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MATEMATHKA

The use of factor analysis to identify the most important factors affecting
the mathematical principles of factor analysis

Ons Edin Mousa
Al-Mustansiriya University

Oxc EguH Myca, PhD, npenogaBatens
YHusepcutet Anb-Myctancupus (Mpak)

Factor analysis is a statistical method used to describe variability among observed, correlated variables in terms of
a potentially lower number of unobserved variables called factors. For example, it is possible that variations in say six
observed variables mainly reflect the variations in two unobserved (underlying) variables. Factor analysis searches for such
joint variations in response to unobserved latent variables. The observed variables are modeled as linear combinations of the
potential factors, plus «error» terms. The information gained about the interdependencies between observed variables can
be used later to reduce the set of variables in a dataset. Factor analysis originated in psychometrics and is used in behavioral
sciences, social sciences, marketing, product management, operations research, and other fields that deal with data sets
where there are large numbers of observed variables that are thought to reflect a smaller number of underlying/latent variables.

Factor analysis was invented nearly 100 years ago by psychologist Charles Spearman, who hypothesized that the enor-
mous variety of tests of mental ability — measures of mathematical skill, vocabulary, other verbal skills, artistic skills, logical
reasoning ability, etc. — could all be explained by one underlying «factor» of general intelligence that he called g. He hypoth-
esized that if g could be measured and you could select a subpopulation of people with the same score on g, in that subpop-
ulation you would find no correlations among any tests of mental ability. In other words, he hypothesized that g was the only
factor common to all those measures.

It was an interesting idea, but it turned out to be wrong. Today the College Board testing service operates a system based
on the idea that there are at least three important factors of mental ability — verbal, mathematical, and logical abilities — and
most psychologists agree that many other factors could be identified as well.

The factor analysis model

In the factor analysis model, the measured variables depend on a smaller number of unobserved (latent) factors. Because
each factor may affect several variables in common, they are known as «common factors». Each variable is assumed to depend
on a linear combination of the common factors, and the coefficients are known as loadings. Each measured variable also in-
cludes a component due to independent random variability, known as «specific variance» because it is specific to one variable.

Specifically, factor analysis assumes that the covariance matrix of your data is of the form

SigmaX = Lambda*Lambda" + Psi

where Lambda is the matrix of loadings, and the elements of the diagonal matrix Psi are the specific variances. The function
factoran fits the factor analysis model using maximum likelihood.

Factor Analysis from a Covariance/Correlation Matrix

You made the fits above using the raw test scores, but sometimes you might only have a sample covariance matrix that
summarizes your data. factoran accepts either a covariance or correlation matrix, using the 'Xtype' parameter, and gives an
identical result to that from the raw data.

Sigma = cov (grades);

[LoadingsCov, specVarCov] =...

factoran (Sigma,2,'Xtype','cov','rotate', 'none");

LoadingsCov

LoadingsCov =

0.6289 0.3485

0.6992 0.3287
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0.7785 —0.2069

0.7246 —0.2070

0.8963 —0.0473

Matrix Decomposition and Rank

This optional section gives a little more detail on the mathematics of factor analysis. [ assume you are familiar with the
central theorem of analysis of variance: that the sum of squares of a dependent variable Y can be partitioned into components
which sum to the total. In any analysis of variance the total sum of squares can be partitioned into model and residual
components. In a two-way factorial analysis of variance with equal cell frequencies, the model sum of squares can be further
partitioned into row, column, and interaction components.

The central theorem of factor analysis is that you can do something similar for an entire covariance matrix. A covariance
matrix R can be partitioned into a common portion C which is explained by a set of factors, and a unique portion U unexplained
by those factors. In matrix terminology, R = C + U, which means that each entry in matrix R is the sum of the corresponding
entries in matrices C and U.

As in analysis of variance with equal cell frequencies, the explained component C can be broken down further. C can be
decomposed into component matrices ¢, ¢, etc., explained by individual lactors. Each of these one-factor components ¢;
equals the «outer product» of a column of «factor loadings». The outer product of a column of numbers is the square matrix
formed by letting entry jk in the matrix equal the product of entries j and & in the column. Thus if a column has entries.
9,.8,.7,.6,.5, as in the earlier example, its outer product is

.81.72.63.54.45
72.64.56.48.40
¢,.63.56.49.42.35
.54.48.42.36.30
.45.40.35.30.25

Earlier [ mentioned the off-diagonal entries in this matrix but not the diagonal entries. Each diagonal entry in a ¢; matrix is
actually the amount of variance in the corresponding variable explained by that factor. In our example, g correlates. 9 with the
first observed variable, so the amount of explained variance in that variable is. 9% or. 81, the first diagonal entry in this matrix.

In the example there is only one common factor, so matrix C for this example (denoted C55) is C55 = ¢,. Therefore the
residual matrix U for this example (denoted U55) is U55 = R55 — c¢,. This gives the following matrix for U55:

.19.00.00.00.00
.00.36.00.00.00
U55.00.00.51.00.00
.00.00.00.64.00
.00.00.00.00.75

This is the covariance matrix of the portions of the variables unexplained by the factor. As mentioned earlier, all off-diagonal
entries in Ub5 are 0, and the diagonal entries are the amounts of unexplained or unique variance in each variable.

Often C is the sum of several matrices ¢;, not just one as in this example. The number of ¢-matrices which sum to C is
the rank of matrix C; in this example the rank of C is 1. The rank of C is the number of common factors in that model. If you
specify a certain number m of factors, a factor analysis program then derives two matrices C and U which sum to the original
correlation or covariance matrix R, making the rank of C equal m. The larger you set m, the closer C will approximate R. If you
set m = p, where p is the number of variables in the matrix, then every entry in C will exactly equal the corresponding entry in
R, leaving U as a matrix of zeros. The idea is to see how low you can set m and still have C provide a reasonable approximation
to R.

The number of factors.

The first uses a formal significance test to identify the number of common factors. Let N denote the sample size, p the
number of variables, and m the number of factors. Also RU denotes the residual matrix U transformed into a correlation matrix,
IRU| is its determinant, and In (1/|RU]) is the natural logarithm of the reciprocal of that determinant.

To apply this rule, first compute G = N-1- (2p+5)/6- (2/3) m. Then compute

Chi-square = G In (1/|RU)

with

di=.5 [ (p-m)2-p-m]

Ifit is difficult to compute In (1/|RU]), that expression is often well approximated by rU2, where the summation denotes
the sum of all squared correlations above the diagonal in matrix RU.

To use this formula to choose the number of factors, start with m = 1 (or even with m = 0) and compute this test for
successively increasing values of m, stopping when you find nonsignificance; that value of m is the smallest value of m that
is not significantly contradicted by the data. The major difficulty with this rule is that in my experience, with moderately large
samples it leads to more factors than can successfully be interpreted.
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Factor Analysis from a Covariance/Correlation Matrix

You made the fits above using the raw test scores, but sometimes you might only have a sample covariance matrix that
summarizes your data. factoran accepts either a covariance or correlation matrix, using the 'Xtype' parameter, and gives an
identical result to that from the raw data.

Sigma = cov (grades);

[LoadingsCov, specVarCov] =...

factoran (Sigma,2, Xtype','cov','rotate','none");

LoadingsCov

LoadingsCov =

0.6289 0.3485

0.6992 0.3287

0.7785 —0.2069

0.7246 —0.2070

0.8963 —0.0473

Factor Rotation

Sometimes, the estimated loadings from a factor analysis model can give a large weight on several factors for some of the
measured variables, making it difficult to interpret what those factors represent. The goal of factor rotation is to find a solution
for which each variable has only a small number of large loadings, i. e., is affected by a small number of factors, preferably only
one.

[fyou think of each row of the loadings matrix as coordinates of a point in M-dimensional space, then each factor corresponds
to a coordinate axis. Factor rotation is equivalent to rotating those axes, and computing new loadings in the rotated coordinate
system. There are various ways to do this. Some methods leave the axes orthogonal, while others are oblique methods that
change the angles between them.

Varimax is one common criterion for orthogonal rotation. factoran performs varimax rotation by default, so you do not need
to ask for it explicitly.

[LoadingsVM, specVarVM, rotationVM] = factoran (grades,2);

A quick check of the varimax rotation matrix returned by factoran confirms that it is orthogonal. Varimax, in effect, rotates
the factor axes in the figure above, but keeps them at right angles.

rotationVM"#rotationVM

ans =

1.0000 —0.0000
—0.0000 1.0000

A biplot of the five variables on the rotated factors shows the effect of varimax rotation.

biplot (LoadingsVM, 'varlabels',num2str ( (1:5)"));

title ("Varimax Solution');

xlabel ('Latent Factor 1'); ylabel ('Latent Factor 2');

Varimax Solution
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Varimax has rigidly rotated the axes in an attempt to make all of the loadings close to zero or one. The first two exams are
closest to the second factor axis, while the third and fourth are closest to the first axis and the fifth exam is at an intermediate
position. These two rotated factors can probably be best interpreted as «quantitative ability» and «qualitative ability».
However, because none of the variables are near a factor axis, the biplot shows that orthogonal rotation has not succeeded in
providing a simple set of factors.

Because the orthogonal rotation was not entirely satisfactory, you can try using promax, a common oblique rotation
criterion.

[LoadingsPM, specVarPM, rotationPM] =...

factoran (grades,2,'rotate’,"promax');

A check on the promax rotation matrix returned by factoran shows that it is not orthogonal. Promax, in effect, rotates the
factor axes in the first figure separately, allowing them to have an oblique angle between them.

rotationPM"*rotationPM

ans =

1.9405 —1.3509
—1.3509 1.9405

A biplot of the variables on the new rotated factors shows the effect of promax rotation.

biplot (LoadingsPM, 'varlabels',;num2str ( (1:5)"));

title ('Promax Solution');

xlabel ('Latent Factor 1"); ylabel ('Latent Factor 2');

Promax Solution
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Promax has performed a non-rigid rotation of the axes, and has done a much better job than varimax at creating a «simple
structure». The first two exams are close to the second factor axis, while the third and fourth are close to the first axis, and the
fifth exam is in an intermediate position. This makes an interpretation of these rotated factors as «quantitative ability» and
«qualitative ability» more precise.

Instead of plotting the variables on the different sets of rotated axes, it's possible to overlay the rotated axes on an unrotated
biplot to get a better idea of how the rotated and unrotated solutions are related.

h1 = biplot (Loadings2, 'varlabels',num2str ( (1:5)"));

xlabel ('Latent Factor 1'); ylabel ('Latent Factor 2');

hold on

invRotVM = inv (rotationVM);

h2 = line ( [-invRotVM (1,1) invRotVM (1,1) NaN -invRotVM (2,1) invRotVM (2,1)],...

[-invRotVM (1,2) invRotVM (1,2) NaN -invRotVM (2,2) invRotVM (2,2)],'Color’, [100]);
invRotPM = inv (rotationPM);

h3 = line ( [-invRotPM (1,1) invRotPM (1,1) NaN -invRotPM (2,1) invRotPM (2,1)],...

[-invRotPM (1,2) invRotPM (1,2) NaN -invRotPM (2,2) invRotPM (2,2)],'Color', [010]);

hold off

axis square

lendHandles = [h1 (1) hl (end) h2 h3];

lgndLabels = {'Variables','Unrotated Axes',"Varimax Rotated Axes','Promax Rotated Axes'};

legend (IgndHandles, lgndLabels, 'location’,'northeast’, ‘fontname','arial narrow");
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Factor analysis is a way to fit a model to multivariate data to estimate just this sort of interdependence.
Multivariate data often include a large number of measured variables, and sometimes those variables «overlap» in the
sense that groups of them may be dependent.
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0 KBaapaTypHbIx GOpMyIaxX, UCNONb3YIOLUX 3HAYEHUA NPON3BOAHBIX
3ajlaHHOro NopsAKa

WycToB Buktop BnagMmmpoBuy, KaHAMAAT TEXHUYECKUX HAYK, CTapLUMi HAyYHbli COTPYAHUK
rOCyﬂapCTBeHHbII‘;I HayHHO—MCCﬂeAOBaTeﬂbCKMVI WHCTUTYT aBUALUOHHbBIX CUCTEM (I'. MOCKBa)

Paccmomperna 3a0daua HAxonc0eHus onpedeieHHo20 URMespalLa 3a0aHHOl QYHKYUL HQ OCHOBE ee NPUOAUICeHUs
0BYXMOUCUHBIMU UHMEPROALYUOHHOIMU MHO20UACHAMU Dpmuma. [loayuernol KOHeuHble popmysbl 018 K8adpamyp, uc-
noAav3yiouje 3Ha1eHus PYHKYUL U ee nPouU3Bo0HbLX 00 M-20 NOPIOKA BKAIOHUNMEALHO, 3A0AHHbIX 8 KOHLEBbLX MOYKAX
ompeska unmezpuposarus. [Ipuseden npumep soiuicieHus onpedeseHHoeo unmeepara pyukyul f(x) = sin x a1 pas-
AUUHBLX NOPAOKOB NPOUSBOOHLX, UCHOAb3YEMbLX NPU YUCACHHOM UHIMEe2PUPOBAHUL.

Karouesole cnosa: ksadpamypa yukuyuli, onpedesennolii unmeepar, 08YxmouedHoli MHo2ouLeH Ipuuma, K8a-
opamypHole YOpMYALL € UCNOALZOBAHUEM NPOUZBOOHBLY

3BECTHBIMH METOJAMH BbIUHC/IEHUS ONPeieJIeHHbIX HHTErpaoB — KBaAPaTypbl (yHKLHH — SIBJSIIOTCS] METO/Ibl TPATeLnH,
Cumncona, laycca, UebbilieBa u apyrue, uaaoxkeHubie B [1—3].
OaHMM U3 MOXO0B K HAXOXKAEHHIO OMPeie/IeHHbIX HHTErpasoB OT 3aAaHHOH (DyHKLHHU SIBASETCS MOAXO/, CBSI3aHHBIH ¢ 3a-
MeHOI JaHHOi (PYHKIMH, APYyToii, 6oJiee TTPOCTOH U K MOC/eAyIOIeMY BEIUMCIEHHIO HHTETpasa OT STOH YNpOIIeHHOH (yHKIIIH.
3a npub/nKeHHOE 3HaUEHHE HHTErpaJsia OT 3alaHHOH (PYHKIMH MPUHUMAETCs 3Ha4YeHHE HHTErpasia OT NpHOJIHKatoLieH PyHKIIHH.
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OnHuM 13 HampaBAeHUH MPUOMHKeHHsT (PYHKLHE SBJISIETCS MCMOIb30BAHNS HHTEPTIOSLIMOHHBIX MHOTOYJIEHOB DPMHTA,
B KOTOPOM HCIOJIb3YETCsl IaHHbIE O 3HAYEHHSIX HE TOJBKO (PYHKIMH, HO H O €€ NPOU3BOHBIX JI0 OMPEIeEeHHOrO TopsiKa, 3a-
JIAHHBIX B Y3JIOBBIX TouKax. [ IpnbiinKkenne QyHKUMI C HCTIOJIb30BAaHUEM YaCTHOTO BHJId MHOTOU/IEHOB DPMHUTA, HMEHHO JBYX-
TOUYEUHBIX MHOTOUJICHOB, KOT/1a 3HaUeHHsT (DYHKIMH U €€ TPOU3BOJHBIX 33aHbl TOJILKO B IBYX KOHLEBBIX TOUKAX OTPE3Ka, pac-
CMOTpeHO B [4].

Llesbio naHHOH paboTh SIBJSETCS MOCTPOEHHE KBAAPATYPHBIX (DOPMYJ, OCHOBAHHBIX Ha MCIOJb30BAHHH JBYXTOYEUHBIX
MHOTOUJIEHOB DPMHUTA.

1. MocTaHoBKa 1 peweHue 3aaaun
[ycrb dyukuusi flx) onpenesieHa Ha OTpe3Ke [Xy,X, | K KMEET A0CTATOUHbINH HAGOP MPOU3BOAHBIX HA 3TOM oTpeske. [1ycTb

TakKe B 06€HX KOHLEBBIX TOUKAX OTPE3Ka | X, X, | 3a7aHbl 3HAUeHHsT (PYHKLHH f{X) U ee MPOU3BOJHLIX 10 MOPsiKA ¢;- | BKIIOUH-
TEJILHO:

P2 =fY, j=0L.,a -1,i=0,1 (1.1)
3 ycsioBust cylileCTBOBaHUS TPOU3BOHBIX CJIEyET, UTO Jyist (DYHKLIHU f{X) CyLLECTBYET OnpeeseHHbIH HHTerpaJl
X
I:If(x)dx_ (1.2)
X

Heo6xonuMo npuOMM3HTE ITOT WHTErpas MHTErPanoM, MOCTPOEHHBIM 110 (DYHKIHH, KOTOpasi sIBJsETCS MPHOMMKEeHHEM
K 3a1aHHON (yHKIMH f{x). B KadecTBe mpubsnkaromied (pyHKIHH GyleM HCMOJb30BaTh BYXTOUEYHBIH MHOTOUJIEH DPMHTA,
paccMOTpeHHbIH B padore [4].

CornacHo pesyabratam pa6otsl [4, c. 1097] takoil npubmankaiouui MHorodseH H,,(x), yIoBJIeTBOPSIIOUINH YCIOBHIM
(1.1) MOXKHO MPEACTAaBUTb B Pa3/IMUHbIX (hOPMaXx, B YACTHOCTH, KakK:

) - m () ey
Ha() =87 S ey Tt e SR ey S a6 (13

B cdopmyane (1.3) nyist muorousiena H,,(x) 6ykBo# & o603HaueHa OTHOCHTE/IbHAS MIepEeMEHHAas!, CBA3aHHast C UCXOHOH Tie-
peMeHHOH X COOTHOLIEHHEM
£ = X=X,
X=X
MCTO/b3YETCS YCIOBHE, UTO Oy=0, =0, U OYKBOH /71 0603HAUEHbI MOPSIKH HAUBBICIIMX POU3BOJIHBIX, UCMOJB3YEMBbIX /IS
MOCTPOEHHUSI JIBYXTOUEUHOTr0 MHOTOUsieHa H,(x), T.e.a — 1= m,
oTkyma o =m +1, (1.5)
k
a Ko3(hPULUMEHT @, orpejesieH COOTHOLIEHHEM
v (m+k)!
a, =———.
k!'m!
. k . k
B coorsercteue ¢ dopmyiioit (1.6) kosdduumeHT @, BblpakaeTcs yepe3 OMHOMHHAJbHBIH KOS(hULMEHT ¢, (Hanpu-
mep, [5, ¢. 163])
i m!
K\(m—k)!
COTJIACHO COOTHOLIEHHUIO:
k _ ok
a, =C,.i- (1.7)
O603Haunm uepe3 L yiiHy 0Tpe3Ka [ X, X, |, OrpeesieHHYI0 COOTHOLLIEHHEM
L=x,-x,. (1.8)
Torna dopmyny (1.3) cyderom dopmyanl (1.4) u (1.8) misi JByXTOYEUHOTO MHOTOUJEHA MOXKHO TMepernucarth
C UCIOJIb30BAHUEM TOJIBKO OTHOCHTEJIbHON MepeMeHHOH & B BUJle:

Nyrj  m= Wy m—j
HO=(-9 3 e S e IRy iy (1.9

(1.6)
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Jlnist nyxToueuHoro MHorounena H,(x) MOXXHO MOCTPOUThL ONpeieieHHbIH HHTerpad /[, o 0TPe3Ky [X,,X, ], onpeneseHHbIH
COOTHOLIEHHEM

= [ H,,(x)dx, (1.10)

Xo

WM, IEPeXo/isi K OTHOCUTENLHON nepeMeHHou &, u ucnonbays (1.4) u (1.8), B Bune:
1
= [H,(&)Lds. (L.11)
0

[Toncrarasisi (1.9) B (1.11) nist onpenesienHoro uurerpasna /,, moJyduM COOTHOIIEHHE:

m—

. i a1 25 5 —J
j((l 5)'"12f° éfZamfk+é Sy Raa- gLz (112)
J! j=0 J: k=0
(I)opMyny (1.12) moxHO nepenucath B BUJE:

m ) 1+1 () i+l
Z{fo L +(- l)jf1 L e’},me (1.13)

m
n !

kosddutmentsl d’ u e’ onpenensiores hopmynamu

d) = éf'(l—ﬁ)”’“gaié"dﬁn (1.14)

p=fa-¢gy 5'"“Za (1-&)d¢. (1.15)

0

Cnenas sameny nepemennoit B popmyse (1.15) Buga 1—& =&, | yurs, uto npu 3701 3amMeHe UMeeT MECTO PaBEHCTBO -

d&=dE&, nu3MeHsTCs TTpejiesbl MHTETPHPOBAHMNS, TOTYUNM:

- j ga-g) S atsae,

k=0

I—[OMGHHB MecCTaMHu HPQLLEJIBI I/IHTEI‘pI/[pOBaHI/IH, 9Ty CbOpMyJIy B CHJTy CBOWCTB I/]HTeraJIa MOXKHO 3arucaThb B BUJIE:
1 m—j
j o i1 m+1 k gk
e) =&)Y apelag (1.16)
0 k=0

I/I3 paBeHCTBa npasbix yacred hopmyd (1.14) u (1.16) ciemyeT paBeHCTBO JieBbIX YacTel, T. €.

e 5

m

nostomy B popmyite (1.13) noctatouno HailTh BbipaxKeHue, HarpuMep, st Kosdduuuenta d) .

Dopmy.ry (1.14) uist kosbbuimenta d’ | nob3ysich CBONCTBOM MHTErpasia  CTeeHel ¢ 0MHAKOBBIMH OCHOBAHHSIMH,

m’

MO2KHO 3aIlMCaThb B BHJE:

4= ! I (1 de (L17)

1

Wurerpan Buna J.gg“" (1=&)"d¢ cucnonbzoBannem dopmy.i, mpeacTaBIeHHbIX B [7, ¢. 743], MOKHO 3anicaTh B BUe
0

1
» a,a,! a)a,! 1
[eoa-omas=——"0"0 = o2 (118)
0 (I+a,+a)! (1+a0+0¢1)(a0+a1)! (1+a0+al)ca e
N3 dopmyasl (1.17) ¢ ucnonbzoBanuem popmya (1.18) u (1.7) nnst koahpuimenra d,f; TMOJTyYHM COOTHOLLIEHHE:
, ’”Z‘i et .
d’ = m+ ) (1.19)
=0 (2+m +] +k)cr]ntrli+j+k

o J.
[TpoBesist cymmupoBanue B IpaBoii yacT opmyJsl (1.19) mosydnm KoMmakTHoe BbIpaxkeHHe s Kosdduuuenta d)
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j+l
J Cm+1
Jj+l

" (] + 1)62m+2 '

Beenst kosddutment D! | cBsisannblii ¢ kosdduimentom d;) coorHouennem:

4l
J m
D=
JIJIs1 €70 3HAUYEHHUsT TIOYYHM POPMYJTy:
j+1 j+1
c/* cl*

J m+1 m+1

"G, G,

k ) ;
B ra6smue 1 npeacrasnenst Kosdduuuentsl D) 11st HAYATBHBIX 3HAYEHHIT 111 1 J.

Ta6bauua 1. KoappuuueHtol D:;

r]n 0 1 2 3 4
0 1
2
I 1 1
2 12
2 1 1 1
2 10 120
3 1 3 1 1
2 28 84 1680
4 1 1 1 1 1
2 9 72 1008 | 30240

Dopmyay (1.13) nast npeacraBienust uHTerpasa [, MOXKHO 3aNMCcaTh B BUJIE!

L, =2 DL f7 + (=1 £,
j=0

(1.20)

(1.21)

(1.22)

(1.23)

C ucnosb3oBanueM opmyJbl (1.23) u kosdduuuenTos, npuBeneHHbIX B Tabaule 1, nosyyaiores GopMyJibl 1Jisi HHTETpa-

Ja [, KoTopble npe/cTaB/eHbl B Tabule 2.

Tabnuua 2. PopmMynbl YUCNEHHOTO UHTETPUPOBAHUA

S m ®opmynbl pna unterpana I,

1 0 L
]o:E(fo"'fJ

o1 L r. .,
[1:5(f0+](1)+6(f0_f1')

5|2 L r.o., Loy
12zz(fo"'fl)‘*'ﬁ(fo_fl,)‘*‘@(fo"'fl)

[ L 3, I AR
13:5(f°+ﬁ)+278(f0_f1')+874(f0+f1)+1680(f0_f1 )

! ! _L Lo L on on L m_ rm ) 4)
14—E(f0+](1)+3(f0_f1')+5(f0+f1)+1008(f _f1 )+ (fo +f1 )
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B nepBom crosiGlie MPUBOAUTCS 3HAUEHHS S — CTENEHU JBYXTOYEUHOTO MHOTOYJIEHA, ONpeNesieHHOH B COOTBETCTBHUH C
(1.9) cooTHolIEHHEM:!

s=2m+1.

Bo BTOpOM cTos611e TIpUBEIEHB! 3HAUEHHUST /71 — MaKCHMaJIbHOTO TTOPSIIKA TIPOU3BOIHO, HCIOMb3YeMOH JUIsi TIOCTPOEHHST
JIByXTOYEUHOTO MHOTOUJIEHA.

13 dopmyd, npeacTaBieHHbIX B TabJMlle 2, BUAHO, YTO MHTErpan /,,, BoIpakaeTcsl yepe3 3HaUeHUsT (PYHKIUY U ee TTPOU3-
BOJIHBIX JI0 M-TO TIOPSJIKA BKJIIOUMTENBLHO, 3a]aHHbIX Ha KOHIIAX OTpe3Ka HHTerpupoBaHusi. OTMETHM, 4TO KO3 HUIIHEHTDI
nepeJl MPOU3BOJHBIMU 3aBUCSIT OT /11 1 .

Cayua#t m=0 cOOTBETCTByeT H3BECTHOMY MeTOAy Tpareuuil [3, c. 6]. B aTom ciyuae aByxroueunbiit MHoroueH Hy(§)
MMeeT BUJL

H,(&)=(1-¢)f, +<&f, . aunrerpan I, Bbuncisercs Kak:

1
L
I, =[(=Of, +&)Lds == (fy+ 1),
0
YTO COOTBETCTBYET (hopMyJie AJs UHTerpasa, npejacrasieHHoi B[ 1, c. 106].
2. Mpumep YUCNEHHOro MHTErpUPOBAHUA 3aAaHHON PYHKLMK

B kadecTBe npumepa MpUMeHeHUs TOJYYEHHbIX KBAPaTypPHbIX (DOPMYJ U OLLEHKH X MOTPELIHOCTH BbIUMCIUM 3HAUEHHE
UHTerpasa ot GyHKIHK i = sin x Ha oTpeske [0,m], T. e.

]:Isinxdx_ (2.1)
0

Haxons nepsooGpasnyto GyHKIMK ¢ = sin x ¥ Hcnogbays hopmyay Hbiotona-JleiiGnuua [6, ¢. 408], onpenensieM TouHoe
3HaueHHe ITOr0 UHTerpaJa:

I= jsin xdx =—cosx|; =—(-1)=(-1)=2.
0

Hcnosibayst KBangpatyphbie GOpMyJibl, IPEACTABICHHbIE B TalJ1. 2, U 3HAUEHHST IPOM3BOHbIX MOALIHTErPaIbHON (DYHKIIUH,
onpeJesisieMble COOTHOILIEHHeM (M. [6, ¢.149]):

(sin x)"™ =sin (x+%m), (2.2)

BBIYUCJIUM 3HAUEHHUS] UHTErpaJsioB /,,, KOTOpble MOXKHO pacCMaTPUBATh KaK MOCJef0BaTe/bHble IPUOIMKEHHNST K 3alaHHOMY
UHTerpaisy /, ornpejieseHHomy dpopmyioi (2.1).

[TostyueHHble 3HaueHus [, nis napamerpa m=0—4 npeacrapJjeHbl BO BTOPOM cToJ1011e TabJulibl 3. B Tpetbem cronbiue
NPUBEJIEHA TIOTPELIHOCTh MPUO/HKeHUsT 8/, KaK MOJIyJib PA3HOCTH MEXKJTy TOUHBIM U TIPUOJIHKEHHBIMU 3HAUEHUSIMU UHTErpa-
JIOB, OTlpejieJieHHast 1o opmyJie

ol, = Tf(x)dx—THm (x)dx|.

Tabnuua .3 3HaueHua uHTterpana I,, u ero norpewHoctu oI,

m I, oI,

0 0.000000000 2.000000000
1 1.644934067 0.355065933
2 1.973920880 0.026079120
3 1.998952025 0.001047975
4 1.999973416 0.000026584
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M3 Tabaunipl 3 BUIHO, UTO MO Mepe yBeJHYeHHsT TOPSIIKA HCTT0Jb3YEeMbIX TPOU3BOIHBIX 117, KOTOPbIE OTMPEENSIIOT MOPSIOK
MeTo/ia, 3HaUeHHs HHTerpasoB [, CTPEMsTCS K TOYHOMY 3HAYeHHI0 WHTerpasa /, COOTBETCTBEHHO, MOTPELIHOCTh o/, TaKxKe
CTPEMHUTCS K HYJIIO.

MoxKHO 110Ka3aTb, UTO /151 ONpeeeHHbIX KAacCoB (PYHKUMH, B YACTHOCTH, sl PYHKLHUH § = Sin X MOCJAe0BaTEbHOCTb
MHTETpaJioB /,, CXOAUTCS K uHTerpay /, T.e

lim/{,=1.

m—>0

CXOMMOCTb MHTETrpaJoB J/Isi PACCMOTPEHHOH (PYHKIUM y = sin x 00ycJIOBJ€HA OrpaHHUUYE€HHOCTBIO MPOM3BOIHBIX STOM
(hYHKIMH Ha OTpe3Ke HHTETPHPOBAHMSI.
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UH®POPMATHUKA

AHanu3 cucrembl MYJIbTUNNIEKCUPOBAHUA AdHHbIX
B pacnpepeneHHbIX KOMNbIOTEPHbIX CETAX

Wcarynos Caat TyneyoBuY, KaHAMAAT TEXHUYECKUX HAYK, OLEHT;
Amupeynsl Ynarat, MaructpaHT
KaparaHaMHCcKuMit rocyaapcTBeHHbIN TexHUYeckuil yHuBepcuTeT (KasaxcraH)

Karuesoie crosa: pacnpedensernmvie cemu, cemesole npomoKoLbl, cemesole AmaKkii, MapuLpymuaupyemvlii cepsic,

MYALMUNACKCUPOBAHUE MPAPDUKA.

Ha CeTOHALIHUI JIeHb HauOOoJbllee 3HAUYCHHE TIpH-
oOpeTaloT pacrpeesieHHble  MH(POPMalMOHHbIE
YUC/IUTENIbHBIE CEeTH M TEXHOJOTMYECKHe MPOolecchl MX HC-
ciefloBaHuil. PasBuTtue TexHoJOTHH TpeOyeT HEeH3MEHHOro
NOBbILLEHUS 3PPEKTUBHOCTH pabOTOCIOCOOHOCTH MONOGHbBIX
CHCTEM W ONPEIeIsIoT 3alauk 1Jisi pellieHUsi KOTOPbIX Tpely-
eTcsl HayuHblil oaxon. OHOH U3 TakKUX MpobsieM SBJSeTCs
CO371aH1e HOBBIX METOJIOB C LEJIbIO YJIyUllIeHUsT TAKHX CHCTEM,
obecrieueHnsi TIPOU3BOJIUTELHOCTH UX (DYHKIMOHUPOBAHHS
v T.1. BesenerBue Toro, uyto Kasasbl CBSI3M  00JaiatoOT
GOJILILON MPOTSKEHHOCTBIO, B HACTOSILLIEE BPEMsT MX JJIMHbI
BBLIUMCISIOTCS COTHAMM ThICAY KHJIOMETPOB, MOXKHO peajiu-
30BaTh MOJKJIOUEHHE K KaHaJy, OCYlIeCTBUTb BHellIHee BO3-
JICHCTBHE HA CUCTEMY, HAPYLLIHB 3TUM €€ pabOTOCIOCOOHOCTb.
B kauecTBe 3amHTEpeCOBAHHBIX JIMI[ JAHHON JESITEIbHOCTH
MOTyT ObITb: MHOCTPAHHbIE pa3Be/ibiBaTesIbHbIE CyKObI, Npe-
CTyIHble COOOLLECTBA, IPYMIibl, QOPMHUPOBAHUS U OTIE/bHbIE
Juua. [Tomumo sToro, cylecTByeT MHOKECTBO CyObeKTHBHbBIX
BHEILHHUX MPHUUYMH, CTOCOOHBIX 0Ka3aTh BJHSHUE HA CHCTEMY.

C pasButem 1 mobanusanueil Internet n npumensieMbIx
TEXHOJIOTHH Tiepeaun HHGOpPMALMH, BOMPOC O YBEJHUEHHH
9((PeKTUBHOCTH (DYHKLMOHUPOBAHHUS KOMIbBIOTEPHbBIX CeTeil
BCTaeT HauboJjiee OCTPO, 3aTparuBasi MOJHBbIA CIEKTp pas-
JIMYHBIX PELICHUN U UCCTIEIOBAHUH.

YHUKaJbHOCTL obGanbHOU ceTh Internet B Tom, 4To OHa
HHUKAK He HAXOJUTCS BO BJAJE€HWH TOTO WJIM HHOTO (puanue-
CKOTO JIM1Ia, YaCTHON (DUPM, MPABUTENLCTBEHHOTO BEJIOMCTBA
J100 OTeNBbHOTO rocynaperBa. Mimeercst psi pekomen1alni
10 MOJIEPHU3ALIMH CETH M0 TPUMEHEHHIO POTOKOJIOB, Ha KO-
TOPLIX OCHOBaHO ee (DyHKIMOHUpPOBaHUe. KX HeoOGXoauMo
MPUAEPKUBATHCS TTPU HCCEIOBAHUH W MOJIEPHU3ALMH BBO-
JUMbIX cucteM. OJIHaKo, HET CTPOruX OrpaHHYeHUH Ha caMu
CTPYKTYPbI, TEXHOJIOTHUECKHE TIPOLIECCHI, a TaKxkKe Ha cdepy
UX npuMeHeHUi. B Halue Bpemsi ceTb MHTepHeT He TOMBKO
ceTb Mnepeiaud JAaHHblX. Mojesb CBSI3H MUMEET TeHIEHUMIO

BbI-

cMmellennst B ctopony IP. 910 o6o3nauaer, MurtepHer nenoJs-
3yeTcsl paBHO Kak TPAHCMOPT HE TOJBKO JI/Isi CTATHUECKHX
JIAHHBIX, HO U JIJ151 TOJIOCOBBIX, MyJIbTHM€/INA, TeI€BU3HOHHbIX
1 J1p. NOTOKOB. [ToMHMO 3TOTO0, (haKTHUECKH BO BCEX CEKTOpax
CeTH OTCYTCTBYET rocy/lapCTBEHHOE peryJMpoBaHue, leH3ypa
1 nipoure hopMbl KOHTPOJISI KaK 3a UH(OPMALIUEH, LIHPKYJIH-
pylollel B CeTH, TaK W 32 TEXHOJOTHSIMH HCIOJb3YIOIHUX ee
octoBy. OHO MpeaocTaB/sieT oueHb Xopollylo 6asy AJsi mpo-
BeJIeHHsI UCCIENOBAHUI U MOCTPOEHHs] HOBBIX CHCTEM, pea-
JIN30BAHHBIX B ceTeBOM IpoctpaHcTBe. C Apyroil CTOPOHbI,
Internet ceroansi, npakTHuecky Ge3BapUAHTHLIA W €IMHBIN
MyTh 0OMeHa JaHHbIMH, KaK Ha MarucTpajbHOM, TaK M Ha Jio-
KaJbHOM YpoBHsiX. JlaHHble 0OCTOSITE/ILCTBA HAKJ/AAbIBAIOT
BCrioMoraresibHble Mepbl Mo o6ecrnedeHnio MOCTOSTHHOH MO-
JIEpHU3AIMH CETEBOH CTPYKTYPbI, MPOTOKOJIOB, BbISIBJIEHHIO
3aKOHOMEpPHOCTEH ee  (PYHKUHMOHMPOBAHHUS, TMOCTPOEHHIO
HOBBIX HMHCTPYMEHTOB, KOTOpble MOTYT OBbITb MpPHMEHEHbI
B KaueCTBe OCHOBBI JI/Is1 TTOCJEIYIOLIMX UCCIeL0BaAHNI U U3-
YUYECHHI.

MunoBauyonHble BbIUUC/IUTENbHbBIE CHCTEMbBI CUHTAIOTCS
pacrnpesieleHHBIMU  KOMITBIOTEPHBIMH ~ CETSIMM,  COTIPSIKEH -
HBIMH C TTOMOLLbIO KaHa0B cBs3H. JlaHHble, nepenarolmecs
0 KaHaslaM CBsI3H KOMIBIOTEPHBIX CeTeH, SIBJSETCS KpUTHYE -
CKHM pecypcoM, MO3BOJISIOLMM YUPEKACHHUSIM YCIEeUIHO pe-
1ath cobeTBeHHble 3aaaun. [ToMHMo 3TOro, U YacTHble JiMLa
UMEIOT MPaBO 0XKUAATh, YTO UX JIMUHAS MH(pOpMalUs, repe-
Jlatolasicst Mo KaHaJjaM CBsI3H, OCTAHETCs] YaCTHOM, M HHUKAK
He T10JBEPrHEeTCsl HeCaHKLUMOHMPOBAHHOMY JocTyny. Buia-
Jeablbl MH(opMaluKu BrpaBe TpeGoBaTb OT IOCTaBLLIMKA
YCJIYT Mepeau AaHHbIX, YTOObI HX CBEJICHHUS OCTaBaJslach KOH-
(huneHIMaNbHON, UEeJMOCTHOM U JierkonoctynHoi. [Ton HecaHk-
LIMOHUPOBAHHBIM JIOCTYNOM K HMH(OpPMalUK Tojipa3yMeBa-
€TCsl TAaKOM JIOCTYT, MPH KOTOPOM HapylIaloTest ONpejiesieHHbIe
NPUHLAMIBL J0MycKa K JaHHbIM. HecaHKUMOHMpOBaHHbIN J10-
CTYN CUHTaeTCsl peaJsin3aliell npejiHamMepeHHOH yrpo3bl 6es-
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OMAaCHOCTH M 3a4acTylo ellle UMEeHyeTcsl aTakoil Ha MH(opma-
LIHOHHbBIE CUCTEMBI.

3allMIIEHHOCTb JaHHbIX, KOTOpblE MepealoTesi Mo Ka-
HaJlaM CBSI3H, 00€CreUnBAETCH UCIOJNHEHHEM TTOC/ELYOIINX
(DYHKLMI:

— ayTeHTH(HUKAIIUKU B3aUMOJIEHCTBYIOIIHX CTOPOH;

— KpunTorpaguueckoil 3alThl JaHHbIX;

— TMOIATBEPKACHHUS TMOMAJIMHHOCTH W LIEJIOCTHOCTH MOJY-
UeHHO HH(OpMalKHK;

— 3alUTbl OT TMOBTOPA, NPUOCTAHOBKHU, ylaJeHUs c000-
ILIEHHH, KPOME TOTO 3alUThl OT OTPHLIAHKS MTPELEAEHTOB OT-
NpaBJIeHUs U IpUEMa COOOLLIEHUH.

[IpuBeaeHHble (PYHKUIMHM B3aUMOCBSI3aHbl BO MHOIOM
MexXay coOol, U UX peasinsauusi 6asupyeTcst Ha KpUIITorpa-
(buueckol 3aluTe MepelaBaeMbiX JAHHBIX — HIH(GPOBAHUH.

[udposanne — mnpeoGpazoBaHHe HAYaJbHOTO TeEKCTa
C TIOMOLIBIO OTpPEJIeJIEHHbIX aJTOPUTMOB W Tepejada JaH-
HOTO H3MEHEHHOTO TeKCTa MO OTKPHITOMY KaHajy CBS3H.
J1s  Kpunrtorpaduyeckod 3aliUThl MOTYT MPUMEHSIThCS
KaK CUMMEeTpPHUHblE, TaK W aCUMMETpHUHble KpUnTorpaguue-
CKHe CHCTEMBbI.

OnHUM U3 METOJIOB 3alllUThl HH(OPMALIUH, Nepe1aBaeMo
Mo KaHa/jaM CB$I3H, SIBJISIETCS CO3/laHUe 3alllUIIEHHbBIX BUPTY-
asnbHbix cetedl (Virtual Private Network, VPN) [ 1], B koTopbix
(hopMHpOBaHHEe BUPTYaJIbHbIX KaHAJIOB MOJIe/IMpyeTcst 6J1aro-
Japsi peasibHbIX KaHaJsioB cBsi3u. Hucsio onHoBpeMeHHO (PyHK-
LMOHUPYIOLIHUX BUPTYaJIbHbIX CETEH HCUMCISETCs TPOMYCKHOM
CMoCOOHOCTBIO peaJsibHbIX KaHatoB cBsisn. VPN yajbl pator
BO3MOXKHOCTb T'PYNIMPOBATH JIOKAJbHbIE CETH H OT/E/bHbIE
KOMITBIOTEPBI  TIOCPEICTBOM OTKPBITBIX CeTed, Hampumep,
uepes cetb MHTepHer. [IpuMeHeHre BUPTyaslbHBIX ceTell 1o-
3BOJISIET CYLIECTBEHHO COKPATHTb (DUHAHCOBBIE PACXOJbl, CO-
Npsi2KeHHbIe C TIPOKJAAKOH HOBBIX KaHA/JOB CBSI3H 3a CUET
NPUMEHEHHUS Y2Ke CYLIECTBYIOUIMX KAHAJIOB CBSI3H KOMMAHHWH
Wutepuer-nposainepa.

Ho, sddeKkTHBHOCTb NMpUMEHEHHs 3allHIIEHHbIX BHPTY-
aJIbHBIX CeTell, B MepBylo ouyepelb 0OYC/IOBJAMBAECTCS 3alllk-
LLIEHHOCTbIO TiepenaBaeMoil uHpopMauuu. Takum oOpasom,
3allMTa JIAaHHbIX OCHOBAHA HA MOCTPOECHMH 3alllMIIEHHbIX
BUPTya/IbHbIX KaHAJIOB CBf3M, MMEHyeMbIX KpHITorpadguue-
ckuMHU TyHHessMHu in6o tyHHeasimu VPN. Tynnens VPN —
9TO0 COEIMHEHHE, ONpEeJEeHHOE MOCPEICTBOM OTKPBITOH
CeTH, COTVIACHO KOTOPOH TepenaloTcst Kpunrorpaduieckn 3a-
lIMIIIeHHbIe nakeTbl BUpTyasibHoi cetd. Tynuenn VPN dop-
MHUPYIOTCS MEXKJy Y3/1aMH CETH, Ha KOTOPBIX JICHCTBYET Hajl-
JiexKallde KOMIMOHeHTbl. OTMyaloT JBa BHJAA MOJOOHBIX
KOMIOHEHT: MHULMATOP TyHHEs W TEPMHHATOP TYHHEJS.
WMHuupaTop TyHHENsi OTBEUAET 3a WHKAMCYJSLMI0 MaKeToB
B HOBble naketbl [P, uMetouue Hapsiy ¢ HavyaJbHbIMH JaH-
HbIMM HOBbBIH 3aroJIOBOK CO CBeIeHUSIMH 00 OTIpaBUTese
1 nosiyuatesie. Bee 6e3 UcK/I0UeHUS NiepefaBaeMble MO TyH-
HeJII0 MakeThbl cunTatores nakeramu I[P, a uHkancynpyemble
NakeTbl MOTYT OTHOCHTCS K TPOTOKOJIY JII06Or0 THNA, K MpH-
Mepy, K He MapLupytuaupyemomy npotokosy NetBEUI. Tep-
MHHATOp JK€ OCYLIECTBJISIET ACHCTBHSI TPOTHUBOINOJNOMKHBIE
TEM, YTO BBITIOJIHSIET HHULIKATOP, TO €CThb y/aJs1eT U3 NaKeTOB

HOBbIE 3aroJIOBKH M MPEOCTABJSET MAKET B JIOKAJIBHbIH CTeK
NpoToKosoB. [lyTh MeXK1y MHMLMATOPOM M TEPMHHATOPOM
TYHHEJIS yCTaHaBJIMBAET «OTKpbiTasg» [P-cerb. 3aiuuien-
HOCTb HH(opMalMKM 06GeCreynBaeTcsi MOCPEACTBOM KPHITO-
rpauueckoil  3allMThl HMHKATICYJMPYEeMOro Takera,
M poBaHUeEM MaKeTa, a 11e0CTHOCTb U IOCTOBEPHOCTh, 00€-
CIIEYMBAETCS MyTEM MCTOJIb30BAHUS IH(POBOH MOANHCH.

Ha ceropnsitunuii ieHb CylIeCTBYeT OFPOMHOE KOJHYECTBO
NPOTOKOJIOB  (DOPMUPOBAHUS  3ALIMLIEHHBIX BUPTYaJbHbIX
ceTell W X MOXKHO Pase/IuTh 110 YPOBHSAM 3TAJOHHONH MOJIEIH
OSI (Open System Interconnection).

1. Kananbubiil ypoBeHnb (BTOpo# ypoBeHb). K kanasb-
HOMY YPOBHIO NPHHAIEKAT CJELyIolHe NPOTOKOJbl pea-
suzaiun VPN: PPTP (Point-To-Point Tunneling Protocol),
L2F (Layer-2 Forwarding), L2TP (Layer-2 Tunneling
Protocol) u . 1.

[Iporokon PPTP paspa6oran komnanuneii Microsoft
NpH TOJUIEPIKKE psiia MHBIX KOMMAHWH M TT03BOJISIET CO3/a-
BaTh 3allMILEHHbIE TYHHEH Ha KaHaJlbHOM ypoBHe. JlaHHbIH
NPOTOKOJ  TIPEACTaBJ/IsieT pacluupenue rnporokona PPP
(Point-to-Point Protocol), npumensiembiit ¢ 1eabi0 CO3-
JIaHUS COE/IMHEHUH THIA «TOUKa-TouKa». B moc/enHux Bep-
CHSIX OMepalMoHHBIX cHcTeM Komnanuu Microsoft Takike
MOIEP2KUBAETCS] YCOBEPILIEHCTBOBAHHASI BEPCHsI MTPOTOKOJIA
PPTP — MPPE (Microsoit Point-to-Point Encryption).
YcoBeplIeHCTBOBAHUE 3aKJtoyanoch B A100aBJE€HHU B IPoO-
tokosl asroput™a wudposanus DES komnanuu RSA. Co-
3l1aHKMEe BUPTYaJbHbBIX 3alIMIIEHHbIX ceTel HA 6a3e MPOToKoJIa
PPTP s ycoBepiieHCTBOBAHHBIX BEpPCHH JAAHHOTO MPOTO-
KoJ1a JIOTYCTHMO, €C/IM B KauecTBe HHMIMATOPA W TepMHHA-
TOpa TYHHEJIs1 BLICTYNAET KOMIbBIOTEP MJIH CepBep C yCTAHOB-
JIEHHOH oTlepallMoHHON cucTeMol Komnanun Microsoft.

[Iporokon L2F paspaGoran komnanue#t Cisco Systems
COBMECTHO C PsiIOM JAPYrux KoMmnaHuil. JlaHHBIH NpPOTOKOJ
Takke Kak u nporokoss PPTP naer Bo3moxKHOCTb co31aBaTh
3allfleHHble BUPTYa/bHble TYHHEJIH Ha KaHAJbHOM YPOBHE
mozen OSI.

[Tporokon L2F cuuraercsi KOMIIOHEHTOM OMepaloOHHON
cucrembl [0S (Internetwork Operating System) xomnauuu
Cisco n noaaepKuBaeTcsl B CeTeBbIX YCTPOHCTBAX, BhIMyCKa-
eMBIX 3TOH (PUPMOTL.

[Tporokon L2TP nocrpoen Ha ocnose npotokosos PPTP
1 L2F 1 on BoOpaJs B ceOs1 Bee Jydlee OT 3THX MPOTOKOJIOB.
ITOT NIPOTOKOJI MOIEPAKHUBAIOT BelylLIHe KOMIIAHUH OTPACIIH,
takue kKak Cisco, Microsoft, 3Comu t.1. [1poTokonlL.2TP,
Takxke Kak u npotokosilPPTPuL2E, siBaisiercsa pacuinpennem
nporokosia PPP u nosBosisier co3naBath 3aliuiiieHHbIe TyH-
HeJlM Ha KaHaJbHOM YPOBHE.

2. CeteBoli ypoBeHb (TpeTuit ypoBeHb). [IpoTokos
Internet Protocol Security (IPSec) coorercTByer cere-
BoMy ypoBHIO Moaean OSI, u B HacToslllee BpeMs fBJSETCA
HauboJiee (DyHKIMOHANLHBIM MPOTOKOJIOM CO3MaHUS 3allu-
LIEHHBIX BUPTyasbHbiX cereld. [Ipotokosn IPSec mpenycma-
TPUBAEeT HCIIONb30BAHHE CTAHAAPTHBIX METOJOB AayTeHTH-
(bUKaLKMK W WHPOBaHUS MAKETOB, METOLOB (hOPMHUPOBAHHS
U MpoBepKH LKMMPOBON MOANUCH, a TaKKe MCI0Jb30BaHHE

T.€.,
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CTaHAPTHBIX METO/I0B 0OMeHa W yrpaBJjieHHsl KpUnTorpadu-
YecKUMH KJtouaMu (Harpumep, nporokodibl Simple Key Man-
agement for Internet Protocols — SKIP ulnternet Security
Association and Key Management Protocol — ISAKMP)
MeXK1y HHHLIMATOPOM U TepMHUHATOpPOM TyHHess1. C TTOMOLIbIO
ITOTO TIPOTOKOJIA MOYKHO CO3AaBaTh MEXKIY JIOKaJbHBIMH Ce-
TSIMH 3alllMLIEHHble BUPTYyaJbHble KaHaJbl, KOTOpble MOIEpP-
JKUBAIOT MHOXKECTBO MHIMBMAyaJbHbIX KaHAJOB [eperayn
naunbix. [Tportokos [PSec BXoauT B coctaB HOBOH Bepcuu
npotokosna IP — IPv6. Kpome storo, coBmecTHOe HCMOJb-
30BaHKe MPOTOKOJIOB BTOPOTO U TPETHETO YPOBHSI, HATIPUMED,
[PSec u L2TP, o6ecneunBaer Hanbosiee BLICOKYIO CTENEHb
3alIUThl HHPOPMAIIHH.

3. TpaHcriopTHbIi W CeaHCOBbLIH ypOBeHb (UeTBepTbIi
¥ NATbll ypoBeHb). Co3naHue 3alllMIIeHHBbIX BHPTYaJbHbIX
ceTeil Ha TPAHCIOPTHOM H CEAHCOBOM YpPOBHe o0ecreurBaeT
npotokos1 SSL/TLS (Secure Sockets Layer/Transport Layer
Security). Tak:ke Kak W repeurceHHble BbIIe MPOTOKOJIbI,
npotokos1 SSL/TLS coanaer TyHHe/b, 0 KOTOPOMY Mepeia-
eTcsl Kpuntorpaduuecku 3aiuuleHHas undopmauus. [po-
tokos1 SSL/TLS cosnat Ha OCHOBE TEXHOJIOTHH KOMIJIEKCHOTO
MCTOJ/Ib30BAHNS ACHMMETPHUHBIX U CUMMETPHUUYHBIX KPUIITOCH-
crem Komnanuu RSA. Jlns ayreHTudhUKali B3aHMOJICHCTBY -
IOIIMX CTOPOH M KPUMTO3AIIUTHI KJII04a CHMMETPUYHOTO HIH]-
POBaHMS UCMOJMBL3YIOTCS UH(POBbIE CePTHHUKATBI OTKPbITHIX
KJI0Yel roJib3oBatesiell (KJMeHTa ¥ cepBepa), 3aBepeHHble
UH(PPOBBIMU MOANUCAMU CrielHaibHbIX CepTH(HKALUOHHBIX
uentpoB. [lonnep:kuBatorest UUGPOBLIE CePTUIHKATEI, COOT-
BETCTBYIOILME 06LIenpuHsATOMY cTaHaapry X. 509.

Takum 06pa3oM, MPOTOKOJBI, MepeurcieHHble BHIIIE,
MO3BOJISIIOT  CO3/laBaTh BUPTYyaJibHble 3allMIIEHHbIE CETH
Ha pagubix ypoBHsix mMozesn OSI. Tlpu 3toM Bo3MOXKHO cO-
3laHHE BUPTyasIbHbIX CETEH OJHOBPEMEHHO Ha HECKOJbKHX
YPOBHSAX, 3T0 00G€CreUnBaEeT MOBLILIEHHYIO 3alIUTY HH(OP-
Mal{M, HO BeeT K CHHXKEHHIO 00llell CKOPOCTH KpHIITOrpa-
(bruecKux npeoOpPa30BaHUIl U TTPOIMTYCKHOH CMOCOGHOCTH BUP-
TyaJIbHOH CeTH.

Creranorpacusi  [2] cayKUT Jyisi Mepeiaul CeKperoB
B JIPyrHX COOOLIEHUSX, TaK, YTO CKPBIT caM (aKT CyllecTBO-
BaHUsl cekpera. Kak mnpaBusio, OTNpaBUTeNb 3aMUCbIBAET
Kakoe 160 HelTpUMeTHOe COOOIIeHHe U MPSTUET CEKPETHOE CO-
o6l1ieHHe Ha TOM sKe Jjiucte Gymard. [Ipuemsl creranorpacun
BKJIIOYAIOT HEBUMMbIE YepHHUJIA, HEBUMMbIE [IPOCTOMY IV1a3y
UesIOBEKA MOMETKH y OYKB, 1J10X0 3aMeTHble OTJIMUMS B HAIH-
caHud OYKB, TOMETKH KapaHIallloM, PELLIETKH, TOKPbIBAIOLIHE
60JIbILYI0 YacTb coobuleHust U T.n. CerofHsi caMbIMH MOTY-
JISIPHBIMH CITOCOGAMH CTaJIH METO/Ibl COKPBITHST HH(OPMALUHU
B rpacduyeckux nzobpaxenusx. [1pu stom maanumi 61t u3o-
OpakeHusi cTaHoBUJICS GUTOM cooOlieHus. Fzo6paxenue
B 9TOM CJIy4ae MEHSIETCSl OYeHb HEe3HAUMTEJbHO, MOCKOJbKY
GOJILILIMHCTBO CTAHAAPTOB OMNpeessieT GoJibliee KOJTUIeCTBO
LIBETOB, 4eM CI10co0eH Pa3/IMuUTh YesioBedeckuil mas. Takum
o6paszom, B yepHo-6enoft kaptuhke 1024x1024 moxHo crpsi-
TaTh cooblieHune B 64k.

JlpyruM BO3MOKHBIM TIpUMEHEHHeM cTeraHorpaguu siB-
JisiioTesl UMUTaloHHble dyHkinu [Tutepa Yeitnepa. Onu ma-

CKMPYIOT COOOLIEHHE TaK, YTO €ro CTaTUCTHYEeCKUH Mpoduib
CTAHOBUTCSI MOXOKUM Ha 4TO JIMOO JApyroe. DTOT METOML HC-
M0JIb3YeTCsl B OCHOBHOM KaK CPEJICTBO MPOTHUB 3JIEKTPOHHOTO
TMOUCKA HH(DOPMALHH.

HauGosiee oueBHAHLIEI BapuaHT peajiH3alld CHCTEMbl
B cetn [P — Ha ceancooMm ypoeHe moaenu 1SO/OSI apas-
€TCsl CHCTEM MYJILTHIVIEKCHPOBAHUS JaHHbIX. OIHHUM H3 OC-
HOBHBIX, HO HE EIMHCTBEHHbIX, BAPMAHTOB HMCIOJIb30BAHHS
MOXKET SIBUTbCSI METOJIMKA MPOTUBOAECHCTBUS TEpeXBaTy
KaK peueBoro ooMeHa, Tak U oOMeHa JaHHbIMU. Tak e pas-
JIeJIeHUe JIJAaHHBIX U UX pacrapaJjiie/MBaHue crnocobHo, doJee
paLMOHa/ILHO MCIOJ1b30BaTh M30BITOYHOCTb KaHaJoB, Mpej-
Ha3HAUEHHbIX JYIS Pe3epPBHPOBAHMS, MOBLILIATH (QYHKIHO-
HaJIbHOCTb TaKUX CHCTeM B UeloM. Hanpumep, npumenu-
TeJbHO K peasiu3alliu B ceTH nepeaadn Texuonoruii FRAME
RELAY u ATM [3], crannapra ITU G. 729 undpooii o6pa-
OOTKH W C2KaTHsl FoJloca 3TO 0O3Ha4aeT, uTo nepejaBaemast na-
KeTaMM 10 BUPTYaJbHOMY COEIHHEHHIO pedb, MO CyTH, Mpef-
cTaBJisileT co00H JUIMHHOE COOoOlleHHe. YBeJIHYEeHUEe CTeleHH
ero pasfeseHust CrnocoGHO COKPATHTb CpeHee Bpems J10-
CTaBKM — BpeMsl 3ajiepkKu B ceT. CokpallleHHe BpeMeHH
JIOCTABKH caMo 110 cebe B cHCTeMax nepejiauk rojioca He HMeeT
oco6oro cmbicaa (T.K. HeT (PU3MUECKOH 11e71eco00pasHOCTH
YCKOpeHHsl pedyeBOro oOMeHa, HarpuMep, BblAAYM KOHIA
CJIOBA, paHee, 4eM II0Jy4eHO €ro Hayaso), TeM He MeHee,
6oJiee BaXKHO TO, UTO CYLIECTBEHHO COKPATSTCS 3a/IeP2KKH T1a-
KETOB, @ 3TO SIBJSIETCS ONPEESIOUIUM apaMeTpoM J/1s Ka-
yecTBa peuH.

Cucrema MyJBTHIIEKCHPOBAHHST TpauKka MOKeT OBITh
peannsobana B cteke TCP/IP ¢ ucnosboBannem TpaHc-
noprioro npotokona TCP  Jlanuble, npenHasHaueHHble
JUISl TIepejlauu, MOCTYNaloT Ha JAEMYJIBTHIIIEKCOp W pa3buBa-
10TCs (J€MYJIBTHIIEKCUPYIOTCS) HA 4acTH, B COOTBETCTBHH
C aJropuTMoM paboTbl Iporpammbl. Kaxnas yacth nepena-
ercst o otnenpHomy TCP-coennnennio, TepMHHUPOBAHHOMY
Ha nepenatunke. Kaxnoe TCP-coennnenne mMexuy aemyJb-
THIJIEKCOPOM H COOTBETCTBYIOLIMM M€PEIATYHKOM H MEXIy
NepelaTiukoM M MYJIBTHIUIEKCOPOM caMo 3a00THTCSl O Ha-
JIe’KHOM JIOCTaBKe IepeaBaeMbiX JAaHHbIX B CHJY MCIOJb30-
Banuss TCP. Takum o6pasom, cucTeMa LIeJHKOM MOJaraercst
Ha HaJIe2KHOCTb [IPOTOKO1A.

CkaykeM HeoOXOIMMO TepenaTbh HH(POPMALHUIO C OHOTO
KOMIIbIOTEpa Ha JAPYrofl (¢ AeMyJbTHIIJIEKCOpa Ha MyJbTH-
MJIEKCOp), TPU ITOM HEOOXOAUMO OOECIEeUUTb HAJeKHOCTD
nepenauu JaHHbiX. PagHeceHue nepenaud peasu3oBbIBACTCS
0 HECKOJIbKUM (PM3UUECKUM KaHalaM OT/e/bHbIX YacTel, me-
peaBaeMbIX JaHHBIX TaK, YTOObI BOCCTAHOBJIEHHE HAUaIbHbIX
JIaHHBIX OblJ1a MAaKCHMaJbHO CJIOXKHOH, a 3aXxBaT aOCOJIOTHO
BCEX 3JIEMEHTOB Obll 3aTpyaHuTeneH. MubiM cioBoM, cH-
cTeMa OCHOBBIBAeTCsl Ha aHasiore TejiepoHHOro LiMdpaTopa
J1. X. Pomxkepc, KoTopasi peaju3yeTcst Ha CeaHCOBOM YPOBHE
mozesin ISO/OSI B creke TCP/IP, 3a cueT UCIO/Ib30BAHUS
MPOMEXKYTOUHbIX MEPEIATUMKOB.

JlaHHble TIPUJIOKEHHUS, COIVIACHO aJITOPUTMOM paboThbl
NporpaMmbl, AEMYJIBTHIIJIEKCUPYIOTCSl Ha 4acTH, Nepejasast
Kaxjyto dacth cBoemy TCP-npusoxkenuto. Briociencrsun
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00paboTku MHGpopmalnd Ha ypoBHe TCP nakerbl nepena- — Bpems CIycTs 1ocJe MajieH|st CKOPOCTH Ha OIHOM M3 KaHaJloB,
torcst yposhio IP. B 3arosoBke nosyuyennoro IP — nakera  ynmajer cKOpoCTb W Ha JIpyroM, CTOMUT OTMETHTb, YTO OHM Ha-
B 10Jie OTIpaBUTeb oToOpaxkaercs [P-anpec nemynbTumniek- npsMylo HUKaK He cBsizaHbl. [lokazaTesnb Koppessiluu
copa, a B 11oJie rnoJiydaTteJib ajapec nepeaatunka. [Ipu nomouw  uist ckopoctef NoTokoB OyaeT 6sM3ka K 1.
TAKOH peasin3aliu MPOUCXOAUT COKPhITHE a/IPeCOB KOHEUHOTO JI1st ymMeHbllIeHNs1 ToKa3aTesst KOppesisi Mpy BHEILIHEM
MyHKTa HAa3HAYEHHUs1 1 COOTBETCTBYIOLIErO yeTporcTa [4]. BO3JIEHCTBUH,  MCMOJb3yeTcsl  BCIIOMOTaTesNbHbIH  TPO-
B uucsie BeposITHBIX aTak Ha CUCTEMY CUMTAeTCsl aTaka  rpaMMHbIH Oydep, KOTOPbI HAXOAMTCS B KOMIIOHEHTaX CH-
Ha HAXOXKJeHHE TTOTOKOB, KOTOPblE OTHOCATCS OHOMY MCTOY-  cTeMbl. Cam Oydep Gosiee GoJbLIOH M0 pa3mepy, HexKesH
HHUKY 3a cueT Koppessiuin ux ckopocteil. Heo6xomnumo cokpa-  Berpoennsiit 6ycdep TCP. Takum o6pasom, npu orpaHHyeHUH
THTb [10JI0CY MPOIMYCKAHHUS 151 KAXK/I0r0 M3 MOTOKOB M HAaGJ/110-  10JI0CH! TIPOIMYCKAaHHUs HAa MOTOKE, JAEMYJIBTHIIIEKCOP MPO0JI-
JIaTh PeakUuIo IPYyruxX MOTOKOB HA JaHHOE BJMsHHE, 4TOObl  KaeT (DYHKUHMOHUPOBATH B OObIYHOM pexkume. OpHaKo, U3-

MOHSATH KaKHe TIOTOKK B3aHMOCBSI3aHbI JIPYT C IPYTOM. JIMIIHKWE JIaHHbIE TToMellatoTest B Oydep 1uist labHelIed me-
B cBsI31 ¢ TeM uTo, HH(pOpMALUS TTepeaeTcsl TOOYEPEIHO:  PelauH Mo CEeTH.
JIeMyJIBTHIIIEKCOP pasfessieT noOalTHO Ha Ba KaHaJa, TO CO- [IpumeHnenue ponosnHuTebHOr0 Gydepa yMeHbLIAET KOp-

OTBETCTBEHHO CKOPOCTb Mepeiaud HHopMauuu Jyisg o00uX — pedsuuio, GoJiee TOro rokazatesab KodppuUMeHTa Kop-
KaHasioB OyneT paBHOH. J[oMycTHUM, 3/JI0yMbILIJIEHHUK MMHHM-  PeJIsILIMM CHHXKaeTcst B padbl. HeoOXoammo BbIIEIHTH TO,
MH3MPOBaJ MOJOCY MPOMyCKaHUsl Ha KakKOM-JMOO ydacTke uTo 4yeM Oogsblie pasmep Oydepa, Tem 6GoJiee TPOROJIKH-
MEeKIy «IepelaTinKoOM» U «MyJbTHIIeKcopoM». Tak Kak co-  TesibHOE BO3MEHCTBHE HA KaHaJs JaHHasi cCHCTeEMa CrocoOHa
Osmofaetcs nobalTHas MOCIEI0BATENLHOCTD, ONpPeNeJIeHHOe  BbIIEPIKATh.
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PelweHune 3KOHOMUYECKMX NPo6sieM NpeanpUATUA
C NOMOLLYbI0 aHaNM3a GU3HeC-NpoLeccoB

Koctko Cepreii EBreHbeBuy, cTygeHT
BJ'Ia,D,I/IBOCTOKCKI/IVI FOCyJJ,apCTBeHHbIVI YHUBEPCUTET 3KOHOMUKU U CepBUCa, ¢wmman BT. HaxonKe

Ha CETOJHSIIIHUN JIeHb HHM OJIHO yCIellHOoe MperpH- BusHec-npollecchl HA3bIBAIOT CTAPTOBOH TOUKOH (DYHK-
siTHe, TIpecienylolllee I[eJdb CTaThb KOHKYPEHTOCNO-  LHOHMPOBaHHUS JI060i Kommanus. OHU 3aBHCAT OT 11e/H Je-
COOHBIM, He CMO2KET CYIIIeCTBOBATh G€3 aHa/IM3a MPOIlecCoB,  TeNBHOCTH (UPMBbI M ee 3a1ady, Kak cyObeKkTa pbiHKa. [le-
MPOTEKAIOIINX HA 9TOM MPEANpUsATHH. VIMeHHO aHa/us3 1o-  JoBble MPOLECCHl MPEAoJaraloT BbITOJHEHHE Pa3/IHYHbIX
Moraet BbISIBUTb HanOoJiee ysi3BUMble MeCTa W HEJOCTaTKH  BHIOB padoT, B XOjie KOTOPBIX MPOHU3BOJAT TOBApbl MJH yC-
BCEX HarpaBJ/eHHH JeATeJbHOCTH. 3ak/IoueHUeM aHaau3a  JyrH, a 3aTeM, Ha UX OCHOBE, NaHHBIH CyObeKT pbIHKA 3aHU-
ABJIAETCS MEPeCMOTP MOJMUTHK KOMMAHWM, Oyldb TO BBe-  MaeTcs Mpojakei, MOCTaBKOH, CO3IaHUeM MPOjyKTa (HJIH 3a-
JleHle HOBBIX METOJIOB yIpaBJEHHs], TOUCK JPYTUX KAaHAJOB  HHUMAaeTcsl BCEM ITHM B COBOKYMHOCTH). Kaxkabiil BUn pabot
cObITa, WK BHEAPEHHE COBPEMEHHOrO IPOrpaMMHOro o6e-  BXOIAMT B COCTAB KOMIJICKCHOIO NpoLecca X03sHCTBEHHOH Jie-
CrieueHUsi, KaK MpaBUJIO, aJbTepHATHB OECKOHEYHOE MHO-  ATEJbHOCTH, U MM TPHUCYLLH COOTBETCTBYIOLIHE BPEeMEHHbIE
JKeCTBO. XapaKTepPUCTUKH, yCTaHaB/IUBAIOLIMe 3Tallbl paboT, ¢ yueToM
Kak cnencrBue, HEMOCTOSIHCTBO BHELIHEH cpellbl Bbl-  MPOAOJIKHTENLHOCTH MX BbITOJHEHHSI.
HY>K/1a€T KOMIMaHWK ObICTPO pearupoBaTh Ha JitoOble H3- ABTOomarusaiusi ynpapjieHust GU3HECOM, KaK CJIEICTBHE
MEHEHHsl, M yallle BCero 3TH M3MeHeHHsl TpeGYIoT HeMaJblX — aHa/M3a JeJIOBbIX [1POLLECCOB, MO3BOJISIET CYLLECTBEHHO CIKO-
(DHHAHCOBBIX BJIOXKEHHH. V1 BepHO rOBOPSIT, UTO 1le/ib OMpaB-  HOMMTDH Ha 3aTpaTax jJs OMJaThl TPyJd, CHU3UTh PacXo/ibl pe-
JIbIBaeT CPE/ICTBA, Belb HOBOBBE/ICHH Hallle MPUHOCAT MOJIb3Y  CypCOB, a TaKxKe JaeT BO3MOXKHOCTb KaueCTBEHHO YIpaBJ/IsTh
KOMIaHUH, HEXKeJH YOBITKH. komrnanuer. Koneunas uesib aBromMaTu3auuu ynpasJjeHus —
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pocT 3pPeKTUBHOCTH AESATEJBHOCTH YIPaB/sieMoro oobeKTa.
AhekTUBHOCTL ONpaBiaHa B TOM CJlyyae, eC/id YHCTbIH MpHU-
pocT 3KoHOMHYECKOH 3(h(EeKTHBHOCTH JaeT OULyTHUMbIH pe-
3yJIbTaT B SKOHOMHH 3aTpaT Ha MPOU3BOJACTBO U PeaNU3alHnIo
€/IMHHULLbI TIPOYKLIHH.

OnHako, cjyyau HeyllauHbIX TIOMBITOK aBTOMATH3alMK
Ha MpeMPUSTUY BeTpeyatotes Hepenko. M noromy npexie,
UeM 3aHsThCsl TAKUM JJOPOTOCTOSILLMM U HE MeHee TPYI0eMKHM
MPOLECCOM, JKeJaTebHO YCTAHOBUTb, 3ayeM 3Ta aBTOMATH-
3alus BooOlIe Hy»KHAa W KaKue HEIOCTaTKH OHA CMOXKET pe-
LINUThb B OyylIEM.

JItojielt, 3aHUMAIOIMXCS aHAJU30M MPOLECCOB JIesiTeb-
HOCTH KOMIIaHHH, HA3bIBAIOT CIIeLMAINCTAMH IPYIIbI ONITHMH -
3auun GusHec-npoueccoB. [lpeacraButesnu 3toil npodeccuu
3aHUMAIOTCS PA3BUTHEM H TMOJICPXKAHUEM METOJI0JOMMH MO-
JIeJIMPOBAHMUS JISJIOBBIX MPOLLECCOB KOMIMAHKH, a TAKXKE UX pe-
VHKHHUPUHTOM UM onTuMu3atineid. OHU Je4T Mpoliece aBTo-
MaTH3al|K CJIEyIOlIHe STaMbL:

— aHaJiu3, MepecMoTp JEJOBbIX MPOLECCOB W HX anar-
Tauus;

— onpejeseHne HeoOXOIUMOCTH B aBTOMATH3ALMHY;

— non6op copr pelenuil (pazpaboTka CrelHagIu3npo-
BanHoro [10);

— BHeJpeHHe codTa B KOMIaHU0, 06yueHHe COTPYIHHKOB
€r0 UCII0JIb30BAHHUIO.

HewmHoro otofiist OT TeMbl, B KOMIIBIOTEPHOM CJIEHTe aJlb-
TEPHATUBOH CJIOBOCOUETAHUS «IIPOrPaMMHOE oOecneuyeHne»
MCMOJB3YIOT CJI0BO «coT» («software» ¢ anrmuiickoro). Ero
B 1958 rony npumennsn matematuk us CIIA JLxoHn Thioku
B OJIHOH M3 CBOMX CTaTeH.

BosBpaluasich K Teme, nepBble JBa 3Tarna, To €CTb aHaJu3
JIEJIOBBIX MPOLIECCOB U OMpeJie/ieHe aBTOMATH3ALUH HHYEM
He ycrynaior JIByM nocieindM. Ho cHavasa crout HauaThb
C OMpeJIeJIEHHH, W MOTOMY OM3HEC-TIPOIECC — 3TO COBOKYI-
HOCTb PErNIaMEHTHPOBAHHBIX U WIAYLIMX B ONPENEJEHHOM MO-
psiike paGoT, KOTOpble MOCPEICTBOM YIpaBJeHHsT HMEIOLIH-
MHCsl pecypcaMu, MpeoOpasyroT BXO/bl Mpolecca B BbIXOJb,
B JlasibHElIIeM MpeICTaB/siollde LEeHHOCTb il NoTpedu-
Teas [3, c. 214].

Ho ecnn paccmatpuBaTth JIe/IOBblE MPOLECCHI € MO3HIIUH
[T (uH(pOPMALMOHHBIX TEXHOJOMUH), onpeaeneHue Gyaer
3BYyUaTh CJELYIOMIUM 00pPa3oM, TO eCTb GU3HeC-Mpolece —
9TO YCTOHYHBAsi MOC/EI0BATENbHOCTL Pa0OT, OTHOCSLIASCS
K XO35IUCTBEHHON (MPOU3BOACTBEHHON) JEATENLHOCTH KOM-
NMaHUd M OPUEHTHPOBAHHAS HA CO3AaHME KOHEYHOH CTOHU-
MocTH. CTOUT aKUEHTHPOBATh BHUMAHHE HA TOM, UTO JII0ObIe
OU3HeC-MPoLlecChl cosiep:Kat B cebe HepapXUuecKyro CTPyK-
TYpY B3aUMOCBSI3aHHbIX JIEHCTBUIH, KOTOPble OPUEHTHPOBAHBI
Ha JocTHKeHHe Lesd. Kak npaBuiio, K Tako# 11e/11 OTHOCHTCS
yBeJIMdeHHe TPUObIM, B CJEICTBHM aHaju3a OU3HeC-Mpo-
11eCCOB U YMEHbILIEHHS COBOKYIHBIX 3aTpart. [ToTomy Hepenko
C MOMOII[bI0 ABTOMATH3AIIUH PYKOBOIUTENH CTPEMATCS YIOpsi-
JIOYUTH PAOOTY CBOETO MPEANPUATHS.

Ho 151 vero HeoOXoIMM aHaM3 3THX TIpolieccoB? [aBHas
1eJ/1b aHa/u3a Je/10BbIX POLLECCOB KOMIAHUKU — YJly4lleHHe
(hYHKUMOHUPOBAHHUS OTIE/I0B MPEANPUSATHS U TIPUHSATHE TOJ1-

XOJSILLIMX YIIpaBJeHYECKUX pelleHui s oOecneyeHus Gecrie-
peGOIHOr0 pa3BUTHS, TOCTHKEHHUST KOHKYPEHTOCIOCOOHOCTH
1 Tak paJjee. Il 5Toro aHaaus 10JKeH ObITh CHCTEMHBIM HC-
CJIeIOBAHUEM BHELIHHX, a TaKKe BHYTPEHHUX PaKTOPOB KOM-
nanuu. [lotomy ycreminas peanusaiusi Ledd aHajnu3a Je-
JIOBBIX MTPOLIECCOB MPEoaraeT pelieHne caeayolnx 3a1ay:

— olpe/esieHHe IKOHOMHYECKOH 3P QPEeKTUBHOCTH HC-
M0JIb30BaHUsl PECYpPCOB KOMITAHHH;

— OlleHKa MoKasarese 1eTe/IbHOCTH KOMIAaHHH;

— 000CHOBaHHE MEpONPUATHIH, HANpaBJEHHbIX Ha aBTO-
MaTHsaluio 6U3Hec-MpoLeccoB KOMMAHHUH;

— MuccseoBaHue (aKTOPOB BHeIIHeH M BHyTpeHHeH
cpe/ibl KOMIaHHH;

— OlleHKa CTereHH HCIOJb30BAHUS BO3MOXKHOCTEH KOM-
NaHUH.

CrneurasucTbl Tpymnrbl ONTUMH3alUUK OU3HEC-MPOLECCOB
B CBOeH padoTe HCTOJb3YIOT pa3tble MporpaMMHbIe CPECTBA,
onHako BPwin u ERWin komnannu Computer Associates
Bxogut B niatepky Beayuinx [10. [Taker BPwin ocHoBbiBa-
ercsi Ha mertonosiorud IDEF Ero npennasnauenue 3axiio-
yaeTcsl B BO3MOXKHOCTH CO3[aHUs (PYHKIIMOHAJIBHON MOJEIH
U aHaJiu3a aesitesibHocty npeanpusitusi. B CLLA metonosiorust
IDEF siBasiercst oduumabHbiM crangaptoM. OHa npejicras-
JiseT coO0l COBOKYMHOCTb MPOLEAYP, NMPaBUI U METOJIOB, Ha-
MpaBJIeHHBIX Ha MOCTPOEHHsT (PYHKIHOHAILHOH MOJIEN 06b-
eKTa HHTepecylolllel npeameTHoi obsactu [ 1, c. 64].

Cam aHaJ/iu3 GU3HeC-TIPOLECCOB T0IPA3yMEBAET HE TOJNLKO
paboty ¢ rpaduuecKHMH CXeMaMM, HO W aHanu3 HHQOp-
MaluK Mo BceM mporeccaM. EcTb Ba BUIa aHamM3a: KOJH-
YeCTBEHHbIH W KauecTBeHHbIH. [lepBbiil mogpasymMeBaeT Bbi-
JlesieHde npoOsieMHbIX obJs1acTell (KpaTkasi XapakTepuCTHKa
cabblX MOMEHTOB B KOMIaHWH). BTopoil nomoraeT BbISIBUTb
CUJIbHbIE U cJla0ble CTOPOHBI pacCMaTPUBAEMON KOMITAHUHU, €€
BO3MOXKHBIE YJYUllIeHHs] U YXYILIEHUS SKOHOMHYECKOH CTa-
ounbHocTH. HasBanue takoro anamuza — SWOT, a66pe-
BHatypa ¢ annuiickoro «Strengths» (cusbHble CTOPOHBI),
«Weaknesses» (cnabbie cropoHbl), «Opportunities» (Bo3-
moxkHocTH ) U «Threats» (yrpoab).

Yrpasjenue GUPMON CEroJiHsi KpakHe CJIOXKHO TpecTa-
BUTb 0€3 MH(DOPMALMOHHBIX TEXHOJNOTHH U CHCTEM, OJHAKO
ABTOMATH3aLMs HE MOYKET HCIIPABUTh OLIMOKH B OpraHu3aliu
OU3HEC-TMPOLLECCOB, U 00 9TOM CJIeyeT TOMHHUTD.

Tem He MeHee, aBTOMATH3ALMS CHCTEM YIPaBJCHHUS 1aeT
BO3MOKHOCTb 1peo6pas3oBaTh NPeANpUsiTie B €IUHYyl0, ca-
YKEHHO (PYHKIIHOHUPYIOLLYIO CTPYKTYPY, KOTopasi OyleT HMETh
MPOCTYIO U MOHSITHYIO JIOTHKY, JIETKO MOJIAIOLLYIOCS YIpaB-
JIEHWIO ¥ KOHTPOJIO. A C/leACTBHEM 3TOTO SIBASIETCST POCT
3 PEeKTUBHOCTH HCTOJMb30BAHUST PECYPCOB, UYTO, B CBOIO
ouepesib, Jenaer GoJiee KayeCTBEHHOW pabOTy BCero mnpej-
npuatusi. M notomy, oTctona BbITEKaeT cieyrollee ornpeje-
JIeHHe.

Apromarusaiusi — oaxo u3 nanpassenuit HTT1, kotopoe
UCIOJIb3YeT METOJbl MAaTEMATHKM M TEXHUUECKHE CPEICTBa,
OTJNYAIOLIHECS] caMoperynpoBaHieM. ABTOMAaTH3alHUs OC-
BOOOXK/1aeT Ye/I0BeKa OT yyacTHs BO MHOTHX Npoleccax, Oy/b
TO npeobpa3oBaHue, MOJNyYeHUsT U UCMOJb30BAHUS SHEPTHU
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(maTepuagioB), niu ke pabora ¢ undopmaiueii. B kpaitnem
cJlyyae, CTereHb y4acTHsl YyeJloBeKa B 9THX Mpolleccax 3HauH-
TeJIbHO cokpaltaeres [2, ¢. 13].

JIto6o1 obuCcHBIE COTPYAHUK COMIAcHTCS, uTo 0O6pabaThl-
BaTh 0OJbLIOH 00beM HH(OPMALMH BPYUYHYIO — JeJ0 He-
6J1arolapHoe U YTOMMTEJbHOE, a MPH [TOMOLLH YCTapeBLUHX
CHCTEM — HeBO3MOXHOe. A ecsi HyXKHasi HH(OPMaLHs OT-
CyTCTBYET, HWJIH OHa HEJIO0CTOBEpHA, MeHeKephbl JeJatoT
o6k, paboTy OTIEJOB HeJNb3sl HA3BaTb CKOOPAMHHUPO-
BAHHOI, @ 9TO 3HAYMT, YTO HAJI0 MEHSTL CUCTEMY YIIpaBJ/IeHHUS,
1 ONATH K€, HUKaKasi aBToMaTH3aLusl 3/iech He nomoxket. [To-
TOMY, [1€PBbIM J1€/I0M, PYKOBOJHTE/b 10JI2KEH TPE3BO OLEHHTh
CUTYyalMIO B CBOEH KOMITAHHH, a MOTOM MOHATb, PEILINT JIM 3Ta
ABTOMAaTH3aLMs1 POOJIEMbl, TOPMO3SILIHE JeATe/bHOCTb 00b-
€KTa ypaBJeHHsl.

Kpafine BaxKHO onpele/uTh, KaKoil MMEHHO y4acTOK pa-
60Tbl HeOOXOMMO aBTOMATU3HPOBATh HAa JAHHOM TaIle, a 310
MOXKHO CJleJlaTh TOJIbKO [10¢/1e JeTaJbHOro aHajusa Ous-
HeC-MPOLEeCCOB MPEPUATUS. Ec/i xKe KoMnaHusl MajleHbKasl,
9TO CeJ1aTh He cJIokKHO. Hallle Bcero aBToMaTu3alinio BBOJST
B MOJIpas/ie/IeHUsIX, 3aHUMAIOLLMXCST HAJIOTOBBIM W GyXraJjrep-
CKUM Y4YeTOM, MJIH OTBevalollnuX 3a JIBHKEHHEe TOBapHOM Ma-
TepHanbHBIX LeHHoCTeH. OOBIMHO Tpoliecchl TaKMX OTENO0B
aBTOMAaTH3HPYIOT H3HAYANbHO, TOTOMY U MOBBLILIEHHE HX (-
(heKTHBHOCTH OblJI0 MHOTOKPATHO I0KA3aHO.

ABTOMaTH3alMs B COBPEMEHHOM IOHSITUH pellaeT CJely-
IoLLMe 3a1a4H:
yBeJIMueHHe CKOPOCTH 06pabOTKH MOJYUeHHbIX JaHHbIX;
yBeJIMueHHe po3pavHoCTH OU3Heca;

KOHTPOJIb 00bEeMOB TIOJTyUeHHOH HH(OpPMAIIHH;
COIIACOBAHHE BBITIOJHAEMbIX JIeFICTBHI;

MOBBILIEHHE TEXHOJOTUYHOCTH OU3Heca.

Crout o6paTUTb BHMMaHUE Ha TO, YTO aBTOMATH3AlUs

HE BJIUSIET HA YBeJUYCHHUE YUC/a KJIAUEHTOB, CBOEBPEMEHHYIO
nojfavyy OTYETHOCTH WJIA ONpeAC/IeHHUEe MMEPCIEKTUB Pa3BUTHS
KoMnanuu. 1 MoToOMYy €€ HeO6XO}ll/IMO MPOBOJUTL B Caydyaax
Korya:

— HeoOXo/UMa TMepeopHeHTalldsi Ha HOBble 3aaun (Ha-
npUMep, BBIMTYCK JIPYrOH MPOJLyKIKH );

— HW3MCHEHUE MNPUHUHIIOB YIpaBJeHUs HJIH HeO6XOILl/I-
MOCTb pethopMm;

— HEYIOBJETBOPEHHOCTL MPEANPHUATHA CTapOﬁ CHCTEMOH
aBTOMAaTH3AaLHH;

— TMOAroTOBKAa (PUPMBI K MpojaxKe (aBToMaTH3alusi 3Ha-
UUTEJbHO YBEJMUUBAET €€ PhIHOUHYIO CTOMMOCTD ).

OLLI/IH U3 Ccrioco6oB ornpeeseHust, YTo Hy2KHO aBTOMAaTU3H -
poOBaTh ocJle JeTAIbHOrO aHaIM3a — MOHUMAaHHe PYKOBOIH-

Jlutepatypa:

TeJIeM TOro, YTO He €ro ycTpauBaeT B TeKyllel padoTe KoM-
nanud. [IpyyMHaMH HEOBOJILCTBA Yallle BCErO BBICTYNAIOT
CTOMMOCTb TpOLlecca, BPEMsl €ro BbITIOJHEHUS, KOJIHYECTBO
c6oeB 1 ow60oK. M ec/in n1aHupoBaTh MPOU3BOACTBO MOXKHO
BPYYHYI0, TO TOYHOCTb PacueToB MPH 3TOM OCTABJISIET JKe1aTh
gydiero. JIa u omm60OK Mpy TaKoM TUIAHHPOBAHWK HEMaJo,
COOTBETCTBEHHO M (pUHAHCOBBIE PACXO/bI OKA3bIBAIOTCS HEO-
npaBIaHHo GOJIbLIUMH.

Tosibko mocjie MpoBeeHHOrO aHasu3za OU3HeC-Mpo-
11eCCOB M MPUHATHSA PElIeHHsl MO aBTOMATH3alMH YrpaB-
JIEHHSI, MOYKHO MepexouThb K BbIOOPY aBTOMATH3HPOBAHHOH
cucrembl. Kak npaBuJso, npeanoutenne oTAaloT MporpaMmam,
KOTOpble HanGoJiee MOAXOAAT 110 TEXHUYECKUM TpeGOBaHUSIM
U He CTaHyT Mperpanoi ajs passutus B Oyayuiem. [lpakrtu-
YECKH HEBO3MOKHO HAHTH TOTOBYIO CHCTEMY, KOTOpasi Ha CTO
MPOLEHTOB OY/IET YIOBJETBOPATH MOTPEOGHOCTAM KOMIAHHH.
[Totomy n BeIGHpatoT Hanbosee MOAXOASIIMHA O CTOMMOCTH
1 Habopy (PYHKIIHOHAJA TIPOJLYKT.

CucTeMbl aBTOMATH3aLMK 16T Ha JIBa KJjacca:

Hanpumep, «mySAP Business Suite»
wm «Oracle E-Business Suite». B Poccun nHan6osee nony-
JIIPHOH cucTeMolt siBasietcs «lanakrtuka». JKecTKUMH Takue
CHCTEeMbl Ha3bIBAlOT H3-3a Habopa THUIMOBBIX HACTPOEK, KO-
TOpbIE HeJb3sl U3MEHSITh;

— rubkue, Hanpumep 1C, Microsoft Axapta. [u6kue cu-
CTEMbl [103BOJISIIOT UBMEHSTb UX (YHKLHH.

Takoe pneneHue CBOHCTBEHHO BcCeM MporpaMmam, Ha-
UMHAask OT TPOCTBIX PElIEHUH /15 JIOKAJIbHBIX 3a/lau, ¥ 3aKaH-

— 2KeCTKHe,

yrBasi KOMILJIEKCHBIMH CHCTeMaMM apromaTudaumu. OpHako
BCE CMElMAJNUCThl CXOASTCS Ha OJHOM MHEHWH, Ofpese-
JIUTh 2KeCcTKasi WM rubKasi cucTeMa Hy»KHa MOYKHO TOJIBKO
nocsie mpeaocTaBieHus HHPOPMALMK O TOM, Kak OyIyT W3-
MEHSTbCST OU3HEC-TPOLECChl MPEANPUITHST B TeueHue OJiK-
JKAUILIMX JIBYX-UEeThIpeX JIeT, a 3TO MOXKHO cleaaTh JHLIb
nocsie aHajsu3a OGU3HeC-MPoLEeccoB KOMNanuu. Ecan opranu-
3allMM CBOWCTBEHHAs! CTaGUIBHOCTb U KAKUX-JUOO MPUHIIH-
NUaJbHbIX H3MEHeHUH He TJIaHupyeTcs, 11eJ1ecoo6pa3Ho BHe-
JIPUTD 2KECTKYIO CUCTEMY, B IPOTHBHOM CJlydae, F’MOKYIO.

B sak/toueHne MOXKHO cKasaTb, UTO JJIsI TOIO, YTOObI Bbl-
BECTH KOMIIAHHIO Ha HOBBIH ypOBeHb, HEOOXOIMMO HMETb
yeTKoe MpeJCcTaBieHre O TOM, YTO B Hel npoucxoaut. Ecau
He yaacTest 3To ¢/ielaTh COOCTBEHHBIMU CHJIAMHU, CTOUT 00pa-
TUTBCS K CTellHalicTaM TPYIbl aBTOMaTH3alK GU3HeC-1po-
L[eCCOB, WM K OM3HEC-aHAJIMTHKAM, MOTOMY YTO CTOMMOCTb
YCJIYT 3THX CIElHAJUCTOB B pe3yJbTaTe OKAXKETCsl HUXKeE,
yeM 3aTpaThl Ha HeyjlauHble MOMBITKH aHa/au3a, M, Kak cjej-
CTBHE, aBTOMAaTH3aLHH.

1. Penun, B. B, Enudepos B.W. IpoueccHblii noaxoa K ynpasjeHuto. Monenuposanue GusHec-npotiecco. — M.:

Mann, MBanos u @epbep, 2013.

2. 3unekos, M. O. AsromaTtnsauus ynpasaenns. — M.: @enuke, 2006.
3. Penun, B.B. busnec-npoueccol komnanuu. [Toctpoenvie, ananus, pernamentauusi. — M.: CranaapThl 1 KauecTso,

2007.
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WHdopmaumuoHHas 6e30nacHOCTb U YenoBeyecKnin haktop

Kowenes Cemen Onerosuy, acnmpatT;

AukeBny AHTOH Mropesuy, cTyfeHT
[lanbHeBOCTOYHbI dhefepanbHblit yHuBepcuTeT

B cmamoe paccmomperol OCHOBHble CNOCOObLL HApyuleHus UHPOpMayUOHHOLU be3onacHocmu npeonpusmus, ces-
3aHHble ¢ HenpedHamepeHHblMU 0elcmBuImMu cCOMPYOHUKO8, UX AHAAUS, CNOCOObL HOPLOLL C HUMLL.
Karuesole crosa: unghopmayuonnas 6ezonacHocmo, ncuxoroeust, paboma ¢ nepcoHaiom, 6e30nacHocny, AHAALMUKA.

pakTHUecKH JitoOas MHpOpMAlMs MOMJIEKUT 3alluTe,

Juist obecrieyeHus: ee 6€30MaCHOCTH PYKOBOJCTBOM Op-
raHu3allik, Kak MpaBuJio, NPUBJEKAIOTCS UMEIOLMECs Co-
TPYIHHKH, OTBeYaiollde 3a BOMNPOCH HH(OPMATH3ALHMH.
Taxkoll mojxox Mo3BoJisieT opraHW3aldd CIKOHOMHTb CpPejl-
CTBa Ha MpPUBJIEUEHUH CMELMAJUCTOB B 00jacTH HHDopma-
LHOHHOH OGe3omnacHocTH. Heo6XomuMo OTMETHTb, UTO He-
CMOTpsl Ha TO, uTo B uUesoM [T-cneuuasnuctsl 10CTaTOuHO
KBaJIM(DUUUPOBAHDBI /ISl YCTAHOBKH MEXKCETEBbIX 9KPAHOB,
AHTUBUPYCOB M pas3rpaHuueHMsl MpaB JOCTyNa M0Jb30Ba-
TeJled, 3TO SIBJISIETCS] CEPbe3HbIM YIylIeHHEM CO CTOPOHBI
PYKOBOJHTENEH, KOTOPbl€ CUMTAIOT, YTO TEXHUUYECKHX Mep
06e30MacHOCTH OyJIEeT JOCTAaTOYHO, HE YYMUThbIBas yeJjoBeye-
CKHI (akTop.

Poccuiickoe npaBUTEbCTBO yae/s1e€T O0JblLIOe BHUMAHHE
NpPaBoOBOH 4YacTH MHPOPMALMOHHOK 6Ge30MacHOCTH rocyjaap-
CTBEHHBIX CTPYKTYp W OpraHusallii, M3jaBasi COOTBETCTBY-
tolue eaepalibHble 3aKOHbI M TOCTAaHOBJIECHHUs. Perynsitopbl
B JaHHOM cpepe, Takue Kak Penepanbhas cy:kb6a Hezomac-
HoctH, PesepasibHast ciy:k0a MO TEXHHMYECKOMY M IKCIIOPT-
HoMy KoHTpodito, PeepasibHast ciy:k6a 1o Hau30py B cdepe
CBfI3H, UH(OPMALIHOHHBIX TEXHOJOTHH U MACCOBBIX KOMMYHH-
KalMi 00ecrneunBaloT CoOJIOEHHE YCTAHOBJICHHBIX TpPeho-
BaHUi, Takke ycususast 6e301acHoCTb 00pabdaTbiBaeMoi HH-
(hopmalmu, mojIexKallel sammre.

K coxkajieHuto, HHUEro M3 Bbllle YKa3aHHOTO HE HCKJIIO-
4aeT BO3MOXKHOCTb 00x0jla cucTeMbl HH(OPMAaLMOHHON Ge3-
OMAaCHOCTH, TaK KaK 3a4acTylo He pacCMaTpPUBAIOTCS Yrpo3bl

6e30MacHOCTH, OOYCJOBJIEHHbIE UEJOBEUECKHM (DAaKTOPOM,
a HMEHHO:

— HapylleHWe [paBWJ 3IKCIIyaTallMd aBTOMATH3UPO-
BaHHbIX pabOUYUX MECT;

— yTpara HocuTeaell nHopMal|H, COepKALINX LIEHHbIE
JUIs1 OPraHU3aLUH CBEICHHUS;

— yTeuKa uHhopmaluu yepes cetb MHTEpHET;

— pasmiallleHue 3alidiaeMoil HMH(OPMALMH TPETbHM
JILAM.

CylLEeCTBYIOT U JIpYTHe THIIbI YIPO3, CBA3aHHbIE C HEIOMY-
CTUMOH JIEATENILHOCTBIO COTPYAHHKOB OpraHu3allii, HO Bbl-
niernepeurc/eHHble yrpo3bl UMEIOT HauOOJbIIYIO MOMyJsip-
HOoCTb. Ha cerofiHsilHuil IeHb HEBO3MOXKHO TOUHO OLIEHWTD
BEPOATHOCTb OCYLILECTBJIEHHS KaKOH-JAHOO yrpo3bl, BO3HH-
Katollel U3-3a 1efCTBUI COTPYAHUKA, TaK KaK OOJIbILIHHCTBO
OpraHusalliii HaMepeHHO CKPbIBAIOT CBOM MHUMICHTHI, 3a-
LIMI1LAs1 CBOIO peryTalluio.

Komnanust Solar Security, 3anumaroliasicsi BbisiBjieHHEM,
yCTpaHEHHEM, a TaKXKe aHaJM30M HapylleHH# B cdepe HH-
(hopMallHOHHOH 6e30MaCHOCTH, PETYJSIPHO MOJyYaeT JaHHble
0 MPOU3OLIEAUINX HHLUMAEHTAX B OPraHU3alusX, KOTOpble HC-
noJib3yloT ee npoayKTbl. Ha ocHoBe paHHOlH HH(popmauuu
KoMMmepuecknil LeHTp Monutoputra JSOC (Jet Security
Operation Center) eXeKBapTaJbHO TPEIOCTABISET OTYET
( [1]), oTpazkaroluii OCHOBHBIE HCTOYHUKH YTPO3 H I1EJH 3J10-
yMbllLIEHHUKOB. K mpumepy, pacrnpeneseHde HCTOYHMKOB
BHYTPEHHUX MHUMAEHTOB B KOMIAHMSIX 32 TPETHH KBaprail
2015 rona noxkasano Ha jquarpamme 1:

MHUUMaTOPbI BHYTPEHHMUX MHUMAEHTOB

O AyTCOpCeps, KOHTPATEHTH,
MU A U

EBHYTPEHHHE IITATHRE
ANMHHHCTRATORE

@ npovse BHYTPEHHE
N bIDEATEAW

Puc. 1. PacnpegeneHne UCTOYHUKOB BHYTPEHHUX UHLULEHTOB
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B nanHom npumepe BHAHO, YTO GOJILLUMHCTBO YIrpo3 HC-
XOIIT OT OObIYHBIX [0JIb30BaTeNell opranuzauuu. Cyule-
CTBYET MHEHHE, YTO HaUuOOJIbLINH BPE]l OPraHu3alid HAaHOCAT
TaK Ha3blBa€Mble HHCANEPBl — JIIOJH, KOTOPbIE CMelHaIbHO
BHEAPSIOTCS MM BepOYIOTCST HA TMPEINPUATHE C LEIbI0 XH-
ILIEHHS WM HApyLLIEHHUs 11eJJOCTHOCTH MH(opmali. OnHaKo,
B COOTBETCTBHH CO CTATHCTHKOMH, GOJILIIMHCTBO HHLMAEHTOB

TIPOUCXOJIAT B Pe3yJ/IbTaTe HE0CTAaTOYHON MOJrOTOBJIEHHOCTH
M XaJIaTHOCTH PaBGOTHHKOB.

CornacHo oruyery komnanuu InfoWatch ( [2]), oGecre-
yMBatollell HH(POPMALUOHHYIO 6e30MacHOCTb OpraHU3alHi
¢ 2003 roza, B nepsom nosyroanu 2015 roa pacrpenenenne
C/lydaliHbIX M YMBILIEHHBIX yTeUeK HMeJO BHJ, TpeIcTaB-
JIEHHBII Ha [arpamme 2:

CooTHOLWEeHKEe CNY4alHbIX M YMbILNEHHbIX
yTeuekK

B CayyalHee
OYmeiae HHee

B He onpeaeneHo

Puc. 2. Pacnpefenenune CylyyaiHbiX U YMbILIEHHBIX YTeYeK

M3 nuarpaMmbl BUIHO, 4TO HAUOOJBLIYIO JIOJIO HMEIOT
C/lydailHble yTeUKH. DTO CBSI3aHO C HE PerIaMEeHTHPOBAHHBIM
JIOCTYTIOM T10J1b30BaTe/ el B HHTEPHET, MOCEIleHHeM HeKesa-
TeJIbHBIX CATOB COMHHUTEIBHOTO COflepKaHNUsT, H3OBITOUHBIMU
npaBaMH 110J1b30BaTe/eH, HCIOJAb30BAHHEM KOMIAHUSMH He-
HaJIeKHBIX TTOYTOBBLIX cepBepoB. DoJiblloe KOJMUECTBO KOH-
hunenmanbHoN uHbopmaluu Tepsietcst BMecte ¢ flash-naxo-
MUTEJISIMU, MOTEPSIHHBIMU MOOHJILHBIMH ycTporicTBaMu. Beé
9TO HETaTHBHO BJIMSIET perlyTalllio OpraHu3allii, CHHXKasl ee
KOHKYPEHTOCITOCOOHOCTb.

Pacrer yncsio ciydyaeB, B KOTOPBIX Cepbe3Hbli yl1eps KOM-
naHuu OblJ1 HAHECEH U3-3a TOTr0, YTO OJIMH U3 COTPYIHUKOB M0-
JIYYHJ1 HA 3JIEKTPOHHYIO MOUTY MUCbMO, COflepKalllee CKPHUIT
¢ mudpatopom anIoB CUCTEMbI, KOTOPOE ObLIO MPOMYIIEHO
cnam-@uasrpoM. COTPyAHHKOM, YBEPEHHBIM, UTO MHCHMO T10-
CTYIHUJIO M3 HAJEXKHOTO MCTOYHHMKA, OCYLIECTBJSIETCS 3arycK
TNpUJIOZKeHHOTo (afisia. 3arylieHHas nporpaMma HayMHaeT
NPOBOAUTL LWH(ppPoBaHHe (akjJoB HA CETEBbIX AMCKAaX, MOJ-
KJIOYEHHBIX K paboueMy MeCTy, U 3aKaHUHBAET HA CUCTEMHOM
Jucke nosib3oBartess. [locse 3TOro MmoJb3oBaTeNio BbLIBO-
JUTCS MH(OpPMALMOHHOE Ccoo0lleHHe, cofeprKallee AaHHble
cyeTa 3JI0yMbILIJIEHHHKA, C TTPEAI0KEHHEM MepeBeCTH IeHbI'H
1JT1s1 pactinpoBKH aisioB. HeecmoTpsi Ha TO, 4TO B MOT0GHBIX
c/lyyasix 10J1b30BaTe/lb BHHOBEH B HAapyLUEHHUH YCTAHOB-
JICHHbIX HHCTPYKLMH, UMelollascs cyaeOHas npakTuka rnoka-
3bIBaeT, UTO OOBIUHON POCITUCH B JIUCTE O3HAKOMJICHHUS C HH-
CTPYKLHSIMH MOKeT OBbITb HEJOCTaTOYHO ISl TPHUBJEUEHHS]
€T0 K OTBETCTBEHHOCTH (IOMyCTHBIINI HapyIlIeHHe COTPYAHUK
MOZKET apryMEHTHPOBATh 3TO TeM, YTO ObIIO JAaHO yKazaHHe
pacrnucarbest 3a MHCTPYKLIMH, @ UX U3yUeHHEe He TIPOBOJIMJIOCH ).

3 1ojo6HBIX MPOUCIIECTBUI CJIEYET, UTO OTeay UH Op-
MalMOHHOH Ge30MacHOCTH HeJb3sl OrPaHHUYUBATHCH OIHUMH
MHCTPYKLMSIMH, @ HEOOXOAMMO OCYHIECTBJSATh 0OydeHHe U pe-
TYJISIPHBIA KOHTPOJIb 3HAHWH COTPY/HMKOB MOCPENCTBOM TPO-
BEJICHUs 9K3aMEHOB, pe3yJbTaThl KOTOPLIX OTpaxKa/du Obl
peaJibHy10 0CBEIOMJIEHHOCTb aTTecTyeMbIx 00 yrposax 6esonac-
HocTH. Ha ocHoBe moJtydeHHbIX JaHHBIX MOXKHO OblJ10 Obl BbIsl-
BUTb MOTEHILMAJbHbIE YA3BUMOCTH CHCTEMbl 3alllMThl HH(OP-
MalllH, MPOBECTH pa3bsiCHUTENbHbIE Oeceibl C COTPYHUKAMH,
KOTOPBbIE MO3BOJIMJIH Obl H36€KaTh MOJ0OHBIX MHIUICHTOB.

Akerepthl M3 Komnanuu  Trend  Micro  cuurator,
yto B 2016 roy xakepbl Takke Oy/yT BO3JIEHCTBOBATL HA CO-
TPYAHUKOB opranudatuii ( [3]). 3710yMblLJIEHHHKH OYLyT HC-
MOJIb30BATH MEXAHU3Mbl OHJIAHH BbIMOTATEJNbCTBA, TMPHUEM
B 2016 romy OyzieT ynop Ha MCHXOJOTHUECKHi acreKT. TouHo
TaKle yKe CXeMbl HCTOJIb30BaJMCh U paHee, HO Terepb aTaku
Oy/lyT UMeTb HarpaBJeHHbIH XapakTep, a Takxe Oy1yT yYHThbI-
BaThb MOBEIECHHE KOHKPETHOH 2KePTBbI.

Takum 06pa3oM, MOXKHO CyIUTL O TOM, UYTO HH(opMma-
LIHOHHbIE OT/e/bl MHOTHX OpraHu3allil He o0ecreuuBaroT
JIOJKHBIN KOHTPOJIb CBOMX MoJsib3oBartesiert. Jlanuyto npodiemy
MOYKHO PELIUTh MyTeM MPOBEIEHUs ¢ COTPYIHUKAMH 3aHATHHI
10 HH(OPMALIMOHHOH 6e30MacHOCTH MPeNTPHsTHS, 17151 GoJiee
YETKOro MOHUMAaHMsl LEeHHOCTH MH(OpPMALIMH, C KOTOPOH OHM
pabortalot, 1 cyllecTBYIolMX yrpo3ax. Llenecoobpasto nepuo-
JIHYeCKOe MPOBeIeHHe KOH(EPEHIIHH, B X0/1e KOTOPbIX ObLIH Obl
paccMOoTpeHbl MOTeHIIHaNbHbIe YTPO3bl, TPOU3OLIE/IINE HHIIH-
JIeHThl ¥ uX aHasua. [IpoBeneHne AaHHBIX MEpPOMPUATHH MO-
BBICHT TMOJIFOTOBJIEHHOCTb COTPYAHHKOB, YTO, B CBOIO OYepe/lb,
NPUBEJIET K CHUAKEHHUIO YACTOTbl HHLIMAECHTOB 6€30MacHOCTH.



“Young Scientist” - #7 (111) - April 2016

Mathematics | 19

Jlutepatypa:

1. Oruer JSOC Security flash report Q32015 // OO0 «COJIAP CEKbIOPUTHU» — URL: http://solarsecurity.
ru/upload/pdi/JSOC %20Reports %20Q3 %202015. pdf

2. TnoBanbhoe MccefoBante yreuek KonduaeHimanbioil uudopmaumns I noayromu 2015 rona // Ananutuueckuii
nentp InfoWatch — URL: http://www.infowatch.ru/sites/default/files /report/analytics /russ/InfoWatch_Global

Report_2015_hali_year. pdi

3. Tlpornoswl B o6nactu MB na 2016 rox // Auanutuueckuii nentp Anti-Malware.ru — URL: https://www.anti-

malware.ru/news/2015—11—02/17158

Npo6nema nHpopmaLnoHHON 6e30NaCHOCTH

MyxamapumeBa 3apuHa baxagupoBHa, acCUCTEHT
Byxapckuii HXeHepHO-TeXHONOrUYeCcKnit UHCTUTYT (Y36ekucTaH)

B cmamoe paccmomperol 0OCHOBHbLe APOOAeMbL UHGBOPMAUUOHHOL OE30nACHOCMU, MAKUe KAK NPUHLUNLL 3AUUNTbL
ungopmayuu, wugpposanue. Ocoboe sHuUMAHLE YOereHO MemOoldy Kpunmoeapapuueckol 3auunol, npumeHene ek -

MPOHHOLL NOONLCU.

Karouesole crosa: saujuma ungopmayuu, kpunmoepausi, KpUnmoanaius, wugpposanue, dewugdposanue, srex-

MpPOHHAA noonuce.

HH@)opMaum — WIABHBIA U HEOTHEMJIEMbBIH JIEMEHT CO-
BpPEeMEHHOro 0611eCTBa, KOTOPOe KUBET UH(OpMalLHe,
yrpaBJisieT el U ¢ nomolibio Hee. MiHdopmaius — 310 Bax-
HeHLIMI pecype, UCII0JIb3yeMblil BceMH U KaxKabiM. Ho He Bes
MH(OpPMaLIUs, KOTOPOH BJajleeT 4eJ0BEYeCTBO, MOXKET ObIThb
00LLE0CTYIHA, HEKOTOPbIE JJaHHble KacaloTCsl TOJIBKO OIlpe-
JIeJIEHHBIX JIMLL, a OT MOCTOPOHHHUX HX CJIEyeT orpaiuthb. Ye-
JIOBEYeCKasl HaTypa HacTOJIbKO JIIOOOMNbITHA, UYTO HE MOXKET
He 3aIIsHYTh 3a IBEPb ¢ TAOJMUKON «TOCTOPOHHUM BXOJ, BOC-
npeleH», BO3MOXKHO, 3TO H CTaJI0 TPUUMHON BOSHHKHOBEHHS
Tako# npo6JeMbl, Kak obecriedeHue HHGOPMaIIMOHHOH 6e30-
nacuoctu [1].

[ToHsiTe MH(OPMALMOHHOR 6e30MacCHOCTH  BKJOYAET
B ce6sl 3 pUHLMMIA:

1. ILlenoctHocTb oGecreueHue MOJHOTBI U JOCTOBEp-
HOCTH HH(OPMALIUHK;

2. KoHbuneHMaabHOCTL 0OecrieueHne J0CTyna K HH-
(hopMalu¥ TOJIBKO TEM JIHIIAM, KOTOpPbIE HMEIOT Ha 3TO MPaBo;

3. HocrynHoctb oOecrieyeHHe [OCTOSIHHOTO JIOCTyMa
K HH(OpMaLMH JIMLLAM, UMEIOLLHM Ha Hee NpaBso.

[To onpeneneHUIO BbIMOJHEHUE BCEX MPUHLMIIOB obecre-
uuBaeT 0€30MacHOCTb MH(OPMALMH, HO HeJb3s C YBEPEH-
HOCTb YTBEPK/aTh, TaK KaK OCTAeTCsl BEPOSITHOCTb HECaHK-
MOHUpPOBaHHOTO joctyna. [lpu  HecaHKIMOHHPOBAHHOM
joctyne uHgopmalus MoxkeT ObITb MepexBauyeHa, 4To Hapy-
1aetT KoH(MUIAECHIHANLHOCTh HHOPMALMH, TaK KaK JaHHble
MonajaloT B PyKH MoCTopoHHeMy Jsiuity. MHdopmaius MoxeT
ObITb MOJIM(ULMPOBAHA, a KaK CJEICTBHE BO3MOXKHO Hapy-
11IeHHe JIOCTOBEPHOCTH U LIeJIOCTHOCTH JaHHbIX. Tak e He hc-
KJIIOUEH BAPUAHT KPakKu, TO €CTh HApYyLLIEHHs] aBTOPCKUX MPaB
Ha uHdopmManmio. [lonananue B uyxKue pykn BaykHON HH(OP-
MalKH MOXKeT MOJBEPTHYTh ONACHOCTH KaKhe-s100 NaHHbIe,

KOMIIBIOTEPHYIO TEXHUKY H JlaxKe 4eJoBe4yecKylo »KM3Hb, MO-
TOMY BO3HHKaeT ocTpasi HeoOXOAMMOCTb 3alIUThl MHQOP-
mauuu. [Ipo6aema ganeko He HOBa, MOITOMY CYLIECTBYIOT H3-
BECTHbBIE MyTH ee pelleHust [4].

Jlns obecriedeHust MHPOPMALMOHHONH GE30MaCHOCTH HC-
MOJIb3YIOTCS PA3/INUHBIE TTOAXOABI, G0JbIIAsK UX YacTb 6a3npy-
eTcsl Ha KpUnTorpauu Hayke o MeToiax o0ecneyeHust KoH(H-
JIeHIIHAIbHOCTH U ayTEHTHYHOCTH (11€JJOCTHOCTH M aBTOPCTBA )
unpopmatu. CyTb KpPUNTOrpapuuecKod 3allUThl JaHHbIX
nepegaua MHpOPMALMKM B 3alIM(PPOBAHHOM BHAE, MPHU KO-
TOPOH BEPOSITHOCTb MPOUTEHHST ee MOCTOPOHHHUMH JIHIAMH
Menblle. TpaguioHHo Kpuntorpadus BKIouaer B cebs Me-
TOAbl 1IMPOBaHUS W JlelIM(POBaHUS C MOMOLLBIO KJtoua,
a coBpeMeHHas HayKa npejjiaraet 6oJiee 1ecsiTKa pasjiMuHbIX
OTKPBITBIX aJArOPUTMOB 1LIM(DPOBAHUS U UMEET 4 pasjiesia: CHM-
METPUUHbIE KPHUIITOCHCTEMbI, KPUITOCUCTEMbI C OTKPBITHIM
KJII0UOM, 3J1€KTPOHHAS MOAIMHCh, yIpaBAeHHEe KIIOUaMH.

CHUMMeTpUUHBIE  KPHIITOCHCTEMBl  HCTOJBb3YIOT — OfIMH
1 TOT Ke KJII04 1JIsT IIM(pOBaHUs U paciingpoBKu. B Taknx
cucremMax npeobpasoBaHMe TeKCTa MOXKET ObITb OCYLLECT-
BJIEHO:

— TOJICTAHOBKOW, 3aMEHOH OJIHOr0 CHMBOJIA Ha JAPYyro
10 OMpesie/IeHHBIM MTPaBUJIaM;

— MepeCcTaHOBKON, B3aHMO3aMEHOH CHMBOJIOB;

— aHaJIMTHYECKUM NpeoOpa3oBaHUEM 110 HEKOTOPOMY
AHAJIUTHYECKOMY TTPaBUJIY;

— KOMOUHHUPOBaHHbIM Mpeobpa3zoBaHUEM, T.€. HCMOJb-
30BaHHEM KOMIIJIEKCA OCHOBHBIX METOJOB MpeoOpasoBaHus
B OTIpeJieIeHHOH mocsenoBaTenbHoctd [3]. OnacHocTb mpH-
MeHEeHHs] TAKOTO MeTo/ia B TOM, 4TO €C/JH KJIOY He H3BeCTeH
noJlyyatesito, TO €ro Takxke HeoOXOAUMO IepeiaBaTh Mo Ka-
HaJlaM CBSI3M BMeCTe ¢ 3alUM(POBAHHBIM TEKCTOM, YTO CTABUT



20 | MaTemaTtukKa

«Monopoi y4énbity « N2 7 (111) - Anpenb, 2016 r.

MoJl yrpo3y rnepefaBaeMble JaHHble. B 3ToM Borpoce Hau-
6oJiee 6€30MACHBI CUCTEMbl C OTKPBITBIM KJIOUOM. B Takux
CHCTeMax T[oJlyuaTeslb TeHEepPUPYeT JBa B3aHMOCBSI3AHHbIX
KJII04a, OIMH U3 KOTOPBIX OOBSIBSETCS OTKPITHIM H MyOJIHKY -
eTcst JUIsl OTIpaBUTe/Ied, a 3aKPbITbIH KJI0Y U3BECTEH TOJILKO
nostyqaresto. CUCTEMBI C OTKPBITBIM KJI0YOM HCIOJb3YIOT He-
o6paThmble YHKLHH, YTO HCKJIFOUaeT BO3MOXKHOCTb pacilmd-
pOBaTh TEKCT 110 OTKPLITOMY KJIOUY WJIH Y3HATb 3aKpbITbli
KJtou. JIaHHbIe CHCTEMbI OMUPAIOTCS HA CJIGIYIOLINE THITbI He -
00paTUMbIX NIpe00pPa3oBaHUil: BbluMC/IeHHEe KOpHel ajrebpa-
MYECKOI0 BblpaKeHHsl, Pa3JjiozKeHHe Yucesl Ha MpOoCTble MHO-
YKUTENH, BbUUCIEHHE Jorapiudma B KOHeUHOM ToJie [2,3].

OJIeKTPOHHAST TIO/ITUCh TO3BOJIIET ayTEHTH(PHIIMPOBATh
MH(OpMALIHIO, CBEPUB MOANUCH ¢ 00pPa3LOM, eC/H TaKoBOH
MMeeTCsl, a TaKyKe YKa3blBaeT Ha aBTOPCTBO. YBbI, TaKOH
crnoco6 ayTeHTH(HUKALMY He TaK HaJleXKeH, MO3TOMY PEKOMEH-
JIyeTcsl MCII0JIb30BATh €ro B KOMILIEKCEe € JAPYTMMH KpPHIITO-
rpacuuecKUM1 aaroOpUTMaMH.

Bbi6opa KpuntocucteMbl it 06ecredeHnst 3aluThl HH-
(hopmalMK  HEO0CTATOUHO, HEOOXOAUMO TaKxKe OCyLLecT-
BJISITb YIPaBJEHHE KJIOYAMH, a UMEHHO TeHepalHio, HaKo-
nJieHue W pacrpefesenne kiodeill. [enepupoBath Kitouu
MOZKHO KaK CJlydyaliHbIM METOIOM, TaK M Ha OCHOBE I10J1b30Ba-
TEeJILCKUX JIaHHbIX. B ¢jlyyae ¢ nosib30BaTeIbCKUMH JAHHBIMH,

Jlutepatypa:

OJIMH U TOT K€ BXOIHOM TeKCT nocse WnHhpoBaHUsl UMEeT OfI1-
HAKOBbIH pe3yJsbTaT, B OTJIMUMH OT CJIy4alHHOro MeToja, 103-
ToMy Haubosiee ys3BuM. HakomseHue Kjiouell MpOUCXOAUT
B crielldanbHoi 6ase JIaHHbIX, TJe KJIOUM Jis LIUPPOBaHHUS,
JelIHPOBaHUs, TIPOBEPKH TMOIMKMCEH CTPOTO pasJieieHbl.
JInist KaxKoro moJib3oBaTes st XpaHUTCsl CBOM HaGOp KJIOUeH.
[Ipu pacnpenesieHnu KJO4eH MCMOJb3yeTcs cUcTeMa LHp-
pOBaHMs ¢ OTKPBITHIM KJII0UOM. Bo3MOKHbBI 2 BapuaHTa: pac-
npejeseHue ¢ OTKPBITHIM KJIIOUOM M HCIOJb30BaHHE LIU(PO-
BaHMsI C OTKPBITBIM KJIOUOM /ISl pacrnpe/iesieHnsl CeKPeTHbIX
KJouen [5].

[Tomumo Kpuntorpaduu MIKPOKO HCMOJB3YIOTCS U JPyTrHe
MeTO/Ibl 3allUThl HH(pOPMAlMK, HO HA JAHHBIH MOMEHT
Kpunrorpaduueckuii MeTo/ 3alUThl HHPOPMALIMK CaMbli aK-
TyaJibHbIA M HCMoJb3yeMbli. Vicxons us Toro, uto ectb He-
CKOJIbKO BHJIOB KPHITOCHCTEM, KPYT HCIOJb30BAHUST MeTo/la
pacLuipsiercs, Tak Kak B cjydae, e He cjelyeT HCIO0Jb30-
BaTh CHUCTEMY C OTKPBITHIM KJIOUOM, MOXKET TMPHUHTH Ha Mo-
MOlLb CHMMeTpHUHasi Kpunrocucrema. Yro ke Kacaercs
peuieHust npoGJieMbl MHPOPMALIMOHHOH G€30M1aCHOCTH, C MO0~
SIBJICHUEM HOBbBIX CPEJICTB 3allUThI
M HOBble, 0oJiee H30lPEeHHbIE MEeTOJbl HeCaHKIIMOHUPOBAH-
HOTO JIOCTYMA U JIPyrre yrpo3bl, MOTOMY BOMPOC 3aLIUThI HH-
chopmatnu Beeryia OyleT OTKPBIT U aKTyaJIeH.
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WUcnonb3oBaHue MH(OPMALMOHHbIX TEXHONIOTMIA B NoBbiWeHUU 3 PeKTUBHOCTH
CUCTEM YNpaBJ/ieHUA NepCOHANIOM NpeanpUATUSA

CynTaHoBa baxbiT KaupkeHOBHa, KaHAMAAT Nefarornyeckux Hayk, npodeccop;
CapaHoBa bakbiTrynb MapaToBHa, CTaplwmit npenoaasaress;
TonbimGekoBsa Manus CaHaToBHa, MaruCTpaHT;

MyxameTxaHoBa buryns OnxabaesHa, MarucTp, cTapwniti npenogasateb
KaparaHpnHCcKuMil rocyaapCcTBeHHbI TexHUYeckuit yHusepcuteT (KasaxcraH)

BHeapeHne MHTErpHPOBAHHON HH(OPMALMOHHOH CHCTEMBI
yTpaBJieHHs TIepCOHAJIOM MPEANpUsITHEM — 3ajaya, Ko-
TOpasl CTOUT Iepel TOI-MeHe/KepaMi MHOIHX KOMIaHH
¥ He UMeeT MPOCTOro W sicHOro peltieHusi. CerofHsWHAs CU-
Tyallusi Ha pbIHKE KOHCAJITUHTA XapaKTepU3yeTcs JIBYMs 0CO-
GEHHOCTSIMH: C OJIHOH CTOPOHBI, JIOCTATOUHO MHOTO TMPeIo-
JKEHUH 110 pa3paboTke M BHEAPEHHIO pelleHUil Knacca ERP
(Enterprise Resource Planning), ¢ apyroii — npakTHuecku
OTCYTCTBYET MOJIOXKUTEJILHBII OIBIT UX YCTIEIIHON pean3aliiu.

Pabouyee mecTo GOJBLIIMHCTBA COBPEMEHHBIX CIELHAJIM-
CTOB YK€ HEMbICIMMO 0e3 HajleXKHOTO MOMOLIHHKA KOMIIbIO-
tepa. CerofHs aaxe B NPOeccHio THIA «4eJ0BeK-UeJOBeK»
MPOYHO BOLLJIA COBPEMEHHAs TEXHHUKA.

B nannoil paGore npoBeieH aHa/M3 IIPUUMH TaKOIoO I10-
JIOXKEHUsSI W PAcCMOTpPEHa BO3MOXKHOCTb IIPUMEHEHHUs] CH-
CTEMHOTO TOJX0/a TPU MPOBEAEHHH H3MeHeHHH. A Takxke
nposesieH 0630p NPOrpaMMHOro obecreueHust, KOTOpoe Mpej-
JlaraeT pbIHOK KaJPOBUKY H MEHELKepYy 10 IepCcoHaly, B pe-
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LLIEHHM KaKMX 3aj1ay 3THX CMeLMaJucToB OYy1yT He3aMeHUMbI
KOMITbIOTEPHBIE TPOrPaMMBbI.

Onucanue noreHiUanbHbIX noTpebureseit [T-petnenui

C TOUKH 3pEeHHUsT UCIMOJb30BaHHS HHOOPMALMOHHBIX TeX-
HOJIOTMH TIPAKTHUECKH BCIO COBOKYMHOCTb MPECTaBJeHHbIX
Ha pbIHKE KOMIAaHUH MOXKHO Pa3ae/MTh Ha UeThIpe KaTerophu,
B KOTOPBIX:

— B IIpollecce pa3BUTHsl BHEPEHbI pasjiMuHble, HE CBS-
3aHHble MeXK1y COOOH CHCTeMbl /I ydeTa M yrpaBJeHHs
NPEANPUATHEM MO OT/E/bHbIM HAMPaBJACHUAM J€ATEbHOCTH,
TAaKUM Kak TPOJaXKH, 3aKyNKH, CKaan, Oyxraatepus, mep-
COHAJl U T. IL.;

— BHeJpeHa MHTerpupoBaHHasi HMHQOpPMaLMOHHAs CH-
creMa, pa3paboTaHHasi «I0JL 3aKad» W BKJoyatolas B cebs
KOMITOHEHTbl M3 MEePEUUCEHHOr0 CMHUCKA BO3MOXKHBIX MO-
JlyJieil, HO He COOTBETCTBYIOLLAs COBPEMEHHOMY YPOBHIO U Tpe-
60OBaHMSIM MOCTOSIHHO TTOSIBJISIIOLINXCST HOBBIX CTAH/IAPTOB;

— MPAKTHUECKH He HCIOJb3YIOTCs  HMH(POPMAalMOHHbIE
TEXHOJIOTHH (3a HCKJoYeHHeM OyXraJTepuH) B yrpaBJeHHH
NpoLeccaMu U pecypcami;

— MPEeNpUHATA MONbITKA BHEIPUTL MPOMbILIJIEHHYIO CH-
CTEMY, XapaKTEPUCTHKH KOTOPOH COOTBETCTBYIOT TpeGoBa-
HUSIM OJIHOTO U3 NpHHATHIX cTanaaptoB (MRP, MRPII, ERP
U T.J1.), HO Pe3yJIbTaT BHEIPEHUS] — HeYI0BJETBOPUTEbHbBIH.

Ectb ellle 1Be KaTeropuu, HO 3TH KOMIIAHHUH, CKOpee BCero,
yKe He SIBJISIOTCS MOTEHLHATbHBIMU TOTPEOUTENSIMH HOBBIX
petienuit. OHU U3 HUX YxKe ClleJlajid CBOH BBLIOOP M HAXO-
JIATCS B MPOLIECCe €r0 peasin3alldy, B JIPYTHX YCHElIHO BHe-
JipeHa Kakasi-in6o u3 nuasectubix ERP-cucrem.

Hecwmotpst Ha jocTaTouHO BHICOKHH YPOBEHD NMPEJIOKEHHNS
¥ MOTEHUHATBLHO BLICOKMI YPOBEHb CIIPOCa, JIHLIb HEMHOIHE
TOII-MEHEJLKEPbl PELIAIOTCsl HA MTPOBEIEHHE TAKOTO pojia H3-
MeHEeHHUH.

MeHnekepbl, y KOTOPbIX yxKe pa0oTaloT Kakue-jau60 HH-
(hopMallMOHHBIE CHCTEMDbI, CTOSAT MEPE]] IUJIEMMOI: JIMOO Mo-

¥npoamewwe
nepaxonom
Mocranossa yenel
HIMBHEHMA
FRe msl HOXOgMMOS
=)
CY LLBCTRNSHHS
ChusHEa BHeWHHX HIMBHEHMRA
H BHYTPBHHME H POIRHBORLME
YERCBMA MEpOnNpHETHE

Chap aaH#bLx

HIMEHEHMHA

Ofacnavexne
BOBNSYBHHOCTH

OusHka W 3oKpamneHMe

TPaTHTb HEMAJIYI0 CyMMY Ha «HHTEPUPOBAHHOE pEeLIeHHE»,
3 heKT 0T KOTOPOro JajeKo He OUeBHJEH, W TNPH ITOM Bbl-
OpOCHUTb Ha CBAJIKy «cTapble 100pble» MPorpaMmbl, KOTOpble
He COOTBETCTBYIOT COBPEMEHHOMY YPOBHIO peaJiu3alliy,
HO TIpOBepeHbl BpemeHeM W «paboTaioT»; JHbO OCTaBUTh
BCE KaK eCTb U 3a0blTb PO coBpeMeHHble KoHuenuuu ERP,
e-business u npoyne A0CTHKEHHS B 06JaCTH MEHELKMEHTA
U COOTBETCTBEHHO TOTEPSITb OIpese/ieHHble KOHKYPEHTHbIe
NpeuMyL1ecTBa.

MeHeKepbl KOMIAaHUH, B KOTOPBIX 10 CHX MOP, B JIydlleM
cslyyae, aBTOMATH3MpOBaHa JiMLIbL pabota OyXraJaTepuH, BO-
o0lle TMJ0X0 MPECTaBJsIOT TexHoJornio BHenpenus: [T-pe-
LeHHH U 06beMbl TpeOyeMbIX PeCcypCoB.

Hakonell, MeHeKepbl, KOTOpble Y:Ke MPUOOPEIH OIbIT
HEYIAUYHOTO BHEJIPEHUS OJHOH M3 U3BECTHBIX CHCTEM, HMEIOT
0c000e MHEHHE Ha 3TOT CYeT, U OUCHb CJIOXKHO HAHUTH apry-
MEHTbI, KOTOPble 3aCTaBUJ/IH Obl X TOBEPUTh B BO3MOKHOCTh
YCIEIIHOTO TPOBE/IeHHsT UBMEHEHNH U TOBTOPHUTB MOTIBITKY.

Ananua npuInH HU3KON 3(h(heKTHBHOCTH MPOBEJIEHUS H3-
MeHEeHHI

B nacrosiniee Bpemsi chopMupoBaJscs B3NS Ha opra-
HU3ALHMI0 KAaK Ha CJIOXKHYIO OTKPBITYIO COLMAJ/bHYIO CHCTEMY,
BKJIIOYAIONLYIO B CceOst 3/1eMeHTbl BHELIHEro Mo OTHOLLIEHHUIO
K OpraHu3aln OKpy»KeHusi (3JeMeHThbl BXOJa) W MojBepra-
IOLLYI0 X Pa3/IMYHBIM [Pe00pa3oBaHusIM, B pe3yJbTaTe 4ero
MOJIy4aloTCs 3J1IeMeHTbI BbIXoja (puc. 1).

Opn1H U3 MOJIX00B, HA3BAHHBIH MOJEJIBIO KOHTPYSHTHOCTH
(COOTBETCTBUSI) OPraHU3allMOHHOTO TOBEJICHUS, OCHOBaH
Ha o0ulel cucTeMHON Mozies, npeanoxkenton Jssunom Han-
sepom (David Nadler, 1993). Cuuraercsi, 4To opraHusaluu
KaK CHCTeMbl COCTOSIT U3 B3aMMO3aBHCHMBbIX COCTaBHbIX ya-
CTeil, IpuueM M3MeHeHHe B OJHOH M3 HUX MPHUBOIMT K H3Me-
HEHMSM B JIPYrHX COCTABHbBIX 4acTsAX cucTeMbl. [1pu sTOM cu-
cTeMa FeHepUpyeT HEPruto, UToObl IBUTATHCS K COCTOSHUIO
paBHoBecusi. Hakonell, 4ToGbl MPOIOKATL CYILIECTBOBATH,

Fae mer xorenu G

Cornacosonmne
APEANOINaENHE, MHCCHN
OPrOHH3oLEsH

Puc. 1. Mogenb cuctembl ANs onucaHna YHKLUOHMPOBAHUA OPraHM3aunu
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Puc. 2. Mopenb cornacoBaHua Hapnepa ana onucaHna U3MeHeHUI B OpraHu3aLuum

OpraHu3alis JI0/DKHA MOJUIEP2KUBATh OJIaronpusTHbIe B3a-
MMOOTHOIIEHHS] IO BXOJAM M BbIXOJAM C BHEILIHHM OKpYIKe-
HHeM (puc. 2).

OcHOBHbIe BXOJHbIE 3JI€MEHTHI, MOCTYNAIOLLHE B CHCTEMY
OpraHu3alMOHHOIO MOBEAEHHUS, CBSI3BIBAIOT €€ ¢ BHELIHUM
OKpyKeHHeM. K HUM oTHOCATCS: orpaHuueHusi, TpeOOBaHUS
¥ BO3MOXKHOCTH; PECypCbl; MCTOPUS JNaHHOH OpraHu3allui;
crpaterust (Mo-BUAUMOMY, CAMbIH BaXKHbIH BXOJIHOH 3JIEMEHT).

BbIX0/IHbIE 2/IEMEHTDBI BKJOUAIOT B ceOsl: XapaKTePUCTHKH
paboThbl OpraHu3allii, XapaKTepUCTHKH paboThbl TPy, UHIK-
BUlyaJibHble XapaKTEePUCTHKH, KOTOPble BMECTE OMpeAe/IsiioT
06111y10 3(h(heKTUBHOCT JIESTENLHOCTH.

BHyTpu opraHusaillMu CylIeCTBYIOT UeTbipe B3aHMO3aBH-
CHMbIX KOMIOHEHTA (BHYTPEHHHE 3JIEMEHTHI): 3a/1auH; CTPYK-
TYpbl U CHCTEMBI; KYJILTYpa; JIOIH.

Packpoem cMmbic/T HCTIOJIb3yeMbIX Ha cxeme (puc. 2) Tep-
MHHOB.

Crpareruss — 3T0 HabOp KJIOYEBBIX PEILICHHH, YUUThbI-
BAIOLIMX COOTBETCTBHE HMEIOLIMXCA PECYypcoB  TIpejicTa-
BUBLIMMCS BO3MOXKHOCTSIM, & TaKKe OTpaHUUCHHSM M Tpe-
OOBaHUAM BHEIIHETO OKPYXKEHHSI B KOHTEKCTE€ HCTOPHH
OpraHu3allMi U B COOTBETCTBHUH C €€ BUICHUEM H MUCCHEH.

Bunenne — onucanue «KejaeMoi peasbHOCTH», BbIpa-
JKalollee OCHOBHbIE LIGHHOCTH, 0603Hauatollee HeoOXOAUMble
W JIOCTaTOUYHble M3MeHeHUs. BuueHne BK/OUaeT 1Ba KOMIO-
HeHTa:

CdhopmyspoBaHHOE OMNMUCaHHE NpeHA3HAYEHHsT OpraHu-
3allMH, MO3BOJIsIIOLLEE TTOHSITh 3TO Mpe/Ha3HayeHue 3auHTe-
PEeCOBaHHbBIM B JIEATEJILHOCTH OpraHu3aLlMy rpynnam.

OMOLMOHAJILHBIA MPU3bIB, TO €CTb 3aKJIOYEHHBbIH B BH-
JIEHUH MOTHBALMOHHBIH MUMIYJbC, C KOTOPBIM JIFOJM TOTOBbI
COTVIACHTHCS.

Muccus
OCTaTOK».

3azauu cocTosT M3 BMAOB PaboT, KOTOpble HEOOXOMUMO
BBLIMOJIHATL, M XapaKTEPUCTHK HX BbIMOJHEHHS, a TaKkKe KO-
JIMUECTBA M KAuecTBa YCJYr WJM TOBApPOB, KOTOPblE MPOM3-
BOJIUT OpraHu3allus.

OpraHu3alMoOHHbIe CTPYKTYpPbl M CHCTEMbl BKJIOUAIOT
B ceOs1 popMasibHble CUCTEMBI W OpraHU3allHOHHblE Mexa-
HU3MbI, TAKHE KaK CUCTeMbl OU3HEC-POLLECCOB, JIMHUU MOJ0T-

KBHUHT>CCEHLIUA BUJACHHUA, €I0 <<CyXOIU/I

YETHOCTH, UH(POPMALIMOHHbIE CHCTEMbI, MEXaHH3Mbl MOHHTO-
pHHTa U KOHTPOJISA, IOJPKHOCTHBIE MHCTPYKLIMH, (hopMasibHble
CHCTEMbI OTIJIAThl M BO3HATpaKaeHus U T. 1. [1].

OpraHu3alKonHast KyJbsTypa BKJtodaeT B cebsl LEHHOCTH,
pUTYyaJibl, HCTOUHHKH BJIACTH, NPUBEPKEHHOCTH, HOPMbI, He-
(hopMasibHble B3aWMOOTHOLLIEHHS, KOTOpPble BJMSIOT Ha TO,
«KaK 3]1eCh JIJIAI0TCS 1es1a .

JIIoIM MPUBHOCAT CBOM PA3HOOOpA3Hble HABBIKH, 3HAHHS
W OMbIT, Pa3/JHUHbIE JIMUHOCTHbIE KAYeCTBa, 1IEHHOCTH, OTHO-
LIeHHUS U oBeleHHe. B nepuos ObICTPbIX M3MEHEHHH OCHOBHOM
NPUYHHON, BbI3bIBAIOLLEH CTpeCC, SIBJASETCS CTpeMJIeHHe TPU-
BECTH HUHJMBUyaJbHble MOTPEOHOCTH B COOTBETCTBHE ¢ hop-
MaJIbHbIMH 1 He(hOpMasIbHBIMU CTPYKTYPAMHU H CHCTEMaMHU Op-
raHM3al|H, a TAKXKe C ee KyJbTypoH.

BHenpeHue HHGMOPMALIMOHHBIX TEXHOJOTHE B JeATE/b-
HOCTb KOMIMAaHUH TOJILKO Ha MEepPBBbIH B3NS NpecTaBjsier
M3MeHEeHHe OJIHOTO W3 YeTbIpeX 3JIeMEHTOB — OpraHusalu-
OHHbIE CTPYKTYPbI U CHCTeMbI [3].

B JefcTBUTENBHOCTH  9TOT — 3JEMEHT B3aUMOCBS3aH
C OCTaJIbHBIMH KOMITOHEHTAMU, BXOJSALIMMH B CHCTEMY, H Ha-
pyLICHHE PABHOBECHS HEM30EXKHO TOBJICUET 3a COOOH:

— HU3MEeHeHHe 3a/1a4, BUIOB H XapaKTepUCTHK padoT U Ka-
YeCTBA UX BbITOJHEHHUS;

— repecMoTp HeOpPMaJIbHBIX OTHOLIEHUH (KYJBLTYpbl Op-
raHu3atuu );

— CONpOTHBJIEHHE MTepPCoHAJA.

Takum 00pa3om, BHeapeHHe HHMDOPMALMOHHBIX TEXHO-
JIoruil 6blJ10 Obl HEBEPHO paccMaTpHUBaThb Kak caMojocTa-
TOYHBIH MPOLLECC HU3MEHEHHUST OIHOTO U3 JEMEHTOB MOJIE/IH.
[To cytu nena, oH siBJsieTcst yacTblo 6GoJiee 061ero npoiecca
M3MEHEHUH, 3aTparuBalollero BCe KOMIMOHEHTbI CHCTEMB,
BJMSIONIEH Ha opranu3auuio B uesnoM. [IpoBenenue uame-
HeHUi 0e3 yuera 3TOr0 BJHSHHSA MOXET NMPUBECTH K HETpes-
CKasyeMbIM MOCJIEACTBHUSIM.

[IpuunHbl OOBLIYHBIX Heylau KOpEHsITCS B 3Tare rocra-
HOBKM 3ajlaul 0 HEOOXOJAMMOCTH BHEAPEHHS TeX WJU HHBIX
TexHoJsorni. MeHemxkep BbIsIBJsIeT Hed(POEKTUBHYIO pa-
00Ty KaKOH-JIMOO U3 TMOJACUCTEM M, pacCMaTpHUBas ee Kak ca-
MOJIOCTATOUHBIH 3JIeMEHT, (HOPMYJIMPYeT 3ajiauy BHEApPEHHS
COOTBETCTBYIOLLErO H3MeHeHus. [lpu 3ToM HeKoppeKTHasi
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Mpouecc npeocfpoacsanmua
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Puc. 3. Nepexop komnaHum us coctoanua K1 B cocrtosHue K2 3a Bpema T

hopMyJIMpOBKA 3a7a4H, BIIOJHE €CTECTBEHHO, MPUBOJIUT K He-
YIOBJIETBOPUTEJILHOMY P€3yJIbTaTy.

CHCTeMHOe MbIlIIJIEHHE TOJPA3yMeBaeT JPYroi MOJIXOJ
K MPOBEJIEHUI0 u3MeHeHui. Kak npaBuiio, npobjemMHasi CHTY-
alys TOpoXK/EHa TeM, YTO 3aKa3UMK UCC/IE0BAHUS BBICKA3bI-
BaeT onpe/e/eHHOE HEYI0BOJIbCTBUE B CBSI3H C TEM, KaK Y HEro
CKJIa/bIBalOTCs Jea. DTo — OTNnpaBHas Touka. Komnanunu
B JIMLIE 3aKa34HKa XOTe/10Ch Obl B pe3yJ/ibTaTe [POBeIeHHs U3-
MeHEHHUH MpulaTh OpraHU3allii HOBOE KauecTBO, UMelollee
BIOJIHE KOHKPETHbIE XapaKTEPUCTHKH. 3aj1aua COCTOUT B TOM,
4y1oObl 3a HekoTopoe BpeMsi T coBeplIMTb Mepexoj OT TeKy-
utero cocrosinust Kl k »kenaemomy cocrosinuio K2 (puc. 3),
MpHUEM Ha JIAHHOM 3Tare 3aKas3uuk ellle He 3HAeT, B UeM CO-
CTOUT npobJaeMa W 4To MPEACTOUT MPEINPUHAThL; KAKOB Mac-
1ITab npearnosaraeMbiX H3MEHEHHH M HACKOJBKO BBICOK PHCK
OTUYKJICHHS JIIOACH.

Takast cutyaumsi, Kotopasi MoxKeT ObITb OXapaKTepH30-
BaHa KaK Msrkasi U cjaboorpaHuueHHasi, CerojHs THIIMYHA
JIJIsT MHOTHX POCCHEICKHMX KOMIAHWH, W JJIs1 ee pa3pelleHUs
MOXKET ObIThb MpUMEHeHa THOKasi CHUCTeMHas MEeTOI0JIOTHS
oprauuzaupontoro pazsutust (OP) [1]. duarpammy, uimo-
crpupyiontyto meron OP, npescrap/isieT pUCYHOK 4.

[IpencraBieHnblil MeTON, Kak M Ji0O0H WHOH, paboTaer
TOJIBKO B TOM CJlyyae, Korja cob/ioiaercst npeanucantas um
M0CJIe0BATENbHOCTb I HCTBUH.

Bxopsbie abuecTe

Tpauchopmauma

K coxkanenuto, Ha MpakTUKe MPOUCXOAUT 0OpaTHoe: Me-
HeJKep, He BhISICHSIST XapaKTePUCTHKH CUTyallud H3MEeHeHHs,
cpasy ke (QopMysupyeT npobaeMy W TPUCTYTAeT K ee pe-
LIEHWIO, TTPUMEHSIST METO/IbI, TIpeHa3HAYEHHbIE /TS 2KECTKHUX
cucreM. Ho oHM B 1aHHO# cuTyaluu He paboTatoT. DTo orpe-
JleJ151eT MEPBYIO U, MoXKaulyH, MIaBHYI0 PUYHHY HEYLOBJETBO-
PUTEJIbHBIX PE3YJLTATOB BHEAPEHHS HH(OPMALMOHHBIX TeX-
HOJIOTHH.

B pesyabrare: 160 NosiBASIOTCS OTAE/NbHbIE, Y3KOCTIEIH -
aJqM3upoBaHHble pelleHus; MO0 HeyaauHasi MONbITKa BHe-
JpeHusl HHTETPUPOBAHHONH HMH(POPMAIMOHHOH  CHCTEMBI,
HO HH NepBoe, HU BTOPOE He MPUBOAUT K JOCTHKEHHIO MO-
cTaBjieHHON weau. B o6Goux ciyuasx mnpuudHa ogHa —
He Obla MpPOBEAEHA JHArHOCTHKA TEKYIEro COCTOSTHUS
JUIS1 BbISIBJIEHHUST XapaKTEPUCTHK CUTyallil H3MEHeHHsl M, CO-
OTBETCTBEHHO, MPUMEHEHbI METOJMKH, KOTOpble He paboTatoT
B CJIOXKHBILHUXCS o6cTosiTesiberBax [ 10].

BriBojpl

[To onbiTy aHAJMTUKOB, B GOJILIIMHCTBE CJIy4aeB BbIsIBJIS -
10TCS CJIe/lytolle OCHOBHbIE MPOGJIeMbl MPH BHEJPEHUH CH-
CTeM yrpaBJieHHsI:

— OTCYTCTBME TOCTAHOBKM 3aJlauM yrpaBJeHHsl Ha Tpej-
NPUSATHH;

— HeoOXOJMMOCTb B YACTUYHOH WJIM TOJHOH peopraHu-
3allUK CTPYKTYPhI;

BoixoaHbie obbeKThi

BaausonsncTane smemay Pazymrams pobons
FAOSHEIMH EOMTEHOHTIM CPTAHHIOLUHM:
Oepymaune ODIEHE IO
Jagoua Hocmisenve yens
Pecypem OrgenkHse AHSHOCTH Henonwaonanke pecypoos
ParnouseHTHponanHse 7 Agonrauss
BIOMMOOTHOWMHMA J
Hetropua NMopaweTpu rpynne
Heodrumanssse
BIOHMOGTHOWMME Moseparse OTRBNEHLN NHYHOCTEH

Puc. 4. Cxema npouecca opraHu3aLMoOHHOrO Pa3BUTHUA
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— HeoOXOJMMOCTh ousneca
B PA3JIMUHBIX ACMEKTAX;

— CONPOTHUBJIEHHE COTPYIHUKOB;

— BpeMeHHOe yBeJIHUeHHe Harpy3KH BO BpeMsl BHEIPEHHsT
CHUCTEMBI;

— OTCyTCTBHE JIHJEpa U KBaJUGHUIMPOBAHHOH KOMAaHIIbI
BHEJIPEHHSI.

[Ipenyiaraemasi MeToiMKa MpoBeeHUsT H3MEHEHHUH KaK pa3s
HarpaBJjieHa Ha TO, YTOObI BbISIBUTh 3TH MPOGJIeMbl He HA STare

BHEJPEHHUsT CaMOTO pellieHus1, a 10 HEero U COOTBETCTBEHHO 3a-

H3MEHEHHsA  TEXHOJIOTWH

Jlutepatypa:

paHee MPOBECTH KOMILIEKC M3MEHEHHUIH W pPa3BMBAIOLLMX Me-
porpusiTuii. B atoM ciyuae mpouece BHenpeHHs MHpopMa-
LUUOHHBIX TEXHOJOTHI YK€ MOKHO OblIo Obl paccMaTpUBaTh
KaK JIOCTATOYHO »KECTKYl0 M BITOJIHE OrpaHHueHHylo 3ajauvy,
peluaemyto B pamkax 6oJiee 00LLero npouecca opraHusaLu-
onHoro passuthsi (OP), HanpaBaeHHOro Ha TpaHChOpMaLHIO
BCeill opraHusauuu. Hapsiy ¢ oTMeUeHHBIMU 3aTPYAHEHUSIMHU,
metonosorust OP no3BosisieT BbIIBUTb CUMIITOMBI APYTHX MPO-
6s1eM pasJIMUHBbIX YPOBHEH, KOTOpbIe, K COXKAJNEHHUIO, HE YUM-
TBIBAIOTCS NP TPAAUILIHOHHOM TTOJXOJIE.

1. Ascees, B. Ot yuera K ynpassenuio nepconasom ¢ nomotsto UT // Tlepconan Muke. — 2008. — Ne 1.
2. Awmenuna, P. Komnbiorep B paGoTe KazpoBoii cly>KObl: 0630p NporpaMMHbIX npoaykTos // Kaxposoe Jleso. — 2009. —

No 2

3.  ®enopos, b., Makapenko B. Brenpenne HHpOPMALHMOHHBIX TeXHOIOTHI B CHCTEMY yMpaB/eHus npeanpuatiem //

[Tepconan Muke. — 2002. — Ne 1.

4. Apromarusauus kanposoro yueta/ M. A. Bunokypos u ap. — M.: MIHOPA — M, 2001.

5. Axkodd, P. [Tnanuposanue Gyayiiero koprnopauund. — M.: TTporpecc, 1985.

6. Apene, A., JTo66ex JIxx. Aymut/Tlep. ¢ aurn./Tin. pen. cepuu npodp. $1. B. Cokosos. — M.: @unanckl 1 ctatuetika. 1995.

7. Asepun, A.H. ¥Ynpasienue nepcoHasioM, KaapoBast U CollasibHash TOJUTHKA B opraHu3aluu: YueGHoe nocobue. —
M.: Man-so PAI'C, 2005. — 224 c.

8. Anexuna, O.E. CrumynnpoBaHie pa3suTHs paGOTHUKOB opraHusauuu. // Ympaenenne nepconanom. — 2002. —
Ne 1. — ¢. 50—52.

9. Honuosa JI, B., Hukudopos H.A. Ananns dunaHncoBoi otuetHocTu: Yue6. noc. — M.: [lesio u ceppuc. — 2004 —
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10. Komapos, E.W. Crumynnposanue W MOTHBALMS B COBPEMEHHOM yIpaBJieHHu nepconasom // Ynpassienue nepco-

paiaom. — 2002. — Ne 1. — ¢. 38—41.

TexHonorusa OpraHu3aunu XxpaHeHuA AdHHbIX B MHd)OpMaI.IMOHHOﬁ cucreme

Xanutosa popa NnxomoBHa, accucTeHT
Byxapckuii MHKEeHepHO-TEXHONOrYECKNIT MHCTUTYT (Y36eKkncTaH)

B dannoii cmamoe paccmampusaemces onpedesenue yesecooOpazHocmu 8HEOPeHUs CUCEeM XPAHEeHUs OAHHbLX,
a makoce ux Kraccupukayus no GYHKYUOHALbHOCMU U 0OAACTMU NPUMEHEHU.
Karouesole crosa: ungopmayuonnas cucmena, pecypcol OQHHoLX, Cepsep, HAKONUMeAb, CUCMEeMAMUSAUUSL OAHHbLX.

B HacTosilliee BpeMsl aKTyaJbHbIM SBJISIETCA BONPOC O Lie-
J1ecooOPa3HOCTH BHEJPEHHs] CHCTEM XPAaHEeHMs! JaHHBIX
B MC, a Takke uX KjaccuuKalus ¢ TOYKU 3peHUsT PyHK-
LIMOHAJILHOTO Ha3HaueHus1 U obJiacTu npumeHenus. [Ipexue
yeM ONpele/uTb TUIT HanboJlee MOAXOASLLMH B KaXK/IOM KOH-
KPETHOM cJlyyae cucTeMbl XpaHeHus naHubix (CXI1), caienyer
ONPEeJIUTh LeJIecO0OPa3HOCTb TAKOrO pelleHHs B LEJIOM.
Yro6bl caenaTh 3T0, MOCMOTPHM Ha TO, KaKHe 3aJauu CIo-
COOHO OHO PELIMTb W KAKHE BbIFOfbl OHO MOXKET MPHHECTH
B HH(PACTPYKTYPY MPEANPHUSTHSI.

CucremMa XpaHeHHsl LEHTPaJM30BAHHOE XPAaHMJHILILE.
W13 sTOro cienyet uedblil psil BazKHBIX TPEHMYLLECTB:

— 0GoJiee 9KOHOMHOE NoTpeb/IeHHe NAMATH;

— BbICOKAS1 IOCTYIHOCTb JIaHHBIX;

— TIPOCTOTa eMKOCTH PaclIMpsieMOCTH XpaHeHHsI.

— 1leHTPAIM30BAHHbBII TOIXOM K YIPABJIEHHIO U MOHHTO-
pHUHTY.

[1pu uCTIOMb30BAHUH LIEHTPATM30BAHHOTO XPAHHJIHIILA €M-
KOCTH MOTYT ObITb BbIJIeJIEHbI JIOTHUECKH H U3MEHSATHCS B CO-
OTBETCTBHMH C PACTYLIUMH MOTPEGHOCTAMH KOHKPETHOTO Cep-
Bepa. Kpome Toro, B cilydae 1leHTpaTH30BaHHOTO XpaHUIIHIIA,
€ro eMKOCTb HCI0JIb3yeTcsi 60Jiee pallioHaIbHO, PABHOMEPHO
pacrpenesisisicb MexKiy cepBepamu. Pacilinpenne BO3MOXK-
HOCTEH XpaHUJIUILA, MyTeM LEHTPaTU3alUdK TOpa3no npoule:
NPOCTO HYKHO N0GABUTb HEOOXOAMMOE KOJHUYECTBO JIUCKOB
B XxpaHuJuile. Mcrnosb3oBaHue CHCTEMbl XpAHEHHUS JIAHHBIX
TakKe TMO3BOJISIET YIIPOCTUTh M YCKOPHUTL YTpaBJeHue U Mo-
HUTOPHUHT XpaHuauuia [1].
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BuenpeHue coBpeMeHHbIX CHCTEM XpaHEHMsl JaHHbIX
TpeGyIOT 3HAUUTEJbHLIX (PUHAHCOBBIX BJIOKEHHUH M 3aTpaT
BO BpeMeHH. C peanusaldell TakuX CHCTEM CJIELyeT TakKe
YUUTBIBATb, UTO CyLECTBYIOIA HHOOPMAIIUOHHAS CHCTEMBbI,
BO3MOKHO, Kakoe-TO BpeMsi OyleT pabotaTb B HELUTATHOM
COCTOSTHHH, UTO B CBOIO OUepe/lb MOXKET MPHUBECTH K COOSIM
Ha npeanpuaTud. lnsi ycnelHol peasnusaldd HeoOXOAMMO
YUUTBIBATb HE TOJBKO OCHOBHbIE XapPAKTEPUCTHKM CHCTEMbI
XpaHeHUsl JIAHHBIX, HO W OOllyl0 CTPYKTypy Bcell nH(opma-
LIMOHHOH CHUCTEMbl, KOTOpasi, BEPOATHO, MPETEPNUT 3HAUHU-
TeJbHblE M3MeHeHHsl B MX opranusauun. Hecmotps Ha Tpya-
HOCTH B peasu3allii, CHCTEMbl XpaHEHHsI AAHHBIX MOXKET
Y/IOBJIETBOPUTbL LUIMPOKUI CMEKTp MoTpeOHOCTel BJjajesblia
MH(pOPMALIMOHHO CTPYKTYpbl. Korna pauuoHasbHble 3aTpaThl
Ha BHeJIpeHUE TIOIX0/a U TeXHHUECKoe 00CyKUBaHHE BO3Me-
HIAIOTCSA JIOCTUTAeMbIMH pe3yJibTaTaMH H3-3a TPEUMYLILECTB
MCTIO/Bb30BAHMST CHCTEMBI XpaHeHHsl AaHHbX [1]. Opranu-
3alMsl B LEIX YAOBJIETBOPEeHHs] CBOMX OH3HEC-ITPOLECCOB,
KakK MpaBUJI0, UCITOJIB3YET CaMble MOCJIe/IHUE CepBEepHbIe MPH-
Joxxenust. CoBpeMeHHble cepBepHble TPUJI0KEHHS, B CBOIO
ouepe/lb, S BBIMOJHEHHS 3ajau M JIOCTHXKEHHS] MaKCH-
MaJIbHOH 3((eKTUBHOCTH MPEACTABJSIIOT BbICOKHE Tpe6o-
BaHUsl K HH(OPMALMOHHOH CTPYKType OpraHudalyd. IDTH
TpeGOBaHHUsI PACIPOCTPAHSIOTCS HE TOJBLKO Ha ammapaTHyIo
MOLLHOCTb W MPOHU3BOAMTENLHOCTb BBIYHC/AMTEIbHBIX pe-
CypCOB, HO U CTeMeHb OTKA30yCTOHUMBOCTH, a Takxke 3(dek-
TUBHOCTb B pacrpeie/ieHUH BbIUHCIUTEIBHBIX PECYPCOB.

Baxnoit dynkuuneit CXJL sBasiercs: obecrieueHue J0CTyr-
HOCTH AaHHBIX. JIJIsT MHOTHX OpraHH3allil MOKET ObITh ¥KH3-
HEHHO-BayKHOH He TOJIbKO TMOTepsl JaHHBIX, HO M CHTYyalus,
B KOTOPOH 9TH JIaHHbIE HE IOCTYMHbI B Te4€HHH OTHOCUTEBHO
KOPOTKHUX T1€pHOJI0B BpeMeHH. MIMeHHO 1mo3ToMy GOJbLIMH-
CTBO pELEHUH MO0 peasi3allMd XpaHeHHsl AaHHbIX Ha Ceroj-
HALIHUA JIeHb COCPEIOTOUEHbl HAa HCMOJb30BAHUM HHCTPY-
MEHTOB, KOTOpPble MOTYT YBEJHUHTb MPOLEHT 6e30TKa3HOH
paboThl. B ycaoBusIX orpaHHueHHBIX PeCypcoB H GIOIKETOB
B 00s1aCTH pa3pabOTKH PeLIEHHH CJIelyeT TakKe CTPEMHUTBCS
K MAKCUMH3aLMH UCIIOJIb30BAHHUS BBIUUCAUTEBHBIX PECYPCOB
¥ KOHCO/IMAALMS IaHHbIX. Eciin HeoOX0AUMO, pellieHHe MOXKET
YIOBJETBOPUTL BO3MOXKHOCTH pacrpesiesieHust (U3nIecKux
€MKOCTeH XpaHeHHsl Ha BUPTyaJbHble. DTO MO3BOJsIET Gosee
rHOKoe BblIeJeHHe TMCKOBOTO MPOCTPAHCTBA U YMpaBJeHHe,
B KauecTBe XpaHWJIHILA U Beel nHdpacTpyktypsl [1].

Takke OIHHM M3 BaXKHBIX MPEUMYLLECTB IS pelleHHi
M0 BHEIPEHUIO CHUCTEMbl XPAHEHHS JaHHbIX fBJsieTcs obecrie-
ueHle paclInpsieMOCTH CTPYKTYphl. B ynoBneTBopeHuu norpeo-
HOCTEH Pas3BUTHsI M PacUIMPeHHs] KOMMAHUH, COOTBETCTBEHHO,
pacTeT W KOMIIbIOTEPHbIH Napk. JTo TpebyeT COOTBETCTBYIO-

Jlutepatypa:

L11er0 YBEJIHYEHHST €MKOCTH CHCTEMbI XpaHEeHHs JaHHbIX. Takum
00pa3oM, 3(PeKTUBHOCTb PeLeHHs ONpeeIsSeTcsl TaKKe Ha-
JIMYHEM TMPOCTON U THOKOH CHUCTEMbl paclUMPSIEeMOCTH /ISl CH-
CTeMbl XpaHeHHWs! JaHHbIX. HecMmoTpsi Ha Bce mpeumylecTBa
peasiM3alyy CeTH XpaHeHHst IaHHbIX, OHO COMPOBOK/IAETCS 3HA -
YUTEJILHBIMHU 3aTpaTaMu, U HHTErpallksi TAKOH CHCTEMbI IOJKHA
COMPOBOXKIATHCS TLIATEJbHBIM aHATM30M CYLIECTBYIOLLEH MH-
(hpacTpykTypbl W notpeGHoOCTell 3aka3unka. B mpouecce cos-
JIAHHST CUCTEMbl XpaHEHHUs! JIAHHBIX J0XKHO ObITh JOCTHIHYTO
ONTHUMAJIbHOE COOTHOLLIEHHE TPeX OCHOBHBIX MoKazaTesel: MakK-
CHMaJIbHOCTH, JOCTYMHOCTH, MAaKCHMAJbHOH MPOU3BOAUTE/b-
HOCTH, MUHMMaJIbHOH 0011eH CTOUMOCTH.

PagnenuM ycloBHO BHbl OpraHU3alMi M pasBEpHYTLIX
B HUX HH(PACTPYKTYP Ha CJELYIOLLME THIIbI: MEJKHE, CPpeiH1e
U KpyIHble, pacrnpeieseHHble U OXapaKTepU3yeM KaxK[Iplid
13 HUX. B 9TOM ciyuae, BCIOMHUM, YTO KJ1IOUeBOH 11po6JieMol
B peasusaunn CX]1 siBasiercs 10CTHKeHHE OasaHca Mely
MaKCHMaJsIbHOH JIOCTYTMHOCTbIO, MAKCHUMAJbHOH MPOHU3BOJIH-
TEJILHOCTBIO U MUHMMaJIbHON CTOUMOCTBIO pelieHus [2].

B nanHoM KoHTeKCTe MaJjasi OpraHu3alusi XapakTepH-
3yercst HeOOJIbIION HH(OPMALIMOHHONH CTPYKTYpOH ¢ He-
60JIbIINM KOJMUYECTBOM TMoJb3oBaTeseid. B obuiem ciydae
YHUBEpCANbHBIM PELENTOM MOXKET CJY»KUTb TMpHUMeHeHHe
(haiJIoBOro XpaHUJIHIIA, KOTOPOE MOXKET ObIThb JIOCTYITHO MO-
cpenctBoM (haisioBoro goctyna. Takoe pelleHHe He Tio-
TpebyeT cepbe3HbIX HU3MEHEHHH B MH(pacTpyKType U OyLeT
Haubosiee SPPEKTUBHBIM C TOUKH 3PEHHS CTOUMOCTH U Y/IOB-
JleTBopenust norpebHocTell opranusaund. Mudpacrpykrypa
6oJiee KpynHoro macuitaba MpeanosaraerT HCroJib30BaHHe
o0beIMHEHHBIX annapaTHbIX pecypcoB W pelteHui. Kpome
TOro, BLIOOP 3aBHCHT OT KPUTHYHOCTH JIOCTYNA W BblIEJEH-
Horo 6io/pKera st peasnuzanyn CXJ1.

B csiyuae pacnpenesieHHON HHPOPMALIMOHHOH CTPYKTYpbI
BLIOOP JI0JKEH HerpeMeHHo najaath Ha Fiber Channel cetu
XpaHeHUs JaHHbIX. Takke (U3HUECKOH cpenod mnepenayu
JIAHHBIX JI0JI2KHA BBICTYNATh ONTHUYECKAs CeTh, MO3BOJISIONIAS
COCIMHSATL pacrnpe/eseHHble LEeHTPbl 00paGoTKH JIaHHbIX
Ha MaKCHMaJbHbIX CKOPOCTAX M 00€CleYUTb BbICOKHH ypo-
BEHb JIOCTYMHOCTH. [T0CKO/IbKY 3TH CTPYKTYpPbl UACTO UCTOJb-
3yIOTCSl KPYTHBIMH OpraHu3allusiMi, TO (aKTopbl Mepenadu
JIAaHHBIX B 9TOM CJIyuae siBJstiioTest Hanbosee BaxkHbIMU. Kpome
TOro, GIOMPKET, U3PACXOIOBAHHBIH Ha peasM3aluio TaKOW CH-
creMbl Oy1eT Hanbosiee MOAXOASLLUM.

Takum o6pasom, OblIM PACCMOTPEHbl M KJACCU(PUUHPO-
BaHbl Pag3/iMuHble CrocoObl OPraHU3alMH CUCTEM XpaHEHHs
JIaHHbIX. B COOTBETCTBHH C THIIOM JIOCTYIA W METO/IOM OpraHH-
3alMU CeTH XpaHeHHsl JaHHbIX ObLIH YCTAHOBJIEHbI KPUTEPHH
0TOOpa B OTHOLUEHHUH MacliTaba OpraHu3almi.

1. Jlo6anos, A.K. CITForum. Metojibl TOCTPOEHHSI CHCTEM XpaHEHHsT JaHHbIX. DKCIEPT JienapTaMeHTa CHCTEMHbIX pe-
wenuit, Kommanus IBM Jet Info Online Ne 7, 2003 /JIo6anos A. K. [daexrponnbiii pecype| Pesxum poctyna: http://

citforum. ru/hardware/data/db/

2. Tlakmun, H.B., Opeuikos B. W.: busnec-ananutuka: ot nanubix K suanusim [Texer]/H. B. Iakaun, B. M. Opetikos —

C.T1.: — I'lutep.—2013.—706 c.
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MeTtoa npeo6pa3oBaHuA TeKCTOBOro gokymeHTa OpenDocument
B 3afjaHHbIN XML-cpopmar

YepHbiwos AnekcaHap BUKTOPOBMY, KaHAMAAT TEXHUYECKUX HAYK, AOLEHT;

EspokumoBa EneHa HOpbeBHa, MarucTpaHt
MoCKOBCKWI1 rocyaapCTBEHHbIN YHUBEPCUTET Neca

Ha exXerojiHoi npecc-koHdepeniyu ot 17 nekadps 2015 rona [pesunent Poccun B. B. Tlytun B ouepenno#t pas nonuep-
KHYJ1 HeOOXOJMMOCTb HMIIOPTO3aMEIIEHHS B CTPATErHUECKH BaXKHBIX OTPAC/siX HAPOJHOTO Xo3siiicTBa. Heemorps Ha To,
UTO C IOPUMYECKON TOUKH 3PEHUS B IaHHBIE MOMEHT HMIIopTo3ameliieHue B cepe [T Hanpsimyto OTHOCUTCS TOJILKO K rocyaap-
CTBEHHBIM 3aKyrnkaMm nporpammuoro obecrieuenust (ITO), B cBere cioxkuBiIerics HecTaOMIBLHOH CUTyallMM C MHOCTPAHHBIMH
MPOM3BOUTE/SIMH MHOIHE YACTHbIE KOMITAHMHU 3auHTepecoBaHbl B nepexosie Ha 110, BO3MOKHOCTb HCIOJIL30BAHHS KOTOPOTO
He GyleT 3aBUCETb OT MEKIOCY1apPCTBEHHBIX UM HHBIX OFPAaHHYEHUI.

B ¢Bfi3u ¢ ykazaHHbIMUM 06CTOATE/LCTBAMHU B HACTOsIlLIEE BPEeMs aKTyaJleH KPYr BOIPOCOB, CBA3AHHBIX C MEPEXOOM K HC-
nosib3oBaHuio [1O ¢ OTKPBITHIM UCXOAHBIM KOJOM, OTKPBITHIX (POPMATOB MPEICTABJACHHUS JIAHHBIX, a TaKxkKe pa3paboTKoi cob-
crBennoro [10, npeanonaraiolero ucrnoab3oBaHue Takux GopMarTos.

OnHoilt U3 obsacted, JJisi KOTOPBIX XapaKTEPHO B HACTOsiIlee BPeMsi aKTUBHOE BHEJpEHHe MHPOPMALMOHHbBIX TEXHOJOTHI,
sIBJIsIeTCsl My3eiiHoe Jiesio. Peasin3oBaH psil NPOEKTOB nepeBojia B LH(POBOH opmMaT LIMPOKOro Kpyra TPaaUILMOHHbBIX HCTOY-
HUKOB UH(pOpMALMK (pYKONUCEH, apXUBHbBIX JIOKYMEHTOB, (poToMaTepualsoB U T.]1.); pagpadaTbiBatoTcst HHOOPMALHOHHbIE CH-
crembl (MC), npennaznaueHHbie Jijist OpraHu3aliu paboThl HCCIe0BaTe el TEKCTOBBIX MCTOPUIECKUX UCTOUHUKOB [ 1, 2, 3, 4].
DenepasibHbIM apXMBHBIM areHTCTBOM B paMKax BeIOMCTBeHHOM [IporpamMmbl MH(pOpMaTH3alnK BeayTes padoThl M0 (hOpMHUPO-
BAHUIO METOAMYECKMX MAaTepHaJoB, HallpaBJ/IeHHbIX HA CTAHAAPTH3aLMIO [IPOLECCOB CO3[aHMsl, XpPaHEeHHUs], yueTa U HCII0J1b30-
BaHUs 3JIEKTPOHHOTO (DOH/A KOTIHI apXMBHbBIX JIOKYMEHTOB Ha OyMakHbIX HocuTessix [D]. [1pu 3ToM crienpanuctsl B 061acTH
MH(pOPMaTH3aLKK YUeTHO-(OHI0BOH pabOoThl My3eeB KOHCTATHPYIOT TOT (DAKT, YTO, XOTS yKe JOCTaTOYHO OYeBHIHA BeyLlast
pOoJIb UH(POPMALIMOHHBIX TEXHOJMOTHH W LMPOBOro KOHTeHTa B 3Tol cepe, GeccriopHble U oOLIeNPU3HAHHbIE MOJIXO/bl K Op-
raHU3alKu XpaHeHUs1 OLUPOBAHHBIX HCTOPHUECKHX IOKYMEHTOB €llle TOJbKO TMPEACTOUT BblpaboraTh uiu Hauth [6]. To ke
caMoe KacaeTcs U aJleKBaTHbIX METOJIOB Pa0OThl HCTOPUKOB ¢ OLM(POBAHHBIMU JIOKyMeHTaMU. Ha 1aHHbI MOMEHT THIHUHBIH
noaxo/ K opranusaiun MC mMyses Bbipaxaercs B C/eylollel cxeme padoThl:

— JIOKYMEHTbI M PYKOTIHCH MPOXOJAT CTajIi0 OLMMPOBKH U PACTIO3HABAHMS TEKCTA € MOMOIIbI0 HeKoTopoi OCR-cucrembl;

— 3aTeM HaCTynaeT CTaJi1si, KOTOPYIO YCJOBHO Ha30BeM «cClelHalbHOl 06paboTKOM»; XapakTep 3Tol 06pab0TKH 3aBUCUT
oT crieuuuku KoHkpeTHol MC 1 puHATHIX B My3ee npoueayp padoTbl;

— B peayJibTaTe CrelnabHol 06paGoTKH JOKYMEHT MPUBOAUTCS K TpeOyeMoMy hopMaTy XpaHeHHs, TOCJie Uero rnoMelnia-
etcsi B 6a3y nauubix (bJ1) MC;

— u3 B/l 1oKkyMeHT MOo2KeT H3BJIeKaThCsT 3aPOCOM MO PA3HBIM KPUTEPHUSIM.

Takoil nomxox npumeHeH, Hanpumep, B [7]. OaHako cieyeT 3aMeTHTb, YTO aBTOPbl JAHHOH pa3paboTKH Npeaaraior
JUIS CrielMaIbHOH 00paboTKH OlM(POBAHHBIX JOKYMEHTOB MCIOJb30BaATh «..JII0OOH Xml- WJIM CTAHJAPTHBIH TEKCTOBBIH pe-
JIAKTOP», YTO BeCbMa 3aTPyAHSIET MpUBJeYeHHEe K 3TOH 06paboTKe MpodeccHoHaNbHbIX HCTOPUKOB, KOTOPbIE HE SIBJSIOTCS
cnenuanucramu B odsactu IT. Kpome storo, aBropbl pazpaGoTKu orpaHUYHIUCh OOLLENPUHATON 3aiadeil — cosnanuem HMC,
MO3BOJISAIONIEH MO OMpe/le/IeHHbIM 3aMTpocam U3BJEKATh W MPEIOCTABIATD Uil H3yUeHHs JEKTPOHHbIE KOMUU ONPEIeIeHHBIX
JIOKYMEHTOB.

Ha camom Jiesie coBpeMeHHble MH(POPMALIHOHHbBIE TEXHOJIOTHH MO3BOJISIOT CTaBUTh 3a1a4y OLIU(PPOBKH apXHBOB GYMayKHbBIX
JIOKyMEHTOB 3Ha4YHTe/IbHO WHpe. M3BecTHO, uTo GoJIblIoe KOJHYECTBO XPAHSLLIMXCS B apXHBaX AOKYMEHTOB HUKOIA He Obl10
ony6sukoBaHo. [ly6auKauusl TakuX JOKYMEHTOB B BHIE TeMaTHUECKHX COOPHHKOB MO03BOJIMJA Obl PELIMTb 3ajauy BBOJA
UX B HayuHblll 000poT. OUnppoBKa apXUBHBIX JOKYMEHTOB MO3BOJISIET HE TOJIBKO MOMECTUTH UX JieKTpoHHble Konuu B BJI MC,
HO U CHJIBHO YIPOLIAET MPOLIECC MOArOTOBKH UX K MyOJMKALMH — (haKTHUECKH MTPEIOCTaBISET y2Ke HaOpaHHbIi MaTepuall, ro-
TOBBIH /151 BEPCTKH.

OnHako 3ziech KpoeTcsl HeoueBUAHAs Ha NepBbli B3nsL npobjema. COOPHUK OMyOIMKOBAHHbBIX JOKYMEHTOB JIMLIb TOr/A
MMeeT HayuHylO [IeHHOCTh, KOTJa OH CHaGKEH HeOoOXOIUMBIMH yKasaTessiMU (MecT, cOObITHH, MepcoHaNui U T.11.). A dhopmHu-
poBaHMe TaKMX yKazaTesell — CJ0XKHbIH rpolece, TpeOyIoLIHi BEIUMTKH y2Ke COCTaBAeHHOro cOOpPHUKA CNELUaNuCTOM HCTO-
PHKOM.

Takum oGpazom, nMpu peasnuzaluu npoiecca olUUGPOBKH JIOKYMEHTOB, B UaCTHOCTH, Ha 3Tare creluaibHoi o6paboTKH,
JIo/KHA ObITh TIOCTaBJeHa 3ajiauya BbleJeHHs] B TEKCTe JIOKYMEHTOB CrelHasbHbIMA KOMaHAAMH Pa3MeTKH He TOJIbKO JIOTH-
YECKHX 4acTel JIOKYMEHTOB (3aroJloBKOB, ab3aleB W T.I1.), HO M MOTEHLHUAJIbHO UHTEPECHBIX CCbIIOUHBIX 0ObEKTOB (reorpa-
(h1UyecKUX MecCT, COOBITHH, UMEH MEepCOHAJIMM U T.I1.), YTO B JaJbHEHIEM MO3BOJUT aBTOMAaTH3MPOBaTh Npouecc GopMUpPO-
BaHHUs1 yKasateseld Npu cocTaB/leH|n COOPHUKOB JIOKYMEHTOB, a 3TO B CBOIO 0U€pPe/lb M03BOJIUT MUHUMH3UPOBATh TPYLO3aTPaThI
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Ha TOAr0TOBKY TakWX COOPHUKOB K nedaTd. M nockosbKy Takast pabota rpaHMUMT ¢ Hay4HbIM OMHMCAHUEM HCTOPHYECKHX JI0-
KYMEHTOB, TaKylo paGOTy OYEBMIIHO JIOJIKEH BBINOJIHATL HEe TeXHHYeCcKUH creunanuct IT, a crneunanucr UCTopuK, KOTOPOMY
JIOJKEH ObITh MPENOCTaBAEH YIOOHbIH HHCTPYMEHTApUH, TPeOYIOLUA MUHUMAJIbHBIX YCUIIUH HA H3yUeHUE U OCBOCHHE.

Takum o6pasom, /1 pellieHHst ONIUCAHHON 3a1aul HeOOXOAUMO CJelyolIee:

— paspabotaTtb Gopmat pazmetkd XML, B KOTOPOM JOKyMeHTbI Oy1yT XpaHuTbest B BI1. DToT hopmar no/KeH UMEThb KO-
MaH/Ibl PA3METKH KaK JIOTHIECKUX YacTel IOKYMEHTa, TaK U MOTEHIIHANbHBIX CChIJIOUHBIX 00bEKTOB;

— paspaboTaTh MeTOJI CrelHanbHON 06paboTKU (pa3MeTKH ) TOKYMEHTOB B ITPHUBLIYHOM OIlepaTopy — He MpodeccHoHany
B obJsiactu [T, — penaxrope. MeToz 10/12KeH O3BOJUTh PSIIOBOMY YBEPEHHOMY M0JIb30BATEJIO PEAAKTOPA TPOCTbIMH CTaHAAPT-
HBIMU CPEACTBAMU PEIAKTOPA BBIMOJIHATL PA3METKY 3JIEMEHTOB TEKCTa, NPELyCMOTPEHHbIX B Mpe/blaylieM nyHkre. CocraBHOM
YacThbl0 METO/IA JIOJKHA TaKxKe IBJATLCS Mporpamma Jijis npeobpasoBanus hopMaTa pa3MeTKH IOKyMeHTa, ¢hOPMUPOBAHHOTO
penakropoM, B hopMat pazmeTku bJI;

— paspaboTaTh MeTOJ aBTOMATH3UPOBAHHOTO (hOPMUPOBaHHsT COOPHUKA.

Hacrositias cratbst nocsillieHa paspaboTKe MeToia crelidasibHOH 00paboTKH (pa3MeTKH) JTOKYMEHTOB Kak 10 CHX T10p
He HMEIOLLEMY YI0BJIETBOPUTEIBHOTO pelleHusl U Haubosiee KPUTHYHOMY, TIOCKOJIbKY HMEHHO 3TOT METOJL 10JIKEH MO3BOJIUTD
NpHBJIeUb K paboTe CrEelHaNuCTOB HCTOPHUKOB.

ABTOpam mnpeacTaBsieTcs, 4To HauboJee YIOOHBIM TOAXOA0M K PELICHHI0 3a/laud sIBJISIETCS] HCIOJIb30BAHKUE IS Liesel
crierManbHoil 06paGoTKH MPOrpaMMbl TEKCTOBOTO TPOLLECCOPA OJJHOTO M3 PacMmpOCTPaHEHHBIX O(HUCHBIX MAKETOB, KOTOPHIH
MO3BOJISIET COXPAHATh Pe3y/bTaThl CBOeH paboThl B popmare, uMeionieM B ocHoBe XML. BosblinHCTBO cOBpeMeHHBIX T0JIb-
30BaTeJsIell KOMIIBIOTEPOB, BKJIoYasi CeLMaJMCTOB I'yMaHHTAPHBIX TPOECcCHi, K KOTOPbIM OTHOCSITCS H UCTOPUKH, HA CEroji-
HSLUHUK JeHb y2Ke SIBJSIIOTCS 00Jiee HJIH MeHee YBEPEHHBIMU 10J1b30BATE/NSIMH OPUCHBIX TPOrPaMM, TO €CThb /sl HUX Takasl
pa6Gouasi cpejia siBjisieTcsi NPUBBLIUHOM. [TosyuuTs 2xe U3 njokymenTa B opmare XML oducHoro nakera JJOKyMeHT B (popmaTte
XML BJI MC BoamoxHO aBTOMaTHUecKHM crnioco6oM MeTonoM XSLT-npeo6pasoBanusi no oaHaXKabl paspaboTaHHOH Mpo-
rpamme.

B kauectBe ocuicHoro nakera aBropbl Boiopasu LibreOffice, hopmat nokymenToB Kotoporo odt (OpenDocument) [8, 9] o-
cTpoeH Ha 6aze XML, X0pollo JOKyMEHTHPOBAH U SIBJISIETCS HA CETO/IHST MEXKIyHAPOAHBIM CTAHAAPTOM.

Oneparop, ocBouBLINE Ga30Bble METO/Ibl BBOJA U pelakTHpoBaHust Tekcra B penakrope LibreOffice Writer, 6e3 Tpyna
CMOKET BbIMOJHUTL HEOOXOUMbIE MAHUTTYJISLMH:

— M0 KOPpeKIHH OlIMOOK OLM(PPOBKH, BbISIBJSEMbIE MTPH CBEPKE HCXOHOTO OYMaKHOTO JOKYMEHTA U €r0o OLIUPOBAHHON
KOTHH;

— TI0 BBIIEJIEHHIO B TEKCTE 3aro/JIOBKOB, a63alleB, WTIOCTPALIUI C MOAMUCSIMH U IPYTHX JTOTHIECKHX 3JIeMEHTOB TeKCTa.

Jlist pasmeTK 0ObeKTOB, MPEICTABISIOUMX NOTEHIMAbHBIA MHTEPEC B KauecTBe CChIJIOK U3 CBOJHBIX yKasaTeJseil, aBTopbl
npeaiaraloT MCroJsb30BaTh METOJ BbleJeHHsl COOTBETCTBYIOLIMX 3J1€MEHTOB TEKCTA LIBETOBLIMH MapKepamu, 4To He JOJAKHO
BbI3BATb KAKUX-JIM00 MPoGJIeM y 0repaTopoB Aaxe 6a30BOr0 yPOBHS MOITOTOBKH.

AHaJIu3 HayYHbIX U3AAHUH BbISIBUJI CJIEIYIOLIHE THITbI CBOHBIX YKA3aTeel, KOTOPble MOTEHIHATbHO BO3MOXKHbI U JJIs1 aBTO-
MaTHYecKoro (hOpMHPOBAHHST KOTOPBIX TpeOyeTest HalTHuHe COOTBETCTBYIOIIEH pa3METKH B TEKCTaX JOKYMEHTOB!

— YyKasareJsb UMEH;

— yKasaTeJsb COObITHH;

— yKazareJsb OpraHudalui i yupexaeHui;

— yKazaresib reorpauueckux 06beKTOB U aipecoB;
— YyKazareJsib aBTorpacgos.

[TpoBenénnble sKCMepUMEHTHI TOKA3aJ/H, 4To HanboJee yao0Ha J7Isl 0rlepaTopoB MPH pa3MeTKe U AJIs1 AaJIbHellero agroMa-

THYecKoro npeobpasosannsi XSLT-nporpamMmotii cienytoiias cxema:
— yKasareJlb Ha UMsl BBIIGJISIETCS B TEKCTE XKeJIThIM MapKepoM;
— yKazareJib Ha COObITHE — KPacCHbIM;

— Ha OpraHu3auuio (yupexjieHue ) — CHHUM;
— Ha reorpaguueckne oObeKTh (aapeca) — 3eJeHbIM;
— Ha aBTorpa — (HOJETOBHIM.

KpuTtepuii BeIGopa 11BETOB 3leCh — MPOCTOTA MX BU3yalbHOH AU(depeHIMany (onepaTtop 10/KeH JIErKo pasaniarh 11BeTa
«Ha r1a3» — 370 00J/IerYuT 3arlOMUHAHHE CUCTeMbl 0603HAYEHUH M YyCKOPUT paboTy ornepaTopa B ajbHeHLIeM ).

JLi1s1 uck/touennst olMGoK pa3MeTKH HCIOJb3YIOTCSl BO3MOXKHOCTH TeKcToBoro penakropa LibreOffice Writer B uactu Ha-
CTOHKH M0JIb30BATEIbCKOTr0 HHTEepherica:

— «JIMIIHUE» L[BeTa MapKepa youpaloTcs U3 T0Jisl 3peHHst orepatopa MyTeM HACTPOHKH MaHed popMaTHPOBAHUS TEKCTO-

BOT'0 PElaKTOopa;

— «Hy>XHBIe» [1B€Ta MepenMeHOBHIBAIOTCS COTIACHO OTTHCAHHOMH BHIIIE CXEME.

Takum o6pasom, 1ocjie HaCTPORKH cpejibl padoThbl ONEPaToOp BHAMT B MaJIMTPE JIHLIb NSATh LIBETOB, HEOOXOMUMBIX /151 pPa3-

METKH, HA3BaHHbIX, COOTBETCTBEHHO, <UMSI», «COObITHE», KOPraHU3ALUA», «reorpaduuecKuil 0GbEKT», <aBTorpad».
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JlocTuraercst 310 UcrpaByeHdeM daiisia KoHdurypaiuu cranaaptioit najutpol LibreOffice Writer standard. soc, kotopbiii
Haxoautest B gupektopuu ~/.config/libreoffice /4 /user/config (B debian-nono6ueix OC). @aiin standard. soc copep:Kut onu-
caHue 11BeToB nanutpbl B popmate XML. Kaxknomy 1Bety coorBercrByer y3es XML <draw: color> ¢ atpubyramu draw: name
(Ha3BaHHe 11BeTa, KAKUM €ro BUIUT M0J1b30BaTeb B najautpe ) 1 draw: color (Ko 1Beta B hex-dopmate).

Jlns nepenoca Hacrpoek LibreOffice Writer Ha spyryto maiuHy TpeGyeTcst IPOCTO CKOMMUPOBATH UCMPABJIEHHBIH (haiiyl KOH-
(burypannu u60 3arpysuTh ero u3 MeHio perakropa Cepsuc — [lapamerper — LibreOffice — Llpera.

AHaJIornyHO, MOCPEICTBOM pelaKTHPOBAHUS U MepeHoca KOH(UTypalroHHbIX (aiyos LibreOffice, BbimosHsieTcst mosuas
HACTpoFKa cpefbl paboThl OrlepaTopa ¢ TeM, YTOObI OCTABUTL B T10JI€ 3PEHHUsI TOJIBKO HEOOXOMUMBIE JJIsi PA3METKH 3J1€MEHThI
M0J1b30BaTEJILCKOTO HHTepelica (CTrn ab3aleB, 3aroJloBKOB, U300PaXKEHUH U T. 1. ).

B pesynbrate BbIMONHEHUs pa3MeTKH MoJjydaeTcs JOKYMeHT B opmate odt, KOTOpbIil He TepsieT cBOeH uMTabesbHOCTH,
MOKET ObITh JIETKO IPOBEPEH HA KOPPEKTHOCTD JIPYTHM OMEPAaTOPOM, a PH HEOOXOAUMOCTH UCIIPABJIEH U I0PaOOTaH.

JlokymeHT B hopmaTte odt mposcrapssier coboit naker XML-daitnos [9]. C Touku 3peHus 3a1au JaHHOH paGoThl HHTEpeC
TpeJICTaBJISIOT:

— daitnnl content. xml u styles. xml;

— nupekTopus apxusa odt/Pictures.

content. xml BK/loUaeT copepKaTesbHyI0 4aCcTh TEKCTOBOTO JIOKYMEHTa, a TakKe HHPOPMALHMIO O HEMOCPEACTBEHHOM (op-
MaTupoBaHuU. Tak, KOTJ1a 01epaTop BbIIEJSET B TEKCTE KPACHBIM MapKepPOM yKa3aTeb Ha COObITHE, TeHEPUPYETCS CIIEYIOILINI
tdhparmenT aitna content. xml:

<style:style stylename="T2" stylefamily="text">
<gtyletext-properties fobackground-coler="#10000" =
<fstyletext-properties=

<fatyle style=

<textspan textstyle-name="T2" *HHAeKcHpYeMEH TercT<ftext span™

BbljiesieHHble B HCXOJIHOM JIOKYMEHTE HHIIEKCHPYEMbIE YYACTKH TEKCTa B Pe3yJ/ibTaTe MPUMEHEHHsT K HUM [PeLyCMOTPEHHOTO
JlaHHBIM MeTosoM XSLT-npeo6pasopanus 3ak/mo4aloTest B pesy/ILTHPYIOLIeM J0KyMenTe B Terk <index> ... </index> ¢ atpu-
OyToM «type», coneprkalieM HHHOPMALMIO O MPHHAIIEAKHOCTH BbIIEJEHHOTO CJIOBA (CJIOBOCOUETAHHS ) K OIPEe/IeHHON KaTe-
FOPHH yKazareJsen.

styles. xml — 3To onucaHue Tak Ha3bIBaeMbIX OOIIUX CTHJIEH — T.€. TeX, UTO M0Jb30BaTE]b TEKCTOBOTO PEIAKTOPA BUAUT
B pasjiesie « CTHJIH 1 hopMaTHPOBaHKE », Harpumep, «3aroJioBokl», « OCHOBHOM TEKCT» U T.T1.

Hupexropus Pictures conepkut Bce H306pakeHHst JOKYMEHTa B cilydae HaJMuMst TaKOBbIX. FI300paKeHUst UMEHYIOTCS YHU -
KaJbHbIM UMeHeM. Ha 31o ums cebuiaercst datin content. xml tam, rie Tpebyercsi BHeIpUThL M300paxkeHue. PazpabotaHHbii
METOJL T03BOJISIET OTPA3UTh CBS3b TEKCTOBOTO JIOKYMEHTA C BHEAPEHHBIMU H300paKEHUSIMH B hopmaTe XpaHeHHUs.

[IpeniorKeHHbIH MeTOL CrielUalbHOR 00pabOTKH OLIUPOBAHHBIX IOKYMEHTOB MO3BOJISIET MPUBJIEUb K paboTe MO pasMeTKe
JIOKYMEHTOB niepesl ux pasmeliieneM B BJI MIC crielinasucToB HCTOPUKOB, SBJSIOLUIMXCSA YBEPEHHBIMU MOJB30BATENAMH O(H-
CHOTO MakKeTa TporpaMM, HO He sBJsitolmxes cretuannctamu B cepe IT. [1puBiekaembiM crnielnasucram He TpeGyeTcs Ha-
JIMUMe KaKuX-JM00 crietualbHbIX 3HaHui U3 obsactu IT. B yactHocTH, UM HET HEOOXOAMMOCTH 3HAKOMHUTBCSI C METOIAMHU pa3-
MEeTKH JIOKyMeHTOB B (hopmaTte XML.

Kak cnenctBue, nosiBasieTcsi BO3MOXKHOCTb CTABUThb MPU ClleLHabHON 00paboTKe NOKYMEHTOB 3ajlaud OoJiee CJ0XKHbIE,
ueM MPOCTO pa3MeTKa IOKyMeHToB /15 X pagmeliienus B b/l MIC. B yacTHoCTH, MOsSIB/ISIeTCS BO3MOXKHOCTD BblJIe/IeHUS (CIIeIH -
aJIMCTaMK ) B IOKYMEHTaX 0O'bEKTOB, MPEICTABJSAIOUINX UCTOPUUECKHI HHTEPEC MPH UX TTOC/ENYIOLIEM H3YUeHUH.
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MeTtop KoanpoBaHusa aynuo3anucel7| ANA pa3MelleHuna
B 3JIEKTPOHHOM XpaHUIULLE My3eAaA UCTOPUU [EeTCKOro ABUXKEHUA

YepHblwos AnekcaHap BUKTOpOBMY, KAaHANAAT TEXHUYECKUX HAYK, [OLEHT;

Mputbika Cepreit Miropesuy, MarucTpaHTt
MoCKOBCKMit rOCYAapCTBEHHbIN YHUBEPCUTET Neca

CHUECKHe mapaMeTphl Takoro mortoka: 1411 k6ur/c, uactora
juckperudatyu 44100 xIir.

JIBMXKEHUSI BO3HHUKJIA 3ajadya o60CHOBaHus U BbiGopa op-
MaToB Jiis pasMmellienus B 6aze nanHbix MI1C oundpoBaHHbIX
aymozanucet. [Ipu sTom notpeGoBasnoch Jyist KaxKaoi ayalo-
3arucH BeIOpaTh JBa hopmara:

1) dopmart co cxkaTrem aynroaaHHbIxX 6e3 notepb [1];

2) opmar co crkaTHeM ayAMoJlaHHbIX ¢ roTepsiMu [2].

[lepBbiii THN (hopMaTa J0JKEH UCMOJb30BATLCS IS JTH -
TEJILHOTO XpaHeHMsl ayauo3anuceidl B MaKCHMaJbHO BO3-
MOXKHOM KauecTBe. BTopoil — i peasusaldy BO3MOXK-
HOCTH 03HAKOMJIEHHS C ay/In03aM1CMH C yaJEHHBIX paboUnX
MeCT, B YAaCTHOCTH, N0 ceTH MHTepHeT.

Wneanbhoro ¢opmara ayauonaHubix He ObiBaer. Pas-
JIMUHbIE THITbl ayAM0(OPMATOB HMEIOT KaK IJ1I0ChI, TaK U MH-
Hycbl. K3 ayiMoJaHHBIX TJIOXOTO KauecTBa HEBO3MOXKHO
BOCCTAHOBHTbL ayJIMOCHTHAJ BBICOKOrO KadecTBa. [Toatomy
npu BbiGope ayanodopMaToB OyleM MpeanosiaraTh, 4to B Ka-
YecTBE HCXOJIHOTO ayJMOCHMTHaJsla BCErZa HCIOJb3yeTcs ay-
juonotok 6e3 cxkatust turna WAV [3] win AudioCD. Knac-

Cxkarue 6e3 norepb — crnoco6 KOAUPOBAHMS ayIHOCHT-
HaJa, MO3BOJIAIOIIMN BIOCEICTBUH TOJHOCTBIO BOCCTAHO-
BUTb HCXOJHble ayAHOJaHHble cxKaToro rnoroka. Ero npume-
HAIOT B C/lydae He0OXOAMMOCTH MOJIHOTO COXPaHEHHsI KauecTBa
MCXO/IHON 3BYKOBOH aymuonH(opMainu. CoBpeMeHHbIe aJi-
FOPUTMbI C2KaTHsI 0€3 1oTepb M03BOJISIIOT COKPATUTb 00beM
6oJiee ueM B JiBa pasa, He nortepsiB kayectBa. KogupoBanue
6e3 MoTepb COXpPaAHSET KauecTBO aylAMOCHTHaJa, HO 4acTo
He obecrieunBaetr TpeGyeMblil ypoBeHb cxkatus. Jlast cxaTus
60JIbLLIETO YPOBHS IPUMEHSIIOT C2KaTHe ¢ 1oTepsiMu [4].

Cxkartue ¢ notepssMu — crnoco6 KOAMPOBAHMS, KOTOPLIH
NpUMEHSIETCsl B cjlyyae, KOMIA HYy»KHO KaK MOXKHO CHJIbHEe
CKaTb JIaHHble, COXPAHUB TIPU 3TOM TPUEMJIEMOE KayecTBO
3ByuaHusi. KojpupoBaHue ¢ moTepsiMi OCHOBBIBAETCS HA TOM,
YTO U3 UCXOAHOIO HeC2KaToro Marepualsia yianseTcst 4acTb UH-
(hopmarmu, Kotopasi He TPUBOAUT K CHIBHOMY HCKaxKeHHIO
3BydyaHusi. Kak ciencrBue obecrnieynBaercsl MOBbILLICHHE
ypoBHSI cKaTust [4].
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Mertosibl  KOAMPOBaHHsI C TMOTEPSIMH OCHOBaHbl Ha MC-
M0JIb30BAHUH HECOBEPLIEHCTBA HALLEro CJyXOBOro arnmna-
pata, a TaKKe psiia XUTPOCTEM, CBA3AHHBIX C MEPEKBAHTOBA-
HUeM U nepeauckperusauuern [5]. Ilpu Takom cxxarun yacro
MPOUCXOJUT MpeHeOpeKeHHe TT0JIE3HbIM CUIHAJIOM, UTO JIaeT
GOJIBLILYIO PA3HUILY B CPABHEHHH C OPUTHHAJIOM.

OcHOBHBIMH TpeGOBaHUSIMH K BBIGOPY aymuochopMaToB
(1 1151 ckatus 6e3 noTepb, M /sl CKaTHsl ¢ NOTEPSIMU ) sIB-
JISLTIUCD:

— OTCYTCTBHE JIMLIEH3UOHHBIX OTPAHUUEHHUI;

— OTKPBITOCTb (hOpMaTa;

— HaJIMude TMporpamMM KOJIMPOBaHHS H JIEKOMMPOBAHHS
C OTKPBITBIM HCXOIHBIM KOJIOM;

— KpocennathopMeHHOCTb;

— MHOTOKaHaJbHOCTb.

Belo ycranoBsieno, 4to chopMyaHPOBAHHBIM TpeOOBa-
HUSIM yI0BJIeTBOPSIOT popmathl Flac, Wavpack, Ogg vorbis.

Flac

Flac [6] — 3TO KoJeK /sl CxKATHs ayMo JAHHBIX, H3HA-
yaJibHo Hanucauublid Jxkoutem Kosiconom. Flac ocylectsisiet
CKaTue JaHHbIX, OCTaBJSAS IPH STOM HX HIECHTUYHBIMH OPHUTH-
HaJ1y, TakuM 06pa3oM, HU OJIHA YaCTh JAHHBIX HE TepseTcss —
9TO W SIBJISIETC OCHOBHOH 3ajayeil aJrOpUTMOB CKATHS
6e3 notepb. Crenenb ckatus dopmata Flac, kak npasuJio,
Bapbupyetcst o1 50 % 10 60 % 0T OpUrMHAJILHOTO pazMepa.

Flac oaXomuT Kak /i/1sl €2KeIHeBHOTO MPOCJyLLIMBAHUS 3a-
MUCeH, TaK W JJ1s1 aDXUBUPOBAHHS, TAK KAK HMEET MOJIEPIKKY
T3rOB, BCTPOEHHBIX 00JI0’KEK U ObICTPOr0 H3MEHEHHsT MecTa
BOCTPOU3BeeHUs. DecniatHocTb W OTKPBLITOCTh popmara
JIeNIal0T €ro XOPOLIO MOJUIEPXKUBAEMbBIM  PA3JIMUHBIM  MTPO-
rpaMMHbBIM o6ecreyeHHeM.

Bynyuu cxemoii cxxkatusi 6e3 notrepb, Flac Takxke siBsisieTcst
MOy pHbIM (POPMATOM JII5i XPaHEHUSI apXUBOB Y BJAJEbLEB
ayJIio JIUCKOB WJIM JIPYTHX MeJHa-JaHHbIX, CTPEMSIILIUXCH CO-
XPaHHTb CBOIO ay/IM0 KOJIIEKIHIO. Ec/in opurnHaJ/ibHasi 3anuch
noTepsieTcsi, NOBPEUTCS WM U3HOCHTCS, KOTIHS B hopmarte
Flac jaeT rapaHTHIO TOTo, 4TO TOUYHBIH JAyOJHMKAT OpPHUIH-
HaJIbHOH 3aMMCH MOKET ObITb BOCCTAHOBJIEH B JII0O0OE BPEMSl.

WavPack

WavPack — oTKpbITbIl, GecraTHbIll aylMoKOJeK, pas-
pabGoraunbiii J{sBunom bpatiantom. Manauanbno on Gbl
lossless-koaekom. OnHako B HEM IMOSIBHJIACH BO3MOKHOCTD,
BBIEJIAIONIAS M0 — THOPUIHBIA PEIKUM.

[1pu KonupoBaHUHU B 3TOM pexKUMe co3aaeTcst Ba daiina —
OJIMH COIEPKUT KOMITO3ULMIO, CXKATYIO C MOTEPSIMH KauecTBa
(haitn uMeeT paciupeHue. wv), a Ipyroil — KOPPEKLHOHHBIH
(¢ pactupenneM. wve). OH Hy»KeH Uil BOCCTAHOBJICHHUS MO-
TEPSIHHBIX JAHHBIX, UTO TT03BOJISET PELINUTh MpobJeMy BbiGopa
MeKJly KOJIMUeCTBOM U KadecTBOM. McrnoJibayst nepsblit aits,
MOZKHO MIPOCJIyLLATh My3bIKY, O/HAKO, C TIOTEPSIMH B Ka4eCTBe,
a ucrosibdyst oba aitsa, MOKeM BOCCTAHOBUTL (paiyl B UC-
XOJIHOM BHJle, 6€3 MOTepH B KaYeCTBe.

WavPack monjep:KuBaeT BbICOKHE YaCTOThl JHCKPETH-
3alK U 103BOJsIeT CxkuMaTbh 8/16/24/32-6utHble aysmo-
thaiibl. B lossless-pexkume padotaer MmojgoOGHO apXHBaTOpy
tuna Zip. CreneHb C:KaTHsl 3aBUCHT OT KOHKPETHOrO THIA

ayMo — ayauosanucu ¢ 6osiee LIMPOKHM JHAra3oHOM ya-
CTOT CKUMatoTesl cusibHee. B cpennem, npu lossless-pexume
MOKHO paccunThiBaTh Ha 50 % [7].

Ogg vorbis

Vorbis — cBoGoiHbIN opMmaT CxKaTHs 3ByKa ¢ NMOTEPSIMH,
otuumanbHo nosisusuuics serom 2002 ropa. Menosbdyerces
B KOMTbIOTEPHBIX UTPAX U JIJist TOJKACTOB [8].

Vorbis uaeaJsieH i/ NpUMEHEHHUs B KauecTBe 3ByKOBbIX 110~
pokeK (UJIbMOB, TaK KaK He U3MEHSIET WX JIIMHY MpH repe-
MEHHOM OMTpEHTE, UTO MO3BOJISET COXPAHATH CHHXPOHHOCTD
C BWJIEOIOPOXKKOH U TIPUMEHUM JJIsl MHOTOKAHANBHOTO 3BYKa
(Hanpumep, 6-KaHaJIbHbIH 3BYK).

Popmat H3HaYaJIbHO pazpabaTbiBasCsl ¢ BO3MOXKHOCTBIO
MOTOKOBOrO BellaHusl. ITo AaéT copmaTy JOCTaTOYHO IO-
JIe3Hbll 0GOUHBIH 3PeKT — B ojHOM (ailje MOXKHO Xpa-
HUTb HECKOJILKO KOMTIO3ULIMI ¢ COOCTBEHHBIMU TETaMH.

@opmar nmeer ruéKylo CHCTEMY TEroB. 3aroJioBOK TEeroB
JIETKO PACLIUPSIETCS] U TO3BOJISIET BKJIOUATh TEKCTHI JII0O0H
JUIMHBI U CJIOKHOCTH (Harpumep, TEKCT MeCHH), nepeMera-
lolecst M3obpaxkeHusimu (Harpumep, Qotorpadusimu 06-
Jgoxek anboomoB). Texcroblie Tern xpanarcs B UTF-8,
YTO MO3BOJISIET TTHCATH HA HECKOJIBKHX SI3bIKAX OJIHOBPEMEHHO
1 MCKJTIOUaeT BO3MOKHBIE TTPOOJIEMBI C KOUPOBKAMH.

C TeXHOJIOrMYECKOH TOUKH 3peHHsi HauboJiee NpHBJCKa-
TeJIbHBIM ISl apXHBHOIO XpaHEHHsl ay[HOJAHHbIX SIBJSIETCS
tdopmar WavPack, nockosibKy oH 3a 0JiHY MPOLELYPY CKATHS
MO3BOJISIET MOJYUUTh Cpagdy U ailsl 1151 MOTOKOBOIO BOCHPO-
M3BEJIeHHs, U KOPPEKTHPYIOLNH (aily, MO3BOJSIIOLHE BOC-
CTaHOBHTb HCXOAHBII ayanocuruan 6e3 mnotepb. Tem cambiM
MHHHMH3HPYETCS ¥ COCTaB TPOTrPaMMHOT0O 0OecTiedeH s], He-
00X0IMMOT0 /1711 paGOThl ¢ POPMATOM, U MECTO Ha apPXHBHBIX
JICKax, HeoOXoMMoe /151 XpaHeHus1 paisio..

OnHako uccsieloBaHus MoKa3aju, YTo Ha CEroJHSLIHUN
neHb WavPack He HMeeT UIMPOKOH TIOAJEPKKH — C HHUM
MOTYT paboTaTh JaJeKo He BCe PacrpoCTpaHEéHHble ayano-
MPOTpaMMBbl, a 0 MOAAEPKKE €ro HEMOCPeICTBEHHO B YCTPOK -
CTBaxX THIA 1JIeepoB peub BOOOLLE He HIET.

B nporusonosnoxnocts WavPack, dopmarst Flac (cxaTtne
6e3 1orepb) U 0gg vorbis (cKatue ¢ MoTepsiMU) MOJIEPHKHU-
BAIOTCS TOPA3/IO0 LLIKMPE, B TOM UHC/E HEMOCPEICTBEHHO B Psijie
nieepoB. [TosToMy BbIGOp HMEHHO 3THX (POPMATOB JJIST HC-
nosb3oBanuss B MIIC moxHo cuntath HanGosee 060OCHO-
BaHHbBIM.

[IpescraBiisieT HHTEpEC TaKXkKe orpejie/ieHe ONTHMAJbHbBIX
3HaUCHUH MapaMeTpoB KOAMPOBaHUs (CxkaTusl) 6e3 MoTepsb,
TIOCKOJIBKY 3aKOJAHPOBAHHbIE B 3TOM (hopmare ayauocanibl
MOTeHIHaMbHO OyLyT 3aHHMATh 3HAUMTENBHOE THCKOBOE TIPO-
CTPAHCTBO.

Aynrokoznex ¢opmarta Flac nomyckaer KoampoBaHue
¢ ypoBHsIMH ckaTust oT 0 10 8. Bl npoBenén sKcnepumeHT
no cxatuio ayauodaitia B hopmar Flac ¢ pasubiMu ypoBHSIMU
CKaTUS IBYyMs CBOOOIHO PACTIPOCTPaHSEMbIMU POrpaMMaMu
(Fre: ac [9] u Germanix Transcoder [10]). I1pu sTom nc-
MOJTb30BAJICST UCXOHBIH (Daflyl ¢ XapaKTepuCTHKAMHU:

— ®opwmar: Way;

— bBurpeiir: 1414 k6/c;
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— Paawmep: 40132525 6aiiT;
— JlurenbHoCTb: 3:47 MUH;

— Yacrora:

PesynbraThbl 3KCMEpUMEHTOB NPUBE/IEHBI B Ta0sulLe 1.

[To tabmuue | i HAWISAHOCTH TIOCTPOUM TpaduKH 3a-
BHCHMOCTH HTOTOBOTO pasMepa cxkartoro aiija oT ypoBHS
CIKATHSI U BPeMeHH CXKATHsI OT YPOBHSI CKATHs IS KarxKIOH

44100 T

nporpammsl (puc. 1 —4).

Ha noctpoeHHBIX rpahuKax XopoIio BUAHO, YTO TIPUMEPHO
Ha YpOBHE CKATHsI D MPOUCKOJIUT «HACBILEHHE» aJIrOpUTMa
cokartust. JlanbHerinee yBeJHueHHe YpoBHs CKaTHS IPUBOJIUT
K HE3HAUUTEJILHOMY YMEHbILIEHHIO pa3dMepa UTOroBoro daita,
HO NPU 3TOM 3HAYMUTEJLHO YBeJMYHBaeTcst BpeMmsi paboTbl
nporpamMmmbl Koaepa. To ecTb, ypoBeHb C:KaTHSI 5 BO MHOTOM
SIBJISIETCST ONTHMAJIbHBIM.

Ta6nuua 1. XapaKTepuCTUKM ayAM03anMCK NpU CKATUM Pa3HbIMU YPOBHAMM Kogeka Flac

Mporpamma YpoBeHb CxXaTua Bpems, ¢ Pasmep, M6 butpeiit, K6/c
Fre: ac 0 2,29 30,328928 1069
1 2,37 30,179341 1064
2 2,4 30,087614 1060
3 2,45 29,573474 1042
4 2,52 29,387187 1036
5 2,9 29,333782 1034
6 4,08 29,273257 1032
7 4,2 29,250964 1031
8 6 29,237793 1030
Germanix Transcoder 0 3,85 30,333327 1066
1 4,02 30,18374 1061
2 4,11 30,092013 1058
3 4,14 29,551747 1039
4 4,2 29,362598 1032
5 4,3 29,311711 1030
6 4,4 29,311393 1030
7 5,9 29,30182 1030
8 7 29,278565 1029
30,6
30,4
30,2
30
w 298
2 2956
o 294
g 29,2 == Fre:ac
m 29
o 2188
28,6
1 2 3 5 B 7 8

YpoeeHs caTHA

Puc. 1. CooTHOWweEHMe YPOBEHb CXKAaTUA — pasmep npu CxaTum Kogekom Flac nporpamme Fre: ac
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YpoeeHe caTHA

Puc. 2. CooTHOwWwEHUE YPOBEHb CXKAaTUA — BPpeMA NPU CKATUU KOAEKOM Flacs nporpamme Fre: ac

30,6

30,4

30,2 \‘
30

29,8

29,6 \\

254 )
292 T —r— ==Germanix Transcoder

29
288
286

Pazmep, Mb

o 1 2 3 4 5 =1 7 8

YpoeeHs cHaTHA

Puc. 3. CooTHOWeEHME YPOBEHb CKAaTMA — pa3mep npu cxatum Kogekom Flac B nporpamme Germanix Transcoder

2

7

g

5
..:. 4 _T__*—#'—/
: 3
g === Germanix Transcoder
& 2

1

o

o 1 2 3 4 5 a1 7 3
YpoBeus cxaTHa

Puc. 4. CooTHOLIEHHE YPOBEHDb CXKATUA — BpeMaA npu Cxatum Kogekom Flac B nporpamme Germanix Transcoder
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Ucnonb3osanue Android npunoskeHuit gna 6e3onacHocTu niopgen

Wapay Aitbonat bantaranuynsl, MarucTpaHT;

CyneitmeHoBa bynpbipbik baiiblweBHa, KaHAMAAT U3MKO-MaTEMATUYECKUX HAYK
Kacnuitcknit rocynapcTBeHHbI YHUBEPCUTET TEXHONOTUIA M MHXMPUHTa uMeHn EceHoBa (KasaxcTaH)

Karouesoie crosa: Android SDK, 6ubauomeka, npuroxcerue Android.

Hﬁq)opmaunowue TEXHOJIOTHH 3aHMMAIOT BayKHYIO pOJib B HallleH »KM3HM, B cepe 06pa3oBaHusi, B roCylapcTBEHHOM
ynpasJenun. Jlto6as Komnanust He 06XoAUTCsl 6€3 MOMOLLM TaKMX TeXHOJIOMMH, KaK KOMIbBIOTEP W pas/idyHble BHbI MPO-
rpaMMHbIX o6ecrieuetnd. B Hacrositiee u Oyjyliee Bpemsl, TOBOPs 0 TeMIAX pa3BUTHsI M pacrpocTpaHeHus, HHPopMalOHHbIe
TEXHOJIOTHH GYIYT UMETb OOJIbIIKE POJH B HALLIEH KU3HH.

B Kasaxcrane uH(opMallMOHHbIE TEXHOJOTMH CTaJl PA3BUBATHCS HE JI0JITO, HO PacCMpOCTPaHEHHOCTb OYeHb BBICOKA.
Bo muorux orpacisx 6usHeca, B [ocynapcTBeHHOM ylpaB/IeHHH TEXHOJIOTHS SIBJISETCS OJHUM H3 ONPEAEJISIIOLUX KPHTEPUEB
pabotbl. B mepByio ouepenb, 3T0 OTHOCHTCST K MPOrpaMMHOMY 00ecCreueHtIo, ero Kayecrna, 3p(eKTHBHOCTH, 6€30MacHOCTH,
ObICTPBIA 06MeH HH(MOPMALMK U caMoe Ty1aBHOe KoM(opTHOH paboTel. [IpuBenem omuu mpumep AJisi KpUTHUECKOH Tocynap-
CTBEHHOH aJIMHHUCTPALMK, HH(OPMALIHOHHbIE TEXHOJIOMHH MOTYT JIaTh He TOJIbKO MOJIOKUTENbHbIA 9(h(eKT, HO, ec/ii co3aTh
nporpammHoe oGecrieueHue He JIo KOHIA 00lyMaHHOe, C HEUCTIPABHOCTSIMU, HanGoJiee BEPOSITHO MOTEPsITh MHopMalnio, 6a3bl
JIAHHBIX U T.JI.. [IpUunHbI MOTYT ObITh pa3Hble — HEIOCTATOUHbIH OMBIT pa3paboTuuKa, HU3KHI YPOBEHD Tpollecca yrpaB/aeH s
npoektoM. Kpome Toro, rnpo6JiemMbl, CBsI3aHHbIE C LeJIbI0 TEXHOJOTMYECKOro pa3BUTHSl, 1POoOJIeMbl UCCIEL0BAHUS U IJIAHUPO-
BaHHUs la/IbHEHLLET0 padBUTHS BarkHbI 15l IporpaMMHoro obecrieyenus. Hanpumep, ayist Toro, 4To6bl yIyUdLHTD XKH3Hb JIIOACH,
cle1aTh ropojl 6e30MacHbIM JUIs MELeX010B U JUIsl BOAUTeeH, YMEHBIIUTL aBapHH B TOPOJIe, UTO MOXKHO ¢lesaTh? B 1aHHOM
clyuae TpeIMeToM HCC/IeloBaHusl sIBJIsIeTCst ropofl AKTay, oTMeualo I0pOord Ha KOTOPBIX HET OCBEILEHHH U CTePThI MOJIOCHI Tle-
uexozia. KMenosb3yiores cyietyioline MeToIbl HCCIeI0BaAHUS:

1) Anasu3 He3aBepllEHHO W HeKaueCTBEHHOH paboThl lopor B ropojie Akray. Pacrosioxkenue. [TpoGsema ropona Axray.
Harnpumep He3aBepliieHHbIE 10POTH; He 3aKOHUEHHBIE OCBELEHHs HIIH CBETA(Op CIOMaHHBIH.

2) Coop u aHa/Iu3 TpeOOBaHU 3aKa3uMKa Ha porpaMMHoe ooecreyeHue /s pa3padoTKH CBOIHUYECTBO.

3) Paspatorka Android npusioxenus
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Moe npusioxkenne 6yner paspaGoTan st Boputeselt ropoga Axray. Jliomd MOTYT BBICTaBJASATE oTorpaduu, 1 MOTYT TH-
caTh CBOM KOMMEHTapHH, Kacarolinecst npobieMHbIX Jopor ropojaa Axray. Hanpumep, rie-To 10pory He MOYMHHIIM 10 KOHLA
WJIH TJ1e-TO SIMbI, HJIH Ky/1a TO [TOCTABUJIM HOBYIO KAMEpY C pafiapoM, WK Ky/a-TO MOCTABUJIN HOBbIH MeLieXojl (10CTaBUIIN HOBbI
3HAK O TOM YTO CKOPOCTb He J10JKHA MpeBbllaTh 40 KM/4, 4ToObI BOAMTEH 3HAMN 06 3TOM, OHU MOTYT choTOrpadupoBaTh 5TH
3HAKH U BBIJIOXKHUTb Ha KapTy, TEM CAMbIM MOTYT TOMOYb JIPYT IPYTY ).

B moem npunoxkenne 6yner kapra Akray, korna User cotorpadupyer SIMbl B 10porax, TO OH MOXKeT BBUIOXKHTb 3Ty Kap-
THHKY U HallicaTh KOMMEHTapHH, | 3Ta oTto GylIeT ToKa3aHo B BallleM MPHUJIOKEHHH, Ha KapTe. §1 ymato, 4To 3To MpUJIoKeHHe
TMIPUHECET I10J1b3Y KUTEJISIM roposia AKTay U yMEHBIIUT JOPOKHbIE TPOUCIIECTBHUS.

Aunpoun OC Linux onepanunonnas cucreMa Ha 6a3e 1Jisi MOOUJIbHBIX YCTPOHUCTB, TAKUX KaK CMapT(OHBI U MJIAHIIETHbIE KOM-
nblotepbl. OH paspatotan Open Handset Alliance, Bo rnase ¢ Google u ipyrux komnauuit. Google npro6peJia nepBoHadasbHbli
pagpabotuuk nporpammHoro obecneuenusi, Android Inc., B 2005 rony otkpbitie B Android pacnpenenenunsi B 2007 oy 6bli0
o6bsiBIEHO, ¢ ocHoBanus Open Handset Alliance, koHcopiymMom 86 anmapaTHBIX CPEACTB, MPOTPAMMHOT0 0GecneueH s U Te-
JIEKOMMYHHKAIHOHHBIX KOMIIAHHUH, MOCBSIIIIEHHOH MTPOBHAKEHHIO OTKPBIT CTAHAAPTHI Il MOOUIIBHBIX yeTpoiicTB Google BhIMy-
ckaet Android Koj1, ¢ OTKPBITBIM HCXOJIHBIM KOJIOM, Noji ikiieH3ueit Apache. [Tpoekt Open Source B Android (AOSP) nopyueno
nojyieprKanue u nanbHeiiinee passutue Android.

Android-umeer 6oJibliI0e COOOUIECTBO PAa3pabOTUMKOB, MUIIYLIHUX TPUI0KEHHs ([IPUIOKEHHI «« ), KOTOPbIE PACIIMPSIIOT
(byHKIMOHABHBIE BO3MOXKHOCTH YCTPOHCTB. PagpaboTuiKu MULIYT, MPeX/e BCero, B crelnanbHol Bepeun Java. [Ipumoxkenns
MOTYT ObITh 3arpy’KeHbl CO CTOPOHHHX CAUTOB WJIM Uepe3 MHTepHeT-Marasuhbl, Takue kak Google Play (6B Android
Market), marasun npunoxennit ot Google 3anyctutb. B oktsa6pe 2011 ropa, 6biio Godibiie, uem 500000 npuiokeHn#, j10-
cTynHbIX AJisi Android, 1 pacueTHoe UKo PUIoKeHHH, 3arpyKeHHbix u3 Android Market B neka6pe 2011 roga npesbicu 10
mipa [ 1]. Peanusaiyst siyisieTcs peajnaaniusi MpUJI0KEHHUs, MM BBINOJHEHHE MJ1aHa, HUIeH, MOJe/IH, AU3aiiH, crielndUKaluH,
CTaHAapT, anroputM, orpolicy.

Jlns cosnanus npuioxkenuit st Android, Bel Oynete Hy:kaathes B kommiiekt Java SE Development (JDK), B Android SDK
1 cpery pazpaboTku. CTporo roBopsi, Bbl MOXKETe pa3BMBATh CBOH TPUJOMKEHHS C MOMOIIBIO TIPUMHTHBHOTO TEKCTOBOTO pe-
JIAKTOpa, HO JJIs LieJiel TOU KHUTH, Mbl OylieM Hcrogib3oBaTh obiienoctyndbie Eclipse IDE. Android, SDK tpe6yer JDK 5
WK Bhilie (Mbl uenodibzoBasd JDK 7 nyist npumepa) u Eclipse 4 uiu Boittie (Mbl ucnosib3oBasu Eclipse 1).

@ New Project ESFCl ™

Select a wizard p—

Create an Android Application Project

Wizards:

- = Gepg

Andreid Application Project

22 Android Sample Project
Jii Android Test Project

» (= C/C++

= Java

» = Examples

3 -
@) < Back MNext = FEinish

Puc. 1. Android SDK

Korzna nosbsoBaresb OyeT nockl1aTh GOTO HA cepBep, OH I0KEH BKJo4aTh B ceGst GPS, uto dororpacdust nmeer Koopiu-
Hatbl. Ecin GPS Bhik/II0U€H, TO 10/1630BaTE/ b He MOXKET CHSITh (DOTO U HE MOKET OTIIPABUTL (POTO Ha cepBep.
Bubauoreka:
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Puc. 2. buénuoreka Android SDK

pamdeamaphil Hrar

‘-'I -iﬂl L'I.I = IIFI-'H'I.I' l-Q.?-iﬂr

‘-'I -iﬂlu L'I.I.Irl‘rrlﬂ'l'll-r-ﬂ'lul-I--Q.1.-iﬂr
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Yro takoe Jackson?
Jackson:

Pn

c. 3.

BbICTPO (uamepsiercs, utoObl ObITh GbicTpee, ueM Jo6oi apyroit Java JSON napcep u cBA3YIOILETO 1aHHBIX )

[TorokoBoe (uTeHune, MUCHMO)

Houb-3aBucumocts (He noJiarathesi Ha apyrue naketsbl Bue JDK)
Motinble (roJiHble jaHHble 06s13aTe/bHbIMY /s 001X KiaaccoB JDK, a takxke sio6oro kiacca daconu Java, Kosnexiusi,

uin Kapra Enum), kondurypupyemsii

Otkpotite Mcrounnk (JInuensust Apache — wim, 10 2,1, B kKauectse asnbrepuatusbl LGPL)
Ipoueccop JSON. Ona o6ecrneunBaer JSON parse/renepatop JSON Kak 0CHOBOMOJATAIONIETO CTPOUTEILHOTO GJI0Ka;
u no6asJsier MotHblil Databinder (JSON <-> POJO) u Mosiesb iepeBa B KauecTBe JIOTOJHUTENLHOTO JIOTOJIHEHHST GJIOKOB.
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DT0 03HauaeT, 4To Bbl MOXKeTe uuTaTh U nucath JSON sn6o kak norok TokeHoB ([TotrokoBoe API), a o6bexts Plain Old
Java (POJOs, npussizka) uiu, Kak JiepeBbst (1epeso) Mojens [1].

$1 ncnosib3yio 3Ty 6UGAMOTEKY /1S OTITPABKH MOI0 HH(OPMALMIO Ha cepBep, HAMPUMEP, €CJ/IH 51 MOLLLTIO MOU IaThl, JIOTHH, Ma-
pOJIb, C MOMOLIBIO 3TOH GUOIMOTEKH 51 Oyly KOHBEpTHPOBaTh ero B popmat JSON u oTnpasasiTe Ha cepBep.

@override
protected woid onActivityResult(int requestCode, int resultCode,
Intent intent) {
if (requestCode == REQUEST CODE_PHOTO) {
if (resultCode == RESULT_OK) {
if (intent == null) {
Log.d(TaG, "Intent is null™);
} else {
Log.d(TAG, "Photo uri: " + intent.getData());
Bundle bndl = intent.getExtras();
if (bndl != null) {
Object obj = intent.getExtras().get("data™);
if {(obj instanceof Bitmap) {
Bitmap bitmap = (Bitmap) cbj;
Log.d(TAG, "bitmap " + bitmap.getWidth() + " = "
+ bitmap.getHeight());
ivPhoto.setImageBitmap(bitmap);
¥
i

b else if (resultCode == RESULT _CANCELED) {
Log.d(TAG, "Canceled");

}
h

private Uri generateFileUri(int type) {
File file = null;
switch (type) {
case TYPE_PHOTO:
file = new File(directory.getPath() + "/" + "photo_"
+ system.currentTimeMillis() + ".ipg");

break;
h
Log.d(TAG, "fileMame = " + file);
return Uri.fromFile(file);

}

Puc. 4.
Jlutepatypa:
1. http://developer.android.com/index. html
2. http://stackoverflow.com/
3. http://www.androidhive.info/
4.

Professional Android 4 Application Development (Wrox Professional Guides) by Reto Meier. Paperback: 864 pages.

Publisher: Wrox; 3 edition (May 1, 2012). Language: English. ISBN-10: 1118102274. ISBN-13: 978—1118102275

5. Pro Android 3 by Satya Komatineni, Dave MacLean, Sayed Hashimi. Paperback: 1200 pages. Publisher: Apress; 1
edition (April 21, 2011). Language: English. ISBN-10: 1430232226. [SBN-13: 978 —1430232223

6. The Busy Coder's Guide to Advanced Android Development By Mark Murphy. Paperback: 630 pages. Publisher:

CommonsWare, LLC (July 20, 2011). Language: English. ISBN-10: 098167805X. ISBN-13: 9780981678054
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TEXHUYECKHE HAYKH

Pbi6Has npombiwneHHOCTb B IpUMOPCKOM Kpae: npobaembl U X MPUYMHBI

A3umoB Tumyp AiiGeKOBUY, CTYAEHT;

BesHouwyk Jluka HOpbeBHa, cTyaeHT
[lanbHeBOCTOYHbI hefiepanbHblit yHuBepcUTeT

Ouﬁoﬁ M3 BELYIMX MNpoMbleHHocTel [1pumopckoro
Kpsl sIBJISIETCS1 PbIOHAS POMBILLTIEHHOCTb. OHA BHOCHT
CyLLeCTBEHHbIA BKJAJ B 9KOHOMHKY M Pa3BUTHE 3TOro pe-
ruoHa. Tak ke Ilpumopckuiil kpail 3aHUMaeT CylIeCTBEHHbIe
MO3ULUH KaK pblOONPOMBICTOBbIH parion Poceun. On pacrno-
JIO’KeH B BOCTOUHOH 4acth Poccuiickoit Denepaunn u umeer
JIOCTYI K pecypcam SIMOHCKOro Mopsl, Tak Kak HMEHHO 3TO
Mope oMbIBaeT ero Gepera, a yepe3 Hero J0CTyIN K pecypcam
Tuxoro okeana.

B xonue npouwtoro Beka paspanuics CCCP. Poccuiickas
Denepauus Torma BXoAusaa B ero cocraB. B To Bpemsi Gblia
COBEpLIEHHO Jpyrasi KOHOMMYECKasl CUCTeMa W KOHTPOJIb
CO CTOPOHBI FOCY1apCTBA, U B TEX YCJIOBHSIX BCE MPOMbILLJIEH-
HOCTH B OCHOBHOM NpoliBeTasii. Ho HH uTO He »KHBeT BeUHO
1 passaJi Besiukoro rocynapersa ¢ umenem CCCP cnenan cBoe
JIeJI0 — BCe OTPAC/d MPULLIK B YAoK, a Kakasi Ta X 4acTb
BOOOIILE MPOCTO JIUKBUAMPOBAJIACh.

PoiGHasi 1pOMbILJIEHHOCTb, B MOCJAEIACTBHM pasBaJa,
B nepuoe ¢ 1990 no 2000 roga nonasa B KankaH KpHauca.

Ona crosiKHyJIach C TAKMMH BbI30BaMHM, Kak TsKesoe (PUHAH-
COBOE MoJIoXKeHHe U GOoJIblIast HeXBaTKa CPEICTB KOTOpble Ha-
XOHSITCSl B 060pOTE. DTO MPUBEJIO K OTCYTCTBHIO OOHOBJICHHS
ycrapeBllero o60py/l0BaHUsl, TO €CTb MPEANPUITHS MM0Jb30-
BaJHCh 000py/l0oBaHUeM OoJblle T0J0KEHHOTO MM CpOKa,
W yXy/lLIeHHe COCTOSTHUS UCToJibayeMbIx Kopabuer. Ko Bcemy
TOMYy J100aBHJIOCH YMEHBLICHHIO TOCYLapPCTBEHHBIX KBOT
Ha 100bIYy MOPEMPOAYKTOB, YTO CYLIECTBEHHO TOAKOCHJIO
00beMbl 100bIYH MOPENpoayKToB. [losiBysieTcst Gosbluas pas-
HHULA MKy BO3MOXKHOCTSIMM TPOM3BOACTBEHHBIX MOLIHO-
cTell MPeANPHUATHI U pecypcamMi, KOTopble OrpaHHYeHHbI B JI0-
Oblue TOCY/1lapCTBOM.

PaccmaTpuBasi HbIHELLIHIOW CHTYaLUIO PblOONPOMbILLJIECH-
Horo Kommiekca [Ipumopckoro Kpasi, BO BHUMaHHe cpasy mo-
najgaeT MHOXKeCTBO MpoOJieM, KOTOpble HEraTHBHO BJIHSIIOT
Ha 3Ty oTpac/b. Tak naBail Te ke pacCMOTPUM 3TH NPOoOJEeMbl
noapobHee:

1) TlageHue pasmepoB pblOHBIX pecypcoB B Ousuaiie-
Kaupx Mopsix U okeaHax. OCHOBOH PbIGHOTO TMpOMBbIC/IA

Puc. 1. Npumopckuit Kpau
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[Tpumopckoro Kpasi 6bl1a poiba MuHTail. Ha ero jnoqio npu-
xomusoch noutd 70 % o6ILIeM B BBUIOBE poi6bl. Ho us 3a He-
KOTOPBIX (hAaKTOPOB €ro TMOMyJsALUs C KaxKAbIM TOJOM MO-
creneHHo cokpataercss or 200 go 400 Thicsiy TOHH. ITO
BO TI€PBbIX U3MEHEHHE eCTEeCTBEHHbIX YCI0BHH 0OuTaHus. Ye-
JIOBEK CJIMLLKOM CHJIbHO 3arpsi3HsieT Mopsl, B KOTOPbIX 0OH-
Taer 3Ta pblba. CJIEACTBEHHO €€ KOJHYECTBO YMEHbLIACTCH,
a4acTb MUIPUPYET B IpyrHe PErHOHbI.

OKCrepThl YTBEPKMAAIOT, UYTO COKpAlEHHE MOMYJSLHH
MPOMBIC/JIOBBIX BHIOB PbI0 CBSI3aHHO HE TOJBKO C H3MeHe-
HUSIMM €CTECTBEHHOH cpeioi nx oburanus. O6beMbl PIOHBIX
pecypcoB NajaioT, a NpepUsiTH HA060POT — YBEJIHYHBAIOT
06beMbl  106b1YH  pbibbl. HekoHTposmpyeMmblil  mpombIce
TaK K€ CHJIbHO BJIMSIET Ha COKpallleHHe KOJMYecTBa MUHTas
M 3TO ONATb K€ HEraTMBHO CKa3blBaeTcsi Ha PbIOGHOH Mpo-
MbllIeHHocTH [IprMopekoro kpast.

2) Tlocne pasasa CCCP u npuBaTuzauuu rocyuap-
CTBEHHbBIX MPEANPUATHI, CO CTOPOHbI MPABHUTE/IBLCTBA ObLIO
BBEJICHO TaKoe MoHATHe Kak «KBorta Ha BblIOB pblObl». Me-
XaHW3M pacripesie/ieH|st 9THX KBOT cOBceM He siceH. Bos-
MOKHO OH TMOJIBEP2KEH KOPPYILMH WK KPUMHHAJA U3 32 Uero
JIOCTYI K HUM OueHb CUJIbHO 3aTpyaHeH. [IpunsaTue storo 3a-
KOHA 0 KBOTax co3/iajo HoBble npobJsemsl. [lepBasi mpobiema
9TO OTCYTCTBME I1paBa roJioca CaMux MpeMIpUsATHI Mo pac-
npejeseHnto poiGHbIX pecypcoB Mopeli. Bo BTopbix 310 nopo-
JIHJI0 HEBO3MOXKHOCTb TepepacrpeiesieHust He0-0CBOEHHbIX
KBOT. TpeTbst mpoGJieMa 3TO HEMOHATHBIH MEXaHW3M pacrnpe-
JIeJIeHnsl 3THX KBOT 6Jiarojiapsi KOTOpoMy MpOLBETaeT Kop-
PYIILHS.

3) Hery ueTKo mpomnucaHHbIX 3aKOHOB, KOTOpble GBI T0-
3BOJIMNI 3(D(DEKTUBHO YNpaB/isiTh B cdepe pbIGHOTO TPO-
MbICJIA U CIIEIUTh 33 OXPAHOH OHOJIOTHUECKUX PECYPCOB MOPEH.

DbdeKTHBHOE yrpaBieHHe B 3Toi cepe He MOSBHUTCS MOKaA
He OyeT pelleHa Ta NpobJsemMa U 3TO CTABUT 0L yTPo3y OX-
paHy, peryJsiluio MoJb30BAHUEM H YPOBEHb COCTOSIHUS GHO-
JIOTHYECKHX PecypcoB Mopeli.

4) Tlocne passana CCCP y Gosbliie#i yacti nperpu-
STHH 10 PbIOHOMY MPOMBIC]Y HE OOHOBJISIIMCH OCHOBHbIE
MPOM3BOJCTBEHHBIE (hoHAbI. VX MoTeHIMaN y:Ke TaBHO HC-
yepriaH, a CpoK Cay:KObl SKCIIyaTalldk JOJKeH Obll 3aKOH-
uurest jet 10 Haszan. B 2003 roay ypoBeHb M3HOLIEHHOCTH
Npou3BoacTBeHHbIX (hoHmoB cocTabasa 54 %. TTocKosbKy
B CCCP He O6buio CcOGCTBEHHOCTH, a BCe TIPEANpPHUSITHS
PbIOGHOH TPOMBILIJICHHOCTH HAXOAMJINCh MOJ BJACTbIO TOCy-
JlapcTBa, OHM MOJIEePKUBAJIMCL OtojKeToM cTpaHbl. B Poc-
cuiickoil Pefepallun Takasl MojiepKKa OTCyTCTBYeT U Y Op-
raHu3alMil HeT CPEJICTB HE TOJLKO Ha OGHOBJIEHHE, a JlaxKe
M Ha YaCTHUHYIO 3aMeHy 000pya0BaHUs. DTO MPUBEJIO K CTa-
PEHMIO BCeX [POU3BOJACTBEHHLIX MOLLHOCTeH — KopabJeil
1 GeperoBoil HHPpacTpyKTyphl 4151 HUX. K mpumMepy cpennuii
CPOK CJTy2KObl OIHOTO KOpaOJisi I0JI2KEH COCTaBJSATh He Godiee
20 Jsiet, a npeANpUsITHST MOJbL3YIOTCsT UMK yaKe | 110 30. Tosist
Takux Kopabseil B [TIpumopckom Kpae coctasasier 62 %. ITo-
CKOJIbKY KOHCepBHble MJaB-6a3bl OueHb JOPOTHE, KaK BJO-
JKEHHs1, HX TaK 2Ke UCII0JIb3YIOT 00JIbLLIE TOrO CPOKa, KOTOPbIH
Obly1 UM oTBefleH. Jlo/1s1 M3HOLIEHHBIX MJ1aB-0a3 cocTaBJsieT
62 %.. [TpousBoncTBeHHbIe pehprrKepaTopbl TaK BOOGILE H3-
HOLLUEHb! Yy BCEX MPEANPUATHH — 10J151 H3HOLLIEHHBIX COCTAB-
asiet 100 %.

C rocynapcTBeHHOro O0JKeTa CPEACTBA Ha pPa3BUTHE
pBIOHOH  TTPOMBILIJIEHHOCTH HE  HAmMpaBJsioTesT  BOOOIIE.
[To umeromeiica uncdopmauuu B 2003 romy 61 % unBecTHpo-
BaJICsl B 9TY OTpac/ib 3a CYET CaMMX MPEeANpUsATHH, a ocTaJlb-
HbIMH CPEICTBAMU OblJIH KPEIUThI BbleeHHble OaHKaMH.

Puc. 2. U3HOWeEHHasA KOHCepBHasA Nnae-6a3a
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5) Ilpobmema GpakoHbepcTBa BCera OCTPO CTOMT B MO-
JIOOHBIX OTPACIsIX, HO 3/1eCh Jiesla 00CTOAT HAMHOTO Cepbe3Hee.
Ecnu o6biuHble 6paKOHbEPbI 3TO KyUKa JII0JIE, KOTOPbIe POCTO
3aHUMAlOTCsl HE3AKOHHBIM TIPOMBICJIOM, TO TYT MET MPOMBILI-
JIeHHOe GpPaKoHbEPCTBO B 0CO60 KPYMHbIX pazmepax. Pajib-
CU(DHULUPYS OTUETHOCTH, MPEATNPUATHS BIIABJIHBAIOT GOJIbIIIE
TOrO, YeM UM OTBEIEHO KBOTOH Ha BblIoB. Koppynuus npo-
BEPSIOLIMX WX UHUHOBHUKOB HE MO3BOJISIET BBISBUTb TH Ha-
pYUIEHHUsT U 3TO HeceT HEMOMPaBUMBIH YPOH HE TOJIBKO KO-
Homuke Poccuiickort ®Pefepauuu, HO U 6GECKOHTPOJBHO
yMeHbLIAaeT NOMnyJsii| pbl0, YTO MOYKET MPHUBECTH K Heobpa-
THUMBIM MOC/IEJICTBUSIM. TaK e, y MpeAnpUsTHH, KOTOpble 3a-
HUMAIOTC TaKOH HE3aKOHHOH [eATeNbHOCTbIO, W Y Tpe-
NPUATHI KOTOpble YeCTHO paboTatoT MosiB/sieTcsl qucHanaHe
B LleHe, KOTOPbIH MOJPbIBAET SKOHOMHUKY UECTHBIX.

6) CeromHs NpeanpuATHAM HE BBICOJHO BECTH PbIOHBIN
NPOMBbICEST B HHOCTPAHHBIX BOjlaX. DTO OOBSACHAETCS HE peH-
Tabe/IbHOCTBIO U JIOPOTOBU3HON BeJeHUS AEATENLHOCTH B Tep-
pUTOpHa/IbHBIX Bofax JApyrux crpad. CijienoBaresibHO OT-
€UECTBEHHbIe OpraHM3aluu TpebylTcs B MOJUTHYECKOH
nojyiepKke co croponbl Poccuiickoin @Penepauun. [loka
He OyzneT nposeneHo pabOT B yperyJMpoBaHUM 3TOH I1poO-
6JieMbl HalllK TPEANpUsTHS OyAyT TepPsITh JOCTYM K J00bIe
PEJIKUX U 1IeHHBIX BUIOB PbI6.

7) B nocsienHee MecTo 3aMeTHa BbICOKAsl TeKyyecTb Ka-
JIPOB HA MNPEANpPUATHSAX PbIOHON npombliieHHocTH. [lo-
CKOJIbKY 3Ta OTpac/b He MOAJEP:KUBACTCS TOCY1apCTBOM,
a TJIOC K 3TOMY HaxOAMTCs B yrnajike, 3apaboTHas nJjara y Bbl-
COKOKBAJM(UILIMPOBAHHBIX pabOUMX He COOTBETCTBYET »KeJia-
eMoMy MHUHHUMyMY. Bro6aBok cefiuac nosiBusiach TeHJIEHLHS
HaiMa OoJiee JelIeBOH MHOCTPAHHON CHJIBI, YTO JeJaeT 3Ty
paboTy AJis1 HaceJleHUsT Hallel cTpaHbl o 3apaboTHOM MJarte
He MpUBJeKaTeJbHOH. M3HolIeHHbIe 0CHOBHBIE (DOHIBI M HA-
pyuleHHe TeXHOJOTHYEeCKOH JUCUMIIMHBL JieslatloT padoTy
TPAaBMO-OMAaCHOH. DTH (PAKTOPbI OMATH Ke OTMYTHBAIOT TM0-
TeHIIHANbHBIX PAOOTHUKOB YCTPAUBATHCS Ha TPENPUSATHS.

Jlutepatypa:

8) Dbropokparuyeckue Gapbepbl MelLAIOT BECTH PbIOHBIN
npombIces B TEPPUTOPHANIbHBIX BOAAX APyrux cyobekrtoB Poc-
cuiickoit enepauu. IT0 OrpaHUUUBAET JOCTYI TPEANPHs-
tusm [[pumMopcKoro Kpasi Ko MHOTHM BHJIaM MOPEIPOLYKTOB.

9) ¥ npennpusituii [TpuMopckoro Kpas oueHb Hu3Kasi
KOHKYPEHTHO-CMOCOGHOCTh  JIaxKe OTHOCHMTEJBbHO TPEITpH-
aruil Poccuiickot @enepaiyn B o61em. O6yciaBanBaercs
3TO T€M, UTO 3TOT PErHOH OYeHb CHJIBHO YlaJeH OT SKOHOMMU-
UecKu-pa3BuToil epponerickoil yactu Poccuu. Bbicokue Ta-
pUdBI MO JI0CTABKE YBEJMYHBAIOT CTOMMOCTb HAlMX Tpej-
NPUATHH B HECKOJIbKO pa3, UTO BbI3bIBAET JucOHAJaHC 1leH
M0 CPaBHEHHIO C MPEINPUATHAMHU LIeHTpaIbHOH Poccni.

[TockoJbKy cuTyalusi ¢ Tapuamu Ha MepeBO3Ky B €BpPO-
neickyto yactb Poccuu He sicHa, HyXKHO OpPHEHTHPOBATBLCS
Ha MeXXIyHApOAHOro notpeduTessi. Yuutbizas To, uto [lpu-
MOpCKHE MPEeANpUsATHs paboTaloT MO CTAapbiM TEXHOJIOTHSM,
TpeGyeTcsi MPOU3BECTH PEOPTAHU3ALIMIO MOJ] MEXKIYHAPOHBIE
CTaHIAPTHI.

[IpoexT « CBoGOAHBIH NOPT By1agiMBoCTOK» 10/12KEH TOMOYb
peaJsii30BbIBATH KOHEUHYIO MPOLYKLHIO, KOTOpasi 0J2KHA CO-
OTBETCTBOBATb MEXKIYHAPOIHBIM CTaHIAPTAM.

B 3aksitoueHue xoTes10ch Obl OTMETHTD!

Bo Bpemena CCCP Ilpumopckuii Kpait Obl1 OHUM U3 Be-
JIYLUX PEFMOHOB M0 PLIOHON MPOMBbILIJIEHHOCTH U OH 3aCJTy-
JKeHHO JieprkaJ cBou noauinu. [locse passana CCCP Bes
CTpaHa CTOJIKHyJach ¢ npoGjeMamu Tepexofa Ha HOBYIO
9KOHOMMUECKyl0 Moaenb. Cjabble MpeANpUATHS JHUKBHU-
JIUPOBAJIUCh, U OCTAJHUCh TOJBKO T€, KOTOPbIE MOTYT Bbl-
JKUTb B YCJOBUAX KOHOMHUECKOH HeompeneneHHocTH. He-
CMOTPS Ha BCe 3TH NPOOGJIEMbI, 0 MOEMY MHEHHIO, B CKOPOM
onu peurarcs. ¥Y Ilpumopckoro kpasi 60JbLIOH MOTEHLHAI
U OrpOMHble TMepCleKTHUBbl sl ero peasusauud. B oc-
HOBHOM BCel pbIOHOW MPOMBILIIEHHOCTH 3TOr0 pPEruoHa
HY>KHO CKOHLEHTPHUPOBATLCS Ha IKCMOPT U mpoekT «CBo-
GOIHBIH TOPT BJiaMBOCTOK» JOJIXKEH MOMOYb UM B peaJiu-
3allMK1 9TOTO HANPABJICHHUS.

1. Crpokau, JI.K. TTpo6/eMbl, BausiiollHe Ha pa3BuTHe PLIGHON MPOMbILIIEHHOCTH NPUMOPCKOTo Kpasi// Ynpasienue
9KOHOMHYECKMMH CHCTEMaMHU: 3J1eKTPOHHBIN HaydHbIH xKkypHas. 2005. Ne 2. ¢. 15—19.

2. JKapuxos, E.T1. Mnrerpaiust npoussoictsa — MyTh K 9GeKTHBHOCTH PLIGOX03ficTBeHHOro Komriekea Poccun//
A3MaTCKO-THXOOKEAHCKHH PETHOH: DKOHOMHUKA, TTOJIMTHKA, 1paBo. 2014. Ne 3—4 (32). ¢. 65—72
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06cnepoBaHMe U OLEHKA TEXHUYECKOr0 COCTOAHUA
MeTaJJIn4yeCcKon AbIMOBOM TPYObl KOTEJIbHOM

AHvkaHoB Anekceit HukonaeBuny, HayanbHUK oTaena AMarHoCTUKM N Hepaspylatolwero KOHTposa
000 «KaBkasckuit LeHTp aHepreTuyeckoro ayauta» (r. CraBponosb)

Lleavio nposedenusa obcredosanus a8asemes onpedesenue MexHu1ecKkoeo coCmoaHUl Memariuueckol Julmosol
mpybol, nposepKa coomsemcmaus 00veKma mpedo8aAHUAM NPOMBLUUACHHOLU bezonacHocmu U mpebo8aHuIM HOpMA-

MUBHO-MEXHUUECKOLL dOKyMEZHIﬂCZL{LLLl.

Karuesote cnosa: oécﬂedosauue, mexHuueckoe cocmosrue, dkcnepmusaa npommumeunoﬁ bezonachocmu, Meman-

audeckas dvimosas mpyoa.

Oc/1el0BaHHE U OLEHKA TEXHUYECKOTO COCTOSIHUS MeTaJl-

JIMYECKOU IbIMOBOH TPYObl KOTEJILHOH NPOBOASATCS B CO-
OTBETCTBHH C TPeOOBAHUSMH CJIEYIOLIMX OCHOBHBIX HOpMa-
TUBHbBIX JOKYMEHTOB:

— @enepanbiblii 3akoH «O mpomblilieHHOH Ge3omnac-
HOCTH OMAaCHbIX MPOU3BOACTBEHHBIX 00BbEKTOB» OT 21 HioJs
1997 rona Ne 116-®P3 [1];

— OejiepasibHble HOPMbI M MpaBusia B 06JacTH Mpo-
MblllIeHHoH  6e3onacHocTn  «[IpaBuna mnpoBeneHnsi sKc-
MepTH3bl MPOMBILIIEHHOH 6e30MacHOCTH», YTBep:KIeHHbIE
npukazom PenepasibHOMN C1yKObI 110 IKOJOTHUECKOMY, TEXHO-
JIOTHUECKOMY M aTOMHOMY Hajidopy oT 14 nosibpsi 2013 rona
Ne 538 [2].

O6cnenyemas Merasanueckas abiMoBasi TpyOa mpeaHa-
3HaueHa Ji/1s1 OTBOA U paccerBaHusi MPOAYKTOB CropaHusi, 06-
pasylolMxcst MpU CXKUraHUK TOTMJIMBA B BOJOTPEHHOM KOTJIE
E-1/9-1" B kauecTBe TOM/IMBA MCIOJb3yeTCs TTPHPOIHDIN
ras.

Ton BBOMIA TPYOHI B sKcmayaTatmto 2009.

KoHCTpyKTHBHBIE pelleHHns:

— BBICOTA CTBOJIA JLIMOBOH TPYObl — 12 M;

— nauametp ycrbst — 400 mm;

— JIMaMeTp BBIXOIHOTO OTBepCTHs — 392 MM;

— TOJILMHA CTeHKH cTBoJia TpyObl — oT 4,0 10 6,0 MM;

— OMNOPHON YACTbIO ABIMOBOH TPYObl CJYKUT KHPIUUHbBIH
nocrameHT ¢ pazmepamu B miane 1,0x1,0m, ¢ Tpex cropon
OOUINTBIH JIMCTAMH OLIMHKOBAHHOTO METaJIONPOQUIS;

— K Tpy6e MojiBe/IeH OIMH MEeTa/IIMIeCKHH ra30X0/1 Ha OTM.
+0,800;

— XO/l0Bble CKOObl Ha CTBOJIE JbIMOBOH TPyObl OT OTM.
+2,00m o otm. +12,00m;

— CTBOJ1 AbIMOBOI TPYObl BBLIIOJHEH U3 2JIEKTPOCBAPHON
Tpy6bl (TOCT 14637 —89 mapka cranu Cr3nc);

— Ha CTBOJIE JIbIMOBOH TpyObl B OJHOM YPOBHE BbIMOJ-
HEHO KpervieHHe BAHTOBBIX OTTsKeK. OTTSAKKH BbITOJHEHDI
13 MeTaJlJInyecKoro Kpyra auamerpom 20 mu;

— MOJIHME3alIUTa COCTOUT U3 OJHOTO LITHIPEBOrO MOJIHHU-
enpueMHUKa. TOKOOTBOJIOM SIBJISIETCS CTBOJI IIMOBOH TPyObl
1 (parMeHT apMaTypbl IEPUOIUUECKOTO TPOGHIIS TUAMETPOM
22 MM, KOTOPBIH COEIMHEH C KOHTYPOM 3a3€MJIEHHUS].

KnumaTnyeckue W HHXKEHEPHO-TeO0JIOMMYECKHe YCJIOBHS,
B KOTOPBIX 9KCIJyaTHPYeTCsl OOBEKT:

— YCJIOBUS 3KCIUlyaTallid 00beKTa — 3JlaHHe PacroJio-
JKEHO Ha YCJIOBHOH CTPOUTENLHON MJIOLIAJKE B KJIUMaTHue-
ckoMm paiione 1IIB, 30Ha BiazkHOCTH 3 (Cyxas);

— peJsibe) MECTHOCTH PABHHHHBIF POBHBIH, CTOKOHHBII;

— pation 1o aaJennto Betpa — IlI.

Pe3syJibraThl 1poBEAEHHON IKCIEPTUBI:

1. PesyabraTbl aHa/uM3a U U3y4eHUS] TEXHUUECKOH JIOKY-
MEHTAlUH.

DKCIlyaTallMoHHast M TeXHWYecKas  JIOKyMeHTalust
Ha 0ObEKT IKCIEPTHU3bI NIPEICTABJICHA HE B [TOJIHOM 00beMe.

Conep:kaHue NpeaoCTaBIeHHON SKCIIyaTallHOHHON JIOKY-
MeHTaluK cootBerctByeT TpeboBanusim HTJI.

2. PesynbraThl BU3yaJbHOTO W M3MEPUTENBHOrO KOH-
TPOJISt AbIMOBOK TPYOBI.

2.1. Tlpu napy:KHOM OCMOTpe W HHCTPyMEHTAJBHOM 06-
CJICIOBAHUH CTBOJIA TPYObl, 3J1I€MEHTOB YCHJICHHS LLOKOJIbHOM
4acTH TPyObl, KPEMeKHbIX KOHCTPYKLMH, XapaKTepHbIX Je-
(heKTOB, yKasblBalOLWIKMX Ha MOTEPIO Hecyllel CrocoOHOCTH
(TpelyH B MeTaJlie M CBApHbIX 1IBAX, JIO(MTOB LIAPHUPHBIX
COeIMHEHNH, Pa3pbIBOB U AepOpMAaLIHil 371€MEHTOB OTTSIXKEK,
ocsiabyieHust pe3bOOBbIX COEIMHEHUH 1 T. 1. ) He 0OGHAPYKEHO.

2.2. B rasoxoze u B 30He MPUMbIKaHHUs razoxoja K Tpyoe
He 0OHApy»KeHO MOBPEXKIAeHUH (TpellrH, OTBEPCTHH U T.]1.),
BbI3bIBAIOLLIUX [TOJICOC HAPYKHOTO BO3/yXa.

2.3. CocTosiHMe KpenexKHbIX KOHCTPYKLMH OLEHUBAETCS
KaK y/IOBJIETBOPUTENLHOE.

2.4. CocTosiHiEe BAHTOBDBIX OTTS2KEK, HATS2KHBIX yCTPOHCTB,
AHKEPHBIX (DYHTAMEHTOB U Y3JI0B KperuleHHs! K CTBOJTY TPyObI
OLIEHHBaeTCsl Kak paboTocrocoOHoe.

2.5. Tlpu Hapy»KHOM OCMOTpe U HHCTPYMEHTAJLHOM 00-
CJICIOBAHUN KOHCTPYKLMH TPYObl Ae(EeKTOB, YKa3blBAIOLIUX
Ha MPOCaKK (pyHIIAMEHTA U CBSA3AHHBIX C HUM TOBPEXKIEHUH
CTPOMTE/IBHBIX KOHCTPYKLMI U Y3JI0B HX COTIPSIKEHHs], He 06-
Hapy2KeHo.

2.6. KoHCTpyKIMSI W MPOYHOCTL (hyHIaMeHTa 0Oecreun-
BAlOT YCTOHUMBOCTb W BOCIIPUSITHE HATPY30K OT CTBOJIA TPYOBI.

2.7. AHTHKOPPO3HOHHOE TMOKPBITHE HAPYXKHOH MOBEPX-
HOCTH CTBOJIA TPYObI B YJIOBJIETBOPUTEBHOM COCTOSIHHH.

2.8. BoisiBsieHO ocnabjieHHe HaTsDKEHUs BAHTOBBIX OT-
TSKEK.

2.9. BoisiBJIeHO BbIBETPHBAHHE PACTBOPA U3 LLIBOB KKK
1 BbIKpallHBaHHe KUPIHYa OCHOBAHUSI TPYObI.
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3. Pesysbrathl yibTpa3ByKoBOH TOJIIHHOMETPHH.

CorniacHoO MoJiydeHHbIX JTaHHBIX B XOJ€ M3MEPEHHH, TOJ-
IIMHA CTEHKHM CTBoJIa TPyObl HAaXomuTcst B npejenax ot 4,4
710 6,0 MM.

4. Pesyabrathl U3MepeHHsl TBEPAOCTH OCHOBHOTO Me-
TaJsl1a CTBOJIA.

Teepnoctb Merania crBojia TpyObl cocraBaser 125+136
HB, uTo HaxoauTcsi B HHTepBaJsie JAOMYCTUMbIX 3HAYeHHH
JUIST YIJIEPOJIUCTBIX M HU3KOJIETMPOBAHHBIX MapoK cTaJsiei
(125+165 HB).

5. PeaynbraThl 1M3MepeHMH OTKJOHEHHs OCH TPYyObI
OT BEPTHKAJIH.

3mepeHHOe MOJMHOE OTKJIOHEHHE OCH TPyObl OT BEpTH-
KaJau cocraBuio 99mm. Hanpassenne kpena — toro-sanaj.
OTK/I0OHEHHe ocH TPyObl OT BEPTHKAJH HE MPEBBILIAET Mpe-
JIeJIbHO  JIoTlycTMOe  3HaueHue. Jlomyctrmoe oOTKJIOHEHHe
JIIST METaJIIMIeCKON JIbIMOBOH TPyObl BbicoTOH 12M (B coort-
BetcrBud ¢ CIT 13-101-99) cocrasaisier 100 mm.

6. PesyabraTbl NPOBEPKH YCTPOHCTBA MOJHHE3ALLHUThI.

Jlutepatypa:

BenununHa conpoTUB/IEHUSI 3a3eMJISIIOLIETO YCTPOHCTBA
JILIMOBOH TpyObI coctapsier 1,18 Om, uTo He MpeBbIlLIAET J10-
MyCTHMOTO 3HAUEHHsI COMTPOTHBJIEHHST 3a3€MJISTIOIIETO YCTPOF -
crBa (50 Om B coorBererBuu ¢ CIT 13-101-99).

7. PeaynbraThl pacyeTa Ha MPOYHOCTb H YCTOHUMBOCTb.

CrBOJ1 IbIMOBOH TpyGbl 0GeCrieunBaeT BOCIPUSTHE JIei-
CTBYIOLIMX Harpy3ok oT coOcTBeHHoro Beca M Berpa. Co-
rnactio n. 10 CHul12.02.01-83* ceficMuueckue Bo3eHCTBHS
He YUUTBIBAIOTCS.

PekoMeHalny 1o peMoHTY:

— 3a4eKaHMTb LIBbl KJIAAKH KUPIHYHOIO OCHOBaHMS Lie-
MEHTHO-TecyanbIM pacTBopoM. OLITYKaTypUTb KUPIHUYHYIO
KJaJIKY;

— BOCCTAaHOBHTb pAaBHOMEPHOE HATsXKEeHHE BAHTOBbBIX OT-
TSKEK.

[To pesysbratam obGcsiel0BaHUsl TEXHHYECKOE COCTOSIHHE
3[1aHMs1 KOTeJILHOMN olleHUBaeTcsl Kak padoTocnocoGHoe (Tep-
munoJgiorust CIT 13-102-2003). O6bekT 3KcnepTusbl COOT-
BETCTBYET TPeOGOBAHUAM MPOMBbILIJIEHHOH 6€30MaCHOCTH.

l.  ®enepanbubiii 3akon ot 21 utosst 1997 roga Ne 116-P3 «O npombliiieHHOH 6€30MacHOCTH OMACHBIX MPOU3BO-

CTBEHHbIX OO'bEKTOB».

2. denepasbHble HOPMbI M TIpaBUJa B 00J1aCTH NPOMBbILLIEHHOH Ge3onacHocTu «[IpaBuyia npoBeaeHust IKCIEPTU3bI MPO-
MBbIIIJIEHHOH 6€30MacHOCTH» (yTBepKIeHbl puKazoM DesiepasibHoi C1yKObl 10 9KOJOTHUECKOMY, TEXHOJOTHIECKOMY

1 aToMHOMY Hazzopy oT 14 HosiOpst 2013 ropa Ne 538).

3. ®DenepasibHble HOPMbI U TIPaBUJIa B 00J1aCTH MPOMBILIJIEHHOH 6e3onacHocTy «[1paBusa npombiiieHHOH 6€30MacHOCTH
OMNAaCHbIX MPOU3BOACTBEHHBLIX 0OBEKTOB, Ha KOTOPBIX HUCIOJb3yeTcst 060pyloBaHue, padoTatolee Moj U30bITOYHBIM

JlaBJIEHHEM » .
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4. CIT13-102-2003 «ITpaBuna o6cienoBanust HeCyllIMX CTPOUTENbHBIX KOHCTPYKIIMH 3/IaHUH U COOPYKEHHMH »
5. PI122-01-97 TpeGoBaHusi K NPOBEJIEHHIO OLIEHKH G€30MAaCHOCTH SKCIIyaTallik MPOU3BOICTBEHHBIX 3IAHHI 1 COOpY-
JKEeHHI MOJIHAI30PHbBIX TPOMbILIIEHHBIX IPOU3BOJICTB U 0GBHEKTOB (06C/Ie0BaAHIE CTPOUTENBHBIX KOHCTPYKLIHMI CrelH-

AJM3MPOBAHHBIMY OPTAHU3ALHSIMH ).

6. CII 13-101-99 «I1paBusa Hanzopa, obcyeoBaHus, TPOBEEHHUS TEXHUUECKOTO 00CTYKMBAHUS H PEMOHTA MPOMBbILLI-

JICHHBIX IbIMOBbLIX U BEHTHJIALIMOHHBIX pr6 >,

OpraHu3aum| 6a3bl AdHHbIX B aBTOMATU3UPOBAHHbIX CUCTEMAX

bo3opoBa Papuaa MaxmyaKOHOBHA, aCCUCTEHT
Byxapckuii MHKEeHePHO-TEXHONOrUYECKNIT MHCTUTYT (Y36eKkncTaH)

IIBEHHON MPOMBILLJIEHHOCTH HMEIOTCS 0COOEHHO OJia-
rONpUATHbIE YCI0BUSA N/ 3(D(HEKTUBHOTO TPUMEHEHHS
ABTOMATH3HPOBAHHON CHCTEMbI MPOEKTHPOBAHUS OJENK/IbI,
BbITEKAIOIIMe U3 IMCKPETHOTO XapakTepa MPOU3BOJICTBA, Mac-
COBOTO BbINYCKAa U3/EIMIH, YAaCTON CMeHbl Mojiesiell, 6OJIbLLIOrO
yhcaa pa3HooOPa3HbIX JleTaliell U Y3J10B, UMEIOIIUX OJIHOTHII-
HOCTb moctpoenust. Ha DBM npu coBpeMeHHBIX yCTIOBHSX
MPOEKTHPOBAHHUS MOZIe]IEN MOYKET ObITh BO3JI02KEHO pelleHHe
YHCTO CrelU(UUECKUX 3a1a4 00paOOTKH U XpaHEeHHs1 He0OX0-
JIUMOH HHDOPMAIMK 0 MOJIENISIX U JIeKaJax JeTa el IBeHHbIX
u3Jesuil B 1IMppoBo# popme.

ABtoMaTu3aliusi 06paGoTKU JAHHBIX ¢ Momollbio DBM
TpeOyeT B CBOIO Ouepelb MOCTPOEHHs pallMOHAJbHBIX T0-
TOKOB HH(MOpMalLMH, QopManu3aluid ee TNpeacTaBJIeHHUs,
CO3MaHHsl CIelMalbHbIX METOJ0B OpraHu3alyi 1 06paboTKH
JIAHHBIX.

BaHk naHHbIX — 3TO cHCTeMa OpraHu3alliu, BeJleHHsI
U XpaHeHHs] MHTErpUPOBAHHOK HH(OpPMAlMK, PacroJio-
JKEHHOH Ha', MallMHHBIX HOCHUTENAX W MpeHAa3HAYEHHON
JIIST KOMIIJIEKCHOTO MHOTOLIE/IEBOTO MCMOJb30BAHUST BMECTE
CO CrelHaNbHBIMU TIPOrpaMMaMHM, OPraHu3allMOHHBIMU U TeX-
HUYECKMMH CPEJICTBAMHU €T0 BeJIeHHs.

OcHoBHbIE COCTaBHbIE 3JIeMeHThl OaHKa JaHHbIX — 0asa
JIAHHBIX M CHUCTeMa yrpaBJeHusi 0aszoi jaaHHbix. CocraB
JIAHHBIX MH(OPMALMOHHOH 0a3bl ONpeaessercs COCTABOM
¥ cofieprKaHneM 3ajay, pelaeMbix Ha DBM.

CrpykTypa 6asbl JaHHBIX JIOJKHA YIOBJIETBOPSTL TpeHo-
BAHUSIM MHOTHUX TpPUMEeHeHHH, oOecrniednBasi OBbICTPbIA J0-
CTYN K KaxJIoMy 3JieMeHTy uHdopmatmu. Jlist storo B 6ase
JIAHHBIX JIOJKHBI ObITH OTPayKeHbl €CTECTBEHHbIE JIOTHUECKHe
CB$I3U MEXK]1y JAHHBIMH, Ha OCHOBAHWH KOTOPBIX MPH PellIeHHH
3a7a4 MOKET BbIMOJHATHCS BbIOOPKA JIOTMUECKH CBSI3aHHbIX
3amnceil 6e3 06paboOTKM OCTa/NbHOH HH(OPMALMH, HAXOJS-
niefics B 6a3e naHHbIX. TakKol 1ieJieHanpaBieHHbIH MOUCK Ha-
MHOTO COKpalllaeT BpeMsl pellleHus 3ajau 1o BbIGOpKe Heo6-
xoaumoi uHdopmatmu. JlaHHbie, XpaHuMble B 6aze JaHHBIX
CAITP, MO>KHO pasie/uTh Ha JBe TPYMNIbl: apXUB M pabouHii
MaccHB. ApXHB BKJIIOYae€T HOPMATHBHO-CIPABOUHYIO MHQOP-
Malllio, KOTopasi MeHsIeTcsl U: OOHOBJISIETCS CPABHUTENLHO
pesiko. Pabounii MaccuB COlepyKUT pe3yJ/ibTaThl BbIMOJHEHHUST
ITana MpoeKTHPOBAHHMSI, MpeJHa3HAYeHHbIE JJIs HCIO0JIb30-

BaHUS Ha TOCJEMYIOUINX dTanax. ATy yacTb MOXKHO Ha3BaThb
HH(popMAalHel 0 TPOEKTE.

B 6asze naHHBIX OTCYTCTBYeT M3GBITOUHAs HH(pOpMAIHs,
T.€. 3HaYeHHEe KaXKJIOro peKBM3UTa (Hanpumep, Homep Je-
TaJsl, HAMMEHOBAHHE JIeTaJ/li, KOJL MaTepuaJia) 3aoMUHAETCs
B 0ase JaHHbIX TOJLKO OJIMH, pa3, a TOUCK HYXKHBIX JeTasielt
MO0 COOTBETCTBYIOLIEMY PEKBHU3HTY OCYLIECTBJSETCS C TMO-
MOLLbIO IPECHBIX CCBIIOK K MECTY €€ pacloflozKeHust B 6ase
JIAHHBIX. DTO MPUBOAUT K KOHOMHM OMEPAaTUBHOH MaMsITH,
HCTIOJIb3yeMOH [UIsT pasMellleHdsi HH(OPMalMK B Ipolecce
ee 06paboTKH, HO He Bceraa oGyCJIOBJIMBAET SKOHOMHIO Ma-
MSATH, NpeHa3HAYeHHON [ XpaHeHus1 HHdopMaluu B 6ase
JaHHbIX. [locsennee 3aBUCHT OT pa3HOCTH MeXK1y 0ObEMOM
JIAHHBIX H 00BEMOM [1aMsITH, KOTOPYIO 3TH AaHHblE 3aHUMAIOT.

[TosToMy 1pH MOCTPOECHHM ABTOMATH3UPOBAHHOH Oasbl
JIAHHBIX HEOOXOAMMO KOMIIJIEKCHOE PacCMOTPEHHE 3SKOHO-
MHYECKOTr0, HMH(POPMALMOHHOTO M OpPraHH3alMOHHO-TEXHHU-
4ecKoro acriektoB. MH(opMaloHHblii acrekT pa3paboTKu
6asbl JIaHHBIX TIPELYCMATPUBAET: OTpeleseHHe U 0OO0CHO-
BaHHe COCTaBa HEOOXOAMMBIX JOKYMEHTOB M HH(OpMAalH-
OHHBIX MacCHBOB, BKJIIOYAaEMbIX B 6a3y JaHHbIX, ONpeaeseHHe
11e/1eCO00Pa3HOCTH MH(OPMALIMOHHBIX CBsI3el B MacCHBax;
yCTAHOBJICHHE peasibHOK MOTPeOGHOCTH B HH(OPMALMK TOTO
WJIM HHOTO YPOBH$ IPOEKTUPOBAHUS; yCTaHOBJIEHHE HauboJiee
paloOHAJIbHBIX TOUEK aHa/IM3a HH(OPMALIUH.

Jlnst o603nauenust 06beKTOB 6a3bl JAHHBIX HCIOJB3YIOTCS
C/IelyIoLHEe TEPMUHBL:

— 3JIEMEHT JaHHbIX — HaWMeHblUas eIMHULA JAHHbIX,
NpeCTaB/IsoN1ast KOHKPETHOE 3HAaUeHUE;

— arperat JJaHHbIX — COBOKYITHOCTb 3JIEMEHTOB JIAHHBIX
B 3arUCH;

— 3allUCh JJaHHBIX — HepapxuyecKast COBOKYITHOCTb 3Jie-
MEHTOB U arperatoB JaHHbIX;

— Habop 3anuceil — ynopsiio4eHHas COBOKYMHOCTb CBSl-
3aHHbIX 3aMUCel, COCTosALIAs U3 OMPeIeJeHHOr0 WK MPOU3-
BOJILHOT'O YHCJIa 3aITMCeH, CBSI3aHHbIX C HEl;

— oGnactb (aitn) — noapasaen aapecyeMoro npocTpaH-
cTBa B 0ase JAaHHbLIX, CoJAeprKalllel 3aMucH, HabOPbl 3anucen
WK 'HacTh HabopoB.

Cucrema ynpasyienust 6azamu janubix (CYDBJI) Bkitouaer
KOMIIJIEKC [porpamMmM Jijisl BBOJA JAHHbIX, 3arpy3KH M KOp-
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PeKTHPOBKH 6a3bl JaHHbIX, oOecreyeH sl 10CTyna K AaHHbIM.
CYB/I paspabarbiBaercst B Bujie 0OIIECHCTEMHDIX MAKETOB
MPUKJIAHBIX IPOrPaMM U NpeHa3HaYaeTCst i1k MHOIHX TpH-
MEHEHHH.

B ocHoBy pa3paGoTKu CHCTeMbl YyIpaBJjeHus Oasamu
JIAHHBIX MOJIOXKEH MPUHLMIT HE3aBUCHMOCTH JIAHHBIX, YTO 03-
HavaeT oTaeseHHe (QYHKUMHA BBOAA, XpAaHEHHS M KOPPEKTH-
POBKM JIAHHBLIX OT Tporpamm o6paboTKH, U HE3aBUCHMOCTH
MPUKJIAHBIX MPOrPaMM OT H3MEHEHHUs! (PU3MUECKHX Xapak-
TEPUCTHK M Pa3MellleHUs JIAHHbIX, a TaKXkKe OT HaJM4us He-
MCIOJIb3YeMbIX THIOB JaHHbIX. HesaBucumocTb nocturaercst
XpaHeHHWeM OTMUCaHUs IAHHBIX OTJENBHO OT MPOrPAMMBI.

OCHOBHbIM Ha3HaueHHeM OaHKa JaHHBIX SIBJSETCS TOBbI-
ueHie 3pPeKTUBHOCTH pa3dpaboTKH, BHEAPEHHE U PyHKIIHO-
HUPOBAHUE HE OTAENLHON 3a/laul, a cucTeMbl B 1iesoM. Opra-
HU3alMsl HeOOXOMMBIX JAHHBIX B Bule GaHKA JaHHBIX MOXKET
ObITh yCIEIIHO TPUMEHUMA U 1151 TPOEKTHPOBAHHST OJI€XK/IbI.

Cpenu MaccuBoB GaHKa cjlelyeT pa3indyarb 6a3oBble Mac-
CHMBbI U MACCHBBI CBSI3€H.

BasoBble MaccHBbl — 3TO MaCCHBbBI, Kax/asi 3alUChb KO-
TOPBIX COAEPKUT HH(OPMALIHIO O pacCMaTPUBAEMOM OOBEKTE.

MaccuBaMi CBsi3ell SBJISIIOTCA MAaCCHBbBI, cojiepaKallie
CTPYKTYpHble CBfI3M MeXK1y 3alUCIMH OJHONo MaccHBa
WJIM CBSI3H MEXly 6a30BbIMH MacCHUBaMH U JIaHHbIE, XapaKTe-
pHU3YIOLLHE 9TH CBSI3H.

[1pu popmupoBanuu 6a3bl JaHHBIX HEOOXOAMMO Ha KaXK/Ibli
MOJIHBII Ce30H pa3pabaTbiBaTh orpeeseHHble 6a30Bble 0C-
HOBbI. B npesiesiax 0IHOr0 NMPEANPUATHS STH OCHOBbI JIO/IKHbI
ObITh yHU(ULUPOBaHbL. MeJikie jietanu pazpabaTbiBalOTCs
B OrpaHHYEHHOM KOJIMUECTBE 10 BEIYLIMM MOJHBIM (hOpMaM.
AU feTasn npeHasHayeHbl JUIs MHOMOPA3oBOro HCIOJb30-
BaHUs1 BO MHOTHX MOJIEJISIX.

[1pu cdopmupoBaHHO# Ha OrpaHUUYEHHOM 4ucje YHUDH-
LIMPOBAHHBIX jleTajiell 6a3e JaHHbIX HEOOXOIUMO CO3/1aTh MPO-
rpaMMbl PeoOpPaA30BaHUs HCXOAHBIX (DOPM MyTEM TPOCTHIX
KOHCTPYKTHBHbBIX NpeoOpa3oBaHUil — uJeHeHUH. DTH npe-
00pa3oBaHusl I0JXKHbI OCHOBBIBATLCS HA YHU(PULUHUPOBAHHON
TEXHOJIOTUH 06pabOTKH, MPUHSATON Ha npeanpustui. OnTu-
MHU3aLMs ONPEIEJEHHOrO YHCIa KOHCTPYKTHBHbBIX pelleHHi
OCHOBHBIX JieTasiell (CIMHOK, MO0JIoUeK, PYKaBOB) OCYLIECT-
BJISIETCS TIPU BBEIECHHWH CTAHIAPTHBIX (POPM JIMHUH, HANpUMeEp
Npy MPOEKTUPOBAHHUU YHU(DUIMPOBAHHBIX JIHHUH DyKaBOB,
CpelHel JIMHUM CTIHHKH, OOKOBBIX cpe3oB, 06pabaTbiBaeMbIX
Ha crieliMasibHbIX nostyaBromMatax. [Ipu TakoM 1mojaxojie MoxKHO
copmupoBath TabJ/HILy BO3MOXKHBIX KOHCTPYKTHBHBIX pe-
IWeHUH MpU  YHUMHULIUPOBAHHOH TEXHOJOTHH 00pabOTKH
JUIsT OpraHN3alMK MacCHBa YHU(PUIMPOBAHHBIX Y3J/IOB.

[lepBoHayasbHOe 3anoJsiHeHMe 6a3bl JAHHBIX M KOAHPO-
BaHHe HH(OPMALMH J/Is €ro 3aroJIHEHHS JOJAKHbl OCYLIeCT-
BJIATbCS HA OFPaHHYEHHOM YHCJEe BAapUAHTOB THIOBbLIX Jle-
tajieil (npeameron). bagzoBbiil MaccuB, chopMHPOBAHHbIN
13 LU(POBOH MHPOPMALUH KOHTYPOB KaxKIOH JeTasu, Co-
JIEPKUT OCHOBHYIO MH(OPMALMIO O paccMaTPHBAEMOM 00b-
€KTe W MpelHasHa4yeH Il MHOropa3oBOro HCIOJIb30BAHHMSI.
B 3aBucuMoOCTH OT onpejeseHHbIX KOMaH/ 10 JaHHbIM Mac-
CHMBa IPEIAMETOB MOXKHO MPOEKTUPOBATH HOBble MOJEJNH M3-

JIeJIUH, OCYIIECTBJISITh TeXHHUECKOe MOJIeJIMPOBAHUE MyTeM
yjieHeHUsl JleTaJli Ha COCTaBHble 4acTH; MPOU3BOJUTL Ipa-
JIalMIo JIeKaJl JieTajiell Ha pasJiMuHble pa3Mepbl U pocTa, Mpo-
eKTHPOBATh pas/iMuHble JieKasa MPOU3BOJHBIX jeTalell Mnpo-
KJIaJl0K, OCHOBHBIE JleKaJia H T. JI.

[Ipy M3MeHEeHMH MOJHBIX KOHCTPYKTHBHBIX pelleHud H3-
Jiennst GaHK J0JDKEeH 3amoJIHATLCS HOBLIMM 6Ga30BBIMH OCHO-
BaMU ¥ THTIOBLIMU JI€TAJISIMK UJIH IPOBOJUTLCS MOJM(HUKALLUS
cyllecTBylomMX GopM Ha OCHOBe pa3paboTaHHBLIX [PO-
rpamm npeo6paszosanust popm. Maccus npeameros (MBO)
1 MacCHB yHU(HUIUPOBAHHbBIX fieTatell (MJLY ) MOKHO CUHTATD
6a30BLIMH MaccHBaMH. K maccuBam CBs3e# MOXKHO OTHECTH
MAacCHB CrelU(pHUKalMi U MACCHB BO3MOYKHBIX COUETaHUH Jle-
Tajiell B IPOEKTUPYEMbIX U3JIEHSIX.

Kaxomy rnpenmery B MaccuBe COOTBETCTBYeT OJlHA 3a-
MHCh, KOTOPast COAEPXKHUT XapaKTEPUCTHKY JeTasi, He 3aBH-
CSILILYIO OT €€ CBSI3U C APYTHUMH JIETa/ISIMH.

CBsI3b MeXK]1y OTAEJbHBIMU JIETASIMU OCYIIECTBJISIETCS MO-
CPEJ/ICTBOM aJIPECHBIX CChIIIOK Yepe3 3arichi MaccuBa Crellu-
cduxauuit MCIT u maccua couerannit MCJI.

bBasoBble MaccuBbI OpraHuadyloTcst 1Mo MOIU(UIMPOBAH-
HOMY MHJIEKCHO-TOC/eI0BATEbHOMY METOAY U JAOMyCKAloT
06paboTKy cofieprKallieficss B HUX HH(OPMALMK METOIOM T10-
cyeloBaTesibHOro W npsiMoro  jloctyna.  CoeauHnTe bHbIe
MAaCCHBBI CO3/IAIOTCS 110 METOAy TPSIMOTo JlocTyna, u obpa-
60TKa cojepxKallleiicsi B HUX MH(pOPMALMK OCYIIEeCTBJISIETCS
10 ajipecaM, HaXosIIUMCs B 3aMucsiX 6a30BbIX MACCHBOB.

[Ipy NpOEKTHPOBAHHUM HOBBIX MOJEJIed HAa OCHOBE TH-
MOBBbIX M YHU(MHULUUPOBAHHBIX JeTajeil HeoOXOIUMO CTpe-
MHTbCSI K ONTHMH3allUK Mpollecca MoucKa HYXKHBIX JieTaJsei,
KOTOpble OylyT UMeTh HauJydlllee coueTaHue B MPOEKTHPY-
e€MOH MOJIEJIH.

C 310l 1ebl0 11eJ1ecO00Pa3HO  OPraHU30BaTh MAaCCHB
BO3MOXKHBIX COUETAHUH JleTajell. DTOT MacCHB OpraHuay-
eTcs 1Mo MPUHLMITY OT YacTHoro K obuiemy. Hanpumep, omun
U TOT K€ BAPUAHT CITUHKH WJIH PyKaBa MOXKET ObITh MCMOJb-
30BaH B, COYETAHWM C PA3JMYHBIMH, BapHaHTAMH TOJIOUKH,
a OJIMH BapUAHT MOJIOYKH MOXKET COYeTaTbCsl C Pa3IMUHbIMU
BapuaHtamu 0OOpTa, BOPOTHHKA, KAPMAHOB W T.J. B 3aBHU-
CUMOCTH OT 3CKH3a. KoHCTpyKTOpCcKoe 3ajaHue HOBOro Jie-
KaJia, B MaccHBe MPeAMETOB WET uepe3 3aaHue Ha MOJedb.
[1pu 3TOM B KapTe 3aaHust HA MOJIEJIb JIAeTCs KJacCH(puKa-
LIMOHHBIA' KOJ JIeTa/lh, KOTOPYI0 HeOOXOJMMO BHOBbL BBECTH
B MOJiesib (KjacCU(UKALMOHHBIE KOJI, JIOJZKEH OJIHO3HAYHO
orpesiesiATh JleTalb B MaccuBe npeamertoB). Ecsu takoil je-
TaJl B MAacCHBe HET, TO OHA CTPOUTCSI BPYUHYIO MJM aBTOMA-
THYECKHU C MOCJEAYIOLIeH 3aChIIKOH JAHHBIX B MPEAMETHYIO
4acThb.

MaccuB coueraHuil jietaneil MOXKeT ObIThb TpecTaBJeH
B HaHKe J]aHHbIX B BUJIE MATPHLLbI.

[Tpu MoJIe/TMPOBAHUH HOBBIX JIeTaJ1e il MaTPHIIA BO3MOXKHbIX
COYCTAHUH JIOJDKHA PA3JIBUMATLCS U 3AMOJHATLCA HOBOH pe-
3epBHOH cTpokor. Ecsin HoBasi etasib He MOBTOPSIET B3aUMO-
JIEHCTBHUS CTApOH JIeTasu C JIPyTHMH, TO HEOOXOAUMO CTEPETh
W 3aMeHMTb 3aMHCh B CTPOKE M0 HOBOH JIETAJIH B MACCHBE BO3-
MO>KHBIX COUETaHHH.
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[1pu BBeieHNM HOBOW JieTasld UCXOJIHASI MATPHIlA Pa3/BH-
raeTcst U JIONOJIHSIETCS] OJTHUM CTOJIOMKOM, MPUUYEM PacrioJio-
JKeHue CToqoLa.

B wmarpuile 3aBUCHT OT KJIacCH(HUKALIMOHHOTO HOMepa
HOBOH netanu. Jletasu B maTpuile BO3MOXKHBIX COUETAHHH
pacroJsiaratotcst 1Mo BO3pacTaHHIO KJ1acCH(UKAIMOHHDBIX pa3-
MepOB.

3ameHa cTpoK U CToJIGIIOB 110 HOBOH JIeTaJ/IM B MACCHBE BO3-
MO2KHBIX COUETAHMN OCYIIECTBJISIETCS] IPU MTOMOLIU (PYyHKIHI
CTHpPaHUs U 100aBJeHusT TPH 06pallleHHH K MacCHBY.

MaccuB crielldukanuil npeacraBiasercs B 6aHKe JaHHbIX
B BHJIE MTOCJIE/IOBATENLHOTO TIepeuHs crielirKallil Ha paHee
pazpaboTraHHble MOJIeJIN UK leTanu. CrienruduKaiiis COCTOUT
U3 TiepevHst letajel B MoJiesiv U ux KosindecrBa. O6palieHue
K MaccuBy crieliuuKaluii HeoOX0JAUMO NPH aHajiu3e Mojie-
Jieli-aHaJloroB, rpajialui Jekas ornpeieseHHOH MO/ H Bbl-
MOJIHEHHH JIPYTHX 3a1a4.

[1pu opranusaumny HOBOH MojiesiH 3a/laHHE ee MOXKET ObITh
B BHJIE TIOCJIEIOBATENLHOCTH KJACCH(UKAIIMOHHBIX HOMEPOB
Jletajieil B MaccuBe npeaMeToB. HoBasi Mojiesib MozkeT 3aja-
BaThCsl U OT MCXOJHOM MOJIEJIH MPU BBEJIEHUU HOBOH JieTajn
uiK 3amene ctapol. I1pu 3Tom 3anoJiHsieTcst KapTouka ¢ yKa-

Jlutepatypa:

3aHHEM H3MeHeHHbIX PeKBU3WTOB (BHIOB JleTaliel) W Kap-
TOUKA Ha HOBYIO JleTajlb C YKa3aHHeM ee KJacCH(UKAIMOH-
Horo HoMmepa. [IpenBaputesbHO HEOOXOAUMO BBECTU JAHHbIE
Ha HoBylo Jletasib B MaccHB MpeIMETOB; €C/H TaKOBOH HeT,
TO KOHCTPYKTOp uepe3 CUMTHIBAIONlEE YCTPOHCTBO BBOJIUT
1K poBy1o HH(OPMALHIO O HOBOH JIeTallH.

OpraHusaiyst HeoOXoIMMOl HH(OpMalMH B BHIe Gasbl
JIAHHBIX TPUBOJUT K TMOBBILIEHHIO aKTYaJlbHOCTH JaHHbIX,
6oJiee  CTPOrofl HX COMIACOBAHHOCTH, HANEKHOCTH Xpa-
HeHUs U oOecreueHHIo He3aBUCUMOCTH OpraHH3alluK IaHHbIX
OT MPOTPaAMM.

K aBromaTtusupoBaHHOMYy TOHCKYy M CO3J@HHIO Of-
TUMaJbHBIX MPOCTPAHCTBEHHBLIX (OPM TNPH MOMOIIH  CO-
BpEMEHHbIX TEXHMYECKHX CPEJICTB BIUIOTHYIO TOJOILIN
ucejenoBaresid, padoratolidie B aBTOMOOMJIECTPOEHHUH, ca-
MOJIETOCTPOEHHH, CTPOUTEJLCTBE M APYrHX cdepax npume-
Henus auzaiina B CHI u 3a py6Gexkom. CoBpeMeHHasi Bbi-
YHC/IUTENIbHAsT TEXHWKA, BeChb apceHas BCMOMOTaTebHbIX
CPEJICTB MO3BOJISIIOT CHHTE3UPOBATh HA IKpaHe aucies IBM
orpomMHoe MHoroo6pasue (opm, TMOJABEpraTh HMX BCECTO-
pOHHEMY aHaJIM3y KaK B CTATHKe, TaK U B JIMHAMUKE, B uep-
HO-0€JIOM U IBETHOM H306paKeHHH.

1. S. Tashpulatov, E Alqarov, G. Alimova, Z. Xaqnazarova, B. Muxtorov, S. G'ofurova. Kiyimlarni kompyuterda

loyihalash asoslari. T., «Ilm ziyo». 2014,

2. J1. Tkaues. Camoyuuresib AutoCAD. 2004. 3AO. Uznatensckuii neHtp «Axanemusi». 2010. 176 c.
3. TL.A. Hopenkos. Crcrema aBTOMaTH3MPOBAHHOTO MTpoeKTHpoBanus. B 9-knurax. 1996.

NpumeHeHue BbICOKOTEMNEPATYPHOI CBEPXNPOBOAUMOCTU B BETPOIHEpPreTUKe

BynexaHoBa Anbmupa berexxaHoBHa, CTYAEHT;

3axapoB Mrops BauecnaBoBuy, JOKTOp TEXHUYECKUX HAyK, npodeccop
MaBnopapckuit rocyaapcteeHHblil yHusepcutet umenn C. Topaitreiposa (KasaxcraH)

Kanun Tnek CepukoBuy, npenogasartenb
NaBnopapckuit 6usHec-konnemx (KasaxcraH)

0 cBoeMy reorpaduueckomy moJioxKeHuto Pecry6mnka
Kasaxcran HaxomuTcsi B BETPOBOM I[105IC€ CEBEPHOIO
MOJyLLIAPHst U HCKJIIOUMTENbHO GoraTa BETPOBBIMU PeCypCaMH.
Cornacho «[1porpamme pa3BUTHSA 9HEPreTHKH
no 2030 roga» B Pecniybsinke Kazaxcran JO/pKHBI ObITH 10-
CTPOEHBbI CEMb BETPSIHBIX 3JIEKTPOCTAHLMH OOLLIeH MOLIHO-
crtbio 520 MBT ¢ rofoBoll BEIPAaGOTKOH 3J€KTPOIHEPrUH
okoso 1,8—2 mapa kBt/u. IHBeCTHIINH B CTPOHTETLCTBO Be-
TPSIHBIX 3JIEKTPOCTAHLMI cocTaBsaT nopsiuka 500 MuH jos-
Jgapos [1].

BerposHepreTvika — 3TO OTpac/ib YHEPreTHKH, Crelua-
JIM3UPYIOLIAsiCsl HA MPeoOPa3oBAHUN KMHETHIECKOH HEPrHH
BO3/IYIIHBIX Macc B atMochepe B 3JEKTPUUECKYID SHEPTHIO.
[IpeoOGpazoBaHue OCyLLLECTBISETCS TAKMM arperaTtom, Kak Be-
TporeHeparop. BerposnepreTuka OTHOCHTCS K BO30OHOBJISI-

€MbIM BHJAM 3HEPrUM, T.K. SHEPrUsl BeTpa SIBJAETCS Cllell-
CTBHMEM JIeATeJIbHOCTH COJIHLIA.

Hecmorpst Ha 1o, uto Pecny6uinka Kasaxcran o6ecrieuena
COOCTBEHHBLIMH 3allacaMd TPAJULHMOHHBIX TOIJIMBHO-3HEpre-
THYECKUX PECypCOB, pa3BUTHE BO30OHOBJISIEMbIX HCTOUHUKOB
SHEPrUU SIBJISIETCS KpaliHe BayKHbIM CTpaTEerHYeCKUM Halpas-
JIeHUeM Oyayllleil SHEPreTHKH.

B yciioBusix Bbicokoro notpe6JieHus sHepruu B Pecny6iinke
Kasaxcran u BoBJIeUEHHOCTH B [106aJbHbIE T1POLLECCh! JMHA-
MHYHOIO PAa3BHUTHSI BO30OHOBJISIEMbIX MCTOUHHUKOB SHEPruH,
chepa BETpOSHEPreTHKH CTAHOBUTCS KpaliHe aKTyasbHOM.

Otkpoithe B KoHlle 1986 roma HoBOro Kjacca BEICOKOTEM-
nepaTypHbIX CBEPXIPOBOMSILINX MaTepHasoB CyLLECTBEHHO
pacuLIMpsieT BO3MOXKHOCTH IIPAKTHYECKOIO HMCIOJIb30BaHHs
CBepXIIPOBOAUMOCTH JJIsl CO3AaHUsT HOBOK TeXHUKH M OKa3bl-
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BaeT PEBOJIIOLMOHHOE BO3MeHCTBHE Ha 3((eKTHBHOCTb OT-
pacJsiell HapoIHOTO XO35IHCTBRA.

B Hacrosiliee BpeMsi B MUPOBOH TPAKTHKE YKe HALJIU
LIMPOKOE MPUMEHEHHE BBICOKOTEMIIEpATYPHbIE CBEPXITPOBO-
nsue (BTCIT) kaGesbHble JIMHUK, CHJIOBbIE TpaHcgopMma-
TOPbI, JBUraTeJM U IeHepaToOpbl, MHIYKTHUBHbIE HAKOMHUTEJH
9HEPruH, PasiUYHOrO POjA JMEKTPOTEXHOJOIHYECKOe U Me-
JIUUMHCKOE 060pyLOBaHHE.

Bo Bcem mupe aktuBHO padBuBaiotcss BTCIT renepartopbl
U151 BETPSIHBIX 9JIEKTPOCTAHIIUH.

EBponefickne kommnanun Zenergy Power u Converteam
(6biBiasi ALSTOM  Power Conversion) 3ak/iOunjd  co-
IIalleHHe O COBMECTHOH pa3paloTke, MPOM3BOACTBE M pbl-
nounom npojpuxkennd BTCIT renepatopoB MollHOCTbIO 8
MBT ¢ npsiMbIM MPUBOJOM OT BETPSHON TYPOUHbI JJIS HY2K]T
BetposHepretuku. leneparop Obur nsrororsen BTCIT mpo-
Bojia nepsoro 1nokoJieHust. [To ouenkam Zenergy Power, crou-
MOCTb BeTporeHepatopa 3a cyet ucrnoJsib3oBanust BTCIT moxker
ObITh CHM2KeHa ¢ 3 10 1,6 muH. nost. CHuKeHue maccorada-
puTHbIX nokasateneil (juamerp BTCIT renepatopa — 3m
npu macce 120 ToHH, a AMaMeTp TPAIULIMOHHOTO reHepaTopa —
9w npu Macce 450 ToHH ) no3BonT yieuieButh 8 MBT BeTpos-
HEPreTHUECKYI0 YCTAHOBKY B LIEJIOM € 6,7 710 3,2 MJIH. 10Ju1. [2].

Komnanun American Superconductor (AMSC) u TECO-
Westinghouse Motor Company (TWMC) o06bsiBHM 06 06b-
eMHeHnu ycusui B o61actu pazpadorku BTCIT reneparopon
GOJBILION MOIIHOCTH /ISl BETPSIHBIX 3/7eKTpocTaniinid. AMSC
u TWMC noJsyunsnn rocyaapcTBeHHoe (DUHAHCHPOBaHHE
B pamkax NIST's Advanced Technology Program, uto no-
3BoJMI0 106aBUTh elle 3,4 muH. USD K nepBoHavasbHO 1o-
tpauenusiM Ha HMOKP 6,8 mum. USD. Cosnanne BTCII
CUHXPOHHBIX reHepaTopoB MolHocTbio 10 MBT norpebyer
nposesenust uenoro pspa HUP u HUOKP, nanpassiennbix
Kak Ha co3nanue HoBbix BTCIT npoBonos, Tak n Ha paspa-
GOTKY TEXHOJIOTHH HAMOTKH M3 HUX. PaGoThl Oya1yT MPOXOMUTD
B TecHoM cotpyannyectBe ¢ NIST. B AMSC paspa6arsiBaet
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reneparop Ha 6aze BTCII mpoBogoB BTOpOro moKoJeHHs.
OTiMunTeNIbHOH 0COOEHHOCTbIO CHHXPOHHBIX TE€HEPAaTOPOB
C MpsSMbIM NPUBOJOM SIBJISIETCS HU3KAs UacToTa BpalleHHS
(~ 11 060pOTOB B MUHYTY ) TPH BBICOKOM KPYTSILIEM MOMEHTE.
O06a reHeparopa paccuMTaHbl Ha HanpsikeHue B 6 KB.

Berpsinasi sHepretuueckasi yecraHoBKa MoliiHocTbio 10— 12
MBT npezncrasiisieT co60i LUKJIOMHYECKOE COOPYKEHHE: POTOP
Juamerpom ~200M CMOHTHPOBaH Ha GalliHe BbICOTOH 250 Me-
TpoB. Hanuuue sHaunTesbHOM Macchl Ha BepllrHe OallHU MPU-
BEJIET K POCTY CTOMMOCTH METaJIIOKOHCTPYKIMH U HETaTHBHO
CKaXKeTcsl Ha BeTpoycToiunBocTH. CrleyeT OTMETHTb TaKiKe,
YTO MOHT&X TeHepaTopa MacCOH B HECKOJIBbKO COTEH TOHH
Ha BblcoTe Gosiee 200 METPOB SABJSETCS CJI0KHON MHKEHEPHOH
3anaueit. CpaBHutesibHo Jierkue BTCIT renepatopbl criocoGHbI
3HAYUTEJILHO YNPOCTUTH W YIECLIEBUTb KOHCTPYKIIMIO BETPO3-
HEPreTHUECKUX YCTAHOBOK OOJIbIION MoLIHOCTH [3].

Komnanust Kalsi Green Power Systems (Princeton, USA)
npejJaraeT KOHCTPYKIMIO BeTporeHepatopa CO CBEpPXIpO-
BOAALIMMHU poTopoM W cratopom (Puc. 1). B koncrpykumnn
npeanoJaraercst ucnoJsb3oBatb MgB, nposoannku 2-ro mno-
KoJieHus, pabouasi TemrepaTypa oOMOTOK OyleT Ha ypOBHE
15—20 K. [Toanblil Bec reHepatopa cocTaBUT 0koJso 50 TOHH,
YTO BBHITOIHO OTJHYAET €ro OT OOJBIIMHCTBA TPOEKTOB Ha OC-
Hose BTCII, B KOTOpBIX H3 CBEPXITPOBOJHHKA BbIMOJHEH JIMLb
poTOp, a CTATOP UMEET TPAAMLIMOHHOE UCTTOJHEHHE H [TO3TOMY
BecbMa MaccuBeH [4].

B uncruryre CBepXNpOBOJAHHKOB W MaTepHasoB 3JeK-
TPOHHOU TeXHUKH aBCTPAJIHICKOro yHUBepcHuTeTa ByioHroHra
paspaboTan nmpoekT BeTporeneparopa, umeiouero na 40%
MEHBIIIYI0 Maccy Mo CPaBHEHHIO C TPAAHIMOHHBIM HMCIOJIHE -
HueM. OTKa3 OT peyKTopa M MCHOJb30BaHHE CBEPXIPOBO-
JLKX 0OMOTOK U3 IMOOPHIA MarHusi, TO3BOJUT HE TOJBKO
YMEHbBIUIUTb Maccy, HO U COKPATHTb CTOMMOCTb BETpOYyCTa-
HOBKH ¢ 15 10 3—5 muH. gosnapoB. OTCYTCTBHE MACCHBHOTO
M HEHAeXKHOTO PEeIyKTOpa TaKXkKe CHH3UT M IKCIJIyaTalld-
OHHBIE PACXOJIBI.

Puc. 1. lMpoekr 10 MBT BeTporeHeparopa Ha ocHose MgB,
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Puc. 2. IBonioyua BETPOreHepaTopos

OJHO#M U3 NMPUUYKMH OTpaHUYEHHS UCIIOJb30BAHHS BETpOTe-
HepaTopoB, sIBJSIETCS HEOOXOAMMOCTb MOBBILLIEHUS X MOLLL-
HOCTH, JijIsi TOTO, 4TOObl J0GUThCS HauboJibliield ero -
tdektuHocTH. OTCiona, clelyeT HensOe:KHOe YBeJIMUEHHE
MaccoraGapUTHBIX XapakTepUCTHK W cTouMocTH (Puc. 2).
VIMeHHO 1Mo 9THM MpPUYHHAM, BO3MOXKHOCTb MCMOJIb30BAHUS
CBEPXIMPOBOJHHKA B 0OMOTKax poTopa W cratopa siBjseTcs
Ype3BblYaiHO BaXKHOH, MOCKOJIbKY CIIOCOOCTBYET YBEJIHUEHHIO
MOLLHOCTH BeTporeHepaTopa MpH COXpaHeHHH (MJIH Jaxke
CHHKEHHH ) €ro MaccorabGapUTHBIX XapaKTePUCTHK.

Ha ceromusiHuil JieHb MNPEVIOKEHO JBE KOHIEMIHH
CBEPXIMPOBOIHHKOBOTO BeTporeHepatopa. B nepsom ciyvae —
JMIIbL 0OMOTKH BO30YXKJEHHSI pOTOpa SIBJASIOTCS CBEPXITPO-
BojsiliiMU. Bo BTOpoM cilydae — CBepXNpoOBOIHUKOBBLIMH
SIBJISIIOTCS] U POTOP, U cTatop. CpaBHUM TPH IPOEKTa BeTpore-
HepaTopoB MoliHocTbio 10 MBT, Hcnodb3ylolnx Kak HU3KO-

TeMmrepaTypHble [D]TaK M BBICOKOTEMITEpATypHBIE CBEPXITPO-
BOJIHHKM [6], BKJItOUasi BeTporeHepaTop Ha ocHOBe aubopuaa
maruusi [7].

B 2012 r. komnanusa General Electric [5] npeacraBuia
MPOEKT BETPOreHepaTopa ¢ MPSIMbIM MPHBOAOM MOIHOCTbIO
10 MBT, poTop KOTOPOTo BBIMOJHEH HAa OCHOBE HHM3KOTEM-
nepatypHoro cepxnpoBoguika — NbTi. Cxema BeTpore-
Hepartopa rpejcraBieHa Ha puc. 3. Mcnosb3oBaHue HU3KO-
TeMIepaTypHOro CBEPXIPOBOJHUKA OOYCIOBJAEHO HaJUYHEM
XOpOLIO OTPAOOTAHHON TEXHOJIOTUM TMPOU3BOJACTBA JAHHOTO
MaTtepuasa M M3rOTOBJEHHsT 0OMOTOK Ha ero ocHore. Kom-
nanus General Electric o6/1anaeT MHOrOJIETHUM OMBITOM pas-
paboTKH U MPOM3BOACTBA TPAIHLIMOHHBIX BETPOreHEPATOPOB.
B xozme npoekTHpoBaHHsi CBEPXMPOBOJAHHKOBOIO BETpOreHe-
paropa Oblyla OLleHEeHa ero KOMMepPUeCKast JKH3HECTI0COOHOCTD
1 onpejiesieHbl HauboJiee y3Kue MecTa B peasn3alii poeKTa.

L
e

= kel

-~

ecomagination

Direct-Drive
Superconducting

Generator

Puc. 3. Cxema BeTporeHepaTtopa mMolHocTbio 10 MBT (Komnanusa General Electric)
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Puc. 4. BHelHWi1 BUA CBepXnpoBOSHUKOBOrO BeTporeHeparopa «Sea Titan»

OcHoBHble napamerpbl BerporeHepaTtopa General Electric
npencraaensl B Tabu. 1. TTosnbie motepu B ycranoske GyyT
coctasasts 501 kBt npu sdpdpexrunoctu 95%. Otmernm,
4To ISl co3naHusl 36 o6MOTOK poTOpa TMperiosaraeTcs uc-
noJsib3oBathk 720 kM NbTi npoBonnnka obiei maccoit 3840 kr.

[IporHosupyemasi CTOUMOCTb 3JEKTPOIHEPTUU, Bbipabda-
THIBAEMOH CBEPXIPOBOHUKOBBIM BETPOreHepaTopoM, OyaeT
Ha 13% wmu 18% HuKe, 4eM y TPaJMLMOHHLIX B 3aBHUCH-
MOCTH OT HX THTIa.

B 2008 r. komnanueit American Superconductor (AMSC)
OblIM HavyaTbl paboThI M0 CO3AAHUIO BeTporeHeparopa «Sea
Titan» Ha ocHOBe BLICOKOTEMIIEPATYPHOTO CBEPXIIPOBOJHUKA
BTOporo nokoJsieHust ReBa,Cu,0; (Re — penkas 3emas ). Cxe-
MaTH4ecKUl BUJL BeTporeHeparopa rnpejcrasJjieH Ha Puc. 4.

JInst oxJaykaeHust CBEPXMPOBOJSAIIMX OOMOTOK pOTOpa
TUTAHUPYeTCsl UCTOJIb30BaTh KPHOKYJephl Ha 1ukie [Hddop-
na-Makmarona. Cpox ciykObl BeTporeHeparopa 6e3 Kariu-
TalbHOrO peMoHTa oueHuBaetcs B 30 Jsiet. OcHOBHbIE Mapa-
MeTpbl BeTporeHeparopa npeacrasiensl B Tabu. 1. dust ero
cosnanus norpedyercs 36 km BTCIT npoBona.

B o6moTKax potopa 1 cratopa pazpabaThiBaeMoro Kommna-
nueit Kalsi Green Power System BeTporeHepaTtopa moltiHo-
ctbio 10 MBT nuianupyercst MCnoJib30BaTh CBEPXIPOBOJHUK
MgB, [3]. Pabouas temnepaTtypa oOMOTOK OyjeT cocCTaB-

asatb 20 K. [1poBonHukH, Bbilyckaemble kKomnanueil Hyper
Tech. Research. Inc, umetor mmamerpol ot 0,3 no 2,0 mMm.
st mpoBona inamerpom 0,83 MM KpuTHueckuit Tok npu 20
K B co6crBeHHOM Mogie coctapiisieT 465 A. O6MoTKH GyayT
OXJIaXKJATbCS OT JIBYXCTYIEHYATBIX KPHOKYJEpPOB yepe3 Te-
nmioo6MeHHbIH ra3 (renuit). KpuoreHHble cucCTeMbl cTa-
TOpa U poTopa — He3aBUCHMbl. OCHOBHbIE XapaKTEPUCTHKU
CBEpXIPOBOJIHMKOBOTO TeHepaTopa Ha OCHOBe aubGopuia
MarHus npeacrasjenbl B Tabu. 1, a ero cxemaruueckoe H30-
GparkeHne Ha puc. 5. [lyis co3nanust TAKOTO BeTporeHepaTopa
norpedyetcst 42,6 KM CBEpXIpOBOISLLErO MMpoBoja Ha Oase
MgB,.

Taxkum o6paszom, u3 Tabs. | xopollo BUIHO, UTO BeTpore-
HepaTop Ha ocHoBe MgB, siBsisieTcst Han6osee SKOHOMHUECKH
NpUEMJIEMbIM PellleHHEM CPEIH CBEPXIPOBOJHHKOBBIX BETPO-
reHepaTopoB ¢ NpsiMbIM MpUBoJOM. Huskas paGouast yacrora
nospoJisieT ucnoJsb3oBatb MgB, nposona B o6MoTkax nepe-
MEHHOT0 TOKa CTaTopa, a I0CTaTOYHO HU3Kast LleHa CBEPXIPO-
BOJIHMKA MO3BOJISIET CO3/1aTh BETPOreHepaTop MOLIHOCTbIO 10
MBr 3a 3,2 MuJIMOHA J10/1J1aPOB.

[1pu comnocraBjieHHU Beca MPOEKTUPYEMbIX CBEPXITPOBO-
JIHUKOBBIX BETPOreHEPaTOPOB CTOMT OTMETHTb, YTO OLEHKH
Beca Basa M TMOAMIIHHKOB He 060CHOBbIBalOTCs. Tak
Kak JUIf yMEHbLIEHUsS] KOJIMUECTBA CBEPXMPOBOJHHMKA MC-

Stator

[—

B R L )

Puc. 5. Cxema BeTporeHepaTopa MowjHocTbio 10 MBT Ha ocHoBe MgB,
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Tabnuua 1. MapameTpbl NPOEKTUPYEMbIX BETPOreHepaTopoB MOLWHOCTLI0 10 MBT

Napametp General Electric (NbTi) AMSC (BTCI) Kalsi (MgB,)

PacyetHas mouwHocTb, MBT 10 10 10
YacToTa BpaujeHus, 06/MuH 10 10 10
Pabouee HanpskeHue, B 3300 690 4500
Pabouuii Tok, A 1750 - 1360
Paboyas Temnepatypa, K 4 30 15
Macca, T 143 150 52,5
[lnametp reHepartopa, M 4 4,5-5,0 5
[nameTp TypOUHBI, M 160 190 -
Croumocts, $ 4963000 - 3168000

M0JIb30BaJIOCh  KeJe3Hoe [pMO, TO Bec BeTporeHepa-
TOpa Ha OCHOBE BBICOKOTEMIEPATYPHOTO CBEPXMPOBOJIHHUKA
6oJibllle, YeM BeC BbIMOJHEHHOTo 6e3 rkeje3a BeTporeHe-
patopa Ha OCHOBe HH3KOTEMIIEpPAaTypHOTO CBEPXMPOBO-
AHuKa. Bec kpuorenHoro oGopynoBaHusi B 060MX CJydasix
cocrabssier Menee 4% or obuiero Beca renepatopos. Tak
KaK BETPOreHepaTop Ha OCHOBE BBICOKOTEMIEPATYPHOTO
CBEPXIMPOBOJIHUKA UMEET MeHbllee UUCI0 MOJI0COB, GoJee
HHM3KOE MArHuTHOE MoJie ¥ OOJIbIIYIO AJIMHY 0 OCH, TO €ro
o6beM OoJiblie, 4yeM 00beM aHaJOTHYHOIO HHM3KOTeMIlepa-
TypHOro BerporeHepatopa. OjHaKo, KpHOTeHHasi cHCTeMa
JUISl HH3KOTEMIIepaTypHOro BeTporeHeparopa 3aHUMaeT
6oJiblle MecTa.

OcHOBbIBasicb Ha MPHUBEIECHHOM MaTepHaje MOXKHO cJie-
JIaTh CJIEJYIOLIHE BbIBOJIbI:

1. Tlo cpaBHeHMIO ¢ TPAIULMOHHBIMH MaTepHasaMu 00-
MOTOK 39JIEKTPHYECKMX MallMH, CBEpPXIpOBOJsLLHE MaTe-

Jlutepatypa:

puasibl  06JaAaI0T JIYYIIHMH  9JEKTPUUECKUMH, MeXaHuue-
CKMMH W MAarHUTHBIMH XapaKTePUCTHKAMH.

2. B mporecce pa3BuTHS TEXHONOTHH TPOU3BOACTBA CHHU-
’KaeTcsl CTOMMOCTb CBEPXIPOBOASIIMX MaTepHasoB, OHH CTa-
HOBSITCS1 G0J1ee JOCTYNHBIMH J/1s1 MHYCTPHAJILHOTO CEKTOPA.

3. Berpsinbie BTCIT renepatopbl 1o cpaBHeHHIO C Tpa-
JULHOHHBIMH OTJIHYAIOTCS CYLIECTBEHHO MEHBLIMMH Macco-
raGapuTHLIMH XapaKTePUCTUKAMU, BBICOKOH YCTOHUMBOCTHIO
K TieperpysKam, a Takyke BABOE MEHBIINMH MOTEPSIMH.

4. Betpauble BTCII reneparopbl npsimoro mnpusoja
6ynyt obsanath 6osee BhicokuM KITJ[ mpu menbiinx raba-
pUTax W CTOMMOCTH MO CPABHEHHIO C TPAAMLIUOHHBIMHU IeHe-
paropamu.

5. 3a cuer 3aMeHbl MefHbIX 00MOTOK poTopa Ha BTCII
1 MOIM(HUKALMK CTaTOpa, Macca reHepaTopa MoKeT OBbITh CO-
kpattieHa 1o 1201, uTo B TpH paza MeHbllle YeM 1Jis OObIUHBIX
reHepaTopoB MoJ06HOTro KJacca.

1. Tlporpamma passutus snexrposHepretuxu g0 2030 rona. [locranosnenue IlpaBurenscrsa Pecnybinkn Kasaxcran
or 09.04.1999 rona N 384. [Dnekrponnniii pecype]. — Pesxum noctyna: http://kegoc.kz'up_files/prog razvitia.

doc. — 3ar. ¢ skpana.

o o

Superconductivity News Forum no 221—29 (2012).

CBepXIpoBOJIHUKH J/1s1 3JieKTposHepreTuku. Mudopmannonnbiit 6toerens. — 2007. — Towm 4, Bbinyck 2. ¢. 6—7.
CBepXNPOBOAHUKU /151 371eKTPoIHepreTHKU. MHpopmatnonblil Groserens. — 2008. — Tom 5, Beinyck 1. ¢. 6—7.
S.S. Kalsi, IEEE Transactions Applied Superconductivity 24, 5201907 (2014).

Fair, R. et al Superconductivity for large-scale wind turbines Applied Superconductivity Conf. presentation Europe-an

6. Snitchle, G., Gamble B., King C. and Winn P. 201110 MW class superconductor wind turbine generators I[EEE

Trans. Appl. Supercond. 211089—92 (2011).

7. Kalsi, S.S. 2014 Superconducting wind turbine generators: beyond the 10 MW employing MgB2 winding both on
rotor and stator IEEE Trans. Appl. Supercond. 2447 (2014).
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BMOMETpM‘IECKME AdHHble KaK cnocob6 MAEHTMCIJMKaI.I,VIM JINYHOCTH

Bapnatas CBetnaHa KnumeHTbeBHa, KaHAMAAT TEXHUYECKUX HayK, Npodeccop, LOLEHT;
PynHbix Hatanbs CepreeBHa, CTYAEHT;
Jlyxun Bnapumunp Muxainnosuy, ctyfeHT
[lanbHeBOCTOYHbI dhefepanbHblit yHuBepcuTeT

Karouesole crosa: ungopnayuornnas 6e30nachocnio, UHGOPMAYUOHHAL cucmena, buomempuieckas 3aujuma tuH-

Gopmayuu, udenmugpurkayu AULHOCTU.

e/Ibl0 IAHHOH CTaTbU SIBJSETCA aHAJH3 COBPEMEHHbIX
HCPGILCTB WAEeHTU(DUKALIMY  JIMUHOCTH W BbISICHEHHE
TJTIOCOB M MMHYCOB PA3JIHUHBIX METOJIOB.

B cBsi3u ¢ pagBuTHEM TEXHOJIOTHI U POCTOM TMporpecca Ko-
JINYECTBO M KayecTBO HH(OPMAIMH CTPEMUTENBHO BO3pac-
TaeT, U XPaHWUTb €€ TOJILKO JIMLIb B 4YeJ0BeYeCKOH NaMsiTH
He MpeJCcTaBseTcsl BO3MOXKHBIM. Ha nomoliib yesioBeky npu-
XOJISIT COBPEMEHHbIE CHCTEMBI XpaHeHHs1 U 00paboTKH HH(OP-
maiuu. Coxpansiss MH(OpPMALMIO Ha KaKoM-J1n60 HOCHTesne,
HEBO3MOKHO OBITb YBEPEHHBIM B TOM, YTO OHA He MOTMajeT
K TpeTbuM JHuuaM. Posb nHdopmauuoHHON 6Ge30MmacHOCTH
B pa3JiMuHbIX HHHOPMALMOHHBIX CUCTEMAX [TOCTOSIHHO PaCTeT,
YTO SIBJISIETCS] OJIHOH M3 BAXKHEHILIMX XapaKTEPUCTHK MHPOP-
MallMOHHOH cHCTeMbl. AKTyasIbHOH CTaHOBHTCS HEOOXO/H-
MOCTb KOHTPOJIMPOBATH JAOCTYN K HMH(OPMALHOHHBIM pe-
cypcam. CyliecTBYeT HECKOJBKO OCHOBHBIX CHCTEM KOHTPOJIS
JlocTyna:

— CyuTbIBaTENH LUTPUX-KOJIOB;

— CuuTbIBATEH KJIIOUA <Tay-MEeMOPH»;

— KononabopHslie ycTporicTBa;

— CuutblBaTesn 6eCKOHTAKTHBIX CMapT-KapT;

i ™

3anucb

HHIMYECKIMA WK NOBeAeHYSCHHIA

ofipazel] 3an0oMHHASTCA CHETEMORM

L -

PeweHue

CHCTEMa pellaeT, coBNanakT
v BrometTpuueckue obpazubl,
W BbIHOCHT pelleHWe

v

Kmo saadeem unghopmayueii, mom sradeem mupom
Hamawn Pomuwiunred

— Dbuomerpuyeckue cunThIBaTENH.

CuuTbIBaTeNM PA3JMUHBIX KAPT U KJIOUEH MOJyYHJH LIH-
poKoe paclpocTpaHeHHe, HO Y HUX BCEX eCTb OJMH HeocIo-
pPUMBIF MHHYC: OHH PErMCTPUPYIOT <TIPOXOI» KapTOUKH
(ksoua), a He dvenoBeka. To ecthb JtoGoM, KTO 3aBjajieer
JIAHHBIM KJIIOUOM, MOXKET UMETb J0CTYN K MH(opmauuu. He-
COMHEHHO, 6oJiee BbICOKHH ypOBeHb 6€30MacHOCTH OyayT
obecrieunBaTh OHOMETPHUYECKHE CKaHepbl, HCIMOJb3YIOLIHe
JUIS UIEHTH(UKALMK JIMYHOCTH GHOMETPUUECKHE MPU3HAKH.
Takue ycTpoiicTBa Bce elle OCTalOTCS JOBOJILHO JOPOIHMH
U CJIOKHBIMH B peajiu3aliii, Mo3TOMY HCIOJIb3YIOTCS TOJBKO
Ha 0060 BaxKHbIX 00bEKTAX JA0CTYIA.

Buomerpuueckue TexHOJOrHM OCHOBaHbI Ha OUOMETPUH,
T.€. Ha U3MEPEHHH YHHKAJIbHbIX MapaMeTPOB OT/EJbHOrO ye-
JIOBEKA. DTUMH MapameTpaMu MOTryT ObITb KaK MpPH3HAKH,
noJydenuble npu poxaennu (JIHK, ceruatka rmasa, orrme-
YaTKM NajbleB), TaK U NpHoOpeTeHHble (Hanpumep, rnoyepk
WJIH T0JIOC).

Y Bcex GHOMETPHUECKHX CHCTEM MoxoxKasi cxeMa paboThl.
OHa cOCTOMT MX YeTbIpeX CTaJi, MPEJICTaBJCHHbIX Ha pHU-
cynke 1.

4 p
BbiaeneHue
YHUKANBHAA MHPOpMaLMA

BLIHOCHTCA M3 obpa3ua m
cocTaBnAeTCABUOMETDHYSCKMEA

obpazey
\ A
' N
CpaBHeHue

COXpaHeHHbIR obpazey
CPaEHMBaBTCA
€ NpeacTagneHHbIM

‘o A

Puc. 1. Anroputm pa6oTbl 6MOMETPUYECKON CUCTEMDI
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[Ipexne Bcero cucremMa 3arnoMHHAET NpecTaBIeHHbIH 06-
pagell 6HomMeTpuueckoro napamerpa. Muorna sty onepatuio
He0OXOJAMMO TOBTOPUTb HECKOJILKO Pa3 Juisl TOro, YToObl CH-
cTeMa cocraBusia HanOoJee obllee H300paKeHHe JaHHOH
OGUOMETPUUECKOH  XapaKTepucTHKU. [losiyueHHass uHQop-
Matusi o6pabaTbiBaeTcsl U peoO6pPa3oBbIBAETCS B MAaTeMaTH-
yeckuil BU1. CHcTeMa MOYKET 3anpoCHTh KJtod, KapTy uiu PIN,
4TOObI PUBSI3aTh K HeMy OHOMETpUUECKUi napameTp. buome-
TPUUECKUI MapameTp MpeacrapisieT cob6oi GUTOBYIO Moce-
JIOBATEIbHOCTb, KOTOpAsi SBJSETCA YHUKANBHON U1 KAXKI0TO
yesI0BeKa, UMeIoUlero J0CTyn K oObekTty. [1pn nmomnbiTke n0-
CTyNa CUMThiBaeTcss GHOMETpUUECKasi XapaKTePUCTHKA U TIpe-
00pa3oBblBaeTcst B MaTeMaTHuyecKuil Kol MIMeHHO 3TOT Koj
¥ CpPaBHUBAETCs ¢ TOH OMTOBOH MOCJEN0BATE/LHOCTbIO, Xpa-
HSALLEHCS B MaMATH KOMIblOTepa.

JI1g uaeHTHUKALKMH CYLLIECTBYeT JBa METoJa: CTaThue-
cKUi M auHamudeckuil. HauGosiee pacrnpocrpaHeHbl craTu-
yecKHe MeTojibl, Kak 0oJiee TpocThle B peanusauun. Pacemo-
TPHUM OCHOBHBIE CTIOCO6bI CTaATHIECKO! HAEHTH(UKAIINH.

Wnentudukauuss no orneuatky najnbua. OcHoBaHa
Ha 0COOEHHOCTH PACIOJIOKEHNS NaNUIAPHBIX JIMHUH Ha MO-
JlyllIeUKax MasbleB YeJoBeKa. DTa TEXHOJOTUs CTajla caMok
MOMyJIIPHON B CPABHEHUM C JIPyTMMH criocobamu OMOMeTpH-
YeCKO# ayTeHTH(UKALMH.

Wnentudukanus mno dopme JaaoHu. MeTop ocHOBaH
Ha (hUKcAlMK ouepTaHusl KUCTel pyK. Kamepbl W HECKOJbKO
MOJCBEUMBAIOLIMX JMOJ0B BKJIOUAIOTCS MOOYEPEIHO U (PHK-
CHPYIOT pasJIMuHbIe IPOEKLHH, CO3aBasi TPeXMePHbIH 00pa3.

Wnentucukanus o cetuaTke masa. TouHoe Ha3BaHue AaH-
HOTO MeTOJIa WIEHTH(HKALUA MO PUCYHKY KPOBEHOCHBIX CO-
CY/IOB IVIa3HOTO JiHA. [J1a3Hoe IHO MOACBEYHBAETCS U CKAHHPY-
€TCsl, KOTJla YeJIOBEK CMOTPUT Ha YJIaJleHHYI0 CBETOBYIO TOUKY.

Wnentudukaius no paay»Hoi o6oJouke miasa. st cka-
HUPOBaHUS PAly?KHOH 0OOJIOUKH TJ1a3a CYIIECTBYIOT CIIEely-
a/bHble KaMepbl MaJibIX pa3MepoB CO CMelHaJbHbIM Tpo-
rpaMMHbIM  obGecrniedeHreM. PacriogHaBaHHe MPOUCXOAUT
B HECKOJIbKO 3TarnoB. CHavyasa kamepa poKycHpyeTcs Ha JIULLEe
UesIOBEKA M BbIEJISIET ouepTaHusl Iiasa. 3aTteM Ha u3obpa-
JKEHHM I1a3a BBIIGJSET PUCYHOK €ro paayKHoi 000JI0UKH,
KOTOPBIF pacrosHaeTcst U npeoGpasoBbiBaercst B kKof. Cefuac
9TO TaKXKe TIOMYJISIPHBIA METOJL C PEKOPJIHO HU3KOH BEPOSTHO-
crbio o6ku (1:1000000). [3]

Kpome BbllenepeyucieHHbIX, CyLLECTBYIOT U ApyrHe Me-
Tojibl, Takue kak no JIHK, no opme yxa, ro ouepranuio jmua,
no TepMorpamme Julla, Mo pacroJoKEeH!I0 BEH Ha JIMLEBOH
CTOPOHE JIaJIOHU U JIP.

Jlutepatypa:

JlMHamMHYecKHe MeTO/bl TTOCTPOEHb! Ha MO/ICO3HATE/ILHOM
BBINOJIHEHUH KaKUX-JHO0 AeHCTBUHA. K HUM MOXKHO OTHeCTH
roJ10C, OJIHY U3 CTAPbIX TEXHOJIOTHI, PACO3HABAHHE KOTOPOTO
MPOUCXOAUT GJarojiapst U3MepeHHIO Pas/MUHbIX COYETaHHsIX
YaCTOTHBIX M CTATHUECKMX COCTABJSIONINX; MOYEpK: yalle
BCETr0 WIEHTH(HUKALMS TPOUCKOIHT MO MOJITHCH UeTOBEKA.

OnHUM M3 JOCTHXKEHMH, CIOCOOCTBYIOLMX PACKPLITHIO
U pacc/eloBAHUIO NIPECTYIIEHUH, HA CErOAHSIIHUN AeHb 5IB-
JISIETCSl BO3MOXKHOCTD MPUMEHEHUS /151 MACHTU(UKALIUH JIHY -
HOCTH NMacrnopToB ¢ GUOMETPUUECKUMH JAHHBIMH.

B P® B nepBylo ouepenp peub WIAET O 3arpaHHUHbIX Na-
CTOpTax HOBOTO MOKOJIeHHs], 1a0bl o6ecrneunTb 6€30MacHOCTb
rpaxkjiat 3a pyoexoM.

[1aBHON 0COOEHHOCTBIO TAKUX JOKYMEHTOB SIBJISIETCS] MH-
KPOUHI, BMOHTHPOBAHHBIA B MOCJEHIOID CTPAHULY TaKOro
nacriopta. OH COEPKUT LBETHYIO LU(POBYIO (oTorpacuio
BJIAJEblIA, BCE AaHHble, BIHCAHHBIE B MACMOPT, OTMEYaTKH
nasbleB, CKaH pajyKHOH 000JI0YKHM I/1a3a, 3JeKTPOHHYIO
noanuck. Takolt Ynn Hesb3sl locTaTh U3 NacnopTa u nepecra-
BUTb B JIPYroi, MpH MOMbITKE U3BJIEUEHHUs OTNALAET Mepeia-
lolasi aHteHHa. [6]

C | auBapsa 2007 rona Bolues B IeHCTBHE HALIHOHAJbHBIH
cranaapt [OCT 52633—2006 «3aumra undopmannu. Tex-
HHKa 3aluThl HHopMalyu. TpeGoBaHHS K CPeCTBAM BbICO-
KOHaJIe2KHOH GHOMETPHUUYECKOH ayTeHTU(UKAIIUN».

B uém opmynupytorest TpeGoBaHus K CpeiIcTBaM BbICOKOHA -
JIeXKHON GHOMETPUUECKOl ayTeHTHU(HUKALMKU HA 6asze GOJIbIINX
1 CBEPXOOJIBLIMX MHOTOCTOHHBIX MCKYCCTBEHHBIX HEHPOHHBIX
ceTeil ¢ GOMBILIMM YMCIOM BXOLOB U OOJIBIINM UHUCTIOM BBIXOJOB.

D deKTHBHOCTE OHOMETPUUECKOH 3alllUThl KpalHe Be-
JIMKA, T.K. MO3BOJISIET TOYHO MAEHTH(HULMPOBATH JHYHOCTD,
1 BEpPOSITHOCTb HECAHKLMOHUPOBAHHOIO JIOCTYNA MPH TaKOM
3almTe Kpaitne Mana u coctasasiet He 6ogee 0,1—0,0001 %.

Takum o6Gpasom, Ha OCHOBe [POBEAECHHOIO aHauu3a Co-
BpPEMEHHBIX CIIOCOO0B HAEHTH(PUKALMH JTUUHOCTH MOXKHO Cl€-
J1aTh BBIBOJ, 4YTO JI/Is1 OOILIECTBEHHBLIX MaJo3aTpaTHbIX O10j1-
JKETHBIX OpraHu3allii, TaKMX Kak LIKOJbl, YHHBEPCHTETbI
BIOJIHE peasibHO HCIOJb30BaTh METOMbl HIEHTH(UKALMH
MpOCTble B CBOEH peajiM3allik, KOTOpble JIerko OyayT BHe-
JIPEHBbl B CUCTEMY. DTO MOXKET ObIThb MJIEHTH(UKALMSA MO OT-
nevaTtky najbla wid Qopme JanoHu. /g oObeKToB, HMe-
101X GoJbIlIoe 3HAueHHe JJsi 6e30MacHOCTH ToCy1apcTBa
c/lelyeT NPUMEHSITh METO/Ibl HAECHTH(PUKALMH, UCKJ/IoYaloLIHe
BepoATHOCTb OLIMOKH. Tak, K npumepy, i pacKpbITHs Mpe-
CTYIJIEHUH 11€J1eCO00Pa3HO HCIOJIb30BATH METON WIEHTH U -
KalMH 1o ceTyaTke iasa, paay:kHoi odosouke uian JJHK.

1. Jlakun, I ®. buomerpuss — MockBa «Buoiciast uikosa», 1990—351 c.
2. Jleoenocosa, I\, JIsoenocosa M., http://www.top-personal.ru/issue. html?2039 — BuomeTpus Kak Hayka, MeToj

U crioco6 JOKYMEHTHPOBaHHUsI.

3. JHerrapesa A, Bexnesen B, http://cgm.computergraphics.ru/content/view/61 — MeTonbl nieHTHOHKALMM Y-

HOCTH 110 pajy?KHOH 000JI0UKeE TJIa3a.

4. 3nortauk, E. Touch Memory — HOBBIi 3/1eKTPOHHEII HiaeHTHdUKaTop // Monutop, 1994.
5.  http://www.cnews.ru/reviews/iree/gov2011/articles/article18. shtml — Buomerpuueckue nacnopra B Poccun.
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NepcneKTUBHAA CTPYKTYPHO-UH(OPMALUOHHAA MOAEND
KOHCTPYKTOPCKOM MOATOTOBKM NPOM3BOACTBA

Badaesa 3amupa CeBUHAMKOBHA, aCCUCTEHT;

CyntoHoBa HOnpy3 Vickanpap kusu, ctyaeHT
Byxapckuii MHKeHepHO-TEXHONOrMYECKNit MHCTUTYT (Y36ekncTaH)

I/I3Becmo, UTO PEe3KUH CKAYOK B TOBBILIEHUH KayecTBa
M KOHKYPEHTOCIOCOOHOCTH TOBAapoB oOecreunBaercst
1pU Mepexojle Ha HOBble TEXHOJIOTMH NpoeKTHpoBaHus. [Tos-
TOMY /151 TOBBILLIEHHS1 KA4€CTBA O/1e2K/1bl COBEPLLIEHCTBOBAHHUE
npolecca MPOEKTHPOBAHHUS €€ KOHCTPYKLMH HMeeT MepBocTe-
neHHoe 3HayeHue. [IpakThka NpoeKTHPOBaHHUsT KOHCTPYKLIMH,
KaK OJIe2KJbl, TaK M JAPYTUX TOBApOB MOTpebJeHHs!, ToKas3asH,
4TO OCHOBHBIM HarpaBJieHHEM COBEPIIIEHCTBOBAHUS TTpoliecca
[IPOEKTUPOBAHUST KOHCTPYKLMH Ofle2K/bl SIBJISIETCST €ro aBTo-
MaTu3aLms.

M3BecTHO, 4TO mpouecc NPOEKTHPOBAHUS KOHCTPYKLIMH
OJIeXK/Ibl SIBJISIETCS BeCbMa 3aTPATHBIM W TPYILOEMKHM H Tpe-
OyeT HEOTHOKPATHOTO H3TOTOBJIEHHSI MAKETOB M 06pa3loB
MPOEKTHPYEMbIX H3/IeJIUH J/IsT OTPAOOTKH HX Ha MOKazaTesn
KayecTBa U 0OCYKIEHHSI Ha XyLOXKECTBEHHbIX COBETaX Ipej-
NPUSATHSL, YTO HE M03BOJISIET OCYLLECTBJSATbL CKBO3HOE aB-
TOMaTU3UPOBaHHOE IpoeKTHpoBaHHWe. [lpuuuHOl  3TOrO
SIBJISIETCS]  CJIOXKHOCTb 0ObeKTa MPOeKTHPOBAHMSI, 00YC/0B-
JIEHHash KaK MMUHUMYM CJELyIOLMMH (DakTopamMu: HeoOXOMH-
MOCTBIO paccMaTpuBaTh OGBEKT MPOEKTHPOBAHUSI B CHCTEME
¢ urypoit, ObICTPOH CMEHSEMOCTbIO MOJIbl W Upe3BbIUANHO
OO0JIBLIMM pa3HOOOpa3ueM IIBEHHBIX MaTe€pHasIoB C Pa3Jjiny-
HBbIMH CBOMCTBaMH, GOJBLIOH JoJiell pabOT TBOPUECKOTO Xa-
pakrepa, 10CTaTOYHO HU3KHM OPraHM3aLMOHHBIM H HHXKEHep-
HO-TEXHHUECKUM YPOBHEM LIBEHHBIX MPEANPUSTHH U J1p.

CyliecTByIolMe B HACTOSALIEE BPEMS MPOLECCHl TPOEKTH-
pOBaHHUSA IIBEHHBIX U3JEJIHH He 00ecreunBaloT HeoOXOIMMOM
MOOGHJILHOCTH Npou3BocTBa. LIk paboT oT co3nanust HOBOK
MOJIeJIH JI0 3aIycKa B TE€XHOJIOTHUECKHH MOTOK OCTaeTCst Mpo-
JIOJKUTEbHBIM. PocT 06beMa NpoeKTHbIX padoT B YCJIOBHSIX
4aCTOH CMEHSIEMOCTH MoJieJielt 0060 OCTPO CTABUT 3ajauy Co-
KpallleHHs] CPOKOB W MOBBILIEHHUsT KauecTBa Npoliecca Mnpoek-
THPOBAHHUSI.

CoBpeMeHHbIE CPEeICTBA aBTOMATH3ALIUH [103BOJISIOT YBSi-
3aTh B €IMHOM KOMILJIEKCEe KOHCTPYKTOPCKYIO M TEXHOJIOTH-
4ecKyl0 TMOJrOTOBKY MPOM3BOJACTBA, MPOEKTHpOBaHHE 000-
pY/IOBaHUsT W YIpaBJeHHE TEXHOJOTHYECKHMH IpolleccaMu,
a TakyKe BCIO MPOU3BOJICTBEHHY!IO J1€SITEbHOCTb MPEANPHUSITHSI.
HcnonbzoBanue IBM B sitoGoit oGacti TpeGyeT nepecMoTp
CJIOXKMBLLIHXCS] IPOLLECCOB M TAMNOB IPOM3BOJACTBA B CTOPOHY
GosiblieM (opMasM3allMi MPOEKTHBIX NMPOUELyp. ITO 110J10-
JKEeHHMe XapaKTepHO M JI/Is1 aBTOMAaTU3UPOBAHHOTO MPOEKTHPO-
BaHUs ofieKbl. YTOOBI OTBETUTh Ha BOMPOC, KAKUM 00pa3om
M B KaKOH I0C/1€10BaTeJIbHOCTH HY?KHO OCYIIECTBJISITh aBTO-
MaTU3UPOBAHHOE MPOEKTHPOBAHHE, HEOOXOAUMO JETaJbHO
pagpaboTaTb METO/I0JI0THIO ITOTO MpoLiecca.

B Hacrosiliiee BpeMsi CJI02KHJIHCh M YCTELIHO peasiu3ytoTcst
JiBa CyLLIECTBEHHO Pa3HbIX, HO OJMHAKOBO BaXKHbIX IM0OJX0/A

K npo6JieMe aBTOMATH3alMH MTPOLLECCOB MPOEKTHPOBAHHS H3-
JIeJIHH MPOMBILIJIEHHOTO POU3BOJICTBA.

[lepBBIfl MOAXOA — CO3/aHMe CHCTEM aBTOMATH3MPOBAH-
Horo npoektupoBanus (CAITP), Bropoii — BHenpeHHe aro-
PHUTMOB U Mporpamm pacuera B DBM THMOBBIX MHKEHEPHBIX
pelieHnH. DTH Ba MOJXOJ K pelleHHI0 paccMaTpUBaeMoi 3a-
Jla4d aBTOMATH3alMH NPOEKTUPOBAHUS HE UCKJIOYAIOT, a J10-
NOJIHAIOT APyT Apyra. [1pn HanuIuKu aaropuTMOB M POrpaMm
pacuera MOXKHO MpUCTynaTth K paboram no cosnanuto CAITP,
yeMy J0J/DKHA TIPeIIIecTBOBATh COOTBETCTBYIONIAS OpraHH-
3allMOHHAst W METOJMYecKasl MOArOTOBKA Ha IPOM3BOJCTBE
WK B IPOEKTHON OpraHu3aluH.

OpraHu3alloHHass U MeTOJMUYEecKash MOArOTOBKA BKJIO-
yaeT 1eJ/blil KOMIIEKC HAayUHbIX, HHXKEHEPHbIX U OpraHu3alii-
OHHO-TEXHMUECKHX MEpPOIPHSTHI, HaNpaB/eHHBIX Ha Mepe-
CTPOHKY CyIIECTBYIOLIEro Tpoliecca MpoeKTHpoBaHus. B stor
KOMIIJIEKC MEpPONPHUATHH BXOJIAT HE TOJILKO MaTeMaTh3alius
1 aJropuTMH3alLMs npouecca NPOeKTHPOBAHHUsI, HO U COBEp-
LIEHCTBOBAHHUE €TI0 CTPYKTYPbI, CTaIMil M 3TANOB, yHU(DUKALLUS
M CTaHIAPTH3AlMS METOJOB MPOEKTUPOBAHHUS, MOBBILIEHHE
ohopMJIeHHsI POEKTHOM TOKYMEHTALIMH U €€ CTaHAAPTH3ALHUS.

Onncanust TeXHHUeCKMX 06BEKTOB TMPHU MPOEKTHPOBAHUH
JIOJKHBI ObITh COIVIACOBAHbl C BO3MOYKHOCTSIMH BOCIIPUSITHS
UX UEJIOBEKOM U 1Pe0OpPa3oBaHUEM C TIOMOLLBIO HMEIOLIMXCS
cpeacTB npoekTupoBanusi. Kak npaBujo, TpebyeTcs CTPyK-
TypUpOBAHHE OIMMCAHHH M COOTBETCTBYIOLLEE pacu/ieHeHHe
MpeCTaBAeHull O MPOEKTHPYEMbIX 00BEKTaX Ha Hepapxuye-
cKHe ypoBHH. Ha KaxX1oMm 13 ypoBHel pas3inyaioT MpoeKTHble
npouetypbl aHaausda M cuHTe3a. CHHTE3 3aKJI04aeTcsi B CO3-
JIAHUH OIMCaHusi 00beKTa aHa/Iu3 — B OIpele/IeHUH CBOUCTB
00beKTa, T.€. IPU CHHTE3€ CO3AAI0TCS, a PH aHaJH3€e OLEHH-
BAlOTCs1 IPOEKTbl 0ObEKTOB.

[IpoekTHpoBanne cUCTeMBbI HAYMHAETCS C CHHTE3a MCXOJI-
HOTO BapHaHTa ee CTPYKTYPBI M BbIIeJEHUsT THITMUHOH MocIe-
JI0BaTeJIbHOCTH MPOEKTHBIX Npoueayp. MapiipyT npoeKTupo-
BaHUsl 0ObEKTA HA3bIBAETCS] TUIIOBLIM, €CJIM OH TIPUMEHSIETCS]
Npy MPOEKTUPOBAHHM MHOIHX OOGBEKTOB OMNPEIEJEeHHOTrO
knacca. [yist CATTP B Jierkoil mpoMbIILIIEHHOCTH, B TOM YUCIIE
U B LIBEHHOH, XapaKTepa CJI0XKHOCTb OOBEKTA, TIOUYTH MOJHOE
OTCYTCTBHE (hOPMa/IM3AH OCHOBHBIX TOJIXONOB M METOJOB
NPOEKTHPOBAHHUS, HEOOXOAMMOCTb XpaHEHHs] OueHb O0O0JIb-
uoro o0bEMa MCXOAHOH MH(OPMALMH (COTHH ThICSY CJIOB)
1 NocTosiHHOE ee 0OHOBJIeHHe. DYHKIMOHUPOBAHHE CHCTEMBbI
TECHO CBA3aHO ¢ paboTOH Xy/102KECTBEHHO-KOHCTPYKTOPCKOTO
610p0 MPEANPUSATHSI MO KOHCTPYKTOPCKOH MOATOTOBKE MPOU3-
BOJICTBA.

[Tpunuunsr - nocrpoenusi  CAITP  1miBelHBbIX — UM3IeNHI.
[Tpu paspacorke CAITP 1iBeiiHbIX U3EIHI COXPAHSIIOTCS BCe
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NpUHLMILI octpoenst, npucyiine CAITP B 1pyrux otpaciisix
MPOMBILLJIEHHOCTH. Pasnoo6pasne KOHCTPYKTOPCKHUX paGoT
onpesieJisieT CTPYKTYpy M B3aHMOCBSI3b BCeX pa3pabaTbiBa-
eMbIx nogcucrem CAITP:

— TIOCHCTEMA BBOJAA — BbIBOJA, (DOPMHUPOBAHHUS M Be-
JIeHUsT HH(pOpMALUH;

— TMOACHCTEMAa  YINPAaBJEHHS  BBIYMCIUTEJIBHBIM  T1PO-
1eccom;

— nojcucremMa UHGOPMallMOHHO-TOUCKOBas,;

— TMOJCHCTEMA MNPOEKTUPOBAHUS 0Ga30BbIX OCHOB KOH-
CTPYKIHH;

— TMOJCHCTEMA MTPOEKTHPOBAHUS HOBBIX MOJIEJIEH OJIEK]IbI;

— TOJCHCTEMA TPOEKTHPOBAHHST OCHOBHbBIX JIEKAJ U JIeKaJl
NPOU3BOJIHBIX JIeTaJIeH;

— TMOJICHUCTEMA Tpajlaliuu JIeKal,

— TMOJCHCTEMA IMPOEKTUPOBAHUS OJIEXK/bl TPOMBIIIIEH-
HOTO MPOU3BOJICTBA M0 HHANWBHLYAJbHBIM 3aKa3aM HACeNeHHUS;

— TIOJCHCTEMA YTpaBJ/eHHs] KAueCTBOM;

— TOJICHCTEMA MPOEKTHPOBAHHUS CXEM PACKJIAJIOK;

— TMOJCUCTEMA MPOEKTHPOBAHUSI HOPM pAacXoja MaTepu-
aJioB.

[lepBble TPH MOACHCTEMbI ABJAIOTCH 06CTYKUBAIOLIUMH,
ocTa/ibHble — 0ObEeKTHO-OPUEHTHPOBAHHBIMH.

1. Tloncucrema BBOAA-BbIBOAA, (DOPMHPOBAHHS H Be-
JIEHUs] HCXOJIHOM M TIPOMEXKYTOUHOH WH(pOpPMalUK BKJIO-
yaeT cJieyloline NpoLeaypbl: BBOJ C TPOMEXKYTOYHOTO HOCH-
TeJist; HEMOCPEICTBEHHbBIH BBOJL MHPOPMAL|H B TaMsiTh DBM,;
BLIBOJL Ha TIPOMEXKYTOUHBIH HOCHMTE/b; BBIBOL Ha mepude-
puiiHble yCTpOHCTBA; (GOPMHpPOBaHHWE W BeleHHe HHbopMa-
IIMOHHBIX MAacCHBOB; oOecrieueHne JI0CTOBEPHOCTH BXOJHON
¥ BBIXOJHOH WH(opmaluu. HasHaueHwe JaHHOH MOJCH-
creMbl — obGecrieyenue Beex nopcucrem CAITP.

2. Tloncucrema ynpaBJieHHs] BbIUMCJIHTENbHBIM  PO-
1IeCCOM BKJIIOUAET CJIEyIOlIHe MPOLELYPbl: OpraHu3alluio
MH(POPMALIHOHHOTO O0OC/Y?KHBAHUS BbIUMCJIUTENLHOTO TPO-
1iecca; OpraHu3alyio JMajJoroBoM pexknma (QyHKIHMOHUPO-
BaHMsI; yrpaBJeHHe BbIUMCIUTENbHBIM — TipolieccoMm. Ha-
3HAueHHEeM JIAHHOH TIOACHCTEMbI SIBJsIeTCsl obecreyeHue
yeroiuuporo dyukiuonnpoanust CAITP.

3. VudopMalMoHHO-TIOUCKOBAsK — MOJCHCTEMA  BKJIIO-
4aeT MpolleLyp MOUCK FOTOBOKM MOJIEJIM U3 UMCIa XPAHSIHUXCS
B GaHKe JAHHBIX MOUCK W KOMIOHOBKY MOJe/JeH U3 JieTasei
pa3paboTaHHbIX paHee KOHCTPYKIMH; TOUCK YHUPHUIMPO-
BaHHbIX JleTajlel M KOHCTPYKTHBHO-J€KOPATHBHBIX 3Jie-
MEHTOB; TMOMCK JeTajiel, MoJJexKalluX MpeodpasoBaHUIO
NP KOHCTPYKTUBHOM MoJeHpoBaHud. HasHauenne naHHOM
MOACUCTEMbl — TIOWCK TOTOBBIX MOJEIEH KOMIIOHOBKA U3 JIe-
Tajiel, XpaHalluxcs B 0ase JaHHbIX.

4. Tloxcucrema npoekTHpoBaHUs 6a30BbIX OCHOB KOH-
CTPYKLIMM  BKJIIOYAET TMPOLEAYPbl: BbIOOD HCXOJAHOH HH-
opmalMy Ha TMPOEKTUPOBAHHUE; pacUeT KOOPIMHAT KOH-
CTPYKTHUBHBIX (y3JIOBBIX) TOUEK BOH OCHOBbI; ONTHMH3ALHMIO
KOHCTPYKTHBHBIX MapaMeTpoB; pacyeT KOHTYPOB OCHOBHBIX
Jetasieil 6a30BOH KOHCTPYKIMH; (GOPMHUPOBaAJ UepTexei Jie-
Tajiell 6a30BOH KOHCTPYKIMH; MOCTPOEHUE YepTexKel Mpoek-
THPYeMbIil pa3aMep BCeX jleTaliell KOHCTPYKIIMH.

5. Tloncucrema mpoeKTHPOBaHHsT HOBBIX MOJIe/IEH OJIEXKIbI
(KOHCTPYKTHBHOE MOJIEJIMPOBAHHUE ) BKJIIOYAET ITPOLEYPbI: TIpe-
o0pa3oBaHle KOHTYPOB JieTajlell ¢ yueTOM MOJIC/IbHbBIX 0COOEH -
HOCTEH; MOCTPOCHHE YepTexKed JieKaJl HOBOM MOJEIH B HATy-
paJsibHyl0 BeJIMYMHY M B Maclutabe ¢ UCIOJb30BaHUEM CPEICTB
06paboTKH rpadpuieckorl HHHOPMALMH; KOPPEKTHPOBKY CIIpo-
€KTUPOBAHHbIX JIeKa/J] M YTOYHEHHE JIeKOPATHBHO-KOHCTPYK-
TUBHBIX 3J1EMEHTOB C UCTO0Jb30BAHHEM JUCIIES B IHAIOTOBOM
pexkume. HasHauenue naHHOH MOACHCTEMbl — MPOEKTHPO-
BaHKE HOBbIX MOJIE/IEN OIEXK]IbI B IMAJIOTOBOM PEXKHUME.

6. IlomcucremMa TPOEKTHPOBAHHSI OCHOBHBIX JieKadl
1 JIeKaJl IPOU3BOJIHBIX ieTaslell BK/IIOYaeT NPOLEeaypbl: 1peod-
pasoBaHHe KOHTYPOB OCHOBHBIX JieTaslel C y4eTOM TeXHOJIOIH -
YeCKMX MPHUITYCKOB; MOCTPOEHHE YEPTEKEH OCHOBHBIX JIeKaJl
HOBOH Mojiesi; TIpeoGpa3oBaHue KOHTYPOB JIeKaJ OCHOBHBIX
Jletasiell B JiekaJsa jeTajel NoJKJaaK1; npeo6pa3oBaHe KOH-
TYpPOB JI€KaJl OCHOBHbIX JeTajiel B KOHTYpbl Jekaja Gop-
TOBOH MPOKJAIKK W BCIIOMOraTesbHble JieKasa; MOCTPOeHHE
JieKaJl ietasieft NoJKaaaKu, GOPTOBOH MPOKJALKK H BCIIOMO-
raTeJ/IbHbIX JIeKaJl.

7. lloacucreMa MpPOEKTUPOBAHUSI KOMIIEKTOB JIeKaJl
BKJIIOUAET CJIEYIONINE MTPOLELYPbI: alMPOKCHMAIIHIO KOHTYPOB
JieKkas; Tpagauuio Jekasd; (OpMHPOBAHHE uepTexkel JieKan
HOBOH MOJIe/IH Ha BCe pa3Mepbl U pocTa 110 6a30BOMY pasmepy
U POCTY, MOJIyYeHHbIX NPH IPafallk; MOCTPOEHHE YepTexei
JieKaJl MOJIeJIM Ha BCE pa3Mepbl M pocTa C MCMO0Jb30BaHHEM
cpenctB 06paboTKU rpaduueckoil HHbOpPMALMK; pacyeT TJIo-
111a/I1 JIeKaJl Ha BCe pa3Mepbl H pocTa MPOEKTHPYyeMOH MOJIEJH.
Hasnauenue naHHOH noacucTeMbl — pa3paboTKa KOMILIEKTa
BCeX JIeKaJl OJIHOr0 pasmepa M pocra, rpajaus JekaJ, 1oJy-
YeHHe 3TAJIOHHBIX JIEKAJ B HATYPaJIbHYIO BeJIHUHHY.

8. Tloacucrema npoeKTHPOBaHUS OJIEKIbl TIPOMBbILLJIEH -
HOT'O MTPOU3BOJICTBA 110 MHAMBHYalbHbIM 3aKa3aM HaceJeHHs
BKJIIOYAET CJIEIYIOLIHME MPOLELYPbI: TOJydeHHEe HCXOIHON MH-
opmaruu o pasmepax u (opme (PUryp 3aKa3unKoB; Mpeosd-
pasoBaHHe TIOJyYeHHONH HH(POPMAIUH JiJIs1 YCTAHOBJEHHUST MH-
JMBULyalbHbIX OCOOEHHOCTEH TEeNOC]0KEHHST 3aKas3uuKa;
nonoop 6a30BOH OCHOBbBI UJIM MOJIEJbHON KOHCTPYKLMU U ee
MOJU(UKALMSA B COOTBETCTBHM C HHIMBHIYaJbHBIMH 0CO-
OeHHOCTAMH (PUTYPbl 3aKa3uhKa M pacuyeT KOOpAMHAT KOH-
CTPYKTHBHBIX TOUeK JeKasJ JeTajell MOAU(pUIMPOBAHHON
KOHCTPYKUMH. HasnaueHue paHHON MOACHCTEMbl — TMpOEK-
THpOBaHHE JieKaJl JeTajell KOHCTPYKLMH OJIeK/Ibl Ha (PUTYPBI
Pa3JIMUHOTO TeJIOC/A0KeHHs1 6€3 BbINOJHEHHS TPUMEPOK.

9. Tloacucrema ynpaBiieHHsI KaueCTBOM BKJIOYaeT cJie-
Jlylolllie MPOLELypbl: H3ydeHHe MOTPeOUTENbCKOro Crpoca;
(hopmMHpoBaHNe palMOHANBHOH CTPYKTYPbI MPOMBILIJIEHHOH
KOJUICKLIMM OZIE2K/Ibl C YYETOM HalpasJeHUst MOJbl U NOTpeOHU-
TEJILCKOTO CIPOCa; MPOrHO3HPOBAHHE ONTHMAJIBHOTO YPOBHS
KauecTBa MPOEKTHPYEMOH O€XK/Ibl; KOHTPOJIb JOCTUIHYTOTO
YPOBHS KauecTBa Ha KaxKJI0# CTalMi NPOEKTUPOBAHUS U TIPU-
HATHE YNPaBJASIOUIMX pElIeHUi; OlLleHKY YPOBHSI KauecTBa
[POEKTA.

10. TToacucrema MpoeKTHPOBAHHS CXEM PACKJIAI0K BKJIIO-
YaeT cJeLylolye MpoLeypbl: pacyeT CyMMapHOH MJoLlaiu
JieKasl Ha KOMILIEKT MoJie/iell; 3apUCOBKY PaCKJ/IaLoK JeKaJl
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Ha 3aJaHHble COYeTaHUH pa3MepoB M POCTOB; pacyeT Mpo-
LeHTa MEeXKJEKaJbHbIX OTXOAOB /sl MPOEKTHPOBAHUS CXEM
packaanok. Hasnauenue naHHOW cUCTeMbl — MPOEKTUPO-
BaHME OMTHMAaJIbHBIX CXEM PACKJaloK B IMaJIOTOBOM pexKUMe,
(hopMUpOBaHHE MUHHATIOPHBIX CXEM PACKJIAJIOK.

Jlutepatypa:

I1. Tloncucrema NMpoeKTHPOBAHMS HOPM pacxoja MaTte-
pHaJIOB BKJIIOYAET CJIeyIOIHe MPOLELYPbl: pacueT HOPM pac-
X0/la OCHOBHBIX MaTepPUA/IOB Ha MOJIe/Ib BCEX pa3MePOB U PO-
CTOB; pacyeT HOPM Pacxoja HEOCHOBHbIX H BCIIOMOTATEbHbBIX
MaTepHasoB Ha MOJIe/Ib BCEX PA3MEPOB U POCTOB.

1.  Kamunosa, X.X. u ap. Mertoauueckoe pekoMenaaiu ro nob3opannto CAITP onexabl pupmbl GERBER. TUTJ/IIT.

Tawkent. 2002.

2. TL.A. Hopenkos. Crcrema aBTOMaTH3MPOBAHHOTO MTpoeKTHpoBanus. B 9-kmurax. 1996.

@

J1. Tkaues. Camoyuntenb AutoCAD. 2004. 3AO. Uznartenbckuii uentp «Axanemust». 2010. 176 c.

4. Msisuna, 10. C. CAITP onexbl: yue6Hoe nocobue. — Yensiounek: Man-so KOYpIY, 2007. — 48 c.

BO3MOXHOCTU CHUXKEHUA AMHAMUYECKNX HAarpy30K B KNHEMaTUYeCKMX napax
MexaHu3Ma Uribl WBeMHON MALUUHbI

Badaesa 3amupa CeBUHOMKOBHA, aCCUCTEHT;
lWoamoHoBa LLlaxHo3a XampaeBHa, MarncTpaHT;

Lloanesa Jlona IpKUHOBHA, CTYAEHT
Byxapckuii MHKEeHepHO-TEXHONOrMYECKNIt MHCTUTYT (Y36ekncTaH)

I_I poekTHpoBaHue 3(h(HeKTUBHBIX TEXHOJOTHUECKUX MALIIHH
JIETKOH TPOMBILIJIEHHOCTH Ha COBPEMEHHOM 3Tarie He-
BO3MOXKHO 0e3 yueTa IMHaMHUeCKHX BO3IeHCTBHI B rpoliecce
9KCIlyaTalMd. BbicoKasi Mpou3BOAMTENLHOCTL TPUBOJUT
K POCTY JMHAMHUYECKHX HArpy30K, BbI3bIBA€MbIX B MalldHAX
U MexaHuaMax. [ToBblllleHHe BHUMaHHUSI K JAHHAMHUKE MallldH
IBEHHOTO MPOU3BOJICTBE CBSI3aHO TAaK:Ke C COBEPILEHCTBO-
BaHMEM Pa3BUTHSI TOUHBIX TEXHOJOIHUECKHX MPOLIECCOB, TPe-
OYIOLIMX CHHUXKEHHS YPOBHS BUOPALMH, TPUMEHEHHST TOUHBIX
M3MePUTENbHBIX MTPUOOPOB U CrelHaNbHOro J1abopaTopHOro
060opyI0BaHUsI TTPU MPOBEIEHHH HAYUHBIX UCCIEIOBAHUN.

JlnHaMuiyeckne HArpyskd B MalldHe $IBJSIIOTCS CJlefl-
CTBHEM JIBMXKEHUSI €€ HCIIOJHUTENbHBIX MEeXaHU3MOB W pa-
GOUMX OpPraHOB, CKOPOCTH JIBUXKEHMSI KOTOPbIX, B COOTBET-
CTBHHU ¢ TpeGOBAHUEM YBEJUUEHUS POU3BOIUTENBHOCTH, BCE
BpeMsl BO3pAcCTaioT, pacTyT W WHEPLUOHHbIE HATPY3KH B 3Be-
HbSIX MEXaHM3MOB. DTH HArpy3kd TPHUBOJAT K CHHKEHHUIO
cpoKa cJy:KObl KHHEMATHUECKHX TMap, COEIUHSIIONINX 3BEHbS
MeXaHU3MOB, K YaCTbIM UX pa3J/iajaM, CHU2KeHHI0 00beMa Bbl-
pabaTbiBaeMON TMPOAYKLMH, UYTO MHOTLAA JeJaeT 3IKOHOMHU-
UecKH Helleslecoo6pasHbIM MOBbILIeHHe cKopocTH. OnHaKo,
€C/IM HaWTH MyTb K CHWKEHHUIO HHEPLUOHHBIX HATPY30K B KH-
HeMaTHUeCKHX Mapax MeXaHW3MOB, TO TOSIBJSETCS BO3MOXK-
HOCTb JlaJbHEHIIIero, a UHOIA, 3HAYUTENLHOTO YBeJHYeHHUsT
CKOPOCTHBIX PEXUMOB PaGOThl MexaHu3Ma TpH COXpaHEeHUH
WM JlaXKe CHUXKEHMH SKCIIIyaTalluOHHbIX pacxojoB. Kexojs
13 BbILE H3JI0’KEHHOTO, pa3pab0oTKa HOBBIX KOHCTPYKLIMH Me-
XaHW3MOB MallUMH JIETKOH TMPOMBIIIJIEHHOCTH, B YaCTHOCTH,
LIBEHHBIX MAllIMH, MTO3BOJSIOLINX CHU3UTh AMHAMUUYECKHUe Ha-
TPY3KH U YBEJUUUTh CKOPOCTHbIE PEXKUMbI pabOThl MalllUHbI,
SIBJISICTCS] aKTyaJIbHO 3afaueli.

OJIHMM H3 IIaBHBIX PENSTCTBUI MOBbILLIEHUS CKOPOCTHBIX
PEXKUMOB H, C/I€I0BATEIBHO, MPOU3BOJUTEIBHOCTH LLBEHHBIX
MAILIMH SIBJSIETCSI TEXHHYECKH JOCTHTHYTHIH YpPOBEHb CKO-
POCTHBIX PEKHMOB MeXaHWaMa Wbl [lasbHelilllee MOBbI-
I11eHHe CKOPOCTHOTO PeXKUMa MeXaHH3Ma MPH CyIIECTBYIOIIEM
KOHCTPYKTHBHOM HCIOJIHEHHH 3SKOHOMHYECKH HELe/1eco0-
6pasHO M3-3a YACTOrO BBIXOJA W3 CTPOsl MEXaHH3Ma BCJIejl-
CTBHE UPE3MEPHOTr0 MOBbILLIEHUS] HHEPLIHOHHBIX HArPY30K.

HMcexogist U3 BBILLIEU3/I0KEHHOTO BO3HHKAET He0OXOIUMOCTh
MOMCKa MyTell CHWKEHUS IMHAMHYECKHX HArpy30K B KHHeMa-
THYECKHX Mapax MeXaHH3Ma HIVIbl C 11eJbI0 MOBBIIIEHHS CKO-
POCTHBIX PEKMMOB M COOTBETCTBEHHO MPOU3BOAHTEIBLHOCTH
MaLIUHbl 6€3 CHHXKEHHUS!, @ B HEKOTOPBIX CJIydasix MOBbILLIEHHS]
Ha/IeXKHOCTH Y3JI0B MeXaHM3Ma. AHaAJIN3 CyIIECTBYIOLIHX Me-
TOMOB M CMOCOOOB /sl CHMXKEHHS] AMHAMMUECKHX Harpy30K
B LIMKJIMYECKHX MEXaHH3MaXx MoKa3ajiu, uto Hanbosee sthpek-
THBHBIM B JaHHOM CJTyuae sIBJIsieTCsl TPUMeHeHHe yIpyrux Ha-
Koruresiel snepruu [1].

MexaHU3MbI HIVIbl YHHBEPCATbHBIX U OOJIbILIMHCTBA CIIELHU-
ANbHBIX IIBEHHBIX MAlLUMH SIBJSIIOTCS KPUBOLLUMIHO-TI0JI3YH-
UETbIPEX3BEHHUKAMH, — MOJYYalOLUMH  JIBHXKEHHE
OT TIaBHOTO Baja MamuHel. Kpupommmn | ¢ mpoTHBOBecoM
m (puc. 1), nocaxKeHHbIIl Ha [JIAaBHOM BaJly, BLIIIOJIHSICT Bpa-
LiaTesbHOe ABMKeHHe BOKpYT ocu O; LaTyH 2, ABAAOLIHACS
MPOMEXKYTOUHBIM 3BEHOM, ObecreunBaeT BO3BPATHO-IOCTY-
nare/bHOe JBHKEHHE MOJI3YHA 3 CO LUTOKOM HIVIOBOAMTE/SI

HBIMH

7, paGoTalollUM B JIByX HAMpaB/sOUIMX — MOAIIHIHUKAX
ckosbkenust 4. ITockosibky BO Bpemst paGoThl MexaHH3Ma
CKOPOCTb ~ BO3BPATHO-TIOCTYNATENbHO  JIBHXKYLIHUXCS
creil (MoJI3yH, LITOK M BMECTE C HUM JIBHXKYLIHECS YacTH)
B KPalHUX [10JI02KEHUSIX PABHO HYJIIO, TO IPH 3TOM HEU30EKHO

4a-
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BO3HHKHOBEHHE MAaKCHMaJIbHBIX 3HAUEHHWI HHEPIIMOHHBIX Ha- C ueabl0 YaCTHYHON MJIM TOJHOH pa3rpy3kd KMHEeMaTH-
rpy3oK. A 3T0, B CBOe BpeMsl, IPUBOIUT K YIAPHBIM SIBJIEHUSIM ~ UECKHX Map OT HHEPLUOHHBIX HArPy30K BO3BPATHO-IOCTYIA-
U TIpexK/IeBPEMEHHOMY BBIXO/ly U3 CTPOsl pabOUHX yacTell Me-  TesIbHO JBMKYLLMXCSl YacTel MeXxaHH3Ma B HeM Mpej/iaraercs
XaHU3Ma. YCT@HOBHUTD yIPyrie HAKOMUTEH SHEPTHH.

Puc. 1. Cxema MexaHM3Ma UrNbl YHUBEPCAJIbHbIX U CNEeLUaNbHbIX WBENHbIX MALUUH rae: 1-KpuBowun; 2-WaTyH;
3-noN3yH; 4-NOAWUNHUK; 5-BUHT; 6-Urna; 7-urnosoautens

1

10

Puc. 2. MexaH13M Urnbl € N1ACTUYHBLIMYNPYIUM 31EMEHTOM rae: 1-KpuBowun; 2-WaTtyH; 3-NoN3YH; 4-BTYNKA;
5,10-BuHT;6-1rna; 7 urnosoautenb; 8-NnNacTUHKA; 9-wapuK
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Haxonuresn sHeprud HMEIOT BO3MOXKHOCTb HaKar/HWBaThb
U3JIULLIKY MHEePLHOHHBIX HAarpy30K M BO3BpalllaTh B CHCTEMY,
KOTJIa 9T0 HEOOXOAUMO. BO3MOYKHOCTH KOHCTPYKTUBHOM peaJsiu-
3allMK PUMEHEHHs] HAKOTUTeIel SHEPTHH B MEXaHH3Me HIVIbl
HIBEHHON MallMHbl MOTYT OBbITh pasanunbie. [Ipn 3ToM Heo6-
XOJIMMO YYHUTHIBATH KOHCTPYKIMIO TOJIOBKH [IBEHHOH MAIIHUHBI.
YuuTbiBasi 0COOEHHOCTH KOHCTPYKLMH TOJIOBKH, BO3MOKHOCTH
peasi3alMu 1 MPOCTOTY KOHCTPYKLIMH, ObLIO TPEILJI0KEHO HC-
M0J1b30BATh /IBA BapHaHTa YNPyrux HaKomurTesaed — MJacTHH-
YaThIX M LMJIHHIPUUECKUX BUTBIX MPY:kuH. Ha puc. 2 ykazaHa
MPUHIMIHANBHAS CXeMa YCTAHOBKH TMJIACTHHUATOTO YIPYroro
3JeMeHTa B MeXaHHU3Me WIVIbl LIBeHHOH MaiinHbl. Ha Koner
IITOKA WIJIOBOJUTENST 7 ONHUPAEeTCsl KOHCOJIBHO JiepopMHpy-
emas 3a CueT MHepLIMOHHbBIX HarPy30K JBHAKYLIHUXCS yacTeld Me-
XaHH3Ma yrpyras JactuHa. B BepxHeM KpaiiHeM MoJIozKeHHH
CHJla MHEPUMH JIOCTHraeT MaKCHMaJIbHOTO 3HAaueHHsl, a cuia
YIPYrOCTH TJIACTHHBI YACTHYHO WJIM TIOJHOCTBIO pa3rpyxKaeT
MeXaHH3M OT WHepLUHOHHbIX cui. Hakornsennas cuna ynpy-
TOCTH BO3BPAIlAETC B MEXaHU3M BO BpeMsl TepeMelleHHs
LLITOKA HIVIOBOJMTE/ISI C BEPXHEro KpalHero MoJioyKeHusi BHU3,
TEeM CaMbIM [TOMOTast IPUBOJLY PA3rOHSITh MeXaHU3M. [ TocKoJIbKY,
B HW)KHEM KpaiHeM MOJI0’KEHHH MeXaHH3My HeoOXOJIUMO Bbl-
MOJIHATH TEXHOJIOTHUECKHH Tpollecc — MpoOUBATh TMPOILLIH-
BAaEMbIil MaTepHall, TO CHUJIa UHEPLMH PACXOLyeTCsl, MMEHHO,
LISl BbIMOJIHEHHST 3TOH paboTbl. Takum oOpasom, npejiara-
eMast KOHCTPYKLUs [103BOJIsIeT HaKar/JHBaTh U3JHLLKH UHEepLH-
OHHBIX HArpy30K Ha MPOTS’KEHWH TOJOBHHBI 1IMKJA M BO3Bpa-
1AeT WX Ha TPOTSKEHWH JPYroi MOJNIOBUHbBI LKA, Bunt 10

Jlutepatypa:

MO3BOJISIET PETYJIMPOBATh BEJIMUMHY NPeBAPHTENBHOTO HATAra
B 32BUCHMOCTH OT CKOPOCTHOIO pexkKMMa MexaHu3ma Jyist ooe-
crieueHust 6e30TPLIBHOM paboThl LITOKA OT miacTuhbl. Oji-
HAaKO, JaHHas KOHCTPYKILIUSI, HECMOTPS HA MPOCTOTY H JIETKOCTh
MPH M3TOTOBJIEHUH HE MOKET ObIThb PUMEHeHA B MeXaHH3Max
¢ GOJIBIINM XOJIOM MIJIOBOJUTEIS H3-3a BBICOKOTO HAMPSKEHHS
B niacTune [2].

C Uesblo yMEHbLIEHHS! CHJl COMPOTHUBJIEHUH JBHXKEHHIO
MexaHM3Ma [0 YPOBHsl 11e71eco00pasHOCTH MPUMEHEHHSsI
YIOPYruX HaKomuTesed 3Hepruu HeoOXOAMMO BHECTH H3Me-
HeHHe B KOHCTPYKILMIO HAMpaBJ/sIOUMX I1LUTOKA HIIOBOJH-
Tesist. B wactHocTH, B HanpaBasioONMX HU3ILYIO KHHEMaTHue-
CKYI0 TMapy HeoOXOAMMO 3aMEHHTb BBICIICH KHHEMaTHUeCKOH
napoi, yro GyjeT crnocoOCTBOBATh MepeMelIeHHIO TMOC/Ie -
HEero B HanpapJsiolnX 6e3 O0JbIINX CONPOTUBJICHUN. YKa-
3aHHble KOHCTPYKTHBHbIE H3MEHEHHUST MEXaHU3Ma CIeJ1aloT ero
6oJiee yaauHbIM C TOUYKHM 3PEHHs 1eneco0Opa3HoCTH MpruMe-
HEHHs B HEM yTIPYrOro HAKOTIUTEJIs SHEPTHH.

Ana/sn3 mBeHHbIX MalllMH TO0Ka3bIBAET, UTO JasbHellllee
COBEPLIEHCTBOBAHHE LIBEHHBIX MALLIHUH M HX PAOOYHX OPraHoB,
MEXaHM3MOB JIOJKEH ObITh HarpaBJ/eH Ha MOBbILIEHHE CKO-
POCTHBIX PEXKMMOB, PACUIMPEHHIO TEXHOJIOTHUECKHX BO3MOK-
HOCTeH, yMeHbllIeHHsI TabapUTOB, CUJIOBBIX H SHEPTeTHUECKHUX
nokasareJsiel IBeHHbIX MALLHH.

Takum o6Gpazom Jisi TMOBLILLEHUS TPOU3BOUTEBHOCTH
1 yBeJIMUEHHs aCCOPTHMEHTA BbICOKOKaYeCTBEHHbIX I1IBEHHBIX
u3e Ui HeoOXOMMMO pa3paboTaTh U HayuHO 0HOCHOBATH Ma-
paMeTpbl MeXaHH3Ma UIIbl C YIIPYTroi CBS3bIO.

1. Paxmonos, M. M. u np. KoHeTpyKTHBHOE pellieHre M0 CHUKEHHIO CUJI COMTPOTUBJIEHHH LIMKJINYECKUX MEXaHU3MOB. —
B kH.: MaTepuasibl HayuHO-TeopeTHueckoil KoHgpepenunn «Meroknon-5». — Haou, 1996.

2. Paxmonos, 1. M. u np. Ilytu cnmxennst kospuiyenTta reMn@upoBanus MeXaHU3Ma HIVIbl LIBEHHONH MalllMHbl. —
B kH.: Tes. noks. Hayuno-npakrudeckoit Kondepenunu. — THUTJII, TamkenT, 1996.

"pMHI.IMan NPOEKTUPOBAHUA JHEProaKTUBHbIX 34aHUN

lainbynnaes bexpys, cTyaeHT;
Toxues NHboM MnxomoBuy, cTapwuii npenofasatens
Byxapckuii MHKeHepHO-TEXHONOrYEeCKNit MHCTUTYT (Y36eKkncTaH)

PHOPHUTETHBIMH 3a/la4aMK CTPOUTEJLHON HAyKH W Tpak-

THKH B HACTOsILIIEe BPEMs CTA/IM 3a/1aul SHEPreTHIECKON
9(hhEKTUBHOCTH TMPOEKTHPYEMbBIX APXHTEKTYPHBIX OOBEKTOB
B CHJTy OYeBMJIHOTO 3HaueHUs1 UHAHCOBBIX pakTopoB. [Ipak-
THKa aJIbTePHATUBHOTO CTPOUTEJHLCTBA BbIPAXKAETCSI CETOjIHs
00bEKTaMH, MPEUMYLLECTBEHHO, HebosblIoro Macuraoa,
uTO 0GYCJIOBJIEHO BCE €llle SKCMEPUMEHTANLHBIM XapaKTepoM
JIAHHOH JI€SITE/IbHOCTH U, CJI€0BATENLHO, COMPSIZKEHHBIM C HEH
9KOHOMHYECKUM PHUCKOM, a TaKxKe OTCYTCTBHEM JOCTATOUHbIX
CPEJICTB /ISl peanu3aliii KPYMHbIX PaJIOCTPOUTENbHBIX MPO-
€KTOB, JlaKe€ B SKOHOMHUUYECKH O6J1aroroJiydHblX CTpaHax.

B 1enom pasBuTHE apXHTEKTYPHO-CTPOUTEJLHOIO Tpollecca
onpesiesIsieT CeroiHst SHeproahheKTUBHOE CTPOUTEIBCTBRO.

Kak mokasbiBatoT pesyJbTaThl POTHO3UPOBAHHUST SHEpTe-
THYECKHX MepCreKTHB pa3BUTHsl o0llecTBa, Hanbosee BblU-
IPbILIHBl CETOJHS JIBA IMyTH MOBbILIEHHS 3HEProapheKTuB-
HOCTH 0GBEKTOB CTPOUTE/LCTBA:

1. sKOHOMHEH 3Hepruu IHEPronoTpe-
6J1eHHsT 1 SHEPronoTepb, B T.4. YTHIH3AHEH SHEPTreTHUECKH
LIEHHBIX OTXO/IOB);

2. T1puBJIeYeHHEM BO30GHOBJISIEMbIX MPHPOJHBIX MCTOY-
HUKOB SHEPTHH.

(cHIKEeHHEM
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MeponpusiTusi, COOTBETCTBYIOLLME MPEUMYLLECTBEHHON
OpPHEHTALMH HA OJMH M3 3THX MyTeH, UMEIOT NPUHLMITH-
aJibHble OTJIMYMS U MO3BOJISIOT BBIICIUTD J1BA KJlacca SHEPro-
9(heKTUBHBIX 3]AHUH, UCMOJB3YIOIIMX U HE HCMOJb3YIOIINX
9HEPrUI0 IPUPOJHON Cpebl.

OHEProsKOHOMHUHBIE 31aHHS] — HE MCIOJb3YIOT IHEPTHIO
NPUPOJHON Cpe/ibl (T. €. aJlbTepPHATUBHBIX HCTOYHUKOB) U 00e-
CTEUMBAIOT CHUXKEHUE SHEPronoTpebeHHusI.

OHeproakTHBHbIE 3[aHUS — OPUEHTHPOBaHbI Ha 3-
(heKTUBHOE MCTOJMb30BAHUE 3IHEPreTHUECKOro TMOoTeHIHaa
BHEIIHEH  cpebl  (MPUPOAHO-KIUMATHUECKHX — (DAKTOPOB
BHELUHEH cpellbl) B Le/IIX YaCTHYHOTO WJIM MOJIHOTO (aBTO-
HOMHOT0) 3Heproo6ecreyeHusl.

Nnest sHeproakTUBHbIX 3/1aHHH SIBUJIACH PE3YJIbTaTOM [10-
UCKa MyTell HauboJiee SKOHOMUYHBIX CPEICTB IHEProcHad-
JKEHUs1 OOBEKTOB CTPOUTENLCTBA W T10J[Pa3yMeBAET JIOCTH-
XKeHue 3Tofl uesin 6J1arofgapst BO3MOXKHOCTH IPOU3BOACTBA
9HEPrHU HEMOCPEJICTBEHHO Ha oObeKTe, CyJsilled nepcrek-
THBY T10JIHOTO OTKa3a OT YCTPOHCTBA BHELIHUX HHKEHEPHbIX
cered.

[IpakThka MOKa3bIBaeT, UYTO B COBPEMEHHbBIX YCJIOBHSX
JIAJIeKO He BCerja SKOHOMHUYECKH OMpaBJaHO TOJHOE 3aMe-
LLleHHe TPAHLHOHHBIX SHEPrOHOCHTE/ el BO30OHOBJISIEMbIMH;
B OOJILLLIHHCTBE CJIy4aeB 3T0 0ObACHSACTCA HEBBICOKUM K. I1. I,
MMEIOLLMXCST CETO/IHSl TEXHOJIOTMYECKUX CPEJICTB YTHIW3ALMH
9HEPruu NPUPOJHOH Cpelbl MPU JOBOJLHO 3HAYHTENbHON
ux croumoctu. [Tostomy, Haubosee 1esecO0OpPa3HBIMU MPHU-
3HaloTCsl padHooOpasHble KOMOMHMPOBAHHbIE CXEMbl Hep-
rocHa0KeHHUs1, CoUeTalOLMe HCIIOJb30BaHHEe TPAAHLHOHHDIX
¥ OJIHOTO (HJIH HECKOJIBKHX ) BUJIOB aJIbTEPHATHBHBIX CPEJICTB.

[To uenecooOpasHoOl CTeNeHW SHEPrOAKTUBHOCTH Pa3Jiu-
yatoT 3aHMS:

— ¢ MaJoii 3HeproakTHBHOCTLIO (3amemienue 10 10%
9HEPronoCTynieHnH );

— cpeaneit sHeproakTHBHOCTLIO (3amemtenne 10—60%);

[Ipn Bo3BeneHUH SHEPrOAKTHBHLIX 3AAHHUH CJELYeT YuM-
TbIBaTb CJEAYIOLIMe MPUHLMIbBI MPOEKTUPOBAHHUS HA YPOBHE
IPajloCTPOUTE/IBCTBA, OOGBEMHO-IAHHPOBOYHOTO PeLIEHHUS,
KOHCTPYKTHUBHOTO pelleHHUs], HHAKEHEPHO-TeXHHUECKOro obe-
CrieyeHHs! TerI0BOH 3(PPEeKTHBHOCTH.

Ha yposHe rpagoctpouresbersa:

1. BbisiBsieHHe OJaronpusiTHbIX M HeGJIaronpUsATHBIX
C HEPreTHYeCKON TOYKH 3peHHsl (DaKTOPOB BHELIHEH cpefbl
(NpUPOAHO-KJIMMATHYECKMX W AHTPOMNOTEHHbIX) B paioHe
CTPOUTEJILCTBA M OLIEHKA MX BO3MOXKHbBIX BO3JICHCTBUI
Ha HepreTHYecKuil 6ajaHe IPOeKTHPYeMOro 00bEeKTa;

2. Bri6op mJomanKy CTpouTe bCTBA ¢ HAHGOJBLINM T10-
TEHIMAJIOM SHEPTreTHUECKH GaronpusiTHBIX (paKToOpOB U HaH-
6oJsiee  BBLICOKOH CTEMEHbIO €CTECTBEHHOH 3alllMUIeHHOCTH
OT HeBJIaronpUsITHBIX;

3. llenenanpaBiieHHOE HCMOJB30BAHUE CYLLECTBYIOLIUX,
¥ OpraHu3alysi HOBBIX MPUPOJAHBIX W AHTPOIMOTE€HHBIX (OpM
JanamagpTa ¢ 11eblo KOHIEHTPAUH SHepreTHuecKn 6/aro-
MPUATHBIX U 3aLUTHI OT HEGIarONPUATHBIX BO3AEHCTBUH (haK-
TOPOB BHELIHEH Cpejibl.

Ha ypoBHe 06beMHO-JIaHHPOBOYHOTO pelleHHsT:

1. TloBbillleHNe KOMIAKTHOCTH 06 BEMHBIX (POPM 31aHHUIH
C LEJIbIO CHUXKEHMS YIAeNbHON MJIOLAH MOBEPXHOCTH TEIJIO0-
OT/IauH;

2. Onrtumusauust GopMbl U OpHEHTALMH 0ObeKTa, Ha-
npaBJ/leHHAsl Ha MaKCHMaJlbHOe MCII0Jb30BaHHe OJlarolpHu-
ATHBIX W HEHATPaJM3aLHUI0 HEOJJArONPUSATHBIX BO3ACHCTBUNA
BHELIHEH Cpe/lbl B OTHOLIEHHW 3HepreTHyeckoro OasaHca
31aHMs;

3. O6ecrieuenne 00BLEMHO-TTPOCTPAHCTBEHHOH TpaHC-
(hOPMATUBHOCTH 3/1aHUST KAK CPEJCTBA afanTalid K MeHsIo-
IMMCST BO3JIEHCTBUSIM BHEIHEH CPefpl;

4. BkJiodeHue (MpesycMOTPEHHbIE BO3MOXKHOCTH BKJIIO-
YeHHs1) B OOBEMHO-NPOCTPAHCTBEHHYIO CTPYKTYpPY 3[aHHs
3JIEMEHTOB, 00€eCreuuBalolMX NPUTOK U 3((eKTHBHOE HC-
NoJib30BaHKe SHepruu BHelliHel Cpejibl;

Ha ypoBHe KOHCTPYKTHBHOTO pelleHHs:

1. onTuMH3aUus SHEPreTHIeCKOH MPOHNIIAEMOCTH (H30-
JIUPYIOLLMX CBOHCTB) OrPazkACHHUH C L1e/IbI0 3alUUTbI OT HebJa-
FOMPUATHBIX U HCIOJIb30BAHUST OJ1arONpPUSTHBIX BO3JEHCTBHI
BHELUHEH Cpejibl;

2. TpuzaHHe KOHCTPYKLMAM 3JaHUs JIOTIOJHHUTENbHbIX
(hyHKIMI (BBeIeHHE JIOMOJHUTENBHBIX KOHCTPYKTHBHbIX 3J1€-
MEHTOB), obecrneunBatoluX 3PPEeKTHBHOE peryaupyemMoe
pacripeniesieHie BHEIIHUX U BHYTPEHHUX SHEPreTHUECKHX M0-
TOKOB B IpoLiecce IKCIIyaTalui 00beKTa;

3. obecrieyeHre reoMeTpUUECKOi TpaHchOpMaTHBHOCTH
KOHCTPYKLIMH KaK OCHOBHBIX CPEICTB ajantauuu oObekTa
K H3MEHEHHIO0 yCIoBUH BHelHel Cpeipl.

Ha ypoBHe nH:KeHepHO-TeXHUIECKOT0 06ecreveHHtst:

1. cHmKeHHe sHepromnoTpebeHHsT CHCTEMAMU HHKeHep-
HO-TeXHUYeCKoro obecreyeHus 31aHui U TeppUTOPHI 3a cyer
VJIYULLIEHHST HX TeXHUKO- 9KCIIyaTallHOHHBIX 1ApaMeTpOB;

2. yTWIM3AlUs BTOPUUHBIX IHEPTeTHYECKHX PECYypCOB,
o0pagyloluxes B rpoiiecce QPyHKIMOHUPOBAHUS CHCTEM HH-
JKEHEPHO-TEXHUUECKOTo 0OeCIeueHns 3IaHUI H TePPUTOPHH;

3. obecrieyeHre aBTOMATHYECKOrO KOHTPOJISI W PEryJiu-
pOBaHUs MMPOLLECCOB pacnpe/ieseHHsl SHEPTHH B CHCTEMAX HH-
YKEHEPHO-TeXHHYECKOro obecreueHust 31aHui.

TeruioBast 3hpeKTUBHOCTD.

JI1s1 OLEHKH TeMNJI0BOH 3PPEKTUBHOCTH IHEPTOAKTHBHBIX
yUacTKOB BBeleHbl 0603HAUeHMsT MJIOLIAeH: YIacTKOB SX,
00LLEeH HApYKHBIX OrpakACHHH Sy, CyMMapHOH I10JIe3HOM
31anus Si.

TennioBasi 3(pheKTUBHOCTL YYACTKOB BblpaxeHa OTHO-
wenuem (S, — Sx)/Sn. Ha puc. | nokasana 3aBucHMOCTb
9TOTO OTHOLLEHHS OT STAXKHOCTH 3[AaHUS C YUETOM JOMyLIEHHS,
4T0 K03(P(PULMEHT Teronepenadn Kk Bcex Hapy:KHBIX OTpax-
JIeHNH, B TOM YHC/Je KOHCTPYKLHMH MMOJa, OAHHAKOB, 3a HC-
KJIIOYEHHEM SHEPrOaKTHUBHBIX YYaCTKOB OTpaxKJIeHHsl, /sl KO-
TOPLIX TeMNJIOBOH OajiaHc MpuHAT paBHbiM Hymo (k=0).
BesunHa ynoMsiHyTOro OTHOLIEHUS, CJEI0BATENbHO, TEMJI0-
NoTepHs 3IAHUST CHUXKAIOTCS KaK € YBEJIMUEHUEM TIIOIAIN SX
IHEProaKTHUBHBIX YUaCTKOB, TaK H 0COOEHHO, C POCTOM 3Tax-
HOCTH 3/IaHHSI.

Ha puc. 2 nokasana saBucumMocTb Sx/Sm oT HIMPHHbI
COOPYKEHHSI ¢ pasHoH BbICOTOH 3Taxka HasT, xapakrtephas



“Young Scientist” - #7 (111) - April 2016

Technical Sciences | 57

AJ151 31aHus oGO0 ITa’KHOCTH B Cjlydae, KOTJa IHEProak-
THBHAsT KOHCTPYKIIMSl 3aHMMaeT BCIO MJIOLIA/b HHCOJHpYe-
Moro dacaja.

Kputeprem skonomuueckoi 3(hheKTHBHOCTH 3HeprocoHe-
peraioimx MepOMpHUsATHE AOKEH CIYKHTb MHHUMYM TTpH-
BEJIEHHBIX 3HeprosaTpar. YieJabHble pacxoibl Teraa Ha 1 M2
ofLIell MJolal rpaXIaHCKUX 3[aHUI BO3POC/IH C Hayasa
60-x rogos npumepro Ha 45... 50 %.

OJIHUM M3 IIaBHBIX HATMPABJIEHHH MOBbBILICHHS TEMJOBOH
3 PEeKTUBHOCTH 3AHUI SIBJSIETCS] MOBLILIEHHE KauecTBa
CTPOMTE/BHBIX MaTePHAaJIOB, KOHCTPYKLHMH M HX MOHTa)a.
DKoHOMHUeCKH Hanbosee 3(hHeKTUBHBIMH, a 3HAUHUT, TIPUTO/-
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OjHaKo, cJielyeT OTMETHTb, 4T0 0ObeKTUBHAsT HeOOXO-
JIUMOCTb MOJIHOH 3aMeHbl TPAIMLIMOHHBIX SHEPrOHOCHTEEH
B Omkaiiiine 50 JleT B yCIOBHSIX TOCHOJACTBYIOLIEH OpH-
€HTAllMd Ha CPEIHIOI0 SHEPrOaKTHBHOCTb HOBBIX 3[aHHH
W HX Bce ellle HeOOJIbllIOE KOJIMUECTBO B 00lIeM oObeMe

Jlutepatypa:

HBIMM K LIMPOKOMACIITaOHOMY MCIOJIb30BAHHIO B MaCCOBOM
CTPOUTEJILCTBE SIBJISIIOTCS MACCHBHbIE CPEICTBA HCIOJb30-
BAHUSI SHEPTUU MPUPOIHON Cpellbl, a TAKKe BETPOIHEPreTH-
yecKHe YCTaHOBKHM MaJiod W cpeiHel MOLIHOCTH (JIsl ToJly-
YeHHsl 3JIeKTPOIHEPTHH ) U TETJIOBblE HACOCKI, MO3BOJISIOLINE
YTUJIU3UPOBATh HU3KOMOTEHLMANBLHYIO SHEPTHIO Pa3JIMyHbIX
cpes (Bo3ayxa, rpyHTa, BOJIOEMOB H T.11.) B 11€/I5IX OTOIJIeHHS
U Topsiuero BojocHaGxkeHusi. Hausyuline skoHOMMUecKHe
pesyJbTaThl JaeT KOMOMHUPOBAHHOE HCIMOJb30BAHUE Tlac-
CUBHBIX W aKTHUBHbIX 3HeprocucreM. HauGosee mnporpec-
CUBHOH apXMTEKTYPHOH KOHLEMUHMEH MOXKHO NPU3HATL KOH-
LeNIHI0 OHOKIMMATHIECKON apXUTEKTYPBI.

T

na .

TP R ELANE, M

Puc.2.

06yCJIOBJIMBAET POCT aKTyasJlbHOCTH MPOOJeMbl HHILYCTPH-
a/M3alliu  MPOHU3BOJCTBA 3HEPrHH OT BO30OHOBJISIEMBIX
MPUPOJHBIX MCTOYHUKOB, OPUEHTHPOBAHHOTO HA WCIMOJIb-
30BAHUE U TPAAMLUMOHHBIX, U aJIbTEPHATHBHBIX HCTOYHHUKOB
HEPTrHH.
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u H.T1. CesnuBanoBa. — M.: Crpoituznar, 1988. — 376 c.

3. Y.A. bekman, C. A. Kneiin, JIxx. A. ladpdu. Pacuer cosHeurnoro temyiocHatkennsi. — M.: dueprousaat, 1982. — 79 c.

4. www.engenegr.ru DJEKTPOHHbIH »KypHa/J SHEProCEPBHCHON KOMMAHWH «DKOJOrHuecKol cucrembl» Ne 1, siHBapb

2004r, bymaxenxko O. B.
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Buabl NpUNyCKOB NPy KOHCTPYMPOBAHUM WBEWHbBIX M3 enuni

Fanbynnaesa Haprusa 3ailHMAAMHOBHA, aCCUCTEHT;
PapaboBa ®upaHrn3 Ab3aMoBHa, CTyAEeHT
Byxapckuii nHXeHepHO-TeXHONOrUYeCKNit MHCTUTYT (Y36ekucTaH)

B NpaKTUUECKOH paboTe ¢ LeJ/blo OnpeneaeHns HCXOIHbIX
1 UCKOMBIX TOUEK W JIMHUK Ha (hUrype uesioBeKa MepBo-
Havya/JbHO MPOMU3BOJAT U3MEPEHHUs MoJly 00XBAaTOB, a TaKxkKe
M3MepeHnsl U pacyéT OCHOBHBIX YUaCTKOB MO JIMHUM TPYIH
M TOJbBKO Tepel M3MepeHHeM UIMPHHBI TJeUeBOT0 cKaTa
JIMHUIO TAJIMH MJIOTHO (PUKCHPYIOT Y3KUM PeMENIKOM HJH 3J1a-
CTUYHOH TeCbMOM, KOTOPYIO pacrnoJiaraloT B ropu30HTalbLHOM
noJioxkeHuu. [1pu 3ToM onexKny Ha U3MepsieMOM OIpPaBJISIOT,
HaTSMMBAIOT HHUXKE peMelllka B BepTHKa/JbHOM HarpaBJeHHH
TaK, YTOOBI BEPXHsIst YacTb (PUTYpPBI MpHoOpesna Kak Obl CKYJIb-
NTypHYIO (hOpMYy.

Onerxia cosjlaetcsi ¢ yueToM popMbl U pa3MepoB UTyphI
yeJIoBeKa, HO He siBJIsieTCsl TOUHOH ee Kornued. CrerneHb Mpu-
JIeraHHsl OJIEXKIbl HA PA3HbIX ydacTKax (Urypbl HEOJMHAKOBA.
Y4acTKH KOHTAKTOB HA3bIBAIOTCSI OMOPHBIMH MTOBEPXHOCTSIMH.
B 3aBucHMOCTH OT BH@ OMOPHON MOBEPXHOCTH OJIEXK/LY TMOJ1-
pasnessioT Ha TUledeBylo (TIaThbe, XKAKET, KypTKa, MajbTo)
1 NosicHY10 (106KH, GPIOKH ).

Ha yuactkax onopHbIX MOBEPXHOCTEH, MEXKy OJEXKI0H
U TEJOM ueJOBeKa, CYLIECTBYIOT BO3AYyLIHble 3a30pbl, KO-
TOpble HEoOXOAMMBI JI/Is1 obecrieueHust CBOOOMbI JbIXaHHs
U JIBUXKEHHMH, HOPMAJIbHOH YKU3HEACATEJILHOCTH YeJOBEKa.
Paguuily mMexkiy BHYTPEHHHMH pa3MepaMu OfIEXbl U COOT-
BETCTBYIOLIUMH pa3MepaMu TeJsla YeJloBeKa Ha3bIBAIOT MPUITY-
CKaMH Ha cBoOOJIHOe obJieraHue.

[Ipu KOHCTPYMpPOBAHUM OJAEKIbI Pa3MEpHble MPU3HAKHU,
NoJlydeHHble MyTeM H3MepPEeHHs] KOHKPETHOH (DUTYpbl 4esio-
BeKa WJM B3siTble M3 TaOJHll aHTPONOMETPUUECKHX H3Me-
peHMI TUMOBBIX (DUIYP, COCTABJSET JIMIIb YacTh U3MEPEHHS
COOTBETCTBYIOILETO yyacTKa OJIeXK/bl, TeM 0oJiee YTO H3Me-
peHusl TPOU3BOJST OAMHAKOBOIO /I BCEX BUAOB BepxHeEl
OJIEXKJIbI.

Kaxknoe U3MEepeHHe U3Iesus
10 Jito60# KOHCTPYKTHBHOM JIMHUH, JICXKALLEH HA €ro MoBepX-
HOCTH PaBHO aHaJIOTHYHOMY HW3MEPEHHIO MOBEPXHOCTH TeJsa
yeJIoBeKa MJIIOC TMPUIYCKU Ha cBOOOAHOE obJieraHue M JIeKOo-
pPaTHBHO-KOHCTPYKTUBHOE 0hopMIIeH e,

[TosToMy Mpu MOCTPOEHUU uepTeKel K MOJyYeHHbIM U3-

JIMHEHHOoe LLIBEHHOTO

MepeHHsIM PacCUMTHIBAIOT CrelHabHble MPUITYCKH: Ha CBO-
6oznHoe obmeranue, CUIY3T U GopMy Ha TOJIIHHY MaTepHaIoB
1 yTemnJsiiolle MPOKAAIKK. DTH MPUMYCKH J0JLKHBI o6ecrie-
4MBaTh CBOOO/LY IBUXKEHHH YesioBeKa, Co3/1aBaTh BOSLYLIHYIO
NPOCJIONKY, PeryJupytollyto HeoOXOAUMbIH TenjaooOMeH, OT-
BeyaThb JICKOPATHBHO-KOHCTPYKTHUBHBIM TPeOOBAHUAM B COOT-
BETCTBHMHU C 3CKM30M MOJICJH.

[Ipunycku Ha cBoGOMHOE obJeraHue, CHUIysT H opmy,
TOJILLMHY MaTepHasoB U MPOKJAI0K AAI0T K IIMPUHE U3JIeIHS
10 JIMHUSIM IPY/H, Talud U O6€1ep, K IyOuHe MpOHMBI, JIIHHE
CTIUHKH M TOJIOYKH, LIMPUHE TOPJOBMHBI CITUHKH [OJOUYKH,

LIMpUHE TOPJIOBHHBbI CITMHKM M TIOJIOUKHM, LIMPUHE PYyKaBa,
JUIMHE U3e]HS U PyKaBa.

[Tpunycku Ha cBoOojpHOe obJsieraHue BKJOYAlOT B cebst
TeXHUYECKHE U IEKOPATHBHO-KOHCTPYKTHBHBIE.

TexHuvecknit — 3T0 MUHUMaJIbHO HEOOXOIUMbBIH TIPUITYCK
JUISl CO3J1aHUs HOPMaJIbLHOTO MHKPOKJIMMaTa BOKPYT TeJsa ye-
JIOBEKA (JIbIXaHHUs1, IBUAKEHHS, PEryJHPOBaHUs TennooOMeHa,
KOYKHOTO JIbIXaHHsi), T.€. KOM(OPTHOro cocrosiiusi. B Hem
YUUTBIBAETCS W MPUMYCK HA TOJILIMHY TKaHWU (6e3 yTerJisi-
tolel npokaaaku). Ha yrensioniyo npokaaaky naercs Jo-
MOJTHUTENbHBINH MPUMYCK, 3aBUCSILIMHA OT ee TOJIIMHBI. Tex-
HHUYECKHH MPUIYCK JAeTCsl TOJMLKO K MONepeyHbiM pa3Mepam
uznenust. Ho uHorna on mMoxket npubaBJsiThesl U K JJIHHAM
(ecin W3nenue C MosicoM, CTArMBalOUMM QUTYpy, TO He06-
XOJIUM Hamyck Jijist cBOOOIbI JBMKeHusi). [lpunyck takxe
YUUTBIBAETCS B pyKaBax ¢ MamxKeTaMM Jisi 00pa3oBaHus Ha-
MycKa BHHS3Y.

BesiunHa TeXHMUECKOro MpHUITyCcKa YCTaHOBJIEHA aHTPOIIO-
JIOTAMH U TUTHEHHCTAMM, OHA 3aBMCUT OT BUA uazesus. Ha-
npumep, A/ ObITOBOH ONEK/bl MPHITYCK YCTAHABJIWBACTCS
MCXOJIl U3 HEOOXOJAMMOCTH CBOGOJIbI JIbIXaHUs, a Il TIPOU3-
BOJICTBEHHOH M CMeLHaNbHOH OJ€K/bl UCXO/s U3 H3MEHEeHUH
TeJsla MU Pe3KHX JIBHKEHHSIX.

Texnuueckuit npurnyck k o6xsary rpyau (Or) umeer mo-
CTOSIHHYIO BesiuuHy. Hanpumep, as nsaTtbsl oH paBeH 2cw,
JUIS KYPTKH M 2KakeTa 3CM M T.M. BejauuuHa aekopartuB-
HO-KOHCTPYKTHBHOTO TIPUIYCKA 3aBUCHT OT MOJIbI, CHJy3Ta
W BUAa uanenus. [1punyckn MoryT naBaThbest Kak mo 1MpHHe,
TaK M 1o JyuHe. JleKopaTHBHO-KOHCTPYKTHBHbIE TpH-
MyCKK MOTYT HMETb HyJIeBO€ 3HaueHHe, Harnpumep B toOKax
1 OpIOKax, WK yBeJuuuBatThest 10 20 cm.

Jlnst yrpolieHusi pacyeToB B 1pollecce KOHCTPYMPOBAHHS
OJ1€2K/Ibl UCITOJIb3YIOT CyMMApPHDIH MPUITYCK HA CBOOOAHOE 00-
JleraHye, B KOTOPBIH BXOAAT W TE€XHHYECKHH, W JI€KOPATHB-
HO-KOHCTPYKTHUBHBIH npunycku. O6Go3HadaloTesi MPUITYCKH
Ha cBOOOIHOE 0bJIeraHue PONUCHON OYKBOH pyccKoro aJida-
Buta — [1.

WMupneke y nponucHoil OYKBbI TOKA3bIBAET, KAKOMY yUaCTKY
COOTBETCTBYET JIAHHbIN MPHUIYCK, Harpumep: npumnyck [It —
Ha YpOBHE JIMHUHU TPy, JI1c — npunyck K IHpHUHE CITHHKN
UT. 0.

BesMuuHbl IPUIYCKOB, MX COYETaHHE MO0 CHJyITaM pas-
pabaTblBalOT MOJEJIUPYIOLIME OPraHU3alUK BMeCTe ¢ HopMa-
TUBHO-TEXHHUYECKOH JIOKYMEHTAllMeH Il MPOEKTHPOBAHHUS
onexkbl. TexHUUeCKUl MPHUIYCK MO JIUHUH TPYIH SIBJSETCS
MUHHMaJIbHO HEOOXOIMMOM U MOCTOSIHHOW BEJIMYMHOK HA CBO-
OoyiHOe OOJieraHue M3JIeHSl U HE 3aBUCUT OT MOJACIM U U3-
MeHEeHHH B Mojie. B 3aBUCHMOCTH OT BuJa u3zesust (Majsro,
JKAKET ) TEXHUYECKHH TPUIYCK MO JIMHUK TPYH PACCUUTBIBAIOT
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MCXO/sl U3 BHIA W CBOHCTB NMPUMEHSIEMOTO OCHOBHOIO Mare-
puasna.

JIoist u3nesust KOCTIOMHOM TpYMIbl TEXHUUECKUH MPUITYCK
Mo JIMHUK TPyau paBeH 3—3,5CM, a YCJOBUSI NTPUMEHEHHUsI
Takde Ke, KaK W JUIsl MajibTo, T.e. JJIsT U3AeNHs U3 TOHKHX
TKaHel MPUIYCK MHHHUMAaJbHBIA, M3 CPEIHUX — CPEIHHH,
M3 TOJCTBIX — MaKCHMaJibHbli. OjiHaKo cjenyeT HMeTb
B BUJLY, UTO €CJIH XKAKET LIbIOT U3 MaJIbTOBOH TKAHH, TO TEXHHU-
YECKHUH MPUITYCK NepecMaTPUBAIOT B CTOPOHY €r0 YBEJHUEHHS,
MCXO/I M3 BUJA U TOJILIMHbI TKAHH.

B npakTHKe KOHCTPYMPOBAHHUS OJIEXK/Ibl TEXHUUECKUE TPH -
TMYCKH MO JINHUSIM TaJuu 1 Geliep He pacCuUThIBAIOT.

Hapsiny ¢ TeXHMYeCKMM MpPHITYCKOM MO JIMHUH TPyau
6oJibllIoe 3HAUEHHE MMEET JE€KOPATUBHO-KOHCTPYKTHBHBIN
npunyck IT, . OTJIHYalOWMACA OT MepBoro CBOMM HasHa-
UeHHeM M MMEIOIMH HCKJIOUMTENIbHO BayKHOE 3HAUEHHE
TPU CO3IAHUH CUITYSTHOH (DOPMBI H3AEMHSI.

Tak, mpy MpOeKTHPOBAHUU W3AENHs TPHUJIEralollero CH-
JIy3Ta U CTPOTOH (hOPMBI IEKOPATHBHO-KOHCTPYKTUBHBIH MTPH-
MyCcK MO JIMHUM Tpyid MuHuMasbhbli (0,5—1), a npu npo-
EKTHUPOBAHUH  H3JIQJIMH  MPSAMOro  CBOOOJAHOTO — CHJy3Ta
JIEKOPATHBHO-KOHCTPYKTUBHbBIH MPUITYCK MO JIHHHUHU TPyJIH
yBesinuuBator 1o 6,8 uiu 10 cm.

Pasmep 1eKopaTHBHO-KOHCTPYKTHBHOTO TMpHIycKa 3a-
BUCHT OT MHOTHX (haKTOPOB, I0ITOMY €ro He BCErJa MOXKHO
TOYHO YCTAHOBUTb 0€3 H3roToBJEHHsT 00paslla WM Makera,
0COOEHHO ISl U3ACTUH CJIOMKHBIX CHIY3TOB WM Ha (PUTYPbI
C OTKJIOHEHUSIMH OT YCJIOBHO-MTPOTOPLIHOHAJBHbIX.

Hanpumep, cyuiectByer onpenenénnasi  3aBUCHMOCTb
MeXJy JeKOPATHBHO-KOHCTPYKTHBHBIM MPHITYCKOM M Te-
JIOCJIOXKEHHEM YeJIoBeKa: YeM: MoJiHee KEeHUIMHA, TeEM OTHO-
CUTesIbHO MeHblue [T, 1 Hao6OpOT, /151 XYIbIX U BBICOKHX
skenwuH I1, - 6osbine. OTciona cieyeT BbIBOJ, UTO MEXKLY
pa3MepoM vesoBeKa W JE€KOPATHBHO-KOHCTPYKTHBHbBIM TpH-
TMYCKOM CYILIECTBYeT 06paTHasi 3aBUCHMOCTb, & MKy POCTOM
1 IEKOPATHBHO-KOHCTPYKTHBHBIM MPHITYCKOM — TIpsimMasi.

Kpome Toro, BesqMuMHa 1€KOPaTHBHO-KOHCTPYKTHBHOIO
MPUITYCKA 3aBUCUT OT NPUMEHSIEMbIX OCHOBHbBIX MaTepHaJIOB.
Tak, n/1s1 u3nesuii U3 TOHKUX, HO YKECTKHX U MJIOTHBIX MaTepH-
aJI0B JIEKOPATHUBHO-KOHCTPYKTHUBHBIH MPHUITYCK 4acTo GoJbllIe,
ueM It U3/IJIUH U3 TOJICTBIX, HO MSATKHX H PbIXJIbIX MaTepH-
aJloB.

CymMapHbiil (061IHH) MPUITYCK 3aBUCHT OT BHUJA M3JIEJHS
M €ro CHUJy3THOH (hOpPMbl M COCTOMT M3 CyMMbl BCEX MpUMe-
HAEMbIX MPUITYCKOB MO OCHOBHBIM KOHCTPYKTHBHBIM T0siCaM
LIMPUHBI U3JEHS: TPYIHOMY, TaJMeBOMY, GEIPEHHOMY.

OO61mil MpUMyCcK MO JMHUM TPYAd AJIsT AE€MHCE30HHBIX
W JIETHUX H3JIeJUH B OTAEJbHBIX MOJESX MOXKET COCTOSITh
TOJILKO M3 TeXHHYecKoro npurmycka. Torna dopmysy pacuera
0011ero NpuIlycka 3anucbiBatoT B caenytotem suae: [T, =TT |

Hanpumep, npu M3roTOBJEHUH JIEMHCE30HHOIO MaJbTo
MPUJIEralollero CUIysTa Ha KOHKPETHYI0 (DUIypy B 3aBHCH-
MOCTH OT TOJILMHBI MPUMEHSIEMOTO OCHOBHOTO MaTepHhaJsa
(CM. TeXHUUECKHUH TIPUMYCK 0 JIMHUK IPYJIH ) OO MPHITYCK
10 JIMHUK IPYJIH MOKeT ObITh paBeH 4—5c¢m, T.e. [1, =TI, . =
4—5cm

OO6uMH NpUNycK MO JIMHUK TPyAd IS JAE€MHCE30HHbIX
W JIETHHUX U3JIEJIMH MOXKET COCTOSIT M3 TexHuueckoro [1. . u ae-
KOPaTHBHO-KOHCTpyKTHBHOro 1. | mpunyckos, Torma cop-
MyJly pacuéra o01lero MpUIycKa 3anuChiBAIOT B CELYIOIIEM
upe: [T =TI, +T1 .

MPHUIYCKOB  JIOTIOJIHUTENbHO — PACCUMTHIBAIOT — MPHUITYCK
Ha YTEIUISIOULY0 MPOKJAKY, BEJIUYHHA KOTOPOTO 3aBMCHT
OT BUJIA W TOJILIMHBI CJ10S1 YTEIUISIOWEN MPOKJIAIKH H MOKET
ObITb OT 1,5 10 6¢M

OO0 TPUNYCK Ha YTEMJSIONLYI0 MPOKJIAIKY M0 JHHHSAM
rpyau, Taauu U 6enep GepyT paBHbIM TPEM TOJILIMHAM CJIOsI
npUMeHsieMoro yrenJsiottero marepuana (3h), T.e. I, = 3h,
e h — ToJIlKHA OJIHOTO CJ10s1 YTEIISIIOLLEro MaTeprasa.

[Ipunyck Ha yTemJsiiolLyto NPOKJIAAKY MO JIMHUH TPyau
[, , pacCuMTBLIBAIOT 1O MPHITYCKAM JIE€MHCE30HHBIX M3JEJHI.
Hanpumep, st 2KeHCKOTO JE€MHCE30HHOTO MNaJbTo MpuJe-
ratolero cusysrta npunyck [, = 5,6cm, Torna aauHa noJy-
o6xsata najero I, = Cy + I, = (48,4+5,6) cm = 4 cm,
apanuyc R . =1,. 7 = (54:3,14) cm = 17,2 cm.

ITOT MPUIYCK 110 JUHUK rpyau [1. /1 3UMHHX u3aesuit
COCTOUT M3 CYyMMbl BCEX MPEIYyCMOTPEHHBIX NpunycKoB. Tak,
obuw# npunyck I, ast 3uMHero najsTo MpuJeraioLulero cu-
JIy3Ta MO2KET COCTOSITh U3 TEXHUUECKOTo npunycka [ 1, ut npu-
nycka Ha yrensisiouiie marepuasbl I, e TT =TT+ TI,

[Tpenmnosioxkum, Tpebyercst paccuutaTbh OOUIMH MPUITYCK
10 JIMHAM TPY/M /151 3MMHET0 MaJIbTO MPUJIEratollero cuiysTa
U3 TOHKOH OCHOBHOH TKaHH.

[Tpunyck I'1,  6yner MunumanbhbiM, T.€. [T, = 4 cm.

Tonuwmny ciost  yrenusistioniel  MpOKJaiAKH — PacCuHThI-
BalOT B 3aBUCHMOCTH OT BHJAa W CBOWCTB OCHOBHOIO MaTe-
pHasa: ueM TOHbLIE W TEMJONpPOBOJHEe OCHOBHON MaTepuall,
TeM TodIlLe 6epyT CJI0H yTeIIsIoLLEero MaTeprasna, U Ha06opoT.

K pyivbHe cmuHKY 10 TUHUK TaJHH Il

K BbIcoTe njieya Kocoi CruHKH I1

K nivne nepena 10 JMHUK Tanun I1

K BrbIcoTe nyieua Kocolt nepesa I1

Ha cBo6omy npotimbl o riy6une I1

K wmnpune ropsioBUHbI CIMHKK W MOJIOYKH [1

K riy6uHe ropsioBUHbI MOJOUKH I1

K nnune usnenus I1
K o6xBary nsieua Ha 1IMPUHY pyKaBa BBEPXY I, ..

[TepeuncyieHHbIe MPUTTYCKH HYKHBI JIJIS CO3/IaHNS XOPOLLIEH
Nocajiku H3fe/us Ha Urype yesoBeKka, a Takxke HeoOXO/H-
MOro cBOGOIHOrO obJieraHusl Ha TAKHX BaXKHbIX W HauboJee
OTBETCTBEHHbIX yUaCTKaX, KaK ropJoBuHa, npoima u 1p. [1pu-
MYCKHU TI0 JIJIHHE JTUa I0JXKHbI 00eCNeUnThb MPaBUJILHO M0JI0-
JKeHHe JIMHUHK TaJu| U3IeJHs 10 OTHOILIEHHIO K JIHHUY TaJnu
(hbUrypbl UesloBeKa BO BCEX M3IEJHUSAX, H OCOOEHHO B H3JIEJIHSX
C OTPE3HBIM JIM(OM HIIH OTPE3HBIMH GOUKAMH, MJIACTPOHAMH,
JIEKOPATUBHLIMH CTPOUYKAMH B 00J1ACTH TaJIMH U T. I1.

[Ipy mocTpoeHHM yepTexka H3AENUS CJACAYeT TOMHHTD,
UTO TH TIPUIYCKHU HE MOTYT ObITh OITUHAKOBBIMH H TeM GoJiee
MOCTOSIHHBIMH J1aKe JI/Is1 H3/IeJIMH OIHOTO BU/A; OHH 3aBUCST
OT MHOTHX (DaKTOPOB: BOJIOKHUCTOIO COCTaBa, CTPYKTYPbI
W TOJILLMHBI OCHOBHOTNO MaTepuasa, MPUKJIaIHbIX MaTepH-
aJI0B U YTEMJISIIOLLEH MPOKJIAIKH, CTENEHH YCAAKH U TIPH Tex-
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HOJIOTHYECKOI 00paboTKe U3e/Hs, a TaKKe BUA, CTPYKTYpPbI
¥ TOJILLMHBI ME3JPbl U BbICOTbI BOJIOCSIHOIO MOKPOBA MeXO-
BOr0 BOPOTHHKA, €r0 JJIMHbI M LIMPHHBI, 1E€KOPATUBHO-KOH-
CTPYKTHBHBIX H TEXHOJIOTHUECKHUX 3JIEMEHTOB, KOTOpble GoJiee
TOUHO MOTYT ObITh YUTEHbI TOJBKO MPH U3y4eHUH KOHKPETHOH
MOJI&JTH HJTH 3CKH3a.

Oco6oe BHHMaHHE CJIelyeT YAeaTh pacueTy MpHITYyCKOB
K JJIMHE CIIMHKM M Nepeia 10 JHHHUM Tajid, BbICOTE Ilj1eya
KOCOH CIUHKHM W Mepela, Tak Kak C MOMOIIbI0 H3MepeHUN
Mo uedHo-1JIeUeBOMY H IPYJIHOMY KOHCTPYKTHBHBIM MOsIcaM
(Urypbl UeJIOBEKA W COOTBETCTBYIOIIMX TPUIYCKOB CTPOSIT
yepTexK OMOPHOH YACTH TJIEUEBOTO U3/IENHSI.

Jlutepatypa:

I.  Kypenosa, C.B., CaBesnbesa H.1O. «Koncrpynposanue ogexnasi», Pocros na lony, ®ennke. 2003 1.

2. Kuuemazona, J1. H., Masbiesa 1. 9. «KoHerpynpoBaHue, MoJie/IMpOBaHKUE U TEXHOJIOTHU oiexK/bl», PocToB Ha JloHy,
2001 r.

3. bepmnuk, T.O., Hexmonosa T.T1. «Jluzatin koctioma», Pocros Ha [lony, @enuxe. 2000 .

4. Tlerymikona, [ U. «I1poekrupoBanue Koctioma», Manarensckuii entp, 2004 r.

OnpepeneHne MaKCUMaIbHOW PasHULLbI BpEMeHU HAKOMJIEHUA rpy3a
Ha NPAMYIO U C60PHYIO KOHTEHHEPHYIO OTNPABKY

I'pmumosa ﬂ,VIaHa |'0prBHa, KaHAMAAT TEXHUYECKNX HayK, [OLEHT
C1OMpPCKMit rocyaapCTBEHHbIN YHUBEPCUTET NyTelt CoobLieHus

B CBfI3M C pa3BMTHEM KOHKYPEHIIMHM B TPAHCIIOPTHOM CErMeHTe, IS yJlep>KaHus PbIHKA MepeBO30K Psi/l TPAHCITOPTHBIX KOM-
MaHU# BbIHYKAEHbI PHHUMATh JIeFICTBEHHbIE Mepbl, HalpaBJeHHble Ha Pa3BUTHE KJIHEHTOOPHEHTHPOBAHHOCTH U TOBbI-
1LIEHHsT KOHKYPEHTOCITOCOOHOCTH.

BaxkHbIM HampaBJsieHHeM, Ha KOTOPOM BO3MOKHO MOBbIlLIEHHE KOHKYPEHTOCMOCOOHOCTH »KeJ1e3HOI0POKHOI0 TpaHcnopTa,
SIBJISIETCS] TTePEBO3KA «JIOPOTHX» BBICOKOIIOXO/IHBIX FPY30B MEJIKUMH NMapTUsiMU. B HacTosiiiee Bpemst 3TH rpy3bl MepeBo3sTCs,
TJIaBHBIM 06pa3oM, aBTOMOGHIbHBIM TpaHcrnopToM. OCHOBHOH MPUYHHOH BBICOKOH KOHKYPEHTOCMOCOOHOCTH aBTOMOOUIBHOTO
TpaHCNopTa, siBJsercst ObICTPOTa U MPOCToTa OPOPMIICHHUS MePeBO3KH. BOJILIIMHCTBO IPy300TIIpaBUTEIEH KaJyloTCsl Ha U3-
JIMLIHE TPOMO3JIKYIO H OI0POKPATHUECKYIO CHCTEMY O(OPMJIECHHST TEPEBO30K, U €CJIH JIJIS MACCOBBIX I'PY30B, 9TOT (PaKTOP He sB-
JISIETCS CTOJIb 3HAYUMBIM, TO JI5l IPY30B, IEPEBO3UMbIX MEJIKHMH NapTHSIMH, 9TOT (DAKTOP CTAHOBUTCS PELIAIOLIHUM.

B yc/10BUSIX 2KeCTKOH KOHKYPEHIHH CPeIM TPAHCIOPTHBIX KOMMAaHUH 151 TIOBbILIEHUsS] KOHKYPEHTOCTIOCOOHOCTH »KeJIe3HO-
JIOPO’KHOTO TpaHcrnopta HeoOXOANMO MaKCHMalbHO OPUEHTHPOBAThL €ro Ha YAOBJETBOPEHHE U TPEABHAECHHE HYXK/ KJAHEHTOB.
JI71s1 yero Heo6XOAMMO MPEIOCTABJSATH TaKHE YCIYTH KaK J0CTaBKa IPy30B «TOUHO B CPOK» W «OT JIBEPH JIO IBEPH», OpPTaHH-
3alus cOOPHBIX KOHTEHHEPHBIX OTIPABOK, MOBbILIEHHE YPOBHSI CepBHca Ha CKJIAJICKHX KOMIUIEKcax W ap. B KOHKypeHTHO
6opbbe B chepe rpy30BbIX MEPEBO30K Y 2KeJ€3HONOPOKHOIO TPAHCIIOPTA UMEETCsl Psi/L NPEUMYLLECTB: HaJMYHe Pa3BUTON HH-
(hpacTpykTypbl, GOJILIION OMbIT U OTJIAXKEHHAs] TEXHOJIOTHST paboThl ¢ KJaneHToM. KpoMe Toro, B CBSI3H C pecTpyKTypu3alluen
OAO «P)KI1» BbiesieHbl [oUepHHe KOMIAHHH U CTPYKTYPbI, CIIELHATU3HPYIOLIHECs HA OKA3aHUHU MaKeTa YCJIyT [0 HarnpasJie-
HUSIM CBOeH JiesiTesbHOCTH, Takue Kak [TAO «TpancKoHTeitHep», KOTOpOe MOXKET OKa3bIBaTh JIOObIE YCIYTH, CBA3aHHbIE C KOH-
TEHHEPHBIMH MEPEBO3KAMH; JUPEKIUS 110 YIPABJEHHUIO TEPMHHAJIBLHO-CKIAJICKUM KOMIJIEKCOM, KOTOPO€e MPENoCTaBJsieT -
(heKTHBHBIH KOMIJIEKC MTOTPY30UHO-PA3TPY30UHBIX H T€PMUHAJBHO- CKJIAICKUX YCJYT MO BCeH ceTH xKesesHblx gopor PO; OAO
«P)KIT Jlorueruka», KoTopoe MOKeT MPOU3BOAUTh YCJIYTH 110 YIIAKOBKE IPy30B, COPTUPOBKE, KOHCOJIUIAALIMH, OTBETCTBEHHOMY
XPaHEHHUIO, TAMOXKEHHO-OPOKEePCKUE YCAYTH, TPAHCIOPTHBIA ayTCOPCHHT, a TakKxKe CEPBUC JIOCTABKU COOPHBIX TPYy30B MO BCeH
Poccun u CHIL

B cBsigu ¢ TenpeHuuer yBeJInueHNs] MEPEBO30K TAPHO-YIMAKOBOUHBIX W KOHTEHHEPHBIX IPy30B B KPYMHOTOHHAXKHBIX KOH-
TeliHepax NMPeyCMOTPUM TEXHOJIOTHIO B3aUMOJIEHCTBUS TPEX CTPYKTYP, CBA3aHHBIX C XKeJe3HOM0POXKHbIM TpaHcnoptoM (OAO
«P)K]1 Jlorucruka», [TAO «TpancKonreitnep», mupekiiust o yrpaBjieHHI0 TepPMHHANBHO-CKIAICKUM KOMIJIEKCOM ), TIO opra-
HH3alMK IePeBO30K MEJIKHX OTIIPABOK C TAPHO-ILUTYYHBIMU FPy3aMH B O0JIbLIETPY3HbIX KOHTeHepax.

OTnpaBJsiTh MeJKHE OTIIPABKKM B KOHTEHHEpax MOXKHO IO IBYM BapHaHTaM: HAKaIJWBaTh IPy3 Ha CKJAJE B aJpec OJHOTO
noJlydatesisi 10 LeJIoro KouteliHepa uiu GopMHUpPOBaTh COOPHBIE OTITPABKH OT PA3HBIX I'PY30BJIA/IE/bIIEB B apeca Pa3HbIX KJIH-
€HTOB, CJIEYIOLIHX 110 OfIHOH CTAHLIMK HAa3HAUEHMUSI.

Ha rpysoBom nBope cranuuu baphayn ectb ckianckue KOMMJIEKChl KpbITOro THNA. B mpeabityinx pa6otax paccmaTpua-
Jlacb BO3MOXKHOCTb MOJIEPHU3ALIHH CKJIAJICKUX KOMIJIEKCOB B COOTBETCTBHH C COBPEMEHHBLIMH TPeGOBaHUSIMU KiMeHTOB. Kpome
TOTO, HAa TEPPUTOPHUH CTAHLMH HAXOAUTCS KOHTEHHEPHAs! MJIOLIA/IKa, IJle nepepadaThiBaloTCsl KPYIHOTOHHAXKHbIE KOHTEHHEpHI.
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[Tpu B3aumojeiicTBuN ¢ KoHTelHepHo# muoiankoi [TAO «TpancKoureiinep» u ¢ yuactuem komnanun OAO «PHK]L Jloru-
CTHKA», MOKHO MPELyCMOTPETh TEXHOJIOIHIO (hOpMUPOBaHHsi COOPHBIX OTIIPaBoK. COOPHbIE OTIPABKH TPEGYIOT MEHbBILIETO Bpe-
MEeHH /1151 HAKOTIJIEHUS IPy3a Ha 11e/Iblil KOHTeHHep, HO GOJIbILIET0 BpeMEHH Ha LIEHTPAJIH30BAHHYIO JI0CTABKY PY30B OT CTAHLMH
Ha3HaueHus J10 notpeduTesed.

Heobxommo onpenesuTh Npu KaKOM BPeMeHH HAKOTJIEHHS TPy3a Ha KOHTEHHEPHYIO OTIPABKY BbITOJIHEE OTIPABJATh MPY3
cOOPHOH OTTIPaBKOM, a MPH KAKOM, KOHTEHHEPHOH OTIPaBKOH B ajipec OJHOro noJydatens. st 3Toro Heo6XoiMMo CpaBHUTh
3aTpathl IPH OTIPaBJIEHNUH Ipy3a KOHTEHHEPHON OTIIPaBKOM B a[ipec OHOTO0 MoJiyyaTesisi U COOPHON KOHTeHHePHOH OTIPaBKOH.

3arpaTtamu Mpu OTIpaBJeHUH IPy3a KOHTEHHEPHOH OTIIPABKOM B OJIUH aJpec sIBJISIIOTCS 3aTpaThl Ha HAKOIJIEHUS IPy3a U 3a-
TPaTbl HA €ro I0CTaBKY JI0 CKJIajla MoJydaTels:

R )
Sgo = Mgy ' O + 3% (1)

IEC gacT

e Heaeq — BPEMsl Ha HAKOIJICHHUSI IPy3a Ha KOHTEHHEPHYIO OTIIPABKY, CYT;
TEUT .
S — 9KCIUIyaTallMOHHbIE 3aTpaThl cKaaza, py6/ cyT;

35_{"3

gocr — 3aTPaThl HA JI0CTABKY rpyaa, py6/cyr.
3aTtpatamu MpH OTMpaBJAEHHH Tpy3a cOOPHOH KOHTEHHEPHOH OTMPABKOH SIBJISIIOTCS 3aTPaThl HAa HAKOTIIEHHUS TPy3a H pa3Bo3
rpy3a 10 KJAHeHTaM:

_ . o CEOT o3
3IZZE'CI:I = Ny 333: + S,qu:-r:rv (2)
e e — BpeMsi Ha HAKOIJIEHHUsI Ppy3a Ha COOPHYIO KOHTEHHEPHYIO OTIIPABKY, CyT;
3;";;. — 3aTpaThl Ha JIOCTABKY IPy3a C y4aCTHeM 3KCIeauTopa, pyo,/ cyT.

B paccmaTpuBaemblx pacyeTax NPUHSTBI CJAELYIOLMe A0NYLIEHHs: MapTHH NPELbSBJSEMOro rpy3a npuMepHO paBHbl ApYyT
JIPYTy; NapTHU IPy3a MPEIbABISIIOTCS PUMEPHO Yepe3 OMHAKOBbIE TIPOMEXKYTKH BPEMEHH.

Ha pucynke 1 cxeMaTHuHO MOKa3aH NpPOLECC HAKOIJIEHHS IPy3a HAa KOHTEHHEPHYIO OTIPABKY B apec OHOTO MoJydartess.
Ha pucynke 2 nokasan npoliecc HaKkoIJIeHHsl Ipy3a Ha KOHTeHHepHylo cOOPHYIO OTIPaBKy. PasHulia Mex1y BpeMeHeM HaKo-
MJIeHHs1 110 TIEPBOI U BTOPO TEXHOJIOTHSIM 0OC/TYKHBAHUSI KJIHEHTOB 0003HaueHa S, .

% 'k ! 5 T
NpagbAsneHnS RapTIA Y \ L L Y 1'-.
FEyaa \ \\_ b \ 5
AY, h "y Ay
- i -4 Ay
Hakonnedmes napmwa | | =
nayaE o1 Mo o it
s i TS TR Mgz
myaa or Mo,
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__,
-
e

M i i il T & 3
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Puc. 2. luarpamma HaKonieHUA rpysa Ha c60pHYI0 KOHTEHEPHYI0 OTNPaBKY

ILHH Bb]60pa BUIa OTTIPABKHU OTPEAC/IUM TPEACJbHYIO PASHUILYY BPEMEHH HaKOTIJICHUsI Tpy3a Ha KOHTQIjIHepHyIO H C60pHy}O

KOHTEHHEPHYIO OTIPaBKY ATl ., :
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Ec,-'a _36,-'3
__ “YmoecT T faocT
maE 2 CHN > (3)
L

An

JKCryaTallMOHHbIE PACXOJIbl CKJIAJA OTIPEAESIOTCS 110 hopMmyJie:

3o (12 $30+E4+ EP+ 23+ EH)+1,3
3K 965 ’ (4)

rie 1,8 — ko3t hULMeHT, yUUTbIBAIOLLIMI OTYHCIEHHS HA COLIHA/IbHOE CTPAXOBaHKeE, 3aTpaThl Ha OXpaHy TPy/a U Ipyrue pac-
XOJIbl;

®3I1 — ronoBoii Gonz 3apabOTHON MIATHL ONepaTopos, pyo,/rox;

YA — aMopTH3ALMOHHbBIE OTUHCIeH s, py6/TOxL;

>P — pacxozpl Ha TeKyLIMH U KarUTa bHbI PEMOHTBI, py6/r0ﬂ;

Y3 — pacxo/bl Ha 2JEKTPOIHEPTHIO H TOTLINBO, Py6,/Tox;

YH — pacxo/ibl Ha HaJIoroBbie BHITIATH, py6,/Tox;

1,3 — xoaduiMenT, yuuThiBaolni 0611i1He U 06111eX035IUCTBEHHbIE PACXO/IbI.

JKCryaTallMOHHbIE PacXo/ibl, CBA3aHHbIE 0OCTYKMBAHUEM CPEICTB MEXaHU3ALMH, HE YUUTHIBAIOTCS, TaK KAK OHU MPUCYT-
CTBYIOT B 060HMX BapHAHTAX U MPUHUMAIOTCS YCIOBHO PABHO3HAUHbBIMH.

e (1,8* 20200204 45899204 7348804 22093344+ 1043328}* 1,3
ame 26

= 214923 pvo/cyT.

3aTtpaThl Ha JIOCTaBKy rpy3a 0e3 IKCIEeIUTOpa 3aBUCAT OT IKCIJIyaTallMOHHBIX PACXOJIOB Ha COJAEpKAHHE aBTOMOOHJISA.
J17151 IpOeKTHPYeMOro CKJIaACKOTO KOMIJIEKCa MPeLyCMOTPeHO 3 COOCTBEHHBIX aBTOMOOW/ISI, MpeAHa3HaueHHbIX A/ LeHTpa-
JIM30BAHHOIO 3aB03a W BbIBO3a Ipy3a 110 KJAHeHTaM. K sKcnyaTallMOHHBIM pacxojiaM cOOCTBEHHbBIX aBTOMOOHJIEH OTHOCSTCS:
3aTpaThl Ha PACcXoil TOMJIMBA; 3aTPaThl HA OMJIATY TPy/a BOAMTEJSIM TPY30BbIX aBTOMOOHJIEH; 3aTpaThl Ha aMOPTH3aLHOHHbIE
OTYHCJICHUST; 3aTPaAThl HA PEMOHT; HAJIOTOBbIE OTYHUCJEHHUS. DKCIIyaTaLMOHHbIE PACcXO/lbl Ha collep:KaHue COOCTBEHHBIX aBTO-
MoGuJIeH onpenensiores no gopmyqie:

apro _ (1,2 $3I+EA+ EP+ ET+EH)+1,3

agel T 965 , (5)
I (1,8 #« 1797600 + 406500+ 121950+ 2552445+ 25500) =% 1,3
333': = 365
5
= 144064 E
CYT

3arpathbl Ha J0CTaBKy Ipy3a cOOPHOI OTIPABKOK BKJIOUYAIOT: 3aTPaThl Ha OIJIATY TPYJA YKCIIEAUTOPAM; IKCIyaTaLlOHHbIe
pacxofibl Ha ColieprKaHKe aBTOMOOUIst. 3aTpaThl Ha JOCTABKY Ipy3a COOPHON OTIIPABKOH ONPeNeIsioTes 110 hopMmyie:
ofs  __ oaEe dETH
S,qcur:r - Szapm: + apcd (6)
SKCnﬂyaTaul/lOHHble paCXOﬂbI Ha COﬂQp)KaHl/le aBTOMOOHUJIEH 6yﬂyT OTJIMYAThCA TOJIBKO paCXO[LaMI/I Ha TOIIJIUBO, TaK KaK aB-
TOMOOHJIH 6y[[yT ﬂpOXO[[I/[Tb [[pyroe paCCTOﬂHI/IH.
ofs —
S'qnm. =74085 + 12342,4 = 19750,9 py6/cyr.
OnpeaenuM npeeabHyo pasHully BpeMEHH HAKOTJIEHHST TPy3a Ha KOHTEHHEPHYIO OTIPABKY M COOPHYIO KOHTEHHEPHYIO OT-
npapky Al .

19750 59— 144064
HaR 21487 ,3

An = 00,25 cyr.

Takum 06pazom, MOKHO clie1aTh CeyIOLLMI BBIBOJL: €C/IM pa3HULA BPEMEHH MEXK]1y HAKOIJIeHHEM I'Py3a Ha KOHTEHHEPHYO
OTNPABKYy U HAKOTJIEHHEM Ha COOPHYIO KOHTeHHepHYI0 oTnpaBky npesbiinaer 0,25 cyT (6 4), TO BbIrojHEE OTIPABJSITH TPy3
COOPHON KOHTEHHEPHOH OTIIPABKOM.

MonenupoBanye TEXHONOTHN B3aUMOAEHCTBHSI KOHTEHHEPHOH MJIOIIAIKH CO CKNAACKIM KOMIJIEKCOM TT03BOJHUT GoJ1ee THOKO
TMOXOAUTb K MOXKeNaHUSIM KIHeHTa, a Tak:Ke MOJeJHPOBATh PACXO/bl, CBSI3AHHbBIE C TeXHOJNOTHUECKUMH OMepalHsMH1, BbITOJ-
HsleMble M0 HHAMBH/yaJbHbIM 3aKa3aM KJIHEHTOB.
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Jlutepatypa:

1. Tpuukona, [1.10.. Ta6orosa A. A. Opranusaiiust paGoTbl COBPEMEHHOTO TEPMHHAJIBLHO - CKJIaJICKOT0 KOMIUIeKca. | Diiek-
TpoHHbIH pecypc] COOPHHUK MeXIAyHAPOJAHOH 3a0uHON KoH(epeHUuH «IIpoGsembl opraHH3alyu W yrpaBJeHHs
Ha TPAHCIOpPTe» YPalbCKOro rOCy1apCTBEHHOTO YHHBEPCHTETA MyTel COOOIIEHHSI.

2. Tpuukona, /1. 1O.. Ta6orosa A. A. [IpoekTHpoBaHne COBpeMEHHOTO CKIAACKOro KoMIlieKea B AstaiickoM yaie. [ Dnex-
TpoHHbIH pecypc | Exxemecstunbiii HayuHbIf :kypHas « Mosonoit yuenbiii» Ne 3 (62)yacts 3. 2014 1. ¢. 274—278.
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MpoAyKTbl PYHKLMOHANBHOIO Ha3HAYeHUA B NUTAHWUMN HACeNIeHUA

[JonmatoBa puHa AnekcaHnpoBHa, KaHAMAAT CENbCKOXO3ANCTBEHHbIX HAaYK, LOLEHT;

JlatbinoBa CeetnaHa LaykaToBHa, CTyaeHT
MarHuToropckuit rocyAapCTBeHHbl TexHu4eckuit yuusepcutet umenn I'. 1. Hocosa

B cmamoe dan 0630p epynn npodykmos yHKYUOHALbHOCO HASHAUCHUS; PACCMOMPEHa 0bWenpuUHsImas KAaccu-
Purkayui GYHKYUOHANbHOLX UHePeOUeHMOB8, COeAAHbl 8618006l O UeAecO0OPAZHOCMU NPUMEHEHUI QYHKUYLOHANbHOLX

unepedueumoe 8 nexHoaoeuu npodyicmoe numanus.

Karuesoie crosa: ¢yrryuonaronole unepeduenniol, pyrKyUOHALbHbLE NPOOYKIbL NUMAHUSL, NULeB8ble BOA0OKHA,

BUMAMUHBL, MOAOUHbLE NPOJYKmobL, BA/L.

B COBPEMEHHOM MHpE B CBSI3M C YACTbIM CTPECCOM H He-
MPaBUIbHBIM TIHTAHHEM, MHOTHE JIOAM CTaJKHBAIOTCS
¢ 60J1e3HSIMH Pa3IMIHOTO XapakTepa. Paz6anaHcHpoBaHHOCTb
NUTaHKs yCcyryossieTcst Heb1aronoay4YHol 3K0JI0rHyeckoi 00-
craHoBko#. [luranue OOJIBIUIMHCTBA B3POCJIOrO HaceseHHs
He COOTBETCTBYET MPUHLMIIAM 3/10POBOTO MUTAHUS H3-3a MO-
TpeGJieHUs THIIEBLIX MPOAYKTOB, COAEpKAUIUX OOoJIblIOE
KOJIMUECTBO KHPa KUBOTHOTO TPOUCXOXKAEHHST U MPOCTHIX
YIJIEBOIOB, a TakXkKe M3-3a HENOCTaTKa B paldoHe OBOLIEH
1 PPYKTOB, pbIObl U MOPENPOAYKTOB. DTO NPUBOAUT K POCTY
130bITOYHON MAcChl TeJ1a U OKUPEHHUIO, PACPOCTPAHEHHOCTD
KOTOpBIX 3a nocaeanue 8—9 siet Bospoca ¢ 19 10 23 %, yse-
JIMUMBAsl PUCK PA3BUTHs caxapHoro auabera, 3abosieBaHUI
CepJIeUHO-COCYIUCTOH CHCTEMbI H IPYruX 3abosieBanuii [ 1,2].

[TosTomy B Hacrosilliee BpeMsl akTyaJsibHa IpobJemMa Mo-
BbILLICHHS! KYJIBTYPbl TUTAHUs, C TeM YTOObI CYTOYHbIH pallioH
COOTBETCTBOBAJI IHEPreTUYECKUM 3aTpaTaM M (pUaHosiornye-
CKHMM MOTPeOHOCTSAM OpraHu3Ma.

Mexx1yHapojiHble OpraHW3allid U TOCylapCTBEHHbIE Op-
raHbl ellle B MPOLLIOM Beke oOpallaii BHUMaHHe Ha JI0CTH-
YKEHUsI HayKM O TUTAHWM, YUUTbIBasi BO3MOXKHOCTL IMpHMe-
HEHHMS MOJIYYEHHDBIX Pe3yJbTaToB WISl YKPEIJIeHHsT 3/10pOBbs
Tak, pacnopsbkenuve IlpaBurenbctBa PO
or 2010 r. O6 yrBepxkaeHun OCHOB rocyapCTBEHHON MOJIH-
THKH P® B o6siacTu 310pOBOrO MUTAHUS HACEJEHHS HA Me-
puon o 2020 r. o6paiaer oco6oe BHUMaHUE HA MPOLYKTbI
(byHKIIMOHANIBHOTO Ha3HAueHMs C 11ebl0 COXPAaHUTh U YKpe-
MUTh 3I0POBbe JIIOJEH, a TaK:Ke MPOBECTH MPOPUIAKTHKY 3a-
6oJsieBaHui, 06yC/IOBIEHHBIX HEMTPABUJILHBIM UTaHHeM [3].

HaceJIeHHs.

CoBpeMeHHast HYTPHLMOJIOTHSI MPU3HAET MOJHOLEHHYIO
nuiy, Kotopast ofecreynBaeT 1IecTb (GYHKUMH opra-
HH3Ma: 9HepreTHyeckass — MOJJICPXKUBAETCA 3a CUET yrile-
BOJIOB, »KMPOB M B MeHblIell cTereHn — OGeJsIKOB; IMlacTHye-
ckasi — obecrneunuBaeT MocTpoeHHe W OOHOBJIEHHE KJIETOK
u TKanei [1].

Cornacno 'OCT P 52349 «IlIponykrsl nuiessle. IIpo-
JYKThl MHILEeBble (QyHKIHOHANBHBIE. TepMHHBI H ompene-
JIeHus1» (yHKUMOHAMbHBIN nuiieBol npoaykt (PIIIT) — sto
CriellMalbHbIA MULLEBOH MPOJYKT, NpeJHa3HAYeHHbIH I CH-
CTeMaTHYeCKOro yrnoTpe6/eHHs B COCTABE MHULIEBbIX PALUOHOB
BCEMH BO3PACTHBLIMH IPyMMaMH 310poBOro HaceseHus. Takue
MPOAYKTHl 06/1a1al0T HAyYHO O0OOCHOBAHHBIMH M TMOATBEPIK-
JIeHHbIMH CBOHCTBAMH, OHH CHH2KAIOT PUCK pa3BUTHs 3a00J1e-
BaHMH, CBSI3AHHBIX C MUTAHUEM 3a CYET HAJIMYHS B HX COCTaBE
tuanosornyecKr (yHKIHOHANbHBIX HHTPEHEHTOB, a TaKxKe
NPELOTBPALLIAIOT WM BOCIOJHSIOT 1e(HLUT TUTATe/NbHbIX Be-
11IeCTB B OpPraHu3Me.

@usnosornuecky  (QyHKUMOHAJBHBIN MUILEBOH HHTpe-
JMEHT — 3TO BELLECTBO WJIM KOMIIEKC BELLECTB KUBOTHOIO,
pacTUTEJILHOr0, MUKPOOHOJIOMHYECKOT0, MUHEPAJILHOTO 11po-
MCXOXK/ICHUS WM HIEHTHUHBIE HATYPAJIbHbIM, @ TAKKE »KHBbIe
MHKPOOPraHU3Mbl, BXOJISILLIHE B COCTAB (DYHKLMOHAJBLHOTO 11 -
1eBoro npoaykra B Kosuuectse oT 10% 10 15 % ot cyTouHoil
(hunosoruueckoil MoTpeGHOCTH B pacuére Ha OfHY MOPLHUIO
npoaykra. OHH 06/1a1aI0T COCOOHOCTBIO OKA3BIBATh HAYYHO
000CHOBAHHBII U NOATBEPKAEHHBIH O1aronpUATHLIA 3¢ deKT
Ha OJIHY MJIM HECKOJIbKO (DM3HOJIOTMYECKHX (DYHKLMH, 11po-
Lecchl 0OMeHa BelleCTB B OpraHU3Me Ye/I0BeKa MPH CHcTeMa-
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THUYECKOM YNOTpeOJIeHHH CoJleprKallero UX (hyHKIMOHANbHOTO
NULIEeBOro npojykra [7].

K cusuosornyecky QyHKIHOHAJIBHBIM THIIEBbIM HH-
rpellMeHTaM OTHOCSAT THILEBbIE BOJIOKHA, BUTAMHHBI, MHHE-
paJibHble BElleCTBa, TOJMHEHACHILIEHHbIE }KUPHbIE KHCJIOTHI,
NpOOUOTHKH, TPEOUOTHKH UM CHHOMOTHKH.

K dyHKUHOHANBHBIM TIPOJYKTaM OTHOCSIT: 3€pPHOBbIE 3a-
BTpaKH, XJe00Oy/Jo4Hble, MaKapoHHble M KOHAUTEPCKHE H3-
JIeJIUsl, MOPENPOLYKTbI, 6€3a/KOro/ibHble HAMUTKK Ha OCHOBE
(hPYKTOBBIX COKOB, SKCTPAKTOB M OTBAPOB KYJBTYPHOTO W JIM-
KOPACTYILIETO ChIPbsl, TIOJ0BO-ATO/IHBIE M OBOLIHbIE MPOIYKTHI,
MPOJIYKThI HA OCHOBE MepepaboTKU Msica H CyOITPOLYKTOB MTHIIbI,
AMUIPOLYKTbI C HCMOJIb30BaHHEM MPOYKTOB MUeI0BOJACTBA [3].

3a nocseanue rojibl (PYHKUMOHAJbHbIE [POAYKTbl MPH-
oOpesid WUPOKYI0 M3BECTHOCTb. [lepBble MpoekThl Mo co3-
JIAHUIO (PYHKIIMOHAJBHBIX TIPOYKTOB OblJIM HAuaThbl B SIMOHHK
B 1984 r.,, a x 1987 r. ux BeIpadatbiBasock yxe okosno 100
HauMeHoBaHHi. B Hacrosiliiee Bpemsi B o6lieM oObeMe M-
LLIEBbIX MPOAYKTOB (PYHKLHMOHAJbHbIE MPOAYKTbl COCTABJISIOT
0k0J10 5 %. Criela/ueTbl cunuTatot, uto onu Ha 40—50 % 3a-
MEHSIT TPaAAULIMOHHbIE JIEKAPCTBEHHbIE Mpenapatbl Mpogu-
JIAKTHYECKOH MeUIuHbI [8].

B cocraB npojiyKToB (hyHKIMOHAILHOTO HA3HAYEHUS MOTYT
BXOJIUTD CJIEYIOLIHE HHTPEJUEHTHI:

— suramunbl rpynmnsl B, C, D u E;

— HaTtypaJibHble KapOTHMHOMIbl (KapoOTHHbI M KCaHTO-
(DUILTIBL ), CPEI KOTOPBIX BA2KHAS POJIb OTBOJIUTCS -KAPOTHHY;

— MHHepaJsibHble BellecTBa (KasblMi, MarHuil, HaTpHii,
KaJIui, HOJ, ¥KeJie30, cesleH, KpeMHHI );

— OaJIlaCTHble BelllecTBAa — THILEBble BOJIOKHA TIIlIe-
HHULLbI, S10JI0K W arle/IbCH-HOB, NPeCTaB/IeHHbIE LEJITI0N030H,
reMHULE/JIION030M, JIMTHHHOM M NEeKTHHOM, a TakKxKe MoJud-
PYKTO3aH UHYJIMHA, COIEPKALLUICS B LIMKOPHH, TONHHAMOYPE;

— MPOTEHHOBbIE THPOJN3ATHI PACTUTEBHOTO (MIIEHULA,
COs1, PUC) U 2KUBOTHOTO TIPOMCXOKJICHHUS;

— HeHACBILIEHHbIE YKUPHbIE KUCIOTbHI, K UHCITY KOTOPBIX
c/le/lyeT OTHECTH MO-JIMHEHACBILleHHble OMera-3 »KHpHble
KUCJIOThI (JI0KO3aHTeKcaeHOBas U 9iKo3areHTaeHoBas );

— KaTexuHbl, aHTOLMAHBI;

— Oudunobaxrepun (npenapatbl 6UPUAOOAKTEPUH, JAK-
ToGaKTepHH, KoJHOaK-TepuH, Oudukoa) [4,5].

ButamuHbl, Kak (QYHKIHOHAJIbHbIE HHIPEIHEHTBI UIPatoT
Ba)KHYI0 POJIb B NMUTaHWM yejoBeKa. OHM y4acTBYIOT B 00-
MeHe BelLeCTB, BXOLST B COCTaB (PePMEHTOB, YKPEIJISIOT UM-
MYHHYIO CMCTEMY OpraHu3Ma M, Kak CJIEACTBHE, MOMOratoT
NpeynpeuTh TsxKelble 3a00eBaHKs, CBS3aHHbIE C aBUTa-
MHHO30M (1IMHTa, 6epu-6epH U JIp. ).

[TpoaykThl Ha OCHOBE 3J1aKOB COJIepKAT PacTBOPUMbIE
¥ HepacTBOPHMble MHLLEBble BOJOKHA MHULLEBbIE BOJOKHA 00-
JIAJAl0T crelrupUuecKiMi (pU3HOJIOTHUECKHUMH CBOHCTBAMM.
OHUM CTUMYJIUPYIOT paboTy KHIIEUHUKA; aCOPOUPYIOT TOK-
CHHbI; MHTEHCU(DUUUPYIOT JIUTTHJHBIH 0OMEH; MPEnsTCTBYIOT
BCACBIBAHUIO XOJIECTEPUHA B KPOBb; HOPMAJIU3YIOT COCTaB
MHKPOMJIOpbI KHIIEUHHKA. KileTuaTka akTHBHO BJIMSIET Ha ce-
KPETOPHYIO JESITEJbHOCTb THILEBAPEHHs] W yCHJIMBAET Ile-
PUCTAJILTUKY TOHKOTO W TOJICTOTO KHlleuHHKa. M36biTouHoe

norpebJieHHe KJIETYATKH MOXKET MPUBECTH K HEMOJHOMY Ile-
peBapUBAHHUIO MULIM U HAPYLUEHUIO BCACBIBAHUS B KPOBb MHU-
KPO3JIEMEHTOB W BUTAMHHOB [6].

[naBHbIE MOJIMHEHACHIILIEHHBIX  2KHPHbIX
KHCJIOT — 3TO pacTHTe/IbHbIE MAc/Ia ¥ 3MYJIbCHOHHbBIE MACJIO0-
YKUPOBbIE MPOJYKThI pasauuHoro Tuna. OHKU cnocoOHbI TIpejLy -
NPENTh CEPeUHO-COoCyIUCTbIe 3aboseBanus. [1pu cH1KeHUH
MacCOBOH JI0JIM KMpa B ITHX MPOLYKTaX, OHU 3(P(EKTHBHbI
TaKxKe JIUIs1 IPeLynpexKIeHust oxxupenusi. [6,7]

SHauutesibHbIN npoteHT PIIIT (7 65—70%) MPUXOAUTCS
Ha JIOJII0 MOJIOYHBIX MPOAYKTOB. MX (yHKIHOHA/NbHBIE CBOM-
CTBA MOXKHO MOBBICHTD 06aBaeHreM BUTaMmuHoB A, D. E, Ge-
Ta-KapoTHHA W MHHEpAJbHbIX BELIECTB (MarHus), a Takxe
MUIIEBBIX BOJIOKOH (rekThHa) u 6uduaodakrepuit. K rakum
NPOAYKTaM OTHOCAT: SHIHTHI,
TO3HbIE TIPOAYKThI, alUI0(HIbHBIE CMECH, MPOOUOTHUECKHE
npoayKtbl, BAJI, 6e36eK0BbIE MPOAYKThI, MPOLYKThI, 060ra-
lIeHHble HyTpUeHTaMH. OHHM 3PQPEKTUBHBI 1JI MTPELYTPeK-
JIEHHST KEJyJI0UHO-KHILIEUHbIX, CEepJeUHO-COCYUCTbIX 3a060-
JleBaHui, octeorioposa, paka. [lo criocoby BBenenunsi T1PT1
Ha MOJIOUHOH OCHOBE B OPraHU3M UeJI0BeKa MX JICJIAT Ha Cyxue
¥ KUkde. Kpome Toro, »Kuakne npoiyKThbl ¢ MpoGHOTHKAMU
BbIJIE/IEHBl B OT/E/BHYIO0 rpymmy [3,4]

HanuTku sIBASIOTCS CaMbIM TEXHOJIOTHUHBIM MPOLYKTOM
JUISl CO3[1aHHs1 HOBBIX BHI0B (DYHKLMOHANBLHOIO MUTAHMS, 110-
CKOJIbKY BBeJIeHHE B HHUX HOBbBIX HHIPEIHEHTOB He MpPeCTaB-
JIsleT 60JIbLION CII0KHOCTH.

K norpeburensckum cpoiictBam PIIIT oTHocaTcs mnu-
11eBast LEHHOCTb, BKYCOBble KauecTBa M (DU3HOJOrHUECKOE
Boaneiictere. DyHKIHMOHAMNbHBIE MPOLYKTHI JOJXKHbBI ObITh
MOJIE3HBIMH /151 3/10POBbs1, 6€30MacHbIMU C MO3ULKH cOHaaH-
CHPOBAHHOTO MMUTAHUS U THUTATEJbHOH LIEHHOCTH MPOILYKTOB.
11 TpeOOBAHUS OTHOCATCS K MPOLYKTY B LIEJIOM.

[1pu paccMoTpeHrn MpoGJIeMbl MPUTOTOBJIEHHS TPOJLYKTOB
MUTAHUA HA OCHOBE MHILIEBOH KOMOMHATOPUKU HEOOXOIMMO
YUHTBIBATb, UTO GOJIbllIast YaCTh HACEJEHHsT HAXOIUTCS B TaK
Ha3bIBAEMOM TPETbEM COCTOSIHHM — MeKJly 3110pOBbeM H 60-
JiesHblo. B 3ToM cilydae opraHusmy Hy»KHbl MSITKOJIEHCTBY-
IoLKe CPEeCTBA VI HOPMaJIU3alui HECKOJIBKO H3MEHEHHBIX
(byHKLHH 30pOBOTO OpraHu3Ma, 4to o6yc/aaB/auBaeT Heolle-
HHUMOCTb TPOJYKTOB (PYHKIIHOHAJBHOTO MUTaHUs [8].

[Ipu nomouy JUeTbl MOXKHO aKTHBHO BO3/IEHCTBOBATh
Ha OCHOBHbIe (DaKTOPBI, JiexKalllie B OCHOBE naToreHesa (Me-
XaHW3Ma Pa3BUTHS) pasiMuHblX 3aboJseBaHuid. Pekomenjy-
eMble BpauaMu U3MEHEHHs! B PALMOHE MTUTAHHUS CYLLIECTBEHHO
BJIMSIIOT HA KAueCTBO »KM3HHU UeJIOBEKA B LIEJIOM, MPOJ/IeBas
AKTHUBHbIN MEPHOJL €TI0 XKU3HH.

TepMuH «310poBOE MUTAHKWE» MPELyCMATPUBAET HCIOJIb-
30BaHHe B pelenTypax NpPoLyKTOB HOBOTO MOKOJIEHHsT 9KOJIO-
THYECKH YUCTOrO ChIpbsl U NosypabpuKaToB, palHoHaIbHOE
coyeTaHue KOTOPbIX rapaHTHPYET MOJHOLEHHOE obecreucHue
MUILEBLIMH U OHOJIOTMUECKH aKTUBHBIMH BELIECTBAMH BCEX
JKU3HEHHO Ba’KHBIX CHCTEM OpraHu3ma. [9]

Yernexy MHUIIEBOH TEXHOJIOTHH TMO3BOJISIIOT yXKe CErojiHs
MaKCHUMaJIbHO (DPaKLIHOHHPOBATL CbIpbe Ha Ll€HHblEe OJHO-
poOjiHble 110 COCTaBy M CBOHCTBAM IMHILEBble HHIPEAHUEHTbI

HCTOYHHUKH

HU3KOJIAKTO3HbIe W Oe3Jak-
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C MOCJIEYIONMM KOHCTPYHPOBAHHEM Ha WX OCHOBE BBICOKO-
KauecTBeHHbIX MPojykToB. [Ipu pazpaGoTke U cosnaHuu npo-
JIyKTOB (DYHKIIMOHAJILHOTO THTAHUSI HEOOXOJAMMO 3HATb XH-
MHUYECKHH COCTaB ChIpbsl, MUILEBYIO LEHHOCTb, ClelHalbHble
MPUEMbl TEXHOJIOTHUECKOH 00pabOTKH.

B kommnsekc nokasaresied, XapakTepu3ylolUX KauecTBO
(byHKIMOHAJIBHBIX MPOJYKTOB, JIOKHBI BXOJUThL CJEIyIONIHE
JlaHHble: OOUIMH XUMUYECKUH COCTaB, XapaKTepusyeMblil Mac-
COBBIMH JIOJISIMH BJIaTH, OeJIKa, JIMMKJI0B, YIJIEBOJIOB U 30JIbl;
AMUHOKHCJIOTHDBIA COCTAB OEJIKOB; YKHUPHOKHUCJIOTHDLIA COCTaB
JIMTTUJIOB; CTPYKTYPHO-MeXaHHYeCKHe XapaKTepPUCTHKH; TToKa-
3atesi 6e30MacHOCTH; OTHOCHTENbHAsT GHOJIOTHYeCKasl 1eH-
HOCTb; OpraHoJienThiecKkas olenka. [2,7]

Jlutepatypa:

[71aBHBIM TIPUHIMNIOM CO3/IaHUsT (PYHKIIMOHAJILHOTO MPO-
JIyKTa TIHTaHUsi HOBOTO BHJA SIBJISIETCS] JIOCTHXKEHHE MaK-
CUMAJIbHO BO3MOXKHOTO YPOBHSI TIOJIHOLEHHOCTH W 6e30-
nacHoCTH uaesusi. DyHKIMOHAJIBHOE TMUTAHWE MO3BOJISIET
He TOJIbKO COXPAHWUTb 310POBbE, HO U B ONpeleSeHHOH Mepe
3aMeHHTb JIEKAPCTBEHHBIE TIpenapaThl.

CyliiecTByeT yBepeHHOCThb, 4TO GyIyT CO3[AaBaTbCsl TOp-
rOBble LEHTPbI U PETNPHUsITUsT 06111€CTBEHHOTO MUTAHUSI, pea-
JIM3YIOLIME HE TOJILKO HATYypPaJibHYI0 6€30MacHyI0 MPOAYKIIHUIO,
HO TakxKe M oborallleHHble MpoayKThl nutanusi. [Ipu sTom
y JoAei OyleT pa3BUBaTbCA APYyroe OTHOLICHHE K COOCTBEH-
HOMY 3JIOPOBBIO U PEXKUMY MUTaHUs. DTO, B CBOIO OUEPE/b,
Oy/IeT 0Ka3bIBATh BJHSIHHE HA BCe Cepbl JKU3HH.
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Co3pgaHue KomnbloTepHo mogenu «lMoBbilweHUe TOYHOCTU MeXaHUYECKOWU YUCTOBOM

00paboTKK feTaneit Ha OCHOBE aAaNTUBHbIX MOAHANAA0K

EpmonaeBa BepOHl/IKa BVIKTOpOBHa, KaHAMAAT TEXHUYECKNX HaYK, OOLEHT;

Hosak Bnagucnas I'., ctygeHT
CapaToBCKMii rocyapcTBEHHbI TeXHUYeckuil yHuBepcuteT umenn H. A. TarapuHa

HakonuienHbti  onblT  00paboTku — naptuil  jetajieit

HeoéxonuMOCTb peLIeHUsT MHOTHUX MPAaKTHMYeCKHUX 3a/ad,
MOBbBIILIEHHS] TOYHOCTH (POPMOOOPA3OBAHUS NAPTHU Jie-
Tajell Ha CTAHOUHBIX MOJYJSIX OTpeessieT HCMoJb30BaHue
TEXHOJIOTHH, METOJIOB, CMOCOGOB HCCAEIOBAHHS W TeXHHUE-
CKOW peasin3allii TPOU3BOJCTBEHHBIX IPOIECCOB MeXaHHu-
ueckoil 0OpabOTKH, OPUEHTHPOBAHHBIX HA BbICOKYIO CTeMeHb
aBTOMATH3allUK, TEXHOJOTHUHOCTH W TUOKocTH. Kommiekcy
9THX TpeGOBAHUH YIOBJAETBOPSIET COCO0 YNPaBAEHHSs TOUHO-
CThIO 06pabOTKK Ha OCHOBE aaNTHUBHBIX MyJIbCHPYIOLINX MOJ-
HaJaJIOK TlepeMeHHbIMH KOPPEKTHPYIOIIMMH MpUpPalleHUsIMA
YPOBHSI pa3MepHON HACTPOUKH CTAHOUHOTO MOJLYJIsI.

Ha cTaHkax TokapHo# rpynmbl ¢ UITY nokasas, 4to Takne Tex-
HOJIOTHYECKHE [IPHEMBbl, KaK MHOIOIpOXoiHass 00paboTKa,
cTaOMJIM3allHs CBOHUCTB 3ar0TOBOK, BEIOOP COOTBETCTBYIOLINX
pEXKUMOB pe3aHusi U Jp. OKa3bIBAIOTCS JOCTATOYHO dek-
TUBHBIMH JIMLIb MPH OrpaHHYEHHBIX TPeOOBAHUSIX K TOUHOCTH
U3roToBJleHust AeTajell. [1pu yxkectoueHun 3THX TpeOOBAHUI
CYLLECTBEHHO BO3paCTaeT POJib COCTABJSIOLMX MOrpeLl-
HOCTH 00pabOTKH, 0OGYCJOBJICHHBIX OLIMOKAMM HadaJlbHOU
HaCTPOMKH HHCTPYMEHTa, €ro H3HOCOM, TerMJOBHIMU Jiehop-
MauusaMu popmoobpasytolieil CHCTeMbl U IPYTUMH BO3MYLLLa-
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folwuMu paxkropamu. [lostomy npu obecriedeHHH TOYHOCTH
TOKapHOH 06pabOTKU HEeU30eKHO MPUXOAUTCS BBOIUTH KOP-
PEKLMIO TOJIOKEHUS] HHCTPYMEHTA [0 pesysbraTaM H3Me-
peHull napaMeTpoB oOpabaTblBaeMOH JAeTajld, MHCTPyMeHTa
WM IPYTHX TapaMeTpoB hopMooGpasytoliel CHCTEMBI.

Texnosoruyeckue MpoLecchl MPOU3BOACTBA, CBA3aHHbIC
C yrpaBJ/ieHHeM KayeCTBOM MOC/EI0BATE/IbHO H3TOTOBJISIEMbIX
netaseit, oco6eHHO JIsl MEJKOCEPUHHOro MHOTOHOMEHKJIA-
TYPHOTO MPOU3BOJCTBA, B TOH UM HHOU CTEMEHU MOTYT ObITh
OTHECEHbl K KJaccy anpuHopHO HeorpeeseHHbIX 00beKTOB
ynpaBJjleHHs], B KOTOPbIX OIPELIHOCTb BLIXOJHOIO 1apaMeTpa
MOKET ObITb KOMIIEHCUpPOBaHa IyTeM MOJAHAJIAAKK (Kop-
PEeKIIMH ) YPOBHSI pa3MepHOH HACTPOHKH 060PY/I0BAHMUSI.

3anaum uccnenoBaHuit:

1. Ananu3 BJIHsIHHST PA3JIHYHBIX JOMHHUPYIOLIUX BO3MY-
aoux (hakTopoB Ha TOUHOCTb Mpoliecca (opmMooGpaso-
BaHMS.

2. Tlocrpoenne mojenert o6pa3oBaHust TOTPELIHOCTH
00paboTku. [IpoBeneHHe UX COMOCTaBUTENbHOIO aHaAJH3a.

3. PaspaGoTka HOBBIX CI0COOOB alanTHUBHOIO YrNpas-
JIEHUsI TOYHOCTbIO 06pabOTKU MapTUH AeTajlell B YCJIOBUSX Ha-
4aJIbHOW arpUOPHON HEONPeeJeHHOCTH, B TOM UYHC/e B yC-
JIOBUSIX TIOJTydeHHs] HEMOJHOH HH(MOPMALMH B peabHOM
BPEMECHH.

4. PaspaboTka cucTeMbl aBTOMAaTH3HPOBAHHOIO BbIGOpa
BApPUAHTOB KOHTPOJIS W YIpaBJeHHS] TOYHOCTbIO 00PabOTKH
napTUu aeTajei.

5. Paspa6oTka nporpaMMHOro MOJyJis MATEMaTHUECKOTO
MOJEJIMPOBAHHUS CIIOCOO0B aflalTUBHBIX MYyJ1bCUPYIOLLHUX [0
HaJIal0K KOPPEKTUPYIOLUMH NepeMEHHBbIMH NIPUPALLEHHSMH
YPOBHSI pa3MepHOI HACTPOUKH 060PYLIOBAHHUSI.

Ha sTane TexHOJIOrHYECKOH TMOArOTOBKM MPOH3BOACTBA
¥ NpY OpraHudalluy MporpaMMHO-MaTeMaTHuecKoro obecrie-
UEHHSI CTAHOUHBIX MOJyJ/el 3(PPeKTUBHO UCMOJIb30BAHHE CH-
CTeMbl aBTOMATH3HPOBAHHOIO BbIOOpPA BAPUAHTOB KOHTPOJISI
U yIpaBJEHUA TOYHOCTbIO 0OpaOOTKH MapTHM AeTaJjed, pea-
JIM30BAHHOM Ha OCHOBE SKCIEPUMEHTAJIbHBIX HCCJEI0BAHNH
1 pa3pabOoTaHHbIX ABTOPOM HOBBIX CIIOCOOOB YyNpaBJeHHs
TOUHOCTbIO 0OPABOOTKHU.

B ycsoBusix HavyasbHON (ampHOPHOH) HEONpeleeHHOCTH
Le/1ecoo0pa3Ho UCIoJb30BaHUe crocoO0B afalNTUBHBIX MO-
HaJIaZl0K KOPPEKTHPYIOLLMX NpHpaLLeHUil, 0cOOCHHO MpH MOo-
JIYYEHHH HErNoJIHOH MH(pOPMALMKH O BBLIXOJAHBIX MapameTpax
npouecca pesaHusl.

[Ipu peanusauuu aBTOMaTHUECKUX MOAHANAAUHKOB HEOO-
XOJIMMO YUHTBIBATh CKOPOCTb CMEIIEHHs] YPOBHSI pa3MepHON
HACTPOHKH 0OOPYLOBaHUS VIl PEryJMPOBAHUS T1€PHOHY-
HOCTH U3MEPEeHHUH.

[Ipotiece cuHTe3a Moziesi 00pa3oBaHHsl MOrPELIHOCTH 06-
paboTku Obla1 hopMau3oBaH B BHJE aJropUTMa, peasins3o-
BaHHoro Ha [I9BM B kauectBe nporpammuoro mojysst. [Tpo-
1e/lypa aBTOMaTH3HPOBAHHOTO CUHTE3a Mojiesd 00pa3oBaHust
NorpeLHocTH 06paboTKH HCIOJb3YeT M3BEeCTHble M 0Tpado-
TaHHble METOAMKHM M I103BOJISET ONpPEACISATb A0/ JeTepMH-
HUPOBAHHOM, Cly4alHOH ¢ KOPPeJIUPOBAHHLIMH 3HAUCHHUSIMH
M CcOOCTBEHHO cJiydailHOH —coctasssiionx. [IpoBomures

aHaJM3 3TAroB MaTeMaTHYeCKOro MOJeJIMpoBaHus 06paso-
BaHUs MOrpelIHOCTH 00paboTKH, BKJIIOUAsl orpe/ie/eHre 3a-
KOHOB W MapaMeTpoB pacrpesiesleHHsl ONbITHBIX JaHHBIX, HC-
cyle/lyeTcsl BJAHSIHME HA TOYHOCTh 06pabOTKH BO3MYLIAIOLIMX
thakTopoB.

C yueToM pe3y/abTaTOB M3BECTHBIX MCCJeN0BaHHH 000-
CHOBBIBAaeTCsl, YTO HayajbHas (anpuHopHasi) HeorpejeseH-
HOCTb Mpoliecca (opmMooOpazoBaHusi B 3HAYUTEJNbHOH Mepe
06yC/IaBJIMBAET TOUHOTO MPOrHO3UPOBaHHUST (MpeICKa3aHust)
OTKJIOHEHHH PAa3MepoB B MOCJELYIOLIHX LHKJIAX 00pabOTKH
B peasibHOM BpeMeHH H3rOTOBJICHUS MApTHU JeTasledl ¢ Moj-
Hasaakol. Bblcokue TpeGoBaHHs K TOYHOCTH 0OpabOTKH
Ha METaJIJIOPEKYIINX CTaHKAX, B YACTHOCTH TMPH YUCTOBON
o6paboTke (+10 mMkm), Haubosiee xapaKTepHbl Jijisi aBUALU-
OHHOro MpuboOpo- U arperatoctpoeHus. TexHosorusi o6pa-
OOTKH OTJIHUAETCH MEJKOCEPUHHOCTBIO M MHOTOHOMEHKJIA-
TYPHOCTbIO.

OTMeyaeTcst, 4TO BCJIEACTBME JOCTATOUYHO MELJICHHOIO
yObIBaHHST KOPPEJNSILMOHHON (DYHKLMH LLEHTPUPOBAHHBIX OT-
KJIOHEHUH pa3MepoB JeTasiell UMeeTcsl MoTeHlHalbHasi BO3-
MOKHOCTb TMpEJCKa3aHus M3MEHEHMH pa3MepoB Jisi -
(heKTHBHOTO yIpaBJeHUsT TOUHOCTBIO METOIAMH TOJIHAJIAIKHI
3a CyeT KOMIIeHCALMH [eTePMUHUPOBAHHOH M KOpPpPEeJUpO-
BAHHOH COCTABJIAIOLINX OTKJIOHEHUH pa3MepoB 06pabOTaHHbIX
netajieid.  OOOCHOBBIBA€TCSI  BO3MOXKHOCTb — MPUMEHEHHS
B ['TIM cucrem camooOydenust Ha 6a3e H3MEPUTENbHOH U Bbl-
UUC/IUTEJILHON annapaTyphbl, KOTOpble oOecrneunBanu Obl Mpu-
criocoOJieHre K TeKyLIUM yC/10BUsIM 00pabOTKU U BbIOOp HaK-
6osiee 3(h(eKTUBHOrO BaphaHTa MPH 3aJaHHOH TOUHOCTH
U MHHHUMaJIbHBIX MOTEPSIX MALIMHHOTO BPEMEHH Ha KOHTPOJIb.
Camoo0yueHHe IOCTUraeTest 3a CHET UCIOJIb30BaHUs LeJ1eBOH
(byHKUMH TIpoliecca KOHTPOJsSl M YNpaBJeHHs, COCTOsILIEN
U3 JUHEHHON KOMOWHALIMH BbIPAXKEHUH TOUHOCTH W TOTEPb
MPOU3BOJIUTENBHOCTH HA KOHTPOJIb, KaK BaxKHeHIIUX Xapak-
TEPUCTHUK [1POLLECCOB MeXaHOOOPabOTKH ONpPee/IAIOLINX IPH-
MEHHMOCTb KOHTPOJILHO- H3MEPUTEJILHOIO 060PYLOBAHMSI.

OueBHIHO, YTO Y4YeT TOJLKO MaKCHMaJbHOTO KoJHye-
CTBA OJIMHAKOBLIX 3HAKOB OTKJIOHEHHWH ISl psila CJydyaeB Co-
yeTaHUH 3HAKOB He BCerja siB/sIeTCsl ONTHMaJbHbIM MO KpH-
TEPUIO UCTIO/b30BAHUS MOTyUaeMONH HH(POPMALIUK U HE MOYKET
o0ecneynTb JOCTHKEHHUS! L1e/IH YIIpaBJeHUsl. Bo MHOTHX cily-
yasx 0oJiee MpHEMJIEMbIM [PEACTaBJSIETCS BTOPOH MOIAXOJ
K (DOPMHPOBAHHIO MEPEMEHHOr0 M0 BeJHYMHE KOPPEKTHPY-
IOLLIEro MpUpPAaLLEeHHs], CBSI3aHHbII C BBeJEHHEM HOBOTO Ia-
pameTpa, YUYHTBIBAIOLLETO KOJIMUYECTBO 3HAKOUEpPelLOBaAHUMH
OTKJOHEHUH COCe/IHUX Pa3MepoB B COUETAHMH 3HAKOB CKOJIb-
35l1eH BbIOOPKH, a TakKe KOPPENIHPOBAHHOCTL IOCJHEI0-
BaTEJbHOCTH 3HAKOB OTKJOHEHHI pa3MepoB yrpasJsie-
moro npouecca. [IpuHumaercst 06beM cKoJb3sillel BbIOOPKH
PaBHBIM YETBIPEM MOC/IE0BATEIBbHO 06paObOTAHHBIM JETAJISIM.
A1oT 00beM sABJsSETCH OJU3KMM K ONTHMaJbHOMY IO TOY-
HOCTH M 0OecrneynBaloluliM NpaBUJbHOE TPUHSITHE PelleHUs
no (GopMHPOBAHUIO KOPPEKTHPYIOIIETO MepeMeHHOro TpH-
palleHus Mo OJHOMY M3 TPEX BO3MOXKHBIX BAPHAHTOB: YBEJIH-
YeHHe KOPPEKTHPYIOLILEero MpHpalleHns, CoOXpaHeHHe ero mno-
CTOSIHHBIM MJIM €T0 yMeHbLIeHHe.
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BoiBoapl. OGocHoBaHa aKTyaJlbHOCTb pa3pabOTKH cH-  craHKax. OrpesiesieHbl e 0OCHOBHbIE KOMITIOHEHTBI C y4eTOM
cTeMbl BbIGOpa BAapUAHTOB KOHTPOJSI M YIpaBJEHUs] TOY-  HayaJbHOH HEONpeleJeHHOCTH npolecca 06paboTKU B MHO-
HOCTbIO 00pabOTKU MapTUH AeTajlell Ha MeTaJUIOPEXKYLIMX  TOHOMEHKJATYPHOM MEJKOCEPUHHOM MPOU3BOACTBE.

OHDEAEHEHMG ONTUMAJIbHbIX aJIFTOPUTMOB yNpaBJZieHUA CII)MJ'IpraI.I,VIOHHbIMVI cncremamu

Yak6apos OanmxoH OTamMup3aeBny, KaHANAAT TEXHUYECKNUX HayK, [OLEHT;

Komunos Caxo6 PacynikoHOBMY, aCCUCTEHT, CTapLWii NpenoaaBaTens;
HamaHraHcKuit WHKeHepHO-Neaarornyeckuil MHCTUTYT (Y36ekucTa)

Xonmup3aeB XOWMUMKOH IPKUHKOHOBMY, ACCUCTEHT
HamaHraHckuit rocyaapcTBeHHblit yHuBepcutet (Y3bekucraH)

Yak6apoBsa [lunHo3a XabubynnaesHa, 3aBeaytolias kadenpoi, npenofasartens
HamaHraHckuit npoteccoHanbHbii Koaneax CTpoUTeNsCTBa v AnsaitHa (Y3bekucraH)

Ba»moﬁ 1eJIbIO OTPeJIeJIeHUsT ONITHMAJIbHBIX aTOPUTMOB yIpaBJieHUs (DUIILTPALIHOHHBIMH CUCTEMAMHU SBJISETCS OThICKAHHE
HanboJiee ObICTPBIX U SKOHOMMUECKH BBLITOJHBIX METOJIOB pEIlEHHs], T.€. ONTHUMM3AlUs BbIUUCIUTENbHbBIX aJrOPUTMOB.
[IpoGsiemy onpeseseHus ONTHMAJbHBIX aITOPUTMOB PeLLIeHHUs! TPH 3alaHHbIX OTPAaHHYEHUAX HEOOXOAUMO U3y4aTh C OMOLLbIO
001X MaTEMAaTHUECKHX TEOPEM M OLLEHHBATh MUHMMAaJ/IbHO BO3MOXKHbIE 3aTPaThl HA pellieHHe KOHKPETHOH 3aaul U3 3ajlaH-
HOTO KJjlacca Wik cymmbl 3aaad [ 1].

PaccemoTpeHue 0IHON H30JIMPOBAHHOK MaTeMaTHUECKOH 3a/lauk Jist ONpeJie/ieHHst ONTHMAJIbHBIX arOPUTMOB GoJbliIel va-
CTbIO HE PelIaeT MpakTHuecKoro Bornpoca. OHaKo, yMest HAXOAUTb HAUJIYULLIHI Cr1oco0 pellieHns NPY 3aJaHHbIX BO3MOXKHOCTSX
U CPEACTBAX BLIYUCICHUH KAaXKI0H JJOKAJILHON 3a/1au, Mbl TEM CAMbIM MOAXOAMM K PelLleHHI0 0011eld MpobJeMbl.

B npouecce necne0Banus CI0KHBIX CHCTEM 00BEKTOB I0ObIYH ra3a NPUXOAUTCS PellaTh pas/HyHble M0 MOCTaHOBKE M Xa-
paKTepy 3ajiauk, Cpeld KOTOpbIX HauboJiee BaxKHbIMH SIBJSIIOTCS ONpeieseHUsT 3aa4d ONTHMAJIbHBIX aJIFTOPUTMOB YIPaBJIEHHUSI.

OnHUMM U3 BaXKHBIX ONTHMHU3ALIMOHHBIX 33/1a4 CJI0XKHBIX CUCTEM 0ObEKTOB JI00bIUM ra3a SBJSIOTCS:

— ofecrieueHne MakCUMaJIbHOH J0ObIUM rasa;

— JIOCTHKEHHE MUHHUMaJIbHOH ce6eCTOMMOCTH ra3a;

— ofecrneueHne MakCHMaJIbHOH 3P(EeKTHBHOCTH KaNUTAIOBJIOKEHHI;

— ONTHMaJIbHOE pacrpeeseHne oOLIUX TPOU3BOJACTBEHHBIX 3aIaHUH 110 Pa3JIUYHbIM TPOU3BOJCTBEHHBIM 00bEKTaM U JIp.

CJ/102KHOCTb 00BEKTOB J00bIUM ra3a, 00yc/oBJleHHAs MHOrOOOpa3ueM TEXHOJOTMYeCKHX MPOLECCOB, a TakxkKe GOJbLIMM
YMCJIOM COCTABJISIOLIMX MX 9J1€MEHTOB, IPUBOIUT K HEOOXOIMMOCTH MPOBEIEHUS CUHTE3a U KJacCH(UKALIUKY pacCMaTPUBAEMBbIX
3ajau.

[Ipu pellieHUH TakuX 3a1ady HEOOXOUMO YUHUTBIBATH MX (DYHKLMOHAJbHbIE, TMHAMUUECKHE U KOHCTPYKTHBHbBIE CBSI3H C CH-
cTeMoi (0OBEKTOM ), K KOTOPOH OHHM OTHOCSITCS.

Jlnst onpeniesieHust ONTUMAJIbHBIX aJIFOPUTMOB YIIpaBJeHUsT (PUILTPALMOHHBIX CHCTEM HCIIOJb3YIOTCS METO/Ibl KOHEYHbIX pa3-
nocreil. [Ilupokoe ucnosib3oBaHue MeTola KOHEUHbIX pasHoCTel Juisl pelleHus Mg depeHraibibIX ypaBHEeHHH MaTeMaTHye-
CKOM (DU3UKH BbI3bIBAET HEOOXOUMOCTb JIETAJbHOIO U3y4eHHUsT BCEX CBOHCTB PA3HOCTHBIX cXeM. TaKUMH CBOHCTBAMHU IPEXK]ie
BCEro SIBJISIOTCS YCTOHUHBOCTD U CXOAUMOCTb.

J11 onipesiesieHUst ONTUMAJILHOTO aJITOPUTMA B KauecTBe MPUMepa pacCMOTPUM OJHOPOJHBIN TJIACT MPSMOYTOJbHOTO BHIA
0£x£1000m, O£y£1000 M, Ha KOHTYype KOTOPOTO 3ajlaeTcsl HauabHoe JlaBjenne. B nentpe o6aactu pacnoioxeHna ojiHa 100bl-
Barolllasi CKBaXKHHa ¢ MOCTOSTHHBIM ie6utoM Q=150 M3/cyTKH.

XapakTepucTHKa Mjacta: HauajibHoe aasjenve Py=150 xre/cm2, nponuuaemocts K=0,07=const Jlapcu, nopucroctsb
M=0,01=const, acppekruBHast MoHocTb h=10 M, uncso TexHosornueckux cksaxku N=1, cpok pagpadotku T=7 ronu, nyivHa
muacra Lx=1000m, mimpuna niacra Ly= 1000 m, tuHamuueckas BA3kocTb p=1 cns, aGcuucchl 1 opauHathl ckBaxkuH (OX=51,
OY=51), uncno yanos no 0X pasno Ny=101, uncno yanos no 0¥ pasuo Ny=101, war no spemenn t=30 cyt. TpeGyercst onpe-
JIEJTTh U3MEHEHHE JIaBJIeHUS TT0 BPEMEHH.

J1iist TPOBEPKH JI0CTOBEPHOCTH TIOJIyYEeHHBIX Pe3yJbTaTOB pellaeM CJeyollylo 3aiauy ¢ TeMH K€ HCXOAHBIMH JaHHBIMH
wmax=0u @ =1.

2 ary 4 ar aF
> K(}’)a +a K(}’)a —M@)E+F(x,y,£) Ly el 11, (1)

»

Hauanbhble yenoBust: P{X,_J",Q'L_D = Lix.y), [xr]e Dy
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B o6111eM CJlydae Ha rpaHulie o6J1acTH 3a1aeTcst yCJIOBHE!

P AP x, 1 f)
b

+5P|:I,y,f:| =F. £ f’lj (2)
Fy

Hatia ocHoBHast 3aj1aua — OMNpeJIeUTh ONTUMAaJbHBIE aITOPUTM HA OCHOBE MOJIydeHHbIX pedysibratoB. [ToatoMy i/is ee pe-
1LIeHHs] 3anaun OyJeM TPUMEHSITh Bce MTPHBEJIeHHbIE BbIllle METOJIbI.

B ta6u. 1 npuBesieHbl pe3ysbTathl, MoJydeHHbIe ¢ TOMOLIBI0 METONIOB paciierienust. B sTom tabiuiie HoMep cKBazKUHBI Ne
=5. Pacuersl nponosmkaguchk 1o T=7 jieT, a Bce mnoJiyueHHble pe3yJibTaThl IPUBEJIEHbI Ha BpeMeHHOM 1iare t=360.

Bo Bcex mMetojiax pacueTHble 3HAYE€HUS U3MEHHUIUCh HEMHOTO Ha KaXK/IOM BPEMEHHOM 11are. DTO yKa3blBAeT Ha TO, UTO TOY-
HOCTb METOJIOB OUeHb UyBCTBUTE/bLHA HA BDEMEHHOM 1lIare.

[1pu pacCMOTpPeHUH KaxKJI0ro METOa Ha BCeX TaOJMIAX 3aMeuaeM, UTO 3HAYeHHs pPe3yJbTaToB H3MEHWJIHCh HE3aMEeTHO.
J17151 MpoBepKH pesyJbTaTa MoCTPOUM rpacyk Ha ocHOBe Tadul. |

Tabnuua 1. MosnyyeHHble pe3ynbTaThl C NOMOLLbIO METO/JI0B paclyenneHus

Fopbl Bpemsa
MeTopabl Ne ckB | OX | OY 1 2 3 4 5 6 7 cyeta
Ha IBM
1 2 3| 4 5 6 7 8 9 10 11 12
Metop nepe-
MEHHbIX Ha- 5 51 | 51 | 147.194 | 146.883 | 145.685 | 144.371 | 144.371 | 143.174 |142.411| 15 cek.
npaBaeHun
MeTopn nokom-
NMOHEHTHOTo 5 51 | 51 | 147.849 | 146.747 | 145.857 | 145.033 | 144.235 | 143.450 [142.670| 30 cek.
pacuenneHus
JlokanbHO-0/-
HOMEpHbI 5 51 | 51 | 147.941 | 147.190 | 146.630 | 146.142 | 145.692 | 145.263 |144.848 | 15 cek.
MeTo[,

Ha puc. 1 noxasano ymenblieHue aaBjaenust B ckBaxkuie N=5. Ha BpeMeHHOM L1are Ka:ka0ro MeTojia MoKasaHbl pasHble
3HaueHus. Ho 3TH 3HaueHus oueHb NpuOIMKeHbl ApYT K Apyry. Ha rpacduke meton nepeMeHHbIX HanpaBJ/eHUH U METO/L, TIOKOM -
MOHEHTHOTO pacllenJieH!s oueHb OJIM3KK MO 3HAYEHUAM. DTO YKa3bIBAET Ha TO, UTO ITH METO/bl OUeHb MPUOJIHAKEHBI MO TOY-
HOCTH, MOTPEIIHOCTH U YCTOHYHBOCTH. B Tabs. 1 npuBeneHo Bpemsi cueta /s pelenust 3anaud. Haina 3anaua agyxmepnas,
M03TOMY ISl ONPEAEICHHS ONTHUMAJBLHOTO alrOPUTMa Mbl He OyleM paccMaTpUBaThb TOJBKO TOYHOCTh, CXOAMMOCTb H MPUOJIH-
JKEHHOCTb MeTO/10B. Bpemst cuera Toxke Urpaet GoJIbLLYyIO POJib.

:..—. i — T
o e —— =rm

fREIBHNE

a0 ——

—— TTOECATIREO- O HOMENEEE FETOR, —8— Moo P EMEHEGE: HATDARTEEET —— T TIOECCMITOHEHTHOT 0 P IETOTEHELT

Puc. 1. MonyyeHHble pe3ynbTaThl N0 roAaMm B LLEHTPANIbHOM CKBaXKMHe
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[TosTomy paccmoTpeB pesyJsbraThbl TadJl. 1, MosydeHHble ¢ TTOMOLLBIO IPUBEIEHHBIX METO/I0B, Mbl MOXKEM OIMPEIEIUTb Of1-
TUMaJIbHBIA aJTOPUTM 1S yIIpaBJieHUsl (PUJILTPALLMOHHBIMU cHcTeMaMHu. K3 TabiuL 1 rpaduka BUAHO, UTO METO/L, lIepEMEHHbIX
HanpaBJ/AeHUH 10 CXOMMMOCTH, TOUHOCTH, PUOJIMKEHHOCTH H BpPEMEHH cueTa oOecreynBaeT XOpPOLUH pesy bTat s MoCTaB-
JIEHHOH 3a7a4u.

Tenepb paccmoTpuM 3aiauy ecsin JaHbl 1e6UTH B 9 ckBaxkuHax. Hucso ckBaxkud Ne =9. A 1e6uThl B KaxK108 106bIBaIOLIEH
CKBaKHHE MOCTOSIHHEI M paBHBl Q=10%m3/cyTkn. OcTa/bHbIe BCe HCXOAAIIME aHHbIE He OyleM H3MeHsiTh. TpeGyercs ompe-
JIeJIUTb U3MEHEHHeE JIaBJIeHHs] B KayKI0H CKBaXKUHbI 110 BPEMEHHU. DTH CKBAXKMHE PACMO/NOkKEHbl CHMMETPHYHO H HOMEpa 3THX
ckBakuH Ng=9. QoHJ1 CKBAXKMH B KOOPIIMHATHON CUCTeMe TIpHBejieH B Tabil. 2.

Peulaem 3ajauy, HCroJib3yst Bce NPUBEICHHbBIE METO/Ib, H MOJIyYUM Pe3yJbTaThl, JaHHbIE B Ta0J. 2—4.

Tabnuua 2. MonyyeHHble pe3ynbTaThbl C NOMOLYbIO IOKaNbHO-0fHOMEpHOro MeToAa (Bpemsa cyeta 15 cek.)

0X | oY Foa pa3pa6oTku

Ne ckB 1 2 3 4 5 6 7
1 21 | 21| 145.6860 | 143.8807 | 142.3330 140.8420 139.3651 137.8912 136.4172
2 51| 21 | 145.5624 | 143.6446 | 141.9983 140.4292 138.8939 137.3778 135.8739
3 81 | 21 | 145.6860 | 143.8807 | 142.3330 140.8420 139.3651 137.8912 136.4172
4 21 | 51 | 147.3424 | 145.8741 | 144.4629 143.0372 141.5952 140.1417 138.6805
5 51| 51| 147.2699 145.7145 144.2156 142.7161 141.2174 139.7225 138.2318
6 81 | 51 | 147.3424 | 145.8741 | 144.4629 143.0372 141.5952 140.1417 138.6805
7 21 | 81| 145.6860 | 143.8807 | 142.3330 140.8420 139.3651 137.8912 136.4172
8 51| 81 | 145.5624 | 143.6446 | 141.9983 140.4292 138.8939 137.3778 135.8739
9 81| 81 | 145.6860 | 143.8807 | 142.3330 140.8420 139.3651 137.8912 136.4172

Ta6nuua 3. MonyyeHHble pe3ynbTaThl C NOMOLYLIO METOAA NEPEMEHHbIX HanpaBneHuii (Bpems cuerta 15 cek.)

0X | oY lop paspaboTku

N¢ ckB 1 2 3 4 5 6 7
1 21| 21 | 145.5734 | 144.9712 141.9393 140.9749 138.3799 137.2436 | 134.8547
2 51 | 21 | 145.4463 | 144.7815 141.6413 140.6909 138.0574 136.9357 | 134.5310
3 81 | 21 | 145.5734 | 144.9712 141.9393 140.9749 138.3799 137.2436 | 134.8547
4 21 | 51 | 145.4463 | 144.7815 141.6413 140.6909 138.0574 136.9357 | 134.5310
5 51| 51 | 145.3153 | 144.5705 141.3207 140.3865 137.7138 136.6075 | 134.1867
6 81| 51 | 145.4463 | 144.7815 141.6413 140.6909 138.0574 136.9357 | 134.5310
7 21| 81 | 145.5734 | 144.9712 141.9393 140.9749 138.3799 137.2436 | 134.8547
8 51| 81 | 145.4463 | 144.7815 141.6413 140.6909 138.0574 136.9357 | 134.5310
9 81 | 81 | 145.5734 | 144.9712 141.9393 140.9749 138.3799 137.2436 | 134.8547

Tabnuua 4. Nony4yeHHble pe3ynbTaThl C NOMOLLBI0 METOAA NOKOMNOHEHTHOrO pacwennenus (Bpems cyeta 30 cek.)

oX | oY Fop pa3paboTku
Ne ckB. 1 2 3 4 5 6 7
1 21| 21 | 147.2955 145.2404 143.2324 141.2162 139.1946 137.1710 135.1471
2 51 | 21 | 147.2129 145.0577 142.9928 140.9497 138.9170 136.8896 134.8653
3 81 | 21 | 147.2955 145.2582 143.2653 141.2615 139.2502 137.2349 135.2178
4 21| 51 | 147.1841 145.0335 142.9683 140.9248 138.8921 136.8649 134.8408
5 51 | 51 | 147.0968 144.8392 142.7148 140.6439 138.5998 136.5689 134.5443
6 81| 51 | 147.1841 145.0524 143.0028 140.9720 138.9495 136.9306 134.9132
7 21| 81 | 147.2955 145.2554 143.2635 141.2610 139.2507 137.2364 135.2199
8 51 | 81 | 147.2129 145.0735 143.0252 140.9959 138.9744 136.9563 134.9393
9 81 | 81 | 147.2955 145.2725 143.2950 141.3045 139.3041 137.2979 135.2880
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CpaBHeHHe pe3y/IbTaTOB TaGJHIL TI0KA3a/H Clleylollee: Mo TadJ. 4 faBjieHne yMeHblIaeTcs GbIcTpee, ueM no Tabu. 2—3.
[TostydeHHble pe3yJibTaThl NIpUBeeHbl HA BpeMeHHOM Muare t=360. st poBepKH pe3y/ibTaToB Ha BpeMeHHOM luare t=7 ro-
cTpouM rpaduk Ha ocHoBe TabJ1. 1.
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12,00

.00

1 3 3 4 5 & 7 8 @
HOMBRA O VEANHHI
—+— [OKANEHO 0OHOMBRHEIR METO —O— MeTo MepEMEHHER HANPAENEHMA

—¥— MeTon NoOEOMOOHEHTHOM paclWennaHuA

Puc. 2. MonyyeHHble pe3ynbTaTbl B CKBaXKMHAX 32 KOHEYHbI O

Ha puc. 2 no nanpasnenunio OV nokazano uamMeHeHue jaaBjenus, no Hanpasjaenntio OX — Homepa ckBaxkuH. Paccmotpes
pHUC. 2, OTMETHM, YTO METO/Ibl [TePeMEHHbBIX HATIPABJIEHHH U TOKOMITOHEHTHOTO pacllen/eHust AaloT JyUlIii pedyJ/ibTat, YeM JIo-
KaJIbHO-OIHOMEpHast cxeMa. A BpeMsi cueta MeHbllle METO/Ie MePEeMEHHbIX HAMpaBJeHHH UeM, 0 METOLY MOKOMMOHEHTHOTO
paciuenienusi. Takum 06pa3oM, 1Jist BbIOpaHHOF ABYXMEePHOH 3a1a4i MOXKHO [IPUMEHSITb METO/L [lepeMEHHbIX HallpaBJ/leHH, KO-
TOPBIH JJaeT XOPOLIHe Pe3ybTaThl 0 TOYHOCTH, MOTPEIHOCTH, YCTOHYHBOCTH H 110 BPEMEHH CUeTa.

Jlutepatypa:

l.  Ilementbes, JI. ®. Maremaruueckue metojibl 1 IBM B Hedrerazopoit reosiornu. — M.: Henpa, 1983. — 189 c.

2. )Kak6apos, O.O., Mmamnasapos 3. /1., Kogupos 3. 3. Cosnanne naxkera NpuKAAIHbIX TPOrPaAMM /s OMTHMAIbHOTO
yrpasJienusi npotieccoM (GuILTPaL|K /sl pa3pabOTKK Ta30BbIX MecTopoxkaennii // Mosonoit yuenbiii. — 2015, —

Ne 9. — ¢. 226—230.

B3aumopeicTBue npomep3atoLmx NyYMHUCTbIX FPYHTOB
c 60KOBOI NOBEPXHOCTbIO CEKLUI BOAONPONYCKHbIX TPYO

Hentblwesa AHactacus CepreesHa, acnupaHT
nepMCKMVI HaLlI/IOHaﬂbelﬁ MCCﬂeAOBaTeﬂbCKMVI NONUTEXHUYECKUI yHuBepcutet

BSaHMOILeﬁCTBHe TeJ B CHCTEMe TPOMEp3alolIMil Mydd-  3bIBATh 3Ty CHCTEMY «TPYyHT-(yHnamenT». [1pu stom B 60J1b-
HHCTBIA TPYHT — COOpYy>KeHHe NpelcTaBJseT coOOH  LIMHCTBE CJy4yaeB IIPOLECC B3aMMOACHCTBHS MCCJeLyeTcs
CJIOZKHBIH M3MeHsitoLIMiicst BO BpeMeHH npouecc. [Tokasate-  He KOMIIEKCHO, @ CBOAMTCS K H3YUEHHUIO OT/@/NbHbBIX €ro MoKa-
JISIMH 9TOTO IIpoLecca sIBJIAIOTCS BOZHUKLINE B CHCTEMe CHJlbl,  3aTeslel, VIaBHBLIM 00pa3oM, KacaTe/IbHbIX CHJl BbIITy4HBaHHUS,
HanpsbkeHust U gedpopmaunn. K HacrosilieMy BpeMeHH M3-  JEHCTBYIOLIMX Ha GOKOBYIO MOBEPXHOCTb (PyHAAMEHTA.

BECTHbI TCOPETHYECKHUE U IKCIIEPUMEHTAJIbHbIC METO/IbI, MPH- le/lMeHﬂ}OLLlI/IeCH TCOPETHYECKUE METOAbl KOMIIJIEKCHOTO
MEHsIBIIMECS JIs1 UCCIEeA0BaHHUs 3TOr0 Ipouecca B CpaBHHU- HUCCeI0BaHUs ITpoLecca B3aUMOJIEHCTBHS TeJl B CHCTEME I-o
TeJIbHO HpOCTOIU/I CUCTEME — HpOMepSa}O[H,I/Iﬁ Hy‘{I/IHI/ICTbII“/I MOXKHO CBE€CTH K CJISIYIOIUM TpeM:

PPYHT — OJMHOUHbINA (yHnamenT. B nanbHediniem Gyjnem Ha-
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1. Metosy, 0OCHOBaHHOMY Ha aHaJiM3e HarpsKeHHO-Jie-
(hOpMaTHBHOIO COCTOSIHUSI CUCTEMBI, IPY KOTOPOM MpoMep3a-
IOLLIMH CJIOU TPyHTA paccMaTpUBAETCs KaK yrpyras MJacTHHa,
3aKperieHHas (yHAaMeHTOM, AehopMHUpyloLasicsl Moj BO3-
JIEHCTBUEM CHJI ITyUEHHUS;

2. Merony, 6asupyioLieMycsi Ha 3aKOHOMEPHOCTSIX MPO-
11eCCOB NPOMEP3aHHusl U My4€HHs TPYHTOB;

3. DeHOMEHOJIOrHYeCKOMY, B KOTOPOM 3aKOHOMEPHOCTH
B3aUMOJICHCTBUSl  MPOMEP3alollero  My4ydHHCTOTO  TpyHTa
¥ yHIaMEeHTa, a TaKXKe YMCJIOBbIE MOKA3aTesJH B3aUMOJIEH-
CTBHSl YCTAHABJMBAIOTCS B pe3yJbTaTe pelleHust MOJHOH CH-
CTeMbl YpaBHEHHH, OCHOBHOE H3 KOTOPBIX — (HeHOMEHOJIOTH -
yeckKoe ypaBHEHHE 3aBHCHMOCTH KacaTesbHbIX HarpszKeHHH
B TOUKE MOBEPXHOCTH (pyHIaMEHTa OT pa3Mepa U CKOPOCTH
CMEUIEHHS MPOMEP3LLIEro IPyHTa Mo (PyHAAMEHTY B JAHHOH
Touke — Oepercs KakK pe3ysbTaT anmnpoKCHMalliu rpaduka
CTAHAAPTHBIX J1aO0PAaTOPHBIX HCMBITAHUH  COMPOTHBJIEHUS
CIIBUTY MEP3JIOTO TPyHTa MO (PyHIaMEHTY, OCTalbHble — CO-
CTaBJISIIOTCS] HCXOJIS1 U3 TTPUHSITBIX JOMYLLIEHHH.

B GoJ/ibLIMHCTBE c/lydyaeB NMPUMEHEHHS] YKA3aHHbIX Me-
TOJI0B NPOLLECC B3AUMOAEHCTBUS CBOAMJICS K IBYXMEPHOMY.

MHorouuc/ieHHble  YKCIepUMEHTa/lbHble  HCC/IeIOBAHUS
cucrembl [-@ cBoasTcs raBHBIM 06pa3oM K M3y4eHHIO OT-
JIeJIbHBIX  TT0KasaTeslell rpolecca B3aUMOJCHCTBUS (Kkaca-
TeJIbHBIX CHJI BbIIyYUBAHUSI, NEePEMELLEHUI CHCTEMbl U JIp. ).
Pexxe oHOBpeMeHHO HCCIelyeTcsl HeCKOJIbKO MoKadaTesel.
CrielyeT OTMETHTb, UTO JaxKe /IS TAKOH — CPaBHHUTEJBHO
MPOCTOH CHCTEMbl — HCCJIEIOBAHME KACATEbHBIX CHJI BbITTY-
YHBAHMUS, IEUCTBYIOUIMX CO CTOPOHBI TPOMEP3aIol1ero rpyHTa
Ha GOKOBYIO MOBEPXHOCTD (DyHIAMEHTa, TPeICTaBsieT co6oM
cnoxHyto 3aznauy. [To 910l nMpuyKHHe B MPUPOAHBIX YCIOBHSIX
OHM MCCJIEIOBAINUCH [IABHBIM 00pa3oM Ha MOJEJSX Ofih-
HOYHBIX (PyHHaMeHTOB. Elile 6oJjiee CI0XKHBIM SIBJSIOTCS HC-
CJIEIOBAHUSA CUJ MyUYeHHs], Pa3BUBAIOIIMXCA B CJ0O€, HAXOMs-
111€MCSI HA CTaIMKi aKTHBHOTO TIPOMEP3aHusi U MydeHHsl.

Bri6op MeTon0B HcC/ieoBaHNST B3aWMOJEHCTBHSI B CH-
cTemMe MPOMEP3LIMH MyYHHUCTBIH TPYHT — CEKLHsI BOJOIPO-
nyckHOU TpyObl. B jnanbHefiiiem 31y cucremy GyjeM Hasbli-
BaTbh «rpyHT — cekuus Tpyob» (I-CT). Cucrema I-CT 6osiee
coXKHas, uem cucrema [-@. npotiece B3aUMOIEHCTBUS 3/1eCh
MHororpanubid. MojenupoBanue ero, Kak B JabopaTopHbIX,
TaK ¥ B HATYPHBIX YCIOBHSIX SIBJISIETCS OU€Hb CJI0’KHOM 3a/1aueH.
DTO HCKJII0YaeT BO3MOXKHOCTb MPUMeHeHHs! (heHOMEHOJOTH-
4eCKOro METO/1a HCCJIIOBAHHUS, @ TAKXKE IKCIIePUMEHTAJIbHbIX
METOJIOB MCCJIEJOBAHUS YHCJOBBIX 3HAYEHHH TaKUX BaxK-
HEHIIKUX TMoKazaTe/iel 1polecca B3aUMOJCHCTBUS, KaK CHJ
BbIMYyUUBAHKS, JIEHCTBYIOLUIMX Ha OOKOBYIO TOBEPXHOCTD
CeKIMH, U CUJI TTydeHHs], pa3BUBAIOIINXCS B TPOMeP3IIEM BO-
KPYT CEKLMH CJI0€ I'PyHTa, HaXOMALLEMCsl Ha CTalMH aKTHB-
HOrO POMEP3aHHUsl U My4YeHHUSI.

Mertosibl nceneoBaHusi, B KOTOPbIX IPOMEP3aloIUH Mydu -
HUCTBIH TPYHT pacCMaTpPUBAETCS Kak yrpyras njactvHa, 3a-
KpernJjieHHasi B (DyHJaMeHTe, Harpy:KeHHasi CHJIaMH My4eHus,
CJIOJKEH U HEJOCTaTOUYHO pa3pabOTaH AJs YIOMSAHYTOH BbILIE
6oJiee npocroit cucrembl [-@. [To 3T0# MpUuKHe MpUMeHeHHe
ero juist cucreMbl [-CT 6bl10 TakKe UCKJII0UEHO.

[IpuHnMast BO BHUMaHHE BbILLIEH3JI0KEHHOE, /15 CHCTEMbI
[-CT B KayecTBe OCHOBHOTO Obl]1 BbIOpaH TEOPETHYECKHI
MEeTOJl KOMIIJIEKCHOTO HMCCJEI0BAHUS B3aUMOIEHCTBUS Tell
B cHCTeMe, Oa3upyIoLIeHCs HA 3aKOHOMEPHOCTSIX TPOLECCOB
MpoMep3aHust U TydeH sl TPyHTOB.

M3BecTHO, 4TO MpH MPOMEP3aHUH TYYHHHUCTOTO TPyHTa
KaX/JblH M3 €ro 3JeMeHTapHbIX CJIOEB T00YEPEIHO BCTY-
naet B CTaJMM: HayaJbHOTO MPOMEp3aHusi, aKTUBHOIO Mpo-
Mep3aHusl W MydeHus, jAajbHeilero ortranBanus. Hanuuue
B TAKOM TIPYHTe COOpY:KeHHs 0OyC/JaBJIMBAET HX CHJIOBOE
1 lehopMaTHBHOE B3aUMOJIEHCTBHE.

CyTb MpPHMEHEHHOTO TEOPETHYECKOTO MeToJa HCCeNo-
BaHHSI COCTOMT B MO3TANHOM (110 Mepe NpoMep3aHus TpyHTa)
BbISIBJICHUH HATIPSKEHU I, CUJI U lepopMaLiii Bo Bcel cucTeMe
[-CT, BbiTeKatowux u3: (HU3MUECKHX MPOLECCOB, MPOUCXO-
JSALIMX B MPOMep3alolleM TPYHTe; CBOHCTB, HANPSKEHHOTO
COCTOSTHHUSA U JlechopMallnii pa3/IMUHBIX CJIOEB TPOMEP3atolIEero
TPYHTa; CBOWCTB CAMOH CEKLHMH TPYODI.

Panee ykaszaHHbIM MeTOIOM McCJ/eloBaHa OoJiee TpocTast
cucrema [-®. Baaumoyeticrue tes B cucreme [-CT, no cpas-
HEHWIO C B3auMOJIeHCTBUEM Tesl B cucTeMe [-®, npejcraniis-
ercs oTIMUHbIM. [IpencTapsercs: Takke, UTo 3T0 OTJIHUHE 00-
YCJIOBJIEHO TJIaBHBIM 06pa3oM HaIWuMeM KPUBOJHHEHHOTO
(hpoHTa MpoMep3aHHst B OKPYKAIOIIEM CEKLIMIO TpyHTe (puc. 1).

{PesyabTathl HCC/IeI0BaHUsT B3aUMOJICHCTBHS Tel B CH-
creme [-® nosioxKeHbl B OCHOBY OFOBOPEHHBIX HOPMaMH Me-
TOMK pacuyeta yHIAMEHTOB Ha BbIIydHBAHHE. DTH KE Me-
TOIMKM DPEKOMEHJYIOTCA M JUI PAcyeToB BbIydHBaHHE
(hyHIAMEHTOB CEKILMH BOIONPONYCKHbIX TPYO. B ¢BsA3M ¢ 3THM
HIDKe, Hapsiy C aHaJu30M B3aUMOJIEHCTBHS TeJ B CHCTEME
[-CT, BbIABJISIIOTCS 0COOEHHOCTH B3aUMOJEHCTBHSI TeJT B 9THX
JIBYX CHCTEMaX.

Crausi HavyaJIbHOrO MpoMep3aHus s CYIJIMHKOB Ts-
JKesbIX MblieBathiX No aaHHbiM [LI1. Bpentoka umeer mecro
npH oTpulaTeabHbIX TeMneparypax jo 0,2—0,6. dta craaus
XapakTepuayeTcsi 3amMep3aHueM 4acTi cBOOOJHON /N OYeHb
cnabo CBSI3aHHON TPYHTOBOH BOJbI M HayaJbHbIM (POPMHPO-
BaHHEM MOPO3HOH CTPyKTypbl rpyHTa. [lpu stoM mnydyenue
IPyHTa MPAKTHUECKH HE MPOUCXOJIUT.

Mcxonst U3 H3/102KEHHBIX 3aKOHOMEPHOCTEH Ipoliecca Mpo-
Mep3aHusi TPyHTa, MOXKHO YTBep:KJIaTb, UTO, aHaJOTHYHO
TOMy, KaK B cucreme [-® rpyHT, HaXOJsUIMACS HA CTaUK HAa-
YaJIbHOTO MPOMep3aHHusi, cMepaaercst ¢ (hyHIaMeHTOM, B CH-
creme [-CT npousoiiner cmepsanue rpyHTa Hacbinud ¢ 60-
KOBOW MOBEPXHOCTbIO 3BeHA. PaccMOTpUM XapaKTepUCTHKH
9TOTO CMep3aHHUsl.

OCHOBHBIMH ~ (paKTOpaMH, OMPEENSIONIUMHI  YIEJIbHYIO
MPOYHOCTb CMeP3aHHsi TPYHTOB C Pa3JMUHBIMU MaTepHalamMy,
KaK yCTaHOBJIEHO B JJaGOPATOPHBIX YCJOBHSIX, SIBJSIOTCS: Ha-
yaJibHasi BAAXKHOCTb TPYHTA, €ro 3ePHOBOH COCTAB, YCJIOBHS
npomepsaHusi, puanyecKre CBOMHCTBA MOBEPXHOCTH TBEPOTO
TeJ1a, C KOTOPbIM CMep3aeTcsi TPYHT, U TeMIepaTypa Mep3Jioro
rpyHTa.

3aBUCUMOCTb Y/IeJIbHOH MPOYHOCTH CMep3aHusl TpyHTa
¢ OETOHHOH TOBEPXHOCTbIO OT BJIAXKHOCTH TPYHTa HOCHT,
KaK MU3BECTHO, HesIMHeHHbIH xapakTep. C yBesMueHHEM BJ1axK-
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Puc. 1. Cxema pacnosioKeHus Tanbix U MEp3JibIX CJI0EB rPyHTa B NepUof, KOraa npuneraowmi K CeKumm ciom
rpYHTa HaXOAMUTCA Ha CTaAUM HAYaNbHOTO MPOMEP3aHUA: a) CXeMa PacrnoNoXKeHUsA TabIX U MEP3JIbIX CNIOEB
rpyHTa; 6) pacnpepeneHue Temnepartypbl B FpyHTe Hacbinu; I — cTeHKa 3BeHa TPYObI; 2 — rPYHT HA CTaAUM HayanbHOro
npomep3aHus; 3 — Tanblil FPYHT HACLINK; 4 — Tanblil FPYHT 3eMAAHOr0 NONOTHA; t, — TemnepaTypa 3amep3aHusA rpyHTa,
t,, — Temnepartypa Hayana MOPO3HOro NyYeHUsA rpyHTa

HOCTH JIO ONpPEJIEJIEHHOT0 TMpejesa, PABHOTO MPUMEPHO €ro
MAaKCHMAJIbHOH BIAroeMKOCTH, HabJI0IaeTcsl POCT MPOUHOCTH
cMepaanusi. [IpeBrblientie yKasaHHOToO Mpesesa BAaXKHOCTH
TIPUBOJIUT K YMEHbLICHHIO TPOYHOCTH CMEP3aHHUsI.
[Tpuserarouit K ceKuMn rpyHTa HaChIMH Ha4YMHAET MPO-
MepsaTh CO CTOPOHBI 3BeHa. B ciieacTBre 3T0r0 K GOKOBBIM
M BEpPXHEl MOBEPXHOCTAM 3BEHA CEKLUH OH OyjeT NpHUMep-
3aTb MpakKTHYECKU OJIHOBPEMEHHO, a He OTACJbHbLIMHU He-
6oJIbIINMY CT0sIMH, Kak B cucteMe [-d. B pesynsrate sTOrO0
MJIOMIAb CMEP3aHHsl TPyHTa HACBHIMH CO 3BCHOM CEKLMH H,
CcJIe/IoBaTebHO, CyMMapHasi MPOYHOCTb CMep3aHust OyayT He-
COU3MEpPHUMO GOJIBIIMMH, YeM COOTBETCTBYIOLIHE IJIOLIA/b
M TPOYHOCTb CMep3aHHs TPyHTa ¢ (yHAAMEHTOM B CHCTEME
[-®. 910 — ocobennocrs cucremsl [-CT. Ho na nannon
CTaiuu npomMep3anusi, BCJACACTBUE TOrO, YTO IMy4YCHUE TPYHTa
HE MPOHMCXOJUT, OHA HE BHECET M3MEHEHWI B XapaKTep B3a-

UMOJIEHCTBHs TeJl B cucreMe [-@: rpyHT Hacbinu OyeT ocra-
BaTbCSl HEMOJBMIKHBIM OTHOCHMTEJbHO 3BeHA, HaNpsiKeHWH
B TUIOCKOCTH KOHTaKTa He OYJEeT, MPOYHOCTb KOHTAKTHBIX
CBsI3€Hl TPOMep3alollero rpyHTa 1 3BeHa Oy/IeT ONpeaensiThes
MPOYHOCTBIO CMeP3aHHs.

[Ipusieraronuii K CeKLUH CJI0 TPYHTA [IEPEXOJUT B CTAJIHIO
AKTUBHOTO MPOMEP3aHusi U MydeHus MPH MOHWKEHHH TeMIle-
parypbl. [Ipu 3TOM 30Ha HauaJbHOTO MPOMEP3aHHs TPyHTA
nepeMecTUTCst OT TOBEPXHOCTH 3B€HA W 3eMJISIHOTO TOJIOTHA
B I'PYHT Hachinu (puc. 2).

B cyrmuHKax craapsi akTHBHOTO TIPOMep3aHust U TydeHHst
HMeeT MeCTO B JHana3oHe OTPHLATEJNbHBIX TeMIlepartyp
ot 0,2—2 o 1,2—5°C. Ha 3t0#i craauu B rpyHTe NPOHUCXOAUT
BO3HUKHOBEHHE M POCT MACCHBHBIX BKJIIOUEHHH Jibla (JIMH3,
MpoCa0eK W T.M.), T.€. CerperaypoHHoe Jb1o06pasoBaHue.
D10 06ycaaBAMBAET MyueHHe IPyHTA.

Puc. 2. Cxema cun nyyenus B cucteme '-CT B nepuoa, Koraa npuneraroiwmi K CEKLMU CNOW rPYHTa HAXO[UTCA
Ha CTafMM aKTUBHOTO NPOMEpP3aHUA U NYYEHUA: a) CXeMbl PACMONIOKEHMUSA TasbIX U MeP3bIX CJI0EB FPYHTA U CUI
nyyeHus; 6) pacnpepeneHue TemnepaTypbl B FPYHTE Hacbinu; 1 — CTeHKA 3BeHa Tpy6bl; 2 — rPYHT Ha CTafMU AaKTUBHOIO
npomep3aHuA U NYYeHUA; 3 — TO e HauyaNbHOro NpoMep3aHuA; 4 — Tasibli FTPYHT HACbINU; 5 — TO e rPYHT 3eMJIAHOT0
nonoTHa; t,, — TeMnepatypa NpeKpalieHns MOPO3HOro ny4eHus rpyHTa; t, u t,,— o603HaueHus Te YTo M Ha puc. 1
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[lyuenne cjiost rpyHTa, TIPOMep3aloIIero 3a CTeHKOH 3BeHa,
MPOUCXOJIUT B CTECHEHHbIX ycJoBUsiX. CBOGOAHON peasu-
3al|K My4eHHsi 9TOr0 CJI0sl IPyHTA FOPU30HTAJILHOM HaIpaBs-
JIeHUH (B HarpaBJeHUH MpoMep3aHus rpyHTa) (cM pHc. 2)
NPENATCTBYIOT: ¢ OJIHOM CTOPOHbI — »KeCTKasi CTEHKA 3BeHa,
C Jpyrofl — COMPOTHBJIEHHIO CXKATHIO CJIOSI TPyHTa, HAXo-
JSTLIEroCsT TaJIOTO TPyHTa HACHIMU. Bo3HMKIIME B CJ1eICTBHH
9TOrO CWJIbI IMyYeHHsl , CO3MALyT NOMOJHUTeNbHOE (K GOKO-
BoMy) oGxkartue 3BeHa. CHJIbl [yYeHHsl ,, U COOTBETCTBEHHO,
JlaBjieHHe 00KaTus 3BeHa OyayT orpaHHYeHbl 3HAUEHHEM CO-
MPOTUBJIEHHS CXKATHIO CJIOEB TAJIOTO TPYHTA HACKINHU, MpHJIe-
rarolInMX K MacCUBY MPOMEP3LIET0 IPYHTA.

Tak Kak BO3HHKHOBeHHE CHJIBI ITy4eHHsI , OPUEHTHPOBAHEI
K OOKOBOH IOBEPXHOCTH 3BeHA HOPMAJbLHO, MPUMepP3LIHH
K 3BeHy TIpPyHT OyIeT MO-MpexHeMy HENOABUYKEH OTHOCH-
TeJIbHO 3BeHa. [Ipu 3TOM, B CBSA3M C MOHMKEHHEM TeMrepa-
TYpbI TPYHTA B MJIOCKOCTH CMep3aHus (CM. puc 2, 0) yiesbHas,
a cJIe/IoBaTe/IbHO, U CyMMapHasi IPOUHOCTH CMEP3aHHus IPYHTa
HACBIMM CO 3BEHOM YBeJIUYATCs 110 CPaBHEHHWIO C TaKUMH
MPOYHOCTSIMK Ha TMPEIIIECTBYIOLIEH CTalUK [POMep3aHHsl
K CEKLIHH TPYHTA.

[lepexos nmpueraolero K CeKInu ¢J10si FPyHTa Ha CTajuu
oTTauBaHus (puc. 3) NMPUBOJUT K BOBHUKHOBEHHIO B paccma-
TPUBAeMOH CHCTeMe KayeCTBEHHO HOBOTO HaIpsKEHHO-JIe-
(hopMaTHBHOTO COCTOSTHHSI.

Ha cramuu oTtanBanusi TPYHT XapaKTePU3YeTCs TOJI0KH-
TeJIbHBIMU TeMmrepaTypamu oT 2—5°C 10 TemIiepatypbl, Co-
OTBETCTBYIOILIEH Hauyajy yMEHbILEHHS] Mep3JIoro TIpPyHTa
B oObeMe. [Ipu 5THX TeMMepaTypax OTTauBaeT cojiepKallasics
B I'PYHTE MPOYHO CBSi3aHHAs BOJA. B cuJly CBOEH HermouByK-
HOCTH OHa (PUKCHPYeTCsT B BUIIE Jibla. [PyHT MepexouT B TJia-
CTHYHOE COCTOsIHHE, MPOYHOCTb €ro Ha CXKATHe CHHXKAEeTCsl,
BHYTPEHHE HAMPsiKeHHEe B PPYHTE YMEHbIIAETCSI.

OTTanBaHue MPOYHO CBSI3AHHOH BOJBI 0GYCJABIUBAET
BO3HUKHOBEHHE MECTHbIX iehopMalnil.

B ecrectBeHHbIX yesoBHsX M B cucTeMe [-P Takoe Bosziel -
CTBME CO3/1A€TCsl JIaBJE€HHEM CO CTOPOHbI PACIOJNOKEHHOTO
HH2KE CJI0S1 TPYHTY, HAXOMASILIEr0Cs Ha CTAJIuK aKTUBHOTO MPO-
Mep3aHHusl U Iy4eHHUsl.

B cucreme I-CT ¢ mepexoom MpHeraiomero K ceKium
IpyHTa B CTaJUI0 OTTAUBAHUS CJIOH, B KOTOPOM T'PYHT Haxo-
JIUTCS1 HA CTaIMKH aKTHBHOTO TPOMEP3aHHst U My4eHHsl U B KO-
TOPOM M0-1pexKHeMy OyILyT BO3HHKATb CHJIbI ITy4eHHUs1, OyJIeT,
M0 CPaBHEHMIO C €ro MoJIOXKEHUEM Ha MpeallecTByloUlei
CTaJUM MPOMep3aHUsl TPYHTA, ylaleH OTHOCHTEILHO CTEHOK
3BeHa B CTOPOHY HacbllM ¥ BHU3. [Ipu 3TOM 3TOT Cil0fi B npe-
Jleflax 30HBI TEMJIOBOTO BJHSHUS TPYObl — [ MMeeT Hesu-
HeliHy10 opmy.

B paccmatpuBaemblii MepuolL yeJdbHble CHJIbI MyYyeHHs,
Pa3BUBAIOLLMECS B CJI0€ AKTUBHOTO MPOMEP3aHUs U TyueHHs]
1 JefCTBYIOLLME B HAllpaBJI€HUY MPAHHULIbl pasfielia 3TOro ¢J10s1
C MacCHBOM TBEpPJIOMEpaJoro rpynta, — &, GyyT He ouna-
KOBBIMH 10 JytuHe cnost. [Tostomy &, MoxHO npeacTaBHTh
B Buae bynkunn O, (X). Tak kak cuna &, 3aBucuT MaBHbIM
00pa3oM OT CXKMMAaeMOCTH CJIOSl TaJIoro TPyHTa, MpHJerato-
LIero K MpoMepsiuieMy MacCHBY, MOXKHO, BUAMMO, MOJaraTb,
uto dynkuust &, (X) umeer Buj1, nokasaunelii Ha pucynke 3.

Cuaty &, B 11060ii TOUKe rpaHuLIbl TBEPOMEP3JIOro IpyHTa
MOKHO TPEJICTABHTb B BHJE JIBYX COCTABJSIONIMX: &, — ro-
PH3OHTA/ILHOM 1 &, — BepTHKANLHOM, HAMpaBJeHHO BBEpX.
Cunbl &, jeiicTBylolye ¢ ABYX NPOTHBOMOJIOKHBIX CTOPOH
TpyObl, OyayT cos3laBaTb OOKOBOE HaINpsiKeHUE MaccHBa
TBEPIOMEP3JIOro I'PyHTa, a uepe3 Hero — OOKoBOe 00xKaTHe
CEKLIMH.

Uncsosoe 3nauenue &, CBA3aHO C YMCAOBBIM 3HAUCHHEM

B 9TOH »Ke TOUKe 3aBUCUMOCTbIO:
d,=d,cosa,

(1)

e & — yroJ, o0pasoBaHHblil cuoi &, U BepTHKAIBIO.
DTOT yroJ st Pa3HbIX TOUEK TPaHUIbI TBEPAOMEPSJIOTO Mac-

Puc. 3. Cxema cun nyyeHus B cucteme M-CT B nepuoa, Koraa npuneralowiuil K CEKUMM CROM rPYHTa HAXOAUTCA HA CTaaUM
OTTanBaHMA. a) CXeMa PACNONOKEHUA TabIX U MEP3NIbIX CI0EB FPYHTA M CUN Ny4eHUs; 1 — CeKumA TpY6bI; 2 — FPYHT
Ha CTaiuM OTTaUBaHUA; 3 — TO JKe aKTUBHOrO NPOMEP3aHUA U NyYeHNA; 4 — HAYaNbHOro NPOMep3aHuA; 5 — Tanblil FPYHT
Hacbinu; 6 — ToXe 3eMIAHOro NoNoTHa. 6) Bug 3asucumoctu &, (X); B) To e &, (X).
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cuBa GyjieT pasanunbIM. [109TOMy COS & MOXKHO TaKIKe, KaK H
0, NpejicTaBuTh B BUe hynkimy — cos a (X)),
C yueToM H3J103KeHHOr0, 3aBuchHMocTb O . (X ) Gyner:

6,(X) = 8,(X)cosa (X) (2)

BepTI/lKaﬂbHaﬂ COCTaBJIdrOas CyMMapHOfI CHJIbI ITyYE€HHUS,
ﬂeﬁCTByIOHlEﬁ Ha T10J10Cy NMOBEPXHOCTH TBEPAOMEPIJIOTO MacC-

cMBa WIMPUHOI €X 1 1TMHOI paBHOi L, cOCTaBHT:

dB, = §,(X)cosa (X)dxl_,. (3)

WMurerpupysi BolpaxkeHue (3) Ha ydacTKe IpaHHMllbl TBEp-
JIOMEP3JIOro TpyHTa oT ToukH A 10 Touku C (B npesesiax 30Hbl
TENJIOBOTO BJIMSIHUSL TPYObl) W YYHTBIBAS, YTO C TPOTHBOINO-
JIOXKHOF CTOPOHBI CEKLMHM PacroJioXKeH aHaJorMuHbIA yda-
CTOK, ToJIydyaeM cJieytollee BblpaxKeHue Jisl MojicueTa Bep-
THUKAJIbHOH ~ COCTABJAIOLIECH CyMMapHOH CHJIbl  ITy4eHHUS,
JICHCTBYIOLLICH HA OKPYXKAIOUIMH CEKUHMIO MACCUB TBEPAO-
Mep3JIOro IpyHTa:

P, = 2 6,(X)cosa(X) dxl,,, (4)

BbiHocst E’&ex’ KaK HE3aBUCUMYIO BEJIUYHHY, 3a 3HAK UHTE-
rpaJga, OKoH4aTeJIbHO ToJiydaeMm:

B = 21, J; 8,(X)cos a(X) dx (5)

Ceesiennii 06 uccenopanusx  sasucumoctn 3, (X))
JUISl TPYHTOB, MPOMEP3atoLLMX BOKPYT CeKUMI TPyObl, B JIMTE-
patype He BbISIBJICHO. YUUTbIBAs CPABHUTEIbHO HEGOJbILION
pa3Mep 30HbI TEMJIOBOTO BJAMSAHUS TPYObl, MOXKHO, OYE€BH/IHO,
CUUTATh, UYTO JIOCTATOUHYIO CTe€NeHb TOUHOCTH TIPHU pellleHuH
NpaKTHYECKUX 3314 0OECIeYUT ONEPUPOBAHHE HA Y4aCTKe
OT To4KHU A 110 ToukH C TIOCTOSTHHBIMY B MTPefiesiaX OHOPOIHbIX
IPYHTOB 3HAUYEHUAMHU O .

Cekuus TpyObI 6OJIBILIYIO
JKECTKOCTb M TpPaKTHUECKU He JeopMHpyeTcs MO Ooc-
HOBHBIMM Harpy3kamu KakK B BepPTHKaJbHOM, TaK M B TO-
pH30HTaNbHOM HarnpasJjeHusix. OHa JloJuKHA OCTaBaTbes
YCTOHYMBOH (B BEPTHKaJbHOM HaNpaBJeHWH) M MPH BO3-
JICHCTBUM HA Hee CHJl MaKCHMaJslbHbIX CHJI MOPO3HOTO Iy-
ueHUsl (He JI0JKHA BBIMTYUHUBATHLCS ). PacnoioxeHHbINH BOKpPYT
ceKMH TPYyObl TPYHT TaKXKe JIOPKEH OCTaBaThbCs HEMOJ-
BHKHbBIM.

CTpyKTypa KOHCTPYKUMH TPyObl B TMPOJOJBLHOM Harpas-
JICHUH COCTOMT M3 Tesia TpyObl, KOTOPOE B CBOIO ouepe/lb 00-
pasyeTcst U3 OTAEJbHBIX CEKLIMH, H OTOJIOBKOB TPYObl.

B sroii cBs3u napamerpbl jedopManuil Tesia TPyObI
(ceKLMI) U OTONIOBKOB paccMaTpUBaIOTCsl OTAeabHO. Kpome
TOTO, OTAEJNbHOE paccMOTpeHHe JeopMalMil STHX YacTed
TpyObl CBSI3aHO ¢ OCOOEHHOCTSAMM BO3JCHCTBMS HA HHMX Ha-
IPY30K H PUPOJHO-KJAMMATHYECKHX (DAKTOPOB.

st Tesa TpyObl MOTYT HMETb MECTO CJeylollHe pasHo-
BUHOCTH fiechopMallni:

— ocajika (rpocajika) CeKIni Ha CPpeIHUX yUacTKax TpyObl
¢ o6pa3oBaHUeM BOrHyTOro nmpoduss (nporuba) JoTka Tpyobl.
3HayuTe/IbHAsA 0Ca/Ka CEKLIMH ITPOMCXOAUT MPH 3aMaulBaHHH
IPYHTOB OCHOBaHMsl (yHIameHTa Teja TPyObl, NpH OTTau-
BaHWM IPYHTOB B OCHOBAHUH TPYObI B pefiesiaX HAChINH;

2KeJ1e300€TOHHOH nMeer

— BbINyYHBAHNE KOHIEBBIX CEKIIHH, KOTOPOE MPOUCXOANT
NPy HaJMYHUM TMYYUHUCTBIX TPYHTOB, OKpyKatouwmux ¢yHua-
MEHT CeKLHUI, PH yBeJHUEHHH IyOHHBI TTPOMEpP3aHusi TPyHTa
BCJICACTBHE MUTPALIMH BOJbI B 30HY IPOMep3aHus;

— KpEeHbl CeKUHH 00pasyloTcs BCJIEACTBHE HEPaBHO-
MepHOH 0CaKH 1 MOPO3HOTO MyYeHHUS I10 IJTHHE TPYObI;

— pacTs’KKa CeKLHH, MPHUBOJAILAA K PACKPBITHIO LIBOB
MEXJly CeKUMSIMH. IDTOT BHI jAeopMallil CeKUMH BO3HM-
KaeT BCJIeACTBHE GOJBLINX PACTSTHBAIOLLMX TPOJIOJIBHBIX CHII,
BO3HUKAIOLLMX OT TFOPU30HTAJBLHOIO [aBJIeHUsl [pyHTa Ha-
CBIMH B MJIOCKOCTH MOJIOLIBBI (DyHAAMEHTA; pacTszKKa CEKIIHi
B HauOOJIbILIEH CTETIEHH MPOSIBJIACTCS B CIyYasix 3aMauMBaHUs
W OTTaUBaHHS MEP3JIbIX OCHOBAHUI TPYOBI.

Jlnst orosioBKOB TpyO HauboJiee XapaKTepHbIMH SIBJISIIOTCS
cienyoliye jedopmariyu:

— TMpOJIOJIbHBII KPEeH OroJIOBKOB BbI3blBaeMblil HEpaBHO-
MePHbIM MOPO3HbLIM [Ty4YeHHEM IPYHTa;

— 1nornepeyHblil KpeH (HAaKJOH) OTKPLIIKOB OroJIOBKa, Bbl-
3bIBaeMbIH BO3/IEHCTBHEM OJJHOCTOPOHHHUX HOPMAJIbHBIX CHJT MO~
PO3HOTO My4YeHHs1 CO CTOPOHBI TPOMEP3aHHs OTKOCOB HACBIIH;

— oOTKaTHe OroJioBKa OT Tesa TpyObl, BO3HHKalollee
10 MPUUYKMHE, AHAJOTHYHON PACTSKKH CEKLHH.

B nacrosiiee BpeMst H3BECTeH J0BOJILHO LIHPOKUE HAGOp
MepOIpPHUATHIH, HaNpaBJeHHbIX Ha OOPbOY C JEHCTBHEM CHJI
MOPO3HOTO My4YeHHs: HHKEHEePHO-MeJTMOPaTHBHBIE MEPOTIPH-
ATHSL (TEUIOMEJHOpaLysl; THAPOMEJHOpaLUsl), CTPOUTEJIb-
HO-KOHCTPYKTHBHbIC MEPONPUATHS (IPOEKTHPOBAHHE COOPY-
JKEHHI Ha CTOIGUATBIX M CBAMHbBIX (DyH/IaMEHTaX; yMeHbIIIEHHE
KOJIMIECTBA OT/AEJBHO CTOSIIIMX OMOp (DyHAAMEHTOB C 11eJbI0
YBEJIMYCHUA HArpy3KH Ha KaxKIylo OIopy; yMeHbLICHHe ce-
YeHHUsl CTOJIOUYATBIX (pyHAAMEHTOB M CBaH B Tpelesax Cjosi
MpOMep3aroLlero My4YHHUCTOro TPyHTa; MpUMEHeHHe st 06-
MasKkd OOKOBOH MOBEPXHOCTH (DYHIAMEHTOB BSI3KMX H CMep-
3al0LMXCSl MaTepHasbl, a Tak e rHApopoOU3UPYIOLINX MPO-
MUTOK; 3aaHKepuBaHue (PyHIAMEHTOB B TAJbIX MJIH MEpP3JbIX
TPYyHTaX, 3ajerallux NIyoxKe Ce30HHOMPOMEP3aIoIIEro
cost U T.JL.), (PU3UKO-MeXaHUUeCKHe MepONpHATHs (CreLu-
ajibHast 06paboTKa rpyHTa BSLKYLLMMH, 6Jarojgapst KOTOpbIM
IPYHT CTAHOBUTCSI BOJOCTOHKUM (THAPOPOOHBIM) U TepsieT
CBOW My4YHHHUCTbIE CBOKCTBA; HACbILLEHHE IPYHTA COJIEBBIMH
pacTBOpaMH, MOHMXKAIOLIMMKU TeMIepaTypy 3aMep3aHus
U TeM CaMbIM CMOCOOCTBYIOLHMX YMEHbUICHHIO IIyOHHBI MPO-
Mep3aHusi TPyHTa), puaHyecKre MPOTUBOMYYHMHHUCTbIE MEpo-
npusaATHs (MeTo] cTabUJIM3aLMH TPYHTOB MOCPEACTBOM BBeE-
JIeHUsT B HUX 100aBOK MPOTHBOIYYHHUCTBIX KOMITEHCHPYIOLLIHX
BeleCcTB, 00/IAAI0LINX ONpe/e/eHHBIMH 00beMHO-eopMma-
LHOHHBIMU cBofictBamu) [1]. Ilpu sTOM cyiiectByeT 00lie-
CTPOUTE/IbHBIE JIOKYMEHTbI, PErIaMEHTHPYIOLLIHE METOAMKH
pacueToB W TpUMEHeHHe MeponpusaTHs no Gopbbe ¢ Mo-
PO3HBIM IMydeHHEeM, a TaKKe OTpacjeBble M BEJIOMCTBEHHbIE
MeTO/IMueCKHe PEeKOMEHJAllnh, B KOTOPBIX OTpa)KeHbl 0CO-
OGEHHOCTH OTPAC/IH U BO3BOAUMBIX HHXKEHEPHDBIX COOPY2KEHHH.
Tak, nHanpumep, B J10POXKHOM CTPOHUTEJILCTBE I[VIABHBIMH Me-
ToIaMH OOpPLOBI € MyYHHOOOPA30BAHUEM SABJIAIOTCA TPUME-
HeHHe O0OMa30K W MOKPBITHH, TPeNnATCTBYIOIINX HX CMep-
3aHHUIO C TPYHTOM, CHH2KEHHE BJIa’KHOCTH IPYHTOB OCHOBaHHs,
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3aMeHa MyYHHUCTOrO IPYHTa OCHOBAHHs Ha HEIyYHHHCTBIH M,
HaKOHeLl, yBeJMueHHe [yOUHbI 3a/102KeHHUs1 (DyHIAMEHTOB.
CreoBare/ibHO, He CYLIECTBYeT eIMHOro Hatopa Me-
pOINpPUATHI, KOTOpble MOTYT rapaHTUPOBAHHO 00€30MacHTb
JMo6Goe MCKYCCTBEHHOE HHXKEHEepPHOE COOopyxKeHHe OT jaedop-
Malui U paspylleHHi BCIEACTBHE JCHCTBUS CHJI MOPO3HOTO
nydeHusi. Bcerga npu BbIGOpe MepONPHUATHH cllefyeT py-
KOBOJICTBOBATbLCSI OCOOEHHOCTSIMH MECTHbIX YCJIOBMH, IIpHU-
MEHsIeMbIX MaTepHajoB M KOHCTPYKLMH, 3KOHOMHYECKHM
coobpaxkenusim u T.J. OUeBHAHO, YTO OJAHOBPEMEHHOE IMPH-
MEHEHHE PA3JIMYHBIX MEPOTIPUATHH B OMPENENEHHBIX COde-
TaHMSIX TIO3BOJHUT JOCTHYb [JIaBHOH LedH — 3(h(peKTHBHON

Jlutepatypa:

1 6e30MacHOi paboThl HHXKEHEPHOTO COOPY2KEHHS B TeYeHHe
3arn/aHupoOBAHHOIO PACYETHOTro Cpoka ¢1y:KObl. OHAKO TpHU-
MEHEHHE LIeJIbIX KOMIJIEKCOB Mep TpeOyeT U OCYLLEeCTBIACHHS
LLeJIbIX KOMIIJIEKCOB 3aTPaT, UTO CyLIECTBEHHO YI0POXKaeT CTo-
HUMOCTb CTPOUTENILCTBA B LIEJIOM.

Ha ocnoBanuu uasoxkenHoro st obecriedenusi paGoTo-
CMOCOOHOCTH TPYO, YCTpaMBAEMbIX Ha MyYHHHCTBIX PYHTaX,
HeoOX0AUMO GoJiee IIyGOKO H3YUMTh SIBJIEHHE MOPO3HOTO I1y-
UeHHUs1 U pa3paboTaTh HOBYIO KOHCTPYKIIHIO BOJOMPOMYCKHOM
TpyObl, KoTopast Oyaer obecrneunBaTh HaJeKHyl0 paboTy HC-
KYCCTBEHHOTO COOPY?KEHHSI U He OyJIeT 3HAUMTENbHO YBEJIHUH -
BaTh CTOMMOCTb CTPOUTEIBCTBA B LIEJIOM.

1. Bekkep, A. T. McciienoBanue ycToiunBOCTH COOPY2KEHHIT B FOPU30HTAILHOM HarpaBJeHHH Ha JIEHCTBHE CHJI MOPO3HOTO
mydeHusi rpyHTOB: ABTOped. AKC. Ha COMCKaHHe yueHOH CTeneHn KaHi. TeXH. HayK — BuamuBocrok, 1975. — 220 c.

2. Dbepmox, I"T1. Peaynbratsl ncenenoBaHus mporecca MmyueHHst CBS3HBIX TPYHTOB MPH MpoMep3aHun. — B kH.: Mare-
pHasibl 1o GrsnKe 1 MexaHuke Mepasibix rpyHToB, M.: AH CCCP, 1959, ¢. 63—68.

3. Tosnbmreiin, M. V. MccnenoBanne kacaTesbHbIX CUJI TTyUeHUsT U BJAMSIHUS UX Ha (yHIaMeHTbl coopy:kenuid. M.: Tpan-

cxengopusnat, 1948, — 212 c.

4. Tleperpyxun, H.A. BaaumosieiictBie (yH1aMeHTOB C MPOMEP3alOLIMM MyYMHHCTBIM FPyHTOM. — B KH.: MoposHoe my-
YyeHHe IPYHTOB U CMOCOObI 3alUThI COOPYKEHHUS OT ero BosziekcTus, M.: Tpancnopr, 1967, ¢. 74—99.

5. Tleperpyxun, H.A. MccnenoBaHue MOpO3HOTO MydeHUst CYIMHKOB. — B KH.: Mopo3Hoe nyueHHe IPYHTOB H CoCco0bI
3allUThI COOPYKEHHUSI OT ero Bozzelcreusi, M.: Tpancnopr, 1967, ¢. 5—24.

6. [Owmxkos, b.C., Port 1. B. Bausinne moposHoro mnyuenust Ha MoJiNoOpHbIe CTEHKH U pa3paboTka MeTojia 60pbObl C MydH-
Hucroctbio. CoopHuK HayuHbIx TpynoB XII HTK mosonpix yuenbix. — Ilepmb, 1986 — c. 198—205

7. Tlomsanbubiii, P.E. McenenoBanne cruioBoro Bo3neicTBHsI Ha BOAONPOMYCKHbIe TpyObl BIO/b HX ocH. — Tp. Xa6U -

M)KTa, 1969, soin. 30, c. 276—284.

8. Kucesner, M. ®. Mepornpusitusi NpoTuB AehopMalyil 3MaHUH U COOPYKEHUH OT BO3AEHCTBUS CHJI MOPO3HOTO BHIMYyUH-
Banus ynaamentoB. — M. Crpoituznat, 1971. — 140 c.
9. Slkomises, IO. M., Topsiues M. T. CTpouTesibCcTBO BOJONPOIYCKHBIX TPYy6 Ha aBTOMOOUJIbHBIX jloporax. Mocksa, 201 1 —

126 c.

CoBpeMeHHble MeTOAbI 3aLMUTbI KeJ1e300eTOHHbIX KOHCTPYKL UM
3[aHUI 1 COOPYXKEHMI OT KOPPO3UM

Xykos EBrenunit Muxaitnosuy, akcnept;
Kponotos Hpuit BaHoBMY, 3KCNeEpT;
Jlyrunun Uropb AHaTonbeBKY, aKCnepT;

Jleraesa Jliogmuna AnekcaHApOBHa, UHXKEeHep
000 «30 «3kcneptnpomyronby, (r. HOBOKy3HeLK)

BeTOHbI MPeJICTaBSIOT COO0H HCKYyCCTBEHHbIE KaMeHHbIe
CTpPOMTENIbHbIE MaTepualsibl, TOJydyaemMble B pe3ysbTaTe
thopmMHpoOBaHHUsI U 3aTBEPAEBAHUS PALIMOHALHO MTO06PAHHON
MO COCTaBy, THIATEJNLHO TepeMelllaHHON U YIJIOTHEHHOH Ge-
TOHHOU CMECH, COCTOSILIEH M3 BSKYLIErO BelllecTBa (LleMeHT
¥ JIp. ), KPYIHBIX U MEJIKMX 3aroJiHuTeseid 1 Boapl. Kpome oc-
HOBHBIX KOMITIOHEHTOB B COCTaB GETOHHOH CMECH MOTYT BBO-
JIUThCS JIOTIOJIHUTeNbHbIE ClelyabHble 100aBKH. DeToHbl
OTHOCSTCST K CAMBIM MACCOBBIM MO TIPUMEHEHHIO B CTPOUTEIb-
CTBe MaTepuaJiaM BCJIEJICTBUE UX BLICOKOH MPOUHOCTH, HajleXK-

HOCTH W JI0JITOBEYHOCTH MPH paboTe B KOHCTPYKUHUSX 3AaHUN
u coopyxkenuti. [Tocse TBepnenus 6eTonHasi cMech o6pasyer
6eToH (KOHIIOMepar), Iie yacTb 0ObEeMOB 3aHMMAIOT TOpPbI
1 KanuJ/Isipbl pa3HOTO pasmepa U B pas/jHyHOM KOJIHUECTBeE.

[IpakThka 3SKCTJyaTallMd HHMKEHEPHbIX OETOHHBIX COO-
PY2KEHUH MoKagaJsia, uTo B psyjle CIyyaeB TMojl BAUSHHEM (u-
3MKO-XMMHUECKOTO JIEUCTBHS KUIAKUX U Ta30BbIX Cpejl 6eToH
MO2KET MOJIBEPraThCsl Pa3pylieHHIo.

Kopposust 6eToHa BO3HMKAeT B pesdyJbTaTe MPOHMKAHHMS
arpeccHBHOrO BELIECTBA B €r0 TOJLLY; OHa 0COOEHHO HHTEH-
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CHMBHA TPH MOCTOSIHHON (PUJIBTPALIMK TAKOTO BELLECTBA Yepes
TPELLMHbl WK opbl GeToHa. K arpeccuBHBIM BO3/EHCTBUAM
BHELIHEH Cpe/ibl Yallle BCEro OTHOCAT CJIELYIOLIHE: MTPECHbIe
¥ MHUHEpAJU30BaHHbIE BOJbI, COBMECTHOE JIEHCTBHE BOJIbI
¥ MOpO03a, [1011epeMEHHOE yBJIaKHEHHE U BbICYLLIMBAHUE.

JInst mpenoTBpallieHdsi KOPPO3HOHHOTO paspylieHusi Ge-
TOHa M Kele300eTOHa CYLIECTBYIOT CJeAyIolllne BBl 3a-
LLUTBI:

— [lepsuunas:
OT KOPPO3WH W MpOTeUeK, peasu3yeMasi Ha CTajld M3TOTOB-
JieHUsi (BO3BE/IEHHS) KOHCTPYKIIMM 3@ CUET CBOWCTB GeTOHA
(1o6aByeHueM B OETOH Pa3/IMUHBIX BELLECTB) M KOHCTPYK-
THBHBIX Mep, JOCTaTOYHBbIX JIsl COXPaHEeHWsl 3KCIJyaTall-
OHHbBIX CBOMCTB KOHCTPYKLMH, IPELyCMOTPEHHBIX IPOEKTOM;

— Bmopuunas: 3amyra  CTPOUTENbHBIX KOHCTPYKLMHA
OT KOPPO3UH U MPOTEUEK, peasudyemast nocjie H3roToBIeHUs
(BO3Be/IeHHST ) KOHCTPYKIMH U MOJIpa3yMeBaioliasi ycTpoicTBO
OKJICEYHOH, CBOOOJHOMOHTHPYEMOH, OOMA304YHOH, MeTaJ-
JIMUECKOH M MPOYMX BHUIOB H3OJISLMM U JPYTHX Mep, HCKIIO-
YalolWKX WU MPENsTCTBYIOWMX MPSMOMY KOHTAaKTy arpec-
CUBHOH Cpefibl ¢ MAaTePHaTIOM KOHCTPYKLHH.

K MepaMm nepBHYHON 3a1IUThI OTHOCSATCS:

1) npumeHeHHe GETOHOB, CTOMKHX K BO3/IEHCTBHIO arpec-
CUBHOW Cpeibl;

2) npuMeHeHHe Pa3JUYHBIX MOJAUPUIMPYIOLIHX T100aBOK,
MOBbBILLIAIOLIMX KOPPO3HOHHYIO CTOHKOCTb GETOHOB M MX 3a-
LIMTHYIO CIOCOOHOCTh MO OTHOLIEHHUIO K CTAJIbHOM apMmaType,
CTAJbHBIM 3aKJ/Ja[HbIM JIETaIsIM M COEIMHHUTEJbHBIM 3Jie-
MeHTaM. JIo6aBKu MOryT ObITb MJIaCTH(HULIUPYIOLIHE (YyBeJH-
yMBarolliMe), crabuausupylolme (Mpeaynpexuatoume pac-
CJIOEHHE), BOJOYAEPKUBAIOLLME, a TaKKe peryJjupylouue
cxXBaTbiBaHUe OETOHHBIX CMecel, MX MJIOTHOCTb, MOPUCTOCTh
U T. L

3) CHHXKEHHE MPOHUIAEMOCTH OETOHOB;

4) coOmofeHHe JOMOJHUTENbHLIX pPacYeTHbIX M KOH-

3alllUTa CTPOMUTENbHBIX KOHCTPYKLMH

CTPYKTHBHBIX TPeOOBAaHUH MPH MPOEKTHPOBAHWM OGETOHHBIX
1 2Kes1e300€TOHHBIX KOHCTPYKIHA.

K MepaM BTOpHYHOI 3aLLUThl OTHOCHTCSI HAHECEHHE Ha [10-
BEPXHOCTH OETOHHBIX U 3KeJ1e300€TOHHbIX KOHCTPYKUMH 3a-
IIMTHBIX MaTePHAJIOB:

— OUOUUOHble MAmepuaabl — YHWUTOXKAIOT U M0jla-
BJISIOT TPUOKOBbIC 06Pa30BAHUST HA OCTOHHBIX KOHCTPYKLMSAX
(MPUHLMIN JIEHCTBUS 3aK/0YAETCsl B MPOHUKHOBEHHH XMMH-
YeCKH aKTHBHBIX JIEMEHTOB B CTPYKTypy O€TOHa W 3aroJi-
HEHUH UMH MUKPOTPELLMH U T10P);

— OKAeeyHble NOKPbLMUs — TIPUMEHSIIOTCS TPH BO3JIeH -
CTBHH XKWAKHX Cpejl (Hampumep, ecan GeToHHAs cBasi MojTa-
MJIMBAETCS MOA3EMHBIMH BOJIAMH ), B TPYHTaX, a TaKXKe B Kaue-
CTBE HEIPOHHMILIAEMOT0 MOJACIO0S B 0OJHIIOBOYHBIX TTOKPBITHAX
(70 MOryT ObITH PyJOHBI HedTeOMTYMa, MOJHITHICHOBAS
MJIEHKA, MOJMH300yTHICHOBbBIE MJIACTHHbI U T. 1. );

— ynaomusaouue nponumku — TNpUAAIOT OETOHY Bbl-
cokue ruapodoOHBle CBOHCTBA, PE3KO MOBBILIAIOT BOJO-
HEMpoHUIAEMOCTb M CHHXKAIOT ~ BOJIOTIONJIOIIEHHE — MaTe-
puasia (MpUMEHSIOTCS B YCJOBHSIX MOBbILIEHHON BJIaXKHOCTH

U B cllydae HeoOXOAMMOCTH o0ecreyeH sl CrieliHabHbIX CaHU-
TapHO-TUIHEHUYeCKUX TpeGOBaHUi );

— AAKOKPACOUHbLE U AKPUAOBbIE NOKpblmMuUi — o0pa-
3yI0T aTMOCHEPOCTOHKYIO, MPOUHYIO U JIOJATOBEUHYIO 3alHTY,
B TOM UHC/Ie MPEIOTBPALIAIONLYIO MOSIBAEHHE HA TOBEPXHOCTH
rpuOKOB U MUKPOOPTAHH3MOB.

BropuuHas 3auinTa npuMeHsieTcst B ¢yyasix, ec/iu 3allura
OT KOPPO3HH He MOXKET ObITb obecreyeHa MepamMu epBUUHON
3alUIUThI U, KaK MPaBUJI0, TpebyeT Nepruoaruyeckoro eé Bo3006-
HOBJIEHHs. AHTHKOPPO3HITHbIE MOKPBITHST MOXKHO MPUMEHSITh
Be3Je, TJe CyLIeCTBYeT MofoOHast He0OXOAUMOCTh /1151 GeToHa.
[1pu BbIGOpE 3aLUTHBIX CPEJICTB CJIELYeT YUUThIBATH 0COOEH-
HOCTH BO3JEHCTBHS CPe/ibl, BO3MOXKHbIE (hU3HUECKHE U XUMHU-
yecKHe BO3JIEHCTBHS.

CoBpeMeHHbIH PbIHOK THAPOU30JISLMOHHBIX MaTepHaJsoB
npesaraeT MPOKUI CIEeKTP COCTABOB /IS 3aLUThI GETOHA,
NPU STOM KaxK/Ibli 1IeMEHTHBIH MaTepyaJs BHIOJHAET Onpeie-
JIEHHY0 (DYHKIIHIO:

Obmazounasn eudpousosayus TpUMeHsIETCs ISl THIPOH -
30JI51LLMH OETOHHbIX, 2KeJ1€30-, eHO-, ra306€TOHHBIX, a TaKXKe
KUPIHUYHBIX KOHCTPYKLUH. TosIIMHA THAPOU30/SALUN 2—6 MM.
[Uapon30/IA1IHOHHbIE COCTABbI TPOM3BOJATCS B JIByX BapH-
AHTaxX: »KECTKas LEMEHTHas THIPOU30JIsLUS (cyXxas cMech)
1 rubKas MnoJIMMepUeMeHTHAs THAPOU3OJSIHS (JBYXKOMITO-
HEHTHbIH COCTaB: cyXasl CMeCb M BOJHAsl JUCIEPCHsl MOJIH-
mepa). [losmMepuemMeHTHAsT THAPOU3OJSLMS TIPUMEHSIETCS
JUISl TUIPOU30JISILIMK COOPYKEHHE C MOBBILLIEHHBIM TPELIHHO-
0o0pa3oBaHHeM, MOJBEPTaIOLIMXCS TeMIepaTypHbIM U MeXa-
HHUYECKUM ie(hopMalIUsM, OCajIKe W BUOPALIUSM.

lImykamypras eudpousorayus Cyxue cMmecu
JUISl THAPOM3OJISILMH  OETOHHBIX, KeJe300€TOHHBIX W KHp-
MUYHBIX KOHCTPYKUMH, TPUMEHSIOTCS IPH HEOOXOAMMOCTH J10-
MOJIHUTEILHOTO BbIpaBHUBAHHUs MoBepxHocTei. TosiuHa ru-
Jpousosiiuu 5—50 Mm.

llosHasa eudpousorayus — Cyxue CMecH Jist THIPOH-
30JILIUH CTHIKOB, IIBOB, COMPSXKEHHI, MPUMbIKAHHI, BBOJIOB
KOMMYHHKALIMH B CTaTHYECKH HArpy:KeHHbIX COOPHBIX M MO-
HOJIUTHBIX OETOHHBIX KOHCTPYKLIUSIX.

Pemonmmole cmecu — UEMEHTHbIE COCTAaBbl C MCIOJb-
30BaHHEM apMHUPYIOLIEr0 BOJOKHA, KOTOpble TPUMEHSEeTCS
JUIS JIOKAJbHOTO BOCCTAHOBJIEHHSI TMOBEPXHOCTEH (CKOJIOB,
BbIOOWH, TPELIMH, 3p031H ) OETOHHBIX, YKeJIe30-, MeHO-, ra3o-
OETOHHBIX, KHPITUYHBIX H KAMEHHbBIX KOHCTPYKLHH.

Bodsanas npobka ObICTPOCXBATLIBAIOLIMECS  11€-
MEHTHbIE COCTaBbl, HCMOJb3YyeMbIE /51 ONEPATUBHON JIMKBU-
JIallMK HAMOPHBIX Teuel Yepe3 TPEUIMHbI, CTHIKH W OTBEPCTHS
B GETOHHBIX U KeJE300ETOHHBIX KOHCTPYKIMSX, KHPIHUHOM
1 KaMeHHOH KJajKe.

[Iponukarowaa eudpousosayus — Cyxue CMecH sl [H-
JPOU30JIALMY GETOHHBIX W KeJe300€TOHHBIX KOHCTPYKLIMH.
Tako#l BUI 11eMEHTHOH TMAPOU3OJSILUMU He MpeJHa3HaueH
JUIS THAPOU3OJIALMH TIEHOOETOHHBIX M Tra300eTOHHBIX KOH-
CTPYKLMI (M3-3a GOJBILIOTO pa3Mepa Mop), KUPIMUUHBIX CTeH
(BC/I€ACTBHE OTCYTCTBUSI B KMPTHUe HEOOXOAMMBIX /IS pe-
akuuu BetecTB). OCHOBHOE OTJIMUHE TPOHUKAIOLLEH M-
JPOU30JISILIMM OT BCEX JAPYTMX LEMEHTHbBIX THAPOU30JISILIUH:
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Puc. 1. MlpoHuKalowWwas ruaponsonayms

(hopMHUpOBaHHE BOJOHETIPOHUIIAEMOTO MOKPBITHS HE HA M0-
BepXHOCTH GeToHa, a B ero 3HauuTeibHOH ToJiiH (10 400 MM
JIJIsT OTNpeJiesIeHHbIX TPOHUKAIOIIUX MaTepraJoB). MoxeT uc-
M0JIb30BATLCSI HA BJIAXKHBIX TTOBEPXHOCTSIX, C BHYTpeHHei
U BHEILIHEH CTOPOHbI, TIPH MOJIOKUTEJHLHOM U OTPULIATEBHOM
JaBieHnu Bojbl. JleficTBUE MPOHUMKAIOIIEH THIPOU30JSAILNH
NPOJIOJKAETCH M YCUJMBAETCS MOCJE HaHECEeHHsl COCTaBa
Ha MOBEPXHOCTH (cM. puc. 1).

Jobasku 8 6emon — cyxue cMecH, UCIMOJb3yeMble B Ka-
yecTBe JI0OABKK B OETOH HA CTajIMM TPUTOTOBJIEHHUS, IS 1O~
BbILIIEHUsT BOJIOHENPOHUIIAEMOCTH, MOPO30CTONKOCTH U KOP-
PO3UOHHOH CTOHKOCTH 0eTOHOB M pacTBopoB. ITpumenenue
THAPOUBOJIALMOHHBIX J100aBOK M03BOJISET CHU3UTh BOJOLIE-
MEHTHOE OTHOLIEHHE H, KaK CJIJICTBHE, YMEHBIIHUTL 00beM
nop B 6GeTOHe, MOBbIIIAs, TAKUM 06pa3oM, MJIOTHOCTb, TTPOY-
HOCTb, BOJIOHENPOHUIIAEMOCTh, a TaKxKe JIOJTOBEUHOCTh Ge-
ToHa [2].

OKoHuaTe/bHOE pelleHHe O BUJIEe 3alUThl U MaTepHasax
JUISt 3aLIMTHI OT KOPPO3UH OETOHHBIX H ¥KeJIe300€TOHHBIX KOH-
CTPYKIMH CJIIyeT PUHUMATh HAa OCHOBE CPABHEHHSI TEXHH-

Jlutepatypa:

KO-9KOHOMMUECKHX ToKa3aTesell pas/MiuHbIX BAPMAHTOB TeX-
HHUUeCKUX pellleHuH. [1pu TeXHUKO-3KOHOMHUYECKHX pacueTax
3alIUTHBIX MEPOTPUATHH JOJKHBI ObITb YYTEHBI KaNHMTalO0B-
JIOXKEHHS1, CPeIHSIS TOJ0Basl CTOMMOCTb 3aLLMThl OT KOPPO3HH
OCTOHHBIX U Kej1€300€TOHHbIX KOHCTPYKLIMI U CTOUMOCTb €€
MEepUOIMUECKOr0 BOCCTAHOBJIEHHSI, @ TaKKe 3HAueHHe BbI-
HY>KJIEHHBIX TOTEPb, BBI3bIBAEMbIX HEOOXOAUMOCTBIO Tepe-
pblBa MPOM3BOACTBEHHOIO Ipoliecca Ha BpeMsl BOCCTAHOB-
JIEHH$I 3aLIUTBI OT KOPPO3HH.

[Ipoliecc KOpposuH — oOueHb CJIOXKHBIH W ONacHbli
JI7151 GETOHHBIX WJIH 2KeJ1e306€TOHHbBIX NoCcTpoek npotecc. [To-
TOMY K HEMY CTOMT OTHECTHCh ¢ 6OJbLINM BHUMaHHeM. Eciu
npeHeOperaTb KOppo3uel OETOHA W HE MbITATbCA €€ MPEaoT-
BPATUTh, TO JI00Ast MOCTPOHKA Yepe3 HEKOTOPLI NepPHOJL Bpe-
MEHH MOKET MOJIHOCTbIO paspylnTbes. K cyacTbio, Ha ce-
TOHSIIHUA JIeHb CYLIeCTBYeT GOJbLIOe KOJUYECTBO CUCTEM
3alLUTHBIX MaTepHaJioB, MPEMSITCTBYIOLIMX 3TOMY IpoLeccy
U MpeAIaraloix psil BapuaHToB 3(P(EKTUBHOrO pelleHHs!
3ajad, CTOSILIMX Mepejl CTPOUTENSIMH U IKCTIyaTHPYIOLIMMU
3MAHUST U COOPYKEHHST OPraHU3alUTIMHU.

1. CIT28.13330.2012 3auuTa cTpoUTENbHBIX KOHCTPYKIHMH OT KOPPOSHH.
2. TOCT 24211-2003 To6aBkH /151 GETOHOB M CTPOUTENLHBIX PACTBOPOB.
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Xykos EBrenuit Muxaitnosuy, akcnepr;
Kponotos Hpuit BaHoBwMY, 3KkCnepT;
Jlyrunun Virops AHatonbesuy, akcnepr,
Monowkos Cepreit BaHoBMY, 3KCNEPT;
Jleraesa Jliogmuna AnekcaHApOBHa, UHXEeHep
000 «30 «3kcnepTnpomyrosby, (r. HoBOKy3HeLK)

Paccmompervl OCHOBHbLE NPULLHGL PASPYUEHU HeAe300eMOHHbLY KOHCMPYKYLL NPOU3BOOCBEHHbLX 30AHUL.
Karouesoie crosa: kopposus, aHmMuUKOpPO3UOHHAS 3AUUMA, Heae300emoH, 6emoH.

Poccuu B Gosblinx Macuitabax ¥ pasjduHbiX opmax

BEJIETCS SKCIyaTallusi MPOU3BOJACTBEHHBIX 31aHHH U CO-
OpY?KEHHH, MOCTPOEHHbIX C NMPUMEHEHHEM pasJIMUHbIX MaTe-
pHasioB. JKcIlyaTalusi 0ObeKTOB YacTo NMPOUCXOIUT MPH He-
6J1aroNpUSATHBIX U1 MATEPHATIOB KOHCTPYKIIUH YCJOBHSIX.

M3 Beex cTpouTEIbHBIX MATEPHAJIOB BELYLLLYIO POJIb HMEIOT
GETOH M JKes1e300€TOH, KoTopbie coctapstior npumepto 70 %
U3 BCEX M3JIe/IUi U KOHCTPYKIMi. Cpein HUX HanboJee 1Iu-
POKO IIpUMeHsIeTCsl TsKeJIbll OeTOH Ha LeMEHTHOH OCHOBE,
Ba)KHEHIIMM CBOHCTBOM KOTOPOTO SIBJISIETCS I0JITOBEYHOCTD,
BbIpaxkaemasi B JecATusieTHsx. [Ipu mpaBujbHOM Mpoek-
TUPOBAHMHU, H3TOTOBJEHUH W TPHUMEHEHHH »Kej1e300eTOH
KaK Marepuasl OTJHYAeTCsl MHOTUMH MOJIOKUTEJbHBIMH 9KC-
TJlyaTallHOHHBIMU CBOMCTBAMH, B TOM YHCJIE BBICOKOH KOPpO-
3UOHHOM CTOHKOCTbIO. OJIHAKO MPH 3KCITyaTalid GETOHHbIE
1 Kese300eTOHHbIe H3JIeNsT W KOHCTPYKIMH TOJBEPIKEHbI
BO3JICHCTBUIO PA3JIMUHBIX arpeccHBHbIX cped. [lox Bausi-
HHEM XHMHYECKHX peakUMi U PU3HKO-XUMHUYECKHUX sIBJEHUH
HaOJII0AI0TCSl  MPOLIECChl  paspylleHusi, NpexaeBpeMeH-
HOTO KOPPO3HOHHOTO MOBPEKICHUS Ke1e300€TOHHBIX KOH-
CTPYKLHMH.

K ocHoBHbIM (hakTOpam paspylleHUst OETOHHBIX KOH-
CTPYKIMH CJIEIYET OTHECTH CJIEYIOIIIE PaKTOPbIL:

1) Texnonoeuuecxkuil — B 1OC/e[HEe BpeMsl B CHIY
pa3/IMYHbIX PUYMH HENPEPLIBHO yMeHbLIAETCs ToJUHHa Ge-
TOHHBIX KOHCTPYKLIHH, B TO BpeMsl KaK KaueCcTBO GETOHa B psijie
CJIyyaeB OCTaBJIsSIET yKeJaTh JyUllero, UTo BblpaxKaercsi B Bbl-
COKOM MOPUCTOCTH U BOJIOMTPOHHUIIAEMOCTH.

2) Yenoseueckuii — omMOKH B MPOEKTHPOBAHWH; He-
npaBUJbHAs OLLEHKA YCJOBMH IKCIJyaTallMd 31aHUH U COO-
pY2KEHUH, BO3IEHCTBUSI arpecCHBHON Cpe/ibl; HeNpaBUJIbHOE
HagHaueHHe cocTaBa OETOHa, €ro MPOHULAEMOCTH, TOJLIHUHbI
3alLMTHOTO CJI051, KOHCTPYKIIHH.

3) Ammocghepro-xumudeckuii — Bo3neicTBrE arpec-
CHMBHBIX KOMIIOHEHTOB atMmocdepbl (KapGoHAThI, CyJabdaThl,
XJOpH/bI) M yYacTble LHKJbI MOpPO3-oTTenesb. B pesyib-
TaTe XUMHYECKUX peakuuil BHYTpU nop GeroHa oOpasytoTcsi
KPUCTaJL/Ibl, POCT KOTOPBIX MPUBOAUT K MOSIBJICHUIO TPELIHH
1 pagpyuienuio 6etona. Koppoaust apmaTypbl B CBOIO OUepe/ib,
0COOEHHO B YCJIOBHSIX TIOBBILIEHHOH BHOpALMH, TPUBOIUT
K BblKpamuBanuio OetoHa. [lopucTblil 6GeTOH BOHUTHIBAET
BJIary, KOoTopasi Py HHU3KHX TemIlepaTypax 3amep3aet, yBe-
JIMUMBAsICh B 00beME, UTO IPUBOIUT K 00Pa30BAHHUIO TPELLUH.

Yate Bcero 31aHust U KOHCTPYKTUBHbIE 3JIEMEHTBI MPeK-
JIeBPEMEHHO BBIXOJAT U3 CTPOSl OT CyMMapHOTO BO3ACHCTBHUS
BbIlLIETIepeUNCIeHHbIX (PaKTOPOB. BCé 3TO BEIET K CHUMXKEHHIO
[POYHOCTH, Hecyllell CIIOCOOHOCTH, ICTETHYECKHX KauyecTB
2KeJIe300CTOHHBIX KOHCTPYKLUMI H, CJIe0BATE/NbHO, OCTaTOY-
HOTO pecypca 31IaHUH U COOPYKEeHHUH.

OnHoll M3 OCHOBHBIX MPHUMH pa3pylleHust Kese3o0e-
TOHHBIX KOHCTPYKLIMH sIBJIsSleTCs KOppo3usi. BosHUKHOBeHHE
M Pa3BUTHE KOPPO3UH 3aBUCAT OT COCTAaBa M CBOHCTB arpec-
CUBHOI1 Cpe/lbl, CKOPOCTH 0OMeHa cpejibl Y II0BEPXHOCTH Ma-
Tepuala, TeMIepaTypbl Cpelbl, MJIOTHOCTH U COCTaBa MaTe-
puasa, ero HanpsKEHHOTo COCTOSIHUS, CTPYKTYPbI, TOJLLHMHbI
U MJIOTHOCTH 3alLMTHOIO CJIOSI U YCJIOBUH B3aUMOJEHCTBHS
MaTepuaJga co Cpeioi.

Kopposust GeToHa mnoapaspessieTcs:i Ha TP OCHOBHDIX
BHJIa: KOPPO3Hsl BBILLIEJIAUHBAHUS, KUCJOTHAS U cosieBast. Oc-
HOBHBIM KPUTEPHEM TAKOH KJIaCCH(UKALINY SIBJISIETCS CTENeHb
YXYALIEHHS €ro XapaKTepPUCTHK U CBOHCTB.

— I Bua Kopposuu GetoHa — 00YyCJIOBJIEH Bblllega4uBa-
HUEM — T0Jl BO3J€HCTBHEM NIPECHON BOJIbI (MSITKUX BOJ) pac-
TBOPSIOTCSI OCHOBHbIE COCTABHbIE KOMIOHEHTHI LIEMEHTHOTO
KaMH$l U NPOHMKAIOT CKBO3b TOJILLy OeTOHA Hapy:Ky B Mpo-
necce (pUIBTpPAlMK. XapaKTepHBIM BHELIHMM TMPH3HAKOM
3TOr0 BHIA KOPPO3WM SIBJsieTCsl MosiBJeHHe Oeoro Hajéra
Ha MOBEPXHOCTAX OETOHHBIX KOHCTPYKUMI B MeCTax BbIXoja
BOJIbI 1pH puJbTpaluu (M. puc. 1).

— Il Bua KOppo3uu 6eToHa MpPOUCXOJUT BCIEACTBHE XUMH-
YyecKHMX peakuHil (0OMEHHDLIX [POLLECCOB) MeXKy KOMIIOHEH-
TaMM LIEMEHTHOIO KaMHsl U pacTBopa, NpH 3ToM 06pasyloTcsi
JIETKOPACTBOPUMbIE KOMITOHEHTbI, BbIMbIBaeMble W3 GETOHA,
WM NIPOJLYKThI 6€3 BSKYLIUX ( CKPENJIsiIoLLINX ) CBOKCTB, ocJla-
0J15151 B KOHEUHOM MTOT'€ CTPYKTYPY LLEMEHTHOTO KaMHS.

— [II Bug koppo3suu GeToHa HacTynaeT [Py MOCTelIeHHOM
HAKOIJIEHUH M KPUCTA/IJIM3ALMHU COJIel B KaluuIsipax, nopax
M TPELLMHAX LEMEHTHOIO KaMHs1, KOTopble CoCOOCTBYIOT BO3-
HUKHOBEHHIO HAMPSXKEHUIO U BHYTPEHHEMY pa3pyLlleHHIO JKe-
Jezo0etona — HauboJiee yacto HabJ01aeTCsl B MOPCKHUX CO-
opyKeHusx. B npouecce pasButHs KOppo3uM TPEThEro BUIA
CTPyKTypa OeToHa MpeTeprieBaeT 3HAUUTEIbHblE H3MEHEHHS.
YMeHbLIAETCSl [TOPUCTOCTb, MOSIBJAIOTCS TPELUMHbL Mapad-
JIJILHO TTOBEPXHOCTH.

Pagpyliuennto nojBep:KeHa He TOJNBKO HEMOCPEACTBEHHO
6eToHHasi MOBEPXHOCTb, HO U apmartypa 0eToHa (cM. puc. 2),
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Puc. 1. Koppo3ua 6eToHa NAUT NOKPbLITUA 3AaHUA C OrosieHuem paboyei apmMaTypbl, BbillenaynBaHue

[109TOMY MpH I1POBeACHUM 003aTe/ILHOIO MepPHOANYECKOro
00CJ1e10BaHUsT IPOU3BOAUTCS! KOMIJIEKCHAs! IHArHOCTHKA 2Ke-
JIe300€TOHHOTO COOPYXKeHHsI, NPH KOTOPOH BaXKHO OLEHHTH
XapakTep U ONAaCHOCTb MOBPEXKIACHUH, OLLeHUTb YPOBEHb TeX-
HHYECKOT0 COCTOSIHUSL KOHCTPYKLIMH.

O6ce10BaHKe Ke1e300eTOHHbBIX KOHCTPYKLMH BKJIOUAET:
OCMOTp, PErucTPALMIO BLISIBJCHHLIX MOBPEKICHUH U Je-
(heKTOB; U3MepeHHe BeJMYNH BHELIHHX MOBPEXKIACHHH U Je-
(heKTOB; HHCTPYMEHTAJIBHOE UJH Jab0paTOPHOE ONpejieieHHE

npounoctd GetoHa. Ilpu BusyasbHOM 06cC/e0BaHUU BbISIB-
JIFIIOTCSA: TPELIMHDI, CKOJIbI, PAKOBHHbI, MOBPEXK/ICHUSA 3aLLHT-
HOTO CJI0S1, YHaCTKH O€TOHA C M3MEHEHHEM €ro 11BeTa, OBPeXK-
JIeHHs1 U KOPPO3Hs1 apMaTypbl, 3aKJaaHbIX [AeTajell, CBapHbIX
wBoB U T.J. [1pu MHCTpyMeHTaIbHOM MeToe 00C/Ie0BaHus
2KeJIe300€TOHHDBIX KOHCTPYKLMI YCTaHABJIMBAIOT: MIPOYHOCTD,
NPOHUIIAEMOCTb, OJHOPOAHOCTL M CIUIOUIHOCTL GETOHA; CO-
CTOSIHUE AHTMKOPPO3HOHHOH 3alllUTbl; XUMHUECKMH COCTaB
arpeccHMBHBIX CPeJl, BJMSIOUMX Ha COCTOsIHHME OeTOHa; B,

Puc. 2. Koppo3us 6eToHa, apmMaTypbl U 3aKNaaHbIX feTanei



80 | TexHuueckue HayKu

«Monopoi y4énbity « N2 7 (111) - Anpenb, 2016 r.

cTereHb U ryOHHY KOPPO3UH; TMPUUNHBI, XapaKkTep, HPHHY
¥ [JyOUHY PACKPBITHS TPELLMH; CTelleHb KOPPO3UH apMaTyphl,
3aKJIajIHbIX JleTasiell U CBapHbIX 1IBOB U T.11. [1o pesysbratam
00CJIe/IOBAHUS COCTABJIAETCS 3aKIIOUEHHE O TEXHHIECKOM CO-
CTOSIHMM KOHCTPYKLMH, BKJOUalollee CBeleHHs o JledeKrax
1 PEKOMEH]LyEeMbIX MEPOTIPUSITHSIX 110 UX YCTPAHEHHUIO, a TAKIKE
MPUYKUHBI UX TTOsIBJIEHUs [2].

[IpexneBpeMeHHOe paspylleHHe KeJe306€TOHHBIX KOH-
CTPYKLME, MOTepsi HMH TePMETHYHOCTH, TeIIO3aALUTHBIX

Jlutepatypa:

1 JIPYTHX 9KCIITyaTallHOHHbIX KauecTB PUBOJIAT K KpalHe Hexe-
JlaTe/IbHbIM rocsiencTBUsIM. [Tostomy 3atiuTa oT Kopposuu Beex
KOHCTPYKLIMI U3 KAMEHHbIX MaTePHAJIOB C LeJIbI0 00ecreyeHust
pacueTHbIX CPOKOB UX CJyKObI U MOJIEp2KaHKsT TpeGyeMbIX IKC-
MJlyaTallMOHHBIX KauecTB 31aHui U COOpYKEHUH HMeeT 3HauM-
TeJIbHOE MPaKTHIeCKOe 3HaUeHHe, U HU B KOEM CJlyuae Hesib3sl
npeHebperartb JaHHOH NPoOIEeMOK U CBOEBPEMEHHO MTPUHUMATh
COOTBETCTBYIOLLME Mepbl 110 MPEIOTBPALLEHHI0 KOPPO3HOHHOTO
paspylieHust OETOHHbBIX U 2KeJ1e300€TOHHBIX KOHCTPYKLHUI.

1. TOCT 31384—2008 3aniura 6eTOHHBIX 1 yKej1e300eTOHHBIX KOHCTPYKIIMH OT KOPPO3HH.

CIT 13—102—2003 ITpaBusia o6c/en0BaHNST HECYLIIUX CTPOUTENbHBIX KOHCTPYKIIMH 3/IAaHHI U COOPYXKEHHH.
CHulT 2.03.01 —84* BeroHHble 1 2Ke/1e306€TOHHbIE KOHCTPYKIIHH.

0 npoBeAeHMM 3KCNEPTU3bI NPOMBILLIEHHO 6@30NacCHOCTU JOKYMEHTaLUM
Ha TeXHMYeCKoe nepeBoopYXKeHne onacHbIX NPOU3BOACTBEHHbIX 06bEKTOB
(VronbHbIX WAXT) B YacTM NPOTUBONOXKAPHOI 6e3onacHoCTH

Hykos EBrenunit Muxaitnosuy, akcnepT;
Jlyrunun Uropb AHaTonbeBKY, IKCNepT;
Kponotos Hpuit iBaHoBwMY, 3KCnepT;

Onawnactok AHHa BnagumupoBHa, akcnept
000 «30 «3kcnepTnpomyronby, (r. HoBoky3HeLk)

Paccmomperol memodor nposedenis IKCREPmiL3ol NPOMOLUUIEHHOU 6E30NACHOCMU NPOCKMO8 NPOMUBONONCAPHOLL

3Au{Uno6l YyeoOAbHbLX Waxmni.

Karouesole crosa: sxcnepmusa npomviuiienrol 6e30nacHocmu, npoekm npomusonoNCaprou 3aujunol, HOPMA-
MuUBHAasL OOKYMEeHMAUUsL, YeOLbHAS WAXMA, ONACHble NPOU3BOOCMBEHHbLE 00DEKNbL.

Ha CerojiHs BOTIPOC TMPOMBIIIIEHHONH 6e30MacHOCTH
OTacHbIX MPOU3BOJCTBEHHBIX 06bekToB (OT10), ¢ npu-
MeHEHHEM COBPEMEHHBIX TEXHOJOTHH, SIBJSETCS OIHUM
U3 KJIIOUEBBIX B yroJibHOU oTpacyiu. B skcruyaraiuu na OT1O
HaXONATCS 3/IaHUs], TEXHUUECKHE YCTPOHCTBA, COOPYXKeHHs
(B TOM 4HCse TOA3eMHBIE ), Bce Oe3 UCK/IIoueH s, Tpebylolline
3alIUTHOTO KOMILIEKCAa MEepOTNpHSTHH, B TOM UMCAe TPOTH-
BOMOXKAPHBIX, MMO3BOJISIIOLIUX TPELYNPEUTh YPe3BblYalHYIO
curyauuto (HC), a B ciiyyae e€ BOZHUKHOBEHHUS JIMKBUJUPO-
BaTh e¢ Ha paHHel crtaauu pa3BuTust. [IpoTuBonoxkapHas 3a-
IUTA LIAXThl JIO/DKHA ObITh CIIPOEKTHPOBAHA M BbITIOJHEHA
TakdM 00pa3oM, 4TOOBI MPEIOTBPATHTE BO3MOXKHOCTH T10-
’Kapa, a B cjlydae ero BO3HHKHOBEHHsI 00ecreunTb 3hek-
THBHYIO JIOKAJIH3ALMIO U TyLIEHHE M0Kapa B €ro HauyaJbHOH
cramuu [1, . 473].

Panee neitcrsoBasiu PI] 05-365-00 «Mucrpykius o pas-
paboTKe MpoeKTa MPOTHBONOXKAPHONH 3alUUTLl YroJbHOU
waxtel», PI[ 05-366-00 «Muerpykuusi mo mpoekTHpo-
BAHHUIO T0XKaPHO-OPOCHTENBHOrO BOMOCHAGXKEHUST  11aXT»,
[16 05-351-00 «IIpaBuia npoBeneHHs] KCIEPTH3bI MPO-
MbILJIEHHOH 0€30MacHOCTH MPOEKTOB TMPOTHBOMNOKAPHOK

3ALIUTBI YIOJLHBIX 111AXT, OMACHBIX MPOU3BOACTBEHHBIX 00b-
€KTOB YT0JIbHOH MPOMBILLIJIEHHOCTH .

B P/ 05-365-00 «Mucrpykiws no paspaGoTke Npoekra
nporuBonoxkapHo# 3auuthl (I[T113) yrosibHo# maxTbi» pac-
CMAaTPUBAJIUCh: BOMPOCHI MOCTPOEHHS CTPYKTYpPbl MPOEKTA
[II13 yroabHbix 1axt (cocraB npoekra [1I13, comep:kanue
MOSICHUTEJILHON 3anucKu (TpeGoBaHHsl K COLEPKAHHIO), CO-
Jlep:kaHue rpadMueckodl 4acTH MOSICHUTeLHON 3arucKH);
npusioxkenust ¢ popmamu ocopmienus npoekra 113, mero-
JIMKAMH COCTaBJIEHUS PA3/esoB (MyHKTOB) U TPOBEIEHHUS pac-
yéTOB pacxofia BOJIbl HA MOXKAPOTYLIEHHE, CUCTEMBbI TT0XKap-
HO-OPOCHTEILHOTO BOAOCHAGXKEHHS], @ TaK K& MOBEPOUHBIX
pacuéroB; TpeboBanus K 1113 BepTHKANBHBIX CTBOJIOB M KO-
NpoB (B TOM 4uc/e OallleHHbIX), K CHCTeMe LIeHTpa/Iu30BaH-
HOT'O KOHTPOJISI HAJl IaBJ€HUEM BOJibl B TPyOOIPOBO/E; PEKO-
MEH/JALIUK U IPOUHE TEXHUUECKHUE PElLLICHHS.

B PII 05-366-00 «Mucrpykiyst no mpoeKTHPOBAHHIO M0-
’KapHO-0POCHTEJILHOTO BOOCHAGXKEHHUST MIAXT» paccMaTpH-
BaJUCh BOTMPOCH! TMO: BHIGOPY HCTOYHHKOB BOJAOCHAGKEHHS
waxt (npasBuia BbIOOpa M OLEHKH MPHUIOAHOCTH, MPOEKTH-
poBaHue BO103a0OPHBIX COOPYKEHHH, BOLOMNOArOTOBKA ); MO-
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BEPXHOCTHOMY M [07I3¢MHOMY TpyOoInpoBojam (pesepByapbl
¥ BOMOEMbI, TPOTHUBOMOKAPHbIE HACOCHbIE CTaHLWH, BOJO-
BOJIbI, CETH BOJIOMPOBOJIOB M HATMIOPbI B HUX, pACUETHbIE (B TOM
uhc/Ie W MOBEPOUHbIN) PacXoibl BOMBI JUIS MOXKAPOTYLIEHHUS,
pasBojika M KperJjeHHe TpyOONpPOBOAA, YCTAaHOBKA BOA03a-
MOPHOH W PeryJupyloliell apMaTypbl, YCJIOBHS KOHTPOJS);
ucrnosibzoBanuio ABM nipu pacuérax BojocHabxkeHnus (Tpe-
6oBaHusl K [porpamMMaM THAPABJIMUYECKOTO pacyera CeTH Mo-
JKapHO-0POCUTEJIbHOTO BOJLOCHAGKEHUS LAXTHI ).

Opnospemenno ¢ P 05-365-00 «Muerpykuust no pas-
paboTKe TMpOEeKTa NPOTHUBOMOXKAPHOW 3alLMUThl  YrOJbHOH
maxtbl» 0 PI105-366-00 « MHCTpyKLHs 10 TPOEKTHPOBAHHIO
M0KaPHO-0POCUTEJBHOTO BOJOCHAOXKEHHS 1L1aXT» JeHCTBO-
Basik « VIHCTPYKLIMH MO MPOTHBOINOXKAPHOH 3aILIUTE YrOJNbHBIX
waxr» K § 553 PI 05-94-95 «IlpaBuia GeszonacHoCTH
YrOJIbHBIX 1IaxXT» (yTB. TocTaHoBJeHHeM [ocroprexHanzopa
Pocenn ot 30.12.1994 1. Ne 67). «Muerpykuusimu no npotu-
BOMOKAPHOH 3alUTe YrobHBIX WaxT» K § 553 P 05-94-95
«ITpaBus1 6€30MaCHOCTH YrOJIbHBIX LLIAXT», pACCMATPHBAJIHUCD:
NPOTHBOMNOKAPHAST 3aLLLUTa TPOMIIJIOLLAIOK H BBIXOJIOB Ha MO~
BEPXHOCTb; BOMPOCHI BOJOCHAGKEHHUS; YCIOBUS pa3MellleHHs
MEepPBUUHBIX M ABTOMATHYECKUX CPEICTB MOXKAPOTYLICHHUS;
TpeGOBaHUSI K TOPIOUECTH M OrHECTOMKOCTH KpEerH BhIpa-
60TOK; BOMPOCHI YCTPOHCTBA CKJIALOB T0XKAapHOTro 060py/I0-
BaHust; ycaoBusi npoepku [1I13 maxr. Heo6xomumo orme-
THTh, 4to PJII 05-94-95 «IlpaBusa 6e30nacHOCTH yroJbHbBIX
waxt» (yTB. nocraHoBaeHueMm [ocroprexnanzopa Poccuu
Ne 67 o1 30.12.1994 r.) yrpaTun cuiy, Bo Bpems aeiictaus PIL
05-365-00 «HMueTpykiys 1o pazpaboTke MpoekTa MpoTHBO-
MOKapHOM 3alUThl yroJbHoi maxtbl»; PIL 05-366-00 «Mu-
CTPYKLUS 110 MPOEKTHPOBAHUIO T102KAPHO-OPOCHTEIBHOTO BO-
nocHabKeHust waxr»; «MHCTpyKUMK 10 MpoTHBONOKAPHOH
3allUTe YroJibHbiX maxr» K § 553 IlpaBus GesonacHoctu
YrOJIbHBIX 1HAXT (yTB. MocraHoBjeHueM l[ocroprexHanzopa
Poccun Ne 67 ot 30.12.1994 r.), a B3ameH ero Gblia BBe-
nena nopasi penakuus [1b 05-680-03 «IIpaBuna 6e3omac-
HOCTH YroJibHbIX laxT» (yTB. rocraHoBjieHueM Pocrexnaj-
3opa ot 05.06.2003 r. Ne 50).

B TIb 05-351-00 «IIpaBuna npoBeneHHs1 3KCMEPTH3bI
MPOMBILIJIEHHOH O€30MaCHOCTH MTPOEKTOB MPOTHBOIOKAPHON
3alIUTBl YTOJBHBIX IIAXT, OMACHBIX MPOM3BOACTBEHHBIX 06b-
€KTOB yTrOJIbHOH MPOMBILIJIEHHOCTH» pacCMaTPUBAHCh: T10-
PSUIOK TIPOBEIEHHUS, YTBEPXKIAEHHS 3KCIEPTH3bl MPOEKTOB
MPOTHBOMOKAPHON 3aLLUThl YTOJIbHBIX 1IAXT, OLEHKH 39KC-
MepPTHBIMU OpPraHu3alUsMHU MOJHOTHI, JIOCTOBEPHOCTH M Npa-

Jlutepatypa:

BUJILHOCTH TIPELOCTABJAEHHON TOKYMEHTALMH U COOTBETCTBHE
ed crangapram, HopMaM WM MpaBHJaM MPOMbILIIEHHON 6e30-
MacHOCTH.

Onnospemenno ¢ [1b 05-351-00 «ITpaBusa nposenenust
IKCTIEPTU3bI MPOMBILIJIEHHOH 6€30MacHOCTH MPOEKTOB TPo-
TUBOTIOXKAPHOH 3alUThl YTOJILHBIX [AXT, OMACHbLIX MPO-
M3BOJCTBEHHbIX OOBEKTOB YroJbHOH MPOMBILIJIICHHOCTH»
nericroBanu [1B 03-246-98 «IlpaBusia nposenenust sKc-
MepTU3bl MPOMbILIIEHHON 6E30MacHOCTH»  colepKallie
B ceGe: OCHOBHbIe oOrpeleseHuss W 0oO0lIHe TOJ0KEHHS
NpH MPOBEIEHUH 3KCIEPTHU3bl; TOPSIOK MPOBENIEHHUS 3IKC-
nepTusbl; TpeGoBaHus K 0(OPMJICHHIO; TIOPSJIOK BeleHHS
y4éra sKkcnepTHbIX oprannsanuil. Ha ceronnsi [1b 03-246-98
«[IpaBusia mpoBeeHUsT IKCNEPTU3bl MPOMbBILLIEHHON 0e3-
OMacHOCTH» OTMEHEHbI, @ B3aMEH MM BBEJICHbI B J€HCTBHE
DenepasnbHble HOPMBI U TPaBUJIa B 00JACTH MPOMbILIJIEHHOH
6ezonacHoctu «llpaBuna mpoBeneHust KCMEPTH3BI TIPO-
MBILIJIEHHOH 6Ge30MacHOCTH» YTBep:KaeHbl Tpukazom De-
JlepaJjibHON Cly2KObl 110 9KOJIOTHYECKOMY, TEXHOJIOIHYECKOMY
1 atoMHoMy Haznzopy ot 14.11.13 r. Ne 538 (¢ uameHeHHsIMH
1 JIOTIOJIHEHUSIMH ).

[Tocne yreepxxnennst [lpukasa Pocrexnanzopa [4], P
05-365-00 «MHceTpykums no pazpaboTKe MPoeKTa MpPOTHBO-
MOKapHOI 3aUThl yroJbHOH maxtsl», P 05-366-00 «MH-
CTPYKLHSI 10 POEKTHPOBAHHUIO M0KAPHO-OPOCHTENBLHOIO BO-
nocuabxkenust maxr», [16 05-351-00 «IIpaBuna npoenenus
9KCMEPTU3bl TPOMBILIJIEHHONH G€30MacHOCTH MPOEKTOB MPO-
TUBOIOXKAPHOH 3allIUThl YTOJIbHbIX [11AXT, OMACHBIX MPOU3BOJL-
CTBEHHbBIX 0O'BEKTOB YrOJILHOH MPOMBILIJIEHHOCTH» ObLIH OT-
MEHEHBI.

CerojiHsi TPOEKTUPOBIIMKA Tpu npoektupoBanun 11113
PYKOBOJICTByIOTCST «MHCTpYKIMeH 10 MPOTHBONOXKAPHOK 3a-
1MTe yrodbubix waxr» K § 553 PI1 05-94-95 «I1pasuna 6es-
OMACHOCTH YTOJIbHBIX 1LAXT», @ OCTaJbHble TOKYMEHTbI OblJIH
OTMeHeHBI (160 YTPATUIIH CBOIO CHITY).

Llesbio 3KCTIePTH3B! TIPOMBILLIIEHHOH 6€30MacHOCTH SIBJISI -
€TCsl OLLEHKA COOTBETCTBUSI 00bEKTA IKCIEPTU3bI MPEbIBIIS-
eMbIM K HeMy TpeOOBaHHSIM MPOMbILIJIEHHONH Ge30MacHOCTH
M OCHOBBIBAETCSl HA MPHUHIMMNAX HE3aBUCUMOCTH, OOBEKTHB-
HOCTH, BCECTOPOHHOCTH W MOJIHOTHI HCCJIEIOBAHUH, MPOBO-
JIUMBIX C UCTIOJIb30BAHUEM COBPEMEHHbBIX JIOCTHKEHUH HAYKU
u texHukd [2, n. 13]. Ilpu nposenenun IIIB skcneprhbie
OpraHu3allid pPYKOBOJACTBYIOTCSI TEMHM »Ke JIOKYMEHTaMH,
YTO W NPOEKTHblE OPraHU3alMK NPU NPOEKTUPOBAHUH, U JI0-
MOJIHUTENIbHO [2].

1. denepasbHble HOPMBI W MpaBua B 06JacTH NPoMbILLJIEHHOH GezonacHocTH «IIpaBusia 6€30MacHOCTH B YroJIbHbBIX
laxrax». YTBepKaeHbl npukazoM PeaepasbHON CyKObl 10 IKOJOTHUECKOMY, TEXHOJIOMMYECKOMY H aTOMHOMY Hajl-
3opy ot 19.11.13 1. Ne 550 (¢ M3MeHEHUAMU U JIOTIOJHEHUSMH )

2. @enepasbHble HOPMbI M TIPaBUJIa B 00J1aCTH MPOMBbILIIEHHOH Oe3onacHocTy «[IpaBusia npoBeeHus IKCIEPTU3bI MPO-
MBbILIJIEHHOH G€30MacHOCTH». YTBepKIeH npukazom PenepanbHOi Cly?KObI O SKOJOTHUECKOMY, TEXHOJOTHUECKOMY
1 aToMHOMy Hanzopy oT 14.11.13 . Ne 538 (¢ M3MeHeHUAMM U JOTIOJTHEHUSIMH )

3. IlpaBuna Gezonacuocty mpu oboraieHud U 6puKerrpoBannu yrned (caanues). [15 05-580-03 (yrB. [locranoBune-

nuem Tocroprexuanzopa P® ot 30.05.03 r. Ne 46)
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4. Tlpukas Pocrexnangopa ot 11.02.14 r. Ne 49 «O npusnanuu He nojjiexaliiliMi MpUMeHEHHI0 HEKOTOpbIX akToB Pejie-
paJibHOro TOPHOTO U MPOMBILIIEHHOTO Hajdopa Poccni 1o Borpocam MpoBeieH st SKCIEPTH3bI IPOMBILIEHHOH 6e30-

MacHOCTH» (C UBMEHEHHUSIMU U JIOTIOJIHEHUSIMH )

p, v, T — paHHble OAHOKOMMOHEHTHbIX YrNeBOAOPOAHbIX XJ1afareHToB

3akupos CaHaT ladypoBuY, AOKTOP TEXHUYECKUX HAYK, Npoteccop;
Kapumos Kynpat ®ynatoBuy, KaHAMAAT TEXHUYECKUX HAYK, LOLEHT;

lacdypos Wep3on Aunwaposuy, maructp
TalWwKeHTCKNI ToCy[ApPCTBEHHBIN TEXHUYECKUI YyHUBEpCUTET uMeHn Aby PaiixaHa bepyHu (Y36ekuctaH)

Ha ocnose yrnuduyuposannoi 6azosoli cucmemol YypasHerull HatideHovl 1 CONOCMABACHbL MEPMOOUHAMULECKUE
cgolicmsa yeaeso0opooHsLx xaada2eHmos. Pacuemol nokasaiu xopouLyio co2Aacyemocnms pe3yiomamos HucAeHHO20
UccAed08aHUL CBOLCMB NPONAHA U H-OYMaHA ¢ ONbLIMHOIMU OAHHbLMU.

Karuesvie crosa: ypasuerue cocmosanus, 6a308a8 cucmena ypasHeHull, KOKCManma ypasHenus, 0asienue Ha-
COLUEHHO20 Napa, NAOMHOCHLb HCUOKOCU, XAA0A2EH N, CMECh XAA0a2eHMOs.

pU TIOMCKe 3HepreTHueckd 3PQeKTHBHBIX 030HOOE30-

MaCHbIX XJ1alareHTOB VHMBU/lya/IbHbIX BElIECTB
U HX CMeCed — HeOOXOIMMO BBINOJHATL O0JbIIOH 00beM
BBIUHC/UTENBHBIX  paGoT. [y ero ymeHblIeHHs 1e1ecoo-
6pas3Ho pacrnosiaratb YHU(HIIMPOBAHHOH 6a30BOH CHCTEMOH
ypaBHeHHH, MO3BOJISIOLLEH C 10CTaTOUHOH JI/Is TPAKTHKH TOY-
HOCTBIO PACCUMTBLIBATH W MPOTHO3MPOBATH CBOKHCTBA XJaja-
FeHTOB B 00JIaCTH NapaMeTPOB COCTOSIHUS, TPEICTABJSIOLLCH
MHTepeC 151 XOJOAUTBbHON TEXHUKH.

B nannoit pa6ote npuBeieHbl pe3y bTaThl YUCJIEHHOTO HC-
CJIe/IOBaHUsl CBOMCTB HMHAMBH/YaJbHBIX XJaJareHToB Ha oc-
HoBe 6a30BOH cHcTeMbl 0000LIEHHbIX ypaBHeHH! [l], Ko-
TOpasi MO3BOJISIET PACCUUTHIBATH LIMKJIbI XOJMOMUIbHBIX MALIUH
C TOYHOCTBIO, BIOJIHE YIOBJETBOPSAIOLIEH (K 1aXKe MPeBOCX0-
JISILLEH ) HY»K/Ibl TPAKTHKH.

BasoBasi cucrema BKJloYaeT TpH TEPMUUECKUX YPABHEHHST:

ypaBHEHHE JIaBJIeHHST HACBILLLEHHOTO napa:

P =P, exp[Riln(z) + (Ri—4+ P,y (7)],
w(r)=4(t-1)/t+S(r)-53In(z),
S(r)=(z-1)0.2(c +1)* +0.5]:

yYpaBHEHHE MJIOTHOCTHU KI/IHHLLLGI:I 2KHJIKOCTH:

(1)

’ 1/3
p'=ppepla(1-1)" +a,5()], (2)
rae 7 — npusenennas remneparypa, 7 =1/T,;
Ri,P,,a,a, — xpurepun nogo6us;
ypaBHeHHE COCTOSTHHUSI:
RT a
p="- 3)

v vi+ev+d’
rie a:Al+A2/T+A3/2'2,
c=C +(r,

d = const .

Ypauenusi (1) u (2), kak nokazano B pabore [l], onu-
CbIBAIOT C MOTPELIHOCTBIO OMbITA OT TPOHHOU 10 KPUTHUECKOH
TOUKM TeMIlepaTypHble 3aBUCHMOCTH JIaBJIEHHS HACHILIIEHHOTO
napa W TJIOTHOCTH KHTISILLIEH »KHIKOCTH TMPaKTHIECKH /IS Be-
LLLECTB BCEX KJ1ACCOB.

[Ipu 3Tom KpuTepuu a, u a, ypaBHeHHUs (2) CBsSI3aHHBbI
C BXOJALIMMH B ypaBHeHuH (1) KputepusimMu Ri u P, ume-
IOLIMMH YeTKUH (DU3MUECKHH CMBICJI: KpUTepHil Ri oTpa-
KaeT MOMEHT MHEPLHH MOJIEKYJIbl, a KpHTepuii P, — ee Ju-
MOJIHBIH MOMEHT.

YpaBHeHue cocrosinus (3) — jajbHelilllee pa3BUTHe ye-
THIPEXKOHCTAHTHOTO YPAaBHEHHsI COCTOSIHUS, NPEAJIOAKEHHOTO
panee [l]. 9To HOBOE ypaBHEHUE OTJIMUAETCS OT MPEILIECTBY -
IOLLEro TeM, 4TO OHO GoJiee pu3uuHo. JleHCTBUTEIBHO, UCXOS
U3 npocTedluux npeacrasjgeHuil Ban-nep-Baasbca, B na-
pOBOIH (haze poJib BXOASIIETO B OTTAJKHUBATEIbHBIH UJleH KO-
s(duirenTa, oTpaxKarollero co6CTBEHHbIN 06beM MOJEKYJT,
Jlo/KHA ObITh He3HauutesibHOH. [lpoBenennbie M. M. Tle-
PeJIbLITEHHOM U €ro COTPYAHUKAMH PAaCUeThbl MOATBEPIUIN ITO
NOJIOXKEHHE.

B rabauue 1 npuBeeHbl pesysbTaThl YHCJAEHHOIO HCCe-
JIOBaHHUSI 1aBJEHHsT HACBIIIEHHOTO Mapa H-6yTaHa U MpornaHa.
Pacuetsl nposenensl npu p =0,1 Mlla, T=173+553
K. C yBenuuenueMm Temnepatypbl MOBbILIAETCS JAaBJeHHE
napoB H-6yTaHa, nponaHa. M3 ta6juubl BUAHO, YTO CpPE-
HEKBaJIpaTHUECKHUE OTKIOHEHHUS BbIUMCIEHHBIX 110 YPABHEHHIO
(1) sHauenuii p ot onbITHBIX He pebiaet 1 %.

B rabauile 2 npuBeleHbl pe3ysbTaThl PACYeTOB [JIOT-
HOCTH KHUMIsiLLel »KuaKoctH Betects. C MoBbILLIEHHEM TeMITe-
paTypbl yMeHbLLIAETCs TJIOTHOCTL »KuaKocTel. M sneck, cpen-
HeKBajlpaTHYeCKasi MOrPElIHOCTb HAXOAMTCA B YKA3aHHOM
JManazone. MakcuMaJsibHble OTKJIOHEHHS PaCUeTHbBIX JAHHbBIX
OT OTIBITHBIX cOCTaBJSIOT +3,59 %.

Korna p,v,T — nauubie 1yist CMECH HEM3BECTHBI, a JUTsT ee
KOMITOHEHTOB JIOCTATOYHO XOPOLIO H3yyeHbl B 00JacTsIX Ie-
perpeBa W (azoBOro paBHOBECHsl, TO CHayasa Jyisl KaxJ10ro
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Ta6nuua 1. laBneHue HacbIWEHHOro napa

C,H,, — H-6yTaH C;H; — nponax

T.K P, Na .. Na MorpewHocts, % P Na .. Ma NMorpewHoctb, %

(pacyetHoe) | (onbiTHOE) (pacyetHoe) | (onbiTHOE)
173 162,16 - 2761,1 -
183 448,18 - 6192,7 -
193 1098,98 - 12627,8 -
203 2436,41 - 23770,6
213 4958,49 5038,74 1,5 41818,3
223 9379,66 9490,96 1,1 69449,7
233 16661,52 16809,13 0,8 109785,8 111457,5 1,4998
243 2803047 28219,61 0,6 166334,1 151987,5 -9,43936
253 44981,42 45202,03 0,4 242927,8 283710 14,37459
263 69268,7 69542,61 0,3 343672,5 374902,5 8,330154
273 102887,42 103250,18 0,3 472908,2 486360 2,765793
283 148049,3 148339,8 0,1 635193,6 648480 2,048849
293 207157,34 207412,28 0,1 835314,7 861262,5 3,012763
303 282783,06 282696,75 0 1078320,9 1023382,5 -5,36832
313 377650,04 377942,25 0 1369587,5 1053780 -29,969
323 494625,77 496492,5 0,3 1714903,7 1722525 0,442444
333 636723,66 639360,75 0,4 2120587,1 2229150 4,870145
343 807116,12 810600 0,4 2593623,5 2735775 5196021
353 1009159,23 1013250 0,4 3141833,7 3242400 3,101599
363 1246428,98 1250350,5 0,3 37740687 3850350 1,98115
373 1522769,29 1528994,3 0,4 4500437,7 -
383 1842351,78 1852221 0,5 5332572,5 -
393 2209747,57 2223070,5 0,5 6283937,5 -
403 2630011,79 2648635,5 0,7 7370191 -
413 3108781,52 3129929,3 0,6 8609612,1 -
423 3652388,93 3674044,5 0,5 10023606,1 -
433 4267991,24 - 11637304,8 -
443 4963720,43 - 13480286,6 -
453 5748855,74 - 15587439,7 -
463 6634023,31 - 18000005,5 -
473 7631427,98 - 20766840,6 -
483 875512341 - 239459521 -
493 10021328,23 - 27606368,5 -
503 11448797,3 - 31830429,6 -
513 13059259,14 - 36716595,1 -
523 14877933,22 - 423829024 -
533 16934143,28 - 48971235,2 -
543 19262046,66 - 56652608 -
553 21901504 - 65633731,5 -

KOMITOHEHTa ¢ TIOMOLIbIO ypaBHeHu# (1) — (3) HaxonsT 3Ha-

ueHHust Ko3(QUINEHTOB a, b, ¢ mpuBeaeHHoro B padore [1]
TPEXKOHCTAHTHOTO ypaBHEHHUsI. 3aTeM C yHeTOM TMpaBUJl KOM-
GUHATOPHUKH HAXOJST TEPMHYECKHE CBOMICTBA cMecH B obiia-
crax (ha3oBOro pPaBHOBECHS W TEperpeBa ¢ MOrPEeLIHOCTbIO,
npessliiatoniell He 6ojee ueM B 2—3 pasa MorpeiHocTb He-

XOJIHBIX JJAHHBIX O KOMIOHEHTax [2].

M3 npoBeeHHOro YHCJAEHHOr0 MCC/IeL0BAHUST MOXKHO 3a-
KJIIOUUTh, YTO MCMOJIb30BAHHAS YHU(PULIMPOBaHHAsT Ga3oBasi
cHCTeMa YpaBHEHWH C JI0CTaTOUHON TOYHOCTBIO COIIACyeTCs
C OMNbITHBIMH JIAHHBIMH M €€ MOXKHO T10JIb30BaThCS B TeX-
HHKE YMEpPeHHOro xoJoja. EJMHCTBEHHO TO, UTO ee MpHUMe-
HeHHe OrpaHHYMBAeT — 3TO OTCYTCTBHE 3HAUEHUH KPUTEpPHEB

Ri, P v ko3hpuunenTos a, b, ¢ KOTOpble NPHBEIEHDI JIHLIb
JIJIs OTPAHMUYEHHOTO YHCJI1A BEILIECTB.
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Tabnuua 2. MNOTHOCTb KUNALLEN UAKOCTU

C,H,, — H-6yTaH C;Hg-nponax
LK pr Kr/m> p. Kr/m> MorpewHoctb, % p. Kr/m> p. Kr/m> MorpewHocts, %
(pacyetHoe) | (onbITHOE) (pacyetHoe) | (onbITHOE)

173 695,0387 - 644,7181 -

183 686,2479 - 634,604 -

193 677,3529 - 624,3075 -

203 668,341 - 613,8031 -

213 659,1982 - 603,0608 602,4096 0,1
223 649,9081 - 592,0458 591,716 0,1
233 640,4524 - 580,7167 581,3953 0,1
243 630,8102 630,8102 0 569,0245 568,1818 0,1
253 620,9575 620,9575 0 556,9099 555,5556 0,2
263 610,8665 617,28395 1 544,3006 543,4783 0,2
273 600,505 602,40964 0,3 531,1069 526,3158 0,9
283 589,8352 591,71598 0,3 517,2149 515,4639 0,3
293 578,8127 581,39535 0,4 502,4769 505,0505 0,5
303 567,3841 568,18182 0,1 486,6952 476,1905 2,1
313 555,485 558,65922 0,5 469,5941 458,7156 2,3
323 543,0362 543,47826 0 450,768 442,4779 1,8
333 529,9385 529,10053 0,2 429,5753 425,5319 0,9
343 516,065 515,46392 0,1 404,8821 400,000 1,2
353 501,2484 505,05051 0,7 374,2819 357,1429 4,6
363 485,2605 - 330,2303 -

373 467,7757 - 168,3544 -

383 448,2988 - 141,4027 -

393 426,0077 - 129,2249 -

403 399,3349 - 121,2622 -

413 364,4372 - 115,4056 -

423 301,7699 - 110,8324 -

433 160,1422 - 107,1307 -

443 142,9405 - 104,0637 -

453 132,9414 - 101,4821 -

463 125,9088 - 99,2859 -

473 120,5374 - 97,4045 -

483 116,2399 - 95,7865 -

493 112,699 - 94,3935 -

503 109,7229 - 93,1957 -

513 107,1865 - 92,1701 -

523 105,0037 - 91,2981 -

533 103,1126 - 90,565 -

543 101,4673 - 89,9589 -

553 100,0328 - 89,4699 -

Jlutepatypa:

l.  Tlepenbuirein, M. 1., Pypa E. H. bazoBasi cucrema 06006111eHHBIX ypaBHEHUH JIjist pacueTa U MPOrHO3WPOBaHHUsT TEPMO-
JIMHAMHUYECKHX CBOIHCTB xianarentos // XosomuibHast Texuuka. 1995, No 1. ¢. 19—22.

2. Kapumos, K. ®. HcenenoBanue xoJ0uibHON MalllMHbl Ha 030HO6E30MACHOM XOJIOIMJILHOM areHTe // Tesuco! 10-
KJa1a10B XI MexkyHapoIHOH HaydHO-TeXHHUEeCKOH KOH(bepeHlnn «Haykoemkie xumuueckue texHosoruu-2006». Ca-
mapa. Poccnst. 16—20 oxrsi6pst 2006 r. Tom 1I. ¢. 135—136.
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PasButue rny60KoBOAHON POGOTU3NPOBAHHOW TEXHUKM.
UcTtopua Bonpoca

3acnoHoB Bnagumup BanepbeBuy, acnupaHT, npenofaBatens;
KpaBueHko Hatanbs AnekcaHapOBHa, aCMMpaHT, CTaplWwunili npenojasarteb
l'ocypapcTBeHHbI MOPCKOIt yHUBEpCUTET UMeHU agmupana @. @. Ywakosa

Karuesvie crosa: 6ecnuromnole Hadsodruvie annapamol (bHA), 6ecnurommuoie nodsodwnosie annapamot (BIIA),
OUCMAHYUOHHO Ynpasasemsle Annapameol, meieynpasasemole Heobumaemole nodgoodroie annapamot (THIIA).

Becnmomue CHUCTEMbI C KaXK/IbIM I0JIOM BCE aKTHBHee «3a-
BOEBBIBAIOT» MPOCTPAHCTBO B BO3JyXe, HA [OBEPXHOCTH
3eMJIH U BOJIbl, MOJ] BOJOH U B KocMoce. [Ipuunnamu 6uicTporo
Pa3BUTHs U LUMPOKOrO NMpUMeHeHHs1 OeClUJI0THOH poOOTH3HU-
POBAHHON TEXHHKH MOYKHO Ha3BaTh CJIEyIOLIHe (haKTOPbI.

Bo-nepBbIX, Npu BbIMOMHEHHUH J11000# 3a/1a41 € TOMOLLLbIO
OECIUJIOTHBIX CHCTEM [OJIHOCTBbIO 00eCreunBaeTcss Takoe
Ba)kHOe TpeOoBaHHe Kak 0e3011aCHOCTb »KM3HU UeoBeKa —
eMy MpOCTO HeT HeoOXOAUMOCTH MPHUCYTCTBOBATH JIMUHO
B 30HAX MOBBILICHHON OMAaCHOCTH.

Bo-BTopbIX, Tak Kak HeT HeOOXOAUMOCTH OPraHU30BbI-
BaTb paboyee MeCTO /sl 4eJloBeKa, yMeHblualoTesl raba-
PUTHbIE pa3Mepbl annapaTa H €ro SHeproaTparbl, YTO MO3BO-
JisleT MaKCHMaJlbHO MHHHATIOPU3HPOBATh Bce OeCHU/IOTHbIE
CHCTEMBI.

B-tperbux, Osarogapsi HeGoJbLIMM pa3Mepam, Oecru-
JIOTHblE CHCTEMbl MOXKHO M3rOTaBJIMBaTb, [PAKTHYECKH,
B /I060H J1ab0OpaTOPHH, MAaCTEPCKOl, B YHUBEPCUTETAX U T. 1.,
TO €CTb, He HY>KHO CTPOUTb OOJIbILIHE CHelHaNTU3HPOBAHHbIE
3aBOJIbl.

B-ueTBépTbiX, OnAThH ke Osarogaps HeOOJbIIUM pas-
MepaMm OeCMUJIOTHUKOB, OYeHb JIETKO COBEpLICHCTBOBATH
UX KOHCTPYKLHMIO, YCTaHABJIUBATbL JAOMNOJHUTEILHO MHOTOYMC-
JICHHblE IaTYHKK U paboyMe CHCTEMbl B 3aBUCUMOCTH OT KOH-
KPETHOH 3a1a4H.

B-nateix, nosiBisiercsi BO3MOXKHOCTb HCIOJIL30BATh TeX-
HOJIOTHIO «CTau», KO AECSTKH, COTHH M JaxKe ThICSIUH Ma-
JIEHbKHX aMMapaToB COBMECTHO BHIMOJHSIOT €IMHYIO 3ajiauy.
IT10 HaMHOTO 3(PQeKTHBHEee, ObICTpee W JiellieBse, UeM HC-
M0JIb30BAHUE VIS TEX 2Ke Liesielt OIHOro GOJIbLLIOrO J0POrocTo-
sLLlero annapara.

Bce 3TH dakTopb! SIBJSIIOTCS HECOMHEHHBIMH MJIIOCAMM
6eCrUIOTHBIX cucTeM. Pasymeercsl, ecTb y HHUX M MMHYCHI.
B naunoll rnaBe OymyT paccMOTPeHbl JOCTOMHCTBA W HEJNO-
craTku OecnuioTHbIX HaaBoaHblx (BHA) u noasoambix ar-
napatoB (BITA) n ux mpuMeHeHHe Ha pa3HBIX «OTpe3Kax»
MCTOPHH.

K nenocrarkam BHA MozkHO OTHECTH OorpaHHueHus 1o pa-
Jycy AeHCTBUSI U BpEMEHH I1aBaHHUsl, 110 M0J1e3HOH HarpysKe
¥ MOTOJIHBIM YCJIOBHSIM.

JocrouncrBamn BHA siBasiioresi cBepxXxMaHeBpPEHHOCTb,
TOYHOCTb OINPEIEJICHUST MECTONOJOKEHHUS ¢ MoMollblo GPS,
BO3MOXKHOCTb pabOThl B aBTOHOMHOM H YIPAaBJISIEMOM pe-
JKMMe, BO3MOXKHOCTb Pa00Thl B PE2KHUME «CTast».

Coepol npumenennss bHA u BITA nocrosiHHO pacuiu-
pSIOTCSL 10 Mepe MOSIBJIEHUsT HOBBIX TEXHOJIOTHH, KOTOpbIE
PACKPbIBAIOT BO3MOXKHOCTH 3THX HeOOJBIIMX arnaparos.
Hanpumep, ecu ele nsth JieT Ha3al HadeMHble POOGOTH3U-
pOBaHHble KOMIJIEKChl KOANHIMOHHBIX chsl B Mpake n Ad-
raHWCTaHe MO3BOJIMIM OOGHAPYXKUTb 11 ThIC. cCaMOJe/IbHBIX
B3pbIBHBIX ycTporcTB (CBY), Mopckue aBTOHOMHbIE anma-
paTbl pery/aspHo obecreyuBain 6€30MacHOCTb MOPTOB H BO-
eHHo-MopcKux 6a3 (BMDB), a cymmapHbiit rooBoil Hajer
BJIA, BhinosiHsABIIMX OoeBble 3a1auu, coctasds 6ogee 400
THIC. U., TO B HACTOSIILIee BPEMs 3TH MoKa3aTesH CyleCTBEHHO
YBEJHUUJUCH U TEHJIEHIMS UX JaJibHEHIIEero pocra coxpaHs-
ercsl.

B BoeHHO-MOpCKHMX cHJax HeoOMTaeMble MOpPCKHe arl-
napatbl CTaJu MPUMEHATbCs cpagdy nocie Bropoil muposoit
BolHbI. B 1946 rony Bo Bpems onepatyu Ha aTtoJuie BUKHHU
JIMCTAHIMOHHO ynpaBJjsemble Katepa BMC CIHA ocyuiect-
BJsIM cOOp Mpo6 BOJBI TOCE MPOBEAEHUS SAEPHBIX HCIIbI-
TaHUH.

B koniue 1960-x rogoB Ha karepa, ocHailleHHble BOCh-
MHUMJHHIPOBBIM JIBUTaTesieM, YyCTaHaBJMBaJjach arnmnapa-
Typa JUCTAHLIMOHHOTO yIpaBJeHUs il TpajieHust MUH. HacTb
TakuX CpelcTB Oblia mpunucaHa K 113-i TMBU3MH MHHHBIX
TpaJblMKOB, GasupoBaBlueiics B nopty Hxabe B patione
[OxHoro Caitrona.

B 1970-x pykoBoautesiem oaHo# u3 sabopatopuit B Ma-
cauyceTckoM YHuBepcutere Pobeprom bannapaom Oblia
OpraHH30BaHa KCIEAULUs, Lesblo KOTOPOH Obl1o 0OHapy-
xKenue «TutaHuka», 3aToHyBlIero B 20-X rogax 3Toro xe
Beka. PagpabaTbiBaeMble B 3TOT MEPHOJL aMNapaThl « DJIBUH»
MOIJIM morpy»artbesi Ha raybuny ao 2000 M, nostomy basn-
Jlap/L NPUHSJT aKTHUBHOE ydyacThe B pa3paboTKe W (pUHAHCH-
poBaHud arnmnapaTtoB «$lcon» u «Apro». «Apro» Obl1 0cC-
HallleH aKyCTHYeCKHMH CHCTeMaMM W BHeOKaMepaMmu. 24
asrycra 1985 roga B o6s1acTi MOMCKOB Haualu paboTath am-
napatbl «$Slcon» u «Apro». 1 ceHTA0ps B 0OBLEKTHB BHjlE-
OKaMep, yCTaHOBJeHHBIX Ha «Apro» monans korén «Tura-
HUKa».

B nauasie 1997 rojia iuctaHIlMOHHO YIPaBJIsieMbli annapat
RMOP (Remote Minehunting Operational Prototype) uc-
NoJib30Basics B 1 2-1HEBHBIX yUEHHSX 110 TPOTUBOMHHHO# 060-
poHe B ITepcuackom 3anuse. B 2003 rony Bo BpeMmst onepaluu
«Cpobona Mpaky» 1151 pellieHHsl pas/HyHbIX 3ajay MpUMe-
HSJIUCh Y2Ke HeoOUTaeMble MOoABO/HbIE annaparhl, a Mo3iHee
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B paMKax rporpaMmmMmbl MuHHCTepcTBO 060poHbl CLUA 1o ne-
MOHCTPALMK TEXHHYECKUX BO3MOXKHOCTEH [EepPCIEeKTHBHbBIX
00pasLloB BOOPYKEHHSI U BOCHHOH TexHUKH B ToM ke [lepcu-
CKOM 3aJIUBe TIPOBOJMJINUCH SKCIEPUMEHTDI 10 MPUMEHEHHIO
JIMCTaHLMOHHO YNpaBJ/sieMoro KaTtepa « Cnapran» ¢ Kpeficepa
«JerTnc6epr» 1J1s1 BeAEHNsT pa3BeKH.

JLs1 pelieHust Beex 3THX 3a/1a4d MOTyT ObITh 3a/1€ICTBOBAHbI
pa3Hoo0Gpa3Hble THIbI AUCTAHLMOHHO YIIPaBJIsSEMbIX, MOJyaB-
TOHOMHBIX WJIH aBTOHOMHBIX HAJIBOJIHBIX annapatoB. [Tomumo
CTereHn aBTOHOMHOCTH M HHbIX (hakTopoB B BMC CIIA nce-
MoJIb3yeTes Kaaccu(UKalus o pasMepam U 0COOEHHOCTSIM
NpUMEeHEeHHsI, O3BOJISIONIAsT CHCTEMAaTH3HPOBAThL BCe paspa-
OaTbiBaeMble CPEICTBA 10 YETIPEM KJ1accam:

1. X-Class — npejcraBiisieT co60i HeG0JIbILION (10 3 M)
HeoOUTaeMblil MOPCKOM amnnapar, CiocOOHbIA BECTH Pa3BelKy
1151 obecrieyeHus 1eACTBUH Kopabe/IbHOH FPYIITUPOBKHU;

2. Harbor Class — anmapaTbl Takoro Kjacca paspa-
OarbiBaloTcsl Ha 0ase CTAHAAPTHOH 7-M HaJLyBHOH JIOAKH
¢ JKecTKMM KapkacoM. OHHM mnpeHasHayeHbl JIsl BbINOJ-
HeHMs1 3aj1au o6ecrieueHnst 6€30MacHOCTH HAa MOpe U BeJleHHs]
padBenkd. Kpome Toro, oHM MOTYT OCHALLATHCS PaA3JIHU-
HBIMU CPEJICTBAMH JIETAJILHOTO W HEJIETAJbHOTO BO3AEHCTBHUS.
MaxcumasnbHast CKOpPOCTb  XOAa TMpeBbIlaeT 35  YaJoB,
a aBTOHOMHOCTL — 12 yacos;

3. Snorkeler Class — 3T0 TOJIyNOrpy»KHOH armnapat
JUIMHOH 7 M, MpeiHa3HaueHHbIH /151 BeIeHUs] TPOTHBOMUHHOH
60pbObI, MPOTUBOJIOIOUHBIX OTlepallil, a TakxKe 1151 obecre-
uenus aericteuiit CCO BMC. CkopocTb anmnapara JIoCTHraeT
15 y3Js0B, aBTOHOMHOCTD 24 uaca;

4. Fleet Class — 310 11-merpoBbiii annapat Ha 6ase
KaTepa C JKECTKMM KOpIycoM, pa3pabOoTaHHbIH i MPOTH-
BOMHUHHO# 60pbObI U MPOTHBOJIONOYHON OOOPOHbBI, a TaKkKe
U151 yUacTHsl B MOPCKHUX orepauusx. MakcumaJsibHasi CKOpOCTb
X0J1a arnmapara okKoJio 35 y3J0B, aBTOHOMHOCTb 48 uacos.

Cama Heo6XomMMoCTh paspaboTKM M TMPUHHATHA Ha BO-
Opy)KeHHe MOpCKHMX HeoOHUTaeMbix anmapaTtoB aiasi BMC
CILIA onpeneneHa psiioM O(MHIHATLHBIX TOKYMEHTOB. ITO
«Mopckast mouib 21» (Sea Power 21,2002), «Bcecto-
poHHHUET 0630p cOCTOsIHUSA U repcreKTuB pasputust BC CILIA»
(Quadrennial Defense Review, 2010), «HauuonasnbHas
cTpaterusi Mopckoi 6e3onacHoctu» (National Strategy for
Maritime Security, 2005), «HauuoHanbHast BoeHHasi cTpa-
terust» (National Defense Strategyof the UnitedStates,
2010) u np. TlopmoGHBIX MepcrneKTHBHBLIX AKTOB B paMKax
Hallell cTpaHbl HE MPUHHUMAJIOCh, UTO SABJSETCH <MHHYCOM>»
B Pa3BUTHH BO MHOTHX HampaBJeHHsX, KaK B IPaKIaHCKHX,
TaK U B BOEHHbIX. [2, 3]

B Poccnn ¢ camoro mepBoro nmpumenenus B 1953 romy,
JI0 HACTOSILLIErO0 BPEMEHH CMEHMJIOCh HECKOJILKO MOKOJIEHHH
THITA (teneynpapssieMblii HeoOUTaeMblll TOJBOJHBIN arl-
napar). IlepBble anmapaTbhl 3TOro THUIMA HCHOJAb30BAJIUCH
JIMLIb KaK CPeCTBa HAOMIONEHUS 3a ICHCTBUSIMH BOJI0/1a30B,
MCCJIe/IOBaHNST 3aTOHYBIIMX OOBEKTOB M T.J. JlanbHefiiiee
pasButHe mo3BoJuao ocHactuth THITA manumysasropamu
pa3/IMYHOrO Ha3HAUEHHUs!, CPEICTBAMH MOJIBOHON HAaBUIraLMH
1 06paboTKK MHPOPMALIUH.

B 1968 r. MnctuTyTOM oKeaHoJsiornu Akanemun Hayk CCCP
obln cosnan THITA «Manta», npuMeHsIBIIHIACST B MOPCKHX
skenenuiusix. B 1972 r. 6buii npoBeieHbl UCMbITAHUS [TOJIBO-
JIHOTO TeJjieynpaBJsieMoro annapara «Kpa6, npenHasznaueH-
HOTO JIIS1 UCCIIENIOBaHUSA MUKpopesbeda aHa [4].

B 1973 r. npouud MCIbITaHUS MakeTa MEepBOro COBET-
ckoro AHITA (aBTOHOMHBIH HeOOGHUTAaeMbIH TMOJIBOJHBI arl-
napat) «Ckat». B 1976 r. ycoepiuencrBoBannbiii AHITA
«CkaT-reo» MpUMEHsJICH Ui MCCIeloBaHUus 1Ha besoro
Mopst. B sTo ke Bpemsi B pacnopsikenun BM® CCCP nos-
BUJICS TesleynpaBJsieMblil Kommnieke A-1—40 ¢ rmy6uHoi no-
rpy:xennst 1o 1500 m.

B 1976—1980 ronax 6biin coznansl AHITA JI-1 (rny6uHa
norpyxenust 2000m) u JI-2 (ry6una norpy:xenust 6000m).
C noMmolIblo 3THX anmnapatoB TPOBOIUIOCH 06C/eI0BAHHE
paitona 3aToHyBIIe#H aToMHOH mnoasoaHoi Joaku (AI1JT)
«K-8» B CeBepHOll AT/IaHTHKE, TIOUCK U 00C/IeI0BaHKE 3aTO-
nysieir AIlJ1 B CapraccoBom Mmope, oGclieioBane parioHa
ru6esn AI1J] «Komcomosterr» B Hopsexckom mMope [5].

B xonue 80-x rogo 20-ro Beka Mucruryrom npobiem
mopcekux texHosioruii (MITMT JIBO PAH) 6bina paspa6o-
tana cepust AHITA mmpokoro HasHauyeHHs, MEpPBbIM HX KO-
TOPBIX cTas MHoromporeccopublit « MT-88». Ha ero ocHose
no 3akagy HITO «JlanbmopreoJsiorusi» Obl1 pagpaGoTaH ar-
napat MT-T'EO u psin npyrux AHITA. Tam e 6bl1 co3naH
«Tudpionyc» — AHITA noBblllieHHOH aBTOHOMHOCTH C PaJiu-
ycom ynasienust oT 6a3bl GoJiee 100 metpoB. B teuenne 1988 —
1992 ros0B ¢ moMol1bI0 3TOTO anmnapata NpoBOJUINCH FPaBU-
MeTpHUECKHE U THAPOAKYCTHUECKHE U3MepeHHs B SIMOHCKOM
Mope.

B 1992—1994 romax UITMT JBO PAH cosmecTtHO
¢ dupmoit Hibbard Marine (CIIA) 6bi1 co3nan majorada-
pUTHBIN aBTOHOMHO-TIpUBsi3HOU annapat TSL (Tunnel Sea
Lion), npenHa3HaueHHbIH B OCHOBHOM JIJIl HHCTIEKIIUH BOJIO-
3anoJiHeHHbIX ToHHeel. B nanbHelinem annapar 6bl1 MOH-
(hULMPOBAH /IS TPOBEIEHNS UCTIBITAHHH HOBBIX CHCTEM H OT-
paGOTKKH METOJI0B YIpaBJIeHHUSI.

C 1994 rona mnoj pyKOBOJCTBOM 3aMeCTHUTeJIsl JIMpeK-
Topa Mueruryra okeanoJsiorust JIbBa YTtsikoBa pagpabatbiBa-
Jch MajiorabGapuTHble TesieyrpaBJsieMble MOJBOJHbIE arra-
patbl, noJyuuBiine HazBanne «[HOM>» u npeHasHaueHHble
JUISt BBITIOJTHEHHUS TIOJIBOJHBIX MOMCKOBO-OCMOTPOBBIX PadoT.
THITA «THOM>» skcnnyatupytorest cayxbamn MUC PO,
lennpokypatypsl P®, Pocsneproaroma, KpyrnHbIMH HedTsi-
HbIMM M T'a30BbIMH KOMIAHHSIMH, BOJ0JIA3aMU U JIaHBEpPaMH.
B 1995—1998 ropax Oblin mpoBeeHbl MCTbITAHUS Ty6O-
kosoanoro AHITA «CR-01», cosmannoro coBmectHo ¢ I113-
HbsiHcKUM  uHetutyToM  aBtromatuku (KHP), u «OKPO-
6000», pagpaGoTaHHOTO COBMECTHO C MAIMHOCTPOUTETbHOH
kopriopauueid DAEWOO (Pecny6nnka Kopest).

B 1998 r. manoraGaputhbie THITA ¢ kaGenbHO! CBSI3bIO
«MAKC» ucro/ib30Banch Jyisi MPOBEIEHUsT aBapHiHO-Cria-
caTesIbHbIX H HayuHO-MCCIEN0BaTEIbCKUX paboT. B Tom ke
rojly Mpolle] WCMbITAHUS MaKeT COJIHEUHOrO aBTOHOMHOTO
HeoGuTaemoro nojasoaHoro anmnapata (CAHITA), paspa6o-
taunoro MITMT coBmectHo ¢ Hblo-Xemniupcekum HHCTH-
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TYTOM aBTOHOMHbBIX MOBOAHBIX chcteM (CLLIA). Bpems pa-
6ot CAHITA B aBTOHOMHOM peXKHME MOIJIO JIOCTHIATh
HECKOJIbKHX MECSILIEB.

MukenepubiM uentpom «liy6una» Oblid pa3paboTaHbl
¥ H3rOTOBJIEHBI OCMOTPOBbIE TeJsieyrpaBJsieMble HeoOUTa-
eMble ToiBoHbIe anmapathl «Kaman-500» (miy6una morpy-
»enus 10 500 M) u «Besiek» (rny6una norpyenus 10 100m).

B 2007 r. AHTTA «Knapecun- 1 P» ncnoJibaoBaJicsi npu pa-
60Te B CJI0XKHBIX KIMMATHYECKUX ycaoBUsAX Ha CeBepHoM Jle-
JIOBUTOM OKeaHe M TIOMOT JIOObITh JI0KAa3aTeJbCTBA MPUHANL-
JIEXKHOCTH apKTuueckoro menbda Poccuiickoit Peneparyiu.
Cefiuac 3TOT MOJABOJHBIN anmnapaT MPUHAT Ha BOOPYXKEHHE
MHHHCTEPCTBOM 060POHBI CTPAHBI.

B 2010 r. na Boopy:kenrie MUC Poccun nocrynui majo-
rabapuTHbiil MHOrOyHKIHOHAABbHBIA AHITA «ITuanrpum»,
CMOCOOHBIN BECTH ayIHO- ¥ BUIEOCheMKY Ha riy6ute jo 3000
MeTpoB B TedeHue 20 4acoB NP BOJHEHHH MOPS 10 TPEX
6aJoB.

B 2010 romy Obuin mnpoBeneHbl wucnbitanus AHITA
«0630p-600», coznaHHOro poccuiickoil Komnanueil «Te-
tuc-ITPO». Annapar crioco6eH pasBuBaTbL CKOPOCTb 10 3,5
Y3JI0B U MOXKeT 0OHapYKUBATh MOJBOJHbIE 0OBEKTHI HA pac-
crostiun 10 100 m. TTpunsiT Ha BoopyKeHue CriacaTeibHbIMU
cunamu YepHomopcekoro diota Poccuu it pasBeiku Mop-
cKoro jiHa [6].

B THIL «IOxmopreosorusi» paspaboranbl MmaJjoraba-
pUTHbIE MHOrOdyHKUMOHanbHble THMA RT-1000 PLI v PTM500,
a TaKXKe Teseynpasasemblit noasogHbI annapaTt PT 6000M
(rnybuHa norpyxenusa go 6000 m). AnnapaTbl npeaHasHa-
YeHbl JJIS Te0JIOTOPA3BEIOUHbIX PaboT, 0CcMOTpa 0OBEKTOB,
Pa3JIMYHbIX U3MEPEHHH U TYOOKOBOHBIX HCC/IEI0BAHU.

BouibLioil BK/1an B pa3paboTKy, M3roToOBJIEHHE H BHEPEHHE
TEXHOJIOTHH U 060PYLOBAHUS /151 HAYUHO- HCCIEI0BATEIbCKUX
pa6or B MupoBoMm okeane BHec10 OmnbITHO- KoHeTpyKTOpCcKoe
610po OKeaHONIOrHYEeCKOH TeXHUKH PoCCHHCKOH akaleMHuu
Hayk. B uacrioctn, 8 OKb OT PAH 6bumi cosnaHbl: aBto-
HOMHbIE HCC/e/IoBaTe/IbCKHe JIOHHble W OyHKOBble CTaHLMH
«®@gopa», «CJIC-M», «Membpana», «AJICC-1>», Gykeupy-
emble ¥ 30HAUpylole ruapopusuueckue cucrembl «lunpa»,
«Auncr», «Ilpodumnb», «HbIpok», ruppoakycruueckue cH-
creMbl JIOHHOH HaBurauun «[AHC», Gykcupyemble THAPO-
aKyCTHUeCKHe H (hOTOTEJIEBU3HOHHBIE KOMIIEKChl «JIoKco-
JAPOMHUSI», «3BYK» W Jpyrasl yHHKaslbHas oKeaHoJloruyecKasi
texnuka. B 2006 r. B pamkax Poccuiicko-Muuuiickoit npo-
rpammbl /L.TP OKB OT PAH 6bis1 H3roToB/I€H MHOTOLIEIEBOK
THITA ROSUB 6000 (riy6una norpyzxetust 10 6000 m).

B 2015 r. CamapcKuM rocyapcTBEHHBIM TEXHHUECKHM
YHUBEPCHTETOM Obl1 pPa3pabOTaH aBTOHOMHBIA IIaiaep
«Mako-2» il okeaHorpaUyeCcKUX HCCJIe/I0BaHUM, mnepe-
MeLLAoLIMICS B TOJILLE BOJbI 3 CUET CHJI TPABUTALMU U CHJI
nsiaBydectd. Takoil cnoco® JBUKEHHSI MO3BOJSIET NOCTHYb
BBLICOKMX TOKagzaTesieli OeclllyMHOCTH M aBTOHOMHOCTH MJla-
BaHHUs1, KOTOPAsi MOXKET COCTABJIATH HECKOJIBKO MECSIIEB.

OObeMHeHHast CyI0CTPOUTENIbHAST KOpPIopalus MpeJcTa-
BHJa aBTOHOMHBIH ammapat «lOnona». AnmapaT mnpenna-
3HAuYeH JJIs cracatesibHbIX orepaluii, a Takke NpoBeleHue

paboT Ha apKTHYECKOM Liesbde, YTO sABJSIETCS OJIHON U3 TpH-
oputetHbIx 3a1a4 Poccun XXI Beka.

CyliiecTBoBaHie GECIUIOTHON TEXHUKH CTAJI0 BO3MOYKHO
Osarofapst psly TeXHHUECKHX PELIeHHH, CBA3aHHBIX C pas-
BUTHEM CHCTEM aBTOMATH3MPOBAHHOIO YNpaBJeHHUs, HABU-
rauuu u T.J. KytodyeBbIMH TEXHOJOTHSMH, MO3BOJSIOLIMMH
KOMIIEHCHPOBATb OTCYTCTBHE olepartopa B KaOWHe cTaju
TEXHOJIOTHH CO3/IaHUsI MUKPOIPOLLECCOPHON TeXHHKH W Tep-
CTIEKTUBHbIX KOMMYHHKALIMOHHBIX cpecTB. Ofa Thna TeXHO-
JIOTHH TIPULIIM U3 TPAKAAHCKON cpepbl — KOMITbIOTEPHOH
MHILYCTPUH, MO3BOJIMBLLUEH MCIO/Mb30BaTh AJIs1 9THX arnmna-
paToB COBPEMEHHbIC MHKPOIPOLLECCOPbI, CHCTEMbl paanoc-
BSA3W W TEpelavn JIaHHbIX, a TaKKe ClelHabHble CroCoObI
CKaTHsl U 3alUThl HHopMauuu. O6sanaHie TaKHMH TEXHO-
JIOTUSIMM — 3aJ10T ycrexa B ob6ecredeHnd HeoOX0IUMOH cTe-
MeHH aBTOHOMHOCTH POOOTOTEXHHUYECKHX CPEJICTB M aBTO-
HOMHbIX MOPCKHX aIapaTosB.

Jlist peleHust BO3HHKAIOLWMX MPOOJEM  HCIOJb3YIOTCS
camble COBPeMEHHbIE€ TEXHOJIOTHH CO3aHUS:

— TPaHCreHHbIX OMOTIOJUMEPOB, NPHUMEHsSIEMbIX TP pas-
paGoTke yJbTpasIerkux, CBepXIMPOUHbIX MaTEepHasIOB C YyJy4-
ILIEHHBIMH XapaKTepHCTHKAMH MaJI03aMETHOCTH JJ151 KOPIYCOB
BITA u 1pyrux po60TOTeXHHIECKHX CPECTB;

— YNIEPOAHBIX HAHOTPYOOK,
TPOHHBIX CUCTeMax; KpoMe TOro, 3 HAHOYACTHLL 3JIEKTPOIPO-
BOJIHBIX TIOJIMMEPOB MOTYT CO31aBaThCsl MOKPLITHS C (yHK-
LUUSAMH JIMHAMHYECKOTO KamyJisKa /sl po6OTOTEXHUUECKHUX
U IPYrUX CPEICTB BOOPYKeHHO! 60pLObL;

— MHKPO3JICKTPOMEXaHHUECKUX CUCTEM, OObEAMHSIOLINX
B ce0e MHKPOIJEKTPOHHblE M MHKPOMEXaHHYeCKHe 3Jie-
MEHTHI,

— BOJIOPOJIHBIX JIBUTaTe/IeH, TO3BOJISIIOIINX YBEJHUUTh
MPOJIOJ/KUTENIBHOCTL Pa0O0Thl POOOTEXHUUECKUX CPEJICTB;

— «yMHBIX MaTepHaJioB», H3MEHSIOIIMX CBOIO (Qopmy
(nan pusnyecKyre CBOHCTBA B COOTBETCTBUH C KOHKPETHBIMH
YCIOBUSIMH TTPUMEHEHMUS1) 110/l BJHSIHHEM BHELIHHMX YIpaBJisi-
IOIIIMX BO3JIEHCTBHUI;

— MAarHWTHBIX HAHOYACTHLL, CMOCOOHBIX O06ecneynThb
CKauoK B pas3paboTKe YCTPOUCTB XpaHeHHsi MHpOpMALKH;
3a CUET UCIMOJb30BAHUS CIelHaNbHbIX HAHOYACTHIL pa3MEPOM
10—20 HM MOXKeT ObITb JOCTUTHYTA MJIOTHOCTb 3alHCH HH-
dopmarmn 10 400 I'our/cm? [1]

HecmoTpst Ha BLICOKYIO 3aTPATHOCTb U TEXHHUECKHE PUCKH
MHOTHX [TPOEKTOB U MCCJIe/IOBAHHI, BOGHHOE PYKOBOJICTBO Be-
JIyLLIMX MHPOBBIX J€PKaB MPOBOJUT Lie/ieHarnpaBJeHHyo Mo-
JIMTUKY B 00/1aCTH pa3pabOTKH MepCreKTUBHbIX POOOTH3H-
POBaHHbLIX M OGECHUJIOTHBIX CPEICTB BOOPYKEHHOH OOpbLObI,
pacCcUMTBLIBAsH HE TOJILKO COXPAHUTb JIMYHBII COCTaB, cesaTh
npoBeleHNe Bcex 00eBbIX M 00ecneynBaolInX 3a1au GoJiee
6e30MacHbIM, HO W B MepcleKTHBe pa3paboTaTb WHHOBALMU-
OHHble U 3(h(eKTUBHbIE CPEACTBA il obecrnedeHust Haluuo-
HaJIbHOH 6e30MacHoCTH, O0PLOLL C TEPPOPU3MOM U Hppery-
JISTPHBIMH YTPO3aMH, a TaKzKe J1s1 3(PeKTHBHOTO MPOBEIeHNS
COBPEMEHHBIX U OYIyLLIHX ONepaLuil.

Mcexonst M3 aHasM3a €2KerofHoro pocta MHpOBOTo crpoca
Ha 3Hepropecypcebl, HeoOXOAUMOCTH u3ydyeHusi MupoBoro

HUCIOJIB3YyEMBIX B 3JIEK-
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OKeaHa, BeJIeHHUs IMOHUCKOBLIX, aBapHﬁHO-CHaC&TeﬂbeIX W Ha-
YUYHO-HCCIE0BATE/IbCKHUX pa60T, a TakxKe obecrieueHust 6e30-
MaCHOCTHU MOPCKHUX IroCy1apCTBEHHbIX 'PaHULL, MO2KHO CA€/1aTh

Jlutepatypa:

BBIBOJI O HECOMHEHHOH BOCTpeGOBAaHHOCTH HAJBOJHBIX U MO -
BOJIHBIX OECITUJIOTHBIX alNaparoB, UX AaJbHEHIIero pa3BUTHS
1 BCE GoJiee LIHPOKOTro BHEJAPEHHUS B SKCIIyaTaLHIO.

1. A.T dkoenes, /1. E. bapanos, M. /1. lumkun, YJIK 620.22 «O CoBpeMeHHOM COCTOSTHUU H TEHIEHIIUSX TPUMEHEHHUST
HOBBIX MATEPHAJIOB U TEXHOJIOTHH B KOHCTPYKIMSIX OECITUJIOTHBIX JieTaTesIbHbIX anapatos»; Bekrop nayku TIY. 2014.

Ne 1.

2. rocynaperBennbiit akt CILIA « Mopckast motib 21» (Sea Power 21,2002).
3. rocynapcrBennslil akt CILA «Bcecroponnuit 063op cocrosinusi u nepenektus paspuths BC CHIA» (Quadrennial

Defense Review, 2010).

4. JI. BO‘{apOB, «Heo6urtaembie MO/IBOJIHBIE arrapaTthbl: COCTOIHHE U 061111e TeHJIEHLIHH Pa3BUTHA>, 9.H€KTpOHI/IKaZ HayKa,

TexuoJiorust, 6usnec, 2009, Ne 7.

5. Boiitos, JI. B. Tenieynpasssiemble HeoGuTaeMble 1ojiBoJiHbIe annapathl. Mopkuura, 2012,
6. [.T Jlaxos, YK 629.58 «CoBpeMeHHble 3a1auk NOABOAHON poGoTOTEeXHUKH », [ToBO/HBIE HCcenoBaHUS U POOOTO-

texuuka, 2012, Ne 1 (13).

Mpo6nema npumeHeHUA MaTeMaTUYECKOrO MO&IMPOBAHUA
B CO3/laHUM MOPCKUX TEXHONOTrNYECKMX Komnnekcos (Ha npumepe BHA)

3acnoHoB Bnagumunp BanepbeBuy, acnupaHT, npenojaBaresb;
KpaBuyeHko HukuTta Bnagummposuy, acnupaHT, cTaplinii nabopaHTt
l'ocypapcTBeHHbIit MOpPCKOIt yHUBepcUTeT uMeHun agmupana @. ®. Ywakosa

Karuesoie caosa: becnuromnoie Hadsodroie annapamol (bHA), 6ecnuromuoie nodsodwnoele annapameor (BIIA),
OUCMAHYUOHHO Ynpasasemble annapamol, meieynpasasemoie Heobumaemoie nodsodrvie annapamol (THIA).

MopCKoﬁ kommieke Poccuiickoit Penepatnu hyHKIHO-
HUPYET B YCJIOBUSIX peasu3allui 1ieell U 3ajad Haly-
OHAJILHOW TMOJIMTHKH, KOTOpasi omnpeneneHHa MopCcKol J0K-
tpunoit P® na nepuon no 2020 rona. JlanHble jeiicTBUS
HeOoOXO/IMMbl B YCJIOBHSIX CHCTEMHOTO KpHU3HCa, BO3HUKIIIETO
JIE3UHTErpallui KOMILIeKeca CTpatbl U pehOpMHUPOBAHHUS KO-
HomuKH B iepuof, 1990-x rojios.

JlesiTennbHOCTb 1O (DOPMHPOBAHUIO MOPCKOTO TEXHOJIOTH-
YeCKOTo KOMIJIEKCa, KaK M B MHbIX HAMpaBJeHHUsX, CBSA3aHHA
C omnpeJieJIeHHbIM 00beMOM JIOKYMEHTALIMH, KOTOPast OTUACTH
0 OMpeJiesIsieT Npollece, a UMeHHO:

— T1OH u T1OK, ¢ yuerom 'OCT PB 27. 1. 02 u TOCT
PB 52375;

— rpacuku TO, pemonTa 060pyI0BaHUsl, OCHACTKH U HH-
CTPYMEHTOB, aBTOMATHKH U T. ]1.;

— nansl TTITT;

— Tmporpammy obOecriedeHds1 U MPOTPAMMHBIX, MJIAHOBBIX
JokymenToB (I1nanoBble, nporpaMmHuble IOKYMEHTbI JOJKHbI
ObITb B3aUMOCBSI3aHbl U OTPEE/SITh KOHTPOJIbHbIE TOUKH, KO-
Topble GyayT 06ecreurBaTh BO3MOXKHOCTb OLIEHKH BbINOJI-
HeHHst TPeOOBAHUHN K KaUecTBY KOMILIeKca. ).

Nayuus [OCT PB 0015—002—20XX, M0o:KHO cresnaTh
oripejieieHHble BbLIBOJIbI, @ HMEHHO, 4TO CHCTeMa MeHeJl-
JKMEHTA KauecTBa JIOJKHA OXBATbIBATL JIESITELHOCTL BCEX

MoJIpa3eJieHHi U CJy»KO, KOTOpble y4acTBYIOT B (hOPMHPO-
BaHMK MOPCKOro KoMmIuiekca. Pacnpenenenne TeX MM UHBIX
OTBETCTBEHHOCTEH, I0/IXKHO PeaTU30BbIBATLCS C yI1€TOM HOPM.
B cyuecrsytoux nokymentax CMK, no/mKHBL onpenesieHb
00513aHHOCTH:

— pa3paboTKa, MpPOBeIEHHE MEPONPHUSITHH,
JIEHHBbIX Ha coBepuieHcTBoBaHne CMK;

— npeaynpexaeHue CUTyaluil Mo HECOOTBETCTBHIO C HOP-

Hanpas-

MaMH KOMILJIeKCa;

— BbIIBJICHUH JIIOOBIX NPoOJIeM;

— aHa/JM3 O0TKa3oB, HeHCINpaBHOCTEH M X TMpeaymnpe-
KIEHHE;

— co3laHue PeKOMEHIALUMH MO YCTPAHEHHIO HECOOTBET-
CTBUH;

— yrnpaBJjieHHe ¥ KOHTPOJIb MOPCKUM KOMIIJIEKCOM.

[Tonpasnenenne paboraiomme ¢ MTK, nomkHo orpe-
Je19Tb, 00ecneunBaThb, MOAJAEPKUBATL B JIOMAKHOM COCTO-
SIHUK HHpacTpykTypy. MHpacTpykrypa 10/KHA BKIIOYATD
B ceOs1 pabouee MPOCTPAHCTBO, 0O0PYNOBaHHE, CIyKObl 06e-
crnieuenust. Bee 310 no/mkHO obecneunBath GJaronpUsiTHble
YCJIOBHSI MO TIAHHPOBAHUIO MPOLIECCOB KU3HEHHOTO 1HKJIA
Komniekca. JIo/oKHBI MJIaHUpPOBAThCsl M pa3padaThiBaThCs
npoueccbl, HeoOXoauMble il o6ecreyeHust KU3HEHHOro
LMK/ KOMIIJIEKCa, a TaK XKe MJIaHHpPOoBaHHe 0JIKHO ObIThb CO-
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IVIACOBAHHO C WHBIMH MPOLECCAMHM CHCTEMbI MEHELKMEHTa
KauectBa. [1]

Bo Bpems niaHUpoBaHMs NMPOLECCOB KU3HEHHOTO LUK/
MTK, nom:KHbl ObITH YCTAHOBJIEHbI:

— TpeOOBaHUS K KOMIJIEKCY;

— e B 00/1aCTH KayecTBa;

— noTpeGHOCTH B pa3paboTKH JOKYMEHTOB U HOPM;

— ofecreueHue pecypcamu;

— CO3JaHHEe CBUJETE/LCTB M0 ONPEAEJEHUIO XKU3HEHHOTO
LIMKJ1a MOPCKOTO KOMIJIEKCa.

B OCHOBHOM, yMNajiok pa3BUTHS MOPCKHX TEXHOJIOTHYE-
CKHUX KOMTJIEKCOB 3aBUCHT OT oTcyTerBust CMK kak TakoBoro,
a HMEHHO:

— Huskuii ypoBeHb TeXHOJIOTHH;

— CocrosiHue opraHU3aluy POU3BOJICTBA;

— OTcyTCcTBHE COBEPIIEHCTBOBAHHWE CTAHIAPTOB.

HecoBnanenue nntepecos pasnuHbIX CTPYKTYP, ABJSETCS
o6bluHOi Tpobiemoii B Poccun, mpu popMHpPOBaHHH MOP-
CKHUX KOMIIeKCOB. Takoe pacxoKIeHHe CO3/laeT «IporacTb»
MeXKJly CTOPOHAMHM, KOTOpble 3aHMMaloTcsl pOpMHPOBAHHEM
KOMILJIEKCa.

B kauectBe 0oJsiee OCTpbIX 11pobJeM MIOOANLHOIO Xapak-
Tepa MOXKHO Ha3BaTh:

— Hexsarka cpencts Ha pa3surue;

— Dboubuine Hasoruy;

— Wudunsiuus;

— COBIT NPOAYKIUUHY;

— HecrabubHocTh 3aKOHOIATEILCTBA.

YenoxKHeHMe  MPOLIECCOB,  COMYTCTBYIOUIMX — PA3BUTHIO
HayKH, OOIIECTBEHHON YKHU3HH H TEXHHKH, TPUBEJIO K TOMY,
4TO MOJIGJIMPOBAHHUE CTAJI0 OJIHMM H3 OCHOBHBIX CITOCOGOB HC-
C/Ie[IOBaHUsl, @ MOJIEJM PasHbIX THIOB — MIABHBIM MHCTPY-
MEHTOM YYEHOTO M WHxKeHepa. Hanuuue W 3HaueHHe 3THX
MPEUMYLIECTB MOXKET ObITh OIMpPEIEJEHHO C MOMOILbI0 HC-
M0JIb30BAHUST METOZ0B SKCIEPTHBIX OLIEHOK, B YACTHOCTH, UC-
MOJIb3ysl METO/Ibl MATEMATHYECKOTO (CTaTUCTHUECKOTO) MOJIEe-
JIMPOBAHUSI CUCTEM MACCOBOT0 0OC/Y;KHBAHHSI.

B nocsiennee Bpemsi B rpoliecce pasiiMuHbIX paspaboTok,
METOJl CTATHCTHUECKOrO MOJIC/IMPOBAHUS 3aBOEBLIBAET BCE
6oJiee LIMPOKYIO TIOMYJIPHOCTb H3-3a LeJ0T0 psiia MPHUHH:

— OoJibllIasi afeKBaTHOCTb MEXK/Iy MaTeMaTHYeCKOH MOo-
JIETbI0 H (DU3MUECKOH CYLITHOCTBIO OMUChIBAEMOTO MPOIECCa;

— MOJIeJIMPOBAHKE 3HAYUTEJLHO GoJlee LMPOKOro Kaacea
CHMCTEM 110 CPABHEHUIO C aHAIUTHUECKUMH MOJIEJISIMU;

— MoJe/iMpoBaHde paGoThl MPH CaMbIX Pas/MUHbIX 3a-
KOHAX pacripelesieHuss MHOTOUMCIEHHbBIX CJIyuyalHbIX Be-
JIMUHH;

— MoJeNinpoBaHue (HYHKIMOHUPOBAHUS CHCTEM B YCTaHO-
BUBLUMXCSI M B [IEPEXO/IHBIX PEKUMAX.

— MareMaTHyecKoe MOJEJUPOBAHUE SIBJSETCS OCHOBOH
JIMHAMMUYECKHX CHCTEM YIPaBJeHHUS.

Pa3BuTHe 1 BHEJIpEHHE MATEMATHUECKOTO MOJIETMPOBAHHUS
B CTPYKTYpYy Pa3paboTKu M3AeNHH JOCTaTOYHO CJOXKHO, TaK
KaK 3TO MOJpa3yMeBaeT HCMOJb30BaHHE pPa3JHUHbIX TPO-
rpaMMHBIX TMPOAYKTOB, Takux Kak National Instruments,
Measurement & Automation, Mathlab u np.

MartemaTnyeckoe MOIENIUPOBAHHE SIBJISIETCS OCHOBOH JIH-
HaMHUecKoro MojeinpoBanust. OCHOBHbIE CBOHCTBA IHHAMMU-
UECKHX CHCTEM YIpPaBJeHHUS:

— 0OBEKTbI YIIPABJIEHHS CUCTEMbl HHEPLMOHHBI CO BCEMH
OCTa/IbHBIMH €€ CHCTEMBI;

— TIOBBIIIEHHE aBTOMATH3ALIHH.

BerilieykaszaHHble acneKThl SIBJSIOTCS OJHHX UX OCHOBOIIO-
Jaraolux npu npoekruposanun bHA, kotopeie JJOJIKHDI
ObITh otpaxkeHbl B [OCT u pazinunbix CMK. [4]

B cranpaprax, xoropwle onpenensior CMK ykasanno,
4TO KOMIIJIEKC CBSI3aHHBIX paboT, TPOBOAUMBIX PA3HBIMH TPO-
M3BOJUTE/SIMH U HATIPaBJEeHHbIX Ha (POPMHUPOBAHHE, aKTyaJsH-
3allMI0 U TapPMOHH3ALMI0 CHCTEM HOPMATHBHBIX JOKYMEHTOB,
o0ecrneynBaloUIMX — KayecTBO  MPOAYKUMH, MOCTaBJSEMOH
M0 TroCylapCTBEHHOMY 3aKady, CBOAMUTCS B HOPMAaTHBHO-TEX-
HUYecKoe obecrieueHne, KOTOpble JOJLKHBI pellaTh psijl Mpo-
0J1eM B CHCTeMe MEHeXKMEHTa KauyecTBa:

— paspaboTKa MJIaHOB, OCHOBAHHLIX Ha MepCleKTHBAX
opranusaiiuu (KOMIJIeKCOB U JIp. );

— paccMoTpeHHe HampaBJeHMH B 06JacTH KauecTBa
1 TIOArOTOBKA NMPEIOAKEHHUH N0 YCTAHOBJIEHUIO 3a/1au H 1leJ1ei
B ob6sact CMK;

— ofecrieyeHde [OHMMaHUsl Cpeid IepcoHala uiei
1 00513aHHOCTEH B OTHOLLEHHUH KauecTBa;

— HCIOJIb30BaHHE COBPEMEHHBIX MOJAXOA0B B 00JacTH
CMK;

— paccMOTpeHHe BOMPOCOB obecreyeHus KauecTna;

— paccmotpenne fokymentoB no CMK.

B Buay Toro, uto oTedecTBeHHBIE CTAHAAPTHI HE PA3BH-
BaJUCh U He aianTHPOBANHCh K COBPEMEHHBIM TEHIEHIUSIM,
pa3paboTKa MOPCKHX TEXHOJIOTMYECKMX KOMIJIEKCOB, TaKHX
kak BHA, crajio npoGsiematiuHo.

B cBoeii nuccepraumu @unumonos [T J1. «Pagpaborka Ha-
YUHO-TEXHUUECKUX W OPraHW3alMOHHBIX OCHOB MOBBIILICHHUS
MHHOBALIMOHHOIO YPOBHs CyIOCTPOUTE/LHOIO IPOU3BOJCTBA
B oOecriedeHHe peasu3aly MoJoXKeHHH MOPCKOH TOKTPUHbI
P® B 06s1aCcTH TPAHCIOPTHBIX CHCTEM (Ha NpUMepe MOPCKHX
NepeBO30K KUIAKHX YIVIEBOLOPOIOB)» yKazas M pasobpai
npuMep Toro, 4to B DUHIAHAMM CHCTEMATHUECKH OCYLIECT-
BJIsIIOTCST cOOp, 00pa0oTKa W MyOsIMKALUs CTaTHCTHYECKHUX
JIHHBIX O MOPCKOH CTAaTHCTHUYECKOH rpymme (KOMIJIeKcax),
YTO B CBOIO OYepe/lb 1103BOJISIET POM3BOUTL PEryJMPOBaHUE
CTaHIAPTOB M OCYLLECTBJISITb MX MOJEPHHU3AlUIO, CONIaCHO
HOBBIX OTpeOHOCTEN U TpeHOBAHUH.

Jlaxke npu HaJIMUMK HEKOTOPBIX pazpaGotok BHA, otcyt-
CTBYET €/IUHbIH WM YHU(ULMPOBAHHBIH aJITOPUTM MCTOJ/b30-
BaHHst HapabOTOK B cpepe MaTeMaTHIECKOTO MOJETHPOBAHHS,
KOTOPBIH TO3BOJISIIT YIOPSIOYUTh TPYA0EMKOCTh, (PHHAHCOBEIE
000pOTbI, BHEIPEHHE JMHAMUYECKMX CHCTEM YIpaBJIeHHS
1 aaropuT™ pador. [3]

OTH U HHble PAKTOPbI U IPUBEIH K TOMY, UTO OTCYTCTBYIOT
CTaHIAPTBI COCOOCTBYIOIINE (DOPMUPOBAHHIO MOPCKHX TEX-
HOJIOTHYECKUX KOMIIJIEKCOB.

JIBM>KeHHe B CTOPOHY CTaHIApPTH3ALMH, SBHJICS TIaBHBIM
HarpasJeHUeM Pa3BUTHsI MOPCKOIO KOMILJIEKCAa He TOJIbKO
B Poccun, Ho 1 3a pyGexkom. CTaHmapThl sIBJSIOTCS HHCTPY-
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MEHTOM peajiM3aliMii KOHUENUHMH MOCTOSIHHOTO COBEpLUeH-
CTBOBAHMSI W BHEAPSIS MEPENOBble METOAMKH, NPEApUsITHE
noJlydaeT MpakTHUEeCKHEe Pe3yJbTaThl YJydllleHHs U KPUTEPHH
OLIEHOK JIOCTHKEHHSI BBICOKMX ypoBHeH KauectBa. M 3710 KO-
HEYHO KacaeTcsl BCeX HalpaBJieHUMH MOPCKOro KOMILIeKca,
B uactHoctd THITA ¢ camoro Hauasa ux pasutusi. [To mepe
COBEPLIECHCTBOBAHHUS TEXHOJOIMH Pa3paboTKH, HEOOXOMHMO
OblJIO COBEPLLIEHCTBOBATh M CTAHAAPTbI CO3aHHSsI KOMIJIEKCOB.

Teinop yTBep:kaa/, 4TO MEHEIKMEHT — 3TO Hayka, KO-
Topast Ga3upyercss Ha OMNpeIeJNeHHbIX 3aKOHaX, MpaBUJIax

9KOHOMHKH B LIeJIOM H Pa3pab0TKK MOPCKHUX TEXHOJIOTHYECKHX
KOMILJIEKCOB B OTIEJILHOCTH.

Cy11eCTBYIOT MHOXKECTBO Pa3HbIX MpobJeM, KOTopble mpe-
MATCTBYIOT PA3BUTHIO MOPCKOTO TEXHOJOTHMYECKOr0 KOM-
nJjekca (3To KacaeTcst M APYTMX HarpaBJieHHH), HO Cyllle-
CTBYIOT M NyTH HX pelleHus. B Tom, 4TO OTCyTCTBOBAJIO
passutue CMK B Poccuu He roBopuT, uTO 3TO MJIOXO, HC-
M0JIb3ysl CYLIECTBYIOILHE Pa3JMYHble MHOCTPAHHbIE MOIEJIH,
MOKHO CO3[aTb CBOIO, HHTErPUPYsl K HHAMBUIYaJbHBIM OCO-
6eHHocTaM. M pasymeercs, 9T0 Bce CKpblBaeT CBOH 0COOEH-

v npunuunax. [IpaBuibHoe ucnosb3oBaHHe THX ACMEKTOB,
M03BOJISIET PELIUTb PsA MPoOJeM M0 YAYUYLIEHHIO CYLIECTBY-
IOLIMX Pa3HbIX HOPMATHUBHLIX HarpaBjeHuil. CoBepilleHCTBO-
BaHUE CUCTEMbl MEHEPKMEHTA U CTAHJAPTOB Ha MPEANPUITHH
KaK CJIOXKHAsI SKOHOMUYECKAasl U COlLMalbHasi CUCTEMbI SIBJISI-
€TCsl OIHMM M3 KJIIOUEBbIX MyTel CTaOUIU3aLMH POCCUHCKON

HOCTH.

Cornacto OCT PB 15—201—-2003 nosmxkHa paspaba-
TBIBATbCSl, 3a/IOKyMEHTHPOBATLCS, BHEAPSATHCS, MOMIIACPIKH-
BaThCsl B JIOJDKHOM COCTOSIHMHM CHCTEMa MEHE/KMEHTa Kaue-
CTBa, MOCTOSIHHO COBEPIICHCTBOBATb €€ Pe3yJbTaTHBHOCTD
B COOTBETCTBHU C TPeGOBAHUSIMI HOPM U CTaHAAPTOB. [2]

Jlutepatypa:
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ILIEHUs] HHHOBALIMOHHOTO YPOBHSI CYJIOCTPOUTEJILHOTO MPOU3BOJICTBA B 0GecredeHre pean3alny noJioxKeHUI MOPCKO#
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PacuHauMa xNONKOBOro Macna HenpepbIBHOrO AeiCTBUA C cenapaTopamu

Ncmatos CynHatunno Wamcynnoesuy, foueHT;
Hazapos Llomypoa Komunosuy, accucteHt;
lapnnosa Huropa AxTamoBHa, CTygeHT
Byxapckuii nHKeHepHO-TeXHONOrMYeCKNit MHCTUTYT (Y36ekucTaH)

B NpaKkTHKe padUHALMK PACTHTEIBHBIX Maces U casloMaca Ha MaprapuHOBBIX M FHIPOreHH3alMOHHBIX 3aBOJIaX IKPOKO MPH-

MEHSIIOT LEJ0YHYI0 paduHALMIO HA HENPEPBLIBHOIO ACHCTBUS € cenapaTopaMu. B 3aBUCHMOCTH OT KauecTBa nepepadarhbi-
BAEMOT0 ChIPbsi MOXKHO MEHSATb KOJIHYECTBO U MOC/EI0BATENbHOCT POBOAMMBIX orepaldi. Eciu ruapaTauuio npoBojsT BOAOH
C MOJTyueHHEM TOBApHOTo ocdaTHIHOTO KOHIIEHTPATa, TO BCE ONepallii MPOBOJSAT M0 PEXKUMY.

JIn1s paspylieHust HeruapaTupyromuxest GocdatuioB ux nepei, WeJoUHOH paduHanueit oopadaTbiBatoT HochopHOH KHUC-
JIOTOH KOHIIeHTpaluen 85 %. Ee BBomAT B Kosmuecte 0,05—0,2 % oT Macchl obpabaTbiBaeMoro MacJsia (Mpu padUHALMH JIbHS -
Horo macsia 0,4—0,5%).

DocopHast KhcsioTa MpH MOMOLIN HACOCA J103aTOpa BBOAUTCSI B Macyio, Harpetoe 10 85—95°C (npu paduHaluK XJI0MKO-
BOro Macsa 10 65—75°C), npu MHTEHCHBHOM TepeMelLIHBAHUH PearkpyiolinX BELIeCTB B JonacTHoM cMecutese. OTciona Best
peaKlMOHHAs Macca MePeXOUT B IMCKOBbIH CMECHTEb, B KOTOPOM MPH B3aUMOJEHCTBHH C PACTBOPOM €IKOH U alOMHUHHAs Ha-
TPHS 11EJI0UYH MPOUCXOJIUT HEHTpaIU3alis CBOOOHBIX KHCJIOT — XKUPHBIX U (hocopHoi. [Tpu 11es10uHO0i paduHalUK B Mblb-
HO-11eJI0YHOH Cpejie TOHKOPa3apoOJeHHbIH XKUP TPOIyCKaeTCs Yepe3 pacTBOp 11e710YH HU3KOH KOHIleHTpalnu. JKupHble Kuc-
JIOTBI CBSI3BIBAIOTCA 111€/104bI0, 06pasgyloLieecst MbIJIO PACTBOPSIETCSl U OCTAETCS B pacTBope liesoun. HeliTpaansoBaHHbIi KUp
MOJAHUMAETCSI KBEPXY M OTBOJIMTCS U3 PEAKTOPa HA POMbBIBKY M CYLLKY.

J111 yerelHoro BeieHust Mpoliecca oueHb BazKHO, YTOObI pauHHpyeMble Macsia He coaepKaju GochaTuioB, KOTOpble Bbl-
3bIBAIOT IMYJIbTHpOBaHUe xKupa. [1o 310l mpuurHe Ha paUHALMIO HAMTPABJSAIOT MacJ/1a, TPOLLIEIINHE MPeBAPUTENbHYIO MHIpa-
Taluio.

B psize ciyuaeB nepes 11e04HOH pacduHaldeld Macao NpeaBapuTebHo 00padaThiBaloT hocthOpHOH KUCIOTOH JIJIS paspy-
ILIEHHs] OCTABIIMXCS B HeM hocdaTHIoB. DTHM METOIOM peKoMeH/yeTcsl paUHUPOBAThL CBET/IblE PacTHTeIbHbIE Macsa ¢ Ha-
YaJbHBIM KHCJIOTHBIM YncsioM He Godiee 5 Mr KOH u nuieBoit canomac.
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[Ipensioxkena Tak:Ke KOMOMHHPOBAHHASI B KOTOPOH peaklinsi HeHTpanu3aln cBOOOAHBIX 2KHPHBIX KMCJIOT MPOBOJUTCS B pe-
AKTOpE C MbIJIbHO-1LIEJIOUHON MOAKJIANKOH, a IPOMbIBKA HEUTPAIM30BAHHOIO »KUPA C IPUMEHEHHEM CeNapaTopoB.

Peakuiuu He#lTpa/M3alyu xKUPHBbIX KUCJOT. B rpoliecce 111e104H0i paduHalym Kupbl 06paGaThIBAIOT PACTBOPOM 1LEJI0UH,
MPeUMylIeCTBEHHO eIKoro HaTpusi. [1pu 3ToM npoTekaeT XuMHuecKast peakius

RCOQOH + NaOH = RCOONa + H:0

Azpuee & IKHH HATPHEBRIH  EBOJA
KHCIIOTEL HATpP COITH FHHp-

HELX KHCIOT

(MELTO)

O6pasytoluecst MpH B3aUMOAEHCTBUY KUPHBIX KUCJIOT C HATPUEBOH 11EJI0YbI0 COIM — MblJla — HUMEIOT 0oJiee BLICOKYIO
MJIOTHOCTb, YeM KHP, MO3TOMY MX CPABHUTEJILHO JIEFKO MOXKHO pasfie/iuTb. B pesysibrate 06paboTKH »KHpa LLeJ0UbI0 yaaeTcs
MOYTH TOJIHOCTBIO CBA3aTh U YAJUTh U3 yKHPa CBOOOJHbBIE KHPHbIE KUCJIOThI, a TaKxKe JApyrue Haxofsiuecs B xK1pe MpuMecH

1 COMYTCTBYIOUINE BEUIECTBa, UMEIOLIHUE KUC/TYIO peaKLHIO.
Hapﬂﬂy C OCHOBHOH XMMHUECKON peaKuHeﬁ HeﬁTpaJTI/I?)aLU/II/I 2KUPHBIX KUCJIOT MPOTEKAIOT 1 no6oYHbIe peakiuu. Hanpnmep,

€/IKasl 11eJ104Yb MO2KET pearupoBaThb C HeﬁTpaJIbeIM KHUPOM, 06p33y51 MbIJIO U TTIMIEPHH:

CH,COOR
CHCOOR + 3 NaOH — 3 RCOONa + C:H3(OH);

CH,COOR
Hefitpaneueri Eaxas Harpueere I mumepun
EHHD MIEI0YE COIH EKHpP-

HELX KHCIIOT

(MELTO)

B pesysbrate omMblIeHUsS] HEHTPATILHOTO YKHPA YMEHbBLIAETCS BbIXO paQUHUPOBAHHOTO MPOAYKTa, MO3TOMY MPOLECe cTapa-
IOTCS BECTH TaK, YTOObI 111€7104b B OCHOBHOM B3aHMOJIEHCTBOBAJIA CO CBOOOIHBIMU KUPHBIMH KUCJIOTAMH H B MMHMMAJIbHON Mepe

OMBL/IA/IA HEUTPANIBHDIF 2KHP.
L7151 cBSI3bIBAHUSI CBOOOJHDBIX AKHPHbBIX KUCJIOT MOXKHO TaKKe MPUMEHATD YIVIEKHUC/IbIH HATPUI — KaJIbLIUHHPOBAHHYIO COLLY.

HpI/I 9TOM MPOTEKAET XUMHUYECKas peaKiius

2 RCOOH + Na:C03 = 2RCOONa + CO: T+ Ha0

Aupurie Vrnegmcnoeiii  Hatpueerie  Vrome- Boza
KHCIOTEI HATpHHA COJIH EHpP- EHCIIEIH

HEIX KHCJIOT a3

(MELTO)

YIJIeKUC/IbIH HATPUH pearupyeT TOJIbKO CO CBOOOAHBIMHU »KUPHLIMHM KHUCJIOTAMH M He OMbLIsIeT HeHTpaJ/IbHbIHA KUP, T03TOMY
BBIXO/L papUHUPOBAHHOTO 2KHpa MoBbIlaeTcst. OfHAKO BO BpeMsl peaklMH BbIIeseTCs YIIeKHCbIH ras. [as nonagaer B o6pa-
3yloluecs B MPOoLecce HeHTPaIN3altH XJI0Mbs MbIA, AE1a€T UX MOPUCTBIMH, BCJICACTBHE YeT0 OHH BMECTE C YIVICKHCJIBIM Fa30M
MOJHMMAIOTCSl KBEPXY M IJ1aBAIOT B 2KUpe. B pesysbraTe 9T0r0 3atpyiHsercs oTae/eHle mMacia oT o6pa3oBaBLIerocs Mpu pa-
chunauuu Mblia. Ha npaktuke uienounyto pagunaiuio, Kak npaBu/io, NPOBOIST IKOH 111eJI0Ubl0, HHOIIA TaKXkKe CMEChIO e/IKOH
U YIIEKUCI0H LIET0YH.

HMcnosnib3oBanue cabblx pacTBOPOB MPH paUHALIMH JKHPA C BBICOKOH KHUCJOTHOCTBIO COTPOBOKAAETCS TTOJydeHHEM 00Jb-
LLIOr0 KOJIMYEeCTBA COAICTOKOB, COAEP2KALLUX MHOIO Bojbl. Maciia ¢ 1noBbllleHHON Haya/lbHOH KUCJOTHOCTLIO 0ObIYHO ObIBAIOT
CWJIbHEE OKPALICHHBIMHU: B 3TOM CJIydae pPacTBOPHI L1eJoun 6oJiee BBICOKOH KOHLIEHTPALMH OKAa3bIBAIOT Jydlllee OCBET/SIoLIee
nefictBue. OJHAKO pacTBOPHI LLEJNOUH BLICOKOH KOHLEHTPALMK MOTIYT BbI3BaTbh BbicajJMBaHUe coarncroka. [Ipu noctynsieHnu
CMeCH B cernaparop coarncrok Oy/ieT oce/aTh Ha pas3ie/IsioluX TapesKax, 4To HapyLUT HopMaJibHyto paboTy cenapartopa.
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M30bITOK 111eJ104HM 3aBUCHT OT KayecTBa HCXOHOTO Macia.
YeM unie pauHUPyeMblii KU, TEM MEHbLIKH TpeOyeTcst H3-
ObITOK 1esioud. [Ipu paduHalyu TUAPATHPOBAHHOTO TIOJCO-
JIHEUHOTO Macja M cajlomaca J0CTaToueH H3ObITOK IEeJN0UH
B 5—10%. IIpu nepepaGotke Macen, COAEPIKALIMX TOBbI-
IEHHOE KOJIMUECTBO TpHUMeced, HM3ObITOK 11eJ0YH TMOBbI-
l1aeTcsl, TaK KakK 4acTb ee PacXolyeTcsl Ha B3aMMOJEHCTBHE
¢ npumecsimu. Takum oOpa3oM pe3ysbTaTaMH YCTaHOBJIEHO

Jlurepatypa:

BO3MOXKHOCTb 3((EKTHBHOIO H PaLMOHAJBHOTO HCIIOJb30-
BaHMS XJIOMKOBBIX COANCTOKOB, MOJYYEHHBIX Crocob6aMM ya-
CTHYHOH M OKOHUATEJIbHOW paduHAlMK ChIPbsl pacTBOpaMH
aJIOMMHATOB M THAPOKCHIA HATPHsl. YCTaHOBJIEHBI MyTH T10-
BBILIEHHS] KauecTBa U (PU3UKO-XUMHUECKOH XapaKTePUCTHKHU
KOHEUHOH MPOJYKIMH. DTO MO3BOJISIET CO3AaTh OE30TXOIHYIO
M 9KOJIOFMYECKH YUCTYIO TEXHOJIOTHIO B »KHporepepadaTbiBa-
I011le i OTpac/IH.
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WUcnonb3oBaHue B TeXHONOrUYECKOM npouecce 3¢heKTUBHOCTH
MeT0Aa BOCCTAHOBJIEHUA HEPOBHOM NOBEPXHOCTYU AeTanei

WNcmoitunos ®ypkat bapoTtoBuy, npenogasatens;

PamazoHoB Myxammapucnom, ctyaeHT
Byxapckuii MHKEeHepHO-TEXHONOrMYECKNIT MHCTUTYT (Y36eKkncTaH)
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06pabomkotl u niacmudeckum 0eoopmMUpoOBaAHUeM.

Karwuesovle crosa: mexnuueckoe cocmosiHue, 80CCMAHOBACHIE, MEXAHUYUCCKAS 06pa60mfca, Hanaiaska, cebecmo-

UMocmo.

This article provides a materials recovery of parts by welding combined with machining and plastic deformation.
Keywords: condition, restoration, machining, welding, cost.

TGXHI/ILIECKOG COCTOSIHME MAILIUHbl XapaKTepU3yeTCcs: COBO-
KYMHOCTbIO 3HAYEHHH ee OCHOBHBIX mapameTpoB. K HuM
OTHOCSITCA  MTPOU3BOJIUTEBHOCTD,
MPOLYKLHUH, ToTpedsseMasl SHeprusi, 0e30TKa3HOCTb, KO-
HOMHYHBIA PAaCXO/L ChIPbsl, TOUHOCTb PabOThbl MeXaHHW3MOB
M y3J10B, HX M3HOCOCTOHKOCTb, MPOYHOCTb W Jpyrue napa-
MeTpbl MaliuH. Kax/iblii U3 3THX MapaMeTpoB B XOJle IKCILITY-
aTaluy JI0JI2KEH HaXOAUThCS B NpeJiesiax, YKa3aHHbIX B TEXHU-
YeCKOH IOKYMEHTALMU Ha MaLLUHY.

B npouecce piuTesnbHON sKenyaTtallii MalldHbl U ee T1a-
paMeTpbl TOCTENEHHO YXyAIAloTcsl, [IaBHBIM 00pa3oM
13-3a M3HOCA, OCTATOUHbIX AeopMallii, TMOJOMOK H KOp-
po3uM JeTanei, y3JoB M MexaHu3MoB. MalinHa, TexHHue-
CKO€ COCTOSIHME KOTOPOH PEMOHTY C LIeJIbI0 BOCCTAHOBJICHHS
ee hynkuuil. bezotkasHas, JyiuTesbHAs paboTa MallliHbI 00€-
CTeYHBALTCS MPerK/Ie BCero HaJIeXKHOCTBIO H JIOJTOBEUHOCTBIO
ee JeTalnel, y3JloB U MeXaHH3MOB.

Ka4yeCTBO BbIHyCKaeMOIU/I

OMHUM U3 OCHOBHBIX BOMPOCOB PEMOHTHOTO POU3BO/ICTBA
SIBJISIETCS] BOCCTAHOBJIEHHUST H3HOLIEHHbIX JieTasel.
COBMELLECHHON
¢ MexaHHueckol 06pabOTKOW M MyacTuueckum JedopmMupo-
BaHHEM, SIBJISIETCS OJHUM U3 BbICOKOI(D(EKTUBHBIX CII0COO0B
BoccTaHoBJeHUsA. CylHOCTb crocoba 3akK/IouaeTcst B JEKT-
POJIyroBOi HariaBke Jerajnel noa (Jiocom, JernpoBaHHbIM
rpacuToM U (heppoxXpoMoM C OHOBPEMEHHBIM (pe3epoBa-
HUEM M TMOBEPXHOCTHBIM MJACTHUECKUM JIepOpPMUPOBAHHEM
HAaKaTHBIM POJIMKOM TOpsiyero Mertasja B Mpollecce ero Ha-
MJIaBKU. YCTaHOBKA, [MO3BOJISIIOLIASI COBMELATh 3TH MpoO-
Lecehl, nokazaHa Ha pucyHke 1. [lnsi o6ecrniedeHusi BbICOKOH
TBepAOCTH HamabjaenHoro metanna (HRC-52..62) peko-
MEH/IyeTCsl JIETHPOBAHHBIA (JIIOC, KOTOPbIH COIEPXKUT CTaH-
napthbii pamoc AH-348A TOCT 9087—69 (95,5 %), rpacput
nopomikosblit TOCT 5279—74 (2,5%) u deppoxpom Ne 6
nopouikosblit TOCT 4757—79 (2%).

BoccranoBsienne jierajieil  HarJaBKoH,
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s 06paGOTKH HaMJIaBJAEHHOTO  MeTaJlIaucHoJb3y0T
TOPLOBYIO (hpesdy ¢ MeXaHUUECKUM KpeIlIeHHEM MATHIPAHHbIX
niactun u3 TBepjoro crsiaBa mapku T 15K6 (TOCT 3882-74).
Pexxyiias yactb ¢hpe3bl HMeET CleyIole reoMeTpruecKue
napameTpbl: WIABHBIH yroa B muane 72° jyiuHa BCroMmora-
TEJILHOU pexylleidl KpoMKH B 1,5—2 paza 6oJiblieBeJIHUHHbI
11ara HarmJaBKH, TIepeIHHH yros paBeH MHUHYyC 7°, 3amHui
yroJi 7°, 3aHuil yroJl HaBCIIOMOTraTeIbHON PeXKYILeld KpOMKe
119, yros HaksioHa pexxyiieit kpomku 119, ninamerp TopioBoit
tpesbl 63 nu 100 MM, uncsio 3yobes 6 uiu 8.

Haxarueii posnk aunamerpom 100..150 MM u3rortossen
u3 craju [IX-15. PaGouass moBepxHOCTb ero o6paGoTaHO
10 10-ro knacca 1epoxoBaTOCTH M 3aKajieHa JI0 TBEPLOCTH
HRC 65. Posvk vMeer HHIMHAPUUECKUH MOSICOK ILIUPUHON
6..10mMmM. Dpesa, HaKaTHBLIE POJHK M LIJIAKOYAAJSIIOUIUNI

peselLepeMellaloTes C OAMHAKOBOH CKOPOCTbIO BILOJIb I€TaAJIH
0JIHOBPEMEHHO C HaIlJIaBOYHbIM aBToMaToM. HansasseHnblii
MeTaJlJl NIPY BpallleHUH JeTajlu OJHOBPEeMEHHO oOpabaTbiBa-
eTcsl pe3loM LIIaKOYAAJSIONIEro YCTPOHCTBa, (hpe3epyeTcs
TOPLOBOH (PpPe30i U 00KUMAETCS HAKATHBIM POJIHKOM. Te-
njiora, noJjyyaeMast OT CBapOYHOH JIyTH, UCIIOJIb3YeTCs OJIHO-
BpeMeHHO JI1si 00paGoTKU (hpe3oit TpyiHooGpadaThIBAEMOro
MeTaJla | ISl 1actuyeckoro opmMooGpa3oBaHusl U TEPMHU-
yeckol 00pabOTKH HaMJIaBJEHHOTO MeTaJa.

PexuMbl HarlaBKM BOCCTAHABJMBAEMbIX JleTasiell ycTa-
HaBJMBAETCsl B 3aBUCHMOCTH OT pa3mepoB. Hampuwmep,
MpH BOCCTAHOBJIEHUH LMJIMHAPHYECKHXIeTaNel IHaMeTpOM
120mm nipyxkunHo#t npoBosiokort I knacca (FOCT 9389-
75) pexKUMbl HAIUIABKU CJIeIyIOLIEro Mopsiaka: 4acTora Bpa-
uenns aetaan 2,0 06/MuH; JIUAMETD JIEKTPOJIHOK TMPOBO-
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Puc. 1. Cxema yCTaHOBKM AN HaNaBKU LUJIMHAPUYECKUX AeTaneil noa ¢iiocom c oAHOBpeMeHHbIM hpesepoBaHMeEM
M HaKaTKo# posinkom: 1 — c¢pesapHas rosioBKa; 2 — obpabartbiBaemas feTanb; 3 — HanJaBoOYHaA roN0OBKa;
4 — HaKaTHOM ponukK; 5 — wnakoypanaiouiee yCTpomcTBo; 6 — CynnopT HaKaTHOW ronoBKu; 7 — KapeTa TOKapHOTro
CTaHKa; 8 — cynnopt pe3epHOi ronoBKu; 9 — nonepeyHble Hanpasaawlwme; 10 — KapeTka ¢ NOAbEMHbIMU BUHTAMK;
11 — Hecywasa nauta; 12 — npoAonbHbIe HanpasasiowWwme
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goki 1,8..2mm; mar wamsiaBke 4..4,5MM/06; cuia Toka
240..250 A; nanpsikenne 26..28 B; ckopocTb nojauu sJek-
TPOIHOH MPOBOJOKH 2,3M/MHH; BBLIET 3/JEKTPOJHON Mpo-
Bosiokn 20..25MM; Temmnepartypa HaraBJeHHOTO MeTasa
B 30He (hpesepoBanus 400..800°C; ckopocTh ppesepoBaHus
220..250 M/MuH; npogosbHas nofaua hpesnl 4..4,5Mm/06;
nojaua Ha 3yobst ¢pesbt 0,1..0,15MM; tuameTp HakaTHOTO
posuka 100..120 MM; 1LIMpUHA UJIHHAPUUECKOTO MOsica po-
Jka 16Mwm; TemriepaTypa MeTasiia B 30He MJIACTUIECKOH Jie-
tdopmarmn 300...60°C; yennue nakatku 8...10 kH.

Y Jnerasiedl, HarJjaBJeHHbIX TIOJ JIETHPYIOLIUM (hJIIOCOM
C OJIHOBPEMEHHBIM (hpe3epoBaHHEM M HAKaTKOH POJIMKOM,
CTPYKTYpa MeTaJlia 110 JJIMHe JeTaji OJHOPOJHA U Mpe/ICcTaB-
JISIeT cOOO0 MEJIKOUIoJIbYaThlil MapTEHCHT ¢ HEeOOJIbIIUM KO-
JIMUECTBOM OCTaTOUHOTO ayCTEHUTA.

HakaTka MeTa/la pPOJIMKOM TaKxKe CIOCOOCTBYET yBe-
Jquuennto tBeproctu. [lpu dpesepoBaHHM €O CKOPOCTHIO
200..2500 M/MUH MeTasa B Mpoliecce ero HarJaBKH U Ha-
kate ee posimkom ycuauem 8..10 kH noBepxHoctHas TBep-
Jocth aetanu Haxoautest B npenenaxHRC 52..56. [pu atom
JIOCTHTAeTCsi HAaUJIydLuid (7-1) KJiace 11epoxXxoBaToOCTH.

OnTUMaabLHOCTh YCJIOBUH 0 BOCCTAHOBJIEHUIO JieTajiel
MOXKHO OIPEJe/UTh, TMPOAHAJIH3UPOBAB CJEAYIOLIHE KO-

Jlutepatypa:

HauMeHbllled ce6eCTOMMOCTH
U3Jlep;KeK  TMPOU3BOJICTBA; IKOHOMHUU
BJIO2KEHUH; HApOIHOXO03511 -
CTBEHHBIX TPHUBEJIEHHBIX 3aTpaT HHAMMEHbIIUX HAPOIHOXO-

HOMHYECKHE T10Ka3aTesu:
BOCCTAHOBJIEHHST;
KanuTaJjbHbIX HaUMEHbIIUX
3HCTBEHHBIX 3aTpaTt, OOYCJOBJEHHBIX BOCCTAHOBJIEHHEM
JIAHHBIX feTajiel.

[Tokasaresb HauMeHblel cebectoumoctd AC, — rnepBbli
13 00LIMX MoKa3aTesnell HapoHOX035HCTBEHHOTO SKOHOMHYE -
ckoro sthdekra

AC,=C',—C", = Z(C’E i —C)N,
j=1

e C’E U C"_ — nosbhasi ceGecToMMOCTb BOCCTAHOB-
JIeHUs] JeTajlell B HeCleLMaJu3uPOBaHHbIX U CHELUATU3HPO-
BAHHbBIX 3BEHbSIX PEMOHTHOH CETH COOTBETCTBEHHO);

Z — HOMEHKJIaTypa BOCCTAHABIMBAEMbIX JeTael;

1'\.5- — TporpaMma BOCCTaHOBJICHHS JeTajlell j-r0 HauMe-
HOBAHMS 3a TOJL;

C’Bj H C"Ej — nosibHasi ce6ecToMMOCTh j-H eTaju

IpU BOCCTAHOBJECHHM JeTalell B HecreluaJH3uPOBAHHbIX

U Crielina/iIn3npoOBaHHbIX 3BEHbAX peMOHTHOﬁ CEeTH.

1. E.JI. BosioBuk. CripaBouHuK 1o Bocctanossienuto gerajneid. M., «KOJIOC», 1981.
2. JL.I. OnunuoB. YnpouHeHHe U OTAENKA JieTajlell TOBEPXHOCTHBIM MJacTHUeCcKHM JehopmupoBanneM. CrpaBouHuk. M.,

«MarmuHoctpoenue», 1987.

3. M.U. Xynbix. PemonT Teketuibbix Matini. M., «Jlernpom6eituznar», 1991.

Bba3oBasA CTPYKTypa UHTErpMpPOBaHHOM CUCTEMbI 3aLUTbI MHGOPMALUK

KagblpoB Mupxycan MupnynatoBuy, cTapwuii npenogasarteb
TalWKeHTCKNII rocy[apcTBEHHBIN TEXHUYECKHit yHuBepcuTeT umeHun AGy PaiixaHa bepyHu (Y36ekucraH)

B Hacrosilliee BpeMsl HaGsioflaeTcsl ABa MOAXOAA K CO3-
JIAHWIO CHCTeM 3alluThl HH(opmaimu. [lepBbiit moaxos
NpeanoJaraeT peajnsaldio MepornpHsTHH, HarpaBJeHHbIX
Ha TMpeloTBpalleHHe HecaHKIIMOHUPOBAHHBIX BO3AEHCTBUI
HapylLUTesss Ha MHPOPMALMOHHYIO cdepy KOMIbIOTEPHOM
ceru. [Ipu 3TOM Mojixoae B CTPYKTYPY CHCTEMbI BKJIIOUAIOTCS
MexKCeTeBble KpaHbl, CPEACTBA KOHTPOJIS OCTyIA H aHaIu3a
3aiuieHHoctu [ 1, 2].

Bropoii nogxon ocHoBbIBaeTcst Ha oOHapy:keHHe pakTa He-
CaHKUMOHMPOBAHHOTO MPOHUKHOBEHHUST HAPYLLIUTEIS], 8 TAKKe
Ha JIOKAJU3alMK MecTa W YCTAaHOBJIEHHS UCTOYHMKA BO3JEH-
ctBusi. OCHOBY CTPYKTYpbl CHCTEMbI MPH 3TOM COCTaBJSIOT
cpelcTBa  OOHAPY:KEHHS HECAHKIMOHUPOBAHHBIX BO3MEH-
CTBHH, CMOCOGHBIX (DUKCHPOBATL TIOMBITKH HApYLIEHUsS WMH-
thopMallHOHHOH Ge30MacHOCTH Ha HayaJbHOM 3Tarne MX pas-
BUTHSI B PE2KUME PeasibHOr0 BpeMEHH.

Ha paccmoTpeHHBIX MOAXOAAX OTCYTCTBYIOT CPEACTBA, KO-
TOpble MOTJIH Obl OJIHOBPEMEHHO coueTaTh B ceOsi Bce HHGOP-
MallMOHHbIe XapaKTEPUCTUKN CHCTEM 3allUThI |3, 4].

Jlisi cosnanusi  MHTETPUPOBAHHBIX — CHCTEM  3alIUThI
CO BCeMH (DyHKIHOHANLHBIMU XapaKTepPUCTHKAMHK BbIllIe pac-
CMOTPEHHBIX TIOJXOJ0B, 11€71€CO006PA3HO BKJIOUHTL B CTPYK-
TYpY CHCTEMbI CJIEIYIOLIHE KOMITOHEHTbI: MEXKCETEBOH IKpaH,
CPENCTBO OOHApPY:KEHHE HEeCAHKIIMOHHPOBAHHbLIX BO3JIEH-
CTBMH, CpeJCTBA aHaJW3a 3allWIIeHHOCTH, CIelHaH3H-
poBaHHbIE IPOrPaMMHO-aMNapaTHble CPeICcTBa  3aLUTh
(CITAC) u yerpotictso yrnpassenusi (Puc. 1).

MexxceTteBble 3KpaHbl (OpaHaAMayypbl) yCTaHABIHBAIOTCS
B TOUKE COMPHUKOCHOBEHHS JIOKAJbHBIX HJIM KOPTIOPATHBHBIX
ceTeil Mepeiau JaHHbIX C CETAMH Tepelauk JaHHBIX 00I1ero
noJsib3oBanust. OHM OrpaHUUYMBAIOT MOTOK HH(OPMAIUH, T0-
CTYMAIOIIMX C CETH Mepelaul JaHHbIX OGIIEro MoJib30BaHHUsI
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BO BHYTPEHHIOIO CeTb nepejayn JaHHblX. Takoe orpaHuyeHue
MMeeT MeCTO B pesyJibTate (hyHKUMOHMPOBAHHS MEXaHH3MOB
unbTpalMu cereBoro Tpaduka U ayreHTHUDUKALMH CyOb-
€KTOB CETH Iepelayd JaHHbIX, [PEeTeHIYIOLIUX Ha JAOCTYIl
K uH(opmauronHoil cepe. I[potece puasrpannn tpaduxa
3aKJII0YAETCs B TPOCMOTPE M aHa/IM3e KaxKJ10ro naxera, npo-
XOJISILLIETO Yepe3 MEXKCETeBON dKpaH, U 1epejiaye ero Bo BHY-
TPEHHIOK CETb TOJIBKO B TOM CJlyyae, €CJIM €ro COepKUMOoe
COOTBETCTBYET KPUTEPUAM (UJIBTPOBAHHUSA, 3adaHHBIM all-
MHHHCTpaTOpoM. B 3aBucHMOCTH OT BBIOPAHHBIX (DUIILTPOB
OpanaMayspbl MOryT paboTaTb Ha Pa3jIM4HLIX YPOBHSX MO-
JIeNd B3aUMOJEHCTBHS OTKPHITHIX chucteM OSI. AyreHTtHu-
KalMsl OCYLLLECTBISIETCS HEMOCPEACTBEHHO Mepesl NoJlydeHHEM
Jloctyna K HHopMallHOHHOMY pecypcey. B KayecTBe ayTeHTH-
(hUKALMOHHBIX JIAHHBIX OOBIYHO BBLICTYNAIOT MApoJd U -
POBOYHbIE KJIIOUH.

CpencrBa oGHapyXKeHUs] HECAaHKLMOHHWPOBAHHBIX BO3-
JefCTBUIA MO3BOJISIIOT IPOBOAMTL MOHHTOPUHI W aHAJIU3 pa-
GOTBI CETH Mepeiaun TaHHBIX, a TaKKe PUKCHPOBATH TOIBITKH
HapyleHus: nHdopMaluMoHHoH Ge3zonacHocTH ceTd. Omnpe-
nennB (hakT ataku, cucreMa oOHApYXKEHHUs NbITaeTcs JoKa-
JIM30BaTh UCTOUHUK HANAAEHUS U cOOOLLAeT aAMUHUCTPATOPY
0 HeoOXOAMMOCTH MPHHSITHS COOTBETCTByIoUMX Mep. O6Ha-
py’KeHHE HeCaHKLMOHUPOBAHHLIX BO3JICHCTBUI peaJsinsyercs
B IBYX pexKMMax:

— oOHapy:KeHHe aTak B HauaJbHOH (ase X Pa3BUTHS;

— oOHapyKeHHe MOCJEACTBUI BO3NCHCTBUI HAPYLIUTES
Ha HH(OPMALMOHHYIO Chepy CeTH.

Paznualor iBa TMNa cpecTB 0OHapyKEeHHsT: CpeacTBa 00-
Hapy:KeHHs1 Ha 0a3e XocTa M Ha 0ase CeTH Nepelauk JaHHbIX.
B cpencrBax neporo THna HCTOYHHKOM MHGOPMALMHK /151 aHa-

JIM3a TEKYLLETro COCTOSIHHUS SIBJISIETCS »KypHaJibl aynuTa. B cpen-
CTBax BTOPOro THNA OGHAPYXKEHHE BbIMNOJIHAETCS HA OCHOBE
aHa/iM3a ceTeBoro Tpaduka. Bbicokuit addekT gocturaercs
1p1 KOMOUHUPOBAHUH OOOUX TUIIOB CPEACTB OOHAPYKEHHUSI.

Cpencra  aHaqM3a 3alMILEHHOCTH TpeiHa3HavyeHbl
JUIS OTIpEeJIJIEHUsT  CTENeHH 3allMIIEHHOCTH HMH(pOpMallH-
OHHOH cpepnl ceTH. OHU MPOBOIAT OCMOTP CETH HAa HalHYHe
MECT ysI3BUMOCTH, U 3aTeM Ha 6asze MoJyuyeHHol nHdopMaluu
npeaiaraloT BO3MOXKHbIE BAPHAHTBI PELLEHHUs M0 MX yCTpa-
HeHMI0. BbiMojiHEeHHe 3THX 3a7au MOXKET OCYLIECTBJATHCS
C WCMOJIb30BAHUEM JIByX MEXaHU3MOB: MACCHBHBIX M aK-
TUBHBIX. [laccuBHbBIA aHa/su3 nojapasymeBaer cOGOp HHGOp-
MalMH O NIPUMEHSIEMbIX B CETH MPOTOKOJAX W MPOrpaMMHOM
obecriedeHud. Ha ocHoBe roJiydeHHbIX JaHHBIX MOXKHO CJle-
JlaTb BBIBOJ O BO3MOXKHBIX TOUYKAaX YSI3BUMOCTH, TIPHUCYT-
CTBYIOLIMX B ceTH. [Ipu akTHBHOM aHa/ju3e MOJEJHUPYIOTCS
BO3MOXKHBIE aTaKH 3JI0yMBIIIJIEHHHKA, U yxKe Ha 6ase pe-
3yJIKTATOB CMOJIE/IMPOBAHHbIX aTaK OlIEHUBAETCS YPOBEHb 3a-
LIMILEHHOCTH ceTH. Pekomenyercs 06s13aTe/IbHO BKJIOYHTD
B COCTaB MHTETPUPOBAHHON CHCTEMbl 3aLUThl KAK aKTHBHbIX,
TaK U MAaCCUBHbBIX CPEJICTB aHAJU3A.

CneuuanusupoBaHHble nporpaMMHo-anmnaparHbie
cpeactea (CIAC) 3awmtbl naHHbIX ceTd. [IpumeHeHue
CITAC 103BOJISIOT arperupoBath jaHHble, o6paGaTbiBaTh
TPUBHAJIbHbIE CHTYallMM M YBEJIOMJATH aJMHHHCTpaTOpa
00 UCKJIIOUHTEbHBIX COOBITHSX, TPeOYIOLIHX K ceOe He3amel-
JIUTEJILHOTO BHUMAHHS.

YerpoiicTBa ynpaBJeHus 0TBeyaeT 3a KOHTPOJIb U YIIpaB-
JieHHe  mpoueccaMu  (DYHKIMOHUPOBAHUS — MEXKCETEBbIX
9KPaHOB, CPEICTB aHa/IM3a 3aLIMILECHHOCTH U 0OHapYyKeHHs
HeCaHKUMOHUPOBAHHbBIX BO3/ICHCTBHH.

CITAC CIIAC (L CIIAC
T —_—
MEKCETEBOH =~ ey YCTPOIHCTBO s Cpencrea
IKpaH aHanu3a

P —

YIpaBIcHHA

W 3ANHIIEHHOCTH

C pCHCTBﬂ 0bH ﬂp}')]{(}[l HA HECCAHKLIHO IHPGHHI THEIX
BO3ACHCTBHI

Puc. 1. Ba3oBas CTPYKTYpa MHTErpUPOBAHHOI CMCTEMbI 3aLUTbI MH(OPMALUK
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OKeryaTalust UHTErPUPOBAHHON CUCTEMbl 3aLIMThl HH-
thopMallUK J10JZKHA BBITIOJHATLCS TOJIBKO T10JL KOHTPOJIEM ajl-
muHuctparopa. [lepen yeTaHOBKO# ceTH Ha KOHKPETHBIN XOCT
JIOJI2KEH ObITh OLIEHEH YPOBEHb 3alIUIIEHHOCTH MOCJAEIHErO
¢ nomoulblo cpeacts OGesonacHocTH. ToJbKO yOeauBLIMChH
B TOM, UTO XOCT HE UMeeT TOUYeK yS3BUMOCTH, aIMUHUCTPATOP
MOZKET BBINOJIHUTB Mpoueaypy ycraHoBku. [locne 3aBep-
LIEHUsT Mpollecca YCTAHOBKU CETH € HHTErPUPOBAHHON CH-
CTEeMOM 3alIUThl UHPOPMALIUKM AIMUHUCTPATOPY HEOOXOMUMO
BBLIMOJIHATL: CKAHUPOBAHUE MH(POPMALIMOHHOH cepbl Ha Ha-
JIMYKe TOUeK YsI3BUMOCTH W MPEANPUHAThL Psil Mep Mo ycTpa-
HeHHIO 0OHAPYKEHHBIX HEJIOCTATKOB; HACTPOUTh MEXKCETEBON
9KpaH, ONPEIeNUTh NpaBu/a (PUILTPOBAHHUS, a TaKxkKe orpe-
JIeJIMTh apaMeTpbl ayTeHTH(UKALMHI 0J1b30BaTeEH.

HMuterpupoBaHHas cucteMa CrocobHa BbIMOJIHATD CJCY-
[oLIMe PYHKIHH:

l. olueHkKa ypoBHS 3aLIMIIEHHOCTH CETH;

2. TmpoBeJeHHe MOHUTOPHHTA PabOThI CETH;

3. ympaBJieHue TpapuKoM;

4. oOHapyxeHHe BHYTPEHHHX U BHEILHHUX aTak;

5. PpeXUM BOCCTAHOBJIEHHS] HapyllleHHOH paboTocno-
COOHOCTH CETH.

PaccMOTpUM KOHKpETHBIH MPUMEP COBMECTHOTO HCMOJb-
30BaHUsl PA3/JUUHBIX KOMIOHEHTOB HHTETPUPOBAHHOH CH-
CTEMBl.

Jonyctum, 4to cpeiactBa oOHApY:KEHHSI HECAHKLUHOHHU-
POBAHHBIX BO3JEHCTBUI 3aUKCUPOBaIM (DAKT MPOBEJIEHHUsT
B CETH PACIPEIeIeHHON aTakh «OTKa3 B 0OCHy’KHBAHHH».
Lesb 9TOM aTaky 3aKJ104aeTcst B [10ChIJIKE aTaKyeMOMY XOCTY
6osboro yncaa [CMP-3xo 3anpocoB oT uMeHH Hecylle-
CTBytoUIMX XocToB. [ToJiyduB X0 3anpocbl, atakyeMbli KOM-
nbiotep ob6pabatbiBaer ux u orchiiaer ICMP-3xo orBer.
[TocKo/IbKy HMCTOUHHKOM 3XO 3alpocoB SIBJSAIOTCS Hecyllle-
CTBYIOLIHE XOCTbI, B pe3yJibTaTe aTakdh CHIXKAIOTCA TPOU3-
BOJIMTEJIBHOCTh OObEKTa HanaieHus, W MpPOIycKHasi crnocob-
HOCTb KaHaJI0B CBsI3U ceTH. [locie onpenenennst hakra aTaku
cpeiactBa OOHApyXKEHUsl JIOJXKHA CHTHAJM3HPOBATL  a/IMH-
HUCTPATOPy O BO3HMKHOBEHMM BHELITATHOH CUTyaUMH W Iie-
peaBaTh BCIO MHPOPMALMIO O Hell YCTPOHCTBY yrpaBJeHusi
cucrembl. [locie mosydeHust HeoOXOAMMOH HHOpPMALUK
YCTPOMCTBA yIPaBJEHHUs CUCTEMbI H3MEHSIET KOH(PUTYpaLHIO
MeKCeTeBOro sKpaHa. JpyrumMu cioBaMM, yCTaHABJIMBAIOTCS
HOBBIE MpaBuJa (PUILTPOBAHHS MAKeTOB, cofepKaumx IP-
azipeca, ¢ KOTOpbIX COBepLUIAeTCs] TOMbITKA HaraleHUSI.

[locne 3aBeplueHusi mpouecca peKoH(Urypaldu MexK-
CEeTEeBOr0 KpaHa MOTOK MAKETOB 3JI0YMbILIIEHHUKA JIOJKEH
YMEHBIIUTBCS U COOTBETCTBEHHO J0J/KHA YMEHBIIUThCS Be-
POSITHOCTbL peasiu3allii Yrpo3bl HapylleHus ¢ HHGopMaly-
OHHOH 0e30MacHOCTH ceTH. Ec/M MCTOUHHK BO3AEHCTBHS
HapywuTesst Obll  onpeaeseH CPeiACcTBaMM 0O0HApyKeHHs
C BBICOKOH TOYHOCTBIO, YCTPOHUCTBO yrpaBJeHUs] MOXKeT 6J10-
KUPOBATh y3eJ 3JI0yMbILJIEHHUKA TyTeM MPOBEICHHUS ajleK-
BATHOW aTakKH C OMOLLBIO CPEACTB aHaA/IU3a 3aLLULIEHHOCTH.

[Ipn oGHapy»KeHHUH MEXKCETEBBIM SKPaHOM (paKkTa MpeBbl-
LLIEHUS ¢ 3alaHHOTO YMC/IA TMOMBITOK ayTeHTU(PHUKALKUH NOJb-
30BaTesIeM, KeJAlOUUM TI0JyYdTh J0CTyN K HHpOpMalu-

OHHOH cchepe CeTH, OH TlepefaeT BbISIBJIEHHYI0 HH(pOPMAIHIO
YCTPOHCTBY yINpaBJ/eHHsl CUCTEMbI. YCTPOHCTBO yrpaBJeHHs],
UCIOJIb3Ysl MeXaHU3M OOHAPYKEHHUsI, H3BELIAET aAMMHUCTPA-
TOpA O MOTILITKE HAPYLLIEHHSI MHPOPMALIMOHHOH 6€30MaCHOCTH
ceru. [lanee on no6aBJisieT B MexKCeTEBOH IKpaH HOBbIE TIpa-
BUJIa (DUJILTPOBAHHUS, CIIOCOOHBIE TIPOUTHOPHPOBAThL HOBbIE
MaKeThl C TOTO ajipeca, OTKy/la (pUKCHPOBANOCH MPeBbIlLIEHNe
Yhcaa MOMbITOK ayTeHTHdUKauuu. [locse sToro ycrpoiictBo
yNpaBJ/IeHUs MOXKET U3MEHUTb 3HAYEHHE JIAHHBIX ayTeHTH(U-
Kalluu, KOTopble ObIJIM MOIBEPTHYThI HAMAJIEHHIO.

Takum o6paszom, 171 3PPeKTUBHOTO HYHKIHMOHUPOBAHHS
MUHTErPUPOBAHHON CHCTEMbI 3alMThl MH(POPMALUU HEOOXO-
JIUMO BBITIOJIHEHHE CJIYIOLINX ONpeieeHHbIX TpeOOBaHM:

— HaJMYMe XKypHaja ayaura, rje J10JKHA OblTb peru-
CTpUpOBaHa HH(OPMALHS O MaKeTax JaHHbIX, NepeaaBaeMbIX
B CETH U TIPOXOJISAIINX Uepe3 CUCTEMY 3alUThI, BKIIOYAIOIIETO
B cebe Colep:KUMOe MaKeToB, JUIMHY MAKeTOB U YUCJIO TNepe-
JIAHHBIX MTAKETOB;

— wuaeHTU(UKaLKs, ayTeHTU(UKALUs aIMUHUCTPaTOpa
6esonacHoctu. CucreMa J0/KHA WISHTH(UUMPOBATL W ay-
TEHTUPUUMUPOBATL aJIMHHUCTpaTOpa Oe30MacHOCTH TMepes
paspeLIeHUeM BbINOJHEHHS JIIOObIX JCHCTBUH, J0MYCKAaeMbIX
OT ero uMeHu. Ecsin anMuHucTpaTop noJsiydaeT 10CTym K (yHK-
MM CHCTEMbI Yepe3 KOHCOJIb YIpaBJeHusi, TO B KauecTBe
WIAECHTH(UKALMOHHBIX JIAHHBIX JIOJ?KHO BBICTYNaTh PerucTpa-
LIMOHHOE MMsl, a B Ka4ecTBe ayTeHTH(PUKALHOHHBIX — NapoJib;

— YCTaHOBKa CpOKOB JeicTBUsl aTrpuOyToB Ge3onac-
HOCTU. VIHTerpupoBaHHAsi cuUCTeMa JIOPKHA HMETb BO3-
MOKHOCTb ~ YCTAHABJMBATb CPOK JIEHCTBUA  aTpUOyTOB
6e30MacHOCTH aMMHUCTpaTopa (MapoJiu, KpHrTorpacgpuye-
ckue kJtouM). [lo ucreueHnn 3TOro cpoka 3HauyeHHsl aTpH-
OyTOB JIOJIXKHBI ObITb H3MEHEHBI, YTO CHUKAET BEPOSITHOCTb
UX B3JIOMA;

— ofecneyeHue  ©e30MacHOCTH  WUH(OPMALIUOHHOM
chepbl. MHTErpupoBaHHasi cucTeMa JIoJKHA ObITh CriocoGHa
06ecreunTh CeIylole TPH OCHOBHbIE XapaKTEPUCTHKH Oe3-
OMacHOCTH MH(OPMAILMOHHON chepbl: KOH(PUIEHIMATBHOCTD;
LEJOCTHOCTb;  J0CTynHOCTb. [lnsi  obecrieyeHnsi nepevuc-
JICHHbIX XapaKTEePUCTHK MHTErPUPOBAHHAS CHUCTEMa OCHAllA-
eTcsl HeCKOJIbKUMM CETEBbIMH ajlaniTepaMH, OJIMH M3 KOTOPbIX
MOJKJIOYAeTCsl K XOpOIlIo 3allMIIEHHOMY KaHasly mnepeaadyn
JIAHHBIX Ui oOMeHa HHdOpMalHeld ¢ aIMUHUCTPATOPOM,
a JIpyroil — HErocpe/CTBEHHO K CeTH. ITO M03BOJISIET Tepe-
XBaTbIBATh W aHAJIM3UPOBATH BCE MAKEThI, TPOXOASLIUE Uyepes
XOCT, Ha KOTOPOM YCTAHOBJIEHA MHTErPUPOBAHHAsl CHCTEMA.
[Ipn sTOM KOH(pUTypalusi BTOPOTO ajanrtepa MHTErpUPO-
BAHHOMN CHCTEMBI OCTPOEHA TAKHM 06PA30M, UTO OH HE MOKET
0OMEHHBATLCA MAKeTaMH C JIPYTUMU KOMIIbIOTEpAMH, HaX0/si -
LIUMUCST B 9TOM 2Ke CerMeHTe ceTH. JIpyrum crnoco6om 3aliuThbl
UHPOPMALMOHHON chepbl SBJISETCS UCMO/b30BAHUE CPEICTB
oOHapy:KeHHs [/ onpeneaeHust pakTa MpoBeieHUs HecaHK-
LIHOHMPOBAHHOTO BO3JIEHCTBHSI HA MH(OPMALIMOHHYIO cepy;

— camorectupoBaHue.  MurerpupoBannas  cucrema
JIOJDKHA HMETb BO3MOXKHOCTb TEPHOJIMUECKH  BBITIOJHATh
HaGop MporpaMM CaMOTECTUPOBAHMS Ul MOATBEPIKACHHS
NPaBWIbHOCTH ee (yHKUHOHHPOBaHUsl. [lepuoaMyHOCTb BbI-
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TMOJIHEHHUsl TIPOLIeIlyp TECTHPOBAHHMsI MHTEPUPOBAHHON CH-
CTeMbl JIOJI2KHA PEryJHPOBAThCA aIMHUHHCTPATOPOM,;

— BOCCTaHOBJAeHHe paboTtocnocobHocTH. B ciyuae Ha-
pyuieHust paboOTOCMOCOOHOCTH HMHTErPUPOBAHHAA CHCTEMa
JIOJI2KHA [IPEIOCTaBUTb aJAMMHHUCTPATOPY BO3MOXKHOCTL HC-
M0JIb30BAHUSI ABTOMATH3MPOBAHHBIX MPOLELYP BOCCTAHOB-
JIEHHsI HapyLIEHHOTO npoliecca (PyHKIIMOHHPOBAHUS CHCTEMBI.

Takum o6Gpasom, HCO/B30BAHHE HHTErPUPOBAHHON CH-
CTEeMbl 3aLLUThI JaeT CJIeyloLHe MPeUMyLeCTBa.

LlenTtpanusauust u yuuduxauus gopmata KypHana ay-
quta. CpenctBa o6Hapy:KeHHs, MeKCETeBbIE SKPaHbl U CPef-
CTBA aHaAJM3a 3alMIIEHHOCTH (PYHKIIHOHUPYIOT B PaMKaX Of-
HOTO MPOrpaMMHOTO KOMILJIeKCa HHTerPUPOBAHHON CHCTEMBI,
UTO M103BOJISIET UCIO0JIb30BATh €IMHYI0 CIy:KOY BeJCHHUS XKyp-
Hasa aynuta 6e30MacHOCTH.

[Ipocrora anmunucTpuposanus. Pagmellienne cpeacts 06-
HapyKeHHsl, MexKCeTeBble 9KPaHbl U CPEICTB aHalu3a 3allu-
LLICHHOCTH B €IMHOH MHTETPUPOBAHHON CHCTEME I103BOJISET
MCIOJIb30BaTh 00N MHTepdEHC yrpaBaeHnst Uil KaKI0To
KOMIOHEHTA CHCTEMBI.

Jlurepatypa:

Bricokast sddeKTHBHOCTL paboThl. BbICOKHil ypoBeHb
3 peKTUBHOCTH paboThl HHTErPUPOBAHHOI CHCTEMbI JI0-
CTHraeTcsl 3a CYeT YCTPAHEHHs] OJHOr0 KOMIIOHEHTa CH-
CTeMbl M BOCIOJIHEHUS MX MpeumyllecTBaMu apyroro. Tak,
OCHOBHOH HEOCTaTOK CPEICTB OOHApPY:KEHHS] HeCaHKIH-
OHMPOBAHHBIX BO3MAEHCTBUI, 3aK/IIOUAIOMIMHACT B HEBO3-
MOKHOCTH aHaJ/i3a COIEPKHMOTO TIaKeTOB JAHHBIX, Tepe-
JIaBaeMbIX C BBICOKOH CKOPOCTbIO, MOXeT ObITh yCTpaHeH
C MOMOILbIO MeXKCETEeBOro sKkpaHa. Paciupenue xe npaBu
(bUIBTPOBAHUS TAKETOB MEKCETEBOr0 3IKpaHa IMO3BOJISET
YMEHBIIUTb MHTEHCHUBHOCTb BXOJSIIEr0 TpaduKa M TOBHI-
CHTb TeM caMbiM 3(P(eKTHBHOCTb paboThl CPEACTB 0OHAa-
pyKeHHs] HeCaHKIMOHMPOBAHHOTO MPOHUKHOBEHHS B CETh.

OCHOBHOII HEJOCTATOK MEXKCeTeBOro 3KpaHa — HEeBO3-
MOXKHOCTDb 3aLUUTDLI OT CJIOXKHBIX aTaK 0ObIYHBLIMH MeTOLaMH
(uasTpalUl — TMpeojoJieBaeTcsl BKIIOUEHHEM B MHTETpH-

POBAHHYIO CHCTEMY CPEICTB OOCHApYKEHHA HEeCaHKIHO-
HMPOBAHHBLIX BO3JICHCTBUH, 00/1aal0IMHA CITOKHBIMH  aJl-
rOpUTMaMHM OOHApYKeHMsl W JIOKaJHM3alMH BO3JCHCTBHH
HapyLUUTeJIs] KaK U3BHE, TaK U BHYTPH CETH.
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cereit».-Taukent, [Tpo6aembl unpopmaruku u suepretuxu, 2001, Ne 2.-c. 20—25.
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"pOG]’IEMbI dBTOMATU3aL U lWUBEMHOro npon3BoacCTBa

KynmeBa LllaxHo3a XanumoBHa, KaHAMaat nefarorm4eckux Hayk, oOUeHT
Byxapckuii rocynapcteeHHblil yHusepcuTeT (Y36ekucraH)

aJibHedlIee Pa3BUTHE OTEYECTBEHHOM M 3apyOerKHOH
ﬂmaeﬁﬁoﬁ MPOMBIIIIJIEHHOCTH MPEyCMaTPUBAET HE TOJBKO
enlé Hosiee MMPOKOE BHEIPEHHE B MPOM3BOJCTBO MAIIHH MO-
JIyaBTOMaTHYeCKOro JICHCTBHSI, MO MW IpeBpalleHHe 3THX
MallMH B MoJiHble aBToMaThl. [ IpeaycmarpuBaercs Takke 00b-
e/IMHeHHe UX B arperaThl H aBTOMAaTHYECKHE MMOTOYHbIE JIHHHH,
00pasyIoLIxe ONPeleeHHYI0 TEXHOJIOTHIECKYIO LIeTIOUKY.

[lIBeiiHast MPOMBIIIJIEHHOCTE HMMEET BCE TMPEANOChIIKH
JUIsl LIMPOKOH aBTOMaTH3alMK MMpou3BojcTBa. K takum npej-
MOCBIJIKAM B [IEPBYIO o4Yepe/lb Cle/lyeT OTHEeCTH:

1) GoJiblIOH ONBIT, UMEIOLIMACS B HallleH CTpaHe o npo-
€KTHUPOBAHUIO U CO3/IaHUI0 PA3JIMUHOTO BH/IA aBTOMATOB H aB-
TOMATHYECKHX MOTOYHBIX JIMHUH B Pas/MUHBIX OTPACJsIX Mpo-
MBILIJIEHHOCTH;

2) TMOTOYHO-MACCOBYIO CHCTEMY H3TOTOBJIEHHS OJEK/Ibl,
MOJTYUHBILYIO [TOBCEMECTHOE PaclpoCTpaHeHHe;

3) Y3Kylo Crieldain3alyio OTAeNbHbIX BEHHbIX pabpuK
Ha BBIMYCK OTpe/IeJIeHHOTO aCCOPTUMEHTA U3JENH;

4) mnonpo6Ho pazpaborannbie [OCThI, cTaHaapTHI U TEX-
HUUECKHe YCJIOBHSI HA OTJ/lesibHble BHJIbl LIBEHHDBIX H3JIEJHil
U UX JIeTaJlH.

HecmoTpsi Ha mnepeunciieHHble TPEANOCHIIKH, MePEXojl
Ha aBTOMATH3MPOBAHHOE IIBEHHOE TMPOM3BOACTBO Tpebyer
MpeBAPUTENLHOTO TPOBEJEHUsT elllé psiia OpraHHu3alloH-
HO-TEXHUUECKUX MEpOTPUSTHH, IJIaBHbIE U3 KOTOPBIX CJIEy-
Io11He:

1) opraHuszaiyst NPOU3BOJCTBA KPYIHBIX CEpUHl OJIMHA-
KOBBIX MJTH CXOIHBIX MEKIy COO0H u3nenuii Ha 6ase eliie 6oJiee
BBICOKOTO YPOBHSI CrelHaIM3alMi OTAEJbHbIX ILIBEHHbIX (ha-
OpHK;

2) yBeJMUEHHe CTaHAAPTH3AlMH W YHU(DHUKALKH OT-
JIeJIbHBIX LIBEHUHBIX H3/IeJINH U UX JeTaleH;
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3) paspabotka GoJiee TEXHOJOTHUHBIX IIIBEHHBIX H3-
JIeJIMH, COCTOSILIMX M3 OT/IEJbHBIX THIOBBIX y3J10B, obJerdya-
IOLLMX aBTOMATH3allHI0 MX TPOU3BOJICTBRA;

4) BblpaGoTKa TKaHeHd cO CTAHAAPTHLIMH CBOHCTBAMH,
00J1aJIAI0IMX MaJIoH ycaJlko# B npoliecce DKCIlyaTaluu ce-
JIAHHOMN W3 HUX OJIEXK/IbI, U T. TI.

[1pou3BOACTBO LIBEHHBIX M3IEHI COCTOHUT M3 Tpex oc-
HOBHBIX TPOLIECCOB: PACKPOsT TKaHeH, COOPKH H3/Ie/Hsl U €ro
OTHeJNKU. PaccMoTpuM BOMpoOChl aBTOMATU3AUMK LLIBEHHOTO
MPOU3BOJICTBA MPUMEHHUTENLHO K MpoLeccy COOPKH M3l
Ha HIBEHHBIX MalllMHAaX.

3a py6exxoM B Moc/eHHe TOfibl CIPOEKTHPOBAHO U T0-
CTPOEHO OOJIbILIOE KOJMYECTBO HOBBIX LIBEHHBIX MALIMH TO0-
JlyaBToMaTHueckoro jeictusi. [IBefiHble MallMHbI-M0JyaB-
TOMaThl 06J1erYatoT TPy, MEXaHU3UPYsl pydHOE MPOBHIKEHHE
ugnenuit nox urion. Ilpu atom Gosee MoJiHO MCMOJB3yeTCst
CKOPOCTb MallWH, 4TO TIPUBOJUT K 3HAYNUTEIbHOMY YBEJH-
YeHHIO MPOU3BOAUTENbHOCTH Tpyaa. Kpome Toro, BBHIy He-
00XOIUMOCTH TlepeMellaTh Mo/lInBaeMble H3/1eJIMH BPYUHYIO,
paboTatolMil Ha 0OBbIYHBIX LIBEHHBIX MallIMHAX HE UMEeT BO3-
MOXKHOCTH 00C/yKUBaTh Cpa3dy HECKOJbKO MallldH, TOrIa
KaK MpH MPUMEHEHHH T0JyaBTOMATOB TaKasi BO3MOXKHOCTb
MOSIBJISETCSI.

Oco6eHHO TepCrneKTHBHO MpPUMeHEeHHe B IIBEHHBLIX Ma-
LLIMHAX T10JlyaBTOMATH-4eCKOro JIeAiCTBUs 9J1eKTpOHUKH. Ha-
npumep, dupma «Ildpadpd» (DPI) paspaborana rammy
LIBEHHBIX T10JlyaBTOMATOB, yIpaBJjeHHe paboToH KOTOPbIX
OCYLIECTBJISIETCS TPU MOMOLIM 31eKTPOHUKH. OJIMH U3 TaKUX
ManH 3802—213 k1. npenHazHaueHa it 06pabOTKH KJia-
NMaHOB KAPMaHOB.

OCHOBHbBIM y3J10M OOJIbLIMHCTBA LIBEHHBIX MalLMH-T10J1y-
ABTOMATOB SIBJISIETCS] TPAHCIOPTUPYIOLLAsI KapeTKa WM Kac-
CeThl JUIsl aBTOMATHYECKOTO TepeMelleHHsT MOALIHBAEMbIX
U3JICIMI TI0JL MIVIOH, NpPHUMEHseMble BMECTO CTaHIapTHOH
TpaHCMoOpPTUPYIOLLEH peiiki. M3BecTHbI TakxKe MoJyaBToMaThl,
B KOTOPBIX MO/ILIMBAEMOE H3JIe/Ie KPEMUTCS 1A HEeMOABHKHOM
CTOJIe, @ OTHOCHTENILHO M3/Ie/Hs TTepeMellaeTcs IbIIas ro-
JIOBKA MalluHbl. B 3TOM cjlyyae LIbIOLLYIO TOJIOBKY Mepeme-
IAI0T 10 PeJibCaM, U30THYTHIM 110 (hopme TpeGyeMOil CTPOUKH,
WJIM MOJIBELLIMBAIOT 1A naHTorpade.

B nepByio ouepenp arperaTbl W MOTOUHbIE JIMHUH OyIyT
CO3MaHbl ISl MPOU3BOJACTBA MPOCTBIX H3/IENHH (TMPOCTHIHH,
HaBOJIOUKH U T.T1.). 3aTeM MX CJIeyeT MPUMEHHTD JUIsl U3ro-
TOBJIEHUsT OT/EJbHBIX YaCTOH CJOXKHBIX LIBEHHBIX H3JIeJHH,
HarpuMep MoJIoueK MYXKCKHX py6alleK, MaHKeT, BOpOT-
HHUKOB M T.T. HakoHell, oHU 10/2KHBI ObITh CIPOEKTHPOBAHbBI
JIJIS1 TIOJTHOTO U3TOTOBJIEHUST CJIOXKHBIX u3aenui. [Tocaennioo
3ajauy Mpollle BCEro BHIMOJHUTH JIIsI MYXKCKHX COpOUeK
1 OpioK pasHoro acona, o6Janaolmx Hanbosee TeXHOJO-
THYHON KOHCTPYKLIHEH.

[naBHbIM TpebGOBaHUEM MpPU CO3AAHUM arperaTtoB W Mo-
TOUHBIX JIMHUH SIBJSIETCS] aBTOMATHUYeCKOe MpojBHKeHHe 00-
pabaTbiBaeMbIX M3JICIHI T10JL UIVIOH B MPOLLECCe HX TOLINBA,
a TaKyKe aBTOMATHUeCKasl UX 3arpy3Ka u BbIFPy3Ka U3 KaxJI0H
MawnHbl. Kpome Toro, Bce lIBeHHble MalIMHBI, BXOISLLHE
B ABTOMATHYECKYIO JIHHHIO, JOJDKHbI HMETb MeXaHH3Mbl

JUIs 0Ope3KH HUTEH, OCTAHOBA B HCXOJIHOM TTOJIOJKEHHH M JIP.
OnHOBpPEMEHHO C 3TUM JIOJKHbBI ObITb TPUHATBHI BCE Mepbl
JUIsSl YBEJIMUEHHsI HaA/IeXKHOCTH paboThl OTAEJBHBIX MalllHH,
BXOJISIIIMX B arperar Wi notouynyto Juuuto. [locnennee tpe-
6oBaHKMe CBSI3aHO C TEM, YTO BBIXOJL W3 CTPOSI JIMIIb OJHOH
U3 MallMH NOBJIYeT 3a COOOH JJIMTENBbHYIO OCTAaHOBKY BCEH
JIMHUH WJIM arperara.

C TouKM 3peHus NpUHLMIA paboThl Bce arperaTbl M aB-
TOMaTHYECKHEe MOTOYHbIE JIMHUM MOTYT OCYLUECTBJ/ATh obpa-
OOTKY LIBEHHBIX M3JCJIUH IOCAEI0BATE/NbHO, NapasilebHO
W cMemanno. [1pn 3ToM OHH MOTYT UMeTh JIMHEHHYIO U Kapy-
CeJIbHYIO KOMIOHOBKY HCTTOJIHUTENBHBIX MALIHH.

[Ipu nocsienoBate/ibHOi 00paboTKe H3/IeNHsT TEXHOJIOTH-
yecKHe orepalyi MoLIMBa BLIMOJHSAIOTCS O/1HA 3a Apyroi. Xa-
paKTepHO, YTO TMCe BBILICONUCAHHbIE arperathl M MOTOYHbIE
JIMHUK TIpeJiHa3HaueHbl IaBHbIM o6paszoM st 06paboOTKH
CPaBHUTEILHO MEJIKHX LIBEHHBIX MU3JIEJMUH, AW U3AETHH, e
CTauMBaHHe JieTasiell TPOUCXOAUT MO TMPSIMbIM JIHHUSM, MO-
TOMY CO3J/laHHe YCTPOKCTB JJIsi aBTOMATHUECKOro Mepeme-
LIeHHUs1 eTajiell 1o KPUBOJMHEHHOMY KOHTYPY JIIOOOH JJTHHbI
SIBJISIETCST BaXKHEHIIeH 3aauell JaJabHeleil aBToMaTu3aluu
ILIBEHHOTO MPOU3BOJICTBA. 3aMETHM, UTO CTauMBaHHUE MO KPH-
BOJIMHEHHOMY KOHTYpY siBJsieTcsi HauboJiee pacrpocrpa-
HEHHOH LIBEHHON onepauueil. YeTpoicTBa, o6ecreyuBarolme
CTAQUMBaHHUs MO KPUBOJMHEHHOMY KOHTYPY, LOJIZKHbBI OTBEUATD
CJIE/IYIOLLIMM OCHOBHBIM TpeOOBaHHUSIM:

1) umeTb BO3MOXKHOCTb 06pabaThiBaTh U3JEJIHs, KOHTYD
KOTOPbIX HMEET caMble Pa3IMuHble KOH(PUTYPaALHH;

2) o6JanaTh ObICTPON MepeHaakol Ha IPyroi KOHTYP;

3) T103BOJIATH LIBEHHON MalldHe padoTaTh Ha BbICOKOH
CKOPOCTH;

4) o6ecrnieunBaTh MOrpelIHOCTb 06PaGOTKH, JiexKalllylo
B 3aJIaHHBIX Mpesiesax.

CJ/ielyeT OTMETHTb, YTO B ILIBEHHOH MPOMbILIIEHHOCTH
HO CpPaBHEHHIO C JAPYTMMH OTPAC/SMH MPOMBILIJIEHHOCTH Tie-
peMellleHNe H3/leUi M0 3aJaHHOMY KPUBOJHHEHHOMY KOH-
Typy oOJierdaeTcst OTCyTCTBMEM TpeOOBaHHs BBICOKOH TOU-
HOCTH HX 00pabGOoTKH, MJIOCKOH HMX (POpPMOH W HaJUUMEM
CPaBHUTENBHO HEOOJbILUX YCUIUH, TpeOyloluxces /s 1e-
pemeulenust uznenni. Ho npu 3ToM BO3HHKAIOT JOMOJHH-
TesbHble TPYAHOCTH, BbI3BaHHbIE MAaJOH KECTKOCTbIO 00-
pabGaTbIBAEMbIX H3JIeJMH, a TMpH TPUMEHEHUH 4YeJHOYHBIX
MalllMH — OrPaHHWYeHHOCTbIO HAlpaBJIeHHH WX Tepeme-
LIEHUsI, YTO CBSI3AHO C MOJIy4YeHHEM YeJHOUHBIX CTE2KKOB HOP-
MaJIbHOTO TIeperJieTeHHsl UM CTEXKKOB C y3JIaMH.

B Hacrosilliee BpeMsi OCHOBHBIM CIIOCOGOM IepeMeLieHUs]
B LIBEHHON MalllMHe MOILMBAEMOTr0o U3e/Hs M0 3aAaHHOMY
KOHTYPY SIBJISIETCS 3aKpernJieHHe ero B CrielalbHON KapeTke.
YrpasJseHue IBHKEHHEM KapeTKu Oy/leT pasHbIM B 3aBHCH-
MOCTH OT TpeGyeMOH BeJHYHUHbI ee MepeMellleHHsT U MOXKeT
ObITb: KOMTMPHBIM, OECKOMUPHbBIM, CAEAALIUM H LH(DPOBBIM.

[Ipu ucnoJsb3oBaHUK JJIsT MepeMellleH s TPaHCIopTHPY -
I011Iell KAPETKH KOTTHPHOTO crioco6a MpUMeHsIIOT Crie M abHbIH
Ky/JlauoK (KOTMHPHBIH JMCK), METOAMKA MPOEKTHPOBAHHUS KO-
TOPOTrO M3J10’KeHa B M. 34 3TOH I1aBbl, WM CleLHa/bHbIHA
KOIUP, YKpeIuisieMblil HeMOCPeICTBEHHO Ha KapeTke. PasHo-
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BUIHOCTDBIO KOITUPHOTO C110c00a MOXKET ObITb IPUMEHEHHe T'1-
JpaBJIHYECKON CJlelisllell CHCTeMbl, [10Jy4alolleldl HMITYJIbChl
OT KOIMPa, CMOHTHPOBAHHOIO I10J TPAHCIIOPTUPYIOLLEH Ka-
PETKOH.

Crensininii - crnoco® MO3BOJISET MepeMellaTh KapeTKy
C MOJAIIMBAEMbIM H3JIEJHEM Ha 3HAUMTE/IbHbIC PACCTOSHHUS,
JJIsl 3TONO  Hy’>KHO JIMIIb 3alaTh COOTBETCTBYIOLLYIO MpO-
rpamMmy ee rnepemelleHus. B 3Tom ciyyae nporpaMMOHOCH-
TeJeM MOXKeT CJIy>KMTb UYeTKMI 4YepTexK, TOKOIPOBOIALLAs
JIMHUS, HaHeCeHHast Ha MOBEpPXHOCTb o6pabaTblBAeMOro M3-
neausi, W T.1. B npouecce paGoTbl LIBeHHONH MallHHbI 11PO-
rpaMMy sl MepeMelleHHs] ee KapeTKH CYHTBIBAeT C Ipo-
IPaMMOHOCHTeJIs Calefisilias CHCTeMa yCTPOHCTBa.

Jlutepatypa:

Hau6osiee n3BecTHbl B LIBEHHON MPOMBILIIEHHOCTH Clle-
JslllMe CHCTeMbl, OCHOBAHHbIE HA CUMTHIBAHHM KOHTYpa uep-
TexKa NpH MOMOLIH (hOTO3/IeMEHTA.

B szak/ioueHue 3aMeTHM, 4TO [10Jaya CLIMBAEeMbIX Je-
Tajlel B LUBEHHYI0 MallMHy M aBTOMATHYeCKOoe BbIMOJIHEHHE
UX CTAYMBAHMSI HE HCUEPNbIBACT BCEX 3ajlay aBTOMAaTH3aLMU,
BO3HHKAIOIMX B MLIBEHHON mnpombliienHoctH. Hanpumep,
Npy JajbHelilleM Pa3BUTHH ABTOMATHYECKH JEHCTBYIOLLNX
LIBEHHBIX MAlIWH, arperatoB M aBTOMAaTHYECKHMX MOTOUHBIX
JIMHUI BO3HMKAET HeOOXOMUMOCTD B pa3padoTKe criocoOoB aB-
TOMATHYECKOIr0 KOHTPOJIsi KauecTBa BbIIIOJIHAEMOro rpolecca
HHTOYHOIO COGAMHEHUs] JleTajiell ofex/bl U aBTOMAaTHYECKOro
peryJHpoBaHHs 3TOro MpoLecca B Clyuae ero HapyleHHH.

1. Hcaes, B.B. O6opynoBanue uiBeitHbix npeanpustuii. M.: Jlernpom6oitusnat. 1989.
2. Ogaumos, K. T., ¥3akosa, J1. ['. u np. lIseiinbie mammubt. T.: [apk. 2006.
3. Tap6apyk, B.H. Pacuet u koncrpynpoBanne 0CHOBHbBIX MEXaHH3MOB YeJTHOYHBIX HIBEHHBIX MallinH. JI. « ManimHocTpo-

enue». 1977. 232 c.

UccnepoBaHue 3aKOHOMepHOCTEﬁ KaTaJIMTUYECKOM MOAM(IJVIKaLIMM XJIONKOBOro macjia

KypasizoB 3apud6oit PamatoBuy, MarucTpaHT;
Kypambaes bek3op ®apxopoBuy, CTyaeHT;

Kypam6aes Toxup baxTuéposuy, ctygeHt
YpreHycKuit rocyaapcTBeHHbI yHuBEpcuTeT umMeHn Anb-Xopesmu (Y3bekucraH)

B oamotii cmameoe npe@cmafmeubt pesyaovmarmnsl uccaredosamus o MoM, KakK nponumnKa XxA0nKosoeco macia BOGOPOaOM
npu cmayuorRapHomM Kamaausarmope c6a3aHa ¢ mepmudeckumu npoyeccamu.

Karwuesoie crosa: eudpupoeaﬂue, caiomac, kamaauzamop, memnepamypa ni1asieHus, MO@LL(I)LLKCLL{LLH, KUucaommuoe
yucao, AuHosesas Kucaoma, c80000HbLE HCUPHOBLE KUCAOIbL.

Investigation of the catalytic modification of cottonseed oil

Kurayazov Zarifboy Ramatovich, graduate student;
Kurambaev Bekzod Farhodovich, student;

Kurambaev Tohir Bahtierovich, student
Urgench State University (Uzbekistan)

Results study are given In this article in that that soaks by hydrogen cottonseed oil under stationary catalyst is bound
by process of the temperature.

Key words: hydrogenate, salomas, accelerate, temperature of liguefaction, modification, number of acid, linoleic
acid, free fotty acid.

Yuwby makorada naxma MOUUHU CIAYUOHAD KAMAAUSAMOPAAPOA MYUUHMUPULL HAPACHUHUHE xapopamea 6oe-
AUKAUUHU [PeAHULL HAMUNCAAAPU KEAMUPUASAH.

Kaaum cgsaap: eudpocenaaul, caromac, Kamaiu3damop, CYYKAQHUL xapopamu, MoouduKayus, KUCAAMAacoHL,
AUHOA KUCAOMACU, IPKUH 62 KUCAAMAAapLL.

HapHBIX KaTaJiM3aTopax IpOTEKAaeT B MepBOM HpHéJII/I}KeHHI/I

B Hay4HbIX HCCIEN0BAHUX ObLI0 IokazaHo [1—2], uro ru-
M0 peakluu 1-ro nopsiika OTHOCHTENLHO HOJIHOrO YMCJa TH-

JpupoBaHue Ha CBe€XKHX, HETPEeHUPOBAHHLIX, CTalHO-
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JPUPYEMOTO CbIpbsl. IDTO, BEPOSITHO, OObBSICHSAETCS T0CTe-
MeHHON cTabu/nM3aluMell CTPYKTYpbl KaTajusaTopa, B TOM
yMcse TIOCTENEHHBIM CMbIBAHHEM C KPYIHBIX YACTHLL CIlJ1aBa
YacTH HEMPOYHO 3aKpervieHHOTo HuKess. JleHCTBUTENbHO,
KaK BUJIHO U3 pHC. |, B JJaGOPaTOPHBIX YCJOBHSIX COJIEpPKaHUE
HUKeJIsl B cajioMace MocTereHHo cHKaetest oT 42—51 mr/kr
B CaMOM HauaJjie Hcc/iefloBaHus 0 npuMepHo | Mr/Kr uepes
CyTKM HernpepbiBHOH paboTbl. CrabuibHOoe HU3KOe Coaep-
JKaHue HuKeJisi jocruraercst uepe3 10— 14 cytok, To ecTb K MO-
MEHTY CcTaOW/IM3allMi aKTHBHOCTH CTAllMOHAPHOTO KaTaju3a-
Topa. XapaKTepHO, UTO aHAJOTHUHBIM 06pPA30M U3MEHSETCs
¥ KHCJIOTHOE YMCJIO HepaMHUPOBAHHBIX CaJlOMacoB, MoCTe-
MEeHHO CHUXKASICh OT MPUMepHO | Mr KOH/r 10 0,6 vr KOH/r
(puc. 2). Ilo-BunumMomy, cBOGO/HbIE YKUPHbIE KHCJIOThI, 06-
pagdysl HUKeJIeBble Mbl1a, BMECTE C MOPOLIKOOOPA3HbIM HHU-
KeJieM, YBEJIMUUBAIOT CKOPOCTb MHAPUPOBAHKS Ha HAYaJ/IbHOM

N, maikz

12,018
10,01

601

CTaJIMM UCMOJIb30BAHUsl CBEXKEro aKTUBHPOBAHHOIO CTALMO-
HAapHOTO KaTajau3aTopa.

C yBesMueHHeM 0OBEMHOH CKOPOCTH TMOJlaul MacJa [iy-
OWHA ero ruJIPUPOBAaHUS HU3MeHsieTcsl 0OpPaTHO MPOMOPIHO-
HaJIbHO (pHuc. 3).

Ha puc. 3 MOxKHO yBHIETH JIBa MPSMOJIMHERHbBIX yUacTKa,
YKa3blBAIOUIMX HAa TO, YTO AlMJbl JIMHOJEBOH KHCJOTbl TH-
JpUpytoTcsi OblCTpee aluJoB MOHOHEHACHILIEHHBIX KHCJIOT,
UTO YKa3blBaeT Ha HyJEBOH TIOPSIOK peaKUuu MO 3ITHM
AlUJIbHBIM IPYyTIIaM.

IT0 TPEANnoJoKeHHe TOATBEPKIEHO 3IKCTIePUMEHTAJIb-
HBIMH HCCJIEIOBAHUSIMH 10 TEPHOUYECKOMY THAPUPOBAHHUIO
XJIOITKOBOTO MacJ/1a Ha MPOMOTHPOBAHHBIX CTALlHOHAPHBIX Ka-
tanuzaropax Ne 2 u Ne | npu 180°C, npu nasnenunn 300 klla
1 06BLEMHON CKOPOCTH Mojiauud Bojopoaa 60 mu u-l. M3ydenue
BJIMSTHUS TEMIIEPATYPbl Ha CKOPOCTb HACBIIIEHHS XJOTIKOBOTO

[P 8
s
&

Puc. 1. BauaHue NPOAOJIKUTEJIbHOCTU pa6orb| CBeXero CTauMoHapHOro Karaausartopa Ne1
Ha cojepXaHue HUKenAa B cajomace

Eon. ue KM

1,0+

91

]
I | | | |-In.1-'|:
L] 36 a7 38

Puc. 2. CooTHOWwEHUE mexnay Temneparypoﬁ nnasjeHna U KUCNOTHbIM YUCJIOM CaJioOMacoB



“Young Scientist” - #7 (111) - April 2016

Technical Sciences | 101

In. %5 Ty
§0=

Puc. 3. 3aBUCUMOCTb FNYy6UHBI TUAPUPOBAHMA OT 06BEMHOI CKOPOCTU NofauMu Macnia

Tabnuua 1. 3aBMCUMOCTD CKOPOCTU HACbILWEHUA XJIONKOBOro Mmacjia oT TeMmnepatypbl Ha CTALMOHAPHbIX KaTa/in3aTopax

Karanusarop, N°
Temnepartypa, C 1 2
AW.u.%I2 AW.u.%I2
120 26 27
140 31 40
160 39 41
180 40 44
200 44 52
220 48 56

Macjia B TPUCYTCTBUM HUCOCEb KATaJlH3aTOPOB MPOBOIUJIH
npu nasnennu 300 klla, ckopoctu nojauu Bojopona 60 M
4-1, o6bemHO# ckopocTn noaaun macaa 1,2 4-1. PesynbraTol
MCCIIeI0BaHMSI TIpecTaBJIeHbl B Tabi. 1.

Kak BuaHo u3 tabs. | ¢ noBbllleHHeM TeMIepaTypbl CKO-
POCTb HACBILLEHHS YBEJIUUUBACTCS, TIPH STOM HMHTEHCHBHBIN
poct ckopoctn Habsonaercst npu 200°C u paxke B 06/1aCTH
120—180°C. Kaskyiiasicsi sHeprust aKTHBALMH pPaBHA TPH-

Jlutepatypa:

mepHo 15 kJlk/Mosb. Tpu Gosiee BBLICOKMX Temrepatypax
3Ta BeMUMHA ellle Gojiee pe3Ko CHHIKAETCS], YTO YKA3biBaeT
Ha JIUMHTHpPOBaHHe Mpoliecca auddysueit Bogopoaa. [lei-
CTBUTEJILHO, H3yUeHHE 3aBUCHMOCTH CKOPOCTH MMIIPUPOBAHHUS
OT 0OBEMHOH CKOpPOCTH [0jlauM Bojopoja (Temiepatypa
180°C, nasnenue 500 kI1a) nokasasno, 4to ¢ yBesMyeHHEM KO-
JIMUECTBA M0J1aBAEMOT0 BOJIOPOJIA CKOPOCTh PeaKIMu Ha KaTa-
quzatope Ne | yBesiunBaercs B G0JIblIEH CTENEHH.

AkpamoB, O. A. Moaudukaliiyst XJ0MKOBOro Macyia Ha 3heKTHBHBIX KaTaauzatopax. — ABToped. AHC. Ha COMCK. YUEH.

crern. Kauj. Hayk. — Tauikent, TaiuXTH, 2008, — 26 c.

Ma)KI/IIlOB, KX I/ICCJIGZLOBE]HI/IQ 1 COBEPLICHCTBOBAHUE TEXHOJIOTUU THAPOTr€HU3AUH XJOTTKOBOTO Mac/a Ha MOZLI/ICbI/I-

LIMPOBAHHBIX CTJIABHBIX CTAllHOHAPHBIX KaTaau3aTtopax. — ABToped. Iuc. 10K-pa TexH. HayK.-J1.:1987, — 48 c.
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Using Wheat Germ Products to Enhance Quality of Ring-shaped Bread Industry

Quchgarov Umidjon Mo'mimjon o'gli, master;
Sobuddinov Sohibjon Mahmudjonovich, master;
Qanoatov Hayrullo Murodullayevich, candidate of technical science;
Dadamirzaev Muzaffar Habibullaevich, assistant;

Valiyeva Feruza Rashidovna, assistant;

Mirzakbarova Madina Turamirzayevna, student
Namangan engineering-pedagogical institute (Uzbekistan)

KyukapoB YMUaxoH MyMUHIKOHOBKY, MArucTp;
CobyanunHoB CoxnbKoH MaxmyaxKOHOBUY, MATUCTP;
KaHnoatoB Xaitpynno Mypoaunnaesuy, KaHLUAAT TEXHUYECKUX HaYK, AOLEHT;
Napnamup3saes Mysachdap Xabubynnaesuy, acCUCTEHT;
Banuesa ®epy3a PawmnpoBHa, accUCTEHT;
Mup3ak6apoBa MaguHa Typamup3aeBHa, CTyAeHT
HamaHraHcKuit MHx)eHepHo-nefarornyecknii UHCTuTyT (Y3bekucraH)

read is staple food of humans all over the world and it is

the first foodstuff at the rational eating in some countries,
for its high nutrition, excellent sweet taste, for not being irk-
some, easy for digestion, easy to prepare, simple storage de-
mands and stability.

Eating hot, flavored, soft and sweet tasting bread gives a
relaxation to humans. For that one of the scientists of the 20"
century said: «A piece of properly baked bread is a great dis-
covery of humans' mind».

The baking industry is developed since discovering the
preparation of leavened bread by humans. Bread has been
baked at home during many centuries. Need for supplying
with bread big cities' population, military solders and others
lead to the development of baking industry.

Everybody knows that freshly baked bread has characters
such as: soltness, taste and sweet flavorings are distinctly no-
ticed. Such kind of bread is eaten with good appetite; it is in-
fluenced by the gastric liquid very fast and digested very well.

There are hundred types and sorts of bakery products. The
holed bread has big place among those. It is widely spread as
this product is sweet tasty and delicious and various sorts of
it are baked. Unfortunately, the sort and production volume
of baking holed bread is decreasing drastically.

For that reason the aim of this work is to create tech-
nology and recipes for new sorts of bakery and holed bread
products and producing them at modern small enterprises
using local raw materials.

According to the initial lab experiments new doughnut-
shaped rolls have been preferred for producing. Because
the doughnut-shaped roll is close to loaf bread products by
its property and their moisture is about 25%. Doughnut-
shaped roll's dough is 32—36 % and that is higher than ring-
shaped roll's and ring-shaped cracknel dough's moisture.

Because of a ring-shaped bread products' dough mois-
ture is lower than bread's dough, dough machines are used
to make harder dough. The dough is made by hand in the
laboratory, thus the research is planned to make a new
doughnut-shaped bread roll because of that dough's mois-
ture is higher.

Reference analysis has showed that there are extra stuffs
that are sugar, various kinds of oil, milk, milk-serum, poppy
seed and seasons in the recipe to bake a doughnut-shaped
bread roll's bread products besides the main stuffs that are
flour, yeast and salt. So, that's why, while making doughnut-
shaped bread roll products from the local raw material, that
is a wheat germ is used and its taste and the nutritional and
biological value can be enhanced.

Researches carried out recently show that the fatty seeds
(especially, food industry's fatty waste materials) can be used
effectively to bake various bakery products. Soluble nitrogen
elements, mineral elements, lipids, vitamins, nutritional tis-
sues containing in these products enhance its biological and
diet characteristics of these products. Besides, these ele-
ments are necessary sources of spirit and lactic acid for fer-
mentation and bacterium.

That's why, the materials that are in these raw materials
can improve the porosity of dough, speed up ripening, and
enhance the taste and flavor of elements of ready-made prod-
ucts and it can result in darkening its shell color.

To study the wheat germ effects on dough characters and
quality of ready-made products, the doughnut-shaped bread
roll that has been made from the first-rate of wheat flour ac-
cording to the recipe of Ukrainian bagels for preparing in-
spection sample is accepted.

The sponge method is used to make dough. The recipe
for making inspection and experimental doughnut-shaped
bread rolls has 14.5% moisture and 400 gram flour is con-
sidered for preparing.

A water amount to prepare a sponge with 39.5 % moisture
has been calculated from average measured moisture con-
tent of flour and pressed leaven.

For preparing dough water amount for making dough's
moisture content equal to 34 % is calculated from raw mate-
rials' and sponge's average moisture content.

After granting a respite, the dough was expanded out with
roller to get a thin layer. The layer has folded and rotated to
90 degree and then was expanded out again. Expanding and
folding was repeated 4 times. This process was repeated to
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Regime and recipe for making an inspection and experiential sample of doughnut-shaped bread roll

Stuffs expenditure
Stuffs and technological For inspection For experimental do:?):r;zt-shaped bread roll's
parameters For sponge doughnut'-shaped 5% wheat 10% wheat 15% wheat
bread roll's dough

germ germ germ
First sort of wheat flour 100.0 300.0 300.0 300.0 300.0
Baker pressed leaven 6.0 - - - -
Sponge - 146 146 146 146
Water 40 Found out by calculation
Salt - 6.0 6.0 6.0 6.0
Sugar - 48 44.5 41.6 38.1
Margarine - 32 30 28 26
Wheat germ products - - 20 40 60
Moisture 39.5 34.0 34.0 34.0 34.0
Initial temperature, C 29 32 32 32 32
Fermentation time, hour 4.0 - - - -
Last sourness, degree 4.0 2.8 3.2 3.5 3.8

get the dough consistency evenly and then the dough was
wrapped and granted a respite for 30 minute.

Giving the shape of doughnut-shape to dough was done
by following steps: The dough was layered with roller.

The dough layers were cut with knife into stripes by the
width 6—8 c¢cm and mass of 115 gram. Diameter of 3 ¢cm
bovliq shape was given to stripes by heating method. The
ring shape was given to bovliq, both ends were stuck and
then it was rotated to make evenness and smooth.

The shaped dough were put on the metal sheets and
placed into thermostat for a respite. The air temperature
in the thermostat was 35—40 C and relative moisture was
80—85%. The respite was lasted for 90 minute.

After the respite they were processed with boiled water in
a boiler (the water temperature was 92—98 C in the boiler).
To make radish the face of the doughnut-shaped bread roll
treacle was added to water. The treatment lasted for 30 sec-
onds.

The boiled pieces of dough were dried for 2—3 minutes at
electric equipment cabinet door. The pieces of dough were
put on sheets placed into own.

Baking is lasted for 18 minutes in the electric equipment
cabinet's baking cameras under the temperature of 230—
240 C.

The ready products' quality was checked 16 hours aiter
the baking.

In making the doughnut-shaped bread roll dough the
extra stuffs were added relatively the flour mass, the highest
quality was observed at 10 % the wheat germ products added.
The 5% wheat germ products intensely affect the doughnut-
shaped bread roll quality and nutrition value.

Adding the amount of 5% of the wheat germ to recipe for
doughnut-shaped bread roll provides its inside color to be
light-yellow, its soaked-ability, taste, flavor and porosity is
enhanced. Comparison of the inspection (without any extra
stuffs) and experimental samples of doughnut-shaped bread

Effects of wheat germ products on the doughnut-shaped bread roll

The quality parameters of the doughnut-shaped bread roll
Relative
Sample of the doughnut-
sFl)laped bread rgll Moisture, % | ~oUrmess volume, Soaked- Inside color Grade of
degree cm3/100 ability quality
gram
Inspection sample of the
doughnut-shaped bread roll 26 2.6 140 2 Light white colored 76
(without any extra stuffs)
Experimental samples of the doughnut-shaped bread roll (relatively added by flour mass)
5% wheat germ products 26 2.8 148 2.1 Light yellow 78
colored
10% wheat germ products 26 3.2 157 2.3 Yellow colored 86
15% wheat germ products 26 3.6 154 2.2 Yellow colored 82
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roll shows that experimental sample's relative volume is in-
creased to 12% and its all quality parameters are enhanced
up to 10 points.

Adding the amount of 5% of the wheat germ to recipe for
doughnut-shaped bread roll provides its inside color to be
light-yellow, its soaked-ability, taste, flavor and porosity is
enhanced. Comparison of the inspection (without any extra
stuffs) and experimental samples of doughnut-shaped bread
roll shows that experimental sample's relative volume is in-

creased to 12 % and its all quality parameters are enhanced
up to 10 points.

By increasing amount of wheat germ up to 10% well af-
fects the doughnut-shaped bread roll quality and enhances
the nutrition value and taste.

Though increasing amount of wheat germ up to 15% en-
hances the doughnut-shaped bread roll nutrition value; its
quality does not increase, oppositely, decreases. In this, the
doughnut-shaped bread roll sourness is increased the norm

(3.5 grad).
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Pacuet cTabuAU3MPOBAHHOIO M30TEPMUYECKOTO TEYUEHUA KUAKOCTH
C NOCTOAHHbIMU (PM3UYECKUMM CBOWCTBAMM B KPYrNOW LMIMHAPUYECKOM TPyGe
Ha ocHoBe f-mogenu TypoyNeHTHOCTH

MakyHuH Anekceit BayecnaBoBuY, maructpanTt
CaHkT-MeTepbyprckuii rocyfapcTBEHHBbIN YHUBEPCUTET

Teopm/l TypOYJIEHTHOCTH HOCSIT TIOJIySMITMPUUECKHH XapaKTep, HUCMOJb3ysl JJIsi CBOEro MOCTPOEHHsT SKCIepUMeHTaIbHble
JlaHHble. DTH TEOPUHU JIJIsl pacueTa MPUCTEHHbIX TyPOYJEHTHbIX TeUeHUI MOXKHO YCJIOBHO Pa3ieuTh Ha JiBe rpyriibl. K nepBoii
rpyrine OTHOCSITCS ToJlysMIpuueckue Teopuu TypOysentHoctu [Ipannmis, Kapmana u npyrue, ycranapiuBaioliye ajare6pa-
MUeCcKHe CBSI3H MEXK/Iy KacaTeJbHbIMU HATPSKEHUSMU U FpalieHTaMK ocpeiHeHHbIX ckopoctel [1]. Ko BTopoit rpynmne oTHO-
CSITCSI YMC/IEHHbIE METO/Ibl HHTETPUPOBaHUs ypaBHeHUH PeliHoJbeca ¢ MOMOLIbIO pasMuHbIX Mojiesied TYpOyIeHTHOCTH, KOTOPHhIE,
10 CyLLECTBY, SIBJSIIOTCS YUCTO IMIMUPHUIECKUMHU. Ho uhc/ieHHble MEeTO/Ibl TO3BOJISIOT HCCIEI0BATh HEU3MEPUMO HOJIbIIIee YUCTIO
TypOyJIEHTHBIX TeUEHHH 10 CPABHEHUIO C MOJYIMIHPHUECKUMY TEOPHUSIMH, B OCHOBHOM 3a CUeT GOJIbIIEro yhceaa SMITUPHIECKHX
KOHCTaHT, HeOOXOJMMBIX JIJIs1 peasiu3alii YuCJeHHbIX pacueToB. Kpome Toro, ji/1st 3101 peasinsaiinu Heo6X0MMO 3aaBaTh MPH-
cTeHHble (DYHKIIUM, €CJIM pacueTHasi 06JIacTh pacrojiaraercst BOJIU3H CTEHKH.

Bynem paccmaTpuBath quddepeHInanbHylo GeHOMEHOJMOTHIECKYI0 MOJIE/b TeUEHHS BA3KOH HECKMMAEMOH KHUIKOCTH —
f-Monesnb [2], B onpeesieHHOM CMbIC/Ie aJIbTEPHATHBHYIO TEOPUM JJIMHBI TYTH NepeMellinBanus. B Hel cojepxkutest Ge3pas-
MepHasi cKaJjisipHasi BeJIMUMHA — HeKoTopasi BecoBast (pyHKIMS f, 3aK/toueHHast Ha IPOMEXKYTKE OT HYJIst JIO €IMHHMIIbI U ypaB-
HeHHe MepeHoca STOH BeIMUHHBI. DTa QPYHKIKS MPECTABIAET COO0H OTHOIIIEHHE TYPOYJIEHTHOM BA3KOCTH K CYMMapHOH, TaKxKe
BKJIIOUaIolIed B ceGst MOJIEKYJISIPHYIO BSI3KOCTb.

Cornacto f-monenu, TeHzop PeliHOBbACOBBIX HAMPSIZKEHUI HMEET BUJL;

Ir

f =

[Tpuuem

Te = Ty + T

rjae Te, Ty UL — CyMMapHoOe, BSIBKOCTHOE U Typ6leeHTHO€ KacaTeJibHble HallpsizKeHUs1 COOTBETCTBEHHO.

Kax dyuxuus ot nepemeluenus u kputepusi Peiinosbaca, Fi{ ¥, Be)) obnanaer caenytommmu csofictsamu: f —+ O nipu

Re = 0uf = lnpuRe = 0.
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B cJydae nmpocToro CABUroBoro TeYEeHUs:

i
T, = H T BSI3KOE HarpsiKeHue /s CABUroBbIX TeueHuit (HpioTon),

- frald
Ir = Hr

— TypOyJsieHTHOe HanpskeHue (Byccuneck),

e {4ty — TypOy/eHTHAs BA3KOCTb.

i
Torna f = ——— oTkyna TypOyJeHTHOE KacaTelbHoe HalpsKeHue
#7

i
Ff?'_le

U B pesyJbTaTe:

ioodu
5 =—t (1)
1L—fdy
st TpexmepHoro caydas (1) npunuMaet BUa:
2
=—ts (2)

1-f

T — TEH30p CyMMapHbix Hanpsbkenui, & = Vet + (Ve )" J— rensop ckopocreit nedopmarmii (0CpeHEHHbIX, eC/H

ka

MOTOK TypOyJIeHTEH ).
BbInosiHuM pacuer TedeHust XKUAKOCTH B KPYTJIOH LUJIHHIPHIECKOH TpyOe.
Corqacno f-monenu:

de i i
— =—Vp+ Av+—70 5§V (3)
dt At L LA
df ¥ (Vp X Vf)- (VX w)
P—:.M?f*‘ﬂﬂ?f'?f"‘ﬂ':l—f} (4)
dt 1—f J215: 520
B ypaBHenun nsikenus (3) u ypaBHenun (4) nepenoca 6espasmeproil pyukimn f, 0 = f = 1 pesnunubn:

w(f) =222800) o — a5 p=85

— ! BT
at+fi1=7) el [ ] — maotsoets; 1. [T1a] — naenenne; g [T1a - ¢]— mumammue-
1 P T e P
CKasl BSI3KOCTD; ¥, [j]— BEKTOP CKOPOCTH; & — TeHzop ckopoctel nedopmanii; £ = ilk'\T r— V&) 1 — rensop Bpa-
A w ekl
HIeHHST; — — oreparop MarepuabHON MPOU3BOJHON = e T AFC %1% — onepatop ['amunbrona (Ha6ua).
YpaBHeHHe HePa3PbIBHOCTH:

ap W 0 (5)

—_— + p L —

et

Cucrema (3), (4), (5) onucbiBaeT TeueHHe BA3KOH HECXKUMAEMOH KUAKOCTH HE3aBUCHMO OT peXKuMa TeueHus [ 3].
KpaeBbie yc/10BUS U1 STOM CHCTEMbl YpABHEHHMI — YCJIOBHUS MPUJIUIIAHUS U BA3KOTO HbIOTOHOBCKOTO TPEHHS HA TBEPIOH

rpanulie /"¢ HOPMAJILIO 71, @ TAK:Ke PABEHCTBO HYJII0 yHKIMM f Ha 9Tofi CTeHKe M yCJoBHe Ha NPOM3BOIHYIO MOJLJs CKOPO-

CTH 10 9TOH PYHKLUHU:

w? d
vlp=V, [28ml=—; fl;=0 |=—| =la+ v, (6)
W af
r
B ITUX Bblpa)KeHl/lﬂX ¥ — KUHeMaThyeckas BA3SKOCTD, FTE - CKOpOCTb TBepﬂOﬁ TpaHl/lLIbI; l:"* — JUHaMHnueckaga
[Ty
o
CKOpOCTb, CBsI3aHHasi C TPEHUEM Ha CTeHKe T, (li-‘* = |i)_.p— MJIOTHOCTb KUAKOCTH [4]. Cxema TeueHus
o

R
npejcrabseHa Ha puc. 1.
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[ Vi R 0 ~
( Il\"-,llljﬁr;l '_'I'II fir) \

| J — - |

d 'II .ll'- L | /
|'IIIIII lllll'l I_.-'II _.I] -
H

N ;l ’7/ lfl i

Puc. 1. Mopenb TeyeHMA B KPYraoi LUAUHAPUYECKON Tpy6e

Byziem peliath 3anauy B LHIMHAPHYECKOH CHCTEMe KOOPAHHAT | ¥, ¢, Z 1. [ljist CTaGM/IMBHPOBAHHOTO TeUeHHsI BEKTOP CKO-
pocTH B = [ ¥, ¥, ¥'o | MMEeT JINIIb OJIHY KOMIIOHEHTY — OCEBYIO ¥, KOTOPAs 3aBHCHT TOJILKO OT OJHOH KOOPAMHATHI —

paauanbHoil. O603HaunM ¥, Kak 1t = (¥ 1. Beanunna f Tak:Ke 3aBUCHT TOJLKO OT paiuasbHoOil KoopauHatel, f = fir].

YpaBHeHHe ABHKeHHS (3), mpeHe6perast MacCOBOH CHJIOH, MTPUHUMAET BUJL

J 1d du
~ P (=0
dz rdril —Ff dr
= dp
Jlnst crabunusupoBaHHoro Tevenust ¢ — plzl, Ey eyl | TOrIa MOXKHO MEPEHTH K OOBIKHOBEHHBIM MTPOU3-
BOJIHBIM:
d 1d dut
SR .
dz  rdril—f dr
(7)
Ypasnenue nepenoca Gynkiuu f npunuMaet BujL;
1d ¢ dfy () fdfy T
——(r—)+p:—(—) _(1—pdzdr _ g
rdr\ dr 1 —fdr du
dr (8)
YpaBHeHHe HePa3pPbIBHOCTH (5) TOMIECTBEHHO YIOBJIETBOPSIETCS:

o=0

Wrak, B urore nosyuuan cucremy (7), (8) U3 a1ByX 0ObIKHOBEHHBIX U depeHIHaibHbIX YPaBHEHUI BTOPOTO nopsiika. Mx
rpaHUYHBIMU YCJIOBUSIMU GY/IyT:

Bsenem cienytoline 6e3pa3MepHble lepeMeHHble:

— 0e3pa3MepHyI0 paMasibHyI0 KOOPAMHATY, OTCUHTBIBAEMYIO OT CTEHKH TPYObI:

¥
=1——; dr=—-Rd
n 7 ??.
Ha crenke, npu ¥ = K geanunna 37 = U awaocu, npu ¥ = O 77 = 1Tem cambim, & = 77 2 1,

— 0e3pa3MepHyI0 CKOPOCTh!

HJIN
dp 2
- = — FH
dz R

[Tocne BBE€ICHUsI 5TUX TTEPEMEHHBIX YPABHEHHS CUCTEMbI TPUHUMAIOT BHU/L

e 1—?}::31::')
—|——=—]=—ZRe,(1—
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de 1 d d d df’ d
_—_((1_71 _f)+_@(_f) +2RE*[1_}£‘)_}C:D (10)
dny 1 —ndny dn/ dnl—fidg et
3necy fie, :l"l'.h', V' — KuHeMaTHYecKasl BSI3KOCTb. BespasmepHblil Kommieke I'€, cpasan ¢ uuciom Peitnosbaca
feo 1t
H_ 2R w R 2u
Re=-—% =-*'._F= 2Re, v,

v v |1

rae ¥, — GespagmepHas CPeJiHsisi CKOPOCTD M0 CEYeHHI0 TPYOH,

1
Vo = EJ. (1 —nlvdn
0

['pannunbie yeaosus st 3anau (9), (10) nocsie BBeIeHUsSt HOBBIX MT€PEMEHHbBIX TPUHUMAIOT BUJL

ae df  Re,
Tjr:[:l: v =0, EZRE“ f:D E:fx-i-ﬁj

dw df Re, (1)
(e A Ty

. -1
Hirke npejictaBenbl pesy/ibTaThl YUCAEHHBIX PACYETOB JI/Isi PasiuuHbIX ynces Pefinosbaca B uanazone or LU (namu-

. 1+
HapHBIH pexkuM Tedenus) 10 117 (passutoe TypOyJsentHoe Teuenue). Ha rpadukax (puc.2—5) nzoGparkeHnl npouan cko-
pocTeil U Mepbl TypOYyJIEHTHOCTH JUIsi COOTBETCTBYIOLINX Ynces PefiHosb/ca.

1 T v 1

= N =
L1 o8
ok osh
a7 o7
LT3 o8l
lI ||
1 |
a5 | 05 |
| |
| 84 {
LY 3 |
!,.' !
23 03 ‘
ot ozt
1 1
' __.r""'!-) f '
o i H A il .
o 1 2 3 4 1 (1 o 0z a3 o4

Puc. 2. [, — 1ot

1 =

A e —r— '
=4 | =T1]
=% -] 3 & ] 1
[-F 14 (113 4
k4 4 ot \l 4
(=L 1 na | 1
113 os ’ 1
- | A ..
f |
|
a3 { a3 J 4
|
adr o2 / 1
@ o /
Q""" e : :
[ B i1+ L1 o (5] o4 =1 ] aa 1

Puc. 3. 2, = 101
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1 T 1 T
| W m—

o o9 ‘
(=71 oa <
T oz
L os
ase os
o 04
ax / o3
azr / L .
alp / o

a —_a - o "")

o & [ T T 9 B2z o4 05 o8 1

et as)
caf u?
[ s/
(=13 ﬂﬁ'j
a3

-+ 3 oz

: _h“‘iii [ - =
|
f

/

Il _/ "
a8 i = J n‘ i i i -

o W = 3 L] oz e o (1] 1

Puc.5. Re, = 10*

YpaBHenue (9) M03BoJISET MOJYUUTH CJASIYIOUIME ePBbIH HHTETpaJl
dv
— =FRe,(1— 1—
5 = Fe(l=m)(1-1) )
a(10)cyuerom (12):
2

n cf
Re |n——)|=———pin(1— 13
[Toncrasass B (12) npopuddepenippoBantoe 1o #f (13) v uHTErpUpysi MoJiydeHHOe COOTHOLIEHHE, TTOJydlM COOTHOILIIEe-

HUe /151 TIPOUIIST CKOPOCTH:
v=Fff —ainll—f), (14)
II.}'[H Bepl/l(bI/IKaL[I/II/I YUCJCHHOI0 pelIeHUs1 CHUCTEMbl, €ro Halao CpPaBHUTb C pelIeHHueM, IMOJYyYEHHBIM I10 (bopmyﬂaM
(13)-(14)[5, 6]. Ilns sToro cHayana sanaetcs yucao Peitnonbaca K€, | BbluMCICHHOE 110 IMHAMUYECKOKH CKOPOCTH, 3aTeM JJIst
KayKJI0ro 3Hauenusi 1 no dopmyae (13) Haxoaates mpoduiu ckopocTell B 1, a TakKe ONpeAesioTcsi COOTBETCTBYIOIME

3Hauenust pynkuuu § . Jlanee Bplaucasercs &

g

—
Yep

o 1 K2 Kpome toro, Haxoautest KoshhHIHEHT CONPOTHBICHHS:

f:
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) 1
PesysibTaThl pacueta Kos(dHIMEHTa COMPOTHBIIEHHS VISl Pa3HuHbIX unces Peiinosbica na mpomexytke or 107 go 105

npeJicTaBjaeHbl Ha rpaduke (puc.6):

Lg(" 000 Xi)
L
T

A1 ] i 1 L 1 . l L
0% 1 15 2 2h 3 & 4 445 L
Lot He)

Puc. 6. KoadpcpuumueHT conpotusneHuns ana pasnumudbix Re

CpaBHeHHe YHCJIEHHOTo pe3yJibTaTa C pe3ysbTaToM, MOJYyYeHHBIM T. H. OJyaHAJUTHUECKUM METOIOM 10 (opmyJam
(13)-(14) u paccmaTpuBaeMbIM B KauecTBe JOCTOBEPHOrO MOKA3bIBAET, YTO OTKJIOHEHHS] HE MPEBBILIAIOT JOMYyCTUMOH T0-
IPELIHOCTH.

Ha ocnoBe f-Mopes OblIM UMCTEHHO TOJYYeHbl 3HAUEHHUST TPOMHUIIEH CKOPOCTeH W BEJMUHH Mep TypOyJeHTHOCTH MpH
pasHbIX 3HAUYEHUSIX Yncaa PefiHonbaca. Bepudukaiims noyueHHbIX 3HaUEHHH TTO3BOMISIET TOBOPHTH O LIMPOKOH MPUMEHHMO-
cTH f-Monenn st pelieHnst 3a1a4 JAHHOTO THIA.
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