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XUMHWYIECKHUE HAVKH | CHEMICAL SCIENCES

UDC 627.257:621.3.035.221.727:621.315.617.1

QUANTUM CHEMICAL MODELING OF ADSORPTION OF THIOUREA
DERIVATIVES, THAT USED AS INHIBITORS OF MICROBIOLOGICAL CORROSION
ON THE IRON OF ST3S GRADE OF STEEL

MPOJYKTHI KOHAEHCAIIMA TUOMOYEBHUHBI U SHTAPHOM U KPUOTOHOBOI?'I
KHNCJOT (YPEU/bI) KAK HHIT'UBUTOPBI MUKPOBUOJIOT'MYECKOU KOPPO3UUN
CTAJIM: MOJEJIUPOBAHHUE AJCOPBIIUA

©Sikachina A.

SPIN-code: 8133-3363, ORCID: 0000-0002-0695-1750
Immanuel Kant Baltic Federal University

Kaliningrad, Russia, sikachina@list.ru

OCuxauuna A. A.

SPIN-k00: 8133-3363, ORCID: 0000-0002-0695-1750
banmuitickuii pedepanvruiil ynueepcumem um. M. Kanma
2. Kanununepao, Poccus, sikachina@list.ru

Abstract. In the published work, the process of adsorption of organic derivatives of thiourea
and dicarboxylic acids (thiourea class) modeled with semi-empirical ZINDO /1, oniron (97% in steel
St3, Poland) is presented. The structures of “thiourea” for the study were chosen so that the sequential
complication of the molecular structure could be traced. Such an approach, as will be shown below,
reflects with high accuracy the process of protection against corrosion with bacterial content by
chemisorption of an organic compound on the metal surface with the formation of a complex
compound. In the course of the study, the following compositions were obtained and analyzed: the
compositions of the complexes obtained, global and local electro—filter values, a graph showing the
dependence of the local electrophilicity of an arbitrary heteroatom taken by the author. The graph
shows the equations of the obtained lines.

Annomayus. B myOnukyeMoill pa0oTe TMpeacTaBiIeH CMOJCTUPOBAHHBIM TOCPEICTBOM
nonysmnupudeckoro ZINDO/1 npouecc aacopObumn opraHMYeCKUX MPOU3BOAHBIX THOMOUYEBUHBI U
JIUKapOOHOBBIX KUCIIOT (KiTacca ypeu1oB), Ha xese3e (umerorierocs B cranu Ct3 B konmudecte 97%).
CTpyKTypsl ypeuaoB [uil MCCIEIOBaHUS OBUIM BBIOpAaHBl TakK, YTOOBI MPOCIEKHUBAIOCH
MOCJIEIOBATEIIFHOE YCIIOKHEHNE MOJEKYJSIPHOW CTPYKTYphl. Takoil moaxoj, Kak OyJeT MoKa3aHo
Janee, ¢ BBICOKOM TOYHOCTBIO OTpa)kaeT MpPOLECcC 3allUThl OT KOPPO3MM € OaKTepHalbHBIM
KOHTEHTOM IIyTeM XEMOCOpPOIMH OPraHMYeCKOrO COCIUHEHHS Ha TOBEPXHOCTH MeTalia C
o0pa3oBaHMEM KOMIUIEKCHOTO COeJuHeHHs. B mporecce uccienoBaHus ObUTM TONXYyY€HBl U
MIPOAHATM3UPOBAHBI: COCTABBI IMOJYYEHHBIX KOMIUIEKCOB, TJOOAIBHBIX M JIOKATBHBIX BEIWYHH
ANIEKTPO(UIBHOCTH, Tpaduk, OTOOpaKAIOUIMA 3aBUCUMOCTh JIOKAIBHOM 3IEKTPO(UIBHOCTH
MIPOU3BOJIFHO B3STOTO aBTOpOM rerepoatoma. Ha rpaduke moka3zaHbl ypaBHEHHS IOJyYEHHBIX
HPSMBIX.

Keywords: thiourea derivatives, ureids, corrosion rate, sulfate—reducing bacteria, hydrogen
sulfide corrosion, chemical adsorption, St3 steel, iron, partial effective charges, global electrophilicity
of the molecule, complex substances.
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Kniouesvie cnosa: ypeuapl, OpraHn4eckue MPOU3BOJIHBIC AUKAPOOHOBBIX KHCJIOT, CKOPOCTh
KOppO3uH, cyab(arpeayupyromue 6akTepuu, CepoBOJOPOIHA KOPPO3HSL, XUMUYECKast aicopOIHs,
cranb C13, xene3o, mapuuaibHble 3((EKTUBHBIC 3apsbl, TI00aNbHAS SICKTPOPHIBLHOCTD
MOJIEKYJIbI, KOMIUIEKCHBIC COCMHEHHUSL.

The economic and environmental damage from corrosion in industry is associated with high
metal intensity of equipment and the presence of highly aggressive media [1-4]. An effective method
of protection in such environments is the use of corrosion inhibitors [5-6], the synthesis of new forms
of which is continuously expanding, [7], as the requirements of industrial companies are tightened to
high efficiency at low concentrations (100 ... 200 mg / L). This research is a contribution to the
development of the search for organic compounds that can act as corrosion inhibitors, which is
currently being conducted not so much through screening, but also by involving more and more
aspects of the numerical experiment, the most recent of which is the quantum chemical modeling of
the adsorption of an organic compound on a metal [7-11]. The author attempts to achieve this by
searching for a relationship between the protective effect of corrosion and the values of the quantum
chemical descriptors of adsorption complexes resulting from the donor-acceptor interaction of the
organic compound with iron atoms, which provides a predictive basis for preliminary studies of the
organic compound as a corrosion inhibitor.

A large amount of data on the inhibition of corrosion with the help of the derivatives of thiourea
(U Y) is not present. In a number of works it is proposed to use thiourea and its derivatives as
inhibitors of acid and hydrogen sulfide corrosion of steel [12—13]. In aqueous media, thiourea at a
concentration of 0.03 ... 5.0 mmol / L slows down the cathodic reaction (at lower thiourea
concentrations) and anode (at higher thiourea concentrations) on carbon steel. However, it was shown
in [14] that the introduction of thiourea into acidic chloride media can cause an increase in the flux
of hydrogen diffusion into carbon steel, which can lead to hydrogen brittleness of the metal.

Effective corrosion inhibitors added to gasolines and distillate fuels are mixed salts of
carboxylic acids. Corrosion slows the formation of rust by adding an oil-soluble inhibitor, the lithium
salt of alkyl- or alkenylsuccinic acid, to lubricating oils. As magnesium-soluble inhibitors,
magnesium salts of organic acids have also been studied [15].

Methods
A variety of microbiological corrosion system
In the article investigated the heterogeneous thermodynamic system of closed type
“St3S/breeding ground of Postgate “B” class + Desulfovibrio desulfuricans cells”. Samples of steel
were parameters 20x50x1 mm. Samples of steel were taken from one batch, which guaranteed them
the same chemical composition [16].

Using organic inhibitors and their method of application in the corrosion system

3 representatives of the “thiourea” class were selected. 3 representatives act as inhibitors of
hydrogen sulfide corrosion, added at a concentration of 1, 2, 10 mmol / L contained in a closed system
(this is a tube with a volume of 0.9 L) Liquid sterile de-oxygenated medium Postgate “B” (Table 1).

The protective effect against corrosion

The protective effect against microbiological corrosion (Z%) was published in [17-18],
calculated by gravimetric method, mentioned in many works, including [19-22], therefore the
inhibitory effect of these compounds has been proven. According to [22], the above structure was a
structural series of molecules.
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Table 1.
THE STRUCTURES OF THE MOLECULES OF THE INVESTIGATED INHIBITORS AND THE
NUMBERING OF THE ASSUMED ADSORPTION CENTERS

_— Structural formulas with numbered (according
Abprev_nqﬂon of to the author, not according to IUPAC) assumed Preferrec_j IL.JP.AC Mole_cular
inhibitor adsorption centers name of inhibitor weight
=1
2-sulfanylidene-
M 230
Ul HN M H 19,4,
tetrahydro-1H- 157.1
5 :1_': % 1,3-diazepine-4,7-
— dione
] [
=
U2 . )J\ e 2-sulfanylidene-
1,3-diazepane- 236.3
- :1—': D4 4,7-dione
E &
11 *
HyC o/ 4-(acetyloxy)-3-
X ol = [(4,7-dioxo-
/ ' 4,5,6,7-
U3 72 N ® | tetrahydro-1H- 213.2
y c“ _ ’ Q; . 1,3-diazepin-2-
" e 1 £ | ylsulfanyl]phenyl
o’ 9% 0 . acetate
10

The technology of quantum chemical calculations
The quantum chemical experiment was carried out with HyperChem 8.0.7, using the built-in
visualization tools.

The scientific novelty of the study is the application of a more informative approximation of
the donor—acceptor interaction of the U Y with iron atoms aFe® + U Y = Fea « [U Y] (the support
and the base were the Lewis representations, from which it follows that the U Y is the Lewis base,
and the iron atom is Lewis acid). The calculation was performed using HyperChem 8.0.7. Software,
empirically, the limit was set by the number of iron atoms: number a, when out of (a + b) given by
HyperChem-user iron atoms carrying zero charge number b. The plane of neutral iron atoms specified
by HyperChem-user was 1.2 A (angstroms) away from the U Y plane with the expectation that the
program produced fewer iterations, which provides the necessary accuracy. Then it was assumed that
the U Y donor possibilities are exhausted. Equation electrophilic aFe® + U Y = [U Y]—Fea reaction,
where iron atoms are acceptors, which are charged negatively. Finding the values of quantum
chemical descriptors held level theory MM+, OPLS / PM3 / ZINDO / 1 [14, 16, 23]. OPLS most
accurately reflects non-covalent interactions, while the two-dimensional structure given by the
researcher, consisting of a molecule of the inhibitor and iron atoms lying in one plane, turns into a
three-dimensional one. Mesomeric effect was taken into account, which is manifested in different
parts of the investigated U Y. In the following controlled descriptors of electronic structure: charges
on heteroatoms (by Mulliken) will be calculated as Xq, i. e. charges on the same arrangement of atoms
will be summarized as a result of a high degree of symmetry of the test running, the energy frontier
orbitals, the resulting composition [U Y] — Fe,, where the U Y acts as a ligand. Based on these
characteristics will be calculated from the data file. out: the charge density on the iron (1 atom of Fe),
global and local electrophilicity, consider the complex structure. Along the length of “Fe-heteroatom”
bond taken into account within the 2.50 A.
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Software was computed: charges on heteroatoms through the analysis of Mulliken populations,
the energy of boundary orbitals (the author did not set the goal of mapping and reviewing software—
calculated content). Of these, global and local electrophilicity values of both “thiourea” and thiourea
complexes based on “thiourea” (», &) were derived. Local electrophilicity, calculated due to the
symmetry of compounds, with preliminary summation of charges on symmetrically located
heteroatoms, but also you will see the values of local electrophilicities in terms of 1 heteroatom, on
the basis of which comparisons will be made (Figure 1-3).

Results and discussion
Properties of the general molecular structure

The simplest formulas for “thiourea” and obtained ironcomplexes, and shortened encodings and
global electrophilicity too are shown in Table 2.

Table 2.
DESCRIPTORS OF AN INTEGRAL MOLECULE
Code of Formulas Global Code of Formulas Global
inhibitor of ironcomplexes electro- inhibitor of inhibitor | electrophilicity
ironcomplexes philicity
Fea <—[U 1] Feg«—CsH40O,-N,S 3.450 Ul CsH40O,-N2S 1.863
Fea < [U2] Fes «—CsHsO2N2S 1.959 U2 C4HsO02N,S 1.767
Fea <—[U3] Fe1s «C14H1406N2S 1.857 U3 C14H1406N>S 1.972

The donor properties of heteroatoms are reflected by the global and local electrophilicity values.
From the presented Figures, it is obvious that the magnitude of the global electrophilicity (o) of the
U Y under consideration falls in the series U3-U1-U2. There is a drop in the number of electrons
that can be attached to the metal surface, the number of multiple bonds decreases, which explains
why the number of adsorbed iron atoms decreases with decreasing number of conjugated bonds. ®
decreases in the series U1-U2-U3.

The protective effect, manifested by iron complexes of “thiourea”, decreases in the series Fe14
«— [U3], Feg « [U2], Feg < [U1]. On the one hand, the high protective effect of Feis < [U3] is due
to the large number of iron atoms reacted with the large molecule U3. On the other hand, in the series
of iron complexes Fe1s < [U3], Feg < [U2], Feg«— [U1], the Fukui function (FF) falls, characterizing
the change in global electrophilicity (this is usFF, = 1.587, u2FF, = 0.192, uiFF, = —0.115,
respectively). This illustrates the strength of donor—acceptor “Fe-heteroatom ”, since the largest value
of FF, shows the highest strength of donor—acceptor bonds.

Values of local electrophilicity of heteroatoms of molecular structure

The adsorption process directly depends on the local electrophilicity. The Figures 1-3 reflects
the local electrophilicity values due to the total charges on the symmetrically arranged atoms of the
thiourea fragment (XuAqe) and the hydroquinone fragment (£HAQe), where E is any heteroatom.

The change in the magnitude of local electrophilicity during complexation (angles with the abscissa
axis)

It is obvious from the Figures 1-3 that the more the values of the local electrophilicity of
different heteroatoms differ from each other (in the iron complex or in the initial substance) and the
smaller the change in these values during the chemisorption, the larger is the Z% value.
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Figure 1. Values of local electrophilicity of heteroatoms in CsH4O2N2S (from the left side)
and in Feg < C4H402N,S (from the right side) and its changes in the chemisorption process
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Figure 2. Values of local electrophilicity of heteroatoms in C4HsO2N2S (from the left side)
and in Feg « C4HsO2N2S (from the right side) and its changes in the chemisorption process
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Figure 3. Values of local electrophilicity of heteroatoms in C14H1406N2S (from the left side)
and in Feis < C14H1406N2S (from the right side) and its changes in the chemisorption process
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Values of local electrophilicity

Two phenomena contribute to the value of the index of local electrophilicity (Figures 1-3): the
thiourea structure and the depth of the electron density transition along the “Fe-heteroatom” bonds,
which is determined by the value of the Fukui function, which all the more strongly the thiourea
heteroatom performs a donor activity on a specific iron atom, increasing the charge on the heteroatom.
Thus, in U1, the distribution of local electrophilicity values is ®uAqs — ®wuAqo — ®UAQN.

The volume of sulfur can take electrons from the metal thickness, promoting its ionization
(short Fe-S bonds), so the maximum protective effect at the highest concentration does not exceed
43%.

Therefore, the main adsorption centers are oxygen and nitrogen atoms. This can be explained
by the presence of mesomeric effect in the whole chain (by the benzene principle), and a large electron
density flows from the whole molecule to oxygen atoms. Further, from the oxygen atoms of the
ketogroups, the electron density is doped to the metal (the value of FF is the highest, therefore,
©ZuAdo is high).

In the structurally similar to U2 (and also in U3 including the substituent bonded through the
sulfur bridge) the following: @uAgqn — @uAgo — ®uAgs. The electrophilicity of sulfur is lowered,
and the protective effect reaches 54%. In U2, unlike U1, sC-¢C bond is single, and the mesomeric
effect can manifest only on a part of the molecule. Then the critical value in the process of
chemisorption has a nitrogen atom as less electronegative, therefore the highest value of ®uAgn is
high, since the value of the Fukui function is large in connection with the strong donation of the
electron density to the iron atom. In U3, the decrease in the magnitude of the local electrophilicity of
the sulfur atom is expressed most sharply: the sulfur atom donates its electron density and facilitates
the outflow of the latter from the thiourea fragment to the hydroquinone fragment. The same applies
to the atoms 7O and sO. The values of the local electrophilicity indices are extremely low (ouAqQs =
—0.574 and wZnAgo = 0.305) — their participation in the aFe® + U Y = Fea < [U Y] reaction is
indirect through the mutual influence of atoms in the molecule.

There is also a tendency towards enolization, while a less electronegative nitrogen atom better
densifies the electron density on the metal orbital, and on the oxygen atom there can be some positive
charge that contributes to the electro—sorption on the metal. This inclination is higher on U2 than on
Ul

Analyzing the values of local electrophilicity, in the molecule U3, most likely, the electron
density flows from the substituent (hydroquinone fragment) to the main chain (thiourea), since the
calculated mXZHAqo is strongly reduced. This can be the result of two simultaneous reactions: the first
is aFe® + U Y = Fea < [U Y], and the second is the non-covalent interaction of the substituent with
the iron atoms.
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Figure 4. Graphical dependence of the type “XuAqe — Z%” and the corresponding equations of the
computer-generated trend lines

Graphic dependence of the protective effect against corrosion on the heteroatom parameter

The relationship between the local electrophilicity of the sulfur atom (wuAgs or shorter than ®
(S)) and Z% is as follows

If the graphical dependence were parallel, it would mean that there is no chemisorption
component in the effect of inhibiting microbiological corrosion.

According to Figure 4 (with linear trend lines generated by the computer, with the applied
equations of such), the protective effect of corrosion grows the more, the lower wuAgs. This
phenomenon manifests itself starting with Z% = 20 at the lowest taken concentration and ending at
Z% = 31, etc. Electrophilicity, while this should decrease (which proves the participation of this atom
in the process of chemisorption). The smaller the concentration of the inhibitor, the stronger the local
electrophilicity of the sulfur atom will decrease, which is the key to manifesting a high protective
effect. In case of occurrence of Z% = 31%, 41%, 51% wuAQgs is a zero value. This obviously occurs
because the sulfur atom is practically not involved in connection with iron atoms at the indicated Z%
values. After Z% = 31%, 41%, 51%, the further increment of Z% can be only when the nucleophilicity
of the sulfur atom increases, i. e. the decisive role in the mission of inhibitor protection begins to have
electrosorption.

The structures of adsorption complexes, on which the inhibitory properties depend

The structure of the donor and acceptor complexes (by the example of donor and acceptor
bonds) is shown in Tables 3-5.
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Table 3.

LENGTHS OF DONOR AND ACCEPTOR BONDS IN FEg«—C4H402N2S

The charge of a particular iron Name of bonds with guantum chemically calculated length

atom heteroatom relationships, A
B Fe-;0 2.43
0.350 Fe-iN 2.31
—0.235 Fe-:0 2.14
B Fe-sC 2.49
0.235 Fe-¢C 2.41
—0.364 Fe-,0 2.38
B Fe-1N 2.25
0.517 Fe-N 2.39
-0.271 Fe-,0 2.34
B Fe-,0 2.38
0.364 Fe-N 2.45
Fe-S 2.50
~0.334 Fe-:N 2.50
—-0.154 Fe-S 2.50

Table 4.

LENGTHS OF DONOR AND ACCEPTOR BONDS IN FEg «C4HsO2N2S

. . Name of bonds with guantum chemically calculated
The charge of a particular iron atom heteroatom length relationships, A

Fe-S 2.50

—0.427 Fe-i1N 2.47
Fe-;:0 2.38

—0.244 Fe-:N 2.50
—0.234 Fe-:0 2.20
_ Fe-sC 2.40
0.258 Fe-sC 2.42
_ Fe-oN 2.34
0.465 Fe-s0 2.38
—0.319 Fe-40 2.16
Fe-2N 2.50

—0.469 Fe-1N 2.25
Fe-sC 2.40

_ Fe-2N 2.40
0.390 Fe-S 2.48
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Table 5.
LENGTHS OF DONOR AND ACCEPTOR BONDS IN FE14 «C14H1406N2S
The charde of a particular iron atom Name of bonds with guantum chemically calculated
g P heteroatom length relationships, A
_ Fe-4,0 2.17
0.347 Fe-2N 2.29
_ Fe-oN 241
0.495 Fe-sC 241
_ Fe-¢C 2.50
0.436 Fe-,0 2.15
Fe-:0 2.28
—0.393 Fe-sC 241
Fe-sC 2.50
—0.359 Fe-:0 2.29
_ Fe-2N 2.39
0.594 Fe-100 2.36
Fe-100 2.45
—0.534 Fe-:0 2.50
Fe-iN 2.47
_ Fe-100 2.50
0.282 Fe-12CHs 2.46
_ Fe-1,CH3 2.46
0.416 Fe-s0 2.26
—0.691 Fe-11CHs 2.45
_ Fe--O 2.26
0.451 Fe-11.CHs 2.42
_ Fe-sC 2.50
0.436 Fe-,0 2.15
—0.504 Fe-0 2.21
—0.651 Fe-A 2.25
—0.691 Fe-A 2.46

In the structure of Feg < C4H402N>S it is obvious that the iron atom has a coordination number
in the range | ... Il (Table 3). The coordination numbers seem to correlate with charges: when the
charge on an iron atom is greater than —0.334, there are the highest coordination numbers. The bonds
of the iron atom with the amide-fragment, formed with both gO and (N are the shortest. Dentativity
for oxygen atoms of keto groups is V. Dentativity for nitrogen atom is V, for sulfur atom and carbon
is 1. Therefore, the main adsorption center is a nitrogen atom and an oxygen atom of keto groups.

In the structure of Feg < C4HgO2N>S it is obvious that the iron atom has a coordination number
intherange I ... Il (Table 4). The coordination numbers seem to correlate with charges: when charged
on an iron atom greater than —0.469, there are the highest coordination numbers. The bonds of iron
atoms with oxygen of the keto groups of the thiourea ring are the shortest (2.16 ... 2.20 A). Dentativity
in oxygen atoms of keto groups is V. Dentativity at the nitrogen atom is equal to VI, for the atom of
sulfur is 11 and for the atom of carbon is I1l. Therefore, the main adsorption center is a nitrogen atom.

In the structure of Feis < Ci14H1406N>S it is obvious that the iron atom has a coordination
number inthe range I ... I11 (Table 5). The coordination numbers seem to correlate with charges: when
charged with an iron atom larger than —0.416, there are the highest coordination numbers. The bonds
of the iron atoms with the oxygen of the keto groups of the thiourea ring (2.15 ... 2.29 A) and oxygen
atoms of the acetyl fragment (2.21 ... 2.26 A) are the shortest. The dentativity in oxygen atoms of the
keto groups of the thiourea ring is equal to V, for oxygen atoms of the keto groups of acetyl are 1V,
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for phenolic oxygen atoms is Il (due to the electron density donation to the benzene ring, therefore,
the carbon atom of the benzene ring (7ors O—C bond) has value of dentation V). The dentativity with
respect to the nitrogen atom is IV. The dentativity by methyl groups is 1V, the dentativity by sC and
6C is V. The electron density of the sulfur atom, unlike that of sulfur atoms U1 and U2, is extremely
strongly delocalized on [(4,7-diox0-4,5,6,7-tetrahydro-1H-1,3-diazepin-2-yl) sulfanyl] and
4-(acetyloxy)-3- ... phenyl rings, so this atom does not directly participate in the formation of Fe-S
bonds. The presence of a large number of adsorption centers causes a very high Z%.

Atoms sC and 6C in the U1 ... U3 have dentativity Il ... V (the highest is in U2 and U3, where
the bond is sC—C), since the hydrogen atoms at them have acidic properties (the effect of carboxyl
groups, together with the electronegativity of the nitrogen atoms in the thiourea molecule, which are
condensation products of thiourea and succinic acid (U2 and U3)) and, under the action of bases, are
capable of producing an anionic center. The basic (that is nucleophilic agent) from the “Postgate B +
sulfatereduction bacteria environment” system will be able to eliminate the H-atoms.

Conclusion

Application of article approach, such as lack of hydration molecules, the use of pure iron atoms
cluster instead of steel, neglect of participation in the adsorption of molecular hydrogen sulphide and
its ions, semi-empirical methods of calculation sand modeling obviously do not impose the print on
the accuracy and predictive ability of the author improved cluster modeling theory. This enhancement
allows you to get more information about protection of inhibitors of metal than the traditional and
generally accepted theory. Including the correlation method used in [17] and earlier (with respect to
sulfonamides) in [18].

The improved method of quantum chemical modeling provides a much more comprehensive
set of data that can serve as an effective tool for forecasting. Because ironcomplexes is not seen as
superficial, and as an independent organic compound (or rather, the adduct) with well-defined
chemical composition, is similar to n—complexes may be calculated as the actual value of the
electronic tags last structure and function of Fukui. This represents a great promise, because currently
the selection of microbial corrosion inhibitors increasingly performed quantum-chemical methods of
prediction [24], not a screening method [25-26].

Perhaps from such data (most likely from the graphical dependencies of the protective effect
against corrosion or the rate of corrosion), in the near future a detailed card file will be created that
covers all classes of organic compounds, which will leave a trial and error method in the past, because
in the synthesis of a new inhibitor, the corrosion inhibitory action changes (often for the better) with
a very slight “structural adjustment” of the molecule of the already known inhibitor.

There is no doubt that a significant role in shaping improvements quantum chemical modeling
belongs to the tremendous development of the power of new versions of quantum chemical programs,
as well as the full development of visual imaging software. As soon as supercomputers are
increasingly becoming an essential attribute of any area of the economy, all of the above approach
will be less needed along with an increase in the level of quantum—chemical theory.
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Aunnomayus. B pabore wuccienyercs 3aBHCUMOCT MOP(OTCHHOW M pereHepanmoHHON
aKTUBHOCTH JIMCTOBBIX 3KcIulaHToB Betula pubescens ot cnocoba ux opueHTannu Ha MUTATEIBHOI
Cpelie U OT HaJIu4us TUAHA3ypOHa B CpeEJiE.

Memoowl uccredosanus: KyabTypa KIETOK IN VItro, cTaTUCTHYECKU aHAIN3.

[TonyuyeHnHble pe3ynbTaThl Ha Oepe3e mymucToil (kioH 3¢d1) cBUAETENBCTBYIOT O BBICOKOM
pereHepaliiOHHON aKTHUBHOCTH H3y4eHHOro reHorumna. OTMmeueHa BbICOKas MoOeroodpasyroras
CIOCOOHOCTh TUaMazypoHa B koHIeHTpamuu 0,1-0,5 mr/n. [TokazaHo, 4TO OpHEHTAIMs JTUCTOBOM
IUTACTUHKHM Ha Cpelieé MOKeT OKa3blBaTh 3HAUMUTEJIbHOE BIIMSHHE HA YUCIO aJBEHTHBHBIX MOYEK U
100€eroB Ha JIMUCTE, M YACTOTY PEreHepaliy B 3aBUCUMOCTH OT KOHIIEHTpAllUu THIMa3ypoHa.

KopueoOpaszoBanue ormeuanu y 100% 5KcmiaHTOB, KyJbTHBHPOBAHHBIX Ha cpezne 0e3
TOPMOHOB, IIPU MTOMEIIIEHUH JIMCTa aJaKCUIIbHON TOBEPXHOCTHIO Ha cpeny. [IponeHT pu3orenesa Ha
JIMCTOBBIX AKCIUIAHTAX, KyJIbTUBUPOBAHHBIX Ha Cpeax, COAepkKaluX THIHAa3ypOH, BapbUpPOBal OT
17 no 57. Ha nucteax HacuuThiBamuM OT 1 10 7 KopHeW pasHoM JuMHBL JuddepeHunanus
a/IBEHTUBHBIX TOYEK U MOOEroB M3 KaJUTyCHOW TKaHM, 0Opa3oBaBIIEiics MO BCcel MOBEPXHOCTH
9KCIUJIAHTA, U Pa3BUTHE MHAYLHUPOBAHHBIX B IIEPBOM Macca)ke aIBEHTUBHBIX [TOYEK MPOUCXOIUIIO Y
76,7-100% 5KCIUIaHTOB MOYTH BO BCEX OMNBITHBIX BapuaHTax. BelsiBIeHa TeHIeHIM: O0IbIIast YacTh
a/IBEHTUBHBIX IOYEK U IMOOEroB oOpa3zyeTcsi Ha TOM CTOPOHE JHMCTOBOM IJIACTMHKH, KOTOpas
coIpuKacaeTcs co cpeioil. Hucno alBEHTUBHBIX IOYEK U MOOEroB Ha 3KCIIIaHTe Kojedanoch ot 1 110
50, B 3aBUCMMOCTH OT KOHIIEHTPALIMU THANUA3yPOHA B IEPBOM MACCAKE.

Abstract. In the work, the dependence of the morphogenic and regenerative activity of leaf
explants of Betula pubescens on their way of orientation on the nutrient medium and on the presence
of thidiazuron in the medium is studied.

Methods: cell culture in vitro; statistical analysis.
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The results obtained on the Betula pubescens (clone 3f1) indicate a high regenerative activity
of the studied genotype. High growth-producing ability of thidiazuron in a concentration of 0,1-0,5
mg/l was noticed. It is shown that the orientation of the leaf blade on the medium can have a
significant effect on the number of adventitious buds and shoots on the leaf and the frequency of
regeneration, depending on the concentration of thidiazuron.

Root formation was noticed in the 100% of explants cultured on a medium without hormones,
when the leaf was adaxially placed on the medium. The percentage of rhizogenesis on leaf explants
cultivated on media containing thidiazuron ranged from 17 to 57. There were from 1 to 7 roots of
different length on the leaves. Differentiation of adventitious buds and shoots from callus tissue
formed over the entire surface of the explant, and the development of adventitious kKidneys induced
in the first passage occurred in 76,7-100 % of explants in almost all experimental variants. A tendency
has been revealed: most of the adventitious buds and shoots are formed on the side of the leaf blade
that contacts the medium. The number of adventitious buds and shoots on the explants ranged from
1 to 50, depending on the concentration of thidiazuron in the first passage.

Kniouesvie cnosa: mopdorenes in Vitro, perenepaiioHHas aKTHBHOCTb, KyJIbTypa in Vitro,
JIMCTOBBIE SKCIUIAHTHI, TUAHA3YPOH, Oepe3a MyIInucTas.

Keywords: morphogenesis in vitro, regenerative activity, culture in vitro, leaf explants,
thidiazuron, Betula pubescens.

KynbTypa in Vitro pasznmuunsix BugoB poaa Betula L. Be3biBaeT y uccienoBareneii 00bIIoN
WHTEPEC U HAXOJUT 3HAYUTEILHOC MPAKTHYECKOE TIPUMEHEHHUE, TIOCKOJIBKY TIO3BOJISICT Pa3MHOKATh
ANIUTHBIE U YHUKAIBHBIC JIEPEBbs, OTOMPATH IIEHHBIE MYTaHTHbIE (DOPMBI, COXPAHATh THOPUIHBIC
TCHOTHUIIBL. be3 COBEpIICHCTBOBAHUS JAHHOTO METO/1a HENb3s MPEJACTABUTh PA3BUTHE TCHETUUICCKOM
WHXEeHepuu. B pe3ynbrare pasnuyHbIX MaHUMYJISIUN CO3AI0T TPAHCTCHHBIE PACTEHUS, KOTOPbHIE
MOTYT 00J1a71aTh BAKHBIMH U TTOJIC3HBIMH NMPU3HAKaMH. Yalie Bcero B MPOTOKOJIC TpaHCHOpMALIUY B
KaueCTBE DKCIUIAHTOB UCHOIB3YIOT JHCThbI. MopdoreHeTnyeckue mporeccsl B KyJabType JINCTHEB
W3YYCHBI y Pa3JIMYHBIX BUJOB pacTeHUH. OHU 3aBHCAT, B YaCTHOCTH, OT TakuUX (haKTOPOB, Kak
TeHOTUIT MCTOYHUKA SKCIIEPUMEHTAIBFHOTO MaTepuaia, BO3pacT JIUCTHEB, CIIOCOO UX Hape3aHus,
OpHEHTAlUsl JIMCTa Ha Cpele, COJIEBOM COCTaB NHUTATEIBHOM CpeIbl, KOJIMYECTBEHHBIN U
KaueCTBEHHBIN COCTaB HK30TEHHBIX PETYISITOPOB POCTA PACTECHUI.

B mocnennme necarunetuss B paboTrax 1Mo arpoOakTepuanbHON TpaHcpopManuu Oepe3bl
MOBHUCITON CTaJTd UCIIOJIb30BaTh B KAY€CTBE IIMTOKMHUHA TUANAa3ypoH (1-penon-3-(1,2,3,-tnaanazon-
5-YL) UREA) (TDZ, aporm) [1]. Tunua3zypoH Hesb3si 6€30rOBOPOYHO OTHOCHUTH K IIUTOKHHUHAM.
DTO Mpou3BOJHOE (PEHUIMOUEBUHBI ObUIO CHHTE3UPOBAHO B KauecTBE Je(oiauaHTa XJIOMYaTHUKA.
Bbonee 20 ner Hazax ObUIO BBICKA3aHO MPEIIOJIIOKEHNE O IUTOKUHUHOBOM MPUPOIE TUIMA3YpOHA U
BO3MOXXHOCTH TTOJIYYCHHUS B PE3YJIBTATe €r0 UCIOJIB30BAHUS TIO3UTHBHBIX PE3yJIbTAaTOB B KYJIbTYpe
TKaHEH JAPEBECHBIX JIECHBIX TIOPO [2].

HecMmoTpsi Ha MHTEHCHBHBIC HCCIICIOBAHUS IO TIOMYYSHHUIO TPAHCTCHHBIX PAcTCHHUU poja
Betula L., nanubie 0 MOpdOreHETHUECKONH aKTUBHOCTH JMCTOBBIX AKCIIJIAHTOB HEMHOTOYHMCIICHHBI
[3-6]. A ama B. pubescens onu equHHYHBI, XOTS KaK TETPAIIOWIAHBIA BHUJI, OH JOJKEH BBI3bIBAThH
0co00e BHHUMaHHE Y OMOTEXHOJIOTOB BBHUIY BBICOKOW TpOs(EepUpyIONIeii akKTUBHOCTH KYJIBTYPhI
TKaHel [7]. SIBisisch BO MHOTHX CTpaHaX €CTECTBEHHBIM YaCTO BCTPEUACMbBIM HACAXKICHUEM HapaBHE
¢ Oepe3oil MoOBUCIION, Oepe3a MymIUCTasi MOXKET MPEIACTABIIATh BaXKHBINM MCXOJTHBIA MaTepHall IS
JIECHOU MPOMBIIIIEHHOCTH, TIPH YCIOBUU UCKYCCTBEHHOU CENEKIUU. Y CTaHOBIEHBI (POpMBI Oepe3nl
MYIIKUCTOM, TEPCIEKTUBHBIC /i 0TOOPa MO0 MHTEHCUBHOCTH pocTa [8].

Ha cerogasmHmiA 1eHb UCCIICIOBAHUS TTO0 ONTUMHU3AINN PEreHEPAIIMOHHON CITOCOOHOCTH IS
pa3HBIX BHJIOB Oepe3 OCTArOTCS akTyadbHbIMU. [103TOMY II€TBI0 HAIIMX HCCIEIOBAaHUH SBUIOCH
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M3YYCHHE 3aBHCHUMOCTH MOP(OTEHHOW U PEereHepallMOHHON aKTHBHOCTH JIMCTOBBIX 3KCIIAHTOB B.
pubescens ot crmocoba UX OPUEHTAIMH HA MTUTATSIBHOM Cpejie M OT HaIWYHs THIHA3ypOHA B CpejIe.

Memoouka uccrnedosanuil

OObekToM wuccienoBanus siBuics ko 3¢1 Oepessr mymmcroir (B. pubescens Ehrh.).
TectupoBanue TUAMA3ypOHA BBHINOJIHSUIM B ACENTHUYECKUX YCIOBUSAX C HCIOJIb30BAHHEM
OOIICTIPUHSATHIX METOAO0B PAbOTHI C KYIbTYPOH KJIETOK, TKaHEH 1 opraHoB pactenuii [9]. B kadecTBe
SKCIJIAHTOB HCIOJBb30BAIM TOBPEXKICHHBIE CKalbIeNeM JUCThS, BBHIWICHEHHbIE Y |-MECSUHBIX
MUKPOKJIOHAIBHBIX PACTCHH. 3aTeM JUMCThS TOMEIIAIM Ha arapu3oBaHHYIO Cpedy: JinOo
abakcHIIbHOM MO0 alaKCUIIBHOM CTOPOHOU. B KauecTBe KOHTPOJISI U OCHOBBI MUTATENIBHOM CpeIbl
puUMeHsTi cMech cojiel g apeBecHbix WPM  [10]. McneiThiBaiii KOHIIEHTpAIMU THAXA3ypOHa
(mr/m): 01, m 0,5.

JlucTtoBbIe SKCIJIAHTHI KYJIBTUBUPOBAIM B ONTUMAJIBHBIX ycioBusax. Kaxaeie 10 gHei
Marepual IIPOCMATPUBAIIU oJ MHUKPOCKOIIOM MBC-10, oTMedast MIOSIBJICHUE
HeauddepeHIPOBAHHON TKAHU M PA3JIMYHBIX OPTraHOTCHHBIX CTPYKTYp. YUHUTHIBATIN CIIOCOOHOCTh
IKCIIAHTOB K KaUTycO0Opa30BaHUIO, OPraHOTeHE3Y, KOJIMYSCTBO aJBEHTUBHBIX MIOYCK M TOOETOB Ha
1 skcrante. Kamnyc orieHMBaNu Mo 1BETY, KOHCUCTEHIINH, MHTEHCUBHOCTHU POCTa MO 3-X OayibHOU
mkane. s ompeneneHuss pereHepalMOHHON CIIOCOOHOCTH JKCIUIAHTBI IEPEHOCHUIINM BMECTE C
MOJIYYUEHHBIMH CTPYKTYpaMH Ha CBEXYI0 0€3rOpMOHANBHYIO Cpely, Ha KOTOPOM KyIbTUBHPOBAIU
IIPU ONTUMAIBHBIX YCIOBUSAX 3 Henenu. OTMedanw CTENEeHb Pa3BUTHS AJBCHTHBHBIX TIOYCK W
noberoB. Ilomyuennsle gaHHBIE OOpaOOTAaHBI CTATUCTHYECKH C KCIONb30BAaHHEM IIaKeTa
NPUKJIaJHOTO IporpaMmmMHoro obdecrieuenust Microsoft Excel u “Statistica v.7.0”.

Pezynomamur uccredosanuii

B nepBoM maccaxe cienyer OTMETUTh MOPQPOTEHETHUECKYI) AaKTHBHOCTH JIMCTOBBIX
OKCIUIAaHTOB B BapuaHTax ombita. OOpasoBanue HenupepeHIMPOBAHHON TKAHW BBISBICHO Ha
YepeliKe BCEX JINCThEB, TOMEUICHHBIX aJaKCUIILHON CTOPOHO Ha cpely 6€3 TOPMOHOB (KOHTPOJIb).
Kamnycorenes Ttakke otmedaniu y 100% SKCIUTaHTOB, KYJIBTUBUPOBAHHBIX Ha Cpelax C
TUAMA3ypPOHOM, HE3aBUCUMO OT UX OPUEHTAIMH Ha cpeJie.

dopmupoBaHue Kajlyca HaOJIOJad Ha Yepelke M B MecTaX IOBPEXACHUS JIMCTOBOU
IUTACTUHKH, C JIBYX €€ CTOpOH. Bo Bcex BapHaHTaX OMbITAa KaJUTyCHas TKaHb XapaKTepHU30Balach Kak
IUIOTHAsl, HEOJHOPOJHAs IO OKpacke — 3€J€HOro, KOPUYHEBOrO I[BETa, IpaHyJIMPOBAHHAs,
Onectsamas. KamrycHble KyJabTypbl —XapaKT€pH30BaJIHCh OOJBIIOM TIeTEPOreHHOCTBIO IO
Mop¢onoruueckuM xapakrepuctukam. Ha onHoil W TOW ke cpele MOXKHO ObLIo HaOI0aTh
HECKOJIbKO MOP(OTUIIOB KaJUIyCOB IO LBETY W MHTEHCUBHOCTH pocTa. OHM BO3ZHUKAINM Kak B
npenenax OJHOTO 3KCIUIaHTa, TaK U y pa3HbIX AKCIUIAHTOB. VHTEHCHMBHOCTH pocTa Kamiyca Oblia
OYEeHb XOPOUIEH, U HECKOJIBKO BbIILIE MPU MOMELEHUH JTUCThEB a0aKCHUIIBHOW CTOPOHOMN Ha Cpeny.

Crnenyet OTMETHTB, YTO KaJUTyC, C(hOPMUPOBABIIIHIICS HA Cpellax ¢ 100aBICHUEM THIMA3ypPOHA,
ABJISUICS ~ BBICOKO OPraHOTEHHBIM, O 4YeM CBUJETEIbCTBYIOT HMHTEHCHBHBIE  IPOLIECCHI
KOpHEOoOpa3oBaHUs M MO0ErooOpa3oBaHUs, HWMEIOIIUE MECTO TPH MEPEHOCE DKCIUIAHTOB C
HOBOOOPA30BaHUSIMHM Ha CBEXYI0 cpeay 0e3 ropmoHoB (Tabnmma). Yame Bcero dopmupoBaHue
KOpPHEH YCTaHOBJIEHO HAaNpsIMyl0 M3 TKaHEH JIUCThEB, B TO BpEMs KaK pereHepaluio Moderos
HaOJI0 1AM U3 KaJulyca. AHAJIOTHYHBIE POLIECCH BBISIBIICHB! JIPYTHMMU UCCIIEAOBATENsIMU Ha Oepese
MOBUCIIOH [5-6].

VY 100% sKkcrutanToB KOpHEOOpa30BaHWE OTMEUAIN Ha cpene 0€3 TOPMOHOB MPH MTOMEIICHUHT
JHUCTa aJaKCUIbHOM TOBEpXHOCThIO Ha cpedy. [IpolleHT pu3oreHesa B OCTaJbHBIX OINBITHBIX
BapuaHTax BappupoBai oT 17 no 57. Ha nmucteax HacuuTheiBayM OT 1 10 7 KOpHEH, C JUIMHOW MEHee
1 cm. Enunnynble KOpHH JocTUTanu 3—7 cMm.

Juddepennnanns aJBeHTUBHBIX OYEK U MOOEroB U3 KaJNTyCHOM TKaHU, 00pa30BaBILEHCs IO
BCEil MOBEPXHOCTH HKCIUIAHTA, U Pa3BUTHE WHAYLHPOBAHHBIX B MEPBOM Macca)ke aJBEHTUBHBIX
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novexk mpoucxoamsio y 76,7-100% >KCIIaHTOB MOYTH BO BCEX OMBITHBIX BapvaHTaX. BblsiBiieHa
TEHJCHIIMS: OOJIbIlIas YacTh aBEHTHUBHBIX MMOYEK M 0OEroB 00pa3yeTcsi Ha TOMl CTOPOHE JIMCTOBOM
IJTACTUHKU, KOTOpasi COIpUKacaeTcs co cpefoi. Ynucio aiBEeHTUBHBIX MOYEK ¥ TOOETOB Ha SKCIUIAHTE
kozebanock ot 1 10 50, B 3aBUCMMOCTH OT KOHIIEHTPAIIMU THIMA3ypOHa B [IEPBOM IacCaxe.

Tabnuma.
OPT'AHOI'EHE3 HA JIUCTOBbBIX 5KCIUTAHTAX B 3BABUCUMOCTHU
OT X OPMEHTAIIMN U COCTABA [MUTATEJIbBHOU CPE/JIbI
Tuouaszypon, me/n Yucno sxennanmos, % Cpeonee uucno Min—max Min—max
noueK Ha YUCTO HA IKCHAaHme, OnuHa
IKCHAAHmE wm. KOpHell, cM
C KOpHAMU | ¢ nouxamu (X£Sx), wm. noyex | KopHell
MTOBEPXHOCTh COMPUKOCHOBEHMS DKCILIAHTA CO CPEION — aTaKCHIIbHAS
0/T (KOHTPOJIb) 100 0 — 0 1-5 0,5-9,5
0,1 33,3 76,7 11,8 +2,44* 1-40 3-6 0,5-3,0
0,5 56,7 100 19,8 +1,94* 5-40 1-7 0,2-3,0
MTOBEPXHOCTh COMPUKOCHOBEHMSI DKCILIAHTA CO CPeION — abaKCHIIbHAS
0/T (KOHTPOJIB) 0 0 — 0 0 —
0,1 50,0 98,0 20,8+ 2,23* 5-50 3-7 0,1-0,3
0,5 16,7 90,0 5,8 £0,72* 3-15 3-5 0,1-0,5

Hpumeuanue: yposenv snauumocmu npu * p<0,01.

Brnusinue oprieHTalny JIMCTa Ha CPEJIC U €T0 IEIOCTHOCTH Ha MOP(OTCHETUIESCKHI MTOTCHITHAI
MOKa3aHO Ha MHOTHX JIpeBECHBIX KynbTypax [11l]. B Tekyiiem skcrepuMeHTE BBISBICHO, YTO B
OTBITHBIX BapHaHTaX OPHEHTAIUS JHCTa Ha MOBEPXHOCTH CPEIbl HE OKa3blBaJla CYIIECTBEHHOTO
BO3JICHCTBUSl Ha MapaMeTphl KaJulycOoreHe3a M pU30reHe3a B OTIHYMe OT moberoodpazoBaHus
(Tabmwuia).

Perenepanusi aJBEHTHBHBIX TOYeK Ha JucThsax B.pendula momydena napyrumu
uccienosarensiMu Ha cpenax Mypacura u Ckyra win WPM Toibko B NMPUCYTCTBUU 3€aTHHA B
kadecTBe uToknmHHA 1 UYK B kadectBe aykcuna [5—6]. Ha aTom ke Bujge Oepe3bl HAMU paHee
MOKa3aHo, 4YTO moOerooOpasoBanue 3PGEKTUBHO OCYLIECTBISETCS Ha Cpelax, COJIepKalluxX B
kadyecTBe UTOKMHUHOB BAII mnm 2ip [3—4]. Tlpu xonuentpamun BAIl, paBHo#t 1-5 mr/m, moss
AKCIUIAaHTOB ¢ MoYKamu npeBbimaer 60 % u yucio novek Ha 3kcraanTe cocrasiger 10-20 mwryk.

3axnouenue
[TonydeHHbI€ B AKCIIEPUMEHTE Pe3yJIbTaThl Ha Oepe3e mymucTon (kj1oH 3¢ 1) CBUAETENBCTBYIOT
O BBICOKOM pereHepallMOHHOM AaKTUBHOCTHM HW3YyYEHHOro reHoTuna. OTMeuyeHa BBICOKas
no6eroobOpasyromias CrocoOHOCTh THUAUAzypoHa B koHmeHTpauuu 0,1-0,5 mr/a. Ilokazano, uto
OpPHMEHTAIMs JINCTOBOM IUIACTMHKM Ha cpelieé MOKET OKa3blBaTh 3HAUUTENBHOE BIIMSHUE Ha YUCIIO
a/IBEHTUBHBIX [TIOYEK U MOOETOB Ha JINCTE, U YaCTOTY pEereHepalii B 3aBUCUMOCTH OT KOHLIEHTPAluu
TUAMA3ypOHA.
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Annomayus. MopdoreHnes KMILIEYHbIX BOPCHHOK HAYMHAETCS B IBEHAIUATUIIEPCTHOM KUIIKE U
IPOUCXOIUT B JBa 3Tamna. BHauane Oosee akTMBHO HposiMepUpYOIIMA U MeTaOOIUpYIOIUi
JIO)KHOMHOT'OPSITHBIM KAIIEYHBIN SIIUTEIUN BHEAPSIETCS B MOAJICKALIYIO ME3EHXUMY, KOTOpas B 3TH
CPOKH pa3pbIxJieHa U MPEBPAIAETCs B COSMHUTENBbHYIO TKaHb. BMecTe oHM 00pa3yloT IepBUYHBIE
MIPOIOJIBHBIEC CKJIAJKU TOJBKO HAYMHAIOMIETO ()OPMHUPOBATHCS CIM3UCTOTO CIIOS. 3aTeM yKa3aHHbBIE
CKJIaJKU pa3feisloTCsl Ha TUIHWYHbIE KULIEYHbIE BOPCUHKU. MopQoreHes KHUIIEYHBIX BOPCHHOK
IIPOUCXOJUT B MEPUOJ] pEKAaHAIN3ALUH ABEHAILATUIIEPCTHON KUIIKU, KOTOPBIHA, KaKk U MOp(oOreHe3
BCEr'0 OPraHa, OCHOBAH Ha B3aMMOCBA3H MIPOLIECCOB, IPOTEKAIOIINX B €I0 AIUTEINAIBHOM 3a4aTKe U
OKpyXXarome Me3eHxume. KuleyHblil snuTenuid OKas3blBa€T HWHAYKTHUBHOE BO3JICHCTBHE Ha
MOJUIeXkKAIYI0 ME3EHXUMY, CBS3aHHOE C IPOLIECCOM KIETOYHOH mnponudepanuu, Bcerna Oosee
MHTEHCUBHOW B 3nuTenuu. V3 HEro McXoJsIT MHTEHCHBHBbIE TOKH META0OJUTOB, pa3MbIBAIOLIUE
Me3eHXHUMy. Ee KIIeTku Takxke NpoiaudepupyoT, yTpauuBaroT JUIMHHBIE OTPOCTKU U PACIIONAratoTCs
Bce 0oJiee TIOTHO BOKPYT SMUTEIUAIBHOTO 3a4aTka opraHa. [IIupokuii ciioif IIOTHOW Me3eHXUMBI
OTPaHUYMBAET HAPYKHBIM POCT DMUTEIMS, U OH 3aIIOJIHAET KUIIEYHBIN pocBeT. OHOBPEMEHHO B
IJIOTHOM ME3EHXMME CY’KAIOTCS KallMJULIPHI, MMaJaeT MUTOTHYECKAass aKTUBHOCTb W JIUTENUSA, U
ME3CHXMMBL. B €€ OKOJIOdNUTENNaabHOM 30HE IOSBISAIOTCA TOHKHE, WU3BUTBIE PETUKYISPHBIC
BOJIOKOHIIA U cJeibl ¢1abocyab(aTUPOBaHHBIX TTIMKO3aMUHITIMKAHOB. 3aTEM B KUIIEYHYIO CTEHKY
IIPOHUKAIOT HEPBHbIE BOJOKHA M HEMpoONacThl, PETUKYISPHBIE BOJIOKOHLA 00pa3yloT CETh B
OKOJIODNIUTEIUAIBHON  ME3€HXHMME, KallWUIAPbl pPacCIIUpPSIOTC W BTOPUYHO  IOJHHUMAETCS
MUTOTUYECKAsd AKTMBHOCTb KHUIICYHOIO HIUTENHs. B IpocBere NBEHAALATUIICPCTHOM KHILIKH
MOSIBJISIFOTCS SMUTENHAIIBHBIE «TIPOOKH», B HAPYKHOM 30HE €€ ME3EHXUMbI — KPYTOBOI MBIIIIEUHBIN
cinou. Ilocie sTOro Me3eHxuma MPEUMYILIECTBEHHO OKOJIOJIUTEINAIbHOW 30HBI IMPOAYLHUPYET
THalypOHAThl U MPOTEOTJIMKAHbI, CBA3BIBAIOIINE BOY. 3HAUUTEIbHbIE POAYKILIHS MEXKIETOUHOTO
BEILECTBA U Pa3PBIXJICHUE ME3EHXUMBI CONPOBOXAAKOTCA TAKUM K€ CHUKEHUEM MHUTOTHYECKOU
AKTHUBHOCTH €€ KJIETOK. HaumHaeTcss yCKOpeHHOe pacIllupeHne MOJIOCTH U peKaHaIM3alns OpraHa.
KpyroBoii MbIIIEUHBIN CJI0W BBIPABHUBAET PA3HOCKOPOCTHBIE HAPY>KHBIE CMEILEHUSI ME3EHXUMBI 110
MepUMETPY IBEHAAATUIIEPCTHON KUIIKH, BbI3BaHHBIE PA3HOM MO ee mepuMeTpy MeTaboInyeckoi
AKTUBHOCTBIO SMUTENHN. B pe3ynpraTe Me3eHXUMa NepepaclpeenseTcs B TOJIIE CTEHKU OpraHa I1o
€ro MepuMeTpy: «U30bITOK» ME3EHXUMBI U3 CEKTOpa Oojee aKTUBHOTO SMUTENINS MepPEeMENIaeTcs B
CEKTOpP MEHEE aKTMBHOI'O DIIMTEININs, BBI3bIBAs €ro 3aJep:KKy TaM C OTCTaBaHMEM OT JIOKycCa
aKTUBHOTO snuTenusd. TakuMm oOpa3oM BEpXYIIKH NEPBHYHBIX MPOJOJBHBIX CKIAJOK U 3aTeEM
KHILIEYHBIX BOPCUHOK BBICTYIIAIOT B KMILIEYHBII IIPOCBET.
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Abstract. Morphogenesis of intestinal villi begins in duodenum and passes in two stages. At
first more actively proliferative and metabolic pseudostratified intestinal epithelium takes root into
underlying mesenchyme, which loosens and transformates in connective tissue in this period.
Together they form primary longitudinal folds of only beginner forming mucosa. Then these folds
break up on typical intestinal villi. Morphogenesis of intestinal villi takes place in period of
recanalization of duodenum, which, as morphogenesis of whole organ, is based on interconnections
of processes, passing in its epithelial bud and surrounding mesenchyme. Intestinal epithelium
exercises inductive influence on underlying mesenchyme, connecting with the process of cellular
proliferation, always more intensive in epithelium. Intensive currents of epithelial metabolites erode
mesenchyme. Its cells proliferites too, lose long branches and lie more and more tightly about
epithelial bud of organ. Wide layer of compact mesenchyme limits external growth of epithelium,
and it fills up intestinal lumen. Simultaneously capillaries narrow in thick mesenchyme, mitotic
activity of epithelium and mesenchyme falls. Thin reticular, winding fibers and traces of weak sulfat
glycosaminglicans appear in the mesenchyme about epithelium. Then nerve fibres and neuroblasts
penetrate into intestinal wall, reticular fibers form network in mesenchyme about epithelium,
capillaries widen and secondary, mitotic activity of intestinal epithelium rises. Epithelial “plugs”
appear in lumen of duodenum, circular muscular layer — in external zone of its mesenchyme. After
this mesenchyme mainly about epithelium produces hyaloronans and proteoglycans, bonding water.
Considerable production of extracellular matrix and loosening of mesenchyme are accompanied such
lowering of mitotic activity of its cells. It is beginning accelerated widening of lumen and
recanalization of organ. Circular muscular layer levels external displacements of mesenchyme with
different speed on perimeter of duodenum, causing different metabolic activity of intestinal
epithelium on its perimeter. In result mesenchyme redistributes in thickness of duodenal wall on its
perimeter: “surplus” of mesenchyme moves from sector of more active epithelium in sector of less
active epithelium, causing its delay there with lag from locus of active epithelium. Thus apexes of
primary longitudinal folds and then intestinal villi emerge in intestinal lumen.

Knrouegvle cnosa: xuiedHas BOPCHHKA, STTUTEIHNHN, Me3eHXUMa, MOp(OreHe3, SMOPHOTeHE3.
Keywords: intestinal villus, epithelium, mesenchyme, morphogenesis, embryogenesis.

O pa3BUTUM KHILIEYHBIX BOPCHMHOK B 3MOpHOreHe3e HalMcaHO HeMajo paboT, HO JaHHbIE,
U3JI0’KEHHBIE B JIUTEepaType [ 1-6] mpoTuBOpeUnBHI.

[TosiBNeHre KUIIEYHBIX BOPCUHOK B 3MOpUOreHe3e OObSICHSIN M0 pa3HOMY — pa3pbIBOM TaK
Ha3bIBAEMBIX TEPBUYHBIX MPOAOIBHBIX CKIAAOK Oyayuiel cnusuctoi obomouku [7-10] wnnm
BBIIISIYMBAHMEM SIHUTEIHS B OISKAIIYIO Me3eHxumy [11-12].

MHorue ucciaenoBaTeNy 3asiBisA0T 00 aKTUBHOW POJIM ME3€HXMMBI B THCTOT€HE3€ KUILEYHON
CTEHKH M yKa3bIBalOT Ha TO, YTO OHA SBISAETCS BEAYLIEH MHTErpaTUBHOM TKaHbIO. B Xozne pa3BuTus
MIPOUCXOIUT TpaHchopMalyusg ME3EHXUMBbl B SMOPHOHAJIBHYIO COEIMHUTENbHYIO TKaHb, KOTOpas
obecrieunBaeT TPO(MUKY OSOUTENIMs, TJIAJKOM MBIIIEYHONH W HEpPBHOM TKaHEH, ydacTByeT B
dbopmupoBannn 0azanbHBIX MeMOpaH [13]. B muTepaTypHBIX MCTOYHHMKAX BCTPEUAIOTCS JaHHBIC,
YKa3bIBalOUIME HA TECHYH0 B3aUMOKOPPEISLHIO IPOLECCOB, MPOUCXOASIINX B AIUTEIUAIBHOM
3ayaTKe OpraHa M OKpYXalollel ero MeeHxume. DIUTENUH OKa3bIBaeT NMEPBUYHOE WHIYKTHUBHOE
Bo3zelicTBUE Ha UG (EpeHIIMPOBKY MOAJeKalleil Me3eHXUMBL. B cBOIO ouepesb, yBeIWYEHHE
o0beMa ME3EHXHMMBI SBIseTCsl (opMooOpaszyromuM (akTopoM, OIpPENesIONIMM BBIIYUBAHUE
SMUTENNS B IPOocBeT KUIIKHU [ 14—15]. Maummanus oOpa3oBaHusi BOPCHHOK CBsi3aHa C MOBBIIICHUEM
aKTUBHOCTH KJIETOYHBIX JJIEMEHTOB ME3€HXHUMbI, KOTOpas IMpPOSBIAETCS HX pPa3MHOXEHUEM U
00pa3oBaHNEM IJIOTHBIX CKOIUIEHUH, BHIIITYMBAIOIIMX MOKPBIBAIOLINHA UX 3nuTeNuil. M3HayansHo B
TaKMX CKOIUICHHUAX OOHApYKHBAIOTCS COCYAbI, KOTOPBHIM H3/1aBHA MPUIUCHIBATIACH BaXKHAasl pOJib B
oOpa3zoBanuu penbeda cauzuctoi 060mouku [1].
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OOpa3oBaHue 3a4aTKOB BOPCHHOK COBHIANACT C MEPUOAOM (OPMHUPOBAHMUS HHHEPBALUU U
KPOBOCHA0KEHUSI KUIIIEUHOM CTEHKH, a TAKXKe C 3aKJIaJKO KPyroBOro MblieyHoro ciuos [1, 5, 16—
18]. Pe3ynbrarhl 60Jee MO3AHUX UCCIICIOBAHUHN YKA3hIBAIOT HA TO, YTO MEPBBIC HEPOBHOCTH peibeda
Oyayuiel ciu3ucTOM OOOJIOUKM JBEHAALATUIEPCTHON KUIIKK (OpPMHUPYIOTCS B MEPHOJ
peKaHaIM3aIMK €€ TPOCBETA MMyTEeM MOTPYXeHHUs 0a3aabHONH MEeMOpaHbI SMUTENUS B MOAIEKAITYIO
Me3eHXuMy. B 3TOM ciyyae MHUIMHUPYIOIAs POk OTBOAUTCS dnuTenuto. O0pa3oBaHue MEPBUUHBIX
BOPCHUHOK IPOUCXOAUT TMociie (GOpPMHPOBAaHUS TPOCBETa KHUIIKH U AuddepeHunpoBKu
SHTOJEPMAJILHOTO SIMUTENMSA KaK eIMHOro IacTa. B 3ToM mpolecce mepBoouepeHOe 3HAUYCHUE
npuodpeTaroT MpeodpazoBaHMs MOIRUTEINAIBHOTO CIIOSI ME3eHXUMBI. [Iponcxoaut yBennyenue ee
o0beMa C MOCIEAYIONIMM BBIMSTYMBAaHUEM 0a3aIbHON MEMOpaHbI SIUTENUS B IPOCBET KUIIKHU [19].
[lonoOHble HEYETKHE YCTAHOBKM Ha BEIYLIYIO POJb SIUTENUS WM ME3EHXMMbl B IPOILECCE HUX
B3aUMOJICHCTBUI BCTPEYAIKCh B IUTEPATYPE M PAHbIIIE, O YeM s MHcall HeoaHOKpatHo [5, 20].

B psne paboTr ykasplBaeTCs Ha CBSI3b MEXIY pEKaHaJIM3alMeld KUIIKK U MOp(OreHe30M
KHILIEYHBIX BOPCUHOK. B pe3ynbTare aK00bl pa3phiBa SMUTEIHAIBHBIX IEPETOPOIOK HA BHYTPEHHEH
MOBEPXHOCTU KUIIEYHOW CTEHKH ONPEACISIOTCS MX OCTATKU B BHJE JMUTEIUAIBHBIX XOJIMUKOB —
Hayano oOpa3oBaHMs SMUTENIUAILHOTO MOKPOBAa BOPCHMHOK. B anuTennanbHbIi XOJIMHUK BpacTaloT
ME3E€HXUMa U COCYyJZIbl CO CTOPOHBI KMIIEYHOM CTEHKHU. Takas KapTHHA CBOMCTBEHHA 3apoOjbllliaM
yenoBeka 25-29 MM jumHbl [lpudem B HayalnbHOM YacTH JIBEHAIUATUIEPCTHOW KHILIKH,
MIPOU3BOIHON KayJaJdbHOW YacTH NEpeAHEH KHIIKW, KUIICYHbIE BOPCHHKH BO3HHMKAIOT Kak
BBHINSTYMBAHMS CTEHKH, a KayJajdbHee — B pe3yJIbTaTe pa3pbiBa SMUTEIHUATIBHBIX MEPEropoaok [4].
O nmoxo6HOM ropasno panbiie mucai F. P. Johnson [11] u He TosbKO.

CxoJiHBIE TIPOLIECCHI Pa3BUTHS OOHAPYKEHBI B CTEHKE TOHKOM KHILIKH Y SMOPHOHOB KOPOBBI,
npUYeM BeIylas poyib OTBOAMTCSA KumedHomy smurenuto [21]. Ho marepmansl B sToii paborte
U3JI0KEHBI TMPOTUBOPEYUBO, MPOILECCHl Pa3BUTHS OMUCAHBl CBOEOOPA3HO: OJHHU SBICHUS Y
AMOPHUOHOB KOPOBBI HAOIIOJAIOTCS PaHBIIE, YeM Y SMOPHOHOB YEIIOBEKA, a IPYTHE — TO3/IHEE.

S Bugen mopdoreHes KUIIEYHBIX BOPCHHOK MPU M3YyYCHUH PAa3BUTHUS BEHAALATUIIEPCTHON
KMILKU B SMOpuorenese yenoseka. [Ipouecc o0pazoBaHus BOPCUHOK IPOUCXOAUT ITyTEM BpacTaHUs
SMUTENUs B TMOJICKAIIYI0 ME3eHXHMY. B peanuzanuu Takoro mMexaHu3Ma NPUHHUMAET ydacTue
(hOpMUPYIOIIUICS KPYroBOW MBIIICYHBIA CIIOH. MpIieyHass 000JI0YKa BBIPABHUBACT HApPYKHOE
CMELICHUE HEOJHOPOJHOIO BHYTPEHHEro CJIOS 3aKJIAJKH OpraHa Mo MNEepUMeTpy, CIOCOOCTBYs
OOKOBBIM IepepacipeieIeHUsIM CTPOMaIbHOIO MaTepuana B MoucKe 0oJiee MOJAaTIUBbIX YYaCTKOB
MUTENNA. DTO CHOCOOCTBYET OOpa30BAHMIO ME3EHXMMHBIX COCOYKOB, KOTOpPbIE MOSBIAIOTCA B
y4acTKax C HauMEHbIIeH NponudepaTUBHON aKTUBHOCTBIO KuileyHoro snutenus [5]. [IpoGiema
MopdoreHe3a KUIIEYHBIX BOPCHMHOK paccMaTpHuBajach B 3TOW paboTe NMpH ONMHUCAHUM PAa3BUTHUSA
KHMILIEYHOM CTEHKH, OJIHAKO 3aHMMaja BTOPOCTENEHHOE MecTO. B 3TOoM HccieaoBaHUU s pelIui
LIeJIEHANPABIEHHO N3YYUTh MEXaHUKY SMOPHOHAIBHOTO MOp(oreHe3a KUIIEYHbIX BOPCHHOK.

Mamepuan u memoovl ucciedosanus
Pabora nposenena Ha 30 sMOpuoHax W 1oaax 4denoBeka 5—40 MM TEMEHHO—KOITYUKOBOMU
nnuHbl (4-9 Hex). Marepuan 3anuBai B napaduH C MOCIEAYIOIIMM U3TOTOBIEHUEM CEPUIHBIX CPE30B
TOJILIUHON 5—7 MKM B TPEX OCHOBHBIX IUIOCKOCTSIX. Cpe3bl OKpalIiBajl TeMaTOKCHIIMHOM U 303UHOM,
a TaKkKe N0 pALy JAPYrMX METOAMK, HCIOJb30BAaBIIMXCS A  OLEHKH  COCTOSHUSA
muddepeHIMPYIOIUXCs TKAHEBBIX 3a4aTKOB U SMOPHOHAJIBHBIX TKaHel [5, 20].

Pezynomamet uccnedosanus u ux oobcysicoenue
OnvH U3 BapUaHTOB ONKCAHUSA PA3BUTHUS ABEHAILATUNIEPCTHON KUIIKK MOYXHO HAaliTH B KHUTE
O. B. Bonkosoii u M. U. Ilekapckoro [1]. ¥ sMOproHOB YenoBeKka UIMHON 5—7 MM HPOUCXOAUT
YCUJICHHOE Ppa3MHOXKEHHE SIUTETHATbHBIX KJIETOK, YTO MPHUBOJUT K OOJHUTEpAllUH KHUIIKH.
VY 5MOproHOB 16—18 MM AJTMHBI HAYMHAETCS POLECC THOETH SMUTETHATBHBIX KJIETOK, TOTEPSBLINX
CB3b C Oa3anbHOM MeMOpaHOHM, BCIEICTBHE YEro MNPOUCXOAMT pPEKaHAIM3alUs KHUIIEYHOTO
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npocsera. [Iponudepanus u auddepeHunanyss Me3eHXUMbl KUIIEYHUKA HAYMHACTCS 3HAYUTEIHHO
mo3xke — y 3aponpliiieii 13—15 MM quHOM B 60raTtoM coCymamH CJIO€, PacIlojIOKEHHOM BIIOJIb
0a3anbHON MeMOpaHbl. DMUTENUI MPOSBISAET IMCTOTCHETUYECKYI0 aKTUBHOCTh TOpPA3[0 paHbIIE,
YeM ME3EHXHMMa, HO IMEHHO C aKTUBHOCTHIO ME3EHXHUMBI CBSI3aH MPOLECC HHUIIMALIUK 00pa30BaHUs
BOPCUHOK. Y 3apoabimeii 18—20 MM JunHBI 00pa3yIOTCsl METKUE, MIIOTHBIE CKOIIJICHUSI ME3EHXUMBI,
KOTOpbIe Bce OoJiee BBIMSUMBAIOT MOKpBIBaOMIMKA uX snutenuil. C caMoro Hauvajga B TaKHX
CKOIUICHUSX OOHapy>KMBAIOTCsSI cocylpl. OHM aKTUBHO BETBSTCS B PacTYLIUMX BOpPCHHKax. Takum
oOpa3zom, mpoaudepanns STUTENUs 1 ME3CHXUMbI IPOUCXOIUT B Pa3HOE BpEeMs.

B cBs3u ¢ TakuM yTBEpXKACHUEM 51 M3Y4HJI Ipolecchl nponudepannn u nuddepeHnuanim
SIUTENUS U ME3CHXUMBI IBEHAATUIIEPCTHON KUIIKK y SMOPUOHOB ueioBeka 4—7 Hel, Ipu4eM He
TOJIBKO B 11eJI0M 110 oprany (cm. Tabmuiy 1), Ho ¥ Ha ero IPOTsHKEHUH U 1o iepumeTpy. Kpome Toro,
S U3YYHIT KOPPEJSIUIO IIUPUHBI SITUTENINATBHON TPYOKHU U MNIOTHOCTH ME3€HXHMMBI JAHHOTO OpraHa
(cm. Tabmuy 2) y SMOpHOHOB YenoBeka 4—7 Hesl.

OnuTenuii 1 Me3eHXMMa JIBEHAIaTUIIEPCTHON KHUILIKH NpoindepupyroT OJHOBPEMEHHO, HO
SMUTEINNA BCerja MHTEHCHBHee. Y sMOpuoHa 4 Hen ux mposmdepanus HanOojee 3HAYUTEIbHA.
Krnetku Me3eHXUMBI yTpayuBalOT JUIMHHBIE OTPOCTKU M pacIoyiaraloTcsi y SMOpuoHOB 4—5 Heq Bce
OoJsiee TIOTHO BOKPYI' KHIIEYHOW AIHTENHATBHON TPYOKH, 00Opa3yeTcst KpyroBOi CJIOW IUIOTHOM
ME3€HXHUMBbI, KOTOPBIA SIBHO IPEBOCXOAUT CJIOM SIUTEIUS IO LIMPUHE M OTrPAaHUUYMBAET €ro
HApYKHBI POCT. B pe3ysbTaTe KUIIEUYHBIN 3MUTEINNA CTAHOBUTCS JIO(KHOMHOTOPSIAHBIM U CYXKaeT
KHIIEeUHbI npocBeT. CyXaeTcsl U MPOCBET KANWLISAPOB B KUUICYHOW CTEHKE, MOCTENEHHO Ma/aeT
MUTOTHYECKAsl aKTUBHOCTb MUTENMS U ME3EHXUMBIL. B rociieiHel onpenesnstoTcss TOHKUE, U3BUThIE
PETHKYISIPHBIE BOJIOKHA U cielbl caabocynb(haTupOBaHHBIX INIMKO3aMHUHIJIMKAaHOB Ha 5-i Hen. Ha
6-i1 He;x B KMINEUHYIO CTEHKY NPOHHMKAIOT HEPBHBIC BOJIOKHA M HEHpPOOIAcThl, B ME3CHXUME
OKOJIO3TUTEINAIILHOM 30HbI PETUKYISIPHBIE BOJIOKHA 00Pa3yloOT CeTh, & Y3KUE KalMIIISPhl 3aMETHO
paciupsIOTCs, KpaATKOBPEMEHHO MOIHUMAETCSl MUTOTUYECKAs! aKTUBHOCTh KUILIEYHOT0 3nutTenus. B
JIBEHA/ILIATUTIEPCTHON KHUIIKE MOSBISIOTCS SMUTENUANbHBIE «IIPOOKHM», a B HApYyXKHOW 30HE ee
ME3E€HXHMbl — KPYrOBOM MBIIICYHbIA cJ0OM. B Hawane 7-1 Hex Me3eHXHMa MPOAYLHPYET
THAlypOHATBl W Cylb(aTUpPOBaHHBIC TJIMKO3AMUHIJIMKAHBI, CBA3BIBAIOIINE BOJY, M[PUYEM
[IPEUMYIIECTBEHHO B OKOJIO3IUTENNAIbHON 30HE, HAUMHAETCS CUIIBHOE Pa3phIXJICHHE ME3EHXUMBI U
pekaHanu3anus oprana. ITo mepe nanbHeifmero Bce Oosiee u 0osiee 3HAUUTENBHOTO Pa3pbIXJICHUS
ME3E€HXUMBI B CBSI3U C MPOJYKIUEH MPOTEOrINKAHOB, a TaKXKe CTYIIEHHEM CETHU YTOJIIAIOLIUXCS
PETUKYIIPHBIX BOJIOKOH MPOMCXOIUT BCe 00Jiee 3aMETHOE paclIMpeHUe SMUTEINAIbHON TPYOKH U
€€ MOJIOCTH, B KOTOPOM SMUTENNaIbHbIE «IIPOOKI» MepPOPUPYIOTCS, SIUTENNATbHBIE TEPETOPOAKI
MCTOHYAIOTCS U pa3peiBaroTcs. [Ipouecc npoTekaeT B KpaHMOKAYAAJIbHOM HallPaBJICHUH.

VY 3MOpuoHOB 14—17 MM JUIMHBI NOSBISAIOTCS NEPBUYHBIE MTPOJIOJIbHBIE CKIIAJKU KHUIIEYHOTO
SIUTENNS U BHYTPEHHETO CJIOSI ME3EHXUMBI. VX HapyKHOE CMEILEHUE CAEP)KUBAET YTONILAIOLIUNCS
KpyroBod Mbiieynbiii cinoii (Pucynku 1-4). Tlpu 3TOoM pbixias Me3eHXuMa (TOuHee —
SMOpHOHAJIbHAS COEMHUTENbHAsT TKaHb) Iepepaclpesiensercss MO NepuMeTpy U OTTECHAET B
pacIIMpSIOUIYIOCS KUIIEYHYIO ITOJIO0CTh YaCTh AIUTENNs, a TOUHEE CIEP)KUBAET HApYKHOE CMEIICHHE
B HauOOJIbIIEH Mepe ero y4acTKOB, BEPOATHO, C HAMMEHbILIEH NMPpoau(epaTUBHON aKTHBHOCTBHIO.
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Pucynok 1. OMOpuoH 14,5 MM THHBIL, TONIepeyuHbIi cpes: 1, 2, 3 — mepBUYHBIE TPOAOJIBLHBIE CKIIAIKH
Pa3HOM BBICOTHI U 2, 4 — KPYrOBOM MBIIICYHBIN CJIOW JBEHAIIATUIICPCTHON KUIIIKH.,
T'emarokcuians u 503uH. YB. 220

Pucynok 2. OMOpuoH 15 MM qnuHbl, ppoHTaNBHBIN cpe3: | — neyeHOUHO—AyOoieHANbHAS CBS3Ka,
2 — MOJpKeNy0YHast JKene3a; 3 — BEepXHMI OT/Jel JBeHAA[aTUIIEPCTHON KUIIKY;
4 — HavaJIbHBIK OTPE30K TOLIEH KUIIKH. | eMaTOKCHINH U 503uH. YB. 150
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Pucynok 3. OMOpuroH 15 MM UTHHBI, QPOHTANIBHBIN cpe3, BEpXHHUN OTAENT ABEHAAATHIICPCTHON
KHAIIKK: | — 3nuTennanbHas Ieperopoka; 2 — MnepBUYHAs MPOJOIBHAS CKIIAAKa; 3 — KPYyroBoi
MBILIEYHBIN ¢JI0H; 4 — 0OIIuMi >KeTIHbIi TPOoToK. ['eMaTokcunuH u 303uH. YB. 200

Pucynok 4. OMOpuoH 17 MM JUIMHBI, CArUTTaJIBHBIN Cpe3, HIKHSS YacTh ABEHAALATHIIEPCTHOM
KHMIIKH: | — SIUTenranbHble TSHKH MEXKTy BEPXYIIKAMH TPEX U3 YETHIPEX MEPBUYHBIX MPOJOIBHBIX
CKJIQZIOK (DOPMHUPYIOIIETOCS CIM3UCTOIO CJIOSI; 2 — KPYrOBOW MBIIICUHBIH CIIOH; 3 — ME30TeNuii;
4 — nomKenynouHas xemnesa. [ eMaToKCHIHH 1 303uH. YB. 200

Mopdorene3 MepBHYHBIX MPOAONBHBIX CKIAJAOK OYAYIIEro CIU3UCTOrO CJOsS TPOTEKaeT
CIIeAYIOIUM 00pa3oM: 1) OKpyriible KOHTYpBl SMHUTEIHATbHOH TPYOKH y SMOpPHOHOB 5—6-if Hen
BBITIPSIMJISIIOTCSI, CTAHOBATCS YETHIPEXYTOJIBHBIMH Y SMOpHOHOB 14—15 MM anunbl (Hadano 7-i Hen),
OHU MECTaMH CJIETKa BOIHYTbI, OCHOBAHUE SIHUTEINAILHON I'Psbl HAUMHACT BBICTYNATh B CTOPOHY
KHUIIIEYHOH MmoiocTh; 2) y sMOprona 17 MM myiuHBI (cepenuna 7-i Hel) TpeyroiabHble o popme Ha
MIOTIEPEYHOM Cpe3e TMEpPBUYHBIE MPOJOJIBHBIE CKIAJKU BBIPAKEHBI B Pa3HOW CTEMeHW (BbICOTA
TPEYTrOJIbHUKOB), U ATOT MPOIECC MPOTEKaeT M0 3) KoHna 7-it Hex (AMOpuoHbI 19—20 MM JITMHBI),
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KOrJla TaKue CKJIAJAKHU XapaKTepU3YIOT penbed OyAyIero CIM3HCTOro Cl0sl ABEHAALATUIEPCTHON
KUIIKY Ha BceM ee NpoTspkeHuu. Ha 8-i1 Hen mepBHUYHbBIE MPOJIOJBHBIE CKIAJKHU pa3AeistoTcs Ha
KuuieyHble BopcuHKU (Pucynku 5-10): TouedHble IOKYChI STUTENHS, T/1€ HAOMIOJAI0TCS «BCIBILIKI
MHUTOTHYECKOM aKTUBHOCTH €ro KIETOK, «pa3pe3aroT» CKJIaJKM Ha BOPCHUHKH. DMOpHOHAIbHas
COCIMHUTEINIbHAS TKaHb, CTAHOBUTCS BCE O0JIee «MATKONY, MOJATINBOM, KUIIEYHAs MTOJIOCTh — BCE
OoJsiee IIMPOKOM, €€ 3aMOJIHAIOT KHUIIEYHbIE BOPCUHKH, MOKPHITHIC HA BEPXYIIKaX OJHOCIONHBIM
WIMHAPUYECKUM 3IUTEITUEM CO Bee 00Jiee BBIPAKEHHOH METOYHON KaliMO.
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Pucynok 5. OMOpuoH 19 MM JTUHBI, IONIEPEYHBIN Cpe3, BEPXHUM OTIEN JBEHAAIATUIICPCTHON
KAMIKK: 1—4 — mepBUYHBIE TPOAOJIbHBIE CKIAIKH; 5 — KPYTrOBOM MBIIICYHBIN CI10H; 6 — 00Imunit
XKeTYHBIH NpoToK. ['eMaTOKCHINH U 303uH. YB. 200

Pucynok 6. OMOpuoH 21 MM JJIMHBI, CATUTTABLHBIN Cpe3: 1 — KEeNyIoK; 2 — MOKEITyI09HAS
JKeme3a; 3 — IBeHaaIaTUIIepCTHAS KUIIKA. | 'eMaToKcuianH u 303uH. YB. 100
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Pucynok 7. OMOpuoH 28 MM UIHHBI, TOTIEPEYHBIH Cpe3, HYKHSS YacTh ABEHAAATUIICPCTHON KHUIIKH:
1, 2 — paznenenyie NEpBUYHBIX MTPOAOJILHBIX CKIIaJOK Ha KHIICYHBIE BOPCUHKH; 3, 4 — KPYyroBOH H
MIPOJIOJILHBIN CIIOM MBIIIEYHON 000IOUKY; 5 — MOKETyA0UHAas JKeye3a. | eMaTOKCHUIIMH | 5031H. YB.
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Pucynok 8. OMOpHoOH 28 MM JUTHHBI, TIOTIEPEYHBIN cpe3, HauaJIbHBIA OTPE30K TOIIeH Kuku: 1, 2 —
pasjencHre MEPBUYHBIX MPOJIOIBHBIX CKIIAJ0K Ha KUIICYHBIC BOPCHUHKH; 3, 4 — SIHUTEIHATbHBIC
«MOCTHKH» MEXy BEepXYITKaMH KUIIIEYHBIX BOPCHHOK. | emMaToKCHIMH 1 303uH. YB. 200
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Pucynok 9. OMOpron 30 MM JJIMHBI, CATUTTAIIBHBIN Cpe3: | — MEeYCHOYHO—TyOICHAIbHAS CBSI3KA;
2, 3 — BepXHUIl U HIXKHUN OT/IENbI TBCHAIIATUTICPCTHON KUIIKK; 4 — MOKEIYI0YHAS JKee3a.
T'emaroxcuimma u 303uH. YB. 100

Pucynok 10. Om6puon 30 MM JTHHBI, GPOHTANBHBIN Cpe3, IBEHAIIATUTIEPCTHAS KHIITKa: 1 —
MaJbIEBUIHBIC KUIIICUYHBIC BOPCUHKH B BEpXHEH "acTh; 2 — KHUIICYHAss BOPCUHKA B HIKHEH dacTy; 3
— pacieIuieHue KUIIEYHON BOPCUHKH; 4—4 — MHOXKECTBEHHOE PACIICTIIICHHE MPOAO0IBHON CKIIAIKN

CIIM3UCTOMN 000JI0YKH HUCXOISIICH YaCTH Ha KMIIICUYHbIC BOPDCUHKH; 5 — MbIIICUHAs 000J104YKa,
KpPYrOoBOH M MPOJIOJILHBIN CIIOH; 6 — 00bEIUHEHHOE YCThE OOIIET0 KEIYHOIO U TIIaBHOTO
MMaHKPEATHYECKOTO MPOTOKOB. | 'eMaTOKCHIINH 1 303uH. YB. 40
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Takum oOpa3zom, B »MOpuOreHe3e 4YeloBEKa MOXHO BBIJCIUTH JBa MEpPHOJA pPa3BUTHS
JIBEHAA[ATUIIEPCTHON KUIIKHU:

1) 060co0bseH sl 3aKIaIKi OpraHa ¢ COOCTBEHHON TPEXCIOWHON CTEHKOM MyTeM OKPYKEHHS
AIUTENNAIBHOIO 3a4aTKa Me3eHXUMOH [20], ee yIIOTHEHMSI U CY’KEHUS KUILIEYHOM TI0JIOCTH;

2) (HaumHaromieiics) auddepeHIaMY KHIICYHONM CTEHKH Ha JAe(QUHUTHBHBIC CIIOH,
Pa3phIXJICHUS ME3CHXUMBI M peKaHAJIU3aI[MH OpTraHa.

B nepBrIii mepuoa pa3Butus, y SMOpUOHOB 5—12 MM 1uHEI (4—6 Hex), yBEIMIUBACTCS JTOKHAS
MHOTOPSIIHOCTb 3IUTENHs, KOTOPbI B OKPYXXEHHUU Bce 0oJiee IUIOTHOM ME3€HXHMBbI 3alOJIHSAET
KHUIICYHBIA MPOCBET BIUIOTH J0 OOpa30BaHMS SMHUTEIHAIBHBIX «IIPOOOK» B MPOTOKOBOM OTPE3KE
3aKJIaIKM JIBEHAALATUIIEPCTHON KHUIIKM, O] MECTaMU BIAJEHUs IAaHKPEaTU4YECKUX M OOIIero
KEJIYHOI'O MPOTOKOB, U B JBEHAALIATUIIEPCTHO—TOIIEKUIIEYHOM HU3rube. Ilpu aToM MutoTHUEecKas
aKTUBHOCTb IUTEJINS BCEIJa BBILIE, YEM Y ME3EHXHMMBI, IOCTEIIEHHO CHMXKaeTcs B 000ux ciosx. B
Hayaje S5-i HeJ ONpeAeIOTCS TOHKHME, W3BUTHIE PETUKYJSPHBIE BOJIOKOHIA, pPa3pO3HEHHBbIE HA
cpese, U ciebl caadocynb(paTupoBaHHBIX TNIMKO3AMUHIVIMKAHOB B ME3€HXUME, a B KOHIIE 6-i Hell
PETUKYIISIPHBIE BOJIOKOHIIA 00Pa3yIOT PHIXIIYIO CETh B €€ OKOJIOANUTENINAIBHOM ClIo€. B KOHIIEe 3TOr0
[epuosia B CTEHKE JIBEHAALATUIEPCTHON KHUIIKKM OOHApYXHBAarOTCAd HEHpoOnacTel U HEpPBHBIE
BOJIOKHA, B HAPY’KHOM CJIO€ €€ ME3EHXUMbI — 3aKJIaJiKa KPyTOBOI'O MBIIIEYHOIO CJIOSL.

Tabmuna 1.
CPEJIHUM MUTOTUYECKWM UHJEKC (x + sx) DIIUTEJINSA Y MESEHXHMbI
1 ®OPMHUPOBAHME ITPOCBETA JIBEHAJILIATHUITEPCTHOM KUIIIKK
Y SMBPMOHOB YEJIOBEKA 5-20 mm JJIMHBI (4-7 Hen)
Ne | [lnuna smbpuona Onumenuii Mezenxuma Cocmosnue
n/n 8 MM 8 %o 8 %o KUWleuHo20 npoceema
1. 5,0 85,0 62,0 MITUPOKHIHA
2. 7,0-7,5 69,2 +0,8 47,012 Y3KHi
3. 9,5-10,5 55,0+2,1 38,0+1,5 SIUTETNAILHBIE
4. 12,0-13,0 64,4 +2.4 36,5 £2,4 «TIpoOKH»
U TIEPErOPOJIKU
5. 19,0-20,0 38,0+ 1,1 14,0+ 0,9 nephopanus «Ipodox»,
WCTOHUYEHHE M Pa3phIB MEPErOPOJIOK

Tabnuna 2.
CPEJJHSIS ILIMPUHA DIIMTEJIMAJIBHOM TPYBKHU (3T, Mkm — x + sx) U
CPEAHASA INIOTHOCTb ME3EHXHWMBbI (M3, n x 10 MiH k1eTok B 1 MM®* — X + sX)
JIBEHAJILHATHUIIEPCTHOM KUILIKK Y SMBPMOHOB YEJIOBEKA 5-20 MM JIJIMHBI (47 Hex)

No n/n Jlnuna ambpuona UHlupuna 3T Ilnomnocmo M3
1. 5,0 110,0 5,47
2. 7,0-7,5 116,67 = 1,84 6,50 + 0,22
3. 12,0-13,0 mm 163,00 + 3,35 5,43 + 0,44
4, 19,0-20,0 mm 266,67 = 2,67 2,66 0,20

Y 5MOproHoB uenoBeka 14—20 MM iHHBI (7-51 HE) B OKOJIOAMUTEIHATEHOM CI0€ ME3EHX MBI
JIBEHAIIIATUTICPCTHON KUIIKM HAKAIUIUBAIOTCSA THATYypOHAThl M MPOTEOTJIMKAHBI, YTOJIIAIOIIAECS
PETHKYISIpHBIC BOJIOKHA (OPMHPYIOT Bce Oosee rycTyto ceTh. Ha 3Toil cTanuu pa3BUTHs KUIIIEYHAS
MOJIOCTh PE3KO pacCIIUPSETCs], ASMUTENUaNIbHbIE «IpoOKu» nepdopupyrorcs. B Hauane sToit Henenu
(oMOpuoHbl 14—15 MM JITHHBI) MOSBISIOTCS JMHUTEIHAIBHBIE «PEHISTKU». 3aTeM MHUTEIHATbHBIE
MepEeKJIauHbl UCTOHYAIOTCS M Pa3phIBAIOTCS, TMOJIOCTh HUCXOJMSINEH YacTH OpraHa CTAaHOBUTCS
JIBYXKaHAJbHOW: KaHAIBI pa3felieHbl JUIMHHBIM MPOIOJIBHBIM JUTEIHAIBHBIM TSHXKOM Y 9MOpHOHA
18 MM mmHBL. Me3eHXruMa 3HaYUTEIBbHO Pa3phIXyseTcs U TudepeHIMpyeTcss B COSTUHUTETHHYIO
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TKaHb. KpyroBoll MBbIIIEUHBIH CIIOM B HApyXHOW 30HE ME3EHXMMBbI yToim@aercs or 1-2 mo 2-3
LEMOYEK KJIETOK — YJJIMHSIOMMUXCI MUOLUUTOB. DNUTEIMOME3EHXUMHBIN CIIOM, PacroOKEeHHBIN
KHYTPH OT HUX, 00pa3yeT MepBHUYHBIC MPOIOJIbHBIC CKJIAIKU TPEYTOIbHOM (HOPMBL.

VY sMm6puonoB 21-30 MM qiuHBI (8- HEM) peKaHaIW3aus JABEHAAIATHUICPCTHONW KHIIKH
IIPOJOJDKAETCA M B KOHIIE HEAENIM 3aBEPIUACTCS: TOHKUE SIUTEINAIbHBIE «MOCTUKNY COEAUHSIOT
BEPXYLIKU KUIIEYHBIX BOPCUHOK B HaYaJIbHOM OTPE3KEe TOLIEH KUIIKH Y SMOPHOHOB 28 MM JUIMHBI.
[Tpomomxkaercss pa3pbIXJeHHE SMOPHOHAIBHONW COCTUHHUTEIBHON TKAaHM B CBSI3UM C HAKOIJICHHEM
IIPOTEOITIMKAHOB U YTOJILEHUEM PETUKYJSIPHBIX BOJIOKOH. B KoHUE 8-U Hes MOSBISIETCS TOHKHUM
HApY>XHBIA, TPOJOJIbHBIA MBIIEUHBIA CcH0H (1—2 HenoYku KOPOTKHX KJeTok). IlepBuunbie
IIPOJOJIBHBIE CKIIAJKU Pa3feiAIOTCs Ha MAJbLEBUIHBIC U A3BIKOBUIHBIC KHUILIECYHBIE BOPCUHKH, UX
BEPXYIIKH TOKPBITHl OJHOCIOMHBIM KaeM4aTbIM IWJIMHAPUYECKUM JdnuTenueM. Ero moxxHas
MHOTOPSIIHOCTh COXPAHSAETCS Ha JTHE MEKBOPCUHYATBIX MPOMEXYTKOB, 716 MUTOTHYECKUE (PUTYPBI
BCTPEYAIOTCS Yalle BCEro. MHTO3bI SMUTEIHOLMUTOB MOKHO OOHApPYKHMTh TaKXKE Ha BEpXYIIKax
IIEPBUYHBIX TPOJOJIBHBIX CKJIAI0K, B MECTAX UX PACILEIUICHHS HAa KMIIEYHbIE BODCUHKH, a TAKXKE Ha
pacILEIUISIOIINXCS BEPXYIIKaX CAMUX BOPCUHOK.

VY mwion0oB 31-40 MM amuHb! (9-51 Hell) NPOJOIDKACTCS JTMKBUAALMS JIOXKHONH MHOTOPSITHOCTH
KHIIEYHOTO JMIUTENNS B IBEHAIATHIIEPCTHON KuIIke. B cepennne — B KoHIE 9-if Hen yTpoOHOU
JKU3HHU JIO)KHOMHOTOPSIIHBIA KUIIEUHBIM MUTEINN JHA MEKXBOPCUHYATHIX MPOMEKYTKOB HAUYMHACT
BBITATHBATHCS B OYCHb KOpOTKHE TpyOoukH (Pucynku 11-13), KoTopbie BHEAPSIOTCS B TOAJIEKATYIO
COEIMHUTEINIbHYIO TKaHb. OOpa3yroTCsl epBble KUIIEUHbIE KPUIITHI.

Pucynoxk 11. 3aponsim 34 MM JJTMHBI, TOTIEPEYHBIN cpe3: | — manpleBUAHAs KUILIeUHasi BOPCUHKA;
2 — pa3aBoeHHEe NaBLEBUIHON KHIIEYHONH BOPCUHKY; 3, 4 — KPYTOBOW M MIPOAOIBHBIN CI0U
MBIIIEYHON 000JIOUKH JIBEHAIATUTICPCTHON KHUIIKK;, 5 — TIOKEITy I0YHasI KeJe3a.
I'emarokcunuH u 303uH. YB. 220
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Pucynok 12. 3aponsim 34 MM IJTUHBI, TOTIEPEYHBINA cpe3: | — BepXyIlIKa MajgbleBUIHON KUIICYHOH
BOPCHHKH; 2 — JIO)KHOMHOTOPSITHBIN SIUTEINH B OCHOBAaHUU KUILIEYHOW BOPCUHKU;
3 — muteunslit cunyc. ['eMarokcmmH u 303uH. YB. 360

Pucynok 13. 3aponsiin 36 MM JITUHBI, TOTIEPEYHBIN Cpe3, HUCXO/AIIAS YaCTh JBEHA IIATUIICPCTHON
KHIIKHU: | — ManbIieBU/IHbIC KUIIICYHBIC BOPCHHKH, 2 — paclIeIUICHHUE MabIIEBUIHON KUIICYHOMH
BOPCHHKH; 3 — KHIIIEUHBIC KPUNITHI; 4 — MJICUHBINA CHHYC; 5 — MPOJIOIbHAS CKIIJKa CIU3UCTON

000J104KH; 6 — 00BEIUHEHHOE YCThE OOIIEro KEIYHOIO M IIaBHOTO MAHKPEATHUECKOTO MPOTOKOB.

T'emaToxcunun u 303uH. YB. 120
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3axniouenue

[TonydyeHHbIe MHOIO JaHHBIE TTO3BOJIAIOT YTBEPKIATh, YTO MOP(OreHe3 KUIIEUHbIX BOPCHUHOK,
KaK M KHUIICYHBIX KPHIT, MPOUCXOIUT MyTeM BHEAPEHUS] KUIIEYHOTO SIMUTENIUS B MOJJICKAIIYIO
MezeHxumy [11-12], a TouHee — JOKHOMHOTOPSTHOTO, OYE€Hb aKTUBHO MPOIUGEPUPYIOMIECTO U
METabOIHPYIOMIETO AUTENUs B SMOPHOHAIBHYIO COCTUHUTEIILHYIO TKaHb. [10SIBICHUIO TUITUYHBIX
KHILIEYHBIX BOPCUHOK B KOHIE 8- Hel sMOpuoreHesa mpealecTByeT oOpa3oBaHue Ha 7-Ml Hen
MEPBUYHBIX MPOJOIBHBIX CKJIAIOK MUTEIMOME3CHXMMHOIO CJIOSi HA MECTE TOJIbKO HAaYMHAIOIIETO
(hOpMHUPOBATHCS CIAU3ZUCTOTO CJIOS JABEHAAIATUNEPCTHOW Kumiku [S5, 20], a mo3mHee — Toled H
MOAB3AO0ITHON KUIIOK. Mop(horeHe3 KHUIIEYHBIX BOPCHHOK MPOUCXOIUT B JIBA OMMCAHHBIX 3Tara B
[IEPUOJT pPEKaHAIM3alUMU JIBEHAILATUIIEPCTHOM KHUIIKKM. A TMO3TOMY HEYIUBHUTEIBHO, YTO Psij
uccienosarenei [4, 11] Mmornu oOHApYKUBATH AMUTEIUATBHBIC XOJIMUKHA B MECTaX HAYMHAIOIIETOCS
MopdoreHe3a KHIIEYHBIX BOPCUHOK. [[pyroe neno, 4ro y SMOpHOHOB YesoBeka 28—29 MM JJTHHBI
(xoHer 8- HeJT) TAKKME KAPTUHBI B ABEHAAIIATUIIEPCTHON KHIIIKE HE HailTh. HeuTo mojobHoe MOXKHO
YBUJIETh B 3TOM OpraHe B Havayie 7-il Hex (AMOpHUOHBI 14—15 MM 1yiuHBI).

Mopdorenes He TOIBKO KUIICYHBIX BOPCUHOK [ 14—15], HO 1 oprana B nienom [5, 20] ocHOBaH
Ha TECHOM B3aMMOCBSI3U MIPOLIECCOB, MPOUCXOALIMX B €r0 SMUTEINATBHOM 3a4aTKE U OKPYKAIOIIEH
Me3eHxume. WHIYKTUBHOE BO3JCUCTBUE, KOTOPOE OJIUTEIUN OKa3blBACT Ha MOJICKAIIYIO
Me3eHxumy [ 14—15], cBsa3aHo ¢ mpoleccoM KIIeTOUHO nponudepaliiu, Bceraa 0oee MHTCHCUBHON
B onuTend. M3 HEro MCXOAAT NMHTEHCUBHBIC TOKM META00IMTOB, PA3MbIBAIOIINE ME3CHXUMY, a OHA
MPOAYLUPYET THATYpOHAThl M TIIMKO3aMHUHIJIMKAHbI, CBA3bIBatomue Bony [5, 20]. YBenuuenue
o0beMa ME3EHXHMBI SBISETCS (QopMooOpazyromuM (aKTOpOM, OIPEACISIONIMM BBITTYUBAHUE
SNUTEINS B MPOCBET KHUIIKHU [14—15], HO BTOpUMYHBIM: YIJIOTHEHHUE ME3EHXHMMbI U LUPKYISIPHAS
OpPUEHTAIIMS €€ KJIETOK IPOUCXOJAUT BOKPYT HHTEHCUBHO MPOJIU(EPUPYIOMIETO ITUTEIUS, ITUPOKHIA
CJIOM IJIOTHOM ME3€HXMMBbI OTPAaHUYMBAET HAPYKHBIA pOCT KHILIEUHOTo 3nuTenus [ 5, 20]. Kak Tonbko
HACTyHaeT 3HAYUTEIIBHOE PAa3PBIXJICHHUE ME3EHXUMBbI B CBA3M CO 3HAYUTEIBHBIM CHUKEHHUEM
MUTOTHMYECKON aKTUBHOCTU €€ KJIETOK M 3HAUWUTEIbHON MPOAYKIMEH MEXKJIETOYHOI'O BEIIECTBA,
HAYMHAETCS YCKOPEHHOE PACUIMPEHUE KHUIIICYHOM TMOJOCTH M pEeKaHAIM3allds OpraHa. 3akKiajka
KPYTOBOI'O MBIIIEYHOI'O CJIOSA, MEXAY IPOYUM, MPOUCXOJUT HA OCHOBE LUPKYJISPHBIX LIETIOYEK
ME3EHXUMHBIX KJIETOK, KOTOPBIC BBICTPAMBAIOTCS BOKPYT AMUTEIHAIBHOW TPYOKH MEPBUYHOM
KHIIKH, B 00JIACTH 3aKJIa/IKH JBEHAAIATUIIEPCTHON KUIIKM — HaYWHAs ¢ KOHIa 4-i1 Hex. Mx gucno
HEYKJIOHHO pacTeT, a B KOHIE 6-i HeNl HapyXHbIE€ M3 HHUX, PACIOJIOKEHHBIE Ha 3HAYUTEIHHOM
YIAJIEHUU OT CUJIBHO «Pa3MBIBAIOILIEr0» ME3EHXMMY KHUIIEUHOIO MUTENHS U TaKKe Ha HEKOTOPOM
OTCTYIUICHUU OT LIETIOMUYECKOTO SIUTENHS, HAYNHAIOT YIJTUHATHCS B MPUCYTCTBUU BPACTAIOIINX B
KHUILIEYHYIO CTEHKY HEPBHBIX BOJOKOH. TakuMm 00pa3oM, Me3eHXHMMa HCIBITHIBAET HE TOJBKO
«pa3MbIBAIOIIEE)» NEUCTBUE KHIIEUHOTO SIMUTEIMS, CTYIIAsCh U MPOAYUHUPYS MPOTEOTVIMKAHBI B
OTBET, HO U €ro 3HAUYMTEJIbHOE PACTITHUBAIOLIEE BIUSHUE, PACIOJarasicb BOKPYT SMUTEIUATBHOU
TPpYOKH MUPKYISIPHBIMH KOHIIEHTPHUUYECKUMHU IlenoukamMu. Bo3MokHO, 4TO coxpaHEHHI0 0O0bema
Pa3pBIXJISIONICHCS ME3EHXUMBI CIOCOOCTBYET JOPMUPOBAHUE CETU PETUKYISPHBIX BOJIOKOH.

Nuannmanmst oOpa3oBaHUsl KHUIIEYHBIX BOPCHHOK C TOBBIIMIEHHEM AKTHBHOCTH KIJIETOYHBIX
AJIEMEHTOB ME3CHXUMBI, KOTOpas MPOSBISIETCS WX pPa3MHOXKEHHEM M 00pa3oBaHMEM IJIOTHBIX
CKOIUJICHUH, BBITIAYMBAIONINX TOKPBIBAIONIMN uX snutenuil [1], He cBs3ana takke. K Hauamy
(dbopMUpOBaHUS TIEPBUYHBIX TMPOJOJIBHBIX CKIAIOK OyAyIIero CIM3HCTOTO CJIOS, a HMCTUHHBIX
KHUIIIEYHBIX BOPCHHOK TeM Oojee mponudeparss ME3eHXUMHBIX KJIETOK HE IIOBBIIIACTCS, a
3HAQUUTENIbHO CHUXAETCS, KaK M IUIOTHOCTh ME3€HXMMBbI. YacTh SMUTENHS HE BBIINSTYMBACTCS B
KHUIIIEYHBIN TIPOCBET, @ OTCTAE€T B HAPY)KHOM CMEIIEHHUU OT COCEAHUX YYaCTKOB DIUTENHUsS ¢ Oojee
BBICOKOW MHTOTHYECKOH M METa0OIMYECKOW AaKTUBHOCTHIO. KpyroBoil MBIIIEUHBIA CIIOH
BBIPABHUBAET PA3HOCKOPOCTHBIC HAPYXKHBIE CMEIICHHS ME3€HXUMBI 10 TEPUMETPY KHUIIKH,
BBI3BaHHBIE, BEPOSTHO, TAKOH K€ Pa3HOU MO MEPUMETPY METaOOINYECKON aKTUBHOCTHIO ATTUTEIH L.
B pesynbprare mpoucxoauT nepepacnpeesieHine ME3CHXUMBI B TOJIIE CTCHKH JBEHAIIATUTIEPCTHOM
KHUIIKA TI0 €€ TEePUMETPy U «U30BITOK» ME3EeHXHMBI B CEKTOpe Oojiee aKTUBHOTO JIHUTEIHUS
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MIEPEMEIIAETCS] B CEKTOP MEHEE aKTUBHOI'O 3MMTENMS, CMELIasi €ro B KUIIEYHBIA IIPOCBET, TOUHEE,
BBI3BbIBAs €r0 3aJICPKKY TaM C OTCTaBaHMEM OT JIOKyca aKTUBHOro »nutenus [S5, 20]. UmenHo Tak
BBICTYNAIOT BEPXYLIKM MEPBUYHBIX MPOAOIBHBIX CKJIaJOK M 3aTeéM COOCTBEHHO KHIIEYHBIX
BOPCHUHOK. J[pyroe aeno, 4To siBHbIE MapKepbl pa3HO# mposudepaTuBHON aKTUBHOCTU KHUIIEYHOTO
SIUTENNUS 110 IEPUMETPY B BHUJIE Pa3HOM €ro JIO)KHOM MHOTOPSIHOCTU BIUIOTH JI0 €€ JINKBUJALUU
OTCYTCTBYIOT Ha 3Tare MepBUYHBIX MPOAOJIbHBIX CKIIAIOK U ONPEAETSIOTCS Ha dTarne o0pa3oBaHUs
TUIUYHBIX KULIEYHBIX BOPCHMHOK. HO Takoe pasnuume COOTBETCTBYET JIBYX3TaIlHOCTU Ipoliecca
rucroauddepeHInanuu: nepBblii — OMOXUMHUYECKasi, BTOPO — Mopdosioruueckas.

B ckomnneHusx Me3eHXUMBI, BHIITYMBAIOIIMX [TOKPBIBAIOLIUN UX SIUTENINN, 0OHAPYKUBAKOTCS
COCy/bl, KOTOPbIM H37aBHa IMPUIHUCHIBAJIACh BakKHas POJb B 00pa3oBaHUU penbeda CIU3UCTOM
o6onouku [1]. [louemy BO3HMKAIOT BBINSTYMBAHUS, s YK€ 00bscHWI. CoCyInpl C OYeHb TOHKOH
SHAOTENHUATBHON CTEHKOM OYeHb TPYIHO BBIABUTH B IJIOTHOM Me3€HXHMME, HO OHHM 3aMETHO
pacIIMpsIOTCS TPU €€ 3HAYMTENbHOM paspbixieHud. [lepBuynas, Hecneuupuyeckas 3amluTHAs
peakiusi Me3eHXHMMbl Ha «pa3MbIBalollee» BO3ACHCTBUE WHTEHCHBHO Mposiddepupyromero u
META0OTUPYIOIIETO AIUTENNS COCTOUT B €€ YIUIOTHEHUH IyTeM Mpojudepanuy, 4YTo IpUBOIUT K
CIaBIICHUIO KAMMUJUISIPOB U K YXYALICHUIO MUTAHUS U JPEHa)Xa SMUTENHs, 3aMEJJICHUIO €r0 POCTa.
[lepBuynas mMopdoananTUBHAS PEaKIHUs ME3CHXHMBI CMEHSETCS €€ BTOPUYHOM, crernuduyeckoi
peaxiuei — NpoayKIHel KOMIIOHEHTOB OCHOBHOTO BEIIECTBA COCTUHUTENLHON TKAHU, CBA3YIOLINX
BOJIy W OrpaHHuUBarOmuX auddysuto. Bropuunas peakuus auddepeHnupyromencss Me3eHXUMbI
SICHO BBIp@)KE€HA B MIEPUOJ] IBYXSTAITHOTO MOp(oreHe3a KUIIEYHBIX BOPCHHOK.

S cuuTaro, YTO SNUTENNN UTPAET BEAYLIYIO POJIb B AIUTEINOME3CHXUMHBIX B3aUMOICHCTBUAIX
Ha BCEX CTaJUSIX U BO BCEX MPOIECCAX PA3BUTHUA JBEHAIIATUIICPCTHON KUIIKW, HAYMHAIOIIETOCS C
00pa3oBaHMs €€ MUTETUAITBHOTO 3a9aTKa, BOKPYT KOTOPOTO (DOPMHUPYIOTCSI HOBBIE CIIOW OPTaHHOM
3aKiIagku. Me3eHxuma 1ocje BO3ACHCTBUS SMUTENHS MOJBEPraeTcsl TEM WM HHBIM H3MEHEHHSIM,
KOTOpbI€ BTOPUYHO MOT'YT BbI3BATh U3MEHEHUS B COCTOSIHMM 3nuTenus. [loatomy pazBurue oprana
ClIeIyeT OLIEHUBATh B IIEJIOM, a HE pa3pbiBaTh Ha (parMeHThl, BbIACIsAA YIO0OHBIE 3BEHbs 0€3 yueTa
MOpYILIEHHBIX cBsi3el. KiroueBoe MeCTO B SMUTEIMOME3EHXMMHBIX B3aUMOJCHCTBUSAX 3aHHUMAET
COOTHOIIICHHE HMX TpoJudepaTuBHON M MeTaboamdeckoil aktuBHOCTH [S5, 20]. O Gonee BBICOKOM
MeTab0IMYECKON aKTUBHOCTH SIUTENMS 110 CPAaBHEHHUIO C ME3EHXHMMOM CBHUETENbCTBYIOT MOU
COOCTBEHHBIC U JINTEPATYPHbBIC JaHHbBIC O TUHAMHKE UX THCTOXUMUYECKOi akTuBHOCTH [1, 5, 20]:

1) 3aMeTHO OoJiee 3HAUNTEIIbHbBIC HAKOTICHHE 00IIIero Oeka U akTUBHOCTD psiia JEePMEHTOB B
AIUTEINN;

2) 3HAYMTENIbHOE HAKOIUICHHE TJIMKOTeHA B MU TEIHOIMTAX, KOTOPBIH pacX0IyeTCs B POIIECCe
ux Mopdonornyeckor nudpdepenimanuu. HO. H. IllamoBanoB M ero coTpyAHUKH Kadeapsl
rUCTONOTHH U 3MOpuosiorun CuMdepononbcKkoro MEIUIIMHCKOTO UHCTUTYTa MOJAPOOHO M3Y4HIIU
TUCTOXMMHMUYECKHUN aCIEKT MUTEIMOME3EHXMMHBIX B3aUMOOTHOIIIEHNH B Pa3HbIX OpraHax.

S Bmepsbie [5, 20] oOparun BHUMaHHE Ha BaXXHYIO POJb BEHO3HOW HEIOCTATOYHOCTH B
SMOPHOHAIEHOM PAa3BUTHU JBEHAIIATUTIEPCTHON KUIIKH. OTTOK KpPOBU U3 OpraHa 3aTpYyJIHSETCS B
pe3ynbrate qedopMaIiu U CY)KeHHs IEPBUYHBIX BEH ITyTEM MHBATrMHAIMH B UX MOJIOCTh apTepUil Ha
JTane BBIPAKEHHBIX MEPBUYHBIX IPOJOJIBHBIX CKIAI0K (POPMHUPYIOMIETOCS CIU3UCTOTO CJIOA Yy
sMOpuoHOB 17-25 MM mmunbl (6,5-7,5 Hen). IMeHHO B 9TH CPOKH HAONIOAAIOTCS BBIpaKEHHAs
¢dbuszmonornyeckass THOETb KJIETOK M Hadajlo YOBIBaHUS JIO)KHOW MHOTOPSIHOCTH DSITHTEIHS.
UpesMepHOCTh TaKOW THOENH KIETOK MOXKET MPUBECTH K BOZHUKHOBEHHUIO Ne()EKTOB B DIUTEIHH,
4yepe3 KOTOPhIe COeAMHUTENbHAS TKaHb CIIOCOOHA MPOHUKATH B KHUIIEYHYIO MOJOCTh C Pa3BUTHEM
BPOXKJICHHOW HEMPOXOJUMOCTH JABEHAAIATUIIEPCTHOM KUIIIKKA BHYTPEHHETO TUIA. JTa KPUTUUYECKAS
CUTyalMsl pa3pelraeTcsi Ha JTarne akTUBHOTO Mop(doreHe3a TUIHYHBIX KHIIEYHBIX BOPCHHOK B
JIBEHA/IIIATUTIEPCTHON KHIIKE y SMOpuoHOB 28-39 MM mHBI (8—9 Hen) myTeM OTHENEeHUS OT
ne(hOPMUPOBAHHBIX YKCTPAOPTAHHBIX MEPBUYHBIX BEH MEPBHYHBIX JTUM(PATUUECKUX KOJUIEKTOPOB,
00eCneunBAIOIINX JOMOTHUTENBHBIN IPpeHAX ABEHAIATUIIEPCTHON KUIIKU U €€ OpbDKEHKH.
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BPOHXUAJIBHAA ACTMA Y JETEW B YCJTOBUSX CTAIIUOHAPA
B KbIPI'BI3CKOH PECITYBJIMKE (ITPO'HO3UPOBAHUE NCXOJ10B
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BRONCHIAL ASTHMA IN CHILDREN UNDER CONDITIONS OF STATIONARY
IN THE KYRGYZ REPUBLIC (FORECASTING OUTCOMES AND COURSE)
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Annomayus. B cTtaThe npeacTaBieHbl Pe3yNbTaThl MPOrHO3UPOBAHUE OPOHXUATBLHOM acTMOM
(BA) paznuyHON CcTemeHH TXKECTH Yy JAeTel mo olpaliaeMocTd B CTallMOHAp, YTO MO3BOJIUIIO
MOJIYYUTh OOJIee HATJISAIHBIE TaHHBIC O IMHAMHKE OOJIE3HU B TIEPCIICKTUBE.

JlaHHbIE TIpeACTaBIEeHBl Ha OCHOBE peTpocleKTHBHOro aHanusa 3309 uctopuii OGone3HH Ha
netreit ¢ BA 3a 10-neTHuil epuo1, HAXOAMBIIMXCA HA CTAI[MOHAPHOM JiedeHHUU B HarmoHaibHOM
LIEHTPE OXPaHbl MaTEPUHCTBA U JETCTBA.

B pesynbprate mTpOBEACHHBIX MCCIENOBAHUM OBLIM YCTAHOBJICHHBI MPOTHOCTHYECKUE
3aKOHOMEPHOCTH JAMHAMUKH 3a00JIeBaeMOCTH OpOHXHATbHOW acTMOil. Bce nmaHHBIE MOTYT OBITH
WCIMOJIb30BAaHbl B MTPAKTUYECKON NIESITEIBHOCTH Bpadeil JJisl BHECEHHUS] KOHKPETHBIX JOMOJHEHUHN B
CTpaTerni0 OpraHMU3alMi MEIUIHUHCKOro o0cmyxuBaHusa Jeteil ¢ BA u coBeplieHCTBOBaHUS
METO/JIOB €€ MPAKTUYECKOTO OCYIIECTBIICHHUS.

Abstract. The article presents the results of predicting bronchial asthma of various severity in
children by referral to a hospital, which allowed obtaining more visible data on the dynamics of the
disease in the future.

Data are presented on the basis of a retrospective analysis of 3309 case histories for children
with bronchial asthma over a 10-year period who were hospitalized at the National Center for
Maternal and Child Health.
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As a result of the studies, prognostic patterns of the dynamics of the incidence of bronchial
asthma were established. All data can be used in the practice of doctors to make specific additions to
the strategy for organizing medical care for children with bronchial asthma and improving the
methods for its practical implementation.

Knrouesvie cnosa: JC€TH, 6pOHXI/IaJ'IBHa$I aCTMa, IIpOrHos.
Keywords: children, bronchial asthma, prognosis.

Axmyanvrocmo. bponxuanbaas actma (BA) sBisieTcst Upe3BbIYaiiHO aKTyalIbHOW TTPOOIEMOM
neguaTpuu. DMUJIEMUOJIOTHYECKUE UCCIEIOBAHUS MOCIEAHUX JIET CBUACTEIBbCTBYIOT O BBICOKOM
pacnpocTpaHEHHOCTH 3a00JIeBaHUs Cpelld JETCKOro HaceJeHHsl, KoTopas BapeupyeT oT 5 10 10%
(HarmonaneHas nporpamma «bponxuanbHas actMa y neteit. Ctparerus ieueHus U IpOPHIAKTHKAY).
[Tpu 3TOM OTMeYaeTcsl BbIpaKCHHAs TEHACHIMS K €KErOJHOMY YBEIMYECHHUIO €€ 4acToThl [1-4].
CrnenyeT OTMETHTB, uTO BA sBIIsIeTCS TPUYMHON 3HAYUTEITHHOTO CHUKCHHS KQ4eCTBa )KU3HU JCTCH,
OTPaHUYUBACT MX COLMATIBHYIO U (DU3MYECKYI0 aKTUBHOCTH, a MIPH TSKEIOM TEUECHUU MPUBOIUT K
uHBamau3anuu [5-9].

HekonTtponupyemoe teueHue 3a001eBaHus C YACTHIMU OOOCTPEHUSIMHU HE TOJIBKO HETaTUBHO
CKa3bIBaeTCsi Ha (POPMHUPOBAHWHU PACTYIIETO OpraHM3Ma peOCHKAa, HO M HECET CYIIECTBEHHOE
HKOHOMHYECKOE OpeMs [UIst 3[paBOOXPaHEH s U CTpaHbl B mesaom [10-11].

Lenv uccnedosanus. TIporHo3upoBaHusl YpOBHS 3a00JI€BAEMOCTH OpPOHXHAIBHOH acCTMBI y
JIeTeii 1o 00panaeMoCTH B CTallMOHAp.

Mamepuan u memoovl

Hamu 6611 npoBenieH perpocnekTuBHbIN aHau3 3309 ucropuii 6one3nu Ha aereii ¢ bA 3a 10-
JETHUM MepHoJ, HAXOIUBUINXCS Ha CTAllMOHAPHOM JiedeHHH B HalmoHanbHOM LIEHTpE OXpaHBbI
MarepuHcTBa U gercta (HLHOMu/l).

[Ipu mnporHo3upoBaHUU YpOBHA 3a0oneBaeMoctTh bBA 'y nereil ucxomwnu u3 JABYX
IIPEATIONOKECHUMN:

1. Tpenas! ObUTH BHICTPOEHBI TOJIBKO HA OCHOBaHUH TuHAMHUKHU noka3ateneit 2003-2012 rr.;

2. JInis TpOTHO3a UCITOJIb30BATTUCH 3BOJTIOIMOHHEIC TAPAMETPhI PA3BUTHSL.

[TosnyueHHbIe TUHAMHYECKHE Psbl ObLIM BhIpaBHEHBI B mporpamme Microsoft Excel 2013 ¢
MOMOIIIBIO T0OaBIIeHUs JIOTapu(PMUIECKOM JTMHIHU TPEeH 1A, Kak Oosiee 1enecooOpaszHoit as BA T. k.
OHAa HOCHUT ONTHMHCTHUYECKHI XapakTep, I/ie X — MEpUOA BPEMEHH, Ui KOTOPOro HeoOXOoIuM
TIPOTHO3 3a00MeBaeMocTH, R? — CTeneHb JOCTOBEPHOCTH AIMPOKCHMAIIHH.

Pezynomamet u 0obcysrcoenue

3a 10-neTHuii mepuo]l BpeMeHH ¢ auarHo3oM BA Tsxenoi cremenn B HIIOMu/l Gbiio
rocrutanusupoBaHo 1441 GonbHbBIX fneTeil B Bo3pacte oT 1 roxa no 17 net. B cBsizu ¢ TsaxecTbio
TedeHus 3a00JIeBaHUS U OOMIMEM COMTYTCTBYIOLIMX 3a001€BaHN OPOHXOIETOYHOM CUCTEMBI U JIOP-
MaToJIOruel OOJIBHBIC MOCTyHaIN 2-3 pasa B roj.

Kak BuaHo u3 Pucynka 1, mpu u3ydyeHMHM AMHAMHMKHU 4acToThl BA Tspkenoil cremnenu Oblia
MOJIy4yeHa JIMHMUSI TPeHJAa C MPOTHO30M Ha 6 JIeT, KOTopas MO3BOJIMJIA OIpPEAETUTh JAUHAMUKY
mokasaTens C MaTeMaTMueckuM 3Hauenmem: y=7E—132e%152%% R? =0,9419. Poct ypoBHs
3a0oneBaeMocT Jeteil BA MoxeT ObITh CBSI3aH C YJIy4IIEHHEM AMArHOCTUKH Ha BCEX YPOBHSX
3/IpaBOOXPAHEHUS U3JIaHbl: KIIMHUYECKUE ITPOTOKOJIBI U PyKOBOJCTBA IO bA y nereil, NOBCEMECTHO
MPOBOAUTCS 00yYeHHE B BUJE CEMUHAPOB M KOH(EPEHIIH, MOCBSIIEHHBIX TaHHOW HO30JIOTUH, HO
HEJIb3sl MCKIIOYUTh W BIMSHHE HA YPOBEHb 3a00J€Ba€MOCTH OpPOHXMAIBbHOM acTMBl YXYIIICHUS
COLIMAJIbHBIX U SKOHOMHYECKUX (PaKTOPOB KU3HHU HACEICHHUS.
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Pucynok 1. [Iporaos 3aboneBaeMocTy neTeii OpOHXHATHLHON aCTMOM TSKENOH CTeneHH

B nenom MOXHO MpOrHO3UPOBATH YPOBEHB 3a00JIeBAEMOCTH OPOHXHUAIBHON acCTMOMN TSXKeN0i
crenenu k 2018 rony, BepBbie quarHoctTupyembix — 10 650—700 manueHToB B TE€YEHHUE IoJa.

B pe3ynbrare npoBeIEHHOT0 UCCIEA0BAHMS BBIABICHO, UTO y JAeTel ¢ BA Tsxkenoi creneHu,
OTMEUAJIOCh COYETAaHUE AJUIEPTUYCCKOr0 M BOCTAIUTEIBHOIO IreHe3a 3a00sieBaHus. XapaKTEPHBIM
JUIsL DTOW TpYNIbl OONBHBIX SBUJIOCH paHHEE HAyalo BOCHAIUTENbHBIX 3a00JE€BAaHUI OpPraHOB
JIBIXaHUS M JIOp — IMAaTOJIOTHH, UX BBICOKAsl 4acTOTa JI0 3 JISTHETO BO3pacTa, 4TO CIOCOOCTBOBAJIO
MOBPEXKACHUIO OapbepHON (PYHKIMK OPOHXOJETOYHOrO ammapara, pa3BUTHI0 (YHKIIMOHATBHBIX U
Mopdonoruueckux HapymeHuil. [Io Mepe yTsokeneHusl cocTosiHus OONbHBIX ¢ BA, HaOmomanock
dbopMupoBaHue Oojee TSDKEIOr0 TEYEHHs OCHOBHOTO 3a00JieBaHUS U OCIOKHEHUH B BUIE
MTHEBMOCKJIepo3a U Gpuodpo3a.

200
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y= 1E_72e0,0847x
R?2=0,9916
50
0
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Pucynox 2. IIporno3s 3a0oneBaeMocTH y aeTeld, 00JIbHBIX OPOHXHUABHON aCTMOH TSOKENION CTEeNeHH
B COYETAHHUHU C IPYTUMH HO30JIOTHYECKUMH (POpMaMH XPOHHUUECKUX HECTIEN(PUIECKUX
3a00JIeBaHUI JTETKUX
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Kak BugHO 13 PucyHka 2, moiay4yeHHBbIN IPOrHO3 3a 6 JEeTHU nepuon, y nereit ¢ bA Tsaxenoi
CTENEHHU B coueTaHuu ¢ npyrumu ¢popmamu XH3JI, mo3Boymi onpeneauTs TMHAMHUKY TTOKa3aTels C
MaremMaTudeckuM 3HadenueMm y=1E—72e%%%47%, R? =0,9916. Cyns mo rpaduky, BO3MOXEH pOCT
0oJe3HM B mocieayromue roasl U k 2018 rogy MmoxeT coctaButh 220 yenoBek.

3a 10-meTHUit mepuoa BpeMeHU ¢ auarHo3oM bA cpenmneit crenmenn B HIIOMu/Jl Obuio
rocnutanusupoBaHo 1868 nereit, B Bo3pacte oT 1 roga no 17 ner.

250

y = 3E+42e70:046x

R*=0,5682
200
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Pucynok 3. IIporuos 3a0oieBaeMOCTH JIeTel OpOHXHUATBHON aCTMOM CpellHEH CTENEHH TSKECTH

Cpemu nereit, OonbHBIX bBA cpemHel CTENEeHM TSDKECTH, NPU HM3YYCHHHM JIUHAMUKH
3a00JIeBaHUs, ONPEICIICH TIOKa3aTellb U3MEHEHUM C MAaTEMAaTHUYSCKUM 3HAYCHUEM JUISl TTOJTyYCHUS
JIMHAM TPEH/IA ¢ IPOTHO30M Ha 6 jieT: y= 3E+42e %04 R?= () 5682. Kak BunHO u3 pucynka 3.2.12,
MIPOMCXOJIUIIO MTOCTETIEHHOE CHIDKEHUE cilydaeB 3aboseBanus bA cpenneii crenenu Tsokectu. K 2018
roJly ypoBeHb rocrnuranusanuii neteit ¢ bA cpenneil creneHu TsS)KeCTH MOXKET CHU3UThCS 10 100—
120 0OJIBHBIX.

Takum 00pa3oM, MOXKHO OXHUAATh YBEJIMUYEHUS YUCIA OOJIBHBIX C TsDKeIbIMU (popmamu BA,
P ATOM UMEETCS BEPOSATHOCTh CHIKEHUS YHCTIa IETeH ¢ OpOHXHMAbHOM acCTMON CpeHeH TAKECTH.

YcTaHOBIEHHBIE MTPOTHOCTUYECKHE 3aKOHOMEPHOCTH JTWHAMHKHU 3a0osieBaeMocTd BA ueTko
OPUEHTHUPYIOT Ha BHECEHHE KOHKPETHBIX JOMOJIHEHUH B CTPATETHIO OPraHU3aluy MEIUIMHCKOTO
oOcmyxuBaHus AeTeil ¢ BA 1 cCOBEpIIEHCTBOBaHUSI METO/IOB €€ MPAKTHUYECKOTO OCYIIIECTBICHHUS.

B wactHOCTH, B cTpaTernyeckoM IUIaHe cleAyeT NPeayCMOTPETh Haauure (OpMbI KOHTPOIIS 32
O0onmpHBIMU BA Ha BCeX ypOBHSIX 3/[paBOOXpaHEHUs, MPEEMCTBEHHOCTh MEKIy HUMH, 0OecIieueHre
KBTM(DUIIMPOBAHHBIMU KaJPaMU U COBPEMEHHBIM YPOBHEM JUATHOCTHUECKUX BO3MOXKHOCTEH.
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SOIL EROSION RESEARCH ON DETERMINING THE EXTENT
OF THE POTENTIAL DANGERS OF MOUNTAIN-BROWN SOILS OF THE QUBA-
KHACHMAZ ZONE OF AZEBAJDZHAN

UCCJIEJJOBAHUE IOYBEHHOM 3PO3WH 110 ONPEJIEJEHUIO CTEIIEHA
HOTEHIHHUAJIBHBIX OHACHOGTEfI IF'OPHO-KOPUYHEBBIX IIOYB KYBA-
XAYMA3CKOMH 30HbI ABEPBAUIZKAHA
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Baku, Azerbaijan, zakirakademik@mail.ru
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Abstract. On the plots under sowing of field crops traits for which you can define the degree
of soil erosion are projective cover and height plants. Enthusiastically steepness of slopes the ability
to use crops as indicators of soil erosion reduces soil erosion degree of natural grassland can be
estimated based on existing dependencies between the grass plants and extent of soil erosion. Strong
enough erosion degree soils of sloping meadows can be recognized for environmental regimes of
vegetation habitats.

Annomayus. 11oceBbl 1OJIEBBIX KYJIBTYP MOT'YT ObITh UCIIOJIb30BAHbI KaK YYaCTKHU, HA KOTOPBIX
MO>KHO OIPEJEIUTh CTEIIEHb PO3UU I10YB, B KAUECTBE KOHTPOJIS ONPEIEIAIOT TAKUE ITOKA3aTENIN KaK
IIPOEKTUBHOE MOKPHITUE M BBICOTa pacTeHHil. D(P(HEKTUBHOCTh HCIOJB30BAaHUS 3JIAKOBBIX Ha
CKJIOHAX JUIsl CHHDKEHUH CTENEHH 3PO3HMHU MTOYB €CTECTBEHHBIX MACTOMI] MOXHO OLIEHUTh Ha OCHOBE
CYLIECTBYIOIIUX 3aBUCHMOCTEH MEKIY COCTOSIHUEM PACTUTEIBHOCTH M CTEIEHBIO DPO3MM IIOYB.
CreneHp pa3BUTHUsI JEPHUHBl HAKJIOHHBIX JIYTOB OIPEAEISAETCA SKOJOTHYECKUM PEXUMOM
pPacTUTEIBHBIX MECT OOUTAHUS.

Keywords: disturbed, humus, erosion, bioclimatic, compaction, steppe.
Knrouesuvie cnosa: HapyleHHBIN, IEPErHOM, SPO3Usi, OMOKIMMATUUECKUH, YIITIOTHEHUE, CTETIb.

In the context of Azerbaijan the process of erosion has become a large development, calling for
a washout, erosion and deflation, etc. types of unwanted consequences of destroying the aggregate
properties of soils. It is expressed most clearly in the soils, cultivated in rainfed conditions in the
example object. The aim of achieving completeness solvable problems of land management, erosion
or potentially dangerous erosion should be deeply know every plot of land in the region, its features
that can influence the choice of crops in the zoned territory, the method of irrigation or private
receptions machinery. Therefore, it is possible only as a result of deep surveys the territory. We
should also recognize that the stronger are affected by erosion of the soil, the more they differ from
their non-washed analogues on chemical, granulometric composition and physico—chemical
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properties, water, air and thermal regimes of biogenic and other indicators, the totality of which affect
their fertility and erosion resistance.

The moves and discuss the results of the study

As aresult, undertaken under the direction of prof. B. G. Aliyev [1] research jointly with experts
of the Polish Institute of technology revealed that soil erosion is reduced humus content. However,
the margin when 0-50 cm layer in non-washed mountain—brown stepped soils is 168 t/ha, in a very
poorly washed-away — 156 t/ha, poorly washed-away — 135 t/ha, medium washed-away — 108
t/ha, heavily washed—away — 65 t/ha, and in very heavily washed—away — 32 t/ha. In eroded soils
not only decreases the total humus content, but also decreases the contents of mobile forms of humic
acids. According to the author, these changes are the stronger, the more are affected by erosion of the
soil. It is believed that the decrease of humic acids leads to lower fertility, conservation of soil
resistance to deterioration. This same decline, in General, proportional to the reduction of nitrogen in
the soil. Shortage of available forms of nitrogen is one of the important reasons for the decline of
fertility of eroded soils. Regularity also reveals decreasing r20 in medium washed—away soils by 30%
and heavily washed-away — more 50%. Reduction of organic phosphates and phosphorus forms
insoluble increase leads to deterioration of phosphorus nutrition of plants. In eroded soils are often
reduced content of potassium. Thus, its agrochemical characterization of soil washed away are
substantially different from non-washed. Hence arises the need for differentiated fertilization in soil
with varying degrees of erosion [1-2].

Results of laboratory studies found that eroded soils differ significantly from non-eroded on
physical properties. In the eroded soils decreases the content of water—resistant structural
aggregates. And so, if in the upper horizon of non-washed mountain—brown stepped soils water—
resistant content of the aggregates is 52% very poorly washed-away — 48%, poorly washed-away
— 42%, medium washed—away — 30%, heavily washed—away 18%, and in very heavily washed—
away — 8%. The number of units of less than 0.25 mm increments (see Table 1).

Table 1.
DIAGNOSTIC INDICATORS OF VARYING DEGREES OF EROSION
THE MOUNTAIN-STEPPED BROWN SOILS
The degree of erosion Power Gross margin, t/ha water— Yield kg/ha
and its designation horizonsa+ | humus | nitrogen | phosphorus resistant
b aggregates
more than 1
mm

Non-eroded 75 168 10.5 6.4 52 28.5
Very little eroded 70 156 8.8 5.8 48 26.2
Weakly eroded 60 135 7.6 5.0 42 22.3
Moderately eroded 45 108 5.6 3.2 30 15.8
Heavily eroded 30 65 3.8 2.3 18 9.8
Very heavily eroded Less than 15 32 1.9 1.2 8 6.4

Non-eroded soils are distinguished from eroded visible differentiation of soil profile and greater
capacity. Well allocated arable and 2 layers. In the past appears gray—brown shade effect of alluvion
horizon. Subsurface layer is visibly detectable seal and meet the selection of carbonates. Structure of
silt-clotted, and Virgin soil—clotted well expressed. The degree of erosion for each soil type is set,
depending on which part of the soil profile washed away or deformed horizon from which topsoil is
emerging, what is the average percentage yield compared to harvest on nejerodirovannyh soils, and
the steepness of slope in degrees. The degree of erosion of soil also depends on the shape of the slope,
its length and exposure, the correctness of management, anti—erosion of sustainability, which includes
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a variety of mechanical, chemical and physical properties. Therefore, on the slopes of the same slope
soils can be one, but different subtype of erosion.

The average harvest is a very important indicator in determining the degree of erosion.

In the field soil fertility was determined visually by morphological hallmark of a soil profile
and as plants on this site. From the data Table 1. It can be seen that as the degree of erosion decreased
the power of the horizon a + b and reserve of humus within certain limits.

It should be noted that the supply of humus (in tones) is calculated taking into account the
nitrogen and phosphorus. In addition, data on crops as listed in the classification of eroded soils,
somewhat understated. Our nursery (2008-2010) studies have shown that the harvest of winter wheat
at very little eroded mountain—brown soils in the rolling average is reduced to 10% for medium-up to
25% of eroded, and the heavily eroded — up to 75% compared to crops on soils which non-eroded
and approved the results of long-term researches of experts of Institute for land reclamation and
grassland of the NDP. To achieve this goal, the potential dangers of erosion mapping based on local
characteristics of soils, we adopted the following grouped by degree of soil erosion.

Soil erosion degree, which is set depending on the steepness and slope exposure, the depth of
local bases, erosion degree, the nature of the underlying rocks, belonging to one or other agricultural
lands.

Graduation steepness of slopes for arable land were taken as follows: 0-1; 1-3; 3-5; 5-8; 8-12
and more than 12. Other land: 0-1; 1-3; 3-5; 5-8; 8-12; 12-20; 20-30; 3045 and more. On the
slopes following graduation be taken exposure: North, Northeast, Northwest, East, West, South West,
South East and the South. Where depth graduation local bases were taken following erosion: 0—20;
20-50; 50-100; 100-150; 150-200; 200-300; 300—-400; 400-500; 500-600; 600-800; 800-1000 m
and more. According to the degree of erosion of different categories of eroded land kept as soil one
degree of erosion and their complexes.

Also take into account the nature of the underlying rocks and their density. For each of the
selected groups and categories of eroded land have been given recommendations on their use and
application of counter—erosion activities. As the above selection basis relied eroded land are soil maps
that reflect all the contours of eroded soils and farmland. While used and supporting special cards
steepness, exposure, slopes and depth of local bases of erosion [1, 3].

In recent years there has been significant growth in the areas of eroded soils that required for
thorough research and allocation of eroded land, which was not previously considered. Consequently,
the question arises of the diagnostic study of indicators for measuring the degree of erosion of
soil. Sometimes use indicators that determine risk of erosion. For example, in some cases, assessment
of erosion of arable soil set based on the data distribution of arable land on the slope. Of course, the
steeper slopes, so all things being equal on them increases the degree of soil erosion. However, these
are not always equal terms, so the soil more steep slopes may be less inclined than are affected by
erosion (Table 2.) as can be seen from the table, in the north—eastern part of the Greater Caucasus
arable land on terrain conditions are more favourable than the South—East or South of the Greater
Caucasus. Therefore, the soil cover is relatively less eroded. This is largely due to the relatively higher
conservation soil stability, favourable rainfall and soil-protective role of vegetation.

Soil erosion studies in Azerbaijan showed that factor exposure slopes more often affects
distribution of eroded soils than the steepness of slopes.

So when surveyed in the forest zone of mountain—brown stepped soil on one of the areas with
a slope of 15-20° on the southern slope of the heavily eroded soil, were found on the slopes of the
Northern exposure with a slope of 15-20° — weakly eroded. It was found a great influence on the
distribution of soil exposure. So on the slopes of the Northern exposure when slopes 8-12° mountain-—
brown stepped soils wash is 19.2 m/ha, while similar conditions southern exposure reaches soil
washout 45.8 m/ha. If on the slopes of the southern exposure medium and heavily eroded soils occupy
41.2% of the area, on the slopes of Northern exposure in similar circumstances — just 9.8%.
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Table 2.

DISTRIBUTION OF ARABLE LAND ON THE STEEPNESS OF THE SLOPES AND SOIL
EROSION ADMINISTRATIVE AREAS OF THE NORTH-EASTERN PART OF THE GREATER
CAUCASUS

Control Total area, The steepness of the slopes Eroded from the entire arable
areas ha land

Cooler 1°, Including steeper Total, Including a

ha/% 5° ha/% | 8° ha/% ha/% strong and very

badly—eroded,

ha/%
Quba 20402 1502873.7 | 1038550.9 | 2898 14.2 | 13465 66.0 2845 13.9
Kusar 31586 2348574.4 | 1914760.6 | 46.2514.6 | 22066 69.9 4333 13.7
Davaci 19421 1541879.3 | 1169560.2 | 3420 17.6 | 14829 76.4 3127 16.1
Siyazan 10767 9708 90.2 | 714263.3 | 2138 19.9 | 8708 80.9 1942 18.0
Khachmaz branch 39624 1422535.9 | 3270.8 — 11890 30.0 5381.4

Total 121800 | 7786463.9 | 4866940.0 | 1308110.7 | 70958 58.0 12785 10.5

Square units of each category and groups of eroded land have been calculated, taking into
account the genetic soil types. As a result, became possible be explication of eroded land of
Azerbaijan. In explicating contains data on the number of each type of eroded soils varying degrees
of erosion on slopes or another surface, consisting of various agricultural land. Further synthesis of
erosion of land is to bring them into the Republican maps, where, with the aim of zoning activities
rise shows the dependence of the soil cover. To highlight eroded territories the following gradation
of the basis for the allocation of eroded land. Based on the data mapping of eroded soils, as well as
the cameral works compiled map of soil erosion of the Azerbaijan Republic with the following
application [4]:

1. Area lack of erosion:

—do not subject to erosion under forests;

—not prone to soil erosion, natural haymaking and occupied marsh vegetation;

—soil, confined to such lands, as deposits, gardens.

2. Area subject to erosion. Depending on the amount of soil with varying degrees of destruction
of genetic horizons lands are divided into five groups:

—Very little eroded soils, where poorly washed—away a difference constitute no more than 10%
and heavily washed—away soils are not available.

—Weakly eroded soils, where the total area of eroded differences is 25%. Area poorly washed—
away — 20%, medium washed-away soil — not more than 5%, and heavily washed-away soils are
not available.

—Moderately eroded soils. Only up to 50% of eroded soils. Square of contours with moderately
eroded soils reaches 30%, weakly eroded — to 15% and heavily eroded — up to 5% and very heavily
eroded is 10%.

—Heavily eroded soils. Soils erosion degree is about 75% of the total area. Of these, heavily
eroded — 40%, moderately eroded — to 25%, and very heavily eroded — 10%.

—Very heavily eroded soils. Eroded area accounted for more than 75%. Very heavily eroded —
up to 50%, moderately eroded, heavily eroded — more than 25%.

Given our experience, we fully share the views of F. S. Kozmenko, G. A. Presnyakova, S. S.
Sobolev, K. Alekperova, M. N. Zaslavsky that coloring the top layer of soil can be taken as the rate
of erosion.

Non-washed — colour dark brown, humus content — 5%, nitrogen — 0.30%, phosphorus —
0.22% capacity acquisitions — 35 mg—equivalent per 100 g of soil, the number of water—resistant
units over 1 mm 52%.
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Very poorly washed—-away. Horizon and washed not more than 20%, the color of the soil a little
different from non-washed (dark brown). Humus content in the upper horizon is 4.6%, nitrogen —
0.28%, phosphorus — 0.19%, absorption capacity — 32.5 mg—equivalent per 100 g of soil, the
number of water—resistant units over 1 mm 48%. Yields below 10% than that of non-washed.

Poorly washed-away. Horizon from 20 to 50% washed soil color brown, humus content — 4%,
nitrogen — 0.24%, phosphorus — 0.16%, absorption capacity — 28.8 mg—equivalent per 100 g of
soil, the number of water—resistant units over 1 mm 48%. Yields below (from 10 up to 25%) than
non-washed soils.

Medium washed—away. Horizon and washed away completely. soil color is light brown, humus
content — 2.8%, nitrogen — 0.18%, phosphorus — 0.10% absorption capacity — 23,8 mg-—
equivalent to 100 g of soil, the number of water—resistant units over 1 mm — 30% yields below from
25-50% than that of non-washed.

Heavily washed—-away. Wash off the horizon by, the color of the yellowish soil with brownish
tinge. The content of humus — 1.2%, nitrogen — 0.08%, phosphorus — 0.05%, absorption capacity
is 14.5 mg—equivalent to 100 g of soil, the number of water—resistant units over 1 mm — 18%, yield
— from 50 to 75% (Table 3).

Very heavily washed—away. Rinse off completely the soil layer on the surface of exposed, loose
and hard woods.

General provisions for the classification of eroded soils are the following: selection of
diagnostic indicators to determine degrees of erosion of soil, suitable quantity allocated to degrees of
erosion soil standards to ascertain their degree of erosion. Brown soil erosion degree stepped is invited
to determine to reduce genetic horizons and reduce the content of humus in the horizons of a +
b. Very little eroded it is recommended to classify the soil in which compared to non-eroded observed
reduction of the horizon a up to 20% and 10% to humus to loosely eroded respectively 10-25%, to
moderately eroded 25-50%, heavily eroded — 50-75%. These graduation offered, taking into
account the wvariation in the humus content in soil and non-washed laboratory error
definitions. Determination of the degree of erosion of soils based on quantitative change in humus
content in the surface layer of soil — is an accurate and objective method that can be used in exposed
soil mapping of mountain—-brown stepped soils close to him on the genesis of soils.

Table 3.
THE DEGREE OF SOIL EROSION
The degree of erosion Genetic erosion Reducing the stock of | The condition of

horizons, % humus, % crops
Very little eroded (a) up to 20 <10 Good
Weakly eroded (a) 20-50 10-25 Slightly below

average

Moderately eroded (@) fully 25-50 Average
Heavily eroded b about 50 50-75 Bad
Very heavily eroded b fully >75 Very bad

Natural hayfields and pastures, is constantly covered with vegetation, considered the most
effective form of conservation lands. However, due to the deprivation of the protective cover on the
slopes increased run-off of soil, which contributes to erosive process.

In their geographical distribution of erosion on pasture appear in a certain area of subordination,
which is confined to certain areas and bio—climatic is a product of the evolution of the bio—climatic
Wednesday.
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Depending on the degree of development of erosive process, the nature of vegetation and soil
generic breeds, each selected type of erosion is divided into subtypes and variants.

Grouping of eroded soils of the Republic covers the main natural-landscape zones, taking into
account the landscape and climatic conditions of each zone.

Highland climate differs harsh long protracted winter snow and frost. Summers are short and
cool. The average annual temperature does not exceed 3.2-4.1°, and the coldest month (January)
range from —4.6-7.9 °C, the temperature of the warmest month (July) is low, ranging from 12.9—
13.7 °C; the sum of temperatures above 10° very low and average does not exceed 800-600. Duration
of the frost—free period 1-2 months, vegetation period lasts 90-120 days. Average number of
approximately 610-1210 mm, moisture ratio 1.52-1.22, total solar radiation (annual) changes within
144-156 kcal/cm?. For the climatic indicators of the whole territory of the Highlands refers to wet
(MD < 0.45) and cold (ZT > 800) climatic type.

Floristic composition of the vegetation is extremely heterogeneous and varies with altitude. In
the most elevated part of the vegetation canopy cover not provided—groups rocky scree (lichens,
algae, etc.) For the Alpine meadows are typical dense sod meadows with cereal-sedge
components. Subalpine meadows are presented cenoses cereals, grasses, thickets of rhododendron,
and in relatively dry parts of the meadow-steppe communities. The main soil types are: mountain-
meadow, mountain-forest-meadow and mountain—-meadow-steppe. Agricultural production is weak,
the zone largely occupied by wealthy summer pastures and mowed lands and are the basis for the
development of transhumance (sheep) and fodder production.

Alpine and subalpine meadows, the main area which is occupied by pastures, soil erosion is the
factor, which is closely linked areas. Stripped of protective vegetation, soil sloping land can’t absorb
the snow and rain water. This leads to an obsession with surface runoff which enhances ripple
rivers. As a result of violations of the hydrological regime of the territory, which is due mainly to the
removal of forest and grassy vegetation, knocking in the rivers of the mountain areas often seen very
strong fluctuations in the volume of river flow. A large loss of water runoff regime of rivers worsens
as snow, and especially snow—rain power. This, in its turn, reduces irrigation capacity of rivers on the
territory of the foothill plains, necessitates the use of large irrigation and reclamation work [5].

Erosive processes that resulted from the degradation of the vegetation of pasture, contributing
to a sharp drop in the productivity of pastures. Therefore, soil erosion and deterioration in the quality
of grass—processes are closely linked. A well-developed natural grass cover markedly increases the
resistance of soils and erosion of the leachate may run off. Development processes of erosion affects
not only the quantitative indicators of pasture plants, but also leads to a restructuring of
phytocoenosis. From the total area of 2402.3 hectares of mountain pastures over 1985,8 thousand
hectares or 82.7% are prone to erosion. Pastures depending on subband and exposure of the slope
wash soil varies ot 50 to 125 m%/ha. From these studies derives great economical importance is the
study of pasture erosion in mountainous areas and the development of techniques to prevent and fight
against it. When developing differential measures for the improvement and rational use of pastures,
there is always a need for classification and grouping of grazing land for their quality status. It should
be noted, however, that classification pasture erosion has now developed enough. Moreover, even the
phenomenon of erosion on pasture do not found a definite place in the common grouping of erosive
processes, although the nature of the manifestations of pasture erosion is very much different from
other types or categories of erosion.

Usually gives grouping soils grazing on a degree as they are destroyed. In the forms of
accelerated erosion caused by human activities, have a lot in common. However, according to and
from the reasons caused the manifestation of erosion, these forms have their own characteristics. The
character manifestation of soil erosion of mountain pastures pretty sharply differs from erosion on
cultivated hillsides. Erosion processes on the pastures start to develop normally, since damage to the
turf [3, 5-6].
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Mountain pasture soil destruction process has no similarities with the formation of gullies and
potholes. The length of the pits not always exceeds their width, and availability under lower—powered
soil layer waterproof dense rocks brings not on no growth pits deep. Further growth in the size of
erosion pits usually occurs through the broken walls, sliding down the slope of sod places preserved
woven roots and reminiscent of education in the second stage of its development. Raised near each
other erosive pits are often steep walls and expands, incorporate among themselves, forming patches
or streaks of eroded soil. As the further destruction of the soil occurs more or less gradual alignment
of bugorchatogo through the shedding of microrelief, and under the influence of sloping runoff. This
specificity of the appearance of erosion on mountain pastures requires, firstly, providing pasture
erosion in independent or category subtype, secondly, development of appropriate soil classification
according to their level of erosion. Based on long-term observations, taking into account the
peculiarities of the destructive processes of soils under the influence of the unrestrained grazing of
livestock, it is proposed that the draft classification pasture erosion on erosion degree (Table 4). This
includes the sequence of dernennogo deformation process layer.

Table 4.
CLASSIFICATION OF PASTURE EROSION ON HILLSIDES
Stage The degree of Indicators
Very weak The total area of paths: < 10% of the account area
Trampling Weak 10-25%
Average 25-50%
Strong 50-75%
Very strong 75%

Research indicates the possibility of using cultural vegetation cropland and grass native
grasslands in order to clarify the erosive soil survey data.
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Annomayus. TlpennoxxeHsl MeTo bl HOPMHPOBAHUSI COTIIACOBAHHOTO KOJUICKTHBHOTO BBIOOpa
B IIPOIIECCE SKCIIEPTHOTO YIOPSIOYCHHS CIOCOOOB pemeHus ciiokHoU npobiemsl. [Tokazano, 4To
UCIIOJIb30BAHUE METOJIOB MOBBIIIAET TOCTOBEPHOCTH OIEHKHU. [Ipy 3TOM 3KCIepThl: HE 3HAIOT, KTO
Y4acTBYeT B OIpOCe; HE 3HAIOT, KTO KaKoe NPUHSUI pEIICHWE; HE 3HAIT, KTO M KaKoe [all
00OCHOBaHME PELICHUIO, U MOTYT HE 3HaTb 00 WCTHHHBIX IIEISIX OPraHW3aTOPOB SKCIEPTHOTO
orpoca. OJTHOBPEMEHHO AKCIEPTHl MOTYT OOOCHOBBIBAaTh CBOM OTBETHI M IOJYyYaTh B PE3yJbTaTe
MMHTAIIMOHHOTO MOJEIHPOBAHHS CTATHCTUYECKHE XapaKTEPUCTUKN HCKOMOTO ITOKa3aTes.

Abstract. The methods of forming a collective choice in the ordering of expert solutions to
complex problems. It is shown that the use of methods increases the reliability of the evaluation.
Experts: don’t know who participated in the survey; do not know who decided which; don't know
who and what gave the rationale for the decision and may not know about the true purpose of the
organizers of the expert survey. At the same time experts can justify their answers and receive as a
result of simulation of the statistical characteristics of the search target.

Knrouesvie cnosa: sxcneptusa, COTJacOBaHHBIM BBIOOP, CHOCOOBI pELIEHUS, PACCTOSHUE U
Meanana KeMeHH, MMUTallMOHHOE MOEIIMPOBAHUE, CTATUCTUYECKUE XapaKTEPUCTHKHU.

Keywords: expertise, a consistent choice of solution methods, the distance and the Kemeny
median, simulation modeling, statistical characteristics.

Ilocmanoeka 3a0auu. IlpeanonaokuM, 4YTO YIPaBIEHYECKUE CTPYKTYPbl Pa3INYHBIX

COL[MAJIbHO-9)KOHOMHUYECKUX  CHUCTEeM —  TPaBUTEIbCTBO  CTpPaHbl, OpraH  yIpaBJICHUS
a/IMMHHUCTPATUBHO-TEPPUTOPHAIIBHBIM  oOpa3oBaHHeM  (eybepHamop u €20  KOMAHOQ,
MYHUyunaiumem), COBET JIHUPEKTOPOB KPYIMHOW KOMOAHMM W Jp. — 3aKa3ajd H3BECTHBIM

crienragucTam pazpaboTKy MPOeKTa, HapPaBJICHHOIO Ha PellIeHUe CI0KHOM MPoOIeMbl, aKTyallbHON
JUTst OONBIIUX TPYIN HaceleHus. Bo ucmoaHeHne 3akaza N TPy CeNHUaIiuCcTOB MPEJICTABUIN CBOU
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npoexmul (cnocobwvl, memoosvl, areopummbpl) PEUICHUsT KOHKPETHOH TPOOJIEMBI (9KOHOMUYECKO,
MexXHUYecKoll, B0EHHOLL, IKOI02U4eCKol 1 JIp.).

[LIpumepol Takux, nepmanenmno mpedyrowux peueHus C10ANCHbIX COYUATbHO—IKOHOMUYECKUX
npoonem: Kakumu cnocoboamu (ONEPaTUBHO M C MHUHUMAJIbHBIMH 3aTpaTaMu TPYAOBBIX,
MaTepHAIIbHBIX, YHEPTETHUECKUX U (PUHAHCOBBIX PECYPCOB) *nogvicums yposeHs sHcu3Hu HaceleHus,
*00x00b1 O1002Cema, *0obumvcs 6onee evicokoeo npupocma BBII, HanOroBBIX MOCTYIUICHHH;,
*oepanuuenus pocma mapugos na ycayeu 6 cghepe JKKX wnu *ynyuwume KOHKypeHmHble pblHOYHbIE
no3uyuy OJHOTO U3 KpyMHEeHIuX (B cTpaHe, Mupe) 6aHKoB U Ap. |

CropammuBaercsi, kakoti U3 N MPEICTaBICHHBIX CHOCOO08 peuleHUus aKmyaibHOU npoodiembvl
SIBJIIETCS. ONITUMAJIBHBIM 10 YCTAHOBIIEHHOMY KPUTEPHUIO B KOHKPETHBIX YCIOBHX peanuzanuu? U
KaK 3TO MPaBUIbHO, 00bEKTUBHO, 0OOCHOBAHHO YCTaHOBHUTH? Beab MPOEKTH TOTOBUIINCH PA3HbIMU
2pYnnamu - Cneyuaiucmos, ¢ PpasHou NpoghecCUOHANbHOU  KOMNEMEeHMHOCMbIO,  PA3HLIMU
MBOPYECKUMU CHOCOOHOCIAMU, C PA3HLIMU AMOUYUAMU U PA3HOU CINENeHbI0 3aUHMEePeco8AnHOCU
B pe3ysbTaTtax 00bEKTUBHOTO PELICHUS 3TOM CIIOKHOM mpobsieMbl. M nipu 5ToM Kaxaas u3 N rpym
yOexkaeHa B TOM, YTO UMEHHO €l TOJTrOTOBIICHHBIN MPOEKT SIBISICTCS CAMBIM JIYYIIUM, CAMBIM
3¢ PEeKTUBHBIM.

Terneps cuctemMe BEpXHEr0 YPOBHS — NPABUMENLCINGY, MUHUCIEPCIBY, CO8EM) OUPEKMOPO8
U T. . — HEoOXOJUMO BBIOpAaTh M3 N CIIOCOOOB PELICHUS AaKTyalbHON MPOOJIEMbl JTYUIIMHA TO
YCTaHOBIICHHBIM KpuTepusiM. Ho cienaTts 3T0 cOBceM HE POCTO.

Kakwue xe TpyAHOCTH BO3HHUKAIOT IIPU pealiu3alluu npoyedypul gvloopa?

Bo-niepBbix, ipu BBIOOpE /1706020 U3 N KOHKYPUPYIOIIMX CIIOCOOOB pellIeHUs MPoOIeMbl Cpean
pa3paboTUUKOB OmMEEPeHYMbIX NPOEKMO8 U UX CTOPOHHHUKOB OyIyT HEJAOBOJBHBIC pe3yibmamom
8b100pa IKCNepmos — 10 U3BECTHOU TOCIIOBHUIIC: «A cyovu kKmo?!», T. €. nepéas mpyoHocms — 3TO
noobop cocmasa sxkcnepmos Iisi CPAaBHUTEIHLHOM OLIEHKH KOHKYPUPYIOLIUX IMPOEKTOB [0 KPUTEPUIO,
YCTQHOBIICHHOMY 3aKA3YUKOM npoekma. Benp 3KCIepTU3y—peleH3UpPOBAHNE MPOEKTOB TOJDKHEI
BBITIOJIHATE KOMNEemeHmHble, MAlaHmiusble, OMmeemcmeeHHbvle, 3auHmepecosanHvle B ONTUMaIbHOM
peleHnn aHaM3upyeMoi mpooiemsl moan. Ho makux aroodeti Heobxoaumo emie HaiiTh!

Bo-BTOpBIX, cerogHss HET 00HO3HAUHO20 TIOHMMAHUSA TOTO, KaKOil 1OkKHAa OBITh caMma
npoyeoypa oyenKu NPaBUIBHOCTH, 00beKMUBHOCMU, dDeKmusHocmy TOTO WIM UHOTO CIocoda
pelIeHus CI0XHBIX pobsieM. [loaToMy BTOpast TpYAHOCTb — 3TO HOUCK NPOYeOYpbl hOpMUPOBaHUsL
KOJLIEKMUHO20 8blOopa 8 npoyecce 3xcnepmusvl. 1 ¢ mpyoHocmamu makozo poda OpraHaMm
yIIpaBIIEHUS gcex YPOBHEH npuxooumcsa cmankueamvcs pecynapHo. Ilpu 3ToMm ommbka B BeIOOpE,
KaK MPaBHJIO, CBSI3aHA C BEChMa CYIIECTBEHHBIMU HOMEPAMU BLONCEHHBIX 68 Pearu3ayuro npoeKkma
PECYPCOB: C BOIMONCHBIM CHUNCEHUEM VYPOBHS HCUSHU HACENeHUS, OAHKPOMCMBEOM (DUupMbl, POCOM
bes3pabomuywl, 6ecnoie3Hol mpamoti pecypcog u Jip.

[IpencraBuM 3aauy cpasHumenbHoU OYeHKU U 8b100pa cnocoda peteHus CI0HCHOU npod.Iembl
B BHJIE€ COBOKYITHOCTH OTJI€TBHBIX 3a/1a4.

3aoaua 1. — PopMHUpOBaHUE COCTaBa IKCIIEPTOB-PELIEH3EHTOB CIIOCOOOB pEIIEHUs TPOOIEMBI.

3a0aua 2. — AHanu3 u paHxupoBaHue (PAKTOPOB, BIMIIOIIMX HA MPOLECCHl pealn3alui 1
3¢ (HEeKTUBHOCTh Ka)KJOTO U3 MPEACTABIEHHBIX MPOEKTOB (CIIOCOOOB) peUIeHHs] paccMaTpUBaEeMOi
poOIEMBI.

3aoaua 3. — Konuuecmsenuas oyenka 1o KaKJIOMY MPOEKTY (CIIOCO0Y pemieHus: mpoOIeMbl):
*3ampam mpyooevix, MAMePUAIbHbIX, IHEPLeMUUEeCKUX U PUHAHCOBBIX PECYPCO8 HA Peanu3ayuio u
gHeOpeHue TIPOEKTOB; *@pemeHnu om MOMEHMA 610MCeHUs Cpeocms 00 NOIYHYeHUs omoadu
(BpeMeHHOT0 Jlara, 3ara3/ibIBaHus); *IKOHOMUYECKOH 2¢hhexmusHocmu IPOEKTOB.
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3a0aua 4. — AHanu3 pe3yabTaTOB CPABHHUTEIBHON KoauuecmeenHou oyeHKu TOKa3aTenei,
XapakTepu3yrmux 3G (GeKTUBHOCTD MPEICTABICHHBIX CITIOCOO0B PEIICHHS MTPOOJIEMBI (PE3yJIbTaTOB
pemrenus 3anad 2 v 3) v peanusanus Mpoueaypsl 86100pa yuuie2o cnocooa.

B craree mpemiararoTcsi METOABI (OPMUPOBAHUS COLACOBAHHO20 KOJLIEKMUBHO20 6blO0pa
IIPU CPABHUMENbHOU IKCNEpMHOU oyerke dYPPEKTUBHOCTH MPEATIOKESHHBIX PA3IIMYHBIMH TPYIIIAMU
CIICIUAIIMCTOB CIOCOOOB pEUICHHs CIIOKHOW TpoOiemsl. [Ipormecc BbIOOpa Jiydmiero crocoba
MperoiaraeT peain3aluio JIByX STaroB: HA IEPBOM 3Tale OCYIIECTBIISETCS MOI00P IKCIEPTOB,
o0JaarImuX NpopecCHOHATHLHONH KOMIETEHTHOCTHIO M TBOPUYECKUMH CITIOCOOHOCTSIMU, & Ha BTOPOM
— (hopmEpoBaHUE COTTIACOBAHHOTO KOJJIEKTUBHOTO BBIOOPA B MPOIIECCE IKCIICPTH3HBI.

Ilpeosapumenvhuvie 3amevanus

1. C pa3Butuem HayuyHo-TexHHUYeckoro nporpecca (HTII) Bce MeHbIIyIO YacTh aKTyaJabHOM
MHPOpPMALIUA MOXET OCBOUTH NAXKE OUYEHb OMBEemCMEeHHbIll U CNOCOOHbIN 4YenoBeK. Tak, B
COBPEMEHHBIX YCJIOBHUSAX H3-3a HempepbiBHOrO yckopenus HTII, ymenblieHus nepuooa yogoenus
3HaHUI, JTABUHOOOPAa3HOrO poCTa YMcia MyOnuKanmuid 1Mo OOJNBIIMHCTBY HANpaBICHUH HAayKu U
TEXHUKH Majio KOMY yJIaeTcsl OCTaTOYHO JOJT0 YAEPKUBATh MEePEOBbIE MO3UIMH Ja)XKe B OJHOMH,
y3koi obOnactu 3HaHus. Kak oTmeuaeTcs B aurepaType, yutas o 8 4acoB B cyTku 1o 50 ctpaHull B
9ac, MOKHO MPOYECTh JIHUIIb HUYTOXKHO MAyI0 JIOJII0 U3/IaBaeMOU B MUpPE MEPUOAMKH M0 (PHU3UKE,
MaTeMaTHKe, HHQOpMaTHKE, SKOHOMUKE M JIPYrMM 0a30BBIM HayKaM; M B TO K€ BpeMs, YTOOBI
pa3zobpaThCsi ¢ HOBOW Teopued W MPUMEHUTh €€ Ha MPAaKTHKE JaKe XOPOIIO MOJIrOTOBIEHHOMY
npodecCuoOHaTy 3a4acTyl0 HY)KHbI TOAbl YINOpPHOro TpyAa. COOTBETCTBEHHO, UHIMEHCUBHOCMb
UCNOIb308AHUSL IKCNEPMHBIX Mem0008 B 0003pUMOM OyayineM OyIeT ToJbKO Bo3pacTaTh. [Ipudem,
C YBEJIMYEHUEM KOJIMYECTBA MPUBJICUYEHHBIX 3KCIEPTOB MOXKET BO3PAacTU U 00BEM 3HAHUI BHOBb
CO3/IaHHOM KoMaHObl SKCTIEPTOB (TIpaBia, HE BCET/1a, a B 3aBUCUMOCTH O/ COCMABA YIaCTBYIOIIHNX B
JKCIIEPTHU3E).

2. VI3BeCTHO, YTO JIIOAM OYEHb CYIIECTBEHHO PA3JIMYAIOTCS U TI0 YPOBHIO MPOQeCcCHOHATBHBIX
3HAHUU, ¥ TIO CIOCOOHOCTSIM, KOTOPBIMH UX Ofapuiia mpupoja. Tak, u3 COTeH MUJUTHOHOB UTPOKOB B
[IaXMaThl JIUIIb 3-5 4eJI0BEK CMOTYT ChIrpaTh 20 MapTHil «BCIEIYIO» U TOIBKO OJJUH YEJIOBEK B MUPE
(A. A. Anexun) ceirpan «scienyro» 32 naptuud. OueBUIHO IOATOMY, YTO TOT, KTO «BUIUT» HA 4 X011
BIiepe/1 (MM B COCTOSSHUM MBICIIEHHO MPEACTaBUTD 4 11ara ajJropuTMa pelieHus 3a7aun), He CModcem
ybeoums 8 npasuibHOCMU, 0O0OCHOBAHHOCMU C80€20 peuleHlss TOTO, KTO CIIOCOOEH BUAETh JIUIIH Ha
2 xona Brepen (ecau peub udem, HaAPUMED, O 8blOOpe nymetl passumus skoHomuxu. IIpu urpe B
[1axmMaTbl Bce 0OCTOMT TOpa3[ o HpoIle: MPaBOTy JIETKO J0Ka3aTh peaJbHOM Wrpoi, a ommOka B
pacuerax He OKa)KeT HEraTMBHOIO BJIMSHMS Ha JKU3Hb APYrux jdrozei). [Ipuyem B 3aBUCHMOCTH OT
IPUPOJHBIX CIOCOOHOCTEW MHIMBUAA Pa3HbIMU OYyAYT W 3aTpaThl BpEMEHH HAa OCBOEHHE HOBOTO
Marepuana, Ha noxyyerue 3Hanuii. Tax, B skcriepuMenTax (cm. [1]) B ouepenHoi pa3 moATBEP>KIECHO
OUYeHb CYIIECTBEHHOE BIIUSHUE UHOUBUOVATLHBIX CHOCOOHOCMell Ha CKOPpOCMb OCO3HAHUSA
803MONCHOCIEN NPAKMUYECKO20 NpUMEeHeHUs TIOTYYEHHBIX 3HAHUN U peanvHou peanusayuu dmux
sozmoxcrocmeti. OKazanoch, YTO MPU OOUHAKOBBIX BHEUHUX VCI08UAX U OOUHAKOBOM UCXOOHOM
VpO8HE 3HAHUL MeopemudeckKux Noa0X4CeHUl, BPeMsl, JOCTaTOYHOE JJsl MPAKTUYECKOTO OCBOEHUS
HOBOrO y4eOHOro MaTepuasa, HMEeT CYIIECTBEHHBI pa30poc, 3HAUUTENBHYIO BEIHMUUHY
MIPAaBOCTOPOHHEN acMMMETpUH U, 3a4acTyl0, MOXET OBbITh aNMpOKCUMHPOBAHO aib(a—
pacripenenenuem (cM. [2]). Ilo3nHee moATBEpAMIOCH, YTO MPH OAMHAKOBOM YPOBHE HayalbHOU
MOJATOTOBKU U YCJIOBHSIX SKCIIEPUMEHTA C YBEJTMUEHHUEM CII0KHOCTU pabOThI BO3PACTAET U 8eUYUHA
npasocmopoHHeli acummempuy pactipeieNieHus 3aTpaT BpeMEHHU Ha BBIIOJIHEHHE PaOOTHI.

O ToMm, KaKoBa pa3HUIA B Kauecmee 3HAHUU y OTACIbHBIX UHIUBUAOB, MOXKHO TaK)K€ Y3HATh,
OIIPOCHUB IMIKOJBHBIX U BY30BCKHMX MEIAaroroB WX MPOTECTUPOBAB yUAIIUXCA 00HO20 KIIACCa, OOHOL
CTYJICHUYECKON TIpYyMIbl, 00HOU CHEIMUATIbHOCTH. W MOXHO TOJIBKO CTPOUTH AOTaJKH O TOM,
HACKOJIbKO MaJla, Hampumep, Jojs (PHU3UKOB, CYMEBIIHUX pPa300paThCsi B TOHKOCTAX TEOPHH
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OTHOCUTEJIBHOCTH, KBAaHTOBOM MEXAHUKH, CTAaTUCTUYECKOM pPAAUOTEXHUKH H T. A. [loaromy
MPEACTABIISIETCS BIIOJIHE PEabHBIM, IMPABIOMOJO0HBIM TE3UC O TOM, YTO M3 KaXKIOW THICSUU
(U3HUKOB, MEIMKOB, SKOHOMHCTOB, MIPEICTABUTENICH APYruX OOJACTe 3HAHWS €/IBa JIU HaOepeTcs
HECKOJIbKO JIECATKOB TaKHWX, KTO a)CTOMT Ha IEpPEelOBBIX pyOekax KOHKPETHOWM HayKu U
0) MOTCHIIMATBHO, B TPHUHIUIE CHOCOOEH NOHAMb U NPASUTLHO OYeHUmb HOBYIO TEOPHIO,
pe3yiabTaThl, UJICU WU MPEJIOKEHUS IPYroro WIeHa 3TOH HEeOOJIBIION TpyIIbl TPodecCHoHaIoB
(IToquepkHeM, 9TO MBI TOBOPHM JIUIIb O T€X, KTO O0JIAAET CIIOCOOHOCTSMH M HEOOXOIUMBIMH
npodeccuoHaIbHBIMK 3HaHUSIMHU. Ho 3TO erie e o3nauaem, 4To faHHBINA POodEeCCHOHAII, BO-TIEPBHIX,
3axouem, pa3OoUPaATHCS C TEOPUECH WITH UICIMU KOJLIe2U—KOHKYPEHmA, a, BO-BTOPBIX, Pa300paBIIUCH,
Oyoem 00beKmueeH 1 4eCmen 8 C80UX OYECHKAX).

A pa3zHuua B IPOU3BOAUTEIBHOCTU TPYa IPOTPAMMUCTOB, 3aBUCIIIEH, B IEPBYIO OYEPEb, OT
YpOBHS HMX TNpo(ecCHOHATbHBIX 3HAHMM W CIOCOOHOCTEH (TIPH MPOYMX PAaBHBIX YCIOBHSIX),
oTiryaeTcs B necaTku pas [3]. U epsio au 6 makom ciyuae ModCHO HAOESIMbCsl, YMo PA3HUYA 8 YPOBHE
npoghecCUOHANbHBIX 3HAHULL U MBOPUECKUX CNOCOOHOCMEN V UY, YYACMBYIOUWUX 8 IKCNepmu3e —
Peyen3uposanul U CPABHUMENbHOU OYeHKe CNOC0O08 peueHus npoodiemvl, 6yo0em 3amMemHo MeHbule.

3. CoBpemennble nH(popMmanoHHble TexHonoruu (UT) mo3BosSIOT XpaHUTh M ONEPATHBHO
IPEJOCTAaBIATh NOAPOOHYI0 MH(OPMAIMIO O KaXJO0M JKUTeNe IUIaHeTbl 3eMilsd, B T. 4. 0 J1060M
Kanouoame 6 COCMmag 3KCNepmos, O Kauecmee e20 NpPOSHO308, COBEmos8, O €20 NOCMYNKAx
(OmaroBujHBIX U He od4eHb), C NOSABICHMEM HOBBIX TEXHOJIOTHH, Oojee MPOU3BOAUTEIBHBIX
TEXHUYECKUX M MPOTPAMMHBIX CPEACTB cokpawjaemcs aae (3amna3iplBaHUe) — BpeMsl OT MOMEHTa
BJIOXKEHHUS CPEJICTB 10 MOJTY4YEHHUs OTHauH, T. €. IEPHOJ] BPEMEHU MEX]ly peanu3auueit neicTus u
nposiBieHueM 3¢ dexra OT 3TOro AeHCTBUS.

4. BeIsiBUTB 2KCTIEpTa, 00J1a1a101IeT0 MAaKCUMAIIbHBIMY 3HAHUSMHU B KOHKPETHOU MTPEIMETHOM
obuactH, coBceM He mpocTo. U 3to sierko nokaszars. Ha Pucynkel npezncraBieHsl B BUE JUarpaMMbl
BeHnna o0beMbI 3HaHUIN, KOTOPBIMH 00JIJIAI0T obwaowuecs medicdy cobot mHquBUAbl A—E. Jlerko
YBUJETb, YTO UHIUBUL A BPsIJI JIM COMHEBAETCA B TOM, YTO MHAUBU] C, ¢ KOTOpbIM y A MHOTO 0011IETO,
ymHee uHauBuaa B. B cBoto ouepens B. mo Tem xe npuunnam Oyzner cuntath D Gonee yMHBIM, Yem
A. OnHako Bce OHM OynyT yOexzeHbl B TOM, 4To E — BechbMa orpaHMueHHasl JINYHOCTb, XOTS B
JICHUCTBUTENLHOCTH TIOCICIHUN 00JiamaeT ropa3ao OonbmuM o0beMoM 3HaHwid, ueM A, B, C u D
BMECTE B3SIThIE.

[Ipu Takux ycnoBusix MHAMBUIY E HEeBO3MOXkHO noka3aTh mHAMBHAaM A miu B Gomnpuryio
3¢ HEeKTUBHOCTD, (POTYKTUBHOCTb, MOJIE3HOCTh) CBOETO MPEJIOKEHHS, €ClIU IS 10Ka3aTeNbCTBa
OH OyJIeT UCII0JIb30BaTh T€ 3HAHUS, 10 KOTOPBIM Y Hero HeT nepeceueHus ¢ A u B. [lpasna, B oTiinuue
OT ciydYas, CBSI3aHHOI'O C BPOXKICHHBIMHU CIIOCOOHOCTSMH, 3/1€Ch HENOHMMaHue mno3uuuu E
00yCIIOBJIEHO pa3InYUsIMHU B 00bEME 3HAHUN y OT/I€TIbHBIX UH/IUBUJIOB.

Pucynok 1. O0beMbI 3HaHMIA, KOTOPBIMU 00JIaAar0T HHANBHIEI A—E
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IIpeonazaemvie MemoOobl pewienus 6blOENIEeHHBIX Yemblpex 3a0ay

1. Qopmuposanue cocmasa sxkcnepmos (3adaua 1). 3amaum, CBsA3aHHBIE C MOAOOPOM
HKCHEPTOB JJISi CPABHUTEIBHOW OLEHKH 3(P(PEKTUBHOCTH M OOOCHOBAHHOCTH TPEAJIOKEHHBIX
CIOCOOOB  pEIIEHUS CIOXKHBIX IpoOJieM, BO3HHUKAIOT JOCTATOYHO peryisipHo. [loatomy
MPEJICTABIISIETCS [eTIECO00pa3HbIM Cco3/laHne (IIEHTPAIM30BaHHO) enuHOoW 0Oa3bl naHHbIX (B/I),
cofiepkaliel MHGopMalMi0 O MOTEHUUAIbHBIX YYaCTHHMKAX 3KCIEPTHU3 Takoro poaa. B coctas
uHbopManuu, npenctaBieHHOH B BJl, MOTYT BXOOUTH omkpwbimvle céedeHusi O MyOIUKALUAX MO
OIpeJIeIECHHON TeMaTHKe, KOJMYECTBO LIUTUPOBAHUN pabOT KCIepTa, ONBIT YCIEHUIHOIO y4acTHs B
sKcnepTu3ax u ap. [Ipudem, mpu co3panuu Takoi 6a3pl TaHHBIX MOTYT UCIIOJIB30BaThCS AlTOPUTMBI,
onucaHHble B [4-5].

JlonmycTuM, 9TO HEOOXOIUMOE TMOIMHOKECTBO MOTEHIHAIBHBIX 3KCIEPTOB CHOPMUPOBAHO.
[lepeuncnaum nocienyromue 1eHCTBUS:

1.1. Co3naHHOE NOJIMHOMKECTBO YYAaCTHUKOB 3KCIEPTU3bl (PELIEH3EHTOB KOHKYPUPYIOLIUX
IIPOEKTOB) pa3JensieTcs Ha JBe Ipynmsl: nepsas noAarpynna ['l BelpaGaTbIBaeT konuuecmeeHHbie
OYeHKU XapaKTEPUCTUK KauecTBa 110 KaX10My U3 IPOEKTOB — pemtaer 3agaun 2 u 3, a Bropas ['2 —
BBINOJIHACT aHAIU3 Pe3yIbmamos SKCIEPTU3bI U 6b100p JTyULIETo MPOEKTa, T. €. pemiaeT 3aaaqy 4.

1.2. llogrpynna I'l  pacwupsemcsa nns TpoBeeHUS KOJUIGKTUBHOW KOJIWYECTBEHHOU
HKCHEPTU3bl IPOEKTOB 3a CYET NPUCOEIMHEHUS N TPYHI CHELUATUCTOB, MPEICTABUBIIUX CBOU
MIPOEKTHI (CIIOCOOBI PEIICHUs pacCMaTPUBAEMOU TTPOOIIEMBI).

[lepeunciaum npenMylecTBa, BO3HUKAIOIIUE MIPH BKIIOYEHUH B cOCTaB moarpymnisl I'l Beex
Pa3pabOTYNKOB KOHKYPHPYIOIIUX MTPOEKTOB. Bo-nepauvix, KaXIabli 13 pa3paboTINKOB, KaK MPaBUIIO,
JOCTaTOYHO XOPOILIO 3HaeT OCOOCHHOCTH CBOEro IPOEKTa U IO3TOMY CMOXET 0OO0CHOBAHHO
O00NONHAMb cOCMAg BIUIONNX Ha 3(pHeKTHBHOCTH poeKTa (PaKTOPOB, YKaA3bI8AMb NPEUMYUECEA
U onpogepeamb OMMeYeHHble HedOCMAmKU CBOEro IMPOEeKTa, T. €. CMOXKET aKTHBHO, 3a4acTylo,
HEOCO3HAHHO y4dacTBOBaTh B pemeHuu 3axad 2 u 3. Tak, Ha Pucynke 2 mnokaszan rpad A,
OTpaKaroIIMi B3aMMOCBS3b (OINPENENIEHHYI0 COIJIaCOBAaHHOCTb) OTBETOB 3KcHepToB. OCHOBHOM
cocTaB Ipynnsl A — 3T0 3KcnepTsl noArpymnmsl I'l, Ho 3kcnepThl 1 U 4, ToXe oka3aBIIMECS B A,
SBJISIIOTCSL pa3pabOTYMKAMHM KOHKYPUPYIOIIUX IPOEKTOB. Bo-6mopwbix, MOCKOIBKY pa3pabOTUMKH,
y4acTBYS B OKCIIEPTHU3€E, 3HAIOT U BCE OOOCHOBAHUS SKCIIEPTOB, MPEACTABICHHBIE B 3ALIUTY CUIIBLHO
OTJIMYAIOIINXCS OTBETOB, U Pe3yibTaThl 0OpabOTKM OTBETOB MOCJE KaXXIAOro Typa OINpPOCOB, TO
CYLIECTBEHHO YMEHBIIAETCS BEPOSITHOCTh KPUTHKHU PE3Y/IbTATOB IKCIEPTU3BI.

1.3. Bcem N yuactHukaMm skcnepTu3sbl (chopMupoBaHHBIM U3 coctaBa N, [’/ u I'2 rpymm)
MIPUCBAUBAIOT UACHTU(UKATOPHI C UCIOIb30BAHUEM TAaOIUIIBI (MU JAAaTYMKA) CIydalHbIX YHCENl U
obecreynBaroT cBOOOIHBINA JOCTYI B UHTEPHET.

2. Buisagnenue u pansrcuposanue onpedensiowux gpakmopog (3adaua 2). Ha nepBom stame
AKCIEPTU3bI HEOOXOAUMO BBISIBUTH U YIOPSAOYHTH (DaKTOPHI, BIMSIONINE HA TPOIIECCH PeaTH3auu
1 3QPEeKTUBHOCTh Kaxaoro u3 N mpoektoB. Ho kak 310 caenats? Kakyro M3 M3BECTHBIX METOJIUK
MIPOBE/ICHUS IKCIIEPTU3 CIIEYET MPUMEHSTH?

Ham npencraBnsiercsi, 4To BIIOJNHE ONPaBIaHO HCMoONb30Banue Mmertona IIYPO [6-7] —
MOILIarOBOTI'0 YTOUHEHUS paHKUPOBAaHUIN 00BEKTOB ((PaKTOpPOB, MPU3HAKOB, CYOBEKTOB, IOKa3aTeneh
U T. ]I.), OCHOBAHHOTO Ha MHTETPaLlUK AeIbPHUNACKOI IpoLeyphl IPOrHO3UpoBaHus Oyayiero [8—9]
¢ npemnoxenHoit JIx. Kemenu (J. G. Kemeny) olieHKOH pacCTOSHHS W MEIHAHBI MEXKIY
pamXHupOBaHUAMH (PpakTopoB—0OBeKTOB [10-11].

[Kak oTtmeuaroT paspabotuumku metona Jlembdu, «odasxce koeda umeemcs ¢hopmanvras
mMamemamuyeckas Mooeib, Hanpumep, Mooelb Pa3eUumus pasiuiHblx CIMOpPOH IKOHOMUKU, UCXOOHbIe
npeononodicenus, 001acms NPUMEHUMOCU MOOeNU, UHMePNPemayiusi 8bIXOOHbIX OAHHBIX — 6Ce MO
8 3HAYUMENbHOU CMeneHu 3aeucum Om UHMYUyuu coomeemcmeyrouje2o cneyuanucma. Ilpu
OMCYMCcmeuu Cmpo2ux u 0OuenpuHAmsIX meopemuieckux 060CHO8AHULL U 8bIMeKarouell U3 3Mo2o
Heu30exdCHOU HeoOX00UMOCmU NONA2aMbCA  HA  UHMYUMUGHbIE 3AKIIOYeHUs  CReyuanucmos
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cywecmeyem nuuib 084 6bIX00A. NEPEblil — 6 OMYAAHUU «8030eMb PYKU K HeOY» U OMI0HCUMb
npuHamue peweHuil..., 6Mopoill — COeNAmy 6ce G03MONCHOE... U HONBIMAMBCA NOJIYUUMD
npuemiembie nO Kauecmey 0000ujeHHble CYHCOCHUA CREYUATIUCIO8, 4 3aMeM PAUUOHAIbHO UX
ucnovzoeamsy (Boigeneno muoro — I'. X.).]

2.1. Onucanue memooa I1YPO. Eciiu m sxcniepraM HEOOX0IUMO IPOpaHKUpoBath K pakTopoB
[0 CTETECHH BIHSHUS Ha 3PQPEKTUBHOCTH Nj MPOEKTa, TO MPOBOAUTCS HECKOIBKO TYPOB OMPOCOB.
[Tocne 0OpabOTKK pe3yIbTATOB OUYEPEAHOTO Typa B OMPOCHBIX aHKETaX MPOCTABIISCTCS CPEIHHIA,
MUHHMAJIbHBI M MaKCHMaJbHBIH paHrd 1Mo BceM K (akTopam, a TakKe MOSCHEHUS SKCIEPTOB,
CHICIaHHBIC B 3alIUTY CHJIBHO OTJIMYAIONIMXCS OTBETOB. Kaxkoe paHxupoBaHUe NPEACTABISICTCS B
BUJIE MAaTPHIIBI YIIOPSTOUYCHUSI B KAHOHUYECKOUW (hopMe, a 3aTeM PaCCUUTHIBAIOTCS MEPhI OJIM30CTH
(pacctosinust) Kemenu wmexay Bcemu pamkupoBanusimu. Paccrosuue Kemenu dij umcieHHO
XapaKTePU3yeT CTEIICHb PAacCOTIaCOBAHMS MYy PAHXUPOBAHUAME ABYX IKCIEePTOB (dmax=n(N—1)).
B wmarpune D={dij}, (i,jem) Oyanyr mnpencraBieusl Bce (M—1)M/2 paccrosHuii MexIy
pamkupoBaHusMu. D — cuMMeTpUUHasl MOJOXKHUTEIbHAS MAaTPHIA C HYJICBBIMH JIMArOHATbHBIMU
anemenTamMu. CyMMa 3JIEMEHTOB I-if CTPOKH MaTpHIlbl D COOTBETCTBYET BEJTHUUHE PACCOTIIACOBAHHSI
I-ro 3KcrepTa ¢ octaibHbIMU. COMOCTABIISISI CYMMBI BCEX 3JICMEHTOB MaTpull D, mosrydaeMbIX mocie
KaXJIOTO Typa OIMPOCOB, MOXXHO OLIEHUTh CKOPOCTh CXOJMMOCTH MHEHHUH 3KCIIEPTOB, ONPEICIUTh
HanOonee (HaMMEHee) COTJIAaCOBAaHHBIE CO BCEMH PAHKUPOBAHHE M 6bI0EIUMb CO2NACOBAHHbIE
epynnol akcnepmos (BIOMpast pa3InvHbIC IOPOTOBbIC 3HAYCHUS MepbI 01130CTH Jij<ed). Eciiu MueHus

3KCIIEPTOB OTHOCHTENIEHO PAHTOB (haKTOPOB MOTHOCTHIO coBranaoT, d%=0, el MPOTHBOMONOKHEI
] .

2.2. [lpoyedypa «knaccugpuxkayuu (2pynnuposeKu) Y4acmHUKO8 3IKCHEPMHO20  ONpocd.
[Tpenmnonoxum Tenepp, 4To MPOLEAYpa MOMIArOBOTO YIIOPI0YCHHUS MHOXKECTBA (DAKTOPOB YCIICIITHO
3aBepieHa. [lonydyena marpuna paccrosiauii KeMeHn Mexay BCeMU paH)KUPOBAHUSIMH DKCIIEPTOB.
CropammBaercsi, Kak, 0 BO3MOXKHOCTH, KOPPEKTHO BBIICIHUTH CO2NACOBAHHbIE 2PYNNbL OMEEMOs
AKCIEpPTOB?

PaccmoTtpum  npoyedypy noucka coenacosamHwvix 2epynn OTBETOB JKCHEPTOB (K1Acco8
9KCnepmoes) U BbIOOpa JUIs 3TOM BBIAECICHHOMN IPYIIIBI CO2IACO8AHHO20 YNOPAOOYEHUsL OTBETOB.

[Tycth B pe3ynbTaTe MOIIArOBOIO YIMOPSIOYCHHUS MHOXKECTBa M3 BOChMH (pakTopoB (M=8)
JeBATHIO AKciepTamMu (N=9) mony4yeHs! npeacraBneHHbie B Tabnune 1 paccrosaus Kemenu mexay
pamxupoBanusmu {dij}.

Tabmmma 1.
PACCTOSHNWS KEMEHU MEXY PAHXXMPOBAHUAMU (OTBETAMMU) DKCIIEPTOB
{dij}. 21 22 23 24 25 26 27 28 29
D1 0 2 28 4 4 18 4 2 2
22 2 0 42 4 2 35 2 4 4
23 28 42 0 24 36 14 42 36 24
D4 4 4 24 0 4 48 2 2 2
25 4 2 36 4 0 48 2 4 2
26 18 35 14 48 48 0 28 42 32
27 4 2 42 2 2 28 0 2 4
28 2 4 36 2 4 42 2 0 4
29 2 4 24 2 2 32 4 4 0

JInst BBIIEEHUS COTIIACOBAHHBIX TPYIIN YKCIEPTOB BBIMOJHSIOT CJICAYIOIINE IIary:
[lar 1. [TepeBecTu 31eMEHTHI MATPHIIBI PACCTOSIHUI B OTHOCUTEIBHBIC SAUHUIIBI IO popmyIie
d%=dij/dmax. MakcHMaTbHOE PacCTOSIHHE MEX /Ty TpeicTaBIeHHEIMI B Tabmume 1 paHKHpoBaHUAMA
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¢dakTopoB paBHO Omax=M(M—1)=8*7=56. Iloayunm Tabmuny 2 paccrosHuii KemeHnu B
OTHOCHUTEJBHBIX €IUHULIAX {doij}.

Tabauna 2.
PACCTOSIHUA KEMEHU MEXTY PAHXXMPOBAHUSIMU B OTHOCUTEJIbHBIX
EJVMHUIIAX

{d%}. 21 32 23 24 25 26 27 28 29
D1 0 0,04 0,50 0,07 0,07 0,30 0,07 0,04 0,04
22 0,04 0 0,75 0,07 0,04 0,60 0,04 0,07 0,07
23 0,50 0,75 0 0,4 0,60 0,25 0,75 0,60 0,40
24 0,07 0,07 0,40 0 0,07 0,86 0,04 0,04 0,04
25 0,07 0,04 0,60 0,07 0 0,86 0,04 0,07 0,04
26 0,30 0,60 0,25 0,86 0,86 0 0,50 0,75 0,57
27 0,07 0,04 0,75 0,04 0,04 0,50 0 0,04 0,07
28 0,04 0,07 0,60 0,04 0,07 0,75 0,04 0 0,07
29 0,04 0,07 0,40 0,04 0,04 0,57 0,07 0,07 0

[lar 2. BeiOpaTh, HCXOAs W3 peaJbHON CTENEHH COTJIACOBAHHOCTH OTBETOB AKCIEPTOB,
HOpOroBoe 3HaueHUe pacCTOsHUS Unp. AHamu3 copepxkanus TaOmuibl 2 ¢ OTHOCHTEIHHBIMU
3HAYEHMAMHU paccTosHus Kemenu Mexmy pamxupoBaHusamu 0% MOKa3hIBaeT, 4TO MaKCHMAJIbHAS
CTEIeHb COTJIACOBAaHHOCTH MEX/y OTBETAaMH 3KCIIEPTOB HE3HAYUTENbHO NpeBblaeT 96%. [lostomy
B Ka4eCTBE MOPOroBoro 3HaueHus U, MOKHO BbIOpaTh BenuuuHb 0,05 wiu 0,1, T. €. B 3TOM ciiy4ae
OyAyT CrpylmupoBaHbl OTBETHI, CTENEHb COIVIACOBAHHOCTU KOTOpBIX OyneT He Huke 95 mmum 90
nporeHToB. [Tpumem d,0p paBHbIM 0,1.

Ilar 3. TIpeoGpasyeM MaTpuily OTHOCHTENbHEIX 3HadeHHil paccrosums Kemenm {d%} B
COOTBETCTBUH C BBIOPAHHBIM MOPOTOBBIM 3HaueHHeM ... B Tporiecce Takoro mpeoOpasoBaHmus
kaxoe 3HaueHne d°%j conmocransercs ¢ Ayop 1 eci 0<d%j<d,op, TO cTaBUTCA 1, B IPOTHBHOM CITydae
— 0. B pe3ynbrare nonydaem Tabmuiry 3.

Taobmnuua 3.
MATPULA B3ANMOCBS3U MEXIY PAHXNPOBAHUAMU (OTBETAMI) SKCIIEPTOB
TP BBIEPAHHOM TTOPOI'OBOM 3HAYEHUMH d;0,=0,1
{di}. 22 23 24 25 26 27
21

22
23
24
25
26
a7
28
29

)
So

HHl—\OHHOl—\oE

OI—‘HOI—‘I—‘OHH%

Rk Rk |olk koo
o|lo|o|lo|jo|o|o|o|o
Rk kol ook
Rk R|lolok ok k-
o|lo|o|lo|jo|o|o|o|o
Rk o|lolkr kol k-
ROk |olRr k| ok k-

Oxka3anock, 4TO MPU YPOBHSX COTNIACOBAHHOCTH 95 1 90 MpOLEHTOB SIBHO BBIIEISAETCS IPyIIa
M3 CeMU B3aUMOCBSI3aHHBIX OTBETOB 3KcmepToB: 1, 2, 4, 5, 7, 8, 9. OtBeThl 3KcnepToB 3 U 6 HE
COTJIACYIOTCS C OCTAJIbHBIMU.

[lar 4. BeinonHsieTcss MOMCK PaHXUPOBAHUSA, MAKCUMAJIBHO COIJIACOBAHHOTO C 6bl0€NeHHOU
2pynnou 83aumMocesa3aHHblx omeemos. Ilpudem, COINIaCOBaHHOE pAHKUPOBAHUE [OIKHO OBITH
TOYKOW, HauboJiee COIJIacyroIlelcs CO MHOXXECTBOM B03MOXMCHbIX yHopsiaodeHui. OgHako mpu
JOCTaTO4YHO OOJBIIOM YHCIE SKCIEPTOB pacdyeThl MOXHO CYHIECTBEHHO YIPOCTHTh, €CIU
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OpPHEHTUPOBATHCS TOJIBKO HAa OTBETHl YYAaCTHUKOB SKCIEPTU3bl. Beab ecin BBIOOpKa JOCTAaTOYHO
BEJIMKA, TO BEPOSTHOCTh IOJIYYUTh HCKOMOE COIJIACOBAHHOE YIOPSJA0YEHUE OYeHb OiM3Ka K
enunutie. C atoit nenpto Tabnuna 1 npeodpasyercs B Tabnuity 4 v pacCUnTHIBAaIOTCS BeaTUUUHbI 2Ujj
u 20%j. PamxupoBaHHMe OKcrepTa, y KOTOpPOro BenmumHa JX0%j. MHHMManbHA, CUMTAETCS
MaKCHUMaJIbHO COI'JIAaCOBAHHBIM C BBII[CJICHHOﬁ prnHOfI OTBCTOB.

Tabnura 4.
PACCTOSIHUS KEMEHU dij MEXKY PAHKUPOBAHMSIMU 1, 2, 4, 5, 7-9

{d}. )i 22 4 25 27 28 29 2di d%;
)i 0 2 4 4 4 2 2 18 60
EY) 2 0 4 2 2 4 4 18 60
23 28 42 24 36 42 36 24 232 8056
4 4 4 0 4 2 2 2 18 60
25 4 2 4 0 2 4 2 18 60
26 18 35 48 48 28 42 32 251 9729
37 4 2 2 2 0 2 4 16 48
28 2 4 2 4 2 0 4 18 60
29 2 4 2 2 4 4 0 18 60

Kak cnenyer m3 nmanseix TaOmuiel 4, Hanbonee COTVIACOBAHHBIM C 6blO€NIEHHOU 2PYNnou
B3alMOCBSA3aHHBIX OTBETOB SBJIAETCA paHXUpOBaHUE dKcrepra 7. OTBETHl 3KCHEpTOB 3 U 6 He
COTJIaCYIOTCSL C OTBETaMM BbIIeNeHHOW rpynmbl. Ha Pucynke 2 3T0 10CTaTOYHO YETKO
IIPOCIIEKUBACTCA.

*3

C e

Pucynok 2. I'pad B3anMocBsizell MeX1y paHKHPOBAHUSAMH KCIIEPTOB MOArPyYIbI ']
(nmoctpoeH o nanHeIM Ta0muip! 4)

2.3. Oyenka HOBU3HYL U NEPCNEKMUBHOU nofiesHocmu memooa. Hosusna memooa:

1) Nenbduiickast mporeaypa HMCIOAb3YeTCsS MPH PAHKHPOBAHHH OOBEKTOB — (DaKTOPOB,
MIPU3HAKOB, SIBJICHUH U T. [I. (2 HE JJIsl IPOTHO3UPOBAHUS OYIYIIIETO).

2) JIyis KOJMYECTBEHHOTO aHaIM3a CTENCHU CXOAMMOCTH MHEHHI AKCIIEPTOB MOCIE KaKIOTo
Typa OIPOCOB, BBISBICHUS COTJIACOBAaHHBIX TPYIIT JKCIEPTOB M OYEHKU UYenecooOpa3HoCmu
3a6epuienus dKcnepmusbl UCTHONb3yeTcst pacctosHue Kemenu (Mepa OIM30CTH HAa OTHOLICHHSAX
JMHEWHOTO MOPS/IKA), @ B KAYeCTBE PE3yIbTUPYIOIIETO PaHXKUPOBaHUs — Meauana Kemenn.
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3) Jlist TpyNImUpOBKU 3KCIEPTOB (YYaCTHUKOB SKCIEPTU3bI), Y KOTOPBIX MOTYT OKAa3aThCs
CXOXXHMMH B3IVISIIBI  OTHOCHTEJIBLHO BapHAaHTOB PAHKHPOBAHUS pPacCMaTPUBAEMbIX OOBEKTOB,
YCTaHABIIMBAIOTCS TIOPOTOBBIC 3HAUCHUS pAacCTOSTHUS KeMeHU MexTy OTBeTaMu 3KCIIEPTOB, UCXOIS
U3 8epOSIMHOCIU COBNAdeHUss MHCHHH dKCIIepTOoB, Harpumep, oauskoit k 0,80; 0,90; 0,95; 0,99.

4) Jlns moucka B KaXKI0i U3 00pa30BaBIIUXCS TPYIIT IKCIEPTOB HAUbOLEe CO2NACOBAHHOZ0 C
YJICHAMU TPYIIITBI pAaHXUPOBAHUS (YIIOPSAI0UYCHHS ) 00bEKTOB PacCUMThIBACTCSA Meduana Kemenu.

IIpeumywecmea memooa:

1) KoppektHocTh MeTOAa (TeopeMa O KOPpPEKTHOCTH Jo0Ka3aHa B 1978 romy — «MeamnaHa
KemeHn — eauHCTBEHHOE Pe3yJbTHPYIOIIEE CTPOroe PAaH)KUPOBAHUE, SBIISIOIIEECS HEHTPAIbHBIM,
COTJIACOBAHHBIM M KOHJIOPCETOBBIMY);

2) [oBbIlIeHHE TOYHOCTH PE3YJIBTATOB IKCIEPTH3BI 33 CUCT HAIUYUsL OOPAMHOU C8513U TIPU
peanu3aiuy Kaxj0ro nociaeyoIero Typa;

3) [Ipu KCHONIB30BaHUU IOLIATOBOIO YTOYHEHHS PAHIKHPOBAHUI OOBEKTOB COXPAHAIOMCS
uzeecmunvle  npeumywjecmea  IenbGUICKOM mpoueaypsl (AaHOHUMHOCT U BO3MOXHOCTb
O3HaKOMJICHUS C OOBSICHEHUSMH, MTPECTABICHHBIMU B 3aIIUTY CHJIBHO OTJIMYAIONINXCS OTBETOB) U
aNITOPUTMA NOUCKA CO2NIACOBAHHO20 YNOPAOOUeHUsi OObEKTOB — KOPPEKTHBIA pacdyeT MeIuaHbl U
paccrosiausg Kemeny;

4) CoBMECTHOE WCIIOJIB30BAHUE U ACIb(PUIACKON MpOLEAYphl, W MpeioxkeHHoro Kemenu
MOJIX0/1a K YIOPSIOYCHUIO OOBEKTOB 1O3604UNO!

*HMOJMYYUTh COJEPIKATEIBHO MPUEMIIEMbBIH KOJMYECTBEHHBIH KPUTEPHHA IJIi 000CHOBAHHOTO
3aBEpUICHUS] OJKCIIEPTH3bl — YCTAaHABIMBACTCS ONpEACICHHAs BEIMYMHA OTHOCUTEIBHOTO
(mampumep, 5%) U3MEHEHUs] CyMMapHOTo paccTossHus KeMeHu.

*(opMUpOBaTh rPYIIBI SKCIEPTOB, OPHEHTHPYSCH HAa BEIOpaHHBIE (B 3aBUCUMOCTH OT CTETICHH
COTJIACOBAaHHOCTH MHEHHI1) MOPOTOBBIE 3HAYCHHs PAacCTOsHUS KeMeHM W mccienoBaTh NPUYHHEL
B3aUMOCBSI3U IKCIIEPTHBIX OILCHOK. J[efiCTBUTENbHO, PENNOI0KUM, 4TO Ha PucyHke 3 mpuBeaeHbI
rpadbl B3aUMOCBSI3H MEXAY PAHKUPOBAHUSIMHU SKCIIEPTOB moArpymisl I'l pacmmperHoro cocrasa (c
BKJIFOUCHHEM Pa3padOTUYMKOB N KOHKYPHPYIOMHUX MpoekToB). [Ipu aTom B moarpymmy A, moMumMo
sKcnepToB moArpynmsl 'l ncxomHoro cocrara, monaau JBo€ U3 N TPy pa3pabOTINKOB MPOSKTOB
— uneHtudukarops! 1 u 4. I'padsr B u C o0beuHUIN APYTUX Pa3pabOTUNKOB CIIOCOOOB peIIeHUs
npo6aembl. Tereps MOKHO TIPOBECTH aHAIH3 MPHYUH (POPMUPOBAHUS TAaKUX MOITPYIII.

*HaXoIUTh Haubosee coenacosannoe ¢ YaeHaMU KaxXJI0M IpyMIbl SKCIEPTOB YHOPsI0UEHHE
00BEKTOB, pAaCCUYMTAB TOYHO WM PUOIMKeHHO Menany Kemenn,

5) Merox momIAroBOr0 YTOYHEHHS PAHKHPOBAHUN OOBEKTOB, OYAydd TMPOCTBIM |
KOPPEKTHBIM, HE IMEET OTPAaHMUYCHHI Ha KOJHMYECTBO YIACTHUKOB SKCIIEPTH3HI.

310
2 . . 1

14
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A 12
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Pucynoxk 3. I'padsl B3anMocBsi3eid MeXIy paHKUPOBAHUSME SKCIIEPTOB
noarpynnsl 'l (pacimpeHHsIi cocTaB)
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Anpobayuss u ucnonvzosanue memoda. MeTOA YCHEIIHO anpoOMpPOBaH *TIpU pEHICHUU
PAa3JIMUHBIX TMPUKIAIHBIX 3ada4d, I[IpPpW BbIIOJHCHUU HAYYHBIX HCCHGHOBaHHﬁ, B T. 4. IJIdA
pPaHKUPOBaHUSI OOBEKTOB 6 1000l npedmemHou obnacmu, JUIS BBIICICHUS ONPEACISFOIINX
(hakTOpOB, MPU3HAKOB, TTOKA3ATENICH; IPU CPABHEHUH U 8b100pe 8apuaHma ou3aina, Ipyu CPaBHCHUN
MIPOTPAMMHBIX CPEJICTB IO KPUTEPHIO «Y TOOCTBO OOCITY>)KUBAHUS M COTTPOBOXKICHUS» U JIP.

2.4. IlocredosamenvHocmsb wac08 HOPMUPOBAHUSL COCNACOBAHHO20 KOJLIEKMUBHO20 8blOOPA
(npu ucnonszoBanuu anroputMa [IYPO):

*[lepeBoj 3JIeMEHTOB MaTpuUlbl paccTosiHME KeMeHu B OTHOCHTENbHbBIE €AMHUIBI. BbIOOp
IIOPOTOBBIX 3HAUEHUI PACCTOSIHUS U OLIEHKA CTEIIEHU COIIaCOBAaHHOCTU OTBETOB B mpeaenax 80, 90
1 95 IpOLICHTOB.

*IIpeoOpa3oBaHre MAaTPHUIIBI OTHOCUTENIFHBIX 3HAYEHUH paccTossHus KeMeHn B COOTBETCTBUH
C BBIOPaHHBIM IOPOT'OBBIM 3HAYCHHUEM.

*'pynnupoBKa yYaCTHUKOB OIPOCA C YIETOM BBIOPAHHOW cmenenu co2iaco8aHHOCmy MHEHUN
HKCIIEPTOB.

*Tlonck ¢ UCTIONB30BaHUEM Meduarbl KeMeHn paHKupoBaHUsl, MAKCHMAJIbHO COTIIACOBAHHOTO
C 8bIOEIeHHOLL 2PYNNOU 83AUMOCBA3AHHBIX OMEEMO8.

3. Konuuecmeennas oyenxa sampam u s¢gexmusnocmu (3aoaua 3). JIns cpaBHUTENBHON
OLIEHKY 3HAUCHHI MOKa3aTeIel, XapaKTepu3yOLINX IOIe3HOCTh U () ()EKTUBHOCTh aHATTM3UPYEMbIX
croco00B pemieHusi MpoOJIeMbl MpeaaraeTcsi HCIONb30BaTh Memoo HOUula208020 YMOUYHEHUS
BHAYEHUTl PA3IUYHBIX NOKA3amenell ¢ OyeHKol xapakmepucmuk pacnpeoenenus 11Y3-OXP [12-13].

3.1. Onucanue memooa. MeTon  OpPUEHTHPOBAH, BO-TIEPBBIX, HA  HCIOJIb30BAHUE
MHOTOIIATOBOM MPOLEAYpPhl, Ha KaXKAOM IIare KOTOPOW OCYIIECTBIISCTCS UMUMAYUOHHOE
Mooenuposatue, M, BO-BTOPBIX, Ha unmezpayuio metona Jlensdu (pazpadoran O. Xenmepom, H.
Honku, T. JIx. 'opgoHoM st mpOrHO3UPOBAHUS OYAYIIETO) ¢ IKCnepmu3ou, HaAnpasieHHoU Ha
nosyuenue 0600UeHH020 MHEeHUs. 2PYNNbL IKCHEPIO8 O 803MONCHOM OUANA30HE 3HAYEHULl UCKOMO20
noKazamess.

[Ipennonoxum, uro unmezpayus ¢ MmerogoM Jlenbhu peanuszonana. Ho, cripamuBaercs, kax
onpeoenums, 4mo KONIEeKMUSHOe MHeHUue cmabduiusuposailocs U nopa npekpawams oalvheuuiue
onpocwvl? C Kakou 6eposmHOCMblo, HaAnpumep, He OyOem NpegvluleHO ONnpedeieHHoe 3HaAYeHue
uckomozo nokasamens? Kaxosa eeposmnocms mozo, umo 3HaueHue nokasamens Oyoem
Haxooumucs 68 3a0anHbIX 0ogepumenvhvlx epanuyax? IlepedeHb MOAOOHBIX BOIIPOCOB MOXKET OBITh
MIPOIOJDKEH.

Jlns oTBeTa Ha TOCTaBJIEHHBIE BOIPOCHI pPEANTM3YIOTCS cleayromue omnepauuu: OueHkn
KaKJI0TO i-ro dKcrepra Ha j-M mare U anmpoxcHMuEpYOTCS paBHOMEPHEIM (€CITH JKCIEPT yKasal
7IBa 3HAUEHUS MMOKa3aTess) WM TPEYTOJIbHBIM (€CJIN YKa3aHO TPU 3HAYEHHUs1) pacIpeelIeHUSIMHU (CM. :
[12-14]). O60O0IIEHHOE KOJUICKTHBHOE MHEHHE N JKCIEePTOB 00 MCKOMOM 3HAYCHUH MOKa3aTels
OIpeJiesIAeTCsl Kak CpefHee N CiydailHbIX BEJIWYMH, MUMEIOIIMX PABHOMEPHOE WM TPEYTrolbHOE
pacmpesielieHusl MyTeM peaju3aldi Ha KaKJAOM K-OoM Iare WMHTAI[HOHHOTO MOJICITHPOBAHHSI
dyuryuu IW,=Z3%)/n, (i€n). B xauectBe uHCMpyMeHmanbHLIX Cpedcmé Ppeann3aruu
MMHUTAIMOHHOTO MOJICITUPOBAHMS MCIIOJIB3YETCSl IPOTrpaMMHBIN MPOoAyKT [ 15-16], mo3Bomstommii ¢
MUHUMAJIBHBIMH TpPyJ03aTpaTaMu (8 asmomamusupo8aHHOM pedicume) CTPOUTh UMHTAIMOHHYIO
MoJieTb. B pe3ynbTaTe MMHUTAIIMOHHOTO MOJCIUPOBAHUS Ha KaKAOM K-oM Iiare MoiydaroT
CTaTUCTHYECKHE XapaKTEPUCTUKU (Mamemamuyeckoe odxcuoanue, OUCNEpcuro, Kodghouyuenm
gapuayuu, dKcyecc, acummempuio) M pacnpedeienue (TaONWIy W THUCTOTPAMMY) 3HAYCHHN
noxazatens — ¢yuryuu I¥,=f(3X);). Tlocne xaxmoro mara (IMKIA SKCIEPTH3BI) YYACTHUKOB
OKCHEPTHOH TPYINIBI 3HAKOMAT C OOBSCHEHUSMH, TIPEACTABICHHBIMH B 3alIUTy CHJIBHO
OTJIMYAIOIIMXCS OLIEHOK 3HAYEHUIl MoKaszaTess, M MpeularaloT MpU KeJaHUH H3MEHHTh CBOU
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npeablAyIe OTBeThl. Ha KaXIoM odepelHOM [-OM Iare OICHUBAIOT U3MeHeHuUe 3HAYCHHN
koo duimenta Bapuarmn KWar dynximu 39,6 Tpu oTknonenny kosd@uiyeHTa BapHaluy OT
MPEIbIAYIIero 3HA4YeHHs, HampuMmep, Ha 5% W MeHee MOXHO CYHUTaTh, YTO OIICHKH JKCIIEPTOB
CTaOWJIM3UPOBATIUCH U 1I€JIeCO00pa3HO 3aBepiuaTh JKcrepTrusy. Ha ocHoBaHMM pe3ylbTaToB
MMUTAIIIOHHOTO MOJICTUPOBAHUSI HA TOCJCIHEM IIare OLEHWBAIOT JIOBEPHUTEIbHBIC TPaHUIIBI
3HAYEHUI MOKa3aTesiss U BEPOSATHOCTb TOTO, YTO €ro 3HAUYEHUs OKaXyTcs OOJIbIE WM MEHbIlEe
OTPEJICJICHHOTO YHCIIa.

ABTOMaTH3UPOBAHHBIN CHHTE3 UMUTALIMOHHBIX MOJIEJICH B MPOIIECCE PeaTu3alliy allrOpUTMa
MO3BOJISIET MHOTOKPATHO CHU3UTH 3aTPaThl TPYJAOBBIX PECYPCOB HA MOTYyYECHUE UCKOMBIX 3HAUCHUIN
MIOKa3aTeNeH.

3.2. Ilpoyedypa knaccuguxayuu (spynnuposku) y4acmuuxos dKkcnepmuozo onpoca. Ilpu
ucnonb3zoBaHun anroputMa I[1Y3-OXP MoOxkHO omnpenenutb, Kak B3aHMMOCBSI3aHbl OTBETHI
YYaCTHUKOB DKCIIEPTHOM IPYIIIbI, KAKOBA CTEIICHb ATOW B3aMMOCBS3H, U BIHSHHEM KakuX ()akKTOpoB
OOBSICHSICTCSl HAJlMYMe TaKOW B3aMMOCBSI3U (BJIMAET JHM YPOBEHb 00pa3oBaHUs, MECTO pPalOTHI,
CIELUAIBHOCTD, CTaX pabOThl, 0COOEHHOCTH 00BEKTA aHAIH3A U T. 11.).

[Ipenmnonoxum, 4To MOcie pearn3aui HECKOJIBKUX IIAaroB OImpoca 3KCIEPTOB OTHOCUTEIBHO
3HAYCHUH aHATU3UPYEMOTO IT0Ka3aTelis, OTBEThl YYACTHUKOB AIKCIIEPTH3BI HA TIOCJICIHEM Iare
CTaOWUIM3UPOBATUCH (OTHOCUTENIbHOE HW3MEHeHHue Kkod(dduirenta Bapuallid HE MPEBBICHIO
YCTaHOBJICHHOT'O OpraHU3aTOpaMH 3KCIICPTU3bI 3HAUYCHUS, HAIIPUMEP, 5S-TH ITPOLICHTOB).

[Tpu aTOM OoKkOHYaTebHas Tabnuia ¢ OTBETaMH HKCIIEPTOB OTHOCUTEIHHO 3HAYEHU N HCKOMOTO
II0Ka3aressi UMeeT BUJ, Haripumep, Talmuisl 5.

Tabmura 5.
PE3VYJIbTATHI UETBIPEX IIIAT'OB (IIMKJIOB) SKCITEPTU3bBI
HIAT 1 HIAT 2 HIAT 3 HIAT 4
Oxe- | Mun | Onm | Maxe | Mun | Onm | Makc | Mun. | Onm | Maxc. | Mun | Onm | Maxc.
nepm
e 3 5 9 5 6 9 6 7 9 6 7 9
c; 30 33 65 15 20 30 15 20 30 15 20 30
I3 2 5 9 4 5 8 4 5 8 4 5 8
C) 8 11 15 8 11 15 8 11 15 8 11 15
s 3 5 8 3 5 8 3 5 8 3 5 8
s 14 17 22 14 17 22 14 17 22 12 14 20
97 11 15 19 11 15 18 11 15 18 11 15 18
g 20 25 55 15 20 35 10 12 22 10 12 21
Do 12 15 35 10 15 25 8 11 15 8 11 15

*)Ir{uprlM wpuquOM 8blOe/IeHbl 3HAUCHUS noxkasamejis, U3SMEHEHHblE IKCNepmom Ha 01{€p€0H0M wacee.

3a)1aqa TCIIEPb COCTOUT B TOM, YTOOBI BBISBHUTH rpynmbl 3KCIIEPTOB, MHCHUA KOTOPBIX O
SHAYCHUAX UCKOMOTI'O ITOKA3aTECJId ABJIAIOTCA JO0CTATOYHO 6J'II/I3KI/IMI/I, COrJIaCOBaHHBIMU.

IIpumep knaccugurayuu (cpynnuposxu) skcnepmos. B Tabnuiie 6 npeacTaBieHbl pe3yabTaTbl
MMHUTALMOHHOTO MOJEITUPOBAHUS TTOCIIE KAXKIOTO U3 YETHIPEX IIaroB SKCHEPTU3BI (CM. PE3YIIbTaThI
sKcnepTu3sl B Tabnuie 5).

[Bameuanue. Cmons nHesnauumenbHoe KOIUUECMBO IKCNEPMOE 8 PACCMAMPUBAEMOM NpUMepe
ANAeMcs 6NOIHE OOCMAMOYHbIM OISl NOSICHEHUs ocobennocmeti 2pynnuposku. OueguoHo, umo 6
YCNIOBUAX UHMEPHEM KOIUYECMBO NPUBTIEYEHHbIX K YUACMUI0 8 IKCnepmu3se CReyuanucmos Modxcem
UCHUCTAMBCS COMHAMU U MbLCAYAMU. |
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Tabnumna 6.
PE3VYJIbTATHEI MOJIEJIMPOBAHIM S HA ITATAX 1-4
Ilapamemp AL 1 LIAT 2 AT 3 LIAT 4
ITepemeHHas D0 (02) D03 D04
Uwcno urepanuii 1000 1000 1000 1000
Cpennee 17,51 13,7 12,24 11,98
Jucnepcus 2,02 0,61 0,37 0,36
CpenHeKBaIpaTHYECKOE 1,42 0,78 0,6 0,6
OTKJIOHEHHE
Koaddunuent Bapuanmu, 0,08 0,057 0,049 0,05
K(Ol)var
AcummeTpus 0,3 0,08 0,08 0,15
Dkcuece -0,22 -0,12 -0,24 -0,35
MuHUMYM 14,2 11,4 10,36 10,38
Makcumym 22,4 15,88 14,15 13,85
MoanbpHbIH HHTEPBAI 17,18 : 17,93 13,44 : 13,84 12,08 : 12,43 11,64 : 11,95

Kak cienyer u3 manubix TaOmuipl 6, SKCIIEPTH3a MOXKET OBITh 3aBEpIICHA, T. K. BEJIHMYUHA
1K) ar— KO 1%100/ KO0 =2,08%<5%. B Tabnuue 7 NpeAcTaBICHB 3HAYCHHS HCKOMOTIO
nokasatessi, nosydeHHsie ¢ BepositHocTsiMu 0,8; 0,9 m 0,95 B pesynapTraTe MMHUTAIMOHHOTO
MOJICTTUPOBAHUS BHICKA3bIBAHUI KaXKJIOTO M3 IKCIICPTOB.

Tabmuma 7.
3HAYEHHMA HCKOMOT'O ITOKA3ATEJIA [TPU BEPOATHOCTAX 0,8; 0,9; 0,95
Bepoamnocms
Oxcnepm 0,8 | 0,9 | 0,95
3HaueHus UCKOMO20 nOKA3amens

o1 79 8,2 8,55
22 23 25,5 27,2
323 6,5 6,9 7,3
24 6,4 6,9 7,25
25 6,25 6,75 7,2
26 17 18 18,6
27 15,8 16,3 17,1
08 16,6 17,65 19,1
29 12,55 13,4 14

Pe3ynprarhl rpynnupoBKH HKCIIEPTOB, 10 MHEHUIO KOTOPBIX 3HAYEHUS MCKOMOTO IOKa3aTess
nornaixu B 0000IICHHOM (OKOHYATEIIbHO) Ta0JIHIIE pacTIpeIeTICHHS B IMANa30H ¢ BEPOSTHOCTHIO, HE
MPeBBIMIAIOIICH, cOOTBeTCTBeHHO, 0,15; 0,3; 0,5; 0,7; 0,85; 0,95, conepxut Tabmuia 8.

Taobmnuua 8.
B3AMMOCBSI3AHHBIE I'PYIIIIBI DKCIIEPTOB
BepositHOCTh
0,15 | 0,30 | 0,50 | 0,70 | 0,85 | 0,95
CoracoBaHHOE 3HAUEHHE UCKOMOI'O MTOKA3aTeNs
111 | 11,3 | 11,6 | 12,0 | 12,3 | 12,6
B3anMocBsi3aHHBIE TPYIIIBI DKCIIEPTOB NPH BhIOpanHo# BepositHocTH 0,80
1,3,4,5 | — | — | — | — | 2,6,7,8,9
B3anMocBsi3aHHBIE TPYIIIBI SKCIIEPTOB NpU BhIOpanHO# BepositHocTH 0,90
1,3,4,5 | — | — | — | — | 2,6,7,8,9
BsanMocBsi3aHHBIE TPYIIIBI SKCIEPTOB NpH BbIOpaHHOM BepositHocTH 0,95
1,3,45 | — | — | — | — | 2,6,7,809
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3.3. OL;@HKCZ HO6U3HblL U nepcnekmueHoﬁ NONEe3HOCMU MEMOOdA.

Hosuszna memooa

1. Murerpauus nenb(uicKoid mpouenypsl, OOBIYHO HMCIOJIB3YeMOH sl MPOTHO3MPOBAHUS
Oyay1ero, ¢ 3KCIepTH30M, HAIIPaBICHHON HA MOJY4YEeHUE 3HAUCHHSI HICKOMOTO TIOKa3aTels;

2. Peanmuzanuss  oOpaTHOW CBS3M B IIPOLECCE OSKCIEPTU3bl IyTeM HH(POPMHUPOBAHUSA
CIELMAIMCTOB—AKCIIEPTOB O Pe3yJIbTaTax MpPeAbIAYIIEro 11ara;

3. Ucnosnp30BaHue MpOrpaMMbl IMOCIEAOBAaTENbHBIX IIaroB, Ha KaXIOM M3 KOTOPBIX
peayin3yeTcs NOJIHBINA UKJI 3KCIEPTU3BI;

4. AnnpokcuManusi OLIEHOK KaXJOro JKCIepTa, MPEICTaBICHHBIX TpeMs 3HAYCHUSIMU
HUCKOMOTO TMOKa3arens (MUHUMalbHOE, MAaKCHUMalbHOe M Haubojiee BEpOsATHOE 3HAUYCHUE)
TPEYrOJIbHBIM pAaclpelesieHueM, a MPEJCTaBICHHbIX [JBYMS 3HAa4eHUSAMHU (MUHUMAJIbHOE U
MaKCHMaJIbHOE) — PaBHOMEPHBIM PacCIIpe/IeICHUEM;

5. Ucnonp30BaHne MMUTALIMOHHOTO MOJEIUPOBAHUSA Ui  OINpeneneHuss 000O0IIEeHHOro
KOJUIEKTUBHOI'O MHEHHS N AKCIEPTOB KaK CPEIHEr0 N CIyyailHbIX BEJIMYUH, UMEIOLUX TPEYTOJIbHOE
WA PaBHOMEpHOE pacrpeaeaeHus (MHEHUH N y4aCTHUKOB 3KCIIEPTHOM IPyMIIbI);

6. [lomydyeHne OLIEHOK CTATUCTHYECKUX XapaKTEPUCTHK (MAaTEMaTHYECKOrO OXKHUIaHHA,
AMCIIepcud, Kod(p@HUIMEHTa BapHallMd, HKCIecca, aCUMMETPUHM) M paclpelesieHUus] 3HaYeHUH
HCKOMOTO 1oKa3ares (B BUA€ TaOJULbl U THCTOIPaMMBbl);

7. BO3MOXHOCTb ONpe/eiIeHUs] BEPOSITHOCTU TOTO, YTO 3HAUCHMsI MOKa3aTelsl HE MPEBBICAT
KOHKPETHYIO BEJIMUMHY WJIM NONATyT B 3aJIaHHBINA JUana3oH 3HAUE€HUH.

Ipeumywecmea memooa:

1. IToBbIlIEHHE TOYHOCTH PE3YJIBTATOB AKCIEPTHU3BI 32 CUET

*Hanuuus oOpaTHOH CBSI3U IIPU pealIn3aliy Ka)XA0ro NOCIeAYIOLIETo Typa;

*o0ecreyeHns: SKCIEpTy BO3MOXKHOCTU YyKa3bplBaTh TPU WIM [JBAa 3HAYEHUS HCKOMOTO
[IOKa3aTeJs;

*orpeniesieHusl 10 pe3ylbTaTaM MMUTALlMOHHOI'O MOJAEIMPOBAHMS BEPOATHOCTH MONAJaHUS
BEJIMYMHBI I0Ka3aTeNs B 3aJJaHHbIN JUANa30H 3HAYeHUH.

2. YMEHBIIIEHUE TCUXOJOIMYECKOW Harpy3ku Ha SKcllepTa M HEraTUBHOIO BIMSHHUS Ha
pe3yNbTaThl SKCIEPTH3bl MPUCYTCTBUS HAYAJbHUKOB W aMOMIIMO3HBIX JIMYHOCTEH, IMOCKOJBKY
COXpaHSeTCd AHOHUMHOCTb M O3KCIEPThl HE OOIIAIOTCS JAPYr C JPYrOM M HE 3HAIOT, KTO JAal
KOHKpeTHOe 000CHOBAHKE B 3alIUTY CHJIBHO OTIMYAIOLIUXCS 3HAUEHUH MOKa3aTels.

3. IlpeacraBieHne CyMMapHOTro pacrpeielleHust Kak CpeJHero (MaTeMaTHUeCKOro 0XKUJaH!s)
CYMMbI paBHOMEPHBIX WJIM TPEYTOJIbHBIX PACIPEIEICHUN OLIEHOK OT/IEIbHBIX SKCIIEPTOB 1038015€m
noxyyums pe3yabTUPYIOILEe paclpeieieHne 3HAYeHUH IOoKa3aTels oadce npu YClo8uu, YTO
AKCIIEPTHI YKA3bIBAIOT JIBA WM TPH 3HAUYEHHUS U OONBILION TUCIEPCHH OLIEHOK.

4. BeIsiBIIeHHE CaMOITPOU3BOJIBHBIX TPYIIMPOBOK IKCIEPTOB, OLEHKU KOTOPBIX OTHOCUTEIBHO
MCKOMBIX 3HAYEHHUH MokaszaTeins ONM3KH, JaeT BO3MOXHOCTh HCCIIEIOBaTh NPUYMHBI 00pa30BaHUs
Takux rpynn. @opMupoBaHuE Py HKCIEPTOB OCYLIECTBIISIETCS, UCXOA U3 3alaHHON TOPOTrOBOH
BEJIMYMHBI BEPOSTHOCTH KOHKPETHOI'O AMANa30Ha 3HaYeHUI TPOrHO3UPYEMOT0 ITOKa3aTessl.

Hcnonvzosanue memooa
Metoa n10CTaTOYHO HIMPOKO MCHOJB3YETCS U MPHU BHIMOJHEHUN HAYYHBIX MCCIIEIOBAHUN, U B
yaeOHOM Tiporiecce. Tak, Moka3zaHa dKOHOMHYECKass 0O0OCHOBAaHHOCTh MPUMEHEHHUS METOHaa JIst
OLICHKU 3HAYeHUll CNpoca HA KOHKPEMmHblU MOo8ap, 8peMeHu GblNOJIHEeHUs: KOHKPEemHOU onepayuu
0e7108020 npoyecca, YObIMKO8 0N B03MOICHBIX HEOPYHCECBEHHBIX CAHKYUL KOHKYDPEHMO8, 8DEeMEHL,
3aMPAYEeHHO20 HA 8310M UHGOPMAYUOHHOU CUCTEMbL, NPOSHO3UPYEMO20 8peMeHU peleHUs 3a0a4,
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OYeHKU COBOKYITHOW CTOMMOCTH BIAJCHHS OOBEKTaMHU IJIUTEIHLHOTO IMOJH30BAHUS, IJI OLICHKH
HKOHOMMYECKOTO yiiepOa OT peaiu3auu yrpo3 6e30MacHOCTH NPEANPUSLTHS U T. 1.

3.4. IlocneoosamenvHocmos waco8 opmMupo8anusi co2iacoO8AHHO20 KOIEKMUBHO20 8blOOPA
(mpu ucnonb3oBanuu anropurma [1Y3-OXP):

*Peanmuzanusi MMHTAIIMOHHOTO  MOJICIIMPOBAHMS  BBICKA3bIBAHUW  KaXIOTO  AKCIEpTa
(anmpokcuManus  TPEYroJlbHBIM WM  PAaBHOMEPHBIM  paclpeneieHusiMu). B pesymbrarte
MMHUTALMOHHOTO MOJICIIMPOBAHUS TOJIYYAIOT MO KAXNCOOMY 9KCHepmy paclpelielieHue 3HaYCHUU
HMCKOMOTO ITOKa3aTelsl B BUAE TUCTOIPAMMBbI U TaOJUIIBI,

*13 Tabnui pactpeiesieHusi BRIOUPAIOT 3HAYCHUS TI0KA3aTels, KOTOphIe, HapuMep, He OyIyT
npesieHsl ¢ BepositHocTsimu 0,80; 0,90; 0,95.

*OmnpeneneHne 0000IEHHOTO pacIipe/Ie/IeHUs 3SHAYCHUH MTOKa3aTellsi Kak CyMMbl MHEHUH BCeX
YYaCTHUKOB AKCIIEPTHU3BI TyTEM UMHUTAIIMOHHOTO MOICITUPOBAHUS.

*TlocTpoeHne TaOJIMIIBI, B KOTOPOW MEPEYHCICHBI HOMEpa JKCIIEPTOB, MHEHHUE KOTOPBIX O
3HAYEHUU UCKOMOTO ITOKa3aTessl B 0000IIEHHOM COTJIACOBAaHHOM paclpe/iefieHHH 3HaYeHUH (Y Bcex
HKCIEPTOB) OKA3aJIOCh B JIMAINIA30HE C BHIOPAHHON BEPOSTHOCTHIO.

4. Ananuz pe3ynbmamos KOIUYeCmEeHHOU OYeHKU NOKA3amelnell U peanusayus npoyeoypsl
evibopa (3adaua 4). [lns pemenns 3agaun 4 MOXHO ucnoias3oBath Meto [IYPO. Paccmotpum oany
U3 ero MoauduKanuu.

[IpenmonoxkuM, 4YTO HEOOXOAMMO OCYIIECTBHTH CpPAaBHEHHE HECKOJBKHX CIOCOO0B
(MpoekToB) pereHus KOHKpeTHO# mpodiembl M. ITycte A={a; } (iE€n) — cpaBHHUBaeMbIe CIIOCOOHI;
B={bj} (€M) — MHOXXECTBO IKCHEPTOB, YUACTBYIOIIUX B IKCIICPTH3E.

4.1. Ilpoyedypa ynopsaoouenus cnocob6os peuternusi npobaemsi. J{nsi cpaBHEHUs BBHIOPAHBI
npoekTsl A, B, C u D. DTr ipoeKTsl HEOOXOIMMO YIIOPSIIOUUTH C IIETBI0 BBIOOPA IPOCKTA C 1) YLUUM
couemanuem TOJIE3HBIX XapaKTEPUCTHUK (CBOMCTB).

Ilocnedosamenvrhocms wiazo8 aneopumma:

Hlaz 1. KaxaomMy 3KCIEPTy € UCIOIb30BAHUEM TAONMIIBI (MJIM JAaTYMKA) CIYYaHBIX YHCET
IpeJUIaraloTcs sl CPaBHEHHUs TOCJIE0BATENIbHO Mapbl MPOEKTOB peleHus npobdiaemsl M. MoxkHo
MIPEIOI0KHUTh, HAPUMEp, 9TO dKcrepT Jj, noiayuns napy B u C, nemaer BriOop B mons3y B. Ha
CIIEAYIOIIEM JTale 3TOMY 3KCIepTy mpeanaraercss cpaBHUTh B m A (BapuanT A BBIOpaH Takxke
ciydaitHo). OxcriepT BbiOupaer A. U, Hakonen, mpu cpaBHennn A u D Beibupaer D. Dtamsr
CpaBHEHUSI MOYKHO TPeACTaBUTh B BHe nenouku: (B~C) — B; (B—~A) — A; (A—~D) — D. B cBoro
o4epeb IKCrepT Dj+k BHIIOIHSACT CPAaBHEHUE BAPHAHTOB B Takoi mocienopatenbHocTu: (C—A) —
C;(C~D)—C; (CoB)—C; (D~A) — A; (A~B) — B.

Llae 2. Tlo pe3ynbTaTaM SKCIEPTHBIX OIEHOK MMPOEKTOB CTPOSTCS MAaTPHIIBI JOMHHUPOBAHMUS,
OTpa’karolllie OTHOIICHUS! TOMUHUPOBAHMS MEXIY cllocobaMu pemieHus mpobdaemsl M. DnemMeHTh
Martpuil paBHbI 00 0, 1160 1. DemMeHT 1, cTosmuii B I-ii CTpOKE | j-M CTONOIE, O3HAYACT, UTO I-i
BapuaHT JoMHHHpYeT Haj |-M. CoOTBeTCTBEHHO 0 CIYXKHT JUIsl yKa3aHHs OTCYTCTBHUSI SIBHOTO
JOMUHHUPOBAHUS.

Matpuiibl JOMUHUPOBAHUS || Jj || u || Oj+k || JUIsl paH>)KUPOBAHUM SKCIIEPTOB Jj, U Dj+k UMEIOT
BUJI:

o=

wile]ls:1b 1)
R lo|lo|o|>
oo~ |
olor|o|lO
o|lo|lo|o|0
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o] A [ B | C D
A 0 0 0 1
| e || = B | 1 0 0 0
C 1 1 0 1
D) 0 0 0 0
Illaz 3. BbINONHAETCA MOCTPOCHUE MATpPUI] JOMUHHPOBAHUS || Jj " u || Oj+k || I

pPAH)KUPOBAHMI BCEX 3KCIIEPTOB W OIICHUBACTCS CTEIICHb JOMHUHHUPOBAHUS CIOCOOOB pPELICHUS
pOoOJIeMBI Y KaKI0ro U3 dKcnepToB. st sxcnepra Jj: Sj= || 9j || +(|| IJj ||)2, a s Dj+k © Sjwk= ||
Ij+k ||+( || Ij+k || )?. BBITNONHHUB pacyeTsl, MOJKHO MOJNYYMTh HpejcTaBleHHble B Tabmuie 8
pe3yJIbTaThI:

Tabmuua 8.
PE3VYJIBTATBHI JOMUWHUPOBAHUNS CIIOCOBOB (ITPOEKTOB) PELIEHHW S ITPOBJIEMBI M
Bapuanmur

ouzatina Ce 3 Ce Oj+k

A 2 1

B 1 2

C 0 5

D 3 0

Illaz 4. O6paboTKa MOTYYCHHBIX PE3YJIbTATOB IKCIEPTU3BI OCYIIECTBISCTCS C OpUCHTAIUCH
Ha aKCMOMAaTHYECKHI MOJIXO0/ K YIOPSI0YCHHUIO 110 MPEANIOYTeHUSIM, npeuioxkennsiid [x. Kemenn
[10-11], u npemmoxkenusie B [6—7] mnpouenypsl. Kaxkmoe 3SKCIEPTHOE paHXHPOBAHHE
IIPEJCTABISACTCSA B BUJIE MAaTPUIIbI YIOPSAA0UYECHUS B KAHOHUYECKON (hopMe. DIIeMEHThI 3TUX MaTpPHULL
COOTBETCTBCHHO paBHBI: 1, ecnu | mpeanourutenbhee j; —1, ecnu | npeanourutensuee i; 0, ecnu | 1
] paBHOLICHHBI.

Ilac5. Omnpenensitorcst paccrosaust Kemenn {dij} Mexmy BceMH paHXHPOBaHUSMH.
BeiOupaercsi, UCXOJs M3 peaNbHOM CTENEeHM COTVIACOBAHHOCTH OTBETOB 3KCIEPTOB, IOPOTrOBOE
3HaueHue paccTtosiuus U,op. BoimonHseTcst mpeoOpazoBanue 3HaueHuil paccrosuus Kemenu {dij} B
otHocuTenbHble enuHuIbl {d%} B COOTBETCTBUM ¢ BHIOPAHHBIM TOPOTOBBIM 3HAYEHHEM U,0p: 3aTEM
BEIOMpalOT moporosoe 3Hauenue 0%,,,. B KadecTBe moporosoro 3Hauenus 0%, memecoobpasHO
BbIOMpath BennuuHbl 0,05 nnu 0,1, To ecTh B 3TOM ciiydae OyAyT CrpyNIUpOBaHbl OTBETHI, CIMEeneHb
co2nacoganHocmu KOTOpbIX Oyzner He Hwxke 95 wumu 90 mnpouentoB. B mpouecce Takoro
npeobpasosanus kaxaoe sHadenue d% conocrapmusercs ¢ d%o, u eciu 0<d’%j<d’,,, To cTaBuTcs 1, B
npotuBHOM ciydae — 0. B pesymprare QopmmpyeTcss Marpuiia B3aUMOCBS3H MEXKIY
PaHKUPOBAHUSIMU HKCIIEPTOB.

Llae 6. PaccunThIBalOTCS 3HAUYEHUS MeIaHbl KeMeHu /17151 B3aMMOCBSI3aHHBIX PAaH)KUPOBAHHIA
(st xkaxnao rpymmel). C 3TOM LEdbI0 BBHIMONHAETCS MOMCK PAHXUPOBAHUSA, MAKCUMAJIbHO
COTJIACOBAHHOTO C  BBIJCJICHHONW TPYNIOW B3aWMOCBS3aHHBIX OTBeTOB. (CoriacoBaHHOE
paH)KUpOBaHHE JIOJDKHO OBITh TOYKOM, HauOoJjiee CBS3aHHOM C MHOMECTBOM B03MOMCHLIX
yropsiroueHuid. OTHAKO MPH JOCTATOYHO OOJBIIIOM YHCIIE IKCIIEPTOB PACUYETHI MOKHO CYIIIECTBEHHO
YIIPOCTHUTb, €CIM OPUEHTHUPOBATHCS TOJIBKO Ha OTBETHI YUaCTHUKOB 3KCIIEepTU3bl. Benpb eciu BeIOOpKa
JOCTaTOYHO BEJHKA, TO BEPOSTHOCTH IOJYYUTh HCKOMOE COTJIACOBAHHOE YIIOPSIOYCHHE OYEHB
O6mu3ka k enuHuLe. [loaToMy mpencTaBiseTcs: colep’KaTeIbHO OINpPaBIAaHHBIM BHIOOp B KauecTBe
Meananbl KeMeHu Takoro pamkKHpOBaHHs, y KOTOPOTo BenmuunHa X0%j. MUHNMAaTbHA.

llae 7. AHanu3upyloTCsl ~ BO3MOXHBIC  MPUYUHBL  HAIUYUSA — 63AUMOCEA3U  MEXKIY
MOJIMHOKECTBAMH COTJIACOBAaHHBIX PAHKUPOBAHUHN DKCIIEPTOB U T. JI.
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3ameuanue

B axcnepumenmax ¢ MHTEpHET—ONPOCAMHU OOBIYHO 00pa3yeTcss HECKOJIbKO IPYII, YYaCTHHKU
K@X/I0M M3 KOTOPBIX BBIMOJIHAIOT PaH)XUPOBAHUE MPOCKTOB W BBIOMPAIOT KOHKPETHBIH CHOCOO
pelreHus npooieMsl (rpadsl, IpeacTaBiIeHHbIC Ha Pucynkax 3 v 4 WM MOCTPOCHHBIE 110 MAaTPHIIAM
Buja Ta0nuiel 4, JafOT HATJISATHOE MIPEICTABICHUE O BO3HUKIINX TPYIITHPOBKAX ).

Ecnu ke B orpoce y4acTBYIOT 1m0/1bKO SKCIIEPTHI TPyIIbl [2, TO MPpH MPOBEACHUH SKCIIEPTHU3BI
11e1eco00pa3Ho peann30BaTh MOMIATOBYIO MPOIEAYPY OMPOCOB, YTOOBI 00ECIIEYUTh BO3ZMOKHOCTh
MH()OPMHUPOBAHMS BCEX YYAaCTHHKOB C COJIEP)KaHHEM OOBSCHCHHUH, MPEACTABISAECMBIX B 3alIUTY
BBEIOpaHHOTO crI0c00a (BE/Ib BIIOJIHE BO3MOXKHO, YTO KTO-HUOY/b U3 SKCIIEPTOB OCBEIOMIICH O HOBBIX
HCCIICIOBAHMAX, PEe3yJbTaThl KOTOPHIX MOTYT OKa3aTh peEIIarollee BIUSHHE Ha BHIOOP TOTO HIIM
HMHOTI'O CIIoco0a).

15
7 O

21 23

Pucynok 4. OguH U3 BO3MOKHBIX BAPUAHTOB I'PYMIHUPOBKH 3KCIIEPTOB

Baxnrouenue

CpaBHuTeNbHBIE TpeuMmyliecTBa ucnoavzosanus wmerogoB I[IYPO wu IIY3-OXP mns
(dhopMUPOBaHHS COTIIACOBAHHOTO KOJUIEKTUBHOTO BBIOOpA B TIPOIECCE PEATH3AIH dKCIICPTH3:

1. AkTUBM3alMsI WHTEIJIEKTYaTbHOW JESTENbHOCTH JKCHEPTOB 3a CYET MPEeIOCTaBICHUS
CHEIMAIMCTaM, YYacTBYIOIIAM B 3KCIEPTH3E, BO3MOKHOCTH PACCMATPHUBATh 603PANCEHUSL U
npeoodxcenuss Opy2ux 4JICHOB dKCIEPTHOU TpynIbl B aTMOchepe, c600600HOU om 6usHUSL TAIHBIX
Ka4eCTB YYacCTHUKOB. [103TOMY 371eCh Hem HeecamuHO20 GIUSAHUSL HA pe3yibmam Ppean3arim
QIITOPUTMOB HPUCYMCINBUS 8 COCMABE IKCNEPMHOU 2pynnbl HAYATbHUKOB U MOAYNHEHHBIX, Apy3ei
W BparoB, JIMI[ C pPa3HOH CKOPOCTBHIO PEAKIMH, C PAa3HBIMH KYJIBTYPHBIMH M PEITUTHO3HBIMU
TPAAULIUSAMU U T.J., TOCKOJBKY IKCHEPTHI: *He 3Harom, Kak MPaBUIIO, KTO YYaCTBYET B OMpoce; *He
3HaOm, KTO ¥ KaK OTBETHJI, KTO KaKOoe MPUHSII pEIICHNe; *He 3Haiom, KTO U KaKoe J1aj 000CHOBaHHE
CBOEMY PEILICHHUIO, CBOCU TO3UIMH, *u Mocym He 3Hamb 00 UCMUHHBIX YensX OPTraHUu3aTOPOB

74


http://www.bulletennauki.com/

Bronnemens nayxu u npaxmuxu — Bulletin of Science and Practice

nayunwiti xcypuan (scientific journal) Ne7 2017 e.
http://www.bulletennauki.com

HKCHEPTHOTO OMPOca; *Ho 6udam Ha KaKJOM LIare 6ce 000CHO8AHUA peuleHuli YIaCTHUKOB OIpoca
Y COTJIACOBAaHHOE MHEHHUE BCEX IKCIIEPTOB

2. @opmuposaHue epynn SKCIEPTOB, OLICHUBAIOIINX MTPOEKTHI, APOUCXOOUM CAMONPOUZBOILHO,
be3 oasnenus uzene, 6€3 ydacTus CTOPOHHHUX HAIPABJISAIONIUX CYOBEKTOB.

3. BO3MOXHOCTh ~ HMCIIONIB30BaTh TaK HA3bIBAEMOE «UHPOPMUPOBAHHOE UHMYUMUBHOE
cyoicOeHuey CIeNUAINCTa-IKCIepTa MyTeM CO3/IaHUsl YCIOBHMA JIJIi aKTUBHOTO B3aUMOJICHCTBUS C
JIPYTUMHU CIEIUATMCTAMU B OOJIACTSAX, KACAIOMIMXCS PA3IMYHBIX ACIIEKTOB M3y4aeMOU MpOOIEMBI.
[Ipu 3TOM HenocpeOcmeennoe o0bWeHUe CICUUATUCTOB JAPYr C  JOPYTOM  3AMeHsemcs
MOCJIEIOBATEIBHOCTBIO IIATr0B, HA KAXCOOM W3 KOTOPBIX peanu3yemcs NOJHbIU YUKI IKCHepmuU3bl,
BKJTIOYast ”HHOPMHUPOBAHUE CIICIIUAIMCTOB-IKCIIEPTOB O Pe3yJIbTaTaxX MPeIbIAYIIero Iara.

4. B ycnoBusIX urmepHem KOJUYECTBO SKCIIEPTOB, YYACTBYIOIIUX B OIEHKE IOJIE3HOCTU
MIPOEKTOB, MOXKET JIOCTUTaTh COTEH W ThicsA4. [lo3ToMy 6 cocmase Takux CIEIUATUCTOB MOTYT
0Ka3aTbCs MalaHmausble, 00apeHHvle NPUpoOoll 1uyd, KOMIIETEHTHBIE B IIPEAMETHBIX 00J1acTAX, HE
CBSI3aHHBIX C pemiaeMoil 3amaueil. M, kak mokaspIlBaeT MpakTHKa, UMEHHO ITH JIFOJU Yalle BCETO
CTAaHOBATCS AaBTOPAaMH OPUTHHAIBHBIX MPEAJIOKEHUH, WIM [JalT Hawboyiee yOeIUTEIbHBIE
00OCHOBaHUS TIPU BBIOOPE KOHKPETHOTO MTPOCKTA.

5. Ilpu Bcrob30BaHUM METO/IOB MPETYCMOTPEHO KOPPEKMHOe KOAUYeCmeeHHoe ONPEeTICHIE
MOMeHTa (HOMepa Iara) 3aBepIICHUs SKCIEPTHOTrO ompoca (M0 BEIHMYUHE HW3MCHCHHUS
Kod(uUIMeHTa BapuaIluy WK paccTostaus Kemenn).

6. [ToBbImIaCTCS 00CMOBEPHOCb PE3YIbMAMO8 OYEeHKU 3a CUET NPedoCmasielis y4aCTHUKaM
803MOJCHOCMU OOOCHOBBIBATh M KOHKPETHU3UPOBATh CBOM OTBETHI, HANpumep, yKa3blBaTb Ouana3oH
3HAYeHUll NoKa3ames, XapaKkmepusyouje2co nompedbumenbckoe Kayecmeo npoekma, 1 noaiyyanms B
pe3yabTaTe MOCIEAYIOMIETO UMUMAYUOHHO20 MOOCTUPOBAHUSL U NOUA2080U NPOYEOYPbL YMOUHEHUSL
BHAYEHUIl CMAMUCIMUYECKUEe XAPaAKMepUCmuKku u pacnpeoeiienue OYyeHu8aemo20 noKa3ameis.

7. MeTonbl KoppekmHbl, MHOOKPAMHO anpooOuposamsi, TMOITBEPIMIN CBOIO TMPHKIATHYIO
MOJIE3HOCTH B MPOLIECCE UCTIONB30BAHUS B PA3IMUHBIX TPEIMETHBIX 00JIACTSIX.
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CTATUCTUYECKASI OHEHKA TAPAMETPA NEPUOAUYHOCTHA MOJEJIA
30HAJIBHOU JE3UHTEI'PAIIUU I'OPHBIX ITIOPO/I

STATISTICAL EVALUATION OF THE PERIODICITY PARAMETER
THE MODEL OF ZONAL DISINTEGRATION ROCKS

©Jloces A. C.

KaHO. Gu3.-mam. HayK

Hncmumym npukiadnot mamemamuxu

Jlanvuesocmounoeo omoenenus PAH

2. Braousocmox, Poccus, A.S.Losev@yandex.ru

©Losev A.

Ph.D.

Institute for Applied Mathematics Far-Eastern Branch of the RAS
Vladivostok, Russia, A.S.Losev@yandex.ru

Annomayus. B pabote paccMarpuBaeTcs 3ajada 30HAIBHOW JIE3MHTETPAIIUN TOPHBIX MOPOJT
BOKPYT INTyOOKHX MOA3EMHBIX BEIpa0OTOK. [IpoBoauTCs HEOO0bII0M 0030p HAYYHBIX PaOOT B TaHHOM
00J1aCTH, OTpa’KE€HBbI OCHOBHBIEC PE3YJIbTATHI U 3AKITIOUEHHS 00 UX CXOJAUMOCTH K HATYPHBIM JTAHHBIM
1 J1a0OpaTOpPHBIM SKCIIEPUMEHTaM, OIUCAHbl HCIONIb3yeMble METOIbI U TOAX0/bl. B camoii pabote
UCCIIEAyeTCs MapaMeTp MEPUONUYHOCTH (YHKIMH IePEKTHOCTH, KOTOpas SIBISETCS PEIICHHEM
3a/laud O PAcIpeleNICHUH MO HANpPSHKEHUH BOKPYT BBHIPAOOTKU KPYTJIOTO CEUYEHHUS, B YCIOBHUAX
HEC)KMMAEMOCTH M TUAPOCTATUYHOCTH HArpykeHus Ha OeckoHeuHocTd. IIpoBoaurcs
CTaTUCTUYECKAsl OLICHKA 3HAYMMOCTH PaHee MOJIYYEHHON aHaTUTUYECKON 3aBUCUMOCTHU JIMHEUHOTO
BUJa, TapaMeTpa MePUOANIHOCTH (HYHKIMU Ae()EKTHOCTH OT TOJOKEHHUS CEPEeUHBI TIEPBOM 30HBI
paspyuienus. [locTpoeHa anmpTepHAaTMBHAs CTATUCTHMYECKU OOOCHOBAHHAs MOJIEIb HEITUHEHHOTO
BHJA, ONMCHIBAIOLIAS JIaHHYIO 3aBUCUMOCTh. [IpoBeneH CpaBHUTENbHBIM aHalU3 C paHee
MOJIYYEHHBIMH pE3yJIbTaTaMU M SKCIEPUMEHTAIbHBIMM JaHHbIMU. [lokazaHa craTucTHUecKas
3HAYUMOCTb HEJTMHEMHON 3aBHCHUMOCTH NapaMeTpa MEepUOJUYHOCTH (QYHKIUH Ae(PEKTHOCTH OT
IIOJIOKEHUSL CEpPENMHBI NEPBOM 30HBI pa3pylIEHUs, €€ CXOJUMOCTb C HAaTypHbIMHU JQHHBIMH H
MPEUMYIIIECTBO NIEPe]] 3aBUCUMOCTbIO JINHEHHOTO BU/IA.

Abstract. In work the problem of zonal disintegration of rocks around deep underground
developments is considered. The small review of scientific works in the field is provided, the main
results and the conclusions about their convergence with natural data and laboratory experiments are
reflected, the used methods and approaches are described. In the work the parameter of frequency
of function of deficiency which is the solution of a task on distribution of the field of tension around
development of round section, in the conditions of an incompressibility and hydrostatic character of a
loading on infinity is investigated. To be carried out a statistical assessment of a significance of earlier
received analytical dependence, the linear look, parameter of frequency of function of deficiency on
position of the middle of the feed zone of destruction. The alternate is constructed statistically the
reasonable model of a non-linear look describing this dependence. The comparative analysis with
earlier obtained results and the experimental datas is carried out. Statistical significance of non-linear
dependence of parameter of frequency of function of deficiency, from position of the middle of the
feed zone of destruction, its convergence with natural data and advantage before dependence of the
linear look is shown.
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Knrouesvie cnosa: CUIIBHO CKaTblii MacCUB, 30HAJIBHOE Pa3pyLICHHE MacCHBa, NapaMmeTpsl
HEEeBKJIMJIOBON MaTeMaTH4eCKOH MOAEIIH.

Keywords: highly compressed array, the array zonal destruction, non-Euclidean mathematical
model parameters.

Bbicokuii MupOBOH cripoc Ha A00BIYY MOJE3HBIX HMCKONAEMBIX B YCIOBHUSX IOBBIIIEHHBIX
IIPOM3BOJICTBEHHBIX ~ MOIIHOCTEH, TpeOyeT COOTBETCTBYIOIIMX MHCCIENOBaHUI B 00jacTu
reOMEXaHNYCSCKUX SBJICHUN U mponecCoB B MaCCUBaxX I'OPHBIX IMMOPOU. CCFOI[HSI YUYCHBIC BCCI'O MUpa
3aHATHl 3a7a4eil ONTUMM3ALMU Ipolecca JOObIYM IOJE3HBIX HCKONAEMbIX U IOBBIIIEHUEM €ro
6e3onacHoctd. OaHOM W3 OCHOBHBIX MPOOJIEM B JAHHOM HAIPaBJICHUM SBISETCS 30HAJbHAS
J€3UHTErpalysi TOpHBIX MOPOJ BOKPYr INTyOOKHMX MOA3eMHbIX BbIpaboToK. Ee pemenue tpeOyer
pa3paboTOK MaTeMaTHYECKUX MOJEJCH, OMMCHIBAIOIIUX IPOLECC 30HAIBHON JE3MHTErpanuu
MacCHBa FOPHBIX MOPOJ] C BBICOKOW CTENEHbIO CXOJMMOCTH K HaTypPHBIM JIaHHBIM.

Opnnao 13 Hambosiee M3BECTHBIX PEIICHUH NaHHOW MpoOJeMbl onmucaHo B padore [1], roe Ha
OCHOBE HEEBKJIMJIOBOI MOJIENN CIUIOLIHOM cpeibl pa3paboTaHa U MCCIIE0BaHA MOJIEb 30HAJIbHON
JE3UHTETPAlli MAacCHBa TOPHBIX TOPOJA BOKPYT TIYOOKHX IMJIMHIPHYECKHX M C(HEepHuecKux
BbIpaboTOK. PemieHa 3amaua o pacrpelesieHud MoJsl HalpsDKeHUH B IMJIMHAPUYECKOM oOpasle B
npepa3pymiaroiel cTaauu HarpyxeHus. BoisiBieH mexanu3M d(h(dekTa CMEHBI 3HaKa TPUPAIICHUS
nedopmaruii 06pa3LoB rOPHBIX MOPOJ MPU CXKATUHU, U HAIMUYUE NEPUOAUYHOCTH JedopMaluu Mo
reomeTpun oOpasua. llpeacraBieHHbIe pe3yibTaThl 30HATBHON JE3MHTETPAMM TOPHBIX IOPOJ
BOKpPYT BbIpaOOTOK anipoOHpOBaHbl Ha NMPAKTUKE U MOJATBEP:KICHbl HATYPHBIMU 1IaHHBIMHU.

B pabore [2] mnpeacraBieHbl pe3yabTaThl AHATUTHYECKUX M OKCIECPUMEHTAIbHBIX
HCCIIeIOBAaHMM, HAIIPABJICHHBIX Ha BBIABICHUS 3aKOHOMEPHOCTEN 1e(OPMHUPOBAHUS U pa3pyLICHUs
TOPHBIX TOPOJA B YCIOBUSAX JCHCTBHS OONBIIMX CXXHMAIOIINX HANpsDKeHUH. PaccmarpuBaercs
MOJIeJIb 30HAJBHOW JE3MHTErpallMd MacCHBa TOPHBIX IOPOJ| BOKPYI IOA3EMHBIX BBIPaOOTOK,
OCHWJUISIIIMOHHOTO, TEPUOIUYEecKOro THma naedopmupoBanus oOpasma. [lokazana xopormas
CXOJIUMOCTh TIOJTYYEHHBIX 3KCIIEPUMEHTAIBHBIX PE3YyJbTATOB C AHAJUTHYECKUM OOOCHOBAHHEM.
HecmoTpst Ha 3T0, BOIIpoc pa3paboTKH MO/ieNeil, ONUCHIBAIOIINX MPOLIECC 30HATBHOM Ie3UHTET Ay
MaccHBa TOPHBIX MOPOJ] U UCCIIEIOBaHUS €€ MEXaHU3Ma, OCTACTCS OTKPBITBIM.

B Hactosmeil paboTe NpoBeneHO YTOYHEHHME AaHAJIWTUYECKOW 3aBHCHMOCTH IapaMmerpa
NEPUOMYHOCTH (PYHKIMM J1e(PEKTHOCTH, MOJEIM 30HAIBHOM JI€3MHTErpallid MacCcuBa TOPHBIX
MOPOJT BOKPYT KPYTJIOH BEIPAOOTKH OT TIOJI0KEHHUS CEPEMHBI IEPBOii 30HKI pa3pymienus. [loctpoeHo
COOTBETCTBYIOIIEe HEJIMHEIHOE ypaBHEHHE PErpeccHM, MPOBEICH CPABHUTENIbHBIA aHAJIN3 C paHee
ITOJIyYEHHBIM YPaBHEHHUEM JIMHEWHON PETrpecCUM M HKCIIEPUMEHTAIbHBIMU JaHHBIMU. [loka3aHa ee
3HaYMMOCTb U CXOJIUMOCTh C HATYPHBIMHU JaHHBIMU.

OOpatumcst K 3afade O pACHpeneseHUM IOJIsl HAIpsHDKEHUH BOKPYT BBIPAOOTKH KPYIJIOTO
CEUeHMsI, KOTOpasi pacCMaTpUBAETCs KaK IJIOCKAs M CTallMOHAPHAs, B YCIOBUAX HEC)KUMAEMOCTH U
THJIPOCTATUYHOCTH HArpy>KEeHUsI Ha OECKOHEYHOCTH:

00

1
o + F(Jrr —0p,) =0.

burapmonundeckoe ypaBHeHue a1 GQyHKIUH 1€(EKTHOCTH OINPEAeIeHO KaK
A’R-y?R =0,

U I'paHUYHBIC YCIIOBUS
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oR

R =0, — =0, LimR(r)=0,
r=fo or r—o
r=r0
I1e o, — HOPMalbHOC PAAUAIbHOC HAMPSIKEHHE, Oy, — HOPMAIBHOC TaHICHIUAIBHOC
HamnpsbkeHue, A — oneparop Jlammaca, y — mapaMerp NEepUOAMYHOCTH MoJenu. Pemenue nns

paCCTOHHI/IH oT ueHTpa BBIpa6OTKe 0 TOYKHU MaCCI/IBa, onpeneneHHo B BI/II[GZ
R(r) =aJo(yyr) +bNo () +cKo (1),

rae Jo:Ng, Kg — kuuu beccens, Helimana u MakioHanb1a HyaeBoro mopsijaka [ 3].
(VERAVERAN() YH Y.

Bomnpoc kauecTBa ¥ TOUHOCTH OINpEIEIeHNUs TapaMeTPOB NOCTPOSCHHOM MOJIeIH, B 001LIEeM BUIE
pELICH YUCIICHHO [4] ¥ YaCTUYHO aHAJTMTHUYECKH ISl HCCIICIOBAHHBIX MecTOpOXIeHHH [2]. OqHako
[0 Mepe YBEIMYCHMsI JaHHBIX O HOBBIX MECTOPOXKACHHUSAX, AHAIUTHUYECKHE OLIEHKU TpPeOyHT
yrouHeHusi. B wyactHocTH, B pabore [2] Ha OCHOBE HATYpHBIX JaHHBIX pa3pabOTaHHBIX
MECTOPOKICHUM, MOTy4eHa aHaIUTUYECKasl 3aBUCUMOCTh [TapaMeTpa NepUoUYHOCTH MOJIENH J, OT
IIOJIOKEHUSL CEPENMHBI IIEPBOM 30HBI pa3pyLICHUs, U3MEPSAEMON B OTHOCUTENBHBIX K Pannycy
BBIpAOOTOK €AMHUIAX I, B BUJIC YPABHEHUS JIMHEHHON perpeccu:

7" =-10r +23, )

HapaBHe ¢ 3TuM, CTaTUCTHYECKUI aHaM3 HaTYpHBIX AaHHBIX (Tabnuma 1.) mokassiBaeT, 4To
3aBUCHMOCTB IapaMmeTpa NEPUOJUYHOCTH OT IOJIOXKEHHS CEPEIUHBl IEPBOM 30HBI Pa3pyLLEHUs,
MOJKET OBITh BBIPAYKCHA HEIIMHEHHBIM YpaBHEHHEM PETPECCUU BHIA!

" =50,381exp(~1,3669r). @

Tabmuua 1.
TEOPETUYECKHUE U SKCIIEPUMEHTAJIbHBIE JAHHBIE
Okcnepumenmanvroe sHavenue Teopemuueckoe 3nauenue napamempa Yy *
r y Jlunetinas mooens Henunetinas mooenw
0,80 17,6373 15,68160 16,87940298
1,00 13,0501 13,51200 12,84191101
1,13 9,93500 12,10176 10,75119724
2,00 3,33653 2,664000 3,273350637

Kospdunuent nerepmunanmu R 2 ypasaenmii (1)—(2), paccumranusii mo dopmyne (3),
cocraBisaeT 91,05% u 98,81% cooTBeTCTBEHHO.

4 3)
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2
rae S f — o0mIas qucrnepeus pu3Haka y, S;.,, — OCTaTOYHas AUCIIEPCHUs COOTBETCTBYIOIIETO

ypaBHeHUs perpeccud [5].

CratucTuyeckass 3HAYMMOCTh mHapamMeTpoB ypaBHeHuit perpeccun (1)—(2) u wux
KO3 QHUIUEHTOB jaeTepMuHanuu, noxarBepxkpaercs t-kpurepuem Creiogenta (Tabmuna 2) u3
ycnoBus (4) npu 5% ypoBHE 3HAYMMOCTH B JIMHEHHOM ciydae M 1% ypoBHE 3HAUMMOCTU B
HEJIMHEHHOM.

tpacq > tma6 ' (4)

rac

t B ag/Z(r—F)2 _ B bW/nZ(r—F)2 _ RVA—2
(a)pacq - & t(b)pacq - ) t(R)pacq =,
socm Socm’lzrz \Il—RZ

tma6 — TabJIMYHOE 3HAYCHHE TIPH 33JAHHOM YPOBHE 3HAYMMOCTH. 37eCh N — YUCIIO JaHHBIX,

I — cpennee apudmeTnyeckoe I ; a, b — mapameTphl TMHENHOTO U IMHEAPU30BAHHOTO YPABHEHUS
COOTBETCTBEHHO [5].

CTATUCTHUYECKAS 3HAUUMOCTH [TAPAMETPOB YPABHEHMIA PEI“PECCI/II;[I‘a@H/H-Ia >
Bud ypasnenus @poer | O paer | s | s
Jluneiinas perpeccus 4,64 7,93 5,68 4,303
Henwunetinas perpeccust 18,91 41,23 15,77 9,925

CrarucTryeckas 3HAYMMOCTh B IielioM ypaBHeHuil perpeccun (1)—(2), moarsepxkiena F—
kputepueMm ®umepa (Tabmuua 3), npu 1% ypoBHE 3HAUMMOCTU U BBIIOJHEHUH HEOOXOAMMOIO
YCIIOBHSL:

Fpacu > Fma6
rae F e, = Rz(n—Z) /(1—R2); Fma5 — TabMMYHOE 3HAYCHWE MPH 3aJ]aHHOM YPOBHE

3HAYUMOCTH [5].

5 Tabnuua 3.
CTATUCTHUYECKAS 3HAUYNMOCTD YPABHEHWU PETPECCHUUA
Buo ypasnenus F pacu Fm a6
JIuneiinas perpeccus 21,54
" 98,49
Henunelinas perpeccust 151,75

[IpeBoCX0CTBO pacUYeTHBIX BEIWYWH W3 TaOMUIl 2 W 3, XapakTEepU3YIOIIUX HETUHEHHOE
YpaBHEHHE pErpeccud, MOATBEPKIaeT ero Oojiee BBICOKYIO 3HAYUMOCTH [0 OTHOIIEHUIO K
JMHEWHOMY TIPENICTaBICHUIO Kak o F—kpurepuem @umepa, Tak u t-kputepuem CTbIOIEHTA.

CpaBHUTENBHBIN aHAIIN3 TIOBEPUTETHHBIX 30H JJMHUHA PErPEeCCUU U JOBEPUTEIHHBIX HHTEPBAIOB
MOKa3aj, 4To B 000MX ciyyasX UX MPOTSHKEHHOCTh B HEJNIMHEHHOUM mojenu MeHblie Ha 3,27%.
OmnpeneneHre OTHOCUTENBHOW OIIMOKM TPOTHO3a, Yepe3 OTHOIIEHWE CTaHAApTHOW OIIMOKH
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YpaBHEHUsI PETPECCUU K CPEAHEMY 3HAUYCHHIO €€ 3aBUCHUMOM IEpEMEHHOM, MOJITBEpKIAeT
MPEUMYILECTBO HEIMHEHHOTO ypaBHEHHsI perpeccuu [5], coctasisist 7,34%, no cpaBHeHwuto ¢ 19,5%
JUISL JIMAHEWHOTO CIlydas.

TakuMm o6pa3zoM, orpeneieHre napaMerpa NepruoIUIHOCTH (PYHKIUU 1e()EeKTHOCTH, MOJENN
30HATBHOM JIG3UHTETPALIMU TOPHBIX TOPOJI BOKPYT IIYOOKOH BBIPAOOTKH, CIIEyET PACCUYUTHIBATH TIO
HEJIMHEWHOMY ypaBHEHUIO perpeccuu. [lonyueHHoe yMo3aKkiIto4eHne, CTaTUCTUYECKH 0O0CHOBAHO B
cilydae, KOrja IoJIOKEHHE CEpeIMHbI IEPBOM 30HbBI pa3pylLlEeHUs IPUHAUIEKUT nHTEpBaly oT 0,8 1o
2 YCJOBHBIX €IMHUIl, HODMUPOBAHHBIX PaJnyCcOM BBIpAOOTKU. B mpoTHBHOM ciyyae, B yCIOBHSIX
KpaliHe Majoi BBIOOPKH, pe3yNIbTaT OyIeT HOCUTh MIPAKTUIECKH BEPOSATHOCTHBIN XapaKTep ¢ HU3KUM
ypoBHEM J0cToBepHOCTH. COOTBETCTBEHHO, JalibHelIee 0000IIeHNe MOMyYeHHOTO pe3yJbTaTa,
TpeOyeT pacCMOTPEHMSI TAHHBIX C HOBBIX MECTOPOKICHHIM.

Paboma evinonnena npu noodepaicke Poccuiickozo nayunozo ¢ponoa Ne 14-11-00079.
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NHO®OPMALIMOHHBIMU CUCTEMAMMU JJISA HIONCKA U APEHBI 7KNJIbS

ESTIMATION OF STATISTICAL CHARACTERISTICS OF EXPENDITURES
OF THE USER’S TIME FOR WORKING WITH WEB-ORIENTED INFORMATION
SYSTEMS FOR SEARCHING AND RENTAL OF PROPERTY
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Annomayusi.  BBIIONHEH ~ CpaBHUTENBHBI ~ aHAJIM3  OCHOBHBIX  XapaKTEPHCTHK
MOTPEOUTENECKOTO KauyecTBa BEO—OPMEHTHPOBAHHBIX HH(OPMAIIMOHHBIX CHUCTEM JUIS IOWCKA U
apeH/Ibl KWIbsS. BBISABICHBI C HCIIOIH30BAHHMEM METOJA IOIIArOBOTO YTOYHEHHS PAaH)XKUPOBAHUIN
00BEKTOB HanboJsee BOCTpeOOBaHHbIE (YHKIIUU BEO—TIPUIIOKEHHUS, OPUEHTUPOBAHHOTO Ha MOUCK U
apeHay kuibs. IIpoBeneHHBIE HCCIEOBAaHUS MO3BOJWINM YCTAaHOBUTh HAJIMYUE 3HAYUTENBHBIX
pe3epBOB CHIDKEHHSI 3aTpaT BPEMEHH NMOTEHIMAIBHBIX apeH/IaTOPOB Ha MOWUCK M apeHy KHIIbS B
KPYIHBIX TOpOJax CTpaHbl.

Abstract. A comparative analysis of the main characteristics of the consumer quality of web—
oriented information systems for the search and rental of property is carried out. Identified using the
method of step-by-step refinement of the ranking of objects the most popular functions of web
applications oriented on search and rental of property. The carried out researches have allowed
establishing significant reserves of decrease in expenses of buyer’s time for search and rental of
property in big cities of country.

Kniouesvie cnosa: moTpeOUTENBCKOE KAaueCTBO, MOMCK M apeHJa >KUJbs, BEO-IIPUIIOKEHHUS,
3aTpaThl BPEMEHU NOKYIATENIEH.

Keywords: consumer quality, search and rental of property, web applications, time spent by
buyers.

Ilocmanoska 3a0ayu. Ha  pblHKE YCIyr TpeICTaBICHO MHOXXECTBO  BeO—CalTOB,
MpelHa3HAYEHHBIX [UIsI TOMCKAa W apeHbl >KWJIbS, OTJIMYAIOIIMXCS COCTaBOM IIpejiaraeMbIX
KBapTUPOChEMIIUKAaM (QYHKIMI. Pe3ynpTaTbl BBINOJHEHHOTO HaMHM aHaln3a (YHKIHOHAJIBHON
MOJIHOTHI HarboJiee paclpoCTPAaHEHHBIX B KPYMHBIX ropojiax P® caiiToB aHaIOrMuHOr0 Ha3HAUYEHUS
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Y MOCJICYIONINH HHTEPHET—OIPOC TI0 METO/IY MOIIArOBOT0 YTOYHEHHS PAHKUPOBAHUN OOBEKTOB [ 1—
3] nuu, MMEOMIMX OMpEICNICHHBIM OMBIT MOUCKA W apeHIbl KWIbs, MO3BOJMIA BBIIBUTH P
GyHKIUH, KOTOpPBIE HHTEPECYIOT 3HAYUTEIBHOE KOJIMYECTBO PEAThbHBIX U IMOTCHIHATHHBIX
KJIMEHTOB—KBapTUPOCHEMIIUKOB. DTU (PYHKIMH peaanu30BaHbl B crpoekTupoBaHHoM H. Benbko
MPOTOTHUIE BEO—TIPUIIOKECHHUS.

OpHako CyIIECTBYIOLIME CAMTHl BeChbMa CYIIECTBEHHO OTJIMYAIOTCS HE TOJIBKO COCTaBOM
GyHKIMHA, HO W PSIIOM JPYTHX NapaMeTpoB, XapaKTEPU3YIOIIUX IOTPEOHTENhCKOE KadecTBO
MPOrpaMMHOTO MPOAYKTa, B TOM YHCJIE PECypCOEMKOCTBbIO Mpolecca skciutyarauuu. [losromy
IIPEJICTABIISIETCS] UCKIFOUUTEIbHO aKTyalIbHOM 3a/la4ya ONEepaTUBHON CPaBHUTEIBLHOM OLIEHKH 3aTpar
TPYIOBBIX M (DPUHAHCOBBIX PECYpCOB Ha JKCIUIyaTallUi0 BeO—TIPHIIOKEHHs, TeM Oojiee, 4TO Ha
HEKOTOpBIE U3 CAWTOB JJIsl ITOMCKA M apeH[bl JKWUJIbs, NPEACTABIECHHBIX HA PBIHKE YCIYT, IOCTYII
IIJIATHBIN.

Hwxke Ha mpuMepe CpaBHHUTEIBHOTO aHAN3a XapaKTEPUCTUK MOTPEOHMTENBCKOTO KadecTBa
peaIbHbIX BEO—OPUEHTUPOBAHHBIX HMH(DPOPMALMOHHBIX CHUCTEM JUIS TIOUCKAa U apeHbl KHIIbA
MoKa3aHa I1e1eco00pPa3sHOCTh U IKOHOMHYECKass OOOCHOBAaHHOCTb HCIIOJNIB30BAHUS JUIS OLIEHKU
CTAaTUCTUYECKUX XapaKTEPUCTHK paclpeieNieHusl 3aTpaT BPEMEHH IMOJb30BaTellsd Ha MOJTydeHUe
HMHTEPECYIOIIeH ero yClIyru paHee pa3paboTaHHO#N yHUBEpCcaabHON MeToauku [4—5].

lIpeosapumenvHule 3ameuanuisl

1) TloBenenue 106020 UHOUBUOA HOCUM BEPOSIMHOCMHBII Xapakmep. DTO OTHOCHUTCS M K
0601 NEATENbHOCTH WHIWBHA, BKIIOYas 3aTpaTbl BPEMEHH Ha OCBOEHHE JI0O00OT0 HOBOTO
MIPOrPaMMHOTO MPWIOKEHUS. TaK, y pasHulx ucnonHumerieli He TOIbKO CYIIECTBEHHO OTIHYAIOTCS
3aTpaThl BPEMEHH Ha BBIMOJIHEHUE OJIMHAKOBBIX ONEpAIfii AEJI0BOTO MpoIecca, HO IakKe y OJHOTO
WCIIOJIHUTEISA, BBIMOJIHSIONIETO OAHY OIEpalHio, 3aTpaThl BPEMEHH HE €€ BBIMOJIHEHHE HMEIOT
3HAYUTENBHBIA pa3Opoc M 3HAYCHUS Koddduyuenma eapuayuu u npasocmopoHHel acuMMempuu
pacnpedenenus BECbMa BEIHUKH (CM., Hanpumep, [6]); 2) IIpu ucrnosib30BaHUH POTPAMMHBIX CHCTEM
B YCIIOBHSIX HMHTEPHET KOd(huyuenm eapuayuu u acumMmempus 6pemeHu 3acpy3Ku CUcmembvl
(3ampam epemenu na nonyuenue mpebyemo2o pesyibmama) OYOym 3aMEmMHO 803PACMAMb TI0
CPaBHCHUIO C HUX HCIOJB30BAHUEM B JIOKAIBHOW cpexae; 3) DKCIePUMEHTAIbHYI0 OLCHKY
CTaTUCTMYECKUX XapaKTEPUCTHK BPEMEHHU peaau3aluu (YHKUUN BeO-NPUIIOKEHUH HE0OXO0IUMO
MIPOBOJIUTH, TPYIIIIHAPYS MOJTB30BaTeNeH (MOTEHIIMATBHBIX KIIMEHTOB-TIOKYTIaTeIel BEO-TIPHIIOKEHUS )
B 3aBUCUMOCTH OT 3HaYEHUH KIacCU(UKAMOHHBIX TPU3HAKOB (T10J1, BO3pacT, 00pa3oBaHue U 1p.) U
BBIIIOJIHUB MMHTAIMOHHOE MOJICIIMPOBAHUE C Yuemom XapaKTEPUCTHK pacHpeiesieHHs 3arpar
BPEMEHH B KaXIOW W3 TPYII U JOJIU KOHKPETHOW TPYIIIBI B COCTaBe Monb3oBateneii; 4) Eciu B
pe3ysibTaTe HATYpPHOTO SKCIEPUMEHTA IMOJIYUYEHbl 3HAUeHUs CMAmUCmuyeckux Xapakxmepucmux u
pacnpedeiieHue 3ampam 6peMeHUu Ha Ppeaqn3aluio BbHIOPAHHOTO MOAMHOXeCTBa (DYHKUIUNA Yy
CpaBHMBAaE€MbIX BEO—TIPUIIOKEHUN, TO OYeHUMb 3SHAUUMOCb PA3IUYUSL 8 3aMPAMAX 8peMeHU MOXKHO,
BOCTIOJIb30BABIIUCH MeMOoOamu Henapamempuyeckon Ccmamucmuky Jaubo CpasHue 3ampamol
8peMeHU NoIb308amenss NpU 3A0aAHHOU GEPOMHOCMU NOJVYEeHUs pe3yibmama — Hanpumep, npu
seposmuocmu 80, 90 unu 95 npoyenmos.

Ipumep oyenxu. Jlns CpaBHHUTENBHON OLEHKH CTAaTHCTUYECKUX XapaKTEPUCTUK 3aTpaT
BPEMECHH Ha peau3aiuio QYHKIMHA W 3arpy3Ky BeO—TPUIIOKEHHUN JUTS TIOMCKA M apeHJIbl JKUJIbS
BBIOPAHO MATh CAMbIX MOMYJISIPHBIX BEO—CANTOB, IPEICTABICHHBIX Ha PhIHKE YCIYT B I'. PocTOBe—Ha—
Hony: https://goo.gl/XCs14R, https://goo.gl/SnJprh, https://goo.gl/VFhTeU, https://goo.gl/gjAgsz,
https://goo.gl/YVhxqu. C ucnonb30BaHueM TaOIHIBI CIyYaHHBIX YUCEN STUM BEO—TIPUIOKCHUIM
MIPUCBOEHBI UJIeHTUhUKaTOphl Z1-25.

1. Oyenxa 3ampam epemenu ma pearuzayuio Gyuxkyuu. Js OueHKH (PaKTUYECKHX 3aTpaT
BPEMEHH MOJb30BaTeNlell Ha peanu3aiuio (YHKIUI BBIOPAHHBIX BEO—PUIIOKEHUN K y4acTHIO B
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HKCIEPUMEHTE MPUBJICYCHO 9 YeIOBEK Pa3HOTO BO3pacTa, OOJBIIMHCTBO M3 KOTOPHIX MUMEJO OMBIT
MIOMCKA JKWJIbS Yepe3 UHTEPHET. Bce y4acTHUKY SKCIIEpUMEHTa pa30HUThI Ha TPU BO3PACTHBIX TPYIIIIBI
— 18-30 ner, 3045 u 6onee 45 ner. AHATU3UPOBAIUCH 3aTPATHl BPEMEHHU Ha BBHITIOJIHEHUE TOIBKO
onHort ¢ynkuuum — «Ilonck oOBsBICHMIT». BbIOOp 3TOM (QyHKIIMKM OOYCIOBJIIEH TE€M, YTO OHA
peann30oBaHa Ha BCEX UCCIEAYEMbIX BeO-caiTax U SIBJISETCS OJHOM U3 OCHOBHBIX.

Jlsisi TIOBBIIICHUSI TOYHOCTH PACUCTOB KAKIBIA YYaCTHHK SKCIEPUMEHTa oOpamaics K
BBINOJIHEHUIO 3TO0 (QyHKIMK 3—5 pa3. 3aTpaThl BpeMEHH Ha BCE ONEpAIUH MPOLECcca pealn3aiuu
3TOH (DYHKIMH YCPEOHSIIUCh MO KAXKIOMY M3 9 HUCHBITYeMbIX (MO0 3 TpeICTaBUTENs KaKIOH
BO3PACTHOM TpyImisl). Pe3ynbraTsl sKciepuMenTa npezcrasiensl B Tadbnune 1. AHanu3 cutyanuu ¢
MIOMCKOM M apeH/IOHN JKUIIbsl B KPYITHBIX TOPOJAX CTPAHBI ¢ OOJIBIIMM KOJMYECTBOM CTYACHYECKON
Mmouozexu (Pocros—na—/lony, Boponex, H-HoBropon u ap.) no3Boau1 onpeaennTh 00 KakI0H
W3 BO3PACTHBIX TPYII B OOIIEH COBOKYITHOCTH IMOKYymaTeleiH—KBapTupocbheMiukos: 1 rp. — 0,5;
2rp.—0,3; 3rp. —0,2.

Tabmuna 1.
PE3VJILTATHBI OKCIITEPUMEHTA

3ampamul épemenu norv308amens Ha pearu3ayuio QYHKYuu
Bospacm Apendamopui «Iloucka obvasnenuily
Z1 Z2 Z3 Z4 Z5

Ol 32,0 21,8 19,4 25,4 14,2
Ot 18 no 92 30,4 23,9 18,1 26,7 19,0
30 93 25,7 25,1 15,2 22,1 15,8
Cp. apud. 29,37 23,6 17,57 24,73 16,33
24 40,1 20,2 255 31,2 30,7
Ot 30 mo 95 29,8 23,4 22,2 34,5 28,4
45 26 31,5 27,0 23,0 29,1 17,5
Cp. apud. 33,8 23,53 23,57 31,6 25,53
97 42,2 30,5 34,1 44,2 48,1
Or 45 u 98 61,9 41,9 52,0 53,1 55,0
Gosee 29 48,6 35,3 44,7 45,9 31,1
Cp. apud. 50,9 35,9 43,6 47,73 44,73
Min 25,7 20,2 15,2 22,1 14,2
Max 61,9 41,9 52,0 53,1 55,0
Menuana 32 25,1 23 31,2 28,4

OreHka 3aTpat BpeMEHHU MOJIb30BaTeNel Ha MPOLIECC pealln3alii paccMaTpUBaeMon (GyHKITHH
OCYIIECTBISUIACH C WCIIOJIb30BAaHUEM CHCTEMBl aBTOMATH3WPOBAHHOTO CHHTE3a WMHTAIMOHHBIX
mojeneit CUM-UML [7-8]. Cuctema mo3BosiseT:

—BECTH CIHCOK TIEPEMEHHBIX, 3a/laBaTh KOJIMYECTBEHHBIE XapaKTEPUCTUKA MOJEIU H
YYUTBIBATH CTOXACTHUYECKYIO MPUPOY MOJAEIUPYEMBIX JIEOBBIX mporieccos [9—10];

—C TIOMOINBIO Tpaduyeckoro KOHCTpykTopa crpouTh UML—monenu, omnpenemnstomne
XapaKTePUCTUKH JIEIOBOTO MPOIIecca;

—aBTOMAaTH4YeCKH (POPMUPOBATH MPOTPAMMHBIIN KOl IMUTAIIMOHHON MOJICIIH.

B Tabnure 2 npeactaBieHbl CTATUCTUYECKUE XAPAKTEPUCTUKU (MaTeMaTHUECKOE OXKHIaHUE,
nucrniepcusi, KodhOUIIMEHT BapHamyH, SKCIECC, aCHMMETpHs) M pacmpeaeneHue (Tabiuma u
rECTOrpaMMa) 3aTpaT BpeMeHW Ha peanuzanuio QyHkuuu «llouck oOBSBICHMID» MO KaXIOH U3
aHanM3upyeMbIx HHpopmannoHHbIx cucteM (MC).
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Tabmuna 2.
PE3VJIbTATBI UMUTALIMOHHOI'O MOJAEJIMPOBAHUA —
CTATUCTHUYECKUE XAPAKTEPUCTUKU PACITIPEJEJIEHNS 3BATPAT BPEMEHU
[TOJIL3OBATEJIEM HA PEAJIM3ALIMIO ®YHKIUU BEB-ITPMJIOXKEHWSIMU Z1-75

Haumenosarnue Cmamucmuueckue Xapaxmepucmuki pacnpeoesieHus 3ampanm epemeH

XapaKxmepucmuKu NoAb306aMeNell Ha pearusayuto QyHKYul 6e0-npunoXdCeHusmu (8 cex)
[lepemenHas Z1 Z2 Z3 Z4 Z5
Ywciio urepalui 1000 1000 1000 1000 1000
Cpennee 38,63 28,56 28,42 34.57 28,5
Hucnepcust 20,86 6,94 28,2 23,6 36,22
CpenHeKBaIpaTHYSCKOE 4,57 2,63 5,3 4,86 6,02
OTKJIOHEHHE
Koaddurnment Bapuanmu 0,12 0,09 0,19 0,14 0,2
AcummeTpus 0,36 0,37 0,43 0,47 0,43
Dxcuecc -0,63 -0,71 -0,57 -0,55 -0,6
MuHUMYM 29,66 23,71 17,6 25,25 16,4
Maxkcumym 50,89 35,6 42,87 47,69 44,3
MogansHBIH HHTEpBAI 37,4:39,3 25,9: 26,9 22,2:245 31,37:33,4 24,01: 26,6

Bocnonb3oBaBuiick AaHHbIMUA Tabuuipl 3, MOXKHO ONPEAETUTh BEPOSTHOCTb TOIO, YTO
3HA4YCHHUsl 3aTpaT BPEMEHW Ha BBIIOJHEHHE paccMaTpuBaeMod (GyHKIHMHM OydyT HaXOJIUTHCS B
3alaHHOM JMalla30He.

Tabmuma 3.
HAKOITJIEHHBIE BEPOSITHOCTH Pi3HAUYEHUI 3ATPAT BPEMEHU
HA BBITIOJIHEHUE ®YHKIIMUA
Beo- Haxonnennasn
npunoacenue Xmin Xmax Yacmoma Beposmnocmo seposmuocmp P
1 2 3 4 5 6
29,66 31,59 39 0,039 0,039
31,59 33,52 94 0,094 0,133
33,62 35,45 155 0,155 0,288
35,45 37,38 149 0,149 0,437
37,38 39,31 158 0,158 0,595
71 39,31 41,24 127 0,127 0,722
41,24 43,17 86 0,086 0,808
43,17 45,10 86 0,086 0,894
45,10 47,03 61 0,061 0,955
47,03 48,96 30 0,030 0,985
48,96 50,89 15 0,015 1,000
23,71 24,79 43 0,043 0,043
24,79 25,87 139 0,139 0,182
25,87 26,95 151 0,151 0,333
26,95 28,03 133 0,133 0,466
28,03 29,11 137 0,137 0,603
29,11 30,19 122 0,122 0,725
z2 30,19 31,27 95 0,095 0,820
31,27 32,35 87 0,087 0,907
32,35 33,43 49 0,049 0,956
33,43 34,51 33 0,033 0,989
3451 35,59 11 0,011 1,000
17,63 19,93 24 0,024 0,024
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Oxonuanue Ta0maurs! 3.

1 2 3 4 5 6
19,93 22,22 84 0,084 0,108
22,22 24,52 169 0,169 0,277
24,52 26,81 157 0,157 0,434
26,81 29,10 148 0,148 0,582
29,10 31,40 131 0,131 0,713
Z3 31,40 33,69 110 0,110 0,823
33,69 35,99 71 0,071 0,894
35,99 38,28 55 0,055 0,949
38,28 40,57 42 0,042 0,991
40,57 42,87 9 0,009 1,000
25,25 27,29 41 0,041 0,041
27,29 29,33 90 0,090 0,131
29,33 31,37 164 0,164 0,295
31,37 33,41 165 0,165 0,460
33,41 35,45 153 0,153 0,613
35,45 37,49 115 0,115 0,728
Z4 37,49 39,53 101 0,101 0,829
39,53 41,57 61 0,061 0,890
41,57 43,61 60 0,060 0,950
43,61 45,65 39 0,039 0,989
45,65 47,69 11 0,011 1,000
16,38 18,93 23 0,023 0,023
18,93 21,47 97 0,097 0,120
21,47 24,01 137 0,137 0,257
24,01 26,55 167 0,167 0,424
26,55 29,09 164 0,164 0,588
75 29,09 31,64 127 0,127 0,715
31,64 34,18 79 0,079 0,794
34,18 36,72 84 0,084 0,878
36,72 39,26 64 0,064 0,942
39,26 41,80 44 0,044 0,986
41,80 44,35 14 0,014 1,000

B npomecce skcmepTHOro ompoca cpeid KBapTUPOCHEMIIMKOB—CTYAEHTOB (B ompoce
y4acTBOBajO 236 4enoBeK), CHUMABIIUX KUJIbE HA JOJITOCPOYHON OCHOBE, BBISBIEH LIENBIA psif
(GyHKLIMH, KOTOpble HE NPEACTABICHbl HU 6 0OHOU W3 CPaBHUBAEMBIX PBIHOYHBIX BEO—CUCTEM,
BKJTIOYAs TaKkue (PyHKINH, KaK:

1) ®;, — B03MOXXHOCTH ONEPATUBHO Y3HABaTh HAMYKE POOOK M BPeMsl MPUOBITUS OT MeCTa
MIPOKUBAHUS JI0 HA3HAYCHHBIX TOYEK;

2) ®, — B03MOXHOCTh Ha3HAYATh BCTPEYU C COOCTBEHHUKOM JKHIIbsI YE€Pe3 CailT.

JUig SKCHepTHOM OLIEHKHM 3aTpaT BPEMEHHU KIMEHTa—KBAapTHUPOCHEMIMKA Ha peann3aliio
MONLKO dMux 08yX )YHKyuti, OTCYTCTBYIOIIUX HA BCEX OCHOBHBIX CalTax JUIsl TIOMCKA U apeH[Ibl
xWibsl B I. PoctoBe—Ha—/l0HY, MpOBEAEH ONPOC MO METOAY MNOIIATOBOTO YTOYHEHHs 3HAYECHHU
3aTpaT BPEMEHHM C OLIEHKOW XapakrepucTuk pacnpenenenHus IIY3-OXP [11-12]. Ilpu takom
MIO/IX0/I€ OIpaliBaeMOMY HEOOXOAMMO MO KaX 10l pYHKIINU yKa3aTh 1Ba WK TPU 3HAUYEHUS 3aTpaT
BPEMEHHU Ha OTJeNbHbIe omnepanuu. Tak, BHIMONHS nepByro (QyHKIHMIO Py, KIMEHT BBIHYKACH
OTKpbIBaTh calT ¢ Annekc—Kapramu, BBoauTh agpeca Touek A (kBapTupa) u B (MyHKT Ha3HAYeHUS),
aHAJIN3UPOBATh MOJTYYECHHBIE JAHHBIE U T. [I.
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Kak wu3BecTHO, MpU HCIOIB30BAaHMM 3TOTO METOJA IOBBIIIAETCS TOYHOCTb PE3YJIbTAaTOB
SKCHEPTHU3bl 32 CUET HAJIM4YUs OOpaTHON CBS3U NPHU peaIn3alUd KaKJOro IOCIEIYIOLIEro Typa;
o0ecrieyeHns1 IKCIEePTY BO3MOXKHOCTH YKa3bIBaTh TPH WM JBa 3HAYCHHS MCKOMOTO ITOKa3aTels;
OIpeJIeJIEHUs 10 pe3yIbTaTaM UMUTALMOHHOTO MOAEIMPOBAHNS BEPOATHOCTH IOMA1aHUs BETUYMHbI
[IOKas3aTessl B 3aJaHHbIA JMana3oH 3HadeHuil. Kpome TOro, mnpencraBiieHHE CyMMapHOIO
pacrpesieleHusl Kak MaTeMaTHYeCKOro OXMJAHUS CYMMbl PaBHOMEPHBIX MWJIM TpPEYroJbHBIX
pacripesielieHuil  OICHOK OTAENBHBIX AKCHEPTOB  1O36074em  NOAYyYums  pe3yiabTHpYIOlIee
pacripeieieHue 3HaYeHUH 0Ka3aTels 0adice npu yCiosui, YT0 SKCIEPThl yKa3blBalOT HE OJHO, A /1Ba
WIA TpU 3HAUCHHUS W TPU HAJIMYUM OOJBIIOW JHCIIEpCHU OLEHOK. llpuyeM, BbIsSBICHUE
CaMOIPOU3BOJIBHBIX IPYIIIMPOBOK IKCIEPTOB, OLIEHKU KOTOPBIX OTHOCUTEIBHO UCKOMBIX 3HAUYEHUI
nokasarens OJM3KH, JaeT BO3MOXKHOCTb MCCIIEI0BATh PUYHUHBI 00pa30BaHUS TaKUX TPYIIIL.

B omnpoce nosib3oBarenedi—KBapTUPOCHEMIIMKOB O 3aTpaTax BPEMEHM Ha BBIIOJHEHHE
¢ynkuun @, yaactBoBaiuo 11 genosek, a pynkuuu @, — 14. Bospact onpammsaemsix ot 18 1o 30
ner. Kaxnaplii U3 y4acTHHKOB OIpOCa yKa3blBajl TPU 3HAYEHUS 3aTPaT BPEMEHU: MHHHUMAJIbHOE,
HanboJiee BEpOATHOE U MAKCUMAJIBHOE.

Pe3ynpTaThl onpoca annpoKCUMHUPOBAHbI TPEYTOJbHBIM pacHpeeIeHUEM U 0000IeHbl IIyTeM
MMHUTALMOHHOTO MOJEITMPOBAHUS C UCIOJIB30BAHUEM IPOTPAMMbI aBTOMATH3HPOBAHHOTO CHHTE3a
nmuTtanmoHHbIX Mojieneit CUM—-UML u npencrasiens! B Tabnumax 4 u 5.

Tabnuna 4.
PE3VJIbTATbI UMUTAILIMOHHOI' O MOJIEJIMPOBAHUS — CTATUCTUYECKUE
XAPAKTEPUCTUKU PACIPEEJIEHUS 3ATPAT BPEMEHU I10JIb30BATEJIEN
HA PEAJIM3ALIMIO ®YHKIWMN @, u ®,

Haumenosanue Cmamucmuueckue Xapaxmepucmuky pacnpeoeienus 3ampam

Xapakmepucmukuy epemenu noavzosamereil Ha peanusayuro gyuxyuil D, u P, (6 cex)
[lepemennas @, D,
Umcno urepanuii 1000 1000
Cpennee 281,5 694,2
Hucnepcust 53,13 50,5
CpenHekBaipaTH4YECKOe 7,29 7,2
OTKJIOHEHHUE
Koadduiment Bapuanmu 0,03 0,01
AcummeTpus 0,01 0,11
OKkcrecc 0,04 —0,087
MuHuUMyM 258,9 672,9
Makcumym 303,7 717,1
MoianpHbIN HHTEpBAI 279,3:283,4 689,0 : 693,0

OOpaTuM BHUMaHHE Ha TO, YTO HU OJIHA U3 MU3YyYEHHBIX HAMHU MH()OPMALIMOHHBIX CHCTEM HE
MIO3BOJISIET YEPE3 CAMT MPEeUIOKUTh apeHAONATEN0 BpeMs M JaTy NpocMOTpa kuibs. 1loaromy
apeHJaTOp BBIHY)KJIEH 3BOHUTH KaXJOMy apeHAOJaTelN0 JUYHO M 337aBaTh MHTEPECYIOLIUE €ro
BOIIPOCBI.

Kak nerko 3ameTtuts, 3aTpaThl BpeMEHH Ha peanuzanuio GyHkuuii @, u @, orpomusie. Eciu
HKCTPANIOIMPOBATh 3TH 3aTpaThl BpeMeHHu u3 Tabnui 4 u 5 Ha ocTalbHBIE BO3pAcTHBIE TPYMIbI (OT
30 o 45 nert, oT 45 neT u crapie), To MOKHO YTBEPXkAaTh, UTO 3HAYEHUS 3aTPAY€HHOTO BpEMEHU
BBIPACTyT B 2—4 pa3a.

O4eBHIHO, YTO aBTOMATU3UPOBAHHOE BBIMOJIHEHUE 3TUX (YHKIUI MO3BOJIUT MHO2OKDAMHO
COKpAaTUTh 3aTPAThl BPEMEHU I10JIb30BaTES.

88


http://www.bulletennauki.com/

Bronnemens nayxu u npaxmuxu — Bulletin of Science and Practice

nayunwiti xcypuan (scientific journal) Ne7 2017 e.
http://www.bulletennauki.com

Tabmuma 5.
HAKOIUIEHHBIE BEPOSITHOCTU P; 3HAUEHUI 3ATPAT BPEMEHU
HA BBIIIOJIHEHUE ®YHKLMWI @, u ®,
Dynxyus Kmin Xmax Yacmoma Beposmmuocmo 65622%;5?:1?9
258,9 263,0 8 0,008 0,008
263,0 267,1 16 0,016 0,024
267,1 271,2 57 0,057 0,081
271,2 275,2 106 0,106 0,187
275,2 279,3 194 0,194 0,381
(029 279,3 283,4 219 0,219 0,600
2834 287,5 197 0,197 0,797
287,5 2915 120 0,120 0,917
291,5 295,6 57 0,057 0,974
295,6 299,7 17 0,017 0,991
299,7 303,7 9 0,009 1,000
6729 676,9 5 0,005 0,005
676,9 680,9 24 0,024 0,029
680,9 684,9 62 0,062 0,091
684,9 689,0 147 0,147 0,238
689,0 693,0 216 0,216 0,454
o, 693,0 697,0 186 0,186 0,640
697,0 701,0 193 0,193 0,833
701,0 705,1 103 0,103 0,936
705,1 709,1 46 0,046 0,982
709,1 713,1 12 0,012 0,994
713,1 717,1 6 0,006 1,000

2. CpasHenue 3ampam epemenu Ha 3aepy3ky eeb6—cmpanuy. OUEHUM Tenepb, HACKOJIBKO
OTJIMYACTCS Y aHATH3UPYEMBIX CAaliTOB CKOPOCTh 3arpy3Ku BeO—CTPaHUI] C OOBSIBICHUEM O KHIIBE B
ycinoBusX MoOmIbHOTO 3G—MHTEepHEeTa. Benp M3BeCTHO, UYTO 01 MOOMIIBHOTO TpaduKa ¢ KaXIbIM
rogom Toibko pacter (Mutepuer-mocrym (peinok Poccuum w CHID): http://tadviser.ru/a/53636),
MIOCKOJIbKY MOOWJIBHBIE YCTPOHCTBA C BO3MOKHOCTBIO BBIXO/Ia B MHTEPHET CTAHOBSITCS JICIIEBIIE JUIS
KOHEUYHOTO TOTpeOuTENS.

AHanu3 CKOPOCTH 3arpy3KH CTPaHUI] OPTAIOB MPOM3BOAMICS C MOMOIIBIO MHCTPYMEHTOB
pazpadotuuka (Chrome DevTools) npenocraBisembix Bo Bcex Bepcusix Opaysepa Google Chrome
(Bepcus 58.0.3029.110 64-bit). [{ng cumynsiuuu yciaoBUi MOOMIIbHOTO MHTEepHeTa (00b14HOrO 3G
curHaia) OblIa MCMojib30BaHa (GyHKIMsA Tpormmura (throttling) co cnenyromumu mapamerpamu:
nuHr — 100 ms, ckopocTh 3arpy3ku JaHHbIX oT cepBepa — 750 Kb/S, ckopocTh 3arpy3ku JaHHBIX OT
kiuenta — 250 kb/s. B kauecTBe cuMynupyeMoro MoOHIbHOTO JeBaiica BeiOpan iPhone 6 Plus:
paspenrenue 414x736 nukceneit, device pixel ratio (touek Ha aroiim) paseH 3. [IpoaHani3upoBaHbI
CIIEAYIOIINE CTPAHUIIBL:

—CTpaHUIIa Pe3yJIbTaTOB IOKMCKA (B HEKOTOPHIX CIIydasxX OHA K€ CTapToBas CTPaHHIA) —
OCHOBHAsI CTPaHUWIA, C KOTOPOW 3aJar0TCsl TapaMeTpbl MOWCKAa W OCYIIECTBIISIETCS TEPEXOa K
HalJICHHBIM BapHaHTaM;

—CTpaHuIa, cojepkamas wuHhopMauilo 00 OO0BSBIEHWH — AaKTUBHO MoOcenaemMas
M0JIb30BATEISIMU CTPAHUIIA, Co/IepIKamIasi OOIbIIe 00bEMbl CHCTEMAaTH3MPOBAHHON HH(POPMAIIHH O
Kuibe, poTtorpadun, KOHTAKTHBIE TaHHBIE.

B pe3ynprupyronmx tabiaunax oHON U3 XapaKTePUCTUK OYyAET OIIeHKA CTPAHUIIBI C TIOMOIIBIO
PageSpeed Insights. Page Speed Insights u3mepsier ckopocth 3arpy3ku BeO—ctpanmi. URL
NPOBEPSIETCS TBAXIBl — C MOMOIIbIO OOBIYHOrO M MOOMIIBHOTO areHTa moib3oBarens. OLeHka
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PageSpeed moxer cocraisats oT 0 1o 100 6awioB. HaGop ctpanumueit 6onee 85 6amioB o3HadaeT
OBICTPYIO 3arpy3Ky.

PageSpeed Insights onpenensier BO3MOXKHOCTh yIyUIICHHS CISAYIONINX MTOKA3aTEIH:

—BpeMsI 3arpy3Kd BEpPXHEH YacTH CTPAHUIIBI: 00Iee BpEMsi C MOMEHTA 3apoca CTPAHHUIIBI JI0
MOMEHTa OTOOpaKEHHUs €€ BEpXHEl yacT B Opay3epe;

—BpeMsI TOJTHOM 3arpy3Kd CTpPaAHHMIIBL: OO0Ilee BpeMs ¢ MOMEHTa 3alpoca CTPAHUIIBI IO €€
MIOJIHOTO OTOOpakeHus B Opaysepe.

Tak kak CKOpOCTh MOJAKIIIOUEHHUS y pa3HbIX MoJb30oBarenei pasnudHa, PageSpeed Insights
paccMaTpUBaeT TOJBKO HE3aBUCUMBIE OT CETH acIleKThl pa0OThI CTPaHUIIB: KOH(UTYpalus cepBepa,
crpykrypa HTML, ucnons3oBaHue BHEIIHHX pecypcoB (u3o0paxenuit, JavaScript u CSS) (O
cepsuce PageSpeed Insights: https://goo.gl/KCAQdn).

Tabnuua 6.
PE3VYJIBTATBHI AHAJIM3A PE3YJIbTATOB IIOMCKA U 3AI'PY3KH CTPAHUIIBI
Pasmep
Haumenoeanue | Konuuecmeo 3anpocog k 3a2PYIHCEHHOU PageSpeed Bpemsa nonnoii
nopmana cepgepy cmparuyvl Insights (6anst) 3aepy3xu (c)

(Kbaium)

Z1 87 577 72 20,04

Z2 33 713 69 9,43

Z3 69 1945,6 52 45,93

Z4 24 210 74 18,50

Z5 77 1013 79 13,67

Tabnuna 7.
PE3VJIbTATBI AHAJIU3A CTPAHULIbI, COJAEPXKAIIENA MTHO®OPMAILIUIO
Ob OFbABJIEHNU
Pazmep
Haumenosanue | Konuuecmeo 3anpocos k 3a2pYIHCceHHol PageSpeed Bpems nonnoti
nopmana cepeepy cmpanuyvl Insights (6anrer) 3aepy3xu (c)

(K6aum)

Z1 124 2048 65 24,67

Z2 71 2355,2 69 26,98

Z3 78 1945,6 49 25,80

Z4 64 1331,2 71 16,95

Z5 84 1536 62 19,50

Kak cnenyet u3 ananuza Tabnuil 6 1 7, TeCTHpyeMbIe CTPAHUITBI BEO—TTPUIIOKEHUS 1JIs1 TTOUCKA
Y apeH/Ibl )KUJbsl Z4 pucnocoOIeHbl A OBICTPO 3arpy3Ku Ha MOOUIIBHBIX JIeBalicax JydIlle BCEro
(74 m 71 GanioB COOTBETCTBEHHO). M3 pe3ylbTaToB CPaBHUTEIHLHOTO aHAIM3a MOTPEOUTEITHKOTO
KauecTBa PACCMOTPEHHBIX BeO—CATOB cleayeT BBIBOJ, uUTO BeO—TmpuioxkeHue Z4 obrnagaer
JYYIIMMHU XapaKTEPUCTUKAMH IOTPEOUTENCKOIO KadyecTBa, ONTUMHU3MPOBAHO MJsi paboOThl ¢
MOOUITBHBIMU YCTPONUCTBAMHU U MUHUMU3HUPYET 3ampamsl peMeHU noiv3osamereti Ha paboTy ¢ BeO—
CalTOM.

Bvi6oowt

1. BoinosHeH CpaBHUTENbHBIN aHAIN3 OCHOBHBIX XapaKTEPUCTUK MOTPEOUTEIHCKOTO KauecTBa
BE0O—OPHEHTHPOBAHHBIX HH()OPMALIMOHHBIX CUCTEM JIJISl IOUCKA U APEH]IbI AKUIIbSL.

2. IlpoBeieH SKCIEPTHBIHN ONPOC MOKYIMATeNeH—KBAPTUPOCHEMILIUKOB (110 METOY MOIIArOBOI'0
YTOYHEHHS] paHXKHPOBAaHUI 0OBEKTOB) /JIsl BISIBICHUS Hanbosee BOCTPeOOBaHHBIX (DYHKIIMH BeO—
IIPWJIOKEHHUS, ODUEHTUPOBAHHOTO HA ITOMCK U apeHAY KWJIbs. B pe3ynpTaTe 3KCIepTU3bl BBIJIEIECHbI
(GYHKIIH, OTCYTCTBYIOIIME Y MPEACTABIEHHBIX HA PhIHKE BEO—TIPHIIOKEHUN, XOTS B HAJIMYMH TaKHX
GbyHKIMH 3aUHTEpecOBaHa 3HAYUTEIbHASL YaCTh KBAPTUPOCHEMIIHUKOB.
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3. [lokazaHo, 4TO MCMOJIB30BAaHUE METOJA MOIIATOBOTO YTOYHECHHSI 3HAYCHHN IOKa3aTeneit
MMO3BOJISICT OIEHUBATh peajbHBIC 3aTPaThl BPEMECHH HA BBIMOJHEHUE (DYHKIMM, BOCTpPEOOBAHHBIX
ONPEACIICHHBIMU IPYIIIAMU MOKYIATENEN—KBAPTUPOCHEMIIUKOB.

4. BeimosHeHa OIEHKA CTAaTHUCTHYECKHX XapaKTEPUCTHK paCIpEeICHHUs 3aTpaT BpEeMEHU
MOKYTIATENs HA MTOJYYEHHUE YCIIYTH 110 IOMCKY M apeHJie )KWiibs B I'. PocToBe—Ha—/{0oHYy.

5. [IpoBeneHHBIC WCCAEOBAaHUS TIO3BOJMIIM BBIIBUTh HAJWYUE 3HAYMTEIIBHBIX PE3EPBOB
CHIKECHMS 3aTpAaT BPEMEHH MOKYNATEIEH Ha MIOUCK U apEHy KWJIbSl B KPYIHBIX TOPOJIaX CTPAHBL.

Cmambsa noocomoeieHa no pe3yibmamam Uccie008anull, 8bINOIHEHHLIX NpU NO0OepIHCKe
Poccuiickoco ¢ponoa pynoamenmanvnvix uccireoosanuii (PODOU) — npoexm 15-01-06324/15
«Mooenuposanue npouzBOOCMEEHHBIX U YAPABLEHUECKUX NPOYecco8 OJil IKCHPecc-OYeHKU U
ONMUMU3AYUU PECYPCOEMKOCIIU MOBAPOS U YCILYe. (POPMUPOBAHUE YHUBEPCATLHO20 MEMOOULECKO20
U UHCMPYMEHMANIbHO20 0Decnedenusy.
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«MHHOBAIIMOHHOE PA3BUTHE»:
AHAJIN3 ITOHATUA U YTOYHEHME ONIPEJAEJIEHUSA

INNOVATIVE DEVELOPMENT:
ANALYSIS OF CONCEPT AND DETERMINATION OF DEFINITIONS
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Annomayus. HacTosimmas cTaThsd TOCBAIICHA TNPOOJIEME TEOPETHUECKOTO OIpEACICHUs
MOHATUS WHHOBAIIMOHHOE pa3BUTHE. PacCMOTPEHHBIE TEOPETUKO—METOI0JIOTHUECKUE MOAXO0bI K
OTIPE/ICIICHUI0 WHHOBAIIMOHHOTO PAa3BUTHUS KOHCTATUPYIOT HEAOCTATOYHYIO KOHICITYaIbHYIO
OIIPEICICHHOCTh TAHHOM JEPUHUIIMHN U aKTYaJIU3yeT €ro yTOUHEHHE. AHAIIU3 Pa3IHYHBIX MTOIX0I0B
K ¢ WICHTU(UKAIMK TMO3BOJIMI BBISIBUTH CIIEAYIONIUE XapaKTCPHBIC MPU3HAKUA: JTOMHHHPOBAHHE
3aKOHA KOONepaly; TyMaHW3alUs WHHOBAIIMOHHOTO pa3BHUTHUS; JIOMHUHHPOBAHHE 3aKOHA
OTIEPEXAIOIIEr0 PAa3BUTHs KayecTBa 4YeNOBEKa, OOIMIECTBEHHOTO WHTEIUIEKTa; HKOJIOTHU3ALHUs
WHHOBAIMOHHOTO PAa3BHUTHUs; CTPATETHMUECKOE IUIAHMPOBAHWE M YIPABICHUE WHHOBAIMOHHBIM
pa3BUTHEM; CHCTEMHOCTh WHHOBAIlMOHHOTO pa3BUTHUSA. [IpM OSTOM OCHOBHBIM MPU3HAKOM
WHHOBAIMOHHOTO Pa3BHUTHS SIBIIICTCSI €r0 BCECOOITHOCTbD, BRIPAKAIOIIASCS B KOHIECIIIMN PA3BUTHUS HA
WHHOBAIIMOHHOM OCHOBE BCEX CEKTOPOB IPOMBIIUICHHOCTH, a HE TOJBKO OIEPEkKAOIINX
BBICOKOTEXHOJIOTHYHBIX OTPACIIEH.

YTOYHEHO TIOHATHE WHHOBAIMOHHOE pPAa3BUTHE, TOJ KOTOPBIM IMPEIaraeTcs IOHUMATh
CHUCTEMHOE, CTPATETMYECKOE Pa3BUTHE IKOHOMUKH Ha OCHOBE JIOMUHUPOBAHUS 3aKOHA KOOTIEpAllUU
C HCHOJH30BAaHMEM KadeCTBEHHOTO YEJIOBEKAa, Ka4eCTBEHHOTO OOIECTBEHHOTO HMHTEIUIEKTa C
MPUOPUTETOM T'YMaHHU3AIUHU U SKOJIOTH3AINH €T0 JesTeIbHOCTH.

[TouepkuBaeTCsl BaXKHOCTh MHIUKATUBHOTO IUIAHUPOBAHUS B TPOIECCE WHHOBAIMOHHOTO
pa3BUTHSA, KOTOPBIA CIYKUT JOMOJIHEHWEM K PHIHOYHOMY MEXaHU3My, HWHCTPYMEHTOM
COBEPIICHCTBOBAHUS €r0 (PYHKIIMOHUPOBAHUS IIyTEM KOHCONHMIAIMN YCUJIMH IPaBUTEIIBCTBA,
accoruanuit ousHeca, 00beAMHEHNUN TOTpeduTesnei u mpodhcor30B.

BrisiBIeHHBIE TpPH3HAKA MOTYT CIY)KATh OCHOBOH pa3pa0OTKH WHIWKATOPOB OICHKHU
WHHOBAIIMOHHOTO Pa3BUTUS POCCUHCKON SKOHOMUKHU.

Abstract. This article is devoted to the problem of theoretical definition of the concept of
innovative development. The theoretical and methodological approach to the definition of innovative
development considered establishes an inadequate conceptual definiteness of the given definition and
actualizes its refinement. Analysis of various approaches to its identification made it possible to
identify the following characteristic features: the dominance of the law of cooperation; humanization
of innovative development; domination of the law of advanced development of human quality, social
intelligence; ecologization of innovative development; strategic planning and management of
innovative development; systematic innovation development. At the same time, the main feature of
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innovative development is its universality, expressed in the concept of development on an innovative
basis of all sectors of industry, and not just advanced high—tech industries.

The concept of innovative development, sub—state development, intellectual development,
management and maintenance of its functioning is specified.

The importance of indicative planning in the process of innovation development, which is
complementary to market mechanisms, business association, consumer associations and trade unions,
is underlined.

The revealed signs can serve as a basis for developing indicators for assessing the innovative
development of the Russian economy.

Knroueswie cnosa: HWHHOBAIIMOHHOC  pasBUTHC, MOJACIb HWHHOBAIIMOHHOI'O0  pPa3BUTHA,
HMHHOBAIIlMOHHOCTD, 0COOCHHOCTH HHHOBAIIUOHHOI'O Ppa3BUTH, HHTCrpanud KW KOoII€palusa IIpu
HWHHOBAllTMOHHOM PAa3BUTHUMH.

Keywords: innovative development, model of innovation development, innovation, features of
innovative development, integration and cooperation in innovative development.

HeoOxonmuMocTh CHCTEMHOTO Iepexoja K WHHOBAIMOHHOMY Pa3BUTHIO POCCHUUCKON
OKOHOMHUKH CETOJHS MIMPOKO 0OOCHOBBIBACTCS HAY4YHBIM coobmiectBoM [1-7, 18-19]. [Tonumanue
JaHHOTO TEpeXojJa HaXOAUT OTPAXEHHWE B TrOCydapcTBeHHbIX pemieHusx  (Crparerus
WHHOBAIIMOHHOrO pa3BuTust Poccuiickoit @enepauuu Ha nepuon o 2020 r. Pexum pocryma:
https://goo.gl/T9g5ej) Ha ypoBHE 3aKOHOJATENBHBIX MHCTUTYTOB, a TaKXKE YIPaBICHUCCKHX
peuieHui.

I[Ipu »sToM B 3apyOekHOW ¥ OTEUYECTBEHHOW HayKe OTMEYaeTcs HeAOoCTaToYHas
KOHIICTITyaJIbHAsl OMPEIeIEHHOCTh HHHOBAIIMOHHOTO Pa3BUTHSI, YTO aKTYaJU3UPYET MOTPEOHOCTH B
YTOYHEHHUH COJIEP KaHUS JAaHHOTO MOHSTHS.

OTteuecTBEHHbIE YYEHBIE PACCMATPUBAIOT UHHOBAYUOHHOE pa3eumue C Pa3sHbIX CTOPOH
(Tabmauma 1), B TOM 4KCIIE KaK:

—CTPATETUI0 MOAEPHU3AIMU POCCUNCKON MHTEIJIEKTYAJIbHON Y3KOHOMUKMU;

—MOJIeNTb 5KOHOMHUYECKOT'0 Pa3BUTHSI HA OCHOBE MHHOBAIIU;

—pa3BUTHE Ha OCHOBE WCIIOJb30BAHUS NPUHYUNUALLHO HOB0U mexHonoeuu | coz0anus
NPUHYUNUATBHO HOBO2O;

—MHTEIJIEKTyaIn3aus IpOu3BOICTBa;

—MEXaHH3M CHUCTEMHOr0 BOCIPOHM3BOJCTBA HAa WHHOBALMOHHOW OCHOBE IMPOMBIIUIEHHOTO
CEeKTOpa €JMHONM DHKOHOMHYECKOW TEpPpUTOPUU IIyTEM CBOEBPEMEHHOM CMEHBlI YCTapEeBIIMX
TEXHOJIOTUH U LEJBIX MPOM3BOJICTBEHHBIX IIMKJIOB — MHHYS K BBIBEIIEHUIO 3a MpeJelbl JaHHOU
TEPPUTOPUN  yCTapeBalOUIMX, HO HE HMEIOIUX BO3MOXHOCTH OBITh 3aMEHEHHBIM Ha
MHHOBAIIMOHHBIE, IPOU3BOACTBEHHBIX MOIIHOCTEH.

AHanu3  UCCIENOBaHHBIX  J€(PUHHULMN  MO3BOJIMI  aBTOPY  BBIACIUTH  CIEAYIOLINE
OCHOBOIIOJIAraroINe MOX0/1bl K MOHUMAaHHUIO KaTerOPUH «MHHOBALIMOHHOE Pa3BUTHEY.

Ilepsuiii nooxoo. A. B. Bysramun, A. 1. Konranos [1] u M. U. BoeiikoB [7] paccMaTpuBaroT
WHHOBAIIMOHHOE PAa3BUTHUE B MAPAJUTMe COIMAITBHO—TYMaHUCTHYECKOW OCHOBBI, TJI€ TJIABHOM 11EJTBI0
sBIsieTCs pa3BuTHe yenoBeka. A. M. Koiaranos u A. B. by3raius ucnosb3yoT TEPMUH « IKOHOMHUKA
JUIST 4YelioBeKa», a He «YemoBek mid mnpousBoACTBa». [lom «IKOHOMHUKON i 4YEIOBEKA»
nmojapazymeBaetcs: 1) IPUOPUTET B Pa3BUTHH YENOBEYECKMX KadecTB; 2) OpHEHTAllMs Ha
o0ecrieueHre COMATbHO—CIPABENIMBBIX OCHOBAHWN TBOPYECKOW MOTHUBAITUH, BKIIFOYAsi PABEHCTBO
CTapTOBBIX BO3MOXKHOCTEH; 3) pOCT CBOOOTHOTO BPEMEHH JIJIsl Pa3BUTHS YEIOBEUECKUX KAUECTB MPH
COKpAIllEHHH BPEMEHH PENpPOJAYKTHBHOIO TPYy[Aa, KaKk CPeACTBa oOecreueHus Xu3Hu, 4) co3aaHue
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NPUHYUNUATLHO HOBbIX MEXHON02UU, OPUEHMUPOBAHHBIX HA PA36UMUE 4el08eHecKUx Kauecms,
COLIMAJIbHYIO U MIPUPOJIHYIO PEKpEealnio, a He pOoCT BEUTHOro OOraTcTBa.

Tabmuma 1.
CYIIECTBYIOUIME TPAKTOBKU KATEI'OPUU «MHHOBAIIMOHHOE PA3BUTUE»

Asmop Asmopckas mpakxmoexa

A. B. bysranus, | Annosayuonnoe pazgumue — BBIXOJl HA HOBBIA YTk K HOBBIM LIEJISIM IPU TOMOIIH
A. W. KonranoB | HOBBIX (HO BO MHOTOM YK€ UMEIOIIUXCS B HATMYHMH) CPEICTB C IPHOPUTETOM

[1] pPa3BUTHS YEJTOBECYECKUX KaueCTB («IKOHOMHUKA JIJIST YSITOBEKAY)
C.10.Tna3seB | Munosayuonnoe pazeumue — CTPATETHS ONIEPEIKAIONIETO PA3BUTHSL, TIPEIIIONIAraromast
[2] AKTHBH3ALMIO0 MHHOBALIMOHHOTO TIOTEHIIMAA U 00ecIieueHIe HayYHO—

TEXHOJIOITMYCCKOI'o JIMACPCTBA B OTpACIIAX, HanboJee 3HAUMMBIX JJIA IIATOTO U
INECTOr0 TEXHOJOTUYCCKUX YKIAI0B.

A. B. Munenko | «HMunosayuonnasy mooens pazeumus IOJpa3syMeBaeT 1moja co0oii:

[3] 1) NOCTOSIHHBIN SKCIIEPUMEHT IO CO3AHUIO, IIPOBEPKE IPPEKTUBHOCTH U OTOOPY ISt
MacCOBOTO BOCIIPOU3BOJICTBA MEXHON02UHECKUX U UHCTNUMYYUOHATLHBIX HOBO8EEOCHULL
B IIpeJIeNax OJHON U TOH e COUAIbHO—IKOHOMUYECKON CHCTEMBI

2) MHHOBALIMOHHYIO MOJICPHHU3AIINIO, COMPOBOKAAIOIIYIOCS PEBOIOIIMOHHBIM
M3MEHEHHEM B TEXHOJIOTMYECKHUX YKJIAIaX M COHATbHO—IKOHOMUYECKHX HHCTUTYTAX,
KOTOPBIE ONIPEICISIIOT TPASKTOPUIO0 MUPOBOT'O TEXHUKO—3KOHOMUYECKOTO Pa3BHUTHSL.

I0. B. flkoBen, | Unuosayuonnoe pazeumue — 3TO CTpaTerus MHHOBAIIMOHHOTO MPOPLIBA HA OCHOBE

b. H. Ky3bik [4] | KOHIIEHTpaIlMK YCHIINI HApoa, TOCyIapCTBa, OU3Heca Ha OCBOCHUM NPUHYUNUATILHO
HOBbIX, KOHKYPEHMOCHOCOOHBIX MEXHOI02UL U NPOOJYKMO8, THHOBAIIMOHHOTO
OOHOBIICHUS] KPUTUYECKH YCTAPEBIIIETO MTPOU3BOACTBEHHOTO aIllapara, MOBBIIICHHS
pOJIM ¥ OTBETCTBEHHOCTH I'OCYAapCTBa 3a OCBOCHUE U PACIIPOCTPAHEHUE HOBBIX
TTOKOJICHUI TEXHUKH U TEXHOJOTHH, 32 3(h(heKTHBHOCTh MHTETPAIIHOHHBIX ITPOIIECCOB,
3a COACHCTBUE NOBBIIICHUIO HHHOBAIMOHHOW aKTUBHOCTH MPEANPUHUMATENEH,
VYEHBIX, KOHCTPYKTOPOB, HH)KEHEPOB, MOJIOJIOTO TIOKOJICHUS, KOTOPOMY IIPEACTOUT
HpI/IHI/IMaTb CYIII)6OHOCHBIG peHICHI/ISI u OCyHleCTBI/ITB HX B Hpez[cm;mme JCCATUIICTUA.

B. Makapos [5] | Aunosayuonnoe pazeumue — THI pa3BUTHsI SKOHOMHKH, I1IE CEKTOP
TEXHOJIOTHYECKON MaTepUalIn3alii 3HaHUH UrPAET PEeLIAIONIyI0 POJib,  IPOU3BOACTBO
3HAHUH SIBISIETCS UCTOYHUKOM 3KOHOMHUYECKOTO POCTa.

A. A. Eropora HUnnosayuonnoe pazeumue — MpoLECC MEePexoia K SIKOHOMUKE HHHOBAITUOHHOTO

[6] THUIA, OCYIIECTBRISIEMBIN 32 CUCT HENPEPbIGHO20 U YEAC