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Abstract. The article is devoted to the analysis of the description and importance of architecture and functional-spatial planning in
the utopian country in F. Bacon’s novel ‘New Atlantis’. The research presents the interdependence between functional content and
the formation of utopia. The article summarizes the information on architecture and urban planning presented in the philosopher's
novel, and also compares the description of architectural solutions with the works of the utopian philosophers T.More and

T.Campanella.
Keywords: ideal city, utopia, public building, science.

Introduction. The concept of utopia occurs in the middle
of the 16th century and is first used in the title of Thomas
More's work 'Utopia'. Utopia is ‘an imagined place or
state of things in which everything is perfect' [1]. Among
the first works that describe the utopian system are also
the works of Plato (360-370-ies BC; 354 BC), Tommaso
Campanella (1602), Johannes Valentinus Andreae (1619).
A description of the author's vision of the ideal state, with
appropriate social and political arrangements, is common
to all these works.

'‘New Atlantis' by Francis Bacon is also referred to as a
utopian work [2, ¢.191-224], and was published in 1624
for the first time. F. Bacon, being a philosopher, is the
author of a large number of philosophical works and one
of the founders of empiricism (knowledge based on expe-
rience). The development of science and the dissemina-
tion of knowledge are widely covered in his work.

A brief overview of the publications on the topic.
The most common scientific works are aimed at the anal-
ysis of social and political structures, and at the im-
portance of information and science in the formation of
utopia in the works of Bacon: articles by O. Kartunov [3];
H. Yaldir, A. Dilmagiinal [4] etc.. Sandra Dragomir has
compared the ‘New Atlantis’ by F. Bacon and the treatise
‘Utopia’ by T.More in her article. By comparison, the
author demonstrates that "New Atlantis" has a significant
number of differences from classic utopian work [5].

The aim of the article is to highlight and describe the
importance of architecture and functional and spatial
characteristics of the city and state described in F. Bacon's
'‘New Atlantis'.

Results and discussion. The events described by F.
Bacon in 'New Atlantis' unfold on the island Bensalem,
where the narrator, along with his crew, arrived as a result
of a boat trip in the Pacific Ocean. The island state is
located somewhere within the South Sea [2, ¢.193; 199]
in the least explored part of the sea, away from all the
surrounding continents [2, ¢.202]. There are at least 2
cities on the island (the city where the storyteller with his
companions arrive, and the city of Renfusa [2, ¢.200]),
though we assume from the text that there are more cities
in fact [2, c.224]. The island itself is flat, mostly planted
with trees [2, ¢.193]. The isolated location of the island

resonates with the work of Thomas More since the island
Utopia was also located in the middle of the ocean, sepa-
rated from all the world ('in the middle of nowhere).

Francis Bacon pays far less attention to the numerical
characteristics of the state than his predecessors. Thus, we
see exactly 5040 families in Plato's feudal city [6, c.
192 6000 families in every city on the island Utopia de-
scribed by T.More [7, c.62]. In the 'New Atlantis', the
author only mentions the total length of the circle (the
outline of the island), which is 5 600 miles (approximate-
ly 3480 km) [2, ¢.206].

The form of the government on the island Bensalem is
a monarchy ruled by a king [2, ¢.212]. The church is of
the same importance in the life of the country and the
only religion followed by its inhabitants is Christianity.

Social equality is not so crucial for F. Bacon, thus, in
contrast to works by previous utopian philosophers, it
does not underlie a utopian system. The text mentions the
different social status of the inhabitants that do not live on
state donations contrary to works by T.More or Campan-
ella. Although in case the family is tight on budget, the
state offers financial help. If we talk about the household
system of Bensalem, it is almost identical to the one in the
UK at that time, except for much more active develop-
ment of science. Thus, the main institution of the country
is Solomon's House, which is a kind of embodiment of the
Academy of Sciences [2, c¢. 49]. The Solomon House
includes 36 people, where everyone performs a specific
function such as travelling around the world, acting out as
the inhabitants of other countries to keep the island in
secret (12 persons); analyzing information from books (3
persons); studying mechanical sciences (3 persons) etc.
[2, ¢.222-223]. Bacon's main idea is to form a society
where knowledge and science, not social status or money,
are the most important. For this purpose, the term sci-
entocracy is developed, which means the formation of
political and social relations of the state, namely based on
science [8].

F. Bacon divides the entire area of the island into 3 dif-
ferent regions. The first is the Lower Region, located
below the ground level. There are several artificially cre-
ated mines on the island, the deepest of them reach six
hundred fathoms. However, some mines go down the

©|A. Fedak 2020
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hills, thus reaching up to 3 miles deep. These mines are
used to extract new resources and to study how subsur-
face influences human bodies that are cooled and stored
there. The Upper Region boundary is determined by tow-
ers that extend up to half a mile in height. Besides, some
towers are located on hills, so the total height is up to 3
miles. These towers serve as a platform for the study of
celestial bodies, weather, and the like. Everything be-
tween the Upper and the Lower Regions is called the
Middle Region, where the cities are located, and almost
all human activity takes place (Fig. 1).

Upper Region

Middle Region

max 3 miles

Lower Region

Fig. 1 — Three Regions, within which the inhabitants of Ben-
salem conduct scientific researches
1. Mines; 2. City; 3. Towers;
(Drawn by Author from the description in F. Bacon's New At-
lantis’ [2, ¢.2016-217])

Francis Bacon does not mention the planning or spatial
solution of the city, but notes that the city is not very large
and is located on the shore of the ocean - has a harbour
and ports, and looks picturesque. The streets are described
as spacious and light [2, ¢.198-199]. Probably, there are
no fortifications around the city since they don't often
have guests from other parts of the world [2, ¢.198-199].
And those who find themselves in the vicinity of the is-
land cannot go down on it until they prove the goodness
of their intentions and confirm that they have not killed or
robbed anyone in the last 40 days. An additional require-
ment is a 3-day quarantine at the Strangers' House. This is
quite contradictory to the way T. More and T. Campanella
described the fortifications of their cities. For example,
the capital city of Utopia - Amaurot is fortified with a
wall with bastions and towers, surrounded on three sides
by moats and hedges, and on the fourth side by the river
[7,c.55].

The lack of a description of residential buildings, and
the actual architectural design of public buildings, is ex-
plained by Bacon's opinion that buildings are first of all
built to live in, not to look on [9]. Perhaps this is why,
describing a utopian state, the philosopher pays much
more attention to the functional purpose of the buildings,
and to the description of the processes that must occur
there, rather than to their design and decoration.

Among the public spaces, the author mentioned a har-
bour and a port [2, ¢.193]; gardens and vegetable gardens
where, besides the cultivation of various plant species, the
biology research is also carried out [2, c.218]. There are
also wildlife sanctuaries in the country where zoological
and ornithological studies are conducted [2, ¢.218]. All
these spaces serve as places where various species of
plants, animals, birds and fish can be seen, but, at the
same time, experiments are also being carried out there to

max 3 miles
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contribute to the overall development of science on the
island.

The Strangers' House is described in great detail - it's a
building that was built for the temporary stay of island
guests. According to the author's description, it is rather a
large building whose function is to shelter people from
other countries. Additionally, the building has hospital
facilities that are used exclusively by travellers in case of
need. The building has a gallery: the glazed gallery is
adjacent to the living rooms. The number of rooms that
serve as an infirmary is 40, in addition to these rooms,
there are also additional living rooms for guests in the
building. The rooms are spacious, beautiful and have a lot
of decorations. The building is made of brick with 'of
bluer tint than our brick’, the inner walls - made of cedar-
wood [2, ¢.196]. The windows are partially glazed, par-
tially covered with a linen cloth soaked in oil (Fig. 2).

(’ \4
2 .

4
6 6

54| o |

1

= | i

Fig. 2 — House planning perspective view of the Strangers'
House 1.Reception hall; 2.Bedrooms; 3.Glazed gallery;
4.Exterior walls (of brick with a blue tint); 5.Windows, part of
which is glazed, part tightened with linen cloth; 6.Cedarwood
interior partitions (Drawn by Author from the description in F.
Bacon's New Atlantis’ [2, ¢.196])

In addition, as science and technology evolve, there are
many scientific laboratories in the city where various
studies are conducted. For example, there are various
workshops where they produce household items, paper,
fabrics, paints, and much more [2, ¢.220]. There is a
number of laboratories called 'houses' which are divided
by industry. For example, ‘perspective-houses’ - where
scientists study optics [2, ¢.220]; ‘sound-houses’ - where
scientists explore acoustics [2, ¢.221]; ‘perfume-houses’ —
where scientists experiment on smells and taste reactions
[2, c.221]; 'engine-houses' - is a workshop where ma-
chines and different movable goods are manufactured [2,
c.222]. There are also ‘houses of deceit of the senses’
where scientists investigate problems and ways of deceiv-
ing the sense organs [2, ¢.222]; ‘mathematical houses’ -
the building or a room where various geometric and as-
tronomical instruments are collected [2, ¢.222]

Among other things, Francis Bacon mentioned confec-
tionery houses, where they make sweets, sweet wines,
etc.[2, ¢.222]; breweries, bakeries, kitchens where various
beverages, dishes and all that sort of things are made [2,
¢.219]; pharmacies [2, ¢.219].

However, a more detailed description of how buildings
should look is presented by Francis Bacon in one of his
essays - ‘Of Building’ (1625). The philosopher pays great
attention to the design of buildings, saying that it is im-
possible to live a healthy life if the house is built in an
"unhealthy" place, emphasizing the quality of air, places
for sports, etc. Bacon believes that the ideal home should
be divided into two parts - one for guests and banquets
and the other one for a living. In addition, he believes that



a courtyard with a fountain is mandatory [9]. All this is
described in the essay, but it is not mentioned in his novel
‘New Atlantis’. This indicates that in the author's opinion,
favourable conditions for research and development of
science are of more importance for the existence of a
utopian state, than planning the cities and buildings which
is, in its turn, minor.

Besides scientific and technical workshops and labora-
tories, the city has two galleries: the first one presents
outstanding inventions - both those that were discovered
in other countries and exclusively on the island; the sec-
ond, - the sculptures of all inventors (not only the local
but also the world) [2, ¢.223-224]. Sculptures are made of
copper, marble, jasper, cedarwood or any other wood
which is gilded and decorated (gold, silver, iron) [2,
c.224]

Among the crafts and applied arts there is also weaving
[2, c.214] and carpet making [2, c.215]. F. Bacon pays
considerable attention to the description of the various
woven fabrics that are used to dress up the inhabitants of
the city. Describing the carpets, for example, he writes
that they are better than the Persian, thus again emphasiz-
ing that everything made by the inhabitants of Bensalem
is much better and better than what travellers have ever
seen bhefore.

Conclusions. In contrast to previous utopian philoso-
phers, in the novel ‘New Atlantis’ Francis Bacon shifted
the focus from the description of buildings and planning
of the city. In his understanding, utopia is not so much
about social equality as about scientific and technological
progress. Socio-political structure of the island Bensalah
is not much different from the government of Great Brit-
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ain and most European countries of that time. The philos-
opher describes an iland state which form of government
is the monarchy, pointing out that religion (Christianity)
plays an important part and thus preserves the notion of
family and different social strata. The main institution of
the country is Solomon's House, which is a kind of em-
bodiment of the Academy of Sciences. The philosopher
paid attention to a large number of research institutions,
each of which is responsible for research in various fields
(‘perspective-houses’, ‘sound-houses’, ‘perfume-houses’,
'engine-houses' etc.). Describing the structure of the city
where travellers are located, Bacon constantly emphasizes
that the materials used to build the buildings (the brick
with a blue tint which they never saw), the household
objects (carpets, which are much prettier than the Persian
ones), the mechanisms and scientific discoveries far out-
strip those seen by residents of other countries. Pretty
scanty description of the architectural and design solu-
tions and the importance of content and features confirm
Francis Bacon quote from his essay ‘Of Building’: ‘Hous-
es are built to live in, and not to look on.” [9].

Thus, the utopia described by F. Bacon in the novel
"New Atlantis' ' is the first that foremost demonstrates the
primacy of science and knowledge, and then later the
social and political system of the country. This distin-
guishes him from the rest of the utopian philosophers and
makes his ideas more realistic since the author describes a
saentocratic state. For example, for developed countries, it
is quite unambiguous to say that science is the most im-
portant industry, and in fact allows people to live quality
and happy lives, which is the basis of every utopian con-
cept.
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Amnoranis. HaBeneHo yHiBepcabHMI METON BU3HAYEHHS HAIPy KeHO-1e(OpMOBAaHOTO CTaHy JepeB’sSTHUX eJIEMEHTIB 32 pOOOTH Ha YUCTUH
TIOTIePEYHUH 3THH Ha OyIb-sIKiil cTanii poGoTH ax 1o pyiHHyBaHHS. [IpHHHATO OCHOBHI NEpeyMOBH IS €IeMEHTA 3 IePEBHHH IPSMOKYT-
HOT (opMH, 1110 HaifOiNbIIIe BUKOPUCTOBYETHCS B Oy IiBHULTBI. B CTATTi 3amponoHoBaHo MeTo ] o0y I0BuU Aiarpam AedopMyBaHHS JepeBH-
HH, BUKOPHMCTOBYIOYHM JlaHi 33 €KCIICPUMEHTAIBHUM BHIPOOYBaHHAM Oasiok. HaBeleHO emopy HampyKeHb IPH TaK 3BAaHOMY IPYroMy
3aBaHTaXeHHI Oayku. BCTaHOBNEHO, 1110 32 BIIOMUX 3HAYCHb 3rHHAIBHOTO MOMEHTY, BITHOCHHUX AedopMaltiil CTHCHYTOI 30HH Ta PO3TATHY-
TOT 30HH, 3a JIONIOMOTO0 OTPUMAHUX DPIBHAHb MOXUIMBO BHU3HAUMTH 3HAYEHHS HANpPY)KCHb B JIEPEB’STHOMY 3TMHAIBHOMY HPSIMOKYTHOMY
€JIEMEHTI 3a PI3HUX PIBHIB 3aBaHTa)KEHHS Ta MOOYyBaTH EMIOPH HalpyXeHb CTHUCHYTOI Ta PO3TATHYTO! 30HH, a TAKOX IX Aiarpamu nedop-
MyBaHHS. Po3po0ieHo MeToauKy, sika Jja€ MOMKIIMBICTH CHIPOTHO3YBATH POOOTY JIepeB’STHOTO €IeMEeHTa Ta BCTAaHOBUTH CTAMII0 HAaNpYy>KeH-

HOFO-He(i)OpMOBaHOFO CTaHy, B SIKIH 3HAXOJAUTBECA CJICMCHT.

Knrouoei cnosa: oepesuna, Oepes 'sHa 6anKa, HANPYHCeHO-0eOPMOBAHULL CAH, HANPYICEHHS, OeopMayi.

Beryn. 3 BHCOKMM TEXHOJIOTTYHUM IIPOPHUBOM OOYKCITIOBA-
JIBHOT TEXHIKH 3’SIBWJIMCS HOBI YMOBH JJISi BUKOPHCTAHHS
CKJIJJHUX 1 BUCOKOTOYHUX METOAIB PO3PaxyHKy KOHCTPYK-
miit. 1{i MeTomu J03BOJISIOTH PI3HOOIYHO MPOAHATI3YyBATH
CTaH KOHCTPYKIii, 1100 3a0e3rmeunTy il HaIiiHICTh Ta JIOB-
TOBIYHICTB eKcIuTyaTarii. [IpoTe 3a BUKOPHCTAHHS CydacHHX
€BPOIEHCHKUX HOPM MpOeKTyBaHHs [1] BHHHKIA HEOOXil-
HICTh y BCTAQHOBJICHHI aHAJIITUYHOI 3aJIe)KHOCTI MK Hampy-
KEHHSIM Ta JehOopMallisiMH, SIKy MOKHAa OTPUMATH Ha OCHOBI
eKCIIEPUMEHTAIBHUX BUIPOOYBAaHb 3HAYHOI KIJBKOCTI CIIe-
[iaJbHIUX 3pa3KiB OKpeMux MatepiainiB. IIpoTe dacto Tpar-
JSIOTHCSI BUIIAJIKU, KOJIM OTPUMATH TaKi aHaNITUYHI 3aJIeK-
HOCTI Ta OOy yBaTH Jiarpamu neh)opMyBaHHS MaTepiay, 3
SIKOTO BHUTOTOBJICHIM €JIEMEHT, TaKuM CIOCOOOM Hemae
MOXKJIMBOCTI 13-32 BIICYyTHOCTI MaTepiajy I/ BATOTOBIICHHS
CreliajibHUX 3pa3KiB Ta 00JaJHAHHS U MPOBENCHHS BHU-
poOyBaHb.

Koporkuii ornsig my0aikauniid Ta TeopeTH4Hi nepeay-
moBH. B poGotax [2,3,4,5,6] aBTopamu ornwcani giarpamu
TIOB3JIOBKHBOTO 1e()OPMYBaHHS AEPEBUHH B 3aJIEXKHOCTI BiJl
3pOCTaHHsI Halpy>KeHHsI Ta OyJI0 BCTAHOBJIEHO, 1110 Jiarpama
neopMyBaHHS HA PO3TAT Mae TPSMOJIHINHY 3aJIeKHICTh
Maiike 1o 1i pyiiHyBanss. [liarpama nedopMmyBaHHS Jepe-
BUHHU Ha CTHCK Ma€ HENIHIHHUN XapakTep, [0 CBIAYHUTH PO
NPHUCYTHICTh IUIACTUYHUX Ta MOXKIMBICTh €IACTHYHHX Je-
(opmaliiii B JepeBrHi.

Jns moOynoBu jgiarpamu ieOpMyBaHHSI JICPEBHHH 3a
TIOB3JIOBKHBOTO CTHCKY BHKOPHCTAEMO JIaHi OTpUMaHi 3a
eKCIIEpUMEHTAJIFHUX BHIPOOYBaHb OAIKH 3 KIJICEHOI Jiepe-
BUHU Ha TIPSIMUI TIONEpEeYHUA 3ruH. [l 1Ib0ro HeoOXiTHO
3HATH BiTHOCHI AedopMarii B KpaifHIX CTUCHYTHX Ta PO3TS-
THYTHX BOJIOKHAX €JIE€MEHTa 3a 3POCTaHHS 3THHAJIGHOTO
MOMEHTY, a TaKoX Jjarpamy Je)OopMyBaHHS AEPEBUHU Ha
PpO3TSIT.

BukopucraBimm 10cBij MONEPETHUKIB, HABEAEMO OCHOB-
Hi TIepeayMOBH JJisI TIOOYAOBH jaiarpamu aedopMyBaHHS
JICPEBHHH:

. JUTs TOOYHOBH Aiarpamu Ae(OpMyBaHHS JICPEBHHU
BHUKOPHCTOBYETHCS TIOTE3a IUIOCKHUX MEePepi3iB;
. BOJIOKHA B 3TMHAILHOMY €JIEMEHTI MAIOTh OIHAKO-

Bi BIIACTHBOCTI T10 BUCOTI OaJIKH, IO 3a3BUYAl IIPUHAMAIOTH B
3rHHAJILHUX €JIEMEHTAX,

. eropa PO3TATHYTOI 30HM 3TMHAIBHOTO EJIEMEHTY
Ma€e TPUKyTHY (opmy, ToOTO miarpama nedopMyBaHHS je-
PCBUHH €JIEMEHTA Ma€ JIHIHHU XapaKTep.

Hisb. Po3pobutu yHiBepcaabHUI METO]] BU3HAYCHHS Ha-
NPY’KeHb B CTHCHYTIH 30HI JIepeB’THUX 0aoK MpPsIMOKYTHOT
(hopMu Ha OCHOBI X JehopMyBaHHS.

Marepiaaun Ta meronu. O0’€KTOM IOCIIHKEHHS € Jie-
PpeB’siHi OaJKu IPSIMOKYTHOTO TIepepi3y.

Pesyabrarn Ta 00roBopeHHsl. 3 €KCIIEPUMEHTAJIBHUX
JOCTIKEHb OyJI OTPUMAHO 3HA4YEHHS 3TMHAIBHOTO MOME-
ury M _, mpu N-oMy piBHi 3aBaHTKEHHsA Ta BiJHOCHI

nehopmarrii u, Tau_, BI/IMOBITHO HAHOLTBII PO3TATHYTHX

Ta CTUCHYTHX BOJIOKOH. PO3IVIsIHEMO cuCTeMy piBHOBaru
npu N -omy piBHI 3aBaHTaKeHHs. 3HAYEHHS 3THHAOYMX
MOMEHTIB M, ..M, HaM BIZIOMO 3 €KCIIEPHMEHTY, a 3Ha-

YCHHS o ., BIIOMI 3 TONEpE/HiX pospaxyHKis. Hawm

HEOOXI/IHO BU3HAYMTH HANPYKEHHS O, B HAHOUIbLI CTHC-

HYTOMY BOJIOKHI JIepeBHHH (pHC. 1).

MOoXIHBO 3aIMcaTH CHCTEMY PiBHOBAaru IJis BCIiX PiBHIB
3aBaHTA)XCHHS, SIKA BKIIIOYAE B ce0e CyMy MOMEHTIB BiJTHOC-
HO HEWTPaJBHOI JIiHii, @ TAKOXK CYMY BCiX 3YCHJIb CIIPOEKTO-
BaHy Ha TOB3JIOBXHIO BiCh OalKH, /e 3yCHIUIS, SIKI BUHUKA-
I0Th B PO3TSATHYTIN JIEPEBHHI 1 CTHCHYTIH JiepeBHHI OyIyTh
piBHI

n-1
N_..+N_ =N
iZ_ll c,i c,i t,n ' (1)
n-1
Mn :ZNc,i ' Xc‘i + Nc,n : Xc,n + Nt,n : Xt

i=1

i Nc,i = E% (O-c,i—l + O-c,i )hc.ib =

= ZE Ociat 0, Xuc,ipn —Ug 1P ))
1

Nc,n = E c,n—1 + ()_c,n th,n - hc,n—l)) :, (3)

1

= E b(uc.npn - uc.n—lpn Xo-c,n—l + O-c.n )

Nt.n = %o-t,nht.nb = O-c.iut,npnb ' (4)

1
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ze B H - kxpuBMHA npu N -OMy piBHI 3aBaHTa-  JKEHHSL (5)
pn B uc,n + uc,n
uc,z O-C'Z
/>
X
c,2 uc Gc,l /NC,Z
M hc,z N , /
h,, . N
¢ chl H.JL. cl
h, %o \
<
t,1 t,2 \/
b U . Ot

Puc.1. Emopa Hanpy)KeHb IIPH APYroMy 3aBaHTKSHHI OaIKi: M2= 3rHHAI0UNI MOMEHT; b= IMprHa eneMeHTa; h | = BUCOTA IepIIoi
C,
JIIISTHKH CTHCHYTOI 30HH; h , ~ BHCOTa JIPYTOi JUITHKA CTHCHYTOI 30HH; h,, = Bucora PO3TArHYTOI 30HM eneMenTa; X | = IUIeUe BHYTPi-
C, B ¥
IHIX CHJT MEPIIOi TTAHKH CTUCHYTOi 30HH; X , = IUIeUe BHYTPIIIHIX CHIT APYToi JIAHKM CTHCHYTOI 30HK; X, , = IUIeue BHYTPIlIHIX
CHJI PO3TATHYTOI 30HH €IEMEHTa; Ut’2 = BiHOCHI Aedopmartii HalOLIBII BiTIaNEHOr0 BOJIOKHA PO3TSTHYTOI 30HH €JIEMEHTa; UU'2 =
BiAHOCHI fiepopManii HaHOUIBL BiIAICHOro BOJIOKHA CTHCHYTOI 30HM eneMenTa; U, = BifHOCHI Aedopmaii Hai6LIbLI BinaNeHOro
BOIIOKHA MEPIIIOi TTAHKH CTUCHYTO 30HH C/IEMCHTa; O, , = HANPYKCHH: HAiOLIBIII BiIAJICHOTO BOTIOKHA PO3TATHYTO 30HH C/ICMCHTa;
00,2

TIePIIO] AULTHKA CTHCHYTOI 30HH €JIEMEHTa; N, = PiBHOZ{K0YA HATPYXKCHB POSTATHYTOI 30HH eneMeHTa; N, = PiBHOJH0YA HATPYKCHB
. c,

= HAlIPY)KCHHs HAIOLIBLI Bi/IIAICHOT0 BOJIOKHA CTHCHYTOI 30HHU GIIEMEHT; ¢, = HalPY)KeHHs HaHOUIbLI BiIIAICHOTO BOJIOKHA
c,

JpyToi AUIAHKH CTUCHYTOI 30HH €JIEMEHTa; | = PiBHOJI0YA HAapPy KeHb EPIIOl AUIAHKH CTUCHYTOI 30HH €JIEMEHTa.
cl

3anuIieMo cyMy MOMEHTIB BiTHOCHO HEHTpalbHOI JIiHil,
I ICTABHBIIIN 3YCUUISA PO3TSTY SIK CyMY 3yCHITb CTUCKY

n-1 n-1 (6)
Mn _ZNc.i : Xc‘i _ZNc,i : Xl‘n = Nc‘n : Xc‘n + N

i=1 i=1
U]

®

X

c,n”t,n

ae xc,i = (hc,i - hc‘i—l)(pi + hc,i—l = (uc,ipn _uc‘i—lpn )¢’i +uc‘i—1pn ;
— g ht — g u
XI,H 3 n 3 t,npﬂ

BpaxoByrouy, 110 OTpUMaHi 3yCHIUIS JIOPIBHIOIOTH 3Y-
CHJUISIM, O0UHCIIeHNM 3a opMmyramu (2), (3) Ta (4), piBHIH-

PiBusHHS (9) MOXKHa 3amucarty, SIK piBHSHHA 3 JBOMaA He-
BioMuMU o, Tx,
XX, +a,X, +a,X, —a, =0, (10)

Ie X, =0, - HAIPY)XCHHs B CTUCHYTIH 30HI mpH N —My
3aBAHTAKEHHI,

X, =X, " BiZICTaHb BiJl HEUTPAIBHOI JIiHIT 10 TIEHTpPY Ba-

TH Tparemii OCTAHHBOI CTHCHYTO1 30HH;

2 - ; .
0 a=Su.p' @& =0, KOHCTaHTH PIBHSHHSI;
ust (1) mpuiiMe BUTIILL 3
n-1 1
0. 0, 200, 10 0 - O wS e o e v o) (1)
1] &= = 0 S(U —u }) +50-c‘n71ul‘npn =0
M, =2 2b(o,, +0, up, — 2 p X+ %) e "Ry ,
- 52 +=0,,U,p, =0 BusHauuMo BijicTaHb JI0 LEHTPY Baru N-oi Tpamnewuii 00-
015(.1%.“./0" TN 3 . MEXKEHOI 3yCUIUIAMA &, &,
e @, - KOeillieHT, KUl BPaXOBY€ LIEHTP Bard JISHKA ' '
(3a TIepIIoro 3aBaHTaKEHHsI HEOOXiIHO TpuitHsTH 2/3 ).
1 2 1
E(hc,n - hc,nflxhc,n - hc,nfl)o-c,nfz + §(hc,n - hc,nfl)E(hc,n - hc,nflxac,n - o-c,nfl) (12)
X.o—h .=
c.,n C,n- 1
(hc,n - hc.nfl)ac,nfl + E(hc,n - hc,nflxac,n - O-c.nfl)
e thn Ta h JOPIBHIOIOTb BIMNOBIHO U o Ta XX, + KX, +k,X, —k, =0 (14)
U afe ze X, =0, T X, = X, K 3a3HaYCHO BHIIE
Cunpocruiuu (12) MU OTpUMAEMO PIiBHSIHHS 1 2
-_- _= , = 15
2 kl - 3 uc,n—lpn 3 uc,npn k2 Gc‘nfl ( )
Gc.n Xc‘n - Gc,n hc‘n—l + g(hc.nfl - hc,n—l) + Gc‘n—lxc,n - (13)
2
_ 16
k3 ~a O-c,nfluc,n—lpn + c,n—luc,npn ( )

- (O-c.n—lhc,n—l + %O-c,n—l (hc,n - hc,nfl )) = 0

3anmmemo nonepeaHiii Bupas (13), sk piBHAHHSA 3 ABOMa
HEBIIOMUMH

11

3 3

OOunBa piBHSHHS MAIOTh CIUTEHI HEBIOMI X, =0, T

)(2 = Xc,n , TOMY MOKHaA CKJIACTH 3 HUX CUCTEMY PIBHAHb
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XX, + X +a,X, —a, = 0_ 17) HYTOMY BOJIOKHI o,
XX, + klx1 + kzX2 — k3 =0 3. O0YMCIIOEMO TIEHTp Baru IUITHKA @, Wl BCIX IHIINX
Bpaxosyroun, mo a, =k, = O .1, T4 BIIHSBIN Bix pi-  33BAHTAKEHb, BPAXOBYIOUH norniepeHi 3HaueHHs. [IyHKT 2

Ta 3 MOBTOPIOEMO N KUJIBKICTh pasiB, IPH LIbOMY BCTAHOBIIIO-

BHsHHS (10) piBHsHHS (14) MM OTpUMY€EMO €MO IOBHY 0Py ZebOpMyBAHHAL

ax —a; =kx -k (18) BucnoBkn. OTprmaHo piBHSHHS Ul TIOOY/IOBH Jiarpa-
Pimennsm nonepeanporo pisusnns (18) € MU J1ehOopMyBaHHs IEPEBUHH IUISIXOM aHATITHIHOTO aHai-

X =0, = a, — kK, (19) 3ys3 BUKOPHCTAHHS Pe3yIIbTaTiB l?PIHpOGYBaHHﬂ 3THHAJIBHAX
"oa -k eJIEMEHTIB IPSIMOKYTHOTO TIepepisy. BeraHoBneHo, mo mpu

Bi,HOMI/IX 3HAYCHHAX 3rHHAJIbHOIO MOMEHTY, BiI[HOCHI/IX

O o .. ..
Busnaumpum O Jedopmariiii CTHCHYTOI 30HH Ta PO3TATHYTOI 30HH, 32 JIOTO-

, MOXKHA OTPMMATH LEHTP BarH Tparie-

1, 1 3aMMcaTH HOTO, SIK BiTHOIIEHHS JI0 BUCOTH Tpartelii MOT'0I0 OTPHMAaHHX PIBHSIHb MOIIMBO BU3HAYUTH 3HAUCHHS
1/3c,,,+2/30,, 20) HANpPYKEHb B JIEPEB’THOMY 3THHATBHOMY TPSIMOKYTHOMY
@ = €JIEMEHTI 3a PI3HHMX DIBHIB 3aBaHTa)XEHHS Ta MOOYIyBaTH

C,,..+0 - "
c.n c.n CIIIOpU HAIIPYKECHb CTUCHYTO1 Ta PO3TATHYTO1 30HHU, a TAKOK

BpaxoByioun oTpuMaHi piBHSHHS, aHAi3 3TUHAILHOTO  BifoBimgHKMX niarpam neopMyBaHHA. MeTomuKa H03BOISE
CIIEMCHTY Ta PO3PAaXyHOK HEOOXIAHO NPOBOAMTH B Takil  pcramoBHTH HEPYHHIBHIM METOJIOM XapaKTePUCTUKHU Jiepe-
TIOCITiA0BHOCTI: BUHM ICHYIOYOi KOHCTPYKIIii, a TAKO>K BH3HAUUTH, Ha SAKiH

1. BcTaHOBIIOEMO 3HAYEHHS HaIpy>KCHHA B HaMOLIbII CTa,Hi'l' Hapr)KeHO-,HeCI)OpMOBaHOI‘O CTaHy Hepe6y]3a€ eJe-

CTHCHYTOMY BOJIOKHI NPM NeEPLIOMY 3aBaHT@xeHHi O, MCHT, IO B CBOIO HEpry JIO3BOIUTE CPOTHO3YBATH MOJA-

JIb 000 ObOro CJICMCHTY.
JUIL OO 3aBaHTAKCHHSA LICHTP Baru GyZ[C 3HAXOOUTHCSA B P Y Y

3aJIEHKHOCTI Bift KoedilieHTa ¢ =2/3.

2. 3HaxXoIMMO 3HAa4YEHHS HANPY)KeHHs B HaHOUIBII CTHC-
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An universal method of determining stresses in a compressed zone of rectangular wooden beams based on their deformation
S. S. Gomon, P. S. Gomon, S. S. Gomon
Abstract. The universal method of determining the stress-strained condition of wooden elements during the work on a pure transverse bend
at any stage of work up to destruction. The basic prerequisites for the rectangular wooden elements that are most used in construction are
accepted. In the article a method for constructing wood deformation diagrams using experimental beam test data was proposed. The chart of
stresses at the so-called second loading of the beam is given. It is established that with known values of bending moment, relative
deformations of the compressed zone and the stretched zone, using the obtained equations it is possible to determine the values of stresses in
the wooden bending rectangular element at different loading levels and construct a diagram of the stresses of the compressed and stretched
zone, as well as their deformation diagram . A technique which enable to predict the wooden element will work and to establish the stage of
stress-strained condition in which the element is located has been developed.

Keywords: wood, wood beam, stress-strained condition, stress, deformation.
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AHoTtanisi. B crarti po3misiHyTO mepenyMoBH po3poOKH METOAWKH (OpMyBaHHS TYPUCTHYHO-pEKpealiiHUX KOMIUIEKCIB Ha 0asi
PECYPCHUX MOXJIHMBOCTEH JIOKAJBHUX CHCTEM PO3CENICHHA (TepUTOpialbHUX rpoMai) B YKpaiHi. 3BepHEHO yBary Ha CTaH Tajiysi i
MEPCIEKTUBHI MOXIIMBOCTI ii SIK OCHOBHOI Il €eKOHOMIYHOTO PO3BUTKY DALY TepUTOpiaidbHUX Tpomaz. OKpecieHo psl MPUHIUIIB
3a AKHMH MPOLEC MAE PO3MVILIATUCS B MiCTOOYNiBHIN AisuibHOCTI. HaBeneHO KOHKpETHUI MPHUKIIaA CTPATeriyHol MporpaMu po3BUTKY
JIOKaJILHOI CHCTEMH B OCHOBI SIKOT 3aKJIaJICHO TYPUCTHYHO-PEKpealliiHy CKIaI0BY.

Knrwwuosi cnosa: mepumopianvua epomaoa, 10KAIbHA CUCHEMA PO3CELEHHS, MYPUCMUYHO-PEKPEAYItiHA JisIbHICMb, MICmoOyis-

Ha OisIbHICMb, eKON02Is, YPOaHi3ayis, npupooHuil pecypc.

Beryn. CouianbHO-TIONITHYHI 3MiHE B YKpaiHi Xapakre-
PHU3YIOTHCS TEPEOYIOBOIO MOJITHYHOI CHCTEMH CYCIIiJIb-
HUX IHCTUTYTIB, 3MIiHOIO a/JIMiHICTpaTHBHO-
TEPUTOPIANILHOTO YCTPOIO, YMOBaMHU JKHTTS 1 TPYAOBUX
BiJTHOCHH, TICPCOIIIHKOIO CUCTEMH LIHHOCTEH, Tepepo3Io-
JIJIOM BJaJHUX MOBHOBaXCHH TOH[O. MicToOyaiBHA [isi-
JBHICTH, K HifKa iHINA, CTala Ha TEPEeXpecTi 3MiH, mepe-
Bar, HerapasiiB, IPOIO3MLiil Ta OYiKyBaHb IO3UTUBHUX
3MiH. BuHHWKIa HEOOXiZHICTHP MOHOBICHHS TMPOEKTHOL
JOKYMEHTallii Ha BCiX pIBHAX MoYMHAI04H 3 [eHepaibHOI
CXeMH po3celieHHs. [losiBa HOBOTO TEpPHTOPIaIbHOTO
cy0’ekra, moO NOTpedye MicTOOYIIBHOTO BTpYYaHHS —
00’eTHaHI TepUTOpiaibHI TpoMaau abo0 JIOKAIbHI CUCTEMHU
po3sceneHHs1 OTpelye neperisily HOPMaTUBHOI Ta 3aKo-
HOZaBuoi 0azu.

Cy0’€eKT CHCTEMH B OCHOBI SIKOTO JIC)KHTh OpraHi3allist
MPOCTOPY 10 SIKOTO Haliexarh ypOaHi30BaHi pekpealliiiHi,
CLTBCHKOTOCIIOAAPCHKI TePHUTOPIi, iIHKCHEPHI Ta TPAHCIIO-
PTHI Mepexi moTpedye CTpaTerivHuX MPOIMO3HIId PO3BH-
TKY BiJI IKUX Oyze 3ajexatd Horo MaiOyTHE.

Oco0nHBO CKIAJHOK € CHUTYyalis 3 JIOKAJIbHUMH CHC-
TEeMaMH B 30Hi BIUTMBY BEJIMKHX MiCT Takux sk Kuis, Xa-
pkiB, JIeBiB, Omeca, sIKi B CBOKO Yepry BIUIMBAIOTH Ha
MpUJIeTI TepuTOopii.

HapocranHsi aHTaroHiaMy MiX MICTOM 1 MepeaMicTsmM
noTpedye HEeraHOTO BTPYYaHHs K 3aKOHO/ABYOTO, HOP-
MaTUBHOTO TaK 1 3MiHI NapaJirMy CIiBiICHYBaHHSI B OCHO-
Bi SIKOT Ma€ CTaTH €KOJIOr0-MiCTOOYyIiBHA CTpaTeris, sika
MOJIATAaE B PO3BUTKY PEKpeariifiHoi Mepexi 3/1aTHOi 3a0e3-
NeYyBaTH MICTO MPUPOAHUM PECYpPCOM ULl Pi3HOTO BHIY

BiJJIOYHHKY.
Koporkuii ornaa nmy0aikauiii no temi. Ilpouecu ne-
LeHTpaTi3amii Ta 3MIHH aJIMiHICTPaTHBHO-

TEPUTOPIAJILHOTO YCTPOIO B YKpaiHi po3nodayiuch 0e3
JIOCTaTHBO1 MicTOOY/IiBHOT 0a3u sika TOBHHHA Oyna cdop-
MyBaTH CTpareriro peopMyBaHHS iCHYIO4OI CHCTEMH B
OaxxaHy moOymoBaHy Ha MEPENOBUX NPHUKIAAAX 1HIIUX
KpaiHu.

Icaytoua iepapxist MicTOOYIiBHOI AiSIIBHOCTI B KpaiHi
moOyI0BaHa 3a MPUHIMIIOM BEPTUKANI Bif CKIAIHOTO 0
MPOCTOro. 32 HUHINIHIX YMOB Il METOJWKA 3HAYHO 3Mi-
HUJIKCS, @ HOBa (opMa 3 TOSIBOIO JIOKAJBHUX CHCTEM PO3-
CeJICHHS, sKa 3/e0inboro Oyne po3BUBATHCS caMe Ha
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EKOHOMIYHIN cremianizaiiii, oTpedye 1 HOBUX BHIIB MPO-
€KTHUX POOIT.

[TpoekTHa AisubHICTH B YKpaiHi Mae JOBOJI MIIHY Ta
IpyHTOBHY 0asy, sIKy B CBiil yac (opMyBaiu BITUU3HSHI
apxitekropu. Tak, B XX CTONITTI 3HaYHUI BKJIQX B TEO-
pito 1 TpakTUKy MICTOOYAIBHOI LIKOJM BHECNIW TIpari
H.1boropana, A.Eitaropna, I'I.®imsBapora, 1.0.®omina
[1,2,3], siki came 3amoyaTKyBald CUCTEMHI METOIU PErio-
HAJIBHOTO IUTaHyBaHHS. Pobotn M.M./IsomiHa
I'I.JIaBpuka [4,5] cTamu MeTOMOJOTIYHUM (YyHIAMEHTOM
CHCTEMHHX METOJIIB B apXiTeKTypi Ta MicToOyayBaHHi. [lo
psny crenianxi3oBaHUX AOCIHIKEHb IOB’S3aHUX 3 MOOY-
JIOBOIO JTiSTTBHOCTI Ha BCIX PIBHSAX MOXKHA BIIHECTH JIOC-
JHJDKCHHS 10.M.I1anexwu, [ ILITigrpyuisoro,
B.M.BazximoBa, B.I.Muponenka, T.®.ITanyeHKo,
I.K.Bucrpsixosa, B.B.Illymuka [6,7,8,9,10], sxi posmisaa-
JIX B CBOiX po0OOTax MUTAHHS TPAHCIOPTY, POMHUCIIOBOC-
Ti, OI[IHKH 3eMJIi, TPUPOTHOTO ITOTEHINIATY JUISI CTBOPCHHS
pekpeaniitaux cuctem. [Togarok 3miH XXI cromiTrs craB
TIOUTYKOM HOBUX DIllIEHb SIK B CHCTEMi PO3CEIEHHs TakK i
HAa pPiBHI CAMHX ITOCEINICHb.

B et gac 31e0UIBIIION0 TOCIIIKEHHS ITOB’sI3aHi JIO-
KaJIbHUMHU TIMTaHHSAMHM HpOOJIeM eKoJorii, 30epexeHHs
HPUPOAH, ICTOPIT, KYJIBTYPH B KOHTEKCTI 1X MOXJIMBOCTE
Juisi hopMyBaHHsI cTparerii MaifiOyTHBOrO PO3BUTKY JIOKa-
JIHAX CHUCTEM PO3CENIECHHS — TEPUTOPiaJbHUX IpoMal.
Takumu  pocnijpkeHHssMu  ctanu podoru  [Iynbru,
I.0.Ociyenxo Ta iHIIi.

Mera. Mera ny6nikauii noyisirae B MoAajblIOMy BH-
BYEHHI HOBOTO Cy0’ €KTa CHCTEMH PO3CEJICHHS, SIKUH BH-
3HAYHUBCS B nporeci 3MiH aJMiHICTPaTUBHO-
TEPUTOPIaIBHOTO TOAUTY YKpaiHH, a came IOCIiKeHHI
METO/IOJIOTIT pO3pOOKH HOBHX MiAXOMIB JO MPOMO3HUILiH
IIPOCTOPOBOTO PO3BUTKY JIOKAJILHUX CHCTEM PO3CEIICHHS
BUXOJSYH 3 KOHIIENTYaJbHUX 3acajl Ta HAYKOBOTO OOIPYyH-
TyBaHHS HOBOI MapajirMH B MiCTOOYIIBHIM MiSTBHOCTI.
OmuH 3 TakWxX MiTXOMIB TOJSATaE B 3aIy4CHHI 3HAYHUX
pEeCYpCHHUX MOXJIMBOCTEH /Uit GOPMYBaHHS TypPUCTHYHO-
peKpeariifHoi Mepesxi SIK TOJIOBHOI Ui TOOYIOBH CTpare-
riYHOi IPOTpPaMH TEPUTOPIaTBHUX TPOMAJ.

Marepiain Ta MeToau. YkpaiHa — ABaJLATh Apyra 3a
TepuTOpi€r0 KpaiHa cBiTy — 603,7 Tnc. kM2 B 1991 poui
cTaja He3aJeKHOIo JiepkaBoro. Ha maHmii mepion Hace-
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JIEHHS CKJaaano 51,7 MIIH. )KATENIB, 3 HUX 35,1 MIIH. XKHT.
— MiCbKe HaceleHHs 1 16,6 MIIH. 3KUT. CiIbChKE. 3a agMi-
HICTPATHBHUM MOJIJIOM Ha TOW Yac — 24 aqMiHICTpaTHBHI
obnacri, 489 anmiHicTpaTuBHHUX paiioHiB, 445 wict, 911
CEJIMII MICBKOTO THITY 1 OJU3BKO 29 THC. CITBCHKHX HACe-
JICHHUX ITyHKTiB Ta ABTOHOMHA Pecirybika Kprm.

Munyni maibke 30 pokiB BHECIH 3HadHI 3MIHH SK B
caMy CHCTEMY PO3CEIIeHHS TaK i B 0COOIMBOCTI aaMiHIiCT-
PaTUBHOTO YCTPOIO, KITBKICHI ITOKa3HUKH, EKOHOMIUHY
CTpaTerilo, eKOJOTIYHWH CTaH TOmO. 3 KapTH YKpaiHu
3HUKIO Oinbire 600 HaceneHUX MyHKTIB. SIKmIo posrisima-
TH BU3Ha4eHI [ eHepaJbHOI0 CXEMOIO OCHOBHI PETiOHH, TO
TakoX MU OaynmMo: CXiZHUI1 perioH — eKOHOMIYHUI 3aHe-
maJi, ColliajbHi 3MiHH, BiitHa; [{eHTpanpHull perion — kap-
JIMHAIBHI 3MiHM B €eKOHOMIYHOMY ITOTEHIiaNi Yyepe3 BTpa-
Ty BEJIMKOI KUIBKOCTI MPOMUCIIOBOCTI, MIirpaliiiti mpore-
CH Ta HEOOIPYHTOBaHE 3POCTAHHS BEIMKHX MICT; 3axXij-
HUI PETioOH — BIATIK HACEJCHHS, MIrparlis 3a KOpPIOH Ta
Maike IMOBHHUI 3aHeNas] €KOHOMIKH, HeJoCcTada sIK MiCIlb
mpami Tak 1 JIOACBKOTO pecypey; [liBoeHHWE perioH —
3Ha4YHa BTpaTa TEPUTOPIM.

Tomy cuctema po3ceneHHs YKpaiHHM Ha ChOTOJHI HO-
CHUTBH B SIKIHiCh Mipi ySIBHUI XapakTep B NUTaHHI NEPCIeK-
THUB PO3BUTKY, @ HOBI CyO’€KTH CHCTEMH, TEPUTOpiajbHi
rpoMajy € TOJIOBHUMH II eleMeHTaMH 1 mepeOyBaloTh B
ctaHi (OpMyBaHHsS CTpaTerii €KOHOMIYHOTO PO3BHTKY.
VsBHICTD miaTBepKyeThes 1 qanumu OOH, siki mokasy-
I0Th 110, 32 TEMIIAMU CKOPOYCHHS HACEJIeHHSA YKpaiHa
BXOIUTHh OO Tepmioi I’ ATipku Kpain, a excmepru OOH
MIPOrHO3YIOTh, 0 10 2050 poKy HaceleHHs KpaiHU CKO-
porutbes Ha 18%.

Posnouarnit me B 2015 pori mporec AeneHTpaizamii
3aIUTAaHOBaHO B OCHOBHOMY 3akiHumuTd B 2020 pori. Hosi
apXiTEeKTypHI €JIEMEHTH CHUCTEMH DO3CENICHHS, a came
00’eZiHaHI TepUTOpiajbHI TPOMaau MOBHHHI B CBOIH OC-
HOBI c(OpMyBaTH 1 3aTBEPAUTH CTPATETiYHUI IUIAH PO3-
BUTKY, 1[0 0a3y€ThCs 3/e01IBIIOT0 HA PECYPCHUX MOKITH-
BOCTSX, ICHYIOUOMY €KOHOMIYHOMY IMOTEHIIIai, iHpopMa-
TUBHOMY 3a0e3leueHHi Ta e(QEeKTUBHIH CHCTeMi ymlpas-
JIIHHSI OpraHaMH MICIIEBOTO CAMOBPSITyBaHHS.

CamMe et nuisax moTpedye MmiIKPIMICHAS SK MUTHM Psi-
JIOM 3aKOHOJaBYMX AKTIB TaK i HOBOi HOPMaTHUBHOI 0as.
3rinio 3 3akoHoM VYkpaimm «[Ipo  moOpoBimbHE
00’ € THAHHS TEPUTOPIATBHUX TPOMAa MPUUHATHM B 2015
poui cranom Ha 10.11.2019 p. B Ykpaini chopmoBaHO
1002 00’eqnanux TepuTopiansHux rpoman (B 2015 — 159;
2016 — 366; 2017 -665; 2018 — 806). Sk BuaHO 3 MOKa3-
HUKIB MPOIIEC € CTabiIbHUM, PO T€ Ha CHOTOHI € obJac-
Ti, SIKi I B 3HAYHIH Mipi MOTPeOyIOTh MPUCKOPEHHS — 1€
Opnecbka, XapKiBchbka Ta 3aKaprnaTchka.

Came B 1ux 00JIACTSX € BEJIMKHIA MMOTEHINAN I PO3-
BHUTKY TYPHCTUYHO-PEKpEaIliifHuX (QYHKIIH, SKi CTaHYTh
CTHMYJIOM CIIPOMOXKHOCTI JIOKQJIBHUX CHCTEM PO3CEJICH-
Hi. 3a yHIKaJBHICTIO pecypciB YKpaiHa Mae MOXIJIUBICTh
IiHATH Ha 3Ha4YHUH pPIBEHb TYpPHCTHYHO-PEKpealiiHy
raiys3b.

VYkpaina mae 70 THC. pidoK, THCSAYI 03ep 1 BOIOCXOBHIIL,
JIBa MOPCBKHUX y30epesxoxs, ropu Kapmaru, 6737 cnemia-
JBHO BiBEIEHUX TEPUTOPIH Ta 00 €KTIB NIPHUPOTHOTO
3amoBigHOrO0 (GOHAY 3 TUIomer Oimpme 2,35 MiH. ra.
20,0% miei TepuTopii 3aiiMalOTh HAIlOHAJIBHI MPHUPOAHI
napku, 9,6% 6Giocdepni 3anoBigauku, 17,2% perionanbHi
nanamadTHI napku Ta 6araro inmoro. [7,8]
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Benuue3nuit mpupogHM MOTEHLIan CbOTOIHI € THM
CTUMYJIOM EKOHOMIYHOTO PO3BHTKY JIOKAJbHUX CHCTEM,
SIKMH 3MOJKE BITHOBHTH 3pOCTaHHS i (JiHAHCOBY CIIPOMO-
JKHICTb iX ICHYBaHHS.

Ha croromui B YkpaiHi HaJdiuyeThbcsl BeJMKa KiJIbKICTh
PI3HOBHIIB TYypHUCTUYHO-PEKPEANiifHOi MisUTBHOCTI, SIKi
3HAXOAAThCA B PI3HHUX CTafisIX PO3BUTKY, LI€ BOAHUH Ty-
pHU3M, TipCHKUH Typu3M, €KOJIOTIYHHHA TYpPH3M, CLIBCBKUI
3eTICHUH TypH3M, Ti3HABATBHUHA TYPH3M, TUIOBHHA TYPH3M,
MICBKUH TypU3M Ta iHIIII.

[IpoTte, pO3BUTOK TYpPHUCTUYHO-pEKpeartiitioi rarysi
371aTHOT CTaTH OCHOBOIO €KOHOMIYHOI CTaOlIBHOCTI JIOKa-
JIBHAX CUCTEM B IOPIBHSHHI 3 CBITOBUMHM Ta €BPOIEHCH-
KHMH MaclTabaMu He BiJIOBija€ i BEIMYE3HOMY MOTEH-
mialy Ta Haa3BHYaHHO BUTIJHOMY T'€OMOJITHYHOMY II0-
noxenHto. [Ipo ne cBigyarh, HanpuKiIag, OCHOBHI ITOKa3-
HUKHM TypUCTHYHHX ITOTOKIB B YKpaiHi Ta 3a ii Mexamu,
SIKI MarOTh HECTIMKy OUHAMIKY i1 3a maHnMHU MiHicTepcTBa
KyJIbTypH 1 TypU3My 3HaXOAMThCA B Meax 2-3 MIH. Ty-
PHUCTIB Ha piK, B TOMY YHCJi BHYTPIIIHIX TYpHUCTiB — 1-2
miH. [10].

Ha >xanp, HaBiTh ¥ 10 KPHU30BUil Iepio yKpaiHCHKi MO-
Ka3HHKH 3HAUYHO BIAPI3HSUIMCS Bif OLIBIIOCTI 3apyOiKHUX
kpain. Tak, B Ykpaini 15 ranysp ckiaanana 0,6% BHyTpi-
LIHBOTO BAJOBOTO MponaykTy i 1% Bix 3afiHATHX y BCix
rany3sx rocromapctsa. s mopiBHSHHS i IOKa3HUKU Y
Opanii ctanoBwIn BiamoBiauo — 7,7% ta 9,3%; Icnawii
—9,0% Ta 11,0%; y Ulseitnapii — 8,0% ta 10,0%; B ABcC-
Tpii — 8,8% Ta 14,0%.

JepxaBHe 3aBIaHHA B JaHIH CHTyamlil cIpSAMyBaTu
NIPOLECH Ha CTBOPEHHS pETIOHANBHOI TYPHUCTHYHO-
peKpeaniifHol CHCTEMH 3 BHSBICHHSAM HAsBHHUX TypPHCTH-
YHUX PECypCiB; BU3HAYUTH HAMPSAMKH (YHKIIOHAJIBHOTO
BUKOPUCTaHHS (KyJIbTYPHHUH, ITi3HABAJILHUHN, €KOJIOTTYHUN
Ta 3elIeHUH TypHU3M TOIIO); 3a0e3MeUnTH 3aKOHOAABYO X
e(peKTUBHOT OXOPOHHM, 3alOOIITH CTUXIHHMM MpolLecam
BiJIYYy)KEHHs1 Ta IpUBaTH3alii; po3poOisTH Ta BIPOBa-
JDKYBaTH CTpAaTeriuHy Nporpamy JIOKaJbHOI CHUCTEMHU SIK
CKJIQJIOBOT ~ perioHalbHOI,  PO3BUBATH  TYPUCTUYHO-
peKpealiiiHy JisUTbHICTh TPOMagM 3 TO3HUIIN 1HTEpeCiB
PO3BUTKY COIIAIbHUX Ta MICTOOYHTIBHAX OCOOIHUBOCTEH.

OcHOBOIO (pOPMYBaHHS PETiOHAIBHUX CUCTEM TypH3MY
€ apeany TPyNOBOTO PO3MILIEHHS — 30HH KOHLEHTpALil
00’€eKTiB a00 MPUPOTHUX PECYpPCiB, SKi B HOBHX yMOBaX
MOXYTb OyTH 00’€HYIOUOIO CTPATETI€I0 JOKAJIBHUX CHUC-
TEM PO3CeJIeHHs (TEPUTOPIabHUX TPOMa).

YacTHHA TEPUTOPIATbHUX BUKIIAJ0K 3HANIIIM CBOE Bi-
JNOOpaXEeHHS B y)Ke PO3POOICHUX KOHIEHI[ISX SKOHOMIY-
HOT'O PO3BHUTKY TEPHUTOpiallbHUX IPOMaJ, Jie TYPUCTUUHO-
pekpeartiiina cdepa € OTHOK 13 OCHOBHHX CTPaTETIdHHUX
nporpam.

BranuM mpuknazom Moxe ciayryBat cTparerisi Koo-
JIeBCbKOT  00’€HaHOI TepHUTOpiajbHOI TpoManay, sKa
00’enHaNa JECATh HACENICHWX ITyHKTIB 3 HACEJCHHSIM
7,266 oci6 (#a 2017 pik).

ExoHomivHa criemianmizarniss Ha mepion 00’ €THAHHS: Ty-
PUCTHYHHH CEKTOP, CiJIbChKE IOCIIONAPCTBO, PeKpearliini
TepuTopii, 6a3M BiAMOYMHKY, PErioHAJBHUHA JaHAMA(T-
Hull napk « THTirynbchkuid» Ta iHIIi.

baszyrounce Ha 3akoHi Ykpainu «IIpo Typusm» Ta Bpa-
XOBYIOUH TIOTEHIIHNI pecypc BU3HAUEHI CIITyr0di BUIU
TypUCTHYHO-pekpeartiitnoi aismpHocTi Kobnescrkoi OTI:
KyJIbTypHO-TIi3HaBaJIbHUH, peKpeaniitHo-03/10pOBUHiA,



CHOPTHBHUM, €KOJOTTYHUHN (3€EeHHM), CUILCHKHI arpory-
PH3M, aMaTOPCHKHUI Ta PEryIbOBaHUH B 30HaX NPUPOIHO-
3amoBinHoro Gouay. (Puc. 1 A).

Crpareriss po3BUTKY pPEKpEaliiiHUX TNEpCHEeKTUB IS
€KOHOMIYHOTO PO3BUTKY 3aKiajeHa i B Benmnkogumepcs-
Kiif 00’ eTHAHIN TepUTOpiaNbHIN rpoMai, sIK MEPCICKTHB-
HUI 00’ €KT B 30HI BIUIMBY BeJNHUKOTO Merarmouicy Kuesa Ta
OTT cmr. boponsnaka. (Puc. 1 B).

Puc. 1. [IpocTropoBa opranizaiis peKkpeaifHux TepuTopi: A —
OTT Ko6neso; b — OTI" bopoxsiaka

[liaTBEepmKEHHSIM LBOTO € XOPOIIe TPAHCIIOPTHE CIIO-
JIy4eHHsI, XOpollla B €KOJIOTIYHOMY CTaHi NPUPOAA, JaBHs
iCTOpisl MoceneHb, HapoIHi 3BUYal Ta MaJbOBHUYI Kpae-
BUAM. |HBeCTHIIHA Mporpama mnepeadayae pekpeainty
JUSUTBHICTh SIK TOJIOBHY MOPSJ 3 TaKUMH K BHUPOOHMWUI
MIANPUEMHUIITBA Ta COIliaJIbHA 1 KOMyHalbHa cdepa. A
TOJIOBHUMHU 00’€KTaMH MAalOTh CTaTH €JIEMEHTH CHCTEMH
BIZMIOYMHKY BUXIJHOTO JHA Ta TYPU3MY.

CporofHi, SIK BKE BiIMIYaJOCh B MONEPENHIX CTATTIX,
MicTOOyiBHA [isSUTBHICTD, CHCTEMa IUIAaHYBaHHS HE 3aB-
KM a/IeKBaTHO CIPUIIMAaEe peanbHy CyTh COLIANBHHUX Ta
€KOHOMIYHHX 3MiH. | mpuunH myxe Oararo: BiICyTHICTBH
Ta HE CHCTEeMaTH30BaHICTh iH(QOpMaTHBHOTO 3a0e3reueH-
Hs, iHQopMaTHBHA Oa3a 31eO1BIIOr0 HOPMYETHCS B yTrO-
Iy yxke 3nificHeHnx (akTiB, 3aKOHOJaB4ya 0Oa3a He Mae
TBEPAOTO MiJIPYHTS 30aTHOCTI BUKOHYBATH 3aKOHU uyepe3
BIZICyTHICTh HAyKOBHX JOCIIXKEHb MICTOOY/IBHOTO Xapa-
KTepy, HEBMIHHS 1 HeOa)kaHHs INPAIIOBATH 3 JEPKaBHUM
PO3YMIHHSIM BHUPIIICHHS IPOOIIEMH TOIIO.

Taka cutyarlisi MOTIMOIIOE KPH30BE HANPY>KCHHS B Mi-
CTOOYHIBHIN TisSUTBHOCTI, a aMOITHICTE BCiX TPaBIlB TPO-
[ecy AeUeHTpati3amii «XTo OiIbII 3HAYUMHID) BEIe BCe
IO OUTBIIIOTO PO3PHUBY MiXK PEANBHICTIO T IPOITO3UIIISIMH.

[Tporupiudst MiXk 3aKOHOM, HOPMaMmH, MiCTOOYIIBHOIO
MUSUTBHICTIO € HE IO IHIE K PyWHYBaHHS MPOLECY CTa-
JIOTO PO3BUTKY JIOKAJIBHUX CHCTEM — TEPUTOPIiaJbHUX
rpomaj. TypuctudHo-pekpeariiina IisuibHICTh B YKpaiHi
CHOTOJIHI TTOKH 110 HE MA€ CBOET TBEPJIOi MaTepiaibHOT Ta
11e0IOTIYHOT 0a3H, sKi Ha KaJlb Yepe3 BiJCYTHICTh TOCIIO-
JTapst 3MIHIOIOTECS 3a MOTPeOU OKPEMHUX TPaBIIiB MOIITHY-
HHX 3a0araHok.

TypucTHyHO-pekpealiiiia JisNIbHICTh B CBOEMY PO3BH-
TKy Ma€ CJiJlyBaTW NPUHIMIAM CTaJIOTO PO3BHUTKY JIOKa-
JBHUX CHUCTEM PO3CEJICHHS SIK KO)KHOI OKPEMO Tak 1 CIIi-
JBHUX I[1JIeH €eKOHOMIYHOTO Ta €KOJIOTTYHOTO ITOKPAIICHHS
pETioHIB Ta KpaiHu.

TakuMu IPUHIUITAMH MOXKYTh OyTH HACTYITHI: TOJIOBHA
MeTa AiAIBHOCTI HampapiieHa Ha 30€peXeHHS NPHPOIM;
BUXOBaHHS KyJIBTYPH Ta 4yTJIMBE CTaBJICHHS CyCHIIbCTBA
JI0 iCTOpIii, MPHPOIY TOIIO; HOBI aJAMiHICTPATHBHI OAWHU-
i — TepUTOpiaybHI TPOMaaX MArOTh OyTH MEHII 3aJIex-
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HUMH BiJl He30aJlaHCOBAaHOTO 3EMJICKOPHUCTYBAaHHS; BCi
MIPOLIECH MalOTh 3[1IICHIOBATHCH Ha €KOJIOTI4HIN cTparerii
30epeKeHHS; K CTHMYJl PO3BHTKY BHCOKOSIKICHA CTpPYK-
Typa Ta HaJaHHs MOCIYT; MisUIbHICTh HAaNpaBlieHa Ha JIOB-
TOCTPOKOBHI Iepioj] CHiBIpali BCiX cep SK B AepiKaB-
HOMY TaK i NMPUBAaTHOMY CEKTOpi Ta CTBOPEHHI iHBECTH-
LiifHOT TpUBaOIMBOCTI TEPUTOPIAIBHOI TPOMATH.

Cporo/HI KITF0YOBI MO3HIIT Y MicTOOYAiBHIHM HisTEHOC-
Ti 3aiiMalOTh 3eMENbHI iHTEepecH i e, SK Hilmo iHme,
BIUIMBA€ Ha NPHUPOIHE OTOYYIOYE CEPEAOBHIIE HA SKOMY
0a3yeTbcsl  TYPHUCTHYHO-PEKpealiifHa CHCTeMa HOBHX
€JIEMEHTIB PO3CEIICHHS.

Tomy po3yMiHHA ieonorii neneHTpaizanii sk pedop-
MU, BUMAra€ OIMiHKH HHHIIIHBOI CIIBIpAIli CUCTEMH YII-
PaBIIHHS Ta COIIaJbHO-EKOHOMIYHOTO CTaHy CyCILIbCTBA
JIONIOMAara€e BHUSIBUTH CTPATETiduHI PO3AUIH CTAJOr0 PO3BU-
TKY CHUCTEMH PO3CEJICHHS BPaxOBYIOUH BCi chepu Hisiib-
HOCTI!

- TPOCHIOUTH B ICTOPHIHOMY pPaKypci OCOOIMBOCTI
(dbopMyBaHHS aIMiHICTPATHBHO-TEPUTOPIAIBHOTO MOMLTY
KpaiHU Ta BiATIOBIHOT CHCTEMH YNPaBIiHHSA KOXKHOI CHC-
TEMH OKPEMO;
3alpOIIOHYBaTH METO/IMYHY OCHOBY sKa Mae 0azy-
BaTHCh Ha YIMpPaBIiHHI, HA KOMIUICKCHIH CHIBIpaIl BCiX
cdep CycmiiibCTBa, HA BU3HAYCHHX TAKCOHOMIUHHUX OJ[H-
HUIIX TEPUTOPIi, IKHMH BOHU BOJIOMIIOTH;

CTBOPUTH MOJIENIb BEPTHKAJIBHOIO PETYNIOBaHHS 1
TOPU30HTAJILHOTO YINPABIiHHS BCiMa cepamu >KUTTEI-
SUTBHOCTI CYCITUTBCTBA, HA BIIMIHY BiJ iCHYFOYOi BepTHKa-
J1i HOPMaTHBHOI, 3aKOHOAABYO], YIPABIIHCHKOI 1 KOHTPO-
JIIOI0YOT;

BUSBUTH (aKTOPH, SIKi MOXKYTh BIUIMBAaTH Ha pedo-
PMYBaHHS ICHYIOUOi CHCTEMH MICIIEBOTO CaMOBPSITyBaHHS
B TpaHC(OPMOBaHY CHCTEMY I'PYNOBUX ()OPM PO3CEINCHHS
B 3QJIE)KHOCTI BiJl CTpaTeriyHoi Mporpamu,
3alpOIIOHYBaTH 3aco0M CTPYKTYpHOI oprasizamii
HpOCTOpPY 5K 00’€KTa MICTOOYAIBHOTO TUIAHYBaHHS, 30HY-
BaHHS Ta perioHaiizaiii TepuTopii 3 ypaxyBaHHSIM HOBOTO
00’€eKTa Ha MICLIEBOMY PiBHI — TEPUTOPIANBLHOI rpoOMaIy 3
OCOOJIMBMM BHJIOM €KOHOMIYHOI CTparerii TypUCTHYHO-
peKpeamniifHoOi AisITBHOCTI.

Pe3yabTaTu Ta ix odroBopeHHs. Pe3ymsraTom moci-
JDKEHHSI € TIPOJOBKECHHSI IMOUTYKIB CTPATEriyHUX LUIAXIB
COIiaJIbHO-€KOHOMIYHOTO PO3BHUTKY PO3CENICHHS B YKpai-
Hi B pe3ylbTaTi CYTTEBHX 3MiH aJMiHICTPATHBHO-
TEPUTOPIATBHOrO yCcTpor. HoBHil €leMEeHT po3CelieHHS
TepUTOpialibHa rpoMaia JUisi CBOTO PO3BUTKY, B OCHOBHO-
My, MOXKE 3ajJy4aTd HasiBHUH NPUpPOAHUII abo iCHyroumit
€KOHOMIYHUI1 MTOTeHIial.

CyvacHa moJjiTuKa ekosorizamii ta 30epexeHHs Ipu-
POZHOTO CEPENOBHIIA Ja€ MOXKJIIMBICTD ISl PO3BUTKY pe-
TiOHAJBHUX CHCTEM TYPHCTHYHO-pEKpeaniiHol AisTIbHOC-
Ti SIK KpaiHM TaK 1 KOXKHOT JIOKaJIbHOI CHCTEMH PO3CelIeH-
Hs. [lepcnekTHBOIO 111 0OrOBOPEHHS € caMe KOMIUIEKCHA
OIIIHKA PECYPCHOI CIIPOMOXHOCTI KOXKHOT TePUTOPiaIbHOT
IpOMajJil Ta MOXJIMBICTh PO3BUTKY CyMIXHHX PerioHajb-
HUX MPOTPaM.

BucnoBok. [Ipornec nernenrpaizaiii B YkpaiHi Hampa-
BJICHMH Ha YKPYIHEHHS CHUCTEMH PO3CEJICHHS Ha HIXK-
HBOMY DiBHI, a came (hOpMyBaHHS TEPUTOPIATBHUX T'PO-
MaJl SIK CHUCTEMH JIOKAJIILHOTO pIiBHS [aB MOXIIMBICTh
OLIBII KPUTHYHO OIIHUTH PEANIbHICTh PECYPCIB AJIs PO3-
BUTKY.



HoBa wMeronuka, sika po3poOiseThesi, Mae HaMipu
00’eHaTH BHYTPIIIHI 1 30BHIIIHI MOXIJIMBOCTI Ha LUIBO-
Bill Y3roJUKEHOCTI 30epexeHHs, momynspu3anii, 30ara-
YEeHHsI PUPOJHUX KYJIBTYPHHX Ta iCTOPUYHHUX PECYpCiB

Science and Education a New Dimension. Natural and Technical Sciences, VII1(27), Issue: 224, 2020 Feb.  www.seanewdim.com

Ha BCIX pIBHSX, CTBOPUBIUM pETiOHAJIBHI MOJAENI TypHC-
TUYHO-PEKPEAIiHOT iISUTBHOCTI B HOBHUX aJIMiHICTPaTHB-
HUX yMOBaxX Ta NIO0AJbHOMY BIUIMBY YypOaHi3amiHHUX
MIPOLIECIB.
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Social and town-planning features of forming of tourist-recreational network as strategy of economic development of the in-
plant systems of settlement are in Ukraine
V. O. Yathenko
In the article pre-conditions of development of methodology of forming of tourist-recreational complexes are considered on the base
of resource possibilities of the in-plant systems of settlement (territorial communities) in Ukraine. Paid attention to the state of indus-
try and perspective possibilities her as basic for economic development of row of territorial communities. The row of principles is
outlined after that a process must be examined in town-planning activity. A certain example of the strategic program of development
of the in-plant system is made a tourist-recreational constituent is stopped up in basis of that.

Keywords: territorial society, in-plant system of settlement, tourist-recreational activity, town-planning activity, ecology, urbani-
zation, natural resource.
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XapakTepuCcTHKA MOKA3HUKIB HeHpoAuHAMIYHUX QYHKIIA, yBaru Ta mam’sTi
B YMOBaX HA0yTOI KOPOTKO30POCTi CJIA0KOIr0 Ta BUCOKOI0 CTYIEHs
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AwnoTauis. [TpecTaBieHo pe3yspTaTu A0CiipKeHHs HefiponuHamiuaux (OPHIL, JITICMP pisuoi ckinaaHocri, [ITOI) i ncuxodisio-
JIOTiYHUX (yBara Ta KOpOTKOYAacHa MaM'sITh) IMMOKAa3HUKIB JI0JeH 13 HabyToI0 KOPOTKO30picTio. BecraHOBIEHO, IO B yMOBaX KOPOTKO-
30pocCTi BinOyBaroThes crienudivni 3mian BH/L, sxi € Haciakom ¢yrkionansaux nepedyznos B IIHC. 3aramom, npu ciadkiid KopoT-
KO30pOCTi BHSBIICHI HAMUIIIII MOKA3HUKY HEHPOANHAMIKH, YBaru Ta rmam’sTi (KpiM CIIyxoBoi Ha uucia). Bucokomy cTyneHio KopoT-
KO30pOCTI BiINOBIAAIOTh 3HIKEHI HEHPOAMHAMIYHI IOKA3HUKH, HIDKYA SIKICTh Ta KOHLEHTPALiS YBaru, 3HIWXKEHHI 00CATH KOPOTKOYa-

CHOI ITaM’SITi (KpiM CIyXOBOi Ta 30pOBOi Ha YHCa).

Knrwouosi cnoea: nabyma xopomko3opicms, ceHCOMOMOPHI peakyii, yéaza, KOpOMKOUACHA NAM'SMb, GUWA HEPBO8A OIANbHICIb.

Beryn. 3aransHOBITOMO, IO XapaKTep BUIIOT HEPBOBOI -
sutbHOCTI (BHJI) nronueM 00yMOBJICHUI THITOJIOTIYHUMU
BJIACTUBOCTSIMH BWIIUX BiATUTIB HEHTPAIBFHOI HEPBOBOL
cucremu (LIHC) Tta ¢yHkuisimu mni3HaBanbHOI cdepH.
VYBara Ta mam'sITh € THMHU BHJAMH IICUXIYHOI MisTTBHOCTI,
SIKI CIIPAIMOBAHI Ha a1alTalliio 0 HaBKOJIUIIHBOI cBiTy [9].
JloBeneHo, 110 3a pi3HUX yMOB (TIpodeciiina abo cropTH-
BHA CIleriarizaiis, JeeKT CeHCOpHOi cucTeMH) GopMmy-
eThes neBHUN GyHkuioHanpuuil cran [{HC, sikuit BrrBae
Ha XapaKTep BUKOHYBAHOI MiSUTBHOCTI UM CIIPUAHATTS Jiii-
cHocri B 1inomy [4, 8, 10]. TocmikeHHs: KOPOTKO30POCTi
HaOyTO1 popmMu K HedekTy 30pOBOi CHCTEMHU HE BTpadae
CBO€1 aKkTyalbHOCTI 3 modaTky XX cromitTsa. Pazom 3i
CBOEIO CTPIMKO 3pocTarouoto mommpenictio [21], oco6-
nBo cepen ocid momomoro Biky [20], xopoTko3opicTh
BIUIMBAE Ha BCi chepy KUTTS JFOJUHU, OCKIIBKU CTaH 30-
poBoro aHanizaropa 3adesmneaye mepepooky a0 90% indo-
pMartii, mo Hagxoauts B [THC i3 cepenopuma.

Kopotknii oryisin my6Jikaniid mo temi. Ha choromui
3’sICOBaHO 0arato aclekTiB B 00JacTi iHAMBIAYaIbHO-TH-
MOJIOTIYHUX BIAMIHHOCTEH MIX JIFOJIbMH, 1X POJIi Y CTaHO-
BJICHHI OCOOMCTICHHX pHUC 1 HpodeciiHUX SKOCTEeW JIro-
JMHU. J{aHi MMTaHHS IUPOKO PO3KPUTI, HAIIPHUKJIIA], B IIpa-
max B. JI. HeObuninmaa, M. B. Makapenka, B. C. JIuzo-
ry0a, C. K. T'omsku, O. 1. bospuyk, I'. B. Kopobeiinikora,
M. II. Boituyk. B octanHi poku, 3Baykar04d Ha TCHCHIIIIO
JI0 TIOTIpIIEHHS 3710pOB’s HaceneHHs Ykpainu [19], akTya-
JBHUMH CTAIOTh NOCTIKEeHHs ctaHy BHJl monuan mpu
HAsBHOCTI B Hel XBOpOO UM MATOJOTIYHUX CTaHIB, IO MO-
KYTh BIUIMBaTH Ha pi3Hi chepu OyTTs. Ha nymky meskux
BUCHHUX O(TaIbMOIIATOJIOTISI, KOPOTKO30picTh (200 Mio-
ITis1) B TOMY YHCIIi, € OJHI€I0 13 MPOBIAHNX YUHHHKIB 3HU-
JKEHHsI [TPpale3/1aTHOCTI JIIANHH, 1110 3/IaTHA CYTTEBO 3HH-
3UTH SIKICTh ii )KUTTS B Cy4acHOMY iH(pOpMaIliifHO-HAIPY-
xeHoMy cycrinbeTi [1]. CTBopeHHs 30poBHX 00pasiB, 1x
nepepoOKa Ta peaklis-BiJIOBib Ha 30POBUH CHUTHAI €
CKJIaJTHUM TTO€THAHHAM HEHPOIUHAMIYHUX 1 IICUXO0]i3io-
noriyHux npouecis [3]. B geskux ekcrepuMeHTalIbHuX po-
0oTax MOKa3aHo, 10 y MOPIBHAHHI i3 3I0POBUMH, KOPOT-
KO30pi JIFOJM MarOTh BIAMIHHOCTI HE TUIBKH Y NiSTIBHOCTI
BicIepambHUX CHUCTeM opraHismy [5, 6, 7], a it xapakrepu-
3y10Thes ocobnmBocTssmu BHJI. Beranosieno, mo Ha Tii
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KOPOTKO30POCTi BiIOYBatOTHCS 3MIHH Y (PYHKI[IOHYyBaHHI
30pOBO-CEHCOPHOI cucTeMu [2, 17], yaci ceHCO-MOTOPHOTO
pearyBanus [16], 3miHIOIOTBCS 00’€MH KOPOTKOYACHOT
mam’sTi Ta BiactuBocTi yBaru [11, 15]. Oanak, ui nasi
MIPUCBSYCHI a00 PO3pi3HEHNM BIKOBHM IepiogaM, abo me-
BHUM 3HA4YECHHSIM KOPOTKO30pPOCTi, TOMY HE JAIOTh 3MOTY
CUCTEMAaTH4YHO oxapakrepuzyBatu BHJI kopoTtko3opux
0ci0, 1110 1 3yMOBHJIO METY HAIoi pOOOTH.

Mera cTaTTi — NpoaHai3yBaTH CTaH LIEHTPAJIBLHOT He-
PBOBOI CUCTEMH Ha TJIi HAOYTOI KOPOTKO30POCTi Y BiMO-
BITHOCTI JI0 CTYICHS ii PO3BUTKY.

Martepiau i meToan gociimkenns. JlocmipkeHHS BH-
KoHaHO B pamkax H/IP xadenpu Oioorii moquHu Ta TBa-
puH CyMCBKOTO JEpXKaBHOTO IIE€IAaroridyHOro yHIBEpCH-
tery imeni A.C.Makapenka (Ne pgepx. peecTparii
0116U008030) mpu noTprMaHHi 010eTHIHUX HOPM Mi>KHa-
pOIHOTO TIpaBa Ta 3aKOHOJAaBcTBa YKpaiHu. B mocii-
JDKEHHSl Ticis oTpuMaHHs [HpopmoBaHoi 3romm Oyiio
BkitoueHo 120 oci6 Bikom 18-35 pokiB, 60 3 sIKHX, IO
MaJl HOpMaJIbHUH 3ip, CKJIAJIM KOHTPOJIbHY Tpymy. Y Bij-
HOBIJIHOCTI JIO MOCTaBJIEHOT METH KOPOTKO30pi YUaCHUKH
Oynu po3aineHi Ha rpynu mo 30 oci0 B KOXKHIM: mepiina —
JIFOJIM 13 KOPOTKO30PICTIO C1abKoro cTymeHs (10 -3 antp),
JpyTa — JIFOJIU 13 KOPOTKO30PICTIO BHCOKOTO CTYTICHS (Bij
-6 artp). JliarHo3 «KOpPOTKO30PICThY, i hopMa Ta CTYyIiHb
BCTaHOBIIOBAJIHCS JIIKapeM-0(TaIbMOJIOTOM.

B sxocti HeWpoauMHAMIYHAX MOKA3HHKIB HisUTBHOCTI
HC BuBuyanmch piBeHb QYHKIIOHATBHOI PYXIIMBOCTI He-
pBoBux nporeciB (OPHII), yac ceHCOMOTOPHUX peaKIlii
PI3HOT CKJIAIHOCTI: JIATCHTHI TIEPiOIU MPOCTOI 30POBO-MO-
topuoi peakuii (JIII [I3MP), peakuii Bubopy oanoro i3
tprox (JITT PB1-3) Ta n18ox i3 Tppox (JII1 PB2-3) curnais,
a TaKOX MIBHJIKICTh IIEHTPalIbHOI 00poOKHM iH(opmartii
(ILITIOI), mo po3paxoByeThes K pizHUI wacy Mk JIIT
PB2-3 Ta I13PM [13]. TectyBaHHs MpOBEACHO 3TiAHO Me-
TOJMKH BU3HA4YCHHS 1HIUBIIyaJbHUX HEWPOAMHAMIYHUX
BractuBocted BH/I moauHu 3a 10MOMOT0I0 KOMIT IOTEP-
Hoi cucremu «JliarnocT-1», po3pobnenoro M. B. Makape-
HkoM i B. C. JIuzory6om [12, 14].

[Ncuxodizionoriuae AOCHTIHKEHHS MIPOBOIWIOCH Y Ha-
MPSIMKY BUBYEHHS OCHOBHHUX NOKa3HHUKIB yBark Ta KOpPOT-
Ko4acHOi mam’siTi. JJis KiMbKICHOT Ta sIKiCHOT OIIiHKH yBaru
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HamMy OyJla BUKOPHCTaHa 3araJlbHONPHUIHATA METOAMKA
«Kopekryphna mpoba» b. Bypaona-5. Audimosa [18]. do-
CJIIJPKEHHS! IPOBOJIMIIOCH 32 CEPisiIMU 3aBJaHb: 3aBiaHHs |
— BUKPECJIIOBaHHSI JTiTep (3BUYANHUI PEKUM TECTYBaHHS);
3aBnaHHs 2 — 3MiHa JITEp Ul BUKPECIIOBAHHS Ta IIyMO-
BUH cynpoBix poboTu (piBeHb yBaru Ha ()OHI BHYTPIlI-
HBOTO Ta 30BHIIIHBOTO TallbMyBaHH:). JlociikeHHS KO-
POTKOYACHOI ITaM’ SITi IPOBOIMIIOCE 32 PE3yIbTaTaMH JBOX
MTOBTOPEHb CTaHAAPTHHUX TecTiB («10 cmiBy, «10 mudp») 3
ypaxyBaHHM ii BUIIB (30pOBOi, CIIyXOBOi, CMHCIIOBO1) Ta
THUITy CTHMYJIBHOTO MaTepiany (crnosa/iidpu), BixrBope-
Hux 3a 30 cexyHn [18]. TectyBaHHs MPOBOIUIOCS B TIEpi-
OJTY ONITUMAIILHOTO PiBHS (i3ioaorivyHuX QyHKLil — BIBTO-
POK, cepena, yersep, 3 09.00 no 12.00 ronuuu.

Tab6auns 1. HeliponnHaMidHi HOKA3HUKH MPAKTHYHO 3T0POBHX
mozei Ta ocib i3 HabyTOI0 KOPOTKO30PICTIO

IIpakTHyHo Ha0yTa xopoTko3opicTh
310poBi oM | Cialkmii | Bucoxwmii cTy-
Hoxazmmk (n:p60), M+m CTymiHb miHb v
(n=30), M+m | (n=30), M+m
JIIII3PM, mc| 246,96+5,69 |264,76+6,67* | 278,89+531*
JIIPBI1-3,mc| 393,31+6,18 |368,57+6,70* | 410,56+6,39
JIIPB2-3, mc | 414,01£6,63 |[361,90+5,73* | 430,56+5,42
OPHII, ¢ 73,4+0,6 70,8+0,8%* 75,6+1,1%*
HIITOI, mc 167,05+6,42 97,1+6,13* 151,645,31

* — BIpOTi/IHI BIIMIHHOCTI y TOPiBHSHHI i3 TPYIIOI0 3I0POBHX 0CI0
i3 HopMansHUM 30poM (p<0,05).

Hudporsi mani 6ynu o6pobieHi MeTogaMu BapialliitHol
CTaTHCTUKH 3 BUKOPUCTAHHSM CICHIAIBHUX TIPOTpam
(Microsoft Excel, Statistica 6.0). Pe3ynsratu mnpencras-
neHi y Burisini M+m (cepente apudmeTndHe + MOMHUIIKA
CepeIHbOTO apu(METUIHOr0). BiporiTHUMHU BIAMIHHOCTI
MK BHOipkamu BBaxamucs npu  P<0,05 t-kpurepis
CThIO/ICHTA.
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PesyabTaTi Ta ix 00roBopeHHs. 3riJHO pe3yJIbTATIB
BUBYCHHS HEWpOAWHAMIYHUX (QYHKIIH (Tabn. 1) HaMu BU-
sBJIeHO BiamiHHOCTI 3a yacom JIIT TI3MP mix Bcima moc-
JOKyBaHUMH Tpynamu. [Ipu npoMy BiamiueHe 30iib-
LIEHHS JAaHOTO MTOKAa3HUKa 31 3pOCTAHHSM CTYIIEHSI KOPOT-
KO30pocTi: pu cnabkomy cryreHi Ha 17,8 Mc, mpu BHCO-
KoMy — Ha 31,9 Mc, y TOpiBHSHHI 13 JaHUMH KOHTPOJIBHOI
rpymu (p<0,05).

[Tpu mocnimkeHHI Yacy CKIagHUX CECHCOMOTOPHHX pea-
kit (CMP) takox Oynio BHSABICHO BiIMIHHOCTI MiX JOC-
JKyBaHUME Tpynamu. B rpyri ocib 3i cmabkoo KopoT-
Ko3opicTio nareHTHi nepioxu PB1-3 ta PB2-3 6ynu kopo-
tiumu (p<0,05), HiX B Tpymi-KoHTpoto, Ha 24,7 Mc Ta
52,1 mc BignmoimHO. IIpu BHCOKi KOPOTKO30pOCTI pe-
3yJIbTaTH NMOKA3aJIM BiICYTHICTh BipOTiAHUX BIIMIHHOCTEH
BiJI KOHTPOJIBHUX AaHuX (p>0,05), mpoTe 3a3HaveHi MoKa-
3HUKU Majli TeHJeHMilo 1o 30inbmenns: gac JIIT PB1-3
BUsABUBCS OlapmnM Ha 17,3 mc, gac JIIT PB2-3 — Oinpimm
Ha 16,6 mc. CrocoBHo piHs @PHII BcTaHOBIIEHO, IO TTPH
cabKoMy CTyHeHI KOPOTKO30POCTi CEpeIHBOTPYIOBHI
Yyac MPOXOKEHHS JAaHOTO TecTy OyB MeHIIMM Ha 2,6 ¢
(p<0,05), npu BUCOKOMY CTYIICHI, HABITAKH, OLIBIINUM — HA
2,2 ¢ (p<0,05), Hixk B KOHTpOBHiil rpymi. CepeqHborpy-
moBi 3HaueHHs LI[OI mpu c1abkomy CTyIeHi KOPOTKO30-
pocti Oynmu Mmenmn Ha 69,9 mc (p<0,05), npu BUCOKOMY
crymeni — Menmr Ha 15,4 mc (p>0,05), HiX y cepeaHboMy
10 KOHTPOJIbHIN BUOIpIIi 0Ci0.

BBaxkaerbcst, mo unm Buimii pisenr @PHIT (Menmmit
gac tecty) Ta Hokda [II{O], Tum moauHaa mBHIIIIe BUKO-
HY€ yCKIIaJHEHI 3aBJaHHs, sIKi BUMAraroTh IIOCHICHOI aHa-
JITHKO-CHHTETUYHOI iSUIBHOCTI KOPH TOJOBHOTO MO3KY
[13]. ToMy MH MOKEMO TOBOPUTH PO MOIOBKCHHS 4acy
[I3MP, monermeHHs MPOBEACHHS HEPBOBUX IMITYIIBCIB
1pu cia0Kilf KOPOTKO30pOCTi Ta HOTO 3aTPUMKY - TIPH KO-
POTKO30pOCTi BUCOKUX 3HAUCHb.

Ta6auns 2. [Ioka3HUKH yBaru NpakTHYHO 3TOPOBHX JIIOJEH Ta 0ci0 i3 HAOYTOI KOPOTKO30PiCTIO

TpakTiuno 310posi Ha0yTa KopoTK030picTh
Ioxa3nuk o (n=60), M+m Cnabkuii cTyninb Bucoxkuii cryminb
' (n=30), M+m (n=30), M+m
3aBnanHs | (3BUYAiHI YMOBHU TECTYBaHHS)
KinmpkicTp BipHO 3aKkpecieHux 3HakiB, M 102,9+0,92 123,2+1,07* 111,4+0,86*
KisbKicTh TOMYIIEHUX TOMHUJIOK, N 3,5+£0,41 1,1+0,3* 2,6+0,23
O6csr 30poBoi iHdopmartii, Q 239,5+1,42 285,4+1,74* 258,3+1,75*
EdextuBHicTh poboTH, E 99,12+0,06 99,76+0,07* 99,39+0,08*
IBuakicTh nepepodku iHdGopmaii, V 1,91+0,13 2,35+0,15% 2,09+0,16
Isuakicts Bubopy, T 3,36+0,18 4,01+0,21%* 3,63+0,21
3aranbHa po3yMOBa MPOAYKTHBHICTh, P 389,9+1,45 476,5+1,29* 425,1+1,13*
Pisenn konuentpanii ysaru, KY (%) 93,29+0,35 98,19+0,38* 95,4+0,38*
3aBnanHs 2 (3MiHEHI YMOBH TECTyBaHHSI)

KinmpkicTph BipHO 3aKkpecieHux 3HakiB, M 79,5+0,97 89,5+0,98* 91,8+0,91*
KinmpKicTh HOMyIIeHUX MOMIJIOK, N 5,6+0,49 2,0+0,17* 3,8+0,30*
O6csr 30poBoi iHdopmartii, Q 192,8+1,13 204,94+1,33* 210,2+1,19*
EdextusHicTh pobotH, E 98,28+0,06 99,43+0,06* 98,95+0,07*
LIBuakicTh nepepoOku iHGopmaii, V 1,48+0,12 1,66+0,12 1,66+0,09
LIsuakicts Bubopy, T 2,71+0,13 2,88+0,16 2,95+0,14
3aranpHa po3yMOBa IPOIYKTHUBHICTh, P 303,5+1,44 337,7+1,48* 339,9+1,42*
PiBenb konuentpauii ysaru, KY (%) 86,83+0,41 95,68+0,37* 92,16+£0,68*

* — BIpOTiHI BIAMIHHOCTI Y MOPIBHSAHHI i3 IPYIOI0 310pOBHX OCI0 13 HOpMambHUM 30poM (p<0,05).

PesynbraTi 10CHiPKEHHS TOKA3HUKIB yBary 3a 3BUYaii-
HHUX YMOB ITpOBEJCHHS TecTy (Tabi. 2) nokasanu, mo Q B
rpymax oci6 i3 HabyTol KOpOTKO30picTio OyB JOCTOBIpHO
(p<0,05) GinpmmM, HDK B TpyHi 0oci0 i3 HOPMAJIBHUM 30-

POM: IIpH c1aOKOMY CTyTieHi — Ha 45,9 3HaKiB, a IpH BUCO-
KoMy cTyneHi — Ha 18,8 3HakiB. HatomicTs, N Oyna 3Ha4HO
MEHIIOI0 y BHOOpI 0cib 13 KOPOTKO30PICTIO, HIX B IPyIIi
KOHTpOJI0. CTaTUCTHYHI BIIMIHHOCTI M’ KOHTPOJIHOIO



Ta JIOCHTIJHOIO IPyNaMH 3a IIBUAKICHUMHU XapaKTePUCTH-
KaMH yBaru OyJiy BCTAHOBJICHI JIMIIE [UIsl 0Ci0 13 cla0KuM
cTyneHeM kopotko3opocTi. Tak, V ta T BusBHiInCS Bipo-
rigHo (p<0,05) kpamumu npu ciaadkiit KopoTko3opocTi. B
rpymi oci0 i3 BHCOKOIO KOPOTKO30DICTIO BKa3zaHi IOKa3-
HHUKH HE3HAYHO NEPEBHINYBAIM PiBEHb I'PYIH-KOHTPOIIIO
(p>0,05). 3naueHHs cepeIHRO TPYNOBOTO OKa3HMKa E ko-
POTKO30puX 0Ci0 HE Maji CTaTUCTUYHHX BiAMIHHOCTEH
BiJl JAaHUX KOHTPOJBHOI IPYIIH, aJie BiA3HAYAINCS HE3HAY-
HOIO TCHJICHIIEI0 N0 TOKPALICHHS PE3yJbTATiB B TPYIIi
ocib i3 cmabkuM cTyneHeM KopoTko3opocrti. [lokazauknu P
ta KY npu cnabkomy Ta BUCOKOMY CTYNEHSX KOPOTKO30-
pocti Oynu 6inpuumu (p<0,05), y HOpIBHSAHHI 13 JaHUMHU
MPaKTHYHO 3JI0POBUX JIIOACH.

3a pesynbraTamMu BUKOHaHHS «KopekTypHoi mpoOu» 3a
3MIHEHUX YMOB 3a()iKCOBaHO 3MIiHHU ITOKa3HMKIB MPOLECY
yBaru y MOpiBHSHHI 13 JII0JIbMH 3 HOpMaJIbHUM 30poM. Ha-
BeJICHI y TaONHII 2 TaHi CBiA4aTh, 10 32 YTPYTHCHUX YMOB
TECTyBaHHS (3MiHa 3aBIAHHSI, ITYMOBHH IOPa3HUK) Bil-
OyIocst 3HIDKEHHS KITBKOCTI MEePeTJITHYTHX 3HAKIB Ta 30i-
JBIIEHHS TOMIJIOK B yCiX TpyHax yYacHHKIB (Bif piBHA
nepioro 3aBaaHHs). [IpoTe, cepeTHpOrpyOBHH MOKA3HUK
Q y KOpOTKO30pHX OCI0 3aJIHIIMBCS Ha BUIIOMY PiBHI, HiXK
B KOHTpOJbHIN Tpymi (p<0,05). YuacHuku 31 crabkoro Ko-
POTKO30PICTIO MPHITY CTHIIKCS IOMUJIOK Yy 2,8 pa3u MEHIIE,
i3 BHCOKHMH 3HAYCHHSIMH KOPOTKO30pocTi — y 1,47 pasu
MEHIIIE, Hi)K MPaKTHYHO 310poBi Jtoau (p<0,05). 3a3Hanu
3MiH 1 V Ta T: naHi NOKa3HUKH, 3HWKYIOUYKCH BijJl CBOTO
MOYAaTKOBOTO PiBHS, B KiHIII 3aBJaHHS BCE XK IEPEBAXKAIN
3HAYCHHS KOHTPOIBbHOI rpymH (p>0,05). 3a mokazHukoM E,
SK 1 B TOTIEpeIHOMY 3aBIAHHI, I KOPOTKO30PHX 0Ci0
CTATUCTUYHUX BiAMIHHOCTEN HE BcTaHOBiIeHO. PiBHi P Ta
KY =a ¢oHi aii radpMiBHAX YHHHHUKIB cepes KOPOTKO30-
pHX 0oci0 BUSBMINCS, B KiHIEBOMY PaxyHKY, KpalliMHU Y
MOPIBHSAHHI 13  pe3yJibTaTaMH KOHTPOJILHOI —IpyNu
(p<0,05).

OTxe, 3arajioM B Ipynax ocio i3 KOpOTKO30piCTIO BHSIB-
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JIeHI TIOKpallleH] KiJbKICHI Ta AKiCcHI pe3ysbTaTé npu do-
HOBUX (3BMYaWHMX) YMOBaX, 1110 MaJl0 HAHOLIBIIMI MPOSB
npu cyiabkiii KOpoTKo30pocTi. MKrpynoBe HOpPIiBHSHHS
JIAHUX KOPOTKO30pHX 0Ci0 BKa3ye Ha 3HWKEHHS BCIX ITOKa-
3HUKIB 1 XapaKTEPUCTHK YBary IpU 3pOCTaHHI CTyIEHs KO-
potko3opocrti. [IpoTe y3aransHeHi mapaMeTpH yBard 3aiu-
[IaFOTHCS HA PiBHI M0 KPAIOMY BiJl KOHTPOJIBHOI TPyIH
HaBiTh B YMOBaX KOPOTKO30POCTi BUCOKHX 3HAUCHb.

Pe3ynbTaTi BHKOHAHHS 3aBIaHHS IPH Iil KOMIUIEKCY
TaTbMIiBHUX YMHHUKIB (3aBHaHHS 2) MOKa3aiy, M0 Xapak-
TEePHUM JUISI BCIX AOCIHIHKyBaHUX TPYII, B TOMY YHCIIi 1 KO-
HTPOJIbHOT, OyJIO0 3HWKEHHS! KiJIbKICHUX 1 SKICHHX ITOKa3-
HUKIB poOOTH BiJ piBHS mepuioro 3aBaanss. Ciig Bin3Ha-
YHUTH, IO 32 [UX YMOB y OCI0 i3 pi3HUM CTYIIEHEM KOPOT-
KO30pOCTi nposiBuiIHcs crierudivyni BinminHOCTI. B rpymi
0ci0 3i claOKoOI0 KOPOTKO30picTI0 QQ 3HHM3HMBCS Bill CBOTO
MI0YaTKOBOTO PiBHS (NOKa3HUK y 3aBnanHi 1) Ha 28%, npu
BHCOKi# KOPOTKO30pOoCTi — snine Ha 18,6%. Ile moB’s3aH0
i3 samkenasaM V ta T (Bimnosinao Ha 29,4% Ta 28% npu
ciabkoMy crymeni; BinnmosigHo Ha 20,5% Ta 18,7% npu
BHCOKOMY CTYIEHI KOPOTKO30pocCTi). [HImmMMH cioBamy,
3MEHIIICHHS IBUAKICHUX XapaKTEPHCTHUK JO3BOIMIO JIFO-
JISIM 31 cJTa0KOF0 KOPOTKO30PICTIO 30epiraTé BUILUIA piBEHb
KY, npote He sIKiCTh BUKOHYBAHOI AisTIBHOCTI, SKIIO PO3-
TISLIATH JMHAMIKY 3MiH (N 3pociia Bij MOYaTKOBOTO PiBHS
y 1,8 pasu). B rpymi 3 BUCOKOIO KOPOTKO30PICTIO, 3BaXKa-
I0YH Ha BUXIJHUH HIKYUH PiBEHb NOKA3HHUKIB, MEHIII CYT-
TeBe 3HIDKeHHS V Ta T oOymoBmiio Oinbmi BucOKi Q,
MEHIIIE 3pOCTaHH: N BiJ MOYaTKOBOTO piBHA (y 1,46 pasiB)
Ta miaBumeHHI P 1o piBHS 0ci i3 c1abKor0 KOPOTKO30pi-
ctio (B 3aBmaHHi | B mawiif rpymi 3HaueHHS P Oymo meH-
mmM Ha 10,7% Bin piBHS 0ci0 i3 cmabkor0 KOPOTKO30pi-
cTI0). BumieszasHaueHe Bkasye Ha (GopMyBaHHS OCOOIH-
Boro (yHKUioHaneHOTo ctany BH/I mpu xopoTko3opocTi,
1110 B CBOT# CyTi MOXE MaTH Pi3Hi afanTauiiiti nepedynoBu
npoueciB 30y keHHs Ta ranbmyBanHs B [IHC npu pizHux
CTYHEHSX Ha0yTOi KOPOTKO30POCTi.

Tab6auus 3. [Toka3HUKH KOPOTKOYACHO] IaM’sITi MPaKTUYHO 3JIOPOBHX JIFOIEH Ta 0cib i3 HaOyTOI0 KOPOTKO30PiCTIO

. Ha6yTa xopoTko3opicTh
Ioka3nuk Ipakirino 310pobi Cna0kuii cTynmiHb . .
smoau (N=60), M£+m (n=30), M&m Bucokuii cryninb (N=30), M+m
30poBa mam'sath Ha YUClIa 11,45+0,17 12,46+0,37* 13,71+0,36*
30poBa mam'saTh Ha CJIOBa 16,68+0,15 16,69+0,42 15,33+0,41*
CiyxoBa nmam'siTh Ha YuCiIa 13,65+0,16 11,94+0,34* 14,20+0,39
CrnyxoBa nam'siTe Ha CJIOBa 15,42+0,19 16,02+0,36 15,24+0,37
CMHCII0Ba IaM'ATh 17,52+0,16 18,14+0,32 17,82+0,21
3opoBa mam'sTh 14,06+0,23 14,58+0,27 14,90+0,28*
CiiyxoBa mam'sith 14,51+0,22 14,23+0,26 14,70+0,27
IMam'siTh Ha yuCTa 12,4740,21 12,46+0,27 13,60+0,28*
IMam'siTh Ha cii0Ba 16,10+0,18 16,35+0,23 16,01+0,24

* — BipOTiHI BIIMIHHOCTI Y TIOPiBHSHHI 13 TPYIOIO 3M0pOBHX 0Ci0 13 HOpMambHUM 30poM (p<0,05).

JociimkeHHs: KopoTkodacHoi mam’sari (tabmn. 3) noka-
3aJ10, IO Y TIOPiBHSHHI 13 KOHTPOJIBHOO TPYIIOI0 0OCST 30-
POBOI maM’sATi Ha YyUcHa y 0ocib i3 KOPOTKO30PicTIO € OiITb-
M (p<0,05). O6car 30poBoi Tam’Ti Ha CIOBA MPH Cla-
OKOMY CTYIICHI KOPOTKO30pOCTi OYJIH MaiKe OTHAKOBHUMU
i3 IaHUMH TPAKTHYHO 3[J0POBUX OCI0 Ta CTATUCTUYHO HE
BIZIPI3HSUTUCE, NIPOTE MPHU BHCOKIH KOPOTKO30pOCTi Oyio
BUSIBJICHO 3MEHIIEHHS JAHOTO NMOKA3HUKa BIJTHOCHO KOHT-
ponbHux 3HayeHb (p<0,05). Takoxx Oyn0 BCTAHOBJIEHO
3MEHILeHHs 00csriB ciyxoBoi mam’sTi Ha yucia (p<0,05)

19

B TpyIIi 0cib i3 c1abK0I0 KOPOTKO30PICTIO, TOI SK IPH BU-
COKHMX 3Ha4E€HHSX KOPOTKO30POCTI BUSIBIICHA TEHJICHILIS JI0
30umbIIeHHs mokaszHuka (p>0,05). I[lpu ciyxoBomy 3a-
am’ITOBYBaHHI CIIiB BIpOTiIHI BiAMIHHOCTI MiX IOCIIi-
JUKYBaHMMH TpyNaMH BiACYTHI, Jinie oOcsr mam’aTi Ha
CJIOBa TPH CJIAOKOMY CTYIIEHI KOPOTKO30pOCTi OYB JIeIo
O17BbIIMM, HDK B KOHTPOJIBHIH Tpymi. 3a piBHEM CMHCIIOBOT
(coBecHO-JOTiUHOT) mam’sTi JIIOAM 3 KOPOTKO30PiCTIO
nposiBLIM  He3HauHo (p>0,05) kpamii pesynbratun 3a-
raM’SITOBYBaHHS T1ap CIIiB.



IIpoananizyBaBmin 0OCSATH KOPOTKOYACHOT I1aM’siTi,
OTpPMMaHUX BiJ| pI3HUX aHAJII3aTOPHUX CHCTEM 0e3 ypaxy-
BaHHS crenu@ikyd TeCTOBOro MaTepiaiy, ToOTO 3a ii TH-
NamMyd, MM MOKEMO BiJI3HAUUTH TEHICHLII 10 MOKpa-
IIIEHHS 30POBOT 11aM’ATi Ha YMOB Ha0yTOT KOPOTKO30POCTi:
ii piBeHb OyB BUINHIT sIK IpU ciabkomy cryreHi (p>0,05),
Tak 1 Mpu BUCOKOMY CTyTIeHi KopoTko3opocTi (p<0,05), y
MOpiBHAHHI 13 KOHTPOJIFHOIO Tpymnoto. B Toit xe wac, pi-
BEHB CIIyXOBOI ITaM’ SITi TIPU CITA0KOMY CTYIIEHI KOPOTKO30-
pocrTi € He3HaYHO HIDKYHUM (p>0,05), a mpu BUCOKOMY CTY-
TIeHi, HaBIaKH, Aeno BumuM (p>0,05).

CepeaHbOrpyIOBe 3HAaUEHHS ITOKAa3HUKA T1aM AT Ha YH-
cnia, SIKi € cUTHajlaMu-00pa3aMy MepInoi CUTHAIBHOT CHC-
TEMH, B TpyIi 0ci0 i3 cnabKuM CTyneHeM KOPOTKO30pOCTi
OyB Maiike OJJHAKOBHM 13 KOHTPOJIbHHM, TOJI SIK Cepel
0ci0 i3 BUCOKUM cTyneHeM — OyB Oinbinum (p<0,05). 3a pi-
BHEM MaM’sITi Ha cloBa (Apyra CHrHajlbHa CHUCTEMa) He
BCTaHOBJICHO BIPOTITHUX BiAMIHHOCTEH MK TpyIamH,
MIPOTE BHUABIICHA TEHMACHIIS 0 301IbIICHHS 3HAYCHD MPH
C1a0Kiit KOPOTKO30POCTi Ta iX 3HIKCHHS NPU BUCOKIN KO-
POTKO30pOCTi.

OTxe, OTpEMaHi pe3yNbTaTH JO3BOJISIOTH 3pOOUTH BH-
CHOBOK, 1[0 MIXX JIOCJI/PKyBaHUMH IPyIaMH iCHYIOTb 0CO-
OJMBOCTI B XapakTepi 3amaM’siITOBYBaHHS Ta BIATBOPEHHS
TECTOBOrO MaTepiaiy, IO BIIHOCUTHCS 0 Pi3HUX CHrHA-
JILHUX CHCTEM, Ta CHPUIHATOTO MPHU ITOCEPEAHUIITBI 30pO-
BOTO YH CIYXOBOTO aHamizaropa. [Ipu cmiBcTaBlieHHI pe-
3yJIBTATIB CJiJl BII3BHAUUTH, IO B rpymi oci0 i3 Ha0yToIO
KOPOTKO30PICTIO CITabKOTO CTymHeHs 3agikcoBaHI MaKCH-
MAaJIBHO TIi/IBHIIICHI PiBHI CIIYXOBOI I1aM’ATi HA CJIOBa, CMU-
CJIOBOi MaM’sTi Ta 3araJlbHOTO PiBHS CJIOBECHOI IaM’sTi.
OnHOYaCcHO y BKa3aHOTO KOHTHHICHTY BCTAHOBJICHO Haii-
TipIm ToKa3HUKH cayXoBoi mam’sti Ha uncia (p<0,05) ta
3arajibHOTO PiBHS CIlyX0BOi MaM’siTi. st 0ci0 i3 BHCOKOIO
KOPOTKO30PICTIO XapaKTepHUMHU OyJIM HaWOimbIIl cepen
IHIIUX y4YacHHUKIB oOcsiru 30poBoi (p<0,05) Ta ciayxoBoi
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mam’sTi Ha YWClla, 3arajbHUX piBHIB 30poBoi (p<0,05),
ciryxoBoi mam’siTi, mam’siti Ha uncna (p<0,05), Ta Haii-
MeHII oocsaru 30poBoi (p<0,05) i ciryxoBoi nam’siti cioBa,
3arajbpHOIO PiBHSI aM’SITi Ha CJIOBA.

BucHoBku. Pe3ynbraT BHBYEHHS CEHCOMOTOPHOTO
pearyBaHHS ITOKa3aJIH, IO Y IOPiBHAHHI 13 JIOABMH 3 HOp-
MaJBEHUM 30poM Ha (oHi momoxkeHoro yacy [I3MP mpu
CITabKOMy CTyTIeHi HaOyTol KOPOTKO30pOCTi BiIOYBAETHCS
TMIOJIETTIIEHHS IPOBEACHHS HEPBOBHX IMITyJIbCIB IIPH CKIIa-
qanx CMP (Bumuii pisens @PHIL, menmmit wac HII{OI)
Ta 3arajJbMyBaHHS TaKol MisUTPHOCTI 32 YMOB KOPOTKO30-
pocTi BUCOKHX 3HaueHb. | xoua nokasuuk LILIOI npu Bu-
COKOMY CTYIICHI KOPOTKO30POCTi MEHIINH, HIXK B KOHTPO-
JIBHIN TpyHi, poTe BUXiAHUHA HKuni piBens OPHII cBi-
JUUTH TIPO YTPYAHEHHS 3JiHCHEHHS CKJIaJHOI aHAJITHKO-
CHHTETUYHOI IiSUTBHOCTI B J@HIi Trpymi KOPOTKO30PHX
oci0.

XapakTepHOIO 0COOIHMBICTIO KOTHITUBHOI ceph y ocibd
31 C1a0KOI0 KOPOTKO30PICTIO € TIepeBa)KaHHS IPYToil CHT-
HaJIbHOT CHCTEMH (TTOKpAIeHI TOKa3HUKHU 30pOBO] 1 CIIyXo-
BOI [1aM’STi Ha CIIOBA), B TOH Yac SIK MPH BUCOKIH KOPOTKO-
30pocTi e(eKTUBHIMOI € mepepodKka CHTHANiB-00pasiB
MepIiol CUrHANBHOT crcTeMu (MMOKPAIleHi TOKa3HUKH 30-
PoBoi i cityxoBoi maM’siTi Ha uncia). [Ipu cnabkiit KopoT-
KO30POCTi HAWHIDKYNI PIBEHb BCTAHOBJICHO JJIsI CIIyXOBOT
nmam’siTi Ha YMCJa, PU BHCOKIH — CIYXOBOi MaMm’aTi Ha
cioBa. HaiiBuini MOKa3HUKU yBardk BCTAHOBJICHI cepen
0ci0 i3 cabko KOPOTKO30picTIO. 3a yTPYAHEHUX YMOB
BHKOHAHHS JiSTIBHOCTI BUSBJICHI CIenn(idHI 3MiHHU Y BIIa-
CTHBOCTSIX yBard MiXk rpymaMu oci0 i3 KOpOTKO30PICTIO pi-
3HOTO CTYTICHS.

3araioM, OTpUMaHi JaHi CBiA4aTh mMpo (HOpPMyBaHHSI y
0ci0 i3 HaOyTOI KOPOTKO30PICTIO crenn(iTHOTO (YHKIIi-
oHanpHOTO cTany LIHC, 1m0 mposiBisieTbesl y XapaKTepHUX
ocobnuBocTsx ix BH/I.
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Characteristics of indicators of neurodynamic function, attention and memory in conditions of acquired myopia of mild and

high degree
Y. I. Kolesnyk

Abstract. The results of the study of neurodynamic (FRNP, sensorimotor reactions of different complexity, speed of central infor-
mation processing) and psychophysiological (attention and short-term memory) indicators of people with acquired myopia are pre-
sented. The specific changes in HNA as a result of functional rearrangement in the central nervous system under myopia were revealed.
In general, people with mild myopia presented the best indicators of neurodynamics, attention, and memory (except numerical auditory
memory). The decreased neurodynamic characteristics, lowered quality and concentration of attention, as well as reduced short-term
memory (except numerical auditory and visual memory) were associated with high myopia.

Keyworlds: acquired myopia, sensorimotor reactions, attention, short-term memory, higher nervous activity.
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Abstract.The climate-forming ability of phytocenoses was evaluated on the basis of phenotyping of the representatives of Magnoli-

aceae Juss. in urban landscapes. The influence of deciduous representatives of the Magnoliaceae Juss. family in the environment

shaping by the normalized difference vegetation index, foliage projective cover and photosynthetic potential is analyzed. The evalua-

tion of plants allowed us to determine the stress-resistant species for restoration of urban landscapes of the capital of Ukraine and

other metropolitan areas. The most promising species of trees to reduce the urban thermal effect are M. acuminata and M. denudata.
Keywords: plant phenotyping, urban ecosystems, climate change, Magnoliaceae Juss., urban heat island.

Various climate forecasts show that the main trends of
climate change in the future are related to rising tempera-
tures and decreasing rainfall, that is, to increasing aridity
region. Environmental changes are becoming stable and,
for the most part, negatively oriented, such as global cli-
mate change, fantastically rapid (from an evolutionary
point of view) transformation of plant conditions, active
degradation of phyto- and agrocenoses due to man-made
pressure.

Urbanization of regions, accompanied by urban devel-
opment, also contributes to a significant increase in the
pressure on natural ecosystems and the deterioration of
the environmental situation. Predicted climate change can
have a significant impact on agriculture, the growth and
development of human society. The consequences for
some regions can be very serious, but urban ecosystems
are the most vulnerable today.

The urban environment differs significantly from the
natural conditions in which the ecological and physiologi-
cal features of the plants were formed and inherited. The
main potential negative effects of climate change that can
occur in Ukrainian cities include: heat stress, floods, area
decline and depletion of the species composition of urban
green spaces. In these circumstances, there is a problem
of intensification of adaptive strategies of urban ecosys-
tems. Its practical solution requires the development of
methods for assessing adaptive strategies of urbocenoses
and predicting their ecological equilibrium and resistance
to unfavorable environmental factors, taking into account
the adaptation and integral physiological parameters of
plant functional status.

The objective determination of adaptive potential can
be based on plant phenotyping. Plant phenotyping is a
methodology based on plant phenomics, which allows
combining various physiological, morphometric and bio-
chemical processes to characterize the responses of genet-
ic resources to the environment, and improve breeding
and plant management. The methodology of the new field
of plant phenomenology is a multivariate study of a com-
plex of plant traits related to the processes of plant growth
and development, structural rearrangements, physiologi-
cal reactions of tolerance, resistance, environmental plas-
ticity and productivity. The peculiarity of phenotyping is
that the use of methods of nondestructive analysis, data
management and modeling has emerged as a cutting-edge
technology technology for the study of plant growth and
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development in response to the influence of various envi-
ronmental factors and to characterize specific plant spe-
cies in certain conditions for the selection of species with
high adaptation potential [1].

Therefore, the implementation of such technologies is
crucial for sustainable urbocenosis in urban environment,
while determining the margins of adaptive variability and
stability of species, to form a system of phenotyping of
climate-forming ability of plants.

Urban Heat Island (UHI) is one of the latest and grow-
ing threats to urban areas. UHI is a phenomenon of grow-
ing the urban temperatures compatison to surrounding
countryside. UHI affects many millions of people around
the world and have huge implications for the health and
well-being of people living in urban areas. Increased
anthropogenic heat production are the main causes of UHI
[2].

According to the "Scientific Centre for Aerospace Re-
search of the Earth” (Institute of Geological Sciences of
the National Academy of Sciences of Ukraine), from
2003 to 2011 the surface temperature in some areas of
Kiev increased by 7-10 °C [3]. Monitoring of the thermal
field of the city of Kyiv in 1984-2014 showed a signifi-
cant influence of the level of landscaping and density of
urban buildings on the formation and characteristics of
thermal fields in urban areas. The minimum surface tem-
perature inherent in park / forest areas is due to natural
evaporation and no artificial cover, while abnormally high
temperatures are observed over large interchanges and
main avenues [4].

Monitoring of the O. Fomin Botanical Garden (Taras
Shevchenko National University of Kyiv) was conducted
using an unmanned aerial vehicle (UAV) survey data and
satellite imagery. High spatial resolution visual maps - the
normalized difference vegetation index (NDVI) map, the
digital altitude model, the object height map and the Bo-
tanical Garden thermal map were created. The data ob-
tained, in particular area, height, volume and photosyn-
thetic potential, were used to evaluate individual tree
species in reducing the effect of the UHI [5].

One of the ways to improve the greening of Kyiv city
is to expand the diversity of ornamental plants in green
areas, optimize the species composition of tree plantations
by introducing new ornamental, climate-forming and
tolerant to anthropogenic (including heat stress) species
and forms of plants.
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Promising in the context of climate-forming ability are
representatives of the Magnoliaceae Juss. family. This
family is one of the basal groups of flowering plants with
an evolutionary history of over 100 million years. Adapta-
tion mechanisms that have allowed Magnoliaceae to
adapt to different climatic changes over the course of
evolution have attracted the attention of scientists and
suggest that certain species of this family may have a high
thermoregulatory ability to shape the microclimate of the
urban landscape.

The Magnoliaceae family unites two genera: Magnolia
L. (about 230 species) and Liriodendron (2 species: L.
chinense (Hemsl.) Sarg., L. tulipifera L.). Species of the
genus Magnolia are evergreen and deciduous trees and
shrubs common in North America and East Asia. The
genus Liriodendron is represented only by deciduous
trees, the natural range of L. chinense in Asia (south and
east of China and north of Vietnam), and L. tulipifera in
North America (east of the United States).

To determine thermoregulatory capacity, we investi-
gated species introduced at temperate latitudes growing in
the territory of O. Fomin Botanical Garden: four species
of the genus Magnolia (M. acuminata, M. kobus, M. den-
udata, M. soulangiana) and one species of the genus
Liliodendron (L. chinense).

The physiological state of woody plants and the predic-
tion of their viability in urban ecosystems are assessed by
the functional activity of the assimilation apparatus. The
intensity of absorption and emission of CO; by a leaf
(photosynthesis and respiration) allows estimating the
physiological activity of plants during heat treatment.
Photosynthetic potential is an integral indicator that re-
flects the efficiency of CO, assimilation by a whole tree.
Photosynthetic potential was calculated by foliage projec-
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tive cover (FPC) and normalized difference vegetation
index (NDVI), which characterizes the potential photo-
synthetic efficiency of plants per unit area [5].

According to the data obtained, the highest photosyn-
thesis efficiency is characterized by M. acuminata, the
lowest — M. soulangiana (33.50 and 1.25 relative units,
respectively) (Table 1). M. acuminata also has the largest
FPC of 91.21 m? and M. denudata has the highest NDVI
of 0.454.

Table 1 — Photosynthetic potential of the Magnoliaceae Juss.
family

Foliage Normalized

Photosynthesis ro'ectgive Difference

Ne Spesies efficiency, cgvejr EPC Vegetation
Rel. units rrl12 ' Index,

NDVIESE

1 ngr?ﬁgds?n 12.26 3414 04312000011

2 223%?2’2& 33.50 9121  |0.441%0.00006

3 |Magnolia kobus 23.34 64.43  ]0.435+0.00012

4 Z"e”;]gurg’;t'g 6.19 1638 |0.454£0.00014

5 Sxfsr:‘;!ﬁa 1.25 3.678  [0.4070.00051

Thus, analyzing the photosynthesis efficiency, NDVI,
structure and crown shape of representatives of the Mag-
noliaceae Juss. family, we can conclude that the most
promising species of Magnoliaceae from the collection of
the Botanical Garden to reduce the temperature of the
UHI phenomenon are M. acuminata and M. denudata.
These species actively absorb CO: during the summer
heat, creating powerful shading.
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Abstract. The article addresses the level of malondialdehyde in the blood plasma and liver tissues of rats during E. coli infection at the initial
stage of the disease, the stage of progressive symptomatology and at the stage of the total exhaustion. It was determined that the level of
MDA in the tissues of animals was increased gradually with the subsequent stage of the disease. It was established that the introduction of
rats with E. coli infection at any stage into a state of artificial hypobiosis had a pronounced positive effect, since the MDA level decreased
significantly, which was characterized by a tendency to return to the level of control values after withdrawing the animals from the state of

artificial hypobiosis.

Keywords: hypobiosis, MDA, liver tissue, blood, stages of E. coli disease.

Introduction. The studies into the molecular bases of hypo-
biosis — a state of artificial sleep, the application of which is
both promising and relevant in all areas of medical practice
(anesthesiology, resuscitation, surgery), engage the whole
work groups of scientists. It has been found out that in the
state of hypobiosis no radiological symptoms occur, and
radiation resistance of the animal organism is increased
during the artificial infection with microorganisms [1, 2].
Thus, the use of artificial hypobiosis in the state of infectious
diseases may be considered to be a promising alternative to
antibiotics. As the early results show that the body is not
susceptible to infection in the state of hypobiosis, it is only
logical to question whether hypobiosis may be used instead
of complex antibiotic therapy and sanitary-epidemiological
measures in the treatment of infectious diseases. In particu-
lar, those with rapid development are often diagnosed and
pose danger to different age groups in comparison to other
infectious diseases. Given at least a slight likelihood in the
application of hypobiosis beneficial to human changes in the
course of infection, such as escherichiosis, it is crucial to
apply this knowledge for the infectious therapy of the future.
With that in mind, studying the level of malondialdehyde, as
a marker of oxidative processes in the body, will make it
possible to predict under what circumstances the regime of
hypobiosis will be the least traumatic and the most suitable
for therapeutic purposes.

Brief overview of publications on the topic. The ques-
tion of hypobiosis is far from new to medicine, the first ob-
servations of the state of artificial sleep date back to 1940s-
1950s [3, 4], but attempts to put this state into practice have
found their urgency in our time, since there has accumulated
a lot of information on biochemistry hypobiosis and princi-
ples of an organism existence in the states of hypercapnia,
hypoxia and hypothermia [2, 5, 6, 7]. Given the above, scien-
tists have come to focus on the practice of hypobiosis as
such, which will make it possible to replace or supplement
anesthesia, and enhance the surgical practice [6].

We have also suggested that hypobiosis can be used as an
agent to counteract the infection of bacterial origin — esche-
richiosis. Escherichiosis is a disease that is often diagnosed
both in in-patients and out-patients of medical institutions,
and its symptoms are well known: reduced appetite, diarrhea,
fever leading to exhaustion of the body, lethargy, paleness of
the skin, etc. The frequency and amplitude of the symptoms’
expression depend on the condition of the patient’s body,
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age, and the strain of Escherichia coli Migula that caused the
infection. The highest mortality is recorded among children
and the elderly [8]. As a result of studies into the effect of
hypobiosis on the time frames of survival of animals with
escherichiosis, the application of the method was found to be
highly successful in the early and late stages of the disease
[9]. However, the question of biochemical changes in the
body from the perspective of using hypobiosis as a therapeu-
tic agent in the treatment of escherichiosis has not been in-
vestigated. Although it is known that a situation that goes
beyond the environment typical for the body is stressful for
the living organism, and is inevitably accompanied by an
increase in tissues of the malondialdehyde level (MDA), the
level and duration of which can relatively determine the
degree of aggressive factor that triggered stress and the se-
verity of this stress in the body, the ability of the body to
withstand the phenomenon dangerous to it. MDA is a uni-
versal stress molecule in biology, and its excess formation is
a symbol of oxidative damage, without any connection to the
tissue specificity of the process. On the other hand, MDA
molecules are always present at the so-called "background”
level in the body, since MDA is an endogenous aldehyde, a
product of metabolic transformations of polyunsaturated
fatty acids [10]. The excessive MDA concentrations that are
higher than physiological ones are able to activate the com-
plement system, protein kinase C, to induce autoimmune and
inflammatory processes, DNA mutations, etc. [11]. There-
fore, studying the level of MDA in different states of the
body provides the basis for determining the stress-forming
properties of exogenous influences and determining the
response to body stress.

Since the states of hypobiosis for homoothermic animals
is triggered by factors such as hypoxia, hypercapnia and
hypothermia, which in themselves have a stressful effect for
the body, but at the same time lead to an essential decrease in
its reactivity, a significant slowdown of metabolic transfor-
mations, so as a consequence their complex action should be
accompanied by reduced stress, obviously even in the case of
a diseased body.

Purpose: To study the level of malondialdehyde in liver
tissues and blood plasma of rats with escherichiosis at differ-
ent stages of disease development by introducing them into
the state of artificial hypobiosis.

Materials and methods. The experiments were per-
formed on white outbred rats (weight 60+5 g, n=120), the
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keeping conditions were standard for vivarium. Experi-
mental animals are in compliance with the requirements of
the European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific Purpos-
es, and the Law of Ukraine “On the Protection of Animals
against Cruelty” No. 3447 of 21.02.2006.

The state of artificial hypobiosis was modeled by the
Bakhmetev-Jaya-Anjus method (closed vessel model) [1, 3,
12], which provided for 3-hour cooling (3—5° C) of animals
in a hermetic chamber with a volume of 3 dmq. The healthy
animals and animals with escherichiosis at different stages of
the disease were administered into the state of artificial hy-
pobiosis. The simulation of the infectious-inflammatory
process (escherichiosis) in experimental animals was per-
formed using the enterotoxigenic strain of Escherichia coli
06: K - (ATCC 25922) [13]. Animals were infected orally
(per o0s) with a dose of 3x10% CFU / 50 g of the rat. Stage of
the disease was defined as: stage | of escherichiosis — the
stage of symptoms onset (occurred on the fourth day after
infection), stage Il — stage of progressive symptomatology of
the disease (developed on the fifth day after infection), stage
111 — stage of total exhaustion of the organism (the sixth day
after introducing the infection) [9].

Animals were divided into groups: controls or intact ani-
mals (euthanasia was performed under normometry condi-
tions, chloroform was used as anesthesia); healthy animals in
the state of hypobiosis (decapitation was performed 3 hours
after the introduction into the state of hypobiosis, without
removing from it, premedication in this and all subsequent
groups was also performed with chloroform); healthy ani-
mals one day after removing from hypobiosis (euthanasia
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was performed 24 hours after the removal from hypobiosis);
animals with escherichiosis at the stages I, 11, 1l of the dis-
ease (euthanasia performed at the corresponding stages of the
disease); animals with escherichiosis who were introduced at
the stages I, Il, 11l of the disease into a state of hypobiosis
(euthanasia was performed 3 hours after the introduction into
the state of hypobiosis, without removing it); animals with
escherichiosis at the stage I, Il, 11l whose state was evaluated
24 hours after the removal from hypobiosis (decapitated 24
hours after withdrawal from hypobiosis).

Liver tissue and blood plasma were selected for the re-
search. The MDA level was determined by A. Kohn and V.
Liversage method in the modification of Y. Vladimirov and
A. Archakov, which is based on the ability of MDA (as one
of the lipid peroxidation derivatives — LPO) in acidic medi-
um at high temperature (100°C) to interact with thiobarbitu-
ric acid with the formation of the trimethin complex of a
reddish-pink color, with the composition of MDA: TBA 1: 2,
the maximum absorption of which takes place at 532 nm
[14].

Statistical analysis was performed using Student’s t-test,

at that the mean arithmetic and standard error (M+m) were
calculated, the significance of differences was stated at
P<0.05.
Results and Discussion. As a result of the conducted
research it is established that in the infected animals the
processes of lipid peroxidation are activated, as evidenced by
a meaningful increase in the level of MDA in the blood and
tissues of the rat liver at the first stage of the disease — the
stage of the onset of escherichiosis symptoms (Fig. 1).
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Fig. 1. The level of MDA in liver tissues (a) and blood plasma (b) of rats that were introduced into the state of hypobiosis at the first stage of

escherychiosis — the stage of onset of disease symptoms

Note hereinafter: * - the difference is meaningful as compared to the MDA level of the control animals; ** - the difference is meaningful as

compared to the MDA level of the diseased animals, P>0.05.

Notably, the more difficult stage of the disease develop-
ment is accompanied by a more pronounced intensification
of the processes of LPO, as evidenced by a gradual increase
in the level of MDA in the blood (Fig. 2b), which at the stage
of total exhaustion of the body from the disease exceeds
twice the values of healthy animals (Fig. 3b).

It is known that E. coli strain ATCC 25922 is an entero-
toxigenic strain whose main method of damage to the body
is the production of enterotoxins and, as a consequence,
hypersecretion of water and electrolytes by enterocytes,
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which leads to dehydration of the body, disturbance of water-
salt balance [15]. Such changes are profoundly expressed in
the last stages of the disease and induce a change in physio-
logical and biochemical conditions in which the oxidative-
reductive reactions of the body, accompanied by oxidative
stress and, as a consequence, the activation of LPO. The end
product of metabolic fatty acid metabolism is reactive malo-
nic dialdehyde, which we have detected in the blood plasma
and liver tissues of the diseased animals.



The changes in MDA concentration at the initial stage of
the disease (stage 1) are much more pronounced in the blood
plasma than in the liver tissues of diseased animals (Fig. 1a,
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b), therefore, it is in the blood that the symptoms of oxidative
stress in the conditions of escherichiosis can be recorded
first.
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Fig. 2. The level of MDA in liver tissues (a) and blood plasma (b) of rats that were introduced into the state of hypobiosis at the second stage
of escherichiosis — a stage of progressive symptomatology of the disease
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Fig. 3. The level of MDA in liver tissues of (a) and blood plasma (b) of rats that were introduced into the state of hypobiosis at the third stage
of escherichiosis — the stage of total exhaustion of the body from the disease

The data obtained indicate a significant increase in the
level of catabolic processes during the development of the
disease, which is known to adversely affect the resistance
mechanisms to the disease and may eventually lead to the
death of the animal due to excessive damage to the oxidative
nature and low organism opposition towards the damage
elimination. Obviously, as a result of keeping the diseased
animals without giving them appropriate treatment, 30% of
animals are Killed. Therefore, it is important to have various
therapeutic measures that would adjust the biochemical
parameters of the body and help it eliminate the effects of
oxidative stress. It is possible to register the course of the
processes of such a schedule by examining in the tissues the
level of MDA as a reliable criterion for the presence/absence
of oxidative stress and the body's prospects for recovery.
That is why the use of hypobiosis as a therapeutic state in
infectious diseases seems to be a promising area of further
research.

However, putting the healthy animals into a state of hy-
pobiosis, while each of the state thereof (hypoxia, hypother-

mia, hypercapnia) is definitely a stress-provoking factor, is
accompanied by the lack of activating the MDA formation in
the blood and in liver tissues (Fig. 1, 2, 3). Furthermore, the
MDA level in liver tissues decreases almost twice as com-
pared to the control values (Fig. 1a, 2a, 3a). Thus, the ani-
mals remain viable and the stress level in their tissues is
reduced significantly. Alternatively, a sharp decrease in
stress, i.e. MDA levels, is in fact a prerequisite for the organ-
ism's survival and can be used as a criterion for predicting
viability. These data are consistent with those of other re-
searchers who did not show signs of oxidative stress in the
state of artificial hypobiosis in animals, and suggest that
there is a switch in the role of ROS from stress to a signaling
one and/or deactivation of ROS due to the effect of carbon
dioxide on them [7].

Therefore, the use of artificial hypobiosis in healthy ani-
mals is in fact the application of the "conservation" mode of
their vital functions and making it possible for the research-
ers to carry out surgical interventions without additional
anesthesia and with minimal risk of blood loss.
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However, in our experiment, we introduced hypobiosis in
the diseased animals. This undoubtedly imposes a mark on
the laws of biochemical transformations that will take place
when two factors go beyond the standard state of the organ-
ism.

We found that the levels of MDA that were registered af-
ter the application of artificial hypobiosis for the diseased
animals were different from those of the diseased animals
with which such treatment was not performed, and those of
animals in the state of hypobiosis. The values of the recorded
changes depended at what stage of disease development the
body bad been in before hypobiosis was applied to it. How-
ever, in all cases, there was a significant decrease in MDA
content as compared to the values of animals with esche-
richiosis at the corresponding stage (Figures 1, 2, 3).

Thus, for animals introduced into the state of hypobiosis
at the stage of the initial symptoms of the disease, there was
a decrease in MDA in liver tissues by 37%, and blood plas-
ma by 17% as compared to the parameters of the diseased
animals at the first stage. The results obtained at this stage of
the disease for liver tissue was 29% lower than that of the
control animals. At the second and third stages of escherichi-
osis, the application of hypobiosis allows to reduce the MDA
level in liver tissues as compared to the parameters of the
diseased animals, and the obtained values are not statistically
different from the control ones. For blood plasma, a decrease
in MDA levels was observed for the diseased animals when
they were put into the state of hypobiosis, although the ob-
tained values of the decrease in this level for the diseased
animals at the stage of the total exhaustion were the lowest,
i.e., with the severity of the disease the difference between
the level of MDAs in the diseased animals as well as the
animals in relation to which hypobiosis was applied, tended
to decrease.

Drawing on the data obtained, we can claim that the ap-
plication of the state of hypobiosis, though not eliminating
the problem of oxidative stress that occurs in the body of the
diseased animal, still significantly reduces the level of MDA
in these circumstances. Therefore, this fact can be regarded
as a favorable one in terms of the future survival and recov-
ery of the experimental subjects.

The data obtained are quite optimistic as a prognosis for
the therapeutic use of hypobiosis. In fact, the set of factors
that accompany the animals introduced into the experiment
are themselves provocative of stressful situations. Thus, only
the fact of the lack of adequate nutrition, which is character-
istic of the animals with escherichiosis due to the reduced
appetite and rejection of food at the later stages of the dis-
ease, induces LPO in homogenates of liver tissues of rats of
different ages [16].

What are the possible reasons for MDA content decrease
in application of the state of hypobiosis in the animals with
escherichiosis as compared to the diseased animals that were
not put into the state of hypobiosis? The very state of hypo-
biosis is accompanied by a decrease in the level of oxidation
processes and, accordingly, low levels of MDA. As it is
known, malonic dialdehyde is the result of transformations
of polyunsaturated fatty acids, its further metabolic history
can be expressed either in oxidation to carbon dioxide
(which in fact should enhance the effect of hypercapnia), or
this compound will have a destructive effect on the body
through its reactivity with biomembrane lipides, conglomer-
ating them and, consequently, disrupting transmembrane
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processes and conformational changes of membranes [16,
17]. Since the level of MDA in the process of hypobiosis
decreases, it is obvious that new molecules are not formed,
and a certain amount of the MDA molecules are trans-
formed. To determine what role these transformations have
for the body, you can remove it from the state of hypobiosis
and estimate the level of MDA. Therefore, the next step in
our research, which follows logically from the data obtained,
is to evaluate the level of MDA in the diseased animals after
their removal from the state of hypobiosis, and we conducted
these investigations on day 1 after the animals’ awakening.

It was established that the removal from the state of hy-
pobiosis of animals that had been put into it at the stage of
initial symptoms (stage 1) and at the stage of progressive
disease symptomatology (stage Il), both in liver tissues, and
in blood plasma is accompanied by the leveling of MDA to
the magnitude of the control parameters. In this case, the
excess (14%) of the level of MDA in the plasma of animals
of group Il on the first day after leaving the state of hypobio-
sis is considered to be triggered by residual effects of esche-
richiosis, because the organism, which was in the phase of
active development of the disease, actually recovers due to
the state of hypobiosis, however should eliminate the effects
of escherichiosis — enterotoxins circulating in the body, re-
store the water and electrolyte balance, the stable status of
the oxidant-prooxidant system, etc.

However, for animals at the third stage of escherechiosis,
the removal from hypobiosis is accompanied by an increase
in MDA as compared to the animals at the third stage of
hypopiosis, which were not awakened from artificial sleep.
Obviously, the restoration of normal blood flow, which
occurs when removing from hypobiosis and the re-saturation
of tissues with oxygen, creates the conditions for various
kinds of biochemical transformations coupled with dioxy-
gen, which, in turn, is accompanied by the activation of
MDA formation. In addition, it is likely that during this
period in the liver the utilization of endotoxins is activated,
and the excess products of the first phase of their transfor-
mation, accompanied by oxidative stress. Given the fact that
the percentage of the diseased animals that survive after their
introduction into the state of hypobiosis even at the stage of
the total body exhaustion (stage 111) exceeds the percentage
of animals that survive in the absence of any measures (90%
vs. 70%), in such case hypobiosis has a pronounced thera-
peutic effect.

At the molecular level, the application of hypobiosis in
diseased animals can reduce the level of stress at all stages of
the course of escherichiosis, both in liver tissues and in blood
plasma. Obviously, the question of the survival of animals
under these circumstances determine the individual charac-
teristics of the body, while the state of hypobiosis in itself is
a universal factor in reducing the stress molecule of MDA.

Conclusion. The results obtained indicate the prospect of
the application of the state of hypobiosis for the treatment of
escherichiosis at all stages of the disease. At the molecular
level, the application of hypobiosis in diseased animals re-
duces the level of malondialdehyde in liver tissues and in
blood plasma at all stages of the course of escherichiosis and
after awakening of the animals.

It was determined that the level of malondialdehyde in the
tissues of rats with escherichiosis gradually increases with
the next stage of the disease (the initial stage of the disease,
the stage of progressive symptoms and total exhaustion of



the body), and the application of hypobiosis for healthy
animals is accompanied by the pronounced reduction of this
molecule concentration in healthy animals.

Changes in the concentration of malondialdehyde at the
initial stage of the disease are much more pronounced in the
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blood plasma than in the liver tissues of the diseased animals.
Therefore, it is specifically in the blood that the symptoms of
oxidative stress in the state of escherichiosis can be recorded
first.
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AnHoTanus. CTaTTs NpUCBAYCHA IPOBEICHHIO €KOJIOTTYHOTO MOHITOPHHTY BMICTY BaKKUX METaliB Ha TepuTopii cMT Pagymne. [lo-
CJTIJKEHHS IIPOBOJIMIINCS 33 TPOMAJICHKHUM 3aITUTOM Ta 3 METOI0 3aydeHHs moctaHoBU KBY «OuniHka BIMBY Ha JOBKULISDY IS M-
TBEpKEHHS HaIMIpPHOTO BIUIMBY IIPOMHUCIIOBOCTI PETi0OHYy Ha MOKA3HUKHU CTaHy TOBKIJUIA, @ cCaMe BMICTY BaKKHX MeTaiiB. OTpUMaHHI
JTaHHI al0Th 3MOTy CTBEPIKYBATH, IO TEPUTOPIS CeHIIa Mae OyTH 3alydeHa 10 Jep>KaBHOI CHCTEMH I JTPUMKH PErioHIB Ta MOTpe-

Oye IpOBeIeHHS MOCTIHHOTO eKOJIOTIYHOTO MOHITOPHUHTY.

Knrwouoei cnosa: sasicki memanu, cmm Padywne, canimapro-ximiuHux 00cioxcens.

Beryn. HaykoBo — TexHIUHUI porpec, o CIpuse Ipuc-
KOPEHHIO PO3BUTKY HPOMHCIIOBOCTI, CHEPI€THKH, TPaHC-
MOPTY, MHUPOKOI XiMizaIlil CLTBCHKOTO TOCTIONAPCTBA 1 TO-
OyTy, Ha *aJb, HEPIJKO Besie 10 3a0pyJHEHHST HABKOJIUILI-
HBOTO CEpEeJIOBUINA: aTMOC(HEPHOTo MOBITPsI, MMOBEpPXHE-
BUX, a B Psi/ii BUIAJIKIB 1 MiI3eMHUX JDKEPEN, 0COOINBO B
pErioHax 3 BHCOKOIO KOHIICHTPAII€I0 MPOMHUCIOBOCTI, 110
SIKUM BIZTHOCUTBCS iHAycTpianbHui KprBOpi3bkuil perion
Ta 6e3 mocepeHbO cMT PagyiiHe, JOCTIIO0 KPUTUYHO — He-
Oe3IeYHUX IS XKUTTS 1 3T0POB's HaceNeHHs Benu4rH [8].

Crucauii ornsajy myOaikauniii 3a TeMOI0 J0CJTiIKeHb.
BpaxoByroun e, mo c.M.T. Pagyniae 3HaX0IUTHCS y 30HI
IHTEHCUBHOI [Tii i TIPUEMCTB BaKKOT IIPOMHUCIIOBOCTI (Me-
TaNypris, TipHAYOJ00yYBHA BHUPOOHHIITBO, KOKCOXiMidHE
BHPOOHHUIITBO Ta iH.), AKi MOTYXHAMH IKEpeTaM BUKHIIB
XIMIYHHX CIIOJIYK IO MICTATh BaXKKI METalH, 1 Te, IO i
METali € BKpail HeOe3MECYHUMHU ISl JIFOJAUHHU, HEOOXITHO
3BEPHYTH OCOOJIMBY yBary Ha CaH HaBKOJMIIHBOTO Cepe-
JIOBHIIA y TAHOMY PaliOHI CTOCOBHO BMICTY BaYKKHX METa-
JIB y I'pYHTI 1 BOJI.

Ls rpyna enemeHTiB Oepe akTUBHY y4acTb y Olosoriu-
HUX IIpoIlecax, BXOIS4N JI0 CKiagy 0araTbox QepMeHTiB.
I'pymna "Bakkux MeTanmiB" 6araTo B 4oMy 30ira€eTbcs 3 I0-
HATTSM "MiKpoereMeHTH". 3BiJICH CBUHEIb, IWHK, KaaMiii,
PTYTh, MOJIIOEH, XpOM, MapraHelb, HiKelb, OJIOBO, KO-
0ajibT, TUTAH, MiJb, BAaHAIM € BAXXKUMH METAJIAMH.

Baskki MeTasu, NOTpaIIsiFoYH B HAIll OPTaHi3M, 3aJIMIlIa-
I0ThCSI TaM Ha3aBiK/1, BUBECTH X MOYKHA TUIBKH 3@ JIOMO-
MOTOI0 OUTKIB MoJIoKa. J[ocsiratoun neBHOT KOHIIEHTpALil B
OpraHi3mi, BOHH IOYMHAIOTH CBiii 3ryOHHI BIUIMB - BUKJIH-
KalOTh OTPYEHHS, MyTallil, NPOSIBISIFOTh KaHIIEPOTEHY IO
. Kpim Toro, 1o cami BOHM OTPYIOIOTh OPraHi3M JIIOJIMHH,
BOHH M€ 1 YACTO MEXaHIYHO 3aCMIUyIOTh HOTO - IOHH Ba-
KKHX METaJliB OCiJaloTh Ha CTIHKaX HAHTOHIINX CHCTEM
OpraHi3My i 3aCMi4ylOTh HUPKOBI KaHaJIM, KaHAIH II€Yi-
HKH, TaKHM YHHOM, 3HIDKYIOYHM (UIbTpaliiiHy 374aTHICTh
IUX OpraHiB. BimmoBimHO, 1€ MPHU3BOAWTEH O HAKOIIH-
YCHHS TOKCHHIB i MPOAYKTIB KUTTEMISIIBHOCTI KJIITHH Ha-
[IOTO OPraHi3My, TOOTO CaMOOTPYEHHS OpraHi3My, TOMY
10 caMe MeYiHKa BiANOBigae 3a MepepoOKy OTpPyHHHUX pe-
YOBHH, IO HOTPAIUIIOTH B HAIl OPTaHi3M, 1 MPOIYKTIiB
KUTTEISIIBHOCTI OPTaHi3My, @ HUPKH - 32 iXHE BHUBEICHHS
Ha30BHI.

Binburicts 0co0MBO 3a0pyJTHEHNX Ba)KKUMH METaJlaMU
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3eMellb 30CEpPEKCHA B IPOMHUCIIOBUX 30HAX Ta MPHUIICTIINX
TEPUTOPISAX Ha BiICTaHI 1-5KkM, a BIUIMB MTPOMHCIOBUX
MiATPHEMCTB TipHHYOM00YBHOI MPOMHUCIOBOCTI PO3IIO-
BCIO/DKYEThHCS 1 HAWOLIBIN 3HAYHI BifcTaHi. [kepena Ha-
XO/KSHHS B)KKUX METAJIB MOJUISIOTHCS Ha MPUPOTHI(SIKi
MU HE MOXXEMO KOHTPOJIIOBATH) 1 TEXHOTEHHI (BHI00YTOK
i nepepoOka KOPUCHUX KOTAJIMH, CIIAJIIOBaHHS MaJIMBa, PyX
TPaHCIIOPTY, AiSUIbHICTH CUILCHKOTO I'OCIIOIAPCTBA).

CyuacHi TNPOMHCIIOBI MIiANPUEMCTBA XapaKTEPU3Y-
IOThCS BHCOKOIO MPOIYKTHUBHICTIO, CIIOKHBAIOTh BEJHKI
o0csTh pecypciB pi3HHX BUIB 1 pa3oM i3 THUM BOHHU B Ha-
CITIJOK CBOET IMMPOKOMACIITA0HOT BHPOOHIYOT TisITEHOCTI
3IIMCHIOIOTH 3HAYHUI HETaTHBHUM THUCK Ha OTOUYYIOYE Ce-
penosuie. OcoOMuBi MPoOIIEM y IIbOMY IUIaHI BHHUKAIOTh
B KPYIHHX IPOMHCIOBO PO3BHHYTHX pPErioHax KpaiH, y
SIKUX KOHIIGHTPYETHCS BENMKA KiJBbKICTh HMPOMHCIOBUX
MATIPUEMCTB PI3HOTO CHPSIMYBaHHS 1 XapakTepy AisiIbHO-
CTi.

OJIHUM 3 TaKHX HAWOIBII KPYITHUX TPOMHCIIOBHX Peri-
oHiB Ykpainu € KpuBopispkuii 3anizopyanuii 6aceitn. Y
poMy OaceliHi BUpoOJIsie 10 5% BaJoBOrO BHYTPIIIHHOTO
npoxaykry Ykpainu (BBII). ¥ KpuBopizpkomy OaceitHi po-
3ramoBaHo Maibke 90% MOTyXHOCTEH 3 pO3pOOKH POJIO-
BUII 3aJTi3HUX pyA YKpaitau i 6inst 40% noTtyx)HOCTEH Me-
TaTyprifHOT0 BUpOOHUITBA. KpHUBOPI3BKUii 3aTi30py THHIA
OaceliH € OTHUM 3 HAHOIIBII HEONATOMOTYYHUX MPOMIC-
JIOBHX PETiOHIB 3a BKpail HEraTUBHUM BIUTMBOM HACIIiJIKiB
BHPOOHUYOT JisITHHOCTI HOTO MPOMHUCIOBOCTI [3].

Heo0xigHO 3ayBayKUTH, IO 1€l BIUIMB MAa€ HEraTHUBHI
HaCiJKU sIK Ha Tepuropili camoro Kpupopisbkoro 0a-
CeliHy, Tak i Ha TepUTOpii paioHiB, SKi HPUISTAIOTH JO0
HbOro. Takuii BINIUB 00YMOBIIEHHH K TEXHOTEHHUMH (a-
KTOpaMH (ISUIBHICTIO IMiJIPUEMCTB) Ta i TPUPOIHIUMH (a-
KTOpaMH, a caMe: NMEepeMIlIeHHSIM BEeJIMKHX Mac IHOBITPsS
ITi/T €10 BITPY, PyXOM ITOBEPXOBUX 1 MiI3EMHHX BOJ B Ha-
CIIIZIOK TIPUPOIHOTO TiJJPOTEOIOTIYHOTO PEXUMY Y paiio-
Hax, MPOsSBaMU CEWCMIUHMX SBHII TEXHOT'€HHOTO IOXO-
JUKEHHS B HACHIIOK MPUPOTHUX (Pi3MKO-MEXaHIYHUX BJIAC-
THUBOCTEH TIPCHKUX MOPiJ, CIIPOMOKHHUX IEepeaBaTh TeX-
HOTCHHI CEHCMiYHI KOJIMBAaHHS Ha 3HAYHI BiJCTaHi.

3a BciM BHUINE CKa3aHUM y palOHAX, y SKHX IPOSBIISA-
€TBCS BIUIMB HETAaTMBHHUX TEXHOTEHHHX (DaKTOPIB pPi3HOT
MIPUPOIH HEOOXiTHO 3aCTOCOBYBATH 1 KOMIUIEKCHI METOAN
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3aXHCTY, KOHTPOJIO, YIOPSAKYBaHHS CepelloBUILA paio-
HIB, SIKi CTPa)KAAIOTh BiJ TAKOTO BIUIHBY.

PosramyBanns. Cenuie Micbkoro tumy PagymHe (cMT
Panymne) npeacTapisie KpyIHUNA HaCEJICHUH MyHKT 1 € aj-
MiHICTPaTHBHUM LIEHTPOM TEPHUTOPIi mignopsakoBanoi Pa-
IyImIaHChKi# cenuHii pani Kpusopisskoro pationy JlHirm-
POTIETPOBCHKOI 00acTi. 3a reorpaduHIM pO3TaNTyBaHHIM
¢.M.T. PagymrHe 3HaX0MUTHCA 13 3aXiJHOT CTOHU TEPHUTOPIi
HuinporerpoBcekoi obmacti. BiqHocHps micta Kpusii Pir
¢.M.T. Pagymse po3ramoBane y miBACHHO-CXiIHIH 9acTHHI
tepuropii KpuBopizekoro paitony. Tepuropis c¢.m.T. Pagy-
IIIHE OTOYEHA 3 TIBHOY1 — BUPOOHMYMMH Ta KOMYHaIbHIUMHU
HIAIPUEMCTBAMH, JIICOCMYTaMH, Ta 3MJISIMH ClITLCBKOTOC-
MOJIAPCHKOr0 MPHU3HAYEHHs. 3 MiBJCHHOI CTOPOHH C.M.T.
PanyniHe 3HaX0IUTBCS CUIBCHKOTOCIIONAPCHKI Yrijaas, ra-
30B€ T'OCIOJIAPCTBO Ta JICOCMYTH.

Oco0bmuBicTio ¢.M.T. Panymise € Te, mo ioro tepuropis
po3TamioBaHa y paifoHi, SKuid 6e31mocepefHFO0 KOHTAKTYE 3
TEPUTOPIEI0 KPYNHUX MPOMHUCIOBUX IIIPUEMCTB i
00’€KTiB (CKIIaau, BiIBAJH, MIAMOCXOBHINA, MIiCIS CKAIY
MIPOMHCIIOBUX BOJ{ TOIIO), SIKi € CKITaZOBUMH IUX TiTPH-
eMcTB . Taka cyciicTBO 3IiiiCHIOE BKpail HeraTHBHHI
BIUIMB Ha HAaBKOJIMIIHE CEPEIOBUILE CENHIIA — IOBITPS-
HU#, BOIHUIT OaceliHU Ta CTaH 3¢MHOT MMOBEPXHI.

Haii0inpin BaroMe 3HaueHHS MaroTh: 1. Aepairiiina cra-
Hiis. Xova nei 2. llemenTtHuii 3aBog «Xaiigensoeprlie-
MeHT YKpaiHay (HeraTuBHi ()akTOpy BIUIUBY Ha HABKOJIH-
LIIHE CEPEAOBHIIE: BUKUIN LIEMEHTHOTO MUITY, BIANPAaIbo-
BaHUX ra3iB BiJ oOXHTY KIIiHKepy). Bimcrans — 6125 m.
3. BigBamu momeHHOro mDTaKy 3aBomy «AceiropMitTan
Kpuewnii Pir» (Bukuman nmmakoBoro mny). Bigcrans 4480
M. 4. CypikoBwuii 3aBoj]. Bukuauy rasiB i mury Big mepepo-
Oku cMpoBHHHUX MaTepianiB. Bincranp 6800M. 5. Kokco-
ximiuamiA 3aBox «AccenopMirran Kpuswmii Piry (Bukuan
BHUCOKOTOKCHYHHUX KOKOBHX Ta3iB KOCOBHX Oarapeil, BU-
KUY ByrineHOro nuiy). Bigcrans 7420 m. 6. Mertanypriii-
HUi 3aBox «ApcenopMitran Kpuswuii Piry (Bukuaun rasis
BiJI METAJIypriiHOro BUPOOHHWIITBA, BUKUAM Nuiy). Binc-
Ttanb 7630 M. 7. Kap'ep Ne2 mexy 3 BUmOOYTKY 3a1i3HOL
pyau «AcenopMirran Kpusuii Piry» (Bukuau rasis Bin Bu-
OyxoBux poOiT, mmi, ceiicMiyHa nis BHOyXiB). BigcTaHp
11811 M. 8. Kap'ep Ne3 mexy 3 BumoOyTKy 3ali3HOI pyan
«AcenopMirran Kpuswuii Piry» (Bukugu rasie Big BUOyXo-
BHX pOOIT, BUKUAM MYy, CeHCMidHa ais BUOyXiB). Bimc-
tab 13913 M. 7. Kap'ep Ne2 mexy 3 BHIOOYTKY 3aiti3HOT
pyau «AcenopMirran Kpusuii Piry (Bukuau ra3is Bijg Bu-
OyXOBHX pOOIT, BUKH/IH NTUITY, ceiicMiuHa Jiisi BUOyXiB). Bi-
ncranb 11811 m. 8. Kap'ep Ne3 1iexy 3 BumoOyTKy 3ai1i3HOT
pyau «AcenopMirran Kpusuii Piry» (Bukuau ra3is iz Bu-
OyxoBux po0ir, nuity, ceiicMiuHa fis BUOyxiB). Bincranp
13913 M. 9. Kap'ep «IliBneHHoro ripHuuo3barauyBajib-
Horo koMOinaty» (IliBmennwmii ['3K) (Tasu Bim BHOYX0OBHX
po0irt, BUKMIM My, celicMiyHa Jist BUOyXiB). Bixcrans
12445 m.

10. Bimsanu poskpuHux mopin [liBgenHoro I'3K (Bu-
kuau mny). Bigerans 1496 m. 11. [lnamncxosumie Nel
[isgennoro ['3K (BUKHUIM MUITY, APSHAXK Y 3EMIIFO TEXHIY-
woi Bomu). Bimcramp 12911 wm.. 12. [IlnamicxoBuiie
«O6’emgnane» IlisgenHoro I'3K (Buxuan muity, apeHax y
3eMUIII0 TeXHIUHOi Bojn). Bincrans 7876 m. 13. 36arauysa-
npHa pabpuka [lisnenHoro ['3K (Buknam ra3is Big 06Kury
OKOTHIIIB, BUKUAU Nriy). Bigcrans 10583 m. 14. BinBan
nopou IliBgennoro I'3K (Bukumu muity). Bincrans 7449
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M. 15. [llnamncxopumie Ne3 Ilinennoro I'3K (Bukmmu
ATy, IPEHaX y 3€MJII0 TeXHI4HOi Boan). Bincrans 4179
M. 16. [llnamncxopumie Ned Ilinennoro I'3K (Bukmmu
AT, TPEHaX y 3eMIII0 TeXHi4Hoi Boam). Bincrans 6210
M. 17. IlpoMucnoBa 30Ha MiANPUEMCTB, SIKI BXOASTH 10 Te-
putopii c.m.1. Pagymae (Acdanstauii 3aBoa, HapTobasa,
MertanypritHuii 3aB0oJ 3 EPEIUIaBKHA KOJIHOPOBUX METAIIB,
PemonTHa Maiicteprs). Bincrams 1500 M.

Merta mpoBeaeHHs aociaigkeHb. CaHiTapHO-XiMidHI
JOCIIKEHHS 00’ €KTiB HABKOJIMIITHEOTO CEPEOBHUIIA TIPO-
BeZeHI (axiBIsaMu «IIpHUAHIIPOBCHKOTO pPErioHATBFHOTO
LEHTPY 3 MUTaHb EKOJIOTO-TITi€HIYHOT Ta MEIUKO-010JIOTi-
YHOT OI[IHKY MPOMHUCIIOBUX BinxoiB» J3 «/lHinponeTpos-
chka MequuHa akanemis MO3 Ykpaiamw» (CBiouTBO 3 aK-
penutarnii MO3 Ykpainu Ne 142 Bix 29.06.2016 p., Ceino-
urBo Il «/IHimpocTaHIapTMETpOJIOTis» TPO TEXHIUHY
kommeTeHTHICTh No [TH 06-2/99-2018 Bix 14.02.2018 p.).

Mertoto gociimkeHs OyIio OTpUMaHHS, CHCTEMATH3aIlis
Ta MEIUKO-€KOJIOTIYHHN aHami3 iHdopmarii momo cTy-
TICHIO 3a0pyIHEHHS OKpeMHX O00’€KTiB HaBKOJIHIIHBOTO
CepellOBHUINa, B T.4. IPYHTY, MiA3EMHHUX BOJI, 3METY 31 IITY-
YHHUX TMOKPHUTTIB Ha Teputopii c.M.T. Pagymae KpuBopiss-
Koro paiiony J[HinponerpoBchkoi o0nacTi.

MatepiaJin Ta MeTOAM NPOBEACHHS AOCTiZKEeHb.
Bin6ip mpob 06’ €KTiB AOBKI/UIA OYJIO MPOBEACHO HA TEPH-
Topii ¢.M.T. PamymHe Bchoro Oysno MOCTIIKEHO WIICTh
npo6. CxeMa po3rairyBaHHsI TOUOK BiOOpy mpod BOIH i
IPYHTYy HaBe/ieHa Ha cxemi 2. [4,5].

Y Mexax CeNMIIHOI 30HM HACEJICHOTO MyHKTY Ha TepH-
TOpii JUTSIOrO CauKy Ta CEPEIHBOI IIKOJIM, & TAKOX Y3-
JIOBXK aBTOMOOLTEHOI TpacH BiAOMPAIHCH 3pa3Ku IPYHTY 32
METOJIMKOI0, BU3HaUeHOw y [4, 5]. Jlng omiHku 3a0pya-
HEHHS IITYYHUX TIOBEPXOHb Ha TEPUTOPii HACEIECHOTO Iy~
HKTY (OpOTKIDKI YaCTHHH, IMIIOXiJHI TOPIXKKH), B TOMY
YHCIII BHACIIZIOK aCPOrCHHOr0 PO3MOBCIOKCHHS BUKHUIIB
pO3TalIoBaHUX MOOJIM3Y MPOMHCIOBUX 00’ €KTIB, BinOupa-
JIUCh TAaKoXX MpPOOHM IMOBEPXHEBOro 3MeTy. Bu3HaueHHs
BMICTY Ba)XXKHX METaliB y Mpo0ax BUKOHYBAJIM METOJOM
aToMHO-a0copOwiiiHOI moyM’siHOT — criekTpodoToMeTpil
Ha crektpodoromerpi iCE-3300 (CIIIA) Ta aToMHO-eMi-
CiifHOI crIeKTpOMeTpii 3 IHIYKTHBHO-3B’SI3aHOIO IJIa3MOIO0
Ha cnekrpometpi iICAP7000 (CLLA) 3rimHO 10 METOIUK
[7] Ta 06pobkoro pesynbratiB Ha [IEOM. BuBuenHst pyx-
JUBOCTI BXKKAX METAJB MPOBOIMIHN Y BiIMOBITHOCTI 110
nonatky Ne6 MeToanvyHux BKa3iBok [7].

Pe3ysbTaTH Ta 00roBopeHHsI. MeIuKo-eKOJIOTIYHUN
aHaJIi3 CTYMEHIO 3a0pyIHEeHHS 00 €KTIB JOBKULISL — IPYH-
TOBUX BOJI, IPYHTY, IIOBEPXHEBOTO 3METy BHUKOHYBAJIU 32
HOPMATHBHUMH JTOKyMeHTamu [4 -7].

Ha cxemi | HaBejeHi Micui NPOBEJECHHS CaHITapHO-Xi-
MIYHHX JOCHIKCHb BMICTY BAJIOBHX Ta PYXJUBUX (HOpM
BaXKuX MeTajiB Takux sk As, Cd, Cu, Mn, Ni, Zn, Hg. Ta
OTPUMaHO Ta MEIUKO-eKOJOTIYHUH aHami3 iHdopmarii
11010 CTYIEHIO 3a0pyTHEHHS OKpEeMHX 00’ €KTIB HaBKOJIH-
LIHBOT'O CEPE/IOBUINA, B T.4. IPYHTY, ITi/I3EMHHX BOJ, 3METY
31 IITyYHUX NOKPHUTTIB Ha TepuTopii c.M.T. Panymne Kpu-
BOpi3bKOro paiony JlHinmponeTpoBchKoi obiacti. Pospa-
XOBaHi Koe(inieHTH KOHIEHTpAIlil 32 BU3HAUCHNMH MeTa-
JaMH Ta CyMapHWi MokasHWK 3abpymuenns(Zc). Touxu
B3STTS MPOO BOJIM 1 IPYHTY 3a3HaueHi Ha cxeMi 2. Y Mexax
CEeNUINHOI 30HW HACEJIECHOTO MYHKTy Ha TepUTOpPil JUTS-
YOro CaJKy Ta CepelHbOT IIKOJIH, 3 TAKOXK Y3/J0BXK aBTOMO-
6inbpHOT TpacH.
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Cxema 1. Touku B34TTs po0 Ha Bakki Metanu: TpyHT (155-
164, 188), 3mer 3 moBepxHi 3emui (166-179); mpoodu Boaun (180 -
185)

Science and Education a New Dimension. Natural and Technical Sciences, VII1(27), Issue: 224, 2020 Feb.  www.seanewdim.com

CanitapHO-XIMI4HI JOCIIKEHHS IPYHTY Ha BCiX JIOCIi-
JDKCHHX JIUITHKaX CBiA4aTh MPO NMPOMHCIOBHH XapakTep
3a0pyAHEHHS, «IUIAMHUCTHiY. KoHmeHTparii iHIuKaTop-
HUX PEYOBUH — BOXKUX METAJIB, y JOCIIDKEHUX Mpobax
MIEPEBHUIIYIOTh TPAHUYHO/IOMYCTHMI 38 BMICTOM TaKHX Ba-
JKKHUX METAIB K MMII SIK, MiJb, HIKEJIb [IMHK.

Po3paxoBaHi MOKa3HUKHM CyMapHOTO 3a0pyIHEHHS MO-
BepxHEBOro — 10 30 cM mIapy TPHPOTHOTO TPyHTY (Zc)
JUTSL OUTBIIOCTI AUITHOK € JOIMyCTUMUME. Pa3zoM 3 TiM cro-
CTepIiraeThCs TSHICHITIS A0 PO3IIOBCIOIKEHHS 3a0py THEHD
TEXHOTCHHOT'0 XapakTepy 3 MOBEPXHI IPYHTY y HOTrO Bep-
xHi mapu. KoHneHTpauii nux eJeMeHTiB y mpodax IpyHTY
nepeBuitytoTh 3HaueHHs [ JIK/@on (BiamoigHo, Kpat-
micts): As — 1,1-1,6/7-10; Cu - 1,2-3/1,2-1,6; Ni —1,3-
1,9/1,2-5; Zn — 1,1-3,5/1,4-4,9. Ha teputopii, npuierioi
1o aBrotpacu (mpoba Ne 156) Ta, 1110 0COOIMBO BaXKIUBO,
Ha TepuTopii mkonu (mpodu Ne 158 ta Ne 159) 3abpya-
HEHHS IPYHTY BiNOBiga€ HEIOMYCTUMOMY, TOMIpHO He-
0e3IeYHOMY PIiBHIO.

Ta6auus 1. CymapHuii mokasHUK Zc¢ 3a0pyJHEHHS IPYHTY JUISL IOCIDKEHUX TUISTHOK (32 OKpeMHMH IpoOamu)

Ne mpobu 154 | 155 156 157 158 159

160 | 161 162 163 164 165 188

Zc

134|160 | 180 |145 | 185 [1772

7,5 131 [106 |126 | 142 |137 |119

[IpiopureTHIMHU eeMEHTaMH Ui KOHTPOJIIO BEPXHIX
LIapiB IPYHTY TPH BIPOBAKCHHI HAYKOBO-TEXHIYHOI pO-
3po0ku «]/HHOBaLIHOT aBTOMAaTHU30BaHOI CHCTEMH YIIpaB-
JIHHS PO3BUTKOM TEXHOI'€HHOI'O PErioHy» BEPXHiX IIapiB
I'PYHTY CJIiJl BBa)KaTH MHII SIK, Miflb, HiKeJIb Ta HUHK. KoH-
LEeHTpalii IUX eJIEMEHTIB Y Po0ax I'PyHTY IEePEBUILYIOTh
3HauenHs ['JIK/®on (BignosinHo, kpartHicTs): As — 1,1-
1,6/7-10; Cu-1,2-3/1,2-1,6; Ni —1,3-1,9/1,2-5; Zn—1,1-
3,5/1,4-4,9. MOHITOPHHT IUX €JIEMEHTIB MOTpeOye BCTa-
HOBJICHHIO CTaI[ilOHAPHUX aBTOMATH30BaHMX IIOCTIB CIIO-
CTepe)KEHHS 32 CTAHOM: TIOBITPSIHOTO, HAI36MHOTO, Ti/I3e-
MHOTO.

st oOrpyHTYBaHHs 3B’s13Ky 3a0py/IHEHHS MOBITPs Ta
IPYHTY BiJl IPUJIETJIMX MIANPUEMCTB OYyJIO IPOBEAEHO JO-
CJIIJDKEHHS 3METy Ha BMICT BXKKUX MeETalliB. 3MeT OyB Bi-
niOpaHuid 3 JUISHOK, [0 MalOTh TBEPHAE MOKPUTTS (ac-
¢anbeT, OeToH). BiH akyMmysioe B CBOEMY CKiajai 3a0py-
HEHHS 3 Pi3HHX [DKEpell, B TOMY YHCHI Ti, 0 HaIXOAATh

ACPOTreHHHUM LUIIXOM 1 TAKUM YHHOM JIa€ 3MOTY KOMILICK-
CHO OL[IHUTH MOBEpPXHEBE 3a0pyIHEHHS MITYYHO YTBOpE-
HUX IPYHTIB, SIKi IEPEBAXKAIOTh Y 30HI HACEJIIEHOTO MYHKTY
Ta aBTOMAarictpansix. Ha BiaMiHy BiJ MOBepXHEBHX ILapiB
MIPUPOJHUX IPYHTIB JOCIHIIPKEHUX AISHOK, 3a0pyIHEHHS
TBEP/MX IITYYHUX IPYHTIB BUSBHIOCH 3HAYHO IHTEHCHUBHI-
LIMM, X04a TYT, SIK 1 Y MONEPeAHIX TOCIIDKEHHSIX, CIIOCTe-
piraeTbcst BKpail HEpiBHOMIpHUH «IUIIMHUCTHID (OH.

CaHiTapHO-XiIMiYHI JOCIHIIPKSHHS 3METy Ha OUTBIIOCTI
JOCIIKeHUX AIITHOK (Tipoou Ne 169 — aBTOoTpaca, Ne 170,
171, 172 — mxona, Ne 174, 177 — qutsiauii cagodok) 3a po-
3paxOBaHUMH ITOKa3HHMKaMH CYMapHOTO 3a0pyIHEHHS
(Zc) cBimgath 1po Te, O piBEeHb 1X 3a0pyIHEHHS € HEO0-
MIyCTUMHM, IIOMIPHO HEOE3MeUHNM. Y HACEIICHHSI, 1[0 TPH-
BaJIO MEIIKAE Ha TAKMX JISTHKAaX, BapTO OYiKYBaTH ITiJIBH-
LICHHS PIBHS 3arajbHOi 3aXBOpIOBaHOCTI. [Ipo mio cBix-
YHUTh paHille 3a3HaueHa iHhopMaIlis, 1010 3aXBOPIOBAHO-
cti cMT Panyne.

Taoauus 2. CymapHUi MOKa3HUK Z¢ 3a0pyJHEHHS 3MEeTY JUIS JOCTIPKCHUX JUITHOK (33 OKpeMUMH Ipobamm)

np]i%I/I 166 | 167 | 168 | 169 | 170 | 171 | 172 | 173 | 174 | 175 | 176 | 177 | 178 179
Zc 11,0 | 605 | 6,2 | 244 | 223 | 21,2 | 200 | 81 | 253 | 95 | 136 | 17,2 | 18,6 | 14091

HaiiBumma ctymine 3a0pyAHEHHS 32 pe3yabTaTaMH J10C-
JKeHb IIOBEPXHEBOrO 3METY, MPUTAMaHHA IeSKAM JIiJIs-
HKaM, 1110 PO3TamIoBaHi 06a6iu aBroTpacu. [Toka3Hnku 3a-
OpyIHEHHS Ha TaKMX AUJITHKAX, 32 PO3PaxOBaHMUM IOKa3-
HUKOM CyMapHOro 3a0pyIHEHHs BiINoBijae HeOesmed-
HOMY DIBHIO 3a0pyiHeHHS IPYHTY. JIJIsl MEIIKaHI[IB TaKUX
IUISHOK CcMT PagyniHe Ta THX XTO HPOBOIWTH BUIAC XY-
100U Ta BXKMBaHHS B DKy HPOIYKTIB POCIMHHOIO HOXO-
JOKEHHS, CITiJT OYiKYBATH ITiABHUIICHHS 3arajbHOT 3aXBOPIO-
BaHOCTI, @ TAKOX OUTBII YaCTUMH IPOSBAMU XPOHIYHUMHU
3aXBOPIOBAHHS [Tl Ta MOPYIICHHAM (YHKI[IOHYBaHHS
CepLEBO-CYJMHHOI CUCTEMH (IO MiATBEPKYETHCS CTATH-
CTUYHUMH JaHUMH).

[IpiopureTHUMH eJleMEHTaMH JUISl TTOJAJIBIIOTO KOHT-
pOJIIO TIpHM BIIPOBAPKEHHI HAYKOBO-TEXHIYHOI PO3pOOKH
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«IHHOBAIIITHOT aBTOMATH30BaHOI CHCTEMH YIIPaBIIiHHS PO-
3BUTKOM TEXHOTEHHOTO PETiOHY» MOBEPXHEBOTO 3a0pyn-
HEHHS IITYYHHUX IPYHTIB CJIiZl BBAXKaTH MHII SIK, MiJlb, Ma-
prasenp, Hikelb, CBUHEIp Ta UMHK. KOHUeHTpawii mmx
€JIEMEHTIB y Npo0ax 3MeTy NepEeBUIIYIOTh 3HAYCHH:
I'TIK/®ow (BiamosigHo, kpaTHicTh): As — 1,5-3,7/3-12; Cu
—1,5-2/1,6-10; Mn — 3-6/1,2-18; Ni — 1,8-2,5/2-8; Pb —
1,4-1,5/1,8-3,5; Zn — 1,9-7/1,5-18 Ta noTpebyr0TH MOHITO-
PHHTY Ha CTAal[lOHAPHUX aBTOMATH30BAHHUX IIOCTAX CIIOCTeE-
PEKEHHS 32 CTAHOM: IOBITPSIHOTO, HAJ3€MHOTO, MiJ3eM-
HOTO.

Haii6inpmnii — TepMiHaNbHUN piBEHb 3a0pYAHEHHS BH-
3HAYEHO Ha JIUIHII aBToTpaca (mpod Nel79). CymapHuit
TIOKa3HUK 3a0pyAHEHHS CBIIYUTH PO HEJIOMY CTUMUIT HalI-
3BHYAITHO HEOE3MEeUHHI CTYIIHb 3a0pynHeHHS (Z¢ > 128).
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Takuii cTyniHb 3a0pyJHEHHS TepUTOpil MOke OYTH IMpH-
YMHOIO HEraTUBHUX 3MiH Y CTaHi 30pOB’sl HaceJIeHHs. 30-
KpeMa CIIiji O4iKyBaTH IiJABHIIEHHS TUTA4OI 3aXBOPIOBA-
HOCTI Ta HOPYILIEHHS PeNpOIyKTUBHOT QYHKIIIT >KiHOK (30i-
JBIICHHS TOKCUKO3IB BariTHOCTI, KIIBKOCTI MepeayacHuX
TIOJIOTiB, MEPTBOHAPOKYBAHOCTI, TIOTPO(ii HEMOBIIAT).
KonmenTparii npioputreTHHX eneMeHTIB y mpobi Ne 179
nepeBumnyioTh 3HaueHHs [ JIK/®oH (BimmoBimHO, Kpat-
HicTp): As — 3,7/24; Cd - 5,3/6,3; Cu — 214/170; Mn —
1,3/3,1; Ni—4,5/14; Pb —426/1138; Zn — 29/59,8 nepesu-
mryfoth 3HaueHHs [ JIK/@oH Ta moTpedyroTh MOCTiHHOTO
MOHITOPHUHTY.

BucnoBku. HuHi 0cOOJIIMBO Ba)KJIMBOTO 3HAYCHHS Ha-
OyBalOTh COLIAJILHO-TITIEHIYHI aCTIEKTU NEPETBOPEHHS Ha-
BKOJIMIITHBOTO CEpPeIOBHIIA. 3apa3 OCOOJIMBO BiAUyTHHH
3B'S30K TEMITiB PO3BUTKY IPOMHMCIIOBOCTI, CTAHOM HaBKO-
JIMILIHBOTO CEPEAOBHIIA Ta 3I0POB’SIM HACEJIEHHS IPOMUC-
JIOBUX pETiOHiB. 3HAa4YHI 3MiHM HABKOJHUIIHBOTO CEpemo-
Brmma BigOymucs y KpuBopisskomy 3anizopynHoMy Oa-
CeifHi, Ta MITKOBUTO MMO3HAYMINCS i Ha TepuTOpii cMT Pa-
IyLIHE.

ToMy oIHHM 3 TOJIOBHHX Ta NEPLIOYEPTOBUX 3aBIaHb

JUISL TIOJIINIIEHHS HaBKOJIMIIHBOTO CEPEJIOBHILIA € TIPOBE-
JICHHSI TIOCTIHHOTO MOHITOPHHTY, 3 METOIO HE JOIYIICHHS
3pOCTaHHs 3aXBOPIOBaHb, Ta CTBOPEHHSI YMOB Y BCiX ce-
pax >KUTTS, 10 BUKJIIOYAIX O MOXKJIMBICTh MTOSIBU HECTIPH-
SITJIMBUX JUISl 3/10pOB'st rozieit akropiB. HeoOxinHo BecTn
MOCTIHHUA MOHITOPHHT TapaMeTPiB EKOJIOTIYHOTO pH-
3HKY, IO CTBOPIOIOTHCS IIPOMHUCIOBUMH MiATPHEMCTBAMHA
perioHy. OIHAMHU 3 TAKUX ITapaMeTPiB € BMICT BaXKKHX Me-
TaJiB B IPYHTI Ta Ma€ 3MOTY 30CTaBaTUCS TaM JOBI'HH dac
Ta 3aJy9aTucs A0 610J0TiYHOTO K0JI000iry. OTpruMmaHi 3a-
TPO3MHKBI PiBHI BMICTY BaXKMX METANiB Y 3MeTaxX, Ha Mij-
BIKOHHSIX IUTSYOTO CaJIKY, 110 HaJae 3MOTY TOBOPUTH TIPO
CXWIBHICTh BIUIMBaTH Ha CaHITApHO-TITi€HIYHI BUMOTH
SIKOCTI JKHUTTSl HaceJICHHsST KOHKPETHOT'O pPErioHy Ta HeoO-
X1JTHICTB 3aJIy4€HHS AeP>KaBHUX IPOLEIYp MIATPUMKH pe-
TioHy.

Jiroui 3aKOHOJaBYI HOPMHU YKpaiHU NAIOTh IiJICTaBY
CUTBCHKIH pai MIHATH TUTAHHS PO MPOBEICHHS MPOIIe-
nypu «OIiHKA BIUIMBY Ha JOBKULIM), 3BEPHYBIIHCH 32
MiITPUMKOIO JT0 palioHHO1, 06macHoi Pamu ta 1o KMV, 3a
MiATBEPKSHHSIM Ta po3’ssicHeHHsM [1, 2].
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Abstract. The paper considered the theoretical and practical features of the following programs for monitoring traffic: Observium, Nagios,
tcpdump, NetworkMiner, WireShark, Cain and Abel, Zabbix, Network Olympus, and also analyzes the characteristic features of programs
for analyzing network traffic. Based on the research, it is shown which programs are most suitable for analyzing network traffic.
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Introduction. Network monitoring software is an indispen-
sable tool for every system administrator. They allow you to
quickly respond to abnormal activities within the local net-
work, to be aware of all network processes and, thus, auto-
mate part of the administrator's routine activities: primarily
those related to network security. These tools provide con-
venient means of visualizing the volumes of outgoing and
incoming traffic, allow you to keep statistics, measure speed,
monitor the activity of network users and the like. The most
relevant programs for monitoring the local network are Ob-
servium, Nagios, tcpdump, NetworkMiner, WireShark, Cain
and Abel, Zabbix, Network Olympus, which will be ana-
lyzed in this paper.

A Brief Review of Related Publications. In [1], the fea-
tures of the Observium program were considered. In [2], the
features of Nagios and Zabbix programs were considered,
and their comparison was also carried out. In [3], the
tcpdump program is considered. The work [4] describes the
NetworkMiner program. The work [5] examined in detail the
functionality and operability of the WireShark program. In
[6], an introduction to the Cain and Abel program is given.
The work [7] describes the Zabbix program, and also de-
scribes the network model used in Zabbix. The work [8]
describes the functionality of the Network Olympus pro-
gram.

However, not one of these works compares these pro-
grams.

Purpose. To compare programs for traffic analysis, and
also on the basis of the analysis to show which traffic ana-
lyzers are most suitable for monitoring network traffic.

Analysis of traffic analyzer programs. The Observium
program, whose work is based on the use of the SNMP pro-
tocol, allows not only to examine the state of a network of
any scale in real time, but also to analyze the level of its per-
formance. This solution integrates with hardware from Cis-
co, Windows, Linux, HP, Juniper, Dell, FreeBSD, Brocade,
Netscaler, NetApp and other vendors. Thanks to a perfectly
developed graphical interface, these programs provide sys-
tem administrators with a ton of options for tuning - from
ranges for auto-detection to SNMP protocol data needed to
collect information about the network. All reports that are
generated using the analysis of the event log, the Observium
can present in the form of charts and graphs, clearly demon-
strating the "weak™ side of the network. Observium, as the
slogan on the main site says, is a system for monitoring and
monitoring network devices and servers. Moreover, the list
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of supported devices is huge and is not limited only to net-
work devices, the main condition is that the device supports
SNMP. But besides SNMP, the information collected can be
supplemented by other methods and protocols, for example,
syslog, rancid, unix-agent [1]. Message log shown in Fig. 1.

Advantages of the program: a free version is available for
a short time; convenient and beautiful interface; it is possible
to monitor services such as Apache, Nginx, Mysgl, Bind and
others, through unix-agent; there are functions of automatic
detection; monitoring of some virtualization systems is sup-
ported; there is the possibility of building graphs and charts.

Disadvantages: it is installed only on linux systems, there
is no version for windows; It is used for large, large net-
works.

Nagios is a monitoring solution based on a web interface.
It is quite difficult to master, however, thanks to its suffi-
ciently co-operation and well-developed documentation, it
can be mastered in a few weeks. Nagios is not just a solution
for monitoring networks, it is also a solution for monitoring
operating networks, individual applications, databases, indi-
vidual servers, logs [2]. Nagios dashboard shown in Fig. 2.

Advantages of the program: using Nagios, system admin-
istrators are able to remotely adjust the amount of load; inte-
gration with other applications; it is possible to view the de-
gree of load of memory reserves in databases, for physical
indicators of parts of network equipment; there is support for
all modern operating systems; convenient to use; colorful
interface.

Disadvantages: the program is intended for small organi-
zations; the system is not fault tolerant and is scaled by trans-
ferring part of the checks to separate servers; The interval
between checks and parameter measurements is too long.

The tcpdump traffic analyzer looks like some kind of out-
dated tool, and from the point of view of functionality it
works as well. Despite the fact that he copes with his work
and copes well, using a minimum of system resources for
this, it will be difficult for many modern specialists to under-
stand a huge number of data tables. But there are situations
when the use of solutions so circumcised and unpretentious
to resources can be useful [3].

Advantages of the program: simple program to install; it
is possible to install on linux and windows; It has all the
basic functionality that you expect to see in any traffic ana-
lyzer - capture, recording, etc.

Disadvantages: inconvenient interface; missing graphical
interface.
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NetworkMiner is another software solution whose func-
tionality goes beyond the usual traffic analysis. While other
traffic analyzers focus on sending and receiving packets,
NetworkMiner keeps track of those directly sending and
receiving packets. This tool is more suitable for identifying
problem computers or users than for general diagnostics or
network monitoring. NetworkMiner is designed for Win-
dows. Sniffer supports FTP, HTTP and SMB. Also retriev-
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ing user data "logins and passwords." The program can be
used both for sniffing and for parsing WLAN traffic (IEEE
802.11). The most important feature of this traffic analyzer is
the ability to extract files and certificates that are transmitted
over the network. This function can be used to intercept and
save all kinds of audio and video files [4]. An example of
packet capture in NetworkMiner is shown in Fig. 3.

{ Regenerate

© Add Checker

Q Search

415 416

Figure 1. Message log

Nagios’
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Alert Summary
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Dashboard

Traffic last 30 minutes

v

Disk Usage Data Lifetime Flow Type
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Figure 2. Nagios dashboard

Advantages of the program: quick and easy installation;
there is a graphical interface; there is visualization and classi-
fication of data into groups - which simplifies the analysis of
traffic and makes it fast.

Disadvantages: not suitable for corporate solutions; In the
evaluation version, some functions are limited.

The WirelessShark program is a relatively new tool in the
solution for network diagnostics, but during this time it has
already managed to gain recognition and respect from IT
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professionals. WireShark handles traffic analysis perfectly,
doing its job perfectly. The developers were able to find a
middle ground between the source data and the visual repre-
sentation of this data, therefore, in WireShark there are no
distortions in one direction or another, which are in most
other programs for analyzing network traffic. WireShark is
simple, compatible and portable. Using WireShark, you can
get exactly what you need. WireShark has an excellent user
interface, many options for filtering and sorting.
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Figure 3. An example of traffic capture in NetworkMiner

WireShark traffic analyzer works great with any of the
three most popular operating system families - * NIX, Win-
dows, and macOS. WireShark is an open source software
product and is distributed free of charge, and it is an excel-
lent tool for conducting quick network diagnostics [5]. An
example of packet capture in the WireShark program is
shown in Fig. 4.

Advantages of the program: WireShark has a good user
interface; there are many options for filtering and sorting;
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Cain and Abel Program. With this software, the ability to
analyze traffic is more of an auxiliary function than the main
one. If you need to perform more functions than just analyze
traffic, you can use this tool. With it, you can recover pass-
words for Windows, carry out attacks to obtain lost creden-
tials, examine VoIP data on the network, analyze packet
routing and much more. This is a really powerful tool for a
system administrator with wide permissions. It works only in

tandard

Standard quer:

Figure 4. An example of traffic capture in WireShark
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The program works with any of the three most popular fami-
lies of operating systems - * NIX, Windows and macOS;
WireShark is an open source software product and is distrib-
uted free of charge.

Disadvantages: not for large companies; Used only for
current traffic sniffing; when capturing packets online, a
large number of unnecessary packets are stored on the com-
puter.
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a Windows environment. Cain & Abel password recovery
tool for Microsoft operating systems. It allows you to easily
recover various types of passwords by analyzing network
traffic, cracking encrypted passwords, and cryptanalysis.
Allows you to record conversations via VolP, decode secure
passwords, recover wireless network keys, open password
fields, open cached passwords and analyze routing protocols.
The latest version is faster and contains many new features,



such as ARP (Arp Poison Routing), which allows you to
analyze traffic on switched LANSs. In this version, the ana-
lyzer (sniffer) can also analyze encrypted protocols, such as
SSH-1 and HTTPS, and contains filters for capturing creden-
tials for a wide range of authentication mechanisms [6].

Advantages of the program: password recovery is very
fast.

Disadvantages: it takes a lot of time to install; must have
access to another administrator account on the computer.

Zabbix monitoring system is a universal open source net-
work monitoring solution that can be configured for individ-
ual network models. Basically, it is intended for systems that
have a server architecture. This application allows you to
simultaneously manage hundreds of network nodes, which
makes it an extremely effective tool in organizing the work
of administrators working in large-scale enterprises. To de-
ploy Zabbix on your local network, you will either need to
run software agents, or use the SNMP protocol for manage-
ment. In addition, this program provides a complete set of
tools for monitoring the status of the network hardware. Note
that in order to fully experience all the advantages of this
solution, you will have to have at least basic knowledge of
some programming languages that can be shared with Zab-
bix [2, 7].

Advantages of the program: free; the entire configuration
is stored in the database, controlled via the web-interface;
minimum interval between measurements - 1 second; easy to
install.

Disadvantages: no version for Windows; all data is stored
in the database, which is inefficient and limits scalability;
fault tolerance is not provided; complex cumbersome inter-
face.

Network Olympus. The program works as a service and
has a web interface, which gives much greater flexibility and
ease of use. The main feature - the script designer, allows
you to move away from performing simple checks that do
not allow you to take into account certain circumstances of
the operation of the devices. With its help, you can organize
monitoring schemes of any complexity to accurately identify
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problems and malfunctions, as well as automate the process
of eliminating them. The script is based on a sensor, from
which logical chains can be built, which, depending on the
success of the test, will generate various alerts and actions
aimed at solving problems. Each element of the chain can be
edited at any time and immediately applicable to all devices
with which the script is attached. All network activity will be
monitored using the activity log and special reports [8].
Advantages of the program: free version of the program
up to 100 devices; easy to configure and use, there is a de-
signer of monitoring scripts.
Disadvantages: it is installed only under Windows.
Results and its discussion. Traffic monitoring is essential
for effective network management. It is a source of infor-
mation on the functioning of enterprise applications. This
information is taken into account when allocating funds,
planning computing power, identifying and localizing fail-
ures, and resolving security issues. The work considers 8
programs for traffic analysis. After conducting an analysis
for each program, we can say that each program has its own
advantages and disadvantages, and for each particular case,
when choosing a program, this must be taken into account.
We can distinguish the WireShark program, this program is
most suitable for analysis, research, traffic monitoring. This
program allows you to quickly diagnose the network.
Conclusions. In this work, we analyzed such programs
for traffic analysis: Observium, Nagios, tcpdump, Network-
Miner, WireShark, Cain and Abel, Zabbix, Network
Olympu. We can say that for most home users there will be
enough opportunities that tcpdump, Wireshark, Network-
Miner provides. Among the reviewed network traffic ana-
lyzers, | would like to single out Zabbix, Observium, Nagios,
which have more functionality and are free. Network Olym-
pus can also be distinguished due to its convenient web inter-
face, clear settings, convenient installation, free version,
graphical display of requests and scanning. The monitoring
system WireShark and NetworkMiner maximally meets the
high requirements that are imposed in the case of a study of
network traffic.
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Amnotanist. PoboTa nprcBsueHa BCTAHOBIICHHIO OCOOIMBOCTEHN PIBHS (Di3HYHOTO 340POB’S IOHAKIB 32 TIOKA3HUKaMH aepoOHOI Ta aHaepOOHOT
MPOAYKTHBHOCTI €Hepro3abe3neyeH sl OpraHi3My, 3aJIe)KHO BiJ BIIHOCHOTO BMICTY XKHpY Ta CKEIeTHHX M’si3iB. FOHaku, KOMIOHEHTHHUI
CKJIa[] TiJIa IKMX MICTUTh HU3BKUI PIBEHb BITHOCHOTO BMICTY JKHPY Ta BUCOKHI, 1 Ay’Ke BUCOKHI BITHOCHHI BMICT CKEJIETHUX M’ SI3iB, HOp-
MaJIBHUH 1HJIEKC MacH Tija 1 BiCIIEPAITBHOTO JKHPY, MAIOTh BIIMIHHHH piBeHb aepoOHOI Ta aHaepoOHOT NPOYKTHBHOCTI OpraHi3My, 11O BiJ-

TIOBiIa€ «OE3MeYHOMY PIBHIO 37I0POB’SD) MiJUTITKIB.

Knrouosi cnosa: aepobra npooykmusHicms, anaepobHa npoOyKmMueHicmo, Qizuure 300p08 s, Hcup, CKelemHi M a3u.

Beryn. BianosigHo 10 iCHYIOUMX KOHICTILIH, IHTErpaibHuU-
MH IOKa3HUKaMH ()i3M9HOTO 37I0pOB’sl € acpoOHa Ta aHae-
poOHa MpoAyKTHBHICT oprani3my [1, 3, 4, 5, 9]. [l ouinku
aepoOHOI POAYKTUBHOCTI OpraHi3My OUTBIIICTH JOCIITHU-
KIiB PEKOMEH/IYIOTh BHKOPHCTOBYBATH BiJJHOCHY BEJINYHHY
MaKCHMAaJBFHOTO CHOKUBaHHA KucHIo [1, 7, 8]. IIpu mpomy
aHaepoOHa MPOAYKTHBHICTh OpraHi3my, 3a3BH4aii, He Oe-
peThbes 0 yBaru. Xoda CyTTEBY poJib Y (pOpMyBaHHI (i3md-
HOTO 37I0POB’Sl BiZlirpatoTh HE JIMIIE aepoOHi, a i aHaepoOHi
TpoLiecH eHepro3ale3reueH s KUTTEAISUTBHOCTI OpraHi3My
[1, 9, 12]. PesynbTatu gocmimkens FO.M. dypmana ta C.I1.
Jpadyka cBim4aTh TpO iCHYBaHHS TICHOTO KOPEIALiIHOTO
B3a€MO3B’SI3Ky MIXK acpoOHOI0 Ta aHaepOOHOK0 MPOIYKTHB-
HICTIO OpraHismMy, ne¢ (pakTOpHHM MOKa3HUKOM BHCTYIIA€
aHaepoOHa (JIakTaTHA) NPOAYKTHBHICTH opranizmy [10].
BaxmBuM ¢akropom, mo BiumBae Ha MopdodyHKIioHa-
JIBHUH CTaH JIIOJUHY, BUCTYIIA€ TEPUTOpiabHa NPHHAIEK-
HICTh, TOMY HAIlIOHAJIbHI Ta MOMYJIAMINAHI BiMIHHOCTI MOp-
(oG YHKIIOHATBHUX TTOKA3HKUKIB CTUMYJIFOIOTh HAYKOBIB
JI0 TIOIIYKY BIJHOCHHUX CTAaHIAPTIB IJISI KHUTEIIB OKPEMHX
perionis [3, 8, 11, 13].

B VkpaiHi 3aMumaroThcss OKpeMi TepUTOPIi 3 TPUPOTHU-
MH EKOJIOTIYHIMH OCOOJIMBOCTSIMHY, JI¢ icHy€e Homauit nedi-
LIUT, SIKWH ICTOTHO BIJIMBAE Ha TOPMOHAJBHUI CTATyC MEIIl-
KaHIIB IUX TepuTopid. OAHIM i3 TaKHUX PErioHIB € 3akap-
marTss. Mosiofp i3 pi3HUX OIOreoXiMiuHMX 30H, sSKa HaBYa-
€ThCS y BHIIMX HABUYAJIBHHX 3aKNaJaX, BBAXKAETHCS TPAKTH-
YHO 37I0POBOIO, OJIHAK, 32 PE3yJbTATaAMH JIOCIIIKEHb MpO-
BifHMX yveHux 3akapmarrs [2, 6] Gararo Monoaux Jojei
MaloTh MEBHi BijixuiieHHs y (izudaHoMy craHi. Lli BigxuieH-
HS CTOCYIOTBCSI OKPEMHX aHTPOIIOMETPHYHHX (3pOCTy, Ma-
CH, Tpormopiiiii OymoBU Tijia) Ta OIOXIMIYHHMX TMOKA3HUKIB
(HampyKIIaa, HU3BKUH piBEHb TUPEOIIHUX TOPMOHIB y KpoO-
Bi). TeHneHmis 3HIKEHHS IOKA3HHKIB (DYHKIIOHAJIBHOTO
CTaHy Ma€ B3a€MO3B’SI30K i3 BMICTOM THPEOIIHUX TOPMOHIB
B OpraHi3sMi MOJIOAMX JIFO/IEH, SIKi MEIIKAIOTh Y TipChKiit
MicreBocTi 3aKkaprarTs, 0 MOXKE CBIYHUTH IIPO HETATHB-
HUH BIUIMB OI0re€0XiMiUHOI 30HH PETiOHY SIK EBOJIOIIHHO
HeaJIeKBaTHOTO YMHHHMKA 30BHIIIHBOTO cepeoBuiia [2, 6].

Jocnipkerns aepoOHOT Ta aHaepoOHOI MPOILYKTUBHOCTI
opraHiaMy oci0 MocTmyOepTaTHOrO Iepiofy OHTOTEHe3y 3
PI3HHM COMATOTHIIOM, SIKi IPOJKUBAIOTH B 3aKapIaTCHKOMY
PErioHi, JO3BOJIUTH OTPUMATH HOPMATHBH (Hi3MYHOTO 3J10-
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POB’sl FOHAKIB, 110 € aKTYaJbHUM 1 COIIAIILHO 3HAYMMHM.

MeTta po0oTH — TOPIBHSITH Ta IPOAHATI3YBATH aepOOHi
Ta aHaepoOHI MOXKIMBOCTI IOHAKIB HU3MHHUX Ta TipChKHX
patioHiB 3akapraTcbKOi 00IACTI 3aIeKHO BiJl KOMIIOHCHTHO-
0 CKJIaIy Tijia.

Marepianu i metoau. [IpoBeneHo NOPIBHIGHAN aHATI3
PiBHsI (hi3M4HOTO 3710pOB’s1 y 236 IOHAKIB MOCTITyOEPTaTHOTO
nepiony oHToreHe3y, BikoM Bin 17 mo 21 poky. Kimekicts
00CTe)XeHUX IOHAaKIB TIPCHKUX PaifoHIB 3akapraTchbkoi 00-
macTi craHoBmIIa 124 ocobu (52,5%), a HUI3WHHUX paiioHIB —
112 oci6 (47,5%). PiBeHb izuyHOrO 310pOB’S OLIHIOBAIN
3a TOKa3HUKaMH aepoOHOI HPOIYKTHBHOCTI OpraHi3Mmy, a
camMe BH3HavaId MakcuMaJbHe crioyKUBaHHS KUCHIO (VO3 max
sim.), BAKOPUCTOBYIOUH METOJ BeJoeproMetpii. Jms oriHku
PiBHsI aepoOHOT MPOYKTUBHOCTI BUKOPUCTOBYBAJIN OL[IHOY-
Hy mkany SLII. IIaprara [7]. [Toka3Huku aHaepoOHOT mpo-
JYKTUBHOCTI OpraHi3My BHBYaJIM 332 BU3HAYCHHSM IOTYXK-
HOCTi aHaepOoOHMX aJaKTaTHHUX TIIPOIECiB eHeprozabdesre-
YEHHsS OpraHi3My 3a MaKCHMAaJbHOI KUIBKICTIO pPOOOTH,
BukoHaHOI 32 10 ¢ (BAHT 10), a TakoX 32 piBHEM MOTY>KHOCTI
AHACPOOHUX JIAKTATHUX MPOIECIB CHEPro3ade3neyueHHs op-
TaHi3My 32 MAKCHMAaJIbHOIO KUTBKICTIO POOOTH, BHKOHAHOT 32
30 ¢ (BAHT43p), BUKOPUCTOBYIOYH MeTOl BiHraTchkoro ana-
epobHoro tecty, onucanoro K0.M. dypmaHoM 3i CITiBaBTO-
pamu [10]. [dns oiiHku aHAaepoOHOI JIAKTATHOI MPOIYKTHB-
HOCTI OpraHi3My 3a BEJIMYMHOK MAaKCUMAJbHOI KiTBKOCTI
30BHIIIHBOT podoTH 3a 1 xB (MK3P) BUKOpHCTOBYBAIN Me-
tomuky Shogy A., Cherebetin G [12]. KommoHeHTHHIA CKi1a
MacH Tijla BH3HAa4YalId 3aCTOCOBYIOUM IMIIEAHCHHI METO
Body Composition Monitor “Omron BF511”, 3a pormomo-
TOI0 SIKOTO OIIIHIOBaBCS BIJICOTKOBHMI BMICT HPOBOI MacH
(TiKIpHUEA Ta BicLepalbHUIA JKUP) Ta BIJICOTKOBUIA BMICT
ckenernux M’si3iB [11, 13]. CraructudHy 06poOKy Martepia-
Ty 37icHIOBaIH 3a Jonomoroto nporpam Excel 7.0 ta SPSS
Bepeii 10.0 i3 BukopuctanHsM t-kpurtepito CTbIOfeHTa IS
3’siCyBaHHS JIOCTOBIPHOCTI Pi3HUIII MIXK CepeIHIMHU 3HaYeH-
HSIMHL.

Pe3ysabTaT A0CTizKeHHST Ta IX 00roBopeHHs. Y 10C-
JIJPKYBaHMX IOHAKIB IMIIEIAHCHUM METO/IOM BH3HAYMIIH
iHaexc macu Tina (IMT) i komnoneHTHHH ckiax Tima. [ami
X YMOBHO PO3MOJUIMIN HA TPU I'PYNHU: 3 HU3bKUM, HOpMa-
JIbHAM 1 BUCOKUM BiJTHOCHUM BMiCTOM >KUpY, Ta0OI. 1.
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Taémmus 1. Po3nozin roHakiB TipchKOro Ta HU3WHHOTO PalioHIB
3akaprarTs 3a Bi/IHOCHUM BMICTOM JXKHDY

Bwict xupy (%)
<8,0 8,0-199 19,9-24,9 >24.9
(-) Hesbkmii | (0) HOpManbHUIA | (+) BUCOKHIT (++) myxe
BUCOKHIA
K-ctb | % | k-cTh % K-CTh % K-CTh %
ocio oci6 ocib oci6
ripchbKuii paiion (N = 124)
1 o8] 104 [ 839] 19 [153] - [ -
HM3MHHKHA paiion (N = 112)
15 [134] 82 [ 732 ] 15 [ 1384 ] - | -

Haii6inbiry KUTbKICTh 0CiO, HE3aJIeXKHO Bill paioHy Mpo-
KMBAHHS, CKJIAIM FOHAKNA 3 HOPMAIBHUM BIJHOCHHM BMicC-
ToM >kupy. Cepesn IOHaKiB TipChbKUX paiOHIB HaWMEHIIY
KUTBKICTE CTAQHOBWJIM OCOOHM 3 HHU3BKHM BMICTOM JKHPY
(0,8%), HatoMicTh y FOHAKiB HH3MHHHX PAiOHIB OJHAKOBY
KibKicTb (13,4%) 0cib cKilany IOHAKH 3 HU3bKHM 1 BHCOKHM
BiIHOCHMM BMicTOM *upy. FOHaKiB 3 Jry’ke BUCOKHM BiJHO-
CHUM BMicToM XHupy (>24,9,0%) cepen mOCHiIKEHHX HE
BUSBIJIOCH. TaKOX IOHAKIB OyJI0 pO3MOALUICHO HA TPU TPYITH
3aJICKHO BiJl BITHOCHOTO BMICTY CKEJICTHHX M’SI3iB, 1 B IpO-
Teci JOCTiIPKEHHS OyII0 BCTAHOBJICHO: HAMOLIbIIA KUTBKICTh
(61,3%) oci6 3 HopmamsauM Ta (40,2%) 3 MyKe BHCOKHM
BIZTHOCHAM BMICTOM CKEJIETHMX M’ S3iB CIIOCTEpIirajioch ce-
eIl FOHAKIB TiPCHKUX paiioHiB. HaTOMICTB JIHIIe B HU3MHHUX
patioHax OyJH BUSBIICHI 0COOH 3 dy’Ke BHCOKUM BiJJHOCHIM
BMICTOM CKeleTHHX M’si3iB (460,4%), Toal SK cepei JOCi-
JDKEHHUX FOHAKIB TIPCHKHUX paiOHIB TaKWX 0ci0 Oymno mmrre
7,3%, Tabm. 2.

IIpu BuBuUeHHI piBHS aepoOHOI MPOIYKTUBHOCTI OpTaHi3-
MY FOHaKiB 3aKkapraTchbKoi 00IacTi, 3aJIeXKHO BiJ] BIZIHOCHOTO
BMICTY JKHpY, MU BiIMidaim, o cepenHst Benmuauaa VO max
s, JIMIIE Y MIPEICTABHUKIB 3 HA3BKHM BITHOCHHM BMICTOM
KUpPY HE3aJIeXKHO BiJl paifoHy MPOXKMBAHHS € BHIIOIO “0e3-
MICYHOTO PiBHA 3710poB’s” [1, 7], 110 BiANOBiTAa€E BiIMiHHOMY
piBHIO aepoOHOI MpoayKTHBHOCTI. HatoMicTh, y IOHaKiB 3
BUCOKMM BIJTHOCHUM BMICTOM JKHpY, HE3aJI€XKHO Bijl paifoHy
NpOKHMBaHHS, cepeHe 3Ha4eHHA VO2 max s HE JOCSTAE
“Oe3rneyHoro piBHs 370poB’s” 1 craHOBUTH Hibkue 42,0
mirxB k1, a piBeHb aepOGHOI IPOTYKTHBHOCTI € «IOCEPE-
JTHIMY 200 «HIDKYE MOCEPEIHBOr0Y, Ta0. 3.

IIpu nopiBHAHHI aHAEPOOHUX MOMKITMBOCTEH IOHAKIB 3a-
KaprnaTchkoi 00JacTi, 3aJIeKHO BiJl BIIHOCHOTO BMICTY KH-
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PY, MH CIOCTEpIiraii, 10 pe3yJbTaTh JOCII/PKeHb IOTYX-
HOCTI aHaepoOHWX aJlaKTaTHUX TPOLIECiB eHeprosadesrie-
YEHHS OpraHiaMy 3a BiTHOCHOIO BenM4MHOIO BAHT g i Y
00CTE)XEHUX IOHAKIB, HE3aJIOXHO BiJ] palioHy MPOKUBAHHS,
BUSIBIJIA JTOCTOBIPHO CYTTEBY IIepeBary IbOTO ITOKAa3HHUKA Y
MPE/ICTABHUKIB TIPCHKUX pAWOHIB 3 HHU3bKUM 67,4122
krMXBLKr! Ta HOpPMaJbHUM BiJHOCHUM BMIiCTOM 3KHDY
65,3+1,83 krmxBlkr?, nopiBHAHO 3 OcoGaMu, fAKi MArOTh
BHCOKHH BiZTHOCHHH BMICT XKHDY.

Tadauusa 2. Po3noaisn oHaKiB TipchKOTO0 Ta HU3MHHOTO PaioOHIB
3akaprarTs 3a BiTHOCHUM BMICTOM CKEJICTHHUX M’SI31B

Bwicr ckeneraux M’s3iB (%)
<333 33,3-39,3 39,4-44,0 > 44,0
(-) mmspkmit | (0) HopMamb- | (+) BUCOKMH | (++) my»e BH-
HUH COKHUI
k-ctb | % | K-CTh % K-CTh % K-CTh %
ocio ocio ocio ocio
ripcekuid paiion (n = 124)
- [ -] 76 [613] 3 [314] 9 | 73
HM3MHHHUH paiion (N = 112)
- [ -] 15 1384 45 | 402 ] 52 | 464

Tadauusa 3. CepenHi 3Ha4E€HHS OKa3HUKIB aePOOHOI IPOTYKTHB-
HOCTi opranizmy (M=£m) 10HaKiB HU3MHHKX Ta FPCHKUX PaioHIB
3aKapraTchbKol 00J1acTi B 3JIEXKHOCTI BiJI BIITHOCHOTO BMICTY XHUPY,
n=236

. N Binnocna senmmunaa MCK, VO2 max
BigHOCHMIA BMICT 3KH- _ 1.1
oY, % i, VMJ'I'XB .'Kl“ __ P2
HU3UHHUN paifoH | TipCHKH paiion
< 8,0 (-) Hu3bKHii 43,8+1,4 44,6+£2,1 >
(n=16) 0,05
8,0 - 19,9 (0) Hopma- 39,9+0,94 41,6+1,7 >
neHui (N= 186) 0,05
19,9 — 24,9 (+) Buco- 37,8+0,86* * 33,7+0,93* * >
kuii (n= 34) 0,05

[pumiTKa: BipOrigHICT BIMIHHOCTI CepeAHIX 3HAYEeHb ITOKa3HHKIB
FOHAKiB B Mekax ozHoro tumy wmicesocti (P1<0,05): * - BigHOCHO
HHU3BKOTO BMICTY JKHpY; * - BITHOCHO HOPMAJIFHOTO BMICTY JKUPY; ¢
- BITHOCHO BHCOKOTO BMICTy JXHMpy. P2 — IOCTOBIpHICTH pi3HHII
TOKa3HUKIB IOHAKIB HU3WHHUX Ta TiPCHKUX PaliOHIB 3 BiAOBIIHIM
BiIHOCHAM BMiCTOM YXHPY

Ix pesynbratu cranosmats 51,3+1,72 xkrm-xekry 1oma-
KiB ripchkux Ta 46,5+3,1 krm-xplkr! y roHaKiB HM3MHHKX
patioHiB BinmoBinHo, p<0,05, Tabmn. 4.

Taémus 4. Cepeni 3Ha4YSHHs TOKa3HUKIB aHaepOoOHOT PO IyKTHBHOCTI opraniamy (M+m) 1oHaKiB HU3MHHUX Ta TipCHKHUX paioHiB 3akap-

MATCHKO1 00JIACTi B 3AJISKHOCTI BiJl BITHOCHOTO BMICTY JKHPY, =236

BigrocHuit BMmicT ku-|BAHT 10, krMmxB kTt BAHT 30, krm-xB Lkt MK3P, xrm-xs Lkr?!
py, % . ripcekuit  |P2 HU3WHHUHN p-| Tipcbkuit  |P3 N Tipchk. |Pa
HU3WUH-HUHU p-H HU3UHHUN p-H

p-H H p-H p-H
<800 mmsbinit (N=16)| g7 6,5 674422 |<005| 50,0436 | 64,1439 | <001 | 29,8096 Sll"gi >0,05
8,0~ 19.9(0) mopmam- | g 1,46 6531183 |<005| 452+33 | 629438 | <001 | 268+12 | 227F 2005
Huii (n=186) 2,2
199-249 () puco- | yepiain |5134172%  |5005| 41,6434 | 498427 | <005 | 24923 | BLE 5005
kuii (n=34) 14

[TpuMiTKa: BipOTiHICTh BiAMIHHOCTI CEpe/IHiX 3HAYCHD TOKA3HHUKIB FOHAKIB B MeKax ofHoro tumy Micuesocti (P1<0,05): * - BimHOCHO HU-
3bKOT'0 BMICTY JKUPY; ® - BITHOCHO HOPMJIBHOTO BMICTY XKHpY; 4 - BITHOCHO BHCOKOTO BMICTY JKHPY.
P2,3,4— TOCTOBIpHICTH Pi3HMIII MOKA3HUKIB IOHAKIB HU3MHHKX Ta TIPCHKHX PAHOHIB 3 BiIITOBITHIAM BiJHOCHIM BMiCTOM XHUPY

[1pu aHanizi HOKa3HUKIB BiTHOCHOT BEJIMYMHH MTOTYKHOC-
Ti aHaepOoOHUX JIAKTATHUX TPOLIECIB €HEepPro3ade3nedeHHs
OprasizMy, HaifHIK4i cepemHi 3Ha4eHHS BAHT30 wiy CHIOC-
TepiraroThcs y I0HAKIB HU3MHHUX PaiiOHIB 3 HOPMAaJIbHUM Ta
BHCOKUM BIJIHOCHHM BMICTOM JKUpY. Y FOHAKiB TiPCHKUX Ta
HI3WHHHAX PaiOHIB 3 BHCOKUM BIJHOCHHM BMICTOM XHDPY
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CIIOCTEPIraeThesl JOCTOBIPHO HU3BKHI BITHOCHMI TTOKA3HUK
aHaepoOHMX JIAKTaTHUX MPOIIECIB €Hepro3ade3nedeHHs op-
ragisMy MK3P i 23,1 +1l4xrmxslkr? ta 24,9423
krm-xBkr! BigmoBiaHo. FOHaku TipchkuX paifoHiB 3 HU3b-
KAM Ta HOPM&JIBHHUM BMICTOM JKHPY JIOCTOBIPHO MalOTh
BUIIy BiIHOCHY BEIMYHHY MOTYKHOCTI aHAePOOHHX JIaKTaT-




HUX IPOLIECIB €HePro3ade3neueH s OpraHi3My HOPIBHSHO 3
FOHAKaM¥ HU3WHHUX paiioHis, p<0,01.

[pu BUBUCHHI aepoOHOT MPOYKTUBHOCTI IOHAKIB 3aKap-
MaTChKOI 00JIACTI, 3aJICKHO Bifl BIIHOCHOTO BMICTY CKEJICT-
HUX M’s3iB, BHSBWIM, IO CEpeqHi 3HAYCHHS BiTHOCHOTO
MOKa3HMKA MaKCUMaJIBHOTO CIIOKUBAHHS KUCHIO VO2 max sim.
JIMIIE y FOHAKIB TiPCBKUX paiOHIB 3 BHUCOKHM BiJHOCHHM
BMICTOM CKEJIETHUX M’SI3iB Ta y IOHAKIB HE3aJISIKHO BiJl paid-
OHY TIPOXXKMBAHH 3 [[y’K€ BIECOKHAM BiTHOCHHM BMICTOM CKe-
JIETHUX M’$131B € JJOCTOBIPHO BHIIE “0€3IEeYHOro piBHS 370-
POB’s’”, IO BiIIOBiZa€ BiMiHHOMY PiBHIO aepoOHOI TIPOIy-
KTHBHOCTI. HatomicTh, y IOHaKiB TipCHKMX Ta HHM3MHHHX
palioHIB 3 HOpPMAaJBPHUM BIJHOCHHM BMICTOM CKEJIETHHX
M’s131B cepeTHe 3HaUEHHS VO2 max sins HE JOCATAE “OE3MEUHO-
ro piBHSA 310poB’s” i cTaHoBUTh Hikde 42,0 Mirxplkrl, a
piBeHb aepOOHOI IMPOIYKTHBHOCTI € «IocepeaHiM» abo
«HIDKYE TIOCEPETHBOTO, Ta0II. 5.

[Ipu BuBYEHHI aHaepoOHMX MOMKIIMBOCTEH IOHAKIB 3aka-
pHaTCHKOi 00JIACTI, 3aJIXKHO Bifl BITHOCHOTO BMICTY CKEJeT-
HHUX M’SI3iB, CIIOCTEPIraeMo, IO TOKa3HUKH IOTY>KHOCTI
aHaepOOHMX AJIAKTATHUX Ta JIAKTATHHX MPOLIECIB eHeprosa-
Oe3MeyeHHsT OpraHi3My 3a BITHOCHO BennuuHO BAHT10
sim, BAHT30 piyu. Y IOHAKIB TIPCHKUX PAfOHIB BHSABIIIH JOC-
TOBIPHY IepeBary 1bOro MOKa3HHUKa Y MPEICTABHUKIB 3 HO-
PMaJIFHAM Ta BHCOKUM BIiTHOCHHM BMICTOM CKEJICTHHX
M’s131B MOPIBHSHO 3 FOHAKAMU HI3WHHUX paroHiB, p<0,05.

[Ipu mpOMy BiTHOCHI TMOKA3HHKH IMOTYYKHOCTI aHaepoo-
HHUX JIAKTaTHUX Ta aJaKTaTHUX MpOIECiB eHepro3adesre-
YeHHs OPraHi3My IOHAKiB HE3AJISKHO BiJ paiOHYy MpPOXKH-
BaHHSI Ta BIZTHOCHOTO BMICTY CKelleTHUX M’s13iB 38 MK3P i
MK cOOO0F0 BIpOTITHO HE BiPi3HIIOTHCS, Ta0M. 6.

3a pe3yJbTaTaMu JIOCIIDKeHb aepoOHMX Ta aHaepoOHMX
TIPOLIECiB €HePro3ade3neyeH s, Y IOHAKIB TipCHKUX PalioHiB,
SIKi MalOTh HU3bKHME BiMHOCHHH BMicT xkupy (< 8,0%) Ta
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BUCOKHUI BiTHOCHUI BMICT ckeneTHux M’si3iB (39,4 — 44,0%)
npu HOpManbHii Maci Tima (18,5 < IMT < 25 kr/m?) MaroTh
BIIMIHHUI piBeHb aepOOHOT MPOYKTUBHOCTI, TOOTO VO2 max
s, > 42 mrxs Lkl
Taomuus 5. CepenHi 3HaUeHHS OKa3HHUKIB aepoOHOI HMPOIYKTHUB-
HocTi opradismMy (MzM) [OHAaKiB HU3MHHHX Ta TIPCHKHX PaiOHIB
3akapnaTcbKol 00JIacTi B 3aJIeXKHOCTI BiJ] BITHOCHOTO BMICTy CKe-
JIETHUX M’s13iB, N=236

. .. Bignocua semunnaa MCK, VO2 max
BigHocHMIT BMICT CKe- ] ool

JICTHHX M ’5131B, %o uBmH’uMn XB L 2 1

HU3HHHUN PalioH |TipChKUiA paiioH

33,3-39,3 (0) Hopma- 37,8+0,81 38,9+1,1 > 0,05
nbHu (n=91)
39,4 — 44,0 (+) Buco- 39,2+0,68 42,442,0 >0,05
kil (n=84)
> 44,0 (++) nyxe BU- 42,9+1,02 43,140,97 > 0,05
cokmii (n= 61)

[pumiTka: BiporiAHICTh BIIMIHHOCTI CEpeIHIX 3HAUYCHb OKA3HHKIB
JiBYat B Mexax ofHoro turty micresocti (P1<0,05): * - BimHOCHO
HOPMAJIBHOTO BMICTY CKEJIETHHX M’Si3iB; ® - BITHOCHO BHCOKOTO
BMICTY CKEJIETHHX M’SI3iB; 4 - BIHOCHO Iy)KE€ BHCOKOTO BMICTY
CKEJIETHUX M’si3iB. P2 — OCTOBIpHICT pi3HHMI MOKa3HUKIB AiBYAT
HIBUHHUX Ta TIPCHKUX PAaHOHIB 3 BIANIOBIIHAM BiTHOCHUM BMiCTOM
CKEJETHUX M SI3iB.

V roHaKiB HU3WHHUX PaliOHIB BiIMIHHHI piBeHb aepoOHOT
MPOAYKTHBHOCTI CIIOCTEPIraeThCsl IPHU TAKOMY KOMITOHEHT-
HOMY CKJIA[ly TUTa: HI3BKUI BITHOCHHUI BMICT XHPY, IyKe
BUCOKHI BITHOCHHMIT BMICT cKeneTHHX M si3iB (> 44,0%) npu
HOpManbHiH Maci Tita (18,5 < IMT < 25 kr/m?). ITpu upomy
BCl 00CTE)XEeHI FOHAKH MAarOTh HOPMaJIbHUI PIiBEHB BicIepa-
JIBHOTO KHPY. Lel moka3sHKUK 3HAXOAUTHCS B JTiana3oHi Big 1
10 9%, puc.1.

Taémuus 6. CepenHi 3HaYSHHST TOKa3HUKIB aHaepOOHOT IPOIyKTHBHOCTI opraniaMy (M+m) 1oHaKiB HU3MHHUX Ta TipCHKHUX paioHIB 3aKap-
MaTChKOI 00JIACTi B 3AICKHOCTI BiJl BITHOCHOTO BMICTYy CKEJICTHHX M ’si3iB, N=236

BigrOCHHI! BMiCT BAHT 10, krm-xphkr? BAHT 30, krm-xphkrt MK3P, krmx L kr!
CKeJIETHHUX M ’s131B, % . . . P> | vmzuHHMI p-| . . P3 . . . P4
HUBMHHUIL p-H | TipChKHii p-H u ripchKwii p-H HIBMHHUIL p-H | TipchKuii p-H

33-398 | 5og201 | 507:29 |<005| 452:23 | 569+36 |<005| 253131 | 52% |.q05
(0)HopmabHHit (n=91) 1,3

39,4-44,0 278+
(+)Bucokuii (N=84) 54,4+1,87 63,4+3,8 <0,05 50,3+1,8 60,1+3,8 <0,05| 27,9+19 12 > 0,05
>AA0 () mywe - | 104936 | 653t32 | 50,05 | 562422 | 609+47 |>005| 286+23 | 27* |s00s
co-kuii (n=61) 2,1

IMpumiTKa: BipOTiAHICT BIMIHHOCTI CEepeIHiX 3HAYEeHb MTOKA3HUKIB AiBYAT B Mexax oqHoro Tuiy miciesocTi (P1<0,05): * - BigHOCHO HOp-
MaJIBHOTO BMICTY CKEJIETHHX M’SI3iB; ® - BIJHOCHO BHCOKOTO BMICTY CKEJICTHHX M’SI3iB; ¢ - BIJIHOCHO JIy>KE BUCOKOTO BMICTY CKEJIETHHX
M’s13iB. P2, 3, 4— IOCTOBIpHICTD pi3HMII TOKA3HHKIB AIBYAT HI3WHHUX Ta TIPCHKHUX PAfOHIB 3 BiAMOBIMHUM BiJHOCHHNM BMICTOM CKEIETHHX

M’SI31B.
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0%

FOHaku ripcbkux paioHis

FOHaKuU HU3MHHUX palioHiB

|I IMT O Xup B M'sazu O Bicue panbHum Xup |

Puc. 1. KomMnoHeHTHH#T ckiaz Tijla FOHaKiB-)KUTENiB 3aKapHaTChKOl
o0acTi, sSIKi MaloTh BiZIMIHHHH PiBeHb aepOOHOI MPOYKTHBHOCTI 32
VO2 max sim. (n:236)

39

BucnoBkn. ®i3nuHe 3710pOB’Sl IOHAKIB-KUTEINIB 3aKap-
MaTchKOi 00MacTi 3aJIeXXUTh Bil KOMIIOHEHTHOTO CKIIAy
Tijla, a caMe: BiAMIHHHMII piBeHb aepOOHOI MPOJIYKTUBHOCTI
CIIOCTEPIraeThCA Y FOHAKIB TiPCHKUX PaHOHIB, SKi MarOTh
HOpPMaJIbHY Macy TiJia 3 HU3bKUM BiTHOCHHM BMiCTOM >KUPY
Ta BHCOKMM BiJIHOCHHM BMICTOM CKEJIETHHX M’SI3iB, IIpH
HOPMaJIBHOMY PiBHI BiCLIEpaJbHOTO JKHPY 1, SIK HACTIJIOK,
piBeHb (I3NYHOTO 3/I0pOB’S NEPEBHILYE “KPUTHYHUH pi-
Benp” 3a [.JI. Ananacenkom [1] i Bimmosimae “BiaminHOMy”
3a kputepismu SLIL. [Tapuata [7]. BinminHwuit piBeHb aepo6-
HOT NPOJIYKTHBHOCTI CHOCTEPIraeThCs y IOHAKiB HU3MHHUX
PpaioHiB, sIKi MalOTh HOPMaJIbHY Macy Tijla 3 HU3BKHUM BiJJHO-
CHUM BMICTOM JKHPY Ta JIy’€ BHCOKHM BiJHOCHUM BMiCTOM
CKEJIETHUX M’SI3iB IIPH HOPMAJIIBHOMY PiBHI BiCIIEpalbHOTO

KHDY.




OtpumaHi JaHi CBiTYaTh TPO TE, MO FOHAKH-MEIIKAHII
TIPCHKHUX Ta HU3MHHHUX PAfOHIB i3 BUCOKHAM Ta Jy>KE BUCO-
KHM BIJJHOCHMM BMICTOM CKEJIETHHUX M’SI31B, MAlOTh BHIIII
MOKA3HUKH TIOTY>KHOCTI aepOOHOI Ta aHACPOOHOT MPOTYKTH-
BHOCTI eHepro3zabe3nedyeHHs1 opraHisMy. Bukonanss ¢izng-
HUX HaBaHTA)XCHb B aHACPOOHOMY PEXKUMI MOTPeOye cHep-
Tii, 0 HAKOIMYeHa B M 533X, a HAasABHICTh KHPOBOTO KOM-
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MOHCHTY Y MPEJCTABHUKIB YOJIOBIYOI CTATI SIK B HU3WHHI,
TaK i B TIPCBHKiM MicIIeBOCTI (B yMOBaX TiIOKCii) € TIEBHUM
OaslacToM, Tak sIK icHye notpeba y 30UIbLIeHH] 00’ €My KHC-
HIO U1 TIPOLIECIB OKUCIICHHS JKHPY 1, SIK HACIIJIOK, Y IOHaKiB
3 BICOKHM BiIHOCHHM BMICTOM JKHPY 3HIDKYETBCS aepoOHa
Ta aHaepoOHa MPO/IYKTHBHICTh eHepro3ade3rneyeH s opraHi-

3My.
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Comparative characteristics of aerobic and anaerobic productivity of young men in lowland and mountain Transcarpathian areas

according to the body components consist
O. A. Dulo, N. M. Hema-Bahyna

Abstract. The work is devoted to determining the characteristics of the physical health level of young people in indicators of aerobic and

anaerobic energy productivity of the body, depending on the relative fat content and skeletal muscle. Young men whose component body

composition contains low relative fat content and high and very high relative skeletal muscle content, normal body mass index and visceral

fat, have an excellent level of aerobic and anaerobic performance of the organism corresponding to a "safe level of health" of teenagers.
Keywords: aerobic productivity, anaerobic productivity, physical health, fat, skeletal muscles.
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Microstructural changes of the mucous membrane of the fallopian tube
during prolonged opioid exposure

M. V. Podolyuk, Ya. T. Ivankiv, L. R. Mateshuk-Vatseba

Danylo Halytsky Lviv National Medical University
Corresponding author. E-mail: mariapodolyk1979@gmail.com

Paper received 28.12.19; Accepted for publication 16.02.20.
https://doi.org/10.31174/SEND-NT2020-224V11127-10

Abstract. The article presents data on structural and functional changes of the mucous membrane of the uterine tube in the dynamics
of two-, four- and six-week exposure to nalbuphine. The material of the study were sexually mature rats-females of the line "Wistar"
in the amount of 26 animals weighing 180-220 g, aged 3.5-4 months. Animals were injected with nalbuphine intramuscularly, daily,
once a day, at the one-time interval. Histological preparations were prepared according to the conventional method. The animals were
kept in a vivarium, the work was carried out following the "Rules of work using experimental animals". Before sampling, the animals
were primed with an intraperitoneal injection of thiopental (at a rate of 25 mg/kg), then an anterior abdominal wall was opened, fol-
lowed by removal of the fallopian tube. During the experimental research, changes in the structure of the mucous membrane of the
fallopian tube were established. The first signs were found within 2 weeks of the experimental effect of nalbuphine: swelling of the
mucous membrane of the fallopian tube, slight smoothing of the folds and local desquamation of the epithelium, moderate infiltration
of lymphocytes of the mucous membrane. Vascular microcirculatory vessels of the mucous membrane are slightly expanded. After 4
weeks of the experiment, degenerative and inflammatory changes in the uterine tube wall and manifested by swelling and polymor-
phocellular infiltration of the membranes of the wall of the test organ wall, an increase in the number of altered epitheliocytes, vessels
are hyperemic, overflowing with aggregated erythrocytes, sometimes containing neutrophilic granulocytes and lymphocytes. After 6
weeks of administration of nalbuphine, destructive changes in the cells of the mucous membrane of the fallopian tube and the links of
its hemomicrocirculatory bed accrue, manifested by desquamation of the epithelium of the mucous membrane, infiltration of the mu-
cous membrane by lymphocytes, there is an expansion of the lumen of the vessels of the microcirculatory bed and filling the lumen of
the blood plasma, there are lashes of different heights, the characteristic grouping of them into conglomerates.
Keywords: microstructure, fallopian tube, opioid, experiment.

Introduction. In modern medicine, opioid analgesics have  normal state and changes in the structural organization of
long been used to relieve acute pain. Research on structural ~ the mucous membrane of the uterine tube due to the intro-
changes in various organs and tissues with short-term and  duction of opioids in the experiment.
long-term effects on the body of opioid analgesics is rele- Materials and methods of research. The study was
vant [1, 2, 3,]. Nalbufin (nubain) is a narcotic analgesic, a  performed on 26 sexually mature white female rats aged
semi-synthetic opioid, a derivative of phenanthrene. It is  3.0-4.5 months and body weight 180-220 g. The micro-
similar in structure to morphine and naloxone, belongs to  structural organization of the uterine mucosa in the normal
opioids of mixed (agonist-antagonistic) action. The prob-  state was studied in 5 animals. The experimental animals
lem of opioid addiction has become a widespread epidemic  were divided into 3 groups. The first group of test animals
process. In this regard, an anti-narcotic strategy for over- (5 rats) were intramuscularly injected with nalbuphine
coming the problem of polyetiological pathology has been  once a day, daily for 2 weeks (once a week - 8 mg/kg, Il -
developed in European countries. Predominantly, studies 15 mg/kg), the second group (5 rats) was administered in-
related to social, legal, and psychological aspects, not pay-  tramuscularly for 4 weeks (I week - 8 mg/kg, 11 - 15 mg/kg,
ing attention to the fact that significant metabolic and struc- 111 - 20 mg/kg, IV - 25 mg/kg); the third group (5 rats) in-
tural changes, early disability and mortality of patients with  tramuscularly injected nalbuphine for 6 weeks (I week - 8
opioid dependence require the study of pathogenetic mech-  mg / kg, Il - 15 mg / kg, 11l - 20 mg / kg, IV - 25 mg / kg,
anisms of development and progression of multiple organ VvV - 30 mg / kg , VI - 35 mg / kg) [8]. Control - 6 white
comorbid conditions [4]. The development of pharma-  female rats, which were administered the physiological so-
cotherapy for narcotic substances, among which the opioid  lution. Material for examination is presented by histologi-
such as nalbuphine is increasingly used, requires the devel-  cal preparations of the mucous membrane of the fallopian
opment of measures for the prevention and correction of  tube. For histological examination, sections of the uterine
side effects and complications [5]. One of the importantdi-  mucosa were stained with hematoxylin and eosin. The
rections in modern obstetric anesthesiology is the choice of  preparations were examined using a Leica DM 2500 mi-
medicines that are closest to their own pain (endorphin)  croscope and photographed with a Leica DFC 450 C cam-
system [6]. These drugs include opioids. In the professional  era at microscope magnifications: x200, x400; x1000. All
literature there are data on the effect of opioids on the vas-  animals were kept in a vivarium in the Danylo Halytsky
cular membrane of the eyeball, microstructural changes in  Lviv National Medical University. The experiments were
the tongue, thymus, spleen, pancreas, myocardium, nerv-  carried out in accordance with the conditions of the Euro-
ous system, retina have been investigated [4, 7, 8, 9, 15].  pean Convention for the Protection of Vertebrate Animals,
However, almost no information about the mechanisms of  which are used for experimental and other scientific pur-
action of opiates and opioids on the structure and angioar-  poses (Strasbourg, 1986), Council of Europe Directive
chitectonics of the female reproductive system, including  86/609 / EEC (1986), Law of Ukraine No. 3447-1V “On
the mucous membrane of the fallopian tube. the Protection of Animals of the Common Principles of
The aim of the study. To establish peculiarities of mi-  Animal Experimentation, approved by the First National
crostructure of the uterine mucosa of the white rat in the  Congress of Ukraine on Bioethics (2001).
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Results of the research. Normally, the uterine tube of
rats-females has a typical structure: it consists of three parts
that are localized outside the uterus and one part, known as
an intrauterine, located in the uterine wall. All parts have
different diameters; the funnel is the widest part and the
intrauterine part is the narrowest. (Fig. 1A).

Fig.lA.The white r's falloian ube is normal. Stained
with hematoxylin and eosin. Microphoto. Coll. : x 400.

The longest fimbria of the funnel of the uterine tube of
the female rat is contacted with the ovary. The uterine wall
is formed by three membranes (mucous, muscular and se-
rous). The mucous membrane is represented by the epithe-
lium and its own lamella. The fallopian tube epithelium is
a pseudo-multilayer (ciliated simple columnar epithelium)
located on the basement membrane. Among the epithelio-
cytes distinguish high prismatic cells, on the apical surface
of which the cilia are identified, there are secretory cells
(tubular exocrinocytes) between the ciliary cells, interme-
diate cells, and cells that do not reach the lumen of the fal-
lopian tube - basal cells. The lamina propria of the mucous
membrane is formed by a loose connective tissue, which
contains the fibrous structures and cellular elements inher-
ent in the connective tissue, as well as the vessels of the
microcirculatory bed, nerve fibers. The mucous membrane
of the fallopian tube forms longitudinal folds, which are the
most branched and highest in the funnel portion and the
least branched and lowest in the intrauterine part. The mus-
cular sheath is formed by two layers of smooth myocytes,
between which are layers of connective tissue. The outer
lining of the fallopian tube is serous, covered with a single-
layer squamous epithelium - mesothelium. All layers of the
fallopian tube are well vascularized. The hemomicrocircu-
latory bed of a female white rat contains arterioles, preca-
pillary arterioles, capillaries, postcapillary venules, ven-
ules. The first morphological changes in the structure and
angioarchitectonics of the uterine mucosa were detected af-
ter 2 weeks of administration of the drug Nalbufin to rats
(Fig. 2A, Fig. 2B). In the internal uterine part of the fallo-
pian tube there is edema of the mucous membrane, smooth-
ing of the folds and local desquamation of the epithelium.
The vessels of the microcirculatory bed of the mucous and
serous membranes are filled with erythrocyte-leukocyte
aggregates adjacent to the wall of the endothelium. In the
isthmus of the fallopian tube (Fig. 2B), there is also swell-
ing of the mucous membrane, desquamation of the epithe-
lium, infiltration by lymphocytes of the own lining of the
mucous membrane. Perivascular edema was noted in some
places.
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pian tube after two weeks of

administration of Nalbufin.

Staining with hematoxylin and

eosin. Microphoto Coll. : x
400.

Fig. 2A.The white rat's fallopian
tube after two weeks of admin-
istration of Nalbufin. Staining
with hematoxylin and eosin. Mi-

crophoto Coll. : x 400

The cytoplasm of some ciliary cells is enlightened. The
expressed changes are observed in vessels of a microcircu-
latory bed, in particular vessels of lamina propria of a mu-
cous membrane are expanded, overflowed with erythro-
cytes, in some places contain neutrophilic granulocytes and
lymphocytes. Erythrocyte aggregation is observed in some
capillaries. The main substance of connective tissue around
the hyperemic vessels is somewhat swollen, infiltrated by
lymphocytes. Four weeks after the administration of nalbu-
phine, we documented increasing changes in the destruc-
tive nature of the mucosa of the uterine tube in all its parts.
In the internal uterine part, as in the previous term, the des-
quamation of the epithelium, local smoothing of the folds
expanding the lumen of the tube in this segment, moderate
infiltration by lymphocytes of the own lamina (Fig. 3A) is
observed. In the ampoule part, there is noticeable swelling
of the mucous membrane, detachment of the epithelium
from its own lamella, the remains of cellular detritus in the
lumen of the tube (Fig. 3B).

Fig. 3A. The white rat's fallo-  Fig. 3B. The white rat's fallo-
pian tube after four weeks of ad- pian tube after four weeks of
ministration of Nalbufin. Stain-  administration of Nalbufin.

ing with hematoxylin and eosin. Staining with hematoxylin and
Microphoto Coll. : x 400.  eosin. Microphoto Coll. : x 200.

The expressed changes are registered also in vessels of
a microcirculatory bed. The vessels of the lamina propria
of the mucous membrane of the fallopian tube are dilated,
overflowing with erythrocytes, sometimes containing neu-
trophilic granulocytes and lymphocytes. After six weeks of
the administration of nalbuphine, deep changes of destruc-
tive nature was observed in the uterine tube, namely, the
absence of folds in certain areas, desquamation of the epi-
thelium, and thickening of the own lamina (Fig. 4A, Fig.
4B). Similar changes are present in the isthmus part, also,



there is an expansion of the lumen of the vessels of the mi-
crocirculatory bed and filling their lumen with blood
plasma. In the ampoule part, there are lashes of different
heights, characterized by their grouping into conglomer-
ates (Fig.4B). Areas with no basal cells are observed. Cilia
cells and secretory cells have a modified shape. The cyto-
plasm of cells is narrow, unevenly colored. The secretory
cells are located far from each other. The mucous mem-
brane of the fallopian tube is of unequal thickness, indicat-
ing focal necrotic changes in its cells. In the vessels of the
lamina propria of the mucous membrane, small veins, and
venules, and to a lesser extent, the arteries and arterioles
are hyperemic, overflowing with erythrocytes. In some ca-
pillaries, there is an aggregation of red blood cells, indicat-
ing the development of stasis.

Fig. 4A. The white rat's fal-
lopian tube after six weeks
of administration of Nalbu-

fin. Staining with hematoxy-
lin and eosin. Micro photo

Coll. : x 400

Fig. 4B. The white rat's fallo-
pian tube after six weeks of
administration of Nalbufin.
Staining with hematoxylin

and eosin. Micro photo Coll.

: X 1000.

Discussion of the results. The vast majority of authors
note the development of profound changes in angioarchi-
tectonics of the organ with prolonged exposure to nalbu-
phine [12, 13, 14]. Thus, the destructive restructuring of the
links of the microcirculatory bed of the eyeball, pancreas,
colon wall, cerebellar cortex has been described under con-
ditions of 6-week administration of nalbuphine [15, 16, 17,
18]. This is confirmed by our observations: after 6 weeks
of the experiment, there are changes in the vessels of the
microcirculatory bed: signs of stagnation, plethora, arteri-
oles wall are unevenly thickened, twisted, with phenomena
of hyalinosis, venules are sharply expanded. Most diseases
of the fallopian tubes arise as a result of inflammatory pro-
cesses that lead to complete or partial obstruction of the
fallopian tubes due to infiltration, obliteration of their
walls. In the professional literature it is stated that the most
common causes of anatomical disorders may be: post-op-
erative surgery on internal genital organs, postpartum com-
plications, endometriosis, etc. Among the etiological fac-
tors of inflammatory processes in the pelvic organs, a spe-
cial role belongs to S. trachomatis, which causes the in-
flammatory process in the fallopian tubes, which leads to
their occlusion due to the destruction of the fibrils and the
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formation of the hydrosalpinx, and promotes the develop-
ment of inflammatory reaction around the tubes accompa-
nied by mobility. , normal capture and promotion of the
ovum. The causative agent of gonorrhea - Neisseria gonor-
rhoeae causes the development of the inflammatory pro-
cess and promotes the formation of adhesions in the pelvis.
Attached to the cells of the epithelium of the fallopian
tubes, these microorganisms have a toxic effect and cause
narrowing or complete obliteration of the tubes, which sig-
nificantly impairs the promotion of the egg cell into the
uterine cavity and there are prerequisites for the develop-
ment of ectopic pregnancy [10]. The results of our study
showed that with prolonged exposure to opioids, patholog-
ical processes develop in the fallopian tube, its mucous
membrane suffers changes. Six-week administration of
nalbuphine causes the restructuring of the uterine tube
structural organization, such as in long-term inflammatory
processes. In particular, the lumen of the fallopian tubes
increases, the ciliated cells are desquamated and com-
pletely replaced by the secretory ones, the adenomatous
proliferation of the tubular epithelium occurs. The stroma
of the mucous membrane is impregnated with inflamma-
tory infiltrate. The lamina propria of the mucous membrane
is made of fibrous tissue. The folds of the mucous mem-
brane of the uterine tube are thickened, the luminescence
of the vessels of the microcirculatory bed is full-blooded.
In venules and capillaries, the marginal standing of poly-
morphonuclear leukocytes is noted. The endothelial plate
in most of the capillaries is destroyed and incomplete.
Around the vessels, there is interstitial edema [11].

Conclusions. 1. The first signs of infraction of the struc-
ture of the mucous membrane of the uterine tube of the
white female rat were detected after 2 weeks of experi-
mental effects of nalbuphine: swelling of the mucous mem-
brane of the fallopian tube, slight smoothing of the folds
and local desquamation of the epithelium, moderate infil-
tration of the lymphocytes of the mucous membrane. The
vessels of the microcirculatory bed of the mucous mem-
brane are slightly expanded. 2. After 4 weeks of the exper-
iment, degenerative-inflammatory changes in the wall of
uterine tube accrue and manifest themselves with swelling
and polymorphocellular infiltration of the membranes of
the organ wall, an increase in the number of altered epithe-
liocytes, vessels hyperemic, overflowing with aggregated
erythrocytes, sometimes containing neutrocytes. 3. After 6
weeks of administration of nalbuphine, there increase de-
structive changes in the cells of the mucous membrane of
the fallopian tube and the links of its microcirculatory bed,
manifested by desquamation of the epithelium of the mu-
cous membrane, infiltration of the mucous membrane of
the lymphocyte, filling their lumen with blood plasma,
there are lashes of different heights, characteristic of
grouping them into conglomerates.

Prospects for further research are to find the most ef-
fective methods for correlating structural changes in the or-
gans of the female reproductive system caused by the use
of drugs.
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Abstract. Ethic and Prophylactic Aspects of Regular Dental Examinations and Treatment in Young Patients. The number of gingivi-
tis and periodontitis in young patients highly increased in recent decades. That is why, revelation and early treatment of periodontal
diseases is important not only clinical but also ethical and psychological problem. Patient should feel himself not like a passive object
in the treatment but take an active part in the process.. Being acquainted with the treatment plan, presumable duration of the treat-
ment and its’ results, helps the patient to feel more comfortable and positive about the treatment procedures.

Kaywords: dental diseases, gingivitis, periodontitis, young patients.

Introduction. Annual prophylactic dental examinations
in young patients are important task in the general medi-
cal health control system. They help to reveal not only
diseases of teeth but also periodontal diseases. It is also an
important ethical problem to persuade young persons how
important is to control the condition of oral health. In the
Department of Therapeutic Dentistry of National Medical
University in Lviv we practice preventive annual check-
ups of the condition of students’ oral health. Each person
has to understand the direct influence of bad hygiene of
oral cavity and general health. Problems with teeth and
the periodontium especially proved to be one of the rea-
sons not only of bad state of health but also of the low
level of the persons’ self-confidence. Underestimating the
importance of explanation to the population the funda-
mentals of general health care and oral health in particu-
lar, medical practitioners would not be successful in
prophylactic work.

Diseases of the periodontium are widely spread in
modern society. The number of gingivitis and periodonti-
tis in young patients highly increased in recent decades.
That is why, revelation and early treatment of periodontal
diseases is important clinical as well as the ethic problem
[5, p. 658-665]. Treatment of periodontal diseases in the
initial and early stages prevents teeth loss in middle and
older ages [3, p. 1-4; 6, p. 59-64].

Periodontal diseases are characterized by inflammatory
and dystrophic-inflammatory processes in tooth surround-
ing tissues and the bone, which can be easily diagnosed in
clinical observation. Important clinical problem, however,
is diagnosing of persistent but not clinically pronounced
inflammation in periodontal tissues. In many cases the
situation is complicated by the absence of complaints
from the patients, who are not aware of their problems
and apply for the medical consultation only after noticing
that their teeth start to be movable. That is why the task of
each dentist noticing periodontal problems in his patient is
to persuade him to start treatment immediately or consult
the periodontal specialist. In the majority of clinical cases
periodontal problems are connected with general health
problems. A periodontologist is often the first medical
specialist who can not only recommend but assure the
patient to conduct examinations in other medical special-
ists. Sometimes not very complicated additional laborato-
ry tests can be useful in the diagnosis of the periodontitis
and other diseases (general blood test, X-ray examination,
etc). Measurement of NO derivates in saliva, for example,
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can be greatly informative in diagnosing periodontal pa-
thology in different stages of its development as well as in
differentiation superficial inflammation of periodontal
tissues in the case of gingivitis and profound destruction
of gums and bone in the case of periodontitis. Nitric oxide
(NO) is a free radical involved in the regulation of many
physiological processes. Over recent years it has become
apparent that NO has also important effects on bone cell
function, specifically high levels of NO inhibit bone re-
sorption and formation and may act to suppress bone
turnover in severe inflammation [1, p. 255-261]. Inflam-
mation is characterized by the raise of nitric anion con-
centration in biological fluids [2, p. 339-351]. Medical
practitioner should be able to explain the necessity of
each examination, being prescribe to the patient and dis-
cuss with the patient its results. Patient should feel him-
self not like a passive object in the treatment but take an
active part in the process. Being acquainted with the
treatment plan, presumable duration of the treatment and
its’ results, helps the patient to feel more comfortable and
positive about the treatment procedures.

The aim of present investigation was the examination
of patients (16-29 years old) and motivation them for
treatment, when being at risk of periodontal and teeth
diseases.

Matereials and methods. Under the supervision were
65 patients of 16-29 years old. All the patients were thor-
oughly motivated for the prophylactic dental examination
and the following treatment in the case of necessity. Peri-
odontal condition of all teeth has been conducted (includ-
ing the estimation of pockets depth and presence of bleed-
ing on probing) during the examination. Among the ex-
amined patients — 32 were diagnosed generalized perio-
dontitis of the 1-st stage of heaviness (the depth of perio-
dontal pockets up to3,5 mm), 5 patients — periodontitis of
the 2-nd stage of heaviness (the depth of periodontal
pockets 5-6 mm), 14 patients had chronic simple gingivi-
tis, 14 persons — hypertrophic gingivitis. 10 healthy per-
sons, 20-25 years old with intact periodontium formed the
control group.

The level of inflammation in periodontal tissues has
been estimated with bleeding index (Deneha, 1996) [4, p.
13-15]. Gingival bleeding varies in severity, duration and
the ease with which it is provoked. The severity of the
bleeding depends upon the intensity of the inflammation.

NO production was assessed indirectly by measuring
accumulation of its stable metabolite — nitrite anion in
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saliva using Gries reaction. In our investigations NO pro-
duction was studied in saliva, obtained in the quantity of
one ml from each patient on an empty stomach.

Results. All the patients with periodontal diseases
were given recommendations for the periodical clinical
examination. Patients were persuaded to come for exami-
national check-ups. They have to be convinced by the
doctor that the treatment of periodontal diseases in the
initial and early stages prevents teeth loss in middle and
older ages.

During the planned examinations all patients are dis-
tributed in three main groups.

Group one — healthy persons, without periodontal dis-
eases - control visits once a year

Group two — patients with the high risk of periodontal
diseases, local risk factors — maloocclusions and general
factors — somatic pathology and patients treated for perio-
dontal diseases after the achievement of the process stabi-
lization for one year in gingivitis and two years in perio-
dontitis.

Group three — patients treated for periodontal diseases.
Subgroup A — patients with active processes being treated
at present Subgroup B — patients which have finished the
complex treatment of the disease achieving disease remis-
sion. The term remission means clinical improvement
(absence of bleeding, periodontal pockets, normal gingi-
val tissues but often with the gingival recession present
after the treatment) and normalization of the bone struc-
ture. Patients in subgroup B have to come for examina-
tional check-ups once a year in gingivitis, twice a year in
periodontitis stage Il and 3-4 times a year in periodontitis
stage Ill. After the achieving of stable remission for one
year in gingivitis and two years in periodontitis patients
can be transformed from the group 111 B to the group II.

After the complex therapy in patients with generalized
periodontitis has been carried out, the question, concern-
ing the maintenance therapy with the account of the level
of heaviness and character of the disease, arised. There is
a great necessity to either eliminate the cause of the recur-
rence of disease or to minimize the influence of it. Two
moments were to be precisely distinguished, thereat: the
relapse of the inflammatory process in the periodontal
tissues and the relapse of the periodontitis — the progress-
ing of the periodontal, inflammatory-destructive process
with the additional loss of the attachment and the for-
mation (or deepening of the previously existing) perio-
dontal pocket. As a rule, in the first clinical situation, it
was quite enough to use the local measures (the tooth
surface debridement, the polishing of the roots, the anti-
inflammatory therapy).

Treatment of all three groups has its peculiarities.
There are different problems in group three A, were pa-
tients were undergoing active treatment procedures and
need constant support, understanding and sympathy of the
doctor and group three B, in patients which have finished
the complex treatment of the disease and must be more
active themselves in following after- treatment regime
and recommendations.

Once patients with periodontal disease have had their
initial periodontal treatment, and if their periodontal dis-
ease has been halted, and they are able to maintain their
teeth in a disease free state, they became more like a nor-
mal prophylaxis patient. However, since they have much
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more exposed root surface to scale, their "prophylaxis" is
more complicated than a regular prophylaxis done on a
patient without periodontal disease. These patients re-
ceived a type of cleaning called a periodontal mainte-
nance prophylaxis which is somewhat more labour-
intensive than a regular prophylaxis, and is generally done
three or four times a year instead of twice a year as is
done for patients without periodontal disease. Treatment
for all stages of periodontal disease involves the thorough
removal of all plaque and calculus that has adhered to the
teeth. Even for patients who fit into the "prophylaxis pa-
tient" category above, calculus may build up very slightly
below the gum line. This can be removed during a normal
prophylaxis (scaling) without too much discomfort on the
part of the patient. In patients were damage from gum
disease is slight, this is done without local anesthesia.
When the damage from periodontal disease is more pro-
nounced, exposing more root structure above bone, the
process of "root planing” is conducted. Root planing al-
ways requires local anesthesia. Painlessness of all dental
procedures is a factor of the critical and decisive im-
portance.

Since the ultrasonic and Vector methods are easily ac-
cepted by patients, in many cases it is possible to treat all
of the subgingival and supragingival surfaces (often with-
out using anaesthesia) in one session, which has a favora-
ble effect on slowing the rate of reinfection. Ultrasonic
instruments may be used for scaling, curetting, and re-
moving stain. They work from physical vibrations of par-
ticles of matter, similar to sound waves, at frequencies
ranging from 20 000 to many million cycles per second
(also referred to as Hertz (Hz)) above the range of human
hearing. In periodontal instrumentation, ultrasonic units
are composed of an electrical generator that delivers ener-
gy in the form of high-frequency (ultrasonic) vibrations to
a handpiece into which a variety of specially designed tips
may be inserted. The characteristic feature of the Vector
system is a ring-shaped oscillating resonance body driven
by an ultrasonic motor in a dental handpiece. Uncon-
trolled tumbling movements and mechanical vibrations
from standard sonic and ultrasonic instruments and their
self-oscillation characterized by oscillation loops and
nodes as well as the resulting development of heat are
therefore eliminated. High volumes of cooling water are
not needed and the water supplied is not sprayed as an
aerosol. The design of the Vector instruments is not sub-
ject to the usual restrictions (form and dimension, limited
length or risk of breakage) and is exclusively oriented to
the established clinical needs.

Additional, manual smoothing of the surfaces using
hand instruments, such as curettes, as recommended for
many traditional sonic or ultrasonic instruments, is not
necessary for root surfaces treated with the Vector in-
strument, and should be avoided in order to prevent dam-
age to the hard tooth tissue. If necessary, traditional pol-
ishing pastes and rotating brushes, etc. can also be used
for removal of massive supragingival staining. The treat-
ment is concluded beneficially by professional fluoride
application to all the tooth surfaces, e.g., with highly con-
centrated fluoride gels.

All these details should be explained to the patients
what make them much more positive motivated in the
treatment. The patient has to be informed by the doctor



about the treatment prognosis and be ready to consult his
doctor in case of some unexpected problems. Therefore,
good psychological contact between a doctor and a patient
provides not only effective treatment of the periodontal
disease but long-lasting stable situation after treatment
which is not less important

The case of relapse of the periodontal disease demands
the extra use of the surgical methods including the osteo-
trophic and stimulating therapy. The periodontal practice
points out the five main causes leading to the renewal of
the activity of the generalized periodontitis. They are as
follows: the reduction of the non-specific resistance of the
organism; the exacerbation of the somatic pathology with
the aggravation of the secondary immunodeficiency that
accompanies it; the long-term stress reactions; denaturali-
zation of the nutrition as well as the poor oral hygiene.
Therefore, taking into account the above-mentioned rea-
sons, the use of the antibacterial, immunomodulatory,
antioxidative or health-restorative therapy is strongly rec-
ommended along with the rotational diet and means for
the deliverance of the internal medium acidosis.

The stress factor proved to be extremely significant in
the cause of many human diseases including periodontal
diseases. Periodontal treatment itself can be a stressful
factor for the patient. In this situation the personality of
the doctor, his (Jher) attitude to the patient and the ability
to support him in the long-term treatment of the periodon-
tal disease are extremely valuable.

Conclusions. Annual prophylactic dental examinations
in young patients are important task in the general medi-
cal health control system. They help to reveal not only
diseases of teeth but also periodontal diseases. It is also an
important ethical problem to persuade young persons in
controlling the condition of oral health in annual preven-
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tive check-ups. Each person has to understand the direct
influence of bad hygiene of oral cavity and general health.
Problems with teeth and the periodontium especially
proved to be one of the reasons not only of bad state of
health but also of the low level of the persons’ self-
confidence.

Medical practitioner should be able to explain the ne-
cessity of each examination, being prescribe to the patient
and discuss with the patient its results. Patient should feel
himself not like a passive object during the treatment but
take an active part in the process. Periodontal treatment
itself can be a stressful factor for the patient. In this situa-
tion the personality of the doctor, his (her) attitude to the
patient and the ability to support him in the long-term
treatment of the periodontal disease are extremely valua-
ble.

Being acquainted with the treatment plan, presumable
duration of the treatment and its’ results, helps the patient
to feel more comfortable and positive about the treatment
procedures.

Patients have to be convinced by the doctor that the
treatment of periodontal diseases in the initial and early
stages prevents teeth loss in middle and older ages. The
maintenance therapy with the account of the level of
heaviness and character of the periodontal disease is utter-
ly important and this fact should be explained to all pa-
tients.

The patient has to be informed by the doctor about the
treatment prognosis and be ready to consult his doctor in
case of some unexpected problems. Therefore, good psy-
chological contact between a doctor and a patient pro-
vides not only effective treatment of the periodontal dis-
ease but long-lasting stable situation after treatment which
is not less important.
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AHoTAanis. Po3risHyTO OCHOBHI MEeXaHi3MH PO3BUTKY MATONOTIYHIX CTaHIB PETPOAYKTUBHOI CHCTEMH: 1HCYIIHOpE3HC-
TEHTHOCTI, CHHAPOMY TIOJIIKOCTO3HUX SIMHUKIB, IOPYIIEHHSI MEHCTPYAIBHOTO IUKITY, OC3IUTiAA Ta 1HIII MpH HaJINI-
KOBill Maci Tiia Ta OXHpiHHI. 3’ICOBaHO 3HAYCHHS JICNITUHY, TiIEPIPOAYKIlis SKOTO HETaTHBHO BIUIMBAE HA ITPOIECH
OBYJIALIT NIpH OXkupiHHI. JKMpoBa TKaHWHA, K €HIOKPHUHHUH OpraH € Ba)XKJIMBOIO JIAHKOIO B MeTaboJIi3Mi CTaTeBUX CTe-
POimiB, SIKI BIUIMBAIOTH Ha (DYHKIIIIO PETIPOTYKTUBHOT CHCTEMH.

Kniouogi cnosa: odrcupinma, naonuxosa maca ming, incyniHope3ucmenmuicme, 1enmut, penpooykmuege 300poe 1.

OpHiero 13 HallaKTyaJbHIMIMX TPOOJIEM Cy4acHOTo CyCIIi-
JbCTBA € Ha/UIMIIKOBa Maca Tina. Lle oOymoBneHO 3HAY-
HOIO 3POCTAl0u0l0 MOIIMPEHICTIO Ta 3HAYHUMH HACIHil-
KaMH I 3710pOB’sl, TIOB’I3aHUMHU 3 XPOHIYHUMH 3aXBO-
PIOBaHHSIMHM Ta CMEPTHICTIO. 38 OCTaHHI TPU JIECATIIITTS
Yy CBITI IOIIMPEHICTh OXUPIHHSA Maibke IMojaBoimacs. 3a
nmaanMu HarmioHanpHOTO OOCTEXEHHS 3 MHTaHb OXOPOHH
3nopoB’st Ta xapuyBanHsi (NHANES), 35,7 % nopocnux
aMepHKaHIIB CTPAXJAalOTh OXKUPIHHIAM, a cepex JiTeil Ta
nimitkiB — 17 % y Biui 2—19 pokis. B €Bponi nonan 50
% HaceneHHs Mae HaAMIpHY Bary i1 23 % crpaxaae 0xu-
pirnsam. B Icnanii y 2006—2007 pokax 15,5 % donoBikiB
Ta 15,2 % XIHOK CTpa)<1aJii 0)KUPIHHSIM, HE3BXKAIOUH Ha
Te, o Icranig € KpaiHoOO cepen3eMHOMOPCHKOI AieTn. B
y 2010 pomi wacTka mromed 3 OXHPIHHSIM CTaHOBHIIA
22,9% [1-3].

AHaii3 myOmiKkaniii, mpUCBsUEHNX MPodIeMaM perpo-
JYKTUBHOTO 37I0pPOB’S, sKi OOYMOBJIEHI Ha/UIMIIKOBOIO
Macoro Tima (HMT) Ta OXupiHHSAM NPOIEMOHCTPYBaB
Ba)XKJIMBICTb Ii€l MPoOIeMH He TUIBKU B MEIMYHOMY, aje 1
coriansHOMYy acriektax [4—7].

3a ocraHHiMH JTaHuMHu BcecBiTHBOI opranizamii 0xo-
ponu 310poB’s (BOO3), 6inbine 1,6 mMinbsapaa gopociux
moneit MaroTh HauMkoBy Macy 1 400 wminbitoHiB —
OKHPiHHS. B exoHOMIYHO PO3BHHYTHX KpaiHax, sK
MiHiMyM, 30 % HaceneHHS MalOTh HA/UIMIIKOBY Macy
Tija. AKTYaJIBHICTh POOJIEMH TIOJIATAE B TOMY, IO Killb-
KicTh 0Ci0 3 HAJIUIIKOBOIO MAacOI0 Tilla IPOTPECHBHO
36inbinyeThes [8].

HapnumkoBy macy Tina matots 30 — 60 % XiHOK pe-
MPOJYKTUBHOTO BiKy. Y IMX )KIHOK OXKHPIHHS € OJIHIEIO 13
BaroMHX IPUYMH AaHOBYJSITOPHOTO O€3ILTAs, paHHIX
BTpaT BariTHOCTi. JKiHOYe OE3IIiIsi € aKTyaJIbHOIo i
CKJIaJTHOI0 MEAMKO-COIlialibHOI0 Tpobiemoro. Lle 3ymoB-
JIeHO, SIK OaraTtorpaHHICTIO MOP(OPYHKIIOHATIBHOI Opra-
Hi3aIil penpoayKTUBHOI CUCTEMH, TaK i 3’SICYBaHHIM HO-
BUX BCEOIYHMX B3a€MO3B’SI3KIB i3 ()YHKIIOHAJHLHUM CTa-
HOM OpraHiB i CHCTeM iHOYOro oprasismy [1, 2, 5, 6].

B VYkpaini nasBaa curyauis 3 HMT takox € Hecnpusi-
TmBoto. s npoGiiema xapakTepHa Jy1s OiIbIIOT MOJIOBH-
HH JIOPOCJIOTO HaceJeHHs! Y KpaiHH, IPUYOMY ITOIINPEHHS
OKHpIHHA cepen KiHOK y 1,7 pa3iB BuIle, MOPIBHSHO 3
YOJIOBIKaMHU 4epe3 BIIMIHHOCTI B CTPYKTypi 1 (pyHKIIisAX
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YOJIOBIYOTO Ta XIHOYOTro opraHizmy. HamnmimkoBa maca
TIa CYyTTEBO BIUIMBAE€ Ha CTAaH PENPOAYKTHBHOTO 3710-
POB’sl )KiHOK B YKpaiHi, SKHU CHOTOIHI XapaKTephU3y€eThb-
sl HAsIBHICTIO 3HAYHOI KiTBKOCTI pobieM. [6, 7]. Aktya-
JBHICTH Ii€] IpOOJIEMH TOCHITIOETHCS Yepe3 3HAYHE I10-
IIMPEHHS OTPSAHOCTI Cepel MiTeH Ta MOJOAl, B TOMY YH-
cii 1 cryaentepkoi. B Vipaini 15-16 % miteit mkimsHOTO
Biky MatoTh HMT 1 30epiraeTbcsi HeOe3neka 3pOCTaHHS
nux nokasHukis [8, 9]. 28, 9 % nisuar y Bini 16-19 pokis
MaloTh OXKUPIHHS, TPHUBANICTh siKoro Ourbine 10 poki..
[NosiBa HagIMIIKOBOT MacH Tijla B MpemyOepTaTHUH 1 Imy-
OepTaTHUIl TNepio]] BBaXKA€ThCS HE3AJIEKHUM (PAKTOPOM
PHU3HKY PpO3BHTKY CHHIPOMY IOJIKICTO3HHX SIMHHKIB.
[HCYMiHOPE3UCTEHTHICTD, TiNepiHCYMiHEMIs Ta 3MiHHU CTe-
poinoreHesy Npu OKHpPiHHI ONOCEPEIKOBAHO MOB’sI3aHi 3
rinepaHIporeHiero, TipCyTH3MOM, XPOHIYHOIO aHOBYIIAIII-
€10, OJIIr0-, aMEHOPEEI0, OE3ILTIAIAM — CHMIITOMAMH I[HO-
ro cuuapomy. [11, 12].

OKHpiHHA HAWYACTIIIE OMUCYETHCS IHAEKCOM MacH Ti-
na (IMT), 1o BU3Ha4a€eThCsl BIAHOLICHHSIM MacH Tina (Kr)
10 3pocty y kBazpari (M?). Inmexc Macu Tina Gesnocepe-
JIHBO KOPEJIIOE 3 MaCOI0 KHUPOBOi TKAHWHH. BcTaHOBIIEHO,
mo IMT 18,5-24,9 kr/mM? cBijuuTh IPO HOPMANIbHY Bary;
25-29,9 xr/m?> — HMT; > 30 kxr/mM? — 0KUpiHHA, sKe Jai
MOUISIETBCST  3TiTHO BA)KKOCTI OXUpiHHA (KiIacuikaiis
BOO3) [8]. IMT Takox € BaKJIMBUM JIJIsl OI[IHKH BiJTHOC-
HOTO PU3UKY 3aXBOPIOBaHb, OB’ I3aHUX 3 O XKHUPIHHAM [7,
10].

HapmnmmkoBa Maca Tina Ta OXUpiHHA € (aKTOpOM pH-
3MKy PO3BHTKY METaOOIIYHHUX 3aXBOPIOBAHb, BKIOUAIOUN
PE3MCTEHTHICTh JI0 IHCYJiHY, IYKpPOBHH Aiaber 2 Tuiy,
rineproHiuny xBopoOy (I'X), HeanKoroJibHy JKUPOBY XBO-
poby meuinkn (HAXXII), momikicTo3 SHWHWKIB Ta iH.
Oco0nMBO aKTyalbHOIO € 3B’SI30K MiX 3alBOI0 Macoro
Tijla Ta CHHIPOMOM ToJlikicTo3HuX sHuKiB (CILA), mo €
HaWTOMIMPEHIIINM €HAOKPUHHUM PO3JaJ0M Yy 3I0pOB’i
*iHKH. Bin Bpaxae 10 % nopocioro HaceneHHs perpo-
JYKTHBHOTO BiKY 1 XapaKTEpU3yeThbCs TilEepaHIpOTreHi€l0
SWHUKIB Ta XPOHIYHOIO OJIirooBysLieto [13].

BcraHoBneHO NMaTOreHHy poJIb OXKHPIHHS B TOAAJb-
LIOMY PO3BUTKY CHHAPOMY MOJNIKICTO3HUX SIHHMKIB Ta
3arocTpeHHi Horo (peHOTHITY, OCKIJIBKH HaUIUIIKOBA Maca
Tila 4acTo Tepenye BUHUKHEHHIO OJiroMeHopei Ta rime-
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pannporenii. banzeko 50 % sxiHok i3 CIIKS matoth 3aii-
By Bary abo O>KMpiHHS.

Jisi penposyKTUBHOTO 370POB’Sl JKIHOK OYAb-sSKOTO
BIKy OXKHpIHHA — oco0nmBa HeOe3neka, 10 3YMOBIIOE
MOPYIIEHHSI MEHCTPYyaIbHOI (QYHKIIT, Oe3IuTiaas, OHKo3a-
XBOPIOBaHHA. B maToreHesi 1ux MopyImieHb 3alydeHi pi3-
Hi MEXaHI3MH MOPYLICHHS Peryilii MeTa0oNiyHuX, Cy-
IUHHAX 1 pO3ananbHuX e(eKTiB )KUPOBOI TKAHWHHU CTO-
COBHO {HIITMX OPTaHiB i CHCTEM.

JKupoBa TkaHmHa BHUCTymae OaratoQyHKIIOHAIHHUM
€HIOKPUHHUM OpPIaHOM, SIKUH CEKPETy€ BEJIUKHU CIIEKTP
TOPMOHIB Ta OiOJOTIYHO aKTHBHHX PEYOBHH (LMTOKiHH,
adriorensuH ||, nentuH), sKi BUKIUKAIOTh PSJ YCKIaa-
HeHb [14].

[Ipyn HamIMIIKy XUPOBOI TKAHMHH 30UIBIIYETHCS Pi-
BEHb JICNITUHY, 3HIKYETHCS PIBEHb aJMIIOHEKTHHY, 1, SIK
HACJIJIOK — PO3BUTOK iHcyniHOpe3ucteHtHocti (IP), mio
3HAYHO BIUTMBA€E HA (YHKIIiIO AWHUKIB. PiBeHH nenTrHy B
IUTa3Mi KpPOBI MPSMO MPOMOPLIHHUA Maci >KHpOBOi TKa-
HUHH B Oprafi3mi. B ymMoBax mopymieHHS Woro (QyHKIii
(rampMyBaHHS CHHTE3y IHCYJIHY) 3pOCTa€ MPOIYKILiSA
IHCYITiHY MiANUTYHKOBOIO 3aJI03010, IO HPUBOIUTH IO
iHCYyJIiHOpe3UuCcTeHTHOCTI. Haumminok JenTuHy ransmye
MPOAYKIIIO €CTPaIioNy i MPOreCTEPOHY, a TAKOXK HEraTH-
BHO BIUIMBA€ Ha IMPOJAYKIIO T'OHAJOTPOIIHY, BHACIIIOK
YOr0 MNPUTHIYYETHCS IMPOLEC JO3PIBaHHS JOMIHAHTHOTO
¢omikyna i OJ0Ky€eThCs. Tporiec oBysswii. Jlentu Ge3mo-
cepeHbO BIUIMBAE Ha JI03piBaHHs Ta picT (omiky:iis [14,
15]. BcraHoBNEHO, MO 1HCYTIHOPE3UCTEHTHICTH CYTTEBO
BIUIMBa€ Ha (DYHKINIO S€YHUKIB, TOPMOHAIbHA (DYHKIIis
SKUX IyXKe Y9yTJIHBa IO TUCOANAHCY JICNITHHY

CrocrepiraeTbCsl 3HAYHE MOIIUPEHHS IHCYIIHOpE3HC-
TEHTHOCTI cepeJ] MiBYAT-TiTTKIB 3 OJIrOMEHOpPEEr i
BTOpHHHOIO ameHopeeto (Oimbme 30 %) OxupiHHA Cy-
MIPOBO/IKYETHCSI 3MiHaMU cTepoifgoreHesy. [linBuiennit
piBeHb ectporeniB B ymoBax HMT, sik pe3ysbratr KOHBEp-
cii aHApOreHiB crpusie 301IbLUICHHIO CEKpeLil JII0TeiHI3y-
F0OYOr0 TOPMOHY, MOPYIUICHHIO B3a€MOBIIHOIICHHS (OJTi-
KyJIOCTUMYJIFOI0-4OT0 Ta JIIOTEiHI3ylouoro ropmoHis. Lle
TaKOXX CIIPHSIE MiATPUMIL aHOBYIsii. [16].

Excneptd LeHTPY 3 KOHTPOJIO Ta MPOMIIAKTHKH 3a-
xBoproBanb CIHIA miaTBepmKyIOTh TYMKY PO TE, IO Y
OUTBIIOCTI BUTIA/IKIB Oe3ILTi sl 0OYMOBIICHE ITPOOIeMaMu
oByJsiwii [17].
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OTKe, MOCHIICHHSI KOHBEpPCii aHIPOreHIiB B €CTPOTeHU
IIpu y4dacTi epMEeHTy apomarasu, aKTUBHICTb SIKOI BHILA
npu HMT 3a ropmoHanbHOI HEIOCTaTHOCTI SHWHHKIB €
OJIHI€IO 13 BaroMux IPUYMH AHOBYISILII Y JKIHOK NpH
OKHMPIHHI.

[Tig BmBOM iHCYNiHOPE3UCTEHTHOCTI 1 Timepriikemil
MTOCHITFOETRCS arperamiss TPOMOOIUTIB Ta (paKTOpiB 3rop-
TaHHS, OJIOKaza aHTUKOATyJISHTHOTO 3aXUCTy Ta (iOpu-
HOTi3y. CHocTepiraeTbes miaBUIIECHHS KOHIIEHTpAIil ¢io-
puHoreny Ta aktuBHOCTI VIl daxropa 3ropraHHsS KpOBi,
3HIKYETbCA  (iOpuHONITHYHA 11  aKTHBHICTH, IO
IIOB’5I3aHO 3 MiZABMIIEHHSIM TPOMOOI'€HHOTO HOTEHIiaTy
[10, 11].

Hecrpusitnusi akTopu Ha (HOHI 0XKUPIHHS 3HUKYIOTH
SIKICTb OOIMTIB, @ TAaKOXX BIUIMBAIOTh HA PELENTOPHHIA
armapat eHJOMETPilo, 10 MOTpedy€e OCTATOYHOTO MiATBEp-
JDKEHHS. 3 BHMKODHCTaHHSIM BEIMKHX DaHIOMi30BaHUX
nociimkens [18].

OsxupiHHA Hece y co0i Oe3miy pu3uKiB IS 310pOB’A i
€ OmHUM 3 (PaKTOpPiB PO3BHUTKY Oe3mrimns. 3i 30iIbIIeH-
HSM 1HIEKCY MacH Tijla 3pOCTa€ PU3MK OBYJSATOPHOM IH-
cOyHKIII, s’IkKa MOXKe TpHUBecTH 10 Oe3mmiansi. baratbom
KIHKaM 3 OXXHMPIHHSM JOBOAUTHCS 3BEPTATHCS O JIOMO-
MDKHHUX penpoxyKTUBHHUX TexHoiorid (JIPT), mo6 3aBa-
TITHITH 1 HAPOJUTH JTUTHHY.

YacroTa Oe3MmIiaas y KIHOK 3 OXHPIHHSIM CTAaHOBHUTH
33,6 %, ToAi sIK Y XIHOK 3 HOpMaJIbHOI Macor — 18,6 %.
3 iHmoro OOKy, rOpPMOHaJIbHI MOPYIIEHHS, L0 BIUIMBA-
I0Th Ha PENPOOYKTHBHY (YHKIIIO, TAKOXX MOXYTb CIPHS-
TH PO3BUTKY OXKHpPIiHHA. 3HIDKEHHS MacH Tija Ha eTami
IUTAaHYyBaHHS BariTHOCTI HEOOXimHE IS ONMTHMIi3amii pe-
MIPOAYKTUBHOI PYHKIIIT Y KIHOK.

VY TiHEKOJOTIUHIA eHAOKPHHOJIOTII 3 OXHPIHHIM
NOB’A3yIOTh PN CHHAPOMIB, Cepel SKUX 1 HeHpoeHIo-
KPUHHHUI CHHJPOM Iepiofy cTaTeBoro jao3piBaHHsi. Ha
TJIi porpecyrouoro 30UIBIICHHS Macu Tijia CHocTepira-
€THCSl aHOBYJISILIiS, MOPYLICHHS MEHCTPYaIbHOTO LHUKIY,
rinepTpuxo3, TiNEPTEeH3is, TilepriiikeMis, IiJBUIICHE
BUPOOJICHHSI TOPMOHIB KOPTH30JIy Ta MPOJIAKTHHY, alpe-
HOKOPTHKOTPOIHOTO TopMoHy [19].

3MEeHIIICHHS MacH Tija Y JKiHOK PEpPOLYyKTUBHOTO BiKY
1 MOTeHI{HE 3HIKEHHS PU3HKIB € BOXJIMBUM 3aBIaHHAM
€HIIOKPUHOJIOTIB 1 aKyIIep-TiHEKOJIOTIB.
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/ V. 1. Grishchenko [et al.] // Medical aspects of women's
health, 2010. -N 1. — P.5-13.

Abstract. The basic mechanisms of development of pathological conditions of the reproductive system related to pre-obesity and
obesity are considered: insulin resistance, polycystic ovary syndrome, menstrual disorders, infertility and others. The value of leptin,
the hyperproduction of which adversely affects the ovulation of obese women, has been determined. Adipose tissue is an endocrine
organ and also an important link in the metabolism of sex steroids that affect the function of the reproductive system.

Keywords: obesity, excess body weight, insulin resistance, leptin, reproductive health.
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AnHoTauus. [IpuBeseH anropuT™ pacuera TpaHuIl 0ONacTH HEJOIyCTUMBIX 3HaYEHUI KypCOB CyIOB U €€ rpaduyeckoe 0ToOpaXkeHHe B
Cly4ae IPUMEHEHHUs JOMEHa IPSAMOYTONIbHOM (opMBl. [IpeanokeH npuMep CUTyaluy ONAacHOH COMMKEHHUS CY/IOB H Ul Hee ChOPMHUpPOBa-
Ha 00J1acTh HENONMYCTUMBIX 3HAYCHHIl KypcoB JUIL IOMEHa NPSAMOYronbHOH (opMbl. [IponsBerieH BBIOOp MaHEBpa PACXOXKICHUS M MOJ-

TBEPIKJICHA €0 KOPPEKTHOCTD.

Knrouesvie cnosa: 6ezonacrocms cy0080i#COEHUS, PACXOHCOEHUE CYOO8 NPU ONACHOM CONMUdICeHuU, Gopma domeHna, obiacmey Heoomny-

CIUMBIX 3HAYEHUL KYPCOB CYO08.

Beenenue. IlnaBanue B CTECHEHHBIX BOJAX M3-3a WUHTCH-
CHBHOTO CYyJIOXOJICTBA M HABHUTAIIMOHHBIX NPEISITCTBUM CO-
NPSDKEHO C TOBBILICHHON aBapHHOCTBIO CY/OB, 4eM 00Y-
CIIOBJIEHO O0OpYJOBaHHE CTECHEHHBIX BOJI CTaHLUSIMHU
ynpasieHus aswxeHueM cyno (CY/IC), koTopble MOMUMO
KOHTPOJISL TIPOIIecca CYAOBOXKICHHS OCYIIECTBIIIOT YIPaB-
JICHWE TPOIIECCOM PACXOXKACHHUS OMACHO CONKAFOLINXCS
cynoB. [Iprdem Uit 6e301aCHOTO PACXOXKACHUS LETec000-
Pa3HO HCIIOJIb30BaTh O0JIACTH ONACHBIX KYPCOB.

Tak kak B mocieqHee BpeMs MOMHMO KpPYTOBOTO pac-
CMaTpuBarOTCsl Apyrue (opMbl 6e30macHOro OMEHa, TO
aKTyaJbHBIM SIBJISICTCS BOMPOC (HOPMHUPOBAHMS O00IACTH
OMAaCHBIX KYPCOB B 3aBHCUMOCTH OT (pOPMBI 0E30MacHOr0
JoMeHa. B naHHOH cTaThe paccMaTpuBaeTCs JaHHBIM BO-
NPOC TIPH HCIIOJIB30BaHMU OE30IIaCHOrO JOMEHa MpPSMO-
YTOJBHOH (OPMBIL.

KpaTkuii 0630p nyéauxanmii mo teme. [Ipodneme npe-
JYNPEXKACHUS] CTOJIKHOBEHHI Cy/OB TOCBSIIEHBI MHOTO-
YHCIIEHHBIE HCCIIEJIOBAHMS, XapaKTEPUCTHKA OCHOBHBIX
HaIpaBJIeHUI KOTOPBIX KPaTKO M3NiokeHa B padorax [1-10].
B paborte [1] paccMoTpeHO B3aUMOJICHCTBHE CYIOB B CUTYa-
IIMM OIACHOTO COJIMDKEHWSI M BBIOOP CTPAaTErHH pacxoxKie-
HUS 711 IPeyNPEKACHNS X CTOJIKHOBEHHS, a TPOIeaypa
BBIOOpA ONTHMAJIFHOTO CTAaHIAPTHOTO MaHEBpa PacXoXKIe-
HUS TIaphbl CyJIOB paccMOTpeHa B pabote [2]. Mertozsl Teo-
pHH ONTHMAJIBHBIX JTUCKPETHBIX MPOIIECCOB HMCIONIB3YIOTCS
JUTSL OIMCAHUSI TIPOIlecca pacXokieHus B pabdore [3], a B
paborte [4] mpemaraercst GopMaT30BaTh MPOIECC PACXOXK-
JICHUs] METOZIOM HEJIMHEHHON MHTEerpajbHOM MHBAPUAHTHO-
ctu. B pabotax [5, 6] ocBemeHBI BOMPOCH ydeTa HaBHTAIH-
OHHBIX OINACHOCTEH W MHEPIMOHHOCTH CyIHa IpH BBIOOpE
CTpaTerny PacXoXJIeHUs Cy/iHa, a B pabote [7] paccMmoTpe-
HBl TIPUHLMIBI  JIOKJIHHO-HE3aBHCHMOTO W BHEIIHEro
YIIpaBJIEHHS! MPOLIECCOM PACXOXKJIEHHS ONacHO COJMKaro-
IIMXCS CyJIOB, IPUYEM TIPHUBENICH aHaIN3 METOAOB MX pea-
JIM3AIHN.

OKCTpEeHHas! CTPATErusl PacXOKICHNS B CHTYalllH 4pe3-
MEpPHOTO CONMKEHUH CYJIOB TIpeIiockeHa B padote [8], mo-
JIpoOHOE WCCIIEI0BaHUE METOAOB JIOKAIBHO-HE3aBICHMOTO
YIpaBlieHHusI IPUBEACHO B pabote [9] u MpemiokeH MeTo
(opMHpOBaHHs THOKNX CTPATErMi PacX0KICHUSL.

Teopernueckoe 00OCHOBaHNE aBTOHOMHOM Cy/lOBOH CH-
CTeMBI YKJIOHEHHs OT cTonkHoBeHust CA m3naraercs B pabo-

te [10]. Taxke paccMaTpUBArOTCS TPeOOBaHKS K aBTOHOM-
HOIl HABUTAIIMH, YYUTHIBAIOIIIE (aKTOPbI, KOTOPBIE BIHSIOT
Ha TIpOIleCcC YKJIOHEHHUS OT CTOJIKHOBeHus. OTMmeuaeTcs, yTo
HCCJIE0BAaHUS 110 aBTOMATH3AIMN YTIPABICHUS CYAHOM MO-
ryT OBITH MpPENICTaBICHbl KOMITBIOTEPHOI TEXHOJIOTHEH, KO-
TOpasi UCTIONB3yeT UCKYCCTBEHHBIN MHTEILIEKT.

Hensn. Lems HacTosMIIeH CTaThe - pa3paboTKa IPOIIEeIypHI
pacueTa TpaHHUIl 00JaCTH HEJOIyCTUMBIX 3HAUYCHHH KypcOB
CYIIOB U ee rpayuueckoe 0ToOpakeHHE B Cllydae NMpHUMEHe-
HUS JOMEHA TPSIMOYTOIBEHOH (hOpPMBI.

Marepuasbl 1 MeTobI. B 0011em ciydae rpaHuiia 00-

mactu S Dij HEIOMyCTHMBIX 3HAUYEHUH KypCOB CYJ0B, KaKk

TMOKa3aHo B paboTe [7], onpeznensercs 3aBUCUMOCTBIO Kypca

niepsoro cynua K1 or kypca sroporo Ko ¢ yuerom coor-
y V2
Homenus ckopocteii cyos Vi u Vp,1.e. p=—=.
Vi
B ciywae V4 < V) rpannua o6nactu Sp; j onpenensercs

3aBUCHUMOCTBIO:
Ky =y-+arcsin{p[sin(K » -v)1},
npuaem Ko €{S1 USs}, e

Sy =[y+ 2z —arcsin(p™),y +arcsin(p™)],

S, =[y+z—arcsin(p™),y+z +arcsin(p™)].
T1pu paBeHCTBE CKOPOCTEH CyJI0B SIEMEHTAPHOM TPyTITIBI
Vl = V2 BBIPOKEHHUE JUIsL TPAHMIIBI 00JIaCTH SDi j me-
€T CIIe Ty FOILIHHA BUIL:
Kl =T+ ZY - K2 ,
a s ciysae V1 > Vo rpanmma obnactn Spjj nmeer cre-

AYyroHiee aHAIIMTUYCCKOC BbIPAKCHUEC!
Kq =y+arcsin{prcin(K, -v)1},
npuueM K, €[0,27] .
[puBeneHHbIe BBIPAXKEHUS TPAHUIBI 0071aCTH SDi j co-

JIEpKat yroin 'y , KOTOpbIi onpeaensrcs GopMyoi:
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. Dy
Y = a tarcsin—=-

B KOTOPOH JJIs1 TOMEHOB, (DOpMOI OTIIMIAIOIINXCS KPyTa,
TIPENENTBHO - JIOMYCTAMAsl JWCTAHIWS CONMYDKECHHS HE SIBII-
€Tcsl TIOCTOSTHHOM, a 3aBHUCUT OT IIeJICHTa W Kypca BTOpPOTO

cymHa, T. €. D d (a,K5)- TlosToMy pacuet rpaHuIbl 00JIaCTH
SDij JUIA TaKUX JOMEHOB IMPOU3BOJUTCS IO CJEIYIOIIEMY
aIrOpUTMY.

VYHUTBIBasA, YTO HE3ABUCUMOM MEPEMEHHOM ABJIAETCA K
UL 33JIaHHOTO 3Ha4YeHHs K, C y4eToM IapameTpoB
HAYaJbHON CUTYyaIly COMMKEHHS PACCUUTHIBACTCS TPaHHY-
HBIM OTHOCUTEINIbHBIA KYpC YKJIOHEHUS th , IO KOTOpOMY
MIPOM3BOANUTCS BBIYUCIIEHHUE MPEJEIIBHO - JOIMYCTUMOW JH-
CTaHIMKM COMIKEHHUA D g, K2) - OuepeHbIM  11aroM
QIrOpUTMA SIBIISICTCS BBIYMCIICHHE YIUIa vy , TIOCIE Y€ro pac-

CUMTHIBACTCS 3HaueHHe Kypca Ki B 3aBHCHMOCTH OT COOT-
HoOmIeHns ckopoctel cynoB Viu Vo.
Pacyer rpaHMYHOrO OTHOCHTENBHOIO Kypca YKIOHEHHUS

K3; I JIOMEHa NPAMOYTOIBHOK (pOpPMBI OTHOCHTENBHBIH

KypC YKIOHEHHUs ONpEeNsIeTCsl IO BBIPAKEHUSIM PaboThI
[7]. Ans pacuera rpanun U (GopMHpOBaHUs 00NacTH Spij

HEJIOITYCTUMBIX 3HAYCHHI KypCOB CyIOB IPHU HCIOJIB30Ba-
HHUU JIOMEHOB DJUTMIITHYECKONH M TPSIMOYTOJBHOM (hopMBI
ObUla pa3paboTaHa KOMIIBIOTEpHAsE IPOrpamMMa, IMpUYeM
HporpaMMa COJICPIKUT MOJYJIb aHallM3a KOPPEKTHOCTH Ma-
HEBpA PAaCXOXACHHS, MOJTYYCHHOTO C TOMOIIBIO 00NIacTH

Spij-
Pe3y.]'leaT])I H UX 06cy2w]eHne. PaCCMOTpI/IM HCIIOJIB30-

BaHHUE JIOMEHA MPSAMOYTOJILHON (opMbl JuTHOH 1,1 Munmu u
nmpuHoi 0,61 MM AjI pacdyera TpaHull 001acTh Spij ©

NIOMOILBIO BBIPAXKCHUI, PEAIM30BaHHBIX B KOMIILIOTEPHOU
nporpamme. Mccregyem cimydail pa3sHbIX CKOpOCTEH CyIOB
UIEMEHTAPHON TPYIIBL, U1 4Ero PacCMOTPUM CUTYalHIO
OMacHOTO COMDKEHMs, Moka3zaHHylo Ha puc. 1. Coorser-
CTByIOIIasi 00JacTh Soij otobpaxeHa Ha puc. 2. Bribop

6e30IMaCHOTO MaHEeBPa PACXOKICHHUSI OTHOCHUTEILHBIM YKJIO-
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HEHHEM BIIPABO MUHUMAJIGHBIM YBEINUECHHEM KYPCOB CY/IOB
nokasaH Ha puc. 3. Ha puc. 4 noareepskieHa KOppEeKTHOCTb
MaHeBpa OTHOCHUTEJBHBIM YKJIOHEHHEM BIPaBO, TAK Kak
JIMHUSL OTHOCHTENIBHOTO Kypca SBJSIETCS KacaTeJIbHOM K
MIPSIMOYTOJIEHOMY JIOMEHY.

BobiBoab1

1. IlpuBeneH anropuT™M pacueTa TPaHWIl OONACTH HENO-
MYCTHMBIX 3HAUEHHH KypCOB CYZOB M e¢ TIpadHIecKoe
0TOOpaKeHHE B CITydac NMPUMCHEHUS JOMEHA NPSMOYTOJIb-
HOH (POPMBL

2. PaccmoTpeH mpuMep OmacHOi CHTyalu# CONMMKEHUS
CyIOB M i Hee chopMHUpoBaHa 0ONACTh HEAOITYCTHMBIX
3Ha4YeHUI KypcoB /UIsl IOMEHA NPSIMOYTOJIbHOM (pOpPMBI.

3. IpousBeneH BHIOOp MaHEBpa PACXOXKACHUS M IIOJ-
TBEPKIEHA €ro KOPPEKTHOCTB.

e

[Tpamauy

[Tomykpann

[oznug

]
o
=
=

Shoy

L= |t

Puc. 1. Curyanus omacHOTO CONMKEHNsSI CyJOB IPH V]_ * V2
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Calculation of scopes of region of impermissible values of courses of vessels for the domain of rectangular form

A.V. Borodulin

The algorithm of calculation of scopes of region of impermissible values of courses of vessels and its graphic reflection in the case of appli-
cation of domain of rectangular form is resulted. The example of situation of dangerous is offered rapprochements of vessels and for her the
region of impermissible values of courses for the domain of rectangular form is formed. The choice of maneuver of divergence is produced

and his correctness is confirmed.

Keywords: safety of navigation, divergence of vessels at dangerous rapprochement, form of domain, region of impermissible values of

courses of vessels.
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AnHotanus. [Toka3aHo, 4TO 11 MPOBEPKU KOPPEKTHOCTH METOZA BBIOOpA MapaMeTpoB MaHEBPa PACXOXKACHUS IPYIIbI CyI0B ObLIa pas-
paboTaHa KOMIIBFOTEpHAs IPOTrpaMMa, KOTOPOH 1Sl 3a[JaHHOI ONaCHOM CHTYaIlMy ONPEAEIACTCS MaHEBP PACXOXKACHUS CY/IOB M3MEHEHHEM
UX KypCOB ¥ IIPOM3BOAUTCS €r0 MMUTALIMOHHOE MOJICIMPOBaHKe. B KauecTBe mpuMepa pacCMOTPEHa CUTYAIUs OIIACHOTO COVKEHHS ye-
TBIPEX CYJIOB, sl KOTOPO# C TIOMOIIIBIO 00J1acTel HEIOMYCTUMBIX 3HAUCHHI KypCOB CY/IOB IIOJTy4CHBI ITapaMeTpa ONTHMAIIBHOTO PacXoxk-
JICHHS U TIPEIICTABIICHBI PE3YJIBTAThl IMUTALIMOHHOTO MOJICTMPOBAHHS, TIOATBEP)KIAOIINE KOPPEKTHOCT BEIOPAHHOTO MaHEBpa PacXOxK/ie-

HUs.

Knrouesvie cnosa: 6e3onachocmo cy0080HCOEHUs,, NPOYECC PACXONCOEHUsL CYO08, 00NIACHb HEOONYCIUMbIX 3HAYEHUL KYPCO8, UMUMA-

YUOHHOE Mobe/zuposanue.

Beenenne. CtecHeHHbIE BOJBI XapaKTEPHU3YHOTCSI BBICOKOM
UHTEHCUBHOCTBIO CYIOXOJCTBA, M 3a4acTyl0 BO3HHUKAIOT
CHTyalli OMNAacHOTO COJNWKEHHs TPYIIbl CYZOB, KOTOpbIE
3aTPYAHSIOT JIBIDKEHHE YT Apyra C Yrpo3oi CTOJIKHOBe-
Hud. B Takux paiioHax yCTaHAaBIMBAIOTCSI CUCTEMBI yIIpaB-
nenust npmwkeHneM cynoB (CYC). BesomacHoCTs IBIDKe-
Hus B paitone aeiictBus CYJIC 3aBUCHT OT AOCTOBEPHOM
OLICHKH TEKYIIEH CHTyallil M KOPPEKTHOCTH aITOPHTMOB
YIIpaBJIeHHs, 4TO TpeOyeT pa3pabOTKH METOJIOB PacXOoXKie-
HUS TPYTIIBI ONacHO cOmmKaromuxcsi cyoB. CrenoBarens-
HO, CO3/[aHHE METOZOB 0E30IacCHOTO PACXOKICHHS TPYIIIIBI
CYZOB SIBISIETCS aKTyaJbHBIM M CBOEBPEMEHHBIM, 4YeMy U
MOCBSIIIEHA HACTOAIIIAs paboTa.

Kpatkuii 0030p my6auxammii no teme. B paborax [1,
2] npeyioxeHa GpopMai3anys B3aUMOICHCTBHS CYJIOB TIpH
PacXOXKACHUH METOJaMH TeopuH AuddepeHInaIbHbIX Urp,
a B pabore [3] mpemioxkeH METO/] HEMMHEHHON WHTErpaib-
HOM MHBAapHaHTHOCTH JUISl ONMCAHUS IPOLECCa PacXOoXKie-
HUS ¥ BBIOOpa OHOIIATOBOTO MAaHEBpA MPEMYIIPEKICHHS
CTOJIKHOBEHUA. B pabote [4] mis omicanus mporecca pac-
XOXKJICHHSI HCTIOJB3YIOTCS METOABI TEOPUH ONTUMAIIBHBIX
JIICKPETHBIX NPOIIECCOB, a MOHOrpadus [5] mocssieHa mMe-
TOIy MpEeXyNpPEeKACHUS CTOJIKHOBEHHUS CYIIOB ITyTEM CMe-
IIEHNS Ha MapaJuIeTbHYIO0 JIMHUIO MyTH.

AHaIUTHYECKOE ONHMCaHWE B3aWMOJACHCTBHS CYyJIOB TPH
BO3HHMKHOBEHHH YTPO3bI CTOJKHOBEHMS IPEIIOKEHO B pa-
6ote [6], ¢ ero MOMOIIBIO MPOU3BEICHA AJITOPUTMHU3AIIUS
MIIIICC-72, a B pabote [7] U3710KeHBI pe3yNbTaThl HCCe-
JoBaHMS (P(HEKTUBHOCTH MAPHBIX MAHEBPOB PACXOKIICHHS.
MoHorpadus [8] mocBsieHa BCECTOPOHHEMY HCCIEOBa-
HUIO TIPUHIMIIA JIOKAILHO-HE3aBICHMOTO YIPABIICHUSI MIPO-
LIECCOM PACXOKACHUS M pa3paboTaH METO/ IMOKMX CTpaTe-
TMH UX PaCXOXKICHUSI.

Henw. Llems HacTOSIIEH CTAaTBM - PacCMOTPETH CHOCOO
BBIOOpa MaHEBpa PAacXOXKACHUSI TPYINIbI CYlOB U C IOMO-
IIbI0 MMHUTAlMOHHOTO MOJIEIMPOBAHMS TOATBEPIUTH €r0
KOPPEKTHOCTB.

Marepuanbl 1 MeToabl. B padote [9] paccmoTpeH Me-
TOJ BBIOOpa 0E30IIaCHOTO MaHEBpa PACXOXKACHHS TPYIIIHI
cynoB. J1i1s IpOBEPKH €ro KOPPEeKTHOCTH Obliia pazpaboTaHa
KOMITBIOTEpHAsI MPOrpaMma, OHpeJessiionas ¢ MOMOIIbIO
YIOMSHYTOTO METO/a NapaMeTpbl MaHEBpPa PACXOMKIEHUS C
MOCIIEAYIOIUM €r0 HUMUTAIMOHHBIM MOAENupoBaHueM. B
KauecTBe IpUMepa paccMOTpeHa CUTYyaIusl COMMKEHUS de-
TBIPEX CyJIOB, KOTOpasi 0TOOpa)kaeTcsi Ha 3KpaHe MOHUTOPA,
Kak Moka3aHo Ha puc. 1. CoriacHO HHINKATOpPy ONACHOCTH,
pacIoIOKEHHOMY B JIEBOM HIDKHEM YTIIy, CONIFDKCHUE Kax-

JI0l1 maphl CyJOB SBJISIETCSA ONACHBIM — BCE CEKTOpa KPacHO-
TO IL[BETA.

AHanu3 HavyaJIbHOM CHTyaluu COJIVDKEHHS! CY/IOB ITOKa-
3bIBAET, YTO JUISl OOpAIeHHs] MATPUIIbI CUTYalIOHHOTO BO3-
MYILEHHs B HYJIEBYIO MAaTpHIly HEOOXOJUMO HW3MEHEHHE
KypcoB HE MeHee Tpex cynoB. [loatomy BHadane paccMoT-
puM BBIOOp O€30MMacHBIX KypCOB EPBOTO M BTOPOTO CYJIOB.

Ha puc. 2 mokasaHa 001acTh OMACHBIX KYpCOB MIEPBOTO U
BTOpOro cyzoB. C IIOMOIIBIO COOTBETCTBYIOIICH KIIABHIIN
TIPOU3BOJMTCS BBIOOP Kypca mepBoro cyaHa Kl u mmHetikoi
TIPOKPYTKH HayMHAEM YMEHBIIATh €TO 3HadeHHe 10 oOpa-

LIEHUS B HOJIb CUTYaLIMOHHBIX BO3MYIIEHUI Wy, N3 u

(V14 , KaK IOKa3aHoO Ha puc. 3. DTO NPOMCXOIUT NPH 3Ha-

YyeHuH Kypca nepsoro cynHa K1, pasaoro 26°.
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[pryeM COOTBETCTBYIOIME CEKTOpa MHIMKATOpa Orac-
HOCTH OKPAIIIMBAIOTCS B 3€JICHBIN [[BET. 3aT€M C MOMOIIBIO
knaBunn «K2» mpou3BoanTCS BEIOOP Kypca BTOPOTO CyTHA
U YBEJIMYMBACM €0 C MOMOIIBIO JIMHEHKU MPOKPYTKH, KaK
MOKa3aHO Ha puc. 4, 10 oOpalieHns B HyJlb CHTYaIllHOHHBIX
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Puc. 4. Beibop 6e3omacHoro kypca K2 Broporo cynna

u 602 4 » YTO BUJIHO M3 MHJMKATOPA ONACHOCTH, COOTBETCTBY-

IOIIME CEKTOpa KOTOPOro OKpAIIeHbI B 3elIeHbIH 1BeT. Takum o0Opa-
30M, TISITh CUTYaIlMOHHBIX BO3MYIICHHUI KOMITIEHCUPOBAHBI H3MEHe-
HHEM Kypca IepBOro CyIHa Ha 64° BIIEBO M Kypca BTOPOTO CyIHa
BIpaBo Ha 88°.

OJHaKoO OCTAIOCh HEKOMIICHCHPOBAHHBIM CHTYAIlHIOHHOE BO3-

Mymierne (34 , Ui 9€T0 HEOOXOMMMO H3MEHHTH KypC TPETHETO

WJIM 4eTBEPTOro cynHa. B mobom ciyuae, HeoOXoauM BeIBOA 00Ia-
CTH OIACHBIX KypPCOB TPETHETO U YETBEPTOrO CYZIOB, KOTOPasl MOKa-
3aHa Ha puC. 5.
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OOparaeM BHUMaHHE Ha TO OOCTOSITENILCTBO, YTO TOYKA
TIepeceueHuss HadaJIbHbIX KYPCOB CyJOB NPHHAIICKUT 00-
JIACTH OTAacHBIX KypcoB. J[yisi BBIBOA@ TOYKU IEpEecedeHUsI
KypCOB C 00JIaCTH OMAacHBIX KYPCOB ¢ MHHUMAJIbHBIM H3Me-
HEHHEM Kypca CllelyeT MPOU3BECTH OTBOPOT TPETHETO CYII-
Ha BIPABO J0 TPaHUIIBI 00IACTH.

Kak crnemyer u3 puc. 6, 3T0 IPOMCXOANT MPH MOBOPOTE
TPETBEro CyIHa Ha Kypc 24°, MHANKATOp OMACHOCTH TOKa-
3pIBACT, YTO B 3TOM CIIy4ae MaTpHIld CHTYaI[IOHHOTO BO3-
MYILEHHUs oOpamiaeTcs B HyJEBYIO MATpHILy, a JUCTAHIIHS
KpaTdaiiero cOMKEHHUs TPETHETO M UYETBEPTOTO CY/OB
cocraBut 1,03 mum.

PesyabTarel U ux odcyxaenme. s mpoBepku Kop-
PEKTHOCTH OITMCAHHOTO MeToJa BhIOOpa MapaMeTrpoB Ma-
HEBpa PacXOXJIEHHS YETBIPEX CYJIOB IPOM3BOAMIOCH UMH-
TalMIOHHOE MOJIENMPOBaHUe (IIPOMIPHIBAHME) TIpoLecca UX
PacXoKAEHUsI C TIOMOIIBIO COCTABHOTO MOJYJISl KOMIIBIO-
TEPHOW NPOrpaMMBl.

Cutyanus IpOUTrphIBaHMSI MaHEBPA PACXOXKACHNUS CY/IOB
Ha 3¢ BpeMeHH MOKa3aHa Ha pHC. /, U3 KOTOPOTO BHIHO, YTO
TIEPBOE, BTOPOE U TPEThE Cy/Ja M3MEHHIIN HaYaJIbHBIC KYPCHI,
a YeTBEPTOE CYTHO CIEAyeT HadaJbHBIM KypCOM.
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Puc. 7. Curyarmst iporiecca pacxo/JeHust Ha 3¢ BpeMeHH

CrnemyeT OTMETHTH, YTO BBIOpaHHBIM BapHaHT KypCOB
pacxoXXIeHnsI CyJIOB SBISIETCS OOHHUM W3 BO3MOXKHBIX, U
MIPECTABIICH 3/IECh JIMIIb JUISl WUTFOCTPALMY MpesIaracMo-
ro rpa)MIecKoro MeTo/a ONPEAEICHHs ONTHMAIBHOTO Ma-
HEBPA PACXOXKAEHUS! TPYIMIIBI CYyJOB C MOMOILBI KOMIIBIO-
TEPHOTO MOJECIUPOBAHMS.

IlepBiMM Ha KpaTyalIylo AWUCTAHIMIO COJMKAIOTCS
TpeThe 1 YeTBepToe cyza (pucyHok 5.30). MoMmeHT BpeMeHH
KpaTdaiiiero cOMMKEHUs STOW mMapbl CyJaoB paBeH 322c,
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MpHYEM cama JAMCTAHIIUS KpaTdaiiero cOMKEHHs! COCTaB-
sster 1,04 MM, YTO COOTBETCTBYET MUHMMAJILHOM JIMCTaH-
MM MEXITy CyJIaMH TIpH BbIOOpe 6e30MacHOro Kypca TPeTh-
€ro Cy/Ha.

D12=161

D13=3.71
D23=4.44
D14=2.72
D24=3.40

D34=1.04

K2=268

K3-24

Ka=270

Puc. 8. Curyarmst kpaTdaifiero cOIMKEHNs TPETHEro U 4eTBEPTO-
IO CyZIOB

B momeHT BpeMeHnu, paBHBIM 463 ¢, AMCTaHLMU Kpat-
yaiimmero cOmmkeHus 1,18 Mum mocTUraroT mepBoe M BTO-
poe cyna, Kak Moka3aHo Ha puc. 9, a qUCTaHIMA KpaTdaiiie-
TO COMMKEHHS MEXAy MEPBBIM 1 YETBEPTHIM CyIaMH 3HATe-
uueM 2,14 munu gocturaercst Ha 534 ¢ Bpemenu (puc. 10).

BoeiBoabI

1. PaccmoTpeH MeTon BbIOOpa MaHEBpa PacXOKICHUS
TPYIIIBI YETHIPEX OMACHO COMMKAIOIINXCS CYAOB, KOTOPBII
peann30BaH ¢ IOMOIIbIO KOMIIBIOTEPHON IIPOrpaMMBI.

2. lpuBeneHbl pe3yabTaThl MMUTAMOHHOTO MOJEIHPO-
BaHUA TIPOIIECCA PACXOKACHUS YETBIPEX CYAOB, KOTOpBIE
OTIACHO COJIKAIOTCA.

3. Tloka3zaHo, 4TO IPOBEpPKa MMHUTAIIMOHHBIM MOJEIIHPO-
BaHUEM ITOJTBEP/IMIIA KOPPEKTHOCTH MPEUIOKEHHOTO METO-

Ja.
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Imitation design of process of divergence of four vessels
A. Yu. Bulgakov, E. E. Tyupikov
It is shown that for verification of correctness of method of choice of parameters of maneuver of divergence of group of vessels the computer
program which for the set dangerous situation determines the maneuver of divergence of vessels by the change of their courses and produces
his imitation design was developed. As an example the situation of dangerous rapprochement of four vessels is considered, for which by the
regions of impermissible values of courses of vessels got parameter of optimum divergence and the results of imitation design are represent-
ed, confirmative correctness of the chosen maneuver of divergence.

Keywords: safety of navigator, process of divergence of vessels, region of impermissible values of courses, imitation design.
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O. I. Uy6', M.B. Hosoxuiosa®, P. C. Menexuk®

ZXapkiBchkuil HallioHATBHAHN yHiBepcuTeT iMeri B.H. Kapasina, M. Xapkis
ZXapKiBCchKMI HALIOHAIBHMIT YHIBEPCHTET MicbKoro rocronapcrsa im. O.M. Bekerosa, M. Xapkis, Ykpaina *Hanionansauii yHisep-
CHUTET LMBLIBHOTO 3aXUCTy YKpainu, M. XapKiB
*Corresponding author. E-mail: m.novozhilova04@gmail.com

Paper received 27.01.20; Accepted for publication 14.02.20.
https://doi.org/10.31174/SEND-NT2020-224V11127-15

AHoranisi. CTaTTio IPHCBAYEHO NOOYAOBI METOy peatizalii iMiTaliifHoi MoIeli MPOTHO3yBaHH: MapaMeTpiB (MOMEHTY BUHUKHEH-
HS, MicClli BUHUKHEHHS, PIBHIO TSDKKOCTI) HAJA3BHYaWHUX CHTYyallill TEXHOT€HHOTO XapaKTepy Ha Mepekax BOJOMOCTAauaHHs Meraro-
qicy. MeTog, 1110 IPONOHYEThCS, BAKOPUCTOBYE 17110 KJIACTEpH3aLlii MHOKHHH JJAaHOK MEPEeXi 3a yacoM mpokyafanaa. Ha it ocHo-
Bi BHUXiJHA TBOBUMIpHA iMiTaliliHa MOAEIbh BU3HAYCHHS MICTa JIOKALlii MOXKIMBOI HaJ3BUYaifHOI CUTYyallii 3BOJUTHCS OO MHOKXHHU
He3aJeKHUX OJHOBHMIPHUX y 3aTaJIbHOMY BHUITAJIKy HECTAl[lOHAPHUX PO3IIOJIJIiB MOMEHTIB BHHUKHEHHS HA/{3BUYaiHOI CUTyaril.

Knrwwuosi cnosa: naossuuatina cumyayis mexHO2EeHHO20 Xapaxmepy, imimayitina modens, po3noodin Ilyaccona, mezanonic, me-
pedci 6000NOCMAYAHHSL.

Beryn. Po3BUTOK HPOJAYKTHBHUX CHJIM 1 BUPOOHMYMX Bi- VY nocnimpkenHi [4] po3risinaeTbes MoOyA0Ba TEPUTO-
JHOCHH BHM3Ha4yae Meramnoiic sk Qopmy MailOyTHeoro  pianbHoi cuctemu TexHoreHnoi oOesneku (TCTB) i3 3a-
CIIBICHYBaHHsI JIFOJICTBA. 32 MPOTHO3aMHU YHCENBHICTh Mi-  CTOCYBaHHSIM TEOpii Ta METOMIB MPOAKTUBHOIO YIPaB-
cpKkoro HacesneHHs Ha 2050 p. craHoBuTHMe 70% 3aranb- — JIHHS, IO PO3BHMBAIOTHCS aBTOpamu. Podora [5] mictuth
HOTO HACEJCHHS IUIaHeTH. [Ipu 1boMy 301BIIYEThCS aH-  aHAJI3 HAsIBHUX METOJIB EKOHOMIYHOT OI[IHKH 30MTKIB BiJ
TPOTIOr€HHE HaBaHTAXXECHHS, 1[0 MPHU3BOAUTH J0 3pOCTAaH-  HA/J3BMYAHHHMX CHUTYyallil TEXHOT'CHHOTO XapakTepy, IO
HS KITBKOCTI 1 TSKKOCTI HaJI3BHYAWHUX CHUTYAIlili TEXHO-  3aCTOCOBYIOThCS y CBITI W YkpaiHi. JlocmimkeHo Teope-
reaHoro xapakrtepy (THC) Ha cucremax »KWTTe€3a0e3me-  THYHI 3acagdl OIIHKU 30WTKIB, 3aBIAHUX TEXHOTCHHUMH
YEeHHsI BEJIMKOTO MicTa, y TOMY YHCIi Ha Mepekax BoJo-  KatacTpodamu. B ocraHHI poku 3’gBWiach Iiiyla HU3Ka
MocTavyaHHSd Ta BOAOBiABeNeHHA. Taki MOZil MPHU3BOAATE  MyONmiKamif B TMPOBITHUX €BPONEHCHKUX HAYKOBHUX BH-
JI0 BEJIMKHX MaTepiabHUX 30MTKIB Ta MAIOTh KPUTHYHUHA  JaHHSX, IPUCBSYCHUX NMOOYZIOBI MaTeMaTHIHUX MOAEIeH
comiaNbHAN pe30HAHC. Pi3HOTO PIBHIO CKIIQJHOCTI MO0 MPOTHO3YBaHHA Tepe0i-

@OyHKIIOHYBaHHS MMOTEHLIHHO HEOE3NEeYHHUX MPOMHC- Ty HaJ3BHYaHHHMX CUTYyaliil MPUPOJHOTO Ta TEXHOTEHHO-
JIOBUX 00’€KTIB came y MeraroJici noB’si3aHo i3 1oJaTko-  ro xapakrepy. CrarTio [6] mpUCBSIYEHO YNOPSIKYBaHHIO
BUMH MIIBUIIEHUMHU PU3MKAMH, SKi CHEPYIOThCS 3HA4-  TEPMIHOJIOTIYHOI 0a3M mpeaMeTHOI rajy3i i y3arajibHeH-
HOIO IIIJBHICTIO MICBKOTO HACEJCHHs, KPUTHUYHOIO Ha-  HIO BiJOMHX Ha el yac MerojiB nporHo3dyBanus HC Te-
OJIMDKEHICTIO 00 €KTIB 13 MAaCOBUM IepeOyBaHHSIM JIIOACH  XHOTCHHOTO Ta MPHUPOIHOTO XapaKTepy.

JI0 TIOTCHIIHHO HEeOEe3MeUyHUX 00 €KTIB, BUCOKUM PIBHEM Hana po0oTa € MpOAOBKEHHAM JOCITIHKEHHS [ 7] mo-
CTapiHHSI OCHOBHHX (OHIIB WX OO0’ €KTiB, CKIANHICTIO, 1O CTBOPEHHS IMITAI[ifHOI MOJENi MPOTHO3YBaHHS Ia-
JIUHAMIYHICTIO, 3arajloM HEBU3HAYEHICTIO BiMHOCHH cuc-  pamerpiB MoxnBoi THC Ha mepeiaBaibHUX TPUCTPOSIX
TEMOYTBOPIOIOYMX KOMITOHEHT MICBKOI TepHUTODii, 30ib-  (Mepexax) BOJOIIOCTAYaHHS Ta BOJIOBIIBEICHHS MeTaro-
IICHHSM KUTBKOCTI MPOMECIOBHX KOMILUIEKCIB Ta Hebe3-  Jicy.

MIEYHUX MaTepialliB y MiCHKHX paifoHax, 0 3HAXOIATHCS 3a [8] BuximHa iH(pOpPMAIliS € BIAMIHHOIO 33 3MICTOM,
i 3arp03010 MIPUPOIHOT HEOE3MEeKH. (hopMoI0 Ta BUMIPHICTIO, TOMY HalOLIbII MPUAHATHUM ii

BuHUKHEHHS HaJ3BMYAHUX CUTyalill TEXHOTEHHOTO  MOJAHHAM Yy IMITalidHIA MOJeN, 10 PO3MIISAAETHCS, €
XapakTepy Ha eJIeMEeHTaxX IHXEeHEepHOI iH(pacTpyKTypu  KopTex | BUrIsgy

METarnoNicy MO MPH3BECTH J0 TaK 3BAHOTO «e(EeKTy I =<v, {A1), BXY} T, 3, R >, 1)
JOMiHO», KOJIM OJHA HaI3BUYalHA CHTYallisl CTa€ MPUUU-  ne V=(X,y) — BEKTOp mapameTpis nokauii Moxnusoi THC
HOIO 1HIIO i TaK Jai. y Mexax Micekoi 3a0ymosu; A(t), B(X,y), — mapamerpu

Takum umnOM, nporHosysanss auHamikn THC € Ba-  3akomiB posmoziny MOMEHTIB Ta JOKallii BUHMKHEHHS
JKITMBOIO CKIIAZIOBOIO YNPABIIiHHS TEXHOTEHHOW Oesne-  THC mimmosimHo; T — MOMeHTH BuHMKHeHHS THC; 3 —

KOO Meramnosica B IIiJIoMy Ta OCHOBOIO BU3HAU€HHS Xapa-
KTEepUCTHUK pPEcCypcHOro 3a0e3nedeHHs (QyHKIIOHyBaHHS
MICBKOTO I'OCIIO/IapPCTBA B IITATHOMY PEKHUMI.

AHaxi3 nmomepenHix gocaimkens. Ha croromi y da-
XOBHX HAYKOBHX ITyOJIKamisX pO3IISHYTO HU3KY IiIXO-
niB mpo nporuoszyBanHi THC, 30kpema iHCTpyMeEHTaIbHI
3acobu reocratucTuku [1] mmst popmanizarii mpocTopoBo
PO3MOIINICHUX JaHUX, IepeBa MOJild Ta METOAM Teopii Ka-
tactpod [2] mias ypaxyBaHHsS ypOaHICTHUHHMX PH3HKIB,
eJeMeHTH Teopii imeHTn¢ikamii Ta Teopil cTaTHCTUYHUX
pimens [3] st OLiHKM CTaHy MOTEHLIHHO HeOe3neYHnX
00’€KTIiB B yMOBaX HEBH3HAYCHOCTI TOIIIO.

tun moxuuBoi THC; R — pisens Tsbkkocti THC, mo Tex
€ BHIIAIKOBOIO BETHUYHHOIO.

Merta po6otu. [loOynoBa Meromy peamizarii imita-
LiifHOT MO/IeTi IPOTHO3YBAHHS MapaMeTpiB (MOMEHTY BH-
HUKHCHHS, MiCIll BHHUKHEHHSI, PIBHIO TSHKKOCTI) HaI3BU-
YaHUX CHUTYallil TEXHOTEHHOTO XapakTepy Ha Mepeikax
BOJIOTIOCTaYaHHS METaIoJNiCy.

Pe3ynbTaTn Ta ix 006roBopeHHs. AHaii3 iMiTalidHOT
Mozeni (1) moka3sye, mo ii po3risia HeoOXiTHO PO3BUBATH
y YOTUPUBUMIpPHOMY TpocTtopi: (X, Y, T, R).
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[IpoBeneMo [EKOMITO3MIIIO 3a/adi 3a €HIOTCHHUMU
sMminauME (X, Y, T, R) Ta PO3rISIHEMO €Tanmu METOIAMKU
peamnizanii imitariitnoi mogeni (1).

1. MonemoBanus MoMmenTiB HacTanus THC.

V rteopii HagiltHOCTI mokazano [9], mio mepiogay HOp-
MaJIbHOI eKCIUTyaTallii CKIaJHUX CHCTEM BiJIIOBiJa€ CTa-
IIOHAPHMI MMyaCcCOHIBChKMI TOTIK 4mcina K BUMaakoBux
BiIMOB IPOTATOM Tepiony t BUTTISTY

(<

Pe(t)= BT e ()

ne Py(t) — fimoBipHiCTh HacTaHHs K BHIAIKOBHX BiJIMOB
npoTsiroMm mepioxy t, A®" — mapamerp posmonity Ilya-
CCOHA.

VY cydacHiId TpaKkTHII TOCIONAPIOBAHHS MapaMeTpH
3HAYHOI YaCTHHH IepeIaBaIbHIX MPUCTPOIB iHKEHEPHOL
IHPPACTPYKTYypH AK CKIQAHOI TEXHIYHOi CHCTEMH BiaIO-
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BiZIalOTh Iepiofy crapiHHs. Ha paHomy erami )KUTTEBOTO
nukiy (puc.l) ocoOnuBe 3HaYCHHS HAOYBalOTh CHCTEMa-
THYHI BiIMOBH, OOYMOBJIEHI 3aKOHOMIPDHHMH 1 HEMHHY-
YUMU SIBUIIAMH, 110 BUKIMKAIOTh IIOCTYIIOBE HAKOITMYEH-
HSl YILIKOJDKEHb, BTOMY, 3HOLICHHS 00J1aIHaHHS.

[lepioxy crapiHHSA CKJIagHUX CHCTEM BiAIIOBimae He-
CTaIliOHApHUH TTyaCCOHIBCHKMI MOTIK umcna K Bumamko-
BHX BiIMOB IIPOTSTOM Tiepiony t BUTIIAMY:

n(t, t 0
Pe (t,tH) ( 1kIH) e—'l’](t,tﬂ) ,
) (3)

ae ty — IoYaToK iHTepBaly CIOCTEPEeKeHb, tal 11— moya-
TOK Iepiofy cTapiHHs, | |[] — KiNBKICTh BIIMOB B iHTEp-
Bai [ta, t], N(t,t,,) — mapamerp mecranionaproro pos-

noxiny ITyaccona, mo € dpyrukiiero A™(t) (puc.1).

Etam ’xuTTeBOTO IIMKIIA 1HXeE-
HEpHOI iHppacTpyKTypHu:

= [lepeBuILeHHS NEPHOLY
amoptuzamii ta;

= CrapiHHSA OCHOBHHX
¢doHnis

+

perer(t)

Bumankosi BigMoBH  ABH!

CucreMaTu4Hi BiAMOBU

Hecrarmionapauit
po3noain
ITyaccona

Pe(tth)

Puc. 1. Etan crapinss imxkeHepHOi iHQpacTpyKTypu

3ayBaxkenHss 1. B mpakTuuHHX 3acTOCYBaHHAX (yHK-
Ii}0 IHTEHCHMBHOCTI CHCTEMAaTHYHUX BiaMOB A'(t) Ha iH-

XCHCT(t) = CHUCT

2. MopemoBaHHS TapaMeTpiB BEKTOPY V=(X, y) BUHH-
kHeHHS MoxkrBoi THC y Mexax MicbKoi 3a0yIOBH.

Hana 3amava moTpedye BUKOPUCTAHHS METOIIB aHAi-
3y JBOBHMIPHOTO CTaTHCTHYHOTO PSIy, IO B3araji € He-
TpUBiaNbHOIO 3amaueto. B poGoti [7] 3anpomonoBaHo 2
MIIXO0/W 10 PO3B’sI3aHHS 1€l 3aaaui.

Ilpoexuianui nioxio (puc. 2). Ilepenbavae He3ameK-
HE BU3HAYCHHS BHIAJKOBHUX NapaMeTpiB PO3MIIIEHHS
aBapiiiHUX JIAHOK 1HXEHEpHOT 1HYPACTPYKTYPH SIK MOCIi-
JIOBHOCTI JIBOX OJHOBUMIPHHUX PIBHOMIPHHMX PO3IOJLIIB
Ta BU3HAUEHHS YaCOBOI'O PO3IMOJIIy MOMEHTIB Tn BHHUK-

/ IMpoexuiiinuii minxin \

Vo = (Xn, ¥n)!
* X
' b= MOCIJOBHICTE ABOX OJHOBHMIPHHX
Yol pisHOMipHHX po3mominis as
reHepauii BHIaIKOBHX MapaMeTpis
PO3MIIICHHS aBaPIHHHX JTaHOK
IHKEHEpHOI 1IH(PaCTPYKTYPH

Tn — HecTalioHapHHI posnonin ITyaccona

TepBani [ ta, t ] AOIiIEHO 3aMIHUTH TIEBHUM HaOIMKEH-
HSIM, HAIIPUKJIa]] KYCKOBO-TIOCTIHHOIO (DyHKIIEI0 BUTIISILY

o1 » KO te1<t<te, €=1,2,...C ,tce[ta, t]. (@)

HEHHS aBapiil K HecTalioHapHOTOo po3monity Ilyaccona
Inmezpanvhuii nioxio. MicTuth TOOYIOBY TOYOK—
TeHePaTOopiB, MOTYKHICTh AKUX (XapaKTEPHUCTHKA CKIaf-
HOCTI aBapii) BU3HAYa€THCS Ha OCHOBI peaizamii maxomy
MTOPIBHIOBAEHOI CTAaTHKH 3 TaK 3BAaHUM HAKOIHYYyBallb-
HUM e)eKTOM y Me)Kax MEeBHOTO 4acy.
Bu3HaueHHs TOYOK-TEHEpaTopiB MPOBOAMTHCS i3 3aCTO-
CYBaHHSM KJIACTEPHOTO aHAJ3y i3 BU3HAYCHHSIM PO3MIpy
kiacrepy sk 2%-5% Big MakCHUMAJBHOTO JIHIHHOTO PO3-
Mipy KOHTPOJILOBAHOTO PaiioHy.

/ InTerpaneuuii migxin

IloGynoea TOUOK-reHepaTopis

\

Va = (Xn, ¥n) — 3aCTOCYBAHHs CICMCHTIB
KJIACTEPHOI0 aHAJII3Y;
BH3HAYCHHSA PO3MIPY KllacTepy
(2%-5% Bia MAKCHMAABHOIO JAIHIHHOTO
pO3Mipy paiioHy, M0 PO3rIAIAETHCA)

Tn — peaizallisa miaxoay HOPiBHIOBAIBHOL

QTPIKH 3 HAKOTNMHYIYBaJIbHHM C(]JGKTOM /

Puc. 2. [TopiBHSHHS NPOEKLIHHOTO Ta IHTErPAJIBLHOTO MiIXOIIB

B nmaniii poG0Ti pO3rISIHEMO IHIIHI TEPCIIEKTUBHUMA
METOJ] BU3HAYCHHS JIOKAIi BUHMKHEHHS 1 PO3BUTKY Ha-
3BUYAMHMUX CHUTYallii BU3HAYCHHUX THIIIB B YMOBax Mera-
ToJjicy, a came

Penakcayitinuii nioxio, mo 0a3yeTbCsl Ha 3BEACHHI
JIBOBHMIPHOI IMITAI[ifHOT MOJieNli BU3HAYCHHS MICTa JIO-
kauii MoxymBoi THC 10 MHOKHMHU He3aleXHUX OJHOBHU-

MipHUX HeCTalliOHApHUX (30KpeMa CTaI[iOHapHHX) PO3IMO-
i s renepanii wacy BuHuKHeHHS THC.

Y3aragpHEHO METOJ CKIIAIa€ThCS 3 ABOX ETalliB.

Ha nepmomy erarti po3risiiaeThCst Mepexka BOJIOTOHIB
MeraroJiica, I0 IPEACTaBisie COO0I0 MHOXHHY JIAHOK
G={91, 92, ..., g1}. Ha MHOXUHI G HOPMYIOTECSI KIacTepu
MHOXXUHH JTUITHOK MEPEX BOAOIOCTA4aHHS 3a TEPMiHOM
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BBe/ICHHs B ekciuryatanito. Kpok h po3ourrs noknana-
€TBCS 5 POKIB.

B pesynprati omepxxyemo MHOkuHY K={Ki,...,.Km}
KJIacTepiB JAUISHOK MEpexi, KokeH 3 sikux — Ky — B 3ara-
JHHOMY BHIIQJIKy T€OMETPHYHO € HE3B’SI3HOI MHOXH-

n 1
noto. Enementn K, nesnoro kmactepy Km={Kp,,...,

KD kNm
ms Kp™ } v mogansiomy BBa)KarOTHCS JDKepeIaMu

(renepatopamu) THC onHaKoBOT TSKKOCTI.

binpmr toro, ans eneMeHTiB aeskoro knacrepy Km
(ikcyeThcs mapamerp posmoxiny Ilyaccoma m(t,t,),
T00TO MOTIK MOMeHTIB HacTaHHsA THC Ha maHKax mepexi
MIEBHOTO KJIACTEPY MNPHUHAMAETHCS CTAI[lOHAPHMM, IO y3-
TOKy€eThCs 31 3MicToM 3ayBakeHHs 1. Ha puc. 3 HaBene-
HUM TpUKIaA KiacTepu3amiii Mepexi BOIOMOCTadyaHHS
paiiony M. XapkoBa, YKkpaiHa, Jic¢ €JICMEHTH KIacTepiB
Mepexi BOJOIOCTa4YaHHs BUAUICHI PI3HUMHU KOJbOpPaMHU.
Bubip HanpsiMy KOOpJMHATHUX OCeH Ha puc. 3 y3romke-
HUH 13 reorpadiyHIM HEHTPOM M. XapKoBa.

Jpyruii eran merony peainizamii imiTaniitnol monemni
Ha 0a3i penakcaiiifHOro miaXoQy MiICTHTh KPOKH CTBO-
PEHHS Tak 3BaHOTO IMITAI[IfHOTO CHMYJATOPY, IO I'eHe-
pYy€ TEeBHY KUTBKICTH BHIIPOOYBaHb — TOOTO peaizariit
THC.

3ayBaxkeHHs 2. BBakaemo, mo pe3ynbTaT BUIPOOY-
BaHHS € CKJIAJHOIO MOJi€I0: MOXKyTh BUHUKHYTH THC Ha
PI3HHX KJacTepax Mepexki 0JHOYaCHO (HAIPHUKIIAM, MpPO-
TATOM TIDKHS — OJIMHUIII0 BUMIpPY Yacy ooupae 0coda, 1o
TpUIAMAE PillIeHHs).
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Puc. 3. KnaCTepmauiﬂ MHO>XHWHHU JIJaHOK Mepe)Ki BOogoOIoCTAa-
YaHHs

Take npunylieHHs MO0 ypaxyBaHHs KiTbKOX JKe-
pesT HAaCTaHHS MOIH 10 B MIJIOMY MOPYIIY€E BUMOTY Op-
JMHAPHOCTI TpOLECy, TOMY Ul HOAAIBIIOTO0 MOIEIo-
BaHHS 3aCTOCOBYETHCSI HACTYITHHUHN MiJX1JI.

IMo3Haunmo wepes A, — moxito Hactanas THC Ha

knacrepi Km y opunumIo yacy, Bianosigno A, — moxio

nenactanHs THC na xnactepi Km. Ha niii ocHOBi Bu3Ha-
YUMO NIOBHY MHOXHHY Q HECYMICHUX MOJiil BUTIISILY

M M M-l M M-l M
H]JAm: Al JAm - Au] A AR AR - oA AR [ [Am } cardQ=0. ()
m=1 m=2 =1 m=3 =1 m=1

JUIs KOXXHOTO eJIeMEHTy MHOXHUHM (5) BU3HAYHUMO
HMOBIpHICTB Po peaiizaliil BiAMOBIAHOT CKIIaaHOT TOIT Jo,
QeeQ, 6=1,2,...,® . Ilig yac npakTU4HOI peasizarii HMo-
BIPHOCTI Pe peanizanii HecymicHuX nofii Je (5) Biakia-
JAIOThCS Ha OJWHUYHOMY BiNpi3Ky. ['eHepyeThcs piBHO-
MipHO posmonineHe Ha [0, 1] BumagkoBe gucno & 1 mepe-
BipsETBCS YMOBaA

p-l p
Zpe <E< Zpe-
=1 =1

3a BHKOHaHHA yMOBH (6) BBaxaroTh, 110 B MpOIECi
BUIPOOYBaHHS HAacTajla CKJIAJHA OIS W 3 MHOXHHH (5).
3a yMOBH HOPMYBaHHS 3a 4acoM 00CSATYy pecypciB, HE0O-
XimHMX Ui pearizauii npouecy jikeinauii THC BuzHa-
YaeThCs 3arajibHUil 00CAT pPecypciB B JTaHOMY BHITPOOY-
BaHHI.

IMicns BUKOHAHHSA 3aJaHOi KIIBKOCTI BHIPOOYBaHb
BU3HAYAIOTHCSI CepelHi (CyMapHi) XapaKTepUCTHUKH €Kc-
MIEPUMEHTY, IO € MiIPYHTSIM JJIsl IIPOrHO3HOI OLIHKHU T'0-

(6)

TOBHOCTI TEPUTOPIANBHOI CUCTEMU TEXHOTECHHOI Oe3MeKn
o obcmyroByBaHHs MporHo3oBanoi MHoxuHH THC Ha
3alaHOMY TOPH30HTI [JIAHYBaHHSI.

BucnoBku. [IpoBeneHo noOynoBy MeToay peamizamii
iMiTaiiHOI MOJENI MPOTHO3YBAHHS MapaMeTPiB Ha/I3BH-
YalHUX CHTYyalill TeXHOreHHOTO XapaKTepy Ha Mepexax
BOJONIOCTaYaHHs Meranojicy. KoHuemnis MoaearoBaHHSI
BpPaxOBY€ HasBHICTh CHCTEMATHYHHX BiJ]MOB MiCHKOI iH-
JKEHEpHOI 1HPPaCTPYKTYpH, IO NPU3BOIUTH JO HECTAalli-
OHAPHOCTI TpOILECy, IO PO3rIaeThes. PeanizoBaHo
i1e10 KiacTepu3alil MHOKHHHU JIAHOK MEpEexXi 3a 4acoM
NPOKJIaaHHs, 10 JI03BOJISIE BUKJIIOYMTH 3 PO3IJSILY BH-
3HAYCHHS MiCTa JIOKAIii MOKJIMBOI Ha3BUYAWHOI CUTYya-
il B Mexax MichKoi 3a0y0BH. Y moaajiblioMy mepeada-
YaeThCsl peastizalii J1aHol MoJeli SIK CKJIaJ0BOi TEPHUTO-
piasibHOrO 1HGOPMALIHHOTO MTPOCTOPY MONEPEPKEHHS Ta
JKBigaIii HaA3BUIAHHUX CUTYAIlill TEXHOT€HHOTO Xapak-
TEpy B METaroJIici.
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Method realizing predictive model of technogenic emergency occurrences on water supply networks in metropolis
O. I. Chub, M. V. Novozhylova, R. S. Melezhik
Abstract. The paper is devoted to the constructing a method of realization of simulation model predicting parameters of man-made
emergencies on metropolitan water supply networks (moments of occurrence, place of occurrence, severity level). The method im-
plements the idea of clustering whole set of network links by the time of laying. On this basis, the original two-dimensional simula-
tion model for determining the location of a possible emergency situation is reduced to a set of independent one-dimensional, in the
general case, non-stationary distributions of the moments of an emergency.

Keywords: man-made emergency, simulation model, Poisson distribution, metropolis, water supply networks.
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AHHOTanus. PaccMOTpEeHbI aHATMTHYECKHE BBIPHKEHUS JUISL pacyeTa IPaHHL] o0JacTell HEIOMyCTHMBIX 3HAYCHHH MapamMeTpoB pasHBIX
THIOB. [IpuBeeHbI Tpaduueckie 0ToOpayKeH s 00JacTell pacCCMOTPEHHBIX THIIOB, MOJTYYEHHBIE C MOMOIIBIO Pa3pabOTaHHBIX KOMITHIOTEp-
HbIX mporpamM. ITosydeHsl o0me 0COOCHHOCTH BCEX THIIOB OOJACTEH, MO3BOJISIONINE OIMHAKOBOW IIPOLICTYPOi MPOU3BOAUTH BBIOOD

ONTUMAJIBHOT'O MaHEBpa PACXOXKICHUS.

Knroueewie cnoea: 06e30nacHocms Cy0080HCOEHUSA, PACXOHCOEHUE CYO08, BHeuiHee YNpasieHue NpoyeccoM pacxoxicoeHus, obaacmu

ONACHYIX NApamempos, 6e30nacHoe pacxodicoerue cyoos.

BBenenne. I1HTeHCUBHOE Cy[OXOACTBO M HAaBUIALMOHHBIC
OMACHOCTH 3aTPyJHAIOT IUIaBaHHE CYJIOB B CTECHEHHBIX
BOJIAX U BEIyT K POCTYy PHUCKOB BO3HMKHOBCHHUS UX aBapHi.
W3-3a 3TOTO CTECHEHHBIC pafOHBI IUTABAaHHSA C OCOOEHHO
WHTCHCUBHBIM  JIBIDKCHHEM  OOOPYIYIOTCS — CTaHLMSAMHU
ynpasieHus: aBikeHneM cynoB (CYJIC), xoTopwle ocy-
IIECTBILTIOT KOHTPOJIb TPOLIEcca CYAOBOXKICHHUSA M obecrie-
YUBAIOT €ro Oe30MacHOCTh, MPEMYTIPEXkKIas CTOIKHOBEHHS
OIMACHO COMIMKAIOIMINXCS CYNOB. DTO TpeOyeT pa3paboTKu
COBPEMEHHBIX METOJIOB 0E30IaCHOTO PACXOXKIEHHS OMACHO
COMMKAIOMUXCA CYJIOB MX BHEIIHHM YIPaBICHUEM, YTO
00yCJaBIMBaeT aKTyaJIbHOCTh HCCJICIOBAHHS BHEIIHErO
yIIpaBJICHHUS CyIaMH B CUTYaI[M{ OLIACHOTO COJIMIKEHUSL.

KpaTtkuii 0630p nmyosmkanuii mo teme. B pabore [1]
OTMeueHa HeOOXOANMOCTh (hPOPMAaTU3ALMU B3aUMO/ICHCTBHS
CYZIOB B CHTyallUH OIIACHOTO COJIFDKEHHS M TTOKa3aHO, YTO
OCHOBHBIM CITIOCOOOM OIMCAaHMs B3aMMOACHCTBUS Maphl
OITaCHO COMMIKAIOIIMXCS CyJIOB SIBJIETCS OWHApHAs KOOp-
IUHANWS, KoTopas peammoBaHa B MIITICC-72, mpudem B
JTAHHOH paboTe mpemiokeHa ux popmammsanmsi. B padorax
[2, 3] paccMoTpeHB! BONpOCH OMHAPHOW KOOPAMHAILMU U
Mepa ux 3P HEeKTUBHOCTH.

PaboTs! [4-6] mOCBAIIEHBI BOIPOCY ydeTa UMEIOIIHUXCS B
palioHe TIPEACTOSIIETO PACXOXKICHHUS HABUTAIIMOHHBIX
onacHocteil. [Ipuuem B paborte [4] monydeHa mporeaypa
OLICHKH BO3MOXXHOCTH PACXOXJICHHUS CyJlHa C OTAcHOM Iie-
JBFO TIPH HAJIMYWH HABUTAIMOHHON ormacHocTH. B pabote [5]
(hopManm30BaHbl pazHbIE THITHl HABHTALMOHHBIX OIIACHO-
CTel (ToueyHas, IMHEHHO paclpeleNeHHas U T.I1.) U Tpe.-
JIO’KEHBI TIPOIEAYPHl BbIOOpa Oe301acHOrO MaHeBpa pac-
XOJKJICHUS TS KayK/IOTO THITA HABUTAIMOHHBIX OTAaCHOCTEH.
Amnanuriyeckas Ipoleaypa y4eTa HABUTallMOHHBIX OIACHO-
CTell Tpu IOCTM)KEHHH BO3MOKHOTO TIOBOPOTAa CyJHA Ha
KypcC BBIXOJ]a B CTOPOHY MPOTPAMMHOM TPaeKTOPHH JIBHXKE-
HUS TIpeAsiokeHa B pabote [6]. AHanu3 mpeyIoxKEeHHBIX
MpoLieTyp B YKa3aHHBIX paboTax MOKa3all, 4To MX peasIi3a-
IIUsI B CY/IOBBIX HaBHUTAI[MOHHBIX CHCTEMax MOTpedyeT 3Ha-
YUTETBbHBIX YCWIMHM M 3aTpar ISl alpOKCHMAIdi TPaHHMI]
HAaBUT'ALIIOHHBIX OTMIACHOCTEH.

Cremyer OTMETHUTB, 4TO B paboTe [7] mpemiaractcs HaBU-
TallOHHBIE OMACHOCTH YYHTHIBATH ITyTEM HCIIOIb30BaHHs
9NIEKTPOHHBIX KapT, Ha KOTOPBIX OTOOpaXkaTh IpOIecC pac-
XOXK/eHus. Takol TOaXox SIBJSIETCSl NMEPCHEKTUBHBIM M B
HACTOSIIIEH CTaThe MpeyIaraeTcsi 00CY)KICHUE €T0 UCTIONb-
30BaHMS NIPY IUIABAHUH CYJIOB B CTECHEHHBIX BOJIAX.

B curyarmsax upe3smepHOro CONMKEHHS Cy/IOB MX B3au-
MOJIeHiCTBIE He KoopauHupyetcs: npasmiamu MITTICC-72,
OJTHAKO, JUTA MPEeIyNpeKICHNS X CTOJIKHOBEHHH B paboTte
[8] moapoOHO paccMOTpPEHBI SKCTPEHHBIE CTPATETHUH pPac-
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XOXKJIEHUs1, CTPYKTypa KOTOPBIX 3aBHCHUT HE TOJBKO OT OCO-
OeHHOCTEH CUTYyaIu COMMKEHUsI, HO M OT TIOBEJICHUS LIEIH
B IIPOLIECCE PACXOXK/ICHUS.

B pabote [9] m3maraercsi TeopeTHIecKkoe 0OOCHOBaHHE
ABTOHOMHOM CyZOBOW CHCTEMBI YKJIOHCHHUSI OT CTOJIKHOBE-
uuss CA (Collision avoidance). CoBmecTHO C anropuTMoM
10 YKJIOHEHUIO OT CTOJKHOBEHHS PACCMOTPEHBI JOTIOJIHHU-
tenpHO [IpaBmina yknonerns ot cronkHoBeHmss COLREG. C
y4eToM (haKTOpOB, BIMSIOIIMX HA TPOLECC YKIOHCHUS OT
CTOJIKHOBEHHMSI, pacCMaTpHBAIOTCS TPEOOBaHHSI K aBTOHOM-
HOH HaBuranuu. B paboTe ykasbIBaeTcs, YTO MCCIICIOBAHUS
0 aBTOMATH3allMK YIIPaBJICHHUS CYJHOM MOTYT OBITh Ipe.-
CTaBJICHBI B KJITACCUYECKON WJIM KOMIIBIOTEPHON KaTerOpHsiX.
Kiaccudeckas TeXHMKa OCHOBaHa Ha MareMaTHYEeCKHX MO-
JIeNsIX W anroputMax. [IporpaMMbl OCHOBAaHBI Ha HUCIIOJIB30-
BaHuM  uWckycctBeHHoro umHrtewiekta Al (Artificial
Itelligence). Obnacteio Al 1s1 crcTeM aBTOHOMHOTO YKIIO-
HEHHS OT CTOJIKHOBCHHS, PACCMaTPHUBAEMBIX B CTaThe, SIB-
JISTIOTCSL HBOJIFOLIOHHBIE AITOPUTMBI, JIOTHKa (y33H, SKC-
neptHbie MeToIbl, Heiipocets NN (Neural networks) u kom-
OuHaIMs 3THX MeToJoB — TubpuaHbie cuctemsr (hybrid
system). Ilpu TeopeTHyeckoM HampaBieHHH padoTa HE CO-
JIEP)KUT PEKOMEHIALINIA MIPAKTHYECKOMY CYJIOBOKIICHHIO.

3amaua BBIOOpPa ONTHMAIBHOIO MAaHEBPA PACXOMKICHUS,
Kak oTMeuaercsa B paborax [10-12], sBisieTca o4eHb CIOX-
HOIA, TaKk KakK ITPOLIECC YIIPaBJICHHUs IBHKEHUEM CYIIHA SIBJISI-
€TCsl MHOTOMEPHBIM C HEIMHEHHBIMH M HECTallHOHAPHBIMU
XapaKTepHCTUKAMH, IPHYEM 3a/iada HOCHT MIPOBOH Xapak-
Tep. PaboThI HOCAT TeopeTHIECKHit XapaKTep, paccMaTpHBast
BO3MOXKHOCTH OITHCAaHMs TPOIIECCa PACXOXKACHUS CYIOB B
TepMUHAX AU PepeHIHATHHBIX UTP.

Hean. [enbto HacToOsIIEH CTATHU ABJIACTCS aHAIN3 00JIa-
CTel HEe/ONMyCTHMBIX 3HAYEHWH MapamMeTpoB U BBISBICHUE
o0MIel MpoLeayphl MX TPAQUIECKOro OTOOpaKCHUS IS
BBIOOpA ONITUMAIILHOTO MaHeBpa PacX0XKICHUSL.

Marepuaibl u Metoabl. B paborax [6,13,14] npuseme-
HBI TIpOLeTyphl (OPMHUPOBAHUS 00JACTEll HEIOITyCTHMBIX
3HaUeHUH MapaMeTpoB. B HUX moxa3zaHo, 4TO IpH CBOOO-
HOIl aKBaTOpUM MaHEBPHUPOBAHUS HauOoJiee IPEANOoUYTH-
TEJIbHBIM SIBJISCTCSI MAHEBD PACXOJK/ICHHSI U3MEHEHUEM Kyp-
ca. [Toatomy anst obnacTu QK HE/IOIMYCTUMbIX 3HAYeHUMN

KYPCOB CYZI0B K; M K, YPaBHCHHE IPAHHIbI HMEET CIIe/Ly-
FOIITHI BHI:

K, =y +arcsin{prcin(K; - y)]} 1)
IIE p=\;/V, . Tak Kak napavMerp Y NPUHMMACT JBa 3Ha-

dg

dg %4, to obmacts

YEHMS % _ o arcsin U y.=aq-+arcsin

Qy WMEET JIBE TPAHHIIBL.
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Bo3MoxHOCTH 0€301acHOTO  PACXOXKACHHS COMMKaro-
LIMXCSl CY/IOB BO3PACTAIOT IIPH MCIIONB30BAHHH €IIIe OHOTO
THUINA PACXOKACHHUS, IPH KOTOPOM OJIHO U3 CYJOB M3MEHSIET
KypC, COXpaHsisi HEH3MEHHOU CKOPOCTb, @ BTOPOE CYIHO Ha
MOCTOSIHHOM KypCE€ CHMXKAeT CBOIO CKOPOCTh. B ykazaHHOM
ciTyyae HEOOXOJMMO PaCCMOTPETH 00JIACTh OMACHBIX KYpCOB
OJIHOTO CyJHA W CKOPOCTEH JPYroro cyaHa Q. , HpH CO-

YETaHUU KOTOPBIX JAWUCTAHIINA KpaTqaﬁmero COMMKEHUS
MCHBIIC Hpe)leﬂLHO-ﬂOHyCTHMOﬁ JUCTaHIIUU, T. €. cOmmKe-
HHUC CYOB SBJISICTCA OITACHBIM.

ypaBHeHI/Ie TpaHulbI obmactu QKV’ KaK 3aBHCHMOCTb

CKOPOCTH BTOPOT'O CyJIHAa OT Kypca MepBOro CyjHa, Onpese-
JSIETCSI IBYMSI BBIPXKSHUSIMH (U711 BEpXHEH U HIDKHEH rpa-
HUIT):

1) sin(K, — v
Vz() :Sm(Kl(l)Y ) Vi ] sin[Kl—(a—arcsindEd)]
B sin[K» —(a+arcsin3d)]
o . (2)
v _sin(ky —v7) Vi sin[Kl—(a+arcsin%d)]

2 2
n® sin[K » - (a—arcsingd)]
. d i _,12
rae y(12) _ g Farcsin(=4), ,@.2) _SNKz =y .
D \

B ciyuae oKaabHO-HE3aBUCUMOTO YIIPABJICHHS TIPOLIEC-
COM PacXOXICHHUs BLIOOP MAHEBPa PACXOXKICHUS POH3BO-
JIATCSL OTIEPUPYIONIAM CYIHOM HW3MEHEHHEM IapaMeTpOB
JBIDKEHUS K; M\, TIpU JIONyIIEHHH MOCTOSHCTBA IMapa-

METpOB IBIKEeHUA Ko MV, LenM. Bepaxenue 1 rpaHu-
el 00macTu () 4 HCIOIYCTUMbIX 3HAYCHHUIl MApPaMeTpoB

JBUKXCHUA cy,uHa HpI/IHI/IMaeT BU/:.
Vysin(Ky —1).

1
C y4erom 1ByX 3HaueHMH mapamerpa Y obmacte Q)

K, =y+arcsin

OIr'paHNYUBACTCA ABYMS KPUBBIMU:

Ky :«{*Jrarcsinivzsm(K2 =) 1
Vi
Vosin(Kp —v+) | 3)

K =y +arcsin v
1

PesyabTarsl M UX 00cy:xkaeHue. [IpuHIuN onpeaenenHus
MaHeBpa PAaCXOXKACHUsI CYJIOB C IOMOIIbIO obJacTell Helo-
MYCTUMBIX 3HAUYCHUH MapaMeTpoB TpeOyeT BBIOIHEHHS
CIenMaIbHON MPOIEAYPhl OIIepaTopOM, KOTOPBIH BHIOMpaeT
MaHEBp, COOTBETCTBYIOUIMI TOYKE Ha TpaHMIE OOIaCTH.
ITosToMy ymOMSIHYTBI HPHHIUII MOXKET OBITH peaM30BaH
TOJIBKO KOMITHIOTEPHBIM IPOJYKTOM, KOTOPBIH OTOOpaXkaeT
Ha DKpaHe MOHMTOpa rpaduyecKoe N300pa’keHHe COOTBET-
CTBYIOIIEH 00JIACTH U COAEPKUT MPOIIEAYPY BbIOOpa MPOM3-
BOJIBHOM TOYKH 00JIacTH.

B cBsi3u ¢ 3THM U1 KaXKI0r0 THIA 00JIACTH HEZOIYCTH-
MbIX 3HAUEHHH MapaMeTpoB ObUIM pa3pabOTaHbl KOMIIBIO-
TEepHBIE TIPOrpaMMmel, (hopMHpYIOIIHEe rpadrdeckoe 0Todpa-
xeHue obmactd. [ 3TOro B CHCTEME KOOPJHMHAT, OCSMHU
KOTOPOH SIBIISFOTCS TapaMeTphl 00JacTH, IPOrpaMMoin
HAHOCHUTCSI TPaHHUIA 00JIACTH.

[puBenem rpaduueckie 0TOOpaXKEHUsI paHee PaccMOT-
PEHHBIX o0J1acTeil HeIOMyCTUMBIX 3HAYEHHUH ITapaMeTpoB.

Ha puc.l mokazaHa o0yacTb HEIOIMYCTHMBIX 3HAUYCHUH
KypcoB cysioB (2 , TPaHHIIbI KOTOPOH paccuuTaHbl € MO-

MolLbIo BbIpaskeHus (1).
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Puc.1. O6acTb onacHBIX 3HaUCHUI KypCcOB Q CYOBTIPH V; <V,

O6nactb Q. ,, ONACHBIX MAPAMETPOB ABIKCHHS Cy 0B, pac-

cunTaHHas o Gopmynam (2), mpeacTaBieHa Ha puc. 2.
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Puc. 2. O6macts () Ky OTACHEIX ITAPAMETPOB JBIKCHIS CY/I0B

C moMoIpio BEIpaXkeHHH (3) paccuutana rpaHuna oda-
CTH HEJIOMYCTUMBIX I1apaMETPOB JBIKCHUS Cy/HA (), KO-

TOpast ToKa3aHa Ha puc. 3.

Ka
10
340
310
280
250
220
1490
160

130 I R

100 - —

40 rd
L]

340
b}
280
260
220 | CBAFEKEHWE CHO08 ONACHOE

190 W1
0 2 4 B B 10 12 14 16 18 20 22 24 26 28 30 32 34 3

Dmin=0.11

Puc. 3. O6nactb HeAOMYyCTUMBIX [TapaMETPOB ABMKEHHS CyAHA () d

Jns nonmyuenus rpaduyueckoro otodpaxkeHHs: oOyacTei
HEJIOIYCTUMBIX 3HAUeHHH TapaMeTpoB, KaK CIIEAyeT U3 Tpex
TIPUBEJICHHBIX 00JIacTel, BBIBOIUTCS CETKA C KOOPMHATHBI-
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MH OCSIMH COOTBETCTBYIOIIHNX TTAPAMETPOB, HA KOTOPYIO IPO-
TpaMMOW HAHOCHUTCS TPaHHUIIa COOTBETCTBYIOIIEH 00IaCTH.

OO0mMMH 0COOEHHOCTIMHM BCEX THUITOB O0JIACTEH SIBIISIOT-
cs cnemyromnye. Bo-TiepBbIX, €Cli TOYKa ¢ KOOpAWHATAMH
MIApaMeTPOB PACXOKICHUS HAXOMUTCSI BHYTPH OOJACTH, TO
JIUCTAHIMS KPAaTYaIero CONMMKEHUS MEHBIIE JOITYCTUMON
JUCTAHIMU COJMKCHUS M CYIECTBYET OMACHOCTh CTOJKHO-
BeHus. [Iyi1 ©€30MacHOTO PacXOXKICHHUS CIEIyeT BhIOpATh
MaHEBp, MapaMeTPbl KOTOPOTO COOTBETCTBYIOT TOYKE, HAXO-
JISIIICHCST BHE 001aCTH HEJIOITY CTHMBIX 3HAUCHUH TApaMeTPOB.

Bo-BTOpBIX, ONTHMAITBHBIM SIBIISICTCS MAHEBP, KOTOPBIiA
6e30macHbIN 1 TpeOyeT MUHUMAJIBHBIX YKIOHEHHH CYJJ0B OT
MPOTPaMMHBIX TapameTpoB. s 3TOro MOIDKHBI BBINOI-
HSTHCS /IBA YCIIOBUS:
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- TOYKA C MapamMeTpaMy MaHEeBpa PaCcXOXICHUS JOJDKHA
HaXOJUTHCS Ha TPaHHUIlE 00JIACTH;

- paccTosHHEe OT TOYKHM C TapaMeTpamMH MaHeBpa pac-
XOXKIICHHS 10 TOYKH ¢ HAYTLHBIMH MapaMeTpaMu JTOJDKHO
OBITH MUHUMAJILHBIM.

BobiBoabI

1. PaccMOTpEHBI aHATMTUYECKHE BBIPAXKCHUS IS pacye-
Ta TpaHMI] 00JIACTeH HEOMYCTUMBIX 3HAYCHUN MapaMeTpoOB
Pa3HBIX THIIOB.

2. IlpuBeneHsl rpadudeckue OTOOpakeHHs objacTel
PACCMOTPEHHBIX THIIOB, TOJYYCHHBIC C MOMOIIBIO Pa3pado-
TAHHBIX KOMITBIOTEPHBIX TIPOTPAMM.

3. [omyuenst oOme 0COOSHHOCTH BCEX THIIOB 00JIACTEH,
TO3BOJISIIOLINE OJIMHAKOBOM IPOLIEAYpON NPOU3BOAUTH BbI-
00p ONITIMAJIFHOTO MaHEBPA PACXOXKICHHS.
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Choice of optimum maneuver of divergence by the regions of impermissible values of parameters

M. A. Kulakov, M. V. Korh

Analytical expressions for the calculation of scopes of regions of impermissible values of parameters of different types are considered. The
graphic reflections of regions of the considered types are resulted, got by the developed computer programs. The general features of all types
of regions are got, allowing by identical procedure to produce the choice of optimum maneuver of divergence.

Keywords: safety of navigation, divergence of vessels, external control of process of divergence, region of dangerous parameters, safe di-

vergence of vessels.
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AmnoTamnis. Po6oTta npucesdeHa MoNIyKy IUIAXIB IMiJBHUIIEHHS €()eKTUBHOCTI JBOBAILHOTO JIONATEBOTO 3MillyBada. 3MIlIyBaHHS Ma-
Tepialy € BOXXJIMBUM i HEBiJ]'€MHHM €TaIlOM IIPAKTUIHO B KOXKHOMY IIPOMHCIOBOMY BHPOOHHITBI i [IpiopHTeTHHM HalpsIMKOM TeX-
HIYHOTO IIPOTrpecy B IPOMHUCIOBOCTI € BJOCKOHAJICHHS TEXHOJIOTIYHMX MPOIECiB, 3aMiHa MOPAIBHO 1 (hi3UUHO 3acTapioro obiam-
HaHHS. {71 aHami3y eheKTHBHOCTI ICHYIOUMX KOHCTPYKIIIH JIONATEeBOTo 3MilllyBada IpeCTaBIeH] pe3yIbTaTH JOCIIKEHHS IOTOKIB
4acTOK Marepiaiy B po0OoUiii 30Hi amapara, siki JOCipKyBalkcs HULIXoM MozentoBanHs npoiecy B CAE-kommiekci. B crarTi npuse-
JICHUH aNTOPUTM PO3paxyHKY IIOTOKY YacTOK B porpaMmHoMy komiuiekci EDEM, po3po6ieno po3paxyHKOBHiA Ta aHATITHYHUHN aHAaTIi3
e(eKTHBHOCTI TepeMilllyBaHHs TPbOX BUIIB 3MiuryBauiB. J{is miABUIICHHS e()EeKTUBHOCTI ABOBAJIBLHOTO 3MilllyBaya 3alporiOHOBaHO
3MIHUTH KOHCTPYKIIiIO JlonarTei Ta iX KyT BCTaHOBJICHHS. J{oCHiKeHHS TOKa3ajHy, 0 IBOBAJIBHUI 3MilllyBad 3 JIOMATAMH IiJ KyTOM
45° mMae HalOLTBITY epeKTHBHICTH EpEMIITyBaHHS, sika CTAaHOBHUTH 91,7 %.
Knrwuosi cnosa: Jlonameesuil smiutysay, KOHCMpPYKyis, epekmusHicmy, yacmutnka, mooentoéants, EDEM.

IousiTTs mpouecy 3MmimyBaHHsl. B cydacHux ramyssx
MIPOMHCIIOBOCTI IUPOKO MOIIMPEHE BHUPOOHUITBO CyMi-
LIEH CUITyYuX MOPOLIKONOAIOHUX MaTepianiB, HAPUKIIAJ,
B XiMiuHi#, (hapmManeBTHYHIM, OyAiBeNbHIH, Xap4oBiii, Ma-
muHOOYMiBHIM Ta iHmMUX ramy3sx. [Ipomec mepemimry-
BaHHS (3MIITyBaHHS) BITHOCHTHCS A0 MEXaHIYHUX IMPOIIe-
CiB XIMIYHOI TEXHOJOTII, IMBUIKICTh SKUX BHU3HAYAETHCS
3akoHam#u (i3uKku TBepAuX Tin [1].

MeToro mporiecy NepeMilllyBaHHs € OTPUMAHHS MaKCH-
MAaJIBHO OJHOPITHOI CyMili TBOX a0o OibIe KOMIIOHCH-
TiB. OJJHaK OTPUMaHHS CyMillleii CHITyYHX MaTepiajiB 3 BU-
COKOI0 OJTHOPIIHICTIO PO3IOAITY KOMIIOHEHTIB € TEXHOJIO-
TYHO Ay’KEe CKJIAJAHUM 3aBIaHHAM. Y poOoTi [2] Buaineni
OCHOBHI MPOOJIEMH, 1[0 BUHUKAIOTH MPHU 3MIlllyBaHHi, ce-
pen AKX BUAEHA Mpobiema cerperaifii KOMIIOHCHTIB
[IpY 3MIIITyBaHHI, sSIKa MPU3BOIUTH 10 PO3IIAPYBAHHSI KOM-
MTOHEHTIB 1 HE J03BOJISIE OTPUMATH TOBHICTIO OJHOPITHY
CyMIIll B IPUHIUTI. BiJOMO JOCHTE BEIHKE YHCIO JOCTi-
JUKEHb 3 BUSIBIICHHSI MEXaHI3MIB cerperailii, aje i BILJIUB
Ha KIHETHKY 3MIITyBaHHS BUBUYECHO HabaraTto MeHIIE.

OmHak BiJl OMHOPITHOCTI OJEPKYBaHUX CyMimei 0e3-
MOCEePEIHBO 3aJIeKATh CIIOXKHUBYI BIIACTUBOCTI BUPOOJICHUX
3 HUX BUpOOiB. Harpukias, HepiBHOMIpHHHN PO3MOILN iHT-
pelieHTIB B JIIKAPCHKUX TaOJIeTKaM B KPallOMYy BHUIAIKY
BeJIe /10 3HWKEHHS JIIKyBaJIbHOTO e(eKTy, a HepiBHOMIp-
HHUH PO3IMO/iJ KOMIIOHEHTIB Oy IiBENIbHOT CyMIllli 3HIKYE
MIIHICTh BUTOTOBJICHOTO 3 HEl BUPOOY.

3MillyBaHHS YMOBHO CKJIQIAETHCS 3 TPHOX eJIeMeHTap-
Hux npoiiecis [3]:

KOHBEKTHUBHE 3MIIlIyBaHHS - I€¢ MEPEeMIill[CHHS
TPYyIH CyMIKHUX YACTHHOK 3 OJTHOT'O 00’ €MY MiCIIsl CyMiITi
B iHIIIE;

mu¢ysiiiHe 3MIITyBaHHS - 1I€ MOCTYIOBE IepeMi-
IIEHHS] YaCTHHOK Pi3HUX KOMITOHEHTIB 4epe3 HOBOYTBO-
peHi Mexi ixX po3miny;
3MIIIyBaHHS 3CYBOM - IIPU SKOMY CyMIKHI Iapu
YaCTHHOK PYXalOThCS BITHOCHO OJWH OJHOTO.

Judysiline 3MinTyBaHHs BiIOyBa€eThCS B 3HAYHIN Mipi B
6apabaHHMX 1 BiOpamiHUX 3MilryBadax. Y MepIIOMYy BH-
NaJIKy MpH HassBHOCTI IIOBEPXHI pO3/Iily YacTKa MOJXe Tie-
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peMimarucs B Oyb-sIKOMY HanpsMKy IpH 3iTKHEHHI 3 iH-
mow. Y IpyroMy BHIAIKy Maca HaOyBae BIACTHUBOCTEH
TICEBJIOPIMHY, 1 B 1Iapi CTBOPIOIOTHCS YMOBU JUISl BiJlb-
HOT'O MEPEMIILCHHS YaCTUHOK.

KoHBekTHBHE 3MillIyBaHHS BiOyBa€ThCsA B TOPH30HTA-
JIbHUX JIOTIATEBUX 1 BEPTUKAIBHMX ITHEKOBUX 3MilllyBadax
[2, 3]. lIBuAKicTh 3MillIyBaHHS 3aJI€XKHUTh B/l 4aCTOTH 00e-
PTaHHS POTOpA i IHTEHCHBHOCTI 0OMiHY 9aCTOK.

MexaHi3M 3MilTyBaHHS 3CYBOM XapaKTE€pHHUH IS TIPO-
THUTOYHMX CTPIYKOBHX 3MiIlyBadiB, 10 MalOTh 30BHIIIHIO
1 BHYTPILIHIO CITipalli 1 NepeMilLyIoTh MPOAYKT B IIPOTHUIIE-
JKHUX HaIpsMKax.

VY 3MinryBayax B MpoIECi CyMIiIIOyTBOPEHHS OJIHOYa-
CHO OepyTb y4yacTh BCi TpU MeXaHi3My 3MillyBaHH: B Oi-
JIBINIH 94X MeHIi# Mipi. BHacmigok po306ikHOCTI (hi3uKo-
MEXaHIYHUX BJIACTUBOCTEH KOMIIOHEHTIB 3MIIIlyBaHHS CH-
IyYUX KOMIIOHEHTIB CYIPOBOKYETHCS MPOTHIICKHUM
MPOLIECOM - Cerperaiiiero rotoBoi cymiii [2, 3].

Cerperarisi — 1€ 30CepePKCHHSI YaCTUHOK, 110 MalOTh
Onu3BKi po3MipH, GopMy i Macy B pi3HHX MICISX 3MiITy-
BayYa I JI€F0 CHJT TSOKIHHSA (TPaBiTaIllifHAX CHI).

3akiH4EHHS MPOLIECy 3MIIIYBaHHS CJIiJ] BCTAHOBJIIOBATH
B TOM MOMEHT, KOJI SIBHIIIE Cerperarii 1e He novaio 1o-
MITHO TPOSIBIISITUCS.

VY 3aranbHOMY BHNAJKY IPOIEC 3MILIyBaHHS € 3MiHA
KOHIEHTpaIlil Oy/b-SKOr0 KOMIIOHEHTa y 4aci B po0ouiit
Kamepi 3minryBaua (puc. 1).

JList 3MinTyBaviB MepioANTHOT Aii B 3aralbHOMY BUTIISIII
MOJKHa MOKa3aTH HasBHICTh TPHOX OCHOBHHUX 30H HAa KpH-
BiHi, 1110 XapaKTepHU3ye Npoliec, 3BaHOT KPUBOi 3MILTyBaHHS
[3].

SIKIIO po3aiINTH 32 4acoM 3MiLIyBaHHS Ha TPHU IHTEp-
BaJM, TO B IIEPUIOMY II€peBa)ka€ KOHBEKTHUBHE 3MiIly-
BaHHS, y Ipyromy — nudys3iiiHe, B TpETbOMY — Cerperartis.
IIpudyoMy MOXe HACTyIUTH TaKuUi CTaH, IPU SAKOMY Je-
AKAH Yac cerperaiis mepeBakaTUMe, i CyMIIl 4acTKOBO
3HOBY PO3CHILIEThCS. [Ipy MPOJOBKEHHI MPOIIECY 3HOBY
MOXYTb MEPEBAXKHUTH SBHUILA 3MILITyBaHHSI.

Iepmri nBa mporiecu COPHAIOTH PIBHOMIPHOMY pPO3IO-
Iy 4acTOK B CyMillli, OCTaHHIA MEPENIKOKAE LBOMY.
ToMmy nONIBHO 3aKiHYEHHs IPOLECY BCTAHOBIIOBATH B

O. Kutniashenko, A. Toporov, P. Tretiakov, O. Aleksieieva, .
©| Kutniashenko, O. Kostina, V. Borovlev 2020


Quintus
Typewritten text
O. Kutniashenko, A. Toporov, P. Tretiakov, O. Aleksieieva, I. 
Kutniashenko, O. Kostina, V. Borovlev 2020


TOW MOMEHT, KOJIH SIBHIIEC CErperariii e He M04ajio moMi-
THO TPOSIBJIATUCS, TOOTO HEOOXiTHO 3aKiHYYBaTH IMPOIIEC

Odropidaicme, %

Science and Education a New Dimension. Natural and Technical Sciences, VII1(27), Issue: 224, 2020 Feb.  www.seanewdim.com

B KiHIIi APYTOr0 iHTEpBaTy 3MIlIyBaHHS.
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Pucynoxk 1 — Kpusa 3MimryBanHs. 1 — KOHBEeKTHBHE 3MIlTyBaHHS; 2 — qudy3iliHe 3MINIyBaHHS; 3 - cerperaris

OcHOBHI MpUHIMIHK 3MilIyBaHHA i THOH 3MilIyBa-
4iB. IcHye 0arato KOHCTPYKTHBHHX pealizamiil 3MilryBa-
YiB CHIIKUX MaTepialliB, OTHUM i3 HaWOLIBII PO3IIOBCIO-
JUKeHUX € norateBi. Jlomaresi 3MinryBadi BiTHOCSATHCS 10
YHiBepCaJIbHUX 3MIITyBaIbHIX MAIIHH. Y HUX MOXKHA 3Mi-
LIyBaTH SK 3BOJIOYKECHI MaTepiaiy i MacTH, TaK i CyXi CH-
my4i Marepiaii. BUroTOBISIFOTHCSI BOHU 3 OTHUM a00 B 0i-
JIBIIOCTI BUMAAKIB 3 JBOMAa BajlaMH, Ha SIKMX 3MOHTOBaHI
3MIlIyBaJIbHI €IEMEHTH. Y JIONaTeBHX 3MilllyBayax Jyis
3MIIIyBaHHS i OCHOBOTO MEPEMILIICHHS CHITyYUX MaTepia-
JB CIy)XKaTh JIONATKH, CHipaji, NepepuBYacTi BUTKH
mrHeka abo TBHHTOBI CTPIUKH, 3aKpilUICHI Ha 0qHOMY a0o
JBOX MapaJe/IbHAX BaJlax, MPOIYIICHUX Yepe3 KOPITYC 3Mi-
uryBava [3, 4]. IlepeTHH KOpIycy [UX 3MillIyBadiB MOXeE
MaTtH OJHY 3 HACTYHHUX (HOPM: LIMITIHIAPUYIHY, KOPUTOIIO-
IiOHY, OBAJIBHY.

Jlomaresi 3MirryBadi € 3MilryBadamu Oe3rmepepBHOI il
3 IPUMYCOBHUM MEPEMILIlyBaHHSIM, BIAPI3HIIOTHCS MIPOCTO-
TOI0 KOHCTPYKIUIT, BEIMKUH MPOIYKTUBHICTIO 1 JIETKICTIO
obOciyroByBanus. Hemosiku JiomaTteBUX 3MilllyBadiB: HE
3a0e3neuyeThCsl peTeIbHE 3MilllyBaHHS KOMIIOHEHTIB 1 JIO-
nari 3MillyBaya BraHstOTh MOBITPS B 3MIIIYIOTh Macy, 10
Horipiye ii MIacTUYHICTS.

JlBoBaubHi JionaTeBi 3MirryBaui (puc. 2) mpu MeHIii
JIOBKUHI Kparie 3MIIIyITh MaTepiaid, HiXK OJHOBAJBHI.
Bonn OyBaroTh 3 OJHAKOBUM 1 Pi3HAM YHCIOM 0OOPOTIiB
JIOTIATEBHX BaNiB, MPSIMOTOYHI 1 IPOTHTOYHI, IS TIepeMi-
ITyBaHHS CYXHX 1 3BOJIOKCHUX MaTepialiB, 3 BOISIHUM 1 Ta-
POBHM 3BOJIOXKEHHSM [3, 4].
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Pucynok 2 — KinemaTnyHa cxema JIBOBaJIBHOTO JIOTIATEBOTO
3MilTyBada

1 - enexTpoaBUryH; 2 - KIMHOIIACOBA Nepeaaya; 3 - peaykrop; 4
- Mmy¢Ta; 5 - 3ybuacra nepenaya; 6 - miIMUNHKUK; 7 — JOMAaTEBUi
NPHBIIHUIA Bas; 8 — JOMaTeBHii TOJIOBHUI Bai;, 9 — KOpIyc
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Koprryc 3mimryBaga 3MOHTOBaHHIA B paMi, SIKa € HECY-
YO0 KOHCTPYKIIEIO BCHOTO 3MilllyBada. Pama Kpimutbcs
HEpYyXOMO Ha (QyHZaMeHTi npu MoHTaxi. Ha koprryci 3wmi-
nryBava nependadceHi pedpa ;KOpCTKOCTI, IO BUKITIOYAI0Th
BiOparito mpu poOoTi. YcepeanHi KOpIrycy BCTaHOBIICHO
JIOTIATCBHI MPHUBIIHU 1 TOJIOBHUN BaJK HA MiANIUITHUKAX
KOUEHHSI, sIKi B CBOIO Uepry BCTAHOBJICHI Ha oropax (LiBe-
nepax). Bamy 3 3akpimieHUMH Ha HUX JIONIATSIMH, € TOJIOB-
HUMHU pOoOOYMMH OpraHaMH 3MilllyBaya i CIyKaTh JJist 0e3-
MePEePBHOTO 3MilllyBaHHsI KOMIOHEHTIB [3-5]. J{yst 3pyuHo-
CTiI CKJIAaJaHHs BaJdyd BHUKOHAHI 3HIMHUMHM 1 BCTaHOBIIIO-
IOTHCS B 310paHOMY BUIIISII.

JlomaTeBuii IPUBIAHAI BaJl MIOB'I3aHUI 3 TOJIOBHUM Ba-
JIOM IWITIHAPWUYHUMH LIECTEPHAMH, 3aHYPEHHMH B Mac-
nsHy BanHy. OOepTOBi YacTWHH 3MilIyBadya MalOTh OTO-
poxXy ains 3abe3nedeHHs Oe3neku podiTHrKaM. Bamm, obe-
PTalOYHCh HA3yCTPi4 OJUH OJHOMY B IIIIIMITHUKAX, B3a€-
MOJIIOTh 31 3MIIyBaHMM MarepiajoMm 1 3MilIyoTh HOro.
[HTEHCHMBHO MeEPEeMIlIYIOUHCh, CYMIlll NPOCYBAEThCS Y3-
JIOBK 3MilllyBaya J0 PO3BaHTaXyBalbHOI BOPOHKH [2, 4].
Jlnst BBEIeHHS! PIZIKMX KOMIIOHEHTIB B KPUIII[ 3MilllyBaya
nepenbaueHi GOPCYHKH PO3NMUITIOBAIBHI, SKI 3a0e3meuy-
I0Th CBO€YACHE 3BOJIOXKCHHSI Martepiany [2, 3].

Y nBOBaJbHOMY 3MIlTyBadi Bajld MOXYTh 00epTaTHCS
Ha3yCTpid OJMH OZHOMY abo0 B oiHY cTopoHy. Ilepeminry-
1041 JIEMEHTH, 110 3aKPIIUIIOIOTECS Ha Basax, K MPaBHIIO,
OIHOTHITHI (200 JOmaTKu, ad0 cTpiuky 4 iH.). OHAK € dye-
PB'STYHO-JTIONIATEB] 3MIlIyBadi, y SKUX MEPEMIIIyIOUi elle-
MEHTH YepryIOThCS: HANPHUKIIAM, JIONATKA YepPryrThCS 3
BUTKaMH IHEeKa. HanpsiMOK TBUHTOBHX JIiHIH, 332 SKUMH
MOHTYIOTb [EPEMILIYIOUi €JIEMEHTH, B IBOBAILHHUX 3MiLITy-
Bayax Moxe OyTH OJHAaKOBUM a0o pizHuUM. B ocTaHHROMY
BUIIaIKy OJIMH 3 BaJiB NOBUHEH MaTH 3HAYHO OLIbLIY Tpa-
HCIIOPTYIOUY 3/1aTHICTh 3 THUM, 1100 3a0e3MednuTH Mpoxo-
JDKEHHS 3MIIIyBaHOTO MaTepially y3/OBX 3MillyBada Bix
MicCIIsl 3aBaHTaKEHHS JI0 Micllsl BUBAaHTa)XEHHs. 3MilTyBad,
B 3QJIC)KHOCTI B/l XapaKTEPUCTHKH 1IbOTO TPHCTPOIO MOXKeE
aKyMYJIFOBAaTH 3HaUHY Macy Marepiaiy, 1o 3abe3nedye 0i-
JBIIMH Yac Horo nepeOyBaHHS B 3MilllyBadi, a Iie, y CBOIO
4yepry, NpU3BOAMTH JI0 BUCOKOI SIKOCTI 3MillyBaHHs 1 ede-
KTHBHOMY NPHUIYIICHHIO MyJIbCalliif TT0Aa4i KOMIOHEHTIB.

Meta apociaigKeHHsl — IiIBUIICHHS €()EeKTUBHOCTI Ta
Mpane3aTHOCTI 3MillyBada € AaKTyalbHOIO TEMOIO Yy



3B 513Ky 31 3HAUHUMHM BUTpAaTaMM Ha IpPOLEC MepeMimry-
BaHHSI, PEMOHT O0JIaZIHAHHS Ta BUTPAaTaMH 4acy Ha poBe-
JICHHS TTPOIIECY TIepEeMilllyBaHHS.

O06’€KT TOCTiMKEHHS — TCXHOJIOTIYHI MPOLIECH B JIBO-
BaJILHOMY 3MilllyBayi, JUIsl 3MIIIyBaHHS TUCIIEPCHUX Mac.

MeToau 10CTiAZKeHHS] — MAaTEMaTHIHE MOJIEIIIOBAHHS
poOOTH MBOBANBHOTO 3MilllyBada, HA OCHOBI MOJEIIO-
BaHHS NPOLECY TIEPEMIITyBaHHS 3 BUKOPHCTaHHAM Cydac-
Hux CAE — cuctem.

BuxigHUMHN JaHUMH AT PO3PAaXyHKY € IPOIYKTHB-
HicTh 3MimryBada V = 20 T/rog,.

MopaenaroBanns npouecy 3mimysannsi y EDEM. Jlns
PO3paxyHKy Ipolecy 3MIlIyBaHHsS 3aBAaEMO NapaMeTpu
JIMCKpEeTHOTO Marepiany. J[ins mporo y nepeBi HpPOEKTY
CTBOPIOEMO HOBHWH MaTepiaj 3 XapaKTepUCTUKaMU IMpea-
craBieHuMu Ha puc. 4.17....4.23. Ilix yac po3paxyHKy
Oyze BUKOPHUCTOBYBATHUCS /IBa JiaMeTpH MaTepiamy 55 Mmm
ta 30 MM. Jlani mpuBeneHO MOCIiZOBHICTE BBOIY IIOKA3HU-
KiB 1 pO3paxyHOK BJIIACTHBOCTEH YaCTHHOK IS JiaMeTpa
55 MM (puc. 3).
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Pucynok 3 — 3aBaaHHs giaMeTpy 55 MM U1 4aCTHHKH Matepi-
any (EDEM)

[Tpu po3paxyHKy BIACTUBOCTEH YaCTHHOK Marepiaiy 3
niameTpoM 55 MM B nporpami EDEM 3agaemo HactynHi
napamerpu: y BikHi «Calculate properties based on:» o6u-
paemo «Spheres» ta «Automatically Center Particlex», gami
B moni «New Particle 1 Properties» ooupaemo «Auto Cal-
culationy.

Pamaemo o0'eMHi BiacTHBOCTI Matepiamy. Y BikHI
«Material 1 Properties» juis 4acTHHOK jgiaMeTpoM 55 MM
3aJla€MO HACTYIHI 3HaveHHs: Poisson’s Ratio (v): 0,2;
Solids Density (p): 1850 kg/m?; Shear Modulus (G): 2e+07
Pa; Coefficient of Restitution: 0,2; Coefficient of Static

Time: 10.06 s
Velocity (m/s)
6.46¢7000

5.16e+000
3.87e+000
2.58¢+000
1.29¢+000 3

L
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a) time: 10,06 s;
Pucynok 4 — Pyx qactok y 3minryBadi KOHCTpyKuii: 2 jomaTti mix kyrom 45° (EDEM)
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Friction: 0,5; Coefficient of Rolling Friction: 0,01. [lyist ya-
CTHHOK jiaMeTpoM 30 MM BUKOHYEThCS aHAJIOTIYHA MOCTi-
JIOBHICTB OTIeparliil.

Jani 3a1aeM0 XapaKkTepUCTHKH MaTepiaiy oOaaHaHHs,
B skoMmy Oyne BimOyBatucs mpomec. Y BiKHI
«EquipMaterial 1 Properties» 3amaemo HacTymHi 3Ha-
genns: Poisson’s Ratio (v): 0,3; Solids Density (p): 7800
kg/m3; Shear Modulus (G): 7e+08 Pa; Coefficient of Res-
titution: 0,5; Coefficient of Static Friction: 0,5; Coefficient
of Rolling Friction: 0,01.

3a IOmOMOTH IMIOPTY IONAEMO TEOMETPHUYHY MOJEIh
JIBOBAJILHOTO 3MirryBaua [5-6]. [liist msoro B mepeBi Moeni
HeoOXxinHO obpatu [eomerpis (Geometry) HaTHCHYTH
ITKM rta ubpatu Imnopt ['eomerpii (Import Geometry).
icns 3agaemo kinemaruky (Add Kinematic) ta obupaemo
JUTsL KOXKHOTO Baty JiHiliHe obepranns (Linear Rotation) 3
HEeoOXiTHMME TapameTpaMu - BikHi «Specification» 3ana-
emo Start Time: 2 s; Initial Velocity: 65 rpm; y momi «AXis
of Rotation» wa Bici X (End): 3amaemo 4500 mm; y momi
«Point of Actiony na Bici Z: 3agaemo 475 mm.

[Micns BuOOpPY ycix mapaMeTpiB HACTYIHHM KPOKOM €
nonasauns ¢paxropis (Add Factory) mis kokHOro MaTepi-
any, ne y Bikui «Particle Generationy» BkasyeTbcs KiJIbKiCTh
marepiany (Total Number: 1000; Target Number (per sec-
ond): 3000); Bubip uacy (Start Time: 1e - 12 s); nouaTkoBa
HIBHAKICTH MaTepiany (y moui Parameters/Material Velos-
ity: fixed) ta inur mapamerpu.

[To 3akiHYEHHI CTBOpEHHsS MOJET CHUMYJILii HeoOXi-
JHO mepeiit y posain Cumynstop (Simulator) Ta 3amatu
nmapaMeTpH, sKi HeoOXimHI Oe3MOCepeHbO IS PO3paxy-
HKY (y BikHi «Simulator Settings» nmotpeioHO 06paTu Time
Integration: Eiler; Fixed Time Step: 20%; Total Time: 130
s; Target Save interval: 0,01 s; Cell Size: 2,5 R min; Num-
ber of CPU Cores: 12). Jlani naruckaemo 3amyck Cumyisi-
mii (Start Simulating).

ITo 3aBepuieHHIO cuMyIALii HaM Oyze, Ipo 1ie MOBifo-
muteHo y mosigmomiieni Cumyisiist 3asepinena (Simulated
Complete). ITicist bOro MEPEXOaUMO y PO3ALT AHaI3y-
BaHHs «Analyst» ta Gymyemo rpadiku Mo OTpEMaHUM Ja-
HHM.

IIpotsirom 130 ¢ Oyyi0 IPOBEICHO CUMYJISIIIO, I[HOTO
BHCTA4YMIIO, 201 MMOOAYHTH MICI, SKi TOTPEOYIOTh y TI0a-
JIBLIIOMY BIOCKOHAJICHHS KOHCTPYKIII.

V nawniit nparni nposoamtocs 3 po3paxyHku: 1) 3 iomnari
mig kytoM 45°; 2) 3 nomari mig kyrom 90°; 3) 2 nonari mix
KyToM 45°. Ha pucyHKy 4 MpencTaBIeHO PyX 9acTOK Ma-
Tepiay y 3MilryBadi 3 2 JOMATsIMH i KyToM 45° sk Hall-
OLIBLI [TOKA30BHH.

Time: 1305
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0) time: 130 s



Ha pucynkax 5-7 mpencrasieni rpadiku, Ha SKHX 30-
OpakeHi 3aJIe)KHOCTI TpaHyJI BiJI IBUIKOCTI, KITLKOCTI Ta
iHIIIe, TIPH 3MiHI KyTiB JIomaTiB Ta iX KigbkocTi. Taki pe-
3yJBTaTH JAIOTh 3MOTY YCBIIOMHTH, IIIO0 KyT Ta KiNbKICTh
JIOTIATIB Y TBOBAJIFHOMY 3MIITyBadi Tpa€ BEIHUKY POJIb, TaK
SIK BOHH BHKOHYIOTH OZpa3y IBi poIli — IepeMilTyBaHHSI
Marepiany Ta Horo nepeMilieHHs y30BX KOPIYCYy /10 BH-
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BaHTaXXyBaJIbHOT BOPOHKH. TakoX HEOOXiHO BPaxoBY-
BaTH MIBUJKICTh OOCpTaHHS BATIB Ta Yac IMepeMilTyBaHHs,
abW YHUKHYTH Cerperamii i OTpMMAaTh SKICHY CYMIII.
[pencrapneni pe3ynsTaTy rpadikiB st 3MinryBada 3 2 J10-
TIATSIMH T KyToM 45° sIK HalO1TBII TTOKAa30BOTO.

Ha rpadiky (puc. 5) mokaszano, mo HaiOibIoIa Kinb-
KicTh yacTok Mae mBuakicts 0,00 — 0,2980 m/c.

Number of Particles - Velocity

e T

Vieboasy (5]

PucyHok 5 — Po3mois 4acToK 1o mBHAKOCTI y 3MilryBadi 3 2 jonatsmMu mmig Kyrom 45° (EDEM)

Velocity - Time

abocity (o
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Pucynok 6 —3anexHicTh cepeHbpOT NIBUAKOCTI Bifl 4acy y 3MilryBadi 3 2 nomatsMu mix kytom 45° (EDEM)

Number of Particles - Time
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PucyHok 7 — 3anexHiCTh KiTbKOCTI MaTepiany Bix dacy y 3milnyBadi 3 2 gonatsmu mig kytom 45° (EDEM)

Ha rpadiky (puc. 7) mpoaeMOHCTPOBAHO, IO KUIBKICTh
YaCTHHOK 3 4acoM He Ha craj i 3 KOXKHOI CEeKYHJIOK iX

Tab6auus 1 — ITopiBHSIHHSA KOHCTPYKILil 3MinTyBadiB

KUIBKICTh 3MEHIITYEThCS.
[MopiBHSHHS 3MillTyBaviB MpUBEIEeMO B Ta0mMIi 1.

HaiimenyBaHHS 3MimTyBada Yac nepeminryBaHHs, ¢ OpnopimHicTs (%) EdexruBHicTs nepemimysanss (%)
3wmimryBad 3 3 gonarsamMu, mia KyTom 45°; 125 78 82,1
3mimryBad 3 3 nonarsiMu, mijx kyrom 90° 130 62 72,4
3mimryBad 3 2 JonaTsIMu, TiJ KyToM 45° 112 89 91,7
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3a tabmmunero 1 moOymyemo rpadik HOPiBHSIHHS XapaKTepHc-
THK 3MinryBauis (puc. 8).

BucHoBkH. Buxoznsuu 3 yCcbOro BUILE3a3HAYEHOTO, Pa-
[iOHAJTBHUM € BUKOPHCTaHHS 3MilTyBada 3 2 JIOTATSIMH,
BCTaHOBJICHUMH TIiJ] KyTOM 45°, Tak sIK 3MillIlyBaHHS MaTe-
piaity BigOyBa€eThCs MIBUIKO Ta SKICHO, alie iCHy€ 3acTiiiHa
30Ha, i MOXKJIMBO MO30YTUCS 3MIHUBIIN KOHCTPYKIIIO KO-
poba 3minryBaya. Bona npucyTHs 4epes Te 110, JIONaTi He
JICTAIOTh 710 KOpo0a i uepe3 e Maike He Ma€ KOHTaKTy 3
MaTepiaioM.

3a momomororo CAD—cucremun KOMITAC-3D po3po6-
nero ¢ismuny 3D mopmens nmBoBampHOTO 3MimlryBada. B
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CAE-xommuiexkci EDEM mpoBeneHo po3paxyHOK IOTOKIB
CyMIilIlli Ta MOJICJIIOBaHHS IPOLIECY NepEeMillyBaHHs, 110 Bi-
JN0YBaETHCS B 3MIlTyBaYi.

Jlis minBumieHHS e()eKTUBHOCTI JTBOBAJIBHOTO 3MIIIly-
Baya 3aIpOIIOHOBAHO 3MIHUTH KOHCTPYKIIiIO JIoTaTeH Ta X
KYT BCTaHOBJEHH:. Po3po06iieHo po3paxyHKOBHI Ta aHAMi-
TUYHAN aHaTi3 ePEeKTHBHOCTI MEpEeMIIIyBaHHI TPbOX BHU-
IiB 3MinTyBadiB. JlocimKeHHS MOKa3aiH, M0 3MilTyBad 3
JIBOMa JIONATSMHU, i KyToM 45° Mae HaOinbmny edexTu-
BHICTb TE€pEMIIlyBaHHS, sIKa CTaHOBUTH 91,7 %.

917

89
2R P 78
1 112 130
0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140

3MminryBay 3 2 JIONATSIMH, MiJ KyToM 45°
¥ 3minTyBad 3 3 JIOTaTsIMH, i KyToM 45°;

3minryBay 3 3 onatsMu, mig kyrom 90°

Pucynok 8 — [TopiBHSIHHS XapaKTePUCTHK 3MilIIyBadiB
1 — yac nepeminryBaHHs; 2 — OXHOPIAHICTB; 3 — e()EKTHBHICTH NEPEMIlTyBaHHS

JITEPATYPA

1. Kagapos B.B. CucremHBIil aHaIM3 IPOLECCOB XUMHYECKOH
TexHosoruu. IIporecchl M3MeNbUYeHNsT U CMEIINBAHHUS CHIITY-
gux marepuanos / B.B. Kagapos, .H. opoxos, C.}O. Ap-
yTIoHOB. — M.: Hayka, 1985. — 440 c.

2. Bridgwater J. Mixing of particles and powders: Where next? /
J. Bridgwater//Particuology. — 2010. — Vol. 8. — p. 563-567.

3. Kacarkun A.I". OcHOBHEIE IPOLIECCHI U allapaThl XHMHYIECKOI
texnonorun. / A.I'. Kacatkun - M.: Xumus, 1971. - 784c.

4. Maxapos 0. 1. Anmaparts! 1U1s CMEIIeHHs CHITYYUX MaTepua-
10B. — M.: MammHoctpoenue. — 1973. -216 c.

5. Bornanos B.C. Pa3pa6orka SCADA-cucTeMsl AjIs yIpaBie-
HUS IIaHeTapHBIM cMmecuteneM / bormanos B.C., CemepauH
A.H., Aauudepor C.U., Konecuuk B.A.//Bectauk BI'TY nm.
B.I". llyxoBa. — 2016. - Ne 1. — 292 c.

6. Manukos, P.®. [IpakTHKkyM IO ANCKPETHO-COOBITHITHOMY MO-
JIETUPOBAHUIO CIIOKHBIX cucteM / P.d. Manmukos. — Yda: Uzn-
Bo BI'TIY, 2017. - 273 c.

REFERENCES

1. Kafarov V.V. System analysis of chemical technology
processes. The processes of grinding and mixing bulk
materials / VV.V. Kafarov, I.N. Dorokhov, S.Yu. Harutyunov. -
M.: Nauka, 1985.-- 440 p.

2. Bridgwater J. Mixing of particles and powders: Where next? /
J. Bridgwater//Particuology. - 2010.-- Vol. 8. - p. 563-567.

3. Kasatkin A.G. Basic processes and apparatuses of chemical
technology. / A.G. Kasatkin - M.: Chemistry, 1971. - 784s.

4. Makarov Yu. I. Devices for mixing bulk materials. - M.:
Mechanical Engineering. - 1973. -216 p.

5. Bogdanov V.S. Development of a SCADA-system for
controlling a planetary mixer / Bogdanov V.S., Semernin A.N.,
Antsiferov S.1., Kolesnik V.A.//Bulletin of BSTU named after
V.G. Shukhov. - 2016. - No. 1. - 292 c.

6. Malikov, R.F. Workshop on discrete-event modeling of
complex systems / R.F. Malikov. - Ufa: Publishing House of
BSPU, 2017.-- 273 p.

Analysis of the efficiency of a two-shaft paddle mixer for bulk raw materials using CAE systems
O. Kutniashenko, A. Toporov, P. Tretiakov, O. Aleksieieva, |. Kutniashenko, O. Kostina, V. Borovlev
Abstract. The work is devoted to finding ways to improve the efficiency of a two-shaft paddle mixer. Mixing material is an important
and integral step in almost every industrial production and the priority of technological progress in the industry is the improvement of
technological processes, replacement of morally and physically outdated equipment. To analyze the efficiency of designs of existing
paddle mixer presents the results of the flow of material particles study of in the working area of the apparatus, which were investigated
by modeling the process in the CAE-complex. The algorithm of particle flow calculation in the EDEM software complex is presented
in the article, the calculation and analytical analysis of mixing efficiency of three types of mixers is developed. To improve the
efficiency of the two-shaft mixer it is proposed to change the design of the blades and their angle of installation. Studies have shown
that a two-shaft mixer with blades at an angle of 45 ° has the highest mixing efficiency, which is 91.7%.

Keywords: Paddle mixer, design, efficiency, particle, simulation, EDEM.
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AnHoTauus. [IpuBenensr obume TpeGoBaHMUS (OPMUPOBAHKS 3arpy3KH KOHTEHHEPOBO3a C y4ETOM YCIIOBHI oOecreueHus] MOPEXOIHOM
0€30I1acHOCTH 1 CHJT HHEpIMH Kadky. PaccMoTpeH mprMep pelica cylHa ¢ 3arpy3Koi U pasrpy3Koi mapTtuii koHTeitHepoB. [lokazana mpo-
nexypa GopMHUpOBaHHS ONTUMAIHLHON 3arpy3KH CyZAHA, UCIOJIB3YIOMAs MUHAMAJIFHOE KOJIMYeCTBO Oayuiacta. BeimeneHs! crienpanbHbIe
ornepanuy (GopMHUPOBAHHE 3arpy3KH KOHTEIHEPOBO3a, K KOTOPBIM OTHOCSTCS OIpE/ieIeHNe TIOCTOSTHHON COCTaBIISIOIIEH 3arpy3KH, AOMOI-
HEHHE pa3MelleHus], Hacie[0BaHUe, KOT/Ia OJJHA 3arpy3Ka BKIIIOUaeT B ce0sl BTOPYIO, M 3aMelleHNE COCTABILIIONIHX 3arpy3KH.

Knrouegwie cnosa: mopexooras 6e30nacHocmsv, 3a2py3Ku CyOHd, KOHMEUHEPOBO3bl.

Beenenue. B ciryuae raHupoBaHusl 3aTpy3KH KOHTEHHEPO-
BO3a C TOCIEAYIOLIEH pa3rpy3Koil B HECKOJIBKUX MOPTax MpU
Pa3MeIeHNH Ipy3a HEOOXOIMMO YUUTBIBATH POTALMIO MOP-
TOB BBITPY3KH I OOecriedeHHsi CBOOOJHOIO J0CTyna K
HEOOXOUMBIM TapTHsIM rpy3a. Takxke ClieqyeT yIUThIBaTh,
YTO HPOMEKYTOUHBIE COCTOSHMS 3arpy3KH Cy/[Ha Ha mepe-
XO[aX MEXTy CMEXHBIMH NOPTAMH Pa3TPy3KH JOJDKHBI OT-
BeYaTh TPEOOBAHMAM MOPEXOIHOCTH CyHA ¥ BO3HUKAIOIIINE
CHJIBI HHEPLIMN HE TIPEBOCXOUTD JIOIyCTHMBIX TIPEIEIIOB.

Bormpocs! obecrieueHms: MOPEXOIHOH 0€30IacHOCTH Cy-
JIOB SIBJIAIOTCS aKTyaJbHBIMH U UM IOCBSAIIEHBI MHOTHE pa-
0OTBI COBPEMEHHBIX HCCIIeIoBaTENCH.

Kpatkuii 0030p nyosukxammii mo teme. Crioco6 obec-
nevyeHus IaBydecTn aBapuitHoro cyina tumna RO-RO u
MIApOMOB, MPeyCMaTPUBAIOIINM HCIIOIB30BaHUE 3aKPBITHIX
€MKOCTeH, YCTaHOBJIEHHBIX MO OopTamM W Toj maty0oii
BJIOJIb ¥ TOTIEPEK CyIHA PAaCCMOTpPeH B maTeHTe [1], a B pa-
oote [2] npennararoTcss MeTO pacdera IUarpaMMbl Harpy-
30K M aHaJIN3a MOCTIEA0BATENBHOTO PA3pyIICHHUS IPH 3a/1aH-
HBIX Ha4daIbHBIX Ae(OPMANMIX W OCTATOYHBIX HAPSHKEHHU-
SIX.

JetanbHOE paccMOTpEeHHE BOIIPOCOB 0OECTIEUEHNUSI MOpe-
XOJIHOW 0e30I1aCHOCTH CYyJIOB MPOM3BENeHO B padote [3], B
YacTH WX TOCAJKH, OCTOHYMBOCTH M OOIIEH MpeaenbHOM
MPOYHOCTH, a B pabote [4] mccnenoBaHa KOppeIIMOHHAS
3aBHCHMOCTh MEXIy (OpMOW Kopmyca CyJHa WU €ro Jua-
rpaMMOM cTatuueckoi ocroiunsoctu. IIpuyeM uccienosa-
Ha 3a/ia4a cuHTe3a (GopMbI KOpITyca, OTBEUaloIast 3aIlaHHOM
BENIMYMHE METAICHTPUUYECKOH BBICOTHI M TPUBEICHA arl-
MIPOKCHMHUPOBaHHas (opMysa pacuyera MeTalleHTPHIECKON
BBICOTHI.

HccnenoBanne Mozmenu OOpPTOBOIM KaukW HAaKaTHBIX CY-
JIOB C ypaBHOBEIIMBAIOIIMM PACIIONIOKEHUEM ITTOMEIICHNH
TpH 3aTOIUICHHUH MX YacTH NPHBEACHO B pabote [5], a MmeTox
ydeTra 0COOEHHOCTEH 3arpy3Ku reHepabHbIX IPY30B U BbI-
60p ee ONTUMAITEHOTO BapHaHTa MPETIOKEHBI B paboTe [6].

Kak ykasbiBaeTCst B cTathe [7], METOIBI pacyeToB 3amaca
HAJISKHOCTH CyJIOBBIX KOHCTPYKIIMIA OBUTH pa3paboTaHsl HA
0a3e CTaTHCTUYECKOTO MaTepuala, MPEACTaBISHHOTO MHO-
TOJISTHIM OIIBITOM OJKCIUTyaTaIlid CYAOB B ApKTHYECKHX
paiioHax, a OOIIMM TNPUHIMIIAM ONTHMH3ALUH TPY30BBIX
orepanyii HaBaJIOYHBIX CYIOB HOCBsILIEeHa padoTa [8].

Omycanue YKCIEHHBIX METOJIOB OLEHKH NPOYHOCTH U
BUOpaliy cyaHa IpHBeJeHO B padote [9] u mokazaHo, 4To
METO/I KOHEUHBIX 3JIEMEHTOB sBIIsieTcsl HamOonee 3(pdek-
THUBHBIM.

Lenpro cTaThy SBJIAETCS ONMMCAHWE CIocoba ITaHupOBa-
HUS 3arpy3KH KOHTEHHEPOBO3a MPH MPOBEICHUH TPY30BBIX
oriepanyii B HECKOJIBKHX TTOpTax.

71

Marepuajsl 1 MeToabl. [Iporeayps! pa3menieHus KoH-
TeHHEPOB N0 OesiM U sIpycaM I'py30BOrO HOMEIIEHHS C yyue-
TOM TpeOOBaHMI TIO MOPEXOJHOW OE30MACHOCTH CyIHA
MpeIIoxKeHsl B cTaThe [10], mpuueM MpuBeAeHbI aHAJUTH-
YecKHe BBIpOKEHHS I (JOPMUPOBAHMS JIOIyCTUMOTO Ba-
puaHTa 3arpy3ku cygHa. B pabore paccMoTpeHa CHTyarus,
KOT/Ia TIpHeM CYIHOM Tpy3a IPOU3BOIUTCS B TIEPBOM TOPTY,
a €ro BBITPy3Ka MPEIYyCMOTPEHa YacCTSIMH B HECKOJBKHX
TIOCIIE/IOBATENFHBIX TTOPTaX. YKa3bIBACTCS HA COTOBBIA THII
TPY30BOTO TOMEIICHUE, a SUeiiKa COTHI SBISCTCS MOTCHIIH-
albHBIM KOHTEMHEPHbIM MECTOM. B CBs3M ¢ 3TUM rpy30BOE
noMeleHre  opManuzyercsi TPEeXMEpPHOM — MaTpHLeH,
CTOJIOLIBI KOTOPOI XapaKTepH3yIOT PACIOJIOKEHHE SUEeK B
IPy30BOM TIOMEIIEHUH IO AJHMHE CyJAHA, CTPOKU - IO €ro
LIUPUHE, a APYCHI - 110 BBICOTE.

Kaxk paHee oTMedanock, CTpyKTypa TpIOMa XapaKTepHu3y-
eTCsl YNOPSHAOYCHHBIMH  SYCHKAMH B TPEXMEPHOM IIPO-
CTpaHCTBE, IPHYEM pa3Mephl sTYCHKH paBHBI pazMepaM KOH-
Teitnepa AX, AY n AZ, a uncno 6eHTOB paBHO a, YHCIIO

SIPYCOB - C U YUCIIO KOHTEHHEPOB B sipyce - b. Popmanusa-
LUs1 CTPYKTYPBI IIPEACTABIICHA TPEXMEPHON MaTpULIEH, 3J1e-
MCHTaMH KOTOpOﬁ ABJIAOTCA KOOPAWHATBI TCOMETPUICCKO-

ro uentpastieek Xj, Yju Zy (i=1.a j=1.b, k=1.c).

Kak cnemyer u3 puc. 1, ¢ yueTom pa3mMepoB KOHTEHHEpa
CIIPaBEUIMBHI CIICIYIOIINE BBIPAKCHUS:

%Ay! Zy =2y +
C y4eroM Toro, 94TO0 on—gAx' Yoz_gAy uZ,=0:

2k -1

xi=X0+%Ax' Yi=Yo+ AZ-

2i-1 a 2j-1 b
- Oy =Dy -z
5 2) Y= —)Ay 2

— :EAz.
2

(

Xj

z

\
~
~ |
h |

~
~
,,,,,,, £ —

Puc. 1. Crcrema KOOpIMHAT TPY30BOTO MOMEILICHUS
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3arpy>1<aeMLIe KOHTCHUHCPLI ¢ MacCaMiu mi ik H€O6XOHI/I-

MO pacrpeaenuTh o sueiikam, T. €. 3arpy3Kka Hoapa3yMeBa-
€T JOMNOJHEHHE KaXIOrO0 3JEMEHTa MATpUIbl CKaJISpHOH
BEIMYHMHOM, paBHOM BeCy KOHTeHHepa. B aToM ciydae kax-
JIBIA 3NIEMEHT MAaTpHIBl XapaKTepHU3yeTCs KOOPIHHATAMH

Xi, Yj» Zk meecom gMijjy .

Ipupamenns CTaTMYECKHX MOMEHTOB AM, , AMy H
AM , , KOTOpbIE BO3HMKAIOT B pe3y/bTaTe IpHEMa IPy3a,
3aBHCAT OT KOODIMHAT Xj, Yj, Zk M BECOB gmijk cneny-

IOIIMM 00pa3oM:
a b c

. a b c .
AMy =222 2 9MijkXi "AMy = > > > gmijkyi '
i=1j=1k=1 i=1j=1k=1
a b c
AMZ = ZZ ngijkzi )

i=1j=1k=1
Cy‘IeTOM PpaHee NOJTYUCHHBIX BLIpa)KeHHfI JUISL Xi y y] uz K .

a b ¢ 2i—1 a .
AMy =3 > >.gm ijk(—2 —E)AX'
i=1j=1k=1
a b c 2i—1 b .
AMy =3>7>" > gm ijk(—Jz — Ay’ @
i—1j—1k—1
a b ¢ 2k —1 .
AMz =22 > > gm ijk(T)AZ
i—1j—1k—1

Jlnst obecrieueHUsT MOPEXOIHON OE30MacHOCTH TIPHpAIIle-
HHS CTATHYECKUX MOMEHTOB AM, , AM, H AM,

JOJDKHBI YAOBJICTBOPATH CIICAYHOIINM Tpe6OBaHI/IHMZ
AMy =AMg; AMy =0; AM; =AMy,

e AMy ¥ AMy, - MOMEHTBI, KOTOPBIE 00ECTICYMBAIOT

Tpebyemble 3HaueHUs D (HepeHTa, OCTONIUBOCTH U 00IIeH
MPOJOJIbHOM MPOYHOCTH CYHA.

B ypaBrenusx (1) BakaHTHBIC Macchl B MaTpHIIE 3arpys3-
KM HEOOXOJMMO 3aMECTHTh Maccamu m; ik KOHTEHHEPOB

3arpy’kaeMoro MHOXKECTBa TaKuM 00pa3oM, 9TOOBI pa3HHUIA
MEXy MpaBOW M JIEBOM YaCTSAMM KaXKJIOTO W3 ypaBHEHHUU
ObLIa MUHUMAJTbHA.

Pe3yabTaTsl M X 00cyxIeHue. VcciaemyeM ItaHUpPO-
BaHME 3arpy3KU KOHTEMHEPOBO3a B CUTyallUy, KOIJa IIpUeM
I'py3a U €ro BbI'PY3Ka IPOU3BOJITCS B HECKOJIBKUX MOPTAX.
Ja mpuMepa paccMOTpUM peiic cyiHa, B KOTOPOM OHO 3a-
XOAMT B YETHIPE MOPTa, MPUYEM B IIEPBOM M BTOPOM HOPTaX
CYJHO MPUHUMAET I'Py3 ISl BEITPY3KU B TPETHEM U YETBEP-
TOM IOPTAax, a MOCJE BHITPY3KU B TPETHEM MOPTY MPUHHMA-
€T ellle MapTUIO Ipy3a Ui YETBEPTOro MOPTa, KaK MMOKAa3aHO

Ha puc. 1.
nopT

i
A,

wit, w, wd

Puc. 1. Cxema npuema 1 ciauu rpysa B TedeHue peiica
B nepsom mopty 3arpyska cynxa L xapakrepusyercs

3
Wy

rpy3a MJid 4€TBEPTOro IopTa Wf , CYJAOBBIMHU 3allaCaMu

NIPHEMOM TTapTHH TPy3a JUIsl TPETHErO IopTa U mapTHei

W1 » OayutacToM Wbl U UX pasMCUICHUEM qi- HOSTOMy
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dopMansHO 3arpysKy cyaHa B mepBoM mopry L 1 MOXKHO
3aImMcaTh CIIEAYIOIIAM 00pa3oM:
3 .,,4
I—]_ :{\N]_ ‘Wi, Wp1, Wz1,0d1}

[ocne 3aBepiueHNs IPy30BbIX OllEpalyii B IEPBOM HOPTY
3arpyska |, JOJDKHA OOECIEeYHTh AOIyCTHMOE MOPEXOl-

HOE COCTOAHUE Py e Mngs > TAE Mn ¢

0e30MacCHBIX MOPEXOMHBIX COCTOSIHHI, W 3HAYCHUE CHII
WHEPUUH KadK{ ij B JOMyCTHMBIX IIpefieNiax, T. e.

- MHOECTBO

Fj
THH Tpy3a Wg’ JUISL TPETBETO NIOPTA U MApTUH TPy3a Wf

k1 < Fjq - BO BTOPOM mopTy Mpom3Bo/TCS MpHeM nap-

JUISL 4ETBEPTOro MOpTa. 3arpyska CyIHa BO BTOPOM IOPTY
L, TaKe XapaKTEepu3yeTCs Cy[NOBBIMH 3amacaMu P, ,

GamnactoMm Py, W pa3MENMIEHHEM TPy3a, Oaacta u 3ama-
COB (), . O0O3HaUMM Yepe3 \A/; HapTHIO Ipy3a, K KOTOPOH

nMeeTcsl CBOOOTHBIN IOCTYH UL BEITPY3KH. Y UHUTHIBAs, YTO
B TPEThEM IOPTY MPETyCMATPHBACTCSl BBITPYy3Ka MapTHH

pysa w2 M w3, TO 3arpysKky cyaHa BO BTOPOM HOPTY
Lo moxno Gopmanmzosars Tak:
73 A w3
Lo ={W Wi, W5, W3, Wp3, Wz2,02}
obecrienBas CBOOOHBIN JOCTYT K BBITPY’KAEMbIM TIapTH-
siM. Pasmernienne rpysa, Gauiacta W 3amacoB ¢, AOIDKHO

YIIOBJICTBOPHUTH TPSOOBAHKSIM MOPEXOHOW OE30MACHOCTH U
J0IMYyCTUMOCTH CUJI UHEPIIUU HA KAYKE:

Pp2 € Mng¢: Fjko <Fjg-

B Tpetsem mopTy mocie BBITPY3KH MPUHUMAETCS MapTHS
rpy3a W;;1r JUIs 4eTBepToro mopta. Ilostomy 3arpyska cyn-
Ha B TPETHEM IOPTY |_ 5

La ={Wi', W5, W5 Wp3, Wz3,d3}-

Pasmemenue rpysa, 6awiacta u 3anacoB (3 dopmupy-
eTcsl TakuM 00pa3oM, 4TOObI OBUIM YOBJIETBOPEHBI YCIIO-
B Pp3 € Mngt , Fjps < Fig-

Taxum 06pa3oM, kaxgas U3 3arpy30K cyaHa Lg nomxHa

OTBeYaTh TPeOOBAHUIO CBOOOHOTO JIOCTYIA K TPy3y, KOTO-
PBIil IOJKEH BBITPYXKAThCS B CIICAYIOIIEM MOPTY, a pa3Me-

LIeHNe Ipy3a, Oa/utacta U 3anacoB (g obecrmeunBaTh MOpe-
XOHYIO 0€30IaCHOCTh Ppg € Mg H JOIMYCTHMOCTH CHJI
MHEPIMH Ha Kauke Fj o < Fjy, Ha IPEICTOSIIEM Nepexozie.
OOGpariaeM BHHUMaHHE, 4TO pa3MellIeHUe Ipy3a, Oayuiacra u
3amacoB (g MOXET MMETh IOCTOSHHYIO M IEPEMEHHYIO
coctapysironiye. Tak B paccMaTpUBacMOM Cllydae TOCTOSH-
Hasl COCTABIIIIOLIAs JUISI BCEX TPEX 3arpy30K OIpeessieTcs
. 4 =
naptueit rpyza Wy, koTopyto 0603HauuM (], a ocTabHbIe

YaCTU KaXXA0ro U3 TCH30pPOB ABJIAKOTCA NEPEMEHHBIMHU CO-
CTaBJIAOIIUMMU. H03TOMy TNIEPEMCHHBIC COCTaBJIAIOLINE 3a-

TPY30K qs 1Qq = qf - OT MAPTUH TPy3a w3 ;
3
Wi
83 = q% U q$ -ormapruii rpysa w3 1 w3
CrnenoBaTenbHO, pa3MelieHue Tpysa, Oaiacta W 3aracoB
: A = : < DT I
Os a1 =0uG=quUQ} 02 =qUly =0Ua; UG5 Udy»

Q3 =qulz=guq3ua3:

3 3 4 _ 7 3 4 .
q; w3 Q3 - OT mapTHii rpysa YW H W5

eP)
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AHaJTH3UPYs TIONMyYeHHbBIC BRIPAKCHNS, IE/IAM BBIBOX O JISIOIIMX 3arpy3kd. IIpi (pOPMHUPOBAHMH PasMEIICHHS ()
TOM, 4TO (hOPMHPOBAHNE 3arPy3KH KOHTCHHEPOBO3a CIICAYET  peromp3oBaHa omnepanysi JONOJHEHUS OCTOSHHOM COCTaB-
HaUMHATh M3 ONIPE/ICTICHNS TIOCTOHHON COCTABISIONCH §  jgomeid, pasmelenne q, MOTYIEHO HACICTOBAHHEM Pa3-

Pa3sMCIICHU TIApTUH IPY3a 2 , BBITPY3KAa KOTOPOU TIPEAY-  wrereHust (1 ¥ JOIOIHEHMEM EPEMEHHBIX COCTABIAIONINX,

CMAaTpMBAETCA NOCIEHEN B 4eTBEPTOM NopTy. Crnexyromeid 4 JUISt PA3MEILIEHHs! , MCTIONB30BaHA OTIEPALINS 3aMeLleHH

MIPOU3BOANTCS 3arpy3Kka MapTUu W13 , pa3MeleHre KOTopoi B pasMeImeHmH
Y

JIOJDKHO 00eCIIeYnTh CBOOOIHBIN JOCTYI K HEH IS BEITPY3-
KU B TPEThEM TOPTY, MIOATOMY pa3MellieHne Ipy3a, damiacra
H 3a11acoB (| MOJyYHM, JOTIONHASA IOCTOSHHYIO COCTaBIIA-

Crioco6 GopMHIpoBaHUS pa3MEIIeHHs 3arpy3KH CBsI3aH C
0aITacTUPOBKOW CyAHA [UIS OOECTIeueHns] TPeOOBaHMA MO-
pexonHo# Ge3onacHocTH. IIpu 3TOM pasMmelieHue 3arpy3ku

10IIyi0 (| TMepeMEHHON COCTABIAOMEH G 13 €O CBOOOIHBIM  (hOPMHUPYETCS C YCIOBUEM IPHEMa MUHHUMAIBHOTO KOJIUde-
cTBa OayuiacTta, ¥ OHO JIOJDKEH YJIOBJIETBOPSTH TPEOOBaHUAM
MOpEXO/IHOW O€30MacHOCTH M JAOITYCTUMOCTH CHIJI MHEPLUH
Ha Kayke, 4To (POpMajbHO MOXKHO BBIPA3HTh CIICAYIOILIUM

JIOCTYTIOM B TpeTheM mopTy. [losToMy mapTHio KoHTeiiHEpoB
w? CIIENyeT Pa3MEeCTHTb B OT/IEIbHBIX TPY30BBIX MOMeIle-

HUSIX, JIMOO TOBEPX MAPTHH 4 . oGpazom:

[Ipu 3arpyske Bo BTOpPOM MOPTY €€ pa3MEIIEHHE (|, Lg ={UWs , Whs, Wys.as¥}
BKJIIOYAET B ce0s pasMELIEHHE (1 C JONOJHEHMEM COCTaB-  W,o —> min  Pobs = Mnge Fjs < Fig:
JISTFOTIIX 'qg pa3MEeICHUsSI TapTUH Wg’ €O CBOOOIHBIM BoiBoabI

1. IlpuBenensr obmme TpeOOBaHUS (OPMHUPOBAHUS 3a-
TPY3KH KOHTEHHEpOBO3a C YYETOM YCJIOBHH OOecCTIeueHHs
g, =01 VY ag o q§ . MopexonHoﬁ 0E30IMaCHOCTH U CHIT WHEPIINM Ka4KH.

2. Paccmotpen mpumep peiica cyaHa ¢ 3arpy3Koil U pas-
rpy3Koii mapTuii kKoHTeiHepoB. [lokaszana mporeaypa hop-
3aMEII[AIOTCS COCTABISIONICH %, @ pasMeIICHHE 3arPy3KH MHPOBaHUS ONTHMAIBHON 3arpy3KH Cy/HA, HCHOJIB3YIOIIAs
MHHHMaJIbHOE KOJIMYECTBO OauiacTa.

3. BelmeneHsl clienUaIbHBIC ONMEpaiu (OPMHUPOBAHHUE
HETBEPTOM MOPTY, T- €. g3 = qF w q3 g3 3arpy3Kd KOHTEHHEPOBO3a, K KOTOPHIM OTHOCSITCS OTpEIe-

Taxum obpazom, 171 GOPMHUPOBAHUS PA3MEILECHUS TPY3a,  JIEHUE TOCTOSHHOM COCTaBJISIOLIEH 3arpy3KH, JOIOJHEHHE
OaniacTa M 3armacoB 3arpys3Kd CyJHa UCTIONB3YIOTCS CHEdy-  pasMeLIeHus, Hacile0BaHKe, KOTla OHa 3arpy3Ka BKIIKOYa-
IOLIKE OTIEPALIUH: ONPENIEIEHHE TIOCTOSHHON COCTABIIAIONIEH  eT B ce0si BTOPYIO, M 3aMEILEHUE COCTABIIONINX 3arPy3KH.
(], HomOHEHHE PA3MEILCHNUs, HACIICI0BAHHE, KOTa OJHA

AOCTYIOM M \y4 Pa3MELICHHS IAPTHH .,z . ClIe10BATEIBHO,
B TpeTbeM TOpTy COCTaBIISIONIME 3arPy3KH g 13 u ‘qg

(3 orpaxaeT pa3MelleHHe NMapTHil Ipy3a i BBITPY3KH B

3arpys3ka BKJIIOYaeT B ce0sl BTOPYIO, M 3aMEIICHHE COCTAB-
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Planning of loading of containership in the case of conducting of cargo operations in a few ports
M. N. Tsymbal
The common requirements of forming of loading of containership taking into account the terms of providing of nautical safety and forces of
inertia of tossing are resulted. The example of voyage of ship with the loading and unloading of parties of containers is considered. Procedure
of forming of optimum loading of ship is shown, using the least of ballast. The special operations are selected forming of loading of contain-
ership, to which behave determination of permanent making loading, addition of placing, inheritance, when one loading includes the another,
and substitution of constituents of loading.

Keywords: nautical safety, loading of ship, containership.

73



Science and Education a New Dimension. Natural and Technical Sciences, VII1(27), Issue: 224, 2020 Feb.  www.seanewdim.com

YucieHHBIH MeTo/1 BLIOOPAa MAHEBPOB PACXO0KIEHHUSA C HECKOJbLKHUMH CyIaMH

A. A. Barymenko, JI. JI. BarymeHko

HaLIPIOHaJ'IBHLIﬁ YHUBEPCUTET <<OﬂeCCKa${ MOpCKas akaiIcMus», praI/IHa
Corresponding author. E-mail: leonvagu@mail.ru

Paper received 24.01.20; Accepted for publication 11.02.20.

https://doi.org/10.31174/SEND-NT2020-224V11127-19

Annortanus. [Ipearaercs 4ucieHHbIH c1oco0 OnpeeNeH s ONTHMAIBHOTO TI0 ITOTepe XOA0BOTO BpeMEeHH KOMOMHUPOBAHHOTO Z-
MaHeBpa PacX0oXkJIEHUs C IOMOIIbI0 MeToza mepebopa ¢ yuerom MIIIICC-72, HaBUTaIMOHHBIX OTPAaHWYEHHH, IPYTHX CYIOB U IH-
HaMUKH coOcTBeHHOTO cyaHa. [IpuBeneHa mpouexypa HOIydeHHs UarpaMM, OTOOpakeHHe KOTOPBIX 00IerdaeT oneparopy KOppek-
LIUIO NPEICTABIIIEMOT0 KOMIIBIOTEPOM ONTHMAIBHOTO BapHaHTa MaHeBpa. D(P(HEeKTHBHOCTh METOa MOATBEP)KACHA HaXOXKICHUEM C
€r0 MOMOIIL[BI0 MAHEBPOB PACXOXKICHUS B PA3INYHBIX CUTYaI[HAX.

Knrouesvie cnoea: npedynpesicoerue cmoikHO8eHUll, KOMOUHUPOBAHHbIL Z-MaHesp, Memoo nepedopa, MHOMCECME0 OONYCIMUMbIX

eapuanmos, aicopumm nouckd.

BBegenne. YpoBeHb aBapuUHHOCTU CYyAOB OT CTOJIKHOBE-
HUU JOBOJIBHO BBICOKHMH, HECMOTps Ha IPUHUMAcMble
Mepsbl. 13 Takux Mep MoxxHO Ha3Bath BBeneHue MIITICC-
72, HaAIMOHANBHBIX TPEOOBAaHHHA K MPEIYTPESIKICHUIO
CTOJIKHOBEHUH, OCHAIIEHUE CYA0B MOIIHBIMH HHTErpPH-
POBAHHBIMM MOCTHKOBBIMU CHCTEMAaMH, YCTaHOBJICHUE
CHCTEM pa3ZeeHHs ABWKEHHS, 000pyJOBaHNE MTOJXO00B
KO BCEM KPYIHBIM IOPTaM U TPAH3HTHBIX PailOHOB WH-
TEHCUBHOI'O CYJOXOJCTBA CHUCTEMaMU YIIPABIICHUS [IBU-
skeHueM, pazsurue E-Hasuranuu u psn apyrux. Ho, tem
He MeHee, NpoOieMa NpeayNpekAeHHUs CTOJKHOBEHHH
CyZOB OcCTaercsi OTKphITOH. IIpuumH 1u1d 3TOro MHOrO:
CJIO’KHBIE TIOTOJHBIE M HAaBUTALMOHHBIE YCIOBHSA, OOJIb-
11asi MHEPIHOHHOCTh CYJIOB, HEOJIarompusTHOE BIMSHHE
Ha UX YIPaBIIEMOCTh Pa3INYHbIX (PaKTOPOB, MHTECHCHB-
HBII TpauK, CyOBEKTUBHOCTh OLCHKH CHUTYallUd W MpH-
HATH pemeHuil. [103ToMy Ha COBpeMEHHOM 3Tare paspa-
00TKa METO/0B, MOBHIMIAIOMNX 3()(HEeKTHBHOCTH TpoIiec-
COB PacXOXKACHUS CyI0B B MOPE, SIBIISIETCS aKTyalbHOM.
Kpartkuii 0630p mydankanuii mo teme. /s obecre-
YeHUs: 0e30MacHOTO PACXOXKJICHUS MPEIJIOKEHO MHOTO
aJITOPUTMOB, OCHOBOI MAJISl IOJIy4EHHs KOTOPBIX CTald
pa3HbIE METOJIbl: MATEMaTUYECKON CTaTUCTUKHU, CUTYallU-
OHHOI'O YIIPaBJICHHUS, JIMHEHHOIO M HEJIMHEHWHOIO IIPO-
IrPaMMUPOBAHUs, TEOPUU UTP, ONTUMANBbHBIX JUCKPETHBIX
MPOLECCOB, HEIMHEWHOW HMHTETpalbHONM WHBapUAHTHO-
CTH, MCKYCCTBEHHOTO WHTEIIEKTa, IUHAMHYECKHX N-
YOPaBIIEMBIX CUCTEM, MHOTO areHTHBIX CUCTEM, U JIpy-

rue. O030p OONBIIMHCTBA M3 3THX aJTOPUTMOB Ipe-
craBiieH B crathe [1]. Ha coBpeMeHHOM 3Tarme OCHOBHBIC
pa3paboTKu II0 paccMaTpuBacMOMY HANpaBICHHIO I10-
CBSLICHBI aHTH KOJUTM3MOHHBIM METOJaM Ul CHCTEM H3-
6eranns cronkaoBermii (CAS - Collision Avoidance
System) aBTOHOMHBIX CYIOB M pacIpelesICHHBIM ajro-
pUTMaM I TaK Ha3bIBaeMBIX «Mmany-to-many» curya-
LU, B KOTOPBIX CyAa MOTYT OOMCHHBATHCS HaMepeHHs-
MU, HCHOJB3YsI KOMMYHHKAIHOHHYIO CHCTEMY TaKyl0 Kak
AIS. Teoperrueckiue OCHOBBI aBTOHOMHOI'O MPEIOTBpa-
LICHHS CTOJKHOBEHHI OcCBemlieHbl B pabore [2]. B Heit
00CYXIal0TCsI KaK KIaCCHYECKUEe METOMBI, 0a3upyromiue-
Csl Ha MaTeMaTH4ECKUX MOJIENAX, TaK U CIIOCOOBI, OCHO-
BaHHbIE Ha MCKYCCTBEHHOM WHTe/uiekTe. [Ipouemyps
TOJTyYeHUsT MaHEBPOB PACXOXKICHUS Ui ABTOHOMHBIX
CYJIOB IPEUIOKEHBI, HanpuMep, B paborax [3,4]. Pacmpe-
JeJICHHBIE alNrOpUTMBI IS «Many-to-many» cuTyanui
NpeNCTaBICHBI, B YaCTHOCTH, B padote [5].

Psx pabot [6] mocesiieH MeTonaM onpenenceHus KOM-
6unupoBannoro Z-manespa (KZM) cobctBeHHOrO CyaHA
(OS - own ship) s pacXoXIeHUS ¢ HECKOJILKUMH «Ile-
msimu» (TS - target ship). Dtot maHeBp BKiIOWaeT 1Be
oTiepaluu:

1.m3menenne kypca (K) Bmecte co ckopoctsio (V) B
BBIOpAHHOM TOYKE ISl IPEIOTBPAILEHHST YPE3MEPHOTO
COJIVDKEHUSI C IPYTUMU CyJaMH;

2.BO3BpAILCHHE B IPYroil TOYKE K HCXOIHBIM 3HAYCHH-
sm Ku V.

Ky A

4

/.'\Y P K

~,

Puc. 1. Cxema KZM
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Cxema KZM mnokasana Ha puc. 1, rae Ko, Vi u Ky, Vy —
Kypc, ckopocth OS mepen pacxoxaeHUEM U Ui YKIOHE-
Hus ot cronkHoBenust; P, G, Q u A, B u F, E — nyTeBeie,
Havaxa ¥ KOHI[a omepanuii Touku; { — OOKOBOE OTKIOHE-
HHUC (IUCTAHIMs OTXOJa) OT MaplIpyTa CICIOBaHUS; Y —
n3menenne K it Bo3BpalieHHs K MapHIpyTy Mepexoja
mocie MareBpa. OcHOBHBIME mapameTpamu KZM npuns-
Tl G — PACCTOsIHKE OT TeKyuero mecra OS o Havana A

MaHeBpa; V _ i3menenne ckopocty; 0 - yroi nmoBopora; U
— nnuHA oTpeska FB ykioHeHws.

PacxoxueHne M3MEHEHHEM Kypca WM CKOPOCTH HIIN
Kypca BMECTE CO CKOPOCTBIO, a Takke Z-MaHEBD SBJIAIOT-
cs gacTHBIMH cirydasmu KZM.

Heas. Lensto pabotel siBusiercss co3manue ansi CAS
YHUCIICHHOTO0 MEeTOJa IOWCKa ONTHMAJIBHOIO IO II0Tepe
xonoBoro Bpemenu KZM c ygerom MIIIICC-72, naBura-
LIMOHHBIX orpaHudeHuil, nuHamuku OS B cuUTyanmusx c
HECKOJIbKUMH CY/IaMH.

Marepuanst 1 MeToabl. ONacHOCTh CTOJIKHOBEHMI
OLIEHMBANACH C TIOMOIIBIO JOMEHOB omacHocTH [7], oOpa-
3yembix y «ienei» (TDD — target’s domain of danger).
Hcnone3oBamick kpyrosele TDD, HEHTp KOTOPBIX cMe-
IICH OT LIEHTpa MacChl 1S B CTOPOHY Hoca Ha 1/3 dacTp
pammyca. Pamuyc TDD «uenm» J momydancs Tak

T}' = 'F'“- + "ﬁ.{- + 'ﬁE,

rie Tw - oTBewaromiee yCI0BUAM IUIABaHUs CPETHEE
3HAYEHHE IPaHULIBI JIOYCTUMBIX JUCTAHIUI [10 BOJHOM
MOBEPXHOCTH MEXAY ONMKaHIIUMU IPYT K IPYyTy TOYKa-
mu OSu TS;
AL 1 A — IONpaBKH COOTBETCTBEHHO Ha pasmepsl OS, TS;
U TIOTPEUIHOCTh OIpPEAETICHHUs] IUCTAaHINHM KpaTdaiInero
commkenuss (DCPA - distance at closest point of
approach).
[Mompaska AL A; HAXOIUIUCH 11O (popMyIamMm

P - .

= =

: A, =255 0y
rae Los, Lsy — mmua OS u TS;;
Ok — CpeTHsIsl KBaIPATUYHASL IOTPEIIHOCTh OTHOCHUTEb-
HOTO Kypca «Iejny,;

Ss — auctaniws ot OS Mo JIMHUKU OTHOCUTENLHOTO Kyp-
ca JI0 TOYKHU KpaTdaimiero commkerus ¢ TS;.

Ipenen momyctumbix 3uHaueHuit DCPA mis TS; pac-
CUUTBHIBAJICS TIO hopMyJie:

- = 1
8; = 8;(ps) = 1;(1 + Jcosps)

rae ps — pakypc TS; B MOMEHT KpaTrdaimiero commke-
Hus ¢ OS.

Huuamuka OS [8] yuuThIBamach  ympoOIIEHHO.
Tpaexkropust  moBopotoB  OS  cumramace  ayroi
OKpyHOCTH. JI7sl ommcaHusi M3MEHEHUsl CKOPOCTH

HCIO0JIb30BaJIOCh BbIPA’KCHUEC
V= UD + ﬂ'lr'ﬁ' + ﬂ-:t&;

2
rae tV — BpEMA U3MCHCHHUA CKOPOCTH.

B sTom ciydae npoxoanmoe 3a Bpems {y paccrosiHue
Oyner

Sy = Votp + ayta/2 + ayti/3.

Kosdppuuuentor 21, 2 nug npumeHseMoro pexuma

HU3MEHEHUsl CKOPOCTU ONPENENISIIUCh 10 MPUBEICHHBIM B
(dopmMyisipe MaHEBpEHHBIX XapaktepucTuk OS BpemeHn
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(tas) u paccrosnuio (SAE) U3MEHEHUsI CKOPOCTH OT

sHaucHMs VA 10 VE W3 CHCTEMBI ABYX JIMHEHBIX
YpaBHEHUH
tapy +typas =Vy — Vg

I ]

g+ %ﬂz = Votap — Sas

Ilo 3amaHHON BeIMYUMHE HU3MEHEHMSI CKOPOCTH V 34
TpadMBacMOE Ha HETO BPEMS HaXOAWJIOCH U3 KBaJPaTHOTO
YpaBHEHUS

ats +a;te+V=0

B coBmectHOM ManeBpe m3meHeHus K u V cumramich
HE3aBHCHUMBIMHU.

Jnis momcka ONTHMalbHOTO IO IOTEPSM XOIOBOTO
BpPEMEHH MaHEBpA NMPHUMEHSJICS METOA mepedopa ero Bo3-
MOJKHBIX BapPHaHTOB.

PesyabTaTsl u ux odcy:xaenue. [Ipu pemennn 3amadu
HCIIOJb30BaHbI CIEAYIONINE IPEATOIOKEHUS:

-BCE CyJla C MEXaHHUECKUM JIBUTATEIIEM;

-uHpopMarms o «uensix» nocrynaet ot PJIC u AIS;

“BJIMAHUEM BC€Tpa W TCUCHUA Ha [ABMKCHUEC CYI0B
MOJKHO IpeHeOpeyn;

-Y4UTHIBAIOTCS 1S B Mpeaenax YCTaHABIUBAEMbIX
OIIEpaTOPOM BHEUIHUX OXPaHHBIX I'PAHUIL;

-TTapaMeTphl IBIKCHHS 1S MpPU PAacXOKACHHH OCTa-
I0TCSI IOCTOSTHHBIMU;

-TIOBOPOTHI BBIMIOJHAIOTCA C 33aHHBIM PaJIycoM,
cpenHNM NpH n3MeHeHuu Kypea i OS;

~IIsL pacXOKACHUS V CHMXKAeTCs ¢ IMPUMEHEHHEM pe-
JKUMa «3aJHUA Majblid XOIl», @ BOCCTAHABIUBAETCS - Ja-
4yel MOJHOTO MepeIHer0 MaHeBPEHHOT 0 X0/1a!

-npumenstorcs Toiapko MIITICC-72, MecTHBIE TpaBu-
Jia HC YYHUTBIBAIOTCA.

OmacHast «uemb», a €CIM HX HECKOJBKO, TO camas

omacHasi U3 HUX, OymeT 0003Ha4YaThCs TS, Brigenenst 4
sTana (IUTaHUPOBAaHUA MaHEBpa, 3a0JarOBPEMEHHBIX Mep,
JIOIyCTUMBIX JEUCTBUH IIOCIIE BTOPOrO 3Talad, CPOUYHBIX

mep) u 11 Bugos (tadmn.1) commxenus OS ¢ TS, Koueu-
HbIE TOYKH MEPBBIX TpexX 3TanoB Ha mytH OS obo3Haunm
H, ¥, ®, a paccrosaus ot mecta OS 10 3THX TOUYEK - OH,
Oy, Oo.

Taomua 1. — Buaer commkenus OS ¢ TS

Kog | Buy comnmkenust
«IIpsiMo ipyr Ha apyra»
1-1 |Hp;1Mo YUIM TIOYTH IIPSIMO APYT Ha apyra
«Ilepeceuenue KypcoB»
2-1 |T§
crpasa Biepean Tpasepsa OS
22 TS cepa Brepeau Tpasepsa OS
2-3 |T§
crpasa Ha Tpasepze OS
24 TS5 repa pa tpasepse OS
«O06roH nenn»
81 O6ronsiemas 1= cnpaga o Hocy OS
3-2 O6ronsiemas 1= ciesa o Hocy OS
33 |o6rousemas I® npsimMo 1o Hocy OS
«OOroH LETBIO»
4-1 TS
O6roustomast crpasa no kopme OS
4-2 O6ronsomas 12 crresa o kopme OS
4-3 O6ronsitomas 12 npsimo 1o kopme OS




Ontumanbubelil BapuanT KZM mo kputeprto MUHUMY-
Ma MOTePh XOJA0BOTO BpeMeHH (0003HAYNM 3TH MOTEPH Y,

a UX MHHEMYM - X) OyJeT HaXOMUThCS HA IIEPBOM 3Talle

c6mmkerns OS ¢ T2 ¢ momompio Meroza nepebopa. U3-
3a OOJIBIIOrO YHCIa BO3MOXHBIX BApHAHTOB ACHCTBHI
Uil u30eraHus CTOMKHOBEHHS B HEJAJCKOM MPOIILIOM
3ToT MeToxa He mo3Bosl B CAS momywarth pemieHust B
peassHOM BpeMeHH. B HacTosimiee BpeMs 3TO CTalo BO3-
MOXHBIM. MeTox mepebopa BKIIOYAeT BBIENCHHE 00Ja-
creil m3MeHeHus napameTpo KZM, nx muckperusamnmio,
HIPOCMOTP BCEX BO3MOJKHBIC BAPHAHTOB MaHEBPa U BEIOOP
U3 HUX ONTHUMAJBHOTO. [IpHHATEIC HMKE NHANa30HBI Ma-
pamerpos KZM u 1marn ux IMCKpeTH3aLUK PUBE/CHBI B

Tabm. 2, tae - V CKOpPOCTh MEPEIHEr0 CaMOro Maioro
—_ =

xona OS, Bub_ npeJensl u3MeHeHus K BIeBO U BIIPaBo.
OTMeTUM, YTO MPU HEOOXOJUMOCTH, STH 3HAYCHHS MOTYT
OBITh M3MCHEHBI. Tarxke B 3TOM TaONHMIlC MOKa3aHbI Tpa-

Hutsl Vo, 8 JUTS BBIZITICHUS 3aMETHBIX (CYIIECTBEHHBIX)
3HayeHWd V , O u NpeNnoYTUTENbHAS JucTanmus & 1o

Havama KZM, s cimyqas, korga OS u TS ga BUAY JIPYT
y apyra u OS sBisieTCS YCTYMNAIOIUM JOPOTY CYIHOM
(GWV - give-way vessel). Usmenenne K Bmecte ¢ V cum-

TaeTcs 3aMETHBIM, KOIZda BEIMYMHA &:(W;‘ "..'."|+|El..‘ E]|)
0OJIBIIIC WK PaBHA CTUHHUIIC.

Ta6nuua 2. — J[nana3oHsl, mark JMCKPETHOCTH U G,V,0 na-
pamerpoB KZM

IMapametp Jlnanazon Hlar auc- T.V.8
KZM KPETHOCTH
o (x0) [on, ov] 1 k6 o =(on+ovw)/2
Voo |0 V-wi Ly Y=V

0 (rpan) [E:-900,E:+900] 10 B=+30°

u (x0) [0.70] 1 k6 -

0603Ha‘H/IMZ KOJINYECTBO ,I[I/ICerTHLIX 3Ha‘IeHI/II\/‘I B
V.6, u xak Ns, Ny, No, Ny;

IIPOM3BOJILHO BEIOpAHHBIE 3HAYEHUS - Gij, "'-_"rj, Bk, Un: cooT-
BercTBytomme uM BapuaHTel KZM u ero mepBoii omnepa-
wan — p(i, j, k, h) u a(i, j, k). He conpoBosxnaromumes
YIpO30i CTOJNKHOBEHMS BapuaHTaM OyJieT MpHUCBanBaTHCS
3HaueHue «1», B mporuBHOM ciy4ae - (i, j, k, h)=0, a(i, j,
k)=0.

IMpu dopmanuzaumun MIITICC-72 MoryT uHCHOIB30-
Bathcst [9] mormueckue, TPOAYKIMOHHBIC, CETEBBIE,
(bpetiMoBbIe MO/Ie/TH. BONBIIMHCTBO CO3aHHBIX ISt STOU
ueny 0a3 3HAHMH OCHOBAHO HA MPOXYKIMOHHBIX MOJIe-
pix. Hamu Takxke ortgaHo uMm npennourenue. [omycrtu-
MBIE B CJIOKHBIIEHCS] CUTyallnu JEHCTBHS PaCcIIoNIararoTcs
[0 YpPOBHSIM TIPHOPUTETHOCTH BBICOKOTO, CPEIHETO W
HHU3KOro paHra. K mepBomy paHry OTHECEHBI NEHCTBHS U3
npeanuceiBaeMbix MIITICC-72, koTopbie B 0OJIBIIMHCTBE
CllyyaeB OKa3bIBAINCH YCIICHIHBIMH; KO BTOPBIM - MEHeEe
3¢ QEeKTUBHBIE U3 MPEANUCHIBAEMBIX MEp, @ K TPETbUM —
JIeficTBUSA, KOTOPBIX ciexyeT n3berats. C MEHBIINM TpHU-
OpPHUTETOM MEphI UCIOJIB3YIOTCS, KOT/a BBICIIHE [0 PaHTy
HE TPHUBOJAT K 0E30MacHOMY pacXoXICHHIO. YPOBEHb
NPHOPUTETHOCTH 06Go3HaumM n (M=1, 2, ..., n), a

Juaria3oHax M3MCHCHUA O,
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Haunydmnid Ha HeM BapuanT KZM u orBewaromue emy

MHUHHMaJIbHbIE TIOTEPH XOJI0BOT'O BPEMEHH — ﬁn u in.
BbolensitoTess ypOBHH INIPUOPUTETHOCTH C MOMOUIBIO

komiuiekcoB orpanndenuii (KO) Ha mapamerper KZM. B

3aBHCHMOCTH OT YCIOBHH BHIMMOCTH, BHIA CONMKCHUS

OSc TS, HaxoxJeHus rimaBHoro asurareiast OS B «mop-
CKOM» (BO3MOXKHO M3MEHEHHE TOJNBKO K) Miu B «MaHEB-
peHHOMY (M3MeHsATh MOxHO K u V) pexumMe onpenencHb
19 KO anst moucka KZM (tabn. 3, rne SOV - stand-on
vessel).

Taoauua 3. — Homepa KO mist moncka KZM

OSul®ga BUJLy JIDYT Y JIpyTra OrpaHuyeHHas! BUIU-
MOCTb
By comu- | Bun | Ne KO o[ Ne KO mst| Bun comu- | Ne KO st
JKEHUS 0S mwM. K |uwsm. KuV| xenms |mm. KuV
1-1 GWV 1 8 1-1,2-1,2-2 15
2-1,2-3 |GWV 2 9 2-3,4-1 16
2-2,2-4 | SOV 3 10 2-4,4-2 17
3-1,3-3 [GWV 4 11 3-1, 3-3 18
3-2 GWV 5 12 3-2 19
4-1,4-3 | SOV 6 13
4-2 SOV 7 14
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Hampumep, B KO Ne9 (mepeceuenue kypcos, OS —
GWV) k BbICIIEMY paHTy OTHECEHHI J1Ba ypoBHs (=1, 2),
rae HaxomaTcs 3abnaroBpeMmennbie KZM, mepsas omepa-
1IUsI KOTOPBIX - 3aMeTHoe n3MeHnenue K. KZM stux ypos-
HEl HAXOJATCS C TIOMOIIBIO JIOTHYECKUX YCIIOBHH:

1) (6=9) and (v=0) and (65): _

2) (6>ow) and (6<ov) and (V=0) and (6>9).

Ecnu il-iz>l MUH, TO ONTHUMajibHbIN Bapuant KZM
ﬁo:ﬁz, HHa4e ﬁo:ﬁl.

Mepamu cpeHETO paHra SIBJSIOTCS CHIDKeHue V U Ta-

Koe JeificTBHe COBMECTHO C IOBOPOTOM BHpaBo. OHH
OTIPEJIENIAIOTCS C MOMOIIBIO OTPAHUYEHHIL:

3) (6>ow) and (o<ow) and (V<V ) and (6=0);
4) (c>o0n) and (o<ow) and (6=5°) and (¢ >1). Korxa Xs-

Z>1 mun, To Ho=Hy4, nnaue Ho=H,,
Hu3kuil npuopuTeT NpUCBOEH IOBOPOTAM BJIEBO!

5) (G:E) and (V=0) and (95—5); 6) (o>on) and (c<ov)
and (V =0) and (GS—E).
3nech O= ont(oy-on)/3. Ecin i—, - Ee>1 MHH, TO ﬁo:ﬁs,

T T
uHaue Ho=Hs,

3uaueHus X, ¥ NapaMeTpbl OTBEYAIONIMX UM BapHaH-

TOB !f]_n MaHeBpa HaXOAATCs B mporecce mepedopa. O600-
IIeHHas OJIOK-CXeMa alrOpPUTMa 3TOr0 METOJa, C UCIIONb-
30BaHMEM 0003HaueHUi mnonoxeHuit OS mpu MaHeBpe
(cM. puc. 1), nmpeacrasieHa Ha puc. 2.

Jis mpoBepku 3¢ (EKTUBHOCTH MPEIaraeMoro MeETO-
na 6wbuta cocraBieHa Ha s3eike «Borland Delphi» mpo-
rpamMMa peanu3alyy NpUBeJeHHOro aroput™a. Hamnune
HABHTALMOHHBIX HPEMATCTBHI YYUTBIBATIOCH C TIOMOLLBIO

OTpaHWYeHHUN E, C ba BenmunHy orxoxa OS ot mapmipyTa
repexojia BIPaBoO M BieBO. ISl pa3IMYHBIX CUTYalMH C
HEOJMHAKOBBIM UHCIIOM «IeJel» W pasHbIMH BHUJIAMHU

CONMKEHHS C TS 1o 3TOM nporpamme OBl BBIIIOJIHEH
NOUCK ONTHUMAJIBHOTO MO IOTEPE XOAOBOr0 BpPEMCEHU




KZM. Pacuersl noka3zany 3eKTUBHOCTh HCIOJIB3YEMO-
ro moaxona. Bpems morcka MaHEBPOB Ha MEPCOHAIEHOM
komnbroTepe mpu No<70, Nv<30, No<200, Ny<70 mis cu-
Tyanui, B KOTOPHIX KOJHYECTBO «IICNICi» HE MPEBBIIIAIO0
necsitd, 0buto He Oosbimie 3,0 ¢. TO CBUAETEIBCTBYET O
TOM, YTO 3Ta 3a/la4a MOXET BBIIOJHATHCS B PEaJbHOM
BpPEMEHH.

Hwxke npuBeneH pe3ysbTaT ONPEACICHHS ONTHMAllb-
Horo KZM B curyanum ¢ ceMpio CyAaMu, MapaMeTphl
B3aUMHOTO PACIIOJIOKEHUSI U CONMKEHHST KOTOPBIX MPH-
Bezlensl B Tabx. 4, rae L —mmmna cynna; I, D — neyenr TS

W OVCTAHIMA 10 Hee. B aTom nprvepe: Tw =6 k6; T"r:5 y3;

B-30°, B=16 «6; %=25 K6; o=45 K6; No=30: Ny=13:
N¢=180; N =65; omacHoii sBisteTcs TS;.

Ta6uuna 4. [TapameTpbl B3aMMHOTO PacHOI0KEHHS U CONIKe-

HUSL CYJIOB

IMapamerp\Cyna |OS |TS:1 [TSz |TSs |TSs |TSs |TSe
L, M 220 |250 |140 (175 [330 |80 |50
I1, rpax - 43 |48 |72 |312 |347 |54
D, k6 - 81,7 |71,4 1451 |45 [62,0 |39,8
K, rpax 0 |258 [260 (267 (88 182 |1

V, y3 17,0 19,1 [16,9 [17,3 12,6 [11,5]9,7

[omydeHHBI ONTHMANBHBIA BapHaHT MaHEBpa Xapak-
TepU3yeTCS CICAYIOUMMH 3HAUYCHUSAMH MapaMeTpOB:
¥=3,0 Mun; 6=16 k6; V =0,0 y3; 0=43°; u=20 6 (=15
k0). Bpems ero mosyyeHus: Ha NMEPCOHATIHHOM KOMITbIO-
tepe cocrawio 0,9 €. B rpaduueckom BHIe CUTyanus
TpaekTopueil HaigeHHoro Bapuanta KZM mokazana Ha
puc. 3, Te Ha NPOJODKEHUH OTpe3Ka YKIOHEHUS TOYKa-
MH TPEICTaBICH YYacTOK, Ha KOTOPOM BO3BpAalICHUE K
Km, Vi 6e3omacHo, a CINIOIIHOM JHHUEN — IIe 9TO HEIO0-
ITyCTUMO.

VYkazarenn KpaTdaimero paccTosHus (Korja oHO He
MpeBhIaeT 4eTeipex paamycoB 1DD) mexny OS u mo-
MEHAMH OMACHOCTEH «IIeIei» MOTYT OTOOPa)XaThCs «II0
TpeboBaHuio» Ha 3kpaHe. OHU NPENCTABISIOT MO3UIMH
«uenein» 1 OS npu TakoMm cONMKEHHHU, TIO3BOJISIOT IJia-
30MEPHO OLEHUTh €r0 W YCTaHOBHTh, 10 HOCY WIIHU IO
kopme «uenei» OS OymeT mepecekath WX Kype. YKasa-
tenb it OS u TSy (cM. puc. 3) BKIOYAET TOYCUHBIA U
CILUTOITHOW O0Tpe3Ku. [IepBrIit coeuHSAET TOUKY M* ¢ LeH-
TPOM JToMeHa. BTOpoii 0Tpe30k HarmpaBlieH U3 3TOTO IIeH-
Tpa Ha TOouky M”. Ero anwHa paBHa pagmycy IOMEHA.
Ecmu crionrHo# oTpe3ok mepecekaeT muHu0 myTH OS, TO
TSm pencrasisier yrpo3y. ToUedHBIH OTPE30K YKa3aTels
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nepeuepkHyT, Korna OS nepecekaer Kypc «Ueian» M0 HO-
cy.

[TpencraBnenHslit komneloTepoM Bapuant KZM omne-
paTrop MOXET KOppEeKTHUpoBaTh. {11 ynpouieHust 3Toi
ollepalliy JIBa MHOXECTBA (JIOMYCTHMBIX BapHaHTOB
KZM wu oTBeHaromux UM IIOTEPh XOIOBOTO BpPEMEHH),
MOJTydaeMble TIpH Tepedope, 3aloMHUHAIOTCS. J[ByMepHbIe
MIOJJMHOXKECTBA 3THUX MHOXECTB MOXXHO OTOOpakaThb B
BHZE JUarpaMM, oOJIeTYalonIinx BEIOOpP MaHEBpa B PEXKH-
Me amainora ¢ cucrteMoi. [[mga oOpa3oBaHUS TakuWxX Iua-
rpaMM 3HA4€HHs OJHOTO WJIM JBYX M3 TPEX IapaMeTpoB

KZM (o, V., 0) 3anatorca oneparopom. ITporpammoii
OIIpeAeNIAeTCs EeCTh TAKUX JUarpaMM M IPEeIOCTaBIseT-
Csl BOBMOXXHOCTh BBIOOpA JAMANa30HOB MX TOPH30HTANb-
HBIX U BEPTHKAJIbHBIX KOOPAUHAT. [IJIs OHOTO 3a1laHHOTO

3HayeHus (6 unud V unum 0) - 5To AMarpaMMebl Aj1s HOMCKA

V u0,6u0,cu V gonycrumoro KZM ¢ mMunumans-
HBIM OTPE3KOM YKIIOHEHHs. JIJisi MBYX 3aJaHHBIX 3HAue-

musg (cu V ,ou 0, V u0) crposrcs auarpammel gory-

CTUMBIX 3Ha4eHui O u U, V uu, cuu.
JI71st pacCMOTPEHHOTO BBIIIIE MPUMEpPA HA puUC. 4 TOKa-

3aHa auarpamma s noucka Vy (V) u 0 manespa ¢ 6=16
KO M MUHUMaJILHBIM U, @ Ha pUC. 5 - Iuarpamma Juis BbI-

6opa 0 u U manespa npu 6=16 k6 u V =0,0 y3. Ha nua-
rpaMMax Uil JOMyCTUMBIX map 3HadeHnit KZM moxasa-
HBI B MUHYTaX [OTEPH XO0BOTO BPEMEHHU.

BriBoabl. Pa3paboTaHHBIM MeTOJ MMEeT CIeAyHoIue
MIOJIOKUTETHHBIE CTOPOHBI.

IIpu pacuere MaHEBPOB IPUHUMAIOTCS BO BHUMAaHHE
tpeboBanus MIIIICC-72. MecTHBIe paBuia MOTYT y4H-
TBIBAThCSI C IIOMOINBIO OTPAXKAIOUINX HX KOMILJIEKCOB
OTpaHWYEHUH Ha apaMeTpsl MaHEeBpa.

[Tpenno>xeHHBIH METOJ OTJIMYAETCA IPOCTOTOH ydera
HaBUT'allMOHHBIX OrpaHW4YeHHi. OH MO3BOJISIET HaXOJUTh
ceMeiicTBO o0nacTeil 1OMyCTUMBIX 3HAYSHUH ITapaMeTpoB
MaHEBpa M €ro ONTHUMAIbHBIN BapHaHT C y4eTOM AWMHA-
MHKH COOCTBEHHOT'O Cy/IHa.

Vcnonp3oBaHne y «uenei» CMEMEeHHBIX, KPYTOBBIX
JIOMEHOB OITACHOCTH J1a€T BO3MOXKHOCTh YUYHTBHIBATH He-
OJIMHAKOBYIO CTENEeHb ONACHOCTU IPH IEePECeueHHH HX
Kypca 110 HOCY H IT0 KOpMe.

JuarpamMmbl IOMYyCTUMBIX 3HAYEHUN MapaMeTpoB Ma-
HEBpa OKa3bIBAIOT CYNIECTBEHHYIO MOMOIIb IPH €ro BBI-
Oope B pexuMe Juanora ¢ CHCTEMOM.
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/é BOJ] 3HAUCHUH IapamMeTpoB nostoxeHus 1 aprkeHnst OS u TS u npyrux xapakTepHusyro-

IMUX CUTYyaluIlo JaHHBIX

|
Hux |
ot 1 10 No
!

| oi=i (k0). Pacuer KoopauHaT Touku A u MomeHTa ripuxoaa OS B Hee.
Iuk j
ot 0 1o Ny

ux k
ot 0 10 N

!

9k2H+k. Pacuer napamerpoB 1-oii oneparuu KZM, xoopauunat Touku F, MomenTa npuxozna OS B 3Ty TOUKy.
O1LieHKa OACHOCTU YPE3MEPHOT0 COMMKEHHS C «LEIMUY TOCIIE TIEPBOii ONepanuH.

Her |Bapuantet KZM c takoii 1-0it ome-
partueit 0TOpachIBarOTCSA
Ha

Pacuer mapamerpoB 2-oii oneparui KZM (BpeMeHH BBIONHEHHUS, IPUpPAILCHHIT KOOPIHHAT).

Huki h
or 1 mo Ny
]

un=h (k6). Pacuer koopauHat Toyek B u E, momenra npuxona OS B Touky E. OueHka 0racHOCTH CTOJIKHO-
BEHHUS C «UESIMI» [OCIIE BTOPOi OIeparuu.

Her | Bapuant KZM ot-
OpackiBaeTcs
Ha

Pacuer (i, j, k, h). Onpenenenne yposust 1| npropurera Bapuanta u(i, j, K, h) 1 ycranosnenue, siBasieTcs i
OH Ha M HAWITY4YImuM (* B OTHOCATIIEMCS K 1| MACCHBE ¥, TIOJyIEHHOM MIPH MEPEGOPE JI0 TEKYIIETO BAPHAHTA
w

KZM). B mporecce nepebopa onpefensiercst HaIn4nue U yTOYHeHHE Xy Ha IPYTUX YPOBHSX MPHOPUTETHO-
CTH.

1}
h:=h+1
Iukn h

k:=k+1

[yxo K

ji=j+l
Luka j
ii=i+l
Luk i

Haxoxzenne by o pesynbTaTam ompesenenus 4, (n=1,2, ..., n) |

Puc. 2. brok-cxema moncka KZM meronom mepebopa
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s

¢

Puc. 3. OntuManbHbIi BApUAHT MaHEBpa
m*, m” - nonoxxenue TSm u OS, xorga gucranims ot OS 1o romena TSm MUHUMaIbHA

V0|2 ]| 4|6 (8]10(12|14|16[18 |20 (222426 |28 30|32 (34)|36|38|40)|42 |44 |46 |48 [50|52 |54 56|58 |60
17 3/3/3/3|3[3/3|3|3/4
16 313|444 444144
15 4 1414444 4|4 4|44
14 4 14141414 4 41441444
13 414|444 4|5|4|4|5/4/5|4
12 5/5|/5/5|5/5/5|5/5|5|5/5]5]5
11 7165/ 5|5/5|5/5/5|]5]5
10

9
8
7
6
5

Puc. 4. Tnarpamma st norcka KZM ¢ 3amannbiv HaganoM (6=16 cb)

ue| 2[4 |6 |8 [10]|12]14(16|18|20 |22 |24|26|28|30|32]|34|36[38|40|42 |44 |46 |48 [50|52]|5456]|58]60
MIM MMM MM M M M
1
2
3
4
5
6
7
8
9
10
11
12
13 3|4
14 34| 4
15 34|44
16 3|44 4 4
17 34|44 |45
18 3/4|4/4 /4|55
19 3/3/4|4/4|4 5|5
20 3/3/4/4/4/4|5|55
21 33|44, 4|4, 5|5 /5]|6
22 3/3/4/4/4|5|5|5|5/6
23 3|44 ,4/4|5|5|5/6 6
24 3/4/4/4/5|5|5|6 |66
25 4 |14 4|4 |55|5/6|66
26 414455/ 5|6/|66
27 414455/ 5|6]|6
28 4 14 5 |5|5/5|6
29 414 /5|5|5|6
30 45/ 5|56
Puc. 5. luarpamma uis moucka KZM ¢ 6=16 cb; V =0,0 kn
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Numerical method for selection of maneuvers to avoid collisions with several vessels

A. A. Vagushchenko, L. L.Vagushchenko

A numerical method is proposed for determining the optimal by the loss of sailing time evasive combined Z-maneuver using the

enumerative method. COLREG, navigation restrictions, other vessels and the dynamics of the own ship are taken into account. The

procedure for obtaining diagrams that facilitate the operator's correction of the optimal variant of maneuver presented by the comput-

er is developed. The efficiency of the method is confirmed by finding, with its help, evasive maneuvers in various situations.
Keywords: collision avoidance, combined Z-maneuver, enumerative method, sets of acceptable variants, search algorithm.
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AHoTauis. Po3rsiHyTO OCHOBHI NPUYMHHY, SIKi IIPU3BOJATE 10 MOCIA0JICHHS IIPECYBaHHS aKTHBHOTO 3ajli3a oceplii cTaTopa IOTYX-
HUX reHeparopis. [IpoBeseHo anami3 Qi3MYHUX IpoleciB Ta iX BIUIMB Ha PO3BUTOK AedekTiB. [TokasaHo, mo (i3udHI IPOIEeCH BH-
KIIMKaHI psIoM (akTopiB, SKi YMOBHO MOKHA PO3JIUIUTH Ha TEXHOJIOTIUHI, €KCIUTyaTaliiHi Ta KOHCTPYKTHBHI. Takox 3a3HaueHo,
110 B 3aJISKHOCTI BiJ] MiCLIsl BAHHKHEHHSI, ()aKTOPH HOALTIIOTHCS HA BHYTPIIIHI Ta 30BHiIIHI. [IpHBeaeHa cucTeMaTH3allisi MOXKIMBUX
nedekTiB TEXHIYHOTO CTaHy TeHepaTopa B 3aIeKHOCTI Bi TUIY (akTopy, 1[0 BILIMBA€E. 3a3HAUCHO, 1110 BUKOPUCTAHHS 3aC00iB KOHT-
POJIO PIBHOMIPHOCTI PO3MOALTY 3yCHJIb NMPECYBaHHS OCEpAs CTaTopa I03BOJIAE 3a0€3MEYUTH HAAIHHICTH Ta Oe3MeYHICTH pOOOTH
HOBHX Ta Bxe icHytounx notyxHux reaeparopis TEL, TEC, ATEC ta AEC.
Knrouosi cnosa: mypbozenepamop, cmamop, pakmopu, ocepos, Npecy8amHsi, 3yCuLsl.

Beryn. TexHiuHUMI CTaH cTaTopa NOTYKHUX TypOOTeHepa-
topie (TI') xapakrepusyeTbcs OaraTbMa MMapaMeTPaMH,
cepeq] SIKMX BUPINIAJBHOTO 3HAUYEHHS HaOyBalOTh HapamerT-
pH, L0 XapaKTepU3yIOTh CTATOp SK MEXaHIYHy CHCTEMY.
OHIE0 13 OCHOBHHX MEXaHIYHHMX BJIACTUBOCTEH CTATOPA,
0 BH3HAYa€ HOTo Tpame3JaTHICTh, € HagaHWi HOMy B
TpoLIECi BUTOTOBJIEHHS CTaH MPY>KHOTO CTUCHEHHS OCepis,
SIKAH TCIS BUTOTOBJICHHS 3a0€3IIeUy€eThCs 3a JOTIOMOTO0
HATUCKHUX IUIMT 1 CTSDKHMX HPH3M. 3 9acoM, BHACIIIOK
eKCIUTyaTallifHIX HaBaHTA)XKCHb, BUHUKA€ 3HIDKCHHS 3Y-
CHJIb, IO CTHCKaIOTh oceprs. lle mpu3BoauTh K0 BTpaTH
3amacy Mpare3IaTHOCTI 1 € MOTCHI[HHOK MPUYHUHOI BH-
HUKHEHHS HeOe3neuHux nedekris craropa [1].

Orusin my6Jaikaniii mo Temi. Buxoasuu 3 mocminy Tu-
noBux BuIpoOyBaHb Ta ekcmuyarauii T tumis TI'B ta
TBB, o nposoauiucs B ocranni 40 pokis [1-6]. V 3Ha-
4Hii gacTuHI TypOoreHepaTopiB uepe3 30-40 pokiB BHa-
CIIJIOK Pi3HUX (PAKTOpPiB BUHHUKAE 3HIKEHHS 3YCHIb Ce-
penHboro THCKy npecyBanHs Ha 30—40% Bix moyaTtkoBo-
ro 3HadeHHs. lle IpU3BOAMTH 10 HEPIBHOMIPHOCTI pO3-
TIOJIITy HAaBaHTaKCHHS THCKY NPECYBaHHS IO KOJIy 1 JOB-
KHMHI CTAaTOpa, a TaKOX BTPATH 3aIacy INpane3fgaTHOCTI
reHeparopa B IJIOMY, 1 € OJHIEIO i3 OCHOBHUX MOTEHIIIH-
HUX NPUYMH HEOE3MEeYHUX YIIKO/DKEHb aKTHBHOT'O 3aJiza
ocepas craTopa NpH ekciuiyatamii. ToMy HalckiIamHi-
LIMM 3 TOYKH 30pY NPOBEIEHHS BiIHOBJIIOBAIBLHOIO pe-
MOHTY € MOUIKOJKEHHSI OCeplIsl CTaTopa, sKe MoTpedye B
OKpEMHMX BHUIIaJIKax 3aMiHH Ha HOBUI.

Meta. Metoro myOumikamii € aHami3 (Qi3HYHUX MIpOIe-
CiB, IO BIUIMBAIOTh HAa PO3BHUTOK JE(EKTIB aKTHBHOTO
3ami3a ocepps cratopa TT Ta iX HacCHiAKiB.

Marepianu ta Meroau. OCHOBHOIO NPUYMHOIO 3HU-
KEHHsI TUCKY NTPEeCYBaHHS € ycaJKa IIMXTOBAHUX MaKeTiB
ocepad, IO BUHUKAE B HACHIIOK CTapiHHSA, “yCHXaHHS
Ta BUKPHUIIYBaHHS i30JISIIHHOTO JJAKy CETMEHTIB MarHi-
torpoBoay. KpiM Toro, Ha okpeMHux TypOoreHepaTopax
tury TI'B-200 ta TI'B-300 Oyno 3adixcoBaHo 00pHB
ITUHOK JEKUTBKOX CTSHKHHUX MPU3M B MICISIX 3aKPIiTUICHHS
HAaTHCKHUX (QUIaHIB ocepias craTopa (B OCHOBHOMY Yy
BEpXHIH YacTHHI CTaTOpa), IO TaKOX MOCIa0II0BAIO
foro 3ampecoByBanHs [7, 8], a B po6oti [9] onmcano Me-
TOJI PO3PaxyHKY TaKOTO MOCIA0IEHHS.

Cruix 3a3HaYUTH, IO OJHA i3 NPUYHH, SKi HaBeleHI
BUIIE, HE MOXE MPU3BECTH JI0 TOIIKO/KEHb, SKIIO OHO-
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YaCHO HE MAaTHUMYTh MicIle Kijbka (akropis BruuBy [10],
SIKI YMOBHO MOJIJISIFOTBCSL Ha TEXHOJIOTIYHI, eKCILTyara-
LiifHI Ta KOHCTPYKTHBHI.

Jlo mexwnonociunux ¢axmopié BITHOCATHCS HEIONIKH
BUTOTOBJICHHS Ta €KCIUTyaTalii ocep/s Ha sIKi BIUIMBAIOTh
KUTBKiCHI (BUTIK, BUTpATH, THUCK) 1 AKIiCHI (XiMi4HHH
CKJIQJI, BOJIOTICTb) XapaKTEPUCTHUKH OXOJIODKYBATbHUX
cepemoBui i mactmia [10], cepen sSKux 0coOIMBO BapTO
BiIMITHTH HACTYIIHI:

- TOYAaTKOBUH CepenHill THCK TpeCcyBaHHS, HIDKIHN
PO3paxyHKOBOTO, MPU3BOJUTE JI0 3MEHIIECHHS THCKY OCe-
PAs MicJIA yCaIKU 10 HETIPUITY CTUMO MaJIMX 3Ha4eHb;

- HEPIBHOMIPHHI PO3IIOALT THCKY IPECYBaHHS MO KOJIY
1 IOBXKHHI cTAaTOpa, 8 TAKOXK B PaJiabHOMY HaIpSMKY;

- HEJJOCTaTHs MillHICTh 200 HENpaBUJIbHE BCTAHOBJICH-
HSl HaTUCKHMX NaJbLiB, NPU3BOJHUTH 0 iX IUIACTHYHOT
nedopmanii Ta (abo) 3MiMIEHHS Bil MOYaTKOBOTO MOJIO-
KEHHSL.

Ho excniyamayitinux ¢axmopié BITHOCATHCS YUHHU-
KH, IO JTIIOTh HA OCep.s IIiJ] Yac WOTo eKcInTyaTarlii, ce-
pen AKUX 0COOIUBO BapTO BiAMITHTH HACTYITHI:

— MIBUIIEHUH PiBEHb HANPYTH y MEPEeXi, SKAH Mpu3-
BOJIUTH JIO TIOCUJICHHSI HarpiBy CTSDKHUX pedep uepes 30i-
JIIICHHS CTPYMIB, IO MPOTIKAIOTH 110 HUX;

— BWJIOBXKEHHSI pedep 31 3MillleHHSIM HA30BHI HATHCK-
HHUX IUTUT 1, BIAMOBIMHO, 3HIKEHHS CEPEIHBOTO THUCKY
NpEeCyBaHHs B pe3yJbTaTl MiABUIIECHHS PiBHS 1X HarpiBy;

— (PUKIIHHUHA BIUIMB 3aKpIIJICHUX CTPHIKHIB Ha Kpaii-
Hi TAaKeTH 1 HATUCKHI MAIIbITi, 110 BUHUKAE BHACIIIOK (o-
pcyBaHHS 30yUKEHHS, 10 CYTPOBODKYETHCS PI3KHM 3pO-
CTaHHAM CTPYMY CTaTOpa Ta HarpiBaHHSIM CTPIIKHIB 00-
MOTKH;

— 3MIIICHHS MAKETiB B TOPLEBiH 30HI BCEpEANHY OCep-
Jisl BHACITIZIOK OXOJIO/KEHHSI OOMOTOK CTaTOpa JUCTHIIS-
TOM 3aHMKEHOI TeMIIepaTypH.

o xoncmpyxmusnux gpaxmopié B O1IBIIOCTI BHITAIKIB
BIIHOCSTH MMOMWJIKH B MPOEKTYBaHHI, cepell SKUX 0Co0-
JIUBO BapTO BiAMITHTH HACTYIIHI:

— MPOEKTYBaHHS MAIllMH 32 HOMiHAJIbHAMHU TE€XHOJIOTi-
YHUMH HaBAaHT)XKEHHSMH, SIKI MOXKYTb 3HAYHO BiJpi3HS-
€THCS BiJl pealIbHUX;

— BU3HAYEHHs] HABaHTa)KCHb, 110 HE BPaxOBYIOTH IH-
HaMi4HI CHJIH, SIKi YacTO CTalOTh NPUYMHOIO PyHHYBaHHS
KOHCTPYKTUBHHX €JIEMEHTIB;
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— 30inbIIeHHsT 200 3MEHIIEHHS Mac €JIEMEHTIB IOHA
PO3paxyHKOBI, 10 € MPUYUHOIO 3POCTaHHS CHJI iHEpIi,
POCTY IIepBiCHOT Ta eKCIuTyaTaniifHoT BapTOCTi.

3 iHmOi cTOpoHM (DAKTOPH, HACITIIKOM SIKMX € 3HH-
JKEHHsI TUCKY NPECYBaHHS, B 3aJIEKHOCTI BiJl MICI[sl BHHU-
KHEHHSsI, TOJIISIFOTHCS Ha BHYTPIIHI Ta 30BHinmHI (puc.l).

Jlo BHYTpIIIHIX BiZHOCATBCS — MeEXaHi4Hi, TETUIOBi,
€JIeKTPOMArHITHi, BIUIUB BHYTPIIIHROTO CepeoBHIIa (Ta-
30BOT0, MaCJISTHOTO Ta BOASHOTO). JI0 30BHIIIHIX — €JIEKT-
POMarHiTHI, KJIIMaTHYHI Ta JIFOACHKUHA (pakTopu. B Taldm.
1 naBeneHi gaxTopw, sKi BIUIMBAIOTH Ha PO3BHUTOK Ae(ek-
TiB aKTMBHOT'O 3alli3a OCepAs CTaTopa Ta JIesKi MOXKJIMBI
HACJIJIKH, 710 SKUX Taki BIUTMBU MOXYTh mpu3BectH [3].
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EnexrpomarHiTHi

Puc. 1 Knacudikaris paxropis, 0 BIUIMBAIOTH HA PO3BUTOK
nedexTiB akTUBHOTO 3aiti3a ocepas craropa TI

SAx BumHO i3 Tabn. 1, mmsg KOXHOTO i3 (aKTOpiB, IO
BIUTMBAIOTH Ha NPAale3JaTHICTh OCEpAs CTaTopa € Xapak-
TEPHOIO TOSIBa CBOIX, cIieNU(iuHUX TUMIB AedekTiB. [Ipu
bOMY Hai{OimbII BAroMUMH (haKTOpaMu, 10 IPH3BOIATH
0 TIOSBHA HEPIBHOMIPHOCTI PO3MOAUTY HaBaHTa)KEHHS
TUCKY TIpECyBaHHs II0 KOJIy 1 JOBXHHI CTaTtopa € came
MEXaHiYHI Ta TEIUIOBI BIUIMBH. TOMy pO3IJIsiHEMO iX
OLIbII IETaJIBHO.

MexaHi4HI apaMeTpH, 0 MPU3BOIATH O 3HIKEHHS
3ycwiuIsl npecyBaHHs ocepus [11, 12] 3anexats Bij Bif-
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HOCHOT'O 3MIILIEHHS JINCTIB aKTUBHOI CTalli, CTUPAHHS 130-
TSIl MK JIMCTaM¥, PO3ITyILEeHHsS 3yOLiB KpaWHIX make-
TiB, BUKpPHLIYBaHHS ()PAarMEHTIB JINCTIB, MICLEBE 3aMH-
KaHHs JIMCTIB Ta HAarpiBaHHs naketiB. [lixBuieHa BiOpa-
11, [0 BUHHKAE, Ta MOMAJAaHHs Macia MOMIK CerMEeHTH
TIPU3BOIATE MO0 KOPO3IHHOTO 3HOIIYBaHHS CETMEHTIB. B
pe3ynpTati GpeTTiHr-Kopo3ii, AKii MmiAIAraloTh TOBEPXHi
CTHUCHYTHX CTaJIeBHX JIUCTIB, L0 B3a€EMHO MEPEMIIYIOTh-
csl, Ta iHIII JeTaii, Ha 3yOLsAX 3 SBISAE€THCS HAIIBIIPOBIN-
HUI 9epBOHO-KOPHUYHEBHI M (KOPO3iifHEe 3HOITYBaHHS).
CyMmim 1mpoTo MWy 1 MPOAYKTIB 3MIIIyBaHHS JaKy Ta
MacTWiia MiJl BIUIMBOM HarpiBaHHsS Ta BiOparii mepeTBo-
PIOETBCSI B TEMHY Macy, sKa Harajye JIboroTb, i Ma€ cia-
6omarHiTHi BiacTuBocTi [2, 13].

3HM)KEHHSI THUCKY CIIPECOBAHOCTI B OCepii, SKe Ioya-
JIOCh B TOPLEBUX 30HaX 3yOIliB, 32 HECIPUATIMBUX YMOB
MOJKE MONIUPUTHCH Ha iHII 30HU ocepns. [Ipo me Oyne
CBIJUHTH HApPOCTaHHS HAalbOTy YEPBOHO-KOPUYHEBOI'O
MMy B PO3TOYCHHI Ta Ha CIMHII ocepas. Jlocuts Hebes-
MIEYHUM PO3BUTKOM LIBOTO MPOLECY € 30UIBIICHHS Harpi-
TO1 JeeKTHOT 30HH B OCepi i Imepexia 10 JIaBUHOMOIi0-
HOT'O POCTY HarpiBaHHS OKPEMHX OCEpPEIKiB 30HU OCepas,
a)k IO BUIUIABJSHHS CTajli — TaK 3BaAHOI «IOXKEXKI 3ami3ay,
3 YIIKOJKCHHSIM KOPITYCHOT 130JIAI1i1 CTEPXKHIB OOMOTKH.

Jlo TemjoBMX XapaKTEPUCTHUK BIIHOCSTHCS 3HAUCHHS
Temriiepatyp (abo iX MepeBUIleHb) aKTUBHHUX 1 KOHCTPYK-
TUBHHUX €JICMEHTIB TypOOTr€HEpaTopiB, iX 0XOJIOHKYBAIIb-
HUX CEepeIOBHII I MaCTWILHUX MaTepiaiiB. OCHOBHI Xa-
pakTepHi nredektu i TepMivHuX BIUTHBiB[3] HacTymHi:

— IIOXKEXKay B 3aJi3i K Pe3yJIbTaT 3aMUKaHHS JIHCTIB;

— KOpPOTKOYacHe 30iMbLICHHS 3yCHUIS IpPECyBaHHS,
SIKE TIOCHITIOE PYHHYBaHHSI 130JIA1II1 1 TOCTa0IIOe 3yCHIDIS
npecyBaHHs OCePIs;

— 3MEHIIICHHS 3yCHJUIS IPECYyBaHHS B Pe3YJIbTATI IHK-
JIYHOCTI HATPiBaHHS-OXOJIO/HKEHHS 3ali3a TeMIepaTypa-
MU IIOHaJl HOPMOBaHHUX 3HAYECHb.

Taéauus 1. @akropw, 10 BIUIMBAIOTH HA PO3BUTOK Ae()EKTIB aKTUBHOTO 3ajli3a OCepisi CTaTOpa Ta X HACIIIKH

MiBUIICHHS aMILTITYu BiOpartiii ocep-
151, GpUKIIHHKI BIUIMB OOMOTKH CTaTo-
pa, osiBa €JIEMEHTIB Aerpajaltii.

®daxrop, 110 .. .
MposiB MO>JIMBI BiIXHJICHHS TEXHIYHOTO CTaHy TeHepaTopa
BILIMBA€E
Mexaniunnii |OciabneHHs 3ycwuis — IpecyBaHHs,|/lerpanaris nakoBoi IUTIBKM CErMEHTIB aKTHBHOI CTaJM, pyHHY-

BaHHS, BUKPHIIYBAaHHS, 3aMHKAaHHS CErMEHTIB, CaMOBIATBHHUY-
BaHHS TaffOK HATHCKHMX IUINT, MOPYLICHHs KPIIJICHHS Oocepis B
KOpITyCi cTaTOpa, OOPHBH XBOCTOBHKIB CTSKHHUX ITPH3M.

acpo30JI10.

Temnosuit/ |[ligBuineHi BTpaTéd B ocepii Ta B 00-|/lerpamariisi 7akoBOi IUTIBKM CETMEHTIB aKTHBHOI CTajl ocepns,

TepmiunmiA |MOTII cTaTOpa, MOPYIICHHS BEHTHJIALII,|3AMUKaHHS CETMEHTIB, MOCTAa0JNeHHSI TPECYBaHHSA OCEp.s, JOKa-
3aMUKaHHS JINCTIB aKTHBHOI CTaJIi. JIbHI POSIBH MICIIb «IIOXKEXKI 3ai1i3ay.

Enexrpomar- ([losiBa HECHMETPUYHHMX pPEXHMIB, pe-|[IOMIKOHKEHHS, aHAIOTIYHI THM, IO MPOSBILIFOTECS TIPH MEXaHi-

HITHUIH JKMMH CIIO)KMBAHHS PEaKTHBHOI MOTYXK-|YHHUX i TEIJIOBHX BIUIMBAX, SIK IPABUJIO, MAlOTh MiCIie B TOPIIEBIi

HOCTI. 30Hi ocepsl.

Crenianpae  |KonmeHcoBana Ha moBepxHi ocepzas|Koposis, migBumieHnit HarpiB 3a yMOB poOOTH TeHepaTopa i3 BO-

CEepe/IOBHIIE |BOJIOTa, HASBHICTh MACTHJIA Y BHIVISII|ISTHUM OXOJIO/DKEHHSIM.

KnimMatnunuit

ATMochepHa Bojora, arpecHBHi pedo-
BHUHH B TIOBITPI.

Kopos3is npu 30epiranHi.

JIroacekuii

ITomMunKu NpOEKTYBaHHS.

OcnabnenHs KpireHHs: ocepns, nedopmaliis, 3aMUKaHHs CerMe-
HTIB aKTHBHOI CTaJIM, HAaTPiB IpH poOOTi reHeparTopa.

Jyis 3MeHIIeHHs BIUIMBY BHIIICHABEICHUX (QaKTOpiB Ha

BOTO € HEOOXiTHUM KOHTPOJIb

MEXaHIYHUX 3yCHIb B

PIBHOMIPHOCTI PpO3MOAITY 3yCHIb TPECYBaHHS OCEeps
CTaTOpa MOJKIIMBE 332 PAXYHOK PEryJISIPHOTO JIOCIIHKEHHS
CTaHy NPU3M 1 KOpPEKIil HaTsATy HpU3M Ul 30epekeHHS
PIBHOMIPHOCTI PO3IOJTY MiXX HUIMHU Harpy>XeHb, HalpH-
KJIaJ 3a JOMOMOToI 3aco0iB po3rmiHyTux B[14]. Jlns
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MIpU3Max B PEKUMIi OH-JIAiH a0 3 3a7aHOI0 MepioTUYHIC-
TIO, SIKUH JI03BOJISIE:
— MPOBOJIMTH KOHTPOJIb CTaHy CIPECOBAHOCTI OCEP.Is;
— BIJICTIIKOBYBaTH 3MIiHM CTYIIEHIO CTHCHEHHS aKTHB-
HOI cTaji ocepAs MPOTATOM BChOTO 4Yacy HOro eKcIurya-



Tami;

— 3a0e3MeUnTH JOCTOBIPHUI NMPOTHO3 MOKJIMBOTO BiJ-
XWJICHHs TapaMeTpiB cTaTopa BiJl HOPMOBaHUX HapaMeT-
pIiB Ha OCHOBI CTaTUCTUYHOTO aHaJi3y OTPHUMAaHUX 3a yac
eKCILTyarallii reHeparopa JaHux;

— ICTOTHO MiIBUIIWTH HAMIHHICTH 1 Oe3mexy poOoTH
TypOoreHeparopa;

— 3a0e3meynTy aBTOMATHYHE, HalllBABTOMaTH4HE a00
pYYHE pETYJIIOBaHHS CTYINCHIO 3aTATYBaHHS HATHCKHHX
rafoK JuIs 3a0e3MedYeHHsT PiBHOMIPHOCTI PO3IOITY 3Y-
CHJIb IIPECYBAHHS MK CTSDKHUMH NIPU3MaMH TeHEpaTopa;

— HaJia€ MOXKJIMBICTH PEryJIlOBaTH CTYIIIHb 3aTsAryBaH-
HS IPU3M Taiikamu Juisd 3a0e3redeHHs] PiBHOMIPHOCTI po-
3MOAUTY MK MpH3MaMy 3yCHJIb BiiJadyi akKTHBHOI CTaii
ocepsi, ika BAHUKAE MICIsl 3HATTS THCKY mipecy [15].

OOpo0Oka Ta aHaNli3 OTPUMAaHHUX PE3YJBTATIB BUMIpIO-
BaHHS 3yCHJIb € OCHOBOIO JJIS NPUHHATTS PillleHb 1PO J0-
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JaTKOBY IMITSHKKY HEHaBaHTaXeHHX mpusM [16, 17], mo y
CBOIO Yepry JO3BOJISE MiJABUIIMTH HAAIWHICTH Ta Oe3mey-
HIiCTh pOOOTH HOBHUX Ta BXKE iICHYIOUHMX IOTY)XHHX T€HEpa-
topie TEL], TEC, ATEC ta AEC

BucnoBok. Otxe, 1 3a0e3neYeHHs] 3HIKEHHS TOILI-
KO/DKYBaHOCTI TPH3M Ta 3a0e3MeUeHHsS PIBHOMIPHOCTI
PO3MOAITY 3yCHIIb MPECYBaHHS OCEpAs CTaTopa € Heod-
XiTHUM Hacamriepe] 3a0e3MeunTH PIBHOMIPHICTH PO3IIO-
IUTy 3yCHJIb MK yCiMa MPU3MaMH IMIPOTITOM YChOTO Tie-
piony excroryatanii TI'. Ile mo3BonmTs 3abe3medynti Me-
XaHIYHI HampyXeHHS B IPU3Max B MeXaX iX IITaTHHX
PO3paxyHKOBHX 3HAuYCHb, a 3HAYUTH 1 PIBHOMIPHICTh
CIIPECOBAHOCTI OCEpJisl, L0 Y CBOIO 4epry I03BOJISIE MiJ-
BHIIMTH HATINHHICTh Ta OC3MEYHICTh pOOOTH HOBHX Ta BIKE
icayrounx noryxuux renepatopis TEL[, 'EC, AT'EC Ta
AEC
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Physical processes and their influence on the evolution of defects in the powerful generators stator core

I. O. Zaitsev, M. V. Panchik

Abstract. The main reasons that lead to a weakening of the pressing of active iron in the stator core of powerful generators are con-
sidered. The analysis of physical processes and their influence on the development of defects. It is shown that physical processes are
caused by a number of factors that can be conditionally divided into technological, operational and structural ones. It is also noted
that depending on the place of origin, the factors are divided into internal and external. The systematization of possible defects in the
technical condition of the generator depending on the type of influencing factor is given. It is stated that the use of the means of con-
trol of the uniform distribution of efforts of pressing the stator core allows to ensure the reliability and safety of the operation of new

and existing powerful generators of CHP, HPP, NPP and NPP.

Keywords: turbogenerator, stator, factors, cores, pressing, effort.
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