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DISTRIBUTION PATTERNS OF FUNGI IN MOUNTAIN AND FOOTHILL SOILS AND
CHARACTERISTICS OF MYCOBIOTA FORMATION
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The presented work is dedicated to the study of structural organization, species diversity and distribution
patterns of mycobiota formed in different soil types with different physico-chemical properties of Agdam and
Barda regions located in the Karabakh zone of Azerbaijan. It was found that 23 types of fungi belonging to 14
genera are spread in the lands of Karabakh. It has been established that mold fungi are dominant in mountain-black
soils and their number varies between 15 - 102 — 20 - 103 grams. However, the low amount of organic matter in
the yellow mountain-forest soils leads to a decrease in both species diversity and number content of fungi. So, the

quantity of fungi is equal to 5 - 103 — 10 - 102 g.

Keyword: soil types, soil composition, mycobiota, species diversity, number composition, the spread of

fungi.

In addition to playing an important role in com-
plex processes such as the exchange of water between
the atmosphere and the hydrosphere and the circulation
of mineral substances, the soil is considered the home
of almost all living organisms. At the same time, it
should be noted that the soil is the ecosystem most af-
fected by anthropogenic influences [10;13]. Therefore,
the impact mechanisms of the soil environment, whose
physical and chemical properties change, on the living
organisms living there change, and in some cases this
effect is negative. It should be noted that the soil, espe-
cially the humus-containing fertile layer located in its
upper part, is formed as a result of the activity of plant
and animal organisms over many years, as well as the
decomposition and mineralization of their remains after
their destruction. [5;7] The quality of the soil depends
on how rich it is with humus substances, as well as how
it is protected from anthropogenic influences. In gen-
eral, the amount of inorganic and organic substances in
the soil plays an important role in determining the tax-
onomic structure of various living organisms, including
fungi, living in the soil ecosystem [2;4].

It should be noted that the expansion of agricul-
tural crops, including fodder crops, in the territories in-
cluded in the Karabakh economic region, which has
been liberated from occupation, has recently become a
priority direction. Considering that the lands of
Karabakh belong to the category of fertile lands and
have been subjected to environmental terrorism for a
long time, then the relevance of the researches con-
ducted in this direction becomes even more important.
Therefore, the study of the physico-chemical parame-
ters of these soils was taken as the basis. It should be
noted that for a long time, these lands have been regu-
larly polluted with various toxic chemicals, including
heavy metals, radionuclide compounds and other radi-
oactive wastes, which have been discharged into the
rivers [1;7]. This causes degradation of the physico-

chemical properties of the soil, which has a negative
impact on the development of various living organisms
living in the soil, including plants, especially on their
productivity process. In this regard, it is considered ap-
propriate to use plants that are resistant to stress factors,
especially cultivated fodder plants, in such soils that are
subject to pollution.

The purpose of the presented work was to study
the effect of different types of soil with different phys-
ico-chemical properties located in different regions of
Azerbaijan on species diversity and numerical compo-
sition of fungi.

Materials and methods

Land plots located in the mountain and foothill
zones of Aghdam and Barda regions were taken as the
research area. As a result of the analysis of the samples
taken, the genetic affiliation, physical and chemical
properties, quality indicators, bioremediation proper-
ties, biology, etc. of the soil were determined. has been
studied [9;12]. Soil samples for analysis were taken
from mountain and foothills, yellow soils, respectively.
To identify micromycetes in the mentioned soil types,
first of all, soil samples are suspended and then trans-
ferred to nutrient medium in Petri dishes. treptomycin
in the amount of 100 mg/l is added to the nutrient me-
dium to fully clarify the species affiliation of the mush-
rooms, which almost stops the development of bacteria.
The exposure period of incubation was carried out for
2 weeks at room temperature. The identified fungi are
widely used in mycology due to their cultural and mor-
phological characteristics. determined on the basis of
known determinants [6;8;11]

Results obtained and their discussion

The effectiveness of the soil as an edophic factor
depends mainly on its chemical composition. It was
found that there are about 60 chemical elements in the
soil. In particular, the presence of ionized elements in
active form has a direct effect on the soil environment.
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It has been determined that the settlement of fungi in
the horizontal layers of the soil, rich in plant, animal
and other organic remains, is characterized by higher
quantitative indicators both in terms of species diver-
sity and number composition. Thus, it is possible to find
up to 1 million microscopic fungal organisms in 1 gram
of soil. It should be noted that fungi play an extremely
important role in soil mineralization and humus by ac-
tively destroying the organic residues found in the soil
environment with their very powerful enzyme system.
It has been known that the type of soil the fungi inhabit
has a direct effect on their taxonomic structure and nu-
merical composition. In other words, the physico-
chemical properties of soil types, zonal characteristics
of soils, their granulometric composition, humus level,
and fertility rate determine the formation of specific
successions of fungi. Part of the research was con-
ducted in black soils located in the foothills and moun-
tainous zones of the Karabakh mountain range. It
should be noted that mountain black soils do not form
an independent geographical zone and are spread in lo-
cal areas, especially in forest massifs and foothills. A
mild climate prevails in the mountain black soil zones,
and the average annual temperature ranges from 8-
12°C.. The amount of average annual precipitation is
equal to 400-700 mm. At the same time, an average of
20-25 t/h of biomass enters the mountain black soil
every year, and as a result of its decomposition and
mineralization, the amount of calcium-humate com-

pounds in the soil increases. This accelerates the for-
mation of black soils in the genesis of the soil. At the
same time, it has been known that two periods are
clearly visible in the black and yellow soils of the
mountains and foothills. The first period coincides with
July-August, when the temperature is high and the hu-
midity is sufficient. The winter season covers the sec-
ond period and is characterized by low temperature and
high humidity. The mentioned favorable ecological
conditions in the area intensify the process of soil for-
mation and the accumulation of organic substances.
Moreover, these conditions have a stimulating effect on
the development of living organisms, including micro-
mycetes, living in the soil. Thus, the stable and rich
temperature, humidity, and chemical composition of
the soil in the mountain black soil zones sufficiently in-
crease the adaptation possibilities of living organisms,
including fungi. Thus, the mycological analyzes con-
ducted in mountain black soil zones show that the
formed mycobiota is characterized by a fairly rich vari-
ety of species (table 1).

As it can be seen, mold fungi have a dominant po-
sition in mountain black soils. At the same time, the
number content of fungi spread in mountain black soil
is quite high and varies between 15-10%- 20-10%/g.

At the same time, yellow mountain forest soils
were also analyzed. It was found that these lands are
mainly located in the foothills and at an altitude of 50-
700 m above sea level due to their geographical distri-
bution in Barda zone.

Table 1.
Species diversity and numerical composition of fungi distributed in the soil of Karabakh zone
. . Mountain-black Number Mountain Num_b_er
Ne Species fungi - o . composition of
and fungi composition of yellow soil fungi

1 | Absidia cylindrospora - +

2 | Aspergillus fumigatus Fresen + -

3 | A.niger Tiegh + -

4 | Aspergillus niveus - +

5 | Botrytis cinerea Pers Fr. + -

6 | Chaetomium globosum Kunze + -

7 | Fusarium oxysporium Schidt + -

8 | Fusarium sambucinum + o - S

9 | Geomyces pannorum Lk + = - E
10 | Mycogone nigra - o + 8]

11 | Mortierella ramanniana + S - :o|

12 | Phielareia sp. + S - =

13 | Penicillium frequentans + 5 - i
14 | P.funiculosum Thom + < - o

15 | P.janthinellum Biourge + ): - S
16 | Penicillium luteum - 4 + o
17 | P.thornii + -

18 | Rhizopus nigricans Ehrenb. + -

19 | Sclerotium agricola - +

20 | Talaromyces flavus - +

21 | Trichoderma koningii + -

22 | T.lignorum + -

23 | T.viride Pers - +
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The average annual temperature is 15°C. The av-
erage annual amount of precipitation reaches 1300-
1500 mm, and the top layer of the soil is constantly
washed away. Therefore, the amount of Si, Ca, Mg, Al,
Mn, S, P elements in these soils is very low, and the
amount of organic matter is low. This leads to deterio-
ration of the components of the mycobiota formed in
the soil. Absidia cylindrospora, Aspergilus niveus, Pen-
icillium luteum, Sclerotium agricola, Mycogone nigra,
Talaromyces flavus, Fusarium sambucinum are found
in the yellow mountain forest soils. It should be noted
that not only the species diversity of fungi, but also their
number content is decreasing in yellow mountain forest
soils. Thus, the number of fungi in these soils is 5-103 -
10-10%g.

Thus, the variety of soil types, including the dif-
ference in physico-chemical properties, biotic and abi-
otic factors, has a significant impact on the species di-
versity and numerical composition of the mycobiota
formed in the soil environment, both directly and indi-
rectly.
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Abstract

This paper delves into the nuanced journey of Chinese poetry within the literary landscape of Italy, tracing
its historical trajectory, examining translation practices and challenges, exploring its reception and communication,
and envisioning future directions. The historical overview unveils pivotal encounters and influential figures, illu-
minating the assimilation of Chinese poetic sensibilities into Italian literary consciousness. It underscores the im-
pact of translations by figures like Giuseppe Tucci and Fernanda Pivano, shaping Italian perceptions of Chinese
poetic heritage. The exploration of translation practices dissects diverse approaches used to convey the essence of
Chinese verse into Italian, addressing linguistic disparities, cultural nuances, and the intricacies of poetic expres-
sion. Comparative analyses of select poems and their renditions in Italian and other languages reveal the creative
choices and challenges in conveying the subtleties of Chinese poetry. The reception and communication of Chinese
poetry in Italy unfold as a vibrant cultural exchange within literary circles, educational settings, and multimedia
platforms. It showcases how Chinese poetic forms enrich Italian artistic expressions and foster deeper cross-cul-
tural dialogues. Furthermore, the paper envisions future trajectories, emphasizing interdisciplinary studies, digital
initiatives, and the role of Chinese poetry in engendering global literary dialogues. Ultimately, the review high-
lights the enduring impact of Chinese poetry on Italy's literary landscape, emphasizing its role in fostering cultural
exchange and setting the stage for deeper engagement between diverse literary traditions in a more interconnected
global community.

Astratto

Questo articolo esplora il sottile percorso della poesia cinese all'interno del panorama letterario italiano, trac-
ciandone la traiettoria storica, esaminando le pratiche e le sfide della traduzione, esplorando la sua ricezione e
comunicazione e immaginando direzioni future. La panoramica storica rivela incontri cruciali e figure influenti,
evidenziando l'assimilazione delle sensibilita poetiche cinesi nella coscienza letteraria italiana. Sottolinea I'impatto
delle traduzioni di figure come Giuseppe Tucci e Fernanda Pivano, che hanno plasmato le percezioni italiane
dell'eredita poetica cinese. L'esplorazione delle pratiche di traduzione scompone gli approcci diversificati utilizzati
per trasmettere I'essenza della poesia cinese in italiano, affrontando disparita linguistiche, sfumature culturali e le
complessita dell'espressione poetica. Le analisi comparative di alcune poesie e delle loro versioni in italiano e in
altre lingue rivelano le scelte creative e le sfide nel trasmettere le sfumature della poesia cinese. La ricezione e la
comunicazione della poesia cinese in Italia si sviluppano come un vivace scambio culturale all'interno dei circoli
letterari, degli ambienti educativi e delle piattaforme multimediali. Mostra come le forme poetiche cinesi arric-
chiscano le espressioni artistiche italiane e favoriscano dialoghi interculturali pit approfonditi. Inoltre, I'articolo
immagina traiettorie future, enfatizzando gli studi interdisciplinari, le iniziative digitali e il ruolo della poesia
cinese nel promuovere dialoghi letterari globali. In definitiva, la rassegna mette in luce il duraturo impatto della
poesia cinese sul panorama letterario italiano, sottolineando il suo ruolo nel favorire lo scambio culturale e prepar-
ando il terreno per un coinvolgimento pit profondo tra tradizioni letterarie diverse in una comunita globale piu
interconnessa.

Keywords: Chinese poetry, Italy, Translation, Literary exchange, Cultural reception.
Parole chiave: Poesia cinese, Italia, Traduzione, Scambio letterario, Ricezione culturale.
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I. Introduzione

Attraverso la storia, lo scambio di tradizioni poet-
iche tra culture ha servito da ponte, promuovendo la
comprensione e l'apprezzamento attraverso vaste dis-
tanze geografiche. Nel campo del dialogo poetico inter-
culturale, la traduzione e l'accoglienza della poesia
cinese in Italia rappresentano una testimonianza del du-
raturo potere della letteratura nel superare barriere lin-
guistiche e culturali.

La penisola italiana, rinomata per il suo ricco pat-
rimonio letterario, ha accolto e abbracciato varie forme
poetiche da tutto il mondo. Tuttavia, l'introduzione e
I'assimilazione della poesia cinese in questo contesto
rappresentano un incontro unico e sfaccettato che
merita esplorazione e revisione accademica.

L'obiettivo di questo documento ¢ approfondire il
sottile percorso della poesia cinese in Italia, traccian-
done la traiettoria storica, analizzando le complessita
delle pratiche di traduzione e esaminando le modalita
di ricezione e comunicazione nei circoli letterari ital-
iani. Analizzando questi aspetti, questa revisione mira
a illuminare l'interazione dinamica tra due tradizioni
poetiche distinte ma interconnesse.

In questo contesto, & essenziale delineare il campo
di questa revisione. Pur riconoscendo lI'ampiezza e la
profondita delle tradizioni poetiche cinese e italiana,
questo documento si concentrera principalmente su im-
portanti tappe storiche, metodologie di traduzione im-
piegate, sfide incontrate, la ricezione della poesia
cinese nei contesti letterari ed educativi italiani e I'im-
patto successivo sugli scambi culturali.

Questa esplorazione é situata al crocevia degli
studi linguistici, culturali e letterari, con l'obiettivo di
contribuire a una comprensione piu profonda delle
complessita inherentinella traduzione e nell'assimi-
lazione della poesia straniera in un preciso contesto cul-
turale. Analizzando il dialogo interculturale facilitato
attraverso il mezzo della poesia, questa revisione aspira
a far luce sulle piu ampie implicazioni dello scambio
letterario interculturale in un mondo sempre piu inter-
€OoNNesso.

Sintetizzando narrazioni storiche, complessita lin-
guistiche e I'impatto socio-culturale, questa revisione si
impegna a offrire spunti sulla natura in evoluzione della
comunicazione letteraria interculturale, con un focus
specifico sulla risonanza delle sensibilita poetiche
cinesi all'interno del vivace panorama delle tradizioni
letterarie italiane.

Attraverso questa esplorazione emerge una com-
prensione completa, enfatizzando l'importanza della
poesia come mezzo per superare i confini, promuovere
la comprensione reciproca e arricchire il tessuto cul-
turale delle nazioni.

I1. Panoramica storica della poesia cinese in
Italia

L'infusione della poesia cinese nella sfera let-
teraria italiana abbraccia secoli, contrassegnata da mo-
menti cruciali che hanno plasmato la sua assimilazione
e ricezione all'interno della cultura italiana. Questi in-
contri, inizialmente facilitati attraverso traduzioni e
scambi culturali, hanno gettato le basi per l'integrazione

graduale di questi versi affascinanti nel tessuto della co-
scienza letteraria italiana.

A. Incontri precoci e figure influenti

L'inizio della poesia cinese nelle sfere italiane puo
essere attribuito ai resoconti di viaggiatori e missionari
intraprendenti che si avventurarono nell'Estremo Ori-
ente. | loro racconti, spesso ricchi di descrizioni vivide
e resoconti poetici dell'esotico e del mistico, offrivano
spunti di versi cinesi a un pubblico italiano desideroso
di nuove esperienze letterarie. Tra questi influencer
precoci, Marco Polo si erge come figura prominente i
cui resoconti di viaggio, pervasi da incantevoli de-
scrizioni delle culture orientali, lasciavano intendere la
ricchezza e il fascino delle tradizioni letterarie cinesi.

Con il passare dei secoli, I'introduzione della poe-
sia cinese al pubblico italiano & stata ulteriormente
spinta dagli sforzi di studiosi e traduttori pionieristici.
Figure come Giuseppe Tucci e Fernanda Pivano si ded-
icarono a svelare la bellezza e la profondita dell'espres-
sione poetica cinese. Le loro traduzioni, meticolose ed
appassionate, portarono opere selezionate di poeti
cinesi come Li Bai e Du Fu nella lingua italiana. Queste
traduzioni non solo servirono come canali per trasmet-
tere I'essenza lirica della poesia cinese, ma suscitarono
anche curiosita e apprezzamento per l'eredita poetica di
una terra lontana.

B. Impatto sulla letteratura italiana e sulle per-
cezioni culturali

L'assimilazione delle sensibilita poetiche cinesi
nei circoli letterari italiani ha segnato un'epoca tras-
formativa nell'evoluzione della letteratura italiana. La
ricchezza tematica, la profondita filosofica e le dimen-
sioni estetiche uniche presenti nella poesia cinese
hanno lasciato un‘impronta indelebile su poeti e scrit-
tori italiani. Questa influenza si & manifestata in modi
sfaccettati, dalle esplorazioni tematiche che toccano la
natura, la spiritualita e la condizione umana, alle inno-
vazioni stilistiche che cercavano di infondere forme po-
etiche italiane con echi del lirismo orientale.

Inoltre, la ricezione della poesia cinese in Italia
non si limitava esclusivamente ai circoli letterari. Ha
catalizzato una pit ampia rivalutazione delle percezioni
culturali, promuovendo un'apprezzamento per le sot-
tigliezze del pensiero orientale e dell'espressione artis-
tica. Questo mescolarsi culturale ha stimolato dialoghi
non solo all'interno dei circoli letterari, ma anche at-
traverso discipline interdisciplinari, plasmando signifi-
cativamente le percezioni italiane dell'arte, della filoso-
fia e dell'etica culturale cinese.

C. Eredita e rilevanza contemporanea

L'eredita di questi incontri precoci e delle intera-
zioni successive tra la poesia cinese e I'ltalia risuona at-
traverso i tempi contemporanei. Le traduzioni, le ana-
lisi critiche e le discussioni accademiche continuano a
contribuire a uno scambio interculturale dinamico. Fa-
voriscono una comprensione piu approfondita delle
tradizioni letterarie cinesi e delle sensibilita poetiche
italiane, facilitando un'esplorazione sfumata di temi
universali che superano i confini culturali.

La persistente risonanza della poesia cinese nei
paesaggi letterari italiani sottolinea il duraturo potere
dell'espressione artistica nel superare confini temporali
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e geografici. Questa panoramica storica serve come tes-
timonianza del potenziale trasformativo intrinseco agli
incontri interculturali, mostrando il duraturo lascito
delle voci poetiche cinesi nel vivace mosaico della let-
teratura italiana.

I11. Pratiche e Sfide della Traduzione

La traduzione della poesia cinese in italiano costi-
tuisce un affascinante intreccio di destrezza linguistica,
sensibilita culturale e raffinatezza poetica, racchiu-
dendo l'arduo ma gratificante compito di trasporre
I'anima di una tradizione poetica nella trama lirica di
un‘altra.

A. Approcci e Metodologie Traduttive

| traduttori di poesia cinese in italiano navigano in
un labirinto di scelte, bilanciando la fedelta al testo
originale con le richieste creative della lingua di desti-
nazione. Alcuni aderiscono meticulosamente agli ele-
menti strutturali e semantici della lingua di origine, cer-
cando una resa letterale che conservi le sfumature
sintattiche e la precisione lessicale degli originali
cinesi. Altri adottano un approccio piu interpretativo,
cercando di catturare la risonanza emotiva e I'essenza
tematica della poesia, anche se cid comporta deviazioni
dalla rigorosa traduzione letterale.

Inoltre, Iimpiego di dispositivi poetici e forme
uniche della poesia cinese, come schemi tonali, allu-
sioni classiche e cadenze ritmiche, costituisce una sfida
creativa nel ricreare queste sfumature all'interno del
quadro linguistico italiano. | traduttori spesso si con-
frontano con scelte riguardanti rime, metro e strutture
poetiche che meglio riflettono il tono emotivo e la
bellezza estetica dei versi cinesi originali nelle
traduzioni in italiano.

B. Sfide Culturali e Linguistiche

La trasmutazione dei tesori poetici cinesi in ital-
iano si confronta con una serie di ostacoli derivanti
dalle dissimilarita linguistiche e dalle sottili differenze
culturali. La natura tonale della lingua cinese, dove un
cambiamento di tono altera il significato di una parola,
costituisce una sfida formidabile quando si traspongono
queste sfumature tonali nella struttura non tonale
dell'italiano. Conservare la cadenza lirica e il flusso me-
lodico della poesia cinese all'interno dei vincoli di un
diverso sistema linguistico richiede ingegno e raffi-
natezza da parte dei traduttori.

La divergenza culturale complica ulteriormente il
processo di traduzione. Trovare equivalenti italiani per
riferimenti culturalmente radicati, allusioni classiche e
fondamenti filosofici intrinseci alla poesia cinese
spesso richiede spiegazioni intricate o approssimazioni
creative. 1l profondo simbolismo e I'immaginario im-
plicito nelle poesie cinesi, carichi di connotazioni cul-
turali, aggiungono livelli di complessita al compito
della traduzione, esigendo un delicato equilibrio tra
fedelta alla fonte e leggibilita nella lingua di destina-
zione.

C. Traduzioni Notevoli e Impatto

Nonostante queste sfide, sono emerse traduzioni
note come monumenti di dialogo letterario intercul-
turale. Opere di Ezra Pound, Arthur Waley e altri
traduttori luminari sono pietre miliari nell'introdurre la

poesia cinese ai lettori italiani. Le loro traduzioni, seb-
bene sottoposte a esame critico, hanno lasciato un'im-
pronta indelebile, influenzando le pratiche successive
di traduzione e plasmando le percezioni del patrimonio
poetico cinese in Italia.

Queste traduzioni vanno oltre la semplice trasferi-
bilita linguistica; fungono da canali per lo scambio cul-
turale, arricchendo il panorama letterario italiano con la
profonda saggezza, la risonanza emotiva e il fascino es-
tetico delle espressioni poetiche cinesi. Il loro impatto
si estende al di la del campo della letteratura,
promuovendo una comprensione pit approfondita e
un‘apprezzamento della complessa trama dei legati cul-
turali e filosofici cinesi all'interno del pubblico italiano.

IV. Ricezione e Comunicazione della Poesia
Cinese in Italia

La ricezione della poesia cinese all'interno delle
cerchie letterarie italiane si svela come un intreccio
multifacetico di apprezzamento culturale, dibattito ac-
cademico e coinvolgimento creativo, che chiarisce I'e-
voluzione dei dialoghi letterari interculturali.

A. Circoli e Comunita Letterarie

L'assimilazione della poesia cinese all'interno dei
circoli letterari italiani ha generato vivaci dialoghi e
discussioni, coltivando un profondo apprezzamento
delle dimensioni estetiche e filosofiche di questa dis-
tante tradizione poetica. Salotti letterari, simposi ac-
cademici ed eventi culturali hanno funto da crogioli per
confrontarsi con le forme poetiche cinesi, favorire una
comprensione piu profonda della loro ricchezza temat-
ica e delle sottigliezze espressive tra poeti, studiosi ed
entusiasti italiani.

Inoltre, l'influenza delle sensibilita poetiche cinesi
si riflette nelle opere dei poeti italiani che traggono
ispirazione dai motivi tematici, dall'immaginario e
dalle cadenze liriche presenti nella poesia cinese clas-
sica e contemporanea. Questa convergenza di tradizioni
poetiche ha contribuito ad arricchire e diversificare le
espressioni letterarie italiane, manifestandosi in una fu-
sione eclettica di Est e Ovest nella trama della poesia
italiana.

B. Contesti Educativi e Coinvolgimento Ac-
cademico

L'inclusione della poesia cinese nei programmi ed-
ucativi italiani rappresenta un impegno concertato per
coltivare la cultura e promuovere la comprensione in-
terculturale tra gli studenti. Le istituzioni accademiche
offrono corsi, seminari e laboratori che approfondis-
cono le sfumature delle forme poetiche cinesi, consen-
tendo agli studenti di immergersi nelle profondita lin-
guistiche, culturali e filosofiche insite in questi versi.
Iniziative educative come queste fungono da canali per
coltivare un‘apprezzamento piu profondo e un coinvol-
gimento accademico nel patrimonio poetico cinese, su-
perando le barriere linguistiche per illuminare esperi-
enze umane condivise.

Impegni accademici dedicati all'analisi critica e
agli studi comparativi della poesia cinese in Italia con-
tribuiscono a una comprensione sfumata della ricezione
e dell'interpretazione di queste forme poetiche. At-
traverso esami meticolosi delle traduzioni, esplorazioni
tematiche e analisi interculturali, gli studiosi svelano i
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fili intricati che legano i legati poetici cinesi con il pan-
orama in evoluzione delle tradizioni letterarie italiane.

C. Media ed Eventi Culturali

La comunicazione della poesia cinese in Italia si
estende oltre i confini accademici, permeando eventi
culturali, forum pubblici e piattaforme mediatiche.
Scambi culturali, letture poetiche e collaborazioni artis-
tiche fungono da canali per diffondere le voci poetiche
cinesi a un pubblico pit ampio, promuovendo un'ap-
prezzamento per la bellezza lirica e la profondita cul-
turale racchiuse in questi versi.

Piattaforme mediatiche, riviste letterarie e spazi
digitali amplificano la risonanza della poesia cinese, of-
frendo uno spazio per il dialogo, la riflessione e il coin-
volgimento creativo. Attraverso pubblicazioni digitali,
forum online e social media, il pubblico italiano incon-
tra diverse sfaccettature delle espressioni poetiche
cinesi, creando connessioni e promuovendo uno scam-
bio interculturale di sensibilita letterarie.

V. Studi di caso e Analisi comparativa

L'esame di specifici studi di caso e analisi compar-
ative delle traduzioni di poesia cinese in italiano offre
un'esplorazione sfumata delle complessita intrinseche
alla traduzione interculturale e svela diverse interpreta-
zioni dell'espressione poetica.

A. Opere poetiche selezionate

Approfondire specifici componimenti cinesi e le
loro molteplici traduzioni in italiano consente un‘analisi
dettagliata delle varie interpretazioni e degli approcci
traduttivi adottati da diversi studiosi e poeti. Si possono
considerare opere di rinomati poeti cinesi classici come
il 'Pensiero tranquillo di una notte' di Li Bai o 'Alba di
primavera' di Du Fu, cosi come voci contemporanee
come 'Al confine' di Bei Dao o 'Attraversando meta
della Cina per dormire con te' di Yu Xiuhua.

Concentrarsi su questi componimenti permette
agli studiosi di dissezionare le complessita semantiche,
le variazioni stilistiche e le risonanze culturali racchi-
use in ciascuna traduzione italiana. Esaminare come
I'essenza dell'immaginario poetico cinese, dei temi e
delle emozioni sia stata trasposta nella lingua italiana
fornisce preziose intuizioni sulle sfide e sulle scelte cre-
ative dei traduttori.

Ad esempio, il famoso componimento 'Pensiero
tranquillo di una notte' di Li Bai, con la sua evocativa
immagine della luna e della nostalgia, é stato tradotto
in italiano da vari studiosi. Un'analisi comparativa di
queste interpretazioni svela approcci divergenti - alcuni
puntando sulla precisione letterale mentre altri privi-
legiano catturare I'essenza emotiva e il ritmo dell'origi-
nale.

B. Confronto con altre traduzioni

Effettuare analisi comparative tra le traduzioni in
italiano di poesia cinese e le versioni in altre lingue
come l'inglese, il francese o il tedesco rivela I'influenza
dei contesti linguistici e culturali sulle scelte traduttive.
Comparare come diverse lingue catturano le sfumature
della poesia cinese mette in luce la complessita nel
trasmettere dimensioni culturali ed estetiche in
paesaggi linguistici diversi.

Ad esempio, il celebre componimento 'Alba di pri-
mavera' di Du Fu, che esprime speranza in mezzo

all'avversita, ¢ stato tradotto in molte lingue. Confron-
tare le traduzioni in italiano con quelle in inglese o
francese mostra come ogni lingua affronti la sfida di
preservare la profondita emotiva e la risonanza filoso-
fica presenti nel testo cinese originale.

Inoltre, analisi comparative tra le traduzioni in
italiano e quelle in lingue piu vicine alla struttura lin-
guistica cinese, come giapponese o coreano, offrono in-
tuizioni intriganti su come lingue con caratteristiche
sintattiche e tonali simili affrontino le sfumature delle
forme poetiche cinesi.

C. Intuizioni e Implicazioni

Gli studi di caso e le analisi comparative nel
campo delle traduzioni di poesia cinese in Italia svelano
l'interplay intricato tra lingue, culture e sensibilita po-
etiche. Fanno luce sulla natura soggettiva della
traduzione, sottolineando la diversita di approcci uti-
lizzati per trasmettere I'essenza del patrimonio poetico
cinese ai lettori italiani.

Inoltre, queste analisi offrono riflessioni critiche
sulle sfide e sulle possibilita intrinseche alla trasmis-
sione letteraria interculturale. Sottolineano [I'im-
portanza delle scelte traduttive nel plasmare la
ricezione, l'interpretazione e la diffusione delle eredita
poetiche cinesi all'interno dei circoli letterari italiani,
evidenziando la natura dinamica dell'interpretazione ar-
tistica al di la dei confini.

VI. Impatto e Prospettive future

A. Scambio culturale e arricchimento

Il profondo impatto della poesia cinese sull'ltalia
va ben oltre il campo della letteratura, agendo come
catalizzatore per uno scambio culturale dinamico che
arricchisce le sensibilita artistiche e favorisce la com-
prensione reciproca. L'assimilazione delle tradizioni
poetiche cinesi nel tessuto della letteratura italiana ha
facilitato un dialogo che supera i confini geografici, fa-
vorisce un‘apprezzamento piu profondo delle comples-
sita e della bellezza del patrimonio culturale cinese tra
il pubblico italiano.

Questo scambio culturale non € unidirezionale;
rappresenta un coinvolgimento reciproco. L'integra-
zione delle forme poetiche cinesi nei paesaggi letterari
italiani ha influenzato e ampliato la tavolozza artistica
di entrambe le culture. Questa convergenza di sensibil-
ita artistiche ha generato una fusione eclettica di espres-
sioni artistiche orientali e occidentali, contribuendo alla
diversificazione e all'arricchimento delle tradizioni let-
terarie cinesi e italiane.

B. Prospettive per ulteriori esplorazioni

La traiettoria della poesia cinese in Italia offre
promettenti prospettive per esplorazioni e coinvolgi-
menti pit approfonditi. Gli sforzi accademici in corso
dedicati alla traduzione, all'analisi critica e agli studi
comparativi della poesia cinese in Italia offrono oppor-
tunita per una comprensione piu profonda e un‘apprez-
zamento delle trasmissioni letterarie interculturali.

L'inclusione delle forme poetiche cinesi negli
studi interdisciplinari, che spaziano dalla letteratura
comparata agli studi culturali, all'analisi linguistica e
persino alle discipline delle scienze umane digitali, of-
fre opportunitd per dialoghi interdisciplinari che su-
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perano i confini disciplinari convenzionali. Tali ap-
procci interdisciplinari facilitano un'esplorazione com-
pleta delle dimensioni multifaccettate delle espressioni
poetiche cinesi nel contesto pit ampio dei paesaggi cul-
turali e letterari italiani.

Inoltre, sfruttare piattaforme digitali, iniziative
multimediali e forum interattivi puo migliorare l'acces-
sibilita e il coinvolgimento con la poesia cinese tra pub-
blici diversi in Italia. Pubblicazioni digitali, podcast,
workshop online e mostre virtuali offrono strade per
diffondere le voci poetiche cinesi a un pubblico piu am-
pio, promuovendo un'esplorazione piu inclusiva e par-
tecipativa dello scambio culturale.

C. Favorire dialoghi letterari globali

La traiettoria futura della poesia cinese in Italia
significa il suo ruolo cruciale nel favorire dialoghi let-
terari globali. Mentre l'interconnessione e lo scambio
culturale continuano a evolversi in un mondo sempre
pit globalizzato, la risonanza della poesia cinese nei
circoli letterari italiani rappresenta un microcosmo de-
gli incontri interculturali pit ampi che plasmano il pan-
orama letterario globale.

Nurturing connessioni piu profonde e un'apprez-
zamento reciproco tra le tradizioni letterarie cinesi e
italiane, la direzione futura della poesia cinese in Italia
supera i confini nazionali. Cio favorisce la formazione
di una ricca tapestry di dialoghi letterari globali, con-
tribuendo alla coltivazione di legami duraturi e
promuovendo una comprensione condivisa di diversi
patrimoni culturali. In ultima analisi, sottolinea I'uni-
versalita delle esperienze umane al di la dei confini lin-
guistici e geografici.

VII. Conclusione

Il viaggio della poesia cinese in Italia rappresenta
una testimonianza del potere duraturo dello scambio
letterario interculturale. Non ha semplicemente super-
ato confini linguistici e geografici, ma ha tessuto una
ricca tapestry di interazione culturale, favorendo una
comprensione e un‘apprezzamento pit profondi tra due
tradizioni letterarie distinte ma interconnesse.

L'assimilazione delle sensibilita poetiche cinesi
nel tessuto della letteratura italiana ha portato a una vi-
vace cross-pollinazione di espressioni artistiche.
Questa convergenza di est e ovest nel campo della poe-
sia ha arricchito sia i paesaggi letterari cinesi che ital-
iani, contribuendo a un mosaico di voci e prospettive
diverse.

Attraverso meticolosi sforzi di traduzione, es-
plorazioni accademiche e coinvolgimenti creativi, la
poesia cinese non solo ha trovato un posto nei circoli

letterari italiani, ma ha anche catalizzato dialoghi inter-
disciplinari pitr ampi. Il suo impatto va oltre la semplice
trasmissione linguistica, favorendo un‘apprezzamento
piu profondo delle sfumature del patrimonio culturale,
delle sensibilita artistiche e delle esperienze umane
condivise.

Mentre I'ltalia continua ad abbracciare il lascito
poetico della Cina, la futura traiettoria della poesia
cinese in Italia offre immense promesse. Gli sforzi ac-
cademici, le iniziative digitali e le collaborazioni inter-
disciplinari presentano opportunita per un'esplorazione
pit approfondita, una maggiore accessibilita e un coin-
volgimento inclusivo con le espressioni poetiche cinesi
tra pubblici diversi.

Inoltre, la risonanza della poesia cinese nei
paesaggi letterari italiani rappresenta un microcosmo
dei pit ampi dialoghi letterari globali che plasmano il
mondo interconnesso. Esempio del potenziale tras-
formativo dell'arte nel favorire la comprensione recip-
roca, nel superare le barriere culturali e nel promuovere
un‘apprezzamento condiviso di diversi patrimoni cul-
turali.

In sostanza, il viaggio della poesia cinese in Italia
serve come un toccante promemoria del linguaggio uni-
versale dell'arte e della sua capacita di forgiare legami
duraturi, favorire il rispetto reciproco e ispirare
profonde connessioni interculturali. Mentre la poesia
cinese continua a risuonare nei circoli letterari italiani,
illumina il cammino verso una comunita globale piu in-
terconnessa e culturalmente arricchita..
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The main goal of the state is to achieve economic development by ensuring the well-being of the population.
However, this cannot be achieved by itself, for this it is necessary to develop a reasonable economic policy by the
state. The research of the priorities of the state fiscal (budget-tax) policy in achieving the economic growth of the
society and ensuring the employment of the population is one of the urgent topics. The state fiscal (budget-tax)
policy is aimed at increasing economic activity and eliminating problems in the economy through the rational use
of state financial resources. Its main goal is to curb economic cycle fluctuations and inflation aimed at ensuring
sustainable economic growth and achieving a high level of employment. The article provides scientific and prac-
tical analysis and conclusions aimed at ensuring employment of the population through the rational use of the

economic levers of the state fiscal (budget-tax) policy.

Keywords:State fiscal (budget-tax) policy, employment, finance, state budget, state budget expenditures,
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Introduction

International Labor Organization experts recog-
nize that the situation in the world, climate change,
shortage of natural resources, and conflicts between
countries may lead to a slowdown in global economic
growth in 2023, and the population will be forced to
accept working conditions that do not guarantee the
minimum wage and social protection. The current situ-
ation, according to a new report by the experts of the
International Labor Organization, will further increase
the inequality that has already increased due to the pan-
demic [11]. Also, the International Labor Organiza-
tion's report titled “World Employment and Social Pro-
tection Outlook: Trends to 2023 predicts that the
global employment growth rate this year will be 1.0
percent. The number of unemployed worldwide is ex-
pected to reach 208 million in 2023 and the global un-
employment rate will increase to 5.8 percent. The ex-
pectation of such a negative trend is directly related to
the reduction of labor supply in high-income developed
countries [12].

It is known that due to the pandemic, the cessation
of economic activity, the closure of many workplaces
and the worsening of the living conditions of the popu-
lation, the return of most labor migrants to our country
will lead to an increase in the number of unemployed.
The lack of employment of the population, in turn, led
to an increase in the level of unemployment and a de-
crease in the income of the population. Therefore, the
state is conducting a consistent economic policy aimed
at creating new jobs by encouraging active entrepre-
neurship, improving the investment climate and busi-
ness environment. This includes the PF-27 of the Pres-
ident of the Republic of Uzbekistan dated February 28,
2023 On the state program for the implementation of
the development strategy of New Uzbekistan for the
years 2022-2026 in the “year of human attention and
quality education” adopted in the Republic of Uzbeki-

stan. PQ-214 of the President of the Republic of Uzbek-
istan dated April 21, 2022, “On additional measures to
ensure employment of the population based on the de-
velopment of the economy” decision, No. 450 decision
of the Cabinet of Ministers dated August 16,2022, “On
approval of the model concept for further increasing the
efficiency of the assistants of district (city) mayors on
the issues of developing entrepreneurship in the neigh-
borhood, ensuring population employment, and reduc-
ing poverty”, No. 450 decision of the Cabinet of Min-
isters of the Republic of Uzbekistan dated September 5,
2023 “On additional measures to support certain so-
cially needy categories of the population and assist their
employment”, PF-61 dated April 26, 2023 of the Presi-
dent of the Republic of Uzbekistan “On additional
measures to support the employment of young people
and provide them with permanent employment”.

Also, in the republic, funds are provided from the
state budget for the implementation of annually ap-
proved programs for ensuring the employment of the
population, employment in vacant and quota jobs, and
various tax benefits for the business sector that contrib-
utes to the employment of the population operating in
the regions. However, there is still a high level of ten-
sion in the labor market in the regions, there are prob-
lems in establishing permanent jobs, ensuring employ-
ment of young people, women, members of low-in-
come families, especially in rural areas, as well as in
regulating the processes of external labor migration.
This certainly shows the need to improve the mecha-
nism of ensuring employment of the population, which
is one of the economic policies of the state, the state
fiscal policy, which is one of the factors of increasing
economic activity. Also, rational distribution of state
budget expenses and organization of economic activity
that leads to activity in accordance with the level of de-
velopment of the tax rates of the territories and thus en-
suring the employment of the population is of great ur-
gent importance.
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Material and method.

It is known that the aspects of the state's fiscal
(budget-tax) policy aimed at ensuring the employment
and well-being of the population have been widely re-
searched in the conditions of catastrophic risks and con-
flict situations that are still occurring in the world. It is
known that in the history of economics, theoretical
ideas aimed at providing employment of the population
through the state treasury and taxes were formed by
most representatives of the economic school. However,
as an alternative to the classical economic school, the
English economist J.M. Keynes in his world-famous
work "The General Theory of Employment, Interest
and Money" argued that the modern market economy is
not capable of sustainable economic development, and
to ensure sustainable economic growth and full em-
ployment of the population, the economy indicates that
regulation by the state is necessary. One of the instru-
ments of government regulation is fiscal policy, which
affects the economy by changing government revenues
and expenditures.[3]. It also shows two important prob-
lems of the market economy, namely, the inequitable
distribution of income and the inability to provide full
employment. Society does not stop developing, the
economy moves to a new level of growth, but problems
related to the labor market do not lose their relevance.
Therefore, one of the important priorities of the state
policy in the field of employment is to expand the de-
mand for labor force, support employment, and support
the effective use of labor resources in accordance with
the requirements of the labor market.[9].

Harvard School of Economics representative P.
Samuelson interprets fiscal policy as follows: Fiscal
policy should help the economy smooth out cyclical
fluctuations in the process of government taxation and
government spending and achieve high employment
free from excessive inflation and deflation. Also, the
goal of fiscal policy, which depends on government
spending and taxes, is to ensure high employment in the
economy and a price process independent of inflation,
in harmony with monetary policy.[7].

Theoretical views on the content of fiscal policy
are supported by T.A.Agapov, S.F.Seregins from CIS
economists. They understand that fiscal and monetary
policies are government measures aimed at ensuring
full employment, achieving balance of payments equi-
librium, and ensuring economic growth in non-infla-
tionary gross domestic product by changing public
budget expenditures and taxes.[5].

Ensuring the employment of the population has al-
ways been one of the urgent issues. Especially in the
context of the global pandemic, it has once again shown
that the issue of employment is one of the global prob-
lems and requires more scientific research in this re-
gard.

According to A.Olmasov and A.Vahobov, one of
local economists, “Employment is the employment of
people who have the ability to work and are eager to
work, and engage in useful work”[8]. A.G. Gryaznov
calls employment a set of economic relations related to
employment and participation in economic activities.
According to him, employment describes the economi-
cally active population concerned with the production

of material factors. In employment, the main produc-
tive and consuming forces of the society are mani-
fested. Because the relationship to the objective condi-
tions of production in it serves as a means of obtaining
funds for the living of workers, which are considered to
be the conditions of reproduction of the total population
[1].

In addition to the results of these studies, scientif-
ically based proposals, practical recommendations and
conclusions, it is worth saying that the issue of the role
and influence of the state fiscal policy in ensuring the
employment of the population is considered, as well as
determining its priorities.

Results

Active employment policies in most developed
countries based on socially oriented market economies
are aimed at achieving full, effective and freely chosen
employment. Also, in the employment policy, the
state's economic development should serve to achieve
employment and other economic and social goals. In
order to achieve this, it is necessary to take into account
the interests of the state and take into account the na-
tional characteristics of the country based on real prac-
tice. Such actions should be carried out in coordination
with the state, employers and recruits. The main task of
the state is to regulate and control the mutual relations
of partners in the labor market.

The state implements the following goals in ensur-
ing full, effective and free employment of the popula-
tion:

— develops tax, investment and financial and credit
measures aimed at increasing the activity of labor re-
sources, ensuring temporary and independent employ-
ment, coordinating labor activities and taking other
measures, developing a system of job preservation and
rational deployment of production forces;

— legal regulation of the legal rights and interests
of citizens in the field of employment under the state
guarantee and further improvement of employment leg-
islation;

— social support for citizens recognized as unem-
ployed.

In the employment policy, it is intended to provide
employment to the part of the population that is able to
work and wants to work, thereby creating an oppor-
tunity to provide them economically. In order to
achieve these goals, the state tries to increase employ-
ment by creating new jobs in the country, using existing
jobs effectively. Businesses that create new jobs are
given tax breaks or subsidies. Also, by creating a new
workplace, equipping it with modern technologies, it
encourages achieving an increase in labor productivity
and, accordingly, income. Depending on the severity of
the employment problem, priority is given to one or an-
other way of solving it. Priority is given to small busi-
ness and private entrepreneurship, service industries,
farmers and farms in creating new jobs in the employ-
ment policy of Uzbekistan.

Taxes, which are considered as components of the
state fiscal policy in the economy, perform the follow-
ing important tasks:

- financing of state expenses (fiscal function);
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- distribution and redistribution of national in-
come;

- alleviating social tension (social function);

- regulation of the economy (regulation func-
tion);

- stimulate economic activity.

According to the objective of the fiscal policy,
stimulating its spontaneous growthlimiting, stabiliza-
tion and economic activity policies are separated. Fiscal
policy based on the goals of economic growth will in-
crease the level of employment and thus the real vol-
ume of GDP is focused on growth. Stimulus fiscal policy
in this levers of dincrease in household expenses and tax
rate is the decrease of State budget stability. Financial
policy aimed at ensuring the decision about budget def-
icit during a recession or depression, it is necessary to
focus on the goals of elimination.

The state's policy of limiting economic activity is
sharply different from the potential level of real GNP —
aimed at reducing the price, which at the same time, in-
flation and development during periods of economic
growth and recession is focused on avoiding crisis pro-
cesses in Rish.

Fiscal policy aimed at ensuring macroeconomic
balance by regulating the cyclical development of the
economy is carried out with the help of a number of
financial instruments and economic levers. All these fi-
nancial tools and levers together constitute the financial
mechanism of regulation.

State fiscal policy, the tax system organized in the
national economy. It is necessary to respond and effec-
tively regulate internal relations in the economy. Fiscal
policy of the state in the republic maintaine the balance
of the state budget at all scales[6].

As can be seen from the data of Figure 1, if we
analyze the trend of changes in government expendi-
tures and revenues in 2000-2022, the changes in state
budget expenditures and revenues had a tendency to
change in proportion to the growth rate of real GDP. In
2000, state budget revenues were 28.5 percent of GDP,
and by 2022, they have decreased to 22.7 percent. In
the same way, the state budget expenditure was 29.6
percent of GDP in 2000, and in 2022, this indicator de-
creased to 26.6 percent. If we analyze the growth rate
of real GDP in our country, the lowest trend in 2000-
2022 was observed in 2000 and 2020.
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Figure 1. The impact of public fiscal policy on economic growth and employment[4]

In 2020, this indicator is guaranteed to grow by 1.6
percent despite the economic pandemic. The highest
real GDP growth rates were observed in 2010, 2015 and
2016, when the growth rate averaged 8.0 percent. Cor-
respondingly, state budget revenues and state budget

expenditures were about 21.0 percent of GDP. Analysis
of the impact of changes in state budget expenditures
and revenues on population employment is more
clearly seen in Figure 2.
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Figure 2. Impact of state budget expenditures and revenues on employment[14]

It should be noted that in 2000-2022, state budget
expenditures and revenues and the impact on popula-
tion employment have changed proportionally. The pe-
riod with the highest weight of state budget revenues
and expenses was observed in 2000, ie 28.5; It was 29.6
percent and, accordingly, the employment rate of the
population reached 69.4 percent. Interestingly, such a
high level of employment was also observed in 2015-
2017. The lowest level of population employment was
observed in 2020. Of course, this is directly related to
the pandemic, but it decreased by 2.1% compared to
2019. If we take the weight of the employment level of
the population in comparison with the indicator in
2019, it did not reach the level of this indicator in 2021-
2022.

It should be noted that implementation of an effec-
tive state fiscal (budget-tax) policy in the Republic of

8
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Uzbekistan for further strengthening the national econ-
omy and solving the emerging economic problems is
one of today's requirements, once again confirmed by
real practical life itself. As you know, in the world
economyglobal economic growth is forecast to slow to
1.7 percent in 2023, one of the slowest in 30 years, trail-
ing only the global recession of 2009 and 2020. This
decline is due in part to the tightening of monetary pol-
icy to combat high inflation, which could cause nega-
tive shocks such as higher inflation, exchange rate
tightening or financial turmoil to derail the global econ-
omy. Urgent action will be needed to reduce the risk of
such a global crisis and debt crisis. In addition, govern-
ments should ensure that support is provided to the vul-
nerable, that inflation expectations remain stable and
that financial systems remain stable.[2].
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Figure 3. Global unemployment rate trend[13]

The reasons for the deterioration of the situation in
the world labor market in this way are as follows:

— conflicts between states, increasing geopolitical
tension;

— the unevenness of the recent economic recovery
from the pandemic;

— continuing global supply problems.

It is worth noting that the combination of the
above-mentioned factors created conditions for stagfla-
tion, that is, an increase in the rate of inflation and a
slowdown in the economy at the same time. Such a sit-
uation is observed for the first time since 1970.

Richard Samens, director of the International La-
bor Organization's research activities department,
noted that "slowing global employment growth means
that we will not have to wait until 2025 to recover what



Annali d’Italia Ne51/2024

15

was lost during the Covid-19 pandemic." Also, in his
opinion, the slowdown in productivity growth, which
in his opinion is interdependent on solvency, environ-
mental sustainability and population well-being, and
which has been important in solving past crises, is of
great concern[10].

Conclusions and suggestions

In our opinion, the state fiscal policy in the field of
creating new jobs in our country should be improved on
the basis of concrete methods, like foreign countries, to
reduce unemployment and increase the employment of
the population with socially necessary work. For this,
we think that it is necessary to take into account the fol-
lowing measures: stimulation of investments made by
the state in the economy, which is the main condition
for creating new jobs;

Based on the above, it is necessary to improve the
state fiscal policy to ensure the employment of the pop-
ulation in our country. It is appropriate to take into ac-
count the following:

1. In order to increase the employment of the pop-
ulation, first of all, it is necessary to effectively direct
the state budget funds based on the level of unemploy-
ment in the regions and strictly control its implementa-
tion in practice.

2. Itis necessary to reduce the level of the existing
hidden economy in the republic and to fight against it,
not by various bureaucratic means, but by using tax in-
centives according to the development potential of the
regions.

3. It is necessary to use the practical experience of
developed countries in applying tax incentives to large
and small business entities that have created new jobs
in the regions.

4. To create conditions on the basis of encouraging
investment activity in small business and family entre-
preneurship, to activate the job search of persons who
have lost their jobs due to structural changes or are at
risk of losing their jobs, providing them with vocational
training, retraining and information-consulting ser-
vices.
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Abstract

This research work explores ways to improve the efficiency of services in the banking sector by assessing
risks in the process of economic transformation. The banking sector is a key element of the economy and its
efficiency plays an important role in ensuring the stability and growth of the economic system. However, in the
context of economic transformation associated with changes in the political, social and economic environment,
banks face new risks that can significantly affect their effectiveness. The results of the work may be useful for
banking institutions, regulators and other stakeholders who seek to improve the efficiency of services in the bank-
ing sector in the context of economic transformation.

AHHOTAIHUSA

JanHast paboTa uccieayeT MyTH MoBbIeHNs 3)(HEKTHBHOCTH yCIyT B 0aHKOBCKOM CEKTOPE IIyTeM OLEHKH
PHCKOB B MPOIECCE IKOHOMUYECKOH TpaHchopManuu. BaHKOBCKUIT CEKTOP SBISCTCS KIFOUEBBIM DJIEMEHTOM DKO-
HOMUKH, ¥ ero 3((eKTHBHOCTh UTPAET BAXKHYIO POJIb B 00ECHEYECHUH CTaOMJIBHOCTH U POCTa SKOHOMHYECKOM
CHCTCMBI. OZ[HaKO B YCJIOBHUAX SKOHOMHUYECKOMU TpaHC(I)OpMaLII/II/I, CBSI3aHHOM C M3MCHCHHUSIMH B HOJ‘II/ITI/I‘I@CKOﬁ,
COHHaHBHOﬁ M SKOHOMHYECKOH cpeae, OaHKH CTaJKHBAIOTCS C HOBBIMH PpUCKaMHU, KOTOPBIC MOT'YyT CYIICCTBCHHO
BIHATH Ha MX () ()EeKTUBHOCTH. Pe3ymbTaThl pabOTHI MOTYT OBITH ITOJIC3HBI AT OAHKOBCKUX YUPEIKACHUIH, peryisi-
TOPHBIX OPTaHOB U JPYTUX 3aHHTEPECOBAHHBIX CTOPOH, KOTOPBIE CTPEMSTCS MOBBICUTH d()h(HEKTUBHOCTH YCIYT B
0aHKOBCKOM CEKTOPE B YCIOBHAX YKOHOMHUYECKOW TpaHCPOpMAaIUH.

Keywords: transformation, risk assessment, service efficiency, bank, efficiency.
KoaioueBble ciioBa: TpaHcdopmanus, olieHKa pUCKOB, 3 GEKTUBHOCTD YCIyT, O0aHK, 3 (EKTUBHOCTS.

Introduction. this purpose, the Central Bank of the Republic of Uz-
Uzbekistan has begun implementing much-needed  bekistan is improving the system of regulation and con-
reforms in the banking sector. In order to prevent finan-  trol of banking activities.
cial problems, financial liberalization should be carried Ways to improve the efficiency of services
out along with the strengthening of institutions, and for  through risk assessment in the banking sector in the
process of economic transformation are as follows:
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other information.

to manage risks.

+ Banks collect data to identify and assess risks to improve
service efficiency. This information is collected through
financial statements, reports, payments, billing checks and

Banks use analysis models and methods for risk assessment.
These models make it possible to explain and evaluate risks
by using statistical data, financial analysis, mathematical
models and other analytical methods.

Banks implement proprietary analysis and management
processes to analyze and manage risk. These processes include
controlling risks, and then determining the methods to be used

The success of risk assessment and management depends on
the readiness and knowledge of bank employees. Banks invest
in the training of their employees in risk interpretation,
assessment and management.

An important part of the improvement of risk assessment
and management in the banking sector is related to the
normative legal documents adopted by the state. These
documents define requirements, standards and regulations
for risk assessment and management.

Figure 1. Ways to improve the efficiency of services through risk assessment in the banking sector in the process
of economic transformationl

Based on international experience, along with the
reforms implemented by the government in the banking
sector, it is important to consistently reform state enter-
prises and the business environment, and to strengthen
competition. These ways help banks to improve their
effectiveness in explaining, assessing and managing
risks. Their implementation allows to improve the used

! Prepared by the author.

methods of risk detection, assessment and management
of banks.

At the same time, without destabilizing credit
booms, the most urgent reforms that will help ensure
the banking system with the credit necessary for a suc-
cessful transition to a market economy include the fol-
lowing key areas (table#1).
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Table #1

Key directions of banks for a successful transition to a market economy?

State bank manage-
ment and lending
based on state policy.

State-owned banks (at least those at the top of the privatization list) should be freed
from political interference in their lending, preferably by presidential decree. All other
official and "hidden" directed lending must be correctly recorded in the "directed loan
portfolio™ and reflected in the financial statements of the State Bank of Russia, so that
the supervisory body (Central Bank of the Republic of Uzbekistan), the owner (Min-
istry of Finance), investors and the public can monitor the dynamics of its volume and
quality. It is necessary for the Ministry of Finance to clearly define the objectives of
the development of state-owned banks, to provide "state services" to state banks and
to establish mechanisms to ensure transparency and accountability of fiscal expendi-
tures related to them.

Credit risk reporting,
management and con-
trol.

The Central Bank of the Republic of Uzbekistan should improve control over credit
quality by conducting thematic analyzes related to credit quality (for example, how
banks assess the solvency of borrowers). Over time, the CBR should strengthen its
ability to conduct targeted horizontal credit quality checks and a broader review of
banks' asset quality. This initial review and gradual capacity building is necessary to
better understand the size and dynamics of NPLs and their impact on bank capital
buffers. It is necessary for the Central Bank of the Republic of Uzbekistan to improve
the methodology for classifying problem loans (or more broadly, assets), including the
predictive approach and ensuring its application by banks. Also, the registry should
strengthen control over the quality of credit reporting and the exchange of credit in-
formation. The Central Bank of the Republic of Uzbekistan should put pressure on all
banks to improve the corporate governance system, internal control, risk management,
and standards for assessing borrowers' solvency. The banking market should further
strengthen the system of monitoring, control, exit and crisis preparedness.

Mobilization of
deposits.

Banks of Uzbekistan have not succeeded in attracting deposits due to the historical
distrust of the population in their services. At the same time, the banking system has
access to state credit lines (especially the State Bank) and has recently managed to
attract external debt funds in national currency. It follows that the incentive to attract
internal contributions is weak. In the medium and long term, Uzbekistan will have to
rely more on additional funds from foreign funds for its development. However, at-
tracting domestic deposits can contribute to the stability of banks' funding structure
and help households and businesses build financial wealth and hedge risk. In turn,
more resilient households and businesses reduce credit risk for banks.

Product development.

There are a number of products that the market could develop in the short term with
government support to help strengthen the sustainability of credit intermediation. For
example, in order to reduce the risks of credit concentration and help the Central Bank
of the Republic of Uzbekistan to introduce stricter standards, it is possible to improve
the credit syndication system, including with the participation of foreign banks. De-
spite the fact that banks have recently been able to attract foreign financing in soums,
financing in foreign currency will continue. The development of the hedging market
(over the counter or through the stock exchange) helps to reduce the currency risk of
banks and borrowers. In addition, agriculture is an integral part of the economy of
Uzbekistan, which can be competitive in the long term. To remain competitive, agri-
cultural finance products supported by government policies, such as seasonally ad-
justed finance and disaster insurance, are required to address climate risk and reduce
credit risk in agricultural finance, where the market can develop. The banking system
should continue to promote rapid digital payment systems and solutions to facilitate e-
business as well as broader digitization and market integration.

Banks may face a multifaceted challenge thanks to
six key trends: to be more effective in identifying and
mitigating risks, to be more efficient and faster in sup-
porting business and meeting customer needs, and to
support decision-making across the organization - bet-
ter adaptation and better preparation for support. to
meet regulatory requirements.

We believe our recommended vision for the risk
function in 2025 will address these issues, but this fu-

2 Prepared by the author during the course of research.

ture risk function will be significantly different from to-
day's in many areas. In 2025, risk functions in banks
have the potential to be the primary architects of seam-
less, unbiased risk decisions and monitoring across the
organization. They can deliver superior value by reduc-
ing risk and operational costs, contributing to a more
intuitive customer experience, and helping the bank
manage compliance. This view includes a risk function
that controls the following actions:
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Model, simplify, standardize, and automate regu-
latory processes to minimize manual intervention, de-
liver superior customer experiences, take advantage of
big data, and reverse decisions. This is expected to sig-
nificantly reduce non-financial risk and reduce opera-
tional costs of the risk function.

Closer collaboration with the business — for exam-
ple, reimagined customer journeys or joint operational
risk reduction — and with other functions, for example
with strategic planners on balance sheet optimization.
It helps the bank to respond to new regulations, develop
an attractive customer experience, make bad decisions,
solve emerging types of risks and reduce costs.

To be a strong advocate of corporate values and
principles through a stronger risk culture that is de-
fined, communicated and reinforced across the Bank.
On-site risk identification, assessment and mitigation is
part of the daily work of all employees throughout the
organization. Various initiatives help establish the
mindsets and behaviors that make up this risk culture.

Build and manage new models and datasets, de-
velop and hire people with diverse skills who can col-
laborate with business and other functions.

The risk function is likely to be stronger in all ar-
eas of the organization. To make these changes, it will
need to transform its operating model, processes,
IT/data infrastructure and talent pool.

Operational model

The operating model is expected to change signif-
icantly as analytical services and advisory and consult-
ing relationships become important parts of risk man-
agement. For example, the risk function should be able
to work with strategy to proactively manage all regula-
tory constraints. It must also build analytical capabili-
ties to handle all current and new models and analytical
approaches, such as machine learning.

During this transition, some areas stay the same
size but change focus. For example, the risk manage-
ment function will likely benefit from a shared model,
engaging more with the business and other functions to
improve customer journeys and product offerings, re-
ducing non-financial risks at their source and helping
the bank's overall strategy.

The risk function is also expected to take on new
responsibilities for stakeholder management, de-bias-
ing, regulatory governance and emerging risks. His per-
sonal and industrial activities are probably fueled by his
focus on managing internal and external stakeholders,
and he sets up a de-biasing department to help train rel-
evant employees in unsavory ways. In addition, the
risk-process task force can instill the concept of contin-
uous improvement and zero-based process redesign in
the risk organization. New teams can focus on the types
of risks that banks are expected to face (eg model, con-
tagion and cyber-attacks). As a result, some parts of the
risk function will probably need more resources than
they do today, such as those covering new types of risk.

Procedures

Some areas, including manual processes and risk
reporting, may require fewer resources through simpli-
fication, standardization and automation. While risk de-
cision-making is expected to be firmly embedded in
end-to-end customer journeys, key processes are more

likely to be paperless, automated, and handled in real-
time. The division of tasks between machines and hu-
mans will be much different than it is today. People re-
view only selected cases that do not conform to bank
policy, approve decision proposals, and review highly
complex cases. This is expected to apply to retail and
small and medium businesses as well. Automation also
offers great opportunities for wholesale banking ser-
vices when extending credit or making credit decisions
for trade finance or receivables finance products for ex-
isting customers.

Non-financial risks provide another great oppor-
tunity to bring management directly into core pro-
cesses. In operational risk, we expect human activities
to focus on eliminating risk at source, designing key
risk indicators (KRIs), implementing control points,
and establishing incident management procedures.
Many other activities, including monitoring, are ex-
pected to be automated over time. As a result, the num-
ber of compliance officers will likely be reduced; for
example, financial crime detection relies on models
such as machine learning.

IT/data infrastructure

The supporting IT infrastructure and data can take
many forms, although recent trends rely on "dual-speed
architectures™ and data lakes. A two-tier architecture di-
vides a bank's IT architecture into a slower, reliable
backend (eg, the bank's core IT systems, often older
systems) and a flexible, agile customer-oriented
frontend. A data lake collects and stores all types of
data, structured and unstructured, internal and external.
It is not necessary to follow strict rules when entering
data into the bank (as is required to enter data into the
enterprise database). Instead, data users define the rules
for retrieving data from the lake. Combining this flexi-
bility with Google-like search technology, the data lake
provides a step-change that helps banks leverage their
data for multiple purposes, from marketing to risk to
finance. The system's scale and flexibility help banks
use big data tools to verify and analyze complex data.

Achieving the target state is expected to be costly,
especially in terms of systems and infrastructure. While
staying on top can make such investments vital, the cost
pressures described here probably make this a trivial
task. Some banks may be left behind because they are
unable or unwilling to make these investments.

Talent pool

Talent and resources in the risk function will need
to move to analysis, collaboration and other new areas
of responsibility in the function; however, much fewer
people are expected to participate in manual risk deci-
sion-making. New hires will likely have advanced
mathematical and statistical backgrounds, be experts in
machine learning and other sophisticated data analysis
techniques, and work well with other parts of the bank
to transform data. can be business translators. concepts
of business activities. As these risk managers become
trusted advisors to businesses, they can be expected to
provide a strong contrast to today's operators and pro-
fessionals who focus more on case review.

As banks search for the best candidates for these
positions, they can compete directly with technology
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firms for the best candidates. Partnerships with univer-
sities and financial technology companies will help
banks acquire this talent. To win these candidates, the
risk function must reshape its employee value proposi-
tion and align it with these new hires. The function must
also change its culture to one that promotes entrepre-
neurship and creativity. These new hires will likely
need training and development to keep them abreast of
emerging trends in a complex technology environment
with advanced digital tools.

Conclusion:

As a result of the research, we came to the follow-
ing conclusion:

1. Risk assessment is an integral part of the bank-
ing industry and plays an important role in improving
the efficiency of services. It allows banks to identify,
measure and manage risks associated with the provi-
sion of services, as well as to develop appropriate strat-
egies and measures to minimize them.

2. The implementation of a risk assessment system
in the banking sector helps to identify threats and op-
portunities that may be related to the provision of ser-
vices. This allows banks to develop and implement ef-
fective strategies aimed at reducing risks and increasing
the efficiency of their activities.

3. Risk assessment helps banks adapt to changing
market conditions and economic environment. By iden-
tifying and managing the risks associated with financial
operations and investments, the bank can optimize its
business processes, improve the efficiency of its ser-
vices and strengthen its competitiveness.

4. Risk assessment helps to improve the quality of
services in the banking sector. By identifying and man-
aging the risks associated with financial transactions,
the bank can ensure the reliability, recklessness and in-
tegrity of its services, which contributes to customer
satisfaction and trust.

5. Implementation of the risk assessment system
requires appropriate eXpertise, methodological devel-
opment and technological support. However, the results
of the study show that these costs are justified by in-
creasing the efficiency of services, reducing possible
risks and improving the bank's financial performance.

Overall, evidence-based research confirms that
risk assessment is an important tool for improving ser-
vice performance in the banking industry. The imple-
mentation of the risk assessment system allows banks
to make informed decisions, minimize risks, improve
the quality of services and increase their competitive-
ness in the market.
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Abstract

In the ever-developing and improving world, the educational system is also changing and aims to develop the
moral and intellectual development of people, the ability to work with information, and the formation of creative
and critical thinking. The main advantages of this system consist in the fact that the learner does not get it ready-
made from the teacher, but in the process of his activity, and thus he has acquired the ability to turn information
and problems into knowledge. As a result of the changing demands and needs of the society, the state and the
citizen, new technologies entered the educational system.

The introduction of new learning technologies in general education schools began in the late 1990s. The
transition to the Bologna education system, curriculum reform, new generation textbooks brought modern tech-
nologies to teaching. The use of active/interactive learning has accelerated the adoption of new technologies. First,
despite the fact that serious successes in this field were not achieved, serious defects appeared in the teaching

process, the scope of application of new technologies was expanding.

Keywords: teaching, technology, interactive, modern approach, integration.

Although the concept of teaching technology be-
gan to be developed in the scientific-methodical litera-
ture from the last decade of the 20th century, the ways
and types of its use have been discussed more often in
the last decade. This is primarily due to the fact that
new teaching technologies are directly included in the
teaching process and become one of the main attributes
of the learning process. Over time, new technologies
have been further improved, new ones have been devel-
oped and tested in classes. If you follow the pedagogi-
cal literature, it becomes clear that not all of these tech-
nologies are used or not all of them are successful.
There are technologies and methods that teachers have
accepted and applied very easily. There are technolo-
gies whose names are mentioned only in pedagogical
literature today.

But what is technology in general? "Technology™
consists of the Greek words teshne - art, profession,
logos - science, teaching. As a pedagogical term, "the
correct explanation of its essence requires first of all to
look at it in a broad plan. Therefore, the concept of
"technology" should be understood in both broad and
narrow sense. Broadly speaking, this concept applies to
all areas of human activity. That is, production of both
material and spiritual wealth, as well as formation of
moral values, corresponds to technology understood in
a broad sense.

So, achieving something, what to use and how to
use it to achieve the goal is the basis of technology. In
short, the means used to achieve the goal, the methods
used to activate these means, and all other types of ac-
tivities that manifest themselves in this process together
constitute the core, the essence of technology" [Did-
aktika, 1975:143].

We can understand the explanation of the term
"Technology" in a broad sense as follows: "Technol-
ogy, in general, is a scientifically and practically based
activity system applied by people related to the study
of the surrounding world and making relevant changes,
the production of materials and the formation of a sys-
tem of moral values" [ Huseynoglu, 2003:9]

Soltan Huseynoghlu summarized the definitions
given to the concept of "technology™" in the pedagogical
literature and showed the most used ones:

- pedagogical technology is systematic planning,
activity and assessment methods applied to achieve
more effective results in education, taking into account
the entire learning process and knowledge acquisition,
human and technical resources, their interaction;

- pedagogical technology is a system that ex-
presses the functions of all components of the pedagog-
ical process, which is built on a scientific basis, pro-
grammed within a certain time and space, and the in-
tended results are achieved,;

- pedagogical technology is the organization of the
teacher's activity in such a way that all the actions in-
cluded in this activity form a certain integrity and se-
quence, and their implementation results in expected
achievements and has a prognostic character;

- pedagogical technology is a joint, mutual activity
of teachers and students, carried out taking into account
the principle of individuality. As a result of this activ-
ity, students master the state standard of education;

- pedagogical technology is the planned, sequen-
tial implementation of a pre-designed pedagogical pro-
cess using optimal methods, principles and methods of
action to achieve the set goals, etc.
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From all these mentioned, we can conclude that
the pedagogical technology is based on mutual cooper-
ation in the learning process, it determines the organi-
zation of teaching and its successful completion using
various methods and tools.

Effective application of pedagogical technologies,
according to methodist scientists, depends on following
their general principles. We can summarize these prin-
ciples as follows:

- educative principle. In all eras, both traditional
and curriculum teaching, the educative function has al-
ways been expected. Regardless of its nature and type,
all technologies assume educativeness as a basis in the
formation of personality. The main goal of the new
teaching technologies is to cultivate the personality in
the spirit of loyalty to the national ideology, moral and
aesthetic values, and the ideology of Azerbaijaniism.

- developing principle. One of the teaching goals
is developmental. Development is directly related to
mental development and assumes the development of
thinking and the formation of mental skills as a basis.
For this, the student should be successful, reveal his in-
dividual capabilities and strength. In this case, it can
succeed.

- the principle of counter-relation with students.
The learner's understanding and assimilation of the ma-
terial in the learning process emerges in the creation of
the principle of counter-relation. This is based on the
creation and permanence of multi-way counter-relation
with students. How and at what level the student under-
stands the learning material should be clear in the learn-
ing process. The student must return to the teacher what
he heard from the teacher and what he learned at the
same time. At this time, the teacher can monitor the stu-
dent's development and also allows him to be informed
about it.

— principle of regular repetition. Pedagogical ex-
perience shows that knowledge is ineffective if it is not
applied, that is, it is forgotten. Studying the teaching
material is one aspect of the work. It is known from ex-
perience that acquired knowledge is forgotten if it is not
applied. Sometimes, depending on the situation, the ap-
plication of knowledge is delayed. At this point, repeti-
tion is needed; the teacher should make room for repe-
tition in each lesson by using different methods if pos-
sible. Any topic should be repeated, if not completely,
but a certain part of it should be linked to a new topic.
This should always be in the teacher's attention during
the teaching process, should strengthen the acquired
knowledge by connecting it with past knowledge.

- the principle of optimal mental tension. One of
the points that the teacher should pay attention to when
introducing new technologies in the educational pro-
cess is that the educational material, the scope of the
task and the level of mastery are accessible to the learn-
ers. As we know, the teaching material is low level, me-
dium and hard according to the level of complexity.
Although low-level tasks are easily completed by the
student, they neither allow the student to develop nor
allow the teacher to monitor his progress. When the
task is too difficult, the student falls into psychological
difficulties. For this, the teacher should choose such
tasks and use such methods and tools as to be able to

monitor the student's development and create mutual
cooperation with him.

- the principle of maximum involvement of stu-
dents in the teaching process (teaching activity). The
introduction of new learning technologies also requires
student engagement. Unlike traditional teaching, in in-
teractive teaching, students should be more active and
act as subjects. In order for the student to be active, the
teacher should give him freedom and leave it up to him
to complete the task. By acting as a facilitator, the
teacher achieves the student's activity, which means the
successful implementation of the developmental goal.

- the principle of unification of teachers and stu-
dents for a common goal. The introduction of new tech-
nologies is based on the voluntary principle of teaching.
Thus, the teacher cannot make the student accept any-
thing in a planned way, there must be a type of activity
based on the mutual consent of both sides - the teacher
and the student. In the joint activity, the student solves
the problem with both the teacher and his friends.

If we look at the essence of these principles, we
will see that they are related to each other and ulti-
mately serve to improve the quality of education.

Acquaintance with the scientific-methodical and
pedagogical literature shows that teachers sometimes
cannot use new technologies correctly, turn the lesson
into entertainment or treat it as entertainment. Efficient
noise in class, division into groups, etc., lead to defects.
The reason for this can be attributed to the fact that
some teachers are not aware of theoretical information
and cannot "digest” new things. As a result, rather than
achieving the goal set in the lesson, they strive for the
mechanical execution of various operations, as if they
are trying to demonstrate that they have implemented
the requirements of the new technology.

This shows that no matter how much the technol-
ogies change and update, the teacher's methodology re-
mains unchanged. The teacher adapts the new technol-
ogy to his methodology and uses it, demonstrating that
he accepts pedagogical innovation.

In conclusion, we can summarize the necessity of
introducing new teaching technologies as follows:

- the development of science and technology also
manifests itself in the teaching process;

- as in the content of teaching, there is a need to
change pedagogical approaches, methods and technol-
ogies;

- Integration into the European education system
enables the introduction of new teaching technologies;

- the rapid development of information and com-
munication technologies necessitates the application of
new technologies in teaching;

- an attempt to find a creative approach and solu-
tion to the events happening around in the age of scien-
tific and technical progress.

New teaching technologies have given new con-
tent to learning for both teacher and student.
Knowledge is no longer readily transmitted by the
teacher, students try to acquire it by thinking and
searching. The teacher is just a facilitator and guides
and cooperates with the student in a mutual way. The
teacher becomes creative and proactive, each lesson
prompts him to conduct research, use additional
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sources, different technical means. Thus, the purpose-
ful activity of the teacher enables students to realize
their potential.

Application of new teaching technologies also en-
riches students' activities. For example:

- acquires the opportunity and ability to conduct
research on various sources;

- learns to work in a team, to cooperate;

- communication skills are formed;

- emotional-volitional qualities develop;

- acquires the ability to express his opinion hon-
estly;

- acquires the ability to listen to the opinion of oth-
ers, etc.

Experienced teachers do not forget the past expe-
rience on the basis of new technologies, they take the
"good" from traditional teaching and synthesize it into
interactive teaching. At the same time, it turns out that
it is impossible to fully master the subject based only
on new technologies, that is, on the independent re-
search of the student. Because an independent approach
to a subject he does not know sometimes creates con-
fusion and distance from the subject in the student's im-
agination and thinking, which can eventually lead to the
wrong conclusion. In this sense, the support and direc-
tion of the teacher is needed. Because no matter how
independently the student thinks and searches, from a
methodical point of view, he gives way to unsystema-
tism, sparseness, and inappropriate "self-confidence".
The teacher's intervention is definitely needed to sys-
tematize knowledge, generalize, and create connec-
tions.

Today, new teaching technologies have become an
integral part of the educational system, based on the
learning activity in accordance with the requirements of
globalization. The teaching of subjects has taken a new
direction. Increasing the students' mutual cooperation
ability, creative and critical thinking and establishing
communicative relations leads to activation in teaching.

Recent theoretical considerations have conducted
various scientific studies based on the methodology of
teaching subjects at the general secondary education
level (grades V-1X), brought active-interactive teach-
ing, which is the main function of constructive and dy-
namic management of teaching in a number of fields,
to pedagogical science. In recent times, scientific theo-
retical considerations have introduced a new pedagogi-
cal perspective of active learning and ways of influenc-
ing a healthy psychological environment [Agayev,
2006:29].

L.A.Malkova, who divided the interactive teach-
ing technologies in the modern lesson into theory, ap-
plication and practice, explained the theoretical and
methodological bases of the organization of this teach-
ing [ManbkoBa, 2014:26]. The teaching of the subject
in general secondary education is presented with the ap-
plication of didactic tools and lesson examples at each
stage.

One of the main goals in active interactive teach-
ing is to increase students' thinking skills, understand-
ing of literary concepts in the context of high school,
providing students with live communication conditions
in the learning environment. These learning methods

include didactic games, brainstorming, question-and-
answer, learning artistic algorithms, group work, role-
playing, artistic stimulations, problem solving, and
other contextual activities. The knowledge that the stu-
dent will gain is further improved in these ways, it helps
to increase cooperation, creativity, and critical think-
ing. Interactive methods reveal the facilitator role of the
teacher and reflect the role of students in the learning
center.

Mental activity in active teaching affects the cor-
rect development of the student's thinking and benefits
the formation of free thinking. Understanding the
themes and messages in the text, understanding the plot
and describing the text are explained as important ac-
tive skills [Yusifova, 2010]. Images and their interac-
tion in a work of art can be better interpreted in the ap-
plication of new learning technologies - collective dis-
cussion, groups, role-playing games and dialogues. At
this time, the position of the author, the more prominent
expression of the subtextual meaning of the work re-
quires the inclusion of new teaching models in the
teaching.

Fundamental changes in education and society
have created a real basis for updating the content of the
entire general education system, which is manifested in
the development and application of new content ele-
ments, new educational technologies, and appeal to
world pedagogical experience. The interactivity of the
teaching also ensures the networking nature of the
teaching, that is, the distribution of new information
and technologies in social networks. Teachers and stu-
dents can communicate worldwide and share important
information and learning experience in social networks
[Abbasov, 2005:24].

The introduction of new technologies in active
teaching also changes the learning environment, which
plays a major role in the formation of learners as per-
sonalities. The lesson is not enough to provide
knowledge, it fully and comprehensively fulfills the re-
quirements of emotionality, idealism, visuality, scienti-
ficity, intensity, integrativeness and the use of infor-
mation and communication technologies. Various
forms of organization of teaching - groups, pairs, indi-
vidual types of work strengthen cognitive activity in
students, increase understanding, differentiation
strengthens motivation and empathy, and realizes re-
flective demonstrations. Lessons conducted in collec-
tive and group cooperation also regulate the communi-
cative skills of students, regulate the dynamics of both
oral and written speech.

The interactive teaching process encourages the
teacher and students to learn together and facilitates the
learning process. In an interactive teaching process in-
volving teachers and students, the environment pre-
pares learners for this teaching, encourages collabora-
tive learning, and facilitates teaching. According to
Russian educational psychologists A.E.Belkova and
L.P.Lesnichenko, the introduction of new teaching
technologies creates "freedom of action™ in students,
understood as a behavior [Belkova, 2015]

Today, the formation of skills to improve the ways
of applying new teaching technologies is considered as
the most important task of the modern teaching process.
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Abstract

In the article it is shown that the version of the special theory of relativity (STR), stated in all textbooks of
physics, is wrong as the relativistic formulas received in it are wrong, they are incorrectly with use of wrong
principle of non-exceeding of speed of light are explained and from them wrong conclusions about physical unre-
ality of imaginary numbers and also about existence in the nature of our only visible universe are made. This
generally recognized version of STR is refuted experimentally proved as a result of research of transient processes
in linear electric circuits by the general scientific principle of physical reality of imaginary numbers discovered
500 years ago. It is explained that imaginary numbers in astrophysics correspond to the world of invisible parallel
universes in other dimensions. Its cognition is the task of future science. However, the neighboring universes can
be seen on the starry sky in portals even now. The corrected relativistic formulas are obtained and the corrected

version of STR corresponding to them is created.

Keywords: imaginary numbers, special theory of relativity, invisible universes, hidden Multiverse, Hyper-

verse

1. Introduction

Imaginary numbers were discovered 500 years
ago by Scipione Del Ferro, Niccolo Fontana Tartaglia,
Gerolamo Cardano, Lodovico Ferrari and Raphael
Bombelli [1]. And perhaps even earlier than them such
a scientific discovery was made by Paolo Valmes [2],
who was burned alive at the stake for this by the verdict
of the Spanish inquisitor Thomas de Torquemada. Even
Sir I1saac Newton* was forced to take into account the
opinion of the Inquisition about imaginary numbers,
who therefore preferred not to use them in his works.

However, their physical significance remains un-
known in science to this day. Indeed, everyone knows
what 7 seconds, 12 meters, or 19 grams are, but no one
knows what 7i seconds, 12i meters and 19i grams,

where | =+/—1 , are. We all know that 7, 12 and 19
are simply numbers having no physical significance
outside of their context. However, this knowledge was
not enough to understand the STR.

2. The Problem of Understanding Imaginary
Numbers

Works of famous mathematicians Abraham de
Moivre, Leonhard Euler, Jean le Rond d’Alembert,
Caspar Wessel, Pierre-Simon de Laplace, Jean-Robert
Argand, Johann Carl Friedrich Gauss, Augustin Louis
Cauchy, Karl Theodor Wilhelm Weierstrass, William

Rowan Hamilton, Pierre Alphonse Laurent, Georg
Friedrich Bernhard Riemann, Oliver Heaviside, Jan
Mikusinski and others contributed to creation of a per-
fect theory of functions of a complex variable. How-
ever, the theory neither proves physical reality of imag-
inary numbers nor explains their physical significance®.

Imaginary numbers are now widely used in all ex-
act sciences, including radio engineering, electrical en-
gineering, optics, mechanics, acoustics, etc. But in
them also the physical reality of imaginary numbers is
not proved and their physical meaning is not ex-
plained®.

But in the generally accepted version of the special
theory of relativity (STR) [3]-[5], which is rightly con-
sidered one of the most outstanding theories created in
the 20th century and is therefore currently studied in all
physics textbooks, it is even denied, since its creators
were unable to explain the relativistic formulas ob-
tained therein.

mO
1-(%)
At = Ato,/l— (%)2 @)

| =1, [1- (%) ©

m= €]

3 This is reprint of the article “Antonov A. A. Proving physical reality and explanation physical nature of imaginary numbers”.
Norwegian Journal of development of the International Science”. 123. 26-36. https://doi.org/10.5281/zenod0.10451085

4 In the atmosphere of the omnipotence of the Inquisition and intolerance of dissent that existed at that time, Newton's friend
William Whiston was stripped of his professorship in 1710 for some of his careless statements and expelled from Cambridge
University.

5 Naturally, about physical reality and physical essence of imaginary numbers, as well as real numbers, we can speak only in
relation to named numbers, equipped with indications on the used units of measurement of corresponding parameters of
physical objects and processes.

6 More precisely, in radio engineering and electrical engineering it is actually revealed in the process of their practical use,
but nothing is written about this in textbooks, so as not to refute physics.
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where mo is the rest mass of a moving physical body;
M isthe relativistic mass of a moving physical body;

At is the rest time of a moving physical body;
At is the relativistic time of a moving physical body;

|0 is the rest length of a moving physical body;

|'is the relativistic length of a moving physical body;
V is the velocity of a moving physical body;
C is the speed of light;

Fig. 1. Graphs of functions m(v) , At(v)and 1(v) corresponding to the existing and the corrected ver-
sions of the STR in the subluminal V < C and superluminal V > C ranges

They could not explain physical significance of
these formulas for the superluminal velocity range,
where, according to these formulas, mass, time, and
distance were measured in imaginary numbers (see Fig.
1a, b, c). However, since a theory that could not be ex-
plained even by its creators would be useless to anyone,
in the STR had to introduce a postulate’, known as the
principle of light speed non-exceedance, the meaning
of which is clear from its name.

In relation, for example, to the Lorentz-Einstein
formula (1), it was explained as follows. The postulate
asserted that since the situation at V > C never oc-
curred anywhere in the early 20th century, it did not
need any explanation. Thus, imaginary numbers were
unnecessary. i.e. non-existent. Moreover, they were
even called imaginary

However, since the existing version of the STR
was based solely on a postulate, that is, an unproven
assumption, there was no complete certainty that it was
correct. Actually, it turned out to be incorrect, since in
2008-2010 (i.e., even before publication of results of
the unsuccessful OPERA experiment® conducted at the
Large Hadron Collider in 2011), it was experimentally

n n-1
8, 0¥, 4
dt dt

7 Since it has never been proven theoretically or confirmed
experimentally by anyone.
8 Which was no longer needed

+..+a,y=h,

proven [6]-[10] that imaginary numbers are physically
real.

3. Proof of Physical Reality of Imaginary Num-
bers

Thus, in the 21st century, a Hamlet’s question has
arisen in physics — is the generally accepted version of
the STR correct or not correct? Consequently, does it
require correction or not? To address this, it was neces-
sary to answer another question — whether imaginary
numbers discovered 500 years ago are physically real
or not. And the response to this question required ex-
perimental confirmation, even though this issue falls
within the realm of mathematics. However, Oliver
Heaviside asserted on a similar issue, “Mathematics is
an experimental science.”

Let us further examine electromagnetic transient
processes in linear electrical circuits' [10]-[15], which
allow us to answer this question conclusively using
simple experiments®. These experiments can be carried
out by any engineer in less than a day in any radio en-
gineering laboratory. Such processes in linear electrical
LCR circuits are described by linear differential equa-
tions (or systems of such equations)

d"x b d™'x b
e + o +...+0,X 4)

m-1

9 In contrast to the extremely expensive physics experiments
MINOS, OPEPA and ICARUS
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where X('[) is the input action (or the input signal);
y(t) is the response (or the output signal);
a,,a, ;,...8,,0,,b, ,,..0, are the constant

coefficients;

n,n—1,...0,m,m—1,...0 is the order of deriva-
tives.

A solution to the equation (5) is known to equal
the sum of two components

y(t) = y(t) forc + y(t) free (5)
where y(t) ;.. isthe free component of response,

corresponding to the transient process;
Y (t) ;. is the forced component of response.

They are found in different ways. We are only in-
terested in the free component of response.

Finding a specific type of a free component of re-
sponse begins with writing and solving the so-called
characteristic algebraic equation (usually of the second
order) corresponding to the original differential equa-
tion (4)

ap'+a,,p"t+.+a,=0 (6
where @,,d,_4,..-d, are the constant coefficients

same as in the equation (4);

n,n—1n-2,...1,0 are the degree indices, the
magnitude of which is equal to the order of the corre-
sponding derivatives in differential equation (4);

P is the variable, which is often called a complex

frequency, when it takes values in the form of complex
numbers.

Currently, two algorithms for solving algebraic
equations (4) are used in mathematics. According to the
first algorithm, solutions are found in the form of real
numbers known to everyone. The second algorithm
finds solutions to complex numbers that no one under-
stands.

Then, one might assume that no one needs com-
plex numbers because of their incomprehensibility.
But, actually, the use of complex numbers greatly sim-
plifies mathematical reasoning and many engineering
calculations. Thus, when solving algebraic equations of

power N according to the first algorithm, we would re-

ceive either N roots or N —1 roots or N — 2 roots ...
or even no roots, depending on the value of coefficients.

a,,a, 4,...dy And when using the second algorithm to

solve the same algebraic equations of power N | we
would always receive N roots. Therefore, for some

combinations of coefficientsa,,a,_;,...d,, the alge-

braic equation (6) might not have any solution within
the first algorithm, and would always have N solutions
within the second algorithm.

This definitely contradicts common sense and re-
quires an answer to the question — which of the algo-
rithms mentioned above provides the only correct solu-
tion in a particular situation? After all, two mutually ex-
clusive statements cannot be simultaneously true. In the
formal logics, the Latin aphorism ‘Tertium non datur’,
i.e. there is no gap between them that corresponds to
this situation.

However, the question is uneasy, otherwise, the
answer thereto would have been received long ago.
Since humans have a visual thinking, graphical solu-
tions to algebraic equations would be the most helpful
in explaining the situation.

For this purpose, we shall convert, for example,

the algebraic quadratic equation
a,p’>+a,p+a, =0 asfollows
y=a,p’+a,p+a, .
y=0
Then its solution (see Fig. 2) would correspond to
the intersection of the parabola

2
y=a,p"+a,p+a, andtheliney =0, ie. the
abscissa axis P .

As can be seen depending on the parabola position
relative to the axis [, which is determined by values

a,a,8,, the

2
y=a,p +a,P+3a; cancuttheaxis P eitherat
two or one or none of the points.

of coefficients parabola

y
/

P

Fig. 2. Graphical solution to the quadratic equation in the set of real numbers, explaining that the equation can
have either or two or one or no solutions
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The result obtained is consistent with the corre-
sponding analytical solution to the quadratic equation.
Actually, if a discriminant of the equation

2
a,p +ap+a,= 0 is positive, the equation has

two different real roots P; = —0;and P, =—0,. If

2
a discriminant is equal to zero, i.e. d; — 43.230 =0,

the equation has one real root 0 =—0,. And if a dis-

2
criminant is negative, i.e. &, —4a,8; <0, the equa-

tion does not have any real root.

The result is so simple and obvious that it would
seem to even serve as a proof of existence of the only
right solution according to the first algorithm using real
numbers. But this is not the case, since a no less clear
graphical solution to the quadratic equation can also be
obtained within

A
e

v.e\‘(.\
Ty
N

"?5‘%- '0'7 s
AR
i

'0"‘ e

oA s
/1

Fig. 3. Graphical solution to the quadratic equation in the set of complex numbers, explaining that the equation
can have two solutions or one double solution

the second algorithm. It looks to be impossible at
first sight, since the graph of function, where and are
the complex quantities, should be four-dimensional.
Humans can neither imagine nor de-pict four-dimen-
sional graphs. Really, try to imagine and draw, for ex-
ample, a four-dimensional cube (also referred to as a
tesseract or octachoron). But mathematicians can do
this.

However, the problem becomes quite solvable if a
four-dimensional graph of the function of complex var-

iable ¥ = f(X) is replaced by a three-dimensional

graph of function‘)":‘f(x)‘:‘f(U‘l'iw)‘. Thus, within

the second solution algorithm, the quadratic equation
can be converted into a system of equations, corre-
sponding to the Fig. 3.

ly| :‘az(a+ia))2 +a1(a+ia))+a0‘

|y|=0

Herewith, Fig. 3a would correspond to the case
when a solution to the quadratic equation for

(8)

2
a — 43.230 >0 has two real roots of different val-

ues P, =—0; and P, =—0,. In this case, the sur-

face |Y| = | f (X)| would contact the plane of the com-

plex variable X = o+1w at two different points
P, =—0jand P, =—0, on the axis of real num-
bers O .

Fig. 3b would correspond to the case when a solu-

2
tion to the quadratic equation for & —43.230 =0

10 For example, for the equation (X + o, )2 =0

has one double®real root p, , = —0, . Inthis case, the

surface |Y| = | f (X)| would contact the plane of the

complex variable X=0+ o at one
P, = —0, on the axis of real numbers O .

point

Fig. 3c would correspond to the case when a solu-

2
tion to the quadratic equation for d; — 43.23.0 <0
has two complex conjugate roots p,, =—0 * iw.

In this case, the surface |Y| = | f (X)| would contact

the plane of the complex variable X = 0 + 1@ attwo
points that are not on the axis of real numbers O .
Algebraic equations of the third and higher de-
grees can be solved graphically in a similar way. Fig. 4
gives an example of a graphical solution to the alge-

3 2
braic cubic equation @0 ta,p" +a,p+ad;= 0,
which in the set of real numbers is converted as follows
3 2
y=a;p +a,p"+aq p+aq,
y=0

Apparently, depending on the position of the curve

)

y= f (X) relative to the abscissa axis (i.e. depending
on the value of coefficients a, a,,a,,4a,), the cubic

equation can have either one or
two or three real solutions within the first algo-
rithm (see Fig. 4a,b). Fig. 5a,b,c,d,e shows graphical
solutions to the cubic equation

(0 +i0)' +3,(0+i0) + a, (0 +iw)+a, =0 in the set of
complex numbers
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a

b

Fig.4. Graphical solution to the cubic equation in the set of real numbers, explaining that this equation can
have either one or two or three solutions

for the same combinations of coefficients
a; a,,a,,8,, asinFig. 4, equivalent to the system of

equations
Y| =|ay(0+i0)’ +a,(0 +i0) +a,(c +iw) + 4|
yl=0

(10)
As can be seen, a solution to the equation

a, p3 +4a, p2 +a,P+a, =0 has aways three

roots when using the second algorithm. But some roots
can be double as in Fig. 4a, 5b, 5d, and even triple!! as
in Fig. 4b and 5f. In the latter case, in Fig. 3b, the graph
is somewhat different, looking like a tangentoid (or co-
tangentoid).

And while the points of intersection of the curve

3 2
y=a,p" +a,p + a p+a, and the abscissa axis

P correspond to solutions to the equation

3 2
a;,p"+a,p" +a,p+a, =0 inFig. 4, the points

of contact of the surface |y|:‘a3(a+ia))3+

. 2 .
&,(c+io) +a,(o+ |w)+a0\ of the complex plane
X=0+iw correspond to solutions to the same equa-

tion P’ +a,p°+a,p+a,=0 in Fig 5.
Moreover, both figures show the same particular cases
of the situations mentioned. Consequently, equally con-
vincing graphical solutions can also be proposed to the
cubic equations (and equations of higher degrees) in the
set of both real (Fig. 4) and complex (Fig. 5) numbers.
Thus, purely mathematical reasoning above do not
allow us to make an indisputable conclusion about the
truth of one and the falsity of another algorithm for
solving algebraic equations; or, in other words, to draw
a conclusion about physical reality or unreality of their
solution expressed in the form of complex numbers.

Fig. 5. Graphical solution to the cubic equation in the set of complex numbers, explaining that in this case it has
either three solutions or two solutions, one of which is double, or one triple solution, i.e. having always three
solutions

It is clear that then the choice from the mentioned
two algorithms for solving algebraic methods could be
made differently - in accordance with the general sci-
entific criterion called “Occam’s razor” 2. According

11 For example, for the equation (X + o, )3 =0

12 “Occam’s Razor’ is a principle formulated in the 14th cen-
tury by the English monk William of Ockham: “More things
should not be used than are necessary”.

to this criterion, the theory that has the simpler expla-
nation'® must be accepted as true. And in accordance
with this criterion, in all likelihood, sooner or later the
second recognized algorithm would be true.

13 As, for example, in astronomy the Copernican heliocentric
system was recognized as true and the Ptolemaic geocentric
system was recognized as false.
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But the trouble is that this choice would require
explaining physical significance of complex numbers.
Physicists do not have an explanation. And, what is
worse, instead of admitting this, they state without evi-
dence that imaginary (and, consequently, complex and
hyper-complex) numbers have no physical content, re-
ferring to the principle of light speed non-exceedance.
Authority of the STR actually hinders the study of this
important problem. Such a point of view turned out to
be even terminologically** fixed in science, since one
of components of complex numbers is called imagi-
nary, i.e. supposedly non-existent, numbers.

That is why mathematics still uses both algorithms
for solving algebraic equations, even despite the fact
that

¢ solutions obtained by these algorithms often
mutually exclude each other;

e the STR considers one of these solutions (in
the form of complex numbers) to be physically non-ex-
istent®s,

So what is the answer to the question whether so-
lutions to algebraic equations physically exist in the
form of complex numbers? Since, as has just been
shown, the use of purely mathematical'® means cannot
answer the question, let us try to figure it out relying
solely on common sense.

For this purpose we try to understand what mean-
ing the words ‘solution exists’ or ‘solution does not ex-
ist” should have. Where does it exist? On paper? In
computer? On a blackboard in a university classroom?
We could say so, but “in nature, in the physical world
we live in” would apparently be more correct answer.

Therefore, we should talk about existence of a so-
lution as a physical reality. And it would be logical to
conclude that answering the question requires physical
experiments. What kind of experiments are these? And
it turns out that such experiments have been done for a
long time by both humans and nature. We meet them
everywhere. They are well known to everyone. These
are shock oscillations. In any form. In the form of sound
of a piano or a tuning fork, in the form of tsunami or
‘Indian summer’, in the form of children’s swing'’
rocking after being pushed by parents, etc.

In this regard, let us recall that only solutions in
the form of complex numbers are always used in solv-
ing characteristic algebraic equations (6) while study-
ing transient processes (for example, in electrical cir-
cuits). The first algorithm for solving algebraic equa-
tions using real numbers is never applied in relation to
characteristic equations.

Why? The answer to this question is extremely im-
portant. Therefore, let us consider in more detail how
this question is covered, for example, in the electrical
circuit theory. It states that if a characteristic algebraic

14 Actually, long before the STR was created.

15 Consequently, mathematicians have not recognized the
principle of light speed non-exceedance postulated in the
STR as scientifically sound.

16 But we must not forget that names such as mathematics,
physics, radio electronics, etc. were given by people special-
izing in some narrow research area subject to their limited
intellectual capabilities. However, when it comes to Nature,
all these names are replaced by the only name of Science.

equation of the second degree has two different real
roots P; =—0;and P, =—0,, then an aperiodic

transient process exists in an electrical circuit and is de-
scribed by the time function

y(t) .. = Ae 7" +Be ™ (11)

If roots of a characteristic equation of the second
degree are real and multiple of p,, = -0, then the

so-called critical transient process exists in an electrical
circuit and is described by the time function

y(t) ., = (A+Bt)e™ ™ (12)

And, finally, if roots of a characteristic equation of
the second power are complex conjugate numbers
p,=—0% iw, then an oscillatory transient process

corresponding to them exists in an electrical circuit, and
the quantities P;and P, are the complex frequencies

of free oscillations. This transient process is described
by the time function

Y(t) 1o =€ "' [Acos(at) + Bsin(at)] (13)

Herewith, integration constants A and B are de-

termined from the initial conditions Y(O) and y’(O)

in all particular cases.

Solutions to characteristic algebraic equations of
higher powers can include aperiodic, critical and oscil-
latory components. This is covered in detail in text-
books. However, they neither explain nor substantiate
why characteristic equations are solved only using the
second algorithm, which allows finding their roots in
the form of complex numbers And, it turns out, because
only in such a case the transient can also exist in the
form of shock oscillations (13). The use of the first al-
gorithm would necessitate arguing that shock oscilla-
tions should not have existed. However, they do exist.

Thus, the point is that oscillatory transition pro-
cesses exist in nature. And they can exist only if the
characteristic algebraic equations corresponding to
them have solutions in the form of complex numbers.
And only for this reason the unsolvable in pure mathe-
matics question about which of the two mutually exclu-
sive algorithms of solving algebraic equations is cor-
rect, turned out to be quite solvable with the help of
simple physical experiments. And common sense.

It follows from the above that it is necessary to
recognise solutions of algebraic equations'® using com-
plex numbers as the only correct and corresponding to
physically real existing processes in the world around

us. Therefore, complex frequencies p,, = —o tiw
of free oscillations are physically real, including their

7Tt is interesting to note that children’s swing, on which
children are rocking without the help of their parents, refutes
another scientific misconception, which, according to infor-
mation on the Internet, is shared by many authoritative sci-
entists. The misconception suggests that unsupported motion
devices, the so-called inertioids, cannot exist, and their ex-
istence is therefore denied by modern science, as it contra-
dicts the law of conservation of momentum.

18 And not only characteristic ones.
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imaginary components. And not only complex frequen-
cies, but also any other imaginary and complex num-
bers. And as this statement is true for transients not only
in the theory of linear electric circuits, but also for tran-
sients studied by all other sciences, i.e. it is general sci-
entific, so we will call it the principle of physical reality
of imaginary numbers.

And this experimentally provable principle of the
physical reality of imaginary numbers naturally refutes
the postulated principle of non-exceeding the speed of
light, asserting from the unreality,

4. Explanation of Physical Essence of Imagi-
nary Numbers

Hence, for relativistic formulas of STR (1)-(3) the
results of calculations on them not only in the form of
real, but also in the form of imaginary numbers should
be explainable. Nevertheless, these formulas still can-
not be explained for one more reason - as can be seen
(see Fig. 1a,b,c) their graphs in sub light and hyper light
ranges have essentially different form. Moreover, they
correspond to physically unstable processes, which
cannot exist in Nature. Therefore relativistic formulas
(1)-(3) are still incorrect.

And so that the same patterns took place in nature
in the subluminal V < C and superluminal V. > C
speed ranges, and, therefore, formulas describing the
corresponding processes could be explained, the graphs

m(Vv), At(Vv) and |(v) should be as depicted in Fig.

1d,e,f. For this purpose, the function I" should be intro-
duced into the corrected relativistic formulas of the
STR corresponding to them.

m(q) = m,i* _ m,i*
T WU
() = A4 1 (Y -0 =Mt - (%)) s
@) =1i" 1= (% -0 =" [1- (%) o)

where Q(V) = LV/ CJ is the “floor” discrete func-

tion of the argument V/C :

W=V—(c is the local velocity of each universe.

This is the function convenient for explaining, as
for integer values of the argument 0,1,2,3,4,5, ... it takes
the required alternating values +1,+i,-1,-i,+1,+i,... cor-
responding to four types of universes alternating in
space. Herewith local velocity W=V—(c (Fig. 1d,e,f)
of each universe takes finite values only in the range

0<w<e.

But it’s not hard to notice that Euler’s formula
takes the same values +1, +i, -1, -i, +1, +i..., corre-
sponding to the integer values 0, 1, 2, 3, 4, 5,... of the

19 Since, despite their boundlessness, they do not overlap an-
ywhere, but they do dip slightly into each other in many
places, forming portals.

argument (. And the right side of Euler’s formula al-
lows determining the values of this function also for
non-integer values of the argument (. Therefore, con-
sidering this circumstance, we can conclude that the
function- I' takes the form
i"=cos(qz/2)+isin(qzr/2) (17) for both
integer and non-integer values of the argument (.

The new formula thus obtained has an important
advantage - it introduces into the mathematics of com-
plex and hyper complex numbers the mathematical
operation of raising imaginary numbers to a non-in-
teger degree, which has been absent in it until now. In
astrophysics, it therefore allows us to assert that the in-
teger values of the quantity in formula (17) correspond
to mutually invisible parallel universes'®, since they are
relative to each other beyond the event horizon, and its
non-integer values correspond to portals between such
neighboring universes. And the invisible Multiverse
containing these parallel universes has a spiral struc-
ture.

In other cases, described by other mathematical
formulas containing imaginary numbers, other objects
of the invisible world will correspond to them, Deter-
mining the specific nature of these objects will require
further specialized research. The research will signifi-
cantly define the content of future science.

5. Conclusion

In the article by simple researches of transients in
linear electric circuits, carried out before publication
of results of extremely difficult and expensive, but un-
successful experiment OPERA, the physical reality of
imaginary numbers is proved and, consequently, the
fundamental principle of non-exceeding the speed of
light in the generally recognized version of STR is re-
futed. And therefore, it is asserted that the version of
STR stated in all physics textbooks used in the educa-
tional process of even the most prestigious universities
is incorrect [16]-[72].

The existence of physically real imaginary num-
bers, discovered 500 years ago, shows that besides our
visible world there is also a bigger, but invisible and
unknown to us world. And cognition of physical es-
sence of this invisible world will become the main
problem of science of the future [73]-[96]. Moreover,
this problem is now in relativistic physics astrophysics,
overcoming the resistance of opponents, is already
solved. And that's fine. One of the most authoritative
philosophers of science of the 20th century Sir Karl
Raimund Popper [97] wrote on this occasion that "...the
struggle of opinions in scientific theories is inevitable
and is a necessary condition for the development of sci-
ence". l.e., the development of science is possible only
as a result of identifying incorrect statements in existing
theories and their subsequent refutations [98]-[104].

This article identifies such false statements and
demonstrates how the incorrect (due to the use of the
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erroneous postulate of light speed non-exceedance)
version of the STR can be corrected.
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Abstract

The paper presents the main scientific and practical results obtained by the scientists of the Dnipro Polytech-
nic Institute in 1992-2022. The basis of the proposed physical and mathematical model, taking into account quan-
tum mechanical laws, is the discovered new mechanism of ignition of metal azides by a laser monopulse, due to
the structural destabilization of the crystal lattice when heated by radiation of optical microinhomogeneities. At-
tention is focused on the developed new methods for measuring the sensitivity of explosives and the parameters
of the mechanical action of explosion products. The dependence of the sensitivity of explosive compounds on the
mode of formation in the volume of the material and the conditions of unloading the samples of the substance was
experimentally revealed. Light-sensitive explosive composites have been developed, the sensitivity of which to
the action of a laser monopulse is an order of magnitude higher than that of heavy metal azides. The scientific
basis for the use of the laser initiation method has been developed to solve the problems of obtaining profiled
detonation waves, explosion welding, metal hardening, creation of optical systems for initiating explosive charges,
testing material strength and stability of structures subjected to mechanical loading pulses. To improve the safety
of blasting operations, experimental samples of the optical initiation system and new means of detonating explo-
sives were created.

AHoTanis

B po6oTi HaBeIeHO T0JIOBHI HAYKOBO-IIPAKTHYHI PE3YJIbTaTH, OJIepKaHi HAayKOBLSIMH J{HIIPOBCHKOT MOJTiTEX-
HikH 3a 1992-2022 poku. B ocHOBI 3anponoHoBaHoi (i3WKO-MaTeMaTH4HOI MOJIENl 3 ypaxyBaHHSIM KBaHTOBO-
MEXaHIYHUX 3aKOHOMIPHOCTEH JIC)KUTh BUSBICHUN HOBHH MEXaHI3M 3aIajfOBaHHs JIA3CPHUM MOHOIMITYJIbCOM
a3uiB MeTaniB, OOYMOBICHHU CTPYKTYPHOIO eCTaOiLTi3alli€0 KPUCTATIYHOI PEUITKH TPU HArpiBaHHI BH-
MPOMIHIOBaHHSIM ONTHYHUX MiKPOHEOIHOPIMHOCTEH. AKIIGHTYEThCS yBara Ha pPo3pOOJICHHMX HOBHX METOJIUKAX
BUMIPIOBaHHS 9yTIMBOCTI BUOYXOBHX PEYOBHH i MapaMeTpiB MEXaHIgHOI Aii MpoAyKTiB BHOyXy. ExcriepumMen-
TaNBHO BHSIBIICHO 3aJIC)KHICTh YYTIMBOCTI BHOYXOBHX CIIONYK BiJl PEKHMY OCBITICHHS B 00’€Mi Marepiany Ta
YMOB PO3BaHTaKEHHS 3pa3KiB pedoBUHH. P03p00IeHO CBITIOUYTIIMBI BUOYXOBI KOMITO3UTH, Yy TIUBICTh SIKUX IO
i1 Ta3epHOr0 MOHOIMITYJIBCY Ha MOPSAIOK MepeOUTbITy€e Iy TIANBICTS a3U/IiB BAXKKHUX MeTaliB. Po3po0ieHi HayKoBi
OCHOBH BUKOPHCTAHHS JIA3€pPHOT0 METO/Ia 1HIMIFOBaHHS JUTS BUPIIICHHS MPOOJIeM oJiepKaHHs MPOo(iThbOBaHUX JIe-
TOHAIIHHUX XBWJIb, 3BAPIOBAHHS BUOYXOM, 3MIIIHEHHSI METAJIIB, CTBOPEHHS ONITUYHUX CUCTEM IHILIFOBaHHS BUOY-
XOBHX 3apfAfiB, BHIIPOOOBYBaHHSA MIITHOCTI MaTepiady Ta CTIHKOCTI KOHCTPYKIIH, IO CIPHAMAIOTh A0 Me-
XaHIYHHUX IMITYJIbCiB HaBaHTaKeHHsI. JIJis miaBHUIEHHS O€3MeKH MPOBeIeHHsT BUOYXOBUX pOOIT CTBOPEHI eKcIie-
PUMEHTAJIBHI 3pa3KH ONTUYHOI CHCTEMH iHIIIFOBAaHHS 1 HOBI 3aCO0M ITiApUBaHHS BUOYXOBUX PEUOBHH.

Keywords: explosive, optical initiation system, laser pulse, detonation.
KaiouoBsi ciioBa: BHOyxoBa pe4oBHHa, ONITHYHA CHCTEMA IHII[IFOBAHHS, JIA3EPHUH IMITyJIbC, IETOHALLIS

1. BCTYII
Icropist mocnikeHb 1a3epHOTO iHINIIOBAaHHS BU-
OyXOBHX pEUOBHH JIa3€PHUM BUIIPOMIHIOBAaHHSM HOYH-
HA€ETHCS y IICTACCATHX POKAX MHUHYJIOTO CTOJITTS [1-
7]. B Ykpaini 1ochikeHHs y I[bOMY HaIPSIMKY BHKO-
HYBAJIHCA 3 IOYAaTKy CIMIECATHX POKiB B [HCTUTYTI Te-
xHiyHOT MexaHiku AH YPCP [8-11], a3 1992 p. —y

JIHINpONeTpOBCHKOMY TipHHYOMY IHCTHTYTI (3apa3
HamionaneHuii TexHiYHNI yHIBepcUTET «J{HINMpOBCHKA
noJiTexHika»). BuUBUeHHS 3aKOHOMipHOCTEH (i3nKo—
XIMIYHUX TIPOIIECiB, IO MPOTIKAIOTh MU Ja3epHii ail
Ha BuOyxoBi peuoBunu (BP), cnHTe3 HOBHX CBIiTIIOUY-
TIMBUX BUOYXOBUX KOMIIO3UTIiB, pO3p00Ka HOBUX 3aCO-
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6iB miapuBaHHs 3apsaaiB BP Ta HOBO1 TexHOJIOTIi BUKO-
HaHHS MAPUBHUX POOIT i3 3a0€3MeYSHHSIM YMOB BHCO-
K0T O€3MeKH Ta BUCOKOT TOYHOCTI HaOyBae yce OLIbIIol
aKTyaJIbHOCTI y pO3BHHEHHUX KpaiHax cBity [12, 13]. In-
TeHcuikaiis JOCTiHKEHb Y I[bOMY HAMPSAMKY € 00y-
MOBJIEHOIO SIK YHCTO HayKOBUM IHTEPECOM [0 SIBHUIIA
30y/DKEHHS IIBUAKOT XIMIYHOT peakuii y BHOYXOBHX
pEUYOBUHAX, TaK i MPAKTUYHUMH 3alIUTAMHU PSLy rairy-
3¢l TPOMHCIOBOCTI. BHKOpHCTaHHA Ja3epHOTO BH-
MIPOMIHIOBAaHHS 3 METOIO OCIIKCHHS MPOIIECiB 3ama-
moBaHHA BP 103BosII€ NpOBOANTH €KCIEPUMEHTH IIPU
CYBOpPO KOHTPOJIBOBAaHMX NapaMeTpax, CTEKUTH 3a iX
PO3BHUTKOM Y 4aci MpH pi3sHOMaHITHUX 30BHIITHIX YMO-
Bax. Ha BiMiHYy BiJl TpaJulliiHUX BUIIB (hi3UKO-Me-
XaHIYHUX 1iit aii Ha BP, mo BukopucroByoTscs (yaap,
TEPTsl, YKOJI, BOTOHb 1 T. iHIIL.), TapaMeTpH J1a3epHOi il
MOXKHA BHUMIPSATH 3 BEJHMKOIO TOYHICTIO, @ TaKoX
3MIHIOBAaTH iX y mMpokoMy iHTepBaii. Tak, Hampu-
KJ1aJl, IPY BUKOPHCTAaHHI IMITYJIbCHUX ONITUYHHUX KBaH-
toBux reHeparopiB (OKI') TpuBamicTe Ja3epHOTO iM-
yJIbCy MOYHA BapiloBaTu B Mexkax Bin 1075 ¢ mo 10~
% ¢. PeanizyBaTu iMIyJIbCH Ail, siki kopoTiti 32 106 ¢ in-
MIAMH CIIOCOOaMHU HEMOXKIIMBO, a TOMY METOJI Jia3ep-
HOTO 3alaIFOBaHHS BiIKPHBA€ HOBI MOMJIMBOCTI JJIS
ORI TTOBHOTO AOCIIKEHHSI MEXaHI3My 1HILIFOBaHHS
ximivyHOT peakuii y BP.

[TpakTHYHUM BUKOPHCTAHHSIM JIa3epHOTO 3aria-
JIFOBAHHSI € CTBOPEHHS MEPIIUX 3pa3KiB ONTUYHOI CHC-
TemH iHinitoBanHs 3apanis BP — OIICIH [14-18], po-
00Ta SKMX 3HIHCHIOETHCS 332 paxXyHOK Iepeaadi Jiazep-
HOTO BHIIPOMIHIOBAHHS CBITJIOBOJIOKOHHMM KaOelem
IO BUKOHABYMX CIIEMEHTIB — 3ac00iB IiApHUBaHHA, 400
Kpi3b NOBITpAHY atMochepy. Taki ccTeMu MaloTh Be-
JIUKY CTIHKICTh JI0 €IIEKTPOMATHITHUX HaBEICHB i MO-
JKYTh BUKOPHUCTOBYBATHCSI IIPH IPOBEACHHI BHOYXOBHX
poOiT y OyIiBHUITBI, BUIOOYBaHHI KOPHCHUX KOTIATTHH
y BIIKPHTIH Ta miI3eMHIH PO3poOKax, MalnHOOymy-
BaHHi Touo [19-23]. IIpy npakTHYHOMY BUKOPHCTaHHI1
eHeprii BUOyXy B IMpoIlecax 3BapiOBaHHS, Pi3aHHS,
[ITAaMITyBaHHS Ta 3MIIJHEHHS METaliB, IPECyBaHHs MO~
POLLIKIB, JIETOHAILIIHHOTO Ta YAapHO—XBUIILOBOTO CHH-
Te3y HAATBEPIUX MaTepiamiB i T. iHII. BHHUKAE IMOT-
peba y ¢popmyBaHHI 3aJaHUX MPOQLTIB AETOHALIHHIX
Ta yIapHHUX XBWIb. TeXHIYHI TPYIHOIII, III0 MAIOTh Mi-
CIIe TIPU BUPINICHHI MMOI0OHMX 3a1a4, TIOB’ sI3aHi 3 00Me-
JKCHHM apCEeHAIOM 3aco0iB iHIIIFOBAHHS, Cepell SKHX
HAMOLTBII TOMIMPEHUMH € KaIlCyi-JeTOHATOPH, CIICK-
TPOJIETOHATOPH, JIETOHYI0UI IHypu. Hemonikom nepe-
paxoBaHUX 3ac00iB € Te, 110 NpPHU iX BUKOPUCTAHHI Je-
ToHamis B 3apsanai BP moumHaeThest B MICHAX PO3Mi-
meHHs Imx 3aco0iB. OpHowyacHe — 30yIDKEHHS
JIeToHamiiHOI XBWIIi (a, OTKe, 1 yAapHOI XBHJI B MaTe-
piaJii) Ha BEMKIH IO YM IOBEPXHi CKIagHOI (hopMu
JI0 HETaBHBOTO Yacy OyJo abo He 3iCHEHHNM, 200, Y
KpalloMy BUIIAJKY, HOB’S3aHE 3 BEIUKUMHM IPAKTHU-
HHUMHU TpyAHOIIaMu [24-29].

Benuky akrtyanpHicTh HaOyBarOTh OCTaHHIM 4a-
COM JIOCJTIJDKEHHS MIITHOCTI Ta CTIHKOCTI KOHCTPYKIiH,
SKi CIIPUHMAalOTh HaBaHTa)XEHHS YAApHOTO i BUOyXO-
Boro Ttumy [26-30]. Ix po3BuTox 06yMOBIEHHIT 3amH-
TaMH psAy Talxy3eil HOBOi TeXHIKH, CyAHOOYTyBaHHS,
EHEepPreTHYHOr0 MAaIIMHOOYIyBaHHs, MPOMHCIOBOTO
OyniBaunTBa. Ilpomecn HecTamioHapHOT B3aEMOJIIT

€JIEMEHTIB KOHCTPYKITiif 3 HABKOJUIIIHIM CEpEIOBHIIEM
BITHOCSTHCS 10 HAWOUIBII CKIAHUX HAYKOBUX 1 TEX-
HiYHUX 3a71a4. [1IBuaKa 3MiHa mapameTpiB y yaci, Has-
BHICTh XBHJIbOBHUX ()POHTIB, BAHUKHEHHS TIACTUYHUX
30H y Marepialli — yce e YCKIaJHIOE TPOBEJCHHS PO3-
PaxyHKIB 1 3MyIIIy€ 3BepPTATHCS 10 PO3POOKH EKCIIepH-
MEHTAJILHUX METOJIIB JIOCIIPKEHb, HA OCHOBI SIKHX MO-
JKHA OZIepP>KyBaTH HEOOXiTHI JaHi PO MOBENIHKY THX
YH IHIIAX 00’ €KTIB.

2. AHAJII3 TEOPETUYHHUX TA
EKCIIEPUMEHTAJIBHUX JOCJILIKEHb
3AITAJIIOBAHHSA BUBYXOBHUX PEHOBUH
IMITYJIbCOM CBITJIA

BuBuenns mpouecy 3anamoBanHs BP immynbc-
HUMH{ CBITJIOBUMH IOTOKaMH po3mnoyanocs y 60-ti
poku. BukopucroByBammcsl JpKepena CBITJIA CYIiJb-
HOTO CIEKTpa, TPUBAIICTh IMITYJIBCIB SKHX 3HAXOH-
nacs B mexax 1073-10% c. Bupuanucs asunu cpibna ta
CBUHIIIO, TCH, CTU(HAT CBUHIIO, Ta iHIII BHOYXOBI pe-
YOBHHU. 3 METOI0 3°sICyBaHHS MEXaHI3My 3allaiio-
BaHH: Oynu BUMIpsHi criekTpu psny BP. [Tokazano, mo
OUTBIIICTH 13 HUX MPO30pi B ONMM3bKill iHQpadepBoOHii
Ta BUAUMIN IUISHKAX CIEKTPa, 1 AyXe MOTIMHAIOTH
ynbTpadioneToBe BHUIPOMiHIOBaHHS. JlaHI BHMipro-
BaHHS CIEKTPAIbHUX KOCQIII€HTIB MOTIMHAHHS IO-
3BOJIMJIY 3aIIPOTIOHYBATH TEIJIOBUI MEXaHI3M 3allato-
BaHHSI, 3TIIHO SIKOMY CBITJIO YJbTPadioneToBoi misis-
HKH CIIEKTpa MOTJINHAETHCS B TOHKOMY ITOBEPXHEBOMY
mapi BP, Bukimkae #oro HarpiBaHHsI, SIK€ JHOCTaTHE
JUTs 30y DKeHHsS XIMIYHOT peakiiii. Pe3ynpratu ekcre-
PUMEHTIB 100pe Y3romKyIOThCs 3 TEIUIOBOIO TEOPI€I0
3anamoBaHHsa BP.

3 TOSABOI0 ONTHYHUX KBAHTOBHUX TI'E€HEPATOPIB
(OKT') moganocs mociipKeHHS MPoIiecy 3amalioBaHHS
IMITyJIbCHUM Ja3epHUM BUIIPOMIiHIOBaHHSM. BinbiricTh
€KCIIEPUMEHTIB IIPOBEAEHO 3 BUKOPUCTOBYBAHHIM Ha-
HocekyHIHUX (1=20-50 Hc), mikpocekyHaaux (1=0,5—
0,7 MKC) Ta MIiNICeKYHIHHUX IMIYJbCIB HEOJIUMOBOTO
(A=1,06 mxm) i pybiHoBoro (A=0,69 mxm) na3epis. He
JIUBJIIYNCEH Ha T€, 0 OUILLIICTE JoCipKkeHux BP cia-
Oxo morimHaTh BunpomiHoBanHs ux OKI, onep-
»KaHi B psizii po0iT 3HAYSHHS] KPUTUYHOT TYCTUHH €Hep-
ril BUSBUIIUCS MTOPIBHSAHUMHU 200 MEHIIMMHU BiJl BiAIO-
BIJIHUX BEJIMUMH JUIS JDKEpeNl CYLIIBHOTO CIIEKTpa.
UyTtnusicts OpuzanTHuX BP, sk ciin i Oyino ouikyBaTH,
HIKYa 9yTIUBOCTI iHiMiforounx. KpiM mporo, gyTim-
BicTs BP 110 mii pyOiHOBOTO Ta HEOIMMOBOTIO JIA3EPIB Y
MeXax TOYHOCTI EKCIEepPHMCHTIB CIIiBIIAJAIOTh, a
BIUIUB MOJIOBOI CTPYKTYpH BHIIPOMIHIOBaHHS Ha 4yT-
JIMBICTh HE3HAYHUH.

OcoOJMBICT iHIIIFOBaHHS BTOPUHHUX BP moss-
ra€ B TOMY, IIO MPOIECY iHILIIOBaHHS CIPUSE HAsB-
HicTh MoONM3y moBepxHi BP cxistHOl miactunwm, sika
YTPYIHIOE PO3JITaHHS NMPOIYKTIB PO3Iaay PEUOBHHU,
IHIIUMH CIIOBaMH, Ta30IMHAMIYHIHA PO3MIT MPOIYKTIiB
po3najy € NOTY)XKHUM (pakTOpPOM TaciHHS Mpolecy 3a-
TIaJIfoBaHHs. [HIIa CUTYyAIlisl CIIOCTEPIraeThesl MpH iHi-
uiroBanHi BP, 1m0 3naxonsaTees min TuckoM. [lpu npu-
THCHEHHI 3pa3kiB BP 1o ontuuHoro ckia 4yTiauBicTh
MIEpBUHHUX Ta BTOPMHHUX BHOYXOBHX PEYOBHMH 3pOC-
tae. JIo TOro *, npu Psg, ~10° [Na uyTnuBicTs BTOpHH-
Hux BP crae mopiBHAHOIO 3 YYTJIMBICTIO HE HaBaHTa-
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skeHuX iHimitorounx BP [31]. ¥V Bunaaky BiZMOBH BH-
Oyxy He CIoCTepiraeTbes SKUX-HeOYab CITiIB il J1aze-
pHOTO iMIyNbCy Ha MaTepiai. KpiM mporo, st a3uisB
CBHHIIIO Ta cpibia OyJ0 BHSABJICHO TiCTEPE3UC 3aJIEK-
HOCTi Eip (Psos ), AIKHI MOJISATAE B TOMY, IO MPH CIIa-
JaHHI TUCKY 1 mojanbIuiil Ja3epHii aii BenuuuHa Ep
3aJIMIIAETHCSl Ha DIiBHI, 110 BIAINOBIZa€ MaKCUMalb-
HOMY 3Ha4eHHIO TUCKy. J{ns inmmx BP ricrepesuca ne-
Mae. [Ipu cragasHi THCKY 9y TIUBICTD BiTHOBIIOETHCS.
Jannii epeKT He MOSICHIOETHCS KIIACHIHOIO TEOPI€I0 3a-
MaJFOBAHHS.

VY psai po0it 3pobieHi cripobu mocmigutu (ax-
TOpH, SIKi BIDIMBAIOTH Ha 9yTiuBicTh BP mo mii mazep-
Horo immyibcy. €.1. OnekcaHIpoB mokasas, IO HPH
HarpiBaHHi a3uay cBUHIIO 10 150°C wyTnuBicTh He-
3HAYHO 30UIBIIY€ETHCS NPH i1 MUTICEKYHIHUX IMITYJIb-
CiB 1 3JIMIIAETHCS] HE3MIHHOIO TIPH i1 MraHTChKHUX iM-
mynbsciB (t ~30 He). [Hma crnpoba 3MiHM Yy TJIMBOCTI
NOB’si3aHa 13 yBeNeHHsAM y 3pasku BP mornmHaroumx
J00aBOK y BUMIISAIL APIOHOAMCIEPCHUX MOPOUIKIB Me-
TaJliB, OKUCIIIB METalliB, caxi. EKCIEpUMEHTH TOKa-
3aJTd, 1[0 YyTIUBICTh OpuszanTHUX BP mimBumiyetbes,
SKIO peakilis B3aeMoii mapiB momimok 3 BP € ex3o-
TEPMIYHOIO. YBEACHHS MOMIMIOK B iHimitoroui BP He
BHOCATH TIOMITHOTO BHECKY B IIPOLIEC iHIilliFOBaHHS,
SAKAH y NaHOMY BHIAJKy BH3HAYAETHCS IOBEIIHKOIO
camoi BP [32-34].

Ha ocHOBI ofep)kaHMX €KCIIEpHMEHTAIbHHUX pe-
3yJIBTATIB JIESIKUMU aBTOpaMH OyJI0 3alpoNOHOBaHO
JIeKiIbKa MeXaHi3MiB J1a3epHOro 3anairoBaHHs BP.
[TpoBenenuii HUIMU aHaNi3 HUX MEXaHi3MiB, 3po0JIeHi
OLIIHKM NOKa3aJiy, 1110 iHinitoBaHHs BP 3a paxyHok cBi-
TJIIOBOTO YIapy, BUMYILIEHOTO po3citoBaHHs MaHzaeib-
mramMa—bpuitoeHa HEMOXIIKMBE, TOMY IO IIPU OCBIT-
JICHHI peYOBUHN BHHUKA€ THUCK Ha JIEKUJIbKa MOPSIKIB
MEHIIUH Bl HeoOXimHOTO. [HiNiFOBaHHS NUIIXOM (oO-
TOXIMIYHOTO PO3KJIa/ly HE MOXKE 3AIHCHUTHCS Y 3B'I3KY
3 HETOCTaTHIMH JUTSI ITbOTO CHEPTisAMH KBaHTIB. OIiHKa
posirpiBy nosepxHeBoro mapy BP nokaszana, mo npu
T Ha a3u]] CBUHIIIO JIA3€PHOTO IMITYJIbCY 3 KDUTHYHOIO
T'YCTHHOIO €Heprii Temmeparypa MOBEpXHI IiBHIILY-
eTbesi Ha ~2°C, a ToMy 1ieli pakTop He Moxxe OyTH rpu-
yrHOK miapuBy [35]. lllogo BropunHux BP, po3sirpis
MOJKE PIBHATHCS JCKIIBKOM THUCSYaM I'PaayciB, OJHAK,
ra3oJlMHaMiuHe pO3JIITAHHS BHUIAPEHOT PEYOBHHU HE
JIO3BOJISIE TIOCATHYTH LIBOTO. [HIIII MEXaHI3MH TaKOX HE
BIATIOBIJAIOTH EKCIIEPUMEHTAIBHUM JaHHM.

Haii0inpm oOTpyHTOBAHOKO TINOTE300 3aIlaro-
BaHHiI BP immymscom OKI', 3ampononoBanor 10.0.
KapabanoBumMm, €.1. OnexcannpoBum, € TimoTesa, 3Ti-
JIHO 3 SIKOIO 3aIlaJIIOBaHHS BUHHUKAE B OCEpelKax, SKi
BUHHKAIOTh IIPH NOTJIMHAHHI BUIIPOMIHIOBaHHS OTITHY-
HUMH MiKpOHEOJHOpimHOCTAME. TakuMu ocepenkamu
MOXYTh OyTH CTPYKTYPHI HEOZHOPITHOCTI PEYOBHHU
(BakaHcii, HarpOMaPKEHHsI AUCIOKAIIN Ta iHIL), 9y-
KOPIJIHI BKITIOYECHHS, XIMiuHi JoMimku. Bukopucroy-
104 1€ NPUITYIIEHHS], BIA€THCS JOBECTH MOXKIIMBICTH
iHimilOBaHHA XiMiyHOI peakuii BropuHHHX BP, mpore
3aJIMIIAETHCS HE BUSICHEHOIO 3aJIeKHICTh KPUTHYHOL
TYCTHHM €HEeprii 3arajioBaHHs BiJl 30BHIIIHBOTO TH-
cky. [llono ininirorounx BP, To rimoTesa ocepeaxoBoro
3amaJIroBaHHs HEAOCTATHS IS IOSICHEHHS SIBUILA 3ar1a-
JIFOBaHHS, TOMY III0 TEMIIepaTypa po3irpiBy BKIIOUEHb

HWK4a BiJl HeoOXimHoi [35].

Y3aranpHIOI0UH Pe3yJIbTaTH EKCIEPHUMEHTAIBHIX
JIOCIIIJKEHb, TEOPETUYHUX PO3PaxyHKIB Ta OLIHOK,
3po0iieHi Taki BUCHOBKHU: | — yyTiiuBicTs BP minsuiry-
€THCSI TIPU 30UIBIICHH] MIBUAKOCTI BBEJCHHS B peyo-
BUHY J1a3epHOI eHeprii i pi3Ko 301JIbLIYETHCS TIPH 30B-
HIIIHBOMY X HaBaHTAXXCHHI a00 0OMEXEeHHI pyXy ra-
30B0i (azu; 2 — MiABUILEHHS [T0YaTKOBOT TeMIIEpaTypu
BP Ta yBemeHHs MOTIHMHAIOUYMX HO0OABOK HE CIIPHSE
TABUIIECHHIO YyTIUBOCTI iHinitorounx BP npu nii Ha-
HOCEKYHIHUMH Ja3epHIMH IMIyJIbcaMu; 4 — BUOYXOBI
PEYOBUHH € CITa0KO TOTIMHAIOYUMHE MaTepiadaMu IS
BHIIPOMIHIOBAHHSA 3 JOBXHUHOIO XBWIb 0,69, 1,06 MkM;
5 — npouec iHINIIOBaHHS CYTTEBO 3aJICXKUTh BiJl yMOB
OCBITJICHHS 00’€My PCUOBHHH; 6 —3aIPOIIOHOBaHI Me-
XaHi3MH 3anaitoBaHHs BP He BiAMoBinaroTh ekcrepu-
MEHTAJILHUM JaHMM; IJIs iHimiroBaHHS BP HalGiabIn
nouinbHo BukopuctoByBatd OKI' Ha HeogumoBoMy
CKJII, TaK sSIK eHEPreTUYHI XapaKTepPUCTUKH TaKHX Jia3e-
PpiB BUII Bix pyOiHOBHX.

BigHOCHO TNpPaKTHYHOTO BHKOPHUCTAHHS METOMY
na3epHoro iHimiroBanHsA BP, To mpoBeneHuit Hamu aHa-
Ji3 YUCIICHHHUX TNAaTEHTIB II0Ka3aB, IO POOOTH y Aa-
HOMY HAmpsMKY ITOB’s3aHi, B OCHOBHOMY, i3 po3p00-
KOI0 ONTHYHHUX CHCTEM IHIIIOBaHHS MipOTEXHIYHUX
3aco0iB. Oanak BP, mo BukopucroByBajucs, MaloTh
HU3bKY 4YyTJIMBICTh, a ToMmy peainizauiss OIICIH Ha
MIPaKTHILI € He JOLIIBHOIO, a Y JeSKMX BUIAJKax B3a-
raji HeMOKJIUBOIO.

3. TEOPETUYHI JOCJIIKEHHS ®I3UKO-
XIMIYHHUX ITPOLECIB,

IO IMTPOTIKAIOTH ITPU JIASEPHIM JIi HA
BUBYXOBI PEHOBHWHMU.

TumoBuM edekToM ii IMIyNIbCy JTa3epHOrO BH-
MIPOMIHIOBaHHS Ha NPO30Pi PEYOBHHHU € PYHHYBaHHS
Marepianxy OUIIXOM CTBOPEHHS TPIlllMH Ta KaBepH. Ha-
BiTh y Jy’K€ YMCTHX MaTepiajiax ONTHYHI MiKpOHEO.I-
HOPIJJHOCTI CYTTEBO BILUIMBAIOTH HA B3aEMOJIIIO BUIIPO-
MIHIOBaHHS 3 PEYOBMHOIO, TOMY IO BOHH € OCepel-
KaMHU MiKpOpyHHYBaHb.

[TornuHaHHS J1a3epHOTO BUIIPOMIHIOBaHHS BH-
KJIMKa€ HarpiBaHHs MIKPOHEOIHODIIHOCTEH, a TaKoXK
HaBKOJIMIIHBOTO CEPEAOBHIIA 32 PaXyHOK 3BHYANHOI
TETUTOTIPOBITHOCTI, TIPX IIbOMY, HAarpiBaHHSI MOXeE CY-
MIPOBOKYBATHCS (ha30BUM MIEPEX0/IOM IUIABICHHS Ma-
TepialliB BKIIOYEHHs T4 HABKOJIMIITHHOTO CEPEAOBHIIIA.
Ouinku noka3zyots [31, 36-39], o y nepuiomy Habu-
KEHHI MOXHA 3HEBR)XUTH BTPaTaMHM TeIuia Ha (ha30BHi
nepexin. s OpuzantHux BP, 3ananroBanHs sIKux 3a-
JISKUATH BiJ] HASBHOCTI BIIbHOI MOBEpPXHi, HAHOIIBII
CYTTEBHUM € ypaxyBaHHS sIBUIIIA CTBOPEHHS 33 paXyHOK
TEPMOHAIPY)KeHHS MikpoTpinuH. HarpiBanus 10 TeM-
nepatypu ~100°C BUKIIMKAE NOSBY HANPYKEHb, SKi 110-
PIBHIOIOTBCS 3 MII[HICHUMHU XapaKTEPUCTHKaMHU peyo-
BUHH.

Po3kpuBaHHS MIKPOTPIIMHU 3IHCHIOETBCS 3a
CYTTEBO MeHIINi 9ac (~1 HC), HIX TpUBAJICTH Jla3ep-
Hoi z1ii (~30 HC). A ToMy 3 aHaJI3y MPOLECY JIa3EePHOTO
iHinitoBaHHs Opu3aHTHUX BP ciif 3po6uTi BUCHOBOK,
10 YTBOPEHHS MIKpPOTPIIIMHN BUKJIHMKA€E€ BHUIAPOBY-
BaHHs BP abo marepianmy BKIIIOYEHHS, IO HEMHHYyYE
MIPUBOINTH 0 3pHBY 3amamoBaHHs. Lli MipKyBaHHS 10-
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3BOJIMUTM 3ANPONOHYBATH TaKy MOJEIb JIa3epHOTO 3a-
naxroBaHHsa Opu3anTHUX BP: B pe3ynbrari tazepHoi mii
pO3IrpiBarOThCSI MIKPOHEOJHOPIAHOCTI, TEIIO0OMIH
SKHX 13 HaBKOJMIIHBOIO PEYOBHMHOIO BHKJIMKAE 3ama-
nroBaHHs BP, sIKII0 710 IbOTO MOMEHTY HE YTBOPHIIHCS
MmikpoTpiumau [40-45]. [HIIMME CIOBaMH, TPILHMHOY-
TBOPEHHSI PO3IIIAAA€ThCS K (PAKTOp raciHHs IpoLecy
3araJoBaHHs.

MaremaTiyHa 3aa4a 3BOAUTHCS JI0 HACTYITHOTO.
B Oe3MmexHill pedoBHHI, sKa 37aTHA IO E€K30TepMid-
HOTO TIEPETBOPEHHS, 3HAXOAWUTHCS iHEpTHE chepryHe
BKJTFOUCHHS PaJiiyCOM I, AK€ MOTIIHAE JIa3epHE BUIIPO-
MIHIOBaHHs. BBajkaeThbCs, IO MATPHIL MPO30pa st
BUIIPOMIHIOBaHHS Jla3epa . BennunHw, mo xapaxkrepu-
3yI0Th Temo(i3n4Hi Ta MeXaHiYHI BIACTUBOCTI peyo-
BUHM NPUHAMAaIOThCS He3MiHHMMH. CHCTeMa pPIBHSHb
CKJIQIA€THCS 3 PIBHSHHS TEIUIONPOBIIHOCTI ISl BKIIIO-
YEHHS 3 TEIUIOBUIUJICHHSM, 1[0 BH3HAYAETHCS Iepepi-
30M IIOTJIMHAHHS ONTHUYHOI MIKPOHEOJHOPIIHOCTI Ta
PIBHSHHA TEIUIOMPOBITHOCTI IS MATPHIIi, SIKE BPaxo-
By€ XIMIYHE TEIUIOBHIUICHHS IO 3aKOHY AppeHiyca
HYJIbOBOTO TOpAAKY. [l BUpIIEHHS 3a7adi BH3HA-
YEeHHs TEPMOHAIPYKEHb PO3TIIAAETHCS NPy KHO—TIIa-
CTHYHE CEPeAOBHIIC. YHACTIIOK [EHTPAIBLHOI CHMET-
pii TOJIOBHI HANPSIMKH HANpy>KCHb HE 3MIHIOIOTHCH, a
KOMITOHEHTH HAaIPaBJIAI0YMX TEH30PIB HANpy>KeHb Ta
nedopmaniii € craauMu. A TOMY BHUKOPHUCTOBYETHCS
TEOpis MaJIUX HPYXKHO-TUIACTHYHUX Aedopmariit. [Tpu
pO3paxyHKax HaNpy»KEHOTO CTaHy 4ac PO3IIISAAETHCS
SIK TIapaMeTp, TAKUM YHHOM BUKOPHCTOBY€ETHCS KBa3ic-
TaTHYHE HAOMKeHH:. PillleHHs crcTeMu piBHSIHD, SKa
BKJIIOYA€ PIBHAHHA piBHOBArw, 3akoH ['yka, yMOBYy Cy-
IIUIBHOCTI PEYOBMHH ITYKA€THCS B HANpYykeHHsX. [Ipu-
MYCKa€ThCA, 1110 MK BKITIOUEHHSIM Ta MaTPHILEIO iICHYE
MeXaHiYHe 3UeIICHHS, @8 TOMY BUKOHYETHCS] yMOBa He-
MEepepBHOCTI PafiNIbHUX NEPEMINIeHb Ta HAIPYXEHb.
3aJIeXkKHICTh MIXK IHTEHCHMBHOCTSIMU HAlpYXeHb Ta Jie-
dbopmMariiii € y3araJbHEHHSM JiarpaMyd PO3TATAHHS 1
Ma€ TO¥ ke BUIIISAA. Y JaHii MOCTAHOBIN 3aaa4i ojep-
JKaHO aHAIITHYHE PIILICHHSs, SIKE J03BOJISIE PO3PAXOBY-
BaTH TEPMOHAIPYKEHHS SIK Y HaOJIMOKEHHI Teopii npy-
JKHOCTI, Tak i Teopii miactuunocti [33, 42, 43].

Jnst BU3HAYECHHS 3aJIEKHOCTI mHepepily IOIu-
HaHHA BiJI pajiyca BKIFOYCHHS 3aIIPOIIOHOBAHO ITiIXi],
skuii 0a3yeTses Ha Teopii Mi. Po3cisiHe 9acTHHKOIO BH-
MIPOMIHFOBAHHS TA€THCS Y BUTILAIL CYTISPITO3HIIIT TIOTIB
MYJIBTHUIIONIB, 1HAYI[bOBAaHUX I1aJal0Y0I0 XBWJICIO Ha
YaCTHHIN. MaTeMaTH9HO 1€ BUPAXKAETHCS 301KHUM Psi-
JIOM KOMIUIGKCHUX OCIMIIOIOYUX (YHKIIIH, SKi 3ae-
XKaTh BiJ mapameTpa andpaxmii x=2mro /A Ta KOMIUIEK-
CHOTO TIOKa3HWKa 3ajJoMiIeHHS m=n—ik. 3anexHicTh
nepepisy MOTIMHAHHA BiJl X Ta m 3aKjaJeHa B CIieria-
JTHHUX QYHKIISMX — KoedimienTax Mi, siKi 3HaXOASIThCS
3a nonomororo QyHknid Pikati—beccens pekypeHt-
HUMH CIiBBiTHOIICHHSMHU. [1711 BU3HAUYeHHS Koedirie-
HTiB Mi cTBOpeHa KOMI'IOTEpHa Mporpama po3paxyH-
KkiB [37].

Bupimiena 3aaua j1a3epHOrO 3anallfoBaHHS BTO-
PUHHHMX BHOYXOBHX PEUOBHH Ha NPHKJIAAi TEHA, KU
yMilye ByTieneBi BKIO4YeHHsA. Kpurepili 3amamo-
BaHHs1 MepkaHOBa, 3TiHO 3 SKUM 3alalllOBaHHS BUHHU-
Ka€ B TOW MOMEHT, KOJIU HIBUAKICTh TEIIONPUXOY BiJ

30BHIITHLOTO JKepena (BKIIOYCHHS) 1 MIBUAKICTH TETI-
JIOBUIUICHHS BiJl XiMIYHOI peakiii 3piBHIOIOTHCS, JI0-
TIOBHEHO BUMOT0I0, 11100 MaKCHUMAJIbHI PO3TSATyBaJIbHI
Hanpy>XeHHs HE NEPEBUIILYBalI MEXY MIIHOCTI peyuo-
BuHH [33, 34]:

-Mro)?(dT/dr) < koQ
b 2
[exp(— E, /RT(x,t))xdX, 4 <o,
o

ne A-koedimieHT TerumonposigHOcTi, k, Q, Ea —
MIPEIEKCIIOHEHT, KAJIOPIHHICTD Ta €Hepris aKTHUBaIil
BiANOBigHO. BpaxoByioun, Mo TPUBAIICTH JIA3EPHOTO
IMITyJIbCY Habarato IEpeBHIIYE XapaKTepHy TpHBa-
JCTh YCTaHOBJIEHHS TEMIIEPATYPH BKIIFOUEHHS (To)? / &
(& - xoedimieHT TemmepaTypoNpoBiqHOCTI), cHCTEMa
PIBHSHB TEIUIONIPOBIIHOCTI 3aMIHIOETBCSI OJHUM PiB-
HSTHHSIM JJIs CEPEIOBUILA 3 TPAHUYHOI0 YMOBOIO Ha I10-
BEpXHI YaCTHHKH, SKa BimoOpakae 3aKOH 30epeKeHHS
eHeprii. 3HalifieHe 3a JOTIOMOTOI0 IHTETPaJILHOTO Me-
TOAY TEIUIOBOTO OanaHCy HaOJIDKeHe pIMIeHHS piB-
HSIHHS TETJIONPOBITHOCTI BUKOPUCTOBYETHCS IS OZIe-
P KaHHS MIIHICTHOTO PIBHSHHS — 3aJICKHOCTI TyCTHHH
Ja3epHOi €Heprii, MpH [Kiil YyTBOPIOIOTBCS MIKpPOTpi-
LIMHY, Bij pamiyca BkimroueHus Es(ro). Kpurnuna enep-
rist ininitoBanus BP E, Binnosizae Touui nepetuHy
kpuBoi Es(ro) Ta kpuBoi Et(ro), sika Bigobpaxae 3amex-
HICTh TYCTMHHM €Heprii 3amajioBaHHs B po3Mipy
BKJIIOUCHHS (0JiepyKaHa 3a JIOIIOMOTO0 KJIaCHYHOT Teo-
pii 3anantoBanHs). [Toka3aHo, o py 301IbLIEHH] 30-
BHIITHBOTO THUCKY Psp TyCTHHA €Heprii 3amaiiroBaHHS
3HIXKYeThes. Benmunna Ey, He 3anexuTs Big moyarko-
BOI TEMIepaTypH NpH il KOPOTKUM JIa3epPHUM IMITYJIb-
coM (~50 HC) i 3HWKYETHCS MPH 1HILIFOBaHHI TA3€PHAM
IMIyJIbCOM 13 TpuBaIicTIO ~1 MKc. IIpu 30BHIIHEOMY
THCKY, SIKUI TTepeBepIly€e KpUTHIHY BeTHIUHY Py, 3a-
NeKHICTD Es(Psos) 17151 pyOIHOBOTO J1a3epa BUXOAUTH Ha
craiioHapHe 3HaueHHs. Lle miATBepKY€EThCS eKCTIepH-
MeHTalbHO [32].

PesynbraTu po3paxyHKIB I10Ka3yOTh, 10 PH Bi-
JICYTHOCT] 30BHIIIHBOTO THCKY BU3HAUHY POJIb B iHIIIi-
oBaHHI BP BinmirparoTh BKIIIOUEHHS MaluX PO3MIpiB
(cyOmikporHi wacTuHKH). OTHAaK HATpiBaHHS TAaKHUX Ya-
CTHHOK 3pIBHIOETHCS 3 HArpiBaHHAM KpHCTala 3a paxy-
HOK BJIACHOTO TIOTJIMHAHHS, 110 BEZE JI0 OJHOPIAHOTO
PpO3irpiBaHHS MOBEPXHEBOI0 LIAPY PEYOBUHU, HOTO BH-
IapoBYBaHH Ta po3iiTaHHs. Edexr BrimBy razonnna-
MIYHOTO pyXy Ha 3amnaitoBanHsi BP BuBueHo npu po3r-
JISL 33724l iHIIIOBAaHHS XIMIYHOI peakifii B 3pa3kax
TEHY TPH Pi3HUX 3HAYEHHSAX Koe(illieHTa OCIa0IeHHS
BHITPOMIHIOBaHHA Ta TPUBAJIOCTI Aii. Bupimryerscs cu-
CTeMa PiBHSHB Ia30BOI AWHAMIKH, sIKa TOTIOBHEHA PiB-
HSHHSIM XiMi9HOI KiHeTwkH [32]. BukopucToByeThCS
HaliBEMITipUYHE PIBHSIHHS CTaHy, 10 €IWHHUM CIIOCO-
OOM ONHCY€ BIACTUBOCTI TEHY Ta MPOIYKTIB pO3Majy.
3 pe3ynbTaTiB po3paxyHKy BHILIMBAE, 110 BUIAPOBY-
BaHHS Ta PO3JTITaHHS PEYOBUHHU iICTOTHO TacsITh IPOIIeC
PO3BUTKY XiMiuHOI peakuii. OCHOBHMUMH (haKTOpamH,
110 3HWKYIOTh BTpaTy JIa3epHOI eHeprii, € 301IbIIeHHS
rMOWHN  OCcNabiieHHS BUIPOMIHIOBaHHS Ta 3MEH-
LICHHsI TPUBAJIOCTI JIA3€PHOTO IMITYJIbCY .

3a eKkcrieprMEeHTATbHIMH JJAHUMHU 1HIIII0I0Yi CBi-
TIOYYTINBI BUOYXOBI KOMITO3UTH (TAaKOX SIK 1 IITATHI
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iHiniroro4i BP) XapakTepu3yroThcsi BEJIMKOIO MIBUIKI-
CTIO TIEPEXO/y BiJ] TOPiHHSA 10 JETOHAIll, a HAsSBHICTh
BLIBHOT IOBEpXHi cl1abKO BIUIMBA€E Ha MPOLEC 3aIlallio-
BaHHs [49-52]. A ToMy YTBOpPEHHS MiKpPOTPIIIMHHU HO-
OnM3y MOTJIMHAIOYOTO BUIPOMIHIOBAHHS BKIIIOYECHHS
He € ()aKTOpOM raciHHs TNpoOLecy 3anajiloBaHHA. [H-
IIMMH CJIOBaMH, TEOPis 3anatoBaHHs Opu3aHTHUX BP
HE MOke OyTH 3aCTOCOBaHa Jo iHiliroo4ynx BP [48].

Sk mokazanu Hali po3paxyHKH, TEMIEpaTypa po-
3irpiBaHHS MIKpOBKIIFOYECHb IIPH Mii JTa3epHOTO IMITy-
JCY KPUTHYIHOI iHTCHCHBHOCTI 3HAYHO HIDKYAa HE0O-
XiHOT 171 3amairtoBaHHs, OJHAK, 1edopMarii ckiama-
0T BEIMYUHY, NPH SKAX NEepeMilleHHS MNOo0Im3y
BKJIFOUCHHS! 3PIBHIOIOTHCS 3 BIICTAHSIMU MK BY3JIaMHU
KpHCTaIyHOI penritku [42, 43].

Sk mpuKiIaz po3risiaeThcs HaknpocCTimIa iHiIioo-
to4ya BP —a3up cpibna. BiamosinHo 1o Hamioi rinoreswy,
IIpY JIa3epHOMY HarpiBaHHI BKIIFOUEHb Cpi0jla BUHUKAE
nedopmarist KpECTaNIYHOT PELIITKY, B pe3yJIbTaTi 4Oro
npotikae peaxiis N3 — N3¥ + e. YTBOpeHHs paguKa-
miB Ng® MIPUBOANTE IO iX B3a€MOIii, a OTXKE, IO BHII-
JICHHsI €Heprii BHOYXOBOTO NEPETBOPEHHS

Ngo + N30 —>3N20 +q.

Jnst minTBepKEHHs 3aIpOIIOHOBAHOTO MEXaHi-
3My iHinitoBanHsi IBP po3poOieHa kBaHTOBO-MeXaHi-
YHa MOJIENTb CTIKOCTI KpUCTaiuHOl perriTku [42, 43 ].
Mopenb 6a3yeTbes Ha BUKOpUcTaHHi piBHsHHs [pen-
IHrepa IS 3a7a4i Ipo CTaH eJIEKTPOHA B IOJI IBOX KY-
JIOHIBCBKUX IIEHTPIB, (hOpMaTi3M SKOi BIEpIIe PO3BH-
HyTO B pobotax [.O. Spkosoro Ta B.II. Mopo3osa, i
MOJIATAE B TOMY, L0 3 OJIepKaHUX 3BHYaiHUX qudepe-
HITIaJIbHUX PIBHSIHD BUAUIIIOTHCS CKOPOUYCHI PiBHSHHS,
Ha3BaHI MOJIENBHUMH, SIKi BHPIIIYIOThCS aHaTiTHY-
HUMHU MeTofaMu. [l ofepKaHHs pIilICHHS TOYaTKo-
BUX PiBHSIHb BUKOPUCTOBY€EThCS (yHKIs ['piHa, Moje-
JBHI pilleHHs IS SKO1 € IepIuM HaOmmKeHHsIM. Po3-
pPaxyHKH eJeKTpPOHHMX TepMiB Moiekyn Hp ta Ha*
MOKa3alik, M0 MOJENbHI XBHJIbOBI (DYHKIIIi JTO3BOJIS-
I0Th OJIEPXKYBAaTH PE3yJbTaTH, SIKI KIIBKICHO 1 SIKICHO
Y3TOJUKYIOTBCS 3 €KCTIEPUMEHTAIbHUMH JaHuMH. [
PO3paxyHKy OUIbII CKIaJHUX MOJIEKYJI HAMH 3p0o0JieHa
crpoba yIOCKOHAIUTH MOAEJb IIISIXOM YpaxyBaHHS
€KpaHyBaHHS SJCPHUX TOTEHIANIB 3B’ A3aHIUMH €JICK-
TPOHaMH Ta 1X B3aeMoii Mix coboro. Anpobartisi Mo-
Jedti, sika OyJia ImpoBeIeHa PU PO3paxyHKax eJIeKTPOH-
Hux tepmiB monekyn CO, N2 ,O; , Liz , HCI Ta inmr.,
MiATBEpIMIa MPaBWIBHICTE BHOpPAHOTO migxomy [53-
55].ITopsix i3 1M BHpillIeHa 3a7a4a PO BILIUB 30BHi-
IIHBOTO KYJIOHIBCHKOTO IIEHTPY Ha €JIeKTPOHHUH TepM
MoJiekyau. Kpim 110ro, 0yj10 10Ka3aHO, M0 PiBHSIHHS
lpeninrepa, sike onucye cTaH enekTpoHa y mom N —
(iHITHEX JTiHIHHO PO3TAIIOBAHMX IIEHTPIB 3BOJNUTHCS
JI0 3aJ1a4i 1pOo CTaH eJIEKTPOHA B MOJIi JBOX KYyJIOHIBCh-
KuX LeHTpiB. Lle 103BONIMIO BU3HAYMTH CTIHKICTH
rpynd Nz 1mpu pedopmanii KpHUCTaIYHOT pEIIiTKH
asuay cpibma. BpaxoByBaBcs BIUIMB Ha €IIEKTPOHHUMA
TEpM KYJIOHIBCHKHX LEHTPIB HAHOJIIKIOTO OTOUCHHS:
inmmx rpyn N3 Ta ioniB Ag*. PospaxyHku TIOKa3aJIx,
o nedopmartis penritku AgN rpuBosie 10 posnany N3
(xpuBa eHeprii eIeKTPOHHOTO TEPMY IIEPECTaE MaTH Mi-
HiMyM). Takox ycTaHOBJIEHO, WO NpU AehOpMyBaHHI
penITku mporecy ioHi3amii rpynu Ns3' y 3Ha4HIA Mipi
cripusie HasiBHICTh nedekty — ioHa Ag' y MiXBy3elb-
HOMY TipocTopi [42, 43].

CKOpHCTaBIINCH PE3YyNbTaTaMH OACPKAHUMH Y
poborax M.O. Inrommna i3 ciiBaBTopamu [56, 57], y3a-
TaJbHEHHUX PE3YyJIbTaTiB TCOPETHUHHUX TA EKCIIEPUMEH-
TAIBHUX JOCHIPKEHb, OyJTU BH3HAYCHI HACTYIHI Ha-
MIPSMKH TIONIYKY BHOYXOBHX PEYOBHH Ta MIJISIXH CTBO-
peHHS Ha IX OCHOBI CBITJIOUYTJIMBHUX BHOYXOBHX
KOMIIO3HUTIB: | — BHOYXOBi peUOBHHU ITOBUHHI OyTH Mi-
LHUMH, MaTH BEJIMKY IIBUKICTH EPEXOY Bijl TOPIHHS
JI0 IETOHAIii; 2 — I 3MEHIIICHHS BIUIMBY BUTBHOI MO-
BEpXHi Ha JAeopMalliifHy pejakcaliio KpUCTaliB Ta
3HIDKCHHS POJIi Ta30MHAMIYHOTO PO3BAHTAKCHHS HE-
00Xi1HO 301IBIIMTH TPO30picTh 3pa3kiB BP Ta 3HM3nTH
MTOPHUCTICTH MaTepiay; 3 — IpH CTBOPEHHI BUOYXOBHX
CIIOJIYK Ta TIOKPUTTS Ha X OCHOBI IOBUHHI BUKOPHUCTO-
BYBAaTHCS TPO30pPi LIS JTa3epHOTO BUIIPOMIHIOBAHHSI
peuoBuHHM; 4 — Ui iHiNitOBaHHsA BP noninbsHO Bukopu-
CTOBYBATH IMITYJIbCH MaJIOi TPHBAJIOCTI (TIpaIfOBaTH B
PpeXUMi MOIYJIALIT JOOPOTHOCTI pe30HATOpA Ja3epa).

4. EKCIEPUMEHTAJIbHA YCTAHOBKA TA
METOJUKH JOCJII)KEHb

Eneprist MOHOIMITYJIbCHOTO BULIPOMIHIOBAaHHS J10-
csraa >100 Ix. BukoprucToByBaBcs i eKCIIepUMEHTa-
npHui 3pazok OIICIH [16, 58, 59], koHcTpyKLis it ekc-
IUTyaTaliifHi XapaKTepUCTUKUA OKPEMHUX OJIOKIB SKOTO
yIOCKOHAJIIOBAJIACs 3a pe3yIbTaTaMU HOro eKCILTyaTa-
mii [60-63]. ['ooBHI TeXHIUHI XapaKTePUCTHKH HATJAHO
y [64].

Excriepumenransauii npuctpiit (puc. 1, cxema Ha
puc. 2) cTBOopeHuit Ha 0a3i TBEPIOTUILHOTO ONTHYHOTO
kBaHToBoro reneparopy CFR 200-10 Pulsed Nd:YAG
Laser System ¢ipmu Big Sky Laser (CILIA). [loBxuna
XBIJI BUTIpOMiHfoBaHHS 1,064 MKM, BepTHKaJIbHA ITOJIS-
pu3alis, MakcumaibHa eHepris B immysbcei 200 m/Dk.
Jlazep mpaifoe B IMIYJIBCHO-TICPIOJMIHOMY PEKUMI 3
perymoBanHaM y jiamasoni 1,7-10%-10 T'u. Yacrora
Crajaxy JJaMI¥ HaKayKW IMocTiifHa i mopiBHioe 10 I
[MosiBa TepIIOro MOJYJIBOBAHOTO IMITYJIbCY 3JIHCHIO-
€ThCA Ticist reHeparii 20 iMITyIIbCiB, BUXiJ Ha CTaOLIb-
HHUH pPeXUM poOOTH Jlasepa BigOyBaeThCs MiCHs JECsITH
MOJYJIbOBaHUX IMITYNECIB. [liaMeTp BHXIIHOTO IydYKa
6 MM, pO30DKHICTb IPU €HEPTii B IMITYJIbCI, 1110 CKIIaae
85,5% Bigm MakcHUMalbHOI BEJHYHHH, IOPIBHIOE
2,8 mpa.

Ha puc. 1 ta puc. 2 mudporo 1 mo3nadeHo iazep
(Nd:YAG). Jlazepuuit gioxn 2 u piapparma 15 Buxkopu-
CTOBYBJIUCS JJISl IOCTYBaHHS OIITHYHOTO TPakTy. 3a
JIONIOMOT010 TIPU3MHU 4 Jla3epHUN NPOMiHb Hanpasiisi-
BCSl Ha BUOYXOBY pedoBHHY 11, mo Oyna HaHeceHa K
HOKPUTTA JAiaMeTpoM 5 MM Ha ckisHy mactuny 10.
Jnst gociiikeHHsI BATOTOBJISIBCSL 3pa3oK i3 BUOYXOBOT
pedoBunn (CBP), 9yTiamBoi 10 T1a3epHOTO BHIIPOMIHFO-
BaHHsI, Ta CKIsIHOT macturu 10. 3pa3ok 3akpimiroBa-
BCSI JIO aJTIOMIHIEBOT ITACTHHY 9 3aBTOBIIKK 8 MM, 110
Maja OTBip JiaMeTpoM 8 MM JIJIsl IPOXOKEHHS J1a3ep-
HOTO BUNpOMiHIOBaHHs. JIiH3a 7 BHKOpHCTOBYBanacs
JUIS PETYITIOBaHHSA HEOOXiJHOI BEIMIMHH JiaMeTpa Ja-
3epHoro myuka. doromion 12 peectpyBaB 3amanto-
BaHHs CBP. CBiTnodinsTpu 5 BUKOPHCTOBYBAINCS IS
BUMIpIOBaHb €HEPTil JIa3epHOTO BUIIPOMIHIOBAHHS, 110
aj1a€ Ha 3pa3ok, npu ¢ikcoBaHii Bigctani Bix CBP no
niH3u. [y BU3HAueHHs i€l eHeprii 3acTOCOBYBaBCS
BHMIpIOBaY €HEPrii iMITyIbCHOTO JIA3€PHOTO BUIIPOMi-
HioBaHHs MDJI-300, mo Mae BUMIpIOBaJbHY TOJIOBKY
MIPOXiTHOTO THITY 6.
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Puc. 1. Obwuii 6u0 cmayuonaproil SKcnepumeHmansiol yemanogku [46]

Jlyist BUMIpIOBaHHS 4acy 3aTPUMKH 3alalloBaHHS
CBP BinHOCHO IoYaTKy Aii J1a3epHOTO IMITYJIbCY BUKO-
pucroByBanucs doromionu 12 1 13, mo npaioBaiu y
cnekTpanbHux miamazonax 0,4 — 12wmkm u 0,8 —

1,4 MKkM BiZIOBITHO. Y MPOLIECi SKCIIEPHUMEHTIB 3'ACy-
Banocs, MmO 3arpuMKky BuOyxy CBP  wmoxHa
peectpyBaTh oHUM oTomiogom 12.

3 13 15 2 1 14
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Puc. 2. [Ipunyunosa cxema cmayionapHo20 eKCHepUMEHMAanbHO20 NPUCMPOIO ONMUYHO20 KAHMOBO20
eenepamopy [65]:
1 — nazep CFR 200-10 Pulsed Nd:YAG Laser System; 2 — razepruiii 0uoo; 3 — 3epkano; 4 — onmuyeckas
npusma, 5 — ceemodunompol; 6 — usmepumenvHas 20106ka usmepumens aazeprou snepeuu M3.J1-300;
T — nunza; 8 — cmeknsannas naacmuna-skpar; 9 — anromunuesas niacmuna, 10 — nracmuna i3 ckna; 11 — CBK;
12 — pomooioo onsa peecmpayii npoodyxkmie ubyxy, 13 — pomodiod 015 peecmpayii 1a3epHo20 IMRYILCY,
14 — ocyunoepagh,; 15 — diagppaema

BuxopucToByBaBcsi IBOKaHaIbHUI LU(POBUIA OC-
torpagd TDS-350 ¢ipmu Tektronix (CIIA). Makcu-
MajbHa YacTOTa BXIMHOTO CHTHAIY (aHAJOrOBOIO)
200 MTI'u. Makcumainbsa yactora — 1 I'T. MiniManbHUI
Yac po3ropTku — 2,5 ue/moain. s Bu3HaueHHs QyHKIIi
O30Ty TYCTHHH SHEPTii B Ta3ePHOMY YUKy BUKOPH-
CTOBYBAJIACSI METOJIMKA, III0 OCHOBAHA HAa CKCIICPUMCH-
TaJIbHOMY BU3HAYCHHI JiaMeTpPiB BiIOUTKIB, sIKi BHHUKA-
IOTh TIPU JIa3€PHOMY BHUIIPOMIHIOBAaHHI Ha Marepiall.
Posmomin eHeprii B na3epHOMY IMy4YKy BH3HA4YaBCs 3a
JIOTIOMOTOI0  aHanizaTopa JasepHoro myd4ka Silicon
Camera Model LBA-100A ¢ipmu Spiricon. Y anai-
3aTOp BXOZSTh KaMepy BHCOKOTO po3aiieHHs Pulnix
TM-745, mo 6e3mocepeiHbO PEECTPYIOTh BUTIPOMiHIO-
BaHHsI, Ta MIKPOIIPOLIECOPHI CHCTEMHU, 10 aHAJI3YIOTh
po3moain eHeprii i BioOpakaloTs pe3yabTaTH Ha MO-
HiTOpI. 3aTpUMKa 3anajieHHs CBITJIOUYTJIMBUX KOMIIO-
3WTIB Y Yaci 3A1HCHIOBANIACS 32 METOIUKOIO [66, 67].

B 3B'I3Ky 3 THM, 10 ITPY 3MiHIOBaHHI €Heprii B Jia-
3€PHOMY IMITyJIbCi 3MIHIOETBCSI i llaMeTp TUISIMH OIPO-
MiHIOBaHHSI (a0COJIIOTHE 3HAYEHHS LIIIBHOCTI eHeprii,
10 Ha FPaHMII My4Ka, 3aJIMIIAETHCSI HE3MIHHOIO) PO3-
polJieHa MeTo/IMKa BUMIPIOBAHHS JliaMeTpa Jia3epHOi
IUISIMH TI0 BiIOUTKAX, [0 BUHUKAIOTH TIPH JIa3epHIH 1l
Ha Marepian. [Ipu oMy, y Marepiali npoTikaroTh da-
30Bl IEPETBOPEHHS, IO CIIOCTEPIraloThCs Bi3yallbHO
YH 32 JIOTIOMOT'0I0 MIKPOCKOIIA.

dazoBuil mepexig Mae IOPOrOBHIl XapakTep,
TOOTO 3/1IHCHIOETHCS TIPH BILIUBY JIA3€PHOTO BUIIPOMi-
HIOBAaHHS 3 €HEPTi€l0, TYCTHHA KO IIePEBHIILY€E IIEBHY
noporosy BennunHy E*. B boMy BUNaKy Ha IIOBEPXHi
MaTepiary OJepP)KYHTh KOHTPACTHI BiIOWTKH, IO MO-
KyTb OYTH BUMIpSIHI 3 JOCTaTHHO BEJIMKOIO TOUHICTIO.
B sikocTi Takoro mMatepiajly BUKOPUCTOBYIOTh 3acBide-
HUH 1 IpOsIBIICHUH 3BUYaiHUK (oTonarip.

OCHOBHE NPHITYIIEHHS, 110 OyJI0 IPUHHSATO B J1a-
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Hill METOIMII, HACTYTTHE: PYHKIIiSI PO3MOILTY iHTEHCH-
BHOCTI BHIIPOMIHIOBAHHS TIOTIEPEK Mepepi3y Mmydka He
3MIHIOETBCS BiJ] IMITyJIbCY 10 iMITyJibey. Lls Bumora Bu-
KOHYETBCS TIPU CTAOUTBHIM POOOTI ONTUYHUN KBAHTO-
Buit reneparop (OKI'), mo renepye immyinbcu 3 ojHa-
KOBOIO €Hepri€ro. 3MiHIOBaHHsI MIIIBHOCTI €Heprii BU-
NPOMIHIOBaHHS  3JIHCHIOETBCS 32  JJONOMOTOIO
KaniOpyBalbHUX CBITJIO(IIBTPIB.
Po3nopin mineHOCTI eHeprii mo mepepisy Iydka
HaOMIDKEHO OyIeMo IIyKaTH y HACTYITHOMY BUZI
E(r) = Eoo(r), 1)

ne Eo — miibHiCTh eHeprii y neHTpi mydka; r — pa-
JiyC Kijblisl IIMPHHOKO dr, Ha SIKOMY 3I1HCHIOIOTH I10-
nryk BennauHu E(r).

[MpencraBnenHs QyHKOII HOUIBHOCTI eHeprii y
Buai (1.1) mepenbadye pamiambHy cumeTpito QyHKII
po3moaiy.

[IpoBenemo HOpMyBaHHS i€l QYHKIT HA TIOBHY
eHepriro y iMirynsci W

W = 27, [ o(r)rdr - 2)
0

Mopainuemwu (1.1) Ha (1.2), onepxumo

o0
E(r)/W=(r)/2rk, ne — k = jm(r)rdr .

0
3MiHIOIOYHM MPOITYCKaHHS JIA3EPHOTO TPAKTY CIif
YeKaTH OJICp’KaHHA cepii BITOUTKIB, paiiycH SKHX MO-
JKHa BUMIPSTH 32 IOTIOMOT'0I0 MiKpockona. Mexa Bia-
OWTKIB BIAMOBIa€ MOPOTOBIH eHeprii 3MiHIOBaHHS 3a-
Gapenenns E. TTics 1bOro BUKOPUCTOBYIOTh PE3YJib-
TaTH BUMIpIOBaHb JUISl 3aIIUCY PIBHSHB Y TAKOMY BHJI:

E (/W = o(r)/2nk, i=1,...,n, 3)

Jie N — KUTbKICTh BUMIpIOBaHb, Wi — €Hepris BU-
MIPOMIHIOBAaHHS, TIPH SKiH pajiyc BiZOUTKY NOpIBHIOE
Ii.

IMicns Toro, sik Oyna mMOOyJOBaHA 3aJICKHICTH
W(r) MeromoM eKCTpamoJjsifii 3HaXOIATh CHEPTiio
W(0), npu skiii pajiyc BinOuTKa H0piBHIOE HYIHO. [Ti-
CJIsl BU3HAYEHHS 11i€] BEJIMYMHU BU3HAYAIOTh TIOPOTOBY
eHeprito (a30BOro nNepeTBOPEHHS MaTepiay MOKPUTTS
Ha (oTomarepi:

E*/W(0) = w(0)/2rk = 1/27k. (4)

Po3ninsitoun mocimigoBHO piBHsHHS cuctemu (1.3)

Ha piBHsHHSA (1.4), opepxumMo
o(r) = WO)/W;, i=l,...,n.

3uranHA QyHKIIT po3noainy (r) BUPINIye HOCTaB-
neHy 3amady. i1 BH3HA4eHHS MIUTBHOCTI eHeprii y
uenTpi myuka Eo, a Takox E* HeoOXifHO IIXOM rpa-
(bigHOTO IHTETpYBaHHS 3HAWTH BETHMIUHY K.

IimsHOCTI eHeprii y neHTpi my4ka Eo po3paxoBy-
€ThCs 32 HOPMYIIOIO

Eo = W/(27k).

B sikoCTi XapaKTepHCTHKY Yy TIMBOCTI MOXe OyTH
00paHoI0 cepe/IHs MUIBHICTD eHepril JIa3epHOTo IMITy-
nbey Eop=4W/nd+? (d+ — niameTp BinOuTKy), a6o Imib-
HOCTI eHeprii y ueHrpi myuxa Eo.

[Tpn BU3HAYEHHI KPUTHUYHOI TYCTHHU €Heprii 3a-
CTOCOBYBAJIMCS CBITJIODINBTPH 13 3a3/1aJIeTib BUMIps-

HUMHU KoedimieHTaMu Tpomyckanusa. ®opma maszep-
HOTO IMITyJIbCY peecTpyBaiacs 3a JOIMoMororw (oroe-
JIEKTPUYHOTO TEPETBOPIOBAaYa Ta 3aram’sSTOBYIOUYOTO
JBoxIpomeHeBoro ocumorpaga C8—14. Enepris naze-
PHOTO BHUIIPOMIHIOBAHHSI BHMIpsUIacsl KaJOPHUMETPOM
IKT-1H.

Jns BuBYeHHs uyTimBocTi BP po3pobiena meto-
JIMKa BUMIiprOBaHH: [68], sika 6a3yeThCs Ha eKCIIepHMe-
HTAJIFHOMY BU3HAU€HHI JiaMeTpiB BiIOWTKIB, SIKi BH-
HUKAIOTh NIPH Ji1 Ja3epHHUX IMITyJIbCIB pi3HOI eHeprii Ha
MaTepiai, o 3a3Hae (as3oBe mepeTBopeHH:A [69, 70].
Tak sIK BUKOpPUCTOBYBABCSI OJJHOMOJOBHI PEXUM poO-
6ot OKT', To po3monieHHs T'YCTHHH €Hepril 1Mo mepe-
pi3y IyuKa € pagiajlbHO CHMETPUYHHUM. Y [IbOMY BHIIa-
JKy TYCTHHA Ja3epHOi eHeprii Moxe OyTu 300pakeHa
y BUIIISAAL 1OOYTKY BEJIMYMHHU I'YCTUHH €Heprii y IeH-
Tpi My4Ka Ha QyHKIi0 po3nonineHHst W(r), ska 3aje-
KHTh BiJ] pajilyca Koja, LIEHTP SKOT0 PO3MilleHnil Ha
0Ci myd4ka. 3MIHIOIOYH MPOMYCKaHHs Ja3epHOro Tpa-
KTy, OJICp)KYBaJH Cepito BiIOWUTKIB, paiiycH SKUX BU-
MIpIOBAJIK 32 TOTIOMOTOI0 Mikpockoma. OnepixaHi pe-
3yJIbTaTH BUKOPHUCTOBYBJINCS TIPH BHPILMICHHI CHC-
TEMH PIBHSAHB, IO 3B’SA3yIOTh pajiyc BimOWTKA I; Ta
eHepriro B immynbsci W(r; ). [ToOymyBaBmn 3anexHICTh
W(ri ), METOIOM eKCTPamoJIALil 3HAXOANUIACh EHEepris
W(0), npu sxiit pagiyc BinOWTKa JOPIBHIOBAB HYIIIO.
Ile mo3BONMIO OnEpKaTH EKCHEPUMEHTAIbHY (yHK-
1iF0 PO3MOAUICHHS, KOTPa IMOTIM anpoOKCUMYBajacs po-
3noniieHHsaM ['ayca, 110 3HA4YHO CIIPOCTUIIO MPOBE-
JICHHS JTOCITiKEHb [69].

Po3po0iieHO eKCTIepUMEHTaIbHYy METOJHNKY BH-
3HAYCHHS IMITyJIbCY THCKY MPOAYKTIB BHOYXY, IO 3a-
CHOBaHa Ha BHKOPUCTaHHI OaJliCTHYHOrO MasTHUKA
[70, 71]. MasTHUK CKJIaJlaBCsl 3 METAJIEBOTO JIMCKa, 3a-
KpIIUIEHOTO Ha OJHOMY KiHIII TOHKOCTIHHOI TpPYyOKH,
JIpYTUI KiHEIb SIKOi KPIMTUBCS J0 0Ci 3MiHHOTO HEAPO-
TSIHOTO PE3UCTOpa, KU MaB JIHIHHY XapaKTepPUCTHUKY
3aJI)KHOCTI BEJIMUMHHU OTIOpY BiJl KyTa IIOBOPOTY PyXO0-
MOTO KOHTaKTy. BUMipIOBaHHs Halpyru y MOCTOBIif
cXeMi 3AIACHIOBAJIOCH 3a JOMOMOrOK Hu(POBOro
BonsTMeTpa 11[68003, mparrorouoro CmigbHO 3 APYKY-
founM mpuctpoeM L68000K, mo mo3Bossno Bu3Ha-
4aTy 3 4acToToro 25 ['1] 3HaUeHHs KyTa y Mmporeci Bij-
XWICHHA MasTHUKA. [Ipu po3polii MeToTuKH 0co0-
JMBAa yBara TPHIULUIACS BH3HAYEHHIO ITOXHOKH
BUMIpIOBaHHS, 3yMOBJIEHOI JUCKPETHUM BUBOJIOM iH-
(dopmartii, TepTsM 0Ci MasTHUKA, HETOYHICTIO €NIEKTPH-
YHHUX BUMIipiB. P03p00ieHy METOANKY BHKOPHCTAIN Y
JIOCITIJDKEHHSIX BIUIMBY BHOYXOBOTO IMIYJIbCY Ha 30y-
JDKEHHS JIETOHALT cyMilni MeTaHy 3 moBitpsm [70-73].

Buxomsau 31 chopMyIp0BaHIX BUCHOBKIB BiTHO-
CHO TiJABHIIIEHHS 9y TiuBocTi BP, Oynu npoBeseHi go-
CITi/PKEHHSI, HANpaBJIeHI Ha OJEP)KaHHS BUCOKOUYTIIH-
BHX BUOYXOBHX CHOJIYK 32 PaXyHOK 3HWKEHHSI ITOpHC-
TOCTI Ta 30UIBIIEHHS Po30pocTi 3pa3kiB BP, a Takox
Ha po3poOKYy BHMOT JI0 TEXHOJIOTii HAHECEHHS CIOJIYK
y BHIJIIII TIOKPUTTSI HA pi3HOMaHiTHI marepiamu. Ile-
perniueHi 3aqa4i BUpIlIeHI 3aBIsKH PO3POOJEHIN Tex-
HOJIOTii IPUTOTYBaHHS B’ 3KO1 OCHOBHM — CyCIIEH3I 10~
pouIKy BHOYXOBOI PEUOBHHH y PO3YUHI MOJIMEPHHUX
MaTepianiB, MPO30PUX IS J1a3epHOTO BUIIPOMIHIO-
BaHHA. [licas HaHECEHHS TaKoi OCHOBHM Ha MOBEPXHIO
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Oyab-sIKOTO MaTepiary MBUIKO JICTKUH PO3YNHHUK BH-
MApOBY€ETHCA, B PE3YNIBTATI YOTO YTBOPIOETHCS TBEPIC
MOKPUTTA y BUTIsii cymiwi BP ta TBepporo nonimepy,
1110 3aIIOBHIOE IIPOCTIP MiX KPHCTaJaMHu.

Buxonsuu 3 HinboBOro NpU3HAYECHHs CYCHEH3il, y
IpoLeci MPUTOTYBaHHS B’S3KOT OCHOBH OYJIM pO3IIIsi-
HYTI Taki mapameTpy sIK XiMi4Ha CyMICHICTb 13 AUCIIe-
pcauM cepenosunieM (BP), romorenHicTb, BUCOKa aj-
re3is 10 METaJeBHX MaTepiamiB, 3miOHICTE 3abe3rme-
YUTH HEOOXiTHUI PiBeHb CEAMMEHTALIWHOI CTIHKOCTI,
MiHIMaJIbHa TOKCHYHICTb, TTOXKEXKO0- Ta BUOyx00e3med-
HICTB, HocTynHicTh. [Ipu po3poOiIi B’S13K01 OCHOBU BH-
KOPHCTOBYBAJIHCS IPHHIIUIN OJCPKaHHSA Ta BUIIPOOO-
BYBaHHsI IIJTIBKOYTBOPIOBAJIBHUX MOKPHUTTIB 13 PO34H-
HIB TOJTIMEPHHMX MaTepialiB Iuis CTBOpeHHsS (apO.
Po3unHHMKAMH CITy>KUITY alleTOH, €THIIOBHUIA CIIUPT, Oe-
H3UH, YOTUPUXIIOPUCTHH ByTJIelb, XJIopodopM. B’s3ky
OCHOBY HaHOCHJIM Ha aJTIOMiHI€BY MIIKIAIKY Y BUTIISII
TUTIBKOTIONIOHOTO TIOKPHTTS, MOTIM OJepiKaHy IUIIBKY
BucymyBanu npu 50°'C IpoTAToM I’ ATH XBHIIMH.

5. PE3YJIbTATH EKCIIEPUMEHTAJIBHUX
JOCILI)KEHb

OO0’ exTOM IOCHTIIKEHD Oy BUOpaHi KOMIUIEKCHI
comi [56]. et Bubip 0OyMOBIEHO IX BETUKOO IIBH-
KICTIO TIepeXoay Big TOpiHHS 1o nertoHamii. Kpim

IIbOTO, BEJIMKa KUIbKICTh KoMILIeKCHUX BP mpo3opi
JUTS JTa3epHOTO BUIIPOMIHIOBAHHSI, @ TEXHOJIOTIS iX BH-
TOTOBJICHHS JIO3BOJISIE OJIEPIKYBAaTH BHCOKOAMCIIEPCHI
TIOPOIIKY, SIKi HEOOXIZHI JUIsl Ofep>KaHHS SKICHHX CY-
criensiil. [Ipu npoBeneHH1 monepeHix JOCIiKEeHb Yy-
TIMBOCTI BP BUKOpHCTOBYBaBCS 3B’s13yI04nii mosimep
I[IMBT-3M, macoBa KOHIIEHTpalis SKOTO CKJajana
10%.

Hocnimxeno 23 kommnekcHux BP. BuOyxoBsi cro-
JyKW HAHOCWJIACS y BUTIIAI IOKPUTTS Ha aJIFOMiHIEBY
(osbry Ha momi ~1 cm?. YacTuHy BUOYXOBMX CIOIYK
HE BJIaBAJIOCA IHIIIIIOBATH JIA3EPHUM IMITYJIECOM i3 Tyc-
THHOIX eHeprii >10 JIx/cm?. Bubyxosa cnonyka BC1
criiiko BuOyxana mpu E =0,1 Jlx/cm?, a BC6 mucnep-
rysana npu E >1,3 JIsx/cm?. V Tabn.. | HaBeneHo Aeski
KOMITO3HTH, [0 MAIOTh HaHOIIbII BEJIUKY Yy TIUBICTb.
MakcumanbHO BEIHKY YyTJIMBICTh Mae BUOYXOBa CIIO-
nyka BC2, oxepkaHa Ha OCHOBI T'iJpa3WHOTETpPa30-
nptyTh(11)mepxnopaty. A ToMy 3 LI€I0 PEYOBHHOIO
Oynu mpoBeneHi TOCITiIKEHHsI, CIPSIMOBaHI Ha 3017Tb-
IICHHS BiICOTKOBOTO i BUXOMy IpH CHHTE31. B pe3yib-
TaTi MPOBEICHUX CKCIICPUMEHTIB BUXiJ PEUYOBUHH J10-
csarayB 50-60%.

Ta6muus 1
IlapameTpu cBiTJIOYYT/IMBHUX iHiNiI0I0UMX BHOYXOBHX PEYOBHH
CBITJIOUYTIIUBHI BUOYXOBHIA HIBuakicTh neToHa- I'ycTuna, MiHimManbHa eHeprist 3anajo-
KOMIIO3HT wii, M/c r/em® BanHs, J[x/cM?
BC-2 6500 3,00 2,3:103
BC-7 7600 4,60 5,010
BC-16 5100 1,10 1,2:1072
BC-17 6700 1,50 4-1072

Ipuyomy, BC7 mij aiero 1la3epHOTO IMIYJIbCY Je-
TOHYE, B TOW Yac sIK IpH Aii IHIIKX iHILi004YnX (akTo-
piB (ynap, yKod, Jist BOTHIO 1 Take iHie) — roputs. s
BJIACTHBICTH BUAAETHCS JIyXKe BaXKIIMBOIO 3 TOUKH 30Dy
0e31meyHoro MOBOKEHHS 3 UM MartepianioM [57, 74].
Kputnuni ryctunn enepriii 3anamosanas BC2, BC7,
BC16, BC17 noka3ytoTb, [0 Iy TJIMBICTh IUX MaTepia-
JIB € YHIKaNBHOIO, TaK sIK MOMIOHUH 11 piBeHb He OyB
3apEECTPOBAHMIA Hi /IS OTHOTO 3 PAHIIIE JOCIIIPKSHUX
BP (mns asupy cBunmo Eq=0,1, gms THPC -
0,25 JIxx/cm?).

Jlnst miATBEpKESHHSI TEOPETHYHUX YSBJIECHb IPO
MeXaHi3M 3amaitoBaHHs iHiifoYnx BP mazepaum mo-
HOIMITYJICOM OyJIM TIPOBE/ICHI PUHIIUIIOBO HOBI €KC-
MEepUMEHTH, a caMe, BUMIpsiHA Yy TJIMBICTh BUOYXOBHX
CIIOJIyK Y 3aJIS)KHOCTI BiJl KOHIIEHTpalii 3B’53yI090T0
Marepiaiy Ta ToBLIMHH 3paskiB BP [75-77] (puc. 3-6).
Ha mpuknani BC2 nokasaHo, 1o npu 3011b1I€HH] KOH-
LeHTpalii 3B’53yI090T0 MaTepiary I'yCTHHA eHeprii 3a-
MaJIFOBaHHS 3MEHIIYETHCS, JOCATHYBIIH MiHIMAJILHOTO

3HAYEHHs, a MOTIM 30UIBLIYETHCS TPH MOJANIBIIOMY
3pOCTaHHi KOHIEHTpallii. MiHIMyM I'yCTHHU €Heprii 3a-
DAIIOBAHHS JIOCATA€ MPH KOHIICHTPAIl MmoJiMepy
~30%. AOcomoOTHI 3HaUYeHHS MIHIMYMY ONM3bKI IS
monimepiB [IMBT-3M Tta [IMM. Takox BH3HauY€HO,
10 TIPY 3MEHIIIEHH] pajiyca Imy4Ka 301IbIIy€eThCS TyC-
THHA CHEepTii 3anaJf0BaHHs.

[Mopsix i3 MM BUSBJICHA 3aJI€KHICTH UYTIMBOCTI
BiJI MOBEPXHEBOI I'YCTUHM MacHu Ms (TOBLIMHH) MOK-
purtst i3 BP. Hanpuknan, npu 3MeHIIEHHI TOBLIMHU
nokpurts 3 BC16, nounnaroun 3 ms~60-70 mr/cm? |
qyTiauBicTh Najgae. [TOKpUTTs 3 MOBEPXHEBOIO TyCTH-
HOr Macu 20 Mr/cM? He BaaBaiocs iHilliFOBaTU HABiTh
npH Aii IMITyJIbCOM 13 TYCTHHOIO eHeprii, 1o B 15 pa3
TepeBepIyBana KpUTHYHY AJIsI TOBCTHX 3paskiB [78,
79]. Ilpu oMy, SIKIIO MiAPHUB HE BiOYBaBCs, TO Bi3y-
QJIBHO Ta IiJ] MiKPOCKOIIOM HE CHOCTEpIrajaoch CIiIiB
pyHHYBaHHS 200 YaCTKOBOTO PO3KJIaJICHHS PEUYOBHHH.
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OpepikaHi SKCIIEPUMEHTANIBHI J1aHI 3aJI0BUTFHO
Y3TrOJUKYIOTHCS 3 TEOPETUUHUMU pe3ysibTatamu. [HTeH-
CUBHICTP JIa3€pHOT'O BHUIPOMIHIOBAHHS y IEHTPI MpPO-
MEHsI 3MEHIIYETHCS 32 PaXyHOK IOTJIMHAHHS Ta PO3Ci-
I0BaHHS (POTOHIB. A TOMY, YUM MEHIINHA AiaMeTp Mpo-
MEHsS, THM pO3CIIOBaHHA CHIBHIIIE 1 TOMY IS
3anamoBadHsa BP moTpi6HO 301mbmMTH TYCTHHY €Hep-
rii J1a3epHOTO IMITYJIbCY, IO 1 CIIOCTEPITaeThCs B €KC-
nepumenTi [80, 81].

Po3citoBaHHsI CBiTIa 3MEHIIYEThCS HPH 301Ib-
IIEHHI NPO30POCTi 3pa3Ka, a TOMY IpH ITiABUILEHHI Ki-
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Puc. 6. 3anexcnicmo uymaueocmi BC16 6i0 mosuunu

3paska

JIBKOCTI MOJIIMEpY POCTe Yy TJIUBICTD, [0 TaKOX IOT0-
JDKYETBCS 3 pe3yibTaTaMu ekcriepuMenty. [Ipu Benn-
KMX 3HAYCHHSAX KOHIIGHTpAlii B’S3KM 4yTIHBicTH BP
najiae, MPUIUHOIO YOTO € HETaTUBHUU BIUIMB XiMI4HO
HEHTpaIFHOTO 3B’ SI3yI0YOT0 MaTepialy Ha IMPOLEC PO3-
MTOBCIOJDKEHHS 10 3pa3Ky BP BuOyxoBoro meperBo-
penns [82, 83] neprkaHi pe3yapTaTH BKa3ylOTh Ha BaX-
JIMBY POJIb BIJIbHOT MOBEPXHI 3pa3Ka HE TIJIbKH Ha PO3-
BUTOK BHOYXOBOT'O IIEPETBOPEHHS, ajie i Ha IIPOIec
(dopmyBaHHs ocepeaKy 3anamoBanHsa. Ocepenok 3ara-
JIIOBaHHSI MOXKE 3’SIBUTHCS TUIBKH B TOMY pasi, SKIIO
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BiH 3HAXOJUTHCS HA IOCTATHLOMY BiJTaJICHHI BiJl BiJIb-
HOT TIOBEPXHi, a TOMY 30UIBIIICHHSI TIPO30POCTi 200 TO-
BIIMHM 3pa3ka BP nokpamytors ymoBu ioro ¢opmy-
BaHHs. PoJb BiIbHOT MOBEpXHI MOXKE 3BOJUTHCS 0
€IMHOTO — TeHepallii XBUIi po3BaHTaXeHHs. TakuM 4u-
HOM, TIpH Aii J1a3epHOTrO IMITyJIbCY Ha BUCOKOYYTJIHBI
BP y pesynbrari HarpiBaHHS MIKpOHEOIHOPIIHOCTEH
BUHHUKaE aedopMallisi pe40BHHH, Ka 1 € IPUIUHOIO BU-
OyxoBoro neperBopeHH:. Ocepenok He BUHUKAE, SKIIO
XBHJISI PO3BAaHTaKCHHS BCTHTa€ 3MEHIINTH HAIpy-
JKeHHS Ta aedopMariii 3a MEHIIMK 9ac, HiK 1HIYKIIiH-
HUH TIepiosT XiMiYHOI peaxirii.

OpepxaHi eKCIepUMEHTANbHI pe3yNbTaTH IAT-
BEPIUKYIOTh TCOPETUYHY MOJEIb (PI3UUHOTO MEXaHi-
3MY 3alafOBaHHs, sKa 0a3yeThCs HA yABI PO aedop-
MaliiHy HecTaOUIbHICTh KpHUCTaliyHOi perritku BP
[42, 43].

Jnst ycTaHOBJICHHSI MeXaHi3My 3amnairoBaHHs BP
[84-87], a TakosK I IPAKTUYHUX MijeH BaXK/THBE 3Ha-
YEeHHSI MAIOTh PE3YJIbTATH TOCTIPKEHb MEXaHIIHUX Xa-
PaKTepUCTHUK TPONYKTiB BUOYXy [25, 26, 27]. Kpim
[BOTO, TPAAWIIAHI METOIN HE MOXYTh 3a0e3[ednTH
OJTHOYACHE HAaBAaHTAXXCHHS BEJMKO]T IO KOHCTPYKIIi{
(>1 M? ), 0cOBIUBO SKIIO MOBEPXHS HE € IIOCKOIO.
Taki 3amadi BUHWKAIOTh, HANpPHKIAL, MPU MOJEIIO-
BaHHI Jii MOTYXHUX JIA3€PHUX IMITYJILCIB HA KOHCTpPY-
KIi.

Jlyis BUpIIIEHHS 1i€l mpo0yieMu y poOOTi mporio-
HYETBCSI METOJ/I HABAHTA)KEHHSI, IO 3aCHOBAaHUI Ha Jia-
3epHOMY MiIPpUBI MOKPUTTS 3 BUOYXOBOI CIIONYKH.
CyTb MeTOy HOJISTae Y HAHECEHHI Ha 00 €KT, 110 J10C-
JKY€ThCS, BUOYXOBOI CIIONMYKH y BHTIIAI TUTIBKH 3a-
JTAaHOT TOBIIMHH i MTOJANIBIIIOMY OTIPOMIHEHHIO (iHiIif0-
BaHHI) yci€l 11 MOBEpXHi Ta3epHUM IMITyIbcoM [88].

JAnst BCTaHOBJICHHSI MEXaHI3My 3allajlfOBaHHS BHU-
OyXOBHX PEUOBHH NPE/ICTABISIOTHCS BAXIUBIUMH TaKi
pe3yJbTaT: No-1eplie, MOXKHa 3pOOUTH BUCHOBOK, IO
PO3CIiIOBaHHS CBITJIa B TAKUX MaTepiaiax BiJ0yBa€eThCs
B OCHOBHOMY Ha I'pDaHsiX MIKPOHEOHOPIIHOCTEH peyo-
BuHH. [lo-Ipyre, npu CHHTE31 CBITIOYYTJIMBOTO KOM-
MO3UTY HE CJIiJI IparHyTH BUKOPHUCTOBYBATH BHCOKO-
YKCTI BUXIJHI MaTepiaiu, OCKUIBKH MPH [[bOMY 3MEH-
IIYETBCSA KOHIIGHTpAIlisl MIKPOHEOIHOPITHOCTEH, a,
OTXe, 3HIDKYEThCS BIPOTITHICTH iHINIIOBaHHS Ja3ep-
HUM IMITYyJIBCOM i3 3a/1aHOF0 eHeprieto [33, 34].

BukoprcToByr0UM METOMKY BUMIpIOBaHHS IMITy-
JBCIB MPOYKTIB BUOYXY 32 JOTIOMOTO0 0alliCTHIHOTO
MasiTHHKA, OyII0 OJIep)KaHO 3aJIE)KHOCTI TYCTHHH IMITy-
JIbCY BiJl MOBEPXHEBOI rycTHHH MacH Js (Ms ) TOKPHUTTS
i3 BC2, BC7, BC16, BC17, a Takox 3 a3uay CBUHIIIO,
3pasKd SIKOTO TOTYBAJHCSl MPECYBAHHSM IIPH THCKY
2-108 ITa [49, 51]. ExcriepuMeHTasbHi pe3yabTaTH 00-
poOsUTHCS 32 METOJOM HalMEeHIIWX KBajpartiB. Jlis
yCiX IOCTi/KCHUX BHOYXOBHX DPEUYOBHH CIOCTepira-
€ThCS NiHilHA 3amexHicTh J5(Ms ). Pitmennst 3a1au Biz-
OWUTTA neToHaliitHOT XBWIII BiJl aOCOJIIOTHO YKOPCTKOT
CTIHKM Ta MHUTTEBOI JETOHAIl MOKa3yloTh, IO HPH
Ms— 0 BeIMYMHA TYCTHHU IMITYJIBCY MPSMYE 10 HYJIA
[75, 76].. OnHak B eKCIIEpUMEHTAX LLOTO HE CHOCTEPi-
raetecs (js —0 npu ms#0). Lle o3Hagae, mo vacTuHA
macu BP Butpauaetbcs npu nepexoi TopiHHS Ha jie-
TOHAIIIO 1 HE a€ CYTTEBOTO BKJIAY Y BEJIMYHUHY IMITY-

nbcy. TaHreHc KyTa HaXxWiIy NpsIMEUX A0 OCi Mms Kope-
JIIO€ 3 BEJIMYMHOIO MIBHUAKOCTI JETOHAIli BHOYXOBUX
PEUYOBHH, HA OCHOBI SIKMX BUT'OTOBJICHI BUOYXOBI CIIO-
JYKH.

MinimanbHa ryctuna immynscy — 0,08 kIla ¢ 6yna
oleprkaHa nipu iHimiroBanHi BC2. [{ns iHIIUX CHOIYK
ui 3HaueHHs (B oxuHMISIX kl[la-c) JOpIBHIOIOTH
0,18 (PbNs ), 0,25 (BC7), 0,38 (BC16), 0,56 (BC17).
3HauyeHHs MOBEPXHEBOI T'yCTUHM MacH (B OJUHUIIIX
mr/cM? ) 1pH js — O NOPiBHIOKOTh TAKMM BEIHYMHAM:
10 (PbN3), 12 (BC16), 18 (BC17), 25 (BC2), 50 (BC7)
[88].

Jns excriepuMEHTAIbHOI OLIHKK TPUBAJIOCTI Ha-
BaHTa)KCHHS BUKOPHCTOBYBABCSA KEpaMigHHH I1"€30e-
nemenT LITC-19, sxwif po3MinryBaBcsi Mixk ocialiro-
BauyeM Ta CTEPKHEM, sIKi OyJIM BUTOTOBJICHI 3 JIaTYHI,
TaK sK IeH MaTepian Mae XBUILOBHMA OMIp, M0 OJH3b-
KHH JI0 XBUJILOBOT'O OIIOPY KepaMiku. B ocHOBI poboTn
ociabiroBaya JIeKHUTh MPOLEC MEePETBOPEHHS MIOCKOT
yIapHOi XBWI y chepuuHy. 3 ocLUIOrpaM Harpyru
BUTIKA€, WO TPUBAJICTh IMITyJIbCY CTUCHEHHS POCTE
ipu 301TbIICHHI TOBIIMHU MOKPUTTSA i 1t BC2 y nia-
nazoni 30-80 mr/cm? (js =0,1-1,0 xITa-c) He nepeBep-
mrye 0,5 Mxc. BpaxoByroun HeMUHYY€E TIOZOBXKCHHS iM-
IyJIbCY TPH NMPOXOUKEHHI XBUJICIO 0cabaroBada, Mo-
KHA CTBEPKYBaTH, IO TAKUM METOJOM YAAETHCS
OJIEP)KyBATH IMITyJIbCH HaBaHTAXXEHHS CyOMIKpOCEKy-
H/IHOi TPUBAJIOCTI.

IMmnynec 3a1aHOI T'yCTMHM MOKHA OJAEpXKATH 3a
JIOIIOMOT 010 OJTHOTO 3 jpociikeHux BC, mpu mpomy
TPUBAJIICTh HAaBaHTaXXEHHs Oyae pi3Ha B 3aJI€XKHOCTI
BiJl TUIy CHOJIyKH, TaK SIK MOKPHUTTS OyayTh BiIpi3HA-
THCsl TOBIIMHOW0. OIHAK Lei IUISIX CTBOPEHHS IMITYJIb-
CiB pi3HOT TPHUBAJIOCTI HE € HAWKPAIINM, TaK K IPUXO0-
JIUTHCS TpaloBatu 3 pisHuMH Tunamu BC. Ilepe6o-
pPOTH i TPYIHOIII MOXHA 3aBISIKH IPUTOTYBaHHIO
CIIOJIYK Ha OCHOBI OjHi€l BHOYXOBOI pedoBUHH. J[is
FOTO HEOOXITHO BapitOBaTH KOHIICHTPAIII€IO 3B'A3YI0-
yoro Mmarepiany. Ha npuxnagi BC2 onmepkani 3amex-
HOCTI TYCTHHH IMITYJIbCYy NMPOAYKTIB BUOYXY BiJ MoBe-
PXHEBOT T'YCTHHU MacH IMOKPUTTS NPU PI3HUX KOHIEH-
Tpamisfsx MNOJIMEpPy Cm. MatepianoMm, IO IiAgaBain
yIapHO-XBUIILOBI# aii Oyna crans Ct.45. 3 ofepikaHux
3aJIeKHOCTEH BUTIKAE, 1110 301IbIIEHHS] BMICTY B’SI3KH
BeJIe /10 3MEHIIIEHHS TAHT'€HCA KyTa HaXUJICHHS TIPSIMUX
Js(Ms ) o oci ms . e o3Hauae, 10 MBUAKICTH JETOHA-
ii 3MEHIIYEThCS TpH 301IbIICHAI KOHIICHTPAIIIi ITOITi-
Mepy. Tak, Hanpukmnan, npu 3MiHi Cm Big 10 % mo 40 %
OIBUJIKICTh JETOHAIlI] 3MEHINY€ETHCS MPUOIH3HO B 2,8
pa3y. OTxe, IUIIXOM 3MIHIOBaHHS BMICTY 3B’sI3y0UOTO
Marepialy MOKHA PEryJioBaTH TPUBAJICTh MEXaHid-
HUX IMITyJIBCiB TIPH JTa3epHOMY iHIIiIOBaHHI BHOYXO-
BHX CIIOJYK, BUTOTOBJICHHUX HA OCHOBI ONHi€T 1 Tiel k&
PEeUOBHHH.

TakuM 4MHOM, €KCIIEPUMEHTAIBHO OJIepXKaHi BHU-
OyXOBi CITOJTYKH aHOMAJILHO BEITMKOT Yy TIAMBOCTI JI0 il
Moroimmybcy OKI', mocmimkeHi ocoOnMuBOCTI iX iHI-
LiIOBaHHS, BUMIPSHI TapaMeTpy MeXaHiuHo1 i mpoty-
KTiB BHOYXY, IATBEpKEHA TEOPETHYHA MOJEINb 3ama-
JIFOBaHHS BUOYXOBHX PEYOBHH.
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6. IPAKTUYHE 3ACTOCYBAHHS METOJJA
JIABEPHOTI O IHINIFOBAHHSA BUBYXOBHUX
CIIOJIYK

[Tpu npakTHYHOMY BUKOPUCTAHHI €Heprii BUOYXy
B PI3HOMaHITHHX Ipoliecax 00OpOOKH MeTaliB BUHUKAE
HEeoOXiHICTh y (DOPMyBaHHI JETOHAIIHUX XBWJIb,
(dpoHT sikuX MaB Ou CyBOpo 3amany dopmy [29]. dus
I[bOI0 BHKOPHCTOBYIOTHCSI Pi3HI MeToau mpodinio-
BaHHJ JeTOoHaIiifHOro QpoHTy. OCOOIMBO MIMPOKE
MpaKkTUIHE 3aCTOCYBaHHSA 3HAXOIATh METOAU OJep-
JKaHHS IUIOCKHX JCTOHAIHHAUX Ta YAAPHUX XBHIIb.

Juns BupimieHHs 1€l 3amadi BUKOPHUCTOBYIOTHCS
TeHepaToOpu IUIOCKUX XBWIIb, SKi KOMIIOHYIOTBCA 13
nBox BP i3 pisHMMU MIBHIKOCTSMU JETOHAILIT, Tepdo-
poBani BP, MeTaHHs MeTasieBUX TUIACTUH JIiHIHHO iHi-
nifioBanuMm 3apsiom BP, enexTpuvHuiil migpus npoBi-
HUKIB TOII0. OHaK U181 GOPMYBaHHS TIOCKOT I€TOHA-
LifHOT XBWII, SIK MIPaBWJIO, MTOTPIOHO 3HAYHO Oible
BUOYXOBOTO Marepially B IMOPIBHSIHHI 3 OCHOBHUM 3a-
psmoM. Binpm ckiamHi MpoOieMH BUHHUKAIOTH TIPH
CTBOPCHHI NWTIHAPUIHAX Ta CHEPUIHUX 301KHUX Jie-
TOHAIIHHUX XBIJIb. HEOOX1MHO CTBOPHUTH ACTOHAIIHHY
XBHUITIO HE Ha IDIOCKiN MOBEPXHi Ta 3a0e31enTH HeBe-
JIMKE BiIXWICHHS pajiiyca XBUII Bif Il cepeHhOTO 3Ha-
YeHHA. TpyAHOWI y BHUPIOICHHS TMOAIOHHX 3amad
MOB’sI3aHi 3 THM, IO JOBOJMTHCS MPALOBATH 13 3ac0-
Oamu iHIIIFOBaHHS (KaICyJb—IEeTOHATOPH, CICKTPOIC-
TOHATOPH, ACTOHYIOUI IIHYPH), OCOOJIUBICTIO SKHX €
Te, 10 BOHM BUKJIMKAIOTh JICTOHAII0 3apsay BP mo-
KaJIbHO Y MICISIX IX pO3MillIEHHS.

s momoaHHs TPYAHOIIB B OJepKaHHI Tpodi-
JHOBAaHUX JICTOHAIIMHUX XBHJIb IPOMOHYETHCS BHUKO-
PHUCTOBYBaTH METO/] iHINiIOBaHHS, 3aCHOBAaHMI Ha Ja-
3epHOMY 3anayfoBaHHI BUOyxoBux cnomyk. CyTb Me-
TOJy TIOJIATAE Y TOMY, III0 Ha ITOBEPXHIO MaTepiairy 4u
OCHOBHUH 3apsg BP HaHOCHTBCS BHUCOKOYYTJIHMBE A0
JIa3epHOTO IMITyJIbCy MOKPUTTS 13 BP, sike moTim ompo-
MmiHoeTbest myukoMm OKI' i3 rycTuHOIO eHeprii, 1o rme-
peBuiye kputuuHy. [Ipu nbomy, npodinas xBuii Gop-
MYETBCS 3aB/SKHU 1HIIIFOBaHHIO YaCTUHM MOBepxHi BP
(pewrTa moBepxHi 3aTysieThes exkpanom). Hampukian,
JUISL OJICPKaHHS KiJbIIeBOI 301KHOI XBHJII JOCTATHHO
3aTYJINTH €KPAHOM LIEHTPaJbHy YaCTHHY IOKPHUTTS Ta
ONIPOMIHUTH HOTO JIa3epHUM IYUKOM, JiaMeTp SIKOTO
HepeBepIIye AiaMmeTp HOKpUTTS. [Ipn nboMy BUHHKHE
ixiniroBanHas repudepii BC, mo mpusene 10 po3mos-
CIOJDKEHHSI BUOYXOBOTO TIEPETBOPEHHS Y BUIUISAL KiJlb-
neBoi 30ixHOoi xBrii. 11006 omepskaTi po30iKHY Killb-
LIEeBY JIETOHAIli0, I0CTaTHBO iHilioBaTH BC y neHtpi
MOKPHUTTSA, IUIOCKAa JETOHAIiiHa XBWIA (hOpMyeThCs
Ipu ornpoMiHeHHi yciei moBepxHi BC.

Amnpobartist MeToIy 3iCHEHA IPH JOCITIHKEHHIX
pyHHYBaHHS TPHOXIIAPOBOIO MaTepialy yJIapHOIO
xBunewo [25, 26, 27, 89]. Ilpuxnaau npakTU4HOTO 3a-
CTOCyBaHHS NpO(iTbOBaHMX NETOHALIMHUX XBWIb Ha-
BeJieHl y y poOorax [88] (Turocki XBuuti, JiHINHHI, XBUII,
o 30irarThes, ad0 po3xonaThes, Tomo), [90] (dop-
MyBaHHs 301kHOT chepraHOi XBUi), [95, 92] (dopmy-
BaHH 301KHOT IHJIIHIPHUYHOT XBHITI).

ByB po3pobnenwnii criocié onepxaHHs chepuaHoi
301KHOI JTeTOHAmiHHO XBHJIi, a TAaKOXX NMPHUCTPIH A
tioro 3aificaenns [90]. CyTh ciocoOy momsirae B HaHe-
CEHHI Ha MOBEPXHIO chepudyHoro 3apsany BP Tonkoro

MOKPUTTSA 31 cBiTIOUyTIMBOI BC, po3mimeHHi foro y
IEHTP1 CBITJIOPO3CIFOBANBHOI KYJIi, B SIKY BBOJHUTHCS
immynse BunpomintoBanus OKI'. Tlpominp po3minry-
I0Th TAKUM YHHOM, 11100 OyJia HEMOXKJIUBICTD NPSMOTO
TIoTa/IaHHsl BUNIPOMIHIOBaHHS Ha 3apsia. Ha mpukiani
BC2 Bu3HaueHi mapaMeTpH J1a3epHOTo iMITyJbCy, IO
HEOOXiHI JUIs IHII[IFOBaHHS CEPUIHOT ICTOHAIII].

Jlnst BUpiLIeHHS 3aa4yl BUTOTOBJICHHS OiMeTaie-
BHX TpyO po3pobieHo crocid, 3aCHOBaHUH Ha TIPUHITH-
Iax OfIep’KaHHS IUIOCKHUX JIETOHAIIMHUX XBWJIb METO-
noM naszepHoro iHinitoBanHI BC. Ha Topers ocHOB-
Horo 3apsny BP HaHOCHTBCA CBITIIOUYTIHBA BUOYXOBa
CTIONyKa, SIKa HIIIOETHCS JTa3epHUM ITyYKOM, TiaMeTp
SIKOTO TIEpPEBHUILY€E niaMeTp 3apsny. ToBIIMHA MOK-
purts 3 BC ninbupaerbes Takoro, mobd 10csranoch Je-
TOHalil{He MepeTBOPeHHsI OCHOBHOTO 3apsiny BP. Ta-
K croci0 3a0e3redye BHCOKY SKICTh 30HH 3Bapro-
BaHHA 3a PaxyHOK CTBOPEHHS IUIOCKOTO (POHTY
JICTOHAIlIi TIPY OJHOYACHOMY 3MEHILIEHHI J0JaTKOBOT
BHOYXOBOI PEYOBHHHU.

Po3pobnennii MeTo1 CTBOPEHHS IMITYyJIbCHUX Me-
XaHIYHUX HaBaHTaXeHb [25, 26, 27, 89] BUKOPHCTOBY-
BaBCs JJIS1 BUMPOOOBYBAHHS MIITHOCTI JBOX BHIIB 0a-
raropyHkioHadpbHOTO TOKPUTTS (BDII): BOII-1 Ta
B®II-2. ns BHUmpoOOBYBaHHS BHKOPHCTOBYBAJIUCS
kBazpatHi 3pa3ku 10x10 cm. Bubyxosa cronyka BC2
HaHocwiacs Ha moepxHio B®Il y Burmsnm xpyra
70 mM. OnHIERO 3 OCHOBHUX BHMOT, sIKa MPE.T ABJIsLIACH
no tiockux crpykryp B®II, Oyna Bumora 3abesme-
YEHHsI IUIOCKOTO HaBaHTAKEHHS. A TOMY PO3MIpH Ai-
JISIHKY, IO HaBaHTaXKyBajlach, BHOHMpayacs Takolo,
100 11ist OOKOBHX XBHIIb PO3PiKCHHS HE BIDIMBAJA HA
rapaMeTpy HaBaHTaKCHHS Yy IIEHTP] 3pa3Ka.

B excniepumenTax mo BUTIPOOOBYBaHHIO MiITHOCTI
MaTepialliB BAKOPHCTOBYBAIOCS TOKpHUTTS 3 BC2 i3 mo-
BEPXHEBOIO I'yCTHHOIO Macu 43, 60, 110 mr/cm? . Big-
MIOBITHO 3 OflepKaHUMHU 3aJeKHOCTAME Js (Ms) Takum
MOKPUTTSM BiJIIOBIaI0Th TyCTHHH iMmyJbey 0,3, 0,58,
1,42 kIla-c [88]. I'yctuHa iMmynbey popiBHioBana 0,1,
0,2, 0,5 kITa-c. [Ipu TakMX HABAHTAXKCHHSX y pa3i KOH-
TaKTy 3 PIAMHOIO PO3LIApyBaHHsS HE CIoCTepiraiocs,
omuak, npu Js = 0,5 k[la-c 3a paxyHok aii O0KOBOT
XBHJII PO3PI[DKEHHsI pyWHYBaBCsl BEpXHIH 1Iap y BH-
Al KimereBoro po3pusy. Sxmo BOII 3Haxoxmmmcs
y KOHTAKTi 3 MOBITPSAM, TO TPH BCIX PiBHSAX HaBaHTa-
KEHHsI CIIOCTEpiraeThesl po3IIapyBaHHS 3pasKiB. Yce
[l CBIMYHTH, O[O MIIHICTh MaTepialiB MPH IMITyJIbC-
HOMY HaBaHT&KEHHI, B IEPIIy Yepry, BH3HAYAETHCS
XBHJIBOBHMH TIPOIIECAMH Y MaTepiali.

[IpoBoauHCsT TOCTIIKEHHS CIIPaIlbOBYBaHHS OTI-
TUYHUX JIETOHATOPIB MHUTTEBOI [ii, MK SIKUMH TI€peI-
Gavanucs misicekyHaHi 3aTpuMkn [93]. B ekcriepume-
HTaxX Oiju BiAICYTHI 3acOOM KOHTPOJIIO Yacy CIparbo-
BYBaHHSI KOYKHOT'O IETOHATOPa OKpeMo. B3araii koxeH
3 JE€TOHATOPIB MiAipBaBcs H MPOOWB CBHUHIEBY ITIac-
TUHY 3aBTOBLIKH 10 MM.

JlazepHwuii crioci6 iHinitoBaHHS 3apsniB BP Buko-
pHUcTOBYBaBCSl U 3MinHeHHs [94-96]. 3BaproBaHHS
MetaniB [97], mapkyBaHHsA HadTOBHX TpYO [88]., cHH-
Te3y anmaszis [99, 100] Ta B iHmmx gociimkeHHsx [101,
102].

Enepris BuOyxy BUKOPHCTOBYETHCS LTSI 3MiHH Ta-



Annali d’Italia Ne51/2024

47

KHX TTapaMeTpiB PEUOBUHU SK TBEPAICTh, MEXKa TUIHH-
HOCTi, MinHicTh. KpiM 1por0, iHGOpMAaIIis ipo 3MiHy
iHQpacTPyKTypu MEXaHIYHUX BJIACTHBOCTEH MaTepia-
JiB, 00pOOIeHNX BHOYXOM, 3aCTOCOBY€ETHCS MPH MO0Y-
JIOBi TEOPETHYHHX MOJIEJIeH CepEeIOBHIIA, Y SKOMY MO-
JKHa PO3IIISIATH yAApHI XBHIII 3 ypaxyBaHHSIM MIIHO-
CTi.

VY BUPOOHMYMX YMOBaX, SIK IPaBHJIO, 3MilTHEHHS
3IHCHIOIOTH KOB3HOIO yIapHOIO XBHIICI0. OHAK 3Mill-
HEHHA MaTepialliB TIOCKHIMH XBHJISIMH CIIPOIIY€ TIO-
IIyK HEOOXiTHHWX AJIS IIhOTO HABaHTaXCHb, a TaKOXK
CIPOIIy€ IHTEPIIPETAIIiI0 MIKPOCTPYKTYPHHUX TIEPETBO-
peHb. A TOMy OyiHM BHBYEHI MOXXJIHBOCTI Ja3epHOTO
MeTony (OpMYyBaHHS IUIOCKMX XBHJIb HaBaHTaXXKCHHS
JUTSL BUPILIICHHS i€l 3a1aui.

CucteMu iHIIIFOBaHHS BUOYXOBUX 3apsniB BP,
IO 3aCTOCOBYIOThCSI Y CBITOBIN MPAKTHUIl BUKOHAHHS
BIIPUBHUX POOIT, MAIOTh PsA HEMOJIKIB, U IMOJO-
JIaHHS SIKUX HEOOXiJHO MPOBOJMTH KOIITOBHI OpraHi-
3aIiiiHi Ta TEXHIYHI 3aX00H. 3 METOIO BUKIIOYEHHS HE-
JTOJIKiB, BIACTUBUX BiJIOMHM CHCTEMaM ITiIpUBY, HAMA
PO3p0o0IIeHi TEOPETUYHI OCHOBH Ta TEXHIYHI BUMOTH 10
ontnyHOi cucteMH iHimiroBanHsA (OITICIH), ocHoBHUMEI
€JIEMEHTAMH SIKOI € ONTHYHMI KBAaHTOBUH I'eHEeparTop,
CBITJIONPOBiJHA MEpeXa Ta ONTUYHUH KarcCylIb—IeTo-
Harop (OKJI). CrpaifoBaHHs JeTOHATOpa 3AIHCHIO-
€TBCS BiJ| i JJa3epHOTO IMIYJIBCY, SKUH MEepelacThCs
IO CBITJIOBOJIaM J10 BUOYXOBOT CIIOJIYKH ONITUYHOTO Jie-
toHatopa. BukonaBuum enementom OIICIH € po3po6-
JeHui excriepuMeHTanbHui 3pa3ox OKJl, y ToMmy uu-
CITi MIKpOJIETOHATOPH, 3HAPAKEHI JIHIIE MOHO3aps-
JIOM CBITJIOUYTJIMBOTO BUOYXOBOTO KOMIIO3HTA.

Buxomsun 3 piBHt uyrmuBocti BC7 -
50 m/I/cM?, HOKa3aHO, 10 MPH BUKOPUCTAHHI CBITJIO-
BoJa 3 miamerpoM cepreBrHA 100 MKM BEpXHS Mexa
eneprii ininitoBanHs OKJI ckmamgae ~10 mx{x. [Tpu ta-
kiit gyTinuBocti s notped OIICIH nocraTHbO BHKO-
PHCTOBYBaTH CBITJIOBOAM 3 PIBHEM YTpaTH CBITJIOBOT
eneprii 3—10 J16/xm, a ToMy MaTepiajioM Jis CBITIOBO-
JIiB MOJKe OyTH JerieBe 6araTOKOMIIOHEHTHE CKJI0. [To-
Ka3aHo, 1[0 €Hepris JIa3epHOro iMITyJIbCy, HEeoOXiaHa
Julsl iHiLirOBaHHsA, Hanpukiaa, 500 mmapuH 3apsiis,
po3mimennx Ha Bimctani 1 kM Big OKI, cxmamae
~50 mJIx.

Hus migpusanas OKJ] 6yno po3poOiieHo Ta BUTO-
TOBJICHO NEPIINH Y CBIiTI TPhOX KaHAJIBLHNH EKCIIepuMe-
HTampHUHA 3pa3ok OKI' 3 elXeKTpOHHOI KOMYTAIli€ro
MDK KaHajlaMH, siKa 3a0e3nedyBaja 4acoBY 3aTPHMKY
CIpALIOBaHHSI OJTHOTO KaHAaJy MO BiJJHOLIEHHIO 10 ApY-
roro B inTepBami 0-80 mc [17, 18]. Take TexHiuHe pi-
IIeHHS 3a0e31evye MiAPUB OKPEMUX TPYII 3apsIiB i3 3a-
JIAHUM 4acOBUM iHTepBanoM. EnexkTpuuHa cxema ckia-
JIA€ThCS 3 MEPEKEBOro OJIOKa JpKepesia HKUBJICHHS,
mifCHITIoI0uoro TpaHcdopmaropa, GJI0Ka iIMITYIbCHUX
Jamir, OJIOKa TiAMAaTIOBaHHS IMITyJILCHHX JIaMII, OJ0Ka
kepyBaHHs. OcHoBHI TexHiuHi faHi OKI': KiTbKICTh Ka-
HaNliB — 3, JOBXHHA XBHJI BHUIPOMIHIOBAaHHS —
1,06 MxM, pexuM poOOTH — IaCMBHA MOJYJISIMIs 100-
POTHOCTI pe3oHaTopa, BUXiJHA €HEpris — He MEHIIe
150 Mk y KO)KHOMY KaHaji, TPHBAJICTh IMIYJIBCY —
11 uc, mxepeno xusienns — 220 B, 50 I'u, abo 12 B
MOCTIMHOTO CTPYMY, MTOTYKHICTb, IIIO CIIOKUBAETHCS, —
He Oinpire 100 BT, po3mipn — 425x130x300 MM, maca

— 13 kr.

TaxkuM 9rHOM, pOo3p0oOJICHI HAYKOBI MiAXOAH BH-
KOPHUCTaHHS JIa3€pPHOTO METOAY iHIL[IFOBaHHS BHOYXO-
BUX CHOJIYK ISl BUPIIICHHS 3a7a4 3MIIHEHHS MaTepi-
aJliB BUOYXOM, OJlepKaHHs JETOHALIITHNX XBUJIb, 3Ba-
ploBaHHS BHOYXOM, BHUIPOOOBYBaHHS  MIIHOCTI
MaTepiaiiB 0 Aii IMITyJIbCHUX MEXaHIYHUX HaBaHTa-
JKCHB, PO3POOKHU ONTHYHUX CHUCTEM IHII[IFOBAHHS 3apsi-
IiB BHOYXOBHX PEUOBHH.

7. BUCHOBKH

Po3pobneno dizmko—mareMaTHdHy MOAETH Ja3e-
pHoro 3ananoBanHsa Opu3anTHHX BP, mo ypaxoye mi-
[HICTHI BIIACTHBOCTI MaTepianxy. TeopeTHdHa MOIETh
JI03BOJISIE TIOSICHUTH YBECh KOMIUIEKC €KCIIEpUMEHTa-
JIBHUX Pe3yJbTaTiB 10 JIa3epHOMY iHILIOBaHHI OpH3a-
HTHUX BP. IlInsxom 4ucensHOTo po3B’si3aHHs PIBHSIHB
ra3oBoOl JUHAMIKU Ta XiMiYHOI KiIHCTHKH YCTaHOBIICHI
3aKOHOMIPHOCTI Aii MpoIecy pO3BaHTAKEHHsS peyo-
BUHH Y XBWJII PO3PIIPKEHHS Ha IapaMeTpH JIa3epHOTo
3aagoBaHHS.

Po3BUHYTO KBaHTOBO-MEXaHIYHHU MiIXiT IO pi-
IICHHS 3a/1a9i CTIKOCTI KPHUCTANIYHOT PEIIiTKH 1HiIli-
rorounx BP B ymoBax 1i nedopmaiiii, BUKITMKaHOI J1aze-
PHUM HarpiBOM ONTHYHOI MiKpOHEOTHOPiTHOCTI. Ma-
TEeMaTHYHUHA MiAXiA, sSKkuid 0a3yeTbcs Ha PIlICHHI
piBusHHs Ulpeaurepa 3amadi mpo CTaH €JIEKTPOHA Y
MOJi JBOX KYJIOHIBCBKHMX LEHTPIB, JONpPalbOBAHUI
LIJISIXOM YpaxyBaHHs €KpaHIPOBKH SAEPHUX ITOTEHIlia-
JIIB aTOMIB MOJICKYJIM 3B’3aHHMHU €JIEKTPOHAMH Ta B3a-
€MOJIIT IIUX EJIEKTPOHIB Mixk co0Oot0. Bupimiena 3anaya
IIPO BIUIMB 30BHILIHBOTO KYJIOHIBCHKOTO LICHTPY Ha
SJICKTPOHHMH TepM Mostekynu. Ha npuxnani asuny cpi-

0Ia moxa3aHo, IO CTIHKICTh TPYITH N3 MOPYIITYETHCS

npu gedopmariii KpUCTaNniqHOI pelriTKy nmodiu3y mnor-
JIMHAIOYOTO BUIPOMIHIOBaHHS MIKPOBKIIIOYEHHS, IO €
npuynHOI miApuBy BP. BusBrenuii TeoperudHuit
e(eKT MITBEP/HKEHO EKCIIEPUMEHTAIBHO.

3 TeopeTHYHHX JOCIHiIKeHh BHU3HAYCHI OCHOBHI
HanpsiIMKH noryky BP Ta muisixu cTBOopeHHs Ha X oc-
HOBI BUCOKOYYTJIMBHX JIO JIa3€PHOTO IMITYJIbCY BHOY-
XOBHX CIIOJIYK: BUOYXOBI pEUOBHHH IMOBUHHI MaTH Be-
JIUKY IHIBHIKICTh MEPEXOY BiJl TOPIHHS 10 ASTOHAIIIT,
OyTH MPO30PUMHU ISl JIA3€PHOTO BHUIPOMIHIOBAHHS,
npu po3po6iii BC HeoOXiiHO nparHyTH 10 3011bLIeHHS
npo3opocti 3paskiB BC, moHmkeHHs iX MOPUCTOCTI.
Kpim 11p0ro, J01iIbHO BUKOPUCTOBYBATH JIa3epHi iM-
IyJbCH MAJIO] TPUBAJIOCTI.

Pe3ynpraT TEOPETHYHHX JOCIIKEHb BUKOPHC-
TaHi IpU po3poOLi TEXHOJIOTII MPUTOTYBaHHS B’ S3KO1
OCHOBH, sKa ysBIIsIE CO00I0 cycreHsito nopomky BP y
PO34MHI MOJIMEPHOT0 MaTepiaiy, Tpo30poro s ja3e-
pHOTO BHUIIpOMiHIOBaHHS. OzepKaHO MOHOJITHY TBe-
pay cymim kpuctaniB BP ta monimepy y BUIIsII MOK-
PHTTSL.

OziepaHo 4OTUPU BHOYXOBHX CIHOJIYKH, 1110 BH-
SIBIISTIOTh AHOMaJIbHO BHCOKY YYTJIMBICTH O Jii ja3ep-
Horo MoHoimmyascy: BC2 — 2,3 mJlx/cm?, BC7 —
5 mJx/cm?, BC16 — 23 mJIx/cm2, BC17 — 40 mlx/cM2.
3aBIsIKK po3poOii MX BUOYXOBHX CIIOJYK BHPIIIEHI
TaKi IPaKTUYHI 3a/1a4i:

- BIEpILE CTBOPEHO Ta allpoOOBAHO METO/I BUIIPO-
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0OBYBaHHS MIITHOCTI MaTepialliB Ta CTIKKOCTI KOHCTPY-
KIIi# 10 Aii MEXaHIYHUX IMITYJIbCiB HAaBAaHTAXKEHHS Cy0O—
Ta MIKPOCEKYHHOT TPUBAJIOCTI NPU MMOMIPHUX T'yCTH-
Hax immyasey —0,1-1,0 kI1a-c. PerymoBanns tpusaio-
CTi mii 3MIMCHIOETBCSA MNUITXOM 3MIiHH KOHIICHTpAIIiT
3B’s13yI0YOT0 Martepially y BUOYXOBi# cromymi abo BH-
6opom BianosigHoro Tuiy BP.

- 3aIPOMOHOBAHO Ta Peaii30BaHO crocodu (op-
MYBaHHs POQUILOBAaHUX AETOHAIWHUX XBWIb 3a pa-
XYHOK T€OMETPHYIHO1 (POpMHU JIa3epHOTO IMydKa (chepu-
YHOI 301)KHOT, KiJIbIIEBUX KOB3HHX 301KHHUX Ta PO30iK-
HUX XBHJIb, JIIHIHOT KOB3HOI, IIOCKOT );

- po3po0sIeHO MeToau OOpOoOKH MaTepiaiiB THC-
KOM (3MIIHEHHS, 3BapIOBAaHH:), 3aCHOBaHI Ha Ja3ep-
HOMY METO/Ii iHiLliFOBaHHS ITOCKHX 3apsiaiB BC;

-OCTBOPCHI TCOPETUYHI OCHOBHM Ta TEXHIYHI BH-
MOTH JI0 ONTHYHOI CHCTEMH iHILIOBaHHS BHOYXOBHX
3apsiiB, OCHOBHHMHU €JIEMEHTaMHU SIKOI € ONTHYHHUHN Ka-
TICYJIb—JIETOHATOP, CBITJIONPOBIZHA MEpeKa Ta ONTHY-
HUH KBaHTOBHH TeHeparop. Po3po0ieHo Ha OCHOBI
BC7 onTtuuHuii Kancyjib—AeTOHATOP, 10 BHUSBISE Pe-
KOPZHO BENMKY YyTJIUBICTB 10 Aii Ja3epHOTO0 MOHOIM-
nynscy — ~10 Mx/[K, ekcrnepuMeHTaJbHHH 3pa3ok
TppoX KaHaibHOTO OKI' 3 €l1eKTpOHHOI 3aTPUMKOIO
CIpaNOBaHHS KaHAJTIB BITHOCHO OJJMH OJHOTO JUIS TO-
Tpe6d OIICIH.

PesynbraTt po60TH MOXYTh OYTH BUKOPHCTaHI y
MAIIMHOOYyBaHHI MPH pO3pOOKax HOBUX CIIOCOOIB i
MeToJliB 00poOKH MaTepiaiB BUOYXOM, 10 0a3yIOThCs
Ha BHKODHUCTaHHI NpO(DIIbOBAHUX JAETOHALIHHHX
XBHJIb, BUIIPOOOBYBaHHI MIIJTHOCTI MaTepiaiiB Ta CTii-
KOCTI KOHCTPYKLIH A0 Aii MeXaHIYHUX IMITyJIbCIB HaBa-
HTaxeHHs. P0o3po0IieHI OCHOBH CTBOPEHHS ONTHYHHUX
CHUCTEM IHIIIIOBaHHSI BUOYXOBHUX PEUYOBHH MOXKYTh
OyTH BUKOPHCTaHI IIpU MPAKTHYHIH pearizarii Oe3ned-
HUX CHCTEM iHILIFOBaHHS Y TipHIYOJ00YBHIN IPOMUC-
JIOBOCTi. MeTou CTBOPEHHS MPOQiIbOBaHUX IETOHA-
IIHUX XBUJIb IO3BOJIIIOTH 3aCTOCOBYBATH iX Y HayKO-
BUX  JIOCHI/DKEHHSX  CTaHy  pPEYOBMHH  NpH
EKCTPEMaJIbHO BEJIMKUX 3HAYCHHSIX THCKY, BUBUCHHI Y
J1a00paTOPHUX YMOBAX B3a€MO/II1 JCTOHALIHHUX XBHITb
i3 IepenIKoamMu, Mi>k cOO0I0 TOIIO.
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Abstract

We will discuss what social innovation is, how it can be used in the territorial context in Albania and the
impact it has on the development of communities and regions. In Albania, social innovation has influenced the
development of the territory by bringing new and creative solutions to social challenges. Some examples of social
innovation include social startups, incubators and innovation hubs, projects in the field of tourism and cultural
heritage, as well as projects for the improvement of the environment and the protection of nature. These efforts
have aimed to address social problems and promote the sustainable development of the territory. However, there
is still room for further growth and development of social innovation in Albania, and cooperation between the
public sector, non-governmental organizations and the private sector is important to create a supportive environ-

ment for social innovation.

Keywords: Social innovation, territory, factor, development, economy.

Concept of Social Innovation

The early concept of innovation in economic de-
velopment and entrepreneurship was popularized by
Joseph Schumpeter, a German economist. Innovation,
according to him, includes the elements of creativity,
research and development, new processes, new prod-
ucts or services, and advances in technology (Lumpkin
& Dess, 2001). According to (Kuratko & Hodgetts,
2004), innovation is the creation of new wealth or the
change and enhancement of existing resources to create
new wealth.

Innovation is also seen as a process of idea gener-
ation, a development of an invention and ultimately the
introduction of a new product, process or service to the
market (Thornhill, 2006). Social Innovation is the pro-
cess of developing and implementing creative and in-
novative solutions to address social challenges and im-
prove the economic, social and environmental condi-
tion of a community.

The concept of social innovation represents a vi-
sion that includes the creation and development of new
solutions to create value and improve social life and the
social environment. This strategy uses innovation to
meet social challenges, using a combination of creativ-
ity and new ways of thinking to bring about major and
lasting changes in society.

Social innovation is closely related to transform-
ing situations and creating innovative solutions to com-
plex social challenges. These may include issues such
as poverty, lack of education, limitations in access to
health and social services, and environmental pollution,
to name a few. In contrast to the use of traditional meth-
ods, social innovation aims to develop new, creative so-
lutions oriented towards positive change in society.

Many writers and personalities have made signifi-
cant contributions to the field of social innovation, in-
cluding academics, activists and numerous profession-
als in social fields. One of the leading texts in this field
is "The Power of Social Innovation" by S. Goldsmith
(2010), which underlines that social innovation is a
great power that enables us to develop new solutions to
the biggest social challenges of our time. ours. Instead
of just using the old methods, we need to go beyond
them and build a more just and different reality. The
emergence of social actors’ initiatives to satisfy specific
social needs and offer solutions to different problems
derives mostly from the employment crisis and the re-
shaping of State interventions (Bouchard, 2011). In this
context, social innovation plays a central role in solving
new societal problems.

Success situations of social innovation include ex-
amples such as changes in the education system, the use
of technology to address health problems, the creation
of social business models and many others. These inno-
vative solutions offer hope to address major social chal-
lenges and improve people's lives in ways that are sus-
tainable and different from traditional methods.

Westley, F., & Antadze, N. (2010) explored a strat-
egy for scaling social innovation and increasing its im-
pact. He discusses the importance of collaboration, ex-
perimentation and adaptive learning in the process of
scaling social innovations.

Nicholls, A., Simon, J., & Gabriel, M. (2015) pro-
vided an overview of new frontiers in social innovation
research. Mulgan, G. (2006) explores the process of so-
cial innovation and identifies the stages and key ele-
ments involved. It discusses the role of actors, networks
and context in driving social innovation processes. In
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the book Murray, R., Caulier-Grice, J., & Mulgan, G.
(2010) provided a comprehensive overview of social
innovation, including case studies and examples from
different sectors and countries. It covers topics such as
citizen-led innovation, social finance and public sector
innovation.

In Albania, social innovation is an important tool
to improve territorial processes and to achieve sustain-
able goals at the local and regional level.

Social Innovation in Territorial Processes

The role of territory is crucial in the context of so-
cial innovation and its impact on development. Terri-
tory, which refers to a specific geographical area, plays
an important role in shaping the conditions and dynam-
ics of social innovation processes.

1. Contextual factors: The territory offers a
unique context that affects the emergence, implementa-
tion and diffusion of social innovation. Factors such as
the socio-cultural environment, economic conditions,
political structures and physical infrastructure shape the
possibilities and constraints for social innovation initi-
atives.

2. Cooperation and the formation of net-
works: in a territory they serve as a basis for close co-
operation and the creation of connections between dif-
ferent actors, including individuals, organizations,
communities and institutions. Collaboration between
different sectors and stakeholders within a territory has
the potential to advance collective efforts and increase
the effectiveness of interventions in the field of social
innovation.

3. Local knowledge and assets are valuable re-
sources for territories, providing specific knowledge,
skills, resources and cultural heritage that can be har-
nessed to build social innovation. These local
knowledge and assets not only contribute to the identi-
fication of relevant social needs, but also serve to co-
create innovative solutions and ensure that interven-
tions are relevant and sustainable by being rooted in the
local context.

4. Social innovation usually focuses on solving
local challenges and improving the quality of life for
communities within a particular territory. Place-based
solutions consider the unique features and needs of a
particular geographic area. The aim is to create positive
impacts in social, economic and environmental aspects,
adapting to the specific context of that country.

5. The territory serves as an environment for the
development of policies and governance structures
that encourage and promote social innovation. Local
and regional authorities play a key role in creating an
enabling environment, providing resources and estab-
lishing supportive policies and regulations that facili-
tate social innovation processes.

In general, the territory is not just a background
for social innovation, but an active actor that helps
shape and adapt social innovation initiatives. The fac-
tors that determine the greater innovativeness of one
area compared to another, are, in fact, much more com-
plex. To the concept of physical proximity, we must add
cultural proximity, that is a sense of belonging to an
area, capacity for interaction with others, and shared

common values, which, in short, determine relational
capital (Dedeire & Minga 2021). And it is precisely re-
lational capital, consisting of various forms. Recogniz-
ing the role of territory enables a deeper understanding
of contextual factors, collaborations and local dynam-
ics that have an impact on the outcomes and sustaina-
bility of social innovation in a given geographic area.
Recent researchers have identified a link between inno-
vation and territorial change in the way businesses are
organized, supply chains, and international networks
emerge in response to new technologies and relation-
ships between major manufacturing firms, suppliers,
and buyers (Gereffi & Korzeniwicz, 1994). " A success-
ful territorial innovation system can create the needed
basis for cooperation among companies and specializa-
tion, improve the private-public dialog, encourage ex-
ternal stakeholders (suppliers, buyers, etc.) and accel-
erate innovation. Regional and territorial development
are essential for improvement of the socio-economic
conditions of the entire country (Kozak & Muca 2020)

The Impact of Social Innovation on Territorial
Processes in Albania.

Social innovation in Albania has had a significant
impact on the transformation of the territory through
the development of innovative projects and the under-
taking of positive changes at the local and regional
level. This type of innovation has played a key role in
improving the quality of life for Albanian citizens, ad-
dressing social, economic and environmental chal-
lenges in a creative and innovative way.

One of the key dimensions of the impact of social
innovation on territorial development is the connection
between different actors, including local government,
non-governmental organizations, the private sector and
local communities. These actors collaborate to identify
social challenges and develop innovative solutions that
respond to the specific needs of local communities.

In the context of Albania, social innovation has
been focused on many important sectors. One of the fo-
cuses has been improving public services, including ed-
ucation, health, infrastructure and transport. Through
social innovation, projects and initiatives have been de-
veloped to improve citizens' access to these services
and to address their needs in a more effective and inno-
vative way.

Also, social innovation has influenced the field of
local economic development in Albania. Through the
creation of innovative projects in the sectors of tourism,
agriculture, handicrafts, and information and commu-
nication technology, the creation of new jobs and the
increase of the economic income of local communities
have been stimulated.

In addition to the economic aspect, social innova-
tion has an important impact on the social and cultural
aspect of the territory. Through innovative community
involvement projects, connections between individuals
and different groups have been strengthened, promot-
ing cooperation, solidarity and cultural diversity.

The impact of social innovation on territorial de-
velopment in Albania requires strong institutional and
financial support. It is important for the country's situ-
ation, that the government and appropriate institutions
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create specific policies and programs to stimulate social
innovation and provide financial resources for the de-
velopment of innovative projects. Public-private part-
nerships serve as a key element to mobilize various re-
sources and create a supportive environment for social
innovation in Albania.

Social innovation has a significant impact on ter-
ritorial processes in Albania, through innovative pro-
jects, cooperation between different actors, and institu-
tional and financial support, social innovation contrib-
utes to the improvement of the territory in social,
economic and cultural aspects. In the future, it is im-
portant to continue efforts to promote and strengthen
social innovation in Albania, creating a supportive and
encouraging environment for the development of the
territory in a sustainable and inclusive manner.

The importance of institutional and financial
support

Institutional and financial support is of great im-
portance for social innovation, not only at the global
level, but also in the context of Albania. If I take it in
the general context, institutional support provides the
structure and legislation necessary to improve the envi-
ronment in which social innovations operate. Public in-
stitutions, such as local and central governments, can
create specific policies, laws and programs to promote
and finance social innovation. Also, financial support is
necessary to facilitate the development and growth of
social innovation. Funds and financial resources, such
as grants, investments and public-private partnerships,
can be catalysts for the growth of innovative initiatives
and for their expansion to achieve the greatest impact.

In the context of Albania, institutional support is
necessary to improve the climate of social innovation.
Government and public institutions should create dedi-
cated policies and programs to promote social innova-
tion, identify social challenges and facilitate the crea-
tion of partnerships with non-governmental organiza-
tions and the private sector.

However, the challenge of financial support con-
tinues to be stable in Albania. Beyond some local and
international initiatives to provide funding and finan-
cial resources for social innovation, there is a need for
greater investment in this direction. Public and private
funds, as well as other funding sources, have the poten-
tial to help increase social innovation and create a sup-
portive environment for territorial development in Al-
bania.

Institutional and financial support provides oppor-
tunities for the creation and development of social in-
novations in a certain territory such as Albania. This
support creates a more favorable environment for social
innovations and contributes to improving the develop-
ment of the territory, including solving social chal-
lenges, increasing economic income and promoting en-
vironmental sustainability.

In fulfilling the potentials of social innovation in
the territorial processes in Albania, a stable institutional
and financial support is necessary. Some key aspects
are:

e Public and private investment: Financial inter-
ventions from government and private investors have

an important role in helping social innovation expand
its impact. Public investments in infrastructure, social
services and local development can create new oppor-
tunities for social innovation. At the same time, private
investors can support innovative projects with the po-
tential to bring about positive change in communities.
It is very important to understand that innovation is es-
sential for the improvement and development of busi-
nesses, generating more profits, as a result, this will
lead to the development of the territory where it oper-
ates. (Jano, K. & Minga, A 2023)

e Public-private partnerships: Cooperation be-
tween the public and private sectors is essential for the
promotion of social innovation in Albania. For exam-
ple, strategic partnerships between local government
and local business can encourage the development of
social innovation projects in the territory.

A successful system of territorial innovation can
create the necessary basis for cooperation between
companies and specialization, improve private-public
dialogue, encourage external stakeholders (suppliers,
buyers, etc.) and accelerate innovation. Due to proxim-
ity, both geographically and in activities, the members
of the spatial innovation system enjoy several benefits
and economic advantages. (MINGA, A., & MUCA, E.
(2023). The absence of the economic structures in the
process of collection and distribution of the products
has encouraged the development of the direct circuits
of commercialization, from rural producers to interme-
diaries, or from agro-enterprises to regional intermedi-
aries. (Muca E, et al 2018)

e Technical assistance and training: Providing
technical assistance and training to local actors is an-
other important aspect to promote social innovation.
Training in areas such as project management, social
finance, new technologies and community leaders help
increase capacities to develop and implement social in-
novation in territorial processes.

Coclusion

Social innovation has a great impact on territorial
processes in Albania. Using creativity, technology and
collaboration, social innovation can improve access to
basic services such as education, health, infrastructure,
and influence the economic and social development of
an area. However, to achieve success in using social in-
novation in territorial processes, it is important to un-
derstand the local and cultural context and adapt to it.
Going down this path, it is necessary to involve local
actors and link cooperation between them, including
the government, non-governmental organizations and
the community.

In this way, social innovation can serve as an ef-
fective tool to solve territorial challenges in Albania
and improve the livelihood of local communities.

a. Improving dialogue and participation: Social in-
novation encourages the active participation of all local
actors in territorial processes. Using new tools and
technologies, it is possible to create virtual platforms,
online surveys, mobile applications and other tools to
encourage dialogue and citizen participation in the de-
cision-making process.

b. Development of sustainable business models:
Social innovation can contribute to the development of
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sustainable business models at the local level. Through
the implementation of social innovations, new opportu-
nities can be created for local businesses, which can be
based on the use of resources available in the territory,
the trade of traditional products and the use of technol-
ogy to increase efficiency and competitiveness.

c. The use of technology and innovation to solve
the challenges of the territory: In Albania, social inno-
vation can be used to address the specific challenges of
a territory, such as public transport, water management,
renewable energy infrastructure, etc. Using technology
and social innovation, new solutions can be developed
and the quality of life in the territory can be improved.
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Unemployment is an important aspect of social problems. It can be assumed that many problems arise due to
a lack of means of subsistence, and in the current world, having a job is the key to success and a means of earning
income to support oneself. The advancement of automation is an inevitable development factor. Every year the
world's population increases and unsolved social problems deepen. Automation is happening everywhere and at a
rapid pace. Therefore, striking a balance between automation and social security is important.

Rapid development is making the situation more and more complicated. Technologies can gradually change
absolutely all areas of production. People become less in demand in many areas of production (mainly the lower

stratum of the population)

Keywords: unemployment, social problem, automatization, technological development.

It is widely accepted that technological change can
lead to short-term job losses. The idea that they could
lead to long-term increases in unemployment has long
been controversial. Participants in the technological un-
employment debate can be divided into optimists and
pessimists. Optimists agree that innovation can disrupt
jobs in the short term, but still believe that various off-
setting effects avoid long-term negative consequences
for jobs. While pessimists argue that, at least in some
circumstances, new technologies could lead to a pro-
longed decline in the total number of workers in em-
ployment. The phrase "technological unemployment”
was popularized by Keynes in the 1930s. At the same
time, the issue of replacing human labor with machine
labor has been discussed at least since the time of Aris-
totle.

Before the 18th century, both elites and common
people generally had a pessimistic view of technologi-
cal unemployment; however, due to the generally low
levels of unemployment in the pre-modern period, the
topic rarely aroused significant concern. In the 18th
century, concerns about the impact of technology on
jobs grew as mass unemployment grew, especially in
Britain, which was then at the forefront of the Industrial
Revolution. However, some economic thinkers have
begun to counter these fears, arguing that overall the
innovations will not have negative consequences for
jobs.

These arguments were formalized at the beginning
of the 19th century in the works of classical economists.
In the second half of the 19th century, it became in-
creasingly clear that technological progress was in the
interests of all sectors of society, including the working
class. Concerns about the negative impact of innovation
have diminished. The claim that innovation will have
long-term negative effects on employment has come to
be called "Luddism" [1].

Changes in the nature of work take the form of its
individualization and autonomization, which is due to
the expansion of access of its subjects to significant
amounts of information. These processes are mani-
fested in the introduction of remote forms of employ-
ment among hired workers, the self-employed and
crowdworkers, or participants in various projects on a

non-permanent basis. The introduction of digital plat-
forms creates the prerequisites for the interaction of
supply and demand subjects, as well as for the develop-
ment of new and modification of traditional services,
including home delivery, short-distance transportation,
consulting activities, etc.

Another feature of the labor market in the context
of digitalization of the economy is the increased de-
pendence of labor activity on the technical system,
since the processes of worker autonomy can be ham-
pered by available technologies. Despite the fact that
the work is individualized, the coordination of the par-
ticipants’ activities is carried out using digital plat-
forms. Thus, digitalization provides work flexibility.

Digital platforms determine the dependence of
participants on their inherent operating algorithms. For
example, the emergence of digital platforms in the field
of passenger transportation has allowed many drivers
to find an independent form of activity and at the same
time subjected them to the conditions determined by
this platform [2].

An important feature of the world of work has be-
come the blurring of boundaries between private and
professional spaces, which is manifested in the possi-
bility of inclusion in the labor process anywhere and at
any time. This leads to a lack of restrictions on the
length of the working day and working week, as well
as disruptions to traditional work rhythms, which, in
turn, disrupts vertical interactions and hierarchical
structures, which are replaced by horizontal connec-
tions. If a hierarchical management organization pre-
supposes a strict distribution of competencies and con-
trol over the flow of information by the leadership cen-
ter, then in a network organization the availability and
high speed of information flows allows employees to
enter into effective interactions with outsiders and in-
siders.

An important feature of the world of work has be-
come the blurring of boundaries between private and
professional spaces, which is manifested in the possi-
bility of inclusion in the labor process anywhere and at
any time [3]. This leads to a lack of restrictions on the
length of the working day and working week, as well
as disruptions to traditional work rhythms, which, in
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turn, disrupts vertical interactions and hierarchical
structures, which are replaced by horizontal connec-
tions. The digital revolution is leading to a transfor-
mation of non-professional activities that are becoming
collaborative (for example, the creation of Wikipedia
by Internet users for free). Many activities based on
open source resources and carried out by volunteers
compete with classic activities. This is the case in soft-
ware (Linux, Mozilla, Apache), film production, music
creation, etc. At the same time, activities that were tra-
ditionally free are being commercialized (for example,
renting a car on a one-time basis to a third party for the
duration of a trip (Blablacar ) or apartments (Airbnb).
Thus, the boundary between personal and work time
becomes blurred, which means a return to pre-industrial
practices on a new technological basis.

The threat of technological unemployment is oc-
casionally used by free market advocates as a justifica-
tion for supply-side economics-style reforms to make it
easier for employers to hire and fire workers. Con-
versely, it has also been used as an excuse to justify in-
creased worker protections. Larry Summers proposes a
vigorous, concerted effort to combat the "myriad of
schemes" - such as tax havens, banking secrecy, money
laundering, regulatory arbitrage - that allow those with
great wealth to avoid paying taxes - to make it more
difficult to amass vast fortunes without a reciprocal
"great social contribution" " Summers proposed stricter

enforcement of antitrust laws; reducing “excessive” in-
tellectual property protection; greater encouragement
of profit-sharing systems that can benefit workers and
give them a share in the accumulation of wealth;
strengthening collective labor agreements; improving
corporate governance; strengthening the financial reg-
ulatory system to eliminate subsidies on financial activ-
ities; easing land use restrictions that can lead to higher
prices for land holdings; improving the professional
training of young people and retraining of laid-off
workers; increasing public and private investment in in-
frastructure development such as energy and transport

[1].
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Throughout life, everyone has experienced various inner conflicts related to certain situations or areas of life.
However, today, more than ever, adolescents are facing inner conflicts which affect them quite deeply and deter-
mine them to experience a tension that sometimes translates into an existential crisis. This is due to the mental
dispute between what they really want and what a society can offer them through the availability of life spheres.
Thus, this research work focuses on the interdependence between the value and availability of various areas of
life, which influence the motivation of adolescents, being an accurate indicator of their inner conflicts.

Keywords: adolescent, immigrant, inner conflict, availability, value, area of life, feeling of inner emptiness.

Introduction

The feeling of inner conflict is a diffuse and poorly
outlined feeling, especially due to its ambiguous char-
acteristics which cause a lot of anxiety in adolescents.
The psychological distress associated with this feeling
is big, because the adolescent who is suffering from it
cannot find a clear symptom with which to associate it.
For this reason, this feeling is hard to define and hard
to bear, because it is not easy to describe, to put into
words and to delimit in the context of internal and ex-
ternal reality what a person experiences on an emo-
tional level, because the boundaries in this sense are
blurred.

Sometimes it can be really difficult to choose be-
tween certainties, desires and duties. Confusion is a
sign that we are experiencing internal deadlock or con-
flict between opposing aspects, as we cannot find a so-
lution between different needs and demands at that mo-
ment.

The term inner conflict refers to the experience
where there are conflicting beliefs, desires, impulses, or
psychological feelings. Psychology also uses the term
cognitive dissonance, which translates into conflicting
and inconsistent attitudes. A mental battle can occur at
any point in a person’'s life, regardless of their field: re-
lational, value, religious, moral, erotic, socio-ideologi-
cal, etc.

Adolescents' inner conflict will be discussed in
this study in relation to the axiological sphere and spe-
cific areas of life. Thus, we will analyze the internal
psychological tension, translated into existential con-
flict, that discomfort and confusion about life and its
future, fuelled by the perception of adolescents' power-
lessness to have what they really want.

Methodology and methods

This investigative research has the aim to obtain
an overview of the inner conflict, connected to certain
spheres of life and which is perceived by both Moldo-
van adolescents in the Republic of Moldova and Mol-
dovan adolescents in Italy. Thus, this objective pro-
vides us with an additional piece of issues related to
some particularities of age and migration circum-
stances, being a sketch of the young generation in the

diaspora in terms of the characteristics imposed by im-
migration status and the mechanisms by which this sta-
tus influences adolescents' values.

Research aim: To investigate the inner conflict re-
lated to the axiological sphere in Moldovan adolescents
from different ethnocultural backgrounds.

The subject of the investigation was to identify the
impact of the sociocultural environment on the experi-
ence of inner conflict in adolescents.

Consequently, our goals were the following:

1. To investigate the inner conflict in adoles-
cents;

2. To determine the level of disintegration in the
sphere of personal motivation in adolescents.

For this purpose, the questionnaire on The Value-
Accessibility Ratio in Various Life Areas, developed by
E. B. Fantalova (Jocranosa, Kaoppe, Kimimoga, 1997),
was administered. It has also been used quite widely by
other researchers (Baciu, 2014, pp. 57-76; Secheiko,
2018, pp. 9-14; Tarnovschi, 2017, pp. 102-105; 8).

The questionnaire on The Value-Accessibility Ra-
tio in Various Life Areas contains 12 values: An active
lifestyle; Health; Interesting jobs; Beauty of nature and
art; Love; Material wealth; Presence of good friends;
Self-confidence; Knowledge; Independence and free-
dom of action; Happy family life; Creation.

The values are represented in 2 matrices. Each of
these values matches a numerical rating. Thus, the re-
spondents are instructed to select only one numerical
rating from each cell. This way, no pair is omitted. Ma-
trix 1 represents the choice of the most important value,
while Matrix 2 represents the choice of the most acces-
sible value in the near future. As a result, the choices of
the subjects are counted and this allows us to obtain a
total score for each value (danranosa, 2011).

The research took place between December, 2018
and October, 2019. Accordingly, the research sample
consisted of 215 adolescents (110, being from Mol-
dova, Chisinau and Floresti and 105, being from Italy,
Lombardia, Emilia-Romagna, Liguria and Veneto).
The adolescents were between 14 and 18 years old.
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Results and discussions
The following results emerged from the investiga-
tion:

Based on the average indicators of different areas
of life, the spheres generating anxiety and psychologi-
cal concern were delimited. Figure 1 shows the data on
the number of young people experiencing inner conflict
in each area of life.

Assessment of mner conflicts among Moldovan adolescents in the Republic of Moldova
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Figure 1. Assessment of inner conflicts among Moldovan adolescents in the Republic of Moldova

Figure 1 clearly indicates that there is a high num-
ber of adolescents with inner conflicts.

The conflicts that are the most prominent are asso-
ciated with spheres such as Independence and freedom
of action (87,3%), A happy family life (69,1%), and
Health (59,1%). It is apparent that Moldovan adoles-
cents in the Republic of Moldova view the prospect of
possessing them as problematic.

In terms of Independence and freedom of action,
we can notice that today's adolescents are likely to feel
a lot of pressure from the entourage "to be in line with
something", which certainly bothers them, as they have
the characteristic need of their age to define themselves,
to be independent and implicitly demanding the possi-
bility to be responsible.

At the same time, they want a Happy family life,
not with "friendly" parents, but with rules and limits
that give them security, in which they feel appreciated

and accepted. They also see the meaning of the "happy
family" in the relationships between its members, who
help each other, support each other and love each other
unconditionally. However, adolescentes find it incon-
ceivable and "hard to draw", which is putting pressure
on them.

Regarding Health, adolescents described distrust
of their ability to be in good health in the future. This
fact indicates that adolescents are highly concerned
about their health, but they are unsure if they can main-
tain it. Thus, we can assume that today's generation
looks with skepticism at the quality of air, food, all of
which creates psychological problems for them. Simi-
larly, this concern may also be caused by the shortcom-
ings of the medical system in the Republic of Moldova,
fuelling adolescents' distrust in the skills of medical
staff.
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Assessment of inner conflicts among Moldovan immigrant adolescents in Italy
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Figure 2. Assessment of inner conflicts among Moldovan immigrant adolescents in Italy

Figure 2 highlights the fact that immigrant adoles-
cents have fairly pronounced inner conflicts. The most
obvious conflicts refer to Interesting jobs (83,8%), Ma-
terial wealth (78,1%), Independence and freedom of
action (59%), Happy family life (59%), Knowledge
(52,4%) and Presence of good friends (49,5%).

In relation to Interesting jobs, adolescents are
aware that immigrants do not have free access to the
labor market, so they are distrustful of attractive jobs.

A similar explanation is given for Material wealth,
where the categories of jobs reserved for immigrants
are less well paid and cannot guarantee financial stabil-
ity, compared to the native population, as they are sea-
sonal or strictly fixed-term and this is perceived by ad-
olescents as a form of discrimination, causing them in-
ner conflicts, which they find more difficult to cope
with (Rosca, Caunenco, 2019, pp. 214-220). In addi-
tion, this sphere, being linked to work, can also be seen
as a kind of recognition of personal involvement and
capabilities or as a necessary means to live inde-
pendently.

The value of Independence and freedom of action
seems to be limited in the future of young people, too.
This can interfere with the "condition of the foreigner",
which is felt harshly by adolescents in the diaspora, as
well as the freedom and right to choose Italian citizen-
ship, which is a painful key for some of them. Thus,
even if Italy is a democratic country, with solid princi-
ples related to freedom, in the case of foreigners it is
quite reserved in terms of their access to different areas
of public life "freedom, for young immigrants, is a

multi-semantic term, which is linked to democracy, the
possibility of participating in collective decisions and
equal opportunities, the freedom to fulfill yourself in
the society where you grew up and to do what you want
to do" (Shcwartz, 1992, pp. 1-65).

Inner conflicts, related to the Happy family life,
arise among immigrant adolescents, too. This value is
seen in gloomy colors as a future perspective for ado-
lescents, because they have already had the experience
of family reunification, which left a painful mark on
some of them and eroded the image of the Happy family
in Italy.

In this context, Knowledge is also considered to be
a sphere that is far from being available to young Mol-
dovans. This is related to both the limited access to
some educational institutions due to bureaucratic tac-
tics, insufficient financial resources to cover tuition
fees, and the disadvantaged position of the immigrant,
all of which block the possibility of Knowledge at the
middle or high school level (Rosca, 2021, pp. 172-181).

No less problematic, the sphere related to The
presence of good friends is also seen. Immigrant ado-
lescents have the difficulty of trusting the network of
friends in the future. Even if this meets their need for
protection, autonomy and recognition, over time, it can
cause various forms of ethnic segregation, preventing
their social integration in this way.

Furthermore, we intended to assess the feeling of
inner emptiness in Moldovan adolescents in the Repub-
lic of Moldova and Moldovan immigrant adolescents in
Italy.
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Assessing the feeling of inner emptiness in Moldovan adolescents in the Republic of
Moldova
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Figure 3. Assessing the feeling of inner emptiness in Moldovan adolescents in the Republic of Moldova
As shown in Figure 3, the feeling of inner emptiness is related only to Beauty of nature and art.
Assessing the feeling of inner emptiness in Moldovan immigrant adolescents in Italy
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Figure 4. Assessing the feeling of inner emptiness in Moldovan immigrant adolescents in Italy

Figure 4 shows that immigrant adolescents have
more inner conflicts than feelings of inner emptiness.
The most pronounced feeling of inner emptiness is re-
lated to The beauty of nature and art.

Of particular interest is the degree of interdepend-
ence between value and availability of spheres of life
for adolescents. This concept is based on the fact that
the determining factors of the personal motivational
sphere are fluctuating and gradually change depending
on the circumstances of life, between the two planes of
consciousness: the plan containing awareness of val-
ues, personal intentions, objectives for the future and

the plan related to accessibility, implementation of spe-
cific objectives, easily achievable, located in "visible
psychological field" (Secheiko,2018, pp. 9-14). In this
sense, "value" and "availability" are not polar charac-
teristics of the personal motivational sphere, but on the
contrary, the stimulating power of different motives
and the presence of inner conflicts, related to certain
spheres of life, which largely depend on the nature of
the relationship between "value" and "availability", re-
flecting the degree of mismatch and disintegration in
the motivational sphere. As a result, this indicates the
level of dissatisfaction with the current life situation,
the presence of inner conflicts, the blockage of basic
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needs, on the one hand, and the level of self-realization,
self-harmony, integration and internal identity, on the
other.

Therefore for optimal assessment, it is important
to recognize the nature and degree of dissociation (dis-
crepancy) between "valuable" and "available", con-

nected to the main spheres of life, namely the diver-
gence between what "is now" and what "should be", be-
tween "l want" and "l have", as well as between "l will"
and "l can".

A picture of the levels of disintegration in the per-
sonal motivational sphere is shown in Figure 5.

Levels of disintegration in the sphere of personal motivation in Moldovan adolescents in the
Republic of Moldova and Moldovan immigrant adolescents in Italy

84,50%
0,75

0,5

43,80%
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55,20%

0,00% 1,00%

Low level of disintegration in the sphere
of personal motivation

Medium level of disintegration in the
sphere of personal motivation

High level of disintegration in the sphere
of personal motivation

The Republic of Moldova Italy

Figure 5. Levels of disintegration in the sphere of personal motivation in Moldovan adolescents in the Republic
of Moldova and Moldovan immigrant adolescents in Italy

Figure 5 shows that 84,5% of adolescents in the
Republic of Moldova have a low level of disintegration
in the sphere of personal motivation and 15,5% - me-
dium level, while 43,8% of immigrant adolescents in
Italy have a low level, 55,2% - medium level and 1,0%
- high level.

Thus, in order to portray the complexity of the
feeling of disintegration in the motivational sphere, pre-
sent in the profile of the contemporary adolescent, we
have resorted again to comparisons of the level of dis-
integration in the sphere of personal motivation (R) in
Moldovan adolescents in the Republic of Moldova and
Moldovan adolescents in Italy, which we obtained us-
ing the Mann-Whitney U Test.

Therefore, based on the obtained result (U=3414,
Z=-6.246, p<0,001) following the comparisons of dis-
integration levels in the sphere of personal motivation,
we observed the existence of significant differences be-
tween the two groups of adolescents, where Moldovan
adolescents in Italy have a significantly higher level of
disintegration than adolescents in the Republic of Mol-
dova.

In order to have a clearer picture, we tried to com-
pare the levels of disintegration in the sphere of per-
sonal motivation according to gender and place of liv-
ing. Thus, after comparing the level of disintegration in
the sphere of personal motivation (R), obtained by ad-
olescent girls and adolescent boys in Italy U

(U=1156,5, Z=-1,330, p=0,183 >0,05), we noticed the
lack of statistically significant differences in this re-
gard. However, statistically significant differences
were observed between adolescent girls and adolescent
boys in the Republic of Moldova (U=1036, Z=-3,958,
p<0,001), where adolescent boys have demonstrated a
significantly higher level of disintegration, compared to
adolescent girls.

At the same time, we compared the results ob-
tained by Moldovan adolescent girls in the Republic of
Moldova and Moldovan adolescent girls in Italy. In this
sense, statistically significant differences (U=801,5,
Z=-5,472, p<0,001) are highlighted. Thus, Moldovan
adolescent girls in Italy had a significantly higher level
of disintegration than adolescent girls in the Republic
of Moldova. The same thing was noted in the results of
comparisons between Moldovan adolescent boys in the
Republic of Moldova and Moldovan adolescent boys in
Italy (U=943, Z=-2,921, p<0,01). In this regard, having
confirmed the existence of statistically significant dif-
ferences, we can state that Moldovan adolescent boys
in Italy show a significantly higher level of disintegra-
tion than Moldovan adolescent boys in the Republic of
Moldova.

CONCLUSIONS

1. In terms of internal psychological tension, re-
lated to certain spheres of life, the number of adoles-
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cents with inner conflicts, both in the Republic of Mol-
dova and in lItaly, is quite high. In this sense, it is re-
markable that some spheres of life, for both groups of
young people, generate anxiety and psychological con-
cern, which suggests the distrust of young people in
certain institutions and systems, which are influenced
by both the Moldovan and Italian social context.

2. Based on the interdependence between the
value and availability of spheres of life, the levels of
disintegration in the motivational sphere of adolescents
were outlined, which reflects their state of dissatisfac-
tion with the current situation regarding the spheres of
life, the presence of conflicts and internal blockages re-
lated to self-realization, integration and identity. Thus,
the majority of adolescents in Moldova have a low level
of disintegration in the sphere of personal motivation,
while adolescents in Italy, more than half, have a me-
dium level. This translates into the fact that the charac-
teristics of the sociocultural context in which the social-
ization of adolescents takes place have a significant im-
pact on both their value sphere and inner motivation.

3. The comparative results of the levels of disin-
tegration in the sphere of personal motivation accord-
ing to gender and place of living reveal the following
conclusions:

a) Adolescent boys in the Republic of Moldova
demonstrate a higher level of motivational disintegra-
tion compared to adolescent girls in the Republic of
Moldova;

b) Moldovan adolescent girls in Italy show a sta-
tistically significant higher level of disintegration com-
pared to adolescent girls in the Republic of Moldova;

¢) Moldovan adolescent boys in Italy have a
higher level of motivational disintegration than Moldo-
van adolescent boys.
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Abstract

The thesis Development of an application based on hexagonal architecture and Domain-Driven Design fo-
cuses on elaborating and analyzing key concepts and principles of Domain-Driven Design and their implementa-
tion through hexagonal software development architecture.

The first part of the paper is grounded in the theoretical description of Domain-Driven Design concepts and
Hexagonal Architecture, also known as "Ports and Adapters” and "Clean" architecture. The thesis discusses the
essence and significance of creating modular applications through the precise separation of public abstractions and
implementation details, by isolating domain logic from infrastructure and utilized technologies. Additionally, the
thesis also emphasizes the importance of logically segregating code into modules, communication via APIs, and
the subsequent decoupling of application components. This is noted for its impact on the capabilities for code
testing, the introduction of new features, and the upgrading or replacement of existing technologies and business
functionalities, as well as the potential for transforming modules into individual microservices.

The aim of the paper is to address key concepts of Domain-Driven Design and hexagonal architecture and to
consider the importance of encapsulation, abstraction, and protection of business logic from the rest of the system
as their primary tenets. The theoretical part of the paper allows for the identification of the advantages of hexagonal
architecture over monolithic, single-module software architecture, as well as potential challenges in its implemen-

tation and maintenance.

Keywords: Domain-Driven Design, Ports and Adapters, Hexagonal Architecture, development, architecture,

modules.

Introduction

The growth in size and the consequential complex-
ity of business domains inevitably generates the neces-
sity for adequate adaptation and redefinition of soft-
ware, along with subsequent modifications of the busi-
ness workflows without disruptions of the existing
0ones.

The growth of the codebase is directly correlated
with the increase in software complexity, making it
challenging to maintain the code in an organized and
structured manner as per the initial design concepts.
Throughout numerous development iterations, in the
absence of strict adherence to architectural guidelines,
maintaining separation of concerns and properly decou-
pling of classes and modules becomes increasingly
challenging.

Addressing the previously mentioned issues, the
foundation for elaborating on this work will be Do-
main-Driven Design and hexagonal architecture as ap-
proaches to software development with a significant
degree of alignment between software artifacts and key
business concepts and goals.

The paper "Domain-Driven Design and hexagonal
architecture™ pertains to the elaboration and analysis of
key concepts and principles of Domain-Driven Design
and their implementation through the hexagonal archi-
tecture.

The paper is based on a theoretical description of
the concepts of DDD and hexagonal architecture, also
known as "Ports and Adapters" and "clean" architec-
ture. It explores the essence and significance of creating
modular applications through the precise separation of
public abstractions and implementation details,
achieved by isolating domain logic from infrastructure
and used technologies.

Furthermore, the significance of logically parti-
tioning code into modules is underscored, emphasizing
communication via APIs and the consequential decou-
pling of the application components. It highlights their
impact on code testing capabilities, the introduction of
new along with upgrading and replacing existing tech-
nologies and business functionalities, as well as the po-
tential for transforming modules into individual micro-
services.

The goal of the paper is to delve into the key con-
cepts of DDD and hexagonal architecture, exploring the
significance of encapsulation, abstraction, and safe-
guarding business logic from the rest of the system as
their primary tenets.

Additionally, the paper facilitates the identifica-
tion of the advantages of the hexagonal architecture
compared to monolithic and single-module software ar-
chitecture, as well as potential challenges in its imple-
mentation and maintenance.
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In the subsequent sections of the paper, the previ-
ously mentioned terminologies and their associated
concepts will be thoroughly examined. Concretely, the
paper will delve into DDD and hexagonal architecture,
exploring their logical components, potential imple-
mentation scenarios, and offering a comprehensive
mapping along with pertinent guidelines for integrating
these models into a specific framework.

Domain-driven design

The rising complexity trend in contemporary busi-
ness domains undoubtedly necessitates the need for ad-
equate alignment of software, accompanied by subse-
quent modifications, while simultaneously preserving
the integrity of the software and ensuring its compli-
ance with current business processes.

The technical aspects of software, coupled with
factors such as the absence or inadequately defined
documentation, unclear and ambiguous goals, and re-
source constraints, may contribute to a negative impact
on the potential complexity of the software. Further-
more, insufficient comprehension of the software, par-
ticularly as its complexity grows, may limit the possi-
bilities for its secure adaptation and expansion.

To minimize risks and neutralize potential nega-
tive impacts stemming from the growth of software
complexity, it is an imperative to exert effective control
over complexity, involving appropriately defining soft-
ware models and their corresponding architecture,
while maintaining continuous monitoring and revision
of the state and changes in its structure.

The key to successful complexity control lies in a
robust model that transcends a superficial understand-
ing of the domain by introducing a foundational struc-
ture (Santoso, 2018).

The term Domain-Driven Design was coined and
established by Eric Evans in his seminal book "Do-
main-Driven Design: Tackling Complexity in Soft-
ware" and it serves as a framework for systematically
making design decisions in complex software domains.

The premises of the mentioned book are twofold,
implying that the primary focus of most software pro-
jects should be on the domain and domain logic on one
hand, and that complex domain design should be based
on the domain on the other.

In line with the foregoing, DDD represents an ap-
proach to software development with a complex busi-
ness domain that enables its efficient development, test-
ing, maintenance, and modification, with its primary
focus being the mapping of business concepts into soft-
ware code by placing domain logic at the center of soft-
ware development.

DDD pertains to the translation of business
domain concepts into software artifacts (Penchikala,
2008) and is predominantly employed in applications
where the domain model holds a pivotal role. In the
realm of DDD, the domain model stands as the primary
wellspring for designing and developing software that
is intricately aligned with the business logic of the user
domain, while concurrently downplaying the technical
facets of the application (Hippchen, Giessler,
Steinegger, Schneider & Abeck, 2017).

Additionally, DDD defines concepts and patterns
that aid in the effective design of software in accord-
ance with business requirements. It involves an ap-
proach to software development focused on various as-
pects of the domain — its structure, functions, logic, and
language.

However, DDD does not prescribe a specific tech-
nology, methodology, or development approach; in-
stead, it encompasses a set of concepts, principles, and
best practices based on logically separating code into
modules, isolating domain logic, and causally address-
ing technical and domain-related issues.

An architecture that separates technical concerns
from domain concerns creates conditions for effec-
tively adapting software to changes without undesired
effects on unrelated parts of the code, enabling a cohe-
sive design of individual components, making them
simpler to interpret.

DDD provides a solid framework for designing
and constructing business logic within the hexagonal
architecture. The goal of DDD involves aligning soft-
ware artifacts, such as design and documentation, with
the business domain that the software addresses, result-
ing in the ability to swiftly respond to changing require-
ments driven by shifts in the business domain.

Additionally, with this development approach, the
emphasis is placed on reducing technical debt, referring
to the level of unnecessary complexity in the code. As
well as this, elaborated concept can also encompass
cruft, which represents the gap between the current
code and the ideal setup of a software project (Vieira,
2022).

As previously mentioned, DDD fundamentally
separates two spaces - the problem space and the solu-
tion space. The problem space abstractly models the
primary business domain along with all its processes
and dynamics. Within it, domain experts possess all the
knowledge about these processes.

In contrast, the solution space corresponds to soft-
ware artifacts and plays a role in the functioning and
resolution of processes and issues in the problem space.
When working in the solution space, to prevent misun-
derstandings in communication between developers
and domain experts, a shared language is negotiated
and adopted. This language represents more than just a
glossary of terms, as it also defines the names of coding
artifacts (e.g., class names), enabling interactive engi-
neering sessions with domain experts.

However, adhering strictly and without further
consideration to the aforementioned dictionary can, in
many cases, lead to issues: What happens if different
experts use the same lexicon to describe their domains
(Vieira, 2022)?

By utilizing tools for tactical modeling, DDD also
addresses the practical technical requirements of anal-
ysis and executive software development. These tools
enable developers to create software that represents a
tangible implementation of domain expert models, sim-
ultaneously being less prone to errors, scalable, and re-
liable. This approach generates a high likelihood of suc-
cessful project completion within planned timelines
(Vernon, 2012).
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The effective implementation of DDD best prac-
tices relies on the existence of bounded contexts, a
ubiquitous language, and related concepts (Vernon,
2012).

On the other hand, the inclination towards the
functional classification of monoliths raises the ques-
tion of how to identify stable, independent, and func-
tional partitions along which decomposition is possible.
DDD provides guidelines for the functional classifica-
tion of domains, which, through the appropriate selec-
tion of subdomains and defining bounded contexts in
software, also creates conditions for a sound technical
decompoasition. This technical decomposition is a pre-
requisite for breaking down the monolith and migrating
to a microservices architecture (Lilienthal, 2019).

The decomposition of a system into modules or
services is a challenging practical problem and a re-
search question that has not been fully addressed yet.
With the current trend towards microservices architec-
ture, strategic DDD has become a popular technique for
decomposing domains into so-called bounded contexts
(Kapferer and Zimmermann, 2020).

The rise of complexity of monolithic software
tends to reach a point where further improvements, up-
grades, and maintenance become a significant burden.
Single points of failure, characterized by potential
breakpoints or bottlenecks resulting from the aforemen-
tioned challenges, encourage the fundamental engi-
neering idea of dividing these monolithic applications
into smaller services and eventually into microservices.
This approach creates conditions for enhancing system
performance and stability while simultaneously accel-
erating development cycles (Atanasov, 2017).

Overcoming the drawbacks related to the incon-
venience of maintaining and upgrading new function-
alities generated by monolithic architecture often en-
tails and requires the reengineering of the current busi-
ness system and its processes.

Specifically, and in line with the previously men-
tioned, the challenges of large and complex systems po-
tentially find a solution in the migration of system com-
ponents into separate entities — microservices. Their in-
tegration forms a distributed system of mutually
independent individual services, with the potential for
easier planning, development, upgrades, testing, and
maintenance (Stojkov and Stojanov, 2021).

However, although microservices theoretically
enable the single responsibility principle as one of the
primary concepts of the SOLID architecture, the de-
composition of existing services can lead to an accumu-
lation of services and the creation of intricate relation-
ships among them, increasing the overall system com-
plexity (Mijuskovi¢, 2021).

The overarching issue with large software systems
stems from their inherent complexity and the chal-
lenges associated with maintenance. In the early phases
of development, the system's structure might not nota-
bly influence its performance and efficiency. Neverthe-
less, as the codebase anticipates growth in both scale
and intricacy, the importance of sound architecture and
structure becomes increasingly pivotal. Namely, a
poorly defined and implemented architecture can result
in difficulties comprehending the system.

A universal and pre-defined approach or strategy
for transitioning from a monolithic to a microservices-
based architecture does not exist. Nevertheless, exam-
ining common patterns observed in organizations that
have successfully migrated their systems (Balalaie,
Heydarnoori, Jamshidi, Tamburri, 2018) from mono-
liths to microservices can provide a valuable basis for
understanding the strengths and weaknesses of imple-
mented migration processes. This analysis can, in turn,
aid in thoughtful consideration when making decisions
about the planned migration for one's own system (Lan-
guri¢ and Zaki, 2022).

DDD provides several architectural patterns and
templates, laying a solid foundation for creating
"friendly" structured monoliths that can be transformed
into microservices in a controlled manner. This gener-
ates conditions for a more comprehensive utilization of
the benefits of both monolithic and microservices ar-
chitectural concepts (Petrovié, 2018).

Bounded context, one of the essential concepts in
DDD, can be seen as a boundary that divides the do-
main model into zones, aiming to dissect and clarify
potential ambiguities, uncertainties, and doubts that
may arise during the development of domain-complex
systems. Its purpose is to differentiate similar meanings
without specific context in the domain model and clar-
ify internal relationships within the defined context
(Evans, 2004) (Newman, 2021).

However, when applying DDD to the develop-
ment of microservices-based applications, several chal-
lenges may arise. Namely, DDD offers principles, pat-
terns, activities, and examples for creating domain
models as its key artifact. However, contrary to this,
DDD does not provide a detailed and systematic devel-
opment process for the application of these principles
and patterns, nor does it categorize them within the
field of software engineering (Hippchen, Giessler, Stei-
negger, Schneider, Abeck, 2017).

In addition, there are no clear guidelines regarding
the structuring of fundamental web application pro-
gramming interfaces (web APIs), that, from a business
perspective, hold strategic value. This underscores the
need for them to be designed in a way that emphasizes
quality (lyer and Subramaniam, 2015).

DDD is a software development approach that em-
phasizes understanding the business domain and prob-
lem space, utilizing that understanding in the design
and implementation of software. The primary idea of
DDD is that software should reflect the real-world do-
main it models, and the language and concepts used in
creating software should align with those employed by
domain experts, ensuring the proper alignment of the
software with the business needs.

In DDD, the domain takes center stage in the de-
velopment process, and it becomes the responsibility of
the development team to closely collaborate with do-
main experts. The goal is to acquire a comprehensive
and detailed understanding of the domain and its re-
quirements. This understanding is then utilized to cre-
ate a shared language and model that is suitable for use
by all stakeholders involved in the software develop-
ment process.
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The software segment containing business logic
and addressing specific domain problems usually rep-
resents only a small part of the overall software system,
yet its importance is disproportionate to its size.

Layered architecture supported by DDD empha-
sizes the grouping of related functionalities within an
application into distinct layers with a vertical hierarchy
among them. Each layer is functionally connected to
another with a shared role or responsibility, while their
mutual communication is explicit and loosely coupled.

The principles underlying layered architecture in-
volve abstraction, reusability, clearly defined func-
tional layers, loose coupling, high cohesion, and encap-
sulation (Chavan, Murugan & Chavan, 2015)

However, unlike typical variations of layered ar-
chitecture with conceptual layers, DDD entails isolat-
ing the domain logic from infrastructure and user inter-
face layers. Namely, by isolating and shielding the do-
main layer, surrounded by the application layer, the
model is enabled to encapsulate significant business
knowledge.

When delving into DDD, it's crucial to recognize
the essentiality and importance of maintaining architec-
tural neutrality within both strategic and technical do-
main models. However, some form of architecture is
still required around and between each model.

The hexagonal, "Ports and Adapters," or "clean"”
architecture, which will be elaborated on in the next
section, involves an architectural solution that fully
supports the concepts of DDD while simultaneously
creating conditions for facilitating the implementation
of service-oriented, REST, and Event-Driven architec-
tures (Vernon, 2012).

Moreover, beyond just delineating responsibili-
ties, the application architecture must abstract the intri-
cacies of a complex domain. This higher-level abstrac-
tion serves to shield the presentation layer from the im-
pact of changes in domain logic.

In contrast to typical layered architectural models,
DDD envisions the core of the architecture as the do-
main layer, housing all the logic related to business op-
erations. Surrounding it is the application layer, which
abstracts the lower-level domain details through a
coarse-grained application programming interface
(API) representing the business scenarios of the appli-
cation. Specifically, domain logic and the application
layer are isolated and shielded from the incidental com-
plexities of clients, frameworks, and infrastructure con-
cerns.

In DDD, defining model boundaries involves es-
tablishing clear and unambiguous distinctions between
various parts of the system. By identifying independent
parts of the domain and forming bounded contexts,
clear responsibilities are assigned to each, creating a
well-organized domain model, resulting in easier de-
velopment, maintenance, and scalability of the system,
composed of smaller, manageable components.

In the realm of DDD architecture, the monolithic
approach poses a potential pitfall as it amalgamates all
bounded contexts into a single entity without establish-
ing distinct physical boundaries between them. This in-
evitably results in the blurring of distinct language

boundaries meant to represent individual contexts, con-
sequently allowing the intrusion of the language from
one context into another (Turis, 2019).

To circumvent the aforementioned issue, it is es-
sential to maintain separate bounded contexts with min-
imal dependencies, ideally employing an anti-corrup-
tion layer or open host service, ensuring a clear segre-
gation among contexts.

In addressing the mentioned issue, DDD intro-
duces the concept of a bounded context, implying the
definition of logical boundaries within which specific
conditions and rules are consistently applied. Further-
more, within these boundaries, all terms, definitions,
and concepts constitute a ubiquitous language.

By modeling the domain within the boundaries of
a bounded context, it becomes a transition area from the
problem space to the solution space (Santoso, 2018).
Furthermore, by partitioning business domains into
bounded contexts, the application becomes more main-
tainable, achieving good practices of loose coupling
and reusability.

Additionally, maintaining the integrity of domain
models within bounded contexts is crucial for develop-
ing robust and sustainable software systems. Bounded
contexts defined in DDD emphasize explicit bounda-
ries within the software system, where each defined
subdomain has its own language, rules, and implemen-
tation requirements.

Therefore, maintaining and safeguarding the in-
tegrity of each model within the system and clearly de-
fining the boundaries of their responsibilities in the
code are crucial for developing a software system
guided by DDD. By associating models with specific
contexts, i.e., bounded contexts, defined based on the
team's language and physical artifacts, conditions are
created to sustain the system consistently and meaning-
fully, also being pivotal in managing complexity within
the solution space.

Although the benefits of DDD are clear, its imple-
mentation generates certain technical challenges, pri-
marily related to the time required to establish condi-
tions for creating a successful software structure, syn-
chronization of knowledge between domain and
software experts, complexity in defining the domain
model, and other aspects of implementing the consid-
ered architectural pattern.

Specifically, the challenges of implementing DDD
are reflected in the time and effort required to establish
a ubiquitous language and involve domain experts in
the software development process, enabling their col-
laboration with software experts (Vernon, 2012). Chal-
lenges also arise from the complexity of creating and
decomposing models, the bulkiness of the aggregate
root, and the increased complexity of developing mi-
croservices-based software systems using DDD com-
pared to monolithic architecture (Liu, 2021).

To overcome the challenges mentioned, careful
consideration of the system architecture is required,
along with the application of bounded contexts.
Bounded contexts facilitate a clear definition of bound-
aries and model responsibilities, easing the understand-
ing and maintenance of the system and fostering col-
laboration within the team.
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Although agile methodologies offer effective
management approaches for software development,
providing frameworks for successful software solution
implementation, their deficiency in supporting archi-
tecture construction and management (Dingsgyr &
Moe, 2014) (Rost, Weitzel, Naab, Lenhart & Schmitt,
2014) can result in unnecessary redesign, architectural
divergence, functional redundancy, and a subsequent
escalation in system complexity. Undoubtedly, this is a
challenge that deserves careful consideration (Mocker,
2009).

Overcoming the discussed challenges and suc-
cessfully coordinating work, as well as developing scal-
able and reliable systems, requires proper management
and architectural planning throughout the development
process.

DDD fosters an iterative and incremental collabo-
rative process for architecture development in an agile
manner, leading to the advantages of its adoption and
implementation. Specifically, a significant advantage
of embracing and applying a development process
based on DDD lies in the agile and iterative develop-
ment approach it supports. DDD effectively addresses
the existence of a software development architectural
pattern while concurrently adhering to the principles of
agile development.

On the other hand, DDD enables and enhances
simpler communication among members of the devel-
opment team. Thanks to the ubiquitous language, com-

\:/L)- | Adapter D |

Application

Domain Model

munication between engineers and domain experts be-
comes significantly smoother. By establishing a com-
mon and ubiquitous language connected to the domain
model early on, conditions are created for easier com-
munication among development teams throughout the
entire project lifecycle (Miteva, 2020).

Given that DDD is heavily grounded in the con-
cepts of object-oriented analysis and design, nearly
everything within the domain model is object-based,
emphasizing aspects of modularity and encapsulation.
This allows different components or even the entire
system to be modified and improved on a regular, con-
tinuous basis, highlighting the flexibility that DDD en-
sures (Karam, 2018).

Hexagonal architecture

Layered architecture is one of the architectural so-
lutions that supports the primary principles of software
design. This architectural pattern represents the most
general type of architecture for distributed systems,
based on the idea of dividing the application into an ar-
bitrary number of layers responsible for processing,
data handling, and presentation, which can be separated
physically and logically (Isailovi¢, Stankovié, Va-
siljevi¢ & Risti¢, 2021).

Despite the existence of diverse adaptations and
interpretations of multilayered architecture to tailor the
application structure to project requirements, the exclu-
sive focus of DDD and hexagonal architecture will be
on the hexagonal architecture as a representative of the
considered architectural pattern.
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Figure 1 — Hexagonal architecture with domain model in its center (Vernon, 2012)

Hexagonal architecture, also known as "Ports and
Adapters" or "Clean" architecture, is an example of lay-
ered software design with a primary emphasis on sepa-
rating business logic from infrastructure and the tech-
nologies used. The hexagonal architecture defines three
building blocks — the user interface, business logic, and
infrastructure (Storozev, 2021).

Hexagonal architecture, initially proposed in 2007
by Alistair Cockburn, a co-author of the Agile Mani-
festo, seeks to overcome the limitations of layered ar-
chitecture. This architectural approach isolates the
business logic and places it at the core (referred to as
the core application in hexagonal architecture), expos-
ing interfaces known as ports (Kolatik, 2019).
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Cockburn's premise, as the originator of hexago-
nal architecture, underscores the application's versatil-
ity in being driven by users, programs, automated tests,
and batch scripts. Importantly, it allows for independ-
ent development and testing, detached from the intrica-
cies of infrastructure and specific technologies (Cock-
burn, 2005). Additionally, Cockburn emphasizes the
need to separate the domain layer from the external
world, including frameworks, user interfaces, and other
technological and infrastructural details (Ili¢, 2021).

Between the port and the external system lies an
adapter that connects the business logic port to a spe-
cific technology (for example, a Data Access Object -

DAO - an abstract interface for a database). In this sce-
nario, the core application is independent of the
adapter, creating conditions for their easy interchange-
ability, such as substituting a generic Object Relational
Mapping (ORM) for an optimized DAO (Kolatik,
2019). Furthermore, the architecture operates in a way
that more than one adapter can be associated with a spe-
cific port (for example, the same business logic opera-
tion can be invoked either through a received message
or a REST call) (Kolatik, 2019).
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Figure 2 — Hexagonal architecture (Kolasik, 2019)

Although the term "hexagonal architecture” may
sound complex, it actually represents a concisely de-
fined design pattern where services, as components of
business logic, do not communicate directly with exter-
nal resources. Instead, services housed in the core of the
application communicate with the layer of boundary in-
terfaces, to which external services also connect to
communicate with the interior of the application (Stoja-
novi¢ & Simovic, 2019).

Hexagonal architecture fundamentally embodies a
way of thinking, organizing, and modeling applica-
tions. It emphasizes an architectural pattern that in-
volves centralizing the domain model at the core of the
application and isolating it from technological code.
This makes the software more resilient to changes, fa-
cilitates its continuous development, and allows the ad-
dition of new technologies without the need for signif-
icant refactoring (Vieira, 2022).

To prevent the leakage of technological details
into the application core, protect business logic, and
preserve its integrity, the concept of ports and adapters
is used as a mediator between layers, where ports rep-
resent abstractions and adapters represent their concrete
implementations (Callaway & Hunt, 2018).

Ports operate in two directions — inbound, manag-
ing calls to business logic from the external world by
exposing core logic through a service interface, and
outbound, defining how business logic communicates
with the external world (Kolafik, 2019).

Adhering to hexagonal principles allows for struc-
turing software in a way that reduces the effort needed

for understanding and maintaining code. Additionally,
due to the specified architecture setup and adherence to
the principles of dependency inversion, the code at the
highest level is not dependent on the implementation of
lower levels.

Hexagonal architecture involves an adapter layer
that acts as a translation between the hexagon model
and the external world in relation to it. Specifically, ex-
ternal systems communicate through ports with adapt-
ers, which then transform the request and forward it to
the model.

Figure 2 illustrates that each type of client has its
own adapter that transforms input protocols into inputs
compatible with the application's internal API. Each
side of the hexagon represents a different type of port,
whether it is an input or an output. Three client requests
arrive through the same type of input port (adapters A,
B, and C), while one uses another type of port (adapter
D). A possible assumption is that the first three use
HTTP (browser, REST, SOAP, etc.), and the fourth
uses AMQP (for example, RabbitMQ).

Hexagonal architecture does not explicitly define
what a port signifies, making it a flexible concept. Any
partitioning of ports involves receiving client requests
and transforming their input by the adapter, after which
it invokes an operation or sends an event to the appli-
cation, transferring further control internally.

Additionally, a crucial note about the implementa-
tion of hexagonal architecture relates to its formation
independently of the number of supported clients, rely-
ing solely on defined use cases. Therefore, any number
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and type of clients can send requests through different
ports, but each adapter delegates them to the application
using the same API (Vernon, 2012).

The application receives client requests through its
public API, and the boundaries of the application, de-
fined by the internal hexagon, simultaneously represent
the boundaries of the use case. In other words, use cases
should be based on the functional requirements of the
application, isolating them from the number of different
clients or output mechanisms.

When the application receives a request through
its API, it utilizes the domain model to fulfill all re-
quests that involve executing business logic, meaning
that the application's API is formed as a set of applica-
tion services that are direct clients of the domain model
(Vernon, 2012).

Large and complex applications require the exist-
ence of multiple entities, models, services, and code in
general. Following the Separation of Concerns (SoC)
principle involves separating the code into multiple
parts based on the responsibilities they possess. As pre-
viously mentioned, this ensures the sustainability and
smooth growth of the application, allowing for easier
replacement of functionalities within the application.

Separating architecture using ports and adapters
allows for easy modification and upgrades without
touching the business logic. Additionally, achieving a
multilayered architecture is desirable in the context of
software maintenance and upgrades while simultane-
ously facilitating easier testing of the application with-
out the need for connected elements (for example, the
entire application can be tested in a black-box manner
without the need for a database) (Kolaftik, 2019).

Namely, the architecture setup based on separating
domain logic from infrastructure and utilized technolo-
gies enables it to be independent of implementation de-
tails, making it suitable for testing without any depend-
encies on other systems. Specifically, business rules
can be tested without the user interface, database, or
any other external element.(Konuklar, 2020).

Moreover, developing the fundamental business
logic independently of external interfaces simplifies the
process of making system changes without concerns
about impacting other interfaces and testing can be con-
ducted seamlessly without the need for configuring or
adjusting external interfaces (Stomka, 2020).

Hexagonal architecture and DDD

DDD and hexagonal architecture, also known as
the Ports and Adapters architecture, are software design
approaches aimed at creating software systems that are
not only easy to comprehend, maintain, and evolve but
are also more flexible, sustainable, and aligned with the
specific needs of the business domain. These ap-
proaches complement each other, providing a powerful
combination for building robust and adaptable software
systems.

At a high, abstract level, hexagonal architecture is
employed to separate the business logic of an applica-
tion from the technical implementation details and its
infrastructure. Concurrently, DDD offers a systematic
approach to establishing a shared understanding of the
business domain and its modeling through code.

In hexagonal architecture, the application core is
encircled by a set of ports (interfaces) that define how
to access the application core, along with a set of adapt-
ers connecting the application core to external systems
like databases or user interfaces. The application core
houses the system's business logic, independent of any
specific technology or infrastructure.

When combining these two approaches, hexago-
nal architecture distinctly separates the business logic
from the technical intricacies of its infrastructure, while
DDD establishes a common language and comprehen-
sion of the business domain. This proves vital in shap-
ing and guiding the design and implementation of the
application core. Both design approaches are employed
to craft software systems that align with business re-
quirements. However, despite notable similarities,
there are also key distinctions between the two ap-
proaches.

Indeed, DDD focuses on establishing a shared un-
derstanding of the business domain and leveraging it to
guide software design. On the other hand, hexagonal
architecture concentrates on separating and isolating
the business logic of the application from its technical
implementation details.

Related to previously stated, particularly within
the realm of architectural layers and the dependencies
generated among them, hexagonal architecture typi-
cally implies a clear distinction between the application
core and the surrounding layers of ports and adapters.
In contrast, DDD centers its focus on organizing code
around the business domain, and the approaches to
structuring the application itself can vary based on the
specific needs of the domain.

Hexagonal architecture supports the application of
DDD principles. Specifically, by separating the appli-
cation logic from the input/output logic, domain objects
can be developed independently of the user interface or
database technology, promoting a clear separation of
concerns (Stomka, 2020).

Additionally, in line with the concepts of DDD,
hexagonal architecture advocates for test-driven devel-
opment (TDD) by isolating the application logic from
input/output logic and providing the conditions for eas-
ier writing of unit tests to verify functionality inde-
pendently of other parts of the system.

In essence, hexagonal architecture not only en-
courages the utilization of DDD principles but also pro-
motes test-driven development (TDD). By emphasizing
these practices, the architecture seeks to establish a
clear separation of responsibilities, fostering the crea-
tion of a more scalable and maintainable system, as
highlighted by Stomka in 2020.

Implementation of hexagonal architecture

Current practices in implementing hexagonal ar-
chitecture encompass variations in its application.
While it can be employed at the system level, akin to a
layered architecture, such an approach may diminish
the primary advantages elucidated in the earlier sec-
tions of this paper.

A noteworthy example of best practices in hexag-
onal architecture involves crafting a hexagon within a
bounded context, as depicted in the subsequent illustra-
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tion. This implementation not only allows but also ac-
centuates enhanced scalability of the application, draw-
ing parallels with the scalability achieved through lay-
ers at the bounded context level in a layered architec-
ture.

Ports will function as a communication channel
between bounded contexts, while the role of a protec-
tive, anticorruption layer will be assumed by adapters,

generating conditions to preserve the integrity of the
model within the bounded context and preventing the
leakage and limitation of logic from one bounded con-
text to another (Turis, 2019).
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Figure 3 - Hexagonal architecture with one bounded context (Turis, 2019)

The organization of system components and the
consideration of forming software architecture as a
monolith or microservices are ongoing discussions
within the software community. Historically, when is-
sues such as expensive computing resources and lim-
ited network bandwidth influenced software architec-
ture, there was a tendency to consolidate numerous re-
sponsibilities into a single software unit to optimize the
utilization of available resources and prevent network
overload.

In the process of structuring the system, the seem-
ingly simplest solution involves consolidating every-
thing into one place, resulting in a monolithic architec-
ture. This architecture ensures that the software is de-
signed to be self-contained and independent (Rouse,
2016).

The advantages of this pattern lie in its self-con-
tained nature-facilitating rapid development, especially
in the initial phase, and straightforward implementation
since only one component is involved. Additionally,
the entire development occurs in the same location,
such as a single virtual machine, eliminating delays in
system calls caused by network-related obstacles and
consequently achieving higher throughput compared to
distributed systems (Turis, 2019).

However, precisely because everything is in one
place, this architecture introduces inherent drawbacks.
The development of the system as a single entity in-
creases the likelihood of generating interconnected and
interdependent code. Additionally, the inability to hor-
izontally scale the system due to its size poses signifi-
cant challenges associated with monolithic architec-
ture. Specifically, adding another machine to support
an isolated part of the system becomes unfeasible as it

represents a bottleneck (Turis, 2019). The accumula-
tion of responsibilities and the system's increasing com-
plexity pose a serious risk of system failure, underscor-
ing the importance and necessity of appropriately ag-
gregating responsibilities in monolithic systems.

Monolithic architecture, despite occasional skep-
ticism, can prove highly beneficial when applied judi-
ciously, especially for smaller-scale systems that don't
demand extensive scalability. Martin Fowler even ad-
vocates initiating application development with a mon-
olithic architecture and transitioning to a more distrib-
uted solution only when the system's complexity sur-
passes the feasibility of remaining as a unified entity.

Reassessing monolithic software architecture and
decomposing a sizable monolith into smaller, more
manageable, and sometimes autonomous software
components, often isolated within specific operational
environments, yields substantial advantages in terms of
the earlier-discussed separation of responsibilities.
Nevertheless, alongside these benefits, it introduces
considerations about managing complexity distributed
across a network.

Hexagonal architecture can be applied to both
monolithic and distributed systems. The hexagon con-
tains elements responsible for describing the problems
that the software addresses. Entities and value objects
are key elements and fundamental concepts of DDD
and hexagonal architecture. Entities represent things
with an assignable identity, while value objects repre-
sent immutable components used to form the men-
tioned entities.

Discussion

DDD involves a holistic approach to software de-
velopment with complex domain logic that requires a
detailed and heterogeneous set of information sources,
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knowledge, and expertise to ensure complete alignment
of software with business priorities. Equally important,
adopting a layered architecture guided by DDD results
in technical design that is easier to maintain and up-
grade, potentially extending the product's life cycle.

DDD, not being a “silver bullet* nor universal so-
lution, is not suitable for straightforward software lack-
ing a complex domain and without the need for an ap-
proach tailored to solving multiple problems. In con-
trast, DDD is not the right choice for a development
approach in simple software without a complex domain
where there is no need to implement an approach ori-
ented towards solving multiple problems. However,
contrary to the aforementioned, when designing and de-
veloping long-term software with significant domain
complexity, where there are clear benefits from estab-
lishing a common language for information transfer in
the development process, adopting DDD concepts may
be of vital importance.

By adopting DDD, the development team gains
the ability to construct a comprehensive overview of
the project. This approach aids in coordinating software
development aligned with business requirements, en-
suring the creation of a comprehensive product without
compromising its quality. Additionally, it assists in
maintaining consistency throughout the entire design
process, simplifying intricate issues and effectively
bridging the gap between the business and technical
facets of the development process.

The increase in interest and focus on the DDD
theme results from the industry’s shift towards develop-
ing microservices software architecture. Bounded con-
texts and the overall domain philosophy described in
DDD are aimed at addressing the challenges of transi-
tioning from outdated monoliths to microservices or
constructing new platforms based on microservices ar-
chitecture from scratch, leveraging the benefits of de-
centralization and loosely connected execution units.

Microservices architecture offers significant ad-
vantages over traditional architectures, ensuring scala-
bility, accessibility, and flexibility. Although the hex-
agonal architecture was initially considered for mono-
lithic applications, there is no doubt that the benefits of
its use are well reflected in microservices architecture.

The entire discussion on the selection of software
architecture becomes relevant due to the potential for
generating conditions for the long-term maintenance
and development of software. The hexagonal architec-
ture is a design pattern for creating sustainable and
adaptable software applications, ensuring a simultane-
ous reduction in complexity and the achievement of
flexibility in the software system by separating the ap-
plication logic from infrastructure and external depend-
encies.

However, despite being intended for complex soft-
ware with detailed and intricate business logic, the hex-
agonal architecture can certainly ensure the long-term
stability and scalability of applications with slightly
less complexity. The proper implementation of the hex-
agonal architecture and related concepts from other de-
velopment frameworks such as DDD, on which the
mentioned architecture is based, can undoubtedly bring

significant value to the system and the enterprise as a
whole.

Finally, the demonstration of communication be-
tween unrelated modules is ensured by the hexagonal
architecture, providing enhanced ease of maintenance
and the capability to change any part of the application
without fear of regression in another part. The design
and implementation of intricate software not only ad-
here to the architectural pattern proposed by DDD and
the hexagonal architecture but also encapsulate the
broader perspective inherent in the entire development
paradigm.
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ABTOBOJIHOBAS ®U3UKA IINIACTUYHOCTHU

3yes Jles Bopucosnu

Hoxmop gusuxo-mamemamuyeckux HayK, npogeccop, 3asedyiouuii 1abopamopuel
Hnuemumym ¢pusuxu npounocmu u mamepuanosedenuss CO PAH, Poccus, Tomck
Bapannukopa CBeT/1aHa AJleKCaHAPOBHA

Loxmop usuxo-mamemamuueckux HayK, O0YeHm, 8e0yWull Hay4HbLil COMPYOHUK
Hucmumym ¢husuxu npounocmu u mamepuanoseoenuss CO PAH, Poccus, Tomck
I'op6aTtenxko Bagum Baagumuposuy

Kanouoam ¢husuxo-mamemamuueckux HayK, cmapuiuti Hay4Hvlid COMpyOHUK
Hucmumym ¢husuxu npounocmu u mamepuanosedenuss CO PAH, Poccus, Tomck

Abstract

The paper deals with the questions of the plastic flow nature in solids, being associated with the development
of localized plastic flow. It is shown that plastic flow localization is a common feature of all deformation processes
and can be observed throughout the process. Specific localization pictures - patterns of localized plastic flow - are
autowaves that are generated in a deformed medium by ordering its defect structure. Localized plasticity patterns
correlate with the work hardening stages revealed in mechanical tests. A two-component model of the development
of localized deformation was proposed and analyzed to take into account the interaction of the elastic and plastic
deformation components. This model describes the generation of localized plasticity autowaves in a number of
materials. General regularities of the development of localized plastic flow at different stages of work hardening
are found. An elastic-plastic strain invariant is introduced to relate the elastic and plastic properties of materials.
It is shown that basic properties of deformed media result from this invariant.

AHHOTALUSA

B cratbe paccMaTpuBaAIOTCA BOIPOCHI NPUPOABI INTACTUICCKOT'O TCUEHHN B TBEPABIX TEJIaX, CBA3AHHBIC C pa3-
BUTHEM JIOKAJIM30BAHHOTI'O IINIACTUYECCKOI'O TCUCHMU. HOKaSaHO, YTO JOKaJInU3aluA IJIIACTHYCCKOI'O TCUCHUS SABJISI-
eTcsl OOIIMM ITPU3HAKOM BCEX J1e(OpPMAIMOHHBIX IPOLIECCOB U MOXET HAaOIIOAATHCS HAa BCE MPOTSHKEHUHU IIPO-
necca. CHCL[I/I(I)I/I‘IGCKI/IC KapTHUHBI JIOKaJIU3alluX - MaTTCPHBI JIOKAJIN30BaHHOTO IIACTUYECKOI'0 TCUCHUA - ABJIA-
IOTCSl aBTOBOJIHAMH, KOTOPBIC TCHEPHUPYIOTCS B Ie(POPMHPYEMOH cpelle 3a cUeT YHOPSIOYCHHS ee Me(PEeKTHOM
CTPYKTYpHL. I1aTTepHBI JIOKATN30BAHHON TUIACTHYHOCTH KOPPEIUPYIOT CO CTAAUAMH Ae(pOpMAaIMOHHOTO YIIpOU-
HCHUS, BBIABIIICMBbIMU IIPU MCXAHUYCCKUX UCIBITAHUAX. Hpe;[noxceHa U MMpOaHAJIM3UPOBAHA ABYXKOMIIOHCHTHAA
MOJCJIb pa3BUTHUA JIOKAJIN30BaHHOM ):[e(i)OpMa]_II/II/I, YUUTBIBaromas B3&I/IMOJI[€I71CTBI/IC ynpyroﬁ H IJJaCTUYECKOM
KOMIIOHEHT Z[e(I)OpMaI_[I/II/I. B paMKax 3TOH MOJCIN OlTMCaHa reHepalrda aBTOBOJIH JIOKAJIM30BAHHOM IJIACTUIHOCTH
B pAA€ MaTCpraJIOB. YcTaHOBIIEHEI O6H.[I/I€ 3aKOHOMEPHOCTH PA3BUTUSA JIOKAJIM30BAHHOTO INTACTUYICCKOI'O TCUCHUA
Ha pasHbIX CTagusix JAe(OpPMAaIMOHHOIO YIPOYHEeHHUs. BBeleH ynpyromacTHueckuii MHBapuaHT jaedopMaliuy,
YCTaHABJIMBAIOIIMN B3aUMOCBS3b MEXKIY YIPYTMMHU U IUIACTUYECKUMU CBOMcTBaMM MarepuanoB. IlokazaHo, 4o
OCHOBHEBIE CBOMCTBA 1e()OPMHUPYEMBIX CPe ABISIOTCS CICACTBUAMHI TaKOTO HHBAPHAHTA.

Keywords: plasticity, synergetics, metal, alloy, deformation, hardening, defects
KiroueBble c10Ba: ITaCTUYHOCTL, CUHEPIreTHKa, METaJlll, CIlJIaB, ,HC(bOpMaHI/ISI, YIpOYHECHUEC, ,HC(beKTBI

1. Bsenenue

[Mpupona miacTudeckoil aedopManvu TBEPABIX
TEJI OCTaeTCs OJJHOM M3 HanboJiee CI0XKHBIX M MHTEpeC-
HBIX TPOo0OJeM (QU3MKKM W MEXaHWKH KOH/IEHCHPOBAH-
HBIX cpex [1-3]. Hayunas cropoHa mHTepeca K Hel
OTIpeNieNsAeTCs] TeM, YTO MPHUPOJa TUIACTUIHOCTH SBIIS-
€TCSl HEOThEMJIEMOM 4YacTbl0 IIOHMMAHHUS IPUPOIBI

TBEPJOTO Tela, HeOOXOAUMOM, B YACTHOCTH, JUIS MPO-
THO3HUPOBAHUS (POPMBI €ro KOMILICKCHOTO OTKIIMKA Ha
BHEIIIHUE BO3JEHCTBHS pa3HOro twma. Kpome Toro,
(dakTUUECKUE 3HAHUS O TNPUPOAC IUIACTUYCCKUX
CBOWCTB HCO6XO}II/IMBI U1 OIITUMHU3ALUN TEXHOJIOT U
00paboTKN METaNIOB JaBJICHHEM, PacuyeTOB MOBeJe-
HHsI MATEPUAJIOB B DKCTPEMAJIbHBIX YCIOBUAX U IPYTUX
TIPUKJIAHBIX LIeeH.
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CraHgapTHBIE MTOIXO/BI K MPOOJIeMe TUTaCTUIHO-
CTH OCHOBAHBI OOBIYHO Ha aJCKBATHOM BBIOOpE COOT-
BETCTBYIOIINX YNPOUIEHHBIX Moxesiei. Takoi BbIOOp
Jarie Bcero 000CHOBAaH TOJILKO MPAarMaTH4ecKy U MpH-
3BaH 00ECIIEYHTh PELICHUE TEX WM UHBIX YaCTHBIX 3a-
Jlad, CBS3aHHBIX C IUTACTHYECKUM (OPMOM3MEHEHHEM
KOHKPETHBIX MaTepuaioB. [lomoOHbIE NOAXOABI B
OOJIBIIMHCTBE CBOEM OCTAIOTCS COBEPILEHHO HEYJO-
BIIETBOPHUTEIBHBIMU TIPH TIOMBITKAX YHHBEPCAIBHOTO
ONHMCaHMs XapakTepa (peHOMeHa IUIACTUYHOCTH B IIe-
JIOM.

Taxoe mono)xeHne BEI3BAHO XOPOIIO H3BECTHBIMHU
TPYZHOCTAMH KOPPEKTHOTO ydeTa BAXXHBIX CBOWMCTB
TUIACTUYECKH JIepOpMUPYEMOI cpelibl, MPEnsTCTBYIO-
IIMMH yCIIEITHOMY HCIIOJIb30BaHUIO YIPOLIEHHBIX MO-
nenedt [4, 5]. AHanusupys ux, OPeXJe BCEro cieayer
yKa3aThb Ha HeauHeurHocms nehOPMHUPYEMOW Cpesbl,
MOJI KOTOPOi Ha MaKpOCKOITMYECKOM YPOBHE MMEETCS
BBUJIy CIIOXkHAas (hOpMa CBSI3U MEXK/Ty HANPSIKEHUSIMHU U
nedopmanusMH NIpH IIACTHYIECKOM TEYEHHH Ha Pas-
HBIX MacIITaOHBIX YpPOBHAX. Ha nucrmoxannoHHOM
YpOBHE HEIMHEHHOCTh IPUBOJUT K HPEPHIBUCTOMY
pa3BUTHIO 1eOpMaINH, HAYHHAS CO CKAYKOOOPa3HOTO
JBIDKCHUS] WHIMBHUIYAIBHBIX TUCIOKAMNA W 3aKaHIH-
Bas CKauKaMH Je(opMaIiiuy py peann3aniu dpdexra
IToptesena-Jlelllatense [3].

Kpome Toro, mmactuuecku maedopmupyemas
cpena siBisietcst akmuenoii [6]. B npuMeHeHun K pac-
cMaTpuBaeMoi nmpobieMe aKTUBHOCTh MOJpa3yMeBaeT
HaJIM4yKe B CPe/ie KOHLEHTPATOPOB YIIPYTHX HampsiKe-
HHUH, KOTOpPBIE MOXKHO paccMaTpuBaTh Kak paclpeje-
JICHHBIE 110 00bEMY UCTOYHUKHU IOTCHIMATBHON DHEP-
run. [Ipy mnacTu4eckoM TeUeHUH 3TH 00IacTH penak-
CHPYIOT (pacmapmatores), TIOpOXKIAst HOBBIE
JMCIIOKalMU U MX aHcaMOJIM, MTparolie Pojib HOBBIX
KOHIIEHTPATOpOB. B 00mieM ciyuae akTUBHBIE Cpezbl
CIIOCOOHBI K CAMOOPTaHU3allH, TO €CTh, K CAMOIPOU3-
BOJILHOMY (hOpMHPOBaHHUIO CTPYKTYp [7].

[IpeacraBneHust 0 CIOKHOCTU JeOPMUPYEMOM
Cpe/ibl IOMOJHSOTCS TEM, YTO OHa 00J1a/IaeT JOJIroBpe-
MEHHOM naMsimbio 0 BHEITHUX MEXaHUYECKUX BO3JEH-
cTBusix. IIpupona 3TON maMsTU TaxKe ONpPEAEIsAeTCs
HEoOpaTHUMBIMH MPOLIECCAMH POKICHHS JUCIOKANi 1
(dhopMupoBaHus aHcaMOIed PEIIETOYHBIX IE(PEKTOB.
3TO 3HAYUT, YTO MPH TUIACTUYECKOM TEUCHHUH B Mate-
pHaie COCYIIECTBYIOT HEAUHEUHO CEA3AHHbIE Ynpyaue

&g u nnacmuveckue €, Oedopmayuu, B 3HAUUTEIb-
HOM CTENEeHU pa3jinyarolluecs: BEIUYMHOM, TaK 4YTO
&y << &y, a Takke cpoell npuponoi. B xoxe

YIIOMSIHY ThIX BBIIIIE aKTOB penakcanuu
KOHIIEHTPAaTOPOB HAaNpsDKEHWH ymnpyrast nedopmanus

=
=

N —

> 1mm

nepexoaur B TTIaCTUYCCKYTO, TaK 49TOo
Eg &y =CONSt,a &y =—&.

U, nakoHer, pe3ysibTaTbl MHOTOYHCICHHBIX HC-
CIIEZIOBAaHUH MPUBEIH K MOHUMAHHUIO TOTO, YTO IPO-
OreMa TIacTHYECKOTO TeUSHHS Hepa3pPBHIBHO CBS3aHa C
€T0 CKIOHHOCMbIO K TOKAAU3AYUYU, IMEIOIIIEH MECTO Ha
BCEX 3Tamax mnpouecca. biaromaps noxanuzamuu, nep-
BOHAYaJIbHO OJHOPOJHAs cpesa B XoJe IeopMaruu
CaMOIIPOM3BOJILHO paccilauBaeTcs Ha Ie)OpMUpyeMble
u HenedopMupyemble 00BEMBI, TPAaHULIBI KOTOPBIX Ya-
cTo ObIBaIOT MOABMXHBIMH [8, 9]. [Ipu aTOM ecThb omnpe-
JIeTICHHbIE OCHOBAHUS CUUTATh, YTO CKIOHHOCTb K JIO-
KaJlM3allui SIBISIETCSl TOM KIIIOUEBOM 3aKOHOMEPHO-
CThIO, TOHMMAaHHE TPUPONBI KOTOPOH CIIOCOOHO
00eCTIeYnTh MPOTPecC B peIeHNH MPOOIEMBI TUTACTHY-
HOCTH B LENOM. VIMEHHO MO 3TOH NpUYMHE LEIbIO
HacTosIIeH pabOTHl SBIACTCS aHAIN3 CYIIECTBYIOIIIX
MoJenell pa3BUTHS JIOKAIM30BAaHHOW IDIACTUIHOCTH
MaTepHaJioB M OIICHKAa KOJMYECTBEHHBIX IapaMeTpoB
JIOKAJIM30BAHHOTO IITACTHYECKOTO TEYEHHUS TBEPABIX
TeJI, a TAaKXKe MOMCK COOTHOIICHUH, CBA3BIBAIOIINX 3TH
mapaMeTpsl ¢ JIPYTMMHU BaXKHBIMU XapaKTepUCTUKAMHU
IUIACTUYECKH JiehopMHUPYEMOil Cpeabl.

2. ABTOBONHBI JIOKATH30BAaHHOTO
CKOTO TCUCHHS

UzBecten dakr [3], 94T0 BO MHOTHX CITydasx IDIa-
CTHYECKOE TCUCHNE HAUMHACTCS KaK IMPOCTPAHCTBEHHO
JIOKaJTM30BAHHBIA TPOIIECC, MPUMEPOM KOTOPOTO MO-
XKeT ciayxuth aedopmarmst Jlrogepca. 3akaHumBaeTcs
IUTACTHUECKOE TeUCHHE TAKKE JIOKATU3aI[el IIacTH-
yeckoi Jedopmanun - GOpMHPOBAHHEM MaKPOCKOIH-
YECKOM IIEWKHM U BSI3KUM pas3pyllieHueM. MoXHO Iy-
MaTh, YTO U BCE IPOMEXKYTOYHbIE CTAaAMU Mpoliecca
(OpMOM3MEHEHUsI TaKXKe MPOTEKAIOT JIOKaIU30BaH-
HBIM 00pa3oM, a OTCYTCTBHE COOTBETCTBYIOIUX JaH-
HBIX YKa3bIBacT Ha MaJyI0 YYBCTBHTEILHOCTH MCIIOIb-
3YEMBIX SKCIIEPUMEHTAIBHBIX METOIUK.

JlefcTBUTENTFHO, 3KCIIEPUMEHTANIBHBIC TaHHEIC,
MTOJTyYCHHBIE HA MHOJKECTBE Pa3IMIHBIX MaTEPHAJIOB C
WCTIONBF30BaHUEM CICIHANEHO Pa3pa0OTaHHOW s
9THUX IIeJIe MeToauKH [ 8, 9], mokas3anu, 4yTo rjaacTuye-
CKO€ TEUEHHE Ha BCEX CTaJMSIX CBOETO Pa3BUTHS OT
npezena TeKy4ecTH J0 pa3pylIeHHs MPOTeKaeT JIOKa-
JIM30BaHHBIM 00pa3oM ¢ GOpMHUPOBaHKEM CrienU(HIe-
CKOW KapTUHBI — NaTTepHA JIOKAJIM30BAaHHOH IJIaCTHUY-
HOCTH. JTO yTBEp)KJICHHE CIPaBEAJIUBO JJIs BCEX BU-
JIOB TUTACTHYECKOW AedopMaIiiy, BKIIOYAsT aKTHBHYIO
neopmanuio u qeopMario Mo3ydecTH, aedopma-
LIUIO 32 cYeT (ha30BbBIX MPEBPAIICHUH, IBUKCHUS WH/IU-
BUJIyaJIbHBIX JUCJIOKaUWMW W JBoMHHKOBaHUs [3]. Tu-
NUYHBIA MPUMEP NaTTepHa MaKpOJIOKAIM3ALUH IUia-
CTHYECKOr0 TeYEeHHUs MI0Ka3aH Ha puc. 1.

I1acTu4e-

X, MM €4

Pucynox 1. llammepn 1okanuzayuu RAAGCMU4ecko20 medenust. AKmueHvle 8 MOMEHM Pecucmpayuu 30Hbl
depopmayuu 8vi0eeHbl MEeMHbIM YEEenOoM
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AHajM3 IKCIIEPUMEHTAJIbHBIX JaHHBIX [10Ka3all,
YTO OPUPOCT IUIACTHYECKO# aedopMaiu BO Bpemsi
KaXJIOTO IOCJICIOBATEILHOrO Iara Je(OpMHUPOBaAHUS
COCPEIOTOUYCH TOJIBKO B aKTUBHO Je(hOPMHUPYIOIIUXCS
30HaX, YepeayIOIIUXCsl C 30HaMH Heae(hOopMUpyroLe-
rocst marepraia. Ha 9To ykaspiBaeT HaOnmoiaemas He-
OJTHOPOJTHOCTh paclpe/ielieHns1 o 00pasily MpooJib-

HOU &, , CABUTOBOM &,, ¥ POTalMOHHOH (U, KOMIIO-

HEHT TEeH30pa IIaCTUUeCKOr aucropcuu [2]

& &
XX yX
fi=Vr(xy)=| = T lre. o
Xy Yy
311ech I - BEKTOp CMEIIeHHUS IpH Aedopmarium, 3a-

BUCSIIUM B IIJIOCKOM 06pa3ue OT KOOpAUHAT X, Y U Bpe-

menn t. [Tone Bexkropos cmentennst I (X, Y) , BO3HHKa-

fomee B epopMEpyeMOM 0Opasiie, BOCCTaHABINBA-
eTCsl C MOMOINBI0 creki-pororpadun. [t aHamusza
MoJydaeMble TaKUM 00pa3oM pe3yJbTaThl HCCIIeI0Ba-
HUS TpadUuecKy NPeICTaBIAIOTCS B popMe 3aBUCHMO-
CTEll KOMIIOHEHT TEH30pa IUIACTUYECKOU IUCTOPCUU

Exxr €y, U O, OTX, Y U T, KOTOPBIC PACCUUTHIBAIOTCS

C TIOMOLIBIO CIEIHAIBHO pa3pabOTaHHBIX HPOTPaMM.
Takue 3aBUCHUMOCTH BU3YAIN3UPYIOT MATTEPHBI JIOKa-
JIM30BaHHOW NeOpMalMi U JENAIOT UX TPUTOIHBIMU
JUIsL IeTaJIbHOTO KOJIMYEeCTBEHHOTo aHanu3a. OH varue
BCEr0 COCTOMT B IOCTPOCHUM 3aBUCHMOCTEH KOOpAH-
Hat nedopMannoHHBIX GpoHTOB X OT BpeMmenu t (X-t
JIarpaMM ), Mo3BOJISIIOIINX OLIEHHUTH JJTHHY aBTOBOJIHBI

, mepuox konebanuii T u ha3oBast CKOPOCTH pacmpo-

crpanenns V,, = A/T .

HenocpenacTBeHHasi KOJMYSCTBEHHAS OI[CHKA I10-
Kasaja, 4To obimas nedopmarus odbpasia ecTb CymMma
napIHaIbHbIX BKIAIOB Je(opMaIii OT/AeIbHBIX 001a-
creil. B TakoM ciyuae yaiuHeHue obOpasia, 3ajaBae-
MOE Harpy»aroluM YCTPOHCTBOM, MOXKHO BBIYHCIIUTh

Kak
N (mag)
mag
Z (gxx )i Ii

55‘%%% i=1 ~ N .<gxx|>’ (2)
L L L

-3 o
e 06 ~107°, N— umcno axtuBHBIX oGnacreii

JIOKaJM30BaHHOTO TeueHust pasmepom| B oOpasie,

g(mag)

XX - aMIUIMTyla KOMIIOHEHTHBI TE€H30pa Iu1acTu4e-

ckoil nedopmanuu £, B Takoi obnacTy, <8XX|> - cpen-

Hee YIJIMHEHHWE B Mpejienax akTHBHOW obmactu, L —
niuHa obpasua, npuuem N/ < L. CnpaseniuBocts
COOTHOIIEHHS (2) YHCIEHHO MpOBepeHa Ha MHOTHX
prMepax HabII0AaeMbIX TaTTEPHOB.

AHanu3 Takoro poja JaHHBIX O JIOKaJIU3al1H1 MJ1a-
CTHUYECKOI'0 TEUEHUS MPUBEIHN K TOMY, 4TO B 1994 roay
MPaKTUYEeCKH OJHOBPEMEHHO U HE3aBUCUMO APYT OT
Jpyra ObUIM BBEJICHBI KOHKYPHPYIOIHE TMIIOTE3bl 00
asmosonnosou [10] o goanosoti [11] npupoae nnactu-
YeCKOro Te4ueHHs. Bo3HHKIIas ampTepHaTHBa ObLIA
paspenieHa, omarogapss oOHApPYXEHHIO K ITOMY Bpe-
MEHH JIByX CyIIECTBEHHBIX apI'yMEHTOB B ITOJIb3Y aBTO-
BOJIHOBBIX INpezacTasieHuil. IlepBblii U3 HUX OCHOBaH

Ha Pa3HBIX MEXaHM3MaX 3aITyCKa BOJIHOBBIX U aBTOBOJI-
HOBBIX TpolieccoB. Eci BoHOBO# miporiecc Tpedyer
crienudruueckoro (MEXaHHYECKOT0) BHeUHe20 BO3ICH-
CTBHSI Ha CHCTEMY, TO aBTOBOJIHOBOH BO30Y»KIaeTcs
CIIOHTAHHO 3a CUET GHYMpeHHUX B3aUMOACHCTBHH te-
MEHTOB cpeJibl. VI3 001muMX npencTaBieHli 0 METOIuKe
MEXaHUYECKUX HUCIBITAHUN MaTepuanoB CIeAyeT, 4TO
COOTBETCTBYIOIINE MPOLEAYPHI ABISIOTCS Yallle BCEro
KBa3HUCTaTHYECKUMH, TO €CTh, KAKHX-THOO TOIYKOB B
Harpy’kacMoi CHCTeMe HE BO3HHUKAET.

Bropoii apryMeHT cBsi3aH ¢ pa3IuuueM CKOpOCTen

pacrnpoCcTpaHCHUs BOJHOBBIX VpW U aBTOBOJIHOBBIX

Vaw NPOLIECCOB. YK€ MepBble HAONIIOACHHUS Pa3BUTHUS

NaTTEPHOB JIOKAJIU3alUN MJIACTUICCKOTO TCYCHUS T10-
Kasajii, 4YTO 3KCHCPHUMCHTAJIBLHO HaGJ’IIOZ[aeMaH CKO-
POCTH IBUKCHUSA (I)pOHTOB JIOKAJIM30BaHHOI'O ILIaACTH-

-5 -4
YEeCKOTO TEYECHHUS VaW ~107 —-10"m/c. B 10 *e

BpEMsi CKOPOCTH BOJIH IUIACTUYHOCTH (BoJH Kosbckoro
[12]) wm BomH, oOcyXmaempix pabore B [11]

V,,(0)~ 6/ p, 10107 w/c
(0= do / de - KodpumueHT  nedpopMarOHHOTO
YHPOYHEHHS, L, - INIOTHOCTb MaTepHaia, ¢ - Halps-
nedopmanusi). OueBuUIHO,
V, << VpW <<V,. JlBa 311 0GCTOATENBCTBA [03BO-

KEHHE, £ -

JIIIOT CUMTATh, YTO B dKCHepuMenTax [8-10] 6bu10 00-
Hapy»XeH, U3yueH U OMUCAH HOBBIN THUI HECTAIIMOHAP-
HBIX TPOIIECCOB IUIACTHYCCKOW AedopMaruu — aemo-
BOJIHbL  JIOKANU308AHHO20 NIACMUYECKO20 MeyeHUs.
IMocnenuum OblIa OTBEACHA BaXKHAS POJIb B IOCTPOE-
HUU TEOPUHU TJIACTUYECKOI0 TEUEHHS MaTEpUaJIOB.
OdeHb CYHIECTBEHHBIM OKasajcs TOT (DakT, 4TO
MIPHU TUTACTHYECKOM TEUYSHHH BO3MOXHO (POPMHPOBA-
HUE aBTOBOJIH pa3HOro tuna. bonee Toro, skcrepuMeH-
TAIGHO OBUIO YCTAHOBICHO, YTO KAXKJOU CTaIWH Je-
(hOpMaIIMOHHOTO YIIPOYHEHHS COOTBETCTBYET OTIPEIe-
JIEHHBIA MakKpOCKONMYECKUI MaTTepH JIOKAIU3aLUH
IJIACTUYECKOTO TEUEHHUS C ONpPEACIICHHOW KUHETHKOU
pasButua. KaxxaoMy W3 Takux NaTTEPHOB OTBEYAET
O/IHA U3 CTaHAApTHBIX aBTOBOJIHOBBIX MoA. B xoxae
IJIACTUYECKOTO TEYEHHUs MaTTepPH JIOKAJIM30BaHHOIO
IJIACTUYECKOTO TE€YEHHUs 3aKOHOMEPHO 3BOJIFOIIMOHU-
PYET B COOTBETCTBHH C M3MEHEHUSIMH 3aKOHa Jedop-

MAaInoOHHOI'0 YIIPOYHCHUS 6((9) , OTBCHAKONIUX Iepe-

X0JlaM OT OJHOM CTauM IUIACTUYECKOTO TEUYEHHUS K
JpYyTOi, KaK 3TO MOKAa3aHO Ha pHUC. 2 C MOMOILIBIO Xa-
PaKTEpHBIX JUIS 3TUX CTaJUH SKCIIEPUMEHTAIbHBIX X-t
Jyarpamm.

[MoyueHHbIe pe3yabTaThl IPUBEIH K pOpMHUpOBa-
HHUIO HOBOTO B3MUIAZa HA MPHUPOIY JIOKAJIHM3AIMNUN ILTa-
CTHYECKOTO TEUCHHS TBEPBIX TEI 0] HATPY3KOH, KO-
TOPBI OCHOBAaH Ha TOM, YTO BO3MOXKHO CYIIIECTBOBa-
HUE BCETO YEThIpEeX THIHUYHBIX NaTTePHOB ((hopM
JIOKAJM3aINN), K&KIBIH U3 KOTOPBIX OTBEYAET OJHOU
n3 cTaguii 1eOpMaIMOHHOTO YIIPOYHEHUsI, HaOoaa-
€MbIX IpU IUNIACTHYECKOM TedeHuu. Takue ctaauu Je-
(OpPMaITIOHHOTO YIPOYHEHHSI MOTYT OBITh BBIJIEJICHBI
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C MOMOIIBIO CTAHAAPTHOW MPOILEAYPHI OCIE AMIpPOK-
cuManu 3aUKCHPOBAHHONH KPHUBOW IJIACTHYECKOTO
TedeHus (puc. 2 a) ypaBHeHueM Jlroasuka [3]

o=o0(&)=0,+Ke", 3)

B koTopoM K 11 O - SMIMPUYECKUE KOHCTAHTHI.

dopmanpHas Mporerypa BeIISICHIS cTaauid qedopma-
IIMOHHOTO YIIPOYHECHUS OCHOBaHAa Ha TOM, YTO IIPH IIa-
CTHYECKOM TCUCHHH MIOKA3aTeNb YIIPOYHEHMS N B ypaB-
HeHHH (3) MpUHUMAeT XapakTepHBIC UTS KaXKIOH H3
HUX JUCKPETHBIE 3HAUYCHHS, & UMEHHO

-(hn= 0 ua CTa/IMY TUIOMIAJIKK TEKY4YECTH,

- (1) N =1 ma craauax nerkoro cKoybXeHUs
(B TIIK-MOHOKpHCTAIIIAX ) U JIMHEIHOTO
ne(hOpMaMoOHHOTO YIIPOYHEHHS,

-y n= 1/ 2 ua craguu mapaboIHIECKOro
Je(hOpMaMOHHOTO YIIPOYHEHHS,

-(IV) n< 1/ 2 Ha CTaJuM IPEaPA3PYILICHHL.

70 - v
nm_——
60
50 -
- 0
= 40 IT 1800 2000 2200 2400
=30 B he
5, L
2007, i 20 11 30 v
10— n=1in=102 n<1/2 PP
~ { i
-UI L 1 L I 1 1 15 25
0 02 04 06 08 1.0 1.2 & = G = 20
a g10 . . 15
o5 ] ] = 10
3 5
1 1 1 U 1 1
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Pucynok 2. Kpusas niacmuueckoeo meuenus, ee cmaoutinocms u Ilpasuno coomeemcmeus

Koneuno, mpupoma oOcyxmaemMoil CTaIuiHOCTH
npolecca MIaCTHYECKOTo TeUSHHUs IeTaIbHO UCCIe0-
BaJIaCh paHee, HO BO3MOXHOCTb COIIOCTAaBJICHHS Ka-
JIOW CTaUH BIIOJIHE OIMPECICHHOTO M CIHHCTBCHHOIO
THIIa aBTOBOJIHOBOTO Tpoiiecca [6] cmocoOCTBYET BbI-
paboTKe HOBOM TOYKHM 3pPEHHS] Ha 3aKOHOMEPHOCTH
MHOTOCTaIUIHOrO Tpolecca IIaCTHUECKOro Gopmo-
namenenus. CTano siCHO, YTO JIOKATM30BaHHOE ITACTH-
YEeCKOE TEUSHUE TBEP/IBIX TEJ PEallu3yeTcs KaK Mmocie-
JIOBaTEJIbHAsI CMEHA aBTOBOJIHOBBIX IPOLIECCOB, ETEP-
MHUHHPOBAaHHBIM 00Pa30M SBOJIIONUOHUPYIOINX BIOJIb

KpHBOﬁ IUIaCTHYSCKOro TeueHuss O\ & METAJJIOB,

CIUIaBOB M JIPYTHX BEIIECTB. JTO MO3BOJISIET IyMarth,
YTO B OCHOBE CTaJMHHOCTH Je()OPMALMOHHOTO MPO-
ecca JEeXHT CMEHa aBTOBOJIHOBBIX MEXaHHM3MOB Jie-
topmarmu. B getansx 3To BBRITTISLAUT CIEAYIOIINAM 00-
pasom.

ITpu nedopmarii, COOTBETCTBYIOIIEH nioujaoxe
mexywecmu, O = const, a & =0, wna6momaercs

JIBIDKCHNE OJMHOYHOTO OvYara JIOKaJIM30BaHHOM IjIa-
cTHYHOCTH (puc. 2 6), U3BECTHOTrO Kak moioca Jlio-
nepca [3]. Ha ee ¢dponte nedopmupyemas cpea mnepe-
BOJHUTCSI B HOBOE COCTOSIHME, XapaKTepU3ymoIIeecs
JPYTHMH MEXaHUYECKHMH CBOICTBaMU, CTPYKTYpOU U
MexaHusMamu jaedopmupoBanud. [lo 3Tol mpuunHe
MOABWXHBIA (POHT JIOKAJM30BAaHHOW IUIACTHYECKOMN
nepopmanuu (ppouT Jlrogepca) MOXET paccMmarpH-
BaThCsI KAK aHAJIOT d8MOBOIHbL NePEeKIUeHUs B AKTHB-
HOH nedopmupyemoii cpexe [6].

[Mepronnueckue pedopManMoOHHBIE IPOILIECCHI,
HaOJIOTaeMble Ha CTaJUSAX JUHEUHO020 0ephOPMAYUOH-
Ho20 ynpounenus (pUC. 2 B) U J1e2K020 CKOIbICEHUS. B

MOHOKpHCcTaJUIaX pu O ~ € 1 6 = const, moxuo

MPEJCTaBUTh KaK (azosvie asmosoanvl [6]. [lpu Takux
PeKUMax OJHU M T€ K€ 00beMbl Marepuaja MOTYT
MHOTOKpaTHO BO30YXKJIaThCsl Yyepe3 BpEMEHHOH HHTep-
BaJl - BpeMsl peppakTepHOCTH, ONpeAeNsieMoe Ipoliec-
caMu, IpOTeKaloInUMH 1pu Aedopmanun cpexapl. Pazo-
BbI€ aBTOBOJIHBI XapaKTepPHU3YIOTCs JUTMHOM, YacTOTOMN
KoJIcOAaHUH M CKOPOCTBIO PAaCHpPOCTPAaHEHUs, OJIHAKO
TIOCIIEIHSST HE MOKET OBITh BBIpa)keHaA yepe3 MaTepH-
aJbHBIE XapaKTEPUCTUKU Cpeibl [6].

Ha craguu napabonuueckoeo doegpopmayuontnozo

ynpounenusiipu O ~ & 12 wf~e*? dbopmupyercst
CHCTEMa DKBUIMCTAHTHO PACIOJIOKECHHBIX HEIIOIBIIK-
HBIX OYaroB JIOKAJIW30BAHHOM TUIACTUYECKOU Jedop-
MallM¥, KOTOpas Ha 3TOH craauu nehOopMaIiOHHOTO
YIPOYHEHHS, MOXKET UHTEPIPETHUPOBATLCS KaK crmayu-
oHapuas duccunamuguas cmpykmypa [6] (puc. 2 r).
IIpocTpaHCTBEHHBIN TEPUO/I HETIOBUKHBIX pacipe/ie-
JICHHHA 0YaroB /A COBMAJaeT C JJIUHON aBTOBOJHBI Ha
CTaIU¥ JIMHEHHOTO Ne(hOPMAIMOHHOTO YIPOYHECHUS.
[o cymiecTBy, Ha 3TOH cTaAuK B 00pa3Ile CYIIECTBYET
COBOKYITHOCTH CJIA00 BBIPXKECHHBIX IIEEK, U3 KOTOPHIX
BITOCJIC/ICTBUH BEDKHBACT TOJIBKO OJTHA.

Ha craguu npeopaspywenus O ~ & " , <Y, cne-
Jylolmei 3a mapabonnyeckoi, ovarn aedopmManuu
CHOBA CTaHOBSTCS MOABIKHBIMHU, HO XapakTep Ipo-
1iecca Ha 3TOM 3Talle CJIOKHEE 110 CPAaBHEHUIO C TEM,
KOTOPBII HaOIO1aeTCs, HapuMep, Ha CTAaIiH JIMHEH-
HOTO J1e(OPMALIMOHHOTO YIPOUYHEHHSI. MOXHO BUAETS,
YTO HA 3TOHM CTaJIUU 3aBUCUMOCTHU IOJIOKEHUH 04aroB

JIOKAJIU30BaHHOM HG(I)OpMaHI/II/I OT BpPEMCHU X(t)
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MPSIMOJIMHEWHBI ¥ TIPU SKCTPATIOJISILMN CXOZISTCS B OJI-
HOM Touke, 00pa3ys mydku npsmMbix. [TomoOHas cutya-
L[UsI MOKET PACCMATPUBATHLCS KAK KOIANC A8MOBOIHO-
6020 npoyecca pa3BUTHA JIOKAJIN30BAHHOM INIaCTUYHO-
CTHM, 3aBepuialoliuiics  oOpa3oBaHMEM  IICHKH
paspyuienus. CKOpOCTH JIBM)KSHHUS OTJIENbHBIX 04aroB
Ha ATOW CTaJMH MpoLecca pa3IniHbl, HO OCTAIOTCS HO-
CTOSIHHBIMH, TO €CTh, OHH C CaMOro Hayajla CTaJiuH
Ipenpa3pyIIeHNs] B3aMMHO coriacoBaHsl. [Ipumep X-t
JarpaMM JIOKaJIM30BaHHOHN JedopManny Ha CTaguIx
Tpeapa3pyIIeHus peacTaBieH Ha puc. 2 1. Cormoctas-
JICHUE AAHHBIX U CTaAWHU MpPEApa3pyLICHHUs C KpH-
BBIMH IUTACTHYIECKOTO TEUEHHSI IOKA3bIBACT, YTO TAKNE
HaTTePHBI JIOKATU30BaHHOH e()OpMaIy XapaKkTepHbI
JUIS YYacTKOB, NPEALIECTBYIOIICH Hayaily HaJeHUs

YCJIOBHBIX Hal'[pﬂ)KeHI/Iﬁ Ha quarpaMme O-(g) , TO €CTh

JI0 TeX IOop, TOoKa BBINOJNHAETCS NocTynar Jpykepa
TEOPUHU TUIACTUYHOCTH O TOJIOKUTEIBHOCTH PabOTHI
BHELIHUX CHJI mpu npupocte nedopmarmu [1]. INoka-
3aHHBIC Ha pHC. 2 /1 3aBUCHMOCTH CIIPaBEJIUBBI IS

UHTepBana HanpsokeHnid Ox < O < Op,r1e O —
HanpsoKeHUE OKOHYAHUS MapaOouvecKol CTaluu Jie-
(bopMaIMOHHOTO YNPOYHEHUs, a Oy — BPEMEHHOE CO-

MIPOTUBJICHHE.

AHanu3 3TUX YEThIPeX KapTHUH JOKATU3alluy Iuia-
CTHYECKOTO TEUCHHS W WX CpaBHEHHE C MOICIAMH U
MHUKPOCKOTIMIECKIMU MEXaHU3MaMU THITHYHBIX aBTO-
BOJIHOBBIX IMPOLIECCOB, OMMCAHHBIX, HANPUMED, B [6],
MOKa3all, YTO KKIOH KapTWHE JIOKATU3AIMH MOXKET
OBITH ITOCTaBJICHA B COOTBETCTBHE CTAHIApPTHAS aBTO-
BOJTHOBAsI MOJIA - ABMOBOIHA NEePEKIoUeHUs, (ha308as
A8MOBOIHA, CMAYUOHAPHAS OUCCUNAMUBHASL CMPYK-
mypa, Koinanc agmosonnsl. Ha 3Tol OCHOBE MOXHO
chopmynuposars Ilpasuno coomeemcmeus, Cco-
TJIACHO KOTOPOMY

- Ha IUIOINAJKE TEKY4eCTH HaOJII0aeTCs a6mo-
60/IHA NEPEKIIOYEHUSL,

- Ha CTamusaX JIMHEWHOTo aedopManroHHOTO
YOPOYHEHHUS U JIETKOTO CKOJBKCHHS BO3HUKACT (Pa30-
651 ABMOBOIHA,

- Ha CTaINH1 MapaboIMIecKoro e opMaIioHHOTO
MIEPEKITIOUCHUS PEANTN3YETCS CIMAayUoHapHas OUccuna-
MUBHASL CMPYKMYPA,

- CTaJuu TpeApa3pyIleHUs OTBEYACT KOLIANC A8-
MOBOIHbL.

OuyeHb HMHTEPECHBI JUIsl aHalIHM3a aBTOBOJIHOBBIX
MOJI JIOKAJIM30BAHHOW IUIACTUYHOCTH CTaJUHU JTMHEH-
HOro JehOpPMAIIMOHHOTO YNPOYHECHUS U JICTKOTO
CKOJIbXKEHUS, ISl KOTOphIX O ~ & . da3oBbIe aBTO-
BOJIHBI OTMEUEHBI ITPpH Ie(h)OpMAI MOHO- U TIOJINKPH-
CTaJUIOB C pa3JIMYHOM KPUCTAJUIMYECKOM pElIeTKOMH,
JIe(OPMUPYIOIIUXCS 33 CUST AUCIOKAIHOHHOTO CKOJIb-
JKCHUS, TBOWHUKOBAHUS WK (Pa30BOT0 MPEBPAIICHUS.
Hx nnavHa U CKOpOCTh paclpOCTPaHEHUs U3MEPSIOTCS
C IOCTaTOYHOM ISl KOJIMYECTBEHHOTO aHaJIu3a TOYHO-
CTBIO, TaK YTO B 3TUX HUCCIEIOBAHUSAX YAAIOCH MOJY-
YUTh 3aBUCUMOCTb CKOPOCTU PacHpOCTPAHEHHs aBTO-
BOJIH OT Kod(dduiierTa nepopManrnoHHOTO YIIPOYHe-

HUA Vaw(g), 3aKOH AUCIEPCHUU aBTOBOJIH a)(k) n

3aBUCHMOCTh JUIMHBI aBTOBOJIHBI JIOKAJTU30BAHHON
[UIACTHYHOCTH OT pasMepa 3epHa JaehOpMHpPYEeMOro

Marepuaia ﬂ, (5) .

Kak oka3zanock, 3aBUCHMOCTh CKOPOCTH PAacIpo-

CTpaHCHHS aBTOBOJIHBI V oT 6 JUIIL CTa[[I/Iﬁ JICTKOI'O

aw
CKOJIBXKEHUS U JIMHEHHOTO Je(GOopMalMOHHOTO YIIpOoU-
HCHUS UMCCT BU, NOKa3aHHBIN Ha puc. 3 a, U OIIUCHhI-
BaeTcst hopMyJtoit
=
Vv, (0)=V, + o @

rae VO ¥ = — KOHCTaHThl. TO 0BCTOATENHCTBO,

4qTo V

-1
aw 0 , IIOATBCPIKAACT O6CY)KI[CHHO€ BBIIIC
OTJIMYHE aBTOBOJIH JIOKAJIN30BaHHOM IIACTUIHOCTH OT

BOJIH HaHpﬂ)KCHI/Iﬁ KOJ'ILCKOFO, JJI1 KOTOPBIX, KaK I10-

12
KazaHo B [12], pr ~ @ . Cratucruueckas nmpoBepka
HOATBEP/MIIA BBICOKUIT ypPOBEHb 3HAUMMOCTH K03 du-

-1 .
LIMEHTOB KOPPEISIUH BETUINH VaW u O s cranmii

JIETKOT'O CKOJILXEHHUS M JINHEHHOTO 1e(hOPMAIIMOHHOTO
yIpOYHEHHUs. 3aKOHOMEPHOCTD, OTIMCaHHAsl COOTHOIIIE-
HHEM (4), 0XBaThIBaeT Bce 0€3 UCKIIIOYCHHUS TOTyYeH-
HBIE /10 HACTOAIIETO BPEMEHH JaHHBIE ISt MOHO- H IO~
mukpuctamios ['TIK, OIIK u I'TTY 4ucThIX METaIOB U
CIIaBOB, KPHBAsi TEYEHUSI KOTOPBIX COAEPKUT Ha3BaH-
HBIC CTaIHH.
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Pucynox 3. Xapaxmepucmuku ¢pazosvix agmoeoin 10KAIU308AHHO20 NIACTIUYECKO20 MEYeHUs.
cKopocmb pacnpocmpanenus (a); 1 — cmaoust IuHelH020 0ehrOpMAYUOHHO20 YIPOUHEHUS, 2 CIMAOUsL 1e2KO20
cKobarcenust; oucnepcust (0), pazosas u epynnosas ckopocmu (6 u 2)

Bo3MoXXHOCTH HE3aBHCHUMOIO HU3MCPCHUS AJINHBI
ABTOBOJIHBI | | 1 nepuoaa aBTOBOJHOBOI'O IIpoIecca T
MO3BOJIMJIa SKCIICPUMCHTAJIIBHO HalTH (1)OpMy 3aKOHa

JUCTIEPCUN aBTOBOJIH, TO €CTh, 3aBUCMOCTD a)(k),
rie = 272'/T - wactora, k = 27[/ﬂ - BOJHOBOE

YHCIIO. DTa 3aBUCUMOCTh ITOKa3aHa Ha puc. 3 0 u onu-
ChIBACTCs KBAAPATHUIHBIM COOTHOLICHHUEM

2
w= a)(k)z @, +a(k - ko) . (5)
rie a, ko U (y KOHCTAHTHI, Pa3IM4YHbIE JJI pa3-

HBIX MaTcpuaioB. Ilo OKCIICPUMEHTAJIBHBIM JTAHHBIM
MOXHO MOJIYYUTH MMOKa3aHHbIC Ha pHUC. 3 B M I 3aBUCHU-

V,, =o/k

Vgr = da)/dk CKOpOCTefI HCCICAYCMbBIX BOJIH OT

MoctH  (hazoBoii U TPYHIOBOIi

BOJHOBOTO yucia K. MUHUMYM 3aBHCHMOCTH C()(k )
Haxoxutes pu K = ko ~150m? (/10 ~5.5:10°3m). AB-
TOBOJIHBI TaKOil AJIMHBI PACIPOCTPAHSIOTCS Oe3 AucC-
= Vg,.
JIeHUsT SKCIIEPUMEHTAIBHBIX TOYEK, BUIMMAasl Ha rpa-

MIEPCHH, TO €CTh, Vph . Acummerpus pacripenie-

¢uxe a)(k) puc. 3 0, MoKa3bIBaeT, YTO BO30YKIAIOTCS
TOJIKO aBTOBOJIHBI JIOKAJM30BaHHOW nedopManuu ¢

k <k, wm, coorsercraenno, A > 4,. Tonoxus

Vgr =Vph +k deh / dk , maiizem 3aBHCHMOCTB MPOM3-

BOJIHOM deh / dk = (Vgr —Vph ) / K or BoxmOBOTO

qrcia deh/dk =§0+g/k2 , TIe fo n G ->sMIu-

pudeckue KOHCTaHThl. VIHTerpupoBaHUE 3TOrO BbIpa-
JKEHUS IPUBOJUT K 3aBUCUMOCTH Vph ~ (k + 1/ k) JUIS

3akoHa gucnepcun tuma (5). Ilpu 3Tom nHTEpBaN U3-
MEpPEHHBIX 3HAUCHHWH IO3BOJIAET HAONIOAATh TOJBKO

3aBUCHMOCTb Vph ~ l/k )

W3 3axona aucnepcuu (5) ClenyeT, 4To B CIEKTpe
KoJieOaHUI aBTOBOJIH JIOKAJIN30BaHHOTO ILIACTHYe-

CKOIrO TEUYECHUS a)(k) CYILECTBYET IlEIb IUUPUHOMI

@, #1072 I't. Tak xak ycnosue Ny << KgT Bor-

TOJIHACTCA IPU KaK YrOAHO MaJIbIX TEMIIEpATypax, TO
CIIOHTaHHas JIOKaJIU3alus IUTACTUYSCKOM Z[e(I)OpMaLII/II/I
JOJIDKHa BO3HHKATh BCECraa. I[eﬁCTBPITeJ'ILHO, CBs3aH-
Hasi C noxanmauneﬁ TCUCHUA CKa‘IKOO6p33Ha$I I[G(i)Op-

Marus HabJoganacs npu T<1 K, a oTcyTcTBUE JTO-
KallM3alluid  TUIACTHYECKON JieopMalid  BO3MOXKHO
TOJIBKO M3-32 TEOMETPUYECKUX OTPaHUYEHHUN MpHU Ma-
JIBIX pa3zMepax o0pasIos [6].

3aBHUCUMOCThH JJIMHBI aBTOBOJIHBI JIOKAJIN3alluH OT
pa3Mepa 3epHa OB MeTajule ObliIa dKCIIEPUMEHTAIBLHO
HCCIeI0BaHa Ha MOJMKPUCTAIUINIECKOM AIIOMUHUH, B
KOTOPOM METOJIOM PEKPHCTAUTU3aLNH TI0CIIE Pa3sHbIX
nedopManuii BEIpAIMBATKCE 3epHa pasmMepamu 5-1073

<O0<10 mm. T paduk MOTy4YEeHHOH 3aBHCHMOCTH
npuBeneH Ha puc. 4 a. Jluddepennmansaoe ypaBHe-

HUe, OTBeyaroIiee QyHKINH /1(5 ) , MOXET OBITh MOy~

YEHO M3 CIIEAYIOmUX coodpaxenuid. I[Tycth ¢ pocToMm



Annali d’Italia Ne51/2024

81

pa3Mepa 3epHa JJIMHA aBTOBOJIHBI JIOKAJIM30BAHHOI Jie-
(dopManuK TakKe yBEJIMYMBACTCS M3-3a YBEIMYCHHS
JUIMHBI CJIBUTa pH aKTe nedopmuposanust. O4eBUIHO,
KOT/1a BEJIMYMHA 3epHa NPUOIKAeTCs K OIEPEYHUKY
oOpa3ua, TeMI MPUPOCTa AODKEH 3aMEATIUTHCS, IO-
CKOJIBKY B 3TOM cjydae [UIMHA CJIBUTA CTAaHOBHTCS
MEeHbIIIe pa3Mepa 3epHa. Ha OCHOBaHMM 3THX paccyx-
JICHUIT MOJKHO CBSI3aTh BEJIMYUHBI A M O nuddepeHim-

2
aJlbHBIM ypaBHEHHEM dﬂ/ do = a1/1 -a,A", B Ko-
TOPOM KBaJpaTUYHBIN UleH aziz YUMTHIBAET 3aME-

JieHue TpupocTa A B obnactu 6onbumx 5 adiu A, -

pa3MepHBIE MOJOKUTEIbHBIE KOHCTAHTHL. MHTErpupo-
BaHUE ATOTO I depeHInanbHOT0 ypaBHEHUS IPHBO-
JIIT K U3BECTHOH (OPMYIIe JIOTUCTHIECKON KPUBOI

_ a,/a,
M)=1o + 1+Cexp(-a,0)’

rJie KOHCTaHTbI ﬂo R4mm, a1=14 MM 1 ar =

(6)

8.8:102 MM onpe/ieNIeHbl U3 TaHHBIX SKCIIEPUMEHTA, a
C = 2.25 - mocrosiHHas uHTerpupoBanus. st mpo-
BEPKHM CNPABELTMBOCTH alPOKCHMAIMK 3aBUCUMOCTH

A, MM

ﬂ(é‘) JorucTudeckoi ¢yHkuuen (6) MoiaydeHHbIe
JaHHbBIC MIPEACTABISUTUCE B KOOpIHMHATax

In [/1* / (i - Ay ) —1] -0, UCTONBb3yeMBIX NS TaKo

npoBepku. JlaHHbIC puc. 4 O MOATBEPKIAIOT MPUTOJI-
HOCTb YypaBHeHHs (6) Aisi ONHMCaHUs 3aBUCUMOCTHU

WHuTepecHbl MpeneNbHbIe CIy4ad 3aBUCHMOCTHU
(6). B obmacTu ManeIx 3epeH B auamasoHe 5-1073

<0 <5102 MM, OYEBHIHO, aziz <ad =u
dﬂ/d5 ~ A, uTo npuBOaNT K A~ exp 0. B un-

TepBase KpymHbIX 3epeH 5-102< & < 2,5 mm, re poct
JUTHHBI BOJTHBI 3aMEJISIETCSl, MOXKHO T10JIaraTh, 4TO OT-
HOCHTEJIBbHBIIT IPUPOCT A MPOMOPIHOHANICH YHCITY 3€-
peH Ha paboucit mmmHe oOpasuma L, TO ecTh,

di/dé ~L/6 wm dA-~ L-(d5/5). Orcropa,
OYEBHUIHO, CIIEMYET XapaKTepHOE JJIS KPYIHO3epHHU-
croro Al norapudmuueckoe coorromenne A ~ Ino

14

0 1 1
1.0 2.0
da

3.0 6, MM

2
=

=]

Pucynox 4. 3asucumocmsv Onunvl agmosonnwl 10Kanuzayuu degopmayuu A om pasmepa
sepHa || ona Al: ucxoonvie dannvie (a); me dce OanHvle 8 QYHKYUOHATbHBIX KOOPOUHAMAX

CmeHa xapaktepa 3aBHCHMOCTH 1(5 ) OT 9KCII0-

HEHIMAIBHON K JOrapu(pMUYECKOM MPOUCKXOIUT IIPH
*

yenosun A = A / 2, uto cooTBeTCTBYET O~ 0.25 MM.

Taxum 06pa3om, JUIHA aBTOBOJIHBI JIOKAJIN30BaHHOTO
IUIACTHYECKOTO TEYCHHMS SIBISCTCS CTPYKTYPHO 4YyB-
CTBUTEJILHOW BEJIMYMHON M CIOXKHBIM 00pa3oM 3aBH-
CHT OT pa3Mepa 3epHa MaTepHaa.

Jns onmcaHus HabrogaeMbIX Je)OpMaMOHHBIX
SIBIICHU I HEOOXOIUMBI YPAaBHEHHUS aBTOBOJHOBBIX IPO-
[IECCOB IUIACTHYECKOT0 TedeHus. Ilockonbky oOmmas
TCOPUSA aBTOBOJHOBBIX MPOICCCOB pasBUTa K HACTOA-
[IeMy BPEMEHH TOCTATOYHO JAETAIBHO [6], TO MaTeMa-
THueckas (opMa COOTBETCTBYIOIIMX YypaBHEHHi, B
NPUHIIKIIE, U3BECTHA U OCHOBHOM CIIOKHOCTBIO SIBJISI-
CTCA BI)I60p MOAXOAAIMNX MEPEMEHHBIX JISI OTTMCAHUA
NpOLIECCOB ITacTUueckoil aepopmarmu. B obmem
BUJIE 3TH COOTHOIIEHHS MPEICTABISIIOT cO00 apabo-
myeckue uddepeHInanbHble  YpaBHEHUsT BTOPOTO
NOpsJKa B YAaCTHBIX IPOU3BOJHBIX M MMEIOT (OpMy

y= é/ (X)+ Dy” . Takoe ypaBHEeHuUe, IpeATIOKEHHOE
KonmoropossiM, [lerpoBckum u [TnckyHoBeim (KIIIT-

ypaBuerue) [13], popmanbHO BO3HHKAET IipH 1o0aBIIe-
HUHMM HENHMHEHHON QyHKINN g“ (X) , Ha3pIBaEMOU mo-
YyeyHou KuHemuKot, B IpaByro 4acTh nuddepeHanb-
HOT'O YpaBHEHUS y = Dy" , OIMCBIBAIOILIETO, HAIIPHU-

mep, aupodysuo (2-e ypaBHenue Duka) WM
TeruonpoBoaHoCTs  (ypaBHeHne @ypne).  KIIII-
YpaBHEHHS MPUMEHSIOTCS ceidac st OTMCAHUS aBTO-
BOJTHOBBIX IIPOIIECCOB B aKTUBHBIX CPeiax pasHoi nMpu-
poasl [6].

JloGaBneHne HenMHEHHOW (QYHKIMH g (X) B

ypaBHeHue Prka He JOIKHO pacCMaTPUBATHCS KaK UH-
cTo popManbHas omnepanus. IMEHHO MOSIBICHUE 3TOM
(YHKIHMU OTKPBIBAET BO3MOYKHOCTH OIFCAaHUS TeHepa-
MU aBTOBOJIH C WX MAaKPOCKOMHWYCCKUM IIPOCTPaH-
CTBEHHBIM MacCIITa0OM ~A B TIEpBOHAYAIHHO OJTHOPOI-

HOM cucteme. SIBHbI BuA (yHKIuM (X) JIOJDKEH

OBITH TOJTydeH JIMO0 U3 (PU3NIECKUX COOOpaXKeHUH O
MIpHUPOJie KOHKPETHOTO MeXaHu3Ma aAedopMary, 1udo
(TIpu HEBO3MOKHOCTH 3TOT0) MOXKET OBITH (HOPMAITBEHO
3amucaH B BUJEC MHOTOUYJIEHA ¢ KyOMYECKON HEITHEeH-
HOCTBI0. BTOpoil BapuaHT UMEET CylIeCTBEHHbIE MaTe-
MaTHYECKU MPEUMYLIECTBA, HO yCTyHaeT NEPBOMY H3-
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32 BO3HUKAIOIIUX TPYAHOCTEH Tpr PU3UIEeCKON HHTEP-
MpPETaN TAaKOTO posa (GpyHKINH.

OOpatuM Takke BHUMaHHE Ha TO, YTO HaJM4He
MEepBOM MPOU3ZBOJHOM MO BpEeMEHH B ypaBHeHUU (6)
MOJAYEPKUBAET HEOOPATHMBIN XapaKTep OMHUCHIBAEMBIX
UM TIpOIIecCCOB, Kak M B ciydae aud¢ysun. KIIII-
YpaBHEHMSI UTPAIOT BaXKHYIO POJb B aHAJIU3€ aBTOBOJI-
HOBBIX IIPOIIECCOB B TEPMOJUHAMUYECKH OTKPBITBIX
CHCTEMax Pa3HOTO THUIIA IPH HaUIE)KaIleM BbIOOpE T1e-
PEMEHHBIX.

B ¢usuxe neexToB 01HA U3 MEPBHIX MOMBITOK UC-
MOJIF30BAHUS YpaBHEHUs Tumna (6) MpUHAUICKHUT aB-
Topy [14], KOTOPEI OOBACHIUII C €TO TIOMOIIBIO BKJIA]T
nepepacripeielieHist eperuOoB Ha JHUCIOKalMOHHOMN
JMHUU B aMIUTUTYAHO-3aBUCUMOE BHyTpEHHEE TpeHUE
MeTauloB. B HacTosIIee BpeMs Takue UJ1eH HAUMHAIOT
HIMPOKO NMPUMEHSThCA AJIS OMMCAaHHUs CaMOOpraHu3a-
LUK AUCIOKAIMOHHBIX aHcaMOJIell mpu MIacTU4ecKoi
JnepopManuu.

Tax, HarmpuMep, aBTOPHI paboTHI [ 15] mpumeHnmn
ABTOBOJIHOBBIE IIPE/ICTABICHUS K IPoOJIeMe CKauK000-
pa3HoOi nedopmanuy U K aHAIN3y (GOPMHUPOBAHUSA I10-
JIOC CKONBXEHUs NpH Aedopmanuu. [isa stux menei
OHU 3alIHCai SBOJIOIMOHHBIC YPABHEHNUS IS TUCTIO-
KaI[MOHHBIX aHCaMOJIeH N pacCMOTpeNH ycIoBus Gop-
MHUPOBaHHUS H0JOC CKOIBKEHHUS U3 IEPBOHAYAIIBHO Xa-
OTHYECKOTr0 pacnpeseneHus aedexToB. bria mpeacka-
3aHa CJIO0XHas CTPYKTypa PpacHpOCTPAHSIONIUXCS B
nepopmupyemoii cpene aehOpMAIMOHHBIX BOJH, KO-
TOpBIE COCTOAT U3 TOJIOBHOM YacTH COJUTOHHOTO THUIIA
U OCIMJUTHPYIOIIEH XBOCTOBOM, IIOCTEIIEHHO OTCTAlO-
Iel IIPH CBOEM ABIDKCHHHU OT TOJOBHOU. DTOT AP PEKT
MOXeET OBITh OJJHIM M3 MEXaHW3MOB reHepaiuu ¢aso-
BBIX aBTOBOJIH B JepopMupyeMbIx cpenax. [Ipu pac-
CMOTPEHUH TIPOOIEMBI YCTOWYNBOCTH JHCIOKAIMOH-
HOrO aHcaMOus OBUIO TOKa3aHO, 4YTO (IyKTyaIluu
IUIOTHOCTH JUCIOKAIMH BEOYT K HEOJHOPOIHOCTH
NoJIsE BHYTPEHHHMX HANpsDKeHUH B JeGopMUpyeMoi
cpezne.

JlucIoKaMoHHBIE MEXaHN3MbI CAMOOPTaHU3AIUH
u  (GOpPMUPOBaHUS JIMCIIOKALMOHHBIX  aHcamOuei
HanOoJiee MociieI0BaTeIbHO PACCMOTPEHBI B paboTax
Mansiruna [16, 17], rie TeopeTuuecky IpoaHaIu3upo-
BaHO COOTHONIEHHE MEX/y IIPOYHOCTHIO M INIACTHYHO-
CTBIO KOHCTPYKIIMOHHBIX MAaTEpHalOB Ha IpHUMepe
KPHBBIX JIe()OPMALIMOHHOTO YIIPOYHEHUS psija MeTall-
noB u cmnaBoB ¢ 'IIK-pemerkoil. B ocHOBY mosioxxen
KpUTEpHi 00pa3oBaHMs IIEHKH B PacTATMBaeMOM 00-
pasile, a Takke KpHuBas Ae()OPMAIIOHHOTO yNPOYHE-
HUSL, OTPaXKaroIasi BOJIOIMIO INIOTHOCTH JUCTIOKAIINI
B MaTepuayie ¢ pOCTOM CTEINeHH AehopMaIiy 1 BIHs-
HHE Ha 3Ty HBOJIOIHIO CTPYKTYPHBIX (haKTOPOB.

Ha ocHoBe ypaBHeHMI NHUCIOKAallMOHHOW KHUHE-
THKH TEOpPETHYECKH 00CYKIaeTcs MeXaHu3M aedopma-
IIMOHHOTO YIIPOYHEHUSI U 00pa3oBaHus pparMeHTHPO-
BaHHBIX JIUCIIOKAIIMOHHBIX CTPYKTYp B MeTajulaX HpH
OoupIINX IuTacTH4eckux Aedopmanmsx. Konnvecrsen-
HBIIl aHAIU3 MMEIOIIMXCS JAHHBIX 10 AJIIOMHUHUIO U
AIIOMUHUEBO-MarHUeBOMY CILIaBy IOKa3al, 4To Jie-
(hopMaroHHOE yNpoYHEeHUe mpu OonmbImnx aedopma-
USIX U 00pazoBaHHWE (PparMEHTHPOBAHHBIX AWCIIOKA-
IIMOHHBIX CTPYKTYP CBA3aHBI C B3aNMO/ICHICTBHEM U ca-
MOOpPTaHM3alMe  TEOMETPHYECKH  HEOOXOAUMBIX

JuciIoKanuil. FIX MICTOYHNKOM SBIISIETCS JIOKAJIbHAS He-
OJHOPOJHOCTh IUTACTHYECKON nAedopManyu BCIel-
CTBHE TPaJMeHTa IIOTHOCTH JAMCIIOKALMII B TPaHUIIaX
JIMCIIOKAIIMOHHBIX SYCEK.

XapakTepusys npo0ieMy B LIEJIOM, CIEAyeT CKa-
3aTh, YTO CYLIECTBYIOIINE MOJIEJIN aBTOBOJIHOBBIX MPO-
LIECCOB, HE3aBHCUMO OT NPUPOABI CPE/Ibl, OCHOBAHBI Ha
B3aUMOJICHCTBUM JIByX KOHKYpPHPYIOIINX (DaKTOpOB:
ABTOKATAIMTHYECKOTO (aKTHBATOp) W AEMIIPHUPYIO-
mero (MHrHOUTOp), YIPaBISIOMNX KHHETHKOW IIPO-
recca. OTO O3HAYAET, 4TO Ul aACKBATHOTO OTHCAHUS
CIIOXHBIX CHCTEM HEOOXOIMMBI JBa ypaBHEHUs. B 3a-
Jayax XUMAYECKOW KUHETUKH OJHO U3 YpPaBHEHUH MO-
JKET OIMCHIBATh KOHIIEHTPALIUIO aKTHBATOPa, a JPYyroe
— uHruouTopa. B cucremax apyroii mpuposl 000CHO-
BaHME HEOOXOIMMBIX YpaBHEHHH sBisieTcs OoJee
TPYIHOI 3a/1aueii, MOTOMY YTO TaKHX BELIECTB MOXKET
u He ObiTh. Takum o00pa3om, BBIOOP KOHKPETHBIX
yIpaBisionux GakTopoB TpeOyeT XOTs Obl KAYECTBEH-
HOTO NOHUMAaHUS IPHUPOIBI ABICHUH B HCCIETyeMOi
cperne.

J11s1 TOKaNM30BaHHOTO TIACTHYECKOTO TCUCHHUS B
POJM aKTHBATOPA PACCMATPUBAIIICE ichopMalK &, a
B pOJM MHTHOWTOpa - ynpyrue Hampsbkerus o. Ilpm
OIIMCAaHNH IIACTHIECKOH NeOopMalMi NPUHATO pas-
JETSITh TEH30p HANPSDKEHUI Ha IEBUAaTOPHYIO | IIapo-
BYIO 4acTH. 3a Iu1acTHIecKkoe (POPMOU3MEHEHNE OTBET-
CTBEHEH TEH30P-JIEBHATOD, a IIAPOBOI TEH30p CO3MaeT
THJPOCTaTUUECKOE CXKATHE WIIM PaCTSDKEHHE, MPENsT-
CTBYsI IIACTHYECKO#l JeopMaliu B COOTBETCTBUH C
3aKOHOM YNPYrocTu o0beMHoM aedopmartum [2].

B mosp3y Takoro BeIOOpa ympaBisrOmuX (HakTo-
POB CBHJIETENBCTBYET TO, YTO IIPH YIPYTOM pacTsiKe-
HHUM 00pa3zer aanadaTuIecky OXJIaXKJaeTCs, a IIPH AUC-
JIOKAIIMOHHOW JieOopMaIMi TJIOCKOCTH C/BUTA JIO-
KaJIbHO pa3orpeBaroTcs. OTH TeIuoBble 3(deKrTs
MIPOTUBOIIOIOXKHBI 110 CBOEMY BIMSHHIO Ha MpoIecc.
Manee, BBIOOp B KauecTBE YIPABISIOMINX ITapaMETPOB
IUTACTUYECKON JleopMallMi M YIPYTHX HANPSHKEHWH,
OYEBHHO, YJ00€H eIlle U TeM, YTO UMEETCS BO3MOX-
HOCTb OJOKCHEPHUMCHTAJILHOTO OIIPEACIICHUA BCINYUH

O W & HENOCPENCTBEHHO W3 JAWarpaMmel O (6‘ )

Haxkorern, Takoii BEIOOp MO3BOJISIET YYECTh MPOCTPAH-
CTBEHHOE pa3JIeIeHHE YIIPYro HallpsDKEHHBIX 30H U 30H
TUTACTUYECKOTO CJBHUTa, OMpEeNsioniee MHOroMac-
MTa0HOCTh MIACTUYECKOTO 1e(HOPMHUPOBAHHUSL.
JeiictBue (hakTOpOB, KOHTPOJIMPYIOUIUX pa3BH-
THE TUIACTUYECKOTO TEUEHUS], MOXKET OBITh CIEAYIO-
oM. ABTOKaTaIUTHYeCKui (akrop (medopmarms)
JIEUCTBYET TaK, YTO KaXAbld COBEPIIMBIIMICS CIBUT
WHUIMAPYET aHAJOTHYHBIN MpOoIecC, HEOOXOIUMBIN
JUIL aKKOMOJIAIIMU, B cocelHeM o0beme. DPQeKTHB-
HBIA painyc NEHCTBUS 3TOTO (haKTOpa UMEeT HOPSIIOK
pasmepa 30HbI ciBura |, a cCKOopocTh ero pacmpocrpaHe-
HUSI COM3MEpUMa CO CKOPOCTBIO JIBIKEHHUS TUCIIOKA-

nuit Vdis| . C opyroii cTopoHbI, BEICBOOOXKJAtOIIAsICS B

Ka)XJIOM aKTe CJIBUra ynpyras SHeprus nepepacrpese-
nsieTcst o 00beMy, BBI3bIBAS OCT KOHIEHTpAIUU
HaNpsDKeHUH M 3aTPyAHSS IUIACTHYECKylo nedopma-
LUI0. DTO PaBHOCWIBHO NEHCTBHIO JIEMIT(UPYIOLIEro
(dakTopa, pagmyc OEHCTBUS KOTOPOTO TOpSIKa pas-
Mepa obpasia L>>I, a ckopocTh pacrmpocTpaHeHus
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paBHa ckopocty ynpyrux Bonn V, >>V, . Takoe co-

OTHOIIEHHE MEXAy paadycaMu ACHCTBUS M CKOPO-
CTSIMHU PaclpoCTpPaHEHUs! aKTUBUPYIOLIEro ¥ MHTUOU-
pyto1ero pakTopoB, yIpaBJISIOIIUX MPOLECCOM, HE00-
XOJIMMO JIJIsl TeHEpaluy aBTOBOJH [6].

YacTo npu ONMCaHNU AUCIOKAMOHHBIX MEXaHU3-
MOB IUIaCTHYECKOW JedopManuy B KauecTBE aKTHBa-
TOpa ¥ MHT'MOWTOPA MCIOJNB3YIOT IJIOTHOCTH TIO/IBHXK-
HBIX W HENOABWXHBIX AWCIOKauid. B 3ToM ciydae
TPYZHO OLEHHUTH IOBEICHHUE ATUX BEIWYMH IPH IIJIa-
CTHYECKOM TE€UYEHHH, U PEIICHNE MTOTyICHHbBIX ypaBHE-
HHUH TpeOyeT UCIIOIb30BaHMS HE BCETrJa ONPaBIaHHBIX
JIOMYLLIEHUH.

C yd4eroM cIETaHHOTO BHIOOpA YIPABIIOLIINX
(bakTOpOB ypaBHEeHUs IS neopMaluu (aKTHBATOP) U
HarpsoKeHUs. (MHIMOUTOP) MOTYT OBITH BBEICHBI 110

anaiorun ¢ KIIII  ypaBHeHumem ((axTHuecku
MOCTYJIMPOBAHbBI) B BUJIE CUCTEMBI
o¢ e
= f(e)+D, 5 @)
oo el
E:g(a)-FDga—axz. (8)

VYpaBrenus (6) u (7), ONMHUCHIBAIOIINE CKOPOCTH
M3MeHeHHs1 AedopManuii M HaNpsDKEHHH, CoJepikaT

HeJIMHEeIHbIe QYHKINY (TOUeUHbIE KHHETUKH) f (8) u

g (O' ), umeromue 00braHO  N-00pazHyo  (Gopmy.
CMBICIT JIBOMHOTO WMHJAEKCHPOBaHHS KO3()(UIIMEHTOB

D, u D,

e B ypaBHeHWsX (7) u (8) Oyzer oOBsicHeH

(o2
Janee.

BaxnocTs ypaBHeHui# (7) u (8) 11 onmucaHus aB-
TOBOJIH JIOKAJIM30BaHHOM MJIACTUYHOCTHU JENACT Kela-
TEJILHBIM UX BBIBOJ M3 YPaBHEHHI MEXaHUKH. Y paBHe-
Hue (7) MOXXHO HOIY4HUTh U3 YCIIOBHSA [2], COTTacHO KO-
TopoMy: «DYHKyuu, 6xooawjue 6 3aKOH OBUIICEHUS
KOHMUHYYMA, HENpepbleHbl U UMEIOM HenpepbleHble
yacmmubvie NPoOU3BOOHbLE NO BCEM CEOUM APSYMEHMAM .
3anunieM Ha 3TOM OCHOBaHMH YCIIOBHE HEpa3phIBHO-
CTH TIACTHYECKOTO TCUSHUS

zt—g =V-(D,Ve), ©)

rue D&EV&‘ - MOTOK Je(hopMaIlHH B TIOJIE TPaIH-

enTa aedopmanuu. [pu D e (X)

o’c

O¢ 0Ot dD, o’ d’e
ox?

ot ox ox “oxF
puYeM f(é‘):&"D'

=f(¢)+D,, —.(10)

. €CTb HellMHelHas QyHK-

st gehopMariH.

VYpaBuenue (8) U1 CKOPOCTH M3MEHEHHS HaIps-
JKEHUH cIie/lyeT U3 ypaBHEHHs Dinepa Jisl OTOKa BS3-
KO >KHIKOCTH, 3amicaHHOro B opme [18]

A o
ottt X,

3nech

ITy = poy + pVVy = Oy = 0y — PV}, - Temsop

IUIOTHOCTH IIOTOKAa MMITYJIbCa B BSI3KOM cpene, 5”( -

€/IMHIYHBII TeH3op, P - napnenne, a Vi n Vy - xom-
MIOHEHTBl CKOpPOCTH NOTOKA. TEH30p HanpsHKeHUH

Oy =—Poy, +0,; ectb  cymma  ympyrux

O, =— p@k n BBKUX O s HAIPSDKEHUH, TO €CTh,

oc=0,+0

vis» @ O =0y +0,j. CkopocTb penak-

calu ynpyrux HaHpH)KeHI/Iﬁ MOXET OBITH 3aIucaHa
Kak

Oy = 9(0') = _Mpmdb(b/B)o' =-Mp,sbVyy ~ Vi
, Tae M - ynpyruit MoLyJb CHCTEMBI «00pasel] - HCIIbI-

TatenbHas MamuHa», B ~ 105-10*11a-c — kospduru-
EHT KBa3WBA3KOTO TOPMOYKEHHMS JUCIOKAlWi, a

isl

VdiSl = (b/ B) o - CKOPOCTH UX JABUKCHUS.

Bsi3kue HanpspkeHust O jg KOHTPOIHPYOTCS CKO-
POCTBIO PACIIPOCTPAHEHHS YIPYTUX BOJIH B nehopMu-
pyemoii cpene V, ®V,, + B [9], rne V,, - cko-
pOCTh TMONEPEYHBIX YNPYIHX BOJH B OTCYTCTBHH
HamnpsDKeHUH, a ﬂ =Cconst . Ecu vis = 77VVt , T7ie
n -
aﬁvis/ﬁt ZVtV'(ﬂVVt): v, 82\/t/5X2 . Torma

HaIpspKeHU!

JUHaMHW4YCCKasa BA3KOCTBD, TO

CKOpPOCThb peilakcannun

oo, /ot =V, O, [ox? = npV, 0% /ox*, u
OKOHYAaTCJIbHO
oo 0,0
—= +D 2 12
8’[ g (G) oo 8)(2 ( )

e DW = 77ﬂ\/t - koa(unmenT nepeHoca B

ypaBHEeHHH (8).
®dopmanbHO mpaBast 9acThk ypaBHeHus (12) comep-
KHUT CKOPOCTH PETaKCAllny YIPYTUX M BA3KUX HATps-

Kenuit O, = 9(6) uo,=D_ 820/6X2 , COOTBET-

crBeHHO. Ho, ecn ¢pyHKIus g(a ) YUUTHIBAET Iepe-

pacupeneieHHe  yOPYTUX — HAmpsOKEHHH — MEXIy
KOHTAaKTUPYIOIIUMH MHUKpOOOBeMaMu Ha (poOHTE Cy-
IIECTBYOLIETO Ooyara INIACTUYHOCTH, TO An(HY3nOH-

Homy uieny D aza/axz =1V, aza/axz creayer

NPUIKCATh OTBETCTBEHHOCTh 3a Iepepacrpe/ieiieHue
HaIpsHKeHU B 00pasle Ha MakpOCKOIMHMYECKOM Mac-
mTabe.

B TakoMm ciydae MOXHO CUHTaTh, YTO MOTOK IUIa-
CTHYECKOH IehopManry BKIIOYACT 2UOPOOUHAMUYe-
CKYI0 M OUhhy3uonno-no0obHyo KOMIIOHEHTHI. [lep-
Basi U3 HHUX ONKCHIBACTCS HEIMHEHHBIMU (YHKIMSIMHU

f (6‘) ~ Vdisl B ypaBuenuu (7) u (G) ~ Vdisl B ypaB-
HeHHH (8), CBSI3aHHBIMHU C HETIPEPBIBHBIM PacIpoCTpa-
HeHUeM aehopMaliy BIOJIb 00pa3la 3a CUeT MOCIeI0-
BaTeJIbHOW peNaKcalyy JIOKAJIbHBIX KOHIIEHTPATOPOB
HanpspkeHnd. OHa peanusyercst B opMme HenpepbiB-
HOTO JIBIDKEHHMS BJIOJIb oOpasia (poHTta nedopmannu
IIPU TIOCJIEJOBATEIbHON aKTHBAIMU JIOKAIBHBIX KOH-
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LIEHTPATOPOB HAaNpsyKeHW Ha HeMm. Bropas komro-
HeHTa omnpenensiercs Tudhdy3nOHHO-TIOTOOHBIMH YJie-

2 2 2 2
HaMu Dgg 0 E/ax B ypaBHeHUH (7) 1 DM 0 G/ax
B ypaBHeHHH (8). OHa cBsi3aHa C AMCIOKAI[MOHHBIMU
C/IBUTaMH TIpH pejaKcalliy OJHOTO M3 ChOPMHUPOBaB-

MIMXCSl Ha TPEbIAYIINX CTaAMsAX Hpolecca KOHIEeH-
TPaTOPOB HATIPSDKEHHUHA. DTOT mporecc obecrednBaeT

3apoj/IeHHe ouara nedopMaluy Ha paccTosHun ~ A
0T yXe mMmeromierocst (¢ppoHTa MIacTUIHOCTH. biaro-
Japs. TOMY, BO3HHKAaeT CBOeOOpasHas 3abpocka Oe-
@opmayuu Ha MaKpPOCKOINHIECKOE PACCTOSHUE, HEM
MOPOXKIAETCS XapaKTEPHbIA MAaKpOCKOIMMYECKUN Mac-
mTal MIaCTHYECKOro TeUSHUS ~A.

Brricusas pusmueckuii cMpicn ypaBHenus (10) ms
CKOPOCTH IUTACTHYECKOH nedopMaIiiy, MOMBITAEMCS
YCTAHOBHTH €TO CBA3b C W3BECTHBIM YPAaBHEHUEM JIC-
JokaioHHoi kuHetuku Telnopa-Oposana [19]

o€,
ot

rae b - Bexktop broprepea, a 0,y — INIOTHOCTB HO-

=bonaV gig s (13)

OBIDKHBIX — JHCIOKanuii. PaccMoTpuM — QyHKIHIO

f(&‘)= &' D;g B MpaBoii yactu ypaBHeHus (10) mis

Ciry4das Majiof INIOTHOCTH ITOABHXXHBIX ,Z[PICJ'IOKaL[Hﬁ.
Ecmn MOCJICAHNUE pACHPCACTICHBI OAHOPOAHO HaA CPEa-

HeM paccrosiuu | apyr ot apyra, To b/ | - nedopma-
[Hsl CABUTA IIPU CMEICHUH OJIHOM Juciokarmu Ha |, a

-2
S Prd — IVIOTHOCTH OJABIDKHBIX —JUCIIOKAIHIA.

Torna 8'=d8/d| z&‘/l zl/lb/' szmd’ U HUC-

TOJB3Y S oughpysuonnoe TIpeCcTaBICHUE

D, =L, Vg, e Ly ®aX- nmuna npobera muc-

&€

JOKanui, a Vd = CONSt ux ckopocts, monyuaem:

isl

o€ e
E = abpmdvd + Dsg y ' (14)

isl

BespazmepHsrii KO3 puIreHT

! o v
a= Ld ~ CONSt, Tax uTo mepBHIil uneH B mpaBoit

YacTH COBINAAAaeT ¢ ypaBHeHHeM Teitnopa-OpoBaHa
(13), xoropoe Temeps CieAyeT paccMaTpHUBaTh Kak
YaCTHBIA Cilydail ypaBHeHus (14), IPUTOJHBIN JHIIH
JUISL OIIMCAHMST moYeyHol Kunemurku nehopMupyeMon
CHCTEMBbI - pEJIaKCallMOHHOTO aKTa IUIACTUYHOCTH,
00OBIYHO MPOTEKAroIero B GopmMe HETMHEHHOTo Ipo-
1ecca ckaukooOpaszHoii gepopmaruu. Takum o0pazom,
ypaBHenue Tetnopa-OpoBana (13) mis quciokanuoH-
HOIr'oO OIIMCAaHUS IINIACTHYCCKOI'O TCEUCHUS ABJISICTCA
YaCTHBIM CITy4aeM aBTOBOJIHOBOTO ypaBHEHHMS IIJIACTH-
YEeCKOTr'0 TEUEHHMs, OITHCHIBACT TOJIBKO I'MPOJHHAMMYE-
CKYI0 KOMIIOHEHTY MOTOKa Ae(OopMaliy U HE YUHTHI-
BAeT BO3MOXHOCThH 3apOXKICHUs Ae(EKTOB IO BCEMY
00BeMy neopMHPYEMOi CpefIbl 32 CUeT BKIIaaa Iud-

" "
(I)YSI/IOHHO-HOZLO6HLIX YJICHOB DSSE n DGO_O' . Takne

3(1)(1)CKTLI, BbI3BAaHHBIC HECOAHOPOJAHOCTHIO JUCIIOKALIU-
OHHOTI'O pacpeacjacHus, MOT'yT OBITH YYTCHBI B paMKax

6onee obmero ypasaenus (14), comeprkamiero B mpa-
BOM 4aCTH pa3HbIe M0 CBOEH MPUPO/I€ KOMIIOHEHTHI 110~
TOKA ITACTUYCCKOTO TCUCHHUS.

o n
B 1 y3nonH0-110106H0# KoMIToHeHTe D €
semmunna D, & L,V npu nocrosunom nanpsxennu

CIIBUTA ITOYTH He MeHsercs. OHaKo Npou3BoAHas & "
MOJKET OBITh BEJIMKA M3-32 HEOAHOPOIAHOCTH pacipeie-
nerns aedexron. U3 Teopun napadbonmueckux qudde-
pEeHIHANBHBIX ypaBHEHHN [6], K KOTOPBIM OTHOCSTCS
ypaBrHeHus (7) u (8), U3BECTHO, 9TO CKOPOCTH IIepe-
Ja4y B3aUMOJCHCTBHS MEXTY JJIEMEHTaMU CPexbl B

int
raxux cucremax V") > o0 EcrectBenHo, Takas
cutyanus (Gpu3myecKn Hepeamu3lyeMa W JOJDKHA OBITh

int
3aMEHEHA YCJIOBHEM VALY,

t » OrPaHNIMBAIOIIMM

MIPEJENbHYI0 CKOPOCTh MEPENAaYll CHTHAIIOB B HEIpe-
PBIBHOM Cpezie CKOPOCTBIO 3BYKa Vt . Takum obOpazom,

B mpejenic 3abpocka NehOPMAIMOHHBIX TMPOIECCOB
OCYIIECTBIISIETCS CO CKOPOCTBIO 3BYKa (CKOPOCTBIO
pacrpocTpaHeHust yIpyrux BoyiH). Pedb B 9TOM ciryuae
HE UAET O Mpoderax JUCIOKANNI Ha PaCCTOSHUS, COU3-
MEepHUMBIE ¢ pazMepoM aedopmupyemoro tera. Ho re-
HepaIus CABUTOB, YIAJIICHHBIX OT Y)KE HIMEIOIITIXCS aK-
TUBHBIX 1e(DOPMAIIOHHBIX 30H, YKa3bIBACT Ha BAXKHYIO
POTb aKyCTHYECKUX SIBICHWH B MHUIIMAPOBAHUH HO-
BBIX JIMCJIOKAIIMOHHBIX CIBUIOB Ha MaKpOCKOIHYe-
CKOM PACCTOSIHUHM OT MMEIOIUXCSI 04aroB IIacTUYHO-
CTH.

Cucrema ypaBHeHuii (7) u (8) npurogHa 11 Onu-
CaHUsl PEKUMOB IUIACTHYECKOW JedopManuu, compo-
BOXKAIOIIUXCST 00pa30BaHUEM OYaroB JIOKaJM30BaH-
HOTO IJIACTUYECKOTO TEYCHUS U (POPMHUPOBAHUEM pa3-
JIUYHBIX aBTOBOJIHOBBIX MOJ. B paMkax aHamm3a 3THX
ypaBHEHHU ylaeTcsi OOBSICHUTH CYIIECTBOBAHUE aBTO-
BOJIH TIEPEKITFOYCHHS M ()a30BBIX aBTOBOIH JIOKAJH30-
BaHHOU IIacTUIHOCTH. Y paBHeHus (7) u (8) mpu nHOU
WHTEPIPETANN IEPEMEHHBIX TaKXKe OMHCHIBAIOT pa3-
JIMYHBIE PEXXUMBI PA3BUTHS JIOKAJTM30BAaHHOM ILIACTHY-
HOCTH.

3. JIByXKOMIOHEHTHasi MOJENb ABTOBOJHOBOA
nedopMaruu

MHoro4ucieHHble HaOJoIeHHs TPOLECCOB pas-
BUTHS JIOKAJTU30BAHHOTO IJIACTHYECKOTO TeUSHHS ITPH-
BelIH K mpoOiieMe HHTepIpETAIllMd ITOTYYCHHBIX pe-
3yJBTATOB M CO3JAHHUS aleKBaTHON (PH3HMUECKOU MO-
memu  sBieHWs. Hawmbomee oOmme  pe3yibTaThl
AKCIEPUMCHTANBHBIX HCCIICIOBAHUH ITOKA3aIH, YTO

- JIOKQJIN3alMsl TIACTHYECKOTO TEYEHHS MPUCYT-
CTBYyeT Ha BCEX JTamax mporuecca (hopMOU3MEHEHUsI
[IPY aKTUBHOM HArpy>KeHUH U TPH MOJI3Y4ECTH,

- aBTOBOJIHOBBIE M epeHINaIbHbIE YPABHEHUS
mapaboIMYecKoro THUIa IPUTOAHEL, TI0 KpaiHel mepe,
JUIS KaueCTBEHHOT'O OIMCAaHUs KUHETUKU Ppa3BUTHUS
MaTTePHOB JIOKAJIM30BaHHOM MJIACTHYHOCTH,

- JIOKJIN3aKs UIACTHYECKOTO TEUSHHS XapaKTe-
pU3yeTcss MaKpOCKONMYECKHM  IPOCTPAaHCTBEHHBIM

macmtabom A ~ 10 2 M.

AHanu3 pa3sBUTHA IIIACTHIECKOTO TEYEHHS TO3BO0-
JI€T CKa3aTh, YTO PACCIOECHHE Ae(pOPMHUPYEMOIT CpeIb!
Ha 1e(OPMHUpPYIOMHUECS B JAHHBIH MOMEHT (AKTHBHEIE)
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1 HeaepopMupyembie (ITacCUBHBIE) 00BEMBI IKBUBA-
JICHTHO BO3HHKHOBEHHIO ONPEAETICHHOTO TOPSIKa
(CTPYKTYpBI) B UX PACIIOIOKCHHUH B IIPOCTPAHCTBE 00-
pasna. OTO COOTBETCTBYeT MHEHHIO XakeHa [7], co-
TJ1acHO KoTopoMmy: «Cucmema nazvigaemcs camoopaa-
HU3YIOWelcs, eciu oHa Oe3 cneyuguueckoeo 6030eli-
cmeus u3zeHe obpemaem Kaxym-mo
NPOCMPAHCMBEHHYIO, BPEMEHHYIO UNU (QYHKYUOHATb-
Hyto cmpykmypy». IloHnMaHne 3Toro (pakTa 3acTaBUIIO
MPUBJIECYS K Ipo0IeMaM IIIaCTHIHOCTH UACH CHHEpTe-
TUKA — TEPMOAMHAMHKHN OTKPBHITBIX HEPaBHOBECHBIX
cucreM. Huxomic u Ilpuroxus [20] Boobmie mosa-
Tajlk, 9TO IUIACTHYECKYIO Ne(OpMAIHIO CIIeoyeT aHa-
JM3UpOBaTh: «Kak uacme obwell npobremamuKy Heau-
HEUMbIX OUHAMUYECKUX CUCTEM, pabomarwux 60aiu
om pagnogecus». Hanbonee ornpeneiaeHHo 00 3TOM 3a-
sapuiu 3erep u dpask, npeanoxusiine B padote [21]
paccMmarpuBarh IJIaCTHYECKYIO fedopManunio Kak mpo-
1[ecC CTPYKTYpooOpa3oBaHusl ¢ IPUBICYCHUEM TEPMO-
TUHAMUKA HEOOPATUMBIX MPOIECCOB B OTKPHITHIX CH-
cremax. OHHU 3asBUIN: «Mbl Modcem nodgecmu
umoe, 3as6u8, YUMo NpuUMeHeHue MepMoOUHAMUKU He-
00pamMuUMbIX NPOYECCO8 8 OMKPLIMbIX CUCHIEMAX K NPO-
bneme cmpyKkmypusayuu npu niacmudeckou oegopma-
yuu  O0OCMAMOYHO  YCHEWHO HA  KAYeCMBeHHOM
yposHe».

C >TuM 3asBIEHUEM XOPOIIIO COTIACyIOTCA pe-
3yJbTaThl MHOTOYHUCJICHHBIX UCCIIEJIOBaHMI [S], B KO-
TOPBIX U3YYaINCh JUCIOKAIMOHHbBIE CTPYKTYPBI, (op-
MUpYIOIIKECS B IPOIecce MIACTUYECKOTO TeUESHHUS.
DOBOMIONHNS TUCIOKAIIMOHHBIX CYOCTPYKTYp IO Mepe
pocta nedopManui MOKET OBITH IIPEICTABIICHA CIIe-
IYIOIM 00pa30M: Xa0THIECKOE paclpeieieHIe JHc-
JIOKAIUH — CKOIICHUS AUCIOKAIINA — OJHOPOIHAS
ceTyaTas CyOCTPYKTypa — JUCIOKAIMOHHBIC KITyOKH
—>Hepa30pUCHTUPOBAHHBIC TIYCHKH —> SYEHCTO-CETIa-
Tasi Hepa30pPUEHTHPOBAaHHAS CYOCTPYKTYpa —> sUCH-
cTast CyOCTPYKTypa C pa30pUEHTUPOBKOH—> STUEUCTO-
ceTyaTas CyOCTPYKTypa C IUTABHOH pa30pHEHTHPOB-
KOIi— moJyiocoBast CyOCTpYKTypa —>CyOCTpyKTypa ¢
MHOTOMEPHBIMU JTUCKPETHBIMU U TUTABHBIMA Pa3opu-
SHTHPOBKaMHU—> (pparMeHTHpPOBaHHasI CyOCTPYKTYypa.

CrexxeHre 3a pexXHMaMHU TTOSBICHUS HOBBIX JTHIC-
JIOKAIMOHHBIX CyOCTPYKTYp IipH AeopMarii MeTa-
JIOB TIOKA3aJI0, UTO POXKIICHHE HOBOM CTPYKTYPHI BCE-
I/1a IPOUCXOINT Ha (POHE CTapOH M COTPOBOXKIACTCS
ee Jerpagauueil. Y cTaHOBIJIEHO, YTO ABMXKYIIEH CUIION
MOAOOHBIX IPEBPAILEHNH CITy)KUT CHHXKEHUE DHEPTHH
00pa3yIONIMXCSI TUCIOKAIUOHHBIX CyOCTPYKTYDp [5],
MIPUYEM HOSBIICHUIO HOBBIX CyOCTPYKTp OTBEYAET CO-
OTBETCTBYIOIIIEEC N3MEHEHHUE JISHCTBYIOIIET0 3aKOHA
Je(OPMAaIMOHHOTO YIIPOYHEHUS

Wnes 3erepa u @panka [21] B mocneaHue AeCsITH-
JIETHS MTOJTYyYHIIa MOIIHBIN UMITYJIEC K Pa3BUTHIO, Oa-
rojapss TPOHUKHOBCHHIO B (DH3WKY ILIACTUYHOCTH
WJIeH, IpeACTaBICHUH U METOI0B CHHEPTETHKH. B psine
paboT cucreMaTuuecku OBUTM PacCMOTPEHBI BOIIPOCHI
MPUMEHECHUSI CHHEPTeTHKH K OIUCAHHIO KOJUICKTHB-
HBIX 3¢ (exToB mpHu mIacTudeckoit nepopmanuu. [Tno-
JIOTBOPHOCTh TPHUMEHEHUsI CHHEPreTHYeCKUX Mpe-
CTaBJICHUH K MpoOIIeMe TIaCTHYECKOTO TeUeHHs Oblia
YCIIEITHO MPOAEMOHCTPHUPOBAHA PAIOM aBTOPOB. Tak B

YaCTHOCTH, B TAKHUX HCCIEIOBAHMUIX BIIEPBEIC YAAIOCh
00BSACHUTH 3aKOHOMEPHOCTH (POPMHUPOBAHUS aBTOBOJTH
JIOKJIN30BAHHOHM IIACTHMYHOCTH IpH AedOopMUpPOBa-
HUU pa3HBIX MaTepUaJIOB U BBEJCHBI NIPEICTABICHHS O
THApOMHaAMUYecKor U nuddy3noHHO-I000HON MO
IUTACTHUECKOT0 TEeUeHHs. DTOT YCHeX HHUIUHPOBAI
(hopMHpOBaHUE CHCTEMBI B3IJISI0B HA IIACTHYECKYIO
JneGopManuio Kak Ha cnenuuIecKuil mporece camo-
opraHm3anii Ae()EeKTHOW CTPYKTypbl Ha pa3HBIX
CTPYKTYPHBIX YPOBHSIX C €€ TOCIEAYIOMIeH HBOIIIO-
LUEH.

MHorue aBTOpHI pa3BUBAIIN ONMCaHHE IIpolecca
IUTaCTHYECKOH AedopMariii Kak HepaBHOBECHOTO KH-
HETHYECKOT'0 NIEPeXO0/bl, MPUBOAAIIETO K BOSHUKHOBE-
HUIO JIOKAJIN3aI[UY [IaCTHUECKOro TeueHus. B pamkax
TaKoro mnojxoja JaeopMUpyeMblii MaTepual cieryeT
paccMarpuBaTh Kak CHCTEMY, CIIOCOOHYIO I'€HEpHpO-
BaTh pa3HOOOpa3HbIe TUCCUITATHBHBIE CTPYKTYPBI, 00-
nee 3G GeKTUBHBIC TS peaiu3anud aehopMaiuu 1o
CPaBHCHHIO C JBIKCHHEM OTIENBHBIX, XaOTHYCCKH
pacmonoxxeHHBIX naedekToB. B atmx pabortax ObuH
TakKe COPMYIHPOBAHBI ONpPEICIICHHBIC YKa3aHUs Ha
BO3MOKHOCTh TEHEpAIli aBTOBOJHOBBIX IPOIECCOB
MIPH TUTACTHYECKOM TCUCHHH.

Mopens JTOKaIn30BaHHOTO IHIACTHYECKOTO Tede-
HUS, 10 CYIIECTBY, PKBUBAJICHTHA MOJENIN PA3BUTUA
MPOLIECCOB  CaMOOpraHu3alu B  JeGpopMUpyeMOit
cpeze. Takast Mozienb OblIa MOCTPOCHA Ha Oa3e oOIeit
TEOPHH MPOIIECCOB CaMOOPTaHU3aIUH, IPEIOKEHHON
KanomueBsiM [22], ¢ TOYKH 3peHHS KOTOPOro: «B
COJNCHBIX OMKPBIMBIX DUIUYECKUX CUCTEMAX MO2YM
NoABIAMbCA MEeHOeHYUU K UX PACCI0eHUI0 Ha UHpop-
MayuoHHvle u OuHamuveckue noocucmemvly. Taxoe
paccioeHue SBISIETCS HEOOXOIMMBIM YCIOBHEM JUIS
peanu3anyiy IPOLEecCOB CaMOOpraHW3aluu. B mpuH-
LUIIE, STOT B3TJIAJ] COTJIACYETCS C MPEICTABICHUSIMH O
KOHKYPEHILMH aBTOKATAIUTHYECKOTO M AeMII(UPYIO-
mero (GaxTopoB [6] 1pu (HOPMUPOBAHHH ABTOBOJIHO-
BBIX IPOILECCOB. MOXHO MPEaNoIoXKHUTh, YTO CyIIe-
CTBOBaHHE TUHAMHYECKOH M MHOOPMAIIMOHHOW MOJI-
CHCTEM, MOCTYJIUPOBAHHBIX KamoMmieBelM, CBSI3aHO C
9TUMH (HaKTOPaMH.

[To »TO# MpHUYMHE, Tpexae BCEro, HEOOXOIUMO
OTIPENICNIUTH CIICIU(UKY CUTHATIBHON U TUHAMUYECKOH
MTOJICHICTEM B TUTACTHYECKH Ae(POpMUPYEMOi peatbHOM
cpene. Jns sTolt menw chopMyIHpPYEM MPaKTHISCKH
OUYEBHUIHBIC 00s3aTeIbHBIC TPEOOBAHUS K HAM:

- KHHETHKA Pa3BUTHS TIOACUCTEM JIOJDKHA OTIpesie-
JIATHCS ABJICHUSAMH, KOHTPOJIUPYIOUIMMHU IPOLIECC IIa-
CTHYECKOTO TEUCHHUS,

- MEeXIy MOJCHCTEMaMH JOJDKHO CYIIECTBOBATh
B3aMMOJEHCTBIE TAKOW MOIIIHOCTH, YTOOBI aKThI B OJ-
HOH NOACHCTEME BbI3bIBAJIM OTKIIMK B IPYIOH,

- IpUpOJia IPUYMHHOM B3aUMOCBS3H SIBJICHUH, Xa-
PaKTEpHBIX IJISI KaXJOH IOJCHCTEMBI, JJOJDKHA OBITh
CTPOrO ONpEeJeNeHa, a MEXaHHU3M B3aUMOACUCTBUS
MOJICUCTEM JOJDKEH JOIMyCKaTb BO3MOXHOCTb IIPO-
BEPKH M KOJIMYECTBEHHOH OLIEHKUM XapaKTepHCTUYe-
CKHX MapaMeTPOB IUTACTHIECKOTO TEYCHUS.

DopmanbHO B Cilydae IUIACTHYECKOH Iedopma-
MU paccloeHue Ie(OpMHPYEMOIl CHUCTEMBI MOXKET
OBITH IIPEICTABIICHO B BH/E, TOKA3aHHOM Ha pHC. 5.
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F JedopMupyenan oTkpRITaA cHCTema

HMHhoptauroHHaa (dhoHoHHAA)
NoACHCTEMA -

ArHarryeckad (gucnokaUMoHHaa)
> NoACUCTEMA

Pucynok 5. brnok-cxema 08yXKOMNOHEHMHOU MOOENU NAACTUYECKO20 MeYeHUs]

[epeuncneHHbIe BHIIIE TPEOOBAHUS PEATH3YIOTCS
B 08YXKOMROHEHMHOI MOOenu, KOTOpasi UCTIONb3YeT
MPE/ICTAaBIICHUS O B3aUMOJICHCTBUY YIIPYTOW U IIACTH-
4yecKkol KoMIToHeHT aedopmarn. Kuneruky nepopma-
IIMOHHOT'O aKTa B 3TOM MOJENHN OIpeAeseT MOo3auKa
nedopmupoBaHHBIX 0ob0nacTeii B JeopMUpyeMOi
cpene, OTAENbHBIC AJIEMEHTHl KOTOPOH HaNpshKeHBI B
pa3nmuuHO#l crenmeHn. Mozanka Ae(opMaIrrioHHOTO
TIOJISL COTIPSDKEHA C CUCTEMOM KOHLICHTPaTOPOB Harps-
JKEHUH pa3HOro Macmraba, KOTOpBIE MOTYT Haxo-
IHUTHCS B KAYLIEM (CTalMOHAPHOM) MJIH AKTHBHOM (pe-
JaKCHPYIOLIEM) COCTOSHUSX. Penakcanus KOHIEHTpa-
TOpa pacCMaTPHBACTC KaK OSJIEMEHTapHBIH  aKT
TUIACTUYECKOTO TEUSHHUSI.

B pamkax mozenu auHaMuueckas U nHpopMmanu-
OHHas IOJCHCTEMBI OINpPEIEIICHbI CIEAYIOIUM 00pa-
30M:

- QuHamu4eckas noocucmema eCTb COBOKYITHOCTb
JIMCJIOKAIIMOHHBIX CABUTOB, IBOHHUKOB M APYTUX aK-
TOB IIACTHYECKOW JaedopMaliu, HEMOCPEICTBEHHO
BBI3BIBAFOLIMX IUTACTHYECKOE (POPMOU3MEHEHHE;

- CUCHANbHAS NOOCUcCmemMa €CTh COBOKYITHOCTB
UMITYJIbCOB AKYCTHYECKOH 3MUCCHH, IOPOXKIAEMbIX
aKTaMH IUTACTUYHOCTH ¥ MHUIMUPYIOIHX TAKUE aKTHL.

CocyuiecTBOBaHUE JBYX HOJACUCTEM B e(OPMHU-
pyemoil cpene OOBSCHSET HUCIOIb30BAaHHE TEPMHHA

08yxXKomMnonenmnas B Ha3BaHUM TPEIUIOKECHHOW MO-
nenu. OOIuii cueHapuii ee (yHKIIMOHUPOBAHUS MOKa-
3aH Ha pHc. 6 U IpeJICTaBIseTcA chenyromuM. Kaxasiit
peNakcanoHHbI aKT B AMHAMHUUYECKOW MOACHUCTEME
COIIPOBOXKAAETCSI AMUCCHEN YNPYroro aKyCTH4eCKOro
uMmnyibca. Ero sHeprus MoxeT ObITh MOTJIONIEHA ApY-
MM KOHLIEHTPAaTOPOM, YTO MHUIMHPYET €ro penakca-
LU0, TO €CTh, COOBITHE B ANHAMUYECKOH ITOJICHCTEME.
Cocrostaue neopMupyeMoi cpenbl XapakTepHO TeM,
YTO B CHCTEME KOHIICHTPATOPOB YIIPYTUX HaNPSUKCHUH
Oy XKJafoT ciIydaiiHbIe YNPYTHe HMITYJIBCHI, HaJoXe-
HHE KOTOPBIX Ha CTATHYECKHE MO KOHLECHTPATOPOB
TIOBBIIIAET BEPOSTHOCTD PEANT3aLH PEaKCAIIOHHBIX
aKTOB IJTACTHYECKOM Je(hopMaruy.

CornacHo puc. 6, Ipy pean3aluy MOJeNu Jena-
IOTCS CIeAyIOIIKe [aru:

- IJIACTUYECKUI CABUT (peslaKCaIlMOHHbII pacmas
KOHLIEHTPAaTOpa HaNPs)KEHUN B JMHAMUYECKOM MOACH-
CTEME), CONPOBOXKIAIOUINIACS H3ITy4EHHEM HMILYJIbCa
aKyCTHYECKOI sMucchu (Touka A Ha puc. 6),

- TIOTJIOIICHNE SHEPTHH aKyCTHIECKOTO UMITYJIbCa
JPYTHM KOHIIEHTPaTOpOM M MHHUIMHPOBAHHE €TI0 Tep-
MHYECKH AKTHBHPOBAHHOW peENlaKcallii, TO €CTh, HO-
BOT'O C/IBUTOBOTO Iporecca (Touka B Ha puc. 6),

- aKyCTHYECKYI0 SMHCCHIO IIPU peayu3alii Ho-
BOTO caBura (Touka B Ha puc. 6) U moBTOpEeHHE TIepe-

YHUCJICHHBIX IIaroB.

Pucynox 6. @ynxyuonuposarue 08yxKkomnoneHmuou mooenu. McxoOHvle KOHYEHMPamopsbl HANPAXCEHU
0003Hauenbl dHCUpHbLIMU 3HaAUKamu L. Bosnuxaiowue cosuzu 0603navenvl moukumu snaukamu L. Cmpenxa AB
- NYMb pacnpocmpaHerus aKkyCmu4ecko2o UMnyibed

Konkperusupys mpupoxy TakMxX IIaroB, MOXKHO
3aKJIFOYUTh, YTO B JBYXKOMIIOHEHTHOW MOJENIN 00B-
eanHeHs! /1Ba ¢ ¢dekxTa, n3ydyaeMple 0OBIYHO TTOPO3HE.
IlepBblil U3 HUX - aKyCTHUYECKAsi SMUCCUS - COIIPOBOXK-
JIaeT aKThI IUIACTHYECKOTO TEUCHUS U pa3pyIIeHUs U
WCIIONB3YETCS OOBIYHO [T KOHTPOJISI COCTOSTHHS MaTe-
puana. Bropoii - akyCTOIIaCTUYHOCTB - COCTOMT B IJIa-
cTH(UKAIUU MaTepualla Ipy MPHIOKEHUN K HEMY BO
BpeMsi JeopManuyl OCHMUIMPYIONIMX HaNpsDKeHUH
yJIBTPa3ByKOBOH 4acToTel. IHaue roBops, B JBYXKOM-
TIOHEHTHOM MOJeNu IulacTudeckast aedopMarys Kak
TeHepanys aBTOBOJIHOBBIX MOJI SIBISIETCS PE3YIbTaTOM

B3aMOJCHCTBHUSA JUHAMHYCCKON M CUTHAJIbHOM ITOJICH-
CTEM.

OleHUM KOJIMYECTBEHHO BO3MOXKHOCTH TIPEJIJIO-
JKEHHOW MOJIeNN, CPaBHHUB BPEMEHA 0KHJIAHUS TEPMH-
YECKU aKTUBUPOBAHHBIX aKTOB CIABUTOBOH pellakcaiuu
[23] B oTCyTCTBHM aKyCTHIECKOTO UMITYJIBCA

U,—-yo
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MpeoaO0JIEBAEMOI0 B XOA€ PpPEIAKCAIIMOHHOIO aKTa,

2 4143
Y= b*l #10"b”- axrusaumonnsii o6vem TaKoro

akra, |- pasmep obmactu cuBura, kB - IOCTOSTHHAs
bonbumana, T - Temneparypa, £ — ynpyruii MozyJib.
s pacuetoB o ¢opmynam (15) u (16) nmpumem, 9to
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CIPAaBEJIUBOCTh  MOJCIH, OOBSCHIS  YCKOPEHUE
MPOIIECCOB IUIACTUYECKOTO TEUCHHS MPH ICHCTBUHI
aKyCTO3MHUCCHOHHBIX UMITYJIbCOB.

[puHatIMIUanpHON TPOOIEMON, BO3HUKAIOUICH
pu 0OBACHEHUH TIPUPOIEI KPYITHOMACIITAOHOH TIepH-
OIMIHOCTH B PACTIONIOKEHUH 0YaroB JIOKAIH3AINH JIe-
(opMarmu, SBISETCS COTIACOBAHWE ABTOBOJIHOBOTO

rpybas OIlGHKa TOATBEpPKAaeT

macmra6a A = 102 M ¢ MacmTaboM AUCIOKALHOHHBIX
npoueccoB 10%%-10° M. B pamkax passuBaeMoii Mo-
JIeIn BO3MOXKHOE OOBSICHEHHE CBOIUTCA K CIEIYIO-
meMy. IlycTh cIBUT SMUTHPYET HMITYJIBC TTOIEPEUHBIX

YIPYTUX BOJIH C 4acToToit @, ~ 10° I'u, oreeuaro-

el MaKCUMyMy MHTEHCHUBHOCTH B CIIEKTPE IMHUCCH-
oHHOro curHaia. IIpoxozs depe3 ympyro HampspKeH-
HYI0 00J1aCTh, UMITYJIbC PACIIEILISETCS Ha IBE€ OPTOrO-
HaJIbHO MOJISIPU30BaHHBIE BOJIHB,

pacnpocTpansomuecs co ckopoctsivmu V; u V, #V, ¢
mmuamn L = Vl/a)m ul,= VZ/a)m . Pasnocts muimH

BOJIH

MaKCHMYMOB KBaJIpaTOB HaNpPsDKEHUH B 00eHX BOJHAX,
TO €CTh, NpU HauOoJblIell ynpyrod sHepruu. OTO

2
oTBeuaet ycrnosnio L / OL =~ A =~ 10 m u 0GbsCHSET

3apOoXKICHUE 0YaroB IUNTACTUYHOCTH HA PACCTOSTHUM ~A
OT CyllecTBylomero (poHTa AedopMmanuu 3a CyeT
aKyCTHYeCKOT0 MHUIIMUPOBaHU JedopManum.
Jpyroii BapuaHT OLEHKHM OCHOBAH HA AaHaIU3€
pacIpocTpaHeHus aKyCTHUECKOT'0 CUTHaJIa Yepe3 30Hy
C HEOJHOPOJHOH IUIOTHOCTBIO JMCIIOKALMMA, Hanpu-
Mep, CyMIECTBYIOIIMH OYar IIacTHIECKOTO TEUCHUS
(puc. 7 a). Yrpoiuasi, MoJI0KNUM, YTO INIOTHOCTb JTUCTIO-
Kalid B KaXIOM M3 paccMaTpuUBaeMbIX (pparMeHTOB
yOBIBaeT oT eHTpa k nepudepun. Takol pparMeHT xa-
paKkTepu3yercss HEOJHOPOIHBIM  pacIpeAeiIeHHEM

2
BHYTPEHHUX HampspkeHHid O = Gbp(]j/ [19]. Ta-

Kylo o0nacTe B aehOopMHUPYyEMOH cpele MOXKHO pac-
CMaTpUBaTh KaK aKyCTHUECKYIO JIMH3Y nuameTpom C.

BwMmecte ¢ CyHICCTBOBAHUCM 3aBUCUMOCTH Vt = Gi 9TO

BEI3BIBACT IMMOBOPOT (PPOHTA TUIOCKON BOIHEI A-A, TIpo-
XOAAIIEH Yepe3 TaKkyro 00J1acTb, Ha MaJbIi yron o, KakK
TI0Ka3aHo Ha pHc. 7 a.

OKa3bIBacTCs, YTO BOJHBI OT COCETHHUX OOnacTei,
UTPAIOLINX POJIb JINH3, (POKYCHPYIOTCS HA OCH CUMMET-
pHH, TA€ PacTeT YPOBEHb YIPYTHX HANPSIKEHUH U, CO-
OTBETCTBEHHO, TOBBIIIACTCS BEPOSITHOCT pelaKcal-
OHHBIX aKTOB IUIACTHYHOCTH. DTO MHHUIMHPYET 0Opa-
30BaHME HOBOro oyara aedopMalyy Ha pacCTOSHHUU
~A ot ucxoauoro. [Ipocroii reoMeTpu4ecKHil pacyer,
HEOOXOMMBIE JJIsl KOTOPOTO JETAIM U 0003HAYEeHUs
TOSICHEHBI Ha PHUC. 7 a, IOKa3bIBACT, 4TO
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Pucynox 7. Pacnpedenenue neoOHopooHocmetl OUCIOKAYUOHHOU CIMPYKIMYPbL, USPAIOWUX POTb AKYCIMUYECKUX
JUH3 (a); cxema akycmuueckou aun3vl (6)
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KonmuecTBeHHy0 oneHKY 3¢ dekra ynooHo ciae-
7aTh 7yt monukpuctamia Al, B KOTOpoM CKOpOCTD TI0-

MIEPEYHOTO 3BYKa Vt ~ 3-10%w/c, a ee BKCIEpUMEH-

TaNbHO Hal/ICHHOE N3MEHEHHE B HHTEPBAJIC TIACTHIC-
CKuX nedopMmanuii, COOTBETCTBYIOUINX  CTaIuH

napa6omuaeckoro ynpounenmsa, AV, <10 w/c. Ipu

pa3mepe OUCIOKAITHOHHON SYEHKH O ~107 M u oTHO-
mennn C / 20 ~ 10 nonyuaem A ~ 10?2 M, 4To G1IH3KO

K OKCIICPUMEHTAJIbHO HAOIIOJaeMOH  JUCTaHIHMU
MEXIy OodaraMu JIOKaJdu3oBaHHOU nedopmarm. Tax
kak A >>C > Db, To MOXHO monarare, YT0 COOTHO-
menue (18) cBsA3pIBaeT MUKpOMAcIITad AUCIOKAIHOH-
HOU CyOCTPYKTYpPHI ¢ MaKpoMacIiTaboM 04aroB JIOKa-
JM30BaHHON AeopMaIivH.

Bo3MoxkeH Oomee mpocTOH BapuWaHT TaKOW
oneHKH. [10CKOJIBKY CKOpPOCTh YHPYTHX BOJH B Cpefe
3aBHCHUT OT JeopMallnu, a JUCIOKAIUH OOBIYHO pac-
npeJiesicHbl HEOTHOPOIHO, 00pa3yst aHcaMOJIM pa3HOM
(dopmbl 1 pa3Mepa, TO 00JacTh HEOJAHOPOJAHOCTH Pas-

MEpOM Id MOJKHO paccMaTpUBaTh Kak aKyCTHYECKHe

JIMH3BI C PajMycoM KpuBH3HBI R z|d n (QOKYCHBIM

paccrostHueM (puc.70)

L

19
k=1’ 19)

rae K :VO/\/ - MOKa3aTeyib HNPCJIOMIICHHUSA 3BYy-

KOBBIX BOJIH B aedopmupyemoii cpene. U3 skcnepu-
MCHTaAJIbHBIX JaHHBIX CJICAYET, UTO IMMOYTHU A0 paspylie-

mus K <1.002; npu nedopmamn Al R zId ~ 105m.
Torna, cornacuo gopmyne (19), f ~ 5:10°m. Ha atom

pacCTosIHUN f ~ ﬂ.« KOHIICHTPUPYCTCSA AOINOJIHU-

TeNIbHAsl YIPYTasl SHEPTUsl U PACTET BEPOSTHOCTD pac-
najia KOHIIGHTPaTopa HamnpsDKeHUIl M BO3SHUKHOBEHHS
aKTa IIaCTUYHOCTH. 3/1€Ch HAYMHAET Pa3BUBATHCS HO-
BBII ouar Jokanm3anuu aedopmaruu. Tak Kak Beld-
gynHel K u R ompenpensrorcs CTPYKTypoil M CBOW-
CTBAaMM MaTepuana, TO UX IBOJIONMA MPH IUIacTHYe-
CKOM TEYEHHH MOXKET OIpeNesIATh MePeCcTPOHKy
ABTOBOJIHOBOM KapTHHBI JIOKAJIHM3aLUK JepOpMarIvy.
Posnb akycTHYECKNX JIMH3 MOTYT UTPaTh TUCIOKAIIMOH-
Hble aHCaMOJM C HEOJHOPOJIHBIM pPAaCIpeeICHHEM
JUCTTOKaNni (M BHYTPECHHUX HAIIPSDKEHHI) IO 00BeMy
- IUCIIOKallMOHHBIE KIIYOKH, SIMCHKH M IPYrHe CTPyK-
TYpBI.

B 3Tux cimywasx BapHaHTBI pacTpeieIeHus U IMo-
BEJICHUS MAKPOCKOMMYECKUX 30H JOKAITH30BaHHOMH Jie-
(hopMar MOTYT OBITH CBSI3aHBI C M3MEHEHHEM Ieo-
METPHH aKyCTHYeCKUX JINH3 (BennunH C, & M UX OTHO-
IICHUS C/ 20 ) wnm pacnpeneneHus JUCTOKAIMH B
HHUX B XO/I€¢ IJIACTUYECKOTO TeueHHs. B cooTBeTcTBHHI
¢ coorHomenuem (18), yBenmueHue pazmepa ¢par-
MEHTa MHHIUUPYET POCT A M MOXXET WHHUIIMHPOBATH

JABHM)KCHHUEC oO4dara IiaCTU4YCCKOro T€4CHHUs BJOJIb OCHU
PacCTAKEHNA HA CTalUU JIMHEHHOT'O ,He(i)OpMaL[I/IOHHOFO

YIPOYHEHUSI.
Takum oOpa3zoM, B paMmKax HpeliaraeMoit
JIBYXKOMITOHEHTHOH MOJIEeTH pa3BHUTHS

JIOKAJIM30BAaHHOI'O0 INIACTHYCCKOIO TCYCHHUA HaXOJIHUT

HEMIPOTHBOPEUNBOE OOBSICHEHHE Hawboyiee CIOXKHAs
npobieMa (QU3WKHA TJIACTHYHOCTH - BO3HHKHOBEHHE
MaKpPOCKOIIMYECKOTO aBTOBOJIHOBOTO MaciiTaba B
peanbHOM JeopMHUPYEMOM MaTepHae, CTpyKTYpHBIE
nedexTsl KOoTOporo 0o0JaJaldT MHOTO MEHBLINM
MPOCTPAHCTBEHHBIM MACIITA00M.

4. YnpyromiacTUYECKUN WHBapuaHT aedopma-
LUY U CJICACTBUS U3 HETO

[IpuBencHHBIE pacCy)KOCHHS IIOATBEPKAAIOT
CIPaBEIIMBOCTh TpeasiaraeMoi Mozenu (GpopMupoBa-
HUS aBTOBOJH JIOKQTH30BAaHHOTO IIACTHIECKOTO TeUe-
HUS, KOTOpasi OCHOBaHA HA B3aWMO/ICHCTBUH aKyCTHIe-
CKOH (CHUTHAIBHOW) W JUCIIOKAIIMOHHON (IUHAMMUe-
CKOH) mozacucreM B aedopMmupyeMoii cpese. B Takom
cllydac B JIOTIOJHCHHE K aBTOBOJHOBBIM YPaBHCHUSIM
(7) u (8), ONUCHIBAIOIIIMM KHHETHKY COOBITHH B 3THX
MOJICUCTEMAaX U HEJBYCMBICICHHO YKa3bIBAIOIINM Ha
TECHYIO CBS3b IUIACTUYCCKUX U YIPYTHX SBJICHUH TpU
JneopMaIuy CIUIONIHOM Cpe/ibl, HEOOXOAUMO YpaBHE-
HUE SBHBIM 00pa30M CBSI3BIBAOIIEE ITH JIBA KJIacca siB-
nernit. Takoe ypaBHEHHE OBIIO IMOTYYSHO MIPH YHCIICH-
HOM aHaJM3e NAaHHBIX O Pa3BUTHH JIOKATH30BAaHHOTO
IUTACTHYECKOTO TEUCHHS MO MEXaHH3MY pacIpocTpa-
HeHUS ()a30BBIX aBTOBOJIH.

Kak oxazamocp, Hambosiee WMHTEpecHas 3aKOHO-
MEpHOCTb, CBSI3aHHAS C pacHpocTpaHeHHeM (a30BBIX
ABTOBOJIH JIOKQJIM30BaHHOW TUIACTUYHOCTH Ha CTaJluM
JIMHEIHOTO Ne(OpMalMOHHOTO0 YIPOYHEHHS, COCTOUT
B TOM, 4YTO IJId BCEX HUCCICIOBAHHBIX MAaTCPUAJIIOB JJId
3TOU CTaauu BBITIOJIHACTCSA OTHOLICHHUEC

AV,
Z-aw ~ const,
t
rae Z - MCXKIINIOCKOCTHOEC paCCTOHHI/IC, COOTBET-

(20)

CTBYIOIIIE€ MAaKCUMAJIbHOH HHTEHCUBHOCTH PEHTI'€HOB-
ckoro peduekca, a Vt - CKOPOCTb PaclpOCTPaHEHHMS

MOTIEPEYHBIX YIBTPa3BYKOBBIX KOJCOAHUH, OMpeIens-
€MBbI€ 1151 COOTBETCTBYIOILUX MAaTEPHUAJIOB IO CIIPaBOY-
HOU nuTeparype. i BBISICHEHUS YHHBEPCAJIbHOCTU
otHomeHus (20), OBITM CTATUCTHYECKH NMPOaHATU3U-

POBaHbI JaHHBIC O BEJIMYUHE OTHOLICHUSA ﬂ‘VaW/ZV s

MTOJyYCHHBIE HAMH B Pa3HOE BPEMs TPHU HCCIEO0Ba-
HUSX JIOKAJIM30BAaHHOTO IUIACTHYECKOTO TCUCHHS IS
Pa3HBIX BAPHAHTOB AC(POPMAIIUH MATCPHAIIOB:

- JIMHEWHOTro NeOpPMALMOHHOTO YIPOYHEHUS U
JIETKOT'O CKOJIBXKCHUSI B MOHO- M MOJHKPUCTAIAX Me-
TaJIoB,

- nedopmarnu (pa3zoBoro mpeBpaIieHusi B UHTEP-
metaimune NiTi,

- nehopMaIuy CKATUS MIETOTHO-TATOMIHBIX KPH-
craios (KCI, NaCl, LiF),

- IeopManum CXKATUS TOPHBIX MTOPOT,

- TOJIBYYECTH TOJUKPUCTALIYECKOTO aTFOMH-
HUS,

- nedopmanuu, peaau3yromencs 3a CUeT JBHKe-
HUSl MHIMBUAYAILHBIX IUCIIOKAMA B MOHOKPHCTAJI-
nax Zn, Csl, NaCl, KCI, LiF [19]; B aTrom city4yae BMe-
CTO JUTHHBI AaBTOBOJIHBI JIOKAJTH30BaHHOU nedopMaIiuu
HCIOJIb30BaJIach IJIMHA TUCIOKAIIMOHHOTO Mpooera.

Takum 00pa3oM, IKCIIEPUMEHTAIbHBIMH HCCIIEI0-
BaHUSIMH OBUIH OXBAYCHBI MOHO- M TIOJHKPUCTAILINYC-
CKHE MAaTepHabl, JePOPMHUPYIOLIHECS CKOJIBKECHUEM
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JMCIIOKaNni, IBoiiHNKoBaHueM ([ |-Fe, mpamop), dhazo-
BBIM TIpeBpallieHreM (HUKEITWJ TUTaHa) M 3epHOrpa-
HUYHBIMU IporieccamMul (MecYanuk). MOXKHO 0KUIATh,
9TO MOJYYCHHBIC B TAKUX YCIIOBHSIX JaHHBIC O BEIU-

YUHE OTHOLIECHMS lVaW / )(Vt OyZyT IOCTaTOYHO 00-
IUMH.
Ha mmarpammax nedopmamnu O (6‘) HCCIeI0-

BaHHBIX MAaTE€PpHaJIOB UMCIOTCA YUIaCTKH JIMHEMHOrO fe-
q)OpMaI_II/IOHHOFO YOPOYHCHUS, HA KOTOPBIX PErUCTpH-
POBAJIUCH (1)3.3OBI)I€ ABTOBOJIHBI JIOKAJIM30BAHHOT'O ILJIa-
CTHUYCCKOI'O TCUCHUA. ,Z[J'IH HUCCICOOBAHHBIX
MaTepurajioB ObLIH YCTAHOBJICHBI YaCTHBIC 3HAYCHUA

OTHOILIEHHS (ﬂVaW / )(Vt)i , HaliJIeHBl €ro cpeaHee
3Ha4YeHHe <ﬂVaW / ;(Vt> , IACTIEPCHS O W BEIYHCIICHA

CpeaHAs KBaJApaTU4Has omubOKa Cp€aHCTO pe3yjibTaTa

+ \/0'2/n , tak uto 0.2 < Z <1.3. Yncnennslii ana-

JIM3 3KCHNCPHUMCHTAJIBHBIX HNAaHHBIX IMO3BOJHII CACIIATH

3aKJII0YEHHUE, YTO ( < . > — 3HaK YCPeAHEHUS)
ﬂ“vaw — 2’/ X — < 2>,
N[ \ViNVa
te (Z)  =048+0.04~Y2. Coorome-

Hue (21), Ha3BaHHOE YnpyzonnacmuyecKkum uHeapu-
anmom Oegpopmayuu, CBS3BIBACT XaPaKTEPUCTUKU

(21)

YIPYTUX BOJH (y 1 Vt ) ¢ XapaKTepUCTHKaMHU aBTOBOJIH

JIOKANIM30BaHHOTO MacTHaeckoro Tevenus (A u Vo,

), 06beauHss ynpyryio (& <<l) u mactuueckyto (& ~1)
nehopManuy, OTHOBPEMEHHO Pa3BHBAIOLIKECS B TBEP-

ntom Tene. TIpn stom npomsseneune ¥V, xapaxrepu-
3yeT KHHETHKY NEPEPACTIPE/IETERNUS YTPYTHX Halpsike-
muit co ckopocthio V, , a nponssenenne AV, Bemon-

HS€T Ty € pOJIb sl TIEPEeCTPOWKH IaTTEPHOB
JIOKaJIM30BAHHOTO IUTACTHYECKOT0 TEUEHHUsI CO CKOpPO-

CTBIO Vaw .

C yueToM TocTUraeMoi B 3KCIIEPUMEHTaX TOUHO-

A
CTH IPUMEM, YTO paclupeACICHUC BCINYUH Z ,I[Gﬁ—
CTBUTCJIBHO SBJIACTCS HOPMaAJIbHBIM, TO €CTh, U3MCHEC-
HUS BCJIMYMHBI YHOPYTrOIJIACTUYCCKOI0 MHBApHAHTa B

npenenax 0.2 < Z <1.3 cesisansl ToIBKO ¢ 3KCTIEPH-
MCHTaJIbHBIMU NTOTPEHTHOCTAMMU. MosxHo CUUTaTh, YTO
B KaQ4Y€CTBE BCIMYMHBI MHBAPUAHTHOTI'O COOTHOUICHUA
CIeyeT HPHHAT 3HAYEHUE

<2>n=38 ~ <2>n=37 ~ <2> ~1/2. 3o o3mauaer, uto

YIPYTOIJIACTHYECKUH HMHBapUaHT AedOpManyu ecTh
3aKOHOMEPHOCTb, YHUBEPCAIBHO NMPHUTOTHAS IS OTIH-
CaHMS TIPOIECCOB IUIACTMYECKOTO TEUEHHs MaTepha-
JIOB HE3aBHCUMO OT MX ITPUPOBI U JEHCTBYIOIUX MUK-
POMEXaHN3MOB IUIACTHYHOCTH. [ yrounenus ¢uzn-
YEeCKOro CcMbIciia HWHBapuaHta (21) ydrem, dYTO

Vi=y- (a)D /27) [24]. B Takom ciyuae, Hcronb3ys

COOTHOILICHHE ha)D ~ kBQD ,rne = h/27[ - 1o-
crostunas Ilnanka, a 9D - nebaeBckuii mapameTp [24],

nomysaem V, & Z-(kBHD / h). B Takom ciyuae

MOJKHO OT ypaBHeHus (21) nepeitu Kk ypaBHEHHUIO

2
AV, =2 N ~ 242, ~ 2 .% ~10°(;%6,), (22)

rae Z (kB /h) = const ~10". Coorromenue

(22) mo3BoJISIET OLICHUBATH 3HAYCHUS ﬂ,VaW Henocpesa-
CTBEHHO 10 U3BECTHBIM PEIIETOYHBIM XapaKTEepPHCTH-
KaMm cpeabl Y H 9D~ PacueTs!l moka3bIBaloT, 4TO

(dopmyina (22) mpaBUILHO MPEICKa3bIBAET MOPSIOK Be-

JINYUHBL ﬁ“vaw . ITockonbky AebacBCKHii MapaMeTp 3a-

BHUCHUT OT TEMIIEPaTypbl ‘9D (T) [24], dopmymna (22)

NpUMEHMMa JIJIs IPeICKa3aHusl U aHaJIu3a BUJa TeMIle-
paTypHOM 3aBHCUMOCTH HlapameTpa IUIACTHYHOCTHU

AV,

aw *
Kak Obwio ckazano, uHBapuaHT (21) cBsA3BIBaeT
XapaKTEPUCTUKH ynpyroi () u Vt) U TJIaCTUYECKOMN

(L u V,,,) nedopmaruu, urpast BaxHyio pois B pas-

BUTHUH JIOKAIM30BaHHOM IIacTHUHOCTH. JIokanu3anus
IUTACTUYECKON AeopMauu - 3TO CaMOOpPTaHU3aLUsI
HEJWHEIHON akTHBHOH nedopMupyemMoii cpemsl, co-
Jeprkamei CTpykTypHble aedekTsl. OOmmM mpusHa-
KOM IPOLIECCOB CAMOOPTaHU3aNH B OTKPHITON TEpPMO-
JUHAMUYIECKOH CHCTEME, KaKOH sBIIseTCs IeOpMUpy-
eMas cpefa, CIY)KUT yMEHBIIEHHE €€ SHTPONUHU B
TaKoOM Hpolecce. ITO YCIOBHE BIOIHSAETCS IPU I'eHe-
parmy aBTOBOJIH JIOKAJIIM30BAaHHOM MIacTHYHOCTH [§],
TaK YTO HCIOJH30BAHHE HHTPOIMHUMHOTO (haKTopa At
BBISICHEHUSI (PU3MYIECKOH MPHUPOJIBI JOKATU3ALNH TIJIa-
CTUYECKOH JleopManiu 000CHOBAHHO.

B ocHOBe AByXKOMITOHEHTHOIH MO/IEIH JIOKAJIH30-
BaHHOM IUIACTUYHOCTH JISKUT KOHKYPEHIMS IIpolec-
COB PO’K/IEHHS M paclajga KOHLIEHTPATOPOB YHPYTHX
HalnpspKeHUH. DTO 3HAYMT, YTO MPOCTPAHCTBEHHO-BpE-
MEHHBIE  paclpeieieHus  ToJled  HamnpsDKeHHH

G( X, Y, t) u nedopmaruii

8( X, Y, t) TPaHCHOPMHPYIOTCS  B3aUMOOOYCIIOB-

INIACTUYCCKUX

JICHHO, IIPpHUYCM, Vt u Vaw KOHTPOJHUPYIOT KUHEeMUKY

TpaHC(OPMALMOHHBIX IPOIIECCOB COOTBETCTBYHOLIMX
HOJIEH, a JUIMHBL Y, U A 3a7ar0T MPOCTpaHCTBEHHBIE

Macwmabel TIPOIECCOB  mepepacnpezeneHus. Ecmu
ypaBHEHHE MHBapHaHTa (21) mpeacTaBuTh Kak
7\‘/X — pscale :2
H
Vt /V aw pkin (23)

7L/X = pscale > 1 u

V, /\/aW = Py, >1 na ocnosanuu [25] MoxkHO npu-

TO OTHOIICHUSAM

JIaTh CMBICTT MACUMAOHOU W KUHEeMUYecKol TePMOIU-
HAMHYECKUX BeposiTHOocTel. IlepBast m3 HHX pscale

HUHTEPIPETUPYETCSI KAK YUCIO BO3MOKHBIX MECT 3a-
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POXKICHUSI ABTOBOJIHBI JIOKAJIM30BAHHOIO IIJIACTHYC-
CKOro Te4deHus B JehopMHUpyeMoii cpese, TO eCTh, OHa
ompeiessieT pa3inuue NPOCTPAHCTBEHHBIX MACIITa00B
YIOPYroro M IUIACTHYECKOTO Ae(hOPMAIHOHHBIX MPO-
neccoB. UTo ke KacaeTcsi KuHemuueckol TepMOIHHA-

MuYEeCKOH BeposTHOCTH [y , TO OHa 3a1aeT BBIOOP

JIe(pOPMHUPYEMOM CHUCTEMOW CKOPOCTH aBTOBOJHBI U3
UHTEepBaJa c¢¢ (U3WYSCKH BO3MOXKHBIX 3HAYCHUI

o<v,, =V,

aw —
C yderoM cka3aHHOTO U3 ypaBHeHUs (23) ciexyer
COOTHOIIECHHE

AS = _kB In Pin kB In Pscaie =

13 KOTOPOTO CIENYET, YTO B IPOLIECCE TEHEPALIUU
(ha30BOW aBTOBOJIHBI PHTPOMUS JeHOPMHUPYEMOI CH-
CTeMBbl yMeHblIaeTcs Ha —AS = Asscale — Skin.

>0 u AS,;, <0 Bypas-

HeHuM (27) yKa3plBalOT HAa AaHTAarOHW3M BKJIA/IOB
Ha3BaHHBIX (DAKTOPOB B TIPHPOAY JIOKAIN30BAHHOMN
TUIacTUYECcKoM nedopmarmu. Brian ot pasznuuuns mac-
mTaboB }\,/ % = Pscale AUCCHUIIATHBEH, IOCKOJIBKY

3naxu cmaraeMbix AS_

CBSI3aH CO CTPYKTYPOH cpelibl, a 3TOT (PaKTOP €CTh MPH-
YMHA AMCIEPCUH U BOOOIE JUCCUIATHBHBIX IpoLec-
coB. HampoTtuB, BKIaxg OT pa3muyus CcKopocTeit

V/\/aw

BUJIMMO, CHTHAIU3UPYET O CAMOOPTaHU3ALHH CPE/Ibl.
Benmnunna AS <0 xapaktepusyer o0lee yMeHbIIIe-
HHE SHTponuu 1pu QopmupoBanuu (Ha3zoBoil aBTo-
BOJIHBI JIOKAJIM3AIMU TIACTUYECKOTO TEUYEHHS, YTO Xa-
PaKTEpHO JJIsi IPOLIECCOB CaMOOpranm3anuu. Tak Kak
AS) 1
Z=ep| i [~y
° (28)
0 AS =kBIn 1/2 ~ —0.7kB Ha 3JeMEeHTap-

HBIN peslaKCallMOHHBIN aKT.

YTOUYHUM NOJYYEHHBIE COOTHOLUEHUS, PAcCMOT-
PEB CBSI3b YNPYIUX U IUIACTUYECKUX CMELUEHUH 3Jie-
MEHTOB J1e(hOpMHUPYEMOI CpPeIBI IPU MAJIOM €€ OTKJIO-
HEHHUHW OT paBHOBecHs. BONM3HM SHEpreTHIecKoro Mu-
HUMYyMa, COOTBETCTBYIOIIETO PAaBHOBECHIO, CKOPOCTH
CMEIICHUH TP MPOCTPAHCTBEHHO-BPEMEHHBIX TPaHC-
thopmarmax mosnei pedopMariiii ¥ HaNpsHKEHUH B Jie-
dhopmupyemoii cucteMe ¢ TOYHOCTBIO IO MaJlbIX Tep-
BOTO TIOPSIIKA MOTYT OBITh TIPHHATHI JTUHEHHBIMHU TI0
rpaleHTaM TUIACTHYECKUX W YHPYTruXx Iedopmanuit
[25]. Torna

pkin YMCHBIIACT SHTPOIUIO CHUCTEMBI,

P ~D,Ve,.
)~ D_Ve,, (30)

COOTBETCTBEHHO. M3-3a HEJTMHENHOCTH CBSI3U JIE-
(dopMarmy W HaNpsDKEHUS, 3aJaBaeMOl KpHUBOH IuIa-

(29)

CTUYECKOro TeyeHus O (8) , HY’)KHO y4€CTbh TaK)K€ BO3-

HUKHOBEHUE JIOTIOTHUTENBHBIX K (29) 1 (30) ckopocreit

'~D, Ve, (31)

InZ =1n pg,, —In py,., (24)

KOTOpoe ¢ momoInisio popmyinsl bormsiimana mpe-
oOpasyeTcs B ypaBHEHUS Ui M3MEHEHHUI SHTPOINH,
CBSI3aHHOH C pa3HHue171 MaciTaboB

scale k In - kB In pscale’
X (25)
U pa3sHULIEH CKOpOCTER
V,
AS,., =kg InV—t =kg Inp,;,.
aw (26)
OxoHuaTenbHO U3 ypaBHEHUH (24 — 26) BbITEKaeT
1
—AS,;, + S =Kz IN= <0,
2 27
(ad)
upI ~ Dcavgel (32)

B obmewm ciyuae cucrema ypaBHEHHH IS IuIa-
CTHUYECKOU U YIIPYTOH COCTABIISIIOLIEN CKOPOCTEN cMe-
IIEHUH MOXKET OBITH 3alHcaHa B BUAE

u, = D, Ve o D, Ve,,
uel = DGSVSel + DGGVS ol (34)

npuueM Kodpduuuentsl ypaBHeHui (33) u (34)

D

00pa3yroT MaTpHILy & “,
D, D

o¢ oo

(33)

9TO OOBICHAET

CMBICJT MHCKCAUHU K03()QUIIUCHTOB B ypaBHEHUSAX (7)
u (8).

CornacHo TPHHIUIY CUMMETPHH KHHETHYECKHUX
koa(ddunmenrop Onzarepa [25], HeauaroHanbHbIE
KOMITIOHEHTbl 3TOH MATpPHUIBI PaBHBI, TO €CTb,
D . = D_,. B 10 xe Bpems 1naronainbhbie ko3pdu-

MUCHTBI MaTPUIIbI DSS u DGG

k03¢ dHUIMEHTaMH aBTOBOJIHOBBIX YPaBHEHHIT JIOKaJIH-
30BaHHOTO IuTacThdeckoro TeueHus(7) u (8), He 00s-
3aHBl OBITh paBHBEIMH: B [8], Hampumep, OBLIO TOKa-

3aHO, 4TO D ee << D(j

CBSI3BIBACT XAPAKTEPUCTUKH YIIPYTUX U IIACTHYECKUX
MIPOLIECCOB B JIePOPMHUPYEMOH cpelie, €ro MOXKHO CUH-
TaTh OCHOBHBIM YPaBHEHHEM Pa3BUBAEMON aBTOBOJIHO-
BOH TEOpUM JOKAaJIM30BAaHHOTO ITACTUYECKOrO Tede-
HUA. B monp3y 3TOro 3aKitoueHus roBOPUT TO, YTO M3
ypaBHeHHMS HHBapuaHTa (21) MOXXHO BBIBECTH PAJ
CIIEJICTBUH, KOTOpbIE HE TOJIbKO IIO3BOJISIIOT IMOHSTH
MPUPOJLYy 3HAYMTENILHOTO YHCJIA BaXKHBIX 3aKOHOMEp-
HOCTH Pa3BUTHS JIOKAIN30BAHHOM MIACTUYHOCTH, HO U
OITMCHIBAIOT UX KOJIMUECTBEHHO. [Ipex e Bcero, MoxeT
OBITH MOJIY4E€HO COOTHOIIEHHE JUIsi CKOPOCTH PacIIpo-
CTpaHEHMs1 aBTOBOJIH. Ecim ypaBHeHHME HMHBapuaHTa
(21) mpopnddepeHnpoBaTs 1o 1eGopMaLnH &

/‘tdvﬂ+vawd—l:2 -g%+2 .th_}( (35)
de de & de

U 3anMcaTtb pe3yJibTaT OTHOCUTEIIBHO Vaw ,

, KOTOPBIC SABJIAKOTCA

-+ HlockonbKy uuBapuanr (21)

TO IIO-
JIyYuM
A dv,

v, =2 z”-;(—+zvdz 2DV

(36)
@ \de de de dg
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MEXIIOCKOCTHOE PACCTOSHUE J HE 3aBHUCHT OT
TUIACTHYECKOI nedopmanu, TaK 4TO

thd)(/d€=0,ﬂ

Ve -1 M (37)
di di

[IpeoOpazoBanus ypaBHeHHS (37) IPUBOAAT K CO-
OTHOIIICHHUIO

Vo =2y —t-
aw = LX)

AHAJIOTUIHOMY paHEC SKCIOCPUMCEHTAJIbHO TII0JY-

V, —2;{

N Ve 2y LB g

, -1
ueHHoH 3aBucnmoctn Vy, (9) ~ @ [8], ecnm npencra-

BUTH KO3(pPuumeHT aepopMarnioHHOTO YIPOYHEHH
KaK  OTHOIICHHIO  CTPYKTYPHBIX  IIapaMeTpOB

O~ y/A tne y << .
Hanee 3ammimeM ypaBHeHHE WHBapuanTta (21) B
hopme
Vaw 9 = @
i 2r
rie 0= ZZ\/t . Ecomm Vaw = dl/dT = da)/dk ,
rodw = (@/271’)- k-dk. B srom cirydae

jdw_gkﬁ dk,

-k, (39)

(40)

U 3aKOH zmcr[epcm/l aBTOBOJIH JIOKAJIM30BAaHHOTO
IUTACTHYECKOTO TeUeHUsI MPUOOpeTaeT KBapaTHUHYIO

popmy

a_s d(Vil_s,.
a5 A ds\v d

OTKYyJa CleayeT

s (dV, 1
dA=Zy | —.—-V
~ (d& Vo
e 1 dvi_dinv, u =—1 ‘dVaW
aiVd(s ds ~ ° Zyv, d5
5 1
nockonbky Vo, = ZYV, - —. Vpasuenne (45), ode-

BUJIHO, ecTh auddepeHnnanbHOe ypaBHEHUE IS
dhyHKIIH 1(5 ) , obcyxnasmieecs Boime. Kak ObuIO
MOKA3aHO, €ro PEIICHUE eCTh JIOTUCTHUECKAsT (DyHKIMs
(6), Tak 9TO 3aBUCHMOCTH A (5 ) €CTb CII/ICTBUE U3 UH-

BapuanTta (21).
[TycTts ompeneneHne ATUHBI aBTOBOIHEI ITPOU3BO-
JuTCs B 00pasiax pasHoi anuHsbl L. B aToMm ciyuae

d dA av. = d
V aw 7 _ ~ (V)= 46
dLu w)= dL dL dL(Z‘) 0,(48)

a
dA 4 dv,, .

dL V.. dL

aw

) 2
a)(k):a)o"'_(k_ko) ) (41)
dr
rie @/ A7 = @ . D10 cooTHOMmEHHE OBIIO YCTa-
HOBJICHO SKCIIEPHMEHTAIIBHO.
JIns KOJMYEeCTBEHHOM OIEHKH, INPHAAB ypaBHe-
Humo (22) popmy

N N P
V, ~Zy° 80 . " x74* B0 kac-k, 42
aw v4 h 1 X h S (42)
MOJKHO BBIUUCIIUTh K03 dunneHT
¢ = Z}(z : kBth/h R Z}(Z *(Wp . 3Has BEIMYMHBI

[ m 3HaueHHs 1e6aeBCKOTO TapaMeTpa HI(DFe) =420 K
F
i 0P =304 K [24], maxommw ¢\ & 3.7.107 e,
Al
. g( )

JCHHBIMH B KHUI'C [8] BbIYMCJICHHBIMU U3 3KCIICPUMCH-

R 4.45-107 M?%/c. DO cornacyercs C IpUBe-

TaJIBHBIX JaAHHBIX O 3aBUCHUMOCTHU VaW (k) 3HA4YCHUAMU

9 ) W) — (12.9+0.15)-10°
"M%/,

=(1.0£0.08)-10" m%*cu §
Jns ananuza (GopMbl 3aBHCUMOCTH 1(5 ) 3amnu-

1IeM ypaBHeHUe HHBapHaHTa (21) B Buze

sV
A=Zy ——.

aw

(43)

Taxk kak ckopocTu Vt u Vaw 3aBUCAT OT pa3Mepa

3epHa ) , To AuddepeHIUpoBaHre COOTHOMIEHUS (43)

mo  naer
v, -dV, /olcs—zvt v, /d5} )
VaW
Vou 1) d5=(ai-a,22)-ds (45)
ds V2, i ’
pu YCIOBUSIX A=A, =const u
dv,,/dL~V,, /L umeem
di ~ Ao Vay (48)
d. Vv L

u d/1~dL/L,To ectb, A ~

YCTaHOBJICHO 3KCIIEPUMEHTAIHHO [9].

MoxHO ToKa3aTh, 9YTO U3 WHBapuaHTta (21) ciue-
JIyeT YpaBHEHHE AaBTOBOJIHOBOW IacTUYHOCTH. Jlyist
9TOTO 3alMIIeM WHBapHUaHT B BUJIE

A_s Y,
7 Va

U IIPUMEM, 49TO & R /1/ 7 >>1 - nnacrmaeckas ne-

In L, xax 6bw10

(49)

¢dopmanys. [Ipumenss oneparop 8/ ot=D-0° / ox?

obenM yacTsiM ypaBHeHUs (49), nomyuaem
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-1
2 -7D| V. - OVa, Wy \/
ot

t T AL2 aw
OX

3amernv, uro omepatop 0/0t = D-8%/0x’

OUYEBHIHBIM 00Pa30M MOKET OBITH MOTyYeH U3 YHUBEP-

2 2
canbHOro ypapHenus OY / ot=Do Y/ OX” . Ecmmt mio-
JIOJKUTb, YTO CKOPOCTH PACIIPOCTPAHEHHS YIbTPa3ByKa

V. xconst u VNV, ~Z7 A/ y = &, 10

0 s 0N 0%
% _ py, e pll
ot Ox? G1)

HetpyaHo BHIETh, YTO 3TO COOTHOILCHUE HpE/-
CTaBIIAET COOOW peakIMOHHO- (D (Qy3UOHHOE YpaBHE-
HHE JUTsl CKOPOCTH Ae(hopMaIiiu

2
o¢ o€
% —f)+D, 22,
&& 2
OX

MOJIHOCTHIO JKBHBAJICHTHOC BBEICHHOMY paHee
ABTOBOJIHOBOMY YpaBHEHHIO (7) JUIs IIIaCTHUECKOM Jie-
dhopmaryu.

(52)

NG V’l

—ZDV ~-Z°-

V ‘b, -
o2 4 b

L,
OX

Vt . azva;vl 4 82(\/t/\/aw) .

=7D| -
ox? ox?

(50)

Pa3BuBas 3TOT aHaIM3, MOXHO YTOYHHTH CBS3b
Pa3BUBAaEMOro aBTOBOJHOBOTO MOAXOJa K IUIaCTHYe-
CKOMY TEUEHHIO C AUCIOKAI[MOHHBIMU MOJEISIMU Cie-
nytomum obpazoM. CpaBauBast ypaBaenus (13) u (51),
MOJKHO 3aKJIFOYUTh, YTO MEPBBIN YJIeH B IPaBOH 4acTU

4

ypaBHeHus (51) —ZDVt (Vagvl) AQHAJIOTUYEH 4YIICHY
b,Odeis| B ypasBHeHuu Teinopa-Oposana (13), ecnu

Vi~ 70, ~boy,

TIpUHATS, qTo

D.s‘o‘ = 2D05: 2ZVt a (Vaw) ~V 1/X HpH Xao-

THYECKOM pacrpeseneHnu JIACTIOKALIAN
-2 -2
X~ = O, rae | —npober nucnokanuii. To-
roa
2 *x—1
~ _Z bV ~ ZZV bmeb (53)

CkopocTH IUCIOKAIH Vdis| W yIBTPa3BYKOBBIX BOJIH Vt MIPOTIOPIMOHANBHBI JPYT APYTY, HOATOMY MOJIO-

xum, uto V, ® AV, rie @ = CONSt > 1. Torxa

ag Z 2 b 2 b 2
E = V medeIS| + D = medeIS| + D - (54)
OueBunHo, uto ypaBHeHue Teinopa-OpoBaHa d
(13) oimmaaetcs ot ypaBHenust (54) otcyTcTBHEM AU(- D,. ~ dt pmd (56)

2 2
(y3noHHOTO WiIeHa Dgg 0°¢ / X" s npaBoii yactu. Ero

CJIelyeT paccMaTpuBaTh Kak YacTHBIH ciydail Ooiee
obmero ypaBHeHHS Je(opManMOHHON KHHETHKH,
BKJIFOYAOIIET0, KaK CKa3aHO, THAPOANHAMUYECKYIO U
TP PY3HOHHO-TTIOTOOHYI0O KOMITOHEHTHI AedopMariu-
OHHOro mnortoka. COOTBETCTBEHHO, IHMCIOKAIMOHHbBIE
MeXaHU3MBbI AeopMalii, OCHOBaHHbIE HA YPABHEHUHU
(13), cyTe yacTHBIE CIlydyad aBTOBOJHOBOH MOZAEIH
TUIACTUYECKOTO TEUYCHUsI, CIPABEUINBBIE TPH MabIX
IUIOTHOCTSX JTUCIOKauid. B aTom npenene ypaBHeHue
Teitnopa-OpoBaHa JOMyCKaeT TMOJyYeHUE MPaBUIIb-
HBIX PE3yJIbTaTOB.

uD, s

ypaBHeHUsX (7) u (8) MOXXeT ObITh OCHOBaHA HA TOM,

Unrepnperauus koddpduumentos D,

4yro KOd(pduuuent DSSHCBHBEIH C IJIOTHOCTBIO IIO-

JIBIKHBIX TUCIIOKAINM, a Kod(hhuineHT DM onpee-

JsieTcs pacupeaesieHneM HanpspkeHud. M3 coobpaxe-
HHUH pa3sMepHOCTH MOKHO 3aITUCATh

(55)
Po
rae F — CHWJ1a HATAXKCHUA 06pa3ua BO BpeMs UCIIbI-
TaHUA U

[110THOCT NMOABMXXHBIX AUCIOKAUUA POpg IKC-

TPEeMaJIbHO 3aBHCHUT OT JedopMaliyy, a ee NpOU3BOA-
Has (56) MOKET MEHATh 3HAK MPH JAepopMaIim.

U3 ypaBHenus (55) cnemyer, 4to Do‘cr ~ 1 M.

Benununna D&g 1o ypaBHeHUIo (56), onpenemnseTcs Me-

HEC TOYHO, TOCKOJIBKY UMCIOMIUECA B JIUTEPATYPEC JaH-
HBI€ O INIOTHOCTH MOABHKHBIX JTUCIOKAIIUM Ha Ppa3HbIX
CTaausX INIACTUYCCKOI'O TCUYCHHS OTIIMYAKOTCA B 3HA-
YUTEIbHON CTEICHU. OZ[HaKO HCIOJIb3Yyd SKCICPUMCEH-

TAJIbHBIC JaHHBIC, MOXHO ITI0JIaraTtb, 4TO 10_8 S Dgg S

107 m%c, tak uto D, << D,

YCIIOBHS, COOTBETCTBYIOIIETO O0JIee MEIIEHHOMY pac-
MPOCTPAHECHUIO aKTHBATOpa (IUIACTHYECKUE Nedopma-
UM II0 CPAaBHEHUIO C HHTHOUTOPOM (HAINPSsHKEHUS WITH
yrnpyrue nedopManum), 00s3aTenbHO IS peaTn3aluu
mpolecca reHepallyd aBTOBOJH B aKTUBHBIX Cpelax

[6].

- BBITIOJIHEHHE TOTrO

Koodpuument D_

JICHHUE HalpsOKEHUH B 00beMe o0pasiia 3a cyeT ciydvaii-

OIHUCBIBAET IMepepacipesie-

HBIX OJIyX/IaHWH, a KO3(PHUINUEHT Dgg OTIpeeIsIeTCs
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MIEPECTPOUKON JUCIOKAIIMOHHOM CyOCTpYKTYpHI. B Ta-

KOM CiIydae Do' MOJKHO CUHTATh XapaKTEPHUCTHKON

(22
MAaKpOYpPOBHS IIJIaCTUYCCKOTO TCUCHMS, a Dgg CBA3aTh

C KMHETHKOH pa3BUTHA AedopMallid Ha ME30ypOBHE.
B nuddy3noHHOM NpHOIKEHNH MTPEACTaBUM 3TH KO-
3¢ UIIEeHTH B 0011IeM BUAE KaK MIPOU3BEICHUS JUTHHBI
cBobOomHOTO TIpobera R m ckopoctm V, TO ecTs,
D =RV .Iox R /- MokHO mornMaTs pazmep o6ma-
CTH HEOIHOPOIHOCTH B JeopMHpyeMOil cucreme, a
mox V — CKOpOCTh TepepacipenencHns aedopmanuii

Wi HarpspkeHui B Hell. Tak kak koadduipeHt DM
CBSI3aH C IIepepaclpesieNeHuEM HaNpsKEHHH, TO Xa-

pakTepHas CKOPOCTh 3TOTO IIpoIecca \' =Vt ~ 103

M/c. B aToMm cyuae napamerp R= |G = DM/Vt ~ 10

8 M MOJKHO CUHTATh ME30CKOIMUYCCKUM MacITadoM He-

OTHOPOJHOCTH IUTAaCTHYEeCKOH nepopmanuu. s ko-

s¢dunmenTa Dgg ~ 10°® M%/c, ouesnano, V zVdisl ~

10 m/c, u B 3TOM Cciydae R= IE ~ Dgg/vdisl ~nb ~

10° M, roe N=2-5, oTBevaer JTUCITOKAIIHOHHOMY Mac-
mtady MIaCTUYECKOro TeUCHHUS.

B pesynbTare BO3HHKAET HEPAPXHS CTPYKTYPHBIX
YpOBHE# acTudeckoi aedopmaiuu, KoTopas OCHO-

BaHa Ha TOM, 4TO KO3 PUIIMEHTHI Dgg u DM ,

Xapax-
TEPHU3YIOLINE MaKPOCKOINYECKUH H ME30CKOTTMYCCKHI
MaciiTa0bl aBTOBOJNH, COOTBETCTBEHHO, COJEPIKAT
IUTHHBI, XapaKTepH3YIOLINe HIDKENEeKAIINl ypOBEHb

IJIACTHYECKOro TedeHus. B TakoMm CJIy4qac ypaBHCHHC
D, ~I\V, (57)

cBs3bIBacT K03 dummeHT DEE I Me30Mac-

isl

mTada ¢ TUCIOKAMOHHOM XapaKTepuCTHKOM |, a ypas-
HEHUE

BBITIOJIHSCT TY XK€ POJIb U1 MaKpO- U ME30CKOIIH-
geckoro ypoBHeld. CootHomenus (57) u (58) cBs3bI-
BalOT MacIITa0bl MJIaCTHYECKOH nedopmannu Tak, 4To
B TPAHCHOPTHBI KOI(QQUIMEHT B KaYeCTBE MHOXH-
Tensl BXOAWUT MaclTad Hikesexamero yposHs. Ilpu
9TOM IIPOCTPAaHCTBEHHBIH MacIITad HHUKEIeKAIIEro
YPOBHS onpeielisieT KWHETHKY IPOLIECCOB Ha BhIIIETe-
JKallleM Yepe3 COOTBETCTBYIOMIMI M y3nOHHBIH KO-
3¢ QUIIEHT aBTOBOJTHOBBIX ypaBHeHH (7) u (8).
Pesynpratel Beraucneruit mo ¢opmynam (57) u

(58) npexcrasnenst B Tabmnue 1. Koodpduument D,
OLICHUBAJICS] U3 HKCIIEPUMEHTANIBHBIX JAHHBIX TI0 CMe-
mennio pponToB nedopmarmn OX 3a BpeMs t, TO ecTb,

2
kak D, = (5X) / t. pu obeyxnennn coornorre-

&
HHS MacIiTaboB IIPUMEM BO BHUMAHUE TAKXE, 9YTO IJIA
ABTOBOJIH B aKTUBHBIX Cp€IaX XapaKTECPHO HAJIUINE

MHUHUMAJIBHOI'O pasMepa CUCTEMbI Imin , J0IyCKaro-
ero peajm3annio Takoro npouecca. U3 PpaBCHCTBaA I1€-

. -1
puoza konebanuii B cucteme & & 2770 u xapak-

TepHOTO Bpemenu aubdysnn Iy = |nz1in / 2D crenyer
Y2

lin = (2D, )]/2 ~[4z2 . (59)
w

rae D - tpancioptHEIi koadunuent. Vicnonp3ys

JUTsL pacyera |min XapaKTEPUCTUKU CAMbIX ME/JICHHBIX
_ -8
Jne(OPMAIMOHHBIX TPOLIECCOB D= Dgg ~10

-3
M¥c u @ le T'u, MOXHO MOMYYUTH OLEHKY

CHU3Y Imin X 102 M, GIM3KYI0 K DKCHEPUMEHTATBHO

(exp)

HabOmomaeMol uHEe o0Opasna Imin <2.102 M, TIpH

KOTOpOW HE MOTYT BO3HHMKATh M HE PETHUCTPUPYIOTCS
aBTOBOJIHBI JIOKAJIM3alUK Ae(OpMaLUH.

Daa ~ ImESOVt (58)
Tab6muma 1

IMapaMeTpbl aBTOBOJTHOBBIX IPOLIECCOB JOKATN3ANUHU JedopManuu
Cocras cruiaa (Macc. %) CTPYKTypa Vaw-10°M/c D.-10"M%c R-10% m
Fe-0.1 %C-2 %Mn TIOJI 45 8.1 5.3
Cu —10 %Ni — 6 %Sn MOHO 6.5 7.6 5.2
NiTi (3xkBHATOMHBI) MOHO 1.0 0.8 0.6
NizsMn (ynopsij. cocrosiaue) TTOJTH 10.0 135 6.8
y-Fe MOHO 3.5 7.8 4.3
y-Fe— 0.5%N MOHO 2.7 2.0 1.0

W3BecTHO, 4TO MOKa3aTeI MEXaHUUECKUX XapaK-
TEPUCTHUK ITOJUKPUCTAIIOB (IIpe/iesl TeKy4ecTH, Bpe-
MEHHOE COIIPOTHBIICHHE, HAIIPSDKEHUE TEUEHHs) 3aBU-
CAT OT pa3Mepa 3epHa, COIaCHO COOTHOUICHHIO
Xomna-ITerya [3]. Kpome Toro, panee ObIIO yCTaHOB-
JICHO, YTO JUIMHA aBTOBOJHBI JIOKAJTHU30BaHHOU Jedop-
MaIii CBA3aHAa C pa3MepoOM 3epHAa JIOTUCTHYECKUM
ypaBHeHHeM (6). Ilo 3TUM mpUYMHAM clexyeT mpoBe-
PUTH BBIIIOJHEHNWE MHBapHaHTa (21) B pa3HBIX Iuarma-
30HaX pa3MepOB 3€pHA, IPOBOS UCIBITAHUSI NOIUKPU-
CTAJUIMYECKOTO allOMUHHA, B KOTOPOM METOJOM pe-
KPUCTAJUTM3allMM  y/lABaJlOCh  BBIPACTUTH  3€pHA

pa3Mep0M:|.0_6 <5<107? wm PesynpTaThl Takoi
TIPOBEPKH, NPHUBEACHHbIE B TaOIuIle 2, yKa3bIBalOT Ha
BBIIIOJTHUMOCTD  YIPYTOIUIACTHYECKOTO MHBapHaHTa
JUISL OIIMCAHMS PAa3BUTHS JIOKATM30BAaHHOM MIACTUYHO-
CTH B 9THX yCJIOBHSIX.

W3 naHHBIX, SKCHEPUMEHTAIBFHO IOJyYCHHBIX B
paborax [8, 9], u3BecTHO, 4TO IpH Nepexoie uepes rpa-
HUYHBI pasMep 3epHa O = 10 M cKOpOCTH pacmpo-
CTpaHEHHUs YJIbTPA3BYKOBBIX BOJH 3aMETHO MaJaer
BCJISICTBHE UX PAcCesiHUs Ha TpaHuIax 3epeH. C yue-
TOM 3TOTO OOCTOSATENBCTBA PE3YIBTATHl BHIYHCICHUI
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BCIIMYMH ﬂVaW AJIA IBYX AWAala3oHOB pasMCEpPOB 3C-

peH, IpUBECHHBIC B Ta0IHIIE 2, YKA3bIBAIOT HA BHITIOJ-

HHUMOCTh WHBAPUAHTHOTO COOTHOIICHWSI B TAKHX YCIIO-
BHSIX W CBSI3b aBTOBOJIHOBBIX SIBJICHUH jaedopmanmm ¢
cooTHomenueM Xoina-Ilerya.

Tabmnuma 2
K nmpoBepke HHBAPHAHTHOI0 COOTHOIIeHUs (21)
Jlnana3oH pa3MepoB 3epeH th .10’ ﬂVaW .107 /1VaW
M m%/c 2V,
5.10°%<s5<10™* 5.13 2.61 ~0.5
10%<5<5-10°° 6.17 3.12 ~0.5

[lony4enHble pe3yabTaThl UCCIEAOBAHUN JIOKATH-
3alUM IUTACTHYECKOTO TEYCHUS B IIOJIMKPUCTAIIAX
QIIOMHHUS C Pa3HBIM Pa3MEpPOM 3€pHA, CBEACHHBIC B
Tabnuiyy 3, yKas3bIBalOT Ha CYIIECTBOBAHMH TI'DaHMY-

HOT'O pa3Mepa 3epHa 5b =~ 0,1 MM, IpE KOTOPOM, TIO-

BUIUMOMY, MEHSIOTCS MEXaHU3MBI 1e(pOpManiOHHOTO
ynpouHenus. Kak nokaszasno B [9], 370 u3sMeHeHHE CBS-
3aHO C Pa3HOU CTETEHBIO OOOTAICHUS IPAaHUIl IPHMe-
CAMH. OTH JaHHbIE YaCTUYHO TNPOWIIIIOCTPHPOBAHEI
Takxke Ha puc. 8. COBOKYITHO JaHHBIC PHC. 8 U TAOIHUIIBI
3 CBUZETEIBCTBYIOT 00 3((PEKTUBHOCTH NPUMEHEHUS
ABTOBOJIHOBOM MOJIETH K 00BSICHEHUIO ITPUPOJIBI COOT-
HoweHus Xoia-Ilerya.

B paMkax 1ByXKOMIOHEHTHOH aBTOBOJIHOBOM MO-
JeTTH HaXOAWUT MpOCToe OOBSICHEHHE NPHPOAA aBTO-
BOJIH JIOKAJIN30BAaHHOHN IIACTHYECKOH IedopMaruu.
MoXHO monarathb, 9TO B COOTBETCTBHU C KHHETHYE-

CKHUM ypaBHeHHeM Teitnopa-OpoBaHa E= abpmdvdisl

(13), 3agaBaemMoe HUCIBITATENHHONW MAIIMHON yCIIOBUE

TocTosHCTBA cKopocTh gedopmamn & = CONSL
MOKET OBITh YJIOBICTBOPEHO TOJIBKO TPH YCIOBUH

pdedisl =CONSt, BrmonHeHNIO KOTOPOro CrOCO6-
CTBYET JOCTATOYHO BBICOKAA IJIOTHOCTH ITOJABUKHBIX

Jaucnokamyit Op,q ¥ JOCTaTOYHO OONBIIAs CKOPOCTh

UX JIBHOKCHUS Vdisl B TI0JI€ MPUJIOKEHHBIX Hampsike-
HUM.

Korna Ha3zBaHHOe yclIOBHE HapyIIAETCs, HAIPH-
Mep, U3-3a CHWKEHUSI MJIOTHOCTH MOJABMXKHBIX AUCIIO-

Kanui O),q HIM U3-3a TMAICHUS CKOPOCTH X JBIKE-

HUSI TIPM yMEHbLICHUH 3()()EeKTUBHOTO HANPSHKCHHS,
JCHCTBYIOIIETO HAa  JAWCIOKami0 ¢ O 10

1/2
o —Gb,Od npu AedOPMALIOHHOM YIPOYHEHUH,

TO JedopMupyeMas cpeia MOKeT 00ecleuuTh MOCTOo-
SIHCTBO CKOPOCTH Ae(opMaluu, HeoOXoguMoe UL Lie-
JIOCTHOCTH 00pa3ua, IOSBICHHEM IOMOJHUTEIEHOTO
BKJIaJIa B BEIMYUHY CKOPOCTH Ae(OpMAaLiH, KOTOPBIIA
MOJKET OBITH CO3AaH TOJBKO paboToit aud¢dy3moHHO-

M0JJOOHOTO WiIeHa Dg‘g &" B ypaBHeHUH (54).

Hanuumne Takoro uieHa B ypaBHEHHH CKOPOCTH
negopManuy, OYEBUIHO, CIIOCOOHO OOBSCHUTH HE
TOJIBKO TE€HEPALMI0 HOBBIX OYAaroB JIOKAJTM30BAHHOTO
[UIACTUYECKOro TeueHHs (POpMHUPOBAHHE aBTOBOJHBI
JIOKQJIM30BAHHON IUIACTHYHOCTH), HO M IOSIBICHHE B
nedopmupyemoit cpelie  MakpOCKOMHUYECKOrO Mac-

wra6a ~ /A, T0 ecTb, (POPMUPOBAHHE MAKPOCKOIMUE-
CKO# aBTOBOJIHBI JIOKIM30BAHHOM TIACTHIHOCTH OJI-
HOTO M3 BO3MOKHBIX THTIOB. [Ipe/icTaBisieTcs, 9To 5TOT
MEXAHU3M JIEXKHT B OCHOBE T'€Hepallii aBTOBOJIH JIOKa-
JIM30BAHHOM IJIACTUYHOCTH U SIBIISIETCS B [[OCTaTO‘IHOﬁ
Mepe 00IIuM.

Tab6nuna 3
KpuTnyeckne TOYKH 3aBHCHMOCTH MEXaHHYECKHX CBOICTB OT pa3Mepa 3epHa
XapakrepucTuka b

m-10%

BpemenHoe conpoTUBIIeHHE (TIPEEN TPOYHOCTH) O 15
- k.o

H3MeHeHNe HakIoOHa 3aBHcHMOcTH Xomna-Ileraa 0 = 0y +K; 1.0
Hcue3HoBeHME TUHENHBIX Y4aCTKOB HA KPUBOM 3aBUCUMOCTU O (5) >0.5
Wsmenenus koddduumentos sapucumoctu V,, =V, +Z/0 1.0-1.5
Iepeceuenne sapncumocteit V (6) u Vi (5) 0.1-0.15
CkopoCTh pacpOCTpaHEHHs YIbTPa3ByKa 0.1
MUHUMYM Ha JUCIIEPCHOHHON KPUBOMH @ ( k) 1.0-1.5
3aBUCHMOCTb JUTMHBI aBTOBOJIHBI OT pa3Mepa 3epHa 1(5 ) 2.5
3HaueHNs MHBAPUAHTHOTO COOTHOILICHUS JUISl KPYITHBIX M MEJIKUX 3€PEH 0.5
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Pucynox 8. Ckopocmu pacnpocmpanenus agmogont Kax ynkyus koddpuyuenma 0edpopmayuonto2o
ynpounenus (a) u pasmepa sepna (6): 1 - 0,005 <6 <0,15mm; 2- 0,15<6 <5 mm

5. 3akiroueHue

Pa3zBuBaemslii B 370 paboTe B3TsA Ha PoOIeMy
OTHCAaHMA TUIACTHICCKOH IeQopMamui TBEPABIX Tel
CTaBHT BO IJIaBY yTiIa MaKpOCKOMMYECKHUE (aBTOBOIHO-
BbIC) 3aKOHOMEPHOCTH pAa3BHUTHUS JIOKAIH30BAaHHOM
TUTACTHYECKON nedopmannu. B pamkax mpemioskeH-
HOr0 IMOAXO0Ja JIOKAIU3alus IUIACTUYHOCTH paccMart-
pHUBaeTcs Kak aTpUOYT IDIACTUIECKOTO TEYCHUS, CIIOH-
TaHHO BO3HMKAIOIIMY B PE3yJIbTATE YIIOPAIOUCHUS Jc-
¢dopmarionHol  (nedeKTHOH) CTPYKTYPBI  Cpelpl.
KpymHoMmacmitabHass ~ MpOCTPaHCTBEHHO-BPEMEHHAS
KapTUHA JIOKAJIW3AalMM — IAaTTEPH JIOKAJIU30BAHHOIO
IUIACTUYECKOTO TEYECHUS - POKIACTCI B XOAE CaMOOP-
ranuzanum aeopmMupyemoil cpeabl, To ecTh, oopeTe-
HUS €10 ONpeAeNieHHOro nopsanka. IlaTrepHsl nokanu-
3alMU OKa3bIBAIOTCS KOPPEIUPOBAHHBIMU CO CTAAUSAMHU
Je(OPMAIMOHHOTO YIIPOYHEHUS 1e(hOPMHUPYEMBIX Me-
TAIJIOB U ciuiaBoB. [Ipu aToM nmedopmupyemast cpena
paccMaTpuBaeTCcsl Kak OTKpBITask CUCTEMa, HBOJIIOLIUS
KOTOPOW KOHTPOJHMPYETCsl Kak COOCTBEHHBIM COCTOSI-
HHEM, TaK U PaBHOMEPHBIM IPUTOKOM D3HEPTHH OT
BHEILIHETO HArpy’Karwllero ycrpoictea. B pamkax Ta-
KOTO TIOAXOJa TEOopHus IUIACTUYHOCTH IpHOOpeTaeT
IIPABO ¥ BO3MOXHOCTH UCIIOJIb30BATh IIOHSTHS U allla-
paT CUHEPIeTUKU.

C noMoILbI0 CHHEPTeTUYECKUX NPEACTABIECHUN O
MPUPOJI€ BOBHUKHOBEHUS NOPSAJKA B OTKPBITBIX CHCTE-
Max pa3zpaboTaHa ABYXKOMIIOHEHTHAs MOJIENb JIOKAITH-
30BaHHOIr0 IUIACTUYECKOro TeueHus. B ee ocHoBe Jie-
JKUT TIPUYUHHAS CBSI3b ABYX MOICHCTEM JIeopMUpye-
MOIO Teja: »JJIEMEHTapHbIX aKTOB IIJJACTUYHOCTHU
pa3HOM NPUPOIBI U CUTHAJIOB aKyCTHUYECKOW SMUCCHUH,
BO3HHKAIOIIUX ITPH 3TOM. MaTemaTudeckas hoopma Mo-
JIeNN - YIPYTOIUIaCTUYECKUIA HHBApHUAHT AedopManun
— JTaeT BO3MOXXKHOCTH C(hOpMHUPOBATH HEMTPOTHBOPEUH-
BBII U JOCTaTOYHO HarjsAHBIA METOJ MaKpOCKOIIMYE-
CKOT0 OINKCaHMs SIBICHUS IJIACTUYECKOTO TEUEHUs.
DTOT METOJ IPUTO/IEH IS CiTydaeB AedopMaliy, pea-
JU3YIOLIUXCS 10 Pa3HBIM MEXaHU3MaM, BBINOIHIETCS
JUIS. MaTepuajoB pPa3HOH (HM3MKO-XMMHUYECKOH IpH-
POJBI ¥ IOATOMY MPEACTABIIAETCS B JOCTaTOYHOM Mepe
yHHMBepCcanbHBIM. MHOTrHe BaXKHble 3aKOHOMEPHOCTHU
TUTACTHYECKOTO TEYEHHUS HAIIUTA CBOE OOBSCHEHHE KaK
CJIEJICTBUS U3 YyNPYTOIUIaCTUYECKOIO0 HHBAPHAHTA.

Ha 6a3e 3T0if MOnenu ynanoch BBICTPOHUTH €IH-
HYI0 CUCTEMY B3IJIJI0B HA IPUPOLY MAKPOCKOIIUYECKU

JIOKAQJIM30BAHHOTO TUIACTHYECKOIO TeUCHMS, YUUThIBA-
IOLIYIO TaKKe CBOicTBa NeopMHUPYyEMBIX cpell, KaK UX
HEPaBHOBECHOCTh, HEIHWHEHHOCTh, AaKTHBHOCTH, IIa-
MSATh ¥ BO3MOXXHOCTB ITOTEPH YCTOHYHUBOCTH KPHCTAII-
JUYECKON pelIeTKH. Y TaI0Ch KOJIMYECTBEHHBIM 00pa-
30M OIUCATh MHOTOYPOBHEBBIN XapaKTep MPOIECCOB B
nepopmupyemoir cperne. IlpemmoskeHHOE oOmuUcaHue
OXBATHIBACT KPUCTALTHYECKYIO PEIICTKY, THCIOKAIU-
OHHBIM, ME30CKOIIMYECKUA U MaKpPOCKOIUYECKUI
YPOBHH IIpoIiecca, yCTaHAaBINBAasI KOJHMYECTBEHHOE CO-
OTHOIIICHHE MEXTy IPOCTPAHCTBEHHBIMU MacIITabaMu
JnedopMalMoOHHbBIX MPOLECCOB. BakHBIM M HHTEpec-
HBIM SIBJISETCS TOT ()aKT, YToO AehOPMHUPYEMBIid 00pa-
3ell B IpoIiecce MOHOTOHHOTO PACTSDKEHHS ¢ MOCTOSH-
HOW CKOPOCTBIO MOXKHO PacCMaTpUBATh KaK YHHUBEP-
CAJILHBI TEHEepaTop Pa3INYHBIX MOJ aBTOBOJIHOBBIX
rpoueccoB [26].

[IpuHIMIHANEHEIM CIIEICTBAEM TPEIIOKEHHOTO
MMOJIX0/a SIBUJIOCH BBIICIICHHUE B IDIACTHYECKU Aedop-
MHpPYEMOIl cpelie HOBOI'O THIA MaKPOCKOIIMYECKHX
JBIDKEHHH — aBTOBOJIH JIOKAJM30BAHHOTO IIJIACTHYE-
ckoro TeueHHd. Kak BBISICHEHO, OHH BO3HHKAIOT Ha
BCEX CTaJUsIX IJIACTHYECKOH Ae(OopMaliK U JTOJDKHBI
paccMaTpHBaThCS KaK MPOSBICHUS KOJIJIEKTUBHBIX 3(]-
(dexToB B pa3zBuTHU JedopManroHHO# (IedeKTHOM)
CTPYKTYpBI. THII aBTOBOJTHOBOW MOJIBI B Ie(OpMHpYe-
MO cpesie KOHTPOIHPYETCs Kak COOCTBEHHBIM COCTO-
SITHIEM CpeNbl, TaK W HEIPEPHIBHBIM IOCTYIUICHHEM
SHEPTHU OT HArPy’KAIOMIETO YCTPOWCTBa (HCIOJB3ye-
MOH HCHBITAaTeILHOW MamuHbl). B Takoi mocrtaHoBKe
HOBBII IMOIXOJ E€CTECTBEHHBIM 00pa3oM CTaHOBHTCS
4acThi0 MPOOJIEMAaTHKH TEOPHH HEPaBHOBECHBIX CH-
cTeM, oOpeTas mpaBa M BO3MOKHOCTH HCIIOJIb30BATh €€
(yHIaMeHTaIbHBIE TIOHTHS, HICHHBIM 1 MaTeMaTH4e-
CKHMH ammapathl A1 PelIeHns 3a/1a4 U MONCKa II00-
TBOPHBIX aHAJIOTHH C YK€ PeIICHHBIMH B IPyTUX 00Ja-
CTSIX 3HaHUS 3aaayamu [6, 7, 20]. DTa BO3MOXKHOCTH
MIPEJCTABISIETCS YPE3BbIUAIHO LEHHOHM ISl MOHMMa-
HUSI TIPUPOJBl (PU3NKM IUIACTHYHOCTH W BHIPaOOTKH
TIEPCIIEKTHB IS €€ 3((PEKTUBHOTO Pa3BUTHSI.

OueHb CyNIeCTBEHHO, YTO YAAJIOCh HAHTH (yHK-
LUOHAJIBHYIO CBSI3b Pa3BMBAEMOM aBTOBOIHOBOH TEO-
pUH TUIACTHYECKOH OeopMamuu ¢ BBICOKOPA3BUTON
JIMCTIOKAIMOHHOM Teopuel miacTuyHOCTH. Kak BbIsic-
HUJIOCh, TIOCIIEAHSASA SIBIISICTCS MPEICIBHBIM CIIydaeM
MEPBOIl I Cilydas MaibIX IUIOTHOCTEH ITOJBHIKHBIX
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mucnokanuii. Ctano SICHO, 4TO Ha3BaHHBIE TEOPUH SIB-
JSIOTCS HE KOHKYPHPYIOLINMH, @ B3aMMHO JOTOJTHH-
TENBHBIMU, 4YeM OOECIICYMBACTCS BO3MOXKHOCTH HC-
MOJIb30BAHUS MHOTOYHCIICHHBIX U BITOJHE KOPPEKTHBIX
B KOHKPETHBIX YCJIOBHUSX TUCIOKALMOHHBIX MOJenei
npu pa3paboTKe OOIIMX MEXaHU3MOB, KOHTPOIHUPYIO-
mmx (OPMHUPOBAHUE PA3IUYHBIX AKTHBHBIX aBTOBOJI-
HOBBIX MOJI JJOKaJTU30BaHHOM TNIACTUYHOCTH B MaTepU-
anax pa3Hoi MPHPOJBI U CTPYKTYPHL.

3a ronmpl METaIbHBIX WCCIICAOBAHUHA aBTOBOJIHO-
BbIE MIPEICTABICHUS O MPUPOJE TUIACTHIHOCTH BOITIO-
IUOHUPOBAIM OT Pa3pO3HEHHBIX OTAJOK O (opMme U
TIPUPOE aKTOB JIOKATM3AINH IIaCTHIeCcKoi nedopma-
i [10] 1o mokaszaTenbcTBa OOIIETO XapakTepa 3TOTo
(heHOMEHA W OTHICKAHHS €r0 TJIaBHBIX 3aKOHOMEPHO-
cteii [8, 9]. HakorieHHBIH 32 3TO BpeMs 00beM JaHHBIX
0 pealin3alkiax aBTOBOJIHOBBIX MEXaHU3MOB IJIaCTHYe-
CKO¥ tehopManuy MoATBEPIMI YHUBEPCATHHOCTh HO-
BOTO MMOJIX0/1a ¥ €r0 IPUMEHUMOCTh K aHanu3y nedop-
MAaIli MaTepHANIOB OO0 TPUPOABI B 00JaNar0IINX
mo0o# cTpykTypoi. B paMkax aBTOBOIHOBOTO IIOJ-
X0J1a HalnIa o0BsICHEHNE TPUPOAa HarmOoJee BaKHBIX
SBIICHUN, XapaKTEePHBIX IS MHOTOCTOPOHHETO 3¢-
(hekTa MIaCTUIECKOTO TCUCHUS.

MOo>HO cKa3aTh, 4TO pa3BHBaeMas (pU3UKa HEOH-
HOPOJHOIO IUIACTHYECKOro TeueHus ((usmka aBToO-
BOJTH JIOKAJIM30BAaHHOM MJIACTHYHOCTH) CETOTHS 3aHsIa
B KPYry (DH3UYCCKUX AUCIUILIUH MO3MIIAI0, KOTOPYIO
MOXXHO CUWTaTh aJeKBaTHOW Ba)XHOMY MeECTy, IO
MpaBy MpPUHAICKANEMY €l B COBOKYITHOCTU OOIIHMX
MPEICTaBICHUN O CTPOCHIH U CBOHCTBAX TBEPBIX T
pa3nmuaHoi nmpupoasl. C IpyToil CTOPOHBI, KaK HayKa O
CaMOIIPOM3BOIHLHOM (OPMHUPOBAHUU CTPYKTYp, Hu-
3WKa HEOAHOPOMHOW IUIACTHYHOCTH B TaKOH IocTa-
HOBKE BOIIJIA B ITEPEYCHb HanOOJIee aKTyaJbHBIX MPO-
OeM COBpeMEHHOW HayKH — MpoOJjeM CIIOHTAaHHOTO
BO3HUKHOBEHHS MOPSIKA B HEPABHOBECHBIX CUCTEMAX.

Paboma evinonnena @ pamxax 20cyoapcmeenno2o
sadanuss UOIIM CO PAH; mema Ne FWRW-2021-
0011.
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