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CONSTRUCTION AND ARCHITECTURE

HIGH-REACTIVE POWDER CONCRETE ON THE BASIS OF ORGANIC NANOMODIFIKATOROV

Abstract

Shyshkin A.,

doctor of technical sciences, professor
Brovko D.

doctor of technical sciences, professor
Kryvyi Rih National University, Ukraine
DOI: 10.5281/zenodo.7059525

The results of studies of the properties of concrete, which are a composition of Portland cement, fine aggre-
gate and mineral-organic complex, intended for creation of special constructions. It has been shown that the use
of the organic component of the mineral-organic complex micelle-forming surfactants or polyols leads to consol-
idate the inner surfaces of pores which are formed in the concrete, which leads to an increase in the strength of
concrete. It is proved that the most efficient use of the mineral as the mineral component of complex organic
compounds containing the so-called d-elements, such as iron.

Keywords: concrete, cement, construction, mineral-organic complexes, surfactants.

Materials for repair of building structures, in par-
ticular, concrete should have a number of special prop-
erties that define the possibility and scope of their ap-
plication. Thus, these materials should have: the re-
quired compressive strength; necessary deformable
under load; minimum own deformations (shrinkage and
swelling); high adhesion to concrete structures re-
paired; Non-corrosive to concrete structures repaired;
resistance to external influences; durability.

Currently widely developed complex binders,
which include both mineral and organic components.
This type of binding materials have properties that dis-
tinguish them from the "traditional™ mineral binders.

A considerable range of organic matter and min-
eral binders, which produces industry, allows combina-
tions vary widely, providing diversity derived compo-
sitions. This, in turn, makes it necessary to establish the
general laws governing the formation of their proper-
ties. Attempt it and done in this paper.

Analysis of the known mineral-organic composi-
tions allows, in general, be divided into three types:

1. The mineral-organic compositions, the for-
mation of the structure and, as a consequence, the phys-
ical and mechanical properties of which there is no in-
teraction between their mineral and organic compo-
nents.

2. of the mineral-organic compositions, the for-
mation of the structure and, as a consequence, the phys-
ical and mechanical properties which is due to the in-
teraction between their mineral and organic compo-
nents.

3. mineral-organic compositions structure for-
mation and, as a consequence, the physical and me-
chanical properties which is due to the interaction be-
tween their mineral and organic components, as well as
products of their interaction.

The basis of the Structure of the mineral-organic
compositions of the first kind, which got at the moment,
the most widely used is the so-called "rule of domina-
tion," suggested Professor Sivertsev G.N. This rule is
the basis of the formation of the properties of such com-
plex binding as slag cement, gypsum cement and other

binders. According to this rule, the basis of the proper-
ties of the compositions of this type creates their most
active component.

Mineral-organic compositions of the species, have
specific characteristics:

- One component of the mineral-organic composi-
tions or the products of its structure formation does not
need to be aggressive to another component of the min-
eral-organic compositions or the products of its struc-
turing;

- The most active component of the mineral-or-
ganic compositions or its products of structure should
not affect the structure formation of the less active com-
ponent;

- Product structure formation less than the volume
of the active component mineral-organic compositions
must not exceed the pore volume formed during the
structuring over the active ingredient. Otherwise, in the
rock formed during the structuring of the most active
component of the mineral-organic compositions, there
will be internal stresses and, as a consequence of heter-
ogeneity, which will contribute to the deterioration of
its properties;

- Should provide a high adhesion between the
products of structure of all components of the mineral-
organic compositions.

Widely used at present mineral-organic composi-
tions first type generally are systems "mineral binder -
organic polymer" or "mineral binder - bitumen (tar)."
These types of mineral-organic compositions were
quite serious trials and tested in operation and under-
confirmed their effectiveness. However, as is known,
these types of organic materials have the drawback of
aging, which is accompanied by depolymerization (pol-
ymer) or a change in structure (asphalts, tars). There-
fore, the durability of this type of resistance is limited
by the mineral-organic compositions organic compo-
nent.

Thus, the known complex binders which include
the mineral-organic compositions of the first kind, have
a fairly serious constraints in their production technol-
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ogy. This reduces the amount mineral-organic compo-
sitions first type, which can be obtained on the basis of
their.

In the mineral-organic compounds of the second
variety also has its own characteristics. The main fea-
ture - is the strength and stability of the products of the
interaction of components of these compositions, as
well as the possibility of forming products of their in-
teraction, which weaken the structure.

Mineral and organic compounds of the second
type - silicon-organic Compound obtained first. They
have a lot of properties that can be used for the repair
of reinforced concrete structures. From this point of
view a sufficient interest is the question of obtaining
mineral-organic compositions second type based on or-
ganic materials, polymerized under certain conditions
(in particular, polyhydric alcohols). Since it is known
that the replacement of unsaturated alcohols, such as
vinyl, active hydroxyl hydrogen or an alkyl radical acid
residue formed ethers or esters - quite stable com-
pounds. They are easily polymerized to form polymers
(e.g. polyvinyl converted into polyvinyl alcohol - re-
sistant polymer product).

It is known that polyhydric alcohols readily react
not only with the alkali metals, but also with hydroxides
of heavy metals. Moreover, the elimination of water
from alcohols such results, depending on reaction con-
ditions to form a polymer:

NHOCH-CH,0H — [-CH2-CH2-0-], + n H0.

The most prominent representative of the compo-
sition of the second type has a cement-based trivalent
alcohol - glycerine and lead oxide. This cement within
a few hours of hardening has a compressive strength of
up to 40.0 MPa and adhesion to steel up to 3.5 MPa,
due to the formation of glycerate lead - PbC3HsO3 by
the reaction:

PbO +C:HgO3 — PhC3HsO3 + H)0.

This - early strength cement, substantially dimen-
sionally stable cover which can be used for various
soedineniyat materials used at elevated temperatures
(250°C), by the action of water, hydrochloric acid at
any concentration and dilute sulfuric acid.

However, it should be noted that in the process of
forming the structure of this mineral and organic com-
pounds released water species that is the source of
structural defects in the composite material, and as a
consequence limits the potentially achievable strength.
This same drawback also have mineral-organic com-
pounds which are soluble in water.

This inconvenience, obviously, can be eliminated
by introducing in the mineral-organic compounds of
the second "water absorbent". These are substances that
bind water liberated in the course of the main reactions.
Absorbent water should generate little or insoluble sub-
stances containing a significant amount of chemically
bound water. Thus, a study conducted by the author, it
was found that the use of mineral-organic compounds,
which is a system of "polyol - multivalent metal oxide,"

the place of PbO or PbO together with gypsum or Port-
land cement improves the strength of the resulting com-
posite material 1.5 ... 2.0 times for securing released
water. This is the third type of mineral and organic
compounds compositions.

It is known that the adsorption properties of deriv-
atives of higher fatty acids (HFA) depends on the length
of the hydrocarbon radical. This is due to the strength
of attachment of derivatives of higher fatty acid to the
mineral surface. This largely depends on the solubility
of the compositions are formed. The solubility of these
compounds is, in turn, is determined by the order of sol-
ubility of the corresponding salts higher fatty acids. The
solubility of these compounds, in turn, determined by
the solubility of the respective salts of fatty acids. For
example, the ability to dissolve oleates can be posi-
tioned in a certain sequence, ascending ability to dis-
solve: Fe3* <Pb?* <Mn?" <Mg?* <AI¥* <Ca?*. From this
it follows that the higher the salt of d-elements of fatty
acids (e.g., iron salts or manganese salts) have very low
solubility. lons - d-element (such as iron) are stronger
polymerizer fatty acids, for example, by reacting:

3-[CH(CHy);COOH=CH(CH,);COONa] + Fe(OH)s =
Fe[CH(CH,),COOH=CH(CH>);COO]s + 3-NaOH.

On the surface of minerals containing iron, creates
a solid molecular layer of iron salts of higher fatty ac-
ids.

The presence of iron broken double bonds in the
unsaturated fatty acid radical and the degree of
polymerization. This, as is known, leads to an increase
in strength and length of the polymer. Thus, upon reac-
tion d-elements (e.g., iron) salts of fatty acids and
polymerization occurs under normal conditions of or-
ganic compounds, which enables to form a polymer
having a branched structure.

The resulting reaction product of the organic com-
ponent and d-member new item (e.g., sodium hydrox-
ide) is reacted with a mineral component (gypsum or
Portland cement) and allows to increase the strength of
the resulting composite material.

Thus, the effect of the polymerization revealed the
presence of fatty acid salts using a d-element ions (e.g.,
iron).

Based on this effect, the authors obtained a min-
eral-organic material which is a system of "mineral
binder based on calcium - fatty acid - a substance con-
taining iron". Mechanism of structure obtained min-
eral-organic material explained as follows. As is well
known, are unsaturated higher fatty acids with two or
more double bonds with oxygen independently oxi-
dized. In the first step of the hydroperoxide groups
formed by oxidation type

O0-0O-H

0 »
CH=CH-CH, CH—=CH - —» CH—-CH-CH-CH—CH--

Then, using piroksidnyh bridges (—O—O—), in-
dividual radicals higher fatty acids are interconnected
to form the spatial structure of the polymer. At the same
time part of the molecules of higher fatty acids with a
greater or lesser rate of splitting water - to hydrolysis,
which is amplified by the hydroxyl ions.
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In the presence of alkali (carrier which, in this
case, is a mineral binder based on calcium derivatives
higher fatty acids cleaved with formation of a polyhy-
dric alcohol and a calcium salt higher fatty acids - Ca-

OH R
O-Fe / + Ca/
/ OH AN
i

HO
R

Liberate calcium hydroxide is reacted with a pol-
yol, thereby forming its calcium derived, for example,
Ca(O]‘[)g +C3HgO3; — CaC3HsO3 + 2-H,O. Providing
that in water, according to, is chemically bonded to the
mineral binder based on calcium, resulting in dehydra-
tion of the remaining alcohol. This in turn allows, as
stated above, its polymerization and, consequently, to
increase the strength of the resulting composite mate-
rial.

This type of mineral-organic material can be used
for the repair and strengthening of structures, including
those operating in conditions hostile environment.

The adhesion of concrete on the basis of this type
of mineral-organic material 50 ... 70% higher than that
of concrete without additives. Consequently, these con-
cretes can be used effectively in the repair of reinforced
concrete structures, including the exposed to high tem-
peratures.

The research lead to the following conclusions:
theoretically justified and experimentally confirm the
role of substances containing d-elements (iron, manga-
nese, etc.). Fatty acids, polyalcohols and their deriva-
tives, which are polymerized d-elements allow to ob-
tain a new type of mineral and organic materials effec-
tive for repair of building structures having high
physical and mechanical properties, in particular com-
pressive strength and adhesion to concrete existing
building structure.

Applied conditions determined way to obtain con-
crete, which exhibit high strength.

Concrete, intended for the production of special
construction must have certain properties. Chief among
these is the high strength and high strain. Improved de-
formation for a particular construction enable the emer-
gence of vibrations muffle, e.g., seismic effects, which
together with the increased strength will improve the
reliability of buildings.

High-strength concretes appeared in foreign prac-
tice in the early 60-ies of the last century. Especially
promising are obtained at the end of the 80s of the twen-
tieth century in France, the so-called reactive powder
concrete - Reactive powder concretes (RPC). This new
generation of concrete with a compressive strength of
200 to 800 MPa and a tensile strength of 25 to 150 MPa.
Components of the concrete are Portland cement, fine
ground quartz, fine sand, steel and microfiber super-
plasticizer at water-solid ratio in the range 0.12-0.15.
Concrete called "reactionary powder" due to the high
dispersion of the components and the increased number
of hydraulically active materials. The concept of RPC

Rn (wherein R - hydrocarbon radical higher fatty ac-
ids). Higher fatty acids the formed calcium salt in its
turn reacts with the iron-containing substance condu-
cive to its polymerization, for example, according to the
scheme:

R
HO O -Fe / + Ca(OH),

- N\ / AN

is to provide mothers with a minimum of structural de-
fects - of microcracks and pores. Optimizing the parti-
cle size distribution of concrete components it provides
a very high density. In this regard, the use of high-
strength concrete provides fine ground fillers.

So ground limestone in the concrete composition
is widely used in France and Germany [3]. Signifi-
cantly higher sealing effect in the structure of concrete
is achieved using of ultrafine silica fume [1]. Using fly
ash reduces the water consumption while maintaining
the mobility of the concrete mix, modifying the com-
position of cement hydration products [5]. Acceleration
of hydration and increase in strength provided by the
use of said concrete in their composition nano-dis-
persed substances, in particular, silica and other serpen-
tine minerals [2,4,8,9].

For adjustment of the properties and obtain highly
ductile concrete mixtures with low water-cement ratio,
with high cohesion and resistance to stratification used
superplasticizers - organic polyelectrolytes, whose
main function is to disperse the chemical environment
in heterogeneous systems [7].

Analysis of the results of scientific research in the
field of surface-active substances (SAS) showed that
almost all modern plasticizers used in concrete technol-
ogy, refer to molecular. At the same time, in terms of
physical and chemical mechanics, the most rational use
of colloidal or semi-colloidal (according to the classifi-
cation of Academician PA Rehbinder) surfactants.
These types of surfactants which form micelles. At a
certain concentration, the molecules of these sub-
stances are combined into micelles, whose properties
differ from the properties of the molecules. In the first
place, the micelles have the size and shape correspond-
ing to the shape and size of nanoparticles that can be
attributed to their nanoparticles. These nanoparticles -
micelles, to a much lesser extent in comparison with
molecular surfactant shield the cement particles, which
reduces their impact on the timing of setting and hard-
ening of concrete. Besides micelles S-surface-active
substances practically not lead to a hydrophobic surface
of cement particles, while absorbing hydrophobic par-
ticles which might fall into the concrete mix or spe-
cially introduced into it.

Virtually all types of RPC, which are at present,
the broader scientific development, based on Portland
cement, the activity of which is limited, and, appar-
ently, to date, been exhausted. At the same time, has
long been known as a kind of binders slag-alkaline knit-
ting [6], the activity of which, even without the use of
special techniques, which are used to improve the
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strength Portland cement concrete reaches 80 MPa. The
disadvantage slag-alkaline concrete considered their in-
creased deformability, but modern types of high-
strength concrete (eg, Reactive powder concretes -
RPC) based on Portland cement also have increased de-
formability comparable with deformable slag-alkaline
concrete. Development of these types of concrete is ob-
tained RPC [8,9], modified polyols. At the same time
demonstrated [10] that in the technology of porous con-
crete effectively use polyols instead of alkali salts of
organic acids that are micelle-forming surfactants.

The aim of this study is to determine the effect of
the strength of the micelle-forming surfactant RPC.

Experiments were conducted in accordance with
standard techniques. Checking the stability of the sam-
ples was performed on a universal machine UMM-100.
The date of manufacture of Portland cement concrete
used M400 as fine aggregate - iron ore tailings. As a
micelle-forming surfactants (SSAS) - sodium oleate.

Studies have revealed that S-surface-active sub-
stances micelles during the setting and hardening of ce-
ment are adsorbed at the interface "hydration products
of cement - water" or "grain cement, which has not
hardened - water", they formed on the inner surface of
pores and cracks, keeping this surface by chemisorp-
tion.

The experimental results showed that the introduc-
tion of the Reactive powder concretes (RPC) S-surface-
active substances which are chemically adsorbed on the
surface of the pores and cracks in the body of cement
paste, leads to consolidate their inner surface, which en-
tails an increase in strength of cement, and as a conse-
quence, concrete in compression.

Thus, it was found that an increase in S-surface-
active substances to a predetermined concentration (mi-
celle concentration) leads to dramatic decrease in inter-
facial tension in the system. A further increase in the
content of S-surface-active substances does not change
the surface tension.

It should be noted that increasing the concentra-
tion S-surface-active substances to a concentration cor-
responding to micelle formation is accompanied not
only by reducing the surface tension but also increase
the strength of concrete. Contents corresponding S-sur-
face-active substances their critical micelle concentra-
tion, the system has the lowest surface tension and max-
imum strength, which in this case is 120 to 250% of the
strength of concrete without additives depending on its
composition.

A further increase in the content of S-surface-ac-
tive substances over their critical micelle concentration
does not change the surface tension, and is accompa-
nied by a decrease in the strength of concrete. This is
due to the fact that excessive molecule S-surface-active
substances shield binder particles, reducing the degree
of hydration.

Conclusion.

Studies and analysis of their results suggest the
following conclusions;

1. established that introduction of reactive powder
concretes - Reactive powder concretes (RPC) micelle-
forming surfactants which have dimensions and prop-
erties of the nanoparticles leads to an increase in the
strength of concrete.

This process occurs by reducing the surface ten-
sion of molecules S-surface-active substances and
chemisorption of these molecules at the inner surface
of the pores and cracks in the concrete, which in turn
provides a strengthening of the wall.

2. Itis proved that there is content in the S-surface-
active substances RPC, which ensures the formation of
the great strength of concrete.

3. It has been shown that the optimal content S-
surface-active substances in RPC meets their critical
micelle concentration. At the moment, the original sys-
tem (concrete) has the lowest surface tension and re-
sulting in the process of hardening concrete - maximum
strength.
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Insurance and tourism are of great importance for the development of the country's economy. Services, which
include these types of activities, are important components of the national economy. The tourism sector is quite
widespread and, according to statistical indicators, occupies one of the first places in the economy in terms of the
volume of services provided. Tourism activity makes a significant contribution to the country's economy, contrib-
uting to the creation of new jobs and employment of the population, allowing to attract additional funds to the state
budget, including foreign exchange, activating foreign trade turnover.

Keywords: insurance, national economy, tourism, risk, trip.

In recent years, there has been a noticeable in-
crease in the number of insured events, especially se-
vere and expensive ones, including deaths and the need
to repatriate the body to a permanent place of residence.
The insurance situation in a number of traditionally
tourist countries has also worsened. One of the reasons
for the deterioration of the insurance situation is the
lack of a culture of behavior of Russian tourists abroad.
In part, this problem could be solved by the travel com-
panies themselves, by conducting detailed briefings
with clients before leaving. Of course, no one is im-
mune from accidents. But some of the troubles that hap-
pen to customers can be prevented.

Insurance is a type of civil law relations regarding
the protection of the property interests of citizens and
legal entities in the event of the occurrence of certain
events (insurance events) determined by the insurance
contract or current legislation, at the expense of mone-
tary funds, which are formed by paying insurance pay-
ments (insurance payments) by citizens and legal enti-
ties. contributions, insurance premiums). Insurance in
tourism is a system of relations between an insurance
company and a tourist to protect his life and health and
property interests in the event of insured events.

The essence of insurance, like any other economic
category, is determined by its functions. Insurance per-
forms four functions: risky, preventive, savings, con-
trol. The content of the risk function of insurance is to
compensate for the risk. Within the framework of this
function, the monetary form of value is redistributed
between insurance participants in connection with the
consequences of random insured events. The risk func-
tion of insurance is the main one, since the insurance
risk as the probability of damage is directly related to
the main purpose of insurance to compensate for inter-
national losses to victims.

The preventive function of insurance is to finance
at the expense of the insurance fund measures to reduce
the insured risk.

The savings function of insurance contributes to
the accumulation of a sum of money for later life.

The control function of insurance is to verify the
targeted formation and use of the insurance fund.

Features of insurance in tourism relate directly to
the insurance of tourists. Unfortunately, most of our cit-
izens, hoping for a chance, are in no hurry to use the
services of voluntary insurance before a tour. Many
people treat any insurance with distrust, and even
sharply negatively, as an unreliable business: they take
money, but there is no result. Meanwhile, if you ask a
German, a Frenchman or an American about what he
gets first of all when he is going to make a tourist trip
to another country, he will definitely name an insurance
policy.

Tourism insurance: basic rules and recommenda-
tions

In most cases, an insurance policy is an obligatory
part of the package of documents for traveling abroad.
But it is necessary, first of all, not only because without
it you will not be given a visa, but because the policy is
a guarantee that you will be assisted if you need it. Tour
operators usually include insurance in the cost of the
tour. But the insurance they offer most often involves
the minimum set of services necessary in case of iliness
or injury, namely: payment of medical expenses, med-
ical transportation services, repatriation in case of
death.

In fact, the possibilities of insurance are much
wider. Therefore, you can also purchase the policy sep-
arately from the insurance company by presenting the
already completed documents for the tour. True, you
will have to spend time visiting the office, but citizens
traveling abroad will be able to find out in more detail
their capabilities, carefully read the insurance rules and
find out in advance which expenses will be reimbursed
and which will not.

Types of insurance in tourism

Travel companies as legal entities use a number of
services of insurance companies. However, in the tour-
ism business, there are additional types of voluntary
and compulsory insurance. Insurance in the tourism
system is classified into the following types:

1. insurance of the tourist and his property;

2. risk insurance for travel companies;

3. insurance of tourists in foreign trips;

4. insurance of foreign tourists;

5. civil liability insurance;
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6. civil liability insurance of motor vehicle own- 2. bankruptcy of the company;
ers; 3. changes in customs legislation, currency regu-

7. Accident insurance covering medical expenses.

Insurance is voluntary and mandatory. The man-
datory types of insurance in accordance with the current
documents include:

1. civil liability insurance of motor vehicle own-
ers;

2. transport travel insurance.

Other types of travel insurance are voluntary.
Tourist and property insurance includes liability for
loss or damage to property of tourists. The validity of
such an agreement begins from the moment the insured
person leaves his permanent place of residence and
ends at the moment of his return. Tourist and personal
property that tourists have with them can be insured un-
der such an agreement. Baggage refers to the checked
and unregistered belongings of the tourist. In addition,
things that are on his clothes and body, as well as those
acquired during a trip abroad, are subject to insurance.

Types of insurance liability: accidents, fires, ex-
plosions, natural disasters, robberies, theft and other de-
liberate and malicious actions, military actions, etc.

Risk insurance for travel companies includes fi-
nancial risks, liability for claims of tourists, their rela-
tives, third parties. Financial risks include:

1. commercial risks (non-payment or delay in pay-
ment, penalties for the counterparty if he does not rec-
ognize the circumstances of the breach of the contract
as force majeure);

2. bankruptcy of the company;

3. changes in customs legislation, currency regu-
lation, passport control and other customs formalities;

4. occurrence of force majeure circumstances;

5. political risks, etc.

Tourist insurance for foreign tourist trips, as arule,
includes:

1. provision of emergency medical assistance to a
tourist during a foreign trip in case of a sudden illness
or accident;

2. transportation to the nearest hospital capable of
providing quality treatment under appropriate medical
supervision;

3. evacuation to the country of permanent resi-
dence under proper medical supervision;

4. nosocomial monitoring and informing the fam-
ily and the patient;

5. provision of medical supplies if they cannot be
obtained locally;

6. consulting services of a specialist doctor (if nec-
essary);

7. payment of transportation costs for the delivery
of a sick tourist or his body to the country of permanent
residence;

8. repatriation of the remains of a tourist;

9. provision of legal assistance to a tourist in the
investigation of civil and criminal cases abroad.

Types of insurance liability: accidents, fires, ex-
plosions, natural disasters, robberies, theft and other de-
liberate and malicious actions, military actions, etc.

Risk insurance for travel companies includes fi-
nancial risks, liability for claims of tourists, their rela-
tives, third parties. Financial risks include:

1. commercial risks (non-payment or delay in pay-
ment, penalties for the counterparty if he does not rec-
ognize the circumstances of the breach of the contract
as force majeure);

lation, passport control and other customs formalities;

4. occurrence of force majeure circumstances;

5. political risks, etc.

Tourist insurance for foreign tourist trips, as a rule,
includes:

1. provision of emergency medical assistance to a
tourist during a foreign trip in case of a sudden illness
or accident;

2. transportation to the nearest hospital capable of
providing quality treatment under appropriate medical
supervision;

3. evacuation to the country of permanent resi-
dence under proper medical supervision;

4. nosocomial monitoring and informing the fam-
ily and the patient;

5. provision of medical supplies if they cannot be
obtained locally;

6. consulting services of a specialist doctor (if nec-
essary);

7. payment of transportation costs for the delivery
of a sick tourist or his body to the country of permanent
residence;

8. repatriation of the remains of a tourist;

9. provision of legal assistance to a tourist in the
investigation of civil and criminal cases abroad.

When concluding an insurance contract, the sum
insured is selected according to the country of destina-
tion and is classified depending on the need for mini-
mum coverage.

Currently, there are two forms of tourist insurance
services: compensatory and service.

Currently, there are two forms of tourist insurance
services: compensatory and service. The first form in-
cludes payment of all expenses by the tourist himself
and subsequent compensation upon return to Russia.
This is very inconvenient, since the tourist does not
know in advance how much he should take.

With service travel insurance, having concluded
an agreement or contract with an insurance company, it
is enough to call one of the indicated dispatch services,
report your policy number, last name - how the neces-
sary assistance will be provided to the victim. The
travel agency itself chooses the insurance company,
which, in turn, will take responsibility for providing
timely assistance and for paying the costs.

Civil liability insurance is used by tourists travel-
ing in private cars, motorcycles or other vehicles that
are sources of increased danger. This type of insurance
is also used when the object of insurance is the liability
of the insured to third parties.

What is insured in tourism?

The object of insurance is the insured risk associ-
ated with unforeseen and unintentional financial ex-
penses for the provision of various types of assistance
and services, the need for which arises when an insured
event occurs.

Insured events in the tourism business are:

* cases of receiving paid medical care, the need for
which is caused by an accident, or an acute illness, or
an acute exacerbation of a chronic disease, without
which there was a real threat of a health disorder of the
insured or his death;

* cases of unforeseen, sudden unintentional and
independent of the will of the insured person loss of
ability to work (accidents);
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* cases of loss of luggage, documents, means of
subsistence independent of the will of the insured,;

* cases of unforeseen expenses, the need for which
is caused by the occurrence of general civil and auto-
civil liability;

* cases of refusal to use a discount ticket due to
illness, accident or death of the Insured, his relatives
and friends;

* cases of impossibility to make a planned tourist
trip, if it is caused by an accident, acute illness or death
of relatives and relatives of the insured person, damage
to his real estate on a large scale, illegal actions of third
parties;

* cases of unforeseen expenses of tourist organi-
zations caused by the refusal of the tourist to fulfill con-
tractual obligations for the provision of tourist services;

* cases of non-fulfiliment or incomplete fulfill-
ment of contractual obligations of tourist organizations
to tourists (professional responsibility). In addition to
the above, other events that entail unforeseen and unin-
tentional expenses of the Insured, both tourists and
tourism organizations, may be recognized as insured
events.

What is covered in tourism?

Cancellation insurance

The more you dream about rest, the more often un-
expected events occur that ruin all plans and turn eve-
rything in their own way. Anyone who has used the ser-
vices of travel companies knows that canceling a trip
less than two weeks before departure is almost a com-
plete loss of the contribution made. However, money
can be saved if you insure against the impossibility of
making the planned trip. In terms of popularity and vol-
ume of contributions collected, this type of insurance
firmly holds the second place - after medical insurance
(excluding those traveling by private car). Usually, the
contract of insurance "against recognizance" is con-
cluded at least two weeks before the hour "X". If the
client cannot make the planned trip for a valid reason
(hospitalization or death of relatives, summons to the
military registration and enlistment office or summons
to court proceedings, fire in the house, failure to obtain
an entry visa), the insurance company will reimburse
the cost of the tour. It should be noted that travel insur-
ance is expensive. The cost of such insurance is 4-10%
of the tour price. Sometimes firms do not include "visa
denial” in the list of risks. In this case, the insurance
rate will be 0.5-1% lower.

Lost property insurance

On trips, troubles happen not only with people, but
also with their things: luggage is lost, and valuables are
stolen not only on the beaches, but also from hotel
rooms. In the case of air travel, suitcases checked in are
generally considered to be insured by the carrier airline.
If it is lost, the airline must reimburse the owner for
damages at the rate of $20 per kilogram of weight. Of
course, the things left in the suitcase are usually much
more expensive. Therefore, some companies offer lug-
gage insurance services while traveling to the destina-
tion. Such insurance usually costs $2-3 (regardless of
the number of pieces of luggage). If things are lost or
damaged, in addition to the money due from the airline,
insurers will issue additional compensation - approxi-
mately $ 25 for each kilogram of loss (in each case, this

amount is negotiated separately and indicated in the
policy).

If you do not have expensive things with you, such
insurance will suit you. Well, if you took valuables and
expensive clothes on a trip, it is better to buy another
policy - which provides insurance for the personal be-
longings of travelers for the entire duration of the trip,
including the flight or relocation and all the time of rest.
You can insure valuables in many Russian companies.
The company, based on the value of things, sets the sum
insured that you will receive in the event of their com-
plete destruction or theft. The cost of such a policy is
approximately 0.1% of the sum insured. If all property
or part of the insured items is lost, the company will
reimburse their cost. True, for this you will have to doc-
ument the fact of theft or damage. So keep police re-
ports, hotel certificates, and missing baggage confirma-
tions issued by airport baggage tracing services.

Conclusion

Travel insurance is a special type of insurance that
provides insurance protection for the property interests
of citizens during their stay on tours, travels, cruises,
etc.

Personal travel insurance refers to risky types of
insurance, the most characteristic feature of which is
their short duration, as well as a large degree of uncer-
tainty of possible damage in the event of an insured
event.

The main insurance events for which personal in-
surance of tourists is carried out are: accident insurance,
illness insurance, insurance in case of death or death.

A tourist, as a client of an insurance organization,
is interested in the fact that, if necessary, assistance is
provided to him as quickly as possible and at the proper
level. Not the last role in this is played by the insurance
or service organizations with which the Azerbaijan in-
surer cooperates abroad. At the same time, domestic in-
surance companies selling insurance policies currently
resort to assistance systems, i.e., national insurer, di-
rectly or through an intermediary, concludes an agree-
ment with a company specializing in organizing the
provision of medical care and other services. The list of
services provided is very diverse - up to visa extension
and ticket exchange.
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AHoOTaNis

B crari HaBeieHO pe3yIbTAaTH TOCIIKEHD IO OIliHIII CHIIFHOTO BIUIMBY CTATHYHHX 1 TMHAMIYHIX HaBaHTa-
JKCHb Ha XapakTep pyHHyBaHHS TBEpAOTO CEpeIOBHUINA HA MOJEIAX 3 BUKOPHUCTAHHSIM METOIIB (POTOMPYKHOCTI,
MO/ICITIOBaHHS HaNpyXeHo-nedopmoBanoro crany (H/IC) macuBy 3 BUKOpUCTaHHSIM po3poOIeHOTO CTeHY. BeTa-
HOBJICHO, II[0 B MACHBAaX TIPCHKUX MOPiJ KPYTOCHAIHOTO PYIHOTO IOKJIAAy MPH Pi3HUX KyTax ii MajiHHS Ha TIIH-
0OOKHX TOPU30HTAX PEKOMEHIYETHCS 3aKiIaaTH OypoBi BUPOOKH ONFKYE IO IICHTPAIBHOT YaCTUHU KaMepH 110 OCi
il B MeXax 3 OHOTO OOKY KaMepH, a 3 1HIIOTO 30HH IMiIBUIIICHUX HAIPY>KEHb Ta B 30HAX MEPEPO3MOILTY HAMPY-
JKEHB, 110 MEPEMILIAIOTHCS Y IHHIIE KaAMEPH, K Yy JIe)KadoMy, Tak i y BUCsSdIoMy ii Ookax. JloBeneHo, 1110 B HaBaH-
Ta)XEHUX MOZENSX Mij uac BUOyxXy 3apsny BP B nieHTpanbHili yacTHHI 00J1acTi CKICTiHHA (KaMepH) TPIIUHU PO3-
MOBCIOJKYIOTBCS TIEPEBAKHO Y BEPTHKAIBHOMY HANPSIMKY Ta OLIBII MOJOBXKEH] HIXK Y HEeHaBaHTA)KEHUX MOJIEIIEH.
[Tpu yomMy, B MOAENSAX 3pyHHOBaHUX BUOYXOM 3apsy HaJ BUCSUYUM OOKOM MOPOKHUHHU (KaMepu) OCHOBHA Opie-
HTAIlis TPIIMH CIIPSIMOBAHA 3T1THO HABEJICHOTO KOHTYPY CKJICIIHHS 3 KyTOM HaXWIy JI0 Topu3oHTam 65-70° y ik
MOPOXXHUHU (KaMEepH).

OTtpumaHi pe3ynbTaTH JOCHIIKeHb Oy IyTh BpaXx0oBaHi Mpu po3poOIli Ta 0OTpyHTYBaHHI palioHaIFHUX IMapa-
METpiB OypOIiIPUBHUX POOIT, MiCIls 3aKJIaJaHHs CBEPJIOBHH 1 YMOBH 1X OypiHHS y OJIOII, IO TO3BOJHTH ITi/IBU-
MHUTH e()EeKTUBHICTh POOOTH CBEPUTOBHHHUX 3apsliB 10 BiAOIHII pyAHOTO MOKIANY, 3HH3UTH IMATOMI BUTPATH
BHOyX0oBUX MaTepianiB (BM), po3y0oxyBaHHS KOPHCHUX KOTIAMH i THM CaMHM ITOKPAIIATH MOKa3HUKH POOOTH
HaBaHTaXyBaJIbHUX Ta TPAHCIOPTHUX 3aCO0IB.

Abstract

The article presents the results of research on the assessment of the combined effect of static and dynamic
loads on the character of the destruction of a solid medium on models using photoelasticity methods, modeling of
the stress-strain state (SSS) of the array using the developed stand. It was established that in rock massifs of a
steeply dipping ore deposit at different angles of its fall on deep horizons, it is recommended to lay drillings closer
to the central part of the chamber along its axis within the limits on one side of the chamber, and on the other side
of the zone of increased stresses and in the zones of stress redistribution, which move to the bottom of the camera,
both in the lying and in the hanging on its sides. It is proven that in loaded models during the explosion of the BP
charge in the central part of the vault (chamber) area, cracks spread mainly in the vertical direction and are more
elongated than in unloaded models. Moreover, in the models destroyed by the explosion of the charge above the
hanging side of the cavity (chamber), the main orientation of the cracks is directed according to the given contour
of the vault with an angle of inclination to the horizontal of 65-70° towards the cavity (chamber).

The obtained research results will be taken into account in the development and substantiation of the rational
parameters of drilling and blasting, the location of wells and the conditions of their drilling in the block, which
will allow to increase the efficiency of the work of well charges for the removal of the ore deposit, to reduce the
specific costs of explosive materials, desalting of minerals and thus to improve the performance of loading and
transport vehicles.

Karouosi ciioBa: Mojenpb, Hanpy>keHuit cTaH, kKamepa, BUOyX, MeTO (POTONPY’KHOCTI, TpillIMHA.

Keywords: model, stress state, chamber, explosion, photoelasticity method, crack.

HocTranoBKka mpodaemu. He3pakaloun Ha CTBO-  BIUIMB MOTOKIB YACTHHOK BHCOKOI CHEpTii, TOIIO), BU-
PCHHSI HOBUX TEXHOJIOTIH pyHHYBaHHS, 3aCHOBAHAX HA  OyX 3aJMIIA€ThCS ShEKTUBHUM CIOCOOOM TP IIUPO-
HETpagUIIIHHNX Mmiaxogax (TepMiuHe pyWHYBaHHS, KOMY 3aCTOCYBaHHI pecypco30epiratoumx Ta eKoJIorTi-

9HO O€3MEeYHNX METOIIB MiATOTOBKHU TipHUYOT MacH Ha
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PYAHUKAX, IO IPYHTYIOTHCSI Ha TNIHOOKOMY BHBYEHHI
0COOJIMBOCTEH MeXaHi3My PYHHYBaHHS MOJIIMiHEpaITb-
HHUX CEpPE/IOBHIL Y B3a€EMO3B'SI3KY 3 ra30MHaMiIYHUMHU
SBUINAMHM TMiJ 9ac BUOyXy. OJHMM i3 IUIAXIB yJOCKO-
HaJIeHHs] BUOYXOBOI TEXHOJIOTIi — Il ypaXxyBaHHS Ieo-
MEXaHIYHUX XapaKTePUCTHK MacHBY, 30KpeMa Harpy-
JKEHO-1e()OPMOBAHOTO  CTaHy, (i3UKO-MEXaHIYHUX
BJIACTUBOCTEH MOPiJ, KPUXKOCTI MOPiJ, IO 3aJICKUTh
BiJl CTPYKTYPH, MiHEPAJIOTIYHOTO CKJIaIy Ta OPIE€HTY-
BaHHS MiHepaJIiB (KPHCTAIIB y TIOPO/Ii), @ TAKOXK BiJ po-
3MipiB Ta GOPMHU PYHHYIOUUX TiJl, BUAY HaBaHTKEHb
Ta MBHIKOCTI AeopMyBaHHS mopin y macusi [1-2].

AHaJi3 ocTaHHIX AOCHiIKeHb Ta MyOJiKaiii.
JlocnipkeHHsT BIUIMBY IONEPEAHBOTO HABaHTa)KCHHS
TBEPJIOTO CEPENOBHILIA HA XapaKTep 11 NOJaIbIIOro Iu-
HaMIYHOTO pyHHYBaHHs HaOyBalOTh y TipHUYIH crpaBi
BCe OLIBIIOT aKTYaJIbHOCTI Y 3B'A3KY 3 IIEPEX0J0M Ha
0araThbOX PONOBHINAX OYMCHHUX POOIT Ha INTUOWHH, 1e
B)KE HEe MO)KHa He OpaTH 0 yBard NO4aTKOBHUIl HaIpy-
JKEHUI CTaH MacUBY TipChKUX mmopin [2].

BuMiproBaHHS IOYaTKOBOTO MOJIS HATIPY>KEHb Ma-
CHBY TipCBHKHX TIOPiJl Y Pi3HHUX perioHax Ha Pi3HUX TIHOH-
Hax rokazanu [3-4], 1o KOMIIOHEHTH TeH30pa rOJIOBHUX
Halpy)XeHb € CTUCKYIOUMMH. 3HAUCHHS BEPTHKAIBHOI
KOMITOHEHTH Onmsbke 1o Bemmanan YH, ne H — Bincrans
BiJI 3eMHOT MOBEPXHI, a Y — 00'eMHa Bara CTOBITY BHILIE Jie-
Kauux nopin. ['oJoBHY CKIaloBy TOpHU3OHTaJIBHHUX Ha-
MPYKEeHb MOKHA MPEICTaBUTH K ayH , mpuaoMy koedi-
II€HT 0 € Koe(ilieHTOM O1YHOT Bi/CiYi, OUTBIIIHIA 32 HYJIb
1 BU3HAYAETHCS 3 BUPA3y

Y7

1-u

ne u —koedurpent [TyacoHy, skuii CKiamae i pis-
HuX niopix 0,25+0,35.

V pasi o =1 THCK y MacHBi MiATIOPSAKOBYETHCS TiJl-
POCTaTHYHOMY 3aKOHY, TOOTO TOPH30HTaIbHA CKIIAJI0BA
TUCKY TOPIBHFOBaTHME BePTHKAIHHOT, TO TIPH 301IIBIIICHHI
TTHOMHU 3aJITaHHS TOPiJ i BEPTUKAJIHHOTO HAaBaHTa-
skeHHst koedimient IlyacoHy 3pocrae, a npu #oro 3Ha-
yeHHi u=0,5 BOHU Nepexo/isITh Y INIACTUYHHI CTaH.

Ha pynHux ponoBuInax, Jie nepeBa)kHO 3aCTOCOBY-
FOThCSl BUOYXOBI pOOOTH 00> 1, 1110 BiIIIOBIIA€ MIEFO B IIUX
perioHax TeKTOHIYHHUX cuil [4]. 3BifCH BUILIMBAE, IO 30i-
JIBIIIEHHS 3aI1aciB MPY’KHOI €Hepril MaCHBY BiIOyBa€ETHCA
3 JIOTIOMOT'010 3pPOCTAaHHSI PiBHS CTHCKAIOUHMX HAIPY>KEHb.
BenieHHs IPOXITHULBKUX T2 OYUCHHUX POOIT MPH3BONUTD
JI0 3HAYHOTO TEPEepO3MO/IiTy MOYaTKOBOIO TI0JIs Hampy-
JKEHb, OJTHAK, NIEPEBAKHIM MEXaHIYHUM CTaHOM MAacHBY
€ cTaH 00'€eMHOTO CTUCKaHHS. Y IIUX YMOBaX JIOCSTHEHHS
SKOCTI pyHHYBaHHS TIPCHKHX TIOPiJ] IPU 3pOCTAHHI TIH-
OWHE PO3pPOOKH MIATPUMYETBCS HULIXOM 301IbIICHHS
EHEePreTHYHUX BUTPAT, TOOTO 30UTBIIEHHSIM MacH BHOY-
x0BUX peuyoBuH (BP), mo BHKOpHCTOBYIOTHCS, Hampu-
KJIaJ, eMyJbCiiHuX BHOyxoBuX pedoBuH (EBP), siki 3Haii-
IITA IIUPOKE 3aCTOCYBAHHS MPH MiATOTOBII Ta BUI00Y-
TKY KOPHCHHUX KOTIAJIMH Ha PyIHUKaX [3, 5-6].

Oco0MMBO HEraTHMBHO II03HAYAETHCS 3HWKEHHS
PiBHSI BE/ICHHSI OYMCHHUX POOIT HA YMOBH PO3POOKH 3a-
J30pY/HHUX Ta YPAaHOBUX POJOBUI Y KpaiHH, 1€ 3aCTO-
COBYIOTBCSI KAMEPHI CHCTEMH PO3POOKH 3 MiJIrOTOBKOIO

o

OJIOKIB TATIOBEPXHEBUMH OPTaMH Ta MITPEKAMH 3 TT0-
YeproBOI0 iX BUIMKOIO Ta 3allOBHEHHSM BHPOOJIIEHOTO
MIPOCTOPY 3aKJIA/IKOI0, 1110 TBepaie. [Ipu npomy, moHas
YBEPTh TPYAOBHX 1 MarepialbHUX BUTpAT MOCIIAIOTh
oreparii, noB's3ani 3 BUOYX0BOIO BifOilikoto pyau [7-
8].

O/HUM 3 MEPCHEKTUBHUX IUISXIB MOJI0JaHHS CH-
Tyalii, o CKJIajacs, € Te, 0 IpU Po3poOILli HOBUX Te-
XHIYHHUX PIlIeHb 1 B MOJAIBIIOMY iX OCBOEHHI B MPO-
eci BUIOOYTKY pYIHHX ITOKJIAiB — IIe ypaxyBaHHS OC-
HOBHUX 3aKOHOMIPHOCTECH pyHHYBAaHHS IONEPEIHBO
HaInpy>KeHOTO TBEPAOTO CEPENOBHIIA. Y 3B'A3KY 3 IINM
BKJIMBE 3HAUYCHHS Ma€ TOH (akT, Mo B yMOBax BceOi-
YHOT'O CTUCKaHHS ITOPOAHOTO 00’ €My 30UIbIICHHS 3HA-
YEeHb Halpy)XeHb IOTIpUIye SKICTh PyHHYBaHHS Ma-
CHBY, a IIpH NEBHOMY DiBHI TpIIIMHYBaTOCTI MacHBY
ripChbKHX MOpiA micis BUOyXy Moxke OyTH BiJICYTHIM.
HasiBHICTB k€ B TBEpAOMY CEpPEIOBHILI HANPYKEHb PO-
3TSATaHHS, HaBIIAKW IOKpAIy€e CTYIMiHb PYHHYBaHHS
TipCBKHX IOPiJZ, IO MPHU3BOANTH 10 MEHIIOI BUTPATH
BHOYXOBHX PEYOBHH. TakuMM YMHOM, AT PO3POOKH
e(EeKTUBHUX METOJIIB BiAOIMKH 1 MOJAIBIIOI BHIMKH
PYIHUX IOKJAIiB Ha BEJIUKHUX TIHOWMHAX HaOyBaloOTh
Ba)KJIMBOTO 3HAYCHHS JIOCIIPKCHHS BIUIMBY BIACHOTO
TI0JIsI HANIPY>KeHb MAacHBY B PyXHOMY OJIOI HaBKOJIO
BUI00YBHOI KamepH Uil BH3HAYE€HHS MaKCHMalbHO
MOXIIUBHX 30H [Iil HaNpyXeHb PO3TATaHHs, 10 BIUIK-
BalOTh Ha MIITOTOBKY KPYTOCHAJHOTO PYIHOTO IOK-
nany, npezcrasisie 0co0oBuit iHTEpeC.

Meta podotrn. ExcnepuMeHTaIbHUMH OCIHi-
JUKEHHSIMH OIIHUTH CIUJIBHHAM BIUIMB CTATUYHUX 1 JIH-
HaMiYHMX HaBaHTAXXEHb Ha XapakTep pyHHyBaHHs TBe-
pZOTO CepeloBHUINA Ha MOJIETISIX.

Buxiiag ocHOBHUX pe3yabTatiB. [[1s1 BUBUEHHS
CITIJIBHOTO BIUIMBY CTATMYHUX Ta JMHAMIYHHUX HaBaH-
TaKCHb Ha XapakTep pyHHYBaHHS MoJeNed po3pod-
JICHO METOJUKY Ha MiJICTaBi Croco0y iMiTawil Hanpy-
KEHO-/1e()OPMOBAHOT0 CTaHY TPCHKOr0 MacHBY Ha MO-
nensix [9] cyThb sKOi mossrae y HacTynHomy. B sikocTi
Marepiany Uis JOCTIKeHb Oyj0 00OpaHO opraHiuHe
CKJIO TOBILIMHOIO 30 MM abo
40 MM. 3 THCTOBOTO OPTaHIYHOI'O CKJIa BUTOTOBIISUIACH
MOJIeNi 3 po3MipaMu: ITOBKHHOIW — 180 MM Ta mmpu-
HOFO 150 MM. [l imitarii MacWBY TipCBKUX IOpif 3
BH1I00yBHOIO KaMEpOIO 3 MPOTSHKHUM CKIICTIIHHIM 00-
BaJICHHSI BCEpeANHI Mozei popMyBatach HOPOKHUHA
y BHTJISLII Mapanenorpama 3i cropororo 40 MM i 80 mm
ITi1 KyTOM HaxWiIy 10 TOPHU30HTAIBHOI IUIOMWHK 75°.
HaBaHTaxeHHs Mojeneil MpOBOAMIOCH Ha TiApaBiid-
Homy mpeci [ICY-125. JIlnnamidHe HaBaHTaXKEHHS MO-
JieNiei 31CHIOBAIOCh MIKpO3apsaaaMu TRy, Macoro 80
MT, [0 (POPMYIOTBCS B Pi3HUX KOHTAaKTHUX 30HaX B MO-
JelTi TipChKOT0 MacHBY 3 BUIOOYBHOIO KaMeporo. [Himi-
1oBaiu 3apsaau BP HiXpoMoBHM MicTKOM i3 Kpameib-
KOIO a3u/y CBHHIIO. ExcriepuMeHTambHi JOCIIIKEHHS
TIPOBOAMIINCH y BUOYXOBIiH Kamepi JlabopaTtopHoi 6a3u
HaykoBo-10CliTHOTO  TipHHYOPYAHOTO — IHCTUTYTY
JABH3 «KpuBopi3bkuil HamiOHAIBHUHA YHIBEpCHTET»
(HATPI ABH3 «KHY»). Cxema Ta po3Mipu Moeii Ha-
BelleHi Ha puc. 1.
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Puc. 1. Cxema modeni 2ipcokoeo macugy 3 Kameporo

Ha migcraBi po3po0iieHOT METOIUKH TOCTiIKCHD
nepeabadeHo MPOBEACHHS KiJlbKa cepiil excrieprMeH-
TiB:

— BUBYCHHS (POPMYBaHHS CTATHYHOTO MOJSI Ha-
Mpy>KEHb HABKOJIO BUAOOYBHOI KaMepH 3 MPOTSHKHUM
CKJICTIIHHSAM 0OBaJIeHHS,

— mixpuBanHs 3apsny BP y nienTpanbHiii yacTuHi
BUI00YBHOI KaMepH 3 MPOTSHKHUM CKIICHIHHSAM 0OBa-
JICHHs, B 30HI IiIBUIIICHUX HANpPYyKEHb MPH HABAHTa-
JKEHIH Ta HEHaBaHTAXKEHIN MOIENI.

— migpuBaHHA 3apsay BP npu koHTYpHIl 30HiI BU-
MoOYBHOI KaMepH HaBaHTa)XCHOI Ta HEHaBaHTa)KEHOI
MOJIEIII;

— migpuBaHHs 3apsay BP y Bucsuomy Gokax BH-
JI00YBHOT KaMepH NMPHU HABAHTAXKEHII Ta HEHABAHTAXKE-
Hil MOJei.

3a pe3ynbTaTaMd BUKOHAHUX JOCIIIKCHb Oyje
MPOBEACHO aHaji3, SKICHYy Ta KUIbKICHY OIIHKY Kap-
TUHU B3a€MOJil CTaTUYHUX Ta JMHAMIYHMX IIOJIIB Ha-
npyXeHb y Moaensx. OTpuMaHi pe3yinbTaTH J03BOJISTh
3pOOUTH BUCHOBKH PO XapaKTep B3aEMOJIT CTATHYHIX
HaBaHTAXXCHB JIIFOYNX HA PYJHHUN ITOKIIA, IO BigOnBa-
€ThCS, Ha MIDKKaMEpHI IIUTHKH 1 CTEJIF0 BiJl BIUTUBY Ha
HUX JWHAMIYHUX HABaHTa)XCHb, 1[0 BHHUKAIOTH IPH
BEJICHHI BUOYXOBHX POOIT, K B OYUCHHX, TaK 1 B Iij-
TOTOBYHMX BHPOOKaX.

Jns peamizamii 3alUTaHOBaHWX JOCIHIIKEHb Ta
OTpHMaHHS TOBHOI iH(opMaIii 3a pe3yibTaTaMH iX
MIPOBEJCHHS, OS] i3 BIIOMHMH METOJAMH MOJEIIO-
BanHa HJIC macuBy BHKOPHUCTOBYBaBCS TMOJSIpU3a-
LIAHO-ONTHYHHUI METOT JOCIIIKSHHS HATpy KeHb. [1e-
peBara #oro mossrae y HAOYHOCTi, IPOCTOTI BUKO-
HaHHS Ta BEIUKOMY 00Cs131 0TpUMaHoi iHhopMarrii.

B mporieci ekcriepuMeHTaIbHUX JOCTIHKCHD M-
TOTOBJICHY MOJIETb 3 KAMEPOIO Ta TOPOKHUHOIO JUIS 3a-
psany BP y BepTHKansHOMY IMOIIOKEHHI 11 pO3MIIITyBaIA
Y CIeIiabHO BUTOTOBICHOMY NPHCTPOI, SIKUH 3a0e3-
Ievye CTIHKICTh Ta CHMETPUYHICTh MOJIENI IPH PO3Ta-
ITyBaHHI 11 MK IPUTHCKHAMH IUTUTaMU TIpecy Ta (ik-
COBAHOIO TPUBATICTIO 3HAXOKEHHS MOJIEN y HaBaHTa-
JKCHOMY CTaHi Ha MpOTs3i MeBHOro wuacy. IloTim,
PO3MillleHyY Y CreIiaIbHOMY ITPUCTPOT MOJIEIb BCTAHO-
BJIIOBAJIM MDK MPUTHCKHUMH IUIMTaMHU MPECy B IOJIE
30y MOJISIPU3AIIHHO-ONTHYHOT YCTAHOBKH Ta 11 HABaH-
TaKyBaiu. Pe3ynbratu (hopMyBaHHS NOJIB HANPYKEHb
IIpH 3MiIHHOMY HaBaHTa)K€HHI Mozeni (ikcyBamu nud-
posoto Bigeoporokameporo OLIMPUS. Monens HaBa-
HTaxXyBaiu 3 iHTeHcuBHicTIO 18,0; 20,0 Ta 34,0 MIla.
Ha puc.2 HaBeneHO XxapakTep po3MOALTYy MOJIiB HAIPY-
KEHb B MOZEJI 3 KaMEPOIO MPSIMOKYTHOI ()OPMH 3 TIPO-
TSODKHUM CKJICTIIHHAM OOBaJICHHS 1 KyTOM HAaXHIIy 10 T0-
PHU30HTANBHOI TUIOLIMHYU PIBHOMY 75° BiJl IHTEHCHBHO-
CTi HABaHTAXKEHHS, 1[0 TPUKJIAJAETHCS,.

18,0 20,0

34,0 37,0 MIIa

Puc.2. Xapaxmep po3nodiny nonie nanpysicensv 8i0 iHMeHCUSHOCI HABAHMANICEHHS MO0 3 KAMEPOIO NPSMOKY-
MHOT POpMU 3 RPOMSANCHUM CKILENIHHAM 0D6ANCHHSA

Sk BUIHO 3 pHC.2 TIpU OCROBOMY HaBaHTa)KEHHI,
mo popisaroe 18,0 MIla, MojkHa IOMITHTH iHTCHCHBHY
KOHIIEHTpAIIiI0 130XpOM Ha KyTax KamepH, SKi B mep-
MK MOMEHT PO3BHUTKY IOJNIB HAlpy)XeHb Ma€ HEJiT-

KHUH, po3rumMBYaThii xapakrep. Han BepxHborO yacTu-
HOIO TIOPOKHUHU CIIOCTEPIra€ThCS TOsBa 00JACTi HU-
3bKHX Halpy>KeHb, BiZICTaHb AKOI BiJl BEpXHBOI KPOMKH
CKJICTIIHHS OOBAJICHHS 31 3pOCTaHHSIM OCHLOBOTO HaBaH-
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TaXXeHHS 301IbIIyeThCs. 31 30UTBIICHHSIM HaBaHTa-
skerHs 10 20,0 MIla i gani mo 34,0 Mlla i3oxpomu ma-
I0Th YiTKUH BUIJISA, a IpH HaBaHTaxeHHi 37 MIla mo-
Jenb pydHyeTbes. Tpimmuu, chopMoBaHi Michs pyi-
HYBaHHS MOJETi, J00pe BUAHO HA puc.2, e
3apOKEHHSI TPILIMH MOYHHAIIUCH B TYNUX KyTaX IMOpo-
JKHUHH (KaMepH), 0 MaroTb (opMy MOAIOHY CKie-
MiHHS OOBaJEHHS 3 MaKCHMalbHOIO TOYKOIO Bijja-
JICHHS BiJ Kparo IMOPOKHUHE B IEHTPI CKIICTIIHASA 00Ba-
JeHHs, mo nopiBHIOE 40 MM, ToOTO 1/2 BenmmumHU
CTOPOHH MOPOKHUHHU (KamepH). AHATI3yI0Ul pe3yiib-
TaTH JOCHIIKEHb MOKHA BII3HAYNTH, 110 30HA 3HIKE-
HHX HAIPYKEHBb PO3TAMIOBYETHCS Ha BUCOTI 0,6Ncks., 1€
Newr. — MakCHManbHA BUCOTA CKIICTTIHHS OOBaJICHHSL.
Jnst BUSIBIGHHST OCOOJIMBOCTEH pyHHYBaHHS BHU-
OyXxoM MoJiedIi, 110 iMITy€e MacuB TipChKUX MOPiJ, Y Hi-
TOTOBJICHI MOJIeNli B 30HI MiJBHIICHUX HANpPYKEHb
dhopMyBanack BHOYXOBa MOPOKHUHA JA1aMETPOM 3 MM
B sIKifl po3TaloByBaBcs 3apsia TeHy Macoro 80 mr. IHi-
[IIOBAaHHS 3apsmy 3IiHCHIOBAIOCS HIXPOMOBHM MiCT-
KOM 13 KparenpKoto a3uay cBUHIO. [lopiBHUIBHI qOC-
JJDKEHHA XapakTepy pyHHYBaHHS MOJeNell MpoBO-
IUWIM y BHIAJKy HEHABaHTa)XKCHOI MOJENl Ta NpH
HaBaHTAXEHHI MOJENEH 3 MOKAa3HHKaMH 3/4 3HadeHb

KPUTHYIHOTO HaBaHTaKEHHS, 10 ctaHoBMA 28,0 MITa.
PesynbTatn BUOYXY MoJienei HaBeieHo Ha puc.3. AHa-
JIi3 PUCYHKIB IOKa3ye, M0 00CAT MOPYIIEHb, BUKIUKA-
HU BUOyxoM 3apsiny BP, myxe iHTeHCHBHUIT 3 piBHO-
MIpHUM PO3BHUTKOM TPIIIMHOYTBOPEHHS 1 MPOTSKHI-
CTIO TPIIIMH PIBHOI JOBXHMHU JUIsi HEHaBaHTaKEHOI
Mozenm (puc.3 a), a HaBaHTaXCHAa MOJCIb 3HAYHO
MEHIIIe MopYyIIeHa TPIlIXHAMH, IPUYOMY HaIrpsMOK TX
Hne mo minii Haiimenmoro omopy (JIHO) mo moBepxHi
MMOPOKHUHU (Kamepn) Ta ii kyTiB (puc.3, 6). Excriepu-
MEHTH NOKa3alii, 0 HANpYKeHWH cTaH MOJEINi iCTO-
THO BIUIMBAa€ HAa XapakTep pyiHHyBaHHA il BHOyXOM.

AHAaIOTIYHI JOCTiHKeHHS IIPOBOAMINCS Ha MOJIe-
JSX 3 MapaMeTpaMy CTaTHYHOTO HaBaHTAXKEHHS, IO
3MIHIOIOTECS, B 30HI 3HW)KEHHX HampyxeHb. [lapame-
TPHU MOJieJIel 3aIIIaINCS TOCTIHHUMH, SIK 1 I TIoTIe-
PEIHIX CKCIIEPUMEHTAX 3 TIEFO JIMIIIE PI3HUIICIO, 110 BH-
OyxoBa MOpPOXKHHUHA 13 3apsiaoM BP po3ramoByBanach
y IEHTPaIbHIN YaCTHHI CKIICIIHHS 00BaJICHHS HaJ MO-
POKHIHOIO, 10 AopiBHIOE 1/4 BucoTH KamepH (10 Mm),
a TaKOXK y MOJICIISIX 3 PO3TAIlyBaHHIM 3aps/iiB HAaJl BU-
CSTYMM Ta JIe)KauuM OOKOM KamepH Ha BifcTaHi Bifm ii
MeX piBHOMY 35 MM y 30HI BIUIMBY CTHUCKAOUHX Ha-
TIPY’KCHb.

i1

7]

a) MoOenb be3 HaBaAHMANCeHHsL 8 YeHmpi 0bnacmi CKaeninta 008anents 5, 6) npu HABAHMAICEHHI NO BICi pig-
nHomy 28,0 MIla 6 yenmpi obracmi ckieninHs 006a1eHHs
Puc.3. Xapaxmep pytinysanuns mooeni eubyxom sapsoy BP

Mogeni nepen miJpUBaHHAM 3apsiIiB MiJJISITaId CTATHYHOMY HaBaHTaXeHHIO piBHOMY: P=0; P = 18,0 MIla;

P = 34,0 MIla. Pe3ynbraru pyiiHyBaHHS MOJielieii IipeicTaBieHi Ha puc.4.

i

]

a 7] 6
a) Modenb be3 HaBAHMANCEHHsL 8 YeHmMPI 0b1acmi CKIeninHsa 006anenHs,; 6) npu HABAHMANCEHHI NO ICI PIGHOMY
18,0 Mlla 6 yenmpi obnacmi ckaeninus 068anents,; 8) npu HaganmadicenHi no sici pisnomy 34,0 Mlla 6 yenmpi
obnacmi cxneninms 066anenus
Puc.4. Xapaxmep pytinyeanns mooeni subyxom sapsdy BP
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AHaii3 eKCcIepuMEeHTATLHUX BHUOYXIB TOKa3as,
10 31 30UIBIICHHSIM OChOBOIO HaBaHTAXKCHHS Ha MO-
JICNTb KyT PO3TBOPIO BUPBU BUKUY 3MCHIIYETHCS 3 Ta-
KuMH 3HadeHHsMH: ipu P = 0 — = 161°; npu P = 18,0
MIla —f =158° i mpu P= 34,0 MIla — f =154° ¢ Hacry-
[MHAM 3MEHIIEHHSIM IUIONIMHU CKJEIIHHS OOBaJICHHS.
BcTaHOBIIEHO TaKOK, IO 31 301ILIICHHSIM OCHOBOI'0 Ha-
BanTaxeHHs (0-34,0 MIla) mOMITHO MPOCTEKYETHCS
ORI yHOPSAKOBAaHE MOMIMPEHHS TPIIINH y BEPTHKA-
JHFHOMY HampsMKY, a IIe Belle 10 3HIDKSHHS IUIOIIi 00-
BAJICHHS Yy BEpXHIH IUIONIMHI CKJICIIHHS, IO CKIAJIO
BignoBigHO 65%, 54% Ta 49% (puc. 4, a, 6, 8) Bix 3a-
rajbHOI IUIOIII CKJICIIIHHS OOBaJICHHS.

HacTynHuM eTamoM eKCIepruMEHTaIbHHUX JOCHTi-
JUKEeHB OyJI0 BUBYCHHS BIUIUBY PE3yJIbTATIB BUOYXY Ha
napaMeTpH MOl HanpyKeHb y Mozaedi. [lapamerpu mo-
JIeNli Ta YMOBH HABaHTaXXCHHS 3aJIUIIATHCI 0€3 3MiH
3TiJHO 3 OMHUCAHOO BUIIE METOTUKOIO 3 €JJMHOO Pi3HH-
LIEI0, 1110 JMHAMIYHE HAaBAHTAKEHHS MOJENIEH 3 11 HCHIO-
BaJoCs, SIK TPU BiJCYTHOCTI HaBaHTa)KCHHA, TaK 1 3
OCHOBUM HaBaHTAXKCHHAM, 1o popiBHIOe 18,0 MIla,
siKe CTaHOBHUTH 50% Bil KpUTHYHOI IS JaHUX ITapaMe-
TpiB Mozeni. [Ipudomy, 3apsin BP posramoByBaBcs Ha
BifcTaHi 35 MM Bi BEpXHBOi KPOMKH ITOPOKHUHH (Ka-
MepH), K y HEHTpi ii, TaK y BUCIIOMY OOKax IOpPOXK-
HUHH. Pe3yabTaTi eKCIIEPUMEHTIB HABECHO Ha PUC.S.

[MopiBHIOIOUM pe3ynbTaTi BUOYXIB 3apsgy BP y
MOJIENI, 110 3HAXOAUTHCS ITi1 HaBaHTAKEHHAM 1 0€3 Ha-

BaHTaXCHHsI 3BEpTa€ yBary Te, o y MOJEII, migipBa-
HUX 0€3 HaBaHTa)XCHHS, KAPTUHA PadialibHUX TPIIIUH
CHMETpHYHA BIZTHOCHO 3apsany
(puc.5, a), a TPILMHY Y HOMY BHIIQJIKy HE IOIIHUPIO-
I0ThCS 10 TIOBEPXHI MOPOXKHUHU (KamepH). Y MoJensix,
TiIipBaHUX MIPU CTaTHYHOMY HaBaHTaxkeHHi 18,0 MI1a,
TPIIIMHA BHKJIIOYHO OPIEHTOBaHI y BEPTHUKAJIBLHOMY
HampsIMKY, 1 esIKi TPIIIMHU AOCSTIIA BEPXHIH KPOMII
MOPOKHUHH (pHUC.5, 6).

Ipu migpuBanHi 3apsxy BP mocriitHoi macwy, 3ri-
IIHO 3 PO3POOJICHOI0 METOAMKOI0, PO3TAIIOBAHOTO IO
BepTHKali Ha BigcTani piBHiH 0,9Ngay., 1€ Ny, BECOTA
OTOJICHOT ITOPOYKHIHH (KaMepH) piBHOIO 36 MM HaJ BU-
CSIUMM 1 JIe)KauuM OOKOM OTPUMaHI pe3ysIbTaTh 30BCiM
BIIMiHHI BiJl HaBeIeHOI Bumie cepii. Tak, mpu mimpu-
BaHHI HEHABAaHTAKEHHWX MOJENeH B HHUX IPOCTEXKY-
€THCS PIBHOMIPHHI PO3MOALT TPILMH HABKOJIO 3apsiay
(puc.5, 6), a npu HaBanTaxxeHHi 18,0 MI1a monens Oyna
po3ciueHa y BepXHiii YacTHHI BOMa OCHOBHHMH Tpi-
mHAMH (puC.5, 2). PO3MOBCIOMKECHHS OHI€T 3 TBOX
TPIIIMH CIIOCTEPIraeThesl B HANPSAMKY HaBEICHOTO KO-
HTYpY CKJICHIiHHS 3 KyTOM Haxmiy B 65° 10 rOpU30H-
TaJIi, a iHIIa TPIIUHA IPOCTEKYETHCS Maike y BepTH-
KaJIbHOMY HaIpsIMKy 3TOPH IO HH3Y BiIHOCHO 3apsiay
BP. AnanoriyHa KapThHa BUIHA TIPH PYHHYBaHHI MO-
JieT1i B 00J1acTi JIexKayoro 00Ky KaMepH 3 KyTOM HaX MLy
65-70° no ropuzoHTasi YOIk HOPOXKHUHU (KaMepH).

>
<

0

a) modenv 6e3 HABAHMAICEHHS 8 YeHmpi 0bacmi CKieninHsa 008aienHs; 6) MOOenb NPU HABAHMAICEHHI NO BICI
xkamepu pignomy 18,0 MIla 6 yenmpi obracmi ckieninus 008aneHts, 8) MoOenb 6e3 HABAHMAICEHHS 8 NPOMuUJie-
JHCHOMY KymY 810 icU BUCAU020 DOKY Kamepu, &) MoOelb npu Haganmaxicenti no gici kamepu pisnomy 18,0 MIla
8 NPOMUAEIHCHOMY 810 ii Kymy 8, 0) Modenb npu Hasauwmasjicenni no eici kamepu pienomy 18,0 Mila 6 inuwomy
Kymi it sucsayozo 60Ky
Puc.5. Xapaxmep pytinysanns mooeni eudyxom 3apady BP nao obracmio ckneninns obeanenns (kamepu)
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BucnoBku. [limBoasum MiICyMKH TPOBEACHHUX
JOCIIIIKEHb, MOYKHA CKa3aTH HACTYITHE:

— B MacuBax ripChbKHX MOPiA KPyTOCIaHOTO PYA-
HOTO TIOKJIa/y TPH Pi3HUX KyTax Il majiHHA Ha riaubo-
KUX TOPH30HTaX PEKOMEHAYEThCS 3aKiianaTh OypoBi
BUPOOKH OJIMDKYE 10 LEHTPAIbHOI YACTHHU KaMepH 110
oci ii B MeXkax 3 0THOr0 00Ky KaMepH, a 3 1HIIIOTO 30HU
MiBUILIEHUX HANpPYXXEHb Ta B 30HaX IEPEpO3IOALTY
HaIpy>keHb, 110 MEPEMIIAOTECS Y AHUIIE KaMEpH, K
y JIe)Ka4oMy, TaK i y BUCSIOMY ii O0Kax;

— JIOBEJICHO, 1[0 B HABAHTA)XKEHUX MOJEIAX il
yac BUOyXy 3apsiiy BP B meHTpanbHiit yactuHi 06macTi
CKJIeTIiHHSA 00BajJeHHs (KaMepH) TPIOIMHH PO3IIOBCIO-
JUKYIOTBCSI IEPEBAYKHO y BEPTHKAJIBHOMY HAIPSIMKY Ta
ORI TOJOBXKCHI HiIX Yy HEHABAHTAXKCHUX MOJICIICH.
[Ipu yomy, B MozeNsiX 3pyHHOBAaHUX BHOYXOM 3apsiay
HaJl BUCSYUM OOKOM INOPOKHUHM (KaMepH) OCHOBHA
OpI€HTAIliS TPIIIUH CIPSIMOBAHA 3TiIHO HABEICHOTO
KOHTYPY CKJICTIIHHS OOBaJICHHS 3 KyTOM HaXHJy JI0 I'0-
pu3oHTaii 65-70° y 6ik MOpOKHUHU (KaMepH).

OTpumaHi pe3yibTaTH IOCHTIHKEHb OyIyTh Bpa-
XOBaHi IIPH po3po0IIi Ta OOTPYHTYBaHHI parioHAIEHIX
nmapameTpiB OypomigpuBHUX poOiT, MicIs 3aKiIaIaHHS
CBEp/UIOBHMH 1 YMOBH iX OypiHHS y OJomi, IO JA03BO-
JUTPH MiIBUIIATH €PEKTHBHICTH POOOTH CBEpPIJIOBHH-
HHUX 3apsiB MO BimOiiili pyaHOTO MOKIALY, 3HU3UTH
MUTOMI BUTpaTH BUOYyX0BHX MaTepiaiiB (BM), po3y6o-
JKYBaHHSI KOPUCHHX KOTIAJIWH 1 TUM CaMHM MOKPAIUTH
MOKa3HUKH POOOTH HAaBaHTAXXyBaJbHUX Ta TPAHCIOPT-
HHX 3aC00iB.
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