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HISTORICAL SCIENCES 
 

TREATY OF BERLIN 1878 AND ITS CONSECUENCES FOR RUSSIA 
 

Iskenderov P.A. 

Senior researcher at the Institute of Slavic Studies of the Russian Academy of Sciences,  

candidate of historical sciences. M.A. in History from New York University 

 

Abstract 
The Congress of Berlin of 1878 was one of the most important event in modern European history. It opened 

a new chapter in the Balkan as well as in Europe as a whole. Russia was one of the principal international actors 

during that time. And decisions made in Berlin were of special importance for her. 

Keywords: Congress of Berlin, Treaty of Berlin, Russia, Balkan Peninsula, Balkan Wars, World War I. Aus-

tria-Hungary, Germany, Italy, Great Britain, France, Ottoman Empire, Far East, international relations 

 

Congress of Berlin of 1878 was one of the most 

important models in the context of international peace-

keeping. The Great Powers tried to solve Balkan prob-

lems using modern frames and principles for the first 

time. The history of the Treaty of Berlin was the mixed 

history of mutual successes and crucial mistakes. 

Treaty of Berlin sheltered from prying eyes bid-

ding negotiation and mutual concessions. The problem 

of Bulgaria understandably emerged in the center of 

discussions. That state in its "San Stefano" boundaries 

could become a regional ñheavyweightò. That was not 

in the interests not only of England and Austria-Hun-

gary but also of other Balkan countries. Athens, Bucha-

rest, and Belgrade reacted negatively to the terms of the 

San Stefano Preliminary Treaty between Russia and 

Ottoman Empire. Consequently, Russia risked to re-

main with a single (albeit powerful) ally but it the same 

time to gain in the Balkans hostile unit of Serbia, Ro-

mania and Greece. Just the same bloc 35 years later put 

Bulgaria to the brink of military disaster during the Sec-

ond Balkan war of 1913. The Great Powers took part in 

the Congress of Berlin ñfor the discussion of the stipu-

lations for the preliminary treaty concluded at San 

Stefano between Russia and Tukeyò ï the Colfax 

Chronicle wrote on June 15, 1878, and that was gener-

ally right. 

The Congress of Berlin constituted the interna-

tional forum who only testified previously achieved de-

cisions as a result of gigantic preparatory work. Each of 

the Great Powers were preparing by their own way. But 

all of them attached the same great importance to forth-

coming solutions, going far beyond the Balkan Penin-

sula. 

The immediate forerunner of the Treaty of Berlin 

can be considered English-Russian Memorandum 

signed in London on 30 may 1878. That document had 

to formalize the revision of the most controversial pro-

visions of the San Stefano Treaty extended the frontiers 

of the Bulgarian Principality. In exchange for this, and 

for the refusal of a number of territorial gains on the 

Caucasian front, Russia has secured the support of Eng-

land to the other provisions of the San Stefan. The final 

result of a complex game of British diplomacy was the 

acquisition by England of the right to occupy the stra-

tegically important island of Cyprus ï which was pro-

vided by secret Treaty of London with the Ottoman 

Empire on June 4, 1878. That document contained a 

provision about the British promotion to protect Otto-

man possessions in the Caucasus, but in the same time 

recognized the transfer to Russia of Batum, Ardagan 

and Kars. Agreement between Great Britain and Aus-

tro-Hungary fixed joint political line at the upcoming 

Congress of Berlin. It became the final document that 

determined the decisions adopted later in the capital of 

Germany. Both powers agreed to block Bulgarian ex-

pansion to the south of the Balkan mountains. In addi-

tion, Austria-Hungary has secured British support for 

her plans to occupy of Bosnia and Hercegovina. 

To prevent the emergence of the regional super-

power in the Balkans - that principle became key point 

to the vast majority of participants of Congress of Ber-

lin. And the Congress accomplished this task. Moreo-

ver, even after the Second Balkan war of 1913 the same 

Great Powers tried to moderate the excessive appetites 

of the victorious anti-Bulgarian Balkan allies. They 

were aware that peace and stability in the Balkans could 

be undermined by excessively increased and in the 

same time by humiliated countries and peoples. The 

role of Bulgaria in World War I has only confirmed this 

thesis. 

In this context one should agree with Russian dip-

lomatic representative to Montenegro N.A.Obnorsky 

who was totally against the very existence of powerful 

Balkan states. In February 1913 he prepared a diplo-

matic report entitled ñRussia and the Balkan Problemò. 

Obnorsky described two possibilities in the Balkans. 

First option ï creation of unique state of Bulgaria, Ser-

bia and Montenegro under the ñpatronageò of Russia. 

That option would be contrary to Russian interests be-

cause it can cause problems in multi-ethnic and multi-

confessional Russian Empire, stressed Obnorsky. Sec-

ond option ï weak Balkan states still preserve their con-

tradictions between each other but also under Russian 

ñpatronageò. Such option would be better for Russia, 

according above-mentioned diplomat. Obnorsky 

thought dangerous collapse of the ñstatus quoò in the 

Balkans, because ñGreater Bulgariaò or ñGreater Ser-

biaò will be Russiaôs regional rivals. 

Obnorskyôs points of view were challenged by 

Russian Vice-Consul in Vlora and representative in the 

International Commission for Albania A.M.Petryaev ï 

who supported creation of united Yugoslav state in-

cluding Serbian areas of Austria-Hungary. Such a state 
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could be populated by 14 million people and possess 

Adriatic Sea harbors.  

One should agree that among the Great Powers 

Russia for a long time was a supporter of integrity of 

Ottoman Empire. As The New York Herald rightly 

wrote on July 12, 1878, Russian emperor Nicholas I in 

the 1850s ñstated clearly his own opinions of the con-

dition of the Ottoman Empire and of the necessity the 

great Powers were under of providing against the event 

of its actual collapseò. 

Treaty of Berlin was actually the first document in 

the diplomatic history of the world prescribed interna-

tional legal support for the rights of national minorities 

providing creation a number of national independent 

states in the Balkans. Article 44 of the Treaty of Berlin 

directly obliged Romania to ensure equal rights to the 

Jews. That was directly related to the ñJewish ques-

tionò, which was and still is considered particularly rel-

evant for the Balkans. 

It should be stressed that the weakness and incon-

sistency of the decisions of the Berlin Congress, in turn, 

was a consequence of attempts to draw on the Balkans 

balanced picture ï including the definition of bounda-

ries. The Balkans is one of the classic regions of the 

world where borders drawn on the basis of ethnic prin-

ciple, cannot solve the ethnic problems, but only estab-

lish new ñtime bombsò. After all, these ethnic bounda-

ries are very often arbitrary. The does not take into ac-

count ethnic ñoverlappingò, complex process of ethno-

genesis and existing the nations divided by internal and 

external natural, political, economic, ethnic and reli-

gious boundaries and other lines. 

From this point of view the Congress of Berlin was 

an example of artificial and conscious ñBalkanization 

from aboveò when from one Bulgaria two Bulgarian 

states were made and their boundaries are artificially 

narrowed at the expense of Macedonian land; when 

Serbian ethnicity were divided to three parts; when na-

tional-state integration aspirations of the Albanians 

were not taken into account at all.  

As a result of above-mentioned attitudes, ap-

proaches and speculations the Great Powers made in 

the Balkans a mosaic of independent, self-contained, 

occupied and other states, territories, provinces and re-

gions. Simultaneously - in the best traditions of geopol-

itics - they took care of keeping intact the ñHoly of ho-

liesò - the transport routes. The main water artery ï the 

Danube ï was declared neutral and free to shipping. 

The passage of warships through the Black Sea Straits 

were still forbidden, and even passed on to Russia port 

of Batum has received the status of Porto Franco (free 

shopping haven) and was to be used exclusively by 

merchant ships. 

Congress of Berlin also became a starting point for 

growing American interests in the Balkans. Initially US 

policy in the Balkans ñto some extent proceeded from 

similar assumptions and principles associated with 

ñSplendid Isolationò of Great Britainò. However, by the 

beginning of the World War I, the Balkan direction in 

American foreign policy began to acquire self-im-

portance. 

After Congress of Berlin Balkan countries had to 

use all their efforts in the filed of economic develop-

ment of acquired territories. They had to overcome fi-

nancial-economic impact of the three-year international 

crisis, to find solutions for accumulated political issues 

and new transnational disputes. Serbian government 

called that ñconsolidation of military conquestò. But 

those problems still are not solved till today. 

Two powers who did not take part in actual hostil-

ities ï Great Britain and especially Austria-Hungary ï 

have acquired main benefits ï including territorial ones 

ï from the Balkan crisis. Habsburg Monarchy were 

able to catch very important strategic provinces - Bos-

nia and Herzegovina and Sancak of Novi Pazar. She 

also got permission to keep military garrisons and to 

construct railways and other objects of military and ci-

vilian infrastructure. In 1914 Austro-Hungarian expan-

sion towards the Balkans became one of the roots of 

World War I. 

The rise of Hungarian nationalism also was the di-

rect result of occupation of Bosnia and Hercegovina by 

Austria-Hungary. Slav elements had to disturb the equi-

librium between the Magyars and the others. the French 

diplomat Melchior de Vog¿® wrote on October 10, 

1878: 

ñParticularly in Hungary the dissatisfaction 

caused by this 'adventure' has reached the gravest pro-

portions, prompted by that strong conservative instinct 

which animates the Magyar race and is the secret of its 

destinies. This vigorous and exclusive instinct explains 

the historical phenomenon of an isolated group, small 

in numbers yet dominating a country inhabited by a ma-

jority of peoples of different races and conflicting aspi-

rations, and playing a role in European affairs out of all 

proportions to its numerical importance or intellectual 

culture. This instinct is today awakened and gives 

warning that it feels the occupation of Bosnia-Herze-

govina to be a menace which, by introducing fresh Slav 

elements into the Hungarian political organism and 

providing a wider field and further recruitment of the 

Croat opposition, would upset the unstable equilibrium 

in which the Magyar domination is poisedò. 

In the same time 1878-1914 were the years of the 

economic rising of Germany as well as the USA ï and 

simultaneous ñsunsetò of Britain. In 1880 British indus-

try production composed 28% of the world one, Ger-

man ï 13% and American ï 28%. Already in 1900 the 

figures become different: England ï 18%, Germany ï 

16%, the USA ï 31%. 

But in 1878 the Great Powers did not take into ac-

count such horrific scenarios. They started to form their 

own political and military blocks. Franco-Russian mil-

itary alliance formed in 1892 was one of them. It for-

mally had defensive character as an answer to Triple 

Alliance. But one should agree that just such alliance 

caused negative consequences for Russia. 

First of all, Russia felt herself free for expansion 

in the Far East. Franco-Russian alliance in fact ñhas un-

tied Russian leadersô hands for expansionist politics in 

the Far East that finally ended with the tragedy of 

Russo-Japan War of 1904-1905ò.  

By that time Great Britain concluded an agreement 

with Japan. That document has a goal among others to 
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prevent Russian warships to go through Black Sea 

Straits to Pacific. Japanese diplomatic representative in 

London asked Britain Foreign Minister Sir Henry 

Charles Keith Petty-FitzMaurice about possible reac-

tion to Russian fleet activities in the Straits - and re-

ceived the answer that there is no any signs of such op-

portunity. 

First Russian Revolution of 1905 was also an in-

direct result of Franco-Russian military alliance. 

The principal decision about re-orientation of Rus-

sian foreign policy from the Balkans to the East was 

made in the middle of 1890s by Foreign Minister 

A.B.Lobanov-Rostovsky. He declared that ñwe have to 

put the Balkans under a ñglass capò till we solve much 

more urgent issuesò. Those issues he saw in the Far East 

ï like Minister of Finance S.Y.Vitte, author of the pro-

ject of Trans-Siberian railway. Russiaôs ñEastern 

Courseò demanded to keep good relations with Otto-

man Empire and to block any attempt to separate her. 

And that course was actual till the Russo-Japan War of 

1904-1905. 

Secondly, Saint Petersburg had to take into ac-

count French attitudes towards the Balkans ï and that 

attitudes were quite far from Russian interests. Namely 

Paris tried to keep distance from the Balkan issues and 

stressed the necessity to preserve ñsustainable Turkeyò. 

Such contradictions were possible visible during the 

Balkan Wars of 1912-13. In 1914 Russia by herself 

tried to improve the relations with Turkey. Minister of 

Foreign Affaires S.D.Sazonov stressed in his report to 

Russian parliament (Gosudarstvennaya Duma) that 

Russia seeks to develop ñneighborly relationshipò with 

Turkey that could secure stability in the Black Sea, in 

the Middle East as well as in the Balkans. Sazonovôs 

speech received quite positive reaction in Istanbul ï but 

generally Turkey had already drifted towards Germany 

and Triple Alliance. 

Thirdly, France used agreement with Russia for 

colonial expansion in Madagascar and Tropical Africa 

ï and that was one of the main causes of World War I. 

Fourthly, Balkan states started to look for alliances 

in achieving their own political and ï especially ï ex-

pansionist goals. Political influence beyond the Euro-

pean borders also became under discussion. Future Yu-

goslaviaôs role in the Non-aligned movement to a very 

significant extent was the result of the processes in Eu-

rope in 1878-1914.  

Fifthly, the Great Powers almost failed to create 

workable conditions for economic development in the 

Balkans as a key mean to promote regional stability. 

Moreover, just in the Balkans such attempts usually 

meet with serious obstacles and contradict with the 

well-known theory of S.Lipset about economic devel-

opment as a key way to establish and reinforce democ-

racy.  

A.J.P.Taylor was to some extent right when wrote: 

ñIf the treaty of San Stefano had been maintained, both 

the Ottoman Empire and Austria-Hungary might have 

survived to the present day. The British, except for Bea-

consfield in his wilder moments, had expected less and 

were, therefore, less disappointed. Salisbury wrote at 

the end of 1878: "We shall set up a rickety sort of Turk-

ish rule again south of the Balkans. But it is a mere res-

pite. There is no vitality left in themò. 

But history cannot be repeated. ñBalkan knotò be-

came very important factor of the international rela-

tions in Europe be the 1910s. In 1912 and 1913 Austro-

Serbian contradictions on Albanian issues twice threat-

ened peace in Europe. And in 1914 Balkan shots finally 

provoked a great war. Peace keeping in the terms of the 

Congress of Berlin definitively failed. 
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LATE ANTIQUITY AND CHALLENGES OF THE MODERN EUROPEAN SOCIETY 
 

Vascheva I.Yu. 

associate professor of NNSU after N.I. Lobachevskiy (Nizhny Novgorod) 

 

ɸʥʥʦʪʘʮʠʷ 
ʉʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʢʦʥʮʝʧʮʠʠ ʧʦʟʜʥʝʡ ʘʥʪʠʯʥʦʩʪʠ ʚ ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʦʡ ʠʩʪʦʨʠʦʛʨʘ-

ʬʠʠ ʠ ʜʘʣʴʥʝʡʰʠʝ ʝʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʝʚʨʦʧʝʡʩʢʦʤ ʦʙʱʝʩʪʚʝ. ɸʢʮʝʥʪʠʨʫʝʪʩʷ ʩʚʷʟʴ ʥʦʚʳʭ ʠʩ-

ʪʦʨʠʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠ ʢʦʥʮʝʧʮʠʡ ʩ ʧʨʦʙʣʝʤʘʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʝʚʨʦʧʝʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ. ʉʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʩʪʘʚʠʪʩʷ ʚʦʧʨʦʩ ʦ ʜʘʣʴʥʝʡʰʝʡ ʩʫʜʴʙʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ 

ʚ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ, ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʚʳʟʦʚʦʚ ʠ ʧʨʦʙʣʝʤ. 

Abstract 
The article consider the origin of the concept of Late Antiquity in the modern Western European historiog-

raphy and its further perspectives in a present-day European society. An emphasis on some associations between 

new historiographic approaches and concepts and pressing issues of up-to-date European society is made. So in 

accordance with drastic changing of political situation in Western Europe, raising of new challenges and problems 

a question of this concept's future is under debate. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʟʜʥʷʷ ʘʥʪʠʯʥʦʩʪʴ, ʧʦʣʠʵʪʥʠʯʥʦʩʪʴ, ʧʦʣʠʢʦʥʬʝʩʩʠʦʥʘʣʴʥʦʩʪʴ, ʤʫʣʴʪʠʢʫʣʴʪʫʨʘ-

ʣʠʟʤ, ʠʥʪʝʛʨʘʮʠʷ, ʜʠʘʣʦʛ ʢʫʣʴʪʫʨ 

Keywords: late antiquity, poliethnicity, multi-religious civilization, multiculturality, integration, cultural di-

alog 

 

ʇʝʨʠʦʜ, ʦʪʜʝʣʷʶʱʠʡ ʵʧʦʭʫ ʚʳʩʦʢʦʡ ʘʥʪʠʯʥʦ-

ʩʪʠ ʦʪ çʪʝʤʥʦʛʦè ʩʨʝʜʥʝʚʝʢʦʚʴʷ ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʦʞʘʣʫʡ, ʩʘʤʳʤ ʩʣʦʞʥʳʤ ʠ ʦʙʩʫʞ-

ʜʘʝʤʳʤ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʠʩʪʦʨʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʧʝʨʠʦʜʦʤ ʥʝ ʪʦʣʴʢʦ ʘʥʪʠʯʥʦʡ, ʥʦ ʠ ʚʩʝʤʠʨʥʦʡ ʠʩ-

ʪʦʨʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʦʜʥʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʘʟʳʚʘʶʪ ʝʛʦ 

çʧʝʨʠʦʜʦʤ ʧʦʟʜʥʝʡ ʈʠʤʩʢʦʡ ʠʤʧʝʨʠʠè, ʜʨʫʛʠʝ ï 

çʨʘʥʥʠʤ ʩʨʝʜʥʝʚʝʢʦʚʴʝʤè, ʪʨʝʪʴʠ ï çʨʘʥʥʝʚʠʟʘʥ-

ʪʠʡʩʢʠʤè ʠʣʠ çʧʨʦʪʦʚʠʟʘʥʪʠʡʩʢʠʤè ʧʝʨʠʦʜʦʤ. 

ʅʘʢʦʥʝʮ, ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʠʥʦʩʪʨʘʥʥʦʡ 

ʠʩʪʦʨʠʦʛʨʘʬʠʠ ʚʦʟʦʙʣʘʜʘʣʘ ʪʝʥʜʝʥʮʠʷ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʜʘʥʥʳʡ ʧʝʨʠʦʜ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʵʧʦʭʫ ï 

çʵʧʦʭʫ ʧʦʟʜʥʝʡ ʘʥʪʠʯʥʦʩʪʠè (Late Antiquity).  

ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʝʡ ʢ ʜʘʥʥʦʡ ʵʧʦʭʝ ʥʝ ʩʣʫʯʘʝʥ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦʪ 

ʧʝʨʠʦʜ ʫʞʝ ʩʘʤ ʧʦ ʩʝʙʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʯʝʥʴ ʩʣʦʞ-

ʥʦʝ ʚʨʝʤʷ, ʵʧʦʭʫ ʢʘʨʜʠʥʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʪʨʘʥʩ-

ʬʦʨʤʘʮʠʡ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ. ʉ ʵʪʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʟʜʥʷʷ ʘʥʪʠʯʥʦʩʪʴ ʜʘʝʪ ʧʨʝʢʨʘʩʥʳʡ 

ʧʨʠʤʝʨ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʙʱʝʩʪʚʘ ʚ ʤʝʥʷʶʱʝʤʩʷ 

ʤʠʨʝ, - ʧʨʦʙʣʝʤʳ, ʩʪʦʣʴ ʘʢʪʫʘʣʴʥʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʈʦʩʩʠʠ ʠ ɽʚʨʦʧʝ.  

ɺʦ-ʚʪʦʨʳʭ, ʠʟʫʯʝʥʠʝ ʧʦʟʜʥʝʘʥʪʠʯʥʦʛʦ ʤʠʨʘ 

ʦʪʢʨʳʚʘʝʪ ʧʝʨʝʜ ʩʦʚʨʝʤʝʥʥʳʤ ʝʚʨʦʧʝʡʩʢʠʤ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʝʤ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʥʝ ʪʦʣʴʢʦ ʚ ʥʘʫʯʥʦʤ, 

ʥʦ ʠ ʚ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʤ ʧʣʘʥʝ. ʇʦʟʜʥʝ-

ʘʥʪʠʯʥʳʡ ʤʠʨ, ʧʦʥʠʤʘʝʤʳʡ ʰʠʨʦʢʦ, ʢʘʢ ʝʜʠʥʳʡ 

ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʠʡ ʤʠʨ ʧʦʟʜʥʝʡ ʘʥʪʠʯʥʦʩʪʠ ʦʪ 

ʀʩʧʘʥʠʠ ʥʘ ɿʘʧʘʜʝ ʜʦ ʉʠʨʠʠ ʥʘ ɺʦʩʪʦʢʝ, ʜʘʝʪ ʧʨʠ-

ʤʝʨ ʩʣʦʞʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʧʨʠʤʝʨ ʠʥʪʝʛʨʘʮʠʠ ʨʘʟ-

ʥʳʭ ʥʘʨʦʜʦʚ ʩ ʩʦʙʩʪʚʝʥʥʳʤ ʫʨʦʚʥʝʤ ʨʘʟʚʠʪʠʷ, ʩ 

ʩʦʙʩʪʚʝʥʥʦʡ ʩʘʤʦʙʳʪʥʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʪʨʘʜʠʮʠʷʤʠ 

ʚ ʝʜʠʥʦʝ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, 

ʧʨʠʤʝʨ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʛʦ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʩʫ-

ʱʝʩʪʚʦʚʘʥʠʷ ʵʪʦʡ ʩʣʦʞʥʦʡ ʩʘʤʦʨʝʛʫʣʠʨʫʶʱʝʡʩʷ 

ʩʠʩʪʝʤʳ. ʇʦʣʠʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʢʦʥʮʘ XX ï ʩʘ-

ʤʦʛʦ ʥʘʯʘʣʘ XXI ʚʚ., ʢʦʛʜʘ ʚ ɽʚʨʦʧʝ ʘʢʪʠʚʠʟʠʨʦʚʘ-

ʣʠʩʴ ʠʥʪʝʛʨʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʢʦʛʜʘ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʝ ʛʨʘʥʠʮʳ, ʢʦʥʬʝʩʩʠʦʥʘʣʴʥʳʝ ʠ ʢʫʣʴʪʫʨ-

ʥʳʝ ʙʘʨʴʝʨʳ ʢʘʟʘʣʠʩʴ ʥʝ ʩʪʦʣʴ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʠ 

ʥʝʧʨʝʦʜʦʣʠʤʳʤʠ, ʧʦʜʪʦʣʢʥʫʣʘ ʢ ʠʟʫʯʝʥʠʶ ʨʝʣʠʛʠ-

ʦʟʥʦʡ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ, ʩʦʮʠʘʣʴʥʦʡ ʠ ʢʫʣʴʪʫʨʥʦʡ 

ʠʥʪʝʛʨʘʮʠʠ ʚ ʧʝʨʠʦʜ ʇʦʟʜʥʝʡ ʘʥʪʠʯʥʦʩʪʠ. ʉʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙ-

ʨʝʣʠ ʥʝ ʪʦʣʴʢʦ ʬʠʢʩʘʮʠʷ ʩʘʤʦʛʦ ʬʘʢʪʘ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʷ ʪʘʢʦʛʦ ʧʦʣʠʵʪʥʠʯʥʦʛʦ ʠ ʧʦʣʠʢʦʥʬʝʩʩʠʦʥʘʣʴ-

ʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʥʦ ʠ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʝʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʬʘʢʪʦʨʦʚ ʠʥʪʝʛʨʘʮʠʠ ʠ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ɽʚʨʦʧʳ 

ʵʪʠ ʧʨʠʤʝʨʳ ʩʣʦʞʥʳʭ ʦʙʱʝʩʪʚ, ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʚ 

ʠʩʪʦʨʠʠ, ʩʪʘʣʠ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳ ʠ ʚʘʞʥʳ, ʫʯʠ-

ʪʳʚʘʷ ʧʦʣʠʪʠʯʝʩʢʠʝ ʠ ʨʝʣʠʛʠʦʟʥʳʡ ʧʨʦʮʝʩʩʳ ʧʦ-

ʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. 

ʂʦʥʮʝʧʮʠʷ ʧʦʟʜʥʝʡ ʘʥʪʠʯʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥ-

ʥʘʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʠʩʪʦʨʠʦʛʨʘʬʠʠ 

(ʇ. ɹʨʘʫʥ, ɻ. ɹʘʫʵʨʩʦʢ, ɸ. ʂʵʤʝʨʦʥ ʠ ʜʨ.) [7-8, 9-14, 

17-18, 22] ʚʦ ʤʥʦʛʦʤ ʠʟʤʝʥʠʣʘ ʠ ʥʘʫʯʥʫʶ ʧʘʨʘ-

ʜʠʛʤʫ ʝʚʨʦʧʝʡʩʢʦʛʦ ʟʥʘʥʠʷ. ɺ ʥʦʚʫʶ ʧʦʣʠʪʠʯʝ-

ʩʢʫʶ ʠ ʥʘʫʯʥʫʶ ʩʠʪʫʘʮʠʶ ʫʞʝ ʥʝ ʚʧʠʩʳʚʘʝʪʩʷ ʪʨʘ-

ʜʠʮʠʦʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʘʨʚʘʨʩʢʦʤ ʟʘʚʦʝʚʘ-

ʥʠʠ, ʚʪʦʨʞʝʥʠʠ ʚʘʨʚʘʨʦʚ ʠ ʧʘʜʝʥʠʠ ʈʠʤʩʢʦʡ 

ʠʤʧʝʨʠʠ, ʘ ʚʤʝʩʪʝ ʩ ʥʝʡ ï ʠ ʢʨʫʰʝʥʠʠ ʚʩʝʛʦ ʘʥʪʠʯ-

ʥʦʛʦ ʤʠʨʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʢʘʢ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʚʦʝʛʦ ʚʨʝʤʝʥʠ, ʩʪʘʣʠ ʦʪʭʦʜʠʪʴ ʦʪ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʦʣʠʪʠʯʝʩʢʠʭ, ʨʝʣʠʛʠʦʟʥʳʭ ʠ ʜʨ. 

ʢʦʥʬʣʠʢʪʦʚ, ʛʣʦʙʘʣʴʥʦʛʦ ʩʣʦʤʘ ʠ ʨʘʟʨʳʚʘ, ʠ ʥʘʯʘʣʠ 

ʤʳʩʣʠʪʴ ʫʞʝ ʠʥʳʤʠ ʢʘʪʝʛʦʨʠʷʤʠ ï ʢʘʪʝʛʦʨʠʷʤʠ 
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ʢʦʥʪʠʥʫʠʪʝʪʘ, ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʠʜʝʷʤʠ ʧʦʣʠʢʫʣʴ-

ʪʫʨʥʦʛʦ ʠ ʧʦʣʠʢʦʥʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʚʩʝ-

ʦʙʱʝʡ ʠʥʪʝʛʨʘʮʠʠ. ʇʦʷʚʣʝʥʠʝ ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ ʚ 

ʘʥʛʣʦ-ʘʤʝʨʠʢʘʥʩʢʦʡ ʠʩʪʦʨʠʯʝʩʢʦʡ ʥʘʫʢʝ, ʘ ʟʘʪʝʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʝʝ ʚ ʤʠʨʦʚʦʡ ʥʘʫʢʝ [1-2;5] ʧʨʠ-

ʚʝʣʦ ʢ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʤʥʦʛʠʭ ʧʨʠʥʷʪʳʭ ʠ ʫʩʪʦʷʚ-

ʰʠʭʩʷ ʦʮʝʥʦʢ ʜʘʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʕʧʦʭʫ IV ï VII  ʚʝ-

ʢʦʚ ʪʝʧʝʨʴ ʚʩʝ ʙʦʣʴʰʝ ʩʪʘʣʠ ʚʦʩʧʨʠʥʠʤʘʪʴ ʥʝ ʢʘʢ 

ʫʧʘʜʦʢ ʠ ʨʘʟʣʦʞʝʥʠʝ ʪʨʘʜʠʮʠʡ ʘʥʪʠʯʥʦʛʦ ʤʠʨʘ ʠʣʠ 

ʵʧʦʭʫ ʩʤʫʪ ʠ ʚʘʨʚʘʨʩʢʠʭ ʧʝʨʝʩʝʣʝʥʠʡ, ʥʦ ʢʘʢ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʳʡ ʤʠʨ, ʙʦʛʘʪʳʡ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʡ, ʧʦʣ-

ʥʳʡ ʩʧʝʮʠʬʠʢʠ ʠ ʦʩʪʘʚʠʚʰʠʡ ʤʠʨʫ ʦʛʨʦʤʥʦʝ 

ʥʘʩʣʝʜʩʪʚʦ.  

ʈʘʙʦʪʳ ʇʠʪʝʨʘ ɹʨʘʫʥʘ [9-14; 3-4], ʧʦʷʚʠʚʰʠ-

ʝʩʷ ʚ ʥʘʯʘʣʝ 70-ʭ ʛʛ. XX ʚʝʢʘ, ʧʨʝʜʩʪʘʚʠʣʠ ʯʠʪʘ-

ʪʝʣʶ ʥʝʦʞʠʜʘʥʥʫʶ ʠ ʧʦʪʨʷʩʘʶʱʫʶ ʧʘʥʦʨʘʤʫ ʩʦ-

ʚʝʨʰʝʥʥʦ ʠʥʦʛʦ ʤʠʨʘ ʩʦ II  ʧʦ VII ʚʝʢ [15, 18, 19] ʠ 

ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʭʚʘʪʳʚʘʶʱʝʤ ʭʨʠ-

ʩʪʠʘʥʩʢʫʶ ʦʡʢʫʤʝʥʫ ʦʪ ʟʘʧʘʜʥʳʭ ʧʨʦʚʠʥʮʠʡ ʜʦ ʉʘ-

ʩʘʥʠʜʩʢʦʛʦ ʀʨʘʥʘ. ʕʪʦ ʙʳʣʘ ʥʝ ʧʨʠʚʳʯʥʘʷ ʢʘʨʪʠʥʘ 

ʫʧʘʜʢʘ çʢʣʘʩʩʠʯʝʩʢʦʡ ʘʥʪʠʯʥʦʩʪʠè, ʨʘʟʣʦʞʝʥʠʷ 

ʧʨʝʞʥʠʭ ʪʨʘʜʠʮʠʡ ʠ ʦʪʥʦʰʝʥʠʡ, ʥʦ ʥʘʧʨʦʪʠʚ, 

ʚʨʝʤʷ ʥʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʢʘʨʜʠʥʘʣʴʥʳʭ ʠʟʤʝ-

ʥʝʥʠʡ, ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʪʚʦʨʯʝʩʪʚʘ, ʯʪʦ ʥʘʰʣʦ ʦʪʨʘ-

ʞʝʥʠʝ ʚ ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʛʘʪʦʡ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʣʠ-

ʪʝʨʘʪʫʨʥʦʡ ʪʨʘʜʠʮʠʠ, ʧʨʦʠʟʚʝʜʝʥʠʷʭ ʠʩʢʫʩʩʪʚʘ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʪ.ʜ. ɹʦʣʝʝ ʪʦʛʦ, ʧʝʨʝʜ ʯʠʪʘʪʝʣʝʤ 

ʧʨʝʜʩʪʘʚʘʣʘ ʥʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʍʨʠʩʪʠʘʥʩʢʘʷ ʠʤ-

ʧʝʨʠʷ, ʥʦ ʦʯʝʥʴ ʥʝʦʜʥʦʨʦʜʥʦʝ ʠ ʧʦʣʠʢʦʥʬʝʩʩʠʦ-

ʥʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʥʘʨʷʜʫ ʩ ʭʨʠʩʪʠʘʥ-

ʩʪʚʦʤ ʦʜʠʥʘʢʦʚʦ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʣʠ ʥʝʦʧʣʘʪʦ-

ʥʠʟʤ, ʩʪʘʨʳʝ ʷʟʳʯʝʩʢʠʝ ʘʥʪʠʯʥʳʝ ʢʫʣʴʪʳ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʨʘʟʣʠʯʥʳʝ ʨʝʣʠʛʠʦʟʥʳʝ ʧʨʘʢʪʠʢʠ, 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʥʘ ʚʦʩʪʦʯʥʳʭ ʛʨʘʥʠʮʘʭ 

ʠʤʧʝʨʠʠ, ʠ ʜʘʞʝ ʨʘʥʥʠʡ ʠʩʣʘʤ [6]. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʘʥʛʣʦ-ʘʤʝʨʠʢʘʥʩʢʘʷ, ʘ ʟʘʪʝʤ ʠ 

ʤʠʨʦʚʘʷ ʥʘʫʢʘ, ʦʯʘʨʦʚʘʥʥʳʝ ʙʦʛʘʪʩʪʚʦʤ ʠ ʤʥʦʛʦ-

ʛʨʘʥʥʦʩʪʴʶ ʢʫʣʴʪʫʨʳ ʧʦʟʜʥʝʘʥʪʠʯʥʦʛʦ ʤʠʨʘ, ʨʝʣʠ-

ʛʠʦʟʥʳʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʠ ʪʦʣʝʨʘʥʪʥʦʩʪʴʶ, ʟʘʨʦʞ-

ʜʝʥʠʝʤ ʥʦʚʳʭ ʫʩʪʦʝʚ, ʫʚʠʜʝʣʘ ʚ ʵʪʦʤ ʧʝʨʠʦʜʝ ʤʠ-

ʨʦʚʦʡ ʠʩʪʦʨʠʠ ʤʘʩʩʫ ʘʥʘʣʦʛʠʡ ʩʦʚʨʝʤʝʥʥʦʤʫ 

ʩʦʩʪʦʷʥʠʶ ʩʘʤʦʛʦ ʝʚʨʦʧʝʡʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʠ ʝʛʦ 

ʠʟʫʯʝʥʠʝ ʧʨʠʦʙʨʝʣʦ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʦʠʩʢʘ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʨʘʟʨʝʰʝʥʠʷ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʧʨʦʙʣʝʤ ɽʚʨʦʧʝʡʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʧʦʠʩʢʘ 

ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ.  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʘʟʤʳʪʦʩʪʴ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ-

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʨʘʥʠʮ ʥʘ ʚʩʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʦʟʜʥʝʘʥʪʠʯʥʦʛʦ ʤʠʨʘ ʠ ʦʱʫʱʝʥʠʝ ʝʜʠʥʩʪʚʘ ʭʨʠ-

ʩʪʠʘʥʩʢʦʡ ʦʡʢʫʤʝʥʳ ʥʝ ʤʝʰʘʣʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠ 

ʨʘʟʚʠʪʠʶ çʥʘʮʠʦʥʘʣʴʥʳʭè ʛʦʩʫʜʘʨʩʪʚ. ʂ ʧʨʠʤʝʨʫ, 

ʩʪʘʥʦʚʣʝʥʠʝ ʘʨʤʷʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʩʪʠ ʠ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʯʫʚʩʪʚʘ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʩʘʤʦʩʦʟʥʘʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʜʨʘʭ ʦʙʱʝʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʧʘ-

ʨʘʜʠʛʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʠ ʬʘʢʪʦʨʦʤ 

ʨʘʟʚʠʪʠʷ ʢʦʪʦʨʦʡ ʙʳʣʦ ʭʨʠʩʪʠʘʥʩʪʚʦ. ʉʠʨʠʷ ʥʝ ʪʝ-

ʨʷʣʘ ʩʚʦʝʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʣʠʮʘ ʠ ʚ 

ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʘ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʭʨʠʩʪʠʘʥʩʢʦʡ ʦʡ-

ʢʫʤʝʥʳ. 

ʇʦʣʠʵʪʥʠʯʥʦʩʪʴ [20] ʠ ʧʦʣʠʢʦʥʬʝʩʩʠʦʥʘʣʴ-

ʥʦʩʪʴ ʤʠʨʘ ʇʦʟʜʥʝʡ ʘʥʪʠʯʥʦʩʪʠ, ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʥʳʤ ʨʝʣʠʛʠʦʟʥʳʤ ʫʯʝʥʠʷʤ [21-

31], ʘʢʪʠʚʥʳʝ ʤʠʛʨʘʮʠʠ ʠʜʝʡ ʠ ʘʚʪʦʨʦʚ ʦʪ ʀʩʧʘʥʠʠ 

ʜʦ ʉʠʨʠʠ, ʘ ʪʘʢʞʝ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʙʳʪʦʚʘʥʠʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʨʘʟʥʳʭ ʷʟʳʢʦʚ ʥʘ ʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʝ 

ʨʘʟʨʫʰʘʣʠ ʝʜʠʥʩʪʚʘ ʧʦʟʜʥʝʘʥʪʠʯʥʦʛʦ ʤʠʨʘ, ʥʦ, 

ʥʘʧʨʦʪʠʚ, ʦʙʦʛʘʱʘʣʠ ʝʛʦ ʢʫʣʴʪʫʨʫ, ʩʢʨʝʧʣʷʣʠ ʝʛʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʩʚʷʟʷʤʠ, ʧʨʠʜʘ-

ʚʘʣʠ ʩʭʦʜʩʪʚʦ ʪʝʥʜʝʥʮʠʡ ʢʫʣʴʪʫʨʥʦʛʦ, ʨʝʣʠʛʠʦʟ-

ʥʦʛʦ, ʩʦʮʠʘʣʴʥʦʛʦ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘ 

ʦʛʨʦʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʭʨʠʩʪʠʘʥʩʢʦʡ ʦʡʢʫʤʝʥʳ 

ʚʧʣʦʪʴ ʜʦ VIII  ʚʝʢʘ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʦʙʱʥʦʩʪʠ ʤʝʥʪʘʣʴʥʳʭ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, 

ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʚʘʣʠ ʝʜʠʥʦʝ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦ-

ʨʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ.  

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʠʩʪʦʨʠʦʛʨʘ-

ʬʠʷ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʢʠʡ ʦʙʱʠʡ ʚʟʛʣʷʜ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʛʦ ʤʠʨʘ ʚ ʧʦʟʜʥʝʥʘʥ-

ʪʠʯʥʫʶ ʵʧʦʭʫ ʩ ʧʨʠʟʥʘʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʵʪʦ ʙʳʣ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦ ʧʦʣʠʢʫʣʴʪʫʨʥʳʡ, ʧʦʣʠʢʦʥʬʝʩʩʠʦʥʘʣʴ-

ʥʳʡ ʠ ʧʦʣʠʵʪʥʠʯʥʳʡ ʤʠʨ, ʥʦ ʫʜʝʣʷʝʪ ʦʛʨʦʤʥʦʝ 

ʚʥʠʤʘʥʠʝ ʠʟʫʯʝʥʠʶ ʠʤʝʥʥʦ ʥʝʛʨʝʯʝʩʢʠʭ ʢʫʣʴʪʫʨ 

ɺʦʩʪʦʯʥʦʛʦ ʉʨʝʜʠʟʝʤʥʦʤʦʨʴʷ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷ-

ʪʠʣʝʪʠʷ ʢʦʣʠʯʝʩʪʚʦ ʠʟʜʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʵʪʦʡ 

ʧʨʦʙʣʝʤʘʪʠʢʝ, ʚʦʟʨʦʩʣʦ ʚ ʜʝʩʷʪʢʠ ʨʘʟ. ɺ ʮʝʥʪʨʝ 

ʚʥʠʤʘʥʠʷ ʠʩʪʦʨʠʢʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʘʨʘʙʳ ʠ ʠʩʣʘʤ-

ʩʢʘʷ ʢʫʣʴʪʫʨʘ, ʝʚʨʝʠ ʠ ʠʫʜʘʠʟʤ, ʚʦʩʪʦʯʥʳʝ ʥʘʨʦʜʳ 

ʩʦ ʩʚʦʠʤʠ ʨʝʣʠʛʠʦʟʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʘ ʪʘʢʞʝ ʚʘʨ-

ʚʘʨʳ ʠ ʧʨʦʙʣʝʤʳ ʵʪʥʠʯʝʩʢʦʡ ʠ ʢʫʣʴʪʫʨʥʦʡ ʠʜʝʥ-

ʪʠʯʥʦʩʪʠ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʘʨʘʙʳ ʠ ʨʘʥʥʠʡ ʠʩ-

ʣʘʤ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʩʦʚʝʨʰʝʥʥʦ ʠʥʘʯʝ, ʯʝʤ ʧʨʝʞʜʝ. ɺʤʝʩʪʦ ʧʨʦʙʣʝʤʘ-

ʪʠʢʠ ʟʘʚʦʝʚʘʥʠʡ ʠ ʨʝʣʠʛʠʦʟʥʦʛʦ ʠ ʮʠʚʠʣʠʟʘʮʠʦʥ-

ʥʦʛʦ ʧʨʦʪʠʚʦʩʪʦʷʥʠʷ, ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʙʣʠʟʦʩʪʴ 

ʨʘʥʥʝʛʦ ʠʩʣʘʤʘ ʠ ʭʨʠʩʪʠʘʥʩʢʦʡ ʜʦʢʪʨʠʥʳ, ʘ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʠ ʦʙʱʥʦʩʪʴ ʤʦʨʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʭʨʠ-

ʩʪʠʘʥ ʠ ʤʫʩʫʣʴʤʘʥ ʥʘ ʟʘʨʝ ʩʨʝʜʥʝʚʝʢʦʚʴʷ 

ɺ ʮʝʣʦʤ, ʢʦʥʮʝʧʮʠʷ ʇʦʟʜʥʝʡ ʘʥʪʠʯʥʦʩʪʠ ʦʢʘ-

ʟʘʣʘʩʴ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʚ ʝʚʨʦ-

ʧʝʡʩʢʦʡ ʥʘʫʢʝ ʢʦʥʮʘ XX ï ʥʘʯʘʣʘ XXI  ʚʝʢʘ ʚʦ ʤʥʦ-

ʛʦʤ ʠʤʝʥʥʦ ʧʦʪʦʤʫ, ʯʪʦ ʦʪʨʘʞʘʣʘ ʢʫʣʴʪʫʨʥʳʡ ʛʦ-

ʨʠʟʦʥʪ ʠ ʧʨʦʙʣʝʤʳ, ʚʦʣʥʦʚʘʚʰʠʝ ʩʦʚʨʝʤʝʥʥʦʝ 

ʝʚʨʦʧʝʡʩʢʦʝ ʦʙʱʝʩʪʚʦ.  

ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʦʣʠʪʠʯʝʩʢʘʷ 

ʩʠʪʫʘʮʠʷ ʚ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘ-

ʟʦʤ ʤʝʥʷʝʪʩʷ. ʂʨʠʟʠʩ ɽʚʨʦʟʦʥʳ ʠ ʨʘʩʪʫʱʠʡ ʨʝʛʠʦ-

ʥʘʣʠʟʤ ʠ ʜʝʟʠʥʪʝʛʨʘʮʠʷ, ʧʨʦʙʣʝʤʳ ʙʝʞʝʥʮʝʚ ʠ ʪʝʨ-

ʨʦʨʠʩʪʠʯʝʩʢʘʷ ʫʛʨʦʟʘ ʩʦ ʩʪʦʨʦʥʳ ʨʘʜʠʢʘʣʴʥʦʛʦ ʠʩ-

ʣʘʤʘ, ʩʪʘʚʷʪ ʧʝʨʝʜ ʝʚʨʦʧʝʡʩʢʠʤ ʩʦʦʙʱʝʩʪʚʦʤ ʫʞʝ 

ʩʦʚʩʝʤ ʠʥʳʝ ʧʨʦʙʣʝʤʳ. ɺ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ, ʚ ʩʚʷʟʠ 

ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʚʳʟʦʚʦʚ ʚʨʝʤʝʥʠ ʠ ʩʫʱʝʩʪʚʝʥ-

ʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʧʦʣʠʪʠʯʝʩʢʦʡ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ, 

ʩʦʮʠʘʣʴʥʦʡ ʨʝʣʠʛʠʦʟʥʦʡ, ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ ʚ ɽʚʨʦʧʝ, ʜʘʣʴʥʝʡʰʘʷ ʩʫʜʴʙʘ çʢʦʥʮʝʧʮʠʠ 

ʧʦʟʜʥʝʡ ʘʥʪʠʯʥʦʩʪʠè ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʜ ʚʦʧʨʦʩʦʤ. 

ʍʦʪʷ ʜʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʧʨʦ-

ʜʫʢʪʠʚʥʦʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʦʤʫ ʫʨʦʚʥʶ 

ʨʘʟʚʠʪʠʷ ʠʩʪʦʨʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʠʟʤʝʥʝʥʠʝ ʧʦʣʠʪʠʯʝ-

ʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʚʝʨʦʷʪʥʦ, ʚʥʝʩʝʪ ʩʚʦʠ ʢʦʨʨʝʢʪʠʚʳ 

ʫʞʝ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. 
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Abstract 
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ʇʨʦʮʝʩʩ ʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʣʘʤʝʥʪʘʨʠʟʤʘ ʚ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ ʥʘ ʬʝʜʝʨʘʣʴʥʦʤ ʫʨʦʚʥʝ ʠ ʥʘ 

ʫʨʦʚʥʝ ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʩʪʘʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʪʝʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʥʘʣʠʟ 

ʧʘʨʣʘʤʝʥʪʩʢʦʡ ʧʨʘʢʪʠʢʠ ʈʦʩʩʠʠ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʩʪʨʘʥ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʘʨʷʜʫ ʩ 

ʦʨʛʘʥʘʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʜʝʧʫʪʘʪʩʢʦʛʦ ʢʦʥ-

ʪʨʦʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʘʨʣʘʤʝʥʪʩʢʠʭ ʦʨʛʘ-

ʥʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚ ʢʘʯʝʩʪʚʝ ʩʚʦʝʡ ʦʩʥʦʚʥʦʡ ʢʦʥ-

ʩʪʠʪʫʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʢʦʥʪʨʦʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʩʚʦʠ 

ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʬʘʢʪ ʦʩʪʘʝʪʩʷ ʬʘʢʪʦʤ ï 

ʧʦʜʦʙʥʳʝ ʦʨʛʘʥʳ ʫʯʨʝʞʜʘʶʪʩʷ ʠ ʜʝʡʩʪʚʫʶʪ, ʚ ʪʦʤ 

ʯʠʩʣʝ ï ʠ ʚ ʈʦʩʩʠʠ, ʚʢʣʶʯʘʷ ʫʨʦʚʝʥʴ ʩʫʙʲʝʢʪʦʚ ʌʝ-

ʜʝʨʘʮʠʠ.  

ɺ ʩʫʱʥʦʩʪʠ, ʬʠʥʘʥʩʦʚʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʦʨʛʘ-

ʥʘʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ʤʦʛʣʠ ʙʳ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴ ʠ ʩʘʤʠ ʜʝʧʫʪʘʪʳ. ɼʣʷ ʵʪʦʛʦ ʝʩʪʴ ʚʩʝ ʧʨʝʜʧʦ-

ʩʳʣʢʠ ï ʥʘʣʠʯʠʝ ʜʦʚʝʨʠʷ ʚ ʦʙʱʝʩʪʚʝ, ʥʝʟʘʚʠʩʠʤʦʝ 

ʧʦʣʦʞʝʥʠʝ ʥʘʨʦʜʥʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷ, ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʝ ʛʘʨʘʥʪʠʠ ʝʛʦ ʘʚʪʦʥʦʤʠʠ ʠ ʙʝʩʧʨʠʩʪʨʘʩʪʥʦʩʪʠ. 

ʆʪʩʫʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʥʘ-

ʥʠʡ, ʥʘʚʳʢʦʚ ʠ ʫʤʝʥʠʡ ʤʦʛʣʦ ʙʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴʩʷ 

ʥʘʟʥʘʯʝʥʠʝʤ ʚ ʘʧʧʘʨʘʪʳ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʢʦʪʦʨʳʝ ʦʢʘʟʳ-

ʚʘʣʠ ʙʳ ʧʦʤʦʱʴ ʥʘʨʦʜʥʳʤ ʠʟʙʨʘʥʥʠʢʘʤ, ʥʝʦʙʭʦʜʠ-

ʤʫʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ; ʧʦʚʳʰʝʥʠʝʤ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʜʝʧʫʪʘʪʦʚ. ʆʜʥʘʢʦ ʠ ʟʘʨʫʙʝʞʥʘʷ, ʠ 

ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʧʨʝʜʧʦʯʠʪʘʶʪ ʩʧʝʮʠʘʣʠʟʠ-

ʨʦʚʘʥʥʳʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ ʦʙʦʩʦʙʣʝʥʥʳʝ ʦʨʛʘʥʳ 

ʚʳʩʰʝʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠ-

ʥʷʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʬʠʥʘʥʩʦʚʳʭ ʵʢʩʧʝʨʪʦʚ ʧʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʢʨʠʪʝʨʠʶ. ʉʧʝʮʠʘʣʠʟʘʮʠʷ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʦʙʦʩʦʙʣʝʥʥʦʩʪʴ ʚʳʩʰʠʭ ʦʨʛʘʥʦʚ 

ʬʠʥʘʥʩʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʟʚʦʣʷʶʪ ʚʳʛʦʜʥʦ ʦʪʣʠ-

ʯʠʪʴ ʵʪʦʪ ʚʠʜ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʪ 

ʜʨʫʛʠʭ ʶʨʠʜʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʧʨʦʮʝʜʫʨ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʧʘʨʣʘʤʝʥʪʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚʦʦʙʱʝ (ʠʤʝʶʱʝʛʦ ʚ 

ʦʩʥʦʚʥʦʤ ʜʝʤʦʢʨʘʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ), ʬʠʥʘʥʩʦʚʳʡ 

ʢʦʥʪʨʦʣʴ ʧʦ ʩʚʦʝʡ ʤʝʪʦʜʠʢʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʙʣʠʞʝ ʢ 

ʩʣʝʜʩʪʚʝʥʥʳʤ ʜʝʡʩʪʚʠʷʤ, ʯʝʤ ʢ ʟʘʢʦʥʦʪʚʦʨʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ɽʛʦ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʢʦʥ-

ʪʨʦʣʴʥʦ-ʨʝʚʠʟʠʦʥʥʦʤ ʘʥʘʣʠʟʝ, ʦʩʦʙʝʥʥʦ ï ʙʫʭʛʘʣ-

ʪʝʨʩʢʠʭ ʠ ʙʘʥʢʦʚʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ, ʛʨʘʞʜʘʥʩʢʦ-ʧʨʘ-

ʚʦʚʳʭ ʜʦʛʦʚʦʨʦʚ ʠ ʪ.ʧ. ɺʝʨʦʷʪʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʧʦ 

ʵʪʦʡ ʧʨʠʯʠʥʝ ʢʦʥʩʪʠʪʫʮʠʦʥʥʘʷ ʧʨʘʢʪʠʢʘ ʧʨʝʜʧʦ-

ʯʣʘ ʧʫʪʴ ʚʳʜʝʣʝʥʠʷ ʚʳʩʰʝʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʢʦʥ-

ʪʨʦʣʷ ʠʟ ʩʬʝʨʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʢʦʤʧʝʪʝʥʮʠʠ ʦʨ-

ʛʘʥʦʚ ʥʘʨʦʜʥʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘ, ʫʯʨʝʞʜʝʥʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʘʨʣʘʤʝʥʪʩʢʠʭ ʦʨʛʘʥʦʚ ʬʠ-

ʥʘʥʩʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʚʦʟʣʦʞʝʥʠʷ ʥʘ ʥʠʭ ʧʫʙʣʠʯ-

ʥʦʡ ʦʙʷʟʘʥʥʦʩʪʠ ʙʳʪʴ ʧʦʜʢʦʥʪʨʦʣʴʥʦʡ ʠʣʠ, ʚʦ ʚʩʷ-

ʢʦʤ ʩʣʫʯʘʝ, ʧʦʜʦʪʯʝʪʥʦʡ ʜʝʧʫʪʘʪʩʢʠʤ, ʚʳʙʦʨʥʳʤ 

ʩʪʨʫʢʪʫʨʘʤ.  

ʉʦʟʜʘʥʠʝ ʚʳʩʰʠʭ ʦʨʛʘʥʦʚ ʬʠʥʘʥʩʦʚʦʛʦ ʢʦʥ-

ʪʨʦʣʷ ʚ ʩʫʙʲʝʢʪʘʭ ʈʌ, ʧʦʜʢʦʥʪʨʦʣʴʥʳʭ ʠ ʧʦʜʦʪʯʝʪ-

ʥʳʭ ʦʨʛʘʥʘʤ ʥʘʨʦʜʥʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘ, ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʦʝ ʷʚʣʝʥʠʝ ʨʦʩ-

ʩʠʡʩʢʦʛʦ ʢʦʥʩʪʠʪʫʮʠʦʥʘʣʠʟʤʘ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ 

ʧʦʩʣʝ ʢʦʥʩʪʠʪʫʮʠʦʥʥʦʡ ʨʝʬʦʨʤʳ 1993 ʛ. ʥʘ ʬʝʜʝ-

ʨʘʣʴʥʦʤ ʫʨʦʚʥʝ ʦʪʩʫʪʩʪʚʦʚʘʣ ʢʘʢʦʡ-ʣʠʙʦ ʬʝʜʝʨʘʣʴ-

ʥʳʡ ʟʘʢʦʥ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʠʩʳʚʘʣ ʙʳ ʫʯʨʝʞʜʝʥʠʝ 

ʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʙʦʚʘʣ ʙʳ 

ʵʪʦʛʦ ʦʪ ʨʝʛʠʦʥʘʣʴʥʳʭ ʟʘʢʦʥʦʜʘʪʝʣʝʡ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʧʦʣʘʛʘʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʨʝʰʝʥʠʝ ʥʘ ʟʘʢʦʥʦʜʘʪʝʣʴ-

ʥʦʤ ʫʨʦʚʥʝ ʚʦʧʨʦʩʘ ʦ ʢʦʥʩʪʠʪʫʮʠʦʥʥʦ-ʧʨʘʚʦʚʦʤ 
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ʩʪʘʪʫʩʝ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʭ ʦʨʛʘʥʦʚ, ʠʭ ʤʝʩʪʝ ʚ ʩʠ-

ʩʪʝʤʝ ʨʘʟʜʝʣʝʥʠʷ ʚʣʘʩʪʝʡ ʥʘ ʫʨʦʚʥʝ ʩʫʙʲʝʢʪʦʚ ʈʌ. 

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆʙ ʦʙʱʠʭ ʧʨʠʥʮʠʧʘʭ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʭ ʦʨ-

ʛʘʥʦʚ ʩʫʙʲʝʢʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʤʫʥʠʮʠ-

ʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡè ʦʪ 7 ʬʝʚʨʘʣʷ 2011 ˉ 6-ʌɿ, 

ʥʝʩʦʤʥʝʥʥʦ, ʫʥʠʬʠʮʠʨʦʚʘʣ ʧʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʝ ʩʪʘʪʫʩʘ ʜʘʥʥʳʭ ʦʨʛʘʥʦʚ, ʯʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʩʪʨʘʥʝʥʠʶ ʨʷʜʘ ʩʠʩʪʝʤʥʳʭ ʥʝʜʦ-

ʩʪʘʪʢʦʚ, ʧʨʠʩʫʱʠʭ ʟʘʢʦʥʘʤ ʩʫʙʲʝʢʪʦʚ ʈʌ, ʩ ʜʨʫʛʦʡ 

ï ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʣʠʰʠʣʦ ʨʝʛʠʦʥʘʣʴʥʳʭ ʟʘ-

ʢʦʥʦʜʘʪʝʣʝʡ ʩʚʦʙʦʜʳ ʚʳʙʦʨʘ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʦʜʝʣʠ 

ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ.  

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʫʢʘʟʘʥʥʳʡ ɿʘʢʦʥ ʦʧʨʝʜʝʣʠʣ ʩʪʘ-

ʪʫʩ ʠ ʨʦʜʦʚʦʝ ʥʘʠʤʝʥʦʚʘʥʠʝ ʜʘʥʥʳʭ ʦʨʛʘʥʦʚ, ʫʢʘ-

ʟʘʚ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ çʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʤʠè ʦʨ-

ʛʘʥʘʤʠ ʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʬʫʥʢʮʠʶ çʚʥʝʰʥʝʛʦ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʢʦʥʪʨʦʣʷè. ɺ 

ʘʥʘʣʠʟʠʨʫʝʤʦʤ ɿʘʢʦʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʯʝʪʢʠʝ ʧʨʝʜʧʠʩʘʥʠʷ, ʯʪʦ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʝ ʦʨ-

ʛʘʥʳ çʦʙʨʘʟʫʶʪʩʷè ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤʠ (ʧʨʝʜʩʪʘʚʠ-

ʪʝʣʴʥʳʤʠ) ʦʨʛʘʥʘʤʠ ʠ ʠʤ çʧʦʜʦʪʯʝʪʥʳè. ʇʨʠʚʝ-

ʜʝʥʥʫʶ ʧʨʘʚʦʚʫʶ ʥʦʨʤʫ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʩʣʝʜʫʝʪ 

ʪʦʣʢʦʚʘʪʴ ʦʛʨʘʥʠʯʠʪʝʣʴʥʦ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʝʩʣʠ 

ʬʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʫʢʘʟʘʣ, ʯʪʦ ʵʪʠ ʦʨʛʘʥʳ ʦʙʨʘʟʫ-

ʶʪʩʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤ ʦʨʛʘʥʦʤ, ʦʥʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʨʘʟʦʚʘʥʳ ʚʳʩʰʠʤ ʜʦʣʞʥʦʩʪʥʳʤ ʣʠʮʦʤ ʠʣʠ ʚʳʩ-

ʰʠʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʦʨʛʘʥʦʤ ʩʫʙʲʝʢʪʘ ʈʌ. ɸʥʘ-

ʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʨʝʛʠʦʥʘʣʴʥʳʝ ʟʘʢʦʥʦʜʘʪʝʣʠ ʥʝ 

ʚʧʨʘʚʝ ʚʚʦʜʠʪʴ çʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʦʜʦʪʯʝʪʥʦʩʪʴè 

ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʭ ʦʨʛʘʥʦʚ ʨʝʛʠʦʥʘʣʴʥʦʡ ʠʩʧʦʣ-

ʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ. ɽʩʣʠ ʦʥʠ ʧʦʜʦʪʯʝʪʥʳ ʟʘʢʦʥʦʜʘ-

ʪʝʣʴʥʦʤʫ ʦʨʛʘʥʫ, ʪʦ ʧʦʜʦʪʯʝʪʥʳ ʪʦʣʴʢʦ ʝʤʫ ʠ ʥʠ-

ʢʦʤʫ ʙʦʣʝʝ.  

ʆʜʥʘ ʠʟ ʪʦʯʝʢ ʟʨʝʥʠʷ ʧʨʠ ʪʦʣʢʦʚʘʥʠʠ ʘʥʘʣʠʟʠ-

ʨʫʝʤʦʛʦ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʚ 

ʪʦʤ, ʯʪʦ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʝ ʦʨʛʘʥʳ ʩʫʙʲʝʢʪʦʚ ʈʌ 

ʟʘʥʠʤʘʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʩʠʩʪʝʤʝ 

ʨʘʟʜʝʣʝʥʠʷ ʚʣʘʩʪʝʡ ʥʘ ʫʨʦʚʥʝ ʩʫʙʲʝʢʪʦʚ ʈʌ, ʦʙʨʘ-

ʟʫʷ ʥʝʢʫʶ ʥʦʚʫʶ çʚʝʪʚʴ ʚʣʘʩʪʠè ʥʘʨʷʜʫ ʩ ʟʘʢʦʥʦʜʘ-

ʪʝʣʴʥʦʡ, ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʠ ʩʫʜʝʙʥʦʡ ʚʣʘʩʪʷʤʠ. ɺ 

ʧʦʣʴʟʫ ʪʘʢʦʛʦ ʩʫʞʜʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʚʦ-ʧʝʨ-

ʚʳʭ, ʥʘʠʤʝʥʦʚʘʥʠʝ ʦʨʛʘʥʘ, ʚʦ-ʚʪʦʨʳʭ, ʫʢʘʟʘʥʠʝ ʥʘ 

ʝʛʦ çʦʨʛʘʥʠʟʘʮʠʦʥʥʫʶ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʘʤʦ-

ʩʪʦʷʪʝʣʴʥʦʩʪʴè. ɼʨʫʛʘʷ ʧʦʟʠʮʠʷ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʜʘʥʥʦʛʦ ɿʘʢʦʥʘ ʩʦʩʪʦʠʪ ʚ ʦʙʨʘʪʥʦʤ ʩʫʞʜʝʥʠʠ ï ʯʪʦ 

ʬʘʢʪʠʯʝʩʢʠ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʝ ʦʨʛʘʥʳ ʷʚʣʷʶʪʩʷ 

ʦʨʛʘʥʘʤʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʧʘʨʣʘʤʝʥʪʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. 

ɼʘʥʥʳʡ ʚʳʚʦʜ ʘʨʛʫʤʝʥʪʠʨʫʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʩʪ. 10 ʂʦʥʩʪʠʪʫʮʠʠ ʈʌ (ʚ ʥʝʡ ʫʧʦʤʠʥʘʶʪʩʷ 

ʪʦʣʴʢʦ ʦʨʛʘʥʳ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ, ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʠ 

ʩʫʜʝʙʥʦʡ ʚʣʘʩʪʠ), ʚʦ-ʚʪʦʨʳʭ, ʫʢʘʟʘʥʠʝʤ ʚ ʘʥʘʣʠʟʠ-

ʨʫʝʤʦʤ ʌʝʜʝʨʘʣʴʥʦʤ ʟʘʢʦʥʝ ʥʘ çʚʥʝʰʥʠʡè ʭʘʨʘʢ-

ʪʝʨ ʬʠʥʘʥʩʦʚʦ-ʢʦʥʪʨʦʣʴʥʳʭ ʬʫʥʢʮʠʡ (ʝʩʣʠ ʠʩʭʦ-

ʜʠʪʴ ʠʟ ʧʨʝʟʫʤʧʮʠʠ, ʯʪʦ ʧʦʜ çʚʥʝʰʥʠʤè ʬʠʥʘʥʩʦ-

ʚʳʤ ʢʦʥʪʨʦʣʝʤ ʧʦʥʠʤʘʝʪʩʷ ʠʤʝʥʥʦ ʧʘʨʣʘʤʝʥʪʩʢʠʡ 

ʬʠʥʘʥʩʦʚʳʡ ʢʦʥʪʨʦʣʴ, ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʷʝʤʳʡ 

çʚʥʫʪʨʝʥʥʝʤʫè ʬʠʥʘʥʩʦʚʦʤʫ ʢʦʥʪʨʦʣʶ ʚ ʩʠʩʪʝʤʝ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ʩʫʙʲʝʢʪʦʚ ʈʌ), ʚ-ʪʨʝʪʴʠʭ, 

ʧʦʜʦʪʯʝʪʥʦʩʪʴʶ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʭ ʦʨʛʘʥʦʚ ʨʝʛʠ-

ʦʥʘʣʴʥʳʤ ʦʨʛʘʥʘʤ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ (ʧʨʝʜʩʪʘʚʠ-

ʪʝʣʴʥʦʡ) ʚʣʘʩʪʠ, ʧʨʘʚʦʤ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ 

ʥʘʟʥʘʯʘʪʴ ʩʦʩʪʘʚ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʭ ʦʨʛʘʥʦʚ, ʜʘ-

ʚʘʪʴ ʠʤ ʦʙʷʟʘʪʝʣʴʥʳʝ ʢ ʠʩʧʦʣʥʝʥʠʶ ʧʦʨʫʯʝʥʠʷ ʠ 

ʪ.ʜ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʧʦʩʣʝʜʥʷʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʷʚ-

ʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ, ʯʪʦ ʩʣʝʜʦʚʘʣʦ ʙʳ, 

ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪʨʘʟʠʪʴ ʚ ʘʥʘʣʠ-

ʟʠʨʫʝʤʦʤ ʌʝʜʝʨʘʣʴʥʦʤ ʟʘʢʦʥʝ.  

ʇʨʠ ʵʪʦʤ ʥʘʠʤʝʥʦʚʘʥʠʝ, ʩʦʩʪʘʚ ʠ ʧʦʣʥʦʤʦʯʠʷ 

ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʭ ʦʨʛʘʥʦʚ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, 

ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʢʦʥʩʪʠʪʫ-

ʮʠʷʭ (ʫʩʪʘʚʘʭ) ʩʫʙʲʝʢʪʦʚ ʈʌ, ʦʙʣʘʜʘʶʱʠʭ ʥʝ 

ʪʦʣʴʢʦ ʧʦʚʳʰʝʥʥʦʡ ʶʨʠʜʠʯʝʩʢʦʡ ʩʠʣʦʡ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʘʢʪʘʤʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʥʦ 

ʠ ʧʨʠʥʷʪʳʭ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʧʘʨʣʘʤʝʥʪʘʤʠ ʚ ʦʩʦ-

ʙʦʤ ʧʦʨʷʜʢʝ ʠʤʝʶʱʠʭ ʦʩʦʙʫʶ ʩʪʝʧʝʥʴ ʧʨʘʚʦʚʦʡ 

ʟʘʱʠʪʳ, ʘ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʩʫʙʲʝʢʪʦʚ ʈʌ 

ʜʦʣʞʥʳ ʨʝʛʫʣʠʨʦʚʘʪʴ ʣʠʰʴ ʧʦʨʷʜʦʢ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʜʘʥʥʳʭ ʦʨʛʘʥʦʚ ʚ ʯʘʩʪʠ, ʥʝ ʫʨʝʛʫʣʠʨʦʚʘʥʥʦʡ ʢʦʥ-

ʩʪʠʪʫʮʠʝʡ (ʫʩʪʘʚʦʤ) ʩʫʙʲʝʢʪʘ ʈʌ. 

ɸʥʘʣʠʟ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʧʦʟ-

ʚʦʣʷʝʪ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʚʥʝʰʥʠʝ ʦʨʛʘʥʳ ʬʠ-

ʥʘʥʩʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʩʫʙʲʝʢʪʦʚ ʈʌ ʜʦʣʞʥʳ ʫʯʨʝ-

ʞʜʘʪʴʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʘʢ ʢʦʣʣʝʛʠʘʣʴʥʳʝ ʦʨʛʘʥʳ, 

ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʧʨʝʜʩʝʜʘʪʝʣʠ, ʟʘʤʝʩʪʠʪʝʣʠ 

ʧʨʝʜʩʝʜʘʪʝʣʝʡ (ʧʨʠ ʥʘʣʠʯʠʠ) ʠ ʘʫʜʠʪʦʨʳ (ʥʦ ʥʝ ʘʧ-

ʧʘʨʘʪ, ʢʘʢ ʵʪʦ ʫʢʘʟʘʥʦ ʚ ʜʝʡʩʪʚʫʶʱʝʤ ʌʝʜʝʨʘʣʴ-

ʥʦʤ ʟʘʢʦʥʝ). ʏʠʩʣʝʥʥʦʩʪʴ ʘʫʜʠʪʦʨʦʚ ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʦʩʪʘʚʣʝʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʦʙʲʝʤʦʚ ʧʨʝʜʧʦʣʘʛʘʝ-

ʤʳʭ ʬʠʥʘʥʩʦʚʦ-ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʙʦʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʨʘʟʤʝʨʘ ʪʝʨʨʠʪʦʨʠʠ ʩʫʙʲʝʢʪʘ ʈʌ, ʯʠʩʣʝʥʥʦʩʪʠ 

ʝʛʦ ʥʘʩʝʣʝʥʠʷ, ʦʮʝʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʧʫʙʣʠʯʥʦʛʦ 

ʠʤʫʱʝʩʪʚʘ, ʨʘʟʤʝʨʘ ʛʦʜʦʚʦʛʦ ʙʶʜʞʝʪʘ, ʫʨʦʚʥʷ ʩʦ-

ʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʪ.ʜ. ʇʨʠ ʵʪʦʤ 

ʟʘʢʦʥ (ʯʘʩʪʠʯʥʦ ï ʬʝʜʝʨʘʣʴʥʳʡ, ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʵʪʦʤʫ ï ʨʝʛʠʦʥʘʣʴʥʳʡ) ʜʦʣʞʝʥ ʨʘʟʛʨʘʥʠʯʠʪʴ ʢʦʤ-

ʧʝʪʝʥʮʠʶ ʢʦʣʣʝʛʠʠ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʦʛʦ ʦʨʛʘʥʘ 

ʢʘʢ ʚʳʩʰʝʛʦ ʦʨʛʘʥʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ 

ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʦʛʦ ʦʨʛʘʥʘ, ʠʤʝʶʱʠʭ ʦʛʨʘʥʠʯʝʥ-

ʥʳʝ ʟʘʢʦʥʦʤ ʧʦʣʥʦʤʦʯʠʷ. 

ɼʣʷ ʙʦʣʝʝ ʯʝʪʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʘʚʦʚʦʛʦ ʩʪʘ-

ʪʫʩʘ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʭ ʦʨʛʘʥʦʚ ʩʫʙʲʝʢʪʦʚ ʈʌ 

ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʦʙʣʝʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʰʠʭ ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ ʠ ʢʦʥ-

ʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʭ ʦʨʛʘʥʦʚ ʩʫʙʲʝʢʪʦʚ ʈʌ. ɺ ʦʪʩʫʪ-

ʩʪʚʠʝ ʬʝʜʝʨʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʝ 

ʟʘʢʦʥʦʜʘʪʝʣʠ ʥʝʨʝʜʢʦ ʚʢʣʶʯʘʣʠ ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʣʴʟʫʷʩʴ ʪʘʢʠʤʠ ʢʦʥʩʪʠʪʫʮʠ-

ʦʥʥʦ-ʧʨʘʚʦʚʳʤʠ ʬʦʨʤʘʤʠ, ʢʘʢ ʚʥʝʩʝʥʠʝ ʚʳʩʰʠʤ 

ʜʦʣʞʥʦʩʪʥʳʤ ʣʠʮʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʟʘʢʦʥʦʜʘ-

ʪʝʣʴʥʳʡ (ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʡ) ʦʨʛʘʥ ʦ ʢʘʥʜʠʜʘʪʫʨʘʭ 

ʧʨʝʜʩʝʜʘʪʝʣʝʡ ʠ ʠʥʳʭ ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ ʢʦʥ-

ʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʭ ʦʨʛʘʥʦʚ, ʜʘʯʘ ʚʳʩʰʠʤ ʜʦʣʞʥʦʩʪ-

ʥʳʤ ʣʠʮʦʤ ʦʙʷʟʘʪʝʣʴʥʳʭ ʜʣʷ ʠʩʧʦʣʥʝʥʠʷ ʧʦʨʫʯʝ-

ʥʠʡ, ʧʦʜʦʪʯʝʪʥʦʩʪʴ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʦʛʦ ʦʨʛʘʥʘ 

ʚʳʩʰʝʤʫ ʜʦʣʞʥʦʩʪʥʦʤʫ ʣʠʮʫ ʠ ʪ.ʧ. ʇʦʩʣʝ ʧʨʠʥʷ-

ʪʠʷ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʙ ʦʙʱʠʭ ʧʨʠʥʮʠʧʘʭ ʦʨ-

ʛʘʥʠʟʘʮʠʠ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʭ ʦʨʛʘʥʦʚ ʩʠʪʫʘʮʠʷ ʚ 

ʮʝʣʦʤ ʠʟʤʝʥʠʣʘʩʴ, ʦʜʥʘʢʦ ʧʦʣʥʦʩʪʴʶ ʟʘʢʦʥʦʜʘʪʝʣʴ 

ʥʝ ʦʪʢʘʟʘʣʩʷ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʢʦʡ ʩʫʙʦʨʜʠʥʘʮʠʠ 

ʤʝʞʜʫ ʛʣʘʚʦʡ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ʠ ʚʥʝʰʥʠʤ 

ʬʠʥʘʥʩʦʚʦ-ʢʦʥʪʨʦʣʴʥʳʤ ʦʨʛʘʥʦʤ ʩʫʙʲʝʢʪʘ ʈʌ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʧʨʦʷʚʠʣʦʩʴ ʚ ʩʦʭʨʘʥʠʚʰʝʤʩʷ ʠʥʩʪʠ-

ʪʫʪʝ çʧʨʝʜʣʦʞʝʥʠʡè ʠ çʟʘʧʨʦʩʦʚè ʚʳʩʰʠʭ ʜʦʣʞ-

ʥʦʩʪʥʳʭ ʣʠʮ ʚ ʘʜʨʝʩ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʭ ʦʨʛʘʥʦʚ. 
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ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ, ʚʦ-ʧʝʨ-

ʚʳʭ, ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʝ ʦʨʛʘʥʳ ʦʙʨʘʟʫʶʪʩʷ ʟʘʢʦ-

ʥʦʜʘʪʝʣʴʥʳʤʠ (ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤʠ) ʦʨʛʘʥʘʤʠ ʠ ʷʚ-

ʣʷʶʪʩʷ ʧʦʜʦʪʯʝʪʥʳʤʠ ʠʤ; ʚʦ-ʚʪʦʨʳʭ, ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʝ ʥʘʠʤʝʥʦʚʘʥʠʷ, ʧʦʣʥʦʤʦʯʠʡ, ʩʦʩʪʘʚʘ ʠ ʧʦʨʷʜʢʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʭ ʦʨʛʘʥʦʚ ʚʳʚʝ-

ʜʝʥʦ ʠʟ-ʧʦʜ ʶʨʠʩʜʠʢʮʠʠ ʧʦʜʟʘʢʦʥʥʳʭ ʥʦʨʤʘʪʠʚ-

ʥʳʭ ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ, ʠʟʜʘʚʘʝʤʳʭ ʦʨʛʘʥʘʤʠ ʠʩʧʦʣ-

ʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ; ʚ-ʪʨʝʪʴʠʭ, ʬʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦ-

ʥʦʤ ʫʩʪʘʥʦʚʣʝʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʧʨʘʚʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ (ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ) ʦʨʛʘʥʦʚ 

ʥʘʟʥʘʯʘʪʴ ʩʦʩʪʘʚ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʭ ʦʨʛʘʥʦʚ ʠ 

ʚʚʦʜʠʪʴ ʩʨʦʢ ʠʭ ʧʦʣʥʦʤʦʯʠʡ, ʯʪʦ ʟʘʧʨʝʱʝʥʦ ʠʩʧʦʣ-

ʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ; ʚ-ʯʝʪʚʝʨʪʳʭ, ʪʦʣʴʢʦ ʟʘʢʦʥʦʜʘ-

ʪʝʣʴʥʦʤʫ (ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʤʫ) ʦʨʛʘʥʫ ʩʫʙʲʝʢʪʘ ʈʌ 

ʜʘʥʦ ʧʨʘʚʦ ʜʘʯʠ ʧʦʨʫʯʝʥʠʡ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʦʤʫ 

ʦʨʛʘʥʫ ï ʩʦʭʨʘʥʝʥʠʝ ʟʘ ʚʳʩʰʠʤ ʜʦʣʞʥʦʩʪʥʳʤ ʣʠ-

ʮʦʤ ʩʫʙʲʝʢʪʘ ʈʌ ʧʨʘʚʘ ʚʥʦʩʠʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʦ ʢʘʥ-

ʜʠʜʘʪʫʨʘʭ ʜʦʣʞʥʦʩʪʥʳʭ ʣʠʮ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʭ 

ʦʨʛʘʥʦʚ (ʥʘʨʷʜʫ ʩ ʧʨʝʜʩʝʜʘʪʝʣʝʤ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʛʦ 

ʦʨʛʘʥʘ ʠ ʛʨʫʧʧʦʡ ʜʝʧʫʪʘʪʦʚ ʯʠʩʣʝʥʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 

ʦʜʥʦʡ ʪʨʝʪʠ), ʘ ʪʘʢʞʝ ʧʨʘʚʘ ʦʙʨʘʱʘʪʴʩʷ ʚ ʢʦʥ-

ʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʝ ʦʨʛʘʥʳ ʩ ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʠ ʟʘʧʨʦ-

ʩʘʤʠ ï ʚʳʛʣʷʜʠʪ ʥʝ ʚʧʦʣʥʝ ʦʙʦʩʥʦʚʘʥʥʳʤ ʩ ʢʦʥʩʪʠ-

ʪʫʮʠʦʥʥʦ-ʧʨʘʚʦʚʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ɺʳʩʰʠʝ ʜʦʣʞʥʦʩʪʥʳʝ ʣʠʮʘ ʩʫʙʲʝʢʪʦʚ ʈʌ ʷʚ-

ʣʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʚʳʩʰʠʭ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʩʫʙʲʝʢʪʦʚ ʈʌ. ʀʩʧʦʣʥʠ-

ʪʝʣʴʥʘʷ ʚʣʘʩʪʴ ʚ ʩʫʙʲʝʢʪʘʭ ʈʌ ʧʦʜʢʦʥʪʨʦʣʴʥʘ ʟʘʢʦ-

ʥʦʜʘʪʝʣʴʥʦʡ (ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ) ʚʣʘʩʪʠ, ʧʦ ʢʨʘʡ-

ʥʝʡ ʤʝʨʝ, ʚ ʘʩʧʝʢʪʝ ʬʠʥʘʥʩʦʚʦ-ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʵʢʩ-

ʧʝʨʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʝʩʣʠ ʦʥʠ 

ʩʚʷʟʘʥʳ ʩ ʢʦʥʪʨʦʣʝʤ ʥʘʜ ʠʩʧʦʣʥʝʥʠʝʤ ʨʝʛʠʦʥʘʣʴ-

ʥʦʛʦ ʙʶʜʞʝʪʘ, ʵʢʩʧʝʨʪʠʟʦʡ ʧʨʦʝʢʪʘ ʟʘʢʦʥʘ ʦ ʨʝʛʠʦ-

ʥʘʣʴʥʦʤ ʙʶʜʞʝʪʝ, ʚʥʝʰʥʝʡ ʧʨʦʚʝʨʢʦʡ ʛʦʪʦʚʦʛʦ ʦʪ-

ʯʝʪʘ ʦʙ ʠʩʧʦʣʥʝʥʠʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ, ʢʦʥ-

ʪʨʦʣʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʙʶʜʞʝʪʥʳʭ 

ʩʨʝʜʩʪʚ ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠʤʫʱʝʩʪʚʘ, ʥʘʣʦʛʦʚʳʤʠ 

ʣʴʛʦʪʘʤʠ ʠ ʙʶʜʞʝʪʥʳʤʠ ʢʨʝʜʠʪʘʤʠ ʚ ʨʝʛʠʦʥʘʣʴ-

ʥʦʤ ʙʶʜʞʝʪʝ, ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠ-

ʟʦʡ ʟʘʢʦʥʦʧʨʦʝʢʪʦʚ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ ʨʘʩʭʦʜʥʳʝ 

ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʩʫʙʲʝʢʪʘ ʈʌ, ʘ ʪʘʢʞʝ ʤʝʞʙʶʜʞʝʪ-

ʥʳʤʠ ʪʨʘʥʩʬʝʨʪʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ 

ʜʘʥʥʳʡ ʩʫʙʲʝʢʪ ʈʌ. ɺʳʩʰʝʝ ʜʦʣʞʥʦʩʪʥʦʝ ʣʠʮʦ 

ʩʫʙʲʝʢʪʘ ʈʌ ʥʝ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʲ-

ʝʢʪʘ ʢʦʥʪʨʦʣʷ ʚ ʜʘʥʥʳʭ ʧʨʘʚʦʦʪʥʦʰʝʥʠʷʭ, ʝʛʦ ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʜʢʦʥʪʨʦʣʴʥʳʡ 

ʦʙʲʝʢʪ. ʇʦʵʪʦʤʫ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʚ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘ-

ʢʦʥ çʆʙ ʦʙʱʠʭ ʧʨʠʥʮʠʧʘʭ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʭ ʦʨʛʘʥʦʚ ʩʫʙʲʝʢʪʦʚ ʈʦʩ-

ʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘ-

ʥʠʡè ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʧʦʧʨʘʚʢʠ, ʢʦʪʦʨʳʝ 

ʠʩʢʣʶʯʘʣʠ ʙʳ ʧʨʘʚʦ ʚʳʩʰʝʛʦ ʜʦʣʞʥʦʩʪʥʦʛʦ ʣʠʮʘ 

ʩʫʙʲʝʢʪʘ ʈʌ ʚʥʦʩʠʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴ-

ʥʳʡ (ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʡ) ʦʨʛʘʥ ʦ ʢʘʥʜʠʜʘʪʫʨʘʭ 

ʧʨʝʜʩʝʜʘʪʝʣʝʡ, ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʝʜʩʝʜʘʪʝʣʝʡ ʠ ʘʫʜʠ-

ʪʦʨʦʚ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʭ ʦʨʛʘʥʦʚ ʩʫʙʲʝʢʪʦʚ ʈʌ, ʘ 

ʪʘʢʞʝ ʝʛʦ ʧʨʘʚʦ ʚʥʦʩʠʪʴ ʚ ʢʦʥʪʨʦʣʴʥʦ-ʩʯʝʪʥʳʝ ʦʨ-

ʛʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʟʘʧʨʦʩʳ ʧʦ ʩʫʱʝʩʪʚʫ ʬʠʥʘʥ-

ʩʦʚʦ-ʢʦʥʪʨʦʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 
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Abstract 
BACKGROUND: 

Surgical trauma is a leading etiological factor of surgical stress, which forms the state and subsequent devel-

opment of the systemic post-aggressive response of the patient. Surgical stress is an acute disturbance of metabo-

lism, physiological functions and psychological status of the organism under the influence of preparatory proce-

dures, surgical intervention and recovery factors. Anesthesia provides a set of measures aimed at protecting the 

patient's body from the damaging effect of surgical injury. In the course of his professional work, the anaesthetist 

is in the narrow corridor between the therapeutic effect of anesthetic and its toxicity. However, the mechanisms of 

the latter remain insufficiently studied. A generalization of the separate literature data and the choice of the direc-

tion of further research was the purpose of this study. 

RESULTS: 

The basic hazard of the development of possible toxic effects is the very nature of the structure and the phys-

ical and chemical properties of the drug substance, related to narcotic drugs - neurotoxicants. Under certain cir-

cumstances (psycho-somatic state of the patient, age, concomitant diseases), chemical hazard can be realized not 

only as a result of overdose or inadequate combination of drugs, but also by an altered character of the organism's 

response. To provide a multicomponent general anesthesia in modern anesthesiology, inhalation and intravenous 

anesthetics, hypnotics, a number of other drugs that increase the chemical load on the patient's body are used. The 

effect of inhalation anesthetics on the respiratory system, in the absence of adequate respiratory support, the syn-

ergy of the combined processes of oxidative stress, hypoxia and dysregulatory disorders are the basis of neurotoxic 

effects as a pathogenetic basis of the chemical hazard of anesthetics. 

CONCLUSIONS: 

Ensuring the chemical safety of the patient at the stages of preparation, surgery and recovery is an urgent 

problem, the solution of which dictates the need for complex clinical and experimental studies aimed at establish-

ing regularities, studying the mechanisms of development of toxic effects of anesthetics and metabolic products 

covering all main links of the functional system from the molecular, cellular to the organism as a whole, with the 

obligatory recording individual-personal specific features and psychological status of the patient. 

Keywords: inhalation anesthetics, chemical hazards, toxicity mechanisms, oxidative stress, hypoxia, neuro-

toxicity, respiratory support. 

 

Acute damage and surgical trauma are the leading 

etiological factors of surgical stress that form the state 

and subsequent development of the systemic post-ag-

gressive response of the patient [12, 27]. In surgical in-

terventions, a number of factors (pain, blood loss, me-

chanical trauma) that cause disharmony of all body 

functions, which have been negatively affected by the 

underlying disease, are acting on the body. The very 

expectation of surgical intervention contributes to an 

increase in the release of hormones of the brain sub-

stance and the adrenal cortex 2 to 4 times, resulting in 

increased rate of formation of active forms of oxygen, 

hydroperoxides of lipids and other patterns of oxidative 

and psychoemotional stress [7,28,33]. 

Surgical stress is an acute disturbance of metabo-

lism, physiological functions and psychological status 

of the organism under the influence of preparatory pro-

cedures, surgical intervention and factors of the recov-

ery period [3,42]. At the same time, stress is also a pow-

erful adaptive mechanism. While increasing the level 

of cellular metabolism, contributing to the mobilization 

of body reserves of the patient, surgical stress facilitates 

the course of the perioperative period [14]. However, 

intensive and prolonged activation of the body's defen-

sive systems - nervous, hormonal, immune, leads to de-

pletion of adaptive reserves [40]. 

Anesthesiologic support of surgical intervention is 

one of the most important problems of clinical surgery; 

it includes a set of measures aimed at protecting the pa-

tient's body from the damaging effects of surgical 

trauma and minimizing psychoemotional stress. Surgi-

cal trauma leads to a reorganization of the circulation, 

and the more serious it is, the higher are the risks of 

anesthesia, which include the potential general toxic ef-

fects of anesthetic drugs and local anesthetic systemic 

toxicity (LAST) [11,13,18]. As shown in the experi-

mental study of S.E. Copeland et al. [9], general anes-

thesia had a significant effect on the content, excretion 

and clearance of R-bupivacaine> S-bupivacaine and R-

prilocaine> S-prilocaine in the heart and brain (mepi-

vacaine influenced insignificantly, and halothane had 
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no significant effect). Since the effect of local anesthet-

ics is of polytrophic character blocking Na-channels in 

the sensory nerve fibers as well as a wide range of cell 

membranes. This must be taken into account when pre-

dicting the combined effects of not only general and lo-

cal anesthetics, but also of other medications with a 

similar type of therapeutic effect used in surgical prac-

tice. Moreover, in recent years the spectrum of target 

receptors of toxicogenic effects of LAST has signifi-

cantly expanded. This list includes such functional 

membrane proteins as acetylcholine and adrenergic re-

ceptors, y-aminobutyric acid, potassium and calcium 

channels as well as membrane enzymes such as adenyl-

ate cyclase, phospholipase A2 and Na, K-ATPase 

[6,35,39]. This can determine cardiorespiratory effects, 

which correspond to the action of inhaled drugs [39]. 

Progress in studying the mechanisms of such dangerous 

interactions has allowed to make significant progress in 

the development and application of antidotes (in partic-

ular, lipid emulsions), which is in satisfactory corre-

spondence with the lipotropy of the drugs in question 

[21, 43]. 

The implementation of toxicological risks can be 

traced at all levels of socio-biological organization of 

the functional systems, and the most pronounced man-

ifestations take place at the molecular, cellular and sub-

cellular level (energy and biosynthetic components) as 

well as at the organism level ï as restruction of regula-

tory and integrative higher mental functions (physio-

logical and psychological components). In the process 

of surgical intervention and, especially, in the postop-

erative period, the contribution of the latter to the re-

covery processes increases substantially. Thus, S. Pa-

rekh et al. [30], Prakash R. et al. [32] showed that in 

groups of patients with a surgical profile, practically re-

gardless of the type of ratio of general and local anes-

thetics used in the course of operative intervention, pain 

syndrome, anxiety and distress predominated in the 

postoperative period. Given the probability of toxic ef-

fects in virtually all drugs used for anesthesia, the anes-

thetist, in the course of his professional activities, is in 

the narrow corridor between the therapeutic effect of 

the anesthetic and its toxicity, and faces manifestations 

of a specific and nonspecific response of the organism 

to the drug used [7,18,27]. The main danger of possible 

toxic effects lies in the very nature, structure and phys-

icochemical properties of the drug substances, which 

are related to narcotic drugs - neurotoxicants [4,38,41]. 

Toxicological risk in anesthesia is associated with 

a number of predisposing factors: the underlying dis-

ease, the presence of concomitant pathology and asso-

ciated pharmacological anamnesis of the patient, the 

type and technology of surgical intervention on which 

the choice of the method of anesthesia depends [24, 25]. 

In a number of cases, there is a need to maintain, and 

sometimes also to renew the function of vital organs 

with the use of various additional infusion means and 

medicines, which together with anesthetics can have a 

combined effect on the body. In this case, the nature of 

the combined action submits to the general regularities 

established in experimental and clinical studies for dif-

ferent categories of xenobiotics [20,31,37]. The heavier 

the patient's condition, the severer the pathology, the 

more massive is the chemical "aggression", which is 

aimed at helping the patient, but at the same time ex-

poses the patient's body to chemical hazards. 

To conduct general anesthesia in modern anesthe-

siology, intravenous anesthetics and hypnotics, inhala-

tion anesthetics and a variety of drugs are used that en-

sure the multicomponence of general anesthesia, 

thereby increasing the chemical load on the patient's 

body. 

It is known [16,23,36] that the toxic effect of any 

xenobiotic, including drugs for anesthesia, is realized 

through a number of common cellular mechanisms: 

1. hypoxia; 

2. membrane toxicity; 

3. oxidative stress; 

4. enzymatic toxicity (more often by inhibiting en-

zymes) 

Multiple nature of mechanisms of action, hetero-

geneity of the cellular elements in target organs, com-

plex space-time interactions of the active drug and re-

ceptor determine its bioavailability, pharmacokinetics, 

pharmacodynamics and toxicity [8, 14, 44]. This deter-

mines the difficulties of an integrated assessment of the 

narcotic effect of anesthetics comparing their efficacy 

and it has generated a variety of indices and their vari-

ants [17,26,34]. For an adequate assessment, general-

ized description and consideration of the established 

regularities the bispectral index (BIS) is increasingly 

used in the clinical practice. It is a monitor of the hyp-

notic state: anesthesia, which supports BIS at the level 

of 50-60 (units are a dimensionless value), reduces the 

probability of undesirable use of memory function un-

der anesthesia. The growth of BIS above 60 is accom-

panied by increased anxiety, agitation, which persist in 

the post-operation period. At present, obtaining and an-

alyzing the patient's physiological parameters in real 

time provides an effective method for continuously as-

sessing the response of administration of the drug to 

suppress nociception, which allows clinicians to per-

sonalize the administration of the drug. The depth of the 

hypnotic component of anesthesiologic monitors is cur-

rently available for most hospitals and is used in the 

usual way: they record and process simplified electro-

encephalographic (EEG) signals and represent the re-

sult in real time, which allows anesthetists to correct the 

introduction of a hypnotic agent to reduce the probabil-

ity of intraoperative awareness or discomfort of the pa-

tient as well as an overdose of the drug [10]. 

The effect of anesthesia on the respiratory system 

is carried out primarily by the central mechanism, due 

to the effect of the drug on the respiratory center. In-

haled anesthetics (IA) lead to a change in rhythm, depth 

of breathing, the ratio of the phases of inspiration and 

expiration, a decrease in the sensitivity of the respira-

tory center to changes in pH, pC02, p02. Virtually all 

IAs reduce the tone of the respiratory muscles as a re-

sult of the central and peripheral effect, thus reducing 

the respiratory volume [22]. Compensatory increase in 

the frequency of respiratory movements does not lead 

to a normalization of the pC02 index in a number of 

cases. In addition, suppression of the ventilatory reac-

tion to hypercapnia and hypoxemia is noted. 
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Besides the general responses of the body to the 

use of IA, there is danger associated with the local ef-

fects of the drug. Thus, some IAs have a sharp odor and 

irritate the upper respiratory tract, causing coughing, 

salivation, bronchospasm, which is fraught with the de-

velopment of hypoxic conditions, in addition, the pro-

duction of surfactant is disturbed [1,5]. A number of 

IAs inhibits the activity of mucociliary epithelium, thus 

suppressing mucociliary clearance. This explains their 

accompanying effects on the respiratory tract [19]. 

It should also be noted the bronchodilating effect 

of IA, which is carried out by blocking the effect of his-

tamine, without affecting its production, and also by 

stimulation of GABA receptors blocking the passage of 

the impulse into the nerve cell [29]. However, pro-

longed bronchodilation can lead to an increase in the 

physiological dead space and, as a result, of reflex hy-

pocapnia bronchoconstriction - disturbance of oxygen-

ation of the blood with the development of hypoxemia. 

Thus, it can be concluded that the effect of IA on the 

respiratory system, in the absence of adequate respira-

tory support, is accompanied by the development of hy-

poxia, which is also a synergist for anesthetics as to af-

fection of the central nervous system (CNS). 

Most biological processes, both at the level of an 

individual cell and the whole organism, occur with the 

use of ATP energy [2]. For its effective formation, con-

stant delivery of oxygen to the cell mitochondria is re-

quired; therefore hypoxic states are accompanied by 

energy "hunger" of the cell and the whole organism. 

The condition of energy deficit of the cell entails a 

number of negative consequences: disturbance of the 

processes of active transport, protein biosynthesis, cel-

lular metabolism. In addition, hypoxia causes damage 

to endothelial cells and uncontrolled production of bio-

logically active substances affecting the hemostasis 

system, vascular tone, development of systemic inflam-

mation [15]. 

Currently, chemical safety is not given enough at-

tention in anesthesiology. It should be noted that the 

pharmacokinetic parameters of drugs are studied 

mainly in healthy volunteers, and in patients with the 

existing concomitant pathology, and even in the com-

bined application mode, they can vary significantly. At 

the same time, chemical hazard under certain circum-

stances (psychosomatic state of the patient, sex, age, 

nature of nutrition) can be realized not only as a result 

of overdose or inadequate combination of drugs, but 

also due to the changed mechanisms of the body's re-

sponse to pharmacotherapy. However, these aspects of 

anesthesiological support for patients with surgical pro-

file are still insufficiently studied. 

Conclusions 

1. In surgical practice anesthesia refers to complex 

medical technologies characterized by a systemic ap-

proach, stage, a clear hierarchy of methods used, means 

and a wide variety of anesthetics used. 

2. The creative potential of the anesthetist in the 

framework of traditional views and protocols is evalu-

ated in most cases by his direct involvement in the sur-

gical intervention, leaving without sufficient attention 

the preparatory and postoperative stages when the spe-

cific mechanisms of action of the anesthetic take the 

second place, and against the background of surgical 

trauma, decreased adaptation reserves, the toxic effects 

of the combinatorial, cumulative and disregulatory plan 

develop, which significantly affect the time and com-

pleteness of the restitution process, probability and se-

verity of complications. 

3. Ensuring chemical safety of the patient at all 

stages of surgery and recovery is an urgent problem, the 

solution of which dictates the need for a comprehensive 

clinical and experimental studies aimed at the establish-

ment of regularities, study of mechanisms of toxic ef-

fects associated with exposure to anesthetics, the prod-

ucts of their metabolism as well as probable combined 

action together with the pharmaceuticals used during 

chemotherapy. 

4. Comprehensive research should cover all main 

units of the functional system from a molecular, cellu-

lar to the whole organism, with obligatory considera-

tion of individual personal patient's characteristics for 

his well-being and quality of psychosomatic subse-

quent life activity. 

To solve this problem, a complex of clinical and 

experimental studies has been planned and started. 
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ɸʥʥʦʪʘʮʠʷ 
ʈʝʚʤʘʪʦʠʜʥʳʡ ʘʨʪʨʠʪ ʧʨʦʪʝʢʘʝʪ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚʷʟʢʠʭ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, 

ʧʨʠʯʝʤ ʚʪʦʨʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʙʦʣʴʥʳʭ ʠʤʝʝʪ ʨʘʟʥʫʶ (ʫʚʝʣʠʯʝʥʥʫʶ ʠ ʫʤʝʥʴ-

ʰʝʥʥʫʶ) ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ɿʘʙʦʣʝʚʘʥʠʝ ʩʫʩʪʘʚʦʚ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʨʝʤʝʥʠ ʨʝʣʘʢ-

ʩʘʮʠʠ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʠ ʧʨʝʚʘʣʠʨʦʚʘʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʤʦʜʫʣʷ ʚʷʟʢʦʵʣʘʩʪʠʯʥʦʩʪʠ ʧʨʠ ʨʝʚʤʘʪʦʠʜʥʦʤ ʘʨʪ-

ʨʠʪʝ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʢʦʨʨʝʣʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ, ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʷʟʢʦʩʪʴʶ ʠ ʫʧʨʫʛʦʩʪʴʶ, ʟʘʚʠʩʷʪ ʦʪ 

ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʪʝʯʝʥʠʷ ʙʦʣʝʟʥʠ, ʫʨʦʚʥʝʡ ʩʳʚʦʨʦʪʦʯʥʳʭ ʩʫʨʬʘʢʪʘʥʪʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʨ-ʥʝʘʢʪʠʚ-

ʥʳʭ ʚʝʱʝʩʪʚ. ɸʜʩʦʨʙʮʠʦʥʥʦ-ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʚʣʠʷʶʪ ʥʘ ʭʘʨʘʢʪʝʨ ʘʛʨʝʛʘʮʠʠ 

ʵʨʠʪʨʦʮʠʪʦʚ ʠ ʪʨʦʤʙʦʮʠʪʦʚ ʮʝʣʴʥʦʡ ʢʨʦʚʠ. ʆʪʜʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʳʚʦʨʦʪʦʯʥʦʡ ʨʝʦʣʦʛʠʠ ʢʦʨʨʝʣʠʨʫʶʪ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʭʦʪʷ ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʨʘʟʥʠʪʩʷ, ʧʘʨʘʤʝʪʨʳ ʠʤʝʶʪ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʩ 

ʠʥʜʝʢʩʦʤ ʘʛʨʝʛʘʮʠʠ ʵʨʠʪʨʦʮʠʪʦʚ. 
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Abstract 
Rheumatoid arthritis progress with the change of viscous and relaxation properties of blood serum; the second 

physicochemical parameter has different (increased and reduced accordingly) direction. Diseases of the joints dif-

fer from each other by higher values of time relaxation of blood serum and prevailing of the module indices of 

viscoelasticity in rheumatoid arthritis, parameters of which correlate with each other, with surface viscous and 

elasticity, and depend on clinical signs of the diseases, the levels of serum surfactants and surface-inactive sub-

stances. Adsorptive and rheological properties of blood influence the character of aggregation of erythrocytes and 

platelets of whole blood. Separate indices of serum rheology correlate with each other though the character of 

these interrelations is different, parameters correlate with the index of erythrocyte aggregation. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʪʨʠʪ ʨʝʚʤʘʪʦʠʜʥʳʡ, ʢʨʦʚʴ, ʘʜʩʦʨʙʮʠʷ, ʨʝʦʣʦʛʠʷ. 

Keywords: arthritis rheumatoid, blood, adsorption, rheology. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. ʇʘʪʦʛʝʥʝʪʠʯʝʩʢʠʝ 

ʧʦʩʪʨʦʝʥʠʷ ʨʝʚʤʘʪʦʠʜʥʦʛʦ ʘʨʪʨʠʪʘ (ʈɸ) ʪʝʩʥʦ ʩʚʷ-

ʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʵʨʠʪʨʦʮʠʪʘʨʥʦ-ʪʨʦʤʙʦʮʠʪʘʨ-

ʥʦʛʦ ʟʚʝʥʴʝʚ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʦʚʠ [4, 8] ʥʘ 

ʬʦʥʝ ʛʠʧʝʨʚʷʟʢʦʛʦ ʩʠʥʜʨʦʤʘ [1, 6]. ʈʘʟʨʘʙʦʪʢʘ ʬʠ-

ʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʬʦʨʤʳ ʦʩʝʩʠʤ-

ʤʝʪʨʠʯʥʳʭ ʢʘʧʝʣʴ ʧʦʟʚʦʣʠʣʘ ʦʮʝʥʠʚʘʪʴ ʚʷʟʢʦʵʣʘ-

ʩʪʠʯʥʳʝ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʳʚʦʨʦʪʢʠ 

ʢʨʦʚʠ ʫ ʪʘʢʠʭ ʧʘʮʠʝʥʪʦʚ [9]. ɼʘʣʴʥʝʡʰʝʝ ʚʥʝʜʨʝ-

ʥʠʝ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ ʤʝʪʦʜʘ ʦʩʮʠʣʣʠʨʫʶ-

ʱʝʡ ʢʘʧʣʠ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʦʪʜʝʣʴʥʦ 

ʚʷʟʢʠʝ ʠ ʫʧʨʫʛʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʳʚʦ-

ʨʦʪʢʠ ʢʨʦʚʠ [3]. 

ɻʠʧʝʨʚʷʟʢʠʡ ʩʠʥʜʨʦʤ ʧʨʠ ʈɸ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʦʣʝʢʫʣʷʨʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʩʳʚʦʨʦ-

ʪʦʯʥʳʭ ʙʝʣʢʦʚ [7]. ʇʨʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʘʢʪʠʚʥʦ-

ʩʪʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘʠʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ ʪʝʢʫʯʠʭ ʩʚʦʡʩʪʚ ʢʨʦʚʠ, ʘ, 

ʟʥʘʯʠʪ, ʠ ʛʝʤʦʨʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʚ ʩʦʩʫʜʘʭ 

ʨʘʟʣʠʯʥʦʛʦ ʢʘʣʠʙʨʘ. ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʥʦʡ ʚʷʟʢʦ-

ʩʪʠ ʮʝʣʴʥʦʡ ʢʨʦʚʠ ʧʨʠ ʥʝʠʟʤʝʥʝʥʥʦʡ ʢʝʩʩʦʥʦʚʩʢʦʡ 

ʚʷʟʢʦʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʷ ʨʝʦʣʦʛʠʠ 

ʢʨʦʚʠ ʚ ʦʩʥʦʚʥʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʦʩʫʜʘʭ ʤʠʢʨʦ-

ʮʠʨʢʫʣʷʪʦʨʥʦʛʦ ʨʫʩʣʘ [2]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʚʳʰʝ-

ʥʠʝ ʚʠʩʢʦʟʥʳʭ ʩʚʦʡʩʪʚ ʢʨʦʚʠ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴ-

ʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʛʠʧʝʨʘʛʨʝʛʘʮʠʦʥʥʦʛʦ ʩʠʥʜʨʦʤʘ. 

ʋ ʙʦʣʴʥʳʭ ʈɸ ʟʘ ʩʯʝʪ ʥʘʨʫʰʝʥʠʡ ʨʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʫʩʠ-

ʣʝʥʠʝ ʩʧʦʥʪʘʥʥʦʡ ʘʨʛʝʛʘʮʠʠ ʵʨʠʪʨʦʮʠʪʦʚ ʠ ʚʳʩʦ-

ʢʘʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʘʛʨʝʛʘʪʦʚ ʢʘʢ ʦʩ-

ʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʩʠʥʜʨʦʤʘ ʧʦʚʳʰʝʥʥʦʡ ʚʷʟʢʦʩʪʠ. 

ʂʣʠʥʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʥʘʨʫʰʝʥʠʡ ʘʜʩʦʨʙ-

ʮʠʦʥʥʦ-ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ 

(ɸʈʉʂ) ʧʨʠ ʈɸ ʠʟʫʯʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʪʨʝʙʫʝʪ ʫʪʦ-

ʯʥʝʥʠʷ ʩʚʷʟʴ ɸʈʉʂ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʵʨʠ-

ʪʨʦʮʠʪʘʨʥʦ-ʪʨʦʤʙʦʮʠʪʘʨʥʦʛʦ ʟʚʝʥʘ ʨʝʦʣʦʛʠʠ 

ʢʨʦʚʠ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʘʩʧʝʢʪʳ ʩʪʘʣʠ ʮʝʣʴʶ ʠ ʟʘʜʘ-

ʯʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ. ʇʦʜ ʥʘʙʣʶʜʝʥʠʝʤ ʥʘʭʦ-

ʜʠʣʩʷ 131 ʙʦʣʴʥʦʡ ʈɸ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 18 ʜʦ 79 ʣʝʪ (ʚ 

ʩʨʝʜʥʝʤ 45Ñ1,0 ʣʝʪ) ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʙʳʣʦ 18,3% 

ʤʫʞʯʠʥ ʠ 81,7% ʞʝʥʱʠʥ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʟʘʙʦʣʝʚʘ-

ʥʠʷ ʩʦʩʪʘʚʠʣʘ 10Ñ0,7 ʣʝʪ. I ʨʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʘʷ ʩʪʘ-

ʜʠʷ ʘʨʪʨʠʪʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚ 8% ʩʣʫʯʘʝʚ ʟʘʙʦʣʝʚʘʥʠʷ, 

II  ï ʚ 38%, III  ï ʚ 35%, IV ï ʚ 19%. ʉʝʨʦʧʦʟʠʪʠʚ-

ʥʦʩʪʴ ʧʦ ʨʝʚʤʘʪʦʠʜʥʦʤʫ ʬʘʢʪʦʨʫ ʦʪʤʝʯʝʥʘ ʫ 77% 

ʦʪ ʯʠʩʣʘ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ, ʘ ʧʦ ʥʘʣʠʯʠʶ 

ʘʥʪʠʪʝʣ ʢ ʮʠʪʨʫʣʣʠʥʦʚʦʤʫ ʮʠʢʣʠʯʝʩʢʦʤʫ ʧʝʧʪʠʜʫ 

ï ʫ Ĳ. ɺʥʝʩʫʩʪʘʚʥʘʷ (ʩʠʩʪʝʤʥʘʷ) ʬʦʨʤʘ ʙʦʣʝʟʥʠ 

ʠʤʝʣʘ ʤʝʩʪʦ ʚ 43% ʥʘʙʣʶʜʝʥʠʡ, ʩʠʩʪʝʤʥʳʡ ʦʩʪʝ-

ʦʧʦʨʦʟ ï ʚ 67%. ɼʠʛʠʪʘʣʴʥʳʡ ʘʨʪʝʨʠʠʪ ʜʠʘʛʥʦʩʪʠ-

ʨʦʚʘʥ ʫ 6% ʦʪ ʯʠʩʣʘ ʧʘʮʠʝʥʪʦʚ, ʦʬʪʘʣʴʤʦʧʘʪʠʠ 

(ʫʚʝʠʪ, ʩʢʣʝʨʠʪ, ʢʝʨʘʪʠʪ) ï ʫ 5%, ʤʠʦʟʠʪ ʠʣʠ ʤʠ-

ʘʣʛʠʠ ï ʫ 14%, ʣʠʤʬʘʜʝʥʦʧʘʪʠʷ ï ʫ 3%, ʧʦʨʘʞʝʥʠʝ 

ʩʝʨʜʮʘ (ʤʠʦʢʘʨʜʘ, ʵʥʜʦʢʘʨʜʘ, ʢʣʘʧʘʥʦʚ) ï ʫ 37%, 

ʩʝʨʦʟʠʪʳ (ʧʣʝʚʨʠʪ, ʧʝʨʠʢʘʨʜʠʪ) ï ʫ 5%, ʧʥʝʚʤʦʥʠʪ 

(ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʳʡ, ʬʠʙʨʦʟʠʨʫʶʱʠʡ ʘʣʴʚʝʦʣʠʪ, 

ʨʝʚʤʘʪʦʠʜʥʳʝ ʫʟʣʳ) ʠ ʛʠʧʦʪʠʨʝʦʟ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʫ 8%, ʧʦʨʘʞʝʥʠʝ ʧʦʯʝʢ (ʛʣʦʤʝʨʫʣʦʥʝʬʨʠʪ, ʠʥʪʝʨ-

ʩʪʠʮʠʘʣʴʥʳʡ ʥʝʬʨʠʪ, ʘʤʠʣʦʠʜʦʟ) ï ʫ 15%, ʧʝʯʝʥʠ 

(ʢʨʠʧʪʦʛʝʥʥʳʡ ʛʝʧʘʪʠʪ) ï ʫ 9%, ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ï ʫ 13%, ʩʠʥʜʨʦʤ ʐʝʛʨʝʥʘ ï ʫ 4%, 

ʵʥʮʝʬʘʣʦʧʘʪʠʷ (ʜʠʩʮʠʨʢʫʣʷʪʦʨʥʘʷ, ʘʩʪʝʥʦʚʝʛʝʪʘ-

ʪʠʚʥʳʡ ʠ ʢʦʨʪʠʢʦʥʫʢʣʝʘʨʥʳʡ ʩʠʥʜʨʦʤʳ) ï ʫ 7%. 

ɼʣʷ ʦʮʝʥʢʠ ʦʙʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʟʘʙʦʣʝʚʘʥʠʷ ʦʧʨʝʜʝ-

ʣʷʣʠ ʧʦʢʘʟʘʪʝʣʴ DAD ʚ ʙʘʣʣʘʭ, ʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʩʪʝʧʝʥʠ ʘʢʪʠʚʥʦʩʪʠ ʩʫʩʪʘʚʥʦʛʦ ʩʠʥʜʨʦʤʘ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠ ʢʨʠʪʝʨʠʡ DAS28. 

ʇʘʮʠʝʥʪʘʤ ʚʳʧʦʣʥʷʣʠ ʨʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʫʩʪʘʚʦʚ, ʢʨʝʩʪʮʦ-

ʚʦʧʦʜʚʟʜʦʰʥʳʭ ʩʦʯʣʝʥʠʝʡ ʠ ʧʦʟʚʦʥʦʯʥʠʢʘ 

(çMultix -Compact-Siʝmensè, ɻʝʨʤʘʥʠʷ), ʫʣʴʪʨʘʟʚʫ-

ʢʦʚʦʝ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʫʩʪʘʚʦʚ (çEnvisor-Philipsè, 

ʅʠʜʝʨʣʘʥʜʳ) ʠ ʜʚʫʭʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʨʝʥʪʛʝʥʦʚ-

ʩʢʫʶ ʦʩʪʝʦʜʝʥʩʠʪʦʤʝʪʨʠʶ (çQDR-4500-Delphi-

Hologicè, ʉʐɸ). ʉ ʧʦʤʦʱʴʶ ʨʦʪʘʮʠʦʥʥʦʛʦ ʚʠʩʢʦ-

ʟʠʤʝʪʨʘ çLow-Shear-30è (ʐʚʝʡʮʘʨʠʷ) ʠʩʩʣʝʜʦʚʘʣʠ 

ʦʙʲʝʤʥʫʶ ʚʷʟʢʦʩʪʴ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ (VV). ʄʝʞ-

ʬʘʟʥʫʶ ʪʝʥʟʠʦʨʝʦʤʝʪʨʠʶ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʧʧʘʨʘʪʘ çPAT2-Sinterfaceè 

(ɻʝʨʤʘʥʠʷ), ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʤʝʪʦʜʝ ʦʩʮʠʣʣʠʨʫʶ-

ʱʝʡ ʢʘʧʣʠ. ʀʟʫʯʘʣʠ ʤʦʜʫʣʴ ʚʷʟʢʦʵʣʘʩʪʠʯʥʦʩʪʠ 

(VE), ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʫʧʨʫʛʦʩʪʴ (SE), ʚʷʟʢʦʩʪʴ 

(SV), ʨʝʣʘʢʩʘʮʠʶ (SR), ʫʛʦʣ ʥʘʢʣʦʥʘ (SA) ʠ ʬʘʟʦ-

ʚʳʡ ʫʛʦʣ (CP) ʪʝʥʟʠʦʛʨʘʤʤ [5]. ʇʘʨʘʣʣʝʣʴʥʦ, ʠʩʧʦ-

ʣʴʟʫʷ ʘʥʘʣʠʟʘʪʦʨ çɸʂʈ2è (ʈʦʩʩʠʷ), ʦʧʨʝʜʝʣʷʣʠ ʠʥ-

ʜʝʢʩʳ ʘʛʨʝʛʘʮʠʠ ʵʨʠʪʨʦʮʠʪʦʚ (AEI) ʠ ʪʨʦʤʙʦʮʠʪʦʚ 

(ATI), ʘ ʪʘʢʞʝ ʠʥʜʝʢʩ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ ʵʨʠʪʨʦʮʠ-

ʪʦʚ (DEI), ʦʪʨʘʞʘʶʱʠʝ ʥʝ ʩʳʚʦʨʦʪʦʯʥʦʝ, ʘ ʵʨʠʪʨʦ-

ʮʠʪʘʨʥʦ-ʪʨʦʤʙʦʮʠʪʘʨʥʦʝ ʟʚʝʥʦ ʨʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʨʦʚʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʦʙʩʣʝʜʦʚʘʥʳ 52 

ʧʨʘʢʪʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʯʝʣʦʚʝʢʘ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶ-

ʪʝʨʥʦʛʦ ʚʘʨʠʘʮʠʦʥʥʦʛʦ, ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ, ʨʝʛʨʝʩ-

ʩʠʦʥʥʦʛʦ, ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ, ʦʜʥʦ- (ANOVA) ʠ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ (ANOVA/MANOVA) ʜʠʩʧʝʨʩʠ-

ʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʧʨʦʛʨʘʤʤʳ çMicrosoft Excelè ʠ 

çStatistica-Stat-Softè, ʉʐɸ). ʆʮʝʥʠʚʘʣʠ ʤʝʜʠʘʥʳ 

(M), ʠʭ ʩʪʘʥʜʘʨʪʥʳʝ ʦʰʠʙʢʠ ʠ ʦʪʢʣʦʥʝʥʠʷ (SD), ʧʘ-
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ʨʘʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨ-

ʩʦʥʘ (r) ʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʂʝʥʜʘʣʣʘ, ʢʨʠʪʝʨʠʠ 

ʨʝʛʨʝʩʩʠʠ, ʜʠʩʧʝʨʩʠʠ ɹʨʘʫʥʘ-ʌʦʨʩʘʡʪʘ (BF) ʠ ʋʠʣ-

ʢʦʢʩʦʥʘ-ʈʘʦ, ʨʘʟʣʠʯʠʡ ʉʪʴʶʜʝʥʪʘ ʠ ʄʘʢʥʝʤʘʨʘ-

ʌʠʰʝʨʘ, ʘ ʪʘʢʞʝ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʈɸ ʩʦʧʨʦʚʦʞ-

ʜʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ (ʥʘ 62%) ʧʘʨʘ-

ʤʝʪʨʦʚ VV ʠ ʥʘ 9% SR (ʪʘʙʣʠʮʘ). ʇʦ ʜʘʥʥʳʤ ʤʥʦ-

ʛʦʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʋʠʣʢʦʢʩʦʥʘ-ʈʘʦ, ʥʘ ʠʥʪʝ-

ʛʨʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ɸʈʉʂ ʧʨʠ ʈɸ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʩʪʝʧʝʥʴ ʘʢʪʠʚʥʦʩʪʠ, ʩʪʘʜʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʠ 

ʦʙʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ DAD. 

ʇʦ ʜʘʥʥʳʤ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘ-

ʣʠʟʘ ɹʨʘʫʥʘ-ʌʦʨʩʘʡʪʘ, ʚʦʟʨʘʩʪ ʙʦʣʴʥʳʭ ʦʧʨʝʜʝʣʷʝʪ 

ʟʥʘʯʝʥʠʷ SA, ʘ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ DAS28 ʧʦʢʘʟʘʪʝʣʝʡ SR ʠ 

ʦʙʨʘʪʥʫʶ VE. ʀʥʪʝʛʨʘʣʴʥʳʝ ɸʈʉʂ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʩʝʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʩʫʩʪʘʚʥʦ-ʚʠʩʮʝʨʘʣʴʥʦʛʦ ʚʘʨʠʘʥ-

ʪʦʚ ʙʦʣʝʟʥʠ, ʥʦ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʥʘʣʠʯʠʝʤ ʩʘʢʨʦʠ-

ʣʝʠʪʘ, ʪʝʥʜʦʚʘʛʠʥʠʪʦʚ, ʵʥʪʝʟʦʧʘʪʠʡ, ʩʧʦʥʜʠʣʦʧʘ-

ʪʠʠ ʠ ʧʦʨʘʞʝʥʠʡ ʛʣʘʟ. ʇʦ ʜʘʥʥʳʤ ANOVA ʚʳʨʘ-

ʞʝʥʥʦʩʪʴ ʦʬʪʘʣʴʤʦʧʘʪʠʡ ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʧʘʨʘʤʝʪʨʳ VV, ʪʝʥʜʦʚʘʛʠʥʠʪʦʚ ï ʥʘ VE, ʢʨʝʩʪʮʦʚʦ-

ʧʦʜʚʟʜʦʰʥʳʭ ʩʦʯʣʝʥʝʥʠʡ ï ʥʘ SV. ʂʦʥʩʪʘʪʠʨʫʶʪʩʷ 

ʧʨʷʤʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ VE ʩ SE, SR ʠ CP, SE ï c 

SV, SR ʠ CP, SV ï ʪʦʣʴʢʦ ʩ SR. ɻʠʩʪʦʛʨʘʤʤʳ ʠʥʪʝ-

ʛʨʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʷʟʢʦʵʣʘʩʪʠʯʥʳʭ ʩʚʦʡʩʪʚ 

ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ (SV+SE+VE) ʫ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʠ 

ʙʦʣʴʥʳʭ ʈɸ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮ,r ʧʨʠ ʈɸ ʦʪʤʝʯʘʝʪʩʷ ʚʣʠ-

ʷʥʠʝ VV ʥʘ AEI, CP ï ʥʘ ATI, SR ï ʥʘ DEI. ʅʘʤʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ VV>3,5 ʤʇʘ³ʩ 

(>M+2SD ʪʘʢʠʭ ʙʦʣʴʥʳʭ) ʠ SV>20 ʤʅ/ʤ ʤʦʛʫʪ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʨʘʟʚʠʪʠʠ ʛʠʧʝʨʚʷʟʢʦʛʦ ʩʠʥʜʨʦʤʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷʤʠ ʵʨʠʪʨʦʮʠʪʘʨʥʦ-

ʪʨʦʤʙʦʮʠʪʘʨʥʦʛʦ ʟʚʝʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʨʦʚʠ. 

ʊʘʙʣʠʮʘ 

ʇʦʢʘʟʘʪʝʣʠ ɸʈʉʂ ʫ ʙʦʣʴʥʳʭ ʘʨʪʨʠʪʘʤʠ ʠ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ (MÑSD), ʘ ʪʘʢʞʝ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʭ ʚʣʠʷʥʠʷ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʵʨʠʪʨʦʮʠʪʘʨʥʦ-ʪʨʦʤʙʦʮʠʪʘʨʥʦʛʦ ʟʚʝʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʦʚʠ (p BF) 

ʇʦʢʘʟʘʪʝʣʠ 

ɸʈʉʂ 

ɻʨʫʧʧʳ 

ʦʙʩʣʝʜʦʚʘʥʥʳʭ 

ʕʨʠʪʨʦʮʠʪʘʨʥʦ-ʪʨʦʤʙʦʮʠʪʘʨʥʳʝ ʧʦ-

ʢʘʟʘʪʝʣʠ  

ʙʦʣʴʥʳʝ 

(n=31) 

ʟʜʦʨʦʚʳʝ 

(n=52) 
AEI ATI  DEI 

VV, ʤʇʘ³ʩ 

VE, ʤʅ/ʤ 

SE, ʤʅ/ʤ 

SV, ʤʅ/ʤ 

SR, ʩ 

SA, ʤʅ/ʤð1ʩ1/2 

CP, ʤʅ/ʤð1ʩ1/2 

2,1Ñ0,61 * 

22,4Ñ7,69 

44,5Ñ10,88 

15,7Ñ3,09 

123,8Ñ22,53 * 

16,0Ñ4,54 

163,7Ñ81,62 

1,3Ñ0,21 

23,7Ñ7,58 

42,8Ñ4,94 

15,5Ñ1,69 

114,0Ñ23,14 

17,8Ñ5,18 

144,5Ñ59,19 

0,002 

0,520 

0,205 

0,661 

0,348 

0,639 

0,463 

0,769 

0,330 

0,220 

0,369 

0,454 

0,750 

0,043 

0,981 

0,342 

0,535 

0,383 

0,048 

0,092 

0,305 

ʇʨʠʤʝʯʘʥʠʝ. * ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫ ʙʦʣʴʥʳʭ ʠ ʟʜʦʨʦʚʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦ-

ʚʝʨʥʳ (p<0,05). 

 

 
ɹʦʣʴʥʳʝ 

 
ɿʜʦʨʦʚʳʝ 

ʈʠʩ. 1. ɻʠʩʪʦʛʨʘʤʤʳ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʷʟʢʦʵʣʘʩʪʠʯʥʳʭ ʩʚʦʡʩʪʚ ʢʨʦʚʠ (SV+SE+VE) 

 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʨʫʰʝʥʠʷ ɸʈʉʂ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʫʯʘʩʪʚʫʶʪ ʚ ʧʘʪʦʛʝʥʝʪʠʯʝ-

ʩʢʠʭ ʧʦʩʪʨʦʝʥʠʷʭ ʦʪʜʝʣʴʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʠʟʥʘ-

ʢʦʚ ʈɸ, ʥʘ ʯʪʦ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʋʠʣʢʦʢʩʦʥʘ-

ʈʘʦ, ʫʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʚʷʟʢʦʵʣʘʩʪʠʯʥʳʭ ʩʚʦʡʩʪʚ 

ʩʳʚʦʨʦʪʢʠ ʥʘ ʪʝʯʝʥʠʝ ʩʫʩʪʘʚʥʦʛʦ ʩʠʥʜʨʦʤʘ ʠ ʧʘʪʦ-

ʣʦʛʠʶ ʩʝʨʜʮʘ, ʘ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʘʥʥʦʡ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ï ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʟʘʙʦʣʝʚʘʥʠʷ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩʫʱʝʩʪʚʫʝʪ ʩʚʷʟʴ ʠʥʪʝʛʨʘʣʴʥʳʭ ɸʈʉʂ ʦʪ 

ʭʘʨʘʢʪʝʨʘ ʧʦʨʘʞʝʥʠʷ ʩʫʩʪʘʚʦʚ (ʨʠʩ. 2 ʠ 3) ʠ ʵʢʩʪʨʘ-

ʘʨʪʠʢʫʣʷʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʈɸ (ʨʠʩ. 4). 
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ʈʠʩ. 2. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʚʣʠʷʥʠʷ ʧʦʨʘʞʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʩʫʩʪʘʚʦʚ ʥʘ ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ɸʈʉʂ ʫ ʙʦʣʴʥʳʭ ʈɸ (p WR). 

ʉʫʩʪʘʚʳ: 1 ï ʚʝʨʭʥʝʯʝʣʶʩʪʥʳʝ, 2 ï 

ʛʨʫʜʠʥʥʦʢʣʶʯʠʯʥʳʝ, 3 ï ʧʨʦʢʩʠʤʘʣʴʥʳʝ 

ʤʝʞʬʘʣʘʥʛʦʚʳʝ ʢʠʩʪʝʡ, 4 ï ʧʷʩʪʥʦʬʘʣʘʥʛʦʚʳʝ, 

5 ï ʣʫʯʝʟʘʧʷʩʪʥʳʝ, 6 ï ʣʦʢʪʝʚʳʝ, 7 ï ʧʣʝʯʝʚʳʝ, 8 

ï ʧʨʦʢʩʠʤʘʣʴʥʳʝ ʤʝʞʬʘʣʘʥʛʦʚʳʝ ʩʪʦʧ, 9 ï 

ʧʣʶʩʥʝʬʘʣʘʥʛʦʚʳʝ, 10 ï ʛʦʣʝʥʦʩʪʦʧʥʳʝ, 11 ï 

ʢʦʣʝʥʥʳʝ, 12 ï ʪʘʟʦʙʝʜʨʝʥʥʳʝ, 13 ï 

ʢʨʝʩʪʮʦʚʦʧʦʜʚʟʜʦʰʥʳʝ, 14 ï ʧʦʟʚʦʥʢʦʚʳʝ 

ʈʠʩ. 3. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʨʝʥʪʛʝʥʦʩʦʥʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʈɸ ʥʘ 

ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ɸʈʉʂ (p WR). 

ʇʨʠʟʥʘʢʠ: 1 ï ʪʝʥʜʦʚʘʛʠʥʠʪʳ, 2 ï ʵʥʪʝʟʦʧʘʪʠʠ, 

3 ï ʵʧʠʬʠʟʘʨʥʳʡ ʦʩʪʝʦʧʦʨʦʟ, 5 ï ʩʫʙʭʦʥʜʨʘʣʴʥʳʡ 

ʩʢʣʝʨʦʟ, 7 ï ʦʩʪʝʦʢʠʩʪʦʟ, 8 ï ʦʩʪʝʦʫʟʫʨʳ, 9 ï 

ʩʫʩʪʘʚʥʳʝ ʧʦʜʚʳʚʠʭʠ, 10 ï ʣʠʛʘʤʝʥʪʦʟ, 11 ï 

ʘʩʝʧʪʠʯʝʩʢʠʡ ʦʩʪʝʦʥʝʢʨʦʟ, 12 ï 

ʘʨʪʨʦʢʘʣʴʮʠʥʘʪʳ, 13 ï ʩʫʩʪʘʚʥʳʝ ʤʝʥʠʩʢʠ, 14 ï 

ʢʠʩʪʳ ɹʝʡʢʝʨʘ, 15 ï ʪʝʣʘ ʐʪʘʡʜʠ, 16 ï 

ʠʥʪʨʘʘʨʪʠʢʫʣʷʨʥʳʝ ʭʦʥʜʨʦʤʥʳʝ ʪʝʣʘ, 17 ï ʪʝʣʘ 

ɻʦʬʬʘ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʤʝʞʜʫ ʘʤʧʣʠʪʫ-

ʜʘʤʠ ʢʦʣʝʙʘʥʠʡ ʨʘʚʝʥ ʫʛʣʫ ʤʝʞʜʫ ʨʝʘʣʴʥʦʡ ʠ ʤʥʠ-

ʤʦʡ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʷʟʢʦʩʪʠ. ɸʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʪʩʪʘʶʪ ʦʪ ʘʤʧʣʠ-

ʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʧʣʦʱʘʜʠ, ʘ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʷʝʤʳʝ ʢʨʠʚʳʤʠ ʫʧʨʫʛʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ, ʷʚ-

ʣʷʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʣʦʛʘʨʠʬʤʘ ʯʘʩʪʦʪʳ. 

ɿʥʘʯʝʥʠʷ ɸʈʉʂ ʯʨʝʟʚʳʯʘʡʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ 

ʫʨʦʚʥʶ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ. 
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ʈʠʩ. 4. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʢʩʪʨʘʘʨʪʠʢʫʣʷʨʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʥʘ ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ɸʈʉʂ ʫ ʙʦʣʴʥʳʭ ʈɸ (p WR). 

ʇʨʠʟʥʘʢʠ: 1 ï ʜʠʛʠʪʘʣʴʥʳʡ ʘʨʪʝʨʠʠʪ, 2 ï ʩʠʥʜʨʦʤ ʐʝʛʨʝʥʘ, 3 ï ʧʦʨʘʞʝʥʠʝ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ, 4 ï 

ʧʦʨʘʞʝʥʠʝ ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʫʟʣʦʚ, 5 ï ʧʦʨʘʞʝʥʠʝ ʤʠʦʢʘʨʜʘ, 6 ï ʧʦʨʘʞʝʥʠʝ ʵʥʜʦʢʘʨʜʘ ʠ ʢʣʘʧʘʥʦʚ 

ʩʝʨʜʮʘ, 7 ï ʧʦʨʘʞʝʥʠʝ ʩʝʨʦʟʥʳʭ ʦʙʦʣʦʯʝʢ, 8 ï ʧʦʨʘʞʝʥʠʝ ʣʝʛʢʠʭ, 9 ï ʧʦʨʘʞʝʥʠʝ ʧʦʯʝʢ, 10 ï 

ʧʦʨʘʞʝʥʠʝ ʧʝʯʝʥʠ, 11 ï ʧʦʨʘʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, 12 ï ʧʦʨʘʞʝʥʠʝ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ 

ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ 

 

ʇʨʠ ʨʘʟʙʘʚʣʝʥʠʠ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ ʙʦʣʴʥʳʭ 

ʈɸ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1 

ʧʘʨʘʤʝʪʨʳ SE ʠ SV ʩʥʠʞʘʶʪʩʷ ʥʘ 10%. ʇʦʜʯʝʨʢ-

ʥʝʤ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʨʬʘʢʪʘʥʪʦʚ ʚ 

ʢʨʦʚʠ ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʛʥʝʪʝʥʠʝ ʫʧʨʫʛʦʩʪʠ 

ʧʨʠ ʯʘʩʪʦʪʝ 1 ʨʘʜʠʘʥ/ʩ ʠ ʩʣʘʙʦʝ ʧʨʠ 0,1 ʨʘʜʠʘʥ/ʩ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʧʦ-

ʨʘʟʥʦʤʫ ʚʣʠʷʶʪ ʥʘ SE ʠ SV. ʅʘʨʫʰʝʥʠʷ ɸʈʉʂ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴ ʩʦʩʪʦʷʥʠʝ 

ʛʝʤʦʜʠʥʘʤʠʢʠ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʚʠʩʢʦʟʥʳʭ ʩʚʦʡʩʪʚ 

ʢʨʦʚʠ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ʦʙʲʝʤʥʦʛʦ ʢʨʦʚʦʪʦʢʘ 

ʠ ʫʚʝʣʠʯʝʥʠʶ ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ ʩʦʩʫʜʠʩʪʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʛʠʧʝʨʚʷʟʢʠʡ ʩʠʥʜʨʦʤ 

ʧʨʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʩʫʩʪʘʚʦʚ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʤʦʣʝʢʫʣʷʨʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʢʦʥʬʠʛʫʨʘʮʠʝʡ 

ʩʳʚʦʨʦʪʦʯʥʳʭ ʙʝʣʢʦʚ [7]. ʇʨʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʘʢ-

ʪʠʚʥʦʩʪʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘʠʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ ʪʝʢʫʯʠʭ ʩʚʦʡʩʪʚ ʢʨʦʚʠ, ʘ, 

ʟʥʘʯʠʪ, ʠ ʛʝʤʦʨʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʚ ʩʦʩʫʜʘʭ 
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ʨʘʟʣʠʯʥʦʛʦ ʢʘʣʠʙʨʘ. ʋʚʝʣʠʯʝʥʠʝ VV ʧʨʠ ʥʝʠʟʤʝ-

ʥʝʥʥʦʡ ʢʝʩʩʦʥʦʚʩʢʦʡ ʚʷʟʢʦʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʥʘʨʫʰʝʥʠʷ ɸʈʉʂ ʚ ʦʩʥʦʚʥʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʦʩʫ-

ʜʘʭ ʤʠʢʨʦʮʠʨʢʫʣʷʪʦʨʥʦʛʦ ʨʫʩʣʘ [2]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʦʚʳʰʝʥʠʝ ʚʠʩʢʦʟʥʳʭ ʩʚʦʡʩʪʚ ʢʨʦʚʠ ʷʚʣʷʝʪʩʷ ʠʥ-

ʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʛʠʧʝʨʘʛʨʝʛʘʮʠʦʥʥʦʛʦ ʩʠʥ-

ʜʨʦʤʘ. ʋ ʙʦʣʴʥʳʭ ʈɸ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʫʩʠʣʝʥʠʝ 

ʩʧʦʥʪʘʥʥʦʡ ʘʨʛʝʛʘʮʠʠ ʵʨʠʪʨʦʮʠʪʦʚ ʠ ʚʳʩʦʢʘʷ ʛʠʜ-

ʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʘʛʨʝʛʘʪʦʚ ʢʘʢ ʦʩʥʦʚʥʳʭ 

ʬʘʢʪʦʨʦʚ ʩʠʥʜʨʦʤʘ ʧʦʚʳʰʝʥʥʦʡ ʚʷʟʢʦʩʪʠ. 

ɺʳʚʦʜʳ. ʈɸ ʧʨʦʪʝʢʘʝʪ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚʷʟʢʠʭ 

ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʳʚʦʨʦʪʢʠ ʢʨʦʚʠ, ʧʨʠ-

ʯʝʤ ʚʪʦʨʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʠʤʝʝʪ 

ʨʘʟʥʫʶ (ʫʚʝʣʠʯʝʥʥʫʶ ʠ ʫʤʝʥʴʰʝʥʥʫʶ) ʥʘʧʨʘʚʣʝʥ-

ʥʦʩʪʴ, ʧʘʨʘʤʝʪʨʳ ʢʦʨʨʝʣʠʨʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ, ʩ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʡ ʚʷʟʢʦʩʪʴʶ ʠ ʫʧʨʫʛʦʩʪʴʶ, ʟʘʚʠʩʷʪ ʦʪ 

ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʪʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ. 

ɸʈʉʂ ʚʣʠʷʶʪ ʥʘ ʭʘʨʘʢʪʝʨ ʵʨʠʪʨʦʮʠʪʘʨʥʦ-ʪʨʦʤʙʦ-

ʮʠʪʘʨʥʦʛʦ ʟʚʝʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʮʝʣʴʥʦʡ ʢʨʦʚʠ, ʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ɸʈʉʂ 

ʧʨʠ ʈɸ ʙʫʜʝʪ ʧʦʣʝʟʥʳʤʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝ-

ʯʝʥʠʷ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʨʘʟʨʘʙʦʪʢʠ 

ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ 

ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴʶ ʧʨʦʚʦʜʠʤʳʭ ʣʝʯʝʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 
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ɸʥʥʦʪʘʮʠʷ 

ʆʩʪʝʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʤʘʢʨʦʵʣʝʤʝʥʪʳ, ʛʦʨʤʦʥʳ ʠ ʬʝʨʤʝʥʪ ʱʝʣʦʯʥʘʷ ʬʦʩʬʘʪʘʟʘ ʫʯʘʩʪʚʫʶʪ ʚ ʧʘʪʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʷʭ ʧʨʠ ʛʦʥʘʨʪʨʦʟʝ, ʦʧʨʝʜʝʣʷʷ ʨʘʟʚʠʪʠʝ ʦʪʜʝʣʴʥʳʭ ʨʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʠʭ, ʩʦʥʦʛʨʘ-

ʬʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʳʭ ʘʨʪʠʢʫʣʷʨʥʳʭ ʠ ʧʝʨʠʘʨʪʠʢʫʣʷʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʘʪʦʣʦʛʠʠ ʢʦʣʝʥʥʳʭ ʩʫ-

ʩʪʘʚʦʚ (ʩʪʝʧʝʥʴ ʩʫʞʝʥʠʷ ʩʫʩʪʘʚʥʳʭ ʱʝʣʝʡ, ʵʧʠʬʠʟʘʨʥʳʡ ʦʩʪʝʦʧʦʨʦʟ, ʪʨʘʙʝʢʫʣʷʨʥʳʡ ʦʪʝʢ ʚ ʤʳʱʝʣʢʘʭ ʙʝʜ-

ʨʝʥʥʦʡ ʠ ʙʦʣʴʰʝʙʝʨʮʦʚʦʡ ʢʦʩʪʝʡ, ʠʟʤʝʥʝʥʠʷ ʨʦʛʦʚ ʤʝʥʠʩʢʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʠʩʪ ɹʝʡʢʝʨʘ, 

ʠʥʪʨʘʘʨʪʠʢʫʣʷʨʥʳʭ ʢʘʣʴʮʠʥʘʪʦʚ, ʭʦʥʜʨʦʤʥʳʭ ʪʝʣ ʠ ʪʝʣ ɻʦʬʬʘ), ʪʷʞʝʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʦʣʝʥ-

ʥʳʭ ʩʦʯʣʝʥʝʥʠʡ. 

Abstract 

Osteoassiciated macronutrients, hormones and the enzyme alkaline phosphatase involved in the pathogenesis 

of gonarthrosis constructs, defining the development of individual radiographic, sonographic, magnetic resonance 

signs of articular and periarticular pathology of the knee (the degree of narrowing of the joint gaps, epiphyseal 

osteoporosis, trabecular edema in the femoral condyles and tibia, changes horn meniscus, Baker's cyst formation, 

intra-articular calcifications, hondrome bodies and bodies Hoff), the severity of the structural changes in the knee 

joints. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʥʘʨʪʨʦʟ, ʢʦʩʪʴ, ʤʝʪʘʙʦʣʠʟʤ, ʧʘʪʦʛʝʥʝʟ. 

Keywords: gonarthrosis, bone metabolism and pathogenesis. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. ɻʦʥʘʨʪʨʦʟ (ɻɸ) ʷʚ-

ʣʷʝʪʩʷ ʭʨʦʥʠʯʝʩʢʠʤ (ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʛʨʝʩʩʠʨʫʶ-

ʱʠʤ) ʟʘʙʦʣʝʚʘʥʠʝʤ ʢʦʣʝʥʥʳʭ ʩʫʩʪʘʚʦʚ, ʢʦʪʦʨʦʝ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʝʡ ʭʨʷʱʘ, 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʫʙʭʦʥʜʨʘʣʴʥʦʡ ʢʦ-

ʩʪʠ, ʨʘʟʚʠʪʠʝʤ ʦʩʪʝʦʢʠʩʪ ʠ ʢʨʘʝʚʳʭ ʦʩʪʝʦʬʠʪʦʚ, 

ʩʢʨʳʪʳʤ ʠʣʠ ʷʚʥʳʤ ʩʠʥʦʚʠʪʦʤ, ʧʦʨʘʞʝʥʠʝʤ ʧʝʨʠ-

ʘʨʪʠʢʫʣʷʨʥʳʭ ʪʢʘʥʝʡ [2]. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤ 

ɻɸ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝ ʪʦʣʴʢʦ ʝʛʦ ʰʠʨʦʢʦʡ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʥʦʩʪʴʶ, ʘ ʠ ʚʳʩʦʢʠʤ ʨʠʩʢʦʤ ʨʘʟʚʠʪʠʷ ʦʛʨʘʥʠʯʝ-

ʥʠʡ ʬʫʥʢʮʠʠ ʩʫʩʪʘʚʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʥʘʨʫ-

ʰʝʥʠʶ ʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ [5]. 

ɺʦʧʨʦʩʳ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʘʩʧʝʢʪʳ ʧʘʪʦ-

ʛʝʥʝʟʘ ɻɸ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʥʪʝʥ-

ʩʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [3, 4, 6]. ʕʪʠ ʧʨʦʙʣʝʤʳ ʩʪʘʣʠ 

ʦʪʥʦʩʠʪʴʩʷ ʢ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʚ ʩʦʚʨʝ-

ʤʝʥʥʦʡ ʨʝʚʤʘʪʦʣʦʛʠʠ [1]. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʨʢʝʨʦʚ ʢʦʩʪʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ 

(ʄʂʄ) ʧʨʠ ɻɸ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʩʢʨʳʪʠʶ 

ʥʦʚʳʭ ʟʚʝʥʴʝʚ ʧʘʪʦʛʝʥʝʟʘ ʟʘʙʦʣʝʚʘʥʠʷ. ʎʝʣʴʶ ʠ ʟʘ-

ʜʘʯʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʘ ʦʮʝʥʢʘ ʨʦʣʠ ʢʦʩʪʥʦʛʦ 
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ʤʝʪʘʙʦʣʠʟʤʘ ʧʨʠ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʪʝʯʝʥʠʷ ɻɸ, ʩʚʷʟʝʡ ʩ ʨʘʟʚʠʪʠʝʤ ʦʩʪʝʦʧʦʨʦʟʘ, ʩ 

ʢʦʩʪʥʦ-ʜʝʩʪʨʫʢʪʠʚʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʢʦʣʝʥʥʳʭ 

ʩʫʩʪʘʚʦʚ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ, ʩʦʥʦʛʨʘʬʠʠ, 

ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʠ ʨʝʥʪʛʝʥʦʚ-

ʩʢʦʡ ʜʝʥʩʠʪʦʤʝʪʨʠʠ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ. ʆʙʩʣʝʜʦʚʘʥʦ 100 ʙʦʣʴ-

ʥʳʭ ɻɸ (47% ʤʫʞʯʠʥ ʠ 53% ʞʝʥʱʠʥ) ʚ ʚʦʟʨʘʩʪʝ ʦʪ 

32 ʜʦ 76 ʣʝʪ. ʈʝʘʢʪʠʚʥʳʡ ʩʠʥʦʚʠʪ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʢʣʠʥʠʢʦ-ʩʦʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʘʛʥʦ-

ʩʪʠʨʦʚʘʥ ʚ 62% ʩʣʫʯʘʝʚ, ʧʦʣʠʘʨʪʨʦʟ ï ʚ 55%, ʩʠ-

ʩʪʝʤʥʳʡ ʦʩʪʝʦʧʦʨʦʟ ï ʚ 14%, ʦʩʪʝʦʢʠʩʪʦʟ ï ʚ 91%, 

ʘ ʩʧʦʥʜʠʣʦʧʘʪʠʷ ʚ ʚʠʜʝ ʦʩʪʝʦʭʦʥʜʨʦʟʘ ʠ ʜʫʛʦʦʪʨʦʩ-

ʯʘʪʦʛʦ ʘʨʪʨʦʟʘ ï ʚ 72%. 

ʇʘʮʠʝʥʪʘʤ ʚʳʧʦʣʥʷʣʠ ʨʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʦʝ 

(ʘʧʧʘʨʘʪ ñMultix -Compact-Siʝmensò, ɻʝʨʤʘʥʠʷ) ʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ (ʩʦʥʦʛʨʘʬ ñEnvisor-Philipsò, ʅʠʜʝʨ-

ʣʘʥʜʳ) ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʫʩʪʘʚʦʚ ʠ 

ʧʦʟʚʦʥʦʯʥʠʢʘ, ʜʚʫʭʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʨʝʥʪʛʝʥʦʚʩʢʫʶ 

ʦʩʪʝʦʜʝʥʩʠʪʦʤʝʪʨʠʶ ʧʨʦʢʩʠʤʘʣʴʥʦʛʦ ʦʪʜʝʣʘ ʙʝʜ-

ʨʝʥʥʦʡ ʢʦʩʪʠ (ʜʝʥʩʠʪʦʤʝʪʨ ñQDR-4500-Delphi-

Hologicò, ʉʐɸ) ʠ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʫʶ ʪʦʤʦʛʨʘ-

ʬʠʶ ʢʦʣʝʥʥʳʭ ʩʦʯʣʝʥʝʥʠʡ (ʪʦʤʦʛʨʘʬ ñSigna-

Excite-HDò, ɻʝʨʤʘʥʠʷ). ɺ ʧʨʦʮʝʩʩʝ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʦʮʝʥʠʚʘʣʠ çʦʩʪʝʦʜʝʬʠʮʠʪʥʳʝ ʠʥʜʝʢʩʳè ɹʘʨʥʝʪʪʘ-

ʅʦʨʜʠʥʘ, ʈʦʭʣʠʥʘ, ʜʠʩʢʦʚʦʩʪʠ ʠ ʚʦʛʥʫʪʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʩʪʠ. 

ɺ ʢʨʦʚʠ ʠʟʫʯʘʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʪʝʦʘʩʩʦʮʠʠ-

ʨʦʚʘʥʥʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ (Ca, Mg, P) ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʘʪʦʤʥʦʵʤʠʩʩʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʠʥ-

ʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʘʨʛʦʥʦʚʦʡ ʧʣʘʟʤʦʡ ñIRIS-

Intepid-II -XDLò (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʀʤʤʫʥʦʬʝʨ-

ʤʝʥʪʥʳʤ ʤʝʪʦʜʦʤ (ʨʠʜʝʨ ñPR2100 Sanofi diagnostic 

pasteurò, ʌʨʘʥʮʠʷ) ʠʩʩʣʝʜʦʚʘʣʠ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʳʚʦ-

ʨʦʪʢʝ ʢʨʦʚʠ ʧʘʨʘʪʠʨʝʦʠʜʥʦʛʦ ʛʦʨʤʦʥʘ (ʇɻ), ʢʘʣʴ-

ʮʠʪʦʥʠʥʘ (ʂʊ) ʠ ʦʩʪʝʦʢʘʣʴʮʠʥʘ (ʆʂ), ʘ ʘʢʪʠʚʥʦʩʪʴ 

ʚ ʩʳʚʦʨʦʪʢʝ ʱʝʣʦʯʥʦʡ ʬʦʩʬʘʪʘʟʳ (ʑʌ) ʦʧʨʝʜʝ-

ʣʷʣʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ ñOlympus-AU-640ò (ʗʧʦʥʠʷ). 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʦʙʩʣʝʜʦʚʘʥʳ 25 ʧʨʘʢʪʠʯʝʩʢʠ 

ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 19 ʜʦ 62 ʣʝʪ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʙʳʣʦ 9 ʤʫʞʯʠʥ ʠ 16 ʞʝʥʱʠʥ. ʇʦʜʩ-

ʯʠʪʳʚʘʣʠ ʩʪʝʧʝʥʴ ʠʟʤʝʥʝʥʷ ʧʦʢʘʟʘʪʝʣʷ ʫ ʢʘʞʜʦʛʦ 

ʙʦʣʴʥʦʛʦ (N) ʧʦ ʬʦʨʤʫʣʝ: N=
2

1
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=

ù
ú
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ê
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i SD
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n
, ʛʜʝ ʄ1 ï ʟʥʘʯʝʥʠʝ ʫ 

ʧʘʮʠʝʥʪʘ, ʄ2 ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫ ʟʜʦʨʦʚʳʭ, SD ï 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʫ ʟʜʦʨʦʚʳʭ, n ï 

ʯʠʩʣʦ ʧʨʠʟʥʘʢʦʚ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥʘ ʥʘ ʢʦʤʴʶʪʝʨʝ ʩ ʧʦ-

ʤʦʱʴʶ ʚʘʨʠʘʮʠʦʥʥʦʛʦ, ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ, ʢʦʨ-

ʨʝʣʷʮʠʦʥʥʦʛʦ, ʦʜʥʦ- (ANOVA) ʠ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ 

(ANOVA/MANOVA) ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

(ʧʨʦʛʨʘʤʤʳ ñMicrosoft Excelò ʠ ñStatistica-Stat-

Softò, ʉʐɸ). ʆʮʝʥʠʚʘʣʠ ʤʝʜʠʘʥʳ (M), ʠʭ ʩʪʘʥʜʘʨʪ-

ʥʳʝ ʦʪʢʣʦʥʝʥʠʷ (SD) ʠ ʦʰʠʙʢʠ (SE), ʢʦʵʬʬʠʮʠ-

ʝʥʪʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ, ʢʨʠʪʝ-

ʨʠʠ ʜʠʩʧʝʨʩʠʠ ɹʨʘʫʥʘ-ʌʦʨʩʘʡʪʘ, ʉʪʴʶʜʝʥʪʘ (t), 

ʋʠʣʢʦʢʩʦʥʘ-ʈʘʦ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ (ʨ). 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʋ ʟʜʦʨʦʚʳʭ ʣʶ-

ʜʝʡ ʧʦʢʘʟʘʪʝʣʠ ʚ ʢʨʦʚʠ ʉʘ ʩʦʩʪʘʚʣʷʶʪ 

99,4Ñ3,71Ñ0,68 ʤʛ/ʣ, Mg ï 27,2Ñ3,89Ñ0,71 ʤʛ/ʣ, ʈ ï 

412,7Ñ50,21Ñ9,17 ʤʛ/ʣ, ʇɻ ï 31,7Ñ12,56Ñ2,29 ʧʛ/ʤʣ, 

ʂʊ ï 16,5Ñ12,45Ñ2,27 ʧʛ/ʤʣ, ʆʂ ï 8,6Ñ5,08Ñ0,93 

ʥʛ/ʤʣ, ʘʢʪʠʚʥʦʩʪʠ ʑʌ ï 88,9Ñ29,54Ñ5,39 ɽ/ʣ. ʇʦ 

ʜʘʥʥʳʤ ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʋʠʣʢʦʢʩʦʥʘ-ʈʘʦ ʥʘ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʄʂʄ 

ʫ ʙʦʣʴʥʳʭ ɻɸ ʤʘʣʦ ʚʣʠʷʝʪ ʨʘʩʪʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʠ 

ʨʝʥʪʛʝʥʦʣʦʛʠʯʝʩʢʘʷ ʩʪʘʜʠʷ ʩʫʩʪʘʚʥʦʛʦ ʩʠʥʜʨʦʤʘ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʤʝʝʪʩʷ ʜʦʩʪʦʚʝʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʄʂʄ ʦʪ ʧʦʣʘ ʙʦʣʴʥʳʭ ʠ ʠʭ ʚʦʟʨʘʩʪʘ, ʭʦʪʷ, ʧʦ ʜʘʥ-

ʥʳʤ ANOVA, ʧʦʣʦʚʦʡ ʜʠʤʦʨʬʠʟʤ ʦʪʜʝʣʴʥʳʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʄʂʄ ʦʪʩʫʪʩʪʚʦʚʘʣ, ʘ ʩ ʚʦʟʨʘʩʪʦʤ ʧʘʮʠʝʥ-

ʪʦʚ ʫʩʪʘʥʦʚʣʝʥʘ ʣʠʰʴ ʦʙʨʘʪʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ ʇɻ. ɽʩʣʠ ʫʨʦʚʥʠ ʚ ʢʨʦʚʠ ʦʩʪʝʦ-

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʛʦʨʤʦʥʦʚ ʧʨʠ 

ɻɸ ʩ ʦʩʪʝʦʧʦʨʦʟʦʤ ʥʝ ʠʟʤʝʥʷʶʪʩʷ, ʪʦ ʘʢʪʠʚʥʦʩʪʴ 

ʑʌ ʫ ʪʘʢʠʭ ʧʘʮʠʝʥʪʦʚ ʜʦʩʪʦʚʝʨʥʦ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 

32% (ʪʘʙʣʠʮʘ). 

ɻɸ ʦʢʘʟʳʚʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʪ-

ʜʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʄʂʄ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʨʝʟʫʣʴʪʘʪʳ ANOVA. ɺʩʝ ʧʦʢʘʟʘʪʝʣʠ ʄʂʄ ʜʦʩʪʦ-

ʚʝʨʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʫ ʟʜʦʨʦʚʳʭ ʣʶ-

ʜʝʡ. ʋʩʪʘʥʦʚʣʝʥʘ ʧʨʷʤʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʠʥ-

ʜʝʢʩʘ ʪʷʞʝʩʪʠ ɻɸ ʩ ʫʨʦʚʥʝʤ ʆʂ. ʆʜʥʦʬʘʢʪʦʨʥʳʡ 

ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʜʦʩʪʦ-

ʚʝʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʷʞʝʩʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʚ ʢʨʦʚʠ ʉʘ. ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʨʠ ɻɸ ʧʦʢʘʟʘʪʝʣʠ ʚ 

ʢʨʦʚʠ ʉʘ<45 ʤʛ/ʣ (<M-SD ʙʦʣʴʥʳʭ) ʷʚʣʷʶʪʩʷ ʧʨʦ-

ʛʥʦʟʥʝʛʘʪʠʚʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʪʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘ-

ʥʠʷ. 

ʊʘʙʣʠʮʘ 

ʇʦʢʘʟʘʪʝʣʠ ʄʂʄ ʚ ʢʨʦʚʠ ʙʦʣʴʥʳʭ ɻɸ ʩ ʦʩʪʝʦʧʦʨʦʟʦʤ ʠ ʙʝʟ ʪʘʢʦʚʦʛʦ 

(MÑSDÑSE) 

ʄʂʄ 

ɻʨʫʧʧʳ ʙʦʣʴʥʳʭ ɻɸ ʆʪʣʠʯʠʷ ʛʨʫʧʧ 

ʩ ʦʩʪʝʦʧʦʨʦʟʦʤ 

(n=86) 

ʙʝʟ ʦʩʪʝʦʧʦʨʦʟʘ 

(n=14) 
t p 

Ca, ʤʛ/ʣ 

Mg, ʤʛ/ʣ 

P, ʤʛ/ʣ 

ʇɻ, ʧʛ/ʤʣ 

ʂʊ, ʧʛ/ʤʣ 

ʆʂ, ʥʛ/ʤʣ 

ʑʌ, ɽ/ʣ 

53,8Ñ8,96Ñ0,94 

34,8Ñ2,55Ñ0,27 

391,7Ñ20,70Ñ2,18 

47,1Ñ24,04Ñ2,53 

7,4Ñ4,49Ñ0,47 

15,8Ñ4,28Ñ0,45 

116,2Ñ40,24Ñ4,78 

52,8Ñ8,27Ñ2,21 

35,7Ñ2,63Ñ0,70 

395,7Ñ15,99Ñ4,27 

36,6Ñ24,48Ñ6,54 

6,5Ñ4,26Ñ1,14 

15,6Ñ4,67Ñ1,25 

153,5Ñ36,86Ñ9,85 

0,40 

1,26 

0,70 

1,51 

0,73 

0,14 

3,21 

0,392 

0,212 

0,485 

0,125 

0,468 

0,893 

0,002 
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ʇʨʠ ɻɸ ʠʟʤʝʥʝʥʠʷ (ʙʦʣʴʰʝ ʠʣʠ ʤʝʥʴʰʝ 

MÑSD) ʧʦʢʘʟʘʪʝʣʝʡ ʉʘ ʚʳʷʚʣʝʥʳ ʚ 98% ʥʘʙʣʶʜʝ-

ʥʠʡ, Mg ï ʚ 92%, ʈ ï ʚ 6%, ʇɻ ï ʚ 54%, ʂʊ ï ʚ 36%, 

ʆʂ ï ʚ 63%, ʘʢʪʠʚʥʦʩʪʠ ʑʌ ï ʚ 47%. ʇʦʢʘʟʘʪʝʣʠ N 

ʧʨʠ ɻɸ ʩʦʩʪʘʚʣʷʶʪ 3,3Ñ2,39Ñ0,24 ʦ.ʝ., ʘ ʧʦʚʳʰʝʥ-

ʥʳʡ N (>2 ʦ.ʝ.) ʦʙʥʘʨʫʞʝʥ ʫ 57% ʦʪ ʯʠʩʣʘ ʦʙʩʣʝʜʦ-

ʚʘʥʥʳʭ ʧʘʮʠʝʥʪʦʚ. ʉ N ʦʙʨʘʪʥʦ ʩʦʦʪʥʦʩʷʪʩʷ ʧʦʢʘ-

ʟʘʪʝʣʠ ʚ ʢʨʦʚʠ ʉʘ, Mg ʠ ʈ. ʉʫʱʝʩʪʚʫʶʪ ʧʨʷʤʳʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ N ʠ ʠʥʜʝʢʩʦʤ ʪʷʞʝ-

ʩʪʠ ɻɸ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ANOVA, ʠʤʝʝʪ ʤʝʩʪʦ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʦʪ N ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʣʴʮʝʤʠʠ ʠ ʤʘʛʥʝʤʠʠ. 

ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ɹʨʘʫʥʘ-ʌʦʨʩʘʡʪʘ ʩ ʚʳʨʘʞʝʥʥʦ-

ʩʪʴʶ N ʩʚʷʟʘʥʳ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʪʷʞʝʩʪʠ ɻɸ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ANOVA/MANOVA  ʫʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʂʊ ʠ ʆʂ ʜʦʩʪʦʚʝʨʥʦ ʚʣʠ-

ʷʝʪ ʥʘ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ 

ɻɸ. ʆʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘ-

ʟʘʣ ʚʣʠʷʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʑʌ ʥʘ ʩʪʝʧʝʥʴ ʩʫʞʝʥʠʷ ʩʫ-

ʩʪʘʚʥʳʭ ʱʝʣʝʡ, ʨʘʟʚʠʪʠʝ ʵʧʠʬʠʟʘʨʥʦʛʦ ʦʩʪʝʦʧʦ-

ʨʦʟʘ ʠ ʠʟʤʝʥʝʥʠʷ ʨʦʛʦʚ ʤʝʥʠʩʢʦʚ, ʫʨʦʚʝʥʴ ʂʊ ï ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʠʩʪ ɹʝʡʢʝʨʘ, ʆʂ ï ʥʘ ʠʥʪʨʘʘʨʪʠʢʫ-

ʣʷʨʥʳʝ ʪʝʣʘ ɻʦʬʬʘ. ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʨʦʚʠ ʂʊ<2 

ʧʛ/ʤʣ (<M-SD ʙʦʣʴʥʳʭ ʩ ʢʠʩʪʘʤʠ ɹʝʡʢʝʨʘ) ʷʚʣʷʝʪʩʷ 

ʬʘʢʪʦʨʦʤ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʢʠʩʪ ɹʝʡʢʝʨʘ, ʘ ʛʠʧʦʢʘʣʴ-

ʮʠʪʦʥʠʥʝʤʠʷ <4 ʧʛ/ʤʣ (<M-SD ʟʜʦʨʦʚʳʭ) ʫʯʘʩʪ-

ʚʫʝʪ ʚ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʷʭ ʵʪʦʛʦ ʧʨʦ-

ʮʝʩʩʘ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ N (>2 ʦ.ʝ.) ʤʦʛʫʪ ʫ ʙʦʣʴ-

ʥʳʭ ɻɸ ʚʣʠʷʪʴ ʥʘ ʨʘʟʚʠʪʠʝ ʚʥʫʪʨʠʩʫʩʪʘʚʥʳʭ 

ʢʘʣʴʮʠʥʘʪʦʚ, ʢʠʩʪ ɹʝʡʢʝʨʘ ʠ ʪʝʣ ɻʦʬʬʘ. 

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʋʠʣʢʦʢʩʦʥʘ-ʈʘʦ, ʥʠ ʦʜʠʥ 

ʠʟ ʄʂʄ ʥʝ ʦʢʘʟʳʚʘʣ ʜʦʩʪʦʚʝʨʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʠʥ-

ʪʝʛʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʪʦʤʦ-

ʛʨʘʬʠʠ. ʇʦ ʜʘʥʥʳʤ ɹʨʘʫʥʘ-ʌʦʨʩʘʡʪʘ ʧʘʨʘʤʝʪʨʳ 

ʢʘʣʴʮʝʤʠʠ ʚʣʠʷʶʪ ʥʘ ʨʘʟʚʠʪʠʝ ʪʨʘʙʝʢʫʣʷʨʥʦʛʦ 

ʦʪʝʢʘ ʚ ʤʳʱʝʣʢʘʭ ʙʝʜʨʝʥʥʦʡ ʢʦʩʪʠ ʠ ʦʩʪʝʦʢʠʩʪʦʟʘ, 

ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ ʟʘʜʥʝʛʦ ʨʦʛʘ ʤʝʜʠʘʣʴʥʦʛʦ ʤʝ-

ʥʠʩʢʘ, ʫʨʦʚʝʥʴ ʤʘʛʥʝʤʠʠ ʦʢʘʟʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʧʦʷʚʣʝʥʠʝ ʪʨʘʙʝʢʫʣʷʨʥʦʛʦ ʦʪʝʢʘ ʚ ʤʳʱʝʣʢʘʭ ʙʦʣʴ-

ʰʝʙʝʨʮʦʚʦʡ ʢʦʩʪʠ, ʇɻ ï ʥʘ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʜʥʝʛʦ 

ʨʦʛʘ ʣʘʪʝʨʘʣʴʥʦʛʦ ʤʝʥʠʩʢʘ, ʆʂ ï ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʚʥʫʪʨʠʩʫʩʪʘʚʥʳʭ ʭʦʥʜʨʦʤʥʳʭ ʪʝʣ. ʀʥʪʝʛʨʘʣʴʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ N ʚʣʠʷʝʪ ʥʘ ʧʦʷʚʣʝʥʠʝ ʚʥʫʪʨʠʩʫʩʪʘʚ-

ʥʳʭ ʭʦʥʜʨʦʤʥʳʭ ʪʝʣ ʠ ʥʘ ʠʟʤʝʥʝʥʠʷ ʟʘʜʥʝʛʦ ʨʦʛʘ 

ʤʝʜʠʘʣʴʥʦʛʦ ʤʝʥʠʩʢʘ. 

ɺʳʚʦʜʳ. ʋ ʙʦʣʴʥʳʭ ɻɸ ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʨʦʚʠ ʄʂʄ, ʢʦʪʦʨʳʝ ʧʨʦʷʚ-

ʣʷʶʪʩʷ ʜʠʩʙʘʣʘʥʩʦʤ ʦʩʪʝʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʤʘʢʨʦ-

ʵʣʝʤʝʥʪʦʚ (Ca, Mg, P) ʩ ʨʘʟʚʠʪʠʝʤ ʛʠʧʦʢʘʣʴʮʝʤʠʠ, 

ʢʦʪʦʨʘʷ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 98%, ʚʳ-

ʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʑʌ (ʚ 47% ʩʣʫʯʘʝʚ), ʧʨʠʟʥʘ-

ʢʘʤʠ ʛʠʧʝʨʧʘʨʘʪʠʨʝʦʠʜʠʟʤʘ ʠ ʛʠʧʝʨʦʢʩʠʢʘʣʴʮʠʥʠ-

ʥʝʤʠʝʡ. ʅʘʨʫʰʝʥʠʷ ʢʦʩʪʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʧʨʠ ɻɸ 

ʩʚʷʟʘʥʳ ʩ ʪʝʤʧʘʤʠ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ 

ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ ʩʫʩʪʘʚʥʦʛʦ ʩʠʥʜʨʦʤʘ, ʘ ʧʦ-

ʢʘʟʘʪʝʣʠ ʄʂʄ ʤʦʛʫʪ ʠʤʝʪʴ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʝ ʟʥʘʯʝ-

ʥʠʝ. ʄʂʄ (ʦʩʪʝʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʤʘʢʨʦʵʣʝʤʝʥʪʳ 

ʠ ʛʦʨʤʦʥʳ ï ʇɻ, ʂʊ, ʆʂ, ʘ ʪʘʢʞʝ ʬʝʨʤʝʥʪ ʑʌ) 

ʫʯʘʩʪʚʫʶʪ ʚ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʷʭ ɻɸ, 

ʦʧʨʝʜʝʣʷʷ ʨʘʟʚʠʪʠʝ ʦʪʜʝʣʴʥʳʭ ʨʝʥʪʛʝʥʦʣʦʛʠʯʝ-

ʩʢʠʭ, ʩʦʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʳʭ 

ʘʨʪʠʢʫʣʷʨʥʳʭ ʠ ʧʝʨʠʘʨʪʠʢʫʣʷʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʘ-

ʪʦʣʦʛʠʠ ʢʦʣʝʥʥʳʭ ʩʫʩʪʘʚʦʚ (ʩʪʝʧʝʥʴ ʩʫʞʝʥʠʷ ʩʫ-

ʩʪʘʚʥʳʭ ʱʝʣʝʡ, ʵʧʠʬʠʟʘʨʥʳʡ ʦʩʪʝʦʧʦʨʦʟ, ʪʨʘʙʝʢʫ-

ʣʷʨʥʳʡ ʦʪʝʢ ʚ ʤʳʱʝʣʢʘʭ ʙʝʜʨʝʥʥʦʡ ʠ ʙʦʣʴʰʝʙʝʨ-

ʮʦʚʦʡ ʢʦʩʪʝʡ, ʠʟʤʝʥʝʥʠʷ ʨʦʛʦʚ ʤʝʥʠʩʢʦʚ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʠʩʪ ɹʝʡʢʝʨʘ, ʠʥʪʨʘʘʨʪʠʢʫʣʷʨʥʳʭ 

ʭʦʥʜʨʦʤʥʳʭ ʪʝʣ ʠ ʪʝʣ ɻʦʬʬʘ). 
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Abstract 

The aim of the study was to study molecular-biological markers of the tumor as criteria for selecting methods 

of extracorporeal immunopharmacotherapy (EIFT) in patients with ovarian cancer (OC) and cervical cancer (cer-

vical cancer) in the combined therapy. The objective of the study was 235 patients with cervical cancer and 198 

patients with OC with II-III clinical stages of the disease. All patients with cervical cancer received combined and 
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complex treatment. 95 (40.4%) patients with cervical cancer and 78 (39.4%) had no immunotherapy. 76 (32.3%) 

patients with cervical cancer and 67 (33.8%) received EIFT by incubating autoblood with Thymalin immunomod-

ulator followed by reinfusion of the resulting conjugate. 64 (27.2%) patients with cervical cancer and 53 (26.8%) 

of cervical cancer received EIFT with plasmapheresis. The best results after carrying out after treatment after 

treatment of patients with ovarian cancer and cervical cancer were observed in the group of patients in which EIFT 

with plasmapheresis was used as an accompanying treatment. This was expressed in improving the overall blood 

count, reducing leukopenia and lymphopenia, normalizing B-lymphocyte counts, CD4 +, CD8 + and NK, as well 

as in reducing the toxicity of chemotherapy and increasing the life expectancy of patients. The best effect was 

observed after the accompanying EIFT with plasmapheresis. 

Keywords: cervical cancer, ovarian cancer, extracorporeal immunopharmacotherapy, plasmapheresis. 

 

Importance. In the past 10 years, an increase in 

the prevalence of malignant neoplasms of female repro-

ductive system has been observed worldwide. Cervical 

cancer is the 3rd most common cancer globally, in terms 

of both incidence (500,000 per year) and mortality 

(233,000 per year) [2,9]. Whereas, ovarian cancer is the 

4th most common cancer of female reproductive system 

worldwide and has a very high fatality rate, exceeding 

(50-65 %) [3].  

Chemoradiation exposure is a major component of 

treatment of oncogynecological diseases, but it causes 

a great number of negative side effects, such as, depres-

sion of the reactions of cellular and humoral immunity. 

Performing traumatic and large surgical interventions 

often leads to secondary post-operative immunodefi-

ciency, which may contribute to the development of 

septic complications. Therefore, application of immu-

notherapy during the combined and complex treatment 

in this category of patients is promising. [1,3,9,12].  

Over the last few years, progress has been made in 

the study of immunology and immunotherapy of can-

cer, including malignant neoplasms of the female re-

productive system [4,6,11,12]. Therapeutic plasma-

pheresis has been successfully used for the treatment of 

various diseases. Therapeutic plasmapheresis is a 

method of removing blood plasma, containing the anti-

body ñguiltyò in disease development, circulating im-

mune complexes, cytokines, products of cellular me-

tabolism. Modern methods of extracorporeal im-

munopharmacotherapy (EIFT) are inherently effective 

expansion methods of the therapeutic plasmopheresis 

methodics. [5,6,7,8,10].  

The purpose of the study ï to research the use of 

extracorporeal immunopharmacotherapy as a method 

of supportive care in patients with cervical cancer and 

ovarian cancer of II-III stages in order to reduce the 

toxic effects of chemo radiotherapy during the phases 

of combined and complex treatment, and to improve 

the quality of life of the patients. 

Material and methods. The study included 235 

patients with cervical cancer ʊ2-3N0-1M0 stage (II-III 

clinical stages), as well as 198 patients with ovarian 

cancer ʊ2-3N0-1M0 stage (II-III clinical stage), who 

underwent examination and treatment at the 

Republican Scientific and Practical Medical Center of 

Oncology and Radiology of the Ministry of Health of 

the Republic of Uzbekistan Tashkent from 2004 to 

2014. 

All patients with cervical cancer received 

combined and complex treatment including 

polychemotherapy (PCT), surgery and radiation 

therapy (RT). In the first stage cervical cancer patients 

received systemic or intra-arterial poly chemotherapy 

(PCT) by cisplatin regimen 50 mg/m2 + 5-fluorouracil 

1000 mg/m2 for 4 days for 4-6 courses 1 time in 3 

weeks. PCT was conducted both in neoadjuvant and 

adjuvant regimens. In the second stage, a radical 

surgery or combined radiation therapy were employed, 

according to the radical program. In the third stage, 

radiation therapy was carried out, which included 

distance radiation therapy and intracavitary 

brachytherapy. RT was carried out on çTheratronè or 

çAGAT-R" equipment by split-rate Nature 2 Gy to 50 

Gy in total, 5 times a week. Brachytherapy was 

performed on the "Gammamed" Nature 5 Gy to 45-55 

Gy of total dose. 

Combined therapy in neoadjuvant regimen was 

performed on all patients with ovarian cancer, which 

included polychemotherapy by the cisplatin 75 mg/m2 

+ cyclophosphamide 1000 mg/m2 scheme during 4 

days for 2-4 courses every 3 weeks, and surgical 

treatment consisting of radical or cytoreductice 

surgery. Subsequently, 6 courses of adjuvant 

polychemotherapy every 3 weeks regimen were 

performed. 

In accordance with the objectives of the study, 

patients were divided into the following groups 

according to the methods of immunotherapy in as a part 

of the complex treatment (Table 1). 

Immunopharmacotherapy, using extracorporeal 

methods, was performed in the postoperative period. 

Table 1 

The groups of patients with cervical cancer and ovarian cancer 

Methods of Immunotherapy 
CC OC 

N % N % 

1. Control group (immunotherapy free) 95 40,4 78 39,4 

2. EIFT  76 32,3 67 33,8 

3. EIFT + Plasmapheresis  64 27,2 53 26,8 

Total: 235 100 198 100 
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In the 1st group (control group) of patients 

immunotherapy was not performed. 

In the 2nd group of patients with cervical and 

ovarian cancers EIFT was performed by exfusion of 

200-250 ml autoblood into sterile containers 

"Gemakon" or "Terumo", with immunomodulator 

Thymalinum incubation in a total dose of 30 mg (during 

3 procedures) at 37 Á C for 60-100 min with subsequent 

reinfusion of resulting conjugate (Figure 1). 

In the 3rd group of patients EIFT method was 

used, which was an expansion of the capability of 

plasmapheresis. Exfusion of 500-1000 ml of autoblood 

into sterile containers "Gemakon" or "Terumo" was 

performed, and then it was centrifuged at 3000 rpm / 

min for 30 min. Afterwards, 50-80 ml of supernatant 

plasma containing antibodies, circulating immune 

complexes, cytokines, products of cellular metabolism 

was removed. The resulting leuko clot mass and 

erythrocyte mass were incubated with Thymalinum in 

a total dose of 30 mg (during 3 procedures) at 37C for 

60-100 min, with subsequent return of the conjugate 

into the blood system of patients (Figure 2). 

 

 
ʈʠʩ.1. Methods of extracorporeal immunopharmacotherapy (EIFT) without plasmapheresis. 

 

 
ʈʠʩ.2. Methods of extracorporeal immunopharmacotherapy (EIFT) with intermittent plasmapheresis. 

 

Age of examined patients with cervical cancer 

ranged from 21 to 74 years of age, mean 45,7Ñ7,07 

years. The age of patients with ovarian cancer was from 

23 to 75 years of age, mean 42,6Ñ6,5 years. Staging of 

the disease was done according to the International 

Clinical Classification TNM (7th edition, 2006). The 

study of medical charts revealed that the majority of 

patients with oncogynecological disease, a history 

made up from 1 to 3 months (in 47.3% of patients with 

cervical cancer, and in 43.8% of patients with ovarian 

cancer). 

The results of the study. In prescribing the 

methods of extracorporeal immunotherapy to patients, 

we tried to take into consideration mostly the results of 

clinical and diagnostic tests. Morphological analysis of 

surgical specimens and biopsy results in patients with 

cervical cancer showed that the majority - 220 (93.6%) 

of examined patients had histologically diagnosed 

squamous cell cervical cancer, 15 (6.4%) of examined 

patients had clear-cell adenocarcinoma. 165 (83.3%) of 

the patients were diagnosed with cystadenocarcinoma, 

33 patients (16.7%) of patients had other forms of 

ovarian cancer. 

Examined patients who had chemotherapy 

experienced toxicity, among which leukopenia, 

lymphopenia, poor appetite, nausea, vomiting, taste 

disturbances and alopecia were most frequently 

observed. Radiation therapy in patients with cervical 
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cancer, usually was followed by the development of 

radiation reactions of the crucial pelvic organs - the 

bladder and rectum. 

Methods of extracorporeal 

immunopharmacotherapy (EIFT) were designed 

primarily to reduce toxic manifestations after 

chemotherapy and radiation therapy, as well as improve 

the general condition of patients after major surgery. 

Since the EIFT technique suggests blood sampling 

from the bloodstream of patients from 200 to 1,000 ml 

of blood with its special processing and subsequent 

return to the bloodstream, conservative therapeutic 

measures in the part of the patients were performed as 

the prevention of exacerbation of co-existing diseases. 

As a conservative treatment haemostatic, general health 

improving, cardiac, analgesic, anticoagulant, 

neurotropic, hepatotropic therapy in standard schemes 

was carried out. Immunopharmacotherapy with the use 

of extracorporeal methods was performed in the 

postoperative period. The best results after using the 

EIFT method were observed in the third group of 

patients, which was reflected in the improvement of 

blood count, reduced leukopenia and lymphopenia, as 

well as normalization of the B-lymphocytes, CD4+, 

CD8+ and NK findings. Less pronounced results were 

observed in the second group of patients. 

The level of chemotherapy toxicity in patients 

with cervical cancer and ovarian cancer were 

determined with the score of CTC-NCIC. In the control 

group of patients, chemotherapy resulted in a clear 

manifestation of toxicity. Severity of side effects of 

chemotherapy, such as anemia, leukopenia, poor 

appetite, nausea and alopecia, in some of the patients 

was at the third level of toxicity (Table 2,3). 

 

Table 2 

Level of chemotherapy toxicity in groups of patients with cervical cancer according to the score of CTC-NCIC 

(n=235) (results of II ʠ III level of toxicity %) 

 

Indication 

 

Groups of Patients 

Control group, n=95 
EIFT,  

n=76 

Plasmapheresis + 

EIFT, n=64 

Level of Toxicity 

II  III  II  III  II  III  

Anemia 25,0 16,4 23,7 0 13,3 0 

Leukopenia 29,2 19,2 20,5 0 0 0 

Llymphopenia 41,7 0 12,6 0 12,1 0 

Poor appetite 26,7 8,4 18,2 0 0 0 

Nausea 34,4 10,6 17,6 0 10,6 0 

Vomiting 26,7 0 14,8 0 11,8 0 

Taste disturbances 16,7 0 11,7 0 0 0 

Alopecia 25,2 29,4 25,3 27,1 24,4 26,4 

P<0,05 

 

The data shows a decrease in toxicity of 

chemotherapeutic effects in this group of patients after 

EIFT. Performing EIFT with plasmapheresis 

contributed to even more pronounced decrease in side 

effects of the cytostatic treatment to the patientsô health. 

It was successful in arresting main clinical 

manifestations of chemotherapy toxicity in half and 

even more cases in this group of patients. 

 

Table 3 

Level of chemotherapy toxicity in groups of patients with ovarian cancer accordingto the score of CTC-NCIC 

(n=235) (results of II ʠ III level of toxicity %) 

 

Indication 

 

Groups of Patients 

Control group, n=78 
EIFT,  

n=67 

Plasmapheresis + 

EIFT, n=53 

Level of Toxicity 

II  III  II  III  II  III  

Anemia 24,2 18,3 26,8 0 12,6 0 

Leukopenia 30,6 23,6 24,2 14,1 0 0 

Lymphopenia 43,4 0 14,1 0 15,2 0 

Poor appetite 28,4 7,7 15,2 12,6 0 0 

Nausea 27,6 8,8 19,7 0 14,9 0 

Vomiting 35,1 0 9,8 0 13,1 0 

Taste disturbances 18,6 0 5,6 0 0 0 

Alopecia 24,2 23,6 23,8 21,2 22,5 23,0 

P<0,05 

 

The quality of life in patients with cervical cancer 

and ovarian cancer after immunoregulatory measures 

was significantly higher than in the control group of 

patients without immunotherapy, which was reflected 

in the increase of both physical and mental components 

of health. The highest rates of physical health 
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component were observed in the third group, in which 

patients had EIFT with plasmapheresis. 

Indicators of overall 5-year survival rate of 

patients with oncogynecological diseases after the 

treatment with the complex therapy in combination 

with immunotherapy were as follows: in the 1st control 

group of cervical cancer without performing 

immunotherapy - 58,7Ñ5,8%; in the 2nd group of 

cervical cancer patients receiving EIFT without 

plasmapheresis - 69,3Ñ6,2% (P=0.037), in the third 

group of patients with cervical cancer treated with EIFT 

and preliminary plasmapheresis - 74,3Ñ7,1% 

(P=0.041). In patients with ovarian cancer this figure in 

the 1st control group of patients without 

immunotherapy was 62,5Ñ6,1%; in the 2nd group of 

patients with ovarian cancer receiving EIFT without 

plasmapheresis - 71,5Ñ6,7% (P=0.036) and in the third 

group of patients with ovarian cancer receiving EIFT 

with plasmapheresis - 76,5Ñ6,3% (P=0.043). 

Conclusion. Development, study and 

implementation into clinical practice various methods 

of immunotherapy is a current problem of modern 

oncology, since the use of these techniques can expand 

the therapeutic potential of the standard methods of 

treatment, and reduce their side effects, which will 

improve the quality of life in patients with malignant 

tumors. Our studies led to the conclusion that the most 

effective in treatment of patients with cervical cancer 

and ovarian cancer II -III stages is immunotherapy 

scheme, which includes intermittent plasmapheresis 

followed by EIFT, improves blood indicators, reduces 

leukopenia and lymphopenia, normalizes cellular, and 

humoral immunity, reduces major clinical 

manifestations of chemotherapy toxicity, improves the 

subjective state of patients and their quality of life. 

Moreover, use of EIFT techniques in the treatment 

of oncogynecological diseases made it possible to 

increase the overall five-year survival rates of patients.  
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ʂʀʅɽʊʀʏɽʉʂʀɽ ʇɸʈɸʄɽʊʈʓ ʆʉʊɽʆʉʎʀʅʊʀɻʈɸʌʀʀ ʇʈʀ ʇʈʆʊɽɿʀʈʆɺɸʅʀʀ 
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ɸʥʥʦʪʘʮʠʷ 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʧʨʝʜʝʣʠʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ ʨʦʣʴ ʪʨʝʭʬʘʟʦʚʦʡ ʦʩʪʝʦʩʮʠʥʪʠʛʨʘʬʠʠ (3-ʬ ʆʉɻ) ʚ ʨʘʥ-

ʥʝʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʧʘʨʘʵʥʜʦʧʨʦʪʝʟʥʳʭ ʦʩʣʦʞʥʝʥʠʡ ʪʘʟʦʙʝʜʨʝʥʥʳʭ ʠ ʢʦʣʝʥʥʳʭ ʩʫʩʪʘʚʦʚ ʫ ʣʠʢʚʠʜʘʪʦ-

ʨʦʚ ʘʚʘʨʠʠ ʥʘ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʄʝʪʦʜʦʤ 3-ʬ ʆʉɻ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʜʠʦ-

ʥʫʢʣʠʜʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʢʣʶʯʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʘ (ʈʌʇ) ʚ ʧʦʨʘʞʝʥ-

ʥʳʭ ʩʫʩʪʘʚʘʭ ʫ 75 ʤʫʞʯʠʥ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʠʥʝʪʠʢʠ ʈʌʇ ʥʘ ʨʘʟʥʳʭ 

ʩʪʘʜʠʷʭ 3-ʬ ʆʉɻ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʷʭ ʦʯʘʛʦʚʳʭ ʧʦ-

ʨʘʞʝʥʠʡ ʚ ʩʫʩʪʘʚʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʜʠʘʛʥʦʩʪʠ-

ʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʜʠʦʥʫʢʣʠʜʥʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʮʠʝʥʪʦʚ ʧʨʠ ʵʥʜʦʧʨʦʪʝʟʠʨʦʚʘʥʠʠ ʪʘʟʦʙʝʜ-

ʨʝʥʥʳʭ ʠ ʢʦʣʝʥʥʳʭ ʩʫʩʪʘʚʦʚ. ʂʠʥʝʪʠʢʘ ʦʩʪʝʦʪʨʦʧʥʦʛʦ ʈʌʇ ʚ ʦʯʘʛʘʭ ʬʠʢʩʘʮʠʠ ʧʦʨʘʞʝʥʥʳʭ ʩʫʩʪʘʚʦʚ ʧʨʠ 

ʠʥʬʝʢʮʠʦʥʥʳʭ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʨʝʪʝʥʮʠʠ ʠ 

ʫʜʝʣʴʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʠʥʜʠʢʘʪʦʨʘ ʚ ʨʘʥʥʝʡ ʠ ʦʪʩʨʦʯʝʥʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ ʬʘʟʦʡ 3-ʬ ʆʉɻ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʯʘʛʘʤʠ ʬʠʢʩʘʮʠʠ ʈʌʇ ʧʨʠ ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʦʩʪʝʦʘʨʪʨʦʟʘʭ (p < 0,05), ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ 

ʜʝʩʪʨʫʢʪʠʚʥʦ-ʨʝʧʘʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚ ʥʠʭ. 

Abstract 

The objective of the work to determine the diagnostic role of the three-phase bone scintigraphy (3-F BS) in 

the early prediction of paraendoprosthetic complications of the hip and knee joints of the participants in clean-up 

workers. The 3-F BS method were investigated the radionuclide kinetic parameters of the inclusion and distribu-

tion of radiopharmaceuticals (RF) in damaged joints in the 75 male clean-up workers. It was established that 

calculating the quantitative indices of kinetics of the drug at various stages of the 3-F BS allowed determining 

statistically significant differences in metabolic changes in focal lesions in articular structures. Thus, the differen-

tial diagnostic capabilities of the radionuclide method of examination of patients with arthroplasty of the hip and 

knee joints are elevated. The kinetics of osteotropic RF in the foci of fixing the damaged hip and knee joints in the 

infectious and inflammatory processes is characterized by the predominance of retention and specific accumulation 

of the drug in the early static phase and the delayed static phase of the 3-F BS compared with the centers of fixation 

of RF in deforming osteoarthrosis (p < 0,05), which correlates with the differences in destructive- reparative pro-

cesses in them. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʪʝʦʩʮʠʥʪʠʛʨʘʬʠʷ, ʵʥʜʦʧʨʦʪʝʟʠʨʦʚʘʥʠʝ, ʪʘʟʦʙʝʜʨʝʥʥʳʡ ʠ ʢʦʣʝʥʥʳʡ ʩʫʩʪʘʚʳ, ʨʘ-

ʜʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʧʨʝʧʘʨʘʪ. 

Keywords: bone scintigraphy, arthroplasty, hip and knee joints, radiopharmaceuticals. 

 

Introduction . In recent decades, the issue of mor-

bidity on the degenerative-degenerative pathology of 

the hip and knee joints of clean-up workers has been 

acutely relevant [3, 4]. This is due, firstly, to the inten-

sification of the static load on the joints, and secondly, 

with the negative effect of ionizing radiation on the 

bone and cartilage apparatus, as well as the deteriora-

tion of the demographic situation in Ukraine and an in-

crease in the proportion of persons of retirement age 

who make up the main massif patients with lesions of 

the hip and knee joints [1, 3].  

Total arthroplasty is a revolution in the treatment 

of degenerative-dystrophic diseases and traumas of the 

hip and knee joints. Due to this method of treatment, 

patients quickly restore their ability to work and return 

to full-fledged life [8]. Arthroplasty of hip and knee 

joints with their pathological instability is an actual 

leading method of orthopedic correction, which can 

significantly improve the quality of life [9]. Intensive 

development of arthroplasty of hip joints, along with 

the high rehabilitation potential of this operation, is ac-
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companied by an increase in the number of cases of se-

vere infection in the field of surgical intervention, 

which, according to domestic and foreign authors, 

ranges from 0.3% to 1% at the primary arthroplasty 

bath, and more 4% - with a revision [5, 10]. Treatment 

of infectious complications after these operations is a 

long process that requires the use of expensive medi-

cines and materials [7]. 

The issue of treating patients who developed a 

paraendoprosthetic complication after the hip and knee 

arthroplasty is still a topical issue for discussions 

among specialists. Previously, it was completely unac-

ceptable to implant the endoprosthesis in the affected 

area [3]. However, the development of understanding 

of the septic process associated with implants, as well 

as the progress in surgical technique, made possible a 

successful arthroplasty in these conditions. Most sur-

geons agree that removal of the components of the en-

doprosthesis and thorough surgical treatment of the 

wound are an important step in the treatment of the pa-

tient [9, 10]. However, as to which of the instrumental 

methods is most effective in early diagnosis of acute 

paraendoprosthetic complications during arthroplasty 

of the hip and knee joints, there is still no consen-

sus.The aim of this work is to determine the diagnostic 

role of 3-F BS in the early prediction of paraendopros-

thetic complications of the hip and knee joints of clean-

up workers. 

Material and methods. The main group is repre-

sented by 75 clean-up workers with lesions of hip and 

knee joints of different genesis, males aged from 17 to 

85 years old. The average age of the examined patients 

was 57.2 Ñ 12.4. The total number of control group was 

42 patients aged 25 to 73 years old, mean age 58.3 Ñ 

9.3. The control group was presented by patients who 

had no complaints and clinical symptoms that were 

characteristic of lesions of the hip and knee joints 

For all patients, 3-F BS was performed according 

to the standard protocol [2, 6]: 

Å Stage I - angiographic phase (AF); was per-

formed immediately after intravenous bolus injection 

of 600-800 MBq of 99mTc-methylenediophosphonate 

(99mTc-MDP); 

Å Stage II - Early static phase (ESF); was per-

formed in a static mode immediately after the AF col-

lection, the collection of information for 120 s; 

Å Stage III - deferred static phase (DSF); was car-

ried out in 2 - 4 years after the introduction of ESF, was 

performed in static mode. 

After receiving the images and performing stand-

ard computer diagnostic information processing opera-

tions, they performed a visual assessment of the inves-

tigated areas. The sites were localized mainly in the 

projections of the structures of the articular complexes 

of the hip and knee joints, as well as in the projection 

of the proximal regions of the femur and tibia. The 

shape, size and intensity of the visualization of the plots 

varied widely. The nature of each of the cells was 

clearly determined by the results of clinical and instru-

mental studies (anamnesis, objective status, laboratory 

data) and radiation (X-ray, computer tomography (CT), 

ultrasound (US), magnetic resonance imaging (MRI)) 

methods confirmed by repeated scintigraphic examina-

tions. In order to analyze the information, all foci are 

divided into groups that are arranged in order of in-

creasing the intensity of bone injury, aggressiveness of 

pathological changes: 1st group - avascular necrosis; 

2nd group - deforming osteoarthrosis; 3rd group - post-

traumatic osteoarthrosis; 4th group - rheumatoid arthri-

tis. Distribution of patients with primary diagnosis is 

presented in the table. 1 

Groups of patients Absolute number % 

Deforming osteoarthrosis  24 32,0 

Avascular necrosis 16 21,3 

Revmatoid arthritis 20 26,7 

Post-traumatic osteoarthrosis 15 20.0 

Total: 75 100,0 

 

Radionuclide parameters of inclusion and distri-

bution of radiopharmaceuticals in pathological centers 

were calculated in each group of patients: 

Å F - Specific maximum accumulation of RF in the 

area of 3-F BS. 

Å P - relative accumulation ratio in the area of 3-F 

BS. 

Å A - asymmetry of accumulation of RF during 3-

F BS in pathological center and symmetric intact site. 

Å Parameters of the quasi-linear approximation of 

the phase of the equilibrium concentration of the angi-

ographic curve (a ï angular coefficient; b ï initial ordi-

nate). 

Å FɆ - area under the angiographic curve. 

Å Ir - retention index (%). 

The results of research carried out during this 

work were statistically processed. To process the re-

ceived data, the statistical software package of IBM 

SPSS Statistics Base v.22 was used. 

 

Results and discussion. 

According to the results of analysis of radionu-

clide indices AF, ESF and DSF, the patterns of fixation 

of RF in dynamics in pathological cells of articular 

structures of different nature were revealed. Thus, in-

creasing the intensity of blood flow in deforming oste-

oarthritis, post-traumatic processes and rheumatoid ar-

thritis in the AF indicated an intensification of arterial 

blood supply to such centers due to active inflamma-

tion, the influence of an infectious agent or increased 

osteolytic activity. Integral perfusion of sites with de-

generative-dystrophic changes and osteonecrosis ex-

ceeded the control group's parameters due to hypere-

mia, tissue edema and the influence of inflammatory 

mediators; in the foci of rheumatoid arthritis - the blood 

filling of the tissues was significantly higher due to in-

creased vascular permeability, due to the action of in-

fectious agents, activation of factors of resorption and 

synthesis of mineral components, angiogenesis. 
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The washing of RF from different sites by nature 

also had its own distinctive features - so, the avascular 

areas behaved similarly to normal bone tissue without 

delaying the drug. The retention of RF was increased in 

post-traumatic osteoarthrosis and rheumatoid arthritis, 

indicating a high extractive ability of such areas. The 

asymmetry of fixation of RF in the pathological areas 

and the symmetric intact site was also higher for the 3rd 

and 4th groups of centers, which was indicative of the 

more intensive drug delay in them. 

In order to determine the reliability of the differ-

ences in the obtained kinetic parameters for cells of dif-

ferent nature, the correlation of statistical probability of 

their difference in the groups of investigated centers 

was analyzed. Each parameter was compared to that of 

the same group. According to the results of the statisti-

cal analysis, it should be noted that the avascular areas 

differed significantly from the centers in the case of de-

forming and post-traumatic arthrosis only on the basis 

of indexes of retention and asymmetry of fixation in the 

DSF; in the AF there were no significant differences for 

these groups of centers. The parameters of angiograms 

of arthritic centers also did not differ significantly from 

other areas, except for rheumatoid arthritis sites. FɆ for 

the 4th group significantly exceeded the indicators of 

the control, 1st and 2nd groups of centers (p <0,05); in 

post-traumatic osteoarthrosis, this indicator, despite the 

high average, did not differ significantly from other ar-

eas, with the exception of the control group. The coef-

ficient of relative accumulation of RF in the AF also 

had a significant difference for rheumatoid arthritis 

compared with the control group, 1 and 2 groups of ar-

eas (p <0.05). For the 4th and all other groups, the val-

ues of specific accumulation of RF in ESF (p <0,05) 

and DSF (p <0,05) significantly differed significantly. 

It was also important to determine the retention index, 

which had credible differences in the centers of deform-

ing and post-traumatic osteoarthrosis, rheumatoid ar-

thritis (p <0.05).  

The asymmetry of the accumulation of RF in the 

pathological center and the symmetric intact section in 

the AFF significantly differed in all groups except for 

the 3rd and 4th groups of lesions. This indicator in the 

AF was statistically significantly higher for rheumatoid 

arthritis, and in the ESF, the rates in the groups were 

not statistically different. In general, the largest number 

of significantly different indicators in all three phases 

was observed between centers in rheumatoid arthritis 

and sites with aseptic necrosis and deforming osteoar-

throsis, while static phases were more informative.  

The parameters of the AF had significant differ-

ences only in the groups with the most different meta-

bolic processes - in aseptic centers and foci at rheuma-

toid arthritis. Summing up the obtained results, we can 

conclude that the calculation of quantitative indicators 

of kinetics of the RF at different stages of the 3-F BS 

allowed determining statistically significant differences 

in metabolic changes in focal lesions in the articular 

structures. Thus, the differential diagnostic capabilities 

of the radionuclide method of examination of patients 

with arthroplasty of the hip and knee joints are elevated. 

According to the results of the analysis of kinetic 

indices of 3-F BS, a radionuclide model "dual time-

point imaging" has been developed for the dynamics of 

inclusion and distribution of radiopharmaceuticals for 

septic and aseptic disease of joints (Fig. 1). 

 
Figure 1. Radionuclide model "dual time-point imaging" dynamics of inclusion and distribution of 

radiopharmaceuticals for septic and aseptic disease of joints 

 

According to this model, in the early static phase 

of the 3-F BS - there is a gradual increase in the per-

centage of inclusion and distribution of RF in degener-

ative and degenerative and infectious-inflammatory 

foci. Increasing the accumulation of the indicator in in-

flammatory foci and areas of deforming osteoarthrosis 

is due to an increase in the blood flow in the AF, indi-

cating an intensification of arterial blood supply to such 

centers, due to active inflammation, the influence of an 

infectious agent or increased osteoblastic activity. 

The most revealing was the analysis of the param-

eters of the delayed static phase of the 3-F BS - a day 

after the introduction of RF. According to the analysis, 
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in case of deforming osteoarthrosis there was a rapid 

elimination of the radiological indicator from the 

pathological focus, due to the active washing of the RF, 

due to the decrease in blood supply to the tissues of the 

site - a retention "failure". 

It should be noted that in the foci of rheumatoid 

arthritis, on the contrary, there was a gradual increase 

in the percentage of accumulation of the indicator in the 

hearth due to the intensification of integral perfusion of 

these sites, due to increased vascular permeability, due 

to the action of infectious agents, activation of factors 

of resorption and synthesis of mineral components, and 

angiogenesis. 

Thus, based on the results of the estimation of the 

kinetic parameters of the 3-F BS of the early and de-

layed static phases, by the analysis of the "activity-

time" curves of the radionuclide model "dual time point 

imaging" - in patients with an aseptic process, it is pos-

sible to conduct an arthroplasty without the risk of 

paraendoprosthetic complications. While in the diagno-

sis of the septic process (according to the microbiolog-

ical verification), an exponential growth of the curve of 

the radionuclide model "activity-time" is observed in 

the affected joint region. In patients of this group, in 

order to prevent the occurrence of implant-associated 

complications, it is appropriate to conduct a course of 

antibiotic treatment, according to the sensitivity of the 

pathogen to the antibiotics, without the arthroplasty at 

this stage. 

Conclusions. The growth of arterial inflow and in-

tegral perfusion indices at 3-F BS of clean-up workers 

ï at the centers of hyperfixation of RF in infectious-in-

flammatory processes, due to the intensification of os-

teoblastic activity and angiogenesis in them, in compar-

ison with degenerative-dystrophic areas of fixation of 

RF. The kinetics of osteotropic RF in the areas of fixing 

the damaged hip and knee joints in the infectious and 

inflammatory processes is characterized by the pre-

dominance of retention and specific accumulation of 

the drug in the early static phase and the delayed static 

phase of the 3-F BS compared with the centers of fixa-

tion of RF in deforming osteoarthroses, which corre-

lates with the differences in destructive- reparative pro-

cesses in them. The practical application of the dual 

time point imaging radionuclide model facilitates the 

early detection of paraendoprosthetic complications in 

the postoperative period, reducing the number of revi-

sional arthroplasty and reducing the period of rehabili-

tation and restoration measures after arthroplasty of 

clean-up workers. 
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ɸʥʦʪʘʮʽʷ 

ʈʦʟʧʦʚʩʶʜʞʝʥʽʩʪʴ ʘʣʝʨʛʽʯʥʦʛʦ ʨʠʥʽʪʫ (ɸʈ) ʟʘ ʤʠʥʫʣʝ ʜʝʩʷʪʠʨʽʯʯʷ ʟʙʽʣʴʰʠʣʘʩʴ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ  ̔ʫ 2ï3 

ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʪʘʢʫ ʧʨʠ ʙʨʦʥʭʽʘʣʴʥʽʡ ʘʩʪʤʽ (ɹɸ), ʩʷʛʘʶʯʠ 20ï30 % ʚ ʧʦʧʫʣʷʮʽʾ. ʅʝʘʜʝʢʚʘʪʥʝ ʣʽʢʫʚʘʥʥʷ 

ɸʈ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʷʚʠ ʘʙʦ ʟʘʛʦʩʪʨʝʥʥʷ ɹɸ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʥʪʠʤʝʜʽʘʪʦʨʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʪʨʘʜʠʮʽʡʥʦ ʚʽʜʥʦʩʷʪʴ ʜʦ ʙʘʟʦʚʦʾ ʧʨʦʪʠʘʣʝʨʛʽʯʥʦʾ 

ʪʝʨʘʧʽʾ. ɹʽʣʘʩʪʠʥ (ʅʽʢʩʘʨ)ï ʩʠʥʪʝʪʠʯʥʠʡ ʧʨʝʧʘʨʘʪ, ʱʦ ʻ ʧʦʭʽʜʥʠʤ ʧʽʧʝʨʠʜʠʥʫ, ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʦʯʥʠʤ ʢʨʠ-

ʪʝʨʽʷʤ ʝʚʨʦʧʝʡʩʴʢʦʾ ʘʢʘʜʝʤʽʾ ʢʣʽʥʽʯʥʦʾ ʽʤʫʥʦʣʦʛʽʾ (EAACI), ʘ ʪʘʢʦʞ ʢʨʠʪʝʨʽʷʤ ɸRIA, ʜʣʷ ʣʽʢʽʚ, ʷʢʽ ʚʠʢʦʨʠ-

ʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʣʽʢʫʚʘʥʥʽ ʘʣʝʨʛʽʯʥʦʛʦ ʨʠʥʽʪʫ. ʇʨʦʚʦʜʠʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʅʽʢʩʘʨʫ ʫ 26 ʭʚʦʨʠʭ ʥʘ ɸʈ ʟ ʘʣʝʨ-

ʛʽʯʥʠʤʠ ʫʨʘʞʝʥʥʷʤʠ ʰʢʽʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʣʘʥʢʫ ʩʘʤʦʢʦʥʪʨʦʣʶ ʧʘʮʽʻʥʪʽʚ, ʟʘ ʷʢʠʤ ʦʮʽʥʶʚʘʣʠ ʢʣʽʥʽʯʥʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘ ʦʩʥʦʚʥʠʤʠ ʩʠʤʧʪʦʤʘʤʠ ɸʈ ʪʘ ʘʣʝʨʛʦʜʝʨʤʘʪʦʟʫ ʟʘ ʙʘʣʴʥʦʶ ʰʢʘʣʦʶ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʝʧʘ-

ʨʘʪʫ ʅɯʂʉɸʈ ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʧʨʦʷʚʠ ʘʙʦ ʜʦʩʷʛʪʠ ʨʝʤʽʩʽʾ ʘʣʝʨʛʽʯʥʦʛʦ ʨʠʥʽʪʫ, ʷʢ ʩʘʤʦʩʪʽʡʥʦʾ ʥʦʟʦ-

ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ, ʪʘʢ ʽ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʘʣʝʨʛʽʯʥʠʤʠ ʚʨʘʞʝʥʥʷʤʠ ʰʢʽʨʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʢʦʤʝʥʜʫʚʘʪʠ 

ʡʦʛʦ ʜʣʷ ʪʝʨʘʧʽʾ ʧʦʻʜʥʘʥʦʾ ʘʣʝʨʛʦʧʘʪʦʣʦʛʽʾ. 

Abstract 

Allergic rhinitis (AR) has been becoming more and more common for the last decade and it is now 2-3 times 

higher than the one associated with the bronchial asthma (BA), reaching 20-30% in the population. Inadequate 

treatment of the AR may cause the occurrence or exacerbation of BA. The usage of anti-mediator medicines tra-

ditionally belongs to basic anti-allergic therapy. Bilastine (Niksar) is a synthetic drug which is a derivative of 

piperidine and it corresponds with the current criteria of the European Academy of Allergy and Clinical Immunol-

ogy (EAACI) as well as the criteria of ARIA for the medicines used for treatment of allergic rhinitis. The research 

has been carried out with 26 patients suffering from AR associated with allergic dermatosis who were using self-

control patient forms in order to estimate the clinical efficiency by the main AR and allergic dermatosis symptoms 

using the score system. The usage of NIKSAR provided anesis or remission of allergic rhinitis both as an inde-

pendent nosologic unit and in association with allergic dermatosis which allows us to recommend it for the therapy 

of associated allergic pathology.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʣʝʨʛʽʯʥʠʡ ʨʠʥʽʪ, ʙʽʣʘʩʪʠʥ, ʥʽʢʩʘʨ 

Keywords: allergic rhinitis, bilastine, niksar 

 

ʈʦʟʧʦʚʩʶʜʞʝʥʽʩʪʴ ʘʣʝʨʛʽʯʥʦʛʦ ʨʠʥʽʪʫ (ɸʈ) ʟʘ 

ʤʠʥʫʣʝ ʜʝʩʷʪʠʨʽʯʯʷ ʟʙʽʣʴʰʠʣʘʩʴ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʽ ʫ 

2ï3 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʪʘʢʫ ʧʨʠ ʙʨʦʥʭʽʘʣʴʥʽʡ ʘʩʪʤʽ 

(ɹɸ), ʩʷʛʘʶʯʠ 20ï30 % ʚ ʧʦʧʫʣʷʮʽʾ. ʉʝʨʝʜ ʤʽʩʴʢʦʛʦ 

ʥʘʩʝʣʝʥʥʷ ʮʝʡ ʧʦʢʘʟʥʠʢ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 13,9ï

19,8 %, ʘ ʩʝʨʝʜ ʩʽʣʴʩʴʢʦʛʦ ð 7,3ï13,8 % . ɿʘ ʥʘʰʠʤʠ 

ʜʘʥʠʤʠ, ʚ ʏʝʨʥʽʚʮʷʭ ʪʘ ʏʝʨʥʽʚʝʮʴʢʽʡ ʦʙʣʘʩʪʽ ï 17%.  

ɿʚ'ʷʟʦʢ ʤʽʞ ɸʈ ʽ ɹɸ, ʙʫʚ ʥʝʦʜʥʦʨʘʟʦʚʦ ʧʽʜʪʚʝʨ-

ʜʞʝʥʠʡ ʫ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ɼʦ 80 % ʭʚʦʨʠʭ 

ʥʘ ɹɸ ʚʽʜʤʽʯʘʶʪʴ ʧʝʨʽʦʜʠʯʥʽ ʷʚʠʱʘ ɸʈ. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ, ʚʽʜʩʦʪʦʢ ʭʚʦʨʠʭ ɸʈ, ʱʦ ʩʪʨʘʞʜʘʶʪʴ ʘʩʪʤʦʶ 

(38%), ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʯʘʩʪʦʪʫ ʟʫʩʪʨʽʯʘʻʤʦʩʪʽ 

ʘʩʪʤʠ ʚ ʟʘʛʘʣʴʥʽʡ ʧʦʧʫʣʷʮʽʾ. ʋ ʜʽʪʝʡ ʯʘʩʪʽʰʝ, ʥʽʞ ʫ 

ʜʦʨʦʩʣʠʭ, ʚʽʜʤʽʯʘʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷ ɸʈ ʪʘ ɹɸ.  

ʅʝʘʜʝʢʚʘʪʥʝ ʣʽʢʫʚʘʥʥʷ ɸʈ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʦʷʚʠ ʘʙʦ ʟʘʛʦʩʪʨʝʥʥʷ ɹɸ. 

ʊʽʩʥʠʡ ʘʥʘʪʦʤʽʯʥʠʡ ʽ ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʟʚ'ʷʟʦʢ 

(ʩʧʽʣʴʥʽʩʪʴ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ, ʥʘʷʚʥʽʩʪʴ ʥʘʟʘʣʴʥʦ-
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ʙʨʦʥʭʽʘʣʴʥʦʛʦ ʨʝʬʣʝʢʩʫ, ʨʦʣʴ ʛʽʩʪʘʤʽʥʫ ʚ ʨʦʟʚʠʪʢʫ 

ʡ ʘʩʪʤʠ) ʚʝʨʭʥʽʭ ʽ ʥʠʞʥʽʭ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ, ʨʝ-

ʟʫʣʴʪʘʪʠ ʽʤʫʥʦʛʽʩʪʦʧʘʪʦʣʦʛʽʯʥʠʭ ʽ ʽʥʰʠʭ ʜʦ-

ʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʩʠʤʧʪʦʤʠ ɸʈ 

ʽ ɹɸ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʤʽʩʮʝʚʽ ʧʨʦʷʚʠ ʩʠʩʪʝʤ-

ʥʦʛʦ ʟʘʧʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ [2,3,6]. 

ɸʈ ʪʘʢʦʞ ʥʝʙʝʟʧʝʯʥʠʡ ʩʚʦʾʤʠ ʤʽʩʮʝʚʠʤʠ 

ʫʩʢʣʘʜʥʝʥʥʷʤʠ. ɿʘʩʚʽʜʯʝʥʦ, ʱʦ ʟʘ ʥʘʷʚʥʦʩʪʽ ɸʈ 

ʟʨʦʩʪʘʻ ʯʘʩʪʦʪʘ ʩʠʥʫʩʠʪʽʚ, ʛʦʩʪʨʠʭ ʽ ʨʝʮʠʜʠʚʫʶʯʠʭ 

ʩʝʨʝʜʥʽʭ ʦʪʠʪʽʚ. ʍʦʯʘ ʦʩʪʘʪʦʯʥʦ ʥʝʟôʷʩʦʚʘʥʽ ʧʘʪʦʛʝ-

ʥʝʟ ʧʦʣʽʧʦʟʫ ʥʦʩʘ ʪʘ ʨʦʣʴ ʧʨʠ ʮʴʦʤʫ ʘʣʝʨʛʽʾ, ʫʩʝ ʞ 

ʜʝʷʢʽ ʧʘʪʦʛʝʥʝʪʠʯʥʽ ʤʝʭʘʥʽʟʤʠ ɸʈ ʽ ʧʦʣʽʧʦʟʫ ʦʜʥʘ-

ʢʦʚʽ, ʽ ʚ ʧʘʮʽʻʥʪʽʚ ʟ ɸʈ ʯʘʩʪʦ ʟʥʘʭʦʜʷʪʴ ʧʦʣʽʧʠ. ɸʈ 

ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʷʢʽʩʪʴ ʞʠʪʪʷ ʭʚʦʨʠʭ, ʱʦ ʙʫʣʦ ʜʦʚʝ-

ʜʝʥʦ ʚ ʙʘʛʘʪʴʦʭ ʩʚʽʪʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [1-6].  

ɸʣʝʨʛʝʥʠ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʜʠʭʘʣʴʥʽ ʰʣʷʭʠ 

ʭʚʦʨʠʭ, ʟʚ'ʷʟʫʶʪʴʩʷ ʟ ʽʤʫʥʦʛʣʦʙʫʣʽʥʘʤʠ ʥʘ ʧʦ-

ʚʝʨʭʥʽ ʦʧʘʩʠʩʪʠʭ ʢʣʽʪʠʥ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʜʙʫ-

ʚʘʻʪʴʩʷ ʾʭʥʷ ʜʝʛʨʘʥʫʣʷʮʽʷ, ʘ ʟʘʧʘʣʴʥʽ ʤʝʜʽʘʪʦʨʠ, ʱʦ 

ʚʠʟʚʦʣʷʶʪʴʩʷ ð ʛʽʩʪʘʤʽʥ, ʙʨʘʜʠʢʽʥʽʥ, ʣʝʡʢʦʪʨʽʻʥʠ ʽ 

ʧʨʦʩʪʘʛʣʘʥʜʽʥʠ ð ʚʠʢʣʠʢʘʶʪʴ ʣʦʢʘʣʴʥʫ ʛʦʩʪʨʦ-

ʬʘʟʥʫ ʚʽʜʧʦʚʽʜʴ (ʩʝʢʨʝʮʽʷ ʩʣʠʟʫ ʧʽʜʩʣʠʟʦʚʠʤʠ ʟʘʣʦ-

ʟʘʤʠ, ʥʘʙʨʷʢ ʩʣʠʟʦʚʦʾ).  

ʇʽʟʥʷ ʚʽʜʧʦʚʽʜʴ, ʱʦ ʧʦʚ'ʷʟʘʥʘ ʽʟ ʚʠʢʠʜʦʤ ʮʠʪʦ-

ʢʽʥʽʚ ʽ ʭʝʤʦʢʽʥʽʚ ʦʧʘʩʠʩʪʠʤʠ ʢʣʽʪʠʥʘʤʠ, ʩʪʠʤʫʣʶʻ 

ʧʨʦʣʽʬʝʨʘʮʽʶ, ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʽ ʭʝʤʦʪʘʢʩʠʩ ʝʦʟʠ-

ʥʦʬʽʣʽʚ ʽ ʊ-ʣʽʤʬʦʮʠʪʽʚ-ʭʝʣʧʝʨʽʚ 2-ʛʦ ʪʠʧʫ (Th2). 

ʊh2-ʣʽʤʬʦʮʠʪʠ, ʚʠʜʽʣʷʶʯʠ ʮʠʪʦʢʽʥʠ, ʧʽʜʪʨʠʤʫʶʪʴ 

ʭʨʦʥʽʯʥʝ ʟʘʧʘʣʝʥʥʷ. 

ɸʣʝʨʛʽʯʥʝ ʟʘʧʘʣʝʥʥʷ, ʱʦ ʟʘʧʫʩʢʘʻʪʴʩʷ 

ʨʘʥʥʴʦʶ ʬʘʟʦʶ ʘʣʝʨʛʽʯʥʦʾ ʚʽʜʧʦʚʽʜʽ ʪʘ ʧʽʜʪʨʠ-

ʤʫʻʪʴʩʷ ʟʘʣʫʯʝʥʥʷʤ ʫ ʧʨʦʮʝʩ ʢʣʽʪʠʥʥʠʭ ʫʯʘʩʥʠʢʽʚ 

ʧʽʟʥʴʦʾ ʬʘʟʠ, ʻ ʦʙ'ʻʢʪʦʤ ʚʧʣʠʚʫ ʜʝʢʽʣʴʢʦʭ ʛʨʫʧ ʧʨʦ-

ʪʠʘʣʝʨʛʽʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʧʨʝʧʘ-

ʨʘʪʽʚ ʜʦʟʚʦʣʷʻ ʟʘʛʘʣʴʤʫʚʘʪʠ ʧʨʠʪʷʛʥʝʥʥʷ ʚ ʟʦʥʫ 

ʘʣʝʨʛʽʯʥʠʭ ʨʝʘʢʮʽʡ ʢʣʽʪʠʥ ʟʘʧʘʣʝʥʥʷ ʡ ʽʥʬʽʣʴʪʨʘ-

ʮʽʶ ʪʢʘʥʠʥ ʮʠʤʠ ʢʣʽʪʠʥʘʤʠ, ʧʨʠʛʥʽʪʠʪʠ ʚʠʨʘʟʥʽʩʪʴ 

ʧʽʟʥʴʦʾ ʬʘʟʠ ʪʘ ʾʾ ʥʘʩʣʽʜʢʠ ʫ ʚʠʛʣʷʜʽ ʥʝʩʧʝʮʠʬʽʯʥʦʾ 

ʪʢʘʥʠʥʥʦʾ ʛʽʧʝʨʝʘʢʪʠʚʥʦʩʪʽ. ʊʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ-

ʢʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʪʨʘʜʠʮʽʡʥʦ ʚʽʜʥʦʩʷʪʴ ʜʦ ʙʘ-

ʟʦʚʦʾ ʧʨʦʪʠʘʣʝʨʛʽʯʥʦʾ ʪʝʨʘʧʽʾ [5]. 

ɺʠʨʘʟʥʘ ʢʣʽʥʽʯʥʘ ʩʠʤʧʪʦʤʘʪʠʢʘ, ʱʦ ʟʘʙʝʟʧʝ-

ʯʫʻʪʴʩʷ ʫʯʘʩʪʶ ʛʽʩʪʘʤʽʥʫ, ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʮʶ 

ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʦ ʨʝʯʦʚʠʥʫ, ʷʢ ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ 

ʤʝʜʽʘʪʦʨʽʚ ʘʣʝʨʛʽʾ. ʏʝʨʝʟ ʅ1-ʨʝʮʝʧʪʦʨʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʦʢʨʝʤʘ, ʦʙʦʚôʷʟʢʦʚʘ ʫʯʘʩʪʴ ʛʽʩʪʘʤʽʥʫ 

ʚ ʧʘʪʦʛʝʥʝʟʽ ʘʣʝʨʛʽʯʥʠʭ ʨʝʘʢʮʽʡ ʥʝʛʘʡʥʦʛʦ ʪʠʧʫ. 

ʆʪʞʝ, ʘʥʪʠʛʽʩʪʘʤʽʥʥʽ ʧʨʝʧʘʨʘʪʠ (ʙʣʦʢʘʪʦʨʠ 

ʛʽʩʪʘʤʽʥʦʚʠʭ ʨʝʮʝʧʪʦʨʽʚ) ʻ ʥʘʡʚʘʞʣʠʚʽʡʰʦʶ ʛʨʫ-

ʧʦʶ ʧʨʦʪʠʘʣʝʨʛʽʯʥʠʭ ʟʘʩʦʙʽʚ. ɿʚʘʞʘʶʯʠ ʥʘ ʩʫʪʪʻʚʝ 

ʟʨʦʩʪʘʥʥʷ ʘʣʝʨʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʧʦʪʨʝʙʘ ʚ ʮʠʭ 

ʣʽʢʘʨʩʴʢʽʭ ʟʘʩʦʙʘʭ ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʇʦʩʪʽʡʥʝ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʘʥʪʘʛʦʥʽʩʪʽʚ ʅ1-ʨʝʮʝʧʪʦʨʽʚ ʧʨʠ-

ʟʚʝʣʦ ʜʦ ʧʦʷʚʠ ʥʘ ʬʘʨʤʘʮʝʚʪʠʯʥʦʤʫ ʨʠʥʢʫ ʢʨʽʤ 

ʢʣʘʩʠʯʥʠʭ (1-ʛʦ ʧʦʢʦʣʽʥʥʷ), ʧʨʦʪʠʘʣʝʨʛʽʯʥʠʭ ʧʨʝ-

ʧʘʨʘʪʽʚ ʥʦʚʦʾ ʷʢʦʩʪʽ ï 2-ʛʦ ʪʘ 3-ʛʦ ʧʦʢʦʣʽʥʴ, ʷʢʽ ʢʨʽʤ 

ʚʧʣʠʚʫ ʥʘ ʅ1-ʨʝʮʝʧʪʦʨʠ, ʧʨʠʛʥʽʯʫʶʪʴ ʚʠʟʚʦʣʝʥʥʷ 

ʣʝʡʢʦʪʨʽʻʥʽʚ ʪʘ ʧʨʦʩʪʘʛʣʘʥʜʠʥʽʚ ʚ ʩʣʠʟʦʚʠʭ ʜʠʭʘʣʴ-

ʥʠʭ ʱʣʷʭʽʚ, ʛʘʣʴʤʫʶʪʴ ʤʽʛʨʘʮʽʶ ʝʦʟʠʥʦʬʽʣʽʚ ʪʘ ʘʛ-

ʨʝʛʘʮʽʶ ʪʨʦʤʙʦʮʠʪʽʚ. 

ɹʽʣʘʩʪʠʥ ï ʩʠʥʪʝʪʠʯʥʠʡ ʧʨʝʧʘʨʘʪ, ʱʦ ʻ 

ʧʦʭʽʜʥʠʤ ʧʽʧʝʨʠʜʠʥʫ, ʥʘʣʝʞʠʪʴ ʜʦ ʧʨʝʧʘʨʘʪʽʚ ɯɯ 

ʧʦʢʦʣʽʥʥʷ, ʜʣʷ ʧʝʨʦʨʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʚʧʝʨʰʝ 

ʩʠʥʪʝʟʦʚʘʥʠʡ ʚ ɯʩʧʘʥʽʾ ʥʘ ʧʦʯʘʪʢʫ ʍʍɯ ʩʪʦʣʽʪʪʷ. 

ɹʽʣʘʩʪʠʥ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʦʯʥʠʤ ʢʨʠʪʝʨʽʷʤ ʝʚʨʦʧʝʡ-

ʩʴʢʦʾ ʘʢʘʜʝʤʽʾ ʪʘ ʢʣʽʥʽʯʥʦʾ ʽʤʫʥʦʣʦʛʽʾ (EAACI), ʘ ʪʘ-

ʢʦʞ ʢʨʠʪʝʨʽʷʤ ɸRIA, ʜʣʷ ʣʽʢʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴʩʷ ʧʨʠ ʣʽʢʫʚʘʥʥʽ ʘʣʝʨʛʽʯʥʦʛʦ ʨʠʥʽʪʫ. 

ʇʨʝʧʘʨʘʪ ʰʚʠʜʢʦ ʚʩʤʦʢʪʫʻʪʴʩʷ ʧʽʩʣʷ ʧʝʨʦ-

ʨʘʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʜʦʩʷʛʘʶʯʠ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʧʣʘʟʤʽ ʢʨʦʚʽ ʯʝʨʝʟ 1ï3 ʛʦʜ. ʊʨʠ-

ʚʘʣʽʩʪʴ ʝʬʝʢʪʫ ʩʪʘʥʦʚʠʪʴ 24 ʛʦʜ. ʋ ʨʘʟʽ ʧʦʚʪʦʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʚʽʜʟʥʘʯʘʶʪʴ ʢʫʤʫʣʷʮʽʾ, ʦʩʢʽʣʴʢʠ ʚ 

ʧʝʯʽʥʮʽ ʙʽʦʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʣʠʰʝ 5% ʜʦʟʠ. ɿʘʚʜʷʢʠ 

ʤʽʥʽʤʘʣʴʥʽʡ ʚʝʣʠʯʠʥʽ ʙʽʦʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚ ʦʨʛʘʥʽʟʤʽ 

ʙʽʣʘʩʪʠʥ ʤʦʞʥʘ ʧʨʠʟʥʘʯʘʪʠ ʧʘʮʽʻʥʪʘʤ ʽʟ ʟʘʭʚʦ-

ʨʶʚʘʥʥʷʤʠ ʧʝʯʽʥʢʠ. ʇʨʝʧʘʨʘʪ ʥʝ ʟʤʽʥʶʻ ʝʣʝʢʪʨʦ-

ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʦʢʘʨʜʘ, ʱʦ ʜʘʻ ʤʦʞ-

ʣʠʚʽʩʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʝʧʘʨʘʪ ʫ ʭʚʦʨʠʭ ʽʟ ʩʝʨʮʝʚʦ-

ʩʫʜʠʥʥʦʶ ʧʘʪʦʣʦʛʽʻʶ.  

ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ 

ʅʘ ʙʘʟʽ ʧʫʣʴʤʦʥʦ-ʘʣʝʨʛʦʣʦʛʽʯʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ 

ʦʙʣʘʩʥʦʾ ʢʣʽʥʽʯʥʦʾ ʣʽʢʘʨʥʽ ʤ. ʏʝʨʥʽʚʮʽ ʧʨʦʚʦʜʠʣʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʪʠʤʝʜʽʘʪʦʨʥʦʛʦ ʧʨʝʧʘʨʘʪʫ ʫ 26 ʭʚʦ-

ʨʠʭ ʥʘ ɸʈ ʟ ʘʣʝʨʛʽʯʥʠʤʠ ʫʨʘʞʝʥʥʷʤʠ ʰʢʽʨʠ (ʨʝʮʠ-

ʜʠʚʥʘ ʢʨʦʧʠʚ'ʷʥʢʘ, ʘʪʦʧʽʯʥʠʡ ʜʝʨʤʘʪʠʪ) ʟ ʤʝʪʦʶ 

ʚʠʚʯʝʥʥʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʇʘʮʽʻʥʪʘʤ ʧʨʦʚʝʜʝʥʦ 

ʤʦʥʦʪʝʨʘʧʽʶ ʙʽʣʘʩʪʠʥʦʤ (ʅɯʂʉɸʈ, ʢʦʤʧʘʥʽʾ 

çBerlin-chemieè), ʷʢʠʡ ʧʨʠʟʥʘʯʘʣʠ ʫ ʜʦʟʽ 20 ʤʛ 1 ʨʘʟ 

ʥʘ ʜʦʙʫ ʧʨʦʪʷʛʦʤ 24 ʜʽʙ. 

ɺʩʽʤ ʧʘʮʽʻʥʪʘʤ ʧʨʦʚʦʜʠʣʠ ʟʘʛʘʣʴʥʦʢʣʽʥʽʯʥʝ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴ-

ʥʦʛʦ ʪʘ ʩʧʝʮʠʬʽʯʥʠʭ Ig ɽ (ʧʝʨʝʚʘʞʘʣʘ ʩʝʥ-

ʩʠʙʽʣʽʟʘʮʽʷ ʜʦ ʩʫʤʽʰʽ ʪʨʘʚ -53,5%). ʋ 37% ʦʙʩʪʝʞʝ-

ʥʠʭ ʭʚʦʨʠʭ ʚʠʷʚʠʣʘʩʴ ʜʦʜʘʪʢʦʚʘ ʩʝʥʩʠʙʽʣʽʟʘʮʽʷ ʜʦ 

ʧʦʙʫʪʦʚʠʭ ʪʘ ʭʘʨʯʦʚʠʭ ʘʣʝʨʛʝʥʽʚ.  

ʇʨʠ ʦʙ'ʻʢʪʠʚʥʦʤʫ ʦʛʣʷʜʽ ʃʆʈ-ʦʨʛʘʥʽʚ ʚʠʢʦʨʠ-

ʩʪʦʚʫʚʘʣʠʩʴ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʤʝʪʦʜʠʢʠ. ʇʨʦʪʷʛʦʤ 

ʜʦʙʠ ʜʦ ʧʨʠʡʦʤʫ ʜʦʩʣiʜʞʫʚʘʥʦʛʦ ʧʨʝʧʘʨʘʪʫ i ʚ 

ʧʝʨiʦʜ ʩʧʦʩʪʝʨʝʞʝʥʷ ʜʦʩʣiʜʞʫʚʘʥi ʥʝ ʧʨʠʡʤʘʣʠ 

iʥʰi ʣiʢʘʨʩʴʢi ʟʘʩʦʙʠ, ʱʦ ʤʘʶʪʴ ʘʥʪʠʤʝʜʽʘʪʦʨʥʫ 

ʜiʶ. 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ ʊɸ 

ʆɹɻʆɺʆʈɽʅʅʗ. 

ʋʩʽ ʭʚʦʨʽ, ʷʢʽ ʧʨʠʡʤʘʣʠ ʫʯʘʩʪʴ ʚ ʢʣʽʥʽʯʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ, ʤʘʣʠ ʢʣiʥiʯʥi, ʣʘʙʦʨʘʪʦʨʥʽ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʦʟʥʘʢʠ ɸʈ. ʆʩʥʦʚʥʠʤʠ ʩʢʘʨʛʘʤʠ ʜʦ-

ʩʣʽʜʞʫʚʘʥʠʭ ʭʚʦʨʠʭ ʙʫʣʠ: ʟʘʢʣʘʜʝʥʥʷ ʥʦʩʘ, ʩʣʠʟʦʚʽ 

ʪʘ ʚʦʜʷʥʠʩʪʽ ʚʠʜʽʣʝʥʥʷ ʽʟ ʥʦʩʘ, ʥʘʧʘʜʠ ʯʭʘʥʥʷ, ʟʫʜ 

ʫ ʥʦʩʽ, ʚʪʨʘʪʘ ʥʶʭʫ, ʧʝʨʽʦʜʠʯʥʠʡ ʛʦʣʦʚʥʠʡ ʙʽʣʴ. 

ʇʨʠ ʨʽʥʦʩʢʦʧʽʾ ʚʠʟʥʘʯʘʣʘʩʴ ʛʽʧʝʨʧʣʘʟʽʷ ʩʣʠʟʦʚʦʾ 

ʦʙʦʣʦʥʢʠ ʧʦʨʦʞʥʠʥʠ ʥʦʩʘ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʶ. ʋ 70 % 

ʭʚʦʨʠʭ ʚʽʜʤʽʯʘʣʠʩʴ ʧʦʤʽʨʥʽ ʧʨʦʷʚʠ ʩʠʤʧʪʦʤʽʚ ɸʈ 

(ʧʝʨʩʠʩʪʫʶʯʠʡ ʧʝʨʝʙʽʛ ʩʝʨʝʜʥʴʦʾ ʚʘʞʢʦʩʪʽ), ʫ 30 % 

ʭʚʦʨʠʭ ð ʣʝʛʢʽ. 

ʍʚʦʨʠʤ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʝ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʟʘʛʘʣʴʥʦ-ʢʣʽʥʽʯʥʠʭ ʪʘ ʙʽʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟ-

ʥʠʢʽʚ ʢʨʦʚʽ. ʆʜʥʠʤ ʽʟ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʭʚʦ-

ʨʠʭ ʫ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʾʭ ʥʦʨʤʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʦʪʠ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʙʣʘʥʢ 

ʩʘʤʦʢʦʥʪʨʦʣʶ ʧʘʮʽʻʥʪʽʚ, ʟʘ ʷʢʠʤ ʦʮʽʥʶʚʘʣʠ 

ʢʣʽʥʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘ ʦʩʥʦʚʥʠʤʠ ʩʠʤʧʪʦʤʘʤʠ 

ɸʈ ʟʘ ʙʘʣʴʥʦʶ ʰʢʘʣʦʶ (ʢʦʞʝʥ ʩʠʤʧʪʦʤ 0ï3 ʙʘʣʠ, 

ʤʘʢʩʠʤʘʣʴʥʘ ʩʫʤʘ ʙʘʣʽʚ - 12). ɿʘ 0 ʙʘʣʽʚ ʤʠ ʧʨʠʡ-

ʤʘʣʠ ʚʽʜʩʫʪʥʽʩʪʴ ʩʠʤʧʪʦʤʫ; 1 - ʧʨʦʷʚʠ ʩʠʤʧʪʦʤʫ 
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ʤʝʥʰʝ ʛʦʜʠʥʠ ʧʨʦʪʷʛʦʤ ʜʥʷ; 2 - ʪʨʠʚʘʣʽʩʪʴ ʩʠʤʧ-

ʪʦʤʽʚ ʧʨʦʪʷʛʦʤ ʛʦʜʠʥʠ ʥʘ ʜʝʥʴ; 3 - ʪʨʠʚʘʣʽʩʪʴ ʩʠʤʧ-

ʪʦʤʽʚ ʧʦʥʘʜ ʛʦʜʠʥʫ ʧʨʦʪʷʛʦʤ ʜʥʷ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʩʫʧʫʪʥʽʭ ʩʠʤʧʪʦʤʽʚ, ʪʘʢʠʭ ʷʢ ʟʘʛʘʣʴʥʘ ʩʣʘʙʢʽʩʪʴ, 

ʛʦʣʦʚʥʠʡ ʙʽʣʴ, ʷʚʠʱʘ ʢʦʥôʶʥʢʪʠʚʽʪʫ, ʟʫʜ ʰʢʽʨʠ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷ ʧʨʝʧʘʨʘʪʫ ʅɯʂʉɸʈ ʧʨʠʟʚʝʣʦ ʜʦ ʩʫʪʪʻʚʦʛʦ 

ʟʤʝʥʰʝʥʥʷ ʩʠʤʧʪʦʤʘʪʠʢʠ ɸʈ ʪʘ ʰʢʽʨʥʠʭ ʧʨʦʷʚʽʚ. 

ʄʠ ʥʝ ʟʘʬʽʢʩʫʚʘʣʠ ʝʧʽʟʦʜʽʚ ʧʦʨʫʰʝʥʥʷ ʘʨʪʝʨʽʘʣʴ-

ʥʦʛʦ ʪʠʩʢʫ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦʾ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʩʝʨʮʝʚʠʭ 

ʩʢʦʨʦʯʝʥʴ. ɹʽʦʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʢʨʦʚʽ ʫ ʭʚʦʨʠʭ ʥʘ 

ɸʈ ʚʽʨʦʛʽʜʥʦ ʥʝ ʚʽʜʨʽʟʥʷʣʠʩʷ ʚʽʜ ʥʦʨʤʠ, ʪʦʙʪʦ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʧʨʝʧʘʨʘʪʫ ʅɯʂʉɸʈ ʥʝ ʚʠʢʣʠʢʘʣʦ 

ʙʽʦʭʽʤʽʯʥʠʭ ʟʤʽʥ ʫ ʩʢʣʘʜʽ ʢʨʦʚʽ, ʧʦʢʘʟʥʠʢʘʭ ʣʝʡʢʦ-

ʮʠʪʘʨʥʦʾ ʬʦʨʤʫʣʠ.  

ɺʽʜʩʫʪʥʽʩʪʴ ʝʬʝʢʪʫ ʩʧʦʩʪʝʨʽʛʘʣʠ ʫ ʦʜʥʦʛʦ ʭʚʦ-

ʨʦʛʦ. ʇʨʠ ɸʈ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʣʘʩʪʠʥʫ (ʅɯʂʉɸʈ) 

ʩʧʨʠʷʣʦ ʟʤʝʥʰʝʥʥʶ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʜʝʢʦʥʛʝʩʪʘʥʪʽʚ. ʇʨʠ ʩʫʧʫʪʥʽʡ ʨʝʮʠʜʠʚʥʽʡ ʢʨʦ-

ʧʠʚ'ʷʥʮʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʘʩʪʠʥʫ ʜʘʣʦ ʟʤʦʛʫ ʢʫ-

ʧʫʚʘʪʠ ʾʾ ʟʘʛʦʩʪʨʝʥʥʷ ʡ ʟʤʝʥʰʠʪʠ ʘʙʦ ʫʩʫʥʫʪʠ ʧʨʦ-

ʷʚʠ ʘʣʝʨʛʦʜʝʨʤʘʪʦʟʫ ʥʘ 2-3 ʜʝʥʴ ʚʽʜ ʧʦʯʘʪʢʫ ʣʽʢʫ-

ʚʘʥʥʷ.  

ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʟʤʽʥ ʦʩʥʦʚʥʠʭ ʩʫʙôʻʢʪʠʚʥʠʭ 

ʩʠʤʧʪʦʤʽʚ ʟʘʭʚʦʨʶʚʘʥʥʷ ʫ ʭʚʦʨʠʭ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙ-

ʣʠʮʽ.

 

ʉʠʤʧʪʦʤ ɼʦ ʣʽʢʫʚʘʥʥʷ ʇʽʩʣʷ ʣʽʢʫʚʘʥʥʷ 

ʈʠʥʦʨʝʷ 2,83Ñ0,35 1,02Ñ0,18 

ɿʘʢʣʘʜʝʥʽʩʪʴ ʥʦʩʘ 1,65Ñ0,21 0,68Ñ0,30 

ʅʘʧʘʜʠ ʯʭʘʥʥʷ 1,99Ñ0,45 0,65Ñ0,17 

ʉʚʝʨʙʽʥʥʷ ʚ ʥʦʩʽ 1,85Ñ0,50 0,25Ñ0,23 

ʐʢʽʨʥʽ ʧʨʦʷʚʠ ʘʣʝʨʛʽʯʥʦʛʦ ʟʘ-

ʧʘʣʝʥʥʷ 
1,55Ñ0,10 0,38Ñ0,30 

 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠʟʥʘʯʝʥʥʷ ʜʦ-

ʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʝʧʘʨʘʪʫ. ʇʘʮʽʻʥʪʘʤ ʟ ʧʦʻʜʥʘʥʦʶ 

ʘʣʝʨʛʦʧʘʪʦʣʦʛʽʻʶ ʧʨʝʧʘʨʘʪ ʩʣʽʜ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʪʽʣʴʢʠ ʚ ʧʝʨʽʦʜ ʢʦʥʪʘʢʪʫ ʟ ʘʣʝʨʛʝʥʘʤʠ. ʇʘʮʽʻʥʪʘʤ ʟ 

ʩʝʟʦʥʥʠʤ ɸʈ ʣʽʢʫʚʘʥʥʷ ʤʦʞʥʘ ʧʨʠʧʠʥʠʪʠ ʧʽʩʣʷ 

ʩʫʪʪʻʚʦʛʦ ʧʦʤôʷʢʰʝʥʥʷ ʩʠʤʧʪʦʤʽʚ ʪʘ ʧʦʥʦʚʣʶʚʘʪʠ 

ʧʽʩʣʷ ʾʭ ʧʦʚʝʨʥʝʥʥʷ.  

ɿʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʣʘ-

ʩʪʠʥʫ ʚ ʜʦʟʽ 20 ʤʛ ʥʘ ʟʜʘʪʥʽʩʪʴ ʢʝʨʫʚʘʪʠ ʪʨʘʥʩʧʦʨʪ-

ʥʠʤʠ ʟʘʩʦʙʘʤʠ ʥʝ ʚʧʣʠʚʘʻ (14 ʧʘʮʽʻʥʪʽʚ). ʇʨʦʪʝ 

ʧʘʮʽʻʥʪʽʚ ʩʣʽʜ ʽʥʬʦʨʤʫʚʘʪʠ ʧʨʦ ʪʝ, ʱʦ ʚ ʦʢʨʝʤʠʭ 

ʚʠʧʘʜʢʘʭ, ʟʘ ʜʘʥʠʤʠ ʢʦʤʧʘʥʽʾ çBerlin-chemieè- ʧʨʝ-

ʧʘʨʘʪ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʩʦʥʣʠʚʽʩʪʴ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, 

ʚʧʣʠʚʘʪʠ ʥʘ ʟʜʘʪʥʽʩʪʴ ʢʝʨʫʚʘʪʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘ-

ʩʦʙʘʤʠ ʪʘ ʧʨʘʮʶʚʘʪʠ ʟ ʤʝʭʘʥʽʟʤʘʤʠ. 

ɺʀʉʅʆɺʂʀ  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʢʣʽʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʝʧʘʨʘʪʫ ʅɯʂʉɸʈ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʚʠʩʦʢʫ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠ ʣʽʢʫʚʘʥʥʽ ʭʚʦʨʠʭ ʥʘ 

ʩʝʟʦʥʥʠʡ ʘʣʝʨʛʽʯʥʠʡ ʨʠʥʽʪ ʟ ʫʨʘʞʝʥʥʷʤʠ ʰʢʽʨʠ, 

ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʟʤʝʥʰʝʥʥʷ ʩʠʤʧʪʦʤʽʚ ʟʘʭʚʦ-

ʨʶʚʘʥʥʷ.  

ɺʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʅɯʂʉɸʈʫ ʻ ʰʚʠʜʢʽʡ ʧʦ-

ʯʘʪʦʢ ʜʽʾ, ʚʽʜʩʫʪʥʽʩʪʴ ʩʝʜʘʪʠʚʥʦʛʦ ʝʬʝʢʪʫ ʪʘ ʥʝʛʘ-

ʪʠʚʥʠʭ ʝʬʝʢʪʽʚ ʥʘ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʫ ʩʠʩʪʝʤʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʝʧʘʨʘʪʫ 

ʅɯʂʉɸʈ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʧʨʦʷʚʠ ʘʙʦ ʜʦʩʷʛʪʠ 

ʨʝʤʽʩʽʾ ʘʣʝʨʛʽʯʥʦʛʦ ʨʠʥʽʪʫ, ʷʢ ʩʘʤʦʩʪʽʡʥʦʾ ʥʦʟʦ-

ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ, ʪʘʢ ʽ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʘʣʝʨʛʽʯʥʠʤʠ 

ʚʨʘʞʝʥʥʷʤʠ ʰʢʽʨʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʢʦʤʝʥʜʫ-

ʚʘʪʠ ʡʦʛʦ ʜʣʷ ʪʝʨʘʧʽʾ ʧʦʻʜʥʘʥʦʾ ʘʣʝʨʛʦʧʘʪʦʣʦʛʽʾ. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʪʨʝʱʠʥʳ, ʦʢʨʫʞʝʥʥʦʡ ʩʣʦʝʤ ʤʘʪʝʨʠʘʣʘ ʩ ʛʨʘʜʠʝʥʪʘʤʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘ-

ʮʠʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʩʣʦʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʪ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʦʙʲʝʤʝ ʜʦ ʤʘʢ-

ʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʱʠʥʳ. ʈʘʩʩʯʠʪʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʝʨ-

ʰʠʥʳ ʪʨʝʱʠʥʳ. ɺ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʚʠʚʘʝʤʳʡ ʘʚʪʦʨʦʤ ʤʝʪʦʜ ʵʣʝʤʝʥʪʦʚ ʨʝʣʘʢʩʘʮʠʠ. ʇʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʟʦʥʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ɿʇɼ). 

ʇʨʠ ʚʳʩʦʢʠʭ ʛʨʘʜʠʝʥʪʘʭ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ɿʇɼ ʤʦʞʝʪ ʥʘ ʧʦʨʷʜʦʢ 

ʧʨʝʚʳʰʘʪʴ ʚʥʝʰʥʝʝ ʧʨʠʣʦʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. 

Abstract 

This study offers the model of crack surrounded by a layer of plastically deformed material. The stress-strain 

state of continuous medium with this crack is considered. The distribution of plastic deformation in the layer 

satisfies the material continuity condition, at which a gradual stress reduction occurs from the values in the bulk 

to a zero value on the crack surface. The calculations are based on the relaxation element method developed by 

the author. It is shown that the maximum stress gradient is observed at the free crack surface and the maximum 

stress concentration in the plastic deformation zone. At high plastic deformation gradients, the stress concentration 

in the plastic deformation zone can be an order of magnitude greater than the external applied stress. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ ʪʨʝʱʠʥʳ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʛʨʘʜʠʝʥʪʳ ʧʣʘʩʪʠʯʝ-

ʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ 

Keywords: the model of a crack, the stress-strain state, the gradients of plastic deformation, the stress con-

centration 

 

1. ɺɺɽɼɽʅʀɽ 

ɺ ʤʝʭʘʥʠʢʝ ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʚʩʪʨʝ-

ʯʘʶʪʩʷ ʙʦʣʴʰʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʧʣʘ-

ʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʚʦʢʨʫʛ 

ʪʨʝʱʠʥʳ. ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʨʝ-

ʱʠʥʳ ɻʨʠʬʬʠʪʩʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʠʥʛʫʣʷʨʥʦʡ 

ʪʦʯʢʠ ʚ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ, ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʢʦʪʦʨʦʡ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤʫ ʨʦʩʪʫ ʥʘʧʨʷʞʝʥʠʷ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʥʝʪ, ʢʦʛʜʘ ʫ 

ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ ʝʩʪʴ ʟʦʥʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨ-

ʤʘʮʠʠ. ʇʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʧʣʘʩʪʠ-

ʯʝʩʢʦʡ ʟʦʥʳ ʠ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʘʩʪʠʯʝ-

ʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʥʝʡ. ɼʣʷ ʤʘʣʦʤʘʩʰʪʘʙʥʦʡ ʪʝʢʫ-

ʯʝʩʪʠ (ʜʣʷ ʢʚʘʟʠʭʨʫʧʢʠʭ ʤʘʪʝʨʠʘʣʦʚ) ʧʨʝʜʣʦʞʝʥʦ 

ʜʚʘ ʚʘʨʠʘʥʪʘ ʬʦʨʤʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʟʦʥʳ ʧʝʨʝʜ ʪʨʝ-

ʱʠʥʦʡ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʷʤ ʊʨʝʩʢʘ ʠ 

ʄʠʟʝʩʘ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʤʝʨʳ ʟʦʥʳ ʧʣʘ-

ʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ (ɿʇɼ) ʜʣʷ ʩʣʫʯʘʷ ʧʣʦʩʢʦ ʜʝ-

ʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, 

ʯʝʤ ʚ ʩʣʫʯʘʝ ʧʣʦʩʢʦʥʘʧʨʷʞʝʥʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

[1]. ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʷʤ ʀʨʚʠʥʘ [2, 3] ʠ ɼʘʛʜʝʡʣʘ [4] 

ʜʣʠʥʘ ɿʇɼ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʜʚʘ 

ʨʘʟʘ ʙʦʣʴʰʝ. ʂʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘ-

ʟʘʣʠ, ʯʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʨʘʟʤʝʨʳ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʟʦʥʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ, ʜʦʣʞʥʳ 

ʙʳʪʴ ʝʱʝ ʙʦʣʴʰʝ [1]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʞʝ ʜʣʷ 

ʢʚʘʟʠʭʨʫʧʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʣʠʯʠʝ ʤʘʣʦʡ ɿʇɼ ʪʨʝ-

ʙʫʝʪ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ 

ʧʦʣʝ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ 

ʟʦʥʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʩ 

ʪʨʝʱʠʥʦʡ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʘʟʨʘʙʦʪʘʥ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ 

ʥʝʚʦʟʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʜʥʦʟʥʘʯʥʦʡ ʩʚʷʟʠ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩ ʥʘʧʨʷʞʝʥʠʷʤʠ. ʆʜ-

ʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʛʨʘʥʠʯʥʦʤʫ ʫʩʣʦʚʠʶ ʚ ʥʝʫʧʨʫʛʠʭ 

ʩʤʝʱʝʥʠʷʭ ʥʘ ʢʦʥʪʫʨʝ ʟʦʥʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨ-

ʤʘʮʠʠ (ʪ.ʝ. ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʥʘʧʨʷʞʝʥʥʦʤʫ ʩʦʩʪʦ-

ʷʥʠʶ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚʥʝ ʢʦʥʪʫʨʘ ɿʇɼ) ʤʦʛʫʪ ʩʦʦʪ-
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ʚʝʪʩʪʚʦʚʘʪʴ ʩʘʤʳʝ ʨʘʟʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʘʩʪʠʯʝ-

ʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʥʫʪʨʠ ʢʦʥʪʫʨʘ, ʪ.ʝ. ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʩʘʤʳʝ ʨʘʟʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ 

ʚʥʫʪʨʠ ʢʦʥʪʫʨʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʝʩʣʠ ʚ ʣʦʢʘʣʴʥʦʡ ʟʦʥʝ ʟʘʜʘʥʦ ʧʦʣʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝ-

ʬʦʨʤʘʮʠʠ, ʪʦ ʤʝʪʦʜʘʤʠ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʤʝʭʘʥʠʢʠ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦʝ ʧʦʣʝ ʥʘʧʨʷʞʝ-

ʥʠʡ ʚ ʦʙʲʝʤʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʆʜʥʘʢʦ ʚʦʧʨʦʩ ʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʦʢʨʫʛ ʪʨʝ-

ʱʠʥʳ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʪʨʝʱʠʥʳ, 

ʦʢʨʫʞʝʥʥʦʡ ʩʣʦʝʤ ʩ ʛʨʘʜʠʝʥʪʘʤʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝ-

ʬʦʨʤʘʮʠʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘ-

ʮʠʠ ʚ ʩʣʦʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝ-

ʧʝʥʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʪ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝ-

ʥʠʷ ʚ ʦʙʲʝʤʝ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʪʨʝʱʠʥʳ. ɺ ʦʩʥʦʚʝ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʨʘʟʚʠʚʘʝʤʳʡ ʘʚʪʦʨʦʤ ʤʝʪʦʜ ʵʣʝʤʝʥʪʦʚ 

ʨʝʣʘʢʩʘʮʠʠ (ʄʕʈ) [5]. 

 

2. ʇʆʉʊʈʆɽʅʀɽ ʊʈɽʑʀʅʓ ʉ 
ɻʈɸɼʀɽʅʊɸʄʀ ʇʃɸʉʊʀʏɽʉʂʆʁ 

ɼɽʌʆʈʄɸʎʀʀ 

ʊʨʝʱʠʥʘ ʩ ʤʦʤʝʥʪʘ ʟʘʨʦʞʜʝʥʠʷ ʚʩʝʛʜʘ ʦʢʨʫ-

ʞʝʥʘ ʩʣʦʝʤ ʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ. ʇʦʵʪʦʤʫ ʪʨʝʱʠʥʫ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʚʠʜʝ ʵʣ-

ʣʠʧʪʠʯʝʩʢʦʡ ʧʦʣʦʩʪʠ ʩ ʧʦʣʫʦʩʷʤʠ b0 ʠ ʘ0. ʇʫʩʪʴ 

ʪʨʝʱʠʥʘ ʦʢʨʫʞʝʥʘ ʩʣʦʝʤ ʪʦʣʱʠʥʦʡ h ʧʣʘʩʪʠʯʝʩʢʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʨʠʩ. 1). ɹʦʣʴʰʘʷ ʧʦ-

ʣʫʦʩʴ ʵʣʣʠʧʩʘ ʘ0 ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʦʩʠ ʭ ʧʝʨʧʝʥʜʠ-

ʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʥʝʰʥʝʛʦ ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠ ʩʪʨʝʤʣʝʥʠʠ ʦʪʥʦʰʝʥʠʷ ʧʦʣʫʦʩʝʡ 

ʵʣʣʠʧʩʘ b0/ʘ0 (ʠʣʠ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ʥʘ ʢʦʥʮʝ ʙʦʣʴ-

ʰʦʡ ʧʦʣʫʦʩʠ) ʢ ʤʘʣʦʡ ʚʝʣʠʯʠʥʝ ʧʦʨʷʜʢʘ 10-3 ʧʦ-

ʣʦʩʪʴ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʨʝʱʠʥʦʡ ʜʣʠʥʦʡ 2a0. ɿʘʜʘʯʘ 

ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʚʜʦʣʴ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʠ y. 

ʋʩʣʦʚʠʝ ʩʦʭʨʘʥʝʥʠʷ ʩʧʣʦʰʥʦʩʪʠ (ʥʝʧʨʝʨʳʚ-

ʥʦʩʪʠ) ʤʘʪʝʨʠʘʣʘ ʪʨʝʙʫʝʪ ʧʣʘʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʪʝ-

ʧʝʥʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʪ ʥʫʣʷ ʚ ʦʙʲʝʤʝ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʱʠʥʳ 

(ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʛʨʘʥʠʮʝ ʧʦʣʦʩʪʠ). ʇʨʝʜʧʦʣʘʛʘ-

ʝʪʩʷ, ʯʪʦ ʚʥʝ ʚʳʜʝʣʝʥʥʦʛʦ ʩʣʦʷ ʤʘʪʨʠʮʘ ʦʜʥʦʨʦʜʥʘ, 

ʠʟʦʪʨʦʧʥʘ ʠ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʫʧʨʫʛʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʘʩʪʷʛʠʚʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ s, ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʚʜʦʣʴ ʦʩʠ y. ʉʣʦʡ ʚʦʢʨʫʛ ʪʨʝʱʠʥʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ 

ʚʠʜʝ ʚʣʦʞʝʥʥʳʭ ʜʨʫʛ ʚ ʜʨʫʛʘ ʵʣʝʤʝʥʪʦʚ ʨʝʣʘʢʩʘʮʠʠ 

(ʕʈ) ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʬʦʨʤʳ [5]. ɺʩʝ ʵʣʣʠʧʩʳ ʚ ʩʝ-

ʤʝʡʩʪʚʝ ʠʤʝʶʪ ʦʙʱʠʡ ʮʝʥʪʨ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ ʠ 

ʦʩʠ, ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ. ɼʣʠʥʳ ʧʦʣʫ-

ʦʩʝʡ ʦʧʨʝʜʝʣʷʣʠ ʨʘʚʝʥʩʪʚʘʤʠ a(t)= a0+h(1 ï t), b(t)= 

b0+h(1 ï t) (ʨʠʩ. 1), t - ʧʝʨʝʤʝʥʥʘʷ, ʠʟʤʝʥʷʶʱʘʷʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 1. ʇʨʠ t = 0 ʧʦʣʫʦʩʠ ʤʘʢʩʠʤʘʣʴʥʳ. 

ʋʚʝʣʠʯʝʥʠʝ t ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʧʝ-

ʨʝʭʦʜʫ ʦʪ ʚʥʝʰʥʝʛʦ ʵʣʣʠʧʩʘ ʢ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʣʠ-

ʥʠʠ ʧʦʣʦʩʪʠ. ʂʦʥʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ t ʚʳʙʠʨʘʝʪ ʦʧʨʝ-

ʜʝʣʸʥʥʳʡ ʢʦʥʪʫʨ ʩʝʤʝʡʩʪʚʘ. ʇʨʦʠʟʚʦʣʴʥʘʷ ʪʦʯʢʘ 

ʥʘ ʦʩʠ x ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʪʫʨʫ ʕʈ ʩʦ ʟʥʘʯʝʥʠʝʤ 

( )01 /t x a h= - -    (1) 

 
ʈʠʩ. 1. ʕʣʣʠʧʪʠʯʝʩʢʘʷ ʧʦʣʦʩʪʴ, ʦʢʨʫʞʝʥʥʘʷ ʟʦʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

 

ɺʥʫʪʨʠ ʢʘʞʜʦʛʦ ʕʈ ʠʟ ʜʘʥʥʦʛʦ ʩʝʤʝʡʩʪʚʘ ʟʘʜʘ-

ʚʘʣʠ ʚʝʣʠʯʠʥʫ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

(ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʪʝʥʟʦʨʘ ʨʝʣʘʢʩʘʮʠʠ) ʚ ʚʠʜʝ ʬʫʥʢ-

ʮʠʠ ʧʝʨʝʤʝʥʥʦʡ t: 

( )r 1 , 1 .d t dtb- s = b+ s - ¢b¢¤ (2) 

ʉʦʛʣʘʩʥʦ ʟʘʚʠʩʠʤʦʩʪʠ (2) ʧʘʨʘʤʝʪʨ b ʟʘʜʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʨʝʣʘʢʩʘʮʠʠ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ 

ʧʝʨʝʭʦʜʝ ʦʪ ʢʦʥʪʫʨʘ ʢ ʢʦʥʪʫʨʫ. ʏʝʤ ʙʦʣʴʰʝ b, ʪʝʤ 

ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ ʨʝʣʘʢʩʘʮʠʠ. ɼʣʷ ʕʈ ʩʧʨʘʚʝʜʣʠʚ 

ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʪ.ʢ. ʩʫʤʤʠʨʫʶʪʩʷ ʵʣʝʤʝʥ-

ʪʘʨʥʳʝ ʧʦʣʷ (ʨʝʰʝʥʠʷ) ʜʣʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʠʙʣʠ-

ʞʝʥʠʠ ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. ʇʨʠ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʠʠ dsr ʦʪ 0 ʜʦ 1 ʢʦʵʬʬʠʮʠʝʥʪ ʥʦʨʤʠʨʦʚʢʠ b+1 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʥʫʪʨʠ ʧʦʣʦʩʪʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 

ʥʘʧʨʷʞʝʥʠʡ. ʇʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʧʦʣʦʩʪʠ. ʈʠʩ. 2ʘ ʠʣʣʶʩʪʨʠ-

ʨʫʝʪ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʦʪʥʦʰʝʥʠʷ -sr/s ʚʜʦʣʴ 

ʦʩʠ x ʚ ʧʨʝʜʝʣʘʭ ʪʦʣʱʠʥʳ ʩʣʦʷ. ɺʠʜʥʦ, ʯʪʦ ʨʝʟʫʣʴ-

ʪʠʨʫʶʱʠʡ ʪʝʥʟʦʨ ʨʝʣʘʢʩʘʮʠʠ sr ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʣʘʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʦʪ 0 ʚ ʦʙʲʝʤʝ ʤʘ-

ʪʝʨʠʘʣʘ ʜʦ -s ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝ-

ʱʠʥʳ. ʇʦʵʪʦʤʫ ʧʨʠ ʚʥʝʰʥʝʤ ʥʘʧʨʷʞʝʥʠʠ s ʥʘ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʛʨʘʥʠʮʝ ʪʨʝʱʠʥʳ ʥʝʪ ʥʠʢʘʢʠʭ ʥʘʧʨʷ-

ʞʝʥʠʡ. ʀʟ ʨʠʩ. 2ʘ ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

b ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʟʘʤʝʪʥʦʝ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝ-

ʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʚʩʸ ʙʦʣʝʝ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 

ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʫʚʝʣʠʯʝʥʠʝ 

b ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʫ ʫʤʝʥʴʰʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʪʦʣ-

ʱʠʥʳ ʟʦʥʳ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʦʢʨʫʛ ʪʨʝ-

ʱʠʥʳ. 
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ʈʠʩ. 2a. ʇʨʦʬʠʣʠ ʦʪʥʦʰʝʥʠʷ sr/s ʚ ʟʦʥʝ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʈʠʩ. 2b. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʚ ɿʇɼ.

 

ʋʤʝʥʴʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʣʠʧʩʝ ʥʘ ʵʣʝʤʝʥ-

ʪʘʨʥʫʶ ʚʝʣʠʯʠʥʫ (2) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʣʝʤʝʥʪʘʨʥʦʤʫ 

ʦʜʥʦʨʦʜʥʦʤʫ ʧʦʣʶ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʚʥʫʪʨʠ ʵʣʣʠʧʩʘ [5] 

p 0

0

(1 )
( 1) 1 2 ,

(1 )
y

a h t
d t dt

E b h t

bå õs + -
e = b+ +æ ö

+ -ç ÷

 (3) 

ʛʜʝ ɽ ï ʤʦʜʫʣʴ ʖʥʛʘ, s -ʚʥʝʰʥʝʝ ʥʘʧʨʷʞʝ-
ʥʠʝ. 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚʳʨʘʞʝʥʠʷ (3) ʦʪ 0 ʜʦ 1 ï x/h 

ʦʧʨʝʜʝʣʠʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘ-

ʮʠʠ ʚʜʦʣʴ ʦʩʠ ʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ b = 1 ʚ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʩ ʥʘʯʘʣʦʤ ʥʘ ʢʦʥʮʝ ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʠ ʘ0 

ʧʦʣʫʯʠʤ ʧʨʦʩʪʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʝʨʝʜ ʪʨʝʱʠʥʦʡ: 

( ) ( )
2p 0

0 0 02

0

4 3
( ) ln .

4
y

b x
h x a b x h b h

Eh b h

è øè øå õs +
e = - + - - - +é ùé ùæ ö

+é ùç ÷ê úê ú

   (4) 

ʅʘ ʨʠʩ. 2b ʧʨʦʬʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʣʘʩʪʠʯʝ-

ʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʤ ʞʝ ʟʥʘʯʝ-

ʥʠʷʤ ʧʘʨʘʤʝʪʨʘ b, ʯʪʦ ʠ ʥʘ ʨʠʩ. 2ʘ. ʈʘʩʩʤʦʪʨʝʥ ʩʣʫ-

ʯʘʡ, ʢʦʛʜʘ ʪʦʣʱʠʥʘ ʩʣʦʷ h ʠ ʤʘʣʘʷ ʧʦʣʫʦʩʴ ʵʣʣʠʧʩʘ 

b ʚ ʩʪʦ ʨʘʟ ʤʝʥʴʰʝ ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʘ a, ʠʣʠ 

ʚ ʜʚʝʩʪʠ ʨʘʟ ʤʝʥʴʰʝ ʜʣʠʥʳ ʪʨʝʱʠʥʳ 2a. ʄʦʜʫʣʴ 

ʖʥʛʘ ɽ = 70 GPa, ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʘʣʶʤʠʥʠʷ [6]. ɺʠʜʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʘʩʪʠʯʝ-

ʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʥʝʧʨʝ-

ʨʳʚʥʦʩʪʠ (ʩʧʣʦʰʥʦʩʪʠ) ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ 

ʩʣʦʝ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʧʣʘ-

ʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʪ ʥʫʣʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʱʠʥʳ 

p 0

0

(max) 1 2 .y

a

E b

å õs
e = +æ ö

ç ÷

   (5) 

ʀʟ ʫʨʘʚʥʝʥʠʷ (5) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ b0Ÿ0 ʧʣʘ-

ʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝʨʝʘʣʴʥʦ ʚʳʩʦ-

ʢʦʡ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʢʨʳʪʠʝ ʙʝʨʝʛʦʚ ʪʨʝʱʠʥʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʪʫʧʣʝʥʠʶ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ ʠ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ 

ʥʘ ʢʦʥʮʝ ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʠ ʥʠʢʦʛʜʘ ʥʝ ʙʫʜʝʪ ʨʘʚʝʥ 

ʥʫʣʶ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʟʘʜʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʫ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʱʠʥʳ ʢʦ-

b), ʯʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʚ ʰʝʡʢʝ ʧʣʦʩʢʦʛʦ 

ʦʙʨʘʟʮʘ ʜʣʷ ʩʧʣʘʚʦʚ ʘʣʶʤʠʥʠʷ ʥʘ ʩʪʘʜʠʠ ʧʨʝʜʨʘʟ-

ʨʫʰʝʥʠʷ ʧʨʠ ʚʥʝʰʥʝʤ ʥʘʧʨʷʞʝʥʠʠ s = 175 MPa 

[6]. ʈʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 0.1 ʤʢʤ. 

 

3. ʈɸʉʏɽʊ ʅɸʇʈʗɾɽʅʀʗ 

ʄʝʞʜʫ ʵʣʝʤʝʥʪʘʨʥʳʤ ʪʝʥʟʦʨʦʤ ʨʝʣʘʢʩʘʮʠʠ 

dsr ʚʥʫʪʨʠ ʠ ʵʣʝʤʝʥʪʘʨʥʳʤ ʧʦʣʝʤ ʥʘʧʨʷʞʝʥʠʡ ʚʥʝ 

ʕʈ ʩʫʱʝʩʪʚʫʝʪ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ [5]. ɿʘ-

ʜʘʥʠʝʤ ʩ ʧʦʤʦʱʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʕʈ ʚʝʣʠʯʠʥʳ ʨʝ-

ʣʘʢʩʘʮʠʠ ʚ ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʥʝʦʜʥʦʨʦʜʥʦʝ 

ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʚʦ ʚʩʝʡ ʧʣʦʩʢʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʚ ʩʘʤʦʤ ʩʣʦʝ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʚ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ, ʠʟʦʙʨʘʞʸʥʥʦʡ ʥʘ ʨʠʩ. 1, ʜʣʷ ʢʦʤʧʦʥʝʥʪ 

ʥʘʧʨʷʞʝʥʠʡ ʚʜʦʣʴ ʦʩʠ x ʩ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʡ (1) 

ʠ (2) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ: 



38 The scientific heritage No 18 (18),2017 

[ ]

0

2 2 2
0 0 0 0 0 0

0

2
0 0

0

3 2
2 2 2

0 0 0 0

(1 )
1

2 (1 )( )(1 )
( 1) ,

(1 )

2 (1 )( )

x

a h t x

a b x a b h t a ba h t
d t dt

a b b h t x

x a b h t a b

b

è øå õ+ -
é ùæ ö- -

æ ö-é ù- + - - -+ - ç ÷
é ùs =s b+

- é ù+ -
-é ù
è ø- + - - -é ùê úê ú

[ ]
[ ]

[ ]

[ ]

2

0

0 0 0

0 00

2 2 2
0 0 0 0 0 0 0 0

2

0

3 2
2 2 2

0 0 0 0

(1 )

(1 ) ( )

2 (1 )(1 )
( 1) .

( ) 2 (1 )( )

(1 )

2 (1 )( )

y

b h t

a h t a b

x a b h ta h t
d t dt

a b a b x a b h t a b

x b h t

x a b h t a b

b

è ø
+ -é ù

+é ù+ - -
é ù
é ù- - -+ -

s =s b+ + +é ù
- - - + - - -é ù

é ù
+ -é ù

+é ù
è ø- + - - -é ùê úê ú

 (6) 

ʂʦʤʧʦʥʝʥʪʘ dtxy = 0. 

ʀʥʪʝʛʨʠʨʫʷ ʚʳʨʘʞʝʥʠʷ (6) ʧʦ ʧʝʨʝʤʝʥʥʦʡ t, 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, ʯʪʦ ʚʥʝ ʩʣʦʷ ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠ-

ʨʦʚʘʥʠʷ ʙʝʨʫʪʩʷ ʦʪ 0 ʜʦ 1, ʘ ʚ ʪʦʯʢʘʭ, ʧʦʧʘʜʘʶʱʠʭ 

ʚ ʩʣʦʡ, ʦʪ ( )01 /t x a h= - - ʜʦ 1. 

ʀʟʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ sy, ʩʦ-

ʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (6) ʧʨʠ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʘ b ʠʣ-

ʣʶʩʪʨʠʨʫʝʪ ʨʠʩ. 3. ɺʠʜʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʝʰʝ-

ʥʠʷ ɻʨʠʬʬʠʪʩʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ ʢʦʥʮʝ ʪʨʝʱʠʥʳ 

ʦʪʩʫʪʩʪʚʫʝʪ ʩʠʥʛʫʣʷʨʥʦʩʪʴ. ɺ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʥʘʯʠ-

ʥʘʷ ʦʪ ʥʫʣʷ ʥʘ ʢʦʥʮʝ ʨʘʟʨʝʟʘ, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʘʢ-

ʩʠʤʫʤ, ʟʘʪʝʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʧʨʠ-

ʙʣʠʞʘʷʩʴ ʢ ʚʝʣʠʯʠʥʝ ʚʥʝʰʥʝʛʦ ʥʘʧʨʷʞʝʥʠʷ s. ɿʘ 
ʧʨʝʜʝʣʘʤʠ ʩʣʦʷ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʪ-

ʣʠʯʠʝ ʢʨʠʚʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʝʪ. ʋʚʝʣʠʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ b ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷ-

ʞʝʥʠʷ ʠ ʩʤʝʱʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʢ ʧʦʣʦʩʪʠ. ɺ ʧʨʝ-

ʜʝʣʝ ʧʨʠ b­¤ ʧʦʣʫʯʘʝʪʩʷ ʢʨʠʚʘʷ ɻʨʠʬʬʠʪʩʘ. ʇʨʠ-

ʚʝʜʝʥʥʳʡ ʧʨʠʤʝʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʛʨʘ-

ʜʠʝʥʪʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝ-

ʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠ ʚʳʩʦʢʦʤ 

ʛʨʘʜʠʝʥʪʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʟʦʥʝ ʧʣʘʩ-ʪʠʯʝʩʢʦʡ ʜʝʬʦʨ-

ʤʘʮʠʠ ʤʦʞʝʪ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʪʴ ʚʥʝʰʥʝʝ ʧʨʠ-

ʣʦʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ʈʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʠʥ-

ʪʝʨʚʘʣʝ ʦʪʥʦʰʝʥʠʷ b0/a0 ʧʦʨʷʜʢʘ 10-3 ʠ ʤʝʥʝʝ ʦʪʣʠ-

ʯʠʝ ʢʨʠʚʳʭ sy(x) ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʝʪ. ʊʘʢʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʭʦʨʦʰʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3b. 

ɺʠʜʥʦ, ʯʪʦ ʚ ʠʥʪʝʨʚʘʣʝ 3.125Ŀ̟10-3 Ò b0/a0 Ò 0 ʧʨʦ-

ʬʠʣʠ ʢʨʠʚʳʭ ʩʦʚʧʘʜʘʶʪ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝ-

ʥʠʷʭ ʦʪʥʦʰʝʥʠʷ b0/a0 ʚʝʣʠʯʠʥʘ b0 ʦʢʘʟʳʚʘʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʟʦʥʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ: ʫʚʝʣʠʯʝʥʠʝ ʤʘʣʦʡ 

ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʘ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʫʤʝʥʴʰʝ-

ʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʷ.

 

 
ʋʤʝʥʴʰʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʰʠʨʠʥʳ ʧʦʚʝʨʭʥʦ-

ʩʪʠ h (ʨʠʩ. 4) ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʫ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʦʥʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʛʨʘ-

ʜʠʝʥʪʘ ʥʘʧʨʷʞʝʥʠʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʱʠʥʳ. ʇʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʣʱʠʥʝ ʟʦʥʳ ʤʝʥʝʝ 10-3 ʢʦʥʮʝʥʪʨʘ-

ʮʠʷ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ ʚʥʝʰ-

ʥʝʛʦ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

 
 

 

ʈʠʩ. 3a. ʇʨʦʬʠʣʠ ʥʘʧʨʷʞʝʥʠʷ sy ʜʣʷ 

ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ b. 

 
ʈʠʩ. 3b. ʇʨʦʬʠʣʠ ʥʘʧʨʷʞʝʥʠʷ sy ʜʣʷ ʨʘʟʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʦʣʫʦʩʠ b. 

x, a0 ʠ h ʜʘʥʳ ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ. 
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ʈʠʩ. 4. ʇʨʦʬʠʣʠ ʥʘʧʨʷʞʝʥʠʷ sy ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ. 

ʉʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʛʨʘʥʠʮʫ ɿʇɼ. 

 

ʅʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʧʨʷʞʝʥʠʷ ʩʠʣʴʥʦʝ ʚʣʠʷ-

ʥʠʝ ʦʢʘʟʳʚʘʝʪ ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʪʨʝʱʠʥʳ (ʨʠʩ. 

5). ʇʨʠ ʵʪʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʣʫʯʘʝʚ ʥʘ ʨʠʩ. 3 ʠ 4, ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʪʨʝʱʠʥʳ ʥʘʧʨʷʞʝʥʠʝ ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʠʛʨʘʥʠʯʥʦʤ ʩʣʦʝ, ʥʦ ʠ ʟʘ ʝʛʦ 

ʧʨʝʜʝʣʘʤʠ, ʪ.ʝ. ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘʧʨʷʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ. 

 
ʈʠʩ. 5. ʇʨʦʬʠʣʠ ʥʘʧʨʷʞʝʥʠʷ sy ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʠʥʳ a0 = 5Ā2j. 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʧʨʠʤʝʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ 

ʚʳʩʦʢʠʭ ʛʨʘʜʠʝʥʪʘʭ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʫ 

ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ɿʇɼ ʤʦʞʝʪ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʪʴ ʚʥʝʰʥʝʝ ʧʨʠʣʦ-

ʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. 

 

4. ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʪʨʝʱʠʥʳ, 

ʦʢʨʫʞʝʥʥʦʡ ʩʣʦʝʤ ʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʈʘʩʩʤʦʪʨʝʥʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʅɼʉ) ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʩ ʪʘʢʦʡ 

ʪʨʝʱʠʥʦʡ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘ-

ʮʠʠ ʚ ʩʣʦʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʥʝʧʨʝʨʳʚʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʟʥʘʯʝʥʠʡ ʚ ʦʙʲʝʤʝ ʜʦ 

ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʱʠʥʳ. ɺ ʦʩ-

ʥʦʚʝ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʚʠʚʘʝʤʳʡ ʘʚʪʦʨʦʤ 

ʤʝʪʦʜ ʵʣʝʤʝʥʪʦʚ ʨʝʣʘʢʩʘʮʠʠ [5]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʡ ʫ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝ-

ʱʠʥʳ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ï 

ʚ ʟʦʥʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʇʨʠ ʚʳʩʦʢʠʭ ʛʨʘ-

ʜʠʝʥʪʘʭ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ɿʇɼ ʤʦʞʝʪ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʪʴ 

ʚʥʝʰʥʝʝ ʧʨʠʣʦʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. 
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ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʦʯʝ-

ʚʠʜʥʳ, ʧʦʩʢʦʣʴʢʫ ʩʠʥʛʫʣʷʨʥʦʝ ʨʝʰʝʥʠʝ ʠʟ ʥʝʛʦ ʚʳ-

ʪʝʢʘʝʪ ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʪʦʣʱʠʥʘ ʧʨʠʧʦ-

ʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. ʋʯʸʪ ʪʦʣ-

ʱʠʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʩʣʦʷ ʩ ʛʨʘʜʠʝʥʪʦʤ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʨʠʪʝʨʠʠ 

ʨʘʟʨʫʰʝʥʠʷ ʢʘʢ ʧʣʘʩʪʠʯʥʳʭ, ʪʘʢ ʠ ʢʚʘʟʠʭʨʫʧʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. 
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ɸʥʥʦʪʘʮʠʷ 
ʅʘ ʧʨʠʤʝʨʝ ʨʝʛʫʣʷʪʦʨʘ ʫʨʦʚʥʷ ʚ ʜʝʘʵʨʘʪʦʨʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʷ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ. ʀʣʣʶʩʪʨʘʮʠʷ ʧʦʵʪʘʧʥʦʛʦ ʧʝʨʝʭʦʜʘ 

ʦʪ ʘʥʘʣʦʛʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʢ ʮʠʬʨʦʚʦʡ, ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʥʝʨʛʦʙʣʦʢʦʚ, ʘ ʪʘʢʞʝ ʢʨʘʪʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʣʦ-

ʞʝʥʳ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ. 

Abstract 
The variants of the automatic control systems built on different programmatic-technical facilities applied for 

level adjusting in the deaerator are considered. The evolution process from analog up to numerical devices which 

are used for automatization of Nuclear Power Station and also brief characteristics of the modern methods control 

technological parameters are expounded in this article. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʝʛʫʣʷʪʦʨ, ʫʨʦʚʝʥʴ, ʜʝʘʵʨʘʪʦʨ, ʧʘʨʘʤʝʪʨ, ʢʦʥʪʨʦʣʴ, ʢʦʤʘʥʜʘ, ʨʝʛʫʣʠʨʫʶʱʠʡ ʦʨʛʘʥ, 

ʙʣʦʢʠʨʦʚʢʘ, ʦʪʢʘʟ, ʥʘʜʝʞʥʦʩʪʴ, ʚʝʨʦʷʪʥʦʩʪʴ, ʜʠʘʛʥʦʩʪʠʢʘ, ʫʧʨʘʚʣʝʥʠʝ, ʘʪʦʤʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ. 

Keywords: Regulator, level, deaerator, parameter, control, command, regulating authority, blocking, refuse, 

reliability, probability, diagnostics, management, nuclear power plant. 

 

ʉʣʦʞʥʦʩʪʴ ʠ ʤʥʦʛʦʦʙʨʘʟʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʵʢʩ-

ʧʣʫʘʪʠʨʫʝʤʦʛʦ ʥʘ ɸʕʉ ʚ ʫʩʣʦʚʠʷʭ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʥʘʛʨʫʟʦʢ, ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʝ-

ʙʫʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʥʘʜʸʞʥʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚ-

ʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʙʣʦʢʘʤʠ ɸʕʉ. ɺ ʩʚʷʟʠ ʩ 

ʯʝʤ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʠ ʧʨʦʤʳʰʣʝʥ-

ʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ 

ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʚʥʝʜʨʷʶʪʩʷ 

ʥʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ɸʉʋ ʊʇ ʩ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʦʚʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʚʥʦʚʴ ʩʪʨʦʷʱʠʭʩʷ ʠ 

ʤʦʜʝʨʥʠʟʠʨʫʝʤʳʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ɸʕʉ. 

ɹʘʟʦʚʦʡ ʩʠʩʪʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ɸʉʋ ʊʇ ʷʚʣʷʶʪʩʷ 

ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ (ʇʊʉ) ʥʠʟʦʚʦʡ 

ʘʚʪʦʤʘʪʠʢʠ, ʨʝʘʣʠʟʫʶʱʠʝ ʬʫʥʢʮʠʠ ʩʙʦʨʘ ʠ ʧʝʨʚʠʯ-

ʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠ ʜʠ-

ʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘ-

ʥʠʟʤʘʤʠ, ʨʝʘʣʠʟʘʮʠʶ ʟʘʱʠʪ ʠ ʙʣʦʢʠʨʦʚʦʢ, ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʚʳʜʘʯʫ ʘʥʘʣʦʛʦʚʳʭ ʠ 

ʜʠʩʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʩʨʝʜʩʪʚʘ ʦʧʝʨʘʪʠʚʥʦ-ʜʠʩ-

ʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʩʠ-

ʩʪʝʤʦʡ ʚʝʨʭʥʝʛʦ ʙʣʦʯʥʦʛʦ ʫʨʦʚʥʷ.  

ɼʝʘʵʨʘʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʜʝʘʵʨʘʪʦʨ) ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʥʘ ʙʘʟʝ ʇʊʉ.  

ʌʫʥʢʮʠʦʥʘʣʴʥʦ ʜʝʘʵʨʘʪʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʦʜʦʛʨʝʚʘ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʦʤ 

ʮʠʢʣʝ ʪʫʨʙʦʫʩʪʘʥʦʚʢʠ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʘʵʨʘʮʠʠ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ. ɼʝʘʵʨʘʮʠʦʥʥʘʷ ʢʦʣʦʥʢʘ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʦʩʥʦʚʥʦʡ ʚʳʧʘʨ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠ-

ʩʫʥʢʝ 1[5, ʩ. 110].  

ɺ ʥʠʞʥʶʶ ʯʘʩʪʴ ʜʝʘʵʨʘʪʦʨʥʦʡ ʛʦʣʦʚʢʠ, ʫʩʪʘ-

ʥʦʚʣʝʥʥʦʡ ʥʘʜ ʘʢʢʫʤʫʣʷʪʦʨʥʳʤ ʙʘʢʦʤ ʧʠʪʘʪʝʣʴ-

ʥʦʡ ʚʦʜʳ (14), ʧʦʜʚʦʜʠʪʩʷ ʛʨʝʶʱʠʡ ʧʘʨ ʧʦ ʢʦʣʣʝʢ-

ʪʦʨʫ (2). ʆʩʥʦʚʥʦʡ ʢʦʥʜʝʥʩʘʪ ʧʦʩʪʫʧʘʝʪ ʚ ʚʝʨʭʥʶʶ 

ʯʘʩʪʴ ʜʝʘʵʨʘʮʠʦʥʥʦʡ ʢʦʣʦʥʢʠ (7) ʠ ʩʣʠʚʘʝʪʩʷ ʚʥʠʟ 

ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʩʠʪʦ (10), ʘ ʟʘʪʝʤ 

ʧʨʦʭʦʜʠʪ ʙʘʨʙʦʪʘʞʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (4) ʠ ʚʦʜʦʥʘ-

ʧʨʘʚʣʷʶʱʠʡ ʣʠʩʪ (6). ɿʘ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚʥʠʟ ʦʩ-

ʥʦʚʥʦʡ ʢʦʥʜʝʥʩʘʪ ʥʘʛʨʝʚʘʝʪʩʷ ʧʘʨʦʤ ʜʦ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʥʘʩʳʱʝʥʠʷ ʧʨʠ ʵʪʦʤ ʜʘʚʣʝʥʠʠ. ʆʩʥʦʚʥʘʷ 

ʯʘʩʪʴ ʛʨʝʶʱʝʛʦ ʧʘʨʘ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘ-

ʥʠʠ ʚʦʜʳ, ʘ ʠʟʙʳʪʦʢ ʝʛʦ ʚʤʝʩʪʝ ʩ ʚʳʜʝʣʠʚʰʠʤʠʩʷ 

ʠʟ ʚʦʜʳ ʛʘʟʘʤʠ ʦʪʚʦʜʠʪʩʷ ʠʟ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʣʦʥʢʠ 

(8) ʚ ʘʪʤʦʩʬʝʨʫ ʠʣʠ ʥʘ ʵʞʝʢʪʦʨʳ ʪʫʨʙʠʥʳ. ɼʝʘʵʨʠ-

ʨʦʚʘʥʥʘʷ ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ ʚ ʙʘʢ-ʘʢʢʫʤʫʣʷʪʦʨ (14), 

ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʛʘʟʦʚ, 

ʥʝ ʫʩʧʝʚʰʠʭ ʚʳʜʝʣʠʪʩʷ ʚ ʜʝʘʵʨʘʮʠʦʥʥʦʡ ʢʦʣʦʥʢʝ 

(1). 
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ʈʠʩ. 1. ʋʩʪʨʦʡʩʪʚʦ ʜʝʘʵʨʘʮʠʦʥʥʦʡ ʢʦʣʦʥʢʠ ʪʠʧʘ ɼʇ-1600-2:  

1 ï ʜʝʘʵʨʘʮʠʦʥʥʘʷ ʢʦʣʦʥʢʘ; 2 ï ʢʦʣʣʝʢʪʦʨ ʧʦʜʚʦʜʘ ʛʨʝʶʱʝʛʦ ʧʘʨʘ; 3 ï ʧʦʜʜʦʥ; 4 ï ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʡ 

ʣʠʩʪ ʙʘʨʙʦʪʘʞʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ; 5 ï ʧʘʨʦʧʝʨʝʧʫʩʢʥʳʝ ʪʨʫʙʳ; 6 ï ʧʝʨʝʧʫʩʢʥʦʡ ʣʠʩʪ; 7 ï ʧʦʜʚʦʜ ʦʩʥʦʚʥʦʛʦ 

ʢʦʥʜʝʥʩʘʪʘ; 8 ï ʚʳʧʘʨ ʚ ʘʪʤʦʩʬʝʨʫ ʠʣʠ ʵʞʝʢʪʦʨʘ ʪʫʨʙʠʥʳ; 9 ï ʩʤʝʩʠʪʝʣʴʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡ-

ʩʪʚʦ; 10 ï ʧʝʨʬʦʨʠʨʦʚʘʥʥʘʷ ʪʘʨʝʣʢʘ; 11 ï ʧʘʨʦʧʝʨʝʧʫʩʢʥʳʝ ʪʨʫʙʳ; 12 ï ʩʣʠʚʥʘʷ ʪʨʫʙʘ; 13 ï ʛʦʣʦʚʢʘ ʘʢʢʫ-

ʤʫʣʷʪʦʨʥʦʛʦ ʙʘʢʘ; 14 ï ʙʘʢ-ʘʢʢʫʤʫʣʷʪʦʨ. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʚ ʧʘʨʦʩʠʣʦʚʦʤ ʮʠʢʣʝ ʜʝʘʵʨʘʪʦʨʘ 

ʠʤʝʶʪʩʷ ʧʦʪʝʨʠ ʚʦʜʳ ʠ ʧʘʨʘ. ɼʣʷ ʧʦʢʨʳʪʠʷ ʵʪʦʛʦ 

ʥʝʜʦʩʪʘʪʢʘ ʚ ʢʦʥʪʫʨ ʜʦʙʘʚʦʯʥʦ ʧʦʜʚʦʜʠʪʩʷ ʭʠʤʠʯʝ-

ʩʢʠ ʦʙʝʩʩʦʣʝʥʥʘʷ ʚʦʜʘ (ʍʆɺ). ʇʦʜʧʠʪʢʘ ʍʆɺ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨ ʪʫʨʙʠʥʳ. ʉʠʛʥʘʣʦʤ 

ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʩʳ ʚʦʜʳ ʚ ʢʦʥʪʫʨʝ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝ-

ʥʠʝ ʫʨʦʚʥʷ ʚ ʙʘʢʝ-ʘʢʢʫʤʫʣʷʪʦʨʝ [4, ʩ. 244 ï 245]. 

ʈʝʛʫʣʷʪʦʨ ʫʨʦʚʥʷ ʚ ʜʝʘʵʨʘʪʦʨʝ ʈL (ʨʠʩʫʥʦʢ 2) ʧʦʣʫ-

ʯʘʝʪ ʩʠʛʥʘʣ ʦʪ ʫʨʦʚʥʝʤʝʨʘ (ɼʄ) ʠ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ 

ʢʣʘʧʘʥ, ʨʝʛʫʣʠʨʫʶʱʠʡ ʧʦʜʘʯʫ ʍʆɺ ʚ ʢʦʥʜʝʥʩʘʪʦʨ 

ʪʫʨʙʠʥʳ. ʇʨʠ ʵʪʦʤ ʨʝʛʫʣʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʟʘ-

ʜʝʨʞʠʚʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʘ ʍʆɺ ʩʥʘ-

ʯʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʚ ʢʦʥʜʝʥʩʘ-

ʪʦʨʝ, ʯʪʦ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ɸʉʈ ʫʨʦʚʥʷ ʚ ʢʦʥʜʝʥʩʘ-

ʪʦʨʝ ʠ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ɸʉʈ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʜʘʯʘ ʚʦʜʳ ʚ ʧʠʪʘʪʝʣʴʥʫʶ ʣʠʥʠʶ.  

 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɸʉʈ ʫʨʦʚʥʷ ʚ ʜʝʘʵʨʘʪʦʨʝ: 

 ɼʄ ï ʜʠʬʤʘʥʦʤʝʪʨ; ʇʅɼ ï ʧʦʜʦʛʨʝʚʘʪʝʣʴ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ; PL ï ʨʝʛʫʣʷʪʦʨ ʫʨʦʚʥʷ; L ï ʫʨʦʚʝʥʴ; Lɿɸɼ ï 

ʫʩʪʘʚʢʘ ʨʝʛʫʣʷʪʦʨʘ; 

GK ï ʨʘʩʭʦʜ ʢʦʥʜʝʥʩʘʪʘ; Gʍʆɺ ï ʨʘʩʭʦʜ ʭʠʤʦʙʝʩʩʦʣʝʥʥʦʡ ʚʦʜʳ 
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ɸʉʈ ʫʨʦʚʥʷ ʩ ʇïʨʝʛʫʣʷʪʦʨʦʤ ʧʦ ʢʘʥʘʣʫ çʨʘʩ-

ʭʦʜ ʭʠʤʦʙʝʩʩʦʣʝʥʥʦʡ ʚʦʜʳ ʚ ʢʦʥʜʝʥʩʘʪʦʨ ï ʨʘʩʭʦʜ 

ʢʦʥʜʝʥʩʘʪʘ ʠʟ ʢʦʥʜʝʥʩʘʪʦʨʘè ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝ-

ʥʠʝʤ ʠʥʝʨʮʠʦʥʥʦʛʦ ʟʚʝʥʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʢʦʥʜʝʥ-

ʩʘʪʦʧʨʦʚʦʜ ʩ ʇʅɼ ʧʦ ʢʘʥʘʣʫ çʨʘʩʭʦʜ ʥʘ ʚʭʦʜʝ ï 

ʨʘʩʭʦʜ ʥʘ ʚʳʭʦʜʝè ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʳʥʝʨʮʠʦʥʥʳʡ ʩ 

ʝʜʠʥʠʯʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʝʨʝʜʘʯʠ ʠ, ʥʘʢʦʥʝʮ, 

ʜʝʘʵʨʘʪʦʨ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʟʚʝʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʦʙʲ-

ʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [4, ʩ. 
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ʂʦʵʬʬʠʮʠʝʥʪ ʂ2 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʘʩʪʘʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʜʝʘʵʨʘʪʦʨʘ. 

ʂʨʠʚʘʷ ʨʘʟʛʦʥʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʬʦʨʤʫʣʝ (1), 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʫʶ ʥʘʢʣʦʥʥʫʶ ʣʠʥʠʶ ʩ 

ʝʤʢʦʩʪʥʳʤ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, ʪ.ʝ. ʜʝʘʵʨʘʪʦʨ ʧʦ 

ʫʨʦʚʥʶ ʷʚʣʷʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ ʦʙʲʝʢʪʦʤ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ, ʘ ʪʘʢʞʝ ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʞʝʩʪʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʦʜʜʝʨʞʘʥʠʶ ʫʨʦʚʥʷ ʚ ʙʘʢʝ ʜʝʘʵʨʘ-

ʪʦʨʘ ʚ ɸʉʈ ʫʨʦʚʥʷ ʧʨʠʤʝʥʷʝʪʩʷ ʇïʟʘʢʦʥ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʦʭʚʘʪʦʤ ʇʀï

ʨʝʛʫʣʷʪʦʨʘ ʞʝʩʪʢʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʧʦʣʦʞʝ-

ʥʠʶ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʦʨʛʘʥʘ. ɼʣʷ ʵʥʝʨʛʦʙʣʦʢʘ ʩ 

ɺɺʕʈ-1000 ʥʦʤʠʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ Lʥʦʤ = 2000 ʤʤ, 

ʘʙʩʦʣʶʪʥʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ï ʜʦ 

250 ʤʤ, ʜʦʧʫʩʪʠʤʳʝ ʦʪʢʣʦʥʝʥʠʷ ʫʨʦʚʥʷ ʚ ʩʪʘʪʠʢʝ Ñ 

20 ʤʤ, ʚ ʜʠʥʘʤʠʢʝ Ñ 70 ʤʤ.  

ɺ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʨʝʛʫʣʷʪʦʨ ʫʨʦʚʥʷ 

ʚ ʜʝʘʵʨʘʪʦʨʝ (ʈʋɼ) ʥʘ ɸʕʉ ʨʝʘʣʠʟʦʚʳʚʘʣʩʷ ʥʘ ʙʘʟʝ 

ʢʦʤʧʣʝʢʩʘ ʘʥʘʣʦʛʦʚʳʭ ʩʨʝʜʩʪʚ çʂʘʩʢʘʜ ï2è [2, ʩ. 

92, 127, 135, 141]. ʌʫʥʢʮʠʦʥʘʣʴʥʦ-ʙʣʦʯʥʘʷ ʩʪʨʫʢ-

ʪʫʨʘ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʈʋɼ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩ. 3 ï ʉʭʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʝʛʫʣʷʪʦʨʘ ʫʨʦʚʥʷ ʚ ʜʝʘʵʨʘʪʦʨʝ ʥʘ ʙʘʟʝ çʂʘʩʢʘʜï2è: ɼï05 ï ʙʣʦʢ ʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ; ɹɻʈ ï ʙʣʦʢ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ; ʈï27 ï ʙʣʦʢ ʨʝʛʫʣʠʨʫʶʱʠʡ ʩ ʠʤʧʫʣʴʩ-

ʥʳʤ ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ; ɹɺʈ ï ʙʣʦʢ ʚʢʣʶʯʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ; ɹʋʂ ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʢʣʘʧʘʥʦʤ; ɹʂʃ ï 

ʙʣʦʢ ʣʦʛʠʯʝʩʢʠʭ ʢʣʶʯʝʡ; ɹʉʇʊ ï ʙʣʦʢ ʩʠʛʥʘʣʠʟʘʮʠʠ ʧʦʣʦʞʝʥʠʷ ʪʦʢʦʚʳʡ; ɹʈʋï32 ï ʙʣʦʢ ʨʫʯʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ; ʄʕʆ ï ʤʝʭʘʥʠʟʤ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʜʥʦʦʙʦʨʦʪʥʳʡ; ʇɹʈ 2ï3 ï ʧʫʩʢʘʪʝʣʴ ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʨʝʚʝʨʩʠʚ-

ʥʳʡ. 

 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʛʫʣʠʨʫʶʱʠʤʠ 

ʢʣʘʧʘʥʘʤʠ ʨʝʛʫʣʷʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 

3, ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ ʙʣʦʢʠ ɹʋʂ ʠ ɹʂʃ. ɺ ɹʋʂ 

ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʤʘʥʜʘ ʥʘ ʦʪʢʨʳʪʠʝ ʨʝʛʫʣʠʨʫʶʱʝʛʦ 

ʦʨʛʘʥʘ ʚ ʚʠʜʝ ʣʦʛʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ç1è (U = 15 B), ʚ 

ɹʂʃ ʵʪʘ ʢʦʤʘʥʜʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʥʘʧʨʷʞʝʥʠʝ, ʜʦ-

ʩʪʘʪʦʯʥʦʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʫʩʢʦʚʳʤ ʫʩʪʨʦʡʩʪʚʦʤ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʀʄ). ɺ ɹʋʂ ʧʦʩʪʫ-

ʧʘʝʪ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʢʦʥʝʯʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ ʀʄ ʦ 

ʧʦʣʦʞʝʥʠʠ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʦʨʛʘʥʘ; ʧʨʠ ʧʦʣʥʦʤ ʦʪ-

ʢʨʳʪʠʠ ʟʘʧʨʝʱʘʝʪʩʷ ʚʳʭʦʜʥʘʷ ʢʦʤʘʥʜʘ çɹʦʣʴʰʝè, 

ʘ ʧʨʠ ʧʦʣʥʦʤ ʟʘʢʨʳʪʠʠ ʟʘʧʨʝʱʘʝʪʩʷ ʚʳʭʦʜʥʘʷ ʢʦ-

ʤʘʥʜʘ çʄʝʥʴʰʝè ɿʘʧʨʝʱʘʝʪʩʷ ʧʨʦʭʦʞʜʝʥʠʝ ʢʦ-

ʤʘʥʜ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪ ɹɺʈ çʈʝʛʫʣʷʪʦʨ ʚ ʨʝʞʠʤʝ ɸʚʪʦʤʘ-

ʪʠʢʘè, ʢʦʤʤʫʪʘʮʠʷ ʚʳʭʦʜʥʳʭ ʮʝʧʝʡ ʨʝʛʫʣʷʪʦʨʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʙʣʦʢʝ ɹɺʈ. 

ɺ ʦʪʢʣʶʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʳʭʦʜʥʳʝ ʮʝʧʠ ʨʝ-

ʛʫʣʷʪʦʨʘ ʧʦʜʢʣʶʯʝʥʳ ʚ ʩʭʝʤʫ ʩʘʤʦʙʘʣʘʥʩʘ ʨʝʛʫʣʷ-

ʪʦʨʘ ʥʘ ʚʭʦʜ ʠʥʪʝʛʨʘʪʦʨʘ. ʇʨʠ ʧʝʨʝʚʦʜʝ ɹʈʋï32 ʚ 

ʧʦʣʦʞʝʥʠʝ çɸè, ɹɺʈ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʨʝʞʠʤ çɸʚʪʦ-

ʤʘʪʠʢʘè. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʘʟʨʝʰʝ-

ʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʤ ʠ ʧʨʠ 
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ʦʪʩʫʪʩʪʚʠʠ ʟʘʧʨʝʪʦʚ ʢʦʤʘʥʜ ʨʝʛʫʣʷʪʦʨʘ ʝʛʦ ʚʭʦʜ-

ʥʳʝ ʮʝʧʠ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʧʫʩʢʦʚʦʤʫ ʫʩʪʨʦʡʩʪʚʫ 

ʇɹʈ 2ï3. ʇʨʠ ʵʪʦʤ ʠʟ ɹɺʈ ʚ ɹʋʂ ʧʦʩʪʫʧʘʝʪ ʢʦ-

ʤʘʥʜʘ çʈʝʛʫʣʷʪʦʨ ʚ ʨʝʞʠʤʝ ɸʚʪʦʤʘʪʠʢʘè, ʢʦʪʦʨʳʡ 

ʟʘʧʨʝʱʘʝʪ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʛʫʣʠʨʫʶ-

ʱʠʤ ʦʨʛʘʥʦʤ. 

ʇʨʠ ʩʨʘʙʘʪʳʚʘʥʠʠ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠʩʧʨʘʚ-

ʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʚʭʦʜ ɹɺʈ ʧʦʩʪʫʧʘʝʪ ʩʠʛʥʘʣ 

çʆʪʢʣʶʯʠʪʴ ʦʪ ʟʘʱʠʪ ʠ ʙʣʦʢʠʨʦʚʦʢè, ʦʪʢʣʶʯʘʶ-

ʱʠʡ ʨʝʛʫʣʷʪʦʨ. ʕʪʘ ʢʦʤʘʥʜʘ ʟʘʧʦʤʠʥʘʝʪʩʷ ʠ ʧʦ-

ʚʪʦʨʥʦʝ ʚʢʣʶʯʝʥʠʝ ʨʝʛʫʣʷʪʦʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʝʛʦ ʨʫʯʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ. 

ɺʘʞʥʝʡʰʠʝ ʬʫʥʢʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʱʠʪ, 

ʙʣʦʢʠʨʦʚʦʢ, ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʨʝʘʣʠʟʦʚʳ-

ʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ ʞʝʩʪʢʦʛʦ ʤʦʥʪʘʞʘ ʫʥʠ-

ʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ 

çʂʘʩʢʘʜï2è, ʥʝ ʠʤʝʶʱʠʭ ʜʠʘʛʥʦʩʪʠʢʠ ʦʪʜʝʣʴʥʳʭ 

ʙʣʦʢʦʚ. ʇʦʵʪʦʤʫ ʩʢʨʳʪʳʝ ʦʪʢʘʟʳ ʚ ʘʧʧʘʨʘʪʫʨʝ ʟʘ-

ʯʘʩʪʫʶ ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ ʪʦʣʴʢʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʨʝʤʦʥʪʦʚ. ɸʥʘʣʠʟ 

ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʪʘʪʠʩʪʠʢʠ ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ɸʕʉ ʩʪʘʣ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʜʣʷ ʧʝʨʝʭʦʜʘ ʢ ʩʦ-

ʚʨʝʤʝʥʥʳʤ ʮʠʬʨʦʚʳʤ ʤʝʪʦʜʘʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ɸʕʉ. ʇʨʦʚʝʜʝʥʥʘʷ ʨʝ-

ʢʦʥʩʪʨʫʢʮʠʷ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʙʣʦʢʦʚ 

ʧʫʪʝʤ ʟʘʤʝʥʳ ʘʧʧʘʨʘʪʫʨʳ ɸʉʋʊ-1000-2 ʠ çʂʘʩ-

ʢʘʜï2è ʥʘ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 

(ʇʊʂ) ɸʉʈ ʪʫʨʙʠʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ (ʊʆ) ʥʘ ʙʘʟʝ ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʄ2002 ʧʦʟʚʦʣʠʣʘ 

ʨʝʘʣʠʟʦʚʘʪʴ ʬʫʥʢʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʤʥʦʛʦʩʚʷ-

ʟʘʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ, ʙʣʦʢʠʨʦʚʦʢ ʠ ʢʦʥʪʨʦʣʷ ʠʩʧʨʘʚʥʦʩʪʠ ʠʩʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ [3, ʩ. 13], ʨʘʩʰʠʨʠʣʘ ʬʫʥʢʮʠ-

ʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʦʚ. ʊʘʢ, 

ʮʠʬʨʦʚʦʡ ʨʝʛʫʣʷʪʦʨ ʈʋɼ ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ ʨʝ-

ʞʠʤʘ ʨʘʙʦʪʳ (ʧʦʜʜʝʨʞʘʥʠʷ ʫʨʦʚʥʷ ʚ ʜʝʘʵʨʘʪʦʨʝ) 

ʠʤʝʝʪ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʦ ʧʦʜ-

ʜʝʨʞʘʥʠʶ ʫʨʦʚʥʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ ʠ ʜʘʚʣʝʥʠʷ ʚ 

ʥʘʧʦʨʥʦʤ ʢʦʣʣʝʢʪʦʨʝ ʢʦʥʜʝʥʩʘʪʥʦʛʦ ʵʣʝʢʪʨʦʥʘʩʦʩʘ 

ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ.  

ʇʦʜʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ 

ʩʦʩʪʘʚʝ ʇʊʂ ɸʉʈ ʊʆ ʩʪʨʦʠʪʩʷ ʧʦ ʤʦʜʫʣʴʥʦʤʫ 

ʧʨʠʥʮʠʧʫ. ɹʠʙʣʠʦʪʝʢʘ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ: ʤʦʜʫʣʴ ʨʝ-

ʛʫʣʷʪʦʨʘ; ʤʦʜʫʣʴ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʢʣʘʧʘʥʦʤ, ʤʦ-

ʜʫʣʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʠ 

ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ; ʩʪʘʥʜʘʨʪʥʳʝ 

ʧʨʦʛʨʘʤʤʳ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʠ ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘ-

ʮʠʡ. 

ʄʦʜʫʣʴ ʨʝʛʫʣʷʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʙʝʟʫʜʘʨʥʦʝ 

ʚʢʣʶʯʝʥʠʝ ʨʝʛʫʣʷʪʦʨʘ, ʚ ʥʝʤ ʞʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩ-

ʯʝʪ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʷ-

ʶʱʠʭ ʢʦʤʘʥʜ ʥʘ ʨʝʛʫʣʠʨʫʶʱʠʡ ʦʨʛʘʥ ʠ ʨʝʘʣʠʟʫ-

ʶʪʩʷ ʟʘʧʨʝʪʳ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʤʘʥʜ. ʇʘʨʘʤʝʪʨʳ 

ʥʘʩʪʨʦʡʢʠ ʤʦʜʫʣʷ ʨʝʛʫʣʷʪʦʨʘ ʚʚʦʜʷʪʩʷ ʚ ʜʠʘʣʦʛʦ-

ʚʦʤ ʨʝʞʠʤʝ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ 

(ɸʈʄ) ʚ ʝʜʠʥʠʮʘʭ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʘʢʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʩʥʦ-

ʚʘʥʦ ʥʘ ʨʘʩʯʝʪʝ ʧʝʨʝʤʝʱʝʥʠʷ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʦʨ-

ʛʘʥʘ ʚ ʢʘʞʜʦʤ ʪʘʢʪʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʋɺʂ), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʧʦʨʮʠ-

ʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ  

( )[ ] dt
T

1
KS

ʊ

0ʠ

p ñe+e¡-e=D , 

ɻʜʝ SD  ï ʪʨʝʙʫʝʤʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʨʝʛʫʣʠʨʫ-

ʶʱʝʛʦ ʦʨʛʘʥʘ, %; e ï ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʥʘʩʪʦʷʱʝʛʦ 

ʪʘʢʪʘ, %; e¡ ï ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʧʨʝʜʳʜʫʱʝʛʦ ʪʘʢʪʘ, 
%; 

p
K  ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ; T  ï 

ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʩ; 
ʠ

T  ï 

ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʩ. 

ʇʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʫʨʦʚʥʷ ʚ ʜʝʘʵʨʘʪʦʨʝ ʧʦʜ-

ʜʝʨʞʠʚʘʝʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ  

 

( )
zdzok112ʧʚ1

LLLFNFaFa D+-+Ö-Ö-Ö=e , 

ʛʜʝ 
ʧʚ

F  ï ʨʘʩʭʦʜ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʧʝʨʝʜ ʧʦ-

ʜʦʛʨʝʚʘʪʝʣʝʤ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʚʤʝʩʪʦ ʟʥʘʯʝʥʠʷ 

ʨʘʩʭʦʜʘ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʟʥʘʯʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʧʘʨʘ ʠʟ ʧʘʨʦʛʝʥʝʨʘ-

ʪʦʨʘ), ʪ/ʯ; 
1

Fï ʧʦʧʨʘʚʢʘ ʠʟïʟʘ ʨʘʟʥʦʩʪʠ ʜʠʘʧʘʟʦʥʦʚ 

ʠʟʤʝʨʝʥʠʡ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʨʘʩʭʦʜʘ ʧʠʪʘ-

ʪʝʣʴʥʦʡ ʚʦʜʳ ʠ ʦʩʥʦʚʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ, ʪ/ʯ; 
1

N  ï 

ʧʦʧʨʘʚʢʘ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʤʦʱʥʦʩʪʷʭ ʵʥʝʨʛʦʙʣʦʢʘ ʤʝʞʜʫ ʟʥʘʯʝʥʠʝʤ 

ʨʘʩʭʦʜʘ ʦʩʥʦʚʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʠ ʟʥʘʯʝʥʠʝʤ ʨʘʩʭʦʜʘ 

ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ ʚ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ 

ʚ ʨʘʙʦʪʫ, ʪ/ʯ; 
ok

F  ï ʨʘʩʭʦʜ ʦʩʥʦʚʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ 

ʧʝʨʝʜ ʜʝʘʵʨʘʪʦʨʦʤ, ʪ/ʯ; 
z

L  ï ʟʘʜʘʥʠʝ ʨʝʛʫʣʷʪʦʨʫ 

ʧʦ ʫʨʦʚʥʶ ʚ ʜʝʘʵʨʘʪʦʨʝ, ʤʤ; 
d

L  ï ʪʝʢʫʱʝʝ ʟʥʘʯʝ-

ʥʠʝ ʫʨʦʚʥʷ ʚ ʜʝʘʵʨʘʪʦʨʝ, ʤʤ; 
z

LD  ï ʧʦʧʨʘʚʢʘ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʩʪʘʪʠʯʝʩʢʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ, ʤʤ; 

1
a , 

2
a ï ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʂʦʥʪʨʦʣʴ ʨʘʙʦʪʳ ʨʝʛʫʣʷʪʦʨʘ ʫʨʦʚʥʷ ʚ ʜʝʘʵʨʘ-

ʪʦʨʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʬʨʘʛʤʝʥ-

ʪʘʤ ʩ ɸʈʄ, ʦʜʥʘ ʠʟ ʧʦʜʦʙʥʳʭ ʚʠʜʝʦʛʨʘʤʤ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʈʠʩ. 4. ɺʠʜʝʦʛʨʘʤʤʘ ʛʨʘʬʠʢʦʚ ʩ ɸʈʄ 

 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʨʝʘʢʮʠʠ ʨʝʛʫʣʷʪʦʨʘ ʚʦʟʤʫʱʝ-

ʥʠʶ, ʚʦʟʥʠʢʰʝʤʫ ʚ ʩʠʩʪʝʤʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ, ʚʳʙʨʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʩʪʨʦʡʢʠ ʨʝ-

ʛʫʣʷʪʦʨʘ, ʘ ʠʤʝʥʥʦ, ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ ʨʝʛʫ-

ʣʷʪʦʨʘ, ʦʧʨʝʜʝʣʷʝʤʦʤ ʦʪʥʦʰʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʢʣʘʧʘʥʘ ʢ ʧʨʦʮʝʥʪʫ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ; 

ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ; ʟʦʥʦʡ ʥʝʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʟʦʥʦʡ ʚʦʟʚʨʘʪʘ; ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠ-

ʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ; ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥ-

ʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʨʝʛʫʣʷ-

ʪʦʨʘ ʠʣʠ ʠʟʤʝʥʝʥʠʠ ʟʘʜʘʥʠʷ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝ-

ʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪ ʦʧʪʠʤʠʟʘʮʠʶ ʧʘʨʘ-

ʤʝʪʨʦʚ ʥʘʩʪʨʦʡʢʠ ʨʝʛʫʣʷʪʦʨʘ. 

ʅʘ ʨʦʩʩʠʡʩʢʠʭ ɸʕʉ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ 

ʩʝʙʷ ɸʉʋ ʊʇ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʪʠʧʘ ʊʇʊʉ [1, ʩ. 241ï262]. 

ʂʦʥʪʫʨ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʊʇʊʉï51 ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
ʈʠʩ. 5. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʥʪʫʨʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ:  

ɸʈʄ ʉɺɹʋ ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʩʠʩʪʝʤʳ ʚʝʨʭʥʝʛʦ ʙʣʦʯʥʦʛʦ ʫʨʦʚʥʷ; ʅʂʋ ï ʥʠʟʢʦ-

ʚʦʣʴʪʥʦʝ ʢʦʤʤʫʪʘʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; ʄʇʂʋ ï ʤʦʟʘʠʯʥʳʝ ʧʘʥʝʣʠ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ; ʊʇʊʉï1332 ï 

ʤʦʜʫʣʴ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʦʤʘʥʜ ʫʧʨʘʚʣʝʥʠʷ ʇʊʉ; ʊʇʊʉï1411 ï ʨʝʛʫʣʷʪʦʨ ʩ ʠʤʧʫʣʴʩʥʳʤ ʚʳ-

ʭʦʜʦʤ; ʊʇʊʉï1722 ï ʧʨʠʝʤ ʠ ʦʙʨʘʙʦʪʢʘ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ. 
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ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʙʦʙʱʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʨʝʛʫʣʠ-

ʨʫʝʤʦʡ ʚʝʣʠʯʠʥʳ ʚ ʨʝʛʫʣʷʪʦʨʝ, ʧʦʢʘʟʘʥʥʦʤ ʥʘ ʨʠ-

ʩʫʥʢʝ 5, ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʳʭ ʠʣʠ ʜʠʥʘ-

ʤʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʨʝʛʫʣʠʨʫʝʤʳʭ ʚʝʣʠʯʠʥ). ʂʘʢ 

ʧʨʘʚʠʣʦ, ʵʪʠ ʩʠʛʥʘʣʳ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʮʠʬʨʦʚʦʡ 

ʰʠʥʝ ʦʪ ʤʦʜʫʣʝʡ ʊʇʊʉ, ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥ-

ʥʳʭ ʜʣʷ ʚʚʦʜʘ ʠ ʦʙʨʘʙʦʪʢʠ ʘʥʘʣʦʛʦʚʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʥʦ ʦʥʠ ʤʦʛʫʪ ʚʚʦʜʠʪʴʩʷ ʚ ʤʦʜʫʣʠ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʷ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʯʝʨʝʟ ʘʧʧʘʨʘʪʥʳʡ ʠʥʪʝʨ-

ʬʝʡʩ. 

ʉʪʘʥʜʘʨʪʥʦʝ ʨʝʰʝʥʠʝ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʨʝʛʫʣʠ-

ʨʫʶʱʠʤ ʢʣʘʧʘʥʦʤ ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ ʠʤʧʫʣʴʩʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʊʇʊʉï51.1411 ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ (ʚ ʢʘʞʜʫʶ ʩʪʦʨʦʥʫ) ʩʠʛʥʘʣʦʚ ʠʩ-

ʯʝʨʧʘʥʠʷ ʜʠʘʧʘʟʦʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ: ʢʦʥʮʝʚʦʛʦ ʚʳ-

ʢʣʶʯʘʪʝʣʷ ʠ ʤʦʤʝʥʪʥʦʡ ʤʫʬʪʳ (ʝʩʣʠ ʦʥʘ ʠʤʝʝʪʩʷ). 

ɺ ʩʭʝʤʝ ʩʪʘʥʜʘʨʪʥʦʡ ʣʦʛʠʢʠ ʧʝʨʝʢʣʶʯʝʥʠʡ ʤʦʜʫʣʷ 

ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʜʠʩʢʨʝʪʥʦʤʫ ʩʠʛʥʘʣʫ ʦʪ ʨʝ-

ʛʫʣʠʨʫʶʱʝʛʦ ʢʣʘʧʘʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʢʨʘʱʝ-

ʥʠʝ ʧʦʜʘʯʠ ʫʧʨʘʚʣʷʶʱʝʡ ʢʦʤʘʥʜʳ (ʢʘʢ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʡ, ʪʘʢ ʠ ʨʫʯʥʦʡ) ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ 

ʦʧʝʨʘʪʦʨʫ ʚʳʜʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʜʝʡʩʪʚʠʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚ 

ʩʭʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʢʣʘʧʘʥʦʤ ʨʘʟʨʳʚʘʝʪʩʷ ʮʝʧʴ ʧʝʨʝ-

ʜʘʯʠ ʢʦʤʘʥʜʳ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʩʪʦʨʦʥʫ. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʥʘʜʝʞʥʦʩʪʠ ʨʝ-

ʛʫʣʷʪʦʨʦʚ ʫʨʦʚʥʷ ʚ ʜʝʘʵʨʘʪʦʨʝ ʥʘ ʙʘʟʝ çʂʘʩʢʘʜï2è 

ʠ ʊʇʊʉï51 ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪ-

ʢʘʟʥʦʡ ʨʘʙʦʪʳ (ɺɹʈ) ʦʩʥʦʚʥʦʛʦ ʢʘʥʘʣʘ, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
ʈʠʩ. 6. ʉʨʘʚʥʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʦʩʥʦʚʥʦʛʦ ʢʘʥʘʣʘ ʟʘ ʚʨʝʤʷ t ʜʣʷ ʜʚʫʭ ʪʠʧʦʚ 

ʨʝʛʫʣʷʪʦʨʦʚ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʥʠʟʦʚʦʡ ʘʚʪʦʤʘʪʠʢʠ ʨʘʟʣʠʯ-

ʥʳʭ ʪʠʧʦʚ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʫʨʦʚʥʷ ʚ ʜʝʘʵʨʘʪʦʨʝ. ʉʨʘʚʥʠʪʝʣʴ-

ʥʳʡ ʘʥʘʣʠʟ ʥʘ ʦʩʥʦʚʝ ʩʭʝʤʥʳʭ ʨʝʰʝʥʠʡ ʠ ʨʘʩʯʝʪʘ 

ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʦʩʥʦʚʥʦʛʦ ʢʘʥʘʣʘ 

ʘʥʘʣʦʛʦʚʦʛʦ ʠ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʦʚ ʜʘʝʪ ʦʩʥʦʚʘ-

ʥʠʝ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ, ʯʪʦ ʨʝʛʫʣʷʪʦʨʳ ʥʘ ʊʇʊʉï

51 ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ, ʯʝʤ ʨʝ-

ʛʫʣʷʪʦʨʳ ʥʘ ʙʘʟʝ çʂʘʩʢʘʜï2è. ɺʥʝʜʨʷʝʤʳʝ ʚ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʇʊʉ, ʚʳʧʦʣʥʷʶʱʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʬʫʥʢʮʠʠ, ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʠ, ʙʦʣʴ-

ʰʝʡ ʛʠʙʢʦʩʪʴʶ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʡ 

ʩʠʩʪʝʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ "ʞʝʩʪʢʦʡ ʣʦʛʠʢʦʡ", ʧʦʟʚʦ-

ʣʷʶʪ ʧʦʣʫʯʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝ-

ʛʫʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘ ʩʯʝʪ 

ʨʝʘʣʠʟʘʮʠʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʦʧʝʨʘʪʦʨʫ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʠ ʫʜʦʙ-

ʥʳʡ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʠ ʚ 

ʪʦʞʝ ʚʨʝʤʷ, ʚʣʠʷʥʠʝ çʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘè ʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʩʚʝʜʝʥʦ ʢ ʤʠʥʠʤʫʤʫ.  
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Abstract 

This article provides an example of data mining using the Power BI business intelligence suite. A model of 

reasoning for data analysis is constructed. Decision making is presented in the form of functions composed of 

production rules. As a basis for reasoning for revealing hidden dependencies, a report was made on the staff struc-

ture of Al-Farabi KazNU. Unclear problems are revealed and ways of their solution are recommended. 
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1. Introduction  

This article may be of interest to both the heads of 

educational institutions and the staff of the services in-

volved in the preparation of analytical reports. We face 

problems very often that at the first sight unobvious. 

And for detection them it is required a deeper analysis, 

introducing additional parameters. In this article two 

additional parameters are introduced for analysis - age 

and size of the borrowed rate. Lack of support at the 

operational level often leads to incomplete information 

or loss of time for its receipt. As a tool for reporting in 

Al -Farabi KazNU selected set of business intelligence 

tools PowerBI. 

The purpose of this article is to identify hidden de-

pendencies and determine the ways to solve them using 

the example of a report on the staff structure using the 

business intelligence tools PowerBI. 

Interpreting the results of the analysis will allow 

the head of the organization to monitor and make pre-

dictive decisions regarding both the internal and exter-

nal situation. Since the management of the university, 

the improvement of the quality of the scientific and ed-

ucational process is a complex task that requires sys-

tematic and timely analysis of comprehensive and reli-

able information on the status and problems of the uni-

versity activities, which is possible only as a result of 

the introduction of modern information technologies in 

the management of the university and their continuous 

improvement. 

Information infrastructure of Al-Farabi KazNU is 

represented as a set of solutions of the university own 

developments, which are mainly aimed at automating 

educational activities, using distance learning technol-

ogies, information sites and individual local develop-

ments with solutions of third-party manufacturers such 

as: automation of financial and economic activities, 

electronic document management systems, use of man-

agement software for administration of key resources 

and services, training software provisioning and soft-

ware solutions for the management of IT service re-

sources. 

Each of the university activities, taking into ac-

count the tasks to be implemented, can be characterized 

by a set of indicators that allow to record the state of 

work in this direction and the dynamics of its develop-

ment. The most significant are the indicators character-

izing the state of the main resources of the university. 

2. Reference works 

Last time there was a tendency to create a system 

of business data analysis. most popular of such sys-

tems: Power BI, SAP Lumia, Watson Analytics, - Cliud 

Service, Yellowfin, Seeneco and others. 

Information and analytical systems of organiza-

tions and enterprises are created based on such systems. 

And then often there is a question what to call the in-

formation and analytical system, what should be in-

cluded in its content. This issue is not so simple for peo-

ple who are seriously engaged in this kind of intellec-

tual activity. The business intelligence system is a 

complex of hardware and software technologies for 

processing large amounts of unstructured information 

in a meaningful form that is convenient for presenta-

tion. The purpose of the analytical system is to interpret 

a large amount of stored information, highlighting key 

factors in it, modeling the outcome of various variants 

of events and the results of decision making. Analytical 

system tools allow you to work with different forms of 

data storage by combining them into one report (for ex-

ample, table data of MS Excel and MS SQL Server). 

Their main advantage is visual representation and pro-

cessing of large amounts of information in real time. 

The main sources that reveal the theoretical as-

pects of data organization for storage and analysis are 

the works of Alekseeva T.V., Ameridi Yu.V., Lu-

zhetskyi M.G. [2], Kornipaev I. [9], Hull E., Jackson 

K., Dick D. [6], Laffenguell D., Widrig D. [11], Khi-

monin Yu. [7], presenting in their works the basic prin-

ciples work and software requirements. The method of 

constructing business models and describing the func-

tional requirements for the system is described in pa-

pers by Kobern A. [8], Cooper A. [3], Minto B. [12], 

Wigers K. [18], Osterwalder A., Piene I. [14], Schmits 

D. [17]. Practical implementation of information and 

analytical solutions platforms is described in the works 

of Rasiel I.M., Friga P.N. [16], Paklin N.B., Oreshkov 

V.I. [15], Ralston B. [16], Larson B. [10], and a group 

of authors led by Desmeister B. [4]. 

Methodology of the organization of the infor-

mation and analytical system in the outline of the cor-

porate information system of Al-Farabi Kazakh Na-

tional University is described in detail in the article 

çApplication of the cloud-based service of business in-

telligence in the information infrastructure of the higher 

education institutionè [9] and therefore in this article 

we will not consider this issue in detail. In this article 

in detail we will consider one of the reports and give an 

example of data analysis, as well as give examples of 
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decision-making by the head of the organization in the 

long term. We present an analysis of the results of im-

plementing this information and analytical system and 

summarize the results of this system.  

3. Method description  

As an example of the construction of data analysis 

using the information and analytical system, we will 

consider a number of reports. 

As a starting point for the discussion, we will take 

a report: çThe staff structure of Al-Farabi KazNU em-

ployees on employmentè we will be interested in qual-

itative and quantitative data of the faculty. For analysis, 

we will take two faculties: Physical and technical and 

Philological.  

 

 
Figure 1 - Visual presentation of the report 

 

For analysis, we will take two faculties: Physical 

and technical and Philological. These faculties are not 

chosen by chance. Studying the characteristics of the 

staff of faculty members, it is possible to identify not 

obvious patterns that can be traced in science in general 

and in our university - in particular. 

Studying the number of teachers who have a sci-

entific degree, we can conclude that the physical and 

technical faculty is worse than at the philological fac-

ulty. First, the percentage of teachers who do not have 

a scientific degree is more - 43.22%, in contrast to 

42.79% of teachers of the Faculty of Philology. Sec-

ondly, the percentage of doctors of science is signifi-

cantly less than 15.28% than at the Faculty of Philology 

(19.37%). 

 
Figure 2- Qualitative and quantitative representation of the composition of the pedagogical staff (on the left - 

Physical and technical, right - Philological).  

For a more detailed study, we introduce a few more criteria for analysis such as age, at what rate the teacher 

works, whether he is a full-time or part-time student. 

 

When choosing a criterion, age over 63 years, we 

get the following picture: people having a scientific de-

gree among teachers of selected faculties make up 18% 

of the total number of faculty teachers. This situation in 

itself is quite catastrophic from the point of view of the 

person making the decision, since according to the re-

quirements of the Ministry of Education and Science of 

the Republic of Kazakhstan, the degree of specialty per-

sonnel should exceed 50% for state universities and 

75% for national and medical universities. And since 

the state component of the specialty does not exceed 

30% of the total number of disciplines of the specialty, 

the degree of specialty depends directly on the availa-

bility of a scientific degree among the faculty staff in 

which one or another student is enrolled. 


