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TRENDS IN THE DEVELOPMENT OF ARCHITECTURE OF MULTI-APARTMENT HOUSING...
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IMPERFECT LEGISLATION AND ORDEALS IN INVESTMENT -
CONSTRUCTION INDUSTRY OF UKRAINE

Abstract: in the article are highlighted objective and subjective reasons for the lack of investment

in the construction of multifamily housing and possible ways of overcoming of the negative corruption

trends of doing construction business in Ukraine.

Keywords: multi housing, hybrid war, crisis, government regulation, state expert appraisal, anti-

corruption, investment climate, adaptation project, architectural and engineering audit, improvement

prospects, development of the construction industry.

Contrary to longstanding crisis in Ukraine and
hybrid war in its east the construction business in
the creation of multi-housing continues its active
development in large cities. It can be especially ob-
served in Kiev — the capital city, where every month
new and new high-rise residential buildings and even
residential complexes with its wide services network
are put in commission. The phenomenon is that new
construction is carried out throughout the city as the
central, historical areas and in the suburbs or in the
pre-municipal areas, not to mention the develop-
ment of so-called “sleeping” areas. Newly construct-
ed housing in the city is different only in quality of
design decisions underlying the creation of build-
ings and building materials used in their construc-
tion. This data and location of the object influences
on the value of the newly created square meters and
total area of apartments for sale.

In the central areas of the capital (for example, in
Pechersk) selling price of 1m? of money equivalent
to the national currency hryvnia varies from 2500 to
3000 euros, more distant from the center (eg at the

hem) varies from 1500-1800 euros, and in residen-
tial areas and suburbs range from 800 to 1000 euro’s.
Given the high cost of housing sales in comparison
to the cost of its construction constructing business
attracts the majority of domestic investors and en-
trepreneurs. Appearing of the foreign companies or
even investors on the market today is more the ex-
ception than the rule. To explain the situation, there
are subjective and objective reasons. The objective
reasons primarily include financial and political in-
stability in the context of Russia undeclared war in
the east of Ukraine, and the subjective — administra-
tive — corrupt business regulation in general and in
the construction business in particular. It is difficult
to say whether military action on the territory of
Ukraine is the reason for the lack of foreign invest-
ment in the construction industry. Sure few people
consider it appropriate to risk their own money. Yet
despite the difficulties related to the war, construc-
tion of multifamily housing in the country is con-
tinuing and even increasing its entry into operation
of new buildings.
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Rather lack of significant foreign investment in
the construction of multifamily housing linked to the
above basic subjective reasons and is in the plane of
administrative corruption component maintenance
construction business.

The existing control system in the country, in-
stead of promoting and facilitating the process to-
wards creating new properties at every turn inhibits
these processes, starting from the first step of obtain-
ing urban conditions and restrictions on the design
of an object, not to mention on problematic land —
use property grounds on site. At each business ac-
tivity step from development of the project of the
future building the differences in existing standards
in Ukraine and the European Community can be
seen. Therefore, foreign architects and designers,
who developed the project outside the country need
so-called domestic architects — adaptations who will
have to adapt the project according to the state build-
ing design standards. It will be dual development of
the projecti.e. design and an appropriate adjustment.

Further, there is even more problems, especially
at the design stage of engineering lines as to con-
necting to the newly created object wide energy
networks, heat and water, and wastewater (sewer).

The ability to provide favorable technical condi-
tions for connection to existing utilities or signifi-
cantly burdened (by laying distance and conditions)
make abuse of officials, giving rise to corruption.
Inexperienced in this business along with investors
be getting too heavy to fulfill technical conditions,
and therefore the need to replace them, what will
be forced to spend more money, and will gradually
decelerate speaker design and construction of the fa-
cility. The current country professional certification
of architects and designers all others involved in the
development of construction projects does not im-
ply their responsibility before the law for violations
of state building codes.

Like, everything is clear: if the architect had vio-
lated the law, he is responsible for it, but what if the
country provides expertise, which should be consid-

ered as V and IV in complexity category or all proj-
ects developed by the state budget (objects V and
IV complexity category of multi-housing related rise
(over 10 floors) houses built with garages and facili-
ties in which the number of residents of more than
300 people). Thus, the responsibility of the project
developer for the violation is not removed even in
case ofits correction in accordance with the observa-
tions expertise. Passing the examination is worth the
extra money and takes some extra time and unfor-
tunately in fact creates another obstacle of starting
construction work at the site for the new building.
Due to overload institutions expertise in major cities
of Ukraine in the context of the need to consider a
significant number of projects submitted for consid-
eration, there is constant turn, also holds expertise
terms. An even greater problem of delays passing the
examination due to the fact that untendered submit-
ted a draft analyzes not only the definition adopted
pursuant architectural — planning or engineering —
technical solutions existing state building codes, but
in the context of its design, writing and literacy iden-
tifying grammatical and punctuation errors. Gener-
ally, for each section of the draft assessment prints
hundreds of comments, a lot of which only formally
applies to essentially developed documentation. Ap-
parently, it was not anything bad, it was necessary
to avoid all observations provide qualified answers
from corrections to the developed project. State ex-
pert appraisal can even turn on project completion
and force it to re-review of the corresponding pay-
ments in the set time. And all these procedures are
binding, but does not affect the liability reduction
project developers and their customers, because
without a positive conclusion of the examination
there is no way to get permission to build the facility.

The question naturally arises — and whether the
activities State expert appraisal not a reason to de-
ter entrepreneurial activity in the construction in-
dustry to create another corruption component in
the current documentation for construction of new
properties. According to the author, State expert ap-
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praisal on current level of development of Ukraine
is needed, but not as an institutional body for public
review all projects V and IV categories of difficulty,
but only those in which the investor and customer
have doubts about the quality of developed project.
The existence of such architectural — engineering
audit within the current State expert appraisal even
be beneficial, given the overall decline of the pro-
fessional design of domestic architects to unstable
market of professional employment.

These factors negative influence on the design
and subsequent construction of new facilities could
be greatly expanded, especially given the country’s
current system of informal investors relationship
with customers on the one hand, and wide range of
officials from branched architecture self-administra-
tion and supervision — on the other. Until officials
will provide services in the context of their own
understanding, rather than the promotion of the
construction business and taking into account the
infrastructure needs of the city, is not expected to
improve investment climate in Ukraine and involve-
ment of the leading construction companies. On the
likelihood of cell honest officials should not dream,
itis necessary to change the system of informal rela-
tions and streamline electronic — matching registra-
tion information, controlling and permits for all stag-
es of design and construction. Only the maximum

possible removal of the human factor on the part of
state organs will promptly improve the livelihoods
of all businesses and individuals involved in invest-
ment — the construction of entrepreneurial activity
that will become an example for other industries.

Gradually but, unfortunately, not as fast as re-
quired by the society, the country is updated, ac-
cumulates appropriate regulatory framework at the
locallevel, major cities and the capital are developed
and updated master plans and projects of detailed
planning and development of territories with de-
fined terms of building their certain areas. In case
these trends and developments come into force
together with the development of technologies for
their effective action, the country is poised to expand
construction sector activity, create many new jobs
and raise the economy of all related industries, to
bring to the country not only investment, but also
the latest technology and sophisticated equipment
and production capacity.

Even if the active phase of military confronta-
tion in the Donetsk and Lugansk regions continue
to localized territory east of the country or move to
the stage of the Cold War, systematic extermination
of corruption preconditions abuse will significantly
improve Ukraine’s rating because of its appeal in re-
spect of it construction business in general and the
construction of multi- housing in particular.
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THE INFLUENCE OF MECHANICAL PROCESSING
METHODS ON MOISTURE ABSORPTION OF
CARBON FIBER REINFORCED COMPOSITES

Abstract: Moisture absorption is still a major concern in the outdoor use of carbon fiber reinforced

composites. Carbon fiber epoxy composite samples made from two different fiber materials were

immersed in distilled water and the effect of the fiber material, cutting methods and void content on

moisture absorption of the material was observed. The overall objective of this paper is to identify

the optimum fiber material and edge processing method in respect to water absorption percentage,

void and fault content of the various carbon fiber samples.

Keywords: Carbon fiber composite, water absorption, processing method, void content.

1. Introduction

The carbon fiber reinforced polymer composites
are widely used in structural applications because of
their high specific strength, stiffness, and good chem-
ical resistance [ 1]. An intrinsic aspect of using epoxy
matrix in composites materials is their performance
when exposed to moisture. It is established that
moisture has significant effects on the physical and
chemical properties of epoxy matrix as well as on the
final performance of composite structures especial-
ly in their long-term use [2]. A change in moisture
contents usually induces swelling that modifies the
state of residual stresses in the composite material

in addition to the thermal stresses produced during
the curing process of the composite material[3-5].
Also, manufacturing defects, resulting from voids or
cutting methods may be formed in these materials,
degrading their structural performance. In polymer
composite materials, voids have been shown to re-
duce mechanical properties such as interlaminar
shear strength, longitudinal and transverse strength,
modulus, and fatigue resistance [6-8].

In general, many engineering components made
from polymer composite materials based on fibrous
fillers are made into almost pure forms. Despite
this, the final steps that include machining and edge
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processing are necessary to meet the required size
requirements and, or to improve the geometric tol-
erances of the previously formed shape [9]. In ad-
dition, in combination with developments in the
art, composite products or components of complex
shapes can only be achieved through these pro-
cesses. However, since edge processing is mainly
performed at the final stage of the production of
composites, proper care is required in selecting the
right processing method for optimum mechanical

qualities and productivity [10, 11]. In this study
the instruments used for the edge processing of the
carbon fiber samples are: mill, abrasive wheel, guil-
lotine and band saw.

2. Materials

The materials used in this study are carbon fiber
epoxy polymer composites produced by the vacuum
infusion process. One sample is formed from pre-
pregs and the other, the epoxy resin is applied by wet

layup.

Table 1.— Properties used epoxy resin

Heat resistance, Stress, MPa Modulus of
Type o 5 : : .
C, no more than Bending compressive tensile elasticity, MPa
Etal-Inject-SLM 115 30 90 40 1500

Reinforcements used

+ Prepreg KMKU-2-120
o Carbon fabric T-300

C)

Figure 1. Production of both carbon fiber composite samples. a) sample with
Carbon fabric T-300 (wet layup, left) and sample with Prepreg KMKU-2-120
reinforcement(right); b) Vacuum infusion set up; c¢) Finished samples

3. Experiment

Both finished samples of the carbon fiber rein-
forced composites are divided into four samples by
using four different cutting instruments. The sam-
ples were cut are weighed to get their initial masses
and are then, their surface layers viewed under a
microscope.

The four different samples were then immersed
in distilled water at room temperature for a period
of 90 days. At the end of the 90 day time span, the

samples were allowed to dry for 24 hours, reweighed
and their surface layers were viewed under a micro-
scope. All the samples were dried until constant
weight with the four-digit balance. The percentage
of water absorption at any time, t, Mt, was calculated
by the equation:

Wi=W 100 =Water absortion, M,
W,

t

where W, is the weight of the sample at time ¢, and W,
is the initial weight of the sample (at £ = 0).
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e) f)

) h)

Figure 2. Surface area of carbon fiber samples after cutting. Sample 1 (Carbon fabric T-300)
processed using: a) Band saw; b) Guillotine; ¢) Abrasive wheel; d) Mill. Sample 2 (with
Prepreg KMKU-2-120) processed using; e) Band saw; f) Guillotine; g) Abrasive wheel; h) Mill

4. Results

Table 2.— Analysis of changes in mass of the samples before and after immersion in water

Edge processing Sample from Carbon fabric T-300 Sample from Prepreg KMKU-2-120
instruments Mass be- | Mass after, | Water absorp- | Mass be- Mass | Water absorp-
fore, Kg Kg tion, M, % fore, Kg | after, Kg | tion,M %
Mill 0.035 0.036 2.778 0.038 0.039 2.564
Band Saw 0.037 0.038 2.632 0.039 0.040 2.500
Abrasive wheel 0.035 0.036 2.778 0.039 0.040 2.500
Guillotine 0.038 0.039 2.564 0.037 0.038 2.632

6. Conclusion

Water absorption

The mass gain is observed to be uniform with a
0,001 kg increase in weight among all samples (Ta-
ble 2) depending on their various processing meth-
ods. Water absorption from the table is seen to be
highest in samples made from carbon fabric T-300,
with their edges processed using a mill and abrasive
wheel. Water absorption is lowest in samples made
from prepreg KMKU-2-120, with their edges pro-
cessed using a band saw and abrasive wheel.

Void content and faults

Moisture absorption depends on the laminate ge-
ometry, type of reinforcement, matrix material, fiber

content, and void content. However, the present re-
sults indicate that the shape, size, and distribution of
voids also affect the moisture absorption. These fac-
tors depend on the material system and on the void
content. Carbon fiber samples made from carbon
fabric T-300 are seen to have more void content and
faults than samples made from prepreg KMKU-2-
120. These voids and faults tend to increase in size
after immersion in water. These voids and faults are
more visible in samples from carbon fabric T-300,
processed using guillotine, band saw and abrasive
wheel.
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e) f) 9) h)

Figure 3. Surface area of carbon fiber samples after immersion in water.
Sample 1 (Carbon fabric T-300) processed using: a) Band saw; b) Guillotine;
c) Abrasive wheel; d) Mill. Sample 2 (with Prepreg KMKU-2-120) processed

using; e) Band saw; f) Guillotine; g) Abrasive wheel; h) Mill

Considering void content, faults, and water ab-  suitable method for edge processing of this material
sorption, prepreg KMKU-2-120 is a more suitable  is milling.
material for carbon fiber composite parts. The most
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DEFINE REMOVING MECHANISM OF TART FLAVORIIN
SUBTROPICAL PERSIMMON FRUITS NEEDED
FOR PRESERVATION

Abstract: Peculiar tart flavor in persimmon fruits and their products is caused by tanning

substances that are in the free state. Preparing persimmon fruit for preservation involves removing

or bounding tanning substances.

Keywords: Persimmon, tanning substance, tartness, adsorption, pectin, ethylene atmosphere.

Persimmon (Diospyros kaki) is a subtropical
tree fruit the preservation technology of which
requires fruit preparation and processing tech-
niques. It involves thermal processing (blanch-
ing) without which it is difficult to diffuse sugar
in fruit. Despite this, during thermal processing,
due to the absorption of tanning substances, the
fruits retain very tart flavor [1] and thefinished
product becomes useless at all.

Experimental work has been done on common
species of persimmon fruit- Hachiya (2). This
breed, regardless of its tartness, contains high con-
centration of sugar. In addition to this, it has specif-
ic aroma, look attractive and seem to be interesting
from fruit preservation perspective.

Studies showed that if we put Hachiya per-
simmon sections in warm water for a while or in
50-60% sugar syrup, about a day later tartness
disappears. However, while thermal processing at
100 °C, the fruit still restores tartflavour. What’s
more, tart flavourevenbecomes peculiar to those
raw material which didn’t use to have tartness in
the raw state before thermal processing.

In order to be more accurate when defining at
what temperature of thermal processing the fruit
loses its tartness, blanching of persimmon pieces at
80 °C for 6-7 minutesis likely to be the technique of
great importance.In this case, the fruits lost a sharp
color and remained tart. Then they were placed in
sugar syrup but tartness did notdisappearwhereas
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thosefruits, which were not blanched but soaked in
sugar syrup period, totally losttheir tart taste.

Blanching several times at 100 °C for 10 min-
utes and removing used water each time wasn’t ef-
fective in the end, since, tanning substances weren’t
completely removed. Notwithstanding the fact, that
there was no dry ingredient in the fruit, tartness was
still perceptible.

Then the experiment was done on softenedtart-
nessHachiya fruit [3]. We added some sugar and
boiled at 100 °C until it became 70% dry substance.
The finished product also tasted tartto certain degree.
The experiment proved that thermal processing does
not completely prevent tanning substances in the fruit.
The certain amount of them is neutralized by means of
water but tart flavor strengthens at the expense ofad-
sorbive and partly bounded tanning substances.

In addition, we conducted experiments where
we tried to oxidate the tanning substances. For this
reason, 0,3% Hydrogen peroxide was added as an
oxidator and the fruit was put in it for an hour. Af-
terwards, the fruit was rinsed under cold water and
then it was processed thermally at 100 °C. However,
tarttaste persisted.

The other experiments were focused on dissolv-
ing the tanning substancesvia alkaline. As a result of
processing fruit with tart flavor by means of 0.3%
H,0,, it was placed in alkaline for an hour. Then the
fruit was washed and processed thermally, tart taste
persisted [4].

In the following experiment, fruit was placed
in the 1% alkaline solution for 24 hours. It became
darker and softer. Because of processing in alkaline
solution, the fruit was not tart, but fruit significantly
changed inshape. What’s more the taste of alkaline
was perceptible when boiling in sugar syrup. Thus,
in this case tanning substances were totally oxidated
and tartness disappeared but fruit is unacceptable
due to its gruel consistency and the alkaline taste.

In order to remove the alkaline taste, the fruit
continued to be blanched in 2% soda solution
(Na,CO,) at100 °C for 15minutes. Furthermore, it
was not possible to remove the whole complex of
tanning substances, yet persimmon fruitsfiber was
broken down.

In acidic area, strong recovery causes the tart
taste to increase sharply. To show changes to tart-
ness degree, the following experiment was designed.

Table 1.— Sugar Syrup Emulsion Modes for Persimmon Fruits

Isoaking IIsoaking IIIsoaking o
. 2 E
g g
8 /e\ -S -2 Y -S Q\; /é\ -E ':e 0Q
g 5 |8 | B9 ge| 2|8 23
. . S S |2 | E| 2|8 | BEE S | g =
Processing options =5 | 2|8 8| w|SS|rE|E |82 24
B = w | 2Bl 9| £ 2B =8| |2 B £3
58 | £ |2 (2|5 &8 £ FE 23
- s |2 2 2 = 2 2w
5 s r | s|&|F |28 8 o
20 % (A So = Sl »w | R 2
) 3 =
1 2 3 4 S 6 7 8 9 10 11
Soaking hard fruits i
oaking hard fruits in SO | 20 [24.0| 60 |24 (290 70 | 17 | S6.0 | verytart
sugar syrup
tart, soft-
Slightly softened fruit :
ightly soltened frui SO | 24 |310| 60 |24 |420| - | - | - | boiledegg
soaking in sugar syrup consistency,
)
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1 2 3 4 S 6 7 8 9 10 11
» ¢ S0 20 | 31.0| 60 | 48 | 370 | 70 24 | 58.0 tart
i hylene-
Soaking ethylene-treated | o | 55 | 31 0| 60 | 48 | 37.0 | 70 | 24 | 440 | slightly tart
fruits in sugar
Alcohol treated fruit
coholvapor treated fruit| o | 55 | 5501 60 | 48 |39.0 | 70 | 24 | 550 | slightly tart
soaking in sugar syrup
. : 50
Fruits were placed in sugar 07
syruo as well as in 2% pec- wi.ne very tart
tin solution ,
acid
Fruits were placed in sugar ,
hard fi
syrup aswellasin 2% pec- | SO | 17 |240 | 60 | 24 | 37.0 | 70 | 24 | so | navdiruis,
) . slightly tart
tin solution
Fruits were processed by 50
f i - frui
me'ans of enzymatic pre'pa 29%6pectin| 20 B 60 | 24 B 70 20 46 soft fruits,
ration and were placed in _ tartless
solution
sugar syrup
Fruits were processed by 60
. N rop
means of enzymatic prepa- | 2%-pec- | yo | 3001 60 | 24 (480 | - | - | - | tartless
ration for two hoursand | tin solu-
then placed in sugar syrup | tion

Softened andtartlessHachiya persimmon fruits
were processed with 400 mg ascorbic acid and soak-
ing lingered for an hour. Afterwards, it was boiled
at 100 °C for 10-15 minutes. In the end it tastes
drastically tart.

Simultaneously, the same fruits were boiled with-
out adding ascorbic acid. The taste was different and
less tart.

In order to reduce tart flavor in persimmon fruits,
additional substances were used which may provide
strong bounds with tanning substances (Table 1.)

Tart fruits were added 60% sugar syrup with 2%
gelatin content. Boiling at 100% persimmon pieces
lost tartness to certain degree thanks to gelatin con-
tent.However, its look and color was not attractive.
That is why we continued testing other substances
and instead of gelatin, we used pectin.

Table 2.— Change of tanning substance content in accordance with the methods of treatment

character Tanning substances%, after pro-
Consistency Taste cessing
o~ o o~ o .
Name 5 | 2E| & 5E | s 52| %oz
= TR g b @ ¥ 2 2 =) <
= ¥ 3 = ¥ 2 &) < 8 =) S
& "g 3] & 'ﬁ Q < ==
1 2 3 4 S 6 7 8 9
Raw fruits hard — very tart - 0.200 | 0.170 | 0.72 | 1.090
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1 2 3 4 S 6 7 8 9
iagv)v fruits(after stor- hard soft | verytart |slightlytart| 0.063 | 0.213 | 1.036 | 1.313
AIC,OhOI vapor treated hard Soft | wverytart | abittart | 0.060 | 0.115 | 0.940 | 1.115
fruits
_ slightly ,

Raw fruits soft — | slightly tart - 0.210 | 0.460 | 0.640 | 1.310
marmalade, from al-

, - - tartless tartless | 0.190 | 0.470 | 0.440 | 1.100
chohol treated fruits
Marmalade from eth- - ~ | tartless | tartless | 0.140 | 0.150 | 0.840 | 1.13
ylene treated fruits

Some pieces of persimmon fruit which had tart
flavour were added 50% sugar syrup made of 2% pec-
tin solution.We soaked fruits in the syrup until the
concentration ofdry substances reached 42-45%.
This was achievedeither by boiling the sugar syrup
or by increasing sugar concentration in the syrup.

The similar test was carried out using pectin.
However, the product was added 0,5-0,6% wine
acid while boiling. The prepared stuff turned out to
be very tart. Consequently, the experiments made it
clear that, tanning substances, which are in the free
state cause tartness.

When bounding tanning substances tart flavor
decreases.Thus, if we add 2% pectin to persimmon
fruit, we get marmalade which does not taste tart at
all. But the product with certain degree of acid un-
dergoes desorption of the substances and tart taste
is restored.

The laboratorial tests were also conducted to
ripen tart persimmon fruits treated with ethylene,
ethyl alcohol in the atmospheric conditions [S].
Hard Hachiya fruits treated with ethylene in the at-
mosphere ripened within 4 days and as a result, fruits
were soft. Its color changed to sharp orange.In ethyl-
ene alcohol atmosphere, the fruits ripened and got
soft as well, but in some cases over ripening caused
persimmon fruits skin to crack. The most significant
fact was that it lost tartness.

In the raw state, persimmon fruits ripen and get
soft and as usual, they do not have tart flavor.

Because of thermal processing the ethylene and
ethyl treated persimmon fruits did not take tart taste,
but the same fruits, which were ripened in natural con-
ditions, because of thermal procession gained tartness.

The studies showed that, if we have persimmon
fruits ripened in ethylene and ethyl atmosphere, tan-
ning substances adsorption occurs. Because of pro-
cessingtart flavor disappears and becomes irreversible.

Change of tanning substance content and pro-
cessing methods are shown in the table 2.

Subtropical persimmon fruits contain tanning
substances both in the free or bound state.

The tart flavor of persimmon fruit and its pro-
cessed products is caused by tanning substances
that are in the free state. Thus, preparing fruits for
preservation means removal or bounding of tanning
substances.

In this respect, the experiments showed as fol-
lows:

1. If we place clean pieces of persimmon either in
warm water or in sugar syrup, tart taste disappears.
However, as a result thermal processing at 100 °C,
tartness will be restored at the expense of desorption
of adsorptive or partly bounded tanning substances.

2. None of the methods was a success to oxida-
tetanning substances in order to remove all the tart-
ness and make fruits product edible.

3. Bounding tanning substances and removal of
tartness is possible if we add 2% pectin solution to
the processed products.

14



DEFINE REMOVING MECHANISM OF TART FLAVOR INSUBTROPICAL PERSIMMON FRUITS NEEDEDFOR PRESERVATION

4. During theartificial fruit ripening with atmo-  fruit can be processed as marmalade or jam through
spheres of ethyl or alcohol vapor, the adsorption of  a vacuum machine.
tanning substances occurs and this kind of treated
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CALCULATION OF STRESSES AND DEFORMATIONS OF ARRAYS AROUND A PRESSURE TUNNEL WITH A TRAPEZOIDAL SECTION

COCTOSIHUH BOKPYT HAIIOPHOT'O TYHHEAS TpallelfN€BUAHDIM ITIOIIEPEIHNM CEUCHHEM. TYHHeAb IIpOBEACHA

B MAaCCHUBE, B OAU3H CKAOHA OAHHOYHOJ FOPBI, TA€ Ha KOHTYP ACHCTBYeT TMAPOCTATHYEeCKHI HAIIOP.

KaroueBble CAOBa: TMAPOCTATHIECKHUIT HALIOP, AedOopMaList, KOHPOPMHOE OTOOPAKEHIE, METOA

MycxeAVIIBUAM, HAITPSDKEHUS, TYHHEAD, YIIPYTOCTD, IIONIepeYHOe CeYeHNue, TpaneueBuAHas opma.

BBepenne. PacnipepeseHue HanpspkeHUM BOKPYT
HAIIOPHBIX TYHHeAel pOPMHUPYeTCs U3 TAKUX IIOAeH Ha-
IIPsDKEeHHH, KaK: HaYaAbHOE HAIPsDKeHHOE COCTOsTHHE
MacCHBa rOpbI 0e3 TYHHEAS]; [IOA€ HAIIPSDKEHHI B pe-
3yAbTaTe 0Opa3oBaHHe TYHHEAS] B MACCHBE C HAYaAb-
HBIM HAITPsDKEHHBIM COCTOSTHUEM U ITOA€ HAIIPSDKEeHHI
BO3HHUKAIOIIe! OT Hallopa BOABI HA KOHTYP TYHHEASL.

HavaapHOe HampspkeHHOE COCTOSIHHME MacCHBa
ropsl onpepeasercsa AByMs myTsmu. [lepsbiit myThb
HU3MepeHHe MeTOAOM <Pa3TPy3KH>» BEANIHHBI Ha-
JAABHOTO HAIPsDKEHHOIO COCTOSIHMSI MacCHBOB
(1,13, 14, 17, 19] B HaTypHbIX ycAaoBusX. Bropoit
IIyTh METOA MAaTeMaTHYeCKOTO MOACAMPOBaHUE
[2,5-7; 10, 11, 18] AAst HapsKeHUit O BAUSHUM 06-
Pa30BaHMU TYHHEAS U THAPOCTATHYeCKOTO HaIlopa,
A€ IleaecoobOpa3Ho npuMeHUTb MeToA Koaocosa —
MycxeaumBsuau [ 16| c npuBaeyenreM KoHPOPMHO-
IO OTOOPAXKEHMUS, KAK 9TO IIHUPOKO UCIIOAB3YETCS AAS
pacyeTa rOpHBIX BHIPAOOTOK U KOHIIEHTPALIMK Ha-
IpsbKeHUM okoAo oTBepcTuil. Microapsosanue npo-
rpammuoro kommaekca MATCHAD [10] ynpomaer
BBIIIOAHEHHSI pacyeTOB ITOAeH HallpsDKeHUH u pAepop-
Malui BOKPYT TyHHeAS € rpapU4IecKUM IPeACTaBAe-
HHEeM ¢ moMoibo DBM.

MopeAb HaIpsDKEHHOTO COCTOSIHUSL MAaCCHUBOB
IIOPOA BOKPYT TYHHEASI CO3AAE€TCSl B BUAE CYMMBI
TnoAeit Hanpsokenwit [ 12

o!=c'+c’+0"+0! 0,=0,+0!+0) +0)

T, =Ty T AT T (1)

HMurerpaas! oT Andp$epeHIMaAbHbIX yPABHEHUI
pasnoBecus B (1) mpeacraBaens B Bupe [10]:

o, =Ay+Ts o) =Ay; tl =Ay,  (2)
e A=Ny*(1-kc*coss); A =y*(1-kc*coss);
A = xy"sind.

Hampspxenus o‘xp, O'y P TxyP — IIOA€ HAITPSDKEHHI, KOTO-
Ppble XapaKTepHU3yIOT BAUSHUSA peAbeda rophl [10]. Aast
OTpeAeAeHH S 3TOTO BTOPOTO MOAS HarpsikeHuil B (1)

CHaYaAa MIOCTPOMM MOAEAD HAYAABHOTO HAITPSDKEHHOTO
COCTOSIHMSI MACCHBOB C TOPHBIM peAbepOM B BUAE:

H
y

H o __n P _ N p M _ p
o.=0,+0! oy=0,+0) 1, =1, +1,  (3)

IToae Hanpsokenuit (3) Ha AHEBHOI OBEPXHO-
CTH MaCCHBA FOPHI C IIOYTU BEPTHKAABHBIM CKAOHOM
YAOBAETBOPSIIOT IPAHIYHbIE YCAOBHS:

(crxp+crx”+1;)*(cosn,x)+(Txyp+fxy")cos(n,y)=0;

(Txyf’+7xy“)cos(n,x)+(0y”+ayf’)cos(n,y)=0 (4)
TA€ 11— HaI[paBAEHYe BHENIHEN HOPMAAH B KAKOM-AH-
60 TOUYKe KOHTYpA.

Peabed ropsl B paspese MpeACTaBASIET IIOAYTIAO-
CKOCTb C OAHUM KPUBOAVHEIHBIM BBICTYIIOM, TAE €I0
AEBBIV CKAOH IIPUMBIKAET II0YTH IIEPIIEHANKYASIPHO
C OCHOBaHHEM. A\ ASL OTIPeAeAeHNUs HaTIPsDKeHHil B (4)
BOCITOAB3YeMCsI AIIapaToOM KOHGOPMHOTO 0TObpa-
KEHIS C TIOMOIBI0 QYHKIIHH:

z:m(é);z:xﬂ*y;g =E+i*n;
i=V-L0(¢)=a*¢ +0,¢) (5)
w,(§)=a,1(§ —1);
[TpucBoUB YKCAeHHbIe 3HAYEHHs IIAPAMETPOB,
a=100;a = 600 + 150i M. c TOMOIBIO GYHKITUH (5)
IOCTPOeHa MOAEADb GOPMBI TOPbI U IIPEACTABACHA Ha

(puc. 1).

VHTerpaAbl OT IPaHUYHOTO YCAOBHS B (S) ompe-
Aeaenbl yHkuu [10]:

D(g)-0'(5)+G(5)=B(5) G(&)=—-a,®,1)/[¢ —i;
¥(6) 0'(6)+(6) 0(6)+P'(6)- 0'(6)~Glg) = Al6),(6)
Jyepes3 KOTOPbIe BBIPasKaeTCsl BTOPOe ITOAe HaIlpsbKe-
uuit B (S) ¢ nomompro popmya [16]:

o, +0, =2(D()+ D))
0, =0, +2it,, =2 D) +o(¢)V¥(E)/ o) (7)
B (7) o603Hauensr:

AEn) = wo(é,n)[TS + T6w0' (é,n)J +
+T,C(E,n) + At(&,n) —T,S(&,n)

17



Section 4. Technical science

65
562.5
475
387.5
300
212.5
125
37.5

-50

-800  -600 -400  -200

0 200 400 600 800

PucyHok 1. dopma ropsl ¢ BepTUKasibHbIM CKITOHOM

B(§>U)=7§wo(§>n)wo'(§,n)+ (8)
+T,0,(E,m) +T,C(E,n) +
+Bt(&,n)-T,S(&,n)
At(‘gan):leo,(éﬁ]); Bl‘(§>77)=—T1@o'(5>77)
C&,m=C,/(-1)+C,/ (¢ +1, —1)’
S(&.m)=S,/(c(&,n)—i)+
+5, 1g(Em)—i] +S,/(6(Em) +t, —i)+
+5, /[¢Em+t, —i]
T =T./2 T,=a(A+iA,)/2;
T, =i(A+A,)/4
T, =—i(A,— A,+2iA,)/ 4

T, =a(-A,+iA,)/ 2;T, =—i(A,— A,-2iA,) / 4
Q, =, (-1); Q, = ay(-i);
C = alﬂl; S = _alQI; S, = _aIQO;

IlprucBonB 3HauYeHHS CHAOBBIX IIAPAMETPOB,
A=0,5T, =-20Mpa;K_ =0 BbIIIOAHEHHbIE Pe3yAb-
TaThl pacyeTa HaIPsOKeHUM HAaYaAbHOTO COCTOSHUSA
rOpPbI IPEACTaBAEHbI B (Ta6A. 1) AASL KOHTYPHBIX TO-
9eK rophl ¥ Ha (pnc. 2) B BUAE U3OAUHHUI AAST 30HBI
COIPSDKEHUS CKAOHA C €I0 OCHOBAHHUEM.

Tabnmua 1.— 3Ha4YeHUs HaNPSXXEHUIN HA KOHTYPE CKJI0HA ropbl

0 t x y o, %, N T T

1. -5 -621.2 -5.8 0 -33.7 2.1-:10° | 2.4-107" -334
2. -4 -550 0 0 -46.3 0 0 -43

3. -3 -495 15 0 -81.5 7.1-10°"° 3.6-10°7" -22.5
4, -1 -470 60 3.6-107"° -32.7 6.4-10° | 1.3-10™ -32.4
S. 0 -475 225 0 -2.3 0 0 -2.2
6. 1 -150 600 221077 -0.5 2.2-107° 0 -0.4
7. 2 325 375 46-107" -1.9 44107 | 2.1-107" -0.5

8. 3 410 180 44107 -13.8 44-10"° | 44-107° -5.9
9. 4 495 105 0 -34.9 0 3.1-10°" -1.9
10. S 532.4 70.6 0 -35 0 0 -22.3

KonneHTparys Bcex KOMIOHEHTOB HallpsDKeHHUH
HMMeeT MeCTO B 30He CONPSDKeHHS! BePTHKAABHOTO
CKAOHA TOPBI C ero OCHOBaHHeM. MakcrMaAbHOe 3Ha-
JeHHe FOPU30HTAABHOTO HOPMAaAbHOTO HAIIPSDKEHHUS
pasHO —82MIIa; BepTukasbHoro pasuo —32 Mlla;
kacaTeabHOro paBHo —17 MIla. Ilpu ypasenuu ot

30HbI KOHIIEHTPAIJUH HANPSDKEHUI Ha PacCTOSHUM
6oaee SO M rOpH3OHTAABHASI KOMIIOHEHTA He OoAee
—40 MITa; BepruxaapHas He 60aee —21 MITa;
30HbI KOHIIEHTPALUH HANIPSDKEHUH, TA€ HAYaAb-
HO€ HaIpsDKeHHOe COCTOSIHUSI MaCCHBA TOPbI U3Me-
HsleTCs He3HaunTeAbHO. O603HauNM yepes S ) y Sxy
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BBIMMCACHHBIE 3HAaYeHHUs KOMITOHEHTOB HA9aAbHOTO  HOII Ha (puc. 2) oA€ HaNpSDKEHH#t AAS BBITOAHEHUSL
HAIIPSDKEHHOTO COCTOSIHYISI MACCHBA B IIEHTPE BOOO-  AQABHETIIHX PacyeTOB IPHHIMAeM COOTBETCTBEHHO
paxaemoro TyHHeAs. Ha ocHoBanuu npepctaBaen- S = 40 MIla; Sy= -20 MIla; Sxy= -10 MI1a.

200

100

-100 —

-200 -

200

100

-100 -

-200

T T T T
-500 -400 -300 -200

2004

1004

-100+

-2004

T T T T
-500 -400 -300 -200

PucyHok 2. 3akOHOMEPHOCTM pacnpeneneHms Hanps>kXeHnm B 30He
conpsikeHns 6opTa CKJIoHa ropbl C Ero OCHOBAHNEM

BansiHue 06pa3soBaHUS TyHHeAS] HA PaclipeAe-  BHAHBIM OTBepCTHeM, pOpMa KOTOPOI MOAEAUPYeT-
ASHUSI HAIIPSDKEHUH OIPeAEAsIeTCs] ITyTeM pellleHUs]  CsI C IIOMOIIbIO OTOOpaXkatotest GpyHKIfHH:
IpaHUYHOM 3apaun AAd iaockocTu XOY ¢ Tpanenue-
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i0

Zza)(é’); i=\/—_1;
0(0) =" R[C +0, )]s ()= d, 18

z=x+1*y; ¢ =pe

(9)

3aech 0< p<oo OCh MOAOKHTEABHBIX YHCEA;
0<0 <27 —BpapHaHax.

R — xoaddurmenT AAS M3MEHEHUs pa3MepoB
oTBepcTHs; § — mapametp (B papMaHax) AASL ycTa-

HOBAEHUSI OPHEHTAIIN OCU CUMMETPUH OTBEPCTHS
OTHOCHUTEABHO TOpH30HTaAbHOMI ocu. [TapameTpsr
otobpaxaromett ynxuuun d,, d,, d,, d, myrem Bapua-
IIMH MX 3HA4YEHUIl, HampuMep, Kak B (TabA. 2 ), MOKXHO
MOAEAUPOBATh B Pa3HBIX TPAIlEI[eBUAHBIX GOpPMAx
ceuenuit TyHHeaeil (puc. 3).

Tabnuua 2.- NapameTpbl oTOGpaxarowen GyHKUNN

Ne d, d, d, d, 5
x4 ~y4, 0,0893 0.0479 ~0,1143 0.0893 90 rpaayc
x4,-y4, -0,0168 0.058 -0,1404 -0,0109 90 rpaayc
x4 —y4. 0,1547 0,0322 ~0,1602 ~0,0109 90 rpaayc
x4,-y4, 0 0,035 -0,0319 -0,0425 90 rpaayc
12 1
0.8167 0.6833
0.4333 0.9667
y41(8) 005 y20) 005
-0.2667
-0.3333
-0.5833
~0.7167 09
11 T 1 -0667 0333 0333 0667 1
-1 -0667-0333 0 0333 0667 | x42(6)
x41(8)
11 .
0.825 0.733
055 0367
0.275
y43(0) 0 y44(6) 0
0215 -0.367
053 -0.733
-0.825
1l e 06 0402 0 02 04 06 08 79 o5 0268 0263 0527 0.79
x44(9)

x43(0)

PucyHok 3. DopMbl NonepeyHbIx CEHEHUIN TYHHENEN

CyMMa TIepBbIX TPeX MOAeHl HaNPSHKeHHE B KOH-
TYPHBIX TOYKAX TYHHEAS YAOBACTBOPSIOT IPAHHY-
HBIM YCAOBUSIM:

(0r+0+T +0")*(cosn, x) +
+(‘L’ +T P+T ’”)cos(n,y) 0;
(f +7 [ Tym) cos (n, x) +
+(0' +01”+ o "“)cos (n,y)=0

(10)

[Tpu oTo6paskenu Tuma (8) yroa & Mexay Ha-
npaBAeHHbIME OcsiMU OX M KacaTeAbHO KPUBOM
p oIpepeAseTcs (l)OPMYAOI/I
e =C0'Q)1(p’00))e™ = 0 0)/(p'(©)) (11)

Ycaosue (8) B ipeobpasosanHoit maockocTu (cM.
puc. 3) HoBbix nepemenHbix (8) u (10) mpuaUMaeT
BUA:
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[RFG + (p(a)] + [Rf + m] *

*[a)(a) / m’(a)] + [RF’G +l//(6)j| =0;
[ﬁ + (p(_o-)] +[RT +¢'(0)]*

_ (12)
*[w(a) / a)'(a)} +[RT"o +y (0)]=0;
3aech 0603HaueHO Tak ke B [ 17]:
T=(5,+S,)/4; I'=(S,-5, +2iS,)/2 ;

I'=(s,-S, -2iS,)/2’

OTH OCTOSIHHbIE BBeAeHHI B [ 17 ] AAst 0603Haue-
HISI OAHOPOAHOT'O HAYAABHOTO HAIIPSDKEHHOTO CO-
crosHud S y S y Sxy B IIEHTPe OTBEPCTHS, TAe pa3Melrte-
HO HA4aAO0 ocu KOOPAMHAT HOBOTO
BCIIOMOTaTEABHOTO MiepeMeHHOro § = pe” . OyHk-
nun ¢(C),y({) ompepeAeHO AASI BHELITHOCTHU €AH-
HUYHON OKPY>KHOCTH, TA€ O =1 KOHTypHBIE TOUKH

o 0
9TOM OKPYXXHOCTH 00603HaueHsl ( =0=e€" u

¢ =c=¢".Ornomenus w(c)/w'(c)u oc)/o'(c)
Pa3AAraloTCs Ha MPOCTHIE BbIPaKeHHs (TOAUHOM +
IpaBUAbHAS Ap06b):

Wa) lw'(c)=e"" [bp“ +b,0° +b,0’ +bo' +b, + fl],

0(o)/0'(c) =" [b4 I6* +b,/0° +b, /6> +b |6 +b, +f2];

(0.0 +4,0° +,0° +q,0' +, |

M) = d o' —2d, 0" —3d, 0 —4d,

[%G +q,0” +4,0° +q0° +q065:|
1-d,0°-2d,6° -3d,0" —4d,c”]

f,(o)=
b=d; b=d; b=d+dd; b=d+2dd-+dd,
b=3d.d+2db+ db; q=4d, b; q=4db+3db,
q,=4d b +3d.b +2d b ; q.=4db +3d b +2d b +d b

q=1+4d b +3db+2d b +d b ;

HMuTerpaas Tuna Konm oT 3aAaHHBIX 'PAaHUYHBIX
YCAOBUI (12) OIPEACASIIOT HCKOMBIX (QYHKIIHIM
(€)W (¢) . Koraa Ha KOHTYp TyHHeAs AeHCTByeT
TMAPOCTaTHYECKUI HAIlop ( —Po) HEOOX0AMMO pe-
IIATh IPAHUYHBIE 3AAAYH 110 OIIPEACACHHIO QyHKITHIH
?(&),w (&) us ycaosmii:

9(0)+9'(0)*| @(0)/'(0) |+ (0) =R Ro(0);

9(0)+¢(0)*| 0(0)/ 0'(0) |+y (@) =~BRa(0). (13)

CooTHOLIEHNST AASL OIpeAeAeHUs] QYHKIfHIL
@(),w(¢) us rpanmunbx ycaosuit (12) u (13)
HUACHTUYHBI ¥ [I09TOMY PaLJHOHAABHO OOBEAUHUTD
B BUAE CYMMBI AASL IOCTOSIHHBIX K09 PUIINEHTOB

aBHO 3apaHEbIx B (12) u (13).
N, =Re’(S,+S,)/4; N,=Re™”(S,—S +2iS )/2;

N32171; N4:]\72;

ay= _N1d1_ N3; ap,=~ Nldz" Aps=~ N1d3" Aoy~ ~ N1d4;
Z701: fN4d1_ N P bozz, -N 4d2" bo3= _N4d3" bo4: _N4d4;
a,=¢"PRd;a =e"PRd;a =¢"PRd;a =e

PORd4;
b,=PRe™”;sb=b, + b, sb=b,;sb=b;sb=b,;
Ca=a,+a,,;ca,=a,ta,ta=a,+ta;,caz=a,ta,
Wurerpaast Trma Komu oT rpaHUIYHBIX yCAOBHI
B (12) u (13) umeror BUA:
P(&)+G(0)=Ay(9);

w’(é)*[a(g)/w'(g)]+W(;)_6(;):Bo(;); (14)
G()= |:b31_31 +2b4ﬁz ]21& 4’_1 +[b4}_21 :|215 C—z;

A8 =D cal 5B(E) =D sh ST
k=1 k=1

AAs1 BBIpa>keHHI B OTHOLIEHMSX @(0)/ w'(0) 1
®(c)/ '(c) BBOAMM HOBbIE 06O3HAYEHHS: bp0=b,
e’ ; bp1:b1 e; bp2:b2 e’ bp3=b3 e’; bp4:b462i5;
bpSIbS 62i5; qpozqoe—zia; qp1=q1 e—2i5}_ quzqz efzis;
qp3=q3 o2 ; qp4:q4 =y ; qp5=q5 o2

ITepsoe ypasuente (13) coAep>KUT OAKOCHI BTO-
pOTo MOpsIAKA OT BTOPOTO CAAraeMoro IPaHUYHOTO
ycaosus B (11). TToka ux 0603HaumnM yepes

R,R, ,El, 1?2 ; AAS OTIpeAeAeHHs UX 3HauYeHUH
IIpUpPaBHUBaA K K09 UIlueHTaM IIPU OAMHAKOBBIX
CTeIeHsIX IePeMEHHOTO0 *k=1,2) IIPaBBIX M A€BBIX
JacTeil IepBOTO YpaBHEHUS OyAeM UMETh CHCTEMY
ABYX ypaBHeHHI. AOOABUM KM COIpSDKEHHBIE
YPaBHEHH 1 IIOAy4YaeM CHCTeMy U3 YeThIpeX ypaBHe-

Hui. KoaduiimeHTI cHCTeMbI HIMEIOT BHA:
Mo,o = l;]\/1(),1 = O;Mo,z = _bpa;Mo,s = _2bp4;

MI,O O’Ml,l 1’M1,2 bp4;M1’3 =0;
Mz,o =M0,2’M2,1 :M03;M2,2 = Mo,o;M2,3 =M0,1;
M, =M ,M‘=M sM,, =M, ;M,,=M
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KoaddurrienTs! B IpaBoH YaCTH CUCTEMBI ypaB-
HEHUU PaBHBL:
MO, =ca;; MO, =ca,; M0, =ca;; MO, =ca,;

3aech IPUHATO:
C, =ca, +7,;C, =ca, +v,;C, =ca,;;C, =ca,;

7, = (b,MR,+2b,MR,)e*’;y, = (b,MR, )e*’;
Pemenue cucremsr B Hotanusax MATHCAD ume-
eT BUA: MR =M * MO
CooTHomeHNs AAST QYHKITHIH:

R, ()= (Zné"‘je‘”‘s;Q(C) =

=[quc"}f@)=
= (b,§ +b,+ Q) / @d(£)e ™

v () =B, (5)+R, (&) -1H(C)e"()
= Zzl“lcckbk;r2 =4C,b, +3C,b,;r, =4C,b,;
k=2

D) =9 (C)/ 0'(E); () =w'(E)/ ()
D) =(9"(0)0' () -9 ()" )/ ' (&)
3HadyeHHs TAPaMeTPOB OTOOPpaKaroIell GYHKIIHU
B3aHMCTBYeM M3 BTOPOI CTPOKH TabA. 2 U paccMo-
TPHUM TYHHEAD C TPATleLIUEBUAHBIM CEY€HHEM KOHTYP
KOTOpPOro 0603HaYeH Ha puc. 3 yepes (x42—y42 ).
CyMMa nepBBIX Tpex IOAeH HaNpsDKeHUH B CH-
CTeMe KPUBOAMHENHBIX KOOPAUHAT, TA€ AASI KOHTYP-
HBIX TOYeK TyHHeAs npu P = 1, pacyeTsl IpeACTaBUM
B BHAE Ta0A. 3 AAST KXKAOTO KOMIIOHEHTA HaIIpsDKe-
HUM.

Tabnuua 3. KOHTypHble 3Ha4YeHMa HanpsixkeHnn 6e3 Hanopa

c,(10) o, (1,6) 7, (1)

0 -53.118 1.243-10™
-1.066-107" -56.866 7.105-107"°
-7.105-107" -63.333 2.309-107"°
~7.105-107" ~73.574 -1.066-107"
-1.776-107" -89.4 _1.421-10°"
-6.04-10™" -113.611 5.329-107"°
-1.066-107" -149.177 7.283.107"
-1.439-107" -192.943 7.638-107"*

1.741-107" -219.091 3.02.10°
1.421-107" -191.888 62171071
8.171-10™" -132.504 1.421-107"
-4.263-10 -82.683 5.684-107"
-2.132-10" -51.125 ~1.599.10°
1.421-107" -32.259 5507.10"
2.842-107" -20.756 3.908-107
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Orcropa BUAHO, YTO I'PaHMYHbIE YCAOBHS (9) AAS Ilpu aeiicTBun Hamopa P= - 25 MIla Ha koHTY-
TYHHeAsI 6e3 Hallopa BbIIIOAHSIETCS C BBICOKOM TOYHO-  pe TYHHEAS BbIYMCA€HHbIe 3HAYeHHsI KOMIOHEHTBI
crao. [Torpemnocts He 60aee 107, HAIIPSDKEHUI IIPUBEAEHBI B Ta0A. 4 B TeX e TOYKAxX

KOHTYPa, To 1 B (TabAune 3).

Tabnmua 4. HanpskeHns Ha KOHTYpE TYHHENS OT Hanopa

o,(10) o,(1,0) 7,0(1,0)
-25 -54.795 1.066-107"
-25 -57.887 -1.766-107"
-25 -62.254 1.066-107"
-25 -68.511 3.553-107"°
-25 -77.579 -8.882-107"
-25 -90.7 -1.599-107"
-25 -108.731 4.263-107"
-25 -128.422 -1.243-107"
=25 -134.697 2.576-107"
-25 -111.829 -3.908-107"
-25 -76.296 8.527-107
-25 -49.622 -1.066-10""
-25 -33.866 ~8.882-107"°
-25 -24.843 4.441-10™
-25 -19.365 -2.665-107*

Pe3YAbTaTbI pacdera HaHPfDKeHI/Iﬁ AO H IIOCAE

AeﬁCTBHSI HaIrtopa Ha KOHTYP TYHHEAS IIPEACTABACHDI

Ha (puc. 4). Ha (puc. S) npeacTaBAeHbI H30AMHUU

KOMITOHEHTOB OTHOCHTEAbHBIX AepOpMaliuii BOKPYT

TYHHEAS, KOTOPbIE UIMEET MECTO AO (CAeBa) H IIOCAE

aeiicTBus (cnpasa) Hamopa.

23



Section 4. Technical science

I
-2 0 2

PucyHok 4. N30nnHum pacnpeneneHns Hanps>XeHMm BOKPYr
TYHHENS 00 (Cnesa) n nocne AencTeuga Hanopa (cnpasa)
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[

-2

PucyHok 5. U3onnHum pacnpeneneHmns OTHOCUTENbHbIX AedopmMaumin
BOKPYI TYHHens o (cnesa) v nocne aencTeus Haropa (cnpasa)
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3akaroueHmne

Taxum 06pa3oM, CO3AAHHAST MOAEAD HAIIPSDKEH-
HOTO U AeGOPMHPOBAHHOTO COCTOSHHS HAIIOPHOTO
TYHHEAS TpaleljieBUAHBIM cedeHreM npu P = 0 ipu-
TOACH AASI OIJ€HKH COCTOSIHHI BOKPYT TPaHCIIOPT-
HbIX U TOPHBIX BBIPAOOTOK C IOAOOHBIM CEUeHUEM.

CocrostHue MaCCHBOB BOKPYT TYHHEAEH U BbIpa-
OOTOK B YCAOBHISIX AHCTBHSI TOABKO CHABI I'PAaBUTA-

uyu ipu T = 0 MaTeMaTH9eCKU OTUChIBAETCS TOMO-
IIBI0 CO3AQHHOM MOAEAH.

Panee BbITOAHEHHbBIE HEKOTOPBIE UCCACAOBAHILI
[3, 4, 8, 9] BEIPabOTOK PACTIOAOKEHHBIX B BECOMOI
HIOAYTIAOCKOCTH U BHOBb IIOAyY€HHbIE Pe3yAbTAaTHI HC-
CA€AOBAHHS BBITEKAIOT U3 TOCTPOeHHOi Mopean (1),
eCAM He Y4UTBIBaeM BAMsIHUE peabeda (BTopoe moae
HanmeeHHfI) .

Cnucox AuTeparypbl:

1. Avnrmaros M. T. [eomexanuka pyaHbix Mectopoxaenuit Cpeaneit Asun. @pynse,— 1984.— 246 c.

AxmnareaoB A. M. HccaepoBaHne HalpsHKEHHOTO COCTOSIHMS MACCUBOB TOPHBIX IIOPOA B IIOAE I'PaBUTa-
mn: ABTOped. AUC.KaHA TeXH.HayK — M.,— 1972.- 23 c.

3. Asepmun C.T., barasaesa C. A., I'pysaes B. H. PactipeaeaeHre HampsbkeHUI BOKPYT TOPHBIX BRIpabo-

Tok.— Qpynse: Maum,— 1971.- 130 c.

4. byabraes H. C. Mexanuka nmoa3eMHbIx coopykenuil.— M.: Heapa,— 1982.—- 272 c.

S. DBasauesa K. A., JKymabaes b. HampspkeHHOe COCTOSIHIE MACCHBOB BOAHM3H YCTyIIa HA CKAOHE TOPBI TPU

COBMECTHOM AHCTBHUU CHA TPaBUTALUH U celicMUKU. JKypHaa «EcTecTBeHHbIe 1 TeXHIYeCKUE HAyKU > .—

M.-Ne 12.-2015.- C. 53-61.

6. DBasaumena JK.A., XKymabaes b. MeTopuKa MOAEAPOBAHHUS M QHAAUTHYECKOE OIHCAHUE HATPSDKEHHO-

Ae(l)OPMI/IPOBaHHOI'O COCTOSAHMA MAaCCHBOB CKAOHA I'OPbI € YCTYIIaMH. Becraux 3ab. TOCYyAaApCTBEHHOTO

yHuB-a. Yura,— T. 22.— N2 1.— 2016.- C. 4-16.

7. Toappmreiin P. B., Kaannun 3. B. OnpIT npuMeHeHHs aHAAUTHYECKOTO METOAQ AASL OLIEHKU HAIPsDKeH-

HOT'O COCTOSIHUSI MAaCCHBA TOPHBIX IOPOA B 6OPTax ¥ OCHOBAHUHU Ay OOKHUX peuHbIX AOAUH. BectHrk MI'Y,

Cepus I'eosorns,— N2 S.— C. 54-68.

8. Aunnuk A.H. u Apyrue. PacipepeseHre HanpspKeHHUIT BOKPYT IIOA3EMHBIX BEIPaO0TOK / Tpyab! coBelna-
HISI 1IO YIIPaBAHHIO FOpHbIM AaBAaeHHsIM. M.: Mzaa-so AH CCCP,- 1938.— C. 7-5S.
9. EpxanosJK. C,, Aittaanes I11. M., Macakos JK. K. CeficMoHanpsikeHHOe COCTOsTHHE TIOA3€MHBIX COOPY-

JKEHMI1 B aHU30TPOITHOM CAOMCTOM Maccube.— AaMa-ATa: Hayka,— 1980.- 212 c.
10. 2KymabaeB B. PacnipeaeAeHue HapsDKeHAUI B MACCHBAX IIOPOA C FOpUCTHIM peabedpom.— Opynse: Maum,—

1988.- 190 c.

11. Jumabaev B.]., Ismailova K. D. Durability of Dams and Protection of Land Stock from Mud-Torrents
and Floods in Mountain Regions. Proceedings Of The 7" International Symposium High Mountain
Remote Sensign Cartography. Institute for Cartography Dresden University of Technology. Germany,—

2004.-97c.

12. XKymabaes B., Amanaaues A. A., borokanosa b. A. PacipepeAeHre HarpspKeHHUE BOKPYT HAITOPHOTO

TYHHEAS C QAAMIITUYIECKUM (prrAbIM) MIOIIePEYHBIM CeYEHHEM // COBpeMeHHbIe l'IpO6AeMbI MEeXaHUKH
CIAOIIHBIX CpeA.— Boim. 13,— bumxkek,— 2011.— C. 330-338.

13. Kytenos B. M. Pe3yabraThl H3y4eHHH eCTeCTBEHHBIX HANPsDKEHUN B MACCHBAX TPEIJUHOBATHIX IIOPOA
ropHbIx ckaoHOB. BectHrk MI'Y, Cep. I'eoaorus,— N 6.— 1966.— C. 71-76.

14. Kpynennukos I A., ®uaatos H. A., Amycun b. 3., bBapxosckuit B. M. PacnipeaeseHre HanpspKeHUH B ITO-

poanbix MaccuBax.— M.: Heapa,— 1972.- 144c.

26



CALCULATION OF STRESSES AND DEFORMATIONS OF ARRAYS AROUND A PRESSURE TUNNEL WITH A TRAPEZOIDAL SECTION

1S. Kupssino A. MATCAD Ne 14 B noaaunnuke.— CI16., BBX-TTerep6ypr.— 2007.— 704 c.

16. Mycxeanmsuau H. 1. HexoTopbie 0CHOBHbIE 3aAa4i MaTeMaTHYeCKOH Teopuu ynpyrocti.— M.: Ha-
yka,— 1966.— 707 c.

17. HanpsoxeHHOe cocTostHue 3eMHOM kopbl.— M.: Hayka,— 1973.— 186 c.

18. Tep-Maptupocsn 3.1, Axmareaos A. M. HanpsskeHHOe cOCTOSIHME TOPHBIX MACCUBOB B ITOAE I'PAaBUTALIUU
/AAH CCCP,- 1976. - T 220.- N 2.—- C. 311-314.

19. Hast N. Stress Fields Fracture System and the Mechanism for Movements in Greiss Avea of the Mont
Blanc Massif. Roch Mechanica Suplementum.- 1980.- 9.— P. 3-10.

27



Section 4. Technical science

Dinh Cong Hung,

doctor, Captain. Teacher of the Fire Safety
Department of The university of fire
fighting and prevention of Vietnam
E-mail: dinhconghung@mail.ru

FIRE SAFETY OF VIETNAM NUCLEAR POWER PLANTS

Abstract: The prospects of building together with Russia on nuclear power plants in Vietnam and

provide them with radiation and fire safety.

Keywords: nuclear power plant, safety, the reactor.

Aunv Kone Xoine,
k.m.H. Kanuman. IIpenodasamers kadedpo
" ”
oswcapras bezonacrocme
Hucmumyma IpomusonosxcapHoti

Caynbot MOB CP Bvemmuam
E-mail: dinhconghung@mail.ru

NMO>XXAPOBE3O0OOIMNACHOCTb ATOMHbIX
3JIEKTPOCTAHUNA BBETHAMA

A.HHOTaI[I/UI: PaCCMOTpeHbI IEPCIEKTHUBBI CTPOUTEABCTBA COBMECTHO C Poccueit aTOMHBIX 9A€K-

TpocTaHnuil BreTHaMa u obecreyeHus X paAMAIHOHHOMN U IIOXAPHO 6€30MacHOCTH.

KaroueBbie cAOBa: aTOMHas IACKTPOCTaHIIMS, 66301’IaCHOCTI), PpeaKkTop. HO)KapOOHaCHOCTb.

B Pecrry6Anxe BreTHaM IpUHSTO peleHHe O M-
POKOM HCIIOAB30BAHUH aTOMHOM 9HEPTHH U PaAHO-
AKTHBHBIX MAaTEPHUAAOB B PA3AUYHBIX CPepax dIKOHO-
MHKH U O CTPOHTEAbCTBE AaTOMHBIX SA€KTPOCTAHIIHIL.
B xayecTBe OCHOBHOTO ACAOBOTO ITAPTHEPA BhIOpaHa
Poccuiickas Qepepanus, ©MeIONasi OrPOMHbIH OIIBIT
B TAKOM CTPOHUTEAbCTBE.

OTMeTHM HeKOTOpbIe HanboAee BaxkHbIe COObI-
THSI TIOCA€AHETO BpeMeHH, TOATBEPKAAIOIHe TeCHOe
corpyaHmndectBo Poccun u BreTHaMa Ha myTH co3pa-
HUS AaTOMHOH 9HEPIreTHKH [1].

18 mrora 2012 1. B croaunie BrerHama Xanoe cocro-
SIAOCh 3aCeAQHHe POCCUiCKO-BbeTHaMcKoro Koopau-
HAIMOHHOTO KOMHTETA [10 COTPYAHUYECTBY B 06AaCTH
aTroMHOM sHepreTHku. C pOCCHIICKOM CTOPOHBI B €T0
paboTe MPUHSAU ydacTHe IIPEACTABUTEAN TOCKOPIIOpa-
u «Pocarom>, 3AO «Atomcrpoitakcriopr>, OAO

«Konuepn Oueproarom». Kax coobuman B « AtoM-
CTPOUIKCIIOPTE >, B XOAE BCTPedH ObIAA IIOATBEPIKAE-
Ha 3auMHTepecoBaHHOCTb Poccum okasarp BrerHamy
COAEVCTBHE B CO3AQHUM U Pa3BUTHU HEOOXOAMMOI
MHPPACTPYKTYpbl aTOMHOM SHEPTeTHUKH. YIUTHIBAS
nepBooyepeAHble 3apAaul BreTHaMa B AaHHOH cdepe,
OBIAM BBICKA3aHBI KOHKPETHBIE TIPEAAOKEHIIS 110 Pas3-
BUTHUIO PaOOYHX KOHTAKTOB POCCUICKIX IPEATIPUSITHIL
C MpOUABHBIMHU OpraHMU3alusIMU BreTHaMma.

B 2013 r. B XaHoe ObIA IPOBEAEH CEMHUHAP 110
BOIIPOCaM IIOATOTOBKM II€PCOHAAA AASL aTOMHOM
sHepreTuku BrerHama. Cnenmaaucre! «Pocaroma>
IIPEACTaBUAM MHPOPMAIIUMIO O IOTEHI[HaAe PocC-
CUMCKOM aTOMHOM OTPacAHU B 06AaCTH ITIOATOTOBKH
MHOCTpaHHBIX KapApoB aAast ADC. OTMmedeHo, B yacT-
HOCTH, Haanuue B Poccun Heob6xoauMoi BY30BCKOM
6aspl U CllelIMAaAM3UPOBAHHBIX y4eOHbIX ILIEHTPOB,
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a TakKe OTPOMHBII OIIBIT B IOATOTOBKE 3apybex-
HBIX KaAPOB AASL OOBEKTOB aTOMHOM 9HEPIreTHKH.
Boian 06Cy>KAeHBI KOHKPETHbIE HAIIPABAEHUS POC-
CHIICKO-Bb@THAMCKOTO COTPYAHHYECTBA I10 IIOATO-
TOBKE IIepCOHAAA AAS BbeTHAMCKOM HaIlMOHAAbHOM
IIPOrpaMMbl aTOMHOM 9HEPreTUKU. ATOMHBIE KaAPbI
BperHama 6yAyT rOTOBUTD AECSITH BY30B.

BbeTHaM BbIOpaA 8 MAOIIAAOK AASI CTPOUTEAD-
CTBa ATOMHBIX 9A€KTPOCTAHIUH.

ITo aamHbIM rasersr»Hsn 3an», mpembep-Mu-
HucTp Brernama B mrone 2010 r. moamucaa nmocra-
HOBAEHHEe 00 yTBEpP)KASHUH IAQHA PA3BUTHUS aTOM-
HOM 9HepreTHKH CTPaHbl Ha mepuop A0 2030 roaa.

B unTtepsblo razere Tien Phong AHMPEKTOP BbeT-
Hamckoro MucTturyTa aroMHO#M aHepruu Boionr Xy
Tan (Vuong Huu Tan) ormeTna, ato Bo BreTHame
chOopMUPOBAACS 0O eCTBEHHBI KOHCEHCYC B ITOAB-
3y crpoutesbcTBa B CPB aTOMHBIX 9A€KTpOCTAHIIHIL.
Poccust BbIOpaHa B KaueCTBe IAPTHEPA 10 CTPOUTEAD-
crBy nepsoil B0 Brername ADC. Takoe pemenue
OBIAO IPUHSTO Bbe THAMCKUMU BAACTSIMH, IIOCKOABKY
«poccuiickue TeXHOAOTHH co3panust ADC — cambie
6esomacuele>». ITo caoBam Brronr Xery Tana, pemre-
HHe 0 coTpyaHudYecTBe ¢ PD B peausanuu maaHos
Bo3BepeHHsI ADC-1 B I0KHOI BbeTHAMCKOM Ipo-
BUHIIMM HUHBTXyaH MpUHATO MMOCAe TIIATEABHOTO
06Cy>KAEHUS IIPOEKTa BCEMH 3aMHTePeCOBAHHBIMU
cropoHaMi. 3AO «ATOMCT- pOMIKIIOPT> Ipe3eH-
TOBAA CBOM TeXHOAOTHH BbeTHAMCKHUM ITapTHEPaM.

IlepBas aromHas cranius Bo BreTHame AOAX-
Ha IPUCTYIIUTD K pa60Te B 2020 roay. CTpoureasn-
CTBO IepBOro 0aoxa Hauuércs B 2014-2015 ro-
aax. MuBecropom crpourteabctBa ADC cTaner
BbeTHAMCKasl TOCYAAPCTBEHHAasl dHepreTHyeckas
mononoausi «Electricity of Vietnam» (EVN).
Komnanus EVN MoxeT npusAeyb $UHAHCHPOBa-
HUe Ha CTPOUTEAbCTBO IePBOM aTOMHOM CTaHITHH
3a CYET BBIITYCKA TOCYAAPCTBEHHBIX OOAHTAIUiT Ha
BHYTPEHHUI U MeXAYHApPOAHbIH pbiHKH. O6 aTOM
coobmua 27 Masi pyKOBOAUTEAD IIOAPA3AEACHUS
EVN, 3anuMmaromerocsi BOpocaMu HHBECTHIIMMH
B nnpoekT, ®an Munp Tyan, koToporo uTupyer

uspanue «Lao Dong>. Ilo undopmanuu rasersr,
CPB aoaxHa 6yaer mpodunancuposarb 15-20%
CTOMMOCTH CTPOUTEAbCTBA dAEKTPOCTaHIUU. BMme-
cTe ¢ TeM, BreTHaM paccunThiBaeT Ha pUHAHCHUPO-
BaHHe OoT Poccruu, KoTOpasi BBICTYIIHUT ITOCTABIIH-
KOM peaKTOPHO! TeXHOAOTHH.

Pazpaboranst Moaean ADC AASL CTPOHUTEABCTBA
BO BreTHame, npeacTaBAeHHbBIE Ha puC. 1.

I'naBHOe ycAOBHE KOHKYPEHTOCIOCOOHOCTH Ha
MHPOBOM pbIHKe cTpouTeAbcTBa ADC — coopykeHue
ATOMHBIX O9AGKTPOCTAHIIMHA C peaKTOpPaMH TaK
Ha3bIBAEMOI'0 «TpeThero nokoaeHus». Takue ADC
HMEIOT CAEAYIOIIe OCHOBHbIE OCOOEHHOCTH:

— CTAaHAAPTHBIM IIPOEKT, IIOATOTOBAEHHDIH
K YCKOpPEeHHOMY AUIIeH3UPOBAHUIO;

— COKpalj€HHbIE CpOKH u CTOHNMOCTD
CTPOHUTEADbCTBA;
— IIpocTasd u HaACXHasd KOHCTPYKITHS,

YCTOMYMBAsI K BO3MOXKHBIM OLIMOKAM OIIEPATOpa;

— BBICOKMI KO3)PUIMEHT HCIOAB30BAHUS
YCTaHOBAGHHOM MOIHOCTH M CPOK 9KCIIAyaTaI[ul
A0 60 aeT;

— 3alJuTa OT ABAPHUH C pacllAaBA€HHEeM aKTUBHOM
30HBbI;

— MHHHMMAAbHOE BO3AEHCTBHE Ha OKPYIKAIOIIYIO
cpeay;

— BBICOKOE BBITOPAaHHE TOIAMBA U HHU3KOE
KOAHYECTBO PAAHOAKTUBHBIX OTXOAOB.

OTuM Tpe6OBAHUAM IIOAHOCTBIO COOTBETCTBYIOT
poccuiickre 3BOAIOLMOHHbIe peakTopbl— BBOP-1000
(mpoextst ADC-91 u ADC-92), BBOP-640.

ITpu pazpaboTke POCCUICKUX PEaKTOPOB 3-TO
IIOKOACHUS HCIIOAB30BAH OIIBIT IPOEKTHPOBAHUS,
CTPOMTEAbCTBA M 9KCIIAYaTAITHHU IIPEABIAYIIeTo MOKO-
Aenunst BBOP, a Taxke obecreueHsI CTaHAQPTH3UPO-
BaHHbIE IIPOEKTHI, YIIPOLIAOIUe AUI[eH3UPOBaHMHe,
yMeHbIIAIOIIe CTOUMOCTb U CPOKH CTPOUTEAbCTBA.

3HAUUTEABHO YAyYIIEHBI IKOHOMHUYECKHE Xa-
pakrepuctuku ADC HoBOro nmokoaenus. CHumxe-
Ha TOIAMBHAS COCTaBASION[As B Ce0ECTOMMOCTH
9AEKTPOIHEPTHH 3a CYET MOBBIIICHUS BHITOPAHHS
tonausa (A0 55-60 MBm cym/xz V), cHUXeHbI
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OIlepaIOHHbIE 3aTPaThl OAArOAAPS IIOBBIIEHUIO KO- HOCTU A0 90%, ITOSIBUAACH BO3MOXKHOCTb COKPATHTb
adduIeHTa NCIIOAb30BAHNS YCTAHOBAGHHOM MoI-  cpokH coopysxkeHHs ADC A0 4 Aer.

PucyHok 1. BapuaHTbl npoekTupyembix ADC BbeTHama
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PasBuTne peakTopoB 3-TO IOKOACHHUS (moxoae-
uue I11+) mpeamoaaraeT AaAb efiniee ycoBepIieH-
CTBOBaHHE KOHCTPYKI[MU C LIEABIO ObecIiedeHuns
0€30MaCHOCTH U 9KOHOMUYHOCTH.

Baxxupim aas crposimuxcs Bo Boername A9 C sB-
ASIETCSI TIOBBILIEHHE UX 6€30MIACHOCTH, IIPEXAE BCEro
noxapHoi, Ha ocHoBe ACY, HCITOAB3yIOMUX HOBE-
IIHe AOCTIDKeHHsI HAyYHO-TeXHUYEeCKOTO ITporpecca.

HM3BecTHO, 4TO 3aTpaThl HA CO3AAHHIE PA3AMIHBIX
cucreM 6esomacHocTu coBpeMeHHbIx ADC cocras-
ASIeT OKOAO TpeTu ee croumoctu. K HuM otHOCATCS
CHCTeMBI, 0becIieqnBaromie 6€30IacHOCTD IPOU3BOA-
CTBA 9AEKTPOIHEPTHH, A TAKKe PYHKIHOHUPOBAHIL
ADC Kax KpyIHOro KpUTUYeCKU BXKHOTO 00beKTa.

besomacHocTb 1 9 YeKTUBHOCTD MPOU3BOACTBA
9AEKTPOSHEPTHHU 00eCIIeYHBAOTCS MHOXKECTBEHHBI-
MU 6apbepaMy Ha ITyTH yTEYKU PAAOAKTUBHBIX Be-
1[eCTB; TACCUBHBIMM U aKTUBHBIMHU CUCTEMAMH 6e3-
OINACHOCTH; HOBEHIIMMH aBTOMAaTHU3UPOBAHHBIMU
CHCTeMaMH YIIPaBAEHHUS TEXHOAOTHYECKIMH IIPOLjec-
camu (ACYTTI), 60aee MPOCTHIMU KOHCTPYKIHMSAMHY,
00A€ryaromuMH yIipaBAeHHe PeaKTOPOM U UCKAIOYa-
IOIIMMHU OIIUOKHU IepCOHaAa; 6oaee 9 PpeKTHBHBIM
HCIIOAb30BAHHEM TOTIAMBA ¥ MEHBIITM KOAUYECTBOM
oTx0p0B [2].

OaAHOM 13 HanboAee BaXKHBIX 3aAaU SBASIETCS
obecreuenve noxapHoit 6esomacaoct AJC. Ee pe-
1eHve 00eCreYnBaeTCss CO3AAHIEM OPraHU3ALIMOH-
HO-TEXHUYEeCKOH CHCTEeMBI, B OCHOBE KOTOPOI Haxo-
autcst ACY nporusonoxapHoit samutoit (ACYTI3).

OCOo0eHHOCTBI0 IPOEKTUPOBAHUS U CO3AAHMS

— BO3MOXXHOCTb HCIIOAb30BAHHS HOBEMITHX MH-
POBBIX AOCTIDKEHHI B 00AaCTH 06 ecIeueH s IIOXKap-
HOIt 6€30I1aCHOCTHL.

OaHNM U3 HanboAee MepCIeKTUBHBIX HATIPaBAe-
HHI Pa3BUTHS CUCTEM IIPOTHBOIIOXKAPHOM 3aIUThI
SIBASIETCSI CO3AAHHE HOBBIX CPEACTB M CCTEM AOKAAb-
HOTO OOHApY>KeHHs 1 TYLIeHUS IT0Kapa Ha IIPOMBIII-
AeHHBIX 06'bekTax. Takue cHCTeMbI II03BOASIIOT OOHa-
PY>KUTb U AMKBUAUPOBATD ITOXKAP HA paHHEH CTAaAUU
ero pa3BUTHs1, KOTAQ OIIACHOCTD IIPUYMHEHUS yllep-
6a MHHUMaAbHa.

[TpoBepeHNe HcCAAOBAHNUIT U pa3pabOTOK B AQH-
HOM HAIIPaBACHUH SBASIETCS IEPCIIeKTUBHBIM U aKTy-
aAbHBIM Kak AAst Poccry, Tak 1 Aast BbeTHaMa B pam-
KaX PeaAM3yeMOro MexXAy HUMH MeXAYHApOAHOTO
COTPYAHUYECTBA.

OCHOBHBPIMM 33apaYaMM TaKUX HCCAEAOBAHUI
AOAKHBI OBIT:

1. OxcnepuMeHTaAbHas MpoBepka 9P GpeKTHBHO-
CTHU IIPUMEHEHHSI CPEACTB AOKAABHOTO ITOXKAPOTYyIIe-
HUS 1 pa3paboTKa HAyIHO 060CHOBAHHbIX peKOMEH-
AAIIUIi 10 UX IIPUMEHEHHIO.

2. Pa3paboTKa aArOpUTMOB QyHKIIMOHUPOBAHUS
AOKAABHBIX CPEACTB H CHCTeM OOHapy KeHHs IIOXKapa.

3. PaspaboTrka MeTOAUKH OLleHKH 3 PeKTUBHO-
CTH IIPYIMEHEHHUSI yCTAHOBOK AOKAABHOTO OOHApyKe-
HUS U TymeHus noxapa Ha A9C.

Ycnemnoe pemreHne AQHHBIX 3aAad ITO3BOAUT
060CHOBATh [IPUMEHEHHE CPEACTB AOKAABHOTO 00-
HapY>KeHHS U TyLIeHHs II0)Kapa B COCTaBe UHTeTpH-
posanHoit ACY nporusonoxxapsoii samuroin ADC

ACVYII3 ADC BrernaMa aBasieTCS: Brernama.
— BO3MOXXHOCTb y4eTa OIIbITAa CTPOUTEAbCTBA
u akcrayaranuu ADC B Poccun AAsl moBbIIeHUS
0€30IacHOCTH;
Cnucox AuTeparypsi:

1. MexayHapoaHoe corpyaaudectso. Crpouteabctso ADC B Mupe // Be30macHOCTb OKpysKaroIeit CpeAbL.

Ne 1.—2010.
2. Law of Fire Fighting & Prevention - 2013.
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CRITICAL STRESSES AND DEFORMATIONS IN A HINGED-
SUPPORTED RECTANGULAR PLATE BEYOND THE ELASTIC LIMIT

Abstract: The article deals with the problems of critical stress and deformation in a hinged-

supported rectangular plate beyond the elastic limit. We also consider the stability of a curved plate

for the case of a hinged feather along its contour.

Keywords: Critical deformation, critical stress, hinge, plate, elastic limit.
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KPUTUYECKUE HANPAXEHUA U AEPOPMALIUA
B LLAPHUPHO-OMNEPTOU NPAMOYIrOJIbHOU
NJTACTUHKE 3A NMPEAEJIOM YINPYIOCTU

AnnHoTtanus: B cTaTbe paccMaTpUBalOTCs IPOOAEMbI KPUTHIECKOTO HAITPSDKEHMS U AePpOpMaIiy

B IIAPHUPHO-OIEPTOM NPSIMOYTOAbHOM IAACTHUHKE 32 IIPEACAOM YIPYTocTH. Taxke paccMOTpeHO

YCTOIZ‘II/IBOCTI) HSOFHYTOﬁ IMAACTHHKH AASL CAydas HIAPHUPHOTO OIIEPEHII BAOAD €€ KOHTYpPa.

Karouespie caoBa: Kpurnueckas aedopmanus, KpuTuieckoe HallpsDKeHYe, IMapHUpP, MAACTUHKA,

IIpeAeA YIPYTOCTH.

YpaBHeHUsT paBHOBECHSI 9AEMEHTA H30THYTOM

IIAQCTHHKH, CXKATOM BAOAb OCH X PaBHOMEPHO pac-

IpeAeAeHHBIMU YCHAUSME O H, CBOASTCSI K OAHOMY

[3]:

O’AM, _0’AH O°AM,

42 + —=-0h—;

ox oxdy Oy ox

Bripaxkasi BHyTpeHHUX YCHAMHI 4Yepe3 QYHK-

o’w (1)

IIMIO TIPOruba MoAyYaeM ypaBHEHHEe YCTOMYHBOCTH

B BUAE:

VAV l—ﬂ 0 (0w +182w :_G_hazw. (2)
v, Jox’| ox® 20y’ D, 0x

3aech E, KacaTeAbHOM MOAYAbD;

Vo+ ceKyImuil MOAYAb KPUTHUYECKOM TOUKH;
2 2

0 1
V2 = axz +a—y2, DO =§l//0h3 . (3)

PaccMoTpuM yCTONYMBOCTD U30THY TOM IIAACTHH-
KU AASL CAyYas IIAPHUPHOTO OMIUPAHHUS BAOAD €€ KOH-
Typa (puc. 1). B aToM cAydae pemeHue ypaBHeHHs
(2) mpeacTaBAsieTCS B BUAE ABOITHOTO psipa

w(x,y)= iicm sin % sin ”?’, (4)
a

m=0 n=0

Kax B AuHeitHO-yIpyroii 3asade OyseM CUUTATD,
YTO MHHHAMAAbHOE 3HAYeHHe CKUMAIOLIEro YCHAUS
oh 6yaer TOrAa, KOrAa B ABOMHOM 6€CKOHEYHOM
psiae (4) Bce YAEHBI PaBHBI HYAIO, KPOME OAHOTO, PaB-
HOrO:

C,, sin MZX in Y. (5)
a

Boipaxenwue (4) ynpomaeTcs 1 IPMHAMAET BUA
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w(xy)=C,, sin X sin 2L (5)

IMoacrasass (S) B (2), moaygaem

ohm’ _ m’ +n_2 ’ 1 E \m'n*(m’ N n (6)
2 2 2 2 2 2 P
a’D, a b v,) a \a 2b

R RAA A4 i:——"‘
ANNILELN,

PucyHok 1. CxaTas wapHUpHo-onepTas
NPAMOYroJfibHas NnacTUHKa

MuHrMaAbHOE 3HaYEHHE CXKMMAIOIIEro YCUAUS
6yaeT UMeTb MecTo, ecAr B (S) moaosxuts #1 = 1. Tor-
AQ TIOAYYUM

2 \? 2
Gkrh=7'[2220 m+—2 ~ | - E m2+a_2 (8)
a mb v, 2b

B coorBercTBUU C 3TOM GOPMYAOH IAACTHUHKA

MOJKET BBIITYy4YHUBATHCS B HAITPABACHUH CXKATH 110 He-
CKOABKHMM IIOAYBOAHAM ( m=1, 2, 3,....), a B IIepIIeH-
AUKYASIPHOM HAIIpaBAEHHUH OHA OYAET UIMETb TOABKO
OAHy TIOAyBOAHY (n=1).

PaccMoTpuM cAydaii, KOrAa m =1; Ipu 9TOM
dopmyay (8) mpeacTaBuM B Bupe

2 2
ak,hz,,zg;(hz)_ B L e )
v [\a b w, \2 b

mAM, Ha ocHoBauuH (5.3.3), B BUA

2 2 2
Gkrznzh_lffzo(hzj_ _E L e
9% |[\a b v, \2 b

OTCHOAQ CACAYET KPUTHYIECKOE 3HAYEHHE O krh

2
a'D
o h=n"—>"-
. )
7
m ') E \m(m’ n’
. _2+b_2 - 1-— — —2+7 .
a v, )a \a 2
O
T 6=45000 B
y
4 o =21000
£, =0,001 e
A g, =0,170

PucyHok 2. [lnarpamma pacTtskeHuns
cXxaTtua a1 CTPMOTESNIbHOM CTanu

/\AS KBAADATHO# IIAACTHHKYU a = b U ypaBHeHue
ycroitausoctu (10) 6yaer

2
o, =TV 3B ()
9 8L v,

Kpurunueckoe HanpsbkeHHe O, CBSA3aHO HEAMHeM-
HOHN AMArPaMMOM O; —&, U II03TOMY ypaBHEHHE 9)
SIBASIETCSI OTHOCUTEABHO O, HEAUHEIHbIM.

byaeM cunrary, 4TO MaTepuaA IAACTUHKH SBASETCS
CTPOUTEABHOM CTAABIO M [IO3TOMY BBEAEM B PaCcCMO-
TpeHHe AMarpamMMy O; —§&,; TOKasaHHyto Ha (puc 2).

B cooTBeTCcTBUU C 9TOM AMArpaMMOM BXOAAIIHE
B (11) cexymmuit MOAYAD W, U KacaTeAbHbIM MOAYAb
E, onpepeasrorcss popMyaaMu

F y
Wo=—3 E =n=, (12)
e X
TAE }/=GBP—G; x=£8p—g.
YpaBHeHMEe YCTONMYMBOCTU ( 1 1), AASL yAOOCTBa
IOCTPOEHHsI HEOOXOAMMBIX IPadUKOB, IPEACTABIM

B BUAE
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2 2
b_2:4i|:1_§(1_£j:|. (13)
h*  9¢ 8 v,

Ecaunioaoxurs @/b =2, 1o Toraa ypasuenue (8)
TIPHBOAUTCS K BUAY

Z_257T2 _l_i l_ﬁ
o o36s| 25\ w, )|

(14)

Aas a/b =3, ypasuenue (8) 6yaer
LA (L R VY P
Koo8le | 2000 v, )|

IToabsysich popmyaamu (13), (14) u (15) moxuo
HOCTPOUTD IpadpUKY UBMEHEHHS KPUTUYECKHX CKU-

(15)

MAIOIUX [MAACTUHKY HalPsDKeHUN O, B 3aBUCHMO-
CTU OT OTHOIIIEHUS a/b =12,3.

IIpu sTOM BbITy4YHMBaHUE IAACTUHKH BAOAD OCH
X IIPOMCXOAMT II0 OAHOM IIOAYBOAHE ( m=1 )

Ha puc. 3. moxasasbl Tpu rpaduka, OTPaXKaAIOIIIX
3aBUCHMOCTD KPUTHYECKUX HANPSDKEHUN O, OT OT-
HOCUTEAbHOM TOAmUHSBI aacTuHku b/h. Ilyskrup-
HOY AMHMeT TOKa3aHbl AHAAOTUYHbIE TPAPUKU AAS
AVIHEMHO-YIIPYTOH 3aAA4M.

Ecau BbITy4YnBaHMe MAACTHHKYU IIPOUCXOAUT IO
OAHOM TIOAYBOAHE Kak BAOAb ocu y (n=1), Tak
¥ BAOAb ocu X (11 =1, TO MOXHO HAPUCOBATh aHa-
AOTHYHbIe IPadUK, KaK PUC. 3, CBA3BIBAIOIINE KPUTH-
YeCKye HHTeHCUBHOCTHU AepOPMAIIUH U OTHOCHTEAD-
HbIE TOAIIHBL

CocTaBUM ypaBHEHUS yCTOMYNBOCTH AACTUHKU
IPY HEKOTOPBIX APYTHX ITApaMeTpax. AAS 9TOM LieAU
ypasuenue (8) npeacrasum, ¢ yuetoM (3), B Bupe

2 2
h 90\ a mb

~ b'm*/a* +0,5 (l_ﬂj (16)
(bm/a+a/mb)2 v )|

45000 o] o
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4
‘.
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PucyHok 3. rpadurk 3aBMCUMOCTb KPUTUYECKNX HAMPSXKEHWIN O,
OT OTHOCUTENIbHOM TOJILLMHBI NACTUHKWN

MeHs4 B 5TOM ypaBHEHHH YHCAO ITOAYBOAH 1
u oTHouIeHUe a/b OAyYaeM ypaBHEHHUs yCTOMIUBO-

CTH AASL CAEAYTOIIIMIX CAYYAEeB:
1. a/b=1; m=2,

b  257° 18(. E
22T, =2 h-= 0 (17)
h® 360, 250 vy,

2.a/b=2; m=2,

(18)

2 2
h 9o-kr 8 V/O

3.a/b=2; m=3,
2 2
b—zz 1o , 1= 2 1Bl (19)
K 9,360, 1690 v,

4.a/b=3; m=2,
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b _ 1697 {1_3_4£ _ﬂﬂ (20) 6.alb=3; m=4,
. :

72 v
S.alb=3; m=3, Wo168lo, | 625 w, )|
b*  4n’ 3(, E
e 1 R RSl | N €3V
h* 9o, 8 v,
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PRUFSTAND FUR DIE BEWERTUNG EINIGER
KENNZIFFERN UND SEINE MODERNISIERUNG

Abstract: Im Artikel handelt es sich um die Arbeit des Priifstands und seine Modernisierung,
um die Bewertung von Warmeeffektivitit und hydraulische Widerstinde zu verbessern. Hier stellen

wir unsere Ergebnisse der gemachten Vervollkommnungen.

Keywords: Priifstand, Gerit, Kithlung, Test, Warmeaustauscher, Modernisierung, Labor, Efhzi-

enz, hydraulischer Widerstand.

In diesem Beitrag handelt es sich um die Vor-
richtung, die Funktionsweise und die Modernisie-
rung des Priifstands, die Bewertung der hydrauli-
schen Widerstinde und thermischen Effizienz der
verschiedenen Prototypen von Wirmetauschern
(im folgenden Teststand). Die Modernisierung des

aktuellen Prifstands wurde von uns durchgefiihrt,
um seine technischen und Betriebsparameter zu ver-
bessern: Messgenauigkeit, Betriebssicherheit, Leich-
tigkeit bei der Montage und Demontage.

In einem Kreis befindet sich ein Labor-Prototyp
der Luftkiihlung, die in der Abbildung dargestelltist.

Abbildung 1. Zweiter Kontur des Prufstandes

Er tragt in sich zwei Funktionen: Kithlung des
Arbeitsmediums fir die Wiederverwendung im
Experiment und die Bewertung der thermischen
Effizienz wie die verschiedenen Darstellungen des
Rohrbiindels und der Konstruktion und Auslegung
gerippter Rohre (Lamellenabstand, Durchmesser
Finning, Material Finning).

Der Priifstand selbst besteht aus zwei Kreisen.
In einem Kreis wird das Arbeitsumfeld im Ofen

erwiarmt und im Testwirmetauscher abgekihlt. Im
zweiten Kreis wird ein weiteres Arbeitsmedium im
obigen Wirmetauscher erwiarmt und in der Luftkiih-
lung abgekiihlt.

Die notwendigen Parameter der Knoten des
Zweikreis-Standes, nimlich die Temperatur, den
Druck, die Geschwindigkeit der Luft und den Auf-
wand des Thermofluids auf dem Eingang kann man
mit Hilfe des Bedienteils einstellen. Das Panel ist auf
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dem lokalen Server des Computers installiert undist ~ tuationen der identisch realen Einsatzbedingungen
tiber die Webschnittstelle (Abbildung 2) zuginglich.  erzielt. Damit waren durch ein Experiment die not-
Bei der Anpassung dieser Einstellungen werden Si- ~ wendigen Daten erhalten.

&~ fa-a | 192.168.180.168/panel_ajax/?powerl =100

OoHoBHTE]

Peent |Tcp.eoza Veoaa Veoas! |Pr3n|| Tep.eoast
100 ||36.88 0.2189210355//0.00013|[0 49.75

T eozayxa, Bxox|T eozayxa, Beixen||T soxel, xon||T eoner eexon||Cxopocts Bo3a. a/c||Pacxon eoaer, a/c|T ages, exon|Momas. pert-pa| Momn. T3Hoe||Moma. gacoca||Teym. pent-pal

25.57 482 50 495 3.09867 0.13 25.5683 100 0 0 268
Teumnepatypa. °C: |30 ‘i\ | BKOKUUTS KNUMAT KOHTPOME |

‘- BriknwueHue cTeHga

Harpyaxa 1. %:{ 0 | 5 [ 10| 1520 | 25 30 | 35 | 40 | 45 [ 50 | 55 | 60 | 65 | 70 | 75| 80 [ 85 | 90 | 95 | 100 | Bemrunarop

Harpysxa2,%:| 05| 10|15 | 20 | 25 | 30 | 35 | 40| 45 | 50 [ 55 | 60 | 65 | 70 | 75 | 80 | 65 | 90 | 95 | 100 | TSHm

Veranosnena MomHocTs 100% Ha koETpoIIEpe 1.

Abbildung 2. Bedienungsfeld des Prifstands
Die Komponenten des Laborpriifstandes sind in Abbildung 3 dargestellt.
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Abbildung 3. Schematische Darstellung des Zweikreis-Standes
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Die Messwerte aller Messgerite werden von
Mikrocontrollern erfasst, verarbeitet und an den
Computer tibertragen, wo der Benutzer iiber das
Bedienungsfeld die erforderlichen Informationen
sehen kann.

Das Arbeitsmedium wird in den ersten Kreis
durch den Schlauch und das Ventil 25 zugefiihrt.
Der Wasserdruck wird durch eine Kreiselpumpe
7, dessen Stromungsgeschwindigkeit durch den
Durchflussmesser 9 gesteuert erzeugt wird. Den
Eingangsdruck iiberwacht der Drucksensor 17,
und die Temperatur — Temperatursensor 12. Die
Durchflussregelung erfolgt durch einen motorisier-
ten Kugelhahn 21. Die Erwdrmung des Arbeitsme-
diums auf die gewiinschte Temperatur wird in der
Heizvorrichtung 3 durchgefiihrt. Vor der Riicksen-
dung des Arbeitsmediums in den Empfinger S wird
der Druck durch den motorisierten Kugelhahn 24
geregelt, und der Ausgangsdruck wird durch den
Drucksensor 20 und den Thermostat 15 gemessen.
Luft und Wasserdampf (falls vorhanden) wird aus
dem Kontur des Standes durch das Majewskij-Ven-
til 28 freigezetzt.

Ahnlich wie bei einem Prozess in der zweiten
Schaltung, wo die erwiarmte Flussigkeit in der
Luftkiihlvorrichtung gekiihlt wird. Die Luft am
Eingang der Luftkihlung-Gerit wird mit dem
Thermoanemometer 11 beim registrierenden
Luftdurchsatz gemessen. Am Ausgang wird die
Temperatur der warmen Luft durch den Sensor
16 registriert. In Position 8 ist ein Ventilator, der
im Luftversorgungsmodus in den Warmetausche-
rabschnitt liuft, gekennzeichnet. Die umgekehrte
Luftrichtung wird aufgrund der Schwierigkeit der
Zufuhr von kalter Luft aus dem Liiftungssystem an
der Oberseite des Prototyps Luftkithlung-Gerit
nicht empfohlen.

Alle Sensorwerte werden mit Mikrocontrollern
im elektrischen Schaltschrank gemessen, verarbeitet
und aufgezeichnet.

Die Wartung von Wirmetauschern ist eine
Schliisselveranstaltung, die einen reibungslosen Be-

trieb der Heizungs- und Heizsysteme gewéhrleistet.
Alle Wirmetauscher miissen schnell und kompetent
gewartet werden. Im Rahmen der Wartung wird das
Waschen, Reinigen der Elemente des Warmeaus-
tauschsystems, die Einstellung und Inbetriebnahme
durchgefiihrt.

Die Modernisierung wurde von uns durchge-
fihrt, um Schwachstellen zu beseitigen, die sich
negativ auf das Erhalten der korrekten Ergebnisse
auswirken. Zum zweiten Kreis, wo sich Luftkiih-
lung abgekiihlt befindet, sind von Spezialisten auf
beiden Seiten die zusitzlichen Theken fur die Kol-
lektoren geschweifit. Von ihnen wird das erwirm-
te Arbeitsumfeld in die gerippten Rohre versorgt.
Zunichst wurde der Kollektor an den Stinden des
Gehauses befestigt. Es war kompakt in Bezug auf
Platzbedarf und weniger Metall in Bezug auf die
Gestaltung des Gehiuses, aber gleichzeitig auch
schwierig zu warten und zu betreiben. Und Sani-
tar-Schlduche, die als Verbindungsbriicke zwischen
den Kollektoren und gerippten Roehren diente,
verdreht wihrend des Ziehens der Verschraubung.
Diese Kurven storten den reibungslosen Strom der
Flissigkeit, wodurch der hydraulische Widerstand
und die Auswirkungen auf den Verlauf des Expe-
riments und das Endergebnis zu beruecksichtigen
sind. Wir festigten den Kollektor an speziellen
Pfosten, die eine schraubenférmige Gewinde fiir
Schrauben in jeder Oberfliche haben. Jetzt ist je-
der Kollektor gegeniiber der Rohrreihe auf einem
Niveau mit ihm, es hat erlaubt, die Linge der auf-
gebrachten Schliduche zu verringern.

Die Gehiduse-racks wurden mit einem speziel-
len Rohrverbinder-Typ “Krabbe” befestigt, um die
Konstruktion demontierbar fiir den Transport zu
machen. Aber wenn man bedenkt, dass die Roh-
re Flussigkeit haben, die die Last an den Stindern
erhoht, war diese Konstruktion nicht ganz robust.
Dieses Problem wurde durch Schweiflen von Stian-
den untereinander gelost, wodurch eine vollstindi-
ge Unterstiitzung fiir das Gehause, in der Lage, alle
notwendigen Belastungen standhalten.
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Die Verbindung der Knoten des Priifstandes
verwirklicht sich mit Hilfe der Schliuche vom
Durchmesser 32 mm. Sie werden an die Stutzen mit
Hilfe der verstirkten Klemmen befestigt, die fihig
sind, den hohen Kennwert des Drucks standzuhal-
ten. Um Biegungen der Schliduche zu vermeiden,
waren die Anschliisse der Standesknoten durch
Verschraubung der Stahlecken montiert.

Noch ein wichtiger Faktor, der bei den Expe-
rimenten auf dem Priifstand besonders beachtet
werden sollte, ist die Genauigkeit und die zulis-

e

sigen Fehler der Priifgerite sowie der Auswirkun-
gen der Umwelt. Es wird erwartet, dass die Luft im
Bereich der Testphase im Laufe der Zeit erwarmt
werden kann. Wir haben eine Reihe von Tempe-
raturmessungen wahrend der Test-Start des Prif-
stands durchgefiithrt. Die Temperatur der Luft am
Eingang im Laufe der Zeit veridndert sich, was nicht
sein sollte. Dies kann die Genauigkeit der empfan-
genen Daten nach dem Experiment beeinflussen.
Den Gelindeplan zeigt die Abbildung 4.
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1 - Fan, 2 — Kanal, 3 — Luftkiihlung, 4 — R6hrenheizung, 5 — Empfanger, 6 - Pumpe, 7 —
Abschirmung mit Mikrocontroller, 8 — elektrisch, 9 — der Arbeitstisch des Ingenieurs
Abbildung 4. Plan des Raumes vor der Modernisierung

In diesem Zusammenhang wurde beschlossen,
die Modernisierung des Liiftungssystems in der
Zone der Testphase durchzufiihren.

Es wurde ein Plan fiir die Modernisierung der
Liftung gestellt:

1) Messungen, Markup der technologischen Lé-
cher durchzufiihren,

2) technologische Locher fiir die Installation von
Luftkanalen zu machen,

3) Kanalanschluss mit Liiftergehiuse zu gewihr-
leisten,

4) Kanalzufithrung zum technologischen Loch
und anschlieflende Montage zu verwirklichen,

S) Montage der Gitter mit Filter,

6) Installation der Verkabelung,

7) Montage des Entliiftungsventilators,

8) Montage des Luftkanals des Abziehsystems,

9) Montage des Knies am Ausgang der Luft aus
dem Prototyp der Luftkiithlung abzuschliefen. .

Der Plan des Grundteils nach der Modernisie-
rung ist in der Zeichnung S dargestellt.
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1 — Ventilator, 2 — Kanal, 3 — Luftkiihlung, 4 — R6hrenheizung, 5 — Empfanger,
6 — Pumpe, 7 — Abschirmung mit Mikroregler, 8 — Elektrik,
9 - Arbeitstisch des Ingenieurs, 10 — Abluftventilator

Abbildung 5. Plan des Raumes nach der Modernisierung
Nach den durchgefiihrten Ventilationsarbeiten  peratur im Laufe der Zeit blieb konstant mit einem

haben wir den Priifstand gestartet und die Tempera- ~ Fehler von + 0,018 C.
turmessungen am Eingang durchgefiihrt. Die Tem-

Abbildung 6. Zweikreis-Prufstand nach der Modernisierung

Die durchgefiihrte Arbeit an der Modernisie-  bestimmter Faktoren auf die Richtigkeit der Endda-
rung des Prifstandes hat uns erlaubt, den Einfluss  ten von Experimenten zu beseitigen.
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PA3PABOTKA BA30OBOW APXUTEKTYPbI AJ19 EQUHON
PETMOHAJIbHON UHOOPMALMOHHOW CUCTEMbI
BblAA4YU ONEPATUBHON UHOOPMALIUMN

AnHoOTanus: B AQHHOI cTaTbe pacCMaTPUBAETCS IIPOLIECC CO3AAHIS 0a30BOI CTPYKTYPBL, SIBASIIO-
IefCsl OCHOBOM AASL QYHKIIMOHUPOBAHUS HHPOPMALIMOHHOM cucTeMbl. Ocob0e BHIMAHIE YAEACHO
IPOLIeCCy pasrpaHUYeHNUs IIPaB AOCTYIIA K 0COOEHHOCTSM HACTPOUKYU IIOAUTHKY Oe30IaCHOCTH.
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KaroueBbie cA0Ba: ”HPOpPMAIIMOHHbIE TEXHOAOTUH, UHPOPMAITMOHHAS CUCTEMA, TOAAEPIKUBAIO-

wast apxuTekTypa, Web-server, moAuTrKa 6€30I1aCHOCTH, pasrpaHUdeHre AOCTYIIA.

Pa3BuTie oTpacAM MHPOPMALMOHHBIX TEXHO-
AOTHI1 TIO3BOAMAO CO3AABATh OBICTPOAEHICTBYIOIIIE
CHUCTeMbl 0OPAOOTKH OIepaTUBHON MHPOPMALIHH,
KOTOpBIe CIIOCOOHBI COXPAHUTh ITOAHOTY, aKTyaAb-
HOCTD U IOHATHOCTb nHopManuu. Takue cucTeMsl
0COOEHHO aKTyaABHBI B Cdepax 3APaBOOXpaHEHHS
U 9KCTPEHHOTO PearupoBaHuUsL.

KAroueBoit coCTaBASIIONIEN TAKUX CUCTEM SIBASIET-
Cs TIOAAEP>KHUBAIOIIAS APXUTEKTYPA, Ha 6aze KOTOPOIt
1 QyHKITMOHUPYeT caMa MHPOPMaIIMOHHAs CUCTeMa.

IToaTomy 3apada IO CO3AQHUIO U HACTPOFIKE ITOA-
AP KUBAIOIeH apXUTEKTYPbI IBASIETCS AKTYaABHOIL.

Leato Hamreft paboOThI SIBASIAOCH CO3AaHUE 6a30-
BOM apXUTEKTYPHI i AHAAU3 ee KOMIIOHEHTOB Ha Ha-
AEXHOCTD, THOKOCTD, AOCTYIIHOCTD. AAsI €€ AOCTIDKe-
HUSI HEOOXOAMMO OBIAO PEIIUTD CAEAYIOLIUE 3aAQUH:

— 000CHOBaTh BBHIOOpP aNIIAPATHOIO U IIPO-
rpammuoro (OC, Web-Server, BA, mporpammsr aa-
MHHUCTPUPOBaHHs) obecredeHus, HeOHGXOAUMOTO
AAs QYHKIIMOHMPOBAaHUSA €AMHON perdoHAaAbHOM
UHOPMAIIMOHHON CHCTEMbI BHIAQUH OII€PATHUBHOMN
MHPOpMaIHH;

— pasrpaHHYUTD IIPaBa AOCTYIIA B CO3AABAEMOI
MHPOPMAIIMOHHOM CHCTEMe.

ITporecc Bueppenus MC HaunHaeTcs ¢ BbiboOpa
KOMIIbIOTepa-cepBepa. AAsI TOAAEPXKKH IIPEAIIOAA-
raeMoro IporpaMMHOIO ObecredeH st HeOOXOANMO,
4TO OBI CEpBep 00AAAAA CACAYIOLIUMHE XaPaKTEPUCTHU-
Kamu: mpou3BoauTeAbHbIit iporieccop (Intel Core
76700 4 siApa B 8 IOTOKOB); OTEpaTUBHAS TAMSIT
4 noxoaenus (16T DDR42133mrr; PC4-17000);
rurabuTHBIN ceTeBOM UHTeperic; Haamdre RAID
KOHTpOAepa; Hakomuresb uHdopmaruu (2 x 2T6
7200 61m).

B xadecTBe omeparnOHHOM CUCTEMBI HAMH ObIAQ
BbIOpaHa OIlepaljioHHas CUCTeMa ceMeicTBa Linux,
auctpubytus Ubuntu 16.04 LTS. Tax xak ocHOB-
HBIMU [TPEUMYIIeCTBAMU AQAHHOTO AMCTPHOYyTHBA
SBASIIOTCS: HAA@XKHOCTD U 6e30macHOCTD (B AMC-

Tpubytuse Ubuntu oco6oe BHIMaHME yAeAseTCS
OTCAEXMBAHUIO YSA3BHMOCTEH M OIIEPATUBHOMY
BBIITYCKY 3aIAATOK); AOATOBpEeMEeHHasl IOAAEPIKKa
H conpoBoxaenue (peans, momedennsiit kak LTS —
Long Term Support, «moapepikKa B Te4eHHE AAH-
TEABHOT'O nepnoAa») ; IPOCTOTa U YAOOCTBO HC-
IIOAb30BAHMS; IIHPOKHUH CIIEKTP ITOAAEPKUBAEMOTO
000pyAOBaHUS; KaueCTBEHHbIe HHCTPYMEHTHI pe-
3epBHOTO KOIIMPOBaHMUs; becrAaTHOe paclpocTpa-
HeHUe CHCTEMBL.

Ha sTame ycTraHOBKM OIepaIlMiOHHOMN CHUCTEMBI
Ubuntu Heo6X0AMMO OCYILIECTBUTh HACTPOMKY
RAID-maccuBa. RAID — aT0 MaccuB, COCTOSIIITUN U3
ABYX HAH 60A€e TOAHOCTBIO MACHTHIHBIX APYT APYTY
JKECTKUX AMCKOB, IIPEAHA3HAYEHHbIN AAS ITOBbIIIIE-
HUS HAASKHOCTH XPaHEHHsI AAHHBIX U (uAm) TIOBBI-
IIEeHUs] CKOPOCTH YTeHHUS (3amucu) paHHBIX. B Hanrem
cay4ae BbiOpana koHnenmust RAID1, maccus cocro-
UT U3 ABYX XKECTKUX AUCKOB, paOOTAIOLINX B PeXXUMe
3epKaAMpPOBAHUS 3aMUChIBaeMOM HHYOPMAIIHH.

Aaaee 6bia ycTaHOBAEH U HacTpoeH Web-server
U COITyTCTBYIOIHe KoMoHeHThL. B xavecte HTT'P
cepBepa BbiOpaH cepBep Apache 2, obaaparommuit
BBICOKOM HAaASKHOCTBIO M THOKOCTBIO. B kauecTBe
MHCTPYMEHTA AASL CO3AQHMSI AMHAMHYIECKOTO COACP-
>KHMOTO BeO-IIPUAOXKEHHsI HCIIOAB30BaH si3bik PHP
Bepcun 7.0. Taxoke PHP ncnoansyercs aast B3aumo-
AENCTBUS Be6-np1/1Ao>1<ele ¢ ¢aiiroBOI CUCTEMOM
cepsepa [1].

B xauecTBe CHCTeMBI yIIpaBAeHHs 0a3aMU AQHHbIX
ucnoapdyeM MySQL. Eé mpenmMymrecTBa 3akaro4a-
I0TCSI B OBICTPOAEICTBUM, HAAEXKHOCTH, IIPOCTOTE
HCITOAB30BAaHMSI U 0€CIIAATHOM PaCIIPOCTPaHEHHUH.
B xagectBe Web — untepdeiica oA aAMUHUCTPHPO-
BaHMSI CHCTeMBI yIipaBAeHs 6asamu pAauHbix MySQL
6b1AQ UCIIOAB30BaHA TporpaMma phpMyAdmin.

Taxoke OBIAM YCTAHOBAEHBI AOTIOAHHTEABHBI MO-
AyAr aast obecriedenus cssisu PHP ¢ Apache u PHP
c MySQL (cxema 1) [2].
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libapache2-mod-php

l

R

Apache2
PEE—

PHP

php7.0-mysql

. SEE—

v

MySQL

Cxewma 1. Bzanmogerictemne moaynemn seb-cepeepa

B xauecrtBe cucrems! yrpaBaenust Web-carirom
¥l €TI0 3aIIUTHI Mbl HCIIOAb30BAAU HHCTPYMEHTAPHUIL
paspaborkn MODX Revolution. Ero xoHuermst
OCHOBaHa Ha ucroab3osanue frontend u backend
npeacTaBAeHU, rae frontend — Be6-cafiT Aast pas-
MellleHust U BBIAQUH nHopManuw, a backend — aa-

MHHUCTPATHBHAS ITAHEAb CaliTa, IpeAHa3HAYeHHAas
AASL HACTPOMKH IPaB AOCTYTIA M HAIIOAHEHHS CaiTa
HHPOpMaIHen.

IToautuka 6e3omacHoctu cuctembl MODX 6a-
3UpYyeTcs Ha IPaBax, MPEAOCTAaBACHHBIX AASL TPYIIII
moAb3oBareaeii (cxema 2).

prlaanc"monx —_— ['pymma monszoeaTencH <«— [pymme! pecypcoe
[TonuTHEH Frontend Backend [TonuTHEH
AocTyma Nel {(Web) (Mer) AocTyma Nel
Cxewma 2. lNpaea goctyna rpynnbl NoNb30BaTENEN
I pynna noaszoearensi Nel
I pyome pec. Nel (MEH. poas: () ;| momez. Mel (pons: O-SuperUser)
pecypCoE: .

pec. N2 (MHH. poas: 9999)

noawz. No2 (pons: 9990-Member)

Herommmmm

HcT. Nel (MuE. pons: 0) o Nel (MEE. pons: 0)

HeT Ne2 (MEH. poas: 1000) mo1. Ne2 (MEH. poms: 1000)

_ moa. Ned (vEH. poas: 9900) h

Cxewma 3. CocTtas rpynnbl nonb3osateneinn N2 1

HCT. N3 (MHH. pods: 9999)
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[loapzoearens 1

Pec. MNe 1.2

Her MNe1.23

TTom. M= 1,23

Iloaszoparens 2

Pec. N2

Her Ne 3

Cxema 4. I'IpaBa N KOMIMOHEHTbI OOCTYMNHbIE OJ14 noJsib3oBaTenemn

AASL KQKAOTO M3 KOMIIOHEHTOB (MCTOYHHK (aii-
AOB, TPYTINIa PECYPCOB, TOAUTUKH web/mgr) 3apa-
eTCSl MUHMMAABHASI POAD, AASL HCITOAB30BaHUS. PoAb
IIOAB30BaTEeASs] — HHCTPYMEHT pasTpaHHYeHMs IIPaB
BHYTPH I'PYIIIIbL

Kaxxpast poAb COOTBETCTBYeT HEKOMY 3HAYCHHIO
o1 0 A0 9999. Yem MeHbIIIe 3HAUEHNE, TEM BbIILIE POAD.
0 — moAHBIe IIpaBa Ha 9A€MEHTBI IPYIIIIB, K KOTOPOH
IIPUHAAAEXKHUT IIOAB30BaTeAD, 9999 — MUHNMaAbHBIE.

PaccMoTpuM pasrpaHuYeHHe ITPaB AASI TOAB30BA-
TeAell BHyTpu rpymmsl. Ha ocHOBe cocraBa rpymmst
C ONMCaHUEM AOCTYIIHBIX KOMIIOHEHTOB M IIPaBaMH

Ha MX MCIIOAB30BaHKe (cXeMa 3), IOAYIHMM CAEAYIO-
IIMe AOCTYTIHbIe KOMIIOHEHTBI AASL TIOAB30BaTeAE
C Pa3AMMHBIMH POASIMH B rpymne (cxema 4).

PasaeAbHbIE TTOAUTHKH AOCTYTIA AAS KQKAOTO
npepcrasaenud(frontend u backend), coBmecTno
C pasrpaHHYeHHEM PECYPCOB M HICTOYHUKOB (PailA0B
TIO3BOASIIOT AOCTAaTOYHO MOKO HACTPaMBaTh IIpaBa
noab3oBareaeit [3].

B pesyabrare mpopeAaHHOM paboTbl HaMH
OIIPEACACHHA CTPYKTYypa €AMHOM PEernOHAAbHOM
MHPOPMALMOHHOM CHCTeMbI BBIAAYU OTIEPATUBHOM
nHpopmarmu (cxema S).

Web-npanoEeHEHEe _
(EmmHat peroHanbHAY HHQOpMANHOHHAY =~
CHCTeMaA BEIJ39H ONEPaTHEHOH HEQOPMALTHHE)

Web-cepeep H CONYTCTEVIOMHE KOMIOHEHTE
(Apache 2, PHP 7.0, MySQL 5.5,
libapache2-mod-php, php7.0-mysql)

OnepanHoHHAT CHCTEMA
(mucTpHOVTHE ceMedicTea Linux: Ubuntu 16.04 LTS)

AnmnapatHoe o0ecnedeHHE
(LTI Intel Core 17 6700, O3V 16T DDR4 2133nr11, THra0HTHEIHR
cereeoil HHTepdeiic, RAID xorTpoaep, HDD 2 x 2T0 7200 dmu)

Cxema 5. 'toroeasi CTpykTypa MHPOPMALIMOHHOW CUCTEMBI
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Abstract: This article considered of the method for increasing oil recovery, reservoir properties,

and determination of the grain density, also at the porosity and permeability properties.

Keywords: well production, associated gas, high pressure, pumping- water alternating gas, oil

recovery.

Opver the past decade, the structure of oil reserves
in Russia’s fields has changed significantly, the share
of hard-to-recover reserves is increasing. There are
all prerequisites to the fact that the share of hard-to-
recover reserves in the total balance in Russia will
amount to 75% by 2020.

The processes of increasing the degree of extrac-
tion of oil from the interior by injecting associated
high-pressure hydrocarbon gases into the seams were
first applied in the USSR in 1966 at the Ozek-Suat
(Stavropolskiy Kray) oil and gas field.

Prior to the gas injection, oil production was car-
ried out under the depletion regime, and the oil re-
covery achieved (15%) was considered to be finite,
The flow of wells was stopped, and their pumping
operation was not mastered. The application of the
waterflooding method was also impossible because
of the extremely low water injection (16-24 m*/day
at a pressure of 15.0-20.0 Mpa).

In pilot-industrial, and then on an industrial scale,
oil was displaced by associated gas, compressed to
30-32 MPa. Soon after the gas injection began, the
reservoir pressure on the site began to increase sig-
nificantly, and all the wells were transferred to the
fountain operation. The operating hours of the pro-
duction wells without increasing the gas factor of the
produced products (before gas breakthrough) were
atleast 2.5-3 years. There was a smooth, gradual in-
crease in the gas factor after a gas breakthrough.

Oil recovery of the Ozek-Suat field for 20 years of
development by a new method exceeded 80% of the

initial balance reserves of oil, additional oil produc-
tion amounted to about 1 million tonnes [1].

The best prospects are the effective technology of
HBV using pumping-ejector systems, which allows to
prepare a water-gas mixture on the surface and pump
it into a reservoir, with equipment that can be success-
fully used in field production conditions [2]. A sche-
matic diagram of this technology is shown in (Fig. 1).

This technology assumes the production of a
fine-dispersed water-gas mixture (MWGS) on the
surface with the help of the pumping-ejector system,
followed by pumping it into the formation. The gas
from low pressures (for example, the pressure in
the three-phase separator is only 0.4 MPa) is com-
pressed to the pressures necessary to pump the mix-
ture into the formation (up to 15.0-20, MPa). Thus,
the technology makes it possible to avoid the need
for high gas pressure at the reception. The use of sur-
factants in the system allows not only to reduce the
harmful effect of gas on the operation of a centrifugal
type booster pump, but also to increase the degree
of displacement of oil by the mixture. In addition,
the presence of surfactants in the composition of
the working agent makes it possible to create a stable
finely dispersed water-gas mixture that can be trans-
ported from the surface to the formation without
being divided into components. The protection of
a gas bubble (a shell of surfactant) reliably separates
gas and water even at very high pressures, also reduc-
ing the likelihood of formation of gas hydrates in the
wellbore and formation. With other technologies,
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without the presence of surfactants, the problem of

hydrate formation remains unresolved. Associated

natural gas or mixtures thereof will used as the gas
phase for pumping into the formation.

Y

Figure 1. The basic scheme of the implementation of the pump-ejector technology
HBV: 1 — ejector; 2 — injection wells; 3 and 4 — pumps; 5 — container with
surfactant; 6.7, and 8 — adjustable valves; 9 — water injection line; 10v—gas line;
11 - aline of submission of a surfactant; 12 — water and gas injection line

A water-gas mixture of the base composition with a
gas content of about 25% is injected into the injection
well of lower injectivity under thermobaric conditions,
reduced to the reservoir conditions of the reservoir in
question. Surface-active substances are not added.

In the future, the steps are repeated, and in each
cycle, when injecting the first rim, an injection well
with the lowest injectivity is selected from the mea-
surements of the previous

cycle, and a water-gas mixture of lower viscosity
is pumped into it, and a higher-viscosity water-gas
mixture is pumped into the injection well.

To carry out the experiment in a laboratory
study, as an example for determining the grain vol-
ume and the porosity value, we used a rock sample
(core) extracted from a single well of the Vankor

oil-gas field.

40
35 AN

v =0,0685x*- 1,2714x* + 2.067x + 39.76

R*=0,9983

™~
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Figure 2. Graphic chart of the disk grain volume and received equation of line
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3 2 2
Verain =A-(£J +B-(ﬂ] +C-(5] +D -V, [sm’] (1)
P, P, P,
Table 1. Results of the measure
Ne P1 P2 P1/P2 disk disk volume grain volume
1 21.2 4.495 2E 16.139 13.44
2 24.9 3.827 2A+2E 17.748 14.83
3 24.1 3.954 2A+2E 17.74S8 14.18
4 24.3 3.922 2A+2E 17.74S8 14.70
N) 753 24.4 3.906 2A+2E 17.745 14.35
6 23.5 4.055 2A+2E 17.745 13.36
7 26.3 3.624 2A+2B+2E 22.538 11.07
8 24.7 3.858 2A+2E 17.748 14.67
Conclusion This method, despite the positive results ob-

Certain porosity indices show the possibility, as  tained in laboratory tests and in practical applica-
with different volumes of rock, water and gas canbe  tion in some fields, requires additional researches
pumped in order to increase the filtration and capac-  and studies.
ity properties of rocks.
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DEVELOPMENT OF MODERN BIOSTABLE LUBRICATING OILS

Abstract: Today, one of the most important tasks from an economic and ecological point of view
is to solve the problem of protecting motor oils from microbiological damage during their long-term
storage, transportation, and operation under adverse conditions. In this regard, the study of oils in
this aspect is most relevant.

We carried out studies of the biological stability of some analogues of motor oils of groups B, T',,
AM, used in diesel engines for various purposes, and also studied the synergism of two- and three-
component additives that make up the compositions.

It was determined that the use of multicomponent additives in the tested oils does not ensure their
protection against biological damage, and in these systems there is a complete growth and development
of microorganisms. The refore, to protect against bio damage, antimicrobial additives- biocides were
added to the additive composition, which dissolve readily in organic solvents and petroleum products.

Keywords: lubricating oils, bio damage, oxidation, microbiological damage, viscosity.

1. Introduction

With a broad study of modern lubricating oils,
as well as transportation, long-term storage and a
number of natural factors — humidity, temperature,
etc., the periodically increasing demands placed
on performance characteristics to eliminate their
influence make the problem topical from the en-
vironmental point of view. At present, to achieve
stability against various types of microorganisms
is an urgent problem.

Economic damage as a result of biological dam-
age to lubricating oils for various purposes, used
in large numbers in machines and mechanisms is

really huge.

The solution of the task is to increase the bio-
stability of the noted materials is based on research
and implementation of ongoing research work using
biocides of various composition and structure.

2. Materials and metods

It is known that motor oils of various origins
consist of base oils obtained by modern processing
processes and an additive composition. The negative
effect of a number of bacteria (Pseudomonas aerugi-
nosa, Mucobacterium lacticum) and fungi (Aspergil-
lus niger, Cladosporium chrysogenum, Penicillium
cyclopium) as a part of the oils of groups B, G,,
DM of diesel, autotractor, ship, industrial and self-
unloading transport diesel engines.
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Itis established on the basis of experimental data
that the process of biological decomposition, regard-
less of the structure and composition of additives
of different functional properties of oils, providing
physicochemical and performance characteristics of
engine oils — antioxidant, corrosion, anti-wear and
other additives, both individually and in two, three —
and multi-component systems are fully developed.

To ensure the biostability of lubricating oils, it is
necessary to study the effect of biocides of a certain
composition and the correct choice. It is known that
different classes of hydrocarbons for a number of mi-

croorganisms are a nutrient medium. The study of
base oils of different origin shows that for the same
reason, oils without additives do not possess the
properties of biostability.

It is established that synergism of additives oc-
curs in very rare cases. However, the combination of
A® -11, MX-3103 and MX-3104-zinc salts of dialkyl
dithiophosphate with detergents CB —3-barium sul-
fonate in oil M-11 in a two-component biostability
system is to a certain extent enhanced. Thus, the area
of destruction of microorganisms from bacteria and
fungi increases from 2.0-2.5 cm to 3.0-3.5 cm.

Table 1.— Research of biodeterioration of antioxidant,
anticorrosive and detergent-dispersant additives

Sample The diameter of the zone of destruction of microorganisms, sm
M-8 Baku Bacteria Fungi
1.2% AP-11 + 3.0% CB-3 1.2-1.8 1.7-2.0
2.0% A@-11 + 1.5% C-150 1.5-1.9 1.3-1.7
0.8% MX-3103 +1.5% C-150 1.8-1.45 1.1-1.0

“+” full development of the microorganism

Table 2.- Investigation of bio damage in a three-component system of additives

Sample

The diameter of the zone of
destruction of microorganisms, sm

M-8 Baku Bacteria Fungi
1.5%C-150+1.2%AP-11+4.6%AKI-150 1.6-1.8 +
0.5%C-400+5.5%AKI-140+0.8%MX-3103 1.7-1.8 +
0.5% C-400+5.5%AKI-140+1.2%AP-11 1.2-1.3 +

“+” full development of the microorganism

In the three-component system — antioxidant,
anticorrosive and detergent-dispersant additives,
a change in the biostability. In the noted additive

compositions, if there is a certain protection against
bacteria, the fungi develop completely.

In the periodical literature, information on bio-
cides in oils for various purposes is very small.

Table 3.- Resistance against biodamage in oils of various types

Biostable lubricating oils for auto- Concentra- | Destruction of the area of devel-
tractor, diesel, marine and stationary | Biocide tion, opment of microorganisms, sm
diesels % Bacteria Fungi
1 2 3 4 S
0.15 1.7 1.3
1. M-10B, a 0.25 2.0 1.6
0.5 2.8 2.0
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1 2 3 4 3
0.15 12 15

1.M-10B, a 0.25 15 2.5
0.5 2.0 3.0
0.15 1.1 2.0

0.25 1.3 -

0.5 2.5 -

2. M-12BB 2 0.15 1.0 2.5
0.25 1.2 -

0.5 2.0 -

Investigation of the effect of biocides on the re-
quirements for the physicochemical and operational
parameters of lubricating oils having a composition
of the additive composition. It has been established
that the introduction of additives of a-phenyl-S-
nitroethane and a-furyl-B-nitroethane in the com-
position of the biocide does not adversely affect the
main oil parameters.

3. Conclusions

It was found that the biocides a-phenyl-B-
nitroethene and a-furyl-f-nitroethene in the compo-

sition of lubricant compositions exhibit both bacte-
ricidal and fungicidal properties, without degrading
the physicochemical and operational properties of
the lubricating oils.

As a result of the research, new biostable motor
oils of the brands M-10B, and M-12Bb for motor-
tractor, diesel locomotive, ship and stationary diesel
engines were created. Synergism of the fusnctional
groups of additives, the incoming lubricant compo-
sition and their stability to microbiological damage
was studied.
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