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RESEARCHING THE MICROFRACTURING OF THE CARPATHIAN REGION RESERVOIRS

Summary

Physical processes occurring in different strata, affect both the change in the form of occurrence, and on the
properties of rocks. The following studies are aimed at determining the influence of these processes on the reservoir
properties of rocks. Analysis of the results of radial filtration researches allows us to estimate the rock permeability,
depending on its size, character and type of stress state due to changes in the structure and size of microfractures.
We carried out experimental researches on cylindrical core with a central opening. The core was studied under
conditions of water pressure influence on permeability with the change of radial directions of stream jets - conver-
gent and divergent. The obtained results allow us to estimate the influence of pressures on the permeability of the

rock sample.

Keywords: Fracturing, reservoir rock, pressure, microfracture, seam.

Introduction.

The question of researching and searching for the
causes of the conditions for the formation of hydrocar-
bon accumulations in various conditions has now be-
come extremely acute. It is necessary to solve this issue
in order to succeed in exploring and researching already
existing deposits and successful exploration of new
fields of oil and gas. To this end, it is necessary to pay
more attention to researching the causes of migration of
oil and gas, especially lateral, as vertical migration has
been studied in more detail in many scientific works.
But it is not a secret that reservoir pressure has a signif-
icant influence on the formation of oil and gas accumu-
lations and the reservoir properties of rocks. In order to
better understand the range of displacements and the
formation of fracture within reservoirs, it is necessary
to determine the value of the reservoir pressure that will
allow moving hydrocarbons inside the formation (inter-
nal migration), but equally important is the study of res-
ervoir pressure values that allow hydrocarbons to move
between the layers, in other words it is called external
migration. The direction of migration can be predicted
and the approximate distance of displacement can be
further determined if it is know the value of the for-
mation pressure. In other words, can be predicted
places of oil and gas accumulation, which is an ex-
tremely important issue for solving the problems of the
oil and gas state of our country. It is important to not
forget about the effect of formation pressure on reser-
voir properties of rocks. These properties include po-
rosity and permeability. But fracturing of rocks, which
is also a way of hydrocarbon migration and places of its
accumulation, is often underestimated. This article is
devoted to the research of fracturing and its relationship
with formation pressure. After all, high filtration and

capacitive properties is the key to the movement, accu-
mulation and formation of oil and gas accumulations.
These properties include fracturing of rocks.

Setting of the problem.

Geodynamic processes play an important role in
the formation of reservoir rocks in sections of sedimen-
tary rocks of oil and gas provinces of the world. That
is, the combined processes of deformation of rocks in
time and space influence not only their deformation and
the formation of structural traps, but also their reservoir
properties. A characteristic feature of the distribution of
large fields is their association with the zones of inter-
section faults. In particular, researching the spatial lo-
cation of oil and gas reserves in the Pre-Carpathian
foredeep showed that their maximum concentrations
are associated with the three largest tectonic nodes,
with which the Dolyna, Bytkiv-Babchyn and Boryslav
deposits are connected [1, 2, 3, 4].

Changes in reservoir properties are mainly related
to the geodynamic processes of the Carpathian region.
As a result, any sediment can acquire the properties of
the reservoir, regardless of its lithological characteris-
tics. Consequently, the reservoir properties of the rock
do not have a definite relationship with the material
composition, because they depend on two groups of
factors: primary factors (genetic), which are related to
the material composition of the rocks, and secondary
factors - transformation as a result of geological pro-
cesses. Mechanisms and the influence of these geolog-
ical processes for different structures are different.

On the influence of these factors we can judge by
the actual characteristics of capacitive and filtration pa-
rameters of productive objects, obtained on the basis of
exploitation of the reservoir (flow rate, exploration, hy-
drodynamic testing of wells, etc.). It should be noted
that the successful use of hydrodynamic methods gives
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good results in the evaluation of capacitance and filtra-
tion properties. But this is possible if exact quantities of
pressure are determined not only in the oil- and gas-
saturated but also in the water-saturated parts of the de-
posit. The determination of pressure must be carried out
both during drilling and systematically during the ex-
ploration period. Unfortunately, such measurements
are rarely and irregular. Thus, the reservoir pressure
was the same before the development of the Menilite
deposit in the oil saturated part of all blocks according
to the measurements in the wells of the Pasichna de-
posit. This indicated a single hydrodynamic reservoir,
the common conditions and source of traps filling with
fluids. The deposit is associated with a linearly elon-
gated asymmetric anticline fold of the Ill structural
layer, which is divided by transverse displacements into
three blocks: Starun, Bytkiv and Pasichna. The deposits
of oil and gas are concentrated in the lower- and mid-
dle-Menilite sediments of all three blocks. Slight inflow
of gas was obtained from the Vygoda sediments of the
Eocene. The current analysis of the reservoir pressure
dynamics in the wells confirmed the unity of the Bytkiv
and Pasichna blocks, whereas the Strun block is char-
acterized by a rapid rate of reduction of reservoir pres-
sure indicating small residual reserves, low energy po-
tential of the block and its hydrodynamic isolation from
others, and of course , low reservoir properties.

An American geologist D. Sekor studied the phys-
ical confirmation of the active influence of fluid dy-
namical processes on the improvement of capacitive
and filtration properties due to the formation of frac-
tures. He studied the conditions for the formation of
fractures in the crust under the action of fluids and con-
cluded that hydraulic fracturing can occur in natural
conditions, if the pressure of the liquid is close to the
formation pressure of rocks. The process of origin of
fractures consists of numerous short episodes of their
formation, which alternate with longer periods of filling
them with fluid due to leakage from the surrounding
rocks and subsequent cracking. D. Sekor believes that
in most cases the rocks contain sufficient fluid to form
fractures in them.

There is another feature of the fractures develop-
ment in conditions of high pressure, which are caused
by underground fluids. During the rock masses fractur-
ing the total area of undisturbed bonds (which separate
cracks) is reduced. At the same time, the shear stress
increases in the area where the connections are main-
tained. This is expressed by the ratio derived from the
mechanics of rocks:

r'—r: m (1_f5j
T 1-m T)'

where: 7 - shear stress;

d - normal tension, which is equal to hydrostatic
load;

f — coefficient of friction;

m - the coefficient expressed by the ratio of the
splitting working area to the total amount of fractures.

This formula is valid for rocks in which there is no
fluid. In the case of filling pore and fracturing space by
fluid, it should take into account the pressure of porous
water - p and, consequently, the ratio will be as follows:

r-r_m (1_ f o pj
T 1-m T )
that is, the relative growth of shear stresses will
increase with pore pressure increasing. Accordingly,
the increase in fluid pressure contributes to faster
growth of the fracture formation in rock strata, includ-
ing when the pressure is less than geostatic.

Thus, with increasing of fluid pressure in the pore-
fractured space, the frictional shear resistance de-
creases, which facilitate fracturing of the rock. When
the pressure reaches the corresponding value, further
development of fractures occurs under the action of a
hydraulic fracturing. In addition, physic-chemical pro-
cesses affect the deformation process. In particular,
such an affect has a phenomenon of adsorption decreas-
ing in the strength of solids, which was discovered by
Rebinder. The strength of solids depends on the so-
called surface energy. It is significantly reduced by the
action of surface-active substances that are absorbed on
the free surface of a solid and reduce its strength. Under
the influence of surface-active substance the shape of
deformations changes — the plastic state becomes frag-
ile, which accelerates the destruction. The formation
water with sodium chloride, soda and some other salt
can act as a hardness reducer.

Consequently, the formation of fractures under the
influence of fluids can occur in natural conditions. If
fracturing of the rock strata passes under the fluid pres-
sure, then the total area of undisturbed bonds in the rock
is reduced. This, in turn, causes stresses increasing and
promotes rapid fracturing of the strata not only when
the reservoir pressure reaches the values of the for-
mation pressure, but also at lower values of the porous
fluid pressure.

Results.

Physical processes occurring in different strata,
affect both the change in the form of occurrence, and
on the properties of rocks. We carried out experimental
researches on cylindrical core with a central opening.
The core was studied under conditions of water
pressure influence on permeability with the change of
radial directions of stream jets - convergent and
divergent. The pressure was greater on the periphery of
the sample than in the opening during the tests of the
first type. And in the second case, on the contrary - in
the central opening the pressure was greater. In this
case, the lines of jets of the stream remained the same
as in the previous case, but with the opposite sign. The
strain in the rock samples is proportional to the fluid
pressure, but in the first case they were as compressible
forces, and in the second — as the tensile forces.

An effective method for evaluating the permeabil-
ity of microfractures and the influence of stress on them
is the method of radial filtration. Laboratory researches
of low porous fractured rocks are recommended at the
installation shown in Figure 1. It is necessary to use
large cylindrical samples (D=40-100mm,h=1-15
D), with a central opening (D=10-12 mm). The problem
with these researches is that it has to deal with very low
fluid consumption (less than 0.01 cm? / h). Unwanted
changes to the samples may cause an increase in fluid
flow. In laboratory measurements, the pressure gradient
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varies within 1 ... 1000 MPa, and under natural condi-
tions this value does not exceed 10 MPa. The studies
are carried out with a radial convergent and divergent
flow of fluid. In the first case, the pressure on the pe-
riphery of the cylinder is larger than in the opening of
the sample, in the second - on the contrary, while the
flow lines remain the same, only their orientation
changes to the opposite. The stresses in the rock are

o

4

proportional to the magnitude of the pressure drop, and
in the first case they are caused by compression forces,
and in the second - by the forces of tension.

Analysis of the results of radial filtration re-
searches allows us to estimate the rock permeability,
depending on its size, character and type of stress state
due to changes in the structure and size of microfrac-
tures.

)
L)
L)

G

—— *—

Fig. 1 - Scheme of the device for radial filtration research
Symbols: 1 - camera body; 2 - roller nut; 3 - piston axial load; 4 - piston of the supply of filtering fluid; 5 -
polyurethane substrates; 6 - pressure control system and measurement of permeability parameters; 7 - system of
creation and adjustment of axial load on the sample; 8 - core sample.

The obtained results (fig. 2) allow us to estimate
the influence of pressures on the permeability of the
rock sample.

Comparison of the filtration experiments results in
rocks with "granular" pores and developed fracturing
showed that for the rock of the first type (sandstone),

the filtration coefficient Kp is the same for both con-
vergent and divergent water movements. The permea-
bility remained constant, and the results of experiments
are completely reversible until the sample began to de-
velop stretching deformations that led to its destruction
(sample-1, sample -2, sample -3).
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Fig. 2 - Rock samples with different type of pore space for radial filtration research results

The samples (sample - 4, sample - 5) are
represented by layered rocks, in which interbedding
layers of multi-graines siltstones of 1-0.5 mm thick-
ness, with a large number of thin fractures and
macrocracks that are parallel to the layers. The
permeability of these sitstones sharply decreases with
increasing pressure . The process was reversible. As the
direction of filtration changed, the permeability quickly
increased until the sample destroyed. The compression
passed to the stretching gradually. Therefore, on the
dependency curve there is no sharp change. In the area
of tension, the nature of the process was irreversible,
which is clearly noticeable on the curves. But the
process became inverse again with the changing to
compression.

According to the experiments, it can be concluded
that in the rocks with granular porosity the coefficient
of filtration depends little on the fluid pressure. It is also
worth noting that it decreases markedly with increasing
pressure in the presence of microfractures in the rock.

These microfractures are elongated in one direction, for
example, by stratification. Obviously, changes in the
filtration mode from laminar to turbulent occur with
pressure increasing in sample fractures. These modes
are closed. This reflects the correspondence of the ex-
periment results and the results of research wells. In
both cases, it indicates the presence of fractures in the
porous area.

The permeability of the samples was experimen-
tally researched by us. This research was conducted at
various stressed states. As a result, the process of in-
creasing the microfracturing of the rock during the in-
crease in load was discovered. This increase occurs
prior to the appearance on the test sample of external
signs of destruction based on the corresponding
changes in permeability (Fig. 3). The load boundary is
clearly fixed on the permeability and stress curves. Af-
ter this value exceeded the development of microfrac-
tures began. In our case, the magnitude of the critical
stress does not exceed 20-25% of the destructive.
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rock is first densificated, and after reaching the corresponding load for this rock microfractures develop, due to

which permeability increases and occurs until the load is not reach destructive (Ko - permeability under normal
conditions, Ki - permeability at the corresponding load).

Discussion and conclusion.

Thus, with increasing pore pressure, the fluid that
saturates the rock reduces its strength. At the same time,
deformation dissipation increases. It is associated with
micro-fracturing, especially for abnormally high reser-
voir pressure. While the stresses that provide such a
process, according to our research, are much less than
the strength parameters of the same composition rock
with no fluid inside.

For reservoir formation in dense rocks, sufficient
fluid and appropriate pressure are required. These con-
ditions are possible in layered rocks with alternating
dense and clay layers. With increasing pressure, clay
rocks are suppliers of water, which in dense layers re-
duces their strength and consolidation. Under such con-
ditions the corresponding power level of the layers for
the given depth should be kept. Any deviations can lead
the system out of balance. Then the process of changing
the capacitive filtration properties can take place in the
direction of consolidation reducing or its increasing.
Thus, the thin-layered nature of the deposits section is
an important prerequisite for the formation of a useful
capacity in weak areas along the boundaries of different
lithotypes, which leads to the layered fracturing for-
mation. Menilite deposits are most characteristic for
such section. Productive strata are represented mainly
by the interbedding of thin cemented sandstones, argil-
lites or other impermeable layers. These layers are com-
posed of sandy and argillite seams, where it is impossi-
ble to talk of uniformity, isotropy of the granular pore
system or its presence as such. Improvement of capac-
itive properties is related to the geodynamic processes
of the Carpathian region development. As a result, dif-
ferent deposits can be reservoirs under the appropriate

conditions for their development and occurrence, re-
gardless of their lithological characteristics. It was also
discovered that in wells where Eocene rocks are ex-
ploited, water content is growing faster than in wells
that develop deposits of oligocene deposits. In further
research it is necessary to establish the causes of the re-
vealed signs. The first feature is described in the above-
mentioned materials, where the second feature is par-
tially characterized. The productive Eocene deposits
layer is represented by the interbeddings of fine and
coarse-grained materials alternating with interlayers of
different thickness and permeability. Thus, on the
boundaries of different facies, in particular, more and
less sandy, zones of sub-vertical fracture are formed
due to different sands and clays densification. These
zones can contribute to the vertical flow of fluids within
the one-aged deposits, and to combine them with the
lower ones. The result is a complex fracturing system.
This system consists of sub-vertical channels at the
boundary of the facies and subhorizontal at the litho-
logical boundaries. In the absence of a developed net-
work of fractures, such stratum is almost unsuitable for
further exploration. And the presence of fractures pro-
motes the development of rocks with good reservoir
properties. The flow in such a rock can be parallel to
the layering and perpendicular to it. The deposit in such
a situation acquires the properties of the porous reser-
voir, because the fractures network in the stratum has a
random character. This means that the fractures are not
oriented in one direction and do not have direct connec-
tion with the water-oil contact.

The productive seam of the Eocene deposits con-
tains several deposits. Thus, in the Eocene deposits of
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the Dolyna field Vygoda and Maniava deposits are iso-
lated and developed by different wells. The existence
of the relationship between the Vygoda and Maniava
deposits is given on the basis of the geological structure
and the actual materials for the development of depos-
its. The correspondence of the initial pressure of the
Maniava and the current reservoir pressure of the
Vygoda deposits is due to the extraction of oil from the
wells drilled for the Vygoda deposit.

The hydrodynamic association between the
Vygoda and Bystrytsa deposits and the presence of in-
terplayer flows between them indicate the data of test-
ing and research of wells 234, 250, 625, 229, 300, and
others. These wells exploit the Bystrytsa deposits. De-
spite the fact that all wells are situated in the crest of
the deposit where there is no pressure of reservoir wa-
ter, the water content of the extracted products is 10-
17%. Initial reservoir pressures corresponded to the
current reservoir pressures of the Vygoda deposit, and
the gas factor was in the range of 150-180 m®/ t. This
corresponded to the amount of dissolved gas at the cur-
rent reservoir pressure. Similar gas factors were also
obtained on adjacent wells of the Vygoda deposit.

The actual data confirm the hydrodynamic associ-
ation between the deposits, despite the presence of clay
sublayers that do not affect the formation characteristic
of the as a whole. Consequently, the reservoirs have a
direct connection with the water-oil contact through
fractures.

In theory, the dynamics of water production
should be considered depending on the amount of oil
selected from the original geological reserves. How-
ever, due to a certain convention of the received re-
serves and the complexity of obtaining such materials
and keeping them in mind, it is problematic to use them
in the analysis. The magnitude of the current water pro-
duction and its change over the entire period of opera-
tion depend on many factors that operate at one time,
therefore, it is difficult to assess the impact of each of
them on the dynamics of water production. Most re-
searchers attributed the nature and rate of water product
to the structure and properties of the productive strata
(lithological composition of the beds, their number, ca-
pacity, the presence of layers with reduced reservoir pa-
rameters (sometimes impermeable), structural and geo-
metric parameters of the field or the deposit, the pres-
ence and nature of the transition zone).

Secondary porosity (fractures, cavities) has low
values compared to the value of primary porosity. As a
result, secondary porosity practically does not affect the
amount of saturated hydrocarbon strata. In any case, it
can be assumed that the fracture is 100% saturated with

the appropriate fluids: water in the water zone, oil in the
oil, etc. Thus, in the direction of motion, the extrusion
agent tends to move in fractures at a higher speed than
in the direction of matrix blocks, which causes a high
heterogeneity in the saturation of the fluids. On the
other hand, the continuous penetration of the squeezing
fluid from the fracture to the blocks results in a speed
difference decreasing of the extrusion agent movement
in fractures as well as in porous blocks. Fractures pro-
vide the transfer of hydrocarbons from the matrix to the
wells. The pressure drop around the extraction well (the
depression) in the fractured reservoirs is very small,
that is why the high permeability of the fractures allows
getting high debits at minor depressions. For the flow
of oil through fractures small pressure gradients are suf-
ficient, but they are so small that they are not able to
control the processes of exchange of liquids between
the matrix and fractures.

The main mechanism for extracting oil from res-
ervoirs is capillary soaking [5]. Due to the large differ-
ence between matrix permeability and fractures, water
first enters the fracture, and then it is absorbed by the
matrix. In fractured reservoirs, the matrix blocks can
exchange liquids only through fractures that are adja-
cent to them. Consequently, due to the fact that the pro-
ductive layers in the Menilite deposits are directly
linked by fractures, and in the Eocene deposits, the
same connection exists, then there is always the proba-
bility of a breakthrough of water through fractures and
this process is difficult to predict.
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UCTOPUYECKUE HAYKH

Xuoupnaouee P.X.

Mazucmpanm ucmopuueckozo gaxyismema [lazecmanckozo 2ocyoapcmeenio2o
nedazo2utecko2o YHUGepCumema ucmopuuecko2o Qaxyibmema.

POKJIEHUE MEJATOTTYECKON CUCTEMBI, KAK HOBASI OTPACJIb HAYYHOT' O 3HAHUS.

OO0pa3oBaHue U MeAarornyeckasi Hayka HaCUHThI-
BAIOT HECKOJIBKO ThICSYeNeThil cBoeld ucropuu. Ha
9TOM IYTH MEJaroruka MoCTENeHHO U3 Pa3pO3HEHHBIX
B3TJISII0B, UICH U TEOPETUUYECKUX TOJIOKEHUI MIpeBpa-
nrajgack B HayKy. Pa3BuTHe BOCIUTATEIBHO-00pa3oBa-
TENBHBIX WHCTUTYTOB OBLIO MHOTOOOpPAa3HBIM, MPOTH-
BOPEUMBBIM U HEOAHO3HAYHBIM NporeccoM. M3yuenue
UCTOpHUH OOpa30BaHUSA W TENATOTHYCCKUX YUCHHH -
Ba)XKHOE YCIIOBHE (POPMHUpPOBaHHS OOIIECH M Meqaroru-
YECKOU KYJIBTYpHI OYAYIIETro CIIEIHaIICTa, TIOCKOIBKY
OHO JIa€T 3HaHHE O MPOLIECCE PA3BUTHUS TEOPUU U MPaK-
THUKU 00pa30BaHUs U BOCIHTAHHUS U CONCHCTBYET CTa-
HOBJICHHIO MHPOBO33PEHHS M TENaroruueckoro mpo-
(dheccronamusma.[1]

HcTopus memaroruku U oOpa3oBaHUs Kak ydueO-
Hasl TUCIUIUIMHA JIABHO SIBISIETCS] HEOTHEMJIEMOM 4a-
CTBIO MEIarOTHYECKOT0 00pa30BaHus, 3TO OJIHA U3 ca-
MBIX CTapbIX OTpacieil mel1aroruueckoro 3HaHus, KO-
TOpas BBIIEIWIACH BHYTPH MEJaroruku yxXe B
cepequne XIX B. Mcropus negaroruku 1 00pa3oBaHUs
M3ydaeT pa3BUTHE TEOPUH U MPAKTUKHA 0Opa3oBaHUS,
BOCIIUTAaHHUSA U OOYYCHHUS B Pa3IMIHBIC HCTOPHUCCKUC
STMOXH, BKJIIOYAst © COBPEMEHHOCTh B KOHTEKCTE €€ UC-
TOPUYECKOTO pa3BUTHs. BmecTe ¢ TeM ucTopuko-neaa-
TOTUYECKHE UCCIIEIOBAHUS HE CBOJSTCS TOJNBKO K XPO-
HOJIOTHYECKOMY 0030py SIBICHMH MHpONUIOT0 M pac-
CKady O BEJMKMX TMeJarorax WiIH  BEJIUKHX
nejarorndeckux uaesix. [ maBHas 3ajqavya HayKd - BbI-
SICHUTb, KAKOBa OBLIa POJIb 00pa30BaHUA B OOIIECTBAX
MPOIDIBIX 310X M MoYeMy (QII0CcO(Bl U MeIaroru co-
37111 B ONpEAENICHHbIA NepUO BPEMEHH ONPEIEIICH-
HbIE TEOPUHU.

Uctopus nemaroruku u oOpa3oBaHUs KaK 4acTh
MeIarormIeCcKOi HayKH BBITIOIHACT CIeAyonue GpyHK-
1UH: a) QUKCHPYET MCTOPHUIO BBISBICHHUS M PEIICHHS
mpo06yieM BOCIIUTAHUS U OOY4YEeHUS B TEOPUHU U IpaK-
THKe 00pa3oBaHUs; 0) BBICTYMAET KPUTEPHEM OCTO-
BEPHOCTH TEAArOTHYECKUX TEOPHH W OPHUEHTHPOM B
CO37IaHMM HOBBIX TMEJArOrHYECKUX CHUCTEM; B) TMPEJ-
CTaBJISIET MYTh Pa3BUTHS OOPa30BaHMS W HAKOTLIICHHS
MEeIarOrMYECKUX B3TJISI0B, TCOPHA, HICH; T) pacKphI-
BaeT MpoIecC BOSHUKHOBCHHS U H3MEHEHHS 00pa3oBa-
TENBHBIX TPATUIHN; 1) MPOCICKUBACT B3aUMOCBS3b U
BIIMSTHUE MEIarOTMUeCcKUX UAeH, KOHUENIH, TeopuH,
CUCTEM B Pa3IMUHbIE UCTOPUYECKUE DIOXHU.

OOBEKTOM HCTOPHM TEJArorUKd W 0O0pa3oBaHUSA
SIBJIIETCS] BCEMUPHBIM UCTOPUKO-TIEarOrM4ECKUN IIpO-
1IECC, pacCMaTPUBAEMbIN B €MHCTBE TEOPHU U IPaK-
THUKW BOCHHUTaHUs, o0yueHHns U obpa3oBanus. VHEIMHU
CJIOBaMH, B UCTOPHUH MEJATOTHKHU U 00pa30BaHUs Tieaa-
TOrM4ecKUe SBJIEHUS IPOLUIOTr0o aHAIU3UPYIOTCS B TEC-
HOW B3aUMOCBSI3U C TEHE3UCOM KYJIBTYPBI, HAYKH, 00-
UIECTBEHHON MBICJIM, U Ha 3TOW OCHOBE BBISBJISIOTCS
TEH/ICHIIH PA3BUTHUS ITUX SBICHUHN B Oymymiem.|3]

[TpeaMeTom MCTOPUM TIEJArOTMKKA M 00pa3oBaHUs
BBICTYIIAET CJIOKHBIN MPOILIECC CTAHOBJIEHUS U pa3BU-
THS MIEIaTOTMUECKON TEOPUU U IPAKTUKU 00pa30BaHuUs
B Pa3JIM4HbIC UCTOPUUECKHE IIEPUOJIBL, B YCIOBUIX pa3-
JIMYHBIX [UBWIM3AINMN, cTpaH U KynbTyp. Mcxons u3
JTAHHOTO OTpEAETEHUs MpeIMeTa HayKu B CTPYKType
HUCTOPUKO-TIENArOTHUYECKUX 3HAHUM MOYKHO BBIIEIMUTH
JIBE OCHOBHBIE IPEIMETHBIE 30HBL: UCCIIEOBAHUE TEO-
pun 1 npakTHKH. Kakmas u3 3TUX 30H Kak 00J1acTh UC-
clieoBaHus 001aaeT OTHOCUTEIBHON CaMOCTOSATEIb-
HOCTBIO, HO B CBOEH CYILIHOCTH OHH €HHBI, IOCKOJIBKY
Nelarorika MpescTaBiIseT co0oi onHy U3 GopM Iy-
XOBHOT'O M IIPAKTUYECKOIO0 OCBOCHUS MHpPA, a MEAAro-
rudeckasi pakTuka (0T TMOJIMTHKU rocyaapcTBa B 00-
JacTH 00pa3oBaHus 10 00pa3oBaTENbHOM IEsTENbHO-
CTH CEMbH, IIKOJIBI U JIp.) SIBISAETCS HUCTOYHUKOM U
chepoil peanuszanuu nemarormyeckux uaci. CuHtes
3HAHWUM, MOTYYEHHBIX B KQXI0H U3 3TUX NMPEAMETHBIX
30H, MM03BOJISIET BOCCO3/1aTh LIEJIOCTHYIO KApPTUHY UCTO-
PHUKO-TIENarOrM4ECKOro MPOLEcca U pacKphITh 3aKOHO-
MEPHOCTH €T0 pa3BUTHSL.

[ousaTes o00pa3oBaTeNbHBIE MOCTIDKECHUS AIOXU
BoszpoxneHust HeBO3MOXKHO 0e3 aHaJIH3a 3KOHOMHUYE-
CKOW M COUMOKYJIbTYPHOM CUTYallUM, CIOXKHUBILIEHCS B
XIV-XVI BB. B cTpanax 3amagHoi EBpomnsl. Pazmmu-
HBIA XapakTep SKOHOMUYECKOIO PA3BUTHUS B PA3HBIX
CTpaHax (HampuMmep, SKOHOMHUYECKH MolHas Mtanus u
®paHLus U 3aMEJICHHOE Pa3BUTHE TOPrOBOrO Kallu-
tana B ['epMaHHMM) ONpeNeri YHHKATBHYIO COIHO-
KYJbTYPHYIO CUTYAlIMIO B KQX/I0H U3 HUX U, KaK CJe/-
CTBUE, MO-Pa3HOMY OTPa3WICS KaK B MEJAroruuyecKux
UOESIX UTAbTHCKUX, HEMEUIKHUX M (paHIy3CKHX Tea-
TOTOB-TYMAaHHCTOB, TaK M B 00pa30BaTeNbHON Mpak-
THKE Pa3HbIX cTpaH. [3]

Poaunoit ogHOTO M3 BeTUYaUIINX ABMKESHUH, KO-
TOpOE KOora-Imubo mepexuBajo 4eaoBeuecTBo, — Bos-
poxaenus: — crana Uranus. B XIV-XV BB. Utanus
MpeacTaBisuIa coboil rocyIapcTBO, B KOTOPOM COCpe-
JIOTOYMJIACh MOJIUTUYECKAsl, DKOHOMUYECKAs, PEJIUTH-
03HasA, KylbTypHas, oopa3oBarenpHas xu3Hb. upo-
KM€ TOPrOBbIE€ U HHBIE DKOHOMUYECKUE OTHOLICHUS
Wramuu, psaa cAeNaHHBIX UTaJbsSHIAMH reorpadude-
CKHX OTKPBITUH, CPAaBHUTEIHHO LIUPOKOE pacIpocTpa-
HEHHe 00pa30BaHUs CPEIH HACEICHUS BBI3BIBAIIH B JIIO-
JSIX MHBIE 110 CpaBHEHUIO cO CpelHEBEKOBBEM CTPEM-
JICHUS W 3aIpOCHI: y YelloBeKa MpOoOyAWIINCH Bepa B
cebs1, cTpeMIIeHHEe K CaMOIIO3HAHWIO M TPOSIBICHHIO
CHIIBI Iyxa. BakHeiimei npeanocsukoi x popmynu-
POBaHHUIO HOBOI'O IIO CPABHEHMIO CO CPEIHEBEKOBBIM
NIOHMMAHMsI 4eJOBEeKa CTajlo TBopYecTBO JlaHTe,
Ilerpapku, bokkauuo u ap. [IpucranbsHoe BHUMaHUE K
npo0ieMaM 4eJloBeKa, ero JyXOBHOCTH, 0CO3HAHHUE €ro
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MecTa B MHPE OTPa3WINCh B XyI0KECTBEHHOM TBOpYeE-
ctBe Mukenanmpkeno, Jleonapao ga Bunau, Padasms n
ap.

Cpenn UTaNBSTHCKHX TYMaHHCTOB 3MIOXH Bo3pox-
JICHU OCOOCHHO BhIAEIsieTCs ButropnHo na ®enstpe
(1378-1446). Cpin GemubIx pomuteneii, BurropuHo,
3akoH4YMB [lajmyaHCKWi yHHBepCUTET, ObUI Ha3Ha4eH
npodeccopom dunocoduu. B 1424 r. na denbrpe no-
JIyqWJI IPUTJIallieHue B I. MaHTYyro, I/l OH JOJIKEH OB
CTaTh BOCIHUTATENEM JeTel MaayaHcKoro repiora I oH-
3aro. Taxk BO3HHUKJIA 3HAMEHUTas JBOPIOBas IIKOJA
«JloM cuacTesi», koTopor B. na @enpTpe oTman BCro
cBoro xm3Hb. llIkoma mpencrapnsiia coboi BocIHTA-
TENBHO-00Pa30BaATEIFHOE YUPEKACHHE ITAaHCHOHHOTO
THIA, AESITEIBHOCTh KOTOPOro ObLIa MOAYMHEHA OC-
HOBHOH IENMH — FapMOHUYHOMY Pa3BHUTHIO UYEIIOBEKA,
ero «rena, yma u xapakrepa».[4 C.48]

SAnpom comeprxanmst o0yueHus B. na @enbrpe me-
JlaeT KJIAcCHYeCKHe SI3bIKM, U3yUCHHE JIUTepaTypsl OH
CTPOUT Ha MPHUHIMIIE CO3HATENFHOIO YCBOCHUS U ca-
MOCTOSITEIBHOTO TBOpuecTBa. Ilenaror ctpemurcs na-
BaTh JHIUKJIONEINYECKUE 3HAHMUA, MOITOMY B IIpO-
rpaMMy oOy4YeHHs] BXOJST alredpa, acCTpOHOMHUSI, Ieo-
METpHsl, YepUeHHEe, €CTECTBCHHas! ucTopus u ap. Kax
roBopui o0 B. na ®enbT-pe 0nUH U3 €ro COBPEMEHHH-
KOB, «OH BOCXBAJISJ TO, YTO IT'PEKH HA3BIBAIOT SHIUKIIO-
neauel, Tak Kak, 0 ero cjioBaM, Hayka u o0pa3oBaH-
HOCTbH CIIAararoTCsi U3 MHOTHX M Pa3HOOOpa3HBIX 3HA-
Huii».[4 C49]

Ocoboe Bunmanue B. na @envrpe yaensn ¢pusu-
YecKOMY pa3BuTHIO jaeTeld. C 3Toi Lenbio MpOBOJU-
JINCh CIIOPTHBHBIE WIPHI, JeTed oO0ydyanu BepXOBOM
e3ne, bopr0e, PexTOBaHUIO, CTPEILOE U3 JyKa, IIaBa-
Huio (pbiapckoe BocmuTanue). Cpeau GopM U MeTO-
0B 00ydeHuss BuTTOpHHO OTHaBanm mpearoYTeHHE
TeM, KOTOpbIe HanboJsee MOIHO PACKPBIBAIN BO3MOX-
HOCTH Y4YaIllMXCsl, aKTUBM3MPOBAIN MX IO3HABATENb-
HYIO JIEITEIILHOCT — 3TO UTPBI, SKCKYPCHH, 3aHATHS Ha
npupoJe U Oecebl C IeTbMH.

B ocHOBY opranusanuu )xn3Hu AeTel ObUIHN MOJI0-
JKEHBI UJIeN caMoynpasiieHns. Bmecre ¢ Tem mkomna B.
Ja DenbTpe COXpaHsla CUJIbHBIN 3JIEMEHT PEJIUrHO3-
HOTO BOCHHTAHUS C SIPKO BBIPAKEHHBIM CPEIHEBEKO-
BBIM ackeTu3MoM. I1o BOCIOMUHAHUSAM COBPEMEHHHKA,
«CO CTPOTOCTBHIO CYPOBOI'O aCKETa 3alupajcs OH Kax-
JI0€ YTPO B CBOEH KOMHATE, I'/Ie MOJIWICS C KOJIEHOIIpe-
KJIOHEeHHeM u 6udeBai cebs. OH yacTo HCIIOBe10BaICS,
caM IpemnojaBal 3akoH boxkuil, yBelieBal y4eHUKOB
MOJIUTBCA U €XEIHEBHO IOCELaTb BMECTE C HUM
obeHo».[4C.48]

Cospemennuk Burropuno Ileerpo ITaono Bep-
oxepuo (1350-1444) rnaBHBIM B Pa3BUTHU JIMYHOCTH
CYHTAJI HPAaBCTBEHHOE BOCIIUTaHKE, KOTOPOE IMOHUMA-
JIOCH UM IIHUPOKO M MHOTrorpaHHo. OHO BKIIOYAJO B
cebs penmurno3HeIii, COOCTBEHHO HPABCTBEHHBIN U (Hu-
3udyeckuil komnoHeHThl. B TpakroBke [1.I1. Bepmxepuo
YMCTBEHHOE BOCIIUTAHHE MMEET TECHYIO CBA3b C HPaB-
CTBEHHBIM M 3HAYUMO TOJILKO B 3TOH CBSI3U: 3HAHUS 63
HPaBCTBEHHOT'O BOCIIUTAHUS HE IEHHBI, Jaxe Ooiee
Toro — onacssl. Ilo MbIciH nefarora, BOCIUTaHUE Ty-
MaHHO TOJBKO TOTJA, KOIJIa OHO BBICTPAUBAETCA B CO-
OTBETCTBHH C UHIMBHIYAILHBIMH OCOOCHHOCTSIMU pe-
OeHka (IIpaKTUYECKOE BHIPAKEHUE 3TA WAES B MOJHOMN

Mepe Hallla 3HAYUTEIBHO MO3/IHEe B BOCIUTATEIHHO-
obpazoBatenbHbix cucrteMax S. Kopuaka, C.T. Ilarm-
koro, B.A. CyXxoMIHHCKOTO U [Ip.).

Hemenkas memarormdeckas MBICTh OBLTa Tpea-
CTaBJicHA WMEHEM KPYIMHEWIIeTo TyMaHKCTa SIIOXHU
BozpoxneHus, 4pe BIUSHHE PACHpPOCTPAHSIOCH Ja-
JeKko 3a nmpenensl ponauHbl, [uzenepuss Opazma
(Opasma Porrepaamckoro) (1469-1536). HauanbHoe
o0Opa3oBaHMe OH TIOJYYMI B MOHACTHIpE, 3aTEM B
«uikoiie OpateeB» B JlaBeHTape, mosxke B [lapikckom
1 Okc(hOpACKOM YHUBEPCUTETAX, TJIC TIyOOKO OBIAJICIT
SI3BIKAaMU U JuTepatypoil. MHorue rogst Opa3m Pot-
TEepIaMCKHI Bex 00pa3 KU3HHU CTPAHCTBYIOIIETO yde-
HOTO, uBsl BO ®panuuu, Aurnuu, Uranuu. I[locnen-
HHUe 25 NeT KU3HU OH nposen B T. bazene. Dpa3m Pot-
TEpAAMCKHUII OCTaBUJ CJE€l B HMCTOPUM KakK SpKUil
MyONHUITNCT, BBICMEHBAIOIINA MOPOKA COBPEMEHHOTO
emy obmectBa («[loxBama rmymoctn»). [legarormue-
CKHe B3IJIA/IbI OH m3jarai B paborax «becens», «l{u-
LIEPOHUAHIIBIY, «MeTtoa u3ydeHus», «CBobogHOE BOC-
nuTanue gerei», «O OIaroBOCIUTAHHOCTH  Jie-
Teii».[5C.300]

Dopmynupys Lenb BocnuTaHusA, Dpa3sMm Potrep-
JAMCKHI TIPEBBIIIC BCETO CTABUII OJIarodecTre u HpaB-
CTBCHHOCTh, OH BBIIBHHYIN HJCIO BceoOmero oOyude-
Hus. [1o ero MeICTH, UPOKAM MaccaM HaceJICHHUs, KO-
TOPBIM HEIOCTYITHO Hay4JHOE oOpa3oBaHue,
HEOOXOIUMO PEIUTHO3HOE BOCHHUTAHUE, HO VIS TOTO,
9TOOBI BCE MOTJIM YHTaTh BUOMHIO, HY)KHO BceoOIee
obyuenue. Omnpenensist coaepkaHue 00y4YeHHsl, OH Ha
HepBOE MECTO CTABHUT IPaMMAaTHKY, Jajiee CIEAYIOT HC-
TOpHSL U JINTepaTypa, reorpadus 1 ecTeCTBO3HAHHE.

Opa3m PoTTepramMckuii pe3Ko MpoTecTyeT MpOTHUB
CYpOBOM IIKOJIHHOW IUCIUIUIMHBI, TT000EB, Tpedyer,
4YTOOBI y4eHHE JIOCTABIUIO peOEHKY palocTh U yIO-
BosibcTBHE. OH HacTanBaeT, YToOBI 00pa30BaHIe OBLIO
JOCTYITHO ¥ MY>XYHWHAM, ¥ )KEHIIHHAM, 0c000€e MeCcTO B
00pa30BaHMH JKEHIIWH NTOJDKHBI 3aHUMATh KJIacCHYe-
CKHUE SI3BIKH.

B MaccoBOoM cBoeM MpOSIBICHUH TIpaKTHKa 00pa-
30BaHHUSI B AMOXY BO3pOXICHHS COXpaHSIET YepTHI
CPEHEBEKOBOM 1IKOIBI, 0gHako K XVI B. HekoTopble
TYMaHUCTHUYECKHE WU BOILIOIMIAIOTCS B KU3Hb H TO-
SIBIISTFOTCSI HOBBIE TUIIBI IITKOJT.

K cepenune XVI B. orpoMHOE pa3BUTHE TOJY-
YWJIA TIKOJIBI UEPOHNMHUTOB — MOHAIIIECKOTO OpJeHa
OpatbeB 001eit xu3HH. LIIKOIBI yupexIanucey peuru-
O3HBIMH OOIIMHAMH, TIPOIIECC OOYICHUS U €r0 OPraHu-
3alusl OCHOBBIBAIMCh Ha T'YMAHHCTUYECKUX HJICIX U
BO3IJIABJIUINCH KPYITHBIMU ITEaroraMyu-T'YMaHACTaMH.
B conepxanne o0Opa3oBaHHs BKIFOYAIHCH KIacCHU4Ye-
CKHE SI3BIKH U JINTEpaTypa, pOJHOU S3BIK, pa3HOOOpa3-
HBIE HAayKH, MCKIIFOYarach cxonactuka. [lozmaee HO-
BBIE TUITBI yU4EOHBIX 3aBE/ICHUH, BOZHUKIITUE B TIO3THEM
Bospoxnenun, pasBuBaINCh U TPaHCHOPMHPOBAINCH
B nepuoj Peopmarim.
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Hazecmanckuii 2ocyoapcmeeHHblil nedazo2uyeckull YHugepcumen

mazsucmpanm ucmopudecKkozco d)akyﬂbmema

T'OCYJIAPCTBEHHAS IIOJIUTUKA B OBJIACTH HAYKH U OBPA3OBAHMS B IIEPHO/
NEPECTPOMUKHA

AHHOTanus. BaXHEWITMM HTOTOM TITyOOKHX BCEOOBEMITIONINX TII00ANBHBIX TpaHCPOopManuii cepeauHsl 80-
X — Hagana 90-X roJoB SBWIOCH CO3AaHHE HOBOW €IMHOM CHCTEMBI MUPOXO3SHCTBEHHBIX M T€OMOIUTHIECKUX
CBsi3el M 3aBHCHMOCTeH. Ha 3Tolf OCHOBE CIIOKHMIAach OIpEAEIEeHHAs CHCTEMa COLUAIbHBIX, YKOHOMUYECKUX H
(hyHKIIMOHATbHO-PETNOHABHBIX Pa3INdnii, 00yCIOBIEHHBIX YPOBHAMHU pa3BuTHs. Ha ocHOBe aHanm3a craTucTu-
YEeCKUX JaHHbBIX, IyOJIMKAIMHA 1 TPYJIOB OTEUECTBEHHBIX M HCCIIEIOBATEIICH, TAKXKE aHAIM3€E MTOJIUTHKH rocyaap-
ctBa (CCCP, P®), obecrieunBarorieii HHTETPAIMIO B CHCTEMY BBICIIETO 00pa30BaHMUs, OCYIIECTBICHHUS TOCyIap-
CTBEHHOM BJIACTH MO OTHOIICHHUIO K TPOU3BOICTBY 3HAHHUH, PA3BUTHIO IKOHOMUKH M KyJIBTYPHI B CTaThe UCCIETy-
IOTCSI OCHOBHBIE aCIEKThI TOCYIapPCTBEHHOH MONHUTHKH B TEPHO NMEPECTPOIKH B Pa3BUTHUH CUCTEMBI BBICILIETO
00pa30BaHMs U By30BCKOW HAYKHU B CTpaHe. ABTOPHI MOMBITATINCH PACKPBITH OCOOCHHOCTH Pa3BUTHA U HEOOXO0 11~
MOCTB COBEPIIICHCTBOBAHHUS BY30BCKOM HAyKH U CUCTEMBI 00pa30BaHUs B IIEPHOA MEPECTPONKH;

Annotation. The most important outcome of the deep transformations of comprehensive global mid 80 's-
early 90-ies was the establishment of a new unified system of global economic and geopolitical ties and depend-
encies. On this basis, has developed a system of social, economic and functional-regional differences caused by
levels of development. Based on the analysis of statistical data, publications and works of domestic and research-
ers, policy analysis also States (USSR, RF), providing integration into the higher education system of public au-
thorities vis-a-vis the production of knowledge, development of economy and culture of this article takes a look at
key aspects of public policy during the transition period in the development of higher education and high school
science in the country. The authors tried to uncover features of development and the need to improve University
Science and education during the adjustment period;

Kniouegvle crnosa :Hayka,noiumuxa,2ocyoapcmeo,nepecmpouxa,oopazosanue.
Keywords: science, politics, State restructuring, education.

HoBeiit sTan pa3BUTHS HapOIHOTO XO3SHCTBA
CTpPaHbI ONpeAesisii BaXXHOCTh HAYYHOT'O aHAIKM3a COLIM-
aJIbHO-?)KOHOMUYECKUX MPOILIECCOB, MPOTEKABLIUX B
conpaliMcTHyeckoM ooOmectBe. Kak uror MHOrux 3a-
CTOWHBIX SIBIICHUI — B CTpaHE CHU3WICS OOIIECTBEH-
HBII CTaTyC HAYKH U MIPECTIK HAYYHOU JAESITETLHOCTH,
a 7O psIy BEIyIIUX HAMPaBICHUNA MPOU3OILIO HE
TOJIEKO OTCTaBaHHUE HAYKH, HO U chopMHUpoBanach Opu-
EHTAIMs Ha «JIOTOHsIoNIeey pa3BuTue. «HeHopmaib-
HBIM SIBJIIETCSI TO OOCTOSITEILCTBO, YTO HA JOJIO aKa-
JIEMUYECKOr0 CEKTOPa HAyKH , BBIMOJIHSIOMIETO OCHOB-
HOW 00BbeM (yHIAMCHTANBHBIX  UCCICIOBAHUM,
MPUXOAUIIOCH JUIb 6,8% CpencTB, BBIACISIEMBIX IS
Hay4HBIX UccrienoBanuit». [7 C.16]

Henocraroynas B 11es0M 00eCIeYeHHOCTh COBET-
CKOM HayKH pecypcaMu IpUBeNa K OTCTaBaHUIO B pas-
BUTHHU €€ ONBITHO-IKCIIEPUMEHTAJIbHBIX 0a3, MOpayb-
HOMY CTApEHMIO HayYHOTO MHCTPYMEHTAJILHOTO OCHA-
LIEHHsI, CHIKCHUIO MOOWJIBHOCTH LEJeH M METOIOB
HAyKH, a B pe3ylbTaTe — K PSAAY OTMEUABIIUXCS HIC-
nponopuuid B GOPMUPOBAHUN HAYYHOW TOJTUTHKU U
HEIOCTAaTKOB B ypoBHE 3()()EeKTUBHOCTH HCIOIB30Ba-
HUS TIOTEHIIHATFHBIX BO3MOYKHOCTEH HaYKH.

B crpane Ha3zpena moTpeOHOCTh B N3BMEHEHUH TIO-
JUTUKY B oTHOmeEeHnH puHancuposanuss HUOKP. Ot-
CYTCTBHE WM CJIa00CTh OPraHM30BaHHOTO B3aHMMO/ICH-
CTBMsSI HAYYHBIX CHJ Ha MeCTax NMPHUBOAUT K HEOIpPaB-
JaHHOMY TyOJMpOBaHHIO paboT, OTCYTCTBUIO KaKOM-
00 KOooNepanuu B HCIOJIb30BAaHUU JEPUIUTHOTO
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000pyZOBaHUST M Pa3BUTUH MAaJOMOIIHON 3KCIIEpH-
MEHTAJIbHO-IIPOU3BOACTBEHHON 0a3bl, 3MU30UIHOCTH
B 0OMEHE HayYHBIM OIBITOM, HCKYCCTBEHHO YCYTyOIIs-
€MOIl HEXBATKOW HaYYHBIX KaJpOB OTACIBHBIX CIICIIH-
anbHOCTEN. Bce 3TO OTHOCUTCS K YMCIy Ba)KHEHIIMX
COLIMANTEHBIX Pe3epBOB A(P(PEKTUBHOCTH HAYKH B pellie-
HHH KaK OTPacjeBbIX, TAK U PETHOHAJIBHBIX MPOOIIEM.

Axanemuk C.I'. CTpyMHIIMH yTBEpKIal, 4TO «3¢-
(heKTHBHOCTh HAyKH B KayeCTBE IPOU3BOJUTEIHLHOMN
CHJIBI TIPSIMO NIPOTIOPIIMOHANIEHA 00bEMY BHEAPSIEMBIX
3HAaHUI, YMHOXKEHHOMY Ha TIyOMHY MX YCBOGHHUS U
HIMPOTY PACIPOCTPAaHEHUs Cpeau Tpyrsamuxcs». [11
C.45]

CTBIKOBKA BY30BCKOH HayKH C NPEACIbHO IICH-
TPaNn30BaHHON MPOMBIIUIEHHOCTHIO OKa3aJ1ach CI0X-
HOH, a TJaBHas NPUYMHA 3TOTO — MaJOBOCHPUUMYH-
BOCTb ITPOM3BO/ICTBA K HAYYHBIM IOCTIDKCHHSAM. JKC-
TCHCUBHAsT HKOHOMHKA HE B COCTOSHHHM OPTaHHMYHO
COEJMHUTH HaYKy U NPOU3BOJICTBO, OHA MaJlo 3aHHTe-
pecoBaHa B Hay4HBIX pa3paboTKax.

AHanu3upys cutyanuio, akagemuk JI.M. AGaakun
mucan B 1984 rony: «CTaHOBUTCS Bee 0oJiee SICHBIM U
OUEBHUIHBIM, YTO COBETCKOE OOIIECTBO MOAOILIO K PYy-
6exaM, KOTOpbIE B ONIPEAEICHHOM CMBICIIE UMEIOT IIe-
penomHbIH xapaktep. Haspenn riy0okue, peBosomnm-
OHHBIE CABHUTH B MaTepHAIbHO-TEXHUIECKOH Oa3e U BO
Bcell ctepe oOmecTBeHHBIX oTHOMIEeHMH. Heobxomu-
MOCTH OCYIIECTBUTB TH IIPE0OPA30BAHMS U OTPAKACT
uzesl CIMSHUSA JBYX PEBOJIONMI — HAayYHO-TEXHHUE-
CKOU | corranbHoiy. [1 C.68 ]

11 uronst 1985 rona B LIK KIICC coctosmoch co-
Belanue 1o Bonpocam yckopenus HTII. B mem npu-
HSUIM yyacTre KpyIHbBIE YUeHbIe, MapTHHHBIE U IPaBU-
TEJNbCTBEHHBIE AEATENIN, MPOU3BOJACTBEHHUKU. B 10-
kiane «KopeHHOI BOIPOC AIKOHOMHYECKOH MOTUTHKH
naptum» octpue kputuku M.C. ['opbadeB HampaBwiI B
OCHOBHOM B TIPOM3BOJICTBO, OTTAJIKHBAIOIIEE, 10 CYy-
IIECTBY, IOCTIKEHUE HAyKH U TeXHUKH. [IpnanHoii Ta-
KOTO TIOJIOKEHUS, 10 MHEHHIO T'€HCEKa, SBIISUINCH:
JKECTKOCTD IUIaHa, OTCYTCTBHE MaHEeBpa B (PMHAHCOBO-
XO3SHCTBEHHOW NESTENbHOCTH NMPEIIPHUATHI, TOTOHS
32 TMPECIOBYTHIM «BaJOM», POCT CeOECTOMMOCTH WU
LIEHBI IPOIYKINH, OONBIION PUCK BHEAPEHHUS PAa3HOTO
poJia HOBUIECTB, c1aboe 3HAHHE CBOEH KOMIETEHIINH
I'ockoMuTeTa Mo Hayke M TeXHUKE U 1p. OTMETHUB Ba-
HYIO POJIb CO37]aBa€MBIX B paMKax AKaJeMHH HayK
KOMILIEKCHBIX MEKOTPACIEBBIX HAYYHO-TEXHHUUYECKHUX
nenTpoB, M.C. 'opbaueB BbIcKa3ai HaJexay Ha Oosee
nojHoe ucnonbs3oBanue BosMoxkHocteit AH CCCP, By-
30BCKOH U oTpacineBoii Hayku. [10 C.101]

JIOBOJIBHO CEpbEe3HBIH yIOp JeNancs Ha TeXHUYe-
CKO€ MepeBOOpYKEHHE MpOou3BoAcTBa. [o aTUM mpo-
6iemam Obi1o mpuHsATO MoctanoBieHune [[K KIICC u
Cosera MunuctpoB CCCP «O mmpokoM pacmpocTpa-
HEHWH HOBBIX METOIOB XO3SIMICTBOBAHUS W YCHIJICHHS
MX BO3JIEHCTBHS HA yCKOPEHHE HAYYHO-TEXHHIECKOTO
nporpeccay ot 12 utons 1985 roxa. [8 C. 29] OnHako
STOT BaXKHBIH TOKyMEHT OCTaBUII B CTOPOHE ITPOOIEMBI
cOOCTBEHHO HayKHU. HUKaK¥X 3aJaHUI U IPEIIIOKESHUI
AH CCCP, MuHBY3y ¥ COOTBETCTBYIOILIUM PECIYOIIH-
KaHCKHMM opraHam jaaHo He Obuto. Jlaxe ['ockomurery
CCCP 110 Hayke ¥ TEXHUKE OBIJIO HOPYUYECHO JIUILB OJTHO

— NPUHATH MEPHI 110 YITyUIICHUIO pabOoTHI MO aTTeCTa-
iy mponyknuu. Ho, yduthiBas atmocdepy BceoO-
IIEr0 ONTUMH3MA 110 OBOIY IPALYIINX IIEPEMEH, CIIe-
JyeT OTMETUTh, YTO JaHHOe nocraHosieHue LK nap-
TUM ¥ TPaBUTENBCTBA SIBUJIOCH AT TOTO IEpHOna
JOCTaTOYHO PaJUKalIbHBIM, €TO PELICHHS BHICIHCH
CpPEJICTBOM cepbe3HOro mpopkiBa B oonactu HTII. Pac-
LIAPSSE CAMOCTOSITEIFHOCTD NPEANPHATHH, TOCTaHOB-
JICHHE Pa3pellwio UX PYKOBOJUTEISIM Iepepachpese-
JSTH cpeAcTBa (POHAA pa3BUTHUS NPOU3BOJICTBA U €H-
Horo (oH/a pa3BUTHS HAYKHU U TeXHUKH. 3a 1985-1986
IT. TOCYAapCTBEHHBIC PAcXo/bl Ha HayKy OBLIH Pe3Ko
cokpaieHsl — ¢ 28,6 no 21,2 mupa. py0., mpudeM Ha
TPaKAAHCKUHA CEKTOp HAyKH pacXoAbl COCTAaBHIIN
TOJBKO 6,8 Mipa. py6. [9 C.25]

K cepemune 80-x romoB craHoBHWICS Oolee ode-
BUIHBIM TOT (AKT, YTO PEUICHHE psiia NEPBOCTENEH-
HBIX 10 CBOEH NPHUHIMNHUAILHON Ba)KHOCTH HAYYHBIX
po0JIeM HEBO3MOXKHO TOJIBKO ITyTEM HAKOIUICHHS 3Ha-
YUTENIBHOTO 00beMa nH(popManuu U ee nepepaboTku
Ha OCHOBE HJIeil ¥ METOI0B JAHHOTO HAyYHOI'O HAIPaB-
nenusi. Hacrama HeoOXoaMMOCTh BHIpaOOTKH Kade-
CTBEHHO HOBBIX U/EH, OTIMYABILINXCS OT MIPUHSATHIX pa-
Hee HECpaBHEHHO OOJIbIIEH IIMPOTON M yHUBEPCAIb-
HOCTBIO.

B 1985-1987 rr. muaHel Hay4HbIX MHCTUTYTOB U
BY30B OBUIM TO-TIPEXXHEMY MeEpEerpyKeHbl HEJO0CTa-
TOYHO aKTyaJbHBIMH W MAaJOIEPCICKTHBHBIMH Te-
Mamu. Tematnka HUOKP 6pina cnabo yBs3aHa ¢ rura-
HaMH{ TPOW3BOJCTBA M KAITUTAILHOIO CTPOUTENILCTBA.
[Mopsinok mIaHupoBaHust ¥ GUHAHCHPOBAHMS HCCIIENO0-
BaHMH XapaKTePH30BAJICS LEHTPAIU3aLUeH PUHITHS
BCEX YNpPAaBJICHYECKUX PEIICHUH B 3TOH 00JIaCTH, YTO
HO-TIPEXHEMY TPUBOAMIO K 3HAUYUTEIBHBIM 3aTparam
TpyJa ¥ BpeMeHH Ha coriacoBanue miaHoB HUOKP,
OTBJIEKAs] HAYYHBIX PaOOTHHUKOB OT PEIICHHS IEePCIIeK-
THBHBIX BOIIPOCOB.

[lepectpoiika ynpaBiaeHHs 3KOHOMHUKOH, BbI3pe-
BaBIIAs B HEApax KPHU3WCA, TPaM.. MOSBHINCH IIPH-
3HAKU MO-||| , HeXeNn IBUKEHHE YKOHOMUKH CTpaebo-
BaJIa CEpHE3HOT0 OOHOBJICHUS MOJIMTHUECKIX HHCTHUTY-
TOB, CJOMa OIOPOKPATHYCCKUX HACTPOCHUH B
JEeSITeIbHOCTH TOCYIAapPCTBEHHOTO M XO3SIIICTBEHHOTO
anmaparta. OHa mpefnonaraiga MocieaoBaTeIbHOE 00-
Hosyienne KIICC, BeneHuwe aeMOKpaTH3alluu, IJac-
HOCTb, KOPEHHbIE M3MEHEHHS B COLIMAIBHBIX OTHOLIE-
HUSIX, BKJIIOYas HEYKIOHHOE COOJIIOJICHHE NPHHIMIIA
pacIipesienieHus 10 TpPYyIy, BO3BBIIICHHS aBTOPHUTETA
YECTHOT'O BBHICOKONPOMU3BOIUTENBHOTO Tpyaa. MeHHO
9TH BOIPOCH! M CTOSIIM B LICHTPE BHUMAHUSI yYaCTHHU-
koB XIX BceecorozHoit naprkoHpepeHuny (nronab 1988
r.) u XXVIII cve3na KIICC (uross 1990 1.), [Tnenymon
LK maptun, Cpe3noB Hapoausix nenyratoB CCCP u
PC®OCP 1989-1991 rr., o3HayaBIIMX Hayajao Kaye-
CTBEHHO HOBOTO 3Tara pa3BUTHs OOLIECTBA - MPAKTH-
YeCcKOW peanusalnuu ujaei nepectpoiiku. Peupb nuia ve
0 YaCTHYHBIX YCOBEPIICHCTBOBAHUSIX CUCTEMbI YIPaB-
JICHUSI, aIMUHICTPATUBHON PeOpraHu3aliiu, a 0 Kade-
CTBEHHBIX HM3MEHEHHUSX B COJEpKaHWH, (YHKIUSIX,
¢dopmax u Meronax padbotsl. B naeliHo-TeopeTnueckomM
IUIAHE - 9TO KOHKPETH3aIMsI KOHLEIIUH [IePECTPOMKH.
B npakTH4ecko-NoJIUTHYECKOM IUIaHe - 3TO pedopma
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CHCTEMBI yIIPaBIICHHS, KOTOpasi AUKTOBAJach MOTped-
HOCTSIMM CaMOH JKHU3HM, B TOM UHUCJIE U €€ Hay4HOH
cepsl.

Kakoii xapakrep mproOperana rocynapcTBeHHAS
nonuTrka B obnactu Hayku U HTII B mpomecce rene-
3mca nepectpoiikn? Bo rmaBy yrima ctaBmiach 3amada
obecrieueHnst pa3pabOTKHU U peann3alyy KOMIUIEKCHOM
IporpaMMbl Hay4HO-TEXHMUYECKOTrO Iporpecca, Lele-
BBIX NIPOrpaMM I10 PEUICHUIO BaKHEHIINX HAy4YHO-TEX-
HUYECKUX MpolieM. B kauecTBe OCHOBHBIX Hampasiie-
Huid HTII Belgensnmch: ycuieHue cBsI3U HayKu ¢ Mpo-
U3BOJCTBOM; pAacUIMpEHHE aBTOMATH3allUd CaMHX
HUP; ycunenue B3amMoOmeHCTBHA OOIIECTBEHHEBIX,
€CTECTBCHHBIX M TEXHHYECKHUX HAYK; ITOBBIIICHUE d(-
(heKTUBHOCTH HCIIOJB30BAHUS HAYYHOTO ITOTEHITHAJa
BY30B; COBEPLIEHCTBOBAHUE OPraHU3aLMOHHON CTPYK-
Typbl HAy4YHBIX YUYPEKICHHUH; YIy4LIEHHUE CUCTEMBI
HAYYHO-TEXHUYECKOH WHPOPMAINU W MATCHTHO-JIH-
LIEH3MOHHOM paboThI; pa3BUTHE MACCOBOTO TBOPYECTBA
n3o0peraTenell 1 paloHaIU3aTOPOB.

IIporHo3upoBaHue HayYHO-TEXHHYECKOTO MpO-
rpecca, Kak cmpaseauBo ormedaer .M. [loGpos, -
JIeNI0 CIIOKHOe M oTBeTcTBeHHOoe. OHO Tpedyer He
TOJBKO TITyOOKOTO MPOHUKHOBEHUS B CYITHOCTH U 3a-
KOHOMEPHOCTH Pa3BUTUSI HAYKU U TEXHHUKH, HO U 5iC-
HOTO TIPEICTABICHHUS O B3aMMOJACHCTBHM WX C OOIIe-
CTBEHHBIMH YCIJIOBUSIMU HCIOJb30BaHUS TOCTHKEHUS
HTIL. [ 6 C.10]

Jlns Hay4HOM PEBOJIIOLMU B HOBBIX YCJIOBHUSIX Ya-
CTO HCIIONIB3YIOT, MepepabarbiBast 10 KOHIIA, CTapoe.
Kak ykassiBaer B.W. BepHaackui, «...B CTapOM JIaBHO
y)K€ TaWINCh U TOJTOTaBIMBAIUCH 3JIEMEHTHI HOBOTO.
YacTo cpa3y ¥ BHE3AITHO 3TO CTapoe MOSABISETCSA B HO-
BOM O0JINKE, CTAPOE Cpa3y OCBEIIACTCs. DTO U eCTh 00-
pa3 co3umaHus, HO HE pa3pylleHus, 00pa3 HEBUIHOTO
HaM pEILEHUs, HO SIBHO 3aKOHOMEPHO LIEALIErO Mpo-
Hecca, 0)KMJaBLIEro JUIsl CBOETO BBISIBIIEHUS CBOETO 3a-
BepireHusi». [5 C .232 ]

TenaeHUMH OTOPBAHHOCTH OCHOBHBIX HAYyKOEM-
KX TIPOU3BOJICTB JIPYT OT JpyTa CTaidH Oojee YSI3BU-
MBIMH B pernoHaX. OCOOCHHOCTBIO HayJHOI'O ITOTEH-
1yana pecrnyONuK SIBISIETCS BBICOKUU YJENbHBINA BEC
HayYHBIX paOOTHHKOB, IMEIOITUX YYEHYIO CTETICHb.

HayuHblil noTeHuuan, NpU3BAHHBIN YAOBIETBO-
PATH NOTPEOHOCTH HAPOJHOTO XO35HCTBA peciyOInKU
HEOOXOMMBIMHU HCCIEIOBAaHMSIMH W pa3paboTKaMuy,
OBLT IOBOJILHO 3HAYNTEJICH.

Co3nianne HOBOTO 00JIMKa COBETCKON HAaYKH CBSI-
3BIBAJIOCH C TPEMs CTPATErHYECKHMH LEISIMH Focyaap-
CTBEHHO! IMOJIMTHUKH B HAy4YHOH M Hay4yHO-TE€XHUYE-
ckoii coepe. IlepBas - coBeplICHCTBOBAaHHE aTTECTa-
UM HAay4YHBIX KaapoB. Bropas - nemokpaTtu3anus Bcex
3BeHbeB Akagemun Hayk CCCP. Tpetss - mouck Ho-
BBIX ()OPM U MEXaHW3MOB OPTaHM3AINU HAyYHBIX HC-
CJIeI0OBaHUM.

[lepBas menpb 3aTparuBana JesITEIBHOCTD TUCCEP-
TAIlMOHHBIX COBETOB M BrIcIIeW aTTecTallMOHHOM KO-
muccuu npu Cosere MununctpoB CCCP. Ona npno06-
pena ere OOJBUIYIO aKTYaIbHOCTD B CBSI3H C TIPEIBSIB-
JISIEMBIMU B YCIIOBUAX "TIepeCTPONKHU" K HayKe HOBBIMU
TpeboBaHusiMA. OHM ObUTH 00YCIIOBIICHBI: BBEACHHEM
B Hay4YHBI 000POT OrPOMHOTO KOJIMYECTBA HOBBIX JI0-

KyMEHTOB, HOBOW MH(OpManny, pacIIMpeHneM Hayd-
HOTO KPYyro3opa, 4TO HacCTOSITEIbHO TpeOoBajo mepe-
CMOTpa MHOTHX CJIOKHBIINXCS MPEICTABICHHUH.

B noBOM "[lomosxennn...", yrBepxaeHaOoM CoBe-
toM MunnctpoB CCCP B mexabpe 1989 roma otme-
YEHO, YTO KPUTEPUEM HMPHUCYKICHUS yUCHOHW CTEIECHU
SIBJISIFOTCSI TOJIBKO NPO(eCCHOHATN3M, BEICOKAst KOMIIe-
TEHTHOCTb COWCKAaTess, COOJIIOACHHS MM 3aKOHOB
cTpaHbl. Taxke NMOJYEepKUBANOCH, YTO CHCTEMa aTTe-
CTalM{ JI0JDKHA HE MOJaBIIATh, 8 MOOUIPSTH CBOOOJHOE
Hay4YHOE TBOPUYECTBO B CAMOM BBICOKOM CMBICTIE 3TOTO
CJIOBa, JIOJDKHA CIIOCOOCTBOBAaTh (POPMHPOBAHMIO HE-
CTaHIApTHBIX, OPUTHHAIBHBIX WACH, CTUMYIHPOBATH
IUTIOPAIN3M MHEHHH, 3I0pOBOE COPEBHOBAHME Hayd-
HeIX mKOIL[ 4 C.2-3 ]

[punstie HOBOTO "IlOMNOXKEHUS..." BHECTIO HOBBIC
TpeOOBaHUs B MPOLEAYPY MPEICTABICHUSA, ITPUHATUSL
CIIEIICOBETaMH AMCCEPTALNH K 3amuTe. B npenasepun
MIPUHATHUS HOBBIX TpeboBaHui, B 1988 - 1989 rr., yncio
yTBep)kaeHHbIX BAK mokTopckux aumccepTanuii CHH-
3UJI0Ch 0 HcTopudeckuM (co 190 go 168), xumuue-
ckuM (c 228 no 212), ouonoruueckum (¢ 306 o 288),
reojioro-MuHepanorundeckum (¢ 126 mo 118), reorpa-
¢uaeckum (¢ 41 mo 27), ropunmaeckuM (¢ 67 mo 46),
MeauIuHCKUM (¢ 645 mo 628) dapmaneBTHUecKUM (C
24 no 18) Haykam. Ho B miemom 1o ctpane u o Poccwmii-
ckoit dexpepanyy YHUCIIO NI, MOJYYUBIIMX JIOKTOP-
CKHE CTENEHM, NOCTOSIHHO pocio: B 1987r. coorBer-
cTBeHHO - 3190 1 1952, 1988r. - 4149 1 2230, 1989r. -
4193 u 2314, 1990r. - 5067 u 3064, 1991r. - 6326 u
3086. ITo kanaunarckum nucceprauusm, kak no CCCP
(c 31860 mo 29541), tak u mo Poccum (¢ 28920 nmo
16518) 3amerHo B 1988 - 1989 rr. [3 C.16.]

Ocobyto 03aboueHHOCTs BAK BBI3BIBAJIO TOJIO-
JKEHHE JIeJT B OOIIECTBEHHBIX U TyMaHUTAPHbIX HayKaXx,
yemy OblT mocBsmieH mieHyM BAK CCCP 5 wrons
1991r. Peus nma He ipocTo 00 UCTIPABICHUN KOHKPET-
HBIX JeopMannii U UCKaKEHUA B 3TOW 00NacTH 3Ha-
HUH, BBI3BAHHBIX JIOTMaTH3MOM TEOPHH B BIOXY 3a-
CTOsI, a OBUIO HEOOXOAMMO MPUAATH €My CTaTyC CBO-
00IHOW HAYIHOH NEATETHHOCTH.

OOmast KapTHHA COCTOSIHMS NPaKTHKH aTTecTa-
I[UM HAYYHBIX U HAYYHO-TIEIarOTMYECKHUX KaJIpOB B 00-
JIaCTH OOIIECTBEHHBIX M T'yMaHHTAPHBIX HayK ObIa B
paccMaTrpuBaeMble TOJbl HEOAHO3HAUHOMW, Jaxke Ipo-
TUBOpeYnBON. Habmronaycs MOCTOSHHBIN, CTaOWIIb-
HBII POCT KOJIMYECTBA CNELUATU3UPOBAHHBIX COBETOB
o 3amure auccepranuid: B 1985 r. ux 6suto 750, B
1990 1. - 6onee 1100. B To xe Bpems, okoio 45% Bcex
criericoBeToB ObL10 B By3ax 1 HUM MockBsl, okouto 20-
25% - Jlennnrpana. Cabo B 3TOM CMBICIIE OBUTH TIpe/-
CTaBJICHBI TOPO/ia IIPOBUHIIUH.

Bce paccmatpuBaemble roapl Habmromaiack 00-
m1ast TeHISHINS K POCTY KOJIMYECTBA 3allUT KaHANIAT-
CKUX M TOKTOPCKHX JUCCEPTAIiA 110 OOIIECTBEHHBIM 1
TyMaHHUTapHBIM HaykaM. O0o00mmeHHbIe TU(PHI BBITIIS-
nemu crneayromuM oopazom: B 1988r. BAK CCCP cusin
C KOHTpoyis 7965 KaHAUIATCKUX JUCCEepTalui, B
1989r. - 7510, B 1990r. - 8164. B 1988r. mpe3uauym
BAK CCCP npucyauin yueHyro CTeNeHb JOKTOpa HayK
863 yuenbim, B 1989r. - 904, B 1990r. - 1214. Kak
BUJIHO, HAOJIIO/1AJICSI BEChbMa CYILECTBEHHBIN POCT JIOK-
TOpPCKHUX jauccepraunii. HambGonbmmii mpupoct B
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1990r. o cpaBHenwuro ¢ 1989r. namu skoHOMHCTHI: 380
JIOKTOPCKUX JIUCCepTanuid yrBepxaeHo B 1990r. (mo
cpaBHeHHIO ¢ 251 - B 1989r.) m McTOpUKH, COOTBET-
cTBeHHO 234 - B 1990r. 1 168 -B 1989r.[4 C.3 ]

B nemom, ecTb OCHOBaHHS YTBEP)KAATh, YTO pa-
60Ta 1Mo aTTeCcTAIK HayYHbIX KaJpOB B CTPaHE 3a pac-
cMaTpUBaeMble ToAabl ycuiauiaack. KOHBIOHKTYpe H
U/I€0JIOTUYECKOM 3aJaHHOCTH HayKH ObLIU IPOTHUBOIIO-
CTaBJIeHBI po(deccHoHaNN3M, KOMIIETEHTHOCTh, CKpPY-
MyJIe3HOE M3Yy4EHUE JAHHBIX OMNBITOB M 3KCIEPUMEH-
TOB, JIOKYMEHTAJbHBIX HCTOYHHKOB, W3BECTHasl OT-
CTPaHEHHOCTb OT CHUIOMHMHYTHBIX ITOJMTHYECKUX U
U/ICOJIOTUYECKUX TPeOOBaHMIA.

B nenom, paccMOTpeHHBIH B I1aBe NEPUOA UHTE-
pEceH He TOJIBKO TEM, YTO XPOHOJIOTUYECKH 3aBEpIIal
nenyro smoxy B ucropuun CCCP. Dto mepuon ray6o-
KOTO TIOMCKa, OTPOMHOTO TBOPUYECKOTO HAamNpsDKEHUS
YUYCHBIX II0 ONTHMH3AIMH OOLIECTBEHHBIX, INPEXKIE
BCEro, SKOHOMHUYECKUX OTHOIIEHHH, peanu3aluu 3a-
Jlad Hay4HO-TEeXHUUecKoro nporpecca. Hayunas chepa
COXpaHWJIa CBOIO CHUJIY M HCTOUYHUKU CaMOPa3BUTHS.
[Touck y4eHBIX BO MHOTOM CIIOCOOCTBOBAJI TOMY, 4TO B
HeJlpax TaK Ha3bIBAEMOT'O 3aCTOs BBI3PEBAIM POCTKH
HOBOTO IIOHUMAaHUSI CYIIIHOCTH 3KOHOMHYECKOTO CTPOSI
B CCCP m Heo0XOAMMOCTH NEpEeCTPOUKH BCei cH-
CTEeMBI 00IIECTBEHHOTO ycTpoiicTBa. Hayka MHOTO cre-
Jana B pa3pabOTKe KOHIEIIIMH HEPECTPOHKU U B IO-
TIBITKAX MPEOJIOTICHIUSI CTUXHHU B €€ Peall3aIiH.

Ho nepecrpoiika norepnena kpax. C HUM cTayiu
HEHY)KHBIMH BCE TMOWCKH HayKu. ['71aBHas mpuvuHa
3TOTO COCTOsIIa B TOM, YTO 60pb0a BOKPYT 3KOHOMHUYE-
CKOH peopMBI HMeIa TPOMKOE MOJTUTUIECKOE 3Byda-
HHE U CePbe3HbIC MOJIUTUYECKHE BBIBOJBI. CMBICI HX,
no ceuzaerensctBy [.IllaxHazapoBa, TouHO mnepenan
IIpencenarens CoBerckoro IlpaButensctBa H.M.Pook-
KOB: HHMKakKas pedopma He OyleT UMETh ycIexa, ecli
JI0 ee Hayajla He BEpHYTh IOCYJapCcTBY XOTsS Obl MUHH-
MyM aBTopHUTeTa M 3(Q(QEeKTHBHOCTH (YHKIIMOHUPOBA-
Hust.[12 C.18-19] Nuaue rosopsi, Baactsh ['opbaueBsiM
OBLITa TI0 CYIIECTBY MOTEPsIHA e1e oceHblo 1990r.

[onsitku nepsoro Ipesuaenra CCCP, onHoBpe-
menHo ['enceka KIICC, a Taxke mapTuei BIaCTH yCH-
JIUTH aIMUHUCTPATHBHOE JAaBJICHUE, IPUBEIIO K 00pat-
HOMY pe3ynpTary. HemoHnmMaHMe CBOMX TIPSAMBIX

(yHKIIUH, OMMUOKY B PEIICHUA MHOTHX TJIO0ATbHBIX U
4acTHBIX BorpocoB Hayku u HTTI, hopmanusms pyko-
Bozacte KIICC - Bce 3TO TUCKPETUTHPOBAIIO TOCyIap-
CTBCHHYIO TIOJIUTHKY B HAYYHOW W HAaydHO-TEXHUYE-
cKoif cepe. B rma3zax HayqHO! MHTEIUTUTSHIINA TaKas
MTOJIUTHKA TIPUBENIa K MOTepe IMOIUTHIECKOTO aBTOPH-
tera KIICC kak nuaepa obmiecTsa.
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TEXHUMECKUE HAYKH

Bnaoucoas FOpuunvcku

kand. mexn. nayk, Stwykl.PWSZ w Kaliszu xkano.
MeXH. HayK

Copoxun C. B.

stwyki. PTAY-MCXA um. K. A. Tumupszesa)

YCTPOMCTBO JJISI HOCJOMHOM YKJAJIKA ITPOJYKTOB B TAPY

W3o0peTeHne OTHOCHTCS K arporpoMBIIUICH-
HOMY OOOpYIOBaHHWIO, B YacCTHOCTH, K YKJaJ4hKaM
HITYYHBIX TIPOJYKTOB B Tapy, YCTAHABIMBAEMBIX B PO-
0OTH3MPOBAHHBIX JIMHUAX (HACOBAHMS, YKJIAAKU U yIIa-
KOBKH Pa3NIMYHBIX MPOIYKTOB B Tapy (KOPOOKH, KOH-
TeitHepsl). B mocnenaue roap! HabMrOmaeTCA OIMpPOKOe
BHEJIPCHHE ABTOMATH3UPOBAHHOW YKIaJOYHOM TeX-
HUKH, MO3BOJSIIONIEH HMCKIIOYUTH MOHOTOHHBIN pyd-
HOH Tpya. M300pereHne mo3BOISIET MOBBICUTH IIPOU3-
BOJUTEIFHOCTh M HAJEKHOCTh pabOTHl YCTPOMCTBa.
[Ipennaraemoe ycTpoHCTBO ISl MOCIOMHOM YKJIaJIKU
MPOAYKTOB B Tapy COAEPXKUT TPAHCHOPTEPH! MOAAUH
MPOAYKTa, €ro OTBOJA B YIIAKOBOYHYIO MAIIIMHY, MeXa-
HHU3M YKJIAJKH IPOTYKTOB B Tapy, CHAOXEHHBIH BaKy-
YMHBIM CXBAaTOM C IPUCOCKAMH U CUCTEMY aBTOMAaTH-
YEeCKOTo ympaBiieHHs. [ HOoCTHXKEeHUs 3asBICHHOTO
TEXHUYECKOT0 pe3ynbTaTa MEXaHHU3M YKIIAQAKH COIEp-
JKUT ABAa CEPBOJABUIATENs, MPUBOIAIIMX MOCIEN0BA-
TENBHO COEAWHEHHBIE CHHYCHBIE MEXAHU3MBI, K BBI-
XOJHBIM 3BEHBSIM KOTOPBIX CMOHTHPOBAH YETHIPEX-
3BEHHBIH IIAPHUPHBIA MEXaHU3M, OCHAILEHHBIN
BaKyyMHBIM CXBAaTOM, I€peMeInaronmMcs 6e3 auHa-
Mu4eckux yaapos. IIpu 3Tom BTOpo#l cepBOgBUTATEIL
YCTaHOBJICH Ha BBIXOJIHOM 3BEHE NIEPBOT0 CEPBOJIBUTA-
TN U YeTHIPEX3BEHHBIH MIAPHUPHBIA MEXaHU3M BBI-
MOJIHEH B BHJE MapajiesiorpaMmma co CTaOMIBHBIM TO-
PHU30OHTAIBHBIM TIOJIOKEHHEM IUTOCKOCTH yJIep KaHUS
IpOAYKTa HaJ MOAAOIUM U OTBOJSIINUM TPaHCIIOpPTeE-
pamu. CTpyKTypa U KHHEMAaTHKa MEXaHU3Ma YKIIaJKH
MO3BOJISIFOT MOBBICUTH MPOU3BOAUTEIBHOCTD, HCKIIO-
YUTH MTOJABEMHHK Tapbl U BOCIPOU3BOJUTE TPAEKTOPHIO
CXBaTa IIPY MHOTOCIIOMHON yKIIaJKe MPOAyKTa B Tapy
ONMM3KYI0 K BEpTHKAJe, YTO 3HAYUTEIHHO MOBBIIIAET
HaJIe’KHOCTb €ro padoThI.

YCTPOMCTBO JJISI MOCJOMHOMN
YKIAAKHU ITPOAYKTOB B TAPY

W3006peTeHne OTHOCHUTCS K YKIaJOYHOH TEXHHKE
M MOXXET OBITh HCIOJIB30BAHO B YITAKOBOYHBIX JINHISIX,
HanpuMep, UIsl MOCJIO0MHON YKIIAJKU MYYHUCTO —KOH-
JUTEPCKUX, MOJIOYHBIX, MACHBIX U JPYTUX MPOTYKTOB
B TOProBYyIO Tapy. M3BecTHO yCTpONCTBO AMsl yKIAAKU
IITYYHBIX NpoaykToB [1,2] ( mpoToTHI), MEXaHU3M
YKJIaJKU KOTOPOrO COAEPXKUT JBa MOJ3yHa, COBEpIIa-
IONIMX BO3BPAaTHO — MOCTYNAaTENIbHOE LUKINYECKOE
JIBUYKEHHE 10 HENOJIBUIKHOM rOPU30HTAIILHOM HaIpaB-
JSIOINEH, a TakKe JBa MIaTyHa, KaKIBI M3 KOTOPBIX
IIAPHUPHO CBS3aH C COOTBETCTBYIOIIMM ITOJI3YHOM.
IIpx >TOM mmAaTyHBI TaKKe MIAPHUPHO COETMHEHBI
Mexay co0oil. BBIXOMHBIM 3BEHOM B JIaHHOM MeXa-
HHU3ME CITy’KUT IIaTyH, Ha KOHIIE KOTOPOTO YCTaHOBIIEH
BaKyyMHBIH CXBaT ¢ Iprcockamu. PaboTa ycrpoiictBa
OCYLIECTBIISIETCS clieytomuM oopazom. [TonsyHsl, sB-
JSSICh BEAYILUMU 3BEHBSMU, IPUBOJSATCS B JIBUKECHUE

OT JIByX CE€pBOJABUraTeseH, ynpaBieHUue KOTOPbIMHU BbI-
MOJIHSET NMpOorpaMMHPYyeMBblii KOHTpoJuiep. B Hauans-
HOM IIOJIO’KEHHH CXBaT HAXOJUTCA HaJ MPOLYKTOM Ha
nojaromeM TpaHcnoprepe. Ilox nelicTBueM co3naH-
HOTO BaKyyMa CXBaT 3aXBaTbIBa€T HPOAYKT M OCY-
IIECTBISIET PaOOYHid X0 M0 KPUBOJIMHEHHON TPASKTO-
pUM 10 OCTAaHOBKHM HAJ TapoH, pacloJIOKEHHOH Ha
TpPaHCHOPTEpE YMaKOBOYHON MamuHbl. [locne cHATHA
BaKyyMa IPOAYKT OCBOOOXKIAETCS OT MPUCOCOK U MO-
MeIIaeTcs B Tapy. X0JI0CTON X0 K Ha4alIbHOMY MOJIO-
JKEHHMIO CXBaTa OCYIIECTBIAETCS INPH PEBEPCHBHOM
JBIDKEHUH MON3yHOB. HemocTaTtkamu 3TOrO YCTpOii-
CTBAa SABJIOTCS HEBO3MOXHOCTb  MHOTI'OCIOMHOM
YKIAIK{ TPOIyKTa U, CIel0BaTelIbHO, HE3HAUUTEINb-
Hagd MNOPOU3BOAUTCIBHOCTb, KECTKHC AWHAMHUYCCKHUEC
yAapel B MOMEHTBl PEBEPCHUPOBAHMs JBUraTeled, a
TaKXe OTJIMYHBIA OT BEPTUKAIN yroJl OIyCKaHHs MPO-
IOyKTa B Tapy, 4TO CHIDKAeT Ha/JeKHOCTh pabOTHI aH-
HOTO YCTpoMcTBa. [ns peanusanuv MHOTOCIOHHON
YKIaIKN psifi YCTPOMCTB COAEPIKUT MOJBEMHHK Taphbl
[3,4], mepuoguyecku omyckaromuii Tapy Ha BBICOTY
npoaykTa. Ero Hammume ycioxXHSET KOHCTPYKIHIO, a
TaKKe CHUXKAET HaZEKHOCTh ee paboTel.  CylIHOCTB
U300peTeHNs 3aKJII0YaeTCs B TOM, 4TO IpejiaraeMoe
YCTPOMCTBO [UIsl IOCIOWHOM YKJIAOKU IMPOLYKTOB B
Tapy COJAEPKUT TPAHCIOPTEPHI MOAYH MPOIYKTA, €ro
OTBO/JIa B YIIAaKOBOYHYIO MalllMHYy, MEXaHU3M YKIaJIKHU
MIPOJIYKTOB B Tapy, CHAO>)KEHHBII BAKYYMHBIM CXBAaTOM
C IPHUCOCKAMHU M CHCTEMY aBTOMATHYECKOTO yIIpaBlie-
HUs. MeXaHu3M yKIAJKU COCTOMT U3 JBYX CEPBOJBH-
ratenel, NPUBOIAIIMX IMOCIENOBATENBHO COCIUHEH-
HBIE€ CUHYCHBIE MEXaHU3MBI, K BBIXOJHBIM 3BEHBSM KO-
TOPBIX CMOHTHPOBAaH YETBIPEX3BEHHBIH INApHUPHBIN
MCXaHHU3M, OCHaH.[eHHLIﬁ BaKyYYMHBIM CXBaToM, I€pe-
Meniaummces 6e3 AMHaMu4ecKux yaapos. [Ipu sTom
BTOpOI\/’I CCPBOABUTATE/Ib YCTAHOBJICH Ha BBIXOJHOM
3BEHE MEPBOT0 CHHYCHOTO MEXaHW3Ma M YeThIPEX3BECH-
HBIN IIapHUPHBII MEXAHU3M BBIIIOJIHEH B BUJIE Napall-
JIeIorpaMMa CO CTaOMIIBHBIM TOPH30HTAIBHBIM IT0JIO-
YKEHHEM IJIOCKOCTHU YJep KaHUs MPOIYKTa HaJ| MOJAk0-
oMM U OTBOJSIIMM TpaHcmoprepamu. Kpome toro,
CTPpYKTypa M KHMHEMaTHKa MEXaHHM3Ma YKIAJAKH BOC-
MIPOU3BOJAT TPAEKTOPUIO CXBAaTa MPU MHOTOCIONHOMN
YKJIaJIKe IIPOyKTa OJM3KYIO K BEpTHKaJe, YTO 3HAYH-
TCJIIBHO MOBLIIIACT HAACKHOCTH €TO pa6OTBI.

3asBisieMoe M300pETeHNE MO3BONSIET MOBBICUTH
MIPOU3BOIUTEIHHOCTh M HAJAEKHOCTh PabOTHI yCTpPOii-
CTBA.

YeTpolcTBO 1S HOCIOMHOM YKIIaAKU IPOAYKTOB
B Tapy conepxut (¢ur. 1) cranuny 0, nepruoaMIECKA
JBIDKYIUiica TpaHcnopTep 1 mogauu NpoayKTa, TaKkxKe
LIaroBbIf, CHHXPOHHO JBUXKYIIUICS C NEPBBIM TpaHC-
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mopTep 2 MoJa4yy Taphl 3, CEPBOABUTATEIH C PEIYKTO-
pamu 4,5 , KpUBOMMIEI 6, 7 W TON3YHBI (BBIXOTHBIC
3BeHbA) 8,9 IBYX CHHYCHBIX MEXaHW3MOB, martyH 10,
matyssl 11, 12, 13, oOpasyromue mapamienorpamm, 1
BakyyMHBIIH cxBaT 14. CucremMa aBTOMAaTHYECKOTO
YIIPaBIIEHUS] COCTOUT M3 JATYNKOB HATWYHS MPOLYKTa
Ha MOJAIONIEM TpaHcropTepe | M Tapbl Ha TpaHCHOP-
Tepe 2 yHakOBOYHOW MalIWHBI, BEIMYHHBI BaKyyMa B
MPUCOCKAaX M MPOrpaMMUPYEMOI0 ABYXOCHOTO KOH-
TpoJiepa, 3aal0IIero MepeMeIleHs] BBIXOIHbBIX 3Be-
HbeB 8, 9 cuUHYCHBIX MexaHU3MOB. B cimydae orcyt-
CTBHS IPOJYKTa WM Tapbl paboTa ycTpOWCTBa OJIOKHU-
pyeTcs. DTa cucTeMa TaKKe 00eCIeuMBaeT CO3IaHHe
BaKyyMa B IIPHCOCKaxX IIPU 3aXBaTe MPOAYKTa U cOpoc
BaKyyMa NpHU €ro INOMELIEHUM B Tapy. BakyymHbIi
CXBaT, FAPAHTHPYIOIINI coOXpaHeHUE (POPMBI U CTPYK-
Typbl HU3KOIIPOYHBIX NMPOAYKTOB (IICUCHbE, KEKC, Ma-
CTWIA W Jp.), NPEACTAaBISIET COOO TOHKYIO IIPAMO-
YroJbHYI0 KOpOoOKY, CHaOKEHHYIO JierkoaedopMupye-
MBIMH  CHJIIMKOHOBBIMM  Tpucockamu. KopoOka
IIPUCOEAVHEHAa K BaKyyMHOH CHUCTEME, COAEp Kallei
rHOKUH IIJIAHT ¥ BAKYYMHBIH Hacoc. [ yOuHa Bakyyma
B KOpOOKE Ha3Ha4YaeTcs C Y4EeTOM MAacChl MPOJAYKTa,
YHciIa MPUCOCOK, AWAMETPa OTACIbHOM NPHCOCKH U
YCKOpeHHsT KOpoOku mpu paboueMm xone. Bwicokas
HaJIe)KHOCTh M KAa4eCTBO YKJIAIKH TaKoOH NMPOIyKINH
MOTYT OBITH OOecmeueHBl TOJNBKO TpH Oe3ymapHOM
JBIDKCHUH CXBaTa C COXPAHCHHWEM €r0 TOPH30HTANb-
HOM opueHTanuu. Hamuume CHHYCHBIX MEXaHM3MOB
MO3BOJISIET BOCIIPOM3BECTU O€3yAapHbIE 3aKOHbBI JBH-
JKCHUsI 3BeHbEB U cxBaTa. Tpedyemast cTabuibHas OpH-
EHTallMsl CXBaTa JOCTUTAeTCs TeM, YTO B MEXaHH3M
YKJIQJIKA BBOJIUTCS YETHIPEX3BEHHBIH IAPHUPHBINA Me-
XaHU3M B BHJE NapaijerorpaMmma. MexaHu3m
YKIIaJKH paboTaeT cneayomum oopazoM. Kpusormmmn
6 moydJaeT BpamaTeabHOE JIBIKEHUE Yepe3 PeyKTOp
OT cepBoJBHrarTesns 4, a KpUBOIINI 7 COOTBETCTBEHHO
OT aHaJIOTMYHOTO ABurarens 5. Jiurarens 4, ero pe-
JIYKTOP M KPHUBOLIMII 6, yCTaHOBJIEHHBIE HAa cTaHUHE 0,
MPUBOASAT B BO3BPAaTHO — MOCTYNATEIbHOE JIBIKCHHE
noJi3yH 8. JIBurateins 5, ero peaykrop U KpuBOLIMI 7,
CMOHTHPOBAHHBIE Ha BBIXOJHOM 3BEHE § MEPBOTO CH-
HYCHOTO MEXaHHM3Ma, TaKke COOOIIaloT BO3BPATHO —
MOCTyNaTeNIbHOe ABMXKEHHE NomsyHy 9. Kunemaruue-
CKasl CBSI3b KPHBOILMIIOB 6,7 C BBIXOJHBIMH 3BEHBSIMHU
8, 9 ocymecTBIseTCs MOCPEACTBOM POJIUKOB. Takum
00pa3oM, BBIXOJJHOE 3BEHO 9 BTOPOro CHHYCHOTO Me-
XaHU3Ma COBEpIIAECT COCTaBHOE JBI)KCHHE, KOTOPOE
MOXHO IIPEJICTABUTh B BUJIE CyMMBI IIEPEHOCHOTO C K-
HEMaTHYECKUMH ITapaMeTpaMH 3BeHa 8 U OTHOCHTEIIb-
HOTO (TIpY MBICJICHHO HETOJIBM)KHOM TOJI3YHE §8) ¢ ma-
pameTpaMu 3BeHa 9. 3aaBaeMble CUCTEMOM yrpaBJie-
HUS TIepeMelIeHHs] TOJ3yHOB 8§, 9 OmpememnsiorT
nmoJio’keHre mapasutenorpamma 11, 12, 13 u ogHOBpe-
MEeHHO Tpaektopuio (¢ur.2) menrtpa M cxBata. YTIbI
MOBOPOTA KPUBOIIMIIOB 6 M 7 COTIIAaCOBAHBI M OHU Bpa-

marotes 1o 3akonam: (D, (t) = ot ; P,(t) =20t,
3necs (1) — yrioBas CKOpoCTh kpuomumna 6. Kune-

matnuecknit wuxn — T = { px +1 Xxx COCTOMT U3 Bpe-

MeHM paboyero xoja (pX) B Ipejenax () Stpx < Tu

XOJIOCTOTO X012 (XX) T <t <T ITpu rpynmoBoit ox-
2

HOCJIOWHOHN yKJaake B KOpOOKy, Hampumep, 4 MTyK H

npomnsBozHTeNbHOCTH Q) = 120 47

MUH

PaBHOAEIEHHBIN

KUHEMATUYECKUNU ITUKJ COCTaBHUT T - 2C B wmo-

MCHT Hayalia pa6oqero Xo4a mnpu tpx = 0 , YI'JIbI 110~

o (t)=0 ;

¢2(t) :O, TO eCTh 00a BexymIux 3BeHa 6 W 7 HaXo-

BOpOTa KPHUBOLIUIIOB COCTABJIAIOT:

JSTCS B JIEBOM T'OPU30HTAJIBHOM ITOJIOKECHUH. B teue-

HHUe pabodero xona ( t px = 1 ¢) cxsar 14 ocymects-

JseT 3aXBaT NPOAYKTOB HA TpaHcmopTepe 1, Ux mepe-
MellleHHe ¥ YKIAAKy B Tapy 3, PacloliOKEHHYI Ha
TpaHcHopTepe 2. 3a 3T0 BpeMs YIIbl IOBOPOTA KPUBO-
mmnos cocrasat: (0 (t) =7, 10 ecth kpuBomHMN 6

3aiiMeT KpaiiHee NPaBOe MOJIOKEHHE; (D, t)=2r,

YTO 03HAYACT BO3BpPAT KPHUBOIIMIIA 7 B HAYaJIbHOE I10-
noxeHue. Ilocne CHSTUS pa3psHKCHUsl B MPUCOCKAX
MPOYKThI OKa3bIBAIOTCS B Tape 3. 3a BpeMs X0JIOCTOr0
xoma ( t XX =1¢) npu OJHOCTOPOHHEM BpAILECHUH

KPHBOLIMIIOB 6,7 TpPOWCXOIUT BO3BPAaT CXBAaTa B
HAaYaJbHOE MOJIOKCHHE, HPH KOTOPOM @1(t):0,

¥, (t) =0 u 06a KpUBOIIHNIIA PACTIONArAIOTCS B IEBOM

MIPEJENbHOM IOJIOKEHUH. B TedeHue 3Toro BpeMeHU
TpaHCHopTep 1 mogaeT ouepeHyIO rpymIly IpOIyKTOB,
a TpaHcnopTep 2 HOBYIO Tapy. B cinyuae ogHocnoiiHOR
YKJIAIKH 1Mo cxeme 4x1 monHbsIA pabodunii UK, COOT-
BETCTBYIOIIIMH  YKa3aHHON IPOU3BOJUTEIILHOCTH, C
y4eTOM BPEMEHH MOCIEe0BATENbHON M0OJauH ABYX Tap
coctaBuT 8c. C IeNbI0 MOBBIMIEHUS TPOU3BOIUTEINb-
HOCTH TIpeJjlaraéMoe yCTpOHCTBO 00ecreunBaeT MHO-
TOCJIOMHYIO YKNAAKy NPOIYKTOB 0€3 JOMOJIHHUTEINb-
HOT'O TIOZIb€MHUKA Taphl.

3asBisieMblid TEXHUUECKUI pe3ysbTaT OCTHUra-
ercst caenayromuM oopaszoM. [IporpaMmupyeMslii KOH-
TpOJIIEp MOJAET Ha CEPBOABUraTeny 4 U 5 ymnpaBisiio-
1€ CUTHAJIBI, KOTOPBIE ONPEAENSIOT IPEACTABICHHbBIE
(yHKIHU TIepeMelIeHni MoByHoB 8 1 9:

Xg= fl{Plsinz(%ﬂ ;

.2t . 227t ].
ngf2 P, sin (TJ+P3S"1 [TJ

3nech P1,P ,P3— napaMeTphbl, 3aBUCSIINE OT

ylcla CIOEB B Tape U BBICOTHI IPOAYKTA h . Ecnu pa-
60unii UKII (BpeMsi 3ariOJHEHHUs! OJTHOM Taphl) BKIIO-
4yaeT TPEXCIONHYIO YKIaAKy, TO Ul NEPBOr0 KHHEMa-
THYECKOTO LMKJIa (TPOAYKTHI MOMEIIAIOTCS Ha [THO
Tapbl) B KOHTPOJUIEP BBOJSATCS YKa3aHHBIE IapaMeTPhl
upu h =0, ans BTOpOro MMKIA APYTHE TIAPAMETPEI,
Hanpumep, npu N = 0,1 ru nnst Tpethero muKa co-
orBercTBenHo N = 0,2 M . Pabouwnii Mk mpezara-

€MOTr0 YCTPOMCTBA MPH TOU e MPOU3BOIUTEILHOCTH U
OIMHAKOBOM KHHEMAaTHYECKOM IIUKJIE JJISI CXEMBI
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yKkinagku 4x3 Oynet paser 6¢. Takum obpa3om, mpons-
BOJHUTEJILHOCTD 3asIBIISIEMOT0 YCTpOicTBa OOJbIE Ha
25%.

CTpyKTypa W KHMHEMAaTHKa MEXaHU3Ma YKIAIKH
MO3BOJIIIOT BOCIPOU3BOAMTH CEMENCTBO TPacKTOpUM
neHTpa M cxBaTa mpu MHOTOCIOMHOM yKIalIKe IMpo-
JyKTa B Tapy OJIM3KYIO K BEpTHKaje, YTO 3HAYUTEILHO
TOBBIIIAET HAJIS)KHOCTD €ro PaboTHIL.

Takum 00pazom, npeziaraeMoe H300peTeHue co-
JIEP)KUT CYLIECTBEHHBIE OTIMYMS, OOECHEeYHBAIOIINE
MOBBIIIEHHE MPOU3BOIUTEIBHOCTH U HAJISKHOCTHU pa-
0OTHI yCTpOIiCTBA.

OOPMYJIA N30BPETEHHUSA

1.YeTpolcTBO A1 MOCIOMHON YKIaaAKH IPOAYK-
TOB B Tapy, BKIOYAIOIIEE TPAHCIOPTEPHI OAAYHN TIPO-
IyKTa, €ro 0TBOAA B yIAKOBOYHYIO MAIIHY, MEXaHNU3M

s P s

0/

| =

-
-

YKJIQAKH IPOSYKTOB B Tapy, CHa0OXEHHBIH BaKyyMHBIM
CXBaTOM C MPHUCOCKAMHU M CHCTEMY aBTOMATHUYECKOTO
YIpaBiCHUS,, OTIMYAIOIIEecs TEM, YTO MEXaHH3M
YKJIQAKH COIEPKUT ABA CEPBOABUTATENSL, TPUBOISIINX
MIOCJIEIOBATENIFHO COCOUHEHHBIE CHHYCHBIE MEXa-
HU3MBI, K BBIXOJHBIM 3BEHBSIM KOTOPBIX CMOHTHPOBaH
YEeTHIPEX3BEHHBIH IIAPHUPHBIA MEXaHU3M, OCHAIIEH-
HBII BaKyyMHBIM CXBaTOM, IEpeMEIIAIOIIIMCs Oe3 an-
HaMHUECKHUX yJIapoB. 2.YcTpoHcTBO o I.1, oTin4ato-
mieecss TeM, YTO BTOPOH CEpBOJABUIATENb YCTAHOBIICH
Ha BBIXOJHOM 3BEHE NEPBOI0 CHHYCHOIO MEXaHU3Ma.
3.Yerpo#icTBo no mm.l u 2, oTiuyaronieecst TeM, 4To
YETBIPEX3BEHHBII ITAPHUPHBIA MEXaHU3M BBITTOJIHEH B
BHUJIE TApAJIJIETIOrpaMMa O CTaOMIIBHBIM TOPHU30HTAIIb-
HBIM TIOJIOKEHHEM IUIOCKOCTH yIEp>KaHHSA HPOIYKTa
HaJl TTOJAIOIIUM U OTBOJSIINM TPAHCIIOPTEPAMH.

| \©

N /

®ur.1

o RN A
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Hepeuens puryp Our.1.Ilpeanaraemoe yctpoii-
CTBO I TOCIONHON YKIaAKM HPOAYKTOB B Tapy
@ur.2. TpaexkTopun ILieHTpa CXBaTa Hpu ykmagke: 1—
HEePBBIH CII0ii; 2—BTOPOH; 3—TpeTuii.
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MANOEUVRE OF SUCCESSIVE DIVERGENCE WITH TWO TARGETS BY CHANGE OF
COURSE AND PASSIVE BRAKING

MAHEBP INIOCJIEJOBATEJIBHOI'O PACXOXJIEHUA C ABYMSA HEJIAMA N3MEHEHUEM
KYPCA U TACCUBHBIM TOPMOXKEHUEM

Summary: The combined maneuver of divergence of ship with two dangerous targets is considered by the
successive change of course, and then decline of speed by the passive braking. Analytical expressions and algo-
rithm of calculation of parameters of safe maneuver of divergence are got. For the situations of divergence of ship
with two targets the combined maneuver of successive change of course and speed offers procedure of forming of
region of dangerous values of parameters of strategy of divergence.

Expressions for formalization of scopes of region of impermissible values of courses and speeds of ship of
the combined maneuver at the decline of speed by the passive braking are got. The numeral example of forming
of region of impermissible parameters of the combined maneuver of divergence of ship by the decline of speed by

the passive braking is resulted.

Keywords: safety of navigation, divergence of vessels at dangerous rapprochement, combined maneuver of
divergence, region of dangerous parameters of motion of ship.
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AHHoTanusi: PaccMoTpeH KOMOMHHPOBAaHHBIH MaHEBP PACXOKACHUS Cy/IHA C IBYMSI OTTACHBIMH LIEISIMH T10-
CJIEI0BATENILHBIM H3MEHEHNEM KYpPCa, a 3aTEM CHIDKCHHEM CKOPOCTH MTACCUBHBIM TOpMOXkeHHeM. [lorydeHs! aHa-
JUTHYECKHUE BBIPAKEHUS M allTOPUTM pacdeTa mapaMeTpoB O€30MacHOro MaHeBpa pacxXoxieHus. s cutyannit
PacxoXKAEHHUS CyIHA C ABYMsI LENIMH KOMOMHHPOBAaHHBIM MAaHEBPOM IOCIEIOBATEIHLHOTO N3MEHEHHS Kypca H
CKOPOCTH TIPEUIOKEHA MPOIIeypa (OPMUPOBAHHS 00JACTH OMACHBIX 3HAYEHUH apaMeTPOB CTPATETHH PACXOXK-

JIEHUA.

HOHy‘IeHBI BBIpAXKCHUA 1A (bOpMaJ'II/I?,aHI/II/I T'paHuIl obnactu HCAOMMYCTUMBIX 3Ha4YCHUH KypCOB " CKOpOCTeﬁ
CyaHa KOM6I/IHI/IpOBaHHOFO MaHEBpa NpU CHUKECHUU CKOPOCTU MACCUBHBIM TOPMOKCHHUCM. HpI/IBeHeH YHCJICHHBIN
pumep (bOpMI/IpOBaHI/IH obactu HEAOMYCTUMBIX IMapaMETPOB KOM6I/IHHpOBaHHOFO MaHEBpa PaCX0XKJACHUA CyaHa

CHUIKCHHUEM CKOPOCTHU IMaCCUBHBIM TOPMOKCHUEM.

Krouesvie cnosa.: bezonacnocms cy0o80i#cOeHUsl, PACXOHCOeHUE CYO08 NPU ONACHOM CONUINCCHUU, KOMOUHU-
POBAHHDBIL MAHEBD PACXONHCOCHUSL, OOACIU ONACHBIX NAPAMEMPOE OBUICEHUSL CYOHA.

IHocranoBka npodaemMbl.

Baxxueiiniei mpo0ieMoii TOBEIIIEHHS Oe30MacHO-
CTH CyJIOBOKICHHS SIBISICTCSI CHU)KEHHE aBapUITHOCTH
CYZIOB IIpH TJIABAHUH B CTECHEHHBIX BOJIAX.

BricTpoTekyliee n3MeHEHHE HaBUTAIIMOHHON 00-
CTaHOBKHU IPU IUIABAaHHM CyJHA B CTECHEHHBIX BOJAAX
TpeOyeT pa3pabOTKH ONEPATHBHBIX METOIOB OLICHKH
OMAacHOCTH COJMKEHUs] W pacyera HapaMmeTpoB Oe3-
OMAaCHOTO MaHEBPa PACXOXKACHHS B CUTyalUsIx cOu-
JKEHUSI KaKk C OJHOW, TaK W C HECKOJBbKHMH IESIMH.
CrenoBarensHO, pa3paboTka croco0OB YIpaBICHUS
CyAaMH, KOTOpPBIE OMAcHO COJMKAIOTCS, YEMY ITOCBS-
IIEHHAS JaHHAsl CTaThs, SIBISETCS aKTYaJbHBIM H IIep-
CIEKTUBHBIM HAYYHBIM HallPaBJICHUEM.

AHaJIM3 MOCJeJHUX JOCTH:KeHUH U myO/mKa-
UM,

BonpocaM mpenynpexaeHusl CTONKHOBEHHH Cy-
JIOB TIOCBAIICHBI MHOTHE Pa0OTHI OT€YECTBEHHBIX H 3a-
PYOCIKHBIX YUCHBIX.

[TpuHIUIBI TOKaIHHO-HE3aBUCUMOTO M BHEIITHETO
YIOpaBIEHUS MPOIECCOM PACXOXKIEHHUs OMacHO cOH-
JKAFOIIUXCS CYJOB PAaCCMOTpPEHBI B padote [1], a Taxoke
NPUBEJICH aHAJIN3 METO/IOB MX pean3aluy, IprHIeM B
pabote [2] mpuBeneHO MOAPOOHOE HCCIEOBaHUE Me-
TOJIOB JIOKAJIbHO-HE3aBUCHMOT'O YIIPABJICHUS W TIPEa-
J0XeH MeToJl (popMHUpOBaHMS THOKUX CTpaTEerHid pac-
xoxnaeHus. B pabote [3] paccMOTpeHBI B3aUMOJICH-
CTBHE CYJOB B CHTyallUd OIIACHOTO COJIMKEHUS H
BBIOOD CTPATEruy PACXOXKISHHUS IS IPEYPEXICHUS
UX CTOJIKHOBEHHMS, a SKCTPEHHAst CTPATETHsI PaCXOXK/e-
HHS B CUTYallMU YpEe3MEPHOT0 CONMKEHUHN CYJIOB NIpeJi-
noxeHa B pabote [4]. B MorOrpaduu [5] ocemnieH psia
0CcOOCHHOCTE! 33/1a4M PAcXO’KAEHHS CYJOB B MOpE U
MPUBEIEH METOJ MPEAYNPEXKACHUS CTOJIKHOBEHHUS CY-
JIOB ITyTEM CMEIIEHUs Ha MapauIeIbHYI0 IUHUIO TyTH.

VYnpaBneHusi TpeMs cyaamu Uil 0e30IacHOTo
pacxoKaeHus pacCMOTPEHO B pabore [6], a B myOimKa-
uuu [7] yxaseiBaetcs, uro CYJC, kak mnpaBujo, He
MMeeT TeXHWYECKHX BO3MOXKHOCTEH KOHTPOIHPOBATH
JIBIDKEHHE CY/NOB HAa yYacTKaxX MX CKOIUICHHMSA W IS
YKJIIOHEHHUS OT CTOJIKHOBEHHS B CTaThe TPEAJIOKEH HO-
BBl (hy33u-meron. Mcmosp3ys aHAaIUTHYECKYI0 MO-
Jielib MOpCKo#t cucteMbl GIS MoXkeT OBbITh MOJTyYEHO
TOYHOE TPOTHO3MPOBAHHE BPEMEHU CTOJIIKHOBEHHS U
no3unuu. IIpemnokeHHBII METON MdaeT OmIepaTopy
CYJIC BO3MOXHOCTb MPUHSTHUS PELICHUN MO Mpeny-
MPEXKIEHUIO CTOJKHOBEHUS CYIO0B.

B pabote [8] u3naraercs TeopeTuueckoe 000CHO-
BaHUE aBTOHOMHOH CyIOBOH CHCTEMBl YKIOHEHHS OT

cronkHoBenuss CA. OTMedaeTcs, 9TO UCCIENOBAHMS 10
ABTOMATH3allM{ YIIPABIECHUS CYZHOM MOTYT OBITH
MIPECTAaBICHBl KIACCHYECKUM TIOAXOIOM, OCHOBAH-
HBIM Ha MaTeMaTHYSCKUX MOJIEISIX U alrOpUTMaX, WIH
KOMIIBIOTEPHOM TEXHOJIOTHEH, HCIOIB3YIONIYI0 HCKYC-
CTBEHHBI MHTEIJIEKT. MeTo/| OLIEHKH pUCKa CTOJIKHO-
BCHUA C UCIIOJIB30BAHUEM PEKMUMaA UCTUHHOI'O JABUKEC-
HUS paccMaTpUBaeTcs U o0cyxkaaeTcs B pabore [9]. B
CTaTbC BBOAATCA JIMHUA MPOTHO3UPYEMOT'O CTOJIKHOBE-
aus (LOPC) u 30Ha npensrcreuit no nenmu (OZT) s
OILICHKH PHCKA CTOJIKHOBCHHS, STH 3HAUCHUS CBSI3aHBI C
WCTHHHBIM JIBIKCHUEM, U 3TO JaeT BO3MOXKHOCTH BBI-
SIBUTH CHUTYaIlH{ OMACHOTO COMIMKCHHS U 00CCIICYHThH
0e30macHoe IUTABaHUE B CTCCHEHHBIX BOJIAX.

OCOOCHHOCTH BHEIITHETO YIPABJICHHUS IPOLECCOM
PacXOoXKICHUsI ONAacHO COMIKAIOLIMXCS CYIOB pac-
cMOTpeHbI B pabotax [10, 11], mist peanuzanuu KOTO-
POTO UCTIONIB3YIOTCS 00IaCTH OTMACHBIX KYPCOB U OIac-
HBIX CKOpOCTEH mapbl CyA0B.

BoinesieHHe HepellleHHBIX paHee yacTeii o0uei
npoodJieMsl.

B paccMoTpeHHBIX paboTax BBIOOp CTpaTeruu
PAcXOXKACHUS CyTHA MPOU3BOINTCS B CHTYaIllUsIX €ro
OITaCHOTO COJIMIKEHUS C OJHOM IENbI0, XOTS MPH IUIa-
BaHUHM B CTECHEHHBIX BOJAaX C MHTCHCHBHBIM JIBH)KE-
HHUEM 3249aCTyI0 BO3HUKAIOT CUTYAIHH OTACHOTO COJIH-
JKCHHsI CyIOHa C IByMs IelsIMH. B sydmem ciydae
CYIHY yZAaeTcs MPOU3BECTH MAHEBP PACXOXKIEHHS 00-
UM YKJIOHEHHEM OT 00eux ILieiel, OHaKO 3a4acTyio
TaKOM MAaHEBP HEBO3MOXKEH U CyJIHY NPUXOAUTCS BbI-
HOJHATH ABA MOCIEI0BATENbHBIX MaHEBPA PACXOXKIe-
HUS C KaXJIOH U3 1eJIEH.

B nmaHHOW cTaThbe paccMOTPUM PpaCXOXKACHUE
CyllHa C JIByMSl ONAcCHbIMHM LEJISIMH IOCIIE€JOBATENb-
HBIMHM MaHEBpPaMU: U3MEHEHUEM Kypca JUIsl pacXxoxe-
HUS C MIEPBOH LENbI0, a 3aTEM - CHUKEHUEM CKOPOCTH
MTACCHBHBIM TOPMOXKCHHEM MPOU3BOIUTCS OE30MacHOe
PacXOoKAEHUE CO BTOPOH LIEIIBIO.

Ieanb cTaTbu.

Lenps crateym 3akmoyaeTcs B pa3paboTke MeToma
MTOCTIEIOBATENBHOTO PACXOXKICHHS CY/IHA C JIBYMS IIe-
JIAMHU U3BMECHCHUEM KypcCa U TAaCCUBHBIM TOPMOKECHUEM.

N310:xeHHe 0CHOBHOTO MaTepuaJa.

JonmycTum, B HauaabHbI MOMEHT BPEMEHU CYIHO

C TIapaMeTpaMHu JIBHKCHUS KC u Vc omacHo cOuu-
JKAETCS C IBYMs LIESIMH, TTapaMeTPHI ABIKEHHUS KOTO-

pBIX Kl, Vl' K2 Hu VZ‘ OTHOCHTEIbHAS MMO3UIUS
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CyAHa U ueneﬁ XapaKTCpU3yCeTCd ICJICHIaM1 (Xl u

Olo, a TakKe JUCTAaHIUSIMH Dl " DZ . Commxkenue
Cy[HA C LEISIMH XapaKTepU3yeTcss OTHOCHUTEIbHBIMU

KypcaMu Kotol u K0t02 , KOTOpBIE, KaK CIeIyeT u3

I“'--:ut‘_:,rﬂ

CYOHO

puc. 1, mpOXOoAsAT BHYTPH HPEAETHHO - AOMYCTHMBIX
KPYT'OB PaainycoM Dd , UTO CBUJICTEILCTBYET 00 omac-

HOCTHU COJIMKEHMS.

K otoZ

Puc. 1. Cumyayus onacnoeo conudicenusi cyona ¢ yeiamu

B mpuBeneHHON cuTyanmu paccMOTPHM KOMOH-
HUPOBAaHHBIH MaHEBP PAaCXOXKICHUsS CyAHA C LEIIMH
MIOCJIC/IOBATENILHO N3MEHEHHEM Kypca I YKIOHEHUS
OT NEpBOH 1IETIM ¥ TACCUBHBIM TOPMOXKEHHUEM JUIS TOTO,
YTOOBI IPOITYCTUTH BTOPYIO 1IETb.

be3onacHblil OTHOCUTENBHBIA KypC YKJIOHEHUS
(BIpaBo, BIEBO) OTHOCHTEIBHO NEpBOH Omrpkaiimieit
LEJIN OMpEENAeTCs C TOMOIIIBIO OUEBUIHOTO BRIpaXke-
HUS:

Dd ) ,
Dl
a COOTBETCTBYIOLMI UCTUHHBIN Kypc [1]:

K(sip) —

otyll — 0

+arcsin(

KEP = KER) +arcsin [psin(Ky - KEP)]-

rae p:&

Vl

IIpu noBopoTe cyHa ¢ NOCTOSHHOM YIJIOBOH CKO-
POCTBIO NPUPALIEHUE Er0 KOOPJUHAT AXC u Ayc
pacCUMTHIBACTCS 1O cheayronmM Gopmyiam [2]:

AX, = i(cosKC -cosK,):
a&)

AY. =£(Sin Ky —sinK;).
®

rne d . - yIIIoBas CKOPOCTh TIOBOPOTA CY/IHA.

®

W3MeHeHne KOOpAMHAT MEpPBOW LEIU AXl u

Ayl 3a BpeMs MIOBOPOTA T, YUUTHIBAs HEU3MECHHBIE

nmapaMeTpbl €€ ABUKCHHUA, ONPECACIAIOTCA CIICAYHO-
IMUMH OYCBUAHBIMU BBIPAKCHUAMMU:

Axq =Vj1sinKy,
Ay, =VjtcosKy,
Ky B Kc .

Ay

A€ BpeMs IOBOPOTa =

C yd4eroM TONYyYEHHBIX BBIPAKCHHUN AXl,

AYl , AXC u Ayc , @ TAK)KE JUTUTEIBLHOCTH I10-
BOpPOTa T MPHUPANICHHSA OTHOCHTEIBHBIX KOOPIMHAT
AXOtl u Ayotl MEXIY CYJAHOM W MEPBOU LEIBIO

TPUHUMAIOT CJIEIYIOIIUNA BU:
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K, - K
Ax o =;/°(coch - cosK,) —Vl%sinKl’

(o)

V. . ] K
AY gt :a—c(sm K, -sinK¢)—Vv,——=

()

I'Zie epBasi COCTaBIIAONIast - KPUBOJIHMHEHHOE BU-
JKEHHE CyJHa IPU NOBOPOTE, a BTOPasi COCTABIISIONAs
- IPSIMOJIMHEITHOE ABMKEHUE Liesu 0e3 3MEHEHUS T1a-
paMeTpoB ABIKEHHS.

MoMeHT BpeMeHU ty 3aBEpILEHHs PACXOXKACHUS
C MEpBOM LENBI0 M Havdajla TOPMOKECHHUS IJISI PACXOX-
JCHUSI CO BTOPOH IENBIO ONMPEAEISIETCST KaK MOMEHT

BPEMEHH JOCTIDKEHISI TPaBEP3HOTO PACCTOSHHUSA C Tep-
BOM LIENBIO, T. €.:

_ D,y cosfay, — Kgypl)l] ,

v = ,
Vit

rac ayl nu Dyl - [ICJICHT" 1 paCCTOAHUC 0 IICP-

BOM eI Ha MOMCHT BpPEMCHHU 3aBCPHICHUSA ITOBOPOTA
CyAHA, KOTOPBIC YYHUTBIBAKOT MNPHpPAIICHUSA OTHOCH-

TENBHBIX KOOPAUHAT AXotl u Ayotl;
S!
Vo(tyﬁ))l - OTHOCHMTEJIbHASA CKOPOCTh COJMIKEHUS

Cy/IHA C TICPBOH LENIBIO HA YIACTKE YKIOHCHHUSI.
UroObl yOenutbcss B OE30MACHOCTH JBIDKCHHS
Cy/IHA TP YKJIIOHEHHUH OT MEPBOM IIeJIH HA PACCUUTAH-

HBIi MOMEHT BpEMEHU ty CleqyeT ONpeNeNuTh pac-

CTOSIHHE JIO BTOPOH eJIH D2 (ty) C TIOMOIIIBIO BBIpa-

D, (ty) =AX5 +AYg,

rie AXotZ, AYOtZ - TpUpalieHue OTHOCHU-

JKCHMU!

TCJIbHBIX KOOPpAWHAT MEXKAY CYJAHOM U BTOpOﬁ OeJbIo,
npu4ieM:

AXO’[Z = Dzslnaz - VOtythyO Sln KOty21 ;
AYqp =D7C0S0; — Viyor tyo COSKoiyor s

rae KOt)/Zl u Voty21 - OTHOCHUTEJIbHBIE KyPC U

CKOpPOCTh COJIMKEHHS CyJHA CO BTOPOW IIEJBbI0 Ha
YYaCTKE YKIOHCHHUS.
3aTeM  MPOU3BOIUTCS

DZ(ty) " Dd’ NpHYEM B CIIydae Dz(ty) < Dd

CJICAYCT YBCJIMYHMBATHh 3HAUCHUC MPUPALICHUA KypcCa

CpaBHEHHE 3Ha4yeHUU

YKJIOHEHHS Kg/S,p) JIO TEX TMOp, TOKa D2 (ty) > Dd

. HHH JAHHOTO pPaCCTOSAHUA ONPECACTIACTCA MCICHT
(12 (ty) Ha BTOPYIO LEJIb, IpUYEM COIMKEHHE CO BTO-
pOﬁ LCIIBIO TIPU JAaHHOM KYPCE ABJIACTCA OIIACHBIM.

MasneBp CKOpPOCTBIO JIJIsl pacX0KIEHHUS CO BTOPOH 1ie-
JIBI0 TIPOM3BOJUTCS CIIEAYIOmUM o0Opa3oM. 3amaeMcs

HadaIbHBIMHA KOOPAWHATAMH CyTHA XC , Yc 1 BTOpOH

()

C
cosK -
a
Q)
JaSA051 X2, Y2, uexonsa U3 ux OTHOCHUTEJIBHOM MO3H-

LUK Ha MOMEHT BpEeMEeHU ty :
X, =0. Y =0, X, = D,(t,)sin[oy t,)]
Y, = Dy(t,)cosfo, t, )]

ITpoBepsieM BO3MOKHOCTh O€301aCHOTO PACXOXK-
JCHUSI OCTAaHOBKOH CyJHA B PE3YJIbTATE TOPMOKCHHUS.

Jlnst 5TOro ompejenseM BHIOET CyaHA O H HHTEPBAI
BPEMEHH [ JI0 OCTAHOBKM CYJHA C YUCTOM DEXHMA

TopmoxkeHusa. Koopaunatel cyqHa ch, ch H BTO-
po¥t uenu X2f , Y2f Ha MOMEHT OCTaHOBKM CYJHA
ty + 7 NpUHUMAIOT 3HAYEHUS:
X =SsinK. Yo =ScosKy,
Yo =Dy (ty)cos[o,(ty )]+ V,tcosK, .
[Ipu 3TOM OuCTaHUUMA MEXOY CYAHOM U BTOPOU
LEJIBIO D2f .

Dot =/ (Xer = Xar)? + (Yer — Yar)?
CpaBHUBAETCS C Dd .Ecau D2f < Dd , TO HE0O-

XO0OAUMO YBCJIUYUTb HN3MCHCHHUC KypCa YKIOHCHHUSA
CyAHa OT nepB0171 e, B IPOTUBHOM CJIy4dac CJICAYCT

ONPE/ENUTD MEICHT Olof HAa BTOPYO ILEJIb B MOMEHT
OCTaHOBKH ty + 7 . YuutsiBaem, 4To B JaHHOM CUTYya-

UM OTHOCHUTENIBHBIH KypcC PaBHBI 0OpaTHOMY Kypcy
BTOPOM LIEJIU U ONIPENEIAEM AUCTAHIUIO KpaTyalliero
CONMMKEHNS:

D minot Z‘sz sinfoy —Kz]\-
Ecin Dmin2f > Dd , To 0€30IaCHOE pacXoXkKae-
HHE CO BTOPOI 1I€JIbI0 OCTAHOBKOW CyZHA BO3MOKHO.
Bonee Toro, ecau Dmin2f > Dd’ TO BO3MOXHO pac-
XOXKICHUE CHIKEHHUEM CKOPOCTH IO OIPENEICHHOTO

3HAa4YCHUA V

cy’ Ipu KOTOPOM CIIPABCAJIMBO PABCH-

CTBO:
Dmin2f (ch) = Dd'
B »sTOM ciydae ayis TacCHBHOTO TOPMOKEHUS
CHI)KCHHOMY 3HAY€HHUIO CKOPOCTH COOTBETCTBYIOT

MIPOIOJKUTEILHOCTD TIEPEXO0THOTO Mporecca T (ch)

U IPOHICHHOE 3a 3TO BPEMsI paCCTOSIHUE S(ch) , KO-

TOPBIC OIIPEACIIAIOTCA BBIPAKCHUAMMU!

_@+Rm Ve o
©(Vey) TV (VCy D
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(L+kom \\//;2 |
cy

S(ch) =

3agaBasch pa3NUUHBIME KypCcaMH YKJIOHCHHS

(s.p)
Ky , 1 COOTBETCTBYIOIIITMMH UM CKOPOCTSAMHU ch,

Ipyu COYCTAaHMU KOTOPBIX JUCTAHIIUU KpaTqaﬁmero
COMMKEHUS CyaHa C obeumu HCJIAMU HE MCHBLIC TIpC-

JACJIBHO — HOHYCTHMOﬁ JAUCTaHIIUKU Dd , Ha INIOCKOCTH

Kgs,p) X ch OJy4aeM IPaHUIly 00JacTH JOIyCTH-

MBIX KOMOWHHPOBAaHHBIX MaHEBPOB, MO3BOJIIONICH
OIepaTHBHO BHIOpaTh 0€30MacHbI KOMOMHUPOBAHHBII
MaHEBpP PaCXOXKICHUS.

B kagecTBe mpmMepa pacCMOTPHM CHTYalHIO
OIMAaCHOTO COJIMKEHHUS CyIHA C IByMs IEISIMH CO Clie-
IYIOUIAMH TapameTpamu (puc. 2):

KC :8007 VC = 23}’3, Kl :19009 Vl == 20}’3,
K, =10°, V, =21ys. OrrocutenbHas mno3uuus

CyAHAa W TeNed XapakTepu3yercst IeJCHraMu
o, =40°, a, =135°, D, =3mumu D, =5muns.

Jns nanHOU curyanuu Obuia chopMupoBaHa 00-
JIACTh JIOITYCTUMBIX KOMOMHUPOBAHHBIX MAHEBPOB IS
YKJIOHEHHS Cy/IHa BIIPaBO, TPaHHUIIA KOTOPOH TTOKa3aHa
Ha puc. 3. Ha 3Tom ke pucyHke BEIOpaH KOMOHMHHPO-
BaHHBII MaHEeBp YKJIOHEHHEM BIpaBo Ha Kypc 100°, ko-
TOPOMY COOTBETCTBYET CKOPOCTH ITACCHBHOTO TOPMO-
xeHus 12,8 y3na, mpudyeM TOpMOXKeHHEe HAUMHAETCS Ha
335 c MaHeBpa, Kak MOKa3aHo Ha puc. 3.

K.otn

kotn?

Puc. 2. Hauanvuas cumyayus onacnozo conudicenust
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170
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150
145
140
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130
125
120
115
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105
100
15

40

35

ty=335  Ky=100 Y= 128

n 2z 4 6 8§ 10 12 14

16 18 =20 22 24 26 28 30

Puc. 3. Obnacmob donycmumvix KOMOUHUPOBAHHBIX MAHEBPOB YKIOHEHUEM GNPABO

Ha puc. 4 moxa3zaHbl OTHOCHUTENIBHBIE TPACKTOPUU
pacxoaAeHUs CyHa C IIeJIIMH Ha AUCTAHLIUH KpaTdaii-
mrero cOMMmKeHNs paBHOI 1 Mute.

BrIBOaBI H MpeaIOKeHN.

1. PaccMoTpeH KOMOMHHPOBAaHHBIH MaHEBp pac-
XO0XKJICHUS Cy/IHA C JIBYMSI OTTAaCHBIMH LIEJISIMH TIOCIIE 10~
BaTEJIbHBIM W3MEHEHHEM Kypca, a 3aTeéM CHI)KEHHEM

CKOPOCTH MaCCUBHBIM TOpMOxeHHeM. [loaydeHs! aHa-
JIMTUYECKHE BBIPAXKEHHsI U aJrOpUTM pacuera mapa-
METpOB 0€301TacHOTO MaHEBPa PACXOKICHU

2. [Ins cuTyauuii pacxokJI€HUsl CyJHa C JIByMS
oesIMA  KOMOWHUPOBAHHBIM MaHEBPOM  IOCTICIOBA-
TEJIFHOTO W3MEHEHHS Kypca M CKOPOCTH IPEIoKEeHa
mporenypa (GOpMHpPOBaHUS 00JACTH OIACHBIX 3HAYE-
HUH MapaMeTPOB CTPATETUN PACXOKICHUS.

=335 Ky=100 Wy=12.8

Puc. 4. Omnocumenvhuvle mpaekmopuu pacxoxcoeHus Cyoua ¢ yeaamu
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3. TomydeHsl BBIpaXEHUS I (HopMaTU3aIluu
rpaHun o0JIaCTH HEIOIYCTUMBIX 3HaYeHHH KypcoB H
CKOpOcTell CyiHa KOMOMHHPOBAaHHOTO MaHEBpa MHpH
CHI)KCHUH CKOPOCTH NTACCUBHBIM TOPMOYKEHHEM.

4. IIpuBeneH YnciIeHHBIH puMep GpopMUPOBAHHS
00J1acTH HEOIYCTUMBIX MTapaMeTpOB KOMOMHHPOBAH-
HOTO MaHEBpa PACXOXKICHHS CyJHA CHIYKCHUEM CKOPO-
CTH TTACCHBHBIM TOPMOXKEHHEM.
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USE OF MANOEUVRE OF DECLINE OF SPEED OF ONE OF SHIPS AT EXTERNAL

PROCESS CONTROL OF DIVERGENCE

HNCITIOJIb30BAHUE MAHEBPA CHUXKEHUS CKOPOCTH OJHOI'O U3 CYJ10B IIPH
BHEIIHEM YIIPABJIEHUU NTPOHECCOM PACXOXKIEHUA

Summary: The method of forming of region of impermissible values of course of one of ships and speed of
other ship taking into account his inertia-brake descriptions at the external process control of their divergence is
offered. Depending on the parameters of situation of dangerous rapprochement and mode of braking of ship ana-
lytical expressions for the calculation of scopes of region of impermissible values of course and speed of the drawn
together vessels are got.

The results of application of the computer program are represented for forming of region of dangerous courses
of one ship and speeds of the second ship with account inertia - brake descriptions of ship reducing speed. The
examples of choice of safe strategy of divergence of vessels taking into account the active and passive braking are
shown.

Key words: safety of navigation, divergence of vessels at dangerous rapprochement, external process control
of divergence, region of dangerous parameters of motion.

AnHoTtanus: ITpemioxen cnocod ¢GopMupoBaHUs 00JIACTH HEAOMYCTUMBIX 3HAYSHHH Kypca OJIHOTO U3 CY-
JIOB M CKOPOCTH JPYTOT0 CY/AHA C yYETOM €r0 HHEPIHOHHO-TOPMO3HBIX XapaKTePUCTHK IPH BHEITHEM YIIpaBJe-
HHUH TIPOLIECCOM HMX PAcXOXXICHHUs. B 3aBHCMMOCTH OT mapameTpoB CHUTYallMH OIACHOTO CONMKEHHUS M pexnuma
TOPMOJKEHHSI Cy/IHA MOTY4EHBI aHATMTUYECKIE BBIPAXKEHUS ISl pacyera IpaHuI] 00JacTH HEOITyCTUMBIX 3Haue-
HHUH Kypca ¥ CKOPOCTH CONMKAIOLIUXCS CYA0B

[IpencraBnensl pe3yabTaThl NIPUMEHEHHUST KOMITBIOTEPHOH IpOTpaMMBI 11l GOPMHUPOBaHUSI 00JIaCTH Orac-
HBIX KypCOB OJHOIO CyAHa U CKOPOCTEH BTOPOrO CyJHAa C Y4ETOM HHEPLUOHHO - TOPMO3HBIX XapaKTEPUCTUK
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CyJIHa, CHIDKAIOLIEro ckopocTh. [TokazaHbl mpuMepsl BbIOOpa O€30MaCHO# CTpaTerny pacxXoxXKIeHUs CYIOB C yue-

TOM aKTUBHOI'O U ITACCUBHOT'O TOPMOXCHUA.

Knrouesvie cnosa: bezonacnocms cy00802#coerUs, pacxoxicoeHue cy008 npu ONACHOM CONUNCEHUU, 8HeUlHee
VApasieHue npoyeccom pacxoncoenus, 0O1acmu ONACHbIX NAPAMEMPOS OGUIICEHUSL.

IMocranoBka npo6/iemMbl.

B cTecHeHHBIX palioHaX IUIaBaHUs C 0COOEHHO HH-
TCHCUBHBIM [BIDKCHUEM YCTaHABJIMBAIOTCS CTAHIIUU
YIpaBJCHUSl IBHXCHUEM CYIIOB, IpeAHA3HAYCHHBIC
JUISL KOHTPOJIS TIPOLiecca CYA0BOXKICHUS U YIIPaBICHUS
JBIDKCHUEM OIIaCHO COJMXKAIOMIMXCS CYAOB. ODTHUM
o0ycaBIuBaeTCs aKTYyaJbHOCTh U IIEPCIEKTHBHOCTH
pa3paboTKu crocoO0B BHEIIHETO YIIPABICHUS ONIACHO
CONMMKAIOIMUMHUCS CyIaMH JUI NPeIyNpPEesKISHUS HX
CTOJIKHOBEHHH, 4eMy MOCBSIICHA JaHHAS CTaThsl.

AHaIU3 NOCJEAHUX TOCTHKeHUH M myOauka-
107078

B pabote [1] oTmMeuaeTcs, 4YTO CTOIKHOBEHHS CY-
JIOB WJIM BOBHUKHOBEHUE CUTYAIMH UX OIaCHOTO COJIH-
JKEeHMS 4acTO BBI3BAaHBI YEIOBEUYECKOM olIMOKOM u3-3a
HETIOIHOW WJIM TOMUHHUpYromel wHpopmanuu. Ha
NPUHIUIAX TTOJHOTO BHEIIHETO YNPaBJICHUS IpOIec-
COM PacXOXJECHHUS CyJOB PAacCCMOTPEHBI OCHOBAHHBIC
noaxoasl (opMHpOBaHMS OE€30IIACHBIX TPACKTOPHUIL
JBIDKCHUS CYJIOB C ITOMOIIBIO 3KCIEPTHBIX 3HaHWUH. B
CTaThe IMpEeIaracTcsl MpoLexypa IIAHUPOBAHUS Tpa-
eKTOPHI JBIKEHHS CYIOB C UCIIONb30BaHUEM CIIelHa-
JU3UPOBAHHBIX AJTOPUTMOB HUX COIJIACOBAHUS ITyTEM
MpeBapUTEIbHBIX TOTOBOPEHHOCTEH U MOMCKa pere-
HUS, TPUEMJIEMOTO JJIsl BCEX CYIOB.

B pabotax [2, 3] paccMOTpeH mpoliecc pacxoxie-
HUS CyJIOB B CUTYallH OIIACHOTO COJIMDKEHHMS C TIPHMe-
HEHHEM 00JIaCTH ONACHBIX KypCOB M 00JIaCTH ONTaCHBIX
CKOPOCTEH, KOTOPBIE TIO3BOJISIOT TAKXKE OLIEHUTH OTac-
HOCTb CUTYAIIU1 COJIM>KEHHUS T1aphl Cy/I0B.

B my6mukarmu [4] ykassiBaercs, uro CY/IC, kak
MPaBIJIO, HE NMEET TEXHNYECKUX BO3MOXKHOCTEH KOH-
TPOJIMPOBATH ABMXEHHE CYAOB Ha y4acTKaxX MX CKOII-
JIEHUA W JUIs YKJIOHEHHS OT CTOJIKHOBEHHS B CTaTbe
Npe/IoKeH HOBBIH (hy331-METO/I, KOTOPBIH, HCIOJIB3YS
aHAJMTHYECKYIO MOJIeIb MOpcKoi cuctembl GIS TouHO
MIPOTHO3UPYET BpeMs CTOJIKHOBEHUS U no3uuu. [Ipen-
noxeHHeIH Meton maer omepatopy CYAC Bo3MOX-
HOCTh NPUHATHS pEIIEHUH N0 NpeaynpexIeHHIO
CTOJIKHOBEHHUSI CYJIOB.

B paGore [5] mnpemnoxena Qopmanuzanus
MIIIICC-72, a Takke 0000II€HO MOHATHE B3aUMO/ICH-
CTBHSI CYZOB NIPH BO3HUKHOBEHHH YIPO3bl CTOJIKHOBE-
HUSL.

MeTtox mnpeaynpexIeHUs CTOJKHOBEHHS CYIOB
MyTeM CMEIIeHHS Ha apaJuIeTIbHYIO JIMHHIO Ty TH IpH-
BeJieH B MOHOTpaduu [6], B KOTOPOU TaKkKe OCBEIICHBI
0COOEHHOCTH PAcXOXIECHUS CYyIOB B MOpeE.

BbiesieHne HepellleHHBIX paHee YyacTeii o0uei
npooJieMsl.

Kak mpaBuiio, BBIOOp CTpaTeruv pacxokKICHUs
CyJAHa B PAacCCMOTPEHHBIX pPabOTaX INPOU3BOAMTCS B
paMKax JIOKaJIbHO-HE3aBHCUMOI0 IMPUHIIMIA YIpaBie-
HUS MIPOLIECCOM PACXOXKIEHHsI, KOTOPBIH OImpenenseT
UX B3aUMHOE IOBEJCHUE B IMPOLECCE PACXOKICHUS.

OnHako NpH YNpaBJIEHHH IPOLECCOM PaCXOXKICHUS
cynoB ¢ nomouipto CYJIC ucuezaer HeOOXOAUMOCTh
BO B3aMMHOM COTJIACOBaHUM MaHEBPOB CY/OB, TaK Kak
peanM3yeTcsl MPHUHIMIT TOJHOTO BHEIIHETO YIIpaBie-
HUSI TIPOLIECCOM PACXOKACHHUS, ISl peaTu3aiuy KOTo-
poro nesnecoo0pasHo MPUMEHEHHE METOJ0B OPMHUPO-
BaHUS OoONacTell HENOIMyCTUMBIX 3HAYCHHWH MapaMeT-
pOB JABIXKEHHUS Mapbl cOmmKaromuxcs cymos [7].
JanbHelmue uccienqoBaHus B 3TOM HalpaBJICHUM SIB-
JISTIOTCSI aKTyaJIbHBIMH M IEPCIICKTUBHBIMH, YeM U 00Y-
CIIOBJICHA TEMAaTHKa JAHHOW CTAaThH.

ean craTbu.

Llenb cTaThy 3akiIro4yaeTcsl B pa3paboOTKe MeTona
(dopmupoBaHus 00NacTH OHACHBIX KYpPCOB OJIHOTO
Cy/IHa ¥l CKOPOCTEil BTOPOTO Cy/IHa, IPY COUYETAHUH KO-
TOPBIX AUCTAHIHMS KpaTyaiero cONMmKeHHs ¢ y4eToM
WHEPLUOHHO - TOPMO3HBIX XapaKTEPUCTHK BTOPOTO
CyIHAa MEHBIIE TPEISITbHO-JOMyCTUMON IHUCTAHIIUI
JUTS 00ecTIeYeHUS MX 0€30TIaCHOTO PACXOXKICHHS.

N3n0:xeHHe 0CHOBHOT0O MaTepUaJa.

[Ipu BHEMIHEM YIpPaBICHUN MPOIECCOM PAaCXOXK-
JICHUSI ONIACHO COJIKAIOIINXCSI CYAO0B MaHEBP PACXOK-
JCHUS MOXKET BBHITIONHATHCS W3MEHEHHEM KYpPCOB CY-
noB [8] unu ux ckopocreii [9].

Bosmoxen emie onuH crnoco0 6e3o0macHOro pac-
XO0XJACHUA, TMPHU KOTOPOM OJHO H3 CYJI0OB H3MCEHACT
KypC, COXpaHsisi HEM3MEHHOW CKOpOCTb, a BTOpOE
CY/IHO Ha ITOCTOSIHHOM KyPC€ CHIIKAET CBOIO CKOPOCTb.
[Tpu 5TOM HEOOXOIMMO YYUTHIBATh HHEPIIOHHO - TOP-
MO3HBIE XapaKTEPUCTHKH CyIHA, CHIDKAIOIIETO CKO-
pocth. B manHOM citydae menecoo0pa3sHO pacCMOTPETh
00JTacTh OIACHBIX KYPCOB OJTHOTO CYIHA M CKOPOCTEH
BTOpPOTO CYIHA, IPU COYCTAHWU KOTOPBIX ITUCTAHIUSI
KpaTdaimero COMIDKEHHS C y4eTOM HWHEPIMOHHO -
TOPMO3HBIX XapaKTEPHUCTHK BTOPOTO CyTHA MEHbIIE
peIeNbHO-A0MyCTUMON TUCTAHIINH, T. €. CONMKEHUE
CY/IOB sIBJIsIETCs onacHbIM. PaccMoTpum npuHIun ¢op-
MHPOBaHHsI Takod 00JIaCTH, KOTOPYK 00O03HAuYUM

QKVj' O4eBHIHO, YTO TPAHHILy 00JIaCTH QKVj Ha

MJIOCKOCTH K1 X V2 COCTaBIISIIOT TOYKH ( Klv V2 ),
ynosnersopsionmme yenosrno MinD(Ky,V,) =d
. Pacuer rpanunup! o6nactu QKVj C Y4EeTOM MHEPIIH-

OHHO - TOPMO3HBIX XdapPAKTEPUCTHUK BTOPOTO CyAHA
MPOU3BOAUTCS C IOMOIIBIO CICAYIOUIETO aJIrOprUT™MaA.
I[J'I)I KaXJa0ro Hu3 KYypCOB YKIOHCHHS IEPBOIO
(s)
ly >
[K, +30,K, +70]. T. e.

KS) e[K;+30,K;+70], onpenensercs Bos-

MOXHOCTh 0€30MMacHOTO PaACXOXKACHUSA OCTAHOBKOM
BTOPOI'0 CyAHa aKTUBHBIM WJIM ITACCUBHBIM TOPMOKEC-
HHEM. I[HS[ OTOTO IMpeamnojara€rca, 4YTo0 TOPMOKCHUC

CyAHa BIPaBoO K MpUHAJICIKAIECTO HUHTCPBAILY
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BTOPOTO CyAHAa HAaYMHAETCS B HYJIEBOH MOMEHT Bpe-
MEHH, KaK ¥ CIIeIOBaHHE IIEPBOTO CyAHA KyPCOM YKJIO-

(8)
HEHUs Kly .

J1s HauanbHOM CKOPOCTU BTOPOrO CyAHA V2 u
pexuMa TOPMOXKEHHUs (aKTUBHOTO WJIM IACCUBHOIO)

PACCUMTHIBACTCS BHIOET CYHA S M HHTEPBAI BPEMEHH

T 1o ocranoBku cynna. KoopauHatel niepBoro Xl'

Yl u BTOpOTO X2, Y2 CyA0B Ha MOMECHT BpPpEMCHU
OCTAaHOBKH BTOPOTO CyJlHa NIPUHUMAIOT 3HAUCHUA:
X, =SsinK,, Y, =ScosK,,
X; =Dsina—VjsinK,
Y; =Dcosa—VjtcosK;,
rac o un D - Ha4YaJIbHBIC IICJIICHTI W JHUCTAaHIHA

MEX1y CyJaMHu.
Ha MOMeHT BpeMeHU OCTaHOBKHM BTOPOTO CyJHA

JUCTAHIMS MEXIY CyAaMu Df oTpeJiesIIeTcs BbIpa-

KECHHUCM!

2 2
Ds =Xy = X)? + (Y~ Y)*
CpaBHUBaeM TMOJYYCHHYIO HCTaHIIHIO Df c
NpeJCIbHO- JOMYCTHMOW TUCTAHIUCH COMMKCHUS
Dd' Ecmn Dj < Dd’ TO PACXOXKICHHE OCTAHOBKOM
BTOPOTO CyJIHa HEBO3MOXKHO, U TOYKA TPaHUIIBI 00Jia-
(s)
ly

CTH QKVj C KOOpJIHWHATaAMHU (K V2) HE Ccyle-

cTByeT. B mpotuBHOM cityqae ( Df > Dd ) paccuuThI-
BaeM AWCTAHIIMIO KpaTdaiiero cONVKEHHs IEepBOTO

CyaHa C OCTAHOBHUBIIUMCS BTOPBIM CYTHOM Dmlnf .
_ i (s)
Dt = (Ds sinfoy —Kg/']

rae Ol - MeJeHr Ha BTOPOE CY/AHO B MOMEHT €ro
OCTaHOBKH.

Ecmun Dminf > Dd , TO BO3MOKHO PacX0xJAcHUE
CHIDKEHHEM CKOPOCTH BTOPOTO CYIHA JIO OTpeIeicH-

HOTO 3HAYCHUA V2y , IPpU KOTOPOM BBINIOJIHACTCS pa-

BEHCTBO:
D in (VZy) =Dy-
3HaYeHUE CKOPOCTH sz PaCCYUTHIBACTCS METO-

JOM IIOCJICOBATCIIbHBIX HpH6HHX<GHHﬁ, B KOTOpOM
CKOPOCTb TOPMOXKEHHS BTOPOTO CyJHAa NPUHUMACTCA

paBHOM VZy = V2 — 0,1| Ha KaKIOM 1 - M IIUKJIE BEI-

YHCIICHUH. HpO,Z[OJ'I)KI/ITCJII)HOCTB NEepexXoqHOTO IIPO-

necca ’C(sz) U TIPOIIEHHOE 32 3TO BPEMs pacCTOs-

HHUC S(sz) JJIA1 aKTUBHOI'O TOPMOKCHUS PACCHUTHI-

BAarOTCs C MOMOIIBIO CICAYIOIIUX BLIpa)KeHHﬁZ

1+Kk
o(Vyy) = ”ﬁ)m[arctg(ﬁ V,)- arctg(ﬁ V)T

(1+k)m Vi
S(Vy) =" > n ﬁ; :

“ Vézy +

n)

rIe (1 + k)m - Macca BTOPOT'O CyIHa € IIPUCO-
eIMHEHHBIMUA MACcCaMU BOJIBI;

P- YIIOp €ro BHHTA;
W - ko3 duureHT conpoTUBICHHUS.

B CJlIy4a€ MaCCUBHOI'O TOPMOKCHUA:

1+kKm, V.
o(Vyy) = LM (Vo gy
1V, V2y
2
S(Vy) = LM V2 \-
vzy\

Hpouecc BBIYHCIICHUN MIpoaAOJZKACTCA A0 TEX IOP,
TIOKa HC HACTyHnacT CIIPABCATIUNBOCTb PAaBCHCTBA:

Dt (V2y) =Dyg-

Taxum 00pa3oM MPOU3BOJNUTCS PacUeT TOUEK Ipa-

- K ()
bl IJIsI BCEX KYpPCOB 1y YKIIOHCHUA TICPBOI0O
cynHa KS) €[K; +30,K; +70]. Ananoruuno

paccuuThIBaeTCA TpaHUIA O0NACTH QKVj Ui Kyp-
COB YKJIOHEHUS Cy/IHA BIIEBO.
Jns popmupoBanus obnactu QKVj OTIaCHBIX

KypCOB OJTHOTO CyIHa M CKOPOCTEH BTOPOTO CyJHA C
Y4eTOM HWHEPHHOHHO - TOPMO3HBIX XapaKTePHCTHK
BTOPOTO CyAHa Obta pa3paboTaHa KOMITBIOTEPHAsS
IporpamMma, peaausylomas MpeUIoKEHHBIH B CTaTbe
JITOPUTM pacyeTa rPaHMIBl 00JIacTH.

B kauectBe mpumMepa OblTa paccMOTpeHa CHUTYya-
U OMIACHOTO CONMKEHHUS CyIOoB ¢ mapamerpamu: O

=130°, D=3 wmmuin, K1=130°, Vl=22 y37a, K2

=315°, V2:18 Y3JI0B, Dd =1 mumns, rpadpudeckoe

n300pakeHne KOTOPOi mpeacTaBiieHo Ha puc. 1. [Ipo-
THO3MPYEMOE 3HAUCHHE TUCTAHIMHM KpaTdaiiiero

COMMKEHUS paBHO Dmln = 0,1 MHUJIM, YTO CBHUAC-

TENbCTBYET 00 OMACHOM CONMIKEHUH CYIIOB.
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112130 w118 | [a] o o0

2 K2=315 wa2=22

D12=3

K2=315

W1=18

A12=130

0z=2

HHHHH

Diminl2 = 0.1

Iiv="2

Puc. 1. Cumyayus onacnoeo conudxcenus cyoos

I[J'I?I HpHBe,I[eHHOﬁ CUTyallul OIIACHOTO cOmmke-

HUS CYJIOB Ha pHC. 2 ToKa3zaHa 00JacTh QKVj npu

CHUIKXCHHUU CKOPOCTU BTOPOI'o0 CyaAHa MaCCUBHBIM TOP-
MokerrneM. CoyeTaHne apaMeTpOB PACXOKACHUSI Cy-

0B K:E;) u sz Ha rpaHuIe obOnactu obOecrieunBaeT

JUCTAHIMIO KpaTdaiiero commkeHus D =1 My,

W2
34
12
Kl
28
Zh
24

minf

Ha puc. 2 BbiOpaHa cTparerus pacxox/JIeHHUsS CYIIOB C
S

napameTpamMmu Kgy) =163°wu sz =15,6 y3ma (Touka

IpaHUIBI [MOKa3aHa KOHICHTPUYCCKHUMHU OKPYIKHO-

CTSMH), KOTOpble OOeCleuuBarOT KpaTdailiiyro au-

CTaHLUIO PACXOKICHUS Dminf =1,01 Mumn.

K1=163
W=1hh
k.ot= 355
Lm=1.01

22

20
18
18
14
12
10

e U = |

220 250 280 310 340 10 40 70 100 130 160 190 220 250 280 310 340 10 40 K1

Puc. 2. Obracmo QKVj npu NACCUBHOM MOPMOICEHUU BMOPO2O CYOHA
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IIpu ykioHeHHH TIEpBOTO CyaHAa BIpaBo Ha 33°
Juist 0€30IaCHOTO PACXOXKIEHHST BTOPHIM CYAHOM II0-
TpebOBaAIOCh CHU3UTh CKOPOCTh MACCUBHBIM TOPMOIKE-
HHUEM Ha 6,4 y37a.

Wi
14
kP
3l
28
b
24

2
20
18
16
14
1¢
10

c,c.ﬁltll

[ Y e S U =y ]

JIi1st TO¥ e CUTyaIuy ONTacHOTO CONMKEHUS MPO-
rpamMMoii Obuta copMUpoBaHa 00JACTH QKVj npu

AKTHMBHOM TOPMOYXEHHHM BTOPOTO Cy/JHa, ITOKa3aHHas
Ha puc. 3.

k1=185

Ye=18.4
Kot= 351
Lm=1.00

220 250 280 310 340 10 40 70

100 130 160 130 220 250 280 310 340 10 40 KT

Puc. 3. Obracmo QKVj npU AKMUBHOM MOPMOICEHUU BMOPO20 CYOHA

Ha rpanune o6mactu QKVj BbIOpaHa TOYKA CO-

OTBETCTBYIOLIAA MapaMeTpaM CTPATETUN PACXOKICHUA

CyllOB K&)/) =85° u V2y218,4 y371a, IpU KOTOPBIX

JIOCTUTaeTCs Dminf =1,00 M.

B nanHOM cilydae nipu yKJIOHEHUM [IEPBOTO CyIHA
BJIEBO Ha 35° 11 6e30MacHOTO PacXOXkKICHHUS BTOPHIM
CYIIHOM MOTPeOOBAIOCH CHU3UTh CKOPOCTh aKTUBHBIM
TOPMOJKEHHEM Bcero Ha 3,6 y37a.

BbIBOIbI U peIJI0KEH NS,
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Bopoxooun Hzopv Heopesuu

KaHOuoam mexHuueckux Hayx, oexarn gakyiomema MITuT,

Hayuonanvnoui ynusepcumem "Odeccras mopcras akademust”

’

INFLUENCE OF LAW OF DISTRIBUTING OF ERROR OF LATERAL DECLINATION ON

PROBABILITY OF SAFE PASSING BY SHIP OF THE STRAITENED ROUTE

BJIMAHUE 3AKOHA PACIIPEAEJEHUSA NOTPEINTHOCTHA BOKOBOI'O OTKJIOHEHUS HA
BEPOATHOCTDH BE3OITACHOTI'O INTPOXOXXKAEHUA CYJHOM CTECHEHHOT'O MAPIIIPYTA

Summary: Analytical expression of numeral estimation of probability of the safe wiring of ship is resulted
by the set straitened route. For the law of Gauss and mixed laws of distributing of the first and second type de-
pendence of probability of the safe wiring of ship is explored by the set straitened route from the parameters of
law of distributing of error of lateral declination of ship in relation to the programmatic trajectory of motion.

The numeral example of estimation of probability of the safe passing by the ship of the set straitened route is
considered at distributing of error of lateral declination with unchanging dispersion by law of Gauss and to the
mixed laws of distributing of the first and second type with different substantial parameters. Collected dependence
of probability from the values of substantial parameter of the mixed laws. For the receipt of results of research the
computer program was developed and applied.

Key words: navigation safety, laws of distributing of random error terms, probability of the safe wiring of
ship, sailing in the straitened waters.

AuHoranusi: [IpuBeieHO aHATUTHYECKOE BBHIPAKEHHE YUCICHHON OIEHKU BEPOSTHOCTH 0E30MacHOM mpo-
BOJIKH CY/IHA 33J[aHHBIM CTeCHEHHBIM MapiupytoM. Jliis 3akona ['aycca U cMENIaHHBIX 3aKOHOB pacIpeieIeHust
MEPBOTO M BTOPOTO THIIA UCCIIEI0BAHA 3aBUCUMOCTD BEPOSITHOCTH GE30MAaCHOM MPOBOIKHU CY/IHA 3aaHHBIM CTEC-
HEHHBIM MapIIpyTOM OT MapaMeTPOB 3aKOHA PACIPeIeeHNs IOIPENIHOCTH OOKOBOTO OTKJIOHEHHS CYIHA OTHO-
CHUTEJILHO TPOrPAMMHOM TPAEKTOPUH JBHIKEHUSL.

PaccMOTpeH YHCIIEHHBIH IPUMEDP OLEHKH BEPOSITHOCTH 0€30I1aCHOTO MTPOXOXKICHUS CYHOM 33 JaHHOTO CTEC-
HEHHOT'O MapuIpyTa P PacIpepeIEHHH MOTPEITHOCTH GOKOBOIO OTKIIOHEHHUS ¢ HEU3MEHHOM JUCIIEPCHEN 10 3a-
KoHy ['aycca M CMEIIaHHBIM 3aKOHAM paclpeiesieH s IEPBOr0 U BTOPOTO THIIA ¢ Pa3IMUHBIMU CYIIECTBEHHBIMU
napameTpamu. [ToyueHa 3aBHCUMOCTh BEPOSITHOCTH OT 3HAUEHHH CYIIECTBEHHOTO MTapaMeTpa CMEIIaHHbBIX 3aKO0-
HOB. [1J1s1 OJTy4eHust pe3yJIbTaTOB UCCIIEA0BaHMS ObUIa pa3paboTaHa U MPUMEHEHA KOMITBIOTEPHAS IPOrpaMma.

Kniouesvie crosa: nasuecayuonnas 6e30nacHocms, 3aKOHbL PACRPEOeNeHUs CLYHAUHbIX NOZPEUHOCTel, 6epPo-
AMHOCMb 6E30NACHOU NPOBOOKU CYOHA, NIABAHUE 8 CHECHEHHBIX 800aX.
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IMocTanoBKka MpodJeMbl.

Opno#t 3 HamboJlee aKTyaJdbHBIX MpodieM 0e3-
ONIaCHOCTH MOpEIUIaBaHUs ABIAETCS oOecredeHue 0e3-
ABapHUIHOIO IUIABAHUS CYJOB B CTECHEHHBIX pallOHAaX.
Pemenne 3Toii poOIeMBI CIIOCOOCTBYET CHMKEHHUIO
Yycia aBapuid, BOSHUKAIOIIUX MO MPUYMHE IMTOCATOK
CyJOB Ha MeJIb ¥ HaBaJIOB Ha nmpuyaj. CyIiecTBeHHbIM
ACIIEKTOM pEIICHHs YKa3aHHOW IMpoOJeMBbl SBISIETCS
pa3paboTka M aHAJIM3 MaTeMaTHYecKoil Moxenu (op-
MHUPOBaHHsI BEPOATHOCTH O€3aBapUiHOTO IUIaBaHUS
CyJHa 10 BBIOPAaHHOMY MapIIpyTy, KOTOPBIH MO3BO-
JSIET BBISIBUTH CYLIECTBEHHBIE (DaKTOPBI U MpEAyINpe-
IUTh WX OTPHIATENFHOE BIHMAHHE Ha 0E301acHOCTh
IpoLecca CyI0BOKACHHS.

AHaJIM3 NOCJeIHUX JOCTM:KeHUH u myO/uKa-
M.

BnusHre MO3MIMOHHON MOTPENIHOCTH CyAHA Ha
HaBHTALMOHHYIO O€30MaCHOCTH BIICPBBIE paccMaTpH-
BaJIOCH B padote [1], B KOTOPOH y4UTHIBANACh TOJIBKO
MO3UIIMOHHAS BEKTOpHAlbHasl IOTrPEIIHOCTh OIpese-
JICHUA MecTa CyJHa, a B KauyecTBE HaBUTAI[MOHHON
OIMAaCHOCTH PaccMaTpUBAJIOCh TOYEUHOE MPEISTCTBHUE.
JanbHelinee pa3BUTUE 9TOM TEMATUKHU OTPAXKEHO B pa-
Oortax [2, 3], mpuyem B paboTe [2] moKa3aHbI [Ba SKBU-
BAICHTHBIX TOAXOAa K OIPENEIICHHIO BEPOSTHOCTH
0e3aBapuitHOrO IUTAaBaHUS CyJIHA IO 3aJlaHHOMY CTec-
HEHHOMY MapIIpyTy, a KpUTEpUil HABUTaIMOHHON 0e3-
OTTaCHOCTH IIpeIoKeH B pabote [3].

Heo6xoanMoCTh NPHUMEHEHHS YCOBEPIIEHCTBO-
BaHHBIX KOMIBIOTEPHBIX CHCTEM NPOU3BOAUTCS B pa-
6ote [4], B KOTOPOU yKa3bIBaeTCs, YTO CPEACTBA MPO-
THO3a ABIKEHHS CYJIOB, YCIICUIHO IPUMEHSBIINECS B
TE€YEHHE UIUTENIFHOTO BPEMEHH, OTIMYAIOTCS YIpo-
IIEHHBIMU MOJIENIIMH IIPOTHO3a IBUKEHUS CyTHA. YKa-
3aHHOE O0CTOSITEIHCTBO OTPAHMYMBACT MX HCIOJB30-
BAaHME B YacTH TEKYIET0 OTOOpaKeHUS IBHMKECHUS
CyZHA TIPH M3MEHEHUH TOJIOXKEHUS PYiIss U 000pOTOB
JIBUTATEIIs, & Takke TpeOyeT pa3paboTKU yCOBEpILIECH-
CTBOBAHHBIX IPOTHO3HBIX MOJIENEH IBIKEHNUS Cy THA.

B pabore [5] paccmoTpeHa pa3paboTka nHpOpMa-
IIMIOHHOW CHCTEMbl MMHUTAlMOHHOTO MOJAEINPOBAHUS
JBIDKEHUS CYZIOB CO CIOXKHBIMHM JAWHAMHYECKUMH MO-
nensmu. 1o MHEHHIO aBTOPOB, AaHHAs CHCTEMa IT03BO-
JIUT 00€CIeUnTh HOBBIM THII IUTAHUPOBAHHUS MaHEBPOB
CyJHa, a TaK)Ke OCYIIECTBIIATH KOHTPOIIb BHITIOITHEHHS
3amaHHOTO MaHeBpa. [IpexycMoTpeHo Tekyiiee 0Too-
pakeHHe 33JaHHOTO MaHEBPa OJTHOBPEMEHHO C (haKTH-
YECKHUM JBHKCHHEM CY/IHA U C UHAUKAI[UEeH IPOTHO3H-
PYEeMOH TpaeKTOpHUU.

B pabGote [6] paccMOTpeHa HMHTEIUIEKTyajbHas
cucTeMa NPOTrHO3UPOBaHUS ABWKEHUS Cy/IHA, KOTOpas,
UMHTHPYET mpoliecc 00yueHHs aBTOHOMHOTO OJoka
YIpaBJIEHUs, CO3AHHOTO C TIOMOIIBI0 HCKYCCTBEHHOH
HEHpOHHOW ceTH. BXomHble cHrHamBI HaOIIOMAIOTCS
OJIOKOM YTIpaBJICHUS, KOTOPBIH BBIYHUCISIET 3HAUCHUS
TpeOyeMBIX TMapaMeTpOB MaHEBPHPOBAaHUS CyAHA B
CcTeCHEHHBIX Bomax. OCHOBHOM 3aauei CUCTEMBI SIBIIS-

bmax

€TCsS HENPEPBIBHBIA KOHTPOJIb HABHIALIMOHHBIX Mapa-
METPOB CyJIHa, U TIPOTHO3 UX 3HAYEHUII ITOCIIE OMpene-
JIEHHOTO MHTEPBala BPEMEHH.

Bonpocam wuneHTH(UKAINU CYHOBBIX MOJEIEH
MaHEeBpHUPOBAaHHUH TIOCBsIIeHa pabora [7], B KOoTOpOH
copMupoBaHa HEMUHEHHAS MOAETb MAHEBPUPOBAHUS
CyJHa, OCHOBaHHAs Ha aHAJM3€ €ro TUIpPOAUHAMUKHU.
JUis oLleHKU MapaMeTpoB MOJEIH HCIOJIb3YeTCs TeO-
pus MAEHTH(UKAIMU CHCTEM, IPUYEM pacdeT mapa-
METpPOB MOJIENU MPOU3BOAUTCS MO AITOPUTMY, KOTO-
PBIIl OCHOBaHHBIN Ha PacIIUPEHHOW TeopuH (uiIbTpa
Kanmana. ITomyyeHne BXOIHBIX U BBIXOJHBIX JAHHBIX
CHCTEMBI, HEOOXOIUMBIX AT WACHTH(HUKAINU Tapa-
METPOB, MPOU3BOAMIOCH C HUCIIOJIB30BAHUEM LIUPKYJIsi-
LM ¥ 3Ur3aroo0pa3HOro MaHEBpa.

AnBTepHaTUBHO HOPMAaJIbHOMY 3aKOHY pacIpeje-
JIEHHS 711 ONTUCAHUS CIy9aiHBIX IOTPEIIHOCTEN HaBH-
TallMOHHBIX WM3MEpPeHUH B pabote [8] mpemmoKeHbI
CMeIlIaHHbIE 3aKOHBI IEPBOT0 U BTOPOI'0 TUIIOB, a B pa-
6ote [9] mpeacTaBiICHBI CTATHCTHYCCKUE MATEPUAIIBI
110 TOYHOCTH OMNpEJENCHUsI MeCTa Cy[HA C IOMOIIbIO
NpUEMHMKA CIIyTHUKOBOW DPaJMOHABUTALIMOHHOU CH-
CTEMBI, KOTOPBIE IIOKA3aJIM, YTO NPEATOJIOKEHHE O pac-
MIPEJENIEHNH CIy4alHbIX MOTPEUIHOCTEN ONpeAeIcHUs
LIMPOTHl U JOJITOTHI MO 3aKOHy ['aycca He sBisAeTcs
KOPPEKTHBIM.

B pa6ore [10] misa onmcanus cirydaiHBIX TO-
TpeIIHOCTeH MpeIokeH 0000meHHbI 3akoH [Tyac-
COHa, mpu4eM B padorte [11] mpuBeneHBI pe3yabTaThl
HCCIIeIOBAaHHsI BO3MOXKHOCTH OTIMCAaHMSI CUCTEM 3aBU-
CHMBIX CITy4aifHBIX BEJIMYHH C IIOMOIIBI0 0000IIeH-
Horo pacnpeznenenus Ilyaccona ¢ 6a30BbIM HOpMaIb-
HBIM pacIpeieIcHuEM.

BoinesieHHe HepellleHHBIX paHee yacTeii o0uei
npoodJieMsl.

IIpu nnaBaHuYM B CTECHEHHBIX BOJIaX, KOTOPBIE He-
JOCTaTOYHO OOOPYZOBaHBl HAaBUTAIMOHHBIMH Cpe-
CTBaMH, CYJOBOJUTEJISIM HEOOXOAMMO pacHoiarath
CPE/ICTBaMH OLIEHKH BEPOSTHOCTH 0€30MacHOro Ipo-
XOXJIEHHUs] CYJJHOM CTECHEHHOrO MapIIpyTa Ul MpHU-
HATHS pelleHus ciaenoBaHusa uM. Ilpu oneHke Takoin
BEPOSTHOCTH CYIIECTBEHHBIM (PAKTOpOM SBISETCS 3a-
KOH pacIpe/esIeH s TO3UIIMOHHOM MOTpenHOCTH MIPo-
BOJIKM CyJIHa OTHOCHUTEIHHO NPOrPaMMHOM TPaeKTo-
PHUH IBIDKEHHUS, BIUSHHE KOTOPOTO HA BEIMYHUHY BEpO-
ATHOCTH SBIISICTCA MIPEIMETOM HCCIEIOBAaHUS JTaHHOM
CTaTbU.

eas craTbu.

Lenbto cTaThy SBISETCA aHAIU3 3aBUCUMOCTH Be-
POSITHOCTH 0€301aCHOTO MPOXOXKICHUS CYIIHOM CTec-
HEHHOTO MapuipyTa OT 3aKOHa paclpeleNeHusl Mo-
TPEIIHOCTH €r0 OOKOBOTO OTKJIOHEHHS OT HMpOrpamMM-
HOH TpaeKTOpuu.

N3no:xeHne 0CHOBHOIO MaTepHaJia.

B pabote [2] Op110 MOITy4eHO BEIpaKEHHUE /TS Be-

pOSITHOCTH O€3aBapUITHOM POBOIKY CyTHA Ps JI0ITy-
CTHMOM 00J7aCTH, KOTOPOE UMEET CIEAYIOUTIA BU:

dbimax
P-expfs | obin{ 1y Gy bIFC-8,)+FC+5,ld6, )b} @

bmin Sbimin
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rae S - JUIMHa IPOrpaMMHO# TPaeKTOPHH;
(p(b) - pacnpeleneHreM YacTOT HOPMAalbHOM
IIMPHUHBI JOIyCTUMOM 001IacTH;
min
snauenns wmpuust 0 ;

n b max -~ MUHUMaJIbHOC 1 MaKCUMAJIbHOC

y(8b/ b) - YCJIOBHOE pAaCIpee/ICcHHe 9acToT
CMEIIECHUA Sb;
F(X) - (DyHKLMS pacnpeeeHus MorpeIHoCTH

X 6okosoro otknonenns A, .

b

Kak cnenyer u3 BelpakeHus (1), BEposITHOCTB P
3aBHUCHT OT 3aKOHA PACIPEZCIICHUs MOTPEITHOCTH 00-
KOBOTO OTKJIOHEHHs X CyJHa OTHOCHTEIBHO 3aJIaH-
HOH TpaekTopuu. B naHHOH cTaThe paccCMOTPUM HOP-

MAaJIbHBIN 3aKOH pacopeaciacHus, MmI0THOCTb fN (X)

KOTOPOTO BBIPAXKaeTCs CIIELYIOIMUM 00pa3oM:

f (X)) =

2
fn()= eXp(—g) |

\2no

[ToMrMO HOPMAaNBHOTO pacHpeieiIeHUs MOTPeml-
HOCTH OOKOBOIO OTKJIOHEHUs X MOTYT MOAYHHSTHCS
CMEIIaHHBIM 3aKOHaM IEpBOro W BTOporo tuma [8].
[I10THOCTh pacmpefeNCHUs MOTPEITHOCTEH OOKOBOTO

OTKJIOHEHHSI TIpM CMEIIaHHOM 3aKOHE IIePBOTO THIA
HMMEET CIEYIOIUN BUA:

- Mg 2n) 1
X)=
BT rn1-3-2n-1) (X/2+ )™

¢ aucrepcuen

,(n<6)

B 2a
H2 =501

Ecmu xe MOTPCIIHOCTH OOKOBOI'O OTKJIOHEHHMS
pacnpeaccHbl IO CMCITAHHOMY 3aKOHY BTOPOT'O THIIA,

TO IUIOTHOCTb UX paclpeicieHUs fz(X) U BTOpOU

LEHTPAIEHBI MOMEHT (IUCTICPCHSI) ,le HMEIOT BU:
n+l

1-3-5-(2n+ 1o 1 (n<5)
\/§2n+1n! (X2/2+a)n+3/2
1w, =
2 n'

Jlnst OIlEHKH BEpOSITHOCTH Oe3aBapUHON Mpo-

BOJIKH CyJHA Ps JOIYCTUMOH 00JIACTH C IIOMOLIBIO
dopmynsr (1) HEOOXOOMMO PACCUUTHIBATH 3HAYCHHUE

BBIPAXKEHUSI F(g - Sb) + F(g + Sb) , IS YE€TO0 Clie-

JyeT pacroJiaraTh BO3MOXKHOCTBIO BBIYHCIIATH (QYHK-
IIUM paclipeneaeHuss HOPMaJIbHOTO 3aKOHAa M CMEIIaH-
HBIX 3aKOHOB 000MX THHOB. [[jI1 HOpMaIBFHOTO 3aKOHa
(yHKIMS pacmpesieNieHns] He BBIpaXaeTcs B 3JIEMEH-
TapHbIX (QyHKOMAX. 3HaueHHEe (QYHKIUM paclpeneie-
HHSI HOPMaJIbHOTO 3aKOHA MOKET OBITh MOJIYYESHO C MO~
Motursio GyHKIMH Jlammaca

B(X) =J2;fet2dt,
0

KOTOpas B COOTBETCTBYIOIIHUX ITOCOOWSIX Mpea-
craBjieHa B TaOnn4HOM Buae. OyHKIMS pacnpenesne-
HUS CMEIIAHHOTO paclpeneNeHus] TepBOro Tuma

Fln (X) MOKET OBITh MOJIy4yeHa € IOMOLIBIO BBIPAXKE-

HHS IS TUIOTHOCTH PACTIPEACTICHUST fl(X) :

X 2" " LX dt
o n!
F.(X)= | f;(t)dt= n<6)
n (%) _Iool() J2n 1-3--(2n—1)_£0(x2/2+a)n+1
B pabore [8] momydeHO BBIpaKeHHE (QYHKITUH
pacrmpeelieHusl CMEIIaHHOTO 3aKOHa IIEPBOTO THIIA,
KOTOpOE UMEET BUJI:
1 1 x o on-i (n_m;(n i)! X
F, (X) ==+ —arctg +> @ — .(NL6)
2 V2o id~2r1-3-[2n—(2i-1)] ,x ¥
(7_’_ )n+1 i
5 (04
AHAIIOTUYHO Il CMEIIAHHOTO 3aKOHA BTOPOTO
THIA:
X . . . n+1 X
—o 22[’] + n' n+

“(x%/2+a)
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a BeIpaKeHUE (DYHKIMH PACIIPEACICHUS /IS CMe-
[IAHHOTO 3aKOHA PaclpeIe/ICHUs] BTOPOTO BHIA B SIB-
HOM BHJIe UMEET ClieAyromuii Bux [8]:

(-1’

an+1+j

Fyo () =1-2"-35. (2n+1{ ¥ -

=0 M= DM+ 1+ 1) (x2 4 20+ x4/ X2 + 20) ™)

[Tonp30Batbes i1 pacuyera NPUBEICHHBIMH BbI-
pakeHUsIMU (QYHKIIMHU pactpeaeneHus Hey100HO n3-3a
ux rpomo3akoctu. [loaTomy B cratbe pacuer GpyHKuMit
pacnpezeneHus NPOU3BOAUIICS YUCICHHBIM HHTETPH-
poBanueM MeTonoM CHMIICOHA.

Ha 6a3ze amroputma pacdera BEpOATHOCTH 0e3-
OIIACHOTO IPOXOXKICHUS CTECHEHHOTO y4YacTKa Oblia
HaIllcaHa KOMIIBIOTEpHasl IPOTrpaMMa, ColeprKamias
HpOLENypy pacdeTa ONpeeIeHHBIX HHTEIPaJIOB METO-

bn/2

Py =[ | f(X—8pm)dx]® =[2

-b,/2
Jl1d OLleHKH BIMSHMS 3aKOHA PaclpeeiICHus Be-
POSITHOCTEH MOTPEHIHOCTH OOKOBOT'O OTKJIOHEHUS AJIS
OJIHOTO U TOT'O K€ MApLIPYTa PpACCUYUTHIBATIUCH BEPOSIT-

HOCTH P n Pl_[p U HOPMAJIbHOI'O 3aKOHA, a TaKKe

}.(n<5)

J0M Cumicona. B nporpamme rnmoMmUMO TOYHOT'O pac-

YyeTa BEPOSTHOCTH Oe3aBapUiHOI MPOBOJKH CyJHA P
o (opmyiie (1) mpeaycMoTpeHa OlieHKa BEPOSTHOCTH

C TIOMOIIBIO TPUOIIDKEHHON (OPMYIBI, KOTOpas
YUYHUTBIBAET CPEIHUE 3HAUCHUS HOPMAJILHOW IINPUHBI

bm n CMCUICHUA Sbm, npu4emM HpI/I6J'H/I)KeHHy}O

OLIeHKY 0003HaYNM Pnp :

bn/2
[ (X =8y )dX]°.
0

CMEIIaHHbIX 3aKOHOB MEPBOT0 U BTOPOTO TUMOB. Tak,
JUTSL TIEPBOTO MapIIpyTa, OKa3aHHOTO Ha puc. 1,

Puc. 1. Omobpasicenue b6ezonacrotl obracmu u mpaekmopuu

Hocle ONpEAENEeHUsI €ro XapaKTEPUCTHK BBIBO-
IATCa MH(OpPMANHsI MO BEPOATHOCTH Oe3aBapHitHOTO
TUTaBaHMs TI0 TIEPBOMY Mapuipyty (puc. 2) ¢ y4eTom

HOPMAJIbHOT'O PpacrpeaCICHU HOI‘peIHHOCTeﬁ 00KO-
BOT'O OTKJIOHCHUA.
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01439

BepoaTtHocTe TouHaa = 0,1439

BepoATHOCTE NpUENMRkeHHaR = 0,4809

|

LI 0]

Puc. 2. Hnghopmayus o eéepossmnocmu P npu HOPMATLHOM 3AKOHE

B BepxHell wacTH 3KpaHa INpeacTaBlIeHa IUa-
rpaMMa pactpeeaeHns HOpMaJIbHON IMUPUHBI MO IPO-
TSODKEHHOCTHU MapuipyTta npoBojku. Hiske nokasas rpa-
(UK BeposATHOCTEH 0€301MacHOTO MPOXOXKACHHS 3JIe-
MEHTAapHBIX y4acTKOB MaplipyTa IpoBoaku. HukHuit
rpaduK MOKa3bIBaET 3aBHCUMOCTh BEPOSTHOCTH 0e3-
OIIACHOM IIPOBOJKM MPOIJIEHHON yacTu Mapuipyra. B
HIDKHEH YacTH 9KpaHa npuBeeHa HHPOPMAIHs O TOY-
HOM M NpUOJIMKEHHOH BEPOSTHOCTEH 0e301acHoOro
IIPOXOXAECHUS BCEro Mapuipyra. B paccmarpusaemMom

-1of

npumepe oHu pasHbl cooTBeTcTBeHHO P =0,1439 n
Pnp =0,4809.

[Tpu BEIOOpE CMEIIAHHOTO 3aKOHA MEPBOTO THIIA,
3Ha4YEeHUE CYIIECTBEHHOTO ITapaMeTpa KOTOPOro B JJaH-
HOM NIPUMEPE PaBHO 1, pe3yabTaThl pacyeTa BEPOSTHO-
CTeH Ipe/ICTaBJICHbI Ha pUC. 3, U3 KOTOPOTO BUIHO, UYTO
TOYHAasT U MPUOIMKEHHAs BEPOSTHOCTH TPUHHUMAIOT

snauenns P=0,9846 u P, =0,9914.

x

ZI Gauss

Foshi

Firson

cro=275

ilifele

E]
n

1.0000

094967

EepoarH.

i

1.0000

098496

BepoaTHocTe TodHaa = 09846

EepoaTHOCTE NpHGMskeHHana = 0,9914

g

;I (5]

Puc. 3. Ungpopmayus o seposmnocmsx Pu Prlp npu cMewanHom 3akone 1-2o muna
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B cnydae pacmpeneneHHs IOTPEIIHOCTH OOKO-
BOTO OTKJIOHEHHS II0 CMELIAHHOMY 3aKOHY BTOpPOTO
THIIA, 3HAUYCHUS CYLIECTBEHHOTO MapaMeTpa KOTOPOro
TaKKe paBHOTO 1, WHpOpPMAaNHs O BEpOSTHOCTH Oe3-
OIIACHOTO IIJTaBaHU 10 MapLIpyTy NOKa3aHa Ha puc. 4,
npuyeM 3HadeHUs QyHKIUU paclpenesieHus TeKymei
HOPMaJIbHOHM IIMPUHBI BapbUpYIOTCS B Hpenesnax oT

0,9993 no 1, yem obGecrieunBaeTCs TOUHAS BEPOSITHOCTH
P= 0,9937. ITpubnmxeHHas oNeHKa 3HAYCHHS Be-

POSITHOCTH  COCTaBJISIET Pnp =0,9975. Obpamaem
BHHUMaHHUE, YTO caMmas HU3Kas BEPOATHOCTH Oe3omac-

HOTO IIJIaBaHMs BBIOPaHHBIM MapIIPyTOM HMEET MECTO
pu

i
ZI Gauss
Kaoszhi
‘ b
H‘HH ‘H C.ko= 275
n=1

1.0000

0.9333

1.0000

0.9937

BepoatHocTe TouHaa = 09937

BepoaTHoCTe NpuMSnMseHHan = 0,.9975

Puc. 4. Ungpopmayus o eeposmnocmsx P u Pnp npu CMeuwlaHHoM 3aKoHe 2-20 muna

3aKOHC Faycca, a €€ MaKCUMaJIbHOC 3HAYCHHUE 10~
CTUTacTCd NpHU CMEIIAHHOM 3aKOHE BTOPOI'O THIIA. Bo
BCEX clIydasax HpI/I6J'II/I)KeHHaSI OIICHKa BEPOATHOCTHU

MIPEBOCXOUT TOYHYIO OLIEHKY, a BEPOATHOCTh P e
SBJISIETCS JOCTATOYHOM JyIsi 0€301aCHON IPOBOJIKH.
Jis uccnenoBaHys BIUSHUA 3aKOHA paclpesene-
HUS TIOTpEIIHOCTEe OOKOBOTO OTKJIOHEHHUS U TOYHOCTH
UX ONpe/eNieHUss Ha BEpOSTHOCTH Oe30IacHOW Ipo-
BOJIKM Cy/lHa 110 MapHIpyTy OBUIM NPOHM3BEICHBI pac-

YCThI BEPOATHOCTHU P CMEIIaHHEBIX 3aKOHOB 000HX TH-
OB C pas3IMYHbIMU CYIICCTBCHHBIMH IIapaMeETpaMu

nl u n2 , a TaKKe 3HaueHusMu 6 ot 20 g0 50. Pe-

3yJIBTATHI pacueTa sl JAHHOTO MapIIpyTa MPUBEICHEI
B Tabi. 1.

AHanu3 TaHHOHM TaOJHUIBI TOKA3BIBAET, YTO BEPO-

ATHOCTH P yBenmmumBaeTcs ¢ poCTOM CYIIECTBEHHOTO
rapameTpa, ¥ IpH TUIaBaHUU MapIIpyTOM BepOSTHOCTh

P > 0,999 npu rounocru 6 = 20 o6ecneunsaercs B
ClTydae pacipeaesieHHs IOTPENTHOCTH IT0 CMEIIAHHOMY

3aKOHY IepBOro Tuna npu N; > 3 ¥ BTOPOro THIIA IPH
n, > 2. IIpu cpemHeM KBagpaTHYECKOM OTKJIOHE-
mm 6 =30 sepoataocts P > 0,999 nocruraercs
npu N4 >3u N, >3, min 6 =40 Ta ke BeposiT-
HOCTb HUMeeT MecTo, ecau Ny >4 u n, >4, Ina

c=50 tonbko n, = 6
P >0,999.

npu BEPOATHOCTDH
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Tab6muma 1.
3aBUCUMOCTD BCPOATHOCTU P OT 3aKOHa pacnpcAc/ICHUA NOrpCIHOCTH
3akoH 0=20 6=30 0=40 0=50
Hepspiit Tun Nq =1 0,9903 0,9825 0,9733 0,9632
Bropoit Tun N5 =1 0,9966 0,9925 0,9871 0,9803
IIepBsrit TUI nl =2 0,9987 0,9966 0,9934 0,9890
Bropoit tun Ny =2 0,9994 0,9983 0,9963 0,9933
Hepserit Tun M9 =3 0,9997 0,9991 0,9978 0,9956
Bropoit tun Ny =3 0,9998 0,9994 0,9985 0,9970
epsbiit Tun Nq =4 0,9999 0,9996 0,9990 0,9978
Bropoit Tun Ny =4 0,9999 0,9997 0,9993 0,9983
[epsbiit Tun Mg =5 0,9999 0,9998 0,9994 0,9987
Bropoii tun N5 =5 0,9999 0,9999 0,9996 0,9989
Iepsbiit Tun N4 =6 0,9999 0,9999 0,9997 0,9991

BruIBoabI H MpeI0KeHNSsI.

1. IlpuBeneHO aHAIUTHYECKOE BBIpAKEHUE IS
KOJIMYECTBEHHOIN OIICHKH BEPOSATHOCTH OE30MacHOTO
MPOX0KJCHUS CYTHOM CTECHEHHOTO MaplIpyTa IpH 3a-
JTAHHBIX 3HAYCHISIX CYIICCTBEHHBIX ITaPaMeTPOB.

2. UccnenoBana 3aBUCUMOCTD BEPOSITHOCTH 0e3-
OIACHOTO TIPOXOXKICHUSI CYJJTHOM CTECHEHHOTO Maplil-
pyTa OT 3aKOHA pacHpeneICHHs MOTPEITHOCTH ero 00-
KOBOTO OTKJIOHEHHsI OT IIPOrPaMMHON TPaeKTOPHH,
MpUYEeM B Ka4eCTBE 3aKOHOB PACIIPE/ICIICHISI BEIOPaHBI
3akoH ['aycca M cMelIaHHbIe 3aKOHBI pacIpeieIeHus
MIEPBOTO U BTOPOTO THUTIA.

3. PaccMOTpeH YHCIIeHHBIH PHUMEp OLEHKH BEpO-
SATHOCTH 0€30IacHOTO MPOXOXKACHUS CYTHOM 3aJaH-
HOT'O CTECHEHHOT'O MaplIpyTa IIPpY pacrpeaeIeHUuH no-
TPEITHOCTH OOKOBOTO OTKJIOHEHHUS C HEU3MEHHOM JTHic-
nepcuelt o 3akony 'aycca u

CMEIIAaHHBIM 3aKOHAM pacrpeaesICHUs IEPBOTO U
BTOPOT'O THUIIA C PA3JIMYHBIMU CYHICCTBEHHBIMU ITapa-
MeTpamu. [lodydeHa 3aBHCHMOCTH BEPOSTHOCTH OT
3HAYECHUI CYIIECTBEHHOI'O MTapaMeTpa CMCIIAHHbIX 3a-
KOHOB.

4. JIns moJydeHHs pe3yJbTaTOB MCCIIENOBAaHUS
Obu1a pazpaboTaHa ¥ IPUMEHEHa KOMIBIOTEpHAs IIPO-
rpamMMa, KOTOPYIO MOXHO HCIIOJb30BaTh B CYAOBOM
HaBHUT'ALMOHHOW MH(POPMAIIMOHHON CHCTEME TIPH IlIa-
BAaHHUHU B CTCCHCHHBIX paﬁOHax.
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COMPUTER MODELING OF MATHEMATICAL PROCESSING ALGORITHMS PROCESS
REVERBERATION IN A CLOSED INDOORS

KOMITBIOTEPHOE MOJEJIMPOBAHUE MATEMATHYECKHUX AJITOPUTMOB OBPABOTKHN
PEBEPBEPAIIMOHHOI'O TPOIECCA B 3AKPBITOM NIOMEIIEHUN

Summary: The methods of measuring the reverberation time indoors was researched in the work, the com-
parison of methods for building envelope reverberation process was conducted, their advantages and disadvantages
was defined. Based on mathematical measurement methods were developed simulation software for process re-
verberation in the room and conducted model experiments. Analysis of the results showed that the envelope of
reverberation curves built on by Schroeder’s method, have less value standard deviation from the set exponential
decrease compared to the quadratic detection method and the method of calculating the envelope of Hilbert. This
means that using it can get a more accurate value reverberation time.

Key words: reverberation, envelope reverberation processes, standard hour reverberation, Schroeder's
method, Hilbert's method.

AnHoTanus: B paboTe uccienoBaHbl METOIbI U3MEPSHHUS BPEMEHH peBepOepalii B HIOMEIICHHUX, TPOBe-
JICHO CPaBHEHHE METOAOB MOCTPOCHUS OrHOaroIIell peBepOepallMOHHOTO IIpoLecca, ONPeIeNICHbl UX IpeuMyIie-
cTBa 1 HeJocTaTKi. OCHOBBIBAsICh HA MATEMAaTHYECKUX METOJJOB U3MEPEHUH ObUIN pa3paboTaHbl MPOTPaMMBI IS
MO/ICJIMPOBAHMUS Npoliecca peBepOepaly B IOMEUICHHH U ITPOBEJECHBI MOJIENIbHBIE SKCIIEPUMEHThI. AHAJIH3 110-
JTy4eHHBIX Pe3yJbTaTOB MOKa3all, YTO orudaronye peBepOepalioHHOro Mponecca IOCTPOSHHBIE II0 MEeToay 00-
paTHOro MHTErPUPOBAHUS, UMEIOT MEHbIIEe 3HAYCHHE CPEJHEKBAAPATHUECKOTO OTKIIOHEHHS OT 33/IaHHOTO JKC-
MOHEHIMAJIBHOTO CIa/ia 0 CPAaBHEHHUIO C METOJaMHU KBaJPaTHYHOTO JIETEKTHPOBAHMUS U METO/Ia BBIYHCIICHHS OTU-
Oatomieit ['mnpbepra. A 3TO 3HAYUT, YTO UCIMOJB3Ysl €0 MOXKHO MOJYYUTh 0OJiee TOYHOE 3HAUSHHS BPEMEHH
peBepOepanuu.

Knrouesvle cnosa: pesepbepayus, ocubaiowas pegepbepayuoHHO20 npoyecca, CmaHOapmHoe epems pesep-
bepayuu, memoo Lllpedepa, memoo I'urvbepma.

AKTYaJIbHOCTH TeMbl UccjiefoBanusa. OqHUM U3
Ba)XXKHBIX 3JIEMEHTOB IOCT-00pa0OTKH 3BYyKa SBIIACTCS
s ekt 3ByKoBoro 3xo0 [1, 2]. OH co3naer BneuaTiieHne
MPUCYTCTBUS CIOyIIATENs] B KaKOM-TO OIPEAECIEHHOM

THIIC TTOMELICHHs, 3BYKOBBIC BOJHBI B KOTOPOM Iie-
PEOTPAXKAIOTCSI, HCKAKAIOTCSA, YACTHYHO IIOTJIOIIA-
I0TCSI, ¥ IOXOZST 710 HaOJoAaTesns: B BUJIE BTOPUYHBIX
U HOCIEYIONIHUX 3BYKOB, layKe IOCIIe TOTO KaK OPHUIHU-
HAJIBHBIN 3BYK NpekpaTuics (puc. 1).

q 39T
U
5O
W‘i@@ o e 3? aﬁggb

I LI

[pomrocTs

Bpema

Puc. 1. Hzobpascenue pacnpocmpanenus pezyiomupyiowe2o 36yka [1]

Takoe sBIeHHE Ha3bIBacTCs peBepOeparueii, a
BpeMs, KOTOPOE HEOOXOIUMO JUIS Clajga CPeAHeH Mo
MPOCTPAHCTBY TJIOTHOCTU 3BYKOBOW SHEPrHUU B Orpa-
HUYCHHOM oObeme Ha 60 nb OT mMepBOHAYAIBHOTO

YPOBHS TOCJE BKJIFOYCHUS HCTOYHUKA HM3IYUCHHS —
BpeMEHEM peBepOepanuu. PeBepOepaloHHBIH TMPO-
LIECC SIBJISETCS JOCTATOYHO BECOMOM XapaKTePUCTHKON
3aKPBITHIX MOMEUICHUN. U IIEJbI0 JAHHOW PabOoThI 3TO
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BBIICHUTh METOZBI HAaXOKACHHUS BPEMEHU peBepOepa-
. [lox moMeImeHnsIMH MOKHO pacCMaTpHUBaTh XKH-
JIble KOMHATBI, TIECTHUYHBIC TUTOLIAKH 1 TIPOJIETHI, Ma-
CTEPCKHE, NMPOM3BOACTBEHHBIE IIEXH, KJIACCHBIE KOM-
HaTbl, OQUCHl, PECTOPAHBI, BBHICTABOYHBIC IIEHTPHI,
CTIIOPTHBHBIC 3aJbl, JKEJIE3HOIOPOKHBIE BOK3aIbl M
aspomnoptsi [3].

Bpewmst pesepOepariyiv U3MEpPSIIOT € IIEIBI0 OIpe-
JIETICHUS] B TIOMELIEHUH TIOTPaBKH 3BYKOOTJIOIICHHS,
HEOOXOAMMOH TIpH pa3IMuHBIX BUAAX aKyCTHUYECKHX
U3MEpEHUHl, TaKUX KaK M3MEPEHHE 3BYKOU3OJLSIIMU U
3BYKOBOI MOIIHOCTH HCTOYHHKOB Imyma [3], a mo-
CKOJIbKY Ha CETOJHSAIIHUI I€Hb €CTh HECKOJIBKO CTaH-
JApTU3UPOBAHHEIX CcHOc000B [3-5], TO HEoOXomuMo
BBIICHUTH KaKOil W3 HUX SBJsieTCs Hamboiee »ddex-
THBHBIM.

eab pabdoThl sBIsSETCS BHIABUTH NPUHMYILECTBA
Y HEJIOCTATKU KaXKJIOTO U3 OCHOBHBIX MaTEMaTHIECKIX
Mo/IeJIeH, KOTOPBIC OMKMCHIBAIOT OTHOAOIIYI0 peBepOe-
PaLMOHHOTO MTPOIIECCa B 3aKPHITHIX TTOMELICHUSIX, C [10-
MOMUIBIO OLIEHKH BPEMEHH peBepOepanuu.

Marepuan u MeToabl uccjenoBanus. B padore
[6] paccMoTpeHBI TpH crioco0a KOTOPBIC MOKHO pas3/e-
JWTH Ha ABe Kateropuu. K mepBoil oTHOCHTCS MeToq
npepeiBaHyA mymMa. OH 3aKJII09aeTcs B TOM, 4TO B IIO-
MEIIEHUH M0JaeTCsI HETPEPHIBHBIN IIyMOBOH CHTHAJI,
KOTOPBIII MOMEHTAJILHO BBIKJIIOYACTCS M IO CIamy
YPOBHS 3BYKOBOTO JIaBJICHNS, alllIPOKCUMHUPYETCS Mps-
MOW JIMHWEH, ONIpeneNseTcss CTaHIapTU3WPOBAHHBIN
BpeMsi peBepOepanyy B JaHHOM ITOMEILECHNH.

OnHaKo, TOT METO/I UMEET HECKOJIbKO HEJJOCTAT-
KOB. Bo-TiepBBIX, UI1 IpUMEHEHHs €ro HeoOXOAMMO
4TOOBI COOTHONIEHHE CUTHAJ-IIyMa COCTaBIsUI Oolee
35 nb B JaHHOM TOMENICHUH, B HEKOTOPBIX CIydasx
3TO JJOBOJIBHO CJIOKHO CHENaTh. A BO-BTOPBIX, AJIS MO-
Jy4eHHs yCpeAHEHHBIX 3HaU€HHE YacTOTHl peBepOepa-
IIMM HY>KHO JIeNlaTh HECKOJIBbKO M3MEPEHHH B OIHOW U
TOMH K€ TOUKE.

Ha cmeny stoMy MeTony €BpOINEWCKHUMHU yue-
HBIMH OBUT pa3pa0OTaH METOJ WHTETPUPOBAHUS HM-
ITyJbCHBIX OTKIIMKOB.

OTOT METOA 3aKII0YaeTCs B TOM, YTO 3aIHCHIBA-
eTca TOH e peBepOepallMOHHBINA TIpoIecc, a 3aTeM
MIPOBOANTCS €ro 0OpaTHOE MHTErpHUpoBaHus. To ecTh
MIPOUCXOIUT HAKOIIJICHUE MII CYMMUPOBAHUSI SHEPTHU
CUI'HaJla HaunHas ¢ KoHua. U takuM oOpazom MbI MO-
K€M YBHZEThb, Oojiee MEHee MNpPSIMOJIMHEIHHBIN craj
HaKOMHUTEJILHOH CyMMBI.

[Tpn u3MepeHnH BpeMeHU peBepOepaly BO3HHU-
KaeT elle o/iHa npobJiemMa, 3T0 KOPPEKTHAs! OlIeHKa IM0-
Jy4EHHBIX JaHHBIX, JUI1 3TOTO PACCMOTPUM MaTeMaTH-
YecKHe METOJIBI MOJCITUPOBAHNUS cribas pesepoepanu-
OHHOTO IpoIecca.

[[upoko pacnpocTpaHEHHBIMU METOAAMM BbLJIE-
JIeHUs] OTHOAaroNel curHaaa npu U3MEPEHNH BPEMEHH
peBepOepanyy SBIAIOTCST METOJ, KBaApaTUIHOTO Je-
TeKTUpOBaHUs [9], METOIBI BBIYKMCIICHUS Orubdaromieit
Tunp0epta [7] ¢ mocieAyoIIel anmpoKCHMAaNUeH mpsi-
MO 1o METOAY HAMMCHBIINX KBAaAPAaTOB, a TAKKE UH-
terpuposanus [llpexnepa [2,8].

Jlns BBISICHEHHS HENOCTaTKOB U MPEUMYLIECTB
KaXJO0r0 W3 HUX OBUIO MPOBEAECHO MaTeMaTHYEcKOe
MOJIETIMPOBaHNE peBepOepallMOHHOTO Ipolecca u
YCTaHOBJICHA B COOTBETCTBHH OIIEHKAa BPEMEHH PEBEp-
Oepanuu. ATTOpUTMEL 00pabOTKH KPUBBIX criaza 6a3u-
PYIOTCS Ha BBIACIECHUN OTHOAIOIIEH M3MEPEHHOTO pe-
BepOepanmoHHOTO Mponecca U e€ annpoKCHMAIHH.

Pe3yabTaThl M McciaeaoBanne. {11 3Toro cMoe-
JIpyeM OeJIblid IIyM, KOTOPBIH 3aTeM MOJIBEPraeM KC-
IMNOHCHIIUAJIBHOMY  3aTyXaHUIO YMHOXCHHOMY Ha

t
e , IAJIEE 3TOT TPOIECC OTOHILTPOBYEM TPETHY-

HBIM OKTaBHBIM (uibTpoM Ha yactore 1000 I'u. (puc.
2.).
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KBagpaTuaHbIll IeTEKTOp OTHOAIONICH CTPOAT Ha  KBajpaTa CIIeKTpa. Pe3ynpTaTr BeIIeIeHUS oTnoaromeit
POTPAMMHOM aHAIIOTE JABYXIIOMYIIEPUOIHOTO BBINPsI-  TPUBEJCH Ha PHC. 3 a).

MUTEJIS CO CTIAXKUBAIOITAM (QIIIBTPOM. [IaHHBIA MeTO

Ha puc. 3 6) mpencrasieH pe3yabTaT BEIACICHUSA

HE 3aBHCHT OT CTATUCTHYCCKUX XapaKTePHCTHK cur-  orubaromeit ['mimnbOepra, Ha puc. 3 B) — ormbaromas ,
Haja, OH (QUIbTPYET TOJNbKO HW)KHHE KOMIIOHCHTHI  IIOJyYCHHAs B pe3yJIbTAaTe HHTETPUPOBAHUS 110 METOLY

Ilpenepa.
Envelope Detection: LPF Method
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Enwvelope Detection : Hilbert Transform
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Enwelope Detection : Shreader mathod
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Puc. 3. a) @opmuposanue o2ubarouseii no Memooy KeaopamuuHo2o demekmuposanus, 6) gopmuposarue
oaubaiouetl no Memooy svluucienus npeoopazosanus I urbbepma, 8) popmuposanue ocubarowei no Memooy
unmeepupoganus Lllpedepa

Ha puc. 4 MOXXHO OIIEHUTh Ka4eCTBO OTUOAIOIINX
CUTHAJIA, TIOJYYCHHBIX Pa3sHBIMH METOJaMH, OTHOCH-
TEJNBHO 33JJaHHOTO SKCIIOHEHIAIBHOTO CIIA/a.
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Puc. 4. Hcxoouwiii sxkcnonenyuanbHulii cnao u ocubaiowue cnaod, noIy4eHHble pasHblMu Memooamu



40 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #5(33), 201

L
) EEST| |

B Tabmurie 1 mpeacraBieHbl pe3yabTaThl BpeMEHU
peBepOepanny, MorydeHHbIE Pa3HBIMI METOIAMH.

3HaueHne CTaHAAPTHOTO BPEMEHH peBepOepanu
3aJaHHON ()YHKIMHM SKCIOHEHIMAIBHOTO Clajaa, Co-
crasisier 0,86 c.

Tab6muma 1.

3HaUYeHNE CTAaHAAPTHOTO BPEMEHH peBepOepaIiu

MeTopx BBIJICIEHHUs OTHOArOIIei Bpewmst pesepbepanny, T, ¢
KBagpaTuaHsIil 1eTEKTOP 0,84
[Ipeobpazosanue ['masdepra 0,85
Wnterpuposanne lpenepa 0,86

B Tabnmie 2 mpencTaBicHO CpeIHEKBaJpaTHUC-
CKO€ OTKJIOHCHHE 3HAYCHUIN OTHOAIONINX, TOTYICHHBIX

Ppa3HbIMU METOAaMHU, OT 3aJaHHOI'0 SKCIIOHCHIUAJIb-
HOro crajaa.

Tabnuna 2.
CpeHeKBaIPaTHUECKOE OTKJIOHEHHE OT 3aJJaHHOTO YKCIIOHEHIIUAIBLHOTO CIaja
Merton BeIIETEeHNS Ornbaromei CpeHeKBaIPAaTHIECKOE OTKIOHEHHE, AL, 15
KBagpaTuuHblil ieTeKTOP 55
IIpeobpaszopanue ['mindepTa 5,79
Wnrerpuposanue lllpenepa 0,6
Bce MeTopl Aal0T pe3yabpTaThl OJIU3KKE K 33/IaH- Jlureparypa

HOoMy. Hammydmee kadecTBO orumbaromeii W TOYHOE
3HAYCHHUE BPEMCHH peBepOepaIiii JaeT METOI WHTe-
rpupoBanust [llpenepa. CpenHekBagpaTHUecKoe OT-
KJIOHEHHE 3HaYCHUH Oorubaromieil, moxydeHHO! o Me-
tony Ulpenepa, cocraBnser 0,6 n1b, Mo cpaBHEHHIO C
5,5 nb u 5,79 nb nns MeToaa KBaIpaTHYHOTO JETEKTH-
pOBaHUS M METOAA BBIYHCICHUs orubaromieid I'nnb-
OGepra cOOTBETCTBEHHO. JIJI MOCIEAYIOMUX HCCIEI0-
BaHUM OyJeM HCIOJb30BATH METOJ HWHTETPUPOBAHHS
Ipenepa.Equation Chapter 1 Section 1

BuBoasl. I[lpuMmeHsst MaTeMaTHYSCKHE —alro-
PUTMEI U3MEPEHUS BPEMEHHU peBepOepaIiy B TOMeIIe-
HUM OBUTH MOCTPOEHBI B mporpammHuoil cpepe Matlab
BUPTYaJIbHBIC MOJICITH U3MEPUTENBHBIX MPOIECCOB.

Jis mepBEIX ABYX METOIIOB HEOOXOIMMa Iocie-
JIyIoIasi ammpoKCUMAIIHs OTHOAOIIeH crafga mpsMoi
JUHUEH, YTO YCIOXKHSIET MPOIENYpPY BBIIEICHHUS OTH-
Garomieii. Metoa Llpenepa He TpeOyeT HOMOTHUTEND-
HBIX BBIYHCIICHUH.

ITo pesynbraTaM NPOBEACHHBIX HCCIEI0BAHUN
YCTaHOBJICHO, YTO KPHUBBIE OrHbaromiel pesepobepanuu,
MOCTPOEHHBIE M0 METOIY OOPaTHOTO MHTETPUPOBAHUS,
MMEIOT MEHbIIee 3HaueHUE CpelIHEKBaJpaTHUeCKOro
OTKJIOHEHUS OT 33/IaHHOTO APKCIIOHEHIIMAJILHOTO Crajia
M0 CPABHEHUIO C METOJIaMU KBaJpaTHUYHOTO JIE€TEKTU-
POBaHUS W METOAA BBIYHCICHHS orudaromer [ 'wib-
oepTa, T.e. coctasmseT 0,6 1b, mo cpaBHeHuro ¢ 5,5 1b
1 5,79 nb ans AByX APYTrUX COOTBETCTBEHHO.

A 3TO 3HAYUT, YTO WCIIOJIB3YS €r0 MOXKHO TOJY-
4UTH 00JIee TOYHOE 3HAUCHUS BPEMEHH peBEpOSpaIIHH.
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Kagedpu mamepiano3Haecmea i mexHon0z2ii Memanie
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KAHOUOam mexHiuHUX HayK, O0yeHm

Kagedpu mamepiano3Haecmea i mexHonoz2ii memanie
Hayionanvhuii ynieepcumem xopabne6yoysanms
imeni aomipana Makaposa

THE INFLUENCE OF HIGH-TEMPERATURE TECHNOLOGIES ON THE STRUCTURE OF

HOLLOW MICROSPHERES
BIIJIUB BUCOKOTEMIIEPATYHUX TEXHOJIOT'TI HA CTPYKTYPY MIOPOXKHIX MIKPOC®DEP

Summary: The article reveals the theoretical preconditions for sintering technologies and electric-arc spray-
ing, in which hollow glass and ceramic microspheres are used. The processes of sintering of glass microspheres,
which contain sodium silicate and sodium-boron silicate, with bronze powder, babbit, and aluminum have been
investigated. The regularities of the formation of electric-arc coatings on the basis of Sv-08G2S and 65G, which
are based on the results of investigations of structural heterogeneity of glass and ceramic microspheres, have been
established.

Keywords: glass microspheres, ceramic microspheres, structure, sintering, electric-arc spraying

AHoranist. CtaTTs po3KpHBaEe TEOPETHYHI NEPEyMOBH JUIS TEXHOJIOT1H CIIKaHHSI 1 €JIEKTPOyTOBOTO HAIlH-
JICHHSI, Y SIKMX 3aCTOCOBAHO MOPOXKHI CKIISHI 1 KepaMivyHi Mikpocdepu. J{ociipkeHo npolecy CiKaHHs CKISTHUX
Mikpocdep HaTpIHCHITIKATHOTO i HATPiHOOPCIITIKaTHOTO CKIIAAY 3 MOpOIIKaMu OpoH3H, 0adiTy, amoMiHiro. Bera-
HOBJICHO 3aKOHOMIPHOCTi (DOpMyBaHHS €JIEKTPOAYTOBUX MOKPUTTIB Ha 0cHOBI CB-081'2C 1 65T, siKi IpyHTYIOTBCS

Ha pe3yabTaTaX AOCHIPKEHb CTPYKTYPHOI HEOAHOPITHOCTI CKITHHX 1 KepaMigHIX Mikpocdep.
Kurouosi cnosa: ckusini mikpocepu, kepamiuni Mikpocgepu, cmpykmypa, CRikanHs, elekmpooyeoée Hanu-

JIEHHAL.

[TocraHoBKa mpobiaeMu.

[MopoxkHi Mikpocdepn BBaKAOTHCS BaXKJIHBOO
CHPOBUHOIO Ul CTBOPEHHS (DYHKIIOHAJIBHUX KOMIIO-
3UMIHHUX MaTepiaiiB 3 OCOOJUBUMH BJIACTHBOCTSIMH,
BBEJICHHS SIKMX J]a€ 3MOTY 3HM3UTH HIUIBHICTB, Koedi-
[IEHT TEIUIONPOBiAHOCTI [1], MABHIIMTH pamionpo30-
picth [2] Ta 3maTHICTH MpalfoBaTH B yMOBax BiOpariit
Ta IWHAMIYHUX HaBaHTakeHb [3]. Bimomi BUpOOHUKH
iei mpoxykuii, 30kpema 3apyoixHi pipmu «Duponty i
«Ceno Technologies» (CIHA), «Fuyi», «Toshiba,
«Carasu K.K.» 1 «Hata Hisao K.K.» (fnonis),
«Mineralien—Werke» i «llmenau» (Himeuunna) Tta
IHII BUIIYCKAIOTh BEJIMKHN aCOPTUMEHT CKJISHHUX, Ke-
paMiuHUX, CHIIKaTHUX, (EHOIBHHUX Mikpocdep, Bap-
TIiCTh 1 BIACTUBOCTI SKMX O€3MOCEPETHBO 3aIekKaTh BiJT
BUXIiJTHOi CHPOBHHHM. 3POCTAI0UMi MOMHUT HA TMOPOXKHI
ckisiHi Mikpocdepu (IICM) moB’si3aHO 3 PO3BUTKOM
CyAHOOYIBHUX TEXHOJOTiH, BaXKIIMBHM HalpsIMKOM
SKHX € pO3pO0Ka TEIUI0i30JSIIHHIX MaTepialliB IUIaBy-
qocTi [4]. BimbIn gemieBi 3a HUX aTFOMOCHITIKATHI MiK-

pochepu (ACIIM) 3acTOCOBYIOThCS y eHepro3bepira-
109OMY OYIIBHUITBI K JISTKOBOKHHI TETLI0130JISIIIiH-
HUM HamoBHIOBaY [1].

AHani3 ocTaHHIX MyOJTiKalii 10CiiPKeHb.

BinmpmicTe TexHOJOTIH (hopMyBaHHS MOJTIMEPHUX
KOMIIO3HUIIIH Ta OETOHHHUX CyMillIeil Ha OCHOBI MiKpOC-
(ep € HU3pKOTEMIIEPATYPHUMU: 1€ HaHECeHHS JIakoda-
pOOBHX MOKPUTTIB (apOOITyILTOM, THEBMATHYHE PO3-
mwieHHs [3,4], BUTbHA 3aiUBKa [S], IUTTS M THCKOM
[6], 1m0 BUKIIOYAE CTPYKTYPHI 3MiHM y HEMETAJIEBUX
KOMITOHEHTaX, a Ha SKICTb MaTepialiB BIUIMBAE caMe
CTaH MOBEPXHI CKISHUX 1 KEPaMiYHHUX YACTHHOK, IIO
00yMOBITIO€E are3iitHi mporecu. IcHyroumi TOCBi BU-
COKOTEeMITepaTypHHUX METOIB (hOopMyBaHHS MaTepiaiB
Ha OCHOBI Mikpocep oOMexeHHi 1 BKItoyae B cebe
TITBKHM TEXHOJIOTI] CIIKaHHS Ta €JIeKTPOIYroBe HalH-
JICHHS IOKPHTTIB, 32 JIOTIOMOTOIO SIKMX OZIEPIKaHO Me-
Tal-CKJIAHI Ta MeTan-kepamiuni kommosuii [7—10]. Ix
CTPYKTYpa i BIACTUBOCTI 0€3M0CEePEIHBO 3aIekKAaTh Bij
CTYKTYpHO-()a30BHX IEPETBOPEHb 1 PO3M’SKIIEHHS
CKJITHMX YaCTHHOK, IIPOTE 11€ HE BUCBITIIIOETHCS Y PO-
0oTax aBTOpIB.
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BunineHHs HEBUPINICHUX paHIll YaCTUH 3arajib-
HOT mpoOIemMu.

Buxonsauu 3 aHamizy Cy9acHUX IiIXOIB IO BUPi-
IIeHHS Ipo0IeMU CTBOPEHHS HOBUX MaTepialiB i IOK-
PUTTIB 3 BUKOPUCTAHHSIM SK HAIIOBHIOBAYiB MOPOXKHIX
CKJITHHX 1 KepaMidyHHUX Mikpocdep, CIiJ BIAMITHTH Bi-
JCYTHICTD JIOCJTI/DKEHb MO0 BIUIMBY iX CKJIaay Ha
MPOIIECH CTPYKTYPOYTBOPEHHS CIICYEHUX MaTepiaiB i
HalWICHUX TMOKPUTTIB Ta (HOPMYBaHHS MII[HOTO
3B’513Ky HAIWJIEHOTO MOKPHUTTS 3 MiIKIaJKOI0, IO 3a-
Oesreuye HajniiiHe (YHKIIOHYBaHHS pPO3POOIECHUX
KOMITO3MLIH. ¥ HayKoBHX poOOTax TakoXX HeNoCTat-
HBbO HAJA€THCS YBaru CTPYKTypHOMY CTaHy Ta IIpoIie-
caM po3M SIKIICHHS HEMETAJICBHX HAIIOBHIOBAYIB — Ke-
paMivHUX i CKISTHUX MiKpocdep, SKi i 9ac TePMIdHUX
HaBaHTAXXCHb MOXYTb 3a3HABATH CTPYKTYPHHX 3MiH Ta
BIUTMBATH Ha (i3UKO-XIMiYHI MPOLIECH YTBOPEHHS Mill-
HHX 34€IUIeHb PI3HOPIAHUX KOMITIOHEHTIB, 30KpeMa Me-
TaJ—CKJIO, MeTaJ—KepaMika.

3 orysAAy Ha BUINE BUKJIAJIEHE BaXKIUBUM € 3°4CY-
BaHHS MEXaHI3My BIUIMBY CITIKaHHS 1 ra30TepMIUYHHX
METOJIIB HaMJICHHs Ha CTPYKTYPHHUI CTaH i po3M’siK-
IICHHS HEMETaJliYHUX HAIlOBHIOBAUiB, LIO0 JIa€ 3MOTY
perymoBaTy (a30BUil CKIa] KOMIIO3UIIN Ta BIUTHBATH
Ha iX BJIaCTHBOCTI.

Mertoro nocaigikeHHsI € TMOPIBHSUIBHUN aHAi3
CTPYKTYPHHUX 3MiH Ta MPOIECIB pO3M SKIICHHS, SKi Bi-
IOYBAIOTBhCA Y TMOPOKHIX CKITHHUX 1 KepaMIYHUX MiK-
pocdepax mix yac CrikaHHS Ta ra30TEPMIYHOTO HAITH-
JICHHSL.

Jlns mocsraHHs MOCTaBAEHOT METH HEOOXIIHO BH-
PILIMTH HACTYIIHI 3aBJIAHHS:

1) nocniguTt Ta MpOAHANI3yBaTH CTPYKTYpPY IO-
POXKHIX CKJISTHUX 1 KepaMiuHUX MiKpocdep y BiIIOBiI-
HOCTI 3 JliarpaMaMH CTaHy CHIIIKATHUX CHCTEM;

2) Ha MiACTaBi OJEePKAHUX TEOPETHIHUX 1 eKCIIe-
PUMEHTAJIFHUX JAHUX BU3HAYNTH 3aKOHOMIPHOCTI CITi-
KaHHS TOPOXKHIX CKIITHUX MiKpocdep 3 MOpOoITKaMu
METaIiB;

3) mpoanaiizyBaTu (i3UKO-XiMIUHI MPOIECH, SKi
BiIOYBAIOTHCS ITiJ] 9aC €JICKTPOIYyrOBOTO HAIMJICHHS 3
JIOZIaBaHHSIM JIO0 CKJIaJy HOKPHUTTIB MOPOXKHIX CKISTHUX
Ta KepaMi4HUX Mikpochep.

Bukiag OCHOBHOTO MaTepiaiy.

Teopemuuni nepedymosu akmugizayii npoyecis y
30HI 3’€OHaHHA Meman—cKio, memanr—xepamika. Ha
JIaHWI1 9ac He iICHY€ €IMHOTO YSIBJICHHS PO (i3UKO-Xi-
Mi4HI Tporiecu y 3’€JHaHHI METaJIiB 31 CKJIOM Ta Kepa-
Mmikoto. CydacHi po3poOKH HOBHX KOMITO3HIIIH IPYHTY-
I0ThCSl HA OKCHIHIN, AEHAPUTHIN Ta agcopOLiitHii Teo-
pii hopMyBaHHS MIITHOTO 3B’3KY Ha MTOBEPXHI MOALTY.
Kpim ¢i3uko-XiMiyHHX TpoILECiB, sKi BiOYBaroThCS
i Ti€F0 BUCOKUX TEMIepaTyp, Ha GOpMyBaHHS CTPY-
KTypH 1 BIaCTUBOCTEH CYTTEBO BIUTUBAE Pi3HUIIL y Te-
pMIYHEX KoedilieHTax JTiHIHHOTO TEPMIYHOTO PO3IIH-

PEHHSI, [0 MPU3BOANTH O YTBOPEHHS TEPMIYHUX Ha-
npykeHb. TeopeTHuHi MepeayMOBH MOEJHAHHA y OA-
Hif KOMIO3MINUI METAJIEBUX 1 CKIAHUX KOMIIOHEHTIB
TPYHTYIOTBCS HA TilOTE31 MPO MiKPOHEOTHOPIAHY Oy-
JIOBY OKHCHHX CTEKOJI SIK IIPOCTHX, TAK 1 CKJIAJHUX CH-
cteM, Bucynyty P.JI. Mromepom y pobori [11] Ta Ha-
YKOBOMY JTOCBiJIi 3’€THAHHS CKJIa Ta KEpPaMiKH 3 MeTa-
naMu yepe3 nudysiiiae 3BaproBanns [12].

Memoou odocnioscens. Mopdomnoriro Mikpochep
JIOCITIJKEHO 3a JONIOMOTO0 METO/IIB OIITUYHOI Ta eJe-
KTpoHHOI Mikpockormii [13]; cepenHiii po3mip y BH-
00pIIi BU3HAYCHO 32 CTATUCTHYHO 00p00KOI0 U po-
BHX MikpodoTorpadiii, 3poOICHNX HA ONTHIHOMY MiK-
pockoni MMP-2P, ykomIuiekToBaHOMY ITH(PPOBOIO
kameporo Delta Optical HDCT-20C i mporpamunM 3a-
OesmedeHHAM i 00poOKHM 300paxkeHbp Scope Im-
age 9.0 3 BUKOpUCTAHHSAM METO/iB KOMIT FOTePHOI Me-
tanorpadii. EnekTpoHHO-MIKpOCKOIIYHI 3HIMKH BUKO-
HaHi 3a JIONIOMOTOI0 PAacTPOBOTO  EJIEKTPOHHOTO
Mikpockona-mikpoaHaiuizaropa PSMMA 102-02 3 po3-
JUTHHOIO 3JaTHICTIO 5 HM; JUIS CTBOPEHHS €JIEKTPUY-
HOT'O KOHTaKTy HaBillIeHHs MiKpoc(ep y BUIIISAL OHO-
pifHOI cycneH3ii y eTWJIOBOMY CIHpPTI HaHECEHO Ha
amoMiHieBy ¢onpry. dazoBuii ckimang Mikpochep Bu-
3HAYCHO METOAOM PEHTIeHIBChKOI audpakii [14], ixe-
HTU]IKAIs KpUcTamivyHuX (Da3 mpoBeneHa MOPiBHIH-
HIM MDKIUIOIIMHHUX BiJCTaHEW Ta IHTEHCHBHOCTEH
MaKCHMYMiB Ha qudpaxkTorpamax 3paska 3 JaHIMH Ka-
proreku ASTM (Published by the American Society
for testing materials). Ckistai Mikpochepu 10CiHKEHO
Ha ycraHoBIi YPC-50U, 11 4oro BOHH 3a3HaBaIIH 110-
HepeHbOr0 TePMOOOPOOIICHHS Y rpadiTOBOMY THIJI
nedi 3 okucHOIO armocheporo CHOJI-1,6.2.08/9-M1.
AJTFOMOCHJTIKATHI MIiKpO(epH TOCITIIKESHO METOJaMu
onTu4yHOI Mikpockomii Ha Mmikpockoni BUOJIAM-U,
MiKpOpeHTreHoceKTpanpHoro aHanizy (MPCA) 3 Bu-
KOPHUCTaHHSIM PacTpOBOT'O €JIEKTPOHHOTO MiKPOCKOTIA-
MikpoaHaiizatropa POMMA 102-02 Ta peHTTeHOCTPY-
krypHoro aHanizy (PCA) 3a 1ooMOror0 peHTTeHiBCh-
koi ycranoBku [IPOH-3 y BumpominroBaHHi MOy, =
0,170696-

Pezynomamu docniodtcenv nopoIICHIX CKAAHUX Mi-
Kkpocgep. Ha ocHOBI aHaizy CHpOBUHHOI 0asu, 5Ky B
YkpaiHi 3aCTOCOBAHO ISl OJICPIKAHHS MaTepialiB ia-
BYYOCTI JUJIs T IBOJJHOT TEXHIKH, JUIsl IOCIIPKEHb B PO-
60Ti 00paHO TP BUIU MOPOXKHIX CKITHUX MiKpocdep,
SIKI OJIEpXaHO 3a OJHAKOBUMH (Pi3UKO-XIMIYHUMHU
npuHiunamMu [15]. TexHomoris ofepKaHHS BKIIOYAE B
ce0e MPUTroTyBaHHs IMXTH 1 BapiHHSA CKJIa IIPU TEMIIe-
partypi 1300 °C, rpanyisnito po3iaBy y Boxy, 34pio-
HEHHS Ta MPOCIBaHHS I'PaHyJIATa KPi3b CHTO 3 HACTYII-
HOIO TI0/1a4€I0 JI0 TI0JIyM st Ta30TIOBITPSIHOTO TaJIbHUKA
3 Temneparypoto 1150 °C. Jocniani mikpochepu Bif-
PI3HSIOTHCS XIMIYHUM CKJIaJOM CKJISTHOI ITUXTH (Ta0I.
1) Ta HAsBHICTIO CHJIAHOBOTO aMpeETy (Y-aMiHOTPHUETOK-
cucunany HaN(CH2)3Si(OCzHs)3) Ha moBepxHi.
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Tabmums 1

XiMigHUH CKJIa]l TOPOXKHIX Mikpochep

IoposxHi Mikpochepn

3pazok 1
IopoxHi ckstaI Mikpocdepu, MCO-
A9 (TY 6-48-108-94)

3pazok 2
[MoposxHi ckistHI Mikpochepu
MC-BII-A9 (TV 6-48-108-94)
AJIOMOCHITIKaTHI  TTOPOXHI  MIKpOC-
¢depu MIIk 200-400 (TY 5717-001-
11842486-2006)

[opoxHi CKisTHI MiKpocdepu SBISIOTH COOOI0
CKJIagHI HATpifiCHIIiKaTHI CHCTeMH, XIMIYHUHA CKiaf i
OJICp KaHHSA SIKMX PErTIaMEHTOBAHO OHAKOBUMH TEXHi-
gyanMu ymoBamu (TY 6-48-108-94). Temmepatypauit
Jiarmas3oH IX po3M’SIKIIEeHHS BiKe OYII0 TOCTIIHKEHO Me-
TOJOM audepeHLiaabHoro TepMiuHoro ananizy (JTA)
B poOori [7], mpoTe momnepeaHi peHTTeHOCTPYKTYpHI
JOCIHIJDKEHHS TI0Ka3aly JIMIIE 3arajlbHy PEeHTIeHO-
aMOp(HICTB, 110 HEOCTATHBO LISl PO3POOJICHHS BUCO-
KOTEMIIEpaTypPHUX TEXHOJIOT1/i HOBHX KOMIIO3HIIH Me-
Tan—ckio. KpiM TOro, 3alWIIaeTscsi HEBHABICHOIO
BIUIMB CHJIAHOBOTO ampeTy Ha TepMoaedopMarliiiai
MPOIIECH CKITHUX MiKpocdep.

3a 6a30By MOJIENIbHY CUCTEMY IIPUIHSATO Jiarpamy
crany Na,O-SiO; [16], came 110 K0T i BITHOCATHCS Mi-
Kpochepu HaTpificHimikaTHOTO cKiamy (3pasok Ne 1).
3rigHo 3 pesynbratamu PCA 3pazku Ne 1 MicTaTh Tpu
noniMopdui Moaudikanii KpeMHe3eMy: 0-KBapl, o-
TPUAKMIT, o-kpuctobaiiT. ToOTO ciif 3a3Ha4nTH, 10
JociiHI MikpochepH y BUXITHOMY CTaHi i micis Bij-
MaIOBaHHs mpu Temmeparypax 525 1 700 °C He € nos-
HicTI0 aMopdHUMH (KibKiCTh aMophHOI (asu ckinanae
6mm3bpko 80 %), a kpim momimMopdHUX Momudikamiit
SiOy micTste me kpuctamiudi $asu cucremu Na,O—
SiOz: e (x-N&zO'ZSiOz, Na20~4Si02, Nazo'Si02,
3Na,0-8Si0y, a Takox JiHil, MO HANEKATh OKCHILY
Na,O, HasBHICTH SKOr0 MOYKHA 3B’S3aTH 3 HeCTaOlIb-
HicTio oprocuikara NapSiOs 1pH HiIBUIIIEHUX TEMIIe-
parypax Ta fioro posnany Ha 3Na;0-2Si0; i Na,O. Ha-
SIBHICTH aMopdHOT ckianoBoi SiOz y KpeMHE3eMHUCTHX
MOPO/IaX CTBOPIOE MEPEAYMOBH JUIsi TPOTIKAHHS IIPO-
[ECIB CHIIIKATO- 1 CKJIOYTBOPEHHS NPU TeMIieparypax,
SIKi HAOMKAFOTHCS JT0 PiBHOBaXHUX [17].

XimiuHui ckiag 3pa3ky Ne 2 € OUTbII CKIIAJHUM,
TOMY HOTO CTPYKTYpHI 0COONMBOCTI IPOAHaIi30BaHO
3a  JIOIOMOTOI0  JiarpaM  HOTPiHHUX  cuUCTeM
Nazo—5i02, Nazo—5203—8i02, Nazo—CaO—SiOz [16].
dazoBuii aHaJi3 MOKa3aB, IO KpiM (a3, sSKi HaIexXaTh
3paszky Ne 1 (momimopdui Mmoaudikauii SiOz, crionyku
cuctemu Na,O-SiO; i oxcun NayO) y mikpochepax
IILOTO CKJIAJy BiIOYBA€ThCS YTBOPEHHS HOBUX (a3. Jlo
JIBOKOMIIOHEHTHUX CHUCTEM  BIiJHOCATHCSA Ooparu
Na20~8203; 3Na20~8203; Na20~28203 1 BOJIACTOHIT
Ca0-SiO, OinpmI CKIAJAHUMH € TPHOXKOMIIOHEHTHI
hazm Na,0-B,03-2Si0; i 2Na;0-Ca0-SiOs. YT1BOpeHHd
kpuctamiyaux a3 o-Na0-2Si0,, o-tpumumita i
Na,0-B,03-2Si0; Binnosigae piBHOBaYKHOMY CTaHY i-
arpamu  Na;O—B,03—SiO,. HasBHicth  crionmyku
Na,Cay(SiOs); miaTBepmKye TOH (akT, 10 BCepeaAnHi
nocaimaux [ICM 3naxonuthest SO3, BBeneHUN yepes

Ximiunuii ckaag, mac. %

SiO; — 77,0; Na2O3 — 23,0

SiO2 - 69,0; Na203 — 13,5; CaO - 6,0; B.03 — 7,5;

Zn0-2,0;F-20

SiOz —74,9%; AlLO3 —13,9%; K,O — 2,8%; Na,O — 1,9%; Fe O3 —
0,9%; CaO — 1,2%;FeO — 0,6%; TiO, - 0,2%

cipuaHo-kucnuii Hatpiil. JoCHmiKeHHS BiAmaieHUX
mpu temreparypi 650 °C 3pa3kiB BKa3yrOTh Ha 3HUK-
HEHHS JIiHiM 60paTiB HATPIifO Ta 3MCHIICHHS IHTCHCHB-
HOCTI HIINX KPUCTATIYHUX (a3, IO CBITIATH MPO iX
mepexin y cKronomiOHuit ctan. Y mporeci JoCTiKeHb
BUCYHYTO NPUIYILEHHS, 10 30BHIIIHS NOBEPXHS MiK-
pochepu 30araueHa OKCHAaMH JTY>KHUX METaJIiB, 8 BHY-
TpimHs — pazaMu KpeMHe3eMy.

Hanecennst amperis Ha moepxHto [ICM (0,3 %)
3MIAJKY€E Ne(eKTH, 3MEHIIYE MOPCTKICTh, IiIBUILYE
TIAPOMITUYHY CTIHKICTB i TIAPOCTATHIHY MilHICTB, TO-
BIMHA TUTiBKH ckiagae 10...30 um [18], i Tomy mocii-
JUKEHHS 11 BIUIBY Ha TepMoaedopMaIliifHy MOBEIiHKY
TICM 3a 1omoMororo aHajliTHYHUX METOMIB € HEMOXK-
muBUM. B po0OTi aHani3 BIUIMBY ampeTy, HAHECEHOTO
Ha MiKpocdepn HaTpiiiopCHITiKaTHOTO CKIaxy (3pa3ok
Ne 2) 3xificHeHO NUTAXOM TOCTIIKEHb TepMOIeopma-
[IfHUX TPOIECIB, BAKOHAHUX 3a JOMOMOTOI (aBTOp-
CBKOTO 3pa3Ky) ycTaHOBKH [19], sika ckagaeThes 3 1ma-
XTHOT edi 3 HOMiHaJIbHOW Temmeparypor 900 °C ta
OKHCHOI0 aTMOC(]EepoIo i BiIPI3HAETHCS BiJl ICHYIOUHX
QHAJIOTiB MEXaHIYHUM MPECYIOYUM MPUCTPOEM 3 1HIH-
KaTOpOM IIepEMIILCHHS ITyaHCOHY Npec-(hOpMH IS 10-
CITi/DKEHB TeMITepaTypHUX qedopmarii. s mporo Ha-
BillleHHs1 Mikpocdep macoro 2,0 T 3acumanocs y rpadi-
tToBy mpec-popmy 13 (puc. 1) miamerpom 22 MM i
BUCOTOIO 47 MM, pa3oM 3 KOO IiAJaBajocs Harpi-
BauHIO 110 800 °C; s HaHOITBII TOYHOTO KOHTPOIIO
TemIiepaTypu Bcepeauny HasinieHHs [ICM BcTaieHa
TepMonapa rpanyoBanHs XA (JCTY 2837-94,
T'OCT 3044-94), sixy BUBEIEHO KPi3b OTBIp Y TEXHOJIO-
riunii kpumni 4. [IpuknaganHs yepes3 myaHCOH MiHi-
manbsHoro 3ycuiuts 0,1 MITa gae 3Mory KOHTPOIIOBATH
yCaJIKy SIK OJINH 3 HAOYHUX IOKa3HUKIB ITOYATKYy TEM-
nepatypHoi nedopmanii ckisiHOT cpepuuHoi 060110~
HKU. J{ocimipKeHHs MToKa3and, M0 ycaJo4Hi MPOLecH
IIpU HarpiBaHHi anpeToBaHMX Mikpocdep NHOYMHA-
10Thes 1pu Temrepatypi 490...500 °C, a HeanpeToBa-
Hux — Ha 50 °C Bume (550 °C). Ile mosicHIOEThCS Bij-
HOCHO HM3bKHMH TEMIIEPATYpPHHUMH XapaKTepPHCTH-
KaM# Y-aMiHOTPHUETOKCUCHIIAaHy: HOTro TeMmIeparypa
miaBieHHs ckiamgae 70 °C; temmeparypa po3namgy —
217 °C, temnieparypa kumnints — 194 °C [20]. Cunanu
ampeTiB, M0 HaHECEHI Ha MOBepXHIO ckima abo SiOy,
3’€IHYIOTBCS 3 CHJIAHOJIBHUMHU TPyIaMH MMOBEPXHi CH-
JIAKCAaHOBUMH 3B’SI3KaMU, SIKI € CTIMKUMHK J0 [ii IOBI-
Tpst a0 BOJSHOT Mapw, CIA0KO MiJNAIOTHCS Tiapotiza-
1iil y KMIUIST4ii BOZIi, TOMY 3aCTOCYBaHHS allpeTOBaHUX
Mikpocep y TEXHOJIOTisIX BHUIOTOBJICHHS 3aXHCHHX
MarepiaiiB € OUIBII ITePEeBAKHHUM.
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Puc. 1. [lemanizoeana cxema ycmanogku: 1 — kopnyc neui, 2 — mennoea i301ayis; — HIXpoMO6a eleKmpuiHa
cnipanv; 4 — kpuwika neui; 5 — wmox; 6 — inoukamop nepemiujeHHs. Nyaucoud, 7 — HA8AHMANCYEANbHUL 2BUHIN,
8 — inouxamop cmuckaunus npysxcunu, 9 — mpasepsa, 10 — cunosea wmanea, 11 — npyscuna; 12 — nyancon npec-

Gopmu; 13 — npec-gpopma, 14 — nepemeoprosau mepmoenekmpuynuil; 15 — 610Kk ynpasninus

Pesynomamu 0ocniodicenv aniomocunikamuux no-
pooicrix mikpocgep. ACIIM 3a XIMIYHUM CKJIaJIOM
(Tabu. 1) sSBJISAIOTH COOOIO OLNBII TYrOIUIABKI CHCTEMH
3 TeMIIEPaTypoIo IuIaBjieHHs He Hkue 1400 °C, Buxi-
JTHOIO CUPOBHHOIO JIJIsl IX BUTOTOBJICHHS € JIETKi (hpak-
i 30JI TEIUIOCJICKTPOCTAHIIH, 1€ MPOLEC CIako-
BaHHs BYT'ULIS BiIOYyBa€eThCsl B Jliara3oHi TeMIeparyp
1500...1800°C [21]. Pe3ynbTatn PCA noka3zanu ix 3a-
rabHy PEHTTEHOAMOP(HICTh 3 HAsBHICTIO KPHUCTAIIU-
HUX Moaudikanii (6useko 40 %) y-Al2O3, a-kpucro-
OaiTy, o i B-KBapIry, IO BiAMIOBiAE IiarpaMaM CTaHy
K20-SiO; i Al,03-SiO; [16], MikpOpeHTTeHOCIEKTpa-
JNHHUM aHaNi3 MIATBEPAWB HASBHICTh Yy XIMIYHOMY
ckmaai mikpocdep crextpis Si, Al, Na, Fe. Cratuctu-
yHa 00poOKa upoBUX MIKPO3HIMKIB TTOKa3ana po3oir
3a posmipamu y Mexax: 200...300 mxm — 80 % i
300...400 mxM — 20 %, a Tak0XX CXWIBHICTH MiKpochep
JI0 YTBOPEHHSI KOHTJIOMEPATIB, 110 HEOOXiTHO Bpaxo-
BYBATHU IPHU PO3pOOIIi TEXHOJOTIYHHUX 3aX0/(iB OO0 iX
HaIJICHHS.

Hocnioxcenns npoyecis cnixanns IICM 3 nopout-
Kamu memanie. I'inoTe3y mpo MikporeTeporeHHy Oy-
JIOBY TOPOXKHIX CKJISTHUX MiKpocdep MiATBEpPKEHO
pe3yJibTaTaMM TEOPETHYHHX 1 eKCIIEPUMEHTAIBHUX J10-
CII/DKEHB iX CHiKaHHA 3 MOPOIIKaMH MeTaiiB. Buxo-
JIST9M 3 BUMOT KOPO3ilHOI CTIMKOCTI, 3HOCOCTIMKOCTI,
pamiamiiftHol CTIMKOCTI ISl TOCHiKEeHb 00paHo TOpo-
mku Oponsu mapku Ilp-Bp-AMu9-2 (I'OCT 28377-
89), 6abity mapku [1p-b-83 (TY 14-22-91-95), anromi-
Hito mapku [TA-4 (TOCT 6058-73) i mynpu amromiHiro

Mapku ATIC-1A (TOCT 5494-95). 1nst Bubopy Temre-
patypH CIiKaHHS IIPOAHANi30BaHO JliarpaMy CTaHy KO-
npopoBux cruiaBieB Cu—Al-Mn, Sn-Sb, Al-Si [22] Ta
ATA-kpusi HarpiBanHs [8], siki MicTsaTh iH(pOpMAaLit0
PO TeMIlepaTypHI IHTEpPBaJIK PO3M’SIKLIEHHS MIiKpOC-
Gbep: 515...865 °C myst 3paskiB Ne 11485...745 ° — nyst
3paskiB 3a Ne 2. 3HU3UTH TeMIIepaTypHi Jiara3oHu CIIi-
KaHHS TIOPOLIKOBUX CYMIIIEH MOXKIMBO IUIIXOM TIPH-
KJIaJJaHHs THCKY JI0 PO3irpiToi 710 eBHOT TeMIlepaTypu
MacH (Tapside MpecyBaHHS), IO POOHTH IPOIEC CITi-
KaHHs OUThII iHTEHCHBHUM. {1 BUKJIIOUEHHS CHCTE-
MaTHYHHUX TTOMIIOK (popMyBasbHa CyMill MiCTHTE 50
% 006’emH. IICM 1 50 % 06’eMH. MeTaJIeBOTO MMOPOLIKY,
siKa 3acHIaeThes y npec-popmy 13 i 3akpuBaeThC my-
aHcoHoMm 12 (puc. 1). 3a momomororo 0JioKa yrpas-
JIiHHS, BAHECEHOTO 32 MEXi YCTAaHOBKH, 3aJJa€EThCS Te-
MIlepaTypa HpOMiXKHOTO mporpiBanas — 375 °C, mo
AKO1 poboUnit MPOCTip Medi po3irpiBaeThes 31 MBHIKI-
ctio 20 °C/xB. [licyst BUTpUMKH (hOPMYBaIBHOT CyMimIi
TIpY 1€l TemIiepaTypi It HOBHOTO IPOTpiBaHHS IPO-
TATOM NEBHOTO Yacy (y JaHoMy Bunajky 30 xB) 3a s1o-
TIOMOTOI0 HABaHTa)XYBAJIBHOTO TBHHTAa { 33Ia€ThCS
tuck npecysanns 0,7 MIla. 3agane 3ycumisa nepena-
€TBCS Yepe3 MPUCTPIA 3 cuioBor mpyxuHOoo 11 Ha
wTok 5 1 myaHcoH npec-popmu 12, a notim Temnepa-
Typ TMigiAMaeThCS IO TeMIepaTypH i30TepMidHOI BH-
TPUMKH. 3a MOKa3aHHAMH IHAMKATOPY 6 nepeMilieHHs
[yaHCOHY KOXKHY XBHJHMHY (DIKCYEThCSl BEJIMYUHA Jie-
¢dopmarii, 3a peslympTaTaMu MOOYJOBAHO KiHETHIHI
KpHBi ycaaku (puc. 2).
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Puc. 2. Kinemuuni xpusi ycaoxu npoyecie cnixanuns IICM 3 nopowxamu: a — opousu, 6 — badbimy, 6 — anominiio,
2 — amominiegoi nyopu: 1 — anpemogani Mikpocgepu Hampitioopcunrikammozo ckiady, 2 — Heanpemogami
MiKpocghepu nampibopcunikamno2o ckaady, 3 — mikpocgepu HampiuCuLiKammuozo cKiaoy

®opmyBansHa cymimi [ICM 3 mopomkamu 6po-
H3W 3a3HaBajia HarpiBaHHsa 10 Temmepatypu 800 °C
(puc. 2, a), 3 mopomkoM 6adity — 1o Temrnepatypu 600
°C (puc. 2, 6), 3 HOPOIIKOM AITFOMIHIIO Ta ATFOMiHIEBOIO
nyzapoto — 1o Temneparypu 660 °C (puc. 2, B i ). Io-
PIBHIOIOUHM Ha MPUKJIAJl KOXKHOTO 3 TIOPOIIKIB METaJIiB
Pi3HI CKIIQX TOPOXKHIX CKITHUX Mikpocdep, cltif 3a-
3HAYHTH, M0 Ha BinMiHy Big [ICM HaTpificHiikaTHOTO
ckiany (kpusi 3) mporec crikaHHSA HaTpiiibopcuitikar-
HUX Mikpocdep (kpuBi 1 1 2) € OUTbIT IHTEHCUBHUM, III0
MOSACHIOETECA 0araTOKOMIIOHEHTHHM XiMIYHUM CKJIa-
JIOM, 30KpeMa HasBHICTIO OkuciiB B2O3, ski y mporeci

CHHTE3y IIpH BapiHHI CKJIa MiKpocdep HMOBHICTIO 3Mi-
IIYIOTHCS Ta B PE3yJIbTaTI TPaHyJIIALii Y BOAY YTBOPIO-
10Th Oopatn Ta OOpcHIIiKaTH; BiOYBA€ETHCS YAaCTKOBA
3aMiHa KHCHIO Ha (TOp, SIKMH BiJPI3HAETHCS BHCOKOIO
CJICKTPOHETATHBHICTIO 1 HHU3BKOK IOJIIPH30BHICTIO,
cripusie GOpMyBaHHIO B IPOLIECI CHHTE3Y LIHHUX Biac-
tuBocrei [17].

ITpn ¢opmyBaHHI KOMIO3MLIT «CKIO—OPOH3A»
HaOLIBII JIETKOTIIIABKIM KOMITOHEHTOM € CKIISTHI MiK-
pocdepn, sKi npu HarpiBaaHI 10 Temmeparypu 800 °C
MEPEXOAITh y CKIONOAIOHUI cTaH, BTpavyaoun chepu-
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9Hy (hOpMYy, B TOH 4ac KOJIU MOPOIIOK OPOH3H y BiJIITO-
BigiHOCTI 3 miarpamoro crany Cu—-Al-Mn 3aiuimaerbes
TBepauM. Ha Bcix am¢pakrorpamax, 3HATHX Ha yCTa-
HoBui JIPOH-4-07 y BunpomintoBaHHi Fe,, BUIHI THKH
Cu i Al, BumineHus skuX Ge3MOCEPEIHBO TIOB SI3aHO 3
XIMIYHHM cKJIaioM nopomky 6ponsu [1p-bp-AM9-2,
Ta KK 0-KPUCTOOAIIITY, IHTCHCUBHICTD SIKMX HIKUE 32
BuxiHWi craH. Komnosuniinuii marepian ¢opmy-
€ThCS 32 MEXaHI3MOM «KOHTaKTHOTO TLIaBJIeHHA» [23]
Ta XapaKTepHU3yeThCS HU3BKOIO IIbHICTIO (p = 3580
kr/m®) Ta BECOKOIO TopucTicTIo (<20 %), 10 He J03BO-
JIsle PEKOMEHTyBaTH HOTO JUIsS MOAAJIBLIOr0 BUKOPHC-
TaHHs 0€3 JOJATKOBOTO MPOCOYCHHS, HAIPUKIA, Pif-
KAM CKJIOM, IIO0 Y/ABiYi 301IBIIUTE HOTO BaroBi mokas-
HHKH Ta THM CaMHUM OOMEXUTb 3aCTOCYBaHHS B yMOBax
CyZaHa.

B xoMmosutii «cxino — 6abimy HalOIbII JIETKOTI-
JIABKUM KOMITOHEHTOM € 0aliT 3 TeMIepaTyporo IIIaB-
nenns 360 °C [22] i, ik MOKHA MOOAYHTH 3 AiarpaMu
crany Sn—Sb, mpu mocsruenni Temmeparypu 600 °C
TIOPOILOK MOBHICTIO MEPETBOPIOETHCS HA PiAMHY, SKa
3Mouye chepuuHi CKIsSHI 4acTHHKH. OCKIJIBKH CITi-
KaHHsI KOMIIOHEHTIB BiZI0yBa€ThCS IMiJ] THCKOM, CTPYK-
Typa Marepiaiy SBJIs€ COO0I0 KapKac 31 CIICYCHUX MiXK
co0or0 Mikpocdep, y TOUKaX KOHTAKTY SKHX BUIIISA-
IOTBCS JiHIi A-KPUCTOOANITY, TIOPA MiXK SKFMH 3aII0B-
HEHO pO3IIIIaBoM 0a0iTy, IJIs IKOTO € XapaKTepHUM Ha-
sBHICTB JiHIM Sn. L{inpHiCTE chopMOBaHOT KOMIIO3H-
nii ckramae 2380 kr/mS, BiZIKpHTa MOPUCTICTH — 12 %.
Kopo3iiiHi BuUNpoOyBaHHS y HaTypajlbHOMY MOpPCh-
KOMY CEepelIOBHII TT0Ka3ali MOXIIMBICTh HOTO 3acTO-
CYBaHHS Y CYJAHOOYIIBHUX TEXHOJIOTISX.

dopMyBaHHS KOMIO3HUIIIN «CKI0 — AIIOMIHINUY Bi-
JNOYBa€ETbCSl 32 PAaXyHOK pO3M’SIKIIEHHS aMopgHOT
(as3u mikpocdep, y CTIHLI SKUX YTBOPIOIOTHCS yIbTpa-
1 MIKpOIOPH, $SIKi, 3aBASKH KaUIAPHOMY PEeKTY Ta 30-
BHIIITHEOMY THCKY, 3alTOBHIOIOTECS PiIKHM aJFOMIiHIEM.
[Ipu BuxXOAi Ha PEXKHUM 130TEPMIYHOI BUTPUMKH PO3II-
JIABJICHUH ATFOMiHIH PO3TIKAETHCS IO TIOBEPXHI MIKPO-
cdepr Ta 3arOBHIOE TIOPH, YTBOPEHI IPH MiATOTOBII
(hopMyBaIbHOI CyMillli; IPUITMHEHHS YCAJOYHUAX TIPO-
L[ECiB CBIIYMUTH TPO 3aBEpIICHHS CIIKaHHI. Y Mekax
00paHMX TEXHOJIOTIYHMX Jliana3oHiB MikpocdepH 30e-
piratoTb cBo chepuuHy GopMmy, 3aIMIIAIOTHCS PEHT-
reHoaMOp(HUMH 1 He BCTYIAIOTh Yy B3aEMO/IIIO 3 aJlko-
MiHieM; 30Ha KOHTaKTy Al-CKJI0 Mae 4iTKy MOBEPXHIO
noziny — ctinky I[ICM toBummaOIO 1 MM, TOOTO yTBO-
proeThes eEeKT «MEeTaTi30BaHMX Mikpocdep», SKuit
HaJla€ MiJIBUIICHNX PEHTI€HO3aXUCHHUX BIIACTHBOCTEH.

TakuM YMHOM, TIPH CITIKAHHI MOPOXKHIX CKIISTHUX
Mikpocdep HaTpiCHIIIKaTHOTO Ta HaTpiHOOpcHIiKaT-
HOTO CKJIaJly 3 IOpoLIKaMu OpoH3H, 6a0iTy, amoMiHiro
(y ToMy uucHi ¥ alOMiHIEBOIO MYApPOI0) HE BinOyBa-
€THCS AKTUBHO{ B3a€EMOJI{ M’k KOMIIOHEHTaMH 3 HACTY-
[THUM CHHTE30M T€TePOreHHOT CTPYKTYPH.

Bnnue enexmpo0yz06020 HanuniewHs HA CMpPYK-
Mypy NOPOIICHIX CKASHUX MA KEPAMIUHUX MIKpochep

DopMyBaHHS 3pa3KiB €JIEKTPOAYTOBHX TIOKPUTTIB
BimOyBaJiocsi Ha CTaleBi MAKIANII  PO3MIpOM
140%x100x3,5 MM 3 ByrJIeneBoi cTali 3BU4aifHOT IKOCTI
mapku Ct3 ('OCT 380-2005), moBepxHs AKOi 3a3Hana
MOTIepeIHROI CTPYMEHEeBO-a0pa3uBHOI 0OpOOKM Ha
ycraHoBIi «Pemaeransy Mozeni 026-7 3a HACTYITHUMH
peXuMamu: THCK cTHCHyTOoro moBitps — 0,4...0,6
MlIla; giametp corura — 10 MM; BiICTaHB IO MOBEPXHIi
3paska — 10 MM; KyT HaxmiIy coruia 1o moBepxHi — 90 °.
Sk abpa3uB BUKOPHCTaHUIl eNEeKTPOKOPYHA Mapku 76
31 nuti¢yBansHuUM HOMepoM 125 (OCT 5.9957-85). Ha-
MTUJICHHS TOKPHUTTIB IPOBOIMIIOCH Ha ycTaHoBLI K/IM-
2, y KOMIUIEKT JI0 SIKOT BXOJUTh €JICKTPOJYTOBHIA amna-
pat EM-14M 3 meHTpaibHOIO COIUIOBOIO CHCTEMOIO
MoJla4i CTHCHEHOTO TIOBITPS Ta JKEPENo >KUBICHHS
«Tumes-500». [I1s HanuiIeHHs 3aCTOCOBAHO 3BaplOBa-
meHI npotr Mapok CB-08I2C (I'OCT 2246-70) i 65T
(FOCT 2246-70T"). BapiroBaHHSI TEXHOJOTIYHHMU pe-
xuMaMu (cmia ctpymy myra — 80...140 MA; Hampyra
Ha 1y3i — 25...28 B; tuck mositps — 0,4...0,6 Mlla; mi-
aMeTp OCHOBHOT'O cOIlIa — 6 MM; JOAATKOBOTO — 8§ MM;
muctaifis HamwieHHS — 90...100 mM) [9] mo3Bossie
OTPUMYBATH MOKPHUTTS 3 00 €MHUM BMICTOM CKJIa
(10...35)£7 % Ta kepamiku 10 20 %; TOBIIMHA HAIMHU-
JICHOTO Iiapy ckiaaae Bin 0,5 1o 2 mM. Mikpopesbed
TIOBEPXHI ITOKPHUTTIB JTOCHTIIPKEHO METOJIOM €JIEKTPOH-
HOi Mikpockotii Ta MPCA 3a 1ommoMoror pacTpoBoro
eIIEKTPOHHOTO Mikpockorry POMMA-102-02, misa Bu-
KOHAaHHA MIKPOCTPYKTYPHHX MJOCIHIJDKEHb TAaKOX 3a
CTaHJapPTHUMH METOJUKAMH OyJIO MiATOTOBJIEHO IOTIe-
pedHi HeTpaBieHi Mikponutipu. MIHICTh 34YeTUICHHS
HOKPHUTTIB 3 MiJIKJIAJIKOI0 BU3HAYCHO IIUIIXOM PiBHOMi-
PHOTO MO3I0BXXHBOTO PO3TATYBaHHS IUTacTHHU [186],
Jie BeJIMYMHA aare3ii (Guinp) XapaKTEPU3YETHCS CHIIONO,
BIZTHECEHOIO 0 OIMHUII IUION[ KOHTAKTYy, JJI YOro
BUKOPHUCTAaHO po3puBHY Mamuny WP 5057-50; mBua-
KICTh HaBaHTAXEHHA — 2,5 MM/XB.

[pu vammnenHi CB-0812C moposxHi CKISTHI MiK-
pocdepu (puc. 3, a), IOTPAILISIFOYN Y 30HY €ICKTPO.IY-
TOBOT'O PO3PsLy, IEPEMINIYIOThCS 3 KPAIUIIMH pO3IIiIa-
BJIEHOTO METally Ta 3a3HAal0Th KOPOTKOYACHUX TEMIIe-
paTypHMX  HaBaHTaXeHb, SKi NPU3BOIATH 10
BUTOPSIHHS allpeTy, 1 4epes3 JIiKBalliliHi IpolecH y cTi-
HKax Mikpocdep Ha MOBEPXHi MOIIIY CTalb—CKIO Yy
BiAMOBIAHOCTI 3 fAiarpamoro crany Fe—Si (3a mepurek-
TUYHOIO peakitiero mpu temmeparypi 1090 °C) yrBopro-
€THCS HOBA yJbTpaaucrepcHa ¢asa FesSiz 3 posmipom
OKP 87 um, sika € criiikoro o t = 825 °C [24]. IIpu
HalWIEHHI CKJITHI YaCTHHKW 3a3HAIOTh YacTKOBOTO
OIUTABJICHHS Yepe3 TEPMIUHY 10 il yac 0OBOIIKaHHS
PIAKHAM pO3IUIABIEHUM METAJIOM, IIPOTE BOHU 3aJIHIIa-
10Thcsl peHTreHoamopdHumu. [Ipu noxaBaHHI y 30HY
JIyTd HeanpeToBaHUX MiKpocdep, BOHM BTPayaroTh
cBol0 chepuuHy (opMy, IEpEeTBOPIOIOUNCH Ha Cy-
LiTbHI YaCTUHKH, THM CaMHUM BTpadyaro4d Taki IiHHI
(yHKIIOHATIBHI BIACTHBOCTI K HIUIBHICTB, AeMIIQipy-
BaJIbHY 3/1aTHICTh, HU3bKY TEIUIONPOBIAHICTH TOIIO.
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IICM

Puc. 3. Mikpocmpykmypu enekmpo0y208ux nOKpUmMmie:
a — onmuuna mixkpogpomoepagiss Ce-0812C-IICM (< 350); 6 — erekmpOHHO-MIKPOCKONIYHUL 3HIMOK NOBEPXHI
noxpumms Ce-0812C-ACIIM; 6 — enekmpoHHO-MIKpOCKORiYHUL 3HIMOK nosepxni noxkpumms 651—ACIIM

VY nopiBHSHHI 31 CKJSIHUMH KepamidHi MiKpoc-
(epu MaroTh OUIBII BUCOKY TEIIOCTIHKICTh Ta B MPO-
1eci BUPOOHUIITBA micist (IoTalii 3a3HAIOTh TEPMiu-
Horo o0poOimoBanHs npu Temneparypi 1600 °C, mo y
CBOIO 4epTy BHKIIOYA€ TEPMiUHI HABaHTAXEHHS IIi[
yac HalmwIeHHA. MiKpOCTpyKTypa eJIeKTpOLyTrOBUX I10-
kputTiB Ha ocHOBI CB-08T2C i 65T (puc. 3 6, B) ckia-
JIa€ThCs 3 MOPUCTOI METaJIeBOl MaTpHILl 1 KepaMiuHUX
cepryHUX YaCTHHOK, SIKi, SIK MOKa3ajd Pe3yJIbTaTH
MPCA, mij yac HaITUJIEHHS HE 3MIHIOIOTH CBOI'O XiMid-
Horo ckiany. [Ipore TexXHOJOTiYHI  TPYAHOLI
OB’ sI3aHi 3 HU3bKUM KOe(il[IEHTOM BUKOPHCTaHHS Ke-
pamiuHuX Mikpocdep, e BTpaTh CKIaaaTh oiibire 50
% Ta HU3LKOIO MILIHICTIO 3YEIUIEHHS 31 CTAJIEBOIO ITij-
KIIQJIKOIO, SIKa JJIsl MMOKPUTTIB kommnosuiii CB-08T2C—
ACIIM cknanae 12 Mlla, g 65T-ACIIM — 14 Mlla,

B Toi yac ko Jjs1 CB-0812C-TICM — 20...25 MlIla,
IO IMOSICHIOEThCS Tepe0yBaHHAM il TeMIepaTypHUM
BruBoM [ICM y cknononioHoMy craHi. [TinBumeHHo
MIITHOCTI 34ETIICHHS Ta YIUTbHEHHIO TOKPUTTS CIIPHSIE
YTBOPEHHS i HAKOMMYEHHSA cKi1odasy; BUTbHUHA Si 1wuis-
xoM 1udy3ii mepexoquTh 0 CTANeBOT MiIKIAAKH, TIPO
110 CBiTYNTH 3MEHIICHHS HOTro KOHIIEHTpaIlii Ha 3BOpO-
THi# noBepxHi mokpurts. Ha puc. 4 HaBeneHO cHekT-
porpaMy — PEHTICHIBCBKHN EHEPrOAMCIICpPCiHHMIMA
CHEKTpP, OTPUMAaHUIA 31 3BOPOTHOT IMOBEPXHI MOKPUTTS
micns #oro BiapuBy Bin miaknaaku Ct3, me 3adikco-
BaHO BEJIMKY KiJIbKicTh Fe (=92,9 %), a Takoxk CrieKTpu
Si, Al i Fe, O, siki Bka3ytoTh Ha (hOPMyBaHHS OKCHUIIB,
110 MOKE 3HW)KYBATH a/Ire€3iiHy MIlIHICTb.
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Puc. 4. Cnexmpozepama 360pomnoi nogepxui noxpummsi
xomnosuyii Ce-0812C—IICM

OpepxaHi y poOOTi pe3ynbTaTH MOTIHOIIOIOTH
HayKOBI ySBJIEHHS IIPO BIUIMB BHCOKOTEMIIEPATypHHUX
TEXHOJIOTiH, 30KpeMa CITKaHHS Ta eJIEeKTPOIyroBOTO
HANWJICHHS, HAa CTPYKTYPHI 3MIHH IOPOXHIX CKIISHUX 1
KepaMiuHUX Mikpocdep; Mpo BU3HAUCHHS TEMIIEpaTy-
paux nouniB Ha noepxHi [ICM npwm ix nonanauHi y
30HY €JIEKTPOJIyrOBOIO po3psiiy Ta GOpMyBaHHS Mill-
HOTO 3B’5I3Ky Ha MOBEPXHI MOMALTY METaJ—CKIIO 1 Me-
tan—kepamika. [Toganbii nocmipkeHHsT TOB’s3aHi 3
BU3HAYCHHSIM (YHKIIOHAJILHUX BJIACTHBOCTEH Marepi-
aJliB 1 IOKPUTTIB, OJICPIKAHUX 3 BUKOPHCTAHHSIM MOPO-
JKHIX CKJITHUX Ta KepaMidHUX Mikpocdep.

BucHoOBKY 1 ipomio3utii

1. TTopoxHi cksHI Mikpochepu HaTpiACHITIKAT-
HOTO 1 HATPiHOOPCHIIIKATHOTO CKIIAy SBISIFOTH COOOFO
CKJIaJHI CHCTEMH 3 MIKpOTETEpOTSHHOIO OYI0BOIO, Mi-
KPOKPHUCTATIUHI OO0NacTi SKUX MiICTATh (a3u pizHOL
NPUPOJIH: KPEMHE3EMH, OKUCITH, CHIIIKaTH, O0paty, 110
€ HACJIIJKOM JIIKBalliHUX MPOLECIB, — ITiIBUIICHHS Te-
MIeparypu BignanoBanus 10 650...700 °C crpusie me-
pexony y CKJIONOiOHUI cTaH. BCTaHOBIIEHO, 1110 TEM-
nepaTypHi aedopmarii y ampeTroBaHHX Mikpochepax
no4nHaroThcst pu Temneparypi 500 °C, mo Ha 50 °C
HIDKYE HIX y HEarpeTOBaHMX, IO MOSCHIOETHCS TEM-
nepaTypHUMH XapaKTepUCTHKAMH Y-aMiHOTPUETOKCH-
CHJIaHy Ta XapaKTepoM HOro 3B’s3Ky 3 HOPUCTOIO HO-
BepxHero [ICM.

2. AmoMocHITiKaTHI TOPOXHI MiKpochepn MapKu
MIIk 200-400 € B3arajni peHTreHOaMOpPGHUMH, MPOTE
MAaloTh MIKpOTeTepOreHHY OyI0BY 3 HAsBHICTIO KpHUC-
Tamiyanx Moauikamiit AloOs, o- i B-kpucTobaniTy,o-
i B-KBapIy; CXWIBHI 10 YTBOPEHHS KOHIJIOMEPATIB IIif
Yyac HaIUJICHHSI.

3. CriikaHHS TIOPOXKHIX CKISTHHX MiKpocdep 3 mo-
POIIKaMH KOJIbOPOBUX METAIB, a caMme OpoH3010, 6a0i-
TOM, aJIFOMiHIEM, BiTOYBA€ETHCS 32 MEXaHI3MOM PiIKO-
(a3Horo crikaHHA (KOHTaKTHE IUIABJICHHS), MiJ 4Yac

SIKOTO BiIOYBAIOThCS yCcaI0uHi ponec. HaniOinpm iH-
TEHCHBHHM CJIiJl BBR)KAaTH TPOIIEC CIIIKaHHSA 3 allpeTo-
BaHUMH HaTPIHOOPCIITIKATHUMHE MiKpochepaMu.

4. CTBOpEHO TEOPETUYHI NEPeayMOBH AJISI TEXHO-
yorifi opMyBaHHS PIBHOMIPHOTO EIIEKTPOIYTOBOTO
mapy komnosumiii  Ce-0812C-TICM, Cg-08I'2C-
ACIIM 1 65T-ACIIM no noBepxHi crani mapku Ct3,
110 IPYHTYIOThCS Ha CTPYKTYPHIili HEOXHOPIHOCTI TO-
POXKHIX CKISHUX 1 KepaMidyHuX Mikpochep oOpaHoro
CKJI/ly, SIKi 3a3HAIOTh YaCTKOBOI'O OIUIABJICHHS B pe-
3y/ibTaTi TEPMIYHOT Ail miJ 4ac OOBOJIKAHHS DPiJKUM
PO3IIABIIEHUM METaloOM, HE 3MIHIOIOYM XiMI9HOTO
CKJIA/ly 1 3aJIMIIAI0YUCh PEHTT€HOAMOP(QHUMH.

5. Ha BigmiHy Bij iHIINX Ha MOBepXHi noziry Ce-
08'2C-IICM yTBOpIOEThCA YIBTPAIMCIIEpCHA (ha3a
FesSis 3 po3mipom OKP 87 HM; yTBOpEHHS 1 HAKOIH-
YeHHs CKI0(}a3u CIpHUsE MiIBAIICHHIO MIITHOCTI 34eTl-
JICHHS Ta YIIIJIbHCHHIO MTOKPUTTS, BITbHUN Si nUISIXOM
nudy3ii mepexoauTh A0 CTANEBOT MiIKIaIKU, PO II0
CBITYMTH 3MEHIICHHS HOTO KOHLIEHTPALiT Ha 3BOPOTHI I
HOBEPXHI IIOKPUTTSI.
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HNEPCIHHEKTUBHU 3ACTOCYBAHHA AJIbBTEPHATUBHUX ®OPM INTPEJCTABJIEHHSA
JIOTTYHUX ®YHKIIIA B 3AJTAYAX CUHTE3Y IU®POBUX ITPUCTPOIB
PERSPECTIVES OF ALTERNATIVE FORMS REPRESENTATION FOR LOGICAL
FUNCTIONS APPLICATION IN THE PROBLEMS OF
DIGITAL DEVICES SYNTHESIS

AHoTanis: B cTaTTi po3MISHYTO MOXIIUBOCTI Ta MEPCIICKTUBU 3aCTOCYBAHHS albTePHATUBHUX (HOPM Tpe/-
CTaBIICHHS JIOTIYHUX (YHKLIN B 33a4ax CHHTE3y IMU(POBHUX IPUCTPOIB, POITITHYTO KOHIICTIIIIO ONTUMAIBHOT
(hopMu TIpenCTaBICHHAS JOTIYHIX (YHKIIH SIK BaXKIHBOTO HAMPAMKY CTPYKTYPHOTO BIOCKOHAICHHS IMHU(DPOBUX
MIPUCTPOIB HA OCHOBI peaizamii JIOTiYHUX (QYHKIIiH B anbTepHATHBHAX (hopMax IpeacTaBiIeHHs. [laHa KOHIICTIIis
BPaxOBY€E Pi3HOMaHITHI (HOpMU MpeCTaBICHHS JIOTIYHUX (PYHKIIH, 00yMOBIIIOE€ BUCOKY €(DeKTHBHICTh 3aCTOCY-
BaHHS abTEPHATHBHUX (HOPM TIPEICTABICHHS 3 TOYKHU 30y MapaMeTpiB CTPYKTYPHOI CKIIQJIHOCTI peaizallii KoM-
OiHALIHIX CXeM y IMOPIiBHAHHI 3 TPAIUIIIHHOI0 KIACHYHOIO (POPMOIO TPENCTaBICHHA. B cTaTTi OKpecIeHo YiH-
HHUKH JIJIS TIOJIaJIBIIIOTO BJIOCKOHAICHHS KOHIIEIINT ONTHMAaTbHOT ()OPMH MPEICTABICHHS NUIIXOM HATIOBHEHHS 11
HOBUMH HAYKOBHUMU JOCATHCHHAMU, 11O JO3BOJIUTH HOBHiCTIO a6o YaCTKOBO 3HATH pr}lHOH_[i Bi}Z[HOCHO BIIpOBa-
JUKEHHSI ONTUMAaJIbHOT (YOPMH TPENICTABICHHS B IIMPOKY 1H)KEHEPHY MPAKTHUKY.

Kniouosi criosa: noeiuni pynryii, popma npedcmasients, onmumaioHa Gopma npedcmasienis, NOKA3HUKU
CMPYKMYPHOI CKIAOHOCMI peanizayii, niOMHONCUHU npiopumemis, OugepeHyiayis 102iYHUX QYHKYI.

Summary: Opportunities and perspectives of alternative forms application for logical functions presentation
in synthesis of digital devices are considered in this article.The concept of logical functions optimal presentation
as an important direction of structural improvement for digital devices on the basis of logical functions realization
in alternative forms of representation is considered. This concept takes into account the various forms of
representation of logical functions, which determines the high efficiency of the application of alternative forms of
presentation in terms of parameters of the structural complexity of the implementation of combinational schemes
in comparison with the traditional classical form of representation.The article outlines the factors for further
improvement of the concept of optimal form of presentation by filling it with new scientific achievements, which
will allow to completely or partially eliminate the difficulties in implementing the optimal form of presentation in
the broad engineering practice.

Key words: logical functions, form of representation, optimal form of representation, indicators of structural
complexity of implementation, subset of priorities, differentiation of logical functions.

IMocranoBka  mpoduemu.lllupoke  BhpoBa- 10 cBO€i (i3UUHOT MEXI, TOCTPO MOCTa€e MpodIIeMa 1o-

JUKEHHSI 00YMCITIOBAIBHOI TEXHIKM Ta CHCTEM YIpaB-
JiHHSA B yci cdepu JIOJICHKOI MiSIIBHOCTI, a TaKOX
YCKJIaTHEHHS 3a]a4, SKi PO3B’SI3YIOThCS IIUMHU CHCTE-
MaMy, OOYMOBIIOIOTH HEOOXiJIHICTh MOCTIHHOTO MO-
HIYKY HUISIXIB BJOCKOHAJICHHS! TEXHIYHUX KOMIIOHEH-
TiB KOMIT'TOTEepHUX cHCTeM. llokpamieHHs 3arajbHOi
SIKOCTI BiANOBIZHUX 00’€KTIB, HACIIIKOM SIKMX € MiHi-
aTIOpU3aIlisl, 3MEHIIEHHS CHEeProCIOXUBaHH:, 301J1b-
IIeHHSI IIBUAKOIIT Ta iH. MOYKJIMBE Ha OCHOBI MPOTPECy
K B 00J1aCT1 TEXHOJIOTIH, TaK 1 IIJIIXOM ONTHMI3arii
CTPYKTYp IHTETpalbHUX MIKPOCXEM, SIK OCHOBHOI eJle-
MEHTHOT 0a3M TEXHIYHUX KOMIIOHEHTIB KOMII IOTEPHHUX
cucreM. OCKIIbKH, HA lyMKY OUIbIIOCTI (haxiBIiB, MO-
JKIJIUBOCTI CYy4acHOI MIKpPOEJIEKTPOHIKH HAOIMKAIOTHCS

[IYKy MOTEHIIHHUX NUISIXIB BIOCKOHAIICHHS TEXHIY-
HUX KOMITOHEHTIB KOMIT'IOTEPHUX CHUCTEM CaMe 3a pa-
XYHOK CTPYKTYPHHX 3MiH MikpocxeM. OnTuMizarist Ha
CTPYKTYPHOMY PiBHI MOKE€ BHSIBUTHCS OUIbII €eKTH-
BHOIO 1 3/1aTHOI0 KOMIIEHCYBAaTH OOMEKEHHSI 1010 PO-
3BUTKY Ha/IBEJIMKUX IHTEIPAIBHUX CXEM, SIKI BU3HAYA-
IOTBCSI TEXHOJIOTIYHHMH MEXaMH MIKpOMiHiaTIOpH3a-
mii Ha piBHI TIPOLECIB 3 «pO3pUBAMH» CTPYMIB,
npoOieMaMu PO3CIFOBaHHS TeTlla B KPUCTAJi Ta iH.
CTpyKTypHa pealtizaiisi CyTTEBO 3aJICKHUTh BiJ
AQHATITUYHOTO NPE/CTABICHHS JIOTIYHUX (YHKIIH, K
OCHOBHHMX MaTeMaTHYHUX MOJeJel NpUCTPOiB cydac-
HOI TexHiku. PO3poOHNKY B Taiy3i NpOEKTyBaHHs Ha-
MaraloTbCsi OTpUMATH SIKOMOTa MPOCTIIE NPEeICTaB-
JIEHHS JIOT14HOi (PyHKLIi, OCKIBKH ICHYE 3aJISKHICTh
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MiX MPOCTOTOI0 (HOPMYIH JIOTi9HOT PyHKIIIT Ta KOMIIa-
KTHICTIO CXEMH, 110 ii pearnizoBye. SIk BUILTUBAE 3 HC-
JICHHUX JOCHI/KeHb BYCHHX Ta CIICIIaiCTIB B ramysi
JIOTIYHOTO MPOEKTYBaHHS, (OPMYJIbHE MPEICTABICHHS
JoTiYHUX (PYHKIIIH B OCHOBHOMY BH3HA4Ya€THCS iX (o-
PMOIO TIpeACTaBICHHS.

AHaJi3 ocTa”HHIX JocailKeHb Ta myOJika-
niid.[IpoTsroM ocTaHHBOTO Yacy JOCIIHKEHHS 3 Teopil
JOTiYHUX (PYHKIIH, 10 MOB’sI3aHi 3 MPEICTABICHHIM
(yHKIIH pi3HUMH crioco0aMu, JOCTaTHBO IHTEHCHBHO
pozBuBaroThcs. Ceper poOiT, MPUCBIYEHUX CTPYKTYP-
HOMY BJIOCKOHQJICHHIO TUCKPETHUX MPUCTPOIB, 3HAUHE
MicIie mocimatoTs podotu gocmigHukiB C.B.S6moHCE-
koro, B.Il.Ciropcekoro, B.I1.Tapacenka, I1.M.bi6ina,
A.J1.3akpeBcekoro, A.A.lllaimra, B.M.CynpyHa,
10.0.KoukaproBa[1-4]. 3a3Hadeni HaykoBIi oOwupa-
IOTh [UIAX HETPaAWMiHHUX TIIXOMIB O TpEeACTaB-
JICHHS Ta TICPETBOPCHHS JIOTIYHUX (DYHKIIH, HO SIKHX,
30KpeMa, HaJle)KaTh: KOHIICMIIist 0araTo3HavyHoro anda-
BITY, KIHEYHHX TPEIUKATIB, JOTIYHUX LIKaJ, IHTepHO-
JSILIHHKX TIOJIIHOMIB, CIIEKTPAILHOTO MPEICTABICHHS,
KOHIICTII[iSl ONTHMAaNbHOI (POpPMHU MpEnCTaBlICHHS. 3a-
3Ha4eHI METOAU TNPOJECMOHCTPYBAIM IO3UTUBHHUI
e(eKT B 3aJjaUax aHaJ3y Ta CHHTE3y AUCKPETHUX MPHU-
CTpOIB Ta JOBEJIH AOCTATHHO MOTYKHUI ITOTEHITIaI HO-
BUX MiIXOMIB IO MPEICTABICHHS JIOTIYHAX (YHKIIN B
ACTICKTi 3MEHIIICHHS iX MapaMeTpiB CKIAAHOCTI CTPYK-
TypHOi peanizanii.Cepea OCTaHHIX AOCIHIIKEHb B LIl
cdepi ciig BiA3HAYUTH poOOTH 3aKOPAOHHHUX HAYKOB-
uie Wang P., Almaini A.E.A., Mizuki T. Ta iH-
mux[5,6]. Y 3a3HaueHuX poOOTax OCHOBHA yBara mpHu-
JIUISETHCS MiIX0JaM MIOA0 CIIOCOOIB IpEACTaBICHHS

JIOTIYHUX (PYHKINIH, OCKUTBKH JTOCIHIKCHHS TOBOJISTH
3IEXKHICTh MiX CTPYKTYPHOIO ONITHUMIi3aIli€lo MiKpoc-
xeM Ta (popMamMu pencTaBIeHHS JOTIYHIX (PYHKIIIH.

[TpoTe 3anuInaeThesi HEBUPILICHUM JOCHTb ILIHPO-
KW CIIEKTp BKIIMBHX 3a7[ad, IO MOB’sA3aHi i3 3aCTOCY-
BaHHAM QJIbTEPHATHUBHUX IPEACTABICHb JOTIYHHX (Y-
HKIIH B 3a/1a4ax aHaIi3y 1 CHHTE3Y ITUCKPETHUX IPH-
CTPOIB, a TaK0XX KOMIUIEKCOM CYIYTHIX 3aB/aHb, sKi
OB ’s13aHi 3 1X mosiBoro. Le cTocyeThes, 30kpeMa, po3-
POOKM HOBMX METOJIB MiHIMi3allii JIOTYHUX (QYHKIIIH,
sSIKI TIOBUHHI OyTH peati3oBaHi B IPOrpaMHHX MaKeTax
JUISL TIPOEKTYBAJIBHHKIB 1 PO3POOHMKIB IHTErpaIbHUX
CXeM IUCKPETHHX MHPUCTPOIB, a TAKOX BiATIOBITHUX
CXEMOTEXHIYHHX peai3arliii.

Merta cTaTTi moJsrae y BUpIIICHH] BaXJIMBOI Ha-
YKOBO-TEXHIYHOI 3a/1a4i — JOCITIKeHHI MepCICKTHBH
3aCTOCYBaHHS AIBTEPHATHBHUX (HOPM IIPEACTABICHHS
JoTiYHUX (DYHKINH B 3a7ja9aX CHHTE3Y HU(POBUX MIPH-
CTpOIB.

1151 3agava € KiHIEBOIO METOIO i 3MICTOM PO3IIH-
PEHHS KOHLIENLii ONTUMaIbHOT (POPMH MPEICTaBICHHS
soriuHux ¢GyHkuid. BoHa mossrae B peatizamii Jiorid-
HUX QYHKUIH B HAHOUIBII JOUITBHUX UL HUX (hopmMax
NPEICTaBICHHS 3 TOYKU 30pY apaMeTpiB CTPYKTYPHOT
CKIagHOCTI peamizamii. B [1] ams mpoBexeHHS sKicHOT
OILIHKA CTPYKTYPHOI peami3amii JIOTiYHrX (QYHKIIH i3
BUKOPUCTAHHSM Pi3HUX (OPM IIPEICTABICHHS, BBEICHI
MeBHI 00’€KTUBHI KPHUTEPii, IKi BUKOPHCTOBYIOTHCS B
ocepenKy BUpOOHHUKIB MIKpOCXEM, a TAKOXK B aHii po-
6ori (Tabi.1).

Tabmums 1
[TapameTpu CTpYKTYpHOI CKJIaJIHOCTI peattizauii JIoriuHuX QyHKIIH
ITapamerp Tloscuenns

Sad — KUIbKiCTh JomaHkiB B 3amucy JID, sika BH3HA4Yae KUIbKICTh BuxoxiB [1JIMI
(puc.1) (migmatpuii GopMyBaHHs KOH FOHKIII) Ta KUIBKICTh BXO/IB ITiIMATPHIIi 10-
JlaBaHHS KOH 1oHKIH [TJIM2;

Ssh — KUIBKICTB TOJaHKIB B 3anucy JID, 1m0 SBisitoTh co00r0 (haKTHYHI KOH FOHKIIIT BXi-
JTHHUX apTyMEHTIB, SKa BU3HAYa€ KUIbKICTh NOTPiOHUX niHiliok B [IJIM1;

Si — KUTBKicTh OYKB B 3ammucy JIO, sika sBISA€THCS KIACHIHAM KPUTEPIEM ITOPIBHIHHSI
pu MiHiMizamii JID;

Ss — rabapurHa miomia [TJIM1 B yMOBHUX OJUHHUIIAX, STKA BU3HAYAETHCS SK:
Ss=2nSy¢— s KOIT;
Ss=NSag— st ADII Ta PM®II, e n— xinbkicTs BXigHux aprymentis [IJIM1;

Sac — wioma akTuBHHX ejleMenTiB I1JIM1, sxa BU3HaYaeThCS SIK
Sac=2NnSsh — mis KOIT;
Sac=NnSsh — g ADIT ta PMOII.

B poGorax [1,2] HasBHICTb pi3HUX BapiaHTIB CTPY-
KTypHOI1 peanizaiiiJI® B mepury uepry oOyMoBIIeHa ic-
HYBaHHSIM TPAIUIIIHHOTO KJIACHYHOIO Ta TaK 3BAHUX
anprepHaTHBHUX — ADIT Ta PM®II cioco6iB mpeacra-
BiteHHs JI®. BianoBigHo TepMiH «anbTepHATHBHI (o-
PMH TIPEICTaBICHHD» B 3a3HaYCHUX POOOTaX O3HAYae
CHocoOu MPeICTABIICHHS JIOTTYHHX (DYHKIIIH, IO € Bij-
MIiHHUMH Bix KimacudHoi peamizamii JI® y Burmsami
00’eTHaHHS OmepaIliii U3’ FOHKIH, KOH IOHKIIIH Ta 3a-
MEPEYCHb HAJl BXiTHHUMHU apryMEHTaMU.

B maniii po®0Ti po3risiIaeThCs MOMUPEHUH Bapi-
anT pearizamii JI® B KOIT — nporpamoBani JioriuHi Ma-
tputi (ITJIM), TumoBa CTpYKTypa SKUX NpHUBE/eHA Ha

puc. 2. CxnagoBumu ITJIM € matpuri enemeHTiB I
(TIJIM1) ta ABO (ITJIM2). Jlo TTJIM Takox BXOASTH
OJIOKM BXIZHUX Ta BUXITHUX OypepHHX KackKaidiB, AKi
MIEPETBOPIOIOTh OAHOG(A3HI BXiJHI CHTHAJIM B Iapa-
¢a3Hi Ta GOPMYIOTH BUXi/IHI cHTHaIM BinoBiaHO. Oc-
HOBHUMH Tapamerpamu [1JIM e KijgbKiCTh BXOZIB N,
KOH'FOHKLIN KTa BHxXomiBm. Apxitektypa ITJIM pe-
QIBHO MOXE JIeNI0 BIAPI3HATUCS BiJ HaBeIEHOI, 30K-
pema, Uil CHPHUSHHS OUIbII THYYKOMY Hporpa-
MyBanHto [1JIM.
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Matpuis KOH'TOHKITIiH Pk L] JIA3'TOHKIIH

Puc. 1. Tunosa cmpyxkmypa ITJIM

Posmupennss koHuenuii onTuManbHOI  (opmu
npezcrasiaeHHs JIO ctae MOXKIMBUM 3aBASKH PO3poOIIi
HOBHX (pOPM MPEICTABICHHS Ta OLIHKHU iX MapaMeTpiB
CTPYKTYpHOI CKJIaiHOCTI peauizarii JID, meToxiB MiHi-
Mi3aii JIoriyHUX QYHKIIH y BIIOMUX ajbTepPHATUBHUX
Ta HOBUX (DOpMax HPENCTABICHHS, a TAKOX PO3POOKH
HOBUX CXEMOTEXHIYHUX DIlIeHb Ha OCHOBI aJIbT€pHa-
TUBHHX (H)OPM IPEICTABICHHS.

BukJsiag ocHOBHOro Marepiaany.

Sk 3a3HavanoCs BHWINE, CTPYKTypHa peaiizamis
muppoBUX ONOKIB B 3HaAYHI Mipi 0O0yMOBIEHa
AQHAJITUYHUMU TIPEJICTABICHHAMH JIOTTYHUX (YHKILi
(JI®), stk OCHOBHUX MaTeMaTUYHUX MOJIENIEH JUCKPET-
HHX MPHUCTPOIB. B cBOIO 4epry aHajiTH4HI TpeacTaB-
nenHs JI® 3anexats Bix popmu mpencrasienss (PII)
JI®. Ha cphoronHiniHii 1eHb IPU MIPOEKTYBaHHI CXeM
JTUCKPETHUX IPHUCTPOIB JIOTIYHI (YHKIIT MMEepeBaKHO
MPECTABISIOTHCS Y KIIACHYIHIH opMmi — 13 3aCTOCYBaH-
HSIM oOIepamid In3’IOHKIT, KOH FOHKIi Ta 3amepe-
yeHHs. [lo3uTHMBHMMM pHcaMM KIacudHOi (opMH €
MPOCTOTA, PI3HOMAHITHICTh Ta 3pY4YHICTH €JIEMEHTHOI
0a3u, BEMUKUI JOCBiT poOOTH 3 HETO, aJpke Taka popma
Npe/ICTaBJICHHs OyJa IPYHTOBHO JIOCIHIKEHa Ha IIpo-
TSA31 TPUBAJIOTO YaCy YMUMAJIOIO KiTBKICTIO BYCHHX Ta
JociMHUKIB.J{is KmacuaHOl (OpMH TpeacTaBICHHS
HanpaibOBaHO BEJIUKHHA  apceHad  METOJIB 110
MiHiMi3a1ii.

B [1,2] nponemMoHCTpOBaHO, IO KTacu4Ha Gopma
(K®IT) vHe € ennHO MOXIHMBOIO (HOPMOIO IPE/ICTAB-
nenns JI® Ta HaBeeHO 0COOIMBOCTI peanizariii JIoriv-
HUX QYHKIIH B BIIOMHMX albTEpPHAaTHBHUX (hopmax
npezcTaBiaeHHs — anrebpaiuniit (ADII) Ta Piga-Miro-
jutepiBebkiit (PM®IT).

JAnst TOCSITHEHHS! TTOCTaBIICHOT METHBU3HAYAIbHY
POJIb TOTUTLHO BiJJBOIUTH KOHIIEMIIiT ONTUMAITLHOT (hO-
pmu npencrasieHss (OPIT) JID, sxa monsArae B peai-
3amii JI® B HaliOiaemr gominsHik misa Hel OIT 3 Touku
30py 3abe3neueHHsT MiHIMaJIbHOCTI TTapaMeTpiB CKIIa-
HocTi peamizarii JI®. B [7] nokazaHo, mo moTeHIian
O®II € 3Ha4yHO BHIIMM, HDK OKpeMO B35TOT (OpMHU

npeacrapnenHs JIO taokpecieHo GakTopH, 1O CTPH-
MYIOTh Ha JJaHHH yac 3actocyBaHHs koHuenuii ODII B
LIMPOKIii IHKEHEPHIH MPAaKTHUIIl Ta KOMIUIEKC 3a/1a4, SIKi
BUHHKAIOTH y 3B 513Ky 13 BrpoBamkeHHsm ODIT JID.

B acriekTi aHasi3y MepCcneKkTrB 3aCTOCYBAHHS ajlb-
TEePHATHBHUX (OPM IIPEACTABICHHS JIOTIYHUX (PYHKIIIH
B 337a4ax CHHTE3y HU(POBUX MPHUCTPOIB HeperycimMm
JOLTEHOBPAXOBYBATH MiXi MO0 BU3HAUCHHS KiJb-
KiCHO{ OI[IHKH BTpAT B IUTOMI MiKPOCXEMH BiJ BHKITIO-
YHOTO 3aCTOCYBaHHS KJIACHYHOI (OPMH TIpesCTaB-
JICHHS, 1[0 OYB 3aIpOIIOHOBaHUiA B [2].3anponoHoBaHa
MareMaTHYHa MOJIeNIb CTATUCTHYHOT OLIHKH KIJIBKOCTI
BTpar Bij HeontumasbHocTi OIT JID Ha ocHOBI aHaIizy
IHTEerpajJbHUX OLIHOK HAHOIIBII CYTTEBUX IJISL PO3PO-
OHUKIB IHTErpaIbHUX MIKPOCXEM MOKa3HHUKIB CTPYKTY-
pHOI ckmagHoCTi peanizaril JIO 11 MOBHUX MHOXKHH

2 n

noriuanx ¢yHkuii L(n) B obcsi3i 2 IPU KUIBKOCTI
aprymenTiB JI® 103BoJIsI€ BU3HAYHUTH OOCST CEpeHbO-
CTaTUCTHYHHUX BTPAT BiJl BUKIIOUYHOTO BUKOPHCTAHHS
KJITacCUYHOT ()OPMHU TPEACTABICHHS B IUIOLII MIKpOC-
xeMH. B pe3ynbrari npoBEICHUX OOYHCIIOBAILHHX
€KCIIEPUMEHTIB OTPHUMaHO BXKIIMBHHA MPAKTUYHUI
BHCHOBOK IIPO T€, 110 BUKIIOUHE BUKOpucTaHHs KOII
MIPUBOJIUTL JI0 TEXHIYHO HEOOIPYHTOBAHUX BTpaT B
TUTONII MIKPOCXEMH, 30KpeMa, 3a MapamMeTpoM CTpYK-
TYpHOI CKJIaJIHOCTI peasizanii rabapuTHoi rromi SS B
cepenHboMy Om3bpK0 40%.

B pamkax BpocKOHaJIE€HHsSI KOHLEMIIi ONTHMalIb-
HOi (hOpMU TIpeCTaBICHHS JOTTYHUX (YHKIIN AT po-
3poOKU HOBUX (OPM MpeACTaBIEHHS HEOOXiTHO cop-
MYJIFOBATH BHMOTH JI0 HOBHX moTeHIiitHuX PII cTo-
COBHO KUIBKOCTI €NIEMEHTIB CHCTeMH Oa3MCHHUX
¢byukuii (He 6inpuie Hix 2") Ta ix edexTHBHOCTI (He
HIDKYY, HUK TPaAUIIiHOT KITACHYHO1), @ TAKOXK JTOBECTH
TEXHIYHY MOLUIBHICTH IX 3aCTOCYBaHHS B IPOEKTY-
BaHHI AUCKPETHUX NPUCTPOIB Ta KOMIIOHEHTIB. Po3po-
Oka HOBHX (hOpPM IIpe]CTaBJICHHS OB’ si3aHa 3 PO3po0-
KOO HOBHX METOJIB MiHIMi3amii JIOTTYHUX (QYHKIIH B
ICHYIOUMX Ta HOBUX (popMax IpeAcTaBICHHS Ta IpOBe-
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JIEHHSM OIIHKH €()EeKTHBHOCTI OTPUMAHHUX pe3yJbTa-
TiB.3a3HAaYeHHM BUMOTaM TIOBHICTIO BiJITOBiZa€ OpPTO-
roHanbHa (popma mpencrasineHas JI® (OPOII), saxy
Oyu1o 3ampormoHoBato B [8-10].

Jus nanoi @II xapakTepHOIO € AEKOMIIO3HITIS BXi-
nmauX aprymeHTiB JIO Ha iHpopMaTHBHY Ta Oa3HCHY Ti-

f (X0, X0, Xp) =

1e K — KimbKicTh iHGOPMATHBHUX apTyMEHTIB i I-

MHOXHWHU XQ ; Qi — iHpopmaTHuBHI QyHKLUIi, yTBO-

peHi apryMeHTamMu XQ; CDi — ©OasucHi QyHKMIT,

YTBOPEHI apryMEHTaMH MOTYXKHICTIO N-K.
[HpopmaTuBHI GyHKIIT BUCTYMAIOTh B POJi Baro-
BUX KOeQiIieHTiB A 0a3ucHUX (YyHKIIN, Ha sAKi Ha-
KJIATA€ThCs BUMOTA B3a€EMHOI OPTOTOHANBHOCTI. J[iIst
3asgayenoi OP®II B yacTuHi IomaBaHHA KOH IOHKIUN
nporpamoBaHoi Jorignoi Marpumi (IIJIM) mocratHBO
mpocToro Joriuxoro exementy tuy OR. Crifg Big3Ha-
gyuty, 1m0 OP®II e OararoBapiaHTHOX (HOPMOIO, IO
BU3HAYAETHCS KIJIBKICTIO 1H)OPMATUBHUX apryMEHTIB
Ta PO3MOAUIOM BXITHMX 3MIHHMX Ha ITiJMHOXHHHU

XQ Ta Xd)' Yactroswuii Bumnagok OP®IT npu k=0

BIJINIOBiZla€ 3araJbHOBIMOMIN KIIaCHYHIN Qopmi mpen-
CTaBJICHHS.

N

We

on—k_4

N
@

N

NI

JMHOHHH 3 MOTYXKHOCTAMH K Ta N-K BiamoBigHo. Ap-
TYMEHTH yTBOPIOIOTH OPTOTOHAIBHI Oa3ucHI (QyHKIIT,
cepex SKUX JHIIEe OHA MPHHMae 3HAYCHHS, BiIMiHHE
BiJl HYJIOBOTO Ha OyAb-iKOMY HaOopi BXiIHUX apry-
MEHTiB. AHamiTH4HA (hopMa TPEACTABICHHS JIOTITHOT
¢yukuii B OP®II mae Burisiz

v Qid; @
i=0

B [1] ekcriepuMeHTANIBHO BCTAHOBIICHO AU(EpEH-
miartiro moBHOi MHOKHHHU JID L(N)3 pocToM KilbKOCTI
apryMeHTIB Ha TaK 3BaHi ITiMHOXHUHH IPIOPUTETIB 3a
BHIIIEBKAa3aHUMHU KpuTepisimu. EmemeHTamMu miIMHO-
KUHMA TIpiopuTeTiB € Bm3HadeHi JIO, mra saxux
HaMOLIBII AOIUIFHOIOE Ta YH iHINA GopMa MPeacTaB-
JIeHHs 00, MOXIIMBO, iX KoMOiHallist. CTpyKTypy MHO-
xuH L(n)memoHcTpye miarpama Bena Ha puc.2. Mexi
BKa3aHUX IIJMHOXXUH OOYMOBIIOIOTbCS OOpaHHMHU
KPHUTEPIsIMH OLIHKH CKJIaJHOCTI peaizarii.

Ha miarpami K, A, P, O 03Ha4ar0Th 4UCTI MiMHO-
HHY npiopurteTiB JIO, aist peanizaiii SKuxX HaHOUTBII
JOLTbHA TiTBKHA OnHA 3 3a3HaueHuX (opm — KOII,
AO®II, PM®II abo OPO®II. IlpomixHi miaMHOXHHA
npioputeTiB npencrasieHi JID, 1 AKX piBHOSHAYHO
JIOLUTEHAMH 3 TOYKH 30pY IapaMeTpiB CTPYKTYPHOT
CKJIaTHOCTI peaizamii € 6impire Hixk oxHa ®II 3 MHO-
xuHA {KOII, ADII, PM®II Ta OP®II}, BignosigHO
KA, KP, AP, KAP, KO, AO, KAPO Ta ixmi.

Puc. 2. Cmpyxkmypa L(n) 3a niomnoxcunamu npiopumemie

BusHadyeHi cyMapHi MOTYXHOCTI TIiIMHOXWH,
noB’si3anux 3 Bignosiguumu PIT — xknacuunoro KOIT
(CLASSIC (C)), anrebpaiunoro ADII (ALGEBRAIC
(A)), Pima-Mromnepiscbkoro PM®IT (RID-MULLER

(R)) ta oproronansHoo OP®IT (ORTOGONAL (0O))
HaBeJIeHi B Ta0:1.2 Ta peacTasieHi rpadivyHo Ha puc.3-
5.

Tabnuus 2
CyMapHi MOTYXHOCTI i AMHOXHH
B cTpykTypi L(n)
ITigMHOXUHH L(3) L(4) L(5)
K®II K (CLASSIC (€)) 2,4 0,6 3,34
AODIT A (ALGEBRAIC (A)) 73,1 60,1 14,84
PM®II P (RID-MULLER (R)) 79,4 66,5 78,2
OP®IT O (ORTOGONAL (0)) 4,3 6,9 17,1
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Puc.3. Buicm cymaprux niomnosicun L(3)

C A R o
Puc.4. Buicm cymapnux niomnoosicun L(4)

BucHoBkH.B po0oTi Oy110 npeicTaBIeHO MOXKIIN-
BOCTI Ta MEPCHEKTUBY 3aCTOCYBaHHS aJbTEPHATHBHUX
(hopM mpecTaBIeHHS JIOTIYHUX (QYHKIIIN B 33/1a4aX CU-
HTe3y HU(POBUX MPUCTPOIB, PO3IISIHYTO KOHIETIIIIO
ONTHMAJILHOT (pOpMH TIpe/ICTaBIEHHS JIOTIYHUX (YHK-
mifiTa Big3HAYe€HO MOKIIMBI IIIAXH IOJAJIBIIOT0 BAOC-
koHaneHHst koHMenmii O®II, mo rpyHTYyOTECS Ha PO3-
poOrii epexTHBHUX MeToNiB MiHiMi3arii JI® B anpTep-
HATUBHUX OII, po3pobui e(heKTUBHUX
cxeMoOTexHIYHuX peaiizamii JIO B nux @II, po3pobiii
HOBOI Oprasizaii CHCTEeMH JIOTIYHOTO MPOEKTYBAaHHS
dpoBUX OJIOKIB 3 ypaxyBaHHSM HasBHOCTI OLIbII
epextuBaux, HiK KOII, amprepHaruBaux @II, mo-
HIYKY Ta OI{HII e(eKTUBHOCTI HOBHX, HEBIJIOMHUX Ha
nanuit Mmoment OI1.BuzHaueHo cymapHi MOTYXHOCTI
MiAMHOXKH npioputeTiB JI®, moB’s3aHUX 3 BIIIOBIA-
HUMH (OpMaMH MPEACTABICHHS — KIIACHYHOI0, areo-
paiuHoio, Pina-MiosiepiBcbKOIO Ta OPTOrOHAIBHOIO.

C A R ]
Puc.5. Buicm cymapnux niomnoosicun L(5)
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AUTOMATION AND DISPATCHING OF
VENTILATION SYSTEMS
ABTOMATU3AIUA U JUCHHETYEPU3AIIA CUCTEM BEHTHJIAIINNA

Summary: Theoretical and practical aspects of development and implementation of an automated ventilation

control system using the industrial network Modbus.

Key words: automation, microcontrollers, telecommunications, ventilation control.

AHHOTa].[l/Iﬂ: HCCJ’ICI[OB&HBI TCOPETUYCCKHUC U NPAKTUICCKUEC ACIICKThI pa3pa60TKH 1 BHCAPCHHUS aBTOMATH-
3Hp0BaHHOI7[ CHUCTCMBbI YIIPaBJICHUA BeHTHHﬂHHeﬁ C UCIIOJIb30BaHUEM HpOMLIH.IJ'ICHHOfI cetr Modbus.
Kniouesvie cnosa: aBTOMATHUKA, MUKPOKOHTPOJJICPBI, TCICKOMMYHHKAIIUHW, YIIPABJICHHUC BeHTPIJ'I?I].[PIeﬁ.

[ocranoBka npo6Jjembl. CuctemMa BEHTWIALUU
SBIISICTCS BaYKHON HHXCHEPHOM CHCTEMOIT )Ku3HeoOec-
nevYeHus 3anus. B cBs3u ¢ ynopoxanuem 0060pyaoBa-
HUSl © MOHTQXXHBIX PabOT MO CHCTEME BEHTHIISIIUU BO3-
HUKaeT BOTPOC 1eNecCO00pa3sHOCTH U 3HHEKTUBHOCTH
WCIIOJIb30BaHUsl aBTOMATU3WPOBAHHOTO YIpPaBICHUS
CHUCTEeMaMH BEHTUJISIIUH 3TaHUH.

AHaJIM3 MOCJIeHUX UCCIeOBAHMI U My0IuKa-
numii. O030p MyOIMKauid 10 JaHHOH TeMe MO3BOJISET
CKa3aTb, 4TO JJaHHAs TeMa aKTyaJlbHa Ha CErOAHSIIHUN
JleHb. ABTOMaTu3alus U JUCHeTYepu3alus 3AaHUN
JIOJDKHA MaKCUMalbHO MHUHUMU3HUPOBATh «UeJIOBEYe-
CKUl (hakTOp» U 00ECTIEYNTh KOHTPOIIh HaJl aBTOHOMHO
paboTaromumM 000pynoBaHUEM, OOBEUHUB €T0 B €H-
HBIH MHXXEHEPHBIN KOMIUTEeKC.[2]

CeromHsi B Hallle# CTpaHe MPOBOJIUTCS MaclITad-
Hasi paboTa TO COKpAIIeHWIO PacXOi0B BCEX BHIOB
SHEPTOPECYPCOB, a IOCTOSHHBIN POCT IIeH TpedyeT mo-
ncka 3(h(HEeKTUBHBIX METOJJ0B YKOHOMHUH.[ 5]

Heab crarbu. VMcciegoBanue TeOpeTUYECKUX U
MPAaKTUYECKUX aCIICKTOB Pa3padOTKU U BHEIPCHUS aB-

TOMAaTU3UPOBAHHON CHCTEMBl YNpPAaBICHUS BEHTUIIS-
OUEHl ¢ HCHONBb30BAHUEM IPOMBIIUIEHHON CETH
Modbus.

N3noxenne ocHoBHOro marepuana. Ceroas
HNPOU3BOJUTEIN CHCTEM AaBTOMATHYECKOTO YIIpaBiie-
Hus (CAY) Bentmmanuen npumenstor ITJIK u mpo-
MBIIIUTEHHBIE CeTH I O0BETUHEHNSI HECKONBKHUX CH-
creM u qucrnierdepuzanun. ACY BeHTIsIMel obecrie-
YUBaeT HEOOXOIMMBIH BO3JYXOOOMEH M KOHTpOIb
TeMIIepaTyphl I101aBAEMOT0 BO3yXa JUIsi KOM(pOPTHOH
paboTsI IepcoHana.

OcHOBHBIE (QYHKIMU JTAHHOW CHCTEMBI:

— yIOpaBJIEHUS UCIONHUTEIbHBIMU MEXaHH3-
Mamy;

— 3BYKOBOE OIIOBEIICHHE MPU BO3HHKHOBEHHUH
aBapUiHON cUTYyaluy;

—  CBA3b CHUCTEM IIO CETH;

—  BO3MOYKHOCTh M3MEHEHHS HACTPOEK KIIMMAaTa,

— BU3yanu3anus paboOThl CHUCTEMBI Ha DKpaHe
JucrieTyepa.
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Pucynox 1 — [pumounas cucmema ¢ 600sHbIM HAZPEEOM U (PPEOHOBLIM OXNANCOEHUEM C UCNONLIOBAHUEM
xoumponnepa TPM1033-04-00

Tabmuna 1 — HazHaueHre 0CHOBHBIX BXOJ0B/BBIX0J0B KoHTpoJutepa TPM1033-04-00

O0o03Ha4eHne Ha cxeMe Ha3nauyennue Tun curaanaa
Tu H3mepeHue TeMiiepaTypsl Hapy»KHOI'O BO3yXa Al
Top H3mepeHue TemnepaTypsl IPUTOYHOIO BO3JyXa Al
Tnom Temneparypa nomeneHus Al
P1 Bxoj maTunka 3aCOpeHUs BO3IYIIHOTO (PHIbTpa Dl
P2 Bxon natumka majgeHus AaBICHHMSA Ha IPUTOYHOM BEH- DI

THIITOPC

CocTaB 0JJHOH YCTaHOBKH:

— TIPUTOYHBIHA U BEITSHKHOW BEHTHIISITOD;
— YacTOTHBIE IpeoOpas3oBaTeNny JBHUTraTeseit
BEHTHJISITOPOB;

— IIPUBOABI KJIAIIAHOB Oaifnaca, MPUTOKa U BbI-
TSDKKH;

— aBapuiiHbIE TEPMOCTATHI;

— JaTYUKH TeMIIEepaTyphl.

Cuctema mpenycMaTpuBaeTCs IBa peXHMa pa-
6OTbI, aBTOMaTHYECKH BKJIIOYAIOMIMXCSA II0 IOKa3a-
HUSIM TEMIEpaTypHOTO IaTYNKa HAPYKHOTO BO3yXa.
B remnblii nepuoa — reMnepaTypHbId peXUM peryiiu-
pyeTcst 3a c4eT OTKIIIOUCHMSI HarpeBaTesst M IUPKYJIs-
IIMOHHOT'O HACOCa, B XOJIOAHBIA — 33 CUET OTKIIIOUCHUS
OXJIaKAEHUs. YIIpaBJIeHHEe YCTAaHOBKAMH OCYIIIECTBIIS-
eTcst uHTepercHbIM MoyeM.[3]

WurepdeiicHble MOAYIM TO3BOJSIIOT JEEHTpa-
JIM30BATh yNPaBIICHHUE 3a/1a9aMi, OCYIIECTBIISIOT ITOJI-
HbII ¥ HE3aBUCHUMBIA KOHTPOJIb HaJ Mpoiieccamu. Mo-
JTyJIF MOT'YT HCTIOJIB30BAaThCS KaK aBTOHOMHBIE ITPOIIEeC-
copbl. B mrane coequuuTh nHTEpdEiicCHBIE MOIYIIH 110
cetu Modbus ¢ Beaymum kontpomiepom OBEH
TJIK323. Benymuii KOHTpOJUIEp JOKEH OBITH COCTH-
HEH C KOMITbIOTepoM aucrieTdepa 1o cetu Ethernet, Ha
JIaHHOM KoMmIibtoTepe, ipu nomoiu SCADA -cucteMsl,
OpraHu3yercst pabouee MECTo JUCHeT4Yepa.

Modbus - OTKpBITBII MPOTOKOJ TOCIEN0BATEb-
HOM CBsI3H, pazpaboranHbiii B 1979 romy it uCmois-
3oBanus ¢ [1IJIK. O sBnsieTcs caMbIM pacipoCTpaHeH-
HBIM [IPOTOKOJIOM BO BCEH ITPOMBIIIIJIEHHON aBTOMATH-
3anuu. Modbus — mpeacraBmser coboi mpocToe U
MOHATHOE B MCIIOJIb30BaHUU YCTPOHCTBO CO CTAHAAPT-
HOHM TociieioBaTenbHOM cBsi3blo. B Modbus kaxnoe
YCTPOMCTBO 0OpaIaeTcs K CeTH Kak Habop OUT U peru-
cTpoB. C IOMOIIBIO CKATOTO HabOpa KOMaHJ, MacTep

CUMTHIBACT W 3aIUCHIBACT PETHCTPHI U OWTHL. Kommy-
HUKAIUS TBIDKETCS TOJIKO B OJHOM HAIpaBIICHHUH 32
pas.

OmHO¥ W3 IPUYHH MOIMYIIIPHOCTH TPOTOKOJIA SB-
JISIETCSl — €ro KpaTKasi peaju3aiusl.

[TpeoOpa3zoBaTesb MPOTOKOJIOB HMIMPOKO HCIIOJb-
3yeTCsl 10 CIIETYIOUIMM PUYHHAM:

— Modbus nonagaer B MMPOKHUN ITUANa3o0H TH-
OB YCTPOMCTB JIFOOOr0 MOCTaBIIMKa O00OPYHOBaHUS
M3-32 TOTO, YTO OH SIBJIICTCS IIPOTOKOJIOM C OTKPBITHIM
HCXOJHBIM KOJIOM;

— OOGeryeHne TpoNEAyphl pa3BEepTHIBAHUS, 3a
CYET UCTIOIb30BaHUS POCTOH CTPYKTYPBI COOOIICHHIA;

— monaepxka Ethernet-coennuennit;

— HCHOJB30BaHUE MMOCIICIOBATEIBHBIX COSINHE-
HU 1BYX TUNOB: RS-232 u RS-485.

ITpotokon Modbus He sBiIsIeTCS YacThiO (u3nYe-
CKOTo ypoBHS B ceTH. CBs3b mepegaeTcs Haja Qusmye-
CKUMHU YPOBHAMHU, YTO AACT BO3MOKHOCTH HCIIOJIB30-
BaTh €€ BO MHOTHX PA3JIMYHBIX THUIIAX ceTeﬁ, IMO2TOMY
l]aHHBIﬁ ITPOTOKOJI MOKHO OTHECTH K ITPOTOKOJIaM IpH-
KJIaJTHOTO XapakKTepa.

[poTtokon Modbus mpencraBisieT coOor 0O
croco0 cOopa AaHHBIX U3 PA3IMYHBIX HCTOYHUKOB JJIS
MIPOCMOTpA , ApXUBUPOBAHHUS U YCTPAHEHHS HETI0JIaI0K
C LIEHTPAJBHOTO YAAIEHHOTO MECTa.

CyliecTBYIOIINE BapUAHTBI IIPOTOKOJIA, TIPOXOIs-
LIKe Yepe3 MMOCIeA0BATENbHbIE COSMHEHNUS:

— 1npotokoi Modbus RTU. B mannom ¢opmare
nepesiaya JIaHHBIX BCErJia COTPOBOXKIACTCS IIMKIHYe-
CKOM KOHTPOJBHOM CyMMOW H30BITOYHOCTH, KOTOPAS
HCTIONIL3YETCS Il OOHAPYKESHHS ITPOOIIeM Tepenadm;

— nporokos Modbus ASCII siBnstercst MmeHee 3a-
LIMIIEHHBIM TpoToKoyioM. [lockonbky OH MeHee 3¢-
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(dexruBen, ueM Modbus RTU, onepaTopbl JOHKHBI HC-
nosib3oBath ASCII TOJNBKO NI Tiepenadn MTaHHBIX Ha
YCTPOHCTBA, KOTOpPBIE HE MOINEPKUBAIOT (Gopmar
RTU. ASCII Taxxe MOXET OBITh IOJIE3HBIM, €CIH CO-
obmenune RTU He MoxeT OBITh NMpPaBHIBHO IIpHMeE-
HEHO.

B npotokone Modbus RTU cBs3p ocymiecTBis-
eTCSI MOKIY IECHTPATU30BAHHBIM BEIYIIUM 000PYIO-
BaHUEM U 247 TOIKIIOYCHHBIMU 3JICKTPOHHBIMHU
YCTPOWCTBAMH B OTHO¥ ceTH. JlaHHAs KOHCTPYKIIUS Ya-
CTO HA3bIBACTCS MPOTOKOJIOM «BEIYIIUH/BEIOMBII,
W3-3a TOTO, UTO CHCTEMa «BEIYIIHIA» 3alpalIiBacT HH-
(hopManuro y MoIKIIOYEHHBIX «BEIOMBIX)» YCTPOUCTB,
KOTOPBIE OTHPABIIOT WHGOPMAIHIO «BEAYIIEMY»
TOJIBKO B OTBET HA ATH 3ampochl. «Bemnombie» ycTpoii-
cTBa He paboTaroT aBTOHOMHO. «Bemymiee» ycTpoii-
CTBO TaKKe€ MOJKET 3aIMCHIBATh HH(POPMAIHIO HA MO~
YHUHCHHBIE YCTPOWCTBA, HO HE HA000POT.

Bo Bpems nepenaunm «BEIOMBIM» yCTPOMCTBOM
coobmienus yepe3 Modbus, oHo hopMHUpyeT B cooOIIIe-
HUM YHUKaJIbHBIN uaeHTH(UKATOp anpeca (4ucio ot 1
no 247), mo3BoJsioliee «BEAYIIEMY» YCTPONCTBY
OMpPEeNeNATh, KAKOE KOHKPETHOE YCTPOUCTBO OTBEUACT
3anpoIeHHoH HHPOPMAIIUHL.

Bcewm ycerpoiicTBaM, IpegHa3HAYCHHBIM JUIS CBS3H
¢ ucnonb3oBanreM Modbus, IpricBanBaeTcs YHUKAIb-
HBII azpec. B mocnemoBaTenbHBIX CETSIX TOMBKO y3€d,

Ha3HAYCHHBIH «BEIYIINM», MOXKET HHHULIUHPOBATH KO-
K154

Ethernet

maHay. B Ethernet mo6oe ycTpoHCTBO MOXET OTIpaB-
aTh KoMaHay Modbus, XoTs OOBIYHO 3TO jAenaeT
TOJIBKO OJTHO «BeIyIIee». Bce koMaHabl BKIFOUAIOT HH-
(hopManuio KOHTPOJIBLHOW CYMMBI, YTOOBI TIO3BOJIUTH
TOJTyJaTeno 0OHAPYKUBATh OMMOKH Tiepenaun. bazo-
BBIe kKoMaH a6l Modbus ykaspiBator RTU Ha n3aMeHeHHe
3HAYEHHs B OJJHOM U3 CBOMX PErHCTPOB, YIpaBIICHHUE
WIN YTEHUE TOpTa BBOJA-BBIBOAA, KOMAHAY YCTPOM-
CTBY OTIIPaBUTh OOPATHO OJHO WJIM HECKOJIbKO 3Haue-
HU, COIEPIKAIINXCS B €r0 PErHCTpax.

Pabouee mecTo aucnerdepa JODKHO BKIIOYATH B
ce0s1 HAbOp MHEMOCXEM, 4epe3 KOTOpbIe IHCHET4ep
MOJKET YTIPaBIIAATh YCTAaHOBKOW M HAaONIOMATh 3a mapa-
METpaMH CHCTEMBI B JHUCTAHIMOHHOM DPEXHME, KOp-
PEKTHPOBATH YCTAaHOBKH TEMIIEPAaTyphl, 00padaThIBaTh
aBapuitHbIe coo0meHHs.[4]

[Ipu HE0OXOAUMOCTH UCIIONB30BAHUS AUCTICTIC-
POM HECKONBKHX CTaHIWH, HEOOXOIUMO BKIIOYATh B
CXeMy CHCTeMBbI cepBep. B aToM cityyae, KITMEeHTHI CUu-
TBHIBAIOT HEOOXOIMMYI0 MH(OPMALMIO C cepBepa II0
ceru Ethernet, uTo maeT BO3MOXXHOCTH OCYIIECTBIISTH
napajuieNibHyl0 paboTy HECKOJBKHM JUCIIETYEpaM C
OIHOM M TOM >ke ycTaHoBkoi. K kaxmomy uHTEp-
(elicHOMY MOTYITIO TTOAKITIOYAETCs TAaHeIh OTIepaTopa,
MTO3BOJIAIONIAs YIPABIATh OTACIHHOH YCTAHOBKOW CO
mmTa yupasineHus. CTpyKTypHas cXeMa CEeTH, OIHCHI-
Baemoii CAY, n3o0pakeHa Ha pUCYHKE 2.
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Pucynox 2 — Cmpykmypyaﬂ cxema cemu

Jnst pa3paboTKM aBTOMATH3MPOBAHHOW CHCTEMBI
YIOpaBIE€HUS BEHTWISALHUEH C HUCIOJIB30BaHUEM IIPO-

MbIIUIEHHO# cet Modbus, Takke mIaHHpyeTcs HUC-

nomnb3oBaHue konTposuiepa OBEH TPM1033.
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TPM1033

TPM1033 — 570 cenuanu3upOBaHHBIA KOHTPOJI-
JICp € TOTOBBIMU aJIropuTMaMu IJid aBTOMaTU3alllU
NPUTOYHON BeHTHWIIMU. KoHTposmep mo3BomseT
YIPaBISITh CTAaHJAPTHBIMHU Y3JIaMH BEHTHILIIMU IS
JOCTHXEHUST MaKCHMaJIbHO KOMGOPTHOH TeMmIepa-
TYpPBI IPUTOYHOTO BO3YXa JUIS TIOMEIICHHUH:

— TPUTOYHAs BEHTWIALMS C BOJISHBIM KaJlOpH-
(dhepom Harpesa;

— [pUTOYHAsA BCHTHUJIALIUA C JJICKTPUUCCKUM
HarpeBoM. (70 3-X cTyneHen);

— [pUTOYHAA BCHTUWIALMUA C BOASIHBIM HArp€BoOM
" BOASAHBIM OXJIQAXKJICHUCM,

— [pUTOYHAA BCHTUWIALMUA C BOASIHBIM HAarp€BoM
1 (PpEOHOBBIM OXJIAKICHUEM;

— TPUTOYHAs BEHTWIINHMA C JJIEKTPHUECKUM
HarpeBOM M ()pEOHOBBIM OXJIAXKICHUEM.

DyHKIMOHATBHBIE BO3MOKHOCTH PeryJsitopa
TPM1033

— noAJepKaHue TEMIIEPaTyphl IPUTOYHOIO BO3-
Ayxa;

—  3alIUTa TEXHOJIOTHYECKOTro 000pYAOBaHUS:
BOJISTHOT'O M AJIEKTPUYECKOro Kanopudepa, Hacoca KOH-
Typa BOASHOT'O Kajopudepa, KOMIPECCOPHO-KOHIEH-
CaToOpHOTO OJI0Ka;

— KOHTPOJb OOPAaTHOMH BOIBI;

— 000rpeB BO3IYIIHOTO KjallaHa C IOMOIIBIO
TOHa nnm nepumeTpanbHOTo Kabdess;

—  KOHTPOJIb 110 NIepenay JaBJIeHuUs Ha BEHTUIIS-
TOpE;

— pabora ¢ matumkamu Pt100, Pt1000, Ni1000,
NTC10k;

— KOHTPOJb 3aCOPEHHOCTH (QUIBTPA;

—  ymIpaBJieHHEe HACOCOM B KOHTYpE BOJISIHOTO Ka-
nopudepa;

— pabora mo nmporoxoixy Modbus, uepe3 uaTEp-
¢eiic RS-485.

Ocob0ennocTH padoThI

—  MSATKHH DycK;

— TpeNoTBpaIlaeT pe3Koe 3aKpBITHE Peryiupy-
OIIEeTo KJIallaHa o BOJE MOCIe IIPOrpeBa C IeIbIo 3a-
IINUTHI TEINIOOOMEHHHKA OT 3aMEP3aHHUs;

— KacKkagHOE€ peryIMpOBaHHE
TIPUTOYHOTO BO3YXa;

— A7 AOCTW)KEHHS MaKCUMAaIbHO KOM(pOPTHOMH
TEMIIEpaTypbl TOMELIEHUs] NPUMEHSETCS KacKaJlHOe
peryiupoBanue. Temmneparypa NPUTOYHOTO BO3IyXa
KOPPEKTHPYETCs 10 TpeOyeMOMy 3HAUEHHIO TeMIiepa-
TYpPbI B IOMEUICHUH;

—  TECTOBBIH PeXUM PabOTHI;

— pexuM paboThl MO3BOJISIET NMPOBEPUTH pabdo-
TOCHOCOOHOCTH OTJIEJIBHBIX Y3JIOB YIIPABJICHUSI BEHTH-
JSIIMOHHON YCTAHOBKH B PYYHOM PEXHME C HaHENN
KOHTpOJUIEPA;

— OKypHaJl aBapHil C KBUTHPOBaHWEM IO Bpe-
MEHU;

— KOHTpoJuIep (PUKCUPYET BCe aBapHIHBIC CUTY-
alyu, BOHUKAIOIIKE B Ipoliecce paboTel. [Tomumo Te-
KYLIMX aBapHuii, IOMOJHHUTEIbHO aBapuu apXUBUPY-
FOTCS C 3aIMUCBI0 0 KBUTHpoBaHUHU. O0bEeM apXuBa pac-
CUHUTaH Ha 24 3anucu,

— HeAETBHBIHN TalimMep paboTHI;

— KOHTpOJUIEp MOXET B aBTOMATHYECKOM pe-
KHMME YIPaBISATh OTKIIOUEHUEM WM 3aITyCKOM BEHTH-
JISIIMOHHOM YCTAHOBKH 110 JHSIM HEJIeJN;

— pexum pabots! 3uma/JleTo;

— U3MCEHEHHE CE30HA OCYIIECTBISETCS B aBTO-
MaTH4YECKOM PEXHME, TeM CaMbIM OIpeJelsieTcs], Ka-
KOH pexxuMm paboTel Tpebyercs: 3mMa (OTKIIOYCHHE
oxnaxeHus) / Jlero (OTKIroueHNE HarpeBaTess U IHp-
KYJIALIMOHHOTO HAacoca).

[IporpaMMHUpOBaHHWE KOHTPOJUIEPOB © HHTEp-
(hericHBIX MOJTyJIer OCYLIECTBIISIETCS B
cpene CODESYS v3.5, cooTBercTByoOLIeH CTaHAAPTY
MOK 61131.

TeMITepaTyphbI


http://www.owen.ru/catalog/codesys_v3/opisanie
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BoiBoabl M mpemiokeHusi. B cratbe paccMot-
PCHBI TEOPETUYECKHUE U MTPAKTUUECKHE aCIIeKThI pa3pa-
0OTKM ¥ BHEIPEHHS aBTOMATH3MPOBAHHON CHUCTEMBI
YIPaBIACHUSI BEHTUILIMEH C HCIOIb30BAHHEM MPO-
MBIIUIeHHOH cetd Modbus.

CeroHsi CTOUT 3aja4a MOBBILICHUS CTETICHH aB-
TOMATHU3AIMH U KA4eCTBa YIPABICHHUS BCHTUIALUCH B
MPOU3BOJICTBCHHOM TOMEIlleHHUH. Pelienne naHnHoii 3a-
JIauu 3aKJII0YacTCs B (OPMUPOBAHUY M BHEAPCHUU HH-
TEJUICKTYaJIbHOM CHCTEMBI YIIPaBJICHUS, KOTOpast o0ec-
MICYUT TOJTHBIM U HETPEPBHIBHBIN KOHTPOJIb MAPAMETPOB
MUKPOKJIMMATA TOMEIICHUS, YTO TTO3BOJIAT TAKKE CHU-
3UTh MOTPEOJCHUE DHEPrMU HA OKCILTYaTal[HI0 CH-
CTEMBI BeHTHIISIIHML[ 1 ]
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Asepbaiioxcanckoeo I'ocyoapcmeennozo
Yuueepcumema Hegpmu u [Ipomviuirennocmu

GENERAL CONDITION OF C.L.M.H. NAVIER IN NANOHYDRODYNAMICS
OBOBINEHHOE YCJIOBUE HABBE B HAHOTMAPOJNHAMMUKE

Summary: In low-dimensional systems, specific forces of interaction arise in the form of physical fields on
the basis of the effect of quantum mechanical effects. The result of interactions of these forces is the formation of
the empty space between the liquid and the wall of the vessel called the "restricted area™ in physics. Under the
influence of the intensity of the physical field penetrating deep into the liquid, a homogeneous liquid is transformed
into the heterogeneous liquid.

The proposed physical-mathematical dependence of the speed of the fluid and the slip condition of the fluid
at the boundary with the wall of the vessel considering the influence of quantum mechanical effects in low-dimen-
sional systems (Nano-systems), which is a generalized by Navier’s formula. It is established that the values of the
liquid velocity and slip on the interface between the liquid and the empty space will consist of the sum of three
velocities: 1st-arising due to the influence of the structural inhomogeneity of the wall part of the liquid; 2nd-arising
due to the apparent length of the fluid slippage at the boundary of the liquid and the empty space; 3rd-the velocity
of the entire velocity plot system at the depth of the liquid arising due to the apparent length of the fluid slippage
proposed by Navier.

Keywords: Nano-hydrodynamics with quantum-mechanical effects, low-dimensional systems, nanotube, in-
homogeneous liquid, qguantum-mechanical effects, locally-ordered structure of the liquid.

AnHOTanus: B HI3KOpa3MepHBIX CUCTeMaX Ha OCHOBE BITUSHHS KBAaHTOBO-MEXaHUIECKHUX Y(PPEKTOB BO3HU-
KaloT crelu(prUecKue CHUIbl B3aUMOACHCTBHS B BUAE (GU3NYECKUX Moneil. Pe3ynbraToM B3aUMOACHCTBHUM 3THX
CHJI SIBJIIETCSI 00pa30BaHUE MMyCTOTO MPOCTPAHCTBA MEKIY JKUAKOCTHIO M CTEHKOM COCY/1a Ha3pIBaeMO B (PH3HKE
«3anpeTHo# 30HOIY». [Toa Bo3ACHCTBHEM MPOHUKAIONIEH BIIIyOb MKHUAKOCTH HANPSHKEHHOCTH (DU3MUYECKOTO TOJIS
MIPOUCXOAUT MPEBPAIICHUE OJHOPOIHON KUJIKOCTU B HEOJHOPOIHYIO.

Takas JioKaJIbHAasE HEOJTHOPOIHOCTh ATOMHOM U MOJIEKYJISIPHOW CTPYKTYpPhI KUJIKOCTHU BIIUSET Ha XapakTep
TEUYEHUSI )KUJKOCTH B HAHO KaHAJaX.

B cratbe npennoxena GpU3NKO-MaTEeMAaTHIECKAs 3aBUCHMOCTE CKOPOCTH JKUJIKOCTH U YCIIOBHS MPOCKATb3bI-
BaHU J)KUAKOCTH HA TPAaHUIIe CO CTEHKOH COCYa C YUYETOM BIHSIHAU KBaHTOBO-MEXaHHYCCKHUX d(PPEKTOB B HU3-
KOpa3MEpHBIX CHCTeMaxX (HAHO CHCTEMaXx).

IMomyuena o6o01eHHas popmyrna HaBbe. Y CTaHOBICHO, YTO BEIMYHHBI CKOPOCTH U CKOJIBKCHHS JKUIAKOCTH
Ha TPaHUIIC pa3iena MeXIy KHUIKOCTHIO U IYCTHIM IIPOCTPAHCTBOM OyIIET claraTbCs U3 CyMMBI TPEX CKOPOCTEH:
1-as - BO3HHKAOIIASI 32 CUET BIMSHUS CTPYKTYPHON HEOIHOPOTHOCTH MPUCTCHOYHOW YAaCTH XHUIKOCTH; 2-as -
BO3HHUKAIOIIAS 32 CUET KaXYIIEHCs UTMHBI MPOCKATB3bIBAHMUS JKUIKOCTH HAa TPAHUIIE KHUAKOCTH U MyCTOTO MPO-
CTPaHCTBA; 3-5 — CKOPOCTh MPOCKAIL3BIBAHUS BCEH CHCTEMBI SITIOPBI CKOPOCTEH 1O TIyOrHE )KUIKOCTH BO3HHKA-
FOIIast 32 CUET KaXyIlen JUIMHBI MPOCKAIb3bIBAHUS KUAKOCTH TpeasioxkeHHo HaBbe.

Kntouegvle cnosa: HaHO2UOPOOUHAMUKA C YU4emMOM KBAHMOBO-MEeXAHUYeCKUX 3¢ghexmos, HU3KopasmepHvle
cucmemvl, HAHO MPYOKA, HEOOHOPOOHASl HCUOKOCHb, KBAHMOBO-MeXanuyecKue d¢hghekmol, T0KATLHO-YNOPOO0-
YeHHAs CMPYKMYPA HCUOKOCHU.
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IlocTaHoBKa MP00JIeMbl

B HaHO THIpPOIMHAMUKE OJHUM U3 MAJIO UCCIIETY-
€MBIX BOIIPOCOB SIBJISIETCS BUJ] TPaHUYHOTO YCIOBHUS Ha
CKOPOCTh JKHIKOCTH y CTEHKH COCYZa, a TaKKe, BHI
YCIIOBHS TPOCKAJIBb3BIBAHUS KHIKOCTH MO CTEHKE CO-
cyna.

AHaJW3 MocJeIHNX MCCIEI0BAHNI M NMYO0JIH-
KalMi

B nepsrie B 1823 rony HaBse B Makpo ruapoau-
HaMUKE B Ka4eCTBE YCIOBHSI MPOCKAJIb3bIBAHUS KH]I-
KOCTH MO CTEHKE COCyJa MPEAJIOKUI YCIOBUE MPO-
CKaJIb3bIBAaHUS BSI3KOW JKHJIKOCTH 10 CTEHKE COCyJia B
Buze [1]:

v=L, —
on

OTO COOTHOLICHHE 3alMCaHO TPH CIETYIOUINX
npe,unononceﬂmx:

- )KUIKOCTb OJTHOpOIHA,

- IpoMIIb pacHpeie]ICHusT CKOPOCTH KHUIKOCTH
II0 BBICOTC cocyz[a Hpe,I[CTaBJ'ISIeTCﬂ BBIHYKJ'IOCTLIO B
CTOpOHy JABHUXKCEHUA B BULIC napa60nbl,

- CKOpOCTB KHUAKOCTH Ha rpaHHue KOHTAaKTa XKHu1a-
KOCTH C COCYyJOM paBHa HYJIIO, T.C. UMECT MECTO YCJIO-
BHEC ITOJITHOT'O HpI/IHI/IHaHI/IH,

- BCJIMYHUHA Kancymei/ica JJIUHBI HpOCKaJ'ILSLIBaHI/IH

L0 , COrJacHo MakcBemy, paBHa 2-X KpaTHOM JJIMHE

cBOOOJHOTO Mpobera aTtoMa B pa3psuKCHHOM Tase,

- Ha rpanwuiie KOHTaKTa )KHUIKOCTH CO CTEHKOH CO-
CyJla OTCYTCTBYIOT KaKue-JIn00 MoOOYHbIC HEMEXaHU-
YEeCKHE CHIIBI B3auMmoeiictaus [2].

OZ[HaKO B HU3KOPAa3MEPHbBIX CUCTEMaAxX

107 < d <10 M Ha ocHOBe BMAHNS KBAHTOBO-
MeXaHN4ecKUX 3()(heKTOB BOSHUKAIOT CHEU(pHUIECKUE
CHITBI B3aUMO/ICHCTBUSA B BHJE (pr3mdeckux moueii. Pe-
3y/lbTaTOM B3aMMOJICHCTBHUI 3TUX CHJI SABJISIETCS 00pa-
30BaHHUE IyCTOTO MPOCTPAHCTBA MEXy KUIAKOCTBIO U
CTEHKOW CcOCyla Ha3biBaeMOW B (U3MKE «3alpeTHON
30HOW».

Bo-BTOpBIX, NOA BO3AEHCTBUEM IPOHUKAIOLIEH
BIUTyOb JKUAKOCTH HAPSKEHHOCTH (QU3HMYECKOTO OIS
MPOUCXOIUT MPEBPALICHUE OJHOPOJHON KUIKOCTU B
HEOJHOPOAHYI0. DTO SIBIEHHE IPUBOJUT K U3MEHEHUIO
CBOMCTBA JKUIKOCTH - INIOTHOCTH U Bsi3kocTH [3,4,5].

Hcnonb3yst cmocod KOMIBIOTEPHOTO MOJEIHPO-
BaHUs K 3KCIIEPUMEHTAIbHBIM UCCIIEAOBAaHUAM B IIPO-
TEKaHUM >KUAKUX 4acTUI] B HU3KOPAa3MEPHBIX KaHalIax
YCTaHOBJIEHA YUCJIEHHAs BEJIMYMHA IIyCTON NIPOCIONKH
MEXIy >XKHIKOCTBIO M TPYOKOH TOJIIIMHOM MPOCIOEK

R, <r <R, pasuem R% =0,88 [6,7,9].
0

BropbiM (eHOMEHOM B HHU3KOpPa3MEPHBIX CHCTE-
Max SIBJISIETCS M3MEHSIEMOCTh (DU3MKO-MEXaHUUECKHX
CBOMCTB KHAKOCTEH, T.€. IIIOTHOCTH U BI3KOCTH. DU-
3MKaMH-3KCIIEPUMEHTATOPAMH YCTAHOBJIEHO CTPaHHOE
MOBE/ICHUE JKUAKOCTH B HHU3KOPAa3MEPHBIX KaHalax.
[TomemenHass B HHU3KOpasMepHYIO TpyOKy (MHKpO,
HaHO TPyOKy) OOBbIYHAsi OZHOPOJIHAS KHJIKOCTH IIpe-
BpaIllaeTcsi B CTPYKTYPHO-HEOAHOPOAHYIO JKUIKOCTb.
Takas JlokaJbpHAsT HEOJHOPOJHOCTH aTOMHON M MoJIe-
KyJSIPHOH CTPYKTYPBI )KUAKOCTH BIIHMSET HA XapaKTep

TEYEeHUs )KUIIKOCTH B HAHO KaHaJaX. DTO CTPaHHOE SIB-
JICHHE JIOKAJIBbHO-YIIOPSJOYEHHON CTPYKTYPBI XKHIKO-
CTH B HHM3KOpa3MEpHBIX KaHajaX B BHJAE THIIOTE3bI
6puta BrickazaHa S.U1.®penkenem B 1941romy. 3a mo-
ciegaue 15 ner 21-ro cToneTns mpoBeaeHBI HATYpPHEBIE
U KOMIIBIOTOPHBIE SKCIIEPUMEHTHI, KOTOpPBIE OATBEP-
KJIAIOT CYIIECTBOBaHME B MHKPO M HaHO TpyOKax
CTPYKTYpY BojbI HamoMuHarouwmit tex [9,10,11].

BoinejieHne HepelIeHHBLIX paHee YacTeil 00-
ueii MpoGaemMel

OfHaKO OTMETHM, YTO MPUYMHHOCTh U3MCHCHUS
CBOWCTB XHUJIKOCTH W KX MAaTE€MaTHIECKOE TIPEICTaBIIe-
HUE B BHUJE MOJEJEH Ha CETOAHSIIHUN IEHb OTCYT-
CTBYET.

BriepBrie mpobiieMa MPUYMHHOCTH SBJICHUS TIpe-
BpaIlleHHsI OJHOPOTHOM KUAKOCTH B HEOTHOPOIHYIO B
HU3KOPa3MEpHBIX CHCTeMaxX (B YacTHOCTH, HaHOPa3-
MEPHBIX CI/ICTeMaX) C Y4E€TOM BJIMAHUA KBAHTOBO-MEXa-
HUYECKHX 3G QEeKTOB Obula HCCleoBaHA B padOTax
Amnesa I'I'. u Anuesa A.T'. [12,13]. ABtopamu 10Ka-
3aHO, YTO MPUYUHHOCTDL ABJICHUA NPEBpALICHUA OOHO-
pOZ[HOﬁ KUJAKOCTU B HEOAHOPOJAHYIO KUAKOCTH CBS-
3aHa C BEMMYUHOHN IUIOTHOCTH BO3JCHCTBHUS HAIPSKCH-

= _ E()

HocTH (u3nyeckoro nons E =

MIPOHUKAOIIEH
0

Briy0b xwuakoctu [14,15]. ABTOpamu TaKke Mpesio-

JKeHa CIICAYIOIIETO BIIA (PU3UKO-MaTeMaTHIecKasi MO-

JeTb 3aBUCUMOCTH MEXaHHYECKHX XapaKTEePHUCTHK

swuakoctu (wiotnoctn P(F) u Bsskoctu () ) or

= _ E()

HAIPs’)KECHHOCTHU (1)I/IBI/ILI€CKOFO IOJIA E =

p=po-[L=EM)], p=p,-[L-E(N)]
Ha ocHoBe atux Mozneneit aBTopamu Anmesa I'.I'.
u AnneBa A.I'. TOCTPOEHBI ONPEAETSIONINE YPABHEHUS
TUIPOMEXAaHUKN HMJI€aJbHOW M BSI3KOM JKUIKOCTEH B
HHU3KOPa3MEPHBIX CHCTEMaxX C Y4E€TOM BIIMSIHUS KBaH-
TOBO-MEXaHUYIECKHUX d(H(HEKTOB.

DopMyIMpOBaAHHUE LeJeil CTATbU

B nmpennaraeMoil HaMu CTaThbe IpPEJUIAraeTCs Ma-
TeMaTudeckas ¢GopMysia 0O0OOIMIEHHOTO TPaHUYHOTO
YCJI0BUA MTPOCKAJIB3bIBAHUA )XKUIKOCTH HA I'PaHUIIEC pa3-
Jieria JKAAKOCTH CO CTEHKOW COCy/a C YIeTOM BIHSHUS
BO3HHUKAIOIIHNX KBAaHTOBO-MEXaHMYECKUX APPEKTOB, B
BHJIC:

ov
ry=a+b-—
olr) or

e xooddumumentsr @ u D sBasIoTCs BRIpaNKe-
HUSIMH 3aBHCAIINE OT KBaHTOBO-MEXaHHYECKHX 3(-

(exToB.

HN3i0xkeHNe OCHOBHOIO MaTepHaJia

IlocTpoenue H3MKO-MATEeMATHYeCKOi _ MO-
aejan 00001IEHHOI'0 _ YCJIOBHMS _MPOCKAJb3bIBAHUS
AKNAKOCTH HA T'PAHUILE.
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PaccmoTpuM TedeHne BSI3KOW )KUIKOCTH B TPyOKe

mamerpom 10w <d <10 M. Ton Bosneii-
CTBHEM KBAaHTOBO-MEXaHHYECKUX APPEKTOB, HMEIO-
e MECTO Ha IPaHMIIE CO CTEHKOH COCy[a, a TaKxe,
TIPOHHUKAOMIEH BrITyOh KUIKOCTH HATIPSHKCHHOCTH (hr-
3UYECKOr0 MO OyOyT BO3HUKAThH CIEAYIOLINE SBIC-
HUS B )KUJIKOCTH:

- o0pa3oBaHHE IIyCTOr0 IPOCTPAHCTBA MEXIY
CTEHKOM cOCy/1a U )KUIKOCTBIO,

- 10 TITyOMHE KUAKOCTH OJIM3KOM K CTEHKE OJIHO-
POZHAs )KUIKOCTh OY/IET IPEBpAIaThCsl B CTPYKTYPHO-
HEOHOPOHYIO,

- U3MEHSAEMOCTh MEXaHWYECKHX XapaKTEPUCTHK
HEOIHOPO/THOM YacTH skuakocTu (miotHoctr P(F) u
psskoctn (1)) Mo riry6uHe B 3aBHCHMOCTH OT BO3-
JIEeWCTBHSA HaNpsDKEHHOCTH (prusndeckoro mnoist OyayT B
BUJIE!

p=py-M-EM)] 4= L-EM] @

ITpu 3THX YCIOBHAX SIMIOPa CKOPOCTH MO CCUCHHUIO
TpyOKH He OyzaeT napaboiudeckoid, a OyJeT B BUIE MO-
kazaHHOU Ha puc. 1. C qpyroi cTOpOHBI B CHITy CHMMET-
PHH TEYEHHS KHIKOCTH OTHOCUTENBHO [IGHTPa rpaduk

CKOPOCTH TEYEHWs IPEACTaBlIeH B BHUAE KPUBOH
[on BnusTHEEM KBaHTOBO-MeXaHMUYECKUX 3P dek-
TOB, BO-TIEPBBIX, OyJeT 00pa30BaHO IIyCTOE IPOCTPaH-

CTBO MEXJy CTEHKOW cocyna pagunycoM Ro U IpaHu-
el TeUeHUs KUIKOCTH ( Ro —A) OyHeT BEIUYHHON
A=012-Ry;

BO-BTOPBIX, B CHITy CTPYKTYPHO-HEOTHOPOTHOCTH

xuakoctn mo rmy6une B sone (R, — A, I,), smopa

CKOPOCTH JKHJIKOCTH Oy/IET B BUJIE KPUBOI Al N.

Cuntaem, 9TO BUABI QYHKIIUI CKOPOCTEN KHUIKO-
CTH B 00JIacTAX (0, I’O) u (rO, Ro - A) OIpEIEIIEHBI
13 PELICHUS] COOTBETCTBYIOLINX YPABHEHUN IBUKECHUSA
OJIHOPOJAHON U CTPYKTYpPHO-HEOJHOPOJHOM uacTei
JKUJIKOCTEH.

OCHOBHOM IICTIBIO CTaTbH SIBJISCTCS MNpEAJIOKNUTH
HOBOC T'PAHUYHOC YCJIOBUC Ha CKOPOCTb Ha I'paHUIIC

(RO - A) , 4 TAKXKC, MIPECATIOKHUTH HOBOC yCJIOBUC ITPO-

CKaJIb3bIBaHUS HEOJHOPOJHOM JKUJIKOCTH HA 3TOM Ipa-
HUIIC C YUYETOM BJIHMSHUS KBAHTOBO-MEXaHUYECKUX (-
(exToB.

x !
C2
B2 (90-a - A
Ro -
’ %
A Bajs/ N
Ro-A : > ~/[/ >
b 5, 7
B(Vi/Tx
47 7 . I S
M= "T0~"0
N -
Bi(Vo,T)
T e . B
PO IR A i A Aunus pasdera Kudkocmu
A(Vo, o)
0 2

M
Puc.1. Xapaxmep pacnpedenen
0 TITyOWHE COCY/a C YI€TOM BIIUSHUS
KBaHTOBO-MEXaHUYECKHUX 3P PEKTOB.

U3z AABC umeem (puc.1):

usl Ckopocmu medeHus scuoxocmu
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1) Av=v,-v, >0, Ar=r,-r >0,

C apyroii croponst u3 A4, B,C; umeem:

v(r)=v, +(r—r,)

3nece U(I) ecThb cKOpOCTh B MPOU3BOIBHOM
TOYKE KPUBOI AIC, U, - CKOPOCTb KHJIKOCTH B TOUKE

IepeceYeHust KPUBLIX B TOUKE A1 . Otcroga BUIHO, 4TO
-npu I = I; B TOUKe MEPECEUEHUs KPUBBIX CKO-
pocThb OyzeT paBeH U = Uy,
-opu I'= Ro — A Ha rpaHuIE ¢ MyCTBIM Mpo-

CTPAHCTBOM CKOPOCTb Oy/IET PaBEH:

do

Ur =Y g2 = +(Ry—A-1) 'E@)
[pu 3ToM oTMeTnM, uTo (hopmyoii (3) yctaHaB-
JIMBAETCS CBS3b MEXK/IY CKOPOCTBIO Ha TPAHHLE MEKIY

KUIKOCTBIO n IIYCTbIM MNpOCTPAHCTBOM

Yr = y|r_R N Ro — A €O CKOPOCTBIO KUIKOCTH
=Ry

U, B TOUKE IlepecedeHus IByX KpHBbIX I} .
U3 (3) cmenyer, uto npu I #0, N #0 u

A # 0 cxopocTs Ha rpaHMIe MEX/Ty CTEHKOI M XKH]I-
KOCTBIO BCErJa OTJIMYHA OT HyJf, T.6. UMECT MEeCTO
IMMPOCKAJIb3bIBAHUE 3a CUYET BJIUSAHUA KBAHTOBO-MCXaHU-
yeckux 3¢dexroB. OTcroza cienyer, 4To MpHINNaHue
JKHJIKOCTH K CTEHKE COCY/la B HU3KOPa3MePHBIX CUCTE-
Max OTCYTCTBYET BCETJia.

B ciyuae U, = 0,A=0wu I, = Ro CKOPOCTb
Ha rpaHHLE pa3Jiesia CTCHKH C )KHUKOCTbIO OyeT paBeH
HyII0 Up = 0. Dror ciyuaii Gyaer coOTBETCTBOBATH

YCIIOBHIO IIPUJIMIIAHUS HA TPAHULE, & BUA KPUBOU CKO-
poctu Oyner B BUjie napadosibl. DTOT YaCTHBIN ciydait
OyZeT cOOTBETCTBOBATh KIACCHYECKOMY CIyJaro IpH-
HUMAaeMOH B MaKpO THAPOJIHAMHUKE.

Teneps mOCTpOUM ycIOBHE MPOCKATB3BIBAHUS IO
tunty HaBbe. B 3TOM citydyae Hapsiiy ¢ BeJIMUUHON TIPO-
CKanb3bIBaHU Buaa (3), KOTOpas BO3HUKAET 3a CUET
BIMSIHUS KBaHTOBO-MEXaHMYECKHX 3((EKTOB, ydTem
BUJ IPOCKAJIb3bIBAHMS KUKOCTH NPH JBUKEHUH BCEH
CHCTEMBI (IMarpaMMBbl) paclpeneneHuss CKOPOCTH II0

riy6une cocya aoib ocu OX .
s AB,C,B; nmeewm:

do

tga=—>0 mpu do >0
dr

mpu V-0, >0, r—ry, >0

do(r)
—_— 2
dr @
L, -
B.5, =1t9(90- ), rne B,B, =0, —v;
Ortkyna:

d
Ur:Ur"'(Lo"'A)'d_lr) (4)

Ioncraus (3) B (4) HalimeM CyMMapHYIO BEJH-
YHHY TPOCKAIb3bIBAHUS B JOpME:

~ do do do
UF =UO +(R0—A—rO)E+AE+ LO E

3Z[€Cb LO KaXxymasicda JJInHa MPOCKAJIb3bIBaHUA

Bcell cuctemsl o Haebe; A - Ka)Kylasics JUIMHa Mpo-
CKaJIb3bIBaHUS >KMJIKOCTH Ha FPAHULIE KHUIKOCTH U Iy-
CTOr0 NPOCTPAHCTBA, KOTOpas paBHA BEIMYMHE «3a-
MPETHOM  30HBD» MEXIYy AarToMamMu BeJTUYMHOU

A=R,-R, =R, .(1—%) =R,-(1-088) =012-R,
0

(puc.1).
B xoMmakTHOI1 (popMe ee MOKHO 3arucaTh B BUJIE:

~ ~ ou(r
5(0), =50, , =a+b- 2

[ne a=1U,, b:RO—rO+LO

Takum 00pa3oM, CKOPOCTh MPOCKATIb3bIBAHUS Ha
rpaHuLe pas3zaesia MeXIy >KUJKOCTbIO U MYCThIM IPO-
CTPAHCTBOM OYJET CIIAraThCs M3 CYMMBI TPEX CKOPO-
CTeH:

1-ast CKOPOCTH - BOHHKAIOMIAs 32 CUET BIUSHUS
CTPYKTYpHOI HEOJHOPOAHOCTH NMPUCTEHOYHON YACTH

do
xuakocTH 1 pasHa U, = U, +(Ry —A—T;) ar ;
r

2-asi CKOPOCTh - BO3HHKAIOIIASl 33 CUET Kaxy-
Hieicst UIMHBI TPOCKAB3bIBAHUS KUIKOCTH Ha Tpa-
HUIIE  JKUJIKOCTH W MYCTOr0  MPOCTPAaHCTBA

A =012-R,, xoropas pasHa BeMunHe «3aNPETHOM
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do WHBIMHK CJIOBaMH, Ha TPAHMIE CKOPOCTh YACTHIIEI
30HBI» MEK/TY aTOMaMH U paBHa U, = A- —r ¥ 31 KuAKOCTH OYJeT OTIMYHA OT HyJs, a d(EeKTH Mpo-

CKOPOCTB - CKOPOCTB NTPOCKAJIb3bIBAHUS BCEI CHCTEMBI
SMIOPBI CKOPOCTEH MO IITyOMHE )KUAKOCTH BO3HHKAIO-
m1as 3a c4eT KaXyIlel IIMHBI IPOCKANb3bIBAHUS KU~

do

KOCTH L0 BEIMYMHON paBHOU Uy = L0 .W’ npea-

JoxeHHou Hasbe.

BbiBO/IbI M3 JAHHOIO HCCJIEA0BAHMS

B npukiagHOM IIIaHE 3TOT PE3ybTaT UMEET Clie-
Jyrouui cMbic. [Ipu ABMOKEHUH KHUIKOCTH B HU3KO-
pa3MepHBIX TpyOKax (HaHO TpyOKax) Ha rpaHule Oyaer
BO3HHMKATh TPU BUA CKOPOCTEH:

do do
LU, =0, +(R0—A—I’0)-E, L, :A'E,
dov
Us :LO'W

B 3aBHCHMOCTH OT XapakTepa CTPYKTYpHOU HEOI-
HOPOJIHOCTH TOHKOTO CJIOSl KUJKOCTH U BEJIUYHHBI ITy-
CTOro NpOCTPaHCTBA /A BO3MOMKHBI ClELyIOIIHE BUIbI
CKOpOCTEH TeUEHHUs )KUIKOCTH Ha TPaHUILIE:

Cayuaii 1.
Mpu L, =0 na rpanuue Gyzer 18a Buja ckopo-
CTel:
r,, do do
v =0, +(088-=2).—,0,=012-—, Uy =
=00+ (0882 vy
do

3neck QyHKUMM Uy H d_ JOJDKHBI  OTIpeie-

JISITHCSL U3 PEIIeHHs] KOHKPETHO MOCTABIEHHOM 3a/1auH,

KOTOpBI€ Tak)Ke OYJyT 3aBHCETh OT 3KCIIEPUMEHTAIIb-
r0

HBIX JaHHBIX ——, A, Lo- OTtcroma cremyer, 4To
0

v # Owu L, # 0. 910 03HaJaeT, 4To Bcernga Oymet

UMeTh MecTO 3P (eKT MpocKab3bIBAaHUS KUIKOCTH Ha
TPaHUIIE 32 CYET CTPYKTYPHOH HEOAHOPOIHOCTH IIPH-
CTEHOYHOTO CJI0S KHUIKOCTH, a TAK)KE, OT HAIMIHS IIPO-
CIIOHMKH ITyCTOTO MPOCTPAHCTBA MEXAY JKUAKOCTHIO H

R

crenxkoii cocyna emmumnnoiit A = —= =012 R, .
0

Cayuaii 2.
B ciyuae, korna Ly =0 u A = 0 cxopocTs ua-

CTHL )KUAKOCTHU HAa I'PaHULIEC (CMGHIGHI/IC) 6y,[[€T B BUJIC:

I — —
v =0, +Ry - (L— -2 .:l", v, =0,0,=0
0

CKaJIb3bIBaHUS BCEM CHUCTEMBI 3a CUET A u LO 6yﬂyT

PaBHBI HYJIIO.

Cayuaii 3.
B cnyuae, xorma L0 =0, A=0 u I, = Ro

BCE TPH CKOPOCTH OYIyT paBHEI HYIIO:
v,=0,0,=0,0,=0,0,=0

OT0 OyAET COOTBETCTBOBAThH CIIy4ard OTCYTCTBHUS
BJIMSIHUS KBAHTOBO-MEXaHHUYECKHUX d((PEKTOB Ha Teue-
HHE JKHIKOCTH, a TaKXKe, OTCYTCTBHIO ITPOCKAJIb3bIBA-
HUS JKHIKOCTH 110 CTEHKE cocyza. B atom cirydae Oy-
JIeT TIOJTHOE NPHMITHIIAHUE )KUIKOCTH K CTEHKE Cocya.

Cayuaii 4.
B ciyuae, korma Ly #0, A=0ur, =R, 6y-

JIET COOTBETCTBOBATH CIIyYar0 IMPOCKAIH3BIBAHMUS OJTHO-
POJHOM KUAKOCTH MO CTEHKE COCYyJia, COOTBETCTBYIO-
mee ycnoBuro Hasbe.

v,=0,0,=0, uszLo-%

Takum o06pazom 6 3aKnIOUeHUU MONCHO pe3roMul-
posamb, YmMo 6 npeonazaemoll cmamve npeonoANceHd
@usuxo-mamemamuiecKkas 3a6UCUMOCMb CKOPOCU U
YCII08USL NPOCKANb3bIBAHUS HCUOKOCU HA SPAHUYE CO
CMEHKOU cocyoa ¢ y4emom GIUAHUU KEAHMOBO-Mexd-
HUYeCKUx 3Qgexmos 6 HUSKOPA3MEPHLIX CUCEMAX
(Hano cucmemax), xomopas seisnemcsa 000dwenuem
dopmynvl Hagve.

Benuuunvl ckopocmu u cxonvoicenus sHrcuokocmu
Ha epanuye pazoena MexHcoy HCUOKOCMbIO U NYCMbIM
NPOCMPAHCmMEomM Oyoem Cla2amvCs U3 CyMmbl mpex
cKopocmet:

1-0ii ckopocmu - sosnuxaioweil 3a cuem 6nUAHUA
HEOOHOPOOHOCMU NPUCHEHOUHOU YaACMU HCUOKOCTU U
6EIUNUHBL NYCHO20 NPOCMPAHcmea u Oyoem pagHa

do
v, =v, +(R, _A_ro)'a;

2-00l cKopocmu - 803HUKAIOWell 3a CHem Kadicy-
wellcs ONUHbL NPOCKANb3LIBAHUS HCUOKOCMU HA 2pa-
Huye  JHCUOKOCMU U NYCMO20  NPOCMPAHCMBA

A = 0,12 . RO , Komopasa pasHa eeluvune «zanpem-

do

HOUL 30HbLY MeAHCOY amomamu u pasia U, = A-——.
dr
U 3-eit ckopocmu npockanv3vieanus éceu Cu-
cmeMbl INIOPbl CKOPOCMeUl No 2nyoune dHcuoKocmu,
BOZHUKAIOWASL 30 CHEMm KAadICywjeli ONUHbL NPOCKAIb3bl-

arcuoKocmu |_0 6eIUYUHOT

do

U; = Lo 'Wl npeonooicennoil Hasve.

8aHUs pasHoli
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Manunenxo Eezenuii JIeonuoosuu

O00KMOp MmexHuuecKu Hayk, npogheccop,
npogeccop kageopvl NPUKIAOHOU MAMEMAMUKU
U UHPOPMAYUOHHBIX MEXHOL02UL,

Ooeccruti HAYUOHATLHBIL NOUMEXHUYEeCKULL YHUepcumem

THEORY OF CONTROL OF RANDOM PROCESSES AND APPLICATIONS
TEOPUSA KOHTPOJISA COYUYAHHBIX TPOIIECCOB U MPUJIOKEHUS

Summary: Mathematical models of control of random processes that are relevant for a wide range of appli-
cations are developed, for example, in the management of multi-channel complex and computer networks, the
scoring of their reliability efficiency. The bases of construction of control charts and various applications of sta-

tistical quality control are described.

Key words: control, random process, controlled set, Markov processes, statistical quality control, control

charts.

AHHoTanus: PazpaboTansl MaTeMaTHYECKHE MOJIEITH KOHTPOJISI CIIyJalHBIX POIECCOB, KOTOPBIE UMEIOT aK-
TyaJbHOE 3HAYCHMS JJIS ITUPOKOTO KPyra MPUIOKEHUH, HAlpUMep, MPH yNPaBJIEHNH MHOTOKaHAJIBHBIMU KOM-
TUIEKCHBIMU U KOMIIBIOTEPHBIMH CETSIMH, OLIEHKE UX 3 PEKTUBHOCTH HaJeKHOCTH. ONICaHbl OCHOBBI TOCTPOEHHS
KOHTPOJBHBIX KapT U Pa3In4HbIe MPUI0KEHUS CTATUCTUYECKOTO KOHTPOJIS KauecTBa.

Kniouegvie cnosa: konmponw, ciyuaiineiti npoyecc, KOHMPOAUPYyeMoe MHOHICECME0, MAPKOBCKUE NPOYECChl,
CMamucmuyecKuti KOHmMpoib Kauecmed, KOHMpPONbHble KAPHIbL.
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1. Foreword

The creation of a theory of reliability and quality
control stimulated the creation scientific schools, the
founders of which were outstanding mathematicians
and thinkers of the A.N. Kolmogorov, B.V. Gnedenko
and their students. For a short period, the theory of sta-
tistical quality control was created in the Soviet Union
(see the books of Ya.B. Shor, Yu.K. Belyaev, B.V.
Gnedenko). The creation of the theory of statistical
quality control influenced the following formulation of
the problem of developing mathematical models of
control of random processes [1-5]. Suppose that a com-
plex system operates in a  continuous
time t and its state at time t is described by a random
process ¢ (z) with values in the set X. We call a complex
system controlled if its state set is divided into a set of
controlled states Xo and a set of uncontrolled states X,
thatis X =XoU X, XoNX1 =g, Xo# @, X1 £ @.

A controlled state x° €X is a state of the system
that corresponds to the pre-established regulations. For
example, in control charts [1, 5, 6], such states are those
for which the map exponent lies within an admissible
region (in control boundaries), and for a computing
complex, these can be the states of technical servicea-
bility of its main elements. Note that among uncon-
trolled states x'€ X; there can be also the rejected states
of the system, getting into which means its failure, but
it is assumed that such states are recoverable.

We denote the probability of the system staying
in the set of controlled states

p (t) = P{&(t) € Xo}, the opposite probability q(t)
= 1 — p(t) stay of the system in a set of uncontrolled
states X1 . The search problem has a lot of controlled
states Xo for a fixed probability p1 (t) is called the direct
task of controlling a complex system (problem estab-
lishment of control boundaries). The task of finding the
probability p(t) with a fixed set X is called inverse task
of control. It is easy to see that calculating probabilities
p(t), q(t) depends on the type of random process &(t)
and the sets Xo, X1. The random process is given by its
probability measure P(:) (in the particular case, the dis-
tribution function F (x, t) or some property of the ran-
dom process, for example, the property of Markov
property or the property of increment independence, the
stationarity and ergodicity property). One can discre-
tize the time t, that is, represent the time t in the form
of a finite or infinite sequence {t1, to, ..., ta }, {t1, t2,
..., tn, ... }. There may be a different type of sets of
controlled and uncontrolled states. For such different
cases (types of random processes &(t), different sets X
solve the direct and inverse problems of controlling a
complex system, statistical tasks and the theory of con-
trol charts and its application in various branches [1,5].
Optimized control models for complex systems and
their applications are considered [5].

The basic way of specifying a random process is
to construct its canonical probability space (22 , F, P)
and it is based on the Kolmogorov theorem, which is
the basis of the theory of random processes and whose
essence lies in the fact that every family of symmetric
compatible distribution functions (a family of finite-di-
mensional distribution functions) determines a stochas-

tic process uniquely up to equivalence. Finite-dimen-
sional distribution functions play the same role for a
random process as the distribution function for a ran-
dom variable-they contain all the information about the
process. Thus, the random process &(t) can be repre-
sented by a process X = {X(t), t € T}, the given coordi-
nate system is selected by the Gaussian mapping
X(t, w) = X(t, x(*)) = x(t), w € Q— set of elementary
events. Then we can talk about the functions of mathe-
matical expectation and covariance of the process, re-
spectively, pu(t) = M(x(¢))and C(s,t) = M((X(s) -
U)X (@) — u(t)) where M(-) is the mathematical
expectation operator. A real random process X =
{X(t),t € R} is said to be Gaussian if its finite-dimen-
sional distributions are Gaussian. It should be noted
that the Gaussian process is given by the mathematical
expectation function u(t) and the covariance function
C(s,t).

We have a random process &) as a family of ran-
dom variables X = {X (t), t € T} defined on the same
probability space (@, F, P) depending on some param-
eter t from the set T and taking values in to some other
fixed set E. If the set of values of a random process co-
incides with the real line, E = R, then for a given ele-
mentary event w € Qthe mapping x = X(w): T -
R is a function x = {x(t), t € T} in the ordinary sense,
which is called the trajectory of the random process
).

The time parameter t €T can take numeric values
from a countable or continuous set, or take values in
more complex sets. In this connection, various special
concepts are used for random processes. If the set T =
N = {1, 2, ...} is a set of positive integers, then X = {X
(n), n €N} is called a random sequence and is denoted
by X ={X,,n € N}. Iftheset Tisareal line T=R = (-
o0, +00) or its intervals (a, b), [a, b), (a, b], [a, b], -0 <
a <b < +oo and is interpreted as time, then we are
talking about a random process.

Jlezko 3amemumos, Ymo npu MHoacecmee NOOKOH-
mponvHbix cocmosinuii Xy = [a,b], -0 < a <b <
+oo, eeposmnocms pasna P(E(t) € Xy) = p(t) =
F(b,t) — F(a,T) u moocrno npocmo pewams npsmyro
U 06pamuyio 3a0a4u KOHMpOs, NOAbL3YACh QYHKYUel
pacnpedenenus F (x, 1).

2. Control of Markov processes

Let us consider the control of Markov processes
[3]. This raises the task of investigating the probabili-
ties of a transition between sets of controlled and un-
controlled states, obtaining ergodic conditions for the
controlled system. The ergodicity property of a con-
trolled system is of primary interest for real applica-
tions, since it consists in the asymptotic constancy of
the probability of stay in sets of controlled and uncon-
trolled states and the absence of dependence on the in-
itial state. Many studies have been devoted to the sub-
stantiation of the use of Markov chains for modeling
multi-machine associations (for example, [10]).

For example, in the fairly general case, when &(t)
is a stochastically continuous, regular, time-inhomoge-
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neous Markov chain with values in a measurable dis-
crete space (X, B(X)), where B (X) is a Borel algebra of

subsets of X, and a matrix of continuous local probabil-
ity transitions (infinitesimal matrix)

Q) = ||laap@||. (@.B) € X%, qup(t) =0, a # B, ¥pex dup (t) =0,a € X.

We denote by

Q°(®) = ||laap @], Po(t, 5). = ||pap(t 9)|| (@ B) € X; x X; (i, j =0, 1);
(t5) = ||mip(t.9)|), (@ p) € X2 (=0, 1)
Pap(t,) = PIE(S) = B,16(8) = a} mp(t,5) = PIE(s) = pE@) € Xt < < 5] ¢(0) = a)

We will assume that the behavior of the system,
when its functioning starts from a controlled (uncon-
trolled) state x° € X, (x° € X,), is known that all
states are communicating and with a single probability
itis possible to exit from the set X, (X1) and return back.
A study of the random process control model is pro-
posed to be carried out by constructing two Markov
chains &,(t) u &, (t), t € [0, o0) provided that their state

space X remains the same and all states x° € X, for
&), x € X, for & (¢) are absorbing. Thus, we es-
tablish relations between the probability matrices of the
transitions P, (t, s) uI1;(t, s), j =0, 1. Note that I1; (¢, s)
are the matrices of the transition probabilities of the
Markov chains &,(t) u &, (t), t€ [0, ) are solutions
of systems from the direct and inverse Kolmogorov
equations

0 .
&Hj(t, s) =M;(t,s)QV (s), t <,

al_[](t, S)
ot

= —Q7®ON;(t,s),t <s,

(& 9)lems = [18agll. (@ B) € X2,

where

Oap =
namely

(t,s) = exp(f QY (w)du =

2.1. Let &(t) = a € X,, B € X,. Then the event
{&(s) = B} is representable as an unification of events.
Event {&(s) = B,3u € (t,s),é(u) € X;} implies the

L7 @ @dw”

1La=0p,
0,a #p,

i 0,1.

existence of such states y € X,,6 € X;,€ € X;,( €
X, and time mates t < u < v < s that there is an event

w—-0)=y,éw eXoupuw € [t,u)} N{Ew+0)=6,¢é(w) EX;npuw € (u,v),§(v—0)=¢€} N
§(+0)=17048(s) =P}

Then, noting that
I, (£, u)Q%° (w), I, (u, v) Q1% (v) — probability density
of the transition from the set X, to the set X; and vice
versa, taking into account the markness of the chain

Poo(t, S) = Ho(t, S) +

t<u<v<s

This matrix equation is the Volterra integral equa-
tion of the second kind with respect to the unknown
matrix Py (¢, s). The proof of the existence and unique-
ness of its solution can be carried out by standard meth-
ods on the basis of the principle of condensed consid-
erations [8, p.88].We solve this equation by means of a
resolvent, that is, in the form of a Neumann series of

As a result, we have

&(t),t € [0, ) and the above formulas using the for-
mula of total probability, we have

Mo (t, w) Q" (W (w, v)Q*° (V) Poo (v, s)dudv.

iterated kernels that obey recurrence relations. We note
that the convergence of the solution (the Neumann se-
ries) follows from the probabilistic meaning of its
terms.
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Py (t,s) = (L, s) + ﬂ- M, (¢, w)Q°* (W), (u, v)Q° (W), (v, s)dudv +

t<u<v<s

f f o (£, 1)@ )T, () QX ()T (v, 1) Q° ()T, (g, v1) QX (vy)

t<u<v<u,1<v1<s

x [y (vy, s) dudvdu,dv, + -+

From this expression we see that the matrix Py, (t, s) also satisfies the following integral equation

Poo(t,s) = My (&, 5) + ff Poo (£, ) Q2 )TTy (u, 1) Q10 () Mgy (s, v)dudv,

t<u<v<s

union with the initial integral equation. Assuming in the last equation of

1O(u,s) = Q () f 1y (u, ) Q1 (v) o (v, ) dv

we obtain the integral equation
N

Poo(t,s) =, (¢,s) + f Poo(t, u) L°(u, s)du.

t

We note that, in addition to finding exact solutions by means of the resolvent, the approximate solutions of
the integral integral equation can also be sought.

2.2. Leté(t) = a € X, B € X;. Similarly to Section 2.1, we obtain

N

Py, (t,s) = y(t,s) + J Pyo(t,u) QO1(w)I, (u, s)du.
t

2.3. Let &é(t),t € [0, o) stochastically continuous regular, time-homogeneous Markov chain with a state
space of the form X =Xo U X1, Xo N X1 =&, Xo# &, X1 # @.
Then the matrices of local transition probabilities are independent of time, that is,

Q = ||gapll (@ B) € X% QY = ||qupl| (@. B) € X; X X; (i,j =0,1),

and the matrices Py (t), I1; (¢), LO(t) have the form

19(t) = Q0 f (W) Q™°(t — wdu.

0

Then it follows from the equations in Section 2.1 that
t

Poo(6) = Ty(6) + j Poo () L0t — w)du,
0

t

Py (6) = f Poo(u) QUM (¢ — w)du,

0

Let us pass in these integral equations to the Laplace transform
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Pyo(2) = Ty(2) + Py (2)L°(2), where I°(z) = Q°'1,(2)Q*° My (2),

ﬁm(z) = ﬁm(z)QOlﬁl(Z)-

Then from these equations we find the Laplace transform of the unknown probabilities

ﬁoo(z) = ﬁo(z)(Eo -

Q' (2)Q* My(2) Y,

ﬁm(z) = ﬁo(z)(Eo - Q01ﬁ1(Z)Q10 ﬁo(z))_1Q01ﬁ1(z)-

Similarly we obtain

Pio(@ = M@ (B, ~ UM () QM)

Pi(@ = (1 — Q"M (2)Q°" M, (2)) ' (2).

In the last four formulas

Ei = ||6a,8||!(a!ﬁ) € Xlzv

We note that the above expression for the inver-
sion of matrices has an obvious meaning in the case of
the finiteness of the set of controlled states X (it is this
set that is of practical interest). If X, is a countable set,
then invertibility must be understood as invertibility in
the algebra of operators on the space of bounded se-
quences. The Laplace transforms uniquely (with an ac-
curacy of the set of measure 0) determine the matrices
of the transition probabilities Pyo(t),
Py, (1), Pio(t), Py (), which are found by means of
Mellin type inversion theorems.

2.4. Suppose that a controlled system is described
by a homogeneous locally regular Markov chain &(t)
with continuous time and a finite set of states X =
{1,...n}= X,®X, X, ={1,....m}L X, ={m+
1,...,n},m < n and a matrix of local transition proba-
bilities Q = ||ql-]-||,qij >0,i # j:z;‘lzlqij =0,i =
1,..,n.

The partition of the space of states into Xo- con-
trolled and uncontrollable X; corresponds to the parti-
tion of the matrix Q into blocks

QOO QOl
Q10 Q11

, Where Q,, is a square order m ma-
trix.
We call a controlled system regular if sets of con-
trolled and uncontrolled states are communicating, that
is,

P{At > 0:&(t) € X,_1|€(0) € X} >0,k=0,1

and from any subset of the X; < X, it is possible to
go over to its complement X; \ X; < X; without going
into the set X,, that is

P{at:v: [0,t] £(7) € X1, €(¢) € X,|€(0) € X} > 0.

This condition is interpreted as a condition for a
good sub-systemability in uncontrolled states.

5“ﬁ={0,a¢ﬁ,l=

lLLa=p,. 01

Lemma. If the controlled system with a finite set
of states is regular, then 1. VA € 6(Q;;)Red < 0,
where 6(Q,,) is the spectrum of the matrix Q,; in par-
ticular, det Q;; # 0. 2. All elements of the matrix Q!
are negative.

3. The matrix Qy = Qoo — Qo101 Q10 is of pre-
stochastic order m and, as a matrix of local transition
probabilities, generates a homogeneous Markov chain

$o(t) € X,.

The proof of the lemma is based on the Perron-
Frobenius theory [8, p.339].

Theorem. If a Markov chain &,(t) of a regular
controlled system with a finite set of states is ergodic,
then the Markov chain &(t) is also ergodic and the row
vector of its final probabilities has the form g =
(llgoRl1) ™ qoR, where R = ||Eq i —Qo1 Q1 |l is the
row vector of the final probabilities of the chain &,(t),
Eo is the identity matrix of order m, ||goR||; is the sum
of the elements of the row vector gy R.

Proof of the theorem is available in the author's
papers [2-5].

3. Let us consider examples of various random
processes described by complex systems.

3.1. Let the random process £(t) € X ={0,1, ...}
describing the controlled system represent a homoge-
neous Poisson process [12]. Then the diagonal matrix
of local transition probability densities has the form

-1 1 0
0 -4 2

e ‘;

Q:

where 0 < 4 < oo is a constant number equal to
the intensity of the onset of an event.

Let the sets X, ={0,1,..,m—1} and X; =
{m,m + 1, ...}, then the transition probabilities from
the set of controlled states X to the sets Xo and X; and
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back, obtained from the formulas for the Laplace trans-
forms Pyo(2), Py1(2), Po(2), P11 (2) in Section 2.3, us-
ing the inverse Laplace transforms, have the form:

1 2 (A1)? @™t
2! ! -1)!
P — p—AT (mm—z
00 (T) = e 0 1 It (A7)
T (m=2)!
0 0 0..1]
(/IT)m_l (Ar)m (AT)m+1
(m-1)! (m)! (m+1)! "7
Py, (7) = Ate™ |laom2  aomt aom ;
(m-2)!  (m-1)! my!
(A1)? || '
||1 AT o
1 At Giak
_ oAt 2! .
Pu@=e""lo 1 4. ||
Pyy(7)=0,

where 0 is the zero matrix.

3.2. The onboard computing system of the space-
craft is considered as a classical mass-service system
M/M/1 [11], that is, it consists of one serving computer
with a Poisson flow of processing tasks and an expo-
nential distribution law of their execution time. Let us
examine the quality of the on-board computing subsys-
tem, which will be characterized by the number of tasks
for processing information in the queue.

[}
=1

Let the state {0}, corresponding to the absence of
the queue, be controlled, and the remaining states {1, ...
, k, ... }-uncontrollable. Then, using the formulas from
Section 2.3, we get that the probabilities that in the time
tin this airborne subsystem the task queue will increase
from zero to k = 0, pox(t) is uniquely determined by
the Laplace transforms

-1
oo

Poo(2) = Tige(2)| 1— z Z Qo0ift ik (2) ko o0 (2) )

4

Pox(2) = 50 (2) Xi21 qoi e (2) (1 —

If the intensity of the assignments is less than the
intensity of their performance, the onboard system is an
ergodic system, and the stationary state probabilities for
all k > 0 are found on the basis of the theorem as p;, =
Po Xiz190i T (0), where py is the stationary probabil-
ity of the absence of the task queue, which is deter-
mined by the intensity of the assignments and their ex-
ecution.

3.3. The onboard computer system of the space-
craft consists of one working and one backup compu-
ting device that are serviced by the repair system. For
simplicity, let us assume that the operating time of the
main computing device and its recovery time are dis-
tributed according to exponential law with parameters
—a

B
0

Q

k

=1

Y21 Y1 Qoiftin (2) qro oo (2)) ™1 k > 0.

a and g, respectively. In a number of cases, this is in-
deed the case under real conditions [10]. The natural
premises allow us to say that it will maintain a uniform
Markov chain in time.

Let the set of controlled states of such an onboard
system Xo={X1, X2}, where X1 is one computing device,
the second is in reserve, X, - one computing device is
working and the second computing device is serviced
by the restoring system, and the set of uncontrolled
states X1 consists of one state xs - two faulty computing
device, one computing device recovers (on-board sys-
tem does not work). Then the corresponding matrices
have the form:

a 0
—(a+p) af,
B -B

Qs = |2 0 =110 81
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M,(0) = |

After simple transformations from the relations
for the Laplace transforms 15”(2), i,j = 1,2 in Section
2.3, we obtain Laplace transforms that determine the

() 7w (t)
9 (t) 1, (t)

| 1@ = Ik @1

transition probabilities p;;(t) from the state x; to the
state x;:

pij(s) = 7 (s) — afii ()it (s)Rz3(s), i,j = 1,2,

Pr3(s) = afiiz(s)P12(s), Paz(s) = aftzz(s)Pa(s).

From the existence of homogeneous Markov
chain &,(t) in the space of controlled states with the
matrix of transient local probabilities

—a a
o= B —aB(a +ﬁ)ﬁ;3(o)"

it follows that 735(0) = a(alw) . Then under the

hypotheses of the theorem, the stationary probabilities
of states x ;, x, and x5 will be written as

_ (a+B)r; =12
P+ B+ @+t B+ Dy’

2
- (a+PB)r+(a@a+ B+ 1,

Di

where r; and r, are stationary probabilities of the
renewal chain &,(t).

KogmuecTtEo moT EpAHHOTO
pad0Yero BoeMerH . Tac

a ITogonma EOMIIBEHOTEPA

200 -

100 -

4. Mathematico-statistical control

Time series (implementation, trajectory) allows
you to visualize the change of any control value in time.
It is a graph of the dependence of this quantity on time.
Data for its construction can be taken, for example,
from control sheets. After its construction, it is possible
to identify at what period something happened that af-
fected this value, and determine what it was. For exam-
ple: wear of equipment, change of subcontractor, use of
other material, recruitment of new employees and so
on.

When analyzing the graph, it is important to sep-
arate insignificant changes that are normal for the pro-
cess under investigation, from significant ones. It is
best to use a time series to detect changes in the mean.
When building a graph, it is important not to confuse
the sequence.

In Fig. 1 shows an example of a time series of
weekly work time losses and shows the situations in
which these losses increased

. Cpepamee sHauesme

%

|
4 5 1 2 3
Mait | MHroms

| Hemeamnuecama
=

Fig.1. Time series of weekly working hours losses

In Fig. 2 shows an example of the time series of
one of the telemetry parameters of the spacecraft and
some control boundaries for it. From the analysis of this
figure it can be clearly seen that the telemetry parame-
ter from the 20th observation showed a tendency to
punch and rushed to the lower control boundary estab-
lished by the regulations.

Often the problem of detecting changes in the
probabilistic characteristics of the observed processes
is solved, or, so-called, the problem of "disruption™ [7].

This task covers a wide variety of real situations: dis-
ruption is a violation of the uniformity of data, it is a
process disturbance or a change in operating modes,
impulse noise, a failure in the operation of recording
equipment, equipment failure, atmospheric influences
in the transmission of radio signals, etc. Let the "disor-
der" appear at a random time 6 and select an observa-
tion method determined by the random time of the stop-
ping time 1. For example, the stopping time t = inf {¢:
¢ (x (t)) > h} is the first time moment when the process
¢ (x (t)) exceeds some threshold h. When creating a
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monitoring system, that is, giving an alarm signal that
the process ¢ (x (t)) > h, it is necessary to take into ac-
count the natural requirements: 1. The conditional
mathematical expectation M (z - 8 /7> 6) — 0, that is
after the appearance of a "breakdown" at the time 6, the
alarm must be dropped with as little time as possible. 2.
P (1 <0) — 0, that is, a "false" alarm (error of the first
kind) would be rarely given. It is easy to see that these
requirements are contradictory, which leads to a varia-
tional problem:

finde*=arginfM (z-60/7t>6), t€{r: P(t<0)
<af,

where o is a given positive number that limits the
probability of a "false" alarm (probability of error of the
first kind) P (= < 6). Note that the following mathemat-
ical expectations are equal

ME-6/t>6) P (t>6) =M (max (0, 7 - 6)).

This task does not fit into the framework of tradi-
tional mathematical statistics, since it requires consec-
utive observations, which justifies the use of control
charts. By analogy with the theory of checking statisti-
cal hypotheses, we can introduce the probabilities of er-
rors of the first and second genera, but it is required to
divide the time into separate local segments, after each
of which one of two decisions is taken: there is "disrup-
tion™ or there is no "disruption”. The efficiency of the
algorithm for solving variational problem will depend
on the intensity of the "discontinuities" and the a priori
value of a, and the original random process &(z) should
be stationary broad sense [7].

Control charts are used to track changes in any
characteristics of a random process that describes a
complex system, for example, statistical estimates such
as certain functions of the trajectory of a random pro-
cess, which in turn is a certain function of time, can be
such. Practically control charts are used for statistical
control and regulation of technological processes. The
control card is given the values of some statistical esti-
mate (characteristics) in the form of a point at a fixed
time, calculated from the data of the trajectories in the
order of their receipt, the upper and lower control
boundaries, and the upper and lower limits of technical
tolerances (if any) that are taken from technical regula-
tions. Sometimes warnings are also used. An example
of a control chart of the arithmetic mean as an unbiased
estimate of the mathematical expectation is shown in
Fig. 3, 4. The upper and lower control boundaries, as
well as warning boundaries, are calculated for a station-
ary Gaussian random process (stationarity in the broad
sense and narrow sense for Gaussian processes coin-
cides) according to the standard formula: K, = 1 £ upo,
where the mathematical expectation of the random pro-
cess M&(t) = u, the variance DE(t) = o2, Up - quantile of
the Gaussian distribution, which depends on the confi-
dence probability p =1 - a, « is the level of significance
(note that the values of « in variational problem are fun-
damentally different here too.) Quantiles for warning
boundaries uogs = 2 are often taken, and for control
boundaries upgs~ 3, which is known as a rule of "two
sigma" and the rule of "three sigma”.

BepxHAA KOHTpONLHAaA rpaHvua

ZJHaAa4YeHKMM

SV AN\ N
Y \

HuxHana HOHTPRPONMBEHaA rpaHiua

Fig. 3. Control chart of average values of accuracy of definitions
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Fig. 4. Control card of average values of signal amplitude

According to the position of the points with re-
spect to the boundaries, it is judged that the technolog-
ical process has been adjusted or broken down. Usually
the process is considered to be diluted in the following
cases: 1. Some points go beyond the control limits. 2.
A series of seven points is on one side of the middle
line. In addition, if on one side of the middle line there
are: a) ten from a series of eleven points, b) twelve of
fourteen points, ¢) sixteen of twenty points. 3. There is
a trend (drift), that is, the points form a continuously
rising or continuously falling curve. 4. Two or three
points turn out to be precautionary two-sigma bounda-
ries. 5. Approaching the center line. If most of the
points are inside the half-sarsigram lines, this means
that the data from different distributions are mixed in
the subgroups. 6. There is a periodicity, i.e. then rise,

1500

- - - E EE el - -

'f'_'"‘."":. i j "

100

then decline with approximately the same time inter-
vals. 7. The control limits are wider than the tolerance.
Ideally, it is sufficient that the control limits are 3/4 of
the tolerance value.

If the control card shows that the technological
process is dilapidated, find the causes of the breakdown
and make adjustments.

As a measure of the control card, any statistical
estimates can be taken, but the most common mean
arithmetic mean and standard deviation, as the charac-
teristics of the most probable value and variation of the
random process (Fig. 5). The simultaneous representa-
tion of the estimates calculated from the realizations
(trajectories), the mean value of x, and the standard de-
viation s gives an almost complete picture for the deci-
sion.

L=

Fig. 5. A control chart of estimates of mean values and rms values of the amplitude of a radio signal
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Both parametric and nonparametric statistics are
used. The best in terms of their relevance are the control
charts of histograms [5], built on the basis of trajecto-
ries. Histogram - a method of graphical representation
of tabular data, which is a graphical representation of
the dependence of the frequency of trajectory elements
(sampling) from the corresponding grouping interval.

Control charts of individual values, median maps,
span, tolerant intervals (an example of a tolerant control
chart is shown in Fig. 6), asymmetry and kurtosis coef-
ficients, covariance estimates, regression model esti-
mates, nonparametric coupling parameters, sign crite-
ria, series criterion, Wilcoxon test and others (for ex-
ample, Student, Pearson, Kolmogorov- Smirnov,
Fisher) and others [1, 5].

abzycm

oKMAOPS

HOFLPS

I N

| O
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Omudcumenswos owudra Josupobanus, %

Fig. 6. Tolerant control chart of the relative dosing error (1 - tolerant interval, 2 - regulatory control
boundaries, 3 - graph of mean values)
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