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ARTICLE INFO ABSTRACT
Received: 02 January 2022 Modern stethoscopes can be divided to three main categories: acoustic,
Accepted: 03 February 2022 electronic, and stethoscopes for hearing impaired. The acoustic stethoscopes
Published: 28 February 2022 can be divided into several classes depending on their purpose. For hearing
impaired medical professionals, special adaptors called stethomate tips,
KEYWORDS allows medical professionals who wear hearing aids to use the stethoscope
. with their hearing aids. Other electronic stethoscopes, like Thinklabs one
|oT, stethoscope, telemedicine, digital stethoscope, have headphone jack which allow hearing impaired
technologies, microphone, professionals to use a comfortable headphone with the stethoscope
communication layer, software. However, stethoscopes intended for remote diagnosis of patients have

not existed until the beginning of this research. The purpose of the loT
stethoscope is to upgrade the telemedicine process by enabling the
patient to plug the stethoscope into his device and let the doctor remotely
listen to his body’s internal sounds.

The steps to construct of the 10T stethoscope have been described and
the detailed levels of the components and the technology options that can
be used on each layer is presented. The technologies that can be used on
each layer of the developed stethoscope have been researched.

Based on the technology researches the developed 0T stethoscope has
been implemented and realized. The implemented device demonstrated
perfect results in the preliminary tests.

The implemented stethoscope can be used in providing online medical
care to patients who leave in villages where no doctors are available,
hikers in emergency situations, and patients during epidemic situations.

Citation: Antranig Momjian, Gagik Kirakossian. (2022) Development of 10T Stethoscope Which Supports the
Telemedicine Process. World Science. 2(74). doi: 10.31435/rsglobal_ws/28022022/7764

Copyright: © 2022 Antranig Momyjian, Gagik Kirakossian. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction
in other forums is permitted, provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Introduction. The stethoscope is the most recognizable medical device to all of us, used to
hear internal sounds of human body such as lungs, heart, and abdomen, as well as determine blood
pleasure. Stethoscope helps in detection and diagnosis of many disorders such as pneumothorax,
pneumonia, congestive heart failure, acute asthma, chronic bronchitis and emphysema, etc. [1]

Modern stethoscopes can be divided to three main categories: acoustic, electronic, and
stethoscopes for hearing impaired. The acoustic stethoscopes can be divided into several classes
depending on their purpose. The electronic stethoscopes converts physical vibrations of the sound into
an electronic signal and optimize them for improved listening and diagnosis [2-3].

For hearing impaired medical professionals, there are several options available. Special
adaptors called stethomate tips, allows medical professionals who wear hearing aids to use the
stethoscope with their hearing aids.

Other electronic stethoscopes, like Thinklabs one digital stethoscope, have headphone jack
which allow hearing impaired professionals to use a comfortable headphone with the stethoscope.

RS Global 2(74), February 2022 5
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Depending on the brand of the hearing aids and digital stethoscope, transmitters that wirelessly sends
the stethoscope sound to the hearing aids can exist [3-4].

However, stethoscopes intended for remote diagnosis of patients have not existed until the
beginning of this research.

In many places in the world, such as villages far from cities in developing countries, medical
centers do not have doctors who work there. They provide health services by connecting to doctors
who live in the cities using telecommunication technologies. During online sessions, video call is
maximum what a doctor can have with the patient which is so little to put accurate diagnosis and
assign the best treatment plan to the patient because the lack of helping medical instruments. A
stethoscope which allows to remotely listen to the patient body’s internal sounds will make a big
difference, implementation of which is the aim of this paper.

Development of the 10T stethoscope. The purpose of the 10T stethoscope is to upgrade the
telemedicine process by enabling the patient to plug the stethoscope into his device and let the doctor
remotely listen to his body’s internal sounds. The developed device should be easy to construct, made
from common and cheap materials so that it will be aproachable to all people around the glob
regardless their financial abilities and location, and increase the medical equality by making the
medicine reachable to people on different parts of the world.

During the research several methods have been tried and tested to reach the final model of the
loT stethoscope which is able to perfectly record the internal body sounds. The steps to construct of
the 10T stethoscope can be described as follows:

1. Cut the stethoscope tube in the part before it is branched out in order to connect the eartube
2. place a microphone which can be connected to the patient’s device in front of the cut tube and fix it.

The detailed layers of the components and the technology options that can be used on each

level is presented in Figure 1.

Stethoscope chetpeice / o)
diaphram + tube -ﬁf

Microphone

g

Aux Cable and if nessecary an

Aux to USB typr-C
adapter / or lightning adapter

The Patient's device | ‘.

[T Smart
PC
Phone

Communication Platform

Phone Call Application VolP
that supports application
file sharing

Doctor's Device |

[T
PC Smart

Phone

Fig. 1. The detailed layers of the IoT stethoscope system components
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The stethoscope chestpiece layer. In our development, we will use an acoustic stethoscope’s
chestpiece for detecting the body’s internal sounds. Different models of acoustic stethoscopes are
available in the market that vary in acoustic clarity, affordability, comfort, and reliability. The quality
of the chosen stethoscope based on which we will build our device will have huge impact our final
result, as if the stethoscope used won’t detect a certain sound, we will not able to transfer it to the
doctor sitting on the other side of our system.

Typically the stethoscopes detects body sounds starting from 20 Hz. The heart sounds
frequency of is between 20 and 150 Hz. It is commonly admitted that lung sounds’ frequency is in the
frequency range [50, 2500 Hz], and that tracheal sounds can reach up to 4000 Hz. [5-6]

On each level of our implementation, we have to make sure the technologies and components
we select do not attenuate frequencies in that ranges, especially frequencies in the lower limits where
the heart bit sounds exist. Otherwise, the overall implemented system will be insensitive toward that
sounds and will not transfer that sounds to the doctor.

The microphone layer. Most of the microphones we used today, especially the headphone’s
microphone, record sounds starting from 200 Hz. That means attenuating all the heart sound, which
isn’t what we need. In our implementation we have used a lavalier microphone, which records sounds
starting from 20 Hz. In order to attach the Lavalier microphone to the cut stethoscope tube, we have
removed the windscreen foam cover and used a paper scotch to hermetically fix the microphone.

The communication platform and software layer. The developed system can use different
communication platforms such as phone calls, VOIP or file sharing applications. For a best
productivity, the patient and the doctor can have a video call, during which the doctor tells the patient
where to place the stethoscope on the patient’s end, and by seeing the actual place of the stethoscope
tell the patient how to correct the place if necessary. However, in places where internet connection is
slow, such as on top of mountains or villages.

If the patient is in a place where internet connection is slow, he can connect to a doctor through a
phone call in order to share the stethoscope sound, or record the stethoscope sound and send it to the doctor.

The software on patient’s device place an important role too. For example, when testing the
device to record the heart sounds on PC we had to enter the card sounds settings and turn off the input
noise cancelation feature. This feature cancels the low frequency sounds (high pass filter) from the
signals they get from the microphone to reduce noise in the recorded sound and improve its quality.
But this isn’t what we need for this specific system.

Most voice/video call applications today have noise cancelation feature too. Only few ones
offer the ability to turn off that feature which should be used in this system.

The Doctor on his PC listens to the patients internal body sounds and puts the diagnosis and
the medication.

Results. Based on the technology researches the developed loT stethoscope has been
implemented and realized. The implemented device demonstrated perfect results in the preliminary
tests. The photo of the implemented stethoscope is presented in figure 2.

=i o] Y
R T

Fig. 2. The implemented loT stethoscope
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The use cases of the implemented 10T stethoscope. The implemented stethoscope can be
used in the following situations

1. Online treatment of patients who leave in villages where no doctors are available, by a
doctor who seats in front of his PC in other place of world.

2. Providing online medical care to hikers in emergency situation.

3. Providing online medical care to patients in epidemic situations, without risking the
doctor’s health.

Conclusions. From what is presented above we can conclude:

1. Categories of modern stethoscopes have been researched.

2. The ToT stethoscope has been developed, and its components’ detailed levels have been
presented.

3. The technologies that can be used on each layer of the developed stethoscope have been
researched.

4. Based on the technology researches the developed 0T stethoscope has been implemented
and realized.
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ARTICLE INFO ABSTRACT
Received: 03 January 2022 Negligence in the use of human labor in demining dangerous areas can result
Accepted: 07 February 2022 in great human casualties. If we consider that we live in a modern
Published: 28 February 2022 information society, we can say that before the reconstruction and
rehabilitation work in these areas, there is a need to apply information and
KEYWORDS communication technologies in the field of mine clearance to minimize
UAV, computer vision, dynamic human labor, hazards and losses. The_z scientific _Work presents the
objects, remote control, automatic developmen_t _of UAVs used for ggo—detectlon of explosive §urface mines k?y
control system. computer vision. The proposed integrated unmanned aerial vehicles will

enable the acquisition of danger zones by spectral mapping and aim to clear
explosives 100% and as soon as possible. In order to save time, it is
important to identify the areas beyond the mine operations as well as
detecting the mined areas. The proposed equipment will allow obtaining a
map of the boundaries of dangerous areas. This will allow mines to be
detected in larger areas and with minimal risks in the shortest possible time.

Citation: Sultanova A. B., Safarov T. A. (2022) The Detection of Minefield in Spectral Mapping with Using
of UAV. World Science. 2(74). doi: 10.31435/rsglobal_ws/28022022/7765

Copyright: © 2022 Sultanova A. B., Safarov T. A. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) or licensor are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.

Introduction. Explosive landmines are one of the most dangerous issues for people and the
environment in conflict zones. It is very important to clear the ground of explosive mines before
reconstruction and rehabilitation works in dangerous areas. For minimal risks, we need for a device
that can work autonomously to detect and neutralize mines. The aim of this work is to integrate a set
of technologies that allow to detect explosive mines without harming the environment and people.

Recently, a number of countries have developed new mine clearance projects. The most
popular of these is the Ursula project, which is based on the use of mobile wheeled robots, mainly in
flat areas. However, a number of risky situations can arise when the system fails during the detection
process using ground vehicles and robots. The use of UAVs in overcoming these shortcomings
provides both navigation and security for explosive mine detection operations. This is because UAVsS
can operate autonomously in less time and without errors. It can also be used as a remote sensing
platform to gather the necessary information about the areas it accompanies. That is, it performs the
acquisition of information related to an event or object on the earth's surface without physical contact
with the object. Necessary information about the area observed using UAVs can be obtained using
visual methods based on target localization, image mosaicization and tracking methods, which in turn
will allow to obtain more detailed information about the area.

RS Global 2(74), February 2022 9
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Fig. 1. Proposed architecture for mine detection

References Materials and Methods. Ground penetration (GPR) radar systems are a
geophysical method that can generate images of the earth's crust using radar pulses. Impulses that
penetrate the ground emit electromagnetic waves under the layers of the earth's surface, and using the
principle of reflectometry can detect buried objects and objects and are able to distinguish between
layers of soil. Reflectometry is based on the use of reflection of waves on surfaces or in the lower
layers of the earth's crust to detect or characterize objects. Unlike metal detectors, GPR technology
further increases the range of detection depth and minimizes the alarm. It is used to study cables and
pipes in the lower layers of the surface. This method uses electromagnetic waves in the microwave
band (UHF / VHF frequencies) of the radio spectrum and detects signals reflected from the ground
with the help of a receiving antenna. GPRs can be used in a variety of environments, including soil,
rock, ice, freshwater, sidewalks, and a variety of structures.

_021_bepth_Section

Depth_in_metres

Posicion_in mecres

[

—-25000-12500 O 1z500 25000

Fig. 2. Underground survey with GPR

Integration of radar systems into UAVs. The research envisages the design, application and
integration of a GPR radar system capable of penetrating the ground with the SDR radio
communication system into an unmanned aerial vehicle, which we consider as a dynamic object [1-3].

However, it should also be borne in mind that in order for GPR signals to reach the ground
properly, UAVs must fly very close to the ground. At the same time, the drone must fly properly,
taking into account wind disturbances.
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Fig. 3. Integration of GPR system with UAVs

Software-defined radio (SDR) systems, while not a new technology, allow for the practical
development of the rapidly evolving capabilities of digital electronics, many of the processes that were
once theoretically possible. SDRs are software-based radio communication systems [1].

Unlike surface detection devices, unmanned aerial vehicles (UAVS) are more suitable for mine
detection because there is no risk of landmines being used. As shown in Figure 4, the USRP system
was used to further develop the SDR configurations and implement the GPR device. USRPs are used
to manage USPR devices, send and receive data at the same time. It uses GNU Radio, a free and open
source Python programming graphical user interface for everyone for SDR, to make SDR
development even easier. Using GNU Radio SDR functions, it allows you to easily perform the most
fundamental GPR operations, such as signal generation, filtering and conversion, through software [3].

Tx

vi\ﬁldl. antipodal i Vivaldi antipodal
antenna & . antenna

Fig. 4. Asctec Firefly unmanned aerial vehicle with penetrating radar

Results and discussions. High efficiency can be achieved from the integration of drones with
SDR communication system GPR radar systems. Therefore, unmanned aerial vehicles must fly close to the
ground, and a spectral map is generated to determine the location of mines by transmitting pulse signals to
the ground. Then image processing operations can be performed on images obtained with various software
such as MATLAB, Python. For this, the task is carried out by the following algorithm:

a) creating an initial graphical user interface (GUI);

b) trajectory and flight control plan creation;

c¢) Experimental 3D trajectory in UAV.

d) Determination of GPS coordinates of detected mines;

e) a broad view of the area.

The block scheme of the algorithm is presented in Figure 5.
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Conclusions. The article describes the mapping of an area using computer vision and at the
same time the development of unmanned aerial vehicles used for geo-detection of explosive land
mines, as well as the creation of the possibility of obtaining a spectral map of hazardous areas using
unmanned aerial vehicles.

The model proposes the integration of pulse radar systems with unmanned aerial vehicles and
the implementation of a spectral mapping process to neutralize open-pit mines.

The model was simulated with the MATLAB software package.
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AKTyalIbHICTH TeMH. BMicT npHpoaHIX pagiOHYKIiAIB TPOX JTOMIHYIOUHX XIMIYHHX €JIEMEHTIB
(®BU — ypan 238, 2°Th — mopiii 232, “K — kaniti 40) B KOHCTPYKTHBHUX €lIEMEHTaX Oy/BENb BU3HAYAC
pamioakTHBHICTH OyAiBENbHUX MaTepialiiB Ta BHPOOIB IO CKIagalOTh KapKac Ta OrOPODKYIOUH
KOHCTPYKITI KUTJIOBHX, AIMIHICTPATUBHUX 1 TpoMajachkux OymiBens (cmopym). LI pamionykiian
BM3HAYAIOTh CYMapHY JI03y ONPOMIHEHHS JIIOMWHHM B KHUTJIOBUX OymiBisax (B moOyTi) Ta odicax, Ha
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pobounx Micusx (Ha BUPOOHMITBI). ByaiBenbHI Marepiaid, IO BUKOPHUCTOBYIOTH B SIKOCTI HECYUHX,
CAMOHECYYMX Ta 30BHIIIHIX KOHCTPYKIIH JXHUTJIOBHUX 1 TPOMAJICHKHX OyIHHKIB, BHTOTOBJSIIOTHCS 3
MiHEpaJbHUX BUJIIB CUPOBHHH Ta BiIXOMIB MPOMHUCIOBOCTI. OCHOBHUMHU OyZiBETbHUMU KOHCTPYKIIiSIMH,
110 BUKOPHCTOBYBAJIMCH JJIs1 3a0y10BH 0araTbox CHajJbHUX paiioHiB M. J{HIMponeTpoBChKa € BaXKi OETOHI
(30ipHMIt 3a1mi300eTOH, 61104HI 200 TTaHEBHI )KUTIOBI OyaiBimi), o craHoBmIH 70-85% 3arampHOTO 00CATY
[1] mpomyxkuii OyaiBenbHOI iHmycTpii obmacti. Tak B mepion paasHCHKOrO OYAiBHUITBA, OCHOBOIO
IIUBUIBHOTO KHUTIIOBOTO OYMiBHUIITBA OyJH OJIOYHI Ta MAaHENbHI I’ ATH, B’ SITH Ta JBAHAMINTH TIOBEPXOBI
THIIOBI OYAMHKY, SIKi TAKOXK OyAyBaJli 3 CHIIIKaTHOI 4n Kepamiunoi neriu. B 1990-2000 pokax oCHOBHUMU
OyniBel-HIMH MaTepiaaMu OyIi CHTIKaTHA Ta KepaMivHa 1iersa (Biamosinao 53% ta 34%). Ocranni 20
POKIB TeH/IeHIIi1 OyZiBeTbHOTO BUPOOHHIITBA, SIK B YKpaiHi, Tak i B M. J[Hinpo Oyio meperiaayTo. CydacHi
OyxiBenpHI opranizailii HaMararoTecsi OyAyBaTé He MeHiIe 16 MoBepxiB 3 BHKOPHUCTAHHSIM, TaK 3BaHOI
KapKacHOI MOHONITHOI cHCTeMH OYHiBHHIITBA 3 3allOBHEHHSM MDK KOJIOHHOTO TPOCTOpY OJOKaMu
HI3/IPIOBaTHX OCTOHIB Ta MOJAIBIINM YTEIUICHHAM a00 JuIroBaHHAM (acasiB. OHUM 3 HAHUUCENBHIIINX,
3a KUIBKICTIO JKUTENIB, € KUTI0BHH MacuB [lepemora i 3okpema x/m Ilepemora-6, e MokHa 3HAWTH
[IUBUIBHI, TPOMAJCHKi, OQiCHI, aaMiHiCTpaTHBHI OymiBIi pi3HUX pPOKiB 3a0ymoBu. CTarTss Mae CyTo
MPAKTHYHUHN Ta TIPUKIAJIHUN XapakTep 1 € TMPOJOBKEHHSIM IONEPeHiX JOCTIHKEHh B paMKax MiChKOT
MPOrpaMH MOHITOPHHTY KHTIIOBOTO (DOHITY.

PoboTta € akTyanpHOIO Ta CIpsIMOBaHa Ha BH3HAYCHHS (PAKTHYHOTO CTaHy pedyei B raiysi
pamianiiinoi O0e3meku 00’ekTiB OymiBHMIITBA /M [lepemora-6, 1o 3HaXOmAThCSA B €KCIUTyarallii, 0e3
ypaxyBaHHsI HOBOOYIOB Ta OyAiBeNb 110 3apa3 OyAYIOTHCS Ta MalOTh OLUIBII KOPCTKI BUMOTH OO
pamianiifHoi Ta eKOJIOTIYHOT OE3IeKH.

O0'eKT MOCTITKEHHN — XUTIIOBI, aIMIHICTPATUBHI Ta TPOMAJICHKI MPHUMIIIIEHHs Oy/IiBeNb Ta
criopyn Ha x/M Ilepemora-6 B M. JIHinpo.

I[Ipenmer noCHiIZKEHb — BCTAHOBICHHS (PAKTHYHUX 3HAYCHb pPaiallifiHO-TIriEHIYHUX
napaMeTpiB eKCIIEPUMEHTANBHUM IUIIXOM (HAaTypHI iHCTpYMEHTaIbHI BUMIpH) 3 o0y 10BOIO TpadikiB
3aJIeKHOCTI 1 HOPiBHSHHS 3 pe3yJIbTaTaMH HATyPHHUX BHMIpiB.

Merta po0oTH moysTrac B TPOJOBXKEHHI IPOBEIEHHS CHCTEMHHUX paiallifHuX 00CTeXEeHb
OyxiBens Ta criopya xutioBoro ¢oumy [9, 10], Ha OCHOBI JOCIIKEHb peaabHOTO PIBHS paIiaiiiHoOro
(OHY KUTIOBUX OyIUHKIB, SKi 3HAXOSATHCS B €KCILTyaTallii.

HaykoBo-npakTuyHi 3axa4i 10CyiKeHb:

- IPOBECTH JOCII/PKEHHS 111010 THITIB Oy 1iBEJIb Ta CIIOPY/I;

- TPOBECTH JIOCITIJKEHHS I0JI0 OTOPOKYIOYH KOHCTPYKIIiii;

- BH3HAYUTH 00 €MHO-TUTAaHYBallbHI pIlIEHHS, TUOH OyJiBenb, iX BHKOHAHHSI Ta
MTOBEPXOBICTh OYiBEINb Ta CIIOPY/I;

- TPOBECTH HATYpPHI BUMIpIOBaHHS paJialiifHAX IMapaMeTpiB.

3B'A30K po6OTH 3 HAYKOBUMH MporpamMamu, njianamu. Pobora BUKOHyBamacs BiIOBIIHO
J10 3aKOHiIB [2, 3], caHiTapHUX NpaBui [4], HOpM [5] Ta OyaiBeIbHUX CTaHIAPTIB [6, 7].

Beryn. 3rinHo miany npoBeneHHs BuMipiB 3 1 mmcronana 2017 poky mo 18 keitHs 2020 poky
Hamu OyJo BUKOHaHO Omm3pko 550 BuMIpIB pajiamiiiHnx mapamerpiB Ha /M [lepemora — 6, ski
NPOBOAMIIMCH B )KUTJIOBHX NpUMILIeHHAX (1-9 moBepx) Ta B NPUMIIIECHHIX TPOMAJICBKOTO0 KOPUCTYBaHHSI:
0(hicHOTO, TOPrOBOT0, TPOMAJICHKOTO Ta JIMIHICTPaTHBHOrO NMpU3HaYeHHA. Bumipn npoBoxumcs pa3oM 3i
CTyJICHTAMH-MAricTpaMd Ta 3 TMpPEJCTaBHUKAMU JICPXKABHOI —CaHITapHO-CMiJIEMIOJIIOTIYHOI  CITyKOu
M. JIHIpo 1 3HAMIILIK BioOpaXkeHHs B Te3ax J0omnoBiaeH [9] Ta HaykoBux crarTsx [10].

PosriissHemo Oy i 110 Bike MaroTh 3HaueHHs PPII 3a monepeani poku:

1. 9-Tu TNOBepXOBUH MaHENbHUHA >KUTIOBHUA OYAMHOK 3 MNPHUMILICHHSIMH T'POMaICHKOTO
KOPUCTYBaHHS Ha MEPIIOMY TIOBEpCi;

2. 9-TH MOBEPXOBHH )KUTJIOBHIA OYAMHOK 3 CHIIIKaTHOI LETJIN 3 IPUMILLIEHHSMH TPOMaCbKOT0
KOPHCTYBaHHS Ha repuiomy nosepci; (puc. 1);

3. 9-T noBepXOBHI MTAHEIHLHUH KUTIOBUI OYMHOK;

4. onHONOBEpPXOBY OYyIiBIIO, 3 IPUMIIIEHHSIM Mara3uHy 3 CHIIKaTHOT 1eriu (puc. 2);

5. ogHONOBEpXOBY OyHiBiIIO, 3 MPUMILIEHHSIM Mara3uHy 3 3aJli300€TOHHHM KapKacoM, 30BHI
3aJ1i1300€TOHHI KOHCTPYKLII Ta CHIiKaTHA Lera;

6. TproXmOBepxoBe OJI0YHE MPUMILICHHS IPOMaJICHKOr0 KOPUCTYBaHHS (pHcC. 3).

OcHoBHa yacTuHAa. Bumipn npoBogwmcs 3rigHo OymiBenbHHX [6] Ta pamiamiiiaux [4, 5]
BuMor. Jlomyctumi 3HadeHHs PPIT we mopunHi mepeBuimyBaTu miast [IE on < 0,30 Mx3B/Tom; mst
T Ton < 0,26 MxI'p/rom; mnst T gaon < 0,030x10% gact/xB-cm?. [l mpoBeaeHHs BUMIpiB Hamu GyJ10
obpano gozumerp-paniomerp MKC-05 "TEPPA" ta no3sumetp nobyrtosuii "BEJIJIA".

RS Global 2(74), February 2022 15



WORLD SCIENCE ISSN 2413-1032

CrioyaTtky pO3IIITHEMO THIIOBY [IE€B’SITH IOBEPXOBY KHUTJIOBY 3a0ylnoBy Mikpopaiiony. B
nepuioMy 9-TM MOBEPXOBOMY IIaHENBHOMY >KUTIOBOMY OyIWHKY 3a azapecoro OyibpBap CnaBu 9,
BuMipn Oyl0 BHKOHAaHO Ha TEPIIOMY IOBEpPCi B MPHUMILICHHI TPOMAJCBKOTO KOPUCTYBaHHS Ta B
MIPUBATHUX ITOMEIIKAaHHAX 4, 6 Ta 7 MOBEPXiB.

Ha npyromy o00’ekTi 9-TM MOBEpXOBOTO TMAHENBHOTO HTJIOBOTO OYAMHKY 3a aapecoro
npocnekT ['epoiB 21, Bumipu Oyno BUKOHAHO Ha MEPIIOMY MOBEPCi B MPUMIILIEHHI Mara3uHy Ta B
MIPUBATHUX MTOMEIIKAHHAX 3 Ta 8 moBepxiB (puc. 1).

Puc. 1. 9-mu nosepxosuii nanenvHutl scumnosuti OyOUHOK Oe BUKOHysamucs sumipu Ha npocnekmi I epoig 21

s TpeThoro 00’€KTy, TaKOXK OYyJIO B3SATO 9-TH MOBEPXOBUIN MaHEIbHUI XKUTIOBHHA OYIUHOK
3a aJipecoro MpoBYJIOK JI00pOBOJIBIIIB 6, BUMIpH 0YJI0 BUKOHAHO HA MEPIIOMY, IPYTOMY Ta JIEB’ATOMY
noBepxax, B KBapTHpax MewkaHliB OyauHky. KBaptupa na 1 Ta 2 moBepci, 3HaXOASATHCS BCepelnHi
JKUTIIOBOTO OMY, a KBapTHpa Ha 9 moBepci po3rairoBaHa B KyTi OyIiBIi.

UYerBepTuil 00’€KT Uil BUMIPIOBAaHHS, [Ie OKPEMO pO3TalIoBaHa OyIiBis 3 CHIIIKATHOI LETNH
(puc. 2). B omHOMOBEpXOBOMY MpPHUMIIIEHHI TPOMaJChbKOrO KOPHCTYBAaHHS 32 aJpecol0 MPOCIHEKT
I'epoiB 370, posramoBanuii Marazun ATD, sikuii moOyJoBaHMI 32 OKPEMHUM IMPOEKTOM Ta Ma€ TaK
3BaHy TOPriBEeNbHY 3aly Ta aJMiHICTPATHBHO-OOYTOBI BOyIOBaHI TpuMimieHHs. Bumipu Oynu
BUKOHAaH1 B TOPTiBEJIbHOMY 3aJli.

,} e y

Puc. 2. Oononosgepxose npumingenns maeazuny npooykmogoi mepexci ATE i3 cunixammnoi yeanu na
npocnexmi I'epoie 376 (Inmepnem pecypc Google Maps)
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Takox Oyiio MpoBeAEHO BUMIPIOBaHHS PErNIaMEHTOBAHMX CaHITApHO-TIri€HIYHUX MapaMeTpiB i Ha
I’ITOMY 00’ €KTI — OTHOIIOBEPXOBOI KapKacHOi OyJOBH, 3 OrOPOLKYBAILHUMH KOHCTPYKIIsSIMH OJNOKIB Ta
criikaTHOI Hernu. Lle mpuMmimeHHs TpoMajChKOro KOPHCTYBaHHS 3a aapecoro: OymeBap Cnasu 5, ne
PO3TaIoBaHni TOpriBeTdbHUI KoMILTEKC «CUThIIO», BUMIpH OYITH MPOBEAEH] Ha MEPIIOMY TTOBEPCI.

OcranHiit 00’ €KT HAIIOTO JOCIiHKEHHS, pO3TAIIOBaHUIA B TPHITIOBEPXOBiil BiOKpeMIIEHi i Oy miBi
3 3aJ11300€TOHHMX OJIOKIB, 32113006 TOHHMX MAHEJIeH Ta CUITIKaTHOI LETJIH 3a aipecoro mpocteKT I 'epois 29,
ne posramoBannii HBK Nel 11, Bumipu Oy ipoeneni Ha 1, 2, 3 moBepxax (puc. 3).

HaBYanbHo:BUXOBHUA
KOMIJIEKCINSATT 1 1

N\

Puc. 3. HBK Ne 111 na npocnexmi I'epois 29 (Inmepnem pecypc Google Maps)

3aranom, Ha x/M Ilepemora — 6, Hamu Oyll0 TPOBEJCHO BUMIPIOBAaHHS Ha ABAJLSTH TPHOX
00’ekTax iHPpacTpyKTypH MiKkpopaiioHy B OyJWHKax 3 Pi3HUX KOHCTPYKTHBHHX MarepiajiB, pi3HOI
HOBEpXOBOCTI Ta cepu mpusHadeHHs. PedynpraTh Hammx gociiukeHb 3HaueHb PPII nHaBeneni B
3arajpHii Tadmum 1.

Tabnmus 1. 3BesieHi y3aranbpHeHi pe3yIbTaTH BUMipioBaHb Ha 5x/M [lepemora-6

IToBepx Ha Pe3ynbTaTi BUMipIOBaHb
Ne HaiimenyBanHs 00’ exTa MaTeplanw AKOMY MITA, MxI'p/rox THIT B_qa_CTOZK ’ EPOA,
3/m KOHCTPYKIIA BHKOHaH1 YacT/XB*CM Bx/ 3
BHMIipH MiH. MaKc. MiH. Mack. M
1. Crynis-niepyKapHs 3am306?.TOHH1 . 1/9 0,09 0,26 0,017 0,027 41,2
KOHCTPYKIIIT - maHesi
2. KBapTupa 4 nmoepx 3/6 KOHCTPYKIIT 4/9 0,08 0,12 0,014 0,023 37,6
3. KBaptupa 6 nosepx 3/0 KOHCTPYKIIii 6/9 0,07 0,11 0,013 0,021 34,9
4, Ksaprtupa 7 mosepx 3/0 KOHCTPYKIIiT 9/9 0,08 0,13 0,015 0,025 36,4
5 MarasuH KaHLE/ISIPCbKIX 3ani306§_T0HHi ' 1/9 0,09 023 0,020 0,026 471
TOBApiB KOHCTPYKIII - maHeni
6. KBaptupa 3 nosepx 3/6 KOHCTPYKIIi 3/9 0,08 0,13 0,015 0,023 37,1
7. KBaptupa 8 mosepx 3/6 KOHCTPYKIIi 8/9 0,09 0,12 0,014 0,021 36,4
8. Ksapripa | moepx sanisobeToni 1/9 007 | 024 | 0021 | 0046 | 387
KOHCTPYKIIIL - ITaHESJI1
9. KBaptupa 2 nosepx 3/6 KOHCTPYKIIi 2/9 0,13 0,28 0,021 0,043 33,8
10. KBaptupa 9 nosepx 3/6 KOHCTPYKIIi 9/9 0,13 0,27 0,021 0,044 41,1
11. h}:;l;;fyf}& curtikaTHa LervIa 11 007 | 017 | 0011 | 0019 | 323
12, Toprosa sana 3/6 kouctpyiui, 1 009 | 028 | 0018 | 0,026 | 37,0
Mmarasuty Cinpno CUJIIKaTHA Lieraa
3aJ11300eTOHHI
13. HDK Jalll KOHCTP, TIaHET, 13 009 | 019 | 0017 | 0024 | 448
A CHITIKATHA nerja
14. HBK Nelll 3/6 koHCTpyKulii 1/3 009 | 018 | 0016 | 0022 | 422
CHJIIKaTHA 1erja
15. HBK Nelll 3/ KoneTpyKuii 2/3 0,09 | 017 | 0,017 | 0023 | 396
CHJIIKAaTHa Lerjia
16. HBK Nel11 3/ Koncrpyxuii 213 009 | 019 | 0017 | 0022 | 387
CJIKaTHa Lera
17. HBK Nelll 3/6 xonerpyxuii 313 0,1 017 | 0,019 | 0022 | 41,0
CHJIIKAaTHa Ierjia
18. HBK Nel11 3/6 xoHcTpyKuii 313 009 | 017 | 0017 | 0024 | 435
CHJIIKAaTHa 1erja
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VY Xoni mpoBeeHHs AOCHIIKEHb pafialliiHuX MapaMmeTpiB OrOpOKYBaJbHUX KOHCTPYKIIN
JKATJIOBHUX 00’ €KTiB Ha /M Ilepemora-6 BCTaHOBIIEHO IMMPOKUH JTialla30H Bapiallii cepemHix 3HaUYCHb,
a came:

I dupuw = 0,06 + 0,36 MxI'p/ron,

I B-gacTok = 0,008 + 0,051 gacT/xB-cM?,

EPOApuv= 31,2 + 47,1 Bk /M®
1€ MOXXHAa TOSICHUTH, B TIEPIIy Yepry, 3aBHIICHUM pPiBHEM HAAXOMKEHb palOHy B MPHUMILICHHS
KBapTHUp, MarasuHiB, o(iciB mepmoro mnoBepXy. ToOTO HaAXOKEHHS pafgoHy HE TIIbKA 3
OyIiBenbHUX KOHCTPYKIIIH, ajie TOAAaTKOBO 3 IPYHTY i MPUMIIIEHHSIMU Oy 1iBEIb.

3poOHuBIIN aHAITI3 MOCHTIHKEHb pPamiallifHAX MapaMeTpiB Pi3HUX KOHCTPYKTHBHHUX MaTepialliB
(BHpOOiB), MH MOKEMO 3pOOHTH 3arajibHUI BHCHOBOK, 10 HAHMEHIINI piBeHb padiauniiHoro GoHy y
OyIQuHKaxX 3 CHIIIKAaTHOI HETJIM, a HaWOUIhImui B OyAMHKAX i3 30ipHUX 3a1i300€TOHHUX KOHCTPYKIIIH
(mamenpHI Ta OnoOwHI THMOBI OyamHKM MacoBoi 3a0ymoBu). Bemwuman PPII oropomkysampHuX
KOHCTPYKIIiH )KUTIOBUX OyAiBelb HaBeAEHI B Tabmili 2.

Tabnuus 2. Bennunnan pagialifHX mapameTpiB OTOpPOIKYBaJbHUX KOHCTPYKIIH Ta pidyHOL
JI03U Y-OIPOMiHEHHsI HACEJICHHS

Bennunna nmapamerpis

BynisenbHuUit Matepian
HIIT B-uacTox, _ .
OTOPOJLKYBATBHIX MITA, mxI'p/ron 4ACT/XB-CM2 Dpix, M3B/pik
KOHCTPYKIIiit — — —

miniM. | makc. miniM. | makc. mimim. | makc.

baratonoBepxoBi Oy TUHKH
Criny i3 ra3o0eTony 0,09 0,11 0,011 0,017 0,876 | 0,964
CuitikaTHa 1eriia 0,08 0,15 0,012 0,026 0,7 1,14
Kepawmiuna merna 0,09 0,26 0,014 0,041 1,02 2,45
3ani306eTOHHI KOHCTPYKIT 0,11 0,28 0,021 0,048 1,23 | 2,65
brouni xuTiI0BI OyAiBI
3ani306eToHHI KOHCTPYKL 0,13 0,30 0,027 0,046 1,06 | 2,89
[TanenpHi )KUTIIOBI OyIiBII

IHmBiTyanbHi )KUTIOBI OYAMHKH

CTiHHU IIUIAKOIUTI 0,06 0,13 0,019 0,024 0,526 1,14
Crinu OeToHHI 0,12 0,33 0,023 0,052 1,14 2,72
KepamiuHna 1ieria 0,1 0,25 0,015 0,039 1,02 2,45
[Tmutu OSB 0,05 0,12 0,008 0,011 0,438 1,05

BusHaueni ¢QakTtuuHi 3Ha4YeHHS periiamMeHToBaHuX panianiiianx mnapametpiB ([T dpuy Ta
EPOAanony) B OymiBnsx sxutioBoro ¢onmy x/m Ilepemora — 6 no3possitots mepepaxysatu PPIT B
NEBHI Jiala30HM 3HA4YCHb BHYTPIIIHBOI Ta 30BHIIIHBOI CKIAZOBOI [8] Il MEpLIMX Ta BEPXHIX
noBepxiB (2-9 nmoBepxu). BukopucroByroun jiist nepepaxyHky Gopmyny 1 ta 2:

Hegsosn = f(tunt OK, moBepx, T Mipuv, Voxs 0, Py tuep) (1)
Hegn= f(tunt OK, rpyHT, EPOAnpiy, trep, Ao) 2
OTPUMY€EMO PO3paxyHKOBI 3HAYECHHS Heg.sn 1 Heg.somr (TA0M. 3 Ta TAOM. 4)

Tabnuis 3. BennyuHM 30BHINIHBOT CKJIa0BOI CyMapHOi 03U ONPOMIHEHHS HACEJICHHS, 110
npokuBae B OyaiBisix Ha /M [lepemora-6 B M. JIHinpo

ByniBenbHI KOHCTPYKIIT Heg.sose = f(trn OK, moBepxX, I dnpms, Vo, p)
LIOKOJIBbHI, eI MOBEPXHU BEPXHi MOBEpXHU
Iako0I0K 0,19-0,38 0,17-0,33
Jlerkuii 0OeToH 0,15-0,31 0,14-0,29
["a3o6eTon 0,09-0,21 0,08-0,23
briouni 0,17-0,52 0,14-0,53
TTanenpHi 0,14-0,49 0,14-0,48
CuitikaTHa nernia 0,12-0,22 0,10-0,21
Kepamiuna 1ieria 0,12-0,38 0,11-0,36
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Tabnuus 4. Bennunan BHYTPIIIHBOI CKJIAZOBOI CyMapHOi 103U ONPOMiHEHHSI HACENICHHS, IO
MpoXHBace B OyaiBisix Ha /M llepemora-6 B M. JIHinpo

ByniBenbHI KOHCTpPYKIIIT Hepsn = f(tun OK, rpyaT, EPOA1p00)
LIOKOJIBHI, eI MOBEPXHU BEPXHi MOBEpXHU
[Inako6ma0k 0,43-0,62 0,22-0,42
Jlerkuii 6eToH 0,34-0,63 0,27-0,38
T'a306eToH 0,14-0,21 0,1-0,23
bnouni 0,42-0,84 0,19-0,46
[TanensHi 0,47-0,76 0,20-0,49
CuitikaTHa 1eriia 0,31-0,92 0,12-0,34
Kepamiuna 1ieria 0,27-0,88 0,23-0,36

BpaxoByroun Bce BHIe3a3HAUCHE, MOJKHA CTBEPIKYBATH, IIIO CTaH pajialliiHol Oe3IeKu came
JKUTIIOBOTO MacuBy llepemora-6, 3HaxoauThCs Ha CTa0LIBHO 3a00BiTEHOMY piBHI. B mepionx 3 1991 mo
2016 Ha x/Mm Ilepemora-6, He OyayBaiu HOBUX 0araTonoBEepXiBOK, o(icHUX ab0 aJMiHICTPATHBHUX
OyniBenb. Taka curyallis Oyme 30epiraTvicsi HOTH, IOKH B MEXax >KHTIOBOIO MAacHMBY HE IMOYHYTh
OyayBaTH HOBE, cydacHe, KOM(OPTHE, palialliiiHO-eKOJIOTiYHE KUTIIO JJIsl MEIIKaHIIIB MiKpopalHoHy, a
crapi TMaHenabHI Ta OJIOYHI KUTIIOBI 0araTOMOBEpXiBKH (JKMM Bxe Oimbine 45 pokiB) OymyTh
MMOCTYIIOBO po30WpaTH Ta JIEMOHTYBaTH, 3MiHIOOUM iXx Ha 30-50 MOBepXOBi KOMIUICKCH, 3
BUKOPHUCTaHHSIM CYYaCHHUX TEXHOJIOTiH OyMiBHUIITBA Ta BUKOPUCTOBYBATH HOBI Oy liBeIbHI MaTepiaiy,
BUPOOH, KOHCTPYKIIT T CHCTEMH KHUTTE3a0C3MCUCHHS.

OcranniM vacom, nipotsirom 2018-2022 pokis, x/M Ilepemora-6 craB akTHBHO 3a0yIOBYBaTHCS
HOBUMH >KUTJIOBUMH OYIBJISIMH Ta YKUTJIOBHUMH KOMILUICKCAMH, 3 BUKOPUCTAHHS CyYacHUX «pajiarfiiHo-
Ta EKOJOTIYHOYHCTHX» OYyIiBeNbHUX MaTepiamiB, BUPOOIB Ta cucteM 03700neHHs. Croctepiraroun 3a
HOCTYTIOBHM OHOBJICHHSI )KUTIIOBOI 3a0y/IOBH, 3’SBIISIETHCS pealbHa MEPCIEKTHBA T IBUILCHHS 3arajJbHUX
Ta CHeLialbHAX CTAaHIAPTIB 0 OY/iBEIb )KUTIOBOrO MacuBy llepemora-6.

BucHoBok. B pesynbTari mpoBeJeHWX EKCHEPUMEHTAIBHUX JIOCHIDKEHb Ta pPO3PaxyHKY
3Ha4eHb Hegsom Ta Heg.sn BCTAHOBIIEHO, 1110 BEJIMUMHH PETJIAMEHTOBAHUX palialliiHUX MapaMeTpiB, 110
YTBOPIOIOTHCS BiJI JDKEpE 10HI3yIOUMX BUIPOMIHIOBAaHb TEXHOTEHHOTO IMOXO/PKEHHs Ta 3arajlbHUHN
pamiamiiauii GoH, SIKMH BOHHM CTBOPIOIOTH B IPHUMIIICHHSIX OyIuHKIB /M Ilepemora-6, mepeBuirye
HOPMaTHBHI IMOKa3HUKH JUIs KaTeropii B, mo B cBoro uepry, notpedye 3MeHIIeHHs 3Ha4eHHs Heg x, HA
OCHOBI peaJizallii apXiTeKTypHO-IUIaHYBaJbHIX Ta TEXHIYHUX MPOTHPAIaiHHAX 3aXUCHHUX 3aXO/IIB.
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IMocranoBka mnpo6jemu. IliAMMITHUKK TepTSs KOYEHHS IIMPOKO BHKOPHCTOBYIOTHCS B
MalIMHOOY/yBaHHI, BOHM € OJHMMH 13 HaHOIIbII HaBaHTAXCHUX JeTasied. BuBueHHS iX
3HOCOCTIHKOCT1 JIO3BOJIIE ONTHUMI3yBaTH MPOLEC IX eKCIUIyaTallii, [0 MiJBUIIYE HaIIHHICTD
MEXaHi3MIiB B IiJIoMy. BW3HadeHHS 3HOCOCTIHKOCTI TAaKUX MiANIMITHHUKIB 3aJIEXKUTh BiJ] HU3KH
YMHHUKIB, OTHUM 3 SIKHX € NMPOKOB3YBaHHS TiJI KOUEHHS (POJIMKIB, KYJIbOK) BITHOCHO BHYTPILIHBOTO,
30BHIIIHKOTO 200 000X Kinelp miamumauka [1]. Tlix yac npokoB3yBaHHS TEPTsSI KOUSHHS MIEPEXOAUTh
JIO TEPTs KOB3aHHS MPU [IbOMY 3HAYHO ITiBUNTYETHCS IHTEHCUBHICTh 3HONIYBAHHS, a/pke Koe]ilieHT
TEpTs KOB3aHHS HA0araTo BUINUHN 32 KOS]IIIEHT TePTS KOUSHHS.

AHaJi3 ocTaHHIX J0oCTaiTKeHb i myOmikamiii.

[Tix wac poOOTH pealbHUX MiIUITHAKIB TEPTS KOYSHHS! KOHTP-TiJIa MOXYTh PUKITHHIOBATH,
SKIIO 3YeIUICHHsS i3 KUIBLAMUA HEJIOCTaTHE, caMe B IIeil MOMEHT BHMHHKA€ TPOKOB3yBaHHS [2].
Hanmpuxian, B NIapUKOMIIIMITHUKAX HaBiTh B Tporeci poOOTH BiAOYBaeTbhcs TOCTilHE
JudepeHIiioBaHe MPOKOB3YBaHHS 32 PaXyHOK HENiHIHHOTO KOHTAKTy KOHTP-TiIA 1O k0jo0y. Jlis
JIOCITI/DKEHHST MEXaHi3My MPOKOB3YBAaHHS MU BHUKOPUCTAIIM MOJIENb Y BUIJISAAI JIHIHOTO KOHTaKTy
JIBOX JMCKIB, MPUTHCHYTHX OJMH JI0 OJHOTO 10 TOTHYHUM IyT[3, 4].

Jliist OCHi/pKEHHST TIap TEPTS KOB3aHHS IMPU T'PAHUYHOMY MAICHHI 1 JIHIHHOMY KOHTAKTI MM
BUKOPHCTAIH CIICIIia]IbHO 00JIa/IHAHy aBTOMAaTH30BaHY CHUCTEMY HAYKOBHX JIOCHIPKCHb Ha 0a3i MaIllMHU
teptst MI-1M. Huwxkue Ha (Puc. 1) 3araipHuii BUTIIsL yCTaHOBKY, KiHeMaTr4Ha cxeMma (Puc.2) [5].
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Puc. 1. Mawuna mepmsa MI-IM
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Puc. 2. Cxema mawunu mepms MI-1M:
1 - Inoenmop; 2 - 3pazox; 3 - wnundens, 4 - 3ybuacme Ko1eco 3 6HYMPIUHIM 3a4enieHHIM,
5 - maamuuk; 6 - eanmavici; 7 - 0gueyr, 8 - onox 3youacmux xonic; 9i 13 - eanu; 10,11 - oamyux
momenmy mepmsi,; 12 - ean kapemxu, 14 - kopnyc kapemxu; 15,16,17 i 18 - 3ybuacmi koneca.

Tabmuus 1. TexHiuHI XapakTEPUCTHKHA BUMIPIOBATIBHOTO KOMILIEKCY

IMapametp 3HavYeHHHA
YacroTa oOepTaHHs 3pa3ka, 00 / XB 1000 ... 1500
Jiama3on HaBaHTaKeHb, H 0....800
[Toxnbka BUMIpIOBaHHS HaBaHTaKEHHsI, Yo +7

[Toxnbka BUMIpIOBaHHS MOMEHTY TepTs, %o +7

[Toxubka BUMIpIOBaHHS 3HOCY,% +7

Hampyra sxuBnenns, B 220
CrioxuBaHa MOTYXHICTh, KBT 1

["abaputh, MM 1150x450x500

[IpokoB3yBaHHS OIIIHIOBAJIOCS BIAHONIICHHSM 4YacTOTH O0OepTaHHs (n2) BEICHOTO MWCKa
niamerpom (D2) no wacrotn obepranns Bemydoro (nl) miamerpom (D1) 3a ymosu D1 = D2, a came
N =n2/nl [6].
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Puc. 3. Cxema obepmanns poruxis

Metonuka BUNIPOOYBaHb NOJISITAJIA B HACTYIIHOMY:
1. 3anoBHEHHS PoO0YOi MacIsSHOI BAHHU €KCIIEPUMEHTAIBHUM 3pa3KoM 3MalllyBaJIbHOI'O MaTepiaiy;
2. BcTaHOBJIEHH: KOHTakTHOTrO HaBaHTaxkeHH: 200 Ta 300 H 3a momoMororo mraTHOI CHCTEMU YCTaHOBKY;
3. BCTaHOBJICHHS YaCTOTH 00E€pPTaHHS IPUBOAHOTO Bary enektpoauryna 1000 o6/xB;
4. perynroBaHHS raJbMiBHOTO MOMEHTY Ha BHXIJZHOMY Bajly O MOMEHTY HOSIBU MPOKOB3YBAHHS MIiX
3pasKamu.

BaxnBo 3a3HauMTH, IO EKCIIEPUMEHTalbHA YCTAHOBKA JIO3BOJISIE MAHIITyJIOBAaTH JIBOMa
3MIHHUMH I1apaMeTpaMu: TalbMiBHUM MOMEHTOM Ha BHUXiJHOMY Baily, HABaHTaK€HHAM Ha KOHTAKTHi
MOBEPXHI1 AUCKIB. 3a KpUTEPii KiNbKICHOI OIIIHKM MPUHAMAETHCS BEIMYMHA I'aJIbMiBHOTO MOMEHTY, IIPH
SIKill BiIOYBa€ThCS IPOKOB3yBaHHSI [7].

Ommcana BuIE MeTOOMKA BHUIPOOYBaHb /A€ MOXIIMBICT BH3HA4YEHHS MPOKOB3YBAaHHS IIpU
BHKOPHCTaHHI PI3HUX MACTHIIBHUX MaTepiaiB, SKi BAKOPUCTOBYIOTHCS Y I IIIMITHUKOBUX By31ax Tepts [8].

Pe3ysbTaTH MOJAEIbHUX BUNPOOYBaHb Map TEPTs KOYEeHHH 3 MPOKOB3YBAHHSAM, MPH
TPaAaHUYHOMY MallleHHi i JiHIifHOMY KOHTaKTI.

BunpoOyBanHss map TepTs KOYEHHS 3 IPOKOB3YBaHHSAM IpU TPAHUYHOMY MAalleHHI i
JIHIAHOMY KOHTAKTi MPOBOJMJIMCS, 3rJIHO METOJUKH, BUKJIAJCHOI BUIIEC 3 HACTYIMHHMU BUXITHUMH
XapaKTepUCTHKAMHU:

- Beqyunid Ta BeneHWH ponmku miamerpom D1=D2 =50wmm 3i crami 45 I'OCT 1050-88
TepMidHO 00poOIIeHi i BiauntidoBaHi 10 BeHInHH mopcTrocTi Ra = 1,6;

- gacToTa 00epTaHHs Bary Beaydoro posmka ny = 1000 ... 1500 + 3% xB'l;

- HaBaHTaxxeHH Ha qucku N = 200 ...600 H;

- JIOCHIDKyBaHi MAacTHJIbHI MaTepianu: oJIuBa yHiBepcajbHa MiHepanbHa. SAE-90; onuBa
ingycrpianbHa [-40A; onuBa TpancMiciitna SAE-85.

BunpoOyBanHsi mpoBoamiucst npu pagiansHux HaBaHtaxeHHsx 200 1 300 H mpu wacrori
obeprannsa BeaeHoro aucka 1000 £ 3% xB'l. TpusBanicts BunpoOyBaHb ckiana 180 XB, HUISX TEPTs
KOYeHHs mnpuOau3Ho craHoBuB 25400 M, dYacToTH O0OEpTaHHSA BEACHOrO 1 BEIy4YOro JHUCKIB
¢bikcyBanucs yepe3 KoxHi 15 XB.

Pesynprat ekcrnepuMeHTaNbHUX BUIPOOYBaHb MACTHIBHHUX MarepiayiB B mapax TepTs
KoueHHs mpejacrasieHi B (Tabn.2). 3a cmiBBiZHOMIEHHSM 4YacTOT OOEpPTaHHS BEIEHOTO 1 BEIYy4YOTrO
muckiB ipu HaBaHTaxkeHHs X 200 i 300 H, momeHTi onopy Ha Basry 6 Hm Oynu po3paxoBaHi cepe/iHi
3HaueHHs Koe(]ilieHTiB KOB3aHHS, fIKi mpexacranieHi rpadiuno Ha (Puc.4), B 3anexxHocTi Bix yacy
BUIIPOOYBaHb.
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Tabnuus 2. PesynbraTn eKCiepuMEHTaIbHUX BUITPOOYBaHb MAaCTWIIBHUX MaTepiaiB
MacTuiabHUuH MaTepias: oauBa TpaHcMmiciiina SAE-90 npu HaBaHTakeHHi Ha aucku 300H
Yac BUNPoOGYBaHb 15 30 45 60 75 90 105 | 120 | 135 150 165 180
YacrtoTa Beay4doro aucky nl, O6/xs [ 1008 | 1012 | 1003 | 989 |1002| 1004 [ 1001 | 1009 | 995 | 1000 | 1015 | 1001
YacroTra BeaeHOro aucky n2, O6/xs| 906 [ 882 | 870 [ 850 | 846 | 841 | 841 | 845 | 828 824 827 823
KoediunieHT NpoxoB3yBaHHsI 1 0,899 0,872 0,867 )0,859(0,844( 0,838 0,840 0,837( 0,832 0,824 | 0,815 [ 0,822

MacTuibHMIi MaTepiaj: ouBa ingycrpiajbaa I-40A npu HaBanTake HHi Ha (ucku 300H
Yac BUNPOOYBaHb 15 30 45 60 75 90 105 | 120 | 135 150 165 180
Yacrora Beay4doro aucky nl, O6/xs [ 1014 | 1007 | 1005 | 998 |1008| 1009 [ 1005 | 1015| 1005 | 1008 | 1001 | 1003
YacroTra BeJeHOro aucky n2, O6/xs| 893 | 857 | 842 [ 831 | 838 | 835 | 827 | 831 | 813 815 804 808
KoeginieHT npokoB3yBaHHs 1 0,881 0,851 | 0,838 ]0,833|0,831| 0,828 0,823|0,819{ 0,809 0,809 | 0,803 | 0,806

MacTuibHHIE MaTepiaji: 0J1MBA YHiBepcabHa MiHepaabHa, SAE-85 npu nasanTaskeHHi Ha qucku 300H
Yac BunpodyBaHb 15 30 45 60 75 90 105 | 120 | 135 150 165 180
Yacrora Beayuoro aucky nl, O6/xs | 1005 | 1006 | 1006 | 988 [1007( 999 [ 1005 | 1006 | 1003 [ 998 | 1001 | 1005
YacroTra BenaeHoro nucky n2, O6/xs| 845 | 826 [ 808 [ 795 | 805 | 797 | 795 [ 791 | 790 787 788 | 784
KoediuienT npokossysanns 1 0,841 0,821 | 0,803|0,805(0,799{ 0,798 0,791|0,786{ 0,788 0,789 | 0,787 {0,780
MacTuabHHTI MaTepia: oauBa TpancMiciiina SAE-90 npu HaBaHTakeHHI Ha qucku 200H
Yac BUIIPOOYBAHDb 15 30 45 60 75 90 105 120 135 150 165 180
Yacrora Beayyoro aucky nl, O6/xs | 1008 | 1014 | 993 | 997 | 1008 | 1006 | 1007 | 1014 | 998 | 1006 | 1002 | 1004
YacroTa BejIeHOro aucky n2, O6/xs | 939 917 | 893 | 895 | 899 | 898 [ 899 | 898 | 887 | 891 | 887 | 895
KoedinienT npokos3ysanus 1 0,932 | 0,904 [0,899(0,898| 0,892 | 0,893 | 0,893| 0,886 | 0,889 0,886 | 0,885 | 0,891

MacTuibHMIE MaTepiaji: oJiuBa iHaycrpiaiabHa I-40A npu HaBaHTaKeHHi Ha Jucku 200H
Yac BUNIPpoGYyBaHb 15 30 45 60 75 90 105 [ 120 | 135 | 150 165 180
Yacrora Beayydoro aucky nl, O6/xs | 1005 [ 1007 [ 998 [ 997 | 1001 | 1003 [ 1006 | 1004 | 997 | 1002 [ 995 | 1008
YacTroTa BeJeHOro qucky n2, O6/xs| 921 891 885 | 878 [ 878 884 884 | 879 868 874 868 878
KoedinicHT NpokoB3yBaHHS 1 0,916 | 0,885 [(0,887(0,881]0,877| 0,881 |0,879|0,875(0,871| 0,872 0,872 0,871

MacTuiabHUii MaTepiaji: 0JIMBa YHiBepcajibHa MiHepajbHa, SAE-85 npu HaBanTaskenHi Ha qucku 200H
Yac BUNIpoSyBaHb 15 30 45 60 75 90 105 [ 120 | 135 | 150 165 180
Yacrtora Beaydoro aucky nl, O6/xs | 1005 1012 | 1006 | 1008 | 998 1007 | 1009 | 1005 | 999 | 1008 | 1005 | 998
Yacrora BeJeHOro NMcKy n2, O6/xs | 894 875 [ 868 | 857 | 854 857 | 856 | 851 | 845 | 847 | 845 [ 840
KoedinieHT NpokoB3yBaHHS 1 0,890 | 0,865 (0,863 0,850| 0,856 | 0,851 |0,848| 0,847 [ 0,846| 0,840 | 0,841 | 0,842

Mpwu HaBaHTaxkeHHi Ha guckun 300H
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Puc. 4. Cepeoni 3nauenns koeghiyicnmie Koe3anms
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BucHoBkH.
Ha miacraBi mpoBeneHux BHUNPOOYBaHb BCTAHOBJIEHO, IO JOCTIKYBaHI MacTHJIBHI

matepiamu SAE-90, 1-40A, SAE-85 B mapi TepTs KOYCHHS THIy «POJHMK - POIUK» TPU 3MiHi
HaBanTaxkeHHs Big 200 g0 300H 3HMKYyIOTH Koedili€HT MpokoB3yBaHHA Ha 3 - 4%, aHanoriui
pe3ynbraTi Oyiu oTpuMadi i B po0oti [9] OTxe, MH IPUITYCTHIIH, IO B MiIIAITHAKY TEPTS KOUEHHS
mpu poOodil TeMIepaTypi i HOpMaTbHOMY HaBaHTa)KE€HHI, 3HOC MaTHME ONTHMAaJIbHY BEJITHUNHY (eTam
eKCIuTyaTalii), Tak SK Tpouec TepTs Oyae MparHyTH HepedTH B CTOPOHY YUCTOrO KOYEHHS 3
MOHW)KEHHSIM BTPAT CHEPTrii Ha TePTA.
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Beryn. [Ipu nmpoexTyBaHHI MallMH yJapHOi Jii Uil MOBEPXHEBO-TUIACTHYHOTO 3MillHEHHS
BXKJIMBOIO XapaKTEPUCTUKOIO € eHepria onauHu4yHoro yaapy W,,, BelMMunHa SIKOi BU3HAYAE TIIMOMHY
3asiraHHs AedopMariii Ta rpaJieHT MIKPOTBEPIIOCTI, a TAKOXK YacTKa eHeprii yapy, Ska BUTPAYa€ThCs
Ha TPYKHO-TUIACTUYHY AedopMallilo HaBaHTa)KyBaHOI'O MaTepialy B ocepenky aedopmamii. Yaap
PO3MIISIAETHCS Y BUMIIS MTOMIUPEHHS 0 €JIEMEHTaX yJapHOi CUCTEMH IUIOCKUX aKyCTHYHHX XBWJIb,
AK1 XapaKTepU3yI0ThCS 3aKOHOM 3MiHU Aedopmaliiit abo cuil B 4aci, MaKCUMaJlbHUM 3HAYEHHSIM CHJI —
aMIUTITYIOK0 XBWJIi, 4YacoM Jii CHWJI — TPHUBANICTIO XBWJi, IHTCHCHBHICTIO Ta CHEPIi€lo, IO
MIEPEHOCUTHCSl XBHJICIO. BenmmuuHa eHeprii OJUHWYHOTO yJapy IMOBHHHA 3HAXOJUTHCh B TEBHHX
MeXax, TaKk sSK 0Opud Mamiid eHeprii 3a0e3medyeTbcsi MOYATOK IUIACTHYHOTO Je(opMyBaHHS
MIiKpOOO’€MIB TIOBEPXHEBOTO MIapy 3 MallUM CTYINEHEeM 3MII[HeHHsS, a TpHu 30iiblIeHi eHeprii a0
KPUTUYHOI, BiI0OyBa€ThCS MPOLIEC MEPEHAKIICITY (3TyIlyBaHHS TOHKHX IIapiB METaNlYy).

BimomMo, mo mnpu HaBaHTaXEHHI Marepialy yAapaMd 3 OJHAKOBOIO EHEPri€lo MpHu
BUKOPHMCTaHHI PI3HMX YIapHUX CHUCTEM, IIEPEHECEHa €HEpris B 30HY Aedopmariieto Oyae pisHoro. Lle
MOB’S13aHO 3 XBWJIBOBHMHU MpOIECaMH, LIO MPOTIKAIOTh B YAapHIH CcHCTeMi 1 3ajexarb Bif
TEOMETPUYHUX IMapaMeTPiB CJIIEMEHTIB YIapHOI CHCTEMH, (I3MKO-MEXaHIYHUX BIACTHBOCTEH iX
MaTepiaiiB 1 MBUAKOCTI CIiByaapsHHs [1].
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[lepion Takoi XBuii Ha3WBAIOTh YAAPHUM IMITYJIECOM. IMITynbC 3 MEBHHMH MapaMeTpamH, IIo
HaJXOAUTh B OCEPeIoK AedopMallii — 30Hy KOHTaKTy Jedopmyrodoro Tina (iHASHTOPa) 3 HABAHTAXKYBaHUM
cepenoBuIneM, i Oy/e BU3HAYaTH e€EKTUBHICTh JMHAMIYHOTO HaBaHTAXEHHS B mitoMy. s BIDIMBY Ha
napaMeTpy yIapHOTO iIMITYJIbCY HEOOXiHO MaTd YsBY PO HOro opMy, TOMY PO3pOOKa peeCcTpyrodoro
o0JiaIHaHHS [T TeHEPYBaHHsI Ta PEECTpallii MapaMeTpiB IMITYJIbCY € aKTYaJIbHOO 33/1a4€HO.

AHaJi3 ocTaHHiX AocaiTxKeHb i myOJikaniii. Ha cygacHoMy eTtani po3BUTKY HAYKH 1 TEXHIKH
HIMPOKOT0 3aCTOCYBaHHA HaOynM OUHAMIYHI METOAM BIUIMBY Ha 00’€KTH Iociimkenb. Ilim uac
B3a€MOJIIi CHIBYIapAeMUX TiT POPMYIOThCS XBIIIL Aedopmaliii, SKi MOPOHKYIOTh YAapHi iMITynbcu. B
3aNIe)KHOCTI BiJf TEOMETPHYHUX Ta aKyCTUYHHX CIIBBIAHOIIEHb CITIIByJapsIEMHX TIT MOXYTh
(hopMyBaTHCh yJIapHi IMIYJIbCH 3 PI3HHMHU TapamMeTpamu. BimoMo, 10 B 3aJIS)KHOCTI BiJ] MapaMeTpiB,
YAapHUH IMITYJIbC MOYKE BUKOHYBATH SIK KOPUCHY TaK 1 pyiHIBHY poOoTy. JloCHiHKEHHAMN XBIITHOBUX
MPOIIECiB SIKi BAHUKAIOTH MiJ] Yac pyHHYyBaHHA TipChbKHX MOpif 3aiimanuch [ 1-3] Ta iHmi.

Bimommuit HepyiHIBHHN yAapHO-IMITyJIECHUH aKyCTUIHHNA METOJI TOCIIPKEHHS! KOHCTPYKITIH B
OyniBenpHiit Mmexadini [4]. CyTh MeTomy MOINATaE y peecTpallii MmapaMeTpiB XBHJII CTHCKY, IO
YTBOPIOETBCS y TOBLIMHI Marepiany MijJ Ti€l0 yAApHOTO iMIYJIBCHOTO HaBaHTaKeHHsA. KomruiekT
o0naiHaHHS CKIIAIA€ThCA i3 celicMomnpuritMada, TeHepaTopa IMITyJIbCy YAapHOI il Ta 0ONa HaHHS IS
00poOKH 1 30epeKCHHS JaHUX, PUC. 1.

Puc. 1. Obnaonanns ons peeccmpayii ma 00poobKu ekcnepumenmanivHux oanux. 1 — eenepamop
IMIYIbCHOCO HABAHMANCEHHSL, 2 — CelicMONpUlMayi, 3 — KOMNIeKC 3 00pOOKU CUSHATLY

Bimomi nmepcreKkTHBHI  CHOCOOM  JUHAMIYHOTO  3MII[HCHHS IOBEPXHEBO-IIACTUYHUM
nedopmypannasm (II1]]), 3okpema craruko-immyiascHa 00pobka (CIO), 1m0 m03BossIE 3MIHCHIOBATH
3MIIIHEHHS MaTepialy B yMOBaX KOMOIHOBAHOTO CTaTHYHOTO 1 JUHAMIYHOTO CHJIOBOTO BILJIHBY.
OpHak, TEXHOJIOTIYHI MOXJIMBOCTI Oinbiocti Bimomux cnocoOiB III1J] B ympasniHHI mapameTrpaMu
SKOCT1 TIOBEPXHEBOTO IIapy OOMEXEHi uepe3 HeJOCTATHIO YsBY MO Tepedir XBUIILOBHX CTaHIB B
yaapHili cuctemi Ta mapaMeTpu chOPMOBAHOTO IMITYIIBCY .

AHani3 crnoco0iB 1 MPUCTPOiB IS AWMHAMIYHMX 1 KOMOIHOBaHWX METOJIB 3MIITHEHHS i3
MHOXHMHHU Bapialiii BUKOHaHHS yJapHUX CHCTEM Ta 3acTOCyBaHHS Jedopmyrounx enemeHTiB (/IE)
JI03BOJINB BUOKPEMHTH HAUIOMIMpPEHI BapianTH [5, 6], Tadu. 1.

Tabauus 1. Cnocobu miiBeeHHS eHeprii B 30Hy aedopmarii

Crioci6 migBereHHs . Y napowm 6oiika 1o
Ynapom iHCTpyMeHTa .
eHeprii ymapy IHCTPYMEHTY
IHCTpYMEHT KYJIbKa 00Ok TOpEIlb IHCTPYMEHTA
g1
q1 S,
~ X
_ - —_
Cxema crioco0y ~ 3:" - Eﬂ h,'
o = S
™~ L
A - '
77777777 77777 ST
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Oco0nuBuil iHTEpEC NPEACTABISIIOTh YAApHI cHCTeMH 3 OOHKaMH CTymiH4Yatoi Qopmu, sKi
XapaKTEepU3YyIOTbCsl BUIIMMHU IIOKa3HHKaMH BHUKOPUCTaHHS eHeprii ynmapy. ['eomerpuuni mnapamerpu
€JIEMEHTIB yIapHOiI CHCTeMH (CITIBBITHOIIEHHS JiaMeTpiB i JOBXHUH O0iKa Ta IHCTpPYMEHTA BiIIOBIIHO)
BIUIMBAIOTh Ha Nepedir XBHJIBOBUX MPOLECIB, SIKI € MAaJOBHBYCHHMH 1 TOTPEOYIOTh MOAAIBIINX
Jociipkens. Lle 3yMoBiroe  HeOOXigHICTh pO3POOKH Ta BUTOTOBIICHHS CIEHIATbBHOTO BHMIPIOBATEHOTO
o0aTHaHHS TS TOCITKSHHS MTapaMeTpiB IMITYIIBCY eopMaIifHol XBIITI B Kpatepi fedopmarii.

MeTtow po0OTH €: BCTaHOBICHHA NapaMeTpiB yIapHOTO IMIyJIbCy B 3aJIeKHOCTI BiX
MOYaTKOBUX YMOB yaapy, a TakoX BHSIBICHHA €()EeKTUBHOCTI BHKOPHUCTaHHS €HEprii yaapy mIpu
MMOBEPXHEBO-TIACTHYHOMY 3MII[HEHHI.

Bukiax ocHoBHOro Marepiajdy gociimkenb. J[ns ycmimmHOTO BHpimeHHS 3a7adi 3
KepyBaHHS  TapaMeTpaMH  MOpolecy  3MIIHEHHS  HEOOXiJHO 3HAaTH  aKyCTUKO-JIMHAMIidHi
XapaKTePUCTUKU €JIEMEHTIB YAApHOI CHCTEMM M MaTH NEBHY ysBY IPO XBHJIbOBI CTaHU B KpaTepi
nedopmMariii 1 iX TPUBAJICTh B 3aJIeXKHOCTI BiJl MIOYaTKOBUX yMOB. [[JIsl ymapHOi CHCTEMU 3 €JIeMEHTIB
rIaaKol HMTHIpUYHOT HOpMHU 3a7aua BUPIIIYETHCS BIIOMUMU CIIOCOOaMHU.

[Ipu 3actocyBaHHi ymapHOi cucTeMH 3 OOHKOM CTymiHYaToi (GOpPMH yaapHa XBHIIS
XapaKTepPU3y€EThCS CKIATHOK (POPMOIO IMITYyNBCYy, fKa (POPMYEThCS HE JHIIE 32 PaXyHOK PI3HHAX
aKyCTUYHUX BIIACTHBOCTEH €JIEMEHTIB YIapHOI CUCTEMH, a 1 38 PaXyHOK Pi3HOTO MOJIS IIBUAKOCTEH.

B nHam wac faHi, MO BHKOPHUCTOBYIOTHCS Ul KepyBaHHS XBWISIMH Jiedopmallii HOCATH
pO3pi3HEHHH XapakTep 1 BpPaxOBYIOTh OKpeMi (aKTOpH, IO BIUIMBAIOTh HA XapaKTEPUCTUKH
3MIIIHEHOTO MaTepiamy.

[loni6ni pmani wdactime 3a Bce OTPUMYIOTH B XOJi MPOOHMUX EKCIIEPUMEHTIB Ha
BEJIMKOTA0APUTHUX YW HATYPaJbHUX MOJENSAX, CTBOPEHHUX NPU BUKOHAHHI KOHKPETHUX IPOEKTIB.
Bonopaitoun BUCOKOIO TOYHICTIO TaKi JaHi 3IHAIIAIOTHCS CIPABEINIMBUMHI Y BiTHOCHO BY3BKHX MEXKaX
peryJIoBaHHsS KOHCTPYKTHBHHUX 1 PeXHUMHHUX HapameTpiB. Came TOMYy BOHH HE MOXYTh €(hEKTUBHO
BUKOPUCTOBYBaTHCh [JIsi HOBHX YIapHHX CHCTEM Ta TEXHOJOTIUYHMX TPOLECIB 3MIIHEHHS Ha
MOYAaTKOBUX CTaJisIX NpoeKTyBaHHSA. OCKIJIbKH caMe Ha IIOYaTKOBHX €Tanax 3/iHCHIOETHCS BUOIp THITY
KOHCTPYKTHBHHUX €JIEMEHTIB yJIJapHOI CHCTEMH.

lonoBHMMHK TpyAHOIAMH BUCTYNAlOTh HEMOXIIMBICTh TPOBEJCHHS CKCIIEPUMEHTIB B
IIMPOKOMY [iama3oHi KOHCTPYKTHBHHX 1 PEKHUMHUX IapamMeTpiB Ha BUPOOHMYMX YCTaHOBKaXx.
Bupimenss 3agadi 3HA4HO CIHPOILYEThCS, SKLIO 3aCTOCYBAaTH MalorabapuTHE EKCIIEPUMEHTAIbHE
oOmagHaHHS, Ui SKOTO 3HAYHO MPOCTile 3a0e3MeYnTH CTPYKTYpHY 3MiHy Mozeni. Bapro
BIJ3HAUUTH, IO 3rajlaHi KJIAcH EKCIEPUMEHTAIbHUX MOJeNed He 3aMiHIOITh OJHAa OIHY, a
JIOTIOBHIOIOTh. Tak TpHW TPOEKTyBaHHI olepamiid 3MimHeHHs TexHosorivaux mporeciB (TI) Ha
NEepUIMX eTamax HEeoOXiHI EKCHEPUMEHTH B HIMPOKOMY Jiana30Hi TeOMETPHUYHUX 1 PEKUMHHX
napameTpiB, a Ha IpyroMy OiJIbIll TOUHI Y By3bKOMY JIiala3oHi.

Mopenb TpOBENeHHS €KCIIEPUMEHTANBHAX JOCIi/DKEHh TMOBUHHA BioOpaXkaTH iH(OpMAIlito
PO MOYATKOBI YMOBU HAaBaHTaKEHHS Ta PO3IMONIT €Heprii ymapy, popMmy iMirynbcy aedopmariiHol
XBHJII, MapamMeTp IUTACTHYHOTrO BiJIOMTKA Ta (i3MKO-MEXaHiuHI BIACTUBOCTI 3MIIHEHOTO MIapy
(TBEpHiCTh, MILIHICTB).

Hnst mocimimkeHb HapaMeTpiB yIapHOro iMIyJbCy B 30HI aAedopmamii 3ampONOHOBaHO
METOJIMKY Ta BUMIPIOBAJIBHUI KOMIUIEKC OPHTIHAIBHOT KOHCTPYKINI (pHC. 2), SKHH CKIaIaeThCs 3
yIapHoi, BUMIPIOBAILHOI Ta PEECTPYIOUOi CHCTEM 1 JO03BOJISIE MOJENIOBATH IPOLEC YJIAPHOTO
HaBaHTAXEHHS NPU PI3HUX MOYATKOBUX YMOBaX, Ta PEECTPYBaTH HapameTpH YAapHOTO iMIIyJIbCYy B
30HI gedopmartii. CTeH] CKIIAae€ThCA 3 KOIPa, PEECTPYIOUOTo JaTuyrKa-3pa3ka (puc. 3) Ta CUCTEMH 3
MiICHIICHHS 1 Tiepe/iadi CUTHaITy Ha riepcoHaibHuit komm ' torep (1K).

OmiHKa TOYHOCTI OTPUMAaHUX PE3YyJbTATIB NMPU BU3HAUEHI MapaMeTpiB yIapHOrO IMIYJbCY
3iHCHIOBaJIACh MIJISIXOM MOPIBHAHHS PE3yJbTATiB OTPUMAHMX B XOA1I KOMIT IOTEPHOIO MOJETIOBAHHS
NPOIIeCy 3MIIlHEHHSI.

[lin 9ac excrneprMEHTY BHKODHCTOBYBABCSl IHCTPYMEHT B TOpPELpb SKOTO BMOHTOBAHO KYJBKY
R;=15wmMm ta R; = 2,35 MM Burorosieny 3i cram X 15 (61 HRC, R, = 0,1 Mmxm). Bennunna eneprii
OJIMHHMYHOTO yJapy Ta CTAaTHYHOIO HaBaHTaxeHHs Ooiika macu [T (3araproanoro o teepaocti 45 HRC
Ta nurigosaHoro 3 mapamerpoM ImopcTkocTi R, = 0,32 MKkM) 3amaBaniach TeHEpaTOpOM MEXaHIYHHX
iMIysbeiB. JIIs MOCHIKEHP BHUTOTOBIIUINICH CHemianbHi 3pa3ku (31 crami 40X HopMmastizoBaHOi Ta
nuripoBani 10 Ra=1,25MKM) 3 MOXKJIMBICTIO BCTAaHOBJICHHS JaTdydka ISl pEECTpaiii mapameTpiB
IMITYJIbCY, STIKUI BUKOHY€E (DYHKITIFO TTEPETBOPCHHS MEXaHIYHOI CHEPTii B €ICKTPUIHUI CUTHAIL.
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Puc. 2. ExcnepumenmanvHo-eumiproganbHuli KOMNIEKC
1 —yoapna cucmema, 2 — HakoganvHa,; 3 — 0amuuk,; 4 — 610K nIOCUNIeHHA Ma 00poOKU cueHany, 5 —
NnepCcoHanbHULl KOMN 1omep

€MHICHUH enekTpeTHH eneMeHT Mojaeni ACM9767P 3 BMOHTOBaHHM  IiJICHITIOBAYEM
CUTHaNy (3 MHUPUHOIO cMyTH mpomyckaHHs yactoT 20 — 20000 I'y) BcraHOBMIOBaBCS Oe3mocepenHbo
Ha 00’ €KT JOCHIKEHb. 3arajlbHUN BUTJIS BUMIPIOBAJIBHOTO JaTYMKa BIJIOOpaKEHO HaA pHC. 3.

JlocnipkeHHs BIUTMBY NapaMETPIB yIapy Ha IpOIEC 3MIlHEHHS MPOBOAMIUCH B TPU €TaId

(Ge3 cTaTMYHOrO HABaHTAKEHHS, 3 CTATUMHUM HABAHTAXKEHHAM iHCTpymenta F . ., 3 craTMuHuM

HAaBaHTaXCHHsM Oolika Ta iHcTpyMenta F, ., F_ .) Py NOCTIiHIN eHeprii ynapy Wy .

ml’ " cmi
CxeMH HaBaHTaXeHb OOlfKka Ta I1HCTpyYMEHTa NpPU EKCIHEPUMEHTAIBHHUX JOCIHIIKEHHIX
BijoOpaskeHi Ha puc. 4.

Femt

Wiyl

Frm i
Fem.

0) 6)
Puc. 4. Cxemu naganmaoicenv 6otika ma incmpymenma:
Puc. 3. 3acanvuuii 6uensio oamuuxa 011 a — 6e3 cmamuyHo2o HABAHMAICEHHS, 6 — 3 CIMAMUYHUM
BUMIPIOBAHHS YOAPHO20 IMNYIbCY HABAHMAIICEHHAM THCMPYMEHMA, 8 — 3 CIAMUYHUM
HABAHMANCEHHAM DOUKA mMa IHCMpPYMeHma

JocnipkeHHsT MPOBOJWIMCH B TpU eTanu (0e3 CTaTMYHOrO HABAHTAXKEHHS, 3 CTAaTHUYHUM
HaBaHTaXEHHSIM iHcTpyMeHTa F,,, = 40 H, 3 cratnyHnM HaBaHTaXeHHsIM OOiKa Ta iHCTpyMeHTa Fenm1
=150 H, Fewi = 40 H), npu nocriitniii eneprii ynapy W,,=2,35/x. Marepian 3pa3ka ctans 40X,
HOpMasi3oBaHa 110 Teepaocti HV1% = 313.

PesysbraTtu eKCcriepuMEHTAIbHUX AOCHIIKCHb HaBeJCHI B Ta0I. 2.

ExcnepumenTanbHi Tpadiku yaapHOTo iMIyJIbCy MEPEHOCHINCH B KOOPAWHATH TapyBaILHOTO
rpadika, Micys 90T0 MPOBOIIIACH OITIHKA ITapaMeTPIB YIAPHOTO IMITYIIBCY.

Ha puc. 5 naBeneno rpadik ans cxemu 2 (tabin.2).
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Tabmuns 2. PesynpTaTl eKCIIEPUMEHTAIBHUX JTOCIIKESHB

[ovaTKOBi yMOBH Pe3ynbTaTi eKCIEPUMEHTAIBHUX JOCIIIKEHbD
=
2 2 = &
= = o = -2
< © = O N =
= X 2K o g §S .
o8 s g 2 E 2> ®dopma IMITyIIBCY
- > g =& | g7T
M M = &
< < = =
= = =

W, A

W,o= 2,35 JIx;
Ay 2115 | 345 ﬁ j\
AN AN Ao,

t, MKC

i
¥
=
W,o= 2,35 JIx;
Feni=40 H; 2,23 412
Ri=1,5 Mm. /\
/\A M .
—\fv -~
t, mKc
3 i
= ES
ml | S
‘ =
EL ‘ W,o= 2,35 J1x;
Femi=40 H:
| Fon = 150 H: 2,28 430
~ Ri=1,5 Mmm.
E A
. e
A v -
t, MKc

[Ipu craTH4HOMY HaBaHTaXXCHHI IHCTPYMEHTA aMILIITyJIa YIAPHOTO IMITyJIbCy 3pOCIia, & SHepris
B 30HI Jedopmanii gocsrma 3HadeHHs W = 1,77 k. Takoxk 30U1bIIMIach TPUBANICTH YAAPHOTO
iMmmyIiecy. CrocrepiraeTbest MiABUIIEHHS MiIKPOTBEPIOCTI Ta iaMeTpa MIaCTHYHOTO BiIOUTKA.

AHami3z  pe3ysbTaTiB  EKCIEePHUMEHTANbHHUX  JOCHIPKEHb TEOMETPHUYHHX  IapaMeTpiB
TUTACTUYHOTO BiOMTKa MOKa3aB, L0 CIPHUATIMBI yMOBHU mepenadi eneprii ymapy (W, = 1 — 5 JIx)
yepe3 I1HCTPYMEHT B 3arOTOBKY CTBOPIOIOTBCS TPH CTATUYHOMY HaBaHTaKEHHI IHCTpyMEHTa
Feni =20 —60 H. Tloganbiie 30inbIIeHHS BEIMYWHM CTATUYHOTO HABAHTAXECHHS B MEHININ Mipi
BIUIMBA€E HA MPOLEC Mepeaadi eHeprii.

[Tix gac mpoBeJeHHsI EKCIIEPUMEHTIB OYJIO TIOMIYEHO, 0 B MOMEHT yaapy OOHOK yaapHUM
TOpPLEM JOCATAaB BUIBHOTO TOPLS IHCTPYMEHTa 1 Micis 3iTKHEHHs 3MiHIOBAaB HANpSMOK BEKTOpa
MIBUIKOCTI PyXy Ha NPOTWICKHUH BiICKAaKyIOUM Ha JesKy BHCOTy. JlaHWi (akT CBITYUTH TPO
HETIOBHE BUKOPUCTAHHS CHEPTii yAapy Tak sIK B MOMEHT BiICKOKY OOMOK BOJOJI€ NIESKOI0 YaCTHHOIO
eHeprii, fKka IMicis po3’€IHAHHA YAAapHUX TOPLIB HE NpHiiMae ydyacTi B MpPOLECi XBHIBOBOTO
nehopMyBaHHS 1 BUTBHO 3aTyxa€ B HbOMY. Lle MiaTBepKyEThCS E€KCIIEPHMMEHTAIBHUMU rpadikaMu
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¢dopmu immynbey. 3 rpadikiB BUAHO, MO CHJIM TOJIOBHOTO YAAPHOTO IMITyJIECY MHTTEBO HapOCTalOTh
Ta MarOTh MaJly TPUBAJICTh, a popMa yaapHOTo iMIynbCy mmuienoaiona (tadm. 2, cxema 1, 2). Ilicns
yaapy OOHOK il BIUTMBOM BiOMTOI XBWJI MiTHOCUTHCS Ha JESKY BHUCOTY Ta 3AIACHIOE HACTYITHHI
yaap 3 MEHIIO0 €HEPTi€l0, MICIIs YOT0 CHOCTEPIracThes MOBHE 3aTyXaHHS YAapHOT XBHUIIL.

204
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- Tl?/-T 77\0x
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I —
|t

03 088

AmMnamiyda ydaproze inymeey H M
Frepzin ydaprozs iMiyrecy W fx

|
)

Puc. 5. I'pagix yoaprozo imnynvcy 0t ymos:
Wy = 2,35 [owc; Femi =40 H; Ri= 1,5 mm

B 3B’S3Ky 3 MM BUHHKAa€ akTyajbHE MUTAaHHS MiJBUILECHHS KOeQillieHTa BHKOPHCTAHHS
eHeprii Ta po3mupeHHs TexHonorigHnx moxxmBoctei [1I1/1. g BupimenHs maHoi 3amadi B poOoOTi
3alpPOIIOHOBAHO HOBE pIINICHHS SKE J03BOJIsIE 30UIBIIMTHA AKTUBHUM Yac yaapy Ta 3amoOirae
pPO3’€IHAHHIO yAapHHUX TOPIIB OOiKa, Ta IHCTPyMEHTa i CHpuse OUThII TTOBHOMY BHUKOPHCTAHHIO
eHeprii yapy 3a paxyHOK CTaTHYHOT'O HaBaHTaKeHHA Ooiika (Tabum. 2, cxema 3) [7].

OnTuManbHi 3HAYCHHS CTATUYHOTO HAaBaHTAXCHHS Uil OOiika CTymiHYaTol (hopMHU, MacOr
m = 0.35 Xr BU3HAYAIKCh TEOPETHYHO B 3aJISKHOCTI BiJl BenmuuHH eHeprii ynapy (W, = 1 — 5 IIx),
MIePEeBiPSIINCH EKCIIEPUMEHTAJIBHO 1 J1ekaTh B Mexax Fe,1 = 80 — 300 H.

B pesynbraTi mocHipKeHHS yIApHOI CHCTEMH 3 CTYIIHYaTHM OOWKOM (TIPH CTaTHKO-
IMITyTbCHOMY HaBaHTa)XE€HH1) TOOYJ0BaHO rpadik yJapHOTO iIMITyIIbCY, PHC. 6.

_/U\ Wl-l 97 Ix
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Puc. 6. I'pagix yoapnozo imnyascy oasa cxemu 3 (maba.2)

3a Takoi cXxeMH HaBaHTAKEHHsI TPUBAIICTh yAAPHOTO iMIIyJbCy Ta aMIUITy/Aa 3pOCTaioTh. B
yaapHiii cucTeMi (OpMY€EThCS MPOJIOHIOBAHUIN yIApPHUN IMITYJIbC, SKHE CKJIaJa€ThCs 3 OCHOBHOI Ta
JoJaTkoBoi (xBocToBOi) uwacTuHH. Taka Qopma iMmynbcy (OPMYEThCS 3a paxyHOK peKymeparii
BiIOUTHX XBHJIb, TEOMETPUYHUX CIIiBBITHOLIEHb €JIEMEHTIB YJapHOi CUCTEMH (30KpeMa CTyHiH4YacToi
¢dopmu Oolika MpU CHIBBIIHOIIEHHI JIOBXHMH IHCTpyMEHTa i Oolika, sik 1/3), a TakoX ONTUMAaIBLHOTO
CTaTUYHOTO HAaBaHTa)KEHHs OOMKa Ta iIHCTPyMEHTA.

JlocaifHAM TIISTXOM BCTAHOBJICHO BIUIMB MapaMETPiB CTATUYHOTO HABAHTA)KEHHS Ha 3MiHY
MIKpPOTBEpAOCTI. Pe3ynpTaTél eKcriepuMEHTAIBHUX AOCTIIKEHDb 3BEICHI B TaON. 2 1 BIAIOBIAAIOTH
CepeaHIM 3HAUCHHSM 3a pe3yIbTaTaMH TPhOX BUMipIOBaHb.

[To oTpuMaHNM EKCIIEPUMEHTAIBPHUM JaHUM ITOOYIOBaHI JiarpaMu SKi BiIOOpakaroTh BITIMB
CTaTUYHOTO HaBaHTaXKECHHsI OOIKa Ta IHCTpyMEHTa Ha MIKpOTBEPIICTh 3MIITHEHOTO IIapy 3pa3ka, puc. 7.
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Puc. 7. I'paghiune ioobpadicenns 6niugy cmamuiHo20 HA6AHMadicen s 60UKa ma iHCmpyMeHma Ha 3mMiHy
MiIKpomeepoocmi NoBepxXHeao20 wapy

AHani3 OTpUMaHUX pe3yNbTaTiB IMOKa3aB, IO CXeMa 3 BHKOPUCTAHHSAM CTaTHYHOTO
HaBaHTa)XeHHS Ooika Ta iHCTpyMeHTa TpW OJHAKOBil eHeprii ymapy 3a0e3meuye MiABHIICHHS
MmikpoTBepaocTi 10 20% y mTOpiBHAHI 3 TpaauLiiiHOI cxeMol oO0poOku (06e3 CcTaTHYHOTro
HABaHTaXXCHH:), [0 BKa3ye Ha 3pOCTaHHs Koe(illieHTa BUKOPUCTAHHS €Heprii ynapy. BcTaHoBieHo,
IO Kpauui pe3ynbTaT KoediuieHnTa KopucHOi nii cuctemu (77 = 83%) 3adikcoBaHo A cxeMmH 3, a
HaliMeHIIIe 3HaYeHHsI Biamosigae cxemi 1 (1 = 74%).

BucHoBku. Po3risHyTO NHUISXM MiABUINECHHS €(EKTUBHOCTI BUKOPHCTAHHS CHEPTii yaapy
nedopMariiitHoi XBHIII TIPW MOBEPXHEBO-TUIACTHYHOMY 3MilfHEHI. Po3po0ieHo excrepuMeHTaIbHO-
BUMIpPIOBaJIBHUH KOMIUIEKC [JIsi JOCHTIDKeHb MapaMeTpiB iMmyibcy Aedopmaniitnoi xBuimi (B
3aJIKHOCTI BiJ] TOYATKOBUX YMOB).

3a pe3ymbTaTaMu JIOCHIUKEHb BHSBICHO OCHOBHI MapaMeTpH CTaTUKO-IMITYJIbCHOTO
3MIITHEHHS T2 BCTAHOBJICHO iX BIUIMB HA BEJIMYUHY MIKPOTBEPOCTI 3MilfHeHOI oBepxHi. [IpoBeneHo
JIOCITiDKEHHS TTapaMeTpiB yAapHOTO iMIyJIbCy B 30HI nedopMariii mpu pizHUX cXeMaxX HaBaHTKEHHS
Ta mapaMeTpiB MikpoTBepaocti. Kpamwmit pesynbrat (7 = 83%) 3a0e3meuye cxema 3 CTaTHUYHUM
HaBaHTQKEGHHSAM IHCTpyMEHTa Ta KOMOIHOBaHUM HAaBaHTAXXEHHSIM CTYIiHYaTOro Oolka Tpu
HACTYMHUX pexxumax oopobkm: W,y = 2,35 JIx; Ri = 1,5 MM; craTnune HaBaHTaXeHHS Ooiika Fen1 =
150 H; cratnyne HaBaHTaxeHHs iHCTpyMeHTa Fq, = 40H. Ilpu croiBBiAHOWICHHI JOBXKHH
iHCTpyMeHTa 1 Ooiika, 5K 1/3 TpHUBaNicTh YAapHOTO IMITyJIbCY Ta aMILUIITYa 3pOCTAIOTh. 3a TAKUX YMOB
B ylapHii cuctemi (GOpMYETbCS MPOJIOHTOBAHWHA YIAPHUH IMITyJdbC JeopMaIiiiHol XBWI, SKWH
CKJIA/IA€THCS 3 OCHOBHOI Ta JJOJATKOBOI (XBOCTOBO1) YaCTHHHU.

[omanpmni mocmimkeHHs OyAyTh CHpSIMOBaHI Ha BHUSBJICHHS 3aKOHOMIpDHOCTEH 3MiHH
napaMeTpiB iMIyJiabCy naehopMaIiiiHoi XBWII B 3aJ€KHOCTI BiJI NEOMETPUYHUX Ta aKyCTHUHHX
napamMeTpiB €JIeMEHTIB yAapHoi cucteMu. OTpUMaHi pe3ylbTaTH MOXYTh BHKOPHCTOBYBATHUCH IPHU
OIMOJIIPHOMY CTATHKO-IMITyJIb,CHOMY 3MIITHEHHI 30BHIIIHIX TOBEPXOHbB JIETaJIei MaIllUH.
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Introduction. Diesel fuel contamination drastically reduces the output of the fuel supply
transmission, also the considerable amount of diesel engine failure results from the fuel contamination.
Many scientists conducted research works in the frame of supplying the fuel cleanliness and normally
operating the engines of vehicle machines [1, 2, 3]. These research works are mainly refers to the
purifying the fuel, diminishing the wear of component. In particular, fuel leftover mixed with the old
contaminations during the pouring the fuel into the tank and transporting and storing processes. We
identified that fuel is highly contaminated by the outputs derived from rusting, humidity and
atmospheric dust penetrated by the outer trunk [4].

We comparatively studied the fuel and oil contamination of tractor and combine’s engine
working in Mongolian crop farming sector. The oil and fuel contamination of the engines was much
higher compared with the research results of other countries’ scientists [5, 6]. We identified that the
influence of contaminated fuel to the engine fuel system especially, EDC engine, was not studied
enough. Thus, we set our goal to study the influence of fuel system contamination of the AGCO SISU
POWER 44.571 CTA model harvesting combine’s engine.

The experiment, research application and methods. Feild experiment and measurement for
determining the resistance resulted from the fuel filter contamination of the combine engine are not
same with the total factor experiment, the key factors are the constant variables, moreover they are
impossible to be controlled and managed. In accordance with experimental multiple correlation
planning, it was impossible to identify the matrix and the number of measurement. Thus, the
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determination of necessary measurement number was based on the five times’ previously made
measurement result. We carried out the statistical estimation and identified the measurement number
to be 12 then the relative mistake should not be more than 5% and accredited level should be P=0.95.
Before identifying the measurement number and statistical indication, we used the Shapiro, Uilka’s W
parameter, Cohren’s G parameter for resolving required objectives of data numbers and Stiudent
parameter to check the correlation between the measurements noted. Kolmogorov Smirnoff method
was used for checking whether the mathematical model can express the compatibility and correlation
between the objects [7].

Using artificial resistance to fuel, 12 Harvester engines were tested in 3 iterations in field
conditions. The test involved changing the diameter of the fuel pipe to 18 scenarios, increasing the
resistance and determining changes in the main parameters. The laboratory tests were tested on the
above method on the engine of the model AGSO SISU POWER 44.571 STA.

We performed the experiment in the laboratory and field according to the below mentioned
methods. Including:

1. The indication ratio and measurement accuracy of the gadget were identified. The
experiment was held in the hydraulics laboratory of Engineering School.

a

Fig.1. The experimental scheme of the gadget for artificial resistance
1. The container with experimental liquid. 2. The pipe for liquid flow. 3. Electronic valve /for opening
and closing 5v/. 4. Cap /with air blast/. 5. The maximum level of liquid in the container.
6. The minimum level of liquid in the container. 7. Accumulator

The liquid consumption flowing through the pipe will be calculated by following formula [8].

Q=m=xAx,/2gH @
From here
dZ
Q=mx*"—x/2gH (2)

If we calculate the opening diameter of the pipe valve:

’ 8V
d= mtm/2gH )

Here: m - consumption coefficient (m = 0.62)

d - hole diameter, mm

V - Capacity, |

H - Flux, m

Q - Consumption, I/s

t - The length of the liquid flow, sec

2. The fuel filter resistance and the gadget pipe diameter was changed by 18versions during
the experimentation.

3. The engines were chosen in accordance of changing the fuel filter, technical service and
technical safe condition.

4. The artificial resistance device was installed from fuel filter to the high pressure pump,
navigational electronic panel was connected to the fully charged 12 voltage accumulator.
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5. The cap of the device was opened, engine was switched on and loaded fully. We used the
computer programming EEM3 for the diagnostics and took parameter notes from the panel.

6. We changed the cover size of the artificial resistance of the fuel filter by 18times and
testified until the warning light “check engine” switched on.

7. We wrote all the 18 versions’ change of the indications’ that were identified by the
diagnostic program.

8. The experiment was done on the new engine AGCO SISU POWER 44.571 installed in the
laboratory.

9. We created the formula of cyclic fuel supply based on the principles of empirical formula
of the engine power. [9, 10].

Fig.2. An artificial resistance device

Effective power:
Ne — (P; Pm.usesoATPLc) Vphin (4)
Here: P; — the pressure of the engine indicator
P, use — Mechanical loss during the use
AP; . —the indicator pressure loss resulted from cyclic fuel supply
V,, — the displacement volume
i — the number of cylinders
n — engine speed
T — the number of stroke
If we determine the loss of indicator pressure depending on the cyclic fuel supply:
AP = Agc * Qu *1:/Vn ®)
Here: Ag. — the amount of cyclic fuel supply
Qy — thermal rate of fuel burning
n; — efficiency indicator
The cyclic fuel supply related to the filter resistance and the basic indicators of the engine
were identified by using the formula of research result [10].
Engine power:

Ny oo = (Pi.use—Pm.u;f;;APi.c) Vpin (6)
Torque:
Mg yse = 955:)1 Ne (7)
Fuel consumption per hour:
Gruse = % (8)
Brake — specific fuel consumption: :
Jeuse = 012 Ag.ni/N, 9)

Research results and proceedings: The artificial resistance was created in the fuel filter of
the engines in the laboratory and 12combines operating in the field. Then cyclic fuel supply change
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was determined and the comparative results were shown on the table and figures. Also, the result of
the basic indicator change related to the cyclic fuel supply is shown in the table 1.

Table 1. The basic performance of the engine.

The indicators of forcible valve of fuel system
Valve Correspon Cyclic fuel supply Engine | Torque Brake — Fuel
pipe ding value of mg /Ag./ power Nm specific fuel | consumption
diameter, filter Labora Field KW IMg 5o/ | cOnsumption per hour
mm permeability tory experience | /N, ysel g/kW*h kg/h
I/ proficiency, % | experiment I9e.usel [Gr ysel
8.2 100 15.48 15.54 84 364.6364 195.36 4.10256
7.9 96.3 15.48 15.54 84 364.6364 195.36 4.10256
7.5 91.4 15.48 15.54 84 364.6364 195.36 4.10256
7.1 86.5 15.48 15.54 84 364.6364 195.36 4.10256
6.6 91.6 15.48 15.54 84 364.6364 195.36 4.10256
6.5 79.2 15.39 15.42 83.46 | 362.2923 195.1057 4.07088
6.3 76.8 15.33 15.36 83.14 | 360.9032 195.0945 4.05504
6.1 74.4 15.28 15.24 82.49 | 358.0816 195.0956 4.02336
5.8 70.7 14.51 14.6 82.214 | 356.8835 187.5301 3.8544
5.3 64.6 14.6 14.56 82.176 | 356.7185 187.1028 3.84384
4.9 59.7 14.38 14.4 81.866 | 355.3729 185.7474 3.8016
4.6 56 14.21 14.24 81.48 | 353.6973 184.5538 3.75936
4.4 53.6 14.22 14.2 81.404 | 353.3674 184.2072 3.7488
4.1 50 14.3 14.4 81.828 | 366.9805 195.6143 4.13424
3.7 45 14.25 14.28 81.674 | 369.3245 195.8686 4.16592
3.3 40 14.16 14.2 81.366 | 371.6686 196.123 4.1976
2.5 30.4 14.45 14.48 81.816 | 374.0127 196.3773 4.22928
2.3 28 14.4 14.48 81.544 | 376.3568 196.6316 4.26096

When cyclic fuel supply reduces basic indications of the engines are reducing, too. It is
associated to the lack of the fuel content in the combustion mixture. Will the cyclic fuel supply change
when the fuel filter resistance of the engine increases? The condition is shown in the following picture.

15.8

15.6

154

15.2
y = 0.2147x* - 1.7448x + 17.735

R?=0.9577
15

14.8

Cyclic fuel supply, mg

14.6

7

14.4

14.2

14

Valve pipe diameter, mm

= | aboratory experiment - Field experience

Fig.3. Cyclic fuel supply related to the fuel filter permeability capacity

There is no significant change in the cyclic fuel supply when the filter resistance is increased
and the diameter of fuel transmitting pipe hole decreased from 8.2 to 6.6 mm. Moreover, it is
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associated with the resource size of the filtering area. However, when the diameter decreases from 6.5
to 4.4 mm the cyclic fuel supply decreases by polynomic relation. Moreover, by the time of decreasing
the pipe diameter the cyclic fuel supply fluctuates to 2.3 mm, the engine’s “check engine” light is
being switched on. This situation is same in laboratory and in the field. Thus, using the results of the
field experiment for the future research is possible. The correlation occurred in the AGCO SISU
POWER engine’s basic indication shown below.
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Fig.4. The basic changing situation of the engine depending on the cyclic fuel supply

It is possible to assume that when the filter contamination related to the cyclic fuel supply
decreases from 15.8 to 15.55mg there is no influence in the engine’s basic indications then the
operation is normal. But when it decreases from 15.55 to 14.48 mg there are significant changes in the
engine’s basic indications. Hence, the engine operates without switching on the “check engine light”.
When the cyclic fuel supply is decreased from 14.48 to 14.2 mg, the engine operation becomes
unstable the “check engine light” is turned on.

Discussion. The following scientists: James Addison, Vakiru J, Loskutov V.S, G. Ganutlga,
B. Purevdorj conducted surveys on fuel, oil contamination, engine erosion and decreasing the
contamination [11, 12, 4, 13, 14]. Scientist B. Purevdorj /Ph.D/ determined that during the land
reclamation and harrowing period in Mongolia the abrasive erosion intensifies the imperfect filtering
of the dust [14]. Researcher Sh.V, Nikolaevna identified that the 15% of the pressure loss of the
engine indicator is spent on gas exchange process, 2% of fuel pump, 1...2% oil pump [15]. But
Russian researcher Loskutov V.S stated that the diesel fuel contamination decreases the
implementation of the fuel system operation [4]. Our research work justifies that when the fuel filter of
the engine increases, cyclical fuel supply reduces then the torque, engine capacity, fuel consumption
are reducing the engine’s basic indications an it proves the Russian researcher Loskutov’s hypothesis.
Moreover, we estimated the filter resistance frame and limit caused by fuel contamination. Also our
research work shows the affection of the diesel fuel contamination to the basic indications of the
engine and its principles. There is a strong need to determine fuel filter erosion time.

Conclusions.

1. From press review it is said that any research of diesel generation main specification and its
influences to fuel, oil and air filter’s pollution what are belonged to the papers in detail.

2. By the mathematical processing resulted from the experiment, our research work proves
that the permeability proficiency of fuel filter highly depends on the basic indications of the engine.

3. Considering the field and laboratory experiment results, we can divide the technical station
of the fuel filter into 3 groups referred to the change of the fuel filter permeability proficiency.

I. The stable period of work procedure: The engine power torque, fuel consumption were not
changed dramatically until the permeability proficiency went down by 24%.

Il. The influencing period to the basic indication: There were slight changes in basic
indications when the permeability proficiency of the filtering element lowered from 24.5% to 46.6. On
other hand, the power is being decreased by 2.6xBT or 3 %, then the fuel consumption by 8.7%.
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I11.The unstable period of work procedure: When the permeability proficiency of filtering

element decreases from 46.5% to 72% and resistance increases, the engine operates unstable, then the
working procedure is limited and warning light “check engine” is on. It proves that when the filtering
element contamination reaches higher than 72% the engine becomes impossible to operate and
filtering elements need to be changed.

4. The following research paper is about engine set according to operating hours to be compared

with fuel filter pollution. Furthermore, it is required to define operating level and period in detail.

=

B ©o~

12.

13.

14.

15.
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Introduction. The steepest descent algorithm (in the vicinity of the value of the function
argument) is an alternative procedure for the purpose of moving in the direction of the minimum from
a given point to the lowest value. Such a direction is the opposite direction given by the gradient
vector of the optimization function under the conditions of experimental error.
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The general formula of the steepest descent method for finding the argument x (k + 1) with
value x (k) on the k-step is as follows:

]y

xktl = xk 42k 4 x
Where x (k) is a unit of length vector at a point x (k) defined in the opposite direction of the
gradient.
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If the step is constant and does not depend on the minimization function, then there will be a
constant oscillation in the vicinity of the maximum, the amplitude of which will depend on the value of and
the shape of the minimization function. One way to perfect a method with a constant step without the
existing complication of the algorithm is to use a step whose magnitude decreases according to the iterative
process, i.e. depends on the k step. Such an attitude can be expressed in several different formulas:

Where a, b, 8, a are “positive constants”.

The algorithm for this modification reduces and suppresses the oscillation around the extremum
when k — oo but, at the same time, the algorithm has a downside if the extremum of the function has a
small gradient. Then the step A¥ precedes the reduction already away from the extreme. Therefore the
extreme approach can be reduced quite significantly or a much larger number of iterations may be required,
making it necessary to determine the step according to the specific function [1].

Fig.1. Concave quadratic function

Consider a concave quadratic function f(x,y) = x? + u - y? (Fig. 1). Its inclination is determined
by the parameter: when u = 1, the function f(x,y) is a circular parabola, when y > 1- The paraboloid
becomes elliptical, stretching along the x-axis; And when y < 1- Stretched towards the axis.

Materials and Methods. We carried out the software implementation of the fastest climbing
algorithm in the mathematical software Mathcad system. To implement the algorithm, we defined the
formulas and parameters to be calculated by the gradient method: vmax = 20 maximum number of
iterations; v = 0 ... vmax - range of iteration change, x0 = 2 - initial value of the argument x; y0 = -1 - the
initial value of the argument y; fO = f (x0, y0) - the significance of the optimization function at the starting
points; A0 = 0.3 - the initial value of the step, qx(x.y) = 2 * x - with respect to the private derivative of
the objective function x; q_x (X, y) = 2uy - with respect to the private derivative of the objective function y.

Vector length L(x.y) = \/g_x(x, ¥)?2+ g y(x,y)?
s_X(x,y) and s_y(x,y) planes on the x.y axis in the opposite direction of the gradient vector
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Formula for changing vector components during a gradient procedure

Xp+1 Xy + A(xv,yv) S X(xp, Yy)
Yv+1 = Yv + A(Xv,yv) ' S-X(Xv,yv)
fhosal | f (e + A%, 1) - S X (X, Y)Yy + A(x,Y,) - S_Y (X, V)

With the initial value of the parameter, self-oscillation starts from the seventh measure (Fig.2)

Based on the obtained value, we can determine how many step became necessary to
approximate the minimum, With the initial value of the parameter, self-oscillation starts from the
seventh step (Fig.2)

V(0,122 + 0,147)2(0,061 + 0,073)2 = 0,301.

The average value of the objective function at these coordinates is equal to 0.023 (as the result
shows, the step length matches the value of the amplitude A = 0.3)

N e e T B

/,}’i" ':’;""3"‘?»’" o L B ) —j—_
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0 3 10 15 0 xv

Fig. 2. Approach the minimum point Fig. 3. Stepping towards the minimum

As can be seen from Fig. 3, at least in the vicinity there is a self-oscillation. If the paraboid is a
circular (u=1), then the amplitude with respect to both variables will be equal. Under error conditions
[2] we implemented the algorithm p different (u = 0,25; 0,5; 0,75; 1; 1,25; 1,50; 1,75) and the initial
step A (A =0,1; 0,2) for different values, the results obtained are given in the table

Table 1. Research Results.

pu=1; 2=0,1 u=1; A=0,2
Interaction Mean value Interaction Mean value
X Y of the X Y of the
N . N .
function function
0 11 0.032 | -0.016 10.014 22 0.032 -0.016 10.0025
-0.147 0.07 -0.057 0.029
10% 14 -0.154 | 0.077 10.067 26 -0.12 0.06 9.862
0.062 | -0.031 -0.012 0.0061
20% 14 -0.161 0.08 10.1225 26 -0.038 0.019 10.029
0.091 | -0.046 0.061 -0.03
pu=1.25; 2=0.2 p=1,25; A2=0.2
Interaction Mean value Interaction Mean value
X Y of the X Y of the
N . N .
function function
0 24 0.044 | -0.011 10.0025 11 0.047 0.00011 10.0125
-0.052 | 0.018 -0.153 0.00051
10% 27 0.05 -0.057 9.93 14 -0.152 0.055 10.057
0.0076 | 0.025 0.068 -0.045
20% 28 0.096 | 0.0064 9.701 14 -0.143 0.091 10.124
0.047 | 0.0023 0.079 -0.085
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Continuation of table 1.

p=1,5; A=0,1 p=1,5; A=0.2
Interaction Mean value Interaction Mean value
X Y of the X Y of the
N . N .
function function
0 23 -0.038 | 0.0019 10.0025 17 0.0021 0.072 10.0167
0.062 | 0.0057 -0.0016 -0.128
10% 29 0.0038 0.025 9.842 15 0.098 0.0092 10.146
0.0039 | -0.05 0.077 -0.0115
20% 29 -0.039 | -0.004 9.67 16 0.00334 0.034 10.23
0.033 | 0.0073 -0.0098 0.166
u=1.75; 2=0.1 u=1.75; 2=0.2
Interaction Mean value Interaction Mean value
X Y of the X Y of the
N . N .
function function
0 23 -0.019 | 0.00039 10.0025 16 -0.00712 -0.108 10.0175
0.081 | -0.0032 0.00043 0.092
10% 29 -0.023 | -0.031 9.84 15 0.095 0.079 10.153
0.011 0.049 -0.00542 -0.067
20% 27 0.032 | 0.00254 9.862 15 0.152 -0.019 10.292
-0.067 | -0.011 -0.0018 0.014
}\.=0. 1 }\.=0.2
10,1 10,4
10 10,3

' 10,2
9,9 %\ J
" 10,1
9,8 \
10
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Fig. 4. Fig. 5.

Conclusions. Graphical images are constructed according to the results of the table for visuals
(as shown in Fig. 5, when the step length A = 0.2, the effect of the errors on the value of the objective
function is significant at & = 20%. Ranges from 10.096 to 10.284 For the values p=1.75 and p = 0.75,
the distance to the extreme point averages 0.28, a relatively efficient search p=0.25, u=1.25, and p =
1 In this case, the mean deviation is 0.12, the reduction in efficiency is noteworthy for p = 0.5 for the
value as shown in the figure. -Times are decreasing. When the step length A = 0,1 (Fig. 4), then the
largest deviation from the minimum point is equal to 0.33 and this is fixed p = 0,25; u=1.25; And for
u =1 values. Search efficiency u = 0.5 is relatively effective; for the values of p=0.75 and u=1.75

Interestingly, autocorrelation under error conditions, for the value p = 1, i.e. when the function
is a circular paraboloid, starts relatively quickly. However, a more effective search value than p value
has already been achieved for this iteration than p for other values.
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The General Development Plan of the city of Sofia, adopted in 2008 [1], divides the territory of
the city into Development Zones with characteristic development indicators for each of them. For its
time, this is a good approach and aims to set clear regulations in the structure of the territory, allowing
for clear and accurate planning, with clear prospects and expectations. Unfortunately, the regulatory
framework is constantly changing and is not fixed at the time of establishing the Master Plan. A number
of laws and regulations continue their unpredictable development, supplementing new requirements that
could not have been foreseen at the time, and most often at the expense of the "degree of greening"
indicator. One of the examples that illustrates this problem is the Ordinance adopted in 2018 for planning
and design of communication and transport system in urban areas [2], according to which the property
must be provided with bicycle parking spaces, which is not provided in the ratio of the built-up and green
areas to the separate development zones and has to be at the expense of the green areas.

Another, insufficiently considered point is the introduction with the Master Plan of mixed-use
areas, Mixed multifunctional zone with reduced parameters and Mixed multifunctional zone mainly for
the suburban area, which both allow different uses of the properties falling into them, but are not
pluralistic enough and preserve the structural indicators, most often in terms of Density of construction -
40% respectively Minimally landscaped area - 40%, and in Mixed multifunctional zone mainly for the
suburban area, even reaches a building density of 60% versus against a maximum of 30% landscaping,
which often makes the achievement of the required landscaping area impossible when realizing the
maximum construction and the necessary infrastructure. For example, a commercial site in the Mixed
multifunctional zone with the maximum allowable construction, leads to the need to build parking spaces
on a significant area. A similar example could be given with the construction of a logistics base or sports
hall, all sites that need serious parking spaces or adjacent infrastructure. At the same time, the green
areas in these sites are either not used for their intended purpose, or this happens sporadically, which
makes it inexpedient to achieve them at any cost. In a future, updated Master Plan, this should be taken
into account by introducing more flexible tools for the implementation of the elements of the green
system in the city, by regulating a mechanism for compensatory landscaping, which will stop the bad
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practice for construction of inefficient green areas (green parking lots on a grass joint, vertical
landscaping on fences, grassed parking elements, etc.) at the expense of a quality built environment
aimed at the direct user, namely the residents of the city. At the same time, the necessary landscaping in
mixed-use areas or industrial zones could be achieved following the example of a number of European
cities, by requiring unrealized green space to be achieved in the form of vertical and roof landscaping
multiplied by 1.2-1.5 or realized in municipal terrains for newly built parks and gardens.

In our country at present, roof landscaping is allowed only in central development zones, and
vertical landscaping is not regulated by law and oral regulations of officials from the administration in
some areas of Sofia allows up to 10% of landscaping area, reduced by a factor 0.8, and in other areas it
is not allowed at all. This can be seen as a very serious shortcoming at a time when the topic of global
climate change and global warming is becoming more and more relevant. At a time when the urban
population is growing in every minute, cities are becoming more crowded and turning into heat
islands, and Sofia is no exception. At present, the capital is not only lagging behind, but even going in
the opposite direction of world trends. Already in the first decade of the 20th century, Vancouver,
Montreal, Paris, New York and a number of global cities have obliged to build green roofs in new
public and industrial buildings and part of the energy they use to be from renewable sources. At the
same time, the Sofia Municipal Council sent a letter of instruction to the regional administrations and
the “Green System” Directorate:

o Green roofs to be built only in the central zones regulated in the General Development Plan;

e Green roofs with a soil layer thickness of less than 30 cm should not be considered green
areas, which in practice crossed out the extensive roofs;

o Green roofs with a soil layer thickness of 30 to 60 cm to be multiplied by a reduction factor
of 0.6, which in practice complicates and increases the cost of construction very much and makes
green roofs an undesirable element of the urban landscape.

While in the city of Sofia, in 2021, green roofs and vertical landscaping systems are still an
undesirable element, Madrid in 2017 adopted an ordinance planning to 2050. to increase its green
areas by 30% with the help of roof and vertical landscaping, as experts say that this will reduce the
average annual temperature by 20C, increase humidity by 5-8%, reduce dust and save on ventilation
and heating between 4 and 6 billion euros.

Another problem that exists in the central area of Sofia is that most of the parks in the city are
or have the potential to be objects of immovable cultural heritage, and there are no specific texts in the
Cultural Heritage Act addressed to their protection, and adequate training of landscape architects for
these challenges.

A number of shortcomings and ill-conceived solutions that harm the green system can be
identified [7] in many regulations aimed at building various elements of it - such as Ordinance Ne 1
safety of playgrounds or the Ordinance on accessible environment.

Against this background and in the context of global trends, the need to update the regulations
dealing with the green system of the capital is becoming increasingly apparent. It is imperative that
this is done in accordance with the main aspects of sustainable development, namely environmental,
social and economic, by developing synergistic models that will largely enable the city to take a breath
and focus on modern development and planning and others systems in the urban organism.
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Introduction. The World Commission on Environment and Development (WCED, 1987) has
defined sustainability as “Development that meets the needs of the present, without compromising the
ability of future generations to meet their own needs.” When applying this complex concept to
architecture, it refers to design that creates a healthy living environment, while striving to minimize
negative impacts on the environment, energy consumption and human resource use.

Sustainable architecture is reflected in building materials, construction methods, resource use and
design in general. The project should also facilitate sustainable operation during the life cycle of the
building, including its final disposal. Although it must be functionally and aesthetically superior, the space
must be built with the attitude of achieving long-term energy and resource efficiency (Bennetts et al., 2002).

Sustainable architecture is also called green architecture or ecological architecture. It challenges
architects to create smart designs and use available technology to ensure that structures generate minimal
harmful effects on ecosystems and the urban environment. The role of green systems in cities is
significant because of their ability to provide important ecosystem services for human well-being. Yet
the value of urban green systems is still neglected in urban policy and planning (Stoyanova, 2021).

Imagine that you liked a plot of land that you think is conveniently located for you to build a
residential building in the center of a big city. The problem, however, is that there are 100 trees
planted on it, and they are about 50 years old, ie. they can take an active part in reducing the level of
dust particles, heat and noise pollution for another 50 years. These trees are deciduous and belong to
the genus Quercus (oak). If sustainability is not an issue, you will probably do is cut down all the trees
to clear the terrain on which you will build. In this case, you do not care if it will harm future
generations and in which way? Do you not think about what kind of ecological gross domestic product
(EDP) these 100 trees have for the functioning of the urban ecosystem and human well-being?

This is the opposite of sustainable architecture. Sustainable architecture means taking
environmental factors into account:
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o |s there another plot nearby that you can use instead?

e How can you use some of the wood from the trees without completely depleting the entire
plantation, so as not to disrupt the functioning of the urban ecosystem?

e Is there a way not to cut down the trees and build the building again?

These are just some of the factors to keep in mind when applying the concept of sustainable
development in design and construction. Sustainable architecture must recognize the existing natural
resources and environmental conditions at the construction site and how to incorporate them into the structure.

As cities continue to expand, the Earth is not getting bigger. This growth has a huge impact on
the environment. The earth is not an unlimited well that can be replenished to keep pace with
modernization. According to the UN Global Environment Report 2017, buildings and construction
account for more than 35% of global final energy consumption and almost 40% of energy-related CO>
emissions. Although these figures are lower than in 2010 due to higher sustainability awareness, there
is still a long way to go. When using sustainable architecture, whether in new or old buildings, there
are accompanying environmental, economic and social benefits.

Material and Methods. The town of Sevlievo, Bulgaria (43°1'2""/ 25%'48") is a separate
administrative and municipal center with an area of 41.244 km?. It consists of 73 streets, 60 of which
are forested; 4 quarters: Balabantsa, Mitko Palauzov, Dimitar Blagoev and Dr. Atanas Moskov; 3
town parks: "Barracks", "Chernichkite" and "April Uprising". Its green cover is 27.49%. Sevlievo falls
into three types of landscape - foothill, agricultural and riparian valley. The city is known as the
"economic pearl" of Northern Bulgaria. Sustainable center, providing a number of ecosystem services
for its inhabitants. The first city in the history of the Republic of Bulgaria, which in 2012 turned old
barracks into a park system (Peteva & Rangelov, 2017).

“Barracks” park

The Sevlievo barracks were built in 1892 and were used as such until 2000. In 2004, the land
on which they were built was donated by the Ministry of Defense (MoD) - Sevlievo municipality.
Almost immediately, in 2005, the municipality of Sevlievo announced a competition for a conceptual
design, which was finalized in 2006 and won by a team led by Prof. Alexander Alexandrov. Later, it
was this team that prepared the working projects for the construction of the park.

In September 2012, the first stage of the project was opened with a total value of BGN 3 609 616,
funded by OP "Regional Development™ and co-financed by the municipal budget worth BGN 191 180. At
the moment, about 25 000 square meters of alleys have been built and parking lots, 1 decare of
playgrounds, 15 new sets of children's facilities, over 1 decare of water attractions, 109 flower beds, 170
benches. About 10 decares are grassed. 300 lighting fixtures and 250 rubbish bins have been installed.

The high role of the cultural aspect in the doctrine of "sustainable development" raises the
need to compare the degree and manner of implementation of the proclaimed, examining what is the
understanding of industrial heritage abroad and what it is in our country (Asparuhov et al., 2016).

Fig. 1. Development plan of “Barracks” park (www.sevlievo.bg)
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The concept of the park is to combine the memory of the barracks and to be an attractive place for
recreation and entertainment — fig. 1. The project envisages people starting from the city center to cross the
park and reach the river. In the beginning, a chess field was built, called the "battlefield". This is actually
the central square where city events will be organized. Next are entertainment venues, water attractions, a
geographical center in the middle of a spiral of alleys. The next stage envisages the construction of a
military museum, the equipment of the geographical center, which will house an interactive globe, the sun
and the moon, the construction of a sports complex with playgrounds, an extreme bike lane, etc.

Results. Today, the “Barracks” park with an area of 120 770 m? and 6% green cover is a
positive example of a site with sustainable development. The town of Sevlievo is the first with a site of
this nature, followed later by Kardzhali, Stara Zagora, etc. — fig. 2 and 3.

Fig.

2. “Barracks” park — view of Sevlievo town

3 i

N

Fig. 3. “Barracks” park — view from the sky

Total tree number on the territory of the park is 54 from 21 species belonging to 13 families —
table 1.
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Table 1. Species composition, number and measurements of trees for “Barracks” park

. . Total Height, | DBH*, Age, Crown, | Crown
Tree species Family Number m sm years Dmax, m | Dmin, m
Abies alba Mill Pinaceae 4 16 33 50 3 1
10 60 70 8 3
13 77 70 6 3
16 40 40 4 1
Acer campestre L Sapindaceae 4 8,5 55 30 3 2
9 55 30 3 2
14 70 60 6 2
4 13 5 2 1
Acer negundo L Sapindaceae 1 8 55 30 3 2
Acer saccharinum L Sapindaceae 2 8,5 55 30 3 2
9 55 30 3 2
Aesculus Hippocastanum L. Sapindaceae 5 11 48 60 4 2
10 41 60 4 2
12 42 60 4 2
9 43 60 4 2
10 42 60 4 2
Ailanthus altissima Mill Simaroubaceae 4 4 8 5 1 0,5
2 13 5 1 0,5
3 10 5 1 0,5
2 10 5 1 0,5
Betula pendula Roth Betulaceae 3 2 5 5 1 0,5
2 5 5 1 0,5
14,5 90 60 5 2
Elaeagnus angustifolia L Elaeagnaceae 2 4 12 5 1 0,5
4 12 5 1 0,5
Juglans regia L Juglandaceae 2 14 70 60 4 2
12 59 60 4 2
Malus baccata L Rosaceae 1 10 66 60 8 4
Morus alba L Moraceae 1 14 70 60 6 2
Picea abies L Pinaceae 4 16 40 40 4 1
10 44 60 4 2
9 43 60 4 2
9 43 60 4 2
Pinus nigra L Pinaceae 4 9 35 15 2 1
14 44 60 4 2
10 44 60 4 2
12 48 60 4 2
Plananus orientalis L Platanaceae 1 2 13 5 1 0,5
12 53 45 7 3
12 52 45 7 3
12 53 45 7 3
12 55 45 6,5 2,5
Robinia pseudoacacia L Fabaceae 1 14 70 60 6 2
Salix babyloniva L Salicaceae 1 4 30 15 3 2
Sophora japonica L Fabaceae 4 4 13 5 2 1
2 10 5 2 1
2 10 5 2 1
4 13 5 2 1
Thuja orientalis L Cupressaceae 2 4 8 5 1 0,5
2 13 5 1 0,5
Thuja acidentalis L Cupressaceae 2 2 13 5 1 0,5
3 10 5 1 0,5
Tilia cordata Mill Malvaceae 4 12 59 60 6 3
16 66 60 6 3
12 64 60 6 3
12 59 60 6 3
Tilia tomentosa Moench Malvaceae 2 10 60 70 8 3
13 77 70 6 3

* Diameter at breast height, or DBH, is the standard for measuring trees. DBH refers to the tree
diameter measured at 4.5 feet above the ground.

The transformation of the territory of the former barracks of the city into a park is an example
of revitalization of abandoned and dilapidated urban spaces. According to this model, many
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abandoned sites from the recent past could be revived and renovated - be they military or industrial. In
this way, environmental, economic and aesthetic benefits for cities are added, namely these are the
three basic principles of sustainable development — to create conditions for economic, social and
environmental impact.

Discussion. Today, in functional terms, the territory has a rich and diverse content. In the
park, in addition to the typical park elements, we can also find sports, cultural, educational and
thematic infrastructure, as the site provides ecosystem services in various directions. On the one hand,
it creates conditions for daily recreation and sports of the residents of the town of Sevlievo; holding a
number of cultural events, etc., and on the other hand is a solid object of the green system of the city.

From what has been said so far, we can summarize that the park "Barracks" has a significant
contribution to the volume of the urban green system (6%) and is undoubtedly a powerful generator of
urban development, expressed in increasing investment interest in the surrounding areas - fig. 4 a and b.

Fig. 4. a) “Barracks” park with a view of The Krushevski Bair area. b) Central part
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Conclusions. Despite innovation, progress and growing public awareness of the need for
greener construction practices — sustainable architecture is still a small part of overall global
construction. In addition, many experts believe that the concept of sustainable development is outdated
given the current state of the planet. Instead, they insist that the way forward lies in regenerative
architecture and design, a much more progressive holistic approach that focuses on using the world's
natural resources to create buildings and systems capable of regenerating and destroying completely
when have fulfilled their goal.

Sustainable architecture benefits everyone - individuals, businesses, communities, the
economy and the environment. It is true that more and more countries are moving towards
sustainability, but the progress made is still not able to cope with the constant demand for resources.
Man is a consumer and this requires a new way of thinking, namely "Act locally - think globally".

In Bulgaria, the “Barracks” park is an excellent example of a sustainable architectural project.
"Green Pearl" among the industrial jungle, which has ecological, economic and social value for the local
population. Thanks to sustainable local thinking, instead of a building for a few, a park has been created for
everyone. Sustainable urbanism takes action outside of sustainable architecture and takes a broader view of
sustainability. Typical solutions include such eco-industrial parks (EIP), urban agriculture and others.

REFERENCES

1. Asparuhov, S., Rangelov, V., Shahanov, V. 2016. Indoctrination in the protection of industrial architecture and
landscape in Bulgaria. International Scientific Conference BANI 2016, VFU* Lyuben Karavelov ”, Sofia

2. Bennetts H., Radford A., Williamson T. 2002. Understanding Sustainable Architecture, Book, 176 pp.
https://doi.org/10.4324/9780203217290

3. Municipal Development Plan of the Municipality of Sevlievo 2010 - 2014.

4. Peteva S., Rangelov V. 2017. Park “Kazarmite” — a sustainable concept for the development of green

system in Sevlievo city, International scientific conference “Preservation of cultural heritage” BASA,

Report, 23-25 November, Sofia, 187-194

Stoyanova S. 2021. Value of green systems in Sevlievo municipality. Book. Sofia University Press, 220 pp.

Todorov, M. 2021. Photo material.

United Nations. 2017. Global Status Report, 48 pp.

World Commission on Environment and Development. 1987. Our Common Future (Brundtland Report),

UN, 247 pp.

9. Retrieved from www.sevlievo.bg

NG

RS Global 2(74), February 2022 49



WORLD SCIENCE ISSN 2413-1032

TRANSPORTATION ENGINEERING

TEOPETUYHE OBI PYHTYBAHHA ®AKTOPIB
BIIVIMBY HA BUTPATY ITAJIMBA ABTOMOBI/IIB-
CAMOCKUAIB Y ITPOLLECI POSBAHTA’KEHHA
CUIIYYIOI'O BAHTAZXKY

Amumpuuenxo Muxona @edoposuu, npogecop xagpeopu “Bupodbnuymea, pemoumy ma
mamepianosuascmea” Hayionanbno2o mpancnopmnozo yHigepcumemy, OOKmMop mexHiuHux Hayx,
npogecop, pexkmop Hayionanenoeo mpancnopmuoeo yHieepcumemy, m. Kuis, Ykpaina,

ORCID ID: https://orcid.org/0000-0003-4223-1838

Csemazapoe Onekcanop Muxonaiiosuu, acnipanm ma acucmenm xagedpu “‘Bupobruymea,
pemonmy ma mamepianosnascmea’ Hayionanenoco mpancnopmuoeo, m. Kuis, Yxpaina,

ORCID ID: https://orcid.org/0000-0001-9509-5038

DOI: https://doi.org/10.31435/rsglobal_ws/28022022/7772

ARTICLE INFO ABSTRACT

Received: 09 January 2022 This article presents the results of the analysis of the study of the working

Accepted: 14 February 2022 process of dump trucks and the factors that affect the fuel consumption of

Published: 28 February 2022 dump trucks in the process of unloading bulk cargo, with further
development of principles and methods for determining optimal (rational)

KEYWORDS modes of dump trucks. specialized equipment, ensuring minimum fuel

consumption and harmful emissions into the atmosphere and maximum
productivity when performing dump trucks transport and specialized work.
During the study, the factors that directly affect the amount of fuel
consumption during the unloading of the dump truck platform were
comprehensively substantiated. The cost of unloading bulk cargo is set. The
platform of the dump truck is loaded in three ways of placing the cargo on
the platform (the center of gravity of the cargo is located on the front of the
platform, the center of gravity of the cargo is located on the center of the
platform, the center of gravity is located on the back of the platform).
Unloading was carried out at the set speed of the crankshaft of the dump
truck engine (at 1500 min-1, at 2000 min-1, at 2500 min-1) for three ways of
loading the platform. According to the analysis of literature sources and
research, we can conclude that the operational factor — is one of the main
factors on which depends on the productivity of transport work by dump
trucks, and which accounts for the largest percentage of fuel and energy
resources. Unloading rate (Qroz) is one of the main indicators that is taken
into account when calculating fuel consumption for transport work by dump
trucks. But to determine the fuel consumption of a dump truck in the
unloading process is much more difficult, because a clear rate of fuel
consumption for this process is not defined in it, as this indicator is an
individual and complex characteristic.

dump trucks, unloading process,
factors of influence, economy, fuel.

Citation: Dmytrychenko Mykola, Svietazarov Oleksandr. (2022) Theoretical Justification of Factors of
Influence on Fuel Consumption of Dump Trucks in the Process of Unloading Bulk Cargo. World Science. 2(74).
doi: 10.31435/rsglobal_ws/28022022/7772

Copyright: © 2022 Dmytrychenko Mykola, Svietazarov Oleksandr. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the
original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

Beryn. 3 pocToM HayKOBO-TEXHIYHOTO TIPOTPeCy, B MAIMIWHOOYIIBHOMY BHPOOHHIITBI
BIIPOBAKYETHCSA HOBI MPOTPECHBHI CTAaHAAPTH JJIS MOJEPHi3allii KOHCTPYKTHBHHX IapaMeTpiB Ta
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BIOCKOHAJICHHS EKCIUTyaTalilHUX BJIacTUBOCTEeH. llanmiBHAa EKOHOMIYHICTH SABISETHCS OJHHUM 13
BAYUIMBIUX  EKCIUTyaTalliiHUX BJIACTHBOCTEW Cy4acHMX aBTOMOOUTIB Ta  CHeIiali30BaHOl
TPAHCTIOPTHOI TEXHIKM Ta BXOAWTh B KOMIUDIEKC KpPHUTEPiiB IS OIIHKKA iX KOHCTPYKTHBHOI
NOCKOHAJBHOCTI. [liBUINIEHHS @AJIMBHOI EKOHOMIYHOCTI aBTOMOOLIIB-CAMOCKHUIIB MAa€ BEJIUKE
NpaKTHYHE 3HAYCHHS I €(heKTHBHOCTI BUKOPUCTAHHS ITAIMBA HA BUKOHAHHS TPAaHCIOPTHOI poOOTH.
OcHOBHA BHUTpaTa PiIKOTO MajanuBa HeOOXimHA TSI BUPOOICHHS MEXaHIYHOI €HEPTil, IO BUTPAYAETHCS
Ha MOIOJIAaHHS PI3HHUX OIMOPIB P MEPEBE3CHHI Ta PO3BAHTAKEHHI BaHTaxiB [1].

Meta naHOTO JOCHIIKEHHsS MOJsArae B po3poOui, moOymoBi Ta ONTHMi3alii alropuTMy
KUTBKICHUX Ta SIKICHUX ITOKa3HHUKIB €()eKTHBHOCTI BHKOPHUCTAHHS Ta €KOHOMIl IajgMBa aBTOMOOLTIB-
CaMOCKH/IIB y p0O0OYOMY MPOIIECi PO3BAHTAXKEHHS TIATHOPMHU.

[lannBo € TONOBHUM pecypcoM SIKE BUKOPHUCTOBYETHCS JIsi BUKOHAHHS TPAHCIIOPTHOI poOoTH
PI3HIMH TPAHCIIOPTHIMH 3ac00aMH Ta CIICITIalTi30BaHOI0 TEXHIKOIO sIKi 00IaaHaHi aBToMo0uTl. B YkpaiHi,
JUISL PO3PaxyHKY Ta BCTAHOBJICHHS BUTPATH TTAJIMBA, Ky BUTpadae aBTOMOOLIb-CAMOCKHM/I, BU3HAYAIOTH 13
JIOIATKy HOPMAaTHBHOIO JOKyMeHTY «HopMmu BUTpaTh manmBa i MacTWIbHHX MatepiaiiBy [2]. [auwii
JOKYMEHT TPHBOAUTH 3araibHy (GOpMYITy JUIs BU3HAYEHHS! BUTpATH MajmBa B JiTpax Ha 100 KijomeTpis,
sKa He MOKa3ye (pakTHUHy BUTPATy MajiBa. ToMy OCHOBHMM IHTaHHSM TIO ONTHMIi3allii MOKa3HUKIB Ta
EKOHOMIi MaJMBa € 3MiHM peaJbHUX PEXHUMIB pOOOTH aBTOMOOLIIB-CAMOCKHIIB, SIK TiJl Yac pyxy, TaK i
3MIHM  PEXUMIB  BaHTaKHO-PO3BAaHTaXYyBaJbHOTO  Tporecy. [luTaHHs  BUTpaTH TmajdmBa B
eKCIUTyaTallifHOMy TIpOIleci PO3BaHTAXEHHS IUIATPOPMH aBTOMOOLII-CAMOCKH/IA Ha JAaHUA MOMEHT
Maibke He BHBYAJIOCS, HEMAa€ BITOMOCTEH Ta HayKOBHX JIOCII/DKEHB i CIIPSMYyBaHb, TOMY L€ NMHTAHHS €
JIOCUTh aKTYaJIbHUM 1 IOTpeOye OUIBIII MOrIMOIEHOT0 BUBYECHHS 3 METOO MOJIAJIBIIIONO BIIPOBAPKYBaHHS B
TPaHCIIOPTHI IiATIPUEMCTBA 1 CKOPETYBAHHS Cy4aCHUX METOJIIB PO3PaXyHKY Ta 0OMiHY BUTpAT MAJIMBA.

Marepiasm i mMeronu. 3a gaHUMH KOHCanTHHTOBOI rpymu A-95 [3] 3aranbHi BuUTpaTH
MOTOPHOTO MalKBa Pi3HUX TUMIB (OCH3MH, AW3ENb Ta MPHUPOAHUHU ra3) Ha I3[y 1 TPaHCIOPTYBaHHS
nacaxupiB Ta BaHTaxiB, 3a 2019 pik cknamae 10500 ToH. 3aTpaTu Ha MaJMBO-MACTHIIBHI MaTepiaiu
CKJIQJIAIOTh 3HAYHY YaCTHHY 3arajbHOi BapTOCTi pPOOOTH aBTOMOOUIFHOTO TPAHCIOPTY Ta
TPaHCIOPTYBaHHS BAHTAXIB.

IToxazHuKH BUTpaT HanuBa B Ykpaiti 3a 2013-2019 poxu
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VY 3B’SM3Ky 3 UMM C KOXXKHMM JHeM HaOyBarOThb aKTyaJIbHOCTI HAayKOBI JOCHIIKEHHS SAKi
NPUCBSYYIOTBCS  MpoOJieMi  3a0e3leyYeHHs PaliOHAbHOI MalMBHOI EKOHOMIYHOCTI Ha BHKOHAHHS
ABTOMOOLISAME TPaHCHIOPTHOT pOOOTH 32 paxyHOK BHOOpY IEBHOTO TPAHCIIOPTHOTO CKIIaJly, MOJIepHi3arlii
ABTOMOOLITBHHUX MAJMBHUX CHCTEM, IUIaHYBaHHS e()eKTUBHOI pOOOTH Ta OaraTo iHIIMX acreKTiB [4].

MoTopHe ManuBO, SKE BUTPAYAIOTHCS ABTOMOOLIIMHU-CAMOCKHIAMH, SBISETHCS OTHHUM i3
BUIIB MAJIMBO-CHEPIe€TUYHUX pecypciB (OCH3UH a00 AU3eib) 3a AKMMH, BIAIOBIIHO 3 3aKOHOIaBCTBOM
VYkpaiHu, BCTAaHOBJICHHI NOKa3HUKH Ta METOIMKH PO3PAXYHKY, 32 SIKHMH PO3PaxOBYIOTh €(hEeKTHBHY
po0OOTY MeBHOT CHIEUTEXHIKH [5].
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AHanizyloud HOPMAaTHBHY METOJMKY PO3PAaXyHKY BUTPATH MalKBa aBTOMOOUIIMH-CAMOCKHIAMH
[2, 5], B po3paxyHOK He BXOIHMTH TOKAa3HWK BUTPATH MaJMBa HA BUKOHAHHS IPOLIECY PO3BAHTAXKCHHS
mwarpopmu. OTKe, HOpMAaTHBHA METOANKA PO3PAXYHKY SIBISETHCS TPHOIU3HUM Ta 3arajbHUM PiBHAHHAM
JUTSL BU3HAYEHHS HEOOXiTHOT KUTBKOCTI MaliBa Ha BUKOHAHHS TPAHCIOPTHOI POOOTH, TaK IF0 METOIHKY
BXOJISITh KOPUT'YI04l KOe(illieHTH Ta TOAATKOBI Ha0ABKH, sIKi Oy OTPHIMaHi B pe3ybTaTi CTATUCTHIHUX
JIaHUX, 3 SIKUX BUBEICHI cepeiHi 3HaueHHs. SIK BiJOMO, MUTOMa BUTpaTa MaluBa € JiHIMHOI BETHYUHOIO
aJie TIOKa3HWK KUTBKOCTI BUTPAYCHOrO MaMBA TPW 3/IMCHEHI JCKUIbKA TPAHCIOPTHHUX IUKIIB 3aBXKIH
BiJIPI3HSIOTHCS, OCKUIBKH €KCIUTyaTamiiiHi (hakTopy MOCTIHHO 3ayieKaTh Bijl KBami(ikaiii BOis.

Ha ocHoBi gpocmimkenr aBTopa [6], Oyma po3pobieHa eKcneprMeHTaTbHO-aHANITHIHA
METOJMKa, fKa BH3HAYAa€ Ta BHMIPIOE BHTpATy TMalIWBa aBTOMOOIIIMH-CAMOCKHIAMH Pi3HOI
KOHCTPYKIII Ta BaHTaxomigioMHocTi. Lle mo3Bomsie po3ibpaTi nudepeHmiiHi HOpMH BHTPAT MaTHBa
JUTSL BCHOTO TMIAPaMETPUIHOTO PALY aBTOMOO1TiB-CAMOCKH/IIB.

B ekcmyaraniiHux ymoBax MOTPIOHO BUIUIMTH BUTPATH IMajMBa HAa TPAHCIIOPTYBAHHS
BaHTaXy Ta MEPEeCyBaHHs CaAMOTO aBTOMOOLUISA-CAaMOCKH/A, a TaKOK BHKOHAHHS PO3BaHTaKyBaJbHOI
po0oTH, SKHH CKIIaJae MATMBO-CHEPreTHYHUN OalaHCc aBTOMOOUTSI-caMockuaa. B 3arambHOMY BHIL
BUTpaTa MallMBa 3a OJTHY 3MIHYy BU3HAYAIOTh, BAKOPHCTOBYIOUN HACTYITHUH BUPA3:

Qn=Qo+n-(Qi1+ Q2+ Q3+ Qs+ Qs+ Qp)

e Qn — 3arajpHa BUTpaTa NamBa 3a A00Y;
Qo — BHUTpara nanuBa 3a HyJOBHH MPOOIT;
N — YUCIIO MOT3/I0K 32 3MiHY;
Q1 — BUTpaTa NMajMBa Ha MOI3JIKY 3aBaHTAXKEHOTO aBTOMOO1JII-CAMOCKH/IA;
Q. — BUTpaTa majuBa Ha MOI3/IKY MOPOKHHOTO aBTOMOOIIISA-CAMOCKHAA;
Qs — BUTpaTa manyBa 3a 4ac HaBaHTAKCHHS,
Q4 — BUTpara naymBa 3a yac pO3BaHTAKCHHS,
Qs — BUTpaTa manvBa 3a 4ac O4iKyBaHHS;
Qs — BUTpaTa majuBa 3a 4ac MaHEBPYBaHHSI.

Amnanmi3 HaBeneHoi (OpMyJiM TOKa3ye, IO BHUTpaTa MajWBa aBTOMOOUIIMHU-CAaMOCKUIAMH
3aJIeKUTh BiJl BENHMKOI KiTbKOCTI (akTopiB. [IpmuoMy, BIUIMB mux (hakTopiB B3a€MOIOB'SI3aHUH 1
3HAaXOAMTHCS B CKIAIHIA 3aJ€KHOCTi, BCTAHOBJIEHHS SIKOI aHAIITHYHUM ILUIIXOM € TPYIAOMICTKOIO
HayKOBOIO 3aj1auero [7].

B mporeci po3BaHTakeHHS 3MIHIOETBCA KYT MiAHOMY TuUIaThopMy B pe3ylbTaTi 4oro OymyTh
3MIHIOBaTHCS CWJIM Ta peakiii Aii. Bij 3MiHM Jii CHJI 3MEHIIYEThCS BEJIIMYMHA CHUJIM MIAHOMY SIKa B
3HAYHIM Mipl 3aJICKUTh BiJ] MOTYKHOCTI ABUTYHA. HeoOXiHA MOTYKHICTh JUIs CTBOPSHHS TTiAHOMHOL
cuIM aTGOpMU BIUIMBAE HA BUTPATY MAJINBA.

MeTo1o HayKOBOTO JOCIIIKEHHS SIBJISIETHCS OL[iHKA BEJIMYMHU BUTPATH NaJiBa aBTOMOO1TIB-
CaMOCKH/IB y Mpoleci Horo poOOTH Ta 3alpOBAaPKEHHS 3aXOMiB 10 E€KOHOMIi MajuBa LUIIXOM
onTuMizamii mpouecy po3BaHTAaXEHHS MiIaThopMu camockunaa. JOocCHiKeHHS 3A1MCHIOBAIOCS Ha
Mojelni aBromoOinsi-camockuaa 31T MM3 4502, sxuit npaitoe Ha OEH3WHOBOMY MaimBi. B sikocTi
3aBaHTKEHHS TUIATPOPMH BUKOPUCTOBYBABCS I'PaHITHUI ICOiHb.

Pe3ysnbTaTH mociaigikeHHsl. AHami3 JTEpaTypHUX JOKEpeNl Ta TONEepeJHhO BUKOHAHUX
JOCHI/DKEHB J103BOJIMB c(hOpMYBaTH INepetik GakTopiB (puc. 2.), 10 BIUIMBAIOTh HA BUTPATy MAJIMBa
aBTOMOOUIA-CAaMOCKHa B TEXHOJIOTIYHOMY IpOIeci PO3BaHTaKEHHA IMIaTGopMH, a came: maca Ta
¢bi3u4HUI CTaH 3aBaHTAXEHOT0 BaHTAXy — X1; 4aCTOTa 0OEpTaHHS KOJIIHYAaCTOro Bally ABUI'YHa — Xo;
po3TalllyBaHHS BaHTaXy Ha Iiat(opmi aBTOMOOLIS-caMOCKHAAa — X3; THCK B TiAPOLMIIHIAPI SKUH
HeoOXimHuH ajist migiomy tardopmu — Xa; TEXHIYHHN CTaH aBTOMOOIS-caMOCKu1a — Xs, IIPUPOIAHO-
KiiMaTuaHi ymoBu — Xs [8, 9, 10, 11].

@aktopu Xi, X2 Ta X3 SBIAIOTHCS “KepOBaHMMHU~ (pakTOpamMH SIKi MOXKIIMBO CaMOCTiHHO
perymoBatd. TakuM YMHOM, SIKIIO BIUIMBAaTH Ha I (pakTOpu MOXKHA AOOWUTHCSA 3MIHM (PaKTHUYHHX
BUTpaT NajiuBa NpU poOOTI aBTOMOOLISI-CAMOCKHAA B TEXHOJOTIYHOMY IPOLECI PO3BAHTAXKECHHS
wiatpopmu. Criocobu 3aBanTakeHHs TarGopmu (paktop X3) sSKi BUKOPHCTOBYIOTHCS B JIAHOMY
JOCITIKEHHI, PO3TIIAHYTI B MOMEPEIHIX ToCimKeH X [12].

Ha croromuinmHi# 1eHb HA O1IBIIOCTI AaBTOTPAHCIIOPTHHX ITiAMIPUEMCTB i€ CUCTEMa TUTAaHOBO-
MIOTIEPEKYBaJIbHOTO PEMOHTY, 1I€ MAETHCS Ha YBasi, 110 aBTOMOOUIb-CAMOCKH/, KU BUXOAWUTH Ha
JHIIO MPOBEAEHHS TPaHCIOPTHOI poOoTH, MOBHicTIO crpaBHui. OTxe, dakrop Xs — He Oyne
BIUIMBATH Ha BUTPATy NaluBa MPU eKCILTyaTaii.
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Maca Ta (pi3HUHHIT cTaH
BanTaky (axrop X,;)

TacToTa 0GepTaHHT
—  KOJIHYACTOTO Baly

aeuryua (paxrop X,)
TIponec Burpara nansa
PO3BAHTAKeHHS PosranryBaHHS BaHTaKY Yac nmoBHOTO HA 3TiiicCHeHHA
naaTdopmu Ha mwiathopmi (Ppakrop >  PO3BAHTAKCHHA npouecy
aBToMoGins- X3) matopmu, ¢ PO3BAHTAKEHHS,
caMoOCKHIa Q

Tuck B TifipaBmiuHi
—  cHcTeMl aBTOMOOLISA-

camockuga (axrop Xy)

Texniuaui cTan
aBTOMOGIII-CaMOCKHIa Ta
#OT0 ripaBIiaHOL
cueremu ((paxrop Xs)

Puc. 2. @axmopu, axi be3nocepednvo niugarOmy Ha NOKAZHUK UMPAmMu NAIued 8 npoyeci
PO36AHMANICEHHS NAAMPOPMU ABMOMOOINA-CAMOCKUOA.

@akTop X4 — e GaKkTOp SKUH XaAPAKTEPU3YETHCA TEXHIYHOIO XapaKTEPUCTHKOIO TiIPONPHUBOLY,
SIKMI BCTAaHOBJICHUH Ha aBTOMOOLTI-caMmockui. Bin Oyze 3anexatn Bif ¢axropiB X1, X2 1 Xa. [lokazaukm
(hakTopy X3 OTpHMaHi HUIAXOM oOcHuiIorpadyBaHHs poOOYOro IMPOIECY TiPaBIIiYHOI YCTAHOBKUA Ha
KO>KHI{ BUCYBHIH JIaHLI TiAPOLMNIH/pa NPH PO3BAHTAKEHH] BaHTaxy (pHC. 3, 4).

Yac Tuck OodeprH Yac Tack OdeprH Yac Tuck OodeprH

Puc. 3. Hoxaznuxu mucky ziopasniunoi cucmemu agmomoding-camockuoa 3L/I-MM3-4502 y npoyeci
PO36AHMAICEHHS 2DAHIMHO20 WEOHIO.
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Puc. 4. Iokasnurxu mucky 2iopasniynoi cucmemu agmomooinsi-camockuoa 31/I-MM3-4502 ompumarni
WIAXOM OCYUNLAZPYBAHHS 8 XOOT PO3BAHMANCEHHS NAAMDOPMU.

IMpupoaHoO-KIiMaTHuHi yMOBH ((hakTop Xe) — € HEKepOBaHHUM (HaKTOPOM, ajie BiH 3HAYHO
BIUIMBA€ Ha MPOLEC CYMIIIOYTBOPEHHS B JBWUTYHI BHYTPIIHHOI'O 3TOpPaHHS aBTOMOOLIS-CaMOCKHA.
Tomy nanuii pakTop HEOOXiTHO BPaXOBYBATH IIPH PO3PAXYHKY HOPM BUTpAT MATKBA HA iAMIPUEMCTBI.

Jo moyaTky TUIaHyBaHHS EKCIEPUMEHTY HEOoOXiHO BHOpaTH o00JacTh MapameTpiB Ta
BU3HA4YeHHS (aKTOpiB, SKi BIUIMBAIOTh Ha TMapaMeTpU IPU POOOTI aBTOMOOUISI-CAaMOCKHAA Y
TEXHOJIOTIYHOMY TIPOIIeCi pO3BaHTaXeHHs Horo turatdopmu. Bubip obmacTi ckiamaeTscsi 3 BUOOpPY
OCHOBHOTO PiBHsI 1 BUOOPY iHTEpBaJIiB BapilOBaHHS.

UYacrora obepraHHs KoJiHYacTOro Baiy auryHa (Xz) mMae obmactb Bu3Ha4YeHHs Bixm 1500 mo
2500 06/xB. HuxHs Mexka 00yMoBIIeHa 000pOTaMH XOJIOCTOTO XOJy JIBUTYHA aBTOMOOLNIS-CAMOCKHIA
3UJI-MM3-4502, a BepXHSI — PSKUMOM MaKCHMAJILHOI TIOTY>KHOCTI MPU SIKOMY 3/iHCHIOBABCSI MPOIIEC
po3BaHT@XeHHS. [l TPOBENEHHS EKCHEePUMEHTAIbHUX JOCII/DKEHb T'paHUIl JIOKaJbHOI 00JacTi
BU3HaYaacsi 3 YMOBH MOKJIMBOCTI (DYHKIIIOHYBaHHS TiJpaBIiuyHOT CHCTEMH aBTOMOOUIA-CAMOCKH/A B
nporieci po3BaHTakeHHs. JaHil yMOBI BiimoBiae yacrtora odepranus asuryHa Bix 2000 go 2500 06/xB.

O6nacTe BU3HAUCHHSI MacH BaHTaxy (Maca BaHTaXXy BH3HAY€Ha pa3oM 3 Macoro matdopmu
aBTOMOOUIA-CAMOCKH/IA), 1[0 PO3BAHTAXKYETHCS aBTOMOOIIIEM-CAaMOCKUIOM (x1) cTaHOBHTH 8055 kr. st
Maca 0OyMOBJICHAa BaHTa)KOIIIHOMHICTIO 3aBaHTaXKYBaJIbHOI IUIATGOPMH i € TPAHUYHO JOIYCTUMOIO
Macolo, SKy MOXE MiJHITH aBToMoOinb-camockua 3IJI-MM3-4502 [9]. Ilpu Bubopi nokaibHOI
oOmacTi U1 HaTypalbHUX JOCHipKeHb Maca 8055 kr BuOpaHa 3 ypaxyBaHHSIM CHOCOOY 3aBaHTaKCHHS
wiatopmu Ta Gi3UIHAM CTAHOM BaHTAXY SKHU PO3MIMCHHN HA TUIATQOPMI.

B xoi miianyBaHHS eKCIIEpUMEHTY, Oyiia npuitHsITa TinoTe3a Mpo Te, M0 BUXiHA BeludnHa Y
— [Ie TOAWHHA BUTpaTa NaJjiiBa, sIKka Mae JIHIMHY 3aJeXHICTh Bix (akTopiB, TOOTO PiBHAHHS perpecii
Ma€ BUTIISIL:

Y=ao+o1 - Xi+to  Xo+a3-Xs3

Jie oo, 01, 02 ,03 — TTApAMEeTpPHU JIHIHHOTO PIBHSIHHS; — X1 — Maca BaHTaXy, KI; X2 — PO3TallyBaHHS
BaHTaXy Ha aTGopmi; X3 — 9acToTa 00EpTaHHs KOJIHYACTOrO BTy JBUIYHA, XB .

3a pe3ynbraTaMy TPOBEJCHOTO JOCHI/PKEHHS Oyina OTpHMaHa OIiHKa BIUIMBY KOXKHOTO 3
dakTopiB (Macu BaHTaxy, pO3TalllyBaHHS BaHTaXy Ha riardopmi, oOOpOTIB KOJNIHYACTOTO Bapy
JBUTYHA) Ha BEJNMYMHY TOAWHHOI BHUTpPATH MajuBa B TPOLECI PO3BAHTAKEHHS IUIATPOPMH.
ExcriepruMeHT TIpoBOAMBCS 3a KJIACHYHHUM IIJIaHOM, TOOTO OJHA MepeMiHHa Oyia MoCTiitHOI, a iHmma —
3MiHHOW. IlepemiHHa BenMUYMHA 3MIHIOBANacs Yy BChOMY iHTEpBaji 3Ha4YeHb. Pe3ynbpTaToM
JOCITI/DKCHHSI cTajla 3aJIeXKHICTh TOAWHHOI BUTPATH MajMBa BiJ BaHTaXy, IO PO3BAHTAXKyBABCS IPH
TPHOX PIBHIAX 000pOTIB ABHUryHa, a came 1500, 2000 Ta 2500 06/XB Ta TPHOX CIIOCOOIB PO3TAIIyBaHHS
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BaHTaXy Ha IIaTopMi aBTOMOOUIA-caMockuaa. JIJsl 3aJeKHOCTI TOAMHHOI BUTPATH TalliBa Mij yac
MpoILeCy PO3BaHTAKEHHS TPAaHITHOTO HIeOHS OyJi0 OTpUMaHO 9 piBHIB, BiAg 0OOPOTIB KONIHYACTOTO
BaJly JIBUTYHa Ta pO3TalllyBaHHS BaHTaXy Ha tuatdopmi macor 8055 kr (3 ypaxyBaHHSIM Macu
wiaTGopMu aBTOMOOLIA-caMockuaa). Pe3ynbTaTi BUTpaTH NajivBa MPH PO3BAHTAXKCHHI I'PaHITHOTO
meOHro aBTomMobineM-camockuaoM 31JI-MM3-4502 npeacrasneHi Ha puc. 5 Ta 6.

Yac B.II. ObeptH

Yac B.II. ObeptH Yac

B.II. ObepTH

Vnos | Vnos 100 Vnos 125

Vi 0,075 Vi 0.1 Vi 0,125

pa 1.189 pa 1.186 pa 1.189

Gnos 0,0892 Gnos 0.1186 Gnos 0.1486

Gnan | 0,0068 kr/cex Gnan 0.009 kr/cex Gnan 0.0113 kr/cek
6.775 T/cex 9.011 r/cex 11.3 r/cex

Puc. 5. Kinvxicmo eumpamu naausa (2/cex) y npoyeci po3gaHmadiCenus epanimmo2o weoHs npu pisHux
006epmis KOMHYACMO20 Ma CHOCOOAX 3A8aAHMANCEHHS NAAMPOPMU.

- = e
558 ES
\\

®ITa11500A
g ®ITa12000A
E ®I1a12500A
s ®ITa115005
g = 12120005
E L Tan2500B ®TI1a12500B
E‘ 90 Ha.HuT;(z)g%OB WITa11500B
i Tan25005 ®I1a12000B

. BITa12500B

TTan2500A

TTan1500A
10.625

15.938

2125
Yac po3BaHTA:KEHHSA t, CEK

Puc. 6. Jlinitina 3enenicmo sumpamu naauea agmomodinsn-camockuoa 3L/1-MM3-4502 6io uacy
PO3BAHMANCEHHS 11020 NAAmMpopmu.

AHati3 eKCIIepruMEHTAIbHNX JIAHUX PO Yac POOOTH TiAPaBIIYHOTO 00JIaJHAHHS aBTOMOOLIS-
CaMOCKHJIa TI0Ka3aB, IO 3aBaHTAKEHHS IUIATPOPMHU CrocoOOM «A» Ta BCTaHOBIICHHS OOOPOTIB
KOJIiHYacTOro Baiy nBuryHa Ha 2500 00/XB, MPU3BOAUTH JI0 3MCHIIICHHS Yacy 3iMCHEHHS omnepartii i
IIpH [bOMY BUTpaTa NaJiBa € MiHIMAJILHOIO.
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BucunoBkn. [liro4i MeToquuHi pekoMeHallii He BpaxoBYIOTh BC1 YMOBH €KCILTyaTallii aBTOMOOLIiB-
CaMOCKW/IIB, a CaMe BILUTMB PI3HUX (DaKTOpIB HA BUTPATY MAIMBA B TEXHOJIOTTIHOMY PEKUMI PO3BaHTAKEHHS
watopmu, a came: Macy BaHTaXy, 0OOPOTH KOJIHYACTOrO Bally JBWTYHA Ta CHOCIO 3aBaHTa)KeHHS
mwiatdopmu. Hopmu, SIK mpaBmiio, po3paxoBYIOTECS 32 BEPXHBOIO MEXKEI0, Yepe3 10 BUHHUKAE Mpobiema
KOPEKTHOCTI OITIHKH KUTHKOCTI (PaKTHIHO BUTPAYCHOTO TIaJIFBa 1 HASIBHOCTI TTIEPEBUTPATH.

B ocHOBY po3po0i1t0BaHOT METOIMKH MOKJIAEHO METOINYHI peKOMEH/AIi 110,10 BU3HAYCHHS
HOPDMH BUTpaTH TaiuBa, 3aTBep/ykKeHI Haka3oM MinicrepctBa TpaHcnopty Ykpainu Ne43.
3amponoHoBaHa METOJMKA BiIPi3HSETHCS THUM, LIO JO3BOJISIE BU3HAYATH HOPMY BUTpaTH MaluBa B
TEXHOJIOTIYHOMY PEXHMI eKCIUTyaTallii B 3aJIeKHOCTI Bil MaCH BaHTaXy, 00EpTiB KOIIHYACTOTO BaIly
JIBUTYHA 1 CTTI0CO0Y 3aBaHTaXEHHS TUIAT(HOPMHU.

Heaw = HS + HW - (Gp + 0.5 - q + Grex(Mo; Nas; X)), /100 kM

HW - Hopma BuTpaTM majgwBa Ha TPAHCIOPTHY pPOOOTy aBTOMOOINS-caMOCKHIa 1 Ha
JIOJIATKOBY Macy mpuuena abo HamiBnpuyena, Ji/100 Tkm abo M/100 TkM;

Gup — BIacHa Maca Ipuyena, HamiBIpudena, T;

Giex — BUTpaTa MayBa B MPOIIECi pO3BaHTAXKEHHS IIaT(GOPMH aBTOMOOIIII-CaMOCYH/IA;

Mo — Maca BaHTaxy, T,

Nz — 00EPTH KOJIHYACTOTO BAITy JBUTYHA, 00/XB;

X — cnocib 3aBaHTaKEHHS IIATPOPMHU;

q — BaHTaXOMiAHOMHICTh IpUYeNa, T;

HS — 6a3oBa HOopMa BUTpaTH MajvBa aBTOMOOLISA-CAMOCKWAA 3 YpaxyBaHHSIM TPaHCIOPTHOI
po6otu, 11/100 Km;

3acTocyBaHHS 3alpPOIIOHOBAHOI METOJOMKH [O3BOJIUTH B ONEPATHBHOMY PEKUMI BHABISTU
HasBHICTh TICPEBUTPATH MaJIMBa TPAHCIIOPTHOTO 3aco0y 1 BU3HA4YaTH ioro nmpuuuny. [Ipu HasBHOCTI
MOBHICTIO CIpaBHOro mapky T3, 1ie 3HAYHO 3HU3UTh WMOBIPHICTH MiJBUIICHOI BUTpPATH MajuBa i
HeKBaIi(hiKOBAaHOTO ynpaBiiHHA T3, a TaK0X O3BOJIUTH ICTOTHO MiJIBUIINTH MaTHBHY €KOHOMIYHICTb
i ckopotutu BuTpatu Ha ATII.
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Beryn. HaiiGinem MacoBuME JleTalsiMA y MalllMHOOYAyBaHHI € 3y0dacTi koseca. TeHaeHis
POCTY TOTY)KHOCTi, HaBaHTa)XEHb 1 IIBMAKOCTEH Yy TPAaHCHOPTHOMY MAIIMHOOYIyBaHHI BHMAarae
po3po0OKK 3y0uacTuxX Iepeaady Ui BHCOKOIIBHIKICHHUX MPEHM3IMHMX MAIIMHHUX arperaris.
HapiiinicTe TpaHcMiciii 3aco0iB  TpaHCHOPTY, OCOOJMBO IIBHAKICHHX JIETKOBUX aBTOMOOLIIB,
ABTOCAaMOCKU/IIB BEIMKOI BAaHTAXOTIMOMHOCTI, BAHTAXKHUX aBTOMOOUIIB, a TAKOXX €HEPrOHACHUEHHUX
TPaKTOPiB BUMArae po3poOKH BUCOKOHABAHTAKEHUX 3yOUacTux mnepenad. TeHneHuii 3HKEeHHS Baru y
TPaHCHOPTHOMY MAaIIMHOOYAYyBaHHI CTaBJISTh HUTAHHA 1010 3aCTOCYBAaHHS MIIHUX 3y04acTHX KOJIiC.

BaxnBoro CKIaJIoBOI0 Oyb-KOT HOBOI YW BIJJPEMOHTOBAHOI TPaHCIIOPTHOI MAIIWHH, ii
arperaTiB i MexaHi3MiB € mepiog oOOKaTku, y mpomeci fKoi BigOyBaeThCsl NPUIPALFOBAHHS.
CKOpOYEHHS 1ILOTO TEPIOay € 0COOJIMBO BaYKIIMBHUM JIJISl TPUBAJIOL MOJANBINOT SKCIUTyaTallii MalliHu.
[Ipu poMy BUpimaNTEHUMH (HAKTOPAMU € JIisl Ha 3HOUTYBaHHS Nap TePTs K 30BHIIIHIX (akTopiB (cui,
HIBUJKOCTI, TEMIIEpaTypH), TaK i MaTepianiB Mapy Ta TEXHOJOTIH 1X 3MilHeHHs. BaxxnuBuM Takox € i
BUOIp OJIUBH IS TIEPIOTY MPHUIIPAIFOBAHHS.

Awnajiz nyoaikanii. HoBuii abo BizpeMOHTOBaHMII MEXaHi3M MaIHU 000B’SI3KOBO M€ MPOUTH
00KaTKy, MPU3HAYEHHS SIKOT — MPUTIPAIIOBAHHS YCIiX Map TePTH, 3 SIKMX CKIQAaeThCs MammHa [1].

VY mporieci MpUNpaIroBaHHs MalOThL OyTH peajTi3oBaHi IBa MPOIECH — MAaKPOTCOMETPHUIHHH Ta
MmikporeomerpuyHuil. [Ipu nepmomy 3 HUX BinOyBa€eThcs IHTCHCUBHE MPUMPALIOBAHHS HA MaKPOPiBHIi,
TOOTO KOJIU y Pe3yJbTaTi IIACTHYHOro AehOpMYyBaHHS Ta 3HOIIYBAaHHS 30LIBLIYETHCS (aKTHIHHI
MailaHYMK KOHTaKTyBaHHS. [licisl JOCSTHEHHS AOCTaTHROI BEJIMYMHU LBOTO MAiIaHYMKy 3POCTAIOTh
IO OMMHUYHUX (PaKTUIHMX KOHTAKTIB 1 30UIBIIEHHS iX Ynciia Ha MikpopiBHi [1, 2, 3].
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VY JBHUTYHIB BHYTPIITHBOTO 3rOpaHHS aBTOMOOLITIB MaKpOT€OMETPHYHHN TIpoIleC TpuBae 1+2
TOJIMHH, a IIOBHE IPUITIPALIIOBAHHS, 1110 BKIOYa€e o0uaBa 11 nporecu — 35+40 roaus [1].

[IpumparroBanHs BigOyBaeTbCA HA OKPEMHUX NUISTHKAX y PeKUMAaxX TEPTS MPH IPaHUIHOMY a00
HamiBpiAMHHOMY MaileHHi. [Ipy 1bOMYy HaKONMYYIOTBCS MPOAYKTH 3HOLIYBaHHA. Pe3ymbraTom
TPHUOOTEXHIYHAX NHCUTIAIIIMHAX TIPOIECIB € YTBOPEHHA y MPOIlECi MPUMIPAIIOBAaHHS HAa TMOBEPXHIX
TEpTS MACUBYIOYMX IUTIBOK. Li MIiBKM 3aXMIatOTh OCHOBHUI MeTal BiJ aAre3iiHOTO 3HOIIYBaHHS, a
TaKoX 30BHIMHBOI ximiuHOi aii [4]. Came TOMy NpPOMHMBaHHS CHCTEMH IiCIsl 3JIUBaHHS
BIZNPaIbOBaHOI OJIMBH CJIiJi BUKOHYBAaTH MaJIOB’ SI3KOI0 OJIMBOIO, 30KpeMa AM3EIbHUM MAJIUBOM, a HE,
HaNpHUKIa, TacoM, SIKUH 3pyHHYyBaB OU 110 ILTiBKY.

Kpurepismu 3akiHueHHS MPOLIECy MPHUIIPAIFOBAHHS MPUIHATO BBaXxkatu [1]:

— MIOYATOK MPSIMOJIIHIIHOT JUISIHKY BiIOMOT KJIACHYHOI KPUBOI 3HOIIYBaHHS;

— MiHIMi3aLi0 TOTYXHOCTI IIPH XOJIOCTOMY XOJIi MalllMHU;

— cTadiizalito MOMEHTY TepTs Ta TeMIIePaTypH;

— HalOiNbIIy eheKTUBHY MOTY)KHICTh JBUTYHA MPH 33JaHill IBUAKOCTI;

— JIOCSITHEHHS 33/IaHOTO CTYTICHS MPHUJISITaHHsI TOBEPXOHb, 1[0 KOHTAKTYIOTb.

Buxonsuun i3 1p0ro, chopMylibOBaHA Mema O00CHi0MCceHHs, SKa TOJsTrae y IIiIBHIICHHI
e(heKTHBHOCTI MaIlliH 30KpeMa HOBUX Ta BIIPEMOHTOBAHHX 3aCO0iB TPAHCIOPTY, MIISIXOM CYMiCHOL
Iii MIBUAKICHO-CHIIOBOTO (haKTOPy Ta CYYaCHHX METOJIB 3MII[HEHHS TOBEPXOHb Map TEPTs MUIIXOM
CKOpPOYEHHSI TIepioAy MPHUIPALIOBaHHS.

IIporpama Ta meroauka aociimxkenb. Ha pucynky 1 300pakeHa 3MiHEHa HaMH KIIACUYHA
KpHBa 3aJIeKHOCTI 3HOCY h Bim TpuBamocTi yacy t. 3HomryBaHHs BiOyBaeThes y TpH cranil [5]. Ha
cranii [ BinOyBaeThCS NPUIPAIIOBAaHHS KOHTAKTYIOUMX TIOBEpXOHb geraneid. Llg cramis
XapaKTePU3y€eThCS HECTAOULIBHICTIO MapaMeTpiB TEPTs, BHCOKOI MIBHIKICTIO 3HOIIYBaHHS, IO
00yMOBJIEHO 3HAYHUMH TUIACTUYHUMH JAedopMallisiMi HEepiBHOCTEH MOBEPXHEBUX WIAPIB JeTaiet,
nepe0yI0BOI0 TEXHOJIOTIYHOTO MIiKpopensedy MOBEPXOHb Ha EKCIUTyaTaliiHUNA Ta 3MiHOIO (i3HKO-
MEXaHIYHUX BJIACTUBOCTEH OJIUBH 1 MaTepialliB TPUOOCHUCTEMH.
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Puc. 1. 3anesxcnicms 3nocy h 6io0 mpusanocmi vacy t. (11, I — cmaodia npunpayrosanus;
111, Il — nepiod HopmanvbHO20 (eKcnayamayitino2o) 3HOULYBAHHSA NAp Mepms;
11, 11> — nepiod kamacmpogiuno2o 3Houysansi.)

Hinsaka [l  xpuBOi  BiJNOBiZae Mepiojy HOPMAaJIbHOI pPOOOTH 3 ’€qHAHHS  MICISA
npunpaioBanag. Croctepiraetbesi crabimizaiiisi mapaMeTpiB TepTs, a IIBHAKICTh 3HOITYBAaHHS
BiJTHOCHO HEBENMKa, OHAKOBA 1 CTaNa.

3HoC Jetayieil TIOCTYNOBO CIPHYUHSE MOTIPIICHHS yYMOB TEpPTS TpU PoOOOTI 3’€JqHAHB, Y
Ppe3yabTaTi 4oro MBKUAKICTH 3HOLTYBAaHHS pi3Ko 3pocTae. Lleit nepiox npouecy BianoBinae kpusiit 1/1.

[TpurparroBaHHsT Ma€e CBOi OCOOIMBOCTI CTOCOBHO OJIFIBH, IIIO TPH ITHOMY 3aCTOCOBYETHCS. Taka
OJIMBa TIOBMHHA OYTH MAJIOB’SI3KOI0 TTOPIBHSHO 3 OJIMBOIO, ITI0 BUKOPHCTOBYETHCS y CKCILTyaTaIliiHNi
nepion. Lle nae MOXKIMBICTH ONMBI POHMKATH y BY3bKi MIUTMHHM, 10OpPE OXOJOKYBaTH Mapy TepTs, a
TaKOX e(h)eKTHBHO BHIAIATHU 3 pOOOUMX MOBEPXOHB IPOYKTH 3HOITYBAHHSI.
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BinmoBigHo 10 ckazaHOTO, IS MPHUIIPAIIOBAHHS OOMPAEMO OJTUBY 3 MAJIOKO B’SI3KICTIO, Kiac 9,
KiHeMaTH4Ha B s13KicTh npu Temnepatypi 100°C — 6+11 mm?/c. 11i IOKa3HUKHM BiANOBiAIOTH OJMBAM
75W 1 80W SAE (CLIA) npu ananoriysiii TeMneparypi.

HayxoBi nociimkeHHs y MeXax JaHOi poOOoTH Oyiu 30cepeKeHHI Ha BHBUYEHHI SIBHIII, IO
BiIOYBalOThCS MpH poOOTI 3y0YacTuX mMmap, sSKi IIMPOKO 3aCTOCOBYIOTHCS Y 3aco0ax TPaHCIOPTY
(By3nH TepTsl TpaHCMICIi 1 JBUTYHA, a TaKOX MIECTEPEHHUX MaluH). Po3rispanuck 3yduacTti Koyeca
€BOJIbBEHTHOTO TpOo(dial0 — 3BHYAiiHI Ta KopuroBaHi. JlomymieHHAM OyJO TakoX Te, IO oOuaBa
KoJieca Mapy BUTOTOBIISUIMCH 3 OHOTO 1 TOTO X MaTepiany.

Marepianun niasi AocaiKeHb. Y eKCHEPUMEHTaX BHKOPHCTOBYBAIUCH HACTYITHI MapKH
KOHCTPYKLIMHUX CTaJIeH, 3 SIKMX HaiiuacTillle BUTOTOBIISIIOTH 3y04acTi KoJieca y aBToMo011e0y1yBaHHi:

—crane 18XI'T; ckmag — Cr 1,0:1.3%; Mn 0,8+1.1%; Ti 0,03+0,09%; C 0,18+0,23%;
3MILHIOETHCSI TTOBEPXHEBOIO HITPOLIEMEHTAIIE€I0; 3aCTOCOBYETHCS B YMOBAaX YIapHHX HABaHTAKEHb
(mmectepHi HamiBocel 1 KOPOOOK mepenad); KpuTH4Hi Temreparypu: Aci — 7140°C; Acs — 825°C;

— cranb 38X2MIOA; cxnag — Cr 1,35+1,65%; Mo 0,15+0,25%; Al 0,7+1,1%; C 0,5+0,42%;
3MIIHIOETHCSl TIOBEPXHEBUM a30TYBaHHSM (LIECTEpPHI, SKi MPAIfOIOTh MPHU BHCOKUX KOHTAaKTHHX
HaBaHTaXKEHHSX); KpuTnuHi Temmeparypu: Aci — 800°C; Acs — 900°C;

— craib 55; ckinag — Mn 0,5+0,8%; C 0,52+0,60%; 3MIIIHIOETHCS MOBEPXHEBUM rapTyBaHHSIM;
3aCTOCOBYETHCS y HIECTEPHSIX 13 CEPEAHBOI0 MIIHICTIO CEPLIEBMHM); KPUTHUHI Temmeparypu: Aci —
725°C; Acz — 755°C [7].

Ha pucyHky 2 mogaHO po3paxyHKOBY CXeMy 3y04acToro 3adervieHHs, Ska HaMH BHKOPHCTaHa
y JOCJIIJDKCHHSX CTail MPUIPAIFOBAHHS.

Wy

Puc. 2. Cxema 3y6uacmoeo 3auennenns

[Ipu po3paxyHKax NpHUIpAIOBAHHS 3y04YacToro 3aueruieHHS BpPaxOBYBAIM, IO y MeXax
npoiaro 3yOlss CTBOPIOIOTHCSA 3MIHHI YMOBH JUIsl 3HOIIyBaHHA. [lo-mieprie 3MiHA IIBHJIKOCTI
BITHOCHOTO KOB3aHHS BiJl HyJIs y MOJIIOC] 3a4eIUICHHS 10 MAKCUMYMY ITPH KOHTAKTI HIKKU Ta TOJIOBKH
3y0a, a mo-Apyre, IMOYaTKOBUI KOHTAaKT BiAOYBa€TbCcA IO JIiHI, HNPUYOMYy IUIOIIA KOHTAaKTY
BU3HAYAETHCS YMOBaMu Jleopmallii (3HOIIYBaHHS) 3a ['epriem.

BianosigHo 10 3aK0HY aOpa3MBHOIO 3HOILIYBAaHHS, BEJIMYMHA JIIHIHHOTO 3HOCY mpodiis 3yda
ho 3a 06epT 3yOuacroro kosneca:

ho = kol ,

ne L1 — muisix TepTs, SIKHii IPOXOATh TOYKH KOHTAKTY 3yOLIiB 32 OAMH 00epT 3y04yacToro Kojueca;

k — koedirtieHT, 1m0 BpaxoBye iHIm (akTOPH KOHTAKTY HapH, IO HE YBIHIILIH 10 HABEICHOTO
PIBHSIHHSI.

Tuck Ha MalWJaHYMKY KOHTaKTy CIPSDKEHHX 3YOIB Z1 1 Zp pO3PaXxOBYEThCS SIK BiJHOIICHHS
crn Q y MoJTIOCi 3a4YeIIeHHs 10 IUIONI KOHTakTy 2bc.

[Ipu nochimxeHHi 3HOIYBAIBHOT Aii, aHTUPPUKIIHHNX 1 TPOTU3HOUTYBATBHUX BIACTUBOCTEH
TpUOOTEXHIYHOI CHCTEMH BHKOPHUCTOBYBABCSl po3poOiieHHid Ha Kadeapi «BupoOHHLITBO, pEMOHT Ta
MaTepialo3HABCTBO» CTEHJ, OCHOBOIO SIKOTO Oysa KOHTAaKTHAa Tapa «CTalbHa KyJIbKa — CKILTHUH
nmuck». CteHn 6yino HaMH MOJIEpHI30BaHO (puc. 3).
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Puc. 3. Cmeno (Ouck 3 onmuunoeco ckia K8 ma xamepa 0ist meUOKICHO20 8i0€0 — 3HAMI)

MopepHi30BaHUIl CTEH/ CKIIANAEThCs 3 TMaHeNli KepyBaHHs, OJOKY >KMBJICHHS, aBTOMaTHYHOI
nporpamoBaHoi kKopoOku mBuakocteit Ta [IK. ABTomatndyaa mporpaMmoBaHa KOpOOKa IIBHIKOCTEH —
CIPOEKTOBaHA aBTOpPaMH, 00JaJHaHAa MarHiTHUM TalbMOM Ul Pi3KOi 3ymMHKH ABUryHa. lIpommBka
HamMcaHa Ha MOBI mporpamyBaHHs Python ta mo3Boisie perysroBaTH KibKICTh OOCpTIB JIBUTYHA.
IToyaTkoBO Mae pexUM aBTOMATHYHOTO 30LTBIIEHHS OOEpTiB uepe3 ACSKHUH MPOMIKOK dacy o
MaKCHMAJBHOTO 3HA4YeHHS Ta Pi3Koi 3ynuHKHU. Bineo i3 mBuakicHOi kamepu nepemaerbes no 11K Ta
00poOMAETHCS ISl aBTOMAaTHYHOTO BH3HAYSHHST TOBIIMHU MACISHOT TUTIBKM 4epe3 KOJIBbOPOBI KU
Herorona. [1eBHuit KojIip BiIOBIIa€ MEBHIM TOBIIUHI.

Hnst nmociiykeHHsT 00'€MHOTO 3HOCY y TPHUOOMEXaHIYHMX CHCTEMaxX BHKOPHUCTOBYBABCS
cy4dacHuil Tpubometrp CSM Instruments SA.

[IuToMi HaBaHTaXeHHS TpU nochipkeHHsAX ckiamamm: 0,15 — 3 Mlla npu mBHIKOCTSIX
6+40 m/xB; 6a3a BurpoOyBaHb 12 — 105 nukiis.

PesyabTaTtu pocaimkens. OTxe, HaBaXIMBIIAMU (DaKTOpaMy, IO BIUTMBAIOTH HAa dYac
NPUTPAIIOBAaHHSA, € I[IBHJIKICHO-CHJIOBI Ta TexHouyoriuHi. [lepmri Oe3mocepe/HbO BILTUBAIOTH HA
TeMIeparypy Tpubonapu, a Apyri BKIIOYAIOTh MaTepiall CKIaJOBUX [apy TEPTs Ta METOIU 3MiL[HEHHS
KOHTaKTYIOUMX MTOBEPXHEBUX IIAPIB.

st noOyA0BM MaTeMaTUIHOI MOJIENI MPOoliecy MpUTIpaIfOBaHHs 0yJI0 00paHO METOJ KPYTOTro
cxokeHHs. [Ipy MmaHyBaHHI E€KCIIEPHMEHTY TMPOBOIUBCS BHOIpP KUIBKOCTI Ta yYMOB TMPOBEICHHS
JIOCITIIIB, JTOCTATHIX JUIs peaji3alii MOCTaBJICHOTO 3aBAaHHA i3 3amaHor TouHicTio. llporec miel
peatizailii Ha3UBAETHCS ONIMUMI3AYIEIO.

Hnst onmcy 00’€KTy JOCHIDKEHHS 3PYyYHO KOPHCTYBAaTHCS KiOEPHETUYHOIO CHCTEMOIO
«4OpHHH SKK». Ha moBeaiHKy OCTaHHBOTO BIUIMBAIOTh BU3HAUYEHI HaMu Buile ¢akropu x. Lle — Tuck
(cunoBuii daxrop) x1 (Mlla), niniiHa WBUAKICTE X2 (M/ceK) Ta TeXHOJOTrIUHUHK QakTop (Meron
3MIIIHEHHSI KOHTaKTYIOYHMX [MOBEPXOHb MarepianiB TpuOorapu) xs. Ha puc. 4 dakropu xn mokazaHo
CTpLIKaMH JIIBOPYY, & CTPUIKaMH MIPaBOpyY — MapaMeTp ONTHMi3aliil (Yac NpUIpaLIOBaHH) V.

X1

Cd
X2 9 y

> Yopuuii Ammk >
X3

Puc. 4. Cxema onucy 06’ exma 00cniodxicenHs.
PiBHAHHS MaTEeMaTHYHOI MOJIETI Y 3araJibHOMY BUTJISIII 3aITUCYETHCS TaK:
v = @ (x1, X2, X3) 2
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Taka ¢yHKIisT Ha3UBaeThCS (QYHKIIEIO BIATYKY, MPUYIOMY KOXXKHHH (akTop y IOCIHiAl MOXe
MpHUIiMaTH KUTbKa 3HaUeHb (PiBHIB). Y KOXHOTO (pakTOpa MOBHHHI OyTH MiHIMAIBHO Ta MAaKCHMAIBHO
MOJKJIMBI 3HAYCHHS, MIXK SIKUMHU 11eH (hakTOp MOXKe 3MiHIOBATUCS OE3MePEPBHO YU TUCKPETHO.

VY HamoMy BHMAJIKy MU MaeMO HEJiHIMHY MOAesb, KOJMH OAWH (aKTOp 3aJICKHUTh BiJ PiBHS
immoro ¢akropa. Toxi MaTpuis MeBHOro (aKTOPHOrO €KCIIEPUMEHTy Ty 2° MartMme HacTymHmii
BuTIsA (Tabdm. 1).

Buxopastuu 3 1aHoi MaTpuIi, 3aMUIIEMO PiBHSIHHA MaTeMaTHYHOT MOJIEII:

Y = bo + biX1 + baXz + D3Xs + bioXaXo + D1sXaXs + D2sXaXs + D123X1XoXa. 3

Jnsi BUMIpIOBaHHS BIIXWJIGHHS pe3ylbTaTy [OCTIAY BiA CepenHboro apu(MeTHIHOTro
3HaYeHHS BUKOPUCTOBYETHCS AUCIIepcis [8].
st mepeBipkr MaTeMaTHYHOI MOJIE TPOLIecy NPHIIPAIIOBAaHHS Ha aJeKBaTHICTH OyJ0 BHECEHO
3Ha4YeHHs TapamMeTpy ONTUMizamii (4acy IMpPUIIPAIFOBaHHS), OTPUMAHOTO EKCIIEPUMEHTAIBHIM IIUISIXOM
Npu HacTynmHOMY piBHI (aktopiB: x1 = 0,15 Mma; x> = 6 M/XB; X3 — 3MII[HEHHsI CTajli ITOBEPXHEBUM
rapTyBaHHsIM, KoedirienTn piBHSHHS (2) Do — b1z 3Haiiium 3a pekomenmarisimu podit [8, 9, 10].
BuxitoueHHsI TpyOMX MOMHUIIOK €KCIIEPUMEHTIB 3[I1IIICHIOBAIOCH 3 BUKOPUCTaHHIM KpHuTepis CThlofieHTa, a
a/IeKBaTHICTH MOJIENTi — TIPY BUKOPHCTAHHI YMOBH 13 3acTOCYBaHHAIM Kputepis dimmepa [9].
2,00
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Puc. 5. 3anescnicmov moswunu niiexu 6i0 uucia obepmis.

[Tpu 36inpIIeHH] YKcna 00epTiB (MIBHIAKOCTI 00epTaHHs) — TOBIIMHA MACTHIIHHOTO IIapy B 30Hi
KOHTaKTy 3MeHIIyeThesl. Ha 1ie BIUIMBarOTh: BIALIGHTPOBA CHJIa, L0 BUIABIIOE OJMBY Ha nepudepito Ta
CKOPOYEHHS IUPUHH «MOCTY», IO 3’ €IHYE OCHOBHY YaCTHHY MAaCTHIIA Ta TOYKY KOHTaKTYy.

[lopanpmi excnepuMeHTa bHI JOCHIKEHHST OynM TpOBEIeHI MIecTepeHHHMX Hacocax. Lli
JOCHI/DKEHHSI MajJld Ha METi BU3HAUUTH Kpamluil a0o Kpalli METOAW 3MilHEHHS MOBEPXOHb TEPTS.
[epeBaru necTepeHHNXK HAJI IHIIMMH TUTIAMU HAcOCiB (OPITHEBHX, IUTACTHHYACTHX. [IMyH)KepHUX Ta
1H.) TOJSTalOTh Yy BHKOPHCTaHHI y KIHEMATHIl TiAPOMAIIMHU IUIIE OOEpPTaIbHOTO PYXy Ta y
BIJICYyTHOCTI 0€3M0CepeIHhOT0 KOHTAKTY POOOYMX OpradiB (3yOIiB miectepeHp) 3 koprycom. lle
JIO3BOJISIE CYTTEBO 3HU3UTH IHTEHCHBHICTH IIPOIECIB TEPTS 1, OTKE, 3HAYHO IMIJBUIIMTH HaIIHHICTH
Hacoca. Y TOW e yac cyvacHi IIeCTepeHHI HAacOCH 3/1aTHI 3a0e3MevyBaTy TUCK Yy TiIpocucTeMi a0 25
Mlla (mammHu 4eTBEpTOro MoKOMiHHA). Lle BUKIMKae MigBUILEHY YBary A0 IIBHAKICHO-CHJIOBHX Ta
TEXHOJIOTTYHUX (aKTOPiB, SIKi BU3HAYAIOTh, K OYJI0 BiI3HAYEHO BUIIIE, Yac MPUIPALIOBAHHS.

EdekTrBHICTE TOro 4YM IHIIOTO MeTOAy 3MIlTHEHHS BH3HAuUalach 3a 3ajexHictio (1) s
abpasuBHOro 3HomryBaHHA. CTeHIOBI pecypcHi BunpoOyBaHHs Oyno mposeneHo Ha creHni CUH 25
(m. KpormmBanupkuii, BAT «[igpocuna») 3a METONMKOIO TNPUCKOPEHHMX BUIpoOyBaHb. CreHn Oyio
00J1aTHAHO TS TIEPIOANIHOTO 3a0pyAHEHHS Po00YO0i PiAMHI KBAPIIOBUM ITHIIOM Y KiibkocTi 0,1% mo maci.

OO0roBopeHHsi pe3yJbTaTiB Aoc/imkenHsl. HarpiBaHHS TBepAWX TUT TIPH TEPTI OJHOYACHO
MPU3BOIUTEL IO Pi3KOTO IABUINCHHS X XIMIYHOI aKTHBHOCTI, 3MiHI XapakKTepy B3a€MOIl T HE
TUTBKH OFHE 3 OJHUM, ajie¢ 1 3 HABKOJMIIHIM CEpPEIOBHINEM. BHCOKI Tpami€HTH TeMIiepaTtyp, III0
BUHHKAIOTh y TMOBEPXHEBUX MIapax, AyXe MPHUCKOPIOIOTh Au(y3iiiHI MporecH, SKi MPU3BOIATH 1HOIL

RS Global 2(74), February 2022 61



WORLD SCIENCE ISSN 2413-1032

JI0 TyXKe 3HaYyHOi 3MiHHM aTOMapHOTO CKJIaJy y TOBEPXHEBOMY IIapi Till TEPTs, a, OTKe, 1 JO 3MiHU
psly BIacTUBOCTEH MOBEPXOHb TEPTS, y TOMY 4YHMCIi 1 BUIBHOI MOBEpXHEBOi eHeprii. 3MiHH, LIO
BiOYBalOThCS Y TMOBEPXHEBUX IIapax, oOyMoBieHi Au(y3iiHMMHU MpolecaMH, OTPUMAlld Ha3BY
TpuOoMyTarii. BMio BHKOpHCTOBYIOUM II€fi TMpOIleC, MOYKHAa ICTOTHO CKOPOYYyBaTH Iepiof
MIPUIIPAIIOBAHHS TN TepTs (MPU CKOPOYEHHI BUTpAT €HEpPTii), 3MEHIIIyBaTH 3HOC BHUPOOY MiJl 4ac
00KaTKH By3J1a TepTA 1, 3aBASKH [[bOMY, 3HAUYHO 30UIBIIUTH CTPOK HOTO EKCILTyaTaLlii.

TakuM 4HMHOM, JTOCTI/DKEHHS IOKas3alid, M0 Ha TPUBAIICTH MpHIIpaIfoBaHHs (B Oik Horo
3MeHIIeHHS Oe3 3HIKEHHS $KOCTi) MO3WTHBHO BIUIMBA€ CyMiCHA Jisl IIBHUAKICHO-CHJIOBOTO Ta
TeXHOJIOTiuHOTO (hakTopiB. Ilepmuii 3 HUX depe3 psa MPOMIKHUX (aKTOpPiB (TOBIIMHA TUTIBKHA OJIUBH,
TEeMIIEpaTypy, IHTEHCUBHICTh 3HOIIYBAaHHS TOIIO) Oe3lmocepeqHhO BIUIMBAE HA TPUBATICTh OOKATKH
(npunpamroBanss). JpyTwii 3aJeKUTh BiJ BEMOT 10 TTApX TEPTS 1 MPU3HAYAETHCS MTONEPETHBO.

Jnst 3y0UacTux map 3 HEe3MIITHIOBAHOIO CEPLIEBUHOIO, TOOTO 3 HU3BKOKO MPOTrapTOBYBAHICTIO,
KOJIW 3aCTOCOBYIOTBCS HEJNErOBaHi CTali, 3 eKOJOT1YHUX MipKyBaHb CIIii pEKOMEHIYBaTH MOBEPXHEBE
rapTyBaHHsa. HemosikamMu 1bOT0 METOAY € 3HA4YHE KOJOOJICHHS BHPOOIB, SKE MOYKHA BHIIPABUTH
3aKJTFOYHUM TLTi(YBaHHAM )KOPCTKHM a0pa3HBHAM iHCTPYMEHTOM.

[Napwm, siKi CKIIAAAarOThCA 3 HU3BKOIO KUTBKICTIO JIETYFOUMX €IIEMEHTIB 1 MPAIfoloTh B YMOBaX
yAapHUX HAaBaHTaXEeHb, CIIiJ 3MIIHIOBATH HiTpoleMeHTamie. TepmiuHa 00poOka Takux 3y04yacTux
KOJIC 3JIHCHIOETBCS Y CEPENOBHINAX OJUBH 1 BIJI3HAYAETHCS CEPEAHIM 3MIIHCHHSIM CEpPLEBUHHU.
Hesnaune xo0:1007¢HHS BUpOOiB BUMarae (QpiHiIIHUX ONepaliii eTacTUIHUM IHCTPYMEHTOM.

[Mapu TepTs, sAKi MNpalIOIOTh B YMOBAaX BHCOKMX KOHTAKTHHX HaBaHTOKEHb 1 TOMY
BUTOTOBIISIIOTHCS 13 BUCOKOJIETOBAaHHUX CTalEH, CIIiJ 3MILHIOBATH HOHHO-TIJIA3MOBUM TEPMOLIMKIIIYHUM
azotyBaHHsAM. lleli mpomec po3pobrmeHo y IHctutyTi mpobmem wirmHOCTI im. I'.C. Ilucapenka.
IlepeBarn Takoro mporecy MOJSATAIOTh y BiACYTHOCTI XKOJMOOJEHHS, TOOTO BiAmamae HEOOXiTHICTH
¢iHIITHOT MeXaHiYHOT 0OPOOKH.

BucHoBKM i HANPSIMKH NOAATBIINX A0CTizKeHb. Ha CKOpOUeHHS TPUBAJIOCTI MPUNPAIIOBAHHS
HaWOLIBII CUIIBHO BIUIMBAIOTH IIBHUAKICHO-CHJIOBUI Ta TEXHOJIOTiYHWH Qaktop. ExcrepuMeHTanbHO
BCTAaHOBJICHO, IO MpH NUToMuX HaBaHTaxeHHsX 0,15 — 3 Mlla Ta mBuakoctsx tpubdomapu 6 — 40 m/xB
(0,1 — 0,66 M/ceK) i MeToIaX MOBEPXHEBOIO 3MIIHEHHS 1 TIOBEPXHEBOTO TapTyBaHHsI, HITPOIIEMEHTAITis Ta
HOHHO-TUIA3MOBE TEPMOLIMKIIIYHE a30TyBaHHS, MOEJHAHHAM LIBHUAKICHO-CHJIOBOTO Ta TEXHOJIOTTYHOIO
(akTOpiB MOXKHA 3HM3UTH MPOIIEC TIPHIIPAIIOBaHH Y 1,5 — 2 pasu.

Po3pobiiena MaremaTHuHa MOJIENb, IO TIOEIHYE CKJIQJOBHUX LHMX (DAKTOPIB Ha MPOIEC
NPUTNPAIIOBAHHS CTOCOBHO CKOPOYEHHS OCTaHHBOTO.

MozepHi30BaHO CTEH/ JUIS eKCTIEPUMEHTANIBHUX JTOCIIKEHb TPUOOTEXHIYHOI CUCTEMH, SIKUN
CKJIaJa€ThCs 3 aBTOMAaTHYHOI KOPOOKH IIBUAKOCTEH 3 MarHiTHUM rajibMOM, OJIOKY KMBJICHHS, TaHEN
kepyBanHs Ta [IK. [IpommBka Hanrcana Ha MOBI mporpamyBaHHs Python.

Jnst mofaNbIvX OCTI/PKEHb B OOpaHOMY HAIpsIMKY TNEPCIIEKTUBHUMU € HAHECEHHsI Ha MapH
TEPTSI 3HOCOCTIMKUX MOKPUTTIB TOBIIMHOW 3 + 10 MM MeToamu PVD, 1110 MiCTHTh HITPHIHU Ta KapOiu.
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Beryn. EdexTuBHICTE BUKOpPHCTaHHS JAeTajeld aBTOMOOUTIB OOMeKeHa BCTAHOBICHHM iX
CTpOKOM ¢iy0u. OCHOBHOIO NPHUYMHOIO BTpaTH IMpale3naTHocTi jgeraseli aBromoOutiB (JJAB) €
3nouryBaHHs (80-90% Bin cminibHOT KiNBKOCTI BiAMOB). 3HOCOCTIMKICTH - Ba)KJIMBa EKCILTyaTaliiHa
xapakrepuctukoro [1AB, sika niMiTye TepMmil 1x cimyx0u. OfHa 3 NPUYMH HEAOCTATHROI 3HOCOCTIMKOCTI
JieTalieil MoB’si3aHa 3 OOMEKEHMM BHKOPUCTAHHSM TIPH iX BHTOTOBJICHHI 1 PEMOHTI 3HOCOCTIHKHX
MaTepiajiiB, TEXHOJIOTIH 3MIIIHEHHS 1 3aXUCHUX MMOKPUTTIB. bararouncesbHi JOCTIHKEHHS TOKa3aJIu, 1110
HAMOUTBII  PalliOHATBHUM 1 ©KOHOMIYHO JIOIUTbHMM BHPIMIEHHSAM TMPOOJIEMH  IiIBUIICHHS
3HOococTilikocTi [IAB € HaneceHHsI Ha X po0odi TOBepXHi 3HOCOCTIHKHX TOKPUTTIB (311).

Bupimensst moctanieHoi pobaeMy TOB's13aHe 3 pOo3pOOKOI0 CIIOCO0IB HAHECEHHS 3HOCOCTIMKHIX
MOKPUTTIB. AHaJI3 JIiTepaTypHUX [pKepes MoKa3as, IO iCHye J0cTaTHbo Oarato metoniB HaneceHHs 31,
KOKCH 3 SKUX MOXKE CITY)KUTH TEMOIO OKPEMOT'O JOCIiKEHHS. BibIIicTh METOIB HaHECEHHS TOKPUTTIB
amprepHatuBHI. Ilpm 1X BHOOpPI BHUHHUKAIOTH TPYTHOII 13-32 PI3HUX EKOJIOTIYHUX TIOKAa3HUKIB,
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€HEProBUTPAT, BAPTOCTI yCTaTKyBaHHS 1 MaTepianiB. Ha BUpOOHMIITBI HAalOLIBII IIMPOKO cepel] crioco0iB
HAaHECEHHS TIOKPUTTIB TEPEBAXKAIOTh TPAMHUITIHHI BHAM HAIUIABICHHSA 1 HANMJICHHA 3 TOAAIBIIOI IX
MexaHIqHOI0 00poOKkoro (MO). OmHak mpakTHKa MOKasye, M0 MPH HAIDIaBJIeHHI B 3HauHii Mipi (Ha 20-
30%) BTpauyalOTbCsi TO3WTHBHI TIOYATKOBI BIACTUBOCTI MaTepiaiB JAeTanedl 1 TOKPHTTIB, SKi
PETIaMEHTYIOTHCS TPH iX BUPOOHHMIITBI.

B mpomeci excruryaramii ocoOnmBicTIO 3HOCY poOoumx moBepxoHb JAB € ix jokampHMIA
XapakTep 1 HepiBHOMIpHICTh. BpaxoByroun 1110 0coOnmBicTh, a01iIbHO 3I1 HAaHOCHUTH BiIMOBIAHO 3
eMIopor0 HepiBHOMIpHOTO 3HOCY. OTHUM 3 BOKJIMBHUX IMUTaHb NPH BUOOPi MOKPUTTS € HOTO TOBLIMHA.
3aneXHOCTI TOBIIWHHU IIOKPHUTTS, WOTO aire3iifHOl MIIHOCTi, 3aJMITKOBHX HANpPYXXeHb, a TaKOX
eKCIUTyaTallifHuX HaBaHTa)K€Hb BCTAHOBJIIOIOTh TPAHNYH] 3HAYCHHS TOBIIMHY ITOKPUTTSL.

Takum YMHOM, MiABUILEHHS 3HOCOCTIMKOCTI JJAB nuisixom HaHeceHHS Ha iX pobodi moBepXHi
311 € oxHicro 3 HEBUpINIEHWX 33/Jad B MPOOJIEMi MiIBHINEHHS EKCIUTyaTaliiHUX BIACTHBOCTEH Ta
CTPOKY CITy»OH aBTOMOO1ITiB.

IMocranoBka npodaeMu. ABTOMOOLUTH — CKJIaIHA TEXHIYHA CHCTEMA, SKa CKIIaAaeThes 3 0araTbox
BY3JIiB, arperariB i OKpeMux JeTaineil, HaJiliHICTh KX BIUIMBAa€ Ha Oe3reky roro pobdoru. [IpoBeneHuit
CHHTE3 OCHOBHHMX BUIB 3HOIIyBaHHs [IAB Ta crioco0iB 3a0e3medeHHs iX eKCIDTyaTallifHIX BIACTHBOCTEH
JI03BOJISIE 3pOOMTH BUCHOBOK, 10 BiZTHOBJICHHS 1X JieTajiell IOIUIBHO peatizyBaTy IUsixoM HaHeceHHs 311
OOrpyHTOBaHMH TIOIIYK 1 PO3p0o0Ka BHUCOKOIPOAYKTUBHHUX 1 MPOCTUX B CKCIUIyartallii TeXHOJOTIiH
BiHOBNEeHHS JIAB a5t MOCSATHEHHS BUCOKMX TTOKA3HUKIB HAIIMHOCTI aBTOMOOLTIB — aKTyanbHa mpooiema.
Bupimenns miei mpoGieMi BIMarae BITPOBaIPKEHHS B TIPAKTHUKY 3MIIHEHHS, BiIHOBJICHHS, ITiIBUIICHHS
eKCILTyaTalliiHUX BJIACTHUBOCTEH 1 CTPOKY ciyxOm JIAB HOBMX 1 BJOCKOHAJICHHS iCHYFOUHX IPOLECIB
PEMOHTY, 1110 0a3yIOTHCS Ha JOCIIHKEHHIX B 00macTi HaneceHHs 311

V3arajgpHeHHs pe3yibTaTiB [OCTIUKEHb OCHOBHUX BHIIB 3HouryBaHHS [IAB no3Bosius
3pOOHUTH BHCHOBOK, III0 BOHU IMPALOIOTH B YMOBAX, MPH SKAX EKCIUTyaTalliiiHi HaBaHTa)KCHHS (THCK,
TeMIeparypa, Jisl HABKOJIMIITHBOT'O CEPEIOBHIIA, TOIIO) CIPUIMAE, TOJIOBHUM YWHOM, 1X TIOBEPXHEBUH
map i ToMy, JOCTaTHBO BiTHOBIIIOBATH HE BCIO JIETallb, a TIIBKH i1 3HOIIEHI POO0Yi TOBEPXHI MUISIXOM
HaHeceHHs Ha HuX 3I1. Po3poOii criocoOiB BinHoBIeHHs neraied 3I1 st 3a0e3neueHHsT HAMIMHOCTI Ta
TiJIBUILICHHST pecypcy aBToMoOLTiB npucssiueHi podotu E.K. Tlocearenko, b.A. Jlsmenko, FO.C. Xapnamosa,
K.A. FOmenko, }O.C. boprcoBa, Ta iHIIIMX BYEHHX.

Mera po6oTtu. Meroro poOOTH € TiABHINEHHS EKCIUTyaTallifHUX  BIACTHBOCTEH
(3HOCOCTIMKOCTI, MIIIHOCTi, CTPOKY CIIy’X0H) JieTajicii aBTOMOOLIIB 3HOCOCTIHKUMHU MOKPUTTIMU. J[7ist
JOCSITHEHHSI TIOCTABJICHOT METH HEOOXiqHO OyJI0 BUPILIMTH HACTYIIHI 3aBIaHHs: 1) Ha OCHOBI aHaIIi3y
JMTEepaTypHUX JDKEpel Ta NaTeHTHO-iH(GOpMAaIliiHUX JOCTi/KEHh OOIPYHTYBaTH OIIbHICTh
smitHeHHs i BigHoBneHHs JJAB 3I1; 2) Bubparu ckiajn marepiany MOKpHUTTS; 3) BUSHAYUTH (i3HKO-
MexaHiuHi BiiactuBocTssMu 311 1 X BIJIMB Ha CTPOK ciryx6u JIAB.

Pe3yabTaTu BUpillIeHHS OCHOBHUX 3aBJIaHb mpoosemu. [IpoBenenwnii anami3 miTepaTypHUX
Joxepen [1-12] no3Bonse 3poOUTH HACTYITHI BHCHOBKU: 1) moBroBiuHicTh JIAB, 10 eKCIuTyaTyroThCH,
3HAXOJUTHCS B MpPSIMil 3aI€KHOCTI BiJl 37JaTHOCTI TPOTUCTOSTHA KOPO3iHHO-MEXaHIYHOMY 3HOCY iXx
pPOOOUYNX TOBEPXOHB; 2) OaraToYHceNbHi JocipKeHHs [4-12] noka3any, 1o HaiOLIbII palioHaTbHUM
1 €KOHOMIYHO JOLIBHUM BHUPIIIEHHSAM MPOOJIeMHU MiABUIIEHHS 3HOCOCTIMKOCTI poOOYMX MOBEPXOHBb
JAB € 3acTocyBaHHS TOKPHTTIB; 3) BHpIIIEHHsS IOCTABIEHOI MPOOJIEMH IMOB'I3aHE 3 PO3POOKOIO
TEXHOJIOTIYHHUX CHOCO0IB HAHECEHHS TIOKPHUTTIB. [7-12].

B poboti moBeneHo, 1m0 HaAiIHHICTE aBTOMOOLIIB Ta 3HOCOCTIMKOCTI iX Jerajneil NOIIEHO
3a0be3neuyBaTu muisixoM BukopucTanHs 3I1. MexaHiuHa MOBeNiHKA TMOKPHUTTS BHU3HAYAETHCS HOTO
CKJIaJOM 1 MilHICTIO 34eruieHHs. [lOKpUTTS mnpuiiMaloTh Ha cebe dacThHy (QYHKIIOHATBHUX
BJIACTUBOCTEH poOOuMxX moBepxoHb JAB (3HOCOCTIHKICTh, KOHTAKTHY MIiIHICTB 1 T.J.) 1 THM CaMUM
3a0e31Meuyr0Th BUTOTOBIICHHS JIeTaNe i3 MeHII AeilMTHUX 1 OLIBII JIENIeBUX MaTepialiB.

Baxx1BOIO YMOBOIO ITOIQJIBINOT MPAIe3qaTHOCTI 3MIIIHEHHX 1 BigHOBICHUX [IAB € y3romkeHicTh
TEPMOMEXAHIYHUX XapaKTEPUCTHK MOKPUTTS 1 MaTepiamy paertami. Marepian geTtasi NMOBUHEH MaTd
MiHIMaJIBHY PI3HHMIIO KOE(]II€HTIB TEPMIYHOTO PO3LIMPEHHS B IOPIBHSHHI 3 MarepiajJoM MOKPHTTA,
320€3MCYNTH MAaKCUMAITLHY MIITHICTE 39ETIICHHS 3 HUM. [HITMME CITOBaMH, MaTepiai MOKPUTTS 1 MaTepia
JIeTajIi TMOBMHHI MaTH «EKCIUTyaTaIliifiHy CYMICHICTB». TakuM YiHOM, BHOIp CKJIaqy MaTepialy MOKPUTTS
00OMEXYETHCS HOTO CYMICHICTIO 3 MarepiajioM Jetaiti. BupimenHs npobiemMu peryiroBaHHsS CyMiCHOCTI
MaTepiay MOKPUTTS 1 AeTali 1a€ B IIOBHOMY 00CS31 BUKOPHCTOBYBATH HOTO TPHOOTEXHIUHI BIIACTHBOCTI.
OnauM 3 TAXOAiB BUOOpPY Marepiaay IOKPUTTS € BCTAHOBICHHS 3B'SI3KIB Y CHUCTEMI «EKCILTyaTallis-
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Marepiam», a 3 MO3HUIii TEXHOJIOTii - B YMOBHOMY TPUKYTHHKY «CKJIaI-CTPyKTypa-BIacTUBiCTE». Komu
XIMIYHHI CKiTaj —MaTepialy 3afaHuif, Ha TEpIINA IUIAH BUXOIITh TPH OCHOBHI KpHUTEIi:
1) eHeproHacHYEHICT, Matepiany; 2) IMIUIbHICTh OKPHUTTS;, 3) TEMIICPATYPHUH PEXHUM, TPH  SIKOMY
(hopMye€eThCs TIOKPUTTS, 110 3a0e3meuye (QyHKIioHABHI BiacTuBOCTI JJAB.

Benuke 3HaueHHS Mae MPaBHILHUI BUOIp TOCUTH MPOCTHX 1 TOCTYMHHUX CITOCOOIB HAaHECEHHS
3I1. Bubip metony dbopmyBanus 311 Bu3HauaeThCd HACTYTHUMHU YHHHUKAMHU: KOHCTPYKIEIO JETaNi;
BUJOM MaTepialiB JeTami, CKJIaoM Marepiany TIOKPUTTS, CTBOPEHHAM MIIIHOTO 3B'SI3KYy MiX
MOKPUTTSAM 1 TIOBEPXHEIO JIeTali, MOEJIHAHHS TMPOLECIB BIAHOBICHHS (BUTOTOBJICHHS) JeTalli 1
OTPUMAaHHS TOKPUTTS; €KOHOMIYHOIO JOIUIbHICTIO. HaifuacTime BHKOPHUCTOBYIOTHCS TEXHOIOTIUHI
nporiecu (TII): mpecyBaHHS, TpoKaTKa, IJIa3MOBE HANWJICHHS, KOMOIHOBaHI METOIH, HAIPHKIIA],
TUTa3MOBE HANWJICHHS 3 MOAANbLIMM YIIUIbHEHHSM 1 iHmn. OOIpyHTOBaHO, LIO cepel CHocoOiB
HaHeceHHs 311 HalOLIBIIT TOMIMPEH], HAWACIICBIN 1 HANTIPOCTIIT METOIN Ta30TePMIYHOTO HAITHIICHHS
(I'TH), a came, razononymenesoro (I'TTH) i enekrpomyrosoro wamwienus (EAH) [7-12].

VY poboti mpencraeieni pesynbTatd gocmimkeHs 3[1 (puc. 1). Ilokputrss HaHOCWIM Ha
muTiHApryHi 3pasku (aiametrp 100 mm). Matepian 3paskiB - ctanbs 45. Marepian MOKpUTTS — CyMill
mopomkiB NiCr i Cr:Cz). Ha mmmiaapudni 3pa3ku MOKpUTTA HaHocwiu wMetogom [TIH 3
BUKOpUCTaHHM migmapy 3 Hixpomy (Ni-Cr 80/20).

PﬁCI’IpEﬂEl’IEHHE nnowanei

B;'EEI

340

= 20

o 1 2 ?
Knacc
a) x100 0)
Tabnuys 1. Posnooinenns enemenmie 6 311

Crektp C Cr Fe Ni W
Crektp 1 164 820 1.49
Crnektp 2 112 69.1 182 11
Crektp 3 11.1 735 03 154
Crektp 4 104. 709 05 187
Cnextp 5 20,7 652 0,7 241

6)
Puc. 1. Pezyremamu docniodcensv 3pasxa 3 311, ompumanum I'TIH:

a) cmpykmypa; 6) nopucmocmo (1 - B - ;10p4; 6,5%, 2 - B - ocnosa 93,5%),
8) mabauya 1 - po3nodinents ne2youux eiemenmis

JociimKeHHs MIKpOCTPYKTYpH poBoamiiocst Ha Mikpockori MeF-3 ¢ipmu "Reichert" (ABctpis)
(puc. 1, a). Ilix yac HOCTIIKEHHS BHMKOPHMCTOBYBABCS METO]] CKAHYFOUOi €JIEKTPOHHOI MIKPOCKOIII Ta
MIKpOPEHTTeHOCTIEKTPATIBHOTO aHali3aTopa. TOYKOBHI MIKPOPEHTIeHOCTIEKTPATIbHUM aHai3 TPOBOIBCS
3a MPOrpaMor0 KibKICHOTO aHamidy. Pesynbraté mocmimxeHb npencraBieHo Ha puc. 1 (tabm. 1). Ha
puc. 1, 6 mpeacTaBaeHO PO3IMOIIT MOPUCTOCTI 32 KJIacaMM, CEPEIHS MOPUCTICTh Ta TiCTOrpaMu PO3MOALTY
nopuctocTi. TTOpHUCTICTh MOKPHUTTIB BU3HAYANIACs KUIBKICHUM CTEpPEOJIOTIYHMM aHali3oM 3pa3KiB Ha
ABTOMAaTUYHOMY aHaiizaTopi 300paxxenHs "Mini-Magiscan" ¢ipmu "Joyce Loebl", Anrmis, 3a mporpamoro
"Genias 26". MinHIiCTh 34YeIUICHHS MOKPHUTTIB BU3HAYajacs 3a pPO3PaXyHKOBO-CKCIEPHMEHTAIHLHOIO
METOJIMKOI0, po3pobsieHor0 B IuctutyTi mpodiem wminuocTi iM. I'.C. [Mucapenko HAH VYkpainu Ta
cranosmia — 80...100 MIla [20-21].

[Ticna nposenenns pocmimkens 311 Hanocunu Ha nosepxHi JAB. Ilpuxnaau BigHOBIEHHX i
sminHenux JJAB npencraeieni Ha puc. 2.
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Puc. 2. Ilpuxnaou eionognenux i smiynenux J[AB: a) nareyv nopuins 304-10-2 (cmanvy 12XH3A-42,
HRC58, moswuna noxkpumms h=0,8...1,5), 6), 0) poznodinvuuii éan 10141040 (cmanw 45, HB 163-
207, 0,1...2,5); 8) koninwacmuii éan (cmanv 18X2H4MA, HRC55-60, h=1,5...3,5)

BucHoBKH. Y3aranpHIOIOYH pPe3yibTaTH JOCTIUKEHb OCHOBHUX BHIIB 3HOLIYBaHHA JeTajeh
aBTOMOOUTIB 3pO0JIEHO BHCHOBOK, IO BOHM MpAaLIOIOTh B yMOBaX, HPU SKUX EKCIUTyaTaLidHi
HaBaHTA)XEHHS (THCK, HarpiBaHHS, i HABKOJIMIIHBOTO CEPENOBHILA 1 iH.) CIPUHMAIOThCS TOJIOBHUM
YHHOM iX MOBEpXHEBUM IIapoM. ToMy, JOCTaTHRO BiAHOBIIIOBATH TiTBKH POOOYI MOBEPXHIi JeTami, a
HE BCIO JIeTallb, IUIIXOM HAaHECEHHSI MOKPUTTS.

[nsxoM pOBEACHUX OCIIPKEHb 1 iX aHasi3y Noka3aHa e(peKTHUBHICTh HAHECCHHS IOKPUTTIB
JUTS TiABUIIEHHS 3HOCOCTIMKOCTI Ta pecypcy aBTOMOOLIIB B IIpOLIECi BIAHOBICHHS iX AeTaleH.

OOrpyHroBaHo, mo cepea cnoco0iB HaneceHHs 311 HaiiOinpln momumpeHi, HaiaemeBHml i
HavnpocTimi Meroau I'TH, a came meron I'TIH 1 EJJH. B po6oti Buznaueno Bmius napamerpis ['TH
Ha (i3MKO MeEXaHi4HI BIACTHBOCTI CHCTEMH «IOKPUTTA-BIJHOBJIECHA MOBEPXHs» (UIUIBHICTS,
MiKpPOTBEPAICTh, MIITHICTh 34EIUICHHS, 3HOCOCTIHKICTB).

Binnoenennss JIAB muisxom Hanecenns 3I1, BuOip MaTepially HOKPUTTS, YIPaBIiHHS HOTo
CKJIAZIOM 1 CTPYKTYPOIO B TIPOLIECI BiJHOBIICHHS 1 3MIIIHEHHS JO3BOJIMIIO TMiJBHIIHUTH 1X €KCILTyaTalliiHi
BJIACTUBOCTI OUIBII HIXK B 2 pa3u B MOPIBHSIHHI 3 TPAAULIHHUMH CIIOCOOaMH HAIUIaBJICHHS TA BUPILIUTH
3aa4dy 3a0e3MeUeHHsI IX CTPOKY CITy>KOH, SIKHI HEe TIOCTYIAEThCS PECYPCY HOBUX JIETaeH.
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BBenenne. VIHTEHCHBHAsT TEXHOJOTHS BBIPANIMBAHUS KIyOHHUKH TIpelycMaTpuBacT
MOJlyYeHHEe MAaKCHMAJIbHOTO Yypokasg B 3aKpbITOM TpyHT€ OT PEMOHTAaTHUBHBIX COpPTOB (C
OJITHOBPEMEHHBIM LIBETEHHEM, Oy TOHU3AIMEN U CO3PEBAHUEM).

[IpenmMy1iecTBaMu UCTIONIB30BAaHUS JAHHOM TEXHOJIOTHH B TEIIIHIAX SBIISIOTCS:

1. PanHne peMOHTaTHBHbBIE COpPTa KIYOHMKH TpH HX TyCTOH (4acTod) mocaike oaroT
MaKCUMaIBHBINA ypoxail. To ecth, Ha 1 KBagpaTHOM METpE IOJIE3HOW IUIOMIAA MOXHO Pa3MECTUTh
100 kycTrkoB Ki1yOHUKH. Takas rycrast ocajka He YMEHBIIIAET, & YBEINIUBAET 00BEM ypOxKasl.

2. CeeToBOW pexuM. M3BecTHO, 4YTO TEpPHOJ BereTaluu J00W KyJIbTyphl 3aBHCHT OT
MPOJOJKATENBHOCTH CBETOBOTO AHS. B Terumie co3maercst Tak Ha3bIBAEMBIH «HEWTPAIBHBINA JCHBY,
KOTOPBIM O3HAaYaeT, YTO KIyOHHMKa B MEPHOJ LBETEHHS M IUI0000pa30BaHUs BOBCE HE pearupyer Ha
CBETOBOM PEXKUM.

3. 'maBHOe, cnemyeT momoOpaTh TaKOH COPT, JJIsi KOTOPOTO XapaKTepHBI HEMpPephIBHBIN
IIPOLIECC LBETEHUS, 3aBSA3U U CO3PEBAHMS, T. €. BCE 3T NPOLECCHI JOJKHBI HENPEPBIBHO MPOTEKATH B
TE€YeHHEe BCEro rojga. B mpoTwBHOM ciydae, mocie 3aBepuieHHs cOOpa OYepeaHOW BOJHBI ypOxKas
HeoOxoauMo OyJeT B TeUeHHE Mecsa WiK OO0JIbIIe KJaTh HOBOW BOJIHBI YPOsKasl.

[TosToMy HEoOXoaMMO 3apaHee, B TEUCHHUE OJHOIO I'OAa HCIBITATh UMEIOIINECS B HAIWYUU
COpTa U TaK NPOBECTH UX OTOOP, WM CIIEAYET 3aKyIHUTh COOTBETCTBYIOIIUE STUKETUPOBAHHBIE CEMEHA
C HY’)KHBIMU JaHHBIMH.

Pe3ysabTaThl HMcciienoBaHusi. HTEHCHBHAsT TEXHOJIOTHS BBIpAlIMBAaHUS KIYOHHKH B
3aKPBITOM TPYHTE - Y CTPOMCTBO KITYOHHYHBIX T'PSIIOK.

Jns panoHaIbHOTO HCIOJB30BaHUS IUIOMIAAN TEIUIMIBl M MaKCUMaJbHOTO obOecreueHHs
KyCTOB KIyOHHKM IWTATEJIbHBIMU BEIECTBAMH, Jydlle WX pacrloiarat He Ha 3emie, a B
MOJIBEIEHHBIX KOHTEHHEpax.
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PaccMOTpPUM KOHCTPYKIMIO TOJO0HOTO pa3MeleHusl.

Puc. 1.

Jnst pa3MelneHus KOHTEHHEPOB IeJIeCO00Pa3HO CO3[aTh MOHOJIUTHYIO METaJTTMYECKYIO
KOHCTPYKIMIO, MOJOOHYIO MOKa3aHHBIM Ha 1-oM u 3-eM pucyHkax. KoHCTpykuusi IobkHA OBITH
MIPOYHOM, TaK KakK el MpeACTOUT UCTBITaTh CHIIbHBIE Harpy3ku. OnTuManbHas MUPUHA KOHCTPYKIUH
1M, a quHa ee OrpaHWYMBACTCS JIUIIL AJMHON TEIUIMLBL. 3aTeM Kapkac IEIUTCsS Ha ABa psAaa Uit
KOHTEHHEPOB Ha paccTOsHUU 20 CM OT JIEBOrO U MPaBOro KOHLOB, U HA BCIO JUIMHY YKJIQJbIBAKOTCS 2-
3-X KHJIOrpaMMOBBIE KOHYCO0Opa3Hble KOHTEHHEPHI.

Yacto, B CHIly SKOHOMHYECKHX MPUYHH, BMECTO METAJUTUYECKUX KOHTCHHEPOB MOTYT OBITH
WCTIONB30BaHbl T.H. JIEPEeBSHHBIE (pHC.2), B KOTOPhIX pa3memarorcs 8-10 KyCTHKOB KITyOHUKH.
I'maBHOE, YTOOBI MONYYHINCH MPOYHOE OCHOBAHWE MPHONM3UTENHHO B | M INUPUHOW M CEKIUHU
HY>KHOU JUIMHBI.

02:0.39
09-0,59

Puc. 2.

Konreiinepn! a5 kia1yOoHuKH. /1)1 H3roTOBICHUS! KOHTEHHEPOB MOAXOIUT JIH000H MaTepualt:
¢anepa, ncn, miactuk U T.1A. Jlydine, ecim KOHTeHHep OyAeT COCTOATh M3 OJHOTO KapKaca Ha BCIO
JutHY. Pa3Mepsl KoHTelHepa: JyiMHa — j1r00as, Beicota — 20-25 cM, mupuHa — B HroKHeH dactu — 20-
30 cm. B BepxHeii — 40-50 cM. TTociie U3roToBIeHNs HEOOXOAUMOr0 KOJHYECTBA KOHTCHHEPOB HAI0 UX
3aMOHUTH CYOCTPaTOM H MPOCTO Pa3MECTUTh Ha KapKace.
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IMoaroroBka cydcTpara.

Kak wu3BecTHO, mMONydeHHE WHTEHCHBHOTO WM HEMPEPBHIBHOTO YpoxkKas KIyOHWKH TpeOyer
MOTOTOBKM BBICOKOMTUTATEIHHON IMOYBEL. B NMaHHOM ciydae, WCIIONh30BAHHE OOBIYHON IMOYBHI HE
MOJXOIUT U CIIEAYET MOATOTOBUTH MOYBY CHEIHUATBHOTO COCTABA.

KommonenTs! s u3rotoBnenust 1 TOHHBI cyOcTpaTa:

coaoMma — 650 kr,

KypHHbIe 3KckpeMeHThI — 300 KT,

Mel — 6 KT,

MOYEBHHA — 3 KT,

rurnc — 20 Kr.

Kak BuaHO 13 coctaBa cyOcTpara, Bce ero KOMIIOHEHTHI JIETKO MOJKHO JOCTATh.

KomnocTupoBanue cydcrpara.

KomnonenTs! cyOcTparta yKIaasIBalOT B CIEAYIOIIEH TOCIEI0BATENbHOCTH:

TIEPBBIH CII0H — conoma, BeicoToi 20-25 cm

BTOPOI1 CIION — KypHHBIE SKCKPEMEHTHI, BEICOTO 10 cM;

TpeTuil cnoit — moyeBuHa, 400 r Ha 100 Kr COTOMBIL.

Bosznukaer nHackib 1-1,5 M mmpuHoit u 1,8 — 2 M BeICOTOHN. 3aTeM cieAyeT MOJHUTh €€ BOJOH,
ayurie Tterioi. [lpubnusurensHO uepe3 5-6 nHedl HaumHaeTcs (epMeHTanusi cyOcTpara, KOTopas
NPOAOJDKUTCS THEe-TO B TedeHWe Mmecsua. Jms Toro, yroObl Bce KOMIIOHEHTHI MOJBEPIVINCH PAaBHOM
(hepmeHTanMK, HEOOXOUMO MEepeMerBaHue 3ToH Macchl. IlepBril pa3 nepememnBatoT depes 10-12 nHeit
nocyie Havasna (hepMeHTaluH, BTOPOH pa3 — uepe3 17 nHeid, Tpetuit pa3z — depe3 25 mueit. [ns storo
HEOOXOAMMO MaTepuall C Kpasi HACHIIM TEPEeMECTUTh B LIEHTP M, Hao0OpOT, W3 IIEHTpa HACKHIITU
TiepeMecTUTh Ha Kpaii. [Ipu aTom 100aBnsSrOT MeN 1 THIIC.

[locne 3aBepuieHHs Mporecca KOMIIOCTHPOBAHUSI CyOCTpaT NTPUOOpPETaeT TEMHO-KEIThIH
uBer. OH WMeeT PaBHOMEPHYIO CTPYKTYpy W 3amax ammuaka. Ho 3TUM mpoieccoM MOATrOTOBKA
cyOcTpara He 3aBepmiaercs. Tak Kak B HEM BO3MOXXHO CYILECTBOBAaHHME Pa3IMUYHBIX BpEeIUTENCH U
NEPEHOCUYMKOB 3a00JIeBaHNH, HEOOXOIUMA €T0 CTEPUIIU3ALIHA.

Crepuausanus cyocrpara.

Ho Ttoro, xak 3acelmaTh cyOCTpaT B KOHTEWHEpHI, HEOOXOAWMO CMOHTHPOBATh CHCTEMY
KaIleJIbHOTO OPOLICHUS], HO C TAKUM PacueToM, YTOOBI pacxo.l BOJbI OBbUT OTPETYJIMPOBAH CIEAYIOMINM
o0pa3oM — Ha KOHTeiHep umMHON B 1 MeTp — 3 ymTpa Boubl B CyTKd. [lyist 3TOro HeoOxomuma
COOTBETCTBYIOIIETO 00beMa TIOCyJa Uil BOJbBI, KOTopas OyneT ycraHoBieHa Ha Bbicote 0,5 M Haj
YYacTKOM ¢ KiIyOHuKo#. OpocuTenbHasi CUCTEMa, KPOME MCIOJIb30BaHH 110 MPSIMOMY Ha3HAuYCHHIO,
WCTIONIB3yeTCS M KaK CIENMUAbHBIM KaHall MOJa4Yl PAaCTEHHSIM HHUTATENbHBIX 3JEMEHTOB U APYTUX
CTUMYJIHPYIOIINX PACTBOPOB.

JlonosiHMTe/IbHOE OCBelleHHe TeNJIHIIbL.

TexHo0rHs BRIpaIIMBaHus KIIyOHUKH B TEIUIMLAX NPEAYCMAaTPUBACT CO3/IaHUE ONTUMAIIbHBIX
YCIIOBHUI OCBEIIEHUS, TaK KaK KIIyOHUKa pe3KO OTPHIATEIbHO pearupyeT Ha HEXBaTKy cBeTa. B 30He
BJIQKHBIX CYOTpPOINHMKOB 3amagHoW [py3ur BEeCHOH M OCEHBIO, KOT/Ia BEIUK MEPHOJ OOJIAYHOCTH,
HEBO3MOXKHO JIOCTHYb ONTHMAJILHOTO YPOBHSI OCBEIIEHHs B Teruumax. [loaTomy HeEoO0XomuMo HX
OCHAIIICHHUE JIOTIOJIHUTEIbHBIM OCBEIlleHHEeM. B cilyuae HEXBaTKH OCBEIICHUS KIyOHHKa HE CMOXET
XOPOIIIO Pa3BUTHCS U ypoxKaid OyJeT MEHBIIIE.

RS Global 2(74), February 2022 69



WORLD SCIENCE ISSN 2413-1032

Jsist TONMOTHUTENBFHOTO OCBELICHHUS UCTIONB3YIOTCS JIAMITBI THEBHOTO OCBEIICHHSI MOIIHOCTBIO
B 400 BaTT, KOTOpPBIE TIOMEMNIAIOTCS B TETUTUIIHI M3 pacdeTa: Il KOHTEHHEepPOB IMUPUHON B 2 MeTpa H
muHOH B 10 METpoB HEOOXOIMMO HCIIONB30BAaHUE 4 TaKHUX JIAMII.

BxittoueHne JOMOTHUTENEHOTO OCBEIICHHSI BBITTOIHAETCS B CIIEIYIOIIEM PEXIME:

[lepBoe BKITIOUeHHME yTPOM, B 8 HacoB, BEIKIIOUeHHE B 11 wacoB. Bropoe Bximouenue — B 17
4acoB, BeIKII0UeHrE B 20 4acoB.

Taxum oOpa3om, B Teruie OyJIeT CO3aH CTaOWIbHBIN 12-4acoBOl CBETOBOH JIeHb. 3MMOH,
KorJa 001a4yHO MM WAET CHET, OCBEIlleHHe HeOOXO0MMO BKIIIOYATh B TeUeHHUE BceX 17 yacos.

BroiBeneHue caxkeHleB KJIYOHMKHU U BeJleHHe MAaTEePUHCKON IVIAHTALIUU

1. ITepBblil rox — NOKyMHaeTe MOAXOIIIME U BAC CEMEeHa KIyOHMKH. 3aTeM, CeeTe OTAEIbHO
B OTKPBITOM TPYHTE, BBIPAIIMBACTEC CAXCHIBI, KOTOPHIE MPEACTABISIOT MEPBYI0 MAaTEPHHCKYIO
wianTauuio. IIpoBepsiere ypo)kallHOCTh M HENPEPBIBHOCTH MOSABICHMS IUIoAa. B koHue BbiOepere
camble JTy4Ilie U IPUEMIIEMbIE KyCTHKH.

2. BTopoii rox — MOJArOTOBKA TEIUIMIBI JJS OCHOBHOW IOCAJKHM W BBHIBEJCHUE HYKHOTO
KOJINYECTBa KyCTOB KiIyOHuKH. K mpumepy, s KoHTelHepoB B 1 M IMUHOHN (4-X pSAHBIX) CleqyeT
noarotoButh 100 KyCTHKOB M BBIpAIlMBaTh MX 0 KOHIA aBrycra. FIMEHHO B 3TOT MEpHOA CIexyeT
nepecaguTh MX B TOATOTOBIICHHBIE B TeIuMle KoHTeiHepsl. [locie mepecagkn OHM HAaYMHAIOT
TUTOJIOHOCHTB U YK€ B KOHIIE OKTSOPS M B IeKa0Ope TOCTUTAIOT MUK YPOKalHHOCTH.

3. Tpetuit Tog — OOHOBJICHHE MATECPUHCKOW IJIAHTAIINH, TIOMEIIEHHOH B OTKPHITOM TPYHTE.
Buumanue ciiegyetr oOpaTUTh U Ha TO, YTO HEXKETATEIBHO MOCTOSIHHOE UCIIOJIb30BAHUE OAHOTO U TOT'O
JKe copTa KIIyOHHKH, IIO3TOMY C TEUYCHHEM BPEMEHH OH JJOJKEH OOHOBIISTHCS.

CpaBHHUTe/IbHAsI 5KOHOMHYECKasl OLIEHKA.

st cpaBHEHUS! pacCMOTPHM COBPEMEHHYIO TEXHOJIOTHIO YXOAa U IOJIyueHHs KIyOHHKU B
OTKPBITOM TPYHTE (110 TEXHOJIOTHHU PUC. 4).

Puc. 4.

Ha mpencraBneHHOM pUCYHKE JlaHa TEXHOJOTHS yXOJa H  TIONYYCHUS KIyOHHKH,
ucnons3dyemas B I'py3un n nepenoBbix crpaHax. [lo gaHHBIM IuTepaTypsl, rogoBoi ypoxaii ¢ 1000
KBaJpaTHbIX MeTpoB coctaBiser 3000 Kr, ecau LieHa €ro peajiM3alid BECHOH M B Hayaie JeTa
COCTaBUT B cpemHeM 2,5 mapu 3a 1 kr, To oOmui rogoBoi moxon Oymet 7500 mapu, 3aTrparhl Ha
nosiyueHue ypoxxast cocraBsar 4400 yiapu, orctoga u npuObuis Ha 0,1 ra Oynet pasasatbes 3100 napu.

PaccmoTpuM cuetr MapruHanbHOW MPUOBUIM B HAlLlleM CIIydae — BbIpAllMBaHMs KIYOHHUKH IO
WHTEHCUBHOM TEXHOJIOTHH.

CorjlacHO HWKETIPUBEACHHOW TaOJIMIBI [MOJIydaeM B cpeaHeM jBa ypoxas — 6000 xr,
NpOJaKHas LIeHa OCEHBIO W 3MMOM BhILIE, HO OyJaeM cuuTaTh B cpeHeM 1o 2,5 japu 3a 1 kr. 3a rof
obmmit noxox cocraBut 6000 X 2,5 = 15000 napu. Pacxoapr coctaBst 2075 napu, MapruHaibHas
npubsLIb ¢ 0,1 Ta Oyaer: 15000 — 2075 =12925 napu

Tabmmma 1. MapruHaibHbIe TPHOBUIH.

Hoxoau KOJH4eCTBO HeHa Bcero cymma
/500 M? Jaapu/T aapu/500 m?
Ypoxail KkiyOHUKH B ro11 2 pasza 2x3=6 2500 15000
15 000

70 2(74), February 2022 RS Global



WORLD SCIENCE ISSN 2413-1032

Tabnuna 2. Pacxospsl.

Pacxoabl MaTepuaJioB Mexanu3zanus Tpyn
Ha3zBanme TexH. Pacxoanl Bcero
npouecca Koamecrso Eannuna [[ena. J Pacxont. | Tonnusa, TOIIMBA, | 3apmiaTa | pacxo10B
pacxoaos Japu /ra | JuTpax /ra
1 | Pemont 200 200
TEILIULBI
Cemena st
2 | MaToOBBIX 20 20 40
TTAHTAIAA
3aknanka
3 | MaToBBIX 200
[UIAHTALA
KOMIIOCTBI:
cojioMa — 1200 Kr 0,3 390 390
4 | PKCKpeMenT — 600 Kr 0,5 150 300
MeIT — 12 Kr 0,8 4.8 9
MOYEBHHA — 6 Kr 1 3 6
TUIIC — 80 Kr 1 80 80
5 KamnensHoe 500
OpOIIIeHHE
6 | mecTHIHIBI 50
8 | Coop 300 300
Bcero pacxonoB 2075
MapruHajabHbIC TPHOBLIH | 12 925

BoiBoabl. Ha mpencraBieHHOM pUCYHKE aHa TEXHOJIOTHS YXOAa M HOJIY4eHHs KIIyOHMKH,
ucnonb3zyemas B ['py3uu u nepenoBbix crpaHax. [lo gaHHBIM JuTepaTyphl, rooBoil ypoxait ¢ 1000
KBaJpaTHbIX MeTpoB cocTaBiseT 3000 kr, ecnu IeHa €ro peaju3allid BECHOM M B Haudajie JeTa
COCTaBHUT B cpeaHeM 2,5 mapu 3a | kr, To oOmuii romoBoit noxox Oyaer 7500 mapw, 3aTpaThl Ha
nonmydeHue ypoxas coctaBar 4400 mapwu, orctona u mpudsuts Ha 0,1 Ta 6yzaer pasastbes 3100 mapu.

PaccmoTpuM cuetr MapruHanbHOW MPUOBUIM B HAllleM CIIy4ae — BbIpAIlMBaHMA KIYOHHUKH IO
WHTEHCUBHOM TEXHOJIOTHH.

CornacHo Tabnumam 1, 2, momydaeM B cpeaHeM fABa ypoxkas — 6000 kr, mpomakHas IeHa
OCEHBIO M 3WMOH BHIIIe, HO Oy/IeM CUMTATh B CpefaHeM 1o 2,5 mapu 3a 1 kr. 3a roj oOmmii 10Xoxa
cocraBut 6000 X 2,5 = 15000 napu. Pacxonsr cocraBsat 2075 napu, MaprusanbHas npuosuib ¢ 0,1 ra
oynet: 15000 — 2075 =12925 napu.
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The paper presents the results of the study of iodine-enriching, antibacterial
and cytostatic activity of Lemna minor L., Zostera marina L., Laminaria
saccharina L., Xanthium strumarium L.

It is shown that all the studied plants have an iodine-enriching effect, but the
most effective is Xanthium strumarium. All studied plants showed
antimicrobial activity, but no direct correlation between iodine content and
antimicrobial activity was found. The antibacterial activity of Xanthium
strumarium against Escherichia coli exceeds the similar effect of antibiotics
such as cefazolin and ampicillin, and against Staphylococcus aureus is equal
to the effect of norfloxacin. Xanthium strumarium and Lemna minor showed
fungicidal activity against Candida albicans. The greatest antitumor activity
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Beryn. Voauuit nediuut € oxniero 3 HaifGiIbII aKTyaIbHEX MPOGIEM OXOPOHH 3T0POB’SI st
oinpir Hik 140 xpain cBity [1]. ¥V 3B’s3ky 3 num y 1983 p. OyB BBeneHuid TepMiH “HomonedinutHi
3aXBOPIOBaHHS’, SIKHH 00’€MHYE BCi CTaHH, 3YMOBJICHI BIUIMBOM HMOJHOI HEIOCTATHOCTI Ha PICT Ta
po3BuTOK opraHizmy [2]. IlpoOmema WomomedimMTHUX 3aXBOPIOBaHb y BCHOMY CBITI BH3HAHA
aKTyaJbHOI0 y MEIWYHOMY, CKOJIOTIYHOMY Ta COLiaJIbHO-€KOHOMIYHOMY acCIeKTi, OCKIJIbKH i
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3aXBOPIOBAHHSI BU3HAUYAIOTH CTaH 3/I0pOB’sl HAcEJCHHS, IHTEJIEKTyalbHUH, OCBITHIN Ta mpodeciiHuit
MOTEHITial CYCHUIBCTBA 1 MAIOTh 3HAYHY PO3MOBCIOKEHICTh. HaiOinmpll HECTIpUSATIVBI HACHTIIKH
HecTadl WOAy B OpraHi3Mi BHHHKAIOTh HA PaHHIX €Tamax PO3BUTKY, Bl BHYTPIITHBROYTPOOHOTO
nepiony 10 craTeBoro no3piBaHHi. Hecrawa Homy B oprai3aMi Mo)Ke€ BUKJIMKATH TOPYIIECHHS
TOPMOHAJBHOI (yHKIIT mmTomoAiOHO01 3amo3u. Ha ckoromHi B YKpaiHi HapaxoByeThCs Oinpimie 1 MiIH
namieHTiB i3 3axBopioBanHsMmu 113 [1]. Ilpubau3zHo 15 MinbHOHIB HaceJleHHS IMPOKHWBAE B 30HI
ykpaincekoro  Ilomiccst  (JIpBiBcbka, TepHominbebka, IBano-®pankiBchka, JKurommpcbka,
YepuiriBcbka obmacti Ta nmiBHiY KuiBcbkoi). Tam Topd’siHO-00JI0THCTI IPYHTH 3 BMICTOM TaK 3BaHUX
TiApOCIIoN, fKi HEe YTPUMYIOTh HE TUIBKH WOA, a 1 1HINI KOPWCHI M OpraHi3My IJIOJUHHU
MIKpOeNIeMeHTiB. TakuM YHHOM, BCe HACEJEHHS IHOTO PETIOHY BIAHOCATH A0 Tpymu pu3uky. OKpim
TOro, 35 MiNbHOHIB HaceleHHS, OTPUMYIOTh BONY, sIKa Tede 3 MOJICHKHX PETiOHiB, 1O 30igHEHi
fiomom. Takum gamHOM, Maibke 45 MITEHOHIB HaceTIeHHS Ma€e MediluT Hoay — ToOTO Bce HACEICHHS 3a
BUHATKOM TaK 3BaHUX CHBAIIiB (IIiBJeHDh YKpaiHu Mk YopHUM 1 A30BCBKUM MOPEM), 1€ PiBEHb WOy
OinplI-mMeHIn 3a0e3neueHuit [2]. BupimenHs npoOnemu #HomonediluTy BHMara€ KOMILICKCHOTO
MiAXOIY 10 CTBOPEHHS CIIEIialIbHUX MPOIYKTiB XapuyBaHHs. [IpupoaHuM, a, BIAMOBIAHO, 1 HAWMEHII
MIKIAJMBUM KOMIIOHEHTOM TAaKOTO XapuyBaHHS MOXYTb OYyTH [IE€SKi POCIMHHM, SIKi BHUCTYNAIOTh
JDKEpeJIoM HOI0OpraHiYHUX CIIOJYK.

Mera: pocnmiauTH 1 TOPIBHATH #omo30arauyBajibHy, aHTHOAKTepiallbHY, IUTOCTATHYHY
BJIACTHBOCTI TaKWX HOJOBMICHUX POCIHH, K 30cTepa Mopchka, Herpeba 3puuaiina, Pscka mama Ta
Jlaminapis mykpucTa.

Martepianmn i Meroan aocaimkeHHsi. Martepiany JOCTiKEHHSI MOBITPSHO-CyXa CHPOBHHA
HACTYITHUX WOJOBMICHUX POCIHH: 30cTepa Mopchka Zostera marina L., Herpeba 3Buuaitna Xanthium
strumarium L., Pscka maia Lemna minor L. ta Jlaminapist iyykpucta Laminaria saccharina L.

VY nocnipkeHi 0yJIu BUKOPUCTAHI TaKi METOIH:

- TecT AJs BUABJICHHS HomoaedinuTy. 3a JOMOMOT0I0 BaTHUX NMANWYOK HAHOCHIIM HOJHY CITKY
Ha mepearuniyyas. SIKmo yepe3 700y CMyry 3alUIIaIrCs TOMITHI, TO HogoaeinuT BiacyTHINA. Ko
CMYTH JIeJlb IIOMITHI 200 iX B3araji HeMae, TOJli OpraHi3M BiuyBae HecTauy B Homi [3].

- MeTo/1 manepoBux HUckiB (Jucko-audysiitauii metox) [4]. Ha wamku [letpi 3 mincymennm
CepEeOBUILEM 3aCiBAIN AOCIIIKYBaHy KyJIbTYpY CYLUIbHUM ra30HOM. CTEpUIbHUM IIHLETOM Ha arap
HaKJaadu ManepoBi MUCKK (4—5 mTyK), 3MOYEHI PO3YMHOM JOCITIJDKYBAaHOI DIIMHW HA PiBHIH
BiJICTaH1 OJIH BiJl OIHOTO. PO3MipH 30HU raJibMyBaHHS pOCTYy OaKkTepiii BU3HAYAE CTYIMiHb Yy TIHUBOCTI
MIKpOOpraHi3miB 70 JaHOro po3unHy. TecT-mikpoopranizmamu Oymu: Escherihia coli (Migula 1985)
Castellani and Chalmers 1919 ATCC 25922 (xumikoBa majiudka), Proteus vulgaris Hauser, 1885
ATCC 6896 (mpoteit Bynbrapumii), Pseudomonas aeruginosa Schroeter 1872, Migula 1900 ATCC
9027 (cunborniitna manuuka), apixmki Candida albicans (C.P. Robin) Berkhout 1923 ATCC 885-653
(xannupa Oima). Bei Mikpoopranizmu Oymu oTpumani 3 YKpaiHCBKOI KOJEKLii MiKpoopraHizmis
IHcTuTyTy Mikpobiosorii i Bipyconorii im. JI.K. 3abonorHoro HAH Ykpainu. [Valgas C. Screening
methods to determine antibacterial activity of natural products. Brazilian Journal of Microbiology.
2007. Vol. 38. P. 369-380.]

- meton B. b. [BanoBa, Ta €. Y. bucTpoBoi 1o BU3HAYEHHIO IMTOCTATUYHOI aKTUBHOCTI [5].
Cytb MeTony 0a3yeTbcsi Ha 1HTIOyBaHHI MITO3y TIPW YTBOPEHHI OIYHUX KOpEHIB, NMPH ILOMY PICT
TOJIOBHOT'O KOPEHS TAIbMYEThCS, a MU(epeHIialis KITHH TpuBae. PaHime /st BUBYSHHS iHT10ITOPIB
npoutigeparnii BUKOPUCTOBYBIN MPOPOCTKU Tipuvili, KYKypyA3H, ajleé y IMX POCIHH OiuHi KOpeHi
3'SIBISIIOTHCS MTi3HO, @ PICT TOJIOBHOTO KOPEHS OOYMOBIIOETHCS SIK MIiTO30M, TaK i pO3TATyBaHHSIM. Y
Metoi [BaHoBa B. B. BHKOPHUCTOBYIOTH ITPOPOCTKHU OTIpKa Ta 1HIIUX POCIUH POJWHHU TapOy30BUX, IS
SAKHX XapaKTepPHUI paHHIH PO3BUTOK OIYHHX KOPEHiB. BIUIMB BOZHUX BUTSXKOK POCIMH OLIHIOBAJIH 32
3MiHOIO IHTEHCUBHOCTI MITOTHYHOTO MOy, 1[0 HPOSABISIETHCS y PO3BUTKY OiYHHX KOpEHiB. ABTOpH
METOJIMKH 3alpONOHYBaIX 3aMIHUTH KyJIbTYpy TKAHWHH, sIKa € JIOPOTUM EKCIIEPUMEHTATBHUM
MaTepiajioM A1 BU3HAYCHHS MITOTHYHOI aKTUBHOCTI HA MEPHCTEMATUYHY TKaHHUHY POCIHH POAMHU
I'apOy30Bi. Buximuuii po3unH rotyBaiau 3 po3paxyHKy 5 r Ha 100 mu Boau, HOTIM 3AiKMCHIOBAIN
po3Benenns Big 50 mo 450 mr/mu. 10 HAaciHMH HPOPOIINYBaIM B KOXXHOMY BapiaHTI pPO3BEIACHHIL
KosxHnii 1ociia mpoBOAMIN Y TPUKPATHIH TOBTOPHOCTI.

VY3arajapHEeHHs JiTepaTypHUX JHKEpesl JO3BONMIO MpoaHa i3yBaTH XIMIiYHHMH CKiIaj oOpaHuX
JKapCHKUX POCIUH, SIKUH TIPeICTaBIICHN B Ta0mii 1.
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Tabmuus 1. XiMidHMH cKIaa JOCTiIKYBaHUX POCIIHH 3TiIHO JTiTepaTypHUX JaHUX

Hazsa pocamau OcCHOBHI XiMIYHI KOMIIOHEHTH CHPOBHHH [6,7,8,9,10]

Lemna minor L. (maBoHOIM, aHTOIIaHH, MIKPO- 1 MakpoeneMeHTH- Hox (3,5%),
KaubIii, hocdop, Maraiit, kodaasT, OpoM, Millb, THTAH, MapraHelb,
HIKEeJTb, [IUHK, BaHA/I1i TOMO. Y BHCYIICHOMY BUTJISAII MicTUTh 2-4 %
npoteiny. 38% Oinka, 5% >xwupis, 17-23% xnitkoBunu [E.B. Kinumosa,
2015].

Zostera marina L. ¢enomu, 40-45% 6inkiB, no 10% xwupis, 30-35% ByTIeBOaiB, MIKpO-
Ta MaKpOEJIEMEHTH - fiof (2,5%), OpoM, CipKOBOJIeHb, KOOAITBT, 3aJ1i30;
30CTepiH, BiTaMiH B, kapoTHH, ackopOiHOBa KHUCJIOTA, TOJiCaXapHI-
dbykonmak [bormap H.I1., 2019].

Laminaria saccharina L. VY cyxilt Maci € coi anbriHoBoi Kuciotu (1o 25 %) naminapus (1o 20
%), maHit (0 30 % ), kiTkoBUHA (5—6 %), GITKOBI peUOBHHI
(6mm3pko 9 % ), BiTaminm (A, B, B1, B2, C i D), makpo-i
MiKpoeneMeHTH - o (2,7—3%), OpoM, Kauiid, HaTpii, KambIii,
Maprasellb, Mijib, KOOaJIbT, 0op i mum'sk [boumap H.I1., 2019].
Xanthium strumarium L. | ankamoiau, TIiKO3uI KCAHTOCTPYMAapHH, aCKOpOIHOBA KHCIIOTA,
CaroHiHM, ByTr1IeBoH, ¢papOyBasibHI pedOBHUHH, 4,2% Hoxy
[Bragumuposa I.M., 2015]..

BigmoBigao no Tabmwmi 1, BCi BUIE mepenideHi POCIWHU MAalOTh BHCOKHWN BMICT HOAY, IO
3YMOBHIIO 1X OOpaHHSA SIK 00’ €KTY JOCIIHKEHHS.

3a iTepaTypHUMH JaHUMH JIaMiHAPis IyKPUCTa € HE JIUIIEC XapUOBOK POCIIMHOIO a 1 JIIKAPCHKOO.
Bucokuit BMICT B Hilf HOIy € MEpeyMOBOI BUKOPUCTAHHS i€ POCIMHY YIS JIIKYBaHHsI TIIEPTHPEO3Y,
nerkux (opm 0OazenoBoi XBOpOOW, MPOPITAKTUKU eHAeMidyHOro 300y i artepockieposy. Jlaminapis
yKpucTa e(eKTHBHA IpW JIKyBaHHI XPOHIYHMX ATOHIYHHMX 3aropiB, EHTEPOKOJNITIB 1 TPOKTHUTIB.
[Mocnabnroroua Aist JamiHapii 3yMOBJIEHa 3/IATHICTIO ToJlicaxapHiB HaOyxaTu. 30UIbLIYIOUM CBiH 00'eM,
BOHH TO/IPA3HIOIOTh PELIETITOPH CITU30BOT OOOIOHKH KHIIICYHUKY 1 CIIPHUSIOTH HOTO CIIOPOXKHEHHIO [9].

BinmoBigHOo M0 JiTEpaTypHUX JaHUX 30CT€pa Majio BiIPI3HAETHCS BiJ JaMiHapii 3a CBOIM
ximMiuauM cknagom. [Ipote B 3ocTepi Oinblie Oisika, )KUPY 1 BYIJIEBOAIB Y TOPIBHSHHI 3 1HIIMMH
BOJIHIMH POCIIMHAMU. 32 KUTBKICTIO KOy 30CcTepa Mociiae Apyre Micie micis taMinapii. Buninennti 3
30CTepU TEKTUH-30CTEPHH BOJIOJIE YHIKAJIbHUMHU COPOYIOUMMHM BIIACTHBOCTSIMH. BcTaHOBIEHO, IO
30CTEPUH MOCHIIIOE HAKOITUYUCHHS Y CEJIC3IHI[ TBAPUH IMYHHUX KJIITHH, IO Ja€ MiJICTaBy PO3MJIsIaTH
30CTEpHH SIK IMyHOMOYJIsiTop [7].

3a siTepaTypHUMH JaHUMU [6] pscKa Mae aHTUKaHLEPOTeHHY Jit0. Takox il BAKOPUCTOBYIOTh
JUISL JIIKYBaHHS 3alajibHUX TMPOIECIB Y BEPXHIX AMXATbHHUX IUIAXaX, NPU PEBMATHU3Mi, TIPU acTMi.
CrupToBHH €KCTPAaKT PSCKU BUCTYIAE KApO3HIDKYBaJbHUM Ta KPOBOCIMHHHM 3aC000M. 3aBISKU
CEUOTiHHIA 1 MpoTU3ananbHii nii PSACKM 1i BUKOPUCTOBYIOTH HMpPH JIIKYBaHHI 3aXBOPIOBAHb HHUPOK.
30BHIIIHE BUKOPUCTAHHS PSCKH JOLUIBHO NIPU TICOpia3i Ta HEHPOAEPMITi.

Jlireparypui nani cBiguath [10, 11], mo Herpeba 3BUYAiHA BUKOPUCTOBYETHCS IPH
3aXBOPIOBAHHAX IIUTONOAIOHOT 3a71031 SIK HAPOJHMHN 3aci0 Ta Ma€ CHIIbHI aHTUCENTHYHI BIACTHBOCTI.
Cik Ta BigBap wLi€l pPOCIMHM M'IOTH MNPH acTMi, chmazmMax Ta Npu TemMopoi. BigBap Takox
BUKOPUCTOBYIOTh JUIs JIIKyBaHHS JAu3eHTepii. Sk 30BHIHIA 3aci0 HerpeOy 3BHUAiHY
BUKOPHUCTOBYIOTh TIPH HAOPsIKax TopJia Ta 3aXBOPIOBAHHSX IIKIpH.

PesynabTaTu nociigaxeHHs: Ta ix 00roBOpeHHs.

st Bu3HaueHHs! Homo30aradyBainbHOT QYHKIIT TOCHIIKYBaHUX POCIIMH MPOBOJMIN €KCIIEPUMEHT
3 BUKOPHMCTAHHIM Yar0 3 JIKApChKOI CHMPOBUHHU IMiJi KOHTPOJIeM TecTy Ha nomoaediiur. B mociimkeni
npuiMaiy ydactsb 50 pecrioHIeHTIB, Y SIKUX criocTepirascs ononedinut. Pecnionnentamu Oyiu cTyaeHTH
HITY imeni MLIL. /IparomaHoBa OTHOTO BiKy Ta OJJHAKOBHM CTaHOM 3710poB’st. 40 oci0 3 HomomedinmTom
pUAMaT 9ail 3 JOCIIHDKYBaHUX POCIHH MpOTsIroMm 2-3 TmwxHiB, 10 oci6 mepebyBaim y KOHTPOIBHIMH
rpymi. Pe3ynbraTn eKCriepruMeHTy TIpeICTaBiIeH] B TaOmIx 2, 3, 4, 5, 6.
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Tabnuns 2.

I'pyna «KoHTpoab»

3ajexHicTh HomoAeiuUTY BiJI TPHBAIOCTI IPUHOMY Yal0

JlH1

Pecrionnent

v

\%

VI

VIl

VIl

| IX

Xl

Xl

X1

XV

XV

Pecnonnenr 1

Pecrionnent 2

Pecnionnenr 3

Pecrnionnenr 4

Pecnionnenr 5

Pecrnionnenr 6

Pecrionnent 7

Pecrionnent 8

Pecrionnent 9

Pecniongentl10

YMOBHI MO3HAYEHHS:
Bci 15 gniB exciepuMenTy omoaedinuT B KOHTPOIBHIN rpymi 30epiraBcs.

Tabmuns 3. PesynbTatu mozjoiaHHS HOAOACPIIMTY BHACHIMOK BIKUBAHHS 4aro

marina L.

[T

— omonedinut; “+”’ — HopMa Hoy B Oprasi3mi

3 Zostera

[IpizBuine

3ajexHiCTh HomoAeIUUTY BiJl TPHBAIOCTI IPUHOMY Yal0

Jui

v

\Y

VI

Vil

VIl

1X

X

X

e

Pecnonmenr 1

+

Pecnionment 2

Pecnionment 3

Pecnionnent 4

Pecrionnenrt 5

+
+

+ |+

Pecnionent 6

Pecniongent 7

+

Pecnionment 8

Pecnionent 9

+ |+ |+

|||+

|||+

Pecnionment 10

+

[Ticas BXHWBaHHA 4aro 3 30CTepH, HopoAediuT 3HUKaB Ha 9-12 neHb

«KoHTpoas» HogonedinuT 30epiraBcs.

. B 1oit wac sk B rpymi

Tabmuist 4. Pesynpratu momonanHs HoponedinuTy BHACIIIOK BXKUBaHHSA Yaro 3 Lemna minor L.

3anexxHICTh HOMOAS(IIHTY Bill TPHBAIOCTI IPUHOMY Yat0
[pi3Buie Jui
P i v | vVIivE] VIE VL] EX X XE | X | XHE | XTIV | XV
Pecnionzent 1 -l - - - -] - - - - - - - - i +
Pecnionnent 2 - - - - - - - - - - - R + + +
Pecnonnient 3 -l - - - - - - - -] - - + + ¥ +
Pecnionzment 4 -l - - - -] - - - - - - - - _ +
PecnionyieHt 5 -l - - - - - - - -] - - - + ¥ +
Pecrionnent 6 - - - - - - - - + | + + + + _ +
Pecniongent 7 - - - - - - - - - - - - - R +
Pecnionnent 8 - - - - - - - - - - - R + + +
Pecnonpient 9 - -] - - |- - - - - - - + + ¥ +
Pecrionent 10 - - - - - - - - + | + + + + + +

Sk cBig4aTh pe3yJbTaTH MPEACTABIICH] B Ta0J. 4, MiCIA BXXHUBAHHS 4Yalo 3 PACKHU, HoaoaediuT
3HHMKAB YaCTKOBO Ha 14 1mo0y.
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Tabnums 5. Pe3ynpraTé mojofaHHs HomoaedilluTy BHACTIIOK BXHMBaHHS yaro 3 Laminaria
saccharina L.
[IpizBuine 3anexHicTh HonoAepIIMTY Bii TPUBAIOCTI IPUHOMY Yal0

JHi
| i v {iv v vl VI IX | X XX XHE | XTIV

X
<

Pecnongent 1 - -] - - -] - - - - - - - - +
Pecnonpenr 2 - - - - - - - - - - - - R _
Pecnonpenr 3 - - - - - - - - - - - - R _
Pecnonpenr 4 - - - - - - - - - - - - R _
Pecnionient 5 - - | - - -] - - - -] - - + +
PecrionyieHT 6 - - - - - - - - - - - + R _
Pecnonpent 7 - - - - - - - - - - - - R _
Pecrionnent 8 - - - - - - - - - - - -
Pecnonaenr 9 - - | - - - - - - - -+ +
Pecnonnent 10 - - - - - - - - - - R R _

e S o ) oy o P

+ |+ |+

3riHO MaHWX MpEACTaBIeHHUX B Ta0xd. 5, 4aif 3 mamiHapii MyKpUCTOl HiBEeIOBaB HomoaediuT
Ha 12-14 no0y.

Tabmuns 6. Pesyapratu momonanus HomoaedinuTy BHACTIIOK BKMBaHHS yaro 3 Xanthium
strumarium L.

[pizBumie SaJIexKHICTh HOAOAShIITUTY BiJl TPUBAJIOCTI MpHiioMy 4Yaro Xanthium strumarium L.
Jui

| 1 i vV | V| VI VII VI IX | X | Xl
Pecniongent 1 - - - - - - - - - + +
PecnonjienT 2 - - - - - - - - + + +
Pecnongent 3 - - - - - - - - + + +
Pecnionnent 4 - - - - - - - - - + +
PecrongienT 5 - - - - - - - - + + +
PecnionyieHT 6 - - - - - - - - - + +
Pecnonnent 7 - - - - - - - - - - +
Pecrionent 8 - - - - - - - - + + +
Pecnongenr 9 - - - - - - - - - - +
Pecnionnent 10 - - - - - - - - + + +

Sk cBiguaTh MpeICTaBICHI B Ta0. 6 naHi, ogoaediuT mig Ai€ro 4aw 3 HeTpeOu 3BUYANHOI
3HMKAaB y OCHOBHOI Irpynu pecnioHeHTiB Ha 10 — 11 1o0y.

[NopiBHsBHI naHi, npeacTaBieHi B Tadumisax 3,4,5,6 M03BOISAIOTH 3pOOUTH BHCHOBOK, 1110 BCI
JIOCIIDKYBaHI POCIMHM JOMOMAararoTh MOAONATH Hompoaedinur. Skmo oriHoBaTH €()EKTUBHICThH 3a
4acoM MOJAOJIAaHHA HoxonediluTy, TO MOXKHA CTBEP/DKYBAaTH, IIO HAWOUIBII e(pEeKTHBHUM 3aCO00M
O0opoTeOu 3 HomonmedinuroM BuCTymae HeTpeba 3BHYaiiHA. Pscka, 3ocTepa 1 jJaMiHapis AOJAIOTh
HonoaedinuT NprOIM3HO 3 0JJHAKOBOKO e()EKTUBHICTIO.

3a xapakTepoM i Ha MiKpOOpraHi3MH HOJI HAIEKHUTh JIO TPYIU OKHCHIOBAYIB (XJIOP, TIEPOKCH]T
BOJIHIO, IEPMAHIaHAT Kalil0), sIKi IIMPOKO BUKOPUCTOBYIOTH /1A Ae3iH(eKil MMTHOT BOIM Ta B MEAULIMHI.
3a XiMIYHMM CKJIQJIOM BCi KOMIIO3UTHI 3aCO0H, Ji0YOK PEUYOBHHOIO SIKUX BHCTYIIAE XJIOp, HOJ Ta OpoM
Ha3WBaIOTh rajoimoBMicHI. OCKUIbKM POOOTa IIUTOMOMIOHOT 331034 BIUIMBAE HA IMYHITET JIFOAWHH, TPH
HasBHOCTI HomoaehiluTy MOKIIMBE BAHMKHEHHS PI3HOMAHITHUX 1H(EKIiHHNX 3aXBOPIOBAHb.

3rigHo niTepaTypHUX NaHHUX [8] MPUUMHOI0 AHTHMIKPOOHOI aKTMBHOCTI € XiMidHa OyaoBa
JIESIKUX PEUOBHH, 1110 BXOJSTH JIO CKJIAAY POCIUH ab0 THX, IO YTBOPIOIOTLCS Y POCIHHI 13 pEYOBHH —
MoTNepeTHUKIB. [0 XiMIYHUX PEYOBHH 3 aHTHOAKTEPiaThbHOIO aKTHBHICTIO MOXKHA BiTHECTH KapOOHOBI
Ta (eHon KapOOHOBI KHCIOTH, (rmaBoHoigu, xyiopodin, BiTaminu, edipi omii, QiroHuManM Ta
ankanoinn. OO0’€KTH HAIIOTO OCHIKEHHS — HOMOBMICHI poCIMHHA. HacTymHWM eTarioM Hamoro
eKCTICpUMEHTY OyJI0 BUBUCHHS aHTHOAKTEPIaTbHOTO e(DEeKTy JOCIIHKYBAHIX POCITHH.
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Tabnuus 7. AnTnOakTepiaibHa aKTUBHICTh AOCIIIKYBaHUX HOJZOBMICHUX POCIUH

o ) 3oHa si3icy (MM)
TectoBi MIKpPOOpTaHI13MHU
Bun pocnuHHOI cupoBUHU
3ocTepa Hertpe6a 3Buuaiina | Jlaminapis nykpucra | Pscka mana
MOpCBKa (Xanthium (Laminaria (Lemna
(Zostera marina) strumarium) saccharina) minor L.)

%f;ﬂeor:;h;xﬂ'ia 11+0,4 29,8+1,1 7,240, 12,240,3
Staphylococcus aureus
(CradigoKoK 30J0THCTHH) 1220,5 20+1,3 7,220.6 9,620,7
Proteus vulgaris
(Iporeii By brapHii) 11+0,8 11,140,7 - 8,8+0,4
Pseudomonas aeruginosa 14,4+1,1 13,4+1,2 1140,9 10,8+0,6
(CunporHiiiHa manuyka)
Candida albicans
(Karua Gixiiona) - 8+0,9 7,2+1,1 11,1+0,7

Sk cBig4aTh mpencTaBieHi B Tabn. 7 naHi, HAWOIMBIIMIA aHTHOAKTEepiaNbHUN edeKT BUSBUIA
Hetpeba 3BuvaiiHa BiJTHOCHO KWIIKOBOI MATHYKH (30HA TanbMyBaHHs 29,8 MM). 3TigHO JiTepaTypHHX
maHux [4] Taky aHTHOaKTepiallbHy AaKTHBHICTb MaiOTh aHTHOIOTHKH medoTeTaH, IedOKCHTaH,
KapOeHEIWITiH, 1le(a30iIiH, aMITUIIITIH.

s x pocnvHa Mae HaWBHUILY MPOTHCTAPIIOKOKOBY aKTUBHICTH (30HA rambMyBaHHA 20 MM).
3rigHo JiTepaTypHHX JaHuX [4] el eekT BiAmoBigae il okcamuiainy, 1edoreTany, HOpQIOKCaIHHY,
TreHTaMilnHy, KaHaminwHy. Hailimenma aHTHOakTepiaibHAa aKTHUBHICTH CIOCTEpiramacs 1o
BiJTHOIICHHIO JIO0 BCiX TECTOBUX MIKPOOPTaHi3MiB 3 00Ky BOAHOTO HACTOIO JIaMiHapii I[yKPUCTOT.

BoaHuii excTpakT 30CTepr MOPCHKOI BHSIBUB TIOMIpHY aHTHOAKTepiadbHy aKTUBHICTh
BiIJTHOCHO CHHBOTHIHHOI NAJIMYKH, CTa(iIOKOKY, MPOTEs 3BUYaifHOTO Ta KUIIKOBOI MATHYKH.

Butsokka 3 Packu mainoi Texx BHABMIIA HE3HAYHUM aHTHOakTepiaJbHMH e(eKT BiJHOCHO
KHAIIKOBOI MAINYKH, CTadiIOKOKA 30JIOTUCTOTO T4 CHHBOTHIHHOI MAJINYKH.

OyHTinwIHA aKTUBHICTH BIIHOCHO KaHIIUAM Oilitouoi criocTepiranacs 3 6oky Pscku manoi ta
Herpebu 3BuuaitHoi (30Ha ranmbmyBaHHS — 11 MM.) Takwuii xapaktep QYHTIIUIHOI aKTHBHOCTI MOXeE
OyTH MOB'I3aHUI 3 BUCOKHM BMICTOM MiJli B CHPOBHHI HETpeOH 3BHUYANHOI Ta PSCKH MaJIOi.

PizHuus B aHTHOaKTEepiajbHIM aKTUBHOCTI JOCIHIPKYBAaHUX POCIMH MOXKE OyTH IOB’s3aHa 3
XIMIYHAM CKJIaJIOM JIKapChKOI PEYOBMHH IUX POCIWH. 3a JaHWUMH TIPEACTABICHHMMH B TaOm. 1,
HAMOUTBIIHMI BMICT WOy XapaKTepHHH Ui CHPOBHHU HETpeOH 3BHYAHOI, YUM MOXKHA MOSICHUTH il
HaOLIbIy aHTHOAKTEpiadbHy aKTHBHICTh. B TOH ke yac mpsMOi KOpeslii MiXK KUTBKICTIO HOIy B
CUpOBUHI Ta i aHTHOAKTEepiaTbHOI AKTUBHICTIO BUSBICHO He Oynmo. B Tamomi maminapii BUCOKWHIA
BMIiCT Hony, a aHTHOakTepiaJibHAa AKTHUBHICTh HU3bKa. Pe3ynpTaTh eKCIEpUMEHTY J03BOJISIOTH
CTBEp/KYBaTH, 10 aHTUOAKTEepiaJibHI BIACTHBOCTI 3aJIE)KATh BiJ] BCHOI'O KOMILIEKCY BTOPUHHHX
MeTa0oJITIB, BKIIOYAKO4YM 1 HomoopraHiui croisykd. Hamni madi coiBnagatote 3 gaHumu [10],
CTOCOBHO (YHTIIMOHOI AaKTHBHOCTI HeTpeOM 3BHYAWHOI, SKy 3a JITepaTypHUMH JaHUMHU
BUKOPHUCTOBYIOTH JUIS JTIKYBaHHSI TPUOKOBUX 3aXBOPIOBaHb IIKiPH.

Bucokwii BmicT #ony (3%) xapakTepHuid JUIsl 30CTEpH, PICKH Ta JIaMiHapil, sSIKi TeX BUSBWIN
MOMIpHY aHTHOAKTepiaJlbHy aKTHUBHICTh, IO MOXKe OyTH acolilioBaHa 3 i€l aHTHOIOTHKA
pidamminuny (30Ha TanbMyBaHHS KUIIKOBOI nanndku §8-10 mm). HacTynmHuM eranom excrepuMeHTY
OyJi0 BHBUYEHHS [UTOCTATHYHOI AKTUBHOCTI HOJOBMICHHX POCIHH. Pe3ynbTaTH BIUTUBY BOJHHX
EKCTPAaKTiB JOCHIPKyBaHUX POCIMH Ha MITOTHYHUHA MOAIN (UMTOCTATUYHA AKTUBHICTH) KIITHH
npecTasieHi B Tabnmisx 8, 9, 10, 11.
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Ta6muus 8. [Toka3HUKY IUTOCTaTHYHOT aKTUBHOCTI ekcTpaty Herpebu 3Buuaiinoi (Xanthium

strumarium L.)

Konuentparis nocmimkysanoi | KimbkicTh OiuHMX | BincoTkOBe BiTHOIICHHS 10 JloBxxuHa TOJIOBHOTO
BHTSDKKH (MI/MIT) KOpeHiB (IT) KkoHTpOIIO (%) KOpeHs (MM)
0 (xoHTpOIIB) 20,4 +£2,1 100 128,4+ 1,2

50 15,8+ 1,8 77,5 753+ 1,6
100 6,7+1,1 32,8 22+13
150 6,9 +£0,7 33,8 31,3+ 1,1
200 2,3+03 11,3 6,6 £0.,5
250 - 0 -
300 - 0 -
350 - 0 -
400 - 0 -
450 - 0 -

Tabnuns 9. [TokazHUKKM IUTOCTATHYHOI aKTHBHOCTI ekcTpary Packu manoi (Lemna minor L.)

Konnenrparmis KinpkicTs O1YHMX . . JloB>XHHA TOJIOBHOTO
JOCITiDKYBAHOT BUTSDKKH KOpEHIB Bincorkose BmHOTeHHﬂ KOpeHs
(Mr/MiT) (1rT.) 0 KonTpomo (%) (Mm)
0 (KOHTpOJIB) 19,3£3,1 100 90,7+4,7
50 21,42+2,7 110,9 101,14+4,1
100 18,0+2,9 93,3 88,33+5,6
150 15+3,8 71,7 69+4,2
200 13,8445 71,5 61,8+5,1
250 21,16+3,8 109,8 83,8+2,9
300 14,8+3,1 76,7 73,32+4,8
350 12426 62,2 60,0+5,1
400 15,38+2,9 79,8 54,16+5,7
Tab6mms 10. TTokasHUKK IMTOCTATHYHOT aKTMBHOCTI ekctpary Jlaminapii (Laminaria saccharina L.)
Komnmenrparris KinbkicTh OIYHUX KOPEHIB BincorkoBe BimHomIeHHS 10 | JlOBXHHA FOJOBHOTO
JIOCITIKYBaHOT (mT.) KOHTPOJIIO KOpeHs
BUTSDKKH (%) (MM)
(Mr/miT)
0 (KOHTpOJIB) 21,5+3.2 100 1123+£54
50 16,1 2,1 74,9 67,6 <32
100 11,8+4,5 54,9 20+25
150 - 0 16,6 £ 1,9
200 38+1,8 17,7 22+23
250 - 0 7+1,6
300 - 0 33+1,.2
350 - 0 -
400 - 0 -
450 - 0 -
Tabmuus 11. [Toka3HUKHM IUTOCTaTHYHOI aKTUBHOCTI eKcTpaTy 3octepu Mopcbkoi (Zostera
marina L.)
Konuenrparis KinbkicTh 019HUX BincoTkoBe BiTHOIICHHS JoBX1Ha TOJI0OBHOTO
JIOCTIIKYBaHOI BUTSKKH KOpEHiB J10 KOHTPOJIIO KOPEHsI
(mr/mun) (1T.) (%) (MM)
0 (KOHTpPOJIB) 39.3+2,6 100 11,1 £2,1
50 363+24 92,4 11,25+ 1,9
100 244+19 62,1 118+1,6
150 184+1,6 46,8 8+1,3
200 164+1,7 41,7 8,15+ 1,5
,250 7,7+1,4 19,6 425+1,6
300 59+19 15 3,65+19
350 2,7+1,5 6,9 1,9+0,6
400 33+1,2 8,4 1,7+0,7
450 1,1 £0,6 2,8 1,55+ 0,6
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OLiHUTH NPOTUMYXJIMHHUHN eEeKT MOCTiHKYBaHUX POCIHH MOXKHA ABOMa muisixaMu. [lepmuii
IUISAX, - TOPIBHATH KOHIIEHTpAIIi, 32 SKUX €KCTPAaKT MOBHICTIO MPUTHIYYE MiTO3, - TOOTO KpHBa Ha
puc.l mepernnae abcuucy. BiamoBigHO M0 IOTO CIOCOO0Y HAWOLIBIT aKTHBHUMH LWTOCTATHKAMHU
BUCTYNAIOTh JlaMiHapis ILyKpUCTa Ta Herpeba 3BMYaiiHa. 30cTepa MOpPChKa TaKOX 1HTEHCHBHO
MPUTHIYYE MITOTHYHUI TOAIN KITHH TMEPUIUKIY, ajlleé HyJIhOBOTO 3HAYCHHA MOKA3HUK KUTBKOCTI
OIYHMX KOPEHiB He JOocATa€e B IHTEPBai JOCT{KYBAaHIX KOHIIEHTPAIIIH.

st MOpiBHSAHHS IHTEHCUBHOCTI BIIMBY BOAHUX €KCTPAKTiB POCIMH Ha MITOTHYHHHA MOJiNI
psnom aBTopiB [12] OyJ0 3anpONOHOBAaHO MPOBOAUTH JiHIIO TPEHAY Ha IrpadikKy 3al1exXHOCTI KUTbKOCTI
OIYHMX KOPEHIB MPOPOCTKIB OTipKa BiJ KOHIEHTpAMii JOCHIHKYBaHOTO €KCTPAKTy Ta OOYHCITIOBATH
piBHSHHS BiANOBiAHOI TpsiMoi. B 3a3HaueHOMY pIBHSHHI, 3aralibHUN BUTIAL sfkoro Y = Kx+b,
nokasHuk K — 1e TaHrenc kyra Haxwiy mnpsmoi Tpenaa mo Bici OX. ILleit koedimieHT Moxke
XapaKTepu3yBaTH IHTEHCHBHICTh iHTIOyBaHHS a00 CTUMYJSIIl MITOTHYHOI aKTHBHOCTI 3 OOKy
JIOCITIDKYBAaHOTO eKCTpakTy. llopiBHATH mnuTOoCTAaTHYHY e(EeKTUBHICTh OCTiIKyBaHUX POCIUH
MOYKHa, BAKOPHCTOBYIOUHM rpadiku Ha puc.l.

KinekicTe Giuxunx kopeHis,

% No BigHOWEHHKD 00 KOHTPOMD LlHTOCTaTH'-I Ha aKTHUBH ich
150
100
50
0
0 50 100 150 200 250 300 350 400 450 500
-50
KoHuewxTpauia
AocnigwyeaHo
y =-0,2084x + 72,427 CUPOBUHM

y =-0,2081x + 71,564 HeTpeba 3BMuaiiHa . 701'025%}%%5?03%%195
Packa mana

TNamiHapia uykpucTta
3ocTepa Mmopckka
Norapudmuueckan (Hetpeba 3BM4aiiHa)

Puc. 1. qumocmamuuna axmusHicms 00CAIONCYBAHUX POCTUH.

BukopucToBytoun el crmocid B HammMX IOCTIUKEHHSX MOXKHA CTBEPDKYBATH, IIO HeTpeda
3BHYaifHA Ta JIaMiHapis I[yKPUCTa MPUTHIYYIOTH POCTOBI TPOIECH 3 OJHAKOBOIO IHTEHCHBHICTIO.
KoeoilieHT ranpbMyBaHHS MITO3Y B 3aJIeKHOCTI BiJl KOHIEHTpaIli aus jaminapii — 0,2081, a mis
HeTpeOu — 0,2084, - otHaKOBI 10 TPETHOTO 3HAKY.

[HTeHCHBHICTH, TPUTHIYEHHS MOy KINTHH B 3aJIe)KHOCTI BiJ{ KOHIEHTparii poOovoi
PEUOBHHU HaHOIIBIIOI BUSBUIIACH ¥ 30CTEPU MOPCHKOT, - KoedimienT — 0,225. B Toii ke wac Tpeda
BIIMITUTH, 1[0 3HAYCHHSI BCIX TPHOX MOKA3HMKIB OJIHAKOBI Ha PiBHI JIECATHX 1 BIIPI3HAIOTHCSA Ha PiBHI
COTMX YaCTHH BiJ OAMHUILI. Pscka mpu Manux KOHLEHTpaUisiX Mae CTUMYIIOBaJbHHUN edekt. [lpu
KoHIeHTpalli Ouibire 300 Mr/mMi1 psicka TOBOAWUTH ceOe sK CaOKui iHridiTop mposideparrii.
KoedimieHT npurHideHHs pOCTOBHX TPOIECIB B 3aJ€KHOCTI BijJi KOHIEHTpAIil €KCTPaKTa PSCKU -
0,0856, - ToOTO psicka BHCTymae ciaOKuM iHTIOITOpoM mnporidepanii HaBiTh NIPH BEIMKHX
KOHLEHTpauisx. [Ipyn mpoMy mpocTexyeTbecsl MpsiMa KOPEJsLisi MK BMICTOM HOAy B CHPOBHHI Ta
IHTCHCUBHICTIO TaIbMyBaHHS POCTOBHX ITPOIIECIB.

BucnoBku:

1. AHani3 niTepaTypHUX JKepesl 103BOJIMB BU3HAYNTH YOTHPH BUIHM POCIIMH 3 BMICTOM HOIy B
Mexax 2-3,8%, sKi BUKOPUCTOBYIOTHCS SIK B Xap4OBil rairy3i, Tak i siK JIiIKapchKi POCIUHY B OQiminHi#
Ta HApOAHIM MeAuiuHI. [IlepcreKTUBHUM i1 OOpOTHOM 3 HOA0IUGIIUTOM MOXYTh OyTH, - HETpeOa
3BHYAifHA, 30CTE€pa MOPCHKA, JIaMiHapis LYKpUCTa Ta pscka Manga. EKCIepUMEHT 1O BHUBYEHHIO
Hono30arauyBasibHOI €peKTHBHOCTI AOCIIIKYBaHUX POCIUH CBITUUTH, IO BCi TOCTIIKYBaH1 pOCIHHU
JIOTIOMAararoTh MoojaTH HomoaedinuT, ajae HaioibIIow edeKTUBHICTIO Booaie Hetpeba 3puuaiina.

2. Bei mocnimKyBaHi pOCIMHYU BONOAIIOTH aHTUMIKPOOHOIO aKTUBHICTIO, ajie MPAMOI KOpeIsii
MK BMICTOM HOAy Ta aHTUMIKPOOHOIO aKTHBHICTIO HE BHUSBIECHO. AHTHOAaKTepialbHa aKTHBHICTD
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HEeTpeOM 3BHYAMHOI BIJIHOCHO KHINKOBOI TAJIMYKH TEPEBHINYE AaHAJOTIYHUN BIUIUB TaKUX
aHTHOIOTHKIB SK 1eda3oiiH 1 aMITIIWIIH, a BITHOCHO CcTa(iJIOKOKAa 30JI0THCTOTO JTOPIBHIOE €(EeKTy
HOp(hIOKCaMHY, TeHTAMIIIHY, KAaHAMIIIAHY.

3. OyHrinMaHa aKTUBHICTH BIJIHOCHO KaHAWUIHU OLIOT criocTepiraeThcs 3 OOKY psSCKH Mayol Ta
HeTpeOH 3BUYAIHOI, III0 KOPEITIOE 3 BMICTOM MiIi B CHPOBHHI ITUX POCIIHH.

4. HaiiGinpury nuTOCTaTHYHY aKTHBHICTh BUSBHIIH JIAMiHApis IyKpHCTa, HeTpeOa 3BUUaiiHa Ta
30cTepa Mopcbka. Ilpu 11bOMy IHTEHCHBHICTH TadbMIBHOTO €(EKTy B 3aJICKHOCTI BiJ KOHIICHTpAIii
EKCTPaKTy HaiOiIbIIa y 30CTEPU MOPCHKOT.

5. Pe3ynmpratél mOCHIIKEHHS JO3BOJSIOTH OOTOBOPIOBATH MHUTAHHS IOUUTFHOCTI CTBOPEHHS
(iTOKOMITO3UIIi#1 3 HOZOBMICHUX POCIIHH B yMOBax Homoaedinury.
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ABSTRACT

The use of morpho-metabolic approaches has a great practical importance
in evaluation of the effectiveness of antihyperglycemic therapy in clinical
trials, in particular those related to new classes of inhibitors of sodium-
dependent glucose-2 cotransporter inhibitors that have the ability to
counteract many diabetic complications and cardiovascular disease. The
aim of the study was to study the effect of treatment with SLGT2
inhibitors on morphological and metabolic parameters in men and women
with type 2 diabetes. Materials and methods. During the study, 205
patients with type 2 diabetes, aged 30 to 81, with a disease duration of 1 to
20 years were examined. Patients underwent a clinical examination in the
Department of Age Endocrinology and Clinical Pharmacology of the
Institute of Endocrinology and Metabolism. V.P. Komissarenko of the
National Academy of Medical Sciences of Ukraine. Patients received
antihyperglycemic, antihypertensive and dyslipidemic therapy. Results.
The study of anthropometric, morphological and biochemical parameters
in groups of men and women with type 2 diabetes in the dynamics of long-
term (12-month) use of iISLGT2- dapagliflozin allowed to identify certain
sexual characteristics of the effects of this drug. In men group have been
seen a gradual decrease in visceral fat levels during therapy. A decrease in
BMI, BP, body weight and uricemia in men is most likely associated with
a decrease in abdominal obesity and decreased insulin secretion. In women
group use of dapagliflozin showed a significant decrease in total and
visceral fat, accompanied by a decrease in relative water content, muscle
and bone mass. Conclusions. Treatment of patients with type 2 diabetes
with drugs of the group iSLGT2 for 12 months has reduced the degree of
obesity and improved some indicators of body composition, uric acid.
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Beryn. Bennke npakTtudHe 3Ha4YEHHSI Ma€ 3aCTOCYBaHHS MOP(}O-METa0OMIYHUX MiAXOMIB IS
OLIHKKA e(eKTUBHOCTI LYKPO3HWXKYIOUWOI Tepamii B KIHIYHMX JOCHTIJKEHHIX, 30KpeMa TuX, SKi
CTOCYIOTBCSI HOBHX KJIaciB INpenapariB, KOTPi MaloTh BJIACTHBOCTI MPOTHIISTH PO3BUTKY OaraThbox
NiabeTHYHHUX YCKIIQJHEHB Ta CEPIeBO-CYANHHNX 3axBoproBanb [Li 2020, Zannad 2020].

[HribiTopy HaTpili-3aJIE)KHOTO KOTPAHCIIOPTEPY TIUIIOKO3U-2 € BITHOCHO HOBHUM KJIaCOM
MEPOPaTbHUX AHTHIIA0CTUYHUX TpPenapariB, M0 3HIKYIOTh TIMEPTIiKEMII0 MUIIXOM MOCHJICHHS
BUBEJICHHSI TIFOKO3M 13 CEUCH0 HE3aJICKHO Bij Ccekpellii ado il iHCymiHy. AMEpUKaHChKa JiadeTHYHA
acomianis (ADA) Ta €Bponeiicbka acorialis 3 BuB4eHHs niadety (EASD) pekoMeHay0Th penapaTu
rpynu iHTiGITOPIB HATpiii-3ajeKHOr0 KoTpaHcmoprepa rimokosd-2 (iH3KTI-2) mms nikyBaHHS
namientie i3 IIJ] 2 tumy Ta cepueBO-CYAMHHHMH 3aXBOPIOBAHHSMHU, OCOOJIMBO 13 XPOHIYHOIO
cepiieBoro HenocraTHicTio [Buse 2020].

OckibkM cUpoBaTKOBa KoHIleHTpamis ce4oBoi Kuciaotd (CK) 3MIHIOETBCS MapaienbHO 3
TIOTJIMHAHHSM HATpil0 HUPKaMH, pe3yJbTaToM OJIOKyBaHHSI peabcopOlLiil HATpito 1 MIIIOKO3HU iHTiOITOpaMu
H3KTI-2 moxe OyTu Takox 3HIKeHHs peadbcopOrii 1 mocrmeHnas exckpertii CK, 1mo miarBepmKyeTbes
JAHUMK KTHIYHUX jgociipkeds [Lee 2010, IpuOmma 2021]. Ilpore 3aiuimiaroThCsl HEIOCTATHBO
BUBUYCHNMH €(DeKTH 3acTOCyBaHHA IpenapariB i3 rpymu inridiropis H3KTI-2 y xBopux Ha LI 2 Trmy
Ppi3HOI cTaTi 3 pi3HIUMH (PEHOTHIIAMH, SIKI BiIPi3HIIOTHCS 32 CTYTICHEM OXKUPIHHS Ta TUTIOM JMCIIITIEMii.

MerToro HalIoro JAOCIHiPKEHHS OyJI0O BUBYCHHS BILTUBY JIikyBaHHs iHriditopamu H3KTI -2 Ha
MophoItoTiuHi Ta MeTaOOIIYHI MIOKA3HUKH y YOJIOBIKIB 1 )KiHOK, XBopux Ha L[/ 2 tumy.

Marepiaju i MeTOIU AOCTiTIZKEHHSI.

3a yac BUKOHaHHA poboTH oOctexeHo 3aramoM 205 ocib, sKi cTpaXZalTh HA LyKPOBHM
nmiabet 2 tuiy, BikoM Bix 30 mo 81 poky, 3 TpuBasicTIO 3axBoproBaHHSA Bix 1 g0 20 poki. XBopi
MPOXOJIWIIN KJIiHIYHE OOCTEKEHHsS y BIAUICHHI BIKOBOI €HJOKPUHOJIOTIT Ta KIIHIYHOT (apMaKoorii
Y «IuctutyT engokpunoorii Ta ooMiny pedoBuH iM. B. I1. Komicapenka» HAMH VYkpainu.

VYci manientd mignucyBanu «lHGopMoBaHy JOOpOBIIbHY 3rojy MallieHTa Ha TPOBEJCHHS
JIarHOCTHIKH, JIIKYBaHHS Ta Ha TPOBEACHHS omepalii Ta 3HEOOJeHHS» BignoBimHOo a0 Hakazy
MiHicTepcTBa 0XOpOHHU 370poB’ s YKpainu Bix 14 motoro 2012 poky Ne 110, po3pobieHoro Ha OCHOBI
Ienbcinckkoi gexnaparii 1975 poxy Ta ii 3MiHeHOTro0 i normoBHeHOTro BapianTa 2000 poky.

B xopni o0cTexeHHs aIlieHTIB BU3HAYAIN aHTPOIIOMETPUYHI TTapaMeTpH (3picT, Macy TiJia, iHJIeKC
macu tima (IMT), obcsr tamii (OT)), KOMIIO3MWINIO TiJla METOAOM OiOCIEKTPHIHOTO IMIIEJaHCy
ananizaropoM Tanita (BicOTKOBHUIT BMICT 3arajlbHOTO HPY Ta BOJM B OPraHi3Mi, 4acTKy a00MiHaJIBHOTO
)upy (B iHTepBati Big 1 mo 59), M’s130By i KICTKOBY MacH, CETMEHTapHy Macy KHPOBHX BiJIKIaJeHb Ta
M’si3iB, (i3UMYHWIA THIT (IPUXOBaHA TOBHOTA — 1, MOBHMI — 2, MilHAa cTatypa — 3, TpeHOBaHHWH — 4,
HOPMAaJIBHUH — 5, CTAaHIAPTHO-M’ I3UCTHH — 6, XyIUi — 7, XyAu# 1 M’ s3UCTHI — 8, myxe M’ s3uctuii — 9)).
CraH BYIJIEBOJHOTO OOMIHY XapaKTepU3yBaJH 3a TOKa3HMKaMH TJIIKeMil HATIie Ta TIIKO3WILOBAHOTO
remoriobiny (HbA1c), piBasmu C-nienituny B kpoBi. [Tpaktidso Bei xBopi Manmu HbAlc >7,5%.

Jis omiHKM CcTaHy JHiIHOTO OOMiHY BHW3HAUYaIM JIMIAHWHA CIEKTP CHPOBATKH KpPOBi
(xoHneHTpamii 3aranpHoro xosectepuny — XC, tpurminepuaie — TI, ninmonpoteiHiB BHCOKOI
mrineHOCTI — JITIBIL, HU3bKOI Ta Ay»ke HM3bKOI miasHoCcTi — JITTHIL Ta JIITJHIL,. Po3paxoByBamu
ingekc areporenHocti (IA= 3XC — XC-JIIIBI) / XC-JITIBILl). Buznauanu KOHIEHTpAIlFO CEYOBOT
KHCJIOTH B CHPOBATIII KPOBI.

CrarucTHyHUN aHaNi3 3AIMCHIOBAIM 3a IOMOMOIOI CTaHAAPTHUX IAKETiB CTAaTUCTHYHHX
pospaxyHkiB mporpamu MedStat v.5.2 (Copyright 2003-2019). HopmamsHiCTE pO3IOMIIEHHS
OTPUMaHHUX pE3yNbTaTiB MepeBipsuin 3a JonoMoroto Kputepito Ilamipo-Yinka. PizHumio mix
MMOKa3HUKaMH BBaXKaJI 3Ha4ymoro mpu P<0,05.
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Pe3yabTaTu T2 00rOBOpPEHHS.

Ha mnouarky mocmimkeHHs Oyno oOctexxeHo 205 maifi€eHTiB, i3 HUX IPU3HAYCHO Mperapar
Janarmi(Io3uH Ta TPOBEASHO IOBTOPHI MAOCTIMKEHHS dYepe3 3 Micsmi MNpuioMy Janaritigio3nHy
38 ocobam (u/x — 26/12), uepe3 6 micsiiB ooctexkero 19 ocib (13/6), uepes 12 micsie — 31 ocoOy (23/8).

Vike uepe3 3 Micsli JiKyBaHHS B TPyIHax YOJIOBIKIB i )KIHOK 3a JOTMOMOT'OI0 MapHOTO t-TeCTy
BII3HAYEHO JOCTOBIpHE TOJIIMIICHHS TOKa3HWKIB Kommoswmii Tima (IMT, macm tima, OT, %
3arajJbHOTO JKUpYy, % Bomu). Kpim Toro, Kypc NikyBaHHS B 000X Tpylax CIpPHSB MOKpAILIECHHIO
TITKeMI9HOTO KOHTpoio. Llst Termentiis 306epiranacs BIPOJOBK HACTYIHHX IEPIOJiB CIIOCTEPEKEHHS
(Tabm. 1), o y3ro/pKyeThest 3 JaHuMu JiitepaTypu [ManbkoBckuii 2014].

BincoTok 3araibHOrO XHpy, BIiJICOTOK BOJU B OpraHi3Mmi, M’s30Ba Ta KiCTKOBa Maca B
YOJIOBIKIB CYTTE€BO HE 3MIHIUIMCS Ha Tl JIKYyBaHHA, POTE B I[ill Tpymi HamMu 3a()iKCOBAHO TIOCTYTIOBE
3MEHIIEHHS PiBHS BiCIEpaJbHOTO XHPY B MpOLECi Teparii, SKe JOCATIO JOCTOBIpHOCTI 0 12-rO
Micsans (P<0,05). Omke 3amkenns IMT, OT i macu Tina y 4oNOBIKiB HaWBipOTiAHIIIE OB’ SI3aHO 3i
3MEHIIEHHIM a0goMiHANBHOTO OXKHpiHHA. Lle cympoBomKyBanocs 3MeHIIeHHsIM cekpertii C-mentumy
B YOJIOBIKIB. 3a JaHUMH JITEpaTypH, IHCYJIIH € MOTY>KHUM CYIIPECOpPOM JINONi3y B OuIiK >KUpPOBIiH
TKaHWHI Ta TEYIHKOBOTO KETOTEHEe3y, TOMY IHCYNIHONEHisI MOXE YaCTKOBO TOSCHUTH PHU3HK
keroanuao3y B Jjroaei npu iHrioyeanni H3KTI-2, ocobimBo B kOMOiHAIi 31 30iIbIICHHIM
OKHUCIICHHS JimimiB. 3OUNbIICHAS KOHIIEHTpAIii TIIOKaroHy IUia3Mu Oe3rmocepenHbO OB’ S3aHO 3i
smermeHHsM H3KTI -2-omocepenxoBaHoro o-KIITHHHOTO TPaHCIOPTY Titoko3u [Perry 2019].

Tabnus 1. AHTpOMOMETpPUYHI HapaMeTpH, KOMIIO3UILS Tijla, MeTaOoNiYHI TMOKa3HUKU Y
4yoJI0BiKiB, XxBopux Ha /] 2 tumy, B quaamimi JikyBaras iH3KTI-2 gamarmidmosuaom (M+m)

Cmpok cnocmepedicetnst
JocnimpkyBaHi MOKa3HUKH o nixysanns 3 micayi 6 micayie 12 micayis
n =26 n =26 n=13 n=31
IMT, kr/m? 33,84+1,04 30,72+1,09# 31,81+1,22 29,57£1,07*
Maca Tina, Kr 106,83 +4,14 101,334+6,61 101,14+4,8 98,75+3,07(%)
OT, cm 113,00+4,07 108,0£5,06# | 101,86+5,75 | 103,844,60(*)
Kommno3suitis % 3arajgbHOTO KHUPY 29,842,22 28,44+1,53# 29,43+1,24 29,57+1,07
Tuia Ta Pisenn, picueparHoro 16,28+1,37 15,1241,45 13,18+0,89 | 12,01%1,17*
AHTPOIIO- KHUPY
METpHUYHI % BOIH 50,52+1,66 52,34+1,044# 53,02+0,93 52,96+1,16
MOKAa3HUKH M’s130Ba Maca 70,79+2,94 68,39+2,35 70,12+2,54 63,68+2,41
OuiEka Tij00y10BH 3,33+0,44 3,36+0,34 3,5+0,43 3,71+0,41
KicrkoBa maca 3,64+0,14 3,55+0,16 3,64+0,12 3,33+0,12
MeTaboaiunuii Bik 59,89+3,90 60,82+3,86 56,15+2,89 55,64+3,70
T'nikemist HaTIE, MMOJIB/JI 9,88+1,23 8,96+0,81 8,59+0,83 8,17+0,61
IToka3HUKH HbAlc, % 9,88+0,65 7,80+0,20# 7,56+0,26 7,70+£0,28*
ByTJIeBOA-HOTO | C-menTu I, HMOJIb/JI 2,59+0,15 2,25+0,16 2,46+0,14 1,7940,18*
0OMiHy Incynin, MkO/Ma 11,48+1,28 11,21+1,13 12,05+1,54 10,16+0,80
Iugexc HOMA-IP 4,97+0,41 4,05+0,54 4,66+0,52 3,67+0,32*
XonecTeprH, MMOJIB/JI 5,00+0,34 4,41+0,33 5,22+0,60 4,48+0,27
Tpurminepuan, MMOJIb/I 3,14+0,41 2,62+0,39 2,46+0,51 2,22+0,30(%)
i XC-JINBIL, MMoJIb/T1 1,06+0,05 1,10+0,9 1,124+0,08 1,06+0,05
criekTp i pisHi XC-JIITHIL, MMoJIB/1 3,02+0,25 2,65+0,30 3,40+0,48 2,89+0,28
ceUOBOI XC-JITOHIL, MMOIL/1 0,92+0,15 1,08+0,15 0,98+0,11 0,94+0,12
KHCJOTH Ceuosa wucrora B 374,22+15,40 | 365,54+17,19 | 359,44+18,4 | 331,81+13,35%
CHPOBATII KPOBi, MKMOJI/TI
CedoBa KucIoTa B cedi, 4565,5+508 | 4463,74+438,7 | 5032,33+529 | 4358,57+419,7
MKMOJIb /100y

[IpumiTtka: # — DOCTOBIPHICTh PI3HUI MOKA3HHUKIB, 00YKMCICHAa 3 BUKOPUCTAHHSIM MApHOTO t-TECTY
Creiogenta (P<0,05); * — mocToBipHICTh pPi3HMLI MOKAa3HMKIB 1O 1 Micis JIiKyBaHHS 3a JaHUMHU
3BuuaiiHoro t-tecty Crteromenta (P<0,05); (*) — crarucTudHa TEHICHIS JO JOCTOBIPHOI Pi3HUIN
nokaszuukis (0,10<P>0,05).

VY xiHOK "epe3 12 micsIiB mpuiioMy gamariidhio3uHy BUSBICHO JOCTOBIPHE 3HIKEHHS BMICTY
3arajJibHOr0 Ta BicuepaidbHOTO KUpy. OIHOYaCHO Yy JKIHOK miciast 6—12 MicsAliB JiKyBaHHS
CITOCTEPITANOCA CYTTEBE 3MCHIICHHS BITHOCHOTO BMICTY BOJH, IO TOB'SI3YIOTH 3 ITOCHJICHHIM
OCMOTHUYHOTO JIiype3y, BTPaTOI0 HATpPilo, Ta M’5130BO1 i KICTKOBOI MacH, 1[0 MOKE TOSICHUTH CyMapHe
3HIKCHHS MacH Tina (Tadm. 2).
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Tabmumns 2. AHTPOITOMETPHYHI TMapamMeTpH, KOMIIO3UINS Tina, METa0ONIYHI IMMOKAa3HUKH Y
KiHOK, XBopux Ha LI/ 2 Tumy, B auHamini dikyBanasg iH3KTI -2 manarmidgaosunom (M+m)

Cmpok cnocmepeicetHst
JocnimkyBaHi MOKa3HUKU o nikysanns 3 micayi 6 micayis 12 micayie
n=12 n=12 n=6 n=8
IMT, xr/m? 33,84+1,21 | 30,92+1,09# | 30,30+2,80 | 30,25+1,07*
Maca Tina, Kr 107,93 +4,44 | 101,33+5,01 96,6+6,35 94,844, 10*
. |OT, cm 113,00+5,07 | 108,0+£5,06# | 107,7+7,12 | 108,33+4,41
R Il [V ————— 39,80+2,22 | 39.29+2.20# | 31,30+3,80* | 30,67+2,11*
;{HTa (T)?Io- PiBeHb BiCIIEpPAILHOTO KHUPY 16,28+1,31 15,12+1,45 | 12,17+1,20* | 10,66+1,30*
MCTI;)I/I‘-IHi % BOJH 50,52+1,66 | 52,34+1,04# | 47,80+1,51 | 44,44+2.22%
HOKABHIKI M’s30Ba Maca 70,79+2,64 68,39+3,35 47,97+£3,43 | 49,80+0,77*
OrriHka Tio0yI0BU 3,33+0,44 3,36+0,34 4,334+0,67 3,40+0,68
KicTkoBa maca 3,64+0,14 2,54+0,07 2,534+0,18 2,68+0,05*
MeTaboiuHuii BiK 59,89+3,90 60,82+3,86 | 56,67+£6,36 | 59,20+5,60
I'mikeMist HaTIIE, MMOJIBL/JI 9,98+1,03 8,96+0,81 8,78+1,23 7,73+1,31
IMokazuuku |HbAlc, % 9,88+0,45 7,80+0,20# 7,55+0,35 8,33+0,35*
BYTJIEBOJ- C-nienTu1, HMOJIB/ T 1,99+0,15 2,25+0,16 2,224+0,18 2,76+0,25%*
Horo ooMiHy |Incymin, MxOn/Mi 9,48+1,28 11,21+1,13 11,4+1,24 10,45+1,15
Ingexc HOMA-IP 5,04+0,96 4,57+0,76 4,22+0,74 3,95+0,85
XoJieCTepHH, MMOJIB/JI 5,00+0,34 4,41+0,33 5,63+0,58 5,44+0,55
. . Tpurainepuan, MMOJIb/J 3,19+0,38 2,57+0,39 2,65+0,29 2,29+0,43
fé‘;i‘;f“ XC-JIIBILL, Mmons/n 1,22+0,03 1,19+0,90 1,35+0,05 1,26+0,10
piBi XC-JIITHIL, MMoJIb/1 3,27+0,17 3,55+0,40 4,26+0,58 4,224+0,54
CeUOBO XC-JITIHIII, MMoJb/1 0,94+0,22 1,13+0,15 0,98+0,13 1,37+0,23
KHCIOTH IHaEeKC aTepOoreHHOCTI 3,76+2,67 2,46+1,96 3,96+0,52 4,28+0,65
Ceuoa kncnora B cupoBaTiLl 2964250 | 302,40426,0 | 330,25+44,0 | 324,92429,2
KPOBi, MKMOJIB/JI
Cetopa kucnora B cel, 3654,4+432 | 3488,6+547 | 3132,00+687 | 2909,67+449
MKMOJIB/T00Y

[Tpumitka: # — MOCTOBIpPHICTH PI3HUII TOKAa3HUKIB, OOYHCIEHAa 3 BUKOPUCTAaHHSIM IAPHOTO t-TECTY
Creronenrta (P<0,05); * — mocTOBIpHICTH PI3HUIN TMOKAa3HHWKIB JO 1 MICIsA JIKyBaHHA 3a JAHUMH
3puuaiiHoro t-tecty Crerlogenta (P<0,05); (*) —crarucTuyHa TEHACHIIS 0 JOCTOBIPHOI Pi3HMII
nmokaszaukis (0,10<P>0,05).

B o6ox rpynax marieHTiB Ticis IiKyBaHHS He 3a()iKCOBAaHO CYTTEBUX 3MiH TOKa3HUKIB
JMOIHOTO CIIEKTPY, XO4Ya MOXKHA BiA3HAYWTH TEHJACHIIO JO 3HIDKEHHS pPIBHSA TPUIIIIEPUIIB Y
JKIHOYIH TpyTi uepe3 12 MicsIiB JiKyBaHHS.

VY rpymi 4oJOBiKiB y KiHII Hepiofy CHOCTEPEKEHHs BHUSABICHO AOCTOBIPHE 3HIKEHHS PiBHSA
ypUKeMil IOPIBHSHO 3 BUXIJHUM MOKa3HUKOM, Ha BiJIMiHY BiJI IPYyIH XIHOK, Jie He OyJIO0 IOCTOBIpHUX
3MiH koHeHTpauii CK B cupoBatii kpoBi. Takox He BUSBIEHO TOCTOBIpHUX 3MiH JOOOBOi €KCKpewii
CK Hi B 40JIOBIKIB, Hi B )KiHOK. MO@Ha MPHUITyCTUTH, 110 Y YOJIOBIKiB, 38 YMOB 3HIKEHOI 1HCYJiHOBOI
CeKpellii, MoXxe 3MEHIIyBaTUCh pPeadcopOllis ypaTiB Y HUPKOBUX KaHAIBIIX, sKa, K BCTAHOBIEHO,
KOHTPOJIIOETBCSI Yepe3 Peryisililo eKcrpecii ypaTHUX TpPaHCIOPTEPiB 3a Y4acTi TECTOCTEPOHY Ta
IHCYJIiHY, TOHIi SIK y JKiHOK €CTPOreHH CHpusioTh ekckperii yparie [Chung 2021]. Kpim Toro,
3MEHIICHHs! KUTbKOCTI MiJIIKIPHOT Ta BicuepaibHOI KUPOBOI TKAHUHH MOKE IPUBECTH 10 3HWKEHHS
YTBOPEHHS B aJIUNONUTAX yparTiB, AKe XapakTepHe Juisi peHoTumiB oxupinas [Qasim 2018].

BucnoBku. JlocnikeHHST aHTPONIOMETPHYHIX, MOP(POJIOTIYHHUX Ta O10XIMIYHUX TTOKA3HUKIB Y
rpymnax 4ojoBikiB Ta xiHok i3 LI/l 2 Tumy B aunamini mosroctpokoBoro 3acrocysanHsi iH3KTI-2
Janaraigio3uHy JO3BOJHIIO BHMSBHTH IICBHI CTaTeBI 0COOJUMBOCTI e(eKTIB JaHOTO Mpenapary.
30KkpeMa, y YOJIOBIKIB 3a(hiKCOBaHO MOCTYMOBE 3MEHIIEHHS PIBHS BiCIEPAIBHOIO KHPY B TPOIIECi
tepanii, omke 3HwkeHHS IMT, OT, macu Tina Ta piBHA ypuKkeMmii B YOJIOBIKIB HaiBiporinHime
TTOB’S13aHO 31 3MCHIIICHHAM a0IOMiHATHHOTO OXUPIHHS Ta 3MEHIICHHIM CEKpEIlii iHCYMiHy. Y JKiHOK
Ha T mOpuidoMy nanarmiiao3uHy BHABICHO JMJOCTOBIpHE 3HIKEHHS BMICTY 3arajJibHOrO Ta
BiCIIEpaJILHOTO JKHPY, IO CYMPOBOKYBAIOCH 3MEHINIEHHSM BiJIHOCHOTO BMICTY BOIH, M’ SI30BOI Ta
KICTKOBOI MacH, TOOTO y kiHOK mpu TpuBami teparmii iH3KTI'-2 cnoctepiracs edekt aerigparariii,
SKHUI TIOB’SI3YIOTH 13 MOCUJICHHSAM OCMOTHYHOTO JIiype3y, BTPaTolo HaTpilo.
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Introduction. The prevalence of posture defects (kyphosis, scoliosis, lordosis, stoop, etc.),
osteochondrosis of the spine, myofascial pain syndrome, scapula-humeral periarthritis, tension
headache, as well as hernias of the lumbar and cervical discs with radiculopathy, according to various
researchers, is from 0.6% to 78% (4-6). Such a discrepancy in manifestations is explained by the
varying degree and nature of pain, contractures of the mucous membranes and the involvement of a
neurological component in the pathological process, and the presence of MRT diagnostics (1-12).

The muscles of the lower jaw are an integral part of the postural myofascial chains. The
neurophysiological links between the masticatory system and the cervical spine explain the radiating
and referred pain types. The disruptions in the posture biomechanics leads to excessive stress on the
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main joints of the human body with the initial impacts on the body skeleton, more specifically: on the
vertebrae and the curvature of the spine. Such impacts should manifest itself in the form of chronic
pain symptoms with periodic exacerbations episodes in certain anatomical areas. Therefore, it is
important to study the mandibular position alongside the clinical assessment of the spine.

Purpose of the study. To study the prevalence of violations of the anatomical and functional
system "posture-occlusion” and the structure of early signs of degenerative-dystrophic changes in the
spine in medical students.

Materials and methods of research. To achieve this goal, 130 students of medicals and dental
faculties (including 42 men and 88 women) with posture disorders were examined in accordance with
special questionnaires developed at the department. The assessment of the functional state of the spinal was
carried out using motor tests by the method of Goryana G.A. (13) with the diagnosis of limited mobility in
various parts of the spine and complaints of pain according to the 10-point numerical scale of pain "NSP".
The malocclusion was assessed according to the method of Khvatov (14, 19), depending on the type of
mandibular displacement: type I-st with lateral displacement, type 11-nd with a distal displacemen and 1l1-d
type with the mesial displacement of the mandible (14-22).

Results and Discussion. An analysis of gender indicators showed that 78 (60%) healthy (52
women and 26 men) (66.67% and 33.33%, respectively (Table 1). The posture defects were diagnosed
in 52 (40%) students, of which 37 women (71.15%) and in 15 men (28.85%).

The restricted osteochondrosis was observed in 38 (73.08%) students who had a violation of
posture according to the type of round back (stoop), incl. in 28 women out of the total number of
students with posture disorders (53.85%), and in 10 men (19.23%).

The widespread osteochondrosis was observed in 14 examined students, incl. 9 women
(17.30%) and 5 men (9.62%)

The displacement of the lower jaw was diagnosed in 55 students, out of 14 (26.92%) students
with osteochondrosis of students (9 women and 5 men) were observed according to type I-st. Type Il-
nd of the displacement was observed in 35 (67.31%) patients (23 women and 12 men). Also, 3 women
and 1 man did not have the posture disorders according to type Il-nd. The mesial type of low jaw
displacement was found in 3 students (5.77%).

All Students with the posture disorders and lower jaw displacement complained of back pain
from 5 to 10 points.

Table 1. General indicators of the prevalence of postural pathology and malocclusion among
medical students (%)

Students Restricted Widespread Types of mandible displacement Pain
osteochondrosis | osteochondrosis | I-st lateral | II-nd distal | III-d mesial | degree on
type of type of type of a 10-point
displacement | displacement | Displacement |  scale.
n=130 n=55
Healthy students
n=78 (60%) i i i i i i
Wornen : : : 3 (3.85%) : :
n=52-66.67% '
Men
n=26-33.33% ) ) ) 1(1.28%) J
Students with the
posture defects 38 (73.08%) 14 (26.92) 14 (26.92%) | 35 (67.31%) | 3 (5.77%) +
n=52-40%
Men 28 (53.85%) 9(17.30%) 9 23 2 +
n=15-28.85% ' '
xvfg‘fgl_ls% 10 (19.23%) 5 (9.62%) 5 12 1 +

Conclusions.

1. The study was conducted on 130 students. It has been found that 78 students or 60% did not
have restricted and widespread osteochondrosis and pain degree was lower than 5 points. The study also
showed that out of the 78 students, 3 students, or 3.85%, had distal type of lower jaw displacement.

2. A high prevalence (40%) of combined deformity of posture and displacement of the lower
jaw in combination with pain syndrome was established.
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3. Along with restricted osteochondrosis 38 (73,08%), distal type of lower jaw displacement

was more commonly seen amongst students with postural defects 35 (67,31%). These clinically
manifested a pain level of more than 5 points.

4. Signs and symptoms of a combined pathology posture-occlusion were more common

among women (37 patients, or 71.15%) than men (15 patients, or 28.85%).

5. The prevention of complications of osteochondrosis of the spine should be started as early

as possible, taking into account the morphological and functional changes, as well as the degree of
pain syndrome with the diagnosis of posture defects.
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B nocnennee aecsitunerre BHUMaHUE NeIUATPOB NPUBJICYCHO K MIPoOIeMe BOCHAINTEIbHBIX
3aboneBannii kumeuHnka (B3K), oOycnoBieHHOH, B mepByIO oudepelb, HEM3BECTHOCTBIO HX
3THOJIOTHH, OTCYTCTBHEM YETKOW KOHLENIMU NaToreHe3a HanboJjiee HEOIaronpHuaTHO MPOTEKAIOIINX
6one3nu Kpona (bK) u si3Bennoro konwura (AK), pannelt nHBanuan3anueil maimueHToB.

Cucremarnueckue 0030pel W MeraaHanmum3 B3K y gereil cBHAOETENBCTBYIOT O OBICTPOM
YBEIMYEHUH HMX pPOCTa BO BCEX CTpaHaX MHpa; HamOojee BBICOKHE exeromnble ciaydan B3K
coctaBisitorT 23 Ha 100000 nHacenenus B EBpomne, 15,2 Ha 100.000 B CeBepuoit Amepuke, 11,4 Ha
100000 B A3uu u Ha bmxaem Bocroke, n3 Hux BK - 40-60 cirygaes Ha 100 000 Hacenenus. [1, 2, 3]

B VYkpanHe snuMaeMHONOrMYECKHE HCCIEAOBAaHUS IO H3YYEHHIO PACHpOCTPAaHEHHOCTH H
3abonesaemoctd B3K He mnpoBommimch, ojHako cormacHo JanHeiM Y «MHCTHTYyTa
ractposuTeponorud AMHY» ¢ 2013 roma 3aperHCTpHpOBaHO YBEIMYCHHE B JETCKOM BO3pacTe
mmoKazaTelieli HanOoJjee TSDKENbIX WHBATUAN3UPYIOMUX 3a0oneBannii kumeunuka SIK u BK, mpupoct
KOTOpBIX coctaBmi 15,1% u 28,1% cootBercTBerno (Ctemanos FO.M. 2017) [4].

3a mociegHHe TOABI B TPAKTHKY pPadOTHl MEAUaTpPOB OBLIM BHEAPEHBI PEKOMEHIYEMBIC
skcriepramu ECCO — ESPGHAN (2018-2021) knuHuueckue, 1ab0OpaTOPHBIC, YHIOCKOIMUYECKHUE H
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Mopdosorudeckue Kputepun pacmno3HaBaHusi BK y gereli, omHako, AuarHoctuka 3a0olieBaHusl,
ocobeHHO B [neOroTe OONEe3HM W [0 HACTOSIIEr0 BpEeMEHH 3aTPyJHEHA, 4YTO OOBACHICTCS
pa3HooOpazueM KIMHHYSCKUX CUMIITOMOB OoJie3Hu [12].

U3BectHO, ocobennoct TeueHus B3K 3aBucsaT oT MHOTHX ()aKTOPOB, B TOM YHCIIE OT BO3pacTa
nereii. Pannee Hauamo B3K xapakrepusyercs, Kak MpaBwiio, OOJBIIEH TSHKECTHIO M YIIOPCTBOM TEUCHHS,
COMNPOBOKAAETCSl HapylICHHEM pocTa M pa3BuTHA pebenka. boiee Toro, aetn mo 10 ner oTauyaroTcs
onpezneneHHbM ¢Genotuniom B3K, B wacTHOCTH, M NOMUHMPYIOIIMM IOPaKEHUEM TOJICTON KHILKH,
0oJiee yacThIMM BHEKHUILICYHBIMU NPOSBICHUSIMU. V3yueHne reHeTHIeCKuX 0COOCHHOCTEN BBISIBUIIO DS
TCHOB, COMPSDKEHHBIX C OYeHb paHHUM HawanoMm 3aboneBanus (OPH). Brnaronmaps atoii mHpopmanmm
U3MEHWIach MeXIyHapoaHas kiaccuukamms B3K, B koTopolf cramu BbLAENATH BO3pacT Hauajaa
3aboneBaHus. B pe3ynprare aHanmm3a JaHHBIX OoNbIIMX KOropT manuentoB ¢ B3K ycranosneHo, yto
npuMepHo y 15% neteit 3a0o1eBaHne HAaUMHAETCS B Bo3pacte 10 6 Jet, y 1% - 1o 1 roxa.

B Eppome 3a6onesaemoctr ¢ OPH B3K cocraBmser - 4,37:100000 nereid,
pacnpoctpanenHocts 14:100000. Pasputue TSHKEIOrOo TAHKOJINUTA, BHEKHUINCYHBIC MPOSBICHUS
BCJIEJICTBHE AyTOMMMYHHOI'O MOPaKEHMS OPYTHUX OPraHOB, HEPEAKHE MEPHAHAIBHBIC OCIOKHEHHUS,
Mporpeccupymoliee TeueHHue, HECMOTPSl Ha aKTHBHYIO TEpaluio, BBICOKAs JIETAIbHOCTh — BOT 4TO
OTJIMYAET 3Ty BO3PACTHYIO IpYIILy.

HecomHeHHY10 3HAYMMOCTb MPECTABIISIIOT Pa0OThl, HANPAaBICHHbBIC HA KOMIIEKCHYIO OLIEHKY
MOJIEKYJISIPHO-TEHETUYECKUX HApyIICHHH W TUArHOCTHYECKHX KPUTEPUEB (B TOM YHCIIE METOMOB
BU3yaIH3alny) B KIMHIYECKOH kapTuHe passutus B3K. OHE mMOMOTraroT COMOCTaBISATh acCOIUAIIH
NOJTUMOP(HBIX BapUAHTOB T€HOB BPOKACHHOTO HMMYHHTETa C OCOOCHHOCTSIMH SHIOCKOMHYECKON
KapTuHbl Tpu BK, 4TO MO3BOJSIET pacHIMpHUTh TPEACTaBICHHS O MEXaHW3MaxX BO3HHKHOBEHHS U
NPOTrPEecCUPOBAHUSI TATOJOTHH, a TaKXKe CIY)KaT OCHOBOW il Pa3pabOTKU NPOPHUIAKTHIECKUX
MEPOTPHUITUH U ONITUMU3ALIUH JICUCHHS.

O030p CcOBpeMEHHBIX MyOJIMKaUWi MOATBEPKAACT OIpPEIETCHHbIE CIOKHOCTH paHHEH
nmoctaHoBKkM nuarHo3a bK y nmereit. [lo MHeHMIO psiga aBTOpPOB MHOT0O0Opaswe KIMHHYECKUX
NpOosIBIICHUH 3a00JI€BaHMsT 3aBHCUT OT JIOKAIHM3allMK M CTENEHH aKTHBHOCTH BOCHIAIUTEIHLHOTO
npolecca, BO3pacTa peOeHKa, BOBJIEUYEHHOCTH B IATOJOTMYECKMH MPOLIECC HE TOJIBKO OpPraHOB
NHIIEeBapeHHsi, HO U JIPYTHX OPTaHOB U cucteM [5].

Taxk, PymsianieB B.I'. u coaBropsr (2016 1.) npuBoasaT gaHHbIe 0 yacToTe (cBhIIe 16%) nereii ¢
BK, xotoprle Ha HayanpHOM mepuoze 0oJe3HH MOCTYNald B XUPYPTrHUECKHE OTACICHHS M U3 HHUX
Oonee TmMONOBMHBI ManUeHTOB (56%) moABeprajuch ONEpPaTHBHOMY BMEIIATENbCTBY, YTO B
JajbHEUIIeM CrioCOOCTBOBAIIO TTO3IHEH MarHOCTHKE 3a00JIeBaHys, yXy/IIas ero nporxos [5, 6].

3aciaykMBalOT BHUMAaHHWSI COOOIICHHS O TOM, YTO 3aJiepKKa (U3MUECKOTO DPAa3BUTHUS W
nyOeprara, KaK eIMHCTBEHHBIX pU3HaKoB Jedtora bBK, Hepenko npuBoania K omMO0YHON U MO3AHEH
ee InarHocTuke [6].

Bce BrlenpuBeieHHOE CBUJIETENBCTBYET O CIOKHOCTSX BbIsiBiIeHns bK B neTckom Bo3pacTe,
0COOEHHO Ha PAaHHUX CTAAMAX, YTO M MOCIY)KUJIO OCHOBOW Ul HPOBENCHHS PETPOCIEKTUBHOIO
aHaJIM3a HCTOpUN OOJE3HH NAIMEHTOB C JaHHOM MAaTOJOTHEW C IeNbI0 JTANbHEHIIEro H3y4YeHHs
(eHoTHIIOB 0OJIE3HM B IETCKOM BO3pacTe.

Marepunanasl 1 MeToabl. [IpoBefieH peTpOCTIEKTHBHBIN KIMHUKO-CTaTUCTUUYECKUH aHanu3 46
uctopuii Oonesnu aereir ¢ BK B Bo3pacte 4-18 ner B mepuome oOocTpeHHs OONE3HH, KOTOpHIE
BIIEpBbIe 00CIEIOBAINCH B OTHAEICHUH NpoldiieM 3aboneBaHuid opranos nuuieBapenus ['Y «UITAI
uM. akaj. JIykesHooit E.M. HAMH Yxkpaussl.

Huarno3 BK ycranaBnmBajcs Ha OCHOBaHMM aHalH3a Kajo0, JaHHBIX aHAMHE3a JKU3HH H
3a00JeBaHus, KIMHUYECKUX MPU3HAKOB B 1e0I0TE U B Nepuojie MaHudecTauu 00Je3HH, PEe3yJIbTaTOB
nabopatopHbIX (00U W OMOXMMUYECKUH aHalN3 KPOBHU, (DEeKaNbHbIM KabIPOTEKTHH, aHTHTENA K
caxapomuneram  (Anti-Saccharomyces cerevisiae  antibodies), ckpuHUHra WH(EKIIMOHHBIX
3a0osieBanuii (Shigella, Salmonella ssp.,Campylobacter, Yersinia, Clostridiosdes difficile), rmucTabix
Y TIPOTO30MHBIX KHINEYHBIX HHPEKIUH, YHITOCKONMUYECKHX (KOJIOHOCKOIIUS C TIPUIIEIbHOM Ouoricuen )
1 Mopostoruueckux MetonoB obcienoBaHus. Takxke psay MaUeHTOB ¢ MOAO3pPEHUEM Ha O0Je3Hb
KpoHa npoBoaninoch reHeTHUECKOE MCCIEe0BAaHIE METOI0OM CeKBeHUpoBaHus 110 CeHrepy, KOTOphIH
ecTb "30JIOTBIM CTaHAApTOM" B JUACHOCTHKE HACIEICTBEHHBIX 3a0oyeBaHuii. | eHeTHUecKum
mapkepoM BK seisercs momumopdusm rema CARDIS(NOD2). HccnemoBanue HOIUMOP(PHU3IMOB
UMeeT 3HaueHue y OOJIbHBIX C BIepBble BbIABIEHHON BK C 1enpio yrouHeHus nporuosa 3a001eBaHus
Y pUCKa Pa3BUTHUS OCIOKHEHHH.

90 2(74), February 2022 RS Global



WORLD SCIENCE ISSN 2413-1032

Jnsi cpaBHEHHS COBOKYMHOCTH KOMIUIEKCHBIX NPH3HAKOB TMPHMEHSUICS MapaMeTpHYECKH
ananmu3 (t-kpurepuii CTBIOICHTA).

Pe3ynpTaThl KIMHUKO-CTAaTUCTHYECKOTO aHanmn3a 46 ucropuii 6one3nu aereit ¢ BK B Bo3pacte
ot 3 go 18 ner mokasaiu, 4TO AaHHAs MAaTOJOTHS PABHOMEPHO (IOIIKOIBHHUKH - 32,6%; MIKOJIHHHUKH -
36,5%; moapoctku - 30,4%) mmarHOCTHUpPYETCS BO BCEX BO3PACTHBIX TPYIIax C HEIOCTOBEPHO
HE3HAYHUTEIHHBIM YBEJIMYEHHEM YHCIIa JIeTel IIKOJBHOTO BO3pAacTa IO CPAaBHEHHIO C TMOJPOCTKAMHU
(p>0,05). Hamm nannble 0 pacmpeaeneHuH ATl Mo BO3PacTy OTINYAIOTCS OT JAHHBIX, IPUBEICHHBIX
B Jurepatype o Oonbureii 4yactote BK y mompoctkoB [5, 7], 4TO BO3MOXHO, OOBSCHSIETCS
KOJIMYECTBOM MAIFIEHTOB B HAIIeW BEIOOPKE TSI JAHHOTO aHaIn3a.

Paznuumii manmeHTOB MO MOy OoTMedeHo He Obwio (56,5% wmampumku, 43,5% mneBodex),
OJTHAKO, HECMOTpPSI HA OTCYTCTBHE TOCTOBEPHBIX T'€HAEPHBIX pa3iuyuii HaOJromaeTcs TCHACHLUS K
TIOBBIIIICHUIO YUCIEHHOCTH JIEBOYEK MIKOIBEHOTO Bo3pacTta - 40% u 34,6% coorBercTBerHO (p>0,05).

Ilo pe3ynpraram aHamMHe3a JKU3HU JETEH yCTAHOBJIEHO, 4TO 34,7% NalMeHTOB pOIWINCH B
CEMBSIX C HaCIIEJICTBEHHOW TNPEApacIIONOKECHHOCTBIO K 3a00JIEBaHMSM OPraHoB MUINEBApEHUs, B
CTPYKTYpE KOTOPBIX 4alle BCEro ObUIM JAMAarHOCTUPOBAaHBI OOJIE3HH OPraHOB TacTPOLYyOACHATBHOMN
30HBI U TE€TIaTOOMIHNAPHON CHCTEMBI.

Anammu3 neOrora BK mokaszanm, uto y 8,7% mNalMEHTOB HAYaJbHBIMH IPOSBICHHUSIMH
3a00seBaHus ObLUTH MPU3HAKH MAPAMPOKTHUTA - OCTPhIe 0OIH B 00JIACTH NPSMON KUIIKH, Pa3ApaKeHHe
KOXH BOKPYT aHycCa, JIO)KHBIE OOJIe3HEHHBIE TO3BIBHI K Je(eKarny, OBBIIICHHE TeMIIepaTyphl Tela,
WHTOKCHKAIIMOHHBIN CHHAPOM. [leTn 00ciIe10BavCh U JICUMWINCh B OTJEIICHUN XUPYPTUH.

Y opHoro pebeHka HaOMIONAIUCH KIMHUYECKHE CHUMITOMBI OCTPOTO amlleHAHIUTA,
XapaKTePU30BABIIIETOCS JIOKATM30BAaHHON OOJIBIO B MPaBOW MOAB3AOIIHON 00JacTH, PBOTOM, TUapeeH,
TIOBBIIIICHUEM TeMIIepaTyphl Tela 10 38°, yXyAlleHHeM OOIIero caMOdyBCTBHS, B CBS3H C YeM Oblia
MpOBeJIeHA JTaapOCKOTUYECKas allleHIIKTOMHSL.

VY ocranbHBIX OONBHBIX 3a00JieBaHHE MPOTEKATO C MOCTEIICHHBIM Pa3BUTHEM KIMHHYECKUX
CUMIITOMOB: HapmOojee THIHYHBIMH KasobaMu JeTedl Obim  aOmpomuHambHBIE OO (91%
oOcnenoBanHbIxX), cyodeopunurer (54%), nedumur maccel Tena (52%), acrenwueckuii (47%) wu
mucnientudeckuid (30%) cunapomsl, nuapes (21%). Ilaromormueckux npumeceil B kKaie (KpoBb) HU B
OJTHOM CiTydae oTMeueHo He Obuto. Ilepros oT HavanbHBIX TPOSBICHHUN 3a00JIEBaHUS 10 TIOCTAHOBKH
muarHoza BK cocraBmsim ot 3 Henmenms n0 1rofa,uro 9acTo OOYCIIOBIIEHO OMIMOOYHO IOCTaBICHHBIM
JIMarHO30M (XpoHHueckue racTpoayoneHuTsl, CPK, AMCKMHE3UH >KEIYHOrO MY3bIps, XPOHUYECKHN
MAHKPEaTUT, HWH()EKIMOHHBIE KOJUTHl ,3a00JIEBaHHS SHAOKPUHHOW CHUCTEMBI) C TOBTOPHBIMH
TOCHUTATH3AIUAMHE, KOHCYIBTAITUSAMHA Y3KUX CIIEIIUAINCTOB (TIEIUATPOB-TACTPOIHTEPOIIOTOB, XUPYPIOB,
9HJIOKPHHOJIOTOB, MHPEKIIMOHUCTOB) U, KaK pe3yJybTar, - Hed(peKTHBHOCTh Ha3HAUEHHOW TEepaIHH.

VY 4 nereii BriepBbie BeisiBIeHHON BK TpoBeieHO reHeTHaeckoe 00ciieIoBaHe TOIMMOppu3Ma
rera CARD15(NOD?2), koTopoe 03BOJIMIIO YTOYHUTH AUArHO3 U IPOTHO3 3 (HEKTUBHOCTH TEPAITUH.

B mepuwone manudecranmu BK ocHOBHOW jkanmoOoi poawTeded MAlUeHToB, Hapsay C
abmoMuHaTBHEIME O0ssIMu (39%), cyOdeOpUIMTETOM W acTEHHYeCKUM cuHapoMoM (23%), ObutH
*KasoObl Ha HapylleHue (U3NUECKOro pa3BUTHs peOeHKa, 3a cUeT CHIDKEeHUs Macchl Tena (58%) u
otcraBaHus B pocte (32%). Y 8,7% nanuentoB HaOMronaIach KpoBh B cTyiie, y 17,4% - muapes.

OTnuuuTenbHON YepToil mepuona MaHudecTalmyd ObLIO TaK JK€ HAIWYNAC BHEKUIIEYHBIX
npu3HakoB 3aboneBanus. Tak, y 26% TalWMeHTOB JOKYMEHTUPOBAaH CyCTAaBHOW CHHJIPOM -
KpaTKOBPEMEHHbIE HEHMHTEHCHBHBIE OONM B KOJEHHBIX CYCTaBaxX, KOTOpbIe KyIHPOBAINCH
CaMOCTOSITETIFHO 0e3 MPUMEHEHN HECTEPOUTHBIX MMPOTHBOBOCIIAMTEIRHBIX MTpenaparoB. Y 6% nereit
B MIEpHO/JIe 00OCTPEHUST UMeIl MecTO aTO3HBIN cTOMATHT, Y 4% - MaparpoKTHUT; y3JI0BaTas dpuTeMa u
yBeuT B 1% cilydaeB COOTBETCTBEHHO.

[lo mpoTsHKEHHOCTH BOCHAJIMTENBLHOTO Tpoliecca B OOJBIIMHCTBE CIy4YaeB AMAarHOCTUPOBAH
uneokonut (65,7%), B 21,3% - unenr, B 13% - xonmut. Hamm naHHbIE COBNAMAIOT C JAHHBIMH PsIa
nenuatpos [8, 9, 10, 11].

VY Bcex OONBHBIX AMArHocTUpoBaHa BocmaiurTenbHas ¢opma BK. CpaBHuTenbHBIR aHanm3
KITMHIYECKUX CHUMITOMOB TMO3BOJMJI OTMETHUTh HEKOTOPHIE WX OCOOCHHOCTH Y TMalMeHTOB C
Pa3IMYHON MPOTSHKEHHOCTHIO BOCTIAIMTENIHHOTO MTPOIIEcca.

Tak, y Jerel ¢ WICOKOJIUTOM HaOMIOAAINCh KPAaTKOBPEMEHHBIE CXBaTKOOOpa3HBIC
a0JOMHHATLHBIC O0IH C JOKAIM3AINeH B 00CHX MOAB3IOIIHBIX 00JIACTIX MPEUMYIIECTBEHHO TEepe
aKToOM Jie(eKalni, U3MEHEHUE YacTOThl U KOHCHCTEHIMHU cTyna (5-6 THmbl kana mo bpucrombckoi
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mIKane), yMmepeHHas OOJIe3HEHHOCTh TIpH Manblalid OTAEJIOB TOJCTOW KHIIKH, YIUIOTHEHHE
HUCXOJISIIETO OTAeNa 000JOYHON KHIIKH, CyOQeOpHInTeT, CHIDKEHNE Macchl Tena u pocta y 19,5%
naruerToB. OTMevanuch BHeKUIIeYHbIe mposiBiieHus bK - adrosusiii cromatut - 4%, ysenr - 1%.

[ManmeHnTsl € WIEHTOM, Kak TMPaBWJIO, JKAJOBAJIHCh HAa 3HAYUTEIBHOEC YXYJIIICHHE
CaMOYyBCTBHS, MHTEHCHBHBIE CXBaTKOOOpa3HbIe OO C IPEUMYIIECTBEHHOM JIOKaau3auueil B mpaBoi
NOJB3OIIHON 00JIaCTH, METEOPU3M, N3MEHEHNE YacTOThl M KOHCUCTEHLUH CTysa (5-6 TUIBI Kaja 1o
Bpucronbckoi miKane) ¢ IpUMeChbio KPOBH, AUCICTITHUECKUE CUMIITOMBI (TOLIHOTA, PBOTA), ACQHUIIUT
Macchl Tena u pocra y 45,6% mnauueHTtoB. Tak ke perMCTPUPOBAIMCH BHEKHIICYHBIE MPOSBICHUS
3a0oneBanus - adhTo3HBIN cToMaThT (2%), cycTaBHON cHHAPOM (26%).

[lopasxeHre TOJICTOM KHIIKM XapaKTEPU30BAIOCh HEHHTEHCHUBHBIMH KPAaTKOBPEMEHHBIMU
a0IOMUHATIBHBIME OOJISIMH C TIPEMMYLIECTBEHHON JIOKadM3alyedl B JIEBOW MOJAB3JOLIHON 00iacTy,
M3MEHEHHEM YacTOThl M KOHCUCTEHIMHU CTyna (5-6 Tumbl Kana 1o bpucTonbckoii mkaine) ¢ IpuMecho
KPOBH, YMEPEHHOH OOJE€3HEHHOCTHbIO YIUIOTHCHHOM CHUTMOBHMIHOM KHILIKH, CHIDKEHHEM amllleTHTa,
YMEPEHHO BBIPRKEHHBIM aCTEHHMYECKHM CHHIPOMOM, AepuIUTOM Macchl Teda U pocta y 34,9%
MAIUEHTOB, NaparpPoOKTUTOM (4%).

AHanu3 mokasaresnell TeMorpaMMbl HE BBISIBIJI OTKJIIOHEHHHM OT aHAJIOTWYHBIX y 310POBBIX
neteil. Tak, cpe/iHee coJepKaHnue SPUTPOLIUTOB KPOBU cocTapsio 4,8x10%/1, remornoouna - 125r/1,
KOJIMYECTBO TpoMOoIMTOB - 334x10%n, neiixouuros - 83x10%m, COD - 10,6mm/u. Takas xe
TEHJCHIIMSA OTMEYEHa MPU aHaIN3e MPOTEHHOrpaMMBI: obmuil 6emnok - 70r/m; ans0ymuubi-50,3%, ai-
4,3%, a,-10,8%, B-12,8%, y-18%, mokazarenp A/I" xodddunmenta - 1,2; ypoBeHb TpaHCaMUHAa3
ocraBaiicsi B penenax HopMbl (AJIAT-18,1 o/n, ACAT-23,60/m). B To ke BpeMs y psiaa NanueHTOB
JMUarHOCTHPOBaHKI noBkimieHne nokasateneit CPb (7 %) u Tumonooit mpoOs (2%).

B oTnnuue oT BhIIENPUBEICHHBIX [TOKa3aTeNel, KOHICHTpaus (eKaabHOTO KaJbIPOTEKTHHA
(HeVHBa3UBHBI MapKep aKTUBHOCTH BOCIAJIMTEILHOTO ITPOILECCa B KHUILIEYHUKE) y OONBIIMHCTBA
MAIMEHTOB OblIa 3HAYUTENBHO MOBBIIICHA (CPEAHUI YPOBEHb COCTABISUT 335 MKI/T), YTO TPEBBIIIAIIO
pedepenTHble 3HadeHust Oojee uyeM B 6 pa3. Haubonee Bricokne 3HaueHHs (eKaTbHOTO
KaJbMPOTeKTHHA (665-523 MKT/T) OTMEUEHBI Yy IeTeH C MICOKOIUTOM.

[lo maHHBIM KOJIOHOCKOITUH TaKHE SHIOCKOITUYECKUE U3MEHEHUsI, KaK THIIEPEMHS], OTEIHOCTh
cmm3uctoit obomoukn (CO) TOHKOH W TOJNCTOM KHINKKA BBIABIEHBI Yy BCceX manueHToB ¢ bBK,
«3€pHHUCTOCTBY CIM3UCTONH OOOJOYKHM TOJICTOM KHUIIKM oTMeueHa y 15,2% mnaumeHTtoB, 3po3ud - y
11,9%, KoHTakTHas KpOBOTOYMBOCTH - y 15,2%, penbed OynbbKHOW MocToBOM y 25 %,
BOCIAJIUTENbHbIE NOJUIIBL - Y 4,3%, nceBnononumsl - y 8,6%.

I[lo pmanaem OI'JIC y (26%) pmerelt MuarHOCTHPOBaHA TIIATOJIOTHS BEPXHHUX OT/IEIIOB
JKEIyTOYHO-KHUIIIEYHOTO TpaKTa, W3 HUX Y 7 OONBHBIX XPOHHYECKHH TacTPOIyOJCHUT, Y OJHOTO
nalueHTa s3Ba 12-TH MEpCTHON KHINKH, y Tpoux Jered peduitokc — s3odarur. Takum obOpazom, y
neteit ¢ BK mpeobnamganu HegecTpyKTHBHBIE (DOPMBI MTOPaXKEHHSI KEITyaKa U 12TH TIEPCTHOW KHIIIKH,
XapaKTepU30BaBILIMECS YMEPEHHO BBIPAKEHHBIM BOCHAIUTEIBHBIM IMPOLECCOM; MHPHULIMPOBAHHOCTh
Helicobacter Pylori uu B onHOM cityuae BbisiBieHa He ObLia.

[Ipy TUCTONOTHYECKOM HCCIEIOBAHMU OMONTATOB, B3SATHIX M3 PasHbIX YYacTKOB CIM3HCTON
00OJIOYKM KHIIEYHHKA C LENbl0 YTOYHEHHUs AMarHo3a MAalHEeHTOB C KIMHHUKO-Ta0opaTOpHBIMU
MOKa3aTeNsiMH, XapakTepHbIMu 1715t BK, mony4eHs! cieayronme pe3yabTaThl:

-TOHKasl KHINKAa: BOPCHHKH CIM3UCTOW OOOJOYKH OYaroBO COKpAIEHBI, IMOBEPXHOCTHBIN
snuTenuil (oKambHO WHPUILTpUpoBaH nuMpornuramu. CoOCTBEHHas MJIACTHHKA HEPaBHOMEPHO
WHQWIBTPUPOBaHA JTUMQOIMTAMH, IUIA3MATHYECKHUMHU KIETKAMH, €JUHUYHBIMA 303WHOQWIAMH C
ouaraMm oOTeka, ¢uOpo3za, AUIATaIMed cocyloB. B Tommie cinusncToit 00ojouke HaOIIOaroTCA
(oKaJIbHBIC MOBBILICHUS! TUIOTHOCTH KJIETOYHOro WHGMiIbTpaTta (puc.l), onmpeaensrorcs OoJbluue
muMpatuueckue QOTMKYIBI € TepMEHTATHBHBIMU LeHTpamu (puc.2). MelmieyHas IUTacTUHKA
dokanbHO (QparMeHTHpOBaHa. B moacnam3mcroM ciioe HaOmromaercs JMMQO-TUIa3MaIuTapHas
MHQUIBTpaLKs, OTMedaroTcst Pokychl pudposa u nponudepanus pudpod1acToB.
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as obonouka nooszoouinol kuwkyu. Coocmeennas niacmutka ¢

doxanbHbIM NOGLIUEHUEM NIOMHOCMU KIemOoyHo20 uHgurvmpama. Oxkpacka no Ban-1u3oH.
Yeenuuenue 10x10.

Puc.2. Muxpogomo. Cnuzucmas 06 HOU KUWKU C TUM@AMUYECKUMU QOTTUKYIAMU.
Oxpacka 2eMomoKCUIUHOM-203unom. Yeenuuenue 10x5.
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Puc.3. Mqu0¢OmO. Cﬂmucmaﬂ 060]1011Ka moﬂcmoﬁ KUWKuU ¢ (pOKa]leblM noevluieHUuem niomHocmu

KAeMOuUH020 uHguibmpama 6 coocmeennou niacmunku. OKpacka 2eMamoKCUuIun-303UHOM.
Yeenuuenue 10x5.
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[TonepeuHo-000/104Hasi KHUILNKA: TMOBEPXHOCTHBIM JMUTEIMH C y4YacTKaMH JECKBaMalluH,
O0azanmpbHass MeMmOpana (okambHO ymoTHeHa. CoOCTBeHHas TUIACTHHKA HMHQDUIBTPUPOBaHA
nuMdorMTamMu, TIIA3MaTHYSCKUMH  KJIETKaMH, 303WHO(MWIAMH, CEIWHUYHBIMH HEHTpodwIaMu ¢
ouaraMm OTeka, (okycoMm mnponudepanun ¢uopodaacToB. B Toime COOCTBEHHOUN IUIACTHHKH

OTMEYAIOTCS SMUTETNONTHO-KIIETOYHBIE rpaHyneMLI (Puc.4)
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Puc.4. Muxpogomo. Cnusucmas 060Jzow<a TMOACMOU KUWUKU. DNUMeTUoUOHO-KIemouHble SpaHyiembl 8
cobcmeernnou niacmunke. OKpacka 2emamoxkcunun-303unom. Yeenuuenue 10x10.

[lpsimass KWIIKa: TOBEPXHOCTHBIM SIUTENM C oOdYaram YIUIONMICHWS W JECKBaMallUH.
CoOcTBeHHas] IUIACTUHKA CIU3UCTOW TyCTO HMHQUIBTPUPOBaHA JIMMGOLMUTAMHU, IIa3MaTUYECKUMHU
KJIeTKamMH, HelTpodunamy (B HEOOJIBIIOM KOJIMYECTBE), C O4araMu OTeKa, AWwIiTauueld cocynoB. B
eIMHUYHBIX JKeJie3aX oTMeuaeTcss HeWTpodwibHas MHQWIbTpanus SnuTenus (MPU3HAKH KPHIITHTA),
OTMeYaeTcs HAUIMYUE HECKOJIBKUX KpUNT-adcleccoB. B Moacan3nucToi OCHOBE BBISBIAIOTCS TPAaHyJIEMbL
C SNUTEIMOMITHBIMH KIETKAMH 1 MHOFOSIZ[CpHI:IMI/I KIETKaMH [Tuporoso- Haercha (puc.5)

Puc.5. Muxpogomo. Iloocruzucmas ocnosa moncmou kuwku. Mrozosoepruie knemxu Ilupoeosa-
Jlanexanca 8 noocausucmoti ocroge. Okpacka cemamoxcunun-303unom. Yeenuuernue 10x10.

Taxum 00pa3oM, pe3ynbTaThl MPOBEACHHOIO PETPOCICKTHBHOTO aHAIM3a UCTOPUEH OOJe3HH
netet ¢ BK mo3BosisoT caenarh HEKOTOPbIe 0000IICHNS.

1. Bone3up KpoHa auarHocTHpyercsi y JeTell BCeX BO3PACTHBIX TPYII, XapaKTepU3yeTCs
MOCTETMIEHHBIM DPAa3BUTHEM OCHOBHBIX KIHHHYCCKHX TPOSBICHUHN, CPEId KOTOPBIX MPeoOsamaroT
001eBOI a0MOMHMHANBHBIN, KHUINCYHBIH W ACTCHHUYCCKHH CHHAPOMBI, HApYIICHHEC (QU3MUYSCKOTO
pasButHs, cyOodeOpuauTer. BBIPpaXXEHHOCTh M YacTOTa BCTPEYACMOCTH  BBIIICTIEPEUHUCIICHHBIX
CHHIPOMOB pa3iiiuHa B JcOI0Te W B mepuojae Manudectaiuu 3abojeBaHus; puck pa3Butus BK
MOBBINIACT HATMYNE B aHAMHE3€ CEMEHHOM OTATOIIEHHOCTH O 3a00JIEBAHUSIM OPTaHOB MHIICBAPCHHS.
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2. Cpenu knmHndeckux ¢opm BK B geTckoM Bo3pacTe 1Mo JIOKAJIM3alUU BOCHATUTEIHLHOTO
nporecca JOMUHUPYIOT COYETAHHBIC TMOPAKCHUS TOHKOH M TOJCTON KHIIOK (MICOKOMUTHI-65,7%).
JlokanpHOE MOpaKCHHE TEPMHUHAIBHOIO OTAeda TOHKOW KHMINKK (miaeuT) BeTpedaercs B 21,3 %
CJIy4aeB, U30JIMPOBAHHOE MOPAKECHUE TOJICTOM KUIKH - B 13 % ciryuaes.

[IpoTsKEHHOCTh MOPAKEHUS CIHU3UCTON KHUIIEYHHKA BO MHOTOM OIPENeNsIeT KIMHUYECKYIO
cumnromatuky bK y nereil.

3. JIabopaTOpHBIMU ~ KPUTEPUSMHU AKTHBHOCTH BOCHAIUTEIHLHOTO TIpOIeCcca  SIBJISIOTCS
KOHIeHTpalms (ekampHOro KajbrnporektuHa, CPbB; snmockomuyeckumu - penbed OYIBDKHON
MOCTOBOM, DJpO3WH, "3epHUCTOCTH" CIM3UCTOH O00JIOUKH, Mop(dororudeckumMu - JuMdo-
TIa3ManuTapaas wHomIbTpanusd, ¢Goxkycel (udposza, mpomudepanuu (GpuOpoOIACTOB, MOBHIIMICHUE
TUIOTHOCTH KJIETOYHOTO MH(MUIbTpATA.
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the causative agents of candidiasis, Candida albicans and Candida non-
albicans have different prevalence in different regions of the world.
Resistance to antifungal drugs is increasing due to it widespread applying.
Risk factors for RVVK are: antibiotic therapy, immunodeficiency
conditions, diseases of the gastrointestinal tract, contraceptives,
corticosteroids, hormonal disorders of women, allergic diseases. Recent
studies indicate the multifactorial cause of candidiasis, especially the
imbalanced composition of the vaginal microflora and genetic
predisposition. Resistance to antifungal drugs is increasing, especially to
Fluconazole, that is most often applied in clinical practice.

The role of immunoregulatory mechanisms is reflected in the reduced
activity of immunity in the vagina. Changes in Tol-like receptor (TLR)
genes have been reported in women with RVVC. Also, interlexins can lead
to a prolonged inflammatory process in the wvagina. Currently,
polymorphism of the mannose-binding lectin gene in women with RVVK
relevant topic for research. That changes may be a reasone of recurrence.
Determination of mannose-binding lectin for diagnostic and therapeutic
purposes is promising research area. There is increasing scientific interest
in the study of this pathology. In publication described diagnosis of
RVVK, the species composition of the pathogen, risk factors, impact of
hormones and genetic predisposition.
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Beryn. Y Ham yac nommpeHMMH €  iH(QeKuii, CIOpPUYMHEHI YMOBHO-IIATOI€HHOIO
MiKpodIIoporo, 30KpemMa aApixmpKornoAiOHumu rpudamu poay Candida [1]. I'pubu mporo pomy
BBA)XKAIOTHCSl MPEACTAaBHUKAMHA HOPMAJIbHOI MiKpoOioTH. 3a3BW4ali BOHHM KOJIOHI3YIOTH eMiTelii
cucteM opranizMmy. Cepes 310pOBHX KIHOK PENpPOIYKTHBHOTO BiKY KaHAWJIOHOCICTBO BU3HAUAETHCS
oinpire Hixk y 60 % Bunanxkis [2, 3]. Hopmanbaa Mikpogopa clim30BUX 000JIOHOK CTaTEBUX LIISIXIB €
MEPENIKOIO0 JUIsl 1H(PEKIIHHIX areHTiB, SKi MOXYTh MPU3BECTH J0 BATIHITY, IEPBIIUTY, IIUCTUTY Ta
iH. [4]. [IpencraBuuku poxy Candida, ski MOXyTb OyTH YacTHHOIO HOPMAaJIbHOI MIiKpOOIOTH MiXBH,
CTalOTh MATOTEHHUMH, KOJM IS IBOTO IIij] BIUTMBOM 3O0BHIIIHIX a00 BHYTPIMIHIX (HaKTOPiB y MiXBi
JKIHKM BUHUKAIOTh crpusaTiuBi ymoBH [5]. Ilpu 3HMKEHHI IMyHHOTO 3aXHCTy OpraHi3My MO>KJIHBE
3pOCTaHHS aJre3WBHUX BIIACTHBOCTEH TPHOIB 3 NPUKPIIUIEHHSM iX 10 KIITHH eIMITETi0 IiXBH,
KOJIOHI3aITI€I0 CIIM30BOI 0OOJIOHKH 1 pO3BUTKOM 3araibHOi peakiii [6].
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BymeBoBarinanpauil kaauno3 (BBK) € maronoriaaum mporecoM, 1o mpu3BOAUTS 10 3HKEHHS
AKOCTI JKUTTS KiHKU. Lle 3aXBOpIOBaHHS CYNPOBOKYETHCSI YPaKEHHSIM CIM30BOI OOOJIOHKH MiXBH Ta
BYJIbBH BHACHTIZIOK TiepcucTeHtii rpudiB poxay Candida [7]. HaiiOinbmn gacTo i3 3amanbHUM TMPOLIECOM
acoitorotecst HacTymHi Buu: C. albicans, C. glabrata, C. tropicalis, C. parapsilosis i C. krusei [8].

BBK cynpoBomkyeThest XapaKTepHIMH BHIUICHHSMH 13 CTaTeBHUX NUIAXiB. 3a mepebirom BBK
NOJUIAIOTE HA TOCTpUil Ta peuuauByrouuil. KpuTepieM penuamByl04Oro BYJIBBOBATiHAIBHOTO
kaaau03y (PBBK) € KinbpKicTh 3ar0CTpeHb, SIKi TPAIUIIOTHCS Bif 4 pa3iB mpoTsarom 12 micsamis [9]. Y
JOCHIDKeHHSIX BiJI3HAYalOTh 3POCTaHHs KiJIbKOCTI 3aXBOPIOBaHb PeLUUAMBYIOUOro xapakrepy [10].
brocreiin @. [11] ta cmiBaBTOpM BKa3yroTh Ha Te, Mo PBBK Tpamserscsa y 14-28% xinok. ITicas
YCIHILTHOTO JIIKYBaHHS MOMEPEeIHBOTo emizoay y 50% Mali€eHTOK CHMITOMH 3aXBOPIOBAHHSI MOXYTh
MTOBEPTATHCS 3a TEpioa Bix ACKITBKOX MHIB M0 3 MicsIiB. Jlemo HImKYMI MMOKa3HUK HABOIUTHCSI B
1IN poOoTi, y sIKiil JiarHOCTyBaln peruanB y 28% malieHToK uepe3 3 micsii micis JikyBanHs [12].

Taxum unaOM, BBK, a ocobimBo PBBK, € akTyanpHOIO CKIIaIHOIO MPOOIEMOI0 CHOTOJICHHS, a
pi3Hi acmekTH IIi€i TpoOIeMHU 3aciIyroByIOTh Ha JETalbHUW PO3IIS] Ta BpaxyBaHHA Cy4YaCHHUX
0COOJIMBOCTEN y KITIHIYHIN MTPaKTHIII.

Kniniuna kapTiHa KaHAUAo3y BapiabenbHa, XapakTepHa CUMITOMATHKAa BUHUKAE TOMi, KOJIU
Candida mpoHWKae B TIOBEPXHEBUH EINITENI CIW30BOI OOOJNOHKH TIXBH 1 CYIPOBOKYETHCA
3aMaJIbHUM MTPOIIECOM.

3rimHo 3 maHuMH, omyOnikoBaHmMH Pomanenko T.I. [13] Ta cmiBaBTOpaMu, CHMITOMaMH
KaHauao3y Oynu: BariHajdbHI BUAUICHHS, CBEpODK, Timepemis Ta HaOpsik. Pimme crmocrepiranm
JICTIApEHYPIr0 Ta qU3ypito. Y IOMY XK JOCTI/HKEHHI MOBIOMIISIOTH PO BUSIBIICHHS IiIBUIIICHHS TUTPIiB
KOHIICHTpAIIli KaHIMJ Ta 3HMKCHHS KUIBKOCTI JakToOamwi Takok y JOCHIIKYBaHHX >KIHOK BHSIBIISLIH
cynytHO Mikpodiopy (Staphylococcus aureus, Streptococcus haemolyticus, Gardnerella vaginalis,
Escherichia coli ta in.). 3 inmoro 6oky, Kpasuenko O. B. [10] moBigomiisiia mpo Te, mo y 43,3% KIiHOK,
XBOpHX Ha BariHABHUN KaHIWI03, HE CIIOCTEPITaid MATOJOTIYHUX BUIUICHb 3 MIXBH. Y IBOMY XK
JIOCITIJDKSHHI CTBEP/DKYIOTh, 1110 (hOpMyBaHHsI OaKTepiabHO-TPUOKOBUX acollialliii PU3BOAUTE 0 MEHII
BUPOXEHUX CHUMITOMIB. SIK HACIIIOK, YTPY/JHEHA JIarHOCTHKA MPH3BOAWTH JI0 30LTBIIIEHHS TPUBAIOCTI
3axBoptoBanHs. Ciig 3a3HaumtH, Mo jgaHi Kparuenko O. B. [6] i Pomanenko T. I'. Ta chiBaBTopis [13]
Y3TOMKYIOTBCSL B TOMY, IIO0 Y JKiHOK, XBOPUX Ha BariHAIbHUM KaHIWJI03, CIIOCTEPIrayid MiJBUILCHHS
KinbKkocTi rpubiB poay Candida Ta 3HMKEHHS KUJTBKOCTI JIAKTOOAKTEPIH.

Iep6a A. O. Ta ciBaBTOpH [4] NpUILIAIN OCOOIUBY yBary INCUXOEMOLIIHHOMY CTaHy >KiHOK.
Y mamieHToK 3 pPeNUIUBYIOYMM BYJIHBOBAriHITOM, CHPUYMHEHHM KaHIUIO3HO-TEPIETHUYHUMH
acoIiamisMH, CIIOCTEPIiraiy IpaTiBIUBICTh, TOTAHUHA COH, IBUJIKY BTOMIIFOBaHICTh, TOJIOBHHIA Oib Ta
IHIII CUMITTOMHU TICUXOEMOIITHOTO HATPY>KEHHSI.

Hiarnoctuxa PBBK. [lpu nikyBanHi namienTok 3 penuauBytounM BBK BaknmuBa mBuaka i
TOYHA TOCTaHOBKA JIiarHO3y, CBO€YacHa ineHTudikamis pisaux mramiB Candida spp. i3 3airydeHHIM
CyJacHUX METOIB MIarHOCTHKH. BHKOpHCTaHHS HOBITHIX TEXHOJIOTIH MOXE CIPHATH 3arto0iraHHIO
HepaIioHAILHOTO BUKOPHCTAHHS IPOTUTPUOKOBHX MPETapaTiB.

Hiarnoctuka BBK moBuHHa OyTuH KOMIUIEKCHOIO. Y KIIiHIUHIM NpakTHLi 4YacTO CTaBIATh
xuOHuii miarHo3 PBBK y Tux Bumanakax, Koy 1ie BiOyBa€ThCs TUIBKK HA OCHOBI KITIHIYHUX O3HAK, SIKi
€ Hecneuun¢piuaumu. Tum mauve, mo PBBK Xxapakrepusyerbcsi MEHIIO BHPa3HICTIO KIIHIYHHX
CUMITOMIB: BHJIIGHHS 31 CTaT€BUX MLUIAXIB HE3HAUHI, TillepeMis Ta HaOpPSK CIOCTEPIraloThCs HE
3aBkau. Yacriie 3a Bce, MalieHTKy TypOyIOTh NEpioAMYHO pelMIUBYIOUYHMI CBEpOIXK y MiXBi Ta 30H1
30BHIIIHIX CTATEBUX OpraHis [14].

30JI0THM JIIarHOCTUYHUM CTaHJAPTOM € MIKpPOCKOIIiS BariHAILHUX BHJIJIEHh Y HATUBHUX a00
noapboBanux 3a I'pamom mnpenapatax. MiKpOCKOIIYHME METOJ [103BOJISIE BU3HAUYUTH CIOPH Ta
NICEBAOMILICNIM TpuOiB, SKHUM € XapaKTEpPHOK O3HAKOKW MATOTCHHOCTI Mpolecy © morpedye
inentudikauii 30yaHuka. Ilpum OakTepionoriyHOMy IOCHIIKEHHI BariHaJbHHUX BUAUICHb MOKJIHBO
BU3HAUUTH KUIBKICHY Ta SKICHY XapaKTEepUCTHKy TIpuOKoBoi iHpekmii, ii 4ymImBicTh JI0
AHTUMIKOTMYHHMX TIpernapariB, MPHUCYTHICTh IHIIMX YMOBHO-TIATOTCHHUX OakTepiil. Okpemo
3a3HavYaroTh MPO HEOOXiAHICTh BU3HAUeHHS pH BariHanbHOTO cekpery. [Ipyu KaHIu1031 el MOKa3HUK
3anumraeThcsl B Mexkax 4,0—4,5. Sxmo pH Bummit 3a 4,7, Tomi ciij po3risAaTH MUTAHHS MPO iHII
BUIOM 1HQeEKIHl. Y Haml 4ac, KoM Bce dacrtimie 3yctpivaroThess Buau Candida non-albicans, mmst
BCTaHOBJICHHSI TOYHOTO JIiarHO3Y 3aCTOCOBYIOTH MOJIEKYJISIPHO-0i0JI0TiuHI MeToau AiarHoCTHKH [15].
TToniMepa3Ha JaHITIOTOBa Peakilis B pealbHOMY 4aci mo3Boisie BusButu Candida spp. Aje meid MmeTox
JiarHOCTHKH BBaXKA€ETHCSI JOAATKOBUM, TPOBOAUTHCS 33 TIOKAa3aHHIMH 1 HE € 000B’I3KOBUM.
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Takox MOBIMOMIISIOTE TIPO YTPYAHEHY MMOCTaHOBKY AiarHo3y Ha BBK ta PBBK uepe3 HuU3bKY
YyTIUBICTH Ta crieU(ivHICTh 3aPOIIOHOBAHNUX METOAIB. MiKpOCKOIIis Ta MOCIB HE Jaf0Th OCTATOYHOL
BIZIMIOBi/Ni. ABTOpH BBa)KaIOTh, 1[0 6araTto AiarHO3iB Ha KaHAW03 OyJH MOMIJIKOBIUMHE. BpaxoByroun,
IO MPOTUTPUOKOBI MpenapaTi MPOAAIOTECS 0e3 pelenTy, KiHKH 3aliMar0ThCsl CaMOJIIKyBaHHSM, a 1€
MPU3BOIUTH O Ie OUTBIIMX CKJIATHONIIB y IOCTAHOBII MiarHO3y 1, K HACTIJOK, YCBiIOMIIEHHI
crpaBxHboi mommpenocrti [11].

BunoBuii cknag 30ynnuxa. 30ynankis BBK ta PBBK mnogimsrors mHa 2 Buam: Candida
albicans ta Candida non-albicans. IlepeBaxanns Candida albicans B etionorii BBK € 6e33anepeunnm,
ane wacToTa Bu3HaueHHs npencraBuukiB Candida non-albicans — C. krusei, C. glabrata, C. tropicalis,
C. parapsilosis B OCTaHHI POKM Ma€ TCHICHIIIO 0 30UIbIIcHHA. [lOBIIOMIISAIOTE TPO 3HAYHI
BimMiHHOCTI y mommpeHHi BuaiB Candida 3amesxxso Bif periony. Y 6mm3pko 90% XBopHX Ha KaHAUI03
kiHok igeHtugikyBanu Candida albicans [16]. 3a inmmvu nanumu, nommpeHicts Candida albicans
oyna Big 75-90%, ra Candida non-albicans mpumagano 10-20%. Ane y kpainax Adpuku, bimssroro
Cxony Ta Asii moumpenicts Candida non-albicans 33-50% [17].

®axtopu pusuky PBBK. [lo ocHOBHUX (DaKTOpiB PO3BUTKY KaHIUAO3Y CTATEBUX MUIAXIB
BITHOCSTH: 3aCTOCYBaHHS aHTHOIOTHKIB, iMyHOAE(DIUT, XPOHIYHI 3aXBOPIOBaHHS HUTYHKOBO-
KHIIKOBOI'O TPaKTY, CHIOKPUHHI 3aXBOPIOBAHHS, 3aCTOCYBAHHS LIUTOCTATHKIB, MPOMEHEBY TEpaIlilo,
alepriuHi 3axXBOPIOBAHHS, MOpPYIIEHHS (YHKIII S€YHHWKIB, 3aCTOCYBaHHS KOPTHKOCTEpPOIOiB Ta
koHTpanenTuBiB [18]. Po3arti JI. Ta cmiBaBTOpHM [17] BBakanmu, 1m0 ypakeHHS MiXBH KaHIUIAMHU €
OaraTo)akTOPHUM MPOIIECOM, CIPHUSATIMBUMU YMHHUKAMH JIJIS SKOTO €, 30KpeMa, He30alaHCOBaHMIA
CKIIa/l MiKpo(pJIOpH MXBU Ta TEHETUYHA CXIWIBHICTE. J{o erionoriuanx unHHUKIB PBBK 1i % aBTOpH
BIJTHOCSITB: 3MiHY CHiBBiJIHOLICHHS JIAKTOOAKTEPIH, SIKi MPOIYKYIOTh MEPEKUC BOAHIO (aHTUMIKpOOHA
aKTHUBHICTh SIKOTO TIPUTHIYYE iHBA3if0 KaHIWMA) Ta CHUHTE3YIOTb MOJIOYHY KHCIOTY i3 TIIKOTE€HY
(MoOYHa KHUCIOTa CIpHSE 370POBOMY MIKpoOioMy MixBH); Qi3ionoriuny abo Qapmakonoriyay
ecTporeHizamito opranismy. KirouoBy pombs y possutky PBBK wmoxe Bigirpatum erHiuHa
MIPUHAJICKHICTB 1, IK HACHIJIOK, TCHETHYHA CXWIBbHICTh, 8 TAKOXK BUIOBUHN CKJIaJ 30y AHHKA.

[oBigommsirots, 1o Omactocropu Candida mOTparuIsIFOTh y TiXBY 3 HWXKHIX BiJUIiIIB
IITYHKOBO-KHUIIIKOBOTO TpakTy [16]. Byno BHBUEHO B3a€MO3B’SI30K MiXK MIKpOOIOMOM HUTYHKOBO-
KHIIKOBOTO TPAKTy Ta CEUOCTAaTEBHUX OPraHiB: BHACHIZOK peiHdikyBanHsa rpubamu Candida roctpuit
3aMaJIbHUA TPOIeC MEPEeXOANUTh Y XPOHIYHHMH Ta 3YMOBIIOE PEIHUIUBH Yy CEUOCTATEBid CHUCTEMI.
ABTOpH B TaKMX BUIAJKaX PEKOMEHIYIOTH MPOBOAMTH AOCIIIKEHHS KUIIKOBOI Mikpodiopu [19]. 3
iHmoro 6oky, beiikep ®. K. Ta cniBaBropu [20] npumnyckaiu, 1o mpxepesnom C. albicans npu PBBK €
BOJIOTE CEpENIOBUINE eIiTeNio cTaTeBux HunixiB. [lizcymoByroun 1o iHpOpMaIiro, 3a3Ha4aEMo, 110
HEJIOCTaTHS Tiri€Ha CTaTeBHX OPraHiB y JKiHOK Moxe Oyt (akropom pusuky BBK. JlocmimkeHHs B
Ianii mokaszamo, mo Bumy Kinbkicth BBK cmocrepiramu y kiHOK 3 HE3aJ0BUTBHOIO Tiri€HOK. Y
JIOCITI/DKEHHI, 110 MPOBOAWIU B IpaHi, MIWNUIM BUCHOBKY, 10 y 63% xiHok 3 BBK OyB Hu3bkwuii
piBEHB OCBITH, IINM TIOSICHIOBAJIN HE3aI0BUIBHY Tiri€HY cTaTeBUX opraHis [21].

PesuctenTHicTh 30yaHMKA 10 QuIyKOHA301y € ofHMM 3 ¢aktopiB BuHukHeHHs PBBK. ITicis
3acTocyBaHHs (QurykoHa3ody s JikyBaHHS PBBK mpotsarom mepmmx nexinpkox pokiB Oyio
3aJJOKyMEHTOBAaHO JIMINE Kilbka BHIajaKiB pe3uctrentHocTi C. albicans 10 1pOro mpemapary.
Cy4acHinm JOCHIPKeHHS TOBIIOMIIAIOTH, 10 8 i3 25 mMalieHTOK Majld HH3bKY YYyTIUBICTH JI0
¢urykoHazony. BpaxoByrouu BHINEONHCaHe, 3aCTOCOBYBaTH (DIIYKOHA30JI, OCOOJIMBO JUISl TPUBAIOL
Tepartii, MOTPIOHO TINBKHU MICIs JIarHOCTUYHOTO MiATBEpIKeHHs 30ynHuKka. Takox ciig 3amodiratu
3arajlbHOZIOCTYITHOCTI aHTUMIKOTUYHHUX Tipenapatis [22].

JIMCKyCIfHUMHM Ha CHOTOJHIIIHIA JeHb BH3HAHI HACTYIHI (aKTOpU: MPHUHOM OpabHUX
KOHTpauenTuBiB (0cOOIMBO MPH BHCOKiH 1031 €CTPOreHy), MPU3HAYECHHS! €CTPOTEHIB 3 JIIKYBaJIbHOIO
METOI0, BHKOPHCTAaHHS BHYTPIINIHHOMATKOBMX KOHTPAIICTITUBIB, CIEPMIIUJIIB Ta Ipe3epBaTHBIB, a
TaKOK MOPYILEHHS MPABWI Tiri€HU 1 CeKCYyanbHOI MOBEIHKH, 0c00NMMBOCTI oy [23].

IcHye 3B'130K MiXK BariHATbHUM KaHIMO030M 1 BUKOPHUCTAHHSM CIEPMIIUJIIB Ta TIPe3epBaTHBIB.
[pumyckaroTs, Mo e 00yMOBJIEHO iXHIM CKIagHUKOM HOHOKCHHOM- 9 (N9). N9 3Hepyxomitoe ciepmii i
pyiiHye ix MemOpany. BomHouac, 11 crioiyka BIUIMBAaE Ha 1HII BipycH i Oakrtepii, unM TIOpYyIIye
MmikpobiotieHo3 mixBu. Lactobacillus, siki € ogauM 3 Oap’epiB y cTaTeBUX HUIAXaX, TAKOXK 3a3HAIOTH TAKOL
mii N9. Candida MoxxyTh MeTabomizyBaTi N9, MOCHIIOIOYA TAKHMM YHHOM aJre3if0 CINTENI0 TMiXBH.
Hacamkiners, N9 nopy1irye enitemnii mixsy, 0 MPU3BOAXTE IO MOAPA3HEHHs CTaTeBHUX opraHis [21].

BayTtpimmromatkosi cripain (BMC) € mommpenuM MeTomoM KoHTparenii. He icHye criipHOT
oymku mojo BBy BMC sk cnpustimBoro unHarka BBK un PBBK. Ta Bce x moBimoMysuii mpo
gactime BukopuctanHsi BMC y xiHok nmpu BBK un PBBK, Hik y 3mopoBux XiHOK. Takox, meski
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JIOCITIKEHHS BUSIBIUTH, IO KOJOHI3aIisg KaHIUI0K0 Oyiia BUIOIO Y *KIHOK, 5IKi BUKoprcToByBasim BMC.
OnyonikoBana iHpopMaria mokaszaia, mo C. albicans MoxyTb yTBOproBatu OiomniBku Ha BMC. Ille
OiMBIITy KOHIIEHTpAIIIO APDKIKIB Oylio BUSABIEHO Ha HUTKax cmipami. Takum gmaom, BMC wmoxe
CIIyTYBaTH PE3EepPByapoM Ui JAPDKIKIB. HaykoBIl MiMNUTM BUCHOBKY, IO ICHYE 3B'S30K MiX
BariHAJTGHUM KaHIHI030M Ta TepMmiHoM BukopuctanHs BMC. Xinkm, ski BukopucroByBamu BMC
MEHILIE OJHOTO POKy, Maimu MeHumMid pusuk po3Butky BBK, mom’s3anoro 3 mpuctpoem [21]. 3a
pe3yJbTaTaMy aHAJOTIYHOTO MOCHimKeHHs, KonoHizamis Candida Oyna BaBivi Bumioro micist 1-5 pokiB
Bukopuctanus JIH[-BMC, mo poOute ii MEHII PeKOMEHIOBAaHOIO IJISI TPUBAIOTO BUKOPHUCTAHHS Y
TIAIIEHTOK 3 PEIUINBYIOYNM BYJIHBOBATHAIFHAM KaHTAI030M a00 3 PU3UKOM HOTO BUHUKHEHHS [24].

Heski mochimKeHHs MPONOHYIOTh TEOPil0 MPO B3a€EMO3B’A30K BariHaJbHOTO KaHIWAO3Yy Ta
omsary. Jlo PBBK OGinbm cxXuibHI XKiHKH, SKi OyiIM NPUXWIBHHUISIMHA TICHOTO OATY Ta OISTY, IO
MOTaHO MPOITycKae MOBITPs. CHpUATIHBUM (aKTOPOM MOke OyTH OinHM3HA i3 CHHTCTUYHHMX TKaHUWH,
KOJTOTH. 3B'SI30K MIK OJSrOoM, OIIM3HOIO Ta KaHAUA030M IHOSICHIOIOTH MICLIEBHUM MiJIBUIIECHHIM
BOJIOTOCTI ¥ TeMIepaTypH, aJepridHOI0 peakli€lo Ta rinepuytiuBicTio. [Ipore Taka iHpoOpmaris
noTpedye yTOYHEHb, OCKIILKH HE BCi aBTOPH BUSBUIN B3aEMO3B 30K [21].

BniuB crateBux ropmoHiB Ha po3sutok PBBK. OcobnuBy yBary npu PBBK mpuninstors
TOPMOHAJIFHOMY cTaTycy XiHKH. Y xBopux Ha PBBK cmocrepiramu 3pocraHHs ecTpamiony y
CeKpeTopHy (asy, TOAl sSK y 3IOPOBUX JKIHOK KOHIIEHTpAIlis €CTPaaioNy 3HIKYBaJIach. TaKox
BiJI3HAYANIN MiJBUIICHHS KOHIEHTpAIlil MPOreCTepOHy Y XBOPHX KIHOK, TIOPIBHSHO 31 3I0POBUMH Y
¢da3y npouidepamii. Y cepearHi MEHCTPYaJbHOTO LHUKIY KOHIEHTpAIlis MPOTreCTEPOHY y XBOPHUX
MAIiEHTOK OyJla HIDKYOIO, HIK y 3A0pOoBHX. Taka TEHHIEHI[is CHoCTepiranacs MiJ 4ac CeKpeTOpHOL
¢azu. Lli 3MiHU CTBOPIOIOTH CNIPHUSATIMBI YMOBH Y MiXBi BHACIHIZOK MOPYIICHHS MiKpOOiOLIEHO3Y Ta
HAKOMMYEHHS BYTJICBO/IIB, [0 ¥ CBOIO 4epry crpuse po3BUTKy PBBK. Takum unHOM, pEKOMEHIYIOTH
JOCITiDKEHHS CITiBBIHOIICHHS €CTPaIioNy 0 MIPOTeCTePOHY, SIKE MAKCUMAaIbHO BUpaskeHe Ha 21 1eHb
nukiy [25]. Bimomo, 1o KoioHi3ais MiKpoopraHizMaMH IIOCHITIOETHCS TICIIS MEHapXe Ta 3HUKYEThCS
B IIEPi0J] MOCTMEHOTIAy3H1, TOOTO 3a aKTUBHOT'O BIUIMBY €CTpOreHiB [16].

Ectporen mae 3paTHicTh MiATpUMYBaTH BariHanbHy iH(ekuito C. albicans. Lle nmos’s3aH0 3 THM
(hakTOM, 0 €CTPOreH CIPHUSIE HAKOMYCHHIO IIIKOI'€HY B KJIITHHAX CJIM30BOI OOOJIOHKH ITIXBH, SKHH €
HeoOxiguum amst rpubiB poxy Candida. Lleit ropMoH cTUMYyIIOE mepexidi 3 APLKIDKIB A0 TidabHOI
¢dopmu. BogHodYac MpUITyCKaroTh, 110 MPOreCTEPOH HE MA€ 3HAYHOTO BIUIMBY HA CTIMKICTh BariHaJIbHOL
iHdexmil. Ectporenu, siki BXOISTh 10 CKJIaay OpajbHUX KOHTPALENTHBIB, CpUsOTh po3BUTKY BBK Ta
PBBK. 3acrocyBanHs mmx npemnapatiB 30ubinye anresito Candida no BarinampHoro emitemito. Lle
BiIOYBA€TbCSI BHACIINOK CTUMYJISLII peuentopiB ropMmoHiB 30yaHuka. OpajibHi KOHTpalENTHBU
BIUIMBAIOTh HA IMYHHI peakilii i, K HaCNiJIOK, 3HWKY€EThCsl BariHaibHa pe3ucTeHTHICTh A0 Candida. ¥V
HepIy Yepry L€ BinOyBaeThcs uepe3 3HIKEHHS PiBHIB JakTodepuHy Ta iMyHorioOyminiB IgA Ta IgG
[21]. Ane, cimig 3a3HaYWTH, L0 1€ CTOCYETHCSA OLIBIIOK MIpPOI0 BHUCOKOJ030BaHUX KOMOIHOBaHHX
OpaJIbHUX KOHTPALENITHBIB. Y CydacHill TiHEKOJIOTIUHIA MpaKTHL Hai4acTille MPpU3HAYaloThC HU3bKO-
a00 ynbTpaHN3bKOI030BaHI TIpENapaTH, 0 3HAYHO 3MEHIITYE PU3HKHL.

I'enernuyna cxuiabHicts 10 PBBK. OxpiM ropMOHaJIBHOTO CTaTyCy, NMPUYMHOIO PO3BUTKY
PBBK € mopylieHHs iMyHOPEryJIsTOpHHX MeXaHi3MiB. 30KpeMa, TOpPYIIeHHS JOKaIbHOI IMyHHOI
BIATIOBI/Il BHACIIIIOK 3HM)KEHHS akTUBHOCTI IgA, IgM Ta mizonumy y nepBikajgbHOMY cekpeTi. Bognouac
cnioctepiranu migsumieHHs piBHsA [gG Ta sIgA. Takox npu PBBK cnocrepiranu imynocympecito T-
nimMpounTis, NK-ki1iTHH, 3HIWKEHHS (arouuTosy, piBHS HUPKYJIIOIOYMX IMyHHUX KOMILIEKCIB [26].

Bap’epom myst iH(eKIT € BpopKeHa iIMyHHA CHCTeMa. 3a PO3Ii3HaBaHHs 30yIHUKA BiINOBIIAIOTH
IMyHHI KIIITHHH, IO y CBOIO YePry TOCHITIOE CHHTE3 TPO3analibHUX MUTOKIHIB. Ton-mosiOHi penientopu
(TLR) i peuenrtopu jnextuHy Ty C po3mi3HaIOTh TpUOM Yepe3 OKpeMi eNIEMEHTH iXHIX CTiHOK [16].
[opymenns y renax Ton-nopionux penenrtopiB 2 (TLR2) wacro 3ycrtpivanu y xinok 3 PBBK [11]. ¥
JOCTIDKEHHSIX Ha MUINAX AIAIUTM BUCHOBKY, IO BHPILIAJIGHUM Yy 3aXHCTi OpPraHi3My Bij KaHIUIO3Y €
BUPOOJICHHS Ta Tiepejiada CUrHaB iHTepdepoHy-ramma Ta intepneiikinie (IL-23, IL-17 Ta 1L-22), o,
HWMOBIpHO, BiI0yBaeThes 1 B mrozeit [16]. OkpeMi JOCITiTHUKY BiI3HAYAIOTh BaXIUBICTh B3aemomii 1L-22,
NLRC4 Tta IL-1Ra. IlopymeHHs 1IhOro B3a€MO3B’s3Ky, B miepmry uepry nedirmr IL-22, BBaXaroTh
¢axropom po3sutky PBBK. Ha pannix craaisx kangunozy NLPR6 ctumymoe cunres IL-18, m1o B cBoro
yepry Beme 1o aktuBarii [L-22 ta NRLC4, siki 3HOBY K TakW HOCHITIOIOTE cuHTE3 1L-18 Ha mi3HIX eTamax
PBBK. Takuii MexaHi3M MO)X€ HPH3BOJHUTH 10 BCTAHOBJICHHS MOCTIMHOTO MO3UTHBHOTO 3B’SI3KY, SIKHIA
MIPU3BOINTE JI0 3aTsDKHOTO 3alaIbHOTO mporiecy [17].

Brocreiin A. Ta cniBaBTOpH [11] TakoX CTBEPILKYIOTH Mpo TeHeTHyHy cxmibHocTi 10 PBBK. Tlepru
3a BCe, 1ICThCS MPO MOIIMOP(i3M MaH0303B'13y1040ro jekTuHy (MBL2), sikuii € 4acTHHOIO BPOKEHOTO
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imyritery. Hemocrarricts aktuBHOcTi MBL2 306imbmrye pmsuk PBBK y wotmpu pazu. Cobems k. Ta
criBaBTOpH [ 16] Tako)K MPUALTIIN OCOONIMBY yBary MaHO303B’sI3yl04OMY JIEKTHHY. Ha myMKy mociimHuKiB,
et OiTok 3B’s3yeThes 3 MikpoopraHizMamu Candida i mie sik oriconin — mocwmoe arorwros. Lle y cBoro
Yepry 3MEHIIye KiTbKICTh 30y/THHUKA y cTaTeBUX Iuisxax. Posarti JI. Ta ciBaBTopH [ 17] Takox MOBIIOMITSUTH
nipo moiMopizm reHa (MBL?2), sikuit actime crioctepiranmu y namieHTiB 3 PBBK, HiX y 3M0pOBHX KIHOK.

[puunnoro PBBK moke Oytu rimepakThBHa iMyHHa BiamnoBigp abo HeedeKTHBHa iMyHHa
BITIOBI/Ib, IO TPOSIBIIETHCS TOPYIIIEHHSIM PO3Mi3HABaHHS (parMenTiB MeMopanu kauau. [lomimMopdizm
peLenTOPiB TMOBEPXHI CMITeNaIbHUX KIITHH MOXE MaTH MIKUIMBUA BIUIMB Ha BUPOOJCHHS
MPOTUTPUOKOBHUX IWTOKIHIB B oprai3mMi xa3sina [27]. baOyna O. Ta cmiBaBTOpH [28] CTBEPIKYIOTH, IO
npuurHOoio PBBK € He3naTHICTH BUPOOUTH CTilKy IMyHHY pEaKLito OpraHi3My MpOTH KaHAWA. Y TaKOMy
BHUIIAJIKY, IOCHJICHHS OTICOHI3aIlii 10 IIUX 30Yy/IHUKIB BiIOYBAETHCS 32 JOMOMOT 00 3MiHH piBHIB MBL.

IcHytoTh cynepewnnBi nani mozo 3minu piBHiB MBL y kpoBi mixk PBBK ta xontponem. IleBHi
JIOCTIJKEHHS BKa3yloTh, IO KibKicTh MBL 3pocTae, B TOi 9ac Sk iHIII TOKa3yIOTh, IO KUTbKicTh MBL
3HWKYETHCS Y XKIHOK, XxBopux Ha PBBK [28, 29, 30]. 3 inmoro 6oky, Xamman H. M. ta ciiBaBropu [31]
HE 3HAWIUTM CTATHCTUYHOI BIpOTIMHOCTI MiX TMOKa3HWKaMHu piBHIB MBL y 370poBHX Ta XBOpHX Ha
PBBK xiHOk. PexomennyioTh pazoM 3 pgochimkeHHsMm MBL y cupoBaTmi KpoBi HpOBOIUTH
JOCHIKeHHST TeHoTuny reHa MBL2. Takuii minxig Moke Hatd OUTBIN AeTanbHy iH(OpMAIio Mpo
MpOLIECH B OpraHi3mi namienTiB. [lepcnekTHBHUM BUAA€THCS JIIKYBaHHS 13 3acTocyBaHHsIM MBL y xiHOK
3 nedimuToM 1poro Oinka y cuposartii kposi mpu PBBK.

[osigomnsroTe npo pizHy KoHneHtpanito MBL npu PBBK y BuaineHHsx 3 mixBu Ta y KpOBI.
babymna O. ta criiBaBTOpH [28] AOCIHTiKYBaH BariHadbHI BUAUICHHS 1 JIAIILTH BUCHOBKY, 1m0 ipu PBBK
Kigpkicte MBL 3HIKyeThcsl TOpiBHSHO 3 KoHTposieM. XeHiu E. Ta cmiBaBropu [29] mpoBomumu
nmociimkenas MBL y kposi xiHok, xBopux Ha PBBK. V BHCHOBKax 3a3HaudaroTh, 10, HA BiAMIHY Bif
BariHaJIbHUX BWJLJICHb, Y KpoBi KinbkicTb MBL Oyna Bumioto y xiHok, xBopux Ha PBBK, nix y
KOHTPOJBHIN Tpymi. Lli )k aBTOpH MOBiIOMIISFOTH, IO BaYXKO TOYHO BHU3HAYWTH Ta CTaHIAPTHU3yBaTH
MBL y BariHanbHOMY CEKPETi, OCKLIBKU HOTO CKJIaJl 3MiHIOETHCS 3aJI€KHO B/l MEHCTPYaJILHOTO ITUKITY.

Xeniv E. Ta criBaBropu [29] noBimomisim, 1m0 cepenHs koHIeHTpamis MBL y kpoBi xkiHOK 3a
PBBK, 1110 BUKOpHCTOBYBaJIM KOHTPACTITHBH (TOPMOHOBMICHA BHYTPIITHHOMATKOBA CITipajib a00 OpalibHi
KOHTpAIIeNITHBH), OyJia BUIO0, HiX Yy KiHOK 3 PBBK 0e3 3acTocyBaHHS TOpMOHAIEHUX KOHTPAIICTITHBIB.
Lle y3ro/pKyeThes 3 TEOPI€lO, 10 1H(EKIIIi CTATeBUX OPraHiB MOXKYTh TIOCHUITFOBATHCS ITiJ] JIIEI0 €CTPOTCHIB.
L1i »x aBTOpY MOBIIOMITSUIH, TIIO TICIIS JTIKyBaHHsI KUTbKicTh MBL y cupoBaTiii KpoBi 3MeHIITyBaJiach.

[MincymoByroun iHGOpMALIiIO MIOJ0 MAHO303B’SI3YIOUOT'0 JIEKTUHY, XOUeMO 3a3HAYUTH, 110 3MIHH
koHueHTpanii MBL BusiBisuin B ocHOBHOMY y *kiHOK 3 PBBK. V pisHuX mocmiKeHHSX 3yCTpidaroThCs
MOOJIMHOKI 3/I0POBI KIHKU 3 TiJBUIICHUMH TOKa3HUKAaMH [ILOTO OlJIKa, 10 HE BIANOBIAAIN TTOKa3HUKAM
KOHTPOJBHOI rpymH, Ta XBopi Ha PBBK, noka3uuku skux Oyim HK4i abo Ha piBHI 370pOBHX XKiHOK. Lle
MOSICHIOBANH mojiiMopdizmom rena MBL2, 1110 BijinoBiiae 3a cuHTe3 1b0ro Oiika [29].

Oxpemo HaykoBLi 3BepTatoTh yBary Ha reH NLRP3. Lleii ren xonye 3amanbHi uutokinu 1L-1,
IL-18, momimopdi3m 11p0r0 reHa yacTo 3ycrpivany y nanieatok 3a PBBK [11].

Y nmocrmimKeHHSX TMpU OOCTeXKEHHI JKIHOK, MIANLIM BHCHOBKY, mo Mytaris reHa CLEC7A
TPU3BOJIUTE JIO MOPYIIEeHHs (YHKIIIT IUTOKIHIB 1, K HACIHINOK, — PEUUIUBYIOUYMX TH(EKIIH CIM30BUX
o6osioHOK [32]. B exciepumenTax, 1o Oyiu NpoBeeH] Ha MHUIIAX, CIOCTEPiraiy HOCHICHHS TPHOKOBOTO
YpaKeHHs y TPYIIi TBAPHH 3 TIOPYIICHHSIMH PEIeNnTopiB B-rirokaHy Ta aektuny-1 [33, 34].

Ha ocHosi mocmimkenns npodimto murokinis (IL-1Ra, IL-1B, IL-6, 1L-17, IL-22, TNF-a,) Ta
T-xemmnepiB (Th-1, Th-2, Th-17) y kposi xinok 3 PBBK moBimoMisitoTh 1po HaJMIpHHH CHHTE3
UTOKIHIB. Taka peaxiiisi opraHi3My € OUIBIII CXOXKOK Ha ayTOIMYHHHH 3allalIbHUHA TPOIIEC, HIXK Ha
nopyieHHss QyHKuOii imyHitery, a came T-xemmepiB. Ha mymky aBtopis, n1o PBBK mnpusBoants
3pocranHs aktuBHOCTI IL-1p Ta HeBiamoBimHa peakiisi IL-1Ra. Taki BHCHOBKH MOXYTh CIPHSTH
MIOLTYKY HOBHX CXEM JIIKyBaHHS, 5IKi OylyTh CIIPSIMOBaHi Ha 3MEHIIEHHS 3anainbHOro npouecy [35].

Ha ocHOBI TakMX JaHWX MpPUITYCKalOTh, MO CXWIBHICTH opranizmMy no PBBK moB’szana 3
reHeTHyHUMHM (aktopamu. ['enermuna cxunbHicTh g0 PBBK Takok migTBEpIIKYEThCS IAaHUMHU MPO
cimerinuii anamue3 [35]. JlocmimKeHHs Ha MUIIax Ta 00CTE)KESHHS JIIoAeH CcBiauarh mpo Te, 1o npu PBBK
piaxo cnoctepirany aeiuut iMyHHOT peakiii Ha TpUOKOBHX areHTiB, aje MOMMPEHOIo Oyra rinep3anaibHa
peaxuisi Ha Kononizamito Candida. VMoBipHo, mprumHO0 Oymy reHerndHi (akTopr. Y 3B’S3KY 3 MM
igBazito Candida He MO)KHa BBaXKaTH OCHOBHOIO IIPUYMHOIO 3axBOproBaHHsA. CydacHi HAyKOBIN, IO
aKTUBHO JociimkyioTh PBBK, BBakaroTh 3a HEOOXiTHE TPOBECTH TJMOOKHN aHaIi3 TEHETUYHUX
JIOCITKEHb Y TIOEJIHAHHI 3 TTIMOOKUM aHAII30M IMyHOJIOTTYHIX JOCIibkeHb y narienTiB 3 PBBK. Le qacte
3MOTY 3pO3yMITH POJIb BPOHKEHOTO Ta HAOYTOr0 iIMYHITETY Y JKIiHOK 3 II€F0 maTosorieto [17].
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Biomaieku rpudie Candida. XapaKTepI/ICTI/IKI/I BipyneHTHOCTi C. albicans, ski CHIPUAIOTH
peam3aui’1’ il maToreHnx BIACTHUBOCTEH, CKIAAalOThCs 31 3aTHOCTI TPHETHYBATHCS 10 eniTeniaabHuX
KJIITHH, Iepexoy IpLKIKIB y Tihu, cekperil N03aKIITHHHUX IiAPONITHYHUX (QepMeHTIB (IpoTeinas i
docdoninaz), peHOTUMIUHOI aTaNTUBHOCTI i yTBOpeHHs OiomniBku [36]. [lo yTBopeHHs OiOIUTiBKH,
gKa € BaXJIMBUM (PakTOpoM BipyJNEHTHOCTI Ta 3a0e3nedye pPe3WCTEHTHICTh A0 Tepalii, CXHMIbHa
oinpmricte TpubiB poxy Candida spp. (90%). 3 mocmipkeHb BiIOMO, IO TaKa BIIACTUBICTH OUIBII
Bupakena y npenacraBauka Candida non-albicans — C. tropicalis mopisusizo 3 C. albicans. [37].

o yTBOpeHHs1 OIOIUTIBKH CXWIJIbHA OUTBIIICTH 1307p0BaHMX MikpoopraHi3miB Buay Candida. 3
JIOCITLDKEHB BiJIOMO, IO TaKy BIACTUBICTH MatoTh Ot 90% 1mx rpubiB. BaximBo 3a3HAYHTH, IO 130JI5TH
3 CHJIBHUMHM a/IT€31HHIMU BIIACTUBOCTSAMHE Oyyiu BujUIeHI Bix namienTis 3 BBK, Toxi sik Bin PBBK i30msTi
Mani ciadmri anresiiiHi BimactuBocTi. [locvmeHHs aaresii TakoX BiOYBAa€TBCS 3a PaXyHOK CHHTE3Y
¢docdomninaszu. Lle pepmentw, siki noB's13aHi 3 iHPEKUIHHIME MpoLIECaMH, CIIPUSIOTH aare3ii Ta iHBasii npu
TOCTpHX 1 penuAuBYIOUMX BynbBoBariHitax. CuHTe3 ¢ocdomnasun BussieHo y C.albicans Ta
C. guilliermondii. B oxpemux i3omsriB C. glabrata Oymo BusiBieHo Takuii e (axrop BipyneHTHOCT. B
rinomy, izomsatu PBBK Oynu menm BipynertHrMu, Hixk i30T BBK, xo4a 3m1aBanocs, mo mMano 6 Oytu
HaBnaku. Lle me pa3 moBoauth, mo npuunHa PBBK mpuxoBaHa y reHeTWuHil CXWIIBHOCTI OpraHi3my
xazsina [38]. Y Bumankax reHetruHoi cxuibHOCTI 10 PBBK BinOyBaeThcs MOCHIICHA KOJIOHI3AIIS MiXBH,
SKa CYIPOBOIDKYETHCS 3allajieHHsAM 4Yepe3 CHIbHY JIOKAIbHY IMyHHY BiINOBigb. Taka peakilisi BaKKO
MiIIAa€THCS KOHTPOIIIO, 1 BCE, 110 3ATUIIAETHCS JIIKapeBi, — Iie MPOTUTPUOKOBI mpernaparu [16].

Caincinki A. Ta criiBaBTopH [39] ynepie BizyanizyBanu rpudu poay Candida y 6ionraTax 3 mixsu.
Pe3ynpTaTi 110r0 TOCIIIDKEHHS CyIlepedaTh 3arajbHONPUMHAITIM YSBICHHSIM PO B3a€MOJII0 30yAHHKA 3
BariHAILHUM eTIITeTieEM, a/pKe BOHM HE BHSIBIUIM CIIIB yTBOpEHHs OiomiiBok y mamieHtok 3 BBK Tta
PBBK. ABtopu Takox 3asBisOTh, 0 Tpudu Candida Ha moBepxHi emiTernito OyIu MOOAWHOKAMH i HE
NPWISITaId O CIHU30BOi OOOJOHKM MiXBH. 3 iHIIOrO OOKY, MpW BariHAIFHOMY KaHIWAO31 TOMITHI O
HaIlllapyBaHHS Ha eMiTeNii MiXBH, SKi MArOTh BUIII OIlOTUTIBKH. ABTOPH CTBEP/DKYIOTH, IO I Oimi
HalapyBaHHs HacnpaBm € TIMOOKNM 3alajbHUM 1H(UIBTpaToOM, a KaHIUI03Ha 1H(EKIsI B OCHOBHOMY
JIOKaJIi3yBanacs y BariHalIbHOMY CEKPETI.

BucHoBkM. Y BHCHOBKax xouemo 3a3HaunTH, 110 PBBK 3anuimaerscs akTyanbHUM MUTAHHIM Y
TIPAKTHII JTKaps aKymepa-riHekonora. Ha chOromHimmHii JeHs € HaYaCHUM BH3HAYEHHS yCiX (paKTOpiB
PHBUKY pElUIMBYBaHHS IpoLiecy. 3a OCTaHHI POKHM BHACIIJIOK PO3BUTKY METOJIIB BUSIBIICHHS Ta BHOBOI
iz[eHTI/I(biKaui'l' 30yIHMKA CHOCTepiFaIOTL 3aI[iKaBJICHICTD JI0 BUBYEHHS Ili€i MATOJOTii HAyKOBISIMH 31
BCBOTO CBITY. AJle MEXaHi3M PO3BUTKY PBBK mnotpebye Ot netansHoro BuBueHHs. Lle nmpuseene 1o
PO3BUTKY HOBHX MIZXO/iB Y JIIKYBaHHI, OCKUIBKH Ha CbOTOHI 3pOCTa€ KiTbKICTh BUITAIKIB peBI/ICTeHTHOCTl
rpubiB Candida ;1o a3o:iB. AKIIEHTYEMO yBary Ha TOMY, III0 BaXJIHMBY posib y po3Butky PBBK Bimirpae
TeHETUYHA CXWIIbHICTB, IO TIPOSBISIETECS Y IOPYIIIEHH] iIMyHHOT BiJIITOBI/Ti.

Takum ynHOM, BeeOiuHe MoruoieHe BU3HauYeHHsT IPUYMH BUHUKHEHHS, MEXaHi3MiB BipYJIEHTHOCTI
W pe3UCTEeHTHOCTI TPHUOKOBOT iH(EKIIil, yIOCKOHANIEHHS AiarHOCTUYHUX MiIXO/iB JO3BOJHTEH TIO-HOBOMY
OLIIHWTH MaToreHe3 penuauByrouoro BBK i BU3HaYHTH ONTUMAIIBHY TAKTHKY JIIKYBaHHSI.
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Introduction. In the case of COVID-19 infections, the main target of the coronavirus was the
respiratory system. It is proven that coronavirus invades the parenchyma of the lungs and bronchial
epithelial cells, it uses the angiotensin converting enzyme-converting enzyme (ACE-2) on the outer
membrane of the cell as a binding receptor. Thus, the task of the researchers is to break the interaction of
the virus with ACE2, which, in addition to reducing the penetration of the coronavirus into the lungs, also
ensured the maintenance of the protective effect of ACE2. SARS-CoV-2 Virology Review: The causative
agent of COVID-19 is a new coronavirus, officially named SARS-SV-2. It is named after SARS-COVID
because of its genomics. Coronaviruses are large positive-sense RNA (+ mRNA) viruses of the
coronavirus family. Corona virus can infect a wide range of vertebrates, including bats, birds, psoriasis,
snakes, mice and humans. Due to the similarity of coronavirus transmission sequences in bats, SARS-
CoV-2 is currently considered to be of zoonotic origin and has acquired a secondary ability for human-to-
human transmission. In particular, the detection of mutations in the receptor binding region, the position
of the beta multireceptor at the interface of protein subamendments 1 and 2 and the O-glycosylation site,
where the virus can interact effectively with high convergence of true cellular receptors [Angiotensin 2
[ACE-2] bypasses the immune response and possibly masks O-glycylation [1-3].

Members of the Microbial World: Viruses and humans coexist relatively peacefully, but viruses
cause various diseases. The genetic components of the virus are in a protein coat that can enter the cells
of a living organism, and the virus continues to live on its own inside the cell. This fact did not remain
hidden from science, scientific research began a long time ago and continues to this day [4-5].

According evolutionary measurement of the microbial world, in fact, it took a while to work
out to developed very diverse and very "smart" mechanisms or in order to neutralize antibiotics. The
microbe does this because of it is alive, developing and adapting. World Health Organization
nowadays are precisely that, after about 20-25 years we may not be able to use antibiotics at all,
because they may no longer be effective against bacteria [6-7].

Human immune system is the main opponent of the coronavirus and has protective function,
which uses various mechanisms against the invading virus. However, it has been known that the
mechanisms of subtle regulation of the immune system under the influence of viruses can be disrupted
and develops autoimmune processes. In such a case, the immune system may become the main threat
and the autoantibodies (or so-called Cytokines, interleukins, interferons, etc.) produced by them can
damage the human body [8].

The biologically active substances that increase immunity and have an antioxidant effect are, first
of all, all vitamins, especially the antioxidant series (vitamin C, carotene, vitamin E), B vitamins, as well as
phenolic compounds with P-vitamin and antioxidant activity (catechins, flavanols, anthocyanins,
hydroxycinnamic acids, etc.), polyphenolic substances (tannins), minerals (especially selenium, zinc, iron,
iodine, potassium, calcium, etc.), chlorophyll (a and b), terpenoids, essential oils, resins , glycosides with an
adaptogen effect, polyunsaturated fatty acids, essential amino acids (especially sulfur-containing ones),
complete proteins, ballast substances (dietary fiber, pectin, inulin), fermented foods, etc. The carriers of
these substances are mainly products of plant origin (fruits, berries, vegetables), wild berries, medicinal and
technical plant materials, natural spices, algae, flower pollen. In this section, we will consider in sufficient
detail almost all groups of these substances and their content in plant materials and food products, their
therapeutic and prophylactic effect and role in a healthy diet [9-10].

Antioxidants are substances that the human body constantly needs in order to maintain it in a
normal state, which means maintaining the necessary balance between free oxidative radicals and
antioxidant forces, the role of which is played by antioxidants. Free radicals, or simply radicals, are
molecules or fragments of molecules that contain a so-called unpaired electron in their outer orbit. The
presence of such an unpaired electron means that the radicals having it are highly reactive, and the
high level of formation of such highly reactive radicals in cells and tissues leads to oxidative damage
to key components of cells. This variant of damage by free radicals has been known for a long time, it
is called "oxidative stress™ [11-12].

Vitamin E increases the body's nonspecific resistance, and by activating the synthesis of
cytokines, tocopherol stimulates its own anti-inflammatory activity. The effect of vitamin E is to
stimulate the reproduction of immune cells. Systems that need to quickly "multiply" when they meet
the source of a possible disease. In the body, this process is called mitogenesis. The pharmacodynamic
effects of tocopherol are synergistic when combined with vitamins C and A. Retinol provides
formation of immune (protective) cells, lining respiratory tract and gastrointestinal tract, serving as a
natural barrier to infection [13].
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Vitamin C, together with its metabolite, dehydroascorbic acid, forms a redox system that transports
hydrogen ions. Ascorbic acid is involved in the synthesis of collagen, hyaluronic acid, steroid hormones,
norepinephrine, carnitine, iron absorption from the intestine and its incorporation into heme, activation of
metalloenzymes, formation of active vitamin D metabolites, being its synergist. Vitamin C is able to
increase the amount of nitric oxide in the endothelium, preventing its destruction and increasing its
synthesis. Vitamin C, interacting with tocopherol and glutathione, is one of the leading components of the
biological antioxidant system. The stimulating effect of vitamin C on the activity of cytochrome P-450, the
key enzyme of hydroxylation and peroxidation, has been proven. Vitamin C in the form of ascorbate ion is
the most important endogenous antioxidant in blood plasma, it protects lipids from oxidation by peroxide
radicals. Vitamin C is an immediate antioxidant known as a "radical scavenger". In addition, ascorbic acid
prevents the oxidation and destruction of other important antioxidants, vitamins E and A. High
concentrations of ascorbic acid are found in metabolically active organs and tissues: adrenal glands, lens,
cornea, kidneys, brain, pancreas, as well as in platelets and leukocytes [14].

Future clinical trials are necessary, but with preliminary recommendations already proven in
practice. Such patients should be treated in the same way as autoimmune diseases - with the use of
hydroxychloroquine, corticosteroids and interleukin inhibitor (tocilizumab or anakinra).

Aim and objectives of the research. The aim of the research was to study and analyze
peculiarities and prospects for the use of zeolite containing Geomin Forte in the treatment of covid-19
and post covid-19 condition.

Material and methods. The material of the article was data from the scientific literature,
processed and analyzed by generalization and systematization. The scientific research ensues the
fundamentals of assessment development of significant reviews. Were used the ensuing databases (for
searching considerable literature for prospects of the using of zeolite containing Geomin Forte in the
treatment of covid-19 and post covid-19 condition): PubMed, Web of Science, Clinical key, Tomson
Routers, Google Scholar, Cochrane Library, and Elsevier bases. Additionally studied national and
internationals policy and guidelines and also grey literature.

Results and discussion. Medicine is looking for remedies that will enhance possibilities of
adaptation of the organism to the changed environment, because, in many cases, it is very difficult to
protect the population from the impact of the negative factor (including ionizing radiation, natural
disasters, etc.)

Biologically active food supplements ("Geomin", "Phytomin”, "Geomin Forte") can be used in
combination with traditional medications for the treatment, rehabilitation and prevention of diseases
caused by various factors.

According the pharmacotherapeutic outcomes, here we note that a series of drugs based on
clinophthylolite ("Geomin", "Phytomin", "Geomin Forte™) are used in combination antioxidant therapy
and the positive effect is based on the strong sorbent properties of these drugs.

It is known that Zeolites are porous minerals that have a high absorption and ion exchange
capacity. Their molecular structure is a dense network of AlO4 and SiO., forming cavities in which
water and other polar molecules or ions can enter / exchange. Although there are several synthetic or
naturally occurring types of zeolite, the most common and studied is natural zeolite clinoptilolite (ZC).
ZC is an excellent detoxifying, antioxidant and anti-inflammatory agent [15-16].

Structural zeolites (clinoptilolites) are from the family of aluminosilicates and cations that are
grouped together to form macro aggregates in separate cavities. In the medical field they are involved
in the detoxification mechanisms of ions and molecules through their holes. In fact, we make about
140 types of natural and 150 synthetic zeolites for specific and selective use. Clinoptilolite is a natural
zeolite most commonly found in the pharmaceutical market and used in medicine to compensate for
pathological oxygen starvation in the tissues of the human body [17-18]

Natural zeolites are crystalline aluminosilicates with unique adsorption, cation exchange, and
catalytic properties that have several uses. Clinoptilolite of natural zeolite, with enhanced
physicochemical properties, is the basis of megamine and lycopenomine in food supplements, which
have been shown to have antioxidant activity in humans. Investigation of the effect of TMAZ
supplementation on the immune system in patients treated for immunodeficiency disorder. A total of
61 patients received daily TMAZ doses of 1.2 g (lycopenomine) and 3.6 g (megamine) for 6 to 8
weeks, during which time the patients' primary medical therapy remained unchanged. Megamine
intake significantly increased the number of CD4 +, CD19 + and HLA-DR + lymphocytes and
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significantly decreased the number of CD56 + cells. Lycopenomine is associated with increased CD3
+ cell count and CD56 + lymphocyte count. No negative reactions were observed [19-20].

We thought we had defeated the bacterial world. Less than 100 years have passed and we have
encountered a problem - this strong bacterial resistance Towards preparations. It became necessary to
create new vaccines and treatments. Also in focus is the post-Covid period, as the medical community
and science have faced many undesirable syndromes.

Considering the above-mentioned properties of the mineral zeolite (clinoptilolite), the 500 mg
activated clinoptilolite "Geomin Forte" developed by us is characterized by antioxidant action. Unlike
the conventional antioxidants, it stimulates the body's endogenous antioxidant system and is a direct-
acting oxidoreductive agent. Its activated natural mineral zeolite (clinoptilolite) acts directly on the
cell membrane as a surface-active donor of electrons. With its oxidizing effect, "Geomin Forte" is 200
times more than vitamins C and E [21-22].

Therefore, it can be used during intoxications (used as the best sorbent for food, infectious,
occupational intoxications, chronic metals and chronic exposure to radiation). As well as when the
functional state of the immune system is impaired and fatigue; And as an adjunct for allergic diseases;

> In case of impaired gastrointestinal tract and liver function, hepatitis (improves general condition).

» In women and men with pre-and menopausal nervous disorders and impaired ability to work;

» Recommended as an additional source of minerals (calcium, magnesium).

» Recommended as adjunctive therapy in oncology patients - for elimination of side effects
of chemical and radiation therapy. (Reduction and disappearance of hair loss, intoxication events,
nausea, vomiting, toxic polyneuropathy; stimulation of bone marrow function);

» Skin diseases (it is recommended to apply the powder externally on wounds or damaged
parts of the skin several times a day).

» Used in combination with antioxidant therapy in the context of standard treatment for the
following diseases: Diabetes mellitus; Accelerated aging process; Alzheimer's disease; Parkinson's
disease; Endocrine pathologies; Atherosclerosis and ischemic heart disease; Hypertensive disease;
Stroke; Rheumatism;

We have mentioned that it is 200 times more than vitamins C and E, and here we also mention that
vitamin E is an antioxidant -and also vitamin C has an antioxidant features. It has the ability to protect
various substances from oxidative changes, inhibits the metabolism of proteins, nucleic acids and steroids

o To maintain muscle function, for the vascular and endocrine systems;

Protects against heart and nervous diseases, the harmful effects of smoking and polluted air;
To maintain a youthful appearance, to slow down the aging process of cells;

Dilates blood vessels;

Protects the lungs from air pollution;

prevents the appearance of blood clots;

Accelerates burn healing;

Acts as a diuretic and can lower blood pressure;

Protects the fetus from miscarriage.

There is also a lot of talk that vitamin C plays a big role in the prevention of Covid-19. In an
interview with the New York Times Parenting, William Schaffner, a professor at VVanderbilt University,
says that this vitamin may not protect us from colds, but it is important for our overall health and the
fight against infections. Vitamin C promotes the normal functioning of the immune system. It works as
an antioxidant and neutralizes free radicals that appear in the body as a result of normal metabolism and
exposure to external factors, including ultraviolet rays and environmental pollution.

Ascorbic acid or vitamin C is known to be a powerful antioxidant. It regulates blood clotting,
regulates capillary permeability, participates in blood formation, acts against inflammation and allergies,
regulates the problems caused by stress, strengthens reparative (recovery) processes, increases resistance to
infections. Among the positive properties of vitamin C, our attention was drawn to the characteristics that
are most pronounced in patients with Covid-19 and for the post-Covid period:

e Reduces blood cholesterol levels;

o Protects against many viral and bacterial infections;

o Reduces the chance of blood clots;

Our attention was drawn to the features that are most evident in Covid-19 disease and today,
when postcoid syndrome, also known as Long Covid, is often observed:
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o Fatigue

o Difficulty breathing, cough or shortness of breath

o Smell / taste loss (anosmia)

e Headache, muscle and joint pain

e Problems of concentration and memory

o Nerve disorders (neuropathies)

o Depression and anxiety disorders

e Sleep disorders

Also known as critically severe current COVID-19: need for controlled breathing (non-
invasive or invasive ventilation) during the following conditions: Severe pneumonia; Acute respiratory
distress syndrome (ACDS); Sepsis/septicemia; Septic shock; Poly organ failure [23].

Base om study results, we hope that "Geomin Forte" developed by us, which has all the
characteristics of vitamin C and vitamin E, and exceeds these properties by 200 times. We think that
Geomin Forte will help to consider the diversity of symptoms of postcoid syndrome, and it will be
quite flexible and creative to use it in the period of postcovid rehabilitation [24-25].

Conclusions. On the base of the performed studies the following conclusions have been formulated:

Considering the above-mentioned properties of the mineral zeolite (clinoptilolite), the 500 mg
activated clinoptilolite "Geomin Forte™" developed by us is characterized by antioxidant action. Unlike
the conventional antioxidants, it stimulates the body's endogenous antioxidant system and is a direct-
acting oxidoreductive agent. Its activated natural mineral zeolite (clinoptilolite) acts directly on the
cell membrane as a surface-active donor of electrons. With its oxidizing effect, "Geomin Forte" is 200
times more than vitamins C and E. Used in combination with antioxidant therapy in the context of
standard treatment for the following diseases: Diabetes mellitus; accelerated aging process, alzheimer's
disease; parkinson's disease, endocrine pathologies, atherosclerosis and ischemic heart disease,
hypertensive disease, stroke, rheumatism.

Recommendation.

On the base of the performed studies the following recommendation have been formulated:

So, “Geomin Forte” can be used during intoxications (used as the best sorbent for food, infectious,
occupational intoxications, chronic metals and chronic exposure to radiation). As well as when the
functional state of the immune system is impaired and fatigue and as an adjunct for allergic diseases.

Statement of Conflicting Interests. The authors announced, that there is no potential conflict
of interest with regard to the research, and/or publication of this article.
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The aim of the study was to quantify and evaluate antioxidant activity of
biologically active compounds (total phenols, anthocyanins) in the fruit
and stem of elderflower (Sambucis nigra) and fruits of Caucasian
bilberry (Vaccinium artostaphyion) wild-growing in Georgia.

As raw material under study, we used wild-growing elderflower fruit
with the fruit-bearing stem and bilberry fruits collected in August 2020
in the mountainous region of Georgia (Racha-Lechkhumi) in the phase
of full ripeness.

It has been confirmed that the elderflower’s fruit stems, as well as the
fruit of elderflower anise and bilberry are rich in: phenolic compounds
(elderflower’s fruit -13.8 mg/g, stem - 9.2 mg/g; bilberry fruit - 24.9
mg/g); anthocyanins (elderflower’s fruit - 1.4 mg / g, stem - 3.68 mg/g;
bilberry fruit - 18.03 mg /g); they are characterized by high antioxidant
activity (elderflower’s fruit - 48.2%, stem - 40.5%; bilberry fruit -
60.3%). Based on the results obtained, the fruits of bilberry and
elderflower can be considered to be a cheap alternative source of natural
antioxidants for the pharmaceutical, cosmetic and food industries.

total phenols; anthocyanins;
antioxidant activity, elderflower
(Sambucis nigra); Caucasian bilberry
(Vaccinium artostaphyion).
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Introduction. In addition to their nutritional value, many fruits and berries are known to have
medicinal properties and can be used as primary food supplements or to produce medications that is
due to the fact that they contain compounds such as bioactive phenolic compounds (flavonoids),
organic acids, vitamins and microelements and so on. They have the ability to reduce the amount of
free radicals (active oxygen) generated as a result of various adverse external or internal factors in the
human body, and protect the body from pathological processes such as atherosclerosis, stroke,
diabetes, vascular pathologies, viral infections of various origins and viruses.

The elderflower Sambucus L., a shrub, small tree or a herbaceous perennial plant in the family
Adoxaceae, spread in the temperate and subtropical zones, is known for its 40 species. In Georgia,
Sambucis nigra is mostly found species. The use of elderflower in folk medicine dates back several
centuries. Its fruits and flowers were used as an antipyretic, anti-inflammatory, expectorant, astringent
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agent, and the tincture of its flowers and stems was used for the treatment of hemorrhoids, myositis,
joint pain, burns, and wounds. Almost all the vegetative organs of elderflower contain biologically
active substances, however today, the elderflower’s fruit is what is widely used for producing both
foodstuffs and medications [2, 5].

Recently, a lot of work was done to determine the qualitative and quantitative content of
biologically active substances. Elderflower fruits contain flavonols, anthocyanins, oxi-arsenic acid, ascorbic
acid, terpenes, minerals, and phytosterols, which contribute to its high antioxidant activity [1, 4, 5, 6].

Scientists have published the results of a study which confirmed that the active compounds of
elderflower have a direct effect on the virus causing influenza. In addition, biological active substances of
elderflower help to increase the effectiveness of a body's immune response to infection. These properties of
elderflower are due to its active ingredients, including anthocyanin-cyanidin-3-glucoside [3].

Bilberry (Vaccinium) is an evergreen shrub that includes 100 species, including 4 species are
common in Georgia: mountain bilberry (Vaccinium myrtillus), blueberry (Vaccinium uliginosum), red
bilberry (Vaccinium vitis-idaea) and Caucasian whortleberry (Vaccinium vitis-idaea). The area of
distribution of mountain bilberries is the subalpine belt. Bilberry fruit is rich in a number of complexes
of phenolic compounds, flavonoids, tannins, anthocyanins, vitamins, especially B group vitamins,
micro and macro elements: [7, 10].

Bilberry fruits and leaves are used to treat colitis, gastrointestinal problems and diabetes, and
for improvement of sight. The regular use of bilberries allows improving visual acuity both in dark
and under bright light, day and night.

It is also used in cooking, in many denominations of food products such as jams, various
confectionery products.

The aim of the study was to determine phenolic compounds, anthocyanins and antioxidant
activity in bilberry fruit (Vaccinium myrtillus), elderflower fruit (Sambucis nigra) and fruit stem wild-
growing in Georgia.

Materials and Methods. Raw materials were collected in the mountainous region of Georgia
(Racha-Lechkhumi), fruit - in the phase of full ripeness (second half of August).

Sample preparation for the study (determination of total phenols). Samples of mountain
blueberry’s fresh fruit, elderflower’s fruit-bearing stem and fresh fruit were treated with a 80%-ethyl
alcohol. The extract (sample) and gallic acid (standard) add 100 mgl with 300 mgl 0.02 mol/I of Folin-
Ciocalteu reagent, allowed to settle for 8 minutes at a room temperature, then 10 ml of a 6.75%-
sodium carbonate solution was added, allowing it to settle for 1 hour in dark, at a room temperature.
The optical density was determined at 755 nm. We calculated the total amount of polyphenols in
milligrams relative to gallic acid wet weight [8].

Determination of total monomeric anthocyanins, spectrophotometrically, by differential pH
method. 5 g of mountain bilberry and elderflower’s fresh stem, fruit-bearing stem were added with an
acidified 70%-ethyl alcohol in a ratio of 1:20. Extraction was carried out in water bath for 30 minutes.
After decantation, it was filtered and the optical density was determined at 510 nm [9].

To determine antioxidant activity, the alcohol extracts obtained from the objects under study
(fresh fruits of mountain bilberry and elderflower, the elderflower’s fruit-bearing stems) were added
with 2.85 ml of newly-prepared 0.1 mol/l of diphenyl-1-picrylhydrasine solution, the mixture was
settled in dark at a room temperature for 30 minutes, then the optical density was determined at the
wave of 515 nm. The reference solution was a 96%-ethyl alcohol. Calculations were performed in
accordance with the following formula [10].

% of inhibition = A‘A# x100%

A — the optical density of the reference solution;

A~ the optical density of the solution under study.

The optical density was determined using a spectrophotometer (EMC-31PC-UV).

Analysis results.

The content of total phenols was calculated in gallic acid equivalents (mg/g wet weight) using
the gallic acid calibration curve.
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Table 1. Total phenols, anthocyanins, and antioxidant activity of elderflower fruit, fruit-
bearing stem and mountain bilberry fruit

Objects under study Total phenols, mg/g  Anthocyanins, mg/g Antioxidant
activity, %
Elderflower fruit 13,8 14 48,4
Elderflower’s fruit-bearing stem 9,2 3,68 40,5
Mountain bilberry fruit 24.9 18,03 60,3
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Fig. 1. The contents of total phenols and anthocyanins in mountain bilberry fruit, elderflower’s fruit
and the fruit-bearing stem
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Fig.2. Antioxidant activity of mountain bilberry fruit, elderflower’s fruit and the fruit-bearing stem

Conclusions. The polyphenolic compositions of mountain bilberry fruit, elderflower’s fruit
and the fruit-bearing stem wild-growing in Georgia were studied, and it was confirmed that:

1. The high level of antioxidant activity in mountain bilberry fruit is due to the significant
amount of total phenols and anthocyanins.

2. The fruit-bearing stems of elderflower, as well as fruit are characterized by high antioxidant
activity, it is possible to collect elderflower fruits together with the fruit-bearing stems.
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3. Due to synergistic property of antioxidants, as well as the coincidence of habitats of the

objects under study and the ripening phases of fruit, it is possible to mix them together to obtain the
extract with higher antioxidant activity as a cheap, natural alternative source for pharmaceutical,
cosmetic and food industries.

10.
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BBenenue. B kauectBe oOBekTa mccnemnoBaHUsS Hamu Obutn BbIOpaHbl [IA @-2 u [IOTO,
00pa3siipl U3 TICHOK Tepel SKCIIEPUMEHTOM ObLIH 00paboTaHbl B IiesIouHOM cpee. [locne 00paboTku
00pa3IoB M3MEPSUIM 3aBUCUMOCTH JiehopMalliii OT BPEMEHH TMPH TOCTOSHHOM HAIPSHKEHUH
MIPHUIIOKEHHOMY K TIOJIIMEPY.

PaccMoTpeHnue pe3ynbTaToB.

OOpa3er mosuMmepa mocie o0pabOTKH B INEIOYHOW CpeJlie UCHBITHIBAJICS NPU MOCTOSHHOM
HANPSsHKEHUH C 3aMKChI0 3aBHCUMOCTH JIepopManuy OT BpEMEHH, IPHU 3TOM HAIpPsDKEHUE OT OIbITa K
ombITY yBenawuuBanoch Ha 10 Mma. B pesynbrare ompenensioch HaIpsDKEHUE, MPH KOTOPOM
MPOUCXOAMIIO OBICTpOE (<2 MHH) pa3pyliecHHe oOpasiia.

3aBUCHMOCTEL Pa3phIBHOM HArpy3Kku sl ieHOK mnojuapmiata @-2 u [I9TD ot Bpemenu
00pabOTKHU IIENIOYbI0, YeM TEeMIIEPaTyphl H TEPMOJWHAMHYECKHUX IapaMeTpPOB CpPeibl MPUBEACHEI B

g
Tabm. 1 u 2. B atux xe Ta6m/1uax MNPUBCACHBI 3HAYCHUA G_’ PpacCUUTAHLI 10 YPABHCHULO!
0

o

o P 1

O'(z; PO

E '
Aexp(—R—.(I)-.>aH20b0t

3HaueHHUsT G MPAKTUYSCKH OJMHAKOBHI M HE 3aBHUCSAT OT BPEMEHHM M YCIIOBH 00pabOTKH
IUICHOK MIEJI0Ybi0, 3HAYCHUE Pa3phIBHON HArpy3KH YMCHBIIIACTCS C YBEIMYCHHEM BPEMEHU KOHTaKTa
co menoysto (puc.l).
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»
»

100 200 300 t, Mun

Puc. 1. Hsmenenue npounocmu nienox [1A @-2 6 3agucumocmu om epemeru 0o6pabomxu pacmeopamu
KOH: O - T=70 °C, 5% KOH; ® - T=100 °C, 5% KOH; O - T=100 C, 15% KOH.

Tabmuua 1. IIpounocts mieHkn monuapunata O-2 B 3aBUCMMOCTH OT BpeMEHH oOpaboTKu
actBopamMu KOH, TemnepaTypbl 1 TEpMOJMHAMHUYECKIX TAPAMETPOB CPEIbl

t, MUH T, °C b, (%) a 5 U—O
) ’ 0 H,0 P() O'(())
0 70 0.4(5%) 0.95 1.00 1.00
50 0.95 1.00
100 0.90 1.00
200 0.86 1.06
300 0.74 1.05
0 100 0,35(5%) 0,95 1,00 1,00
80 0,75 1,02
120 0,67 1,05
180 0,43 1,10
200 0,35 1,15
0 100 2.5(15%) 0.80 1.00 1.00
2 0.75 1.05
8 0.60 1.14
25 0.35 1.13
30 0.15 1.17

Tabmuua 2. [Ipounocts wieHok [I9TP B 3aBucuMocTH OT BpeMeHH 00pabOTKU pacTBOpaMu
NaOH, Temnepatypsl ¥ TEPMOANHAMUYECKIX TAPAMETPOB CPEIBI

t, MUH T, °C b, (%) a ﬂ J—O
) ’ 0 H,0 PO O_é)
60 95 1 1.00 1.00
2 1.00 1.00

4 0.93 0.97

6 0.93 0.84 0.94

8 0.87 0.74 0.92

60 100 1.6 0.90 0.96
110 0.88 1.02

120 0.73 1.04

130 0.36 0.93
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[Ipexae Bcero HamO OBLIO ONMPEACTUTH MPOUCXOAMT JIM XUMHUYECKAsl JECTPYKIHS TOJBKO C
MOBEPXHOCTH TOJMMepa WM MPH PACTSHKEHHUU IIENI0OYHAas cpena OyJeT copOMpoBaThCS MOIMMEPOM,
YTO MPUBEIET K pacnagy XUMHYECKM HECTOMKHX CBS3€d B HEKOTOPOM pEaKLUOHHOM 30HE
TIOJIUMEPHOTO U3ICIHSL.

B xoze mporiecca qecTpyKuy MOBEPXHOCTH MOTMMEPHBIX IUIEHOK CTAHOBHTCS IIEPOXOBATOM
¢ oOpa3oBaHmeM HEOONBIIMX HEpoBHOCTEH TiyOmHOWM g0 1 MxM. OpHako BIUSHHE OTOM
IIEPOXOBATOCTH HA MTPOYHOCTH MOJTMMEPOB JTUOO0 SABJISICTCSA HEOONBIIOM, JTMOO U3MEHSETCS TI0 TOMY K€
3aKOHY OT BPEMEHU 00pabOTKH INEI0YbI0, TEMIEPATYPhl M TEPMOJAUHAMUYCCKHUX MAPAMETPOB CPEIbl,
YTO ¥ MPOYHOCThH MOJUMEPHBIX IUICHOK C HEIIEPOXOBATONW MTOBEPXHOCTBIO.

BoiBoabl. B [1] Obu10 MOKa3aHO, YTO MHKPOCKOMUUYECKHE Ae(eKThl TIyOHHOW 0 5 MKM
MPAKTUYECKU HE BIMSIN HAa MPOYHOCTh OPUESHTHPOBAHHOTO TOJIMKAIPOAMHU/IA, TAK YTO ITOJTYICHHBIN B
paboTe pe3ynpTaT BUIUMO HE SIBIIIETCS HEOKHTAHHBIM.
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Introduction. Metal chalcogenite are studied intensively because of their big structural varieties
super conductivity, optical properties, solar cell transitions and thermo electrical properties [1-4] The
alloys which Be, Cd, Cu, Hg, Zn, Ag elements are in 11-VI group alloyed with chalcogens of S, Se, Te,
are the most important members of AxB1xC, AxB1.xyCyD type semiconductors because they have a direct
band transferring and a wide band gap. Mixed ternary I1-VI group semiconductors of them are used to
manufacture optoelectronic devices which are coherent to the spectral region closed from blue up to
ultraviolet colors and produce X-Ray and y-ray detectors. They are also used production the device
which can be work with the compounds based Cd in short and medium wavelengths [5].

AB1xC type semiconductors obtained by mixing AC and AB compounds, are very important
material technologically. Their structural, optical and epitaxial properties is adjusted by x doping. Thus,
the properties of material can be expanded for special applications [6-8]. Recent works for getting high
class and low priced CdZnTe crystals, continue. Because of their working potential at room temperature,
CdZnTe alloys are very important for the nuclear detectors [9-15]. ZnyCdi.xTe crystals that can be used to
develop X-Ray and y-Ray detectors, to product optoelectronic devices and solar cells which operate in
blue-green spectral region, are very important materials [16-18]. Due to the fact that it has energy band
gap in 1-30 um adjustable ranges and its big optical coefficients which maintain high quantum efficiency,
HgCdTe ternary alloy is an ideal infrared detector material [19]. x in the Hg:xCdxTe alloys, is the alloy
rate of Cd. These type alloys; are important materials for manufacturing defense industry, solar cells and
various infrared detectors [20]. I1-VI semiconductor alloys which are very significant for the technological
appliance, have been found out with binary lattices. Their chemical formulas are generally AB1.xyCyD.
Here x and y rates are the atoms of A, B, C, D components. ABCD alloy types are used in photo
detectors, fiber optics, the solid laser, light emission diodes and transistors. Although band gap adjusting
are so difficult in the binary components, quaternary alloys are very successful in this matter. However
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some of this type alloys are used for designing of optoelectronic devices, they are also used X-ray, y-ray
detectors [21]. The measurement of all components of semiconductor alloys can be estimated, the very
important properties of them like band gaps can be adjusted by changing alloys components and their
performances can be adapted. These are the reason for the semiconductor alloys’ being studied frequently.

In this article it has been studied on critical properties that are improved and adjusted of
semiconductor alloys which have an important place in contemporary technology. In this context,
Cdl..yZnyHgyTe mixed crystals’ parameters like optical and electronic properties, elastic constants, bulk
module depending elastic constants, shear module, anisotropic coefficient of obtained by Castep package
program based density functional theory (DFT) and X-ray depending on Vegard Law, are compared.

Results and calculations. In our calculations, Castep Program (Cambridge Sequential Total
Energy Package) based Density Fuctional Theory, is performed by using plain wave pseudo potential
method [22]. Norm conserving pseudo potentials for Cd, Zn, Hg and Te, are obtained by using LDA
approaches paramatized by Perdew, Burke, Emzerof and Troullier Simulation [23]. Because of this
reason valence electron configuration of Cd, Zn, Hg and Te atoms 4d'°5s?, 3d*°4s?, 5d'%6s? ve 5s25p*
respectively. Norm conserving pseudo potential is used for explaining the interaction between
electron-ion. In this programe plain wave functions of valance electrons are explained by a base
constant of plain wave. Using of norm conserving pseudo potentials has to allow a plain wave energy
(Ecu). Calculations are optimized with kinetic energy values that are less than Ecu:.

Bilateral space coincide on Brillon Zone is resembled Monkhorst-Pack Mesh is used via a
sample in finite number [24]. Wave functions are extended in plane waves, until the kinetic cut off
energy value becomes 600 eV. Mesh lattice parameter in Brillion Zone is 5x5x4 for the alloys. Charge
densities as 1x10° eV /atom are approached to the calculations of the self — consistent. During the
optimization, changing of energy, maximum force, stress, displacement and SCF tolerances are taken
as 1x10® eV/A, 0.03 eV/A, 0.5 Gpa and 0.001 A respectively. All the alloys are optimized for
different cut off values by Castep. Structural properties of BeTe, HgTe and ZnTe binary compounds
were calculated in basic cubic structure (F-43M). The structural properties for BeixyZnxHg,Se type
alloys are calculated in tetragonal (P-42M) structure. The structural properties of A1..BxC type ternary
alloys calculated as the parameters dependent the elastic constants. These parameters are obtained for
the forces at the equilibrium statues of different concentrations like (x=0.25-y=0.25), (x=0.50-y=0.25),
(x= 0.25-y=0.50) in the lights of Castep and Vegards Law by X-ray device quasi-experimentally. A
and B are two semiconductors and A1xBxC is semiconductor alloy. The lattice parameter of A which
is the mole fraction of the alloy or x consistent of the alloy is determined as a”. The lattice parameter
of B is a®and the parameter of alloy is also a*® (x)=xa*+(1-x)aB. This is called Vegards Law [25]. We
think two semiconductors are A, B and alloy which is A1xBxC for the band gap. Baseband gaps for A,
B and alloy are Eg*, Eg® and Eq(x) =x E¢*+(1-X) EgB-x(1-x) E, respectively, here Ey is the E, bowing
parameter. And called bowing energy [26].

Electronic and Stuructural properties.

There are eight atoms (4 number Cd and 4 number Te) in unit cell of face centered cubic
structure (F-43M) of CdTe compound. When Zn and Hg are added instead of Cd probable crystal
structures for Cdo.2sZno.2sHgosoTe, Cdo.2sZNosHgo2s5Te ve CdosZno2sHgo2sTe are in tetragonal (P-4M2)
structure depending on increasing x and y of CdixyZnxHgyTe alloy. Crystal structures and bond
lengths of Cdi.«yZnxHgyTe alloy due to the increasing x and y are shown in Table 1. The largest values
of bond lengths are at (x = 0.25, y= 0.50), (x = 0.25, y=0.50) and (x = 0.25, y= 0.25) for Cd-Te, Te-Zn
and Hg-Te respectively.

Table 1. Crystal structures and bond lengths of Cdi.x.yZnxHgyTe.

Cdi-xyZnyHgy Te Cd-Te (A) Zn-Te (A) Hg-Te( A) Hg-Cd( A)
#1 2.79 2.65 5.20 4.46
#2 2.77 2.64 5.10 4.46
#3 2.77 2.61 5.27 4.46

Lattice constants, cell volume, Bulk module for x and y values of Cdi.xyZnHgy,Te alloy, are
calculated by Castep and X-Ray device. The results with experimental and theoretical values are seen
in Table 2. It is seen that the lattice parameters are similar with the lattice parameters calculated by
Castep and X-Ray device.
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Bulk modules were calculated as 45.84, 52.50 and 57.01GPa by Castep for (x=0.25, y=0.25),
(x=0.5, y=0.25) and (x=0.25, y=0.5) respectively. The biggest Bulk Module (57.01 GPa) is for
Cdo.2sZngsHgo2sTe. The least compressible value is 0.015 1/GPa. Compressibility depends on the x
and y values. The alloys can be compared like CdosZnozsHgoosTe > CdozsZnosHgoasTe >
Cdo.25ZnosHgo2s Te according to compressibility.

Table 2. Calculated equilibrium lattice constants (ao), bulk modulus (B), cell volume (V) for
CdixyZnyHgyTe.

Space group-

CdixyZnkHg, Te structure Reference (A% bo(A% co(AY) V(A% B(GPa)

P-4M2 Tetrogonal In this study 6.32 6.32 6.28 25185 57.01

Cdo.2sZN0.2sHgos0Te . .
P-43M cubic In this study (X-ray) 6.37 6.37 6.37 258.48 60.79
P-4M2 Tetrogonal In this study 6.32 6.32 6.31 252.04 5250

Cdo2s5ZnosHgo2sTe . .
P-43M cubic In this study (X-ray) 6.38 6.38 6.38 259.69 57.55
P-4M2 Tetrogonal In this study 6.10 6.10 6.10 227,09 45.84

CdosZno2sHgo2sTe . .
P-43M cubic In this study (X-ray) 6.28 6.28 6.28 247.67 54.84

(in this study)

The electronic band sructures at high symetry direction in the first Brillon Zone and the
electronic density of state (DOS) at band structuresare obtained by using lattice constants which are
calculated for Cdix.yZnxHgyTe alloys in equilibrium state and they are shown in Figure 1. It is noticed
that band structures and state densities are compatible. As seen in band graphs the energy values show
continuity. The curved lines of density of state in bands have sharp peaks. All alloys have direct band
transition and show semiconductor property. Calculated results are listed in Table 3.

Table 3. Bandgap energies of Cdix.yZnxHgyTe.

Cd1-x-yZnxHgyTe Space group-structure Reference Eg(eV)

P-4M2 Tetrogonal In this study (Castep) 0.82

Cd0.25Zn0.5Hg0.25Te ) .
P-43M cubic In this study (X-ray) 0.79
P-4M2 Tetrogonal In this study (Castep) 1.13

Cd0.25Zn0.5Hg0.25Te ) .
P-43M cubic In this study (X-ray) 1.27
P-4M2 Tetrogonal In this study (Castep) 1.46

Cd0.5Zn0.25Hg0.25Te ] .
P-43M cubic In this study (X-ray) 1.42

(in this study)

Band profiles and bad gap values are similar with the values performed previously. The band
energies for the x and y values of Cdi.xyZnxHgyTealloy, are shown in Figure 1.

Bulk modules are calculated as 60.79 - 57.55 - 54.84 GPa by using X-ray data for Cdi.«yZnHgyTe.
The biggest Bulk Module (60.79 GPa) for Cdo2sZnosHgosoTe. This value shows that
Cd 25Zno.2sHgoso Tealloy can be less compressed than the others. Compressibility value is 0.016 1/GPa.
The alloys can be compared like CdosZno2sHgoasTe > Cdo2sZnosHgozsTe > Cdo2sZnesHgo s Te according
to compressibility depending the changing values of x and y.
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Fig.1. Calculated band structure and DOS of Cd1.xyZnxHgyTe versus the compositions x and y the
position of the Fermi level is at 0 eV.

Elastic Properties. Elastic constants of solids link between mechanical and dynamic
properties and give important knowledge about especially hardness and stability. Elastic constants and
potentials are the first and the second derivations of the forces. Quadratic elastic constants (C; ;) are
calculated by ‘Volume Conserving’” Technique [27, 28]. Six independent constants for stable cubic
crystals must be C;j(Ci1, Ci2, Ci3, Cas, Cas Ve Cge) and for a stable tetragonal structure and they must
supply Born —Huang Criteria for the correction of calculations [29]. C11>0, C33>0, C44>0, Ce6>0, (C11—
C12) >0, (Cua+ Csz— 2Ca3) >0, [2(Cu1+ Ci2) + Cast+ 4Cy3] >0. Three independent constants for stable
cubic crystals must be C jj (Ci1, C12 and C44) and for stability and (C11—Ci2)>0, C1:>0, Cs>0 ve
2(C11+C12)>0 must provide Born- Huang criteria [29, 30]. In this study Elastic constants for
CdixyZnxHgyTe alloys are calculated by using Castep program and X-ray value quasi-experimentally
depending on Vegard Law. When Castep Program are used to calculate elastic constant for the
Cd1.xyZnyHgyTe alloys, six number of elastic constants are obtained for tetragonal (P-4M2) structure.
After the calculations as cubic (P-43m) by X-ray three elastic constants are obtained. Calculated
elastic constants provide all stability conditions and they are shown in Table 4. It is seen that all the
results obtained by using both two methods, are compatible.
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Table 4. The calculated elastic constants (in GPa) of Cdix.yZnxHgyTe.

CdixyZnyHgyTe Space group-structure Cu Cu2 Ciz Css Cu Ces
P-4M2 Tetrogonal(Castep)  64.79  43.61 43.42 62.72 24.72 24.63
Cdo.25Zno.2sHgosTe .
P-43M Cubic (X-ray) 64.75 42.05 - - 26.25 -
P-4M2 Tetrogonal(Castep)  82.02 57.90 59.72 79.76 28.17 27.83
Cdo.25ZnosHgo2sTe )
P-43M Cubic (X-ray) 68.15 41.82 - - 27.92 -
P-4M2 Tetrogonal(Castep)  66.59  45.34  46.05 67.01 21.63 23.52
CdosZno2sHgo2sTe ]
P-43M Cubic(X-ray) 66.75  41.07 - - 25.42 -

Bulk, Young and Shear (G) Modules, compressibility, B/G and Poisson rate (v) values are
calculated by using elastic costants. Calculated results are listed in Table 5 [31].

Table 5. The calculated Poisson ratio (v), Young’s modulus (E) and shear modulus (G),
Compressibility, Cauchy pressure (P) and Kleinman parameter (&)for Cdi.x.yZnxHgyTe.

CdixyZnxHgyTe v P(GPa) E(GPa) G(GPa) B/G Compressibility (1/GPa) (&)
CdozsZozsHgosTe ) 39 18.89 2044 1739  2.89 0.0175 ;
(Castep)

CdozsZozsHgosTe ) 39 158 31.63 1875 243 0.0164 0.75
(X-ray)

Cdo.25ZnosHgo.2sTe

Coston) 0.35 29.73 32.64 19.28  3.44 0.0190 -
CdozsZnosHgoasTe ) 5 13.92 36.34 2064  2.29 0.0173 0.718
(X-ray)

CdosZNozsHgozsTe ) 59 2371 2958 1643 321 0.0218 -
(Castep)

CdosZNozsHgoasTe ) 59 15.65 35.46 1932 243 0.0183 071
(X-ray)

B/G and Poisson (V) rate are important quantity for roughness and durability of the material. If
B/G >1.75 alloy is elastic and if B/G <1.75 it is fragile [32]. The alloy which Bulk Module is bigger, has
less compressible structure. Cauchy pressure (P=Cxz - ca4) for ionic compounds is C12-Cs4> 0 (positive),
for covalent compounds is mostly Ci2-Ca< 0 (negative) [33]. In the event Cauchy Pressure (P) has
negative value, directional bond is mentioned. If it has positive values then metallic bond is dominant.
Cauchy pressure is generally positive for flexible material and negative for fragile material [34]. Poisson
rate is also a measurement of compressibility. While v approaches Y, material shows a tendency to
uncompressible property. While Poisson rate v = 4, the material almost cannot be compressed [35]. v
value of poisson rate is less than 0.1 for the covolent materials. Typical v value of ionic materials is 0, 25
[36]. Poisson rate can be used for flexibility. Poison rate of the material can behave elastic for V>1/3,
fragile for VV<1/3 [37]. Poisson rates (v) = 0, 25 and (v) = 0, 5 are the lower and upper limit of the force
which is in the center of solid [38]. Kleinman parameter & called internal stress parameter, is an
important parameter [39] and related with the maximum stresses. If & =0 the atom remains in the center
in tetrahedral whose shape is deformed. If & =1, only bond twist is observed [39]. Kleinman parameter
can be calculated by taking only X-ray data as a reference only for cubic structures [40].

Debye Temperature. Debye temperature is the temperature of the highest vibration mode and

shown &, symbol. On the other hand it is an important basic physical property related with elastic
constants and melting temperature. It is used for classifying the solids according to regions at high and
low temperature. If the temperature of solid (T) is bigger than Debye temperature (6, ), (T >6;), all

modes have k 51 energy. And if T <6, , it is seen that the high frequency modes were frozen [40].

From this it is concluded that since wave lengths of phonon vibrations over and under Debye
temperature, are small and big respectively. Because of acoustic influences, vibrational excitement
occurs at low temperatures, thus at low temperatures Debye temperatures can be obtained from elastic
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constants. That’s why the slope of acoustic vibrations in phonon curve line at low temperatures, gives
sound velocity. From this, Debye temperature can be calculated by getting elastic constants. Calculation
of Debye Temperature from this relation [41] comes up with the equation. Here h is the Planck constant,
k is Boltzmann constant, Na is Avogadro’s number, M Molecular gravity, p is density, n atom number in
molecule and vi is average sound velocity. The value of sound is obtained the equation below [42]

1/3
h{3n(N,p
0, =—| | AL 1
b k[4zz( M ﬂ Vm @)

-1/3
P ETEN o
R < R AT

v, and v, are the horizontal and longitudinal wave lengths and from Navier equation [43]
3B+4G
N 3)
3p

Vi =4 (4)
Yo,

is obtained. Here G is Shear module. The density(p), longitudinal (v,), transverse (v, ), average (v,,),

elastic wave velocities and Debye temperature (6, ) for CdixyZnxHg,Te are calculated by Castep and
X-ray device and they are shown in Table 6.

Table 6. Density (p), longitudinal (v,), transverse (v,), average (v,,) elastic wave velocities
and Debye temperature (8, ) for Cdi.x,ZnHgyTe.

Cd1-x-yZnxHgyTe Referans p(gr/cm3)  0,(10°m/s) v (10°m/s)  »,(10°m/s)  6,(K)

Cdo25Zno.2sHgos Te(Castep) 'Sr:utg;s 7.18 1.55 3.20 1.75 165
Cdo25ZN0 25HgosTe(X-ray) 'SQJSLS 7.1 1.61 3.23 1.82 171
Cdo 25ZnosHgo s Te(Castep) 'QJS;S 6.9 1.66 3.64 1.87 183
Cdo.25ZnosHgo2s Te(X-ray) 'SQL}Q;S 6.65 1.76 3.42 1.97 190
CdosZno.2sHgo 25 Te(Castep) ';JQ)'/S 6.59 1.57 3.36 1.77 168
CdosZno.2sHgo 25 Te(X-ray) ';JQ;,S 6.53 1.65 3.26 1.85 179

Optical properties. When electromagnetic phonon is send on the material, optical events
occur as a result of interaction between photon and electrons of atom. If energy of sent photon is equal
to forbidden energy gap (Eg), the electron of the material is uyarmak to higher energy level. If it is less
than forbidden energy gap, photons takes place instead of absorption and material is also called
opaque [44]. According to the Quantum Mechanic, the exciting of electron as a result of interaction
between a photon and an electron must be depending on the time. Absorption and emission of photons
caused to transition between both filled and unfilled statues. In this study, the reaction given against
electromagnetic radiation related with interaction of photon and electrons of dielectric function &(w)
linearly for investigating of optical behavior of Cd..«yZnxHgyTe, must be described.

€ (o) known as imaginary part of dielectric function, can be calculated by selection rule of
filled and unfilled wave functions and matrices components of momentum. &; (w) is the reel part of
Dielectric function, is related with Charmer’s croning function. The other optical properties are also
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derived from the complex part of dielectric function. The statements are used for dielectric function,
refraction indices n(o), decay coefficient x(w), absorption coefficient (@) and function of energy

lose L(w), are given as below [45,46].

5
51(0))—1+;_([W ©)

ve? o |
&=y [ d3k§‘<kn| plkn')[" f (kn)x[L- f (kn)O(E,, ~E, . — ho) ©)

Here A is energy of incident photon, p momentum operator, E§|kn> is eigenvalue of
I OX

energy with wave function E, and f (kn) are Fermi dispersion function.

(@) = [ Vo) +eZo) va(e) | ¢
(@)= V@) +eE() (0] ®
L(w) = Im{%} =,(0) /] £5(0) + £} (o) ] (9)

(@) =20 J5i(@) + & (@) - 5(@) | (10)

The statements are used for dielectric functions &i(®), €2(w), refraction indices n(w), decay
coefficient x(w), absorption coefficient (@) and function of energy lose L(w), are calculated. The
results are shown in Figures 2, 3, 4, 5.
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Fig. 2. The real part and the imaginary part of dielectric function for CdixyZnHgyTe.

Main peaks of the reel part of dielectric function are 1.2 eV, 1.78 eV and 1.44 eV for
Cdo,zszno,stgo,sTe, Cdo,zszno_ngo,ste and Cdo_szno,ngo,25 respectively. 81(0) giVGS static dielectric
constant for frequency values 10.66 eV for Cdo.2sZno2sHgosTe, 8.87 eV for Cdo2sZnosHgo2sTe and
9.13 eV for CdosZnosHgo2sTe. According to doped values, imaginary part of dielectric coefficient
starts to absorb phonon about 0.85 eV, 148 eV and 117 eV for CdozsZnozsHgosTe,
Cdo.25ZngsHgo2sTe and CdosZne2sHgoos Te respectively. These values are close to the values of band
gap energy and they represent optical transmission between conduction band and valence band. Alloy
behaves like opaque material up to value which dispersion curve starts to rise and dispersion is low in
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this region. The values which are maximum of imaginary part of dielectrik coefficient, are 4.65 eV,
4.37 eV and 4.42 eV for Cdo.2sZnosHgo2sTe, Cdo2sZno2sHgosTe and Cd0sZng2sHgozs5Te respectively.
These values correspond to inter band transitions [47,48].

5 —— 7T

Refractive index

0 5 10 15 20
Frequency(eV)

Fig. 3. Refractive index n and extinction coefficient k.

Refraction indices are obtained as 3.25 eV, 3.00 eV and 3.05 eV for Cdo2sZno2sHgosTe,
Cdo.25ZNnosHgo.2sTe and Cdo.sZno2sHgo2s Te for all x values at n(0) according to the dispersion curves of
refraction indices for Cdi.xyZnxHgyTe and they are shown in Figure 3. When Zn value increases
refraction indices increase too. According to the doping values of Cdi.xyZnxHgyTe, the values which
decay katsay1 values started to increase, are calculated as 0.88 eV, 1.48 eV and 1.14 eV for
Cdo_zszno_stgo_sTe, Cdo,zszno_ngo,ste andCdo_szno,stgo_ste respectively. It is seen that the reel part
of dielectric coeficient and refraction coefficient are compitable with the imaginary part of dielectric
coefficient and decay coefficient.
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Fig. 4. Absorption coefficient of Cd1..,ZnHg,Te.
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According to the doping values of Cdi.xyZnxHgy,Te, the values which absorption coefficient
values started to increase, are calculated as 0.87 eV, 1.5 eV and 1.18 eV for Cdo25Zno2sHgosTe,
Cdo.25ZngosHgo2sTe and CdosZno2sHgozsTe respectively. It is seen that the point which absorption
cofficient starts to increase, imaginary part of dielectric function and the values which decay
coefficient starts to increase, are very close to each other.

T —

Loss Function

14.0 145 15.0 15.5 16.0 16.5
Frequency(eV)

Fig. 5. Loss function L(w).

In conclusion, lose function of electron is obtained from the reel and imaginary part of
dielectric function and the results are shown in Figure 5. Lose function has variable peaks at between
9.8-18.3 eV values. The main peak of lose function is called as Plasmon Frequency. The imaginary
part of dielectric coefficient is minimum at the value that the peak is maximum. Depending on the
doping values of x and y, Plasmon frequency has the values 15.60 eV, 15.14 eV and 15.13 eV for
Cdo.25ZngsHgozsTe, Cdo.2sZNnozsHgosTe and Cdo2sZnozsHgos Te respectively. The values that is bigger
than peak, behave like insulator, the values that lower than it, behave like metal. As seen in the graphs
that absorption is very low at between 0-9.8 eV values. The reason of this that imaginary part of
dielectric coefficient absorbs between this frequencies [49].

Results. In this study, the structural, electronic, optical properties and elastic constants for
CdixyZnyHgyTe have been investigated by using Castep program which is based Density Function Theory
(DFT). GGA and LDA are withdrawn as swap correlation. Elastic constants for zero pressure, depending
on elastic constants; Bulk module (B), Young module (E), Shear module (G), compressibility, B/G rate,

Cauchy Pressure, Poisson rate (v), density (p), longitudinal (v,), horizontal (v, ), average (v,,) sound

volumes and Debye temperature ( 8 ) are calculated by using Castep Program and x-ray values.

The results obtained for alloys by using two methods.

1. Because B/G rate of results obtained from Vegart by using the data of Castep and HRXRD
device, this type of alloys have elastic property.

2. Because Poisson rate (v) values are bigger than 0.25 alloys have ionic structures.

3. The forces between atoms are mainly central forces for this type alloys because Poisson
rate (v) values are at between 0.25 and 0.5.

4. The biggest Bulk Module value that measured by Castep for Cdi.x,ZnxHg,Te, is (57,55
GPa) and it has the least compressibility. Its value is 0.0173 /GPa.

5. The biggest Bulk Module value that measured by X-ray for CdixyZnxHgyTe, is (60.79GPa)
and it has the least compressibility. Its value is 0.0164 1/GPa.

6. Kleinman parameters (§) measured by Castep, are 0.76, 0.79 and 0.77 for
Cdo_zszno,stgo,soTe, Cdo,zszno_ngo,steand Cdo,szno,stgo,ste respectively.
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7. Kleinman parameters (&) measured by using Vegard with the data of X-ray, are 0.75, 0.718
and 0.71 for Cdo.25Zno.2sHgosoTe, Cdo.25ZNosHgo.2sTe and CdosZNo25Hgo25 Te respectively.

8. Cauchy Pressure which is calculated by the two methods of BeixyZnxHg,Se for
BeosZno2sHgo2sSe alloy, comes about positive. This situation shows that all alloys have ionic
character. Furthermore Cauchy Pressure is generally positive on the elastic material.

9. According to the measurements performed by Castep, Debye Temperatures are found as 165 K,
183 K and 168 K for Cdo_zszno,stgo,soTe, Cdo_zszno_ngo_ste and Cdo,szno,stgo,ste respectively.

10. Reportedly the measurements performed by the data of X-ray, Debye Temperatures are found as
171 K, 190 K and 179 K for Cdo25ZNno2sHgoso Te, Cdo2sZnosHgo2s Te and CdosZno2sHgoos Te respectively.

Forbidden band gap obtained by using Castep program, dielectric constants, kirilma indices,
absorption coefficient and energy lose function obtained by utilizing Chromer -Croning equations, are
calculated. These alloys show semiconductor property that has direct band transmission. It is seen that
the values which imaginary part and decay coefficient of dielectric function start to increase, are very
close to the forbidden band gap. Reel parts of refraction indices and dielectric constant show similar
properties. The main peak of lose function reached 15.60 eV value that is the highest Plasmon
frequency for CdosZnozsHgoosTe. Finally every two theoretical and experimental results for
CdixyZnxHgyTe alloys are consistent.
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