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PROBLEMS OF CONSERVATION AND RESTORATION OF HISTORICAL ANDARCHITECTURAL HERITAGE

Section 1. Architecture

Orlenko Mykola,

candidate of technical sciences,

Ph.D, president of “Ukrrestavratsiya” Corporation
E-mail: n_orlenko2012@ukr.net

PROBLEMS OF CONSERVATION AND RESTORATION
OF HISTORICAL ANDARCHITECTURAL HERITAGE

Abstract: The article is devoted to the problems of historical and architectural heritage preserva-
tion and restoration in Ukraine. The purpose of the article is to raise the problem of protecting the
historical heritage in Ukraine in the context of the main international monument protection and
restoration documents. Based on the methods of system-structural analysis, the method of natural
research, the method of comparative analysis, the main problems facing the restoration and ways of
liquidating the alert condition of monuments are analyzed. The experience in restoration, gained by
the corporation “Ukrrestavratsiya” for 70 years of its operation, is summarized. Based on the gained
experience, modern methods for the restoration of monuments are proposed, special attention is

paid to the practice of destroyed objects reconstruction.

Keywords: problems of restoration, historical heritage protection, reconstruction of destroyed

architectural monuments.

Introduction

The problem of conservation and professional
restoration of historical and architectural heritage is
one of the most difficult in Ukraine. According to
Art. 54 of the Constitution of Ukraine, State ensures
the preservation of historical monuments and other
objects of cultural value. According to the Law of
Ukraine “On Protection of Cultural Heritage” on
June 8, 2000 No. 1805-III with changes, cultural
heritage sites that are on the state account are pri-
oritized and protected by the state.

Since its independence, Ukraine has ratified a
number of important international agreements for
the protection of cultural heritage, such as the “Inter-
national Charter for the Protection and Restoration
of Monuments and Sites” (Venice Charter, 1964 ), the
Convention on the Protection of the World Cultural

and Natural Heritage, adopted by the General Confer-
ence UN Education, Culture and Science 1972 (rati-
fied in 1988), the UNESCO Recommendation “On
protection at the national level cultural and natural
heritage”, the Convention “On protection of the ar-
chitectural heritage of Europe” (1985),” International
Charter for the Protection of the history cities” (Wash-
ington, 1987), Riga Charter “On the reconstruction of
authenticity and historical sites in the context of pre-
serving cultural heritage” in 2000, etc. This means that
the state shall ensure the identification, certification of
facilities, protection and preservation of cultural heri-
tage, take effective legal, administrative and financial
measures, and promote training system for experts in
the heritage protection area.

One of the most important parts of the state sys-
tem of cultural heritage protection is the registering
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monuments. Granting the status of monuments is
regulated by the decision of the Cabinet of Ministers
of Ukraine “Procedure for determining categories for
entry monuments of cultural heritage in the State list
of Ukraine” adopted December 27,2001, and the de-
cision of the Cabinet of Ministers of Ukraine No. 626
from 09.14.2016 “On amendments to the procedure
for determining categories for entry monuments of
cultural heritage in the State list of Ukraine”.

According to the Law of Ukraine “On Protec-
tion of Cultural Heritage”, State Register of Im-
movable Cultural Heritage Sites is the official state
recognition of their legal status by assigning them
identification code. Objects of Cultural Heritage
entered into the state registry of movable monu-
ments of Ukraine by the decision of the Cabinet
of Ministers are the objects of national importance
and culture. Regarding the sites of local impor-
tance, accounting records is made for each object
of cultural heritage listed in the registry. The record
includes registration card (passport), brief history,
an act of technical condition, photofixation materi-
als (the Law “On protection of cultural heritage” p.
3 chapter X).

Ukraine, as a member of the Convention “On
Protection of Cultural and Natural Heritage”, adopt-
ed by the General Conference of the UN Education-
al, Science and Culture in 1972 (ratified in 1988),
undertake to provide protection, preservation for the
good condition of cultural heritage located in its ter-
ritory and are in the public account.

Realizing itself an independent state, we further
grasp the uniqueness of our cultural achievements.
Without going into depth analytical studies, it can
be noted that Ukraine falls far short of international
standards in protection of historical and cultural
heritage, so defining entering in the European com-
munity as a strategic objective, we need to bring the
national heritage sector to international standards.
Thus, the main objective is to summarize scientific
and practical experience gained “Ukrrestavratsiya”
corporation.

General regulations

Taking into account non-identical features of
reconstruction and restoration, an important issue
both in the restoration through preservation and in
the restitution is the compatibility and interaction
of new building materials, structures and technolo-
gies with authentic, because thorough study of its
building materials, structures, painting and interior
and scientific laboratory studies to determine the
chemical and petrographic composition of building
materials, stratigraphic analysis for the paintings, de-
termining the presence of moisture in the laying, etc.
is performed during the technological examination
of the monument. On-site inspection and laboratory
research are the basis for the creation of technology
for repair and restoration work and the choice of
materials, which are the most compatible with the
original materials of interest.

Problems of restoration somehow affect static
preservation of the building, which is affected in
turn by its alert condition. The alert condition of the
building is recorded visually and using geodetic tools,
lighthouses, including how you can trace the dynam-
ics of appearance and cracks opening that probably
are a manifestation of unequal subsidence of bases
and foundations and losses of foundations bearing
capacity, brickwork walls destruction and mortar
brickwork. Earthquakes or landslides, laying of under-
ground, construction of underground structures may
lead to alert condition. Slope of the structure (often in
combination with active occurrence of cracks, which
are mostly go through debilitated places — openings,
arches, vaults) are the signs of problems in bases and
foundations. The reason for walls soaking can be ab-
sence of waterproofing, increased groundwater level
(especially if aggressive water entering I a chemical
reaction with a mortar and leads to its destruction),
cycles of freezing — thawing of walls, leaking roof. The
cause of the stucco plaster destruction in the interior,
which s attached to the ceiling,, can be uneven settling
beams overlap, their rot through. The cause of the plas-
ter stucco destruction on facades, which is covered
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with a layer of varnish, cover and painted layer, seep-
age of water through a layer of varnish and corrosive
atmospheric moisture, alternating cycles of freezing
and thawing. This leads to cracks in the stucco details,
landslides, sprinkled, hangs.

Signs of an alert condition in wooden elements
is the appearance of fungus, soaking, woodworm,
downfalls, deflections.

Signs of gilding crashworthiness is blackening,
spots, powdering. Gilding is renewed every seven
years and gilding technology on copper, wood, plas-
ter are different. For example, copper plating requires
clean copper surface degreasing, coating with yellow
lead, applying five layers of lacquer and gilding in
inclosure, if it is a dome.

Signs of an alert condition for mural is a failure
of the normal temperature and humidity regime
leading to the emergence of the fungus, crumbling,
soaked surface.

The list of only some restoration problems shows
that the restoration is primarily a scientific field re-
quiring corresponding long training for specialists
of this profile. The problem lies in the fact that today
there is an extensive list of restoration techniques in
individual cells, but not integrated holistic restora-
tion techniques for a monument with all its pos-
sible components and the need to preserve their
authenticity. It is necessary to develop a full resto-
ration algorithm for monuments, which would take
into account all the possible options. For example,
although the state of bases and foundations is the
most common cause of accidents of buildings, it is
not necessarily start emergency response measures
with strengthening the foundations and basements,
if there is a destruction of brickwork walls, first walls
are fixed using injection, bandages, shirts, and then
the strengthening of bases and foundations is per-
formed. Thus, element systematization for branched
complex of all restoration actions is a base on expert
information system because it allows selection based
on several criteria selected from the general list of the
most effective methods.

Scientific and technological survey for monu-
ments is made in the following order: the technical
condition of the building is determined, hydro-geo-
logical study is performed, the condition of the roof
and the degree of damage to material items is stud-
ied, the status of roof structures is defined, deforma-
tion detection and their causes. Further survey of the
facades, which begins with reviewing the state of lay-
ing and detection of destructive factors and survey of
the cap and foundations, while drawing attention to
the improvement of the arrangement for surround-
ing area and the state of utilities, the groundwater
level. After that, survey of the facades is performed
in the following order: state of brickwork walls and
destructive elements, the presence of strains, and
condition of finishing layers are determined, cap and
foundations of the monument are screened. During a
survey of facades, samples of original building mate-
rials as close as possible to the original are taken for
the purpose of restoration work. At this stage, the
defining for the date of construction of the monu-
ment is performed based on a detailed study of mate-
rials and structures and these data is compared with
information about the features of the construction
for each historical period. The nature and cause of
destruction are defined.

After a survey of facades, a survey of interior is
conducted, which starts from the basement to the
roof structures. It is assumed to determine the state
of the interior decoration and decorative elements,
as well as details, determining their status and the
presence of destruction.

Based on the new data, the materials are selected
for repair and restoration work on the monument of
architecture. Based on a detailed examination of the
original materials and structures of the monument
technology of repair and restoration (conservation)
works is developed together with the study of litera-
ture and comparing various options of restoration
technology for the selection of the optimal solution.

In 1987, a roadmap of research design and re-
pair —restoration contract works on the monuments
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Section 1. Architecture

of architecture and urban planning with the definition
of priority issues, actions and financial needs was de-
veloped. This program included the data collection on
the technical condition of monuments of architecture
and urban planning, identification of priority sites and
list of required emergency measures, grouping objects
for maximum concentration of works on monuments.
A special form of inventory cards was developed for

¥YMQBED NOIHATERAR

regional monuments. For each monument the signifi-
cance of the object as a justification for conservation
status and% of losses, technical condition, the original
function was necessarily determined. Based on this
structure, 6 schematic maps were developed. The first
map show the placement of monuments, their techni-
cal condition, and material with the classification on
the original purpose (Fig. 1).

Figure 1. Schematic map No. 1. Monuments of Urban
Development and Architecture in Ukrainian SSR

The second map depicts the most important
monuments of the ancient settlement of historic
buildings. The third shows evidence of modern
appliances monument and performing restoration
work. The fourth, fifth and sixth maps depict the
structure of the restoration industry in Ukraine and
layout for departments. The promising proposals

for the reorganization of business units were also
shown there.

This structured approach to restoration activi-
ties was launched for the first time. It should be
noted that in Kyiv NDITIM Institute developed a
system of information on protection of monuments
of architecture and urban planning in 1995 in Kyiv
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and Kyiv region with the development of the data-
base structure, operational documents describing
the technical facilities, requirements for the pro-
gram and information tools supporting maintain-
ing protection for monuments of urban planning
and architecture. In this system, the system of clas-
sifiers, for example, the location of the object, its
primary function, the authors, catalogs of archival
sources, etc. was developed. In developed infor-
mation system, an automated illustrated register of
monuments with an open system was envisaged,
where a visual analysis of the monument was the
realized multilevel hierarchical data processing
subsystem composed of visual analysis tools and
databases containing map information (monument
location on a map), text and graphic information on
each object. Register of monuments should include
information on the location of the object, topog-
raphy, soils, building background, network engi-
neering, information on space-planning and design
features, architectural and structural components
and parts, decoration of the interior and exterior,
construction and finishing materials, as well as his-
torical information, bibliographical data, archival
data, and architects.

In a system developed by NDITIAM, the follow-
ing list for data on restoration activities was envis-
aged:

— information on restoration measures in previ-
ous years;

— information on available restoration measures;

— information about the prospective restoration
measures;

— information on restoration activities in parts
of the object within the object and the whole com-
plex (ensemble).

It was noted that the use of monuments is a base
of monuments infrastructure and its environment,
the knowledge base for the monument analysis and
assessment calculating the required parameters, cal-
culation for optimizing the tourism function, deter-
mined by certain factors.

Today, Ukrainian experts actively use advanced
restoration techniques recognized in the world. In
modern conditions, method of reinforcement for
authentic bases and foundations using root piles
will get many advantages. To arrange these piles,
holes driving from one side of the wall at a slight
angle to the vertical are bored in the foundation,
then they are continued in the ground to the mark
of trusted rocks, a reinforcement is set in each hole
and the holes are filled with the cement-sand mor-
tar. Later, similar piles with shifted location are ar-
ranged at the same angle on the other side of the
wall. Laying of the foundation with insufficient
strength is fixed by cement injection. Thus, strong
brace like roots in the soil (that explains the name
root piles), which pass most of the loads on the
denser layers of the soil, are arranged due to this
technology under the restored building.

Such aroot piles system was used for the first time
in 1952 in Italy by Fernando Lizzie to strengthen the
foundations of school in Naples. Now there are has
more than 5,000 historical objects in the world with
the foundations strengthened by the root piles.

Consider the application of this reinforcement
method on some examples.

Preliminary examination of the Assumption
Cathedral in Kaniv (XII century) recorded its alert
condition and appearance of numerous cracks. In
1984, work on prestressing steel U-shaped bandages,
girding Cathedral from three sides, was completed.
The bandage was a tie knot from each part, which al-
lowed performing pre-tension with bolts. However,
these measures proved insuflicient, the cathedral had
to be strengthened with root piles, drilled through
old foundations. The hole for piles had diameter of
132 and 151 mm. Drilling piles was preceded with
strengthening authentic laying foundations through
injection wells. Root piles were arranged after the
foundation grouting and making contact “founda-
tion-ground”. As the piles reinforced existing build-
ings, they were located on both sides of the walls and
pillars in the chess order (Fig. 2-3).
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Figurre 2. Technological scheme for arrangement of root piles with wells washing
by concrete mortar: | — boring with chisel drilling bits; Il — installing reinforcement
cages; lll —installation of injection pipe and filling the hole with a mortar; IV —tampons
and establishing pressing of wells; IVa — pressing of wells at the mouth of the pile.

1 —drilling pipe; 2 — reinforcing cage; 3 — injection pipe; 4 — reinforced foundation;
5 — mouth tray; 6 — swab with gland; 7 — extended part of the pile; 8 — finished pile

In the Holy Transfiguration Cathedral in
Novgorod-Siversky, two types of piles were used:
tilted transparent and blind root piles pressed at the
site of the remains of the of XII century temple. Root
inclined piles reinforced chambers of Holy Trans-
figuration Monastery prior. Piles pass through the
bulk soil, collapsing sand, and solid loam.

Alert condition of bases and foundations, often
due to wetting collapsing sand, leads to cracks in wall
constructions. That is why the block of reinforce-
ment methods for bases and foundations is directly
related to the third block of restoration techniques
for restoration of the wall and its components at dif-
ferent hierarchical levels. This unit applies restoration
technologies for basement and ground floor, brick-
work walls, entrance and entrance bay windows, bal-

conies, loggias, bay windows, balconies, decorative
walls, arches, windows, columns, architrave, frieze,
and cornice forceps, each of the elements includes
smaller components of their technology restoration.

Restoration materials and technologies were cho-
sen in a way to not disrupt the original design of the
monument, if it remained fully or partially (as was
done in the Vladimir Cathedral in Chersonese), and
to include new materials and designs in collaboration
with the old brickwork, if the monument suffered
from severe damage (as was done in the Assumption
Cathedral of St. John the theological chapel) or only
the foundations of several rows of brickwork walls
left from it (as in St. Michael’s Cathedral).

In May 1983, due to groundwater underflood-
ing collapsed south-eastern of national importance
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monument Mykola Pritisk’s Church at the Podil, and
carrying pylon and two reinforcing arches, which
were based on it, cylindrical vaults and three sides
octagonal drum were destroyed (Fig. 4).

The main reasons for the alert condition of the
church were associated with the rise of groundwa-
ter level in recent years after the construction of

the subway at the Podil, so that blocked the wa-
ter flow from Tarasivska and Zamkova mountains
to the Dnieper. The uneven subsidence resulting
from moisture of foundations caused redistribution
of efforts on bearing structures and this has led to
imbalances in the system basement-foundation -

building.

i
N o A2 2SN
NN N TSN Ty
74 ,"\,\/' TN NN X
P AN R
R R SR S e e 1
TTT

Figure 3. Placing the root piles on the geological section 5-5. Assumption Cathedral in Kaniv

Developing the restoration project of the Mykola
Pritisk’s Church, several options for strengthening
the foundations and basement, including options of
foundations pillars to expand the sole foundation,
strengthening the foundations by soil injection, use
of bored and pressed piles, and option of placement
continuous base plate were compared and considered.
An analysis for all the options shown that support-
ing the foundation with pillars in wells, application of
bored or pressed piles leads to uneven efforts in con-
struction, ad most of work will be complicated and un-
economical. Comparing the technical and economic
indicators the most rational option was reinforcement
for bases and foundations using root piles. Application
of this method provided the following benefits:

— the possibility of arranging piles through exist-
ing structures by strengthening using injection under
pressure;

— maintaining appearance without destroying
the church;

— pressing the mortar in well with simultane-
ous adding mortar under pressure to ensure the
filling of cracks in the foundation structures, seal-
ing the surrounding soil foundation base, providing
surface roughness to enhance their driving bearing
properties;

— slight draft through pressed root piles, result-
ing draft does not exceed a few millimeters even
under loads close to the threshold of the material
piles;
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— static equilibrium is not disturbed for ex- Total 506 root piles each with a diameter 132 mm,
isting foundations through the use of compact length 16 m and the pile slope 15- wasused 19 for the
equipment with high speed, so that there is no  reinforcement. After completion of the reinforcement,
vibration. the deformationof Mykola Pritisk’s Church stopped.

Figure 4. Mykola Pritisk’s Church at the Podil. Archive photo 1983

Installation technology of root piles casing in  ductor to the contact with the ground, filling the hole
metal pipes are as follows. For Assumption Cathe-  with cement mortar and installing conductor there,
dralin Kyiv Pechersk Lavra, technology for root piles  drilling cement stone to the soil, passage in the hole
included drilling boreholes with a diameter of 135 using hole screw below the foundation to the design
mm to a depth of 12 meters for the pipe — the con-  depth and installation of pipes, which pressed the
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entire length of the pile installation at full depth and
volume of metallic reinforced construction from the
tube, filling the hole with cement-sand mortar via
tube injector through “bottom-up” and pressing hole

LS

and pouring a mortar to the project level (if neces-
sary). It permitted to avoid entry the cement-sand
mortar pile at the burial near foundations and dis-
turbing the cultural layer of the monument (Fig. S).
R N fi

e NS f"
¥ ' .
v ’ i

Figure 5. Ruins of the Assumption Cathedral of the Kyiv-Pechersk
Lavra. Archive photo from early twentieth century

In the Holy Transfiguration Cathedral in
Novgorod-Siversky, the order of placement trans-
parent root piles foreseen the establishment of con-
ductor, hole drilling with a diameter of 132 mm to
a depth of 1 m, hole filling with complex solution,
installation of conductor pipe with a diameter of
102 mm, and solidification of the mortar within
1-2 days, drilling hole conductor and the passage
of blowing air, installation or reinforcement in the
well hole and caulking the opposite side of the hole,
setting tampon with gauge in the hole and filling
with complex mortar, plug drain for discharge pres-
sure up to 2 atm., after installing plugs in a tube-jig,
adding a complex solution into the hole to the proj-
ectlevel, after wells was left within two to three days

cut the jig and set anchor plate. The procedure for
placing remote root piles distinguished by the fact
that the hole was filled through the injector with
complex solution and then armoframes were placed
and well pressuring took place. In the Assumption
Cathedral in Kaniv, bentonite wells with washing
solution were drilled first, then armoframes and
pipe-invektor were placed, a cement-sand mortar
was injected. Covering root piles was started inside
the cathedral from the main entrance of moving
around the perimeter of the building.

In national restoration, the following methods to
strengthen the foundations are applied:

— expansion of the bottom;

— additional laying of the foundation;

11
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— supporting the foundation pillars of wells and
replacement of foundations;

— strengthening the bored piles (with weak soil
base, the loss of the bearing capacity of foundations,
or lack thereof, requires bulky equipment);

— strengthening with pressed piles (with weak soil
base, the loss of the bearing capacity of foundations,
indoors and out, does not require bulky equipment);

— strengthening with root piles (with weak soil
base, the loss of the bearing capacity of foundations, in-
doors and outdoor, does not require bulky equipment).

Options of reinforcement with piles according to
the tasks can be summarized as follows:

A. Application of bored pile with a diameter of
250 mm:

— in case of weak collapsible rocks of the base or
in case of wet loess soils;

— when the old foundation bearing capacity is
almost lost or completely destroyed;

— when there is space to place bulky equipment
and vibration will not break existing structures;

— it is used rarely in the restoration, effective in
case of restoration from scratch for completely de-
stroyed objects;

Examples: St. Michael’s Cathedral (central),
strengthening the mountains under the Andrew’s
Church.

B. Application of small diameter pressing piles
of 100-180 mm:

— amortar is injected in steel pipes and fittings
are inserted;

— in case of weak collapsible rocks of the base or
in case of wet loess soils;

— when the old foundations lost carrying capac-
ity;

— inlimited areas where it is impossible to place
bulky equipment;

— when it is impossible to use equipment that
provides vibration;

— when because of wetting only root piles can-
not be applied;

— often used in restoration.

Examples: National Philharmonic, partly Bessar-
abskiy quarter (old part), partially House with Chi-
meras, Assumption Cathedral of the Kyiv-Pechersk
Lavra in Kyiv, Virgin Pirogoshchaya Church.

C. The use of small root piles:

— 1in case of weak collapsible rocks of the base or
in case of wet loess soils;

— when the old foundations lost carrying capac-
ity partially or completely;

— inlimited areas where it is impossible to place
bulky equipment;

— when it is impossible to use equipment that
provides vibration;

— often used in restoration.

Examples: Assumption Cathedral of Kyiv Pech-
ersk Lavra, House with Chimeras (partially), the
Assumption Cathedral in Kaniv, Transfiguration
Cathedral in Novgorod-Siversky, Mykola Pritisk’s
Church in Kyiv.

Most examples of root piles are in whole or in
part the existing facilities, which are directly under
the loess soil moist, sandy loam and sand that are
weak collapsible soils.

Conclusions

The following conclusions can be formulated. It
should be noted that the scientific restoration in the
early twentieth century was simply the restoration of
religious and representative palace buildings, while
now the monuments of different functions are re-
stored. However, despite the fact that it was only the
process of the restoration, but the principles, which
were established in the early twentieth century — the
need for fundamental natural and architectural - ar-
chaeological surveys, performance architectural and
archaeological measurements, involving analogues
approval of restoration on meetings of specialized
scientific committees — formed the basis of Ukrai-
nian restoration school. Many of the problems in
modern restoration in Ukraine are connected with
the restriction in the list of buildings types that were
the monuments in the early twentieth century, as a
restriction led to the destruction of non-professional
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repairs for other types of structures — for example,
some types of public, residential, industrial and en-
gineering buildings. For these types of buildings, the
proclaimed the principle of conservation and resto-
ration of the original form was not used, as well as
a comprehensive restoration was not always carried
out for famous monuments.

Problems solved by Ukrainian restorers in mod-
ern terms, are much more complex, taking into ac-
count that extensive restoration layer special infor-
mation on the causes of accidents buildings and its
elimination methods was gained, restoration tech-
niques were constantly improved and replenished
with new technologies.

An important problem associated with the resto-
ration of monuments is maximum compliance with
conservation principles, i.e. minimum intervention
in the initial monument. Restoration techniques
used at the facility should make possible to main-
tain the authenticity of the monument, possible need
to preserve the original materials and construction,
and, if necessary, to apply the new techniques and
materials that do not cause damage to the old part of
the building and can form and construction of robust
static building system with the old materials.

Thus, the selection of restoration materials and
technologies is performed after thorough archi-
tectural and archaeological, natural, engineering,
hydro-geological, chemical and petrographic studies
designed to provide the most comprehensive infor-
mation about professional and authentic parts of the
building materials, construction methods for differ-
ent periods. Based on these complex investigations,
itis possible to predict how the restoration work and
the use of certain materials and structures will effect
the state of the monument.

Monuments from different times are located on
the territory of Ukraine: speaking of aerial objects
(monuments of archaeological excavations are
not included in the review), these are the monu-
ments from the times and the period of Kyivan
Rus (XI century, Heyday) to the first decades of
the twentieth century, or the monuments meeting
the criteria of a statute of limitations. Restoration
techniques have been developed for each construc-
tion type of monuments from this period as each
construction period in Ukraine is characterized by
constant change of monument appearance, specif-
ics of building materials, structures and technolo-
gies.

Overview of the main problems causing alert
condition of monuments, and a list of the most
common restoration technologies indicates that the
main problem is disruption of building static, un-
even foundations subsidence, poor soil of founda-
tions, soil moisturizing due to destroying or lack of
waterproofing. Weak and uneven soil subsidence of
foundations led to cracks in the building of the Na-
tional Philharmonic, Sofia belfry, Odessa Opera and
“House with Chimeras”. In all the above cases, the
only effective way of curbing and eliminate the strain
was the use of root piles. Method of strengthening
for fundamentals and foundation with root piles was
effective in the practice of restoration for partially or
completely destroyed buildings.

Contribution

The scientific novelty of the paper is that prob-
lems facing the Ukrainian restorers and methods to
overcome them was first generalized, analyzed and
systematically implemented for restoration measures
on specific monuments.

Disclosure statement.
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AnnoTanus: B crarbe paccMOTpeHa HCTOPUS U3YYeHHS IIUXTbI CUOMPCKOil. CAeAaH BBIBOA O TOM,

4TO B HACTOsIIlee BpeMs TOYHBIX AAHHBIX 00 apeaAe IUXTbI CHOMPCKOM HeT. Bua TpebyeT ceppe3HbIx

AeCOBOACTBEHHbIX UCCAEAOBAHMI AASI COXPAHEHHS B KaueCTBe AecO00Opasyroleil IOPOABI Ha ceBepe

eBpornerickoi yactu Poccum.

KaroueBble cAOBa: TUXTa CHOMPCKas, apeaA, AeCOBOACTBEHHOE 3HAUeHHe, AeCO0Opasyomasi mo-

poaa.

Hcropuyeckoe yracaHue COBETCKOTO A€COBOA-
CTBa IIO3BOASIET BHIMATEABHO PacCCMOTPETh HacAe-
AUie ITPEAIIeCTBEHHUKOB U IIPOAOAXKHTD €T0 B AYUIIHX
TPAAUIHAX POCCUIICKOTO AECOBOACTBA. DTO KaCaeTCs
KaK OCHOBOIIOAATAIONIMX ITPHHIIUIIOB A€COBOACTBA,
TaK 1 KOHKPETHBIX AQHHBIX ITO OTACABHBIM ITOPOAAM.
OAMH 13 TaKKX YaCTHBIX BOIIPOCOB, KaK apeaA IIMXThI
CHOMPCKOM, pacCMOTpEH B 9TO crarbe. Vsyuenue
borareiiero MarepuaAsa, HAKOIAEHHOTO ITOKOAe-
HUSIMH Y4EHbIX A€COBOAOB, ITO3BOASIET IIO-HOBOMY
B3TASIHYTb Ha ITPUBBIYHbBIE AAHHbIE H TOAXOADI K 4aCT-
HbBIM A€COXO3SIFICTBEHHbIM IIPOOAeMaM.

Abies sibirica Ledeb. umeer o6mupHsiit apeaa:
ceBepo-BocTok EBpomneiickoit yacty, a Taxke B Cu-
6upu, Kasaxcrane u MoHroaun. 3UMOCTONKUI
U XOAOAOCTOMKHUN BHA KOHTHHEHTAABHOTO KAVIMA-
Ta; IPEAIIOYUTAET CYTAMHMCTbIE IIOYBBI CPEAHEro
yBA@XKHeHUA. B HacTosmee BpeMs BUA Hy>KAaeTCs
B YTOYHEHHUH CBOEro apeaAa Ha teppuropuu Poc-
cHH, 0COOEHHO ee CeBepoO-3aIlapd. JHAUYHTEAbHbBIE
IIepCIIeKTUBBI OBICTPOPACTyIIell XBOMHON IIOPOABI
HY>XAQIOTCS B AOTIOAHMTEABHOM BHUMAHHUU A€COBO-
AOB 11 AecoycTpouTteAeit. Ocoboe BHUMaHUE K 9TOMY
BUAY uMeeT B Poccuu CBOXO UCTOPHIO.
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Iluxta ynomuHaeTcs B KaTasorax Kmmeparop-
ckoro 6oranmaeckoro capa (apie BUH mm B. A. Ko-
mapoBa) ¢ 1824 roaa [6]. IHTpoAyKII¥s THXTHI CHU-
6UpcKOi B 60TaHIIECKHE CAABI eBPOIIENCKOM JaCTH
cesizpiBaeTcs ¢ umeHeM K. O. Aepebypa. sBecTHbiit
daopuct, AupexTop AepHTCKOro 6OTaHHYECKOro
capaB 1811-1836 rr. 6514 aBTOPOM IIEPBOI PYCCKOM
¢aopsr «Flora Rossica.

HavaAo u3ydeHuns muxTsl CHOMPCKON OTHOCUT-
cst B Poccun x 18 Beky. OcHOBBI u3yueHuUst 0cobeH-
HOCTe¥ APeBECHBIX IIOPOA OBIAU 3aA0XKEHDI B TPYAAX
®oxens, IT. C. TTaasaca, A. A. Haptosa, A.T. Boao-
toBa, B. C. CemeHoBa u Ap.

O nuxre cubupckoit Qoxeas mucaa B 1766 roay:
«Xo0T4 B 3A€IIHeN pOCCUICKOM UMITEPUH B CEBEPHBIX
Kpasix AAAEKO AeCa OCMATPHBAA; OAHAKO OT 3aIlapd
6aATHIICKOTO MOPsI Ha BOCTOK A0 65 1 66 rpaaycos
AAMHbBI, OHOM ITUXTHI B A€CaX He HaXa>KUBaA, a AAAee
Ha CeBep OT FOPOAA APXAHTEABCKOT'0, TAKOXK K IOTY OT
pexu BoAru Be3ae B Aecax MEXAY IIPOYUMH AePeBbsi-
MU HaXOAHUA OHYIO... » [7].

Bo Bropoit moaoBuHe 19 Beka mpobaeMs! 00mmeit
aKoAoruu ObIAM OcBeleHsl B Tpyaax A. ['ym60ab-
Ta, A. ['pusenbaxa, mo3pHee OHU IIOAYYHMAU Pa3BU-
tue B Tpyaax I1. H. Kpriaosa, C. M. Kopsxunckoro,
B.H. Cyxauesa. I [puMeHUTEABHO K TIUXTOBBIM A€CaM
Cubupu I B. KppiaoBsiM 6b1aa coOCTaBAEHA 9KOAO-
ro-pUTOLIEHOTUYECKAS CXeMA APEAAOB CUOUPCKUX
nuxTadeil. BriepBrie B KauecTBe AeCHOM GopMaIiuy,
IMXTOBAsI YepHb OblAa BipeAeHA A. A. MamrykoBbM
B18S51r.

B cBoeit kuure «Pycckas poeHaposorus>» 9. Pe-
reAb IIHCAA O MUXTe, MecTaMu HUTHUpys Doxeas:
«Y cubUpCKO MUXTHI MPUIBETHUKH He BHICOBBIBA-
I0TCSI U3-TI0A IIUIIeYHBIX YelryeK. BeandyecTBeHHOE
Aepeso BoIpactaeT A0 50 u 60 ¢pyTos. OHO pacmpo-
CTpaHeHO OT Ypaaa 1o cpepHeit Cubupu, A0 aATai-
CKMX U CMEXHBIX C HUMH rop... Illumku cospesaroT
B KOHIIe OKTSIOPsI — HauaAe HOSIOPSL.

IIpeBocxoaHOE 3TO A€PEBO IIepeHOCUT HAIIIH Ca-
MbIe CyPOBBIe 3HMbI H COCTAaBASIET OAHY U3 BaXKHeH-
HMIAX HAIOAX XBOMHBIX MOPOA> [S].

O nuxre cubupckoit A. M. Kaitropoaos [3] mu-
caa, uTo oHa B CHbUpH BCTpeyaeTcsl MIHPOKO, Yalle
BMecTe C eAblo, B EBpomeiickoit Poccun BcTpeyaercs
B rybepHusix ApxaHreabckort, Boaoroacxoit, ITepm-
ckoit, Kocrpomckon, Barckoit, Kasanckoit: «ITuxra
IPEATIOUUTAET II0YBY ChIPYIO, IAOAOPOAHYIO, C yMe-
PEHHBIM COAepIKaHHeM IecKa U TAUHBL. OTHOCHTEAD-
HO CBeTa ITMXTAa U3 BCEX HAIIUX APEBECHBIX IIOPOA
HanMeHee TpeboBaTeAbHa. OHa MOXET AeCSTKH AT
PacTH B CAaMOM CHABHOM 3aTeHEHHH, XOTsI, KOHEUHO,
IIpU 9TOM POCT ee OYAeT OYeHb He3HAUHTEAbHBIM.
YT06BI BBIPACTHU B POCKOILIHOE ACPEBO, U ITHXTA HyX-
AQETCsI B AOCTaTOYHOM IIPUTOKE CBETa>.

B 1915 r B.B.I'yman ¢ mOMONTHUKOM OTITPABAS-
IOTCSI B 9KCIIeAMITHIO 1o EBpomnetickoit yactu Poccun
C LIEABIO ICCAGAOBAHMS U U3YYeHUsI IIUXThI CHOUp-
ckoit: «B npeaeaax sxe aaxe Eppomnetickoit Poccun
MBI BCTpe4aeMcsl C 3HAUUTEABHOH IIAOIIAABIO, 3aCeACH-
HO CHOMP CKUMH IIOPOAAMH, CBEAEHHIT O OHOAOTHYe-
CKHX CBOMCTBaX KOTOPBIX y HAC TOYTH HE UMEeTCS>».
Crrycrs Bek, oAOXeHHe ocTaeTcst TakuM ke, Ha oc-
HOBAaHHUH HAOAIOACHHI, H3y4YeHUs] MATepPHAAOB A€CO-
BOAOB TOTO BpeMeHH, ' yMaH AeAaeT cAeAyIoIIve BbIBO-
ABL: TIMXTa CHOUPCKAsi IO CPABHEHUIO C OCTAABHBIMU
nopoaamu (COCHa, eAb) K MUHEPaAbHBIM BEIIECTBAM
TpebOBaTeAbHa, PA3BUBAETCSI Ay4llle HA CYTAMHUCTBIX
II0YBAaX, BBIHOCHUT I'yMYC KHCABIH, IPUCIIOCOOAsIET
KOPHEBYIO CHCTeMY M K MEAKUM II0YBaM, IO CpaBHe-
HHIO C APYTUMH XBOMHBIMH K BAKHOCTH IIOYBHI Tpe-
0OBaTeAbHA U CO 3HAYUTEABHOM ToTpebHOCTHIO. Ecan
COAEp>KaHHe 30AbHBIX BEI[eCTB, KaK Y IIMXTbI eBpOIIei-
CKOW, TO ¥ CHOMPCKYIO IUXTY IPHAETCSI IIPH3HATD I10-
POAOII € BECbMa MaAOi1 TOTpeGHOCTHIO [2].

OcHOBOII AASI HMCCAEAOBAHHUII cTaAa pabora
O. Kenmnena: «Ieorpadpuueckoe pacrmpocrpaHeHue
XBOMHBIX AepeBbeB B EBponeiickoit Poccun n Ha Kas-
Kase>, 1885 r. B paboTe nmpusopsiTcs cBepeHUs 06
apeaAe MMUXTBI CHOMPCKOI C TOYHBIM OIPeAeAeHHeM
IIUPOT, HAIIPAaBAGHHUAM II0 pekaM. KamuTasbHbIH
Tpya . I1. Kenmena moAyura npeMuro MUTpPOIIOAHTA
Makapus 1 30A0TYI0 Mepaab Pycckoro reorpadude-
ckoro obmectsa (1885): «Pacnpocmpanenue — Uc-
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x0pst u3 Cubupy, muxTa, MIOAOOHO AHUCTBEHHHIIE,
Bpe3bIBAETCS TAYOOKOI0 OYXTOIO B CEBEPOBOCTOYHYIO
Poccuto; HO GyxTa 9Ta MeHee IHPOKA, 4eM 0bpasye-
Masl AMCTBEHHHMI]eI0, KOTOpasi U K CeBepYy U K 0Ty HAET
AQABIIIe TIUXThI; OTO3AMIAAHAS JKe IPAHMIA Y 060uX
IIOPOA TIOUTH OAMHAKOBASL.

CeBepHblil TpeAeA PacIipOCTPaHeHHU ] IUXThI B TOY-
HocTH He u3BecTeH. Mas ¢ BocToka, mpepeAbHast Au-
Hus, o MuppeHaopdy, Ha Ennicee poocturaer 65° S5’
C.IIL, 2 HA BOCTOYHOM CKAOHE YpaAa IIoAbIMAeTCs ellle,
IO KpaiiHeil Mepe, Ha Y2 rpapyca IIMPOTHI; 3aTeM OHa
TaM e KPYTO IIOBOPAYMBaeT K IOT'Y U CITyCKaeTCsI II0Y-
TH MEPHAMOHAABHO A0 61° S0', oA KaKOBOIO MIKPO-
TOIO, IPeACAbHASI AMHUS, HO CBUAETeAbCTBY PyripexTa,
nepecekaeT Ypaabckuii xpebeT. OTCI0AQ OHa, IO TTOKa-
3aHKI0 MUAAEHAOP$A, CHOBA ITOABIMAETCSI AOBOABHO
KPYTO K ceBepy, Ilepecekaer p. [leqopy mpubansuTess-
HO IOA 64° C.IIL; AaAee K 3aIlaAy HeT CBEAGHHUI O Ha-
IpaBAeHUH 9TOM AMIIN AO CaMoli p. MeseHH, yepes Ko-
TOPYI0 OHa, 10 cBHAeTeAbCTBY A. IlIpeHka, mpoxoauTsb
TIOA TOO K€ CAMOIO MIUPOTOXO (T.e. IPHOAUBUTEABHO
op, 64° c.m.). Mo>xHO, TO3TOMY, IPEATIOAOKHUTD, 4TO
IIMXTA, HA BCEM ITPOTSDKEHUU OT BEPXHSATO TeYeHHU p.
ITevopsr A0 p. Meseny, pacripocTpaHeHa IpUMepHO
AO O3HAYeHHOH IMPOTHL YTO OHA Ha 3TOM ITPO- CTPaH-
CTBe He TIOAbIMAeTCsl CeBepHee CKa3aHHOM IIHPOTBI,
BTOM yOexaaeT T0 06crosiTeabcTBO, uT0 B. H. Aarkus,
B cBOeM /\HeBHUKe ITyTellleCTBeHHHUKA (o pp- I1evope,
Voxme u np.) He YIIOMMHaeT o nuxTe.— B atux cesep-
HBIX MECTHOCTSIX, IIMXTA, TIOBUAMOMY, IPOH3pacTaeT
He0oAbIIIME OCTpoBaMH. I. AOHIMHOB co0b1aeT, 4To
o p. MeseHu eMy CAyYHAOCH YBUAATD IIHXTY TOABKO
B TPeX OTACABHBIX IPYIIIAX: IPUOAUSHTEABHO II0A 64°
c.11. He6oabiyto rpymy (aepes S0), He cMeIIaHHyTo,
npu p. Keiv, Bepcrax B 20-u ot p. Mesenu; a 3arem
TaKye >Ke ABe TI'PYTIIbI I0)kHee Ha %2°, moutu y Boao-
rOACKOHM IpaHu1ibl. Hurae B Apyrux MeCTHOCTSIX, AaskKe
B TAy0b A€COB, I. /AOTHHOB He BUAEA ITUXTHL.

Ha npoTtspxennn ot p. MeseHu A0 HIDKHETO Tede-
HHA A\BUHBI, TIpeAeAbHAS] AMHHSA IIUXThI AMIIb HEMHOTO
CKAOHSIETCS K IOT'Y, IlepeceKasi 9Ty MTOCAEAHIOIO PeKYy,
o cBupeTeAbcTBY llIpeHka, OKoAO BIlapeHHs B Hee

(c 3amapa) p. Emipl, 6AU3 ycThs KOTOPOIT OHA pac-
TeT ellle B OKPeCTHOCTAX ceAa Emerkaro (r[oA 63 14°
c.L.). DTO CaMblil CeBepHbIil MyHKT MPOU3PACTAHU
IIMXTHI, IPEASAbHAS] AMHIS KOTOPOI 3aTeM KPYTO IT0-
BOPAUYMBAET K IOT'Y, UAS TOYTH HO MEPUAMOHAABHOMY
HAIPaBAeHUIO, K BepxoBbsM p. Baru. Ilo 3asBaenuro
IIIpernka, muxTa pacTer 1o 6eperaM 9TOM ITIOCACAHEI
pekw, B toxHoi1 yactu llenkypckaro yesaa (Apxan-
reabckoit ry6epuun). OTCIOAQ TIPEACABHAS AMHHS
IIIXTHI IIEPEXOAUTD Ha Oepera p. Kybumsr u x Bepxo-
BbsiM p. CyxoHbI, 06pa3yit 3Aech HeOOABIION U3THO
K Iorosamapy. 3Aechb IO CBUAETeAbCTBY boae, oHa
IPOH3PACTAeT B OKPECTHOCTAX AepeBeHb AOKYKUH-
ckot u YexmmHoit, Ha ceipbix MecTax. K aTomy Boae
IPUCOBOKYTIASIET, UTO B IIPEeXKHEee BpeMs ITHXTa, B Ae-
CHCTBIX HU3MeHHOCTSX Boaoropckaro yespa, pocaa
B 6OABIIIOM KOAMYECTBE; HbIHE-XKEe OHA IIOYTU COBCEM
ucTpebAeHa, BEPOSITHO, BCAEACTBHE AESITEAbHOCTH
CKOTA, OXOTHO IT0eAAIomIaro esi xsoxo. O MpUCyTCTBUU
nuxThl B Boaoroackom yesae coobmaa yxxe Qopry-
HATOB, II0 IIOKa3aHHIO KOTOPAro OHa IOIIAAAeTCS TaM
peako>» (opdorpadus dacTiuHO coxpanena) [4].

YBA€YEHHOCTb U MHOTOTPYAHOE COOUpaHUe Ha-
YYHBIX GaKTOB B 9TOM OTPBIBKE IIOTPSCAIOT YEAOBe-
Ka, 00A€4eHHOTO COBpeMEeHHBIMHU TeXHOAOTHSMU.

MeHnee mopApoOHbIe CBeAHNUS O TUXTe HAXOASATCS
B apeaAaX AeKapCTBEHHBIX paCTeHMM [1]. B CCCP
AEKApCTBEHHBIM PACTEHHUSIM U IperaparaM M3 Ha-
TYPAABHOTO ChIPbSI YAEASIAOCH 3HAYUTEABHO OOAbIIIE
BHHMMaHU, YeM B coBpeMeHHOe: «Iluxrta cubup-
CKast — CHOMPCKUI BHUA, IPOHUKAIOIIUI B CeBEPO-
BOCTOYHbIe parioHbl espormeiickot yactu CCCP.
CeBepHas rpaHuria MaeT Ha BOCTOK oT CeBepHOI
Asunbt (ycrbe p. Barn), aoocturaer p. Mesenu Ha
64°c.r., nepecekaer Iledopy u yxoaur B 3amapHyro
Cubups. IOxHas rpaHuUIla eBpOMENCKO YaCTH apea-
A2 OT YPaAbCKOTO XpebTa CIyCKaeTcsi K 10Ty, K BepXo-
BbsiM ApaAa u beaoii. 3aTeM rpaHuIia mopopayuBaeT
Ha ceBepo-3amaa, nepecekaer Kamy Bbimte ycrobs Bar-
KU, IIPOXOAHT CeBepHee BOArH A0 HIDKHEro TedeHHs
Ywxu, Hu3oBbeB p. Barun. OcHoBHbIE pailoHbI 3aro-
TOBKH CBIpbsl — AATal, Ypaa u Mapu-Oa>.
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ABa apeaaa c pasauneit B 100 AeT npakTuyecku
cosmapatoT. Ho 3a mocaepnne 60—70 aeT MOXXHO yBe-
PEeHHO CKa3aTh, YTO apeaA U3MeHHA CBOM I'PAaHHIIbL
BausiHue X03sIICTBEHHOM AEATEABHOCTH U3MEHHAO
IPHBBIYHBINA BUA A€COB, OAVDKe K IPaHHMIIe apeaAa pac-
IIPOCTpaHeHMs: XBOMHbIE HACAXKACHHS CMEHUAUCD
MEAKOANUCTBEHHBIMH (OpPMAIMAMHU, PaCHIMPUAOCDH
CTPOUTEABCTBO AOPOT U TOPOAOB. MOXHO IpeaTio-
AOXKHTD, UTO apeaA YMEHBIIHACS U 3HAUUTEABHO.

IToaBexa Hazap B patioHax EBpormerickoro cepepa
3aIIaChI IINXTHI CUOMPCKOI OLIEHHBAAVCH B 7 MAH. M,
IIPOM3PACTAIOIUX Ha aomaau 49 Toic. ra. Caeayer
IIPEAIIOAAraTh, YTO B HACTOsIee BpeMs 9TH LUPPHI
3HAYUTEABHO COKpaTuAnch. Ho ¢ yyeToMm mapenus ka-
4ecTBa AAHHBIX A€COYCTPOMCTBA, HeBHUMAHHS K ITHXTe
KaK XO3sIiCTBEHHOM ITOPOAE, MOXKHO YTBEPXKAATD, UTO
AOCTOBEpHbIX CBEACHUI IO 3aracy MUXThl Ha EBpo-
IeliCKOM ceBepe HeT. Aaxke B COBeTCKOe BpeMsi, KOTAA
YCTPaHBAAUCD IXKHO-YPaAbCKUe, CHOMpCKUe AATaii-
cko-CastHCKUe TMXTAPHUKH, YIIOMHHAETCSI 00 UX CAa-
001 U3y4eHHOCTH 1 HEYCTOMINBO TUIIOAOTHH.

B npomaom Beke MCCA@AOBAHUSAMU IHXTHI 3a-
HUMAACS psIA COBeTCKUX ydeHbIX. Kpome TunuyHoM
popms, ormcanHo K. AepeOypoM, Ob1AU BRIACAEHBI
pasauunbie popmbl A. M. AutsunoBbM, B. A. Toay-
6owm, IT.IL IToasikossM, H. 5. Kuprusossmv u ap.
brian oTMeueHbI BbICOKOTOpHbIE pOPMBI: KYCTOBUA-
Has u craanukosas (Abies sibirica var. Nana Schn. u f.
alpina Poljak),— o koToppix eme B 1934 roay BbicKa-

3piBaA mpeanosoxkenue B.H. Cykaues. AL I'mp-
ruAOB B 1949 1., riccaepays A€HAPOMHTPOAYLIEHTBI
ceBepo-3amapa Poccun, nucaa o npekpacHoM pocTte
U €CTEeCTBEHHOM BO30OHOBA€HMH ITMXTHL. BakHo
orMmeTuTh nccaepoBanue H. 5. Kuprusosa, mo us-
YYEHUIO BHYTPUBHUAOBON HM3MEHYHBOCTH ITHUXTBHI
C LIeAbI0 CO3AQHHS ceMeHHOM 6a3bt (1979), mpose-
AeHHOe B Bocrounom Kasaxcraue (3ar1a,A,an71 An-
tait). E.T. Bo6pos (1978), anaausupys apeas mixTb
CHUOMPCKOI, HCCAEAOBAA IIPUMEPHI THOPUAU3ALIHIH.

V3y4yeHHbIe M TPOAHAAMSHPOBAHHBIE MATEPHAADI
3a 250 AeT MCCAEAOBAHMI ITO3BOASIIOT CAEAATH BBIBOA
0 MAAOU3YYEHHOCTH TAKOTO BUAQ, KaK IINXTA CUOUP-
ckas. BeicTpopacTymuii, TeHeBbIHOCAUBBIH, 9KOAO-
TUYeCKY IMAACTHUYHBIN, MAAO TIOBPEXAAETCS HaCeKO-
MBIMH, IM€eeT BBICOKYIO BeTeTaTUBHYIO aKTHBHOCTb.
ITaopoHOCHT AO mOcAepHHX AeT. IToppocT muxThI
yMeeT BbDKHAATb A€CSITUASTUSIMU OAArOIPUSTHBIN
YCAOBHIT AASI POCTA. Y IIMXTHI HET HeOAArOHAAEXKHO-
IO ITOAPOCTA,— €CTb OKUAAIOIHI, SKCIeKTHBHbIM.
ITpepAaaraeTcsi BBeCTH TaKOH TepMUH AASI 0603Haue-
HMSI 0COOEHHOTO KaueCTBa MOAPOCTA OT AATUHCKOTO
CAOBa expectans — «OXXHAAHHE > .

Bua mepcriekTHBEH AASI IAQHTAITMOHHOTO pa3Be-
AEHI Ha CeBepO-3aIlape AASL IPOU3BOACTBA LIEAAIO-
AIO3BL U COZ-SKCTpaKI_II/II/I.

Yrounenue apeaaa B EBpornerickort yactu He06-
XOAVIMO AASI COXPaHEHHSI M BOCCTAaHOBAEHUS BHAQ,
KaK AeCO0Opa3oBaTeAsL.
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METHOD FOR MEASURING THE DISTANCE BETWEEN OBJECTS
USING A DIGITAL FREQUENCY MEASURING DEVICE

Abstract: At present, wireless sensor networks are an important tool for studying the physical
world. Their importance is associated with new features of use, due to characteristics such as the lack
of need for cable infrastructure, miniature nodes, low power consumption, built-in radio interface,
high enough transmission power, relatively low cost. Therefore, there is a problem of creating new
tools that would improve the efficiency of their use, which would allow to expand the scope. In the
process of developing such systems, developers have to resolve the contradiction between reducing
the accuracy of distance measurement, with increasing range of objects, the limited power of trans-
mitters and the cost of special nodes receiving accurate coordinates from the satellite. The presence
of these restrictions increases the likelihood of errors in the localization of objects in wireless sensory
networks. Localization of objects occurs using the method of TDOA (Time Difference of Arrival).
The data obtained after using this method is sent to a digital frequency meter, which determines the
period between the phases of the signal, which is proportional to the distance between the objects.

Keywords: wireless sensory network, localization, distance, microprocessor frequency meter,
error.

Formulation of the problem. The problem of
localization has been investigated in the past, since
in many programs information about the location of
objects or people is important, and a large number of
systems are developed for their solution. The most fa-
mous of them is the Global Positioning System (GPS).

However, the GPS approach cannot be applied
to wireless sensor networks, due to its requirements,
for the availability of a large number of additional
infrastructure (such as satellites).

Analysis of recent research and publications.
In the paper [ 1], it is proposed to use the Internet to

control the measuring head, but in the analysis and
correction of the measurement results, the Internet
does not take part. The content of work [2] is devot-
ed to the development of analog interfaces of infor-
mation measuring systems, but it does not consider
the means of increasing their productivity. In [3],
this refers to the correction of measurement errors
through the information-measuring system, but it is
proposed to use cable communication. In work [4]
a general overview of existing technologies of sensor
networks is conducted and only their weaknesses are
analyzed. In papers [ 5; 6] localization algorithms are
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considered which can improve the process of mea-
suring the distance between objects. The works [ 7; 8]
consider the existing problems of the integration
of sensor networks and the ways of their solution.
Works [9-13] describe the localization methods
used by satellite navigation systems, in particular,
[13] also refers to energy-saving technologies for
sensor networks.

Formulating the purpose of the article. The
purpose of the article is to analyze the principle of
the operation of the digital frequency meter, the con-

struction of its mathematical model and the develop-
ment of a structural scheme.

To A method - Time of Arrival. Different meth-
ods try to estimate the distance between two nodes
using time, measurements of the time of signal prop-
agation from the transmitter to the receiver so that
on its basis it was possible to calculate the distance
between the transmitter and the receiver. The sim-
plest is ToA — Time of Arrival. In this case, the dis-
tance between the two nodes is directly proportional
to the time the signal is used to propagate from one
point to another (Fig. 1).

Transmiter Receiver
N y O

N ___—Elld—‘qi”;f_l_ﬂ_n'__ N t,

=2

E

[
-i -

Distencn

Figure 1. Model of distance estimation using the Time of Arrival method

The distance between the sender and the receiver

is determined by the formula:

d=S(t,-t), (1)
where S is the speed of the radio signal propagation
(the speed of light), and ¢, and t, are the time when
the signal was sent and received. This type of evalu-
ation requires precisely synchronized nodes, and the
time when the signal leaves the node should be in the
package that sends.

Digital frequency meter of instantaneous val-
ues. In the frequency measuring technique, the main
characteristic of the periodic signal is the period. The
period T of the periodic signal is the smallest time
interval through which the randomly selected instan-
taneous value of the periodic signal u(t) is repeated
sequentially repeatedly. From a mathematical point
of view, this is interpreted as follows: the period T'is

the smallest time interval corresponding to the equa-
tion u(t +iT) = u(t), where u is any integer.

The principle of the operation of the digital peri-
odometer (Fig. 2) is based on the quantization of an
unknown signal period T by pulses of the sample
frequency f, which forms an exemplary measure of
frequency [14].

This device is proposed to be used as a com-
ponent of the Zig Bee sensor measuring nodes for
wireless communication nodes. The ToA — Time of
Arrival method is proposed to determine the dis-
tance between nodes. In this case, the distance be-
tween the two nodes is directly proportional to the
period T, which is required for the signal to extend
from one point to another. The distance between
the sender and the receiver is determined by the
formula (1).
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Figure 2. The block diagram of the digital frequency meter

The main elements of the reduced structure are
the F former, the PSD period separation device, the
sample frequency generator G, the matching pattern
SW, the binary counter CT2, the NT/Nf code con-
verter, and the digital reference device. Calibrated by
the amplitude and duration of the pulses from the out-
put of the former F arrive at the input of the period
separation device. PSD is a counting trigger T, on the

u 4

@

direct output of which pulses with frequency f, form
the period T, which is measured (Fig. 3). The period
T in the matching scheme SW'is quantized by pulses
of the sample frequency f,. During each period Th the
SW scheme is open. The pulses f, from the output of
the generator G through an open SW scheme are re-
ceived at the input of the counter CT2. In the counter
at the end of each period, the code is formed.

Tx

©

®

v

o I

_____:._!i__L_L:.I-

Figure 3. Graph of signal transformations in blocks of digital frequency meter

t
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The last correlation is the equation of the con-
version of a digital period meter (digital frequency
meter of instantaneous values), the graphical repre-

sentation (static characteristic) of which is shown
in (Fig. 4).
The quantization error of a digital period meter

is defined as follows

1 1
5.0 = 1009 = —11009% = 2 1009
N f

K
x/J0 0
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Figure 4. Static characteristic of the digital frequency meter

The analysis of the quantization error equation
(Fig. S) shows that the possible reduction of 8, is

014
0.08
u.uaé
u_n4é

0.021

the increase in the quantization frequency f and the
measured value T

0 200 400

B00 800 1000

Figure 5. Analysis of quantization error equation

The increase in the frequency f, is limited by
the speed of the element base, on which the fre-
quency meter is implemented. Therefore, to reduce
this component of the error for fixed T and T,
quantize not one, but several periods of unknown
frequency.

In addition to quantization errors in the frequen-
cy meter of instantaneous values, there is an error
8, » which is due to the inaccuracy of the initial set-
ting of the frequency of the generator G, its time and
temperature instability, as well as the error of the pe-
riod separation.

By completing the structure of the period meter
with the N /N k converter, in which operation 1/ T
is executed, a circuit diagram of the digital frequency
meter of instantaneous values is obtained.

Find the lower and upper limits of measure-
ments. The lower measurement limit is limited by
the maximum capacity of the binary counter and is
determined

N :Ejzn:LjfxminZL

- f x f xmin 2 !
To determine the upper limit of the measure-
ment, we set the normalized quantization error value

Sk = Skn and ﬁndfx max:

o
6KH — fxmax 1000/0 = fxmax — KH]‘;) .
f, 100%
The range of the use of the digital frequency me-
ter of instantaneous values — the measurement of low
and infrared frequencies (to units of kilohertz).
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Conclusions

Recommendations for improvement of technical
characteristics of wireless sensor networks, by ad-
ditional application in devices of digital frequency
frequency network are offered.

The principle of digital frequency meter operation
is analyzed, and it has been found that the time dif-
ference between ultrasonic and radio signals used to
determine the distance between objects can be deter-
mined by the difference in the periods of these signals.

The mathematical model of the digital frequency
meter operation is constructed.

A structural diagram of a digital frequency meter
is developed, taking into account the mathematical
model.

The quantization error analysis of the digital
frequency meter was performed and the upper and
lower limits of measurements were determined.

The equation of finding the upper limit of mea-
surements will be used to analyze the errors in fur-
ther research.

The scope of this equation is a range of high fre-
quencies, in which ZigBee sensory measuring net-
works work exactly.

To compare distance measurement results, laser
distance measurements will also be included in the
wireless sensory networks.
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Abstract: The paper considers a new method for measuring the parameters of signals based on
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BbICTPOE UBMEPEHUE NAPAMETPOB CUTHAJ10B

AHHOTaI.II/ISI: PaCCManI/IBaETCﬂ HOBBIH METOA N3MEPEHMS [TapaMETPOB CUI'HAAOB Ha OCHOBE HE-

yeTKOI AOruku. I lo3BoAaseT YCKOPHTD IIpOECC MOHUTOPHHIA ITAPAMETPOB 1 COKPAaTHUTD O6IH€€ BpeM:Aa

AMATHOCTHKU HEUCIIPABHOCTEN.

KaroueBbie cA0OBa: KOHTPOAD, UBMEPEHUE ITaPpaMETPOB, AMAaTHOCTHKA HeHCHPaBHOCTefI, HEeYEeTKaA

AOTHKa.

B ocHOBe crocoba KOHTPOASI TapaMeTPOB U3-
MepsIeMOTO CUTHAAA UCIIOAb3yeM MEeTOA Ha OCHOBE
HeyeTKoM AOTMKH [1]. AQHHBIH MeTOA II03BOASET
YCKOPHTb IIPOLIECC KOHTPOAS [IAPAMETPOB 1 yMeHb-
LIUTD ObIIlee BpeMst AUATHOCTUKY HEUCIIPABHOCTEN.

ITo pesyabraTaM MOAEAUPOBAHHS U3BECTHO CPeA-
Hee 3HaveHue curHaaa S B KT, npu ucnipasaom co-
crostaum o6bexta KoHTpoAs (OK). IHTepBaAbI KOH-
TPOAS TAPaMeTPOB MoKasausl Ha (puc. 1).

CymectByeT Ananaszon snavennit ASoi =S, -S|
curnasa S , npu kotopom OK SBASIeTCS MOAHOCTDBIO

pabotocnocobubiM. Ecan usmepennsrit curnas s KT,
nomnapaet B unrepsas AS , o OK ¢ 9PHU, pacno-
AokeHHBIME A0 KT, ABASIeTCSl HCTIPAaBHBIM B YaCTH
Ao KT .B unrepsasax {Sr Sr'} u {Sz, Sz“} Be-
POATHOCTb HOpMaAbHOTo ¢yHKITHOHHpOoBaHuI OK
ymenpmaercs c p = 1 (mpu S’) po p =0 (mpu S”).
TunoBeIM peleHrEeM AASL AAHHOM CHCTEMBI yCTa-
HOBAEHO, YTO AMAIIa30HbI {S1 Sr} u {Sz, Sz}
OIIpeAeAeHBI KaK "paboToCIIoCOOHOE COCTOSIHHE,
HO C OTKAOHEHHEM ITapaMeTPOB" ¢ 00sI3aTeAPHBIM
orpaxenueM B BA. CocTosiHms, KOraa H3MepeHHBIH
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curmaa B KT momapaer B Amamasonst {S , ... S }
u{S, ... S,.}, a TaK e KOTAQ BHIXOAHT 33 3aAQHHBIE

P

&

npupeasy, T.€. S, > S, uan § < S, 10 OK sBAseTcs
HEHCIIPAaBHBIM B YaCTH AO KTl_.

0.5

So

S S
$2'= St

PucyHok 1. IHTepBasibl KOHTPONA NapamMeTpoB

3HaueHUs S U S, OIPeAeASTIOTCS AAST KasKkA0H KT
1 2 i
00beKTa KOHTPOASI B 3aBUCUMOCTH OT AOITYyCTHMOTO
AMAIIa30Ha H3MeHEeHHs TAPAaMeTPOB.
B03MOXKHBI CAEAYIOIINE COCTOSIHHSL.
EcamS <S, mau$S > S , 70 "curmaa s Tpedy-
€MBIX ITPeAeAax’;
—ecauS <SS uS >SwuauS >SS uS <S§,
usm 1 usm 1 usm 2 usm 2
TO "CHI'HAA BBIXOAUT 32 AOITYCTHMbIE IIPEAEADL, TpeOy-
eTCsI IOACTPOIKA';
- ecauS <SS wmauS >S ,TO'CHTHAA BBIXOAHT
33 AOITYCTHMbIe IIPEAEABI, MOAYADb HEHCITPaBeH .

0< g(S)<1

ITonsitue "curHaa B TpebyeMbIx mmpepeAax” AAS
M3MepsieMOTO ITapaMeTpa CUTHAAA S SIBASETCSI B 06-
IIIeM CAyJae KaueCTBEHHOM XapaKTePUCTHKOM, AOCTa-
TOYHO pacHAbIBYaTOi. KOHKpeTHOE KoAMYecTBeHHOe
3HaueHHe 9TO MOHITHe MPUOOpeTaeT IPH OIpeAe-
ACHHBIX YCAOBHSX.

Aro6sre kasecTBeHHbIe xapakrepuctuxu OK sB-
ASIIOTCSI MEHee OIPeACACHHBIMHU, YeM KOAMYeCTBeH-
Hble, HO OHH SBASIIOTCS QYHKIIMEH HEeCKOABKUX
$aKTOpPOB U IMApaMeTPOB, TPU 3AAAHHU KOTOPHIX Ka-
YeCcTBEeHHbIE XapaKTePUCTUKH MPeBPAAIOTCS B KO-
AVYECTBEHHBIE.

g(S)=1

tp

.
|

S

PucyHok 2. NpeacTtaBneHmne NoHATUA "curHan-Hopma”
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KaXkAOMy M3MepeHHOMY CUTHAAY SH3M CTaBUTCS
HEKOTOpOe AeficTBuTeAbHOE ncao 0 < g(S) < 1, oe-
HHBAIOIIee CTETeHb YBEPEHHOCTH B TOM, YTO U3MEPEH-
HOE 3HaYeHHe CUTHAAQ SH3M HaXOAUTCS B "HOpMe" [2].

C pocTOM yBEepPEeHHOCTH B AAHHOM COOBITHU
Beanunna g(S) pacrer. Ecan namepennoe 3Hade-

Hue Su3M AocToBepHO, T0 g(S) = 1, ecan Susm 3a-
BEAOMO He IIONIAA2eT B AOITYCTHMBIE IIPEAEABI, TO
g(8) =o.

Ha (puc. 2). mpeacTaBAeHa HAAIOCTpaLUs TOAXO-
Aa K MHTepIIpeTaluH OHATHS "CUTHAA B TpebyeMbIx
npeaeAax’.

Tabnmual.— BnnsHue OTKNOHEHM N3MEPEHUIN Npu apende
HVXXHEWN N BEPXHEN MPaHUL, USMEPEHUSA

g(s)
i S)min > Smm
i S/max = max
Smin Symin Smax S
g(s)
i S’min < Smm
i Slmax = max
Symin Smin Smax S
g(s)
S min > Smm
S, .<S
SminS ymin SmaxS ymax S
g(s)
: i Smin < Smm
Lo S <S

S ,minSminS ’max Smax S

g(S)

[
»

Smin Smax Smax S

g(S)

»

Smin SmaxS ymax S

g(S)

S ,minSmin SmaxS ,max g

g(S)

1
)
1
1
1
1
1
1

»
L
SminS min SmaxS max S
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3HaueHHe mapaMeTpa S B AMANa30He <HOPMa>
9KCIIEPTHO OLIEHUBAETCS B HEKOTOPOM AHAIIA30HE
3HAYEHHH, TAe HIDKHAS TPaHUIA — S, a BepXHsSA
rpanuna — S . [paHuIpl AMamasoHa M3MepeHHs
{Smx - Smin} TaK >Ke SABASIOTCS] HeYeTKMMHU U 3aBUCST
0T MHOTHX GaKTOpOB. BAusIHYE OTKAOHEHMIT H3Mepe-
HUP IpY Aperide HIDKHEI 1 BepXHel IPaHHUL] TOKA3aH
B Tabauiie.

BepxHsisi ¥ HIDKHSIS IPAHUIBI MOT'YT CMEL[AThCS
B GOABIIYIO AU MEHBIIYIO CTOPOHY KaK Pa3A€ABHO,
TaK 1 OAHOBPEMEHHO.

CwMelieHne rpaHuI] AeTKO KOPPEKTHPYETCS IIPO-
rpaMMHBIM criocoboM. Bpems mocaepyromeit Kop-
PEKIMU 06PaTHO IPOIOPIIMOHAAPHO MAKCHMAABHO-
My OTKAOHEHHIO OAHOTO AU 0OOUX 3HAYEHHUIL:

txopzl/f(maxﬂsm -S LIS -S 1)

X max min min

,A,AH OIMPEACACHHA YHMCACHHDIX 3HAYEHUI Smax

u Smm HCIIOAb3yeM KAaAUOPOBOYHYIO QYHKIIUIO gO(S),
IIpUHUMaloIee 3HaYeHue B Auanasone ot 0 po 1,
BKAIOYAlOIIlell B cebsi Beca OTAEGABHBIX (aKTOPOB,
BAUSIONIMX HA PE3YAbTAT U3MepeHHUs.

B 06meM cayuae us pucyHka 2 cAeAyerT:
Scp = Smin + gO(FI) FZ’ ten P;) X (Smax - Smin)’
rae F.— na6op snaunmpix gaxropos
Hpng()():o’S'Scp_S =|Smax_S
Orcropa caeayer:
min Scp_gl () X Scp’ S max Scp_gz () X Scp’
e g, () ug, () cBssamsl oTHOMmEHMEM:

g 0=¢0+g(S_.)

IAe g( Smm) — IIOCTOSIHHAST COCTABASIONIAS CMEIeHI

opl”

min

npeobpasoBareas curHasa S B IUPPOBOH KOA,

AAst I3MepeHHS XapaKTepUCTHK CUTHAAOB, KaK
AHAAOTOBBIX, TaK U IINPPOBBIX, HCIIOAB3YETCS AaHAAO-
roBo-uu¢posoit mpeobpasosareas (ALIIT).

AASI KOHTPOASI pabOTOCIIOCOOHOCTH YUCTO LU-
POBBIX CXeM AOCTATOYHO 3P PEeKTUBHO HCIIOAb30Ba-
HIe CUTHATyPHbIX aHAAU3ATOPOB.

Bri6op tuma ALIIT B 0CHOBHOM oIpeaeAsieT Ka-
4eCcTBO paboThl MUKPOIIPOLIECCOPHON CUCTEMBI aB-
TOMATHU3UPOBAHHOM CHUCTEMbI KOHTPOASI H AUarHo-

cruxu (ACKA) [3-5].
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BBeaenne

Pemrerrie 06paTHBIX 3aAa4 C HEYETKUMHU COOT-
BETCTBISIMHE SIBASIETCSI HeTPUBHUAABHOI IIPOOAEMOT],
00yCAOBAEHHOM TPYAOEMKOCTBIO HCIIOAB3YEMBbIX Me-
TOAOB, B 00II[eM CAyYae BOZMOXKHOCTBIO IIOAYYEHHUS
pelleHNs TOABKO B HEOAHO3HAYHOM HHTEPBAABHOM
BUA€ M NPUHITUIIHAABHOM HePa3pelIrnMOCThIO ITO-
CTaBAEHHOM 3aAAYH.

IToaToMy aKTyaAbHBIM SIBASIETCSI HICCACAOBAHHE,
HalpaBACHHOE Ha BO3MOXXHOCTD IIOAYYEeHHs pelle-
HISI IPOOAEMBI HEYeTKOIN AMAarHOCTHKHU IIyTEM ee
$OpMYANPOBKH KaK ONITUMH3AIMOHHOM 3aAQ4H C 3a-
AQHHOM I1eAeBOM QyHKITHe.

Hacrostmast pazpaboTka OCHOBaHA Ha TEOPHH He-
4eTKOM AOTUKH [ 1] U SBASIeTCS MPOAOAYKEHHEM Me-
TOAOAOTHYECKUX OCHOB PeIleHNs 3aAa4 C HeYeTKHMH
COOTBETCTBHUAMH, U3AOKEHHBIMH B [2-5 ].

1. Ba3ogvie nonsamus u onpedesenus

Ilycts A, B u C — HerrycTble KOHEYHbIE YeTKHe
MHOXXeCTBa.

Onpepeaenne 1. Heuemxum coomsemcmsuem X
Ha3bIBAETCS HEYETKOE IIOAMHOXECTBO AEKapTOBa
npousseaeHus A X B.

ITycrp Ha A X B 1 B X C 3apanHbI HeyeTkue coOT-
BercTBust X u R:

K- [ o) e et

AxB BxC
OHPeAeAeHHe 2. Ko/vmo3m4ueu coomsemcmsuﬁ

Ha3bIBACTCA HEYECTKOE COOTBeTCTBI/Ie

H ﬂXR

AxC
3aparHOe HAA X C¢C (l)YHKLII/IeI/I I‘[PI/IHEIAAC)KHOCTI/I:

Hig (@) =supT (g (a.0) g (brc)),
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rae T — t — HOpMa.

2. IIocTanoBKa 3apa4u

AMarnocTupyeTcs CAOXKHAs CUCTeMa, COCTOSIAS
U3 TIOACHCTEM.

B cooTBercTBHM C MCCA@AOBaHHEM OIIpeAeAsieM
6a30BbIe MHOXeCTBA:

A= (ai )i=1,m — upeHTHPHKATOP 06beKTa (OACH-

cTeMbl);

B= (bj i — AMATHOCTHpYeMBIE MapaMeTphbI
(mpeamochiAkm);

C=(c;)_;; — HabAtOAaeMbIe CHMIITOMBI (3aKAIO-
YeHus). ’

ITycts X(A,B), R(B,C),Y (A,C)-Hederkue co-
OTBETCTBHS.

Vcrioab3yst KOMIIO3UIMIO X o R COCTaBUM, Ha-
IIPUMED, AEBOE HeHemKoe PeASYUOHHOE YpasHeHue
XoR=Y, KoTOpoe A YAOBCTBA MCCAEAOBAHHS
PEACTaBUM B MATPUIHOM BHAE:

XoR=Y.

Tpebyercs nccaep0BaTh pelreHne 0OpaTHOM 3a-
AQUM C HeIeTKHMU COOTBETCTBUSAMH ( AHATHOCTHKH),
CBeAs ee K ONITUMU3AIUOHHOI 3apa4e.

3. MeTOAOAOTHS M METOA PellleHust

Heuerkoe ypaBHeHMe 061[ero BUAA B MATPUIHOM

l'[p €ACTaBACHHNHU
X X Xy, o Nk
Xor Xp o o Hhy Tn Tk .
xml xml T xmn rnl rn2 rnk
Yu Yoo o Vi
| Y Y o Y
yml ymZ Tt ymk

CBOAUTCS K 111 HE3aBUCHUMBIM CUCTEMaM HEYEeTKHUX I10-
AMHOMHAABHBIX ypaBHeHuit (o omnpesesenuto [1]),
KOTOpBbIe, HAIpHMep, IIPH HCIOAB30BaHUK max—T
KOMITO3HUIUH, UMEIOT BHUA:
{mjax(T(xij,rﬂ)) =y, (l =Lk j= 1,n>; (i = l,m) )
Perenust ypaBHeHMIT TIOAOOHOTO THIIA MOI'YT

OBITh HAMAEHBI C TOMOIIBIO ITAKETa CHMBOABHOM Ma-
temaruku Wolfram Mathematica [6].

Ecau obparHas 3apaua HepaspelrMa HAU TPYAO-
eMKOCTb IIOAy4YeHH s pelleHus BbICOKA, TO pOPMUPY-
eTCs CAeAyIONIas 9KCTpeMaAbHas 3aAada:

(D.1): £ =y (o)~ ]| > min.
D={xeR™:0<x<1}
rae ¥ —u3BecTHOe pemenue (HabaopaeMble CUM-
TITOMBI).

Pemenne c$pOpMyAUPOBAHHOMN IKCTPEMAABHOI
3aAQUH U AQeT KCKOMbIE 3HA9EHUS AMATHOCTUPYEMBIX
apamMeTpoB.

4. TIpakTHaecKast pearn3anus

AAS IPOCTOTDI (KOMITAKTHOCTH U3AOKEHHUS M CO-
KpamjeHus 06’beMa BbIKAAAOK) PACCMOTPHM AUATHO-
CTHIKY TOABKO OAHOM IIOACHCTEMBI 4 :

— (b, i b, i b,) - AMarHOCTHpPYEMBIE TAPAMETPbI;
— (x,, i x, | X,;)— CTeIeHU HCTUHHOCTH MPEATIO-
CBIAOK;
— (¢ ¢, i ¢;) —HabAIOpaEMBIE CHMITTOMBY;
(¥11 © Y12 | J13) — CTeIIeHM HCTHHHOCTH 3aKAIO-

YeHUU;
i ha T
— | T, Ts | —MaTpuija HEYETKUX COOTBET-
.,r31 r32 r33
CTBUIL.

Pemenue npsaMon 3apaun.

ITycrsp:

.o | b b :bs ;
a, | (03709 1.0)
I Cl CZ C3 ]
1 (0907509

R=1p 1105700 07|]
. 110.7:05:08

v B

a | (i ve o)
Heuerkue ypaBHeHUS IPH MCIIOAB30BAHUH  —

HOPMBI B BUAE AOTHIE€CKOTI'O IIPON3BEAECHHSI:

T hs

(xn X1s x13)o o Tn T

I3 133

12

:(yn Y12 ylS)
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OueBupHO, pelneHne NpsIMOM 3aAQUH TPUBUAABHO:
Y= max(min(xu,ru),min(xlz,rm),min(x13,r31))
Y, = max(min(xn,rn),min(xlz,rzz),min(x13,r32))
Vs = max(min(xn,rls),min(xlz,rB),min(xn,rﬁ))

I/IAI/I, Cy4€TOM UCITOAB3YEMbIX NCXOAHDIX AQHHBIX:

0.9:0.7:09
(0.3:0.9:1.0)0/ 0.5 0.9 0.7 |=(0.7 : 0.9 : 0.8).
0.7 0.5 0.8

Pemmenue 0OpaTHOM 3aAQ4H.
B paHHOM cAydae oOpaTHas 3apada

max (min(0.3,0.9),min(0.9,0.5),min(1.0,0.7)) = 0.7
max (min(0.3,0.7),min(0.9,0.9),min(1.0,0.5)) = 0.9

max (min(0.3,0.9),min(0.9,0.7),min(1.0,0.8)) = 0.8
numeer pemeHHe:
(0.0<x,<0.7:09<x,<1.0 : 0.8<x,<1.0).

Pemenue npeacraBaser coboit MHTEPBAADBL AAS
Ka)KAOﬁ nus3 HPBAHOCbIAOK.

ECAI/I I'IPI/IMeHI/ITb METOABI OIITMMHU3ALIWH, TO
IIOAYYHMM (B nakere WM [6] IpU CTAaHAAPTHBIX Ha-
CTPOfIKaX 10 YMOA‘IaHI/IIO) CAGAYIOH.II/IG 3HAQYEeHUs UC-
KOMbBIX HPeAHOCbLAOK (CM. Ta6A.):

Tabnuua. Pe3ynbTaThl peleHns onTUMNU3aLUyoHHON 3a4a4n

MerTop, Bpems X, x, X,
Heapepa-Mupa 0.32 0.0 0.93 1.0
AnddepeHITraAbHON 9BOAIOLIUI 0.74 0.0 0.96 091
Cay4aifHOTO IIOMCKa 0.59 0.14 091 0.80
HMmuTtarum oT>xura 0.19 0.21 0.97 0.95

BriBoabI

ITpoBeaeHHOE HCCAEAOBAHIE [TO3BOAKAO BHIPA60O-
TaTh YHUQUITPOBAHHBIN METOAOAOTUYECKHUIT ITIOAXOA
K pelIeHu0 0000IIeHHOM 3aAa9K HEYETKOM AMArHO-
CTHKU (c HEYeTKUMU COOTBCTCTBI/ISIMI/I). AOCTOHHCTBO

IIPEAAOSKEHHON METOAMKH B TOM, YTO OHA IIO3BOASIET
HAXOAUTH PellIeHre 3aAQ4H U B CAy4ae, KOTAA 00par-
Has 3apa4a Hepaspemuma. Ecan MHOXKeCTBO pemeHui
00paTHO 3aAaYH He ITyCTO, TO IIPEAAOKEHHBIN METOA
IIO3BOASIET HAXOAUTD TOYEYHbIE peIleHH .
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DEFINITION OF CONCEPTS OF IATROGENIC CONSEQUENCES
WITH POSITIVE OUTPUT OF STOMATOLOGICAL TREATMENT

Abstract: The article presents the results of the analysis of concepts pathological conditions after

medical interventions. In modern medical practice, the pathological conditions that arise after the

treatment of the underlying disease are called complications. However, complications are a worsening

of the course of the underlying disease. The pathological conditions that arise after a positive outcome

of treatment of the underlying disease, we believe it is more correct to call iatrogenic concomitant

diseases. This term most accurately reflects the definitions of the pathological conditions of the

ICD-10.

Keywords: iatrogenia, iatrogenic diseases, iatrogenic concomitant diseases.

It is impossible to imagine the development of
dentistry without the use of high technology. Tak-
ing into account the increasing demands of patients
and specialists for functional and aesthetic results of
treatment, a constant modernization of this branch
of medicine is necessary. With the introduction
of new methods of treatment, the usual pattern of
pathological conditions associated with medical
intervention is changing, previously not occurring
iatrogenic diseases appear. The development of
medical technologies, as one of the reasons for the
increase in the number and frequency of iatrogenic
diseases, is noted by many contemporary authors
[1; 4]. Due to the lack of a separate classification, all
stomatologic iatrogenias are considered within the
framework of generally accepted medical diagnostic
protocols and concepts. Synthesis of diagnoses leads
to standardization of treatment of diseases that have

no common origin and pathogenesis, and the use of
incorrect formulations can lead to unreasonable ac-
cusations against the doctor about his involvement
or guilt in the development of pathological condi-
tions. Thus, an objective clinical-anatomical assess-
ment of iatrogenic diseases is extremely important,
both for the doctor and for the patient. Vertskii A. L.
[6] notes that overstating the role of medical per-
sonnel in them paralyzes his professional activity, in-
clines him to action only within the strict framework
of medical standards. Negation of the role of the doc-
tor and the attribution of all consequences due to
the individual reactivity of the patient is dangerous
by the repetition of errors. The erroneous use of the
term “iatrogenia” in connection with the infliction
of harm to health leads to the fact that it is regarded
by both physicians and lawyers as a synonym of legal
responsibility [6].
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Moreover, the term “jatrogenia” is sometimes
used by forensic experts in its conclusions, on the
basis of which investigators make unambiguous con-
clusions about the guilt of the medical worker [2].

According to ICD-10, iatrogenic reactions are
any undesirable or unfavorable consequences of
preventive, diagnostic and therapeutic interventions
or procedures that lead to abnormal functioning of
the body, restriction of habitual activity, disabil-
ity or even death; complications of medical events,
developed as a result of both erroneous and correct
actions of the doctor [3].

In this interpretation, attention is drawn to the
word complication, which requires a separate expla-
nation. Complications of the disease are pathologi-
cal processes etiologically or pathogenetically asso-
ciated with the underlying disease, less often with
curative effects, and aggravating the course of the
underlying disease [3].

Thus, the complication is the weighting of the
course of the disease, the treatment of which was
carried out. Therefore, it is necessary to speak of iat-
rogenic complications in those situations when after

an ineffective medical intervention the deterioration
of the course of the underlying disease is observed.
Cases of iatrogenesis that occurred at different times
after a positive outcome of treatment, and do not
have a common pathogenesis with the underlying
disease, in our view, can not be attributed to compli-
cations by definition. Here, most likely we can talk
about iatrogenic concomitant diseases. Concomitant
disease is a nosological form (unit), etiologically and
pathogenetically not associated with the underlying
disease and its complications, which has not adverse-
ly affected their course and development and has not
contributed to the onset of death. For example of iat-
rogenic comorbidity is the so-called postmimplant
macxillary syndrome. The latter, in the opinion of the
authors, arises in all patients after prosthetics of the
upper jaw on implants in conditions of favorable
treatment outcome and absence of local symptoms.
This group can also include maxillary sinusitis after
successful implantation and sinus-lifting, sinusitis
after qualitative endodontic treatment of upper mo-
lars in the absence of symptoms of active periapical
inflammation [5].

References:

1. Alomar M.]. Factors affecting the development of adverse drug reactions (Review article). Saudi Pharm
J.2014. - Apr; 22(2): 83-94. doi: 10.1016/,jsps.2013.02.003.
2. Avdeyev A.L, Kozlov S. V. Yatrogenniye zabolevaniya (medico-pravoviye aspekti). Dalnevostochniy

meditsinskiy zhurnal 2009; 3: 113-116.

3. ICD10 Version: 2008 El. resource, access mode: URL: http:// apps. who. int/ classifications/icd10/
browse/2008/en#>; URL: http://www.classbase.ru/mkb10

4. Permpongkosol S. Iatrogenic disease in the elderly: risk factors, consequences, and prevention. Clin
Interv Aging. 2011; 6: 77-82. doi: 10.2147/CIA.S10252.

S. Piontkovskaya M. B., Asmolova A. A., Vvedeniye v problemu: verkhnechelustnoy posimplantathcijnniy

sindrom [Introduction to the problem: maxillary postimplantation syndrome]. Luchevaya diagnostic,
luchevayz terapiya. 2013; 1: 92-98. El. resource, access mode: URL: http: // www. nbuv. gov. ua / portal

/ Chem _Biol / 1dlt /index.htm.

6. Vertsriy A.L., Zayratyants O.V., Vovk E.I. Finalny diagnoz [ The final diagnosis].— Moscow: GEOTAR-

Media; 2009.- 576 p.

34



FEATURES OF MEMORY AND EXCITEMENT PROCESSES IN LONG-LIVING PERSONS

Karamova Natavan Yadulla kizi,

Azerbaijan National Academy of Sciences,
Institute of Physiology named after A.I. Garayev,
Baku, Azerbaijan

E-mail: phd_karamova@mail.ru
GasimovChingiz Yusif oqlu,

Azerbaijan National Academy of Sciences,
Institute of Physiology named after A. 1. Garayev
Teymurova Nigar Nizami,

Azerbaijan National Academy of Sciences,
Institute of Physiology named after A.1. Garayev

FEATURES OF MEMORY AND EXCITEMENT
PROCESSES IN LONG-LIVING PERSONS

Abstract: Research on longevity in the modern science of Azerbaijan is one of the leading scien-

tific directions. Research on longevity has been conducted in the ecologically contaminated city of
Sumgait, since 2012, and interesting results have been obtained.
The results of cognitive and psychological research in longevity in Sumgait once again prove that

favourable climatic conditions, fresh air, and especially rural conditions, the nutritional factor, and

most importantly, life without changing the living environment have a long-lasting effect on longevity.

Thus, a normal level of visual memory and a relative weakness of hearing short-term memory have

been observed.

Keywords: longevity, visual memory, hearing memory, short term memory, excitement indica-

tors, psychophysiological testing.

Though many studies have been conducted to ex-
tend human life, this problem remains unresolved in
gerontology. It’s known that Azerbaijan is a country
of long living persons and its climate is also favour-
able for this. However, in recent years, the economic
and political crisis, the state of war with Armenia,
a large number of refugees and internally displaced
persons, the increase in the frequency of disease
prevalence in physiological age periods, environ-
mental and other factors, of course, make impacts
on longevity index.

Characteristics of health in long-living per-
sons are of particular importance and are typically
consistent with physiological aging parameters
(G.D. Berdyshev, 2003). Aging covers all organs,

especially nervous processes (Bayramova Y. O., Gas-
imov Ch.Y,,2012). As the age increases, the number
of neurons decreases (in particular in basal ganglia’s,
cerebellum, blue spot, spinal cord). Synaptic trans-
mission decreases in different areas of the brain, the
exchange and concentration of neurotransmitters is
changed. And, the mentioned show themselves in
memory processes as well. In view of all these, we
aimed to explore cognitive processes, as well as ex-
citement processes in long-living persons.

The research is devoted to the study of psycho-
physiological indicators of long-living persons in
Sumgait city. Initially, within the research, the long-
living persons were verified and their true physi-
ological age, life and work conditions, migration
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factor, health indicators (vision, hearing, move-
ment activity, diabetes, etc.) were studied. After
the verification, it was determined that the number
of real long-living persons was 72: 1 person — 10S
year old, 1 person — 99 year old, 2 persons- 98 years
old, 4 persons — 97 year old, 4 persons- 96 year old,
1 person — 95 years old, S persons- 94-year old, 8
persons-93 years old, 14persons— 92 year old, 11
persons- year-old 91 year old, 21 persons-90 years
old.

According to the differences found during the
research among long-living persons, they were con-
ditionally divided into two groups:

I. Long-living persons of at least S0-S5 years
old Sumgait residents 46 persons;

II. Refugees and internally displaced persons
who moved to Sumgait in 1988 and 1993 from Ar-
menia and the occupied regions of Azerbaijan - 26
persons.

During the psychophysiological testing, psy-
chological excitement indicators (general, situation
land individual excitement, depression) and memo-
ry indicators (short-term memory, visual memory,
hearing memory, and attention) were checked. It is
important to note that all long-living persons did
not participate during the testing period. Thus, long-
living persons with visual, hearing and psychological
tensions did not participate in some studies.

Methodology: During the psychophysiological
studies mainly testing methods were used. Thus, sit-
uational and individual excitement was determined
by Spilberger-Khanin test, the general anxiety by
J. Taylor test, depression indicator by depression
scale, the level of visual memory by the “image-based
memory’ test, short-term memory by the “number-
based memory” test, and the hearing memory by the
Luria’s “10 words” test.

Results obtained and their discussion: During
the studies, initially the situational and personal anx-
ieties of the long-living persons have been checked
with Spilberger-Khanin test. It has been found out
that, situational anxieties of the long-living persons

in the first group is 35.32 + 3.54, personal anxieties
35.29 +2.78, while the overall anxiety is 24.73 £ 4.32.
The situational anxieties of the long-living persons
in the second group is 44.83 + 2.87, while the per-
sonal anxiety is 46.71 + 3.18, the excitement, and the
overall anxiety is 39.42 + 3.74. During the analysis of
the results, it has been found out that the first group
has an average level of anxiety. And in the second
group, the overall, situational and personal anxiety
levels have been found to be high. The level of de-
pression was 48.54 £ 3.67 in the first group, which
indicated no depression level. In the second group,
depression index was 56.64 * 4.23, which indicates
to existence of neurotic depression. One of the main
goals of the research was to investigate cognitive
processes. In the first group, the visual memory was
7.4 +2.33, the hearing memory was 6.1 + 3.2, the
short-term memory was 6.3 + 3.34, the attention
was 6.8 +2.88. In the second group, visual memory
was 9.5 * 2.53, hearing memory was 6.58 + 2.67,
short-term memory was S.1 + 2.4, and attention was
5.3 £ 1.81. In the analysis of the results, it was found
out that the results of the long-living persons in the
second group was much higher than normal, given
that the visual memory limit was 6. While the hear-
ing and Short-Term Memory Test rate was 7 points,
both groups had rates lower than the normal.
Summarizing the results of the studies carried out
it can be concluded that, the intense environmental
conditions in Sumgait have made significant impact
on longevity, and led to fall of health indicators
below normal. It reflects itself in the weakening of
cognitive and psychophysiological processes. It
should be taken into account that the majority of
studied long-living persons have lived larger part of
their lives in the western part of Azerbaijan and most
of them have longevity in their heritage. The refugee
life, which is full of stress, has had a negative effect
on many long-living persons who participated in the
studies and has led them to become bedridden.
Thus, among long-living persons, who moved to
Sumgait between 1993 and 1988, the high anxiety
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and neurotic depression levels may be related to
numerous factors such as the stress conditions,
the pain of war, forced displacement from where
they were born and lived, movement from rural
conditions to environmentally polluted city of
Sumgait, heavy losses of close persons at the war,
nutrition conditions and changing foods. The results
of studies carried out in the city of Sumgait once
again show that, more favourable climate, clean air
and especially rural conditions, nutrition factor, and
the most important the change of living environment
are among important factors that affect longevity.
Although one of the main reasons for dividing
the long-living persons living in Sumgait into two
groups is the term of their life in Sumgait, the second
reason is the difference in the results obtained.
Thus, among long-living persons, who moved to
Sumgait between 1993 and 1988, the high anxiety
and neurotic depression levels may be related to
numerous factors such as the stress conditions, the
pain of war, forced displacement from where they
were born and lived, movement from rural conditions
to environmentally polluted city of Sumgait,
heavy losses of close persons at the war, nutrition

conditions and changing foods. It was found that the
majority of them have inherited longevity. However,
when the family history was collected, we received
information that their children are already seriously
ill and died young. These indicate that the number of
long-living persons sharply decrease in the coming
years.

While analyzing cognitive indicators, it was
observed that the long-living persons in the first
group was closer to normal indicators compared
to the long-living persons in the second group. The
main reason for this is the fact that intellectuals
dominate among the long-lived people of the first
group and among them some continue reading
books continuously. On the contrary, in the long-
living persons in the second group, physical and
vegetative indicators close to the norm, which can
be due to their long-term physical activity, the fresh
air and natural foods.

The results of research conducted in Sumgait City
proved again that favourable living conditions, fresh
air and especially rural environment, the nutrition
factor, and, most of all, living in an environment
without changing it have serious impact on longevity.
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B Poccuiickoit Pepepaliun oCymecTBASETCS TO-
CYAQPCTBEHHAs! IIOAMTHKA OTHOIIEHHH ITPHOPHUTET-
HOTO pasBUTHS PHIOHOTO XO3SIHICTBA BO BHYTPEHHUX
BopoeMax. Pa3paboTaH mpoexT $peaeparbHOrO 3aK0-
Ha «O06 axBakyAbType>, yrBepkAeHa «Crparerus
Pa3BUTHA aKBaKyAbTYpHI Poccuiickont Pepepariu Ha
nepuop A0 2020 ropax. BepeHne oceTpoBoro 6us-
Heca B KpacHopapckoM Kpae BO3MOXKHO, KaK B KPYTI-
HbIx Macmrabax, Tak u B popme KOX u ATTX, Tak kak
YCAOBHS 9TOTO PErMOHa AASL BEAGHHUS OTPACAH Oce-
TPOBOro prIOOBOACTBA HAeaabHBL Ho ycrex mpea-
IPHUATHS BO MHOTOM ITPEAOTIPEAEASIeTCsl HayYHbIM
obecrieueHrEM PpBI60OBOAHOTO TIpoLiecca [1;2;3].

OaHMM U3 pe3epBOB pa3BUTHS IPOMBIIIAEHHOTO
PBIOOBOACTBA B Halllel CTPaHe SIBASIETCSI TaKast BaXK-
Hasl OTPaCAb KaK OCETPOBOACTBO, KOTOpOe UMeeT
60ABIIIOe IIPOAOBOABCTBEHHOE 3HAYEHHE, A TAKXKE
CIIOCOOCTBYeT COXPAaHEHHUIO PEAKHX U HCUe3aI0IUX
BHUAOB OCETPOBBIX. YCIIeX IPEATIPUATHS BO MHOTOM
IpeAOIIPeAeAseTCs HayYHbIM ObecredeHreM pbIoo-
BoaHOTO mponecca. Kpome Toro, HecMOTps Ha UH-
TEeHCHBHOE Pa3BUTHE Pa3AMYHbBIX OPM TOBAPHOTO
oceTpoBoAcTBa B Poccun (BxAIOUAs q)epMepa(oe),
IUIeBast UKpa OT HCKYCCTBEHHO CO3AQHHbBIX MaTOY-
HBIX CTaA AO CHX IIOpP IIPOM3BOAUTCS TOABKO B 9KC-
IepuUMeHTaAbHbIX MacmTabax. OAHON U3 IPUYHH
3TOTO SIBASIETCSI OTCYTCTBHE AO IIOCAEAHETO BpeMe-
HU HayYHbIX METOAVK [IOBBILIEHUSI OHOPEeCYypPCHOTO
IOTEHIIHAAA PHIOBI, 00eCIIeurBaIOLIyIO ITOBbIIIeHIEe
BBIXOAQ PHIOOIIPOAYKIIUY U TOAyY€HHe CTAOHABHOM
npu6bbiau. CrpaTerndeckon 3apauei pa3BUTHS Oce-
TpoBOoACTBa Poccum sBAsieTcs co3paHue eAMHOM
METOAMKHU AASL IPOM3BOACTBA, KOTOPAsl BKAIOYAeT
Pa3paboTKy MaA03aTpPaTHOrO 06OPYAOBAHISL, CIIO-
CO60B IOAYY€eHVSI KaueCTBEHHOT MTUIeBOM U HHKY-
6aLMOHHOM UKPBI X IPOMBILNIACHHOE BBIPAIBAHUE
OCeTPOBBIX, IIO3BOASIONIEE B CXKaTble CPOKH CYlIe-
CTBEHHO YBEAUYHUTb 0OBEM IIPOU3BOACTBA TOBap-
HOM IIPOAYKILIMU oceTpoBbIX. IIposiBAeHMe uHTEpe-
Ca K pa3BeAEHHUIO 1 BBIPAIUBAHHIO OCETPOBBIX PbIO
IpHUHEeCeT CYIeCTBeHHbIH 9KOHOMUYECKUM 3P PeKT

[1;2;3].

LTeAbto IpOeKTa SIBASIETCSI: CO3AQHIE U PA3BUTHE
XO3SIFICTB I10 BBIPAIMBAHHIO OCETPOBBIX PHIO B yCAO-
Brsix KpacHopapckoro kpasi, paspaboTka MeTOAUKH
IOBBIIIEHNS] OUOPECYPCHOTO IIOTEHIMAAA PHIOBL.

Hayunast HOBU3HA HCCAEAOBAHUI 3aKAIOYAETCS
B TOM, 4TO BIIepBble pa3paboTaHa METOAMKA HOBOM
TEXHOAOTUH BBIPALUBAHUS OCETPOBBIX PHIO B YCAO-
Brsix KpacHOAQpcKoOro Kpast ¢ mpuMeHeHHeM MaAO-
3aTPATHOTO YCOBEPIIEHCTBOBAHHOIO 000 PYAOBAHNS,
HAYMHASI OT TOAYYeHHs MHKYOAI[HOHHOM i TOBapHOM
4epPHOI HKPHI AO TOBAPHOM OCETPOBOI PHIOBL.

CTpouTeABCTBO HAM PEKOHCTPYKIJHSI OCETPO-
BOI )epMBI 10 IIPOEKTY TpebyeT HHAUBUAYAABHOTO
IIOAXOAQ C YYETOM OCOOEHHOCTEN XO3SICTBA U €0
MecTopacrnoAoxeHus. [IpoekT BKkAIOYaeT pacyer He-
00XOAMMBIX MHBECTULINI, IPaQUK U HALIPABACHUS
VMHBECTHLIMOHHBIX BAOKeHMI. DHMHAHCOBAs MOAEAD
IIPOEKTa BKAIOYAET CIPOTHO3HPOBAHHBIN 0OBeM
IPOAQXK, OTYET O IIPUOBIASX U YOBITKAX, O ABIDKEHUH
AEHEXHBIX CPEACTB, IIPOTHO3HbII 6aaHc. B xoae pas-
paboTky OHU3Hec-IIAQHA IIPOBOAUTCS pacdeT TOUKH
0e3yOBITOYHOCTH, a TAK’Ke OCHOBHBIX ITOKa3aTeAel
peHTabeAbHOCTH ¥ MHBECTHUIIMOHHOM IPUBAEKATEAD-
HOCTH IIPOEKTA, CPEAU KOTOPBIX: AUCKOHTHPOBAH-
HBII [IEPUOA OKYIIAEMOCTH, BHYTPEHHSIS HOPMa AO-
XOAHOCTH, PEHTA0EABHOCTD HHBECTHIIHI, IIPOAQK,
AESATEAbHOCTH.

OO6s13aTeAbHO  YIHUTHIBAETCSI  OKOAOTHIECKUI
aCIIeKT BHEAPEHHs MHHOBALIMOHHOIO OU3HeC-IIpo-
€KTa: IPOBOAMTCS OLIEHKA BAUSHUS PabOThI pbIOOXO-
3SIMICTBEHHOTO [IPEATIPUSTHSI HA OKPYKAIOIIYIO CPEAY.

B pamxax HaCTOSIIMX HCCAEAOBAHUI OCYIIeCT-
BASIETCSI CO3AQHUE ITPOM3BOACTBEHHOM 6a3bI AAS Be-
AeHUs1 oTpacau prrooBopcTBa B OO0 «Aabamu>»
Aenunrpaackoro paitoHa KpacHoaapckoro kpas.
B npon3BOACTBE UCIIOAB3YIOTCSI IIOMEIeHUS Pa3AY-
HOI KOHCTPYKLUH AASL YCTAHOBKH Pa3pabOTaHHbIX
PBIOOBOAHBIX 6acCeHOB. AASI COAEPXKAHMS U Pas-
BEAEHUSI PBIOBI OBIAU ITOCTPOEHBI COOPYXKEHHUS aH-
FapHOTO THIIA U IPUOOpeTeHO prIOOBOAHOE 060PY-
AOBaHUe: QHTAPHOE COOPY’KeHIe, HACOCHI, OacCeHbI
ppI00BOAHBIE, AP PY30PBL, BUXPEBbIe KOMIIPECCOPSL,
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YABTPapHOAETOBBIE MeXaHHYeCKue
QUABTPBI AAST QUABTPAIIU BOADL IIPUOOPBI AAS U3-

MEPEHH: Ka9€CTBa BOADI.

YCTaHOBKH,

ITo oxoxuaHuM paboT 10 MOHTAXKY 060PYAOBa-
HUSI OBIA IPUOOpeTeH PIOOIIOCAAOUHBIN MATEPHAA.
OcCHOBHOI1 BUA peaAu3yeMOM IPOAYKIIUU — MaAb-
KU OCEeTPOBBIX pb16 Maccoit 60 I. AAsI 9TUX IleAeit
npuobperasnuch Maabku BecoM 3—10 r. YunTsiBasi,
4TO IEePHOA IMOAPAMUBAHISA MAAbKA OT MAcCHI 3 T
Ao Macchl 60 T cocTaBasiet S5-60 aneit, B 2017 roay
OBIAO 3aITyII[eHO MIeCTh [P OU3BOACTBEHHBIX [IUKAOB.
YacTp AyULIIMX MAABKOB OBIAQ OCTAaBA€HA B XO3sIil-
CTBe AASL OPMUPOBAHHS COOCTBEHHOTO MATOYHUKA
U pou3BoAcTBa UKpbL Kax mobounas mpoaykius
PeaAn30BBIBAAUCH IIOAPOIIeHHbIE 0COOU 0CeTpo-
BBIX Ha MICO, @ TAK)Ke UKpPa, He HCIIOAb3yeMasl B HH-
Ky0aI[IOHHOM IIpOIlecce, IOAyYeHHasl OT THOPUAOB
OCeTPOBBIX MATOYHOIO CTapa. AAsl obecredeHHs
PBIOBI KOPMAMU IIPHOOPETAAUCH TOTOBBIE IIOAHOPA-
noHHble KoMbukopMa. Kombuxopma oboramaan
OHOAOTMYECKU AKTUBHBIMU AOOABKAMU HEIIOCPeA-
CTBEHHO IlepeA CKAPMAHBAHHEM C II€ABIO IIOBbIIIe-
HIsI GHOpeCcypCHOTO MOTEHI[HAAA PBIOBI M BBIXOAQ
PBIOOIIPOAYKIIHH [IOCPEACTBOM IIPUMeHeHuUs OHo-
MeToAQ: pa3paboTaH u 3amaTeHToBaH «Croco6 BbI-
PAILIMBaHUS MOAOAU PbIO>, IPeAyCMATPHUBAIOIIHI
IpUMeHeHre po6uoTuKoB. Mcrmoap3oBanue mpo-
OHOTHKOB — HHIOMETOA — CLIOCOOCTBYET yBeAnde-
HHIO MacChl UKpbI Ha 9,3%, BbBDKHMBAEMOCTH MOAOAU
Ha 11,4%, Maccsl ppi6bl — Ha 26,5%, ypOBHS peHTa-
6eabHOCTH — Ha 45,1%), U CHU)KeHUe 3aTPaT KOPMOB
Ha 29,3%.

Ilpu BHeApeHHHM pPe3yABTATOB HCCAGAOBAHHIM
[IOAyYeHa MAaKCUMAAbHAsI IIPUOBIAD B KpaTJaililie
cpoxu. HapexxHOCTD MHBeCTHIIMII B IPOEKT obecIte-
YHBAETCS CIIPOCOM Ha IIPOU3BOAMMYIO ITPOAYKIIHIO,
KaueCTBOM, AOCTYITHOCTBIO UCXOAHBIX MaT€PHAAOB
U CBIPDSI, CTAOHABHBIM [IOAYYeHHEM AOXOAOB. 3HAYH-
MOCTb pPeaAM3aluH IIPOEKTa AAS 9KOHOMHKH U CO-
ITHAABHOH CPephl PerrOHA 3aKAI0YAETCS B Pa3BUTUH
ppiboBoacTBa B KpacHopapckoM kpae, IOAydeHUH
3KOAOTHYECKHU 6e30IacHON U IJeHHOM IIPOAY KLU

OCETPOBBIX PBIO, B CO3AQHUH AOCTYIIHOCTH AQH-
HOM IIPOAYKITH AASl BCEX CAOEB HaCeACHHUs B CBA3H
C TMAQHUPOBAHHEM YBEAHYEHHS ee IIPOU3BOACTBA,
IOBBIIIEHNE 3aHATOCTUA HaceAeHUs, obecliedyeHune
pa60‘II/IMI/I MeCTaMU C AOCTOMHOM OIIAATOM TPYAQ,
BOCIIPOHM3BOACTBO H BBIITYCK MOAOAH OCETPOBBIX PBIO
B €CTeCTBEHHbIE BOAOEMBL.

COBIT HPOAYKIIMHM TapaHTHPOBAH AKTUBHBIM
CIIPOCOM Ha ITPOAYKITHIO B pernoHe. Passutue npo-
M3BOACTBA He HeceT OTPHIIATEeAbHON Harpysku Ha
9KOAOTHIO pervoHa. IIpeampusiTuil, CrocoOHbIX
IIPUBECTU K IIOAHOM HECOCTOSTEAbHOCTH ITPOEKTa
He CYIeCTBYeT, OAHAKO BO3MOXXHbBI CUTYal[UH, IIPH
KOTOPBIX CYIeCTBYeT BepOSITHOCTb CHIDKEHHUS I10-
KazaTeAel 9QpPeKTUBHOCTH IIPOEKTa.

CymecTByeT MHOTO 00OPYAOBaHHUS AASL COAEP-
KQHMS OCEeTPOBbIX PbI6. B 0CHOBHOM OHO O4eHb AO-
porocrosiiee, YTO AASL HAYMHAIOIIMX OCETPOBOAOB
CTAaHOBHUTCS OOABIIMM ITPEILITCTBAEM K PeaAU3aliuu
ppiboBopHOrO 6u3Hec maaHa. Hamu paspaborano
MaAO3aTpaTHOE yCOBEPIIEHCTBOBAaHHOE 000PyAO-
BaHHe, IPAKTUYECKH He YCTyMarollee 3aBOACKHM
aHaAOTaM, IIPU 3TOM CTOMMOCTb M MOHTAXX €ro
B 2—3 pasa peleBAe.

HccaepoBaHys 110 anpobariui HOBOro 060pyAo-
BAaHUS — 3aTAyOA€HHBIX 6 TOHHBIX 6acCeIHOB, OTAU-
YJAIOMMXCS OT AaHAAOTOB AOATOBEYHOCTHIO U CIIOCO0-
HOCTBIO K CAMOOYMCTKe, MPOBOAUAKCH B 2018 roay
B ycaoBusix OOO «Aabamu» AeHUHTPAACKOTO
paitona Kpacropapcxoro xpast. O6pexroM mccae-
AOBAHUI1 SIBASIAACb MOAOAb OecTepa (ropoBHKH).
YcTaHOBAEHO, UTO B UTOTe BBIPAIIMBAHHS PHIOBI
B cpaBHMBaeMbIX eMKocCTAX «MIJA-2» u 3aray-
6AeHHOTO 6eTOHHOrO 6acceiiHa, BHISIBAEHO, YTO [IPU
COAEp>KaHHUU TOAOBHKA OecTepa B pa3paboTaHHOM
OacceiiHe 3arAybA€HHOIO THIIA, OBIAA 3aMeUYeHa He-
KOTOpasi TEHAEHIIUS K YBeAUYEHHIO HHTeHCHBHOCTH
pocTa poi6sr Ha 7,1%.

B ycaoBuax OOO
2018 ropa Hamu nponﬂKy6np013aHo 200 TpIC. IITYK

«Aabamm>» ¢ HavaAa

UKpHHOK. OmaoA0TBOpsieMocTb cocTaBuAa 90%, Bbl-
KHBaeMocCTh — 75%.
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IToAy4yeHHYI0 MOAOAD BO3MOXKHO PEaAU30BbIBATD
YaCTSMU B 3aBHCHMOCTH OT IIOTPEOHOCTH B ACHEX-
HBIX CPEACTBAX AO IIOAYYEHHs TOBAPHOM PHIOBL

OCHOBHYO IPUOBIAD XO3SIHICTBO ITOAYYHUT Yepe3
3 roaa o AOCTIDKEHHIO PbIOOF TOBAPHOI MACCHL

ITyTéMm moacyéTa moAydaeM IpUMEPHYIO BRIPYUKY
OT peaAM3alui HEKOTOPOTO KOAMYeCTBa BbIpalleH-
HOM MOAOAU OCETPOBBIX PBIO B TEKyII[eM FOAY:

1000 wr. X 0,5 xr X 1000 = S00000 py6.

BsIpyuky caepyeT peryAupoBarb OT MOTpeOHOCTH
B ACHEKHBIX CPEACTBAX AO TOAYYEHHsI TOBAPHOM PHIOBL

C TpeTbero ropa peaausyeM TOBapHYIO pbiOy U3
octaBAaeHHO¥ B x03scTBe. 2000 mT. X 2 kr = 2000 K1
croumoctsio 1000 py6. = 20000 000 py6.

[ToaoxxuTeAbHas IPUOBIAD OPMUPYETCS CO BTO-
POro rOAQ U OCTAeTCsI CTAOMABHO BBICOKOI Ha IIPO-
TSDKEHUU BCEro IIepuoAa IAQHUPOBaHMSL.

Pacuer AeHeXHBIX IOTOKOB HUCIIOAB3YeTCS AAS
OIPEACACHHOIO TEeKyIJero OCTaTKa HMMEeIOUIUXCS
B PACIOPSDKEHUH ACHEKHBIX CPEACTB. DTOT OCTATOK
$opmMupyeTcs 3a cyeT IPUTOKA (AOXOAOB OT peaAu-
sauHH) 1 OTTOKA (3anaT Ha IIPOM3BOACTBO IIPOAYK-
1Y, OOIIKX U3AEPIKEK, HAAOTOBBIX M APYTHX BbmAaT)
AEHEXKHBIX CPEACTB.

TakuMm 06pasoM, BeAeHIe OCETPOBOACTBA C Hayd-
HBIM [IOAXOAOM O0eCIeuynBaeT BBIXOA MAKCUMAAbHOM
IPOAYKIJMH 1 IIPUOBIALL
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PHOTOCURRENT SPECTRA AND CONDUCTIVITY OF SOLID
SOLUTIONS TI(InS,), ,(FeSe,), NEAR THE PHASE TRANSITIONS

Abstract: It is found that in TI (InS,), (FeSe,)_crystals and it is characteristik sequence of phase
transitions, for TIInS , manifested in the form of anomalies in the temperature dependences of § = f

(T) and £ = £(T). It is shown that as the values of x lav], the phase transition temperatures decrease,

and the temperature range for the existence of an incommensurate phase a bit increases. Information
has been was obtained on the temperature dependence of §(T), the width of the forbidden raye from
the spectral distribution of intrinsic photoconductivity, and the magnitude of maximum spectral

photo sensitivity o ™*/o, for the samples studied.

Keywords: phase transition, photoconductivituy, photosensibleness, terahertz.

Introduction: There are many works devoted
to the study and creation of a terahertz Bloch gen-
erator based on semiconductor superlattices. The
possibility of creating a generator for Bloch oscilla-
tions of electrons on superlattices of semiconductor
crystals in the terahertz frequency range is shown.
It is established that the Bloch oscillations that arise
on superlattices can produce effective generation of
terahertz radiation in pulsed electric fields. There-
fore, the possibility of developing a terahertz Bloch
generator on the basis of disordered layered crystals
is of definite interest. From this point, the study of
the electrophysical properties of crystals of the fam-
ily A"B"X| is very important.

Triple analogues of T1Se type A"B"'X are main-
ly crystallized in three structural types — T1Se, MoS,,
TIGaSe,.

For TIInS, a low-temperature monoclinic
modification of the TIGaSe, type and a high-tem-
perature hexagonal phase with a structure of the
MoS, type are installed. The basis of the structure
of TlInS, (monoclinic) [1] like TIGaSe, must con-
stitute tetrahedral construction In,S = of during
joining that form longitudinal prismatic “chan-
nels” filled with TI atoms. Because of the larger
size of the TT atoms, compared with the Ga atoms
in tetrahedras, some stresses are created, due to the
structure becomes less stable and turns out to be
dimorphic. As it is known, there is no polymorphic
modification for TIGaSe,. The key structural unit
is formed by purely tetrahedral Ga atoms, but, as
indicated in [2], due tu the shift of packets, all pos-
sible polytypes are formed, up to incommensurate

phases [3].
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In order to obtain the monoclinic phase of TlInS,
and to study the electrical and photoelectric proper-
ties of the solid solutions of T1 (InS,), _(FeSe,) , by
Bridgman-Stockbarger method their single crystals
have been groun. As a result of X-ray analysis it has
been determined that grown monocrystals have a
monoclinic structure of the TIGaSe, type.

Fig. 1a, b shows the x-ray patterns swinging
around the axes a and b of the crystal. The calcu-
lated lattice parameters are as follows: a = 10.926
A,b=10923 A, c=15.09, f = 100°, z = 16, pr.gr
C_> (C*) [4]. In order to determine the amount
of Fe and Se atoms entering into the structure on
the Camebax microanalyzer, all the studie composi-
tions have been analyzed. The detection limit was
not worse than 107

Single crystals of T1 (InS,), (FeSe,) below
220K undergo several successive phase changes
from the paraelectric to the ferroelectric phase.
The electric and photoelectric properties of TIInS2
crystals near phase transitions have not been sufh-
ciently studied [5], and the photoelectric proper-

ties of solid solutions based on them are less studie
In [6], the results of a studying of the dependency
of the electrical conductivity and dielectric perme-
ability of T1 (InS,), _(FeSe,) crystals on composi-
tion and temperature are presented. It is established
that by increasing the x the value of permeability
decreases, and the electrical conductivity increas-
es. It is found that in T1 (InS,),__(FeSe,)_crystals
consistensu of phase transitions is characteristic for
TIInS,, manifested as anomalies in the temperature
dependences § = f (T) and € = f (T). It is shown
that with the of x values increase, the phase transi-
tion temperatures decrease, and the temperature
range for the existence of an incommensurate phase
slightlu increases.

Information on the temperature dependence of
§,(T) (Fig. 2), the width of the forbidden band from
the spectral distribution of intrinsic photoconduc-
tivity (Fig. 3), and the magnitude of the maximum
spectral photo sensitivity (o ™/0, ) for the samples
studied is obtained in this paper.

Figure 1. X-ray patterns of the oscillation around the axes a (a)
and b(b) of TI(InS,) single crystals 0.985(FeSe,)0.015
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Figure 2. Temperature dependence of the dark electrical conductivity
o, of single crystals of Tl (InS,),  (FeSe,)  atx=0.005
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Figure 3. Spectral dependencies of the photoconductivity of Tl (InS,) 0.995 (FeSe,) 0.005
single crystals at temperatures of 50 (1) K, 150 (2) K, 175 (3) K, 200 (4) K, 250 (5) K

The effect of FeSe has a particularly strong effect  the maximum photocurrent at the long-wavelength
on the temperature dependence of the width of the  edge was taken as the value of E. The characteristic
forbidden zone (Fig. 4). In our experiments, E_was anomalies of the E (T) curve at 124K 148K, 180K,
determined from the curves of the spectral distribu-  and 198K correlate with the anomalies of the curve
tion of photoconductivity. In this case, the value of o (T) (Fig.2).
the photon energy corresponding to the half-fall of
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Figure 4. a temperature dependence of width of forbidden zone
E,_inTl (InS,), , (FeSe,)  single crystals at x = 0.005

Conclusion: Thus, it was found that,in TI (InS,)  ture dependence of the dark electrical conductivity,
.. (FeSe)) crystals, a sequence of phase transitions  the width of the forbidden band, and the spectral
characteristic of Tl (InS,) occurs, manifested as an ~ dependence of the photoconductivity were studied.
anomaly in temperature dependences. The tempera-
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AHANN3 BJINAHUSA CPEQObI PASOEJIEHUA HA NMOJTYYEHUE
KOHLEHTPATOB AJ19 BE3AOMHOWU METAJUJTYPI MU

AnHOTanust: B pa6oTe paccMOTpeH BOIPOC BAMSHUS PA3AEAUTEABHOI CpeAbl (COocTaBa 060pOTHOI

BOABI) Ha IIOAYYeHUE XeAe30PYAHOM IIPOAYKLIUU AAS Oe3A0MeHHOM MeTaaAyprun. [ TokasaHo nsMeHeHve

KOAHNYECTBAa BpEAHDIX anMeceﬁ B 3aBHCHUMOCTH OT COCTaBa 1 CBOMCTB paSAeAI/ITeAbHOfI CPEADIL.

KaroueBbie cAOBa: MarHeTUTOBBIN KOHILIEHTPAT, BpeAHbIE IPUMECH, AMOKCUA KPEMHUSI, MATHETHT,

pasAeAuTeAbHAs CpeAa.

Ha MupoBoM ppiHKe BO3POC CIIPOC Ha BBICOKOKA-
9eCTBEHHbIE OKAThIIIH, IPUTOAHbBIE AASI TEXHOAOTUH
UX MPSAMOM MeTaAAM3anuu. B cBoro ouepeab yBeau-
9YeHHe IPOU3BOACTBA IIPOAYKIIUHU AAS METAAAU3ALIUU
MOXKET OBITb 00eCIIedeHO 32 CIeT IIOAYYeHHS BBICOKO-
KayeCTBEHHbIX MAarHETUTOBBIX KOHIIEHTPATOB, METAA-
Ayprudeckasi IeHHOCTb U KOHKYPEHTOCIIOCOOHOCTb
KOTOPBIX OIIPEAEASETCS MAaCCOBOM AOAEH IIOAE€3HBIX
¥ BpeAHBIX TpuMeceil B HUX (Taba. 1).

Kax n3BecTHO, CymecTByOIIe TEXHOAOTHH Pa3-
AEAEHISI SKeAe3UCTHIX KBAPIIUTOB He 00eCIIeurBaoT
IOAyYeHHe 0CO00 YHCThIX KOHIIEHTPATOB C MUHU-

MaAbHBIMH BKAIOUEHHSMHU BPEAHBIX IIpUMecei, oc-
HOBHBIMH U3 KOTOPBIX SIBASIOTCS AHOKCHA KPEMHH,
a ero ypaAeHHe SBASETCS CAOXKHBIM IIPOIIECCOM.
OnTuMu3anys KayeCTBEHHBIX XapaKTePHUCTHK Mar-
HETHTOBBIX KOHIIEHTPATOB SBASETCS NPHUOPHUTET-
HbIM HAIIPaBAEHHEM PasBUTHs 0OOraljeHus], Kak 3a
pybexom, Tak u B Poccun u ctpanax CHI. Ilpakru-
JecKH Ha Bcex npeanpuarusx Poccun u crpan CHI,
riepepabaThIBAIOIIIX SKEAE3HCTbIe KBAPLUTDL, IIPHU-
MEHSIOT Tpex- (AU [ATH-) CTAAMAABHYIO MOKPYIO
MarHuTHYIO cerapariio. OCHOBHBIM HEAOCTaTKOM
TAKHX CXeM SIBASIOTCS BBICOKHE YA@ABHBIE PACXOADI
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Ha TIPOU3BOACTBO [PU CPAaBHUTEABHO HU3KOM CEeAEK-
TUBHOCTH mporecca pasaeaenus [1; 2]. Aaxe npu
MCTIOAB30BAHUU PA3BUTbIX CXeM, KOHI[EHTPAThI 3a-
COPSIIOTCS CPOCTKAMU, MEXaHHYeCKH 3aXBa4eHHBIMU
YaCTHUI[aMU HEPYAHBIX MUHEPAAOB, 2 MACCOBASL AOAS
BPEeAHDIX IPEMeCeil B HUX AOCTaTOYHO BBICOKa [ 3].

B kxayecTBe 00BEKTa MCCAEAOBAHUI aBTOPOM
BbIOpAHbl MATHETUTOBbIE KOHI[EHTPATHI TEKYIEro
npousBoAcTBa npeanpusaTuii KMA. Xumudeckuit
COCTaB KOHIIEHTPATOB ITOKA3bIBAET, YTO II0 MACCO-
BOM AOA€ KaK IIOA@3HBIX, TaK U 3aCOPSIOMUX KOMITO-
HEHTOB KOHII@HTPAThl PAa3AMYHbBI (taba. 1).

Tabnmuya 1.— XuMnyecknii CoctaB TOBAPHOM XENe30pyaHOM NPOAYKLMM

MaccoBasi A0AsI KOMIIOHEHTA B IpoAyKnn npeanpusatuil KMA, %
Komnonenr | ITAO «Muxaii- | AO «Kom6n- OAO «Croii- AO <<j;eg;$nncxnn
AoBckmii 'OK > | mar KMApyaa>» | aeHckuit TOK > m—— > e
Feobmy 65.1 66.0 66.8 68.56 70.01
Fe O, 64.6 63.5 65.2 66.08 68.24
FeO 25.7 28.7 27.4 28.8 29.55
Fe "2/Fe 061y 30.6 33.71 31.80 32.56 32.72
SiO,06m/cBob6 8.82/7.1 7.2/5.6 6.9/5.7 4.82/3.75 3.42/3.0
S o6y 0.007 0.032 0.03 0.044 0.11
Kaacc — 0.045 mm 91.2 63.5 78.3 94.6 98.1

ITpumeuarue: BKK* — BBIcOoKOKaueCTBeHHbII KOHIJEHTPAT.

O6pamaer Ha ce6st BHUMaHUe TOT PaKT, YTO Mac-
COBast AOASI BpEAHBIX ITPUMecei B BUAE CBOOOAHOTO
AMOKCHAQ KPEMHUSI B KOHIIEHTPATaX KOAeOAeTCS OT
3.75 a0 7.1, a obmero — ot 4.82 A0 8.82, cepsi 00-
mei — ot 0.007 po 0.11%. MaccoBast AOAS KeAe3a

Munepasorudeckoe u3ydyeHue MOKa3aAo0, 4TO
BCe KOHILIEHTPaThl, B OCHOBHOM, COCTOSAT U3 CBO-
OOAHDBIX PYAHBIX 3epeH U HEe3HAUUTEABHOTO KO-

obmero Bappupyet oT 65.1 A0 68.56%. AoAst ocHOB-
HOTO MPOMbINIAGHHOTO MUHepaAa (MarHeTHuTa) Ko-
Aebaercs ot 80.0 A0 92.0, AOASI MUHEPAAOB-HOCUTE-
Aell BpeAHBIX IIPUMeCeil COCTABASIET: CYAbPUAOB — AO
0.11, amaruTa — A0 0.06, xBapma — A0 7.61%.

e SNy

o ald
%
oy
i

6)
PucyHok 1. Agre3us cybMMKPOHHbIX YacTuLL, KBapLua (CBeT/1I0€) Ha MOBEPXHOCTN
3epeH marHeTtuTa (a), pparmMeHT 3epHa marHeTuTa B «pybatuke» (6), ysen. 5000

AndecTBa HepypHbIX. [IpucyrcrBytor u cpocrTku:
PYAHBIX CPOCTKOB 3HAUUTEAbHO MEHbIIe, YeM He-
PyAHBIX. B KOHIJeHTpaTax HabAOA2ETCS IIpOILjecc
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MarHMTHOMN QAOKYASIIMU, KOTOPBIN OTAUYAETCS OT
criocoba pypomoarorosku. Hampumep, xoHijeH-
TpaT 6eCIIapoBOro U3MeAbYeHUS HMeeT PAOKYADI
He TIAOTHbIE, PbIXAbIE, POIIeCC HOCUT KOMOBBIM
XapakTep, YTO CIIOCOOCTBYeT 3aXBaTy CBOOOAHBIX
HepyAHbIX 3epeH. KoHIleHTpaThl IIapoBOro u3MeAb-
JeHHs], HapsIAY C PbIXABIMH, UMEIOT PAOKYABI BUAQ
YAAMHEHHOTO SAAUIICA, KOTOpPbIe OOAee IIAOTHBIE,
YCTOMYHMBBI M COAEPXKAT B CBOEM COCTaBe MEHbIIe
HEPYAHOTO. DAeKTPOHHASI MUKPOCKOIIUS ITO3BOAU-
Ad YBUAETD, UTO 3€PHA MarHETHTA B KOHIIeHTpaTax

IIOKPBITHI IMAAMAMHU U TIPUCHIIKAMH U3 HEPYAHBIX
MHHEPAAOB, a 3ePHA MarHeTUTA HAXOAATCS B HUX
KaK B «py0Dalike>, YTO CBSI3AHO C IPOLIECCAMHU AA-
resuu (puc. 1).

Hampumep, cHsTHE TaKOM «pyOaLIKi >, T03BOAS-
eT YMEeHbIIUTb MACCOBYIO AOAIO AMOKCHAQ KPEeMHUS
B Kaacce kpynmHocTu MuHyc 0.045 MM a0 10%.

AAs BBIICHEHMS TPUYMH BBICOKOTO MTOKA3aTeAs
CBOOOAHOTO AMOKCHAQ KPeMHUS, OBIA BBITOAHEH
aHAAU3 000POTHO BOABI, IIPIMEHIEMOIT B ITpoIiecce
paspenenus (Taba. 2).

Tabnuua 2.— YcpeaHeHHasn kpaTkasi XapakTepmucTmka 000pOTHOM BObI

IIpeanpusTue
Eannnna AO «Ae- 0OAO «Croit- | AO «Komb6u- ITAO «Mmu-
ITapamerp . . . .
H3MepeHHs GepAnHCKHIT ACHCKHH Hat KMApy- XaMAOBCKHH
T'OK > TOK» Aa> T'OK>»
B .
OAOPOATIBIH pH 7.7-8.7 7.9-8.3 7.4-82 7.9-9.4
ITOKa3aTeAb
Bepemeitsie Mr/An? 0.5-49.0 8.5-200 34-100 0.4-50.0
BelleCTBa
Cyxoit 0CTaTOK Mmr/ am> 595-835 510-750 770-845 590-835
HKecrxocrs Mroks/aM® | 3.95-5.5 4.6-6.0 5.4-6.0 4.0-5.5
obmas
HoHbl kaAbus | Mr 9KB/AM® 1.2-2.2 0.5-0.9 2.4-6.0 1.2-2.5
Houp! maraus MT 9KB/ AM> 2.5-3.6 1.7-3.4 0.1-3.2 2.3-3.6
Temneparypa:
A€TO rpaayc C 11-25 12-24 11-26 9-26
3UMa 3-8 2-8 3-7 2-7
Tabnuua 3.—- BnuaHmne coctaBa 060pOTHOM BOAbl HA KA4ECTBO KOHLIEHTpaTa
MaccoBast AOAS TEEPAOTO PsaoBo KOHINEHTpAT BKK
B 000POTHOI1 BOAE, MI'/A SiO, o Sio,_ . SiO, b SiO0,__ .
> 450 4.93 3.9 3.01 2.61
>250 4.82 3.75 3.0 2.4
> 150 4.78 3.62 2.97 2.34
> 100 4.63 3.17 2.78 2.3
<100 4.48 2.7 2.77 2.2

Pe3yAbTaTbl BAUSIHHSI 0O0OPOTHOM BOABI Ha Kaye-
CTBO MarHeTUTOBBIX KOHIIEHTPATOB IPHUBEAEHO B Ta-
6Aurie 3, U3 aHAAM32 KOTOPBIX, BUAHO KaK KaueCTBO
OCBeTAeHMsI 0OOPOTHOI BOABI BAUSIET HA IIPHBHOC

B KOHIJ@HTPAT BPEAHBIX IIpPUMecel B BUAE AMOKCHAQ
kpemuus. Kpome Toro, HabAropaeTcst yeTkast TeH-
AEHIIVSI YBEAUYEHUST CBOOOAHOTO AOKCHAA KpeM-
HUA OT BpEMEHHU T'OAQ, T.e. TeMIIepaTypbl (pI/IC. 2).
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OKCIIepUMEHTBI I10 BAUSHHIO TeMIIEPaTyPbl ITyAbIIbI
BBIITOAHSIAHICh HA 00OPOTHO BOAE B AA0OpATOPHOI
daoranponnoi Mamusne Tuna PMA-0,3 (6e3 mo-
AQYH BO3AYXA) C aBBTOMATHYECKUM PEryAUpOBAaHHEM
4rcAa 060POTOB UMIIEAAEPA, OAOKA KOHTPOAS TEM-

neparypst u pH myasns: B kamepe. MaccoBast AOAsE
TBEPAOTO B 060POTHOI Boae cocTaBasiaa 160 mr/a.
OKCIepUMEHTbI IOKA3aAH, YTO B 3aBUCHMOCTHU OT
BpeMEHH I'OAQ KOAUYECTBO BPEAHDIX IIpuMeceil 0y-
AET KoAebaTbCsl.
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PuncyHok 2. 3aBMCMMOCTb MacCOBOW 40N ANOKCUAA KPEMHUS
B KOHLEHTpaTe OT TemMriepatypsbl Nynbnbl (MMHUSA TpeHpa)

IToBpimennas (l)I/ISI/IKO-XI/IMI/I‘IECKa}I AaKTHUBHOCTD
B COBOKYIIHOCTH C I'II)6303(1)(I)GKTOM HU3MEABYCHHOI'O
KBapILa, BbI3bIBAET IIOSIBACHHE 3aPSIAOB Ha €ro II0-
BEPXHOCTH, YTO IIPHUBOAUT K HUX 3aKPEIIACHHIO Ha
IIOBEPXHOCTHU YaCTHUL MAaIrHETUTA M CHIDKEHHIO KOH-
TPaCTHOCTH Pa3AC€ANTEADPHDIX IIPU3HAKOB. B IIOCACA-
CTBHE B ITpOLI€CCE PABACACHIS ITPOLECC IIOAYIEHUA

BBICOKOKA4eCTBEHHOTI'O MAarHETUTOBOIO KOHIIEHTPa-
Ta 3arpypHsercs [4; S ).

Taxkum 06pa3oM, BHIIIEIIPHBEACHHOE [TO3BOASIET
IIPEAAOKUTD ITOBBIIIEHIE KA9eCTBA KOHIJEHTPATOB 3a
CUET YAQAEHUISI I AOU3MEABYEHHUS KPYITHBIX CPOCTKOB
U 60oAee TAyOOKOI AeIAaMaI{Het.
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Anoranus: [IpuseaeHa cTaTHCTHKA IOXKAaPOB, ONMCAHbI HETaTUBHbBIE GaKTOPbI, BO3ACHCTBYIOIUE

Ha 9€AOBEKaA IIPHU TOPEHNH CTPOUTEADPHBIX I OTACAOYHDBIX MAaTEPHUAAOB. Pa3pa60TaH CTECHA AASL KOM-

ITA€KCHOI'O aHAaAHM3a IIPOLECCOB rOpPEHH.

KaroueBsbie caoBa: CTPOUTEADPHDBIE 1 OTACAOYHDBIE MAaTEPHAADI, TOPIOIECTDH, BOCIIAAMEHAEMOCTD,

ABIMOOOpPa30BaHUe, CKOPOCTD PACIPOCTPAHEHNUS IIAAMEHH.

ITo>xappl SIBASIFOTCS OAHUMHM U3 CaMBIX OITACHBIX
COOBITHIT He TOABKO IIPUPOAHOTO, HO M TEXHOT€HHO-
rO XapakTepa, HOCSIIUX OOABIIOe KOAUYECTBO Ye-
AOBEYECKHUX )KU3HEH U MaTepHAAbHBIX IJeHHOCTEMH.
B Hameit cTpaHe 3a rop IMIPOUCXOAUT 6oaee 3 ThI-
CS14 [TO’KAPOB, YHUYTOXKAETCS [IeHHOCTEe! IIOYTH Ha
SO MAHpP AOAQpOB, IOTUOAIOT MOYTU CTO YEAOBEK
u elje 60AbIIIee KOAUYECTBO AIOAEH IIOAYYAIOT TPaB-
MBI Pa3AMYHOM CTENEHHU THKeCTU. AaHHbIe CTaTH-
cruxu | 1] mokassiBaoT, 4To II0XKapbhl, BAEKyIIHE 32
C00 011 THKEADIE ITOCAEACTBILSL, TPOHCXOASIIIME B 3Aa-

HIHSX I'PAXKAAHCKOTO U ITPOMBIIIA€HHOTO Ha3HAYeHM,
COCTaBASIFOT OT OOIIEro MX YMCAA COOTBETCTBEHHO:
B JKHABIX 3AQHILIX — 61,58% c ymep6om 49,44% ot
obmux moxa-3areAei o BreTHamy; B 3paHMsIX 0O1Ie-
CTBeHHOTO HaszHayeHus1 — 3,88% c ymepbom — 6,13%;
B IIPOM3BOACTBEHHBIX 3AAHUSX — 71,64% c ymep-
6oM — 8,17%; B CKAQACKHX M TOPTOBbIX IIOMeIIleHH-
ax—4,98% c ymep6om 10,93%.

AaHnHbIe 1o noXkapaM B BreTHaMe 1 ux mocaep-
creusm B 2013-2017 ropax (6e3 y4era Io>KapoB
B A€CaXx) IIPEACTABACHDI B (taba. 1) [1].

Tabnuua 1.— JaHHble no noxapam Bo BbeTHame un nx nocneactemam B 2013-2017 rogax

2013 2014 20158 2016 2017 I moayropme
AaHHbIE
TOA TOA TOA TOA TOA 2018 ropa
1 2 3 4 S 6 7
KoangecTBo nmoxxapos 2100 2350 2792 3200 4074 208S
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1 2 3 4 S 6 7
YrcAo mOCTpapABIINX 178 143 264 203 125 120
Yucao norubmux 56 62 90 96 100 50
Marepuassisiii ymepo 54 38 42 100 51 20
(manp dor)

HM3BecTHO, 4TO MOXap — 9TO sIBAGHHE PacIpo-
cTpansomerocs ropenus. Ilonarue «ropenue>
BKAIOYaeT COBOKYIHOCTb CAOXKHBIX XHMHYECKHUX
U ¢usnyeckux nporeccos. Ilop ropennem nmonmma-
IOT CAMOYCKOPSIONIMICS 9K30TepMUIeCKHI ITPoIecc,
PacIpoOCTPaHAIOMUNCA B IIPOCTPAHCTBE C AO3BYKO-
BOI CKOPOCTBIO U CONIPOBOXKAAIOIIUICS, KaK IIPaBU-
A0, 06pa3oBaHIEM TAAMEHH 1 CBEYEHUEM.

OmacHpiMu $pakTOpaMu IOXKapa, BO3AEHCTBYIO-
IUMH Ha AIOAEH U IMYIIeCTBO, SIBASIIOTCS TeIIAOBOM
IIOTOK, UCKPBI U TIAQMSI, IOBBIIIEHHASI TeMIIepaTypa
OKpY>KaIOIllel CpeAbl, IOHIDKeHHAsI KOHIIeHTpaIus
KHUCAOPOAQ, ITOBBIIIEHHA S KOHIIEHTPAIIXs TOKCUYHBIX
IIPOAYKTOB FOPEHHUS U TEPMUIECKOTO Pa3AOKeHHS,
CHIDKEHHE BUAVIMOCTH B ABIMY.

KpurnueckuMu 3Ha4eHUSIMH ITAPaMETPOB AAS
JeAOBeKa, IPU AAUTEAbBHOM BO3AEHMCTBHUH YKa3aH-
HBIX 3HAUYE€HUI OIACHBIX PAKTOPOB IIOKApa, SBAS-
forcs: Temreparypa— 70 °C; IAOTHOCTb TEIIAOBOTO
usaydenus — 1,26 kBm/m’; KOHLEHTpALUsI OKUCH
yraepopa —0,1% o6pema; BUAUMOCTSH B 30HE 3aAbIM-
AeHMsA —6-12 m [2].

Ocobenno 6b1cTpo (co ckopocTbio A0 10 m/mu
u 6oaee) PaCIPOCTPAHSIOTCS M IPHYHHSIIOT OOABIION
yIiep0 IoXaphl B 3AQHUAX U3 AETKUX METAAANIECKUX
KOHCTPYKIIUI C IOAMMEPHBIMU FOPIOYMMH YTEIIAUTe-
ASIMH (HeHOHOAI/ICTI/IpOA, neHorIOAHypeTaH). ITosTomy
GOABIIOE 3HAYEHVE AASI PA3PAOOTKH Mep II0XKAPHON 3a-
I[UTBI IMeeT HCCACAOBAHIEe TOPIOYUX CTPOUTEABHBIX
U OTAEAOYHBIX MaT€PHAAOB, A TAKXKe MATEPHUAAOB, BbI-
ACASIIOIINX IIPY TOPEHHHU SAOBUTBIE BelleCTBa.

CAeAOBaTEABHO, CYLIECTBYET HEOOXOAUMOCTb
HMCCAGAOBAHHS CTPOUTEAbHBIX U OTACAOYHBIX Ma-
TEePUAAOB Ha FOPIOYECTD, BOCIIAAMEHIeMOCTb, CIIO-
COOHOCTD ABIMO- 0Opa30BaHUs, HA CKOPOCTH pac-
IPOCTpPaHeHHs IIAAMEeHH, a TAKXKe Ha TOKCUYHOCTb
U ApyT'He OIlacCHble U BpeaHble GpaKTOpBI IIOXKapa.

ToxcuuHbIe IIPOAYKTBI CTOPAHUS SIBASIOTCSI OC-
HOBHBIM (aKTOPOM, KOTOPBII BEAST K HAUOOABLIEMY
KOAMYECTBY deAOBedeckux xepTB. COCTaB IIpOAyK-
TOB CTOPAHUSI 3ABUCHUT OT COCTaBa FOPSII[Ero Belije-
CTBa U OT YCAOBUI1 ero roperust. OpraHudeckue 1 He-
OpraHHYeCKIe FOPIoYHe Bel[eCTBA COCTOST, TAABHBIM
06pa3oM, U3 yTAEpOAQ, KUCAOPOAR, BOAOPOAR, CepHI,
pocopa u asora. 113 Hux yraepoa, Bopopoa, cepa
1 $pocOop CIIOCOOHDBI OKUCASITHCS [IPH TEMITEPATYPe
ropeHust U 00pa3oBsIBaTh MpoAyKTsl ropenus: CO,
C0, SO, P,0.. Asor npu Temneparype ropeHus He
OKHCASIETCSI 1 BBIAEASIETCSI B CBOOOAHOM COCTOSIHUH,
a KHCAOPOA PaCXOAYeTCsl Ha OKHCAEHHE TOPIOYMX
9AeMEeHTOB BeliecTBa. Bce ykasaHHBIe IIPOAYKTHI Cro-
panus (32 uckarouenue okucu yraepoaa CO) ropern
B AaAbHelIeM 60Ablne He criocobusl. OHu 06pasy-
I0TCSI [TPU IIOAHOM CTOPAHUH, TO €CTb IIPU FOPEHHH,
KOTOpO€ IIPOTEKAET IIPU AOCTYIIE AOCTATOYHOTO KO-
AMYeCTBA BO3AyXa U [IPHU BBICOKOI TEMIIEpaType.

IIpy HeMOAHOM CrOpaHHM OPTaHUYECKHX Be-
1I[eCTB B YCAOBHSIX HU3KUX TEMIIEPATyp U HEAOCTATKA
BO3AyXa 00pasyoTcst 60Aee pa3HOOOpasHbIe IPOAYK-
ThI — OKHCh YTA€POAQ, CIIUPTHI, KETOHBI, AAAETHABI,
KHCAOTBI K ADYTHE CAOXKHBIE XUMUYECKHE COEAUHE-
Hyst. OHM IIOAYYAIOTCSI IPU YaCTUYHOM OKHCAEHUM
KaK CaMOT0 TOPIOYEro, TakK U IIPOAYKTOB ero CyXoil
neperoHku (MupoAnsa). DTU MPOAYKTHI 06pasyoT
€AKHIT U SAOBHUTBII ABIM. KpoMe TOro, IpoayKTHI He-
IIOAHOT'O TOPEHHs CAMH CIIOCOOHBI TOpeTh i 06pa3o-
BBIBAThH C BO3AYXOM B3pbIBYaThIe CMeCH [ 3 ].

113 BbIIIeCKAa3aHHOTO CAEAYET, YTO UMeeTCsI He-
06XOAMMOCTD He IIPOCTO OIIPEAEASITb XaPAKTePUCTHU-
KU MAaT€PUAAOB, 2 AGAATh 3TO KOMIAeKCHO. IToaTo-
My MMeeTCsl HOTPeOHOCTh CO3AAHMS CIIELIMAABHOTO
CTEHAQ AASI KOMIIAEKCHOTO QHAAH32 IIPOL[ECCOB rope-
HUSI, KOTOPBII OBI IO3BOASIA OIIPEAEASITh: TOPIOYECTb,
TPYIIILY FOPIOYECTH, TEMIIEPATYPHI BOCIIAAMEHEHNS,
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TAEHUS U OTIAABAEHM S, TeMIIepaTypHbIe YCAOBHS Te-
IIAOBOT'O CAMOBO3TOPaHUs, CKOPOCTb pacIpoCTpaHe-
HIHSI [TAAMEHH, KO3 PUIIMEHT AbI- MOOOPa3OBaHs,
ABIMOOOPA3yIOIIYIO CIOCOOHOCTb.

}_‘2200'_

&

%0

Pa3paboTaHHBIIT aBTOPOM CTEHA COCTOHT U3 BbI-
TspkHOTO mKada (1), HarpeBareAbHOM mAUTHI (2), Ta-
30BBIX TOpeAOK (3), mopTaTuBHOrO XpoMarorpada

(4) u rennosusopa (S) (puc. 1).

1500

A-A

PucyHok 1. Cxema cTteHpa

B nepByto ouepeab IPOM3BOAMTCS TIOAXHT (Ha-
rpeBaHuUe) UCTIBITbIBAEMbIX 06pa3ioB. ChIMUTHpO-
BaTh HarpeBaHHe HCCAeAyeMOro obpasia 6es oT-
KPBITOIO OTHS ITO3BOASIET HArpeBaTeAbHAs IAKUTA
U3 CTEKAOKEPAMUKH, PACIIOAOXKEHHASI B [IEHTPe CTO-
ACIIHHUIIBI BBITSDKHOTO mKada. B peaAbHBIX ycAOBHSIX
HAa CTPOUTEAbHbIE MATEPHAABI ACHICTBYET, B IIEPBYIO
OYepeAb, OTKPBITHII OTOHb, CACAOBATEABHO, HEOHXO-
AVIMO IIPEAYCMOTPETh BO3AEHCTBIE OTHsI HA UCIIBITHI-
BaeMblil 00pasel), OTCIOAQ BhITEKAET HEOOXOAUMOCTD
YCTAQHOBUTD C ABYX CTOPOH OT ITAMTHI KOMIIAKTHBIE
ra3oBble TOPEAKH, BBIIOAHEHHbBIE B OTHECTOMKOM
Kopiryce. HeMaAOBasKHBIM SIBASIETCSI Ml HAAMYHE B HUX
BO3MOXKHOCTHU AMCTAHIJMOHHOTO 9AEKTPOIIOAXKHIA,
TaK KaK BBIIIOAHEHIE 9TOM OIIePALUK BPYIHYIO AO-

CTaTOYHO OIacHO. [Ipu AMCTaHIIMOHHOM 3AEKTpPO-
IIOAKUT€ TOPEAOK UMEEeTCSI AOTIOAHMTEAbHAs BO3-
MO>XHOCTb MX CUHXPOHM3AIIUU UAU YCTaHOBACHUS
BpeMEeHHU 3aIa3AbIBAHUA OAHOM U3 HHX.

Ha BropoM aTame aHaAM3MPYeTCsl COCTaB ABIMA,
BBIACASIIOIIErOCs B Mpoliecce ropeHus. AAs aToro
HCIIOAB3YeTCsl OPTATUBHbIM XpOMaTOIpag, BhIIOA-
HEeHHbIH BO B3PBIBO3ALIMIIEHHOM KOPITyCe, KOTOPbIH
KPEeImuTCsl Hap paboueil IIOBEPXHOCTHIO HA 3aAHEH
CTeHKe BBITSDKHOTO ImKada. BcacbiBanue obpasia
obecreurnBaeTCs BCTPOEHHBIM BaKyyMHBIM HACOCOM
B aBTOMAaTU4eCKOM pexxuMme. XpoMaTorpad yKom-
IIAEKTOBAaH MOAEMOM, YTO IIO3BOASIET IlepeAaBaTh
MHPOPMALIMIO, IOAYYEHHYIO OT Xpomarorpada mo
TeAepOHHBIM AUHISIM Ha AI0OBIe pacCTOSIHUS. AAs
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OIIPEACACHHS TEMIIEPATyPhl BOCIIAAMEHEHUS, TEM-
neparyp TA€HHS, TeMIIEPATYPHBIX YCAOBUI TEIIAO-
BOr0 CaMOBO3rOpaHus M HOPMAaAbHOH CKOPOCTH
PpacIpoOCTpaHeHus ITAAMEHH HMCIIOAb3YETCS TEIAO-
Bu3op. C ero momoImpo MOKHO OTCAEXKHBATh BCe
HEOOXOAMMbIE XapaKTePUCTHKH, AQXKE eCAU ITO
MHOT'OCAOMHBIN MaTEPHAA, TAK KaK Ha dKPaH Iepco-
HAABHOTO KOMIIBIOTEPA BHIBOASTCS TEIIAOBBIE CPEe3bI
I10 TIOBEPXHOCTSIM YPOBH:. TelAOBU30P yCTaHABAU-
BAeTCs Ha CTOAEIIHUITY Y 3aAHEeH CTEeHKH BBITSDKHOTO
mKada, 06bEKTUB HAIIPABASIETCSI HEIIOCPEACTBEHHO
IO LIEHTPY IOBEPXHOCTH.

Bcé 060pyaoBaHUe IOMEIIAETCS B CIIEL{HAABHbIIN
BBITSDKHOM IMIKaQ, obecreunBaromuii 6€30mMacHOCTb
IPOBEAEHHSI AA0OPaTOPHbIX HCCAEAOBAHHIL.

AabopaTOpHBIil CTEHA IIO3BOASIET OIIPEACASITD:

¢ KOAMYECTBO TEIAOTBI, BRIACASIIOLIENCS MpU

CrOpaHuy;
e TEeMIIepaTypy CaMOBOCIIAAMEHEHUS;

¢ COCTaB IPOAYKTOB CTOPAHUS;

¢ TeMIepaTypy TAEHUs;

¢ TOPIOYECTS;

 IPYyIILy FOPIOYECTH;

e BOCIIAAMEHSAEMOCTb;

pacmpocTpaHeHue IIAAMEHH 110 II0BEPXHOCTH

MaTepHaAa;

¢ ABIMOOOPA3YIOLIYIO CIOCOOHOCTH;

o KO03$PuUIUEHT AbIMOO6paSOBaHI/IH;

¢  TeMIIepaTypy ONAABACHUSL

B cO3AQHHOM CTeHAE MMeEeTCS BO3MOXKHOCTD
AVICTaQHIIMOHHOTO YIIPABAEHUS BCEMU IIPOL{eCCaMH,
B YaCTHOCTH [IOAYY€HHE OTKAMKA OT BCEX YCTPOICTB
B BUA€ UHPOPMALMH, BBIBOAUMON Ha MOHUTOP IIep-
COHaABHOTO KommbtoTepa (puc. 2). DTo AaéT BO3-
MO>HOCTD 3aAaBaTh PAKTHYECKH AIOObIE YCAOBHSI
IIPY KCCACAOBAHUU PA3AMYHbIX MATEPHAAOB, TO €CTh
MOAEAMPOBATH IIPOLIECCHL B 3aBUCUMOCTHU OT BO3HU-
KAIOIIUX MOTPEeOHOCTe.
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PucyHok 2. Cxema ynpaneHus nabopaTtopHbIM CTEHAOM
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CTeHA IIpeAHA3HAYE€H AAS BBIIIOAHEHHS IIH-
POKOIo Kpyra HayYHOHCCACAOBATEAbCKHX pa60T.
Hmeercs AOIIOAHHUTEAbPHASI BOSMOXXHOCTb MOAEP-
HHU3aIIUH CT€CHAQ, B TOM YHCA€ BO3MOXXHOCTD ITOA-
BCACHHA B pa60qy10 30HY CPEACTB ITOXKAPOTYIIEHU A
lTy'TéM BHECEHHUA B I'OPSIH.II/Iﬁ 06p336u Pa3AHUIHDBIX
I/IHI'I/I6I/ITOPOB VAW MHEPTHDBIX I'a30B. KPOMC TOTrO,
C €ro ITIOMOIIIBKO MOJKHO HCCACAOBATH CBOICTBA I'o-

pro4yecTH He(l)TeHPOAYKTOB M TOprovye-cMa3OvIHbIX
MaTe€pHaAOB.

CTCHA COOTBETCTBYET BCEM Tpe60BaHI/I$[M 663-
OINIACHOCTH 1 SPTOHOMUYIHOCTH, obecrieunBaeT Ha-
TASIAHOCTD U SICHOCTD B IIPEACTABACHHUH PE3YADPTATOB
I/ICHbITaHI/Ifl, AaéT BO3MOJXHOCTb MOAEAHMPOBAHHA
Pa3AHMYIHBIX ITPOLECCOB U YIIPABACHU I MH.

Cnucox AnTeparypspl

1. Fire statistics of the fire department.
2. Law of Fire Fighting & Prevention 2013.
3. Dinh N.T. Teopus ropenus u B3poisa 2002.
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3a mpomrepmre AeCSTHAETHS ObIAM H3ydeHbI
IIapaMeTpPbl B3POCABIX 3A0POBbIX AIOACH AASL HIX 3Ba-
KyaIlu U3 3AQHMI Pa3AMYHOIO Ha3HAYeHUs B HOP-
MaABHBIX ¥ aBAPHMIHBIX YCAOBHSAX [ 1], a Taroke Aropeit
¢ ¢pusmueckumu orpanmdenusamu [2; 3]. Opakyanus
AeTell 1 TIOAPOCTKOB AOATOe BpeMsI OCTaBaAach 6e3
AOAKHOTO BHUMaHUS. 30 AT TOMy Ha3ap OBIAU BBI-
IIOAHEHBI PabOTBI, IIOCBSIIIeHHbIE IIPOEKTUPOBAHHUIO
3AQHHUIT C MACCOBBIM IIPeOBIBAHHEM AETEH H ITOA-
pocTkoB [4; 5]. B mocaepHme TOABI OITy6AMKOBaHO
HECKOABKO PaboT, KAacaIOIUXCsl 9BAKYAL[UU AeTeil
npu noxxape [6; 7].

Orjerka 0e30MacHOM 9BaKyalUH AeTeil U IIO0A-
POCTKOB TpebyeT MOHHUMAHUS IPHHIUIIHAABHBIX
PA3AMYHIT MEXAY B3POCABIM Y€AOBEKOM U peOEeHKOM.

Bspocablit yeAoBeK PyKOBOACTBYeTCS B ITOBEAE-
HUU TPEeUMYIeCTBEHHO OCO3HAaHHbIMU MOTHUBaMM:
OH OTAQeT cebe OTYeT B TOM, II04eMY B AAHHOM CAY-
Jae OH XOYeT MAU eMy CAeAyeT IIOCTYIHMTb UMEHHO

TaK, a He MHaye. MOTHUBBI ITOBEACHUS B3POCAOTO
IIPEACTABASIIOT COOOI OIPeACACHHYIO CUCTEMY, 3a-
BHCSIIIYIO OT TOTO, YTO AASI HETO OoAee HAM MeHee
3HAYHMO.

MoTuBBI MOBeAeHUsT peOeHKa, KaK [IPAaBUAO, He
OCO3HAHHBI U He BRICTPOEHBI B CHCTEMY IO CTeIeHU
3HaIUMOCTU. OTAMIUTEABHOM 0COOEHHOCTBIO IIOBe-
AeHus peteil (0CO6EHHO AOIIKOABHOTO BO3PACTa) SIB-
ASIeTCS TO, YTO OHU ACHCTBYIOT He 3aAyMbIBASICh, ITOA
BAWSHHEM BO3HUKAIOIIUX B AAHHBIM MOMEHT IyBCTB
U SKeAAHUH. OTHU YyBCTBA M XKEAAHHs BBI3bIBAIOTCS,
IIPEXAE BCEro, TeM, YTO HEIIOCPEACTBEHHO OKpyKa-
eT pebeHKa, IIOIIAAAeTCsI eMy Ha raasa. IToatomy ux
[IOBeAEHUE 3aBUCUT OT BHEIIHHUX OOCTOSITEAbCTB.
OcobeHHO SIBHO 9TO POSIBASIETCS IIPH OLIEHKe Bpe-
MeHHU HavaAa dBaKyaluu — 0e3 aKTHBHBIX AEHCTBHIL
B3POCABIX AT HTHOPUPYIOT CUTHAADBI CUCTEMBI OIIO-
BeIjeHHUsI O IoXape. JTO IPeAOIIpeAeAsieT 0cobble
TpebOBaHIS K OPraHU3AIINH 9BAKYALIUHU ACTeL.
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B nacrosmee Bpemsa BcrynuBmumit cuay 2013 r.
«Law of Fire Fighting & Prevention 2013 [8] ycra-
HOBUA PsIA HOBBIX IIOHSTHI 1 TpeboBanuil. ITpexae
BCETO, CTOUT YIIOMSIHYTb OII€HKY AOITyCTHMOTO yPOB-
HSI IIO)KaPHOTO PHUCKA.

B crarve 12 Law of Fire Fighting & Prevention
2013 onpepereno: «IToxapHast 6e30macHOCTb 00b-
eKTa 3aIUThI CYINTAETCS 0OeCrIedeHHOM B TOM CAyYae,
€CAU TIOXKAPHBIN PUCK He IPEeBBIIIAeT AOITYCTUMbIX
3HAYEHHH ... >.

OmnpepeaeHre BEAUYHHBI HHAUBHAYAABHOT'O I10-
XKapHOTO PHCKA OCYIECTBASIETCSI B COOTBETCTBUU
¢ MeToAMKOI [9], yrBepAEHHOI npukazom MOB
CPB ot 31 utons 20014 r Ne 79. HepocraTku cyre-
CTBYIOIIEN METOAMKY BHAHBI B SIBHOM BHAE:

— He OTpa)kaeT PeaAbHOTO IPOIlecca ABIKEHUs
AIOACKHX TIOTOKOB B 3AQHHUSIX y4eOHO-BOCIIUTATEAD-
HBIX Y4PEXACHUI;

— METOAMKA He YYUTHIBAET BO3PACTHOM CIIel]-
UQPUKHU AFOACKHX IIOTOKOB, TO €CTb MAOIJAAeH TOpH-
30HTAABHBIX ITPOEKITHI HAYIIUX ACTeH Pa3HBIX BO3-
PACTHBIX I'PYIII, TEM CaMbIM CHIDKAsI HAASKHOCTD
HOPMHPYEMBIX IIapaMeTPOB 110 ObecredeHnIo He3-
OITACHBIX YCAOBHI BBIHY>KACHHOM 9BaKyaIlHH;

— B TabA. 4 ITpuaosxenus 4 BpeMs HadaAa 9Ba-
KyaI[uH IIOCTaBA€HO B 3aBUCHMOCTH OT OCHOBHOTO
QYHKIIMOHAABHOTO KOHTHHI€HTA, YTO TAKXKe He HC-
CAEAOBAHO.

IToaTomy TpeboBaHue IO 0OeCIIeYeHHIO BEPOSIT-
HocTH 9Bakyauuu Pas = 0,999 He MOXeT OBITH BbI-
noaHeHO. CAeAyeT Taxoke y4ecTb TOT $aKT, 4TO Ipa-
BHADbHAsI OPTAHU3AIMS 9BAKYAIIHU TAKKe OKa3bIBaeT
3HAYUTEAbHOE BAVISIHUE Ha BEPOSTHOCTD 9BAKyaIlHH.

Bcé BbleymoMsiHy TO€ OIIpeaeAsieT HeOOXOAUMOCTD
IPOBEAEHHSI 9KCIIEPHIMEHTOB C IIEABIO YCTAaHOBACHI
HAy4YHO 0OOCHOBAHHBIX AQHHBIX AASI HOPMHPOBAHHS
BBIHY>KACHHOJ 9BaKyaI|1H U3 3AAHU# y4eOHO-BOCIIUTA-
TEABHbIX YIPEKAEHHIT 1 pa3pabOTKU PeKOMEHAALIHI 1O
MIOATOTOBKE ITePCOHAAA K OPTaHU3AIHH U YIIPABACHHIO
9BaKyalMen AeTe B CAyYae BOSHUKHOBEHUS II0XKApa.

ABIDKeHUe AIOAEH B TIOTOKE OIPEAEASeTCS KaK
KUHEMaTHYEeCKMMU 3aBUCUMOCTSIMH, TaK U IICUXO-

PHU3NIECKUMH 3aKOHOMEPHOCTSIMHU CBSA3H MEXAY I1a-
paMeTpaMH AIOACKMX ITOTOKOB Ha Pa3AMYHBIX BUAAX
IIyTH U BO3PACTHBIMU CIIOCOOHOCTSIME AIOAEH K ITe-
IIEXOAHOMY TIepeABIDKEHHUIO. 3a POIIEAIINe ACCSITHU-
AeTHsI OBIAY TAyOOKO H3ydeHbl TapaMeTPhI 9BaKyaIjHK
B3POCABIX 3AOPOBBIX AIOAEH B 3AQHUAX PA3AMIHOTO
Ha3HA4YeHUs B HOPMAAbHbIX M aBAPUIHBIX YCAOBHSIX,
a TaKoKe AIOAeH C QU3MYECKUMHU OIPaHUYEHMSIMH.
OTO IIO3BOAMAO HCIIOAB30BATh IIOAYYEHHbIE Pe3yAb-
TaThl B IIPOEKTUPOBAHUH 3AAHUN M COOPY>KEHHM
U B HOPMHUPOBaHHUH IIPOLECCA IBAKYALIMU U Pa3MEPOB
9BaKyalOHHBIX ITyTell 1 BBIXOAOB. Tax >xe ray0oxo
HCCAEAOBATD 9BAKYaIMIO AETEH U IIOAPOCTKOB AOATO€
BpeMs He yAaBaAoCh. Aumb 30 AeT Hazap, OBIAU BBI-
IIOAHEHBI PAOOTBI, MOCBSIIeHHbIE IIPOEKTHPOBAHUIO
IIIKOABHBIX 3AQHHI C MACCOBBIM ITPEOBIBAHUEM AeTel
U IIOAPOCTKOB. AQHHBIX XK€ O 3AKOHOMEPHOCTSIX ABU-
JKEHHS AETEN AOLIKOABHOI'O BO3PACTa B 3AQHUSAX Y-
PeXAeHUIT 06pa30BaHMUS AO CHX [TOP HET HU B HaIllelt
CTpaHe, HU B KAKOWU-AHOO APYTOIl CTpaHe MUpa.
HsyuyeHne BOIpoCOB, CBA3aHHbIX C OpraHU3alU-
el ABIDKEHHI pe6eHKa,— OAHA U3 3aAa4 ICUXOPU3H-
oAoruu, AudpdepeHIHAABHOM OHOMEXaHVKH, TEOPHU
U METOAUKU PU3HIECKOTO BOCIIUTAHHS U Pa3BUTUA
pebenka. Y aereit ot 2 A0 S AeT popMuUpyeTcs cxema
(ncnxoq)nsnozxomqecxasl MOAeAb) COOCTBEHHOTIO
Teaa. DopmupoBaHue 9TOM QYHKIIMOHAABHOM CHCTe-
MBI TIPOUCXOAUT ITOA BAUSIHAEM KaK OHOAOTHUYeCKOT],
TaK U COIIMAAbHOM IIPOrPaMMBbl pa3BuTHs. Passurne
ABUTaTeAbHOM QyHKITMH HAIPSMYIO BAUSET Ha [TO3U-
THBHbIe U3MEHEeHHUs B OpraHu3Me aAeTeil. B aToT nepu-
0A $OpPMUPYIOTCS OCHOBHbBIE ABUTaTEAbHbIEC YMEHUS
Y HaBBIKH, HAKAIIAUBAETCSI ABUTATEABHBIH OIIBIT.
«Cxema Tera» HCIOAB3YeTCS B KauecTBe IIO-
HSITUS, IIO3BOASIOIETO OOBSCHUTD, KAKUM OOpa-
30M Y€AOBEK BOCIIPUHUMAET POCTPAHCTBO, BpeMs
U TIAQHHPYeT CBOM ABIDKeHHS. « CXeMa TeAa>» «Opu-
E€HTHUPYETCA> Ha ABUTATEABHYIO 3aAaYy B KOHKPET-
HBIX yCAOBHUSAX U «IIO3BOASIET» B YYBCTBEHHOM popMe
XapaKTepU30BaTh OLIyLleHHe CKOPOCTH Pa3AMIHbIMU
JacTSMH TeAa, TeMIT ABrkeHH. CriellMaAbHO opra-
HHU30BaHHBIE HCCAEAOBAHIS CBHAETEABCTBYIOT 00
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0CO6EHHOCTSIX IPOCTPAHCTBEHHO — BpeMeHHOM Op-
FaHU3AIMH U KOPPEKIIMK ABUTaTeAbHOM TP OIPaMMbI
XOABOBI CO CTOPOHBI «CXeMbI T€Ad> Y AeTell 3 U 6 AeT
IIPY Pa3AMYHBIX YCAOBHAX CEHCOPHOTO ITOTOKA pas3-
APOKHTEAEH.

OAHAKO 9TH MCCAEAOBAHHUS KaCAIOTCSI TOABKO
$OpPMHPOBaHUS UHAUBHAYAABHBIX MOOHABHBIX CITO-
cobHOCTeI1 AeTell pasHbIX Bo3pacTHbIX rpym. Kak
OHH TIPOSIBSITCS IIPU HEU30EXKHOM ITOTOYHOM ABHU-
JKEHHH BO BpeMs dBaKyallH, AO CHX IIOp OCTa€TcCs
HESICHBIM, IPEXAE BCEro, M3-3a OTCYTCTBHS AQHHBIX
HATYPHBIX HAOAIOAeHHIL. 3aTeM AOAXKEH IIOCAEAOBATh
TPYAOEMKUH NP OIIECC TEOPETHYECKOIO OCMBICACHHS
ITOAYYEHHBIX IMIMPHYECKUX AAHHBIX AASL YCTAaHOB-
A€HMS 3aKOHOMEPHOCTEMH, IPOPhIBAIOIUXCA Yepe3
MACCY HCKXKAOIUX UX CAyJalHbIX Bo3aericTauit. Ho
0e3 UX YCTaHOBAEHHUS HEBO3MOXKHO IIOAHOLIEHHOE
HCTIOAb30BaHHE METOAMKH OITPEACACHHUS PAaCIETHBIX
BEAUYHMH II0)KAPHOTO PHCKA B MHOTOYHCACHHbIX 3Aa-
HUAX II€AOTO KAacca QYHKITMOHAABHOM MOXKapHOM
OIIACHOCTHU H, CAEAOBATEABHO, BBIIIOAHEHUS TPebo-
BaHUI TeXHUYeCKOro peraaMeHTa O TPeOOBAHMUSIX
noxxapHou 6esomacHoctu. TpyaHOCTH pelreHus
CAOJKHBIIEFICS MPOOAEMBI YCYTyOASIFOTCSI TIOAHBIM
OTCYTCTBHEM HEOOXOAUMBIX CTATUCTUIECKUX AQH-
HBIX B ITPAKTHKe KaK MEXAYHaPOAHBIX, TaK U OTeYe-
CTBEHHbIX HAyYHO-HCCAEAOBATEABCKUX PaboT. BBHAY
crienupUKH HCCACAYEMOTO KOHTHHI€HTA AIOAEH, Tpe-
OyeT TaloKe BHIMATEABHOTO aHAAN32 TPUMEHUMOCTb
B AQHHOM CAy4Yae CAOXKHBIIEHCS METOAOAOTHH yCTa-
HOBA€HUS PaCYETHBIX 3aBUCUMOCTEN MEXAY IIapaMe-
TPaMU AFOACKHX IIOTOKOB.

AnaAns M3A0XKEHHBIX AAHHBIX [I0O3BOASIIOT 3aKAIO-
YUTb CACAYIOIIee:

1. ITpu cymecTByOImIX HOPMATUBHBIX TPeOOBa-
HISIX K 00eCIIedeHHIO II0XKAPHO 6e30I1aCHOCTH AO-

Aeil B 3AQHHSIX AOIIKOABHBIX U IIKOABHBIX 00111€06pa-
30BaTeAbHBIX YIPEXKACHHUH BEPOSTHOCTD 9BaKyalluu
AOAXKHA ObITH He MeHee 0,999.

2. PacyéTHble 3aBUCHMOCTH MeXAY ITapaMeTpaMu
ABIDKEHHSI IIOTOKOB OCHOBHOTO (YHKI[MOHAABHOI'O
KOHTHHI'€HTa, 3BAKYUPYIOIErocs M3 3AAHUH AO-
IIKOABHBIX Y4eOHO-BOCIIUTATEABHBIX YIPEXKACHHUIL,
OTCYTCTBYIOT Kak B MeToAMKe, TaKk U B OTe4eCTBeH-
HbIX U 3apY0OeXXHbIX HCCAEAOBAHIISIX.

3. B HacTosmee BpeMsl OTCYTCTBYIOT IIPAKTHYECKHe
AQHHbIE O BO3MO>KHOM BpeMeHH HadaAa 9BaKyalluH U3
3AQHHUHI yqe6H0 -BOCIIUTATEABHBIX YIPEKACHUM.

4. 3apayeit epBOCTENEHHOMN BaKHOCTH SIBASETCS
IpOBeAeHHEe AOCTaTOYHO MHOTOUYMCAEHHbIX CEpHIl Ha-
TYPHBIX HAOAIOACHUIT [TOBEAEHIIS AeTell U IIePCOHAAA
B ITEPUOA TIOATOTOBKH K 9BaKYyaljlH, e€ OpraHu3aluK
Y ABYDKEHMS AeTeH Pa3HbIX BO3PACTHBIX IPYTIII C IIEABIO
IIOAYYEeHHS HICXOAHOTO CTAaTHCTHYECKOT'O MaTepHaAa.

S. HeobxopnMo mpoBeaeHe MHOTOCTOPOHHUX
TeOpeTHUYECKUX UCCAEAOBAHUI, 6a3HPYIOMMXCS Ha
IIOAYYEHHBIX dMIIMPUYECKUX AAHHBIX, PaHee yCTa-
HOBAEHHBIX TIOAOKEHMI1 TEOPUH AFOACKUX IIOTOKOB
Y NICUXO0PU3NOAOTHH ITOBEAEHHS AFOACH.

6. HeoOX0AUMO yCTaHOBUTH HAyIHO-0OOCHO-
BaHHbIE 3aKOHOMEPHOCTH pOPMUPOBAHUS BpeMeHH
HavaAa 9BaKyal[ul U 3aKOHOMEPHOCTH, OIIPEACASIO-
Ijye 3aBUCUMOCTH PACUY€THOTO BpeMeHH 3BaKyaljuH
M3 3AQHUIT AOLIKOABHBIX U IIKOABHBIX 0011e06paso-
BaTeAbHBIX yUPeXACHUH.

7. Kadeapoit «IToxapHast 6e30I1acHOCTb B CTPO-
uteabcTBe > Uncmumyma I1pomusonoxcaproii Cayoxc-
6vt MOB CP Bvemnam B HacToOslIee BpeMsi IIPOBO-
ASITCSL CUCTeMAaTH4eCKHe HMCCAEAOBAHHUS BpeMeHH
HavaAa 3BaKyal[uH U ABIDKEHUS AeTel BceX BO3pacT-
HBIX TPYTII IO BCEM BHAAM 9BaKyal[MOHHBIX ITyTeH
B 3AQHISIX y4eOHO-BOCIIUTATEABHBIX YUPEKACHHIL.

Cnucox AuTeparypsi:

1. Xoamesuukos B. B., Camomms A. A. OBakyanus u moBeAeHHE AIOAH IIPH ITOXKapax. Yueb. mocobue.— M.:

Axapemusa I'TIC MYC Poccun, 2009.— 212 c.

2. Iypun E.T. Anaxos A. B. BeipeAeHuye rpymiin HaceA€HHsI II0 MOOHABHBIM KaueCTBAaM U HHAUBUAYAABHOE

ABIDKEHHE B AIOACKOM ITIOTOKE KaK OCHOBAa MOAEAMPOBAHHS ABIDKEHHNS « CMENIAHHDIX > AFOACKHX IIOTOKOB

57



Section 6. Technical sciences

w

10.

IIPH 9BaKyaltuH // ITpo6aembl TOXKapHOI 6e30macHOCTH B crpouteabcTBe.— M.: Akapemus ['TIC MBA
Poccun, 2001.—- C. 36-42.

CHulT 35-01-2001. AOCTYIHOCTD 3AQHUI i COOPY>KEHHS AAS MAAOMOOHABHBIX I'PYIII HACEACHHS.
Epémuenxo M. A., IIpeareuenckuii B. M., Xoamesnukos B. B. Hopmupopanne koMMyHHKaIMOHHBIX ITy-
Tell yueOHbIx ToMemenuit mxoa // JKuanmuoe crpoureasctso, 1977.— N 10.

XoamesHukos B. B. Hopmupoanue myTei apakyaiuu B y4eOHbIX 3aBeAeHMsIX / / IToxxapHoe pAeao, 1980.—
Ne 12.

Aydn Ozkay. A qualitative approach to children of developing countries from human behavior point of
view // Proceedings of the 2™ International Symposium on Human Behaviour in Fire. 26-28 of March
2001. Massachusetts, USA.— P. 531-538.

Ono R., Tatebe K. A study on school children attitude towards fire safety in Brazil and the comparison
with data from Japanese children // Proceedings of the 3" International Symposium on Human Behaviour
in Fire. 1-3 September 2004. Belfast, UK.- P. 327-338.

Law of Fire Fighting & Prevention 2013.

IMpuxaz MOB CPB or 31 urorst 20014 r N2 79 «O6 yTBep>KAeHUM METOAMKH OIIPEACACHHUS PACIETHBIX
BEAUYHH IT0KAPHOTO PHUCKA B 3AAHHSAX, COOPY)KEHUSX U CTPOEHHSX Pa3AUYHbIX KAACCOB QYHKITHOHAABHOM
IIO’KapHOM OIMACHOCTH.

Vietnam Building Code on Fire Safety of Buildings 2010.

58



FORMULA FOR THE STRENGTH OF CONCRETE ON A NON-FLAMMABLE ALKALINE BINDER

Miralimov Mirraxim Mirmaxmutovich,
associated-professor,

Tashkent Institute of Architecture and Civil Engineering

Tashkent, Republic of Uzbekistan
E-mail: miralimov2019@mail.ru

FORMULA FOR THE STRENGTH OF CONCRETE ON
A NON-FLAMMABLE ALKALINE BINDER

Abstract: This article analyzes the analytical calculation of concrete.The general dependence of

the strength of concrete on the strength of grains of a large aggregate and a solution, obtained strictly

on a model basis, and its writing for the case of calculating the strength of light weight concrete has

been analyzed in this article.

Keywords: concrete, strength, un-burnt, binder, aggregates, solution, deformation, loading, com-

pressive, proportionality, force, cement, stone, pressure, high-quality.

Introduction

Analytical dependences of strength of heavy and
light concrete on un unburning alkaline binder have
been offered. It is analyzed the general dependence
of the strength of concrete from strength of grains of
alarge filler and solution, obtained on model base of
calculation of light concrete strength.

In order to clarify the law of the cement-water
ratio, it was shown in [1] that the strength of heavy
concrete on an unburnt alkaline binder is modified
directly proportional to the generalized argument

R, =AR PP (1)
p Po
where: A —is the experimental coefficient, R, - is
the binder activity, SH/P —is the slag-solution ratio
of the composition, p- is the density of the alkaline
component solution used, kg/m?

The dependence of the mass of the dry matter
of the alkali metal compound, m, expressed as the
density of the solution

— /{ﬂ} )
Po

where: p_ - initial density (ie, water), kg/m’.
The use of this dependence shows that the
strength of heavy concrete at the BSHP at = const

and SH/P = const varies directly proportional to the
mass of the dry matter of the alkaline component.

To calculate the strength of lightweight concrete
on traditional types of binder, expressed as a func-
tion of the strength of a solution and grains of a large
aggregate, and also their volume content, very com-
plicated formulas with a large number of empirical
constants are proposed, which makes it difficult to
use them.

The accumulated experience allows us to criti-
cally evaluate the methodological approach used
to obtain the strength formulas for heavy and light-
weight concrete on various types of binder.

Heavy concretes are prepared both on a strong,
quartz coarse aggregate, so much less strong, for ex-
ample, a filler of carbonate rocks.

On the other hand, for the preparation of light-
weight concrete, in addition to the conventional,
such high-strength porous aggregates are used. Thus,
the boundary between heavy and lightweight con-
crete, determined by the characteristics of a large
aggregate, is sufficiently artificial.

In this connection, in order to calculate the
strength of heavy and lightweight concrete on vari-
oustypesofbinder,the generalformula R, = f (R pR3)
obtained in [3] can be recommended on the basis of
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a unified methodological approach to the strength
of the conglomerate material.

This dependence is obtained from the assump-
tion that the concrete is destroyed as a result of
reaching a limiting deformation equal to the sum of
the deformations of the solution part and filler under
a sequential loading scheme

e, =¢,(1-0,) + &5, (3)
where is the volume content of the coarse aggregate.

As a result of the transition from the deforma-
tion of the components to their strain moduli, the
expression for the reduced strain modulus of the

conglomerate

E,
E6:(1—(p3)+(EP/E3)(p3 ®

where E, —is the modulus of deformation of a coarse

aggregate in concrete in a state of 3 axes compression.

Concrete is characterized by a chaotic arrangement
of grains of coarse aggregate, interconnected by inter-
layers of the solution component. When the sample is
loaded, the compressive force is transferred through
the solution component on the grain of the coarse ag-
gregate, which are in a state of 3 axial compression.

The degree of increase in the modulus of de-
formation of coarse aggregate E, ‘can be indirectly
judged by the change in the analogous characteristic
obtained when testing concrete samples under such
aloading scheme. Experimental data showed that the
modulus of deformation of concrete at the same time
increases by approximately two and a half times

Ey ~2,5E,

From the moduli of deformation of concrete
and its components, taken into account in the for-
mula (4), it is necessary to pass to the compressive
strength of these components.

This transition was carried out on the basis of a
structurally simple and reliable Walker formula, rec-
ommended by the European Committee for Concrete

E~aJR (5)
where a — coefficient of proportionality, R - strength
of concrete, MPa.

With e substitution, it is assumed that the propor-
tionality coefficients in this formula for concrete and
its components are equal to each other, since their ac-
tual inequality is taken into account when choosing the
empirical coefficient C, in the final dependence (6).

After statement in the formula (4) and transfor-
mations, we obtain

AR,
R] = 2 (6)
[(1-9,)+0,40, /R, /R, |
Where R,, R, —is the strength of the mortar
and aggregate grains in the piece, respectively, MPa.

In the particular case for (@, = ¢, = 0,5 formula

(6) acquires a simpler form
R, = % (7)
0 2
(1+0,4R, /R, )

The coeflicient of proportionality is determined

from the condition for obtaining concrete grade 400
on a high-quality coarse aggregate with a strength in
the piece R _=120.0 MPa with a strength of the solu-
tion Rp =40 MPa. Under these conditions we obtain
c=15.

Based on the formula (7), the calculated strength
values of concrete on a large aggregate with differ-
ent strengths in a piece and various strengths of the
mortar are determined. These data are summarized
in Table 1 and a family of graphs was constructed on
them (Fig. 1).

Analysis of formula (7) shows that the di-
rect proportional relationship between the
strength of concrete and mortar (and, con-
sequently, cement activity) takes place when
RP/ R, >0, because in the case of R, Rp.

Increasing the strength of the solution irrevers-
ibly leads to a violation of the direct proportional re-
lationship between these quantities, which is known
to be observed in heavy concrete even on a high-
quality coarse aggregate in the region U/B > 2.5.

When a less strong coarse aggregate is used, the
dependence R, = f(Rp) acquires a significant nonlin-
earity at a lower value of the strength of the solution

(Fig. 1).
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Figure 1. Dependence of the strength of the solution on the strength at compression
of concrete for various strengths of aggregate grains and a piece. 1, 2, 3,4, 5,6 -
strength of aggregate grains in a piece, respectively 20, 40, 60, 80, 100, 120 MPa

Table 1. — Strength of concrete on a large aggregate with different
strength in a piece and different strength of solution

R, MPa
10,0 20,0 30,0 40,0 50,0 60,0
R, MPa

120 12,1 22,2 31,2 40,0 47,8 54,5
100 11,9 21,6 30,4 38,0 45,5 52,5
80 11,5 20,8 29,1 36,5 43,7 50,0
60 11,1 19,9 27,3 34,4 40,3 46,0
40 10,4 18,3 25,0 30,6 30,6 40,5
20 10,4 15,3 20,4 24,5 28,0 31,5

A wide experimental test showed that the ob-
tained formula (6) with a constant value of the above
proportionality factor turned out to be suitable for
calculating the strength of concrete on different
dense aggregates, the strength of grains, which var-
ies within very wide limits from 0.2 MPa for polysty-
rene concrete in beaded polystyrene, to 120 MPa on
crushed rock of quartz rocks.

Due to the versatility of formulas (6) and (7),
it is possible and expedient to use for calculating
the strength of lightweight concrete, including ex-
panded clay in concrete, by introducing certain cor-
rections in them.

Experimental determination of the strength of
light aggregate grains in a piece presents certain
difficulties, and the calculated transition from the

strength of grains in a cylinder to their strength in
a piece, taken during the derivation of these for-
mulas, can be a source of additional error. Taking
this into account, as an argument in the formulas
under consideration, the strength of the porous
agg regates, determined by the accepted technique
by squeezing them into cylinders, should be as-
sumed.

Taking this correction into account, formula (7)

takes the following form [4]

CR
R5 = . (8)

2
(1+0.125/R, /RY)

where: R — strength of grains of light aggregate
when squeezed in a cylinder, MPa.
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In the proposed design relationship, the influ-
ence of the strength of a mortar and grains of a coarse
aggregate on the strength of concrete is taken into
account. The effect of the “cage” due to the 3-axis
compression of the grains of a large aggregate is tak-
en into account in the denominator of the expression
by a constant coefficient. With such a structure of the
dependence R; = f (RP ;R ), the change in the adhe-
sion force of the cement stone with the surface of the
grains of the coarse aggregate should cause certain
changes in the proportionality coefficient c.Thus, the
use of formulas (7) and (8) to determine the calcu-
lated values of the strength of claydite-concrete on
the BIIIB, compared with the experimental data on
the strength of claydite-concrete on the PC, will al-
low us to indirectly judge the effect of this factor on
the strength of the material in question.

Calculation of the strength of lightweight con-
crete using the formulas (7) and (8) assumes the
need to take into account the actual strength of the
mortar in concrete, which varies as a result of water
absorption of the porous aggregate.

For the experimental determination of this char-
acteristic, samples of concrete of a given composi-
tion are formed, which are refined in the usual way
on the vibrating platform. After a certain holding
time, samples are decompacted and a solution is ex-

60 -

50 -
40 -

30

Rp.Ma

20 -

10 4

0 T T

tracted from the concrete mix, which is used to form
test cubes that determine the actual strength of the
solution in lightweight concrete.

The principal possibility of using the proposed
general dependence for calculating the strength of
claylike-concrete on the TWB isillustrated in (Fig. 2),
which combines the experimental and calculated val-
ues of strength, obtained from formula (5) at ¢ = 1,2.

Comparison of the experimental strength data of
several series of claylike-concrete samples prepared
on different ceramist and SHSHYV of different com-
position showed that the proportionality coefficient
in formula (S) varies within the limits of
c~1,45%0,25.

The noted significant fluctuations in the value of
this coeflicient express, in particular, the great hetero-
geneity of the strength indices of lightweight concrete,
aggravated by the use of two component BSHV.

The absolute value of the coefficient of propor-
tionality for claylike-concrete on the BSHV retains
approximately the same value as for heavy concrete
on the PS. However, a comparatively limited num-
ber of experimental series with the noted increased
heterogeneity of the strength parameters obtained
do not allow a reliable comparison of the adhesion
strength of cement stone to the BSHV and PTS. with
the grain surface of the porous aggregates.

20 40 60

80
R,.MMa

100 120 140

Figure 2. Dependence of the strength of claylike-concrete
on BSHV from the strength of the solution
A — experimental values; = — calculated values
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The performed analysis convincingly showed that
the proposed general dependence (6. 7), obtained
strictly on a model basis, is suitable for calculating the
strength of heavy and lightweight concrete both on
traditional types of binder and on the BSHP. Since the
strength of concrete in this relationship is expressed
as an explicit function of the strength of the grains of
coarse aggregate, its use is more preferable.

However, in order to solve the practical problem of
selecting the composition of heavy concrete on high-
pressure concrete and high-quality aggregates, the
results obtained using formula (1) are quite accurate.

Calculation of the formula of lightweight con-
cretes on all types of binder is recommended to be
carried out according to formula (8), taking into ac-
count the actual strength of the mortar in the con-

crete, which varies due to the water absorption of the
porous aggregate.

Conclusions:

— Dependence of the strength of heavy concrete
on BSHP, expressed as a function of the generalized
argument, is shown;

— The general dependence of the strength of
concrete on the strength of grains of a large aggregate
and a solution, obtained strictly on a model basis,
and its writing for the case of calculating the strength
of lightweight concrete, has been analyzed;

— The possibility of using the obtained general
dependence for the calculated strength of heavy and
light concrete on the traditional and BSHP is shown,
and the change in the proportionality coefficient
used in it is traced.
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CHEMICAL COMPOSITION OF ESSENTIAL
OILS OF FOKIENIA HODGINSII (Dunn)

Abstract: The samples cone, leaf, stem and roots of Fokienia hodginsii collected in Ky Son district,
Nghe An province in May 2014, was analyzed by capillary GC/MS to give the oil yield of 4.4%,
0.6%, 0.3%, and 0.40%. Main compounds of essential oil from cone were a-pinene (38.57%) and
B — myrcene (10.12%); leaf oil were a-pinene (49.11%) and limonene (20.59%). Main compounds
of essential oil from stem and roots were (E) — nerolidol (41.26% — 54.18% ), — muurolol (9.93% —
10.4%) and a - cadinol (8.14% - 9.65%). Comparison the main constituent of stems and roots of
(E)-nerolidol compounds are higher than others in the regions of Vietnam.

Keywords: Fokienia hodginsii, cone, stems, (E)-nerolidol, Nghe An.

1. Introduction

Fokienia hodginsii (Dunn) Henry & Thomas is
only one living species of the genus Fokienia which
belongs to Cupressaceae. Fokienia hodginsii has an ex-
tensive distribution in the mountains of southeast-
erm China, Lao PDR and Vietnam. In Vietnam, the
species is widely distributed in the provinces: Bac
Giang, Ha Giang, Ha Tinh, Hoa Binh, Son La, Nghe
An, Lao Cai, Lai Chau, Thanh Hoa, Tuyen Quang,
Yen Bai, Phu Tho, Dak Lak, Gia Lai, Kon Tum and
Lam Dong, at elevations from 800 m to 2,200 m [1].
The timber of this species is durable and termite re-
sistant, is much valued for construction. It is used
for doors, window frames, and carved panels, as well
as furniture. Fokienia hodginsii is threatened at global
and national levels, according to the [UCN (Interna-
tional Union for Conservation of Nature and Natural
Resources) the species is Vulnerable (VU) — A2acd;
B2ab (i, iii, iv, v) [2], Endangered (EN) - Ala, ¢, d
in Vietnam Red Data Book [3].

There have been some reports on the essential
oil of Fokienia hodginsii. The main components of
leaf oil are a — pinene (24.9%) and limonen (8.5%)
[4]. The main components of the stems oil are (E) —
nerolidol (9.35%) and fokienol (10.26%) [5]. The
main components of the root oil are (E)-nerolidol
(35.5%) and fokienol (26.4%) [6]. However,
we have not seen any studies on oil leaves, stems,
and roots of Fokienia hodginsii in any areas. The
compounds in Fokienia hodginsii oil have many
uses such as being used in pharmaceuticals and
cosmetics. For example, nerolidol is used as a base
note in many delicate flowery odor complexes. It is
also an intermediate in the production of vitamins E
and K [7]; trans- nerolidol, fokineol and a-cadinol
have capable of inhibiting Bacillus subtilis, Sarcina
lutea, Bacillus cereus, Staphylococcus aureus and
microfungus (Candida albicans); trans- nerolidol
and fokineol also have capable of inhibiting Bacillus
pumilus [8].
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In this paper, we provide more data on essential
oil of Fokienia hodginsii in Ky Son district, Nghe
An province in order to contribute to conservation-
oriented plan and exploitation of this valuable
resource.

2. Materials and methods

2.1. Plants collection

Leaves, stemsandrootsofthisspecieswere collect-
ed from Ky Son district (19°18.413’'N104°06.215’E),
Nghe An province, Vietnam, in May 2014. Botanical
identification was performed at the Botany Museum,
Vinh University, Vietnam, where voucher specimens
PMR-TS, PMT-TS and PML-TS and were deposit-
ed. Plant samples were air-dried prior to extraction.

2.2. Extraction of the oils

One kg of air-dried and pulverized samples of
each part were subjected to separate hydrodistilla-
tion for 3h at normal pressure, according to the stan-
dard procedure [9]. The plant samples afforded low-
er yields of oils: 4,4%, 0.6%, 0.3% and 0.4% (cone;
leaves, stems and roots), calculated on a dry weight
basis. All the oil samples were light yellow coloured.

2.3. Gas Chromatography (GC) analysis

Gas chromatography analysis was performed on
an Agilent Technologies HP 6890 Plus Gas chromato-
graph equipped with a FID and fitted with HP-SMS
column (both 30 m x 0.25 mm, film thickness 0.25
pm). The analytical conditions were: carrier gas H2
(1 mL/min), injector temperature (PTV) 250°C,
detector temperature 260°C, column temperature
programmed from 40°C (held for 10 min) to 220°C,
(held for 10 min) at 4°C/min. Samples were injected
by splitting and the split ratio was 10:1. The injected
volume was 1.0pL. Inlet pressure was 6.1 kPa.

2.4. Gas Chromatography /Mass spectrom-
etry (GC/MS) analysis

An Agilent Technologies HP 6890N Plus Chro-
matograph fitted with a fused silica capillary HP-$S
MS column (30m x 0.25 mm, film thickness 0.25um)
and interfaced with a mass spectrometer HP 5973
MSD was used for the GC/MS analysis, under the
same conditions as those used for GC analysis. The

conditions were the same as described above with
He(1mL/min) as carrier gas. The MS conditions
were as follows: ionization voltage 70 eV; emission
current 40 mA; acquisitions scan mass range of 35—
350 amu at a sampling rate of 1.0 scan/s.

2.5. Identification of the constituents

Component identification was carried out by
comparing MS data with those reported in Library
Willey on Chemstation HP, and in some cases sub-
stances identified from oils known composition and
also with standard substances [10; 11; 12].

3. Results and discussion

The identification of 54 compounds identified in
the oil samples could be seen in (Table 1).

A total of 29 compounds were from the cone oil
of Fokienia hodginsii, representing 85.39% of the 1
oil content. The major constituents were a — pinene
(38.57%), B — myrcene (10.12%), B — Caryophyllene
(7.42%), a - Humulene (5.19%),  — Phellandrene
(4.37%), Sabinene (3.38%), B — Pinene (2.63%),
Germacren D (2.44%) and § — Cadinene (1.62%).

A total of 26 compounds were identified from
the leaf oil of Fokienia hodginsii, representing
92.67% of the oil content. The major constituents
were a-pinene (49.11%), limonene (20.59%), -
caryophyllene (4.38%), p — myrcene (3.62%), B -
pinene (3.27%), a — humulene (2.30%), germacren
D (2.14%), and a — terpinolene (1.16%).

A total of 26 compounds could be identified
from stems, representing 88.59% of the oil content.
(E)-nerolidol (41.26%), T — muurolol (10.4%), a —
cadinol (9.65%), § — cadinene (6.68%), Bis (2-eth-
ylhexyl) phthalate (5.15%), Cedrene-13-ol (4.46%),
Yy - cadinene (2.95%), a — muurolene (2.66%),
a — cedrol (1.55%), a — amorphene (1.36%), ca-
dina-1,4 — diene (1.35%), and y — epoxy-elemene
(1.28%) were major constituents.

The esential oil of roots could be identified 21
constituents, representing 94.03% of total. The ma-
jor constituents were (E) — nerolidol (54.18%), 7 —
muurolol (9.93%), a — cadinol (8.14%), § — cadinene
(6.96%), a — amorphene (4.55%), a — muurolene
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(2.33%), Bis(2-ethylhexyl) phthalate (2.01%),
a — longifolene (1.64%), Cycloheptasiloxane, tet-

radecamethyl — (1.22%), a — cedrol (1.19%), and
cadina —1,4 — diene (1.01%).

Table 1.— Chemical constituents of the essential oils of
Fokienia hodginsii from Nghe An province

] Percent composition (%)
No Compounds RI (Lit.) Cone Leaves Stems Roots
1 2 3 4 S 6 7
1 | Tricyclene 926 0.04 0.43 - -
2 | a—Thujene 930 0.62 — — —
3 | a—Pinene 939 38.57 49.11 0.24 -
4 | Camphene 953 0.40 0.42 — —
S | Sabinene 976 3.38 - - -
6 | p-Pinene 980 2.63 3.27 - -
7 | p~Myrcene 990 10.12 3.62 - -
8 | a—Phellandrene 1006 0.15 - - -
9 | 8-Carene 1011 0.13 - - -
10 | a-Terpinene 1017 0.69 0.18 — —
11 | Limonene 1032 - 20.59 - -
12 | (Z)-B-Ocimene 1042 — 0.25 — —
13 | (E)-B-Ocimene 1053 0.22 0.43 - -
14 | y-Terpinene 1061 1.25 0.24 - -
15 | a-Terpinolene 1090 1.15 1.16 - -
16 | Terpinen-4—ol 1189 0.59
17 | Bornyl acetate 1289 0.65 0.35 - -
18 | B—Cubebene 1388 - 0.21 0.44 -
19 | B—Phellandrene 1377 4.37 - - -
20 | a—Copaene 1377 0.19 - 0.12 0.12
21 | p-Elemene 1391 0.42 0.28 - 0.15
22 |a 1402 - - - 1.64
23 | a—Cederen 1412 0.61 0.24 0.33 0.15
24 | p—Caryophyllene 1419 7.42 4.38 0.32 0.23
25 | a-Humulene 1454 5.19 2.3 0.50 0.49
26 | ¢ 1469 - _ 128 _
27 | Germacren D 1485 2.44 2.14 0.20 0.40
28 | a—Amorphene 1485 - 0.30 1.36 0.24
29 | Eudesma 4(14),11-diene 1486 - - 0.33 0.33
30 | Epi-bicyclosesquiphellandrene 1489 - 0.46 0.17 4.55
31 | Cadina-1,4-diene 1496 - - 1.35 1.01
32 | a-Muurolene 1480 - - 2.66 2.33
33 | Lanosteryl acetate 1502 1.26 -~ — —
34 | Epizonaren 1506 0.15 - - -
35 | (Z, E)-a—Farnesen 1508 - - - 0.31
36 | (E,E)-a 1508 _ _ _ 0.84
37 | g 1514 - - 2.95 -
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1 2 3 4 S 6 7
38 | 8—Cadinene 1525 1.62 0.30 6.68 6.96
39 | Calacorene 1538 - - 0.51 -
40 | a—Cadinene 1539 - - 0.59 0.51
41 | Elemol 1550 - - 0.30 -
42 | (E)-Nerolidol 1563 _ 0.44 41.26 54.18
43 | Spathulenol 1578 - - — 0.33
44 | Caryophyllene oxid 1583 - 0.40 0.62 -
45 |a 1601 - - 1.5§ 1.19
46 |t 1646 0.46 - 10.04 9.93
47 | a =Eudesmol 1652 0.59 - -
48 | a—Cadinol 1654 0.32 - 9.65 8.14
49 | Cedrene-13-o0l 1688 - - 4.46 -
50 | Azunol 1790 - - 0.48 -
S1 | 1-Octadecane 1800 0.22 0.19 - -
52 | Manool 1989 - - 0.20 -
53 | n—Einicosane 2000 - 0.39 - -
54 | Pentacesane 2500 0.13 - - -

Total 85.39 92.67 88.59 94.03

RI: Retention indices on HP-S MS capillary column

Table 1 shows that essential oil of cone, leaves,
stems and roots contains five same compounds. They
are a — cederen (0.61, 0.24, 0.33 and 0.15%, rese-
pctively), B — caryophyllene (7.42, 4.38, 0.32 and
0.23%, resepctively), a — humulene (5.19, 2.3, 0.50
and 0.49%, resepctively), germacren D (2.44, 2.14,
0.20 and 0.40%, resepctively) and § — cadinene (1.62,
0.30, 6.68 and 6.96%, resepctively). The main com-
ponents of accumulated oil in the parts are different,
a - pinene (38.57%) and f — myrcene (10.12%) are
in cone, a-pinene (49.11%) and limonene (20.59%)
are in leaves, while the main compounds in the sam-
ples of stems and roots are ((E)-nerolidol (41.26%,
54.18%), T — muurolol (10.4%, 9.93%) and a — cadi-
nol (9.65%, 8.14%).

The comparison of oil samples of Fokienia
hodginsii in Ky Son district, Nghe An province in
the present work with those reported in the lit-
erature showed that: (E) — nerolidol (41.26%,
54.18 %) in stems and roots is much higher than
that in Nam Giang district, Quang Nam province
(14.91%) [13]; Vi Xuyen district, Ha Giang prov-

ince (17.8%) [14]; Huong Son district, Ha Tinh
province (35.5%) [6], and according to Weyerstahl
P. et al,, (1999) the wood oil Fokienia hodginsii in
Vietnam was 9.35% [5] and Phan Minh Giang,
Phan Tong Son, 1999 was 35.0% [8]. This will be
the source (E) - nerolidol most promising.

Conclusions

The oil contents of cone, leaves, stems and roots
of Fokienia hodginsii (Dunn) Henry & Thomas
are 4.4%; 0.6%; 0.3%; 0.4% on dry weight basis.
Present samples contains five same compounds:
a — cederen (0.15% — 0.61%), B — caryophyllene
(0.23% —7.42%), a — humulene (0.50% — 5.19%),
germacren D (0.20% — 2.44%) and § — cadinene
(0.30% — 6.96%) and (E) — nerolidol (0.44% —
54.18%).

The highest compounds of cone oil are a-pinene
(38.57%) and B — myrcene (10.12%), leaf oil are
apinene (49.11%) and limonene (20.59%), while
those in the stem oil and root oil are (E) — nerolidol
(41.26% — 54.18%), T — muurolol (9.93% muurolol
(9.93% — 10.4%) and a-cadinol (8.14%-9.65%).
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Abstract: The research of the consortium ecotones of the protective type with the help of the
compartmental analysis are proposed, while the methods of the protection of consortium ecotones of
the protective type with respect to the number of black-collimated cells are retained, yepepy chepgy,
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KOMNAPTMEHTHbIA AHATU3 OUCKPETHbIX
CTPYKTYPHbIX EANHUL, PACTUTEJIbHOIO NOKPOBA

AnnoTtanus: [IpepAOXKeHO HCCAEAOBAHUS AUCKPETHbIE CTPYKTYPHBIE EAHHIIbI PACTUTEABHOTO
IIOKPOBA C IIOMOIIBI0 KOMITAPTMEHTAABHOTO AaHAAU3A, IIPH 9TOM CTEIIEHb YIIPABASIEMOCTH AUCKpPET-
HBIMU CTPYKTYPHBIMU €AMHUIIAMHU PACTUTEABHOTO ITOKPOBA ITPY ITOMOIIIU CHCTEMBI 6AOKOB-KOMITap-
TMEHTOB 3aBHCHT, B [IEPBYI0 OYePeAb, OT BBIOPAHBIX KpUTepHeB onTuMusanun. CucreMa KpUTepHeB
U CyOKpUTepHeB 0OHAPYXKUBAET LieAb AF0O0r0 6AOKA B CHCTeMe MOAEAEH U OCHOBHbIE CTPAaTeTHIecKue
KpHUTepHH, Yepe3 KOTOPbIe AOCTHIAETCSI KOHEYHASI L{EAD YIIPAaBAEHYECKOTO IIPOLiecca.

KAroueBbIe CAOBa: ANICKpETHbIE CTPYKTYPHbBIE eAUHHUIIN, 9KOTOH, KOMIIAPTMEHT, KOMITAPTMEHT-
HBII aHAAM3, MATeMATHIeCKOe MOAEAUPOBAHHE.
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Co3zpaHne MUHHMMAABHOM MOAEAM AASL AUCKpeT-
HBIX CTPYKTYPHBIX €AMHHMI] PACTUTEABHOIO ITOKPO-
Ba — TAKOM, KOTOPas arperupyeT B HeOOABIIOM YHCAL
IepeMeHHbIX MHPOPMALIMIO O 3alIMTHBIX HaCaXKAe-
HUSIX U TIOAAQETCS YCA€HHO-aHAAUTUIECKOMY HC-
CAEAOBAHMIO SIBASIETCS aKTyaAbHBIM M BaKHBIM 3aAa-
HHEM B YCAOBHUSX aHTPOIOT€HHOM TPaHCPOpMaIHH
OKpY>KaloIl[e!l eCTeCTBEHHOM CPEABI CO CTOPOHBI JKe-
Ae3HOM pAoporu. OAHHM U3 TIOAXOAOB, KOTOPbIH pea-
AM3YeT 9Ty KOHILIEIIIHIO, ABASETCS KOMIIAPTMEHTHBIN
aHaAM3. AUCKpETHbIE CTPYKTYPHbIE €AUHHIIbI PaCTH-
TEABHOTO IIOKPOBa Pa3bHBAIOTCSI Ha OAOKH, KOTOpBIE
COAEPIKaT OIPeACACHHbIE 3aIachl BelljeCTBa U dHeP-
TUY U CIIOCOOHBI OCYI[eCTBASITh OOMEH U IIepeHece-
HME He TOABKO MEXAY €060, HO U C OKpPY>KaoII e
npupopoit. Ha ocHoBe 6MoAOrNYeCcKO HHPOPMALTH
3aAQIOTCSI CKOPOCTH OOMeHa, a TakKe CKOPOCTHU BXO-
ASIIIMX M HCXOASIIITUX IIOTOKOB. MoA@AD, KOTOPYIO MbI
MOAyYaeM Ha3bIBaeTCsI KOMIIAPTMEHTHOIO, & OAOKH —
KOMITApPTMEHTaMH.

IIpenMymiecTBO Takoro IOAXOAA 3aKAIOYAETCs
B TOM, YTO, BO-TIEPBbIX, HET IOTPEOHOCTH TIIATEABHbIM
00pa3oM cobupaTh AQHHbIE O B3ANMOAEIICTBUM COTEH
VIAM TBICSTY BUAOB, KOTOPbIE IPOXKUBAIOT B AUCKPETHBIX
CTPYKTYPHbIX eAMHHUI]AX PAaCTUTEABHOTO IIOKPOBa,
a BO-BTOPBIX, HCCA€AOBATEAb OTHOCUTEABHO CBOOOAEH
B BbIOOpe IepeMeHHBIX U IpeAMeTa 0bMeHa (BMecTO
61OMACCHI MOYKHO OL|eHHBATh KOHIIEHTPALIIIO AF000-
IO BaKHOTO AAS )KUBbIX OPTaHU3MOB XMMHYECKUX Be-
IIIECTB, B TOM YKCAE IOAAIOTAHTOB H CEAMEHTOB).

AMCKpeTHbIe CTPYKTYpHbIE €AUHUIIbI PACTUTEAD-
HOT'O ITIOKPOBa COCTOUT U3 11 KOMIIAPTMEHTOB, CBS-
3aHHBIX MeXAY COO0# IToTOKaMu BentecTsa f (ck-ro
B i-i1), KaXKADBIL 6AOK MOKET IPMHUMATD U3 OKPYKa-
folei abOTUYECKOM CPEABI AU APYTHX 9KOCHCTEM
IIOTOK ¢, 2 OTAQBATh IIOTOK Y.

CreneHb ynpaBAseMOCTH AUCKPETHBIMH CTPYKTYP-
HBIMH eAUHUIIAMHU PACTUTEABHOTO IIOKPOBA C IOMOLIBIO
CHCTeMbl OAOK-KOMITAPTMEHTOB 3aBHCHT, B IEPBYIO
odepeAb, OT BbIOPAHBIX KpUTEpHeB ONTUMH3ALIUIL
CrucreMa KpuTepHeB U CyOKpUTEpHeB OOHAPY KUBAET
LIeAb AFOOOTO OAOKA B CICTEME MOAEAEH M OCHOBHbBIE

CTpaTeru4ecKre KpUTepUH, IO KOTOPhIM AOCTHIAETCS
KOHEYHAs IJeAb YITPABAEHIECKOI'O ITpoIjecca.

Ecau BMecTe ¢ AMHEMHBIMY THUIIAMH OIIMCAHMUS
IIOTOKOB B AMCKPETHBIX CTPYKTYPHBIX €AMHHIIAX
PacTUTEABHOTO IIOKPOBa KPYTOBOPOT BeIl[€CTBA u/
VAU S9HEPTHH B UCCAEAYEMOM dKOCUCTEME, AOITYCTUTD
Y CaMbll IIPOCTOM U3 HEAMHENHBIX — BOABTEPPOBCKOH,
TO Pa3HOOOpa3re BO3MOXKHBIX PEKHMOB IIOBEACHUS
TPaeKTOPHUM COOTBETCTBYIOIIEH AMHAMUYECKON MO-
A€AH, eCTeCTBEHHO, YBeAUYHNBAETCs. AHAAM3 TaKUX
00OILIMX CBOFICTB 9TUX MOAEA€H, KAK HHBAPHAHTHOCTb
HEOTHEMAEMOTO KOHYCa, AMCCUITATUBHOCTD CUCTEMbI
U YCTOMYUBOCTb PAaBHOBECHS B AUHEMHOM IPUOAH-
JKEHHH, ITOKA3bIBAET, YTO PE3YABTATHI CYI}€CTBEHHO
3aBHCST OT TUIIA OIHMCAHMUSIL.

OcobeHHO YAOOHOIT B [IPAKTHKE 9KOAOTHIECKOTO
MOAEAMPOBAHHUS ITPEACTABASIETCS BO3MOXXHOCTD BbI-
yrcAaeHHs SJkobnaHa cucTeMbl YPaBHEHUI HETIOCPEA-
CTBEHHO I10 AAHHBIM AMArPaMMaMH, MUHYsI 9TAIl BbI-
IHUCHIBAaHHS CAMHMX ypaBHEHHUM. 3AeCh OTKPbIBAeTCs
ITy Th U3Y4YE€HH M CPAaBHEHUS CAMUX AUarPaMM B Tep-
MHUHaX YCTOMYMBOCTU COOTBETCTBYIOIIUX MAaTpPHLI.
B ycaoBusix HeompeaeAeHHOCTH, KOTOpPasl 4acTo
COIIPOBOXAQAET 3TaIl pa3pa60TK14 KOHIIENTYaAbHOMU
CXeMbI MOAEAH, TIOAOOHAS AOTIOAHUTEAbHAS uHpOp-
MalMs IPEACTABASIET OIPEACACHHYIO II€HHOCTb.

AMCKpeTHBIE CTPYKTypHbBIE €AMHHIbI PaCTHU-
TEAbHOTO IIOKPOBA ABASIOTCSA 3aMKHYTON CUCTEMOM
MaTepPHUAAbHBIX IIOTOKOB (B IIPOTUBOBEC SHEPTETH-
YeCKUM l'IOTOKaM). Ilepexopst U3 OAHOTO IIPOAYKTA
B APYTO M MeHss ¢OPMBI CBOErO COCTOSIHMS, Ma-
TepHUs LUKAUYECKU LIMPKYAUPYET B 3TOM CHUCTEME.
HmenHo mosroMmy obmast Macca MaTepHUM He MeHS-
€TCsl, He3aBUCUMO OT TOT'O YTO ITPOUCXOAMT Ha Iy TAX
XKEAe3HOAOPOXHOTO TpaHcnopTa. B coBpemennoi
COLIMAAPHO-9KOHOMHYECKON CPeAe MaTepHaAbHbIE
IIOTOKU U IPOLIECCHI TPOXOAAT I10 AMHEMHOM CXeMe.
Ho, Ha 6eckoHeYHOM OTpe3Ke BpeMeHH MaTepHaAbI,
KOTOpbIe IPOIIAY Yepe3 TeXHOCPepy, 3aHOBO BO3BPa-
I[AIOTCS B OKPY>KAIOIIYI0 CPEAY KaK ChIpbe.

BbIxopHBIE ITOTOKM 9HEPTHMU MOTYT OBITh Kak
OTXOAAMHU HCCAEAYEMOM CHUCTEMbI, TaK U CAY>XKUTb
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pecypcamu (BXOASIMMH IOTOKAMH) B APYTYIO CH-
cremy. Ha Bcex cTapusx $yHKITMOHHPOBAHUS AUC-
KPETHBIX CTPYKTYPHBIX AHHUI] PACTUTEABHOTO II0-
KpOBa MMeeT MeCTO OIIpeAeA€HHOe 3arps3HeHus,
HCITOAB3YIOTCSI 9HEPTUS U MATEPHAABL.

ITpu MaTeMaTHYeCKOM MOACAMPOBAHHUHU AUCKpeT-
HBIX CTPYKTYPHBIX €AUHHI] PACTUTEABHOTO IIOKPOBa
OyAeM paccMaTpUBATh UX 9KOAOTHYECKOE BO3AEH-
CTBHUe, KaK HEeKUH MHAEKC, KOTOPBIA IPUHIMAETCs
OAHOPOAHBIM M HU30TPOIIHBIM B TOPHU3OHTAABHOM
IIAOCKOCTH, @ TAOIIAAD UX — AOCTATOYHO OOAbBIIAs
AASL TOTO, YTOOBI MOXXHO 6OBIAO ITpeHebpeub aPpdex-
TOM «Kpas IOAs>». B aToM cAydyae Bce mepeTokH
9HEPI'HH U BeIJeCTBA OCYIeCTBASIOTCS TOABKO B Bep-
THKAABHOM HaIIpaBACHHUH. boAee TOro, MO>KHO Taxoke
npeHebperaTb 3p$peKTOM HEOAHOPOAHOCTH IIOYBHI,
CYMTAs], YTO OIHUCBHIBAEMbIe IIPOLIECChl MOT'YT OBITH
OTHECEHbI K AF00OI YaCTH AUCKPETHBIX CTPYKTYPHBIX
@AMHUI] PaCTUTEABHOTO IIOKpOBa B 1ieaoM. ITonsar-
HO, OAHOPOAHBIX M H30TPOITHBIX AUCKPETHBIX CTPYK-
TYPHbIX eAMHHI] PACTUTEABHOTO ITOKPOBA B IPUPOAE
He CYIIIeCTBYeT, a IIPUHATASI HACAAM3ALUS — 9TO Ta
AQHb, KOTOPYIO HaAO ITAQTUTD 32 CTPOTOCTb MaTeMa-
THYEeCKUX NocTpoeHuil. HeopAHOpoAHOCTD MoAeAH-
PYIOIel CHCTeMbI OKa3bIBAeTCS IIPU 3TOM TOABKO
B BEpPTHUKAABHOM HAIIPAaBACHUH: B KAKABI MOMEHT
BpeMeHH CYIIeCTByeT HEKOTOpOe paclpeAeAeHHe
¢HUTOEAEMEHTIO IO BBICOTE AUCKPETHBIX CTPYKTYP-
HbIX €AVHHUI] PACTUTEABHOTO IIOKPOBA U 1O TAyO1He
IIOYBEHHOIO MPOPUASL.

BpipeAMM HEKOTOPBIM Y4aCTOK AUCKPETHBIX
CTPYKTYPHbIX EAMHHI] PACTUTEABHOTO ITIOKPOBA EAU-
HuyHOM naomaau. ITo ycaoBusM, Bce Takye y4acTKu
akBUBaAeHTHbL [IpoBeaeM BepXHIOO IPaHHMITY HCCAe-
AyeMO¥ CUCTeMBI TAPAAAEABHO IIOBEPXHOCTU IPYHTA
Ha BpIcoTe H, mpuMepHO paBHOM yTpOEHHOM BBICOTE
AepeBbeB h. Ha HexoTopoit raybute R 3a mpeaeaa-
MH CAOSI pa3MelljeHUs] KOPHEBOH CHCTEeMbI ITPOBEAEM
HIDKHIOO rpanb. O6pa3oBaHHBII TAKMM 00pa3oM Ia-
paaAeaermiie 1 OyaeM pacCMaTpUBATh KaK OOBEKT
MoaeArpoBaHus. ITockoAbKy yepe3 60KOBbIe rpaHU
0OMeH dHeprueil 1 BellleCTBOM He IIPOHCXOAUT, TO

B BBIAGACHHBII 00'beM IIPOHUKAET CBEPXY COAHEYHAsI
PAAHUALINS U YTAEKUCABII a3, 2 Yepe3 BePXHIOI0 IPaHb
YAQASIFOTCS, HAITpUMep, Iapbl BOABL TOYHO TaK e
OIlpeAeAeHHBIE OOMEHHBIE IIPOLIECChI IIPOHCXOAST
Ha HIDKHel rpanu. [Ipu aToM Bce, 4TO mocTymaer
B CHCTEMY, OTHOCHTCS K €€ BXOAHBIX BO3AEHCTBHI,
a BCe 4YTO U3 Hee YAAASIeTCs, AMOO K ImoTepsiM, AU6O
K OTYY>KAQeMOTO KOHEYHOTO IIPOAYKTA.

O603Ha4MM HAIIPaBAEHHYIO BBEPX BEPTUKAAb-
HYI0 KOOPAMHATY 4epe3 X, IOMECTHB ee HadaAo (Tod-
ka 0) Ha MOBEPXHOCTHU MOYBBL Bpems 0603HaUUM
depes t. B TakoM cAydae Bce IepeMeHHbIE MOAEAU
OYAyT 3aBHCETb OT ABYX apT'yMeHTOB X 1 f. B KaskAbIit
MOMEHT BpeMeHH B CHCTeMe CYII[eCTBYeT BEePTHUKAAD-
HOe pacpeAeAeHHe XapaKTePUCTUK PACTUTEABHOTO
IIOKPOBA, A TAKXKe PA3AUYHBIX CyOCTAHIIUI — BOABI
B [I0YBe, HOHOB aMMOHMSI X HUTPATOB B IOYBEHHOM
npoduAe, TeMIIepPaTypbl IIOYBBL, 3ar PSI3HEHHUS IIOAO-
TaHTaMU U CEAUMEHTAMU U T.A. B Hap3eMHON yacTu
CHCTeMBI TalCKe CYIeCTByeT BEePTHKAABHOE pacIpe-
AeAeHHUe PA3AMYHbIX TAPAMETPOB — AHTPOIIOTeHHOTO
3arpsi3HeHHs], PAaAUAIIIY, TeMIIEPATyPhl H BAQKHO-
CTH BO3AyXa, TeMIIepaTypbl AUCTbeB, KOHI|eHTpa-
LMY YTAEPOAQ U 230Ta B PUTOeAeMeHTax U T.A. ITop
AEVICTBHEM CUA Pa3AMYHON IPUPOABI ITH BEAUYHHBI
MEHSIOTCA.

OCHOBHBIM 3aAaHUEM SBASETCS OIKMCAHUE ITUX
U3MEHEHHUI, TO eCTh IPOLIeCCOB BEPTHKAABHOIO
9HEpro- U MacCooOMeHa B cHCTeMe, pUHKO-XUMU-
4eCKUX IpeBpallleH il U OMOAOTUYeCKUX TPaHCPOP-
MaIuil KOMIIOHEHTOB CHCTEMBI, a TaloKe GpU3NOAO-
TUYHBIX IIPOLIECCOB B PACTEHUSX, KOTOPBIE IIPHBOAST
K UX POCTY, Pa3BHTHIO, & B HEKOTOPBIX CAyYasix 60Ae3-
Hell ¥ TUOEeAU TI0A AEHICTBHEM 3arpsi3HEeHMUS.

AaAbHerIIasT A€TAAU3ALUS OMUCAHHS PACCMO-
TPEHHOTO IIOAXOAQ CBSI3aHA C HEOOXOAUMOCTBIO BBe-
A€HUsI IOHATHUS. KOMITAPTMEHTHBIX MopeAeit. Kom-
napt™menT (0T $ppaHIfy3ckoro compartement — OTcex,
KyTIe) SBASIETCS 9AEMEHTAPHBIM QYHKI[HOHAABHBIM
aAeMeHTOM MoAeAr. OH XapaKTepHU3yeTCsi MUHUMAAD-
HbIM 00'bEMOM M TEKYIIUM COCTAaBOM COOTBETCTBY-
folmeit cybcTaHnuu. I10CKOABKY paccMaTpHBAIOTCS
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TOABKO BePTHKAAbHbIE IOTOKH, BbIAGAEHHE KOM-
IAPTMEHTOB B CUCTEME CB3aHO C €€ BepTUKAABHOM
CTpaTUUKaLHeN.

ITpeaAO>KEHHBIM ITOAXOA HMCCAEAOBAHUS AHC-
KPeTHBIX CTPYKTYPHBIX €AMHHI] PaCTHUTEAbHOIO
IIOKPOBa C OMOIIbI0 KOMIIAPTMEHTHOI'O aHAAM33,
IIPU 9TOM CTeIleHb YIPaBASIEMOCTH AUCKPETHBIMH
CTPYKTYPHBIMH €AMHMIIAMH PACTUTEABHOTO TOKPO-
Ba C MOMOIIIBIO CUCTeMbI OAOK-KOMITAPTMEHTOB 3a-
BHICHUT, B IIEPBYIO OYepeAb, OT BbIOpaHUX KpUTEPHEB
onTumusanuy. CucreMa KpUTepHeB U CyOKpUTEPU-
eB OOHapyXKMBaeT IjeAb AI060ro 6A0Ka B cHcTeMe
MOAEAeH U OCHOBHbIE CTpaTerndeckue KpUTepuH,

II0 KOTOPbIM AOCTHUTAETCS KOHEYHAs I[EAD YIIPaB-
A€HYECKOTrO IIpoI1ecca.

YucAaeHHBIM BBIPAKEHHEM IIPEAAATAEMOTO IIOA-
XOAQ SIBASIETCSI OIIPEACAECHHE ECO-I/IHAI/IKaTOpa AHC-
KpE€THBIX CTPYKTYPHBIX €AHMHHUI] PACTHTEABHOIO
IIOKPOB3a, KaK BaMKHYTOﬁ CHCTEMBPI MaT€PHAAbHDBIX
IIOTOKOB, OTPa’XE€HHDBIX B A€pEBE IIPOLIECCOB. Eco-un-
AHUKATOP IIO3BOASIET IIPUHATD OAHY OLIEHKY AAL BCel
CHCTEMDI, YIHTbIBAsI BXOAHDBIE 1 BBIXOAHDBIE IIOTOKH,
a TAaKKE€ IPUPOAHO-KAMMATHIECKHE YCAOBHS — TaK
Ha3bIBaEMBIN 3KOAOTHYECKHUH HHACKC. 10 CyMMa
BCEX OTACADBHBIX €CO0-TOYCK MAN YaCTHUYHBIX HTHACKCOB
AAST BCEX ITPOLECCOB, MMEIOINX MECTO B CCTEME.
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THE UNIVERSE IS ENCODED IN TERMS OF LINEAR
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Epoch-making discoveries are invariably
straightforward but need a non-trivial and essentially

fresh look at old facts overcoming the established viewpoints and habits,

therefore, require extraordinary talent, and even courage;

in the way of a new idea usually there is a high fence of old and

familiar representations. Khurgin Ya. I.

Part II.Unraveling the mysteries of the microcosm (inanimate Nature)

Abstract: A positive definite function leads to an elongation or shortening of the time axis of
inanimate Nature (ie, the rate of change of the time of inanimate Nature increases or decreases in
comparison with the independent time t). And since it is proved analytically that the propagation
velocity of a wave is constant at all frequencies from the plus-minus infinity interval, this leads to an

elongation or shortening of the distance for this wave in inanimate Nature. This, in turn, leads to the

solution of many unsolved problems of modern physics.

Keywords: time of inanimate nature, space of inanimate nature, stationary universe, energy-time

axis, law of inertia, types of rotation systems

1. Introduction

The everyday life experience teaches us that a
motion with a constant speed is a relative concept,
depending on the point of reference. The speed of
light is also constant, but does not depend on the
reference point, ie. the light speed is an absolute no-
tion. This paradoxical fact was established experi-
mentally at the end of the 19th century, was repeat-
edly checked after that and this required a theoretical
explanation. Albert Einstein in his special theory of
relativity solved this problem, for which purpose
he connected space and time thus creating a four-
dimensional space-time. Because of this unification,

moving clocks turn out to be rotating at a slower
speed than stationary ones. In addition, this, in turn,
leads to a change in the perception of time and space
by motionless observers and observers in motion.

The author proved mathematically that the time
axis in inanimate Nature is stretched or compressed
in comparison with the independent time t, which
leads to an elongation or shortening of the distance
since the velocity is constant. This property of a posi-
tive definite function allows solving many problems
of modern physics.

2. Time of inanimate Nature

In [3] we introduced a positive definite function
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h(r)= I cosotVi(o)do, (i=1,2,3), (1)
which revealed the main secret of the micro world:
there is no corpuscular-wave dualism in nature. Re-
vealing the secrets of the macrocosm, it is necessary
to study the behavior of the function coswt under
the integral. We make a replacement o'= fo,

(B #0) in (1):
h(r)= J.COSOOTVi ()Mo =

—00

il (5o

= J cos w'[iﬂ‘c(ﬂjdwx
B -, B B
In the integral obtained, we set T = 0:
«© 1 a)l o
h(0)=1= _Vf[_}w': Vilo' )Mo,
vl o=l

those, we obtained a new normalized spectral density

— 1 o'
Vil =—=V,| —|.
@)= [ﬂj

Hence, we can write
h(z) = [ coswrV(w)de =
- (2)

= J. cos®'t'Vi(w' o' =h (t"),

where
a)T:(ﬁw)(T/ﬂ)za)'T'zconst, T'=1/p. (3)
When the frequency changes with w on @', the
argument T on the abscissa axis changes with T on
7'. Suppose that T before the replacement was fixed.
If now the point 7'>7 (w has become smaller or
B < 1), then according to (3) the abscissa axis is
stretched and, conversely, if the point 7' <7 (ie, w
becomes larger or § > 1), then the abscissa axis is
compressed. For B = 1 we have the identity t =7
from [3]. The stretching of the T axis or its compres-
sion is invisible to the eye and it looks like it is most
likely to change in scale. However, such a “change in
scale” really leads to a change in the course of time 7
in comparison with the independent time .

We will show this in the example of two clocks
with arrows T and t.

1. When f < 1, the abscissa is stretched: the arrow
T rotates faster than the arrow t.

2. When B > 1, the abscissas is compressed: the
arrow T rotates slower than the arrow t.

Let us consider in more detail a case with § < 1:
the arrow 7 of the wave coswr rotates  times faster
than the arrow of the wave coswt with independent
time . This means that the wave coswt passes a dis-
tance that is § times larger than the distance that the
wave coswt passes. According to Planck, the energy
of the wave is directly proportional to the frequen-
cy, therefore (remembering that the abscissa axis is
stretched, thatis, the frequency wisless than the fre-
quency on the non-stretched axis), the considered
option can be formulated as follows:

“The low-energy wave passes given distance in
shorter time than a high-energy wave”

or, which is the same,

“A high-energy wave passes given distance in
longer time than a low-energy wave”.

Consider two examples from the Inter-
net  (http://www.newscientist.com/article/mg
20327246.800-13-more-things-magic-results.
html#.UwZuJEJSMf):

1. In 2005, researchers at the MAGIC gamma-
ray telescope on La Palma in the Canary Islands
were studying gamma-ray bursts emitted by the
black hole in the centre of the Markarian 501 gal-
axy, half a billion light years away. The burst’s high-
energy gamma rays arrived at the telescope 4 min-
utes later than the lower-energy rays. Both parts
of the spectrum should have been emitted at the
same time. So is the time lag due to the high-ener-
gy radiation travelling slower through space? That
wouldn’t make sense: it would contravene one of
the central tenets of special relativity. According to
Einstein, all electromagnetic radiation always trav-
els through vacuum at the cosmic speed limit — the
speed of light. The energy of the radiation should
be absolutely irrelevant.
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2. The mystery has only deepened with the
launch last year (2008 — author’s remark) of NASA’s
Fermi gamma-ray space telescope. It has observed
high-energy photons arriving up to 20 minutes be-
hind zippier low-energy ones from a source 12 bil-
lion light years away.

Conclusion 1. Time 7 is the time of inanimate
Nature.

3. The space of inanimate Nature

To understand what 7 is, we recall the Khinchin
theorem [4]: if the function has the form

K(r)= j coswtdV(w)

then this is a necessary and sufficient condition for it
to be a correlation function K(7) of the stationary ran-
dom process &(t), which requires Euclidean space.
Our function V() that is differentiable, so /() for
all i has the form (1). From this theorem, in turn, it
follows that Tis the time interval between the sections
of this £(t) at arbitrary instants of time t andt;:

T=t —t, (4)

Mathematics imposes one requirement: Tmust
vary in the interval (oo, c0).

Conclusion 2. The inanimate Nature is stationary
and its space is Euclidean.

4. The velocity of the electromagnetic wave

Let us consider velocity of a harmonic wave prop-
agation under the integral, which, as is well known,
is determined by formula

A (8)

c=—,

A

where A is the distance between the two nearest
points of the wave, having the same oscillation phase,
and A is the time interval for which the wave passes
this A. Assume that a wave with a frequency w, i.e.
y = coswt, propagates with velocity c. Instead of the
wave y = coswt, we will consider the wave y = coswr,
since t =7. In coordinate systems (y,7 ) and (y,7")
functionsy = coswtand y =cosw't" differ only the
scale along the abscissa axis, so we will consider the
wave propagation velocity cos®'t ' with respect to
coswt. The frequency @' is f times different from the

frequency w, which leads to a change in the length A
in f times: A'=A4/B. Since A # A", then the waves
y = coswrand y =cos® 't ' travel different distances,
but the velocity does not change according to (3).
Equality (3) holds for any = 0, for this reason it
holds also for f = 0 and f§ = + oo, that is, the velocity
remains equal to ¢ = const at all frequencies from the
interval (- oo, o).

However (and this is very important), this speed
is constant according to 7 (but not ).

Conclusion 3. It has been analytically proved that
the propagation velocity of an electromagnetic wave
is constant in the frequency interval (- oo, 00).

S. Errors in modern physics

1.Ifin (3) the frequency w is very small, then tis
very large (by space standards because it follows
from (5) that @z =1/¢). This only indicates that in
the observation field the object is too far from the
solar system. But physicists make the wrong conclu-
sion: the universe expands and the galaxies far away
fly at speeds greater than the speed of light, and the
further they are, the faster they "run away" from us.

2.Ifin (3) the frequency w is large, then 7is small
(also by space standards). This only indicates that in
the observation field the object is in time close to
our Galaxy. But astronomers make the wrong con-
clusion: perhaps, the collision of the Milky Way with
the neighboring Andromeda galaxy.

3. The extension of "life" refers only to the particles
of inanimate Nature, therefore the expression from
[2, p. 24]: "If people were to zip around as quickly as
these muons, their life expectancy would also increase
by the same factor. Rather than living seventy years,
people would live 700 years" is erroneous.

4. Green B. in [2] wrote on page SS “...if you
were to capture a single electron in a big, solid box
and then slowly crush the sides to pinpoint its posi-
tion with ever greater precision, you would find the
electron getting more and more frantic. Almost as
if it were overcome with claustrophobia, the elec-
tron will go increasingly haywire — bouncing off of
the walls of the box with increasingly frenetic and
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unpredictable speed...The motion of microscopic
particle becomes increasingly wild when they are
examined and confined to ever smaller regions of
space”. As a result, this electron does what, from the
point of view of classical physics, is impossible: it
instantly passes through a box, in order to penetrate
into which it previously lacked energy. The reason for
the phenomenon under consideration is the peculiar
construction of the wave (3): shifting the walls of the
box, reducing the wavelength, increasing the energy
of the electron, so the impossible with the previous
energy is possible now with increased energy.

S.Feynman R.in [1] wtote on p. 7 “He (Kepler -
author’s remarks) found that, if you put down the
position of a planet at two times, separated by some
definite period, let us say three weeks — then in an-
other place on its orbit two positons of the planet
again separated by three weeks, and draw lines (tech-
nically called radius vectors) from the sun to the
planet, then the area that is enclosed in the orbit of
the planet and two lines enclosed in the orbit of the
planet and two lines that are separated by the planet’s
position three weeks apart is the same, in any part of
the orbit. So that the planet has to go faster when it
is closer to the sun, and slower when it is father away,
in order to show precisely the same area”. In fact, the
planet always moves at a constant speed, but accord-
ing to its clock 7.

The positions of the planet,
separated by three weeks

G N

Sun

Figure 1.

Examples of erroneous conclusions derived
from the non-existent connection of space and
time are numerous (for example, "black holes", the
theory of a "Big Bang"), etc. We note specifically that

in a stationary universe such phenomena can not exist
in principle.
Using (S), we can write

AP
A BA
or
c= 1jmi = ! = const. (6)

0B A hm{(ﬂa)){A}}
p—0 B
In (6),as f~ 0, the value A > co. But A thisisan in-
terval of time and in our physical world can not reach
infinitely great value, since infinity is not a point.
Conclusion 4. In inanimate Nature, there is an
energy-time axis

OT = (ﬁa))(%j = const, P € (—o0,0).

Using (5), we study the effect of f on the wave
propagation velocity, when

L )

In (7), A = 0 is reached at the origin of the coor-
dinate system and we have an infinite energy at the
origin of the same coordinate system because

ﬂli_)r?w (Bo)=oo.

Conclusion 6. The energy is infinite at the center
of the rotation system.

6. Law of Inertia

Draw a coordinate system with 7= 0. Consider the
figures 2 and 3 below. We used to draw these coordi-
nate systems with independent time ¢. The coordinate
system in Figure 4 is obtained by applying Figures 2
and 3 at the angle 7/2. Since on the y and x axes we
have the same time ¢, then on the bisector of the angle
0(r=t-t=0).
But the arrangement of the y and x axes in Figure 4 in

of Figure 4 lies the time 7 =

the plane is arbitrary, therefore, at any point in the
plane, we obtain Figure 5. Now remember that at
7 = 0 the frequency w = oo, ie. on any straight line in
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Figure S we have infinite energy. That's why all bodies
of natural origin fly along a straight line: it is the law of
inertia (or the law of mechanics No. 1, not proven by
Newton). Let us recall the words of the famous phys-
icist, Nobel Prize winner R. Feynman [4, p. 9]: “But
the motion ... going in a straight line has no known
reason. The reason why things coast for ever has never
been found out. The law of inertia has no known ori-
gin”. Now the riddle is solved: the objects are able for-
ever fly in a straight line for two reasons:

Y A

~7

Figure 2.

XA

Figure 3.

A

Figure 4.

Figure 5.

1. the time t along the y and x axes moves steadily
forward;

2. bodies on these lines have infinitely high en-
ergy.

Let us now consider in more detail, when 8 > 1:
the arrow 7 of the wave coswrt rotates 8 times more
slowly than the arrow of the wave coswt with inde-
pendent time ¢. In the literature, there is a vivid ex-
ample, confirming the special theory of relativity of
A. Einstein in this case and it concerns particles of
muons that "live" in the laboratory for a while.

B. Green writes in [2, p. 23-24]: "But if these
muons are not sitting at rest in the laboratory and
instead are traveling through a piece of equipment
known as a particle accelerator that boosts them
to just shy of light-speed, their average life expec-
tancy as measured by scientists in the laboratory
increases dramatically. This really happens. At 667
million miles per hour (about 99.5 percent of light
speed), the muon lifetime is seen to increase by a
factor of about ten". The explanation, according to
special relativity, is that "wristwatches"” worn by the
muons tick much more slowly than the clocks in
the laboratory.

The author has another explanation for this
same fact.

If the lifetime of muons has increased approxi-
mately 10 times, consequently, the frequency in
(3) increased by a factor of 10. But an increase in
frequency of about 10 times leads to an increase in
the energy of muons by the same factor of 10. The
researcher increased the kinetic energy of the mu-
ons on the accelerator, when he increased the speed
to almost the speed of light. This explanation can be
verified by measuring the frequency of muon oscillations
before and after the accelerator: the muon oscillation
frequency at a speed of about 99.5% of the speed of light
should increase about 10 times.

Types of rotation axes

On any axis of rotation, 7= 0; therefore, w = ; ie
the bowels of all celestial bodies are red-hot. It should
be borne in mind that the mathematical concept of
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infinity corresponds to various physical realizations.
Therefore, the axis of rotation, from author's point of
view, can be of the following types.

Figure 6. The axis of the Milky Way

Figure 7. The axis of a quasar

The first type. The axis of the celestial body itself
is the axis around which its satellites rotate. There are
a lot of examples of this type, for example, the Sun.
It rotates around its axis and this axis is the center of
the planets rotation, therefore the bowels of the Sun

itself is red-hot. Our Earth rotates around its axis,
so its bowels are also red-hot. Consequences of this
phenomenon are volcanoes of the Earth.

The second type. The axis of rotation is an axis
around which many celestial bodies rotate with their
satellites, the direction of rotation of the upper and
lower halves being opposite, for example, the Milky
Way. And although on the axis of rotation we also
have w = oo, the axis of rotation here is also red-hot,
but "not very", since there is compensation of the
electromagnetic field (and, consequently, the en-
ergy) by the rule of a gimlet. Obviously, the total

compensation is not equal to zero.

The third type. The axis of rotation is the axis
around which the celestial bodies rotate only in one
direction. An example of this type is quasars. Com-
pensation of energy on the axis does not occur, that
is why quasars have infinitel energy and belong to
the brightest objects in the universe — their radiation
power is sometimes tens or even hundreds of times
the total power of all stars of such galaxies as ours.

Inference

The author believes that the so-called inanimate
Nature is a living organism of the non-biological
origin full of life. Look, particles come to existence
(are born) and annihilated (die); they live (rotate).
The Universe has its offspring, i.e. elementary par-
ticles which live for a long time. When the universe
is raped its offspring do not live long, it is rejected as
if being a result of the miscarriage. In such circum-
stances, the universe will only satisfy the interest of
the researches.
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