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NON-SPECIFIC PHYSIOLOGICAL DISEASES IN RAPESEED
(OILSEED RAPE)

Angel lvanov — Student
Department Agricultare machinary,
University of Ruse “Angel Kanchev”
Tel.: +359 887 174 014

E-mail: aivanov@uni-ruse.bg

Petya Angelova, PhD

Department Agricultare machinary,
University of Ruse “Angel Kanchev”
Tel.: +359 82 888 288

E-mail: pangelova@uni-ruse.bg

Abstract: The paper reviews non specific physiological diseases in rapeseed. Climate change affects plants in
natural and agricultural ecosystems throughout the world but little work has been done on the effects of climate change
on plant disease.

Soil moisture and temperature (frost) are the most important environmental factors controlling stand
establishment. Physical damage from wind, hail and excess water can also be a concern for rapeseed plants at the early
stages of development. Understanding the impacts of these environmental effects can help prepare growers to make
informed management decisions, and set the crop up for success later in the growing season.

Keywords: Rapeseed, oilseed rape, frost damage

INTRODUCTION

Rapeseed, Brassica napus subspecies, napus, is a large winter or spring annual oil crop in the
Brassica family and is also known as rape and oilseed rape, and for a specific group of cultivars,
‘canola’. Rapeseed is related to mustard, cabbage, broccoli, cauliflower and turnip. Rapeseed plants
have yellow flowers with four petals. Rapeseed has a deep taproot and a fibrous, near-surface root
system.

Rapeseed is primarily grown for its oil. Rapeseed is is also beneficial as a cover crop and for
annual forage. It provides good soil cover over winter to prevent soil erosion, produces large amounts
of biomass, suppresses weeds, and can improve soil tilth with its root system.

EXPOSURE

The symptoms of winter frosts depend on the extent of the damage and the time of the damage.
In crops overwintering in the rosette stage, frost is manifested by grayish-white coloration of the
affected leaves. It is caused by a cold wrinkle of the affected mesophile under the epidermis, where
air has penetrated the cavities. Sometimes the leaves are watery and after raising the temperature they
lose their typical shape, fall to the ground and secondary rot occurs quickly. In the case of plants that
have been lush in the autumn, more severe damage occurs, in which the core is also affected. The
leaves, including the vegetative top, are yellow-brown and, according to the development of time,
either dry out or rot. In most cases, the lesions cover both the stem and the roots and the plants die
prematurely. In some cases, when the roots and stems are not affected, the plants branch out and
provide a good harvest.Severely affected plants usually have drooping leaves lying on the ground,
with a rotten vegetative top and rotting roots. Even on superficial inspection, it becomes clear that
they are not able to regenerate. The lower degree of damage is manifested only by the described
symptoms on the leaves, as the vegetative apex, stem and roots remain alive. Such plants are able in
the spring to regenerate can provide a good harvest. Plants with a damaged root collar, which is
slightly pinched, represent a certain transition between severe and mild damage.
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These plants still regenerate, creating many leaves and lateral branches, but the main stem lags
behind in its development and in general the plant forms fewer pods.

Frost is a consequence of climatic factors and the condition of the plants. In other words, low
temperatures are not the only reason for poor crop condition. Sometimes underdeveloped plants do
not air well enough to low temperatures. Of the climatic conditions, the most dangerous are the large
temperature amplitudes and the long-lasting frosts without snow cover. For rapeseed, the constant
change of temperature is more harmful than the strong and long-lasting cold. In waterlogged and wet
soils, rapeseed is more severely affected by temperature fluctuations and related ruptures in the root
system. Flooding of plants in low places in the field can also significantly contribute to frost.
Negatively affects the plants in winter and the icy surface of the snow cover. Normal snow cover does
not negatively affect the overwintering of rapeseed. Severe frosts below (-15 ° C) without snow cover,
alternating with significant warming during the day, are more harmful. The susceptibility of plants
during overwintering is also influenced by poor agricultural techniques, attacks by pests and
phytopathogenic fungi (white rot, phomosis, etc.).

Rapeseed can also be affected by later spring frosts. If it gets cold at the time when the stems
grow, they can be deformed, leading to longitudinal splitting, browning of the surface and local tissue
damage. When it gets cold during the flowering period, the flower organs can be affected and the
flowering can be delayed and prolonged. In case of delayed frosts in the period of pod formation,
they are deformed and atrophied, forming less deformed seeds. Occasionally, mild chlorosis may
appear on the leaves. These symptoms of damage usually do not extend to all crops, but to nests or
circles according to the stage of development of plants, the terrain of the plot, the condition of
individual parts of the crop, their density, the appearance of diseases and pests and more.

Figure 1. Stem splitting can occur Figure 2. Flowering racemes are
after spring freeze events bent over following freeze

Although the symptoms are related to the weather in winter, cold sores can be replaced by some
diseases, especially phomosis. Unlike phomosis, the freezing of underground parts and stems does
not cause spots typical of phomosis rot.

In some cases, a combined lesion can be ruled out when the plants have been attacked by
phomosis in the autumn and subsequently frozen. In these cases, it is necessary to determine which
is the primary factor for the lesions. The rule is that weakened and attacked plants die first in winter.

Each year, frost leads to losses to varying degrees. Losses are greater in long winters with severe
cold and temperature fluctuations, especially after a previous warm autumn.
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The only possible preventive protection against rapeseed frost is to improve the condition and
the optimal growth phase before winter. It is optimal that the rapeseed is neither too lush nor too
weak. The stem should be rather firm, immature, with the most developed root system possible, which
IS why it is necessary to pay attention mainly to nitrogen nutrition. Recently, to optimize the condition
before overwintering are used for autumn treatment or classic they are morphoregulators or fungicides
with morphoregulatory action. In addition to the fungicidal protection against phomosis, they provide
pressure on the plants to the ground, hardening of the stems and better development of the root system,
and hence a better condition for overwintering rapeseed. In the conditions of extreme winter with
large fluctuations in temperatures, these measures do not always help and the crops may be frozen in
the spring and completely destroyed.

Figure 3. Damaged stems from late spring cold Figure 4. Damage to the stem from late
with secondary attack on the inside of the stem spring frosts without secondary infection

Longer term effects on the crop include differential maturity, delayed maturity, and reduced
plant height. Differential maturity may occur if the freeze wasn’t quite severe enough to completely
kill the plant, and favorable conditions cause a secondary bloom to occur. Delayed crop maturity
results in flowering and grain filling during a warmer period which can reduce yield. If temperatures
remain cool during flowering and early grain fill, yield reductions should be minimized. Reduced
plant height doesn’t necessarily result in reduced yield

It is very important in the spring to assess crops for damage caused by frost. With large volume
and severe damage to plants can lead to plowing. In case the plants are viable, all agronomic measures
must be applied, including timely fertilization with nitrogen, which will help their rapid regeneration.

Unlike the possibility to apply measures in the freezing of rapeseed, preventive protection
against high temperatures is not possible.

When rapeseed sprouts, droughts can cause uneven germination or non-germination. In isolated
cases, high temperatures cause the death of sprouted crops, even at sufficiently high soil moisture.

During the flowering period, high temperatures and drought can lead to flower fall and sterility.
The flowering period is significantly shortened, the number and size of the formed pods are reduced
and the yield is significantly reduced. In extremes, the pods still develop, but they are sterile and
seedless.

A specific disease is the wilting of flower buds, the causes of which are never clear, but are
probably related to the development of weather and drought. The disease is probably caused by
changes in transpiration, by insufficient supply of aboveground parts of the plant with water and
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nutrients. The symptoms also affect the spring and autumn forms of rapeseed. There are lesions in
cases when long periods of cooling and drought are replaced by periods of hot and sunny days. The
flowers that are in the middle and lower part of the stem in the budding phase are affected. These
flowers turn yellow or fade, dry out and gradually fall off the stem. The flowers in the upper parts of
the stem develop normally.

Long periods of drought and heat, when replaced by rainy weather, can lead to cracking of the
stems in the later stages of growth, just like cold damage. The exposed internal tissues of the stem in
the wound appear provide an opportunity for parasites to attack the rapeseed, as is the case with hail
damage.

Growth stage can affect the extent of crop damage depending on how low and how long
temperatures were below freezing. Rapeseed is most tolerant to freezing temperatures in the rosette
and bolting stages and more susceptible in the flowering and pod filling stages.

CONCLUSION

The amount of frost damage is dependent on various factors including crop stage, degree and
length of frost, relative humidity, and presence of rain or dew.

To determine when to swath after a frost, check the extent of damage 2-3 days after the frost.
Frost damage will be evident on the outside of the pods, which will often show a white, speckled
appearance (caused by ruptured cell walls leaking fluid). Immature and watery seeds will start to leak
their inner fluid, and begin to shrivel. The outside of the seeds will begin to turn dark green, instead
of a light-medium green. If the majority of the seeds remain turgid, delay swathing to allow for further
seed maturity. If the pods are severely damaged and are beginning to desiccate, swath during periods
of dew or high humidity to reduce the amount of pod shelling and pod drop.

The sensitivity of plants and the appearance of lesions depend on many factors and the
flowering period, soil moisture, the condition of individual plants, etc. During the ripening period,
extreme temperatures and droughts can cause rapid drying and brittleness of the pods, cracking and
mass falling of the seeds on the ground, as well as less oil content in the seeds.
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INTRODUCTION

The condition of the grain mixture during storage depends both on the intensity of the
physiological processes taking place in it and on the environmental conditions (Dimov and Krysteva,
2019). Any increase in the intensity of physiological processes is accompanied by the development
of undesirable processes, leading to deterioration of grain quality. In order to prevent these negative
consequences, a systematic control of the condition of the cereal mixture is carried out in practice
throughout the period of its storage.

The timely prevention of undesirable processes depends on the organization of the control and
analysis of the obtained results for the condition of the grain mixture.

The condition of the grain mixture during storage is characterized relatively accurately by
determining the temperature, humidity, impurity content and contamination with storage pests
(Dimitrov et al., 1988).

EXPOSITION

1. Determination of temperature

Deterioration of grain quality during storage is always accompanied by an increase of its
temperature. Therefore the temperature of the grain mixture is the most sensitive indicator, which
most accurately determines its condition. As is known, the temperature of the grain mixture changes
under the influence of ongoing physiological processes and ambient air temperature. The low
temperature of the grain mixture is an indication of its good condition, while any increase, not
corresponding to the change in ambient air temperature, is an indication of the activation of processes
and the occurrence of self-heating.

The air temperature is measured by ordinary alcohol or mercury thermometers, which are
placed in each granary and outside them in places protected from the sun. The temperature of the
grain mixture is measured manually by means of a thermoprobe or remotely by means of a system of
sensors. The thermoprobe is a metal (bronze, copper, brass) tube with a longitudinal slot at one end,
ending with a conical tip. The thermometer (mercury or alcohol) is placed in the slot. This method is
time consuming and creates prerequisites for making subjective mistakes. It is used when measuring
the temperature of grain mixtures, stored mainly in flat warehouses, sheds, sites and rarely is silo
cells. In practice, there are still limited electronic thermoprobes (fig. 1) with autonomous power
supply. The temperature is measured by a thermoresistor (platinum) and is read from a screen with a
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digital indication, due to which the measurement is done in a shorter time with higher accuracy. The
current instructions for storage of food and feed grain in flat warehouses provide for the temperature
of a grain embankment with a height of more than 1.5 m to be measured at two points: upper at a
distance of 20 - 40 cm from the surface and lower- according to the length of the thermoprobe. For
embankments up to 1.5 m high, the temperature is measured in the upper and lower layers. The points
where the temperature is measured must be arranged in the checkerboard pattern on the surface of the
grain embankment and at a distance of 2 m from each other.

W

Fig. 1. Electronic thermoprobe

In silos not equipped with remote control systems, the temperature of the grain mixture stored
in the cells is measured with thermoprobes. In this way the temperature of the layer located at a
distance of 1.0 - 1.5 m from the surface (with a full silo cell) is measured. In case of suspicion of
elevated temperature of the grain mixture, in a partially filled silo cell, the measurement is performed
during its emptying, and every 5 t, a sample is taken from the free-flowing tube, the temperature of
which is measured with a simple thermometer. The most correct systematic control of the temperature
of the grain mixture is carried out through remote measurement systems (fig. 2) that allow continuous
and easy control, as well as the possibility of registration (fig. 3). Remote temperature measurement
systems are semi-automatic and automatic. In the first, the temperature is read visually by an
indicating device. In the latter case, automatic control of the controlled points is performed, indication
in digital form, recording of the current values of the temperature, the points marked with a
temperature higher than the set value, signaling (sound or light) and others. Silos (reinforced concrete
and metal) are mainly equipped with systems for remote temperature measurement. Semi-automatic
remote control system is the so-called thermal suspension. In the silo cells and the sprockets is
mounted a thermal suspension, which simultaneously controls the temperature at 5 or 6 points along
the height of the grain embankment.

A device for measuring and recording temperature (DMRT) is used, which is made on the basis
of integrated circuits. The device is connected to the existing system of thermal suspensions installed
in the silo cells. The temperature of a point from the respective silo cell is visually recorded by a
digital thermometer mounted on the front panel of the device. The temperature information of the
respective point can also be obtained by manually selecting the point with a code including the cell
number and the level. The recorded temperature is compared (automatically) with the maximum
allowable, set manually depending on the storage conditions. When this temperature is exceeded, it
is signaled by sound or light. The DMRT also has a printing device that registers on a tape information
about the date, the current astronomical time, the silo cell number and the point number with the
maximum temperature, as well as the value of the maximum temperature. Printing is done in black
or red, depending on whether the temperature for a silo cell is below or above the set.
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The periodicity of temperature control of the stored grain mixture depends on its condition in
terms of humidity, temperature and physiological activity (freshly harvested or post-harvested mature

grain).

Fig. 2. Electronic temperature reading system

B BB F & Cer

Ix. 4
TEMPERATURE Trips
=
e UL 1
o3
63
4
@
27,
08
-2
-4
-6
Time
2017-01-09 2017-01-10 2017-01-10 2017-01-11 2017-01-12 2017-01-13 2017-01-13 2017-01-14 2017-01-15
09:00:00 03:00:00 21:00:00 15:00:00 09:00:00 03:00:00 21:00:00 15:00:00 09:00:00
o o O | 220831 (+03)

o) ® CAST Engineering Ltd. - You have no ideall!

Fig. 3. Recording from an electronic temperature reading system

2. Determination of humidity
Grain hygrometers (fig. 4) are used for rapid determination of humidity. To determine the

moisture in the grain according to BDS EN ISO 712: 2010, two methods are indicated:

- drying at 130°C, for the grain of more than one type of crop, and

- drying at 105°C, for grains containing essential oils.

At a temperature of 130°C, the empty weight glass is weighed together with the lid.

The whole weighing is performed to the nearest 1 mg. Spread a 4 - 5 g laboratory sample evenly
on the bottom, place the lid and weigh again. In a preheated dryer, the weighing glass together with
the tested seed is placed on its lid. When the temperature in the dryer reaches 130°C, the duration of
drying - 60 min. After the time required for drying has elapsed, the weighing bottle with the seeds is
removed, quickly covered with a lid and immediately placed in the desiccator for cooling (for 30 - 45
minutes). The cooled container is weighed together with the contents and the lid. Humidity is

determined by the expression:

S = (M, - M3) .100/ (M5 - My), (1)

where S is the moisture in g;
M; - the weight of the weighing glass with the lid, g;
M, - the weight of the weighing glass with the lid and the contents before drying, g;

M; - weight of the weighing glass with lid and contents after drying, g.
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Moisture is determined in two repetitions simultaneously. The difference between the results
of the two repetitions should not be greater than 0.2%. If it is greater, it must be determined again in
two repetitions.

The method for determination at 105°C is similar to the method already described. The
difference is as follows: The temperature in the dryer must be maintained at 105°C with a deviation
of £ 3°C. The drying time is 16 hours. The relative humidity of the laboratory air during the
determination must be 70%, as at 105 °C the high humidity has a significant effect on the results.

In both methods, the moisture content must be calculated to the nearest 0.1% and plotted in the
place of analysis. The method used is also noted in the seed control document.

— =
o —————

a) b)

Fig. 4. Grain hygrometers for express analysisa
a) - for grain in embankments;
b) - for a cereal sample

3. Types of impurities and methods for their determination in the grain

3.1. Pure grain - all seeds that correspond to the type of crop studied:

- Whole, ripe, undamaged seeds;

- Small, broken, immature or germinated seeds, provided that they can be identified as
belonging to the species concerned;

- Broken seeds larger than half the original size of the seeds;

- Seeds without visible damage to the skin, whether full or empty;

- Seeds with openings (holes) caused by grain eaters or other pests, in which it can be
determined with certainty whether most of half of the original size has been preserved,;

- Seeds (botanical fruits or fruit-like parts), whether or not containing true seed, unless they can
be easily identified as empty. Such are the monospermous fruits of the species valerian, chicory,
sunflower and others;

- Fruits or semi-fruits of umbels, whether or not containing true seeds;

- Diseased seeds other than those modified by sclerotia or main seed fungi, as well as galls
resulting from nematode infestation, which must be treated as inert impurities;

- Seeds of grasses and cereals, as well as monocotyledonous spikelets, which apparently contain
karyopsis and endosperm;

- Bare seeds of grasses and cereals separated from the chaff.

All other than the above grains and plant impurities are separated by specialized machines (fig.
5 and fig. 6)
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Fig. 5. Separation of broken grain and impurities

3.2. Seeds of other cultivated plants
Seeds of other cultivated crops are included. In deciding whether to refer to the seeds of other
plants or to inert impurities, the rules laid down for pure seed must be observed.

Fig. 6. Separation of different fractions of impurities

3.3. Seeds of weeds

Seeds, bulbs and tubers of such plants, which are not grown as cultivated species. These include
the seeds of cultivated plants, which in appearance do not differ from wild species and forms and
belong to the weeds. For example, the seeds of poppy, sorrel, perennial legumes, carrots, cereal
grasses, parsnips, cumin, and others are considered to be cereals, legumes, oilseeds, essential oils and
technical crops.

3.4. Inert impurities

They are separated by specialized machines (fig. 7).

- Broken seeds from the test crop, equal to or less than half their original size.

- Seeds with holes caused by grain eaters, where it can be determined that the part eaten is half
or more than half of the original size of the seed.

- Seeds (botanical fruits or fruit-like parts), in which it is easily established that there is no real
seed (empty) - valerian, chicory, sunflower and others.
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- Broken seeds of other crops equal to or less than half the original seed size.

- Seeds of legumes, cruciferous, completely devoid of husk.

- Empty chaff and individual sterile flowers of cereals.

- Sterile (deaf) grain flowers, excluding cereals, which must be separated from whole seeds.

- All damaged and immature weed seeds without germ or endosperm.

- Seeds of plants of the genus Cuscuta, which are brittle (often abnormally large) or colored
from ash - gray to creamy white.

- Seeds of ragweed with missing shells and pericarp.

“Completely blackened plantain seeds, whether they're rotten or not.”

- Other impurities - soil, leaves, galls of nematodes, flowers, sclerotia of fungi, other sclerotia
and blight seeds and any impurities other than seeds.

,‘,;..

“»r'

.\4_
“

*

Fig. 7. Separation of stones and other inert impurities

In order to analyze the purity sample, it must be divided into four parts: pure grain, impurities
from other crops, weed impurities and inert impurities.

A laboratory sample is drawn from the middle sample in the manner of squares and triangles,
after which the impurities are separated. If fruits are found in the laboratory sample, they are dissolved
and the individual seeds are assigned to a given group of impurities.

After separation of the four components of the laboratory sample, they are weighed separately
and the results are recorded on a seed control form.

The final result of the purity test is expressed as a percentage with an accuracy of 0.1%, the
parts up to 0.04% are not taken into account and the parts from 0.05 to 0.09% are rounded to 0.1%.

If two whole or half samples are analyzed, the difference between the two analyzes must not
exceed the tolerances of 0.16 to 3.65%.

In the case of certain weed impurities, impurities from other cultivated plants and harmful
impurities (of the genus Cuscuta), the purity of the seed is determined as follows:

A laboratory sample is made from the average sample, after which weed impurities, impurities
from other cultivated plants and harmful impurities are determined. It is separated so that no
impurities remain in the pure grain. The separated impurity grains are counted and the result is
recorded in the seed control form. Grain purity is expressed in the number of grains found in the
analysis of the laboratory sample, with a specific weight for each species.

When determining the number of weed impurities, impurities from other cultivated plants and
harmful impurities, the instructions given above must be followed.
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4. Determining the infestation of storage pests

The amount of damage caused by pests depends on their timely detection and taking appropriate
measures to destroy them. This determines the need for periodic infection control, which is carried
out in the following terms (Tomova, 1990):

- at temperature of the grain mixture over 15°C - 1 time in 15 days;

- at temperature of the grain mixture from 5 to 15°C - 1 time in 30 days.

- The infestation of the grain mixture with storage pests (insects and arachnids) is determined
by separate examination of all samples taken from the upper, middle and lower layer of the grain
embankment.

- From a cereal mixture stored in silo cells, the contamination is determined by the sample taken
from the surface layer.

- Samples to determine contamination are taken in accordance with the ability of the pests to
migrate depending on the temperature and height of the grain embankment.

CONCLUSION

The production and storage of grain and seeds require systematic condition control,
contributing to the quality of sowing material and grain. Grain production and storage of grain
products form the political, economic and financial strategy of each country. If there is a lack of
systematic control of facilities, grain storage regimes, sampling and formation, contamination of
finished products, then planning will be unthinkable, production - insufficient, and financial losses —
huge.
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BBBEJIEHME

TpaktopHusT arperaT € €JHO OT OCHOBHUTE EHEPreTUYHU CpEACTBA, W3MOJI3BAHU IIPU
U3BBPIIBAHETO HA PA3JIMYHU 3€MEJICJICKU onepauuu. B ycioBusaTa Ha ChbBPEMEHHOTO 3€MeEIENe BCe
[I0-TOJIIMO BHUMAaHME €€ OT/EJ Ha €PEKTUBHOCTTA IIPU U3BBPLIBAHE HA PA3IMUHUTE 3EMENEIICKU
JNEMHOCTH. 3a 1IeITa C€ ThPCAT HAYMHU 33 [IOBUILIABAHE IPOU3BOJUTEIIHOCTTA HA TPY/1a U HAMAJIIBAHE
Pa3xouTe 3a MPOU3BEXKAAHETO HA EAMHUIIA TPOTYKIIUS.

Karo ce nma B npeaBuJl pasBUTHUETO HA TPAKTOPUTE CTaBa SCHO, Y€ JO CEra ce ovyakBaxa
3HaYMMHU pEe3yJITaTH 3a MOBUILABaHe Ha €(EeKTUBHOCTTA Ha paboTaTa B €KCIUIOATAIIMOHHH YCIOBHUS
IIpeid BCUUKO Ype3 pa3pabOoTBaHETO HAa HOBU KOHCTpyKUUU. [Ipe3 nocneqnute roauau odaye Bee 1mo-
roJsiIMO BHHMMaHHe ce oOpbllla Ha BBIpOca 3a IMOBHUIIaBaHE e(EeKTUBHOCTTAa Ha paboTara Ha
TPaKTOPHUS arperar 4ype3 ONTUMHU3MpaHe paboTaTa Ha OTAETHUTE My arperaTid U Ha yIpaBJIEHUETO
My KaTo L510.

3a ;a ce peanusupa ONTHUMH3UpaHE paboTara Ha TPAKTOPHUS arperaT B €KCIUIOaTallMOHHU
yCIOBUSA € HEeoO0XOAMMO BBB BCEKM €MH MOMEHT Jla ce IojiyyaBa MH(oOpManus 3a pexuma Ha
Herosara paboTa U Ha mapaMeTpUTE Ha TO3HM PEKUM (HAaTOBapBaHE, pa3xo]l Ha TOPUBO, TETJIUTEIIHA
cuna, OyKCyBaHe, CKOpPOCT Ha JBI)KeHHMEe M T.H.). HeoOxoaumo e na ce Mmo3HaBaT CLEMHO-
TErVINTETHUTE CBOMCTBAa Ha TpPaKTOpa, XapaKTepUCTHKaTa Ha JBUTarens (BbHIIHA M TE3M Ha
YAaCTUYHUTE PEXUMH) M [Jp., KOUTO ONpPENEISIT IOBEJECHUETO HA TPAaKTOPHMs arperar B
€KCIJI0aTallMOHHU yCIIOBUSI.

Ilenta Ha Tazu pabora € Ja ce W3CieaBa, upe3 MojeiIupaHe, pa3paboTeHH MeETOAMKa U
aJITOPUTHM, [TO3BOJISIBAILM ONTUMU3HpaHEe paboTaTa Ha 3eMeIEJICKU TapKTOP 10 pa3Xo/1 Ha TOPUBO.

N3JI0KEHUE

3a OCPHIIECTBSBAaHE Ha MMOCOYEHATa IIeJ € H3II0JI3BaHa pa3paboTeHa NMPUHIMITHA CXeMa Ha
CHCTeMa 3a ONTHMAJIHO YIpaBIICHHE HA 3EMENENICKM TPAaKTOPEH arperatr 1Mo pas3Xxoj] Ha TOPHBO
(Stoykova V., T. Delikostov, I. Ginkov, D. Stanchev, 2004). IIpueto, 4ye TPaKTOPHHSAT arperat
W3BBPIIBA ONpe/ieieH BuA paboTa BBpPXy aAaneH mouBeH ¢oH. [Ipuema ce, 4ye OCHOBHUTE

! loxnaawsT e HpejcTaBeH Ha OHJAMH CTyjeHTCKaTa HaydHa cecuss Ha AN® wa 18.05.2021 r. ¢ opuruHaiHo
3arnaBue Ha Obarapcku esuk: MOJAEJIMPAHE OIITUMAJIHOTO VYIIPABJIEHUE HA 3EMEIEJICKU TPAKTOP
110 PA3XO/]I HA TOPUBO
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XapaKTEPUCTUKU Ha TO3M BUJI paboTa 3a onpe/ieiieH MUHUMAJICH Iepruoa oT Bpeme (Hampumep 3 + 10
MUHYTH) Ce 3ama3Bar CpaBHUTENIHO noctossHHu (Fr=const, VV=const).

3a ONMCBAaHE Ha MPOLECUTE U MOJyYaBaHE HA JAHHMU 3a EKCIUIOATALMOHHUTE IOKA3aTENH
MOCTBIIBAT HEMPEKbCHATO JAHHU 3a TEKYIIU MapaMeTpu 3a OmpeielisiHe pekuMa Ha padoTa Ha
TpPaKkTOpa M Ha HErOBUTE arperatu (Tekyuia uH(opmanus 3a MOMEHTA U 4eCTOTaTa Ha BbPTEHE Ha
JBUTaTeNsl, pa3xoja Ha TOPUBO, BKIIOUEHATa IpelaBKa U T.H.). 3a Ta3u LieJ BbPXY TPakTopa ce
MOHTHpAT CJICAHUTE IbPBUYHU IPE0OpazyBaTEIIN:

- 3@ pa3xoJl Ha TOPUBO Ha JIBUraTEeIs;

- 332 4YeCcTOoTa Ha BBPTEHE Ha KOJSHOBUSA BaJl Ha JBUTATeNsl U Ha HbPBUYHUS Bal Ha
IIpeiaBaTeHaTa KyTus;

- 332 4eCTOTa Ha BbPTEHE Ha BTOPUYHMS Bajl Ha MpeAaBaTeaHaTa KyTHs (Ha BXOJASIIUS Ball HA
LIEHTPATHOTO Ipe/iaBaHe);

- 32 JICMCTBUTEIHATA CKOPOCT Ha JABUKECHUE.

B ocHoBara Ha M3Mo0J3BaHaTa METOJAMKA 3a ONpEeNssHEe pekuMa Ha paboTa Ha ABUraTens ce
M3MOJI3BaT TEOPETUYHH 3aBUCUMOCTH, KOUTO MTO3BOJISBAT O TEKYIIM JaHHU 3a pazxojia Ha ropuBo G
U YecToTaTa Ha BbPTEHE Ha JABUrareist N Ja ce omnpezens BbPTAILIMS MOMEHT Ha jaurarens M
(Stoykova V., T. Delikostov, I. Ginkov, D. Stanchev, 2004). IIpu u3Bectau M u N ce u3YUCIABAT
HEOOXO/JMMUTE MOMEHTH M YECTOTH Ha BBPTEHE HA JBUTATENs 33 OCTAHAIUTE IPEIaBKH.
OrnpenenieHnTe 3a BCSKA IPEIABKA BHPTSIL MOMEHT U UECTOTH Ha BbPTEHE Ha JBUTATEIIS CE ONpEaeis
(mporHo3upa) 4acoBHs pa3xoj] Ha TOPUMBO Ha ChOTBeTHaTa mpenaBka [12]. Cnen cpaBHsBaHe Ha
paszxoja Ha TOPUMBO Ha OTIEIHUTE MPEAABKU CE€ MPEnopbyuBa IpeaaBKaTa ¢ Hail-MaldbK pa3xo] Ha
rOpUBO M HEOOXOJMMaTa 4YecTOoTa Ha BbPTEHE Ha JBHUraTelss Taka, 4e Jla C€ OCUTYpAT MOCTOSHHU
XapaKTepUCTHKHU Ha U3BBbPILIBAHATa paboTa Mpeau U Ciell MPEBKIIYBAHETO.

[lo onucanara cxema € 3aro4yHara peaju3alusara Ha CUCTeMaTa 3a ONTHMAJIHO yIpaBiIeHHUE 110
rOprMBHA HKOHOMHUYHOCT Ha 3€ME/ICJICKH TPaKTOpeH arperat oT kiac 14 KN.

CpcTaBeH e aropuThbM Ha KOMIIOThPHA IPOrpaMara, KaTto ce IpueMa, 4ye TpPaKTOPHUST arperat
M3BBPIIIBA OIMPeieIeH BUJ paboTa, YUUTO XapaKkTepucTuku ca Fr = const u V = const.

B Hauanoto e 3ay10)keHO BhBEX/IaHETO Ha MH(OpMaIMs 32 MallIMHATA U 33 peXUMa Ha paboTa
(¢ur.1). Madopmanusata, cBbp3aHa ¢ xapakrepuctukute Ha JIBI' u Ha TpaHcMucHATa Ha TpakTOpa
ce BBbBeXJa enHokpatHo. HeoOxomumure napamerpu Ha JIBI' 3a ommcBaHe Ha HEroBuTe
XapaKTePUCTHKHU ca MAKCUMAIIHATA MOIITHOCT Pmax, MAKCUMATHUST BHPTSAI MOMEHT Mmax, MOMEHTBHT
IIpY MakCHUMaJIHa MOIIHOCT M), MUHUMaJHaTa 4YeCTOTa Ha BbPTEHE No, yecToTaTa npu Mmax - Nm,
HOMHUHAJIHATa 4yecToTa N, U MakcuMaliHaTa yectora Nx. HeoOxoqumuTe OCHOBHUTE XapaKTEPUCTUKU
Ha TpaHCMHcHsITa ca Opoil mpenaBku M B mpenaBatenHara Kytus [1K u TSIXHOTO npegaBaTenHO 4UCIIO
ipm M TIpelaBaTEIHUTE YWCIAa Ha IEHTpPajdHaTa lo M Ha KpaiHaTa mpenaBka ik. Jlpyra gact ot
HeoOxoaumaTa MHGOpMaIuUsl IOCTHIIBA MO BpeMe Ha paboTa HEMpPEeKbCHATO OT ITbPBUYHUTE
npeobpasysarenu 111 3a pazxozn ropuso G, 3a yectoTara Ha BbpTeHE N1 Ha KoJsiHOBUs Banl KB Ha
aBurarenst ¢ BbTpemHO ropeHe [IBI', 3a decrtorata Ha BbpTEHE N2 HAa BTOPUYHMS Bajl Ha
Mpe/laBaTelHaTa KyTHs U 32 CKOPOCTTa Ha JIBIKEHUE Ha TpakTopa V.

EnnokpaTHO BbBeXkAaHaTa MH(GOpPMALKs CIyXKH 3a ONMCBaHE Ha xapakTepuctukute Ha [IBI’
Yype3 U3IM0JI3BaHe HA aHATMTUYHM 3aBucuMocTH 3a P, M, G u Go ot yecrorarta Ha BbpTeHe N1 Ha KB
Ha JIBI'. BbBegeHUTE TEOpETUYHU 3aBUCUMOCTHU U apaMeTpH 3a Xxapakrtepuctukure Ha JIBI ciyxar
3a omnpenensiHe MoMeHTa Ha JIBI' mo pa3sxoja Ha ropuBoO 3a TeKyllaTa MpeaaBKa U 3a IPOTHO3UPAHE
Ha YaCOBHSI pa3Xxo]] Ha TOPUBO C TIOMOIITa HA METO/IMKa 3a onpenensHe Ha Gh mo M 3a ocraHanmure
npenasku (Stoykova V., T. Delikostov, I. Ginkov, D. Stanchev, 2004).

Cnen kato e ompenejgeH MOMEHTHT Ha JABHUTaTeNs 3a TeKyllaTa NpeAaBKa ce MpecMmsTaT
YECTOTUTE HAa BBPTEHE M MOMEHTHUTE 3a OCTAHAIMTE NPEJAaBKH, KAaTO CE Cla3Ba YCIOBHETO 3a
3ama3BaHe Ha croiiHoctuTe Ha Fr m V. Ilomydyenure pesynraTu 3a decToTara Ha BBPTEHE ce
MpOBEPSIBAT JaJIM MOMAAaT B AWAma3oHa No — Ny, a 32 MoMmeHTa Ha [IBI" - ganu e mo-manbk oT Mmax.
[IpenaBku, 3a KOMTO TE€3U yCIOBUS HE ca CIIa3€HU He MoraT Jia ObAaT U3I0JI3BaHH 3a peaJu3upaHe Ha
YCTAHOBEHUS PEKUM Ha paboTa Ha MalIMHATa. 3a Te3W MpPEJaBKU, KOUTO OCUTYPsIBAT MOCTABEHHUTE
YCIIOBHUSI CE€ OIpeNeNsl YaCOBHT pa3xo]l Ha FOPUBO B 3aBUCUMOCT OT MOMEHTA Ha JIBUraTels 3a
ChOTBETHATa IPEAABKA 10 METOIMKATA.
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( HAYAJIO )

v

BXOJHHU JAHHH

. EnHOKpaTHO BbBEKAAHU JAHHH 34:
- mpenaBaTe/HUTe YKUCIa HA NPEJaBKUTE HA TPAKTOPA: ipy, ipa, ... ipm: ol Ik
= ;[Br Pmﬂx, Mmﬂx, Mn, Ny, Nmy Mny Ny, KM, KG
2. lMeproanyHo nocrbneawa uHGopmanus ot MIT: Ghy, mik, nak, Vi
v

ONMUCBAHE XAPAKTEPUCTHKHTE HA 1B’
P = f(n); M = f(n); G = f(n); Go = f(n)

ONPEAEJSIHE MOMEHTA HA JIBI' [TO PA3XOJA HA TOPUBO
My = £ (Ghy, nyy)

MPOrHO3UPAHE HA PEXKUMA HA PABOTA
3A OTAEJHUTE NPEJABKH

| Nyi = Ny dpifipy |

| M; = My.ipi/ipi |
v

3ai=1g0m

| i=i+l |

OMNPEJEJIAAHE HA HACOBHA PA3XOJ] HA TOPUBO
[10 MOMEHTA HA JIBI" 3A OTHEJIHHMTE INPEJABKH

Z3ai=1n100m | Ghi = (M, ny)

v

OINPEJEJISIHE HA TMTPEJABKATA C HAH-MAJIBK YACOBH PA3XO/]
Gh = min(Gh;, Gha, ..., Ghw); N;

( KPAN Je

@ur. 1. brok-cxema Ha aaropuTHM Ha Iporpama 3a ONTUMaIHO ynpasieHue Ha 3TA

AJropUTHMBT 3aBBPILIBA ¢ U300p HA MpeAaBKaTa, OCUTYpsIBallla MUHMMAJIEH YacOB pa3XoJl Ha
ropuso. Onepanunure ce MoBTapAT, KOraTo pa3iuKaTa MEKIY MPEIIOKEHUS 4acoB pa3Xxol U TO3H,
MOJTy4YeH OT IIbPBUYHHUS IPeoOpa30BaTell 3a TOpUBO € Mo-TossiMa ¢ AG OT IpeIoKeHHUS.

3a MO/EeIMpaHEeTO Ha CHCTEMara 3a ONPUMAJIHO YIpaBJeHHE € pa3paboTeHa KOMIIOThpHATa
nporpama ,,bop10BM KOMIIOTEP .

BoBeneHu ca BXoJHUTE NaHHM, CBbp3aHu ¢ [IBI' u TpaHcMmucHATa HA 3eMENEICKU TPAKTOPEH
arperar ot kiac 14 kN. 3a ynpaenenune Ha o6opotute Ha JIBI' 1 Ha 4acoBus pa3xoj Ha TOPUBO ca
U3IO0J3BaHU  IUTB3TAaud, IO3BOJSABAIM M3MEHEHHME Ha IIOCOYEHHUTE IapaMEeTpU  CIIOpE]
xapakrepuctukure Ha JIBI" u TpakTOopHuUs arperar.

Ha Ga3aTa Ha BbBeJIeHHE CTOMHOCTH 3a yecToTara Ha BbpTeHe Ha KB na JIBI', yacoBus pa3xon
Ha TOpHUBO U M30paHaTa mpeaBKa ce MPOrHo3upaT CTOMHOCTH Ha MoMeHT6a Ha /IBI" Ha ocTananuTe
NpeJaBKu, KaTO YCIOBHETO € NMPOTHO3HUAT MOMeHT Ha JIBI' na Oble mo-mManbk WM paBeH Ha
MaKCUMaIHUAT BbpTAI MOMEHT Ha JIBI'. 1o To3u HauMH ce onpenensT Bb3MOKHUTE NIPEIaBKU, HA
KOUTO MOXe€ Ja paboTu TpakTopa IpH MOJI0KEHHE, Ye Ce 3alla3BaT yCIoBUsATa Ha paboTa - Fr=const,
V=const.

CrnenBamaTta CThIIKa € ONpEAEIIssHE Ha IPOrHO3HA yecToTara Ha BbpTeHe Ha KB Ha JIBI', npu
KOSITO € Bb3MOKHO 3alla3BaHEeTO Ha yCJIOBUATA Ha paboTa. Kpurtepuii 3a Bb3MOKHOTO U3IOJI3BAHE Ha
JaZicHa MpeJaBKa € Jalu IoJly4eHaTa IMPOrHO3Ha 4eCToTa IOoMaja B IPaHUIUTE OT MUHUMAJIHA J10
MaKkcUMaJHa yecToTa Ha BbpTeHe Ha KB Ha n3non3anus /IBI'.

IlocnenHara cTpnka B IIporpamara € OIpEIesHE Ha IPOTHO3EH pas3XxoJ Ha TOpPUBO 3a
BB3MOXHHUTE IPEJAaBKH, HA KOUTO MOXeE Ja Ce ABUKH TPaKTOpa IIpU 3ara3BaHe yCIOBUATa Ha paboTa.

-23 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2021, volume 60, book 1.2.

nmin-1 |4 »| (1431 Glh |4 v [4
BOpAOBM KOMMIOTHP SE— il 2k
Npenasxa 1 ol | cm oFN CW cCwoocwve o x|
XaparTepHcTiica na J80 MpOTHO3NPAHA CTORHOCTH 38 MOMEHTS Ha OB

300

250

200

G, lh

Nm
MW, m
=3
&2

-150

M,

100

- 50

: - - - L0
80 100 120 140 160 180 200 220 240 260
W, rad's

NPOrHOIMPAHN CTOAHECTK 38 obopoTuTe va OB TChart
2400

2200 !
20004 - - demoa et
1800 ,
1600

c 1400

£ 1200

< 1000
800
600
400
200

315

Mpegaexa Npegasxsa

@ur. 2. KomnioThpHa mporpama 3a ontuMaiHo ynpasieHue Ha 3TA

U3BOIM

Upe3 paszpaboTeHaTa KOMIIOTbpHA IporpamMa YCHEIHO € MOJAEIUPAHO ONTUMAIHOTO
yIpaBJIEHUE Ha 3€MENIEIICKH TPAKTOP U C€ Ch3JaBaT yCIOBHUs 3a IOBUILABAHE HA €(DEKTUBHOCTTA IIPH
U3BbPUIBAHE HA PA3JIMYHU 3€MEJIEIICKH ONEpalii, KaToO C€ OCUTYPsiBa MUHMMAJIEH Pa3Xxo/ Ha TOPUBO
3a KOHKPETHUTE yCJIOBHUs Ha paldora.

3a NOTBBPKIABAaHE B PEANHU EKCIUIOATAlMOHHU YCIOBUS Ha IIPEIUIOKEHAaTa CHUCTEMaA
(METOIUKN M CPEICTBA) 3a ONTHMAJIHO YIPABICHHE IO Pa3XoJl Ha TOPUBO € HEOOXOIUMO Ja ce
IIPUCTHIIN KbM HEMHOTO pealn3upaHe.
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Abstract: The paper presents methodics and results for investigation of the fluid flow rate in the internal circuit
of laboratory revercible heat pump installation type “water to water”, operates in “heating” mode, on the heat pump
coefficient of performance. For this purpose, the heat pump electrical power has been measured by multifunctional
measuring device, and the internal heat flow has been measured by heat flow meter.

Keywords: Fluid Flow Rate, Heat Pump Installation, Coefficient of Perfomance.

BBBEJAEHHUE

TepMonoMIIeHUTEe MHCTATAMKM W CHUCTEMH HAMHPAT pa3HOOOPa3’HO NPUIIOKEHHE — 34
MOJTbPKaHEe Ha MHUKPOKIIUMAT B Pa3IMYHM CIPaIi M MOMEIIEHHS, 33 3aTOIUISHE Ha BOJIA 3a OUTOBH
HYXIH, 32 IPEYNCTBAaHE HA OTMAIHKU BOIM U Ap. EAHU OT Hail-pasmpocTpaHEHHTE TEPMOTIOMITCHH
HHCTAJAIMA  Ca PEBEPCHBHHUTE WHCTAJAllMd THI ,,BOJA-BOJAA‘, H3IIOJI3BAIlM  IIOJ3EMEH
TOIUIOM3TOYHHK, XapaKTepH3HUpaIll ce ¢ MOYTH MMOCTOSHHA BB BpemeTo Temrmeparypa (Bobilov, V.,
Genchev, G., Mushakov, P., Zlatev, P., Kolev, Zh., 2011; Ivanov, D., Kolev, Zh., 2020).
Onrumusupane paboTaTa Ha TEPMOMOMIICHUTE HHCTAAIIMN MOJKE JIa C€ MMOCTUTHE Ype3 ONpeaesiHe
BJIMSIHUETO Ha Pa3InYHUTE yIIPaBIsSBAIH (aKTOPH BPXY OCHOBHHUTE IMapaMETPH, XapaKTepH3HPaIH
TsxHaTa e(pekTUBHOCT. EnuH BXoaHUTE (aKTOpH, OKa3Ballld BIMSHHE BBHPXY KOoehHIIMEHTa Ha
TpaHcopMamMs Ha TepMoIoMIiarta, € jgeOura Ha (QIyHaa, Tedall BbB BBTPENIHHS KPBI Ha
uncrananusra (Kolev, Zh., Mushakov, P., Bobilov, V., Zlatev, P., 2016). N3cieasano € BAMSHHETO
Ha jie0KTa Ha BOJaTa BbB BHTPEIIHMS KPBI' Ha Jab0opaTopHa peBEPCHBHA TEPMOIIOMIIEHA HHCTAIAIHSI
,,BOa-BOa”, paboTenia B PEeXHUM ,,0TOIUICHHE , BbPXY KoedHIMeHTa Ha TpaHchopMmamus Ha
TEPMOITOMIIATA.

HN3JIOKEHUE
JlabGoparopHa uHcTanauus

Ha ¢wur. 1 e npeacraBeHa npuHIMITHA cXxeMa Ha JabopaTOpHATa TEPMOIOMIIEHA MHCTATALUS.
TepMonoMiiata € peBepcHBHA, KOETO MO3BOJISIBA Ja C€ OCHILECTBABAT M3CIECABAHMS B ,JIeTeH U
,»3UMEH” pexuMHU. KaTo TOMIMHEH N3TOYHMK ce U3M0II3Ba BojieH Oydep. ToIMHHUAT KOHCYMaTOp €
JIBYCTEIIEHEH BOJI0-Bb3AYIIEH TOMNIOOOMEHEH arnapar.

2 JloknaabT € MpeICTaBeH Ha OHNAlH CTyjeHTckata HaydHa cecus Ha AM® ma 18.05.2021 r. ¢ opuruHaiHo
3armaBue Ha Obarapcku esuk: M3CJIEJJBAHE BJIIMSAHUETO HA JIEBUTA HA ®JIYUJA, TEUAILL BHB
BBTPEIIHUA KPBIT HA  TEPMOIIOMIIEHA HWHCTAJIAIIMS, BbBPXY KOEOUIIMEHTA  HA
TPAHC®OPMALIMA HA TEPMOIIOMITATA
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@ur. 1. [IpuHnunHa cxema Ha JlabopaTopHaTa MHCTATALNS

C wmen 3ama3BaHe Ha TOCTOSHHA TEMIlepaTypara Ha BojaTa, MOCThIBamia oT Oydepa B
TEpPMOIIOMIIaTa, ca Cla3eHH YCIOBUATA 3a cTpaTtudukamus B Oydepa.

[Tpu pexxum ,,0TOIUICHHE  Ha WHCTANAIMATa, padoTaTa Ha TEPMOIIOMITaTa CE€ PETyJupa 4pes3
peryjupaHe Ha TeMIeparypara, Ipu KOsATO TEPMOIIOMITIaTa ce U3KII0UBa (TeMIeparypara Ha Bojara,
UaBama OT TOIUIMHHHS KOHCYMaTop M BJIM3alla B M3MAPUTENS HAa TEPMOIIOMIIATa), KAaKTO U 4pe3
perynupaHe Ha TeMIEpaTypHUs AMana3oH Ha BKIIOYBAHE M M3KIIOYBaHE Ha Tepmomnomnata. [Ipu
KOHKPETHOTO M3CJIe/IBaHe T€3H BXOJIHH (DaKTOPH ca C MOCTOSTHHA CTOWHOCTH.

MeToauka 3a onpejiejisiHe Ha KoepuueHTa HA TpaHcOpPMaLMA HA TepMONIOMIIaTa
KoepuuuenTsT Ha Tpanchopmanus Ha Tepmonommnara (COP) ce u3uucissa mo ¢popmynara:

COP = Qinternal (1)
Pel.—HP

KbJETO: Qinternar € OOMEHEHUAT TOIJIMHEH MOTOK MEXJy TOIUIOHOCHUTENSI U OKOJHATa cpea
BBB BBTPEIIHUS KPBI HA HHCTaNanusTa, kKW;
P,; _yp — KOHCyMHUpaHa eJeKTpUYecKa MOIIHOCT OT KOMIIpecopa Ha TepmonomMmnara, kW.

TONIMHHUAT NOTOK BBB BBTPEIIHUS KPbI' HA MHCTANALMATA CE OTYUTA IO MOKA3aHUETO Ha
ToIIoMepa HFM2 ((bI/Ir 1) Ha ¢ur. 2 ca nokazanu TOIUIOMEPHTE B IBATa KPbra Ha I/IHCTaJ'IaI_[I/ISITa

‘ SHARKY = ( €0102 '
- DE-10M04#THOYY

LG

@ur. 2. TOHHOMepI/I B JIBaTa KpbI'a HaA HUHCTAJIallUsATa
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EnexTpuueckara MOITHOCT, KOHCYMHpaHa OT KOMIIPECOpa Ha TEPMOIIOMIIaTa CE€ OTYUTA TI0
MOKa3aHUETO Ha MYITU(YHKIIMOHATHOTO U3MepBato ycrpoiictBo MMD, nokaszano Ha ¢wur. 3.

@ur. 3. MynTu(YHKIMOHAIHO U3MEPBAILO YCTPONUCTBO

JleGuta Ha ¢urynna, Tedanl BbB BhTPEIIHUS KPbI' HA HHCTAJIAIUATA, CE PETyJIUpa Ype3 BEHTHJIA,
MoHTUpaH cief nomnara P2 (¢ur. 1). Teil, kaTo TOBa € cepUyeH BEHTWII, 3a PEryJHpaHe Ha
o0eMHHS JeOUT Mpe3 CPaBHUTEITHO €IHAKBU JMANa30HH, € MOCTPOeHa CKaja 4pe3 MpeaBapUTEIIHO
eKCIIepUMEHTaIHO u3cnenBane (¢ur. 4).

@ur. 4. Bentui 3a perynupase Ha ebura Ha (iIyuaa, Tevall BbB BbTPELIHUS KPbI HA
MHCTaNaluATa

IHosryyenn pesyaratu

W3cnenBaHeTo € OChIIECTBEHO MPH YSTUPH PAa3TUIHU CTOWHOCTH HAa 00eMHUS IeOUT Ha BojIaTa
BBB BHTPENIHHUSA KPBI' HA HHCTANANUATA Viptornar, M/S

OTtunTaHeTo Ha CTOWHOCTUTE HA Qinternal ¥ Pej—pyp €€ OCBHIECTBaBA MPE3 HAKOIKO CEKYHIU B
paMKHUTE Ha CbOTBETHHSI IIMKBJI HA paboTa Ha TepMoromiara (tadsmma 1).

Tabnuna 1. [TomyuyeHr MOMEHTHHU CTOMHOCTH HA Qinternal M Per—np

nosuumsa lll Ha BeHTUNA nosunuma IV Ha BeHTUNa nosuuma VI Ha BeHTUNa nosuuma VIl Ha BeHTUNA

Q, kW Pel., kW Q, kW Pel., kW Q, kW Pel., kW Q, kw Pel., kW
3.939 1.1 3.769 1.09 3.612 1.09 4.11 1.09
3.961 1.11 3.867 1.1 3.633 1.09 4.413 1.09
3.882 1.12 3.909 1.1 3.843 1.09 4.338 1.09
3.969 1.13 3.877 1.11 3.738 1.1 3.99 1.1
3.641 1.13 3.833 1.11 3.758 1.1 3.824 1.12
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4.462
4.284

133
1.34
1.33
1.34
133
1.34
1.34
1.34
1.35
135
1.34
1.35
1.35
135
1.35
1.35

4.389
4.278
4.362
4.326
4.406
4.305
4.335
4.305
4.237
4.275
4.937
4,531
4.836
4.283

4.13
4.408
4.508
4.836
4.414
4.448
4.355
4.622
4.385
4.183
4.824
4.19
4.144
4.918
4.506
4522
4.437
4.396
4.301
4.605
4.784
4.666
4.359
4.155

4.59
5.075
4.622
4.586
4.852
4.421

13
131

13

13
131
131
131
1.32
131
131
131
1.32
1.32
132
1.32
1.32
1.32
132
133
1.33
1.33
1.33
133
1.33
1.34
1.33
1.34
1.34
1.34
1.34
1.34
1.34
1.35
1.34
1.35
135
1.35
1.35
1.35
135
135
1.35
1.35
1.36
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4.002
4.081
4.353
4.432
4.472
4.104
4.06
4.157
4.096
4.288
4.166
4.458
4.402
4.304
4.032
4.425
4.189
4.271
4.393
4.357
4.281
4.338
4.195
4.354
4.33
4.496
4.665
4.556
4.523
4.449
4.569
4.426
4.233
4.731
4.537
4.607
4.404
4.548
4.413
4.393
4.309
4.651
4.762
4.562
4.357
4.396
4.548
4.608
4.337
4.624
4.559
4.953
4.553
4.812
4.434
4.741
4.865
4.761
4.7
4.579

1.28
1.28
1.28
1.28
1.29
1.29
1.29
1.29
1.29
1.29

1.3
1.29

13

1.3

1.3

13

13
131
131

1.3
131
1.31
131
131
131
1.32
131
1.32
1.32
1.32
1.32
132
1.32
1.32
1.32
1.32
1.33
1.32
1.33
133
1.33
1.33
1.34
1.33
1.34
1.34
1.34
1.34
1.34
1.34
1.34
1.34
135
1.35
1.35
1.35
1.35
1.35
1.35
1.35

4,552
4.508
4.071
4.374
4,693
4.774
4.502
4216
4,509
4,294
4.191
4,298
4.319
4.457
4.779
4.715
4,615

4.68
4.332
4.023

4.71
4.659
4.769
4.512
4.392
4.446
4.835
4.936
4.447
4.431
4,591
4.406
4,709
4.875
4.488
4.726
4.907

4.97
4,542
4.763
4.475
4.382
4.738
4.745
4,291
4,593
4,793
4,547
4,593
4.767
4.644
4.662
4,981
5.072
4.653

4.58
4.667

1.32
1.33
1.33
1.32
133
133
1.33
1.33
1.33
1.34
1.34
1.34
1.34
1.34
1.35
1.35
1.35
1.34
1.34
1.35
1.35
1.35
1.35
1.35
1.36
1.35
1.36
1.35
1.36
1.36
1.36
1.36
1.36
1.37
1.36
1.37
1.36
1.37
1.37
1.37
1.37
1.38
1.37
1.37
1.37
1.38
1.38
1.38
1.38
1.38
1.38
1.38
1.38
1.39
1.39
1.39

1.4
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4.61 1.36
4.557 1.36
4.618 1.35
4.583 1.36
4.331 1.36
4.531 1.36
4.452 1.36
4.607 1.36
4.581 1.36
4.384 1.36
4.037 1.36
4.551 1.36
4.737 1.37
4.685 1.36
4.346 1.36

4.38 1.37
4.449 1.37
4.667 1.36
4.763 1.37

4.53 1.37
4.626 1.38

Ot pesynararute, npeAcTaBeHH B Tabil. 1 ce BuxkJa, ye Haill-Maika MPOABDKUTEIHOCT MMa
[IUKBJIa HA TEPMOIIOMIIATa, PeaTM3UpaH MPH Ha-roIsM AeOUT Ha Qurynaa, Teyall BbB BHTPELIHHS
KpbI' HA HHCTAJAlKATA, a HAl-roJsiMa — IpU TpeTaTa 1o ToJIeMUHa CTOMHOCT Ha 00eMHUS 1eOUT.

[TosnyyeHnTE MOMEHTHU CTOMHOCTU HA Qinternar U Pej—gp C€ OCpenHsBar.

Ha ¢wur. 5 e nmpencraBena rpadudHaTa 3aBUCUMOCT MEXIY Koe(HUIMEeHTa Ha TpaHChopManus
Ha TepMonoMmaTa u 1eéura Ha (aynja BbB BTPEIIHUSA KPbI' HA MHCTAJIAIMATA.

cop
331

3.3
3.29
3.28
3.27
3.26

3.25

1.39 1.45 1.51 1.57 1.63 1.69 1.75
{ 4 3
Vinternal- 10 , M /S

®ur. 5. 3MeHeHue Ha KOG(I)I/II_II/ICHTE[ Ha TpaHC(bOpMaLII/IH Ha TepMoOIIoMITIaTa Ipu peryjiipaHe Ha
)IC6I/ITa Ha BOJiaTa BbB BLTPCUIHHA KPBI' HA MHCTAJTallusATa

Ot mnpencraBeHuTe Ha QUT.S pe3yATaTH CcIeABa, Y€ TMO-CHIIECTBEHO BIUSHUE BBPXY
n3MeHenuero Ha COP oxa3Ba M3MEHEHMETO HA Qinternal, OTKOIKOTO M3MEHEHUETO Ha P, _pyp.
Qinternar €€ TOHWXaBa, 3allOTO MO-TOJSIMO BJMSHUE BBPXY HETOBOTO HM3MEHEHHE OKa3Ba
MOHMKABAaHETO Ha TEeMIlepaTypHaTa pasjiuka ,.BXOJ — H3XOA“ Ha TEPMOIOMIIATa, OTKOJKOTO
IIOBUIIIABAHETO Ha Vinternal.
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n3BOIU

Pa3paborena e wmeromuka 3a ompejensHe Ha KoeduIMEeHTa Ha TpaHchopMmaius mpes3
CHOTBETHUTE IIMKJIM Ha paboTa HAa TepMoIlOMIaTa, ChOTBETCTBAIM Ha Pa3jIMYHU CTOMHOCTH Ha
neburta Ha QuIyuaa, TeJal BbB BTPEIIHUS KPBI' HA TEPMOIIOMITCHATA MHCTATIAITHS.

3a onpenensiHe Ha CPeIHUTE CTOWHOCTH Ha TOILTMHHUS MOTOK U eJIEKTpHYecKaTa MOIIHOCT Ha
KOMIIpECOpa, ca OTYUTAHM MOMEHTHH CTOMHOCTH Ha TE€3W MapaMeTpH IMpe3 HIKOIKO CEKyHIH, B
MepUOUTE Ha padoTa HAa TEPMOIIOMIIATA.

3a perynupane Ha aeOuta Ha (ruywmma, Tedan| BbB BBTPEHIHHS KPBHI HA HHCTAJAIMATA, €
MOCTPOCHA cKalla Ha cQepuyYHUs BEHTWUJ, MOHTHUpaH cliel HHUPKyJIallMOHHATa IOMIIA, 4pe3
IIPEIBAPUTEIIHO OCHILECTBEHO EKCIIEPUMEHTAIIHO U3CIIEBAHE.

YcTaHOBEHO e, 4ye MpH yBeJIndaBaHe Ha Je0MTa Ha TOIUIOHOCUTEINS BbB BHTPELIHUS KPbI' HA
WHCTAJIAlMATa Ce TOHIKaBa KoeulmeHTa Ha TpaHchopMaius Ha TepMmornommara. [Ipu msuiocTHo
M3MEHEHHEe Ha 00eMHUAT nedurt ¢ 25,9 %, koepuiueHTsT Ha TpaHcopmalus ce usmens ¢ 2,7 %.
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Abstract: The report discusses the methods used for trimming the impellers in order to reduce the flow rate of the
centrifugal pumps. Their advantages and disadvantages are indicated. The formulas, offered by different authors for
calculating of the indicators of the pumps, obtained during trimming the impellers, are presented. A brief analysis of the
methods used by various authors for trimming the impellers of centrifugal pumps is made. The errors that occur, when
determining the flow when trimming the impellers for twenty-two types of pumps in two of the options for calculating the
pumps, produced in Bulgaria are presented.

Keywords: Fluid Flow Rate, Heat Pump Installation, Coefficient of Perfomance.

BBBEJIEHUE

MHoro 4ecrto cTaHAapTHO NPOU3BEXKIAHUTE IOMIIM HE CHOTBETCTBAT Ha HEOOXOAMMMTE
MoKa3aTear, KOUTO ca HeoOXOJUMHM Ha MoTpeOuTenuTe. 3a ChIVIaCyBaHE Ha IOKa3aTelUTe Ha
MIOMIIUTE C T€3H Ha MOTPEOUTENNTE B MH)KEHEPHATA MPAKTUKA CE € HAJOXKHUIJI METOIBT 3a MO/Ipsi3BaHe
Ha pabOTHOTO KOJIENO, T.€. HaMaJlsiBaHE HA BBHIIHUAT AuaMmeTbp D2 Ha paGotHoTO Koneno. Ilpu
HOJpsI3BaHe HAa paOOTHOTO KOJIETIO Ha ITOMIIATa CE 3ala3BaT pa3MEpUTE HAa OCTAHAIUTE €IIEMEHTH Ha
nommata. [TocpencTBoM ToBa ,,T0ApsA3BaHE HA PAOOTHOTO KOJENIO™ AEOMTHT U HANOPBT Ha JaJieHa
IIOMIIA C€ HaMaJIABaT A0 CTOMHOCTH, U3UCKBAHU OT MOTPeOUTENs. 3ama3Ba ce 4eCTOTaTa Ha BbPTEHE
Ha Bajla Ha TOMIaTra M He ce T'yOM JONbJIHMUTENHA eHeprus 3a perynupase. IIpu HamamnsBaHe Ha
BBHIIHUS AMAMETHP Ha paOOTHOTO KOJIEJIO c€ MPOMEHAT paboTHATa XapaKTepUCTHKa Ha NTOMIIaTa U
cneurpuyHaTa i YectoTa Ha BbpPTEHE — Ns.

Bunose noapsizBaHusi Ha paboTHUTE KOJIeJA.

B pa6ora (Giilich J., 2020) ca npeacTtaBeHH OCHOBHUTE CXEMH 3a IOJPS3BaHE Ha PaOOTHH
kozena (pur. 1). Haii-uecTo n3noa3BaHUAT METO/]I € Upe3 MOoApsA3BaHe U3ISUI0 Ha pabOTHOTO KOJIEIO
(¢pur. 1la). luckoBere U JoMaTKUTe Ha pabOTHOTO KOJIENO ce HamansaBar 1o nuameTsp D2'. Ha (¢wur.
16) e moka3aH ciy4aii, KOraTo ce CTpyroBaT camo JIomaTkuTe 1o auameTsp D', a muckosete ce
3ama3Bar Ha OCHOBHUS nuameTsp D2. OT enHa cTpaHa mpu TO3M METOJI, KaTo ce 3ama3BaT JIMCKOBETe
MPOCTPAaHCTBOTO cjeJ paOOTHHUTE JIONATH, CIYXXH Karo Oe3momarbdyeH Iudy30p M HamasBa

% IloxnaabT € NpejiCTaBeH Ha OHNAlH CTyjeHTckata HaydHa cecus Ha AM® ma 18.05.2021 r. ¢ opuruHaiHo
3arnaBue Ha Owbirapcku esuk: AHAJIN3 HA METOAUTE 3A TIOAPA3BAHE HA PABOTHUTE KOJIEJIA HA
HEHTPOBEXXHU [TOMITU
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XHIpaBIuaHUTE 3aryou. OT apyra cTpaHa, 3ama3Baiiki AUCKOBETE, TOBA BOJIHU 110 OTHOCHTEIHO TO-
roJIeMH 3aryOH OT JIMCKOBO TPHEHE (3ama3BaT Ce CHIIUTE 3aryOou KaTo Ha OPUTHHAIHOTO PabOTHO
KOJIEJIO) ¥ BOJM JIO HamaJlsiBaHe Ha K.1.J1. HakioHeHo (Koco) mojapsi3BaHe ¢ HAKJIOH KbM OCHOBHHS
auck (¢ur. 1B). TakoBa mojapsi3BaHe yBelIMYaBa HAJSTAHETO MPU MOHYVDKEHH JCOMTH W Mpe/ra3Ba
MIOMITUTE OT CIIajiaiia xapakrepucTuka (pu neout Q = 0, HarmopbHT HA MOMITIATA € MTO-BUCOK). brabT
Ha nozps3BaHe ce u3bupa mexay 5 © u 15° Tosa orpanuuenue e oT choOpaXkeHHe 2 HE Ce CKbCH
MIPEKOMEPHO 3a/iHaTa JionaTka. ToBa moapsi3BaHe ce MmpenopbyuBa 3a mommu ¢ Ns > 150. [IpenopruBa
ce ¥ 3a IOMIIH C JIBYCTPAaHHO 3aCMYKBaHE KaTO MOJAPSI3BAHETO C€ M3BHPIIBA KbM BBTPELIHHS JUCK.
[TomriuTe ¢ ABYCTpaHHO 3aCMyKBaHe Ha paOOTHOTO KoJIelia C HUCHK Ns Ce MOIPsI3BAT TaKa, ue 3aJHUTE
pbOOBE Ha JIOMATKUTE JIa OCTAHAT YCIIOPEIHH Ha OCTa Ha poTopa, (dur. 2x).

[Tpu noapsi3Bane, HAMAISIBAHETO Ha JIeOUTA M HAIIOPA 3aBUCAT OT MHOTO MAapaMeTPH, KOUTO HE
Morat Ja ObAaT mpeacka3zaHu. 3aToBa, 3a MpearnoYhTaHe € paboTHOTO KOJIENO Jia ce MoApsA3Ba Ha
cTpikd. [lo TO3W HAYMH ce HaMallsiBa PUCKBT OT IMPOITyCKaHE XellaHWs pabOTeH pPEeXHM, aKo
MOJIPEKEM B MO-TOJISIMA CTETIEH pabOTHOTO KOJIENO.

@wr. 1. Bunose noaps3Banus Ha pabOTHHUTE KoJena.

N3J10KEHUE

HPECMﬂTaHe Ha MOKa3aTeJuTe HA MOMIIaTa MPHU nMoaApsA3BaHe
1

[Ipy HamassBaHe HA OTHOCUTEIHHUS IUAMETHD HA MOAPA3BAHE —2= HANOPHT Ha IOMIIATa
2

HaMaJslsiBa B IO-ToJisiMa CTETEH, B CPaBHEHHE C HaMaJICHHETO Ha Je01Ta, a TOBa BOJIU JI0 YBEINYaBaHe
Ha cnenuduyHaTa YectoTa Ha BhpTEHE - Ns. KOSPUIMEHTHT HA MOJIE3HO JeHCTBHE (K.I.J.) CHIIO
HaMalsiBa, Thil KAaTO Ce 3ala3BaT MEXaHWYHUTE 3aryOH B JIar€PHUTE W YIUIBTHEHUATA, TPOMEHS Ce
BI'BJIBT 32 HA TEUSHUETO HA U3X0JIa Ha paOOTHOTO KOJIEJIO U CE YBEIMUYaBaT XUAPABIMYHHUTE 3aryOH.
[Tpu moaps3BaHEeTO HA PAOOTHOTO KOJIENIO CE HapyllaBa T€OMETPUYHOTO MMO00MEe Ha MMOMITaTa, Thi
Karo mpu HamaisiBaHe Ha Do, mmpuHata Ha pabOTHOTO KOJIEJNO W JAPYTUTE pa3MEpU Ce 3ara3Bar.
CremoBarelHO, 3aKOHHTE, KOUTO C€ HM3MOJ3BaT NpH MOAPsA3BaHE Ha pabOTHH KoJjela Ha
IEHTPOOS)KHN TIOMITM HSAMAT CHOTBETCTBHE CbhC 3aKOHUTE Ha MOJ00ME W3IOJI3BaHU MPU
typoomamnuauTe. [Ipn HamansBane Ha D 1 3ama3BaHe Ha TMOCTOSHHA YECTOTA HA BHPTCHE, HOBUTE
MoKa3aTeJIl MOTarT Jia Ce pecMsTaT o cienuaute 3apucumoctu (Aizenshchein, M. D., 1957; Zlatarev.
P., 1979):
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Q_D H_z(&j W

Q D, H (D,

KbaeTo Q u Q1 ca 1eOUTHUTE HA TTOMIIATa IPEIN U CJIS] MOAPsI3BaHe Ha paOOTHOTO KoJeno; H u
H' - HanopuTe Ha MOMIIATa IPEIM U CIIE/ MOPA3BaHe Ha pabOTHOTO KOJIEIIO; D, u Dl2 — BBHIIHUTE
TUaMeTpu Ha pabOTHOTO KOJIEIO MPEIU MOPsI3BaHe U CIIEH MOAPS3BaHE.

dupma KSB u B pabora (Lomakin D.A., Korotkov V.V., 2017) ce mpemnopbuBa mpu
MoJIpsi3BaHe Ha PabOTHOTO KOJIEJIO MPECMATAHETO Ha MOKA3aTEIHNTEe J]a CE M3BBHPINBA 0 CICAHHUTE

3aBUCHMOCTH:
1 1 1\?
Q_:H_:[&J @
Q H (Db,
B pa6ora (Giilich J., 2020) ce npeanara aHaaoruuHa 3aBUCHMOCT, HO C IPYT [TOKa3aTel:
1oyt DL m
g =—= [_ZJ (3)
Q H D,

CreneHHUAT MoKazatel M € Mexay 2 U 3. AKO JIONATKUTE ca MO-KbCH OT JABJDKMHATA Ha
npoduiaa Ha U3x0/a, M ¢ mo-01130 A0 3 TpH moapsa3BaHe. AKO MOAPs3BaHETO HajaABHUIIaBa 5% OT
JraMeThpa Ha pabOTHOTO KOJIesi0, M e 6sin30 2. Ako briaute P2 u b2 He ce mpoMeHsT ¢ paguyca, Ha
Teopus ce nmpuiara m = 2. CTeneHHusT MmoKaszarea M, U34UCIeH Bb3 OCHOBA HAa OMMUTHU PE3YJITaTH,
MOJTyYEHHU TIPH MOIPSI3BaHE HA paOOTHUTE KOJIea:

Dl
m=2.08+1.1EXP|15—2 — 4)

2

1
m=2.08+1.2 EXP[?.SHF—lj (5)

ITokazaTensT M Moxe Ja 6’BI[€ MNpECMETHAT OT TCCTOBUTC U3NMUTBAHWA HA ITOMIIH C IOAPA3aHU
pa6OTHI/I KoOJICIa:

1 1
|“% In|_|_||
mQ = Dl ; mH = Dl (6)
In=2% In =2
DZ DZ

KBJECTO. MQ € CTENEHHMAT TOKa3aTel MpH MpecMsTaHe JAeOUTa Ha romrara mpu padoTa ¢
MOJIPSI3aHO PaOOTHO KOJIENIO; MH —CTETICHHUSAT IMOKa3aTell PU MPECMITaHe Ha HATopa.

[Tpu noaps3BaHe Ha pabOTHOTO KOJIEJO K.I.JI. HAa MOMIIaTa HaMallsiBa. 3a MPEeCMATAaHETO My B
(Giilich J. 2020) npenopbsuBa HamMalIleHHETO JIa C€ IPEeCMsITa Mo u3pasa:

Dl
An=¢ 1—D—2 (7)

2

KBIETO: 8=(0,15+O, 25) 3a MOMIM ChC CIUPAIHA HATHETATEHU Tena, s=(0,4+0,5) 3a

MOMIIH ¢ JU(Y30pH.

EdexTuBHOCTTa Ha TOMIIATa MOXKE /12 CE€ YBEJIMYH IIPH MAJIKU CTETIEHH Ha NOJPSA3BaHE U HUCKU
crenupuuHy 4ecToTH Ns. ToBa ce IbKK Ha 3aryOuTe OT IMCKOBO TpUEHE Ha pabOTHOTO KOJIENo,
KOUTO HaMaJIsIBaT C 5-Ta CTEIEeH Ha JUaMeThpa Ha pabOTHOTO KOJIENIO B CPAaBHEHHE C XUPABIMYHHUTE
3aryom.
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CreneHta Ha TOApsA3BaHE 3aBUCH OT crnernuduyHata yectora Ns, Ha ¢ur. 2 ca 0606meHn

NPpCNOPBHKUTC HA PA3JIMYHU aBTOPU 3a U3MCHCHHUCTO HAa OTHOCUTCIIHUA JUAMCTHP Ha MOAPSA3BAHC
1

d, =—% B 3aBucumoct oT Ns. OT durypara ce BUKIa, 4e NANCHHUTE MPEMOPHKH 3a CTEICHTA Ha
2
MOJIPSI3BaHE C MAJIKM OTKJIOHEHHUS, TIOYTH ChBIIA/aT.

d,*
%
95
oA 00°
(@]
[} O
90 ) o
b (o]

85 Oo R

& A |/

° [2]

80 @ o[4]

o[9]
75
70

0 50 100 150 200 250 300 I, . min?

Owur. 2. [[OHYCTI/IMa CTCIICH Ha IMOAPs3BAaHE B 3aBUCUMOCT OT Ns
2-Zlatarev. P. (1979; 4-Lomakin D.A., Korotkov V.V.(2017); 9- Kai Wang, Zixu Zhang, Linglin
Jiang, Houlin Liu and Yu Li.(2017)

3a mpecMmsATaHe Ha MAaKCHMAJIHUTE CTEIICHH Ha MOJpsi3BaHus B pabota [5] ce mpenopbuBa:

e 3ang<40
1
D2 (0,8+0,85) (8)
D2
® 34 nq> 40
D;
D—2(0,8+O,85)+0,0025(nq —40) ©)

2

KBJIETO: N, =N, /3,65

['panunuTe, onpeiesieHn oT ypaBHeHue (8), ce mpriiaraT 3a cpeiHu oM. PaboTHUTE KOtena
Ha MaJIK{ OMITH (KBJIETO IIYMbBT U BUOpAIIMHUTE HE C€ CUUTAT 3a Mpo0JIeM) MOHAKOTa ce MOAPSA3BaT
Ha TUaMEeTPH TI0-MaJIK! OT MpeIBUACHNTE B ypaBHeHHUE (8). KoakoTo mo-roisiMa € KoHCyManusaTa Ha
€Heprus Ha IOMIIaTa, TOJIKOBA MO-MaJIKo MOps3BaHe TPAOBa Ja ce U3I0JI3Ba, 32 J]a CE HaMaJId PUCKBT
oT BUOparuu, mrym 1 kaputanus. [Ipu noapssBaHeTo, JONaTKUTE e CKbCABAT U HATOBAPBAHETO UM
ce yBenu4yasa. ToBa MOXe J1a IPUUMHU MO-BUCOK KaBUTALMOHEH IIyM. ['onemMuTe momMmnu ¢ HUCKO
HajsiraHe, n30paHu Mo TO3U HaYMH, MOTaT J]a CTaHAT MHOTO LTYMHH, 3aI10TO TOJIEMUTE MIOBbPXHOCTH
Ha ThbHKOCTEHHUTE KOPITYCH M3JIb4YBAT MHOTO e(heKTUBEH IIyM. To3H MpobiieM 4ecTo ce cpelia npu
€IHOCTBIIAJIHU TIOMITH C JIBYCTPAHHO 3aCMYKBaIlM paOOTHHU KOJIeNa, IPU KOUTO MPOOJIEMBT C IIyMa
CE YCJIOXKHSIBA OT HEPAaBHOMEPHMUSI ITIOTOK, ITOJIY4YEH B PE3YJITAT HA TOAPSA3BAHETO.
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AHaJM3 HAa My0JUKALMU, CBbP3aHU C MOAPSA3BaHe HA PAa0OTHUTE KOJIeJia.

B pabora (Popov G., B. Kostov, Kl. Climentov, 2010). “OTHOCHO XapaKTEpHUCTUKHUTE Ha
OBATapCKU LEHTPOOEKHU MOMITUM MPU MOAPSA3BaHE HA PabOTHOTO KoJeno* ¢ aBropu: mpod. a-p I'.
[Tonos, a-p b. Kocros u nou. a-p Ki. KiimMeHTOB ca M3BeIEeHM ypaBHEHUATAa HAa €IHOCTIIAIHU
LEHTPOOCKHU TIOMIIM ChC CIHPATHU Teja, IpousBexaaHu oT ¢upma BUIIOM - Buauwh.
XapaKTepUCTUKUTE NP MOAPSA3BaHE HA pAOOTHUTE KOJIENa ca MPECMETHATH 10 IBETE MPEHOPbYBAHH
3apucumoctd (1 m 2). OmpeneneHu ca TpelIKUTE, KOUTO C€ IMOJy4yaBaT 3a IpecMsTaHe Ha
MOKa3aTeJINTe NPH MOAPA3BaHE Ha PaOOTHUTE KOJIeNa 32 BCHUKUTE 22 BUJIA MPOU3BEXKIAHU TTOMIIH.
Ha ¢ur. 3 ca npeicTaBeHH OTHOCHTENHMAT auaMeTsp Op” Ha TozpsA3BaHEe Ha paGOTHHTE KONENa,
OTHOCHUTEITHUTE TPEIIKU — A B % Ha OTHOCHTETHUS AeOUT Q, BB PYHKIIHS OT crielu(uyHaTa 4eCToTa
Ha BbpTEHE Ns.

A ¥
% 2 & g & ° o | o
16 80
14 OVpaBHenne (1) A VpaBHenue (2) ©d2* 70
12 60
10 |:| o a . E 50
8 N 40
6 dw '\ 30
4 o o L A 20
- @
0 o CHE D 1l
0 25 50 75 100 125 150 175 200 225 n, , min!

@ur. 3. Pasnpenenenue Ha OTHOCUTENIHATA Tpelika 1o ypaBHeHus (1) u (2) 1 OTHOCUTETHHUS
JIMaMeThp Ha MOJPsI3BaHe B 3aBUCUMOCT OT Ns

Ot ¢urypara ce Buxa, ue npemiaranute opmynu (1) u (2) 3a npecMaTane Ha MOKa3aTeNNUTE
Ha NoOMIIaTa MpH MOApsA3BaHE Ha pabOTHOTO KOJIEJIO HE JaBaT A00OpO ChBHAJEHUE 33 OBJITapCKUTE
nomnu, npoussenenn or BUIIOM.

[Tpu ananm3a 3a U3MEHEHHETO Ha KOS(PUIIMEHTHT Ha TIOJIE3HO ACWCTBUE — Al BBB 3aBUCHMOCT
OT Ns C€ YCTaHOBSIBA, Y€ HAMAJICHUETO Ha 1] € B [uanas3oHa ot 1- 2 %. M3kintoueHre uMa npu BUCOKHUTE
CTOMHOCTH Ha Ns, KaTo HaMaJieHHeTo Joctura 110 4 %. I1pu Te3n moMnu OTHOCUTEIHUST JHAMEThpP Ha
MOJIPA3BaHE € 3HAYUTEITHO MO-HUCHK (87.4- 92 %). ITpu aBe ot mommute 3E20 u 6E32 u nBete ¢ Ns =
60, mpu mopsi3BaHe HA paOOTHUTE KOJIeNIa UMa TTOBUIIIABAHE HA 1) HM.

B pa6ora (Keran Shu, Xiaoming Yu, Bin Zhang, Fei Xie, Xiaohui Tao, Mianshun Zhu, Hairong
Mao, 2018) e u3cieBaHO BIMSHUETO HA METOJUTE Ha MOJAPsI3BaHE Ha PabOTHOTO KOJIENO, BBPXY
pabOTHUTE XapaKTEpUCTHKH Ha LEHTpoOexHa rmomma. M3cienBaHeTo Ha TEUECHHETO B IOMIaTa e
cumynupano ¢ nomoinra Ha copryep FLUENT u cien ToBa ca nmpoBeeHU CTEHOBE U3CIICIBAHMUS.
N3cnenpanara mommna € €IHOCTBITAIHA ChC CIIUPAIHO TS0 ¢ Ns = 128 n quameTbp Ha pabOTHOTO
koseno D2 =216 mm. [IpoBeaenu ca yetupu noxapsizBanust — Ha 2%, 4%, 6% u 8%. Uzcnensanu ca
CIIEZIHUTE BHJIOBE MOJPS3BAHMS: XOPH30HTAITHO TOAPS3BaHE HA PAOOTHOTO KOJIENO; XOPU30HTAITHO
MOJIpsI3BaHe caMo Ha JIOMATKUTE; KOCO MOJAPA3BaHe C HAKJIOH KbM OCHOBHUS JIUCK; KOCO MOJps3BaHe
C HaKJIOH KM TIPEIHUS JHCK.

ABTOpHTE pENopbUBaAT BI'bI O HA KOCOTO NOAPSA3BAHE Aa Ce MPecMATa 10 U3pasa:

1 1
—arctan D, -b, <0 <arctan D, -D;
2 2

(10)
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KbleTo D2 € BBHIIHUAT JuUaMEThp Ha HEMOJAPSA3aHOTO KOJEJNO; Dl2 — JHAMETBHPBT HaA

MOJIPSA3aHOTO KOJIENO U D2 — mupuHaTa npu u3xo/1a Ha pabOTHOTO KOJIEJO.

[Ipu uzcnensanero e u3dpan vroea O = + 10°. IlpoBeaeHo e cUMyNAIMOHHO U3CJe/IBaHE Ha
TEYCHHUETO B KaHAIHUTE Ha PAOOTHOTO KOJIENIO TIPHU XOPU30HTAITHO U KOCO TIOJPSI3BAHE B ABETE MTOCOKH
Ha pabOTHOTO KOJIETIO U MOJpsI3BaHE caMo Ha JionaTkute, mpu 4% u 6 % noaps3eane. Pesynrarure
OT CUMYyJIallMsATa TIOKAa3BaT, 4e MpH MOJps3BaHe Ha paOOTHOTO KOJIETIO B KAHAJIUTE MY C€ MOSIBSBA
BHUXPOBa 30Ha B OJIM30CT JI0 CMyKaTelHaTa cTpaHa. Tas3u 30Ha e Hali-royisiMa pyu KOCOTO MOApsi3BaHe
C HAKJIOH KbM MpEIHUs IUCK, a Hail-MajKa MpH MOAPS3BAaHE C HAKIOH KbM 3aaHus auck. [Ipm
MOJIpSI3BaHE CaMO Ha JIOMATKUTE U 110 TPUTE METOJIa, JTUIICBAT BUXPOBH 30HHU.

PesynraTure nokasBar, 4ye HaMaJIsIBAHETO HA HANOpa MpH MOAPs3BaHEe Ha paOOTHOTO KOJIEIO €
MO-TOJIIMO OT TOBa MpHU MOAPA3BAHE CaMO Ha JIOMAaTKara, MOJAPSA3aHa ChC ChIIATa CTOHHOCT.
EdexkTuBHOCTTA MPU KOCOTO MOJAPS3BaHE C HAKIOH KbM 3aTHHUS JHUCK € IMO-BHCOKA OT Ta3H IpH
XOPU30HTAITHOTO M KOCOTO IMOJpsI3BaHe KbM IpeaHus quck B ooxsara ot 0° ~ 10°. MomHocTTa Ha
BaJIa P MOAPSA3BaHE Ha PAOOTHOTO KOJIEJIO € 3HAYUTEIHO [T0-MajlKa OT TOBA, PH MOAPSI3BaHE CaMO
Ha Jornarkara. MOIIHOCTUTE Ha Bajia MpU KOCOTO MOAPSA3BAHE, KOraTo BIIIMTE HA MOJpPS3BaHE Ca B
obxBata oT -10° ~ 10°, ca mo-HUCKH OT TE€3H MPU XOPU30HTAITHOTO MOIPS3BAHE.

B pa6ora (Davood Khoeini, Mohammad Reza Tavakoli, 2018) e pasrienano BIMSHHETO Ha
pa3IMYHATE METOMW 3a TMOJAPSA3BaHE Ha pPabOTHOTO KOJIEJIO BBPXY XapaKTEPHUCTUKHUTE Ha
neHTpobexxHata nomna. M3cnenBaHusita BBPXY IOKa3aTeIUTe Ha LIEHTpPOOEKHATa IMoMMa ca
MIPOBEICHU TIPH IIECT PA3IMYHO MOAPSA3aHUA PAOOTHH KOJIelia, 8 HMEHHO:

® XOPHU3OHTAIHO MOAPSA3BaHE CaMO Ha JIOMIATKUTE ChC 3alla3BaHe Ha JIMCKOBETE Ha pabOTHOTO
koueso (STIS);

e XOpHU3OHTAJIHO MOAPA3BaHE HAa PaOOTHO KOJIEO 3aeaHo ¢ auckosere (STI);

KOCO TOJpsA3BaHe Ha pabOTHO KOJIEIO0 ¢ HaKJIOH KbM 3aauus auck (OTI);
TPUBI'BIHO MOAPsA3BaHe Ha paboTHO Koesao (TTI);

HOJYKPBIOBO TOApsi3BaHe Ha paboTHO koseno (SCTI);

MHOTOBI'BJIHO MOJPsI3aHo paboTHO Koueno (PTI).

N3cneaBaHeTo € MpOBENEHO YMCICHO W BaJWAMPAHO E€KCIEPUMEHTAIIHO, KaTO € TMOJYYeHO
MaKCHMaJTHO OTKJIOHeHHue oT 5,4 %. Pe3ynratute mokas3BaT, 4ye YHCICHUTE JaHHHU Ca C IMO-BUCOKH
CTOMHOCTH OT T€3M Ha E€KCIIEPUMEHTAIHUTE MPU BCHUKH NEOUTHU. YCTaHOBEHO €, Y€ METOABT 3a
MoJIpsi3BaHEe Ha PabOTHOTO KOJIEJIO OKa3Ba CHINSCTBEHO BIUSHUE BBPXY XapaKTepHUCTHUKATa Ha
nomrnara. OT TOCOYEHHTE METOIM Ha TMOJApsA3BaHE, HAW-BUCOK HANOp Cce TMojy4yaBa IIpH
MHOTOBI'BJIHOTO TIoApsi3aHo pabotHo kosieno (PTI). [Ipu Hero HamopsT HapacTBa ¢ 5 %, a K.ILJ
HamaisiBa ¢ 3,6 %, B CpaBHEHHE C XOPU30HTAITHOTO MO/APsi3aHo padoTHO koneno (STI). Toukara Ha
Hali- BHCOK K.IJ. CE€ TPEMeCTBa KBbM BHCOKHS JCOUT M CKOPOCTTa Ha MajaHe Ha HEropara
e(deKTUBHOCT Ce yBeNnuYaBa MpU HaMaisBaHe Ha AeOuTta. B cpaBHEHHE ChC BCHUKH METOAM Ha
MOJIPSI3BaHE HAM-BUCOK K.IL.J. IMa TIPH XOPU30HTATHOTO NOAPsA3BaHe Ha paboTHOTO Kosteno (STI).

N3BOIUN

1. Ot HampaBeHuUs1 aHAJIU3 ce BIXKAA, ye npeanaranute ¢popmynu (1) u (2) 3a npecmsTane Ha
MOKa3aTeInTe Ha rmoMmmaTa Mpu MojAps3BaHe Ha pabOTHOTO KOJIENO HE JaBaT 100po ChBHAJACHUE 32
Obarapckurte nomnu, npousseaenu ot BUTIOM.

2. IlyOnukyBaHWUTE U3CIIEIBAHMS C TTOPSI3BaHE HA PAOOTHOTO KOJIETIO Ca C MaJKH CTETICHU Ha
nojpsi3Bane — 6 -8%. HeoOxoanmo e 1a ce mpoabiikaT U3CleABAHUATA U TP ITO-BUCOKHU CTENIEHU Ha
MO/Ipsi3BaHe.

3. Ilpennaranara dopmyna (3) or Giilich, 3a onpenensiHe Ha creneHHHs MoKas3aren M Mpu
MOJIpsI3BaHe Ha pabOTHOTO KOJIEJIO UMa CTOMHOCTH B rpanumara ot 2,20- 2,65. Tlpu nmpecmsitane Ha
ne0uTa Mpu NoJps3BaHe Ha OBJITAPCKUTE MOMITU TO3U TOKA3aTeNl € MHOTO BHCOK.

4. Karo monxonsnl MeToJA 3a MOApS3BaHE € XOPU30HTAJIHOTO MOJpsi3BaHE Ha pabOTHOTO
KOJIEJIO (JIOTIATKU U JUCKOBE). TEeXHOIOTHYHO € JIECHO peanu3upa 1 GaraHcupa paboTHOTO KOJIENO.

5. Ilpu manku crenenu Ha noAps3Bane (3-4%) € Bb3MOKHO MOAPSA3BAHE CaMO Ha JIOTTATKUTE
Ipu 3ama3BaHe Ha JuckoBere. [Ipu mo-roneMu cTeneHW Ha MOJAPs3BaHE IMCKOBUTE 3ary0u ce
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yBenu4aBaT M K.I1.7J. Obp30 majaa.
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Abstract: The paper reviews some phenomena that are characteristic and determine the propagation of sound
waves in a free space. The analysis aims to conduct an experimental study of noise propagation in a media of reduced
atmospheric pressure. For this purpose it is necessary to know the principles of sound waves propagation. Reflection,
reverberation, diffraction, diffusion and absorption of sound waves are considered. Formulas necessary for refining the
data obtained by measuring noise under vacuum conditions are given.
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BBBEJIEHUE

Bbpxy pasznpocTpaHeHHETO Ha 3BYKOBHUTE BBJIHH BIHSAT MHOTO (JaKTOPH, KOMTO HE Ca HAITBIIHO
nepunupyemu. B mociegHo BpemMe pa3BUTHETO HA TEXHOJIOTUUTE MPOBOKHpPA HIAKOU
MPEU3BUKATENICTBA MPEJ aKyCTUYHHUTE U3CIIEBAaHMsI, KOUTO Ca IMOBO/J 32 HAIIMCBAaHE HAa HACTOSIIUSA
nokian. Cnen kato Ha 3emsTa Osxa MOJyYEeHU MbPBUTE ayAH03allMCH OT YyXKJa IUIaHEeTa, Bb3HUKA
BBIPOCHT 3a PA3NPOCTPAHEHHETO HAa 3BYKOBUTE BBJIHHU B Cpe/la C MOHW)KEHO HAJIATaHEe M ChCTaB
pasiauyueH oT aTMoc(epHus Bb3IyX Ha 3emsTa.

Ilenta Ha paborata € Ja ce aHamU3uUpar (akTopuTe Ha Cpelara, BIUSCId BBPXY
Pa3npOCTPAaHEHUETO HA 3BYKOBHUTE BBJIHU.

3a OCTUraHeTo | ce pelraBar 3a1a4M 1o OIpe/IeissHe Ha TapaMeTpUTe, BIMSHUETO Ha cpejara
BBPXY TSAX U HACOKH 32 OBJIEIIO EKCIIEPUMEHTAITHO U3CIIEeIBAHE.

N3J10KXEHHUE

XapakTepuCcTHKH Ha cpefaTa, BJMsielld BBbPXY Pa3sNpoOCTPaHEHHETO HAa 3BYKOBHTE
BBJIHU.

3BYKOBUTE BBJIHU CE€ paslpocTpaHsBaT B €JacTHUYHA CpeJa Iopagud IpoOMsHAa Ha
MECTOIIOJIOKEHUETO Ha CTPYKTYPHUTE YaCTUIU, OT KOUTO € U3TpajieHa, IpeIu3BUKaHa OT CHUIOBO
BB3/eiicTHe. 3BYKbT MMa OIpeJieieHa CKOPOCT, KOSITO 3aBUCH OT THIIA HA CpeAaTta, U APyrd pU3UKO-
XUMHYHHU apameTpu. KolKkoTo no-rmibTHa € MOJIEKyJIHaTa CTPYKTYpa, TOJIKOBA MO-JIECEH € TPEHOCHT
Ha 3ByKOBa eHeprus. B cpaBHeHME ¢ Bb3AyXa, 3BYKbT €€ IBUXKH 110 -ObpP30 B MO-IITBTHU CPEIU KaTO
TEYHOCTH U TBBPJM BellecTBa. Hampumep ckopocTTa Ha 3ByKa BbB BB3/YyIIHA cpena € 343 m/s, B
cnanka Boaa € 1494 m/s u oxono 5090 m/s B cromana. CkopocTTa ce yBennyaBa ¢ yBEJINYCHHE Ha
TeMmIeparypara Ha Bb3ayxa — okoj10 0,4 m/s 3a Bceku rpaayc. JIpyr GpakTop € BIaXHOCTTa, OT KOSATO
CKOpPOCTAT 3aBUCH IPABONPONOPLHOHAIHO.

4 JloxnagwsT € MpeAcTaBeH Ha OHJAMH CTyldeHTCcKaTa HayuHa cecus Ha AM® na 18.05.2021 r. ¢ opuruHamiHo
3armaBue Ha Obirapcku esmk: AHAJIM3 HA ®AKTOPUTE, OIIPEJEJISIIN PA3IIPOCTPAHEHUE HA
3BYKOBUTE BBJIHU
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[To-momy ca mocodyeHu GopMynH, ¢ KOUTO Ce HOpPMaTW3UpaT MapamMeTpuTe NpU OIeHKa Ha
pasnpocTpaHeHHeTo Ha 3Byka B aTtmocdepeH Bw3ayx (BDS 12403:1974; BDS EN SO
3745:2012/A1:2017).

[TrpTHOCT HA BIaXHHS aTMOC(EpPEH BB3IYyX:

Pa = L 1)

T RyT,
kpaero T, = t, + 273,15

I'azoBa KOHCTaHTa Ha BIAKHUSI BB3AYyX:

R
Ry, = |_Rv-R hubsa 2)
Ry ' pa
['a30Ba KOHCTAHTA HA CyXUS BB3/yX:
R =287 3)
kg.K
l'a3oBa xoHCTaHTa Ha BOJHUTC I1apu:
R, = 461,51 (4)
v " kg.K

h,, — OTHOCHUTEITHA BIAKHOCT
Psqt — HaJIITaHEe HAa HACUTCHUTE MTapH MpH Temreparypa t,,° C

Tpu 0 < t, < 30°C:

_ 17,438.t4
psat =€X

239,78+t,

+ 6,4147) (5)

Tpu 0 < t, < 100°C:

Psae = 610,8 + 44,442, t, + 1,413.£2 + 0,0277.t3 + 2,5567.107%.t% + 2,8917.10°. ¢5

AHaJM3 Ha 3BYKOBHMTE SIBJICHHUS, BJHMfACIIH BbPXY Pa3NpPOCTPAHCHHETO Ha 3BYKOBHTE
BBJHH

OmpaofceHue HA 36yKOosUume 6vJl1HU

B cBoOonHO 3BYKOBO MOj€ HaJa 3BYKOOTpa)KaTeJHAa MOBBPXHOCT, 3BYKHT CE€ M3JIbYBA OT
M3TOYHMKA PAaJUaJIHO BbB BCUUYKU IOCOKH. AKO 3BYKBT CpEILHE Iperpajaa, ToOu ce oTpas3siBa. AKo
MTOBBPXHOCTUTE Ca MHOTOOPOMHHU TOM ce 0Tpa3siBa OT BCAKA MIOBBPXHOCT, /10 KOSTO TOCTUTHE, TOKATO
HE 3arTbXHe. 3ByIIMTE HOCAT MHpOopMalus 3a pazMepa, popMara 1 THUIA HA TOBBPXHOCTTA, OT KOSITO
ca OTpa3eHH, a aKO TOBA CE€ CITyYBa B 3aTBOPEHO MTOMEILIEHNE, MOXKE /1 C€ MPEMNOI0KH BUIa U o0ema
Ha [TIOMELICHUETO.

OCHOBHMST MEXaHU3bM Ha OTPaXKEHHE OT paBHA MOBBPXHOCT € CpaBHTENHO npoct. durypa 1A
II0Ka3Ba CXEMa Ha OTPaKEHHE Ha 3BYKOBH BBJIHU OT TOYKOB U3TOYHHK OT TBBP/IA, paBHA TIOBBPXHOCT
- crena. Cepuunara ¢GpoHTOBETE Ha BBIHUTE (M300pa3eHH C IUIBTHU JIMHWW) CTUTAT CTEHATa, a
oTpa3eHuTe (PPOHTOBE Ha BBJIHUTE (MPEKBbCHATH JIMHUH) C€ BPBIIAT KbM HU3TOUHHKA. TOBa ce Hapuya
OTJIEAAITHO OTPAKEHHUE U CE IBbPIKU IO CHIIHS HAYMH CBETIIMHHU OTPAKEHHUS OT OTJIEAN0, ONMCAHU
oT 3akoHa Ha CHenuyc.
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3BYKbBT CJIe/[Ba CHIIOTO MPABUIIO KAaTO MPU CBETJIMHATA: BI'BJIBT HA MAJaHE € PABCH HA BI'bia
Ha OTpa)KCHUE, KaKTO ¢ rmokazaHo Ha ¢ur. 1B. ['eomeTpusita paskpuBa, 4e bI'bIBT Ha Magane O e
paBeH BrbJIbT Ha oTpaxkeHue Or. OCBEeH TOBa, TOYHO KaTO U300pakKEHHE B OTJISIANI0, OTPA3CHUSAT 3BYK
CsIKAIll UBa OT BUPTYaJCH 3BYKOB 00pa3. BUPTYaIHUIT M3TOUYHUK € aKyCTUYHO PA3MOJIOKEHHU 331
orpassBaimaTa nosbpxuoct (Everest, F., K. Pohlmann, 2001).

Source Image
£y

=)

Source

Listener

“

Wall
A) B)
®ur. 1

A) OTpakeHne Ha 3ByKa, HJBAIIl OT SAMHUYEH TOYKOB U3TOYHUK OT paBHA MOCKA MOBBPXHOCT
(BI'BIBT HA MJIAHE € C HENIPEKbCHATHU JIMHUH, bI'bJl HA OTPAKCHHUE € C yHKTHPAHU JIMHHUHN);
B) BupTryannu nu3touHuim, pu Ham4re Ha nmoBede ot 1 nperpana (Everest, F., K. Pohlmann,
2001).

Jdudpakuus Ha 3ByKa

Hudpakuusta npencraBisBa OTKIOHEHHETO Ha BBIHM OT MPABOJIMHEHHOTO UM
pa3npoCTpaHEHUE B IPOCTPAHCTBOTO, HAM-OTYETIIMBO IIPU IBJDKMHA HAa BBJIHATA, CXOJIHA C pa3Mmepa
Ha JaAcHaTa HECAHOPOAHOCT Ha cCpeaara. 3ByKOBI/I BBJIHU CC JIBWIXXAT II0 IIpaBu JIMHHUHU,
MEepHeHIUKYSIpHH Ha ¢poHTa Ha BBIHATA. [IpemsTcTBUsATa MoraT Ja JoBenaT A0 MPOMSHA B
II'bpBOHAYaIHATAa HpaBOJII/IHeI\/'IHa IIOCOKa Ha JBU)XXCHHUE HAa BBJIHATA. 3BYKOBaTa CHEPIYs BbHB BCAKaA
TOYKA Ha 30Ha B CSIHKATa Ha MPEISITCTBUETO, IPEAN3BUKAHA OT IIPEYYIIBAHE U U3KPUBAHE HA [TI0COKaTa
MOXe J1a ObJ/Ie MoTyuyeHa MaTeMaTUYeCKH Ype3 CyMUpaHe Ha MPUHOCA Ha BCUYKH OTJEITHH JIHYH.

Jvnorcuna Ha evinama u ougparyus

HuckouecroTHure 3BynM (ABATM BBIHM) ce€ pas3cediBaT (M3KpHUBABAT) IOBeYE OT
BHCOKOYECTOTHUTE 3BYLIU (KbCH IBJKUHU Ha BBIHUTE). OOpaTHO, BUCOKUTE YECTOTH C€ pa3ceiiBaT
10 -MaJIKO OT HUCKUTE YecToTH. JAudpakuusaTa e mo -Majko 3a0enexuma 3a CBeTIMHATa, OTKOJIKOTO
3a 3ByKa MOpaay OTHOCUTEITHOTO KhCH JIBJDKMHU Ha BBJIHATA HA CBETIWHATa. B pe3ynrar Ha ToBa
ONTUYHUTE CEHKH ca OTHOCHTEIHO IO-M3pa3eHH OT aKyCTHYHuUTe ceHku. Ha durypa 2A
MPETMSATCTBHETO € MHOTO MajJKO B CpaBHEHHE C JBJDKMHATa Ha BBJIHATA HA 3ByKa, U HE OKa3Ba
3Ha4YMTeNeH e(heKT BbpXy MpeMuHaBaHeTo Ha 3Byka. Ha ¢urypa 2B obaue, ako npemnsiTcTBUETO € ¢
pasMepu 10 HAKOJIKO IBJDKHHH Ha BBJIHATA, TO XBBPJIA ayCTHYHA CSTHKA 337 ceOe cu. Beeku ¢ppoHT
Ha BBJIHATA, IPEMUHABAI MPEMSITCTBUETO, C€ MPEBpPbHINA B JUHHUA OT HOBU TOUYKOBU HM3TOUHHIIH,
M3THYBAIIIN 3BYK B CeHUecTaTa 30Ha upe3 audpakuus (Everest, F., K. Pohlmann, 2001).
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* *

Source

Source

A B

@ur. 2 I[I/I(l)paKI_II/IH Ha 3BYKOBOTA BbJIHA B 3aBUCUMOCT OT AbJDKUHATA Ha BbJIHA.

A) [pensiTcTBHE, MHOTO MaJIKO, B CpPaBHEHHE C AbJDKUHATA HA BhiIHATA; B) [IpensTcrBue, no-
rOJISIMO OT JIBJDKMHATA Ha BbJIHATA.

Pedpakuus Ha 3Byka

Jlpyro sBiieHHE, KOETO BIMSE BBPXY pPa3NpPOCTPAHEHUETO Ha 3ByKa € pedpakuuara. Ts
HpeJICTaBIIsBa IPOMSIHA B [I0COKATa Ha JABMKCHHE HA 3ByKa IOPOJICHA Op pa3lyHsiTa B CKOPOCTTA
Ha pasnpocTpaHeHHe. B cuTyanmm OT mpakTHKaTa € BB3MOXKHO pedpakisara n audpaxmusra ga
HOBJUSSIT STHOBPEMEHHO BBPXY COMH M ChII 3BYK. durypa 3 moka3Ba mpumep Ha BH3YalTHO
HU3KPUBABAHC HA IIPBT MOTOIICH HAIIOJIOBUHA BHB BOJA. HpI/I‘II/IHaTa 3a MMPEYYNBAHCTO HAa CBCTIIMHATA,
€ B Pa3IMKUTE Ha OKC(PUIMCHTUTEC HAa NpEYylBaHE Ha Bb3[yXa M BOJATa, a OTTAM M Pa3IUYHU
CKOPOCTH Ha pasnpocTpanenue. [IpedynBaneTo Ha 3ByKa, KOETO CHILO € BBJIHOBO SIBIICHHE, € CXOIHO.
[IpeuynBaHeTo Ha 3ByKa MOXKE J1a Bb3HHUKHE BHE3AITHO WIIM MTOCTETIEHHO, B 3aBUCHMOCT OT HaYHHA T10
KOWTO cpejiata Ha pa3npocTpaHeHue Biuse Ha ckopoctta My (Everest, F., K. Pohlmann, 2001).

@ur. 3 [Ipumep 3a npedynBaHe Ha CBETIMHATA, ABJDKAIIO C€ HA PA3JIMYHUTE CKOPOCTH Ha
pa3NpOCTPAHEHHUE HA BBIIHUTE BB BOJA U Bb3AYX.

JAu¢y3us Ha 3ByKa

3a obJyiekuaBa Ha M3YUCIICHUSTA, YECTO C€ MPHEMa ue 3BYKBT € B TU(PY3HO MOJIE, T.C. U3IISIIO0
M30TPOITHO M XOMOreHHO. Ha mpakThka TOoBa ce CiyuBa PsIKO, OCOOCHO B MAJIKM ITOMEIICHHS.
BMmecTo TOBa XapaKTepUCTUKUTE 3BYKBT CE pa3inyaBaT 3HAUUTEIIHO. YECTO € TPYIHO JIa Ce OCUTYPHU
naocTaTbyHa AuQy3usi, 0COOEHO MPHU HUCKH YeCTOTH M B MAaJKO MOMEIICHHE, MMOPaad MOojaiHaTa
peakiusi Ha crasta. llenaTa mpu aKyCTUYHOTO MPOEKTHUPAHE Ha 3ald € Jla Ce MOJY4YH, KOWTO ¢
PaBHOMEPHO PAa3Npe/eicH B IBUIOTO TMOMeleHrne. ToBa € MOYTH HEIOCTHIKUMO, HO MOXKE Ja Ce
nocturue ontumaiHo goope (Everest, F., K. Pohlmann, 2001).
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PeBepOepanus

PeBepbOeparusita ce cuMra 3a €IHAa OT HSKOJIKOTO BaXXHU U U3MEPUMH TMapaMeTpH, KOUTO
OTIpeIEIIAT Ka4yeCTBOTO Ha 3ByKa Ha aKyCTHMUYHO NMPOCTPAHCTBO. TS mpezicTaBiisiBa 3abp>KaHETO Ha
HHUBOTO Ha 3BYKOBO HAJIATAHC, CIICA MPCKPATABAHC HA CMUTUPAHCTO HA IIYM OT U3TOYHHUKA, IbJIKAILO
Ce Ha MHOTOKpPaTHUTE OTPaXCHUS Ha BBIHUTE OT CTEHUTE B 3aTBOPEHO MPOCTPAHCTBO. B 3aTBOpEeHO
IMOMCIHICHHUEC CC MOJIyUaBaT CJIOKHH HACJIarBaHUs U TPOLECHU, KOUTO BJIIMAAT BbPXY HUBOTO HAa 3BYKOBO
Haisirane. Bpemero 3a peBepOepativisi mpeCcTaBlisgiBa BPEMETO, 32 KOETO MPHU NPEyCTaHOBSBAHE Ha
EeMUTHPAHETO Ha IIyM, HUBOTO B JaJIcHa TOYKa OT momenieHuero Hamsuisiea ¢ 60 dB. To e Baxen
aKyCTHUEH MapaMeThp 3a OLICHKAa Ha KauecTBaTa Ha 3aTBOPEHUTE MTOMEILECHUSI.

AOcopOuus

AOcopOuusTa mpeacTaBlisiBa TOITBIIAHE HAa 3BYKOBHTE BBIHH IPH IOMAJaHE BBPXY
HOBBPXHOCTTA Ha JaJieH Marepuaji. BakeH mporiec, Bimsien] BbpXy PEBAyLHpPaHE HAa 3BYKOBOTO
HaJIsiTaHe MIPU pa3npIICTPaHeHUETo Ha 3ByKoBuTe BhJIHU (RUiz, R.2015).

U3BOJIM

B paborata e wu3BBpLIEH aHaJIW3 HAa OCHOBHUTE IIPOLECH, KOUTO ChHIIBTCTBAT
pasnpoCTpaHEHUETO Ha 3ByKOBUTE BbJIHU. Pasriienanu ca 1 napaMeTpuTe Ha Bb3/1yXa, KOUTO CIIE/IBa
Jla ce OTYMTaT, 3a Ja Cce IOoJydaT IpeACcKa3yeMu pe3yiTard, MpU MPOMsSHA B MapaMEeTpUTE Ha
aromoc¢epara, WIM cpelaTa Ha paslpocTpaHeHHe. Bceuuku Te3um aHamu3um MoraT jaa Objaar
U3MOI3BaHN Karo ©a30BM JlaHHM, INpU U3BBPIIBAHE Ha EKCIHEPUMEHTAJeH aHajlu3 Ha
pa3npocTpaHeHue Ha 3BYKOBUTE BBJIHU IPH MMOHMKEHO aTMOC(EPHO HaJsAraHe.
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Abstract: An experimental study of the propagation of sound in a medium with reduced atmospheric pressure is
performed in the study. The equations of the regression curves describing the noise reduction processes was obtained.
Dynamics of the sound pressure level as a function of the medium pressure in a hermetically sealed container at A-
weighted curve is shown. Study of the dependencies of the sound pressure level, as a function of the medium pressure in
octave bands within the range 63-4000 Hz were presented. It was found that at low frequencies the variance is significant
and the decrease is weaker, while with increasing frequency, the curve becomes more stable and the decrease has higher
values.

Keywords: Noise measurements, Low pressure atmosphere, Sound pressure levels, Noise spectrum, Octave bands.

BBBEJEHUE

PasnpocTpaHeHneTo Ha 3BYKOBHTE BBIHH BBB BaKyyM € CHJIHO 3aTpyJeHO TIOpaau
¢du3nueckata mMpuUposa Ha 3ByKa, M3MCKBAIlA IUTBTHA Cpella 3a pa3lpocTpaHeHue. B Hacrosmiara
paboTa € MpOBEAECHO EKCHEPHMMEHTATHO U3CIeNBaHe, KOETO Ja NpPOCIeIH KOJIHYECTBEHUTE
3aBUCHMOCTH TIPY HaMaJIsIBaHe Ha HUBOTO Ha 3BYKOBO HAJIATaHE B aTMOC(epa ¢ MOHMWKEHO HAIISTaHe.

LlenTa Ha paboraTa € ;1a ce YCTaHOBH 3aBUCHMOCTTa HAa M3MEHEHHE Ha HMBOTO Ha IIyMa OT
NpoMsiHATa B HaJIATAHETO Ha cpenarta Ha pasmpoctpaneHue (Everest, F., K. Pohlmann, 2001). 3a
eNTa CIIe/IBa J1a C€ M3ITBJIHAT CICTHHUTE 3aJauH:

e PaspaboTrBaHe Ha METO/IMKA 3a MPOBEXKIAHE HA eKcriepuMeHTaHuTe n3ciensanus(Hassall,

J.R., K. Zaveri.,1988);

o [IpoBexaaHe Ha EKCIIEPUMEHTAITHO M3CIIEIBAHE;

e AHWIN3 HA TIOJYYEHHUTE PE3YNITATH U U3BOJIH;

e Hacoxku 3a Obaeny n3cneaBaHusl.

N3J10KEHHUE
Metoauka 3a NpoBeKAaHe HA EKCIEPUMEHTAJIHO H3CJIeBaHe HA IIyMA BbB BAKYYM

3a ;1a ce u3cieaBa U3MEHEHUETO Ha HUBOTO Ha 3BYKOBO HAJISITAaHE BB BaKyyM € pa3paboTeHa
METOJIMKA, KOSATO BKJIIOYBA MOHTHPAHE HAa IIYMOMEP M M3TOYHMK HA 3BYK BBB XEPMETHYECKU
3aTBOPEH Ch[ C MOAXOJAI] 00eM, CBbp3aH KbM BaKyyMIIOMIIa 3a MOHM)KaBaHE Ha HaJSATaHeTo. 3a
HY)KIUTe HAa M3MHTBAHETO € H3MON3BaH ChA C 00eM 2 MS, ¢ OCHIypeHa XepMeTH3allus.
Bakyymnommnara 3a mpoBexkJaHe Ha ONUTHUTE, CBbp3aHa B arperar ¢ OTYMTAaHE Ha 3aryoure Ha
HaJIAraHe, MO3BOJIABAa BaKyyMeTpu4Ho Hassrane 1o 20000 Pa.

5 JloknaabT € MpeACTaBeH Ha OHNAliH cTyjeHTckata HaydHa cecus Ha AMD ma 18.05.2021 r. ¢ opuruHaiHo
3arimaBue Ha Obarapcku e3uk: OILIEHKA HA HHMBOTO HA 3BYKOBOTO HAJISITAHE B PA3PEJIEHA
ATMOC®EPA
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W3TOYHMKBT Ha 1IyM MO3BOJISIBa FeHepUpaHe Ha Osul, pO30B WK Ka(sB/4epBeH IIyM, KaKTO U
TOHAJICH IIIyM C IUpuHa 5% Ha 4eCTOTHHs 00XBaT. 3a U3CIEABAHETO € N3Moa3BaH 05 myM. Lllymbr
ce reHepupa OT aBTOHOMHA TOHKOJIOHA, 3aXpaHBaHa oT Li-0n 6aTtepus, KOSTO Ce yIpaBiisiBa OTBbH,
nocpezacteom bluetooth Bps3ka.

WsnomsBan e tmymomep Svantek 971, koiTo mo3BoiisiBa M3MEpBaHE Ha IIyMa B OKTaBHHU
4ecTOTHH JIeHTH. [IpoabimkuTennocTTa Ha u3mMepBanero € 120 cexkyHu, KaTo BbB GailibT ¢ JaHHH,
KOHTO ce TeHepHpa ce JlaBa CTOIHOCTTa HA HUBOTO HA 3BYKOBOTO HaJIsiraHe 3a BCSAKA €IHA CEKyHJa
(KoBaues, H., 2016).

3anuchT 3al0uBa B MOMEHTA, B KOWTO MOHUKABAILIOTO CE€ HaJsAraHe, 3alo4yHE J1a IMPOMEHS
CTOMHOCTHUTE Ha 3allMCBaHuUs NOCTOsIHEH 1IyM. [IpekpatsiBa ce, Koraro ce JOCTUrHE KallaluTeThT Ha
1oMIIaTa 3a Ch3/1aBaHe Ha BAKyyMETPUYHO HAJIsITaHe, KOETO B KOHKPETHHT ciy4yaii ¢ 20 kPa.

Croiinoctute ce ecknoptupar B nporpama EXCELL, B xosTo B HampaBeH aHaIM3bT U ca
nojyucHu rpadukuTe npeacrasenu Ha purypu 1 - 4 (1SO 26101: 2017(en)).

LpA=f(Pv)
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@ur. 1. J[uHaMuka Ha HUBOTO Ha 3BYKOBO HaJISITaHE IO CKajla A Ha IIyMoMepa, BbB (DYHKIIHS Ha
HaJATaHETO HA CpellaTa B XEPMETUYECKU 3aTBOPEH Ch/Jl

AHAJIN3 HA NMOJIyYeHHUTe Pe3yJITaTH

Ha ¢urypa 1 e npencraBeHa nuHaMuKaTa Ha HUBOTO HA 3BYKOBOTO HAJIsITaHE MO CKaja A Ha
IIyMOMepa, BBB (PYHKIMS OT BaKyyMETPHYHOTO HAJIATAHE, NPH IMOCTOSHHO HUBO HA NIyMa OT
n3rounuka. [Tpu Hayamua crorinoct ot LPA=77,1 dBA, ¢ nmoHmkaBaHe Ha HAJIATAHETO, HUBOTO Ha
3BYKOBOTO HajIsiraHe maja a0 croinoct 59,2 dBA.

[Ipu HampaBeHUTE aHATN3U € MOTy4YeHa PErPECHOHHA KPUBA, KOSTO UMa CIIEAHHS BUI:

LpA= = 0,0016*Pa?+0,124*Pa + 55,931 1)
IIpu 3amecTBaHe Ha HamAraHero cbc cToiHOCT mpu 800 Pa, ce moaywaBa CTOMHOCT 3a

OYaKBAaHOTO HHUBO Ha 3ByKOBOTO Hamsirane — LpA= 56,03 dBA
Karo 15710 pusudeckata KpuBa € yCTOHUNBA, C MaJIKa JUCIIEPCHSI.
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Ha ¢urypa 2 e noka3zana nuHaMuKaTa Ha HMBOTO Ha 3BYKOBO HaJsiraHe, BbB (PYHKIUS OT
HaJsiraHEeTO Ha cpellaTa B XEPMETUYECKH 3aTBOPEH ChJ B OKTaBHA YECTOTHA JIEHTA CbC
cpenHoreomerpuuHa yectora 63 Hz. Ilpu Ta3u HUCKa 4YecToTa € MOJYYEHO YPaBHEHHMETO Ha
perpecuoHara KpruBa BbB BU/JA!

Lpm= 0,003*Pa?-0,259*Pa+47,206 (@)

Tyk aucrepcusTa Ha CTOWHOCTHTE € 3HAYUTETHA ¥ BEPOSATHO CE ABIDKH Ha (IYKTyaluuTe Ha
BaKyMETPUUYHOTO HaJsiraHe, KOETO Ch3JaBa IOMIIaTa, M KOETO BJIHUSE BBPXY HHUCKOYECTOTHHUTE
CHCTAaBSIIIM Ha OOIIUS IITYMB ChJA.

[Ipu cpenna yecrota— ¢urypa 3 u Bucoka, purypa 4, ypaBHeHUsITa UMAT BUJA!

Ipu 500 Hz:  Lpm= 0,0015*Pa?-0,862*Pa+50,174 (3)

IIpu 4000 Hz:  Lpm= 0,0014*Pa2-0,21*Pa+46,881 4)
Lpm=f(Pa) 63 Hz
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@ur. 2. Jl[uHaMUKa Ha HUBOTO Ha 3BYKOBO HaJIsITaHe, BbB (DYHKIIUS OT HAJISTAHETO HA Cpe/ara B
XEpMETHUYECKH 3aTBOPEH ChJl B OKTaBHA YECTOTHA JIEHTA ChC CPETHOTEOMETPUYHA YecToTa 63 Hz

[Tpu HHCKHTE YECTOTH, 3BYKOBOTO HAJIsITaHE MOUTH He HamassiBa B quanasona o 20 kPa. Ot
47,8 dB, mana mo okoio 41,6 pu 50 kPa, cireq koero ce yBenuuasa 10 43,2 dB. Cpennara yectora
MoKa3Ba MOHMKCHHWE HAa HUBOTO HA 3BYKOBO Haisirane ot 66,5 dB no 52,9 dB, a mpu 4 kHz,
HaMaJISIBAHETO € ChbOTBETHO OT 72,9 dB o 52,1 dB.
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Lpm=f(Pv) 500 Hz
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Ouwr. 3. JlnHaMHKa HA HUBOTO Ha 3BYKOBO HAJIsTaHEe, BHB (YHKIUS OT HASITAHETO Ha cpejiaTa B
XEpPMETHUYECKH 3aTBOPEH ChJl B OKTaBHA YECTOTHA JICHTA ChC CpeiHoreomMeTpruyHa yectora 500 Hz

Lp=f(Pv) 4000 Hz
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@ur. 4. /IlnHaMuKa Ha HUBOTO Ha 3BYKOBO HaJIsiTaHe, BbB (DYHKIIMS OT HAJISTaHETO Ha cpeaara B
XepMETHUYECKH 3aTBOPEH Ch/l B OKTaBHA YECTOTHA JIEHTAa ChC CpeHoreoMeTpuuHa yecrora 4000 Hz

Buxna ce, ue QurykTyanuure ca mo-rojieMu, OTKOJIKOTO MPH 00LII0TO HUBO Ha IIyMa. Berpeku
TOBa TEHJCHIIMHMTE 3a HaMalsiBaHe ca ycToWuuBu. Karo mpu BucokaTa yecToTa € Mo-cTabuiHa
kpuBata. Tyk obaue ce moiay4yaBa oOpblllaHe Ha MOCOKaTa Ha TpeHaa. [I[puunHaTa BeposTHO ce IbIKU
Ha HapacCTBaHE Ha BHHIIHUSA IIyM, KOMTO C€ EMUTHpPA OT BAKyyMIIOMIIaTa IPY KpaiHO HaTOBapBaHeE.
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Hacoxkure 3a Obaemu u3cinenBadus BKIIOYBAT Ch3/IaBaHe Ha paboTHa aTMocdepa, B ChCTaBa Ha
KOsTO Ca BKIIFOUCHU pa3JII/I‘-IHI/I Tra30BC, OCBCH 06anI>'IHI/ITC B aTMOC(i)epaTa Ha IIJIaHECTaTa U U3IIMTBAHC
IIPH OIIIE ITO-HUCKH HAJISATAHUS, KAaKTO U P M3IOIUI3BaHE HA Pa3HOOOPA3HU U3TOYHHUIIM Ha IIYM.

U3BOIN

Paznpoctpanennero Ha 3ByKa B cpejia ¢ TOHM)KCHO HaJIsTaHe € MHTEPECHO OT TJIeHa TOYKA Ha
WHTEPIPETHPAaHE HA JAHHUTE 3a MOJYYCHUTE ayau3alHuCcHh OT OOJACTH, KBJETO BB3AYXHT € IO-
paspeneH. ToBa kacae KOCMUYECKUTE U3CIEABAHUS U B YACTHOCT, Ay IMO3AMMKMCHUTE OT APYTH IIJIaHETH
— Mapc. IIpoBeneHO € eKCIIepUMEHTATHO H3CJIeBAHE HAa Pa3MpOCTPAHEHUETO Ha 3BYKa B cpeia ¢
MMOHMKEHO aTMOC(EepHO HaASITaHE U ca MOJIyYeHH YPaBHEHHATA HA PErPECUOHUTE KPUBH, OIUCBAIIH
mporecuTe Ha pendynupaHe Ha IIymMa. YCTAaHOBEHO €, Y€ NMPHU HUCKUTE YECTOTH JUCIEPCHUSTA €
3HAYMTEJIHA M HAMAJIIBAHETO € M0-c1a00, T0KaTO IpH MTOBUIIIaBaHE HA YeCcTOTaTa, KpUBaTa cTaBa Io-
YCTOMYBA, & HAMAJISIBAHETO UMAa MTO-BUCOKU CTOMHOCTH.

[Topaau TeXHUYECKH OrpaHUYEHHS, HaasraneTo e HamaieHo 1o 20 kPa. Koero He mo3BosisiBa
MOJTy9aBaHETO HA CTOMHOCTH, TOOJIMKABAIIH C€ IO HasTaHusaTa oT nopaabka Ha 800 Pa, kakBUTO ce
LIEJIAT B 3aJIOKEHUTE 3a0a4H.

Y CTaHOBEHO €, Y€ MPU HUCKUTE YECTOTH, 3BYKOBOTO HAJISTAHE ITOYTH HE HAMAJISBA B IMaIia3oHa
no 20 kPa. Ot 47,8 dB, mana mo oxoso 41,6 npu 50 kPa, criex koero ce yBenuuasa jo 43,2 dB.
Cpennara yecToTa MOKa3Ba MOHMKEHUE HAa HUBOTO Ha 3BYKOBO Hajsirahne ot 66,5 dB 1o 52,9 dB, a
npu 4 KHz, namansisanero e cporBetHo ot 72,9 dB mo 52,1 dB.
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Abstract: Energy-saving technologies and those that use renewable energy sources are among the global priorities
of all developed economies around the world. The main aspects of this current issue are related to environmental
protection, increasing efficiency in general, for all industries and overall energy savings.

One of the inevitable and constant energy costs is related to the maintenance of sufficient lighting, which is strictly
regulated, during the various phases of the day, in the entire infrastructure of all settlements. Artificial lighting has long
become one of the most characteristic attributes of our modern civilization, because it effectively extends the time used
by mankind during the day for active activities, recreation and entertainment. In the developed world, urbanization has
entered its mature phase, a fact that has a direct connection with the issues under consideration. Today, the existence of
any city without lighting, whether street or not, is unthinkable; advertising and information; artistic-architectural or these
are signal-marking lights of any kind. Over time, quite a number of technological breakthroughs have been achieved
quite naturally, in terms of increasing efficiency and reducing energy consumption by lighting systems, making this
direction of technological development a sustainable trend.

Keywords: Efficiency, Energy-saving technologies, Artificial lighting, Optical fiber systems

BBBEJIEHUE

[IpakTukara mokasBa, ue caMo OT MOACPHU3HPAHETO HA €IHA OCBETUTENHA WHCTANAIUS C 10~
e(eKTUBHH OCBETHTEIIH, € BH3MOXKHO JIa CE€ PEeIyIpa KOHCYMAIUATa Ha €JICKTPOSHEPTHUS C OKOJIO
40%. IIpu msrpakaaHe Ha HAITBIHO HOBA MHCTAJNAIMS, IPOSKTUPAHA CIIPSMO TEKYILIUTE CTaHIApTH,
HKOHOMHHUTE MoraT Aa gocturHat 60%, a ¢ U310 CBETONOHA TEXHOJIOT U — 3HAYNUTEIHO IIOBEYE.
JlHec ca Bb3MOXKHU U JPYTH ,,3€TICHHU"* PEIlIeHUs, 32 BHHIIHU 1 BHTPEIIHU OCBETUTEIIHN MHCTAAIHH,
KOUTO HpeB”I)SXO)K)IaT 3HAYUTCIIHO I[OpI/I Haﬁ-HaHpenHanBaTa CBCTOAUOAHA TEXHOJOTUsA KbM
MomeHTa. [locnenHure pa3paboOTKM Ha XUOPHUIHU OCBETUTEIHM CHUCTEMU C ONTHYHU KaOenu,
0a3upaHW Ha CMECBAHETO HAa €CTECTBEHA C W3KYCTBEHA CBETJIMHA, Ca CIIOCOOHH IPACTUYHO JIa
HaMaJsIT CMETKUTE 32 TOK B IOMaKWHCTBATa M OI0JKEeTa, CBBP3aH ¢ TpajckaTa HHPPaCTPYKTypa.

N3J10KXEHHUE

H3ciaenBaHe Ha BB3MOKHOCTTA 3a JONBJIHUTEIHO CHeprocmecTsaBaHe 4pes XI/IGPI/IZ[HI/I
OCBCTHUTECJIHHU CUCTEMHU

OCHOBHUTE KOHCYMaTOpW — TpajickaTa OCBETHTEIHAa HH(PACTPYKTypa, MPOU3BOACTBEHHUTE
MPEeANPUATHS Ha TEPUTOPUATA Ha OOIIMHUTE, KUJIHUILATA U Ap., KOHCYMHpPAT OFPOMHH KOJMYECTBa
€JIEKTPOCHEPIHsl, KaTO 3HAYMTENIEH JsU1 OT Hed Ce M3pa3XxoJiBa 3a OCBETIIEHHE. B mHaycrpuanHara
cpeaa A0OpOTO HUBO Ha OCBETEHOCT € 3aJbJDKUTENIHO, 3all0oTO0 TO BOAU JIO IO-BHCOKA
MIPOU3BOIUTEIIHOCT, 10-0e30macHa paboTa ¢ MallluHU, MOJJOOPEHO KauecTBO Ha MPOJYKTUTE U MO-
e(peKTHUBHO NPEeOTBpaTsABaHe HAa MHIMAEHTH. CTaHJAapTHUTE TEXHUKH U CTPATETUH 3a pealu3upaHe

6 oknaabT € NMpeiCTaBeH Ha OHNAlH CTyjeHTckata HaydHa cecus Ha AM® ma 18.05.2021 r. ¢ opuruHaiHo
3arnasue Ha Obarapcku esuk: EHEPTOCIIECTABAHE UPE3 XUBPUIHW OCBETUTEJIHU CUCTEMUA
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Ha UKOHOMUH Ca: U3I0JI3BaHe Ha eHepruitHo edektrBHU LED-0cBeTHTENM OT MOCTIEAHO TTOKOJICHHE;
MaKCUMaJHO H3MOJI3BaHE Ha €CTeCTBeHaTa CBETJIMHA, B CBETJaTa 4YacT OT JICHOHOIIHMETO;
aBTOMATH3HPAHO YINpaBICHHE HAa OCBETJIICHMETO Ha JIOKamTHO HHMBO U Jp. OOHOBABaHETO Ha
OCBETHTENHATAa CHUCTEMa C MO0-e()eKTUBHU OCBETUTENM BOJHM 0 peAylHpaHe Ha Opos JaMmu —
CBOTBETHO JI0 HAMAJISIBAHE HA MHCTAJIUPAHUS TOBAP.

[IpenumcrBaTa Ha enepruitHo edpexkruBauTe LED-pemenus ca 6e3crnopHu, HO T€ HE pelaBar B
II'bJIHA CTEINEH IMpo0JieMa ChC 3aBUCHMOCTTa HAa HKOHOMMKATa OT HEBH30OHOBSIEMHU pPeECypcH
(pocunmam ropusa). Benpeku pbwcra Ha nena Ha BEW B o0mus eHeprueH MUKC Ha Obiarapckara
€HepreTHKa, TOH Bce olle ce popMupa IpeIuMHO OT 6a30BH MOIIIHOCTH KaTO TEPMUYHUTE LEHTPAIU
u AEILl. M3non3BaHeTo Ha HEBH30OHOBSIEMH PECYpCH 3a M3BIMYAHE HAa €HEPrus CTaBa BCE IIO-
HEMPUEMJIUBO U € OTPEUEHa MTOCOKA 3a Pa3BUTHE Ha ChBPEMEHHATa EHEPreTHKa, B IJI00aJIeH IUIaH.

CpBceM 3aKOHOMEPHO, B MOCIIEIHO BpeMe ce MOsBHUXa HAKOM MEPCIEKTUBHU pa3pabOTKH Ha
XUOPUAHU OCBETUTENHU cucTeMu (pur. 1), B KOUTO € 3a10kKeHa Bb3MOKHOCTTA 32 JOMBIHUTEIHO
€HEeprocIecTsBaHe, Ype3 UHTErpajeH MOAX0A KbM OCHOBHHUS Bb30OHOBSIEM M3TOYHHK, KAKbBTO CE
sIBSIBA CIIbHUEBATA CBETJIMHA.

CnbHYeBa CBeT/IMHA

XeNMMNOCTAT ~----mmmmmmmmmmmmmeee e

VISKYCTBEH =-=c=wsommemmummsmammss s
wstoywmk  BEr Mukcnpalyo

Ha CBeTAMHa ycTpouncTBo

OnTuyeH kaben ----4 E

@\ OcBeTUTeNHU -------- -, e
£ Tena

@ur. 1. Texnonorus Ha Solar Lighting System HIMAWARI, Japan 2018

T
-

Pazpa0oTBar ce MHOXKECTBO HOBUM KOMIIAHOBKH, ChUETBAILlM CHILECTBYBAIIM U NEPCHEKTUBHU
TexHuuecku pemeHus. OT egHa cTpaHa, TOBa ca KJAacHM4ecKH (POTOBOITAMIIM, KOMOMHHMpAHHU C
BucokoegpextuBHl LED-pemenus, a or apyra — ToBa ca XeJI0CTaTH ¢ KOHLIEHTPAaTOPH HA €CTECTBEHA
CBETJIMHA, KOSTO ce N00aBsd M MHKCUpAa C M3KyCTBEHHMs M3TOYHMK Ha cBemimHa (LED, meran-
XaJIOTeHHH JIaMIH U Jp.). EkcriepuMenTHpa ce u ¢ BUcokouecToTHo umiyscHo ocetiienue (kHz), 3a
MIOCTUTaHE Ha BUCOKU HUBA Ha OCBETEHOCT Ha r0JIEMH IUIOIH, TPU MUHUMAJIEH pa3Xxo]l Ha €HEePIHUsl.

OrpoMeH MOTeHLHMaN 3a JOMBJIHUTEIHO €HEProcHecTsBaHe, ce Kpue B pa3pabOTBaHETO Ha
TaK1Ba XUOPUIHU OCBETUTEIHU CUCTEMHU, KOMTO MOTaT Jja TPaH3UTUPAT KOHIIEHTPUPAaHa eCTECTBEHA
CBETJIMHA Ha CTOTHUIM METPHU, Ype3 ONTHUYHU Kabelu, ¢ MUHUMAIHHU 3aryOu mopaad ONTHYHATa
ILTBTHOCT 10 TpaceTo. Hail-yaauHo e, BpenHute 3a ounte U uHTepropa UV-rpun Ha CABbHLETO, Aa
ObJIaT MpeMaxHaTH Mpe3 Jiela ¢ XxpoMaTtuyHa adeparus (¢pur. 2), KaTo CBETIMHATA HA U3X0/1a TPpIOBa
Jla C€ CbCTOU OT CBETJIMHA BbB BUJIMMaTa 4acT Ha CIIEKThpa. ChIIECTBYBAT HAKOJIKO METOA 32 ITBJIHO
WJIM YaCTUYHO €KpaHHWpaHe Ha CIbHYEBaTa CBETJIMHA.

Tyk crnexBa na ce orOenexxu M €lHA M3IUI0O HOBA IEPCIEKTHBAa — BBH3MOXKHOCTTA J1a ce
OTOIUISIBAT MOMEUICHUSTA MPe3 CTYACHUS MEepUoJl, Ype3 chlaTa XUOpUIHA OCBETUTEIHA CHCTEMA,
TpaH3uTUpaiiku n3buparenno IR-mpun npe3 Hes. B To3u ciyyail MoxkeM J1a TOBOpUM 3a XUOpHUIHA
OTOIUIMTEIHO-OCBETUTEIHA CUCTEMA, KOATO € KaueCTBEH CKOK B €HEProCIecTABALIUTE TEXHOJIOTHH.
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KoHLieHTpaTop Ha C/TbHYEeBa CBET/IMHA
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®ur. 2. Konnentparop Ha Solar Lighting System HIMAWARI, Japan 2018

Oco0eHO MepCreKTUBHY 32 TOPEONHCAHUTE 1EJIM, ca ONTHYHUTE KaOelln C TeUHa ChplEeBUHA
(Liquid Light Guides), kouTo ca HECpaBHUMO MO-TEXHOJIOTUYHH, CIIPSIMO TE3W Ha CUJIMKATHA WU Ha
noJinMepHa ocHoBa. ONTUYHUTE Kabenu ¢ TeyHa ChpPLEBUHA Ca HE3aMEHUMHU IIPU U3rpa)JaHe Ha
roJIeMH U MOIIHUA OCBETHUTENIHU WHCTAIALUHU, TOPaal KOHCTPYKTUBHO 3aJ0KeHAaTa Bb3MOXKHOCT, J1a
ce IOCTUTAT TOJEeMH AMaMeTpu Ha chpueBuHata (D25-50mm), xoero pediieKTupa B HUCKH
€KCIUJI0ATAI[MOHHU Pa3XOAH U HUCKA CeOECTOMHOCT Ha 1IsiylaTa CUCTEMa.

Bb3MoO)KHOCTTa 32 MHOTOCTpPAaHHO MW3IOJ3BAaHE HA CIIbHYEBA pajualus B XUOPHUIHUTE
OCBETUTEIHH CHCTEMH, 7100aBsd HOBU (DYHKIIMOHAIHOCTU M Upe3 KOHLEMIUATA 332 OMOJMHAMUYHO
ocBeTieHHe. B ocBetuTenHaTa MHAYCTpUsS OMOJMHAMUYHOTO OCBETJIEHHME NMPHUBIIMYA BCE IMOBEYE
BHUMAaHMETO Ha CIIELUAIUCTUTE, KOUTO ThPCAT HAUMHU 33 CTAaHAAPTU3HPaHE U KOMEPCUATU3UPAHETO
My KaTo TeXHosorus. B Ta3u o0nact ce mpoBexaaT HayqHH U3CJeIBaHNs OT OJIM30 TPU A€CETUIIETHS,
a Bb3/ICHCTBUETO HAa CBETJIMHATA BbPXY EMOILMOHAIIHOTO ChCTOSHUE, KOM(OPTA, 3[paBHUS CTAaTyC U
oOmiara paboTOCIIOCOOHOCT Ha YOBEKA CE MpUeMaT 3a €ITHO3HAYHO JOKa3aHH.

XuOpUIHUTE OCBETUTEITHH CHCTEMH MPUTEKaBaT HENOJO3MpPaHH BB3MOXKHOCTH 3a IJIaBHA
MIPOMSIHA U KOHTPOJI Ha BCUYKHU BaXXHU MapaMeTpu KaTo: SpKOCT, MHTEH3UTET, [[BETHA TeMIIepaTypa
U JMHAMHUKa Ha OCBEeTJIeHHeTo. Te mMorar ga ObAaT aBTOMATH3UpPAaHU M HACTPOCHHU Taka, ue Ja ce
CUHXPOHM3MpAT C IPOMEHUTE Ha €CTEeCTBEHaTa CBETJIMHA, B XO0Ja Ha JCHOHOILMETO, CIPSMO
reorpadckara MUPHHA U TEKYIIHS TOAMIIEH CE30H.

B T031 KOHTEKCT, cneBa 1a ce 0TOeNnexu, ue XMOPUIHUTE OCBETUTEIHH CUCTEMU TI03BOJISIBAT
Jla ce MOCTUTHAT 3HAYMTEIHO MO-BUCOKH PE3yJTaTh B eHeprocnectaBanero (¢ur. 3) , 1opH crpsmo
Hal-ychBbpiIeHCTBaHUTe LED-0cBeTHTENM Ha Ma3apa, KOUTO CHIIO MO3BOJISIBAT OMOJAMHAMUYHO
OCBETJIEHHE, HO B MHOTO NO-TeCHU rpaHul. OCBeH TOBa, XMOPUIHUTE OCBETUTEIHU CHUCTEMH,
W3MON3BallM CIIbHYEBA CBETJIMHA, IIBTHO C€ MPUOMMKAaBaT A0 MapaMeTpuTe Ha HUICATHOTO
OMOIMHAMHYHO OCBETJICHUE.

-51 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2021, volume 60, book 1.2.

KoHcymauwns
Ha eHeprusa
170 W
65,8
52,2
-1 50 W
-1 30W
14,0
5,2 -1 10W
I
0,5
ConapHa 40W 40W 60W 100W (Ha 1000 Im)
ocBeTuTesIHa LED JlymuHecLieHTHa  XanoreHHa Namna
cmctema namna namna namna Haxexaema
"HIMAWARI" Xnyka

®ur. 3. Uscneasannsa Ha HIMAWARI, 2018

EHepFOCHeCTﬂBaHII/ITC TEXHOJIOTUU n TE31, KOHUTO HU3I10J13BaT BBH300HOBIEMU
CHEPrOM3TOYHMIIM, Ca CPeJ] TII00ATHUTE MPUOPUTETH HAa BCHYKU Pa3BUTH MKOHOMHKH IO CBETa.
OCHOBHUTE aCIEKTH Ha Ta3H aKTyaJlHa MPoOJIeMaTHKa ca CBbP3aHHU C OTIa3BaHETO Ha OKOJIHATA CpejIa,
MOBHIIIABaHE Ha €(DEKTUBHOCTTA KATO IISU10, 32 BCHYKU OTPACIH U 00IaTa HKOHOMHUS Ha CHEPTHSL.

EI[I/IH OT Hen30EKHUTE U IMOCTOSITHHU eHepFHfIHPI pasxoanu € CBbp3aH € HNOAAbPKAHCTO Ha
JOCTaTh4YHA OCBETEHOCT, KOSTO € CTPOr0 HOPMHpaHa, Npe3 pa3indHuTe (a3u Ha JACHOHOIIUETO, B
1sU1aTa MHPPACTPYKTypa HAa BCHUYKH HACEIEHU MecTa. M3KyCTBEHOTO OCBETIICHHE OTJaBHA C€ €
MPEBBPHAJIO B €JMH OT Hal-XapaKTepHHUTE aTPUOYTH Ha ChBPEMEHHATA HU IIMBUJIM3AIIMS, 3alI0TO
gype3 Hero e()eKTUBHO Ce yIbJDKaBa M3IMOJI3BAHOTO OT YOBEUECTBOTO BpPEME Ipe3 JICHOHOIIMETO 32
aKTUBHA JICHOCT, MbJIHOIIEHEH OTJNX U pa3BieueHus. B pa3BuTHs cBAT ypOaHU3aIusATa € HaBIsA3IA
B cBOsiTa 3psuia ¢asa, (akT, KOWTO MMa MpsiKa CBpb3Ka C pasriiexkaHara nmpoonemarnka. J[Hec e
HEMUCIIMMO CHIIECTBYBAHETO HAa KONTO U J1a € rpaj 0e3 OCBETIeHHE, HE3aBUCHMO AU TO € YINYHO;
pCKHaMHO-I/IH(i)OpMaHI/IOHHO; XYOO0XKECTBCHO-aPXUTCKTYPHO HJIM TOBa Ca CHUIHAJIHO-MapKHUpalinu
CBETJIMHU OT BCSKakbB BuA. C TeueHHWE Ha BPEMETO, ChBCEM 3aKOHOMEPHO Osixa MOCTHTHATH
MHOXECTBO TEXHOJIOTUYHU HpO6I/IBI/I, M0 OTHOIICHHE HApPACTBAHC HaA eq)eKTHBHOCTTa 1 HaMaJIsIBaAHE
Ha KOHCyMallMsiTa Ha EHEprusi OT OCBETHUTEIHUTE CHUCTEMH, NPEBPBIIAMKH Ta3u TMOCOKa Ha
TEXHOJIOTUYHO PA3BUTHC B YCTOﬁqHBa TCHACHIIN .

Crnopen cTaTUCTHYECKUTE JaHHU, CaMO €NEKTPHUYECKOTO OCBETIeHHE u3pa3xoaBa okono 10%
OT O0II0 KOHCyMHpaHaTa eJICKTPOCHEPTHsl OT HACEJIICHUTE MECTa B Pa3BUTHs CBAT. [10CTOSHHOTO
HapacTBaHe Ha KOHCYMHpaHa €IeKTPOEHEprus, JOTMYHO TOBENE /10 OTpaHUYaBaIld M3MEHEHUS B
3aKOHOJIATEJICTBATa Ha peAniia AbpkaBu. Upe3 orpaHnyaBaHe Ha Pa3XxoJla Ha eNEKTPOCHEPTUsITa, ce
e peayKIHs Ha U3XBbpJICHUTE B aTMocepara mapHUKoBU razoBe oT TEIL[-BeTe, kaTo yacT ot
riao0annara CTpaTerud 3a OBJIaAsABAHC HA KIIMMATUYHHUTC ITPOMCHU.

C moerute or EC exomorMyHu aHTaKMMEHTH, B KpailHa CMETKa ce€ CTUTHAa JO0 HOBa
HenpueminBa cutyarnus. OT eqHa cTpaHa, MOTpedsiBaHaTa €IEKTPOCHEPTUs 32 OCBETIICHUE CE CBU
JIpacTUYHO, HO OT Jpyra CcTpaHa — TMpOJaBaHUTE HA MACOBHs TMa3ap CTOTUIM MUIUOHU
CHECpProcCuecCTsaBalliy JaMIIi roavIIHO, Cb3aaBaT HOB CKOJIOTHYCH npo6neM, nopaayd HaJIW4YUCTO Ha
KUBAaK M OMACHM XHMUYHH CHEIUHEHUS B KOMIAKTHUTE TyMuHecleHTHH dammu. [lpu LED-
OCBETJICHHETO TOJIOKEHHETO CHIIO He € J00po, 3apaau ymoTpedara Ha pa3HOPOJIHA IIacTMaca B
KOHCTPYKIIUATa UM. Bce ollie ChIecTBYBaT TBbPAEC MHOTO BBIIPOCUTEIHH, OTHOCHO MPUEMIINBATA
ICHA 3a YTUJIM3alluAa Ha JJaMIIUTE OT BCUYKH BUJOBE, CJIC KAaTO U3TCUEC CKCINNIOATAIMOHHUSA UM CPOK.
B nombiHeHue KbM TOBA, BCE TOBEUE JIeKapH MyOIMYHO U3Ka3BaT OMACeHUATa CH 32 €BEHTyallHaTa
Bp€aa OT CKCIIIoaTaluATa UM BbpXY HOBCHIKOTO 3/paBeE.
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Croopen HIKOU €KCIEePTH, CHEPrOCIECTABAIUTE JIAMITA MOTAT J1a MPOBOKUPAT XOPMOHAIHU
W3MCHCHMSI B OpPraHU3Ma W yBpPEXKIAHE Ha 3PEHUETO, 0COOCHO B HHUCKHS IICHOBU KJIac, KbIETO
BPEJHUTE JIbYCHHS M IBETHATA TEMIlEpaTypa, MO MPaBHJIO HE CE B3eMar IOJl BHUMAaHHE OT
noTpeduTenuTe. YIJITPaBUOJIETOBOTO M3JIbYBAHE HAa 3HAYUTEIHA YacT OT CHEProCIHECTSIBAILIUTE
JIAMITH, € B ChCTOSHHE J1a IPEAU3BHUKA JICPMATOJIOTUIHU TPOOIIEMH, aKO U3TOYHUKBT HA CBETJIMHA €
Pa3MoIOKEH TBHPJIE OJIN30 U JIp.

U3BOIM

HpOGJIeMaTI/IKaTa € HU3KIIOYUTCIHO KOMIUIMIOUPAHA W HECAHO3HAadHa, IO OTHOIICHUC Ha
OCBIICCTBABAHETO HAa KOHTPOJI BBPXY IMOCOUYCHHUTEC IIPOLCCH. CHeKynaHI/IHTa ChbC 3aKOHOBHUTC
OrpaHH4YCHUs, HaAKapa HCJIOAJIHU ThProBUU Aa CC MPCOPUCHTHUPAT KbM MPOU3BOJUTCIIN OT KHTaﬁ, B
CJICACTBHUEC HA KOCTO I1a3apa Oe 3aJI9T OT eBTUHU CHEProcCreCTsaBally JaMIIn. d)opManHo TE€ OTTOBApPsAT
Ha U3UCKBAHUATA, HO Ca NMOTCHUUAIHO OINACHHU 3a YOBCIHIKOTO 3JpaBC, 4E€CTO Ca HCHAACKIHU, CbC
CCPHUO3CH PHUCK 3a OKOJIHATa Cp€aa, C roJisiM IMpOLCHT 3aJI0KCH 6pa1< " 110 IIpaBUJIO Ca IIPOU3BEACHU
OT HUCKOKAYCCTBCHU U OIOPHU OIMACHU 3a 3/JpaBCTO MaTCpUaJIH.

CJ'IG,I[Ba Ja CcE OT6CJIC)KI/I, 4C 3a10BOJJIMTCIIHU PCUICHUA HA ITIOCOYCHUTE HpO6H€MI/I, BCC OLIIC HE
CbIICCTBYBAT, U Y€ 3aKOHOAATCIICTBOTO B PAa3sBUTUA CBAT U3NPCBAPBA Bb3MOKHOCTUTC HA pCaJIHUA
Imasap, KOHTO € noa4CepTaHo HMHEPTCH U HCYYBCTBUTCIICH KbM l'IOI[O6HI/I 6IOpOKpaTI/I‘{HI/I BBB,HGIZCTBPIH.

].IeJITa Ha HACTOAIIOTO H3JIOKCHUC € Ia CC CHUHTE3HMpPAT U M3HCCAT HOBHU q)aKTI/I, KOHUTO Ja
AOBCOAAT 1O HOB TIIOIJICH BBPXY MH3JIOXKCHATA HpO6HeMaTI/IKa. CHOpC,Z[ dBTOpa Ha TCKCTa,
CbIICCTBYBAIIUTC MPOTHUBOPCUYHUA MCKAY CKOJIOTMYHO-PCCTPUKTUBHATA HOpMAaTHBHA Oaza u
PCAIHOCTHUTC Ha IIa3dapa, € Bb3MOKHO a CC pa3p€liaT IO €CTCCTBCH IIbT — YPE3 IIO-IHIMPOKOTO
HAaBJIM3aHC B IIpaKTUKAaTa, Ha HOBUTC pa3pa60TKH 3a XI/I6pI/II[HI/I OCBCTUTCIIHU CUCTCMMU.
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