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COMPUTER SCIENCE

AUTOMATED SOLUTION OF PRIVATELY GENERATED
NONLINEAR EQUATION OF HEAT CONDUCTION IN
MAPLE

Valida Sesadze, Doctor of Technical Science, Georgian Technikal University, Georgia
Gela Chikadze, PHD professor, Georgian Technikal University, Georgia
Anzori Kevkhishvili, PhD student, Georgian Technical University, Georgia

DOI: https://doi.org/10.31435/rsglobal_conf/30012021/7380

Abstract. To build accurate solutions to non-linear equations of mathematical physics, a number of
methods have been developed based on the transition to new variables (dependent and independent). In
this case, the goal is usually set: to find new variables whose number is less than the number of initial
ones. Switching to such variables leads to simpler equations. In particular, the search for exact solutions
to equations with partial derivatives of two independent variables is reduced to the study of ordinary
differential equations (or systems of such equations). Naturally, with this reduction, solutions of ordinary
differential equations do not give all solutions of the original equation with partial derivatives, but only
a class of solutions that possess some of their own standards. The simplest classes of exact solutions that
describe ordinary differential equations are traveling wave type solutions and auto-model solutions. The
existence of these solutions is usually (but not always) due to the invariance of the equations considered
with respect to shear and stretch-compression. The phenomenon developing in time is called auto-model,
the distribution of its characteristics at different points in time is obtained from another similarity
transformation. Auto-modeling allows, in many cases, to reduce the problem of mathematical physics to
solving conventional differential equations, which significantly simplifies the study. With the help of
auto-model solutions, researchers tried to see the characteristic properties of new phenomena. In
addition, automatic solutions were used as benchmarks in evaluating approximate methods for solving
more complex tasks. modern computer technology has enabled us to automate solutions to these types of
problems complicated. The article describes the use of the method using the example of a self-modal
solution in the MAPLE program. We use the above and higher order private equation differential
equations when solving university management tasks.

Keywords: Private Manufactured Differential Equation, Automotive Method, Program, Computer,
MAPLE Computer Program.

Introduction. For the exact solution of nonlinear equations in mathematical physics, certain
methods have been developed based on the transition procedures to new variables (independent and
dependent). At this point we usually aim: to find new variables, in smaller numbers than the original
variables. Switching to such variables gives us simpler equations. In particular, the exact solution of two-
dimensionally derived differential equations is reduced to the solution of usually differential equations or
systems. Clearly during the indicated reduction, the solution of ordinary differential equations does not give
us all the solutions of a given private equation, but gives us a class of solutions that has certain properties.

The simplest class of exact solutions obtained by ordinary differential equations is the solution
known as the running wave and the automotive solution. The existence of such a solution (of course
not always) is due to the invariance of the equations under consideration with respect to the offset and
the torsional-compression.

An event that is defined in time is called automotive if the distribution of its characteristics at
different points in time is obtained by transforming similarities from one to another. Automotive in
various cases allows us to solve the problems of mathematical physics to solve ordinary differential
equations, which greatly simplifies research. Autodellar solutions allow the researcher to observe the
characteristic features of new events. In addition, automotive solutions are used as benchmarks in
evaluating solutions to more complex problems.

Automotive - is the symmetry of tasks that allows us to compensate for large-scale
transformations of variables in the form of stretching solutions.

ulx,t) =AMfE), &=

X

1)
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An event that is defined in time is called automotive if the distribution of its characteristics at
different points in time is obtained by transforming similarities from one to another. Automotive in
various cases allows us to solve the problems of mathematical physics to solve ordinary differential
equations, which greatly simplifies research. Autodellar solutions allow the researcher to observe the
characteristic features of new events. In addition, automotive solutions are used as benchmarks in
evaluating solutions to more complex problems.

If the equation depends on a single space variable, then automotive means solving a new scale
of the | (t) coordinate and u (X, t) solving in such a way that the solution in the new coordinates is a
function of one & variable.

When it is possible to find such a transformation, then this task is reduced to the usual
differential equation. Sometimes transformation is easier by analyzing the physical wealth that is
included in the equation.
with(PDETools):
with(ODETools);
with(plots);

PDE :=diff(u(x, t), t) = diff(u(x, t)*(diff(u(x, t), x)), X);

2 2
%u(x, t) = (%u(x, t)) + u(x,t) ( 0 s u(x, t)>

tr :={t = tau, x = xi*tau™(1/3), u(x, t) = f(xi)/tau™(1/3)};

{t—‘rx—er u(xt)—ﬁ}

T3
ODEA := dchange(tr, PDE, simplify);

(dff@))w(z) f(f)(dfzf(f)> dff@))
4

1
3713 3

ODE1 := ODEA*tau™\(4/3);

1 d?
-3¢ 5F© ) 37O =1® (327 ® | + (5:5®)

ODE2 := int(lhs(ODE1)-rhs(ODEL1), xi);

2

38O — 1@ (e ®)

$
ODES3 := dsolve(ODEZ2);

f1 := unapply(rhs(ODE3J[2]), xi);
1o c1
_ — —
'3 6{ +_

_C1 :=solve(int(f1(xi), xi = -sqrt(6*_C1) .. sqrt(6*_C1)) =1, _Cl);
1

4
SQL :=subs({xi = x/t"\(1/3), f(xi) = u(x, t)*t"~(1/3)}, ODE3[2]);
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2

=
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AMS1 :=solve(SQL, u(x, t));
12
3(6)3t3 — 2x?
12t
u := unapply(piecewise(x2/t"™(2/3) <= (3/2)*6"(1/3), AMSL, 0), [x, t]);
1 12
x*  3(6)3 3(6)3t3 — 2x? 0

<
2 —_— ) )
3 2 12t

(x,t) —» piecewise
t

plot([u(x, 0.1e-1), u(x, 0.2e-1), u(x, .1),

ux, .5)],x=-2..2,y=-05e-1..2.5,

color = [red, blue, green, black],

thickness = 3,

labels = ['x", "'u(x, t)'],

title = "'sitbogamtarobis arawrfivi gantolebis avtomodaluri amoxsna'")

sithogamtarobis arawrfivi gantolebis avtomodaluri amoxsna
23579

u(x, )

Fig. 1.

Performing these types of equations in the Maple program allows the researcher to perform
many practical mathematical physics, engineering, and applied tasks.

Conclusions. The automotive insertion led us to the fact that instead of the custom-made
differential equation, we obtained the ordinary differential equation, which made it easier to solve the
ordinary differential equation obtained on Maple. It can be said that the method discussed in the article
allows us to solve many different tasks in mathematics, engineering, geophysics or other applied fields, to
build certain software modules, which ultimately simplifies the process of computer automation of
complex tasks, which we use it in algorithms and programs for automated university process management.
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Abstract. One of the main tasks of high-tech medicine is to provide personalized medical care to
patients in real-time and to develop procedures for reducing medical errors due to the increase in the
number of modern diseases, associated drugs and laboratory tests, new technologies, and the
processing of a large amount of information related to them. Thus, it is necessary to automate data
processing, ensuring the integrity and security of medical data transmission in cloud-based solutions
with different types of network architecture. This paper proposes a way to expand the availability and
usability of medical data to improve patient data storing, processing, and monitoring based on Fog to
Cloud (F2C) paradigm using Kubernetes (K8s) container orchestration platform that automatically
manages and deploys a group of microservices.

Keywords: F2C, Fog node, loMT, Fog Cluster, Minikube, Kubernetes platform, microservices.

Introduction. The cloud solutions used to process big data flows have limitations due to the
slow interaction between geographically centralized architecture, real-time users, and cloud platforms.
In addition, online connection failures can disrupt the operation of software-enabled devices connected
to smart devices and medical gadgets, leading to life-threatening incidents. A new paradigm has been
launched called Fog computing that creates a cloud infrastructure called Fog Node. The infrastructure
provides data collection and processing via wireless communication technologies [1, 2].

The use of Fog technology is an expansion of cloud computing, consisting of edge nodes that
are directly connected to physical devices. It can be a three-tier or multi-level F2C collaboration [3, 4].
F2C acts as an intermediate level between the cloud and Internet of Medical Things (IoMT). The use
of IoMT provides several advantages:

Increased network efficiency;

Fewer electricity costs;

High degree of distribution of network nodes;

Possibility of initial data processing resulting in fast reply-response rate;

e Compatibility with cloud solutions.

The basic architecture of fog computing consists of three main levels:

Device layer: The closest layer to the end-users/devices. It consists of distributed smart
devices and sensors. These devices are sending data to the upper Fog layer.

Fog layer: The middle layer is located at the edge of the network. It contains Fog nodes or
clusters that include gateways, access points, routers, base stations. Fog nodes are responsible for
performing tasks such as data storing, processing, and managing.

Cloud layer: The cloud layer is responsible for reliable storage, as well as for exploratory and
confirmatory analysis of the data.

In modern cloud solutions, there is a transition from monolithic systems to platforms that
provide microservices. One such platform is K8s, an open-source, portable, non-monolithic platform
for automating the deploying, scaling, and management of microservices. K8s is a master/slave model,
the master node manages containers through multiple workers (slave or minion) nodes. These nodes
can be deployed on physical servers (virtual machines) as well as in public and private clouds. The
wizard is responsible for managing the API server, the service deployment schedule, and the overall
cluster. The API server is implemented through the RESTful interface. This is the access point for
managing the entire K8s clusters. Users can send commands to the API server with the built-in K8s
through a command-line interface (CLI) known as kubectl. Kubelet runs on every node in the cluster
to start or terminate the necessary containers. In K8s, microservices are often combined to form a
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group of containers that represent the smallest work unit called a Pod. Considering the service load
and using the available resources, the master places the Pod on a specific node. Then, if necessary, the
designated node loads the container image from the appropriate register and directs the Pod to perform
the necessary actions. Kube-scheduler (KS) is the default scheduling component on the K8s platform
that determines the location of the Pod (fig. 1).

Kubemetes Master

[ Scheduler ]—)[ APIServer ](—[ Controller Manager ]

~

_I Kubemetes Worker

Kubemetes Worker

Tabie: i

r 3

Kubernetes Node [

Measurement Pods - Application Pods
cAdvisor

Fig. 1. Generalized architecture of the Kubernetes platform

Both single node (single-master/single-worker) and multi-node (single-master/multi-worker)
clusters can be organized on the K8s platform. F2C technology allows for data transmission and
processing using both clusters on the K8s platform [6].

The purpose of this article is the development of the architecture of a patient-monitoring
system based on the K8s platform with F2C technology.

The main objectives of this paper are:

e To design the architecture and application model of the Fog computing-based remote
monitoring network PLAN (Patient Local Area Network). PLAN has a configurable interface for
processing various bio-signals and can perform real-time gathering and transmission of health data via
Message Queuing Telemetry Transport (MQTT) protocol to the HLAN (Hospital Local Area Network)
network;

e To develop the HLAN architecture using K8s container platform and the Fog cluster model
which will provide functions needed to monitor outpatients;

e To introduce a collaboration with Fog clusters for the HLAN on single- and multi-node
container platforms.

F2C based patient monitoring network. For the suggested patient monitoring system, the
transmission and processing of patient data are organized through the PLAN patient network and the
HLAN hospital network. Figure 2 shows a simplified illustration of the connection between a single
fog node and HLAN.

There are invasive and non-invasive wearable and non-wearable sensors for measuring the
patient’s vital signs (VS) - heart rate (HR), respiratory rate (RR), body temperature (BT),
electrocardiogram (ECQG), skin temperature (ST), blood pressure (BP), blood sugar (BS), oxygen
saturation (SpOy), etc. In general, the Arduino Nano board based on the Atmega328 microcontroller is
used for measuring and monitoring various parameters such as SpO,, BT, HR, BP, etc. collected from
non-wearable sensors. To date, quite a few wearable sensors allow for accurate monitoring of sleep,
BT, HR, BP, and SpO; using BLE and Wi-Fi connectivity. This project is designed to be able to use
both wearable and non-wearable sensors for collecting continuous VS.

The hardware platform implementing the PLAN network consists of wearable and non-wearable
sensors, Arduino Nano board, Raspberry Pi 4 microcomputer, and Mikrotik Hap Lite router, enabling
communication with clinicians using a smartphone (or tablet) and Internet. In the Fog node, Raspberry Pi
is used to collect, check, and store data in a local database (in our case, the database is MariaDB on
Raspbian OS), after which the data is sent by MQTT protocol to the HLAN server. The gathered data is
transmitted to a getaway via wireless or wired communication protocols such as Ethernet, Bluetooth, and
Wi-Fi. Mosquitto is used as an MQTT broker in Raspberry Pi as shown in fig. 3 [5].
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MQTT Client
Client
0 )
i
4 O

Patient Care Staff
Fig. 2. General view of a remote monitoring network in the case of a single Fog node

The data from the sensors are converted via MQTT Publisher to the corresponding format. Since
remote monitoring devices generate heterogeneous data, it is necessary to separate this data by MQTT
topics. For example, the data from the temperature sensor can be sent to /health/temperature topic, and
the data from the heart rate sensor can be sent to /health/heartrate topic. Each remote monitoring device
has a unique identifier and the ability to recognize and transfer data over to the network.

The general view of the PLAN network is presented in fig. 3. The information collected from
the various sensors is sent to the MQTT publisher which processes the data by topics. The Raspberry
Pi device is used as a Mosquitto broker. It receives the data from the MQTT publisher and sends it to
the subscribers who have permission to view that topic.

Wearable and non-wearable

SOTISOES MQTT Publisher MQTT Clients
Heart Beat
~ ' 8
= @
- —
Patient Temperature

MQTT Broker %go
Patient Care Staff

Fig. 3. General view of the PLAN architecture

The patient's health status parameters are monitored in real-time and transmitted through the
Fog node to the hospital FTP server for storing and processing (fig. 4). Security in Fog computing
plays an important role because data fraud can have serious health consequences for patients. Health
data protection in this research is provided by SFTP protocol, Mosquitto Auth Plugin with MySQL [8,
9] which is also used for authentication and authorization. Fig. 4 shows the Fog Node workflow
diagram for N=3600 seconds, where N is a configurable parameter and can be changed with the
doctor’s recommendations.

Application Al works in the background to perform the appropriate tasks described in the MQTT
message. Application A2 creates a copy of the database through the Mysgldump program and compresses
it via gzip (we get a file that is about 40 times smaller). The created .gz file will be encrypted and sent to
the HLAN via the SFTP protocol. The Al and A2 applications are written in Python.
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Fig. 4. Fog Node workflow diagram

Data from all Fog nodes are collected in the HLAN network and stored for further analysis to
make predictions of disease complications based on disease history and laboratory tests. The main
functions performed in the HLAN network are:

e The storing of data from doctors, caregivers, patient registration, laboratory test results, and
disease history records in the hospital database;

e The analysis of data by machine learning methods and the implementation of predictions;

e The transfer of test results to the doctor and, if necessary, to the patient.

Single node Fog cluster architecture in HLAN network. The Fog cluster organized via
Minikube includes the master node control resource that transmits the execution of commands via
kubectl to the API server which is then redirected to the designated worker nodes (fig. 5).

Master Node

Kube
Scheduler

[~
.

==
™

Ingress
Controller

Worker Node

‘ Ingress ‘

Service Service Service Service
}‘:L;‘gdd My=ql pod SFTP pod WebLIT poc;]

[

Kubelet ] [

N

Diockeer

]

S

Fig. 5. Minikube Single node K8s components for HLAN network

The K8s worker node operates SFTP traffic processing, MySQL database operations, decision-
making ML model, Web interface system micro-services. Each service is implemented as a container
APIs and deployed in the Pod. The MySQL database stores the information transmitted through the
SFTP protocol from the Fog node (PLAN network). The web interface provides information
communication between the patient and his/her caregivers.

The single-node Fog cluster can be converted to a multi-node cluster if necessary.

RS Global
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Multi-node cluster architecture in HLAN network. Figure 6 shows the collaboration
between Fog clusters and the main cluster in the multi-node Kubernetes ecosystem for the HLAN
network. The Fog cluster has the microservices of the fig. 5 model. The ecosystem is highly secure as
the following mechanisms are used: Kubernetes API access control, Transport Layer Security (TLS)
for all API traffic, API authentication and authorization. [7].

HOSPITAL 1 HOSPITAL 2

| Foc NoDE 1

FOG NODE 2 i

L o

ot

FOG CLUSTER 1 L FOG CLUSTER 2
D

g HOSPITAL

MAIN NODE

S}

=

MAIN FOG CLUSTER

POD N
v
PATIENT (¢
STATISTICS . ML MODEL »| |NOTIFICATION
AND B
HISTORY
POD 1 \POD 2 POD 3

|

.
POD 4

Fig. 6. Fog cluster architecture in the Kubernetes ecosystem

WORKER NODE

=

Conclusions. The paper shows the usability of Fog-based K8s container monitoring network
architecture for personalized healthcare. Low power consumption, quick response rate, reduced
network exploitation costs, and data privacy are the significant advantages of the proposed system.

The monitoring provides the following features:

e Patient monitoring and data collection from various sensors through the Fog node in the
PLAN network;

e Data storing, processing, flow load management, creation of additional Pods with the same
parameters, and the provision of high security and reliability in the HLAN network with Fog clusters
through the K8s container platform.
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ENGINEERING SCIENCES

BE30OINACHOCTbH IIJIOTUH U CBA3AHHBIE C HEH
IHPUPOJOOXPAHHBIE BOITPOCHI

Honues U. K., x.m.n., accoy. npogeccop I pysurcrkozo Texnuueckozo Yuusepcumema, Tounucu, I pysus
Hlamaxuweunu JI. A., k.m.u., Oexan paxyremema I pysuncrxoeo Texuuueckoeo Yrnusepcumema,
Tounucu, I'pysus

Xenuoze I'. K., 0.m.u., npogpeccop I pysuncrkoeo Texuuuecxoeo Ynusepcumema, Tounucu, I py3usa
Mupuxynaea A. 3., mazucmp, dokmopaum I pysurcrkozo Texnuueckozo Yuusepcumema, Tounucu, I pysus

DOI: https://doi.org/10.31435/rsglobal_conf/30012021/7382

Abstract. Based on the factual data of the high-risk reservoir hydropower plants, in the paper
presented a method that is proposed takes into account the potential energy of the accumulated water
at an early stage of design and is properly assessed. The main factors affecting the scale of a possible
catastrophe are the useful capacity of the reservoir and the height of the center of gravity of the
reservoir from the bottom of the river bed at the dam section. Based on these data, the potential
energy of the water mass was determined in case of a possible break of the dam. As an example, the
results of calculations performed according to the proposed method for reservoirs of hydroelectric
power plants in Georgia are given. With this in mind, it is possible to rank hydropower facilities and
determine the frequency of inspections to reduce the risk of accidents and related negative
environmental impacts. Among the reasons contributing to the occurrence of a possible emergency at
the hydroelectric power station, the following were noted: untimely performance of proper repair and
rehabilitation. The need for a timely assessment of the structural integrity and stability of dams is
indicated with using modern instrumental monitoring systems of their technical condition.

Keywords: Dam safety, reservoir, risk of accidents, potential energy, ecology

Beenenue. [lepBoe mMecTo cpenyt mpupoAHbIX 6orarcTs I'pys3un 3aHUMAIOT THAPOIHEPTETHUECKHIE
pecypcbl. Ha tepputopun ['py3un 3aduxcupoBano 26 060 pek, m3yueno 319 pek mnst onpeneneHus
11e7IecO00Pa3HOCTH Pa3BUTHSI SHEPTETHUKH, C MOTEHIMAIBHON (TEOpeTHYeCKONH) CyMMapHOH MOIIIHOCTBIO
15,63 M. kBT [1, c. 85], cpemneronoroit Beipadotkoit - 137 mupa kBt-u [1, c. 85]. A TexHuueckuii
THIPOIHEPTeTHIECKUI moTeHran pek I'py3un oriennBaetcs B 80—85 mupa kBt- 4 [1, ¢. 85].

B Hactosmiee Bpemsi B ['py3un neiictByeT 97 THAPOIIEKTPOCTAHIUEN OOIICH MOIIHOCTHIO
3227,81 MBt [2]. U3 Hux 72 — Maible THIPOIJIEKTPOCTAHIMU (YyCTAHOBJICHHON MOIIHOCTBIO [0
13 MBrT), 0o6meit MmommHocThIO 259,79 MBtT [2]. Tlo manabiM Ha 2020 roj, CyIIeCTBYOLIHE
TUAPOIJIEKTpOCTaHIMM B ['py3unm Bbeipabotanm 8,248 mupn kBt - 4 snextposneprum [2], uTO
cocrtapmsieT 6onee 70% OT MPOU3BOJCTBA PIEKTPOIHEPTUHU B CTPAHE.

Lenw padotwl. Llenpo paboThl sABISETCS pa3pabOTKa METOMMKH ONPEACICHHS U OLICHKH
pHCKa BO3MOXKHBIX aBapuil IUIOTHH Ha OCHOBE pealibHBIX MapaMeTpoB BopoxpaHunuil I pysun. Mmes
9TO B BUJIY, MOKHO PaHXXHPOBATh THIPOAIIEKTPOCTAHIINN ¥ ONPEACISITh IEPUOMIYHOCTh TEXHUIECKUX
OCMOTpPOB Ha HUX.

B 30HY BO31EHCTBHS THAPOIHEPTETHUECKUX O0OBEKTOB BXOAAT: 30HA THAPO3JIEKTPOCTAHLIUH C
BOJIOXPAaHUIIMILEM U OKPY’KalOIIEH ero TeppuTOpHed MO BCeMy NEPUMETPY 3aTOIUICHHUS, a TakKe
HIKHUI Obed, TIe MposBISIETCsS BIMSHUE BOJOeMa Ha JaHImadT, THAPOJIOTHIO, THIAPOTEOIOTHIO,
reoAMHAMHYECKHE TMpoLecchl, KiuMar u T.1. [lpuopureTsl uyenoBedecKOd AEATENLHOCTH B 3TOU
00acTH Taxke B HEKOTOPOH CTETIEHN MEHSIOTCS.

I'unporexHuveckne coopyxeHus IHeProooseKToB [py3un, 3a HEKOTOPHIMU HCKITIOUCHUSIMH,
OTHOCSITCSI K KATETOPUH CTapbIX. B pe3ynbrare JIUTENBHOM SKCIUTyaTallud YXYAIIACTCs TEXHUUECKOEe
COCTOSIHUE THIPOY3JIOB, HMAET WX (U3MYECKUI W MOpPaJbHBIM H3HOC, Pa3BHBAIOTCS IPOLECCHI
¢unbTpay, pa3MbiBa OEperoBoil IMOJOCHI, AKTHBU3UPYIOTCS OINOJ3HEBBIE IPOIECCH B IMOPOAAX,
OKpy’Karolux oOBeKT. B To ke Bpemsl yKecTodaeTcsl OTHOIIEHHE HACEJCHUs K NPOEKTUPOBAHUIO U
0e30MacHOM AKCIUTyaTallly THAPOTEXHUUECKHX COOPYKEHUH, 0COOEHHO IJIOTHH U BOAOXPAHWIHUIL, B
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COOTBETCTBHHM C COBPEMEHHBIMH JKOJOTHYECKHIMH TPEOOBAaHUSAMH. OTO JETaeT OYECHb Ba)KHBIM
U3y4eHue 0€30MaCHOCTH IIOTUH TUAPOIICKTPOCTAHIIUH.

Pacripenenenre cToka rpy3WHCKHX peK, XapaKTEPHU3YeTCs Pe3KO BBIPAKEHHON CE30HHOCTHIO,
M WX ONTHMaJbHOE SHEPreTHYECKOE HCIOIH30BAHME B TOJOBOM pa3pe3e BO3MOXKHO TOJBKO 3a CUET
CTPOUTEIBCTBA PETYIUPYIOIIUX BOAOXpaHWIUMl. I[lOCKONBKY STOT MpOLIECC CTATKUBACTCS C
SKOJIOTUYECKUMHU TPYTHOCTSIMH, OCHOBHOEC BHHUMAaHHE B HACTOSAIIEE BPEMS YIIEISIETCS CTPOUTECILCTBY
THAPOIEKTPOCTAHITI MaJIOH MOIITHOCTH, pa0OTaIOMINX Ha €CTECTBEHHOM CTOKE, a Takke Maibsix [ 9C
C BOAOXpaHWINIIAMU HEOOIBIIOr0 00bema.

U3-3a ropucroro penbeda U HEOONBIIOrO HEUCIIOIB3YEMOro 3eMelbHOro ¢onma ['pysun
3HAUMTENbHAS YacTh BOJOXPAHWIHIL CTPAaHBl PACHONIOKEHAa B TOPHBIX palOHaX W XapaKTepU3yeTcs
HEeOOJIBIION 3epKaTbHON MOBEPXHOCTHIO M 3HAYMTEIBHBIMU KoNieOanusimu ypoBHA. [lociennee mpuBoaut
K repepaboTke OeperoB BOJIOEMa, YTO 3aBUCHT OT MHTCHCHBHOCTHU CPa0OTKH BOJOXPAHMIIMIIA C OIHOMN
CTOPOHBI, @ C JPYroil — OT (PHBUKO-MEXAHUYECKHX XapaKTEPUCTUK OKPYXKAIOILIErO TPYHTOBOTO MaccHBa
(TIOTHOCTH, TIOKA3aTeNyd MPOYHOCTH). Kpome Toro, (pr3HKO-MEXaHWYECKHe CBOWCTBA TOPHBIX IIOPOJ
OCJTa0JISFOTCSL B Pe3ysibTaTe BO3ACHUCTBUS (PUIIBTPAIIMOHHOTO TOTOKA IMOJ3EMHBIX BOJI M aTMOC(EPHBIX
0caJIkoB. Bce BhIIIenIepednciIiCcHHOE CIIOCOOCTBYET HAPYIICHUIO CTAaTUIECKOTO PaBHOBECHS 0a30BO YacTH
CKJIOHOB M CTaHOBUTCS TPOBOLUPYIONIMM (PAKTOPOM TAaKHX OMACHBIX SBJICHUM Kak: JIABUHBI, OITOJ3HH,
ooBanbl. Kpome Toro, ['py3usi HaxomurTcsi B 30HE aKTHBHOTO CEHCMHYECKOTO BO3JCHUCTBHUS, YTO eIIe
0OJIBIIIC YBETMUYMBACT BEPOSATHOCTD OMOJI3HEH. OMOI3¢Hb OOPYIUBILIUICS B BOJOXPAHWIIHUIILE CHIKACT €ro
PETYIHPYIONIYI0 CIIOCOOHOCTh, @ TaKKe MOXKET BBI3BATh IIEPEIMB MacChl BOIBI Yepe3 IUIOTHHY U
KPYITHOMACIITa0HYO KaTacTpoy B HIDKHEM Obede peKu.

Metoasl wucciaenoBanusi. V3 BhIIIECKa3aHHOTO SICHO, YTO CHCTEMa «BOJOMOIIOPHOE
COOPYKCHHE -BOJIOXPAHUIIMIIE» HECET B Ce0€ BHICOKYIO CTEIICHb PUCKA C TOUYKH 3PEHUS TIOTEPU KUIHH
W 37I0pOBbS JIIOJIEH, a TaKKe pa3pylIeHHs] WIH Cepbe3HOTo ymiepda MX COOCTBEHHOCTH, a TaKXKe
Pa3pyIIUTEILHOTO BO3ICUCTBUS HA OKPYKAIOIIYI0 cpeny. C Apyroi CTOPOHBI, HET MOJIHON TapaHTHH,
YTO 3TH PUCKH HE MATEPUAIIU3YIOTCS C UX KaTacTPOYUUSCKUMHU MOCIICICTBUIMHU.

OmHO W3 BaKHEWIIMX MECT B CIMCKE TEXHOTEHHBIX KaTtacTpod) C WX HEraTUBHBIMH
TIOCIIE/ICTBUSIME - BOJIHA ITPOPBIBA VT 3aTOIUICHUS OT TEPENMBa BOMHBIX MacC Yepe3 IUIOTHHBI, TaMOBbl,
IIUTFO3bI B HWOKHUE Obed, ClIeCTBYE -pa3pyICHUE MPOMBIIIIICHHBIX, CEbCKOX03SHCTBEHHBIX OOBEKTOB H
YeNloBeUeCKre KepTBhl. BollHa TpophIBa MOXKET OKaszaTh CYIIECTBEHHOE HETaTWBHOE BIMSHHE Ha
OKpYXaIolIylo cpedy. B dacTHOCTH, MOXET W3MEHWTH JaHmmadT, HaHecTH yiiepO (rope u dayne,
CIIPOBOITPOBATE OTOJI3HH, ITepepadoTaTh Oepera peK, MPOMBITh JHO PYCIia Ha OOJBIIHE PACCTOSIHUS U T.I.

W3 BBIIECKa3aHHOTO BUHO, YTO C YYETOM HETAaTHUBHBIX IOCIICICTBUN BO3MOXKHBIX aBapuid
Oe3ormacHasi dKCIUTyaTalys TUIOTHH BOJOXPAHWIWIL UMEET OOJBIIOE COIMATBHO-YKOHOMHUYECKOE M
9KOJIOTUYECKOE 3HAYCHHUE, UTO CTABUT HA MMOBECTKY JHS 3a/1ady KOJTUISCTBEHHOU OIEHKH BO3MOXKHOTO
BO3JICHCTBUS BOJTHBI IIPOPHIBA.

O0beM BOMOXpAaHWIIWINA WM BHICOTA IUIOTUHBI SBISIOTCS XapaKTEPUCTUKAMHU, KOTOpHIE B
3HAYUTENLHOW CTENEHH OIPEJENSIOT MapaMeTpbl BOJHEI IPOPHIBA B Pe3yJIbTaTe BO3MOXKHOW aBapvuu
IUIOTHHBI U MacmTad KatacTpodbl, BhI3BaHHOW €€ Bo3aehcTBUEM. UTOOBI OLIEHUTHh MOTCHIIHAIbHBIM
PHCK, CBSI3aHHBIN ¢ aBapuel Ha TJIOTHHE, OYIET MPABIIIEHBIM OMPEIETUTh CIIOCOOHOCTH HAKOTIIICHHON
B BOJIOXPaHWIHINE BOJBI MMONAJaTh B HIKHUI Obed. YUHWTHIBas, 4TO MpPU MPOPHIBE TUIOTHHBI KaK
MPaBUJIO YYWATHIBAETCS TOJNBKO OTTOK BOABI, AaKKyMyJIHPOBAaHHONW B TIOJE3HOM OOBEME
BOJIOXPAHUIIHIIA, B HIXKHHI Obed, 3TO MOXKHO BBIpa3uTh Kak [3, ¢. 152]:

E=y W, -H
rae: E moTenmmanpHas 3HEPTUsS BOAHON Macchl, JIK.;

1 Tonna THT(tpunutporoyon) = 4,184-10° JTx.;

v= 9810 1 / M® - yeIbHBII BEC BOIBI,

W 0. — [TosIE3HAS €MKOCTB pe3epByapa, M>,;

H — PaccrosiHue 1mo BepTHKaIM OT LEHTPA TSHKECTH BOJMOXPAHWIIMUINA JI0 JHA Pyclia PEeKU B
CTBOpE TUIOTHHBI, M.

PesyabTarsl  ucciaegoBaHuMsi. PacueTel Il TUIAPOY3JIOB  BOJOXpaHWIMIl [ py3un
MIPOBOJIMIIUCH T10 MPEIOKEHHON (popMyJie, pe3yabTaThl KOTOPIX PECTaBICHBI B Ta0uie 1.

B cronbmnax 6 u 7 Tabmumpel 1 mpuBeneHa MOTEHIMANIbHAS DHEPrHsl BOIBI, HAKOIJICHHAS B
BOJIOXpAaHWIINIIE B KWJIOTOHHAX W B OKBUBAJIEHTE DHEPIUH, BBHIACIIIOMICHCS TIpU B3phIBE
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TPUHUTPOTOYOJA, YTO TMO3BOJISET YETKO TOHSATH OMACHOCTh, KOTOpPas MOXKET BO3HUKHYTh B CIIy4ae
MPOpPhIBa TUIOTHHBI, TEM CaMbIM IOJYEPKHBAs HEOOXOIUMOCTh OOCCIICUYCHHUS BBICOKOH CTEICHU
0e30MacHOCTH BOJOMOIIOPHOTO COOPYKECHUSI.

[To manaeIM MexmyHapomHOM KoMuccuu 10 BeicokuM uioTuHaM (ICOLD) [4], 300 u3 36 000
IUIOTUH B MHUpPE pPa3pylIWINCh. 3HAYMUTENbHAs 4YacTh M3 HUX OTMEYCHAa KaTacTPO(QUUSCKUMHU
3aTOIUICHUSIMU (HaBOIHEHUsIMHU). YacTo 3TO OBUIO CBSA3aHO C HEMOJHOTON MPOEKTHOH JOKYMEHTALUH
W HEMPaBUIBHOW pabOTON 3KCILTyaTallMOHHBIX CIyX0. B pe3ynbraTe 4ero BO BpeMs MaBOJKOB HE
yAaeTcss BOBpEMsI OTKPBITh OCHOBHBIE 3aTBOPHI (WJIHM M3-32 UX OTKa3a), U Boja cOpachIBacTCs 3a CUET
nepenrBa 4epe3 IUIOTHHBI, YTO COMPOBOXKIAETCS pa3pylleHHeM KOHCTpyKuuH. [lepenuB Boabl depe3
IUIOTHHBI TaKXKE MOXET OBbITh CBS3aH C HEUCHPABHOCTSIMU THAPOMEXAHHUYECKOTO O0OpYyIOBaHUS
IUIOTHHBI, TI0 TEXHWYSCKMM TPUYMHAM  W3-32 HEYACTOrO  WCIONL30BAHUS, OTCYTCTBUS
npo(UIAKTHYECKUX pabOT, OTCYTCTBUS TEPUOMUYECKMX MPOBEPOK WX OKCIUTyaTal[MOHHOM
HaJIe)KHOCTH, a TAK)KE OTKIIIOYCHUH IEKTPOIHEPTUH.

Nmest aeno ¢ katacTpodUUECKUMH 3aTOTUICHUSIMU B HIWDKHEM Obede, cieqyeT yduThIBATh
BOIIPOC YCTOI\/II‘II/IBOCTI/I YKIIOHAa pycCiia oA BJIUAHHUCM BbIMBIBAHHA HMX OCHOBAaHHUA, YTO MOXKCT
CIPOBOLMPOBATH OMOJ3EHb M, KAaK CIEACTBHE, 3aTOMUTH TEPPUTOPUIO O HOBBIX IpaHHIl (OOBIYHO
0oree OOMTMPHBIX).

Tabauma 1.
Ne Hassanmne ITone3usiit I'myOuna H, m E, E,
.10 TUAPOY3Ia 00BeM CpaboTKH, M x 1013, KTH
BOJIOXPaHIIIUIIA Jx TNT
W, min. M
1 2 3 4 5 6 7
1 Enrypu I'DC 676 70 236,5 156,8 375
2 Kunsamu 'DC 370 40 82 30,8 74
3 Cuonu 'DOC 300 54 56 16,5 39
4 Xpamu ['DC-1 292 14,5 25,5 7,3 17
5 Bapauumu '9C-1 37 3,55 53 1,9 45
6 1Taopu ['DC 85 8 7,5 0,63 15
7 Jzespyna I'DC 87 7,5 32 2,7 6,5
8 I'ymatu I'DC-1 13 4,0 50 0,64 0,25
9 Jlajpkanypu 'DC 18 16,0 61 1,1 2,6
10 Bapixe '9C-1 2,6 0,5 10 0,33 0,07
11 3AI'DC 3 15 25 0,07 0,17

Bo3sMoxken Takxke mpopwiB Jam0, 00pa3oBaBIIMXCS B Pe3yNbTaTe OMOJN3HS, BBI3BIBAIOIIHIA
TaK)kKe TPOPHIBHYIO BOJIHY CO BCEMH HETaTUBHBIMU MOCIIEICTBUSMHU.

OpHOlt W3 TPWYMH BO3HWKHOBEHHs HemTaTHOW cutTyanmu Ha ['DC - HecBoeBpeMeHHOE
NpOBE/IEHHE HaJUIeXKallero PEMOHTa, peadWiauTanuu. Takke CleayeT OTMETHTh HeoOXOAMMOCTh
CBOEBPEMEHHOW OLIEHKH CTPYKTYPHOM HEIOCTHOCTH M yCTOHYMBOCTH AaMO oOBasioBaHMs (Hampumep,
Magneynmn, TxkuOynbCckoe BOAOXpaHWIWINE) M WX BIUSHUS Ha KadeCTBO BOABI C YYETOM
arpeccUBHOCTH MaTepHaja OTXO/I0B.

B ciyuae kackaga ruapoIHEpreTHUYeCKuX 00bEKTOB HEOOXOUMO YUUTHIBATH HHTEHCHUBHOCTD
KaTacTpouIeCKux COPOCOB C BEPXHUX OOBEKTOB HA PACIOJIOXKCHHBIC HIKE O0BEKTHI M MPUHHUMATh
MEpHI 10 TpaHCHOpPMAMH H30BITOYHOTO CTOKa M 0e30MacCHOMY OTBEACHHIO €ro B HIDKHEM Obede.
OTOT BONpPOC NPUOOpETaeT 0cOOYI0 Ba)XHOCTH NMPH Pa3MEIICHUH KACKaJHBIX OOBEKTOB B Pa3HBIX
cTpaHax. B aTom ciydae ycnoBusi 6€301MacHOCTH M BO3ACUCTBHSI 00BEKTa HA OKPYXKAMIIYIO CPEeIy
JIOJKHBI COOJTIOIATHCS HA OCHOBAHHUH COTJIAIIIEHHSI MEXTy TOCY/IapCTBAMH.

B mocnemnee Bpemsi Bompocam  0€30HacCHOCTH IUIOTUH M CBSI3aHHBIX € OTHM
NPUPOAOOXPAaHHBIM MEPONPHUATHAM yIeNeTcsl B pecinyOiuKke Bce Ooiblnee BHUMaHUe. Bee Gombiie
TUTOTHH OCHAIIAIOTCS COBPEMEHHBIMU CUCTEMaMH MOHUTOPHHTA 32 TEXHHYECKUM COCTOSTHHEM TUIOTHH
u apyrux ruapocoopyxkenuii (Earypu I'DC, XunBamu ['DC, Bapgawmu I'DC-1, Cuonn ['DOC,
TUIOTUHBI MEJIMOPATUBHOTO Ha3HaueHWs — Anretd M HapeksaBu). CHCTEMBI paHHETO OINOBEUICHHS
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BHEIPSIOTCT Kak Ha oObekTax »Hepretukn (KwmBamm ['DC), Tak W Ha BaXHBIX 00BEKTax
MHPPacTpyKTypsl (OMON3HEBOH yuyacTok goporu Llxnern—beranus, nemnuk /[leBmopaku BOIU3M
Boenno-I'py3unckoil noporu), As NpenoTBpalieHust JHUOO CBEACHUS K MHUHHMYMY pHCKa Kak
KOHOMMYECKOTO yIIep0a, TaK U YEIOBEUECKUX JKEPTB.

BriBOaBI.

1. Pa3paboTana mMeTtoauka onpeAescHUs] U OLEHKH PHCKAa WX BO3MOXKHBIX aBapvil Ha OCHOBE
peanbHbIX IapaMeTpoB Bogoxpanwuil ['py3un.

2. CornacHo NpeIOKEHHON METOAUKE, MOXKHO PaHXHPOBaTh OOBEKTHI TMAPOIHEPIeTUKH U
OTIpeNIeNIATh NEPUOANYHOCTh MX MPOBEPOK C IIETbI0 CHWKCHUSI PUCKA aBapHil U CBA3aHHBIX C HUMHU
HETaTUBHBIX BO3JCHCTBUI HA OKPYKAKOLIYIO CPEY.

3. O0cyxmaroTcst Jpyrue  acmeKThl Oe30MacHOCTH THIPOTEXHHYSCKHX COOPYKEHUH U
CBSI3aHHBIX C HUMH SKOJIOTHYECKHX MPOOIIEM.
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ARCHITECTURE AND CONSTRUCTION

NPUHIUNU ®@YHKIIOHAJBHO-TEPUTOPIAJIBHOI
PEOPI'AHI3AILII 3AMKOBHUX KOMILJIEKCIB Y
CTPYKTYPI ICTOPUYHUX HACEJIEHUX ITYHKTIB

Anopycak Y. b., kauo. apx., ooyenm, leano-PpaHKiecokull HAYIOHANbHUL MEXHIYHULL YHiBepcumem
nagmu i 2azy, lsano-@Ppanxiscox, Yrpaina, ORCID ID: https://orcid.org/0000-0001-5312-5016

DOI: https://doi.org/10.31435/rsglobal_conf/30012021/7383

Abstract. The problem of preservation and use of castle complexes is of paramount importance in the
conditions of intensive process of buildings in historical settlements. Because leads to the loss of
unique objects of cultural heritage and violation of the uniqueness of the architectural and planning
structure of settlements. Castle complexes play an active role in the spatial and composition structure
of settlements. It influences on the formation of architectural and compositional relationships with the
historically formed environment. In this regard, the issue of preservation of castle complexes as part
of the historical and architectural integrity of the settlement structure is urgent. At the same time,
taking into account the peculiarities of compositional influence and the artistic and aesthetic value of
the visual disclosure of castle complexes. It will allow to develop principles and practical
recommendations for functional and planning reorganization of castle complexes.

Keywords: castle complex, functional and territorial reorganization, principle, architectural and
planning structure, historical settlement, valuable visual views.

Beryn. B ymoBax iHTEHCHMBHOI Ta XaOTHYHOI 3a0yZ0OBH ICTOPHYHUX HACENEeHUX IyHKTIB, SKa
OPU3BOAUTH [JI0 BTPAT YHIKAJIBHUX IaM’SITOK 1 TOPYIIEHHS HEHOBTOPHOCTI apXiTEKTYpHO-
TUTaHYBaJIbHOI CTPYKTYpH IMOCENeHb, TpobieMa 30epeKeHHs] Ta BUKOPUCTaHHS 3aMKOBUX KOMIUIEKCIB
K 00’€KTIB KyJbTYpHOI chajumiHd HaOyBae MepHIoueproBoro 3HaueHHs. OCKUIbKH, 3aMKOBHH
KOMITJIEKC BKJIIOYA€E CYKYITHICTh €JIEMEHTIB iCTOPHYHOTO JaHAMA(Ty, MIaHyBaHHSI U apXiTEKTYpHHX
criopyl (31 30epeXeHO aBTEHTHYHICTIO MICTOOYAIBHOI KOMIO3HINIi, MacmTady Ta MpOTOPIIHOTO
CIIBBIJTHOMIEHHS] 3 OTOYYIOYOK 3a0yJI0OBOIO), TO IPOJOBXKYE BiirpaBaTH JIOMIHAHTHY pOJIb Y
(hopMyBaHHI OKPEMHX Bi3yallbHUX BUJIB 1 apXiTEKTypHOT0 00pa3y HACEIeHUX IyHKTIB Y IIIIOMY.

3 ormsimy Ha 3a3HayeHi OCOOJIMBOCTI 3aMKOBHX KOMIUIEKCIB, HEOOXiTHHM € BHPIIICHHS
nUTaHHS  (YHKIIOHAJBHO-TEPUTOPIaIbHOI peopraHizamii 00’€KTiB JaHOTO THIy SK CKIQJOBHX
KYJBTYPHOTO JIaHAAPTy, a HE OKPEeMHUX apXiTeKTypHHX aHcamOiiB. Ciij MiIKPECIUTH BaXKIUBICTH
30epeKeHHs] 3aMKOBHX KOMIUIEKCIB SK YaCTHHH 1CTOPHKO-apXiTEKTYpPHOI IIUTICHOCTI CepeloBHINa
MIOCEJIEHb, BPAaXOBYIOUM creuudiky KOMIIO3MLIHHO-BHIOBOTO BIUIMBY Ta XYyIOKHBO-E€CTETHUHY
[[IHHICTh BHIOBOT'O PO3KPHUTTS TaKMX 00’ €KTIB KyJIbTYpHOI criaaiuuu [ 1-20].

Mera: BHSBUTH HAyKOBI NPHUHIMIKA Ta 3alpONOHYBATH TNPAKTHYHI pEKOMEHJIAIll 070
(bYHKIIOHATBHO-TEPUTOPIATBEHOT peopraHizallii 3aMKOBUX KOMITIEKCIB.

MeTtoau NOCHiTKeHHSI: JITEPAaTYpHUH, CTATHCTUYHHUH, NOPIBHAIBLHHN, PETPOCIIEKTUBHHUHN i
KaprorpadiyHuii aHaji3 HAyKOBHX, KapTorpagiuHuX, apXiBHHX, apXEOJOTIYHHX, ITFOCTPATUBHHUX
MarepiajiB, SIKi CTOCYIOThCS NPOOJIeMHU JOCHIHKEHHs, a TaKOXK METOJ| MOJEJIOBaHHS, 110 J03BOJIUB
npouTIoCTpyBaT crielu}iky yHKLIIOHAIBHO-TEPUTOPIANbHOI peopraHizalii 3aMKOBUX KOMILIEKCIB.

Pe3yabTaTu 10CTiTKEHHS.

Bapy6ixxui  ¢axismi  J. L. Picardo Castellon,  |. Garate Rojas, M. J. Rodriguez Pérez,
C. de Riafio Lozano, C. Quevedo Rojas, A. Izquierdo Toscano, C. Rodriguez Martin (Icnanis),
C. Watson, W. Mann (BenukoGpuTanis), M. Dudler (LLseiinapis), L. M. M. de Vasconcelos Correia,
S. Constantino, N. Mota (TTopryranisi), W. K. Dietl, K. Egger, M. Scherer, H. Mutschlechner,
G. Mahlknecht (Itaxis), R. Wagemans, E. Vermeulen (Hizepnanan) # in. ynpomosx 1929 - 2017 pp.
PO3pOOUIN Ta peai3yBalid IPOSKTH, IO Mepeadadaii KOHCEepBallilo, pecTaBpallilo i peopraHisalio
3aMKOBHX KOMIDIEKCIB 13 ajanTalli€elo 10 HOBHX (YHKIH (My3eHHO-BHCTAaBKOBOi, KYJILTYpPHO-
i3HABAIBHOI, TPOMAICHKO-IIJI0BOI, )KUTIIOBOI, Xap40BOi, CIIOPTHBHOI, PO3BaKAIBHOI  iH.).

HaifsckpaBilmum  npukiagoM  QyHKIIOHAIBHO-TEPUTOPIAILHOT  peopraHizamii  3aMKOBHX
KOMIUICKCIB € JepykaBHa Mepeka roteniB Icnanii «Paradores de Turismo» («3aikmpki BOpH»), KOTpa
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BKIIOYae moHa 20 MPHCTOCOBAHMX 3aMKOBHX KOMILIEKCiB, 30kpema Parador d’Emporda, Parador de
Cardona, Parador de Ciudad Rodrigo, Parador de Jaén (Castillo de Santa Catalina), Parador de Lorca,
Parador de Sigiienza, Parador de Alcaiiiz (Castillo Calatravos) it in. Ycepeanti 000pOHHUX YKPIIUICHB i
CTOpY/Jl BIIAIITOBAHO TOTENbHI HOMEpH, OaHKETHI Ta KOH(EpEeH-3aIH 3 OIISIOBUMHU TE€pacaMH, Mario,
OaceliHM Ta TPEHAXKEPHI 3aJIM, a B OKPEMUX — MepeadavyeHo Cria-IeHTPH, CayH! 1 T. 1. J{JIs mimoxiaHux,
BEJIOCUINIEAHNX a00 KiHHHMX MPOTYJSIHOK NPOKJIaJeHO TYPUCTUYHI MapLIpyTH, BiANpaBHA TOYKa SIKHX —
Ha TepuTopii maHux mapamopiB. Y mepenik «Paradores de Turismoy», mo B 3araibHOMY BKIIOYAE
97 mapanopiB, KpiM 3aMKOBHX, BXOJSTh TAaKOXK IHIIN KOMIUICKCH OYAiBeNb 1 CHOpYJ 1CTOPUYHOI i
apXiTeKTypHO-MICTOOYJIBHOI I[IHHOCTI — TMANaloBi Ta MOHACTUPCHKI. B MuHynomy Taki 00’€KTH
KyJbTypHOI cHaamuHu 3Ae0uIbinoro mnepebyBain B HamiB3pyiHoBaHoMy cTaHi. [Iporte, micms
NPOBEACHUX  3aXOJiB  (YHKUIIOHANLHO-TEPUTOpialibHOI  peopraHizamii, 3a3Ha4yeHi  Mapagopu
MPUBAOIIIOIOTh BEJIMKY KUIBKICTh BiBiyBadiB IIOPIYHO SIK YHIKAJIBHI 00’ €KTH TypH3My HAIlOHAJIBHUX 1
perioHaNbHUX TYPUCTHYHHUX MapmipyTiB Icranii.

AHaJOTIYHO aJanToBaHi 10 HOBUX (QyHKIiH oHay 20 3aMKOBUX KOMIUIeKkciB HimMeuunau, siki,
pa3oM i3 (QOpTEeYHHMH, MaJAOBUMH, MOHACTHPCHKUMH Ta CAAMOHUMH KOMIUIEKCAMH, YTBOPIOIOTH
cucteMy 00’ekTiB TypucTHuHOI iH(pacTpykTypu Kpainu. Hampukman, Burg Trendelburg, Burg
Schnellenberg, Schloss Waldeck, Burg Schonburg, Schloss Rheinfels, Burg Wernberg i ix. € oganmu 3
HaWOUIBII MOMYJISIPHIIIMX 00 €KTIB TYpUCTHYHUX MapuipyTiB y Himeuunni [1-3, 15, 18-20].

Crienmdika 30epeskeHHS MUTICHOCTI 3aMKOBHX KOMIUIEKCIB SIK OCHOBHHUX CTPYKTYPHHX €JIeMEHTIB
ICTOpMYHHX HACEeIICHUX MYHKTIB Tepeadadac Taki TepUTOpialibHI TTaM’ STKOOXOPOHHI 3aXOIH:

- KOHCEpBAIlil0, PECTAaBPAIlil0 Ta PEKOHCTPYKIIO IUIAHYBAJIBHOI W 00’ €MHO-IIPOCTOPOBOI
CTPYKTYpU OOOPOHHHUX CHIOPYII;

- 3MiHy pO3MipiB ([IEPEeBaXHO — YKPYITHEHHs) OKpeMuXx OyiiBenb (y Mexkax 30H 30pOBOTO
PO3KPHUTTS 3aMKOBHUX OOOpPOHHHX YKPIIUICHb 1 CIIOPYX) A0 Takoi MipH, 1100 30epertu aBTeHTHYHUI
XapakTep Bi3yaJbHO-KOMIO3UIIHMX 3B’S3KiB 13 OTOUYYIOYOIO 3a0yJOBOIO Ta JAHAMIA(TOM, a TaKOX
Jliama3oH Bi3yalbHOTO CIPUHHATTS KOMILIEKCY Y JOBKOJIHMIITHHOMY MiCTOOYIiIBHOMY CEpEIOBHILI;

- Y BHHSTKOBHX BHIAJKaX — MOXJIMBICTb HOBOTO OYHIBHHUIITBA BCEPEIUHI HEPHUMETPY
3aMKOBHX OOOPOHHHX YKDIIUICHb Ta B MEXaX 30H BHJOBOTO CIIPUIHATTS KOMILUIEKCY.

[poBeneHHIO BHUINE3a3HAYCHUX 3aXOJIB Tepeaye 3/iHCHEHHs] KOMIUIEKCHOTO aHalli3y 3aMKOBOi
TEPHUTOPIl B CYKYITHOCTI 3 30HAMH OXOPOHH, OCKUIBKY JIMIIE B TTOETHAHHI 3 JIOBKOJIMIITHBOIO 3a0YI0BOIO Ta
JaHmagTOM iICTOPUKO-KYJIBTYPHHI 00pa3 3aMKOBHUX KOMITIEKCIB OPMYETHCS IUTICHO.

[Tpn oMy, 3aMKOBI KOMIUICKCH € CBOEPIJHUMH CHCTEMaMH, ISl SKHX XapaKTEpHOI €
TEepUTOpiajlbHAa W  ICTOPWYHA IIUTCHICT, a TakoX (YHKI[IOHAJIbHA  MiJHOPSAKOBaHICTh
naMm’ ITKOOXOPOHHOMY 30HYBaHHIO, IIO Iepe10ayae 0XOpOHy HaHOIMKYOTro iCTOPUYHOTO CEPEIOBHIIA
06’ekTiB manoro tumy [2, 3, 13, 20, 23, 26-28].

Ha ocHOBI TipoBefieHOT0 JTiTepaTypHOro, KapTorpagiyHoro i MOpIBHILHOTO aHali3y HAYKOBHX,
LTFOCTPATUBHUX 1 KapTorpadidyHuX MaTepialiiB moA0 0COOIMBOCTEH (DYHKIIIOHAIBHOI afanTariii Oy 1iBesb i
CIIOPY/I 3aMKOBHX KOMIUIEKCIB, 3a3HAUeH]1 KOMIUIEKCH CHCTEMAaTH30BaHO 33 TAKUMH KaTErOpisiMu:

- [ xameecopis — 3aMKOBI KOMIUIEKCH, Ji¢ HOMEHKJIATypa Cy4YacHUX (YHKIIOHATBHUX
€JIEMEHTIB BITPOBa PKeHa O0e3MocepeIHhO BCEPEIUHI 000POHHUX YKPIILJICHD 1 CIIOPY/I;

- Il kamezopis — 3aMKOBI KOMIUIEKCH, 1€ HOBI (YHKLIOHQJIbHI €JIEeMEHTH PO3MIlIeHI 3a
MEKaMH NIEPUMETPY OOOPOHHUX YKPIIJIEHB;

- [l xamezopis — 3aMKOB1 KOMILIEKCH, e TepeadaueHo BOJHOYAC OOCIyrOBYBaHHS y MekKax
00OPOHHUX CIIOPY/ 1 11032 MEXKaMU MepUMETpyY YKpiruieHs [2, 3, 18-20].

BignoBigHO 10 MPOBEAEHOrO aHANITHYHOTO JOCHIPKEHHS, MOXKHA CTBEpPIXYBaTH, LIO
JOMIHYIOYMM BHUJIOM (YHKLIOHAIBHOTO NPHUCTOCYBaHHSA 3aMKOBHUX KOMIUIEKCIB JaHUX KpaiH €
TypUCTUYHO-pekpeaniiine. [Ipu mpoMy, 10 mepimioi kaTeropii KOMIIEKCIB BIJIMOBITHO HAlIEXKaTh: B
Icnanii Ta Himewuuni 23 # 21 00 exT, 10 npyroi — 2 i 1, 1o Tpethoi — 27 # 57 00’ €KTiB.

3 MeTor BHSBIEHHS OCOOJMBOCTEH (DYHKIIOHATEHO-TEPUTOPIAILHOI peopraHizaii 3aMKOBHX
xomiuiekciB Icnanii Ta HiMedunHu, AeTanbHO MpoaHaIi30BaHO HOMEHKIIATYPY CyYacHHX (YHKIIOHATBHUX
€JIEMEHTIB JISSIKUX 00 €KTIB IAHOTO THITY, Pe3yJIbTaTH SIKOro HaBeneHo B Tabmmwi 1 [1-3, 15, 18-20].

Baprto BiaMiTHTH, IO KpiM BKIIIOYEHHS B TOTEJIbHY MEpEXY (3TiIHO HaBEJIEHUX MPUKIAiB),
3aMKOBi KOMIUIEKCH €BpOIH Y4acTO MPUCTOCOBYIOTH TAKOXK ITiJi My3€HHO-BHCTaBKOBE (PYHKIIIOHAIbHE
npusHaueHHs. 3okpema, Ha Tepuropii Schloss Heidelberg, Burg Sparrenberg, Schloss Hambach
(HiMeuunHa) 3BeJIEHO HOBI CITOPYIY — LIEHTPH A Bixeimysaudis; y Castle Bruneck (Itamist) ctBopeHo
My3eil y HOBO30ynoBaHHX Tin3eMHuX npumimenHsx; a B Castelo Novo (ITopryramis) ta Sandsfoot
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Castle (Aurmist) BIamTOBaHO MPOTYJISIHKOBI TIOPIXKKH, MMAHIYCH Ta CXOIH JJIs OTJISITY apXeOJOTIdHUX
€KCTIOHATIB Ha 3aMKOBi{l TepHUTOPil

VY3aranpHUBINIM MaTepiand 3apyOiKHOTO TPAKTHIHOTO JOCBiMYy MIOAO (YHKIIOHAIBHO-
TEPUTOPIATHLHOI peopraHizarlii 3aMKOBUX KOMIUIEKCIB, aBTOPOM BU3HAYCHO THITU X PAH)KyBaHHS:

- bazamogyuKkyioHanbHUlL;

- CcKaHceH-my3ell;

- MY3elHO-8UCTNABKOBUL,

- peKpeayitiHuii,

- mypucmuyunui [1-3, 15].

Tabmuns 1. Y3aranpHeHUH Tiepetik HOBUX (PYHKIIOHAIFHUX €JIEMEHTIB 3aMKOBHX KOMILIEKCIB
(3apyOi>KHHHA JOCBiN)

Ilepenik pyHKUiOHATBHUX eJIEMEHTIB Ipuxaaam 3aMKOBHUX
Y MeKaX BHYTPIIIHBOTO MEPUMETPY 032 MeKAMHU MEPUMETPY KOMILIEKCIB
- roTenb - MYy3eHHO- - ormsamoBi Maiimanunku |- [lapamop-n’Emmopna
- pectopaH BHCTaBKOBI - cang - Ilapanop-ae-Anbkanbic
- JITHIA MadJaHIHK 311 - aBTOCTOSHKA -Ilapamop-me-Karanina
pecTopany - CKaHCEH-MY3€d | - BigKpUTHH / KPUTHIA -ITapanop-ne-Kapnona
- KOH(hEpEeHII-3aT - 0ibmioreka OaceiH - [Tapagop-ne-Kapmona
- Oap / maymx - Iepksa/ - TEHICHHMH KOpPT - ITapamop-ne-Kyenka
- (hbiTHEC-TIEHTP KaruIAns - IUIDK - Ilapamop-ne-bationa
- CHa-IeHTp - Tepaca Iyl - CJIIHTH JJIs YOBHIB - Bypr LlIoHOYpr
- cayHa Bi/IIOYMHKY - (¢yTOoNbHE moe - bypr LlIremmen6epr
- OaceliH - mario - ToJe s ToNbdy - Bypr Tpenaens0ypr
- Tepaca aJis 3arapy - TIpChKOMWKHI Tpacu  Baccepruuisoce BectOypr
- coJsIpii - BHUTAT -I1Inpocc Banbaek
- lInbocc Petingenne

BusiBneno 3anmexHicTh MiX BHAOM ajnanTamii 00’€KTa MOCHIPKEHHS MiJ HOBI (YHKIII Ta
TaKMMHU YHHHUKAMU:

1) po3ramryBaHHIM y IPUPOAHO-JIAHAAPTHAX YMOBAX;

2) CTYIICHEM apXiTeKTypHO-apXeOoJIOriyHOT 30epeIKeHOCTI,

3) mokamizarielo HOBUX (YHKIIOHAJIBHHUX EJIEMEHTIB BIiIHOCHO ICHYIOUHMX 3aMKOBHX
YKpITUIEHB 1 CTIOPYAL.

3a3HaveHi crenudivHi 0cOOIUBOCTI (PYHKLIOHATBHO-TEPUTOPIaIbHOI peopraHizamii 3aMKOBUX
KOMIUIEKCIB 3HAXOJSATh CBOE BilOOpaskeHHS B IIAHYBAIBbHIM OpraHizaimii HOBHX HOMEHKIATYPHHUX
€JIEMEHTIB, ska 0a3yeThcs Ha QYHKI[IOHATLHOMY 30HYBaHHI 00’€KTa JIOCITIHKEHHS B LIJIOMY, a TaKOXK
Ha OCHOBI crieni]iky po3TairyBaHHs B IPUPOAHOMY OTOYCHHI:

- maropuctuii penbed 3 Bogoitmamu (MHUCOBI IJIaTO, BUCOKI OEPETH PidOK, OCTPOBH);

- penbed Oe3 BooNM (cKeni, maropOu, MiIHI¥OKS TaropOiB, pIBHUHHI IJ1ATO, JOJIUHH).

Ha d¢opmyBanus (yHKIIOHAIBLHO-TEPUTOPIAILHOT peopraHizailii 3aMKOBHUX KOMILIEKCIB
CYTTEBO BIUIMBAIOTH IPUPOAHI OCi — PIUKH, IPUOEPEKHI CMYTH BOJIOWM, TipchbKi XpeOTH Ta maropou, a
TaKOX MICTOOYMIBHI OCi — TPaHCIOPTHI MaricTpaii, MIIIOXiZHA Mepeka, TPAEKTOpil TYPHUCTHUHHUX
MapmipyTiB oo [3, 11, 13, 14, 17, 19].

Omxe, HyHKIIOHAIBHO-TEPUTOPialibHA peopraHizallisi 00’€KTa JOCIKEHHS 00yYMOBIIOETHCS
NPUPOJHUMHE W aHTPONIOTEHHHMMH YWHHWKaMH, WO BIUIMBAalOTh Ha (YHKIIOHANBHE 30HYBaHHS
TEPUTOPIT 3aMKOBUX KOMIUICKCIB i HOMEHKJIATYPHHI CKJIa]] HOBUX (DYHKI[IOHATBHHUX eJeMeHTIB [3].

30epexkeHHs Ta BUKOPHCTAHHA 3aMKOBHUX KOMIUIEKCIB y mpomeci ix (yHKUiOHANbHO-
TEpUTOPiaJIbHOT peopraHizalii BUMarae NEBHUX MIiCTOOYZIBHHMX 3aXOJiB MIOAO 1X PEKOHCTPYKUil i
eKcILTyarallii (KkoHcepBallii, pecraBpallii, perenepariii, pesitamizamii ta in.) [2-11, 14-20].

VY mporieci (GYHKIIOHATBHO-TEPUTOPIAILHOT peopraHizaliii 3aMKOBUX KOMIUIEKCIB MepeadadeHo
MOXKJIMBICTh BUKOPUCTAHHS TAKMX OCHOBHHX METOJIIB B SIK pe3epBallisi, MOJICpHi3allis, TpaHchopMarris.

Memoo pesepsayii mionsrae B 30€peKCHHI aBTCHTHYHOCTI 3aMKOBHIX CITOPYZ 1 30BHIIIHIX
00OpOHHHMX  YKpiIUIeHb, apeanaHamadTy (yHiKagbHOro JgaHamadry) Ta MiKpoJdaHAmadTy
(ogHOTHITHOTO JaHAWA(TY), 8 TAKOXK LIHHOI iCTOpUYHOI 3a0yJ0BH, 110 HAJEKaTh 10 OXOPOHHOI 30HU
3aMKOBOTO KOMIUIEKCY MiJ 4Yac (QyHKLIOHAIBHO-TEPUTOPIaNbHOI peopraHizanii xomiuiekcy. Ilpu

RS Global January 2021 17


http://www.sandsfootcastle.org.uk/

International Trends in Science and Technology

IFOMY, HEOOXITHMM € TPOBEIEHHS POOIT 13 KOHCepBaii, pectaBpalii, peKOHCTPYKIii Y PEMOHTY
3a3HaYEHUX CMOPY/ 1 MaHAmadTy, a TAKOX — 0JaroycTporo TEPUTOPIi, BiIMOBIIHO O HOBUX (YHKIIii.

Memoo mooepnuizayii nependadae dYaCTKOBE OHOBJICHHS apXiTeKTypHO-IDIAHYBAIBHOL
CTPYKTYpU 3aMKOBOT'O KOMIUIEKCY, IIO HAaJeKHUTh A0 OXOPOHHOI 30HU (OOOpPOHHHMX CHOPYA i
VKpiIUIeHb, apeanaHamadry i MikpordaHamadry, iCTOpu4HOi 3a0yAOBH), a TaKOX MOXJIHMBICTh
CHOPYMKEHHST HOBHX O0O0’€KTiB cepu o0OCIyroByBaHHs B 30HI pEryJrOBaHHS 3a0yJoOBH Ta
OXOpPOHIOBAHOTO JaHAmAa(PTy, 32 YMOBH (YHKI[IOHAJTHHOTO MPUCTOCYBAHHA OO0’ €KTY IOCIiIKEHHS.
[Ipu upomy, nependadeHo BUKOPUCTAHHS PI3HUX MPUAOMIB pecTaBpallii Ta peKOHCTPYKIIii.

Memoo mpancgopmayii ROMyCKae TOBHY 3MiHY IPOCTOPOBO-IUIAHYBAJIBHOI CTPYKTYpH
3aMKOBOTO  KOMIUIEKCY, BHACHIIJJOK MOXIIMBOCTI CHOPY/KCHHS HOBHUX 00 €KTiB  cdepu
00CIIyroByBaHHS y BCiX I1aM’ITKOOXOPOHHHUX 30HaX KoMIuiekcy [2-12, 14-20].

3a3HayeHi METOOU  IPOUTIOCTPOBAHO  BIAMOBIAHUMH  OpUKIagaMu  (YHKLIOHANBHO-
TepUTOpiaabHOI peopranizaliii Takux 3aMKoBuUX KomiuiekciB sik Parador de Cardona, Parador de Jaén
(Icmawist), Burg Schonburg (Himewyuunna) Ha puc. 1. [1-3, 15, 18-20].

[IpoBenenmii aHami3 HAyKOBHX, AapXiBHUX, apXEOJOTIYHHX, ICTOPHYHHX KapTorpadivyHnx
MarepianiB, 1X CHiBCTaBJeHHS 3 ()parMeHTaMH akTyalbHUX KapT Google maps, a Takox ¢otorpadismu
PI3HUX YacOBHX MEPiOIiB, JO3BOJIMB BCTAHOBUTH OPI€HTOBHI MEXI IaM’ ITKOOXOPOHHOTO 30HYBaHHS Ta 30H
BUJIOBOTO PO3KPHUTTS JOCHTIKYBaHUX 3aMKOBHX YKPIIUIEHb 1 CHOPYA, 8 TaKOK BU3HAYUTH OCOOJIMBOCTI
pO3TalyBaHHS HOBUX (DYHKI[IOHATEHIX €JIEMEHTIB SIK Y MeXax OOOpPOHHHUX CIIOPY/, TaK 1 Mo3a MeKamu
MEpUMETPY YKPIIUIEHb. 3a pe3yJbTaTaMH IPOBEACHOTO aHajli3y, BUSBICHO MPHHIMIH (PYHKIIOHATHHO-
TEPUTOPIATBEHOI peopraHi3amii 3aMKOBHX KOMIUIEKCIB, fKi y3aralbHIIM Ta TOEAHATN B cOo0l MeToau
30epeKeHHS Ta BIJHOBJIEHHS MaM’SITOK HA BCIX eTamax ()YHKIIOHAIFHOIO MPUCTOCYBAaHHS KOMIUIEKCIB.
KoxHuM 13 3ampornoHOBaHUX MPHUHIIMIIB 3a(iKCOBAHO MEBHY 3araibHy OCOOIMBICTD, BIACTHBY 3aMKOBHM
KOMIUIEKCaM SIK IUTICHUM 00’€KTaM, Ha PI3HHX PIBHSX Bi3yalbHOTO CHIPUHHSTTA, 3TiHO TPAEKTOPIi
iCHYrOUMX a00 TMOTEHIATPHUX TYPUCTHYHMX MAapHipyTiB (BIAMOBIIHO TPAHCTIOPTHIM 1 TMIIOXiTHIH
CTPYKTYpi ToceseHs). [T0JI0KEeHHIMU TPUHIKITB KOKHOTO HACTYITHOTO PiBHS JIETATI30BAHO MOMCPEIHI i
OJJHOYACHO OKPECJICHO IPUHOMH Ta IPaKTHYHI peKOMEH ALl 3acodamu peastizarii JaHuX TBEPIKEHb.

[porec  (QyHKITIOHAIBHO-TEPUTOPIAIBHOI ~ peopraHizailii, MOYMHAKOYM BiJ] MPUCTOCYBAHHS
3aMKOBUX KOMIUIEKCIB, IPYHTYETHCS HA TPUHIUI «DYHKYIOHATLHOL cneyianizayii 3aMKO8UX KOMNIACKCI8
BIONOBIOHO 00 PecypcHO20 NOMEHYIANY Mepumopii posmiwentsy. JJaHUH TPUHIUIT BUBSJCHO HA OCHOBI
KOMIDIEKCHOTO aHai3y TaKMX YMHHHKIB: PiBHS Mi3HABAILHOI IHHOCTI iICTOPUYHIX apealtiB, 0COOIMBOCTEH
nmaHAma]THO-KIIIMaTHYHAX YMOB TEPUTOPIi pO3TaITyBaHHS, CTIEIM(IKH JOKaJTi3allii 3aMKOBHX KOMILIEKCIB
Yy apXiTeKTypHO-TIaHyBaJbHIN CTPYKTYpi IOCENeHb, a TAaKOX YHIKAJBHOCTI IDIaHYBAILHO-TIPOCTOPOBOI
CTPYKTYPH 3aMKOBHX YKPIIUIEHb 1 CHOPY/, JKUBOIMCHOCTI JIAHAMA(THUX 30H TEPUTOpil BCepevHI Ta
JIOBKOJIA 00’€KTa JIOCHI/DKEHHsI, CTYIeHsT 30epeXeHOCTi, TEXHIYHOro CTaHy Ta Cy4acHOTro
(YHKIIOHATLHOTO BUKOPHCTAHHS YKPIIUICHb 1 CIIOPY/T 3aMKOBUX KoMmIutekci [3, 18-20].

3anexHO BiJ XapakTePUCTUK OOpaHMX YWHHUKIB, BapiaHTH (YHKLUIOHANBHOI ajamTamii
3aMKOBUX KOMIUIEKCIB MOXYTb OyTH HACTYTHUMHU:

- 20MenbHO-pecMOpanni  3aKnaou 3  MY3eUHO-BUCMABKOBUMU — NPUMIWEHHAMU — ma
MONCIUBICIMIO NPOBEOEHHS ICMOPUUHUX PEKOHCMPYKYIL, KOHYepmis, pecmueanis;

- 0300po8ul YU pekpeayilini 3aKi1a0u CHOPMUEHO20 NPOPITIo.

[Tpu upomy, Taka audepeHmiamis 3AIHCHIOETECS HA OCHOBI JJOCUTH IIUPOKOTO TPAKTYBaHHS
NOHATTA «(QYHKIisH», [0 Tepeadadac ysarajbHIOOUY (ikcalito BiAMOBIAHOI HOMEHKIATYpH.
Bonnouac, mepenbadeHo MOMIIMBICTH BHOOPY TakMX MEpPCHEKTHBHUX KaTeropiii  HOBOTO
(GYHKLIOHAIBHOTO MpPU3HAYEHHS U1 00’€KTa IOCHiKEeHHS (32 pe3yJbTaTaMd aHaji3y 3apyOiKHHX
NPUKJIa/liB IPUCTOCYBAHHSA):

- «YHigepcanvbHay (NOAIQYHKYIOHATbHA),

- cneyianizosana (Mypucmuyna, Kypopmua, CHOPmMuEHO-0300posuda,).

HaBenenmit mopmin  BU3HaYeHMH  OCOOJIMBOCTSAMHM — PO3TalllyBaHHS 00 €kTiB  chepu
00CIIyroByBaHHs 3aMKOBHX KOMILJIEKCIB Ha MicLEBOCTi, (YHKUIOHAIbHUMH TIpyNaMd NPUMILICHB,
TUTaHYBaJIBHO-TIPOCTOPOBOIO CTPYKTYPOIO, MICTKICTIO Ta KareropisMu komgoptHocti. HomeHknarypa
HOBUX (YHKIIIOHAJIBHUX EJIEMEHTIB, PO3TAIIOBAaHUX BCEPEIMHI OOOPOHHUX CIIOPYJ 3aJeKaTHMeE BiJ|
CTyHEHs 30epeXEHOCT], TEXHIYHOIO CTaHy, XapaKTEPUCTUK IIJIaHyBaJbHO-IIPOCTOPOBOI CTPYKTYPH Ta
30pPOBOI'0 PO3KPUTTS 3aMKOBUX YKPIIUIEHb 1 CLIOPYI.
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Puc 1. V3acanvnenus eapianmie HoMeHKIamMypu CyuacHux yHKYiOHANbHUX eleMeHmie
3aMKOBUX KOMNILEKCI6

CuctemMa HOBUX (YHKLIOHAJHHHUX €JIEMEHTIB, NepeadaueHuX y MekaxX 3aMKOBHX CIOpY[ i
YKpIiIJIeHb, B3a€EMOIIOB’s13aHa 3 PO3MOALIOM (YHKLIH MK 00’€KTaMH 00OCITYyroBYBaHHS TYPHUCTUYHOT
Ta COIIAJIbHO-TTOOYTOBOI cepr Mmo3a KOHTYPOM 3aMKOBHX YKPIIUIEHb TakK, IO B Mipy HAOIMKEHHS
JI0 3aMKOBOT'0 KOMIUIEKCY, TPOILIeC Tepepo3no ity QyHKIid 1 popMyBaHHS KOMYHIKAIlIHHIX 3B’S3KIB
3NIIHCHIOETHCS. HA OCHOBI IPUHIUITY «Oele2y8anisi yHKYill 6i0N0GIOHO 00 nam simKOOXOPOHHUX 30H,
30H GI3YAIbHO20 CNPUUHAMMS, MPAECKMOPIL MYPUCTMUYHUX MAPUWPYMIE, 00 AKUX GKIIOUEHI 3AMKO8I
KOMNAEKCUN.
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3riHO BCTAHOBJIEHHWX TPAHUIb TaM’ STKOOXOPOHHHX 30H 1 30H BI3yaJIbHOTO CIPUHHATTA
3aMKOBHIX KOMIUIEKCIB, JETEPMIHOBAHO THUIH CTPYKTYpH PO3MIIIEHHS 00’ €KTIB OOCIyrOBYyBaHHS Ta
KOMYHIKAI[IITHAX 3B’ SI3KiB Mi>K HUMH:

- «3axkpuma komnakmuay (00’€KTH iHQPACTPYKTYpH CKOHIICHTPOBaHI JOBKOJIA 3aMKOBHUX
YKPIIUICHB 1 CIOPYI TaK, 1[0 YTBOPIOIOTh HAWKOPOTII KOMYHIKAI[ii{HI 3B’SI3KH MiX CO00I0);

- «eiokpuma ninivina» (00’€kTH  0OOCITYrOBYBaHHS 30CEPEKEHI B3JAOBK OCHOBHHX
(bopMyIOUHX €1eMEeHTIB — IUTaHyBaJbHUX 1 IPUPOTHUX PyOEKiB);

- «ooginbhutl 6izepyHory (IHOPACTPYKTYpHI 00’€KTH PO3MIIIYIOTHCS BiIHOCHO PIBHOMipHO
HETOJaTiK 3aMKOBHX YKPIIUICHB 1 CIOPY/, YTBOPIOIOYN KOMYHIKAI[iiHI 3B’ SI3KH CITIaCTOTO XapaKTepy)
[2, 3, 11, 13, 17-20].

[Nopanemmii npouec (GyHKIIOHATHHO-TEPUTOPIATILHOT peopranizanii 00yMOBICHO TPUHIIUIIOM
«IcmopuyHoi cnadkogocmi 6i0N0GIOHO 00 I€pPapXii 30ePedceHOCmi 3aMKO8UX KOMNIEKCI8», SKHUM
BU3Ha4Yae (hOpMyBaHHS 0araTopiBHEBOI cHCTEMU (BIJTOBITHO JIO CTYINEHIB 30€PEKEHOCTI, TEXHIYHOTO
CTaHy 3aMKOBUX YKpIIUIGHb 1 CIOpyA), [0 OO’€qHYe Ta pO3IMOMAINSE JOKai3amilo 00’ €KTiB
00cIyroByBaHHS Ta KOMYHIKAIIiiHI 3B’ 3KM MK HUMH Ha MiKpPOPiBHi, IOKAIIbHOMY Ta MaKpOpiBHi.

JloninpHO TpOpaHKyBaTH 3aMKOBI CIOPYIW W YKpPITUIEHHS 3a 1X POJUII0 B KOMIIO3HIIIHHO-
MPOCTOPOBI  CTPYKTYypi HaceleHWX MYHKTIB 1 QOpMyBaHHI apXiTEKTYpHO-KOMIO3HIIHHUX
B3a€MO3B’SI3KIB 3 ICTOPHYHO C(DOPMOBAHUM CEPEAOBHIIEM. 3 L€ METOI HEOOXiJHO BU3HAUUTH: 3
SKAMH €JIEMEHTAMH OTOYYIOUOTO CEPEAOBHINA 3aMKOBI CIIOPYIHM W YKPIIUIEHHS YTBOPIOIOTH I'OJOBHI
KOMIIO3HIIIHHO-TIPOCTOPOBI 3B SI3KH, IO MOTPEeOyrOTH 000B’s3K0BOrO 30epexeHHs. Kpim Toro,
MOTPIOHO BCTAHOBHUTH IOJATKOBI 3B’S3KH, IO BOJOIIOTH OLNBIIOI THYYKICTIO, Ta B IEPCIIEKTHBI
MOXYTh OyTH 3MiHeHi. [IJi1 IbOT0 BapTO MpOaHATi3yBaTH BUJOBE POSKPHUTTS 3aMKOBHUX KOMILIEKCIB 3a
piBHEM XYI0KHBO-E€CTETHYHOT IIHHOCTI. 3aBIISKM TAKOMY IiJIXO/Y, MOYKHa OTPHMATH MTOBHE YSBICHHS
PO XapakTep XYJIOKHBO-CCTCTUYHOI IIIHHOCTI BHIOBOTO PO3KPHUTTSA 3aMKOBHX KOMIUICKCIB, IO B
MOJAJBIIOMY JIO3BOJIUTh PO3POOHMTH HAYKOBO-OOIPYHTOBAHI MPOMO3MINI IIOJ0 PEKOHCTPYKINI Ta
NPUCTOCYBaHHA iCHYIO4oi icropuyHoi 3a0ynoBu, O3 IIKOAM Uil YCTAICHOI IUIaHyBaJbHO-
HPOCTOPOBOT CTPYKTYPH HOCEJICHB, BUSBIISIOUN Ta PO3BUBAIOYH 11 Kpallli CTOPOHHU.

3axomu 30epekeHHS  KOMIIO3HIIMHO-BHOBOI  HITICHOCTI  ICTOPHUYHO  COPMOBAHOTO
cepeoBHIa, BU3HAYCH] JAHUM TIPUHIIUTIOM, IHTETPYIOTh Y €JJMHY CUCTEMY TaKi OCHOBHI «CKIIQ/IOBI»:

1) aBTEHTHYHY IUIAaHYBaJIbHO-IIPOCTOPOBY CTPYKTYPY 3aMKOBHUX KOMIUICKCIB Ha MIKPOPIGHI,
Moomo 6 MmedxHcax OXOpOHHOI 30HuU, Jie 3a00POHEHO HOBE OYIIBHHITBO, MepeadadeHO MOXKIHMBICTh
MIPOBEJICHHS PeCTaBpaIlifHO-KOHCEPBAaIliMHUX 1 BITHOBIIOBATBHHUX POOIT 11010 OOOPOHHUX YKPITUIEHb
1 cropyll, YyCyHEHHS TUCTapMOHIWHMX Oy[iBenb, 3elIeHMX HACa/DKEHb 1 €JEMEHTIB OJaroycTporo,
3aMiHM (3HECEHHS) TOCIIOAAPCHKUX, IPOMUCIOBHX 1 CKIIAJCHKUX OYIBENb CIIOPYAaMH CHPUSTIHBOTO
(YHKIIIOHATBHOTO IPU3HAYEHHS);

2) CeKTOpH HaMKpaiioi BUAUMOCTI 3aMKOBUX KOMIUICKCIB HA JOKAILHOMY DI6HI — 8 Medlcax
30H pe2yniosanHs 3a0y006u ma OXOpOoHHOI, 1€ BU3HAYEHO OOOB’SI3KOBE 30EpEkKEHHs 3arajibHOro
xapakrtepy, MacmTaly, €JHOCTI pUTMY Ta MOIYJS cOpMOBaHOI iICTOPUYHOI 3a0yI0BH, TIepea0aueHO
MOJKJIMBICTh 3IIHCHEHHS HEOOXiMHWUX POOIT MO PEKOHCTPYKIi ICHYIOUMX CHOPYA 1 JOMYCTUMICTB
BUOIPKOBOrO HOBOTro OyJiBHMILITBA Ha BUIBHHMX JUISHKaX, Ha MiCLi ICHYIOUMX MAaJOLiHHUX a0o
JIUCTapMOHIHHUX OYIiBEIIb;

3) Bi3yasibHE PO3KPHUTTS 3aMKOBHX KOMIUICKCIB Ha MAKPOPIGHI — 6 MeJXHCAX 30H 2PAHUYHOL ma
ONMUMATLHOL 8UOUMOCTI, OXOPOHIOBAHO20 AaHOWApmY, e TIependadyeHO MOKIIMBICTh CIIOPYIKSHHS
HOBHX OyJliBeJh CIIBMACIITAOHUX 1 KOMIIO3WIIIHO TIOB’S3aHHUX i3 ICTOPUYHOIO 3a0yJ0BOIO Ha
TEPUTOPISX BUTbHUX Bij 3a0ynoBu [2-12, 14-20].

OcrtanHii eran (yHKUIOHAJIBHO-TEPUTOPIAJIbHOT peopraHizamii 3aMKOBHX KOMILIEKCIiB
BU3HAYCHO MPUHITAIIOM «EOHOCHI 3 OMOYEHHIM BIONO0BIOHO 00 YINICHOCMI CHPULIHAMMS 3AMKOB020
KOMNIEKCY 3 30H ONMUMATbHOT MA 2PAHUYHOL BUOUMOCTIT 83008M4C MPACU MYPUCTIULHO20 MAPUPYITYY
nependadac y4acTb 00’ €KTa JIOCIIKCHHS B CTBOPEHHI CTIMKHX KOMITO3HIIIHHO-TIPOCTOPOBUX 3B’ A3KIiB
1 popMyBaHHI €IMHOIO KOMIO3UIIIITHOTO LIJIOT0, JIe CEPEAOBHILY BiIBOJUTHCS Y3araibHIOYa POJb.

[Ipn ¢QyHKIIOHATEHOMY 30HYBAaHHI KOMIUIEKCIB OCHOBHHUM KPHUTEPIEM € BHU3HAYCHHS
LTICHOCTI Bi3yaJIbHOTO CIIPUHHSATTS 3aMKOBHUX YKPITUIEHb 1 CIIOPY[ i3 30H ONTHMANBHOI Ta TPAHUYHOT
BHJIMMOCTI B3JIOBX TPACH TYPHCTHYHOTO MapmpyTy. KiabKicTh 1 IToma TepuTopiii 30H Bi3yalbHOTO
CIIPUMHATTS 3aMKOBUX KOMIUICKCIB MOXYTh BIIPI3HATHACA 3aJICKHO Bil Mipd BHSABICHHS
OCOOJMBOCTEH BHUTJIISAAY 3 BHUIOBHX TOYOK KOKHOI 30HH BHUIUMOCTI (IIOMIHAHTHA, CYTTEBA, PSIOBA,
¢parmMeHTapHa, HE3HAYHA).
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TakuM 9wHOM, pajiiyc 30pOBOTO PO3KPUTTS KOMIUIEKCIB Y3IIOBXK TPAEKTOPIi TYpPUCTUIHOTO
MapuIpyTy oOyMOBIIOETbCS poiutio ((hoHOBa, (praHTOBa, eKpaHyloda) penbedy MiCIIEBOCTI, 3EIEHUX
HAca/DKeHb, BONHUX OacelHIB 1 JOBKONMIIHIX CIIOpYA, II0 BHU3HAYAIOTHCS THIIAMH Bi3yalbHOI
B3aeMOIii (KJIFOYOBUM 1 TAPUTETHUM).

3axoau peamizalii MPUHUMIYY MepeadadaloTb MaKCHUMalbHE OYHWILIEHHS 30HU MEPEAHBOTO
TUTaHy 3aMKOBMX KOMIUIEKCIB BiJ 3aliBUX 3€JCHHUX HACAIKCHb, SIKi MEPEHIKOKAIOTh Bi3yalbHOMY
OTJISIAy CIOPYX 1 YKpiIJieHb, a TaKOXX PO3KPUTTS IMPOCTOPY KOMIUIEKCIB 31 CTOPOHW OCHOBHHX
migxomis i mix’izais [2-12, 14-20].

BucnoBku. OCHOBYIOUNCH Ha pe3yJIbTaTax aHaji3y NPHUKIAIIB 3aKOPJOHHOTO MPAKTUIHOTO
JIOCBiZly TPUCTOCYBaHHS 3aMKOBHX KOMIUICKCIB 1]l HOBI (YHKIi, BHM3HAYCHO TaKi THITH
(byHKIIOHATBHO-TEPUTOPIANIbHOT peopranizamii: 0araToyHKIIOHAJIbHUM, CKaHCEH-My3ei, My3elHo-
BUCTaBKOBHUH, peKpeaumiiHui, TypUCTHYHUH. 30epeeHHs] Ta BUKOPHCTAHHsS 3aMKOBHUX KOMIUIEKCIB y
nporieci PyHKI[IOHATEHO-TEPUTOPIAIFHOI peopraHi3amii BUMarae meBHUX MiCTOOYIIBHHUX 3aXOiB MIOI0
ix pexoHCTpyKmii ¥ ekcruryararii (KoHcepBamii, pectaBpallii, pereHeparii, peBitanizamii ¥ iH.), sKi
nepeadadeHi MeTogaMH pe3epBarii, MoaepHizamii Ta Tpancdopmarii. [IpoBeaeHunit aHami3 HAYKOBHX,
apXiBHUX, apXEOJIOTIYHUX, ICTOPUYHHX KapTorpadidyHux MaTepiaiiB, X CHiBCTaBICHHS 3 (parMeHTaMu
akTyanbHHX KapT Google maps, a Takox (ororpadisiMu pi3HHX YacOBUX MEPiOiB, T03BOJINB BU3HAYNTH
cnetdiky po3TanryBaHHS HOBUX (DYHKIIOHAIBHHUX €JIEMEHTIB SIK y MekaxX OOOpPOHHHUX CIOpYJ, Tak i
1o3a MeXaMu TIEPUMETpPY YKpiIUieHb. BUSBIEHO 3aleXHICTh MiX BHIOM (DYHKIIOHAJIBHOI ajamTarii
00’€KTa JOCTI/DKEHHS ¥ TaKMMH YMHHHKAMH SIK PO3TAIyBaHHS B TPHPOJHO-NTAHIMIA()THUX YMOBaX;
CTYIIHb apXITEKTypHO-apXeOoJOTidHOi 30epeKEeHOCTI; JOKai3amis HOBUX (DYHKITIOHABHUX €JIEMEHTIB
BiZIHOCHO iCHYIOUHX 3aMKOBHX YKPIIJICHB 1 CIIOpPYA. 3a pe3ybTaTaMy MPOBEICHOTO aHalli3y, BUSBICHO
NPUHIUNH  (DYHKIIOHATIBHO-TEPUTOPIANBbHOI peopraHizalii 3aMKOBHX KOMIUIEKCIB: «(YHKIIOHATBHOT
crieriarizanii 3aMKOBUX KOMIUIEKCIB BiIMOBIZHO O PECYpCHOTO MOTEHIATY TEPUTOPIi PO3MIIICHHS;
«meneryBaHHA (YHKIIH BIAMOBIAHO 10 TIaM’ SATKOOXOPOHHHX 30H, 30H BI3yallbHOTO CIIPUHAHSTTS,
TpPa€eKTOpil TYPUCTUYHMX MAapIIPYyTiB, 1O SIKUX BKIIOYEHI 3aMKOBI KOMIUIEKCH»; «ICTOPHUYHOI
CIaJIKOBOCTI BIATIOBIHO O i€papxii 30epeKEeHOCTI 3aMKOBHX KOMIDIEKCIB»; «ETHOCTI 3 OTOYEHHSIM
BIJITIOBIZIHO JIO0 IUTICHOCTI CIPUHHATTS 3aMKOBOIO KOMIDIEKCY 3 30H ONTHUMAJIbHOI Ta TPAHUYHOI
BUJIMMOCTI B3/IOBX TpacH TYPUCTUYHOTO MapuipyTy». KoKHUM i3 3ampornoHOBaHMX TNPHHIHITIB
3a(hiKCOBAHO MEBHY 3arajibHy 0COOJIMBICTh, BJIACTUBY 3aMKOBHM KOMILICKCAM SIK IIJTICHUM 00’ €KTaM, Ha
PI3HUX PIBHSX Bi3yaJIbHOTO CIIPHHHATTS, 3T1THO TPAEKTOPIi iCHYIOYHX a00 MOTEHIIATEHUX TYPUCTHYHIX
MapuIpyTiB (BiAMOBITHO TPAHCIIOPTHIN 1 MIMIOXiMHINA CTPYKTYpi mocesnens). [lonoxeHHIMI PUHITUITIB
OKPECJICHO TIPUHOMH Ta MPAKTUYHI peKOMEH 1amii peai3amnii JaHUX TBEPKECHb.
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Abstract. The process of the pharmaceutical industry include is the manufacturing, extraction, supply,
alteration, processing, purification, and packaging, release and storage of chemical and biological
materials, as solids, semi-solids and liquids to be used as drugs for humans and animals. Waste waters
in the pharmaceutical and biotechnology industries usually originate from the synthesis, fermentation
and formulation operations of the drugs. Most of the APIs, FDF and drug excipients which distributed
worldwide are manufactured by chemical synthesis using organic, inorganic, and biological reactions.
In most times the reactors and separators which are used in a large scale product pharmaceutical
industry are not designed with the demanded capacity although it is oversized but less efficient. the
quantity of wastewaters that produced is frequently increased. There are a number of processes
occurring in a pharmaceutical industry, and it is a difficult to characterize each and every product
waste. Many classifications based on raw materials, final products, and herbal plants. The classification
is depend on the basis of the chemical processes and treatments as well as certain classes of prod Based
on the processes involved in manufacturing, pharmaceutical industries can be divided into five
categories: (1) fermentation of plants; (2) synthesized organic chemicals plants; (3) fermentation,
synthesized organic chemicals plants (generally moderate to large herbal plants); (4) natural, biological
product extractions (antibiotics/vitamins/enzymes, etc.); (5) drug milling and mixing, compounding,
formulation, and preparation plants (tablets, capsules, and syrups, drops, etc.)

Keywords: waste water, pharmaceutical manufacturing, treatment process, chemical synthesis,
environment standards.

Pharmaceutical manufacturing process.

Chemical substances synthesis processes use organic and inorganic chemicals in several operations
to produce drugs with unique physical and pharmacological properties. A diagram of the chemical
synthesis process is shown in Figure 2. Mainly, a series of chemical reactions are processing in
multipurpose reactors. The products are isolated by using different separation processes such as
liquid—liquid extraction, solid—liquid extraction, crystallization, and filtration. The final product is then
dried, milled, and mixed then processing to the formulation unit. The chemical synthesis process becomes
complex with a multiple steps of process of bulk chemicals, intermediates and the finished byproducts.
Because of this many steps, the atoms in chemical synthesis are generating of a lot of waste toxic materials
and energy. from the process of the reactors, there are heat exchangers equipment and process of pressure
vessels, bulk chemical supplies and temperature and other processes continuously operating. The product
usually in the mother liquor is transferred by vessels and temporary or permanent pipelines pressured by
pump gas or vacuum and this leading to a widespread use of raw water at every step. Very rarely, the
process of water is used to minimize impurities except in a few cases where the filtrate could be reused.
The water washing of cakes of crystallized or precipitated solids from organic solvents leads to
considerable release of volatile solvents into water and also into the air.

Wastewaters from chemical synthesis operations are produced due to many operations and
reactions taking place in the reactors at different stages. Almost every stage produces mother liquor
that contains unsoluble reactants, products, coproducts, byproducts, and residual products in the
organic solvent base. Acids, bases, halides, nitrates, sulfates, cyanides, and metals may be released.
Usually, the solvent recovery process leads to small portions of solvents wastewaters after evaporation
stage. Wastewaters which produced at the purification stage of solvents, finished products, cleaning
water, and spillage. All This precipitation has a high hazards of toxicity level for workers and people
health and it requires immediate treatment. Wastewaters from synthesis processes typically have high
biological oxygen demand (BOD), chemical oxygen demand (COD), and total suspended solids (TSS)
levels and pH ranging from 1 to 11.
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Synthetic organic chemical drug production process can be summarized as shown in Figure 1,
which shows the production of oxyphenonium bromide with different waste water sewers resulting
from the process.

Table 2. Summary of Wastewater Treatment Technologies and Cost Comparison”

name of the technology treatment method treatment capacity capital cost ($/KLD) O & M ($/(KLD /year)) reuse of treated wastewater
pwwr" sedimentation, anacroble digestion, filtration and phyto-remediation 1000 KLD* $580-31200 $15-82§ hotticulture biogas generation
soil biotechnology sedimentation, filtration, biochemical process S KLD to tens of $160-5250 $15-825 hoticulture cooling systems
MLD'
biosanitwer/ecochip biocatalyst: breaking the toxic/organic contents 100 mg/KLD chip cost $160 excluding not available in situ treatment of water bodies,
construction cost horticulture
soil scape filter filtration through biologically activated medium 1-250 KLD $300-5500 $30-535§ horticulture
ecosanitation zero separation of fecal matter and urine individual to $650-$850 (excluding the cost of not available flushing horticulture composting
discharge toilets community level tollet construction)
Nualgi technology phyco-remediation (use of micro-/macroalgae): fix COy remove | kg treats up to M1 S6/MLD* $150-5160/MLD" in situ treatment of lakes/ponds,

and increase DO in water increase in fish yield
jon of organic matter using Persaickety 713 (biological 1 billion CFU/ml $3750-$5000/MLDY $3000-$5000/MLD®  in situ treatment of lakes/ponds

nutrients,

bioremediation

green bridge filtration, sedimentation, biodigestion, and blosorption by microbes  $0-200 KLD/m* $4-58 $1 in situ treatment of water bodies
technology and plants

“Costs have been estimated on the basis of the year of implementation of listed case studies. The current cost involved may vary. (Adapted from ref 129.) KLD = kiloliters per day. MLD = megaliters per
day. "DWWT = decentralised wastewater treatment. “Cost of the technologies for lakes and water bodies remediation have been indicated in per MLD per year

Fig.1.

Table 3. Classification of Different Processes Based on Routes of Bulk Pharmaceutical Manufacture

chemical synthesis fermentation natural product extraction
antibiotics ; antihistamines; cardiovascular agents; central  antibiotics; antineoplastic antineoplastic agents (chlorambucil, daunomycin, melphalan,
nervous system (CNS) stimulants; CNS depressants, agents; therapeutic nutrients; mitomycinc); enzymes and digestive aids; CNS depressants;
hormones vitamins vitamins; steroids hematological agents; insulin; vaccines
Fig.2.

Fermentation Process.

Fermentation is a biochemical process involving the use of microorganisms and
microbiological technologies e.g yeast, lactic acid and bacillus to produce a desired chemical product.
Fermentation process involves several basic steps: seed inoculum and preparation, fermentation, and
product recovery and isolation. Inoculum preparation is done with necessary conditions and the
required microorganism, and then the whole mixture is exposed to warm steam sterilization. Activated
by Nutrients, inorganic salts, waters and other materials are added to the fermentation tank. Cells
cultured in agar plates under controlled conditions. The temperature is controlled by heat exchangers
and coolers. The fermentation broth then undergoes a series of steps such as filtration, solvent
extraction, precipitation by metal salts, ion exchange, adsorption and addition of disinfectants such as
phenols. The fermentation process generates a large amount of solid waste such as spent aqueous
fermentation broth and dead cell waste. Fermented batches may be become infected by a viral attack
of microorganisms which can create environmental problems by producing large amounts of waste
broth. The waste broth has a large quantity of raw materials such as nutrients, metal salts, starches,
nitrates, and phosphates with high COD, BOD, and TSS with pH values ranging from 4 to 8. small
amounts of industrial chemicals (phenols, detergents, and disinfectants) maintain the sterility in the
process plant during fermentation and also can be added to the aqueous waste waters. A considerable
amount of metal and halogen impurities is also found due to usage for the precipitation of the product
from the mother liquor. Large amounts of solvents are also used for the purification of the desired
product, and then aqueous waste waters which having organic solvents is produced. An example of the
fermentation process in the pharmaceutical industry is antibiotic production of penicillin. The process
gives a clear outline of the wastewater streams that produced and how to apply the recovery and the
treatment technologies in case of the generation of wastewater.

Natural and Biological Extraction Process.

Large amounts of natural (plant and animal) materials are processed to extract the active
pharmaceutical ingredient from the drug. In each step, a large volume of water sources is required and the
product recovery process reduced until the final product is reached. Solvents are used on a large scale to
remove the lipophilic molecules and insoluble fats which can be obtained the final product. The pH
adjustment of the extract and waste product can be by the use of amounts of strong acids and bases. Also,
metal ions are used for precipitation and phenolic compounds are used for disinfection leading to further
treatment problems. The final product is low. Hexane is used as solvent for natural product or herbal
extraction, which is released into the air and the water. These days processes based on carbon dioxide
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(scCO2) are developed to contain organic impurities in the final product as well as to reduce effluent. Spent
raw materials and solvents, wash waters, and spillages are the primary sources of wastewater. Organic and
inorganic chemicals may be present as residues in these waste streams. Also, the usage of a variety of low
boiling organic solvents generate wastewaters including solvents. Usually, wastewaters have low BOD,
COD, and TSS, with relatively neutral pH values ranging from 6 to 8.

Compounding/Formulation Process.

The Drug products that obtained from the previous three operations that mentioned before are
compounded to produce drug usable forms such as tablets, ointments, syrups, and other dosage forms.
The process uses many several steps such as milling, mixing, grinding, granulating, drying,
compression, sterilization and packaging. Many types of fillers, binders, flavoring agents,
preservatives, and antioxidants, buffering agents are used during the compounding process. The herbal
plant is common used in all drug manufacturing processes. Use hygienic conditions are required
during the manufacturing process e. g prompted use of steam sterilization and phenolic compounds.

After the production, APIs produced by batch processes in shape of dosage forms and this part
is carried out in a separate procedure of mixing, compounding and formulations processes of active
ingredient substances., various methods such as fillers additions, dilutions, bindings, and tablets,
capsules formations machines are involved. Also, many operations like grindings, filtrations,
washings, dryings, encapsulations, and finally packaging are common to produce the final formula of
drugs. All of this previous steps leading to the resulted waste waters in the pharmaceutical industry.

These manufacturing processes may be formed as batch, continuous, or in a combination
depending on the quantity of production and the value of the product. Antibiotics, steroids, and
vitamins are produced by fermentation process. Many of common pharmaceutical forms are produced
by chemical synthesis process. Many drugs were derived from natural materials, but due to low
recovery and cost efficiency this process is rarely observed.

Water Consumption in Pharmaceutical Manufacturing Process.

A wide variety of products are made in the chemical and pharmaceutical manufacturing
industries, typically requiring large volumes of chemicals, materials, and substances that are used
throughout process operations. Waste streams which discharged from these industries can be heavily
loaded with contaminants, toxins, nutrients, and organics. water consumption methods in chemical and
fermentation manufacturing process. It can be seen that approximately 50% of the water input is
carried out as waste. Also, deep analysis of the water balance shows that the fermentation process
consumes more water as compared to the chemical synthetic methods. the need to process methods of
manufacturing and reuse of water is mandatory. There is scope for water reuse by usage of modern
treatment technologies at the areas of generations of wastewaters rather than treatment at the effluent
treatment plant (ETP) and disposal areas (Fig. 3).
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Fig. 3. water balance and ratio of consumption for chemical manufacturing process of plant
producing paracetamol (ratio of consumption of water to total water =0.5).
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Table 4. Solvents Used in Pharmaceutical Manufacturing
Process

priority priority
pollutant pollutant
under the under the
chemicals clean water act chemicals clean water act

acetone ethylene glycol
acetonitrile formaldehyde
ammonia (ag.) formamide
n-amyl acetate furfural
amyl alcohol n-heptane
aniline n-hexane
benzene x isobutyraldehyde
2-butanone (MEK) isopropyl ether
n-butyl acetate methanol
n-butyl alcohol methyl amine
chlorobenzene x methyl cellulose
chloroform x methylene chloride x
chloromethane x methyl isobutyl

ketone
cyanide x N-methylpyridine
cyclohexane petroleum naptha
o-dichlorobenzene x phenol X
diethyl amine PEG-600
diethyl ether n-propancl
dimethyl sulfoxide pyridine >
NN- tetrahydrofuran

dimethylformamide
1,4-dioxane toluene x>
ethyl acetate triethylamine
ethanol xylene
Fig. 4.

Solvent: solvents are used as a vehicle in hundreds of the pharmaceutical manufacturing products
e.g. Isopropyl alcohol to dissolve oils, gaseous, resins, solids, or viscous reactants, products, and
impurities. They are used active substances in the chemical synthesis process to dissolve reactants in a
homogeneous phase at elevated temperature under pressure. Some solvents are also used to control the
reaction of temperature. Usually some small amounts of solvents may remain in the final product or
released during the manufacture of pharmaceutical products e.g. the reaction, extraction, crystallization and
purification of solvents. These may include benzene, phenol, toluene, halogenated solvents, and cyanide.
Although US EPA (Environmental protection agency) had restrictions on use of some solvents because of
their high toxicity e.g. VVolatile organic compounds and chlorinated solvents, but this contaminated solvents
are still used by the pharmaceutical industry since the relevant drugs cannot be manufactured by using
other kind of less contaminated solvents; for example methylene chloride (Fig. 4.). The major solvents that
used in industry are methanol, ethanol, isopropanol, acetone, and ethylene glycol. Also, many
heteroaromatics such as pyridine or piperidine they are used in chemical reaction process.

Many pharmaceutical industries have made recovery systems for their solvents this can be
done by many operations of purification of contaminated solvents and their impurities consisting of
distillation columns and solvent—solvent evaporation systems and filtration. In this systems a second
solvent may be used to separate the impurities. These operations result in aqueous wastewaters being
fully or partially saturated with residual solvents. For instance, in 2007, 119000 tons of Ireland’s
hazardous waste generation was organic solvent and was exported for recovery or disposal.

Treatment of pharmaceutical wastewater.

The pharmaceutical industry plays big role of wastewater treatment and its disposal methods.
Wastewaters which discharged from these manufacturing process are variable not only in composition
but also in quantity, by plant, seasons and times, depending on the raw materials and which process of
pharmaceutical manufacturing are used. Plant location is also related to the quality of available water.
It is very difficult to use specific treatment system with in those wide scale of manufacturing of
pharmaceutical industry. Many alternative treatment processes are available to deal with the wide
range of wastes which produced from this industries but they are specified to the type of
manufacturing and its associated wastes. However, the analysis showed that there is six general
approaches are employed to treat pharmaceutical wastewaters: (1) recovery of individual APIs or
drugs which are likely to be present in wash waters and solvents, (2) physical-chemical treatment by
sedimentation or floatation, (3) aerobic/anaerobic biological treatment in membrane bioreactors or
bioaeration, (4) inactivation of active substances by UV oxidation in conjunction with O3 or H202,
(5) sterilization and decontamination of infectious and bioactive substances from biotechnology, and
(6) new hybrid technologies specific to the pharmaceutical industries.
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Conclusions. Pharmaceutical industries must work under restrictions of FDA in different
countries and able to standardized the quality of water. There is must be volume limits of waste water
discharged from industries. Also large amount of waters need in case of presence waste pollutions.
pharmaceutical manufacturing waste waters causing contaminated environment through chemical
synthesis and fermentation process. Plants generate large amounts of wastes during purification,
maintenance and cleaning systems. Use hybrid technology for treatment of waste water not completely
remove wastes by single stage treatment. Oxidation process is more effective in biological treatment
methods of aerobic. and anaerobic.
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Abstract. The field of mixed metal complexes containing benzimidazole and 1,10-phenantroline
ligands was fast developing due to their advantageous attributes as potential drugs.

In this work was shown the synthesis of a copper complex of Schiff base derivative of salicylidene-2-
aminobenzimidazole and 1,10-phenantroline as potential antiproliferative agent. The structure of the
chemical scaffolds was authenticated by IR, NMR, elemental analyses.

Keywords: benzimidazoles, phenanthrolines, copper (11) complexes.

Introduction. Copper complexes are recently being investigated and combined with different
heterocycle moieties to discover new drugs since among the metals, copper is an endogenous metal
rather than an exogenous and thus less toxic, it is selectively permeable to membranes of cancer cells and
their level is delicately regulated in cells and last but not least the copper has considerable redox and
DNA cleavage potentials [1]. The benzimidazole moiety itself has a number of biological activities
(antimicrobial, antifungal, anthelmintic, antiviral, antihypertensive, antihistaminic, anti-inflammatory,
anti-ulcer) including and anti-cancer potential and it has been used as privileged scaffold to synthesize a
number of antitumor drugs as nocodazole, bendamustine, dovitinib (Fig. 1) etc. [2].

0]
O 5 ,CH3 OH
S I N>_ N
° N

Nocodazole Cl Bendamustine
N N—-CH
@] l\/l | 3

HN N

| H

NH,»
F

Dovitinib

Fig. 1. Antitumor drugs having benzimidazole moiety.

On the other hand, among different heterocyclic compounds, the phenantrolines are also well-
known and important substructures with different biological and pharmacological properties. Their
metal complexes as well as supramolecular self-assembly structures show a variety of biological
activities, principally antimicrobial [3, 4] and antitumor [5, 6].
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Hussain et al. [7] were reported on the synthesis of three copper complexes with
benzimidazole-derived scaffolds and secondary ligands 1,10-phenanthroline and 2,2'-bipyridine. The
new complexes were tested for biological studies, i.e., anticancer as well as NSAIDS. In vitro
cytotoxicity results against MCF-7 human breast cancer cell lines were showed the profound potential
of [Cu(BImSB)(Phen)(H.O)][NOz in comparison to the complexes [Cu(BImSB),] and
[Cu(BImSB)(Bpy)(H20)]NOs, wherein BImSB is Schiff base ligand derived from 2-
aminobenzimidazole and o-vanillin, Phen is 1,10-phenantroline and Bpy is 2,2'-bipyridine. In our
utility model BG3969U1 [8], we described on the design and self-assembly synthesis on molecular
complex with formulae: (phen)(1-methyl-2-amino-Bz),H*BF4.1/2H,0 by linking the main structural
unit of the 2-amino-1-methylbenzimidazole (1-methyl-2-amino-Bz) ring system with the 1,10-
phenantroline (phen) and examined its antitumor activities in vitro against two human breast cancer
cell lines MCF-7 and MDA-MB-231. Encouraged by these promising results, | report here the
synthesis of novel copper (1) mixed-ligand complex as potential antitumor agent.

Aim. The aim of the present study is synthesis and characterization of novel copper (1)
complex incorporating benimidazole and 1,10-phenantroline ligands, as potential anticancer agent.

Material and Methods. 2-Aminobenzimidazole, 2-hydroxybenzaldehyde (salicylicaldehyde),
Cu(NOs),-3H,0, 1,10-phenanthroline, acetic acid, all the solvents were used as purchased from the
companies Sigma-Aldrich and Alfa Aesar without further purification. Infrared spectra (in KBr) were
recorded with a Varian apparatus. 1H-NMR spectra were taken on a Bruker Avance AV 600 (Bruker,
Faelanden, Switzerland) using deuterated DMSO as solvent. The elemental analysis (C, H, N) were
performed on a Perkin-Elmer elemental analyzer. Analyses indicated by the symbols of the elements
or functions were within +0.4% of the theoretical value.

2-((1H-benzo[d]imidazol-2-ylimino)methyl)phenol (L1)

The synthesis of ligand L1 was carried out by condensation reaction between 2-
aminobenzimidazole and 2-hydroxybenzaldehyde as reported earlier [9]. The chemical structure of the
Schiff base was confirmed by comparison with the reported melting point and NMR chemical shifts [10].

Synthesis of complex [Cu(L1)(L2)(H.O)]JNOs. Complex was prepared by a synthetic procedure [7]
in which a 0.101 g (0.42 mmol) Cu(NOs3)2.3H20 in 6 mL aqueous methanol (1:1 v/v) was reacted with
0.083 g (0.42 mmol) 1,10-phenantroline.H.O (L2) while stirring at room temperature for 0.5 h followed by
addition of methanolic solution of 2-((1H-benzo[d]imidazol-2-ylimino)methyl)phenol (L1) (0.100 g, 0.42
mmol). The reaction mixture was stirred for 4 h, and then the green precipitate was filtered, washed with
and cold methanol followed by drying in vacuum. Yield — 73%. Anal. calcd. for C26H20NsOsCu (C, H, N):
Calculated (%): C, 55.76; H, 3.60; N, 15.01; Found (%):C, 55.40; H, 3.57; N, 14.89.

Results and discussion.

The preparation of azomethines (Schiff bases) of benzimidazol-2-ylamines can be carried out:
by heating an ethanolic solution of equimolecular amounts of aldehyde and 2-aminobenzimidazole
(method A); addition of a 5-10% aqueous solution of alkali to a solution of the two components in
alcohol (method B); and grinding aldehyde and 2-aminobenzimidazole with a small amount of 5-10%
aqueous alkali (method C). While carrying out the reaction by method A usually requires heating,
when methods B and C are used the reaction complete even in the cold [11]. A. Nowicka et al. were
obtained benzimidazole Schiff base derivatives in boiling ethanol with the presence of catalytic
amounts of Triflate (method C) [10] as well as in a mixture of absolute ethanol/benzene (5:1) in the
presence of catalytic amounts of glacial acetic acid (method D) [12]. Schiff bases L1 was obtained in
the reaction of 2-aminobenzimidazole with salicylic aldehyde according method A [9] in ethanol
(Scheme 1). The mixture was refluxed for about 5 hours. The compound prepared was purified by
recrystallization from ethanol and its chemical structure was confirmed by IR, *H NMR spectral data.
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NH, CHO OH
HN SN OH SN L2
—/ 4 — L [Cu(L1)(L2)H,0O]NO;
HN™ "N cy(NO,),.3H,0
— complex
1 2
L1

Scheme 1. Reaction scheme for preparation of the Schiff base ligand L1 and copper (I1) complex.
Target copper (II) complex was prepared in high vyield from reactions of 2-((1H-
benzo[d]imidazol-2-ylimino)methyl)phenol — ligand (L1) with copper (II) nitrate trihydrate and 1,10-
phenantroline, as co-ligand (L2) in 1:1:1 ratio. The formula of the complex [Cu(L1)(L2)(H2O)]NOs
was determined by elemental analysis.

Conclusions. Schiff base ligand (L1) was successfully synthesized from 2-aminobenzimidazole
and salicylaldehyde and used for preparation of copper (II) complex with the participation of
Cu(NOs3)2.3H20 and 1,10-phenantroline (L2). Similarly to previously report mixed ligand copper (1)
complexes of benzimidazole | expect the synthesized above complex to exhibit anti-cancer activity.
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Abstract. The essential oil of the Artemisia scoparia Waldst is contained in the drug Artemizole and is
used to treat urinary stones. In traditional Tibetan medicine, the part of Artemisia scoparia Waldst
above soil has been used to treat pneumonia, neurological diseases and hepatitis.

The content of macro, micro and ultra micro-elements of wormwood paniculate collected during
flowering in Buyant soum of Khovd aimag was determined by X-ray fluorescence quantitative analysis
at the Central Geological Laboratory.

The samples were relatively high in potassium (1.29%), calcium (0.54%), phosphorus (0.204%),
magnesium (0.11%), silicon (0.23%), sodium (0.03%), and aluminum (0.05%). In Artemisia scoparia
Waldst sample, elements such as copper, zinc, strontium, barium, tin, chromium, cabalt, and nickel
were found to be 5-28 mg/kg, and some rare earth elements such as cerium, lanthanum, and
germanium were found to be 3-30 mkg/kg. The content of copper, chromium, cobalt, tin, lead, and zinc
in wormwood paniculate samples did not exceed the standard volume [6].

Keywords: Strontium, calcium, rubidium, copper.

Introduction.

Essential oil of Artemisia scoparia Waldst is contained in the drug artemizole and is used to
treat urinary stones [10, 17].

In traditional Tibetan medicine, the part of Artemisia scoparia Waldst above soil has been
used to treat pneumonia, neurological diseases and hepatitis. In traditional Russian medicine, the
Artemisia scoparia Waldst is used in the treatment of respiratory diseases, rheumatism and diuresis. In
Siberia, the gramineous part of the Artemisia scoparia Waldst is used to treat epilepsy [1, 5].

In Chinese medicine, the Artemisia scoparia Waldst is used to help urination, reduce fever and
increase appetite.

In Indian medicine, the part of the Artemisia scoparia Waldst above soil is used to reduce
swelling and to whiten. The essential oil of Artemisia scoparia Waldst is antibacterial and has
properties to heal urination and spasm [5].

As the essential oil contains 40-70% of capillaries, it has antibacterial properties. The essential
oil is used as colorants in beverages, as well as in the cosmetics and food industries. Danisev, G.A.,
Golubeva, K.1., et al. found that the essential oil of Artemisia scoparia Waldst could be used in
cosmetic industry [5, 12].

The of Artemisia scoparia Waldst is medicinal herb used as a main component of artemizole
in the treatment of fever, pulmonary tuberculosis, biliary, urinary and helminthiasis diseases, and for
the treatment of kidney and bladder stones [13].

The of Artemisia scoparia Waldst paniculate is pasture plant that sheep, goats and camels eat
when it is dry [11].

In this study, the results determining the content of micro and ultra micro-elements in of
Artemisia scoparia Waldst are discussed.

Distribution of the of Artemisia scoparia Waldst. When the distribution of Artemisia
scoparia Waldst is considered by vegetation geographical region of Mongolia, it is divided into forest-
steppe circle of Khangai and Mongol Daguur mountain, meadow-steppe circle of Khyangan mountain,
Middle Khalkha and Eastern Mongolia steppe circle, Mongol-Altai mountain-steppe circle, desert-
steppe circle of Great Lakes Depression, desert-steppe circle of Valley of Many Lakes, desert-steppe
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circle of East Gobi, desert-steppe circle of Gobi-Altai mountain, desert-steppe circle of Dzungarian
Gobi, Inner Gobi desert circle of Altai, and desert circle of Alashaan Gobi. It grows in mountain
gravel slopes, downhills, ridges, bankside marl saline meadows, sand, gravel, straw hollows, and
around dwellings in deserts, semi-deserts and sandy steppes [3, 14].

Morphological features. It is an annual or biennial plant which has a single-stem, sometimes 2-
5 stems, and branches above the middle. Leaves around the roots are 1-4.5 cm long and 0.5-1.5 cm wide,
and blades 2-7 mm long, 0.3-2 mm wide, linear or lanceolate. The lower part of the stem has a leaf
handle, the others are sessile. Leaf blades 1-4 cm long, up to 2 cm wide, double or triple hairy, its petals
wiry-linear. Baskets broadly oval, egglike, 1.2-2 mm long, 1-1.5 mm wide with 1-3 mm long hanging
stalks, forming sparse and sessile inflorescences. Basket scarves, petals, and flower seats are all bare [3].

Literature review /Previous studies/. In the ground section, the resin is 4.35-5.57%, 1.08-
1.37% in the roots and 7.91% in the flowers and all organs are nutritious (citric, apple, dock flower,
vinegar, thyroid and propionic acid). It has 3.61-4.74% dehydrating substances from pyrogal group in
the herbaceous part and 2-2.5% in the roots.

Essential oil (0.96%) is accumulated in the leaves and flowers, especially during flowering
period. It also contains flavonoid, rutin-1.03%, quercetin, kaempferol, luteolin, ramnocitrin, eupalitin,
cirsimaritin, phenolic carbon caffeine and chlorogenic acids in leaves, stems and flowers [11].

Artemisia scoparia Waldst contains coumarin, scoparon-0.25%, isocoumarin, capillary, resin,
tannins and essential oil- 0.71-0.96%. Essential oil has been found to contain a-pinene, B-pinene, and
myrcene [5].

Topsoil part of Artemisia scoparia Waldst harvested from Mongolia contains flavnoids,
coumarins and 0.2-0.8% of essential oil [14]. Samples of Artemisia scoparia Waldst during flowering
contain 7.7% of water, 28.8-31.2% of fiber, 7.3-7.9% of protein, 5.8-6.3% of fat and 5.6-6.0% of ash [4].

Artemisia scoparia Waldst is high in essential oil and sesquiterpene lactone [24].

Traditional usage. When in Chinese and Tibetan hospitals, it is used for biliary excretion,
digestion, fever reduction, arthritis, pulmonary tuberculosis, pneumonia, bronchitis, laryngitis,
pharyngitis, sore throat, neurasthenia, fever, anemia, and rehabilitation, Siberians use it for fainting,
epilepsy, and people in the Far East use it for the treatment of coughs, lung diseases, as well as
parasites and mites [11].

Essential oil of Artemisia scoparia Waldst is an ingredient of the drug artemizol, which
relaxes the smooth muscles and increases the solubility of oxalate and lime-phosphate salts in the
urine [2].

In India, it is used to treat diarrhea and to relieve ear infections, and given to patients at
Nangiad and Tibetan hospitals (alone or on prescription) for biliary excretion. In Nangiad hospitals,
the extract is used to relieve fever, expel bile, improve urination and digestion, heal respiratory
diseases, relieve headaches, and deworming [7].

Artemisia scoparia Waldst is used to treat respiratory diseases, rheumatism, urine and biliary
excretion. Moreover the water-based extracts of wormwood paniculate have been used to treat burns
and epilepsy [24].

Mongolian and Tibetan hospitals use the herbal extract to improve yellow eyes, digestive
system diseases and digestion [26].

Essential oil of Artemisia scoparia Waldst has antibacterial and anti-inflammatory properties [27].

In Chinese, Tibetan and Indian medicine, the of Artemisia scoparia Waldst is included in
antimicrobial, diuretic and anti-febrile drugs to treat colds, sputum and respiratory diseases. Essential
oil of Artemisia scoparia Waldst contains artemizole, which has muscle relaxant effect and increases
the amount of calcium oxalate and calcium phosphate excreted through the urine [29]. Artemisia
scoparia Waldst extract, scoropan, lowers cholesterol and triglycerides in blood [30].

Research materials and methodology.

Artemisia scoparia Waldst samples were collected from the territory of Buyant soum of
Khovd aimag (N 880 47/648 //, E 55037/219 //) during flowering period, in July 2020 and were used
for analysis. Research sample collection site and plant distribution are shown in Fig. 1 and 2.
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Fig. 1. Buyant soum, Khovd aimag  Fig. 2. Distribution of the of Artemisia scoparia Waldst
The content of macro, micro and ultra-microelements in plants was determined by X-ray
fluorescence quantitative analysis method at the Central Geological Laboratory.
Research process and results. Determination of macro and micro element content of Artemisia
scoparia Waldst. Determination of the macro-element composition of the plant ash.
The plant was burnt at 450°C to obtain ash. The chemical composition of the macro-elements
in the ash is shown in Table 1.

Table 1. Chemical composition of plant macro-elements (%)

Kind of sample Si Ti Al > Fe Ca Mg Na K Mn P

/Artemisia
scoparia Waldst/ | 0.23 | <0.005 | 0.05 0.03 0.54 | 0.11 | 0.03 | 1.29 | 0.003 | 0.204

12020.07/

Samples of Artemisia scoparia Waldst contain elements such as potassium (1.29%), calcium
(0.54%), phosphorus (0.204%), magnesium (0.11%), and silicon (0.23%) at relatively high level.

Table 2 shows the results of comparison of the macro-element content of Artemisia scoparia
Waldst with the results of other researchers.

Table 2. Macro-element composition of the plant (%)

Kind sample Si Ti Al | XFe | Ca | Mg | Na | K | Mn P
%;}32;%8‘;%"8;'/& 0.23 | <0.005 | 0.05 | 0.03 | 054 | 0.11 | 0.03 |1.29 | 0.003 |0.204
\(/6;}32:;5[?55100Pa”a 0.02 | 0.38 | 0.76 | 0.092 | 4.26 | 0.089
(Artemisia scoparia 0.188 | 1.6 | 0.528 | 0.151 | 1.78 | 0.0246

Waldst) [24]

The content of iron and manganese in Artemisia scoparia Waldst samples is consistent with
the results of other researchers [25, 24].
Determination of microelement content of the plant. Table 3 shows the content of

microelements in the plant.
Table 3. Micro-element composition of the plant (mg/kg)
As| V |Cu|l Zn | Cr | Co |[Mo|Ni| Sn | Sr F Ba| Bi | Pb

Kind
sample
(Artemisia
f/?/?lo(?srtlfl <5 |<15| 7 | 19 | <5 | <5 | <5 |<5|<30| 28 |<0.05|15| <5 | <5
/2020.07/

The chromium and zinc content of the plant samples shall be within the standard range.
The results of comparing the micro-element content of Artemisia scoparia Waldst with the
results of other researchers are shown in Table 4.
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Table 4. Comparison of microelements of Artemisia type plants (mg/kg)
Kind sample | As | V Cu Zn Cr| Co |[Mo| Ni | Sn | Sr

/Artemisia
scoparia 0
Waldst/ v
/2020.07/

/Artemisia
rutifolia ©
Steph.Ex/[18]

Artemisia
albicerata [19]

T

Ba | Bi | Pb

<15
7

(] To] To] To] To]
— Vv \" \" \%

<30
28
<0.05
15
<5
<5

67
93
345
84
16
6
40
<30
928
<0.05
2213
13

38.2
114

(Artemisia
annua L) [20]

<20
250+30 | 58.9

20+ 10
50+ 10

(Artemisia
sieversiana
Willd) [22]

607.17 | 270+ 20 | 182

10.9
10.2
4.0
401

(Artemisia
dracunculus L)
[23]

(Artemisia
frigida Willd)
[21]

11.22+ 0.25 | 6.65+0.04

0.58+0.01

(Artemisia
frigida Willd)
[21]

2.28+0.06 | 0.10+0.002

2.85+0.06

(Artemisia
jacutica Drob)
[21]

24.86x 0.44 | 27.69+ 0.49 | 26.83£ 0.57 | 76.6+0.01

20.87+0.20 | 7.22+0.03

5.20+0.59

(Artemisia
scoparia
waldst. Et Kit.)
[24]
(Artemisia
scoparia
waldst. Et kit.)
[28]

1.0
2.2
3.3
4.34
0.073
16
4.74
5.09

N
o

0,0005
0.19
7.48
16,3
1.31
0.13
0.38

0.015
26.6
5.07

0.005
0.22

Zinc content of Artemisia scoparia waldst. Et kit., Artemisia rutifolia Steph. Ex spreng,
Artemisia annua L, Artemisia dracunculus L, Artemisia frigida Wild and Artemisia albicerata does not
exceed the standard value [6]. Arsenic content of the sample of Artemisia scoparia Waldst. Et Kit is
consistent with the results of the researchers [24, 28]. The content of tin, nickel, chromium, lead,
molybdenum, cobalt and fluoride in the samples of Artemisia scoparia waldst. Et kit.) is consistent
with the results of the researchers [18, 28, 24].

Determination of the content of ultra-microelements in the plants.

Table 5 and 6 show the content of ultra-microelements of the plants.
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Table 5. Ultra microelement composition of the plant (mg/kg)
Kind of sample Ce Cs Ga | Ge Hf | La | Nb Nd Pr

(iremisiascoparia | <30 | <30 | <3| <3 |<ts|<w0| <3 | <50 | <30

Table 6. Ultra microelement composition of the plant (mg/kg
Kind of sample Rb Sh Sc Sm Ta Th U W | Y | Zr

Walcen fpos00n | 8 | <40 | <0 | <0 |<w0|<5| s <8<

The elements such as cerium, cesium, lanthanum, neodymium, antimony and samarium are
contained relatively high in the samples of Artemisia scoparia Waldst. Et kit. The results of comparing
the ultra-microelement content of Artemisia scoparia Waldst. Et kit with the results of other
researchers are shown in Table 7 and 8.

Table 7. Comparison of ultra-microelements of wormwood type plants (mg/kg)

Kind of sample Ce | GCs Ga Ge Hf | La | Nb | Nd Pr
(Artemisia scoparia Waldst)
12020.07/ <30 | <30 <3 <3 <15 | <30 | <3 <50 | <30
Artemisia rutifolia Steph.Ex [18] 37 | <30 <3 <3 | <15 | 30 | <5 | <50 | <30
Artemisia scoparia waldst. Et kit. [24] | 0.35 | 0.037 0.027 | 0.26 0.105

Artemisia scoparia waldst. Et kit. [28] |0.042| 0.068 | 0.0025 | 0.057 | 0.023 | 0.03 | 0.01 | 0.033 |0.074

The content of germanium [24, 28], cesium, hafnium, neodymium, praseodymium and lanthanum
in Artemisia scoparia Waldst samples is consistent with the results of some researchers [18, 24, 28].

Table 8. Comparison of ultra-microelements of Artemisia type plants (mg/kg)

Kind of sample Rb Sb Sc Sm Ta Th U w Y Zr
Artemisia scoparia
Waldst/ /2020.07/ R el B et I R R R

Artemisia rutifolia
Steph.Ex [18]
Artemisia annua L

89 <40 <10 <30 <10 5 <5 <8 13 69

[20] 50410
Artemisia sieversiana

Willd [22] 1049
Artemisia scoparia 12

waldst. Et kit) [21]
Artemisia scoparia
waldst. Et kit [24]

Artemisia scoparia
waldst. Et kit. [28]

1.2 | 0.018 | 0.064 | 0.0238 | 0.004 | 0.068 | 0.024

15 | 0.012 0.068 | 0.073 | 0.089 | 0.035 | 0.081 | 0.023 | 0.12

The antimony content of wormwood paniculate samples [18, 22, 24], samarium, scandium,
tantalum, uranium and tungsten content [18, 24], and thorium content [24] are consistent with the
results of some researchers.

Conclusions.

1. Samples of Artemisia scoparia Waldst paniculate are relatively high in the elements such as
potassium (1.29%), calcium (0.54%), phosphorus (0.204%), magnesium (0.11%), and silicon (0.23%).

2. The content of chromium, copper and zinc in the Artemisia scoparia Waldst/ sample is
within the standard range.

3. The content of tin, nickel, chromium, lead, molybdenum, cobalt and fluoride in the samples
of Artemisia scoparia waldst. Et kit. is consistent with the results of the researchers [18, 28, 24].

4. Samples of Artemisia scoparia Waldst also contain elements such as barium, zinc, and
strontium.
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Abstract. With the continuous development and progress of medical imaging technology and computer
technology, medical image analysis has become an indispensable tool and technical means in medical
research, clinical disease diagnosis and treatment. In recent years, deep learning (DL), especially deep
convolutional neural networks (CNN's), has rapidly developed into a research hotspot in medical image
analysis. Diagnostic characteristics of the disease. This article first briefly describes the characteristics of
medical image analysis. Second, it discusses the basic principles of deep learning and introduces the main
deep learning technologies mainly used in medical image analysis. Then it discusses deep learning in
medical image classification, detection, segmentation, registration, and retrieval. Domestic and foreign
research status in various fields such as image generation and enhancement; finally, discuss the future
challenges and strategies for inductive deep learning methods for medical image analysis.

Keywords: medical image analysis, deep learning; convolutional neural network

1. Introduction. In the field of medical imaging, when a doctor or researcher performs
quantitative analysis, real-time monitoring, and treatment planning on a specific internal tissue or
organ, in order to make a correct treatment decision, it is usually necessary to understand some
detailed information of this tissue and organ. Therefore, biomedical imaging has become an
indispensable part in the diagnosis and treatment of diseases, and it is increasingly important.

Medical imaging technologies such as magnetic resonance image (MRI), positron emission
tomography (PET), computer tomography (CT), cone beam CT, and 3D ultrasound imaging have been
widely used for clinical examination, diagnosis, treatment and decision-making. How to make full use
of artificial intelligence deep learning methods to analyze and process these large-scale medical image
big data, provide scientific methods for the screening, diagnosis, and efficacy evaluation of various
major diseases in clinical medicine, is a major science urgently to be solved in the field of medical
image analysis Questions and key technologies for cutting-edge medical imaging.

Medical image analysis mainly used edge detection, texture features, morphological filtering,
and construction of shape models and template matching. This type of analysis method is usually
designed for a specific task and is called a manual custom design method. Deep learning is a data-driven
analysis of tasks, which can automatically learn relevant model features and data characteristics from
large-scale data sets for specific problems. Unlike explicit manual design models for specific problems,
deep learning methods can implicitly automatically learn medical image features directly from data
samples. The learning process is essentially an optimization problem solving process. Through learning,
the model selects the correct features from the training data so that it can make the correct decision when
testing new data. Therefore, deep learning plays a vital role in medical image analysis.

In recent years, deep learning has made significant progress, mainly due to the continuous
improvement of computing power and the continuously increasing amount of available data, as well as
the continuous improvement of deep learning models and algorithms. The essence is to build a multi-
hidden layer machine learning model, use massive sample data to train, learn more accurate features,
and finally improve the accuracy of classification or prediction [1]. Deep learning is a feature that
learns hierarchical features from data, making it very suitable for discovering complex structures in
high-dimensional data. At present, deep learning has been applied to image recognition, speech
recognition, natural language processing, weather prediction, gene expression, and content
recommendation. And other fields and various challenges.

The great success of deep learning in the field of computer vision has inspired many scholars at
home and abroad to apply it to medical image analysis. In recent years, many experts have summarized,
commented and discussed the research status and problems of deep learning in medical image analysis.

RS Global January 2021 37



International Trends in Science and Technology

Recently, a review published on Medical Image Analysis summarized the research on deep learning in
medical image classification, detection and segmentation, registration and retrieval, etc. [2].

2. Characteristics of Medical Image Analysis.

Medical image analysis has been widely used in clinically-assisted screening, diagnosis, grading,
treatment decision-making and guidance, and efficacy evaluation of major diseases such as benign and
malignant tumors, brain function and mental disorders, and cardiovascular and cerebrovascular diseases.
Medical image classification and recognition, localization and detection, tissue and organ and lesion
segmentation are the main application areas of current deep research methods for medical image analysis.
There is a big difference between medical image analysis with different imaging principles and natural
image analysis in the field of computer vision. So far, domestic and foreign scholars have carried out a
series of deep learning research work mainly on medical image analysis tasks of different imaging
principles such as MRI, CT, X-ray, ultrasound, PET, and pathological optical microscope. Therefore, this
section mainly summarizes the analysis of these kinds of medical images.

2.1. Common Medical Images

1) MRI image: nuclear magnetic resonance image (MRI), which is a measure of the size of
the magnetic resonance signal generated by the hydrogen atomic nucleus in human tissues and lesions
under the action of an external strong magnetic field, and is received by a computer to an external
nuclear magnetic resonance signal detector the information data is subjected to 3D image
reconstruction. It can provide very clear human soft tissue anatomy and lesion images.

2) CT image: Computer tomography (CT) uses a precisely collimated X-ray beam to scan a
section of a certain thickness of a part of the human body, and the X-ray transmitted through the
section is received by a detector that rotates with the radiation beam, and finally, the computer
reconstructs the 3D image of the corresponding section of the human body based on the X-ray signal
data received by the detector. It has sub-millimeter-level spatial resolution, can provide clear human
bone tissue anatomy and lesion images, and has been widely used in a variety of clinical disease
examinations and auxiliary diagnosis.

3) X-ray image: Medical X-ray image is an electronic density measurement image of
different tissues and lesions of the human body. X-ray based imaging includes 2D computer
radiography, digital X-ray photography, digital subtraction angiography and mammography, and 3D
spiral computer tomography, etc., and has been widely used in orthopedics, lungs, etc., Breast and
cardiovascular diseases and other clinical diseases detection and auxiliary diagnosis, but 2DX ray
images can not provide three-dimensional information about human tissues and organs and lesions.

4) Ultrasound imaging: Scan the human body with an ultrasound beam, and receive and
process reflected signals to obtain images of internal organs. In recent years, ultrasound imaging
technology has continued to develop, and new ultrasound imaging technologies such as 3D color
ultrasound, ultrasound holography, intrabody ultrasound imaging, color Doppler imaging, and
ultrasound biomicroscopy have appeared.

5) PET image: Positron emission tomography (PET) uses positron information emitted when
a tracer labeled with a radioactive element such as F18 is decaying. Therefore, PET image is a
measure of the radioactivity of the corresponding tracer and can provide tumor biology Information on
characteristics (such as glucose metabolism, hypoxia, proliferation, etc.), and the standard intake value
can be used to clinically determine the benign / malignant tumor. PET can provide more intuitive and
accurate visual biological and radiobiological characteristics than CT and MRI.

6) Pathological image: refers to cutting out a certain size of diseased tissue, using hematoxylin and
eosin (H & E) staining methods to make the sliced tissue into a pathological slide, and then using microscopic
imaging technology to image microscopic cells and glands. By analyzing the pathological images, the
cause, pathogenesis, and pathogenesis of the lesion can be explored to make a pathological diagnosis.

At present, the research objects of deep learning in clinical medical image analysis can be
mainly divided into the above 6 types of medical images.

2.2. Main medical image analysis tasks

1) Classification and recognition of medical images. Clinicians need to use medical images
to assist in diagnosing whether a human body has a lesion, and to quantify the severity of the lesion.
Therefore, automatically identifying the lesion area and normal tissues and organs in the image is the
basic task of medical image analysis.

2) Medical image localization and detection. The positioning of human tissues and organs
and the location of lesions are very important pre-processing steps in clinical treatment planning and

38 January 2021 RS Global



International Trends in Science and Technology

intervention processes. The accuracy of positioning directly affects the effect of treatment. Image
target positioning tasks not only need to identify specific targets in the image, but also determine their
specific physical locations. Image target detection tasks need to identify all targets in the image and
determine their physical locations and categories.

3) Medical image segmentation task. Image segmentation is to identify the internal voxels
and external contours of the target area of interest in the image. It is a key task for clinical surgical
image navigation and image-guided tumor radiotherapy.

3. Overview of deep learning methods

Machine learning algorithms are usually divided into supervised learning algorithms and
unsupervised learning algorithms. In the supervised learning algorithm, not only the training data is input to
the computer, but also the labels of the data are also passed as input to the computer. After the computer
learns, it then passes new unknown data to it. Find out the probability that the data belongs to a certain
result, and finally give you a result closest to the correct one. Because the computer has not only training
data but also results (labels) during the learning process, the training results are often good. Different from
supervised learning, the input data of unsupervised learning is only the original data and no labels, so the
computer cannot accurately know which data belongs to which classes, and can only analyze the
characteristics of the data by virtue of its powerful computing power to obtain certain results. Usually get
some collections, the data in the collections are the same or similar in some characteristics.

3.1 Neural Network

Neural network is an important machine learning technology in the field of machine learning
and cognition. A mathematical or computational model that mimics the structure and function of a
biological neural network and is used to estimate or approximate functions. The neural network is
calculated by a large number of artificial neurons. In most cases, the artificial neural network can
change the internal structure based on external information. It is an adaptive system, and in general, it
has a learning function. Modern neural networks are a non-linear statistical data modeling tool. A
typical neural network has the following three parts:

1) Architecture: Architecture specifies the variables in the network and their topological
relationships. For example, the variables in a neural network can be the weights of neuron connections
and the activities of the neurons.

2) Stimulation function (Activity Rule): Most neural network models have a short time scale
dynamics rule to define how a neuron changes its own stimulation value based on the activities of other
neurons. Excitation function is generally dependent on the weight in the network (i. e. the network parameter).

3) Learning Rule: The learning rule specifies how the weights in the network adjust over
time. This is generally seen as one kind of long time scale dynamics of rules. In general, the value of
the learning rule is dependent on the excitation of neurons. It may also depend on the weight of the
target and current weight provided by the supervisor.

A simple neural network typically comprises three parts: an input layer, hidden layer and
output layer. General node input layer and output layer is fixed, free to specify the hidden layer, Fig.1.
is a schematic diagram of a simple neural network architecture, Figure circles represent neurons,
arrows represent the flow of data, each of the above connections are corresponds to a different weight,
the weight is the network by learning what you get.

Hidden Layer

Input Layer

Input 1
Output Layer

¥
%

Input 2

Input 3

NN
sooe

Fig.1. Neural Network Structure.
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Each neuron contains the input, output and calculation model part 3, can be regarded as a
neuron computing and storage unit, calculates neuronal function calculated input thereto. Temporary
storage neurons is the calculation result, and passed to the next layer. Fig.2. is a typical neuron model,
comprising three inputs, an output and a calculation function.

al

wl

a2 w2 f Z

Y

a3

Fig.2. Neuron Structure Diagram.

Wherein a represents the input, W is the weight, indicates a connection to an arrow can be
understood: in the beginning end, the signal transmission is still a size, intermediate end has a
weighting parameter w, through this signal will be weighted into a w, so at the end of the connection,
the magnitude of the signal becomes a w. The weighted signal in neuronal function f is obtained by
summing the output Z, the following formula:

z=f(a,*w +a,*w,+a;*wy) (D

In fact, in order to achieve better results neurons, usually after an offset b for each input
weighting plus will, at this time Z is calculated as follows:

z:f(Za,*w,-l—b) (2)
=1

Where the function f is also known as activation function, there is a common activation
function sigmoid function, tanh function and ReLU functions and so on.

3.2. Neural Network Framework

1) The depth of the neural network (DNN). DNN deep layers are fully connected network,
determines the number of layers of the neural network capability characterization data: using fewer
neurons each fitting more complex functions. In 2006 Hinton with pre-training methods to alleviate
the problem of local optima, will promote the hidden layer to layer 7, opened a wave of deep learning.
Note that there is no fixed definition of "depth™ here. In the field of speech recognition, 4 layers are
considered to be relatively deep. In the image recognition field, 20-layer models are common. 2016
proposed highway network and the depth of the residual learning (deep residual learning) to further
eliminate the gradient disappears reached a hundred layers.

2) Convolutional neural network (CNN). Convolutional neural network changes a neural
network structure, the structure is not fully connected, and greatly reduce the amount of network
parameters; while further reducing the parameter sharing network parameters. It takes into account the
spatial structure and local features, ideal for image processing, neural network convolution is currently
the most widely used application in the field of medical image analysis. For example, when
segmenting a medical image, CNN can simply classify each pixel in the image by extracting patches
around specific pixels.

3) Cycle neural network (RNN). Given the wide applicability of deep learning in real-world
tasks, it has attracted the attention of many technical experts, investors, and non-professionals.
Although the most famous achievement of deep learning is to use feed-forward convolutional neural
networks to solve computer vision problems, a small amount of public attention has been devoted to
using recurrent neural networks to model temporal relationships. In ordinary fully connected networks
or CNN's, the signals of neurons in each layer can only propagate upwards, and the processing of
samples is independent at each moment, so it is also called feed-forward neural network. In the RNN,

40 January 2021 RS Global



International Trends in Science and Technology

the output of the neuron can directly affect itself at the next timestamp; that is, the input of the neuron
at the i-th layer at time m includes the output of the i-1 layer at that time and its own at Output. Based
on this, a long-term short-term memory LSTM network was developed.

4) Deep Belief Network (DBN). Probability confidence network depth (deep belief networks,
DBN) comprising multiple layers of hidden units is a generative model, a composite model can be
considered as a simple multi-layer combination of learning models. As part of the depth of a pre-
trained neural network, and provide initial weight, then using back-propagation algorithm or the other
is determined as a means to tune the network.

Although we can classify various methods of deep learning, in the broadest sense, NN or DNN
includes other various methods. In actual use, it is often a fusion of multiple structures.

4. Application of deep learning in medical images

4.1 Medical Image Classification

Medical image classification can be divided into image screening and target or lesion
classification. Image screening is one of the earliest applications of deep learning in the field of medical
image analysis. It refers to taking one or more examination images as input, predicting it through a
trained model, and outputting a signal indicating whether it has a certain disease or severity. Hierarchical
diagnostic variables. Image screening belongs to image-level classification. The deep learning models
used to solve this task initially focused on SAE, DBN, and DBM networks and unsupervised pre-training
methods. Research has focused on the analysis of neuroimaging, such as diagnosing Alzheimer's disease
(AD) or mild cognitive impairment (MCI) through neuroimaging [90—92]. These algorithms usually use
multi-modal images as input to extract complementary feature information in modalities such as MRI
and PET. At present, CNN is gradually becoming the standard technology in image screening and
classification, and its application is very extensive. For example, Arevalo et al. Proposed a feature
learning framework for breast cancer diagnosis, using CNN to automatically learn distinguishing
features and classify breast X-ray lesions [3]. Kooi et al compared manual design and automatic CNN
feature extraction methods in traditional CAD, both of which were trained on a large dataset of about
45,000 breast X-ray images, and the results show that CNN is superior to traditional CAD system
methods at low sensitivity, and in Both are equivalent at high sensitivity [4]. Spampinato et al. Used
deep CNN to automatically evaluate bone age [5]. In addition, there are some work combining CNN and
RNN. For example, Gao et al. Used CNN to extract low-level local feature information in the slit lamp
image, combined with RNN to further extract high-level features, and classified nuclear cataracts [6].

The classification of targets or lesions can help doctors diagnose the disease, such as the
classification of benign and malignant breast lesions. The processing process usually first identifies or
marks specific areas through pre-processing methods, and then classifies specific areas or targets.
Accurate classification requires not only local information on the appearance of the lesion, but also
global context information of its location. CNN is also widely used in the classification of targets or
lesions. Kawahara et al. Used multi-processing stream CNN to classify skin lesions, where each process
processes images with different resolutions [7]. Jiao et al. Used CNN to extract deep features at different
levels and improved the classification accuracy of breast cancer [8]. Tajbakhsh et al. Compared the end-
to-end artificial neural networks of Massive-training artificial neural networks (MTANNS) and CNN for
the task of detecting pulmonary nodules in CT images and distinguishing between benign and malignant
pulmonary nodules. The performance of the network, and its experimental results show that the
performance of MTANN is significantly higher than that of CNN with less training data [9].

4.2 Medical image positioning and detection

Accurately positioning specific biomarkers or anatomical structures in medical images is of
great significance in clinical treatment, and is directly related to the quality of the treatment. Medical
image localization often requires analysis of 3D voxel information. In order to use classic deep
learning algorithms for 3D data processing, some methods treat 3D space as a combination of 2D
orthogonal surfaces, so that the positioning task can be converted into a classification task and
processed using a general deep learning framework. For example, Yang et al combined the
information of three orthogonal directions CNN to identify the marker of the femoral end, and the
marker 3D position is defined as the intersection of three 2D tiles [10]. Vos et al. Analyzed the volume
of 3D CT into 2D form and identified the 3D rectangular bounding box of the target, and then located
the anatomical area such as heart, aortic arc and descending aorta of interest [11].

The key to detecting an object of interest or lesion in a medical image is to classify each pixel. At
present, most deep learning-based target detection systems use CNN to perform pixel classification tasks,
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and then use some form of post-processing to obtain the targets. The Chinese University of Hong Kong
Chen et al. Used multiple 2D deep features to approximate the features of 3D medical images, combined
with SVM classifiers, to achieve the automatic detection of Cerebral microbleeds (CMBs) with
Susceptibility weighted imaging (SWI) [12]. There is still a small amount of work using other deep
learning methods to achieve the target of interest or lesion detection. For example, Shin et al. Applied SAE
deep learning methods to detect abdominal organs on MRI images, first learning spatial features in an
unsupervised manner, and then performing multiple based on points of interest. Organ detection [13].

4.3 Medical Image Segmentation

The task of medical image segmentation is usually defined as identifying the contours or the
set of voxels that make up the object of interest. It is the most common topic in papers applied in the
field of medical image analysis. Segmentation of organs and their substructures in medical images can
be used to quantitatively analyze clinical parameters related to volume and shape, such as the
ventricular volume and contractile ejection rate of the heart. On the other hand, when using intelligent
intensity-modulated radiotherapy to treat tumors, endangering organ delineation is one of the very
important steps in making a radiotherapy plan. Deep learning is widely used in this task, mainly for:
histopathological images and microscope image segmentation; brain tissue structure segmentation and
heart ventricle segmentation.

Computer segmentation of image features from surgical and biopsy specimens can help predict
the extent of disease aggressiveness for disease diagnosis and grading. The key component of these
predictors is image features mined from histopathological images. The current methods of segmentation
of most logarithmic histopathological images and microscope images are based on CNN. Many scholars
have achieved very good segmentation results using block training networks. Ciresan et al. Took the lead
in applying deep CNN to medical image segmentation, and they used a sliding window method to
segment biological nerve membranes from electron microscope images [14]. Kumar et al. Used block-
based CNN to perform nuclear segmentation on H & E-stained pathological images [15].

The volume morphology of brain tissue structure is closely related to many neurological
diseases of the brain. Such as depression, Alzheimer's disease, schizophrenia and bipolar disorder.
Therefore, the study of the anatomical structure of brain tissue structure by computer technology plays
a very important role in medical research, clinical diagnosis and treatment. For example, Zhang et al.
Used T1, T2, and FA (Fractional anisotropy) modal images as input, and used a deep CNN network to
solve the challenging task of infant GM, WM, and CSF segmentation, so as to evaluate the pros and
cons of infant brain development [16].

Segmenting the left ventricle from cardiac MRI data is one of the important steps in calculating
clinical indicators such as ventricular volume and systolic ejection rate. Carneiro et al. Used DBN-based
learning features to model the appearance of the left ventricle, and used a supervised learning model to
automatically segment the left ventricle in the cardiac ultrasound image [17], while Avendi et al. Used
SAE to learn the deep features to initially infer the shape of the left ventricle, combined with the
deformation the model improves the accuracy and robustness of left ventricular segmentation [18].

From the perspective of deep learning application frameworks, most current image
segmentation methods are based on CNN. Many scholars have achieved good segmentation results
using image block-based training networks.

Conclusions. In summary, deep learning has the ability to automatically learn deeper, more
discriminative features from data. It has been applied to multiple research areas of medical image
analysis and has made breakthroughs. We noticed that in most literatures, the use of deep learning-
related methods has demonstrated its leading level of performance, which has been proven by the
results of several computing challenges in medical image analysis; secondly, cloud computing and
multi-GPU high performance parallel computing Development has made it possible for deep learning
to learn deep features from large amounts of medical image big data; Finally, the emergence of
publicly accessible related medical image databases and multiple medical image segmentation
challenge datasets have enabled deep learning-based segmentation algorithms to Validated.

We believe that with the continuous improvement of deep learning algorithms, with the
development of high-performance parallel computing technology and the increasingly improved
medical image quality and growing medical image labeling sample set, deep learning-based medical
image analysis will make a big difference.
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Abstract. According to the World Health Organization (WHO), there are currently 50 million blind
people in the world, of which 2 million are children [1]. Blindness and low vision due to retinopathy
of prematurity dominate in the structure of the causes of visual impairment since childhood in both
developed and developing countries, despite all the achievements of science and practical medicine
[2]. The proportion of 4B and 5 stages of ROP remaines high in the structure of this nosology.
Although the anatomical success of surgical treatment of ROP in such stages, according to various
sources, ranges from 38-60% of cases, long-term functional results are interrupted as insufficiently
satisfactory [3]. An important achievement of the last decade is the further development of the
methods of vitreoretinal surgery used to treat advanced stages of ROP [4]. Therefore, the surgical
treatment of advanced stages of ROP and analysis of its results has particular relevance.

Keywords: retinopathy of prematurity, tractional detachment of the retina, treatment of advanced
stages of ROP, lensvitrectomy, vitrectomy, reattachment of the retina.

Introduction. Retinopathy of prematurity (ROP) is a vasoproliferative disorder. Threatened
premature newborn, especially low birth weight infants with blinding. Despite on the screening programs
that allowed early detection, the benefits of laser photocoagulation and cryotherapy for threshold ROP,
there are many infants with advanced stages of ROP, according to foreign studies, 1 of 10 infants [5]
needs surgical treatment of reattaching the retina and acquire whatsoever visual function.

Purpose: to evaluate the anatomical and visual outcomes of surgical treatment of advanced ROP.

Methods and materials. The study is retrospective and included 18 eyes of 14 infants with
stages 4B and 5, who referred to the Kazakh Eye Research Institute and was treated surgically between
2012 to 2018 years. Females constituted a larger group (64.2% (9/5)) compared to males. No else of
infants had received prior cryotherapy of laser photocoagulation because of late appeals. Preoperatively,
infants were examined by indirect binocular ophthalmoscopy and ultrasonography. The mean gestational
age of studying infants was 28.3+2.4 weeks (from 25 till 34 weeks), the mean birthweight was
1099.3+247.21 g (from 872 till 1640 g). The average age at the time of surgery was 24.3+19.07 months
(range 6-84 months) (Table 1). The average anterior-posterior size of eyes was 16.9+2.05 mm (range
13.5-20.65 mm). And the data of ultrasonography consist of partial detachment involving macula 5 eyes
(4B stage), and total detachment 13 eyes (5 stage). (Table 2). All premature babies were operated with
total and subtotal detachment of retina in the scar stage. The type of surgical procedure was selected
individually depending on the stage and the presence of concomitant eye pathology. (Table 3). In 17 eyes
was performed lensvitrectomy and in 1 eye lens-sparing vitrectomy.

Table 1. Baseline Characteristics of infants, n=14
Characteristic

Female gender, (%0) 9(64.2%)

Male gender, (%) 5(35.8%)

Mean gestational age, weeks 28.3 weeks
Median (range) 28 (25-34)
Mean birthweight, g 1099.3 ¢
Median (range) 1000 (872-1640)
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Table 2. Characteristics of eyes with 4 and 5 stages ROP, n=14
Characteristic

Average age at time of surgery, weeks 24.3 weeks
Median (range) 15(6-84)
Average size of eye, mm (n=18) 16.9 mm
Median (range) 16.2 (13.5-20.65)
Stage of ROP, (n=18)

Stage 4B 5 eyes

Stage 5 13 eyes

Table 3. Surgical procedures performed for eyes with advanced ROP

Surgical procedures (n=18)

Lens-sparing vitrectomy 1
Lensvitrectomy 17

Follow-up examination

Postoperatively, the anatomical status of the retina was assessed clinically by indirect
ophthalmoscopy and ultrasonography.

Anatomical outcomes of surgery were evaluated by determining a coefficient of reattachment
(the area of reattaching/ the total area of retina) and was categorized as follows: “success” if the retina
was reattached, “partial success” if the retina reattached in 2 and more quadrants, “failure” if the retina
reattachment isn’t received.

Visual acuity was recorded as “no light perception”, “light perception”, “light perception with
functions” if following the light at a distance of 1 m (0.001) and “pattern vision” if following toys at a
distance of 3 m (0.05).

Results.

Visual outcomes

Before surgery in 4 eyes, BCVA (Best-corrected visual acuity) was “light perception” and in
14 eyes “no light perception”

After the surgical treatment, BCVA was in 4 eye “pattern vision”, in 7 eyes “light perception
with functions”, and in 7 eyes “light perception”. (Diagram 1)

14
12 -
10 -
8 -
6 - m Visual acuity before surgery
4 - M Visual acuity after surgery
2 -
O T T T T
No light Light Light Pattern
perception perception  perception vision
with
functions

Diagram 1. Visual acuity of babies before and after surgery
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Anatomical outcomes
After the surgical treatment in 3 eyes we achieved “success”, with a coefficient of reattachment
K=0.25, in 5 eyes “partial success” and in 10 eyes “Failure” reattachment wasn’t received.

TR

B.
Pre (A) and post- lens-sparing vitrectomy (B) fundus photographs in a patient with stage 5 retinopathy
of prematurity.

Discussion. The success of surgical treatment in terms of anatomical results depends mainly
on many factors.as surgical technique, stage of detachment, the age of premature babies at the time of
surgery and the presence of concomitant diseases. One of the top-priority issues of qualitative
treatment of advanced ROP is the definition of the optimal time for surgery [4, 5, 6, 7]. In the second
place are the presence and degree of activity of the proliferous process. According to several
researches on this topic, optimal time to surgical interventions on advanced stages of ROP is no earlier
than 5-6 months of age [8]. The active vascular phase of ROP extends an average for 3-6 months. [8],
then the process transfers to the scar phase. These are the two criteria that determine the possibility of
performing vitreoretinal surgery. So, vitrectomy during the active vascular phase for severe ROP is not
recommended because it is often associated with sustained bleeding during surgery, increased risk of
iatrogenic damage and poor retinal reattachment. Improved results have been reported in some articles
describing vitrectomy performed in combination with pharmacologic adjuncts, as anti-VEGF agents
[9]. The surgical goal for 4B detachments should be to minimize retinal distortion and prevent total
detachment. Residual retinal detachment is common in these eyes and attempts should not be made to
try to flatten the retina completely [8]. Despite all these combined and improved surgical procedures
for late-stage ROP, anatomical and visual functions remain low. However, low visual acuity in
patients with stage 4B and 5 retinopathy of prematurity is often associated not only with
morphological changes in the retina, but also with prolonged inactivity of the visual analyzer during
the development of an activity pathological process [10]. However, the techniques and methods of
vitreoretinal surgery for ROP are improved every year.

Conclusions. Improvement of vitreoretinal technique interventions and optimization of its
timing at advanced stages or ROP allow to obtain satisfactory results, consisting in completely or
partial retinal reattachment. This anatomical state of intraocular structures is not only a good cosmetic
effect, but also creates a fertile ground for the development of visual functions in the future.
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Abstract. Arterial hypertension (AH) remains one of the most pressing health problems, due to its high
prevalence. With effective treatment of hypertension, the risk of cardiovascular complications and
mortality are significantly reduced, that is, the main goal of the treatment of hypertension is achieved.
European and Ukrainian recommendations for the diagnosis and treatment of hypertension
distinguish five main classes of antihypertensive drugs: diuretics, p-blockers, calcium antagonists,
angiotensin converting enzyme inhibitors and angiotensin receptor blockers. Based on the foregoing,
we can conclude that the third-generation calcium antagonist lercanidipine is a highly effective, long-
acting antihypertensive drug for the treatment of hypertension of any stage and severity. It has
organoprotective properties, is metabolically neutral, is well tolerated and can be successfully used
both as monotherapy and in combination with any other (except dihydropyridine calcium antagonists)
antihypertensive drugs in both men and women.

Keywords: Arterial hypertension, effective treatment, lercanidipine.

BBenenne. Aprepuanbhas runeprensus (Al) ocraercs omHOW W3 Hambonee aKTyallbHBIX
npo0JeM 37paBOOXpaHEHHs], YTO OOYCJIOBIEHO €€ BBICOKOM pacrpocTpaHeHHOCThIO (B Ykpamne Al
cTpamaroT okoio 46% mmir crapmie 18 jer), cmocobHOCThI0 Al BEI3BIBATH MOPAKEHHWE OPraHOB-
MUIIIEHeH (Ceplle, TOYKH, COCY/Ibl), ¥ YBEIMYMBATh YaCTOTY Pa3BUTHS TAKUX TSKEIBIX OCIOKHEHHH,
TaKWX KaK Kak WH(APKT MUOKapjaa, WHCYIBT, XPOHHYECKasl CeplIeYHasi HeIOCTaTOYHOCTh, YXYAIICHNE
(YHKIMU [TOYEK BIUIOTH JIO Pa3BHTHS TEPMUHAIBHOW MMOYEUHOM HenoctaTouHocTH. [Ipn addexTnBHOM
neueHnH Al' JOCTOBEpHO CHMXKAETCSl PUCK CEPAECYHO-COCYAUCTBIX OCJIOKHEHUH U CMEPTHOCTB, TO €CTh
JOCTUTaeTCsl OCHOBHAs Lesib JieueHust Al'. EBpornelickue 1 YKpanHCKHE PEKOMEHIAINH [0 AUArHOCTHUKE
U jedeHuro Al BBIIENSIOT TSITh OCHOBHBIX KJIACCOB aHTHTHIIEPTEH3UBHBIX MPENapaToB: JTUYPETHKHU, b-
aJpeHOOIOKATOPBI, aHTATOHUCTHI KalblMs, WHTHOWTOPHl aHTHOTEH3WHIpPEBpaIaomero (hepMeHTra u
0JIOKaToOpbl aHTMOTEH3MHOBBIX penentopoB [1, 2]. [lpm BeIOOpe TAaKTHKK BeACHUS OOJIBHOTO
HEoOXO0IMMO yUYHMTBIBaTh ypoBeHb AJl, HamM4Me W XapakTep MMEIOIUXCs (aKTOPOB PHUCKA, OPraHOB-
MUIIICHEH, acCOIMUPOBaHHBIX ¢ Al 3a0oneBanmii (umemudeckas OO0JIe3Hb, CaxXapHbBI nuader,
3a0o0JieBaHuUs TIOUEK) M COCTOSIHUM. Pazymeercs, BeIOMpast crpateruto jeuenus: Al', cnenyeTr yunToIBaTh
OIIBIT MPUMEHEHHSI PA3IMYHBIX MIPENapaToB y NauueHTa (Kak 3¢(eKTUBHOCTh, TaK U HEPEHOCUMOCTH).
Jpyrumu ciioBamu, BRIOOp mpernapara J0JDKeH ObITh MHANBHyaIu3upoBaH [3, 4, 5].

JurunponupunuHosbie AK npuBiekaTeIbHbI IOKa3aHHBIM OPTaHONPOTEKTUBHBIM JIEHCTBUEM,
BKJIIOYasl KapAUO- U aHTUONPOTEKTUBHBIE 3P (EKThI, MeTabOIN4YeCKOH HEHTPaTbHOCThI0, MUHUMYMOM
MIPOTHUBOITOKA3aHUH, YTO JIejacT MX IpernapaTaMu MepBoro psna, ocooeHHo y namueHToB ¢ UCAT, ¢
conytctBytomeid MIBC, arepockiiepo3oM COHHBIX W KOPOHApHBIX apTepuii. K WX HECOMHEHHBIM
JOCTOMHCTBaM OTHOCHTCSl TaKXe coXpaHeHHe OJ(PQEKTHUBHOCTH TMpPH OJHOBPEMEHHOM IpHEMe
HECTEPOUIHBIX MPOTHBOBOCIAIUTEIBHBIX MPETAPATOB.
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Hns nedenuss AT pexkomenayercss mnpumeHsTh uckmouutenbHo AK II-III noxonenuit
(IpOTIOHTUPOBAaHHOTO JISHCTBHUS), KOTOpBIE [IOCTOBEPHO CHIKAIOT PHCK pa3BUTHS CEPIECYHO-
COCYIUCTBIX OCJIO)KHEHHH, a 10 CIIOCOOHOCTM CHU3UTh PUCK HHCYJbTAa AK€ SIBJISIOTCS JIUAECPAMHU
cpenM TPOYMX AaHTUTHIEPTEH3WBHBIX TmpemapatoB (umccinempoBanmst ALLHAT, VALUE). Ilpu
MIPOBEJICHNH METaaHaln3a 13 KpymHBIX MCcleAoBaHUH (BKI04aBIIero okojio 104 Teic MalMeHTOB C
ATl') Taxke OBIIO MPOJEMOHCTPHPOBAHO JOCTOBEPHOE CHUIKCHHE PHCKA PAa3BUTHSI MHCYJbTAa HPU
Tepanuyu IUrHApOnupUIMHOBEIMU AK, mpruueM 53T0 CHIDKEHME HE ObUIO HAIPSMYIO CBS3aHO C
BIIMSTHUEM Ha ypoBeHb A/l [6].

Hapsiny ¢ ammogumuaoM u janumunuaoM K aHtaroHuctaM kameimsi (AK) Il moxonenws
OTHOCHTCSI TIpeTapar JIepKaHUIUIH, 00Iaatomuil psgoM npenmyiect mepen mpounmu AK. Ilpexne
BCETO CJIEYeT IOJUEPKHYTh 00Jiee BHICOKYIO COCYIUCTYIO CEJIEKTUBHOCTD JIEPKAaHUIAMUIIMHA 10 CPAaBHEHUIO
C aMJIOZUTIUHOM, (DEJIOAUTTMHOM, JTAIMAUIUHOM [/] 1 ero Goliee BBICOKYIO JIMMOPHIEHOCTS.

OcHoBHOM pa3gen. JlepkanuaunuH, kKak U Apyrue AK AUruaponupuaAHHOBOTO psija,
00paTUMO CBS3BIBAETCS C KAJBLHEBBIMHU KaHANaMHU L-THNa INIaAKOMBIIIEYHBIX KJIETOK COCYIIOB, YTO
COIIPOBOK/IAETCA Ba30uiIaTalliel, CHIDKEHHEM Mepru(epuIeckoro COCYJIHCTOrO COMPOTHBICHUS U
cumxenueM AJl 0e3 CylecTBEHHOrO TMOBBINICHHS 4YacTOTHl cepaeuHblx cokpamienuii (UCC).
braromapst BEICOKOH JTHITOGUIBHOCTH H, COOTBETCTBEHHO, BRICOKOMY MEMOpaHHOMY KO3(PQUIHEHTY
pactipenencHus (MeMOpaHHas (GapMaKOKHHETHKA), JIEPKAHUIUIINH ICTTOHUPYETCS BHYTPH JTBOMHOTO
JUMUAAHOTO CJOST MEMOpaH TJaJKOMBIIIEYHBIX KIETOK cocyfoB. CIOCOOHOCTh JepKaHUIUTIMHA
HaKaIUIMBaThCsl B MeMOpaHe 00ecreunBaloT MPOJODKUTENBHYIO OJIOKaLy KaJlbLHUEBbIX KaHAJIOB NPH
OTHOCUTENBFHO HEIONroM IIepuolie LMPKYJSIIMUM Hpenapata B KpoBu (25 u). B pesynbrare
COCYZOpacUIMpAIONIEe W, COOTBETCTBEHHO, AHTUTHIIEPTEH3WBHOE JAEWCTBUE IIpernapaTra 3aBUCUT
MMEHHO OT KOHIICHTPALlMU €ro B KIETOYHOW MeMOpaHe, a He B IiasMe, kak y apyrux AK (c
IJIa3MEHHON (hapMaKOKMHETUKOW). AHTHTHIIEPTECH3UBHBIA A((MOEKT JepKaHHIUIIHHA Pa3BUBACTCS
MOCTENIEHHO M COXpaHseTcs AIUTeNbHO (koddduuuent T/P npeswimaer 83%), uTto obecrieunuBacT
3¢ PEKTUBHOCTH TEpaNUy MPU OJHOKPATHOM IIPUMEHEHUH Tperapara B CyTkH [7].

B nccnenoBannn ELYPSE n3yuanu anturunepreH3uBHYI0 3QQeKTHBHOCTD JIEpKaHUIUIINHA B
nmo3ze 10 mr/cytku y 9059 nammentoB ¢ Al [-Il cremenn [8]. Vike depe3 MecsIl OTMEUYEHO CHM)KEHUE
cucrommmueckoro AJl ma 13,5+11,5, amactonmaeckoro AJl — uHa 9,4+7,7 mm pt. c1. Uepes 3 mecsa
OTMEYEHO HapacTaHWE aHTUTUIEPTEH3MBHOro 3¢ ¢eKTa M, YTO OYEHb BAXKHO, HE3HAUYUTEIHHOE, HO
nocrosepHoe (p<0,01) ymenpienne YCC no cpaBHEHHUIO C HCXOIHBIMU ITOKa3aTeNsIMH (KaK U3BECTHO,
yBenmuueHne YCC conmpoBoKIaeTcs yBEINYEHHEM PUCKA CEPJICYHO-COCYTUCTHIX OCIIOKHEHHI).

VY nun ¢ msarkod W ymepeHHoH Al MOHOTepamusi JIepKaHMIAWIUHOM B fo3e 10 Mr/cyt Ha
MPOTSHKEHNN 4-X Hellenb NpruBoania K HopManuzaunu A/l B 72—89% cnyqaes [9], yBenuueHne 10351
JepkanuaunuHa 710 20 Mr/cyT JOCTOBEPHO YCHIIMBAJIO €ro aHTUTUIIepTeH3UBHBIN A dekT [10].

VY OonpHBIX C Tsbkenod Al mpu Ha3HadeHWHM JepkaHugunuHa 20 MI/CYT uepe3 Mecsll
©KEIHEBHOro IpueMa Ipemnaparta auacroinnueckoe AJl cHu3miaoch Ha 22 MM PT. cT. Y MOXKHIIBIX
nauueHToB ¢ MCAI' npuMmeHeHune nepkaHuAUNKUHA B cyTOuyHOU ao03e 10—20 mr B TeueHue 8 Henemb
M03BOJIMJIO IOCTHYb CHIKEHHs cucTonieckoro AJl Ha 32 mm pr. ct. [11].

B MHOTO1IEHTpOBOM panmomusupoBanHoM uccienoBannd COHORT cpaBaumm 3¢ hexkTHBHOCTD
Y TIEPEHOCUMOCTh JiepkaHuaunuHa (B 1o3e 10-20 Mr/cyTku), aMmyiIoauNyHa U JauuaunuHa y 828 ymig
crapie 60 jier. Bo Bcex Tpex rpymmax JOCTUTHYTO coroctaBumoe cHibkenre AJl — Ha 20/10 MM pr.cT.
yepe3 4 Henenn u Ha 30/14 MM pr.cT. — uyepe3 6 Mecsues Tepanuu [12]. [lepudeprueckne oteku
3HAUMTENBHO Yallle pa3BUBAJIMCH B IpyIie amnoaunuaa (19%) u yaie npuBoAWiIM K OTMEHE Ipernapara
(8,5%) 1o cpaBHEHHIO C JIEPKaHUIUIUHOM (cooTBeTcTBeHHO 9,0% 1 2,1%). YacToTa Apyrux moGOYHBIX
3¢ GEeKTOB B rpymIax aMIIOUITNHA 1 JIEPKaHUUITNHA HE OTIINYaIIach.

B onnom u3 uccnenoBanuii n3ydanack 3GEKTUBHOCTD JEPKaHUANIINHA Y KESHIIUH ¢ MATKON
u ymepeHHol Al' B iepro mocTMeHomnays3sl: uepe3 6 MecsaueB MoHoTepanuu A/l HopManu30BaIock y
49% et [13].

Brmie yxe ymomuHamoch o 6oiiee 4acTOM Pa3BUTHHM Y JKEHIIMH O CPAaBHEHHUIO C MY)KUMHAMH
I'JDK. Tockoneky I'JIK siBrsieTcss mIporHOCTHYECKH HEONArONpHUATHBIM MIPU3HAKOM B OTHOILICHHH PUCKA
pazButust MMM u BHe3anHON cMepTH, CHOCOOHOCTH aHTUTHIICPTEH3UBHBIX IIPENApaToB BHI3BIBATH €€
perpecc mpuiaercsi OoblIOe 3HA4YeHHE. bbpUI0 IOKa3aHO, 4TO IO CIIOCOOHOCTU OOECHEUYUTh perpecc
raneprpouu MHOKapAa JIEBOro Kedynouka y jui ¢ Al, JepkaHWAWIHMH TPEBOCXOOUT OJIOKATOP
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perenrTopoB anrnoTensuHa Il josapran u comoctaBuM ¢ uHrHOHTOpoM AII® sHamanpmiom [14, 15].
IMomobuo apyrum AK, nepkaHuIUNUH yaydIiaeT 3>HAOTENNKA-3aBUCUMYIO Ba3o[MiIaTaluio, o0Onazact
AQHTHATEPOrCHHbBIM JIEHCTBUEM, HECBSI3aHHBIM C €I0 aHTUT'MIIEPTEH3UBHON aKTUBHOCTBIO.

B ornuume ot OONBIIMHCTBA AMTHIPONMPHUIMHOBBIX aHTArOHUCTOB KaNbLUs, JIEPKAHUIUIINH
obmasaer Takke M HepompoTeKTUBHBIM JelicTBueM. [lo manubiM M. Sabbatini u coast. [16],
JIEpKaHUIUIHMH paclikpsieT HE TOJIBKO NPUHOCSIIME, HO W BBIHOCAILIME AapTEPHONIBI TOYEYHBIX
KIIyOOYKOB, MNpENylpexaas TEeM CaMbIM IIOBPEXICHUE TIJIOMEPYJIIPHOTO amlmapara y KpbIC €O
CHOHTaHHOW rumneprensued. [lo MHEHHIO aBTOpPOB, HWMEHHO C OJTHM CBS3aHO HaJW4yhe Yy
JIepKaHUIUIHHA HEPPOIPOTEKTUBHOTO JCHCTBHS, KOTOPOEe ObUIO YOEOUTENbHO MPOASMOHCTPUPOBAHO
B uccienosannsax DIAL u ZAFRA.

B panmomm3upoBaHHOM IBOMHOM cCIIeTIOM KOHTpoiupyemMoM wucciemoBanuu DIAL [17], B
KoTOpoe ObuTH BKIIIOUEHBI 180 O6ombHBIX Al', UMEIOIINX caxapHbIl AuadeT 2 THMA U MEePCUCTUPYIOUIYIO
MHUKpPOATEOYMHHYPHUIO, OBUTO TMOKa3aHo, 4To jepkaHuaunuH (10 Mr/cyTku) u pamunpui (5 Mr/CyTKH)
COIIOCTaBUMBI 110 CIIOCOOHOCTH CHMKATh YPOBEHb 3KCKpPELMH adbOyMHHA. JIepKaHWAWIHMH BBI3BIBAJ
3HAUUTENILHOE CHIKEHUE YPOBHS IKCKPELIMH albOyMHHA 10 CPABHEHHUIO C UCXOJHBIM YPOBHEM, IIPUYEM
CTaTHCTHYECKU 3HAYNMBIX Pa3Iuinii 0 CPABHEHUIO C PAMHIIPUIOM HE OTMEYaJIoCh.

B uccnenoBanne ZAFRA [18] Obumi BKITIOYEHBI 175 ManueHTOB C XPOHWYECKOW MOYEHHOM
HemocTatogHOoCThI0 (XITH) pasnudaHoit 3THONOTHH, ModydaBiie HHTHONTOphl AIID wmu 610KaTOphI
perenTopoB aHruoTeH3nHa I, y KOTOpBIX, HECMOTpPS HaA 3TO, COXPAHIOCH ToBbImieHUE AJl U
nporeunypus. Uepes 6 MecsleB Mocie NPUCOCAWHEHUs JEpKaHUAUNUHA B Ao3e 10 Mr B CyTKH
YBEIUYMWIOCh YUCIO OOJBHBIX C IEeNeBbIM ypoBHeM AJl, CHM3MIAach MPOTEHHYPHS, YJIy4IIHIacCh
¢yHkuus modek. TakuM 00pa3oM, MOXHO YTBEpXKIaTh, YTO JIEPKaHUAWIHNH, Ojarogapsi CBOUM
VHHUKaJbHBIM ~ HEQpOMPOTEKTHBHBIM  CBOHCTBaM, 3aHUMaeT ocoboe Mecro cpeagn AK
JUTHAPONUPUANHOBOTO psila B JICYCHWH AWA0ETHUECKOW HedpomaTuu U HexuabeTHYeCKHX
3a00JIeBaHuil MOYEK, B TOM yucie y manuentos ¢ XITH.

VY OOJIbHBIX TOXHWIIOTO BO3pacTa JICPKAHWAMIIMH BBITJSIUT OCOOCHHO TPHBIEKATEIBHBIM,
MOCKOJIbKY, cHUXasi AJl, OH ylydiiaeT MO3roBoi KpoBOTOK [19]; B ’TOM OTHOLIECHUU JIEPKAHUIUIIUH
noJ00eH HUMOJMIIMHY, HA3HAYaeMOMY HEBPOJIOTaMH NPH CyOapaxHOMAAIBHBIX KPOBOM3IMAHUAX. A
Mo CrOoCOOHOCTH YMEHBIIATh OTHOIIEHHE TOJIIUHBI CTEHKH IepeOpalbHON apTephu K ee MPOCBETY,
JIEpKAaHUIUINH B 3KCICPUMEHTAIBHOM HCCIEIOBAHWM Ha KpbICaX CO CIIOHTAaHHON THIepTeH3HEH
IPEB30IIIeN TAKUEe aHTUTUIIEPTEH3UBHBIC TPenapaThl Kak rHApaia3uH, MaHUAUNNH, HUMoaunuH [20].
Baxkna ere 1 o4eHp Xopolasi IepeHOCUMOCTh JIEPKaHUANIIMHA Y TOXKUJIBIX MalMeHToB. Bo Beskom
cily4yae, 4actotra moOodHbIX 3G ¢GekToB y moxuibix (5,4%) u Oonee Monombsix manueHToB (6,6%0)
JOCTOBEPHO He oTinvaiach [21].

JlepkaHUIUNMH HE YXy[UIaeT JUMHIHBIA M YIJIEBOJHBIA BUABI OOMeHa, Ooiee TOro B
uccinenopanun M.Cafiero ¢ coaBT. [22] nmpu Ha3Ha4YeHUHW JiepKaHuaunuHa B g03e¢ 10-20 mr 355
OonbHBIM ¢ ymepeHHOH Al uepe3 12 mecsieB 4ncio OONBHBIX C OTKIOHEHHWEM OT HOPMBI YPOBHS
TJIFOKO3bI, OOILETr0 X0JIeCTepUHA U KPEeaTHHUHA JOCTOBEPHO YMEHBILIMIIOCh.

W3BecTHO, 4TO TpH TPUMECHEHHH AHTHTHMIIEPTEH3WUBHBIX TIPEMApaToOB y JKEHIIWH Yale
BBIIBISIIOTCS  1I000uHBIe 3(dekthl. [To manubiM wuccienoBanuss TOMHS (Treatment Of Mild
Hypertension Study) [23], y »eHIIMH 3aperucTpupoBaHo B 2 pa3a OOJIbIIe HEXKETATSIbHbIX SBICHHH,
YeM y MY>KYHH. Y JKEHIIUH Yalle pa3BUBAIOTCS TUIIOKAJIMEMUs] M THIIOHATpUeMHUs: Ha (hOHE Teparuu
JIMypeTUKaMH, CyXOH Kaienb Ha ¢poHe npuema naruouropos AIID, oreku roneHeli Ha GoHe Tepanuu
aHTaroHUCTaMH Kajblus. OTeKH TOJIeHeW HepelKo MPHUBOAAT K OTKa3y JKEHIIMH OT MPOAOJDKEHUS
Tepanuy JUTHIPOIUPUINHOBBIMU aHTAarOHUCTAMH KaJIbIIHSL.

Xopomass TMEPEeHOCHMOCTh JIEpKaHWIWNUHA OblJla TPOJEMOHCTPHPOBAHA B IEJIOM psijie
UCCJIEIOBAHUH.

B wucnenoBanun C.Borghi ¢ coaBr. [24] mepeBon mammeHTOB, monmydyaBmmx Takue AK kak
amnomunuH, HUenumua GITS u ¢denomunun, Ha Tepanuio JepkaHuaunuHOM B Jo3e 10-20 mr/cytku
MPUBEN K JIOCTOBEPHOMY CHIDKEHHIO YacTOTHI TOJOBHBIX OOJIEH, MPUIMBOB M OTEKOB rojieHel uepe3 4
Hezenu Tepanuu. [Ipu Bo3BpaTe Kk mpeaplayIieii Tepariy BO3BpAILaIiCh U paHee BBIIBIISIEMbIE TOOOYHBIE
3¢ }eKTsI, 9TO, HECCOMHEHHO, CBUECTENBCTBYET O JIYUIIICH IIEPeHOCHMOCTH JIEPKAHUIUITMHA TT0 CPAaBHEHUIO
¢ BbimenepeuncieHHbiMu  AK.  JlepkaHUAMIMH XOpOIIO MEPEHOCHICS M B BBILICYIIOMSIHYTOM
uccnenoBannu M.Cafiero c coasr. [25.]. Tonbko y 5,6% G0nbHBIX IpenapaT ObUT OTMEHEH U3-32 Pa3BUTHUS
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moOouHBIX 3¢dekToB. Uepes 12 MecsieB MpUBEPKEHHOCTh K TPOBOJAMMOM TEpaIliy COCTaBMIa Ooee
80%. W, HakoHell, B yIoMUHaBIIIEMCs paHee ucciienoBanun Elypse [8] oTMEUCHO yMEHBIIICHHUE YacTOThI
mo0OYHBIX (P deKToB vepe3 3 MecsIia OT Hadalia TePAITuH JIePKaAHUTAITHHOM.

I[To mamHbeIM MeTaaHanm3a 20 KIMHHYECKHX IUIAIE00-KOHTPOJIUPYEMBIX HCCIICIOBAHUMT,
BKIItouaBmux okosio 1800 GonmbHBIX AL, HexeNnaTeNbHbIC SBJICHUS BCTpedanuch y 11,8% OONbHBIX,
nony4aBmux Jepkanuaunut (10-20 mr/cytku, n=1317), u'y 7% GonpHbIX Ha Tanebo (n=227). Jons
OOJBHBIX, OTKA3ABIIUXCA OT MPOJIOJDKEHHS Tepanuy, B 00euX rpymnmnax He oTindanack. [lpuuem, ecnu
JieYeHWEe JIEPKaHWAWIUHOM Cpa3y HauMHamd ¢ 1g03bl 20 Mr, yactora moOOYHBIX APPEKTOB
OKa3bIBAIACh BBIIIIE, & €CTIM CTaPTOBOW 10301 Oblia f03a 10 Mr, HO mo3ke 03y yBeaumuuBaiu 10 20
MT, TO0OYHBIE 3PPEKTH PErUCTPUPOBAIHCH 3HAYUTEITHLHO HIDKE.

[IpekpacHast MEpEeHOCHMOCTD JICPKAaHUIUIIMHA B CYTOYHOW mo3e 10 mr Obuza oTMedeHa B
MHOTOIICHTPOBOM  6-HEACIBHOM HCCIICOBaHUM, BKIoYaBmieM 32345 OONBHBIX MSATKOH U
ymepernHod Al ¢ comyrcrByronumu WBC, caxapHeiM auabeToM, XPOHHYECKOW CepIeYHOM
HEJI0OCTaTOYHOCThI0 W nucnunuaemuei. [lo 3aBepmieHnn mcciemoBaHusl Oblla OTMEUYEHA KpaiiHe
HU3Kas 4acTOTa Pa3BUTH MOOOYHBIX peakiuil (mokpacuenue auna — 0,3%, nepudepuueckue OTeKu
—0,14%, cepaunebucuue — 0,06% [26].

[TockonbKy JKEHIIMHBI B MOCTMEHOIAY3aIbHOM TEPHOJe OCOOCHHO TOIBEPKEHBI Pa3BUTUIO
OTEKOB TOJICHEH U CTOI (HEPEAKO SBISIONINXCS MPUIHHON OTKa3a OT MpUeMa aHTarOHNCTOB KaJIbIIHA),
WHTEpeCHBl pe3ynbTaThl uccienoBaHust R.Fogari ¢ coaBT. [27]. ABTOpBI B CBOEM HCCIICIOBaHUN
WCTIOJB30BANIA M3BECTHBIN 3aKOH: TEJO, MOTPY>KEHHOE B BOJY, BHITECHSET 00bEM JKHIKOCTH, PaBHBIN
00BeMy TOTPYKEHHOTO Telld, TO €CTh OBUI HCKIIOUEH CYOBEKTHBHU3M B OIICHKE BBIPAXKECHHOCTH
npeTHOnaNbHBIX OTeKOB. OKa3aloch, YTO MPH TOTPYKEHHWH B BOAY HOT OOJBHBIX, MOITYYaBIIMX
JIEpKaHUIUNNH, OOBEM BBITECHEHHOM BOJBI TOpa3f0 MEHbIIE IO CpaBHEHHIO C OOJBHBIMH,
noydasmumiu HupeaunuH GITS. B uccmenopanum P.Lund-Johansen ¢ coaBT. [28] OBUTH MOJTYYESHBI
CXOJHBIE pe3yNbTaThl: 00BEM HIDKHUX KOHEUHOCTEH Ha JEepKaHUIUINHMHE U3MEHWICS B TOpaslio
MEHBIIIEH CTETIEHHU M0 CPaBHEHUIO C aMJIOJUITMHOM; JIOCTOBEPHO PEXKE BBIABISUINCH OTEKU TOJIEHEH U
cror (9,8% mnportus 33,3%). B pesynbrate B rpyIie amMmIOIUIINHA YaCTOTAa OTMEHBI Mpenapara nu3-3a
pa3BuUTUSl OTEKOB cocTaBwia 6,8%, B TO BpeMs Kak B Tpylle JepKaHWIUNHHA He OBLIOo
3aperucTPUPOBAHO HU OJTHOTO TAKOTO CIydvasl.

JlepxkanununuiH Xopoio ceds 3apeKOMEHIOBAT U B COCTaBE KOMOMHUPOBAHHOW Tepanuu. [Ipu
HEIOCTATOYHOW 3(PPEKTUBHOCTH aTEHOJNOJA, JHANANPWIA WM KOMOMHAIIMM THIPOXJIOPOTHA3WAA C
aMHJIOPUJIOM, Ha3HAueHWE B JIOTIOJHEHHE K OTUM Mpernaparam JiepKaHuaunuHa B jo3e 10 mr/cyT yxe
yepe3s 4 HeJleNIn TI03BOJIMIIO JIOCTUYB 1IEJICBOr0 YPOBHS auactoimdeckoro AJly 76% Gonbhbix. Yepes 12
HEJIeNb YMCIIO OOJNBHBIX, JOCTHTIINX IIENIEBOro YpoBHs auactonmdeckoro AJl, yeemmumiock 1o 92%
[29]. Jlepxanuaunua MoxeT ObITh H00aBJICH K JII00OMY JAPYrOMY aHTHUTHIIEPTEH3MBHOMY Iperapary
LENbI0  100uThcs ycmnenus: d¢ddekra. EcTh ocHOBaHUS cuMTaTh OYCHb XOPOIICH KOMOHMHAIIMIO
nepkaHununuHa ¢ nHruouTopamu AllD, Tak kKak B 3TOM Cilydae IOMHUMO ITOBBIIIEHUS dPPEKTHBHOCTH
AHTUTHIIEPTEH3UBHON Teparuyd MOXKHO PACCUMTHIBATH Ha B3aUMHOE YMEHBIIIEHHE BBIPAKEHHOCTH
BO3MOJKHBIX HEXeNaTelbHBIX 3()(heKToB. JIepkaHUAUIMH ClIOCOOEH YMEHBIIHUTh BBIPAXKEHHOCTh CyXOTO
Kalnpist Onaronmapsi CHIKEHHIO TUIEPpPeakTHBHOCTH OpoHxoB, a mHruoutop AIID, B cBoro ouepensb,
YMEHBIIIUTh OTEKH CTOI M TOJICHEH, KOTOPhIE MOTEHIIMAIEHO MOTYT TOSBIISTHCS MPH HCIIONH30BAHUU
MF000r0 aHTAarOHUCTAa KaNBIMS W3-3a MPUCYIIEr0 UM apTepUONIIPHOTO Bazojuiatupyromiero 3¢dekra,
BO3HMKAIOMIETO (32 CYET pACHIMPEHUS TOCTKAMWUISAPHBIX BEHYJ, MPUBOISIIETO K CHIDKEHHIO
THAPOCTATHYECKOTO JAaBJICHUs B KalWusipax. 3a pyOekoM yxe HECKOJIBKO JIET C YCIEXOM IIPUMEHSETCS
odunHATEHAS KOMOWHAIIMS JISPKAHUINUITIHA ¥ SHAJIATPUIIA.

B ABcTpanuu cTpaxoBBIMH KOMIAHHUSIMH ObLTa PETPOCTIEKTUBHO M3y4YeHa 0OIasi CMEpTHOCTh
cpenu 6onmpHBIX Al, monywaBmmx nuruapornupuanHoBeie AK (ammoaunuH, dhenoqunuH, HUETUTHH
U JIEpKaHWJIWIUH) B BUJEC MOHO- WM KomOuHupoBaHHOW Tepammu [30]. Uepes 4 roma oOrmias
CMEpPTHOCTH B Ipymrax HU(eIunuHa, aMiIoJUnuHa U QeouiiHa oKa3auach 3HAYUTEILHO BBIIIIE T10
CPaBHEHHIO C JIepKaHUAUTUHOM. Ciemyer OTMETHTh, YTO OONbHBIE, MOJy4YaBIINE JIEPKAHUIUIINH,
3HAYUTEILHO PEXE OTKAa3bIBAIUCH OT MPOJOLKeHHs Tepanud. OHONW W3 BO3MOXKHBIX IMPUYUH
JYYIIETO BIVSIHUA JEPKaHUAWIIMHA Ha MPOTHO3 MOXKET OBITH BIHSHHE HAa IEHTPAIHLHOE MyJIHCOBOE
nmasnenue. S. Isla. ¢ coaBT. mpu HazHaueHwuu B TeueHwe 10 Hemens mammeHTtam ctapmie 60 JeT ¢
W30JIMPOBAaHHON cuctonnyeckoir Al mepuHAONpHia, aTeHOIIONA, JEPKAHWIUIIMHA WM THA3HUIHOTO
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nuypeTrka 6eHapodIryasnaa, 0OHapy KW CHIDKEHHE [IEHTPAIBHOTO MyJIECOBOTO JABICHUS B TPYIIIE
MEPUHAOIPIIIA, JICPKAHUTUIIUHA U IUYPETHKA, B TO BPeMs KaK aTeHOJIOJ Ha IEHTPAIbHOE MyJIbCOBOE
JIABJICHUE BIMSHASA HE OKa3bIBal. JIepkaHWAWIMH Tak)ke CHIDKAJI WHIEKC ayrMEHTAIlnu (CHIDKEHHE
MHJICKCA 03HAYAET YMEHBIICHUE KECTKOCTH a0PThI), B TO BPEMsI KaK aTeHOJIOI ero moBbimai [31].

BoiBoabl. Ha ocHOBaHUU BBIIIIECKA3aHHOT'O MOXKHO CJIEJIATh BBIBOJI, UTO AHTATOHUCT KAJIbIIHS
TPEThETO TIOKOJICHHS JICPKAHUAMIIMH SBISICTCS BBICOKO3(D(QEKTUBHBIM, UIMTENBHO NEHCTBYIOIUM
aHTUTUTIEPTEH3WBHBIM TIpenapaTtoM st yedenns Al mo0oit cramgum u cremeHu Tsbkectu. OH
o0nasaeT opraHoMPOTEKTOPHBIMU CBOMCTBAMH, METa0OJIMYSCKH HEHTPaJICH, MPEKPACHO MEPECHOCUTCS
U MOXET YCICIIHO MPUMEHATHCA KaK B KAa4eCTBE MOHOTCpANHMH, TAK U B KOMOWHAIMU C JIFOOBIMH
apyrumMa  (KpoMe  JUTHAPOTHPUAMHOBBIX ~ AHTATOHWCTOB — KaNbLWs) AHTUTHIEPTEH3UBHBIMU
mpermapaTaMi Kak y MYX4YHH, TaK W Y JKEHIIWH. A TIOCKOJBKY JIEPKAMEHHIUINH HE TOJIBKO
adpdektuBHO cHmkaer AJl, HO u oOmamaeT Jydmied Cpead BCEX AHTArOHUCTOB KaJIbITWsl
JUTHIPOITUPUIMHOBOTO Psijia TMEPSHOCUMOCTBIO M YIOOCH B NPUMEHEHHUU (COOTBETCTBHE JIEBU3Y
«OnmuH neHp — omHa TableTka»), IPH ero Ha3HAYeHWH €CTh OCHOBAHHS PACCUMTHIBATh Ha Oolee
BBICOKH yPOBEHB IPUBEP>KEHHOCTH MAIIMEHTOB K HA3HAYCHHON TepaIruu.
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Abstract. In recent years, the problem of diagnostics and treatment of secondary dry eye syndrome,
which occurs after surgical interventions associated with making incisions on the cornea (refractive
surgery, cataract extraction), has become more relevant for practical ophthalmology. This review
examines the features of the development and pathogenesis of the secondary dry eye syndrome after
surgery, which includes a whole range of problems associated with changes in the composition of the
tear film, damage to the ocular surface, and the development of neurotrophic epitheliopathy. In
addition, modern algorithms for the treatment and prevention of manifestations of secondary DES in
these patients are considered. Despite the fact that these changes are transient in nature, in some
patients, surgical intervention can lead to permanent functional disorders of the ocular surface.
Therefore, intensive and timely treatment of DES in the early stages after surgery can significantly
reduce the risks of developing lacrimal dysfunction and neurotrophic epitheliopathy in the long term.
Keywords: DES, cornea, refractive surgery, cataract extraction, xerosis, epitheliopathy.

BBenenue. «CuHAPOM CyXOro Tia3a MpeacTaBisieT co00il MHOrogakTopHOe 3a0oieBaHHE
IJ1a3HOM TMOBEPXHOCTH, XAapaKTEpU3YIOLIEeCs CHW)KEHHEM T[OMEOCTa3a CIE3HOW IUICHKU U
COTIPOBOX/IAIONIEECS TJIA3HBIMA CHMIITOMAaMHM, 3THOJIOTHYECKYIO POJb B PA3BUTHM KOTOPBIX UTPAIOT
HECTaOMJIBHOCTh CJIE3HOW IUIEHKH, THIIEPOCMOJIAPHOCTh, BOCIHAJEHHWE U TOBPEXKICHHE TJIa3HOM
MTOBEPXHOCTH U HEMPOCEHCOPHBIE HapyIIeHus». [1].

[o ganHBRIM MexayHapoaHOTO O TATBMOIOIIIECKOT0 KOHTpecca 1o podiieMaM TUarHOCTUKHU |
nedeHus cuHapoma «cyxoro riaza» (CCI), pacnpocTpaHeHHOCT TIOCIIEIHETO CPeIr HACEIICHNS TUIAHETHI
coctapisier ot 5 1o 35% [5, 12]. Ha teppuropun Ka3zaxcrana He MpPOBOJMIIMCH HCCIEIOBAHUS 110
W3YYCHHUIO PAacIpOCTPAHEHHOCTH JIAaHHOTO 3a0oieBaHuUs. Tak Kak, COrIacHO paboTaM, NPOBEICHHBIM B
Kazaxcrane, He BezieTcsl y4yeT MaIMEHTOB, CTPAJAIOMIMX JaHHBIM 3a0oseBaHMeM. B cB3u c 3TUM
3aTPYAHAETCS SIUAEMHUOIOTHUECKHUH TTOICUET MAIMEHTOB C JAHHOM HOo305I0THel [3, 15, 22, 37].

K daxropam pucka pa3BUTHS JaHHOT'O COCTOSHHS OTHOCAT BO3PACT, XKEHCKHUH IOJI, HATHMYHE
MATOJIOTHHM IIUTOBHUIIHOW JKENe3bl, apTPUTa, aUIEPTUYEeCKHX 3a00JeBaHUH, KIMMAKTEPHUECKOTO
CUH/IpOMA, TpPHEM BUTAMHHOB, TOPMOHAJBHBIX TPENApAaTOB, a TaKXXe aHTHACIIPECCAaHTOB, [3-
0JIOKaTOPOB M THUCTAMHHOOJIOKATOPOB, psiA (HaKTOpPOB BHEUIHEH CpeNbl: KOHAWINOHWPOBAHHBIN
BO3IIyX, 3aILIMJICHHOCTh Pa00YMX TOMEIIECHUH, padoTy 3a koMmbioTepoMm [1, 4, 5,9, 10].

OCHOBHOIl MeXaHW3M BO3HHWKHOBEHHUS IaHHOTO 3a00JieBaHMs CBSi3aH C W3MEHEHUSMH B
CTaOMJIBHOCTH CJIE3HOM TUICHKH, (YHKIUSI KOTOPOW 3aKII0YaeTcsl B 3aIIUTe TepeJHel MOBEpXHOCTH
r1a3Horo sibnoka. ToNIMHA CIIe3HOU TUIGHKH BapbupyeTcs oT 6-12 mxm. Cie3Has MIeHKa HaXOJIUTCS
B KOHBIOHKTHUBAJILHOM MOJIOCTH, PACIIPEENSIETCS IO IEPETHEN TOBEPXHOCTH poroBuubl. [enurcs Ha 3
CJIOSi: MYLMHOBBIHN, BOASHUACTBHIA M MTUMUAHBINA. KaXapIii U3 3THX CII0€B pa3indeH MO0 (GYHKIHIM U IO
MOP(}OJIOTMYECKOMY COCTaBy. MYIIMHOBBIM CJIOH OTBEYaeT 3a NpHJaHHE TUAPO(UILHBIX CBOHCTB
porosuiie. BoassHUCTBIN CIIOH MCIIONHSAET TPAHCHIOPTHYIO (QYHKIIMIO, OTBEYAET 3a JOCTABKY KHCI0pO/ia
U yJaJCHUE HEHYXHBIX JJIEMEHTOB. JIMMUAHOMY CJOI0 XapaKTepHO MPEMSITCTBUE HCHAPCHUIO
BoJsiHECTOTO ciosl. [ToaTOMy HapyieHus: cocTaBa ClIe3HOU IUICHKH, 8 IMEHHO €€ COKpalleHHe (cIessl,
MYLMHOB, JIMIIMJIOB) CHOCOOCTBYET Pa3BUTUIO CHHAPOMA CyXOro TIjasa. BTopoll NpUYMHONW 3THX
WU3MEHEHUH SBJIETCS YK30TeHHBIE (aKTOPBI, KOTOPBIE CIIOCOOCTBYIOT MCTOHYCHHIO CIIE3HOW TUICHKU
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py U30BITOYHOM HCIIapeHuH. J1s1 JaHHOTO IpoLecca XapaKTepHO HapyIICHHUE IEPEIHETO AHUTENUS
poroBuipl. MTorom 3toro mpouecca siBisieTcs 0Opa3oBaHHE DPa3phIBOB B NPEPOrOBUYHON IUICHKE,
KOTOpbIe MOAOOHBI CyXUM y4YacTKaM, HE MMEIOIIMM MYLMHOBOTO CJOS, [IO3TOMY AaHHBIE NE(EKThI
SBJIIOTCS. MOP(OIOrnYecKoi OCHOBO# KinHUueckux nposiinenuid CCI [5, 14, 16].

CumnToMbl, HaOJIOJaeMble P CHHAPOME CYXOT0 IJ1a3a, BKIIOYAIOT: CyXOCTb, pa3ipakeHue,
JOKEHHUE, OUIyIIEHHE WHOPOAHOTO Tela, TSHKECTh BEK, MOKpacHEeHHWe, peIeKTOpHOe Clie30TeUeHHE,
0omp B rmazax u ycraiocTh. IlomMuMo xano0 ManueHTOB ONPENEISIOTCS CICAYIOINE KIMHUIECKHUE
IpOSIBIICHUS: OOJiee MM MEHEE BBIPAKEHHAS! THUIEPEMUSI KOHBIOHKTHBBI, HOBPEXKIEHHS IIHUTENINS
POTOBUIIBI, YMEHBIICHHE CJIE3HOI0 MEHHMCKAa y Kpas HIKHEro Beka. BmoOaBok K 3TOMy, 4acTo
BCTPEYAIOTCS MPHU3HAKH AUCHYHKINN MEHOOMUEBBIX jKejle3 U UCTOHYCHHE KpaeB BeK. Kak mpaswuiio,
JaHHas JUCQYHKIUS COMPOBOXAAETCA BOCHAJCHUEM — OyieapuTOM WM 3aKyNOPKOH MPOTOKOB C
otaensieMbIM [6, 12]. B TshkenbIx cirydasx oOpasyercs: pyOlieBaHHE KOHBIOHKTUBBI JINOO MOPaKEeHUS
CO CTOPOHBI pOroBUILlbl. OCIIOKHEHHUS IPOTEKAIOT B JOPME KCEPOTHUECKON S3BBI, PyOLIOBOTO KCepo3a
KOHBIOHKTHBBI U B BUJIE MTAPEHXMUMATO3HOTO Kcepo3a porosuilsl [7, 19, 24].

B mnocneonepauroHHOM NEpHOJE HENPUSATHHIC OLIYLICHUS B IJ1a3y — 3TO OJHA M3 CaMbIX
OonpmKX MpobjeM B OQTaNbMOJIOTHH B HacTosiee BpeMsi. UTOOBI XOpoIIo BUAETh, Halla Clie3Hast
IUICHKA JIOJDKHA OBbITh CTa0WIbHOW. BCe TpHM KOMIIOHEHTA CJC3HOW IJICHKH - BOIHBIN, CIIC3HBIM W
JUMUAAHBIA — JOJDKHBI HAaXOAWUTHhCS BO B3aUMOJACUCTBHM Mexay coOoi. Ecnmu criesnas mieHka
HapyIlIeHa, 3TO 3HAYUT, YTO MAIMEHT HEe MOKET XOpoIIo BuaeTh. Clie3Has IJIeHKa — IepBasi CTyIEeHb
Ha MyTH K TIOJHOIIEHHOMY 3penuio [9, 25].

PesyabTaThl uccienoBanusa. OQTaabMOXUPYPrUsl 3a4acTyld MHAYLHUPYET TMOSBICHHUE
MPU3HAKOB CHHIPOMA «CYXOTO Tja3a» B paHHEM IOCIIEONepallMoHHOM Tepuojie. B Gonpieid crenenn
pasBUTHE AAHHOTO COCTOSHHS XapaKTEpHO Ui SKCHUMEPIIA3epHOW KOPPEKIHMU 3pEHHUs, OJHAKO B
MoCJIeHHE TOIbI OBUIO 3aMEYEHO, YTO XUPYPrHUecKOe JIeUeHHE KaTapakThl Takke CHOCOOHO
NPUBOINTH K HAPYIICHUIO CTAOMIBHOCTH CIIe3HOM tuieHku [15, 44].

B nmocnemnee necstuinerMe B CBA3M € IIMPOKMM  PAcIpOCTPAHEHUEM  JIa3epHOU
odTanbMOXUpPYprun yBenuuuBaeTcs dacToTa BcTpeuaemoctn CCI, pasBuBIIEerocs BCJIEICTBHE
TIEPEHECEHHBIX OMEPAaTUBHBIX BMEIIATENbCTB Ha poroBuile. Jloka3aHO, YTO MOCe AKCUMEPIIa3epHOil
koppekuuu 3peHust CCI' BoisiBiisieTcss 'y Oonee yeM 50% MalMeHTOB, YTO CBSA3aHO CO CHUKCHHEM
YYBCTBUTEIBHOCTH POTOBUIIBI, H3MEHEHHEM €€ (QOpMbI W TMOSBICHUEM MOCJICONEePAMOHHON
HelipoTpodrueckoii snutenuonaruu [ 16, 56, 60].

OtmeueHo, uTo y MHOrux nanueHtoB mociie LASIK pa3BuBaiuCh TpaH3UTOPHBIE CHUMITOMBI
«CYXOTO IJ1a3a» HHOT/A C 3aTYMAaHUBAHUEM 3PEHUS], SMUTEIHAIBHBIMU 3PO3USMU HA POTOBUYHOM JIOCKYTE
MIPY OTHOCHUTENTFHO HOpMaIbHOM cne3onpoaykimu [8,17]. [Ipu 3ToM mouTH Bo BCeX Clydasx B TeUeHHE 6
MecsIIeB JaHHbIe MpoOJIeMbl WcYe3alu. B CBs3M ¢ 3TUM Ui OMMCaHWs JTAHHOTO ()eHOMEHa ObLI
Npe/UIOKEH TEPMUH  «HEWpOTpo(UUecKass SIUTENHONATHs), KOTOPBIA TO/Apa3yMeBaeT, 4YTO 3TH
BPEMEHHBIE W3MEHEHMs TIJIa3HOM IOBEPXHOCTH BTOPHYHBI 10 OTHOLICHHWIO K IOTEpe TPO(UUECKOro
BIIMSIHHSL HA STUTEINI POrOBHIIBI, 00YCIIOBICHHOTO MIEPECEUCHUEM e¢ HEPBHBIX OKOHYaHui [18].

B nacrosiee Bpems HefipoTpoduueckas SIUTEIUONATHS — 3TO XOPOILO M3BECTHOE COCTOSHUE,
KOTOPOE acCCOIMHPYETCs € JKaJlo0aMU Ha THITMYHBIE CUMIITOMBI «CYXOTO TJia3a» U (QUIIOKTyaIyel 3peHuns
[19, 57]. Tloxoxke, uto GonbinrHCTBO ManueHtoB nocie LASIK, naxke 6e3 mpesiiecTByromieii ciie3Hoi
TUCQYHKITIH, B PAHHEM ITOCIICOTICPAIIMIOHHOM TIEPHOJIE CTPAIAIOT OT HEHPOTPODUIESCKOMN AUTEITNOTIATHH.

[posienust Bropuanoro CCI' mocne kepaTtopepakUHOHHBIX ONEpandii BKIIOYAIOT B ceOsl HE
TONBKO HehpoTrpoduueckyro smurenuonaruio. OHH  BBUIBISAIOTCS HA NPOTSHKEHHM BCEW TJIa3HOM
TIOBEPXHOCTH, BKIIIOYAsi KOHBIOHKTHBY, ITOCKOJIBKY OnedpapocTaT M BaKyyMHOE KOJIBIIO MHUKPOKEpaToMa
Wi (PEeMTOCEKYHIHOTO Jia3epa BO BpeMsl OIEpalii OKa3bIBAIOT MOBPEXKIAIONIEEe BO3JCHCTBHE HA ITH
CTPYKTYpBbI, HApyIliasi TEM CaMbIM HOpMaJibHbIE (DU3UOIOTHYUECKIE Mporiecch B HUX [20, 22].

Bo BpeMst ipoBeieHHsT SKCUMEPIIa3ePHBIX BMEIIATEIBCTB TPOUCXOIUT TOTEPs] OOKATOBHIHBIX
KJIETOK KOHBIOHKTHBBI [20, 27, 39], MIOTHOCTH KOTOPBIX CHIDKAeTCs cpasy Iocjie orepanuu. B
pe3yJbTaTe yMEHbIIAeTCS NPOAYKIMS MYLHMHA, YTO B CBOIO OuepeAb NPUBOIUT K HAapyLICHUIO
CTaOMIIBHOCTH CJIe€3HOH mieHku. Hanbonee BeIpaskeHbI 3TH U3MEHEHHS y MAalUEHTOB C CUMITOMaMHU
xporuueckoro CCI' [21]. IIpu a3ToM MOkeT oTpeboBaThCS HE MEHEE 6 MECSIIEB 11 BOCCTAHOBIICHUS
IUIOTHOCTH OOKaJIOBUHBIX KJIETOK JI0 YPOBHSI JOOIIEPALIMOHHBIX 3HAYEHUI.

Ilepeceuenre HEPBOB POrOBUIIBI C MIOMOIIBIO MUKPOKEpaTOMa WK (PEMTOCEKYHAHOTO J1a3epa
¢ mocjenyroumel adisnuell YyBCTBUTEIBHBIX HEPBOB POTOBHILBI OOBIYHO MPUBOJUT K THIIOCTE3UH
POTOBHIIBI HETIOCPEICTBEHHO MOCIIE ONEPAIliH, YTO 00YCIOBIMBAET MIPSIMOE U KOCBEHHOE BO3JICHCTBUE
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Ha TIOBEPXHOCTH TJ1a3. DTO MOBPEKCHNE BOJIOKOH UTPAET BAXKHYIO pojib B panHeM pazputun LASIK
UHYIUPOBAHHOW SMTUTEIMONATHH U ciie3HO# nuchynkiwn [18, 35].

B xone MHOTOYHCIEHHBIX HCCIICAOBAaHMN BBICHHIOCH, YTO YYBCTBHTEIBHOCTH POTOBHIIBI
IIOCTETIEHHO BOCCTaHABIMBAETCS, JOCTHUTasi JOONEPALIMOHHBIX WIIN «HOPMAJIbHBIX» 3HAUYCHUN depe3 6-
12 MecsrieB, eciiM U3MEPATH ¢ MOMOIIBI0 3cTesnomeTpa Cochet-Bonnet [17, 18, 28], u uepes 2 rona,
€CJIM U3MEPSTHh C TIOMOINBI0 BO3AYyIIHOTO AcTte3rnomeTpa [19]. OmHako, HEKOTOpBIE aBTOPHI CUUATAIOT,
YTO YyBCTBUTEIBHOCTH POTOBHUIBI HE BOCCTAHABIHMBACTCS A0 JOONEPALIMOHHBIX WM «HOPMAJIbHBIX)»
3HaYeHU He ToybKo uepe3 6 mecsmeB [20, 37, 48], HO u uepe3 ropa3no OONBINUI MPOMEKYTOK
BpeMeHH mociie onepauun [21, 46].

Kondoxkanshass wmukpockornus mnocie LASIK moarsepskmaer, 910 IUIOTHOCTH HEPBHBIX
OKOHYAaHUH POTOBHIBI YMEHBIIAETCS B PaHHEM MOCICONEPAIOHHOM IEPHOJE W YBEIMUYHUBACTCS CO
BPEMEHEM, XOTsl U ME/JICHHEE, YeM BOCCTAHABIMBACTCS YyBCTBUTENBHOCTH poroBuibl [16, 29]. B xone
WCCIIEIOBaHUS OOHAPYKEHO, YTO IJIOTHOCTH Cy00a3anbHBIX HEPBHBIX BOJIOKOH ObLTa OJM3Ka K HYJIO B
teuenne 6 mecsaneB nocie LASIK. Tek >xe BeisiBIeHO, uTO 4epe3 1 rof mocie orneparyii KOJIMIeCTBO
Cy00a3aibHBIX U CTPOMAIBHBIX HEPBOB B POTOBHYHOM JIOCKYTE OBbLIO HAIlOJIOBUHY MEHbIIE, YeM 0
oneparu [21, 34, 37, 40]. Ilpu TOM YTO YYBCTBHTEILHOCTH POTOBHIBI TMOCIE SKCHMEPIIa3epHOM
oIepanyy BO3BpAaLIaeTCsl K «<HOpMaJIbHBIMY 3HAYEHHUAM B IIEpHOA OT 6 MecsiueB 110 2 JeT (B 3aBUCUMOCTH
OT MeTOoIa W3MEpEHHs), IUIOTHOCTh Cy00a3albHBIX HEPBOB HE BO3BpAIlaeTCid K JOONEPAMOHHBIM
3HAYEHUSAM depes 2 Tona, 3 rona u gaxe uepes S5 yet [18], mo naHHbM KOH(DOKATFHON MUKPOCKOIIHH.

Pazymeercs, 4To oONUCAaHHBIC BHINIE MOBPEXKICHUS TJIA3HOW TMOBEPXHOCTH W JEHEPBAIUs
cy00a3aibHBIX U CTPOMAIBHBIX CJIOEB POTOBHLBI HE MOTYT HE MPHUBOAUTH K M3MEHEHHIO COCTaBa U
CTaOMIIBHOCTH CJIE3HOM MieHKH [28].

Bpems xnupenca ¢uiroopecuenHa W3 Cle3bl MOCHE 3KCHMEpJa3epHOH KOPPEKLUH 3pEeHUs
YBEJIMYHMBACTCS, YTO, BEPOSITHEE BCEro, OOYCIIOBICHO YMEHBIICHHEM 4YacTOThl MopraHuii [29, 42].
OtMedeHo, 4To yacToTa Mopranuil y maunuentoB nocie LASIK cumkaercs Gonee uem Ha 40% u
CTaTUCTHYECKH 3HAUMMasl Pa3HHIA MEXAY CPEIHUMH 3HAYEHUSIMHU 10 M TOCTIE OTIepali COXPaHseTCs
B Teuenue 1 roma [30].

IMoce LASIK Bpemsi paspbiBa cie3noil mieHkd ymenbinaercsi [31, 37], a pesynbrarhl Tecta
[Hupmepa BapbUPYIOT OT OTCYTCTBHSI U3MEHEHHH 10 BBIpAKEHHBIX M3MeHeHuit [32, 52, 59]. IIpu stom
YMEHBIIIeHHEe 0a3abHOW CEKpElWH, CIE30NPOAYKIMA M BPEMEHH pa3pblBa CJE3HOH IUICHKH MOTYT
COXPAaHATBCS B TEUCHHE MeCsIIeB, a MHora u nosbiie [33]. [IoMHMO BBIIICH3I0KEHHOTO, HA POTSHKSHUH
6osee 6 mecsies y nanueHtoB nociie LASIK u doropedpaxriBHoii kepatoxromun (DPK) [18, 24, 45]
BBISIBIISIETCS THIIEPOCMOJISIPHOCTD CJI€3bl1, OJJHAKO [TOJ00HBIX UCCIIEI0BAHNI KpaiiHe MajIo.

[Nomumo nazepHoit xupyprum BbiABiIeHHe npu3HakoB CCI' ommcaHo, B TOM dHCIe, HOCHE
9KCTpaKIMK KaTapakThl. K npumMepy, OblI0 0OHAPYKEHO PE3KOE CHIKEHHE BPEMEHHU Pa3pbiBa CIE3HON
TUIGHKA B PaHHEM TOCJICONEPAMOHHOM IEPUOJIe, @ TAaKXKe MOSABJICHUE MOBEPXHOCTHOTO TOYEYHOTO
KepaTuTa 1 Je(eKTOB SIMUTENINS POTOBHULBI B IIEPBBIE CYTKH nocie onepauuy [8, 11]. Ot nameHenus
CHIDKAIOT KaueCTBO JKM3HU MAlMeHTa B MOCIEONePaMOHHOM MIEPHO/Ie, BBI3bIBAs ’KaJI00bl Ha CyXOCTh,
OLIIyLIEHHE HHOPOIHOTO TeJa B IJ1a3y, CJIe30TCUCHHE U 3aTyMaHUBaHHE 3pEHHs B TedeHue IHs. [15].

®dakosmynbcudukarus (PD) cuntaeTcs Oosee 6€30MaCHBIM METOIOM OTIEPATHBHOTO JICUCHUS
KaTapakThl, 0COOEHHO B rpymme OoNbHBIX C yke nMmerommmucs nposisnenusmu CCI [13, 27]. Ho,
nanueHTel ¢ TsokenbiMu  GopmamMu CCI', pa3BuBHmIMMHCS Ha (OHE CHCTEMHBIX 3a00JeBaHUM
COCIMHUTENBHON TKaHHW, 3acilyXHBalOT OCOOOr0 BHHMMAaHHI U, B clydae HEOOXOAMMOCTH
OTIEPATUBHOTO JICUCHHSI, TPEOYIOT JIOMOTHUTEILHON IMOJATOTOBKH HA JIOTOCITUTAIBHOM JTarle, a TaKKe
TIIATEJIFHOTO HAONIOACHUsI B IOCIEONEPAlIMOHHOM NEpHOAE, IMOCKOJIbKY Y IaHHOW KaTeropuu
0O0JIbHBIX HIMEETCSI PUCK TOBBIIICHHUS YaCTOThI OCJIOKHEeHUit. [22, 34, 40].

OmnepatuBHOE JieueHHE KaTapakTbl METOA0M (akodmyibcrupukanuu Obuio npemioxero Y. /1.
Kemvanom B 1967 romy. C Tex mop METOAMKA TOCTOSTHHO COBEPIICHCTBOBANACH, M HA CETOMHSAITHUN
JeHb JJIMHA OIEPallMOHHOIO pa3pe3a POTOBHIBI COCTaBISET MEHEee ABYX MHJUIMMETPOB. ITO
MO3BOJISIET HE TOJIBKO CHH3WUThH CTENEHb WHAYIIMPOBAHHOTO ACTHTMAaTH3Ma, HO U CHU3UTHh NaryOHOe
BO3/ICHCTBHE HA POroBully. TeM He MeHee, JaHHBIA BUJ XHUPYPrUUECKOTO JICUCHHS BCE JKE OKa3bIBAET
psn HeONaroNmpHATHBIX BIHMSHUN HAa pa3IMYHbIE CIOM POTOBHIBL. Tak, psIOM aBTOPOB OIHCAHO
YMEHBIICHHE 4YHUCIa SHAOTEIHAJIbHBIX KJIETOK (Ho 16% oT ucxogHoro ypoBHS) y OONBHBIX,
nepeHecux  (akoomynbcudukammio  [16, 37]. IloMmumo mpodero, OTMEYEHO CHIDKEHHE
YYBCTBUTEIBHOCTH POTOBHUIIBI B TOCICONEPALOHHOM IEPHOAE, YTO CYIIECTBEHHO 3aMeEaJIsieT
pereHepaTuBHBIE IPOLIECCH M CHIDKAET 4acTOTYy MUTATeNbHBIX IABHKCHHMH, CIIOCOOCTBYS Pa3BUTHUIO
CHHpOMA «CyXOro IJa3a» Win ycyryousis ero teuenue [23, 24, 54, 60].
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Ilo HEKOTOpPBIM aHHBIM YyBCTBHTENBHOCTH poroBuusl nocie MK BoccranaBnuBaetcs Oosee
Tpex MecsLEeB, TOrJa Kak BpeMs pa3pbiBa CJI€3HOH IJICHKU BO3BPALIAETCs K HOPME B CPOK OT OJHOTO JI0
nrectu Mecstes [23, 24, 52, 55]. Ipu aToM, 0OHapyKeHa 3aBHCUMOCTh MEXTY YXYIIIICHHEM OCHOBHBIX
nokazateneil CCI' u BpeMeHeM BO3JEHCTBUS OCBEILCHHUS ONEPALMOHHOTO MUKPOCKOIIA, HO KOPPEJSIUT
C MOIIIHOCTBIO YJIBTPa3ByKa M JUIUTEILHOCTBIO (haKodIMyIIbCU(HUKAIMK He BbIsiBIEeHO [25, 29, 51, 53].

[lonoxenue ycyryOmsercss TemM, 4YTO B TIOCJICONEPAIOHHOM MEpUOJe MalUeHT 00s3aH
NOJIy4aTh aHTUOAKTEPUAIBHYIO U IIPOTUBOBOCTIAJIUTENILHYIO TEPAIHIO, KOTOPasi HIMEET OTPULIATEIIEHOE
BO3JIEIICTBHE Ha CIE3HYIO IUIEHKY. DTOT 3¢ (eKT 0O0yCIoBIeH KaKk COOCTBEHHOW MUTOTOKCHYHOCTHIO
aHTHOAKTEepHAJbHBIX MPENapaToB, TaK M BIMSHUEM KOHCEPBAaHTOB, BXOIIIINX B HMX COCTaB M
paspylaIiuX JUIMUAHBI KOMIIOHEHT CIE3HOW IUICHKH MPH YacThlX HHCTHLIALUAX. [Ipu aTom,
HEKOTOpBIE BUABI KOHCEPBAHTOB (Hampumep, OEH3aJIIKOHHA XJIOPUA U XJIOPOYTaHOJ) CHOCOOHBI
OKa3bIBaTh IMTOTOKCHYECKHH S((PEKT B OTHOIICHHM SIHUTEIHANBHBIX KJIETOK KOHBIOHKTHBBI M
POTOBHUIIBI, BBI3bIBASL JONOJHUTENBHOE pPAa3ApPAKEHUE, YCUIMBAS BOCHAIMTENIBHYIO PEaKLIUI0 U
3aMemuIsis  mporecchl  pereHepauud. OmuUcCaHbl  Cioydad pa3BUTHS —CKBAMO3HOM — MeETaIlIa3uu
MIOBEPXHOCTHOTO 3IUTEHsSI KOHbIOHKTUBBI, BBISBJICHHONW C IOMOIIbI0 MMIIPECCHOHHON LIMUTOJIOTHU Y
OOJIBHBIX, TIEPEHECIINX (aKOIMYIbCUPHUKAINIO. ABTOPHI CBSA3BIBAIOT €€ C M3JIUIIHE «arpEeCCHBHOI)
npe- ¥ HHTPAOTIEPAIlHOHHON MeAMKaMeHTO3HO!H Tepamnueii [15, 21, 49, 50].

OnmHako, KOHCEpBaHTHl HMEIOT TaK e W MOJOKUTEIbHOE BO3ACHCTBUE, YCHIMBAs
aHTHOAKTEepHAIbHBIA J(PQEeKT THNa3HBIX Kamelb, 4YT0 UuMeeT o0co0oe 3HadeHWe B paHHEM
rocyieonepauiuoHHoM nepuone. Ilostomy B mocnenHue roapl  (papMaKoIOTHYECKWE KOMITAaHUU
NpeAIaraloT KOHCEPBAHTHI, KOTOPbIE MOTYT COXPaHSITh CBOIO 3((QEKTHBHOCTh IPU MEHBIIEH
UTOTOKCUYHOCTH. JIokazaHo, 4To 100aBIeHUE K Tepanuy JTyOpHKaHTOB CHMYKAeT TOKcuueckuii ekt
KOHCEPBAHTOB B OTHOILECHUH 3IUTEIHMOLUTOB M YCKOPSIET Mpoliecchl perenepanuu. 11o 3Toii npuunHe B
Halllel CTpaHe M B MHpPE BCe 4allle PEKOMEHJIyeTCsl BKIIIOUaTh MpenapaTrhl «MCKYCCTBEHHOW CIE3bD» B
CXEeMy TIOCIICONEPAIIMOHHOTO BEACHHS MAIMEHTOB, MEpeHeCcnX (akodMyIbcudukanuio [27].

Henpto neuenus BropuuHoro CCI' sBisieTcss BOCCTAHOBJICHHE TI'OMEOCTa3a TIJIA3HOM
NoBepXHOCTH, ycTpaneHue cuMnToMoB CCI' 1 B KOHEUHOM cUeTe — IOBBIIICHHE KAauecTBa >KU3HU
nanuenToB [18, 47, 48, 50].

Moaxon k nevenunro BropuaHoro CCIT nomkeH ObITh MHIUBUIYaIbHBIM H OCHOBBIBATHCS Ha
TpPEeX OCHOBHBIX MOMeHTaX. Bo-mepBeix — 3T0 Hanmuue QaktopoB pucka pasutus CCI mocne
KepaTopeppakIMOHHON onepanuu, K KoTopbiM oTHocatcs: Hainnune CCI™ o omepauuu; [UMTeasHOEe
HOLICHNWE KOHTAKTHBIX JIMH3 /0 OIEPalliH; BBICOKAs CTENEHb AMETPONHUM; NPHEM MEAMLMHCKHX
nperaparoB, npuBomsammx kK passututo CCIL; ucxomnoe 3aboneBanme, Bkiowaromee CCI. Bo-
BTOPBIX, HEOOXOJMMO YYHTBHIBATh HAJMYHE COOTBETCTBYIONIMX >KaI00, TAKHX KaK pe3b U CYXOCTh,
JUCKOM(OPT, YCTAIOCTh M TIOKPaCHEHHWE TIJIa3, H3pellka cie3oTeucHue. Y B-TpeThHX, CleayeT
YUHTBIBATH IPU3HAKH MTUTEIMOIIATHH, KOTOPbIE BUAHBI TIpu OnoMukpockomnuu [28, 30, 43, 45, 46].

Kpome Toro, mpu BeIOOpe omnTumaibHoro seuenusi ropuuHoro CCI' ciemyer otaaBath
NperoyTeHne MpenapaTtaM 0Oe3 KOHCEpBAHTOB, OCOOGHHO €CIM B O3TOM KauecTBE HCIIONb3YeTCs
OCH3aIKOHUS XJIOpH[, IMOCKOJbKY MHOTMMH HCCIECIOBAHMAMH OBLIO MOATBEPXKICHO paslIpaskaroliee
JIeCTBIE ATOTO TIperiapara Ha porosuity [29, 35, 36, 43], Torna Kak XUpypruueckas TpaBMa Kak TakoBast
MPUBOANT K TIOBPEXKIEHUIO TIAa3HOW MoBepxHOCTH. (CleoBaTeNbHO, OTBET Ha CIIE303aMECTHTENHHYIO
TEpanuio0 MOXET OBITh MPSIMO MPOTHBOMOJIOXKHBIM, W BMecTo obnerdenns cumntomoB CCI' mammeHt
MO>KET II0YYBCTBOBATH €l1le OONBbIINI AUCKOM(OPT cpasy Hocie MPUMEHEHHS Karlelb.

B neuennn Bropuunoro CCI cnepyet npuHUMaTh BO BHUMAHHE TakK jK€ M BpEMEHHOH (axTop,
MIOCKOJIBKY OCHOBHBIE MPOLIECCHl BOCCTAHOBIIEHHSI COCTaBa CJIE3HOW IUICHKH, COCTOSIHUSI TJIa3HOMN
MOBEPXHOCTH M PEMHHEPBAI[MH POTOBUIIBI 3aBEpIIAlOTCS B Iepuol oT 6 g0 12 mecsierB mocie
KeparopedpakinonHoi onepanuu [29, 40, 52, 59].

B paHHeM mocneonepaliOHHOM IIEPUOJIE YacTO MAIMEHTHl MPEAbSBISIIOT KaloObl Ha
BBIPQKEHHYIO CYXOCTh TJla3, OCOOCHHO YyTpPOM, HaONIOJAOTCSd MNPHU3HAKH SIUTEIHONATHH U
«IJIABAIOLIETO 3PEHHA», U, KaK NPaBWIIO, B TaKMX CIIydasX B aHAMHE3€ UMEIOTCs (PaKTOpbl pUCKa
pasButuss CCI'. Ilpu mogoOHOHN KIMHMYECKOW KapTHUHE JIE€YEHHE JOJDKHO OBITh MHTEHCHBHBIM M
KoMITIeKCHBIM. OOBIYHO B KaueCTBEe MEIMKAMEHTOB MEPBOTO BbiOOpa s neuenus nposisinenuit CCI
UCIIOJIB3YIOT IIpenapaThl MCKYCCTBEHHOM CJI€3bl, TaK HA3blBAEMBIEC CIIC303aMEHHUTEIM, U B CiIydae
HEOOXOIUMOCTH K HUM J00ABIIAIOT Mpenaparsl Apyrux TPYIIl, Yallle BCEro 3TO KepaTONPOTEKTOPEI
[44, 47, 48] wnu npenapaThl Ha TEJIEBON OCHOBE JUIsl 00ECIICUCHHUS TIPOJIOHTMPOBAHHOTO YBIIA)KHCHHS,
B TOM YHCJIe U B HOUHOE Bpems [33, 44, 58].
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BMmecte ¢ TemM B MO3AHUE MOCIEONEpallMOHHBIA TEPUOJ, KOIJa KIMHUYECKas KapThHA
BropuyHoro CCI' He cTonb BBIpak€Ha WIIM MPAKTUYECKH OTCYTCTBYET, B Ka4eCTBE MPOQIIAKTUKH
CJIE303aMEHUTENN Ha OCHOBE THAyPOHOBOW KHCIOTHI MPOSBISIOT CBOIO 3¢ dekTuBHOCTh. [Ipu aToM
MPEUMYIIECTBOM 00JIaIal0T Mpenaparsl ¢ HAauOObIIEH MOJEKYJISPHOW Maccol, YTO MO3BOJSIET UM
Ooree IUTENBHO yIOEpKUBAaTbCS Ha TNIA3HOW MOBEpXHOCTH. Kpome TOro, BBICOKAas MOJIEKYJSIpHAs
Macca o0OecreunBacT BBIPAKCHHBIE THUKCOTPOIHBIE CBOMCTBA, Oyarojapsi KOTOPHIM IMOHO0OHBIE
JIEKapCTBEHHBIE CPENCTBA XOPOIIO MepeHocsaTcs manuenTamu [31, 32, 51, 52, 55].

BoiBoabl. Takum ob6pazom, Bropuunsiii CCIT mociie kepaTtopepakIMOHHBIX BMEIIATEILCTB
BKIIFOYAET B ceO0s MEeJIblii KOMIUIEKC MpoOJieM, CBA3aHHBIX C M3MEHEHHEM COCTaBa CIE3HOW TUICHKH,
MOBPEKICHUEM TJIA3HOW MOBEPXHOCTH W Pa3BUTHEM HEWpOoTpoduueckoi snutennonatud. HecmoTps
Ha TO, YTO 3T SBJCHUS MMEIOT MPEXOAsllce TEUCHUE, Y HEKOTOPBIX MAallMEHTOB SKCHUMEpIa3epHas
XUPYPTUSl MOXKET NPUBECTH K CTOWKMM (YHKIMOHANBHBIM HApYIICHHUSIM TJa3HOH IMOBEPXHOCTH.
IToaToMy uHTEHCHUBHOE M cBOeBpeMeHHoe JieueHue CCI' B paHHHME CPOKH IOCIIE ONEPALHUH MOXKET
3HAYUTENFHO CHU3UTH PUCKU PAa3BUTHA CIE3HON AUCHYHKIIUN U HEHPOTPOPUIECKON SMUTENNOTATAN B
JosnrocpodroM mepuoze. [18, 34, 36, 42].

B cBolo odepenp, B  MOCICONMEPAIMOHHOM Iiepuofe y  OOJBHBIX, IEPEHECHINX
(akodMyIIbCUPHKAINIO, CYIIECTBEHHO BO3pacTacT yacToTa BbisaBieHusi npusHakoB CCIL, crnenctBreM
KOTOpOTO ~ SIBIISICTCSI  IUIOXas TEPEHOCHMOCTh  IOCJICOTNICPAIIMOHHON  MPOTUBOBOCTIATIMTETIBHON U
aHTHOAKTEePHAFHON Tepanwy, 3aTyMaHWBaHWE 3PEHUS U CHIDKCHHE KadecTBa KM3HW. JTH M3MEHEHUS
OoubIre BhIpakeHBI Y MaueHToB ¢ yxke nMerommmMcs CCIL, a Taxke OONBHBIX, CTPAIAOINX CaXapHBIM
maderom [9, 50, 57], v marweHTOB C TIIAYKOMOM, JTUTENHFHO TOMYYaroIINX THIIOTEH3UBHYIO Teparmio. B
CBsA3U C 5TUM CBOCBPEMCHHAA AUAIrHOCTUKA U aAC€KBATHOC JICUCHUEC NAHHOI'O COCTOSAHUSA SABJISAIOTCA Ba)KHOM
3a/1a4eii MOCIeOonepPaMOHHOTO BEACHHUS 3TOM KaTeropuu OoibHbIX. [12].

C uenbro noseimenus ¢ pexrusaoctu neueHns CCI menaecoodpa3zHo: yBeAOMIISATh NalUeHTa
0 BO3MOXXHOCTH TosiBiieHHs1 y Hero mpu3HakoB CCI' B mocneomnepalliOHHOM I€PHOJE; BBISBIATH
rpynmnsl pucka u obecrednTh cBoeBpemeHHoe sederne CCI, B T. 4. Ha JOTOCIHUTAIBFHOM 3Talle;
HA3HAYaTh JIYyOPUKAHTHI JUTHTEIBHOTO NIEHCTBHS, COJEpIKalllie MEHee TOKCHYHbIE KOHCEPBaHTHI, B
MOCJIEOTIEPAIIMOHHOM TIEpHOJIe Ha JUTHTEIbHBIN CpoK. [22, 34, 37, 42].
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YACTOTA HEPUPEPHYECKHUX XOPHOPETUHAJIbHBIX
JAUCTPOPUN Y AETEU U ITIOAPOCTKOB C MUOIINEHN
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Xanukoe E., Kagheopa odhpmanvmonocuu, ghaxynremem unmepramypul u pesudenmypul, HAO «Kazaxckuii
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Tonvioaesa K., Kagpeopa ogpmanvmonocuu, paxynemem unmepHamypul u pesudenmypwt, HAO
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Abstract. This article presents the results of the survey: There were 46 patients (86 eyes) under
observation with various types of Peripheral chorioretinal degenerates aged 5 to 15 years, under
observation, who were being treated at the Kazakh Research Institute of Eye Diseases. The
relationship between the incidence of peripheral retinal dystrophies depending on gender, age and
length of the eyeball was determined. Of these, 24 boys (44 eyes), 22 girls (42 eyes). Were identified:
the most common frost-like dystrophy (31%), somewhat more often in girls. Mixed forms of
dystrophies (16%) occur in girls 2 times more often than in boys. Dystrophy of the "snail track™ type
(11%) is more often observed in girls 2.2 times. Ruptures occur in 6% of cases, mostly in boys.
Cobblestone retinal dystrophy was 5%, only in boys. Lattice dystrophy occurred in 2% of boys. The
greatest number of peripheral retinal dystrophies in prepubertal and pubertal patients is detected with
an eye length of 26.0-28.0 mm (56 eyes).

Keywords: peripheral retinal dystrophy, myopia, retinal tear.

Beenenmne. Ilepudepuueckue xopuopeTuHaiabHble AUCTpO(HUUECKHEe N3MEHEHUS Ha IJIAa3HOM
JIHE, Yalle BO3HUKaroIue Ha (JOHEe MHOINH, IPUBOJAT K pa3pblBaM CETYATKH, YTO B MOCIIEAYIOIIEM
MOJKET OCIJIO)KHUTBCSI Pa3BUTHEM €€ OTCIOWKH. AKTYalbHOCTh 3TOW NMPOOJIEMbI YCUIMBAETCs el U
TEM, YTO JAaHHOW MAaTOJIOTMEH CTpagaroT B OCHOBHOM JIMIA MOJIOJOIO TPYAOCIIOCOOHOTO BO3pAacTa.
Crernora, Bo3HMKalomIas Ha ()OHE OTCIOWKM CETYATKH, 3aHUMAeT 2-3 MECTO CPeJH BCEX BO3MOXKHBIX
NPUYHMH TOTEPU TPYAOCTOCOOHOCTH. OCHOBHAs OMACHOCTH MEPUPEPUUECKUX XOPHOPETHHATBHBIX
muctpoduit (IIXP/) n BOBHUKHOBEHUsSI OTCIIONKH CETYATKH 3aKIFOYAeTCS B OTCYTCTBUHM KaKHUX-ITHOO
CUMIITOMOB Ha HaYalbHBIX CTaJusIX 3a00JIeBaHMA, YacTO H3MEHEHUS Ha CETYATKE SBIJIIOTCS
CITydaiiHON HaXOKOM TpH OPTaTBMOIOTHUECKOM ocMoTpe [1,2]. PaHHSS THArHOCTHKA MPEACTABIIET
BBICOKYIO aKTYaJIbHOCTB JUISl CBOEBPEMEHHOTO BBISBICHUS JUCTPOPUUECKOTO Mpolecca.

[Ipennonaraercs, 4To CyLIeCTBYET 3aBUCHMOCTh YacCTOTHI BCTPEYAEMOCTH TUCTPOUUECKUX
W3MEHEHUM CEeTYATKH Yy JIeTel B IIEPUOJ aKTHBHOI'O POCTA, BBI3BAHHOTO FTOPMOHAJIBHOM MEPECTPONKOM
[3,4]. B cBsi3u ¢ 3TM 0cO00€ BHUMAHUE CTOUT YIEJSITh THATHOCTHKE M CKPUHUHTY IUCTpOdHil y
Jetell mpermyOepTaTHOrO M MmyOepTaTHOrO BO3pAacTa, MEPHOLY POCTa CKIEPaJbHOTO KapKaca opraHa
3pEHUsI, TIO3TOMY U3YYEHHE ITOM MPOOIEeMbI y eTei MPEeICTaBISIETCS 0C000 aKTyalbHbIM [5].

ean - BoisiBUTH BUIbI [IXP/] 11 MX CBSI3b 4aCTOTHI C TIOJIOM M JUIMHOM IJ1a3a y JIETEW ¢ MUOIIUEH.

MarepunaJj 1 MeTOIBI.

[lon HaGmronenwe Haxomuwiock 46 manmeHtoB (86 Tma3) ¢ pasnuuHbiME Bujgamu [IXPJ[ B
Bo3pacte oT 5 1o 15 mer, Haxomsmuxcs Ha yederny B KasHUUW T'b. U3 Hux manpunkoB 24 (44 rias),
neBodek 22 (42 rna3). [larmentam ObUTO POBENICHO CTaHIAPTHOE OTaIbMOIOrHYecKoe 00cieJOBaHue,
BKJIIOUAIOIIIEE BH3OMETPHUI0O 0€3 KOPpPEeKUMH MW C KOppEKLUueW, Keparo-pepakTOMETpUI0 B
(U3HONIOTHYECKUX YCIOBUSX M TIOCIIE TIPOBEICHHS IIUKIIOTUIETHUH, 3XO0UOMETPHIO H ITUKIIOCKOTIHIO.
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Tabnuna 1. Pactipenenenne mo Bugam IucTpoduil ceT4aTku y IeBOYEK B Bo3pacTe 5-13 mer

40 rna3)

Bungsr quctpoduii

JmuHa rimasHoro si6ioka

24-25,9

26-28,0

KommaectBo muctpodmii

Crient yIuTKA 2(5%) 5(12%)
HueenomobHast 6(14%) 9(21%)
Cwmemmannas opma 4(10%) 6(15%)
PazpriB 0 1(2,5)

JlasepKoaryJisiTbl 2(5%) 5(7,5%)

Tabnuna 2. PacnpenencHue mo BuaaM TUCTPO(UIA CETYATKH y MAJIBYUKOB B Bo3pacre 5-12

net (30 rma3)

JlnuHa rinasoro s00ka
Buner quctpoduii 24-25,9 | 26-28,0
KonnmuecTBo auctpoduit
PermreruaTast 0 1(3%)
Cren ynutku 0 2(6%)
HueenomobHast 4(13%) 6(20%)
BynbDKHON MOCTOBOM 1(3%) 2(6%)
CMmemannas popma 1(3) 2(6%)
PaspbiB 1(3) 1(3%)
JlazepkoaryysTel 1(3%) 7(23%)

Tabnuna 3. Pacnipenernenue o BugaM JUCTpoduii CeTUaTKH Y MAIBYUKOB B Bo3pacTe 13-15

neT (16 rias)

JliHa rna3Horo sibyioka
Buer quctpoduii 24-25,9 | 26-28,0
KonmuecTBo auctpodun
Pereruaras 0 1(6%)
Crien ynuTKa 0 1(6%)
NueenomobHas 1(6%) 1(6%)
ByIbDKHON MOCTOBOM 1(6%) 0
Cwmemiannas Gpopma 0 2(13%)
Pa3zpbiB 1(6%) 1(6%)
JlazepKoaryJisiThl 5(31%) 3(19%)

Pe3yabTaThl M ux ob6cy:xkaenme. Ha 86 riasax Obimm BeIABIEHBI ciemytomme Buasl [IXP/I:

«pemeTyaTas» IUCTpodusl y Malb4uKoOB - 2 riaza (4%); auctpodus Mo TUIY «cielda YIUTKU» y
MabUMKOB - 3 rnasa (6%), y neBouek — 7 a3 (18%); «uHeenonoOHas» AUCTPOdUS Y MAITBYUKOB —
12 rmaz (26%), y nmeBouek — 15 tma3 (37%); merenepanus mo TUIY «OyJIBDKHOW MOCTOBOW» Yy
MaJIbYuKOB — 4 rina3 (9%); cMmemannsle Gopmbl y ManbuukoB — 5 rnas (11%), y aeBouek — 10 rma3
(25%); pa3pbIB ceTdyaTKi y ManbuukoB — 4 riaza (9%), y aeBouek — 1 a3 (2%). B 27% BbLsiBIICHBI
Ja3epKoaryJsIThl Mocie Jiazepbappaka.

Hawnb6onpmee konumaectso [IXPJ/] BeisBIeHO Tipm mmuHE Tiasza 26,0-28,0 MM y MaJIbuHUKOB.
Haubonee yacto «uHeenonoOHas» nuctpodus Obuia AUarHOCTUpOBaHa y 15 geBodek — B Bo3pacte 5-
13 ner (37%), y 10 (8,6%) manpurkoB — B Bo3pacte 6-12 ner, u 'y 2(1,7%) manpuukoB B Bozpacte 13-
15 ner. Takum 00Opa3om, AaHHBIA BHJ TUCTPOGUM CETYATKH 4alle BCTPEYaCs y JIeBOYEK. Pa3phiB
CeTYaTKH 0e3 OTCIIOWKM JTUarHOCTUPOBAH: y NeBouYeK B Bo3pacte 5-13 yer 1 (2,5%), y ManpyukoB B
Bo3pacte 5-12 met 2 (6,0%) u y ManpunkoB B Bo3pacte 13-15met 2 (6,0%). Takum o6pa3om, pa3psiB
ceTyaTKy 0e3 OTCIONMKU BCTPEUalICs BO BCEX IPYIIAx U ObLI XapaKTepeH I MalUeHTOB 000UX I0JIOB
B Ipemy0epTaTHOM BO3pacTe.
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BsiBoabl. Hanbonee gacto Bcrpedaercs uaeenono0Has auctpodust (31%), HeCKoIbKO vale y
neBovyek. CmemranHele Gopmbl auctpoduit (16%) y neBodyek BCTpeuaroTcs B 2 pasa daimie, 49eM y
ManbuuKoB. Juctpodus mo tumny «cien ymutkn» (11%) game mabGmromaeTcs y AeBoYeK B 2,2 pasa.
PaspeiBe BeTpewaroTest B 6% ciydaeB, IPEUMYIIIECTBEHHO Y MallbYHMKOB. JucTpodus ceTdyaTku 1mo
TUIY «OYJIBDKHAS MOCTOBas» Obl1a B 5%, TOJBKO Y ManbuMKOB. Pemeryaras auctpodus umena MecTo
B 2% y ManbuukoB. Hanbonbee konudecTBo nepudepudeckux AUCTpoduil ceTyaTku y NalueHTOB B
MpermyoepTaTHOM U ITy0epTaTHOM BO3pacTe BBIABISIETCS MpH JirHE a3 26,0-28,0 MM (56 rma3).
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