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Biological sciences

NEW RECORDS OF SPHINGIDAE (INSECTA: LEPIDOPTERA) FROM SAMARKAND REGION OF
UZBEKISTAN

Matnazar Sh. Rakhimov
Shokhrukh N. Omonov
National University of Uzbekistan, 4 University st., Tashkent, 100174, Uzbekistan

Abstract

More than ten species of Sphingidae (Lepidoptera) from the territory of Samarkand Region
are reported. Four species are new to Samarkand Region, among them, Smerinthus kindermanni
(Lederer, 1853), Hyles livornica (Esper, 1780), Hyles hippophaes (Esper, 1789), Hyles zygophylli
(Ochsenheimer, 1808).

Keywords: Uzbekistan, Zarafshan river, Samarkand Region, Lepidoptera, Sphingidae, new
records, biodiversity.

Introduction

The present paper complements fauna of Macrolepidoptera of Samarkand Region. 1500 species of
Macrolepidoptera were recorded from Uzbekistan Region, based on monograph in Insects of Uzbekistan
(Azimov, Bikuzin 1993) among them 20 species belonging to the Sphingidae family (Shetkin 1960).To
date, butterflies of the Sphingidae family have not been specially studied in the Samarkand region
(Rakhimov, Omonov 2022). During the 2021-2022 field season, we collected extensive material,
including species that were not previously recorded in Samarkand region. Based on these data, we
present a list of new finds below.

Materials and methods

All material processed within the framework of this article was collected on the territory of the
Samarkand region in 2021-2022 by Sh.N. Omonov, M.Sh. Rakhimov. Specimens were collected by using
mercury lamps 500W. All specimens deposited in collections of Shokhrukh Omonov (NuUz, Tashkent,
Uzbekistan). A list of species made in accordance with the system of the Catalog of Lepidoptera of Russia
(Sinev 2019). The species were identified using the identifier (Muminov 2021).

Geographical coordinates of the collecting sites are below:

Zarafshan reserve (Fig. 1) - Jomboy district, 6 km Sulakli vill., 39°36'06.57"N,

67°13'11.46"E;

Yettiuylisoy ravine (Fig. 2) - Urgut district, 8 km from Bakhrin vill., Yettiuyli ravine,

39°26'57.15"'N, 67°01'08.96"E;

Saray (Fig. 3)— Narpay district, 3 km N of Saray vill., Nurota ravine, 40°06'25.87"N, 65°55'09.58"E;

Ghallazor (Fig.4) - Ishtikhan district, Kallakhosa vill., wheat field, 39°57'06.38"N,

66°22'10.45"E;

Results

Family Sphingidae

Smerinthus kindermanni Lederer, 1853

(Fig. 5-A)

Material examined. Samarkand Region: 1(Q), Sulakli vill,, 07.VI.2021; 10(3)

2(Q), Yangikishlak vill, 18.VIl.2019; 1(3), Xodjayuz vill, 02.VI.2020; 1(3), Qoshtepa vill,

21.V1.2021, 1(8), Zarafshan reserv, 28.VI1.2022, S.N. Omonov.

Remark. The first record of the species to Samarkand Region. This species is distributed in the
eastern regions of Uzbekistan, including the Fergana Valley (Shermatov et al., 2021); also it is known
from Turkmenistan (Danov & Pereladov, 1985), Kyrgyzstan (Chatkal Mountains) (Korb, 2018),
Kazakhstan (Shovkoon, 2015), Tajikistan (Shchetkin et al., 1988), north-east Afghanistan (Rothschild &
Jordan, 1903, Ebert, 1969), eastern Afghanistan south and east of the Hindu Kush (Swinhoe, 1885, Ebert,
1969). In the eastern Zarafshan plain, Smerinthus kindermanni was recorded from the Samarkand region
(Omonov, Rakhimov 2022). The flight period is from the beginning of June to August.



igure 1. Habitat of Smerinthus kindermanni. Samarkand Region, Zarafshan reserve, Jomboy district,
Zarafshan river, 21.VI.2022, photo by S.N. Omonov.

Figure 2. Habitat o Hyles livornica. Samarkand Region, Urgut district, 8 km from Bakhrin vill., Yettiuyli
ravine, 5.VI.2023, photo by S.N. Omonov.



Figure 3. Habitat of Hyles hippophaes Narpay district, 3 km N of Saray vill., Nurota ravine, 22.1V.2022,
photo by S.N. Omonov.

Figure 4. Habitat of Hyles zygophylli, a f/' of What, Ishtikhan district, allakos vill, 15.V1.2023,

photo by S.N. Omonov.

Hyles livornica Esper, 1780

(Fig. 5-B)

Material examined. Samarkand Region, Urgut district: 3(3) 1(Q), Bakhrin vill, 7.V1.2022; 1(3),
Sanchiqul vill., 10.VIl.2022, S.N. Omonov.

Remark. The first record of the species in Samarkand Region. Transpalaearctic species. It was
recorded for the first time in the Southern Zarafshan region of Samarkand (Omonov 2022), previously
known from the territory of the Khorezm region (Bekchanov 2023).

Hyles hippophaes Esper, 1789

(Fig. 5-C)

Material examined: 2(G), Narpay district, 3 km N of Saray vill,, Nurota ravine, 22.1V.2022, 3(3) 2(%),
Sarmishsay, at light, 19-20.VI.2021, S.N. Omonov;



Remark. The first record of the species in Samarkand Region. Hyles hippophaes (Esper, 1789) in the
Ukraine, Moldova and Romania, and in western Turkey, to the point where the latter subspecies is
replacing the former as it expands westwards (Khalaim, 2022). It was recorded for the first time in the
eastern regions of Uzbekistan (Derzhavets, 1984). Flight period in Samarkand Region is from middle of
July to the end of August.

Hyles zygophylli Ochsenheimer, 1808

(Fig. 5-D)

Material examined: 3(3) 2(Q), a field of wheat, Ishtikhan district, Kallakhosa vill., 18-21.V1.2022,
S.N. Omonov; 2(G) 1(Q), Kattakurgan district, Durbesh vill., 22.\/.2023, S.N. Omonov;

Remark. The first record of the species in Samarkand Region.

It is widely distributed from the east of Uzbekistan (Fergana vallay) (Shermatav et.al.,, 2021) and
across the grove and steppe regions of Kizilkum to the northwest of Uzbekistan (Derjavets, 1984), already
known from Western Turkey (Danner, Eitschberger & Surholt, 1998), central and eastern Turkey (de
Freina, 1979; de Freina, 2012, Kocak & Kemal, 2018), northern Syria, the Republic of Georgia
(Didmanidze, Petrov & Zolotuhin, 2013), Armenia (Didmanidze, Petrov & Zolotuhin, 2013; Wgsala &
Zamorski, 2015; \Wyacheslav Ivonin & Yanina Ivonina, pers. comm. 2022) and Azerbaijan (Didmanidze,
Petrov & Zolotuhin, 2013, Snegovaya & Petrov, 202 1), Daghestan (Abdurahmanov, 1999), the lower
Volga valley of Russia, eastern Transcaucasia (with its main stronghold in the low-lying areas around the
Caspian Sea (Eversmann, 1844)), northern Iran (Danner, Eitschberger & Surholt, 1998; Emami, Karimpour
& Lotafalizadeh, 2021), Turkmenistan (Toropov, Milko, Zhdanko & Evdoshenko, 2023), most of
Kazakhstan (Shovkoon, 2015), Uzbekistan (Kondratiev coll., NHMUK; Shermatovet.el., 202 1), Kyrgyzstan
(Eitschberger & Lukhtanov, 1996, Korb, 2018; Toropov, Milko, Zhdanko & Evdoshenko, 2023), Tajikistan
(Grum-Grshimailo, 1890), northern Afghanistan (Ebert, 1969), and western Xinjiang Province, China
(Pittaway & Kitching, 2000).

In Samarkand Region specimens were collected in wheat fields and surrounding poplar groves.
With the steppe on the south facing slope and mixed forest (Salix, Populus tremula) on the north facing
slope. It is noteworthy that in the western plains districts of Samarkand Region this species was not
previously found in collections, despite many years of research. The flight period in Samarkand region
from the middle of Juny to the end of august.

Smerinthus I

Figure 5. A — Smerinthus kindermanni, Zarafshan river, 27.VI.2022; B — Hyles livornica, Yettiuyli ravine,
8.VII.2022,; C — Hyles hippophaes, Nurota ravine, 28.VI.2023; D — Hyles zygophy!lli, a field of wheat,
27.VI.2023;



Conclusion

According to scientific literature, the total number of Macrolepidoptera in Uzbekistan is 1500
species. How many species of Macrolepidoptera exist in Samarkand region has not been studied. The
Sphingidae family of the Samarkand region was supplemented by 4 species and currently includes 16
species.
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Economic sciences

BI/iNB BIIPOBALDKEHHS BIAHOBJIFOBAJIbHNX PKEPEJ] EHEPT | 1T HA COLJIAJIbHO-
EKOHOMIYHWMN PO3BUTOK

3anyxnisik Bimanit 3iHositiosu4

KaHoudam eKoHOMIYHUX HayK, 0OKMOopaHm Kageopu MixHapoOHOIi eKOHOMIKU,
3axioHoyKkpaiHcbKul HauioHaabHUl yHisepcumem

Jlemkypa IsaH Tapacosuy

acnipaHm Kageopu MixcHapoOHOI eKOHOMIKU,

3axioHoyKkpaiHCbKul HauioHaabHUl yHisepcumem

CyyacHi eHepeemuyHi cucmemu nompebyroms NOCMIUHO20 nepeesisidy 3 02190y Ha NOSIBY HOBUX
IHHOBAUIUHUX — eHepeemuy4yHUX mexHosi02ii ma ob6'eKmusHy HeobXiOHicmb X  NPaKmMu4YHoO20
BNPOBAOMEHHA. [106abHA eHepeemuyYyHa cucmema 3d3Hde mpaHcgopmauit i mMooepHizauis U
po3wupeHHsI maroms Biobymucs 3a 30 pokis, momy uel npouec nompebye cmpamezidHo2o nepexody Ha
HAUjoHA/IbHOMY, pe2ioHa/IbHOMY ma 2/106a1bHOMY PiBHSX, | i020 OCHOBOK, SK CBIOYUMb OOC/TIO@CEHHS,
nosuHHi cmamu (puc. 1): «(1) ¢pizudHa iHppacmpykmypa, (2) nosimuyHi ma pezyasmopHi MexaHiamu ma
(3) Hasuyku ma nomewuyian» [1]. Taki 3miHu Bi06YBArOMBCA Yepe3 HU3KYy NpuyuH. OOHA 3 HUX — IXHE
3HAYeHHs1 0J19 HABKOJIUWHBO20 cepedoBula ma Cycniibcmaa, aoxce Ui cucmemu Maroms eKOHOMIYHUU,
coujanbHul, ekoso2iyHUl B8nuUB. BOOHOYAC, eBOJIOUIOHYOMb | PUHKU e/1eKmpoeHepeli, aoxce
BIOHOBIOBAILbHI OXcepenia eHepeii Habysaroms Bce bisibuloi nonyigpHocmi. Hanpukaao, Ha Camimi G-20y
BepecHi 2023 p. nidepu npuliHanu piweHHs 0o 2030 p. smpuyi 36inbwumu 2106aibHi NOMY*#HOCMI
BIOHOBJIHOBAJIbHOI eHepeemuKku [2]. Xoya c8im cymmeBO NosISpu30B8aHull 3a CmyneHemM BUKOPUCMAaHHS
BIOHOB/IOBAHUX — OX(epesi  eHepeli, HANpukaad, «4acmkKd BIiOHOB/IOBAHUX OXxcepesi eHepeii B
eHepzemuy4HoMy banarci cymmeso Biopi3HIeEMbca 8 €C: y LlBeyii BoHa cmaHosums 61u3bko 60%, y
Jlanii, EcmoHii, @iHnaHoii ma Jlamsii noHao 40%, a 8 benbeii, YeopuuHi, IpaaHoii, Jlrokcembyp3si, Manbmi
ma Hidepna+dax 8io 10% 0o 15%» [3].

[lumarHs BIOHOBJIOBAJIbLHUX OXepes1 eHepeii ue NUMAHHs, nepeodyciM, e10b6aabHOI KaiMamuyHOI
be3neku, aKka ocobsuso 20CMPO MOPKHYJIACA NEBHUX Pe2ioHIB Ma BepCmB HACeseHHs, KOJIeKmuBHA
30amHicme iX BupiwyBamu. Tak, HaBiMb HE3HAYHe 3HUMXCEHHS 2106a/1bHOI memMnepamypu € BaXJIUBUM,
60 Mu 6a4umo HACAiOKU 3MIHU KaiMamy — CMUXIUHI UXA, NOXCexc, NOBeHI, 3HUUIeHHS 6i0s102i4H020
DI3HOMAHIMMS.

TIEPCIIEKTHBHE TUIaHYBaHHS, MOJIEPHI3allis Ta

PO3IIMPEHHA JTIOMOMIKHOT IHPPACTPYKTYPH HA

CYIIi Ta HA MOPI JJ151 CIIPUSHHS po3po0iIIi,

- PISUYHA 30epira”Hio, po3noiiny Ta nepenayi,
IHOPACTPYKTYPA | cnoxuBaHHIO BiHOBIIOBATEHUX JKEpeT

eHeprii

po3poOKa NONITHYHHUX Ta HOPMATHBHUX
TTOJITUYHI TA PaMOK, 5IK1 CIIPHSIOTh PO3rOPTaHHIO,

— PEI'VJIATOPHI iHTerpanii Ta TOPTiBIi eHEepPTi€ro Ha OCHOBI
MEXAHI3MHU BiZTHOBITFOBaHUX JDKepell eHepril,
MOKPAIIYIOTh COLiaTbHO-eKOHOMIYHI Ta
eKOJOTi4HI pe3yabTaTH

st =l o e BN Nanlies!

1
.

=

MiABHMILIEHHS 00i3HAaHOCTI rpoMaj Ta
HaceJeHHs, HAaOyTTa HeoOXiTHUX HABHYOK,
TATIOTEHLITAJI 3HAHB i JOCBIAY I/IsT CTUMYJIIOBAHHS Ta
HiITPUMKH €HEepPreTUHUHOIO epexoay

HABHWYKHM

HTxmemO

Puc. 1. bazosi enemermu eHepzemu4Ho20 nepexody [1]



BnpoBadxeHHs BIOHOB/IHOBA/IbHUX 0X(epes1 eHepaii Mae 3Ha4YHUll BNUB HA COUiA/IbHO-eKOHOMIYHUU
PO3BUMOK MA HABKOJIUWHE Cepedosulle, npome BiH Moxce 6ymu K NO3UMUBHO20 Xapakmepy, mak i
He2amusHo20. Ceped 0CHOBHUX epeKkmis BUKOPUCMAHHS BIOHOBIOBAIbHUX 0x(epesi eHepeli BU3HaYUMO
HAacmynHi.

BiOHOB/OBA/IbHI 0X(epesna eHepeii € Xopowlor a/bmepHAmuUBOO BUKONHO20 NAJUBA MA MAE
cnpusmausull BNUB HA CKOPOYEHHS BUKUOIB NAPHUKOBUX 2d3i8, NOKPAUIEHHS SKOCMIi nosimps (a
BIONOBIOHO, | 3MEHUWEeHHS 3aXBOPHOBAHb HACENeHHS, AKI NoB’a3aHi i3 3abpyoHeHHaM nosimps) U
NOM'SKWEHHST  KJIMamUuYHUX 3MiH. BUKOPUCMAHHS Yux Oxcepesn eHepeii 003B0JI€ Nposecmu  ix
odusepcugikauiro ma 3MeHWUMuU 3a1exHICMb Bi0 BUKONHO20 NAJIUBA, SKE 8 CBOK Yepay, 3anexUums 8i0
KOHHOHKMYpPU PUHKY, a 0711 pe2ioHiB, SIKi He Marome BJIACHUX PecypCiB, Ue € MOMJIUBICMb 3MeHWUMU
3anexHicms 8i0 KpaiH-Hagmosux sidepis, 8i0 iMNopmy BUKONHO20 NAJIUBA, UIHOBUX KOJIUBAHb HA
CBIMOBOMY eHepeemuyHoOMy PUHKY. Ha sukonHi suou naausa «npunaoae binbwe 75% 2n06anbHux
BUKUQDIB NAPHUKOBUX 2a3iB | maltixe 90% BUKUOIB By21eKuc/1020 easy» [4]. Pazom 3 mum, «¥Y 2022 poui
BIOHOB/IOBAHA eHepeemuKkd, SKAa BUKOPUCMOBYEMbLCA B ycbomy csimi 3 2000 poky, 3aouiaousa
npubsausHo 521 mapd donapis CLLUA Ha Bumpamax Ha nasauso 8 esiekmpoeHepeemuui» [5]. [na pe2ioHis,
AKi Marome ceplosHy npobiemy i3 0oCmynom 00 BOOU, BUKOPUCMAHHS A/lbMepHamuUBHUX 0xcepes eHepaii
003B0JISIE YHUKHYMU 3HAYHO20 BUKOPUCMAHHS BOOHUX pecypciB. Couia/ibHO-eKOHOMIYHI edekmu Biod
BUKOPUCMAHHSA BIOHOBJIHOBAJIbHUX OXcepes eHepeii Nossearoms |y CMBOPeHHi poboqux Micub, MOomy
2pomMaou 3aujikassieHiy ix BUpoOOHUUMBI.

Pazom 3 mum, enekmpocmasuii,  fKIi Npauyrtoromb i3 COHSIYHOKO MA BiIMPOBOK eHEep2iEro
nompebyroms BUBIJIbHEHHS 3eMJT, U0 MOXe NOoPYyulyBamu Micuesi ekocucmemu. ICHytomsb i npobiemu
eKOHOMIYHO20 Xxapakmepy. Jlocumb 4acmo cucmemu NOBUHHI @DYHKUIOHYBAMU NAPAIesbHO i3
38u4alHUMU  eHepeemuyHUMU cucmemamu. OKpIiM mo2o, Maki npoekmu nompebyroms 3HAYHUX
iHBecmuuit, nepedycim, 8 iHpacmpykmypy, i epekm 8i0 HUX ma 8iodaya Moxcyms bymu miibKU Yepes
nesHul nepiod yacy. Tak, «do 2030 p. y BIOHOB/IHOBAHI Oxcepesia eHepeil, BKIHYaroYu mexHosoeii ma
iHppacmpykmypy, HeobxioHo iHeecmysamu 6u3bko 4 mpsH. don. CLUA Ha pik, wob do 2050 p. docsiemu
YuCmMo20 HY/Ib0BO20 PIBHSI BUKUOIB» [4]. 3@ makux ymoB, BAXJIUBO CNPAMOBYBAMU 3YCUJIS HA
popmyBsaHHa CMIUKOI  eHepeemuyHOI cucmemu, fKa Mae 6ymu 2Hy4YKoro 018 3abe3neyeHHs
eHep2oNoCMa4YaHHs, po3pobKYy BIMPOBUX MA COHSIYHUX NPOEKMIB, PO3UIUPEHHS Oxcepes1 QiHaHCYBAHHS
NPOEKMIB MA 3aJ1y4eHHS Kowmis epomMad, ma iH.
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Abstract

The mathematical model of distributed computations is constructed, the problems of finding
the minimum execution time of heterogeneous, homogeneous and equally distributed processes
competing for the use of a limited number of copies of a software resource in asynchronous mode
in cases of unlimited and limited parallelism in the number of processors of a multiprocessor
system are solved. In this case the ideas of structuring a program resource into linearly ordered
blocks with their further pipelining over processes and processors of a multiprocessor system are
used.

Keywords: multiprocessor system, structuring, pipelining, process, software resource, Gantt
diagram, heterogeneous system, Bellman-Johnson functional, asynchronous mode, unlimited
parallelism, limited parallelism, vertex-weighted graph, homogeneous system, equally distributed
system.

1. Introduction

Distributed computing is a promising and dynamically developing area of parallelism organisation.
This term is usually used in case of parallel data processing on a set of processing devices remote from
each other and in which data transmission via communication lines leads to significant time delays. The
listed conditions are typical, for example, when organising colculations in multi-machine computing
complexes, computing clusters, multiprocessor systems (MS), local or global networks. Creation of high-
performance multiprocessor systems and computing complexes is characterised by a wide penetration of
fundamental principles of parallelisation and pipelining of computations into hardware and software. In
this regard there is a process of revision of mathematical methods and algorithms of solving problems in
various subject areas up to revision of the whole algorithmic baggage of applied mathematics, new
requirements to construction and research of mathematical models concerning various aspects of
parallel and pipeline organisation of computations are put forward. The necessity and urgency of
research in these directions is also connected with the fact that the principles of structuring,
parallelisation and pipelining are rather general and inherent in processes of different nature [1-4].

The case when there is a single copy of a programme resource (PR) in the shared memory of the
MS has been studied from different points of view in works [5-14]. The problems of finding the minimum
total execution time of distributed competing processes using the PR structured into blocks in different
modes of processes interaction, processors and blocks were solved; a comparative analysis of modes of
processes interaction, processors and blocks was carried out; criteria of efficiency and optimality of
software resource structuring were obtained; a number of optimisation problems on calculation of the
number of processes, processors, etc. were solved. The study of these and other problems relating to the
optimal organisation of distributed parallel computations becomes especially important in the case when
a limited number of copies of a program resource can be simultaneously placed in the shared memory of
MS. Such generalisation is of principal character because it reflects the main features of multiconveyor
processing and also allows us to compare the efficiency of conveyor and parallel processing.

2. Mathematical model of distributed computing

Constructive elements for building mathematical models that implement distributed computing
methods are the concepts of process and software resource. We will consider a process as a sequence of



sets of commands (procedures, blocks, subroutines) |, =(1, 2, ..., S). Processes that affect each

other's behaviour by exchanging information are called cooperative processes. A programme or its part
repeatedly executed in a multiprocessor system will be called a software resource, and a set of
corresponding processes will be called competing processes.

By solving the problem of software resource allocation between processes, as a consequence, the
problems of efficient use of the main computing resources - processors, RAM, /O channels, etc. - are
implicitly solved. From this point of view, a software resource is an integrated means of requesting
computational resources. On the other hand, effectively solving the problem of software resource
allocation we solve the problem of reducing the time of realisation of given volumes of calculations.

The mathematical model of a distributed processing system of competing cooperative processes
under a limited number of copies of a software resource includes:

p > 2, processors of a multiprocessor system that have access to shared memory;
n > 2, distributed competing processes;
s > 2, blocks of a software resource structured into blocks;

matrix T =[t;], 1= 1,n, j =15, execution times of the software resource blocks by distributed

cooperating competing processes,

2<Cc<p, the number of copies of the software resource structured into blocks that can be
simultaneously located in the RAM available for all processors;

0 >0 —is a parameter characterising the time of additional system costs associated with the
organisation of the conveyor mode of using blocks of a structured software resource by a set of
interacting competing processes during distributed processing.

We will also assume that the number of blocks of the programme resource S < p, =[p/c], where

[X] —where is the integer part of the number, where is the integer part of the number, and the number
of processes n is a multiple of the number of copies ¢ of the structured software resource, i.e. n=mc,
m > 2, and that the interaction of processes, processors and blocks of the software resource is subject
to the following conditions:

1) no processor can process more than one block at a time;

2) processes are executed in parallel-conveyor mode in groups, i.e. simultaneous (parallel)

execution ¢ of copies of each block in combination with pipelining of a group ¢ of copies of the Q,;—th

block by processes and processors, where j = 1s,
3) processing of each block of the software resource is carried out without interruptions;
4) distribution of blocks Q;, j=1,s, of the programme resource to processors for each of the

processes i=c(l-1)+q, | =1m, g= 1,c, where m=n/c, is performed cyclically according to the
rule: the block with number | is distributed to the processor with number c(j—1)+(q .
Let's introduce the following modes of conveyor realisation of interaction of processes, processors

and blocks taking into account the presence of software resource copies.
The asynchronous mode of interaction between processes, processors and blocks of a structured

software resource implies that the beginning of execution of a copy of the next block Q;, j=1s, is

determined by the presence ¢ of processors and the readiness of the block copy for execution, while a
software block is considered ready for execution if it is not executed on any of the processors

Fig. 1is a linear Gantt chart illustrating the asynchronous mode of execution n =4 of distributed
competing processes using ¢=2 copies of a software resource structured into s=3 blocks in a
multiprocessor system with p =7 processors and a given matrix of block execution times taking into

account additional system costs T% =[t{/],.s =[t; + s

Under these assumptions, we consider solving the problems of obtaining mathematical relations
for calculating the minimum total realisation time of a set of distributed competing processes under a
limited number of copies of a software resource for the asynchronous mode.



A
7
t? t?
23 43
6 — —
t’ t?
5 . 13 33
t? t’
4 22 42
0 t'9
3 L, 32
0 0
) by Ly o
L v ) 4
9 7
1 s o .

01 2 3 4 5 6 7 8 8 10 117 (pnsoco)
Fig. 1 Asynchronous mode of interaction between processes, processors
and blocks of a software resource

3. Execution time of heterogeneous processes in conditions of unlimited parallelism

Let us consider the asynchronous mode of interaction between processes, processors and blocks of
a structured software resource (Fig. 1).

Definition 1. A system n of distributed competing processes is called heterogeneous if the

execution times of software resource blocks Q,, Q,, ..., Q, depend on the volumes of processed data

andy/or their structure, i.e. different for different processes.
Let us denote the minimum total execution time n of heterogeneous distributed competing
processes using ¢ copies of a software resource structured into s blocks with a matrix of execution times

T? in a multiprocessor system with p processors taking into account additional system costs @ in
asynchronous mode by T (p,n,s,c,8). For the computation T (p,n,s,c,8), consider the cases of

unbounded, i.e. s < p., and bounded, when s > p., parallelism.

Let there be a system n=mc of heterogeneous distributed competing processes, where m=> 2,
and 2 < ¢ < p, and the number of blocks s of the structured software resource does not exceed the

number of groups of processors in each, i.e. 2< s < p, . In this case, without restriction of generality, we
can assume that each Q; -th block, j = 1_s of the i -th process, wherei=c(l-1)+q, | = 1_m , = 1_c
, will be executed on the (c(j —1) + q) -th processor. Then it is enough to use cp, processors to execute
all n processes, and the rest p—cp, will be unused.

Let T? = [tf] — be the nxs —matrix of times of execution of blocks of the structured software

resource by each of the | processes taking into account the parameter 8 >0, where ti‘? =t;+0, 1= 1,n

, )= E . To calculate the minimum total time Ta'; (p,n,s,c,8) wecan use the functional of the Bellman-
Johnson problem, which in our case will have the form:

uy u, m
h _ 0 0 0
Tes(P.,S,¢,6) = Q&%(Kuﬁu@?iﬁm[;tc(i1)+qv1 + ;tdifl)wl tot i;tc(imq,SD , (1)
- —H1 ~Hs-1

where U, U,, ..., U, —are the integers.



Example 1.Letus consider the interpretation of formula (1) on a numerical example. Let p =7

, =6, s=3, c=2, and the execution times of the processes of the blocks of the structured PR with
regard to the parameter are given @ by the matrix

[

t)=3 t,=1 th,=4
th =2 t,=2 t,=1
TY = t:fl:l t§2:3 t?,gs:?’
0 _ 0 _ 0 _ ’
th=4 t,=1 t),=2
te=3 t,=2 to=1
to =1 t,=4 t5=1

Fig. 2 shows a Gantt chart illustrating the functioning of the distributed heterogeneous system
according to the data of Example 1.
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Fig. 2 Asynchronous mode of execution of heterogeneous processes at 2<s < p,

Sincen=6, and c=2, then m=3, therefore, the functional (1) will take the form:

J-

(7 6 3 2 0) ED(?;§(LTEJX<3|:ZtZ(| -1)+q,1 + th(l -1)+q,2 + th(l -1)+9,3
i=u; i=u,

=[ul=1:>u2=1,3, Ul=2:>U2 y3! u
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Consequently, the minimum total execution time n=6 of heterogeneous distributed interacting
competing processes using ¢=2 copies of the program resource structured on s=3 blocks in a
multiprocessor system with p =7 processors in asynchronous mode, taking into account the parameter

6 of additional system costs associated with the organization of the conveyor mode of using blocks, will
be Ta"S (7,6,3,2,6) =12, which coincides with the time on the Gantt chart (Fig. 4). In this case 6 processors
will be involved.

In [9, 13] we consider an algorithm that allows us to solve the problem of determining the minimum
total execution time of heterogeneous distributed competing processes in asynchronous mode with a
limited number of copies of a structured program resource much more efficiently using the apparatus of
vertex-weighted graphs. According to the given number of blocks of PR s, the number of its copies ¢

o 1, i=1m, q=1,_c, jzl,_S, a c -layer vertex-

and the matrix of block execution times T% =[t5; 1,4

1
ac/

weighted graph is constructed G, . Each q layer (subgraph) of the graph G, , q = 1,¢, will consist of

4
c(i-1)+q,j 7

tqg1 - input vertices and tf(m,mqys - output vertices. The arcs in each layer q of the graph reflect the linear

vertices t i=1m, j= 1,5, which are located in the nodes of the rectangular m x s -lattice, with
order of execution of program resource blocks Q;, j =1s, by processes i=c(l-1)+q, | =1m,
g= 1,¢, on processors with numbers c(j—1)+q. The following theorem holds.

Theorem 1. The minimum total execution time of n=mc, m> 2, heterogeneous distributed
processes using 2< ¢ < p copies of structured s>2 block PR in MS with p>2 processors with block

execution time matrix taking into account additional system costs [tﬁ] ,i=1n, j= 1s,in asynchronous



mode in the case when s < p_, is determined by the length of the critical path in the c -layer vertex-

weighted graph G, from the initial vertex tg, to the final vertex t3 1 ., =1,c (Fig. 3).
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Fig. 3 Vertex-weighted graph G,

Example 2. Onthe data from Example 1, find using T (p,n,s,c,8) the algorithm to find the
critical path in graph G, .

Givenm=n/c=3,s=3,andamatrixT 9 we construct a 2-layer vertex-weighted graph G;c

(Fig. 4).
Each layer contains 3x 3 vertices. The length of the critical path in the graph is 12, which
coincides with the minimum total time of Example 1.



Fig. 4 2-lager vertex-weighted graph G,

4. Asynchronous mode of distributed processes execution under conditions of limited parallelism
Consider the case of limited parallelism, i.e. when the number of blocks of a structured program

resource S is greater than the number of groups ¢ of processors in each, i.e. s> p., S=kp,+r, k>1

,1<r<p,.

As in the case where there is a single copy of the program resource in the MS shared memory, we
will split the entire s set of blocks into (k +1) groups, each containing a p, block(s), except for the last

one p., which will contain only r the PR block(s). Then the matrix of block execution times T ? = [ti‘}’] ,

i=1n, J =1,s, will be decomposed into a (k+1) submatrix T(f of the form (2) of dimension nx p,

each, @ =1k +1. Moreover, the latter matrix T2, will contain s at non-multiples p, only ¥ non-zero

columns, and the remaining columns p, —r will be zero [9].
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For each of the submatrices T(f , @=1k+1, we construct a linear Gantt chart, which will reflect

the execution time of the next p, blocks of the structured software resource on the cp, processors by

n all processes using a limited number of copies of the structured software resource ¢, and the (k +1)
-th chart will reflect the execution of the last r blocks on the cr processors.

Example 2. Construct linear Gantt charts for MS with parameters: p=7, n=4,s=8, c=2
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Figure 5 shows the unaligned Gantt charts.

The total execution time n=4 of the processes using ¢ =2 copies of the PR will in this case be
defined as the sum of the lengths of the critical paths in each of the consecutive unbiased Gantt charts.
However, this time can be reduced, if we sequentially combine Gantt diagrams, starting from the second
diagram, along the time axis from right to left by the maximum possible value without violating the
technological conditions of asynchronous mode. As a result of overlapping we obtain the resulting
combined Gantt chart (Fig. 6).
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Fig. 5. Unbiased Gantt charts under limited parallelism
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Fig. 6. Combined Gantt charts

The obtained structure of the resulting combined Gantt chart will be defined by a matrix T of the
form (3), which consists of submatrices T, T), ..., T2,. The matrix T takes into account both

horizontal and vertical links between blocks, as well as linkages between blocks from different Gantt
charts. Note also that the resulting matrix T will have dimension (K+1)nx(k +1)p,, k = [cs/ p], will

be block, upper diagonal, symmetrical about the main diagonal of Hankel type.
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By the matrix T we construct a c -layer vertex-weighted graph G_, similar to the graph G, . The
vertices of each subgraph  of the G2 graph will be assigned weights tg(i—l) +q,j- 9 =1c,
I :m , j=L(Kk+Dp,, k= [cs/ p]. The vertices te, will be the input vertices, and
tf((kﬂ)m,l)w(kﬁ) o, Will be the output vertices, g = 1,c. The following theorem holds.

Theorem 2. Minimum total execution time of Ta';(p,n,s,c,é’) heterogeneous n, n>2,
distributed competing processes using linearly structured on s, s>2, blocks program resource with
block execution times taking into account additional system costs @ >0 given by the matrix T? = [tﬁ] ,

i=1n, jzl,_s, in a multiprocessor system with p, p=2, processors and c¢>2 copies of the
structured program resource in asynchronous mode in the case of limited parallelism, i.e. when s > p_,

is determined by the length of the critical path from the initial vertex tqg1 to the final vertex

tf((k+1)m—1)+q,(k+l) o.. A=1.C, of the graph G, -

Example 3. Using the algorithm for finding the critical path in a ¢ -layer vertex-weighted graph
G2, find the values T, (p,n,s,c,8) of the MS parameters of example 2.

Since s = k{ﬁ} +r=2-3+2,thenand k =2, r = 2. We partition the matrix T? into submatrices
c

T(f , Q= 13, of dimension 4x 3 each. The matrix T will be of dimension and have the form:

31 42 1 42 1 0
2 2 1|1 3 32 2 0
133113310
41 231 1]2 5 0]
2 1 42 1 of0 0 0]

L |[t 3 3]2 20000
1133 10[000
31 12 5 0]0 0 0]
2 1 0Jo 0 offo 0 0
2 2 0[/0 000 00
31 0(0 00000
|2 500 0 0J0 0 0

We construct a 2-layer vertex-weighted graph Gazc by the matrix T :
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Consequently, the minimum total execution time of heterogeneous distributed competing
processes is determined by the length of the critical path , which coincides with the time in fig. 6.

6. Conclusion

This paper generalises the mathematical model with a single software resource to the case of a
limited number of software resources, which allows us to establish interrelations between multiconveyor
processing and similar processing with a single PR, to obtain analytical estimates of the total execution
time of competing processes with a sufficient number of processors and limited parallelism for the
asynchronous mode. The obtained results can be used in the study of synchronous modes of interaction
of processes, processors and blocks of a structured software resource, in the comparative analysis of
different modes of distributed computations, in the mathematical study of efficiency and optimality of
multiconveyor organisation of computations in solving the problems of building the optimal layout of
blocks of a software resource and finding the optimal number of processors providing the directive time
of execution of given amounts of computations, etc. The results can be used in the study of synchronous
modes of interaction of processes, processors and blocks of a structured software resource.
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Abstract

The issues of methodological support of modern scientific research are relevant in terms of
both the substantiation of the problematic and the organization of the legal research procedure.

The development of the methodology of legal science is connected, first of all, with the
formation of a meta-theoretical level of scientific knowledge, including knowledge of the
philosophical foundations of science and general scientific problems of a particular science. The
forms of expression of this knowledge are the methodological rules, norms and principles of
scientific knowledge, designed to ensure the methodologically competent activity of the cognizing
subject. In all cases, an adequate application of methods is assumed, which, according to cognitive
tasks, are traditionally classified as follows: a general philosophical method, general methods (the
scope of which is limited to solving certain cognitive tasks), as well as special and private methods
of legal science.

Each new scientific research involves the definition of a search strategy, which consists,
firstly, in highlighting the object and subject of study, secondly, in designating a problem or
formulating a task within the framework of an existing problem, and thirdly, in establishing the
directions (algorithm) of the search by choosing certain research methods. The direct organization
of scientific research is carried out in the process of applying certain research procedures within
the framework of the chosen strategy.

In the argumentation of the philosopher and methodologist G.P. Shchedrovitsky, “the
concept of strateqy generally arises only after we get the opportunity to achieve some goal or solve
some problem in different ways and ways. And these ways or ways must be somehow fixed”. In this
regard, the basic basis of scientific research is its methodology. It should be noted that a
characteristic feature of modern scientific research is methodological pluralism. As a rule, in the
real practice of scientific research, methods of scientific knowledge are applied in combination,
setting a strategy for solving the tasks. In this case, the strategy is understood as an integrated
model of actions aimed at achieving the set goals.

Keywords: methodology, typology, types of typology, theoretical typology, classification,
modeling, systematization, legal research.

The use of typology as a methodological technique involves the identification of its features and
capabilities in the construction of scientific theories. The characteristic of the typological method is based
on the thesis that the methods of scientific research are systematically organized complexes with a
complex structure. It is necessary to establish the specificity and potential of the methods planned for
use in comparison with related methods. This approach requires an understanding of the set of basic
concepts and characteristics inherent in typology, its correlation with related research procedures -
classification, modeling, and systematization. The purpose of the proposed work is to determine the
essence and strategy of theoretical typology in the context of legal research.

There are several meanings of the term "typology" in the reference literature. Thus, typology is
defined as a method of scientific knowledge based on the division of systems of objects and their grouping
using an idealized model or type, which corresponds to the Greek meaning of this term - form, pattern,
and also as a result of a typological description and comparison, which corresponds to a different
meaning of this term — teaching. According to the method of construction, an empirical typology is
distinguished, which is associated with the processing of data obtained empirically, as well as a
theoretical typology, which involves the construction of an ideal model of the object under study. The
features of the theoretical typology are given by the accepted values of the type, namely:



1) Judgments about the type as an unchanging, eternal and ideal essence, preceding the existence
of things or existing in things, which determine the presence of an ideal prototype, norm;

2) historical understanding of the type, which is due to the idea of typology as a reflection of the
system in development, in the context of which, within the framework of the social sciences, there is a
regional understanding of the nature of historical development;

3) Interpretation of the type as a special methodological tool with the help of which a theoretical
model of the objects under study is built.

Different meanings of the concept of "type" allow, according to the scientific position of the doctor
of philosophical sciences A.P. Ogurtsov, to single out the following types of typologies: empirical (brings
closer to the concept of "class"), theoretical (builds an ideal model of an object), morphological (focuses
on an unchanging "archetype ”) and type as an abstract construction (where “type” is a deliberate
simplification, a logical fiction,; such a type is not a direct analogue of reality, but a tool of knowledge).
In this case, the empirical typology is actually identified with the classification. In turn, “theoretical
typology is usually based on the understanding of an object as a system, which is associated with the
isolation of system-forming relationships, the construction of an idea of the structural levels of an object;
such a typology serves as one of the main means of explaining an object and creating its theory”.

In general terms, the difficulties in applying the typological method in scientific research are due
to the lack of clarity in the ideas about how a “type” differs from such concepts as “class”, “model”,
“system”, “idealized object”, “abstraction”, which perform similar functions in cognition. The use of
typology as a methodological tool determines the need to establish a relationship between typology and
classification, as well as typology, modeling and systematization.

In the first case, a distinction is made between the concepts "type" and "class". An analysis of
scientific approaches to this issue is presented in the doctoral dissertation in cultural studies by A.-K. I.
Zabulionite "Typological Taxon of Culture”. It has been established that in the context of the
epistemological characteristics of typology, a number of researchers compared and subordinated it to
the classification logic, i.e. actually did not distinguish. At the same time, there was a point of view on
the need to distinguish between the concepts of "type" and "class"” Thus, W. Whewell contrasted "type"
and "class" as conceptual expressions of natural and artificial order; A. Corti interpreted "type" as a way
of holistic grasping of an object that expresses the imminent, i.e. "natural" order and connected it with
morphological vision [4, p. 5]. The dominant characteristics of the concept of "type”, as well as typology
as a way of knowing in the argumentation of A.-K. I. Zabulionite recognizes their ability to conceptually
and methodologically express the ontology of integrity, natural order and qualitative certainty. The basic
differences between typology and classification are determined by their goals. Thus, the goal of typology
is to develop an idea of the organic unity of a set of essential features that form the essence of a thing
or phenomenon. Since the basis of the classification is neutral in relation to the essence of a thing
(phenomenon), the purpose of the classification is determined by the separate and consistent
consideration of their features.

Summarizing scientific approaches on the issue of the relationship between the concepts of
“typology” and “classification” in the preface to the work “Archaeological Typology”, Doctor of Historical
Sciences L. S. Klein states: “From the point of view of Kluckhohn, classification simply empirically groups
things according to similarities and differences, and the typology is theoretically oriented, it solves a
certain problem; according to Rouse, classes are groups of real things “on the table in the laboratory”,
and types are their diagnostic complexes of features in the head of the researcher, at the same time,
classification is a procedure, and typology is its result; according to Daniel, typology is a kind of
classification, free from a rigid distribution of indicators (parameters) over the steps of the procedure; in
modern Soviet researchers, the typological classification, in contrast to the formal one, reveals real
historical connections in the material, etc.” According to the understanding of these concepts, a set of
research procedures is determined.

Due to the fact that classification methods and procedures are widely used in scientific research in
almost all scientific disciplines, it is assumed that there are common methodological aspects of
constructing a classification according to the general theory of classification. Therefore, there is a need
to distinguish between "descriptive” classifications, which make it possible to bring the accumulated
results to a convenient form, which are used in most natural, technical and human sciences, and
"structural” classifications, aimed at determining the essence of the objects being classified. This
approach allows grading classifications according to the “extensionality — intentionality” scale.
Extensional (descriptive) classifications are classifications based on the external characteristics of
objects, while intentional classifications are based on essential ones. In this understanding, intentional



classifications are close to typology. At the same time, there are broad and narrow interpretations of the
classification. Classification in the broad sense implies an arbitrary allocation of groups in multiple
materials, classification in the narrow sense - the distribution of objects into groups (classes) based on
similarity or difference.

In all cases, the classification operates with the concept of "classes”. It is recognized that the
classification must comply with the logical rules for dividing the scope of concepts, namely:

1) Is built on a common basis (according to a single division criterion),

2) Observe the same hierarchy for all parts of the material (apply to all parts of the material the
same scale for the distribution of cells by rank, including with different criteria for dividing the material);

3) To exclude hit of any object at once in two single-order cells (classes);

4) Cover with each cell all divisions of this cell (each class - all subclasses), all cells (classes) - all the
material (the entire set of objects).

These provisions, in fact, form the basis of the theory of classification.

The logical connection between typology and classification, according to the Belarusian legal
theorist N. V. Silchenko, is that “typology is based on classification, in the logical plan of the process of
cognition follows it, overcomes its shortcomings, being in this sense its direct continuation” Being a
higher form of generalization in comparison with classification, typology as a procedure of scientific
thinking is aimed at identifying both the similarities and differences of the studied objects, and the ways
of their identification. Typology can be based on the concept of type as the main logical unit of division
of the studied reality or use other logical forms. In the argumentation of A.P. Ogurtsov, this is, “firstly, a
classification, the purpose of which is to build a hierarchical system of classes and their subclasses based
on some features, both inherent in the objects themselves (natural classification) and not inherent in
them; secondly, systematic, which implies the most complete and dissected classification of a given set
of objects with a fixed hierarchy of units of description, thirdly, taxonomy, within the framework of which
the principles of rational classification and systematic are specifically investigated and substantiated”. It
is required to establish the relationship between the concepts of 'classification”, "systematic”,
"taxonomy", which in some cases are considered as synonymous. When distinguishing between these
concepts, classification is understood as “the division of any set (class) of objects into subsets (subclasses)
according to any features”. Systematic recognizes “the establishment of such an ordering of objects,
which acquires the status of a privileged system, allocated by nature itself”. Taxonomy is considered as
"the study of any classifications in terms of taxa and characters”, i.e. as an aspect of metaclassification.
The conventionality of the boundaries between these concepts is noted, the conditionality of their
application in a particular field of knowledge to a large extent by historical tradition.

Typology as a form of generalization and idealization also presupposes the establishment of a
relationship between typology and modeling. The following scientific positions take place: the procedure
of typology approaches the construction of ideal objects (K. Hempel); associated with modeling (R. P.
Devyatkova and V. A. Shtoff); based on mathematical modeling is interpreted as a pure metalanguage.

Modeling as a special research procedure is based on the similarity theory developed in the context
of natural and technical sciences. This theory assumes that one-to-one correspondences can be
established between different objects. Thus, the characteristics of one object allow us to judge another.
An object by observing which one can get an idea of another object is defined as a model, and the process
of research based on this correspondence is called modeling. Modeling is defined as “a method of
cognition in which the study of an object (original) is carried out by creating and studying its copy (model)
that replaces the original from certain aspects that are of interest to the researcher” There are different
types of models and, accordingly, methods of modeling. So, they distinguish between material models,
which are natural objects and obey natural laws, and ideal models, fixed in a sign form. As a result, subject
(direct) and sign modeling differ. Object modeling is used as a practical method of cognition; sign
modeling is a mental one.

With all its varieties, modeling is a method of indirect operation of an object. In general, the stages
of modeling include:

1) Analysis of the object of study in order to reproduce its essential or individual features, which
allows for a plurality of models;

2) Study of the features of the functioning of the model through "model" experiments;

3) Formation of knowledge about the model and, as a result, the original corresponding to it;

4) Construction of a generalizing theory of the object.

The general functions of the models at the theoretical level of the study are determined by
interpretive, explanatory, predictive, criteria.



Ideas about the potential possibilities of modeling in law are based on the features of the legal
form - normativity and formal certainty. The normativity of law makes it possible to study not only a
single legal phenomenon, but also the entire structure of legal relations, as well as the forms of relations
that legal objects enter into. Legal constructions, using logical certainty, fix the necessary model of social
relations. In turn, the modeling of the processes of realization of the right makes it possible to explore
the mechanism of the action of the right. Thus, the norms of law, on the one hand, act as a model of
actually developing social relations, on the other hand, legal norms are a real factor determining the
emergence and course of social relations. Thus, modeling takes place both in law formation and in the
process of implementing law. The complexity of legal modeling is determined by the multi-order and
multifaceted nature of legal phenomena as objects of modeling, as a result, by the possibility of building
an unlimited number of models of legal relations. Features of legal modeling are reflected in its functions,
which are defined as programming, organizational and projective, consisting in “establishing an effective
order for the emergence, change and transformation of various forms of legal phenomena”,
epistemological (cognitive), descriptive, demonstrative, transformative, implemented in legislative
definitions, which act as a form of changing the law. The value of legal modeling is determined by the
mutual influence of the legal model (both legislation and law enforcement), the political situation, and
economic conditions, which determines its instrumental nature.

The specificity of modeling in legal studies, according to researchers, is associated not so much
with a complex type of social systems, due to which the directional orientation between a copy and the
original can be lost, but with a different level and quality of research objects in law. The tasks of modeling
in relation to legal science are defined as follows: “firstly, to detect such sets of legal phenomena that
can be combined within a single concept, secondly, to prove the necessity of this concept; thirdly, to prove
the necessity of this and not any other concept”. The following approaches to the creation of theoretical
models of legal objects are distinguished:

1) Analytical models, the construction of which uses knowledge from a specific area and related
areas;

2) Statistical models, in which, on the basis of statistical data, quantitative and qualitative values
of the characteristics of legal relations, their connections are determined;

3) Simulation models that allow characterizing the process of regulation of relations;

4) Descriptive models that establish links between relationship parameters;

5) Synthesis of models of different types

Each type of model has its limitations for use, advantages and disadvantages. In this regard, in the
context of scientific research, the most productive is the synthesis of models of various types. In all cases,
modeling requires the definition of the structure of goals and systems of indicators of the object model|,
the establishment of a system of objects, their horizontal and vertical links.

In general, the use of modeling in legal research involves the consistent implementation of the
following organizational procedures:

1) Fixing certain ideas about the object;

2) Description of the object through the established parameters and variables,

3) Reproduction of the characteristic states of the object;

4) Obtaining new information about the object, which allows us to consider it as a logical process.

Due to the fact that the essence of legal phenomena, their connections and interaction are fixed
in legal concepts and categories, the task of modeling in legal research is primarily to discover the
patterns of state-legal phenomena that can be combined in one concept, and to prove the need of this
concept. Thus, modeling serves as a means of forming new concepts and categories by developing,
generalizing and deepening the theoretical structures developed by legal science.

It should be noted that modeling is a cyclical process, the result of which is both the improvement
of models and the expansion and refinement of knowledge about the object under study. The possibility
of constructing various legal models makes it possible to recognize as justified that modeling as a method
of studying social reality is “a procedure for establishing relationships of compatibility and consistency in
the totality of available data, characteristics and variables for describing or explaining a particular social
phenomenon or institution, revealing the mechanism of its origin, functioning and development".

In the context of establishing the relationship between classification and systematization, it should
be noted that the spectrum of epistemological interpretations of type includes the idea of consistency,
which determines the connection between typology and systematization. Moreover, if classification
groups, objects based on similarities and differences, then systematization links the resulting groups of
objects. Recognition that theoretical typology is associated with understanding the object under study



as a system determines the need to establish structural elements, highlight system-forming links, and
find the structural levels of the object. This approach uses:

a) Structural typology;

b) The method of ideal types (the type is considered as an abstract construction, with which the
studied objects are compared);

¢) The method of constructed types (a type acts as an object selected according to a number of
criteria from a set of objects, which is analyzed as a representative of this set of objects).

In the process of scientific research, it should be taken into account that any object can be
represented by different systems of properties, since any object has an infinite number of properties; as
a result, an infinite number of scientific ideas about an object as a system of properties are possible.

Understanding the essence and significance of theoretical typology allows us to draw the following
conclusions:

1. The formation of non-linear methodology defines new guidelines for cognitive activity, which is
due to both relevant strategies of scientific research and methodological pluralism in modern scientific
research. In this regard, in the context of the methodological tasks facing the researcher, it is important
not only to justify the use of certain methods in legal research, but also to reveal their essence, specifics,
principles and limitations. The solution of these issues is intended to contribute to an adequate choice of
research methods, to the improvement of research methods, and, ultimately, to an increase in the
effectiveness of legal research.

2. Understanding the scientific method as a system of prescriptions regulating the content and
sequence of cognitive actions, operations, and research procedures allows different approaches to the
classification of methods. It is generally recognized that the classification options for scientific methods
are based on heterogeneous criteria. This allows the same methods to be included in different groups.
Thus, the typological method can be considered as one of the logical methods in the system of general
methods, as well as a special method in certain sciences - linguistics, history, archeology, jurisprudence,
etc., which has specific features in accordance with the object of study and the conditions of its
knowledge. Logically, typology as a research procedure intersects with classification, systematization,
and modeling.

3. The typological method is applicable both at the empirical and theoretical levels of research,
but in the context of legal research, the significance of typology as a special methodological tool lies in
the ability to build a theoretical explanation with its help. The transition to the interpretation of type as
a methodological, analytical means the rejection of the interpretation of typology as a complete and
unambiguous reflection of the system. Recognition that a set of specific typological procedures
corresponds to many different typologies for a given system requires a special analysis and substantiation
of the totality of introduced typological concepts in the process of constructing a typology. With this
approach, abstract typologies are possible, in which the type is understood as a complex structure that
resides in a multidimensional taxonomic space. In this case, the type acts as an idealized object, and not
as a direct substitute for an empirically given set of objects, which makes it possible to build multifactorial
models. The shift of the problems of typology into the sphere of methodology makes it possible to use
the achievements of modern logic in the construction of new scientific theories, as well as in the process
of formulating legal concepts.
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Abstract

This article aims to introduce the reader to numerous concepts of “concept” and outlines
only a small part of the concepts of linguists regarding the understanding of “concept”. It also
examines the etymology of the concept’s 'stone’ and ‘precious stone' in the Russian linguistic
picture of the world. The variety of Russian vocabulary denoting minerals is presented, with links
to etymological dictionaries and dictionaries of cognitive terminology.

The article notes that for further research into the development of the concept’s 'stone’ and
'precious stone' in the Russian linguistic tradition, it is logical to turn to such disciplines as
architecture, gemology (the science of precious and semi-precious stones), mineralogy and
petrology. The work also examines the use of the concept of “precious stones” in scientific, artistic
and journalistic texts, as well as in monuments of ancient Slavic writing.

Of particular importance is the question of borrowed words (calques). A number of names
for precious and semi-precious stones entered the Russian language from ancient Greek, Arabic,
Greek, Latin, Turkic and other languages.

This article describes the results of research on the sapphire gemstone, the Russian
classification of sapphires by color and shade, and the classification of cut sapphires by
transparency.

AHHOMauyus

JlaHHas cmambs cmasum csoell Yesibko NO3HAKOMUMb YUmamesiss ¢ MHO204UC/IeHHbIMU
NOHSMUSIMU  «KOHUeNmM» U U3/1d2dem Jiulb HebosbWy 4Yacmb KOHUenyud JIUHeBUCMOB
NONOHUMAHUK «KOHUenma». B Hel makxe paccmMampusBaemcs 3Mumosio2us KOHUenmos
«KaMeHb» U «0pac2oueHHbIl KameHb» B8 pycckol fA3bIKosol KapmuHe mupd. [lpedcmasieHo
pazHoobpasue pycckol neKkcuku, obo3Haqarouwseld MuHepasbl, Co CCbIIKAMU HA 3Mumosiocudeckue
C/10BApU U C/I0BAPU KOZHUMUBHOU MepMUHO/I02UU.

B cmambe ommeyaemcs, 4mo 0/18 0dsibHelle20 ucciedoBaHus passumus KOHUenmos
«KAMeHb» U «OpPA20UeHHbIU KameHb» B pycckol JuH2BUCMUYeckold mpaouyuu 102U4HO
06pamumbCa K MAakum oUCYUNIUHAM, KaK dpxXumeKkmypa, 2eMMos102us (Hayka 0 0pa2oueHHbIX U
NOJ1YOPAa2oueHHbIX KAMHSIX), MUHepasao2us u nemposio2us. B pabome makxe paccmampusaemcs
UCNO/Ib30BAHUE  NOHAMUS  «OPA20UeHHbIe KAMHU» B  HAYYHbIX, XYOOXECMBEeHHbIX U
NY6IULUCMUYECKUX MeKCmax, d Make 8 NaMIMHUKAX OpeBHec/1aBsaHCKoU NUCbMEHHOCMU.

Ocoboe 3Ha4yeHuUe umeem BONPOC O 3AUMCMBOBAHHbLIX C10BAX (KA/bKax). Pa0 HazsaHull
0pazoueHHbIX U NoJYyOpPa2oueHHbIX KamHel BOWEN B PyccKul f3blK U3 OpeBHe2peyeckoeo,
apabcko2o, epevecko2o, 1amuUHCKO20, MIOPKCKUX U OpyeUX A3bIKOB.

B 0aHHOU cmambe onuCaHbl pe3ysibMamal UCC/Ie00BaHUl 0pacoyeHHo20 KamHs cangup,
pocculickas Kaaccugukauyus cangupos no usemy U OMMEHKY, KAACCUpuUKauus 02paHEHHbIX
cangupos no Npo3payHoCcmu.



Keywords: concept, cognitive linguistics, conceptology, “stone”, ‘“precious stones”,
linguistics, literary criticism, Russian language picture, gemology, etymology, borrowings,
metaphors, sapphire.

Kntoqesble €/108a: KOHUENm, KO2HUMUBHAS JIUHRBUCMUKA, KOHUENMOJIo2usl, «KaMeHb»,
«0pa2oyeHHble KamHU», JIUHeBUCMUKA, JIUMepamyposedeHue, pYCccKas S3bIKoBAs KApMUHA,
2eMMOJ102US], dMUMOJI02US], 3aUMCMBOBAHUS, Memagopsl, cangup.

«KoHuenm» cmoum 8 00HOM pAdYy C MAKUMU MHOMCECMBEHHbIMU NOHIMUSAMU, KAK «MepMUH»,
«CeMaHmMuKa», «NOHSIMUE», «CMbIC/1», «OnpedesieHue», «3ambliCes1», «NPoeKm». B coBpemeHHOU Hayke,
Kak B ome4ecmseHHOU, mak u 3apybexcHol, noHsmue KoHuenma 00B0JIbHO pPACN/ibIBYAMO U
pazHoNsIaHoBO.

B Hayke KO2HUMUBHAS JIUH2BUCMUKA SABJSEMCs OCHOBHOU KOoHuenuyuel U NOoKasbiBaem
nepcneKkmuBbi B JIUH2BUCMUKE.

Yicmopuyeckull 0630p CMaHoBJIeHUsi KOHYenmosoauu

L1715 NoHUMaHus KoHuenma Heobxo0umo U3y4ums KOHUenuyuu HeKomopbIX JIUH2BUCMOB. Bnepabie
B 1928 2. cpedu y4éHbIX-/IuH2BUCMOB 3MOM MepMuH KoHuenm ucnosib3osadsn C.A. ACKo/ib0oB—AieKcees.
B cB80éM mpyde «KoHuenm u c/1080» 0aém KoHuenmy onpedesieHue, 4mo 3mo «Mbic/ieHHoe 06pa3oBsaHue,
KOmopoe 3ameujaem Ham B8 NPoUECcce MbIC/U HeonpeodeséHHoe MHOMeCmB0 NPEOMemoB 00HO20 U MO20
e podax [1].

3. /]. llonoBa Ha ocHoBe aHaau3a paziudHbIX NOHUMAHUL MepMUHA «KOHUenm» 8 COBpemMeHHOoU
Ko2HUMUBHOU JIUH2BUCMUKE 0aém onpedesieHue, Ymo 3mo «27006a/bHAs MbICUMEIbHAsS eo0uHUUd,
npedcmasnsaowas cobold KBAHM CMPYKMYPUPOBAHHO20 3HAHUSA. KOHUenmbl — 3MO udedsibHble
CYWHOCMU, KOMOpPble opMUpYrOMCS B CO3HaHUU Yenoseka» [10].

/. C. Jluxaués B csoell pabome «KoHuenmocgepa pyccko2o A3bIKa» 0Xapakmepusosads KoHUuenm,
Kak «pe3ysibmam CMOJIKHOBEHUS] C/10BAPHO20 3HAYeHUS C/0BAd C JIUYHbIM U HAPOOHBLIM ONbIMOM
yesoBeKka. Paccmampusas, Kak BOCNPUHUMAEMCS] C/10B0, 3HAYyeHue U KOHUenm, Mbl He OOJIHHbI
UCKJI04amb Yes10BeKa. V1 c/1080, U e20 3Ha4YeHuUs, U KOHUenmabl 3Mux 3Ha4eHul Cywecmayom He camu no
cebe B HeKoel He3aBuUCUMOU HeBeCoMOCMU, d B onpedesiéHHoU Yyenosedeckol «udeocgepex [6]. M ¢ smum
onpedesieHuem mpyoHO He CO21acUmbCS.

B «Kpamkom c/ioBape Ko2HUMUBHbIX mepmuHoB» nod ped. E. C. Kybpskosol npedsazaemcs
onpedesieHue  KOHUeNma: «...0oNepamusBHas  eouHuya nNAMsamu, MeHMAsabHO20  JIeKCUKOHA,
KOHUenmyasibHolU cucmemsbl U S13bIKa Mo32d, Bcel KapmuHbl MUpd, KBAHM 3HAHUs. Camble BAXCHbIE
KOHUENMbI BbIpaXeHbl B A3bIKe» [5].

B.W. Kapacuk npedsioxusn cBoé onpedesieHue u3y4aemo20 mepmuHd, 0603Ha4as KoHuenmsl Kak
«MeHMAasibHble 06pazoBaHus, Komopble npedcmasssom cobol XpaHaujuecs 8 NAMSMU Yesl0BeKa
3HAYUMbIe OCO3HABAEMbIe MUNU3UPYeMbie dpaemMeHmsl ONbIMA, MHO2OMEpHOe MeHMAJibHOoe
0bpazosaHue, 8 COCMase Komopo2o BbI0eISOMCA 06pa3HO-NepuenmMuUBHAs, NOHAMUUHAs U UeHHOCMHAs
CMOPOHbI» [4].

Ha Haw 83271590, 0606wWaa 1ulib HEKOMOoPbIe MOYKU 3peHUs Ha KOHUenm U e2o onpedeseHus 8
JIUH2BUCMUKE, MOXCHO BbiOesiumb MpPU OCHOBHbIX NOOX00d K NOHUMAHUK KoHuyenma: 1) KoHuenm
AB/19€Mcs CUHOHUMOM CMbIC/IA; 2) €e0UHCMBEHHbIM cNOCcoboM GopMUpPoBaHUS KOHUENMA SBJISemcs
CeMaHmuKa, 3) KoHuenm — eouHUUa MbIULIeHUS UJIU NAMSAMU, OMPAax carouwids Kysbmypy Hapood. ¥ ymo
KOHUenm — 3mo BeCb NOMeHUUAs1 3Ha4YeHUs C/108d, BK/IHOHYArOWUL He MOJIbKO OCHOBHOE 3HA4YeHUe, HO U
accoyuauuu, ocywecmssisemble 8 peyu. MIHbIMU C/1I0Bamu, KOHUENMb! — 3Mo CMPYKMYPHbIe 3/1eMeHmb!
A3bIKOBOU KAPMUHbI MUPA, KOMOPbkIe pOPpMUPYHOMCS B pe3y/ibmame Ko2HUMUBHOU 0essmesibHOCMU.

KoHuenmbil "kameHb" u "0pazoueHHbIl KameHb" 8 JIUH2BUCMUKE U IUumepamyposedeHuU

MMony4us npedcmassieHue 06 3MOM KOHUEeNnme, pPAacCMOMPUM KOHUENm «KameHb»  Uu
«0pazoueHHbIl KameHb», Y4UumbIBas OCHOBHYH Uesib 0aHHOU pabomel.

KoHuenm «KameHb» OMHOCUMCS K 6a308bIM KOHUENMAM PYCccKoz20 S3bIKOB020 Coobuwecmsd u
ABAAEMCA  OOHUM U3 CAMbIX OpeBHUX KOHUenmoB B pycckol S3bIKoBol KapmuHe mupd.
loomasepxcdeHuem 0aHHoU eunome3sbl Mo2ym bbimb J1e2eHObl U Mugbl, KOmopbie dowiu 00 HAC C
O0peBHUX BPeMEH U KOMOopble CBA3AHbI e C A3bI4eCKUM NOKJIOHEHUeM KAaMHHo 8 OpesHel Ky/ibmype,
Komopasi nepeoasa Ham Yyepe3 NamsmHUKU OpeBHec1assHCKol nucbMeHHocmu. Hanpumep, nezeHoa ob
«Anameipb-KamHe», « CUHeM KamHe», YyNnoOMUHAaHue «KameHHbix 6ab» B «Cro08e 0 NoJKy VM2opese», u op.
[8]. B cpedHeBeKkoBbix pesiu2uo3HbiX MeKCMax MAakxe onuChbIBarOMCcs pasiudHble Nopoodbl KamHeU:



0pazoueHHble KamHu B M36opHuke 1703 2., yesnebHbie MuHepasibi 8 NepeBedéHHoM eqyebHuke CumeoHa
Monoykoeo «Bepmoepad [poxnadHbiti» XVII 8. u op.

CoenacHo 3mumosiocudeckomy csosapro M. dacmepa, C/10BO «KameHb» 00pa3oBaHo om
0peBHepyccKoz2o Kambi (B poo. n. KameHe) [13].

B «To/IKOBOM C/1I0BApe COBPEMEeHHO20 pyccko2o A3bika» [l H. Ywakosa daémca credyroujee
mosikosaHue, 4mo «...KAMEHb /.../ Bcskasa 2opHas nopodd, meépoas, HeKOBKas U He pacnyCcKaroujascs
8 800e, B BUOe omOe/IbHO20 KYCKA Uju Macchbl. /.../ [ipazoueHHbie KamHU. || (MH. KamHU). [pazoyeHHbil
KameHb (pase.). bynaska ¢ KamHem. Bcs 8 KAMHSIX, pazpsixeHHas.» [12].

B «Hosom mosnkosom crosape pyccko2o f3bika» T. . E¢ppemosBol sekcema «KameHb»
onpedenisemcs Kak: «KAMEHb, m. 1. ntobas mseépoas eopHas nopoda 8 sude omoesibHo20 KycKa uu
CNJIOWHOU MAcchl; 2. a) omaesibHbIU KYyCOK makold nopookl. 6) pase. UeHHbIU MuHepas, ucnosb3yembit 0515
YKPauwieHUs B HoBeIUPHbIX uzdesusx; ...» [3].

Kak u3BecmHo, B PyCcCKUX CPEOHeBEeKOBbIX NPeOaHusix KamHu Obiiu 06bekmamu NOK/IOHeHUs,
NOCKOJIbKY AB/IS/IUCH NPOOYKMAMU CAKpasbHOU npupoodskl, obnadanu uenaumessHol cuiol u umesnu
boxcecmseHHoe npoucxoxcoeHue. [2, 8].

B C1aBsIHCKUX /1e2eHOax KameHb JIeXUm B8 OCHOBE BCe20 MUP0O30aHus], darouwulti nponumaxue scemy
HuBoMYy. Paz/iuyHbie nopodbl KamHel UCno/ib30B8aauCh 0718 U320MoBJieHuUs obepe2os U maaucMaHos, a
MAkx3e Ucnosib308a/1UCh B MEOUUUHCKUX uensax [14]. OOHako kameHb obiadaem u ompuyamesibHbIMU
csolicmBamu, a C/IAaBSIHCKUe KOCMUYeCcKue sie2eH0bl 2/1acsim, YmMO U3 UCKD, BbLIEMAroWuxX U3 KamHs,
nosiB/ISIUCE 0eMoHbl. [8]. B 6biiuHax KameHb conpseancsi ¢ memol poka Cyobbbl. Tak «KameHb
npemkHoseHus» npedsewjaem oasbHeluwyro cyobby 6oeamsbipro Bacunuto bycnaesy [8]. KameHb
MpaduyuUoOHHO BCMPeYarom NYyMHUKU Ha pa3susike 0opoe, a MeKCm Ha KamHe akmyasnusupyem npobremy
Bblbopa nymu.

B co3HaHuu Hocumersel pyccKoz0 A3bIKA 3aKpenuiucb makue Yycmoldyusble A3bIK0Bble COYemaHus,
cooepxcauiue JIeKcemy «KameHb», KaK «KAMeHHbIU Bek», «punocopckull KameHb», «O0pacoueHHbIl
KameHb», «Kpaey2osibHbIl KaMeHb», «cepoue, Kak KameHb».

KoHuenm «kameHb» obsiadaem Cnedyrouwumu NPUSHAKAMU, aKkmyaabHbIMU 018 Hocumesed
PYCCKO20 A3bIKA: «MBEPObIL», «0pacoueHHbI», «N0JYOPA20UEHHbIU», «NJIOMHbIU», «MAXENbI».

B pe3ysibmame nNpoBedéHHo20 Hamu UcciedoBaHusi Obiio BbISBEHO, YMO B PYCCKOM S3biKe
6/1UXCHAA Nepupepus KOHUeNma «KameHb» Npedcmas/ieHa c1edyrouumu penpe3eHmaHmamu;

— HA3BAHUSI CMPOUMesIbHbIX Mamepuasos; Kupnuy, 2pasudl, 6emoH, ujebeHs;

— HA3BaHUS CAMOUBEMOB, OPa2OUeHHbIX U NOJYOPA20UeHHbIX KamHel: 6pusauaHm, u3ympyo,
asmas, azam, 2paHam, bupro3a;

—HA3BAHUS 20PHbIX NOPOO; 2pAHUM, NeCYAHUK, MPAMOp, C/IaHey, U3BeCmHSIK [7].

115 danbHelwe2o uccie008aHUs pa3BUMUS KOHUENMa «KameHb» B PYcCckol S3bIKoBoU mpaduyuu
JI02UYHBIM byOem obpamumabCs K HAYKam, 8 pamKax Komopbix 6b1/10 COpMUpPOBAHO NOHAMUE KOHUEenma
«KaMeHb»: CMPOUMebCMBO U  dPXUMeKmypd, 2emMmMosious (Hayka o OpacoueHHbIX KAaMHSIX,
camoygemax), MuHepaso2us u nempoapagus. Ho 06 3mom mMbi N020BOpUM B credyrouell Hawel pabome.

L1719 mo2o 4mobbi 06bACHUMb, KAK KOHUENM BbIpAXAEMCs B A3bIKE, e20 HOMUHAMUBHOE noJie U
BHYMPeHHUe CMPYKMYPHbIe KOMNOHEHMbI, HEO6X00UMO pACCMOMPEeMb €20 UCNO0JIb30BAHUE B HAYYHbIX,
XYOOXeCMBEeHHbIX U NYO/IUYUCMUYECKUX MEeKCmMax, d Mmakxe BOCNOAb30BAMbLCS NOMOULbHO
cneyuasbHbIX c108aped U 3HYUKIoNeoul (MOoJIKoBbie, 3MUMOJI02UYecKUX, CNeyudsibHbIX caosaped u
cnpasoyvHuKkos). [9].

Pazsumue roBe/IupHO20 UCKYCCMBA U HayKu 2eMMoJ102U Ha4YUHaemcs ¢ 3apoxcoeHust Kuesckol Pycu
(IX=XI1 88.) u Bnadumupo-Cy30abcko20 kKHaxecmaa (X-XI1 88.) [2]. B X 8. yepe3 KueBcKyro Pycb Npoxoous
KPynHbIU mop20BbId NYMb «U3 B8APSe B 2peKu», OMKpbIBWUL 019 Pycu UCMOYHUKU 3KCnopma
0pa2oueHHbIX KamHed u3 BuzaHmuu, CKaHouHasuu, apabckux cmpaH, Bocmoka u op.

Takum o0bpaszom, B pycckull s13bIK NPUULIO 60/IbUIOe KOUYECMBO HAUMEHOBAHUU Opa2oyeHHbIX
KamHel, camoyBemos U3 OpesHeapeqecko20, apabCckoeo, 2pe4eckoo, 1IAMUHCKO20, MIOPKCKO20 A3bIKOB:
cmapazo — Hacm. usympyo (om nam. smaragdus (uz eped. oudpaydog, smdragdos).

Koeoa 8 Ha4ane XVII seka [Temp | omKpbia B8 Poccuu 20pHoe 0e/1o, MHo2ue ycmapesuiue Ha3BaHusl
KamHs1 CMasu nepeumeHoBbIBams. Jobbimyuku «CMAazaHa» (NpUpoOHo20 KBApUa) CMasu Ha3biBams €20
«MAaabAWHUKOMY», B YeCMb UMA/baHUEs, pabomaswux Ha Ypane. [13].

HazsaHue HeKomopbix 0pazoueHHbIX KaMHel CMasno U3BeCMHO U3 NepesedéHHbIX Ha PYCCKUX A3bIK
bubnelickux mekcmos. B «M36opHuke» Ceamociasa om 1073 200a, ynomMuHaemcs 00uH u3 «bubielickux
KamHel» OHUKC (om UepKOBHOC/IABSIHCKO20 OH XUOHBL U3 2pey. Ovuxiov [13]. B cbopHuke Kupusiio-
benozepckuli moHacmeips (XV 8.) — cangup (om O0pesHepyccKo2o CAHGUPDL U3 2peYecko2o Taneipoc,



OoduU@EPOS om OpeBHeespelickoeo sappir u3 0p.-uHO. canipriya- "cangup”, 6yksaibHO "nobumbil
CamypHom"...» [13].

Jlo cux nop akmyasibHeIMU Memagopamu BbICMYNArOM me, 4Ymo 06pd308aHbl HA OCHOBE
NpuU3HAaKos «Hebo u3 cangupa» u e2o BapudHm «cso0 Heba u3 cangupa» u «Hebo — MHO203MAaXHoe
30aHue u3 xpycmass» u op.

[IpuBeO0éHHbIe HuxMe O0aHHbIe UCCIe00BAHUS CBA3AHbI C AHAJIU30M, U3yYeHuem u >mumosioauel]
HA3BaHUS KAMHS «cangup».

JlpazoueHHbie kamHu — CATIPHP

V3yyeHue HazsaHul u ceolcma 0pa2oueHHbIX KamHel Bce20a 3aHUMano ocoboe Mecmo 8 ucmopuu
paszsumus  Yyesoseqecmad. Kak obbekmbl MamepuanbHol — KY/bmypbl  0pa2oueHHble — KaMHU
npedcmasnsom 6osbwold UHMepec He MoJIbko O0JI MUHepaso208, NEempoJio208, 2eMMOJI0208,
Kpucmasiioepagos, 2eo0epados U 20710208, HO U O/ JIUHeBUCMOB. «HaszsaHus opazoueHHocmed, 8
0C0beHHOCMU KPYyNHbIX 6puaIuUaHmoB, — CB0eobpasHbIl pazoesl OHOMACMUKU C OnpeoesieHHbIMU
mpaouyusamu» [11].

JKcnepmabl B8 061aCMU  JIUHRBUCMUKU CKJIOHSHOMCS K MHEHUro, YmO pYccKoe C080 cangup
ABASEMCA Ka/bkold Om 2peqyecko20 C/10Ba «TdrnPEIPOC», KOMOPbIM OpeBHUe 2peKu HA3biBaiu BCe
0pazoueHHble KamHu cuHe2o ommeHKa. OCHoBHoU e20 ysem — CUHUl, HO BCMPevYaromcs candupsbl
PO30BbIX, HENMbIX, 3€/IeHbIX, OPAHXEeBbIX, besbix OMMEHKOB U NPo3payHbie. Omcroda 0pazoueHHbie
KaMHU UHO20 OMMeHKA UMerom CBOU HA3BAHUS, HANPUMep 3e/1eHbil — X/1opcangup, opaHicesbit (usem
ysemka s1omoca) — naonapaoxa, becysemHsil — nedkocangup.

B cBOWO 04epedb, C/I0BO «OANPEPOC», COACHO HEKOMOPbIM 2UNOMe3adM, B0CX00UM K
0peBHeuHOUlCKoMY «canipriya». B MuHepano2uu cangup uzsecmeH Kak KopyHo. Cangup, Kak c4umarom
acmposioau, — KameHb BJIACMU, KAk 2ocydapcmseHHol, mak u madHol — Hao ymamu u cepouamu
OKDYHCArOUUX.

B [JpesHel WHOuu cangupbl  yKpawaau — KoCMMbI  CBAWEHHOCYXcumened, — 6biiu
UHKPYCMUPOBAHbI B KOPOHY Kneonampebl, 0epxcassi Pocculickol umnepuu, Beaukobpumaxuu u 8 6poub
maxapaoxu MHouu. B 3anadHold  yusu/u3auuu - cangup  mpadcuyuoHHO — accouyuupyemcs C
6/1a20p00CcmMBOM, NPaBOoU, 4CMHOCMbHO U BEPHOCMbHO U HA NPOMSIHEHUU MHO2UX NOKOIeHUU B/15emcsl
JIIOOUMBIM  KAMHEM  KOpOJIeBCKUX 0C0b. B BOCMOYHbIX KY/JIbMYpPax OH CUMBOJIU3UPYem Opyiby,
beckopbicmue u CMUpeHue.

Ecnu Bepumb OpeBHepyCcCKUM NUCbMEHHbIM NAMSMHUKAM, VBaH [po3HbIl cyumancs 60/buwum
yeHumesieM cangupos. E20 0epxasHble pe2anuu — cKunemp U wanka MoHomaxa 6biiu yKpaweHs!
0pa2oyeHHbIMU KAMHAMU, B MOM YUCae KpynHbiMu cangupamu. [15 https.//www.wikiwand.com/ru]

Cangup 6b1/1 0cobeHHoO nony/sipeH Npu U320moBsieHUU muap U naprop. Cpedu Cambix U3BECMHbIX —
canguposas muapa PomaHoBblx, noddpeHHas Hukonaem | cynpyee AnekcaHope B 4Yecmb UX
BOCXOxOeHus1 Ha npecmos B 1825 200y [16].

Cambimu  BoCmpeboBAHHbIMU ~ SIBJISHOMCA  HACLILWEHHO-CUHUE  cangupbl. 3mMom  0mMmeHOK
0byC108/1eH NPUCYMCMBUEM MUMAHA U Xese3d, U UMeHHo banaHc makux npumecel B KamHe 0aém
WuUpoKull duandazoH MOHOB, OM APKO20, YUCMO20 BACU/ILKOBO20 00 2/1y60K020 MEMHO20 NOJIYHOYHO20
CuHeeo. [17].

B 3aBucumMocmu om ygemad U HACbIWEHHOCMU B POCCulickold Kaaccugukayuu cangupsl
noopazdesisom Ha MpuU 2pynnbl; SIPKO-CUHUE, CpedHe-CUHUe U/Uu 4YepHO-CUHUe;, CBemJIo-CuHUe, ubo
Haobopom — memHo-CUHUe.

[lo cmeneHu NPO3pAYHOCMU O02PAHEHHbLIE CaNGUPbl MOXHO paA3desumb HA MpU epynnbi B
3aBUCUMOCMU OM KOJIUYECMBA BK/IYEHUU B KaMHe: NPO3PAYHbIe C He3HAYUMEesbHbIMU MOYeYHbIMU
BKJIOYEHUSIMU, NPO3PAYHbIe C MEJIKUMU BK/TIOYEHUSIMU UJIU CYUJEHUSIMU U NPO3PAYHbIe C BKIIHOYEHUSIMU
0py2ux MUHepasioB NO BCemMy KaMHHK, C Y4acmKamu NOMymHeHUl 8 0moesibHbIX 30HAX.

B 3aK/1r04eHUU MOXCHO CKa3amse, YmMo 8 Hacmosweld pabome npeomemom UCC1e008aHUsI ABUJCS
6a308bI0 KOHUENMbI «KAMeHb», «0pa2oUyeHHbIe KAMHU», CMPYKMYPUPYHOUUE HayYHYH KapmuHy Mupa 8
PAMKAX 3MUMOJI02UL, 2eMMOJI02UL, MUHepasso2ul, mMugosoeuu U JIUHRBUCMUKU, pACCMOMPEeHHbIU B
KOHMeKcme pycckol JIUHeBOKYIbmypbl. B xo0e pabomei 6bi/u BbiSBIEHbI U OCMbIC/IeHbI 0CObeHHOCMU
ynompebieHus KOHUENMOoB «KaMeHb», «Opa2oUeHHbIe KaMHU», UCNOJIb30BAHUS YKA3AHHbIX KOHUEeNmMOoB
B OpeBHepYCCKUX NUCbMEHHbIX NAMSMHUKAX, XYOOXEeCMBEHHbIX U HAY4YHbIX MEKCMAax pyccko20 S3bIKA.
Takxce ObLIU ONUCAHbI U CONOCMABJEHbI CNOCObbI Memagpopuyecko20 OCMbIC/IeHUS KOHUenma
«KaMeHb», «0pa2oyeHHble KaMHU».
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Abstract

In today's complex and rapidly evolving business environment, the importance of emotional
intelligence (El) in management has emerged as a pivotal factor in driving organizational success.
Emotional intelligence, which encompasses skills such as self-awareness, self-regulation,
motivation, empathy, and social skills, has been identified as a key differentiator between average
and exemplary leaders. Effective managers, armed with a high degree of El, exhibit superior
decision-making abilities, foster cohesive teams, and adeptly navigate interpersonal challenges.
Moreover, the integration of emotional intelligence within management strategies has been linked
to enhanced employee satisfaction, improved organizational culture, and a marked increase in
overall productivity. Companies that prioritize and cultivate El within their leadership framework
are poised to gain a competitive edge, as they harness the full potential of both their leaders and
their workforce. This study delves into the nuances of emotional intelligence, its application in
modern management practices, and its profound impact on organizational dynamics.

AHHOmMayus

B cospemeHHol croxHoU U 6bicmpo MeHsroweldcs 0enosol cpede  BAXHOCMb
IMOUYUOHA/IbHO20 UHMesiiekma (M) 8 ynpasieHuu CmMaHoBUMCS pewarouum Gakmopom 01s
doCmuXeHus ycnexa opeaHusayued. IMoOUUOHA/IbHBIU UHMes/IeKm, BK/IHYAs Makue HasbIKuU, Kak
CAMOCO3HAHUe, camopey/Iayus, MOMUBAUUS, SMNAMUS U COUUA/IbHbIE HABbIKU, bbi/1 BbiOes1eH Kak
KJIro4eBoe passudue mexoy 06bI4HbIMU U BbIOAOWUMUCS 1udepamu. ppekmuBHbie MeHeoxdepbl,
obnadarowjue BbICOKOU CcmeneHbro 3V, 0eMOHCMPUPYOM NPeBOCXO0HbIe CNOCObHOCMU K
NPUHSIMUO peweHul, co30arom cnaoYeHHble KOMaHOb! U yMes10 NpeodosieBarom MexIuYHOCMHbIE
npobsiembi. bosiee Mo2o, UHMe2payusi SMOYUOHAIbHO20 UHMEJIIeKMA 8 Cmpame2ul YnpassieHus
CBA3AHA C  yJly4weHuem  YyO0oBJIeMBOPEHHOCMU  COMPYOHUKOB,  COBEPUICHCMBOBAHUEM
KopnopamusHoU Ky/sibmypbl U 3aMemHbIM pocmom obweld NnpooyKmuBHOCMU. KomnaHuu,
Komopble omoarom npuopumem U paszsusarom S 8 csBoem /udepckom nooxode, 20moBbl
NOJYHUMb KOHKYPEHMHOe NpeumMyLiecmso, MaKkCcUMasabHO peasusys NOMeHyUads CBoUX IUOepos U
compyoHUKoB. JlaHHoe ucciedosaHue nozpyx#aem Yumamess B8 HHAHCbI 3MOYUOHAIbHO20
UHMeJIIeKmad, e20 NPUMeHeHUe B COBPeMEHHbIX YNpasieH4Yeckux NPpakmuKkax u e2o eiybokoe
Bo30elicmBue Ha 0p2aHU3AUUOHHYH OUHAMUKY.

Keywords: Emotional Intelligence, Self-awareness, Self-regulation, Effective Management,
Corporate Culture, Productivity.

Knroyesble €10Ba: 3IMOUUOHAIbHBIG UHMesekm, CamocosHaHue, Camopezysisyus,
SdpexkmusHoe ynpasieHue, KopnopamusHas Ky/ibmypd, [IpooyKmuBsHOCMSb.

BsedeHue

IMoyuoHabHbIO uHmesnekm (M) 0asHO Bbiles 3a paMKU NCUXOI02UYECKUX UcciedoBaqull u
cman Heomwbememol 4Yacmbto busHec-cpedbl [1]. B Hawem 6bICmpo MeHSHWeMcs Mupe, 20e
mexHo/I02UU U UHHOBAUUU MEHSHm CNocobbl, KOMOopbIMU Mbl pabomaem u obuiaemcs, cnocobHOCMb
NOHUMAmMb U YyNpassisgmb CBOUMU 3MOUUAMU, d MAKMe SMOUUAMU Opy2ux, CMAHOBUMCS K/IHOHYEBbIM



¢akmopom ycnexa [4]. B KoHmekcme busHeca, 20e OUHAMUKA B3AUMOOMHOWeHUU, ynpassieHue
KOMaHOamu U NpuUHsmue peweHud u2parom UeHmpasabHyo posb, M npespawiaemcss 8 OCHOBHOU
UHCcmMpymeHm 0J19 3ppekmusHo20 ynpassieHus [3].

B coBpemeHHbIX KOMNAHUSIX cucmema ynpassieHusi 83aUMOCBSI3aHA C Yes10Be4eCKUM Kanumasiom.
CompyOHUKU He paccMampusaromcs NPOCMO KAk UCNOJHUME U 3aday, HO KAk K/o4esble akmuBbl,
obsiadarowiue YHUKAIbHbIMU CNOCOBHOCMAMU U nompebHocmaMU. VIMeHHO 30eck IV cmaHosumcs
UeHHbIM pecypcom, N03B0JISS PYKOBOOUME/ISIM JIy4ule NOHUMAmb CBOHO KOMAHAY, MOMUBUPOBAMb ee U
co30asams NpodyKkmusHoe paboyee npocmpaHcmao [9].

OO0HAKo HecMompsl HA 04eBUOHbIe NpeuMyuecmsd, MHo2ue KOMNAHUU CMAnakusaromcs ¢
BbI30BAMU NPU UHMe2payuu 34 B CBOU ynpasieHYyeckue nPakmuku. TpaouyuoHHble Memoobl
YNpasJsieHus], 0CHOBAHHbIE HA Uepapxuu u cmpo2ol ducyun/IuHe, He sce20a mo2ym bbimb a0anmupoBaHb!
noo HoBkle peasnuu. Hacmanao Bpems NepeocMbICIUMb NOOX00b! K YynpassieHuro, 0ends Cmasky Ha
pazBumue 3MoUUOHA/IbHO20 UHMEJIIeKMA HA BCeX YPOBHSIX opaaHu3ayuu [11].

OcHoBHble npobJiemMbl U BbI308bI B YNpas/IeHUU NepPCOHA/IOM.

YnpasneHue nepcoHanom — 3mo Ciox#HbIU U MHO202PAHHbIU NPOUECE, Komopbil BK/I0Yaem 8 cebs
npuBsiedyeHue, passumue U yoepyaHue MmaaaHmJIUuBbIX COMPYOHUKOB. B coBpemeHHOM 6u3Hece
MeHeOxXcepbl CMAaakusaromcs ¢ psoom npobsem, CBA3aHHbIX C 0demoepagued, enobanusayued,
MexXHO02USIMU U U3MEHSIFOULUMUCS OXCUOAHUAMU COMPYOHUKOB:

- MHo2oobpazue paboyell cusbl. CoBpemMeHHble 0peaHu3auyuU cocmosim U3 COMpPYOHUKOB PA3HbIX
BO3pACMOB, KyJIbMYyp, IMHUYECKUX U COUUAIbHbIX 2pynn, Ymo mpebyem 2ubkocmu B8 ynpassieHuu u
noHumarus pazauyud [10].

- BbICOKasi meKy4Yka Kaopos. [ToKosieHue MuiieHUaaos U NoKosieHue Z 4acmo MeHsitom mecma
pabomal, uwa J1y4uiue BO3MOMHOCMU U YCI0BUS.

- TexHos102u4HeCcKue uUsMeHeHUs. BHeopeHue HoBbIX mexHo/102ull mpebyem He MoJIbKO MexXHUYEeCKUX
HABbIKOB, HO U cnocobHocmu bbICMpPo adanmupoBAMbCS K HOBbIM YC10BUSIM pabomei.

- [loBblweHHbIe 0XUOAHUS COMPYOHUKOB. PabomHUKU Ce200HsS CMPeMsimcsl K JIUYHOMY U
NpogeccuoHasIbHOMYy pasBuUMUR, uwym paboque mecma ¢ 2UbKUM 2pAUKOM U BO3MOMCHOCMbHO
oucmaHyuoHHoU pabomei.

TpaduyuoHHbIe MemoOobl YNpassieHUs, OCHOBAHHbIE HA deCmKoU uepapxuu, Cmpo2oM KOHMpPoJie U
CMAaHOapmMUuU3UpOBAHHBIX NPOUECCAX, CMAHOBAMCA MeHee 3(pdeKkmuUBHLIMU B COBPEMEHHOM Mupe:

1. Omcymcmaue 2ubkocmu. TpaouyuoHHble Memodbl YyNnpassieHus 4acmo He npedoCcmas/isitom
docmamoyHol 2ubkocmu 0/18 adanmauuu K 6bICMpo MeHSHULUMCS PbIHOYHBIM YC10BUSM [2].

2. Heyyem uHOuBudyassHocmu compyoHukos. O0HO0bPA3Hbie NOOX00bl K YNpassieHuro He
NO3BOJIAOM  Y4UMBbIBAMbL  UHOUBUOYA/IbHLIE 0COOEHHOCMU, NOMPEbHOCMU U XE/IaHUs Kawo0o2o
compyoHuka [5].

3. CHuxteHue momusayuu. Ko20a compyoHUKU YyBCMBYOM, YMO UX He UEHAM U He C/Iywarom,
3MO MOXem NPUBECMU K CHUXEHUI UX YPOBHS MOMUBAUUU U BOBJIEYEHHOCMU B pabomy.

4. [IpeHebpexceHue yesnoBedeckum gpakmopom. CocpedomoYeHHOCMb HA yugpax u npoueccax
MOXem NpUBECMU K NPeHebpexteHUro Ye/10Be4eCKUMU OMHOWEHUSMU, YMOo CHUXaem 3¢pdekmusHOCMb
KoMaHoHou pabomei [4].

B cospemeHHoU duHamu4Hol busHec-cpede Heobxo0uMbI HOBbIE NOOX00b! K yNpasIeHUrd, KOMopble
6b/ y4UMBbIBAJIU IMOUUOHA/IbHbIE U NCUXOJ102U4eCcKUe acnekmas! paboms! C NePCOHAsIOM.

Camoco3HaHue — 3mMo CNOCOBHOCMb Ye/l0BeKa O0CO3HABAMb CBOU YYyBCMABA, MOMUBAUUK U
delicmsus. MeHeoxcepbl, 061a0arouue BbICOKUM YPOBHEM CAMOCO3HAHUS, MO2Ym JIyHule NOHUMAMb CBOU
CUsIbHble U c1abble CMOPOHbI, YMO NO3B0OJIIeM UM NPUHUMAMb bosiee 060yMaHHble peweHus [1].

Camopeayniayus — 3mMO  CNOCOOHOCMb  KOHMPOJIUPOBAMbL  CBOU  3Mouuu U delcmBus,
adanmupoBambCa K Pas/iuyHbIM CUMYyauusMm U Npeodosiesams Cmpecc. MeHeoxcepbl, ymeroujue
camopeayiupoBamscs, Mo2ym  bosee  3pdekmusBHO  ynpasiamb  KOHGAuKmamu, cobsirodams
NpOoGeCcCUOHAIbHbIE 2PAHUUbI U BECMU KOMAHOY K NOCMAasieHHoU uesiu, He N000asascb SMOUUOHA/IbHbIM
BCNJIECKAM.

Smnamusi — 3mo cnocobHOCMb NOHUMAMb U 0e/IUMbCS YyBCMBAMU Opyeux. B posiu meHedxcepa
MO 03Ha4yaem ymeHue C/ywams U NOHUMAMb NOMPEbHOCMU, MOMUBAYUIO U NPObJIeMbl CBOUX
COMPYOHUKOB [4]. MeHedxepbi, deMoHCMpuUpyrowue 3Mnamutro, CNocobHbI co30asams 0oBepumesibHbIe
OMHOWEHUS B KOMAHAe, YmMo Yay4uiaem MopasibHbIU KIUMam u CMumysaupyem compyoHUKOB K JIy4UUM
pe3ysibmamanm.

VIHMepnepCcoHaIbHble HaBbIKU U yMeHue B3aumo0elicmBoBams C pPa3HbIMU MUNamu audHocmed.



VIHMepNepCcoHaIbHble HABbLIKU BK/IOYAOM B Cebs KOMMYHUKAUYUO, YNpasieHue KOHGAUKMamu,
ybexdeHue u compyoHudecmao. MeHedxcepbl, Komopble B/1a0eom 3MUMU HABbIKAMU, CNOCOOHbI
B83auUMO0elicmBoBAMbL C  PA3/IUYHbIMU ~ MUNAMU  JIUYHOCMEU, Y4umbiBas UX UHOUBUOYAJIbHbIE
ocobeHHocmu u nompebHocmu [12]. 3mo no3sossiem 3¢gekmuBHO ynpasisime pazHoobpa3HbIMU
KOMAaHoamu, Haxooums UHOUBUOYA/IbHBIU NOOX00 K Kaxo0omy COMPYOHUKY U  BbICMPAUBAMAb
00/120CpOYHbIE, NPOOYKMUBHbLIE OMHOWeEHUS Ha paboYem mecme.

TperuHeu u oby4yerue: Kak passusamse 31y pykosooumesied U CoOmpyoHUKOB.

SppekmuBHble npoepammbl 0bYyHeHUs U MPeHuHeU U2parom K/Yesyr poJib B Pa3suUMUU
SMOUYUOHA/IbHO20 UHMEIIeKMA. MU NPO2PAMMbI HaCMO BK/IKOHYAOM B cebs posieskle uepbl, Kelic-cmaou,
cumyaayuu u obpamHyro CBA3b 0719 NPAKMUKU U YJ1yYUeHUs] SMOUUOHA/IbHbIX HABLIKOB. Y4acmHUKU
y4amcs pacno3Hasams U ynpassisims CBOUMU SMOYUSIMU, PA3BUBAMb SMNAMUKD U UHMEPNEPCOHAIbHbIE
HasbIKu [3].

Ln1g uHmezpayuu 3MOYUOHA/IbHO20 UHMeJIIeKma B YNpas/ieHYeckue NnpouecChbl, 0CObeHHO B
cucmembl OUeHKU, BaXCHO NPUMEHSIMb UHCMPYMeHMb! U MemOoOUKU, CNeyuadsibHo pazpabomarHsie 0715
usMepeHus u yay4queHus M. OueHka Moxem BKIYams 8 cebss CaMOOUEHKY, OUeHKY cBepxy BHU3, 360-
2padycHyro OUEHKY U NCcuxomempuyeckue mecmal [2]. [TonydyeHHas 0bpamHas cB8si3b MoOMem C/yX#Umsb
omnpasHol mo4kol 01 dasbHelwe2o passumust M.

Co30aHue kopnopamusHoU KY/ibmypbl, 8 KOMOoPoU UeHUMCS U NOOOepHUBAemcs 0CO3HAHHOCMb
u 3mMnamus, mpebyem cucmemamuyecko2o nooxodd. Imo Moxem BK/Yamb B cebsi pezysisipHble
CemMuHapbl, Macmep-Kaaccbl U MeoumayUuoHHble ceccuu 0718 passumusi OCO3HAHHOCMU, d MAakxce
UHMe2pauuro NPUHYUNOB SMNAMUU B8 KOPNOPAMUBHbIE UEHHOCMU U NoBedeHYeckue cmaHoapmel [7].
[pu3HaHue u noouipeHue NposiBieHUd SMNAMUU U OCO3HAHHOCMU MAakxe cnocobcmayom Co30aHUK
makod Ky/sibmypbl Ha pabo4em mecme.

IMOUYUOHANIbHBIG UHMennekm (M) uepaem UeHMPanbHyro poJsib B8 YCUTGHUU KOMMYHUKAUUU
BHymMpU KomaHo. CompyoHUKU C BbICOKUM YpoBHeM SV Jiydwie pacno3Harom U NOHUMArom 3MOuUU
KoJIIe2, 4YmMO No3BOJISem UM 3pdekmusHee nepedasams UHGOPMAYUKO U CO30aBAMb AMMOCHepy
B3aUMONOHUMAHUS. Takoe B3aumodeldcmsue cnocobcmsyem bonee 2aybokomy compyoHU4YeCmasy,
NOCKOJIbKY COMPYOHUKU YyBCMBYom cebs yBaj)aemMbiMu U NOHSIMbIMU.

CompyOHUKU, YbU 3MOUUOHA/bHBIE NOMPEbHOCMU YYUMbIBAOMCS U YOOBIEMBOPSAHOMCS HA
paboyem mecme, 4acmo 0emMoHCMPUPYHOM BbICOKUU YpoBeHb yooBraemBopeHHocmu pabomod. 3mo, 8
CBOH 04epedb, Bedem K NOBbLIWIEHUK UX MOMUBAUUU U YPOBHS BOBIEYeHHOCMU B paboyull npouecc [4].
Yuém u npusHaHue 3MOUUOHAsbHBIX COCMOSHUU COMPYOHUKOB NO3BOJISHOM UM YYyBCMBOBAMb CEOs
UEHHbIMU U BAXCHLIMU OJ18 0p2aHU3ayuU.

B ycioBUSIX  BbICOKO20 — YpOBHS DM MeHeoxepbl U COMPYOHUKU — Mo2ym  bbicmpo
udeHmMuUUUPOBAMb NOMEHYUA/IbHbIe KOHGIUKMbI U NPe00MBPALLamb UX 3CKanayuro. [MoHUMaHue u
ydem smouull opye opyea nomozarom bbicmpo Haxooums obuull A3bIK U 00CMuU2ams KOMNPOMUCCA.
Kpome moeo, SMOUUOHA/IbHO UHMEIeKMYAsibHble J1udepbl CNOCOOHbI NPUHUMAmMb 0b60YMAaHHbIe
peuwleHus, He 0onycKkas, 4Ymobbl BpemeHHble 3MOYUU OKA3bIBAJIU YPe3MepHoe BJIUSHUE HA UX BbI6OP
Goleman, Daniel, 1998. 3mo Bedem K npuHsmuro bosiee 060yMaHHbIX U 3¢pekmuBHbIx pewieHud.

Kelic-cmadu:

1. Google u npoepamma «Search Inside Yourself».

Google — komnaHus, u3BecmMHas CBOUM NOOX0OOM K UHHOBAUUSIM He MOJIbKO B MEexXHO/I02UsX, HO U
B ynpassieHuu nepcoHasaoMm. OOHOU U3 K/HYeBbIX UHULUAMUB KOMNAHuu B8 obsacmu passumus
JIUYHOCMHbIX Ka4ecms compyoHUKos cmasa npoepamma "Search Inside Yourself", coszoaHHas 8 2007
200y. [lpoepamma 6bina pazpabomaHa 0718 06y4YeHus HABLIKAM OCO3HAHHOCMU U  pa3sumus
SMOUUOHA/IbHO20 UHMesIiekma compyoHukos [13].

VIHmezpauus IU: Mpoepamma codemarna s cebe 3nemeHmsl MeOUMayuu, Hay4YHsle ucc/1edosaHus 8
obsiacmu Heldpobuosoeuu U NpAakmuYyeckue ynpaxcHeHus 015 pazsumusi M. OCHOBHAs Uesib — NOMOWb
COMPYOHUKAM B pA3BUMUU CAMOCO3HAHUS, SMNAMUU, MOMUBAUUU U IUOEPCKUX HABbIKOB.

Pe3ysibmamai: Y4acmHuku npoepamMmbl OMMeEYasIu yiyduieHue Hasbikos 0bWeHUs, NOBbIWLIEHUE
YDPOBHS yO0BIEMBOPEHHOCMU PaboYyuM NPOLECCOM U YKpenJieHue KOMAaHOHbIX casizel. Kpome moeo,
Google 3amemus CHUXeHUe YpoBHS CMpecca cpedu CompyoHUKOB U NOBbILWEHUE UX NPOOYKMUBHOCMU.

BbIBOObI:

SppekmusHoe BHeOpeHue Npo2pammbi passuMuUs IV Moxem npuHecmu ouwymumbie NoJb3y U
npeumyusecmaa 019 KomnaHul /1106020 pasmepa.

VIHBeCMUpPOBAHUe B pa3sUMUe 3MOUUOHA/IbHO20 UHMEeJI/IeKma COmpPYOHUKOB Bedem K CO30aHUH
6osee 300poBod, NpodyKmMuBHoU U UHHOBAUUOHHOU paboyell cpedkbi.



Oco3HaHHoe 1udepcmBo, 0OCHOBAHHOE HA NPUHUUNAX IV, MOXem Cmamae K/ito4eBbiM aKkmopom
ycnexa 8 coBpemeHHoM buzHece.

Google demoHcmpupyem, Ymo BHeOpeHue S 8 KOpnopamuBHYyr Ky/Jbmypy — 3mMo He NPoCmo
MOOHbIU MPeHO, HO U 3PPeKmMUBHBLIL UHCMPYMeHM 0719 00CMUMEHUS 00120CPOYHbIX CMPAame2u4eckux
uesnell KoMNaHuu.

2. American Express u ux npo2pamma no passumuro U0epCKUX Kayecms.

American Express (AmEx), 00Ha u3 KpynHelwux GUHAHCOBbIX KOMNAHUU B8 Mupe, aKmuBHO
UCNOJIb3yem NPUHYUNbI IMOUUOHA/IbHO20 UHMes/IeKma 8 caoell KopnopamusHol Ky/bmype. OcobeHHo
MO Kacaemcs ux npoepammsi 0by4eHust pykosooumeredl.

VIHmezpauus SM: B pamkax npo2pammsi NO pa3BuUMUI0 IUOEPCKUX Kayecms AmMEX akueHmupyem
BHUMAHUE HA pA3BUMUU 3MOUUOHA/IbHO20 UHMEIIeKMA Y CBOUX MeHedxepoB. [1poepamma BKio4aem B
cebss mpeHuHau NO CaMOCO3HAHUK, CamMope2ysIayuL, MOMUBAYUL, 3MNAMUU U COUUA/TbHbIM HABBIKAM
Goleman, D. 1996. OcHoBHas yesib — N0020moBUMb pykosodumesel, Komopbie Mo2ym 3¢pekmuBHO
YNPpassisme KOMAaHOAMU, NOHUMAs UX IMOYUOHA/IbHbIE HY#CObl U MOMUBAYUIO.

Pe3yniemamsi: CompyoHUKU, npoweduwiue oby4yeHue, ommemusu 3Ha4umesibHoe yJydueHue B
MeXUIUYHOCMHOM 06UWeHUU, CNOoCObHOCMU YNpasiimes CMPeCccoBbIMU CUMYAUUSaMU U NPUHUMAMb
060yMaHHble peuwleHus. KoMnaHus makxe 3amemusd ysesudyeHue YpoBHS YO0BIemMBOPeHHOCMU
pabomod u noBblWeHue NPOOYKMUBHOCMU Cpedu Y4acmHUKOB NPO2PAaMMbI.

3. Ford Motor Company u Ky/ibmypHoe npeobpa3oBaHue.

Ha pybexe 2000-x 20008 Ford Motor Company CMOJKHYAACb C PAO0OM YNpasieHYeckux u
puHaHcosbix npobsiem. 100 pyKoBOOCMBOM HOBO20 2€HEPA/IbHO20 OUPeKmopd, KOMNAHUSA Ha4Yaaa
npouecc es1yb0K020 Ky/ibMypHO20 NPeobpa3oBaHus.

VHmeepayus IM: OcHoBHOU akueHm 6bla1 cOenaH Ha passumuU 3MOUUOHAIbHO20 UHMeJ/IeKma
pykosodumernel scex yposHel. [Ipoepammbl 06yHeHUSs BKIOHAIU MPeHUH2U NO SMNAamuu, 3¢pekmusHol
KOMMYHUKQUUU U JTU0epCMBY Ha 0CHOBE NOHUMAHUS.

Pe3ynibmamel: [loce ycnewHo2o BHeOpeHUs NPUHUUNOB IV B ynpassieH4Yeckyro npakmuky, Ford
3amemusia ysyyYuieHue BHympeHHed KOMMYHUKAUUU, CHUMXEeHUe YPOBHS KOHMIUKMOB U NOBbIUIEHUE
obwell npouzBodumesbHoCMU. SppekmusHoe ynpasieHue Ha 0CHoBe ¥ CmMaso 00HUM U3 KJTH0YeBbIX
¢akmopos BOCCMAHOB/IEHUSI KOMNAHUU NOC/Ie Kpu3ucd.

BbIBOObI:

OMOUUOHA/IbHBIU UHMEsISIeKM He MOJIbKO NOoBbIAem UHOUBUOYA/IbHYK 3hdeKkmuBHOCMb
pyKosooumesied, Ho U MOXem C/1yXUmb MOWHbIM UHCMPYMEHMOM 0p2aHU3AUUOHHO20 U3MEHEHUS.

KomnaHuu, Komopble akKmuBHO UHMe2pUpyrom NPUHUUNGI V1 8 CBOK KOPNOPAMUBHYHO KyJ1bmypy,
MOo2ym paccyumbIBame Ha ycmoUldusbit pOCm U KOHKYPEHMHbIe NpeuMyusecmad B CBOUX OMPAC/IsX.

4.General Electric (GE) u ux Ky/iemypHoe npeobpazosaHue

General Electric Ooneue 2006/ 6bi1 UOEPOM B PA3/IUYHBIX OMPAC/AX, HO CMOJIKHYJICA C
Heobxo0uMoCmbHO  KyJIbMypHO20 npeobpaszosaHus 019 adanmauyuu K MeHsowemycs busHec-
OKDYHCEHUIO.

ViHmezpayusi M. GE akmuBHO UHMe2puUpoBasl NPUHUUNBI SMOYUUOHAIbHO20 UHMEJI/IeKmda 8 cBou
Npo2pammbi 0by4eHUs U pa3BUMUS PYKOBOOSILLUX KAOPOB. MO BKJIKOYAII0 B Cebs MpeHUuH2U No SMNAamud,
B3aumModelicmBuUr C KOMaHAamu U ynpassieHUro U3MeHeHUsIMU.

Pe3ynbmamei: VIHmezpayus npuHyunos ¥ npusena kK co3oaHuro bosee 2ubkol u adanmusHoU
KopnopamusHoU Ky/ibmypbl. Pykosooumesu cmasnu Jiydue NOHUMams nompebHOCMU CBOUX KOMAHO,
Yymo, B CBOKD 04epeob, NPUBESIO K bbICMPOMY U 3peKmuBHOMY YNPaBICHUKD U3MEHeHUSMU.

3aksitoqeHue.

SMOUUOHAIbHBIU UHMeJIIeKM CMoum B UeHmpe YCnewHo20 YynpasieHus B CoBpemMeHHol bu3Hec-
cpede. Kak nokasasu paccMompeHHble Kelc-cmaou, KoMNAaHuU, akmuBHO UHMe2pupyrouiue NpUHYUNBbI
AU, docmuzarom BbICOKUX Ppe3y/ibmamos B8 YO00B/IemBOPeHHOCMU NepCcoHasd, NPOOYKMUBHOCMU U
2ubkocmu ynpassieHus.

TpaduyuoHHbIe Memoob! YyNpPas/ieHUs, OCHOBAHHbIE UCK/IOYUMEsbHO HA "mMBEpobix" HaBbIKax,
bonbwe He obecneqyusarom Heobxooumol KOHKYPeHmMOCNOCObHOCMU. BaxHOCMb NPOOO/IHEHUS
uccaedosarull 8 061acmu 3MOUUOHAILHO20 UHME/IeKMA 04eBUOHa: 8 byoywem 3mo Moxem Cmamab
KJIOYOM K CO30aHU HOBbIX U bosiee 3¢pekmuBHbIX cucmem ynpasieHus, CnocobHbIX CNPasigmbCs C
BbI30BAMU COBPEMEHHO20 MUPA.

B coBpemMeHHOM Mupe 3MOUUOHA/IbHBIO UHMesiekm (M) cmoum B8 ueHmpe YycneuwHo2o
ynpassieHus.. K/iro4esbiMu KOMNOHeHmMamu M a8/15K0mMcsi CamoCo3HaHUe, Camopeyiayus, MomuBsayus,
3MNAMUsI U COUUA/IbHbIE HaBbIKU.



Cpedu ocHOBHbIX NpobsieM U BbI30BOB COBPEMEHHO20 YNpassieHUsl NEPCOHAIOM BbIOesISHMCs
He3gpekmuBHoe KOMMYHULUPOBAHUE, OMCYMCMBUe MomuBAyUU cpedu COMPYOHUKOB U HeymeHue
YNPpassIsmb KOHGIUKMamu. TpaduyuoHHbIe Memoob! YynpasieHus, OCHOBAHHbIE NPEUuMYULeCMBEHHO Ha
HECMKUX CMPYKMYPaAx U posiesbix 063aHHOCMSX, He BCe20a a0ekBAmMHbI 0151 peleHUs] 3Mux BbI30BOB.

ViHmezpauus 31 8 ynpasneH4eckue npakmuKku OKasbisaem npeobpasyroujee sosdelicmaue Ha
KOPNOPAMUBHYH KyJIbmypy. Mo NPOSBASemMca B8 YJyYueHuu KOMMYHUKAUUU, NOBbILIEHUU YPOBHS
y00B/1€MBOPEHHOCMU  COMPYOHUKOB, 3(hdeKkmuBHOCMU YNPasIeHUsi KOHGAUKMAMU U YCKOPeHHOM
npuHsMuu peweHud.

PaccmompeHHble Kelic-cmaou KpynHbIx KoMNaHud, makux Kak American Express, Google u General
Electric, OdemMoHCMpuUpPYyrOM NPAKMUYeCKyro UeHHOCMb BHEOpeHUsl npuHuunos 3V B cucmemy
ynpassieHus.. KoMNaHuu, Komopble akmuBHO UHMe2pupyrom IV B8 CBOHO KOPNOPAMUBHYH KY/bMypy,
dobusaromcs BbIOArOUWUXCS pe3yIbMmamos 8 Y00B/1eMmBOPEHHOCMU U MOMUBAUUU NEPCOHAd, d MAKHe
B8 ynpasJsieH4yeckol 3¢pdexkmusHoOCMU.

IMOUUOHAIbHBIO UHMesIIeKm 0Kasbieaem 2/1yb0Koe BAUsHUE HA YCNewHOCMb YNpasieHus B
COBPEMEHHbIX KOMNAHUAX. Ima obnacmes 3ac/yxusaem O0asbHeUWuUx uccaeoosaqul, mak Kak
BHEOpeHuUe nNpUHUUNOB M Moxem cmamb K/YesbiM ¢Gakmopom B8 C030aHUU HOBbIX, bosee
3ppekmuBHbIX U 2YMAHHbIX CUCMeM YynpasjeHusl, CcnocobHbix adanmupoBamscs K 6bICmpo
MEHSIOULeMYC BU3HEC-OKPYIEHUHO.
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Abstract

The work was carried out to determine the tendency to form characteristic defects in air
plasma cutting of carbon steels used in shipbuilding, and their further influence on the quality of
welded joints obtained by arc welding without additional mechanical processing of the cut edges.
It has been established that the depth of the cast section of the cut during plasma cutting of low-
carbon steels depends on the cutting speed and the conditions of flushing out the melt formed on
the frontal surface of the cut. To reduce the depth of the cast cut section, it is recommended to
increase the plasma flow rate. The condition of the surface of the cut edges can affect the fatigue
resistance of parts and structures made from parts after plasma cutting.

Keywords: plasma cutting, cut quality, welding of cut edges, weld defects.

When using air plasma cutting, the non-perpendicularity of the edges can be several millimeters.
At the same time, due to the formation of a bevel of the edge, the cross-sectional area of the metal
melted during cutting increases, and accordingly its volume also increases. An increase in the volume of
molten metal leads not only to additional costs of welding materials and a decrease in labor productivity,
but also to an increase in the formation of harmful welding aerosols. Non-perpendicularity of the edges
of the sheets being welded also causes angular deformations. Thus, deterioration in cutting quality
increases local welding deformations, causing ribbing, mushrooming, houses, and general welding
deformations, causing distortion of the shape and dimensions of the entire structure [1].

In addition, as a result of physicochemical processes occurring during the interaction of plasma and
molten metal of the cut surface, the metal edges can be saturated with gases. Depending on the
composition of the plasma-forming medium, the amount of gases and the depth of their penetration may
be different [2, 3]. Saturation of the metal at the cut edges with gases, primarily nitrogen, can lead to



the formation of pores during welding.

Therefore, the purpose of the work is to determine the tendency to form characteristic defects in
air plasma cutting of carbon steels used in shipbuilding, and their further influence on the quality of
welded joints obtained by arc welding without additional mechanical processing of the cut edges.

In [4], the influence of various plasma-forming media on pore formation in welds made along the
edges after plasma cutting was studied. Butt welding was carried out using semi-automatic submerged
arc OCTs-45 using Sv-08A wire with a diameter of 2 mm on plates made of steel 09G2 with a thickness
of 8 mm. The results are shown in Table 1.

Table 1.
Influence of the plasma-forming medium during plasma cutting on pore formation during welding.
Plasma-forming gas | Gas consumption, Speed Results
m?>/hour cutting m/min x-ray control
Air 4,5 2,5 A chain of pores along the entire
length of the seam.
Oxygen 10,3 31 A chain of pores for ¥ of the length of|
the seam.
Oxygen 45 0,8 There are no pores.
Argon 50 0,8 A chain of fistulas along the entire
length of the suture.
CO: 4,0 1,6 A chain of pores along the entire
length of the seam.

Based on the analysis of the experimental results obtained on cutting in various plasma-forming
environments, it was suggested that there is a mutual relationship between the occurrence of porosity,
the presence of a molten film on the cut edge and its gas saturation [4].

In order to verify the existence of a liquid film, a metallographic study of edges was carried out
after plasma cutting in various plasma-forming environments, as well as after oxygen-acetylene cutting.
It has been established [5] that both during plasma and oxygen gas cutting a film of molten metal
remains on the cut surface (Table 2).

Table 2.
Influence of the plasma-forming medium on the thickness of the molten metal film of the cut edges [5].
Plasma-forming gas Film thickness, mm
Argon 0,12
Air 0,04
Oxygen Not detected

The results of Tables 1 and 2 are in satisfactory agreement with each other. The greater the
thickness of the film of molten metal at the cutting edge, the more pores in the welds. During the cutting
process, liquid metal is intensively saturated with gases from the plasma jet. However, when welding
samples cut by oxy-acetylene cutting, no pores were found in the weld, and the thickness of the film was
comparable to the thickness of the film from air plasma cutting. Consequently, pore formation is affected
not only by the presence of a film of molten metal on the cut edges, but also by its contact with gases in
an excited state. This condition is met only for the case of plasma cutting. In particular, for nitrogen, the
steady-state level of concentration in the metal is 2...3 times higher than the standard solubility.

In [6], the influence of various technological processes of plasma cutting on pore formation was
studied and it was found that the cut edges are saturated with nitrogen. The nitrogen content was
determined in chips taken from the cut edge to a depth of 0.5 mm and is given in Table 3. The nitrogen
content in the base metal was 0.013%.



Table 3.

Nitrogen content in plasma cut edges depending on the plasma-forming medium and its effect on the

quality of welds.
Nz content in | Results of external| Results of X-ray
edge, examination of the| inspection of welds
% seam
Air Fistulas with a Solid pores
0,322 diameter of 1to 5
mm
Nitrogen 0,220 Same Same
80%Nitrogen + The number of Pore sizes and
20%Hydrogen 0,065 fistulas has number decreased
decreased
50%Argon+50%0xygen 0,056 No fistulas There are no pores
Oxygen 0,018 Same Individual pores

When changing some parameters of the cutting mode (gas flow, cutting speed, nozzle diameter),
the porosity of the welds changes.

In [7], the absorption of nitrogen from plasma by remelted metal was studied. It turned out that in
the metal melted using an arc plasma, the nitrogen content is abnormally high and not only exceeds the
equilibrium state corresponding to the partial pressure of N2 in the gas phase, but also exceeds the
standard solubility of nitrogen in liquid metal. The level of nitrogen concentration in the metal during
melting with a direct plasma torch exceeded by 2.4 times, and indirect by 3.2 times, the standard
solubility of nitrogen in steel.

In [8], the distribution of nitrogen content from the cut surface deep into the edge was studied and
determined with layer-by-layer removal of metal from the cut side. The melted spot on the surface of the
sample at the moment of gas extraction from the metal had a diameter of 4 mm and a depth of 20 um.
The results of the analysis are shown in Table 4.

Table 4.
Change in nitrogen content in cut edges at different depths from the surface 080.

Plasma-forming gas| Steel grade and Distance from the cutting Content [N, %]
thickness S, mm | surface to the test. level, mm
0 8.7
0.025 0.53
0.05 0.095
0.075 0.015
0.710 0.005
Air VMSE3sp 0.15 0.005
5=9 0.20 0.006
0.30 0.009
0.40 0.005
0.50 0.005
0.60 0.006
Average value 0.85

When nitriding low-carbon steel with a carbon content of 0.12% for 30 hours at 680°C in ammonia,
the nitrogen content in the steel did not exceed 6.9%. Moreover, nitrogen was in the form of nitride Fe4N
[9]. The nitrogen content in open hearth carbon steel does not exceed 0.008-0.009% and is usually 0.005-
0.006% [10]. The same applies to steels produced in electric arc furnaces. Calm carbon converter steel
typically contains 0.0025-0.004% nitrogen.

The work [11] also notes the intense saturation of the edges of low-carbon steel with oxygen, and
the work [12] recommends oxygen plasma cutting, which reduces the nitrogen content to 0.018%, as
the most effective means of reducing the nitrogen concentration in the cut edges.

The maximum value of nitrogen content in the gas-saturated layer depends on the cutting
conditions and can reach 0.2-0.5% [13]. Similar values of nitrogen concentrations were obtained in work



[8] at a depth of 0.025 mm.

In the presence of hydrogen, the absorption of nitrogen by steel slows down. The rate of nitrogen
desorption increases with increasing hydrogen concentration in the gaseous medium to the power of 3/2.
There is a positive effect of hydrocarbons on the binding of nitrogen in the plasma stream. The binding
of nitrogen in the presence of hydrocarbons in plasma was studied in detail in [14], in which the
regularities and efficiency of the process were established. In addition, work [15] shows the high energy
efficiency of plasma-forming mixtures of air with hydrocarbons.

The nitrogen content in the weld metal is influenced by the polarity of the current [16]. When
welding with reverse polarity, an electron cloud is created around the cathode, preventing the formation
of positive ions and reducing the possibility of gas dissolution on the cathode.

Porosity is one of the main defects in welds. The formation of pores is associated with the
conditions of saturation of the metal with gases and their release during crystallization 01 71. It is caused
by supersaturation of the weld pool metal with gases, the presence of conditions that favor the formation
of gas bubbles and inhibit their removal from the liquid metal. Gases that cause pores in welds usually
include hydrogen and nitrogen, the solubility of which in the metal decreases as the temperature
decreases, as well as oxygen, which forms gaseous products as a result of reaction with carbon and
hydrogen.

Works [8, 12] show that one of the main reasons for porosity in welds after air plasma cutting of
steels is an increase in the nitrogen content in the cut edges.

Various measures are recommended to prevent pores [11, 12, 18]. It is recommended to use
oxygen-plasma cutting, adjust the cutting mode parameters, of which the most effective way to reduce
the likelihood of pore formation during welding is to reduce the cutting speed, air-plasma cutting using
water and other measures, but their main disadvantage is the lack of stability of the results. For example,
in work [18], studies of air-plasma and oxygen-plasma cutting were carried out and it was shown that on
steels 09G2 and 10HSND, the use of oxygen-plasma cutting with a thickness of up to 12 mm does not
exclude the formation of pores during submerged arc welding. This is explained by the fact that nitrogen
enters the edges as a result of air leaks into the plasma arc and the cutting cavity. In [11], it is
recommended to increase the voltage on the arc, reduce the cutting speed, use vortex stabilization of the
arc and other measures to change the depth of the cast metal section at the cut edges. Research into the
influence of the air + water plasma-forming medium on cutting quality became the subject of research
in this work.

Currently, plasmatrons are used for cutting in an air plasma-forming environment with flat film
cathodes with zirconium or hafnium axial cylindrical inserts. The need to fix the cathode spot of the
cutting arc in the center of the end of such an insert requires stabilization of the arc by an intense vortex
flow of compressed air, which causes unequal conditions of thermal influence on the right and left edges
of the cut. The anode spot, rotating clockwise due to the kinetic energy of the plasma flow, cannot jump
over the width of the cut. Due to the delay of the arc on the right edge of the cut, heat transfer to this
side increases, which should affect the quality of cutting.

During the cutting process, a heat-affected zone is formed with areas of structural changes and a
cast layer on the cut surface. The cast layer is a metal that was melted during the cutting process and
then crystallized on the cut surface upon cooling. The length of the cast section is determined mainly by
the interaction of the plasma jet with the molten metal and its oxides during the cutting process. Changes
in the chemical composition, saturation with gases, the formation of cut roughness and an increase in
hardness are observed mainly in the cast section.

The shallower the depth of the cast section of the HAZ that occurs during cutting, the lower the
roughness of the cut surface. At the same time, the degree of unfavorable changes in the metallurgical
properties of the original metal in the area of the cut edges is reduced.

Conclusions.

1. It has been established that the depth of the cast section of the cut during plasma cutting of
low-carbon steels depends on the cutting speed and the conditions of flushing out the melt formed on
the frontal surface of the cut as a result of the melting action of the arc and the exothermic reaction of
iron oxidation with the oxygen of the air stabilizing it.

2. To reduce the depth of the cast section of the cut, it is recommended to increase the plasma
flow rate, which is accompanied by an increase in the voltage of the cutting arc with an increase in the
flow rate of the plasma-forming medium, the use of nozzles of small diameter and with a longer nozzle
channel length, an increase in compression of the arc with a symmetrical stream of water, etc.

3. The condition of the surface of the cut edges can affect the fatigue resistance of parts and



structures made from parts after plasma cutting for two reasons:

— roughness of cut surfaces act as stress concentrators with their inherent unfavorable
manifestations;

— physical and chemical changes in the surface layers of the metal after plasma cutting can
significantly affect the metal’s fatigue resistance.
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