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Abstract. The article proves that a systematic approach to the urban organization of coastal areas includes
complex environmental and recreational tasks. The study examines in detail the need to create a comprehensive
strategy for the restoration of the coastal zone. The complex of measures is substantiated, among which the
activation of water protection functions of coastal areas, rehabilitation of disturbed territories, use of recreational
and town-planning potential of coastal territories for formation of recreational base along water area, development
of integrated system of management of processes of coastal zones and integration of ecosystems.

The work separately highlights the possibility of creating a recreational cluster that will ensure the continuity
of the natural framework, given the multi-vector formation of the urban environment. It is established, that the
connection of the recreational cluster with the suburban green strip and water area will create a pedestrian
recreational corridor in the city and beyond, as well as contribute to the greening of the city and influence the

modeling of ecological infrastructure.

Key words: riparian areas, water diameter, recreational framework, revitalization, ecological cluster.

INTRODUCTION

Features of recreational use of urban areas, in
particular the formation of landscape structure and
integrated system of landscaping of the coastal area in
relation to the water area, the creation of water-green
diameters, revitalization of river valleys, the formation
of individual water-green objects, clustering - notable
modern urban trends many cities around the world are
still not sufficiently implemented in the cities of
Ukraine. World experience confirms that a systematic
approach to the urban organization of riparian areas
includes complex environmental and recreational tasks:
management of surface runoff within the catchment;
protection of territories from flooding and flooding,
which can be implemented in particular in a landscape
way. These processes are confirmed by the relevant
planning documents, but have not yet become
widespread. Solving the functional and planning needs
of the city and the architectural and landscape
organization of recreational spaces in its structure is
complicated by the peculiarities of the river landscape
and its interaction with the urban environment [4].

There is a need to find new contact areas and
sustainable models of interaction between urban and
natural environments. The issue is transformed and
considered in the plane of sustainable development
with the formation of ecologically sustainable cultural
landscapes of riparian areas in the city structure [12].
The dialectical contradiction of the development of
theoretical approaches and strategies for the formation
of contact zones between the city and the water area is
in the field of "dialogue of two elements" [5]. The
organization of the interaction of urban and natural is
based on the concept of symbiosis. One of the
directions of possible structuring and content of
recreational space is in the plane of multilevel spatial,
visual and compositional interactions of water area,
river space and urban environment. At the same time,
there is a need to form an appropriate comprehensive

strategy for the development of riparian areas, taking
into account the unique set of tasks and factors inherent
in a particular urban environment.

Goal. To analyze the features of recreational use
of riparian areas in modern urban conditions and
provide practical recommendations for the formation of
a strategy for the development of riparian areas on the
example of the city of Dnipro.

The scientific and methodological basis for the
study were scientific works on the recreational use of
coastal areas. These are the works of the scientific
school T. Panchenko [9], Yu. Bilokon [1], V. Vadimov
[2], V. Nefedova [8], L. Ruban [11]. Scientific works
and project experience in the field of urban planning
were taken into account, in particular the study of the
urban environment of the city of Dnipro in the project
proposals concept of urban development, as well as
materials to the city master plan: zoning scheme,
project amendments to the master plan [3, 4]. Research
in the field of renovation of industrial coastal areas of
the city of Dnipro was taken into account separately
[6, 12].

PROBLEMS AND TERMINOLOGY OF
RESEARCH

Dialectical contradiction in the system "city-water
area". The presence of water in the urban structure is of
great value, both in terms of visual perception and
comfortable living of its inhabitants, and in terms of the
ecology of the urban environment. Acquisition of
qualitatively new content in the interaction of man and
nature can be realized under the conditions of providing
territorial-spatial and urban processes of culturological
content [2].

Thus, the issue of functional orientation on
landscape reconstruction of territories along the waters
of large rivers is actualized in a number of scientific
works that were included in this study. According to
them, the analysis of the existing functional use of the
coastal zone of the city of Dnipro showed that
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residential buildings, as well as public and industrial
zones occupy up to 80% of the area of all developed
river areas. According to the sum of factors, the
location of residential buildings near the central zone of
the city gives a greater economic effect from the use of
the territory than the formation of recreational
complexes, but contradicts the need for green spaces.

Today, the rational use of territorial resources is
one of the most important tasks in the field of urban
planning. In most cases, improving the quality of the
urban environment is due to the need to develop a
system of reconstruction measures and principles of
architectural and landscape organization of the
territory, which should be part of a long-term program
of development of areas along the water area.

Modern urban planners and landscape architects
such as Patrick Bushan and Gilles Clema record the
mechanisms of the formation of abandoned or
inefficient urban areas within the city. The emergence
of such zones is inherent in the process of urbanization
and is important from an ecological point of view. The
so-called "landscapes of the third order”, despite the
insufficiently active role in the life of the city, are of
great importance in the formation of the urban structure
[14].

MpupiykoBi 30HK MicTa [IHINPO - iCTOPUYHI eTanu

/ Dnipro Urban Riverfront - Historical Stages

Aware of the need for sustainable development,
the entire urban system and urban policy in European
countries began to focus on the interaction and
coordinated functioning of economic, social and
environmental factors [13]. In particular, there are clear
trends: to the compact development of cities, the
preservation of the "green belt", the integration of
"wildlife" into the urban environment, the expansion of
biodiversity, landscaping of abandoned and revitalized
former industrial areas.

According to the research of Bernard Seschi, the
nature of the process of transformation of the territory
reflects the traditions of urbanism of a particular
country. Despite the fact that it is not easy to talk about
the presence of a "natural component™ in cities, the
most unexplored aspects of the interaction of urban and
landscape areas, their ability to develop, synergy and
transformation. Riverside areas within the city act as a
buffer between the city and the water area. Their main
function is to ensure the interaction of natural and
anthropogenic frameworks of the urban area. Creating
such a unique zone in the city involves the appropriate
urban transformation. The problems, strategic goals
and results obtained in measuring this process require
further rethinking [2].
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The space within the water area is the basis for the
formation of water-green diameter, and is an element of
the natural framework of the city. (Fig. 1). Thus,
renovation within the water area should include a
comprehensive approach to the organization of the
ecological framework of the city, optimization of the
system of functional zoning of its territories, saturation
of these areas with "green zones" and the formation of
ecologically balanced environment.

Investigating the location of architectural objects
and the organization of recreational spaces in the river
area, it is possible to analyze the degree of involvement
of the river space in the urban structure and the
formation of its recreational framework.

Fragments in the structure of the river zone were
identified for the city of Dnipro, their functional
content, accessibility and nature of landscaping were
analyzed. The fragmentary character of riverside urban
ensembles, which are interspersed with industrial zones
that break the line of perception, is noted. The riparian

Fig. 1 City historical stages

territories of the Dnieper, in the conditions of a post-
industrial city, need at the same time to build a balanced
relationship with radical reconstruction and a balanced
strategy of use. The strategy should be guided by
certain requirements for the implementation of
renovation measures, which include: activation of
water protection functions of river areas; rehabilitation
of disturbed areas; use of recreational and urban
potential of riparian areas for the formation of a
recreational framework along the water area;
integration of eco-clusters into the structure of riparian
areas and development of an integrated process
management system.

Activation of water protection functions of river
areas. Great importance in the greening of the city is
given to the formation of its ecological infrastructure,
an integral part of which is the system of greenery and
the water area of the city, which comprehensively form
a natural recreational framework. This is a system of
natural type, which provides the creation of
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appropriate, from an ecological point of view, living
conditions in the city, allows the continuity of the
natural framework in the city and forms a connection
with suburban recreational areas (Fig. 1).

The methodology of spatial-functional formation
of the urban environment in the water area takes into
account the transformation of the coastal zone into a
spatial-thematic scenario together with the need to
integrate the entire number of local urban planning
tasks. Analysis of possible vectors of river space
development within the city with the formation of a
contact zone in its structure, as a tool for project
modeling, makes it possible to regulate the structural
components of buildings and landscaping within the
water area, creating a contact area with meaningful
levels of interaction of river areas [3].

Rehabilitation of riparian areas, which means a set
of measures within the riparian area, contributes to the
territorial restoration and implementation of the
principles of ecological sustainability, humanization
and social orientation of the environment, maintaining
the balance of natural and anthropogenic components
of urban landscape and recreational needs of urban
population. In this period of development, riparian
areas are functionally rich and urbanized space. The
study of the development of the territorial-spatial
structure of cities in relation to the water systems
allowed to determine that the riparian areas are prone
to varying degrees of urbanization, some of them need
renovation and replacement.

One of the main goals of the reconstruction
projects is to determine approaches to the
transformation of the landscape system of the city of
Dnipro into an efficient and stably functioning urban
framework. However, many aspects related to the
forms of urban landscape transformation and natural
forms in terms of their spatial characteristics and role
in shaping the composition of the city, as well as the
process of forming the ecological and urban framework
and the organization of open spaces remain unclear.

Thus, the master plan, as a regulatory document,
should determine the path of transformation of the
urban environment in the direction of the vector of
sustainable innovative development of the territory on
the basis of the introduction of a new structural element
of the natural complex.

MpoekTHi npono3uuii / Project Solutions

New Residential Area

Formation of the system of ecological river
corridor along the water area. A holistic strategy of
ecological rehabilitation and aesthetic harmonization of
the environment of the riparian zones means the
transition from private, fragmentary implementations
to the complex structure of the riparian urban
environment. The main elements of the system are
transverse connections, as a way of forming the contact
zone of the river and the city. The study found that the
presence of convenient communication links between
the city center and the river area is the key to maximum
integration of disparate, separate areas. Thus, according
to the basic concept, building elements, green areas and
water areas harmoniously flow into each other and form
a single space and complex urban form due to the
introduction of eco-cluster as an independent
landscape-ecological element (Fig. 2).

Cluster in urban planning is understood as a
territorial formation within the metropolis. It is a
relatively autonomous unit and provides its residents
with a full set of urban functions (residential,
administrative  and  business,  shopping and
entertainment, recreation). Thus, the combination of
several homogeneous elements can be considered as an
independent unit with certain properties [7]. Also, the
cluster in the urban environment is understood as a
group of environmental spaces, united by innovative
communication channels  and infrastructure
component, and represents, from the point of view of
the city resident, a single urban resource [7].

Thus, a cluster is understood as a connected set of
urban spaces that work together to perform the
functions of the city system. Previously, clustering was
mainly used in the economic sphere, but the study
proposed to consider the integration of the cluster, as an
element of landscape architecture, in the structure of the
river area to create a holistic recreational space along
the waters of a large river.

Thus, the landscape approach in the creation of
eco-clusters will be used as a method of reorganizing
the environment by introducing nature into the urban
space in order to form elements of green infrastructure.
Components of the structure of riparian areas will now
be: complex environmental ensembles, groups and
single dominant objects, engineering structures,
background objects.
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Fig.2 Analysis of fragments of the river zone in the structure of the city. Coastal transformation strategies.
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In the course of the research it was established that
the structural components of the landscape of urban
water area are landscape features of the terrain,
geoplasty of relief, nature of landscaping, as well as
planning parameters, features of the configuration of
the water area and its coastline.

These provisions allow to form the types of
contact spaces within the river areas, as a set of several
levels of dialogic interaction: functional, spatial,
compositional, visual, plastic, historical and cultural.
Eco-clusters can become such contact spaces in the
urban environment.

Eco-cluster is formed as part of a single landscape-
recreational form of the city, consisting of individual
local elements of this form: parks, tree quarters, green
areas, squares, boulevards, alleys, esplanades, islands,
water gardens, etc. The cluster is an element for the
formation of landscape architecture and creates
conditions for green construction by maintaining a
favorable microclimate: humidity, temperature,
mobility of air masses, reducing the load on urban
infrastructure and restoring landscaping.

In scientific work, the eco-cluster is considered as
part of the urban green area, undergoing a period of
rehabilitation to increase the percentage of green spaces
in its structure, or as a recreational element formed on
the water to provide a continuous recreational
pedestrian corridor comfortable environmentally
sustainable urban environment. Such clusters can
become connecting elements between existing green
zones. Thus, a multi-complex urban "multifunctional
puzzle™ is formed with the priority of creating and
developing social and recreational areas overlooking
the Dnieper.

Integration of eco-clusters into the structure of
riparian areas. Changing the quality of the urban
environment in the direction of the vector of sustainable
development of the territory is possible on the basis of
the formation of principles and methods of
rehabilitation of riparian urban areas.

Significantly increase the level of innovation
activity will allow the use of cluster approach in the
formation of recreational corridors along the water
area, introducing technopark structures replacing
industrial areas, creating tourist and recreational areas
as poles of economic growth, forming communication
spaces, sustainable recreational ecoclusters. One of the
approaches to the restoration of industrial areas is their
ecological rehabilitation: reclamation of areas covered
by the pollution zone; transformations within the
transport  infrastructure:  bicycle  connections,
development of high-speed rail transport, organization
of communication complexes within the embankment.

Development of a system of integrated process
control in the riparian zone. On the one hand,
uncontrolled self-filling of urban areas with natural
elements affects the overall balance of green areas in
cities, on the other hand, provokes social and urban
conflicts. This property of "uncontrolled landscaping"
of urban areas allows urban policy to assess the reserves
of environmentally friendly development. For example,
the Open Space Strategy, launched in the United

Kingdom, officially regulates the use of river water
protection zones as corridors of an ecological urban
framework. This strategy also considers the small but
important “green islands" between houses and along
roads as "informal natural areas", which also play a role
in shaping the system of open urban spaces [3]. The
main thesis is the fact that riverside areas need a special
approach and strategy to manage their development
without harming the environment. In international
practice, the approach of integrated coastal zone
management was established in 1996 by the European
Commission, it is called "Integrated Complex Zone
Management" ("ICZM" / "KUPZ"). The overall goal of
the management process is to introduce into the
practice of sustainable development the conservation of
coastal areas together with the support of their
biodiversity and is aimed at the balanced use of the
coastal zone and human control within the territory
[10].

CONCLUSIONS

The presented approach is able to create a
methodological basis for theoretical and design
architectural and spatial modeling of riverside
buildings at the stage of its new formation or
reconstruction. It is established that the water area in
the planning structure of the city is perceived as a linear
object, a contact zone of multilevel visual and
compositional interaction of the city water area with the
coastal architectural development. It is determined that
the functions of the contact zone allow to consider it in
two aspects: as an effective tool for integrated
monitoring of the natural, anthropogenic and cultural
landscape of the water area, as well as a working tool
for conceptual and project modeling.lt is established
that the main component of the ecological
infrastructure of the city is the natural framework, the
system of greenery and the water areas of the city. The
formation of a recreational cluster in this system will
ensure the continuity of the natural framework, taking
into account the versatility of its formative structure.
The connection of the recreational cluster with the
suburban green belt and the water area will contribute
to the formation of a single pedestrian and recreational
system both in the city and outside it.
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Ooecckas 2ocydapcmeennas akaoemuss Cmpoumenbcmea i apxXumexmypol

OJIECCKHUI IBOPUK KAK ®EHOMEH APXUTEKTYPHOI'O JIM3AMHA

AxkTtyanpHocTh. Opecckuil HBOpUK - OpeHA
Opneccel, ero BI3UTHAS KapTodka. MHbopMarmio o ero
o0Opa3e W CTWIE >XKU3HH HAXOIUM B JHTEPATypPHBIX
MIPOU3BENECHUSAX M.KBanenxkoro, W.Babens,
I'Tony6enko, B.IlaycroBckoro, FJ.Omemm, 3.
’Kabotunckoro, Tapacyns, JI.Cymenxo, B.Xanra u np.
JIBOpHK, Kak OCHOBa  BHM3YaJbHOTO  CIOXKETa,
MPECTaBICH B TAKUX XYJOXECTBEHHBIX (HIbMax Kak
«JlukBumanus», pex. K.MenbpmoB, « Opnecckuit
napoxon», pex.C.Ypeynsk, «IIpumopckuit OymsBapy,
pex. A.IlonpIHHUKOB,«J[FOOMMAast KEHIMHA MEXaHUKa
T'aBpunoBa», pex.Il.TonopoBckuid u np. OuinbMbl U
TeaTpallbHBIC TOCTAHOBKH, Pa0OTHI TEATPOB, TEIIEIIOY,
OIIECCKUI (DOIBKIIOP - BE3[e IMPHUCYTCTBYET CTaphIit

JABOPHUK, KakK OpFaHI/ISyIOH.II/Iﬁ sneMeHT. boibmoe
KOJIMYECTBO MAaCTHUTBIX n MOJIOBIX OC€CCKHX
XYyHOOXXHUKOB TIOCBATHUIIN CBOHU pa6OTI)I 3TOMY

yHukansHOMY aBieHnio (H.BeuikyH, A.l'aBa3uHCKHH,
B.Kyuep-Kynas, C.JIo30BCKUH, [1.Harynsxk,
A Kamzemu, T.Pomanenko u mp.). Ero o6pa3ssl,
OTIIEYaTaBIIMECSI B  OONIECTBEHHOM  CO3HAHWH,
OTIIMYAIOTCS OCOOBIM KOJIOPHUTOM, SMOIMOHATBHOM
HACBIILEHHOCTHIO, BU3yalIbHBIM CTPOEM.

OpnHako, CerofHs OJIECCKUN JBOP TEPSIET CBOIO
Xapu3My U TPaJULHOHHBII CTHIb XU3HU. bonbiioe
KOJINYECTBO HCTOPHUECKUX JBOPUKOB HCUE3IIU COBCEM,
MOMAaB I10J] MAaCCOBBIH CHOC OOBETIIABIIErO >KUIIBS .
BwmecTo yIOTHBIX OOXHTBIX NMPOCTPAHCTB BBIPACTAET
BBICOTHas  KOMMeEpYecKas  3acTpoiKa, KoTopas
nedopmupyer obpas crapoit Omeccel. YacTh ITBOpOB
MPEeBPaTWIACE B ac(haabTUPOBAHHBIN WM 3aJUTHIH
06eTOHOM MIIAI-CTOSHKY I aBTOMOOMIei. Ha rpanu

HCYE3HOBEHMS] BECOMAasi 4YacTh JIETEHABI TOpPOAA.
Typuctam  1NOKa3blBalOT  HECKOJIBKO  JIBOPHKOB
MongaBaHKH, COXpaHUBIIMECS 3a CUYET SHTy3UazMa
JKUTeNeld - ABOPUK YTECOBA; JBOPHK, IIE CHUMAJICA
¢bubM «JIuKBHIAIHS»; TBOPUK JKBaHEIIKOTO; IBOPHK,
KOTOPBIA KHUJIBLBI CHENald CBOCOOpPAa3HBIM MECTOM

CaMOJIEATENBHOIO TBOPYECTBA, cobupas
¢dboToamb00MBI,  CTapble  OTKPBITKH,  O(OPMIISS
MPOCTPAHCTBO «MO3aUKOI» U3 OUTON TIOCYBI.

He oTpuLas HEOOXOIMMOCTh ~ BHECEHUS

COBPEMCHHBIX KaueCTB B JKWIYIO 3aCTPOWKY TOpOJa,
JOCTIDKEHHE €€ COOTBETCTBUS YCKOPSIOMIEMYCS PUTMY
KU3HH, €€ TEXHOJIOTHU3AIUH, PEHICHUS YTHIHTAPHBIX
3aJ1a4 MAaCCOBOTO PacCEJICHUS JIFOJICH, BCE e cUnTaeM
HEOOXOJUMBIM COXPAaHUTHh HETIOBTOPUMBIA OJECCKUI
KOJIOPUT, TPAHCIUPOBATH €T0 B HOBYIO 3aCTPOHKY 3a
cuér aHamm3a (AaKTOPOB «OAECCKOCTWY, BBISBICHUS
MIPU3HAKOB JIOKAIBHOTO CTHJII MECTHOCTH. JTa paboTa
Moria OBITh 60JIee MPOAYKTUBHOMN, PACIPOCTPAHATHCS
HE TOJIBKO HAa WCTOPHYECKUH apean, BKIIOYaTh HE
TOJBKO METOABI CTHIM3AIMH M (OIBKIOpa, HO W
BIIMATH HAa OJIECCKUI «HOBOCTPOI» , OBITH HAIIEICHHOU
Ha AaKICHTHUPOBAHUE TMPH3HAKOB «OJECCKOCTH» B
opraHuzaiuu Jroboro mpoctpancTBa. s 3TOro
HEoOXoauMO  c(OpMHPOBaTH  COOTBETCTBYIOILIYIO
TEOPETUYECKYI0 0a3y, OMUPAasCh Ha HCCICAOBAaHUS B
obmactu  «jokaigpHOTO CTHII»(A.MkoHHHKOB)[1]
«obpaza xmHm»y( B.Iumko)[2,3], npamarypruro
cpeabl M KOMIUIEMEHTapHyK  cTpaTeruto  eé
mpeodpa3oBaHuUL (H.MopryHs, E.Tropuxosa,
W.Po3zencon)[4-7]. DTo nmemaeT akTyaabHBIM BEIOOD
TEMbI, IOCTAHOBKY TIPOOJIEMBI, O0BEKT, MIPEIMET, IIEeITh
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Y 3aJja4¥ UCCIIEIOBaHMUSI.

IIpodnema HCCJIeJOBAHNS: BBIJICJICHUE
MPU3HAKOB «OAECCKOCTU» TPAJUIMOHHOIO OAECCKOro
JIBOPHKA M UX COBpPEMEHHAasl HHTEPIPETaIIHSL.

«00deccKkuit 060puk» Kak COLUOKYJIBTYpPHBIN
(eHOMEH - 0CO0asi KOMMYHHKaTHBHAs Cpe/ia, B OCHOBE
KOTOPOH JIEKUT «ONECCKUH 00pa3 >KM3HW»: FOKHBIH,
MHOT'OHAITHOHAILHBIMH, JIEMOKpaTUYHBIH,
JKU3HEPAJOCTHBIM,  OOIMMHHBIA. OTO  Ha3BaHHE
BBI3BIBACT  MHOXKECTBO  aCCOI[MATHUBHBIX  PSJIOB.
OcHOBOH  omecckoro o0pa3za KH3HH  SIBIISICTCS
TIOJICTHIIA3M, MHOTOTOJIOCHE, IOMOp,
KOMMYHHKATHBHOCT, COOBITHITHOCTB,
TpaHchOpMHUPYEMOCTB. Yro COOTBETCTBYET
CerOJHSIIHEH CpeoBOM MapaaurMe U TaKTHKE
noctmozepHa (M.Pozencon)[4].

Denomen  «odecckuil  080puKk» ¢  NOUYUL
cpedosoco ousaiina XapaKTepU3yeTcs
CTPYKTYPOOOPa3yIOMKUMH KOMIIOHEHTaMH U 00pa3oM
KU3HH. B KadecTBE  apxumekmypHou  OCHOBbI
BEICTYTIaeT Pa3HOCTHIIUCTHYCCKAS 3acTpoiika,
co3maHHasA B pazbere BpeMEH, STAKHOCTHIO OT 1 110 6
STakel, OKpyXKaromas  IPOCTPAaHCTBO  pa3sHOU
reomeTpuu.. Ha Tepputopuio 1Bopa BeAyT apOyHbIC
MPOEMEI, 3aKpBIBAIOIINECS METaJUINYECKUMHU
BOPOTaMU. 3IaHUS OOBIYHO OIOSICAHBI HECKOJIBKUMHU
psAaMu KPBITBIX W OTKPBITBIX Tajepeil, 4YacTh U3
KOTOPBIX ~ CIIY’)KUT ~ OOIIECTBEHHBIMHU  «BHEIITHHUMH
CBA3SIMM», a 4YacTh BOULIA B  CTPYKTYpy
WHAWBUAYAIGHOTO JKWiIbsi. OCOOCHHOCTBIO ITBOPOB
SBIISICTCS BapHaTUBHOCTh u MHOT000pasue
BEPTUKAIBHBIX CBS3€H, JECTHHUIEI PA3IMYHOTO THIA
thopmupyroT 0COOBIi pUTM BHYTPCHHETO
MPOCTPAHCTBA [IBOPOB, BEAYT K aIbTEPHATHBHBIM
BXOJaM Ha  pa3Hble  YPOBHHM, 0OECHEUHBAIOT
pazHooOpa3ue BUAOBBIX Touek. OOIiee BreuaTIeHUE
OyJieT He MOIHBIM 0€3 PaCTUTENBHOCTH: B TOPIIOYKAX,
B BHUJIE OT/ENHHO CTOSIIHMX JIEPEBHEB M BBHIOIIUXCS
numaH. B kadectBe o0Opa3a JKHM3HH BBICTYNAIOT
pa3nuvHbIe CpeIOoBbIC KOMMYHHKAIIUH,
JOKAJTM30BaHHBIE B  BHIE OCOOBIX  CPEIOBBHIX
MH3aHCIeH ( OBITOBBIC CIIEHKH).

Takum oOpa3oM, MaTepHadbHBIC HOCHTEIH
XYJOXKECTBEHHOH OOpa3HOCTH OJECCKOTO BOPHKA:
CTCHa, raiepes, apka, BXOHIBL, ¢GopMa TBOPOB-
KOJIOZIIIEB, O3EJICHEHHE, TIPOLIECC.

B pemenun mnpoexkTHOW 3ajaud  NpUAAHUS
«OZECCKOCTMY» COBPEMEHHOH 3acTpOWKe, CTYICHTHI
AKIEHTHPOBAIM BHUMAHHE HAa OJJHOM FUTH HECKOJIBKHUX
NpU3HAKaX W BBIBOOWIM HMX B  HECKOJIBKO
TUIepTPOGUPOBAHHON (GopMe: ABOP € JOMHUKAMH IS
koToB (T.CxuneHko); MHOTO(YHKITHOHAIBHBIN ABOD C
JIOCYTOBOM 30HOI HaJ| mapkoBKo# (A.My1maiino), 1Bop

C rajepeel, «OTOPBAHHOI» OT CTEH, (CKUBYILEH»
camocTosTenbHON ku3HBIO(  A.JKupoma); mBOop ¢
JETCKUM TeaTpoM W 30HOW OapbOekio (S1./laBumrok) ,
JIBOP-OTOPOJ, B OKPYKEHHUU BBICOTHBIX 3JaHUU C
«yukamuy ( JI.JlaBunosa), ABOp, MEPUMETP KOTOPOTO
OpraHu30BaH Pa3HOBBICOTHOM Ppa3HOLBETHOM
3aCTpOMKOM U TIp.

BreiBogsl: TakuM 00pa3oM, OCHOBY JIOKAJIBHOTO
OJIIECCKOTO CTHJISI COCTaBILieT crierududeckuii obpa3
KI3HU. Ero mpw3HAaKW SBISAIOTCA, OJHOBPEMEHHO W
XapaKTepUCTHKaMH Cpelbl [IBOPHKA: Pa3HOCTHIIBE,
pa3sHOPa3MEepHOCTbH, OMOD, COOBITHIHOCTB,
BApUATUBHOCTh MPOIECCOB, KOMMYHHUKATHUBHOCTh W
HUHTEPAKTUBHOCTh, TPUKCTEPCKAs CTPATErusl pa3BUTHSA,
BBIPA3UTENIbHBIN [IBETOBOIl M CBETOTEHEBON PUCYHOK.
Opecckuii  MBOPUK KAk  CpeloBoil  (heHOMEH
BBICTPaMBAETCs CUCTEMOW MH3AHCLICH, LEHTPAIbHBIM
3BCHOM KOTOPBIX BBICTYNAIOT JIIOAH H JKABOTHBIC.
WuTepnonupys IpuU3HAKH OJIECCKOCTH B COBPEMEHHYIO
3acTpoiiKy, MOXHO  Cc(hOpPMHpPOBATH  CPEIOBYIO
CHCTEMY, BU3yalIbHO OITMPAIOIIYIOCS Ha COBPEMEHHEII
XYIOOXKCCTBEHHBIN S3BIK, MaTepHajbl H Tp., HO
CTEMYJIUPYIOIIYI0 TPH 3TOM AaCCOLMATHBHEIC PSABI,
XapaKTEepHBbIE I HCTOPUUECKOU 3aCTPOUKH.
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Summary. Materials on the dynamics of the number of hazel grouse (bonasa bonasia) in the vicinity of

Yakutsk.

AnnoTtanus. [IpeacrarieHpl MaTepHaibl 10 THHAMHUKE YHCICHHOCTH PAOYHKA B OKPECTHOCTAX I.SIKyTCKa.
Key words: hazel grouse, number, population dynamics, environmental factors.
Kniouesvie crnosa: paouux, wucieHHoCcms, NONYIAYUOHHAS OUHAMUKA, aKmopbl GHeWHel CPeobl.

IocranoBka mnpobuaembl. Ps6unk (Bonasa
bonasia) OIIH u3 HauboJiee MAacCOBBIX
npejicTaBuTeneii cemeiicrea ®aszanossie (Phasianidae).
Takke SIBISICTCS MOMYJISIPHBIM OOBEKTOM CIIOPTUBHOMN
OXOThI, OJarojaps BBICOKMM BKYCOBBIM KadecTBaM,
MSICO psIOUMKA BBICOKO IIEHUTCS B PA3JIMYHBIX KyXHIX
mupa. B paiioHax ¢ ONTUMAIBHBIMH YCIOBHSIMH
CYIIECTBOBAHUS YMCIIEHHOCTh BHJa MOYKET JOCTUTAThH
BEChbMa BBICOKHMX 3HAYEHHWH, Onaromaps 4emy BHI
SIBJISIETCS OYEHDb BXKHBIM OXOTHHYBUM PECYPCOM.

AHaym3 MOCJIeAHHUX HCCJIeJOBAHMI "
nmy0IuKaIUIA. B YCIIOBUSIX CpeAHeTaeKHOU
CBETIIOXBOMHOM  Taiirn  LlenTpanpHoil  SIkyTumn

IUIOTHOCTH BHZAA Ha MOPSAKH HWKE, HO M 3/1eChb OH
OCTaeTcst OIHON M3 HanboJiee MAaCCOBBIX TETEPEBUHBIX
nrul. YnucneHHOCTh BUjia Ha Beel TeppuTopun SIKyTHu
CHJIbHO BapbHpYET 110 To/1aM | Kojebiercs ot 243 Thic.
o 876 teic. (B cpemHeM 527 Thic.) ocobeii (Mcaes,
2014, 2016). Omaum w3 Hambojiee HETATUBHBIX
(hakTOpOB BHEIIHEI! Cpe/ibl, BIUSIONIMX HA ITOTOJOBbE
pSAOYNKOB, SBISIOTCA HEOIATONPHUATHBIE ITOTOIHO-
KJIMMaTH4ECKUE yCIOBHS 3MMOBKH, JICTHHE 3aMOPO3KH
Y JIMBHEBBIE TOXK/Y B Ha4ase JieTa, KOr/ia NTEHIIbI elle
HE JOCTHIJIM JIOCTATOYHBIX Pa3MepoB Tena, a TaKKe
HeraTHBHOE BO3/ICHCTBHE aHTPOIIOTEHHBIX (PaKTOPOB, B
HepBYIO ouepenb — hakTopa 6ecriokolicTBa 0COOEHHO B
MepHO/1 BEIPalMBaHKUS MOJIOAHAKA. OCOOEHHO CHIILHO

9TOT ()aKTOp CKa3bIBAETCS JIETOM, KOTAa BCIYTHYThIE
JFOJIbMH BBIBOJIKHM HE MOTYT BHOBB COOpaThCsl BMECTE,
YTO TPHUBOJUT K THOENM NTEHIOB. DTO, BEPOSITHO,
OCHOBHas TNpUYMHA WCYE3HOBEHUs psOunka B
OKpECTHOCTSIX KpYIHBIX TroponoB (ManbueBckui,
Hyxuacknit, 1983). Cromp xe HEONArONpUATHBIM
obpazom CKa3bIBACTCS BBEIpYOKa neca "
OKYJIbTYpUBaHHE JIECHBIX YYacTKOB B  MecTax
obutanuss psbumka B benoBexckoit Ilyme, B
HenTtpanshoii u CeBepuoit EBpornie (Uepkac, 2006). ITo
9THM K€ INPUYMHAM PAOYMK TMOJHOCTHIO HCYe3 C
Tepputopuu MOCKBBI, THe OH 10 KoHna 1970-x u
Havana 1980-x rogoB Berpeuascs B JlJocunom OctpoBe
u B CepedpsitHom bopy (Camoiino, Mopo3zoBa, 2011).
OTpuuaTenbHyl0  poib  CHITPaJ0  YHHYTOXKECHHUE
YYacTKOB Jieca TaéKHOrO THMA ¥ IOCTETICHHAS
TpaHchopMaIus XBOMHBIX JIeCoB B
LIMPOKOJIMCTBEHHBIH JIeC, I/Ie YCIOBUS Ul OOMTaHUS
psabunka  pesko  yxyamaroTca.  OmpenerneHHOE
BO3/ICIICTBUE TaK)KE OKA3aJl0 YXY/ALICHHE KOPMOBBIX
YCIOBUI B CBS3M C COKpAlEHHEM SITOJHHKOB U
4yHcIeHHOCTH MypaBheB (Camoiinos, Mopo3osa, 2011).

YucneHHOCTh TeTepeBUHBIX B mocneanue 50-70
JIeT TIOBCEMECTHO COKpAIIAeTCsi, HO NMPHYMHBI 3TOTO
BBIACHEHBI jgajeko He mosHocTblo (CemeHOB-TsH-
[Tanckni, 1960; Tloramos, 1985; 1990).
HccnenoBanue AMHAMUKN YMCICHHOCTH 3THX HITHI] B
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ycnoBusIX SIKyTun ¢ €€ OOLIMPHBIMH TEPPUTOPHUSIMH,
I7ie aHTPOIOIEeHHBIN Mpecc 10 CPABHEHUIO C IPYTHMU
perMoHaMM  MHUpa  MHHHMaJEH, IOJIE3HBI  JUIS
MOHUMaHHMS OOLIMX MEXaHU3MOB TaKOT'O COKpAICHUSI.

Leabio padoThl SBISETCS aHAIM3 JAWHAMUKU
YHUCICHHOCTH M COIOCTaBJICHHE €€ C OCHOBHBIMU
(hakTOpamMu BHEIIHEH Cpebl.

VYder 4YHCIEHHOCTH pPsOYMKa B OKPECTHOCTSAX
r.fIkyrcka mposommics BecHoit 2018 m 2021 rr., a
Takxke B oceHHu# nepuoxa B 2017 u 2020 rr. Bo Bpems
ydeTa HCTIOJIb30BANIACh METOANKA ydeTa,
npemnoxkenHas C.A. @erucoeim (Derncos, 2008).
Ona OCHOBaHa Ha pErHCTpAllMU CaMILOB ps0OYMKa,
OTO3BABLIMXCS Ha 3BYK MaHKa (MMIIMKA). YUYETYHK
MOZMaHUBaeT PSIOUYNKOB Ha MapUIPyTe 4epe3 Kaxble
cT0 MeTpoB. ONTUMAJIBHBIM BPEMEHEM YUeTa SIBIISETCS
BECHa — B TIIEpUOJ] TOHa psOYMKA, KOTOPBHIH B
LenTpanpHoil SIKyTMM NPOAODKAETCS IO HAIUM
HaOIOZCHUSM C Hayajla MapTa 10 KOHEIl Mas-Ha4yajo
ntoHs. Hanbomnee paHHUI TOKOBOM CBHCT psOYMKa OBLT
3aukcupoBan 8 mapra. Kpome Toro, ps6umku
aKTHBHO OT3BIBAIOTCS HAa NHIIMK B MEPHOA C KOHIA
aBTycTa | JI0 CepeAnHbI OKTAOps. BozmoxHs! 1 Oomee
paHHHE M Oojiee MO3AHUE «OT3BIBBI», HO Hamboiee
AKTHBHBI NITHIBI IMEHHO B YKa3aHHBIH BBIIIE TIEPHUO]I.
AKTHBHBI caMIIbl U B KOHIIE HIOHS — Hayaje U0, HO
B 3TO BpeMs, CyIs IO BCeMy, HajieKO He BCE IMTHIIBI
OT3BIBAIOTCS Ha MaHOK, IMOCKOJIBKY 3aHATHI 3a00TOH 0O
notoMcTBe. Jf NMOAMAaHUBAHHUSA MBI HCHOJIb30BAIHN
CaMOJIETIbHBIN JKECTSIHOM MaHOK, KOTOPBIi
MPOJIEMOHCTPHPOBAI BBICOKYIO 3 (PEKTHBHOCTb.

Pacuer mIoOTHOCTH HaceleHWs NPOBOAMICS IO
dopmyne,  mpemmoxxkenHoir ~ C.A.  ®DerncoBrM
(detuncos, 2008):

_X_ 2X,  3X,
N ;g(L.zR) 2LR’

@

I'ne Xcp— MIIOTHOCTH HacesIeHus psabunka Ha 1 M2,
Xc — KOJIMYECTBO CaMIOB, OTO3BaBIIMXCSl HA MaHOK, L
- JUIMHa Mapupyra B MeTpaXx, R — pazauyc
ontuMainbsHoro aeiicteug manka (50 m). C.A.detucos
(2008) B cBOEit hopmMyiie 3a0bLT yKa3aTh, 4TO JUIS TOTO,
YTOOBI NEPEBECTH MJIOTHOCTh HACENEHUS PIOYUKOB Ha
ocobeit Ha 1 kM2, HeoOXOAMMO HOIYYEHHYIO LU(PY
yMHO#uTh Ha 1 000 000, nockosbky B 1 km? 1 000 000
M. A s mepeBojia IIOTHOCTH Ha 10 kM2 HysKHO
yMHOXkuUTh eme Ha 10. [ToaToMy, B OKOHYaTenbHOM
Buzie (opmyIa, HCHOJIb30BaHHAs HAMH JUIA pacdeTra
IUTOTHOCTH, BBITJIAZEIA CIIEAYIONIM 00pa3oM:

X 2X, 3%

X = e =< X 10000000
2 S 2/3(L.2R) 2LR

IMoroma myis yuera BRIOMpaCTCs sICHAsS, CO CIa0BIM
BETPOM WJIM B IITUIb, IOCKOJbKY HamMu ObLIO
YCTaHOBJIEHO, YTO B BETPEHHYIO MOTO/AY, B CHET WU
JIO’K]Tb CaMIIbI OT3BIBAIOTCS HA MAaHOK HEOXOTHO.

JlaHHBIE ~ OCEHHUX W  BECEHHHX  YYETOB,
MPOBEACHHBIX COOTBETCTBEHHO B CCHTAOpPE-OKTIAOpe
2017 r. m B Mmae 2018 . mpexacraBneHsl B a0l u 2.
Yd4eTsl ¢ MaHKOM NpPOBOIIIINCH HAa IMOCTOSHHBIX
MapmpyTax IJisi MOMYYCHUS CPaBHHUTENBHBIX NaHHBIX
M0 W3yYCHHWIO 3WMHEH CMEpTHOCTH psAOYMKa B
OKpecTHOCTSX T.SJIKyTcKa. [Io TaHHBIM OCEHHHX YUETOB
Cpe/Hss TUIOTHOCTh HaceleHHs psi0umka Kojebaiach
Ha uccieayemoit Tepputopun ot 83,3 1o 393,4 oc./10
kM2, B cpemuem 180,0 oc./10 kMm%, uyTO B LEIOM
COOTBETCTBYET CpEIHHUM [OKa3aTeasiM IUIOTHOCTH
HAaCceJIeHWs] BUJAa W B JPYTUX 4YacTIX apeaja BHIA
(Ta6:1.3). BecHoit 2018 r. mIoTHOCTh HACEJICHUS BHIA
Ha TeX K€ ydacTkax okazaiack Ha 39,3% Huxe, yeM
OCEHbIO M BapbupoBaja B mpezenax ot 57,4 no 241,2
oc./10 km? cocraBnss B cpemHeM 121,2 oc./10 kw2,
Takum 00pa3oM 3UMHSAS CMEPTHOCTh psIOYMKa B
peruone 3umoii 2017/2018 rr. cocraBuia okoino 32,7%

Tabmuna 1
JlaHHbIe 0CeHHEro y4eTa YMCJIeHHOCTH psifunKa Ha MAHOK B oKpecTHOCTsX I.JIkyreka. Centsaops 2017 1.
Komn-Bo ITnoTHOCTB
JHara Jmna
Ne Mapuipyt OTO3BABILIXCS HaceJIeHuU,
yuera | MapiipyTa, kM CamII0B 0c./10 km?
1 C.Maran — p.Cemro3epka — 9.09. 5,33 2 112,6
2 cMarar 8.10, 533 2 1126
I1. Kanranaccel —
4 Kanranacckuii MpIc — 30.009. 410 2 146,3
1. Kanrasnaccel
19-it km But. 1p. — 03. CyryH —
5 ypoumuie CeMrosepbe — 21.09. 11,40 10 263,2
c.Maran
g | 17xmBun pakra—os. Cyryn |5y 9 14,40 4 833
—c.Maran
7 12 xm Bumroiickoro Tpakra — c. 01.10. 6,10 8 3934
Maran
BCEI'O: 46,66 28 180,0
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Tabmuma 2
JlaHHbIe BeCEHHEro yueTa pa0uHuKa HA MAHOK B OKpecTHOCTAX r.Akyrcka. Maii 2018 r.
Tmna Kon-Bo [InoTaOCTH
N Mapuipyt Hata OTO3BABILHIXCS HaceneHus1, oc./10
MapIIpyTa, KM )
CaMIIOB KM
1 30-ii kM Burotickoro Tpakra 14.00. 1045 2 574
— ypouuiue Yc-bachk
2 26-11 xm Butrotickoro Tpakra 20.04. 8.30 2 723
—yp-Kyeryp
3 03.Ky06anax — c.Maran 01.05. 13,49 5 1111
4 19-it km Burotickoro Tp. — 23.05. 6.22 5 2412
03.CyryH — c.Maran
5 12 xm Brmotickoro TpakTa — 01.10. 6.10 4 196,7
¢. Maran
BCETI'O: 44,56 18 121,2
Tabmuna 3
CpaBHeHHe BeceHHelH M OCeHHell YHCJIeHHOCTH psadunka B pa3Hbix peruoHax (mo «Imuust CCCPy», 1987)
Pervion Ocenusis Becennsis
Limit M Limit M
TTegopo-MITbIacKuii 3aOBETHIK 118-811 252 113-180 -
Benopyccust 43-488 164 31-160 88
JleHuHTpackas ooIacTh 20-230 110 30-160 85
Oxnast PuHIHINSA 62-352 181 133-411 286
K cpaBuennto, B bemopyccun  BeceHHss 3uma  2020/2021 Tr1. oTIMUamace KpaifHe
YHCIEHHOCTh psAOYNKa HIDKe oceHHel Ha 46,3%, B HEOIarompHsATHBIMH MOTOHO-KIMMaTHIeCKUMHU

Jlenmnrpanckoit obmactm Ha 23,7%, B Iledopo-
WprackoM 3amoBeTHUKE TaKKe 3HAYUTEIHHO HIDKE, a
B OuHISTHIUH, HA000POT, BhIIIe HA 58% (Tabm.3).

JIro00NbITHRIE JaHHBIE OBUIM IOJyYCHBI B
OKDPECTHOCTSX T.S[KyTCKa B XOJ€ OCEHHEro ydyera Ha
MaHOK B ceHTsiOpe-okTsiope 2020 r. Torma Obu1
OTMEYECH 3HAYUTEIILHBIN POCT YUCICHHOCTH PSIOYHKA B
peruone. Tak, 10 [JaHHBIM YYETOB IUIOTHOCTH
HaCEJICHUS BHIa Ha Pa3HBIX YYacTKaX BapbHPOBaia OT
192,9 10 503,3 oc./10 kM2, B cpenHeM cocraBuia 312,6
oc./10 kM2, o Ha 42,4% Gobine, veM oceHpro 2017 T.
(Tabn.4).

YCIOBUSIMH. YK€ CO BTOpPOH JAeKaabl nexaOps Ha
tepputopun LleHTpanbHOW SIKyTHMM YCTaHOBHJIKCH
CUWiIbHbIE MOpo3bl Hiwxke MuHyc 40°C, KoTOpble
OPOAEPKAINCh €  HEOONBIIUMH  OCTA0JIeHUSIMHI
NpaKkTUYeCKH 10 Havaiga Qespans (puc.2,3,4). bouio
OTMEYEHO COKpAIICHHE OTHOCHUTEIBHON YHCIEHHOCTH
psabunka Ha 55,9%, TO €CTh MOMYJSIHS COKpaTUIACh
Gomee, dyem HamonmoBuHy. llpm 3TOM cpenHue
TMIO0Ka3aTelH IUIOTHOCTH 110 PETHOHY BCE XK€ OKA3aJINCh
BBIIIE, yeM BecHOM 2018 1, 4T0 04EBHIHO OOBICHSIETCS
OTHOCHTEJILHO 0oJiee HU3KOH OCEHHEH YHCIICHHOCTBIO
BHJA B ceHTAOpe-okTsa0pe 2017 T.

Tabmuua 4

JlaHHBIE OCEHHEro yueTa YHCJIEeHHOCTH PAOUYMKA Ha MaHOK Ha Tepputopuu MO «I'.SAkyTck».
CeHnTs6pb-oKkTA0pB 2020 1. MO «I SAKYyTCK»

Komn-Bo ITnoTHOCTB
Jata JlmHa
No Mapupyt era @ L KM OTO3BaBLINXCS HaCEJICHUs,
v PHpyTa, CamII0B 0c./10 km?
1 12-it km Bunrotickoro Tpakra — 30.08 530 4 2264
c.Maran
2 Maranckoe knagouite — [lecuansrii 13.09 5,96 10 503.3
Kapbep — 1. XaTeHr-FOpsx
3 C. Maran — p.Cemuosepka — 17.00. 764 9 3533
03.CyryH — c.Maran
4 baza SII'CXA — TetepeBHHBIH TOK 19.09. 6,75 5 2222
5 TerepeBmibm ToK — 30-11 KM 20.09 784 6 2296
Buumoiickoro tpakra
6 C.Marai —I'asonposon - 04.10 6,35 10 315,
p-Cemuosepka — c.Maran
7 19-it xm Bumrotickoro Tpakra — 1010 6.22 4 192.9
03.CyryH — c.Maran
BCEI'O: 46,06 48 312,6
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Tabsuna 5
JlaHHBIe OCEHHEr0 y4eTa YHCIeHHOCTH pAdunKa Ha MaHOK Ha Tepputopun MO «I.SIkyTck».
Maii 2021 r. MO «I".SIkyTCK»

Kon-Bo ITnotHOCTH
JHara Jmiaa
No MapuipyT era @ o OTO3BaBILMXCS HaceJIeHus,
v PUipyTa, caMIoB oc./10 xm?
1 12-i1 xm Bunrotickoro Tpakra — 19.05 530 3 1608
c.Maran
2 Maranckoe knaaowiie — [lecyanbrii 15.05 6.22 4 192.9
Kapbep — 1. XaTeHr-I0psix
C. Maran — p.Cemmo3epka —
3 03.CyryH — c Maras 16.05 8,23 5 182,3
4 Baza SJII'CXA — TerepeBHHBIHA TOK 09.05 11,7 3 76,9
5 |  Terepeubiii tok—26-iku 02.05 82 1 36,5
Bunroiickoro Tpakra
6 C.Marasn — I'azonpoBoj c.Marax 17.05 6,35 5 236,2
19-i#1 xm Bumotickoro TpakTa —
7 03.CyryH — c Mara 20.05 6,22 3 1495
BCETO: 52,22 24 1379
350
300
250
200
150
100
50
0

MnoTHocTb HaceneHus, oc./1000 ra
B OceHb 2017 M BecHa 2018 m OceHb 2020 BecHa 2021

Puc. 1. Cpasnenue ocennell u ecenneli 4UCIeHHOCU PAOGYUKA NO OAHHBIM Y4emO08 HA MAHOK 6 OKPECMHOCMAX
e Axymceka 6 nepuoo 2017-2021 ee.

TemnepaTtypa Bo3ayxa B Aekabpe 2020 r. no
AaHHbIM MeTeocTaHummn "MaraH"

6 7 8 910111213141516171819202122232425262728293031

Min Max M

Puc. 2. Temnepamypa 6030yxa 6 dexabpe 2020 2. 6 okpecmuocmsix 2. 5KymcKka, no OaHHbIM MemeoCmanyuu
«Mazany
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TemnepaTypa Bo3ayxa B AHBape 2021 roga no
JaHHbIM meTeocTaHumu "Maran"

1 3456 7 8 9510111213141516171819202122232425262728293031

-55

e /i em—\a X M

Puc. 3. Temnepamypa 6030yxa 6 saneape 2020 . 8 okpecmnocmsx 2. AKymcKka, no 0aHHbIM MemeoCmaHyuu
«Mazany

TemnepaTtypa Bo3ayxa B ¢peBpane 2021 roga no
AaHHbIM MeTeocTaHummM "MaraH"

-15

123456 7 8 9101112

-20

14 1516 17 18 19 20 21 22 23 24 25 26 27 28

e i e— X M

Puc. 4. Temnepamypa so30yxa 6 gpeepane 2021 2. ¢ oxpecmuocmsx 2. AKymcka, no OaHHbIM MemeoCmanyuu
«Mazany

BoiBoabl u npenno:xkenus. Takum obpasoM, u3
abuoTHyeckux (HakTOPOB CPebl HANOOIBIIICE BIUIHUC
Ha YHUCJIEHHOCTh PSI0YMKA OKa3hIBAIOT KIIMMATHICCKUE
yCIIOBHS, B TEPBYI OuYepeIb YCIOBUS 3UMOBKU,
MO3/HEE YCTAaHOBJIEHUE CHEXHOTO IOKpOBa MpH
KpalilHe HHU3KHX TEeMIlepaTypax BO3AyXa MOXET
NPUBOANTH K rHOeNN yacTy nomyisinnn. O6pasoBanne
TBEPJOH KOPKM HACTa B BECEHHMH MEpUOJ TAKXKe
spisieTcsa ryoutensHeM s psaduuka (IItumer CCCP,
1987). Ipyrum Ba>KHBIM (DaKTOPOM SIBIISFOTCS YCIOBHS
MOTOJIl B MOMEHT MacCOBOTO BBUTYTIJICHHS ITEHIIOB 1
B TEUEHHE MEPBBIX TPEX Henenpb ux ku3Hn (CaBUeHKO,
2009). B sto Bpemsi Hamboliee TYOHUTETbHBIMH JIJIS
BBIBOJKOB SIBJISIIOTCS JUIMTENIEHBIE TOXOJIOJAHUS C
noxasimMu. Tak, Ha CpemHeM Ypane Kod(GQHUIHEHT
KOppeISIIMK OKazajucsi Haubojee BBICOKUM MEXIy
OCEHHEI YNCIICHHOCTBIO PAOYNKA M CPETHECY TOYHBIMHU
TEeMIlepaTypaMu BTOPOH W TpeTbeW JAeKaabl HWIOHS,

HMEHHO TOrJAa, KOTJa MPOUCXOAWT MacCOBOE
BbUTyTUIeHUE ITeHIoB (Jlanmnos, 1975, nut. o ITuib
CCCP, 1987). [IloBeimenHass rubenb NTEHIOB
npoucxoaut B quanazone 4,5-10°C (Casuenko, 2009).
['yOurenbHBIMEA ~ SBISIFOTCS W KPaTKOBPEMEHHBIE
JIMBHEBBIE JTOKIU. B cyxue rojipl CMEPTHOCTb ITEHIOB
magaeT 1o 27%, a B JOXKIIMBBIE OBEIIAeTCs 10 44%
u Oonee (CaBuenko, 2009). Bricokas 4YHCICHHOCTH
NTUI] OCEHBIO HHOTJA CTAHOBUTCS  TPUIHMHON
SMU300TUH, OTMEUYEHHBIX B YCCYpPHUIICKOM Kpae U Ha
VYpae, a Takke YyBEIMYUBAET OTPHUIATEIHHOE
BO3JCHCTBHE XHWIIHUKOB M, HAKOHEI, BBI3bIBACT
YCWJICHHYIO JUCIEPCHIO 0co0el M3 TepeHaceIEHHBIX
mect (ITtuer CCCP, 1987).

B 3UMHECC BpeMs CMEPTHOCTH 3aBUCHUT
TEMIICPATYpbl  BO34yXad, BJIWAHUA  XUIIHUKOB U
FHy6I/IHBI CHEXHOI'O HOKpOBa. Ilo JaHHBIM

A.B.AnnpeeBa (1980) camas Hu3Kas Temmeparypa,
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NP KOTOPOH ObLIa OTMEYeHa KOPMOBAsl aKTUBHOCTH
psibumka cocrapmsiia -49°C. [Ipu Takoil Temmneparype
psA0YMK 3aMUpa Ha 3-5 MUH, JJIsl TOTO, YTOOBI KOPM B
300y Mmor nporpetbes (Arapees, 1980). Kpome toro, B
3UMHUI TEPUOJ] COKpAIaeTCcsi BPEMs Ha KOPMEXKKY,
TTHIBI HAYMHAIOT noTpeOIATh MeHee
mpeArnodnTaeMple W 0Oojee  JOCTYNMHBIE KopMma
(Argpees, 2007). BaxHyro pomp wurpaer riryOnHa
CHE)KHOTO TTOKPOBA, /IS YCISIIHOW 3MMOBKHU PsOUKa
BBICOTA CHEXXHOTO TIOKPOBA JIOJDKHA OBITH HE MeHee 25-
30 cM (Casuenko, 2009).

B menom, TOBBINICHWE ECTECTBEHHOTO OTXOIa
nomynsiiun  3uMoit 2020/2021 1. MBI CBSI3BIBaEM
TJIABHBIM 00pa30M C JUTUTEIBHBIM U HEOJIAarOMpUs THHIM
JeficTBUEM HU3KHUX TeMIeparyp Cpe/Ibl,
YCTAHOBMBIIMXCS B PETHOHE CO BTOPOH JEKajbl
JeKkaOps W MPOJOJDKABIIUXCS MO TEPBYIO JIEKaIy
(espas.
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Summary. This paper presents information about the possible expansion of the range of the Far Eastern stork.

AHHOTAIHSA.
JAaJJbHEBOCTOYHOI'O aucTa.
Key words: far eastern stork, distribution, range.

B nmanHO#t paboTe mpencTaBIEHBI

CBEJICHHS O BO3MOXKHOM pACIIUPEHUH apeaia
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Kuroueswvie cnosa: danvrnesocmounulii aucm, pacnpocmpaHenue, apeai.

IlocranoBka mpo6JseMbl. [laTbHEBOCTOYHBIN
auct (Ciconia boyciana Swinhoe, 1873) Bxoaut B
cemeiicteo Ciconiidae. Bua, KoTopblii cuHTaeTCs
onHOM u3 caMmblXx peakux nrun JansHero Bocroka
Poccun, Haxoautes non yrpo3oil HCUE3HOBEHUS U3-3a
MOTEPH Cpelbl OOMTaHMS M OXOTHI JOJCH, MOATOMY
3aHeceHa B KpacHyro kaury MexayHaponaoro Coro3a
oxpaHusl pupos! (lampHeBoCcTOUHBIN anucT B Poccun,
2000; Hdapman u ap., 2018). B Hacrosmee Bpems
YHCIEHHOCTh JAJbHEBOCTOYHOTO amcTa B MHpE
HacuuThBaeT okoso 3000 ocobeit. U3 Hux 531—574
nap oburarot B Poccuu ([apman, 2018). Berpeuaercs
Ha [lansHeMm Boctoke Poccuu, cesepe Kopeu ceBepo-
BocToke Kuras u MoHronuu.

AHaMW3  MOCHeIHMX  HCCIeJOBAHUH W
nyO0aukanui. J[anbHEBOCTOYHBIN auCT — KpyIlHas
nTrna, BecoM Oonee 4 kr. JlaHHBIE 1O THpoMepam
yacTed Tena anmcToB, B CHJIy HEOOJBIIOTO 4mncia
00CneIOBaHHBIX O00pa3loB MTHI, O HACTOSIIETO
BpEMEHH KpaiiHe cKyqHbl. IlpeacTaBistior mHTEpec
MIPOMEPHI IBYX CAMOK auCTOB: AjnHa Tena 1224 u 1145
MM, pa3Mmax KpbuibeB 2115 u 2200 MM, [uiMHA KpblIa
600 u 655 MM, mmHa xBocTa 230 u 238 MM, qirHA
1eBku 265 MM, nnuHa kioBa 207 mm (Paxunun, 1976).

[To BHEIIHOCTH MOXOX Ha OEJIOr0 aucTa, HO €ro
BBIJIENISIIOT B OT/AENbHBIN BU. J{albHEBOCTOYHBIN auCT
OTIMYaeTCs KPYNHBIMU pa3MepaMH M HMeeT Ooiee
MOIHBIN YepHBI KIoB. MHTEpecHBIM (QakToM
SBJISIETCS TO, YTO NTEHIBI Y AATBHEBOCTOYHOTO amcTa
Geble C KPaCHOBATO-OPAHKEBBIM KIIFOBOM, B TO BPEMS
Kak MTEHIBl Oeloro amcra HMEIOT YEpHBIH KIIOB
(dyrunmos, 2008).

OTteuecTBEHHOH HayKe TII€pBBIE CBEICHHUI O
JAIBHEBOCTOYHOM  aWCTe€ CTald  M3BECTHBI  II0
pe3yJiibTaTaM 3KCIEeIULIHUOHHBIX uccieaoBanuii H. M.
[Tp>xeBanbckoro (1867-1869 rr.) B YccypuiickoM Kpae.
H.M. IlpxeBanbckuii Hamesn Ha o3epe XaHKa U B
JOIMHE peKd YCCypH OKOJIO JBajJlaTH THE3J
JIaTTbHEBOCTOYHBIX auCTOB. Oxn HaOmonan
THE3[SIIIUXCS ancToB B MCTOKax peku CyHrauwm, B
cpenneM teueHun Jlepy m Ha peke Mo. Ilo
MH(pOpMAaMK MECTHBIX JXHUTENICH, DaTbHEBOCTOUHBIC
auCThl THE3MIINCh B BEPXHEM TEUEHHUH p. YCCYpH U B
[IpoxopoBckux  conkax y cema  CuBakoBKa
(HAyrunnos, 2008).

B Awmypckoil ob6mactu TepBBIe CBEIEHHS O
JAIBHEBOCTOYHOM  amcrte Obumm  cobpansl  b.
Jei6oBckum u B. T'omieBckum, kotopeie B 1873 T.
HaOMromanM WTHI B HH30BBAX pPEKH 3ed B
OKpecTHOCTSIX Topoja biarosemencka. B nanpneitimem
9TH JaHHbBle ObuTM TepenaHel B. TowyaHoBckomy u
01Ty OJINKOBAHBI UM B MoHoOTpadun
«Opnuronornyeckass ¢ayHa Bocrounoit Cubupm»
(1893). B.M. I1omos (1923) BBOANUT 1aTbHEBOCTOYHOTO
aucra (Ciconia boyciana) B CIHCOK JKHBOTHBIX
Awmypckoii rybeprrn. Haumnast ¢ 1956 ronma, amctsl
PEeryIspHO OTMEYaINCh Ha BECCHHEM IIpOJIETe U B
NEPUOJ, OCEHHMX KOUYEBOK B IIPUYCTbEBOM YacTH
JONMWHBI p. 3eW, a Takke B HU30BBIX pek bypen,
Apxapsl u Ypuna ([Isivmun, [lanekun, 1975).

B mae 1935 1. B.H. Ckanon orMeTni 3aj€T, o ero
MHEHHIO, JaJIbHEBOCTOYHOrO aucTa, B Skyruto. OnHa
Oerast nTHIa HAOJIIO1AJIaCh UM Ha OCTpOBax peku JIeHsr
y Mecrta BrageHus B Heé pexu botombl. Ho B pabore
A.N. "BanoBa (1929) «IItumsr SkyTcKOro OKpyra»
HaXOJUM CHOCKY, 4TO «IIpHBOIMMBIE MunaeHnoppom
B ero Die Isepiptesen, etc. p. 66, maTel mpunéra u
omnéra Oenoro amcra moj r. SIKyTCKOM, OYEBHIHO,
OTHOCSITCS] BOBCE HE K aHCTY, a K OeJIOMy XKypaBIIto, TaK
Kak THe3moBaHue moj Skxyrckom He Toipko Ciconia
alba, wo wu Ciconia boyciana, HOpPMaJIbHO
pacnpocTpaHEHHOTO 0 CPeJHEMY U HIDKHEMY AMYpY
u mo p. Yccypu, B SIKyTCKOM OKpyre BecbMa Maio
BeposATHO. CTepx ke, Kak HU3BECTHO, HOPMAJIBbHO
NMponéTHas W THe3Osmascss NTHLIA OINUCHIBAEMOI0
paiiona. Ykazanus Thayer’a u Bangs’a o rHe31oBaHHA
Ciconia boyciana nHa KombsiMe, BepOsATHO, TakKxKe
OTHOCSATCS K CTEpXy». JlalbHEBOCTOYHOIO amcra B
Axytun He otMmermwim A.M. MBamor (1929), K.A.
Bopo6wér (1963), b.H. Aunpees (1974) (dyrunuos,
2008).

Takum o6pa3oM, K cepeAMHEe IPOLUIOTO BeKa
Onarogapst HMCCJIEJOBAaHHMSAM MHOTHX OPHHTOJIOTOB
apeall JaJIbHEBOCTOYHOIO aucTa B €ro POCCUHCKOHN
yacTH 0003HAUMWICAd JOBONBbHO 4€Tko. OH 3aHMMAN
KpaiiHuii tor JlanbHero BocToka — OT HUKHETro TeUEHUS
pexu 3eu, no Cpeanemy u Hmwknemy Ilpuamypsio, 10
10xHOTO [IprMOpBs, BKIIOUas 03epo XaHKY, DOJIUHY
peku Yccypu M BOCTOYHBIE CKIIOHBI XpeOTa CHXOT3-
Amuns (Jyruanos, 2008).

OCHOBHBIM apeaJioM IJIsl IAHHOTO BHA SBIISIETCS
Teppuropus Poccun, a uMeHHO OacceitH p. AMyp U ero
nputokn Yccypu u  3en. Ha  THe3moBaHUH
3aperucTpupoBaH B AMypckoil o061, u EBpeiickoit
ABTOHOMHOM o0JyiacTH, B XabapoBckoMm u [IpruMopckom
Kpasix. 3aperucTpUpOBaHO THE3/0BaHME OIHOM Mapsl
anctoB B UnutuHCcKoN obnacty, Ha p. [Hunka (ITtuis!
Poccumn, 2011).

BakHbIil y4acTOK THE30BAaHMS HAXOAWTCS Ha
TeppuTOpuu  AMypckoil  obmacth  Ha  3eicKo-
Bypeunckoii paBHuHE, B ApXapUHCKON HU3MEHHOCTHU U
B noiimax p. YneMma, Tamuna, Toms. B EBpeiickoit AO
auCT THE3IUTCSA 1O 3a00JO0YEHHBIM pPaBHHHAM pEK
Ypmu, Tynrycka, bupa, bumxan, [oOpas u ux
nputokaM (IIturpsr Poccun, 2011).

CeBepHass TpaHMIAa THE3ZOBOTO apeaja B
XabapoBCKOM Kpae orpaHndeHa p. AMryHs. OmHako
HMMEIOTCS JaHHBIE O BEPOSITHOCTH THE3/JOBAaHUS amcTa
ceBepHee B paiioHe 03€p Jlampxka, Opens u UYis.
Berpeuaercss anct mpakTHUECKH Ha BCEX PaBHUHHBIX
TeppuTopusix B OacceiiHax 038p Uykuarumpckoe,
OBopoH, Y 1b11b, bonons, B Mexaypeuse Kyp-Ypmu, B
jJonuHax pek TyHrycka, Amyp, Yccypu, a Takke Ha
coIpeaeNnbHOR TeppuTopun EBpeiickoll aBTOHOMHOM
oonactu (ITtuuer Poccun, 2011).

B IIpumopse OCHOBHBIE THE3/10Bbs
oTMevarorcsiHa [IpuxaHkaiickoil HU3MEHHOCTHM U B
nonuHe pek Yccypu, bukun, bonpmas Yccypka. 3anér
OJIMHOYHO 0cobu oTMedeH Ha rore CaxannHa (IITumsr
Poccun, 2011).
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B ceBepo-Boctounom Kwurae, ruHe3murcs B

MPOBUHIMK XOUIYH3ISIH B moiime peku CyHrapu, a

BAATNOBEIIEHCK

7
'3

200

KM

Takke B IPOBUHIMAX ['upuH u BHyTpenHsst Monronus
(ITtuust Poccun, 2011).

50°

45°

3anoBegHuUK
HauunoHanbHbIn napk

OxpaHHas 30Ha

3akasHuK pefepanbHOro 3HauYeHUs
QOTT pernoHanbHOro 3Ha4YeHUs

. Pernctpauus riesg 1B Aucta

130°

135° 140°

Puc. 1. I'néz0a oanvnesocmounoeo aucma 1998-2017 ee. (Cacun, 2018)

Hcxons u3 BblIE YNOMSHYTOTO, Hedb HaIIeH
pabdoThl  3akiroyaeTcss B BBIABIGHHMHM  (paKTa
NPOJBIDKEHUST apeana JaJbHEBOCTOYHOTO auncTa Ha
ceBep.

HccnenoBanuss OpHUTO(AYHBI OKPECTHOCTH C.
Maiiss Meruno-Kanranacckoro paiioHa IpOBOAMIINCH B

mepuon ¢ 8 mo 21 wmrons 2020 roma. Bceero Ovuto
npoJiokeHo 3 mapuipyTa. [IpoTsKEHHOCTh TEPBOTo
MapuIpyTa BIOIb o3epa Uyis COCTaBHI OKOJO 2,5 KM
(puc. 2); BTOpoif MapuIpyT B MECTHOCTH ayaca Mopo
COCTaBWJI TIPUOJM3UTENIBHO 5 KM; TPETUil MapuipyT
OBUT TIPOJIOXKEH BAOJNb MAarkuCTPabHOTO BOAOBOIA,
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KoTopblf coctaBun 1,3 kM. MapmpyTHeiil yuér
MPOBOJWICS B 4 uaca yTpa U B 6 4acoB Beuepa.

A
HaC1e =

\
\ SIG]
X

98K-001

Puc. 2. [1epswiti mapupym 0onv oszepa Yyiisa: © — Hauano mapupyma, @ - mecmo ecmpeyu.

BunoBas nprHaIeKHOCTh NTHUL ONPEEISIIACh
MO TOJ0caM M BHU3YaJbHO MpU MOMOIIU |2-KpaTHOTO
O6uHOKIIsA. JlaHHBIE 0 BCTpEYax M PETUCTPAlUU Tojoca
OTUI] CIYXWIA MaTepuajioM JJs  COCTaBJICHUS
BUJIOBBIX  CIHCKOB W  OMpeJeNieHus  cTaTyca
0OHapy>KEHHBIX BUJIOB.

Tak kak 1edbl0 ydeTa SBISETCS MOJy4YeHUE
peTpe3eHTaTHBHOTO MaTepHalia O COOOIIECTBaX MTHI]
peruoHa, MaplipyT cHayaja HaJo 3allJlaHUpOBaTh Ha
KapTe.

MeTonukn MaplIpyTHBIX YYETOB PacCUUTaHBI, B
MEepBYI0 odYepens, Ha oOciemoBaHWe OONBIIAX IO
IIONIAId TEPPUTOPUN - TIUIOMIAJpI0 HEe MeHee |
KBaJpaTHOro Kujomerpa. [Ipu oOClieI0BaHHH TAKOTO
y4acTKa YYETHBIH MapuipyT cIeayeT MPOJOXKHTh IO
BO3MO>KHOCTH MO TPSMOW WJIM CJIeTKa W3BUIIMCTOMN
JINHUU.

98K-001
¥

VYYeTynk JODKESH HITH 0 MapIIpyTy MEAJICHHO U
YacTO OCTaHABIMBATBHCA, YTOOBI CIyHIaTh NTHI U
3amuchlBaTh ~HaONIoNeHMs. PekomeHayercss ydeT
MPOBOIUTh CO CKOpocThio oT 1-1,5 km/gac (B
THE3MOBOM Ce30H) a0 2-5 Kkm/yac (3uMoil) - B
3aBUCHMOCTH OT IJIOTHOCTH IITHII.

B xoze MapuIpyTHOTO yuéra napa
JATFHEBOCTOYHBIX aWCTOB ObUTa 3a)UKCHpOBaHA Ha
mepBoM yuactke (puc. 3). Bun cuanrtaercs 3anéTHBIM B
paborax Haxomkmuaa H.A. (2008). CtouT OTMETHTB,
YTO JaTbHEBOCTOYHBIM aWCT BHIOpal 3Ty MECTHOCTh
JUIL €KETOJHOTO THE3IOBaHUS, TaK KaK II0 OIpPOCY
MECTHOTO HACEJICHUs OH YK€ IpHJIeTaeT Ccrja
nociennue 4-5 ner. B arom roxy (2021 r.) mpuner
napsl ObLT 3auKcupoBaH 27 anpers.

CTOSTHHOTO 06MTaHMSA

98K-001

s loua

Puc. 3. Mecmo nocmosnnozo obumanus dareHes0cmouHo2o aucma 6 paiiore c. Maiiss Meeuno-Kaneanacckozo
yayca Pecnybnuxu Caxa (Axymus)
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B mnoneBom cnpaBounuke «Iltumer SAxyTum»
(Haxogxun, I'epmorenoB, Cunopos, 2008) B crucke
nTHIl payHbl SIKyTHH JalbHEBOCTOYHBIH aUCT OTMEUCH
KaK 3aJleTHBId BuA. B Hacrosmiee Bpemsi BHUI U3
3QJIETHOTO CTAaHOBHUTCA THe3[samuMcsd. [lo Hammm
JTAaHHBIM, 110 KpaiiHell Mepe B T€UeHUe mociaequux 4-5
JET JAJbHEBOCTOYHBIE AWCTBl  OTMEYAIOTCS B
OKpecTHOCTSIX ¢. Maiis Meruno-Kanranacckoro yinyca
Pecnyommkn Caxa B wMectHoctn Yrois. ['He3mo
MIPEAIOJIOKUTENBHO pacrojiaraeTcsi B pailoHe 03.
UYroiis ¢ koopamHaTamu 61°7216 c.am. 130°3629 B.1. B
paiioHe TIOCTOSHHO HaOJIomaeTcs Imapa amucTOB IIO
kpaiiHeit mepe ¢ 2016 roma. IlTummsl perynspHo
BO3BpAalIalOTCs B JaHHBINA pallOH, UTO CBUAETEILCTBYET
0 THE3J0BaHMU BHJA B YKa3aHHOM paiioHe. JlaHHBII
palioH pacnojaraetrcs Ha yjaanenuu okosno 1500 km ot
OCHOBHOTO THE3J0BOTO apeajla BHA, YTO SIBIISETCS
caMOH CEeBEpHOH TOYKOW OOHApPYXKEHHS THE3[
JIaTbHEBOCTOYHOT0 ancta B Poccuu.

BeiBoasl u mpenso:kenusi. TakuM oOpazom,
JIaTbHEBOCTOUYHBIN aucT, apeasl KOTOPOro HaXOIUTCS B
paiioHe OacceifHa p. AMyp W €ro IpUTOKOB YCCYpH U
3eu, MpOABUHYJICS Ha ceBep. MOXKHO NPEANOIOKUTE,
yro B pabore Haxonkuna (2008) manHbIA BHI OBLI
3aMeueH He CcIy4yailHO, BO3MOXXHO, TOTJa M Hadval
JIaHHBI BHUJ paccessThecsl Ha Teppuropuu Sxyrtum.
Benp knmumaTt meHsieTcs, yTo O€3yCIOBHO BIIMSAET Ha
MOBE/ICHNE TTHII.
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CLINICAL CASE OF MUSCULAR VENTRICULAR SEPTUM DEFECT CLOSURE
AFTER KNIFE WOUND

Introduction: Ventricular septal defect (VSD) is
a congenital heart disease characterized by the presence
of a message (hole) between the right (RV) and left
ventricles (LV).

VSD is the most common congenital heart disease,
found in 32% of patients, either alone or in combination
with other defects or abnormalities. Perimembranous
defects account for 61.4 - 80% of all cases of VSD,
muscle defects - 5 - 20%. The gender distribution is
almost the same: girls (47-52%), boys (48-53%). Due
to the high frequency of spontaneous closure of small
defects of the interventricular septum, the incidence of
this disease decreases in children and, especially, in
adults [1,2]. Large VSDs are not prone to spontaneous
closure and are accompanied by severe hemodynamic
disturbances and severe clinical course, which leads to
low survival in patients with such defects, the median
survival of which is in the range of 5-15 years.

Acquired VSDs are rare. Analysis of the literature
allows us to consider two possible nosological variants
of lesions: VSD, as a result of heart injury and rupture
of the interventricular septum in myocardial infarction
[3.,4].

Currently, surgical treatment of VSD is, usually
performed in childhood. The large size of the defect
leads to the development of pulmonary hypertension,
and adult patients, as a rule, are already inoperable [5].
At the same time, small defects with moderate blood
discharge are not accompanied by pulmonary
hypertension, but can lead to the development of a
number of complications, such as infective
endocarditis, aortic insufficiency, etc. [5]. To date, the
results of surgical treatment of adult patients with VVSD
have been insufficiently studied.

We present to the attention of the readers a
description of a clinical case of muscular VSD after a
knife wound.

Patient O.D. Born in 1993 on 03/02/2020 he was
hospitalized in the “Ezgu Niyat” clinic in the
department of angiography and intensive cardiology
with a preliminary diagnosis: Acquired heart disease.
Muscular VSD. Ligature fistula.

At the time of admission, the patient noted
complaints about: severe discomfort in the heart;
palpitations that occur during exercise; rapid fatigue;
shortness of breath of an almost constant nature.

From the anamnesis: in 2017, the patient was in
an accident, where he received a penetrating knife
wound to the chest and heart, in connection with which
he was hospitalized in the emergency medical center in
Tashkent. An operation was performed - suturing the

heart muscle for (due to) a penetrating injury. After the
operation, the patient fell into a coma, in which he
stayed for 1 month. After coming out of the coma, the
patient was discharged from the hospital in a
satisfactory condition. However, the patient's general
well-being did not improve. The patient began to notice
an increase in weakness, a feeling of discomfort in the
area of the heart appeared, in connection with which the
patient turned to a private medical institution, where he
underwent an echocardiogram and found a VVSD and a
ligature fistula. With this diagnosis, the patient turned
to our clinic "Ezgu Niyat", where he was again
examined by a cardiologist and examined for
echocardiography. The diagnosis was confirmed and
the patient was admitted to the Department of
Angiography and Intensive Cardiology.

Objectively: upon admission, the patient's general
condition corresponded to moderate  severity.
Consciousness was clear and adequate. The patient was
emaciated, height = 175 cm and weight = 52 kg (BMI
=17.0 kg / m2, which corresponded to the gradation of
lack of weight). The skin is pale grayish in color, the
lymph nodes are not enlarged. Auscultation: hard
breathing was heard in the lungs, without any
wheezing, respiratory rate - 17 per minute. Heart
sounds were somewhat muffled, systolic murmur was
heard in the IV intercostal space to the left of the
sternum. BP numbers were relatively low - 100/60 mm
Hg. The heart rate was 101 beats / min. No peripheral
edema was noted.

On the ECG from 03/02/2020: RR = 0.61 ms; P
= 0.11 ms; PQ = 0.15 ms; QRS = 0.10ms and QT =
0.33ms. In leads I, 1, aVF, a Q wave was recorded
with an amplitude of up to 3.5 mV. In leads V2, V3, a
deep S wave with an amplitude of up to 28 mV and ST-
elevation with an amplitude of up to 2.5 mV were
recorded. In leads V4 and V5, the ventricular complex
had a QS-type shape, and a two-phase (+) T wave was
also recorded in these leads.

Echocardiography (from 03/02/2020) was
carried out on the "Sonoline G-50 - made in Germany"
ultrasound system. Echocardiography revealed the
following changes: the left ventricular (LV) cavity was
enlarged (end-systolic (ESV) and end-diatolic volumes
(EDV) of the LV were 65.0 and 150.0 ml, respectively);
LV ejection fraction - 56%. The thickness of the IVS
was 1.0 cm. In the middle third of the IVS, a break in
the echo with a diameter of up to 0.7 cm was
determined. In the color Doppler study mode, a
turbulent blood flow from left to right was recorded in
the defect area. Pulmonary hypertension of the 2nd
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degree (pressure in the pulmonary artery = 44 mm Hg).
Pericardial effusion was insignificant.

On the same day, the patient was examined by a
cardiac surgeon, after which further surgical tactics
were developed to treat this patient. Due to the ligature
fistula, in connection with the previous intervention on
the heart, the surgery was very risky. Therefore, the
decision was made to endovascular closure of the VSD.

The patient underwent transcatheter closure of the
VSD with an 8 mm LifeTech VSD occluder.

Operation protocol: The patient was punctured
by the right femoral artery, LV catheterization was
performed. Left ventriculography was performed.
Diagnosed with: VSD. A hydrophilic guidewire was
passed from the LV cavity through the VSD into the
right ventricle and then into the pulmonary artery (PA).
The right jugular vein is punctured. Introduced 6F
introducer. Produced by catheterization of the right

heart. The pressure in the PA was 55/20 (33) mm Hg.
The PA guidewire is trapped and exited through the
right femoral vein. Monorail system created. Then,
through the right femoral vein, the 7F delivery system
was passed through the VVSD into the LV, then into the
aorta. An 8 mm Heart R VSD occluder was inserted
into the ascending aorta. The occluder was advanced to
the VSD area, with staged control left ventriculography
and ultrasound control. Closure of the VSD was
completed. A control left ventriculography was
performed, no residual shunt was observed on the
occluder. The occluder was detached from the delivery
system. Performing repeated left ventriculography.
According to ultrasound data, the occluder position was
optimal. Catheter and introducer sheath removed.
Further - hemostasis and aseptic dressing. Figures 1-3
show the step-by-step process of endovascular closure
of the VSD with an occluder.

Figure 1.
VSD contrast

Figure 2.
Conducting an occluder




22 East European Scientific Journal #5(69), 2021

The patient in a satisfactory condition was
transferred to the intensive care unit for further
observation.

The postoperative period was uneventful. In the
postoperative period, dressings were carried out with
washing of the drainage, which, on the 7th day in the
absence of purulent discharge, was removed. Routine
therapy included antiplatelet therapy (Aspizal 81 mg /
day); antibacterial (Ceftriaxone 2 g / day and Novosinaf
225 g [/ day) therapy with the addition of
dexamethasone at a dose of 4 mg / day.

On the control echocardiography: EDV = 150 ml;
KCO = 65 ml; EF = 56%. The occluder is functioning

properly.

L/

Figure 3.
Control contrasting after endovascular closure
of the VSD with an occluder

06.03.2020 the patient was discharged from the
“Ezgu Niyat” clinic in satisfactory condition with
recommendations to continue therapy under the
supervision of a cardiologist at the place of residence.

In dynamics, after a year, the patient's condition
is regarded as completely stable (Fig. 4.5). The patient
is currently leading an active lifestyle. The patient
recovered, reached normal weight (weight = 71 kg and
BMI = 23.2 kg / m2). Objectively: vesicular respiration
is carried out in the lungs over the entire surface. Heart
sounds of average sonority, previously noted systolic
murmur in the IV intercostal space to the left of the
sternum - leveled off.

Figure 4. Postoperative heals, front view.

Figure 5. Postoperative heals, rear view
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On the ECG from 02.02.2021: RR=0.72 ms; P =
0.10 ms; PQ = 0.17 ms; QRS = 0.10ms and QT =
0.29ms. In leads 11, 111, aVF, the Q wave is preserved,
with an amplitude of up to 3.5 mV. In leads V2, V3, a
deep S wave is preserved with an amplitude of up to 25
mV, but the ST segment has "descended" to the isoline.
In leads V4 and V5, the ventricular complex, as well as
on an ECG a year ago, is recorded in the QS form and
a biphasic () T wave is preserved.

On Echocardiography from 02.02.2021: EDV =
148 ml; ESV = 66 ml; EF = 56%. The occluder is
functioning adequately. The pressure in the PA has
returned to normal and today is 17 mm Hg.

Conclusion: Thus, the purpose of this publication
is to observe a rare variant of acquired VSD of post-
traumatic (after knife wound) etiology. The presented
endovascular technique - transcatheter closure of VSD
with a LifeTech VSD occluder - turned out to be very
suitable in this particular case and ensured a fairly quick
restoration of the patient's general health.

YK 616.23, TPHTHU 76.29.39
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Summary. Clinical case of successful endoscopic surgery treatment bronchoesophageal fistula a patient with
Factor V Leiden mutation and chronic pulmonary embolism.

AHHOTa].[l/Iﬂ. Kimandueckui cnyqaﬁ YCHEIHOTO S9HAOCKOIINYCCKOTO XUPYPIrUICCKOIO JICUHEHN A MMUIIIEBOJAHO-
OpOHXMATHHOTO CBHIIA y MarenTa ¢ Myrarnwmeii Jlelinena u XpoHHIECKOH TpOMO0IMOOITHEH JIETOYHOI apTepHH.

Abstract. Bronchoesophageal Fistula (BEF) is an uncommon condition related to complex thoracic surgery.
The development of BEF is usually an indication of the progression of bronchial or lung cancer; whereas the
etiology of this illness being recorded as benign is much rarer — not exceeding 4 - 6%. [1, 2].

Surgery is the main method for treating patients who have benign BEF, allowing for the reliable result. At
the same time, similar operations are extremely traumatic and are fraught with the development of post-operation
complications, especially when concerning patients with genetically determined coagulopathy.

Factor V Leiden mutation is a hereditary coagulopathy in which there is a point mutation in the gene that
encodes blood coagulation factor V. Factor V Leiden mutation is the most common cause of the hereditary
disposition to thrombosis, heart attacks, strokes in Europeans. The frequency of occurence among the population

of the USA is 4 — 6% [3].

We present our own observation of successful endoscopic surgery to treat BEF in a patient with Factor V

Leiden mutation and chronic pulmonary embolism.

Aéctpakr. [MumeBonHo-Oporxuanerbiii cBuill ([IBC) — pemkas maTojorHs, OTHOCSIIASCS K CIOXKHBIM

pasaenaMm TopakanbHOW xupypruu. Pazsurue IIBC uamie Bcero cBHAETENbCTBYET O NMPOIPECCHPOBAHUU paka
NHIIEBOA WM JIETKOro, B TO BpeMsl KaK J0OpOKayecTBEHHas ATHOJOTUSI 3a00JeBaHHsS PErHCTPHpYETCs
3HAYUTEIHHO pexe, He mpesbimast 4 - 6% [1, 2].

XUPYprUYecKUii METOJ SBISETCS OCHOBHBIM B JIE4eHHH OONBHBIX C poOpoxadectBeHHBIMH [IBC,
MO3BOJITIOIAM JOOUTHCS HAJSKHOTO pe3yibraTa. B TO ke Bpems Momo0HBIE ONepaiiy SBIAIOTCA KpaiHe
TpaBMaTHYHBIMH W YpPEBaTHl PA3BUTHEM IIOCICOINEPAIIMOHHBIX OCIOXKHEHUH, OCOOCHHO €CI pedyb HAET O
MAlUEHTaX ¢ NTEHETUYECKH JETEPMUHUPOBAHHOM KOaryJonaTuei.
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Mytanus Jleiinena npencraBisieT cOOOHW HAClEJCTBEHHYIO KOaryJoIaTHIO, NPH KOTOPOW OTMEYaeTcs
TOYEYHAasi MyTallMsl 'eHa, KoJAupylomero V ¢akrop cBepThiBaHus KpoBU. Myrtauus Jlelinena sBisercs camoi
pacnpocTpaHeHHO!H MPUYNHOMN HAaCIeICTBEHHOH CKIOHHOCTH K TpoM003aM, HH(pAPKTaM M UHCYJbTaM y JIHOJEeH
eBponeonHO# packl. YacToTa Bctpeuaemocth cpeau Hacenenus CILIA coctasnset 4 — 6% [3].

[pencraBnsieM coOCTBEHHOE HAOIIOAEHHUE YCIEITHOTO 3HAOCKomuueckoro yedeHus [16C y manmeHTkn c
MmyTanuei Jleiinena u XxpoHHYeCcKoi TpOMO0IMOOIINEH JIETOUHOI apTepHH.

Key words: endoscopy, bronchoscopy, esophagoscopy, Factor V Leiden, Bronchoesophageal fistula, fistula,

bronchus, esophagus.
Kniouesvie cnosa: 3noockonus,
OPOHXUATLHBIL CBULY, CBULY, OPOHX, NULEE00

Aim of the paper

To share our own experience of endoscopic
surgery using the tunnel technique to treat BEF in
patients who have hereditary coagulation.

Main body

Patient K., 58 years old, was transferred to the
Sklifosovsky Research Institute for Emergency
Medicine from another facility on 04.12.2017 for
treatment for a BEF.

From the patient's medical history it is know that
they have suffered from hypertension for a long time,
acute cerebral accident with left-sided hemiparesis and
pulmonary embolism (PE). The diagnosis for
hereditary coagulation was then verified as Factor V
Leiden. Long-term mechanical lung ventilation was
performed, which required the application of a
tracheostomy. 16 days after tracheal decannulation,
BEF was detected during an endoscopic investigation.
A percutaneous endoscopic gastronomy (PEG) was
performed in order to allow for enteral feeding and to
prevent aspiration.

Upon admission to the Sklifosovsky Research
Institute for Emergency Medicine, the patient
complained of having a persistent cough with phlegm,
and feeling weak and out of breath. The patient was fed
by PEG exclusively and saliva was spat out.

Chest x-ray: local pneumosclerosis located on the
right in the middle region of the lung field, no abnormal
content found in the pleural cavity.

Chest CT Scan: fistula was not visualised.
Infiltrative changes in the right lung with multiple
cavity lesions formation were present.

Scintigraphy determined signs of a 2-sided
polysegmental PE with a perfusion deficit of 35-40%.

Bronchoscopy: 10-15 mm caudal bifurcation of
the trachea along the posterior wall of the left main
bronchus, an 8x3 mm sized oval-shaped deformity
(fistula opening) with an inflow of purulent content
from its lumen was detected.

Esophagoscopy: At a length of 25 cm from the
incision, a deformation of the oesophagus due to
displacement from the outside along the right side of
the anterior wall was detected, on which a 6x2 mm
sized, slit shaped fistula opening with epithelized edges
was seen. When inserted the dye (methylene blue) was
observed to have entered into the lumen of the left main
bronchus.

Coagulation indicators at the moment of
hospitalisation (taking into account heparin injection of
20,000 units per 24 hours): Prothrombin 62.7%, INR
1,45, aPPT 27.5 secs.

bponxockonus,
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Endoscopic treatment was suggested considering
the patient's comorbidity and high surgical and
anaesthetic risks. Rigid tracheobronchoscopy was
carried out, the left main bronchus was stented with a
self-expandable silicone stent (10 mm in diameter, 40
mm in length).

A controlled fiber-optic bronchoscopy a day later
confirmed the satisfactory position of the stent in the
left main bronchus.

A vyear after the stent was inserted (December
2018), the patient was admitted again to the
Sklifosovsky Research Institute for Emergency
Medicine on a routine basis.

During an X-ray contrast examination of the
oesophagus, contrast agent leakage was noted in the
left main bronchus through the fistula passage at the T4
level, which indicated that the functional spinal unit
was preserved and that there was no effect from the
stentography.

Bronchoscopy confirmed the satisfactory position
of the bronchial stent. When performing
esophagoscopy, some reduction to the size of the fistula
(3 mm in diameter) with epithelized edges was
determined.

No comparison with the CT and scintigraphy data
from 2017 was made.

Coagulation indicators (taking into account an
intake of 20 mg of Rivaroxaban per 24 hours):
Prothrombin 63.8%, INR 1.47, aPPT 25.3 secs.

The patient was discharged with the
recommendation to have further dynamic observation
and for food intake to be via PEG.

Check-up a year later (December 2019) - the
patient had the same complaint of having a cough and
choking when accidentally swallowing saliva. A
gradual reduction in body mass index was noted
(weight 43 kg, height 154 cm, BMI 18.13).

Coagulation indicators (taking into account an
intake of 20 mg of Rivaroxaban per 24 hours):
Prothrombin 66%, INR 1.24, Fibrinogen 4.99 g/L,
aPPT 25.7.

Endoscopic examination confirmed that the
functional spinal unit was present despite the fistula
area being protected by a stent for two years. Taking
into consideration the high risk of surgical intervention
for the patient, minimally invasive endoscopic
treatment was proposed; the purpose of which being
removal of the bronchial stent and removal of the fistula
using the tunnel technique in the submucosa layer of
the oesophagus
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Operation on 17.12.2019: Under complete
intravenous anesthesia with high-frequency mechanical
lung ventilation, intubation of the trachea was
performed with a 10 mm rigid bronchoscope tube. With
the help of rigid forceps, the stent was removed from
the lumen of the left main bronchus.

Subsequently, the rigid tube was then changed for
an orotracheal intubation tube with volumous
ventilation. When inspecting through the orotracheal
tube, along the posterior wall of the left main bronchus
granulation tissue was found without significant
narrowing of the lumen.

In the following step, the gastroscope was inserted
into the lumen of the oesophagus. The mouth of the
oesophagus was 15 cm from the incisions. The
oesophagus was easy to pass through and wasn't
malformed. A fistula hole with epithelized edges of 2
mm in diameter was identified along the anterior
oesophageal wall at 12 cm distal to the pharyngeal-
oesophageal junction. The lower oesophageal sphincter
(LES) is found 41 cm from the incisions.

With the help of an injection needle, at 5 cm
proximity to the functional spinal unit along the
anterior oesophageal wall a sterile saline solution tinted
with an indigo carmine solution (10 ml) was injected.
A thick submucosal infiltrate formed. Along the
proximal edge of the infiltrate, a longitudinal dissection
of the mucus membranes of the oesophagus was
performed with an Triangle Tip Knife 1.5 cm in length.
Next, using the cap on the distal end of the endoscope
and the dissection knife in SPRAY COAG mode, a
submucosal canal, or "tunnel” 4 cm in length and 1.5
cm in width was formed. In the area of the functional
spinal unit, the submucosal layer consisted of fibrous
tissue.

Using the dissection knife, the submucosal layer
was mobilised around the fistula with an excision of the
fistula passage at the bronchial wall, with coagulation
of the bronchial canal of the fistula. The fistula passage
was twisted into the oesophageal lumen in the form of
a sleeve; the edges of the malformation were
subsequently clipped to the membranes of the
oesophagus at the level of the entry to the tunnel and
the area of the twisted fistula passage with clips. Upon
inspection there were no signs of bleeding, and the
edges of the malformation were brought together
tightly.

Histological examination of the excised fistula:
fragments of granulated skin and mucus membranes of
the oesophagus and bronchus with signs of chronic
inflammation.

The patient was discharged from the ward in a
satisfactory condition on the 13th day after the
operation.

During a check-up a month later, the patient didn't
have any complaints. During an X-ray contrast
examination of the oesophagus with barium sulphate
suspension, no leakage beyond the contours of the
oesophagus was detected. During a bronchoscopy on
the posterior wall of the left main bronchus, a
longitudinal scare was found without malformation and
narrowing of the lumen. Oesophagoscopy in the area
which was clipped found 2 longitudinal scares with
sporadic granulation up to 2 mm in diameter. The
patient began to eat by mouth. A month later the PEG
was removed.

Discussion:

Sporadic observations of effective stenting of the
oesophagus in the area of disjointed fistula have been
published [4] . In our observation, stenting the left main
bronchus over a period of two years didn't lead to
obliteration of BEF. At the same time, the long-term
presence of the endobronchial covered stent caused
granulated skin to grow on its cranial and caudal ends.

In recent years, reports are increasingly appearing
regarding the successful use of the endoprosthetic
method in patients with BEF benign in nature [1].

A team of authors [5] compiled the results of 9
years of experience in diagnosing and treating adult
patients with benign BEF. The analysis of this data has
shown that the initial endoscopic intervention when
treating BEF wasn't effective, and repeat intervention
in different forms (clipping, stenting, applying
histoacryl tissue glue) proved effective in 29% of cases
observed.

In the clinical observation that we have presented,
the patient with BEF of an uncertain etiology with a
background of genetically determined coagulation and
recurrent PE, the minimally-invasive endoscopic
method with creating a tunnel in the submucosal layer
of the oesophagus allowed for the mobilisation of the
fistula canal around its entire circumference, and to
excise it from the base (the walls of the left main
bronchus); minimising the risks of complications
developing.

Conclusion: The endoscopic excision of the
esophageal-bronchial fistula using the tunnel method
with airtight clipping of the defect of esophageal mucus
membranes may be an effective and safe treatment
method for patients with this condition.
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Img. 1: Bronchoesophageal Fistula

Img. 2: Self-expandable silicone stent in the left main bronchus

Img. 3: BEF on X-Ray in a year after stenting
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Img. 5: Histologic images of BEF
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AnHoTanms. B nanHoit paboTe npoBeseHa AarHoCTHKa MaTEMaTHYECKOTO JI0Ka3aTeNbCTBA THITOTE3b! bris
(O606menHo# Benukoit Teopembr depma), monydeHHOro B Oojiee paHHHX padoTax aBTOpa, M YCTAHOBJICHA
UCTUHHOCTh TIPEIUIOKEHHOT'O J0Ka3aTeJbCTBa C IIOMOINBIO METOJOB MaTeMaTHYECKOH IICHUXOJIOTHH,
NPUMEHSEMBIX B MEIMIMHCKOW ICHXOJOTHH JJIsl AUAarHOCTUKU BBICHIMX TICUXHUYECKHX (YHKIMH uyenoBeka. B
npolecce JI0Ka3aTeNbCcTBa TUIOTE3bl buist Obula ompeseneHa MaTeMaTHdecKas CTPYKTypa, MpeACTaBisrouias
TUIIOTETHIECKOe PaBeHCTBO TeopeMbl Depma. Takolt cTpykTypoii oka3amack Teopema Iludaropa, 3anmcanHas B
nesblx yucitax. C HoMonplo reoMeTpruaeckoi TeopeMsl EBkimaa n meTosa 6eckoHeuHoro ciycka depma yaanoch
YCTaHOBUTS, 4TO ypaBHeHNe [Iudaropa B 1ebIx ynciax, npeactasistonee Bemikyto Teopemy depma, He MOXKET
CyILLECTBOBATh U 3HAUUT TeopeMa depma BepHa, T.e. He CylIeCTBYeT paBeHcTBa depMa B HATypabHBIX YHCIAX.
Takum o6pa3om, OblIa BOCCTAaHOBIICHA YMCTBEHHAs CXeMa «yAMBHTEIBHOTO Jl0Ka3aTenbcTBa» [Ibepa ne depma,
0 KOTOPOM OH IIHCAJ Ha IOJISX KHUrH J{nodanta « ApupMeTHKay.
Summary. In the given work diagnostics of mathematical proof of the Beal Conjecture (Generalized Fermat’s
Last Theorem) obtained in the earlier author’s works was conducted and truthfulness of the suggested proof was
established. Realizing the process of the Bill Conjecture solution, the mathematical structure defining hypothetical
equality of the Fermat theorem was determined. Such a structure turned to be one of Pythagorean theorem with
whole numbers. With help of Euclid’s geometrical theorem and Fermat’s method of infinite descent one can
manage to set that Pythagorean equation in whole numbers representing Fermat’s Last Theorem cannot exist and
then the Fermat theorem is true, that is Fermat’s equality in natural numbers does not exist. Thus mental scheme
of “demonstratio mirabile”, which Pierre de Fermat mentioned on the margins of Diophantus’s “Arithmetic”, was

reconstructed.

Kniouegvle cnosa: mamemamuueckasi ncuxono2usi 6 MEeOUYUHCKOU NCUXONO02UU, OUACHOCTIUKA BbLCULUX
ncuxudeckux QyHKyull yenosexka 8 0oxkazameinvcmee eunomesvl buns (Obobwennoi Benuxoi meopemvl Depma).

Keywords: mathematical psychology in medical psychology, diagnostics of higher mental functions of man
in solution of the Beal Conjecture (Generalized Fermat’s Last Theorem,).

MaTeMaTH4yecKoil
A0Ka3aTe/JIbCTB

Beenenne. Meron
NCHXOJIOTHH B  JHATHOCTHKeE
BeJsnkoii Teopembl Pepma.

JlMarHOCTHKa BBICIIMX IICHXWYECKUX (QYHKINH
4eNoBeKa, IPOBOANMAs B MEIULIMHCKOM MCUXOJIOTHH C
MOMOIIBI0 METOAOB MAaTEMAaTHYECKON IICHXOJIOTHUH,
OCHOBBIBAaeTCS Ha W3HAYaJbHOCTH U OOBEKTUBHOCTH
MaTeMaTHYECKOW HCTUHBI, YHPaBISIOMEH BceMHU
3akoHaMH BO BceneHnoit [1] u oTkpbeiBaeMoil B
MaTeMaTHYECKUX BBIYUCIICHUSIX.
HenpoTuBopeunBocTh MPOBENEHHBIX B JHATHOCTHKE
MaTeMaTHYECKUX BBIUMCIICHHUH M03BOJIET YCTAHOBUTH
HUCTUHHOCTh JIOTMYECKUX OIEpaluid B KOHKPETHOH
MHTEJUIEKTYaJbHON  JEATENbHOCTH  dYelloBeKa, B
YaCTHOCTH, NpPHU M3YYEHHU MCTOPHUYECKOW 3arajku
JokazarenbcTBa Benmukolt teopembl depma camum
®epma [2].

MeTton mMaTteMaTH4ecKod INCHXOJIOTMH, KaK OIHH
U3 CaMbIX BBICOKOTOYHBIX U MEPCHEKTHUBHBIX METOJOB
MEIWIUHCKON  ICUXOJIOTHM, HCHOIb3YyEeMBIH s
JUArHOCTHUKU  BBICHIMX  ICUXHWYECKHX  (YHKIHH
YeNI0BeKa, Jydre BCETO MOJXET OBITH
MPOJEMOHCTPUPOBAH  HAa  KAaKOM-JIMOO  SIPKOM
KOHKPETHOM TIpUMepe W3 00JacTh HayKd. Takum
IIPUMEPOM MOXET CIIy>KMTbh J0OKa3aTelbCTBO Benukoi
Teopembl depma, KOTOpoe Ha MPOTSHKEHHH BOT yiKe
YETBEPTH BEKa SIBISIETCS] 0OJIMYESHUEM KOPIIOPATUBHOMN
MaTeMaTUKH B «CyOBEKTMBHOCTW» [l1] ee BBIBOZOB.
Jpyrumu  cioBaMu, B INPU3HAHHOM  BBICOKHMU
MaTeMaTHYeCKUMH KpyraMyu Joka3atenscTse [3] Obuia
JIOITyIIIeHa MPUHIUIUAIbHASI JIOTUKO-MaTeMaTu4ecKas
omuOKa, CBOAAIIAs BCE J0KA3aTENBCTBO K codu3my
«IIOPOYHOTO KPyTay, KOr/ia B UTOTE JOKA3bIBAeTCA TO,
YTO BHadaje yke Obpuio m3BecTHO. K cokaieHwio,
KOH(IUKT KOPIIOPATHBHBIX WHTEPECOB HE IO3BOJIMIT
aBTopy [1] mpoBecTH TMarHOCTHKY JAOKa3aTeIbCTBA [3]

B COOTBETCTBUU C COOCTBEHHBIMHU PEKOMEHIAIMSMU I10
Pa3IMUCHHI0 «OOBEKTHBHOTO» M «CYyOBEKTHBHOTO» B
MaTeMaTHKe.

OnHUM U3 HESIBHBIX BO3PAKEHUH JI0Ka3aTENILCTBY
[3] B MaTeMaTHUECKOH JUTEPAType SBUIIACH THIIOTE3a
Buna [4], mpemroxuBIIas HAYYHOMY COOOIIECTBY
JOKa3aTh 0000menHyro Teopemy Depma (mpu
Pa3MUHBIX [EJBIX TOKA3aTelsiX CTENeHeH IesbIxX
yhced, BXOIAmuXx B ypaBHeHne @Pepma). Cxema
JIOKa3aTeNbCTBA MOTJia Obl OBITH TOH K€ CaMOM, 4TO U
B [3], HO HUKTO M3 MaTEMaTHKOB HE CHeNaj 3TOTro:
WHaue OOHApYXWJIach OBl JIOTUKO-METO0IOTUIECKAs
omrnOKa Takoro 10Ka3aTenseTa [5]. JleficTBUTENbHO, B
JIOKA3aTeNbCTBE [3] Mpeanoiaraercs, 4TO
THIIOTETHYECKHE Ielble penieHust ypasHeHus depma
SIBIISIFOTCSL  OMHOBPEMEHHO ¥ PEUICHHSIMH HEKOH
IUIMNTHYECKON (PyHKINH, M3BECTHOH IO/ HA3BaHHEM
kpuBoid ®pes. [pyrumu crmoBamu, eciii OBl KpUBas
depma ObuTa crpsMiIeHa A0 JWHEWHBIX YJIEHOB, TO
TIOJTy4eHHas! IpsiMasi repecekana Obl SJUTUIITHYECKYIO
KPUBYI0O B TpeX TOYKaX, COOTBETCTBYIOIIMX TPeM
crenieHsM ypaBHeHHs @epma. OnHako kpuBass @epma
B [EJNBIX YHCIax He OblIa CIpsMiIeHa HAa KOHEYHOM
OTpe3Ke THIIOTETHYECKOro paBeHCTBa Pepma B paboTe
[3], Te. He Oputla mocTpoeHa kpuBas Dped,
MpeTeHAYIomas Ha Ha3BaHHWE <«QIUIMITHYECKas» [06]
IIpusnanue kpuBoit Opest FMIUOTUUECKON KPUBOH Kak
pa3 ¥ KOHCTaTHpYeT cHpsMieHue kpuBoil depma B
LEeNBIX YHUCJIAX ¥ HAJIMYUE LEIIbIX PEIIeHUH YpaBHEHUS
®epma. OnHAKO Takoe MPEANONIOKEHHE C CaMOTro
Hayajga HE SBISAETCA HUCTHHHBIM, IOCKOIbKY ISt
MHOTHX IIEJIBIX CTETEHHBIX MOKa3aTelel ypaBHEHUS
Qepma Obta  JI0Ka3aHa HEBO3MOXKHOCTH  IIEJIBIX
pemennii ypaBHeHns Pepma. 3HaunT kpuBas Ppes He
ABJISIETCS DJUTMNTHYECKON 1 ObliIa TaK Ha3BaHA 110 THITY
HEPaCKPBIBaeMBIX  MH(POB, AN KOTOPHIX  HE
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CYyIIECTBYeT OOpaTHBIX JdoKa3zarenbeTB [6]. Takas
KOAUpOBKa YypaBHeHUs Depma HeCyLIECTBYIOLIEH
SJUIMNITUYECKOW  KpUBOM  mpuBena K  JIOTHKO-
METOJIOJIOTUYECKOMY KOJIJIANCY «IOPOYHOTO KPyray,
KOTrJla BHEIIHE TOXO0XKas KpuBas oOKazajlach He
COOTBETCTBYIOLIEH  afeKBaTHOMY  OIIPEJCNICHUIO
UTUNTAYEeCKON  QyHKmuu. 3acmyra VYaiiica B
npobJeMe JoKazaTeNsCcTBa TeopeMbl depma COCTOUT B
0oiee TOYHOM OIIPEEIICHIH CBOUCTB AIUTUITHICCKAX
(hyHKIHA, [I03BOJIAIOILEM YCTaHOBUTD, YTO
HEMOJYJISPHBIX JJUIMNTHYECKUX byHKIHN
paccMaTpuBaeMoro Kiacca He cymecTByeT. OmHako
comnocTaBieHue ypaBHeHUs Depma B LENbIX 4YHCTaX
HECYIECTBYIOIIEH («UILTIO30PHONY») AILTUNTHYECKON
KpUBOi1 [6] HE MPUBOJIUT K UX B3aUMHO OJJHO3HAYHOMY
COOTBETCTBHUIO U BBIBOJY O HAUYHMU WM OTCYTCTBUU
LENbIX pelIeHUN. 3HAYUT TUIIOTETUYECKOE PAaBEHCTBO
®depma HE MOXKET OBITh IPENCTABICHO B CHCTEME
SJUTUNITAYCCKUX ~ (QYHKIUH ©  JaHHBIA  crmocod
«CyOBEKTHBHOTO» BOCIpHATHS KpuBoii Dpes He
TOJUTCS ISl PEUICHHUS IIPOOIIEMBI CIIPSMIICHHUS] KPUBOU
®epma B LEABIX YUCIAX M HYXHO HCKaTh JApYyrue
CHocoOBI TIOCTPOCHHS THITOTETHYECKOTO PAaBCHCTBA
®depma. Takoit ciocob npeaaracTcs B paclio3HaBaHUH

(AuarHocTMKe) MaTeMaTHYeCKOTo  JOKa3aTeNbCTBa
TEOPEMBI depma  MeTOAOM MaTeMaTU4ecKoi
ncuxosnoru# [7,8].

Juarmocruka MaTeMaTH4eCKOIo
JAOKa3aTeJbCcTBAa  rumoresnl buiasa  Merogom
MaTeMaTH4YeCKO NCUX0JI0THH.

B JTAaHHOM paznene HCIOJIB3YIOTCS

MaTeMaTHdecKkue 0003Ha4deHus, (HOpMyIBl M Apyrue
MaTepHalbl, B3sAThle U3 paboTHl [6]. [IpruMennM Teneps
METOJl JI0Ka3aTeabCTBA OT IPOTHBHOTO M METO]
oOpaTHOW 3aJaud U3 apceHala MaTeMaTHYECKOil
ncuxojoruu  [2] wm  3anmmem Tumotesy  buid

(O6o0mennyro Teopemy Pepma) [4,5] B BHAE
TMIIOTETUYECKOTO PaBEHCTBA!
D=X 4y (1)

rae Z, X, Y, N — HOJIOKHUTeNbHbIE 1iejble, a N > 2
OTHOBPEMEHHO TPHHHUMAET CIEKTP HE3aBUCHUMBIX
3HaYeHud N = (M, p, q) = 3 A1 KAKAOrO CIaraeMoro.
I'mnore3a bunsa [4] yTBepxkaaeT, 4TO €CIM PaBEHCTBO
8 CYIIIECTBYET (B MIPOTHBOIOIOKHOCTD
yTBepxkIeHHI0 TeopeMbl depma), To Z, X, Y comepkar
o0t MHOXHTETb 0 W MOXHO MOMBITATHCS HANUTH
KoHTpnpumep Teopeme Pepma. Jpyrumm cioBamu,
runore3a  bunsg  ykaseiBaeT Ha  MacIITaOHYIO
MHBapUAHTHOCTb YPaBHEHHUS 1) (cBoiicTBO
HEM3MEHHOCTH ypaBHeHHs (1) mpu ero yMeHBIIEHUN
WIN YBEJIMYEHHUU B IIEJIO€ YUCIIO pa3), 4TO O3HAYAeT:
ecim o6oOmeHHoe ypaBHeHHe (1) cymiecTByeT Kak
cymma HarypanbHbix unce1 C = A + B, e C = 2",

Xo? = Kz = (K1Z Xo)Z , Xo° = k122 = (Koz IXo)Z? , ... , Xo™

A=x",B=y", 10 A, B, C umeror 0011l MHOXHUTEIH
z™1, Takum 06pa3oM, TOJNOKHUTEILHOE LENOE YUCIIO Z
MOXET OBITh pa3OUTO TOJBKO HAa CYyMMYy JpPYTHX
TIOJIOKUTEIBHBIX LIENIBIX YHCEI COrTIaCHO MacIITaOHOM
MHBapuUaHTHOCTU ypaBHeHus (1), moctymupyemoi B
napaaurme KBaHToBo# MatemaTuku [9,10], B koTOpoi
HaTypaJbHEIC gucia SIBIISTIOTCS KBaHTaMHU
MaTeMaTHIeCKOH HHPOPMAaLHH.

[Nokaxxem Ttemeps, uto (1) mMeeT CTPYKTypy
ypaBHeHusa [ludaropa B membix umcnax. s sToro
neperumrem (1) B cenyromem Bume: (z'd)™ = (x’'d)P +
(y’d)*, rme z’, X', y’ — B3aumHO mpocThie U d — oOmwHit
LEeNbli MHOXHTENb. BBINONHUB MaciiTaOMpoBaHHE

BHU3, noaydum: (z°d)? = (x"d)P/ (z'd)™2 + (y'd)?/ (z’d)™
2 =

(P APm2] @Y7 2+ (y)RdTmE ] (@)= +
Yo , THE Xo? M Yoo ¢ momxomsuam d sBisroTCSA
KBaZpaTaMH  HEKOTOPBIX  IHENbIX  YHCElI.  OJTO
JIOKa3bIBACTCS CIJICTYFOIIIIMU BBIYHCIICHUSIMHU.
[epermumenm (1) B cnexyromem Bume: 2" = xP +y 9 =
(Xp/m)m + (yq/m)m = Zm—z (on + yOZ) =x"+ ym (2)

[Moxaxkem namee, 9to X , ¥ B (2) MoryT OHITH
LeJBIMU ¢ oaxoasmum d.

BospMem reomerpuueckyro Teopemy EBkinna,
OIUCHIBAIONUIYIO TIOBEPXHOCTHBIN (pakran [11] B Buae
JBYX LIETIOYEK NPOIOPIHH, CBA3aHHBIX APYT C JPYTOM
paBeactBom Zz = Kk + | , monydeHHBIM U3
MacitabupoBaHust BHU3 ypaBHeHus (1):

2= (2d) = (XA /@)™ + (y'd)e /@)™ =
= (AP / @) 4 ()1d e /(@) =kt

rae K, | nensle uncna, kormad = ()™t up=q(d
MOXET COCTOSITH W3 JIPYTHX  KaJTHMOPOBOYHBIX
MHOKHTENEeH,  OOHApyXXHWBaeMbIX B  MpoIlecce
GeckoneuHoro cinycka @epma: d = did; ...);

2/%0 = Xo/K = k/Ki= ... = k-3 /km-2,
Z/y0:y0/|:|/|1=...=1m73/|m,2 (3)

rae Z , Xo, Yo— meisle u3 (2), M — HaTypaabHbII
unzaekc He meHpmnii 3, z =k + |, ku | — nensie yucna,
MOJTy4EHHbIE u3 CKeMInHra (MacmrrabHOM
WHBAPUAHTHOCTH):

2= (Zd) = (X)pd P+t /(Z)mt +(y)ad @
m+1/(Z’)m71 — k + 1

Ecnu mokaszarenu creneHed P u (| Gonblue WIH
paBHbI M, Toraa K u | uessie ¢ d

kpatHbM (2°)™ L, Eciu p v ( MEHbIIE M, TO 3HAYUT
Z HE COCTOMT U3 LEJIbIX Yhcel. Jlaiee MOXKHO MOy YHTh
cnenyromue GopmyIsl U3 mpornopiui (3):

=km2Z™, Yol =1z = (liz yo)z , yod = hz2 = (lz Iyo)Z? , ...

y Yo = Im zmt (4)

ITocne macmTabMpoBaHHS BBEPX MOIy4aeM H3
(@):kz™t =kz ™2 = X222, | 2™ 1= Iz M2 = y% ™2,
and z™= xP + yq = (Xp/m)m + (yqlm)m = (k + |) zm-1 = zm-2
(X02 + yoz) =x"+ ym ,LAe X M Y 1IeIbIe KaK KBaJgpaThl

CPEJIHMX MPONOPLMOHAILHBIX Meskay K u z™ L, 1w 2™,
U3 3TOTO CIIEAYET, 9TO Xo° U Yo? ABIAIOTCA KBaApaTaMu
menbix  gmeen, Ilocme wMacmTabupoBaHUS — BHH3
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nosyuaem nBa ypaHenus ¢ d xpataeiv (2)™! u d?

KpaTHeIM (Z)™ 2
2=( 0)=(C PPy, (5)
2= 0P=(0 POy () (6)

Hanpumep, npu p u (, paBHBIX M, THOJy4aem
NPUMHUTUBHYIO TH(AropoBy Tpoiiky (z)™?, (x)™2,
(y)™? nna ypasmenus (z)™ = (x)™ + (y’)", xoTopoe
cneayer uz (5) u (6), ecnu d = di = (z)™2. D10
o3Hagaert, 970 (5) 1 (6) — 3TO OIHO U TO XKe ypaBHECHHUE,
UMeEIOIIee CTPYKTYpY pa3OMEHHs IIEJIOr0 4Yucia Ha
CyMMY [BYX APYTHX LEIBIX YHCENT W OZHOBPEMEHHO
CTPYKTYpy ypaBHeHus I[ludaropa B IenbIX dYMCIax.
Takum 06pazoM, Xo? = (X )P d P™2 [(2°)"2 n y,2 = (y')9d
am+2  j(z’)™2 - 3T0 KBaApaThl LENBIX YHCEN,
ompeenseMsble IeJIbIMU X , Y B (2). IpyruMu cioBaMmu,
reoMeTpUYEeCcKas CTpPYKTypa YPaBHEHHUS €8
npejonpenesier nugaropoBbl TPOHKH IJISL  ITOTO
ypaBHEHHs, eci (1) ¥ ero aHaJory CyIEeCTBYIOT.

Hrak, obobmenHoe ypaBHeHHe (1) cBOmUTCS K
THIIOTETUYECKOMY YPAaBHEHHIO C OIHMM U TEM K€
MoKazaTtesieM CTeneHu M, eciu P, d = m (ecau p, g
MeHbIIe M, To 9yucio Z u3 (1) He MOXeT OBITh pa30ouTo
Ha CyMMY HaTypalbHBIX uducel U ypaBHeHHe (1) c
LETIBIMHU Z, X, Y HE MOXKET CyIIecTBOBaTh): 2™ = XM + y™,
m= 3, u3 (2) cueneiMu X = X'd,y =y'd,z=2zdu
HaTypaibHbIM 0 , KOTOPBIH MOXKET OBITh MPECTABICH
B BHJIE IPOMU3BEICHUS IPOCTHIX YHCEIL.

Termepp MOXHO MPUCTYNIUTh K  PELICHUIO
runote3sl bunsg B Buae 00OOLIEHHOTO YpaBHEHHUS
®epma. 3anuuieM runoreTuueckoe paBeHcTBo depma
B €r0 OOBIYHOM BHJIE:

"=x"+y", n>2, XY, Z, N — HaTypaJIbHbIC YUCIIA

()

[Mpeanonoxunm, 4yro pemenue (7) CyIIeCTBYET,
MOMBITaEMCS TIOCTPOHUTH 3TO PElIeHHe U yOeanmcs B
€ro HEBO3MOXHOCTH. [IpUMEHHM Te€OMEeTpHUYECKYIO
TeopeMy EBknmzma B BHae ABYX IETIOYEK ITPOTIOPIIHH,
CBSI3aHHBIX JIPYT C JpyroMm paeeHctBoM Z = k + I
IToBropum BeIKIaIKH (3)-(4), CMEHHB MHAEKC M Ha N:

z/x0 = Xo/K = K/k1 = ... = kn-3 /Kn-2
z/yo=yo/1=1/h

kz = x0?, k1z = %ok, k2z = xokj, ..

e — ln—3/ln—2
. Kn-2zZ = xokn-3
1z = yo?, l1z = yol, I2z = yoly, ..., In-2Z = yoln-3

%02 = kz = (k1z /X0)z, X03 = k122 =(k2z /X0)Z?, ...
, Xo" = Kp-2zn-1

yo?=1z = (liz /yo)z, yo? = liz? =(lz2z /yo)z?, ...,

yon = lp-2zm1

Hamee  MOXHO  TONYYUTh  CAWHCTBEHHOE
pa3bueHue 2" Ha TpU craraeMbiX u3 (4) mpu n > 2 :

2"=X%o"+ Yo"+ An (8)

rae An = 2" [ (K — Kn2) + (I = ln2) ] — ocrarox
oCyIe BRIYUTAHMS Xo" U Yo" 13 2", Tako#, uto An > 0 mpu
N>2uXoYo#0,An=0mpun=2uXoYo#0,Xo,Yo,€
[0, 7], z € (0, o) . PaBencTBO (8) mpencrapisieT coboit
noj06Hoe paBHOe pazbuenue (7), 3anMcaHHOE B BUJIE!

2= X"+ Yo" + An= ZV(XeP+Yo?) = X"+ Yy (9)

CpaBHuBas pa3nuyHble pa3oueHus (9), otMedaeMm,
qTo Xon 75 Zn—2_y02 — yn’ yon ;é Zn—Z.XOZ - Xn, Xon 75 Z”'Z-on, yon
# 2"2ye?.. OTCI0/1a ClEyeT, UTo:

Xo" + Yo" = (X" 0r y") ¥ COOTBETCTBEHHO

An=(y"or x") (10)

Jnst Toro, 4roOBl MPOBEPUTH CIIPABEAIMBOCTH
(10), HE0OXOAUMO €ro MOCTPOUTH C MIOMOIIBIO TEX XKE
CaMbIX pAacCy)XICHHWH, 4YTO W paHblle, TaK Kak
ypaBaerus (7) um (10) oOMHAKOBEI 1O CBOUM
CBOWCTBaM. DTy NPOLEAYPY MOXKHO BHITIONHATH [0
OCCKOHEYHOCTH B HAIPABICHUN YMCHBIICHUS IIEIBIX
4ypced TMpPH YCIOBHH, 4YTO MOCIEJOBAaTEILHOCTh
YMCHBIIAFOITIXCS paBEHCTB HUKOTIa HE
3aKaHYMBAeTCs W ducia Xo U Yo B (10) Bcerma OymyT
nenbiMi. OHako OecKOHEWHas! MOCJe0BaTEIbHOCTD
3aneristonuxcs paseHeTs (10) Benet k 6eCKOHEUHOMY
YMEHBIICHUIO MOJOXKUTEIBHBIX IIEJbIX YHCEN, YTO
HEBO3MOXKHO, U, CJIEJOBAaTENIbHO, MPEANOJIOXKEHHE O
CyliecTBOBaHMU Iiesoro perienus (10) npu koHedHOM
d u n >2 He sABJIAETCS UCTHHHBIM. B reomMeTprueckoi
WHTEPIpPETalMd >3TO O03HAYaeT, 4YTO CHpPSAMIICHHE
kpuBoit @epma B IENBIX YUCIIAX HA KOHEYHOM OTPE3KE
mpsiMoit [umHOU 2" HeB0o3MOXHO [11]. Takum oOpazom,
TeopeMa BepHa KaK IS BCeX YETHBIX, TaK U U BCEX
HEYETHBIX CTENCHEH WEeNBIX YHCeN Ui JFOOBIX
KOHEYHBIX LeJbIX X, Y, Z, d.

3akaodyenue. BakHoCThL MaTeMAaTH4eCKOIo
JA0Ka3aTeJbCTBA runore3sl buias kak npeunemeHta
JAUATHOCTHMKYU BBICINMX TNCHXHYeCcKHX (QYHKIMIl B
HHTEIEKTYAJILHON  J1eTeJbHOCTH  4YeloBeKa
(uuTHpyeTcs mo padore [6]).

Wrak, MeTo] MaTeMaTH4ecKOH IICHXOIIOTHH B
QUAaTHOCTHKE  BBICHIMX  ICHXWYECKUX  (YHKIUH
YeNnoBeKa, OCHOBaHHBIN Ha 00BEKTHBHOCTH
MaTeMaTHIecKoro 3HaHUS [1], cocoOeH ycTaHOBUTH
WCTHHHOE TIIOJIOKEHHE BEImeH B  MEIUIIUHCKHUX
HCCIICAOBAHUAX TCHXHYIECKOTO COCTOSHES YEIOBEKa
WIA KOJUIEKTHBA, pELIAIONIer0o Te WIH WHBIS
TICUXOJIOTHYECKUE 3a4a4H, TUOO0 IKCTIEPUMEHTATHHBIM
MyTeM, ONHPasCh Ha ICHXO(PU3UOIOTHIO, JHOO
«KBa3MIKCIIEPUMEHTAIbHBIM) MyTeM, T.C.
HEMOCPEICTBEHHBIM Y4aCTHEM B PELICHHH KaKUX-1100
YMCTBEHHBIX  3aJad4 C [OMOILIbIO  ITOMCKOBBIX
marematuueckux — merogoB  [7,8].  Ilpu  sTOoM
CyOBEKTHBHOCTh NPUHUMAEMBIX PELICHUH MOXKET Kak
COBIaJaTh, TaK MU HE COBNAJaTh C OOBEKTHBHOCTHIO

NPaBUWJIBHBIX ~ .MaTEMAaTUYECKUX  BBIBOJOB,  HE
3aBUCSIIMX HU OT YbErOo BOCIHPUATHS, & TOJIBKO OT
BHYTPEHHEH [PHUPOABI CaMUX  MAaTEMaTUYECKHX

00BEeKTOB. B ciywyae pacxokOeHHsS TaKWX PpeIIeHUH
ClIleZlyeT WCKAaTh NPHWYMHBI HapyIICHUS HOPMAaJIbHOU
NICUXUUYECKOHN JNEATEIBHOCTU C LENbI0 UX BO3MOXKHOIO
yCTpaHEHHUs..
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B npumepax ¢ nokazatenbcTBOM Benmkoit  mokasarensctBa  Benumkod  teopembr  Depma)  //
Teopembl  PDepma  meromoM — Martemarnueckod — COopHuk HaywyHelix TpymoB EHO «Espasuiickoe
MCUXOJIOTMH OB, HAaKOHel, pemieHa mnpoOmema Hayunoe OObemunenue». — Ne 9 (67). — CeHT0ph

J0Ka3aTeIbCTBa TOH TEOPEMBl C IIOMOIIBIO METOJa
0OecKOHEeuHOro crycka, n3oopereHHoro camuMm depma

[11]. Opnako, 4dYTOOBI TPUBECTH B JICHCTBHE
OCCKOHEUHBI  CI[yCK, HYXXHO OBUIO  BHaJaje
OTIPENENNUTECSI  CO  CTPYKTYpOH THIIOTETHYECKOTO

paBeHcTBa depMa, a IMEHHO: 9TO 3TO 3a CTPYKTypa U
Kakoif yacTeio OoJiee 00MIel CTPYKTYPBI OHO SIBIISIETCSI.
Ora 3amada ObDIa pemreHa Omaromapst OTKPBITHIO
aBTOpa (paKTadbHON CTPYKTYPHl TE€OMETPHIECCKOI
TeopeMmbl EBKIHMIa M KOHCTaTallUM Ha €€ OCHOBE
YHHUKQJIBHOTO MaTeMaTHYecKoro (akra: paBeHCTBO
depma, ecnu OHO CyLIECTBYET, MOXKET OBITH TOJIBKO
ypaBHeHueM I[lugaropa B menmsix uwmcnax [7,8,11].
KoHeuHO, Takoe OTKpPBITHE MOTPEOOBAIO PSI APYTHX
WHHOBAITMOHHBIX IIPHEMOB, MO3BOJISIOINX B CTPOTHX
MaTeMaTHYeCKUX  paMKax  JOBECTH  HCKOMOE
JIOKA3aTeNbCTBO JO JIOTMYECKOTO KoHHa. Pemenne
npoOJIeMbl ToKa3aTenbcTBa Benmnkoit Teopembr depma
BBI3BAIO K JKH3HH OTPOMHOE KOJIMYECTBO IPYTHX
poGJIeM, CONPUKACAIOMINXCSA ¢ MOPATbHO-ITHYECKOH
CTOPOHOH JESTEeIbHOCTH Pa3IMYHBIX OOIIECTBEHHBIX
MHCTHTYTOB, CB3aHHBIX C HAYKOH U 00pa30oBaHHEM, HO
9TH TpoOJIEMBl JOJKHBI PELIaThCsl B KOMIUIEKCE C
NPOJBUHYTHIMH ~ MEAMLUUHCKUMH  HCCIIEJOBAaHHUAMHU
Harojo0ue TeX, 0 KOTOPBIX LIa Pedb BBIIIE, YTOOBI
JIOWTH 10 KOPHS Y€IOBEUECKOTO OBITHSL.

Kon¢paukr untepecoB. KoHmukT wmHTEpecos

OTCYTCTBYCT, IOCKOJIbKY HJaHHOC  HCCJICAOBAHUC
6a31/1pyeTC$[ Ha 00BEKTUBHBIX MATEMATHUYCCKUX
3aKOHOMCEPHOCTAX.
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Summary. Chronic heart failure (CHF) remains a major burden due to low quality of life, high morbidity,
and mortality. An important aspect in the management of heart failure is to provide clinicians necessary knowledge
and resources to make better decisions about treatment tactics of such patients. Thus, finding out independent
predictors of adverse outcomes of heart failure is still insufficiently studied, and become an important task of
internal medicine and cardiology.

The aim: To determine the independent predictors of adverse cardiovascular events in patients with CHF.

Materials and methods: The study enrolled 88 patients (men - 52% (n=46); women - 48% (n=42)) with
CHF of ischemic origin, stage 1l AB, 11-1V FC according to NYHA, in which 58 - patients with reduced left
ventricle ejection fraction (LV EF <40%,) and 30 - with preserved LV EF (>55%). Patients with different
phenotypes of CHF were comparable in age, sex, height, weight, body surface area. Cumulative endpoints
considered death, myocardial infarction and progressive angina pectoris, stroke and progressive heart failure.

Results. Analysis of the frequency of endpoints depending on the phenotype of CHF didn’t reveal a
significant difference between the study groups of 18.97% (11/58) vs. 10% (3/30); log-rank test (p= 0.378).
According to univariate models of analysis of proportional hazards of Cox, the relative risk of adverse
cardiovascular events in patients with CHF increased in 1.44 times (HR 1.44, 95% CI 1.0142 - 2.0323; p=0.042)
in case of excess of baseline the E/A 0.99 c.u.; in 1.71 (HR 1.71, 95% CI1 1.1032 - 2.6642; p= 0.017) times in cases
where the peak mitral valve pressure gradient exceeds 1.9 mm Hg; in 1.22 times (HR 1.22, 95% CI 1.0210 -
1.4470; p=0.029) at a plasma sodium concentration <= 142.5 mmol/l; and in 2.16 times (HR 2.16, 95% CI1 1.0230
- 4.5799; p= 0.044) in the presence of pulmonary hypertension. At the same time, the presence of inspiratory IVC
collapse more than 50% reduced the relative risk of adverse cardiovascular events in patients with CHF by 59%
(HR 0.41; 95% CI1 0.1796 - 0.9497; p= 0.038). Adverse cardiovascular events were not associated with individual
anthropometric parameters of patients; structural and geometric, functional parameters of the heart; parameters of
filtration and concentration function of the kidneys, plasma potassium concentration; tubulo- interstitial injury.
The multivariate model (p=0.0014), included factors such as age over 66 years (HR 1.13; 95% CI 1.0230 — 1.2555;
p=0.0172), body weight over 82 kg (HR 1.065; 95% CI 1.0043 — 1.1301; p= 0.036), index TEI LV over 0.52 c.u.
(HR 30.69; 95% CI 1.3241 — 711.5572; p= 0,033), peak mitral valve pressure gradient over 1.9 mmHg. (HR 1.22,
95% CI 1.0210 - 1.4470; p= 0.029), the maximum flow velocity in the aorta over 98 cm/sec (HR 1.008; 95% ClI
1.0009 - 1.0155; p=0.0014), was associated with an increase in the relative risk of adverse cardiovascular events
in patients with CHF of ischemic origin, regardless of sex, glomerular filtration rate and tubular interstitial injury.

Conclusion: Independent risk factors for adverse cardiovascular events in patients with CHF should be
considered: age and body weight, index TEI LV, peak gradient pressure MK and the maximum flow velocity (\VVao)
in the aorta. Dependent risk factors for adverse cardiovascular events in patients with CHF are baseline
sonographic parameters of E/A and mean pressure gradient MK, plasma sodium concentration, the presence of
pulmonary hypertension. Inspiratory IVC collapse of more than 50% is associated with a reduction in the relative
risk of adverse cardiovascular events in patients with CHF.

Key words: Chronic heart failure, index TEI, adverse cardiovascular events, outcomes.
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Introduction.

Chronic heart failure (CHF) remains a major
burden on the health care system due to low quality of
life, high morbidity, and mortality [1].

Every year, nearly 50% of deaths in Europe are
caused by cardiovascular diseases, 42% of men and
51% among women [2].

The incidence of heart failure (HF) is gradually
increasing due to our aging population. Obesity
contributes to a steep rise in the prevalence of HF,
which is projected to increase by almost 50% from
2012 to 2030 [3].

An important aspect in the management of heart
failure is to provide clinicians and patients with CHF
necessary knowledge and resources to make better
decisions about their treatment tactics. Prognostic
model - is one of these resources, which is the formal
combination of several predictors on which we can
calculate the risks specific outcome for individual
patients [1].

Therefore, finding out independent predictors of
adverse course of heart failure is an important task of
internal medicine and cardiology.

The aim: To determine the independent predictors
of adverse cardiovascular events in patients with CHF.

Materials and methods: The study was
performed on the clinical basis of the Department of
Propaedeutics of Internal Medicine, Radiation
Diagnostics and Radiation Therapy ZSMU in the
cardiology department of the City Hospital Ne6,
Zaporizhzhya, in accordance with the standards of good
clinical practice and principles of good clinical
practice. The study protocol was approved by the
Ethics Committee of Zaporizhia State Medical
University.

After signing the informed consent, the study
enrolled 88 patients (men - 52% (n=46); women - 48%
(n=42)) with CHF of ischemic origin, stage Il AB, II-
IV FC according to NYHA, in which 58 - patients with
reduced left ventricle ejection fraction (LV EF <40%,)
and 30 - with preserved LV EF (> 55%). Patients with
different phenotypes of CHF were comparable in age,
sex, height, weight, body surface area. The diagnosis of
CHF of ischemic origin was established in accordance
with the Recommendations for the diagnosis and
treatment of chronic heart failure (2017) of the
Association of Cardiologists of Ukraine and the
Ukrainian Association of Heart Failure [4]. Cumulative
endpoints considered death, myocardial infarction and
progressive angina pectoris, stroke and progressive
heart failure.

Statistical processing of the material was
performed using the software package Statistica 13.0
(StatSoft, USA), license number
JPZ8041382130ARCN10-J and MedCalc 10.2.0.0.
The normality of the distribution of quantitative traits
was analyzed using the Shapiro — Wilk test. The
parameters that had a normal distribution are given as
the arithmetic mean and standard deviation (M + SD).
For indicators that had a distribution that differed from
normal, descriptive statistics are given as the median
and lower and upper quartiles - Me (Q25; Q75).

Quantitative indicators in the groups were compared
using the criteria of Student (for the normal distribution
of traits), Mann-Whitney (for the distribution of traits
other than normal).

Using regression analysis of proportional hazards
of Cox, univariate and multivariate prognostic models
were constructed. The ROC analysis was performed to
find out the cut-off values of the parameters. The
Kaplan — Meier multiple estimation method was used
to estimate the survival function. Gehan's Wilcoxon
Test, Cox-Mantel Test, Log-rank-test were used to
compare cumulative endpoints in groups. The
difference at p <0.05 was considered statistically
significant. All tests were bilateral.

Results. During the follow-up period (median 396
days [53-1302]), 14 endpoints were registered, which
accounted for 15.91% of events: deaths 7 cases (8%),
strokes 2 cases (2.3%), myocardial infarction 1 case
(1.15%), progressive angina 1 case (1.15%),
progressive heart failure 3 cases (3.4%). Analysis of the
frequency of endpoints depending on the phenotype of
CHF didn’t reveal a significant difference between the
study groups of 18.97% (11/58) vs. 10% (3/30); log-
rank test (p=0.378).

Since, there were no statistically difference in the
number of cumulative endpoints between groups of
patients with CHF with reduced and preserved LV EF
found, in order to determine the predictors of adverse
events in this cohort of patients, a single database was
created, which combined all patients with CHF
regardless of LV EF (n = 88).

According to the results of univariate regression
analysis of analysis of proportional hazards of Cox,
four covariates (E/A ratio (E/A), peak mitral valve
pressure gradient (GE MK), plasma sodium
concentration,  pulmonary  hypertension)  were
identified, which were associated with an increasing
and one (Inspiratory inferior vena cava (IVC) collapse
of more than 50%) with a decreasing the relative risk of
adverse cardiovascular events in patients with CHF.
From these five factors, pulmonary hypertension and
inspiratory 1\VC collapse were categorical and the rest-
quantitative. The following cut-off values were set for
quantitative indicators using ROC analysis: E/A > 0.99
c.u. (area under the curve 0.709; 95% CI 0.602-0.801;
p=0.011); GE MK > 1.9 mm Hg (area under the curve
0.676; 95% CI 0.568-0.772; p= 0.0367; plasma sodium
concentration <= 142.5 mmol/l (area under the curve
0.461; 95% CI 0.355-0.571; p= 0.6525).

According to univariate models of analysis of
proportional hazards of Cox, the relative risk of adverse
cardiovascular events in patients with CHF increased in
1.44 times (HR 1.44, 95% CI 1.0142 - 2.0323; p=
0.042) in case of excess of baseline the E/A 0.99 c.u.;
in 1.71 (HR 1.71, 95% CI 1.1032 - 2.6642; p= 0.017)
times in cases where the GE MK exceeds 1.9 mm Hg;
in 1.22 times (HR 1.22, 95% CI 1.0210 - 1.4470; p=
0.029) at a plasma sodium concentration <= 1425
mmol/l; and in 2.16 times (HR 2.16, 95% CI 1.0230 -
4.5799; p= 0.044) in the presence of pulmonary
hypertension. At the same time, the presence of
inspiratory 1VC collapse more than 50% reduced the
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relative risk of adverse cardiovascular events in
patients with CHF by 59% (HR 0.41; 95% CI 0.1796 -
0.9497; p=0.038).

Adverse cardiovascular events were not
associated with individual anthropometric parameters
of patients: age (p=0.1905), height (p=0.7635), weight
(p= 0.6070), body surface area (p= 0.4657), sex (p=
0.5464). Also, there was no effect on the prognosis of
the initial structural and geometric parameters of the
heart: left atrium diameter (LAD) (p=0.4854), LV end-
diastolic volume (LV EDV) (p= 0.9683), LVDs (p=
0.9573), PW (p= 0.2307), IVS (p= 0.6972), LV mass
index (LVMi) by Penn g/m? (p= 0.4076), LVMi by
ASE g/m? (p=0.3676), diameter of right ventricle (RV)
(p= 0.7343); functional parameters of the heart: LV EF
(p=0.9691), dp/dt (p=0.4110), index TEI left ventricle
(TEL LV) (p= 0.3757), TEI RV (p= 0.2097), s’ medial
(p =0.3313), E/e’ lateral (p=0.07936), E/e” medial (p=
0.1073), E/e’ mean (p=0.1223), " lateral (p = 0.4058),
e’ medial (p = 0.3901), pulmonary artery systolic
pressure (PASP) (p = 0.1029), mean pulmonary artery
pressure (p = 0.1371), right atrium pressure (RAP) ( p=
0.8291); parameters of filtration and concentration
function of the kidneys, plasma potassium
concentration: CKD-EPI (p= 0.6374), MDRD (p=
0.8986), Cockroft-Gold (p= 0.6801), plasma potassium
concentration (p= 0.9386), KIM-1, pg/ml (p= 0.3248),
NAG, ng/ml (p= 0.2532), NGAL, ng/ml (p=0.7468).

In the vast majority of cases, there is a
simultaneous effect of several factors. Therefore, it is
important to build multifactor models to determine the
independent factors and relative risks of probable
adverse events.

The multivariate model (p= 0.0014) included five
parameters: age, body weight, index TEI LV, GE MK,
and maximum Vao. In the obtained multivariate model,
only the GE MK demonstrated its predictor properties
in the univariate model. The remaining indicators
showed prognostic ability only in the multifactor
model. According to the results of ROC analysis, the
TEI LV index => 0.52 (p= 0.935) increased the risk of
adverse cardiovascular events in patients with CHF by
30.7 times (HR 30.69; 95% CI 1.3241 — 711.5572; p=
0,033), the age of patients over 66 years increased the
risk of adverse cardiovascular events by 13% (HR 1.13;
95% CI 1.0230 — 1.2555; p= 0.0172), body weight
patient at the enrollment in the study of more than 82
kg increased the risk of adverse cardiovascular events
by 7% (HR 1.065; 95% CI 1.0043 — 1.1301; p= 0.036),
the Vao over 98 cm/sec increased the risk of adverse
cardiovascular events in patients with CHF, but only by
0.8% (HR 1.008; 95% CI 1.0009 - 1.0155; p= 0.0014).

The inclusion in the multivariate model
parameters of tubulo-interstitial dysfunction (in
parentheses indicates the reliability of the models after
the inclusion of markers of tubulo-interstitial injury)
didn’t affect its power (NGAL, p= 0.0160), (NAG, p=
0.0101), (KIM-1, p= 0.0152). The obtained
multivariate model also was independent from the
glomerular filtration rate (p= 0.0080) and sex (p=
0.0076).

Thus, a combination of factors such as age over 66
years, body weight over 82 kg, index TEI LV over 0.52
c.u., peak mitral valve pressure gradient over 1.9
mmHg., the maximum flow velocity in the aorta over
98 cm/sec was associated with an increase in the
relative risk of adverse cardiovascular events in
patients with CHF of ischemic origin, regardless of sex,
glomerular filtration rate and tubular interstitial injury.

Discussion: According to the results of a
univariate regression analysis of the analysis of
proportional hazards of Cox, out of more than 100
studied parameters, only five factors were identified,
which were associated with adverse cardiovascular
events in patients with CHF. Among these factors, four
covariates (E/A, GE MK, plasma sodium
concentration, pulmonary hypertension) increased the
relative risk of adverse events. That are dependent risk
factors can be considered diastolic LV dysfunction,
pulmonary hypertension and hyponatremia.

The results obtained in our research is fully
consistent with the results of the study [5]. According
to research Baldasseroni S. et al. (2011) mild to
moderate hyponatremia was an independent cause of
annual mortality. Although the relationship between
sodium concentration and mortality was not linear, a 1
mmol/l decrease in lower than 142.9 mmol/l increased
the mortality rate by 10% (HR 1.10; 95% CI 1.07-1.12;
p <0.0001) [5].

In our research, hyponatremia < 142.5 mmol/l was
associated with an increase in the relative risk of the
cumulative end-points by 22% (HR 1.22, p=0.029).

In the study Su Y. et al. (2020) in a regression
analysis of proportional hazards of Cox proved that
hyponatremia was an independent predictor of three
adverse effects (mortality from all causes: HR 1.54,
95% CI 1.07-2.91, p= 0.034; rehospitalization about
HF: HR 1.28, 95% CI 1.16 - 2.47, p=0.013, stroke: HR
1.78, 95% CI = 1.04-2.89, p= 0.016) . In China, in a
cohort of CHF patients with preserved LV EF,
hyponatremia on admission to the hospital was
significantly associated with all-cause mortality,
rehospitalization, and stroke within 24 months. [6]

However, in clinical practice there is no single
action of risk factor, but a number of factors, a
combination of which determines the prognosis. Many
functional scales have been created and are used to
unify the prediction of CHF. The choice of (Seattle
Heart Failure Model), [1] and MAGGIC (Meta-
Analysis Global Group in Chronic Heart Failure) [7] is
determined by the volume and characteristics of the
explorations, the availability of validation, experience.

The most validated scale for outpatients with CHF
is SHFM, which was developed on a representative
sample of 1125 outpatients with severe HF (111-1V class
NYHA, EF <30%) without severe comorbidity. The
SHFM scale includes age, sex, ischemic etiology,
NYHA class, EF, systolic blood pressure (BP),
diuretics, angiotensin-converting enzyme (ACE)
inhibitors, angiotensin receptor blockers (ARBS),
statins. The scale predicts the survival of patients with
HF using available simple clinical features. The scale
provides an accurate assessment of 1-, 2- and 3-year
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survival and allows you to assess the effectiveness of
patient therapy. Limitations of the scale include the
possibility of its use only in patients with CHF with
reduced LV EF, lack of assessment of the frequency of
hospitalizations, underestimation or overestimation of
risks [1].

The MAGGIC scale was created by an
international team of researchers based on an analysis
of the database, which includes a large number of
registers and studies (39372 patients, 30 studies, 15851
deaths), and allows to estimate annual and three-year
mortality of patients with CHF. The scale is the result
of analysis of the phenotypes of CHF and LV
dysfunction which are predictors of overall mortality in
patients with CHF with both reduced and preserved LV
EF. The scale includes 13 predictors: age, sex, body
mass index, LV EF, NYHA functional class, plasma
creatinine levels, diabetes, beta-blockers, ACE
inhibitors or ARBSs, blood pressure, smoking, chronic
obstructive  pulmonary disease (COPD). The
disadvantages of the MAGGIC scale are the lack of
external validation and natriuretic peptide [7].

It should be noted that these scales include such
indicators as age, body mass index of the patient,
ischemic etiology of CHF, LV systolic function.
Similar indicators revealed independent predictor
power in our prognostic model. We obtained a
multivariate model of Cox's proportional risks (p=
0.0014), which included five indicators: age, weight,
index TEI LV, peak mitral valve pressure gradient (GE
MK) and maximum flow velocity (Vao) in aorta.

According to our prognosis model, the age of
patients with CHF over 66 years increased the risk of
adverse cardiovascular events by 13% (p= 0.0172).
According to The Swedish Heart Failure Registry
(SwedeHF), the median follow-up was 2.2 [0.9-4.1]
years, all-cause deaths were reported in 39% (n =
16866) of patients, and rehospitalization for
cardiovascular disease in 56% (n= 23960) and
rehospitalization due to decompensated CHF in 35%
(n=15111). The frequency of episodes increased with
age, regardless of LV EF. The increase in mortality at
the age of 65-80 years was associated with coronary
heart disease, regardless of the CHF phenotype (p
<0.001) [8].

In research [9] demonstrated that according to the
results of multivariate regression analysis of
proportional hazards of Cox, if the optimal age
distribution point is exceeded > 65 years, the risk of
cumulative endpoint in patients with CHF of ischemic
origin probably increased by 2.75 times (95% CI 1.67-
4.50; p=0.001).

According to the investigation [7], in follow-up
period (mean age 65 + 13 years) for 3.6 + 1.8 years, 115
of 407 died (28%), 129 of 407 were hospitalized for HF
(32%), 174 of 407 were hospitalized with other
cardiovascular causes (43%), 224 out of 406 reached
the  cumulative  endpoint -  cardiovascular
hospitalization and / or death (55%). The investigators
showed that a combination of factors such as age over
65 years, body weight over 82 kg, LV EF < 61%, is
associated with an increased relative risk of adverse

cardiovascular events: rehospitalization for CHF and
cardiovascular disease (HR 1.7; 95% CI 1.4 - 2.0; p
<0.001), death (HR 2.2; 95% CI 1.8 - 2.7; p <0.001)
and cardiovascular events or death (HR 1.8; 95% CI 1.6
- 2.1; p <0.001). The prognosis model obtained by the
authors almost coincided with the results obtained by
us - age, weight, systolic LV dysfunction.

As for the body weight of the patient with CHF at
the time of enrollment over 82 kg, the resulting model
shows us the nature of the independent prognostic
indicator, which increased the risk of adverse cardio-
vascular events by 7% (HR 1.065, 95% CI 1.0043 -
1.1301; p=0.036). The association between overweight
and CHF has been observed by other authors. Body
mass index is a component model SHFM, which
significantly increases the risk of cardio-vascular
adverse events [1].

Also, in a large study of the Korean population
[10], which involved 11 210 394 participants, found
that overweight increases the risk of CHF (HR 2.97,
p<0.001), and subsequently the risk of overall death
(HR 1.38, Cl 1.353-1.423; p<0.001).

Particular attention among the found factors
deserve parameter index TEI LV, which reflects not
only an impairment of systolic but also diastolic LV
function in addition, in the model we built, it
demonstrated the greatest predictor power - increased
the relative risk of adverse cardiovascular events in
patients with CHF more than 30 times (p= 0.033). The
TEIl index => 0.52 increased the risk of adverse
cardiovascular events in patients with CHF by 30.7
times (HR 30.69; p= 0.033).

A number of studies confirmed the viability of our
prognostic model for the influence of the TEI index on
the risk of adverse cardiovascular events in patients
with CHF. In a research by Sasao H. et al. (2004)
concluded that a TEI index greater than 0.70 correlated
with the development of episodes of heart failure (BP
14,139 95% CI 1,269-157,553). Souza L.P. et al.
(2011) found that LV EF <45% was associated with an
increased chance of heart failure progression, but only
among patients > 60 years of age with a TEI index >
0.57. Biering Serensen T. etal. (2013) reported that TEI
index values greater than (0.59 + 0.16 vs. 0.52 + 0.13,
P <0.001) was associated with major adverse events,
including congestive heart failure, myocardial
infarction, and mortality[11].

At the same time, Rahman N. and co-authors
(2009) showed that the TEI index value > 0.40 had
better sensitivity (86% vs. 65%), specificity (82% vs.
50%) and accuracy (83% vs. 58%) compared with LV
EF <40% to predict cardiac complications, including
cardiogenic shock, revascularization, rehospitalization,
congestive heart failure, and atrioventricular block
[11].

The next parameter that has proven its prognostic
properties in our multivariate model is the flow velocity
in the aorta over 98 cm/sec. It was associated with a
probable increase in the risk of adverse cardiovascular
events in patients with CHF, but only by 0.8% (HR
1.008; 95% CI 1.0009 - 1.0155; p= 0.0014). Although
the effect is quite small (less than 1%), but a high
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degree of probability suggests that the deterioration of
the damping properties of blood vessels, which cause
an increase in blood flow in the aorta, in patients with
CHF of ischemic origin has a significant impact on the
disease.

Our data were confirmed by a study by Strange G
et al. (2019), which proved in the Australian population
that with increased flow velocity in the aorta up to 1.5
m/s, the risk of adverse cardiovascular events increases
by 2% (HR 1.02; 95% CI 1.01- 1.02; p <0.001).
According to the multivariate model of Strange G et al.,
by supplementing the flow velocity in the aorta with
factors such as male sex, age and LV EF, the authors
obtained a probable increase in the risk of adverse
cardiovascular events [12].

Thus, using a simple reproducible parameter (age,
body weight index TEI LV, peak gradient pressure MK
and the maximum flow velocity (Vao) in the aorta) can
more accurately estimate the annual prognosis in
patients with heart failure, regardless of sex, LV EF and
renal function.

Conclusion:

1. Independent risk factors for adverse
cardiovascular events (death, myocardial infarction and
progressive angina, stroke, progressive heart failure) in
patients with CHF should be considered: age and body
weight, index TEI LV, peak gradient pressure MK and
the maximum flow velocity (Vao) in the aorta, which
allows to assess the annual prognosis in patients with
CHF regardless of sex, LV EF and renal function.

2. Dependent risk factors for adverse
cardiovascular events in patients with CHF are baseline
sonographic parameters of E/A and mean pressure
gradient MK, plasma sodium concentration, the
presence of pulmonary hypertension. Inspiratory 1VC
collapse of more than 50% is associated with a
reduction in the relative risk of adverse cardiovascular
events in patients with CHF.

Conflicts of interest: authors have no conflict of
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Pestome. Ileabp wmccienqoBaHusi: OlEeHKAa HW3MEHEHMH B CHCTEME TIeMOCTaza IO I[OKa3aTessiM
TPOMOO3TIaCTOMETPHHU M KOATYJIOTPAMMEI Y OOJIBHBIX C ITOJIUTPaBMOH.

MaTtepuadbl ¥ MeTOAbl. AHAIM3UPOBAINCH pE3yNbTATHl TPOMOOITACTOMETPUHM W CTaHAAPTHOM
KoarysorpaMmsbI 12 manueHToB B Bo3pacte oT 18 1o 74 nert ¢ muaraozom «TpaBmay.

Auanu3 TpoMOO03JaCTOMETPUN BBIMOJHSJICS C TOMOIIBI0 aHamu3aropa kposd ROTEM delta (Tem
Innovations GmbH, I'epmanust), KOTOpbI oOlEeHHMBaeT (U3MYECKHE CBOWCTBAa crycrka. KpoBb OOJNBHBIX,
CTaGI/IJlI/BI/IpOBaHHaH OUTpaTOM HATpus, IMOMCIaJIaCh B CHEHUAJIBHBIC OIHOPA30BbIC MHKPOKIOBETHI C
,7106aBJ'IeHI/IeM Pa3JIMYHBIX AKTHUBATOPOB KOAr'yJISIIHOHHBIX peaKHI/Iﬁ. Onpeuensmncr) CJICAYIOMINE IMOKa3aTeJIn
tpomboanacromerpun: CT, CFT, yron anbda (o), MCF, AS, A10 B recrax INTEM, EXTEM u FIBTEM.

Onpez[eneHI/Ie ToKa3aTeiie KoaryJjiorpaMMbl TPOBOJUIIOCH 110 CTaHI[apTHOﬁ MECTOOUKE. Brrgsinsnuce
cenytromue napamerpsi: AUTB, MHO, conepxanue pudprHOoreHa A, koHneHTparus POMK.

Pe3y.]Il>TaTl>l: COIIOCTABJICHBI TAHHBIC KOAr'yJIOIpaMMbl U Tp0M603J'IaCTOM€TpI/II/I Ha pa3HbIX 3Tallax JICUCHU.
VY OOJBHBIX € PA3BUTHUCM TPABMATHYCCKOI'O IIIOKA IMOKA34aTCIM KOaryJorpamMmbl ObLIM M3MEHEHBI B pamoﬁ
CTCIICHU B 3aBUCHUMOCTH OT CTaJHH IIIOKA. HpI/I HepBOP‘I CTaJluu MIOKa B aHAJIN3C OTMCYCHO TOJIBKO YBCJIMYCHHUC
POMK B 2 pa3a m HE3HAUHTEIHFHOE MOBHIINICHHE (QUOpHHOTeHa B MUHAMUKe. Y OonpHOW ¢ 3-f cramueit
TPaBMaTHUYECKOTO IIIOKA MOKA3aTeNM KOaryJorpaMMbl ObUIM B Tpezenax HOPMBI, HO Mo JaHHbIM TOM (TecTh
EXTEM u FIBTEM) ormeuanach THIOKOAryJIsIHs 33 CUET TPOMOOIIMTAPHOTO 3BeHa. B TrHaMKKe OLleHHBANACh
TOJIBKO KoaryJjorpaMmma, orMedajaaChb rarokoaryJjigius B IoKa3aTe/IaX BHYTPEHHET0 U BHCIIHETO HyTCI71 remMocrasa
(yanmunenne AUYTB, camxenne [1TU u yBenmnuenne MHO), yBenuuenue ¢pudpunorena A u POMK. B rpynmne
nanueHToB ¢ 3UMT mysxckoro nosa noseimenne POMK B koarynorpamMMe Bcerjia CO4eTanoch ¢ M3MEHEHUSIMU
tecta FIBTEM npu nposenenun TOM.

3aKII09eHHne: TaKUM 06p330M, y OOJIBIIIMHCTBA IIannUMEHTOB HE OTMEYACTCA U3MCHCHUEC KIIACCHYCCKUX TECTOB
KoaryJorpaMmsbl cpasy mnocje HOHy‘IeHHOﬁ TpaBMBI. HpI/I 9TOM pOTAallTMOHHAA TpOM603J'IaCTOM€TpI/I$[ IIO3BOJIACT B
Oouee paHHHUEC CPOKH BOCHOJHUTL 3TOT HEAOCTATOK, YTO T'OBOPHUT O BEICOKOH YYBCTBUTCJIBHOCTH METOAA.

Abstract. Purpose of research. To assess changes in coagulation system by parameters of
thromboelastometry and coagulogram in patients with polytrauma.

Materials and methods. The results of thromboelastometry (TEM) and standard coagulogram of 12 patients
aged 18 to 74 years with a diagnosis of trauma were analyzed. Analysis of thromboelastometry was performed
using a ROTEM delta blood analyzer (Tem Innovations GmbH, Germany), which evaluates the physical properties
of a clot. Patients' blood stabilized with sodium citrate was placed in special disposable microcuvettes with the
addition of various activators of coagulation reactions. The following indicators of thromboelastometry were
determined: CT, CFT, angle alpha (a), MCF, A5, A10 in the tests INTEM, EXTEM and FIBTEM. The
determination of coagulogram parameters was carried out according to a standard method. The following
parameters were identified: APTT, INR, fibrinogen A content, serum fibrin degradation products (SFDP)
concentration.

Results. Coagulogram and thromboelastometry data at different stages of treatment were compared. In
patients with the development of traumatic shock, coagulogram indices were changed to varying degrees
depending on the stage of a shock. At the first stage of shock, the analysis showed only a 2-fold increase in SFDP
and a slight increase in fibrinogen in dynamics. In a patient with a third stage of traumatic shock, the coagulogram
indices were within normal limits, but according to TEM (EXTEM and FIBTEM tests), hypocoagulation was
observed due to platelets. Only a coagulogram was evaluated in dynamics, hypocoagulation was observed in
parameters of internal and external hemostasis pathways (prolongation of APTT, decrease in IPT and increase in
INR), increase in fibrinogen A and SFDP. In the group of male patients with closed craniocerebral injuries, an
increase in SFMC in the coagulogram had always been combined with changes in the FIBTEM test during TEM.

Conclusion. Thus, in most patients, there is no change in classic coagulogram tests immediately after the
injury. At the same time, rotational thromboelastometry makes it possible to fill this deficiency at an earlier date,
which indicates a high sensitivity of the method.

Knroueswvie cnosa: mp0M63ﬂacm0Mempuﬂ; Koazyiozpamma, cemocmas, mpaema, ()uaeHocmuKa

Key words: thrombelastometry; coagulogram; hemostasis; trauma; diagnosis

I'emoctaz — o310 OWONOrMYEecKWid Tmporecc,  3a00IeBaHUIX, COMPOBOKIAAIOIINXCSA BOSHUKHOBEHHUEM
KOTOPBIM MOJJEPIKUBAET JKUJKOE COCTOSIHHE IUIa3Mbl  KPOBOTEUEHM M KPOBOU3IIMSIHUI, a TAKKE 3TA CUCTEMA
KPOBH M 00€CIIeUNBaeT OCTAHOBKY KPOBOTECUCHHS MPH  PacTBOPsET 00pa30BaBIIMECs TPOMOBI, BBITOITHUBIINE
paHCHHSX, TpaBMaXx M JPYyrHX COCTOSHHSAX ©  CcBOO ¢yHkuuio [1; 2]. TlanueHTtsl, Ooka3aBmIWecs B
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pcannmMmanuu, Tp€6y}0T MOCTOAHHOI'O KOHTPOJIA 3a ITOH

cucremoir. Takue OOJIBHBIE HaxogdaTCse B 30HC
BBICOKOI'O  pHCKa, CBA3aHHOI'O (¢ HapylaiCHUEM
CBEPTHIBAEMOCTH KPOBH.

‘{epenHo-M03r013},1e TpaBMbl qacCcTo

COTIPOBOXKIAIOTCS Pa3BUTUEM KOAryJjonaTHH, KOTopas
MOXET  TpPOSBIATECSA  NPU3HAKAMH  THIO- U
TUIEPKOATYJISIINAN, H MEXaHU3MBI KOTOPOH 10 CHX TTOp
wioxo wy4eHsl [3]. B mocnmemHme romel Takue
HapyIIEHUS CHCTEMBI T€MOCTa3a IOJyYMId Ha3BaHUE
UMT-accourpoBaHHON KoarynonaTuu. Bo3moxkHo,
YTO B €¢ Pa3BUTHH IMPUHUMAIOT yYacTHE TKaHEBOU
tpomborutactul 1 nporerH C. [1pu 3ToM BHOCAT CBOM
BKJIaJl Pa3BUTUE CUCTEMHOT'O BOCTIAIUTEIEHOTO OTBETA
u TpombonuTonaTuu [3]. Ha3HaueHue B 3TUX CIydasx
TOJIBKO KOaryJorpaMMBbl CUMTAETCSl Ha CErOAHAIIHUIN
JIHb HEJOCTATOUHBIM, TaK KaK 3TOT aHaJIU3 HMeEeT
OTPaHMYCHHYIO IHArHOCTHYCCKYIO [EHHOCTh W HeE
MO3BOJISIET IPOBECTH KOMILICKCHYIO OIIEHKY TeMOocTa3a
[4].

B wacrosmee BpemMs ASQQEKTHBHBIM U
JIOTIOTHUTEIHHBIM METOJIOM TUATHOCTUKH HAPYIICHUN
CHUCTEMBI TEMOCTa3a SBIICTCS TPOMOOAIIACTOMETPHUS
(TOM), xoropast  BBINOJHSETCS C  IOMOIIBIO
aHAIM3aTOPOB pasHbIX (GUPM. ITOT METOA MO3BOJISIET
OLICHUTh HM3MEHEHUS BO BCEX 3BEHBSIX CHCTEMBI
reMocraza B  TEUEHHE  HECKOJbKHX  MUHYT,
MpaKkTUUecKu y moctenu OombHOTO [5, 6]. laHHBIN

aHaIu3 MO3BOJISIET OTIepPaTUBHO IIPOBECTH
muddepeHnInaNbHYI0 JHarHOCTHKY TIPUYHHBI
KPOBOTECUCHUS JUTSt MIPOBEICHNUS paHHEH
IeJICHATPaBJICHHON Tepanuu KOAaryJomnaTHu
TpaHC()y3HOHHBIMH CpeJaMH M T'€MOCTaTHYECKHMHU
npenaparamy.

Lenp uccaeqoBaHMsi — OLEHUTH M3MEHEHUS B
cucreMme reMocTasa o MOKa3aTeNsIM

TPOMOO3JIACTOMETPHH M KOAryJIOTPAMMBbI Y TSDKEIIBIX
OONBHBIX C PA3TMYHBIMHU TPAaBMaMHU.

MarepuaJbl " METO/bl. Marepuanom
WCCIIEIOBaHMUs  SIBUJUCH  pe3yJbTaThl  aHAJIN30B
TPOMOORIIaCTOMETPHH B CPaBHEHWH CO CTaHIAPTHOH
KoaryjorpamMMmoi 12 mauueHtoB B Bo3zpacTe oT 18 mo
74 net, HaXOAMBILKXCS B OTAEJIIEHUU peaHuManuu bY
«bonpHHUIA CKOpoi MeEIUIUHCKON TIOMOIIIH»
Mumnznpasa UyBammu ¢ nuarao3oM «TpaBmay.

AHanmu3 TpoMOO3TaCTOMETPUH BBIIOTHSICST C
nomortplo anamusaropa kposu ROTEM delta (Tem

Innovations GmbH, I'epmanus), KOTOpbIH OllEHHBAET
¢usnyeckne cBoiicTBa crycrka. KpoBb OONBHBIX,
CTa0WIM3MPOBAaHHAs LIUTPATOM HATPHsl, IOMeIanach B

ClClMANbHBIE  OJHOPA30BBIE  MHKPOKIOBETBI  C
Jo0aBIeHHEM Pa3IHIHBIX AKTHBATOPOB
KOAryJSIIIHOHHBIX peaximii. Omnpenensnuch
CIeNyIolIMe  ITIOKa3aTeld  TPOMOODIACTOMETPUH

(pucyHok 1):

1. CT - clotting time, Bpems CcBepTHIBaHUS
KpOBH: BpeMs OT JOOABIICHHUS CTAPTOBOTO PEAreHTa 10
Hadama (OPMHPOBAHUS CTYCTKa, BBIpaXaeTcd B
CeKyHIaX. YUIMHEHHE YKa3plBaeT Ha AeUIUT
(aKTOpOB CBEpTHIBAHUS KPOBH WJIM Ha HU30BITOK
rernapuHa. YKOpOUYeHHE TOBOPUT O THUIEPKOAryJISIIUU
[71.

2. CFT- clot formation time, Bpewms
(OpPMHpPOBaHUS CI'YCTKa, BBIpa)KaeTcs B CEKyHJax.
YianuHeHne TOKa3aTeds CBS3aHO C HapylIeHHEM
(GyHKOMM ~ TPOMOOIMTOB,  YMEHBIICHHEM  HX
KOJIMYECTBA, HAapyIICHHEM IoauMepu3anuu pudpuHa
wm  gepunuTom  PubOpuHOTEeHa.  YKOpOUYCHHE
yKa3bIBaeT Ha THNepKoarysimo [8].

3. VYron ameda (o) — yrom, TMOCTPOSHHBIH MO
KacaTeJbHOW B TpoMOOAIacTOrpaMMe M3 TOUKU Havyasia
00pa3oBaHMsl CTyCTKa, BBIpaKaeTcss B TIpajycax.
OTto0OpaxkaeT cKOpOCTh pocTa (GUOPUHOBOM CETH U e
CTPYKTypooOpa3oBanue. Yron anbda OTpaxkaer
JUHAMHKY 0Opa3oBaHMs CTyCTKa M 3aBHCHUT OT JABYX
KOMIIOHCHTOB (TpoMOoIuToB u (ubpuHorena). He
CTOWT BBIICIIITH yroy anb(a Kak MOoKa3aTeslb yPOBHS
¢ubpuaoreHa.  OUOPWHOTEH  OICHHWBAeTCA IO
ammmurygam (A5,A10, MCF tecra FIBTEM) [6].

4 MCF - maximum clot  firmness,
MaKCHMaJIbHasl TUIOTHOCTh CTYCTKa, SIBJISAETCS CaMOi
OOJIBIIONM  BEPTUKAIBHON  aMILIMTYAOH rpaduka.
Oto0OpakaeT TPOYHOCTh CTYCTKa. YMEHBIICHUE
IUIOTHOCTH  CTyCTKa YKa3blBaeT Ha CHIIKCHHUE
KOJIMYECTBA TPOMOOIMTOB WIM HUX  (QYHKIHMH,
CHW)KEHHE  ypOBHs  (UOpHHOTEeHa, HapyIlICHHUE
nojguMepu3anuu GuodpuHa.

5. A5, AI0 — MIOTHOCTH CTYCTKA, MOJMYYCHHAS
yepe3 5 u uepe3 10 muuyr. Ha 3TOT mokasarenn

OKa3BIBAIOT BIMSHUE TPOMOOIMTH, (QUOPHHOTEH
(KOHLECHTpaLUs M CIIOCOOHOCTh MOJMMEPHU30BaTHCH),
¢akrop Xlll. Kinanueckoe 3HaYeHHWE aHAIIOTUYHO
MCEF.
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Pucynox 1. [lapamempor mpomboanacmozpammer ROTEM
Fig. 1. Thromboelastogram parameters in ROTEM

HccnenoBanne KpoBH B TPOMOOIIACTOMETPUH
MPOBOMIIOCH IO CIEAYIOIUM CTaHIAPTH3NPOBAHHBIM
tectam: EXTEM, INTEM, FIBTEM (rabmuma 1).
EXTEM — tect mnsd BBIABICHHS HApYIICHHHA BO
BHEITHEM MeEXaHW3ME CHCTEMBI TIeMocTasa. TecT
INTEM npumensieTcs 1ig ucciieI0BaHus BHY TPEHHETO
nytu koarymiuuu. Tect FIBTEM  wn3onupoBanHO
OllcHUBaeT BKJIaN (uOpuHOreHa B 00pa3oBaHHC
CTyCTKa, a Taloke ucrnonbsdyercs B nmape ¢ EXTEM nna
YTOUHEHUS MPUYUHBI CHIDKCHHUS TUIOTHOCTH CTYCTKa

(medumur ¢uOpHHOTEHa WM BKJIaga TPOMOOIHTOB)
[6]. JdauHBIE TecThl MO3BONIOT AU (EpeHIINPOBATH
JIOKaJTbHOE KPOBOTEUCHHE OT KOaryJoIaTHIECKOro,
OTIPENENUThCSI €  TAKTUKOW  IIeJICHAIIPaBICHHOM
KOPPEKIIH KOaryJIOmaTuu (Tpancdy3us
CBE)KE3aMOPOXKCHHOHM  IJIa3Mbl, KPUOIPELHUIINTATA,
TPOMOOKOHIIETpaTa, BBE/ICHHE KOHIICHTPATOB
(hakTOpOB CBEpTHIBaHMS, AHTH(GUOPUHOIUTUUCCKUX
MpenapaToB).

Tabmuna 1
PedepencHpie 3HaueHHsT TPpOoMO0IIacTorpammel ROTEM
Table 1.
Reference values of thromboelastogram parameters in ROTEM
Tect [Tapamerp
CT, cex CFT, cex yron a, ° A5, MM A10, Mm MCF, mm

EXTEM 38-79 34-159 63-83 34-55 43-65 50-72

INTEM 100-240 30-110 70-83 38-57 44-67 50-71

FIBTEM - - - 8-17 9-23 10-25
Ormpenenenre  mokaszaTesedl  KOaryJorpammbl Pe3yabraTsl u 00cy:kaenune. Bee 12 nanuenTos

MPOBO/IMIIOCH IO CTaHAAPTHOM MeToAMKe. BrIsBismch
cienyromue mapameTpol: 1. AUTB — aktuBupoBaHHOE
YaCTHYHOE TPOMOOIUIACTUHOBOE BpeMsl  (HopMa
cocmaensem 23,0 - 34,7 c¢), moka3zaTenb U3MEPEHUS
BPEMCHHN CBEPTBIBAHUA ITPU AKTHUBAIIMKU BHYTPCHHETO
nytu [9].

2. MHO — mexayHapoaHOE HOPMAaM30BaHHOE
otHomeHue (Hopma 0,81 - 1,25). llpencrasnset codoi
OTHOIIEHHE TPOTPOMOWHOBOI'O BPEMEHH MalueHTa K
IpOTPOMOMHOBOMY BpEMEHU B HOpME,
CKOPPEKTHPOBAHHOE C IOMOLIbI0 MeXTyHapOoIHOTO
MHJIEKCa 4yBCTBUTENbHOCTH. [lokazaTenb m3mepeHus
BPEMCHHN CBEPTBIBAHUA TIPU aKTHUBAllUW BHEOIHETO

MyTH.
3. Copepxanne ¢uOpuHoreHa A (8 Hopme
1,6 - 3,6 o/).
4. Konmentpamms POMK - pactBOpmMEIe
(uObpMH-MOHOMEpHBIE ~ KOMIUIEKCH.  [loka3zaremnn

aKTHBAaIMM CBEPTHIBaHUA (B HOpME < 4 MT %).

OBUTH HKCTPEHHO TOCIHTAIN3UPOBAHBI B OTICIICHHUE
peanumanuu bY «bonpHMLIIA CKOPOM MEIUIIMHCKOM
noMou» MunzapaBa YyBammum ¢ COYETAaHHBIMU
TpaBMaMH pa3HON CTETNEHU THKECTH B OOJIBIIMHCTBE
CITyJaeB n3-3a JOPOXKHO-TPAHCIIOPTHBIX
npoucmecTBui ¢ okTa6psa 2018 roga mo sHBaps 2019
roja.

Cpean HUX 0Kazajoch 8 MEHIIUMH U 4 MY>KUUHBI.
Cpeanuii Bo3pacT magueHToB coctaBui 45,2 + 6,05
(muanazon ot 18 mo 74 net). YV 75% 6GonbHbix (N=9)
JUATHOCTHPOBAHA  3aKpbITasl  4YEPENHO-MO3roBas
tpaBmMa (3UMT), y J1ByX O>KEHIIMH — OTKpBITas
yepenHo-mo3roBas TpaBmMa (OUMT) u y eme omHOM
00JIBHOM — 3aKPBITHIN epesioM pedep 0e3 CMenIeHNs ’
TyTasi TpaBMa KHUBOTA.

B 25% cayyaeB TpaBMBI COTMPOBOXKIAINCH
pa3BUTHEM TpaBMaTH4ecKoro moka 1-3 cremenu. Bo
Bpemst cOopa aHaMHe3a OBIJIO BBIBICHO, 4TO y 5
manueHToB crapme 60 JeT uUMenuch  pa3Hble
COIYTCTBYIOIINE 3a00JICBaHMSI.
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ITourn Bcem naunmenram (N=10) ¢ coyeTaHHBIMU
TpaBMaMu MOHAIO00MIINCH Pa3IMYHbIE XHUPYPrUYecKrue
BMEIIATeNbCTBA (TpelmaHalusg uepemna, perno3uIus
KOCTHBIX OTJIOMKOB, JpPEHHUPOBAHUE IUIEBPAJIBbHOMN
nosocty u zip.). 3 Hux y 60% GonpHbIX (N=6) B 3TOT
JKe JIeHb ObLIa B35ITa KPOBb ISl TPOMOOIIACTOMETPHH.
VY nATH 4eNmoBEK aHAJIM3 BBINOIHEH IMOCIE ONEpalHid.
OmvH TamWeHT C 3aKphITOH  YepermHO-MO3TOBOH
TPaBMO¥ JIEUHIICS KOHCEPBATHUBHO.

ComocraBisisi  JaHHBIE ~ KOAaryJaorpaMMbl U
TPOMOO3JIaCTOMETPHH Ha PA3HBIX JTallax JIECUeHHS,
HaMHU BBISIBIICHBI OTJIMYUS B TE€MOCTA3HOIOTHYECKHUX
TeCTax y OJHHUX U TeX ke MauueHToB. Tak, B rpymnme
OOJIHBIX C pa3BUTHEM TPaBMAaTHYECKOTO IIOKa
MOKa3aTeIM KoaryJlorpamMMbl OBIIM W3MEHEHB B
pa3HOM CTENeHH B 3aBUCUMOCTH OT cTaauu moka. I[Ipu
NEepBOIl cTaauu IIOKa B aHAIM3€ OTMEYEHO TOJIBKO

yBenuueHue POMK B 2 pa3a u He3HauuTenbHOE
NoBbIIeHUe (uOpuHOreHa B auHamuke. [1o maHHBIM
TPOMOORJIaCTOMETPHH  M3MEHEHBl  HE3HAYHMTENILHO
mokazarenu TectoB INTEM, EXTEM u FIBTEM B
CTOPOHY THUIOKOarynsauu. Y 00ibpHOI ¢ 3-i cramueit
TPaBMaTHUECKOTO IIIOKAa MOKa3aTedH KOaryJorpaMMbl
OBUTH B TIpeneTax HOPMBI, HO 10 JaHHBIM TOM (TecTh
EXTEM u FIBTEM) oTMmeuanach THITOKOATYISILUS 32
CYeT TPOMOOIIUTAPHOTO 3BEHA. DTO IIOATBEPIKAACTCS
(dopmoii kpuBoii TpomboamacTorpammel (Extem A5 30
MM (35-55) FIBTEM A5 12 mm (8-17)) (pucyHok 2). B
JUHAMHMKE OIICHMBAlach TOJBKO KOAryJlorpamma,
oTMeYajgach  THUMNOKOAryIsiMs B  IIOKa3aTelsix
BHYTPEHHETO M  BHEIIHEro MmyTed Tremocrasa
(ynmuuenne AUTB, cHmwxenne IITU n yBenudenue
MHO), yBennuenue Gpudpunoresa A u POMK.

FIBTEM [General]
11516 B
RT: 01:21:58 ST: 2016-12-18T12:21:14
cT 68 s [ 38 - 62]
CFT s
o 73 2
60 AS 12 mm [ 8 - 17]
A10 13 om [ 8- 23]
: MCF 16 mm [ 10 - 25]
10 20 30 40 50 min "y e 0%
LI30 100 %
L145 100 %
Ll EXTEM [General]
60 11516 B
40
20 |/ RT: 01:23:43 ST: 2016-12-18T12:19:25
& cT 60 s [ 38 - 79]
20 CFT 164 s [ 34 - 159]
40 a 71 ° [ 63 - 83]
60 AS 30 mm [ 35- 55]
A10 40 mm [ 43 - 65]
; . MCF 51 mm [ 50 - 72]
10 20 30 40 50 min ML p 4 % [ 0 - 15]
L130 100 %[ 94 - 100]
L145 100 %

Pucynok 2. Tpombosracmomempus nayuenmxu Ha ¢one 3 cmaouu mpaemamuyeckoeo uoka ¢ 39YMT.
Tecmwr FIBTEM u EXTEM.
Fig. 2. Thromboelastometry of the patient on the background of stage 3 of traumatic shock with closed
craniocerebral injury. FIBTEM and EXTEM tests.

[Ipu o6paboTke TOKa3aTeNnell KOaryJiorpaMMbl U
TPOMOOAIIACTOMETPHH BBISIBIICHO, YTO TOJBKO Y OJTHON
skeHmuHbl 18 ner ¢ 3YMT wne HaOmopanuch
W3MEHEHHUsl B cucTeMe remocta3a. Ckopee BCETO, 3TO
CBS3aHO C KOMIICHCATOPHBIMH  BO3MOXHOCTSIMHU
MOJIOZIOTO OpraHu3ma. ¥ >keHImmHbBI 63 jer ¢ 3UMT
JIMATHOCTUPOBAHA COMYTCTBYIOMIASI TPOMOOIIUTOTICHHS

(ypoBeHb TpoMOOIHUTOB cocTaBis 17x10%m) Ha done
BBIPQXKEHHBIX ~ M3MEHEHMH  nokaszarener  TOM.
Haubonbimme n3meHeHus BeisiBiIeHB! B Tecte EXTEM:
yBenaudenue CFT B 10 pa3 u yMmeHblieHue yria o B 3
pasa, A5 B 4,4 pasa, A 10 B 3,6 paza u MCF B 2,5 paza
(pucyHok 3).
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Pucynox 3. [loxkazamenu mpombosnacmomempuil.
Tecm EXTEM y nayuenmxu ¢ 34MT na gpone mpomboyumonenuu.
Fig. 3. Parameters of thromboelastometry.
EXTEM test in a patient with closed craniocerebral injury on the background of thrombocytopenia.

B tecte FIBTEM Ttaxxe HaOIr04a10Ch CHUKEHNE
A5 Ha 38%, A10 Ha 25% u MCF Ha 30% (puc. 4). IIpu

60

20

20

60

9TOM YpOBeHb (HOpHHOTEHa OBLT B TpeesiaX HOPMBI
(3,11 r/m).

10 20

30 40 50 min

Pucynox 4. [loxkazamenu mpombosracmomempuil.
Tecm FIBTEM y nayuenmxu ¢ 34MT na ¢hone mpomboyumonenuu.
Fig. 4. Parameters of thromboelastometry.
FIBTEM test in a patient with closed craniocerebral injury on the background of thrombocytopenia.

B rpymnme nmammenTtoB ¢ 3UMT myxckoro moia
noBeimenne POMK B koarymorpamMme  Bcerna
couetanioch ¢ m3MeHeHusmu Tecta FIBTEM mpu
npoBeneHn  TOM. OpHako, HW3MEHEHHS TECTOB

INTEM u EXTEM mo Ttumy THIOKOAryJISIIAHA
BBISBJSUTHCH Y psiia OOJNBHBIX Ha (OHE HOPMATbHBIX
3Hauenuii noxkasarenedr AUTB, IITU u MHO B

KOaryJorpamMmme.
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Tabnuna 2.
Jannbie TOM (tect FIBTEM) 1 koaryjorpaMmbl y NaniMeHTOB MY:KCKoro mojaa ¢ 3UMT
Table 2.
TEM and coagulograms data (FIBTEM test) in male patients with closed craniocerebral injury
Ageol | o1 | A5 | MCF | ML | APTT | PTI | INR | Fibrinogen | SFMC | PRI | pierogiobin
patients count
28 83 | 23| 27 - - 108 | 0,93 6 21 82 86
74 77 1 6 6 2 232 | 88 | 1,16 2,88 6 417 146
59 1231 23| 29 - - 47 | 2,14 4 6 40 96
59 123128 | 35 - - 82 | 121 8,88 - 132 134
Ilo naHHBEIM JHTEpaTypsl H3BECTHO, 4YTO y  Bompocsl reMaToJIOr MH/OHKOJIOT U u
TPaBMHPOBAaHHBIX ITAI[HCHTOB Yalle BBIABIACTCS  HMMYyHomaroinoruu B meamatpuu. 2019. T. 18. Ne 3. C.
THIIEPKOAT YIS [10], niepexosast B 112-119.https://doi.org/10.24287/1726-1708-2019-18-
runokoaryisiimto  [11]. Y waOnromaembix  Hamm — 3-112-119
OonmbHBIX B OONBIIMHCTBE CJIyd4aeB, HAobOpOT, 2. Shaydakov M.E., Blebea J.
Ha0moaamacy rumokoaryJssinus. unepkoaryssiuust Ha  Thromboelastography  (TEG).  Treasure  Island

MOMEHT HCCIIeIOBaHMsA 1O AaHHBIM TOM BhIABIEHA
TOIBKO y JBYX MAIMEHTOB, KOTOpPBIE CKOHYAJIHCh B
pe3yabTaTe NOTy4eHHBIX TpaBM. [Ipu 3 ToM nokasarenn
KOaryJorpaMMm y 3THX e TPaBMHPOBAHHBIX OKa3aJIUCh
B Ipeferax HOpPMBL. B janHamuKe MoOKa3aTeln
KOaryJorpaMMbl y O3TUX OONBHBIX H3MEHWINCH B
CTOPOHY THIIOKOArYJISILIMU C Pa3BUTUEM BBIPAKEHHOTO
JABC-cunnpoma (ysennuenne POMK 0Oonee, gem B 3
paza).

Takum  oOpa3oM, maroreHe3  HapylICHUH
reMoCTas3a y MaldeHTOB ¢ TPaBMaMU UMEET CIOXKHBIN
MexaHus3M. [loMHMO remMopparudeckux OCJIOKHEHUH,
CBS3aHHBIX C TPaBMOH, y OOJIBIIMHCTBA MAalMEHTOB
BBIPQ)KEHHOE BIIMSHUE HAa CBEPTHIBAIOIIYIO CHCTEMY

OKa3bIBAlOT M €€ THKECTb, W  IPOBOANMBIC
OTepaTuBHbIC XHpyprudeckue "
reMoTpaHc(y3noIoruieckue  MaHUITYJISIHH. v

HNOXWIBIX OOJBHBIX HEOOXOIMMO TPHUHUMATh BO
BHHMaHHE HAJIMYME COMYTCTBYIOLIMX 3a00JIeBaHUIl U
ux BiausHUe Ha koarymsanuio [12]. CoBpemeHHas
KoaryjgorpamMma  JaeT  BO3MOXHOCTh  OIICHHTH
COZiep)KaHHE  OTIENBHBIX KOMIIOHEHTOB CHCTEMBI
reMocTa’a M He [IOKa3bIBaeT CBA3b  MEXAY
CBEPTHIBAIOIIINMHU u MPOTHBOCBEPTHIBAIOIINMHI
npoueccaMi. Y MHOTHX TAIMEHTOB HE OTMEYaeTcs
M3MEHEHHE KIACCHUECKUX TECTOB KOaryJlorpaMMbl
cpa3zy nocie noxydyeHHou Tpasmsl [13, 14]. Ilpu 3Tom
pOTalMoOHHAsT TPOMOO3JIAaCTOMETPHS TO3BOISIET B
Oosiee paHHHE CPOKM BOCIIOJIHUTH 3TOT HEIOCTATOK,
YTO TOBOPHUT O BBICOKOW UYBCTBHTENBHOCTH METOAA,
ocoOeHHO Ha (poHE TpaBM JIETKOW CTENIEHHW TSIKECTH
[15]. Nnorma naxe mo dopme kpuBoil TOM MOXHO
CAenaTh 3aKIIOYCHHE O COCTOSHUHM TeMOCTa3a
MaIMeHTa, YTO IO3BOJISET CBOEBPEMEHHO HA3HAYUThH
aJIeKBaTHYI0 Tepamuio. B ycIOBHAX peaHHMMaIlun
paHHAA LEJCHANpPaBICHHAs KOPPEKIUs KOaryJonaTHu
MO/l KOHTPOJIEM TPOMOO03IaCTOMETPUHN MOXKET MTOMOYb
JOOHUTBCS COXpaHEHHS KH3HM OONBHOTO M YIyYIIHTh
MPOTHO3 €I0 COCTOSTHHUSL.
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AnoTanis. Po6ota Bukonana y CTOB «Po3ainbHsHChKe» Po3ainsHssHCbKOTO paiiony Onecskoi obnacTi. s
MPOBEACHHS OCTIKEeHb O0yI0 chOpPMOBAHO 5 TPYIT MiJCHCHUX BIBLIIEMATOK ITHraiicbkoi mopoju mo 10 roiis y
KO>KHiH, 0J]Ha 3 rpym Oyna KoHTposbHa. [ pynu GopmMyBaiu 3a METOJIOM IpyII-aHaJoriB 3 ypaxyBaHHIM MOPO/IH,
BIKy y SITHIHHSX, JXKMBOI MacH, sika ctanoBmwia 50 kr. CycCHeH3iF0 MIKpPOBOJOPOCTI XJIOPEIH 3r0J0BYBaJIH
BiBIIeMaTKaM y riepiri 20 AHIB iakTaliii, y KiibkocTi 3; 5; 7; 9 Mi1 Ha 1 Kr %uBOT Macu. Y HOBOHAPOPKEHHX SITHAT
Ta y Bimi 20 [HIB BU3HAYATIH IHTEHCUBHICTH POCTY, EKCTEp €PHI MOKA3HHUKH, Ta TEMATOJOTIUHHN 1 Oi0XiMITHUH
CKJIaJl KPOBI 3a 3arajibHO MPUHHATHMH METOIMKaMHU. BcTaHOBIICHO 110 3rO0BYBaHHS CyCII€H311 MIKpOBOJIOPOCTI
XJIOPEJIH JIAKTYIOUMM BiBIIEMATKaM 3 PO3paxyHKy 3, 5, 7, 9 Mit Ha 1 Kr )KMBOT MacH CIIPUSIE MiABUIIEHHIO MOJIOYHOT
MPOIYKTUBHOCTI y 2,6-4,4 pa3u Ta >xuBOi Macu npuruiony Ha 58,8-96,9% , mopiBHSHO 3 BiBIEMAaTKaMH, SKi He
BXKHBAIU CYCIICH311 MIKPOBOJOPOCTI XJIOpemr. 3i 30UIBIICHHSM KiJIbKOCTI CYCIIeH31i MiKpOBOIOPOCTI XJIOPENH B
pallioHi JaKTYIOYHX BIBIIEMATOK ITiIBUIY€E€THCS i aOCOMOTHUH MPHUPICT KUBOT MacH IXHBOTO TpUILIONy y 2,4-4,5
pas3u. CepeHb0o000BUI MPHUPICT KUBOI MACH SITHAT KoauBaBcs Bifg 199 r mo 339,5 r.

AnHotauusi. Pabora BemonHena B COOO «PaznenbHsiHCKOE» PazmenpHsiHCKOTO paiiona Onecckoi
obmactu. s mpoBeaeHHS HCCIeNOBaHUN ObUIO C(HOPMHUPOBAHO 5 TPYMHN IMOJCOCHBIX OBIEMATOK IUTAWCKOM
nopoyibl 1o 10 TOJIOB B KaXKA0i, 0JJHa U3 TPYII OblIa KOHTpOJbHAs. ['pymnibl GOpMHUPOBAIM METOJOM IPYIII-
AQHAJIOTOB C Yy4YeTOM TIOPOABI, BO3pacTa B STHUHHSA, >KMBOM Macchl, coctaBisBmias 50 kr. CycneH3uio
MHUKPOBOJIOPOCIIH XJIOPEIUTBI CKAPMIIMBAIIA OBIIEMAaTKaM B mepBbie 20 mHEH JakTanuu, B konudectse 3; 5, 7, 9 M
Ha | Kr >kMBO# Macchl. Y HOBOPOXAEHHBIX SITHAT U B Bo3pacTe 20 AHEH ompenensnayd MHTEHCHUBHOCTb POCTa,
9KCTEPbEPHBIC II0KA3aTENM, M TEMAaTOJOTMYECKHMH M OWOXMMHYECKHH COCTaB KpPOBH C OOLICTIPUHSTHIMU
METOJIMKaMu. Y CTAHOBJIEHO, YTO CKaPMJIIMBAHHE CYCIEH3UH MUKPOBOJIOPOCIIH XJIOPEILIBI KOPMSIIIMM OBLIEMaTKaM
u3 pacyera 3, 5, 7, 9 M Ha | Kr )HMBOH Macchl ClIOCOOCTBYET IOBBIILICHUIO MOJIOYHOM POJYKTHBHOCTH B 2,6-4,4
pasa W >KMBOW Macchl mpuiuiona Ha 58,8-96,9%, 1o cpaBHEHMIO C OBLEMAaTKy, KOTOpbIe HE YIOTPEOIsuIH
CYCIICH3MH MUKPOBOAOPOCTH XJI0pesusl. C yBeTHUYEHHEM KOIWYECTBA CYCIEH3UH MUKPOBOIOPOCIH XJIOPEIUIHI B
pannoHe JaKTHPYIOMINX OBLEMATOK MOBBIIIACTCS U aOCOIOTHBIN MPUPOCT )KUBOH Macchl MX mpuivioaa B 2,4-4,5
paza. CpeTHEeCYTOYHBIN MPUPOCT )KUBOK MAaCCHI ATHAT Kojebancs ot 199 r no 339,5 r.

Abstract. The work was performed in Rozdilnyanske LLC of Rozdilnyansky district of Odessa region. For
research, 5 groups of suckling ewes of the Gypsy breed were formed with 10 heads each, one of the groups was a
control. Groups were formed by the method of analogue groups taking into account the breed, age in lambs, live
weight, which was 50 kg. Chlorella microalgae suspension was fed to ewes in the first 20 days of lactation, in the
amount of 3; 5; 7; 9 ml per 1 kg of live weight. Growth intensity, external parameters, and hematological and
biochemical composition of blood were determined in newborn lambs at the age of 20 days according to generally



https://www.doi.org/10.31618/ESSA.2782-1994.2021.1.69.44

East European Scientific Journal #5(69), 2021 47

accepted methods. It was found that feeding a suspension of chlorella microalgae to lactating ewes at the rate of
3,5, 7,9 ml per 1 kg of live weight increases milk productivity by 2.6-4.4 times and live weight of the offspring
by 58.8-96.9%, compared to ewes that did not use chlorella microalgae suspension. With an increase in the amount
of chlorella microalgae suspension in the diet of lactating ewes, the absolute increase in live weight of their
offspring increases by 2.4-4.5 times. The average daily increase in live weight of lambs ranged from 199 g

t0339.5¢g

Kniouosi cnosa: mikposodopocme, xnopena, cycnensis, MOIOKO, MOJIOYHA NPOOYKMUGHICMb, JHCUBA MAcCd,

npupicm, Jdcup, Kpoe.

Kniouesvie cnosa: MMKpOBO()OpOCJZb, Xjaopejia, CyCneH3us, MoJOKO, MOJOYHAA npOOmeuBHOCWlb, Hcueast

macca, npupocm, JHcup, Kposb.

Key words: microalgae, chlorella, suspension, milk, milk productivity, live weight, growth, fat, blood.

ITocranoBka npodsaemu. 3abe3neueHHs
HaceJieHHs  OUIKaMH  TBapUHHOTO  IOXOKCHHS
MOCTIHHO CTOITH Ilepes KpaiHamu CBITY. 3a JaHMMHU
FAO nist migTpuMaHHs ONTUMATBHOT JKUTTEIISITEHOCTI
OpraHi3My JIFOJJMHU HEOOXiIHO 3a 100y croxuBat 80
r Oinka, 30aJaHCOBAaHOTO 3a aMiHOKHCIOTHHUM
CKJaZ0M, JI€ He3aMiHHI aMIHOKHCJIOTH ITOBMHHI
craHoBuTH 30 T.

OmauM 13 mkepen 3a0e3ledeHHS HacelIeHHS
MPOAYKTaAMH TBAPHMHHOTO TOXOKCHHS € BiBYapCTBO,
BiJl IKOTO OJCPKYIOTh OapaHWHY, MOJIOAY STHATHHY Ta
MOJIOKO 1 KHp. 30UTBIIICHHS BUPOOHHUIITBA IMX BHUJIIB
HPOIYKIIT crpusie ITiIBUILIEHHIO
KOHKYPEHTOCIPOMOJKHOCTI 1 PEHTa0eNbHOCTI Taiysi
BIBYAPCTBA, TaK SIK TIOIUT HA HUX BECh Yac 3POCTAE.

BupobuuuTBo M’sca 1 MOJ0A0i OapaHHHU
noTpedye HasBHOCTI CKOPOCIUINX TBapHH, 34aTHHX
e(eKTHBHO BUKOPHUCTOBYBATH KOPMH H iX oIiagyBaTu.
PicT HOBOHAapOKEHUX ATHAT, OCOOIMBO B TEpIIi JHI
JKUTTS 3QJICKUTH BiJl MOJIOYHOCTI IX MaTepiB Ta yMOB
yTpuMaHHsA. TOMy MOJOYHICTH BiBIEMATOK Y IIed
Mepiof Mae HAA3BUYANHO BAXIIMBE 3HAYCHHS LIS
30€PEKECHOCTI 1 POCTY SITHAT. Y 3B’SI3KYy 3 I[UM IOIIYK
HUISXIB  MIABMIIEHHS MOJOYHOI  MPOAYKTHBHOCTI
BIBIIEMATOK € aKTyaJbHHM.

Orasx HayKoBOro NOCJTiIKeHHs. |HTEeHCHBHO
NPOBOMATHCS ~ PI3HOOIUHI  JOCHIKEHHS  LIOJ0
neperyisily W YyTOYHEHHS HOPM  MiHEpalbHOTO
JKUBIICHHS TBapWH, BUBYCHHS HOBHX €(PEKTUBHHX
J00aBOK, YIOCKOHAJICHHS TEXHOJIOTIH iX 3aCTOCYBaHHS
[10]. Xmopema  mo3BoNsie  HAWOIBII  TOBHO
BHUKOPHUCTOBYBATH KOPM 32 PaxXyHOK ITiJBUIIEHHS HOTO
3acBoroBaHocti Ha 40% [9,10]. dnsa migBumeHHS
MPOAYKTHUBHOCTI  CIJTBCBKOTOCIOIAPCHKUX — TBapUH
BUKOPHCTOBYIOTh PI3HOMaHITHI KOPMOBi JJ00aBKH,
KUTBKICTh SIKMX TOCTiHiHO 3poctae. Cepeq HUX Barome
Miclle 3aiiMaroTh KOPMOBi JTOOaBKH 3 MIKPOBOJOPOCTI
xmopenu [1, 4]. Xmopena — OJHOKITITHHHA 3€JCHA
BOJIOPOCTH, SIKA MICTUTH BEJIHKY KiJTBbKICTH BiTaMiHiB
rpymu A, B (Bl, B2, B3, B6 ), C, PP, E, K,
MaHTOTeHOBOI 1 (oiyieBoi KHCIOT, OIOTHH, a TaKOXK
MIKpO- Ta MakpoeJIeMEeHTH: KOoOaJlbT, MarHi, IWHK,
3aI1i30, KaJbLii, pocdop Ta iH.; BoHa OaraTa Ha 3aMiHHI
1 He3aMiHHI aMIiHOKHCIIOTH. Y IepepaxyHKy Ha CyXy
pPEUOBHHY XJIOpeJia MICTHTh TOBHOI[IHHUX OLIKIB
oinbre 40%, minigis — xo 20%, ByrieBoaiB — 10 35%,
30JIbHHUX pevoBUH — 10 10% [2,3 ].

dizionoriuHa Ta NPOAYKTUBHA Iisl XJIOpENH B
TOJIiBIIi CUTBCHKOT'OCITOAPCHKUX TBAPUH MO3HAYAETHCS
Ha MOKa3HHUKaX MPUPOCTY KUBOI MAaCH, PE3UCTEHTHOCTI

OpraHi3amMy TBapHH Ta iX penpoayKTuBHil GpyHkuii [3].
OnHak, B JIOCTYITHIH HaM JiTeparypi MM HE 3HAMIIIH
MOBIZIOMJIEHb TIPO  BUKOPHCTaHHS MIKpPOBOZOPOCTI
XJIOpEJIM B TONIBJII OBEIb 3 METOK IiJIBHIICHHS
MOJIOYHOI MTPOJYKTUBHOCTI BiBLIEMATOK 1 POCTY KHBOI
Macu SrHAT. ToMmMy Merolo Hamoi pobotu Oyio
JOCIITUTH BIUIHB CYCHEH31I MiKpOBOIOPOCTI XJIOPEIH
Ha MOJOYHY THPOAYKTHBHICTb BIBIEMAaroKk Ta
IHTCHCUBHICTb pPOCTy SATHAT Ha paHHIA cramil
MIOCTHATAJIBHOTO OHTOTCHE3Y.

Merta i 3apaui gocaizxenHs. Brumus cycmensii
MIKpOBOAJOPOCTI XJIOPEIH Ha MOJIOYHICTh BIBIIEMATOK
Ta IHTEHCHUBHICTh POCTY SITHAT BiJ HapoJpKeHHs 10 20
JICHHOTO BIKY.

Matepian Ta Meroauka pociigxeHb. PoGota
BUKOHAaHa y CTOB «Po3pinbHIHCBKE»
PosninbHsiHchKOTO paiioHy Opecbkoi obmacti. [list
MIPOBEACHHS TOCIIHKEHb 0YI10 COpPMOBAHO 5 TPYII IO
10 rouiB y KOXKHIH MiJCHCHUX BiBIEMAaTOK IUTaHCHKOT
nmopoau. OpmHa 3 rpyn Oyma KOHTponsHA. ['pymm
(hopMyBaiIH 32 METO/IOM I'PYII-aHAJIOTIB 3 ypaxyBaHHAM
TIOPOAH, BIKY Y ATHIHHSX, )KMBOI MacH, SIKa CTAHOBHUJIA
50 xr. CycneHsito MIKPOBOAOPOCTI  XJIOpENH
3rOIOBYBAJIM BIBIIEMATKaM Y KiIBKOCTI 3; 5; 7; 9 mMu1 Ha
1 kr xwuBoi Macu 20 mepiiux IHIB JaKTaliiHOTO
nepiony, o craHoBuiIO Big 150 10 450 M1 Ha rojIoBy
Ha 00y BIAMOBIAHO BiJ mepIIoi 70 YeTBEpPTOl
jnocnigHux rpyn. Ilepexn mepumuM 3rofoBYBaHHSM
CyCIIeH311 MiKpOBOAOPOCTI XJIOPEITH Ta B KiHII TOCTiTy
MPOBOAMIIN  3BaXyBaHHS  IPUIUIOLY  KOXKHOI
BIBLIEMAaTKH. 3a pe3yJIbTaTaM1 3BayKyBaHHS BU3HAUMIIN
a0CONIOTHUH 1 CepelIHbOJOOOBHH MPHUPOCTH >KUBOT
macu 3a Meroaukor [8]. Excrep’ep BuzHauanu 3a
MeToaukoro [9]. BH3HaUeHHS TEeMaTOJIOTIYHUX Ta
0i0XIMIYHMX  IIOKa3HUKIB KpOBI BH3HAyalld B
6aratonpodinbHiit nmabopaTopii BETepUHAPHOI
MeaunHn  OJechKoro  JepKaBHOIO  arpapHOro
YHIBEpCHTETY Ha TE€MaTOJOTIYHOMY  aHali3aTopi
Abacus Junuor 30 Vet. V BiBmematok po3paxyBain
MOJIOYHY MpPOAYKTHBHICTE 3a mepmri 20  1gHIB
JaKTaliiHoro mepiony 3a Meroxukoro [6] Lludposnit
Marepiai onparbOBYBaIN 32 METOANKOIO [5].

Pe3yabTraTn JAOCJTiKEeHb. Mououna
MIPOyKTUBHICTH BIBLIEMATOK J0 BiJUTy4EHHS SITHIT Ma€
MpsMUI  BIUIMB Ha iX picT 1 po3BUTOK. SrHiTa,
olep)KaHi Bil BIBIEMAaTOK 3 BHCOKOK MOJOYHOKO
MPOIYKTUBHICTIO, MalOTh W BHCOKY IHTEHCHBHICThH
pocty. BoHu XUTTE30aTHI, IIBUAKO 301TIBIIYIOTH )KUBY
Macy, MaloTh 00pe 3710pOB’s, 10 CIPHUSIE OJEPIKAHHIO
BHCOKHX IIPUPOCTIB.
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J’KuBa Maca STHAT, OJep)KaHMX BiJ BiBLIEMAaTOK
KOHTPOJILHOT 1 TOCHIJHUX TPYIl KOJHMBAjacs B MeXax
Bix 3,55+ 0,077 kr y BiBuemarok 4-i ociiHOi rpynu

mo 3,73+ 0,104 xr y BiBuemarok 2-i mocmimHOi i
KOHTpOJILHOT rpy1 (Tadm. 1).

Tabmuus 1
7KuBa Maca SITHAT IPU HApOJKeHHI, KT, (n=10)
I'pyna X+Sx + CV,%
KonTpomsaa 3,73+0,083 0,249 6,6
1-mocmigHa 3,59+ 0,085 0,256 71
2-fociiaHa 3,73+0,104 0,312 8,3
3-gocmigHa 3,70+ 0,097 0,290 7.8
4-nocmigHa 3,55+0,077 0,232 6,5

Omxe >HMBa Maca STHAT HE Mala CyTTEBUX
BiIMIHHOCTEH, a JesAKi BiIXUJICHHS MiX TpyIIaMH OyJIIH
B MEKaxX CTaTUCTUYHOI moxuOku. HoBoHapomkeHi
STHSTA, OJCp)KaHI BiJ BIBLEMATOK YCiX Tpyrm, Oynu
Jno0pe pO3BMHEHI 1 Malld XapakTepHi JuIsi STHAT
LUTaiiChKOi MMOPOAN eKCTep €EpHI MOKa3HUKU i OyII0BY
Tija.

3a ekcTep’€pHUMH MMOKa3HUKAMK HOBOHAPOIKEHI
ATHSATa HE MaJH CYTTEBHX BiAMiHHOCTeH (Tabm. 2).
OpHak 3a JesIKUMH [pomipamMu  crareil  Tinma
CHOCTepiraimcs He3Ha4yHi BiAXWICHHS. Tak 3a
MIIPIHOIO B MAKJIOKaX ATHATa, OJCpKaHi Bix Marepi
KOHTPOJIbHOT ~ TPyl  MEPEeBaXKald  POBECHUKIB,
ollepkaHMX Bif MatepiB 1-i mocmigHoi rpymu Ha 1,1 cMm
ab6o Ha 20,7% (P > 0,95), a Big matepiB 3-1 g0CIigHOT

rpymu — Ha 1,0 cm abo Ha 18,5% (P > 0,95). Ilepesara
SITHAT, Ofep>KaHUX BiJI BIBIIEMAaTOK KOHTPOJIBHOI TPy TIH
OyJla TakoX 3a HIMPUHOIO B CiTHMYHUX ropbax Ha 0,8
cM abo Ha 17,4% (P > 0,95), 3a 06xBaTOM I’ SICTKa — Ha
1,8 cm abo Ha 47,3% (P > 0,999). 3a kocoro TOBXUHOIO
TynyOa, SITHATA, OJCp)KaHi Bia BiBIeMaTok 3-i i 4-i
JOCHTITHUX TPYI MEepeBaKalH STHAT, OJCPKAHUX BiJ
MarepiB KOHTPOJIBHOI TpyNH BiAnoBiaHo Ha 4,7 cM abo
Ha 15,2% (P >0,99)1na4,5 cM abo Ha 14,5% (P>0,95).

Micms  20-meHHOTO TEpiOAy  3TOIOBYBAaHHS
JAKTYIOUMM BiBIIEMaTKaM CYyCIIeH3ii MIKpOBOIOPOCTi
XJIOpeNyd KWBa Maca IXHBOTO TIPHUIDIONY 3HAYHO
T IBHUIIIAIIACS TIOPIBHSHO 3 POBECHUKAMH KOHTPOJIBHOT
rpymH (Tadm. 3).

Tabmuus 2
Ipomipu crareii Ti1a HOBOHAPOKeHNX ATHAT, eM X £ S, n=10
. I'pyna sirasar
Tpowipu KOHTPOJIbHA 1 - nocmigHa 2 - mocmigHa 3 - gocmiHa 4- nociigHa
Bucora B xoui 37,00+0,737 35,10+0,637 34,80+0,913 37,70+0,919 37,60+0,670
I'ubuna rpyneit 8,00+0,281 8,300,316 9,40+0,421 8,500,235 8,50+0,392
[[upuna rpyzeit 7,90+0,246 7,100,292 8,000,585 7,200,409 7,100,399
OoxBar rpyaeit 37,40+0,819 31,20+0,624 39,40+1,219 37,20+0,644 37,40+0,819
Koc:yﬁ‘;‘%";m‘a 30,900,483 32,701,006 | 30,30+0443 | 3560+£1209%* | 3540£1,549*
Iluprsa B Maiiokax | 6,40£0421%13 | 530£0225 | 6.20+0,306 5,400,233 6,10+0,331
_ Hlupuna s 5,400,281 4,8040,263 5,80£0,378 4,600,172 5,0040,272
cimHMIHNIX ropbax
OO0xBar 11’ CTKa 5,60+0,322%**!1 3,80+0,210 6,20+0,210 6,300,445 5,50+0,283
JIoBKMHA rOJI0BU 9,20+0,622 8,30+0,386 8,90+0,399 8,70+0,472 9,20+0,662
[LIupura roosn 6,000,444 6,40+0,391 6,20+0,263 5,40+0,172 6,000,444

[Mpumitka:* - P>0,95; *** - P>0,99;( BiporixHicTh pi3HMLI 3 BIIOBIHIM ITOKa3HUKOM KOHTPOJIEHOI TPYTIN);
*** - P>0,999; (BiporiaHICTh pi3HHII 3 BIINOBIAHNM MTOKa3HUKOM 1-1 rpymm);
*13 . P>0,95;( BiporigHICTb pi3HUII 3 BIAMOBIIHUM ITOKa3HUKOM 1-3 rpynn)
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Ta6mwis 3
7KuBa maca siraaT 20-1eHH 00 BiKY, Kr, (n=10)
I'pymna X+Sx + CV.%
KoHTpospHa 5,25+0,067 0,201 3,8
1-nocigHa 7,66+0,715%* 2,145 28,0
2-nociigHa 8,39+0,392%** 1,176 14,0
3-mociingHa 8,73+0,249%** 0,747 8,5
4-nocmigna 10,34+0,626*** 1,878 18,2

[Mpumitka: ** - P>0,99; *** - P>0,999 (BiporigHicTh pi3HHULI 3 BiJNOBIIHMM IOKa3HHMKOM KOHTPOJBHOL

TPYIIN)

Jani Ta6:1.3 mMOKa3yroTh, 0 JKKUBa Maca STHAT 20-
JICHHOTO BiKYy, OJICpP)KaHMUX BiJl BIBIIEMATOK JOCIiTHIX
rpyn BiporimHo Oimpmma, HDK BiZ BiBHEMAaTOK
KOHTPOJIbHOT

rpynu. lle mnepeBUIEHHS »UBOI MacHu STHAT
CTaHOBHIIO BiIOBITHO 10 rpynam: 1-i rpymu — 3,14 kr
a6o 58,8% (P>0,99), 2-i rpymu — 3,14 kr a6o 58,8%
(P=0,99), 3-i rpynu — 3,48 kr ado 66,3% (P>0,999), 4-
i rpynu — 5,09 kr a6o 96,9% (P>0,999). Haii6inbIry
mepeBary 3a XHBOK MaCOI0 MaJu sATHATA 4-1 JOCiTHOT

TpYIH, MaTepsiM SIKMX 3roJI0OByBaM 9 M cycreHsii
MIKpOBOZOPOCTI XJIopenu Ha 1 Kr »%HBOI MacH.

KoedimieHT MiHIHBOCTI KUBOi Macu KOJHBaBCS
Bim 3,8 mo 28,0%, mo CBimYMTH TPO HE3HAUYHI
BIAXMJICHHS J)KMBOI MAaCH B MEXaX IPYIHU STHAT Ta PO
MO3UTHBHUN  BIUIMB  CYyCIIEH3ii  MIKpOBOIOPOCTI
XJOpeNn  Ha  MOJIOYHICTH  BIBIEMATOK,  fKa
Oe3nocepeIHbO BIUIMBAE HA PICT MPHILUIONY, IO H
HiITBEPKYETHCS TTOKA3HUKaMU IIPUPOCTY KHUBOT Macu
(Tabm. 4).

Ta6muus 4
IIpupicT :KNBOI MacH ATHAT
I'pyna X+Sx | +3 | CV.%
AOCOJTIOTHHI IIPUPICT, KT
KontposnpHa 1,52+0,084 0,252 16,6
1-mocmimua 3,98+0,718** 2,154 52,1
2- ocifaHa 4,74+0,439%** 1,317 278
3- mocmifHa 5,03+0,251 *** 0,753 14,9
4- nocnigHa 6,790,644 1,932 284
CepenHp01000BHH IIPUPICT, T
KoHTtpospHa 76,0+4,216 12,649 16,6
1- nocrinHa 199,0+£33,754** 101,264 50,9
2- nociigHa 237,04£22,976%** 68,928 29,1
3- gocmigHa 251,5412,572%** 37,716 14,9
4- nocnigHa 339,5+32,226%** 96,679 28,5
[Mpumitka: ** - P>0,99; *** - P>0,999 (BiporigHicTh Pi3HULI 3 BiJNOBIIHMM IOKa3HHUKOM KOHTPOJBHOT
IpyIIH)
3a abcomoTHHM TpupocToM kuBoi Macm  123,0 T abo Oimpme y 2,6 pasu (P>0,99), 2-1 rpynm —

OTpHMaHi Bil MaTepiB
3rOJIOBYBaJIM  CYCIICH3iI0

mepeBary Maid SITHSATA,
JMOCTITHUX TPYI, SKAM
MIKPOBOJIOPOCTI XJIOPEITH.

Bigmiyeno, 1m0 3i 30UIBIIEHHSIM KiIbKOCTI
CycrieHsii MiKpOBOJOPOCTI xJyiopenu3a abCOOTHHM
MPUPOCTOM JKHBOT MacH NiepeBary Maiu sirHsTa.

ofepKaHi BiJf MaTepiB MOCHIAHUX TPYI, SKUM
3TOZIOBYBaJIM CYCIEH3iI0 MIKpPOBOJOPOCTI XJIOpEH
paIlioHi JIAKTYIOYHMX BIBIIEMATOK TIiJABHUINYETbCS U
a0COJIFOTHUI MPHUPICT )KUBOT MAacH IXHBOTO MPHUILIONY
MOPIBHIHO 3 MPUILIOOM,0JICPKAHUM BiJl BIBIIEMAaTOK
KOHTPOJBbHOI Tpymu. Lle mepeBHIIeHHS CTaHOBIIO Y
araat 1-i gocmigHoi rpymm 2,46 xr abo 2,4 pasum
(P>0,99), 2-i rpynu — 3,22 kr a6o 3,1 pasu (P>0,999),
3-i rpymu — 3,51 kr a6o 3,3 pasu (P>0,999), 4-i rpynu
— 5,27 kr ab6o 4,5 pazu (P>0,999).

CepenHbO000BHI MPUPICT KUBOI MAcH SITHST,
OJIep)KaHMX  BiJ  BIBIEMAaTOK JOCHITHUX  TPYI
CTaTUCTUYHO BiporimHo OyB OUIBIINH, HIK y STHAT,
ONlepKaHWX BiJ BIBIEMATOK KOHTPOJBHOI TIPymH i
CTaHOBUB BiJNOBITHO : Yy STHAT 1-i mocmigHOi Tpymu

161 r abo y 3,1 pasm, 3-i rpymu — 175,5 r a6o 3,3 pasu
(P>0,999), 4-i rpymm 263,5 T abo 4,4 pazu (P>0,999).
3i 30UIBIMICHASM JKHBOI MAaCH STHST 3MIHIOFOTHCS
i po3mipu OynOBU TiJla Ta eKCTep’€pHI MOKA3HUKHU.
Ipomipu crateit Tina srast 20-IEHHOTO  BIKY,
OJIep>)KaHUX BiJl MarepiB KOHTPOJILHOT 1 JIOCIITHHX
TPy HaBeAEHO B Ta0II.5, AaHi K01 CBiT9ATh MPO ACSKI
ix BigMmiHHOCTI. Tak, y STHAT, OJIEpPKaHUX BIJ
BiBIIEMaTOK KOHTPOJIBHOI i 1-1 mocmigHO1 rpym pi3HHALA
BiMiYajacs 3a HEBEJIHMKOI KUIbKICTIO IPOMIpIB.
30KpeMa, 3a BUCOTOIO B XOJIIi OTOMCTBO BiBIIEMAaTOK
1-i pocmigHoi rpymm TepeBaxaso  IOTOMCTBO
KOHTpOJILHOT rpynu Ha 3,7 cM abo Ha 9,3% (P>0,99), a
3a rmmbuHoro rpynei — Ha 3,1 cm abo Ha 30,7%
(P>0,999), 3a mopxkuHOIO TONIOBH — Ha 0,6 cM abo Ha
6,1% (P>0,95). 3a o6xBaTOM Tpyael STHATA, OJCpKaHi
Bim MarepiB 1-i mocmimHOi TpymM MOCTyMaIUCs
ONHOJIITKaM, OJIEp’)KaHUM  BiJi Bil  BIBIIEMAaTOK
KOHTpOJIBHOI rpymnu Ha 3,7 cM abo Ha 9,1% (P>0,95).
Jemro 6inpmra po30iKHICT 3a MOKa3HAKAMH IIPOMIpiB
cTaTell Tima BigMivamacs Yy STHAT, OJEPKAHUX
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BiBIIEMaTOK 2-4-i JOCHIZHUX TpyN MOPIBHAHO 3
ATHATaMU, OJICP’)KaHUMH Bijl BIBIIEMaTOK KOHTPOJILHOT
rpynu. 3a BUCOTOKO B XOJII STHATA, OJCPXKaHI BiX
BiBIIEMaTOK 3-1 JOCITIHOT TPy HepeBaXkalH STHAT,
oJiep>)KaHMX Bifl BIBLIEMATOK KOHTPOJIBHOI rpynu Ha 4,4
cM abo Ha 11,1% (P>0,999), a 4-1 nocnigHoi rpynu —
Ha 5,8 cM abo Ha 14,6% (P>0,999). Bucoxwmii cTymiab
BiporinHOCTI 0yJI0 BiAMiYeHO I 32 TOKa3HUKAMH TaKUX
npoMmipiB sK THHOWHa, mUpWHA 1 00XBaT TpyaeH,

LIMpHHA B CITHUYHUX ropOax. 3a rIMOMHOI0 Ipynei y
STHAT 2-11 3-1 JocniAHuX rpyn nepesara craHoBuia 4,0
cM 200 39,6% (P>0,999), a y srHAT 4-1 1OCTIAHOT TPYITH
— 4,6 cM abo 45,5% (P>0,999). 3a mmpuHOIO TpyAei
nepeBara SITHAT, OAEPKAHMX  BiX  BIBIEMAaTOK
JOCIIITHUX TPYH MOPIBHSIHO 3 KOHTPOJIEHOIO TPYIIOIO,
CTaHOBHWJA y SITHAT 2-1 mocmigHoi rpymu 3,5 cM abo
40,7% (P>0,999), 3-i rpymu — 3,9 cm abo 45,3%
(P>0,999), 4-i rpymm — 4,0 cm a6o 46,5% (P>0,999).

Tabmwuis 5
Ipomipu crareii Tija HoBoHapoKeHUX 20-TeHHUX ATHAT, cM (X = Sx, n=10)
[pomipn ; Ipyna AT ; -
KOHTPOJIbHA 1 - mocmigHa 2 - mocIigHa 3 - gocmiHa 4- nocmigHa
Bucora B xomi 39,640,548 | 4,33+0,802** 40,9+0,531 44,0£0,667*** | 454+1,09]1***
I'nubuna rpyaeit 10,1+0,331 | 13,240,539*** | 14,1+0,246*** | 14,1+£0,366%** | 14,7+0,522%%*
Iupuna rpynei 8,640,392 10,8+1,204 12,10,246*** | 12,5+0,360%** 12,6+0,501
Oo0xsBar rpyaei 40,7+0,861 37,0+1,396* 43,5+1,229** | 46,6:0,384%** | 46,9+1,717**
Koca nosxuna Tyayoa 38,5+1,501 39,140,367 33,340,386 41,240,344 43 .7+0,903***
IlInprHa B MaK -JloKax 6,0+0,471 6,940,189 7,2+0,210* 7,3+0,161* 5,740,274
mm“jgp“g;‘f“' . 5240210 | 570225 | 630,161%%* | 7,040272%% | 510,189
OOXBaT I1’ICTKa 6,440,233 6,0+£0,157 6,610,172 6,610,172 6,040,157
JIOB)XHHA TOJIOBU 9,840,210 10,44+0,172* 9,340,274 9,3£1,066 11,440,877
[TupuHa ronosu 6,240,210 6,840,210 7,1£0,189%* 6,410,172 6,240,262

Ipumitka: * - P>0,95; ** - P> 0,99; *** - P>0,999; BipOriAHICTh PI3HUII 3 BIAMOBIIHUM MMOKA3HUKOM

KOHTPOJIBHOI I'pyNH

OOxBar rpyneil y STHAT, OAEPKAHUX Bij
BIBLIEMATOK JOCIITHUX TPYIT TAKOXK OYB OLIBIINH, HixkK
y iX poBECHHKIB, OIep’)KaHUX Bijl MaTepiB KOHTPOJIBHOT
rpynmu. Ll mepeBara cTaHOBHIA y TOTOMKIB
BiBIIeMaToK 2-i mocmigHoi rpymu 2,8 cMm abo 6,8%
(P>0,99), 3-i rpymm — 5,9 cm abo 14,5% (P>0,999), 4-i
rpyma — 6,2 cm abo 152% (P>0,999). Srusra,
OlleprKaHi BiJ BiBIeMaToK 4-i MOCTIIHOI Tpymu Maiu
nepeBary HajJ POBECHHKAMH, OJIep)KaHHUMHU  BiJ
BIBIIEMATOK KOHTPOJIBHOI IPYIIH, 32 KOCOIO JIOBKHHOIO
Tynyba Ha 5,2 cM abo Ha 13,5% (P>0,99). 3a mmpunoo
B CiIHMYHHMX rop0ax mepeBakanu sruara 2-1 i 3-1
JOCHIIZIHUX TPYH CBOiX POBECHHKIB, OJEp)KaHHX BiJ
BIBIIEMATOK KOHTPOJILHOT rpynu BianoBigHo Ha 1,1 cm
a6o Ha 21,1% (P>0,999) i 1,8 cm abo Ha 34,6%
(P>0,999). IlluprHa TONOBH y STHST, OJIEPKAHUX Bij
BIBIIEMaTOK KOHTpoJibHOI rpynu Ha 0,9 cMm abo Ha
14,5% (P=0,99).

OTxe, BHUKOpHCTaHHA OioJOTIYHOI JO0aBKH
CycreH3ii MiKpOBOJJOPOCTI XJIOPEIH B PallioHi CysITHUX
BIBLIEMATOK CIpHsA€ OUIBII IHTEHCHBHOMY pOCTY,
OJIepy)KaHHX BiJl HUX SITHST.

[HTEHCHBHICTL POCTY HOBOHAPOPKEHUX SITHAT
3aJIeKUTh Bil HASBHOCTI MOJIOKA y MaTepi, Tak K 10
20-1eHHOTO BIKY BOHM HE MOXYTh IEpETPABIIOBATH
iHmi KopMmH, KpiM Mojoka. Tomy iX »HBa Maca,
IHTEHCHUBHICTB POCTY Ta )KUTTE3AATHICTD 3aJI€XKUTH Bl
KIJTBKOCTI 1 SIKOCTI MAaTepHHCBKOro Mojoka. Yum

Oinplie BiBLEMaTKa MPOAYKYE BHCOKOIIOKUBHOTO
MOJIOKa, THM OuIbllIe HOro OTpUMAE SITHS, IO CIIPHSIE
Kpamomy (iziosoriuHoMy craHy W 3a0e3lne4eHHIo
TTOXUBHUMH peUOBHHAMH, BiTaMiHaMH,
MIKpOEJIeMEHTaMH Ta iHIIMMHU Oi0JIOTIYHO aKTHBHUMHU
pEUOBHHAMH POCTY4YOTO OpraHi3smMy STHAT, IO U
TIPUCKOPIOE IHTEHCUBHICTD iX POCTY.

MornoyHa  NpPOXYKTHUBHICTH  BIBIEMAaToK  3a
3rOJIOBYBaHHSI CYCHEH3ii MIKPOBOJOpPOCTI XJIOpelu B
nepiui 20 aHIB nakTanii HaBeneHa B Ta01.6.

OpepxaHi JlaHi CBim4aTh, IO OUIBII BHCOKY
MOJIOYHY  MPOAYKTUBHICTH  MajJd  BIBIEMATKH
JOCITITHUX TPYIL, SIKi OJIep KyBaJIk B PAL[IOHI CYCIIEH3110
MIKpOBOIOPOCTI XJIopesH. 3 11 301IbIIEHHSIM Y pallioHi
JAKTYIOUMX BIBIEMATOK Yy HHUX IIJBHUILYBAIO CS5
KUTBKICHE  TNPOAYKYBaHHA  MoJioka.  HaiOimpnry
KiJIBKICTh MOJIOKA Y PO3paxyHKY Ha OZIHY T'OJIOBY MaJll
BiBeMaTku 4-1 mocmigHol rpymu, mo B 4,4 pasu
OimpIle, HIX BIBUEMAaTKH KOHTPOJBHOI TPYIH.
BiBeMaTku iHIIMX JOCTIMHUX TPYH TaKOX Mald
OiTBIly MOJIOYHY NPOAYKTHBHICTH TIIOPIBHSHO 3
POBECHUIIIMH  KOHTpOJIbHOI Tpynu. IlepeBara 3a
MOJIOYHOIO TMPOTYKTHUBHICTIO BIiBIIEMATOK TOCIiTHUX
TPyl HaJX KOHTPOJBHUMH CTaHOBHJIA BimmoBimHO: 1-i
rpymu — 12,3 xr a6o 2,6 pasu, 2-i rpynu — 16,1 xr a6o
B 3,1 pa3u, 3-i rpynu — 17,6 xr a6o B 3,3 pasu, 4-i rpymu
—26,3 kr abo B 4,4 pa3u.

Tabnuus 6
Mos0uHa NPOAYKTHBHICTH BiBIeMATOK 3a nepuwi 20 qHiB JakTamii, kr, (n=10)
['pyma X+£Sx +6 CV, %
KontposnbHa 7,6+0,135 0,405 5,3
1-nocrmiHa 19,940,381*** 1,143 5,7
2-yociiHa 23,740,453 *** 1,360 5,7
3-nociigHa 25,2+0,292%** 0,872 35
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| 4-nocrinHa | 33,940,531 %%

| 1,592 | 47 |

[MpumiTka: *** - P>0,999 ( BipoTiZHICTh PI3HMII 3 BiAMOBITHIM ITOKa3HUKOM KOHTPOJIBHOI TPYIIH)

MoJOKO MICTHTh yCi HEOOXiMHI JUIi POCTy
MOJIOIOTO ~ OpraHi3My  IIOXKHMBHI ~ PEYOBHMHI B
KOHIIGHTPOBaHiil i jerkosacporoBaniii dopmi. Moro
I[IHHICT TOJIATa€ B TOMY, IO BOHO MICTHTh BCIIUKY

MiHEepaJbHUX PEYOBHH, OCOONMBO Kaubliro. Ckiaj
MOJIOKA 3aJIeKHUTh Bill OaraTthox (akTopiB, Yy TOMY
yhucai W BIN TaKWX, SK YMOBH 30BHIIIHBOTO
CepeIOBUINA, 30KpeMa BiA TOMIBII W yTpUMaHHS.

KIJIbKICTh OlJIKa, Ma€ BUCOKY KallopiiHicTh Mosioynoro  Ckiag MoJiOKa BIBIEMAaroK IpH  3TOJOBYBaHHI
JKHUPY, BEIHUKY KiJIBKICTh POSUYMHHMX Y XKHPi BiTAMiHIB,  CYCHEH3ii MIiKpOBOAOPOCTI XJIOpelNH Mae€ JesiKi
BHCOKY JIETKY 3aCBOIOBAHICTh BYTJICBOJIB, HASBHICTH  po30iXKHOCTI (TabI.7).
Tab6muus 7
CxJiajg MoJIOKA BiBIIEMATOK 32 B)KMBaHHSI CycneHsii Mikposogopocrti xjopesn, X+Sx, ( n=10)
I’pyna BiBIIEMaTOK
Tokasauku - - - -
KontponpHa 1-nocmigHa 2-IocitiHa 3-nmocmiiHa 4-nocmiHa
Kup,% 5,32+0,765 6,22+1,005 6,44+0,830 6,870,575 7,41+0,310*
binok,% 3,3240,070 3,104+0,055%* 3,2240,015%* 3,31+0,650 3,4540,020%*
Jlakro3a,% 5,29+0,105 4,95+0,083* 5,1440,045 5,2840,105 5,48+0,300
C3M,% 9,17+0,195 8,57+0,155* 8,95+0,085 9,160,190 9,54+0,050
liteHiCTE 1,03+1,095 1,0340,200 1,034+0,200 1,034+0,855 1,03+0,450

Ipmmitka: * - P>0,95 ( BiporigHICTh Pi3HUII MOPIBHAHO 3 BiANOBITHUM IOKa3HUKOM KOHTPOIJBHOI TPYITH.

3a BMICTOM JOCIIJDKYBaHUX CKIIAJIOBUX MOJIOKA
MiJJOCIIIHUX BIBLIEMATOK BOHO BIiAIIOBiac BUMOraMm
JI0 MOJIOKa OBellb Luraiicbkoi mopomau. OnHak, 3a
NEeIKUMH  IIOKa3HUKaMHd BOHO Majio ¥ JedKi
BiAMIHHOCTI. Tak, MOJIOKO BiBIIEMATOK KOHTPOJIBHOL
TPYIH, SKi HE OJIEPXKyBalli CYyCIeH3i1 MiKpOBOAOPOCTI
XJIOpeNY, Malld MEHIIWH BMICT JKHPY IOPIBHSHO 3
MOJIOKOM  BIBIEMATOK gocmigaux Tpym. Otxe,
CyCIleH3is ~ MIKPOBOAOPOCTI  XJIOpEIH  CIIpHsUia
MiABUIICHHIO KUPHOCTI MOJIOKa BIBIIEMAaTOK Ha TaKy
KUTBKICTh JKUPOOIUHHUITE: 1 -1 qocmigHoi rpymm — Ha 0,9
a6o Ha 16,9% (P<0,95), 2-1 nocnignHoi rpymu — Ha 1,12
a6o nHa 21% (P<0,95), 3-i1 gocniguoi rpynu — Ha 1,55
a6o Ha 29,1% (P<0,95), 4-i nocaignoi rpymu — ua 2,09
ab6o ua 39,3% (P>0,95).

BwMmict Oinka B Mmousomi BiBumemarok 1-1 1 2-1
JOCIJIZIHUX TPYyIN MEHILIU, HIX Yy KOHTPOJBHIN rpyri
BiamoBiaHo Ha 0,22% abo Ha 6,6% BigHOCHUX (P>0,99)
iHa 0,1% abo Ha 3,0% BigHOCHUX (P>0,99). ¥ Moo
BiBIIEeMAaTOK 4-1 JoCIiaHOI rpynu Oyio Oinpmie Oika Ha
0,13% abo Ha 3,9% BigHocHHX (P>0,99).

3a BMICTOM y MOJONI JAKTO3H 1 CYyXOro
3HEKUPEHOTO MOJIOYHOT'O 3AITUIIKY (C3M)
CIIOCTEPIraBCsi MEHIIHI iX BMICT Y MOJIOI[ BiBI[EMaTOK
1-1 nocnipnoi rpynu Ha 0,34% abo Ha 6,4% BiTHOCHUX
(P>0,95) i Ha 0,6% abo 6,6% BigHOCHHX (P>0,95)

BignoBinHO. Y wMosoni BiBLEMATOK 2-4-IOCIiIHHUX
IPYI BMICT IUX CKJIaJJOBUX MOJIOKA MaB TCHACHIIIIO 10
MOCTYIIOBOTO 301bIICHHA. MOJIOKO BiBIIEMAaTOK 4-1
JIOCITITHOT TPYIH MICTHJIO OiNBIIE JIAKTO3U MOPIBHIHO
3 MOJIOKOM BiBLIEMAaTOK KOHTPOJIbHOI rpymu Ha 0,19%
abo Ha 3,6% BigHocHHX (P<0,95). Taka MiHIMBICTH
CKJIQJIOBHX MOJIOKa BIBIIEMaTOK IIOB’s3aHa 3 IXHBOIO
aJamnTaImiel0 a0 3TOJOBYBAHHA B PAIiOHI JOMIIIKH
CycrieHsii MiKpoBOZOpPOCTi xyopenu. Peakmis TBapuH
1-i mocmigHOI TPYIH Ha IO JOMIMIKY CBIIYUTH TIPO
3MEHIIECHHS BMICTy ITIO)KMBHHMX PEYOBHH Yy MOJIOL,
KpIiM JKHPY, OI0 3yMOBJIEHO HEAOCTATHHOI KiJIBKICTIO
JOMIIIKM B paliOHI Ta HEJIOCTaTHHOTO TEPMiHYy
amanTamii 10 Hei. [Ipu 30iMbIICHHI 103U JOMIIIKA B
palioHi JAaKTyIO4YHX BiBIEMaToK 2-4 JIOCHIIHUX TPyl
MIBUIIYBABCSA BMICT TOXHBHUX PEUYOBHH Y MOJIOII.
Haii6inpiri 1mMoKa3HUKM 3a BCiMa JOCIHIIKYBaHUMH
CKJIQJIOBUMH MOJIOKAa Maiu TBapuHH 4-1 mociigHoi
rpynd, sKi omepxyBamu 1o 450 Mi  cycrensii
MIKpOBOZOPOCTI XJIOPEIH Ha TOJIOBY Ha 100y abo 9 M
Ha | Kr )kMBOi Macu.

BaxumBuM mokazHUKOM (Di310JIOTIYHOTO CTaHy
OpraHi3My TBapWHH € IIOKa3HUKH KpOBi, SIKi IpH
3roJIOBYBaHHI y  pi3HIil  KUIbKOCTI  cycreHsii
MIKpOBO/IOPOCTI XJIOpENM Malld JesKi po30ikKHOCTI
(Ta61.8).

Tabmuis 8

Mopdgoaoriuyni noka3HMKU KPOBi BiBHEMATOK Mic/is BJKUBaHHS cycHeH3il
MikpoBoaopocTi xJopesn, X£Sx , (n=10)

I'pyma Epurporti, 1012/ I'emoryo0iH, /1 Jletikorury, 109/n
Hopma 7,0-12,0 70-110 6,0-14,0
KonrpossHa 7,22+40,270%** 96,8+3,040 18,00+2,650%*
1-mocninHa 3,1840,105 92,441,435 7,14+0,385
2-nociiiHa 3,2840,215%** 96,0+0,565 7,2240,500
3-nociiHa 3,24+0,200%** 101,245,275 7,88+0,970
4-nocnigHa 7,75+0,420 103,8+3,395 18,12+5,950
[Mpumitka: ** - P>0,99; *** - P>0,999 (BiporigHicTh pi3HHUILI 3 BiJNOBIIHMM ITOKa3HUKOM KOHTPOJBHOL
pyIH)
Mopdosoriuanii  ckiajy  KpoBi  BIBIEMAaroK  BIBIEMAaTKaMH KOHTPOJBHOI Trpymu. Tak, BMICT

JOCJIIIHUX TPYIl MaB JA€sKi BiJMIHHOCTI IOPIBHSHO 3

EpUTPOLMTIB Y KPOBI BIBIEMAaTOK KOHTPOJIbHOT 1 4-1



52 East European Scientific Journal #5(69), 2021

L
EESY

JOCIiAHOT rpyT OyB Yy MeXaxX HOPMH, a BIBLIEMAaTKH 1-
3-i JocHimHUX TpPym MaJd  MEHIIy  KiJIbKICTh
CPUTPOIMTIB MOPIBHIHO 3 BiBIIEMAaTKaAMU KOHTPOJIBHOT
rpynd 1 MeHIIE HWKHBOI Mexi Hopmu. Kpos
BIBLIEMATOK JIOCJITHUX IPYII Majia MEHIIIC CPUTPOIUTIB
MOPIBHSIHO 3 BIBI[EMAaTKaMU KOHTPOJIGHOI TPy
BignoBigHo: 1-i mocmigHoi rpymu Ha 4,04.1012/1 abo
Ha 56,0% (P>0,999), 2-i mocmianoi rpymu — Ha 3,94.10
12/ abo Ha 54,6% (P>0,999), 3-i mocmignoi rpymu —
Ha 3,98.1012/1 (P>0,999).

BiBueMaTKy KOHTPOJIBHOI 1 YCIX TOCTITHUX TPYII
Mald BMICT TEeMOTJO0iHy B Mexax (i3iosoriqyHol
HOPMH, SIKAU KOJMUBaBCs Bix 92,4 r/n y BiBIeMarok 1-i
mociimHoi rpynu go 103,8 r/1 y BiBiemaTtok 4-i
JocimHOl rpymu. AJjie BiaMivyanmacs JAeska TrpyrnoBa
BiJIMiHHICTh. Tak, HAWBHIIMIA BMICT reMOTIO0IHY Masii
BiBLIEMATKH 4-1 TOCIiIHOT rpymny. 32 UM MOKa3HUKOM
BOHH TepPEeBaXKaJlk BiBLIEMATOK KOHTPOJIBHOI TPYyMH Ha
7,0 r/m abo Ha 7,2%, 1-i mocmigroi rpymm — Ha 11,4 T/n
a6o Ha 12,3% (P>0,95), 2-1 mocnigHoi rpymu — Ha 7,8
/i abo Ha 8,1% (P<0,95), 3-i mocmimHOi rpymu — Ha 2,6
/i abo Ha 2,5% (P<0,95).

A Tak SK TeMOTJIO0IH MEPEHOCHTh KHCEHb B
OpraHi3aMi TBapHH, TO TIiJBUIICHUI HOro BMICT
CBIIUUTH MpPO  PICT  OKUCITIOBAJIHHO-BIAHOBHHUX
MPOLECIB, 0 CHOHYKAE IiJBUILCHHSI 00OMiHY PEUOBHH,
eHepril pocTy 1 TAKKUX KUTTEBO BAKIMBUX ITPOLIECIB, SIK
aTICTUT, TIPUPOJIHA PE3UCTECHTHICTh, YTBOPSHHS MOJIOKA
Ta iH.

Bwmict neiikorurtiB y KpoBi BiBmemaTtok 1-3-i
JOCTITHUX TpyH OyB Y MeXax HOPMH 1 KOJHUBABCS Bif
7,14.109/n y BiBnemaTok 1-i qocmigHoi rpymm 1o 7,88
9/n y BiBuemarok 3-i mocmimHOi Tpymu. Y KpOBi
BIBIIEMAaTOK KOHTPOJBHOI i 4-1 mociimHol rpymu Oyino
Oinbllie HOPMH JIGHKOLMTIB BifnoBiaHO Ha 4,0.10 9/n
ab6o Ha 28,5% 14,12.1091 abo Ha 29,4% (P<0,95).

Tak sK BIIXWIEHHS Y KUIBKOCTI (POPMEHHHX
€JIEMEHTIB KPOBI MIAJOCTITHUX BIBLIEMATOK HE Malld
pi3KMX KONMBaHb 1 Oynu B Mexax (i3iosnoriuHoi
HOpPMHM, a IX BIJMIHHICTb MDK TpynamMH He Mala
CTaTHUCTHYHO BIpOTiAHOI pi3HULI, KPIM TOPIBHSIHHS 3
BiBIIEMaTKaMH KOHTPOJBHOI 1 4-1 TOCTITHUX TPYII, TO
MOJKHa KOHCTAaTyBaTH HOPMAaJbHHH CTaH i mepedir
¢izionorivanx mporueciB 6e3 Oy AKUX BiIXHICHB Bij
HOPMH 1 IPOyKyBaHHS MOJIOKA.

Jleiikormrapaa thopmyna BIBIIEMATOK
KOHTPOJIBHOI 1 MOCHIAHUX TPyHm HE Majla CYTTEBHX
BIIXWJICHB SIK Bill HOPMH, TaK i MiXk rpynamu (Ta0im.9).
Haii6inpin cyTTeBa pi3HHLS BiAMiu€Ha 3a KiJbKICTIO
MATMYKOAEPHUX ~ HeWTpodmiiB y  BiBIEMaTok
KOHTPOJIbHOI Tpymu, Axa Ha 2,0% MeHIIe HUXHBOT
MEXi HOPMH. 3a KUIBKICTIO HATHYKOSICPHHUX
HeliTpodimiB  BiBeMaTku 2-i  JOCHIgHOT Tpymnu
TIepeBaXkall BiBIIEMAaTOK KOHTPOJIBbHOI rpymu Ha 2,6%
(P>0,99), a BiBemarku 3-1 qocmigHoi rpynu — Ha 1,8%
(P>0,95). 3a KUTBKICTIO CETMEHTOSICPHAX
HelitpodinmiB  BiBmematku 1-3-i mocmimHUX TPy
MIOCTYIAJIMCS BiBIIEMAaTKaM KOHTPOJIbHOI IpynH Bix 4,0
mo 16,4%. OpHak CTaTUCTHYHO BIipOTigHOIO Oyna
PI3HHL TUTBKHU y BiBIIEMATOK 1-1 10ciiqHOT rpyIH, sKa
cknana 16,4% (P>0,95).

BiBrieMaTKy KOHTPOJIBHOT 1 JJOCHITHUX TPYI MaJn
JesKi  KOJNMBAaHHS  OIOXIMIYHOTO CKJIaly  KpOBi
(1a6:1.10). Tak , aHanmi3yro4n GepMEHTHUI CKIIaj KPOBi
BIBIIEMATOK B  KIHI[  3rOZIOBYBaHHSA CYCICH3Il
MIKpOBOZOPOCTI  XJIOPENH CJIi 3a3HAYUTH, IO
aktuBHicTE AJIT i ACT 3poctae 3 MIigBUIICHHIM
MOJIOYHOi IIPOXYKTHUBHOCTI, IO TOB’S3aHO # 3
KUTBKICTIO 3TOJIOBYBaHHS CYCHEH3ii MIKpPOBOIOPOCTI
xJopean Ha 1 Kr >XMBOI MacH. AKTHBHICTb ITMX
(epMeHTIB 3aleXuTh BN BiKy, MOpOJM Ta yMOB
yTpuMaHHs TBapuH. AkTHBHICTE AJIT migBUIYETHCS
Ha 0,8-36,0 mmous /i1 a60o Big 0,9 mo 41,2%.

Tabmums 9
JleiikounTapHa (popmyJia BiBUEMATOK MicJisl BJKUBAHHS CyCHEeH3ii
MiKpoBoaopocTi xJaopesu, (X£Sx), (n=5)
['pyna BiBLIEMaTOK
Ilokaznuku HOpMa : - - -
KoHTposibHa 1-nocniHa 2-nociHa 3-nociHa 4-nocrminHa
Heiitpoginu: | 36 1,0040,555 | 2,6040,500 | 3,60240%* | 2,80+0485*% | 2,20:0,730
TaymukosaepHi,%
CermenrosinepHi,% | 35-45 48,00£5,800 | 31,604£2,000* | 36,80+3,595 44,00+1,920 | 50,20+9,550
EosuHodimm,% 4-12 2,80+0,600 2,60+1,205 5,60+1,600 3,000,445 3,8040,370
Monormti, % 2-5 3,40+1,650 3,20+0,580 4,60+1,210 420+1,315 6,80+2,285
Jlimpormri, % 40-50 44,446,500 60,60+3,735 49,40+4,665 46,002,500 | 39,40+5,500
LIOE, mm/ront 0-10 10 1,600,240 2,0 2,0 10
TpombGomury, 10%m | 70-500 | 236,20+18,600 | 312,60+8,555 | 312,20+13,055 | 335,40+4,725 | 301,40+15,080

[Mpumirtka: *- P>0,95; **-P>0,99; pi3Huid BiporiqHOCTI 3 BI/IHOBHUM ITOKa3HUKOM KOHTPOJILHOT Ipynn
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Tabmuug 10
BioximMiuHi moka3HUKH KPOBi BiBlleMaToK MicJisl BXKWBAHHA CyCIIeH3ii MikpoBoaopocTi x1opesin,
(X+£Sx, n=5)
I'pyma BiBLIEMATOK
IToxazuuku HOpMa : - : :
Kontposbha 1-nocmigHa 2-jociiaHa 3-mocainHa 4-nociigHa
AJIT, on/n 15-78 87,409,700 | 92,00+£8450 | 112,20+5,570 | 88,20+7,600 | 123,40+11,850
ACT, on/n 49-123 14,20+0,750 17,843,860 14,20+1,550 13,000,600 16,40+1,822
3””“;‘/4; OIOK, | 5978 | 63,80+2,800 | 654042,550 | 61.80£1,772 | 624040750 | 61,202,300
AnBOYMiH, /11 27-37 31,400,950 | 34,80+2,050 | 33,80+2,200 | 32,80+0,365 32,10+4,000
['no6yin, /1 32-50 32,404£2,900 | 30,60+3,050 | 28,000,900 | 29,62+2,100 29,20+5,850
Kauriii, MMoJIB/11 4,3-6,3 4,60+0,105 5,10+0,150 4,70+0,225 4,62+0,205 5,03+0,130
Harpiit, MMoss/n 142-160 | 138,60+0,600 | 140,20+0,530 | 138,90+1,390 | 138,20+0,625 | 139,70+0,705
Kanb1ii, MMiIs/a 2,3-29 2,21+0,150 2,50+0,060 2,510,070 2,460,040 2,23+0,120
MarHsiii, MMOJIB/IT 0,8-1,1 1,05+0,040 1,36+0,165 1,20+0,080 1,48+0,060 139,70+0,705
dochop, MMOITB/IT 13-2,4 1,1320,200 1,30+0,115 0,94+0,110 1,1120,150 1,44+0,190

AxrtuBHicTb ACT Mana XBuienomiOHuMit xapakTep.
V BiBOemMarok 1-i JocmigHOl Tpymy ii akTHBHICTE Oyia
HaiBuma 1 craHosuna 17,8 + 3,860 ox/a, mo Ha 3,6
on/n Oiiple, HiXK y BIBIEMAaTOK KOHTPOJBHOI TPYIIH,
ale 1e TepeBHWINeHHs Oyimo HepiporigamM. 3i
30UIBIIEHHSAM KUIBKOCTI CycCIeH3ii MiKpOBOAOPOCTI
XJIOPEITH B PAIfiOH] JAKTYIOUYHX BiBIIEMATOK aKTUBHICTh
ACT 3meHmryBanacs y TBapuH 2-1 1 3-1 gocnigHux rpyn
Ha 3,6 oxa/1 abo na 20,2% Ta Ha 4,8 ox/n abo Ha 27%
BIJITIOBIIHO, aJI€ TAKOX HE BIPOTiIHO.

VY BiBueMarok 4-i J0CIiIHOT TPynH aKTUBHICTb
ACT nmimBummnacs TOPIBHIHO 3 BIBIEMAaTKaMu
KOHTPOJIbHOI rpymu Ha 2,2 ox/n abo Ha 15,5%, ane
Oya MeHIIa, HiXK Y BiBIIeMaTOK 1-1 JOCIiHOT TpyH Ha
1,4 on/m abo Ha 7,9% (P <0,95).

KimpkicTe 3arampHOrOo Oinka, anpOyMiHIB i
rIo0y/IiHIB Yy KpOBI BIBIEMATOK KOHTPOJBHOT 1
JOCTIIHUX TPyl MACHI0 3MIiHIOBAacs 3aJeXKHO BiJ
KUTbKOCTI ~ BBEAGHHS  JO  paIliOHy  CyCIeH3il
MIKpPOBOZIOPOCTI XJopenu. binbnr BHCOKHIT BMICT
3arajJpHOro Olnka Manu BiBHeMarku 1-1 gociigHol
rpyny 3  HaMEHIIOW  KUIBKICTIO  CcycreHs3il
MIKpPOBOJIOPOCTi B PallioHi i cTaHOBUB 65,40+ 2,550
r/n, mo OuIbllle TOPIBHAHO 3 BiBIEMAaTKaMU
KOHTpoNbHOI Tpynu Ha 1,6 r/mn ab6o Ha 2,5%. 3i
30UIBIIEHHSAM KUIBKOCTI CycIeH3ii MiKpoBOZOpOCTi
XJIOpEM B palioHi JOCHIAHUX TpyNl BiBIEMaTOK
CYTTE€BUX 3MiH Y KUIBKOCTI 3arajbHOro Oinka He
BCTaHOBJICHO. KinbKicTh anpOymiHy y BIBIIEMATOK
JOCITiTHUX TPYTI OyJia B MeKaxX HOPMHU, ajie BiBIIEMaTKH
1-i nocmigHOI IpyTH MOPiBHSIHO 3 BiBIIEeMAaTKaMH 1HIITNX
JIOCTITHUX TPYTI MaJIX OUTBIIY iX KiNBKICTB BiAIOBITHO:
2-i rpymu — Ha 1,0 /1 abo Ha 2,9%, 3-i rpymnu — Ha 2,0
/1 abo Ha 6,1%, 4-i rpynu — Ha 2,7 /11 a60 Ha 8,4%.

Bwict rimoOymiHy y KpoBi BIBIIEMATOK JOCIITHHUX
TPy TAKOX 3MEHIIYBaBCs 31 301IIIEHHSAM KITBKOCTI Y
parioHi MMiJICUCHUX BIBIIEMATOK cycreHsii
MikpoBozgopocTi xyopenu 3 30,6 r/n y BiBuemaTtok 1-

mocmigHoi rpymu mo 29,20 1/m y BiBHemartok 4-i
JOCIITHOT TPYTIH.

Hanpyxenus oOMiHy pe4oBMH 1  eHeprii
MMO3HAYA€ThCS Ha (YHKIIIOHANFHOMY CTaHi TBapHH,
0co0JIMBO JAKTYIOUHX. OneprxaHi aHi
HiITBEPIKYIOTS, 10 Oinbia MOJIOYHA

NPONYKTHBHICTh BIBIEMAaTOK CYIPOBOIDKYEThCA i
OLJIBLIOI0 aKTHBHICTIO (epMEeHTIB KpoBi. BiBremaTku
4-1 foCMiAHOT TPyIH MaJid HalO1bI mokasHuku AJIT
H MOCTATHHO BHCOKI MOKa3HUKHA OLIKOBOrO OOMIHY i
HaWBUIy  MOJOYHY  HPOXYKTHUBHICTb. Otxe
IHTCHCUBHICT OOMIHY pPEYOBHH V  JAaKTYIOUHX
BIBLIEMATOK  TICHO  TOB’si3aHa 3  MOJIOYHOIO
MIPOIYKTUBHICTIO, YOMY ¥ CHpHs€ BBEICHHSA 10
parioHy cycreHsii MikpOBOJOPOCTI XJIOPEIH.

BucnoBku. 1. Cycnensis MiKpOBOAOPOCTi
XJIOPEJIH TiJIBUIIYE IHTEHCUBHICTh OOMiHY PEYOBHH B
OpraHi3Mi JIaKTYIOYUX BIBIIEMATOK, IO CIPHUSE
Oinpmiiii  iX ~ MOJIOYHOI  MPOAYKTUBHOCTI  Ta
IHTEHCHBHOCTI POCTY SITHSIT.

2. 3rofioByBaHHSl JIAaKTYIOUHUM BiBLIEMaTKaM
cycneH3ii MikpoBoaopocTi xyopenu y nepuii 20 nHiB
JaKTaii 3 po3paxyHky 3; 5; 7; 9 M Ha 1 KT )KUBOi Macu
cipusie  30IJBIICHHIO JKMBOI MacH  NPHILIONY
TIOPIBHSHO 3 KOHTPOJIBHOIO IPYIOI0 BiAMOBiAHO: 1-if 1
2-ti mocmimHux Tpymax — Ha 58,8%, 3-#i mocmimHii
rpymi — Ha 66,3%, 4-# nocniaHii rpyni — Ha 96,9% (P
>0,999).

3. 3a MOJIOYHOIO MPOTYKTHUBHICTIO, BiBIIEMATKH,
AKAM  3TOZOBYBAIM  CYyCIIEH3iI0  MIiKpPOBOIOPOCTI
XJIOpEJH, TepeBaKaln CBOIX POBECHHIb, SIKI He
olepKyBaiu 1i€i 1o6aBku, Big 12,3 1o 26,3 xr abo y
2,6 — 4,4 pazu (P >0,999).
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TIME SPENT ON PERFORMING DIAGNOSTIC STUDIES FOR PCR AND ELISA
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AHHOTAamUsT XPOHOMETPaKHBIC HAONIOACHUS WPOBOIATCS JUIA ONPEHACICHUS 3aTpaT BpPEMEHH Ha
BBHINOJIHEHUE BETCPHHAPHBIX pabOT MO WX BUAaM U dneMeHTaM. COCTaBIWIM TAaOJHIBI 10 HAUMEHOBAHUIO
20CY0apCmMEeHHbIX 8eMePUHAPHBIX YCIye B pacuéTe Ha HCCIIEJOBAHUE OJTHOW MPOOBI ITATOIOTHYECKOTO MaTepHaa
metozaom IILIP 3arparer Bpemern u UDA. [lomydeHHBIEC 3aTpaThl BpEMEHH IO 3JIEMEHTaM pabOThl B HECKOJIBKIX
MOKAa3aTeisixX 3aMepa COCTaBILIIOT B CTATUCTHYECKHE psbl. OnpeaenseTcs cpeiHsis apuMeTHIecKas BeInInHa
CTaTUCTUYECKOTO psifa. [lokazaTenu UCTONb3yOTCS Ui yCTAHOBICHHUS HAyYHO- 00OCHOBAHHBIX HOPM BpEMEHU
Ha BBIMOJIHCHUE PA3JIMYHBIX BETEpUHApHBIX paboT. HopMmy BpemMeHH Ha OTHOTO HCHOJHUTENS OOBITHO
YCTaHABJIMBAIOT B MUHYTAX, IIPH BBITIOJTHEHUH PAaOOTHI TPYTIION HCIIOTHUTENEH - B UeJIOBeKa - MUHyTaX. [ 'ofgoBas
HOpMa 3aTpaT BpeMEHU Ha MOATOTOBUTENHHO- 3aKIIIOUNTENIbHBIE pa0OThl ONpPEAEISIeTCS YMHOKEHUEM JTHEBHON
HOPMEI 3aTpaT BPEMEHHU Ha KOJIMYECTBO pabOYmX AHEH B Toxdy, T.€. Ha 279 nHei.
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Summary have drawn up tables on the name of state technical services in the calculation for the study of one
sample of pathological material by the PCR method, time consumption and IFA

Krouesvie cnosa: sampamet epemenu, ouacnocmuueckue ucciedoganusi I[P u UDA

Key words: time expenditure, diagnostic studies of PCR and ELISA

TpynoéMKocTh  OOCIYy)XMBaHUSI ~ KHBOTHBIX
3aBUCHT OT MHOTOYHCIICHHBIX (pakTOpOB: BHJa, MOIA,
BO3pacTa M  NPOM3BOJACTBEHHOTO  HA3HAYCHUS

JKMBOTHBIX, TPOJYKTUBHOCTH CKOTA H MITHIIbI; CHCTEMBI
COJICpIKaHMs JXUBOTHBIX B 3UMHUI U JICTHUI IEPUO/IBI;
MPOJIODKUTENLHOCTHA 3UMHETO CTOMIOBOTO M JIETHETO
MacTOMIIIHOTO TIEPHOJIOB; YCIIOBHIA MacTbOBI
JKMBOTHBIX; TEXHOJIOTHH paboT Ha ¢epme; YpOBHS U
CPEICTB MeXaHu3aluu padoT, Tuma, pa3MepoB
JKMBOTHOBOYECKUX MMOMEUICHHUM, WX IUIAHUPOBKH MU
pa3melneHne o0opymoBanus; (GopMm pasmencHus U
koomnepauuu Tpyna ( }0.T. by3unos).
XpoHOMETpaXKHbIE HAONIOACHHUS [0 BHIAM U
3JIEMEHTaM pabOoThl MPOBOJSITCS IO dTAlaM: - Moa00p
KBATU(UIUPOBAHHBIX ~ HCIOJHUTENEH C  OMBITOM
paboThl HE MEHE T0/1a; - Pa3eiIeHHe XPOHOMETPAKHOMN
paboThl HAa  COCTAaBISIONIHE € OJJEMEHTBI, -
HaOmromeHue 3a paboToi HMCTONHUTENS W (DUKCAIHS
BPEMEHH, 3aTpayMBacMOT0 Ha KaXIBI DJIEMEHT
paboThI; - 00pabOTKa PE3yIbTATOB XPOHOMETPAKHBIX
HaOmoneHuit. Yu€r 3atpar paboyero BpeMEeHH II0
BUJAM M 3JeMeHTaM palboThl MPOBOAMTCS B TPEX

MOKazaTeJsIX C MOCJIEAYIONMM HCYHCICHHEM HX
cpenHeapru(PMETHISCKUX BEITHYMH. XPOHOMETPAXKHBIE
JaHHBIC 3aHOCSTCS B HAOIIOAATEIBHBIN JIUCT.

ITo rpadam mpocraBsieTcst 00BEM BHIIOTHEHHON
paboTHI U TeKyIIee BpeMs padOTHI O X AIIEMEHTAM.
[Ipu 00paboTke XPOHOMETPAKHBIX HAOIIOACHUH II0
BUIaM pPaboT  ONPENelsIOT  MPOJNOJDKHUTEIBHOCTh
BBIIIOJIHEHUST KaXJIOTO 3JIEMEHTAa, BXOJSLIET0 B
JaHHBIN BUJI pabOTHI, Ul Yero U3 TEKYIIEro BpeMEeH!
OKOHYAaHUSI  ONpPENEeNIEHHOTO  3JIeMEHTa  PaboThI
BBIYMTAIOT TeKyllee Bpemst ero Havaina. [lomyuyeHHble
3aTpaThl BpeMEHM MO JJeMeHTaM paboThl B
HECKOJIBKUX IIOKa3aTelsX 3amepa COCTABISIOT B
craTuctudeckue  psigpl.  Onpenensercss  CpelHss
apudMeTHyecKas BEIMYMHA CTAaTUCTHYESCKOTO pAIA.

[MokazaTenn  WCMONB3YIOTCSA IS YCTAaHOBJICHUS
HAy4yHO- OOOCHOBaHHBIX HOPM  BpEMEHH Ha
BEIIIOIHEHUE  PA3IMYHBIX  BETCPUHAPHBIX  padoT
[1,2,3,4,5,6,7].

Ilpu guarHocTuke WHQPEKIUOHHBIX OOJC3HEH B
nocieqHue rofpl  BCE  OONBINE  MPUMEHSIOTCS
nojuMepasnas nennas peakius ( [IP)[Ta6u. 1,2,3]

Tab. 1

Pe3yabTaThl H3yueHus 3aTpaT padoyero BpeMeH! HA BBINOJHEHHE TPYA0BBIX POLECCOB NMPHU
JAHATHOCTHKE HH(EeKIMOHHBIX 00JIe3Hel sKMBOTHbIX MeTogoMm ITIP

TpynoBbIe TIpoLIECCHI, 3atparbl BpeMeH!
Kommiekch! npuémon Ha 10 npo06,muH
BETBpaya 71abop.
[NoAroToBKa MATOJIOTHYECKOTO MaTepHaia 52 130
CycrieH3npoBaHne 1 HeMTpaIi3anus aToJIOrHUECKOro MaTepraia 8 10
LeHTpudyrupopanue natMaTepuaia - 10
[Nony4enwne HazcamodHOH sxumkocti ¢ JJHK 12 -
Brecenre 0ydepHOro pactBopa B mpoOHpKH 5 5
[NomernieHue MpoOHUPOK B aMIDIA(HKATOP-TIPHOOP - 2
[poenenwe nepsoro payraaa [P ( ammmdukarmm) 180 10
[Iposenenwe Broporo payHa [TLP ( ammmdukarmim) 130 15
[puroroBieHne COCTaBHBIX KOMIIOHEHTOB ISl AJIeKTpodhapesa
Bydepa 1 ycTaHOBKA 3IIEKTPOIOB
Onextpodopes B arapo3HoM ( IMOTHAKPHIIAMHUTHOM) TeTie 42 -
Oxpacka ITaCTUHKH ¢ arapo3oi B 1,7 %-HoM pacTBope 3Trus OpoMuza 10 -
[Nomenienne arapo3HOH MIIACTHHKY Ha TPAHCHITIOMHUHATOP M (poTOrpadupoBaHKE 10 20 -
YABTPa(UOIETOBBIMH JIydaMH
OreHKa peakiyy 1o dJIeKTpodoperpamme 15 -
O6paboTka pabodero Mecta JIe30Cpe/ICTBAMHU - 10
Mepb! JIMYHON TUTHEHBI 3 5
3armmch B )KypHaJIE O IPOBEAEHHOM HCCIIE/IOBAaHUH 5 -
Bcero 499 247
B TOM YHcIe Ha 1 poOy 499 24,7

B pacuére Ha wuccienoBaHwe OAHOW TPOOBI
naroyioruyeckoro marepuana merogom I[P 3aTpaThs
BPEMEHH COCTaBWIIN: BETEPUHAPHOTO Bpada-49,9 MuH.,
nabopanra-24,7 MUH. B 3arpatax  Tpyna
BeTepHUHApHOTO Bpada 62,1% BpeMeHH! NPUXOIUTCA Ha
MPOBEACHUE JBYX PAayHIOB MOIMMEPA3HO - LEMHOU

peaknuu. B cTpykType 3artpar Tpynaa i1aOOpaHTOB
HauOONBIINNA YACTbHBIA BEC 3aHUMAIOT MOJTOTOBKA
nmaToorndeckoro marepuaia (52,6%) um HOATOTOBKA
COCTaBHBIX KOMIIOHEHTOB IS MIPOBEACHUS
anekTpodapesa (14,2%).



L.
56 East European Scientific Journal #5(69), 2021 =

Tab. 2
Pe3ysbTaThl H3ydyeHus 3aTpaT pabo4ero BpeMeHH MPH HCCIeI0BAHMH Ha TyOepKy1é3
KPYIHOI0 pOraToro cKora

3atparsl BpeMeHHU Ha OJIMH
TpynoBbIe IPOIECCH], KOMILIEKCHI IPUEMOB MaTMaTepUaL,MUH
BeTBpaya | JsabopaHTa

[TpuéM u perucTpanusi naToJIOrHYeCcKoro MaTepraa 3 7
Peructpauus B xypHaie 5 -

[TpuroToBneHe Ma3KoB - 8

Okxkpacka Ma3koB 1o [une-Hunbeceny - 32

MuKpOocKoHsI Ma3KOB 45 -

OcMOTp ¥ 0TOOP MaTOJNIOTHYECKOro MaTepHaia 1y 0aKTepruOJIOTHIECKOro 25 )

MCCIIE/IOBaHUSI

[penBaputenbHas 00padOTKa M TOMOTCHH3AIMSL 25 15

Oopabotka 10%-HbIM pacTBOPOM CEpPHOM KUCIIOTHI 10 -

IToceB Ha nmuTaTeNbHBIE CPEAbI - 20

[MapaduaupoBanue mpobok - 16

3apakeHue J1Ja00pPaTOPHBIX )KMBOTHBIX ( 3 MOPCKHE CBUHKH) 15 15
TyOepKyrHHU3aLWs J1JA00PATOPHBIX )KUBOTHBIX 16 7

Yurka peakimu nepen ouonpoooii u yepes 1 mecsin 7 5

Oxkpacka Ma3koB U3 KyJlbTypsl o Lnne-Hunbsceny - 23

V3yuenue KyapTyphl (Toces, OHompooda) 40 27

'Y6oii 1 BCKpBITHE MOPCKHUX CBHHOK 12 18

[TpuroToBneHue, OKpacka, MUKPOCKOIHSI Ma3KOB U3 OPraHOB MOPCKUX CBUHOK 25 19
OdopmiieHre KCIIEPTH3bI U BbLIAYa 3aKTIOUCHHUS 17 -

BckpplTre 1a60paTOpHBIX )KUBOTHBIX, 3apaXKEHHBIX KyJIBTYPOH 18 18
Wnenrudukans 14 -

ITpocMOTp MOCEBOB, KOHTPOJIb 34 MOIONBITHBIMH YKUBOTHBIMHU 18 20
Beiaya 3aximoueHus 10 -

Bcero 305 250

YCTaHOBHIIH, YTO B CTPYKTYpE 3aTpar pabodero VY nabopaHTa WHas CTPYKTypa 3aTpar Tpy.a.

BPEMEHH  BETEpUHAPHOTO  Bpada  HanOompmmii  Hanbosbmmil ynesnpHBI Bec 3aHUMAET IIOCEB |
YICNBHBIA BEC 3aHUMaeT MHKPOCKONHMS Ma3KOB  H3y4deHHe KylbTypsl (22,0%), okpacka Ma3koB (22,0%)
(23,0%), KOTOPYIO OH OCYILIECTBIISET B /1B 3Tara.
Tab. 3
HopMbI BpeMeHH VISl OKa3aHMSI BeTEPUHAPHBIX YCJIYT NMPOBeeHMs J1a00PaTOPHBIX HCCIe10BAHMIA
Ha BHpPYCHBIe §0JIe3HH, Yac.

Hopma Bpemenu 151 okazaHust
Haumenosanue zocyoapcmeennvix ge- Enunra nnaTH(;I;Cycnym,
MMepUnaprbLx ycrye HBMEpEHIA BETEPUHAPHOTO . BETEPHHAPHOTO
Bpaya yabopaHTa
1 2 3 4
1.MccnenoBanust BUpycHbIX Oosie3neit metozom [T1P
AnenosupycHas uadexmus (ot 1 10 5 mpob) 1 obpasert 33 16
Adpukanckas uyma cBunerd (ot 1 10 5 1po6) 1 oGpaszert 33 16
Adpukanckas uyma cBuneld (ot 6 10 10 npo6) 1 oGpaszerr 33 16
Bpyuenés (ot 1 10 5 mpob) 1 obpasert 33 16
Bpynuewnés (ot 6 10 10 npo0) 1 obpasert 33 16
Bitoranr (ot 1 10 5 npob) 1 obpasert 33 16
Bitoranr (ot 6 10 10 mpob) 1 obpasert 33 16
Kiraccuyeckas uyma cunei (ot 1 110 5 mpo0) 1o0paserr 33 16
Kiraccuyeckas uyma cuseid (ot 6 10 10 npo0) 1 obpasert 33 16
Jletiko3 (ot 1 1o 5 mpo0) 1 oOpaszenn 3.3 16
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2. UccaenoBaHusi BUPYCHBIX 00J1e3Hell MeT0I0M UMMYHO-(pepMmenTHOro anaausa (MPA)
( ¢ MCIOJIb30BAHHEM MMIIOPTHBLIX HA0OPOB)

AnenoBupycHas uHdekmust (0T 1 10 5 mpo0) 1 obpaszenn 10
AnenoBupycHas uadekius (ot 6 10 10 mpod) loGpazert 10
HccnenoBanus BUpyCHBIX OoJie3Helt MeToioM MMMYHO-(hepmenTHOro aHamza (UDA) ( ¢ ucrionb3oBanueM
OTEYECTBEHHBIX HA0OPOB)
AnenoBupycHas uHdekmust (0T 1 10 5 mpo0) 1 obOpaszenn 10
AnenoBupycHas uadekius (ot 6 g0 10 mpod) 1 obOpaszenn 10
Adpukanckas uyma ceuredd (ot 1 510 5 mpo0) 1 oOpazent 10
Adpukanckas uyma cBunel (ot 6 110 10 npo0) 1 oOpazent 10
3.UccnenoBanue Ha JICHKO3:
PUJ 1 oOpaszert 0,05 0,05
HNDA 1 oOpaszert 0,26 0,26
1P 1 oOpaszert 0,26 0,26
Bpynemnés DA 1 oOpaszert 15 15
Kieocuemné3(MDA) 1 obpaszert 2,0 10
BriBoab! 5.F0mkoBa, JLA. Pa3paboTka MPOEKTa
1.M3yqennem  3aTpar  pabodero BpeMEHH IPEHCKypaHTa [IeH Ha IUTATHbIC BETEPHHAPHBIC YCITyTH,
pabOTHHKOB BETCPHHAPHBIX 7Ta0OpaTopuii  OKa3bIBAEMbIE  YUPESKACHHAMH  TOCYIapCTBEHHOM
pa3paboTaHbl ~ HaydyHO- OOOCHOBaHHBIC  HOPMBI  BETEpPHHAPHOH Ciry>kObl HoBocuOmpckoit oOmactu /
BpEMEHU Ha natanoroaHaromrdeckue, JI.S. FOmkosa, B.H. Bamsioepaun, E.A. Kapnosa //
MHUKPOCKOIIHYECKHUE, ceponornueckue, HoBocubupck, 2014. — 255 c.
OaKTepHoIOTHICCKHE, MHKOJIOTHYECKHE, 6. IOmxkoBa, JIL.A. Onpenenenue miatel 3a

Ouosiorn4eckre, CepoIornieckrue, reMaToJIoTHIecKue,
THIPOXUMHUYECKUE, KOIPOJIOTHUECKUE, ONOXUMHYECKH
, XUMHKOTOKCUKOJIOTHYECKHE, MU Ha KOMIUIEKCHBIE
UCCJIEJIOBaHMSl TPU OTACNBHBIX WH()EKUUMOHHBIX |
VMHBAa3MOHHBIX OOJIE3HSX, a TaK)Ke Ha COBPEMCHHBIC
Metobl uccaenoBanuit ( UOA, TP, u T.1.).

2. OmpeneneHo BpeMs OCHOBHOH paOOTHI,
BCIIOMOTATEIbHON pabOoThI, BHINOJHEHUE OIIEPaTHBHOM
paboThl. YCTaHOBIEHO BpeMs HENPOW3BOJUTEIIHLHOM
paboTBI, BpeMsl pErIaMeHTHPOBAHHBIX MEPEPBIBOB,
BpeMs HepeTJIaMeHTHPOBAHHBIX MIepEPHIBOB.
YcraHoBunu  omneHKy 3¢ddextuBHOCTH  pabouero
BpeMEHH paboThl Ha OCHOBE psjia IOKa3aTeleH, ¢
LEeNpl0  TJIAHWPOBAaHUS  INTATHOMH  YHCIEHHOCTH
BETepUHAPHBIX Bpaueil 1 1a00paHTOB, PallOHAIBHOTO
HCTIONIb30BaHUS TPYAOBBIX PECYPCOB.

Jlutepartypa

1.Hopmsl BpEMEHU Ha BBIIIOJTHEHHE
BETEpPHHAPHBIX PadOT Ha JKUBOTHOBOAYECKUX (hepMmax,
Kommuiekcax ¥ nrunedadpukax/ M.C. Pomamun
[u ap.].- Mockga.,1984.- 150 c.

2. FOurkosa, JI.51. Hayuno-000cHOBaHHBIE HOPMBI
Harpy3KH )KHBOTHBIX Ha BETEPUHAPHBIX CIIEIIHAINCTOB
/ JLA. FOmkosa, B.H. ITaBnoB, M.A. Amupoxkos, O.A.
PoxxoB, B.H. bameibepnun [mn np.] HoBocuGupck,
2007.

3. FOmkoBa, JI.5I. CpexHue 3aTpaThl BpeMEHHU Ha
okasaHue BetepuHapHBIX ycuyr / JI.A. FOmxkoBa, M. A.
Awmupokos, A.B. IOpaxos, Bb.H. baneidbepnun //
Berepunapus. — 2012. — Ne 2. — C. 18-20.

4. IOmxkosa, JIL.A. Omnpenenenne 3arpar
ONEpaTHBHOTO BPEMEHH II0 BUIAM padOT M pacyeT
cTonMocTH BetepuHapHbIx yciyr / JI.S. FOmkoBa, b.H.
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NUMERICAL MODEL FOR AIR POLLUTION SIMULATION FROM ROAD TRANSPORT
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YUCEJBbHA MOJIEJb AJ51 MOAEJIOBAHHS 3ABPYJIHEHS ITOBITPS BIJL
ABTOTPAHCIIOPTY
DOI: 10.31618/ESSA.2782-1994.2021.1.69.45

Summary. The problem of air pollution modelling near road which is situated in complex terrain is under
consideration. To simulate wind flow pattern in case of complex terrain Navier-Stokes’s equations were used. Navier-
Stokes’s equations were written using Helmholtz variables. Numerical finite difference schemes of splitting were
used for numerical integration of Navier-Stokes’s equations. Equation of connective-diffusive pollutant transfer was
used to simulate air pollution. Finite difference scheme of splitting was used for numerical integration of convective-
diffusive equation of pollutant transfer. Computer code was developed on the basis of created numerical model. The
results of a numerical experiment are presented.

AwnoTtanis. Po3risiaersest 3a1aua MporHo3yBaHHs 3a0pyTHEHHS OBITPs 0111 aBTOTpacH, 1[0 PO3TAILIOBaHA B
YMOBax CKIQIHOTO penbedy. st po3paxyHKy MOJISl HOBITPSHOTO IOTOKY BHKOPHCTOBYBAJHCS piBHSHHA Ham’e-
Croxkca. PiBasans Hap’e-Croxca Oynu 3anmcaHi B 3MiHHUX [ enbMrosisiia. st 9MCenbHOTO IHTeTpyBaHHS PiBHSIHB
Har’e-CToKca BUKOPHCTOBYBAIMCSI PIi3HHIICBI CXEMH pO3MICIUICHHA. MOJETIOBaHHS TIpOIiecy 3a0pyaHEHHS
TIOBITPSIHOTO CEpPEIOBHUINA 3IMCHIOEThCS HA 0a3i PiBHSAHHS KOHBEKTUBHO-AU(DY3iHHOTO mepeHocy gomimku. s
YHCENFHOTO IHTETPYBAaHHS PIBHSHHS IEPEHOCY IOMIIIKKA BHKOPHUCTOBYETHCS PI3HHUIIEBA CXeMa PO3IIEIUICHHS.
CTBOpEHO KOMII'IOTepHHUI Ko Ha 0a3i po3pobiaeHoi uncensHOi Monerni. HaBeneHo pe3yiapTaTi 009YHCIIOBAIBHOTO
E€KCIICPUMEHTY.

Keywords: numerical simulation; air pollution, working area, road, protection barrier, complex terrain.
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Kniouosi cnosa: uucenvne mooenosanisi;, 3a6pyOHeHHs ROGIMps, pobdOYa 30HA, ABMOMPACA, 3AXUCHULL

bap’ep, cknaonutl penveg

IMocranoBka npo6emu.

3a0pyqHeHHs MOBITPSTHOTO cepeioBuUINa
BUKHJIAMH BIJl aBTOTPAHCIIOPTY € Cy4YacHOI Ta
BaXXITUBOIO TIpobiiemoto [4-9]. Jlyke gacTo, aBTOTpacu
pO3TAalIOBYIOTBCS B YMOBax CKJIAIHOTO penbedy
MicrieBocTi. [Ipym TpOeKTyBaHHI Ta PEKOHCTPYKIII
TaKAX  aBTOTpac  MOTPIOHO  MaTH  HAYKOBO
o0rpyHTOBaHY iH(OpPMAIIif0, IO IO MOXKJIHBOTO PiBHSI
3a0pyAHEHHS TOBITPS Ta PO3POOKH 3aXOMiB, MO 10
3MEHILIEHHS HETraTHBHOTO BIUIMBY aBTOTpac Ha
3a0pyaHeHHs moBiTps. Ha mpakTwimi, MeTomuku
NPOTHO3YBaHHSA pIiBHA 3a0pyIHEHHS IOBITPS JyKe
9acTO HE BPaXOBYHOTH peNbe() MICIEBOCTI, a TaKOXK
BIUIMB DI3HOTO poay Oap’epiB Ha  3HIKCHHS
3a0pyaHeHHs noBiTps. Hampukinaz, me Mae Micie npu
BUKOpDHCTaHHI ~ Mogened  [ayca,  HOpMaTHBHOL
Meronuku OH/I-86 Touio. ToMy i MPakTHKU OyxkKe
B)XJIMBO MaTH METOAW IMPOTHO3YBAHHS 3a0pyIHEHHS
MOBITPSI, IO JO3BOJIIIOTH BpaxyBaTH edekT penbedy,
pisHOTO poxy mepemkox Ha (opMyBaHHS IIOJIA
3a0pyAHEHHS 0L aBTOTPACH.

MeTa po60TH: CTBOPECHHS YHCEIBHOT MOJIEINI ISt
OLIIHIOBAaHHS PiBHS 3a0pyTHEHHs MOBITPS B poOOYHX
30Hax OUIS aBTOTpacu, LIO PO3TAallOBaHA B yMOBax
CKJIaJTHOTO penbedy.

MartemaTH4HA MOJEJIb.

[lpu pimenHi 3agadi TPOTHO3YBaHHS piBHA
3a0pyAHEHHS TMOBITPS B yMOBaX CKIIAAHOTO PeIbedy
abo TIpy BUKOPHUCTAHHI 3aXUCHHUX Oap’epiB moTpiOHO
BUpImUTH 1Bi 3amadi. [lepma 3amaga — po3paxyHOK
TOJIS IIBUIKOCTI MOBITPSIHOTO MOTOKY. Jlpyra 3amaua —
[[e PO3paxyHOK Mpoliecy MOIIUPEHHs 3a0pyaHIOBaYa
BiZ aBTOoTpaHcrnopty. st pimieHHs nepiuoi 3axadi B
JlaHii poOOTI BHKOPHCTOBYIOThCSI piBHsHHS Han’e-
Crokca, 110 3anucani B 3Minaux ['eiqpmrosbia [3]:

6_C ouc
at dx

C — KOHIICHTpAIlis 3a0pyIHIOBaYa;

L, Wy — KoedilieHTn TypOyeHTHOT nudy3ii;

(O — IHTEHCHBHICTb eMicii 3a0pygHioBaua Bij
aBTOMOOIIIB;

S(x — x;)0(y — yi) — menbra Gyukuis Jipaka;

(xi, ¥i) — IexapTOBi KOOPIMHATH;

t —d4ac.

KpaitoBi ymoBu 1uis piBHAHHS (3) Taki:

1) Ha rpanuii Bxoxy notoky: C=0;

2) Ha TPaHUII BUXO/Y ITOTOKY: Z—Z o 0;

2

3) ma Tepaiit rpanuui Ta y = L, (L, — BepxHs
rpaHuI obnacTi):

ac _
on '

Jie N — OMMHWYHHN BEKTOP 30BHIMIHBOI HOpMaJTi 710

MTOBEPXHi.

IMouarkoBa ymoBa mae Buriisii: C=0.

PosrnmgHemo 1moOyaoBY — YHCETBHOI  MOJEI.
Po3paxyHok  3mifiCHIOETBCS ~ HA  NPSAMOKYTHIH

ovC a ac i)
Tt T a(ﬂxa) to

dw | duw  Avw 1 (Bzw
at dx dy " Re

Toy ‘;ZT‘;’) )
-0, ®

Iie: @=0V/OX-0u/0y — BUXOp;

Re=V,L/v — uancio Pelinonsaca;

L — xapakrepHuii po3mip;

Vo — XxapaKkTepHa IIBUAKICTH;

v — KiIHeMaTHIHUH KoeQiIlieHT B’ SI3KOCTI;

Y — QOYHKIISA TOKY;

U=0y/0y, V=—0y/OX — KOMIIOHCHTH BEKTOpa
LIBHUKOCTI HOBITPSIHOTO MOTOKY;

Jlist MOJIenioIounX PiBHSIHb BHKOPHUCTOBYIOTHCS
Taki rpaHu4Hi yMoBH [3]:

- TBepJi I'paHMI, a TAKOX BEPXHS Ta HIDKHA
TpaHMIII:

Y| = const,

4
on r

- Ha TpaHWII BTIKaHHS IOBITPSHOTO TOTOKY
3ajaeThes 3HaueHHs U=f(y) ta ymona:

lplsxm = lp(Y),
w = 0.

Ha mexi BUXO/ly HOBITPSIHOTO TOTOKY 33/1a€ThCSI
«™’sika» ymosa [3].

Jist pimieHHst npyroi 3ajadi BUKOPHCTOBYETHCS
piBHsHHS MacoriepeHocy [1, 3, 5]

ac

1y 29) + By Qi (x = x) 6y = y1) 3)

PI3HHUIEBI# CiTIli. 3HAYCHHS BHUXOPY BHU3HAYAETHCS B
LHEHTpaX pI3HUIEBUX KOMIPOK, (YHKIS TOKY
BU3HAYAEThCS B  By3JlaX  pI3HHUIEBOI  CITKW,
KOHIEHTpAIlisl 3a0pyIHIOBaYa BU3HAYAETHCS B LIEHTPAX
pizHuneBux komipok. Jlnst QopmyBaHHS BUIIISIAY
po3paxyHkoBoi obOmacti (dpopma pembedy, Qopma
3aXMCHOTO  0Oap’epy  TOIIO) BHMKOPHCTOBYIOTBHCS
Mapkepu [3].

Tak, mia pimensas piBHsSHHS (1) 3xiHCHIOETBCS
HOro po3UIeTUIeHHS HACTYITHUM YHHOM:!

w Juw vw
2t ot o = 0, (4)

dw _ 1 ’w | *w
o =G 5e) ®)
JIi1st arcensHOTO PillieHHs PiBHSIHHS epeHocy (4)
BHKOPHCTOBYETHCS] HACTYITHA CXeMa po3IneruieHHs [3]:
—Ha TEpIIOMY KpOIli PO3LICIICHHA pPi3HHIEBE
PIBHSHHS Ma€ BUTIIS:
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3HAaYeHHS  BHXOPY Ha  KOXXHOMY  KpOIIi
posmierneHHst (6) Ta (7) po3paxoBYETHCS 3a SBHOIO
hopmyJior0.

Jyis  4YucenbHOrO  pimieHHs  piBHAHHSA  (5)
BUKOPHCTOBYETHCS TaKa CXeMa po3MIeTieH s [2]:

HeBizome 3HadeHHS BHXOPY Ha KOXXHOMY KpOIIi
po3iueruieHHs (8) BH3HAYAETHCS 32 SIBHOIO (POPMYIIOIO.

PisHnmeBa cxema Ui YHCENBHOTO DIillICHHS
piBHsHES (2) Mae BUDLAA [2]:

Vit jk=2%ijrtWio1jk n Yijrr k=2 jkt¥ij-1k
Ax? Ay?

= _ij
9)

Hesinome 3Ha4eHHS mapameTpa Y BU3HAYAETHCS 3
(9) 3a sBHOIO pOpMYIIOIO.

Jnsg ducempHOTO iHTErpyBaHHS piBHAHHA (3)
BHKOPHCTOBY€THCS PI3HUIEBA CXEMa PO3ILIETIICHHS, [0
po3misiHyTa B poboTi [3].

PesyabraTn.

Ha 6a3i po3pobneHoi umcempHOI Mozei
PO3B’S3aHO HACTYNHY 3aj1ady. Po3MIsmaeTbcss BUKHL
NO mHa aBtOTpaci, IO pO3TallOBaHA Yy BHIMIIL.
Jdocmijxyerscst  BIUIMB ~ 3aXUCHUX Oap’epiB  Ha
3HW)KEHHSI PiBHS 3a0py/JHEHHS aTMOC(EPHOTO MOBITPS.
[Ipu npoBeneHi po3paxyHKIB MIBUAKICTH MOBITPSHOTO
moToKy 1.7M/c; TOTIK Ha BXOJi B PO3PaXxyHKOBY
obmacTh — piBHOMIipHUI;, KoedilieHTH TypOyIeHTHOT
nugysii 1.7mM%c, Re=10°,

PosrnspmatoTecs Taki crieHapii:

1. Bimsg aBroTpacw BiACYTHI 3axWCHiI Oap’epu
(cuenapiit Nel, puc.1).

2. BuxopucroByeTbcs — 3axucHHid  Oap’ep
OpSIMOKYTHOT (popMH, IO pO3TAlIOBaHO B BEpXHiii
YaCTHHHU BUIMKH; BHCOTa 0ap’epy 2.3M (cueHapiit Ne2,
puc.2).

3.  BuxopucToByeTbCca ~ 3axHCHHM  Oap’ep
OPSIMOKYTHOT (OpPMH, IO PO3TAlIOBAaHO B HWXKHIH
YacTHHI BUIMKHM (BUcOTa Oap’epy 2M ), KpiM L[bOTO, B
BEepXHIll 4YacTWHI BHIMKH € Oap’ep, mo Mae «I'»-
monioHy ¢opMmy, BucoTa Oap’epy 2.3M, IOBXHHA
TOPH30HTAIBHOI YacTHHU Oap’epy 1M (creHapiit Ne3,
puc.3).

~
a

0

X

Puc. 1. Pospaxynxosa cxema, cyenapiti Nel: 1 — kopnyc aemomobina; 2 —micye 8uKkuoy 0oMiuku
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0 X

Puc. 2. Pospaxynkosa cxema, cyenapiu No2: I — kopnyc agmomo6ina, 2 —micye suxudy oomiwiku, 3 — 6ap ’ep;

Y

—

0 X

Puc. 3. Pospaxyukoea cxema, cyenapiu Ne3: 1 — kopnyc asmomo6ins, 2 — micye 8ukudy OOMIUKY;
3 —6ap’ep; 4 - bap’ep

Ha puc. 4-6 nokasano mnosie koHueHTpanii NO B po3paxyHKOBOI obunacri. Hpomy 3HAYEHHIO
po3paxyHkoBoi oOmacti. KokHe umcino Tmoka3dye — KOHIEHTparii Bimmoimae uucimo «99». Jpyk gmcen
0e3po3MipHy KOHIICHTpAIIif0 3a0pyTHIOI0UO0T peYOBUHN  31iHCHEHO B hopMaTi «Integer», ToOTO 63 ypaxyBaHHS
Yy BIICOTKaX BiJ MaKCHMaJbHOTO I 3HAYCHHA B  JpiOHOI YACTHHH YHCIIA.
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Puc. 4. Po3nodin 6e3po3miprnoco 3navenus konyenmpayii, cyenapii No [
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Puc. 5. Po3nodin 6e3po3mipHozo 3uauenns Konyenmpayii, cyenapiti Ne 2

p 4
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Puc. 6. Po3noodin 6e3posmiprno2o 3uauents Konyenmpayii, cyenapin No3

Sk MOXHa 0auMTH 3 HaBEJEHUX PUCYHKIB, MpPHU
BUKOPDHUCTAaHHSI 3aXMCHHX Oap’epiB  KOHLEHTpALis
3a0py/JHIOI0YO] PEYOBHHH B 30Hi, 110 PO3TAIIOBaHa Ha
BUXO/Ii 3 BUIMKH, — CYTTEBO 3MEHIIIY€ThCS.

B Tabn.l mokasaHo 0Oe3po3MmipHe 3HAYEHHS
KOHIICHTpAIlii JOMIIIKA B TOYIIi, [0 PO3TAIIOBAaHA Ha
BucoTi 1.7M Ta 3HAXOIUTHCS HAa BHUXOJl 3 BHIMKH
(poboua 30Ha).

Tabmums 1
be3po3mipHe 3HaYeHHSI KOHLEHTPALii AOMIlIKM HA BUXO/i 3 BHIMKHU
CrieHapiit 3HaYeHHs KOHIICHTpAIIii
Nel 1.01
Ne2 0.54
Ne3 0.37
3 T1abn. 1 MmoxHa Oauutn, WO eQEeKTHBHE  MICHEBOCTi, [ pPO3TALIOBYETHCS aBTOTpaca, Ta

3MEHILEHHS] KOHLEHTpalil 3a0pyAHI0040] pe4OBHHU
Mae Miclle TpUd BHKOPUCTaHHI creHapito Ne3:
KOHIICHTpAI[isl OLIBII HIK BABIYI B IOPIBHAHHI 3
CIleHapieM, KOJM 3axWcHI Oap’epu BiacyTHi. Takum
YUHOM, 3a JIOTIOMOTOI0 PO3po0JeHoi Momeni €
MOJXKJTUBICTh BU3HAYHMTU palliOHATLHE PO3TAITyBaHHS
3aXMCHUX  Oap’epiB sl  3MCHIIEHHS  pIiBHSA
3a0py/JHEHHS OBITPSHOTO CEPEIOBHUINA.

BimzHaumMo, 10 4Yac PO3pPaxyHKYy OJHOTO
CIIeHapiro ckiagae 15¢.

BucnoBku.

[MoOymoBaHO  4YHCENBEHY  MOJICIb,
MOKIIUBICTH METOIOM 00YHCITIOBAILHOTO
eKCIIEpUMEHTY OIliHIOBaTH e(eKTUBHICTD
BUKOPHUCTAHHS 3aXMCHUX Oap’epiB OLIsA aBTOTpac st
3HIKEHHSA pPiBHA 3a0pyaHEHHSA TOBITpsA. YwcenbHa
MOJIENIb  JTO3BOJISIE  BpaxyBaTH CKIAJAHUN penbed

mo  aa€

CKJI/IHY TeOMeTpH4Hy (popMy 3aXUCHUX Oap’epiB.
Oco0UBICTIO PO3POOJICHOT YHCETBHOT MOJECII €
LIBUJIKICTh B OTPUMaHi pe3yJIbTaTiB MPOTHO3YBAHHSL.
B nopanpuiomy, — IUIAHYETbCS  CTBOPEHHS
TPUBUMIPHOT YHCEIHHOI MOJENi OIIHIOBaHHS pPiBHA
3a0pyAHEHHS TIOBITPSHOTO CEpPeOBHIA B YMOBAx
CKJIAJTHOTO penbedy.
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MATHEMATICAL MODEL OF NATURAL WATER AFRICAN REPUBLICS TREATMENT USING
ANACARD NUTS WASTE

Paovix I'anuna FOpvesna

Kanouoam Quzuko-mamemamuieckux Hayx,
npogeccop kageopul «Ilpuxraonas mamemamuxay
Dponosa Hamanva Bnadumuposna
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baxanasp xageopwi «lIpuxnadnas mamemamuxay

MATEMATHYECKASA MOJEJIb OYUCTKHA TPUPOJHBIX BOJA AOPUKAHCKHUX PECITYBJIUK
C IIOMOIIBIO OTXOA0B OPEXA AHAKAPJ

Summary. The main pollutants of natural reservoirs are studied. The analysis of its’ concentration in the
Republic of Cote d'Ivoire reservoirs is carried out. An original technique purposed at waters purification is
elaborated. It is tested successfully in 2018 purifiying industrial wastewater from the receiving chamber of the
Rostselmash plant. Respective mathematical model of water purification is developed.
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AHHOTanus. V3yyeHbl OCHOBHBIE 3arps3HUTENN MPUPOAHBIX BoAoeMOB. [IpoBefeH aHanu3 KOHLEHTpAIUH
BelecTB B BojoeMax pecryoiuku Kor-a'ViByap. Ipeanoxxen crocod o4MCTKH BOAbI, CTbITaHHEIA B 2018 rony
Ha MPOU3BOJACTBEHHBIX CTOYHBIX BOJAX M3 MPHEMHOM KaMepbl OYHCTHBIX COOPYKEHHH MAaIIMHOCTPOUTEIBHOTO
3aBosa «PocTcenpman» 1 IocTpoeHa MaTeMaTHYecKasi MOJIeNIb OUYUCTKU BOJIBI TUM CIOCOOOM.

Key words: water pollution, mathematical statistics, correlation analysis, Fourier series, water purification,

mathematical model, differential equations.

Knrwouesvie crosa: 3acpasmenue 800bl, MameMamuyeckas CMAMuCmMuKd, KOPPETAYUOHHBIN aHaIu3, pso
Dypve, ouucmra 800vl, Mamemamuveckas Mooens, ouppeperyuaibHsie YpagHeHUs.

BBEJIEHHUE

[onx 3arps3HEHNEM BOIHBIX PECYPCOB MOHUMAOT
mo0ble W3MEHEHHs] (PH3WYECKNX, XUMHUYECKHUX U
OHOJIOTMYECKHUX CBOWCTB BOJIBI B BOJIOEMAaX B CBS3H CO
cOpachlBaHMEM B HHX OKHIKHAX, TBEPABIX U
ra3o00pa3HbIX BEHICCTB, KOTOPHIC MPUYHHSAIOT HWIH
MOTYT CO3/1aTh HEyA00CTBa, Jenas BOAY IaHHBIX
BOJIOCMOB OMNAaCHOM [IJI1 HWCITOJIb30BAaHUS, HAHOCSA
ymepd HapogHOMY  XO3SICTBY, 3IOPOBBIO U
0e30macHOCTH HaceIeHus. MIcTouHIKaMu 3arps3HEHHS
MPU3HAIOTCS OOBEKTHI, C KOTOPBIX OCYIIECTBIISIETCS
cOpoC WM HWHOE IOCTYIUICHHE B BOIHBIC OOBEKTHI
BPEIHBIX BEILIECTB, YXYALIAFOITIX Ka4ecTBO
MTOBEPXHOCTHBIX BOJI, OTPaHUIHBAIOIIIX ux
WCIIO/Ib30BaHKME, a TaK)KE€ HETaTUBHO BIIMAIONIMX Ha
COCTOSIHHE JHAa M OCperoBbIX BOIHBIX OOBEKTOB.
3arpsi3HEHUE TOBEPXHOCTHBIX W TOA3EMHBIX BOJ
MOJKHO pacHpeAenauTh Ha Takue TUnsI [1]:

e MEXaHMYeCKOe - TOBBIIICHUE COJEpKaHuUs
MEXaHWYECKUX MpUMecel, CBOICTBEHHOE B OCHOBHOM
MTOBEPXHOCTHBIM BHJIaM 3arpsi3HCHUH;

®  XHMHYECKOC - HAJIMYHE B BOJEC OPTaHHMUYCCKIX
W HCOPTaHMYECKUX BEIIECTB TOKCHYECKOTO U
HETOKCHYECKOTO JIEHCTBUS;

e (akTepHaIbHOE ¥ OMOJIOTHYECKOE - HATMYWE B
BOJIE Pa3HOOOPA3HBIX MATOT€HHBIX MUKPOOPTaHU3MOB,
rpuOOB U MEIKUX BOJOPOCIEH;

®  DAJMOAKTUBHOE - MPUCYTCTBUE
PaIMOAKTUBHBIX BEIIECTB B TIOBEPXHOCTHBIX WIIH
MOJA3EMHBIX BOJIAX;

® TEMJOBOE - BBIIIYCK B BOJOEMBI MOAOTPETHIX
BOJI TEILUIOBBIX B aTOMHBIX DC.

OCHOBHBEIMH ~ MCTOYHHKAMH
3aCOpeHHs  BOIOEMOB  SIBIICTCS  HEJOCTAaTOYHO
OUYUINCHHBIC CTOYHBIC BOIBI IPOMBIIUICHHBIX U
KOMMYHAITbHBIX TIPEIIPUSTHIH, KPYITHBIX
’KHBOTHOBOYECKUX KOMILJIEKCOB, OTXOJIbI
MIPOM3BOJICTBA TIPU Pa3pabOTKE PYAHBIX MCKOMAEMBIX;
BOABl IIaXT, PYJAHUKOB, 00pabOTKe © cCIjIaBe
JIECOMAaTEPHAJIOB,; cOpocCHI BOJIHOTO
1 YKEIIE3HOI0POKHOTO TPaHCTIOPTA; OTXO/IBI
MEepBUYHON 00pabOTKM IJIbHA, MECTUIUABI W T. .
3arps3HsOLIME BeLIECTBa, Momagas B MPUPOIHbBIE
BOJIOEMBI, TPUBOJAT K KAYECTBCHHBIM H3MCHEHUSIM
BOABI, KOTOpPbIE B OCHOBHOM TMpOSIBIAIOTCS B
W3MCHECHUN (PH3MYECKUX CBONCTB BOJBI, B YaCTHOCTH,
MOSIBJICHHE HEMPUATHBIX 3aI1aX0B, MPUBKYCOB U T. II.);
B M3MCHCHMM XHMHYECKOT'O COCTaBa BOJBI, B
YaCTHOCTH, TIOSIBIEHHME B HEW BpEIHBIX BEIIECTB, B
HAJTMYUH TUTABAIONINX BEUIECTB HA TTOBEPXHOCTH BOIBI
Y OTKJIaJbIBAHUHU UX Ha JTHE BOJIOCMOB.

CrouHble BOJABI pPA3JeNAOT HA TPHU TPYIIIBL:
(haHoBBIe, WK (PEeKATBbHBIE; XO3HCTBEHHO-OBITOBBIC,

3arpsA3HEHUSA n

BKJIIOYAIOIIIE CTOKH OT KamOy3a, Jymieil, mpauedHbIx
1 JIp.; IOJICIIaHEeBBIE, W HedTecomepkamue [2].

Jast haHOBBIX CTOYHBIX BOJ] XapaKTEPHO
BBICOKOE OaKkTepHalbHOE 3arps3HEHHEe, a TaKKe
OpraHUYECcKOoe 3arpsa3HeHue (xumuueckoe

moTpeOIeHHe KHUCIopoJaa IocTUuraeT Mr/i). O0béM
9TUX BOJ CPAaBHUTEJILHO HEBEIIUK.

X03sMCTBEHHO OBITOBEIC CTOYHBIC
BOJbI XapAKTECPU3YIOTCSI HCBBICOKMM OpPTaHUYCCKUM
3arpsA3HCHUCM. Ot CTOYHBIC BObI 00BIYHO

cOpachIBaroTCs 3a OOPT CymHA 1O Mepe 0Opa3oBaHUS.
COpoc mx 3ampeméH TOJIBKO B 30HE CAHUTAPHOM
OXpaHBL

[oncnaneBrle BOABI O0Pa3yIOTCS B MAITHHHBIX
orheneHusx cynoB. OHHM OTIMYAOTCA BBICOKHM
CoJIepKaHUEeM HE(TCTPOIYKTOB.

IIpou3BoACTBEHHBIE CTOYHBIC BOJBI 3arpsI3HEHBI
B OCHOBHOM OTXOJaMH W BBIOpOCAMH IIPOU3BOICTBA.
KonngecTBeHHBII M  KadeCTBEHHBI COCTaB HX
pasHooOpaseH U 3aBHCUT oT oTpaciu
MIPOMBIIIIICHHOCTH, €€ TEXHOJIOTHYECKUX MPOIIECCOB;
WX JeNAT Ha JBE OCHOBHBIC TPYIIIBL: COACpKaIINe
HEOpTaHMYECKUE MPHUMECH, B T. 4. M TOKCHYCCKHE, U
COJIep KAIITHE SIBI.

K mepBoii Tpymme OTHOCATCS CTOYHBIC BOJBI
COJIOBBIX, CyJb(aTHBIX, a30THO-TYKOBBIX 3aBOJIOB,
oboratutesibHbIX (aOpUK CBUHIOBBIX, IIMHKOBBIX,
HHUKENEBBIX Pyd M T. ., B KOTOPBIX COAEPIKATCS
KHCJIOTBI, IIEJI0YH, MOHBI TSDKEIBIX METauIoB M Ap.
CrouHble BOJBI ATON TPYIIBI B OCHOBHOM H3MEHSIOT
(u3nyecKre CBOMCTBA BOIbI.

CrouHble BOJBI BTOPOH TPYIIBI COPACHIBAIOT
HedTenepepabdaThIBaIOIINE, He(PTEXUMHUICCKIE
3aBOMBI, TPENNPUATHS OPraHWMYECKOro CHHTE3a,
KOKCOXHUMHYECKHE U 1p. B cTokax comepxarcs pa3Hble
He(PTETPOAYKTHI, aMMHAK, AITbJICTU/IEI, CMOJTBI,
(eHoNBI U ApyTrHe BpeAHBIC BemlecTBa. BpemoHOCHOE
JIECTBUE CTOYHBIX BOJ 3TOW TpYyMIbl 3aKIIIOYAETCS
TJIABHBIM 00pa3oM B OKHCIHUTEIBHBIX MpOIeccax,
BCJIEJCTBHE KOTOPBIX YMEHBIIAETCS COJICp)KaHHE B
BOJIE KHCJIOPOAa,
YBEJIMYHUBAETCSI OMOXMMUYECKasi HOTPEOHOCTh B HEM,
YXyALIaI0TCS OPTaHOJIETITHYECKUE TTOKa3aTeNIN BOIBI.

3arps3HeHue CTOYHBIMM BOJAMH B pe3yJbTaTe
MIPOMBIIIIEHHOTO MPOU3BOJCTBA, a TaKxKe
KOMMYHAJIbHO-OBITOBBIMHU CTOKaMU BEJET
K 9BTPO(HKALMK BOJOEMOB —  OOOTalleHHI0  HX
MUTATENbHBIMM  BEIIECTBAMH, MNPHUBOAALIEMY K
Ype3MEepHOMY DAa3BHTHIO BOIOpOCIECH, M K THOeTn
JpYruX BOIHBIX 3KOCHCTEM C HEIPOTOYHON BOAOH
(o3ep, mpymoB), a wWHOrma K 3a00JauMBAHHIO
MecTHoCTH [2].


http://pandia.ru/text/category/vodoroslmz/
http://pandia.ru/text/category/othodi_proizvodstva/
http://pandia.ru/text/category/othodi_proizvodstva/
http://pandia.ru/text/category/zheleznodorozhnij_transport/
http://pandia.ru/text/category/azot/
http://pandia.ru/text/category/ammiak/
http://pandia.ru/text/category/biologicheskaya_hiimya/
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Z[OBOJ'H;HO BpCAHBIM 3arpsA3HUTCIICM
MPOMBIIIICHHBIX BOJ SABJIACTCA Q)CHOH. OH
COACPIKUTCA B CTOYHBIX BOJax MHOT'HX

Herexummudyecknx mnpennpusituii. IIpm 3TomM pesko
CHI)KAIOTCSI OMOJIOTHYECKHE MPOLECCHl BOJIOEMOB,
Ipolecc WX CaMOOYHMIIEHHs, BoOJa IpHoOpeTaeT
cnenuuIecKuil 3anax KapOOIKH.

Ha >xu3HB HaceeHus BOJOEMOB MaryOHO BIHSIOT
CTOYHEIC BOJIBI LIEJUTIOJIO3HO-OyMaKHOU
npoMbInuieHHOCTH. OKHUCIICHHe JPEeBECHOH MacChl
COTIPOBOXKIAETCS  TOTJIOMICHHEM  3HAYUTEIHHOTO
KOJIMYECTBA KUCIOPO/IA, UTO IIPUBOJHUT K THOEIN HKPFI,
MaJbKOB U B3pOCHBIX pbIO. BomokHa wu apyrue
HEpacTBOPUMBIE  BEIlECTBA  3acOPAIOT BOAY U
yXyIIaroT ee (QHU3MKO-XMMHUUYeckue cBoiictBa. Ha
ppl0aXx W Ha UX KOpME - OECIO3BOHOYHBIX -
HeONaronpusTHO OTPaXKalTCs MOJIEBbIe CIUIaBbl. 3
THHUIOWICH IPEBECHHBI W KOPHI BBHIICISIIOTCS B BOAY
pa3nuuHble TyOWnbHEIE BemecTBa. CMona W Ipyrue
9KCTPaKTUBHBIC MMPOAYKTHI PA3NIaraloTCs U MOTIOMIAI0T
MHOT'O KHCIIOPOJIa, BEI3BIBAsI THOETh PHIOBI, OCOOCHHO
MOJIOOM W WKpHL. Kpome TOro, MoJeBBIe CIUIaBEI
CHIIBHO 3aCOPSIOT PEKH, a TOIUIIK HEPEIKO MOIHOCTHIO
3a0MBaeT WX [JHO, JHMIIAs pbBIO HEPECTHIMIL U
KOPMOBBIX MECT.

Hed b 1 HeTEIPOLYKTHI HA COBPEMEHHOM 3Tarie
SIBIIIFOTCSI OCHOBHBIMH 3arpsi3HUTENISIMA BHYTPEHHUX
BOJIOEMOB, BOJ U Mopeil, MupoBoro okeana. [lonanas
B BOJIOEMBI, OHH CO3/IAI0T Pa3HbIe ()OPMBI 3arpsI3HEHUS:
IUIABAIONIYI0 HAa  BOoAE  HEPTIHYIO  IUICHKY,
pacTBOpeHHBIE WM SMYJIBTHPOBAaHHEIE B  BOJE
HE(PTENPOIYKTHI, OCEBIIUE HA THO TSDKEIbIC (PpaKIUU
U T. 1. DTO 3aTPYIHSIET IPOLECCH (POTOCHHTE3a B BOJIE
W3-32 TPEKpaIIeHUs] JIOCTYyNa COJHEYHBIX IydeH, a
TaKXe BBI3BIBACT THOETh PACTEHUH M KUBOTHBIX. Ilpn
3TOM  H3MEHsAeTCcs  3amax, BKYC, OKpacka,
MOBEPXHOCTHOE  HATSDKEHHE,  BSI3KOCTH  BOJIBI,
YMEHBIIAETCS KOJHMUYECTBO KHCIIOPOJA, IMOSBISIOTCS
BpeJIHBbIE OpraHNYECKHE BEIIECTBA, BOJIa IPHOOpETaeT
TOKCHYECKHE CBOWCTBA M TIPEACTABIIAET yrpo3y He
TONBKO JUIA 4YeloBeka. 12 T HedTH [emaror
HETIPUTONHOW IS  yHmOTpeOJEHUS TOHHY BOJEBL
Kaxxmgas TonHa HeTH co3maeT HEPTAHYIO IUICHKY Ha
wiomany 10 12 kB. kM. BoccraHoBiieHrnEe NOpakeHHBIX
sKkocucTeM 3anumaet 10-15 ner.

Lenmn mnaHHOTO WCCIENOBaHUS — COOpaTh H
MIPOAHAIM3UPOBATh JAaHHBIE O 3arpsA3HCHMH BOJBI B
peciyoimuke Kot-n’UByap m permone JumOo0kpo,
pa3paboTaTh MaTeMaTHYECKHE MOJEIH 3arps3HEeHUs U
OYNCTKH PETHOHAIBHBIX CTOYHBIX BOJ, a TaKXke
pazpabotath  3(QQPEKTUBHYIO  TEXHOJOTHIO  HX
KOHJIMIUOHUPOBAHUSA, TPEIJIOKUTh  JEMEBBIH U
JIOCTYIIHBIN CIIOCOO OTYHCTKH.

1. Kparkoe onucaHue BpeIHBIX BelIeCTB,
3arpsi3HAIONINX BOLY

1. Cynvpamut — pacnpocTpaHEHHbIE
KOMITOHEHTBI IPUPOJIHBIX BOJ. VX mpHUCyTCTBHE B BOJE
00yCIIOBIICHO paCTBOPEHHEM HEKOTOPHIX MHHEPAJIOB —
MPUPOAHBIX Cynb(}aToB (TUIC), a TaK)Ke NEPEHOCOM C
JOXKIAMU COJIEpXKaIUXcs B BO3AyXe CylIb(haToB.
ITocnennue 0Opa3yrOTCS MPU PEaKIHUAX OKHCICHHS B
atMocdepe okcuna cepsl (IV) mo oxcuma cepor (VI),

00pa3oBaHMsI CEPHON KHUCIOTHI M €€ HEHTpanu3aluu
(moHoOM nnn yacTruyHOM) [3]:

2S02+ 02=2S03,
S0z + H20 = H2S04.

2. Xnopuowi: Xn0poBoopoTHasT KHCJIOTA
MpeACTaBIsieT  CO0OM  OIHOOCHOBHYIO — KHUCIIOTY,
KOTOpas TOJBEpPraeTcs JTUCCOIMAIMM B BOJHOM
pacTBOpe COTIacHO CleAyIoLEeMY ypaBHEeHHUIO [3]:

HCl & H+ + Cl—.

TeM caMmbIM o0pasyst comu — xyopuasl (NaCl —
xnopun Hatpusi, CaCly— xmopun kanbuus, AlCle—
XJIOPUJT ATFOMUAHUS | T.1T.).

3. A3om (0bwuil) — 3TO CyMMa MHHEPAIFHOTO H
OpPTaHUYECKOTO azora. A3zoTcopepxammne
HEOpTaHMYECKUE BEIIECTBA — 3TO aMMOHHA, HUTPATHI U
HUTPUTHI, IPAKTUIECKH BCETAA MPUCYTCTBYIOT BO BCEX
Bojax (BKIrOYas moja3emMubie) [4]. VX mMoBBIMICHHOE
COJICp’KaHUE CBHJIETEIBLCTBYET O HAMUYUM B BOJIE
OPTaHUYeCcKOro BEILlECTBA KHBOTHOT'O
HPOUCXOXKICHHS (MOYECBUHBI, OEJIKOB H Jp.).

4. Humpambi — CcONM a30THOH KHUCIOTHI,
Harmpumep, NaNOs, KNO3, NHsNO3, Mg(NQ3),. Ouu
SBJISIOTCSI  HOPMAJBbHBIMH  NPOAYKTaMH  oOMeHa
A30THCTHIX BEIIECTB JIIOOOTO >KUBOTO OpraHM3Ma —
PACTHTEIFHOTO u JKUBOTHOTO, MO3TOMY
«Oe3HUTPATHBIX» MPOAYKTOB B IPUpPOIE HE OBIBACT.

5. XKupvr u macra — TPUPOTHBIE COCAWHEHHUS,
HAXOJAAIIMECS B TKAHSIX JKUBOTHBIX, PpACTCHUH, B
CeMEHax M IJI0/IaX pa3JIM4HbIX PACTEHHMH, B HEKOTOPBIX
MHUKpoopranusMax. Kak mnpaBuiio, 3TO cMecH,
COCTOSIII[ME U3 MOJHBIX A(HUPOB TIHLEPUHA U HKHUPHBIX
KUCJIOT ¥ UIMEIOIIIUE COCTAB:

CH,—0—CO—R

CH—0—CO—R’,

CH, —0 —CO—R”"

rie R, R' u R — yrneBomopoaHeie ocCTaTKu
(pamuKabl) )KUPHBIX KUCIIOT, COAep Kaliye oT 4 10 26
aTOMOB yTJIepoJa.

6. Denon (CeHsOH) — poCTeHIIMi
MIPEeJCTaBUTEINb kiacca (heHonoB. OCHOBHBIMH
HUCTOYHHKAaMHU 00pa30BaHus ()EHOJIBHBIX CTOYHBIX BOJ
SIBIISIFOTCSL  TIPEATIPUSITHS  TEPMHUUYECKOH  00paboTKn
TOIUIMBA. JTO KOKCOXMMHUYECKHE, KOKCOIra3oBbIE
3aBO/JIbl, 3aBOJIbI MOJYKOKCOBaHHUS, Ta30reHepaTOpHbIE
CTaHIMH, NPEINPUITHS TEPMHUUECKOH 00paboTKH
JiepeBa, HCKYCCTBEHHOTO JKHUAKOTO TOIUIHBA.

7. Ceuney (Pb) — OT IJIaTHHCKOTO CJOBa
«plumbum» — pacnonoxen mecrom nepuozae B [VB
rpymme Ilepnoguueckoi tabmuuer [[.J1. Menneneena.

OtHocuTess K dnemeHTtaMm d-cemeiictBa. Meram.
OtHocuTenbHAasl aTOMHasi Macca CBHMHIIA paBHA
207,2a.e.m.

K TspKenbIM  MeTallilaM OTHOCSAT CBHHEI, MeJb,
KaJMHi, OUHK, XpOM, HUKENb, KOOAIbT, Mapraserl,


http://pandia.ru/text/category/tcellyulozno_bumazhnaya_promishlennostmz/
http://pandia.ru/text/category/tcellyulozno_bumazhnaya_promishlennostmz/
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%81%D0%BB%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D0%BE%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A4%D0%B5%D0%BD%D0%BE%D0%BB%D1%8B
http://chem21.info/info/17702
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JKeJe30, pTyTh. [IpUCYTCTBYIOT OHH B CTOYHBIX BOJax
MPOLIECCOB I'aJIbBAHUUECKOTO TOKPHITUS METaJIaMH 1
MHOTHX METaJUTypTUYECKUX IPOLIECCOB, BCTPEUYAIOTCS
OHH B caMbIX Pa3HOOOPa3HBIX CTOYHBIX
BOJIaxX TSDKEJIOM U JIETKOW MPOMBIIUICHHOCTH, a TaKkKe
U B [IaXTHBIX BOJAX.

8. Pmymb — D3JNEMEHT IIECTOro IepHoja
HNEPUOIUYECKON CUCTEMBl XMMHYECKHX 3IIEMEHTOB [l
N. MenneneeBa ¢ aToMHbIM  HoMmepoM &0,
OTHOCAUIWIACA K TMONTPYIIle IMHKAa (TOOOYHOM
noarpymme I rpymmsr). IIpoctoe BemecTBo pTyTh —
MEPEXOAHBIM MeTajll, IpU KOMHATHOW TeMmIepaTrype
MPEJICTABIISIOINE CO00H TSHKENMYI0 cepeOpucTo-0enyro
JKUJKOCTh, Iapbl KOTOPOHW 4Ype3BBIYaliHO SIOBHTHI.
PTyTh B OYeHb MajbIX KOJWYECTBAaX HPHCYTCTBYET B
MOBEPXHOCTHBIX IPUPOJIHBIX BOJAX, OCHOBHBIM €€
XPaHWIXIIEM B BOJHBIX CHUCTEMax SBISIOTCS JOHHBIC
OTJIOKCHHS.

2. JlanHble 0 3arpsi3HeHUH
pecny0iuxu Kor-n’UByap

VcxonHble naHHBIE TOTYyYEHBI HETIOCPEICTBEHHO
B pecnyOimke Kor-m’MByap B Xome paOoOTHI Han
nucceprauuoHHbiM npoektom bB.I'. Kyaccu [4]. B
paMKax  TOTO NpoeKTa  JaHHbIe MPOLILTA
npeiBapuTeIbHyl0 00paboTKy, IOCTaTOYHYIO IS
ACKHM3HOTO MPOCKTUPOBAHUS CHCTEMbI OTYUCTKU BOJI.
A T1enpl0  HACTOSINETO MCCIENOBAaHUS, SBISETCS
JIOBECTH CUCTEMY OTYHUCTKH BOJ JO COBEPILEHCTBA.
Jnst aToro Mbl pa3pabotaeM MOJEIH 3arpsi3HEHHUS U
OTYHCTKHM, KOTOpBIE B  JalbHeHmeM  OymyT
WCTIONB30BAHbl AL YJAYYIICHUS  3KOJOTHYECKOH
00cTaHOBKH A(QpHKaHCKHUX PECITyOIIHK.

2.1 O6padoTKa JaHHBIX

JAnst HarJsAHOCTH, TaHHBIE OYAyT MpeaCTaBICHEI
B Buae Tabmuu u rpaduxoB. g mocrpoeHus
rpaduKoB UCIONb3YyeM HPHUKIAAHON makeT Microsoft
Excel. Microsoft Excel (monnoe naspanme Microsoft
Office Excel) — mporpamma mis pabGoTel ¢
AJIEKTPOHHBIMH Ta0JIMIIAMH, CO3/IaHHAsI KOPIOpAaILUeH
Microsoft mus Microsoft Windows, Windows NT u
Mac OS. Bxomur B cocraB makera Microsoft Office.
Ipu nomomm Excel MoxxHO aHanmM3upoBath GONbIIHE
MaccuBbl gaHHbIX. B Excel MoxHO ncmonbs3oBath
oonee 600 MareMaTHYECKHX, CTAaTUCTHYECKHX,
(MHAHCOBBIX M JPYIMX  CHENHAIU3MPOBAHHBIX
(yHKIMHA, CBS3BIBATh PA3IUYHBIC TaOJNUIBI MEXIY
coboit, BBIOMpATh IIPOU3BOJIbHBIE bopmaTbl
npejicTaBiaeHUs]  NaHHbiX. s rpaduueckoro
NpPEJICTABICHUS.  JIAHHBIX ~ MOMHMO  HECKOJBbKHX
JIECITKOB BCTPOCHHBIX THUIIOB JAHArpamMm, MOXKHO
CO3/1aBaTh CBOM, HACTPAMBaEMbIC THIIbI, IOMOTAIOIINE
HAIJISIHO OTPa3UTh TEMATHKY JHAarpaMMBl.

Hexoropsle rpadukn copepar npuOIMKeHHe K
JUHEHHOMY TpeHOy. 3ajgada BbeIOOpa (QyHKIHH

BOJI0EMOB

3aKJroyaercss B Iojdope 1o (haKTHYECKUM JaHHBIM
(OpMBI 3aBHCHMOCTH TaK, YTOOBI pa3HUIA MEXIY
ucxogubiMu  (Y) U pacuetHbiMH (y) JaHHBIMH,
00pa3yomuMH JIMHUIO TPeH/a, Oblla MUHUMAJIbHOM
2).

COOTBETCTBEHHO DPAacCCUMTBHIBAIOTCS IapaMeTphl
TpeH/la, MUHUMH3HPYIOIIHE OTKIOHEHHUS PaCUETHBIX
3HAaYCHUH OT (PaKTHUICCKUX.

Tpenx MoxeT OBITH BBIpaXKEH JIO00U (QYyHKITHEH,
HarpuMmep:

e IMHEWHOM, BUumay = a + b - x;

® THUNepOONMYECKON, BHIay = a + %;

e mapabonuueckoil, Buga y = a+b-x+c:
x?.

B nanHoil pabore BHA TpeHOAa NPUHHUMAETCS
JMHEWHBIM: y = a + b-x, Tae Y — wuccienyemas
NIepeMeHHas WM 3aBUCHMAas TIEpPEMEHHas; X — YHUCIIO,
OIIpEAEIIAIONIee MO3UIHIO (BTOPOH, TPETHH 1 T.XI.) roJa
B IEpHOAE MPOTHO3UPOBAHHUS WIM HE3aBHCHMAs
TIepeMeHHasl.

[Ipyn nMHENHON amnmpOKCHUMALMU CBSI3H MEXIY
JBYMsI TIapaMeTpaMy JUIS HaXO3KACHHST IMITUPUIECKIX
K03(GUINEHTOB  JNUHEWHOH  (QyHKIMM  OOBIYHO
UCTIOJNIB3YETCsl METOJ] HauMEHbINIUX KBaaparoB. CyTh
MeToJla COCTOMT B TOM, YTO JIMHEHHas (yHKUIUSL
«HAWJTY4LIero COOTBETCTBUSI» MPOXOIHUT
HanOmKamuM o0pa3oM K 9IKCIHEPHUMEHTAIBHBIM
TOYKaM rpaduka. MaTeMaTH4ecKy ycIoBHE OIM30CTH
WUCXOJHBIX TOYEK M AaNNpOKCHUMHUPYIOUMIEH MpsSMOi
3aIMCBIBACTCS CIICAYIOIUM 00pazoM [5]:

S(@,b) =Ty —a—b-x)? >min (1)
rre n — o0BeM HCCIeoyeMOH COBOKYIHOCTH
(YHCII0 eAVHMIT HAOTIOIEHUT ).

3HayeHUs OMIMPUYSCKHX KOHCTAHT a U b

OTIPEAEIAIOTCS 10 (hopMyJIe:

Ab =XiZy; - Titx —n- it xy, )

:::711 yi-(3)

JlaHHBII anTOpUTM peaqu30BaH B  CHCTEME
nocrpoeHus rpadukos Excel, xpome Toro amroputm

. . . 2
_ \Vi=n . \i=n _ \i=n .
Aa = XiZ1 X N1 ViXi i=1%i

BBIIAaeT ABTOMATHUYECKH CTENEeHb JIOCTOBEPHOCTH
MOJIEIIHL.

2.2 [IpencraBieHue JaHHBIX

JlaHHBIE  TOIMYHBIX  BBIOPOCOB  CyJb(aToOB,

XJIOPUJIOB, a30Ta, HUTPATOB, KUPOB U Macel, (eHoa,
CBUHIIa M PTYTH B BOAHBINA OaccelH pecmybnnku Kor-
n’Ueyap 3a mepuon 2010 — 2019 roms! mokaszaHsl B
tabn. 1-8, a ux rpaduyeckne oOpasbl n GopMysIbHBIE
MIpe/ICTaBIIeHNUS TPHUBEIEHBI Ha puc. 1-8:


http://chem21.info/info/1561074
http://chem21.info/info/1561074
http://chem21.info/info/587313
http://chem21.info/info/12369
http://chem21.info/info/15774
http://chem21.info/info/15774
http://chem21.info/info/66160
http://chem21.info/info/1289958
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Tabnua 1
T'0/10BBIE BEIGPOCH! CYIB(ATOB B BOJOEMEI B YCII. €.
Toap! | 200  2011]  2012]  2013]  2014| 2015] 2016] 2017] 2018] 2019
Buibpocsl s yen. ea. | 2,1 2.2 2] 18 19 1,9 2] 18 18 1,9
BeiGpockl No Mogenu 2,082 2,0517 2,0214 1,9911 1,9608 1,9305 1,9002 1,8699 1,8396 1,8093 CpenHee MakcumansHasn
AGcon. MorpewHocTs 0,018 -0,1483 00214 0,911 00608 0,0305 -0,0998 0,0699 0,0396 -0,0907 0,00565
A6con. NorpewHocTs B 0,000324 0,02199 0,00046 0,03652 0,0037 0,00093 0,00996 0,00489 0,00157 0,00823" 0,09411  0,1911
OtrocuTenshan norpew -0,00857143 7 -0,06741"  0,0107” 0,106177  0,032” 001605  -0,0499” 0,03883"  0,0227-0,04774 0,00521
0,10617

OTHOC NOTp B KB.
Koppenaunsa

Boibpocwl B yon. eq,

7,34694E-05 0,00454 0,00011 0,01127 0,00102 0,00026 0,00249 0,00151 0,00048 0,00228 0,04904
0,67965906 0,46194

Bbibpocbl cynbdaTos B ycn. ea.

2009 2010

2011 2012

y =-0,0303x + 62,985
R?=0,4619

2013 2014 2013 2016

BpemenHoM nepuog e rogax

® BoiGpocel B yoA. e,

2017 2018 2019 2020

NvHKA TpeHaa

Pucynox 1. — I'pagux modenu nocmynienus cyno@anmos 6 6000EMbl U NOCMPOEHUE COOMBEMCNBYIOUe20
JuHelino2o mpenoa 6 nepuood 2010 — 2019z

Tabmuma 2
T'0I0BEIe BEIGPOCE! XIOPHIOB B BOJOEMEL B VCIL. €1l
Toap! [ 2010  2011] 2012  2013] 2014 2015[  2016] 2017 2018]  2019]
BeiBpockl B ycA. e, | 6,3 0,7 6,5 59 5,7 54 5,6 57 54 5,6
BelBpockl no mogenu 06,542 06,4172 06,2924 06,1676 06,0428 5,918 5,7932 5,0084 5,5430 5,4188 CpegHee MaKkcumanbHan
A6con. MorpewHocTs 0,242 -072828 -0,2076 0,2676 03428 0,518 0,932 -0,0316 0,1436 -0,1812  0,1004
ABcon. MorpewHocTs B 0,058564 0,07998 0,0431 0,07161 0,11751 026832 0,03733 0,001 0,02062 0,03283 027034 0,518
OtrocuTenshan norpew 0,038412698 7 -0,042217-0,03194" 0,04536" 0,06014" 0,00593" 0,0345"-0,00554" 0,02659"-0,03236 0,01532
OTHOC norp s Ke. 0,001475535 0,00178 0,00102 0,00206 0,00362 0,0092 0,00119 3,1E-05 0,00071 0,00105 0,04704 0,09593
Kopennauua 0,819242545 0,67116
BblﬁpDCbl Xnopmaoe B ycn. €4,
7

+ . y = -0,1248x + 257,39

]

. 68,5 ® 2

S © B =0,6712

=

m

- 6

Nl

%]

a °

o 5,5

]

m

5
2008 2010 2012 2014 2016 2018 2020

® Bribpocsl B yon. e,

BpemeHHol nepuog, B rogax

JIMHHWA TpeHaa

Pucynox 2. — I'pagpux modenu nocmynienus Xxa0puoos 8 6000EMbl U HOCMPOEHIUE COOMBEMCMBYIOUWE20

JuHelino2o mperoa 6 nepuood 2010 — 2019z
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Tabxuna 3
T'omoBEIE BBIﬁpOCI:[ OKCHIA a30Ta B BODOCMEL B YCII. €.

Toawt 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Boibpocekl B yca. eg. 40,6 36,8 36,5 274 36,5 34,2 32 35,9 27,7 25,5

Buifpockl no mogeaun 38,518 37,3598 36,2016 35,0434 33,8852 32,727 31,5688 30,4106 29,2524 28,0942 CpepgHee MakcumanbHasa

ABcon. NMorpewHocTs -2,082 05598 -0,2984 76434 -2,6148 -1,473 -04312 -54894 1,5524 2,5942 -0,0039

ABcon. NMorpewHocTs B 4334724 0,31338 0,08904 58,4216 6,83718 2,16973 0,18593 30,1335 2,40995 6,72987 334103 7,6434

OTHocuTensHas norpew” -0,05128079 " 0,01521 -0,00818~ 0,27896 -0,07164 " -0,04307 -0,01347 -0,15291" 0,05604~ 0,10173 0,01114
OTHOC Norp B Ke. 0,002629719 0,00023 6,7E-05 0,07782 0,00513 0,00186 0,00018 0,02338 0,00314 0,01035 0,11171 0,27896

Kopeanauua 0,705577513  0,49784

Bbibpocol a3oTa B ycn. ea.

y =-1,1582x + 2366,5

a1 .
39
37
35
33
31
29

L ]

25
2009 2010 2011 2012 2013 2014 2015 2016 2017

® Buoibpocol B yon. ef,.

JlvHKWA TpeHaa

R? = 0,4978

2018

L ]
2019 2020

Pucynox 3. — I'pagpux modenu nocmynienusi azoma 6 6000EMbl U NOCMPOEHUE COOMBEMCMBYIOWE20 TUHEUHO20

mpenoa 6 nepuoo 2010 — 2019 22

Tabmuma 4
T'ogoBEIE BBIG]JOCBI HHTPATOB B BOOOCMEI B YCII. €.
Togp! 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Buifpockl B yoa. ea,. 3795 391,7 396,4 409,2 366,4 409,9 434,2 4379 424,6 421,2
BeiBpockl No Mmoaenu 381,661 387,307 392,953 398,599 404,245 409,892| 415,538 421,184 426,83 432,476 CpegHee MakcumanbHas
Abcon. MNorpelwHocTL 2,161 -4,3928 -3,4468 -10,6007 37,8454 -0,0085 -18,6624 -16,7163  2,2298 11,2759 -0,03155
Ab6con. NorpewHocTs B 4,669921 19,2976 11,8804 112,375 1432,27 7,2E-05 348,285 279,435 4,97201 127,146 i 15,2082 37,8454

OtHocuTenbHan norpew. 0,005694335 -0,01121" -0,0087"-0,02591" 0,10329" -2,1€-05" -0,04298 " -0,03817” 0,00525" 0,02677 01,0014
2,8E-05

OTHOC NOTp B KB. 3,24254E-05 0,00013 7,6E-05 0,00067 0,01067 4,3E-10 0,00185 0,00146
Kopennasuua 0,727416179, 0,52913

Bbibpockl HUTpaTOB B yCA. ea.

8888

R2=0,5291

p=y
fury
=

[¥=]
[=]

Beibpocel B yon. eq,.
W g
(=]

L ]

2008 2010 2012 2014 2016

BpemeHHOM Nnepuog B rogax

® Boibpocw B ycn. en.

y = 5,6461x - 10967 . °

NUHKA TpeHaa

2018

0,00072 0,03953 0,10329

2020

Pucynok 4. — I'pagux mooenu nocmynnenus HUmMpamo8 8 6000EMbl U NOCMPOEHUE COOMBEMCMBYIOUE20

JuHeliHo2o mpenda 6 nepuod 2010 — 2019 ze
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Tabnuna 5
To/10BEIe BEIGPOCHI )KHPOB H Macel B BOJJOEMEI B yCII. €]l

[ [ 2010  2011]  2012]  2013]  2014[  2015]  2016] 2017]  2018] 2019

Beifpocsi Bycn. eg. | 7.2| 57| 58] 49| 41| 34| 2,9| 2,3] 2.2 2,1

Buibpocsl no moaenm 6,618 6,0598 5,5016 49434 4,3852 3,827 3,2688 2,7106 2,1524 1,5642 CpegHee MakcumanbHas

A6con. MorpewHocTs 0,582 0,3598 -0,2084 0,0434 02852 0,427 03688 -0,0894 -0,0476 -0,5058 -0,0039

A6con. MorpewHocTs s 0,338724 0,12946 0,08904 0,00188 008134 0,18233 0,13601 0,00799 0,00227 0,25583" 0349098 0,582

OTHocuTensHan norpew -0,08083333 " 0,063127-0,05145” 0,00886" 0,06956  0,12559 0,12717 -0,03193 " -0,02164 " -0,24086 -0,00324

OTHOC NOTp B Ks. 0,006534028 0,00398 0,00265 7,8E-05 0,00484 0,01577 001617 0,00102 0,00047 0,05801 0,10466 0,24086

Kopennauua 0,976995463| 0,95452

Bbibpochl MpOB M Macen B yci. ef.

. y =-0,5582x + 1128,6
R2 = 0,9545

Boibpocwl B yen. ea,
=] La = Ln (=] =] [e:]

ot

2008 2010 2012 2014 2016 2018 2020

BpemeHHol nepuog, B rogax

® Buibpocwl B ycn. eq. Nuuua Tpenaa

Pucynox 5. — I'pagpux modenu nocmynienus sHcupos u maceil 6 6000EMbL U NOCMPOCHUE COOMBEMCMEYIOUe20

JuHeliHo20 mpenda 6 nepuod 2010 — 2019 ze

Tab6muma 6
T 0/10BbIE BEIOPOCH (heHOIIA B BOJOEMEI B YCII. €/1.

Toabl 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Bribpockl B yca. eq,. 39,9 32,6 30,7 25,8 28 245 22,4 20,2 17,7 16,1
BeiGpockl no mogenu 36,285 33,9535 31,622 29,2905 26,959 24,6275 22,296 19,9645 17,623 15,2015 CpegHee MakcumansHasa
ABcon. MorpewHocTs 3615 13535 0,922 34905 -1,041 01275 -0,104 -0,2355 -0,067 -0,7985 0,00325
ABcon. MorpewrocTs B 13,068225 1,83196 0,85008 12,1836 1,08368 0,01626 0,01082 0,05546 0,00449  0,6376 1,72459 3,615
OtrocuTenshan norpen, -0,0906015 " 0,04152" 0,03003”7 0,135297-0,03718" 0,0052-0,00464" -0,01166 " -0,00379” -0,0496 0,00146
OTHOC NOTp B K. 0,008208632 0,00172 0,000 0,0183 0,00138 2,7E-05 2,2E-05 0,00014 1,4E-05 0,00246 0,0576 0,13529
Ropennauua 0,968403485| 0,93781

Buibpocbl ¢peHona B ycn. en.

E

" y =-2,3315x + 4722,6
2-0,9378

(¥ %)
[Ne)

[*~)
=

(=]
o

Beibpockl B yon. eg,
P
=

2008 2010 2012 2014 2016 2018 2020

BpemeHHoM nepuog B rogax

®  Buibpocel B yon. e, JIMHHUA TpeHaa

Pucynox 6. — I'pagux moderu nocmynnenusi penona 8 6000Embl U ROCMPOEHUE COOMBENCMBYIOWE20 TUHETHO20

mpenoa 6 nepuoo 2010 — 2019 zz
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Tabnuma 7
T0/10BEIC BEIOPOCHI CRHHIIA B BOJOEMEI B YCIL. €T,
Toas! | 2010]  2011] 2012]  2013] 2014 2015] 2016]  2017] 2018  2019]
Buibpocki Bycn. ea. | 15,7 12,7 13,9] 11 9| 64| 6.2 87| 7,6 5,7
Beibpock! no mogenv 14,376/ 13,3536 12,3312 11,3088 10,2864 9,264 8,2416 7,2192 6,1968 5,1744 CpegHee MakcumansHas
A6con. MorpewHocTs 1,324 06536 -15688 0,3088 172864 2,864 2,0416 -1,4808 -1,4032 -05256 0,0852
A6con. MorpewHocTs B 1,752976 0,42719 2,46113 009536 1,65482 82025 4,16813 2,19277 1096897 0,27626 152316 2,864
OtrockTenbHas norpew -0,08433121" 0,051467-0,11286" 0,02807” 0,14293" 0,3475” 0,329297-0,170217-0,18463" -0,09221  0,0355
0,007111753 0,00265 0,01274 0,00079 0,02043 0,20026 0,10843 0,02897 0,03409 0,0085 0,2059  0,4475

OTHOC NOTpP B KB.

Kopennauwsa 0,887995964 0,78854

Beibpockl cBMHUA B ycn. ea.

17
]
.15
¥
. 13
=
=
= 11
o 9
a8
o 7
a
5
3
2008 2010

2012

2014

y =-1,0224x + 2069,4
RZ = 0,7885

2020

2018

2016

BpemenHoit nepuog B rogax

® Buibpocw B yon. ef,.

Pucynox 7 — I'paghux modeau nocmynnenus ceunya 6 6000Embl U NOCMPOEHUe COOMEEMCMBYIOUe20 TUHENHO20
mpenoa 6 nepuoo 2010 — 2019 22

NuHmna TpeHaa

Tabmuma 8
T"0/10BBIE BEIGPOCH! PTYTH B BOJIOEMBI B YCIL. €]1.

[ | 2010  2011]  2012]  2013]  2014]  2015]  2016] 2017 2018]  2019]
Buibpocsi Bycn. en. | 0,03 0,02] 0,02] 0,01] 0,01] 0,01] 0,01] 0,01] 0,01 0,01

3 2 2 1 1 1 1 1 1 1
Beibpockl no mogenu 0,0587 0,0569 0,0551 0,0533 0,0515 0,0497 0,0479 0,0461 0,0443 0,0425 CpepgHee MakcumanbHas
A6con. MorpewHocTs -2,0413  -1,9431 -1,9449 -0,9467 -0,9485 -0,9503 -0,9521 -0,9539 -0,9557 -0,9575 -1,3494
AGcon. MorpewHocTe 5 8,65124569  3,77564 3,78264 0,89624 0,89965 0,90307 0,90649 0,00993 0,91336 0916817 1,50183  2,9413
OtHocuTensHan norpew -0,98043333 -0,97155"-0,97245" -0,9467" -0,9485" -0,9503" -0,95217 -0,9539" -0,9557" -0,9575 -0,95891
OTHOC NOTp B KB. 0,961249521 0,94391 094566 0,89624 0,89965 0,90307 0,90649 0,90993 0,91336 091681 0,95898 0,98043

Kopennauusa 0,787295822 0,61983

Buibpockl pTyTH B yCA. eq.

0,035
0,03
0,025
0,02
0,015

0,01

Buibpocol B yen. eq,

0,005

2008 2010

2012

BpemeHHo#l nepuog e rogax

Bribpocwl B yon. eg,.

y =-0,0018x + 3,6767
R2=0,6198

2014 2016 2018 2020

JIWHMA Tpenga

Pucynok 8. — I'pagpux modenu nocmynienusi pmymu 6 6000EMbl U ROCHPOEHUE COOMBEMCMEYIOUe20 IUHEH020
mpenoa 6 nepuoo 2010 — 2019 zz

Amnanu3 JAHHBIX 110 3arpsA3HCHUIO HpHpOHHOﬁ

BOJAbl W TIOJYYCHHBIC

MaAaTEMaTUYCCKUC

MO

MOKAa3bIBAIOT, YTO JJsI HUTPATOB (XOTS TOKAa WX
YpOBCHb B TIpejieiax HOPMbI) HAOJIIOJACTCS OMacHOe
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YBEJIMYCHUE KOHLEHTpauuu. BBIOpockl Bcex Npoymx
BPEIHBIX BEIIECTB €KET0JHO COKPAILAIOTCSI.

Jnst  BBIABICHUS CBSI3W  MEXIY JIUHAMHKOH
pPa3NMuYHBIX BpPEAHBIX BEIIECTB, MOCTYHAIONIUX B
BojoeMbl pecrtyoniku Kor-n'MByap 3a mocneanue 10

JKUPBI 1 Macjia BBICOKO KOPPEIUPYIOT C HarOOJIBIINM
YHUCJIOM KOMIIOHCHTOB. O’I‘pI/IIIaTCJ'ILHO KOppEIUPYIOT C
BCIICCTBAMU TOJIBKO HUTpATbl, 4YTO O3HA4YacT, 4YTO
ApyTrue B€UICCTBA BI)I6paCLIBaIOTCH B PCKY B MCHbIIIHNX
KOJIMYCCTBAX, a BLIGpOCI)I HUTPATOB YBCJINYUBAIOTCA.

JICT MBI IPOBEJIN KOppeJ‘IHILI/IOHHHﬁ aHaJIn3, COCTaBUJIN P €3yJIbTaThbl KOPPEIAIIUOHHOT'O aHaJinu3a
KOPPESAIHOHHYI0 MaTpUIly. PackpammBas MaTpuIly B NIPEICTaBICHBI B TaOIuUIle 9 1 Ha pUCyHKe 9.
3aBUCUMOCTH OT YPOBHA KOPPEIAINNU, Mbl BUANUM, YTO
Tab6muma 9.
Koppeasiunonnas MaTpuua 3arpsi3HeHUi
XnopHa Oxeia KHpel H
Cyasdatst o a3oTa |HHTpate! \acTa ®egon | CeHHEN | PTyTH
V) i
CynbdaTbl 0,76353| 0,59392| -0,47425| 0,65952| 0,72088| 0,55582| 0,75341
Xnopuapbl 0,763526461 0,56024| -0,51555| 0,84393| 0,77067| 0,87097| 0,78526
OKeug asoTa (IV) 0,593921949| 0,56024 0,68165| 0,79488| 0,63988| 0,67979
HuTpaTbl -0,47424983| -0,51555| -0,56403 -0,718| -0,7671| -0,61517| -0,54976
¥upbl 1 macaa 0,659524894| 0,84393| 0,68165 0,96917| 0,94677| 0,86907
deron 0,720878514| 0,77067| 0,79488 0,96917 0,8817| 0,87071
CeBuHeL 0,555824152| 0,87097| 0,63988| -0,61517| 0,94677 0,8817 0,87706
PTyTb 0,753410575| 0,78526| 0,67979| -0,54976| 0,86907| 0,87071| 0,87706
CpeaHwii koad. koppen| 0,571604589| 0,63488| 0,54829| -0,40048| 0,65651| 0,65511| 0,64463

* 5575

40
35
30
25
20

13

10 y = 1,908x + 1,848
®

®  ®eHon (0T MUPOE)
PTyTb (OT 3WpOB)
= [IWHefHaA (DeHoN (0T MUPoB))

NuHeiiHan (PTyTo (T Mupoe))

=
y = 4,0841x + 9,0043 2010

L]

y=0,2251x + 4,9548

y=0,3513x - 0,0438
3 6 7 8

CeMHeL, [OT }KUpoB)
Xnopuapl (0T MUPOE)
NuuelHaa (CenHel (OT KUpoB))

NuHeRHaA (Xnopuabl (oT #upos))

PucyHOK 9. — Jluneiinas 3a8ucumocmeo PasiudHblx GpeaHbl)C eeujecme OMHOCUMENIbHO JHCUPO8 U maceil

B xonme cOopa IaHHBIX O COCTaBY BOJI, YJAIOCh
OOHapYXUTh TOJOOPKY CBEIEHHUH O MOMECSIHOM
MOCTYIUIGHUW  3arps3HEHUsST ~ HUTpAaTaMd  BOJBI.
BrisiBieHO, 9TO B pa3HBIE MECSIBI 3TO MOCTYIJICHHUE
CYILIECTBEHHO HEOJUHAKOBO. J[JIsl yueTa Ce30HHOCTH B
HAIly TPEHIOBYK) MOJEIh MBI PEIIWIN JT00aBUTh
COOTBETCTBYIOIIYIO MOJIENb — OBICTPBIX PETYIISIPHBIX
H3MEHCHUM.

W3 rona B rox 3arpsi3HEHHE pacTeT IJIaBHO, HO B
TeYeHHe TroJia MOKa3aTelu CHUJIbHO pasHATCS. Mbl
XOTHUM YUYECTb 3TO 00CTOSATEIBCTBO, IPEIIOTI0KHB, YTO
JMUHAMUKA BHYTPHUIOJOBBIX KOJICOAHUN TOBTOPSCTCS.

T.e. cymiecTByeT HeKas MEPUOIUIHOCTH. [IpencTaBuB
HUCXOHYI0 KyCOUHO-TMHEHHYI0 (DYHKITUIO B Mpeaenax
rojla, Mbl BBIABHIH, YTO Ha 12 oOTpe3kax oOHa
OJIHO3HAYHO YJOBJIETBOpSET ycloBusM [upuxie [6],
M03TOMY MPEJCTABUIIM 3TH JaHHBIE C TOMOLIbI0 Dypbe
pa3iloKeHusl Ha MHTEpBaJle OJIMH TOJl.

y=f0) = Zily +3850 (e 2] - Hex—x) -
H (i = %), (4)
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[ |
EEST

rie, i — HoMep uHTepBana; | — YUCII0 NHTEPBAJIOB;
H(x) — pynxius Xesucaiina.

CornacHo Metony @Dypbe pasjOKeHUs,
(GyHKLUS IpeacTaBuMa B BUJIE psaa

oTa

nx

+ N (a,- cos( x) + b, - sin (—))
(5)

fo) ==

KO3 HUILHEHTB KOTOPOTO an M bp cunTaroTes mo
(dopmynam:

nx

=7 f f(x) - cos (/)dx, (6)
=1 f f@)-sin(Fdx (D)
[MoctpouB  rpaduk  Dypbe-pazinoxeHHus B

Mathcad, monyuunu KapTHHY TOMECSYHBIX BBIOPOCOB
HUTPATOB B TeueHue roaa (puc. 10).

27k
Cx 26+
CF(x.8)

25+

24

Tk.x -1

Pucynox 10. — I'pagpux nomecaunvix 6b10p0co8 HUMPAmMos Ha UHmepaaie 0OuH 200
B cosoxynnocmu modenv doneocpounozo mpenoa (cm. puc. 4)

y =5,6461x — 10967 (8)
U BHYTPUTOJIOBOH ObicTpoii munamuku (5) - (7)
KOMOHMHHUPYIOTCSI B 0011[ee ypaBHEHHE
a " mri-t
6y 2+ (Sia; cos(Fgt) + 38, by - sin (FE))
£6) = [~10967 + 5,6461 - (2010 e )] . ©)
2
I'paduueckuii ob6pa3z ¢ynkiuu (9) nokaszaH Ha
puc.11; Ha HeM ke mpuBeeHbI PaKTHUECKHE TaHHBIE:
480 T T T T T T T T T
460 - , |
o
440 I ﬂ' }l \ )
i(t) i /\ ’ /“- k /‘ L"\ |‘ "‘ J{ *
— Lol
p 420f | ‘h (‘\ }L\ / \ J LN J A\J( 1
k “ ‘\L = (1 W \\I \
" 00k f} o \ J b [ \f ! |
| | A \f U
el ey
| ‘\I H\ I | 'u“\ Y
380} Wl |
j y
\ .
360 1 1 1 | | | L | L
2012011 2012 2013 2014 2015 2016 2017 2018 2012020
t+6
(2010 + 5 )'Tk

Pucynox 11. — Cezonnas modens 8blopocos Humpamos 6 800ul pecnyoiuxu Kom-0'Hgyap coenacno (9) —
CHAOUWIHAS TUHUSL 8 CONOCMABIEHUU C OAHHBIMU UBMEPEHUIl — MOYKU
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3. AHAJIM3 XHMHYECKOro COCTaBa MOA3E€MHBIX
BOJ B peruoHe JlumM00okpo

Tabnuma 10
DU3MKO-XUMHYECKHE MOKA3ATEIH MOA3eMHBIX B0/ B peruoxe InmMookpo
Ne TToxazarerm Enyamma Mum. Makc. Cpemnamit Ig&hféa
1 pH MI/J 512 8,31 6,58 6,5-8,5
2 IpoBoaumocTh puS/cm (MxCwm/cm) 106 1535,00 391,40 -
3 Temreparypa °C 21,40 31,60 27,18 -
4 MyTHOCTB NTU (INTU =0.58mr/m) 0,33 3,49 0,79 <5
5 [[BetHOCTH UCV (°TIKII) - - - <15
6 Mapranen (Mn) MI/J1 0 0,9 0,04 <0,1
7 Keneso (Fe) ™I/ 0 25 0,19 <0,3
8 Kanbmii (Ca?*) MI/IT 4,01 155,00 32,51
9 Mg2* mr/n 194 | 4860 13,02
10 Harpuii (Na*) MI/J1 0,95 7,06 3,27
11 Kamii (K¥) MI/IT 0,42 3,14 1,46 <12
12 F“I‘(ﬁ’ég’ff)’fm M/ 6L | 45140 209,05
13 Xop (CI) MI/J 3,55 92,20 17,61 <250
14 Hurpar (NO3 ) MI/J1 0 27,00 15 <50
15 Cymedart (SO4 %) MI/T1 0 26,00 5,09 <250
16 Ammonmii (NHz *) MI/T <15 <15 <15 <15
17 TH oGmit O 2,80 58,48 1342
18| Oxwucisiemocts (KMnOy) mr Oz /i1 <5 <5 <5 <5

U3 MNPUBEACHHBIX NAHHBIX BUJAHO, YTO B IIEPHUOJ
JIMBHEBBIX C6pOCOB HpI/IpO,E[HOﬁ BO/JIBI Ha6moz[aeTc;{

3HAYUTCJIIbHOC MMPEBLIIICHUC HOPMAJIBHOTO YPOBHA JIA
Mapradia 1 xeJjie3a.

Tabmmma 11
ExxemecAyHble BbIBpOCh! MapraHua B Mr/n
Mecaup! |AHBapb |®espanb |MapT Anpenb |Mai WioHb Wwonb Asryct  |CeHTAbpb|OKTAGPL |HoAbBpb |[dekabpb
BbiGpocsl 03 0.2 0.16 0.2 0,03 0,03 0,04 0,03 0,06 0,06 0,05 0.16
BblﬁpDCbI mMapraHua B Mr,f'ﬂ
0,35
0.3 L]
= 0,25
=
= 0.2 L ]
oo . »
2 0,15
o
@A 01
0,05 ¢ * .
e ¢+ * o
0
0 4 6 8 10 12 14
BpemeHHOM NEpPMOL B MECALEX
Pucynox 12. — Ilomecsaunoe 3aepsisnenue mapeanyem
Tabnuma 12
ExxemecauHble Bbibpocsl Kenesa g mr/n
Mecaupl |AHBapb |®espanb |Mapt Anpenb |Maw UioHb Uionb Asryct  |CeHTAGpb|OKTAGPL |HOAGPL |Adekabpb
Boibpocol| 0,16 0,18 02 0,01 0,01 0,34 047 031 0,01 0,02 0,04 0,11
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(]|

BoiBpochkl #enesa B mr/n

= 0,35
2 .
L E:
T 0,25
a2 02 .
kE n [ ] *
Z 0,15

0,05

D [ ®
0 2 4

[

B 10 12 14

BpeMEHHOM NEpMOL B MECALE

Pucynox 13. — Iomecaunoe 3azpsaszuenue dcenesom

CornacHO UMEIOINMCS TaHHBIM 3KOJOTMYECKOT0
MOHHTOPHHIA, XHMHYECKHH  COCTaB  BOABI B
peciyomnke Kot-g'MlByap B mepuwonm nmoxkaei, He
yAoBieTBOpsieT HopMaM BcemupHoit Opranuzauuu
3npaBooxpanerns (BO3) mo mapranmy u skenesy.
Takum 00pa3oM, MPOIECC OYMCTKH BOABI SIBISIETCS
aKTyaJIbHbIM.

4. Ucnonb30BaHuEe CKOPJIYNBI Opexa aHaKap/
AJIS OYMCTKH BOABI OT MAPraHIa U ’Keje3a

AKTUBUPOBaHHBIH yronb (AY) — 3TO pearesr,
IIMPOKO HCTIONIB3YEMBIH NPH OYHCTKE XUIKUX HIIH
razoobpasHsix cTtokoB. OH  ycTpaHsSeT IyTeM
ajzicopOIMy BCe WIIM YacTh BEIECTB, OTBEYAIOUINX 32
BKyC, 3allax WIN IBET BOAHBIX CTOKOB, a TaKXe
NPUPOJHBIX MM KCEHOOMOTHYECKHX OPraHHYECKHX
3arpsi3HUTENEH, a TaKkke MOHBl METaIOB B Bojae. AY
MOXeET OBITh TIOJTyYeH U3 JI000T0 THUIIA OPraHUIECKOTO
TBEPAOTO MaTepHasa, TaKoro Kak Topd, JpeBecuHa U
Jpyras JIMTHOIEJUIIONIO3HAas Ouomacca, IUIOIOBBIE
000JI0YKH MU KOCTOYKH.

Pecniyoimka Kot-n'MByap siBisiercst BeqylIuM
NPOU3BOJUTENEM OpexoB aHakapa B Adpuke. B
MOCTE€THUE TOJMBl €ro IPOHM3BOJCTBO IOCTOSIHHO
yBenmuuBaetcs: 380 000 Tonn B 2010 roxy, 450 000
toHH B 2012 roxy, 6onee 700 000 Torn B 2015, 725 000
ToHH B 2016 roay u 750 000 tonn B 2018 roay, 4ro
COOTBETCTBYET MOYTH 1/4 MHPOBOro NMPOW3BOJCTBA.
Ilocne wu3Bnedyenus wmuHAans wu3 opexoB, COA
ABJSIETCS HEHY)KHBIM NpPOXYKTOM. B mmreparype
orxogsl COA OBUIM MPEIMETOM HCCIICAOBAHHMNA IS
npomsBojcTBa dHeprmn. C  Apyrod  CTOpPOHBI,
MOATOTOBKA akTUBUpoBaHHOTO yrias (AY) mz COA
MaJio u3y4deHa. AKTHBHPOBAHHBIA yToib HpeaaracT
MHOXECTBO NPUMEHEHHHA B 00JIACTH OYNCTKH BOIBI U
ra3000pa3HBIX CTOYHBIX BOI.

OcHOBHBIMH XapakTepucTHkamMu AY (copOeHra)

SBIISIIOTCS:  DJIEMEHTHBIH  COCTaB,  30JIBHOCT,
HOPHUCTOCTh, YyA€TbHas IOBEPXHOCTb, pa3Mep IIOp,
MOBEPXHOCTHBIE byHKIMH, peHTreHogasoBble
XapaKTEePUCTHKH.

Jnst MUKpOIIOPHCTBIX COPOEHTOB C IIMPOKHUM
pacmpezieneHueM MOp H30TEPMBI aACcOpPOLHK TapoB
XOpouo ANIpPOKCUMUPYIOTCSA JIBy4JICHHBIM
ypaBHeHueM  JlyOmnamra -  PagymkeBuua o
pacIrpesieleHud CTENEeHN 3alOJMHEHUs MHKPOIIOp I10

nuddepeHranbHON MOBHOM paboTe amcopOruu —A,
Xapakrtepusyronieii pasmep Mukpomnop. IlpuBoanmoe
HIDKe ypaBHeHwe JlyOmnmHa - PagymkeBnua
XapaxkTepu3yeT

JIBE OJTHOPOJHbBIC MHUKPOIIOPHCTHIE CTPYKTYPBI C
rnapamMeTpaMu COOTBETCTBEHHO Vo1 U Eo1, 1 Voo, U1 Eo2:

(i)z (L)z

_'E _F

V= VOl re ot + V02 e ot (10)
rre: V. — Tekyllas BeJWYMHA afcopOIuH,

BBIP@&KEHHAs 4Yepe3 00bEeM KHUIKOCTH, cM/r Vo —
TIpeAeNbHBII 00BEM aJCOPONMOHHOTO MPOCTPAHCTBA
Mmukpornop; Eoz XapaKTepUCTUYECKas SHEPTHUs
azicopOIMy B MUKPOIIOpax CTaHAAPTHOTO mapa; Vo2 U
Eo2 — 00BbeM cynepMHUKpOIIOp M XapaKTepUCTHIECKas
SHEPTHsl, COOTBETCTBEHHO.

N3ydyenne (QU3NKO-XMMHUYECKHX XapaKTEPHCTHK
KapOOHM3aTa  CKOPIYNIBI ~ OPEXOB  KEWmbl0 |
AKTHBUPOBAHHBIX YIJIEH, MOJYYSHHBIX U3 HUX MyTEM
(Gu3Myeckoil  aKkTHBAalMKM,  MO3BOJSIET  CHeNaTh
CIIEYIOIINE BBIBOABIL:

e O6pabotka m3menpueHHBIX COA (ppakrus 3-
6 MM) B KHUIIAIIEH BoJe B TeueHHe 2-3 94acoB mepen
kapOonm3anmeit ux npu 8§00 °C MOXET MO3BOJIUTH
YAaIUTh (PEHOIBI U KapOOKCHIIBI.

e [lomyueHHble KapOOHATHBIE M AKTHBHBIE YTIIN
COJEpAKAT BBICOKME YPOBHU yriepoja oT 79,7% no
82,4% ot ux cyxoi maccel. Obmiee conepxanue B N 1
H cocraBnser ot 1,2 10 1,9 %. 30IbHOCTH COCTABISET
oT 5,66 110 7,31%.

e VYienbHas TIOBEPXHOCTh W OOMMHA 00BEM
Me30- W MHKpPOHop KapOOHM3UpOBaHHOTO AY,
cooTBeTCTBEHHO 3,56 + 0,18 M%r m 0,0047 cM/T,
ABJISTIOTCS TOBOJIBHO HU3KUMHU. MOKHO TTpeIoiararsb,
YTO y/eJIbHas MOBEPXHOCTh M OOIIMH 00beM Me30- U
MHKpOTIOp MoOriM Obl OBITH emie Ooible, eciau Obl
TeMIiepaTypa axkTHBalMM  Oblla eme  Oouiblie
yBEJIHYCHA.

JlaHHBII MeToJ OBUI MPOTECTHPOBAH CTYJEHTOM
AI'TY Kyaccu bpy Tmitiom B 2018 rogy Ha
MTPOU3BOJICTBEHHBIX CTOYHBIX BOAAX W3 MPHUEMHOH
KaMmepsbl OYHUCTHBIX COOpPY>KEHHUH
MaIIMHOCTPOUTENBHOTO  3aBoma  «PocTcermpmarnmy.
Bpewms copbuuu 6buto mpunsto 20; 40; 60; 90; 120;
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140; 180 wmwmHyT npu pnose copbenra 0,5 MI/I.  OYHCTHBIX  COOPYXXEHMH  MAIIMHOCTPOHUTEIILHOTO
[lepememmBanue ocymecTBIsIOCh JadopatopueiM  3aBojga OO0 «Pocrcensmamn r. PoctoB-Ha-/loHy.
¢dnokymatopom  (II3  8800) ¢  ycTaHOBIEHHOU Pe3ynbTaThl IpuMeHEHUs COPOSHTA U3 CKOPIYIIBI

CKOPOCTBIO 45 00/MUH M BpeMEHEM IepeMeIlIBaHuUs
20 MuHYT. AHamu3bl MO pe3yJibTaTaM JKCIEpUMEHTa
NpOBEIECHBl B  aKKPEOUTOBAHHOH  JabopaTopuu

ope€xa aHakapd IJid yAdaJICHU KEJIC3a U aJllOMUHUA B
TMPOU3BOACTBCHHBIX CTOYHBIX BOJAAX

Ta6mmma 13
BpeM}IM(i;)}]ID6HI/II/I, HUcxonmble l\c;(/);}[ble BOJIBL, O‘{I/IHIGHHBIGIEV;}“J(I)‘{HLIG BOZBL, | (ibexTuBHOCT OurCTIH, %
pH Fe Al pH Fe Al Al Fe
20 0,75 0,09 10 28,6
40 0,62 0,09 10 41,00
60 0,53 0,09 10 49,52
90 8-9 1,05 01 0,41 0,08 20 60,95
120 0,24 0,06 40 77,14
140 0,11 0,03 70 89,52
180 0,03 0,01 90 97,14
Awnamusupyst tabnuiy 13, MOXXHO OTMETHTH YTO, rie C(t) — xoHIeHTpanus xeje3a B 3aBUCUMOCTH
3G GEeKTUBHOCTh yJalCHUST JKelle3a H  AMIOMHHHS  OT BpeMeHH, K — 3(QEeKTUBHOCTh yIaBIUBAHUS
oompme 90% mocne 180 munH. Ilocme 140 mumH.  xemesa (F€) copOeHTOM.
koHUeHTpauus keneza (0,11Mr/m) u  amoMuHUS Obuee pelieHue 3TOrO ypaBHEHHE

(0,03Mr/71) COOTBETCTBYET NPEACABHO JOMYCTHMBIM
koHueHTparsiM (ITJ1K).

[TocTpouM MaTeMaTHYeCKyl0 MOJeNlb CKOPOCTH
yIIaBIUBaHUS ~ JKele3a  COpOEHTOM B BHUJE

C(t) = C(0)e~*t. Tak kak m3BectHO, uTo C(0) = 1,05,
gactroe pemenne JIV(1) umeer Bum: C(t) = 1,05e k¢,
[Mocne norapupMupOBaHUs MOTyYaeM:

nuddepennuansHoro ypasaenus (J1Y) 1-ro nopsaka: logo C(t) = log1p 1,05 —k-t-log,pe (12)
dac(t) 3
= —kC(t) (11) ComoctaBienne  sroii  momenmu  (12) ¢
at (haKTHUECKUMU JaHHBIMH TIPUBEICHO Ha puc.14
Tab6muua 14
Bpema 0 20 40 60 90 120 140 180
YpoeeHb Fe 1,05 0,75 0,62 0,53 0,41 0,24 0,11 0,03
PaccueTHbIA YPOBEHD 0,9016 0,7951 0,6871 0,5791 0,4171 0,2551 0,1471| -0,0689|CpefHee 3HaueHWe MacMmanbHOe 3Hay
Keagpar otH norpewHq 0,022023( 0,002034| 0,004502| 0,002411| 5,04E-05| 0,000228| 0,001376| 0,009781| 0,072806
ABconoTHoe 3HaueHne  0,1434 0,0451 0,0671 0,0451 0,0071 0,0151 0,0371 0,0989 0,1434
Koppenauwa mogens - | 0,973925
1
1 10 > 100 1000
bl
B
¢
)
vy
o 01 @
20
@
0,01
Bpemn (t)

Pucynox 14. — Jloeapugpmuuecxuii epagux /1Y (1) Fe.

Ecmu npenmosxennas moxaens (12) cnpasemiBa,

rpaduK J10JDKeH OBITh JIMHEWHBIM, T.€. TOYKH JIOJDKHBI
Jeub Ha npsMyro auHuto. OqHako Ha puc. 14 BuOHO,
corylacMe JaHHBIX MOHHTOPUHTAa C MOJENbIO HE
YIOBJIETBOPHUTENLHO WM ITOCTpOEHHast MoJienb (12) He
paboraer.

IMocTpoum anbTEpPHATHUBHYI0 MaTeMaTHYECKYIO
MOJIeNb, UCIIOINb3Ys npocTeiee Y 1-ro nopsaka:

act) _
dac k,

(13)

rae K — sddexTHBHOCTS ynaBIHBaHHS Kelie3a
copOeHTOM.
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Ob6mee peuieHue 3TOTO

C(t)y=Cc(0)—k-t. Tax Kak

12

=
&

=

[==1

=]
[=x]
.

-

=

KoHueHTpaumna wenesa C(t)
(=]

=

=
[ %]

ypaBHEHHE
M3BECTHO

€(0) = 1.05, to momyuaem gactHoe pemrerne J[V(2)
C(t) =1.05—-k-t.

y =-0,0053x + 0,9016
R*=0,9491

100 150 200

Bpema (t)

Pucynox 15. — Humeepanvnas kpusas-pewenus /1Y (2) Fe

Ota MOJCITb XOPOIIO corjacyercs
9KCIIEPHUMEHTAIbHBIMU JaHHBIMH, YTO BHIHO HAa pHC.
15. CnenoBatenpHO, JaHHAs MaTeMaTHYecKas MOJCIb
aJleKBaTHA HMMEIOIIMMCS JaHHBIM. MHUIUanu3upys
mojenb, nonydaeM K = 0,0053 mr/m: B pamkax (13)
CKOPOCTb M3BJICUCHHUSI BELIECTBA U3 BOABI IOCTOSHHA.
JanHass MaTemaTHyeckas MOJEJb XapaKTepH3yeTcs

CpelHEN OTHOCUTENBHOM NOrpetIHoCThI0 paBHoi 0,07,
MAaKCHUMaJIbHOM OTHOCUTENIbHOM morpemHoctsio 0,14 u
kodpdunmeHToM Koppemsmun R 0,97, wro
MIOATBEPXKAAET Tarkke (POPMAIBHOE COOTBETCTBHE
MOJIETIH K 3KCIICPUMEHTY .

ITpumenuM 3Ty ke MOAETb AT IpolLiecca U3bITUS
ATIOMUHHUSL.

Tabmuua 15
Bpema 0 20 40 60 90 120 140 180
YposeHb Al 0,1 0,09 0,09 0,09 0,08 0,06 0,02 0,01
PaccueTHbIi YpoBEHD 0,1089 0,0991 0,0893 0,0795 0,0648 0,0501 0,0403 0,0207|CpegHee 3HaueHWe MacumanbHoOe 3Hay
HKeappat oTH norpewHy 7,92E-05| 8,28E-05| 4,9e-07 0,00011| 0,000231| 9,8E-05| 0,000106| 0,000114| 0,010139
ABCONHTHOE 3HAUEHWE 0,0089 0,0091 0,0007 0,0105 0,0152 0,0099 0,0103 0,0107 0,0152
Hoppenauuwa mogens-. 0,943585
0,12
=
L] . ’
%_- 0,1 »
T * . ] y =-0,00045x + 0,10891
=
< 0,08 . R*= 0,89035
2
=
T 0,06 L]
=
.
=
m
o 0,04
T .
w
> 0,02
S
L
x=
0
0 50 100 150 200
Bpema (t)
Pucynox 16. — I'paghux 4V (2) Al
IlonydyeHHble  pe3yabTaTbl  XapaKTEPU3YIOTCS 3akii0yeHue
CpelHel OTHOCHTEIHHOM TorpentHocThIo paBHoi 0,01, B nmaHHO# paboTe wW3y4YeHBI CTATUCTHUYECKUE
MaKCHUMaJbHOW OTHOCHTEIHHOW MOTPEITHOCTh PABHOH  JaHHBIE  3arps3HAIOIMUX  BemecTB  (Cynb(daros,

0,02 u xo3pdummentom koppemsimu R = 0,94, gto
MOJATBEPIKIaeT COOTBETCTBHE MOJIeNH K
skcnepumenty. [omydaem K = 0,00049 mr/m.

XJIOPHJIOB, OOIIEro a30Ta, HUTPATOB, )KUPOB U Macell,
(heHona, CBUHIIA U PTYTH), MOMAAAIOIINX CO CTOYHBIMHU
BOJIaMH B BOJOEMBI.
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Hp cABapUTCIIbHAA BU3yain3anus JaHHBIX
MO3BOJIMJIa TOCTPOUTH ABYXYPOBHCBOC OIIMCAHUC
JUHAMUKHU 3arpsA3HAIOINX BCIICCTB: Ha

MPOAOKUTECIIbHBIC MHOT'OJICTHHUE CPOKU — C TIOMOIIBIO
JIMHEHUHBIX TPCHAOBBIX 3aBHCHMOCTCﬁ, a B TCUYCHHC

KaXJIOro roja — IIOCPEJICTBOM YHHUBEPCAJIbHBIX
nepuogudecknx ¢yHkoui. Taxke ocymiecTBieHa
«CIIMBKa» KpaTKO- ¥  JOJTOCPOYHBIX MOZEIeH
3arps3HeHusT Bonel B pecmyOmmke Kor-m'MByap, durto
CYIIECTBEHHO pacmmpsiet BO3MOXKHOCTH
MPOTHO3UPOBAHMSA U MOBBIIIAET €r0 TOYHOCTb.
Merogamu KOPPEIALOHHOTO aHaIM3a
yCTaHOBJICHA «CUHXPOHHOCTB) CHIDKCHUS

3arpsi3HeHUs Box B pecnybiuke Kor-n'MByap psimom
OTACHBIX BEIIECTB: CYIb(aThI, XJIOPHUIBI, OKCUJ a30Ta,
(eHon, pTyTh, CBHMHEN, XUPHI W Macna. [Ipu 3ToM
3arpsi3HEGHUE OJHMM HauOoJiee OIIacHBIX KIJIACCOB
BEIECTB — HUTPAaTaMU BO3PacTaloT, TpeOyeT 0coboro
BHHMaHHS [IPU KOHTPOJIC © HOPMHUPOBAHUH BEIOPOCOB
9TUX 3arps3HATENCH.

JUi1s mpoliecca OYMCTKH CTOYHBIX BOJI C TOMOIIBIO
opexa aHakapl, IIOCTPOCHa M HICHTH(HUIUPOBAHA
NPOCTasi KHHETHYECKask MOJCIIb.

Pe3ynbpraThl MaTEMaTHYECKOTO aHAIIU3a MTO3BOJISIT
MOBBICUTh 3¢ PEeKTUBHOCTH BOJIOOXPAHHBIX
MEpOIpUSTHH, Kak MHHAMYM B  MaciuTabax
pecnyomuxu Kot-n'MByap.
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