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ADAPTIVE CLOUD INFRASTRUCTURE MANAGEMENT USING MACHINE LEARNING
ALGORITHMS AND SRE PRINCIPLES

Abstract. This article focuses on adaptive cloud infrastructure management with the use of machine learning
(ML) algorithms and Site Reliability Engineering (SRE) principles. The material examines key challenges of
traditional load management approaches, including reactive scaling, static automation rules, and manual alert

configuration.

It highlights that machine learning enables the prediction of load changes, while SRE methodologies ensure
automated incident response. The mechanisms of predictive scaling, dynamic traffic distribution, and automatic
failure resolution are discussed. The article emphasizes that this approach reduces service downtime and optimizes

infrastructure costs.

The author draws attention to potential implementation challenges: insufficient data for training models, the
need for proper configuration of SLO (Service Level Objectives) and SLI (Service Level Indicators) metrics, and
integration with DevOps practices. The article describes solutions to these challenges and underscores the

importance of a comprehensive approach.

Practical examples of adaptive management under rapidly increasing load conditions are provided. The article
notes that the use of ML and SRE allows companies to automate resource management, reduce the workload for
engineers, and ensure service stability even during peak loads.

Keywords: SRE, DevOps, cloud technologies, ML, machine learning, infrastructure management

Modern solutions in cloud infrastructures operate
in constantly changing conditions. Workloads in cloud
infrastructures grow in waves, influenced by
seasonality, advertising campaigns, promotions, and
other external factors. During peak periods, servers
may become overloaded, and if scaling is done
manually, there is a high risk of not responding in time.
This leads to slower website loading speeds or
complete downtime, resulting in business losses.

In the traditional approach to infrastructure
management, engineers react to load changes after the
fact: they monitor system metrics, receive alerts about
failures, and address the consequences of incidents.
This method does not prevent problems but only
minimizes damage when they occur. As a result,
services periodically face downtime, and teams spend
resources fixing issues that have already happened
instead of improving the system.

Automated scaling solves some of these
challenges, but its effectiveness is limited. Most
solutions are based on static rules: for example, if
server load exceeds 80%, the system adds more
resources. Such systems cannot adapt to rapidly
changing conditions, and their efficiency drops when
workloads behave unpredictably.

Another challenge is configuring monitoring and
alerts. In traditional systems, engineers manually set
threshold values for key metrics: acceptable response
times, requests per second, resource utilization levels,
and others. However, parameters that work today may
become irrelevant tomorrow, requiring constant
adjustments. In a dynamic environment, this approach
does not scale.

To make infrastructure more resilient, companies
are implementing adaptive management mechanisms
that leverage machine learning and Site Reliability

Engineering (SRE) principles. Combining these

approaches allows for predicting potential risks and

proactively adapting the system to changing conditions.

HOW MACHINE LEARNING AND SRE WORK
TOGETHER

SRE (Site Reliability Engineering) is a set of
practices, tools, and cultural principles introduced by
Google over 20 years ago. These principles aim to
improve collaboration between teams and ensure
system reliability.

The SRE approach involves creating shared
metrics and standards for evaluating service
performance and managing incidents. It enables
organizations to address workload growth reactively
and, where possible, prevent issues proactively. In
SRE, failures are seen as an inevitable part of
operations, and the primary focus is on minimizing the
impact of failures and learning from their analysis.

In this context, machine learning (ML) analyzes
historical data, identifies patterns, and uses them to
predict peak periods at different times. By combining
these two approaches, infrastructure becomes flexible
and resilient: it adapts to changes in real time, prevents
downtime, and reduces the workload on engineering
teams.

Predictive Load Management

Machine learning algorithms analyze patterns in
load changes, taking into account external factors such
as seasonality, user behavior, and marketing
campaigns, and build forecasts. For example, if the
model predicts that the number of requests will increase
in the next hour, the system proactively activates
additional servers. This helps avoid overloads and
reactive scaling, which often occurs with delays.

Metrics for Incident Response
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The primary goal of SRE is to maintain stable
service operation with minimal downtime. To achieve
this, two key metrics are introduced:

e Service Level Objectives (SLO) — The
target level of system performance quality that a
company commits to maintaining. This metric helps
define the boundaries of acceptable risks and is
calculated using a combination of monitoring data,
such as uptime, response time, and the percentage of
successful requests.

e Service Level Indicators (SLI) — A metric
that shows how well a service is performing. For
example, it can measure the average response time of a
service or the percentage of successful requests. Its
main function is to objectively assess system
performance and detect issues in a timely manner.

If SLI values begin to deviate from SLO, the
system automatically generates alerts. For instance, if
the response time exceeds 200 ms, engineers receive a
notification and can respond promptly.
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A key element of SRE is runbooks. Runbooks are
pre-prepared instructions that describe standard
scenarios for responding to failures. Instead of
troubleshooting a problem from scratch, engineers use
ready-made solutions, which speeds up service
recovery.

Automation of Routine Tasks

Recurring incidents consume engineers' time, so
one of the key goals of adaptive management is to
minimize manual labor. Machine learning can
automatically identify patterns in incidents.

Additionally, algorithms can resolve common
issues automatically. For example, they can restart
stuck containers without engineer intervention,
dynamically balance loads, and analyze logs for errors
and failures.

Flexible Release Management

SRE advocates moving away from large,
infrequent updates in favor of frequent, smaller releases
that are rolled out to a limited number of users for
testing. If issues arise during testing, automation tools
like Canary Release in GitLab or Spinnaker for
Kubernetes roll back the changes. If no issues are
detected, the updates are deployed to all users.

By combining ML and SRE, infrastructure
becomes more predictable, resilient, and automated.
Instead of reactively fixing problems, the service
proactively adapts to load changes.

How to Implement SRE and ML in Practice

First, it’s important to define which SRE tasks ML
can help solve. For example, this could include
anomaly detection, incident prediction, and optimizing
system scaling during peak hours. Next, choose metrics
to measure the success of the implementation, such as
prediction accuracy and a reduction in the number of
incidents.

Simultaneously, gather data to train the ML
model. Start with data accumulated over several
months of service and infrastructure operation from
multiple sources:

e Metric storage tools like Prometheus or
VictoriaMetrics

e Log collection  systems
(Elasticsearch/Logstash/Kibana) or
(Elasticsearch/Fluentd/Kibana)

e Trace collection and storage systems like
OpenTelemetry or Jaeger.

It’s important to pay attention to data quality, as a
large dataset with "noise” can degrade the model's
performance.

To train and manage ML models, an MLOps team
is required. This team adapts the existing CI/CD
pipeline for the development, testing, and deployment
of models in an automated manner based on new data
from the algorithm.

like ELK

EFK
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Let’s examine the joint application of ML and
SRE using the example of a large marketplace serving
millions of users. Its infrastructure consists of dozens
of microservices running in the cloud.

In such a project, SRE engineers are responsible
for uninterrupted operation, scalability, and rapid
incident response, while the ML model focuses on

improving service predictability, anomaly detection,
and process automation.

The model is continuously retrained: data from
Prometheus, OpenTelemetry, ELK, and other tools
monitoring metrics, server throughput, CPU, and
memory usage is collected and recorded for further
analysis.
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As a result, the combination of ML and SRE
allows for predicting problems before they lead to
system failures and automatically scaling the system
based on historical data or similar past situations. It also
learns from real incidents, improving system reliability
and efficiency.

WHAT CHALLENGES MIGHT ARISE?

Lack of Data for Training ML Models

For predictive algorithms to work correctly, high-
quality historical data is required: information about
load, request volumes, typical failures, and anomalies.
However, at the start of implementation, such data may
be insufficient. For example, if a company has just
begun using cloud infrastructure or previously did not
conduct detailed analytics, the model may not be able
to make accurate predictions.

To avoid this issue, it’s important to start
collecting data as early as possible. Additionally,
synthetic anomalies in metrics can be created (e.g.,
simulating a sudden increase in service response time
or a spike in CPU load). This will expand the dataset
and allow the model to recognize patterns under
unstable conditions.

Proper Configuration of SLO and SL1I

SRE principles require that target performance
levels (SLO) and control metrics (SLI) be established
for each service. However, overly strict parameters can
lead to frequent false alerts, overwhelming engineers
with unnecessary notifications.

For example, if the threshold API response time is
set at 100 ms, but the service consistently operates in
the range of 110-120 ms without negatively impacting
users, this will result in constant false alarms.

To avoid this, it’s crucial to carefully analyze the
actual performance metrics of services before setting
SLOs and use statistical methods to determine
reasonable boundaries for acceptable deviations. ML
algorithms can help regularly revise metrics as
infrastructure and user behavior evolve.

Integration with DevOps Processes

Successful integration of adaptive management
requires close collaboration between DevOps, SRE,
and ML development teams. The configured system
must not only optimize infrastructure but also align
with team workflows, ensuring control and
predictability of changes.

CONCLUSION

Adaptive cloud infrastructure management using
machine learning and SRE principles enables a shift
from reactive problem-solving to proactive problem
prevention. This approach makes systems more
resilient, reduces the risk of downtime, and lessens the
workload on engineers.

Machine learning analyzes historical data and
predicts load peaks, allowing resources to be scaled in
advance. SRE methodologies ensure service quality
control and automatic incident response, minimizing
the impact of failures. As a result, infrastructure not
only adapts faster to changes but also becomes more
cost-effective: resources are used as needed, without
excessive reserves.

When implemented correctly, this approach
makes cloud services more reliable and flexible.
Engineers spend less time on routine tasks, and users
enjoy stable, fast-performing services even during peak
loads.
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Annoranus. [lpuponHbie YCIOBHS, C OIHON CTOPOHBI, INPENCTABIIOT COOOW CHCTEMY, B KOTOPOWM
BSaHMOHefICTBYIOT Pa3JIMIHBbIC KOMIIOHCHTBI IIPUPOJAbIL: BO3AYX, BOAA, [I0YBA, PACTUTCIbHOCTD, JKUBOTHBIH MMUD. C
JPYTOd CTOPOHBI, TIOJIOKEHNE 3TUX KOMIIOHEHTOB B OOLIeH sKocHcTeMe 3eMiid 00ecleurBaeT 1IeJIOCTHOCTh U
(YHKIMOHAJIBHOCTh NPUPOIHBIX YCIOBUi. Kakablii 37€MEHT STOH CIIOKHOM CHCTEMBI, B CBOIO O4Yepelb,
MOAACPKMUBACT PABHOBECUE U yCTOfI‘IPIBOCTb 9KOCHUCTCMBI, U J'IIO60€ N3MCHCHUC WJIM HAPYIHICHUC MOKET IMPUBCCTU
K HapyHICHHUIO 3TOTO 6ancha U ECTECTBCHHBIX yCJ’IOBI/II7I MOXET HMCETh HCIraTUBHBIC IIOCICACTBHUA JIA
(YHKIIMOHMPOBaHUS COCTOSIHUS. V3yueHne NpUPOAHBIX YCIOBUH Oa3upyeTcs Kak Ha M3Y4YEHHH B3aUMOCBSI3ed
Pa3JIMYHbIX KOMIIOHCHTOB IIPUPOAbI, TAK U HAa OLCHKE BOSHeﬁCTBHﬂ ACATCILHOCTH YCJIOBCKAa Ha HNPUPOAY. B
J.'[aHHOfI CTaTb€ OTMCUYCH BAXXHOCTb 61/10pa3H006pa3H$1 JJI OKOCUCTCMHBIX yCJIYT. Cratbsa MOCBAIICHA U3YyYCHUIO
HCIIONB30BaHUsl OMOpPECYpPCOB B YCTOWYHMBOM pAa3BHUTHH CTpaHBL. bHOpecypchl 3TO MPHUPOIHEBIE PECYPCHI,
MNpeaoCTaBIsAEMbIC HpHpOZ[Oﬁ A CIIOCOOHBIE BOCCTAHABIMBATHCS OCPEACTBOM OHMOJOTHYECKUX IIpoHEeCcCoB. B
COBPEMCHHOC BpEMS UCITIOJIb30BAHUC 6I/IOp60prOB OXBAaTbhIBACT 3KOJIOTHYCCKHE, SJKOHOMHWYCCKHNEC U COIIMATIbHBIC
ACIICKThI YCTOfIqHBOFO pa3BUTHUA Ka)l(}.'[OfI CTpaHBbI. L[eJ'IL}O HccJICA0OBaHUA ABJIACTCA U3YUCHHUC HCIIOJIb30BAHUA
OMOpecypcoB B CTpaHe, BBIABIEHHE CYHIECTBYIOMIUX MpOOIEeM M TpefocTaBlieHue Npepioxenuid. Llenpio
WCCIIeTIOBaHMSI SIBJISIETCS OIIEHKA M3MEHEHHI B HCIIOJIb30BaHUN OropecypcoB 3a nepuoj 2000-2023 rr.

Abstract. Natural conditions are a system in which some components of the environment, such as air, water,
soil, vegetation and fauna, are interconnected. These complexes are components of the Earth's overall ecosystem,
ensuring the integrity and functionality of natural conditions. This balance and the functions of natural conditions
can have a significant impact. The study of natural conditions is aimed at achieving both the purification of
individual components of nature and the calculation of the impact of human activity on nature. This article
emphasizes the damage to biodiversity on ecosystem services. The article is devoted to the production of
bioresources in sustainable development in Azerbaijan and ensuring food security from them. Bioresources are
natural resources that are provided by natural conditions and can be renewed through biological processes. In
modern times, each bioresource used covers the ecological, economic and social aspects of development. The
purpose of the study is to investigate the use of bioresources in the country, clarify existing problems and proposals.
The basis of the study is the assessment of changes in the use of bioresources in 2000-2023.

Knrouesvie crnosa: 6u0pecypcw, U3MeHeHue Kiumama, JjleCHvle pecypcol, UCMOYHUKU DHepcUU, OKpyacarowast
cpeoa

Keywords: bioresources, climate change, forest resources, energy sources, environment

Beenenne. buopecypchl  UCHONB3YIOTCS B
Pa3IMYHbIX LENSAX U B [IEJIOM MI'PAlOT BXXHYIO POJb B
YCTOWYMBOCTH  JKOCUCTEM. lVIcTopuuecku  Jronu
UCIIONIb30BAJIM 3TH PECYPCHl JUIS  yJIOBJIETBOPEHUS
CBOMX IIOTPEOHOCTEHl B NMUTAHMM M MaTepHaIbHBIX

Hy’)k1ax. Co BpeMeHeM HCIIOJIb30BaHHe OHOpPECYpPCOB
BO3pOCIIO, YTO OTKPBUIO IMyTh Pa3BUTHUIO CEIBCKOIO
XO35UCTBa, MPOMBIIUIEHHOCTH W  COBPEMEHHBIX
texHonoruil. CerogHs coxpaHeHHE M YCTOHYMBOE
HCITOJIb30BaHHUE OuopecypcoB HMEET
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OCHOBOIIOJIATAONIEe  3HAYCHHE U1 3JI0POBBS
HKOCHUCTEM U Oyaymiero omaronoiydus roaen. OaHoi
13 Ipo0OIIeM COBPEMEHHOCTH ABIISICTCA Hed(PPEKTHBHOE
U YpEe3MEpPHOE HCIIOIb30BAaHUE OHMOpPECYpCcoOB, UYTO
NPUBOANT K HAHECEHHWIO ymiepOa NpHPOAHON cpere.
ITosToMy ycToifumBOE yIpaBIeHHE OHOpECypcamMy H
COXpaHEHHE DJKOJIOTHYECKOTO PABHOBECHUS HMEIOT
MEPBOCTENIEHHOE 3HAYCHUE.

[TpaBunbHOE (QYHKIIMOHMPOBAHUE IKOCUCTEM HE
TOJIKO 00OecIeunBaeT OCHOBHbIE IIOTPEOHOCTH JIFOIEH,
HO M TIOMOTAaeT IOJJEPKUBATH 3JIOPOBBIC YCIIOBUS
u3HU. Hampumep, pacTeHust U JepeBbsi MOTJIOMIAIOT
yTIIepon u3 aTMoc(epsl, YTO UrpacT BaKHYIO POJb B
O0oprbe Cc m3MEHEHHEeM KiuMmara. B To ke Bpems
NPUPOJHAs Cpella TAKKE OKAa3bIBACT ITOJIOKHTEIHLHOE
BIUSIHUE Ha  300poBbe  mmoaei.  [lpuponnsie
9KOCHUCTEMBI, TaKHE KaK JIeCa, BBIMONHSIOT Ba)KHBIC
(YHKIMH, TaKKe KaK 3aIlluTa OT CTUXUUHBIX Oe/ICTBUH,
TaKMX Kak HaBOAHEHMs, OIOJ3HM M 3aTOILUICHHS.
Jpyrumu ciioBamu, 3aliuTa IPUPOJbl — TO HE TOJIBKO
3a00Ta 00 OKpy»XKaroulel cpene, HO U JI0IATOCPOUHOE
Guaromnosyune JoJei. 310pOBbIe SKOCUCTEMBI TaKKe
rapaHTUPYIOT OyIyIIMM IOKOJCHHUAM YHCTYIO BOAY,
BO3JLyX U 3I0POBYIO OKPY’KAIOLIYIO CPEy.

Buopaznoobpazne SBIISIETCS KITFOUEBBIM
(hakTOpOM 3M0pPOBBS TPUPOABI M YCTOWIMBOCTH
IpeIoCTaBIsIeMBIX €0 ycnyr. Takoe pasHooOpasne
IPUPOIBI  COXPAHSET 3KOCHCTEMBI 370POBBIMH U
NPOAYKTUBHBIMH.  ODKOCHCTEMBI  C  OONbIINM
OuopasHooOpa3reM MOXKET BO300OHOBISTHCS TIOCIE
TaKuXx CO6I)ITI/II>1, KaK H3MCHCHHC KJIMMaTa HWIHU

CTUXUHHBIC  OEACTBHUS, 4TO OOECIeYuBaeT UX
(YHKIIMOHAJIBHOCTD.
Marepuanabsl M MeTOAbI HcciaeqoBaHus. B

CTaThe BBIABICHBl W TPOAHAIM3UPOBAHBI MPOOIIEMBI
MCIIOJIb30BaHMsI ONOPECYPCOB U OXPaHbl OKPYKaIOIIEH
cpenbl B crpaHe.  CTaTUCTHYECKOH  OCHOBOM
WCCIIEIOBaHMS SIBIISIIOTCS CTATUCTHIECKNE COOPHUKH U
JTaHHBIC I'ocynapcTBeHHOTO CTaTHUCTHYECKOTO
KomuTeTa AzepOaiimkanckoit Pecrrybmmku. Ha ocHOBE
MaTepHaJIOB W HAYYHOH JUTEpaTypbl OINpeAeICHBI
OCHOBHBIE HAIIPaBJICHNS UCIIOJIB30BaHUS OHOpECypcoB
B crpaHe. MccinenoBaHue — NPOBOJMIOCH €
WCIIOJIb30BAaHHEM  METOAOB  CPaBHHUTENBHOTO U
MaTEeMaTHYECKOTO aHaJIN3a.

Anaym3 u odcy:xkaenue. B [Tosectke qus OOH B
o0xacTi ycToWdmBOTrO pa3BuTHs Ha mepuon mo 2030
rojia paccMOTpeHbl 17 ueneil ycToOWYMBOro pa3BUTHS,
BKJIIOYasi YUCTYIO BOAY, BO30OHOBIISIEMBIE MCTOYHUKHI
SHEPTUH, N3MEHEHHE KJIMMaTa U 3eMENIbHbIE PECYPCHI.
Ilo mepe yBennueHHs BO3IEHCTBUS YENOBEKAa Ha
NpUpPONY pa3padaThIBajIMCh pPA3IMYHbIE 3aKOHBI M
HayYYHbIE TIOAXOBI JUIS 3aLIUTHI OKPY Karomeil cpeapl.
OKOJIOTHYECKHE  TPOOJIeMbl,  BO3HHUKAIONINE B
reorpapuueckux cuogx. Hampumep, 3arps3HeHne
aTMochepsl WIN 3arps3HEHHe BOABI B THApocdepe
SIBIISTIOTCSI cnerUIeCKuMU 9KOJIOTHYECKUMHU
npoOiieMaMy, BO3HHMKAIOIIMMH B KaXKAOM M3 O3THX

CJIOCB. H€O6XOHI/IMO n3ydyaTrb CJIOKHOCTb CpEIbl
oouTaHus u BSaHMOﬂCﬁCTBHC NPpUPOAHBIX,
OKOJOIrM4Y€CKUX n COIIMAJIbHBIX (l)aKTOpOB,

OIPCACIIAIOIHNX KAa4YeCTBO JKU3HHU YCJIOBCKA. IToT

aHAJIN3 CIIEAYET MPOBOIUTH C YIETOM TOTO, YTO Kak
MpUpPOJHAs, TaK W comualbHas cdepsl TECHO
B3aMMOCBsI3aHbl. B3aumopelicTBue W H3MEHEHHS
MEXIy TpPHUpPOAa U YEIIOBEKOM TaKKe MEHSIOT
COLMANIbHBIE, S)KOHOMUYECKHE U KYJIETYPHBIE acCTIeKTHI
oOmiecTBa.

W3meHeHne kinumaTa CYIIECTBEHHO BIMAET Ha
pacmpeneneHue ¥ UUPKYJsuuio Bonbl. [loBwiieHue
TEMIIepPaTyphl MPUBOJNUT K YBEIUUCHHUIO HCIIAPCHUS B
aTMocepe H, KaK CIEIACTBHC, K HU3MCHCHHSAM B
KpYyTrOBOpOTE BOJBL. OJTO MOXKET MPHUBECTH KaK K
YCHJICHHIO Je(QUIUTA BOIBI, TaK U K BO3HUKHOBEHUIO
JpYruX ONACHOCTEH, CBSI3aHHBIX C BOAOHM, TAaKUX Kak
HABOJTHEHHS U 3acyxH. KomdecTBo u pacmpeneieHne
0CaJIKOB MEHSIOTCS: B HEKOTOPBIX PETHOHAX BBIMAIAET
OoJbIIe 0CaaKoB, a B IPYTUX HAONIOMACTCS YCHUIICHHE
3acyxu. [lomoOHBIE M3MEHEHHS CEphE3HO YTPOXKAIOT
KaK CCIIbCKOMY XO3SHCTBY, TaK H TMPHUPOIHBIM
sKocucTemMaMm. Hampumep, cokpalieHue BOJHBIX
pecypcoB MOXKET MpPHUBECTH K HEXBAaTKE MUTHEBOM
BOJIbI, a TAaKX€ K CHIDKEHHIO MPOU3BOJAUTEIHLHOCTH
cenbckoro xossiiictBa. C Apyroil CTOpOHBI, WHOTIA
CWIbHBIE JIOKIIM WJIM yparaHbl MOTYT IPHUBECTH K
HAaBOJHCHHSM, KOTOPBIC MOTYT HAHECTH CEpBhE3HBIN
ymepd ku3HH Joxed w  umymectBy. s
MPEIOTBPALICHUS ITHX MPOOIIEM KpalfHe Ba)KHO HAWTH
9KOJIOTHUECKHE, YIKOHOMUYECKHUE M TEXHOJIOTHUCCKUC
petnreHus B riiobanbHOM MacmTade.

Bomapie pecypcel AzepOaiimkaHa OTIHYAIOTCS
3HAYUTEIBHBIM Pa3HOOOpA3sHeM U CTAIKHUBAIOTCS C
mpoOjieMaMy,  CBSI3aHHBIMH € HEPaBHOMEPHBIM
pacnpenenenueM. Okono  70-72%  MCTOYHHMKOB
MMUTHEBOH BOJIBI (POPMUPYIOTCS 3a TPEACIaMU CTPAHBbI,
BKJIIOYAsl PEKH, 03epa, BOJOXPAHWIUIIA U JISTHUKH.
[puponHas  MuHepanuW3anuss  TUTBEBOH  BOIBI
koneOercs B npenenax 0,3-0,5 r/n. B AzepOaitmxane
nmeetcs 140 BogoXpaHTHII 00IIel eMKOCTBIO 22 KM3,
B TOM YHCIIC TaKWe KPYIHBIC BOIOXPAHWIWIIA, Kak
MumnrsueBup,  llamkup, Apaz u  CapcaHr.
Bopoxpanmimmia MOMOTalOT YMEHBIINTH CE30HHBIC
U3MEHEHUS PpEYHOro cToka. B Asepbaiimxane
HacuuThiBaeTcs 450 o3ep obmieit miomanso 394 km?,
xoTs 200 u3 HUX JleToM nepecbixatoT. OOmuit BOJHBIH
pecypc o3ep coctasnsger okono 0,90 km®, a nuTheBoit
Boabl — 0,03-0,05 kM. JleHUKH, COCPEOTOYEHHEIE
Ha bonbimom Kapkase, 3aHMMAalOT I0MAIL OKOJIO 6,6
kM2 ¢ Bomouctounukom 0,08 km3. 3a mocnenaue 70 et
YX TUTOIIAJX 3HAYUTEIHHO COKPATHIINCH, YTO OKAa3aJio
BIUSHAE Ha peky. OOmmii o0beM MOI3EMHBIX BOJ
cocrasisieT okosno 6,51 mipn Mm3/rog. VcTOuHMKH B
TOPHBIX paifoHax obecIreynBaroT
BBICOKOKAYeCTBEHHBIE MOI3eMHBIE BOJIBI C IEOUTOM JI0
5-10 mutpoB B cexyHay. HecmoTps Ha TpyIHOCTH,
Azep0Oaiikad IPEeBOCXOJUT MHOTHE CTPaHBI MUpa II0
MIOKA3aTe0 OOECTIIEYeHHOCTH BOJOW Ha  AyIIy
HAaCEJICHHS, YTO OTPaXKaeT BAXKHOCThH BOJHBIX PECYPCOB
[6].

Crparerndyeckue WHBECTUIMH A3sepOaiikaHa B
BOJHYKO HHQPACTPYKTYPY SBILIIOTCS  BaKHBIMU
mlaraMi Ha TyTH K 3(QQEKTHBHOMY YIIPaBICHUIO
BOJAHBIMUA  pecypcamMH  CTpPaHbl U PCIICHUIO
CYIICCTBYIOIIUX TPOOJIEM, CBS3aHHBIX C BOJHBIMH
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pecypcamu. CTpOUTENBCTBO TUIOTHH U BOAOXPAHIIIHIL]
uMeeT OOJIBIIOE 3HAYECHUE, OCOOEHHO C TOUKH 3PEHUS
pETYIMpOBaHUS  BOJOTOKOB u obecrieueHus
BOJOCHAOXEHMA. Llenmbi0 3THX NPOEKTOB SIBISIETCS
YKpEIUICHHE UPPUTALOHHBIX CHCTEM M ONTHMH3ALUS
UCTIONIB30BaHUs BOJBI B CEIBCKOM X03siicTBe. Kpome
TOTO, Takast HHPPACTPYKTypa UrpaeT BaXKHYIO POJIb B
NPEeIOTBPAIIEHNH CTUXUHHBIX O€ICTBHH, TaKMX Kak
HaBoJgHEHUs u 3acyxu. C TOMOIIBIO IJIaHOB
YIpaBIEHUs BOAHBIMU peCypcaMH CTpaHa CTPEMHTCS
6osiee 3 eKTHBHO MCIIOIB30BATh BOAHBIE PECYPCHI U
B TO K€ BpPeMs 3aIlUIIATh OKPYXKAIOIIYIO CPEy.
Hcnonp3oBaHWE albTEPHATHBHBIX HCTOYHHKOB
SHEPTUH SBISETCS ONHOM W3 BaXKHEHIINX IPOOIeM
COBpeMEeHHOCTH. Takoll MmoAaxox He TOJBKO MMOMOTaeT
MOAJIEP)KUBATh ~ JKOJOTMYECKHH OamaHc, HO |
obecrieunBaeT SKOHOMUYECKH YCTOWYNBOE Pa3BUTHE.
Hampumep, Bo300HOBIISIEeMbIe MCTOYHHMKH, TAKHE Kak
COJIHEYHAsI DHEPT U U SHEPTHUsl BETPa, IPEI0TBPAIaloT
UCTOILEHUE MPUPOIHBIX PECYpPCOB U MHHUMHU3UPYIOT
UX HETaTUBHOE BO3JIEHCTBUE Ha OKPYIKAIOIIYIO CPeay.
Hcnonb3oBanue OuoMaccbl W OBITOBBIX OTXOIOB B
MIPOU3BOJICTBE SHEpPruu TaKxKe OKa3bIBaeT
TIOJIO’KUTEIBHOE BIIMSHHE Ha OXpaHy OKpYXKaromiei
Cpenbl, MOCKOJBbKY 3TH OTXOIBI IepepadaThIBAIOTCS
9KOJIOTHYECKH  Oe30macHBIM W 3KOHOMHYECKH
BBITOAHBIM c1IocoO0M. IIpiMeHEeHHe STUX TEXHOJIOTHI
TpeOyeT WCIIONb30BaHMSA COBPEMEHHBIX HAaydHO-
TEXHUYECKUX HHHOBAIMH, a TaKKe COTPYIHHUYECTBA
rocyJapcTBa M YAacTHOTO CEKTOpa. YIIydlIeHHe
MPOM3BOJCTBEHHBIX  CTPYKTYp M oOecledeHue
YCTOIUMBOCTH IPOU3BOJCTBA HHEPTUU IPHUBOAUT HE
TOJIBKO K TOBBIIICHHIO 3P ()EKTUBHOCTH MPOU3BOACTBA
SHEpPTUH, HO M K YIYYIICHHIO KauyecTBa >KU3HU
HacesJleHHs. OJTO TakkKe BaXHBIM mar B 0Ooprbe c
riio0aNbHEIM U3MEHEHHeM KimMmara. B AzepOaiimxane
JNEWCTBYIOT THAPO, BETPSIHBIE, COJHEYHBIE U
OMOSHEpPreTHYecKne  YCTaHOBKH,  HCIIOJIB3YIOIINE
BO30OHOBIISIEMBbIE HMCTOYHHKM 3HEPruu. MOIIHOCTh
ruaposnepreruku: 1301,8 MBT - 24 u3 35 cranuuii -
Mainble THIPORJIEKTPOCTAHIINY, MOIITHOCTb
BeTpodHepreTuku: 66,4 MBtT - 3 w3 8 cranmuit -
rHOPHIHBIE CTAHIMU, MOLIIHOCTh OMOdHepreThKu: 37,7
MBT - 2 cTaHIUU, MOIIHOCTD COTHEYHOW SHEPTETHKU:
281,9 MBT - 13 cranmmii, 3 U3 KOTOPBIX SBISIOTCS
THOPUIHBIMH CTAHIUSMH. [ HMOpHIHBIC YCTaHOBKH
T'obycranckoro, J[xymbpuackoro wu [amuHCKOTO
9KOJIOTMYECKOTO TapKa COYETalT B cede IHEepruro
BeTpa, coiHIa u OumosHepruto. B HaxdrsBanckoit
ABTOHOMHOH PecrmyOnuke AeHCTBYIOT COJHEYHBIE
3MEeKTPOCTaHIUHU obmiel MomHocTeio 39 MBT [7]. Ha
0CBOOOX/ICHHBIX TEPPUTOPHAX (POPMHUPYETCS OKOJIO
25% BHyTpeHHHMX BOZHBIX pecypcoB AsepOaifmkaHa,
4TO CcoCTaBiseT okono 2,56 mupa mM° B rox. Ocobo
cleyeT OTMEeTHTh, YTO Ha  OCBOOOXKIECHHBIX
TEPPUTOPUAX HMeEeTCs OJIAaTONPUATHBIA IOTEHIHAT
JUIA peanu3alid MPOEKTOB CONHEYHOW SHEPreTHKH.
Takum oOpazom, cosHewHas paauanys, HaOoaemMast
Ha TEPPUTOPUSIX 3aHrenasa, xeOpanna,
I'y6apmunckoro u @uU3yIMHCKOTO palioOHOB, SIBISIETCS
BTOPbIM N0 OJNAronpusTHOCTH PETHOHOM B CTpaHe
MOCJIe  COJIHEYHOH panuanmy, HaOmogaeMod B

HaxupiBaHckoit ABTOHOMHOM PecrybOmnuke.
YcTaHOBIIEHO, YTO HA OCBOOOKAEHHBIX TEPPUTOPHUSIX
nMeeTcsl OJaroNmpHUATHBIN BETPOMIOTEHIINAN, OCOOCHHO
B TOpHBIX dacTsx Jlaunna u Kenpbamxapa [5].
I'mpposHepreTMka  CYMTAETCS  HKOJIOTHUECKH
YHUCTBIM METOJOM MPOMU3BOJCTBA SHEPTUH, TIOCKOJIBKY
TUAPOIJICKTPOCTAaHIIUH Iracl) BbIpabaThIBAIOT
JJIEKTPOIHEPTHIO, UCTIONB3Ysl IPUPOJHBIE PECYPChI, U
IIPY 3TOM He BHIOPAcHIBAIOT B aTMOC(epy TOKCHYHbBIE
razpl.  OJHaKO  HKOJOTMYECKHE  MPEUMYIIECTBA
THJPOSHEPIeTHKN MOTYT OBITh IOCTUTHYTHI TOJBKO
IIPU YCJIOBHHU TIPaBWJIBHOTO TPOEKTHPOBAHUS U Mep,
HaNpaBICHHBIX Ha 3alIUTy OKPYXXAIOMIEH Cpessl.
Hanpumep, 3Ti cTaHIMM, WUCTIONB3YIOMINE JIBIKCHNE
BOJIB, HAapyIIaloT  3KOCHCTEMBI, TIOCKOJIBKY
CTPOUTENBCTBO IJIOTHH U COPOC BOJBI C BBICOKUX MECT
MOTYT WM3MEHHTh €CTECTBEHHBII INOTOK BOABL OTO
MOJKET OTPHUIATENILHO CKa3aThCsl HA YCJIOBUSX KH3HU
peI0O W JApyrux BOIHBIX cymiectB. Kpome Toro,
IUIOTUHB M BOJOXPAHWIIMINA MOTYT BIHMSTH Ha
Ka4eCcTBO MOYBHI ¥ BOABI. [103TOMY IpH ri1aHUpOBaHUU
THIPOIHEPreTHYECKUX MPOEKTOB CIIEYET YUUTHIBATH
Takue (aKTOPhI, KaK COXpPAHEHHE PHIOHBIX PECYPCOB,
3aIIMTa KauecTBa BOJABI M COXPAaHEHHE €CTECTBEHHOTO
6uopazHoobOpazua. B To ke BpeMms 3KoJIOrm4eckas
3¢ (GEKTHBHOCTh  TUAPOIHEPTETUKA  CIIOCOOCTBYET
YCTOWYHMBOCTH 3HEProcHaOXeHHs B Oojee IMINPOKOM
CMBICIIC M OKa3bIBa€T MHHUMAJBHOE BO3ICHCTBHE Ha
npupoxny. Ilpm peanuzamum IpaBUIBHBIX MeEp IIO
OXpaHe OKpY Kalolieil cpelbl THAPOIHEPTETHKA MOXKET
00ecreynTh YUCTYI0 ¥ YCTOHYMBYIO SHEPTHUIO 33 CUET
3¢ PEKTUBHOTO UCTIOIH30BAHHS IIPUPOIHBIX PECYPCOB.
B A3zepOaiimkane BAXKHYIO poJib B
9HEProcHa0)KEHUU CTpaHbl UrpaloT MuHredaypckas,

Bapgapunckasi, Enukenackas, [Tamxupckas,
Capcanrckasl, Apaszckas u Jpyrue
THAPOIEKTpocTaHMKH. KpoMe Toro, BakHYIO poJib B
MIPOM3BOJICTBE JHEPIMH  WIpaeT  HCIIOIb30BaHHE
SHEPTUH MAJIBIX PeK.

I'mpposHepreTka,  HECOMHEHHO,  SBISIETCS
BO30OHOBJISIEMBIM W OJKOJOTMYECKH  YHCTBIM
UCTOYHUKOM  SHEPrMH, HO TpPH  MNPaBUIBHOM
IUIAHUPOBAHUU W MOJAEP)KaHUH IKOJIOTHUECKOTO

OamaHca HWCIOJB30BaHUE STOTO UCTOYHHKA JHEPTUU
CTaHOBHTCA eiie 0osiece 3)(DEKTUBHBIM M YCTOWYUBBIM.
TeppuropuansHast auddepeHuuanus 3K0I0THISCKUX
mpoOJieM W MyTH UX PEIICHUS SBISIOTCS OTHUMHU H3
CaMbIX  akTyaJbHBIX BOIPOCOB COBPEMEHHOCTH.
CrpemMuTenbHOE 3arpsi3HEHUE OKpYXKarolled cpeabl
CTaBUT NOJI yTPO3Y KU3Hb )KHUBBIX CYILIECTB U JIIOJEH Ha
3emite. DKOIOTHYECKUE TPOOIEMBI TIPOSBIITIOTCS T10-
pa3HOMy B pa3HBIX pEruoHaX, W peHIeHHs] ITUX
mpoOieM JOJKHBI  KOPPEKTUPOBATHCA C  YUETOM
MECTHBIX 0COOEHHOCTEMH.

HN3meHenne kimmara SBJISETCS OJHOM U3
KpynHeimux riobansHeIX npobiem XXI Beka, u ero
TIOCIIEZICTBUS YK€ ONIyIIaroTcsl Bo BceM mmpe [locie
cepenuHbl XX Beka, OCOOCHHO B MEPHOJ Pa3BUTHS
MIPOMBINICHHON PEBOIIOIUK, MMAPHUKOBBIA 3(PPEKT
VCHIIWIICS W TPUBEN K TOBBIIICHHIO TJI00ATBHON
TEMIIEPATYPBL. DTO CO3/1a€T MHOXKECTBO OCJIOXHEHHUIA,
B TOM YHCJIE:
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1. TastHue JIEAHUKOB U MOBBIIIIEHUE YPOBHS MOPS:
TIOBEIIICHIE YPOBHS MOpPS W3-3a TAasgHUS JICTHUKOB
co3maeT MpoONeMBl s TPHOPEKHBIX PAHoOHOB M
HACEJICHHBIX ITYHKTOB.

2. VYBenmuueHne — 9YUCla  3KCTPEMaJbHBIX
KIIMMAaTHIECKUX SBJICHUI: TOTOTHBIC AaHOMAJIAH, TAKUE

KaK CHUJIbHBIE INTOPMBI, 3aCyXW M BOJIHBI TeIla,
CTAHOBSATCS Bce 00JIee YaCThIMU.
3. BosgelicTBue Ha DJKOCHCTEMEI: M3MmeHeHue

KJIMMaTa IIPUBOJUT K pa3pylIeHWE eCTECTBEHHOI
cpenbl OOWTaHMS, BHJOB >KUBOTHBIX M PAacTCHUil, a
TaKKe CO3/aeT Yrpo3y CYIIECTBOBAHHIO HEKOTOPBIX
BHUJIOB.

Ilo 3TOM MIpUYKHE MEXAYHapOJHOE
COTPYIHHUYECTBO U  COACHUCTBHE  YCTOWYUBOMY
PasBUTHIO WMEIOT IIEPBOCTENICHHOE 3HAYCHWE IS
MPEOTBPAIICHNS N3MEHEHHNS KIIMMaTa Ha TI100aIbHOM
ypoBHe. A3zepOaiipkaH HE OCTaJCsi B CTOPOHE OT
BIMSHHS TJ00aJbHOI0 HM3MEHCHHS KiIuMara. 3a
nocienaue 100 jetr cpemHerojgoBas TeMmIeparypa B
Asep6aiimxane nossicunack Ha 0,4-1,3°C. Ha done
W3MEHEHHUsl KiuMaTta B AsepOaiimxkaHe HaOI0gar0TCs

HaBOAHCHUS, JIaBUHbI, MITOPMBI, YyparaHbl, BOJIHBI,
CHUJIbHBIC BCTPBI, BOJIHBI TCIJIA, 3aCyXH, TasHHUC
JICIHUKOB, 3aCOJICHHUC, Acrpaaanus I104B,
OIIYCTBIHUBAHUEC, COKpAIICHUEC OCAJAKOB W BOIAHBIX

PECYPCOB U T. J. MOABEPTalOTCs BO3ACHCTBHIO TAKHX
SKCTPEMAIBHBIX KIMMaTHYECKUX SIBICHUM [4].

JlecHOE XO3AHCTBO W JIECHAST MPOMYKIIHS UTPAIOT
B)XHYIO POJIb B TJI00aIbHOM YCTOWYHNBOM Pa3BUTHH, U
3Ta poJIb OCHOBaHA Ha TPEX OCHOBHBIX (pakTopax:

1. Dxonomuueckuii ¢paxmop: JlecHoe XO035HCTBO
SIBJISIETCS. Ba)XHBIM CEKTOPOM MECTHOM W MHPOBOH
SKOHOMHMKH. JlecHas mpoxykmus, ApeBecuHa, Oymara,
JEKapCTBa W JPYTHE NPUPOIHBIE PECYpCHl HrPaIOT
BaXHYIO pONb B HSKOHOMHKE. Kpome Toro, lecHoe
XO3SICTBO cO37aeT paboyre MecTa Ha MECTHOM YPOBHE
U CIIOCOOCTBYET IKOHOMHIECKOMY Pa3BHUTHIO.

2. Dkxonoeuueckuti @axkmop. Jleca >XU3HEHHO
Ba)KHBI JUTS 9KOCHCTEM Harel ranetsl. OHu OOproTCs
C U3MEHEHHEM KJIMMarta, TOTJIomiast yIiaeKuCbIi ra3, a
TaKXe PeryJrupyoT KPyroBOpOT BOABI, IPEIOTBpaIas
9PO3UIO MOYBHI U COXpaHssI GrMopa3sHooOpasue.

3. Coumanbhbiii (axrop: OCOOEHHO BBITOJHBI
Takye 30HBI Te€M, KTO JXMBET B paloHaxX, OJM3KHUX K
Jecam.

OTH TpH (PaKTOpa TECHO CBA3AHBI JPYT C APYTOM,
" ycToitunBoe JIECOTIOIb30BaHNE JIOJDKHO
o0ecrieynBaTh HE TOJBKO 3KOJOTHYECCKHE, HO TaKKe
SKOHOMHYECKUE U COITUATTLHBIC BBITOIBI.

XoTss B 3aKOHOMEPHOCTSIX  PaCIIOJIOKCHHS
PacTUTENBHBIX MOSCOB B Pa3IMYHBIX TOPHBIX CHCTEMAxX

pecnyOIMKH HMMEIOTCS  ONpPENEICHHBIE CXOJCTBA,
HMEIOTCA W 4YepPThl, OTIMYAIOIHUE UX APYr OT IpyTa.
JlecHbIe MacCHUBBL: B HIDKHEM IOSICE TOPHBIX JIECOB
pacmpocTpaHeHBl Jieca W3 HOEPHICKOH COCHBI C
MIPUMECBIO €I, B CPEJHEM MOSCE TOPHBIX JIECOB —
BOCTOYHBIE OYKOBBIE JIeCa, B BEPXHEM MOSCE TOPHBIX
JIECOB — BOCTOYHbIE ayOoBble Jyieca. B paiionax
JIGeHKOPAaHCKOTO0 pervoHa B HIKHEM JIECHOM IOsice
PacpoCTpaHEHBI CI0XKHOMOCTPOCHHBIE XKeJIe3HOIEChs
c ywyactueM Jy0a  KamTaHOJNHCTHOTO,  OJIbXH
KaBKa3CKOW M psijia PEIUKTOBBIX TMPKAHCKHUX IMOPOJ.
Jnst coxpaHeHus: ¥ pa3BUTUS (IIopsl U (ayHbl HalIen
CTpaHbl CO3aHbl TOCYJapCTBEHHBIE IPHPOIHBIE
3al0BEJHUKU u 3aKa3HUKU IIupBaHCcKkuid,
Wcemanmmmmackuid, bacutdalickuii u Arrenbckuii [3,
248].

Tanplickue Jieca, HEKOTOPbIE pailoHbl bosbiioro
n Manoro Kaskaza, B ToM uncie JIsHKsApaHCKas,
AcTapuHCcKas, I'ybunckas, [ITemaxuHcKas,
Wcmaunnnunackas, IIexnncKas, 3ararabckas,
T'samxunckas u I'efireabckas 30HbI, HIMEIOT OOJIBIION
MOTEHIMAJ ¢ TOYKH 3PEHHUS IKOJIOTHYECKOTo Typu3Ma
U OoTAbIXa. DTH pailoHbl NpHMeYaTeNbHBI OOraTon
PAcTUTENBHOCTBI0O W TIPHPOAHBIMHU  JIaHJIIA(QTaMHI.
Tanpimckue neca ocoOCHHO OOraTel IHICMUYHBIMHU
PaCTEHUSMM, W OTH DPalOHBl SBIAIOTCA OJHUMH U3
CaMBIX TIPUBJIEKATENBHBIX MECT JUI1 JIOOHTENeH
skoTypusMa. Kpome Toro, mnpearopss, TOpsl H
PaBHHMHHBIE Jleca CO3JAlOT HIEANBHYIO Cpeny Uit
mobureneit NpUPOABI, JIIOACH, HHTEPECYIOIUXCS
MEMNUMH TPOTYIKaMH U IPYTHMMHU BHUAAMHU aKTHBHOTO
orasixa. Ilpmponma »Tux TeppuTOpUd, OCOOEHHO
TOPHBIX, TAKXe CO3/1aeT BaXKHbIC BO3MOXHOCTH IS
pasButHs  Typusma. B pecrmyOnmke — co3maHbI
HallMOHAJIBHBIE TAapKH, W3 HHUX: AOmmepoHckuit
HAalMOHAJIBHBIM MapK, ATTE€NbCKUNA, AJNTbIAarauCKUi,
Ieitrensckuil, I'upkanckuii, I'bizputarauckuit, Camyp-
SImaMHuHCKHH, Ilax marckmuii, [IupBanckuit
HallMOHAJIBHBIM NapK U 3aHre3ypCcKUil HallMOHAIbHBIN
MapK cleayeT MOAYEPKHYT.

B 1enoM c10KHOCTH MPUPOIHBIX YCIOBUI BIUSET
Ha MPOAYKTUBHOCTH U TIOPOAHBIA COCTaB JIECOB.
CrenuanaucTel MOACYMUTANM, YTO B 3aBUCHMOCTH OT
HPUPOHO-TeorpadhUuecKux yCIOBHH jeca
pa3iM4arTcsd O CICAYIOUMM IOKa3aTelnsiM: I

3amacaM Ha ©IUHMIly TEPPUTOPHH; KadecTBO,
0COOCHHO BBICOTa, IUIOTHOCTH, pa3Mep CTBOJA
JepeBbeB W T. 1.; BOCIPOHM3BOACTBO, CKOPOCTh

BOCCTaHOBJICHUS, CKOPOCTh CMEHBI NoJa W T. I.;
pasHoOoOpasue IUIOmand pPacIpOCTPAHEHHsS JIECOB,
TEppUTOpUANIbHASA CTPYKTYpPA U T. 1. [2, 46].
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Pucynok 1. Ocrnogrnvle nokasamenu 1echo2o oHOa Ha KOHey 2004
Hcmounux: Oxpyarcarowas cpeda 8 Asepbaiioscane. Cmamucmuueckasn ceooka. APCK. baxy: 2024, 140 c.

B nepuon ¢ 2000 mo 2023 roj cCyIiecTBEHHBIX
W3MEHEHUMN B JICCOMMOKPBITBIX mIomansax HEC
MPOU30IILIO. Habmogarotes JUHAMUAYECKHC
KoJIcOaHus OOIIHX MoKa3aTesci 3amaca qepeBbeB. Taxk,
BBICOKHE TOKa3zarenu HaOmogarorcs B 2010 u 2020

ronax, B 2023 romy HaOMIOAANOCh CHUXXECHHE
(pucyHok 1).
EcrectBeHHoO, K  OCHOBHBIM MpUYUHAM

HEY/IOBJICTBOPUTEIFHOTO COCTOSIHUS JIECOB OTHOCSATCS
crretyronie GaKTopsl:

1. Huszxuii YpoGeHb ecmecmeenHo20
60300n061enuA.  IIpolecchl  CaMOBOCCTaHOBJICHHUS
JIECOB HE IPOTEKAIOT Ha O0XUAAeMOM YpOBHE. OTO
3aBUCHT Kak OT OHOJIOTMYECKHX, TaK M OT
JKOJIOTMYECKUX (PAKTOPOB.

2. Imobanvroe usmenenue knumama. VisameHeHus
B arMocdepe, 0COOCHHO M3MEHEHHUs TeMIlepaTypbl U
XapakTepa OCaJKOB, OKa3bIBAIOT HETaTHBHOE BIIMSHUE
Ha BOCCTAHOBJIEHHUE JIECHBIX 9KOCHCTEM.

3. Crabocmv necozawumubix Meponpusmuil.
Henpunsitne HEOOXOOMMBIX Mep IO OXpaHe |
BOCCTAHOBJIGHHIO JIECOB MPUBOJUT K OCJIAOJICHUIO
MEXaHM3MOB 3aIIUTHl OT PA3IMYHBIX IPHUPOITHBIX
(hakTOpoB.

4. Pocm uucnennocmu epeoumenetl u 6oaesHell.
Pacnipoctpanenne Bpenurteneil u Oose3Heil B Jiecax
CHIDKAeT ypOXKalHOCTh U KaueCTBO CEMSIH.

5. Beinac ckoma. HecriocoOHOCTB NPeNOTBPaTUTh
BBIIAC CKOTa CO3JaeT Harpy3Ky Ha MacTOMma u
3aMeIAeT pa3sBUTHE MOJIOBIX JIECOB.

Ilpu coueTaHWW HSTUX TPHYUH ECTECTBEHHBIN
mporecc  BO30OOHOBJIICHUS ~ JIECOB  IPOUCXOAUT
HEpaBHOMEPHO, YTO CTaBUT IO YTPO3Y 3I0POBBE U
YCTOHYMBOCTh JICCHBIX JKOCHUCTEM. BaXHO yCHIHTH
COOTBETCTBYIOIIMIE MEphl 10 COXpPaHCHUIO W
BOCCTAQHOBJICHHIO I YJIy4IICHHS €CTECTBEHHOIO
BO300HOBJICHUSI.

Xots 3HAUYUTCIIbHAs 4acCThb JACATCIBHOCTHU
YyesI0BeKa HallpaBJieHa Ha JOCTIDKECHHE KPaTKOCPOUHOH
SKOHOMHYECKOH BBITOJBI 3a CUET HAHECEHHS Bpena
MpUPOJe, JOITOCPOYHBIE  TOCIEACTBUS ~ TAaKOTO
MOIX0Aa MOTYT OBITh HeraTWBHBIMH. OIHUM U3
OCHOBHBIX YCJIIOBHI Pa3BUTHS YCIOBEUSCTBA SBIACTCS
JOCTYITHOCTh TIPOJOBOJIGCTBUS, BOJBI, JHEPTHH U
OHMOIIOTHYECKUX PECYpCOB IS JIOACH CETOTHS W B
OyaymeM. VYiydmieHHEe ¥ 3alluTa KOJWYEeCTBA U
Ka4yecTBa ITHX PECYPCOB TAKKE SIBISCTCS OMHOW W3
OCHOBHBIX LieJiel pa3BuTHs. BaxxHO nonanepk uBaTh
9KOJIOTMYECKHI OanaHc, 4ToOBI yuiepO mpupone He
CKasajics Ha OYIYIIMX MTOKOJCHHSIX.
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Pucynox 2. oxazamenu, xapaxmepu3sylowue oxpany ammoc@eprozo 6030yxa u €20 8pedHoe 8030eicmaue
Hcemounux: Oxpysrcarowas cpeoa 6 Asepbatiodcane. Cmamucmuueckas ceooxka. APCK. baxy: 2024, 140 c.

3a neproa 2000-2023 rr. Ha0II0aCTCS CHIDKEHUE
o0IIero  KoJM4yecTBa  BHIOPOCOB  3arps3HSIONIMX
BCIIIECCTB oT CTalMOHAPHBIX HUCTOYHHUKOB. 3a
TOCIIEAHUE TObI HAONIOAAETCs POCT yNENBHOTO Beca
3arpsi3HSIONIMX ~ BELIECTB,  BBIOPAChIBAEMBIX B
atMocdepy, B TPOIEHTaX OT obmero oObeMa
BBIOPOCOB 3arpsI3HSIONINX BEMIECTB (PUCYHOK 2).

DKOCHCTEMBI TPENOCTABISIOT MHOTOYHCICHHBIE
peryampylome YCIIyTH, obecrieunBaroniue
ycToiuMBOCTh >kU3HU. K TakuMm yciyram OTHOCSTCH,

HalpuMep, PperylIupoBaHHE W3MEHEHHsS KIMMATa,
TIpeI0TBpaICHUE HABOJIHEHHH, moJiiep KaHue
3I0pOBBSI TOYBBI M MHOTHE JApyrue (hakTopsl,
ofecrieunBaOmue  yYCTOWYMBOE  CYIIECTBOBAHUE

HOPUPOAHBIX OKOCHCTEM. OTH yCiyru HE TOJIBKO
3alUIIAl0T cCaMy IpUpoay, HO U 3allIUIIA0OT Ka4€CTBO
JKHU3HU mo,uef/i W HalIpSIMYIO BJIMAIOT Ha HETO. O,[[HaKO

SKOHOMHUYECKAsI [ICHHOCTh 3THUX YCIYT YaCTO OCTAeTCs
HEOIPEICICHHON, U MPUPOIHBIC PECYpPCHl CICIyeT
paccMaTpuBaTh HE TOJNBKO C TOYKH 3PEHUS 370POBbS
OKpY’KalolIe Cpeabl, HO M ¢ 3KOHOMHYECKOW TOYKHU
3peHus. Ero mems — MpaBHIBHO OICHHTH IIEHHOCTH
MPUPOJHBIX PECYpPCOB M OOCCIEYUTH YCTOWIHBOE
pasBuTHE I OyIyIIMX IOKOJeHHH. B 3Toil cBsizm
HEOOXOJUM 3HAYUMBIA 3KOHOMHYCCKUHA aHAIN3 IS
OIICHKH SKOCHCTEMHBIX YCIYT M HX 3allUThI, YTOOBI
JIIOAW W TOJUTHKH MOTJIM NMPHHUMAaTh 3(dekTuBHOE
pereHwue.

PesyabTar

W3 npoBeieHHOTo UCCIeI0BaHUS MOKHO MPUNUTH
B BBIBOJIY YTO, OOJBITMHCTBO IKOJIOTHYECKHUX MPOOIIeM
BO3MOXKHO TIPEAOTBPATHTh, 3(P(PEKTUBHO HUCIONB3Ys
pecypcel.  Hampumep,  mepepaboTka  OTXOIOB,
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cOepexeHre BOJHBIX PECypCcOB, palMoHalbHOe  Xo3siicTBa. (OOecreueHwe TOCTaBOK JpoB  0e3
UCIIOJIb30BaHKHE OUOJIOTHYECKHX PECYPCOB H T. JI. HAaHECCHUS] BpeJa  OIKOCHCTEMaM  CIOCOOCTBYET

HecMoTpss Ha CcHWKeHHe OOINEr0 KOJMYECTBA  BHEIAPEHUIO SKOJOTHYECKH OTBETCTBEHHBIX MOAXOOB.
BBIOPOCOB 3arps3HAIOIIMX BEHIECTB OT CTAMOHAPHBIX B 1enoM, yBeluueHHWe IUIOIANeil  JIecOB |

HUCTOYHUKOB 3a mepuoxa 2000-2023 rr., yaensHbI Bec
3arpsA3HSIONINX ~ BEIIECTB,  BBIOPACHIBAEMBIX B
aTMOc(epHBIN BO3AYX, YBEIUUWICS. DTO M3MEHEHUE
MOXeET OBITh CBSI3aHO C HECKOJBKUMH (haKTOpaMu:

1. KomnyectBo  3arpsi3HAIONIMX  BEIIECTB,
BBIOpAchIBAEMBIX  CTAllHOHAPHBIMH  HMCTOYHHKAMH
(HanpuMep,  TPOMBIIUICHHBIMA  NPENPHUATHIMHU,
9JIEKTPOCTAHIMSAMH), CO BPEMEHEM YMEHBIINIOCE.
[IpramHO# 3TOT0 MOXKET OBITH MOACPHHU3ALNS OTPACIH
Y BHE/IDEHUE HOBBIX TEXHOJIOTHH.

2. VYBenwdeHHUE yIENbHOTO BEcCa 3arps3HSIONINX
BEIIIECTB, BEIOPACHIBAEMBIX B aTMOC(Epy, MOXKET OBITh
00yCIIOBIICHO YBEIHYCHUEM BBIOPOCOB 3aTrPSI3HAIOMINX
BEILECTB OT JMHAMHUYECKUX HCTOYHHMKOB, OCOOEHHO
TPaHCIIOPTHBIX CPEJNCTB. YBEIMYMIOCH KOJIMYECTBO
aBTOMOOWMIICH, BO3pPOCIIO MOTPeOICHHE OCH3UHOBBIX U
JNU3CIIBbHBIX I[BI/IFaTeHCﬁ. DTO MOXKET IMPpUBECTU K
YBEJIMYCHUIO YIEIBHOTO Beca OOLIero KOJIMYeCTBa
3arpA3HAIOIINX BCUICCTB, BbI6paCbIBaeMI>IX B
aTMocdepy.

VYBenuueHnsT JIECHBIX IUIOMAACH M 3aIIUThI
9KOCHCTEM B CTPAHE SIBIISICTCS YPE3BBIYANHO BaYKHBIM.
Takoil moaxox mMeeT OOJBIIOE 3HAUCHHE HE TOJBKO
JUTSL COXPAHEHMS TIPUPOIBI, HO U TSI 5KOHOMHUYECKOTO
pa3BHUTHSL.

CoxpaHeHHe 3]I0POBbSI JIECHBIX JKOCHCTEM H
CO3JJaHME  MpPUPOJIHBIX  MapKOB  oOOecreyuBaeT
9KOJIOTHUYECKUII  OamaHC 3a CYeT  yBEIHYCHHS
ounopasnoobOpasusi. Kpome TOro, OCBOGHHE TaKHUX
JIECHBIX MAacCHUBOB CO3/Ia€T YCIOBUS JJIsl BHEAPECHUS
Oosiee yCTOMYMBBIX METOJOB BEIEHHS CEIBCKOTO

BBIpalIUBaHUE OBICTPOPACTYIIUX MOPOA AEPEBHEB Ha
9THX TEPPUTOPHAX CIYKUT KaK 3aIIUTE MPUPOJBI, TaK
U TOBBIIIEHUIO YCTOMYMBOCTH COLHUAIBHOIO U
SKOHOMHUYECKOTO Pa3BUTHUS.
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KJIACCUYECKOE PEIIEHUE OJJHOMEPHOM U JIBYMEPHOI HEJTMHEMHBIX OGPATHbBIX
3AJAY JJISA HAPABOJIMYECKOI'O YPABHEHUA BTOPOT'O ITOPAIKA.

DOI: 10.31618/ESSA.2782-1994.2025.1.109.523

AnHotamus. B pa60Te H3YyYCHBbI CYIIECTBOBAHUC U CAUNHCTBEHHOCTD KJIACCUYICCKOT'O PCIHICHNUA CAMOCOIIPsI-
JKCHHBIX M HCCAaMOCOIPSIKEHHbBIX HEJIMHCHHBIX O6paTHBIX KpacBbIX 3aJ4a4 C HCJIOKAJIbHBIMHU KpacBbIMU

JaHHBIMH (OTHOCI/ITeJ'ILHO BPCEMCHHBIX n

MNPOCTPAaHCTBCHHBIX

HepeMCHHHX) u C  pasIMYHbIMHU

JAOMNOJHUTCIIBHBIMUA YCJIOBUAMU IJIA OJHOMEPHOTO Hapa6OHI/I‘{€CKOFO YpaBHEHUA BTOPOIO MOPpsAJKaA.
Knioueswvie cnosa: CAMOCONPAINCEeHHblE HeluHelHble o6pamub1e Kpaesble 361()611{“, HEJIOKAaJlbHble Kpaeesble

oannvle, 00HOMePHOe napaboauyeckoe ypagHenue.

B o6mactu Dy = {(x,t):0 < x < 1,0 < t < T} paccMOTpUM ypaBHEHHE:

c(Oue(x, t) = Uy (x, t) + a(®ulx, t) + b(t)g(x,t) + f(x, t)(x,t) € Dy (D)

IIPU YCIIOBHUSX

u(x,0) + éu(x,T) + fOTp(t)u(x, t)dt = ¢(x),0 <x <1, 2


https://doi.org/10.4060/ca9825en
https://www.doi.org/10.31618/ESSA.2782-1994.2025.1.109.523
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u(0,t) =u(L,t),0<t<T, (3)
Ju(xt)dx =00<t<T, )
u(x,t) = h(t),i=120<t<T, (5)

rne T >0 - moboii ¢QukcupoBaHHblii MoMmeHT Bpemend, § =0, x; € (0,1), i=12, x; #x, -
¢bukcupoBarHbIe gncia, c(t) > 0, f(x,t), g(x,t), p(t) = 0, ¢p(x), h;(t), i = 1,2 - 3anannble OyHKIMH, a U(X, T),
a(t) u b(t) - uckomble QPyHKIUH.

Omnpenenenne 1. KrmaccudyeckuM perneHneM o6patHOit kpaeBoit 3amaun (1)-(5) HazoBéM Tpoiiky
{u(x, t),a(t), b(t)} dynxumii u(x, t), a(t) u b(t), od1agaOMKX CIEAYIOUMMU CBOWCTBAMHU:

1. ¢dynxnus u(x,t) u e€ npoussoausie U, (X,1), uye (%, 1), Uyy (%, t) HETIPEPBIBHBL B 061aCTH D7;

2. dynkuunu a(t) u b(t) venpepsiBubl Ha [0, T];

3. Bce ycnmosus (1) - (5) ynoBaeTBOPAIOTCS B OOBIMHOM (KJIACCHUECKOM) CMBICITE.

JlokasbIBaeTcs CleIylomee yTBepkKICHHE.

Teopema 1.ITycts Beinonusitotes yenosus 0 < c(t) € C[0,T], 0 < p(t) € C[0,T],

f(x,1),9(x,t) €C(D;), f; f(x,)dx = [ g(x,t)dx = 0,¢(x) € C[0,1], h(t) = hy(£)g () —
hy(£)g(x1,t) # 0, hy(t) € C1[0,T], i = 1,2 u ycnoBue cornacoBaHus

Jy $()dx =0, (©)
hi(0) + 8hy(T) + [ p(Oh (D)t = p(x)), i = 1,2. )

Torma 3a1avya HaXOXIEHWS KiaccHaeckoro pemenus 3amaun (1)-(5) skBHUBaleHTHA 3amadye ONpeIeTeHUs
yukuuit u(x, t) € C*1(Dy), a(t), b(t) € C[0, T], ynosnersopstomux ypasaenuto (1), ycnosusm (2),(3) u

U(0,8) = U (1,0),0<t <T, (8)
c(Ohi(t) = Uge(x, t) + a(®)hy (&) + b(O)g(x;, ) + f(x;,0),i =120 <t <T. 9)
Uepes B3 ; 0603HAYMM COBOKYITHOCTb BeeX (DyHKUmi Braa
ux, t) = Ypeo Uik (t) cos A x + Yieq g (t) Sin Ay x, Ay, = 2k,

paccMatpuBaeMbIX B Dy, Tre kaxnas u3 GpyHkuuid uq, (t)(k = 0,1,...) u uy, (t)(k = 1,2,...) HenpepsiBHA
Ha [0, T ¥ yIOBIETBOPSET CICAYIOMEMY YCIOBHIO

1 1
[0 (Ol cror + (Z (}Li”um(t)”qo,n) ) + (Z (ﬁcHqu(t)”qo,T]) > < +oo.
k=1 k=1
Hopma Ha 3TOM MHOXeCTBE OIpe/ieiieHa CIIe/yOLINM 00pasoMm:
1
e, g, = ltso(®)llor + (Z (A @ llcpon) ) +
k=1
1
+ (Z (/ﬁc||u2k(t)”c[o,r]> ) .
k=1
Yepes E? 0003HaUYNM MPOCTPAHCTBO B3, x C[0,T] x C[0,T] BEKTOP-(YHKIHH

z(x, t) = {u(x,t),a(t), b(t)} c Hopmoit
lzGe, )3, = e Oz, + 1a® legor + IO licpo.

UsBectHO, 4T0 B3 1 1 EF SIBISIOTCS GaHAXOBBIMH IIPOCTPAHCTBAMU.
[Mpennonoxum, uto aaHubie 3a1a4u (1)-(3), (8) u (9) yAOBIECTBOPSIOT CIEAYIOIINM YCIOBHUSIM:

L. ¢(x) € C*[0,1], " (x) € L,(0,1), $(0) = (1),
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¢'(0) = ¢'(1),¢"(0) = ¢"(1);
2.f(0,t), fr(x, 1), frux (x, 1) € C2[0,1], frxx (x, ) € Ly (Dy),
fQ0,8) = f(1,8), £(0,8) = £ (1,8), fix(0,8) = fix (1,1) = 00 <t < T;
3.9(x,1), gx(%,), Grx (x, ) € C?[0,1], g (x, ) € Ly (Dy),
g(0,t) =g(@1),9:(0,t) = (1, ), Gxx(0,8) = Gux (1, ) = 0,0 < t < T;
4.p(t) € C[0, T, hy (), hy () € C1[0,T],
hy(0)g(xst) — hy(D)g(xy,£) £0,0 < t < T.
Teopema 2. Tlycts R = A(T) + 2, Brmonmsiotes yenosus 1-4 u ycnosue
(B(T)(A(T) + 2) + C(T) + D(T))(A(T) + 2) < 1. (10)

Torza 3anaga (1)-(3), (8), (9) umeer B mape K = Kz € E3 equHCTBEHHOE pellieHUe.
Teopema 3. [TycTh BBIOIHSAIOTCS BCE YCIOBHS TEOPEMBI 2, yCIOBUS coriacoBanus (6), (7) u ycnoBus

1 1
f flx, t)dx = J glx,t)dx=00<t<T.
0 0

Torna 3anaya (1)-(5) umeer B mape K C E3 elMHCTBEHHOE KIACCHYECKOE PENIECHHE.
Jlajiee U3y4iM OJHO3HAYHYIO Pa3pelnMOCTh TapaboHIecKOro ypaBHeHHs

c(Ou(x, t) = Uy (x, £) + a(®ulx, t) + b(t)g(x,t) + f(x,t)(x,t) € Dy, (11)

CO CJIEAYIOIUMU yCIIOBUSAMUA

u(x,0) + éu(x,T) + fOTp(t)u(x, tdt =¢(x),0<x<1, (12)

u(0,t) = pu(1,t),0 <t <T, (13)

JuCx,t)dx =00<t<T, (14)

u(x;,t)y =h;(t),i=12,0<t<T, (15)

rue T, >0, 6=0, x; € (0,1) (i=12;x; #x3) - (UKCHPOBAaHHEIC qHuCIIa,

Dy ={(x,t):0<x<10<t<T} - ecrtb mnpsamoyromeHas ooOnactb, c(t) >0, f(x,t), g(xt), ¢(x),
p(t), hi(t), hy(t) = 0- 3agannbie pyHkuuu, a u(x,t), a(t) u b(t) - uckombie GYHKIIHH.
Teopema 4, ITycts 0<c(t) eC[0,T], 0<p() ecC[o,T], f(x,t),g(x,t) € C(Dr),

J) fOdx = [} glx,t)dx =0, ¢(x) €C[01], h(t) ECO,T], =12 h(t)=h()g(xst) —
h,(t)g(xy,t) # 0,t € [0, T], v BBINOTHSIOTCS YCIOBUSI COTJIACOBAHUS

1
Jy p(0)dx =0, (16)
T .

hi(0) + 8hy(T) + [y PO (D)t = ¢(x), i = 1,2. a7

Toraa 3amava HaXxOXKIeHHUs Kiaccudeckoro pemenus 3agaun (11)-(15) sxBuBaneHTHa 3a1aue ONpeeIeHus

dynximit u(x, t) € €C>1(Dy), a(t) € C[0,T] u b(t) € C[0,T], ynopnersopsiomux ypasaenuio (11), ycioBusam
(12), (13) u ycinoBusm

U (0,8) = u(1,0),0<t <T, (18)

c(Ohi(t) = U (x;, 8) + a(®)hy (&) + b(O)g(x;, ) + f(x;,0),i =1,2,0<t < T. (19)

[Ipeamnonoxum, uto gannbie 3aga4du (11)-(13), (18), (19) yaoBIeTBOPSIOT CIESAYIONINM YCIOBUSIM:

5.¢(x) € C?[0,1], " (x) € L,(0,1), $(0) = (1), ¢'(0) = ¢’ (D),
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¢"(0) = B$"(1), B # £1;
6.f(x,) € Cif (Dr), frax (%, 1) € Lo(Dr), £(0,8) = BF(L, 1),
£:(0,8) = fo(1,6), fix(0,6) = Bfrx (L), B # £1,0 <t < T;
7.9(x,t) € €27 (Dr), Guxx (%, 8) € Lo (D), 9(0,8) = Bg(1,0),

9x(0,8) = f(1,0), 9xx(0,8) = Bgsx (1L,E) =0, #£1L, 0 <t <T;

8. c(t), p(t) € C[0,T], hy(t) € C1[0,T], i =1,2,

h(t) = hy(£)g(x2,t) — hy(£)g(x1,£) #0,0 <t < T.

Teopema 5. Ilycte R = A(T) + 2, BBIIONHAIOTCS ycnoBus 5-8,

R(B(T)R + C(T) + D(T)) < 1,

1 yCJIOBHUS COrJIaCOBaHUsA

1 T
f S(x)dx = 0, hy(0) + Shy(T) + f P(OR(O)E = p(x),i = 1,2
0 0

Torna 3anaya (11)-(15) umeer B mape K C E3 eMHCTBEHHOE KIIACCHYECKOE PELICHHUE.
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ANOTHER VARIANT FOR BROADBAND EXCITERS OF TMo MODE IN CIRCULAR
WAVEGUIDE WITH A COAXIAL INPUT

Summary: Another variant for broadband exciters of TMo: mode in circular metal waveguide with a coaxial
input have been suggested and explored. Electrodynamic modeling and parameter optimization are performed

through the application of finite element and finite difference time domain methods.
Keywords — exciters, scalar modes, circular waveguide, coaxial input, broadband

I. INTRODUCTION

The scalar modes TMom and TEgm, m =1, 2, ...,
are the highest modes of a circular metal waveguide and
are relatively little used in practice. The TMg mode is
used mainly in monopulse feeds [1] and rotating
waveguide joints. The TEo; mode can be used for the
same purposes, with its additional advantage being its
high-power transmission. In addition, due to the
absence of longitudinal currents, the TEo; mode has
very small thermal linear losses, which, unlike other
types of modes, decrease with frequency, which makes
its use in long paths of microwave and high frequency
bands very attractive. The limited use of the TMy and
TEo modes of a circular waveguide is primarily due to
the complexity of the implementation of exciters,
radiators, and path elements.

Many works [2-5] have been devoted to the study
of the excitation of TMo: and TEq: modes, however, the
exciters have either large transverse dimensions or a
narrow band of operating frequencies. Since most of the
well-known works are devoted to exciters of the TEo;

mode and TMo1 mode [6-8] with a waveguide input, the
main attention in this work will be paid to the creation
of a new type of exciters of the TMo; mode based on a
round metal waveguide with a coaxial input.
II. THE EXCITER OF THE TMoa MODE
WITH A COAXIAL INPUT

The preceding paper examined the exciters TMoz
mode using both waveguide and coaxial input [9]. This
paper will delve into a different coaxial input exciter
design, composed of two distinct sections (Figure 1).
The first part is a biconic line. The second part is a round
metal-dielectric coaxial waveguide, the inner conductor of
which is a metal cylinder with a stepped section. The
dielectric layer on the outer conducting cylinder is a torus
made of polypropylene (¢ = 2.25) with a generatrix in the
form of a circle segment of radius R. As a result of the
exciter optimization, the following parameter values
were obtained: w = 2.7 mm, Ly =50 mm, L, = 100 mm,
din=4 mm, dost=7 mm, D = 28 mm, di = 2.4 mm,
d2 =11.2 mm, d3 = 15.2 mm, d4 = 16 mm, a; = 50 mm,
a,=2.2mm,as=13mm, a;=1.2mm, R =297 mm.

* 1 -t = *

a)

b)

Figure 1. The exciter of the TMo: mode with a coaxial input:
a) the longitudinal section of the exciter; b) the longitudinal section of the cylinder with a stepped section

Figure 2 shows the frequency dependences of the
reflection coefficient at the input and the excitation
coefficient of the TMp mode at the output of an

optimized exciter with a coaxial input, calculated using
finite element method (FEM) and finite difference time
domain method (FDTD).
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Figure 2. The frequency dependences of reflection coefficient S11 (1, 2) and excitation coefficient S (3, 4) calculated
using FEM (1, 3), FDTD (2, 4)

As can be seen in the figure, in the frequency band
9.25 ...15.1 GHz (relative band 48%), the reflection
coefficient does not exceed -20 dB, and the excitation
losses of the TMo1 mode do not exceed 0.1 dB.

Thus, the relative frequency band of both
proposed and investigated variants of the TMo. mode
exciter with a coaxial input is approximately twice the
band of known exciters with a coaxial input and 2.5
times that of exciters with a waveguide input.
Therefore, it is of interest to use a combination of two

exciters: the TMoz mode with a coaxial input and the
TEM mode with a waveguide input. For this purpose,
standard designs of coaxial-waveguide junctions
(CWJ) can be used. However, in such CWJ, the
diameter of the coaxial input, as a rule, does not exceed
0.1 of the minimum wavelength of the operating range,
which leads to a limitation of the transmitted power.
Therefore, a CWJ with an increased electric diameter
of the coaxial input is further developed, which consists
of three parts (Figure 3).

Matching
pin

Figure 3. Coaxial-waveguide junction

The first part is a linear transition from a
rectangular waveguide measuring 23x10 mm to a U-
shaped waveguide. The U-shaped waveguide is also
transformed using a linear transition into a rectangular
coaxial waveguide with a longitudinal partition, which
breaks off and the rectangular coaxial waveguide then
smoothly transitions into a coaxial line with an outer
diameter of 7 mm. At a distance of 4.9 mm from the

breakage of the partition there is a matching pin with a
diameter of 0.05 mm.

Figure 4 shows the frequency characteristics of
two CWJ variants (with wave resistances at the output
of 33.5 and 50 ohms) calculated using FEM. The figure
shows that in the frequency band 9.2 ...15.2 GHz for the
first variant (relative band 49%) and in the band 9.2 ...
16 GHz (relative band 54%) for the second variant of
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the CWJ, the reflection coefficient does not exceed -20
dB, and the losses are no more than 0.05 dB.
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Figure 4. The frequency dependences of reflection coefficient S11 (1, 2) and excitation coefficient S modes TMoz
(3, 4): the first variant (1, 3), the second variant (2, 4)

Next, the exciters of the TMy mode were
investigated, containing the developed CWJ in
combination with the developed and studied [9]

exciters of the TMo1 mode with a coaxial input
(Figure 5).

Figure 5. The exciter of the TMo; mode with CWJ:
a) the first variant; b) the second variant

The frequency characteristics of exciters of the  band 55%), the reflection coefficient of the exciter does

first variant calculated using FEM and FDTD are
shown in Figure 6. As can be seen in the figure, in the
frequency band 8.7 ...15.3 GHz (relative frequency

not exceed -20 dB. At the same time, the excitation
losses of the TMo: mode do not exceed 0.1 dB.
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Figure 6. The frequency dependences of reflection coefficient S (1, 2) and excitation coefficient Si2 (3, 4) of the first
variant: FEM (1, 3), FDTD (2, 4)

The frequency characteristics of the second
variant of the exciter are shown in Figure 7. As can be
seen in the figure, in the frequency band 9.3 ... 14.6

S1, dB
0

10 11 12
Figure 7. The frequency dependences of reflection coefficient

GHz (relative band 44%), the reflection coefficient
does not exceed -20 dB, and the excitation losses of the
TMo1 mode do not exceed 0.1 dB.
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S11 (1, 2) and excitation coefficient Sy (3, 4) of the second

variant: FEM (1, 3), FDTD (2, 4)

ITII. CONCLUSION

Based on the results obtained, the following
conclusions can be drawn:

1. The proposed and investigated in the work of
the exciter mode TMo: with a coaxial input allows you
to provide a 48% operating frequency band, i.e. more
than twice expand the operating frequency band
compared to the known exciter with the same
dimensions.

3. The exciter of the TMo; mode with a waveguide
input in the form of a combination of the developed
CWIJ and an exciter with a coaxial input provides an
operating frequency band of 55%, i.e. it allows more

than three times to expand the operating frequency
band compared to the known exciter with a waveguide
input.
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BUILDING AN ALGORITHM TO DETERMINE HIGHLY MANEUVERABLE TARGET
PARAMETERS ON THE BASIS OF APPLICATION OF KALMAN FILTER THEORY

DOI: 10.31618/ESSA.2782-1994.2025.1.109.519

Abstract. The paper presents the results of building a filter algorithm with the purpose of evaluating the
parameters of a highly maneuverable target, in order to realize the guidance law when taking into account the
parameter of a maneuvering target on the basis of the application of three-states Kalman filter. The algorithm has
a simple structure, high convergence and stability. The simulation results show that the algorithm is highly reliable,
easy to implement in practice, and meets the requirements of modern guiding laws to advance the efficiency of

target destruction and improve the accuracy of the guidance.
Keywords: Guidance law, Target, Kalman filter, High maneuver, Acceleration, Evaluate.

1. Overview

In the proportional navigation guidance (PNG)
law, the missile’s acceleration n, is proportional to the
line-of-sight rotation speed &, proportional to the miss

N .
ne :té_o[y'i'ytgo

We see that the miss component in the PNG law
(1) has no parameters describing the maneuverability of
the target. This does not mean that the PNG law does
not hit the target, but it does not mean that the guidance
law is not optimal for a maneuvering target.

If the maneuverability target is a function of time,
we can calculate the miss precisely and generate a new

N .
ne =t£21_0[y+ytg

The expression (2) of the advanced PNG law
consists of two components, one component
proportional to the line-of-sight rotation speed and the
other proportional to the target’s acceleration.

When the target is highly maneuver or hyper-
maneuverability, if the target’s maneuverability form
(pattern) is known, we can construct an optimal
guidance law even if the target maneuver is in complex
form [9], [10], [11].

1.. . 1 .
ot EyTtgo] = NV.g + ENyT

v and inversely proportional to the square of the time
t0 go tg4, [3], [4]:

] = NV6 (1)

guidance law model which is an augmented
proportional navigation guidance law (APNG) [1], [2],
[5], [7]. The mathematical expression then of miss
contains the target maneuver component, the target’s
acceleration j;.

@

One of the solutions to advance the ability to
destroy complex maneuvering targets is to improve the
guidance law by adding to the expression of the
guidance law the parameters of the target including
target acceleration, target acceleration derivative and
the target’s maneuvering frequency.

Currently, real equipments can only determine the
position and velocity of the target. Therefore, in order
to realize modern guidance laws [6], [8], [12], [13], we
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need to measure or evaluate the parameters in the
expression of the guidance law. In addition to the
parameters like the PNG law, we need to evaluate
parameters such as the target’s acceleration, the change
in the target’s acceleration (the derivative of the target’s
acceleration) and the target’s maneuvering frequency.

Therefore, on the basis of the application of
Kalman filter theory, the paper proposes a method to

evaluate the parameters of a highly maneuverable
target.

2. Building algorithms to determine highly
maneuverable target parameters

To evaluate the applicability of the Kalman filter,
we first consider the homing loop model in the ideal
form (order 0) having the form shown in figure 1 [2],
[12], [14].

Vry ¥ J‘

<
Y
—

Ne

Figure 1. Kalman filter in homing loop model

In this guidance system we can only measure:

y* - Relative position of missile - target (due to noise v).
y - Estimate the relative position of missile - target (try to estimate the real value without noise).

v - Relative velocity of missile - target.
yr - Target’s normal acceleration.

The missile acceleration n, is assumed to be known (determined by the guidance law), and the target
acceleration ji;- is considered to be modeled as a white noise u, through an integrator.
The spectral density of this white noise process uy is given by:

2
0 _ NTmax
ST
F

Nrmax. The maximum maneuver level.
tr: The flight time

©)

The differential equation representing the kinematic relationship of the system has the following form [4],

[5]:

x=Fx+Gu+w

We can express the model of figure 1 in state space form as:

y 0 1
yl=[o o
Vr 00

0
1
0

The systems dynamics matrix has the following form:

F =

The fundamental matrix can be derived from the systems dynamics matrix according to:

y 0 0
y{+|-1|n.+]0 (4)
yr 0 Ug
010
00 1] (5)
0 0 0
o(t) = £ [sI - F]™"} (6)

Where: I - The fundamental matrix and £~* - the Laplace transform domain.

We have:

s
0
0

sl —F =

-1 0
s -1
0 s

=A

detA = s3
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Ay = 5% 41, =0,4;3=0;

A21 = S,Azz = SZ,AZS = 0,

Az = 1,43, = 5,453 = s%;

1[s? s 1
[sI—F]‘1=S—3 0 s? s
0 0 s?
1 1 1
s s%? s3
1 1
d(s)=[sI-F]t=|o = =
s s2
1
0O 0 -
S
Substituting into equatio (6) We have:
1 t 0.5¢2
W) =£Y[sI-F]}=0o 1 t @)
0 0 1

After replacing time variable ¢t with the sampling time T, we obtain the discrete form of the fundamental
matrix as:

®)

1 0.5T2
d)k =

T
01 T,
00 1

The measurement equation is expressed in discrete form as follows:
Vi
Vi
ka

ye=[1 0 0] + Uk ©)

Therefore, the discrete measurement matrix H, has the form:
H,=[1 0 0]

From the original state space equation, we have a continuous control matrix G:
0

G=]-1 (20)
0

The discrete control matrix G,, is calculated by:

=T (11)

—O.STSZI
0

" [t 05t%][0
Ge=fe@)6®de=["lo 1 ¢ |[-1|dt=
0 0 1 0
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Figure 2. General diagram of the discrete Kalman filter

Input signal

According to the discrete Kalman filter algorithm [3], [12], the discrete Kalman filter equation is calculated
by the formula:

X = QR o1 + Grugeq + K (g — He®p 2" —q — HiGrtge—1) (12)

From the state space equation and substituting the appropriate matrices into equation (12), we have:

Yl 11 o572[T1] [-0572

Y | = [0 1 Ts V-1 [+ =Ty |Ng_, +

Vr, 0 0 1 My, 0
K, 1 T, 057‘2 rk_l —0.5T2
Kl.lyi-11 o o]l ] Ve [—[1 0 o]l T, ]nck_l (13)
K; Y1y, 0

We can develop (expand) the matrix equation above to form a three-state linear Kalman filter as follows:

RES; =Yg — V-1 — sy’.\k—l - O-STSZ(j’;Tk_l - nck_l)
?k = }A’k 1+ Ty + 0-5T52(§Tk_1 —N¢,_,) T KiRES
Vi = Vi-1 + T, (ka .~ N¢,_,) + KoRES),
ka ka , T KsRES, (14)

- Gains are obtained from solving the matrix Ricatti equations.
My = O Py 1P + Qi (15)

Qy, - Discrete process noise matrix is determined by the expression:

Q= J; ®(£) Q@7 ()t (16)
Q - Process noise matrix [7], [13]:
Q=Ew wh) (17)
With:
0
w = [ 0 ] (18)
u’S

Substitute expression (18) into expression (17):

0 00 0
Q=Ew whH=E|[o]|[0 0 ull=0,]0 0 ol (19)
U 00 1
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Substitute expression (19) into expression (16):

L
20 8 6
_o | B w2
Q = 0 s 3 2 (20)
3 2
Substitute the parameters into the expression (15) :
TS T& T3
1 T, 05T21[P11 Pz Pi3 1 0 0 22 83 62
My=10 1 T, Py Py P3 Ts 1o +~Qs% T? TTS (21)
0 0 1 Pi3 Py3 Pyl|05T T, 1 3 T2
6 2 'S
Find the gains K}, :
Ky = M Hg [H M HE, + R ]! (22)

R, - The measurement noise matrix is related to the measured noise vector according to the following
expression:
Ry = E[vy v"] =0} (23)
o2 - Variance of measurement noise.
With the model of Fig. 1, the R, matrix is 1x1, we can calculate the Kalman gain of the following form:

M
Ko1 = " 2
Mq1+03
K M12
02
M, + of
M3
Ky; = 24
03 ™ My +02 (24)

Determine the error correlation matrix of state estimation after measurement update has the following form:
P = (I — KxHp) My, (25)

Can easily be expanded to:
1 —=K)My, (1=K )My, (1= K;)Mys
pP= IMlz - K2M11 MZZ - K2M12 M23 - K2M13
M13 - K3M11 M23 - K3M12 M33 - K3M13

(26)

Linear geometry kinematics

Miss = y(te) Noise

yT +ty 0,
?Q—y> 1/s? 1Dm L9 Sampler — K
1-

Figure 3. Three-state Kalman filter as part of homing loop with APN law
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Figure 4. Three-state Kalman filter in homing loop with optimal guidance law

3. Simulation results and analysis

System input parameter:

Target acceleration level: ny = 3g(m/s?)
Missile velocity: Vy, = 900(m/s)
Measurement noise (seeker): oypise = 1(mr) and oyyise = 10(mr)
Closing velocity: V, = 2700(m/s)

Autopilot time constant: T = 0,5(s)

Target maneuvering frequency: w = 2(rad/s)
Flight time: t; = 10(s)

Sampling time: T, = 0,01(s)

Guidance law (2):

5 T T T T T T T
4 +
@ 3 /\/\ N \/ \/\ \ M/\\ I\ /\/\
5 | W
©
[}
D 2r i
O
s}
<
@
g0 !
|_
0o =AA -
Actual
Evaluation - Noise 1 Mr
1 | | ) | ) Evaluation - Noise 10 Mr
0 1 2 3 4 5 6 7 8 9 10

Time (s)
Figure 5. Target acceleration
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Target acceleration evaluation error (g)

Target acceleration evaluation error (g)

w

N

—_

o

1
—_

1
N

]
w

1
IN

4

Case: Noise 1 Mr

. ; . . ' ‘ Evaluation error
— — — -+ Theoretical noise
——— - Theoretical noise
y
— // |
-
S
,/’
I 1 1 1 1 . I I I
o 1 2 3 4 5 6 7 8 9 10
Time (s)
Figure 6. Target acceleration evaluation error with noise 1 mr
Case: Noise 10 Mr
: : : I ' I Evaluation error
— — — -+ Theoretical noise
—— - Theoretical noise
| I | | | 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10
Time (s)

Figure 7. Target acceleration evaluation error with noise 10mr
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0.1r 1 Mr Noise
0 . . . . . . . — — —-10 Mr Noise
0 1 2 3 4 5 6 7 8 9 10

Flight time (s)
Figure 8. Increasing measurement noise estimate decreases Kalman gain

The three-state Kalman filter accurately evaluates
the target acceleration with small error (fig.6-7). The
results of the evaluation are almost perfect. The results
of the evaluation are almost perfect (fig.5).

The evaluation error will increase as the
measurement noise increases (fig.6-7).

The gain of the Kalman filter will decrease as the
measurement noise increases (fig.8).

4. Conclusions

The three -state Kalman filter is capable of
estimating parameters such as relative position, relative
velocity and acceleration of the target. Therefore, the
corresponding guidance laws can be used in
combination with three-state Kalman filter to create a
missile control loop which are proportional navigation,
augmented proportional navigation, optimal guidance.

The simulation results show a significant
influence of types of different maneuvering targets on
the accuracy of determining the coordinates of the
target coordinate system. With the evaluation of the
parameters of the high maneuverability target, the
reliability of the survey results is increased when this
model is not taken into account in the process of
synthesizing the target phase coordinate filter, this is
the basis in improving the quality of the target
coordinate system.

When the target maneuver is complex form with
constant maneuvering frequency, we can develop the
filtering problem by expanding the state space to four
states, in addition to evaluating the acceleration
parameter of the target we also evaluate the parameter
acceleration derivative of the target. This problem will
be presented in the next paper.
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SYNTHESIS OF AN OPTIMAL CONTROLLER FOR A TARGET RANGE TRACKING CONTROL
SYSTEM WITH A MANEUVERING TARGET

Abstract. This paper presents a method to synthesize an optimal controller for a target range tracking control
system with a maneuvering target. Optimal control theory is applied to synthesize the controller to generate a
control signal that makes the phase coordinates of the control system track the phase coordinates of the target. The
method uses a quadratic local quality criterion function and the Discrete-time Linear Quadratic Regulator (DLQR)
algorithm in Matlab to calculate the optimal range and velocity tracking error gain coefficients. Simulation results
show that the optimal controller achieves excellent maneuvering target tracking performance, with fast response

time and high stability.

Keywords: Optimal controller, control system, range tracking system, maneuvering target, optimal control

theory, quadratic local quality criterion.

I. Introduction

In radar or guidance systems, the ability to
continuously track a maneuvering target is extremely
important to ensure effective tracking and accurate
localization. However, for targets moving at high
speeds and accelerations, maintaining a stable and
accurate tracking process is a major challenge. The goal
of this research is to design an optimal controller for the
range tracking control system to achieve continuous
and effective tracking of maneuvering targets. The
optimal controller is designed to generate an
appropriate control signal that makes the phase
coordinates of the control system track the phase
coordinates of the target tracking process. The main
advantage of this optimal controller is the use of
optimal control theory based on the quadratic local
quality criterion function and the DLQR algorithm in
Matlab. This allows the calculation of the optimal range

Dys — Dgi1" [911G121[Dps — D t
=M [ bs dk] 11 12” bs dk]+ 2 4t
y{ 421922 fouv "

Vbs - de

and velocity tracking error gain coefficients, ensuring
high tracking performance, fast response time and good
stability. In addition, the controller also considers the
velocity tracking error in the control signal, helping to
stabilize the maneuvering target tracking process
without causing abrupt changes or oscillations.

Il. Synthesis of the Optimal Controller for the
Range Tracking System

The task of the optimal controller is to generate the
control signal to be applied to the control system. The
output of the control system will then go to the waveform
generator to create the waveform pulses for continuously
tracking the target signal. It also creates a composite
feedback signal to be fed to the optimal filter.

Therefore, it is necessary to create an optimal
control signal uv according to the minimum of the local
quality criterion function in the form:

1
Vs — Vi @

Where: g,1, 91, = g2, and g, are weighting coefficients for range and velocity tracking accuracy, and ku is
the weighting coefficient for the control signal. D,¢, D, are the tracking range and control range. V,¢, V,; are the

tracking velocity and control velocity.
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The optimal controller generates the control signal u,, such that D, and V,;, always track D, and V,;. We
then have:

xr = [Dps Vpsl™, %y = [Dax  Var]",u = u,,, K =k,
_ [0 _ %1‘112] _[01 _[01
By = [bv]'Q B [%1‘122 Fr = [00]’Fy N [00 @

Applying (2) to the local quality criterion function (1), we obtain the operation algorithm of the optimal
controller:

U, = %(D\bs - 5dk) + bvfizz (fibs - vdk) = KDAD + KVAV (3)

k
Where the range tracking error and velocity tracking error are determined by:

AD = 5bs - 5alk;AV = I7bs - vdk 4)
The range and velocity tracking error gain coefficients are:

KP = byqz1/ky, K = byqa2/ky (5)

From the formula (3)+(5), we see that the adjustment system is a feedback system with negative feedback for
all controlled coordinates D, and V. For the adjustment system to operate, it needs evaluation signals
Dys, Dak» Vs, Vaie- The control signal depends on both the distance tracking error D, D, and the velocity tracking
error V.5, V.. The total error in the control signal is determined by the relationship between the penalty signal for
tracking accuracy and economy gq,,/k,, and q,,/k,,. Therefore, taking into account the velocity tracking errors in
(3) will make the dynamic target tracking process more stable.

The gain coefficients KP and K are chosen optimally for the continuous-time control system. To apply to
the discrete-time system, we need to determine the discrete-time range and velocity tracking error gain coefficients
according to the local quadratic quality criterion function:

I = xT(k)Qx (k) + uT (k)Ku(k) (6)

This is a quadratic quality criterion function. The optimal control signal for the discrete-time system has the
form:

wy,(k — 1) = Ry X [Dr(k, k — )27 (k — 1) — &, (k, k — DR, (k — 1)] @

With R, = [K + I[] (k — 1)QL,(k — D] 'L (k — 1)Q

Where &r(k,k — 1) and @, (k, k — 1) are the state transition matrices of the system transformed from the
continuous-time matrices Fr and F, to discrete-time according to the zero-order hold method and these matrices
are considered time-invariant.

Since Fr = F, = F then &r(k, k — 1) = &, (k, k — 1) = &y;

— L,FT _ — 1 T
@, =e —I+FT—[0 . ®)
Similarly, for the control matrix of the system we also have:
1t 0 L
— [tk Y k=0 — |75 v
L) = 1 @B, do = i (1 %77, |do = [sz ] ©)
v
Since I}, (k) is a time-invariant matrix, we can denote it as [,.
According to equation (7), we have:
K =ky0 = [qllqlz],y?T(k — 1y =| Pk T D g e — 1y =[Pk — D) (10)
fortoe Vos(k = 1) Vel = 1)

Substituting (8)+(10) into (7), we get:

(k) = K1D X (Dps(k) = Darc (k) + K1V X (Vs (k) — Var (k) (11)
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Where K1D and K1V are the distance and velocity tracking error amplification coefficients for the discrete
adjustment system, respectively. They are determined from the system state transition matrix, control matrix,
penalty weighting matrices for distance and velocity tracking accuracy, and the control signal penalty coefficient
k,. Using the Matlab programming tool, the optimal K1D and K1V can be found using the command
K=dlgr(A,B,Q,R), where K is the matrix containing the optimal amplification coefficients. This is a very effective
Matlab tool for designing discrete-time system adjusters with a quadratic quality cost function.

Applying to the problem, A is the state transition matrix @, B is the control matrix I, Q = [g“g“], R=k,,
21422

K = [K1D K1V]7. Then, the optimal K1D and K1V will be calculated according to the state feedback control law
to minimize the quality cost function (6).

I11. Simulation and Evaluation

The simulation is for the case where the target is flying towards the missile, and moving with gradually
increasing acceleration, with the maximum maneuvering frequency, so V,. will be negative. The initial phase
coordinates are given below:

A
- Tracking range: Dy (0) = 10000m; D,4(0) = 9996m;
A
- Tracking velocity: V,5(0) = —1800 (m/s?); V,,s(0) = —1795 (m/s?);
A
- Control range: Dy, (0) = 9980m; Dy (0) = 9973m;
A

- Control velocity: V;,(0) = —1792 (m/s?); V4, (0) = —1800 (m/s?);

The standard deviations of the process noise and measurement noise in the control system filter are: 8.4, =
1 (m/s?),8.paxa = 5 (m/s ). Target speed: 350 m/s, missile speed: 850 m/s, target maneuvering frequency: 0.14
(1/s).

The optimal controller simulation diagram in Simulink is shown in Figure 1.

Dbsest »
li—p D)
Deltal
Subfract
Didkest Gain
e
- Ly
Add Saturation
Vbsest » \
KAV
® | o

Vdkest

Yy

L J

Gain1

Delta\f

Figure 1. Optimal controller simulation diagram

The coefficients K1D and K1Vare calculated in  of Q are determined through the tracking error gain
Matlab and then mapped to the Simulink diagram for  factors K and KV for the continuous signal system.
simulation. Using the command K=dlqgr(A,B,Q,R); to  Simulating the control signal of the optimal controller
find K1D and K1V, first the values of the penalty signal ~ according to the diagram in Figure 1, we get the
matrices Q and R=k,, must be determined. The values  following results:
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Phase coordinate error of the control versus the tracking coordinate
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Figure 5. Phase coordinate error of the control versus the tracking coordinate

From the simulation results in Figures 2 to 5, we
have the following observations: Initially, when the
tracking error is large, the control signal u,, is largest,
then gradually decreases to 0 when the tracking process
has stabilized (Figure 2). The time to bring the signal to

A

A
be controlled V,;, to track the target tracking signal V¢
is less than 1 second, ensuring the requirement (Figure
4). The tracking process between the signal to be
A A

controlled D, and the target tracking signal Dy
A A

ensures high stability, Dy, quickly tracks Dy, the time
to process the initial catch error is small (Figure 3).
Thus, by using the correction amount generated by
velocity errors, together with optimizing the
coefficients K1D and K1V, it ensures a highly stable
tracking process, without causing spikes and
oscillations during distance tracking.

According to Figure 5, we notice that the distance

A A

tracking error between D, and D,in the steady state
still has a certain error amount, but it is not large and
still ensures good target tracking by the tracking gates.
On the other hand, since the evaluation signals sent to
their use locations are taken from the tracking
coordinate filter circuit, not from the controller, no
stringent requirements are placed on the controller for
accurately tracking the target signal by the tracking
gates. Making sure the distance error does not exceed
half the discrimination width of the time discriminator
is completely sufficient.

According to the simulation results (Figures 4 and
5), we note that to increase the speed of the range meter
response, it is necessary to increase the gain factor of
the control signal b,. Increasing the b, factor also
causes the initial speed tracking process to have a
higher overshoot, but does not affect the overshoot of
the distance tracking process. In addition, to increase
the fast response speed in bringing the phase
coordinates to be controlled to track the target phase
coordinates, we can increase the accuracy of catching
the target signal for speed, because this reduces the

initial speed AV,. This is addressed in the target
catching process, which is an intermediate process in
the operating mode of the radio autopilot, ensuring the
necessary reliability for the main process, which is
tracking.

1VV. Conclusion

The optimal controller operates by considering
both the range tracking error and the velocity tracking
error. Along with the optimization of the coefficients
K1D and K1V according to the discrete-time quadratic
local quality criterion, it ensures continuous tracking of
the maneuvering target across the entire range of
practical speeds and accelerations. The task of the
optimal controller is to generate the optimal control
signal uv to be applied to the control system. The
control system output will then go to the waveform
generator to create tracking waveform pulses that
continuously track the target signal. The advantage of
the optimal controller is that it uses optimal control
theory based on the quadratic local quality criterion
function and the DLQR algorithm in Matlab to
calculate the optimal range and velocity tracking error
gain coefficients, ensuring high tracking performance,
fast response time and good stability.
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U nporHo3. Llenk uccienoBanms - KOMIUIEKCHAS OLEHKA KIIMHUYECKUX U HEHPOIICUXOJIOTHYECKUX MapaMeTpoB B
otmanenHom mepuosge mnociae AKII y GombHbIX wHimemuueckoit Gomesubio cepaia (MUBC) B couetanHuu ¢
OHKOJIOTMYEeCKUMH 3200J1eBaHIAMU. B pocrieKTHBHOE KOTOPTHOE HCCIeI0BaHKE BKIIIOYEHO 142 naruenTa nocie
AKII Ha paboTtaromieM cepjie, KOTOPbIM IPOBOIMIOCH KIMHUKO-UHCTPYMEHTAIbHOE 00CIlieloBaHue, OLCHKa
KOTHUTUBHBIX (YHKIMHA U TecToB Pes-Ocreppuua no onepauuu u 4yepe3 1, 3 u 5 jer nocne BMeNIaTenbCcTBa.
YcTaHOBIIEHO, YTO HAJIMYHE OHKOIATOJOIMH acCOLMHMPOBAHO C 0oJiee BHIPAKCHHBIM CHID)KEHHEM IOKa3aTesei
KOTHUTUBHBIX TecToB uepe3 5 ner mocne AKII (MMSE 26,1+2,4 vs 28,2+1,8; p<0,01), Gosnblieii gacToToit
pasBurust aemeniu (12,8% vs 3,3%; OP=3,87; 95%/11 1,36-11,03; p<0,05) u xyuieii BenkuBaemocTbio (63,4%
vs 86,2%; logrank test p=0,003). CBoeBpeMeHHasi AMATHOCTUKA U KOPPEKLUS KOTHUTHUBHBIX HAPYUICHHH Y
6onbHBIX UBC ¢ comyTCTBYIOIICH OHKONATONOIHEH MPENCTABISIOT BAXKHYIO KIMHUYSCKYIO 3aa4y, TPEOYIOLIYIO
MYJIBTHANCIUIUTHHAPHOTO MOAXO0a.
Kniouesvie cnosa: uwemuueckas 6onesnv cepoyd, aopmoKOpoHApHOe WYHIMUposanue Ha pabomaroujem
cepoye, oHKOIO2UYECKUe 3a001e8aNUSA, KOCHUMUSHbIE PYHKYUU, OMOAIEeHHbIE Pe3YTbmambl.

Bgenenue KOTHUTHBHBIE UCXOBbI [5]. [Mono6Hast

[Ipobnema KOTHUTHMBHON JUCHYHKIIUM MOCIE
KapAUOXUPYPTrUUYECKUX BMEIIATENbCTB MPHUBIIEKAET
Bce OonpIlee BHUMAaHHE B CBS3HM C HEYKIOHHBIM
pOCTOM  dYHCIIa  ONepanui  PeBaCKYISIPH3AIHU
MHOKap/ia y TallMeHTOB CTaPIIAX BO3PACTHBIX TPYIIII C
komopbOunnoit  martomoruedr  [1]. Ilo  maHHBIM
METaaHAIN30B, YacTOTa KIMHHYCCKH 3HAYHNMOTO
CHIW)KEHHMS KOTHUTHBHOro craryca mnocie AKII
Bapsupyet oT 20 mo 50% [2]. Bmecte ¢ Tem, Bompoc o
JUHAMUKE KOTHUTHUBHBIX (QYHKIUN U PakTOpax pucka
ux yxynauienus y 6onbHbeix UBC ¢ comyTCTBYOIIUMU
OHKOJIOTUYECKUMU 3a00JIEBaHUSIMHU, OCOOEHHO MOCIIe
AKIII Ha paboTatoiem cepaue, OCTaeTcst
HEZAO0CTAaTOYHO U3YUYEHHBIM.

Amnanus JUTEPATyPhI JIEMOHCTPHUPYET
MIPOTUBOPEUNBOCTD JTAaHHBIX 0 BIIMSTHUU
KapIHOXUPYPTHICCKUX BMEIIIATEIIECTB Ha
KOTHUTHBHBIA CTAaTyC Yy OHKOJOTMYECKHX OOJBHBIX.
Psn  wuccrenmoBaHmWii  yKasplBaeT Ha  OOJIBIIYIO
YSA3BUMOCTh  TAIIMEHTOB C  OHKOMATOJOTHEW K
Pa3BUTHIO II0CJIEONIepalliOHHOMN KOTHUTUBHOMU
muchyukimn (IIOK) [3, 4]. B 1o e Bpemst, ApyrumMu
aBTOpaMH HE BBIABJICHO 3HAYMMOTO dddekra
oHko3aboneBanuii Ha gactory [IOK]l u ornameHHbIe

HEOJIHO3HAYHOCTh MOXET OBITh CBSI3aHA C PA3IMUUSIMU
B METOI0JIOT U HEHPOICHUXO0JIOTHIECKOTO
TECTHPOBAHUS, Pa3HOPOIHOCTHIO OHKOJOTHYECKOTO
CTaTyca TANHWEHTOB W BapHaOEIBHOCTHIO CPOKOB
HAOJIOJICHUS B Pa3HBIX UCCIe0BaHusX [6].

EnuHolt  OOWWETIPUHATON  TEPMUHOJIOTHH B
orHomiennn IIOK]/l 1o Hacrosimero BpeMEHH He
BEIpaboTaHO. Pa3HBIMH aBTOpaMH  HCIOJB3YIOTCS
Takhue  OIpeaeNeHus, KaKk  HEWPOKOTHUTHBHAS
TUCOYHKIUS, TIOCIEONepalMOHHbIe  KOTHUTUBHBIC
paccTpoicTBa,  KOTHUTHBHBIA  AedUUMT  mocie
omepan u ap. [7]. DTo co3maer ompeneneHHbIE
TPYAHOCTH  TPH  COIMOCTABIEHWH  PE3yJbTaTOB
uccienoBanuil. C Hamed TOYKH 3pEHUs, TEPMHH
«ITOKJI» enecoo0pasHo HCII0JIb30BaTh IS
0003HaueHHss JHO00Or0  KIMHMYECKH  3HAYMMOTO
YXYOILIEHUS KOTHUTHBHOTO craTtyca B
MOCJICOTIEPALITUOHHOM ~ TIEpUOJIE B CPAaBHEHUU C
JIOOTIEPALIMOHHBIM YPOBHEM.

AHanu3 MCTOYHHMKOB YyKa3bIBaeT, YTO Hawmboiee
VSA3BUMBIMH ~ KOTHUTHUBHBIMH  JIOMEHaMH  TIOCIIE
KapIUOXUPYPTUYECKUX  BMEIIATENICTB  SIBIISIOTCS
maMATh, BHUMaHue W ynpasisitornne ¢yukimu [8, 9].
Bwmecre ¢ TeM, pakTUUECKH HE H3YYEH BOTIPOC O TOM,
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UMEIOTCS T OCOOCHHOCTH TPOQUIIsT KOTHUTHBHBIX
HapylIIeHWH y TAIMEeHTOB C OHKOMATOJOTHEH Mocie
AKIII na pabortatomeM cepame. OTCYTCTBYIOT H
YeTKHe peKoOMeHaanu o CKPHHUHTOBOH
JTMarHOCTHKE u MOHHUTOPHUHTY TUHAMUKA
KOTHUTHBHOTO CTaTyca y 3TOH KaTeTOPUH OOJIHHBIX.

Taxum o0pazom, HEJ0CTaTOYHAS
pa3paboTaHHOCTh poOIeMBbl KOTHUTHBHBIX
HapylIeHUH y KapIUOXHUPYPIUYECKUX MaIlMEHTOB C
COIYTCTBYIOIIMMH OHKO03a00JIEBaHUSIMH, OTCYTCTBHE
YETKUX KIMHUYECKUX PEKOMEHIAIMUH 10 UX BEJCHHUIO
ONPEETSAIOT aKTyaJbHOCTh W HOBH3HY HallIero
uccnenoBanua. Ero  yHMKambHOCTH  CBSi3aHAa C
IPUMEHCHUEM KOMILIEKCHOTO oIX0a K
MHOTOJIETHEMY  TPOCIIEKTHBHOMY  HaOJIOJCHUIO
penpe3eHTaTUBHON BBIOOpPKH OompHBIX MBC mocie
onepannit AKILI Ha paboTaromem cepare.

MeToabl

B mpocnekTHBHOE KOTOPTHOE HCCIEIOBaHHE
BriIroyeHo 142 mnammenta ¢ MBC, mnepenecummx
onepanuto AKII Ha paGoratoiem cepaie B MepHoJ ¢
2012 mo 2015 rr. Kpurepuum BKIIOYCHUS:
nokymentupoannas MbC, mmanosoe AKII, Bo3pacT
crapmre 45 met. Kputepun UCKIIOYCHHS: SKCTPCHHAS
omepanysi,  COIYTCTBYIOIIHE  TeMOIAMHAMIYCCKU
3HAYMMBIC TIOPOKM Cepila, TsDKelas TIOoYedHas u
TICYCHOYHAs HEIOCTaTOYHOCTH, NEMCEHIUS, OTKa3 OT
Y9acTHs B UCCIICTOBaHHH.

BceM G0nBHBIM 70 omiepaIiy ¥ B THHAMUKE depes
1, 3 u 5 ner nocie AKII npoBOAHIIOCH KOMITIEKCHOE
o0ciiefoBaHe, BKIIOYAIoIee:

1. KiuHMueckuid OCMOTp C OLIEHKOH MO MIKajam
CCS, NYHA, EuroScore Il.

2. Dxoxapauorpaduro, KOpoHapoaHTuorpaduro,
cyrounoe MoHuropuposanue IKI o Xonrepy.

3. Heiiponcuxonornyeckoe TECTHPOBAaHHE C
WCIIONIE30BAaHUEM TECTHPOBAaHUS MO APH30HCKOMY
OTPOCHUKY, TecTa Pes-OcTeppuiia 1 METOUKH OLICHKH
nenpeccun beka.

4. JlabopaTopHbie UCCIIEA0BAHUS (KIMHUUSCKHUI

Juaruos OHKOJIOTHYECKOTO 3a00eBaHus
yCTaHABJIMBAJICS HA OCHOBAHMHM [AaHHBIX aHAMHE3a,
0CMOTpAa, pe3yJbTaToB HMHCTPYMEHTAIBHOTO
00CneIoBaHusT U TUCTOJIOTMYECKOTO HCCICJOBAHMS.
Craguss OHKOMATOJNOTHH  OIpPEAENSsIach COTJIACHO
aKkTyalnpHOW Bepcun Kinaccupukanmmun TNM. B
3aBHCUMOCTH  OT  HAJIWYMS  OHKOJOTHYECKOTO
3a00JcBaHUs TAlMEHTHl OBUTH pa3/iejcHbl Ha 2
rpynmnsl: UBC+O0wnko (n=42) u UBC (n=100). I'pynmsi
ObUTH comocTaBUMBI 10 Bo3pacty (64,2+8,1 vs

63,8+7,4 ner; p>0,05), momy (69,5% vs 73,0%
myxuud; P>0,05) ¥ OCHOBHBIM  KIMHHYCCKHM
XapaKTepPUCTUKAM.

Cratuctudeckass o00pabOTKa BBIOTHSAIACH B
nporpamme IBM SPSS Statistics 23. Mcmonb3oBannch
METO/Ibl OMHCATENbHONW CTATUCTUKH, KpUTEpHU Y2,
Oumepa, t-tect, U-kpurepuit Manna-Yurau. s
aHanM3a  BBDKHMBAEMOCTH  MPUMEHSUINCh  METO[
Kamnana-Meiiepa u logrank test. Paznuuus cuntanucs
cTaTucTHYeCKH 3HaYnMbiMu mipu P<0,05.

Pe3yabTaThl HCCIEI0BAHUS

B Xome NPOCHEKTHBHOTO HAOMIOACHHSA 34
narentamu ¢ UBC mocne AKIIL Ha paGoraroiiem
CepAllc TMOJYYCHbl HOBBIE JaHHBIE O KIMHUKO-
(YHKIIMOHATIBHOM CTAaTyce U AUMHAMUKE KOTHHUTHBHBIX
GyHKIME B OTHAJICHHOM TMEPUOJEC C  Y4ETOM
OHKOJIOTMYECKOW KOMOPOHAHOCTH. MHOTOYPOBHEBBII
aHalmu3  Pe3yJNbTATOB  MO3BOJWI  BBIABUTH Al
3HAYUMBIX TPEHIOB M 3aKOHOMEPHOCTEH.

OO0paiaer Ha ce0s BHAMAHHE COMOCTaBHMOCTH
OONIBIIMHCTBA  IMOKa3aTeNe Mpd  BKIIOYEHUH B
UCCIIEIOBAHKE, YTO CBUAETEIBCTBYET O KOPPEKTHOM
(dbopmupoBanun BbIOOpKH. Bmecte ¢ Tem, B rpymme
HUBC+OHkO oTMedanach TeHIEHIUs K  Ooinee
Beicokomy yposuio hSCPB (5,8 [3,2; 8,5] vs 4,2 [2,1;
6,8] mr/m; p=0,068), uto MoXeT yka3plBaTh Ha POIIb
XPOHUYECKOTO BOCIIAJICHHS Kak o01ero
MATOreHETHYECKOr0  (bakTopa  aTepockiepo3a U
onkorenesa [10].

u OMOXMMUYECKUI aHaJIU3bI KPOBH,
BBICOKOYYBCTBUTENbHBIH C-peakTUBHBIN GEIOK).
Tabmuna 1.
Kannuko-gemorpadguueckue nokasarejau rpynin uccje10BaHusI
Iokazarens NBC+OHnKo (n=42) HBC (n=100) p
Bo3pacr, siet 64,248,1 63,8+7,4 0,737
My»xaussl, n (%) 29 (69,5) 73 (73,0) 0,595
CCS -1V, n (%) 32 (76,8) 81 (81,0) 0,486
NYHA -1V, n (%) 19 (45,1) 39 (39,0) 0,406
CaxapHubiii raber, n (%) 11 (25,6) 32 (32,0) 0,343
Dpaxkiws Beiopoca JOK, % 52,8+9,3 54,2+8,7 0,281
EuroScore II, 6ais 3,2[1,8;4,6] 29[1,6;4,1] 0,317
hsCPB, mr/n 58[3.,2; 8,5] 42[21,6,8] 0,068

CTpyKTypa COIyTCTBYIOIIUX OHKOJOTHYECKHX

3aboneBanmii B rpynie MbC+Onko Obuta ciaegyromeii:
pak mpexacraresbHOM kene3sl - 17 (40,5%), pak
MOJIOUHO¥ kene3sl - 16 (38,1%), apyrue nokanuzamuu
- 9 (21,4%). Y OonpmmHCcTBa manueHToB (76,2%)
JUarHOCTUPOBAHBI paHHueE (I-11) cTaguu
OHKoONpolecca. MeauaHa BpeMEHU OT IOCTaHOBKH

OHKOJIOTHYECKOro nuarHo3a a0 omeparwmn AKIII
cocrasuna 3,5 [1,2; 6,8] roza.

[Ipu ananuze rocnuranbHbeix HcxonoB AKII Ha
paboTaromeM ceplle BBIABICHBI IMPEUMYIICCTBA
JAHHOW METOAMKH: OTCYTCTBUE HeoOxomumocTH B UK,
MeHbIee Bpems omepanuu (168 [142; 196] vs 248
[198; 286] mun; p<0,001), coxpamenue Bpemenu NBJI
(4,2 [3,1; 6,4] vs 6,8 [4,2; 10,5] u; p<0,05). He
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OTMEUYEHO CTATHCTHYECKU 3HAYMMBIX MEKIPYIIOBBIX  KOMOPOWAHOW OHKOMATOJNOTMH  CYLIECTBEHHO HE
pasmumit, OHMK (2,4% vs 1,0%; p=0,589), moBmmano0 Ha  HEMOCPEACTBEHHBIC  PE3YIHTATHI

noTpeOHOCTH B MHOTpomHOH moanepxke (19,0% vs

pEeBACKyJSIpH3alMM MHOKapAa IpH HCIIOIb30BAaHUU

19,0%; p=1,000). Takum o6pasom, Hammuune Mmeroauku AKIII Ha paboTtatomem cepaue.
Tab6muma 2.
JunamMuKa nokasareJieii KOTHUTUBHBIX TecToB mocie AKII (M+SD)
Tect I'pynma Jo AKIT 1 rox 3 roga 5 ner pi-s
MMSE NBC+OHKO 28,4+1,6 27,8+19 27,221 26,1+2 4 <0,001
UBC 28,6%1,5 28,117 28/4+1,6 28,2+18 0,362
MoCA NBC+OHKO 26,518 25,722 24,925 23,6+2,8 <0,001
UBC 26,8+1,7 26,3+2,0 26,4+1,9 25,9422 0,124
FAB NBC+OHKO 16,9+1,4 16,3+1,7 15,8+1,9 152421 <0,01
UBC 17,2¢13 16,9+1,5 17,114 16,8+1,6 0,415
Tect Pest-Octeppriia HNBC+OnKO 32,643,1 31,5+£3,6 30,7£3,9 29,4442 <0,05
UBC 33,1+2,9 32,632 32,9431 32,8+3,6 0,748
[Tpumeuanue: pi-s - JOCTOBEPHOCTH pa3nuuunii Mexxay nokaszarensimu 1o AKII u uepes 5 ner.
Tabmuna 3.
Yacrora IOK nocsie AKII, n (%)
Cpok NBC+OHKo (n=42) HBC (n=100) OP (95% A1) p
1 ron 10 (23,8) 14 (14,0 1,70 (1,12-2,58) <0,05
3 rona 13 (31,0) 16 (16,0) 1,94 (1,24-3,04) <0,05
5 ner 15 (35,7) 17 (17,0 2,10 (1,31-3,37) <0,01
CpaBHI/ITCJ'ILHI:Jﬁ aHalIu3 5-neTHel OCHOBHBIMH npuYnHaMu CMEpTHU IIanUCHTOB C

BeDkMBaeMocTu nocine AKII ¢ nomompro Merona
Kannana-Meiiepa mpoaeMOHCTpUPOBaJl TOCTOBEPHO
xyammit nporHos B rpymne MBC+Onko - 63,4% Vs
86,2% B rpymme UBC (logrank test p=0,003). [Ipn aTom

OHKOIIATOJIOTUCH OBLIM OHKOJIOTHYECKAs MPOrPECCHsI
(46,7%), cepmeuHo-cocyauctsie cobwitus (33,3%) u
TpoMOoaIMOonIUeckue ocnoxkHeHus (13,3%).

Tab6muua 4.
IpenukTopsl S-jetTHei geTtagabHocTH nocje AKII no raHHbIM MHOTO(aKTOPHOIO aHAIU3a
Tlokazarens opP 95% N p
Bospacr >70 et 19 1,1-3,3 <0,05
CaxapHblif rader 1,7 1,2-2,5 <0,05
®B JDK <40% 2,2 1,3-3,6 <0,01
OHKoJIorn4YecKoe 3a00JIeBaHNE 2,6 1,4-4.8 <0,01
[OKA uepes 1 roxg 1,3 0,8-1,9 0,248
JIOTIONMHHUTENBHBIA  aHATU3  HHIUBHIYadbHBIX s ompeneneHuss HE3aBUCHUMBIX IPEAUKTOPOB

TPACKTOPUN KOTHUTUBHBIX W3MEHEHMH I103BOJIMII
BBISIBUTB I'€T€POr€HHOCTh AMHAMUKH B 3aBUCUMOCTH OT
HCXOJIHBIX KIIMHUKO-/IeMOTpahuIecKux
XapaKTepUCTHK MalueHToB. Tak, y OONBHBIX CTapIue
65 ner (n=58) mpocnexuBanoch 0oJiee BHIPAKECHHOE
CHIDKEHHE IT0Ka3aTeleli yepes 5 JeT rmocie onepanuy B
CpaBHEHHH C JIMIIaMU CpeIHEro Bo3pacra (24,8+2,7 vs
27,14€2,2; p<0,01 wm 22,3+3,1 vs 25,2+2,6; p<0,01
COOTBETCTBEHHO). JlanHast 3aKOHOMEPHOCTb
MOATBEPXJIAaeT 3HAYMMOCTh BO3pPACTHOTO (pakTopa B
TeHe3€ MT0CIIEeONEPAMOHHOT0 KOTHUTHBHOTO CIIa/1a.

OOHapyXeHBl TakKe TeHICPHBIE pa3InIui B
CTPYKTYpe KOTHHTHBHOTO jaepumura. Y O>KSHIUH
npeoOagany HapyIIeHUs TaMsITH U BHUMAHUS, TOTAa
KaKk y MYX4YHH 4Yalle CTpajald YHpaBJIOIIne
GdhyHKIIH 17§ 3pUTETHHO-TIPOCTPAHCTBEHHBIE
cniocooHoct (kpurepuit 2 = 10,24; p<0,01). Ot
JIaHHBIE YKa3bIBaIOT Ha HE00X0AMMOCTh
MNEPCOHANM3UPOBAHHOIO  MNOAXOAAa K paHHEHl
quarHoctuke u  koppekuuun IIOKJ[ ¢ yderom
crenu(prUKN KOTHUTUBHOTO MPOQHIISL.

YCKOPEHHOTO  TIPOTPECCHPOBAHHUS  KOTHUTHUBHBIX
HapyIlIeHuH MIPOBEICH MHOTO()aKTOPHBIN
perpeccuonHblii  aHanu3. Hawmbonee 3HAYUMBIMH

npu3HaHbl Mokuio Bo3pact (OP=2.8; 95% U 1,7-
4,6; p<0,001), Hu3kMit 0Opa3oBaTENbHBIH YPOBEHBb
(OP=2,1; 95% AW 1,2-3,7; p<0,01), nHammuue
caxaproro mmabera (OP=1,9; 95% W 1,1-3,3;
p<0,05), nenpeccuBuble cumitoMbl (OP=1,7; 95% AU
1,1-2,7; p<0,05), cragus orkomnporecca (OP=2,3; 95%
I 1,4-3,9; p<0,01).

Ocoboe BHUMaHHE B paboTe YAEICHO H3YYCHHUIO
B3aHMOCBSI3U MEXIY BBIPAKEHHOCTHIO
[EPUONIEPALIMOHHOTO  TOBBINICHUS  OMOMAapKEpOB
MMOBPEKJICHHUS TOJOBHOTO MO3ra M OTAAJCHHBIMU
KOTHHUTMBHBIMH ~ HWCXOJAaMH. Y CTaHOBJEHO,  YTO
ypoBerb S100B >0,5 MKr/m B mepBble CYTKH IOCIE
OIlEpaliil ACCOIUMPOBAH C TOBBIIICHHBIM PHUCKOM
passutust [IOK]] gepe3 1 rox (OP=2.4; 95%JU 1,3-
4,2; p<0,01). DTO OTKpBIBaCT NEPCIEKTHBBHI IS
paHHeH HICHTU(GUKAIMHA TAIMEHTOB TPYIIBI PHCKa,
HYKTAFOLIIXCS B YIIyOJICHHOM
HEHPOIICHUXOJIOTHIECKOM MOHHTOPHUHTE.
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[Tpu anammze otaaneHHbIX pe3yabTatoB AKIl Ha  ManmueHTOB ¢ TOTEHIUAIBHO POTPOMOOTECHHBIM
paboratormeM  cepAme  BaXHO  OTMETHUTh, YTO  CTaTycoM Ha (poHEe OHKOMATOIOTHH.

HPOXOIUMOCTB IIYHTOB Yepes 5 JIET Y OHKOJIOTHYECKUX
OONBHBIX CYIIECTBEHHO HE OTIMYalach OT TPYMIbI
cpaBrenns  (91,4% vs 93,2%; p=0,486). DOro
CBUJICTENECTBYET 00  3ddeKkTHBHOCTH  TaHHOM
METOJMKH PpEBacKyJsIpU3allid MHOKapla JIaxe Yy

B xonme nuHaMHYECKOTO HAONIONCHUS BBISBIICHBI
3HAQUYMMBbIC MEXTPYMIOBBIC PA3IHYU B IMOKA3aTeIAX
APHU30HCKOT0 OPOCHUKA KOTHUTUBHBIX HApYIIECHUN U
IIKaJBI OIIEHKH Aenpeccuu beka (Tabmuist 5 u 6).

Tabnuma 5.
Junnamuka nokasaresieii Apu3oHckoro onpocuuka nocie AKII (MxSD)

Jomen ['pymma Jo AKII 1o 3 roga 5 ner pi-s
o NBC+OHKO 21,3+3,2 19,843,6 18,4439 17,1442 <0,001
HbC 21,7429 21,2431 21,5+2,8 21,1372 0,483
BriMaHme NBC+OHKO 16,4+2,5 153428 14,6431 13,8433 <0,01
HbC 16,8+2,3 16,5426 16,724 16,4+2,7 0,725
Peus NBC+OHKO 12,6+1,8 119421 113423 10,6+2,5 <0,05
HbC 12,9417 12,7419 12,8+18 12,6+2,0 0,816
3pHTEIHHO-TOCTD NBC+OHKO 10,2415 9,6+1,7 9,1+19 8,5+2,1 <0,05
) HBC 10,5+1/4 10,3+1,6 10,4415 10,2417 0,692
OGuit Gt NBC+OnKO 60,5+6,8 56,674 53,479 49,9483 <0,001
NbC 61,9+6,2 60,7+6,6 61,446,1 60,3+6,8 0,417

[Ipumeuanue: pi-s - JOCTOBEPHOCTD pa3nuunii Mexay nokasatersiMu 1o AKII u gepes 5 ner.

Amnanuz WHAWBUAYaJIbHBIX JOMCHOB
ApI/ISOHCKOFO OIIPpOCHHKA ITOKa3aJl, 4TO y NaUCHTOB C
OHKOITIATOJIOrHel Hauboiee BBIPA’KCHHOC YXYAIIICHUC

3pUTENILHO-IPOCTPAHCTBEHHBIX (QyHKIMA. [Ipn sTom
o6mmii 6ayn B rpynne MBC+Onko canzmiics Ha 17,5%
gepe3 5 ser mocie AKII (p<0,001), Torma kak B

OTMEYanock B cdepax mamsaTH, BHHMaHuA U rpymne MBC 3HaunMol TMHAMUKY HE HaOIII0JaoCh.
Tab6muua 6.
JuHamuka nokaszareJieii mkaJjbl genpeccun beka nocae AKII (M£SD)
Tlokazarens ['pynma Jo AKIIIT 1 rox 3 roga 5 ner pi-s

KormrusHo-atex. HNBC+OnK0 8,3+2,9 10,4+3,3 12,1+3,7 13,5+3,9 <0,001

HbC 7,9+2,6 8,7+2,8 8,4+2,7 8,9+3,0 0,327

CoMATHHECKHE HNBC+OnKO 6,6+2,2 75+25 8,3+£2,7 9,229 <0,01

HbC 6,2+2,0 6,5+2,1 6,4+2,0 6,7+2,2 0,518

Ot Gawr HNBC+OnKO 14,9445 17,9451 20,4455 22,758 <0,001

UbC 141441 152443 14,8+4,0 15,644 0,219

[IpumMeuanue: pi-s - JOCTOBEPHOCTD pa3nuunil Mexay nokasatemsivmu 1o AKII u gepes 5 ner.

v NAlUEHTOB c COILyTCTBYIOILIUMHU
OHKOJIOTHYECKMMH  3a00JIeBaHUSAMU  HAOIIOAANOCH
IPOTPECCUPYIOLIEE  YBEIMYEHHE  BBIPAKEHHOCTHU

nenpeccuBHbIX cuMmnToMoB nociie AKII. Tak, oGmmit
6ayn mo mkane beka B rpynne UBC+OHko Bo3poc Ha
52,3% uaepe3 5 ner (p<0,001), mpuuem HeraTUBHBIC
U3MEHECHUS 3aTparuBau KaK KOTHUTHBHO-
apPEeKTHBHYIO, TaK U COMAaTUYECKYIO COCTABIISIOIINE.
B 10 xe Bpems, B rpynne MBC ormedena nuiib
TEH/ICHIV K MOBHIICHUIO MToKazaTeneit (p>0,05).

KoppensuuoHHbIi aHAIM3 BBISIBUI 3HAUYUMBIC
B3aUMOCBSI3M MEXJYy CHH)KEHHEM KOTHHUTHUBHOTO
cratyca 1o ApU30HCKOMY OIPOCHHKY M HapacTaHUEM
JIENIPECCUBHBIX HapylleHudl 1o 1mkane beka B
otnanensom nepuoje mocie AKII (r=-0,64; p<0,01).
OTO MOATBEPXKNAET TECHYI MNaTOTCHETHYECKYIO
0OMIHOCTB KOTHUTHUBHBIX u a(hheKTUBHBIX
PacCTpONCTB y MAIMEHTOB C COYETAHHOH KapHaibHON
1 OHKOJIOTUYECKOM MaTOJIOTUEH.

Tab6muma 7.
Yacrora aenpeccun nocie AKII mo nannbiM mikajbl beka, n (%)
Cpox NBC+OHKo (n=42) HBC (n=100) OP (95% JI1) p
Jo oneparmn 7(16,7) 13 (13,0) 1,28 (0,87-1,89) 0,362
1 rox 14 (33,3) 21 (21,0) 1,59 (1,13-2,23) <0,05
3 roma 19 (45,2) 25 (25,0) 1,81 (1,29-2,53) <0,01
5 mer 24 (57,1) 29 (29,0) 1,97 (1,39-2,79) <0,01
JeranbHbIit aHaIMU3 c WCIIOIb30BAHUEM  OTHOCHUTEJNIbHBIA PUCK Pa3BUTHS JIETIPECCUU B TPYIIIE

KaTeropuaJibHOr0 IMOAXOAa I0Ka3aj, YTO 4YacToTa
JIETIPECCUBHBIX cocTosiHUK (=10 OammoB mo 1mkane
beka) y OonbHBIX ¢ oHkomatojioruedt mocne AKIII
IPOTPECCUBHO  yBennmuMBaimack ¢ 16,7% mepen
orneparnmeit 1o 57,1% uepes 5 ner (p<0,01). IIpu aToM

NBC+Onko 6511 B 1,59-1,97 paza BrIme B CpaBHEHUH
C mnanMeHTaMd 0€3 OHKOJIOTMYECKOI0 aHaMHe3a
(Tabnuma 7).

Wzydenne kavecTBa KH3HH C  IOMOIIBIO
onpocHuka SF-36 Takke BBISIBUWIO CYLIECTBEHHbIE



39

MEKIPYIIOBBIC pa3iu4us B OTAAICHHOM IIEPHOJIE
nmocie AKII (tabnuma 8). Ecim B tpymme HBC

y TAIHWeHTOB C OHKOIATOJOTHEW OTMEYalloch WX
3HaYNMOE CHIDKCHHE, 0COOEHHO BBIpa)XKEHHOE K 5-My

OONBPIIMHCTBO  TOKa3aTened  ¢Qusmdeckoro W TOAy HaONIOIEHHUS.
HICUXHYECKOT0 3710POBbSI OCTABATUCH CTAOMIIBHBIMH, TO
Tab6muma 8.
JuHamMuKa nokasartesieil KauecTBa }KU3HHU 1Mo onpocHUKy SF-36 mocie AKII (M+SD)
[Tkaya I'pymma Jo AKIT 1 ron 3roma 5 et pi-s
DrsmIEcKos dyHKIHON HNBC+Orko | 624+105 | 58,1+113 | 53,6#121 | 489+127 <0,001
' NBC 64,2+9,3 62,7+9,8 63,5+9,1 61,8+10,2 0412
Postesoe (yHKIHOR HNBC+Orko | 56,8+112 | 52,3#12,0 | 48,6£126 | 44,2+131 <0,01
) NBC 58,5#104 | 57,1+109 | 58,2+10,2 | 56,9+111 0,726
Testecrias Gorth NBC+OHKO 68,3+8,7 64,2+9,3 60,5+9,8 56,1+10,3 <0,001
NBC 70,179 69,4+8,2 70,3+7,7 69,7+8,3 0,849
OBittee 3710poBbe NBC+OHKo 55,674 52,9+7,9 49,5+8,3 46,3+8,6 <0,01
UBC 57,3+6,8 56,7+7,1 57,546,6 57,172 0,937
R NBC+OHKo 51,2469 48,474 45,1+78 41,8482 <0,01
UBC 52,9+6,3 52,2+6,7 53,1+6,1 52,6+6,9 0,865
CommaHoe dyHKIHON HNBC+OHKo 67,5491 63,8+9,7 60,2+10,2 | 56,4+10,6 <0,01
' UBC 69,448,3 68,6+8,7 69,7+8,1 69,1+8,9 0,819
[ — UBC+Onko | 59,1+13,7 | 5424143 | 49,5+14,8 | 44,7153 <0,01
) UBC 613+124 | 59,8+129 | 611+121 | 604+131 0,774
L ——— NBC+OHKo 54,7482 51,5+8,7 48,2491 44994 <0,01
HBC 56,5+7,6 55,9479 56,7+7,4 56,2+8,1 0,912

[Ipumeuanue: pi-s - JOCTOBEPHOCTD pa3nuunii Mexay nokasatensivMu 1o AKII u gepes 5 ner.

Haubosnee BbIpakeHHAs] HETaTUBHAS TUHAMUKA Y
6onbHbIX WMBC B coderaHMM C OHKONATOJOTHEH
OpOCIe)KHUBaIach IO  ImakagaM  (U3UYECKOTo
¢ynkumonupoBanust  (-21,6%), TtemecHoir Oonm (-
17,9%), »xu3HeHnHol aktuBHOCTH (-18,4%), poneBoro
SMOIMOHANBHOTO (DyHKIMOHHpOoBaHusA (-24,4%). D10
CBUJICTEIILCTBYET O  KOMIUICKCHOM  HETaTHBHOM
BIIASIHHH KOMOPOUIHOCTH Ha (uzngeckuid,
[ICUXOJIOTHYECKUH M COIUAIbHBIN aCIEKTHl KauyecTBa
JKU3HH ~ MAlMCHTOB  TIOCJIE  PEBACKYJSIPHU3AIUU
MHOKap/a.

JunamMuka nokasarteJieii ApU30HCKOTO
ONPOCHHUKA W IIKAJbI Aenpeccun Beka
Ilpu aHamu3e MaHHBIX APHU30HCKOTO OMPOCHHKA

pasianuuns MCKIY rpynmnamu IIaIUCHTOB C
oHKomarosorueit u 6e3 Hee. Kak mpezcraBieHo B

tabmuie S5, y OompHbeIXx B rpymme HMBC+OHko
HaOII01AIOCh OporpeccupyoIiee CHIKEHHE
MoKaszareleil M0 BCEM KOTHHTHBHBIM JIOMEHaM,
npudeM  HamboJiee BBIPQKEHHOE TI0  CyOImKaaam

namsata (-19,7%), sBaumanus (-15,9%) u 3purensHO-
MIPOCTPAHCTBEHHBIX GbyHKIHN (-16,7%).
VHTerpanbHeI 1MOKa3aTeNlb KOTHUTUBHOTO CTaTyca B
rpynne UbC+Onko cHusmica Ha 17,5% x 5-My romy
Habmonenus (p<0,001).

JononaurensHbII aHanu3 OTZENBbHBIX
Cy010MEHOB APH30HCKOTO ONPOCHHUKA MPEICTABICH B
tabmume 9:

KOI'HUTHUBHBIX HapyHleHI/Iﬁ BBIABJICHbBI 3HAYUMBIC
TabGmuma 9.
JlnHaMuka cy610MeHOB NaMsITH U BHUMaHUsI Apu30HCKOro onpocHuka nocje KII (M+SD)
Cy06aomeH ['pynma Mo KIII 1 ron 3 roga 5 ner pH
PaGouas HAMSTE NBC+OnKo 8,6+1,4 7,916 7,2+18 6,7+2,1 <0,01
HBC 8,8+1,3 8,515 8,7+1.2 8,6+1,4 0,763
I T epp—— NBC+OnKo 12,7419 11,9+21 112423 10,4+2,5 <0,01
HBC 12,9+18 12,7¢1,9 12,8+1,7 12,5420 0,628
ConekTHBHOE BHIMANNE NBC+OnKo 9,2+15 8,6+1,7 8,1+19 75+2,0 <0,01
HBC 9,4+14 9,2+15 9,314 9,1+16 0,711
Y CTONMHBOCTS BHIMAHMS NBC+OnKo 72413 6,7+15 6,5+1,6 6,3+1,7 <0,05
HBC 74+172 7,3+14 74+13 7,315 0,942

IMpumeuanue: "™ - rocToBepHOCTD pazmuuuil Mexay nokasarensmu jgo KIII v uepes 5 ner.

PesynbraThl OoLeHKH 1O HIKaje jaenpeccun beka
MPOJIEMOHCTPUPOBANIN BBIPAKEHHYIO OTPHIATEIbHYIO
JIMHAaMUKY B IpYyIIIE NAaUEHTOB C OHKOIIaToJaorueil. B
otnaienHoM mepuoje mocie KIII y OGombHBIX
MNBC+OnKO 0TMEUaioch HapacTaHNE KaK KOTHUTHBHO-
adhpeKTHBHBIX, TaK W COMATHYECKHX KOMIIOHEHTOB
nenpeccun. O6mwii 6amn o mkane beka yBemmumiics
Ha 52,3% wdepe3 5 I5eT mocle BMeENIATEIhCTBA

(p<0,001), 4YTO CBHIETENLCTBYET O 3HAYUTEIHLHOM
YXyAUIEHUH MCHUXO3MOLMOHANBHOIO CTaTyca JTOH
KaTeropuu IarnueHToB.

J171s OLIeHKH B3aMMOCBSI3M MEX/Ty KOTHUTHBHBIMH
n  adpdexTHBHBIMH  HapyUICHUSIMH  TPOBEACH
KOPPEJIAIUOHHBIN  aHaJdW3, pe3yJIbTaThl KOTOPOTO
mpeacTaBieHsl B Tabmume 10:
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Ta6muma 10.
KoppeasinoHHbIe B3aUMOCBSI3H MeK/1y KOTHUTHBHBIMH TeCTAMH M IM0Ka3aTeIsIMH JAenpeccHn
yepe3 S et nocJe KIII

Moxasarerms MMSE | MoCA | FAp | OOl LT APISOHCIONO. | pp. oo By e
OIPOCHHUKA
OBii Gann o mkane Bexa | -0,64% | -059% | 4. 0,68* 071% | 062
KOFH“T“:;(;’L;;%’;KTHBH” 058 | 053% | o, -0,50* 066* | 057
Comarnucoras cybumana | 049 | -0AT* | (o, -0,52* 053 | -048*

[Mpumeuanue: * - koppensauus 3Haunma npu p<0,01

[lonydeHHsle JaHHBIE CBHICTENBCTBYIOT O  aQEKTUBHBIMH W KOTHUTHBHBIMH HApyIICHUSIMH Y
HaJlMYMHM CWIBHBIX  OTPUIATENBHBIX KOPPESIIMH  KapAHOXHPYPrHYECKHX MalUueHTOB.
MEK/1y BBIPRKEHHOCTBIO JIETTPECCHBHBIX CUMIITOMOB U Pe3ynpraThl BO3pacTHOrO aHajan3a KOTHUTUBHOTO
MOKA3aTesIMA KOTHUTHUBHBIX (DYHKITHIL, YTO yKa3bIBaeT  CcTaTyca IpeacTaBieHb B Tabmume 11:
Ha TECHYI0 IIaTOTCHETHYECKYI0 CBA3b  MEXIY

Ta6muma 11.
JlnHAMHKa KOTHUTHBHBIX (PYHKIUI Y NallMEHTOB Pa3HbIX Bo3pacTHbix rpynn nocie KII (M+SD)
BospacTras rpymma Tect Jo KIII 1 ron 3roma 5 ner pHH
MMSE 28,8+13 | 28315 | 281+17 | 27,1422 | <0,05
<65 et (n=84) MoCA 26,9+16 | 26518 | 26,2420 | 252426 | <0,05
FAB 17312 | 170+14 | 16,8+15 | 164+1,7 | 0,087
ApW30HCKHH onpocHHK (oommid) | 62,4459 | 60,8£6,3 | 59,746,8 | 58,2+74 | <0,05
MMSE 282415 | 274418 | 265422 | 24,8+2,7 | <0,001
>65 et (N=58) MoCA 26,3+1,7 | 252421 | 241425 | 22,3431 | <0,001
- FAB 16,7¢15 | 16,0+£18 | 152421 | 145423 | <0,01
Apwm3oHcKH# onpocHuK (oommwid) | 60,146,3 | 56,9+7,1 | 53,2+7,8 | 49,6+£8,5 | <0,001

IIpumeganue: pMH

- IOCTOBEPHOCTH pa3nuuuil Mexay nokasarensmu 1o KIII u yepes 5 ner.

Kak BuaHO W3 TpeACTaBICHHBIX JAaHHBIX, 3a00JICBaHUS OTMEYaJICs OCOOCHHO 3HAYUTENbHBIN
MalMeHTHl CTapIledl BO3pacTHOM rpymmel (=65 1eT)  KOTHUTHUBHBIN craf.
JEMOHCTPUPOBAIU Gornee BBIPOKEHHYIO Jna yrnyOieHHOro NMOHMMaHHS MEXaHHU3MOB H
OTPULATENIFHYIO JWHAMHUKY KOTHHTHUBHOTO cTaryca  (DaKTOpOB pHCKa  JIOJTOCPOYHBIX  KOTHUTHBHBIX
HE3aBHCHMO OT HAJIMYUSA OHKOMaTojdoruy. OJHAaKO MPH  HApyIIEHHWH  TPOBEJEH  MHOTOMEpHBIH  aHalu3,
COYETaHUH MOXHUIOTO BO3pAacTa M OHKOJIOTHYECKOTO  Pe3yJIbTaThl KOTOPOTO OTPaKeHHI B Tabuuie 12:

Tab6mumna 12.
MHuorogaxkTopHblii aHAJIU3 NPEANKTOPOB BbIPA’KEHHOI0 KOTHUTUBHOIO CHMKeHuUs1 yepes3 S Jiet nocJe KIII
dakTop 0)11] 95% JIN p

Bo3spact >65 ner 3,2 1,8-5,7 <0,001

OHKOJIOTHYECKOE 3a00JIEBaHNE 2,7 1,5-4,9 <0,01

Hiskuii 0Opa3oBaTenbHBIN YPOBEHb 24 1,3-4,3 <0,01

CaxapHblif rader 2,1 1,2-3,8 <0,05

Jenpeccust iICX0THO 19 1,1-3,4 <0,05

S100B >0,5 mxr/n B 1-e cytiu mocne KIII 2,6 1,4-4,8 <0,01

DB JDK <40% 18 1,0-3,2 <0,05

oz musist cramust onkomnporecca (111-1V) 35 1,7-7,2 <0,001

[omMopOHIHOCTB (>3 XPOHUUYECKHX 3a00JICBaHHH) 2.3 1,3-4,1 <0,01

Camxerne MMSE na >2 6amma gepes 1 ron mocie KIIT 41 2,2-7,6 <0,001

IIpumeuanue: OLL - oTHOMIEHNE maHCOB, JIW - TOBepUTENbHBIA HHTEPBAIL.

MHorogakTopHBII aHaIM3 MOJITBEPIII  CBOSBPEMEHHOTO HEHPOIICUXOIIOTUIECKOTO
3HAYUMOCTh Kak TpaIUIIHOHHBIX (Bo3pacT, MOHHTOpWHTa JJIsI HACHTU(DHUKAIMA  TAIUCHTOB
oOpa3oBaHme, CaxapHbIH nmaber), Tak U IpyHNIbl PUCKA.
cnenupuvecknx  (OHKOMATOJIOTHS,  OMOMapKephl 3akii0yeHue
1epeOpasbHOTO  MOBpPEXIACHHU) (DAKTOPOB  pHCKa IIpoBeneHHOE HCCIIEI0OBAaHUE

KOoTHUTHBHBIX HapymeHuid mocie KIII. Ocobyo  mpoaeMOHCTPHPOBANO, YTO HAIMYHE COIMYTCTBYIOMINX
MPOTHOCTUYECKYIO IECHHOCTh UMEJIO PAHHEE CHIDKCHUE  OHKOJIOTMYECKHX 3a00JIeBaHMN  acCOLMUPOBAHO C
KOTHUTHUBHBIX IIOKa3aTeJled B IEpPBbI TIOJ IIOCIE  YCKOPEHHBIM IIPOIPECCUPOBAHUEM  KOTHUTHMBHOTO
BMEIIATENILCTBA, YTO CBUAETEILCTBYET O BAXKHOCTH  AedUIMTa W  IOBBIIIEHHEM pHUCKAa CMEpPTH B
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otnaiennoMm mnepuoxae mocie AKII Ha paGoratomem
cepaie. Y ManyMeHToB C OHKOMATOJOTHEH yepe3 5 JeT
ocJjie BMeIaTeascTBa, a yactota ITOK/] u meMeHmpu
- B 2,1 u 3,9 paza Bplle, 4YeM B IpyNIle CPAaBHEHUS. 5-
nmeTHsAs BbDKHBaeMoctb B rpymme  HMBC+Omnko
coctaBuna 63,4% mpotuB 86,2% y mamueHTOB 0€3
onkomnatonoruu (p=0,003). MHorodakTopHsIi aHAIH3
UIEHTU(HUIMPOBAT OHKOJIOTHYECKOEe 3a00JIeBaHUE KaK
HE3aBUCHMBIH  NPEAUMKTOp  JETalbHOIO  HCXoja
(OP=2,6; 95% AU 1,4-4,8; p<0,01) wHapsgy c
TPaAUIHOHHBIMHU (DAKTOPaMH PHCKA.

Metonuka AKII Ha paboraromeMm cepane y
MAIMEHTOB C OHKOINATOJIOTHEH NMPOAEMOHCTPHpOBaia
psn MPENMYIIECTB, BKJIFOUas MCHBIIIYFO
BBIPAKEHHOCTh CHCTEMHOTO BOCTIAINTEIHHOTO OTBETA,
CHIDKEHHUE PUCKa MEPHUONEPANMOHHBIX OCIOKHEHUH U
XOPOIIYI0 TPOXOJUMOCTh ULIYHTOB B OTIOAJICHHOM
nepuoge. OnHaKo faxe NMPH UCTOJIb30BaHUU JaHHOM
maaqmed METOJUKH COXPaHAETCs NMOBBIIICHHBINA PUCK
pa3BUTHsT KOTHMTHBHBIX HapylleHWH, 4To TpeOyer
ocoboro  BHMMaHHMs K  HEHpPONPOTEKIMH U
MOCJICONEePAllMOHHON peadMINTaluy 3TOH KaTerOpUH
OOJBHBIX.

Takum o00Opa3oM, BepudHKamus KOMOPOHIHBIX
OHKOJIOTHYeCKHX 3a0oneBannii y 60mpHBIX UBC nmeet
NPUHOWIHAIPHOE 3HA4YeHHE IS CTpaTH(UKAnnN
pucka HeOIaronpusTHOTO BUTAJBHOTO "
KOTHUTHUBHOTO IIPOTHO3a, IEPCOHN(HUKAIIIN TPOTPAMM
MOCJICONIEPAlMOHHON  peaduIuTanny, OINpPEAEICHU
ONTUMAJILHOM TaKTHKH BCACHHUA B OTAAJICHHOM
nepuoge. HeoOxoauMel aanmpHEHIINE HCCIIEIOBAHUS
MOJICKYJISIPHO-TE€HETHUECKHUX,
HEHPOPHU3HOIOTHUECKUX, reMOJUHAMUYECKUX
MCXaHHU3MOB, JIeKamux B OCHOBC B3aNMHOI'O
OTATOIIECHHUS CEPJEYHO-COCYIUCTON, OHKOIOTHYECKOM
U 11epeOpOBACKYIISIPHON MaTOJIOTHU Ui pa3pabOTKH
MaTOTreHETHIECKH 000CHOBaHHBIX METO/I0B
NpOoQUIAKTHKE U KOPPEKIMN HOJIUMOPOUIHOCTH TIPH
AKIII Ha paboTatomiemM cep/ie.
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Abstract. Lung cancer, despite modern trends in the development of medical oncology and science, remains
one of the key tasks of clinical medicine.

On the one hand, this is due to the fact that the overwhelming number of patients at the time of initial diagnosis
have an unresectable/inoperable stage of the disease, on the other hand, the latest predictive indicators in the world
still indicate a high incidence of morbidity and mortality in terms of the structure of cancer incidence.

In this regard, there is an urgent need to find alternative ways to treat the malignant process, including drug
therapy. Drug therapy for lung cancer in the world today is represented by an extensive list of optional cytostatics,
targeted agents, and immunoages.

Thus, in the Russian Federation, over 63 thousand new cases of lung cancer are detected annually and about
53 thousand in men. The average annual growth rate was 0.06% for men and 1.99% for women for 2021 [1,2,3]
and the number of newly identified cases is steadily growing.

In the Republic of Kazakhstan, these data are statistically different from those of the Russian Federation in
terms of the structure of cancer incidence per capita and amount to 3,615 new cases for 2021 and 3,925 identified
new cases of lung cancer for 2022. [2,4].

Almost 40-50% of cases of verified lung cancer do not carry a detectable mutational load; accordingly, the
targeted use of genetically modified therapy options with an inherent selective effect is not applicable in these
cases, but is limited only by a combination of existing chemotherapy regimens, which also have an expected and
very limited therapeutic effect [5,6,7].

In this regard, in a number of cases, we widely use the technique of loco-regional intra-arterial chemotherapy
in the branch of the bronchial artery on the affected side of the right or left lung with an increase in the
bioavailability of cytostatics with its local effect and minimal toxic effect in unresectable lung cancer.

Results and their discussion. Analysis of the immediate results of treatment showed the effectiveness of the
technique in 18 patients (81.8%). Thus, out of 22 patients, 9 primary patients with a clinical diagnosis of lung
cancer after 3 courses of transarterial VACP with the “TP” regimen, according to the control examination (FBS,
CT), partial regression of the process was noted, 2 (10%) patients noted progression of the process due to a
violation of the intercourse interval due to the duration of recovery of the blood picture after a course of
chemotherapy. In 11 patients, stabilization of the process with positive dynamics was noted, which made it possible
to transfer the unresectable stage of the disease to a resectable tumor process. All 18 patients, within an interval of
up to 3 weeks after the third course of VAPCT, based on the results of control examinations, underwent radical
surgical treatment. Thus, in 9 (40.9%) patients with partial regression of the process, forehead surgery and
bilobectomy were performed, in the remaining 9 (45%) patients an extended combined pneumonectomy was
performed.

The effectiveness of the transarterial administration of cytostatics for primary non-small cell lung cancer was
demonstrated by clinically significant tumor regression after 1 course of VACT in 6 patients (27.7%), stabilization
of the process in 5 patients, progression of the process in 1 patient. Immediate postoperative complications were
observed in 2 patients (hematoma of the puncture area of the femoral triangle according to Seldinger). The median
follow-up in all patients in the postoperative period exceeded 18 months. According to various authors, it is quite
variable [6,7,8,9].

Among the complications inherent in chemotherapy, we also noted grade 2-3 emetogenic reactions. All these
phenomena were manageable with accompanying therapy and did not require blood transfusion additions.
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Conclusions. The use of minimally invasive interventional regional methods for treating primary non-small
cell lung cancer demonstrates a high overall response rate, a statistically significant median survival as part of
complex therapy, and an improvement in the quality of life of patients.

Key words: primary lung cancer, locally advanced inoperable lung cancer, transtarterial chemotherapy,

targeted therapy.

The purpose of the study was to evaluate the
possibility of using intra-arterial treatment methods for
unresectable locally advanced non-small cell lung
cancer.

Materials and methods.

The technique of intra-arterial chemoinfusion is
reduced to puncture and puncture followed by
catheterization of the femoral artery using the Seldinger
technique in the projection of the right/left inguinal
fold. Selective catheterization of the bronchial artery is
carried out by aortography of the thoracic aorta with
identification of the branches of the bronchial artery
(bronchial arteries arise at the level of ThV, ThVI, the
so-called orthotopic option). In any variant of origin,
the pulmonary arteries enter the parenchyma in the area
of their roots and run parallel to the bronchi, located in
their outer connective tissue layer. Cauldwell et al. [8]
described four classic variants of the origin of the
bronchial arteries from the aorta: (a) the first type
(40.6% of cases), when two bronchial arteries arise
from the aorta on the left, and one on the right from the
intercostal-bronchial trunk (IRB); (b) the second type
(21% of cases), when there is one bronchial artery on
the left and one MRBS on the right; (c) the third type

(20% of cases), when two bronchial arteries arise from
the left and two from the right, while one of the arteries
on the right is presented as MRBS;(d) the fourth type
(9.7% of cases), in which one artery is identified on the
left and two on the right, while one of the arteries on
the right is presented as MRPS. The left bronchial
artery usually arises from the anterolateral surface of
the descending thoracic aorta and follows the direction
of the root of the left lung. On the right, the intercostal-
bronchial trunk usually arises from the right
posteromedial surface of the descending thoracic aorta
and follows in a cephalad direction until it divides into
the intercostal (or intercostal) artery and the right
bronchial artery. The latter then turns in a caudal
direction and follows along the right main bronchus.
The duration of the procedure is 20-30 minutes. The
procedure time from the beginning of the procedure
when working in “4 hands” (2 angiosurgeons) is 25-35
minutes. (depends on the anatomy of the vessels). As
the catheter is installed, the infusion of cytostatics
continues for 60 minutes each, followed by
compression of the femoral artery area until complete
hemostasis (10-15 minutes) or suturing the puncture
hole with an Angiosil device measuring 6-7 F.

A typical variant of the origin of the bronchial arteries from the aorta (type 1 according to

Cauldwel et al, type 2 according to Yoshiak et al). One right bronchial artery arises from the

intercostal-bronchial trunk, two left bronchial arteries arise from the descending part of the thoracic

aorta through a common trunk: and fragments of computed tomograms in MIR mode into three-

dimensional reconstructions of bronchial arteries. 1 intercostal bronchial trunk, 2 infercostal artery,

3 right bronchial artery, 4 two left bronchial arteries immediately below the origin of the aorta, 5

trachea and bronchi 6 larynx.

All of 22 patients aged 52 to 60 years were treated
in the period from 2022 to 2024. In all patients, stage
I11a-111b of the process was established (T3NOMO — T2-
3bN1MO). All patients at the time of initial or repeated
treatment (relapse) had a histologically verified variant
of non-small cell lung cancer. Morphologically, lung
adenocarcinoma was detected in 5 patients (22.7%),

squamous cell carcinoma was detected in 17 patients
(77.3%). In all cases, radiological confirmation of the
local extent of the process was noted through
CT/MRI/PET/CT examinations. All patients received
intra-arterial chemotherapy in the branch of the
bronchial artery according to the “TR” regimen
(Docetaxel 75 mg/m2 + Cisplatin 75 mg/m2) in a
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standard therapeutic dose.The interval between courses
of intra-arterial chemotherapy was carried out once
every 21 days from the date of administration of
chemotherapy. Among the side effects, one can note the
inherent cytotoxicity of the drugs with manifestations
of anemia, leukemia and thrombocytopenia, which

were corrected through the use of L-CSF (leukocyte
colony-stimulating  factor), glucocorticoids and
targeted symptomatic replacement therapy.

We present the results of our own empirical
observations of patients in the above cohort.

Pic. 2 CT scan of the chest of a patient with peripheral lung cancer with centralization of the process, the
presence of lymph nodes at the level of the tracheal bifurcation and paratracheal lymph nodes before treatment
(A, B).

Pic. 3 CT scan of the chest of a patient with peripheral lung cancer with centralization of the process, the
presence of lymph nodes at the level of the tracheal bifurcation and paratracheal lymph nodes in the coronal
section (A).

There is almost complete regression of the tumor
process against the background of 3 courses of infusion
in branch a. Bronchialis in sagittal section (B).

Pic. 4 CT arteriogram of the branches of bronchialis dextra with the presence of pathological accumulation (A)
of contrast agent in the projection of the tumor formation of the right lung. After the procedure, intraarterial
chemoinfusion into the bronchial artery (B).
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Pic. 5 Angiography a. brochialis on the right.
Central cancer of the right lung with intraorgan metastatic foci.
Selective catheterization (A). Condition after 3 courses of HIBA (B)
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UNIFIED PRACTICE BASE FOR STUDENT TEACHERS: PLANNING AND PREPARATION OF A
CHILDREN'S GRADUATION PERFORMANCE
DOI: 10.31618/ESSA.2782-1994.2025.1.109.518

Summary: The choice of a unified practice base for graduate students of higher educational institutions of
creative orientation, as an opportunity for the detailed implementation of the theater project described in the final
qualifying work. Presentation of a unified system of methodological recommendations on the basic principles of
planning and preparing a children's graduation performance in an institution of additional education.

AnHoTanusi: Beibop enmHo#l 0a3bl MPaKTHKU A CTYACHTOB BEIIMYCKHBIX KYpPCOB BBICIIUX YYEOHBIX
3aBeaeH1/1171 TBOpHeCKOﬁ HalpaBJICHHOCTH, KaK BO3MO>XHOCTb HeTaHLHOﬁ pcajin3a OIMCbBIBAEMOI'0 B
BBIIIYCKHOH ~ KBAIM(UKALMOHHOW paboTe TeaTpaJbHOro Mpoekra. llpeiacraBieHue eAWHON CHCTEMBI
METOOAUYCCKHUX peKOMeHJj[aL[I/Iﬁ IO OCHOBHBIM ITPUHIUIIAM TIAHUPOBAHUA U MOATOTOBKH ACTCKOT'O BBIITYCKHOI'O
CIICKTAKJIA B YUPCIKACHUUN JOMMOJIHUTEIILHOT'O 06pa30BaHI/I5I.

Lens cratem: Llenpro mpexacTaBisgeMoil CcTaTbM sBISETCS pa3paboTKa METOIMYECKHMX PEKOMEHAAIUil 1o
TMOJATOTOBKE U IJIAHUPOBAHUIO JCTCKUX CIIEKTaKJel B paMKax p€ajn3alu TEM BBIITY CKHBIX KBaJ'II/I(bI/IKaHI/IOHHI)IX
pa60T CTYACHTOB-IIPAKTUKAHTOB BbICIINX y‘Ie6HBIX SaBeﬂeHI/Iﬁ B C(bepe JOINIOJIHUTCIIBHOI'O O6paBOBaHI/I$[, a TaKKe
aHaJInu3 OIlbITa CTY/ICHTOB B ,I[aHHOI71 00acTH.

3az[aq1/1 CTaTbU: U3YUCHHUC METOAMYCCKUX OCHOB NOATOTOBKH CIICKTAKJIA, UCCICAOBAHUC BSaI/IMOZlef/‘ICTBI/ISI
Y4aCTHUKOB MHponecca, co3gaHue METOAUYCCKUX peKOMeHI[aLII/Iﬁ 0 HOArOTOBKE W MJIAHUPOBAHUIO JACTCKUX
CIIeKTaKJIEH.

Knroueswvie cnosa: nedaeoeulca, odemcKasi WKoJA uckyccemse, meamp, oemcKuil meamp, UCKYyCcCmeo, eblcuiee
obpaszosanue.

Keywords: pedagogy, children's art school, theater, children's theater, art, higher education.

OcHOBHOM MaTepuan:

Tema HeoOX0AMMOCTH €IUHOI 0a3bl MPAKTUKH B
nepuosi 0oOydeHHsT Ha BBITYCKHOM Kypce s
CTY/ICHTOB-TIPAKTHUKAHTOB B c(epe JOIOIHUTEIHLHOTO
00pa3oBaHMs SIBJSIETCSl aKTyaJlbHOM B KOHTEKCTE
00pa3oBaTeNbHOrO IPOIECcca, TaK KaK ITOCTOSHCTBO
paboduero mpocTpaHcTBa M KOJUICKTHBA OJIAarONPHUATHO
BJIMSIET HA paboTy CTyJEeHTa, UCKIII0Yasl IPOXOXKICHNE
CTPECCOBOTO mporecca IOTPYXKECHUS B
0o0pa3oBaTeNbHYI0 Cpeay» B KaXIOM CeMecTpe.
CTyAeHThI-IPAKTUKAHTHl  BhIOWparomue s 0asbl
MPaKTUKU eInHOe yueOHOoe 3aBe/IeHre Ha BeCh IePUOJ
00ydeHHs UMEIOT OoJIbliee KOIUIECTBO BPEMEHH IS

NOATOTOBKM W pealn3allid JETCKUX BBIMYCKHBIX
CIIEKTaKJIeil B paMKax HallMCaHWsI CBOUX BBIIYCKHBIX
KBaIM(UKAIMOHHBIX palboT.

OnHaKo, HECMOTPS Ha OYEBHIHBIE IPEHUMYIIIECTBA
Ie/IarOTHYECKO TPAKTUKH B OJHOM YUYPEKACHHH,
CTY/ICHTBI-TIDAKTUKAHTBl ~ 4acTO CTAJKHBAIOTCA C
TPYIHOCTSIMH B OpraHW3allid CBOEH JESTENILHOCTH.
Henocrarok MeToaM4ecKuMX 3HAHMH, HEONBITHOCTH B
IUIAHUPOBAHUU U PACTIPEIEIICHUH POJICii, CII0KHOCTh B
KOMMYHHUKAIIHMH C JETbMH, POAUTEISIMA U TIe1aroramMu-
KOJUIETaMH SIBJISIIOTCS OCHOBHBIMHU MPEISITCTBUSAMHU HA
MYTH K YCHEUIHOH pealu3alyy TaKuX MPOSKTOB.
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B crartee HCroONB30BANMCH METOABI aHANIN3a MU
CHHTE3a IIEAarorn4ecKoro OIbITa, HAaONIOAEHHE 3a
MPOLIECCOM MOATOTOBKH JIETCKUX CIIEKTAKJICH, a TaKkKe
AQHKETUPOBAaHHE YYEHHKOB, CTyJICHTOB-TIPAaKTHKAaHTOB
W pOIUTENCH I MoMydeHnuss oOpaTHOH cBsa3u. Takoit
MOAXOJ TIO3BOJMI HWHTETPUPOBATh TEOPETHUECKHE
3HaHMS O TEaTPaJIbHOM HMCKYCCTBE M II€Aarorn4ecKoi
JEATeIbHOCTH € TNPaKTHYECKMMH  acleKTaMH
OpraHM3alii IOCTAHOBOYHOIO IIpollecca B cpele
JIETCKOTO JIOTIOJTHUTEILHOTO 00pa30BaHMs.

[IpakTHyeckass 3HAUUMOCTh CTaTbH 3aKJIFOYAETCs
B CO3/IaHMU €IMHBIX PEKOMEHIAIMH ISl CTYACHTOB
npu BBIOOpe 0a3pl TPaKTHKH, Ha KOTOpoH Oynmer
peann30BBIBATECS MEJarorudeckas JesTeNbHOCTE B
paMKax BBITyCKHOH KBaMH(UKAITMOHHONH pPabOTHL
Oxupgaercs, 4YTO pa3paboTaHHBIE PEKOMEHIANN
MOMOTYT CTyIOeHTaM 3((EeKTHBHO OPTraHU3OBHIBATH
TeaTpalbHblE  MEpONPUSATUS,  CIIOCOOCTBYS — HMX
npodeccHoHAIBHOMY ~ POCTY M YJIyYLICHHIO
00pa30BaTeNBHOTO MpoLecca.

METOJUYECKHUE OCHOBBI IOATI'OTOBKHA
BbBIITYCKHOI'O CHHEKTAKJISA

1. Ilenu u 3a7aun CIEKTaKJIS.

Ilens opraHm3amum  JETCKOTO  BBIYCKHOTO
CIEKTAaKJIs 3aKJII0YacTCs B CO3JaHUU YCIOBUH I
pa3BUTHs TNOTEHNIWANa JEeTeH, MX CaMOBBIPAKEHHS,
TBOPUYECKOI aKTMBHOCTH W JMIECPCKHX KadecTB, a
Taxoke OPMUPOBAHHS HABBIKOB KOMAaHIHOH pabOTHI U
HE0OX0NMOTO B T€aTPaIbHON CPEIE «IyBCTBA JTOKTS».
[TomuMo  3TOrO,  JEATENBHOCTH  CHOCOOCTBYET
(hopmupoBaHuIO y CTYyJCHTOB-IIPAKTUKAHTOB
HpO(beCCI/IOHaJ'H)HbIX HAaBBIKOB, TAKUX KaK YIIPpaBJICHUEC
KOJIJICKTUBOM, BSaHMOﬂeﬁCTBHe C JACTbMHU DPA3HOTO
Bo3pacTa (B TOM 4MCIe IyOepTaTHOro Iepuoja |
KpH3HCa TIOJPOCTKOBOTO BO3pacTa) M  PpeIIeHHE
NeJarormdeckux 3anad. VcciemoBaHus MMOKA3bIBAIOT,
YTO MOCTAaHOBKA YETKOI Ienu B 00pa3oBaTelbHOM
Ipolecce yBEIWYMBACT MOTHBAIMIO  yYacTHHKOB
nerctBust Ha 20%, 4YTO NOMYEPKHUBAET BaXXHOCThb
OTpeZielIeHus eJed Kak Uil YY9eHHKOB, TaK M IS
cryzeHTa-pexxuccepa. C JApyroifl CTOPOHBI, Ba)KHO
OTMETUTD, 4TO «Uenb JlaHHOM (bopmel
BOCITUTATCIIBHOT'O BOSﬂeﬁCTBHH B CONMAJIbHBIX T€aTpax
- npoduIaKkTHKA aCOLMaJIbHBIX SBJICHUI
JEHCTBUTENBHOCTH, (OPMHUPOBAHHE  MO3UTHUBHOIO
OTHOIIEHHS K ce0e KaK K JIMYHOCTH, KOTOpas MOXET
BBIOMPATh M OCO3HAHHO FOBOPHTH «HET» MCKYIICHUSIM
W IUIOXWM TpUBBIYKaM» (Actpaxanimesa, 2014. 4 c.).
Takum 00pa3oM, BBEITYCKHOH CIIEKTaKJb HE TOJBKO
pa3BHBaET TBOPUECKHE CIIOCOOHOCTH, HO U BBHITOJHSIET
3HAUYUMYIO COIHMAIBbHYI0 (YHKIWIO, 4YTO SIBISIETCS
BaYKHOM MPAKTUKOM JIJIsl CTYAECHTOB.

Jns  ycnemHoW peanu3aliMiM  NOCTaBJIEHHBIX
HCJ’ICI\/’I BBIITYCKHOT'O CIICKTaKJIA H€O6XOJII/IMO
YCTaHOBUTH KOHKPETHBIC )5 IIOHATHO

c(hopMyIHpOBaHHBIE 33Ja4M ST BCEX YYaCTHUKOB
mpolecca, BKIIOYAs paclpefeleHHe poleld MExXmy
Y4E€HUKaMH JETCKOrO0 KOJIJIEKTHBA, OMNpEeAeIeHUE
o0si3aHHOCTE W CPOKOB  BBINOJHEHHSA  3ajay
(moMamHuX 3amaHuii). ONBIT MEAaroroB MoKas3bIBaeT,
YTO 4YETKOE paclpelelieHue 3a1ad Cpelu YUEHUKOB
CBSI3aHO C  BBICOKOW  3(deKkTuBHOCTEIO:  85%

YCIIEMIHBIX CHEKTAaKIEHd JOCTUTIM CBOUX LENeH
Onmaromaps 3TOMy IIOAXOAY, 4YTO MHHHMHU3HPYET
BO3MOJXKHBIC CIIOPHBIE W MPOOJIEMHBIE MOMEHTBHI H
CIOCOOCTBYET OpraHm3aniiu paboTel. Bmecte ¢ Tem
B2)XKHO Y4YMTBIBaTh, 4YTO «CO3JaHUE YCJIOBHH IS
cBOOOIBI BEIOOPA B y4eOHOM IIpoIIecce, Onepekaronas
caMocCTOsITeNIbHAs paboTa, MoOysK/IeHHe K pedieKcuu
— camoaHanmu3y Yy4eOHOW M TpodecCHOHATBHON
JIeATEeNIHOCTH, BBISIBJICHUIO COOCTBEHHBIX
3arpynHenuii u ommbok» (Ilactyxosa, Tapacosa,
2012. 6 c.). Takum oOpa3zoMm, coueTaHHE YETKOTO
pacripeseneHus 3a/ad, IIOCTaBJICHHBIX Yy4YacTHHKaM
JIETCKOTO KOJIJICKTHBA, ¥ CBOOOAKI BEIOOpa (hOpMaTOB U
CTHIIEH TeaTpaJbHOTO NCKYCCTBA HE TOIBKO yTIyOsieT
BOBJICUCHNE YYCHHKOB B TIPOIECC, HO M MOBBIIIAET
o0mryro 3QQEeKTHBHOCTE PaOOTHI HAJ peau3yeMbIM
CTIEKTaKJIEM.

OJIHUM M3 CaMbIX Ba)KHBIX aCHEKTOB IOJTOTOBKH
JICTCKOTO BBIIYCKHOTO CHEKTaKJIs, KakK BBIITYCKHOMN
KBaTM(UKAIMOHHON pabOThl CTYJEHTa-NPAaKTHKAHTA,
SABJISICTCA B3aHMOHeﬁCTBHe C ICTbMHU U UX POOUTCIISAMU,
4TO co37aeT Oojee KOMQOPTHYH aTMmochepy u
TIOBBIIIACT BOBJICUEHHOCTD BCECX Y4aCTHHUKOB
MocTaHOBKH.  MccnenmoBaHus — MOKa3bIBAlOT,  4TO
COTPYJHHYECTBO W TO3UTHBHAs KOMMYHHKAIUS C
pOIOMTENSIMH  TIPH  IOATOTOBKE  MEPONpPUATHH
YBEIHMUUBACT 179 yIOBIIETBOPEHHOCTD
00pa3oBaTEeNbHBIM  TPOLECCOM M HTOTOBBIM
MPOXYKTOM (B JAaHHOM KOHTEKCTE BBIITYCKa€MBIM
cnexrakieMm) Ha 30%. OTo nmogyepKkuBaeT 3HAYUMOCTb
JTAHHOTO acITeKTa JJIs YCIEIIHOM peanu3anuu paboThl
CTyJleHTa-TlpakTukanta. PaGota ¢ poautensimu
OTHOCHUTCA K O}lHOﬁ N3 CaMbIX OTBETCTBECHHLIX CTOPOH
OpraHM3aly 00pa3oBaTeIbHOIO MPOoIecca.

2. Kpurepuu yCnemHoro CekTakJsl.

Kpurepun ycHemrHoro CIEKTakisi OIPENeIsIoT
OCHOBHBIE ACTIEKTHI, KOTOpPBIE OYIyT yUUTHIBATHCS IIPH
HUTOTOBOM pPaz00pe BBITyCKHON KBaIH(UKAIMOHHON
paboTsI CTy/IEHTa-TIPAKTHKAHTA. Ycnemnsm
CUUTACTCS CIIEKTaKJIb, KOTOPBIH JOCTHTAeT
IMOCTaBJICHHBIX 06pa3OBaTeJ'H)HBIX 1 BOCIIUTATCIIBHBIX
eJIeld, mepesaeT 4yepe3 UCKYCCTBO CJIOBa U IUIACTHKH
MBICITH, 3aKJIaJbIBAEMbIE PEKHCCEPOM, a TaKKe
BBI3BIBACT TIOJIOKUTCIIbHBIC OMOIUHU y BCEX
YYacTHHKOB TIpoliecca (yUeHUKH, e1aror, pOIUTeTH U
3putenu). BoBiedeHHOCTh jeTeld B IMOITOTOBKY,
CO3JJaHME ¥ pealu3aluio  CIEKTaKIs  SBISIETCS
Ba)KHEHIIIMM KPUTEPHEM, TaK KaK OHA CIOCOOCTBYET HX
SMOIMOHAIEHOMY W TBOPYECKOMY Pa3BHTHIO, & TaKKe

¢dopMupyeT KOMaHIHYIO padOTy H  HOHSITHE
«KOJUIEKTHBa» B cdepe uckyccrBa. Ilpm sTOoM
KayecTBEHHass ¥  IUIAaHOMEpHas  IOJTOTOBKA,

BKJTIOYAONIasl JIEKOpAIMH, KOCTIOMBI M PETETHIHH,
WTpaeT KIIOYEBYIO pOJNb B JOCTIDKEHHHM YycIexa
cuekrakiasi. IlomoxwurenbHas oOpaTHas CBSI3p OT
3pUTENeH W POIUTENeH YUYEHHWKOB TAaK)Ke SIBISETCS
3HaYMMBIM  aCIeKTOM, MOATBEP)KIAIOINUM,  YTO
CIIEKTaKJIb OBLI BOCHIPUHSAT IIO3UTUBHO U C HHTEPECOM.
BaxHO OTMETHUTB, YTO «TECHOE COTPYAHHUYECTBO C
CeMbeil JienaeT ycnemHoi paboty oOpazoBaTelbHOM
opraumzanun» (CutHukoB, bypkosa, J[lyHaeBckas,
2017.71 c.). OTH 371€MEHTHI IOJUEPKUBAIOT, UTO YCIEX
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CIEKTaKJIS 3aBUCHT oT TapMOHUYHOTO
B3aUMOJICHCTBUSI BCEX YYaCTHHKOB IPOIECCa M HE
MOXET COCTOSITh 0Oe3 MenbHOW paboThl deTHIpex
aCTIeKTOB:  YUYCHHKOB, II€Aarora, poIMTeNned U
3pUTenei.

ITpumeps! yCHEIIHBIX MPAKTHK ITOATBEPKAAIOT
BRXHOCTh COOJIIOZIGHUSI YKa3aHHBIX KpuTepuen. B
pamkax mnpoekta «TeaTp B IIKOIe», pealn3yeMoro
JlenmaptaMeHTOM KYJBTYpbl ropoga MOCKBBI H
JlenaprtaMenToM o00pa3oBaHusi ropoga MOoOCKBBI,
Mefarorn OTMEYaroT, 4YTO BOBJICUEHHOCTh JAeTed B
MpOIIeCC CO3/AaHuUs CIIEKTAKIIA, HAauUuHasl C BBIOOpa Uien
U TIPOM3BEICHMS ¥ 3aKaHYMBAas PENETHLHSIMU,
3HAYUTEIHHO IOBBIIIAET WX HHTEPEC W MOTHBAILHIO
paborate. OmHUM W3 SPKUX TPUMEPOB YCHEITHOU
MpakTUKU sBiseTcs mnocraHoBka «llutep Ilm»
JleTckoil MIKOIBI UCKYCCTB «JleTH cuHel nTulbD), B
KOTOpOit JI€TU-YYaCTHUKHU CaMOCTOSATENIEHO
pa3palaTbhIBajM DJIEMEHTHI JEKOpaluii U KOCTIOMOB,
YTO CIOCOOCTBOBAJO PAa3BUTHI0 MX TBOPYECKHUX
crocoOHocTel. [lomoKuTenbHBIE OT3BIBBI 3pUTEINIEH,
BKIIIOYAs POJUTENCH ydaImuxcs, MOATBEPKIAI0T
YCHENIHOCTb crekTakiis. [To MHeHnIo AcTpaxaHIEBOH,
CIIEKTaKJIM BBI3BIBAIOT CHIIbHBIC AMOLMH y 3pUTENEH,
YTO TMOJYEPKHUBACT UX 3HAYUMOCTH B BOCIIUTATEIILHOM
mpouecce. OTH  TIPUMEPHl  IEMOHCTPUPYIOT, YTO
COONIOIeHNE  KPUTEPHEB  YCIEHIHOTO  CIIEKTAKIISA
CIOCOOCTBYET JIOCTH)KCHHIO BBICOKUX PE3yIbTaTOB.

3. Pomp BBIIIYCKHOT'O CIIEKTaKJIA B
00pa3oBaTeIFHOM IPOLIECCE.

JleTckuil BBIIYCKHOM CIIEKTaKJIb MMEET BaXKHOE
3HAYCHUE B 00PA30BATEIbHOM KU3HU JETCKOH IIKOJIBI
HCKYCCTB, MPEAOCTABIAS YHUKAJIbHYIO BO3MOXHOCTb
JUId  JeTed-y4acTHUKOB  3aKpeNHUTh  IOJy4YEHHBIE
3HaHMS W HaBBIKM, a IS CTyJICHTa-TIPAKTHUKa
peann3oBaTh 3aJyMaHHBIC TBOpPYECKHE HJIEH U
MOKa3aTh  BBICOKHH  YpOBEHb  II€arOrHYecKOTO
MacTepcTBa. YYacTBysl B IIOCTAaHOBKE, YYEHHK
OCBaMBaeT OCHOBBI TeaTPAJbHOTO MCKycCTBA U
AKTEPCKOTO MacTepcTBa, pa3BHUBaeT HaBbIK
MyOJIMYHOTO BBICTYIUIGHHS W y4uTcs paboTaTteh B
coCTaBe TBOPYECKOTO KOJUIEKTHBA. Pexuccepckas
nearornyeckast JeSITeTHbHOCTD CHoCcOOCTBYET
Pa3sBUTHIO Y CTYICHTOB-TIPAKTHKAHTOB JIUAEPCKUX
KauyecTB M (opmupyeT OyaylIyl0 MOAEIb MOBEICHUS
«YUYHUTENb-YYEHHK», K KOTOPOH CTYyAEHT CMOXET
oOpamarecss B Oymymedt pabore. HMccnenoBanus
MOATBEPKIAIOT TIOJIOXKUTETBHOE BIIMSIHUC
TeaTpalbHON JIESATENFHOCTH Ha 00pa3oBaTeIbHBIN
Ipolece, YTO TOAYEPKHBACT BaKHOCTh HWHTErPaliy
pasnuuHbXx (Gopm oOydeHus. B 3TOM KOHTEKcTe
MPOEKTHAsA e TENbHOCTD, IPEAyCMOTPEHHAs B PAMKax
npeamera  «VICKyccTBO»,  CTaHOBHTCS — BaXKHBIM
JIOTIONTHEHWEM, TaK KaK «B TEYEHHE ydeOHOro rosna
IIKOJIBHUKA JOJDKHBI 3aIIUTHTH 2 MCCIE0BATEIBCKIX
npoekTta» (OBcsaaHuKOBa, 3 c.). Takum o00pasom,
BBIITyCKHOH CHIEKTAaKJIb HE TOJIBKO o0oramaeT y4eOHbIi
IpoLece JIETCKOM IIKOJIBI HCKYCCTB, HO U (opMupyeT
Oyaymylo  Mojenb  TOBEJGHUS Yy  CTyAEHTa-
NpaKTHKaHTA.

TearpasbHasi BBITYCKHAs MOCTAHOBKA, MOMHMO
00pa3oBaTenbHOM (DYHKLMH, BBINOJIHIET BAXHYIO

BOCIIMTATEeNBHYI0 poOJb. B  mpomecce co3maHus
CHEKTaKIs NOeTH yd4arcs B3aMMOAEHCTBOBAaTH APYT C

IpYTOM, pa3BUBAlOT YyBCTBO  OTBETCTBEHHOCTH
MIPUYACTHOCTH K CO3JaHHMIO HCKyCCTBAa. Yd9acTHE B
TeaTpalbHON JESATEIBHOCTH CIOCOOCTBYET
(hopMHpOBaHUIO YBa)KCHUS K TBOPYECKOM

JESITEBHOCTH IPYTHX YYCHHUKOB U YMCHHIO paboTaTh
B KoJulekTuBe. CTaTHCTHKAa MOKa3bIBA€T, YTO TaKue
TBOpUYECKHE MIPOEKTHI MOBBIIIAIOT YpOBEHb
yBepeHHOCTH y Jered Ha 20%, dYTO sBIAETCS
3HAUUMBIM aCleKTOM MX JHYHOCTHOTO pocTa H
pa3BuUTHA 0O0JIBIIOTO KOJIMUECTBa HaBbIKOB.
BocnuTatenbHplii  NOTEHLMAN  CHEKTakKIsl — TaKke
3aKIIF0YAETCs B BO3MOXXHOCTH PEaTN3aIiH CTYACHTOM-
MIPAKTHKOM CBOMX I€IarOTMYECKIX HABBIKOB, KOTOPHIE
OyayT HEOOXOmWMBI TIPH OOCYXKIACHHH C JETHbMH
BaXHBIX COIMAJIFHBIX M MOPAIBFHBIX TEM MOCTAHOBKH.
B ostom konrekcre KocuHen mMOAYEpKUBAET, YTO
«pa3BUTHE y COBPEMEHHOTO peOEHKa TOJEPaHTHOTO
OTHOIICHHUSA K ce0e U K OKPYKAIOIIeMy MUPY SIBIISIETCS

Ba)KHOU 3aaauet TeaTpaJbHOI IEe1arOruKm»
(Kocuner, 2013. 24 c.).
Pa3BuBaromias (GyHKIUS JETCKOTO CICKTaKJIs

MPOSIBISIETCSl B CO3JAHMU YCIOBHU ISt PACKPBITHS
TBOPYECKOTO TMOTEHIMANa YYCHHKOB. AKTEpCKOE
HUCKYCCTBO M TeaTpalbHOE MACTepCTBO MO3BOJISET
y4YaIUMCsl SKCIIEPUMEHTHUPOBATh C MpeiaracMbIMU
POJISIMH, TIPOOYSI HOBbIE MHTOHAIIMY, MUMUKY H )KECTBI.
DT0 CcmOCOOCTBYeT PAa3BUTHIO BOOOpaKeHUS U
YKPEIJICHUIO TBOPYECKOTO IOJX0Ja K JIESITENIbHOCTH.
CoumanbHbelii TeaTp, Kak oTMedyaeT AcTpaxaHIeBa,
(dbopMupyeT y eTel MO3UTUBHOE OTHOIICHKE K ceOe 1
CHOCOOCTBYET MPO(PHIAKTHKE ACOIUAIBHBIX SBICHUI
(Acrpaxanuesa, 2014, c. 4). Takum 00pa3oM, AETCKUit
CIEKTAKJIb ~ CTAHOBHUTCS  BO3MOXHOCTBIO ISt
peanu3aiiu JeTCKOT0 TBOPYECKOTO IMOTEHIMANa M
CIIOCOOHOCTEN KaXJa0ro peOeHKa, 4YTO JejiaeT ero
B)XKHBIM DJIEMEHTOM 00pa30BaTENILHOrO Ipolecca
YUPEKICHUS JONOIHUTEILHOTO 00pa30BaHusl.

B pesynaprare paboTel Haja crarbeil  Obuia
paspaboTraHa  eaMHas  CHUCTeMa  METOAMYECKUX
peKOMeHHaHHﬁ JJId TJIAaHUPOBAHUA U TOATOTOBKH
JISTCKOTO BBIITYCKHOTO CIIEKTaKJsl, KaK MTOrOBOTO
TeaTpaabHOTO IIPOEKTa BBIITYCKHOH
KBAIM(UKALMOHHON PabOThl CTYAEHTOB BBIITYCKHBIX
KypCOB BBICIINX Y4EOHBIX 3aBeJICHHM.

Cnucok 1uTepaTypsbl:

1. Actpaxanuesa JI. H. CouuanbHelil TeaTp Kak
CPE/ICTBO BOCITUTAHHS MO/IPACTAIOIIETO TOKOJICHHS: 13
omplTa  paboTBl  mejgarora  JONOJHHUTEIHHOTO
obpazosanus / JI. H. ActpaxanneBa. — OMYTHHHCK,
2014.

2. Kocunmen E.M. Pecypcel  TearpaibHOMR
MEaroTHKH Ui pealn3alud TpeOOBaHWN HOBBIX
00pa3oBaTEeIHHBIX CTaHJIapTOB B obmacTtn
KOMIIETEHTHOCTHOTO  MOAXO0Ja B O0meM |
JIOTIOJTHUTENEHOM 00pa3oBanny // Hay4uHbli monck. —
2013. — Ne 4.2.

3. Ogcsuauukosa O. A. IIpo6nemMa cOOTHOIEHUS
CTaH/apTOB OOINEro My3BIKAILHOTO O0Opa3oBaHUS H



|
50 East European Scientific Journal #1(109), 2025 EESIL

CTaH/IapTOB HAIpaBJICHUS «Ileparoruueckoe
obpazoBanmue» npopuist «My3bikay — 3 c.

4. Tlacryxoa W.II., Tapacosa H.B. OcHoBHI
yueOHO-HCCIIeI0BATENBCKOM JIeSITEIbHOCTH
CTYICHTOB: y4e0. mocobme Uil CTyHn. YUpe:KIACHUI
cpens. mpod. obpazosanus / W.II. Ilactyxosa, H.B.
TapacoBa. — 2-¢ u3n., mepepad. — M.: M3natensckuit
ueHTp «Axagemusi», 2012. — 160 c.

5. CurnukoB B. JI., Bypkosa C. A., JlyHaeBckas
3. b. CeMbsl 1 COBPEMEHHBIN COIIMYM, CEPHUS: CEMbSI 1
JeTH B COBPEMEHHOM  MHpE:  KOJUICKTHBHAs
MoOHOTpadus / mox ob1eit u HaydHoi pemgakuneii B. JI.
CuraukoBa, C. A. Bypkoso#i, 3. b. JlyHaeBckoil. —

CII6.: «ComuansHo-TyMaHUTapHOE 3HaHHEY,
2017. — 130c.

Valiulina Svetlana Igorevna.

PhD, Associate Professor. Kazan (Volga Region) Federal University.
Kremlyovskaya St., 18, Kazan, 420008, Republic of Tatarstan, Russian Federation
Nuretdinova Alsou Renatovna.

PhD, head of the Archaeological museum. Kazan (Volga Region) Federal University.
Kremlyovskaya St., 18, Kazan, 420008, Republic of Tatarstan, Russian Federation

METALLURGICAL CRUCIBLES OF THE GOLDEN HORDE (BASED ON MATERIALS FROM
EXCAVATIONS OF A JEWELRY WORKSHOP AT THE TSAREVSKOYE SETTLEMENT)

Summary: The article is devoted to the study of metallurgical crucibles from the jewelry workshops of one
of the capitals of the Golden Horde - Sarai al-Jedid - that had been producing gold jewelry in the 1340s-1370s.
The chemical composition of the clay fabrics of crucibles and to a greater extent the composition of crucible slags
formed in the contact zone between the vessel walls and their filling during melting was determined by scanning
electron microscopy (SEM). The analyses let us reveal the composition of the crucible molding fabrics, which is
almost identical to the composition of tableware from a nearby pottery workshop. The article also provides data
on assay analysis of the workshop's products. The fine of the gold evidences that jewelers’ skill and the quality of

technical ceramics let them achieve great results.

Keywords: Golden Horde, 14th century, jewelry workshops, technical ceramics, crucibles

Introduction

Sarai al-Jedid — the Tsarevskoe settlement and the
second capital of the Golden Horde in the Lower Volga
Region (Figure 1) — is a unique monument in many
respects. First of all, the huge city was obvious in the
relief of the surface even before excavations and
preserved evidence of topography and planning
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structure. According to written sources and numismatic
data, Sarai al-Jedid is known as a rapidly emerging and
flourishing city that existed for only a few decades in
the 14th century — from the second half of the 1330s,
the time of the reign of the Uzbek Khan, to the ruin of
Timur in 1395.
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Figure 1: Map of the location of the Golden Horde capitals in the Lower Volga Region.

These factors were determinant when choosing the
monument as the object of the first researches of the

Golden Horde cities in the VVolga region by the Moscow
University archaeological expedition under the
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direction of G.A. Fyodorov-Davydov. In 1959, regular
digging was started in the Tsarevskoye settlement, and
from 1961 to 1968 a group from the Kazan University
(supervised by I.S. Vainer) took part in the excavations
(Figure 2). During these years the layout of the city, the
type of constructing, fortification and water supply
system were determined. Craft workshops — a large tile
workshop in the potters' quarter in the central part of
the city and three rich estates with workshops in the
South-Eastern suburbs — were explored. Several types
of production were organized in the estates: pottery
(glazed dishes) production (Valiulina and Nuretdinova
2021), bone-carving and jewelry making (Valiulina
2020). Two successive gold-making workshops
(Homestead 11 and Homestead IIl), according to
numismatic material, functioned from the 1340s to the
1370s (Fyodorov-Davydov et al. 1974: 113). The

Excavation I1-1963

E.VII-1963
C
————— 7 period
Az period
7////, 76 period
m Ma period
0 101
R DI P S

neglected Homestead Il survived until 1395.
According to G.A. Fyodorov-Davydov, life in the
suburbs after the raid of Timur's troops did not stop
completely and the remaining residents of the quarter
cleaned the territory of the homesteads. However, the
former intensity of life was not observed, the quarter
emptied and fell into decline.

At the initial stage of jewelry production in
Homestead 11, a workshop (380x170 cm) was located
next to a residential dugout and at the distance from the
rich house of the owner of the homestead; the jeweler
probably lived in the dugout and was a dependent
person. At the next stage in the 1360s-1370s,
Homestead 1l appeared: a wooden house and a
workshop next to (640x700 cm) were built there and
that was the workshop of a free master.

Excavation I1-1965

Excavation I1-1966

E.II-1967-1968

Jur
(g

E.IV-1971

(jewelry workshop) §

furnace 1

ARED

Figure 2: Layout of the excavations of the Tsarevskoye settlement.

The excavations presented the remains of thermal-
and-technical constructions — furnaces, jewelry tools,
numerous production wastes — golden plates’ cuttings,
wire, and finished products made of gold (overlay,
turquoise set in gold, six-petal rosette, ring, miniature
carnations) (Figure 3). The goldsmith's workplace is
marked by drops of gold on pieces of stove plate and
clay coating in kilns, on the fragments of household
utensils and inside melting vessels — crucibles
(Figure 3). In total, 137 crucibles of various degrees of

preservation were found in workshops; the whole
collection is stored in the Archaeological Museum of
Kazan University (Inventory number AKYKP 358)
(Valiulina and Nuretdinova 2022).

The results of X-ray analysis of 17 gold samples
from the workshops, including 5 gold drops from
crucibles, were given in the preliminary publication on
the results of the unearthing. In all samples, the content
of gold is 90-99%, silver is presented as natural
impurity to the gold, and impurity of copper, which,
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according to the authors of the study, was added during
the melting process in the crucibles, were found. The
limited capabilities of X-ray diffraction analysis did not
allow us to give full characteristic of the alloys, and the
analysis of technical ceramics was not performed

(Vainer and Krinari 1974: 126-129). The assay
analysis carried out in the framework of our study
supplemented and clarified the previously obtained
data (Table 1).

Figure 3: Crucibles (1-9) and golden products (10-16) from Tsarevskoye settlement workshops. Drawing by
A.R. Khisamova, photo A.R. Nuretdinova.

Crucibles as vessels for melting metal are
characterized by special qualities. They must have had
special physical and chemical properties: they were to
be resistant to high temperatures, provide the melting
speed, and be able to control the melting process. In
many ways, the properties of crucibles depend on the

composition of the clay, the shape and method of
temperature effect (Yeniosova and Rehren 2011: 244).

The article aims to determine the chemical
composition of the clay fabrics of the crucibles, and to
a greater extent, the composition of crucible slags
formed in the contact zone between the walls of vessels
and their filling during melting.
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Table 1
Results of assay analysis of workshops’ production from Tsarevskoye settlement.
name picture composition
Au Ag Cu
onlay Figure 3, 10 96 % - 4%
bead Figure 3,11 95 % 3% 2%
eardrop Figure 3,12 90 % 7% 3%
offcut Figure 3,13 96 % 3% 1%
offcut Figure 3, 14 80 % 17% 3%
onlay Figure 3, 15 93 % 4% 3%
onlay Figure 3, 16 80 % 18 % 2%
Methods preservation; whole forms are represented by drawings

Crucible material was examined by scanning
electron microscopy (SEM) using a Carl Zeiss EVO 50
with an X-ray microanalyzer (Bruker EDS). The
studies were carried out at accelerating voltages of 20
kV in order to increase the sensitivity of such elements
as Pb, Sn, Sh, As, Ba. The current mode ranged from 5
to 12 nA for a better terrain / analysis ratio. The
microscope imaging mode involves electron
backscattering (BSE). This mode allows you to most
accurately distinguish the phase composition in the
samples (layers, inclusions). Data on quantitative and
qualitative analysis are presented in the form of oxides
(Table 2). To process the experimental data and
determine the composition directly during the
measurements, we used a calculation algorithm based
on the ZAF model diagram, which takes into account
corrections for the arising effects of generation and
absorption of characteristic x-ray radiation, as well as
for fluorescence from characteristic x-ray radiation or
bremsstrahlung. To obtain reliable results, each sample
was studied by 5 spectra (Figure 4), followed by the
calculation of average values, the results are presented
in Table 2.

Morphology

All crucibles from jewelry workshops have been
remained as fragments (Figure 3) of varying degrees of

in the General Table of Finds in an early publication
(Fyodorov-Davydov et al. 1974: tab. V: 28, 29); these
are triangular and cylindrical crucibles. Unfortunately,
the triangular crucible was not available for our study.
Several fragments preserved a complete profile of
vessels, i.e. being "archaeologically full" they provide
information about the height and diameter for rather
reliable graphical reconstruction (Figure 4: 2). Thus,
the safety of the material does not let us either perform
a strict systematization of products or create a typology
and establish quantitative ratios of different types.
Based on the available data, at least three types of
crucibles can be distinguished: 1 — cylindrical (2
subtypes) with a rounded bottom and a conical bottom,
2 — egg-shaped — with a rounded bottom, slightly
rounded walls and a narrowed opening (Figure 3-8) and
3 — triangular with a rounded bottom. All crucibles
were small in size, if the height is difficult to judge,
whole samples show 5-6.5 cm, the information about
the edge diameter is more reliable: the diameter of the
crucibles varied from 3 to 5cm. Crucibles are thin-
walled, the wall thickness was 3-5 mm, increasing in
the bottom part. Miniature crucibles correspond to
small volumes (portions) of the noble metal used by the
jeweler, and thin walls facilitate heat exchange and
increase fire resistance (Bayley and Rehren 2007: 47).

2
3cm
[ — — ]
AKYKII-358/1 Na | Mg | Al Si P S | K Ca Ti [Mn | Fc [ Co Cu | Zn | Sn | Sb | Ba _Pb | Ag | Au | 3
Spectrum 90 326 | 1,79 | 829 53,56 534 | 046 | 3.26 1206 036 | 030 | 877 | 0,12 027 | 012 | 0 | 043 | 024 0,60
Spectrum 91 497 | 2 | 758 542 305|037 [ 418 1116 04 [ 024 921 |05 027 (018 | 0 |05 | 016 037
Spectrum 92 2,63 | 2,19 %61 5145 3,14 | 053 | 486 13,21 043 | 032 | 10,11 | 0,08 0,6 0,00 | 0,21 | 0,52 | 0,08 022
Spectrum 93 | 298 | 238 | 1037 54,13 4,06 | 081 | 337 1283 043 | 023 | 628 | 002 045 | 000 | 017 | 051 | 031 0,15
Spectrum 94 168 | 1,67 | 973 5706 568 | 117 | 2,23 12,59 028 | 0,12 | 581 | 0,00 037 | 000 0 | 042 | 027 047
Average 3.10 [ 2.01 | 891 5408 425 | 0.67 | 3,58 1237 038 | 0.24 | 8,04 | 007 039 | 0,06 | 0,08 | 048 | 021 036
Standard deviation | 1,20 | 029 | 102 2 1,22 | 033 | 0.99 080 _ 0.06 | 0,08 | 1,89 | 006 0.14 | 0,09 | 0,11 | 0.05 | 0,09 _0.18
Spectrum 95 076 | 09 | 380 1488 | 192 | 1,81 | 141 711 2,68 0.66 2,42 [6142

Figure 4: Scanning electron microscopy and photo of crucible no. 1 (AKYKP-358/1).
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The surface of the crucibles is even, rather smooth,
brown or brown-gray outside and dark gray inside. All
samples of the collection from Tsarevskoye do not have
vitrification (glazing) either of the external or internal
surface. When zooming in on the inner surface of the
crucible wall, one can clearly see quartz grains, dark
coal (?) clusters, angular shiny scales of muscovite
mica and droplets-balls of gold of different size in the
composition of ceramic slag in most crucibles
(Figure 4: 2).

Results and discussion

The chemical composition of the crucibles'
material (Table 2) shows that they are of common raw
material with earthenware and other products from the
pottery workshop in Homestead IlI: nozzles, three-
horned stands for firing glazed dishes, matrix forms for
making relief stamped ornaments (Valiulina and

Bocharov, 2020). The fabrics of both crucibles and
earthenware is characterized by a high concentration of
alumina, calcium, and iron with an average content of
alkalis of 6% (Table 2). Only a large amount of
aluminum oxide is useful from this list for producing
refractory vessels. Therefore, the master should have
introduced necessary technological additives into the
fabrics to increase the refractoriness of wvessels in
accordance with the crucibles’ targeting. It is important
that 5 crucibles taken for analysis demonstrate a lack of
standardization in this process — technological additives
are individual in almost every sample. Perhaps the
master was searching for the optimal composition,
which obviously characterized the craft tradition that
had not yet developed. However, this diversity may
reflect the slag inclusions obtained while using the
crucibles.

Table 2
The chemical composition of the material of crucibles and gold inclusions according to the results of SEM.
NAM Al si|P|s|k|ca|Ti|Fe| S| % |sn|sb|pp|”|Au
alg u n g
L el |32 (89| se (4|0 |3 |12 0|8 o]0 000
10 01| 1 |08 |25|67 |58 | 37 |38|04|39|06|08]| 48| 36
358/1
Stand
5 ard 1, 10 |11 5 | L 0,10 108|0 |10 |00, |0, |0,
deviat | 20 | 29 | 2 22 133|199 0 |06 |8 |14 (09|11 |05 18
ion
2 Sﬂenf” 0,0 (38|24 |1 |1 |1 |71 2, | o, 2, | 61,
76 | 9 0 88 |92 |81 (41| 1 68 | 66 42 | 42
(Au)
AKY
4 KP- 4, | 2, |11, | 34,0, |0, |1, |20, |0, |5 |9 0|0 |0 ]S®6,
358/1 | 36 | 93 | 54 | 68 | 94 | 53 |06 | 62 |27 | 77 |14 | 01 | 18 | 74 | 35
9
Stand
5 ard 0,/0109(090 |00 (070|010 |00 |0 |O
deviat | 26 | 27 | 7 4 33|29 1 7 |04| 4 |56|02|08]|15] 95
ion
5 Sﬂfﬁ” 2,10 [32|87]0 |1 |0 |44 1, | s, 8, | 58,
02 |8 | 1 4 |18 | 75|34 | 3 53 | 06 89 | 72
(Au)
AKY
7 KP- 4, | 2, | 14, |45 |1, |1, |3 17,10, |5 |0, 0,0 |0 |0,
358/2 | 59| 9 | 22 | 54 (11 (09| 1 | 93 |40 |61 |89 |04 |45 |47 |59
5
Stand
8 ard 0o,/0]]08|28|1,1|0 10 |33]0, |00 |00 |0 ]0Q0,
deviat | 72 | 24 | 4 2 | 024229 9 [ 084503 |03 16|09 |07
ion
o | M2 |1, |85 |2 [0 |1 |1 |86 3, 49,
68 |62 | 5 | 17 | 57 |98 |69 | 5 16 41
(Au)
AKY
1| KP- |3 |5 |13 |50 |0 |0, |1 |24 |0 |7, |1 (0|0 |0 |DO
0| 358/3 |27 | 25| 46 | 62 |21 |44 |53 | 11 |55 |53 |16 |02 | 23 | 51 | 37
1
Stand
1 ard 0,10 (07200, 10, |0, 02 0,12 1|0 (0 ]0 |0 |O0,
1| deviat | 23 | 47 | 1 4 | 33|04 35 ' 17 | 67 | 18 | 03 | 05 | 07 | 08
ion
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1| Seectr )y 1 g 13612 |0 |1 |0 |39 3, | 2 3, | 64,
2| MM 1gg|35| 5 |51 |00|51[79] 9 42 | 67 77 | 21
(Au)
AKY
1| KP- |3 |2 |28 |49 |0 |0 |1 |82|1 |1 00 |0 o0 |o
3| 358/1 | 68|88 | 05| 13 |17 |77 76| 5 |17 |97 |48 |02 | 13|27 | 14
07
Stand
1| ad [0 |0 ]20]30|0 |0 |0 |124|0 10 |00 |0 o0 |o
4 | deviat |20 |35 7 | 7 |04 |14 |27 | 3 |64|31|09|02]|08]|07]03
[e]]]

Of all the samples, crucible no. 107 is the most
consistent in composition with the technological
standards of refractories. The crucible material is rich
in alumina —28.05 %; this is a high concentration level
for unused vessels (Martinon-Torres and Rehren, 2009)
and the lowest level of iron oxide in the sample —
1.97 % (Table 2: 13). The crucible has an equally
smooth surface inside and outside, without bubbles,
cavities and traces of metal — gold droplets. All these
features and the chemical composition of the crucible
material allow us to conclude that the crucible was not
used.

Sample no.1 is characterized by a significant
amount of phosphorus —1.33 %, that is, more than 3
times higher the average value and an increased content
of potassium (Table 2: 1). These data indicate the
addition of vegetable ash to the clay; the additive is
known to have been used by artisans (Martinon-Torres
et al. 2008) for creating of recovery conditions in the
crucible (Bayley and Rehren 2007: 47).

Crucible no. 31 is characterized by an increased
level of magnesium oxide of 5,25 % (twice higher than
the average percentage), possibly due to the
introduction of a mineral additive of magnesia-
ferruginous silicate (olivine, chrysolite), aimed at
increasing heat resistance (Table 2; 5).

Two crucibles no.19 and 25 are both
characterized by a high percentage of calcium oxide
20.62 % and 17,93 %, respectively; in both cases we
can assume the presence of bone ash, another typical
additive for making refractories, especially specialized
in cupellation. Bone ash and wood ash were used to
make crucibles in the alchemy laboratory in

Oberstockstall (Osten 1998). Probably this multi-step
procedure was not completed in crucible no. 19, unlike
crucible no. 25 (Table 2: 7,8; 3,4). The large amount of
calcite or lime could be a component of slag (Martinon-
Torres and Rehren 2007: 86).

Figure 5: Scanning electron microscopy and photo of crucible no. 19 (AKYKP -358/19).
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The absence of vitrified slag on the surface of the
crucibles (Figure 3) is determined by a set of
technological conditions, including, probably, the
metal for which they served. The same feature is noted
in the workshop of the Bilyar alchemist, where of 8
crucibles only 2 fragments belonging to one vessel
contained vitreous slag. The fact that the Bilyar
alchemist worked with gold is evidenced, in particular,

by the assay stones found in the workshop. Some of
them retained distinct strokes of gold, which let us
determine high concentration of gold - 850 and 950
fines (Valiulina 2005: 156-157, fig. 44; Valiulina 2016:
265-266, fig. 19a, 19b: 8-14). But the three Bilyar
crucibles retained traces of brass and also did not have
vitreous slag.

100um :

Figure 6: Scanning electron microscopy and photo of crucible no. 25 (AKYKP -358/25).
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100um
Figure 7: Scanning electron microscopy and photo of crucible no. 31 (AKYKP -358/31).
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Figure 8: Scanning electron microscopy and photo of crucible no. 107 (AKYKP -358/107).

Analysis of the crucibles of the Tsarevskoye carries the most metallurgical significant information
settlement workshop allowed us to obtain information  (Martinez-Torres and Rehren 2007: 86).
about the slag on their inner surface. This slag usually
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The results of the analysis showed the presence of
sulfur in all samples in the range of 0.44-1.09 %, while
in all samples of gold balls on the inner surface of the
crucibles (except for no. 107, where no gold was
found), the concentration of sulfur is 2-3 times higher
than that of the matrix. The fact of sulfur presence in
clay itself is not surprising, it is found in sand, clay and,
accordingly, in the products of the Golden Horde
workshops — glazes, ceramics, glass — sulfur
compounds are a regional geochemical feature of the
raw material base of the Lower Volga region. But an
increased amount of sulfur in the metal indicates its
deliberate technological addition. Sulfur has been used
to refine gold since ancient times. Theophilus mentions
sulfur when working with gold at least in three chapters
of his work "On Making a Golden Cup", where he
recommends to use sulfur for improving the plasticity
of the metal, namely in chapters LXVIII and LXIX —
"How to Separate Gold from Copper" and "How to
Separate Gold from Silver" (Theophilus 2008: 291,
320-321). It is important that pieces of sulfur were
found at the sites of workshops from Tsarevskoye (11-
1967/1968, 3/213), sulfur was also found in the
materials of the alchemist's workshop in Bilyar
(Valiulina 2005). T. Rehren cites the opinions of
authoritative researchers in this regard and mentions
the use of antimonite — antimony sulfide (antimony
luster, or the mineral stibnite Sb2S3) as a separating
agent of gold from silver (Rehren 1996: 138). The
antimony as well as sulfur is found in the composition
of the crucible fabrics, but it is not registered in golden
balls (Table 1). The presence of copper in golden balls
on the walls of the crucibles is also explained by a
technological additive. Sulfur, copper, and a significant
percentage of silver in gold show an incomplete
cupellation process. And silver is present as silver
sulfide in samples no. 1, 25, 31 (Table 2: 3,4; 7,8), or
silver nitrate (Rehren 1996: 140), as in sample no. 19
(Table 2: 4), where in addition to a large amount of
silver (8.89 %) a significant concentration of nitrogen
(2.96 %) is found (Table 2: 4).

Conclusion

Crucibles from jewelry workshops of the
Tsarevsky settlement are stratified and provided with a
wide context: technological, numismatic, household:;
they are a part of a manufacturing complex in its
development, implying the changing social conditions
of handicraft organization. It is especially important
that the craft complex, in addition to jewelry making,
included pottery workshops for the production of
glazed dishes, which provided a comparative material.
All these circumstances open great prospects for further
research of crucibles.

A comparative analysis of the composition of the
crucible fabrics and the products of the pottery
workshop made it possible to determine the local
production of crucibles, although it is a well-known
fact that these products necessary for metallurgical
production could have been a subject of trade
(Martinon-Torres and Rehren 2009).

The composition of the molding fabrics of
crucibles, which is almost identical to the composition

of tableware, does not allow us to consider them fully
fireproof vessels; it is more correct to call them
technical ceramics. Examples of such crucibles are
known in scientific literature (Rehren 1996). However,
the crucibles from Tsarevskoye settlement, being not
quite refractory, performed their functions well.

The fact that the crucibles from Tsarevskoye
workshops coped with the tasks of cupellation -
cleaning gold from ore impurities, melting and casting
- is evidenced by the high fine of jewelry, cuttings,
wire, and drops of gold (Table 1). At the same time,
attention is drawn to the obvious wastefulness of the
master when working with noble metal, which is
usually not a characteristic of goldsmiths.

Clay crucibles were obviously made by the
goldsmiths themselves, because of their complete
absence in the potteries located nearby.

In all aspects of studying the syncretic culture of
the Golden Horde, the identification of origins of
cultural traditions is of particular importance.
Nowadays, the lack of analytical data on materials from
Central Asia and Transcaucasia is a constraining factor
for solving this problem in handicraft and, in particular,
in search of technological traditions. In addition,
expanding the complex of methods and analytical base
on the crucibles from both the Tsarevskoye settlement
and other cities — craft centers of the Golden Horde — is
the top priority in this field.

Acknowledgments

The authors express their gratitude to
A.P. Kostitsina for performing assay analysis of gold
products and A.A. Trifonov for performing scanning
electron microscopic analysis of the crucibles.

The study was carried out with financial support
from the Russian Foundation for Basic Research,
project No. 20-09-00240 «Tsarevskoye ancient
settlement: study of excavation materials from 1961-
1968 from the funds of the Archaeological Museum of
Kazan Federal University and the State Historical
Museumy.

References

1. Bayley J., Rehren T. Towards a functional and
typological classification of crucibles. LaNiece S.,
Hook D. and Craddock P.T. (eds.). Metals and Mines:
Studies in Archaeometallurgy. Archetype. British
Museum: London, 2007, P. 46-55.

2. Eniosova N., Mitoyan R. Metal-melting
Crucibles from Medieval Russian Towns. Kars H. and
Burke E. (eds.). Proceedings of the 33nd International
Symposium on Archaeometry, 22-26 April 2002,
Amsterdam. Geoarchaeological and Bioarchaeological
Studies, 2005, vol. 3, P. 327-330.

3. Eniosova N.E., Reren T. Plavil'nye sosudy
novgorodskih yuvelirov. Novgorodskie
arheologicheskie chteniya — 3. Velikiy Novgorod,
2011, P. 243-254. (in Russian).

4. Fedorov-Davydov G.A., Vajner I.S., Guseva
T.V. lIssledovanie trekh usadeb v vostochnom
prigorode Novogo Saraya (Carevskogo gorodishcha).
Smirnov A.P., Fedorov-Davydov G.A. (eds.). Goroda



60

|
East European Scientific Journal #1(109), 2025 EESIL

Povolzh'ya v srednie veka. Moskva, 1974, P. 89-127.
(in Russian).

5. Martinon-Torres M., Rehren T. Ceramic
materials in fire assay practices: a case study of 16th
century laboratory equipment. Prudencio I.,Dias 1.,
Waerenborgh C. (eds.). Understanding People throngh
their pottery. Lisbon: Instituto Portugues de
Arqueologia, 2005, P. 139-149.

6. Martinon-Torres M., Rehren T. Trials and
errors in search of mineral wealth: metallurgical
experiments in early colonial Jamestown. Rittenhouse:
the Journal of the American Scientific Instrument
Enterprise 21 (66), 2007, P. 82-97.

7. Martinon-Torres M., Rehren T. Post-medieval
crucible production and distribution: a study of
materials and materialities. Archaeometry 51:1, 2009,
P. 49-74.

8. Martinon-Torres M., Tomas N., Rehren T,
Mongiatti A. Some problems and potentials of the of

cupellation remains: the case of post-medieval
Moutbeliard, France. ArcheoSeinces 32, 2008,
P. 59-70.

9. Teofil. O razlichnykh iskusstvakh [About
various arts]. Kniga tain. Sekrety masterstva [Book of
secrets. Secrets of mastery], Traslated from Latin. St.
Petersburg: Azbuka-Klassika, 2008, P. 169-374. (in
Russian).

10. v. Osten S. Das Alchemistenlaboratorium von
Oberstockstall. Lin Fundkomplex des 16. Jahrhunderts
aus Niederdsterneich. Jnnsbruck: Universitatsverlag
Wagner, 1998. (in German).

11. Vajner 1.S., Krinari G.A. Prilozhenie 1.
Issledovaniya obrazcov zolota iz masterskih v rajone
«trekh usadeb» na Carevskom gorodishche (Novyj
Saraj). Smirnov A.P., Fedorov-Davydov G.A. (eds.).
Goroda Povolzh'ya v srednie veka. Moskva: Nauka,
1974, P. 126-129. (in Russian).

12. Valiulina S. Volga Bulgaria glass: a case study
of Bilyar settlement materials. Kazan: Kazan
university, 2005. (in Russian).

13. Valiulina S. Medieval workshop of an
alchemist, Jeweller and Glassmaker in Bilyar (Middle
Volga Region, Russian Federation). Pamatky
Archeologicke 107, 2016, P. 237-278.

14. Valiulina S. The problem of the social
structure of medieval craft in the Volga region
according to archaeological data. Uchenye Zapiski
Kazanskogo Universiteta. Seriya Gumanitarnye Nauki
162 (6), 2020, P. 35-46.

15. Valiulina S.1., Bocharov S.G. Chemical and
Technological Characteristics of Glazed Pottery from
the  Workshop of  Ttsarevskoye  Settlement.
Geoarchaeology and archaeological mineralogy -
2020. Miass; Chelyabinsk, 2020, P.130-135 (in
Russian).

16. Valiulina S.I., Nuretdinova A.R. Technical
ceramics from the pottery workshop at Sarai-Al-Jedid
— Tsarevskoye Settlement. Povolzhskaya Arkheologiya
No.2, 2021, P. 79-92.

17. Valiulina S.1., Nuretdinova A.R. Metallurgical
crucibles from the jewelry workshops of Sarai al-Jedid
14 century. Archeology of the Eurasian steppes No.1,
2022, P. 93-105.

Aynnakun EB. *1

K.M.H., npoeccop Ynueepcumem «Typan»
axademux MAUH

ORCID ID: 0009-0005-8417-1978
2.Animamot, Kazaxcman

Onoacein I'b. ?

mazucmpanm

ORCID ID: 0009-0009-5223-1357
2Vuueepcumem «Typam»

2. Anmamur, Kazaxcman

®AKTOPBI IICUXOJOTNYECKOI'O BJIATOITIOJIYYUA Y IOAPOCTKOB: OIIEHKA "
IMPAKTUYECKOE 3HAYEHUE

DOI: 10.31618/ESSA.2782-1994.2025.1.109.522

AnHoranusi. CraTbs NOCBsIeHa aHanu3y (aKTOpOB, BIMSIOIIMX Ha ICHXOJIOTMYECKOE Oiaronosy4due
MOJPOCTKOB M pa3padOTKe MPAKTUIECKUX METOI0B €ro MOAAEPKKU. PaccMOTpeHbI OCHOBHBIE acTIeKThI, BKIIOYas
PO CEMbH, IIKOJBHON Cpelbl, COIMAJIbHBIX CBS3€H M IMOLMOHAIBHOW CTaOMIBHOCTH B (OPMHPOBAHHH

TMCUXUYCCKOTO 3J0POBb MOAPOCTKOB.

CemMmelinas NnoAACpIKKa wurpaet 3HA4YMMYKO PpOJIb B 3MOHI/IOHEU'II:HOI>1 CTa0UIBLHOCTH INOAPOCTKOB U
(I)OpMI/IpOBaHI/II/I X YBCPCHHOCTHU. [lIxonpHas cpeaa U poOJib NEAAroroB TaKKE OKa3bIBAOT BJIMAHHUC Ha
OMOIIMOHAJIBHOC COCTOSAHHUE U YCIICHIHOC aJallITUPOBAHUC YYAlIUXCH. COHI/IaJ'IBHI)Ie CBsA3M W OMOIIMOHAJIbHAsA
CTa0UJILHOCTH UMEIOT KIIFOYEBOE 3HAUCHUE JJIA 06HI€F0 IICUXOJOIrH4€CKOIro 6narononyq1/1>1 OAPOCTKOB.

B zakmouenun MOAYCPKNUBACTCA HCO6XOHI/IMOCTL KOMIUICKCHOT'O MoAXoAa K MOAACPIKKE IMCUXOJIOT'MIECKOI0O
340POBbA MOAPOCTKOB, BKIIOYAIOMIETO PA3JIMYHBIC ACTIEKThI MX XU3HHU C LEJIBIO obecneueHus MOJIHOLICHHOT O

Pa3BUTHSA U YKPETUICHHS SMOIIMOHATBHON CTaOUIHLHOCTH.

Kniouegvle crnosa: wkoaa, noOpocmku, NCUxono2us, O1azononyuue, cemvsi, N000epIicKd.


https://repository.kpfu.ru/?p_id=161625
https://repository.kpfu.ru/?p_id=161625
https://repository.kpfu.ru/?p_id=161625
https://repository.kpfu.ru/?p_id=161625
https://www.doi.org/10.31618/ESSA.2782-1994.2025.1.109.522

|
DM £t European Scientific Journal #1(109), 2025

61

BBenenue

[Tcuxonorudeckoe OJaromnosiydne TMOIPOCTKOB
SIBJIIETCSI OMHUM M3 KJIIOYEBBIX aCIEKTOB HX OOIIEro
3I0pOBBSl W pPa3BUTHA. B mepHoa TOAPOCTKOBOTO
BO3pacTa, KOTOPHII OXBATHIBAET IPUMEPHO BO3PACT OT
10 mo 19 mer, MosoABle JIFOOM CTAJIKUBAIOTCS C
MHOXECTBOM  (DM3MYCCKUX, 3MOIMOHATIBHBIX U
COLMANLHBIX TepeMeH. Kak mpaBuwiio 3TOT mepuoj
9acTO COMPOBOXKAACTCS 3HAYUTEIBHBIM CTPECCOM,
BBI3BAHHBIM LIKOJIbHBIMU TpeOOBaHUSIMH,
M3MEHEHUAMU B TeEJ€ M CAMOOLICHKE, a TaKKe
B3aUMOOTHOIIICHUSIMH C CEMbEH U CBEPCTHUKAMU

(EpmomaeBa, Cwmupuosa, 2020) [1]. Cormnacro
HCCIleIOBaHMI0  BonkoBoit W 1p. (2022),
[ICUXOJIOTUYECKOE  OJIArONOdyYhe y IOAPOCTKOB

OXBaTBIBACT MX 3MOIMOHATIBHOE COCTOSHHUE, YyBCTBO
COOCTBEHHOM IIEHHOCTH, CIIOCOOHOCTE K aJaITalui K
M3MEHEHHSIM U 00llee YyBCTBO YIOBJIECTBOPEHHOCTH
ku3Hbt0 [2]. Ouenka (akTOpoB, BIHSIOIMIAX Ha
TICHXO0JIOTHYECKOE OJIarornoiyyre MmoJpoCTKOB, UMEET
BOXHOE NPAKTHYECKOE 3Ha4YeHHe [yl pa3paboTKU
NporpaMM ¥ MEpONpUSTHH, HampaBIeHHBIX Ha
MOJJIEPIKKY HX 3[J0POBBSI U pa3BUTHSL.

AXTyallbHOCTh JaHHOW CTaTbH 3aKJIIOYaeTCS B
TOM, dYTOOBI PacCMOTPETh OCHOBHBIE (DaKTOPEI,
KOTOpBIC BIUSIOT Ha TICHXOJOTHIECKOE OJIaronoydne
MOAPOCTKOB, W  OLECHUTh HX 3HAYUMOCTH B
MpakTHIeckoM KoHTekcTe. [lo 3Toif  mpuumHe,
HEOOXO0ANMO pacCMOTPETh PA3INIHBIC ACTICKThI, TAKHE
Kak ceMeWHas MOJAEp)KKa, IIKOJbHAas  cpena,
COLIMAJIbHBIE CBSI3H, SMOLIMOHAJIbHAS CTA0OMIBHOCTD, UX
BIIMSTHUE HA MICHXOJIOTHYECKOE COCTOSIHUE TIOIPOCTKOB
M crnocoObl  TMOBBIMIEHUS WX  OJIArONOYYHSsI.
[TonnManue 3TUX (AKTOPOB MOMOXKET O0O03HAYHUTH
MPUOPUTETH B paboTe ¢ MOJPOCTKAaMU M pa3padoTaTh
3¢ peKTuBHbBIE CTpaTeruu TOJJIEPIKKA nx
TICHXOJIOTHYECKOTO 3/I0POBbs. JlaHHBIM aHAIHU3 TaKKe
obecrieunt 0a3zy I JaTbHEHIINX HMCCICAOBAHUN M
pa3paboToK B 00JIACTH MOJPOCTKOBOW IICHXOJOTHH C
LENbI0 YIIy4IIeHHsT UX OOILIECTBEHHOH ananrtaluu U
Gmaromnoy4us.

OOBEKTOM JaHHOTO HCCJIIOBAHUS  SIBJISIETCS
MICHXO0JIOTHYECKOE 3/I0POBbE HOAPOCTKOB.

IIpenmeTroMm ucciaeOBaHUS SABISIOTCA (DAKTOPHI

MICUXOJIOTHYECKOTO  3/I0POBBs,  KOTOpBIE  OyIyT
paccMaTpuBaThCs ~ Ha ~ NPUMEpPE  COBPEMEHHBIX
MOAPOCTKOB.

Llenpro maHHOI CTAaTBM BBICTYNAET INPOBEICHHE
TEOPETHIECKOTO aHamM3a (hakTOpoOB
TICHXOJIOTHYECKOTO OJIaronoiydust y COBPEMEHHBIX
MOAPOCTKOB.

MeToanl HccJIe0BAHNA

OCHOBHBIM METOJIOM ISl peajHM3alyy dTamna
WCCIIeIOBaHMs, PE3yJbTaThl KOTOPOTO OTPAKEHHI B
CTaTbe, SABIISIETCS TEOPETHUYECKUH W CpPaBHUTEIHHBIN
aHaiW3, OCHOBAHHBIH Ha JIUTEPATypHOM 0030pe
HCTOYHHKOB, PacKphIBarOIINE TeMy
MICUXOJIOTMYECKOT0 OJIArOMOIy4rs TOAPOCTKOB.

Msl npunepkuBaeMcsi NPEAINOTIOKEHUS O TOM,
qTO0 3HAYMMBIMU (akTopamy, MO3BOJISTIOIIHE
ONpeeIsiTh CTEIEHb TICUXO0JIOTUYECKOTO
OIaromoy4usi IMOJPOCTKOB BBICTYIMAIOT. CEMCEHHAs

MOJACPKKA, IIKOJBHAsI Cpefa, COIMAIbHBIE CETH U
SMOLMOHAIBHAS CTA0MIBHOCTD.

[IpakTHdeckas 3HAYMMOCTH 3TOTO HCCIICTOBAHUS
3aKIIIOYAaeTCsl B CO3JAaHWH OCHOBHI IS Pa3paOdOTKh
KOHKPETHBIX porpamMm u MEpONPHUATHH,
HATpaBJICHHBIX Ha YIyYIICHHE IICHXOJOTHYECKOTO
0J1aronoTyuusl IMOAPOCTKOB M CO3/aHHE YCIOBHH ISt
UX HOJIHOLEHHOTO Pa3BUTHUS U a/IallTaluu.

B pamkax wucciienoBaHUs O ICHXOJIOTHYECKOM
0Naronoydud  HOAPOCTKOB  OBUIM  IIPUMEHEHBI
TEOPETHYECKUE U CPAaBHUTEIBHBIE ITOIXO0/IbI IS Oostee
rIIyOOKOTO aHann3a ¥ MHTEPIPETAUH IaHHBIX.

B mawame wmcciemoBaHus OBUT  TIPOBEICH
OOMIMPHBIA IMTEPaTYPHBIA 0030p C HENBI0 W3YYCHUSI
CYILLECTBYIOIIUX TEOPUM M KOHLENLMH, CBA3aHHBIX C
TICUXOJIOTHYECKUM OJIATONIOTYYIHEM IIOJAPOCTKOB. DTO
BKITIOYAJI0 HM3YYCHHE aKaIeMHWYECKHX CTaTei, KHHT,
HCCIIEIOBATEIbCKUX OTYETOB M JPYTMX HCTOYHHUKOB.
Ha ocHoBe nuTepaTypHOro 0030pa ObUH pa3paboTaHbI

KOHIIENITYyalbHble MOJIETH, OMNHCHIBAIOIINE CBS3U
MEXIAy  pasaudyHbMH  (aktopamu  (Hampumep,
ceMeHoM MOAIEPIKKOH, IIKOJIBHOM CpeaoH,
COLMAJIbHBIMU CBSA3SIMU u SMOIMOHATLHOM
CTaOWIBHOCTHIO) U MICHUXOJIOTHYECKUM OJIAromnoIyIneM
MOAPOCTKOB.

TeopeTnueckuii MOXOJ TI03BOJIHII

HMHTEPIIPETHPOBATh IOTyYEHHbIE TaHHBIC M BBLIBHTH
COOTBETCTBHE WM PACXOXKACHHUE C MPEICTaBICHHBIMU
TEOPETHYECKHMH MOJACISAMHU. OJTO TIOMOIJIO Ooiee
IyOOKO TOHSATh MEXaHW3MBI, JEXallie B OCHOBE
TICHXOJIOTHYECKOTO OJIaroroIy s MOIPOCTKOB.

CpaBHUTENBHBIN aHANMM3 OBUI TPOBEACH IS
COIIOCTABJICHUS MOTYYECHHBIX JaHHBIX C pe3yJIbTaTaMu
MPEABIIYIINX HMCCIE0BaHUil B 3TOi oOyactu. OTo
TIO3BOJIMJIO OTIPEAEINTh OOIIMe TEHICHIUH, a TaKKe
YHUKaJIbHBIE OCOOEHHOCTH HCCIEAYyEeMOW TIpYIIIBI
moApocTKOB.  CpaBHHUTENBHBIA  MOIXON  TaKke
UCTIONB30BANICS  JUIA  OLEHKH  3(QPEKTUBHOCTH
pasIMYHBIX METOJOB cOOopa [aHHBIX U aHaIu3a
pesyibraroB. IlyTeM comocTaBieHUs —pa3lUYHBIX
MOJXO/0OB U MX PE3yIbTAaTOB HCCIENOBATENH MOTIH
BBISIBUTH Hambosee AQQEeKTHBHbIE METOABI IS
aHau3a MICUXOJIOTHYECKOTO Omaromomyuns
HOJJPOCTKOB.

Hcnonb3oBanue TEOPETUIECKHUX u
CPaBHHUTEIBHBIX TOAXOJOB B JAHHOM HCCJIEIOBAHUHI
CII0COOCTBOBAJIO YIIIyOJICHHOMY aHalIHM3y NaHHBIX U
MOBBICWJIO  JOCTOBEPHOCTH M 0000maeMocTsb
TIOJTYYEHHBIX Pe3yJIbTaTOB. DTH MOIXO0/IbI 00ECTICUMIIN
TECHYIO CBSI3b MEXIy TEOpHell M TNpPaKTUKOH, YTO
SIBIISIETCSI Ba)KHBIM ACTIEKTOM IIPH HCCIIEIOBAaHHUAX B

obiactu IICUXOJIOTHYECKOTO Omaromoydus
TOIPOCTKOB.

OCHOBHBIE MOJIOKEHHUS

OCHOBHI:.IG IIOJIOKCHUS, OCHOBAHHBIC Ha

HCCIICIOBAHHH, MOJITBEPKAAIOT BIMSHHAE CIEIyFONTNX
(akTOpOB Ha  TICHXOJOTHYECKOe Ojaromosryqne
MOJIPOCTKOB

1. HccnenoBanue MmOATBEPXKIAET, YTO cCeMeHHast
TIOJIJIEPIKKA UTPaeT KIIOYEBYIO pojlb B POPMHUPOBAHUI
TICUXOJIOTHYECKOTO  OJaromosryyuss — IOJPOCTKOB.
PerynspHoe BbeIpakeHHWe 3a00THI, TOHUMaHUS U
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SMOIMOHAIBHOM OMOpPHI CO CTOPOHBI POJUTENEH
CHOCOOCTBYeT YBEPEHHOCTH IOJIPOCTKA, CHMKAET

YpOBEHb CTpecca U TMOBBIIIACT AMOIMOHAIBHYIO
CTaOMIIBHOCTb.

2. UccnenoBaHue BBISIBISIET, YTO MIKOJIBHAS Cpea
Y B3aUMO/ICHCTBHUE C YUUTEISIMH UMEIOT 3HAYUTEIbHOE
BIMSHHAC Ha  TCHXOJOTHYECKOE  OJIaromoiydue
mopocTKOB. [loepKka v MO3UTUBHOE OTHOIIICHUE CO
CTOPOHBI ~ IEAAroroB  CIOCOOCTBYIOT — YCICUIHOM
ajanranuu MOJIPOCTKOB, (hopMuUpoOBaHUIO
YBEPEHHOCTH B Yy4YeOHOW cpele W IMOIUOHAIBLHOU
CTaOWJIBHOCTH.

3. Pe3ynbTarhl MCCIIEOBAHUS MMOKA3BIBAIOT, YTO

COLMAlbHBIE CBS3M M  AKTHBHOE ydYacTHe B
OOILECTBEHHOW JKM3HM OKa3bIBAIOT CYLIECTBEHHOE
BIMSHHE HA  ICHXOJIOTHYECKOe  OJaromnoiydue
MOAPOCTKOB. KauecTBeHHEIE MEKINYHOCTHBIE
OTHOILICHHUS W TOJIACPKKA CO CTOPOHBI Ipy3ed u
OKPY’KaIoIIero conuyma CIOCOOCTBYIOT
(HOPMHUPOBAHUIO  TIO3UTHUBHOTO  3MOIIMOHAIHHOIO
COCTOSIHHSI u o01ero IICHXOJIOTHYECKOTO
Graromnory4us.

4, Hccnenosanue MOATBEPKIALT, 410

SMOIMOHANbHAs CTAOMIBHOCTD SIBIISIETCS  Ba)KHBIM
(hakTOpOM AT TICHXOJIOTHYECKOTO  OJIaronoiyduns
MOAPOCTKOB. YMeHHUE 3P (PEKTUBHO yNPaBISTH CBOMMHU
SMOIMSAMH M CTPECCOM CIIOCOOCTBYET YIIyUIICHUIO

06mero OMOIMOHAJIBHOT'O COCTOSAHUA, CHHMXKACT
YPOBCHb TPEBOKHOCTHU u MOBBIIIACT  YPOBCHb
CaMOOIICHKH.

OTH  OCHOBHBIE  IIOJIOXKCHHS NOAYCPKUBAIOT

BaXHOCTh KOMIUIEKCHOTO TIOAXOJa K TIOAJIEPHKKE
MICUXOJIOTHYECKOT0 37J0POBbS HOIPOCTKOB, YUHUTHIBAS
BIMSHHUE CEMbH, IIKOJBHOM Cpeasl, COIMANbHBIX
CBsI3eH M SMOLMOHAJIBHONW CTAOMIBHOCTH Ha UX oO11ee
Gnaronoyune u yCIIeIHoe aJlanTHBHOE
(YHKIIMOHMPOBaHUE.

JlutepatypHblii 0030p

CeMbs UTpaeT KIIIOYEBYIO PONIb B (POPMHUPOBAHUH
SMOIMOHANBHONH  CTAOMJIBHOCTH y  TOJPOCTKOB,
OKa3bplBasi  3HAUMTENFHOE  BIMAHHE  HAa  HX
MICUXOJIOTHYecKoe Oiaromnonyune. B3auMooTHOIIEHUS
B C€Mb€, CTETICHb MOIICPKKH M KOMMYHHUKAITUH MEXKIY
YICHAMHU CEMbH MMEIOT JOJITOCPOYHBIE ITOCIEACTBUS
JUI1  OMOIIMOHAJBHOTO  COCTOSHHUS  IOJPOCTKOB.
BonkoBa u ap. (2024) B cBO€i KHWI'€ OTMEYAIOT, YTO
CeMbsl SIBISETCS MEPBUYHOW Cpelod, B KOTOpOH
MOAPOCTKH  (OPMUPYIOT CBOM  3MOIMOHAIBHBIC
peakuMy W CIOCOOHOCTH K camoperymsiiua  [3].
HMeHHO moO3TOMY TOAJEpKUBaoIIasi, 3a00TIMBas
atMochepa B CEMbE CIOCOOCTBYET pa3BUTHIO
SMOIMOHANBEHON cTabMIIBHOCTH Y MozpocTKoB. Korna
MOAPOCTOK 3HAET, YTO MOXKET IIoJIaraThCsl Ha
MOJICPKKY U TOHHMMaHHE CO CTOPOHBI OJIM3KHX, 3TO
YKpEIUIIET €ro AMOIHOHAIBHYI0 YCTOMYMBOCTH U
CIIOCOOHOCTD CIIPaBIITHCS ¢ TpyaHOocTsiMU (Bepakca
ap., 2021) [4, 5].

KauecTBO ceMeHHBIX OTHOIIEHWH HANpPsAMYIO
BIMSET Ha CAMOOLEHKY U YBEPEHHOCTb MOJPOCTKOB B
cebe. [Toxneprkka poaureneit, MX OLEHKa U 0100peHNe
(opMHPYIOT OCHOBY JUIS 310POBOI CaMOOLIEHKH Yy
noapoctkoB. Hampumep, B Tex ceMbpax, TIae

MPUCYTCTBYET  OTKpHITas  KOMMYHHUKalWs, TI7e
POIUTENH BEIPAXKAIOT YBaYKEHNE K MHEHHIO F IyBCTBAM
CBOHWX JIETEH, MOJPOCTKH YaIlle BCETO TyBCTBYIOT ce0s
Oomee yBEepEeHHO ¥ YCTOWYMBO CTaJKUBAIOTCA C
BBI30BaMH TIOJPOCTKOBOTO Bo3pacta (baesa u np.,

2021) [6].

[ToMmumMo cembu HIKONBHAs Cpefa Wrpaer
3HAYUTEIBHYIO poIb B (dbopmupoBaHUM
[ICUXOJIOTUYECKOTO  OJaromosiyyuss — IMOJPOCTKOB.

OtHomenne Kk ydeOe, arMocdepa B LIKOJIE M POJIb
MIe/IaroroB OKa3bIBAalOT BIIMSHUE Ha 3MOLMOHAIBLHOE
COCTOSIHUE ¥ OOLIYIO IICUXOJIOTMYECKYI0 YCTOWYHBOCTh
YHaIIUXCS.

Tak, nampumep, Kys3pmumunna wu IlogsiMoBa
(2021) ormeuaroT, KaK MOAPOCTKH OTHOCSTCS K yuebe
U ycrexaM B IIKOJIe ONPENeNsiFOT BaKHOE 3HAuCHHE
JUISL X TICUXOJIOru4eckoro coctosuus [7]. IIkonbHble
JOCTMKEHHS MOTYT YKpPEeNUTh YBEPEHHOCTh B cebe
MOJIPOCTKOB u CIIOCOOCTBOBATH pa3BUTHIO
MO3UTHBHOTO camooulyienus. C Ipyroid CTOpPOHBI,
HEeyJayd WU CTpecc, CBs3aHHBIM c y4yeOOW, MOTryT
BbI3bIBaThb TPEBOr'Y M HETaTHUBHO CKa3bIBATbHCA Ha
SMOIMOHAIBEHOM OJ1aroToJIyYHH.

IMoaxon yuuteneid kK OOYYCHHUIO TaKKE HIPaeT
Ba)KHYIO poiib. [Tofepkka co CTOPOHBI MEAAroroB, UX
YMEHHE MOTHBHUPOBATH M BJIOXHOBISITH YUYCHUKOB,

Croco6CTByeT (bopMupOBaHHIO HO3UTHBHON
atMochepsl B y4eGHOW cpefe H  YIy4IICHHUIO
MICHXOJIOTUYESCKOTO COCTOSIHUS HOIPOCTKOB
(lamuonoB u ap., 2022) [8].

HIkompHast ~ arMocdepa W COUHATBHBIC

B3aMMOJICHCTBHS CPEIH YYAlIUXCS HTPAlOT TaKKe
BOXHYIO pOJbh B (OPMHUPOBAHHH 3MOIHOHAIBLHOTO
COCTOSTHHS HO/IPOCTKOB. [Mo3uTHBHBIE
MEXJIMYHOCTHBIC OTHONICHHUSI U JAPYKECKHE CBA3U
CIOCOOCTBYIOT Pa3BUTHIO UyBCTBA MMPUHAICKHOCTH U
yBaxenust ([pummna, 2021) [9]. Hamporus,
HETraTUBHBIC B3aUMOOTHOILICHUS WJIH KOHQIHUKTHI
Cpeld yYeHHKOB MOTYT BBI3bIBATH CTPECC U
HEYBEPEHHOCTh. BaxkHO oOpamath BHUMaHHE Ha
IIKOJIbHYIO atMocdepy, co3maBas MOAEPKUBAIOIIee
OKpykeHue st Bcex yuammxcs (Kyspmummaa,
IMoxeimoBa, 2021) [7, ¢.24]. CniennanbHbIe TPOTPaMMBI
1m0 (HOpMHUPOBAHHIO MEKIHYHOCTHBIX HABBIKOB U
KOH(IMKTOIOTHH MOTYT IOMOYb YUAIIIMCSI Pa3BUBATh
SMOIHOHANBHYIO CTAOMITFHOCTD U YITyHUIIIaTh Ka4eCTBO
MEXJINYHOCTHBIX oTHOmeHu# ([putinna, 2021).

Ponb menaroroB takxe HeoleHHMa. YUUTENsl He
TOJIBKO MEPEAAIOT 3HAHKSI, HO U MOTYT ObITh BaXKHBIMHU

POJICBBIMHA MOACIAMHU JJIA MMOAPOCTKOB. Hx
MOAACPIKKA, IIOHUMAaHHeC n OMOIIMOHAaJIbHAaA
JAOCTYITHOCTb MOTYyT OKa3aTb CYLIECTBEHHOC

MOJIOKUTEIIFHOE BO3JICHCTBHE HA IICHXOJOTHYECKOE
COCTOSIHME YYEHHKOB. YMEHHE YUWTeJIeH CO3/1aBaTh
JIOBEPUTEJIbHbIE  OTHOIIEHUS C  yYEHHMKaMU U
MOJICPKUBATH UX B TPYJAHbIE MOMEHTHI IOMOTaeT

MOAPOCTKAM ~ YYBCTBOBaTh  ceOsi  yBEPEHHO W
samunieHHo (I'ypko, 2023) [10].
LIxkonpHBIE ~ OPOrPaMMbl MO  MOAJCPIKKE

IICHUXOJIOTHYCCKOI0 6nar0nonyq1/m NOAPOCTKOB MOTYT
BKJIIOYATL B CeOs pa3JIrMYHbIC AaClCKTbl, HaYWHas OT
TPCHUHI'OB 1o Pa3BUTHIO OMOIIMOHAJIBHOT'O
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WHTEJUIEKTa 0 OpTaHM3alUd MEpPONPHUATHA II0
pacIIMpeHuI0  COUMAIBHBIX  KPYIOB  OOIIEHWUS.
Hamnpumep, cornacHo uccnenosanuto L{piranosa u np.
(2021), wKOJNBHBIE TICHXOJIOTH MOTYT IPOBOIWTH
3aHATHUS 110 PA3BUTHIO HABBIKOB YIIPABICHHUS CTPECCOM
W aJanTaiui K MepeMeHaM, 9To SBIIETCS OCOOCHHO
Ba)XXHBIM IJI1 MOJIPOCTKOB B IMEPHUOJ HMX IIKOJIHHOTO
obyuenust [11]. Jlns ynydmieHHs NCHXOJIOTHYECKOTO
Onaronoiydusi MOJPOCTKOB  TaKkXke HEoOXO0AUMO
oOpamaTe BHUMaHHE Ha TPO(HUIAKTHKY KOH(PIIUKTOB U
HACWJIHMsSI B INKOJIC. Pa3BUTHE aHTUOYIIMHIOBBIX
OporpaMM ¥ CHUCTEMbI TOJJICPKKH JUIs  JICTEH,
CTAJIKUBAIOMIKXCA ¢ TpoOIeMaMi B3aNMOOTHOIICHUH,
CIOCOOCTBYET CO3IaHUIO 0e30I1acHOM u
noiIep XKUBaronieit cpepl 1i1st Beex yuarnmxcs (I'ypko,
2023) [10, ¢.37].

B crarse KopoGeitankosoit (2021) ormeuen psia
MPOTPaMM M MEPOTPUATHIMA, IO KOTOPBIX SBJISETCS
COJICUCTBUE Pa3BUTHIO 3I0POBBIX COLMAIBHBIX CBs3EH
Cpe/y MOJPOCTKOB, BKIIIOYAS:

- IIxonmpHbIe KIyObl M KpyXku. OpraHu3anus
MIKOJIbHBIX KIyOOB 1O HHTEpecaM (CopT, HCKYCCTBO,
HayKa) Croco0CTByeT OO0IICHUIO MEXTY
OJTHOKITACCHUKaMH ¢ OOIIMMHU MHTEpECaMH.

- TpeHuHTH MO KOMMYHHKAaIlMOHHBIM HABBIKAM.
IIpoBeneHNEe TPEHWHIOB W CEMHUHAPOB IO PAa3BUTHIO
KOMMYHHUKAIIHOHHBIX HaBBIKOB IIOMOTAET MTOAPOCTKAM
VIIy4IINTE YMEHHE YCTAHABJIMBATh W TIOAJCPKHUBATH
3I0pOBBIC OTHOIICHUS.

- Tlommepxka INKONBHBIX ICHXOJIOTOB U
koHcyibTauuid.  llIkonbHBIE  NCUXOJOTHM  MOTYT
OKa3bpIBaTh IIOMOIIL B pa3peIIeHHH KOH(MIUKTOB,
00yuYeHHH yMPABJICHUIO 3MOIMSIMUA W Pa3BUTUHU
COIMANILHBIX HABBIKOB.

- CnopTHBHBIE W KYJNBTypHBIE MEPOTPHUSITHI.
Oprasm3anusi CIIOPTUBHBIX TYpPHHPOB, KOHIIEPTOB,
BBICTABOK M JPYTUX MEPONPHUSATHHA CIOCOOCTBYET
CO3JaHMI0 TO3WTHUBHON M BKIJIIOYAIOLIEH MIKOIbHON
armocepsr [12].

[onnep>kka 3M0POBBIX COIMANBHBIX CBS3EH y
MOAPOCTKOB CIIOCOOCTBYET HX IICHXOJIOTHYECKOMY
ONaronoyddio M YKpeIuisieT HUX OMOIMOHAIBHYIO
CTaOWILHOCTh. Pa3BUTHE HABBHIKOB KOMMYHHUKAIUH U

YMEHHE YCTaHABINBATH MOJIOKUTEIHHBIC OTHOLICHHUS C
OKpY’XKaIOIAMH TIOMOTAaeT IMOJAPOCTKAM  YCIICITHO
aJaNTHPOBAThCA K IIKOJIBHON U COLMANIBbHOMN Cpefe.

OMOIMOHATbHAS CTaOMIBHOCTh TaKKe Ba)kKHA B
MICUXUYECKOM 3/I0pPOBhE MOAPOCTKOB, BIMAA Ha HX
CTIIOCOOHOCTB 3¢ PeKTHBHO CIPABIATHCS c
JKIM3HCHHBIMU BBI30BAMH U CTPECCOM. DMOIIMOHATBHAS
CTaOMIILHOCTh ~ OMpENENAeTCS KaKk  CHOCOOHOCTh
YeNoBEKa MOICPKUBATH IMOIMOHAILHOE PABHOBECHE
U KOHTPOJHPOBATH CBOM PCAKIIMKA HA pPa3IHYHBIC
*Ku3HeHHbIe cutyarmu (Bensmuckuna, 2023) [13]. dus
MOJIPOCTKOB 3TO OCOOCHHO BaXKHO, TaK KakK OHHU
TIPOXOMASAT gepes TIepUO.T 3HAYUTEIHHBIX
SMOLMOHANBHBIX W (QU3HOJIOTHICCKUX W3MEHCHH.
OMouroHaNbHAS CTaOMIIBHOCTH BIIHSICT Ha
MICUXUYECKOEe  3/I0pOBhE  IIOJIPOCTKOB,  OKAa3bIBas
MTOJIOKUTEIBPHOE BO3ICHCTBHE HA HMX CaMOOICHKY,
CHOCOOHOCTh K aJaNTallid U YIPABICHUIO CTPECCOM.
Iloapoctku c Xopo1uein SMOLMOHAIBHOM
CTaOMJILHOCTBIO Yallle MPOSIBISIOT BBICOKHN YPOBEHB
SMOIMOHAIEHOTO HHTEJICKTA U JIYYIIE CIPABJISIOTCS C
koHOGmUKTHEIMUA cutyanusmu  ([Tetposckas, 2021)
[14].

PazButne SMonMOHANBHON CTAOWIBHOCTH Yy
MTOJIPOCTKOB SIBIISICTCS Ba)KHBIM ACIIEKTOM HX OOIIero
MICUXOJIOTHUecKoro  Omaromomyuunsi. I[IpakTudeckue
METOJIBI ¥ IPOTPaMMEI, HalIPaBIICHHBIC HA YKPEIUICHHE
SMOLMOHANEHOW  yYCTOMYUBOCTH,  CHOCOOCTBYIOT
(OPMHUPOBAHUIO 3I0POBOH SMOLIMOHANEHOW OCHOBEI
JUIL  YCHOCIIHOW  aJanTaludd  I[OAPOCTKOB B
COBPEMECHHOM MHUDE.

Pe3ysabTaThl 1 00cyxK1eHHE

[IpoBeneHHbIN aHaIM3 MO3BOJMI BBIACIUTH PAL
(akxTopoB, OTIPEICIISFOIIX CTCTICHb
MICUXOJIOTHYECKOTO  OJaromosyduss  MOJPOCTKOB.
Cpenu BBIAETICHHBIX (aKTOPOB, OCOOYIO POJIb MMEET
ceMelHas TOANEepXKKa M CBA3b C ICHXOJOTHYSCKUM
OJIaroII0Ty9YreM TTOIPOCTKOB.

CornacHO TPOBEACHHOMY HCCIEIOBAaHUIO, OBLIO
OTMEYEHO HECKOJIBKO TIPAKTHYECKUX CTPATeThi,
KOTOPBIC CEMbU MOT'YT HMCHOJIB30BaTh JJIA MOAJCPIKKHU
MICHUXOJIOTHYECKOTO OJIAromoy4ns CBOUX MOJPOCTKOB
(pucynoxk 1).

IToompenune
3I0POBBIX

YBJICUEHUI U
HMHTEPECOB

Pucynok 1 — I[Ipakmuueckue cmpame2usi 015 NPUMEHEHUS] 8 CEMbAX
Ilpumeuanue: cocmasneno asmopom Ha ochose ucmounuka [15]

Cnemys Pucymky 1 BeIIe, HEOOXOIUMO
PacCMOTPETh KAyl U3 OTMEUEHHBIX CTpaTerui. B-
MEPBBIX, ITO - AKTUBHOE CIIyIIAHWE U YMOLMOHAIIbHAS
noanep>kka. Poaurenu MOryT co3laTh OTKPBITYIO
atMocdepy, TIe TOAPOCTKA MOTYT  CBOOOJHO

BbIpaKaTb CBOM OMOHIUMHU U TICPCIKUBAHUA. 2T0
IIOMOXKET MMOoApPOCTKaM YYyBCTBOBATb cebs
noAACP)KaHHBIMU U TOHATBIMU.

BO-BTOpBIX, 9TO - YCTAHOBJICHUC 3J0POBLIX

TpaHull, BCJb BaXXHO HAXOAUTb OaaHc MECKIY
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noAJepKKoM U aBroHomuen. IlogpocTkam HyXHO
YyBCTBOBAaTh ceOs CBOOOMHBIMH, YTOOBI NMPUHUMATH
peIIeHus W pemaTh MpoOJIeMBl CaMOCTOSATENBHO, TIPH
9TOM 3Has, 9YTO MOTYT OOpaTUTHCS 3a MOMOIIBIO TPH
HEOOXOIUMOCTH.

B-TpeThux, 3TO - cO3MaHNE PETYIIPHOTO BpEMEHH
it obmienus. CeMeiHbIe 00€Ibl, TPOTYJIKH WIA
JPyTHE COBMECTHBIC MEPONPUITHS MOTYT CTaTh
BO3MOYKHOCTBIO YKPEITUTH CBSA3b MEKIY POTUTEISIMUA U
MOJPOCTKAMHU, YTO TAKXKE CIHOCOOCTBYET Pa3BUTHIO
SMOIMOHANBHOM CTAOUIIBHOCTH M YKPEIUIIET TOBEPUE.

Hanee, 3TO - MOOIIPEHUE 3JJOPOBBIX YBIICUCHUH U
uHTEepecoB. llommepxka poamTeneli B X000M U
HWHTEpecax IMOJIPOCTKOB CIIOCOOCTBYET Pa3BUTHIO WX
CaMOOIICHKH! ¥ YBEPEHHOCTH.

Kak cnenmyer, apdexTrBHAs cemeitHas moIaepKKa
urpaet BaXHYIO poIb B (hopMupoBaHUU
MCUXOJIOTMYECKOTO  ONaromoiy4yuss  MOIPOCTKOB.
[lonnmanue poOJM  CeMbH W  HCIOJB30BAaHUC
MPAaKTUYECKUX  CTpaTeTHil  MOMOTaeT  CO3/aTh
OIITUMAJIBHBIC yCJ'IOBI/IH JJIA 3Z[Op0BOFO
SMOIMOHAIBLHOTO Pa3BUTHS MOIPOCTKOB.

B menom, mikompHas cpema, Kak  (akTop,
AMEIOIIMI 3HAYHUTEHHOE BIIMSTHHE Ha
TICHXOJIOTYECKOE COCTOSHUE MOJIPOCTKOB U HX 001IIee
Omaromoyune. Kak OBIIO  yIOMSHYTO — BEIIIE,
OTHOIICHHE K YydeOde urpaer BaXXKHYIO pOJIb B
(opMUpOBaHMM CaMOOIIGHKH H YBEPEHHOCTH Y
moapocTkoB. Korma ydeHWKH YyBCTBYIOT, YTO OHH
ycnemmﬂ B yqe6e u JOCTUTAKOT XOpOIlII/IX
pe3yJabTaTOB, 3TO CIOCOOCTBYET YKPEIUICHHIO HX
MICUXOJIOTHYECKOT0 COCTOSHHS H  (POPMHPOBAHHUIO
MO3UTHUBHOTO BHYTPEHHEro MupoBocnpusatus. Kpome
TOro, arMmocepa B MIKOJEC UMEET OTPOMHOEC 3HAYCHUE
UL SMOIMOHAIBEHOTO OJIATOMONIYYHS TOJPOCTKOB.

[lo3uTHBHAs, HOpyXemOOHAsT W TOINCPKUBAIOIIAST

00CTaHOBKa CO3[aeT YCIOBUSA A (QOPMHPOBAHUS

3I0pPOBBIX  COLMAJbHBIX  CBSI3€H W pa3BUTHUSA
e Texuuku * YrpaxHeHus s
YIpaBICHUEM CHWKEHUS cTpecca
SMOIUSIMHI

SMOLMOHAIBHONW CTAaOMIIBFHOCTH y ydamuxcs. BaxHo,
9TOOBI IITKOJIbHAS Cpefa CIIOCOOCTBOBANIA PACKPBITHIO
MOTEHIMAaja KaXIoro peOcHKa, a He co3gaBaia
JaBJICHHUE WX OIIyIIeHHEe HEYBEPEHHOCTH [16].
@akTop coLMaIbHBIX CBSI3EH 3aHUMAET HE CaMoe
mocJetHee MECTO B (dopmMupoBaHUT
MICUXOJIOTHYECKOTO  OJaromoiydusi  MOJPOCTKOB,
HATIPSAMYIO BITHSISI Ha oormiee YYBCTBO
YIOBJICTBOPCHHOCTHU JXU3HBIO. Jlpyk0a u oOIeHue ¢
POBECHUKAMH  UMCIOT  BaXXHOE  3HAYCHHE YIS
MICUXOJIOTHYECKOTO Pa3BUTHS TOAPOCTKOB. KauecTBO
COLMANIBHBIX  CBSI3¢H  HANpsIMyl0  BIHMACT  HaA
SMOLMOHANBHYI0  YCTOHYMBOCTE M CaMOOIICHKY
MOIPOCTKOB.  bim3kue  OpyKecKne  OTHOIICHHUS
CIOCOOCTBYIOT ~ YyBCTBY  NpPHWHANJICKHOCTH |
MONACPKKH,  YTO  MOBBIMIACT  SMOIMOHAIBHOE
OIarormorydne u CHOCOOCTBYET CIIPABICHUIO CTPECCa.
C pa3BUTHEM HMHTCPHETa M COIMAJBHBIX MEJHa
HU3MCHITUCH u CIOCOOBI COIIMAILHOTO
BSaHMOHeﬁCTBHH cpean mnoApOCTKOB. COHI/IaJ'H)HI)IC
CETH MPEJOCTABIIIOT BO3MOXHOCTD ISl PACIINPEHHUS
Kpyra OOIEHHS] ¥ YCTAHOBJICHHS HOBBIX KOHTaKTOB.
OI[HaKO, OHHU TaKK€ MOTYT CTaTb UCTOYHUKOM CTpECCa
W HETaTUBHOTO  BO3ACUCTBUA, OCOOCHHO TIpH
HEKOHTPOJIMPYEMOM HCIOIh30BaHUH. BakHO Hay4nTh
MTOJIPOCTKOB 370POBO M 3(PQPEKTHBHO HCIONB30BATh
WHTCPHET  [UIA  TOANCpXKAHHWA  TOJIE3HBIX U
TTOIACP>KUBAIOIINX COIIMATBHBIX CBS3CH.
DOMOIHOHATbHAS CTaOMIIBHOCTB,
paccMarpuBaecMasi HaMH B Ka4deCTBE 3HAYHUMOIO
(axropa, UMeeT 3HaYCHUE TSt o011ero
MICUXOJIOTHYECKOTO OJIaroToy4rs OAPOCTKOB.
praBHeHHe OMOLUAMHU U CTPECCOM ABJIACTCA

Ba>XHBIM aCIICKTOM pa3BUTHUA SMOIIMOHAJIEHOM
CTaOMIIBHOCTH Yy HOAPOCTKOB, UMEHHO IMO3TOMY JI €€
Ppa3BUTHA MOXHO HCIIOJIB30BAaTh HCECKOJIBKO

9 (EKTUBHBIX TMCHXOJIOTMYECKHX HHCTPYMEHTOB H
TaKTHUK (PUCYHOK 2).

dusnyeckas

AKTUBHOCTH

* HaBeIKM TOHMMAaHUSI
CBOHMX DMOIIHI

* CnopTHUBHBIE
NPaKTHKA

Pucynox 2 — Taxmuxu 015 pasgumus IMOYUOHATLHOU CIAOUTLHOCIU Y NOOPOCMKO8
(ucmounuk: Benvmuckuna, 2023)
Ilpumeuanue: cocmasneno asmopom na ocHose ucmounuxa [13]

PucyHoK 2 WIIFOCTPHpYET 4YeThIpe OCHOBHBIX
MOJX0/1a, KOTOpPBIE MOTYT IIOMOYb IIOJPOCTKAM B
noHuMaHuu cebs U cBoux smormid. [lepoe, 3to —
OCO3HAHHOCTb,  BEIb  TEXHUKH  OCO3HAHHOCTH
IIOMOT AT MOAPOCTKaM 6BITB B HACTOAIIEM MOMCHTC,
YOPaBIATH CBOMMH SMOLMSMHU M pearupoBath Oonee
THOKO Ha CTPECCOBBIE CUTYAIUH.

Btopoe, »3TO0 - penakcanus u JAbIXaTeJbHbIC
YIPaKHEHUS, KOTOPBIE HAIPaBIIEHBl Ha CHIXKEHHE
YPOBHS CTpecca W HampsHKEHHOCTH, CIOCOOCTBYS
SMOIMOHAIEHOMY PaBHOBECHIO.

Tperse, 3TO - pa3BUTHE HMOLHUOHAIBLHOIO
nHTeekra. OOydeHHe HaBbIKAM pacllO3HABaHUS U
YIIpaBJIEHUsI CBOMMH 3MOLUSIMH IOMOTaeT MOAPOCTKAaM
JIy4d1€ MOHUMAaTh cebst ¥ cBOU YyBCTBaA.

[Mocnennee, »T0 - (Qu3MUeckas aKTUBHOCTD,
KOTOpast CIOCOOCTBYET BBIPa0OTKE HHIOP(HHUHOB,
KOTOpBIE IIOMOTAIOT CIIPABISATECS CO CTPECCOM U
yITydIIaloT HACTPOCHHUE.

Croutr TaKkKe OTMETHUTh PsA TPOTPaMM H
METOJHK, HarpasJIeHHBIX Ha pasBuTHE
SMOIMOHAIBLHON CTaOMIBHOCTH Y MOJPOCTKOB, TAKHE
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KaK IIKOJbHBIE TPEHHWHTH MO 3MOLHOHAIBHOMY
MHTEJUIEKTY (0OydeHHe HaBBIKAM CaMOPETYJIINY,
YIpaBICHUSI SMOLMSAMU M Pa3BUTHE COLMAIBHBIX
HaBBIKOB),  KOHCYJIbTHPOBAaHHE Yy  IIKOJBHBIX
NICUXOJIOTOB  (MHAWBUAyalnbHBIE W TPYIIIOBBIC
KOHCYJbTallid U1 OOCYXICHHS SMOILMOHAIBHBIX
npobiieM M TyTed HX pelIeHHs), IPOrpaMMBI TI0

OOyUYeHHMIO  CTpaTerusM  VIPABJICHUS  CTPECCOM
(pa3paboTKa TPAKTHUECKUX HABBIKOB IO CHIDKCHHIO
cTpecca u MOBBILLIEHUIO IMOILUOHATBEHOM

YCTOIUMBOCTH), a TaKXe IMOJAEpPKKAa CO CTOPOHBI
poautenei u yaureneit [17].

3akJ/ouenue
B 3aBeplieHHEe MOXHO TOJBITOXHTb, 4YTO
[ICUXO0JIOTHYECKOE Onaronoiyyue MOJIPOCTKOB

HEepa3pblBHO CBSA3aHO C MHOXECTBOM (haKTOpOB,
BKJIIOYAs] CEMEHHYI0 MOIJNEPXKKY, IIKOJBHYIO Cpeny,
COLIMAIbHBIC CBSI3U U HMOLMOHAIBHYIO CTaOMIBLHOCTB.
[ToHnMaHMe U yYeT 3TUX aCIIEKTOB UTPAIOT KIIOYEBYIO
ponb B pa3paboTke S(PQEKTUBHBIX CTpaTeruii 1o
MOZJIEPIKKE U PA3BUTHIO IICUXOJIOTMYECKOTO 3I0POBBS
y MOJPaCTAIOIIEro NOKOJICHUSI.

BaxapiM BBIBOJIOM SABJIACTCA TO, YTO ceMerHas
HOJICPXKKA OKa3bIBaeT 3HAYMTEIBGHOE BIUSHHE HA
9MOLMOHANEHOE M IICHXOJIOTHYECKOEC  pa3BHTHE
noapocTkoB. KauecTBeHHBIE CeMEWHBIE OTHOIICHHMS
CIIOCOOCTBYIOT ~ (DOPMHPOBAHHIO  SMOLMOHAJIBHON
CTaOWJIBHOCTH ¥ YBEPEHHOCTH Y IOAPOCTKOB, YTO B
CBOIO ouepelp OKa3plBaeT  IOJIOXKUTEIBHOS
BO3JeiicTBIE Ha UX obmiee Onaromnonyyue. lIkonapHas
cpena  WrpaeT  TakKe ~ BAXHYIO  poib B
IICUXOJIOTHYECKOM pa3BUTHUU TMOAPOCTKOB.
[MoanepskuBaromiast, CTAMYJIHPYIOIIAs ¥ IPY>KEIT0OHAs
aTMocdepa crmoco0cTByeT (HOPMUPOBAHUIO 3TOPOBBIX
COLIMANbHBIX CBSA3CH M PA3BUTHIO 3MOLMOHAJBHON
YCTOHYMBOCTH y ydvaruuxcs. Pojp menaroros B 3ToM
npolecce Henb3s HENOOLCHHBATh, TaK Kak UX
HOJAEPXKKa ¥ TOHMMaHHE CO3Jal0T OCHOBY JUIS
YCHENIHON aJanTanum " caMopeanu3ali
noipocTkoB. ColMalIbHBIC CBSI3H TaK)Ke 3HAYUTEIBHBI
B IICHXOJOTHYECKOM OJIaromnojy4ud MOAPOCTKOB.
3/10pOBBIE JPYKECKUE OTHOILSHUS W MOJJEPKKa CO
CTOPOHBI OKPY)KalOIUX CIOCOOCTBYIOT —Pa3BUTHIO
SMOLIMOHAILHOI CTaOMIBHOCTH u YyBCTBA
YBEPEHHOCTH y HOJIPOCTKOB. Hakomnen,
OMOIIMOHANIbHAS ~ CTa0MJIBbHOCTH  JIOJDKHA  TOXKE
YUHUTBIBATBCS B obmem MICUXOJIOTHYECKOM
OJaromnoiy4un moApocTkoB. CTparerdu yrnpaBJICHUS
IMOLMSIMH, OOy4YeHHE HaBBIKAM CaMOPETYJSALHHA U
HOJACPXKKA CO CTOPOHBI CIICLUAIMCTOB IOMOTAI0T
HO/IPOCTKAM 3 HeKTUBHO CIIPABIIATHCS c
JKU3HEHHBIMH BBI30BAMH M CTPECCOM, CIIOCOOCTBYS
(hopMHpOBaHUIO 30POBOH TICUXOJIOTHUIECKON OCHOBBI
[18].

Wrak, pnst  oOecriedueHHs ICHXOJIOTHYECKOTO
Onaronoyuust HOJPOCTKOB HEOOXO0IMMO
KOMIUIEKCHOE BO3/ICHCTBUE HA Pa3JIMYHbIC aCTIEKThI HX

JKM3HM, Ha4YMHash OT CEeMEHHOW TONIEpKKH |
3aKaHYMBas pasBUTHEM SMOLIUOHAIBHON
CTaOMIIBHOCTH u COLMAITbHBIX HaBBIKOB.
D¢ pexTuBHBIE TIPOrpaMMBbI " CTparteruu,

OPHUCHTHUPOBAHHBIC HaA YKPCIUICHHUE OSTHUX aCICKTOB,

OyayT CIOCOOCTBOBATh pPAa3BUTHIO 3JI0POBOTO U
CYACTIIMBOTO TO/IPACTAIOIETO MTOKOICHHS.
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