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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 “heavyweight”. 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 “for the discussion of the stipu-
lations for the preliminary treaty concluded at San
Stefano between Russia and Tukey” — 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 — 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 | 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 “Russia and the Balkan Problem”.
Obnorsky described two possibilities in the Balkans.
First option — creation of unique state of Bulgaria, Ser-
bia and Montenegro under the “patronage” 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 — weak Balkan states still preserve their con-
tradictions between each other but also under Russian
“patronage”. Such option would be better for Russia,
according above-mentioned diplomat. Obnorsky
thought dangerous collapse of the “status quo” in the
Balkans, because “Greater Bulgaria” or “Greater Ser-
bia” will be Russia’s regional rivals.

Obnorsky’s points of view were challenged by
Russian Vice-Consul in Vlora and representative in the
International Commission for Albania A.M.Petryaev —
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 | in
the 1850s “stated 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 collapse”.

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 “Jewish ques-
tion”, 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 — 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 “time bombs”. After all, these ethnic bounda-
ries are very often arbitrary. The does not take into ac-
count ethnic “overlapping”, 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 “Balkanization
from above” 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 “Holy of ho-
lies” - the transport routes. The main water artery — the
Danube — 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 “to some extent proceeded from
similar assumptions and principles associated with
“Splendid Isolation” of Great Britain”. 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 “consolidation of military conquest”. But
those problems still are not solved till today.

Two powers who did not take part in actual hostil-
ities — Great Britain and especially Austria-Hungary —
have acquired main benefits — including territorial ones
— 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 Boshia and Hercegovina by
Austria-Hungary. Slav elements had to disturb the equi-
librium between the Magyars and the others. the French
diplomat Melchior de Vogii¢ wrote on October 10,
1878:

“Particularly 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 poised”.

In the same time 1878-1914 were the years of the
economic rising of Germany as well as the USA — and
simultaneous “sunset” of Britain. In 1880 British indus-
try production composed 28% of the world one, Ger-
man — 13% and American — 28%. Already in 1900 the
figures become different: England — 18%, Germany —
16%, the USA - 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 “has un-
tied Russian leaders’ hands for expansionist politics in
the Far East that finally ended with the tragedy of
Russo-Japan War of 1904-1905”.

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 “we have to
put the Balkans under a “glass cap” till we solve much
more urgent issues”. Those issues he saw in the Far East
— like Minister of Finance S.Y.Vitte, author of the pro-
ject of Trans-Siberian railway. Russia’s “Eastern
Course” 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 — 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 “sustainable Turkey”.
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 “neighborly relationship” with
Turkey that could secure stability in the Black Sea, in
the Middle East as well as in the Balkans. Sazonov’s
speech received quite positive reaction in Istanbul — 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
—and that was one of the main causes of World War 1.

Fourthly, Balkan states started to look for alliances
in achieving their own political and — especially — ex-
pansionist goals. Political influence beyond the Euro-
pean borders also became under discussion. Future Yu-
goslavia’s 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:
“If 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 them”.

But history cannot be repeated. “Balkan knot” 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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MO3IHASA AHTAYHOCTH M ITIPOBJIEMBI COBPEMEHHOT' O EBPOIIEHCKOI'O
OBIIECTBA

Bawesa H.I1O.
doyenm Kageopvl UcmMopuu cCpeoHe8eK08bIX YUBUTUSAYULL
HHT'Y um. HHU. Jlobauesckoeo (Huswcnuii Hoeeopoo)

LATE ANTIQUITY AND CHALLENGES OF THE MODERN EUROPEAN SOCIETY

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

AHHOTALUA

CraTbs pacCMaTpPHUBACT IMOSIBIICHIE KOHIIEIIINH TTO3JHEH aHTUYHOCTH B 3aIIaJHOEBPONEHCKON HCTOpPHOTpa-
(uu 1 maTpHEHIINE ee IePCIeKTHBE B COBPEMEHHOM €BPOIICHCKOM 001IecTBe. AKIICHTHPYETCS CBS3b HOBBIX HC-
TOpUOTpadUIECKUX TOAXOI0B M KOHIECIIINHA ¢ mpobiaeMaMi COBPEMEHHOTO eBporeiickoro obmecTtsa. CooTBeT-
CTBEHHO CTaBUTCA BOIIPOC O IlaHLHeI;'IIHeﬁ Cy,E[L66 9TOTO IMMOoAX0Ja B CBA3U C UBMCHCHUEM MOJTUTHICCKON CUTyanunu
B 3amagHo# EBpore, mosBIeHNEM HOBBIX BEI30BOB H IIPOOIIEM.

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.

KiroueBble cjioBa: no3aHAd aHTUYIHOCTDh, ITOJIU3THUYHOCTD, HOJ'IPIKOH(I)GCCI/IOH&HBHOCTL, MYJIBTHUKYJIbTYpPA-

JIM3M, UHTCrpanus, AUajior KyJbTyp

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

alog

Ilepuon, oTnensromuii 310Xy BBICOKOM aHTHYHO-
CTH OT «TEeMHOT0» CPEIHEBEKOBbS SBISIETCS HA CEro-
JHSIITHUNA JIEHb, TIOXKAIYH, CAMBIM CIOXHBIM U 00CYX-
JTaeMbIM B COBPEMEHHON HCTOPHUYECKOW JUTEeparype
[EPUOAOM HE TOJbKO aHTUYHOM, HO U BCEMHUPHOH HUC-
Topun. B 3aBucuMocTH OT cBOeil mpodeccrHoHaIbHON
CHEeNHANN3alui OIHU HCCIEI0BATENH Ha3bIBAIOT €T0
«repuooM mno3aHed Pumckoil ummnepum», apyrue —
«paHHHUM CPEIHEBEKOBBEM», TPETbU — «PAHHEBH3aH-
TUICKUM» WU «IPOTOBU3AHTHHCKUMY» HEPUOJOM.
Hakonen, B mocinenHue aecATUIETHS] B HHOCTPAHHOM
ucroprorpadum Bo3obianana TEHICHIUS paccMaTpH-
BaTh JAHHBIM MEPHUOJ KaK CAMOCTOSTEIBHYIO 30Xy —
«emoxy mo3auei antuarocTmy (Late Antiquity).

IIoBBIIIEHHBI MHTEPEC COBPEMEHHBIX HCCIIENO-
BaTelel K JaHHOM 3110Xe He ciiydacH. Bo-nepBeIX, 3TOT
MEepuoJ yXKe caM 1o cebe MpeCcTaBisieT OYeHb CIIOXK-
HOE BpeMsl, AM0XY KapJIUHAIbHBIX U3MEHEHUH U TPaHC-
dhopmanmit Bo Bcex cepax xu3HU odmectBa. C 3Toit
TOUYKHU 3pEHHs MO3JHSSI aHTUYHOCTD JJA€T MPEKPACHBIN
npuMep I8 HM3ydeHHs OOIIecTBa B MEHSIOLIEMCS
MHpe, - IPOOJIEMBI, CTOJIb aKTyaJIbHOH B COBPEMEHHOM
Poccun u EBporne.

Bo-BTOpBIX, HM3y4eHHE MO3THEAHTUIHOTO MHpPa
OTKPBIBAET T€Pe]l COBPEMEHHBIM €BPOIEHCKIM HCCITe-
JIOBaTEJIeM HOBBIE TOPU3OHTHI HE TOJBKO B HAYYHOM,
HO U B OOIIECTBEHHO-TIOIUTHYECKOM IriaHe. [To3aue-
AQHTUYHBII MHp, IIOHUMAEMBbI IUPOKO, KaK €OUHbIN
CPEAM3EeMHOMOPCKUM MHp TMO3JHEH aHTHUYHOCTHU OT
Wcnanun Ha 3anane no Cupun Ha Bocroke, naet npu-
Mep CIIOXHOTO OOIIecTBa, MpUMEP HHTETpalHuu pas-
HBIX HAapOJOB C COOCTBEHHBIM YPOBHEM DPa3BHUTHS, C
COOCTBEHHOH CaMOOBITHOH KyJBTYPOH M TpajUIUIMHU
B €IUHOE KYJbTYPHO-HCTOPHUECKOE IPOCTPAHCTBO,

MIpUMeEp AOCTATOYHO JUIUTENIBHOIO U YCTOHYHUBOTO CY-
IECTBOBAHUS JTOU CJIOKHOH CaMOpPETyJIHPYIOILEHCs
cucreMsbl. [lonmutnueckas cutyauus koHua XX — ca-
moro Haudana XXI BB., korna B EBpone akTuBu3upoBa-
JIUCh MHTETPallMOHHBIE NPOLECCH M KOTAa rocynaap-
CTBEHHbIE TPAHUIIbI, KOH(PECCUOHATIBHBIE M KYJIbTYp-
HBIEe 0apbepbl Ka3allch HE CTOJb CYIICCTBEHHBIMU U
HENpPeOoJOIUMBIMHY, TOATOJIKHYIIA K H3Y4EHUIO PEITUTH-
O3HOM, TOCYJTapCTBEHHOH, COLIMAJILHON U KYJIbTYpPHOH
uHTerpauuu B nepuon [lo3zaneit anrnynoctu. CooTBeT-
CTBEHHO 0COOYIO aKTyaJbHOCTh M 3HAYHUMOCTH ITPHOO-
pernu He TOJIBKO (pHKCcaIHst caMoro (pakTa CyIIecTBOBa-
HHS Takoro IMOJMITHUYHOTO M MOJMKOH()ECCHOHAIIb-
HOro OOIIecTBa, HO M HW3y4YEHHE MEXAHHU3MOB €ro
(bYyHKIMOHUPOBaHUS, ()aKTOPOB MHTErPAIMU U YCTOM-
YUBOCTU TaKOM cUCTeMbI. J{s coBpeMeHHOU EBpomnst
STH NPUMEPHI CIOXKHBIX OOIECTB, CYIIECTBOBABIINX B
HCTOPHH, CTalll OCOOCHHO aKTyaJbHBI M Ba)KHBI, YUH-
ThIBasl TMOJIUTUYECKUE U PEUTHO3HBIN MPOLECCHl MO-
CIIEIHUX JECSITUIECTU.

Konnenmust nmo3gHel aHTHMYHOCTH, pa3paboTaH-
Hasl TIEPBOHAYAIGHO B aHTJIOS3BIYHON HCTOPHOTpaduu
(T1. Bpays, I'. Bayapcok, A. Kamepos u jp.) [7-8, 9-14,
17-18, 22] BO MHOrOoM M3MEHHWJIA M HAy4HYIO Mapa-
JUTMYy €BpOIIEHCKOro 3HaHuA. B HOByI mnosmtude-
CKYyIO M HayYHYIO CHTYaIIHIO y’Ke He BIIMCHIBAETCS Tpa-
JUIIMOHHOE TIPEJCTaBICHHE O BapBapCKOM 3aBOEBa-
HUHU, BTOP)KEHUU BapBapoB M MaJeHUM Pumckoi
HMIIEpUH, a BMECTE C Helf — U KPYIIEHHH BCErO aHTH-
Horo Mupa. COOTBETCTBEHHO HCCIEAOBATENN Kak
MIPEJCTaBUTENIN CBOETO BPEMEHHM, CTaId OTXOJUTH OT
paccMOTpeHHs MOJUTHYECKHX, PEIUTHO3HBIX M JIp.
KOH(JIMKTOB, ITI00AJIBHOTO CIIOMa U pa3pbiBa, M HAYAJIN
MBICIIUTh YK€ HHBIMHM KaTETOPHSIMU — KaTErOpHAMHU



The scientific heritage No 18 (18),2017

7

KOHTHHYHTETA, TPaHC(HOPMAINH, HUAESMH IOJIHKYJIb-
TYPHOTO M TOJUKOH(ECCHOHAIBHOTO OO0IIecTBa, BCe-
obmeit naTerpanuu. [losiBiIeHre HOBOW KOHIETIITUN B
AHIJI0-aMEPUKAHCKON HCTOPUYECKONW HAayKe, a 3aTeM
pacmpocTpaHeHrne ee B MHPOBOi Hayke [1-2;5] mpu-
BEJIO K KOPPEKTHPOBKE MHOTHX HPUHATBHIX M yCTOSB-
HMIMXCS OLEHOK JaHHOoro nepuoaa. dnoxy IV — VII Be-
KOB TeIepb Bce OOJIbIIE CTaIM BOCIPUHUMATH HE Kak
YIaJ0K U pa3okKeHUe TpaauLui aHTUYHOTO MUpa WIN
SMOXY CMYT U BapBapCKHX IepecelIeHni, HO Kak caMo-
CTOSITENBHBIA MHp, OoraTelii U pa3HOOOPa3HBIN, MOJI-
HBIl cneunuKd W OCTAaBUBILMA MHPY OIPOMHOE
HACJECTBO.

Pa6otsr [Turepa bpayna [9-14; 3-4], mosBuBmIHN-
ecs B Hagane 70-x rr. XX Beka, IpeICTaBIIN YHTa-
TEII0 HEOKUIAHHYIO W MOTPSCAIOUIYIO TTAHOPaMy CO-
BepmeHHo nHOTo Mupa co |l mo VII ek [15, 18, 19] u
B Teorpa(puaeckoM OTHOIICHHH OXBAaTHIBAIOLIEM XpPH-
CTHAHCKYI0 OMKyMEHY OT 3allafHbIX poBHHLui 10 Ca-
canuickoro Mpana. Oto Oblia He MPUBBIYHAS KapTHHA
yHagka «KJIACCHYECKON aHTHYHOCTH», pa3IoKeHUs
NpEeKHUX TpPaAUUUNd M OTHOULIEHWH, HO HANpOTHUB,
BpeMsl HOBBIX BO3MOXXKHOCTEH M KapAWHAIbHBIX H3Me-
HEHUH, pa3HOo0Opa3us ¥ TBOPUYECTBA, YTO HAIILUIO OTpa-
JKCHHE B Upe3BBIYAHO OoraTol W pazHooOpa3Hoi JH-
TepaTypHOH TpaaulnH, TNPOU3BEICHUSIX MCKYCCTBA,
cTpouTenscTBe M T.I. bonee Toro, mepen umrarenem
Ipe/CTaBala HE MCKIIOYUTENFHO XPHUCTHAHCKAS MM-
nepus, HO O4YeHb HEOJHOPOJHOE M IOJMKOH(ECCHO-
HaJIbHOE 00pa3oBaHKe, B KOTOPOM Hapsy C XpUCTHAH-
CTBOM OJMHAKOBO OOJIBIIYIO POJIb MI'PAJI HEOILIATO-
HHU3M, CTapble S3BIYECKHE AaHTUYHbIE KYJIBTHI MU
MPECTAaBICHUS, Pa3InYHble PEIUTHO3HbIe MPAKTHKH,
IIMPOKO paclpOCTPaHEHHbIE Ha BOCTOUHBIX I'PAaHUIAX
UMIIEpHH, U Jake paHHUN uciaMm [6].

COOTBETCTBEHHO aHIJIO-aMEPHUKAHCKas, a 3aTEM H
MHpOBasi HayKa, O4apOBaHHbIE OOraTCTBOM M MHOTO-
TPaHHOCTBIO KyJIbTYPHI I03THEAHTHYHOTO MHPA, PEIIH-
THO3HBIM MHOTOOOpPAa3HueM U TOJEPAHTHOCTHIO, 3apOXK-
JICHUEM HOBBIX YCTOEB, YBHJIEJIA B 3TOM IIEPUOJE MH-
pOBOM HCTOPHM Maccy aHaJOTHH COBPEMEHHOMY
COCTOSIHMIO CaMOTO €BPOIEHCKOro cOO0IIecTBa, 1 ero
M3y4eHue npuodpesio 0co0yo aKTyaJIbHOCTh C TOYKH
3peHHs IOMCKA BO3MOKHBIX ITyTeH pa3penieHus CoBpe-
MeHHbIX npo6sieM EBpomeiickoro obuiecTsa u MouCKa
BO3MOXHBIX ITyTeH JAJIBHEHIIETO Pa3BUTHS.

Tak, HanmpuMep, pa3MBITOCTb TEPPHUTOPHAIBHO-
TOCYAAapCTBEHHBIX TPaHMI] HAa BCEM IIPOCTPAHCTBE
MO3/JTHEAHTUYHOTO MHpPA U OIIyLIeHHE €ANHCTBA XPHU-
CTHAHCKOM OMKYyMEHBI He Memain (OPMHPOBAHUIO U
Pa3BUTHIO «HAMOHAIBHBIX» rocynapct. K nmpumepy,
CTaHOBJIEHHE apMSHCKOH ToCyIapCTBEHHOCTH U (op-
MHpPOBaHHWE YyBCTBAa HAIMOHAIBHOTO CAMOCO3HAHUS
MPOMCXOINUT B HEIpax oOmel MHTEIIEKTyalbHOH Ma-
PamuTMBI, ONPEACISAIONIAM 3JIEMEHTOM U (haKTOPOM
pa3BUTHA KOTOPOH ObUTO XprUcTHAHCTBO. CHpHs He Te-
psiia CBOEro COOCTBEHHOTO CIeNM(UIECKOTo JINIA U B
TO K€ BpeMsl ObIJIa BaKHOHM JacCThIO XPHUCTHAHCKOW Oif-
KyMEHBI.

HomustHHaHOCTE [20] W TONMHKOH(pECCHOHATD-
HocTh Mupa [lo3aHell aHTUYHOCTH, TOJIEPAHTHOCTD 110
OTHOLICHHUIO K Pa3HBIM PEIUTHO3HBIM yueHHsM [21-
31], akTUBHBIE MUTPALIMK UAEH U aBTOPOB OT Mcnanuu

no Cupuu, a Takke OJHOBPEMEHHOE OBITOBAaHUE HE-
CKOJIBKMX DPa3HbIX SI3bIKOB HAa OJHON TEPPUTOPUM HE
paspyliajii €JUMHCTBA IO3JAHEAHTUYHOIO MHpa, HO,
HAIpOTHB, 00OTAIlANIA €r0 KYNbTYPY, CKPEIUIUIN ero
JIOTIONIHUTEIbHBIMU BHYTPEHHUMHU CBSI3IMH, TNPUAA-
BaJIM CXOJCTBO TEHACHLUUU KYyJbTYpHOIO, PEIUTHO3-
HOTO, COIMAJIbHOIO, JUTEPAaTypHOIO pa3BUTHS Ha
OTPOMHOM TIPOCTPAHCTBE XPUCTUAHCKOW OWKYMEHBI
BII0TH 10 VI Beka, ciocobcTBOBaN (hOPMUPOBAHUIO
OOIIIHOCTH MEHTAJIbHBIX U IMOBEJECHYECKUX YCTaHOBOK,
U TaKUM 00pa3oM CO3/aBall €AUHOE KyJIbTYPHO-UCTO-
pHUYECKOe MIPOCTPAHCTBO.

[IpumeuaTenbHO, 4YTO COBpEMEHHAsi UCTOPUOIrpa-
(U He TONBKO IpeACTaBISIeT HEKUH 00N B3I Ha
cocrossaue Cpenn3eMHOMOPCKOTO MUpPa B TIO3THEHAH-
TUYHYIO 3TI0XY C IPU3HAHUEM TOTO, YTO ATO OBLI Jeii-
CTBHUTENBHO TIOJUKYIBTYPHBIH, MOIMKOH(PECCHOHAIH-
HbI M MOJIMATHUYHBI MHp, HO YIAEISET OIPOMHOE
BHUMAaHHE H3YyYEHHIO MMEHHO HETrpeuecKux KyJIbTyp
Boctounoro CpennzeMHOMOphs. B mocnenHue aecs-
TUJIETUS KOJIMYECTBO W3JAaHMM, MOCBAILIEHHBIX 3TOU
npoOiemMaTuke, BO3pOCIO B JAECATKU pa3. B ueHtpe
BHUMAaHHS HCTOPHKOB OKAa3bIBAIOTCSA apaObl U HUCIaM-
CKas KyJbTypa, €BpEU U UyAau3M, BOCTOUHbIE HAPOJIbI
CO CBOMMH PEJIMTHO3HBIMU CUCTEMAaMH, a TAKXKE Bap-
Baphl U MPOOJIEMBI STHHICCKOH M KYJIbTypHOH HACH-
TrnaHOCTH. [IprMedarTensHO, 4TO apadbl U paHHHUH HC-
JlaM B paMKax JAaHHOM KOHILENLHMH paccMaTpUBaIOTCA
COBEpIICHHO MHaue, 4YeM mpexne. BmecTo mpobiema-
TUKU 3aBOCBAHMN WU PEIUTHO3HOIO U LIMBUIIM3ALMOH-
HOTO IIPOTHBOCTOSHUS, MOJYEpPKUBAETCA OIU30CTh
paHHEro HciamMa U XPUCTHAHCKON TOKTPUHBI, a COOT-
BETCTBEHHO M OOIIHOCTH MOPAJIbHBIX YCTAaHOBOK XpH-
CTHaH ¥ MyCYyJIbMaH Ha 3ape CPeIHEBEKOBBS

B uenom, konnenius Ilo3gHeit aHTUYHOCTH OKa-
3ajlach BeChMa aKTyaJbHOM U BOCTPeOOBaHHOMN B €BPO-
nieiickoit Hayke koHIa XX — Hayana XX| Bexa Bo MHO-
rOM MMEHHO NMOTOMY, YTO OTpakajia KyJbTYpPHBIHA ro-
PU30HT W TPOOJIEMBI, BOJHOBABIIHE COBPEMEHHOE
eBpOIeiiCKOoe 00IIEeCTBO.

OpnHako B MociieAHEE JECATHIIETUE TTOUTUYECKAS
cutryauus B 3amanHoi EBpome cymiecTBEeHHBIM o0pa-
30M menstercsi. Kpusnuc EBpo30HBI 1 pacTymuii peruo-
HaJIU3M U JIe3WHTETpaLus, Npo0daeMbl OeKeHIIEB U Tep-
popHCTHYECcKas yrpo3a Co CTOPOHBI PAIUKAIBLHOTO HC-
JlamMa, CTaBST Mepes eBPONEeHCKUM COOOIIECTBOM YKe
COBCEM HHBIC MPOOIIEMBL. B TaHHOW CHTyalnu, B CBSI3U
C MOSIBJIEHUEM HOBBIX BHI30BOB BPEMEHHU U CYIIECTBEH-
HbIM H3MEHEHUEM MOJIUTUYECKOH, 3KOHOMHUYECKOM,
COLIMAJIbHOW PEJIMTMO3HOU, KYJIbTYPHO-UCTOPUUECKON
curyanuu B EBporie, nanpHeiimas cynp0a «KOHIICTIITHI
MO3HEHl AHTUYHOCTH» OKa3bIBA€TCS IOJ BOIPOCOM.
X0oT4 1aHHAsA KOHIEIHS IPEICTABIISIETCS BEChMa IIPO-
OYKTHBHOW M COOTBETCTBYET COBPEMEHHOMY YPOBHIO
Pa3BUTHS HICTOPUYECKON HAYKH, N3MEHEHHE MOJTUTHYC-
CKOM CHTYyaIliH, BEPOATHO, BHECET CBOM KOPPEKTHUBEHI
yKe B OmmkaiieM Oy ymiem.
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IIPABOBOE PETI'YJIMPOBAHUE OPTAHU3ALIUU U AESTEJIBHOCTH KOHTPOJILHO-
CUYETHBIX OPTAHOB CYBBEKTOB POCCUHCKOM ®EJEPAIIUM
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CALCULATING BODIES OF TERRITORIAL SUBJECTS OF THE RUSSIAN FEDERATION

Volchkova N.

Orel state university named after 1.S.Turgenev, senior teacher, candidate of law sciences

AHHOTALUA

Cratbs aBTOpa MOCBAIICHA U3YUCHHIO CIIEIHATH3UPOBAHHBIX KOHTPOJIBHBIX OPTAaHOB B CHCTEME HAPOIHOTO
TIPeICTaBUTENBCTBA CyOBekTOB Poccuiickoit @enmepainil - KOHTPOIBHO-CUSTHBIM OpraHaM, a Takxke mpobieMam
OTIpeNieNIeHUs MX IPaBOBOTO CTAaTyca M MECTa B CHCTEME pa3JieficHHs BiacTel Ha ypoBHE CyOBekTOB Poccuiickoit

®denepanuu.
Abstract

Article of the author is devoted to studying of specialized regulatory authorities in the system of national
representation of territorial subjects of the Russian Federation - to control and calculating bodies and also problems
of definition of their legal status and the place in the system of division of the authorities at the level of territorial

subjects of the Russian Federation.

KiaroueBble cjioBa: napjJjaMeHTapu3M, OpraHbl HApOAHOI'O IMPCACTABUTCIILCTBA, CI)I/IHaHCOBHﬁ KOHTPOJIb,

HapJIaMCHTCKI/Iﬁ KOHTPOJIb

Keywords: parliamentarism, bodies of national representation, financial control, parliamentary control

IIponecc craHoBiIEeHHS MapIaMeHTapu3Ma B CO-
BpeMeHHOH Poccnm Ha denepanbHOM ypoBHE M Ha
ypoBHE cyObekTOB Poccuiickoit demepanuu ocTaercs
OHOH M3 B@KHBIX TEM I MCCIIEJOBaHUA. AHamu3
NapJaMeHTCKOM mnpakTuku Poccunm u  3apyOexHBIX
CTpaH MOKAa3bIBACT BO3MOXKHOCTH CO3JJaHUS HapsIy C
OpraHaMH HETIOCPEICTBEHHOTO JAEMyTAaTCKOI'0 KOH-
TPOJS CHENMATU3HPOBAHHBIX IAapIaMEHTCKUX Opra-
HOB, KOTOPBIE UMEIOT B KAYECTBE CBOEH OCHOBHOM KOH-
CTUTYILIMOHHON ()yHKIIMH KOHTPOJIBHYIO A€ATEIHHOCTD.
Hecmotpst Ha TO, YTO MOJOOHBIN TTOIXOX MMEET CBOU
JOCTOMHCTBA M HEAOCTaTKH, (haKT ocTaeTcs GpakToM —
MOAO0OHBIE OpraHbl yUpeKIAloTCs M JEHCTBYIOT, B TOM
gucie — u B Poccun, BKitouast ypoBeHb CyObeKkToB De-
JIEpaLUU.

B cymnocTy, ¢pUHAHCOBBIM KOHTPOJIb HaJ Opra-
HaMH MCIIOJTHUTENHHOM BJIACTH MOTJIH OBl OCYIIIECTB-
JATh U CaMM JemyTatThl. 711 3TOTO €CTh BCE MPEIo-
CBIJIKM — HaJH4YHe AOBEpuUs B 0OIIECTBE, HE3aBUCHMOE
MOJIOKEHNE HAPOJHOTO NPEACTaBUTENS, JOIOIHHUTENb-
HBIE TAPaHTHU €r0 aBTOHOMHHU U OECIIPUCTPacTHOCTH.
OTcyTCTBHE CIIENHAIBHBIX NPO(ECCHOHATBHBIX 3HA-
HHMH, HABBIKOB M YMEHHH MOTJIO ObI KOMIIEHCHPOBATHCS
Ha3HauU€HHEM B alIapatsl IPEACTaBUTEIbHBIX OPIraHOB
COOTBETCTBYIOUINX CIELUAINUCTOB, KOTOPBIE OKa3bl-
BaJI OBI TOMOIIb HAPOIHBIM N30paHHUKAM, HEO0XO0 U~
MY IIPO(GECCHOHATBHYIO TOEPKKY; MOBBIIICHUEM
kBanudukanuy gemyratoB. OgHaKko U 3apyOexHas, u
OTEUYECTBEHHAS MIPAKTHKA MPEATIOYNTAIOT CIICIHATH3U-
POBaHHBIE, OPTaHU3AIMOHHO 000COOJIEHHBIE OpTaHbI
BBICIIETO (DMHAHCOBOTO KOHTPOJIS, KOTOPBIE 00Bean-
HSIOT B CBOEM COCTaBe (PUHAHCOBBIX JIKCIIEPTOB II0
npodeccronansHOMY KpuTepuio. Crienuanuzanmus |

OpraHU3aIOHHass 000COOJICHHOCTh BBHICIINX OPTaHOB
(MHAHCOBOTO KOHTPOJISI TO3BOJITIOT BBITOAHO OTITH-
YUTh 3TOT BHUJ TOCYJAPCTBEHHOH JIESITENTbHOCTH OT
JIPYTHUX IOPUINIECKH 3HAUUMBIX TIpolieayp. B otnudune
OT MapiaMEHTCKOT0 KOHTPOJIS BOOOwIEe (MMEIOIIETo B
OCHOBHOM JIEMOKPATUYECKYIO TIPUPOY), PUHAHCOBBII
KOHTPOJIb [0 CBOEH METOAMKE pacIoaraercs Oimmxe K
CJIE/ICTBEHHBIM JEHCTBUAM, YEM K 3aKOHOTBOPUYECKOU
JesTeNbHOCTH. Ero ocHOBHasl 3ajjaya COCTOUT B KOH-
TPOJIEHO-PEBH3MOHHOM aHaIH3€e, 0COOCHHO — Oyxraj-
TEPCKUX ¥ OaHKOBCKUX JOKYMEHTOB, TPaKIaHCKO-TIPa-
BOBBIX JIOTOBOPOB U T.N. BeposiTHO, 4TO MMEHHO MO
STOW NMPUYMHE KOHCTUTYLHMOHHAs NpaKTHKa Npearo-
Yjla MyTh BBIZCJACHHUS BBICIIETO (DPUHAHCOBOTO KOH-
TpoJst 3 chepbl HEMOCPEACTBEHHON KOMITETEHIINN Op-
TaHOB HApOJHOTO IMPEJCTaBUTEIbCTBA, YUPEKIACHUS
CHEHUAIN3UPOBAHHBIX MAPJIAMEHTCKHX OpraHoB (u-
HAHCOBOTO KOHTPOJISI ¥ BO3JIOKECHHS Ha HUX IyOIm4-
HOH 00513aHHOCTH OBITH MOJKOHTPOIBHOM MM, BO BCS-
KOM ciy4Yae, IMOJOTYCTHON ACMyTaTCKUM, BRIOOPHBIM
CTPYKTypaM.

Co3gaHre BBICHIMX OPraHOB (PHHAHCOBOTO KOH-
TpoJis B cyObekTax P®, MOJKOHTPOIIEHBIX U ITOJIOTYET-
HBIX OpraHaM HapOJHOIO MpPeICTAaBUTEIbCTBA, MPEJ-
CTaBIsieT COOON CpaBHUTEIHHO HOBOE SIBJICHHE POC-
CHUHCKOT0 KOHCTUTYILMOHANN3MA. [IprmedarenbHo, 4To
TocJie KOHCTUTYIIMOHHOHN pedopmbl 1993 1. Ha dene-
paIbHOM YPOBHE OTCYTCTBOBAII KaKOH-Tn00 hemepain-
HBIA 3aKOH, KOTOPBIA NPEANUCHIBAI OBl yUpeKACHUE
MOJO0HBIX CTPYKTYP H, CJIEJOBATEIHHO, TpeOOBaIl OB
9TOTO OT PETHOHAJBHBIX 3aKOHOATENEH, B CBSI3U C UeM
moJjlaracM HeOOXOIMMBIM pEIlIcHHE Ha 3aKOHOATEIb-
HOM YPOBHE BOIpPOCa O KOHCTUTYLIMOHHO-TIPABOBOM
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CTaTyce KOHTPOJIbHO-CUETHBIX OPIaHOB, X MECTE B CH-
CTeMe pa3lielieHHs BlIacTel Ha ypoBHE CyObekTOB PD.

®denepanbHbI 3aKk0H «O0 00X MPUHITUTIIAX Op-
TaHU3aLUU U JEeATEIBHOCTH KOHTPOJIBHO-CUETHBIX OP-
ra"oB cy0pexToB Poccuiickoit denepannu U MyHUITH-
MaNkHBIX 00pa3oBaHmit» oT 7 ¢eBpans 2011 Ne 6-03,
HECOMHEHHO, YHU(HIIMPOBAI NpPaBOBOE PEryIupoBa-
HHE cTaTyca JaHHBIX OPraHoB, 4TO, C OJHON CTOPOHBI,
CIOCOOCTBOBAJIO YCTPAHEHHMIO Psiia CUCTEMHBIX HEJlo-
CTaTKOB, IPUCYIUX 3aKOHaM cyOBekToB P®, ¢ npyroit
— B 3HAQUUTEJIHHOMN CTENEHNU JHIIIIO PerHOHAIBHBIX 3a-
KOHOaTeNell CBOOO b BEIOOpA TOM HIIH MHOM MOACITH
MPaBOBOTO PErYIUPOBAHHUS.

[pex e Bcero, yKka3aHHBIH 3aKOH OIPEAEIIIII CTa-
TyC ¥ POJOBOE HaUMEHOBAHHE JAHHBIX OPTaHOB, yKa-
3aB, YTO OHU SBISIOTCS «KOHTPOJIBHO-CUETHBIMU» Op-
TaHAMH W OCYIIECTBIAIOT (DYHKIHIO «BHEIIHETO IoCy-
JIapCTBEHHOTO (brHAHCOBOTO KOHTPOJIS». B
aHATU3UPYEeMOM 3aKOHE BCTPEYAIOTCS JOCTaTOYHO
YeTKHUEe MPEINHUCaHMs, YTO KOHTPOJIbHO-CUETHBIE Op-
raHbl «00pa3yIoTCs» 3aKOHOJATENLHBIMU (IIPEICTaBHU-
TENbHBIMH) OpPTaHAMM M MM «IOAOTYeTHBI». IIpuBe-
JICHHYIO TPaBOBYI0 HOPMY, Ha Hall B3IJIAM, CIIEIyeT
TOJIKOBATh OTPAHUYUTENILHO B TOM CMBICIIE, YTO E€CIIU
(henepaybHBIIN 3aKOH yKasaj, YTO 3TH OpraHbl 00pasy-
I0TCS 3aKOHOJATEILHBIM OPTaHOM, OHH HE MOTYT OBIThH
00pa30BaHbl BHICIINM JOJDKHOCTHBIM JIMIIOM HJIH BBIC-
[INM WCTIOJTHUTEIFHBIM OopraHoM cyOpekTta PD. Ana-
JIOTHYHBIM 00pa30oM PErHOHAIBHBIE 3aKOHOAATEIN HE
BIIPaBE BBOJUTDH <(IOMOJHHUTEIbHYIO MOJOTYETHOCTDHY
KOHTPOJBbHO-CYETHBIX OPTraHOB PETHOHAJIBHON HCIION-
HUTEJIBHOH BIIaCTU. EClIM OHU [TOJOTYETHBI 3aKOHOIA-
TEJIBHOMY OpraHy, TO MOJOTYETHBI TOJBKO €My U HH-
KoMy Oouree.

OpHa U3 TOYEK 3peHUS IIPU TOJIKOBAHUU aHAIHU3H-
pyemoro ®enepanbHOr0 3aKOHa MOXKET COCTOATH B
TOM, YTO KOHTPOJILHO-CUETHbIE OPTaHbl CyObeKTOB PP
3aHUMAIOT CaMOCTOSTENILHOE TIOJN0KEHHE B CHCTEME
pa3zencHus BIacTedl Ha ypoBHeE cyOBekToB PD, 00pa-
3ysl HEKYIO HOBYIO «BETBb BJIACTH» HapALy C 3aKOHOMA-
TENBHOW, UCTIOTHUTEIFHOW U cyneOHOl BiacTsamu. B
MOJIB3y TAKOTO CY)KICHHS CBHIETEIbCTBYET, BO-TIEP-
BbIX, HAIMEHOBAaHHE OpPraHa, BO-BTOPHIX, YKa3aHUE Ha
€ro «OpraHU3alMOHHYI0 U (QYHKIHMOHAIBHYIO CaMo-
CTOATENBHOCTEY. Jpyras mo3uuus B HMHTEPIpPETALUN
JTAHHOTO 3aKOHA COCTOHT B OOPAaTHOM CYXKICHUH — UTO
(hakTHIECKH KOHTPOJHHO-CUETHBIE OPTaHbI SBISIFOTCS
OpraHaMH PETHOHAIBHOTIO MapIaMEHTCKOTO KOHTPOJIS.
JlaHHBIH BBIBOJ, apTyMEHTUPYETCS, BO-IIEPBBIX, COAEP-
skarueM cT. 10 Korcrurymuu PO (B Helt ymoMuHaroTCS
TOJILKO OPraHbl 3aKOHOJATENIbHOM!, HCIIOIHUTEIBHON U
CyaeOHOH BIacTH), BO-BTOPHIX, YKa3aHWEM B aHAJIN3H-
pyemom DenepanbHOM 3aKOHE Ha «BHEIITHHI» Xapak-
Tep (UHAHCOBO-KOHTPOJIBHBIX (DYHKIMHA (eciam MCXOo-
JUTH U3 NMPE3YMIIINH, YTO TI0J] «BHEITHUMY» (PHHAHCO-
BBIM KOHTPOJIEM [TOHUMAETCs MMEHHO MapiIaMeHTCKUI
(hMHAHCOBBI ~ KOHTPONb,  IPOTHBOIOCTABISEMBII
«BHYTPEHHEMY» (pMHAHCOBOMY KOHTPOJIIO B CHCTEME
WCIIOJIHUTENILHOM BiIacTH cyObekToB P®), B-TpeThux,
MOJOTYETHOCTHIO KOHTPOJIBHO-CUETHBIX OPIaHOB PErU-
OHWIBHBIM OpraHaM 3aKOHOJATeNbHOHM (IpeacTaBH-
TEJILHOI) BJIACTH, PAaBOM 3aKOHOJATEIBHBIX OPraHOB

Ha3HA4YaTh COCTaB KOHTPOJIBHO-CUETHBIX OPTaHOB, Ja-
BaTh MM O0O0S3aTENbHBIC K HCIIOIHEHUIO TOPYUYCHUS U
1.1 IIpencrasisercs, 4To mocaeJHsS TOUKa 3pEHHS SB-
nsetTcs OoJiee MPEAOYTHTEIBHOM, YTO CIeI0Bao OFBI,
Ha Halll B3I, HENOCPEACTBEHHO OTPa3UTh B aHAIH-
3upyemoM DenepaabHOM 3aKOHE.

IIpu 3TOM HanuMeHOBaHME, COCTAB U IOJIHOMOYHUS
KOHTPOJIbHO-CUETHBIX OpPraHOB, Ha Hall B3TJLJ,
JIOJDKHBI ONPEAETAThCA MCKIIOYUTENBHO B KOHCTUTY-
msix  (ycraBax) cyOwbekToB P®d, obnanaromumx He
TOJIBKO TIOBBIIICHHOHN IOPUIUYECKON CUIION 10 CpaBHE-
HUIO C aKTaMH PETMOHANBHOIO 3aKOHOJATEIbCTBA, HO
U TIPUHATHIX PETHOHAIBHBIMU ITIapJaMEHTaMH B OCO-
00M TIOpsIIKE MMEIOIIUX OCOOYIO CTENEeHb NPaBOBOI
3alIUTHI, a 3aKOHOJATEJbHBIE aKThl CyObekToB PD
JOJDKHBI PETYJIUPOBATh JIHIIb MOPSIOK ACATEIBHOCTH
JAHHBIX OPraHOB B YacCTH, HE YPETryJMpPOBAaHHOW KOH-
cturynnei (ycraBom) cyopekra PO.

AHanu3 JeHCTBYIOIIEro 3aKOHOJAaTeIbCcTBA I03-
BOJISIET TIPUHTH K BBIBOZY, YTO BHEIIHHE OpraHbl (u-
HAHCOBOT'O KOHTpOJIsI CyObeKkTOB PD nmoymkHBI yupe-
MKIATHCS HCKIIIOYUTEIBHO KaK KOJIJIETHAIbHBIC OPTaHbl,
B COCTaB KOTOPBIX BXOST NPeICeAaTeIN, 3aMECTUTENN
npeacenaTenc (Mpy HAIMYUK) U ayAUTOPHI (HO HE arl-
mapar, Kak 3TO yKa3aHO B JeWcTByromeM dDexnepaib-
HOM 3aKoHe). UHCIIEHHOCTh ayIUTOPOB JOJDKHA OBITh
MIOCTABJICHA B 3aBUCHMOCTh OT 0OBEMOB IIpEATIoarae-
MBIX (PHHAHCOBO-KOHTPOJIBHBIX Pa0OT B 3aBHCUMOCTH
OT pa3mMepa TeppuTopun cyobekra PO, uncneHnoctn
€ro HaceJICHUs, OLEHOYHOW CTOMMOCTH IyOJIMYHOTO
HMYIIECTBa, pa3Mepa roJJOBOro Oro/KeTa, ypOBHS CO-
LHAJIEHO-?)KOHOMHUYECKOT0 pa3BuTHs U T.1. [Ipu aTom
3aKOH (4acTH4YHO — (epepanbHbIil, B JIOMOJHEHHE K
3TOMY — PETHOHANBHBIN) JTOMKEH Pa3rPaHUYUTh KOM-
METCHLIUI0 KOJIJIETUH KOHTPOJIBHO-CUETHOI'O OpraHa
KaK BBICIIEr0 OpraHa yIpaBJIeHHs U JOJDKHOCTHBIX JINL]
KOHTPOJILHO-CYETHOTO OpraHa, UMEIOIINX OTpaHNYeH-
HBIE 3aKOHOM TOJTHOMOYHSL.

s Gonee 4ETKOTO TOHMMAHUS IPaBOBOTO CTa-
Tyca KOHTPOJBHO-CUCTHBIX OpraHoB cyObekroB P®
HEOOX0ANMO TaKe 0OpaTHTh BHUMaHHE Ha IpoOsIeMy
B3aMMOJICHCTBUS BBICIINX JOJDKHOCTHBIX JIMI[ U KOH-
TPOJILHO-CUETHBIX OpraHoB cyObektoB PD. B orcyt-
CTBHE (peliepanbHOTO PEeryNpOBaHMsS pPErHOHAIbHbIC
3aKOHOJATeIN HePEeAKO BKIIOYAIN JaHHBIM MEXaHU3M
B3aUMOJICHCTBUSA, MOJB3YSICh TAKUMU KOHCTHUTYIIH-
OHHO-TIPAaBOBBIMH ()OPMaMH, KaK BHECEHHE BBICIIUM
JOJDKHOCTHBIM JIMIIOM TIPEJCTABIEHHH B 3aKOHOAA-
TEeNbHBINA (TIPECTaBUTENBHBII) OPTaH 0 KaHIUAATYPax
npezacenaTened M MHBIX JIOJDKHOCTHBIX JIMII KOH-
TPOJILHO-CUETHBIX OPTaHOB, /1a4ya BBICIINUM JIOJDKHOCT-
HBIM JIMIIOM OOS3aTeNIbHBIX JJISI NCTIONHEHNUS Topyde-
HUH, TMOJOTYETHOCTh KOHTPOJIBHO-CYETHOI'O OpraHa
BBICIIEMY JOJDKHOCTHOMY JMIly ® T.1. Ilocie mpuHs-
TUs (penepanbHOTO 3aKoHa 00 OOIIMX MPUHIUIAX Op-
TaHW3AIUN KOHTPOJIFHO-CUETHBIX OPTaHOB CUTYyaIlns B
LIEJIOM U3MEHHMIIACh, OJJHAKO ITOJIHOCTHIO 3aKOHOIATEIh
HE OTKa3aJCs OT KOHCTPYKIHH HEKOH CyOopIuHanuu
MEXJly TTaBOM HCHOTHMTENBHOM BIACTH U BHEIIHUM
(DMHAHCOBO-KOHTPOJIEHBIM OpraHoMm cyobekta Pd. B
YaCTHOCTH, TO NMPOSBUIOCH B COXPAHUBILEMCS] HHCTH-
TyT€ «IPEJIOKEHHUI» U «3alpOCOB) BBICIINX JOJIK-
HOCTHBIX JIUI] B aIp€C KOHTPOJIbHO-CUETHBIX OPraHOB.
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IIpencraBmnsiercss, 4TO B yCIOBUSIX, KOTAA, BO-TIEp-
BBIX, KOHTPOJIbHO-CUETHBIE OPTaHbl 00pa3ylOTCsI 3aK0-
HOZATEIbHBIMH (TIPECTaBUTENbHBIMI) OPTaHAMHU H B-
JSTFOTCSI TIOJIOTYETHBIMU MM; BO-BTOPBIX, PETYIHNPOBA-
HHE HAaMEHOBAHUS, TOJTHOMOYNH, COCTaBa U MOPSAAKA
JEATEIFHOCTH KOHTPOJBHO-CUETHBIX OPraHOB BbIBE-
JICHO H3-TIOJ IOPUCIUKIUK NOA3aKOHHBIX HOPMAaTUB-
HBIX NIPABOBBIX aKTOB, U3JJABAEMbIX OpraHaMU HCIOJI-
HHUTEJIHOM BJACTH; B-TPETbHX, (enepalbHbIM 3aK0-
HOM YCTaQHOBJICHO UCKJIIOUUTEIHHOE IIPaBo
3aKOHOJATEbHBIX  (TPECTAaBUTENILHBIX)  OPTaHOB
Ha3HauaTb COCTaB KOHTPOJBHO-CUETHBIX OPTaHOB U
BBOJUTH CPOK MX MOTHOMOYHH, YTO 3aMPEIIEHO UCTIOI-
HHUTEJILHON BIIACTH; B-4ETBEPTHIX, TOJBKO 3aKOHOMA-
TeNbHOMY (IIPEICTaBUTEIFHOMY) Oprany cyobexra PO
JAHO TIPaBO a4yl MOPYYCHHH KOHTPOJIBHO-CUETHOMY
OpTaHy — COXpPaHEHHE 3a BBICIINM JOJDKHOCTHBIM JIH-
oM cyonrexTa PD mpaBa BHOCHTH IIPEIIIOKCHHUS O KaH-
JUNaTypax AOJKHOCTHBIX JHIl KOHTPOJIbHO-CUETHBIX
OpraHoB (HapsAy ¢ ImpeaceaaTeseM 3aKOHOAaTeIbHOTO
OpraHa U IrpymnIol 1enyTaToB YHCICHHOCTHIO HE MEHee
OJTHOI TpeTH), a TaKkKe IpaBa oOpamaTbcs B KOH-
TPOJIBHO-CUETHBIE OPTaHbl ¢ MPEATIOKESHUAMH U 3aIIPO-
caMH — BBITJIIIUT HE BIIOJIHE 00OCHOBAHHBIM C KOHCTH-
TYLIHOHHO-TIPAaBOBOH TOYKHU 3PEHHUS.

Bricmne momkHOCTHBIE JMIa cyOBeKTOB PO sB-
JSIFOTCSL OHOBPEMEHHO M PYKOBOIUTEISMH BBICIITHX
HCTIOIHUTENBHBIX OpraHoB cyobekroB P®. VcmonHu-
TENbHAs BIACTH B CyOBeKTax PD moaxoHTponbHa 3aK0-
HOJATeNIbHON (IpeJCcTaBUTENbHON) BIACTH, 1O Kpaii-
Hell Mepe, B acriekTe (PMHAHCOBO-KOHTPOJIBHBIX U 3KC-
MEePTHO-aHAJTUTUYECKUX MEPONPUATHH, €clIH OHH
CBSI3aHBI C KOHTPOJIEM HaJl UCIIOJHEHUEM PErHOHaJIb-
HOTO OIOJKETa, IKCIEPTHU30H IPOEKTa 3aKOHA O PEruo-
HAJILHOM OOJKETE, BHEIITHEH MPOBEPKOI TOTOBOTO OT-
yera 00 MCIOJIHEHUH PETHOHAIBHOTO OIO/KETa, KOH-
TPOJIEM HCIIOIb30BaHMSI PETHOHAIBHBIX OFOJDKETHBIX
CPE/ACTB M PErMOHAILHOTO MMYIIECTBA, HAJIIOTOBBIMHU
JBrOTaMu M OIOKETHBIMHM KpEIUTaMH B PETHMOHANb-

HOM O10/pKeTe, PHHAHCOBO-dKOHOMHYECKOH IKCIIEPTH-
30/ 3aKOHONIPOEKTOB, IPEINOJIATAIOIINX PACXOJHEIC
obs3arenscTBa cyObekTa PD, a Takke MeEKOIOIKET-
HBIMHU TpaHC(EpPTaMH, B KOTOPHIX IPUHIMAET y4acTHe
MaHHEI cyObekT P®. Bricmiee MOMKHOCTHOE JIHIIO
cyobekta PO He MOXKET BBICTYNaTh B Ka4eCTBE CyOB-
€KTa KOHTPOJIS B IaHHBIX IIPABOOTHOIIEHHUSAX, €ro Aes-
TENBHOCTh TIPEJCTABISICT COOOH IMOJKOHTPOJIBHBIN
00bekT. [ToaTomy, Ha Harl B3rJisi, B DenepanbHbIii 3a-
KoH «O0 00IIMX NPUHIMIAX OpPraHNu3alyy U IesTeb-
HOCTH KOHTPOJIFHO-CYETHBIX OpraHoB cyobekToB Poc-
cuiickoii dexepanyu U MyHHUIMIIAIBHBIX 00pa3oBa-
HUI» HEOOXOMUMO BHECTH IIONPABKH, KOTOPHIE
HCKJIFOYaNy OBl TIPaBO BBICIIECTO JODKHOCTHOTO JIMIIA
cyOobekta PO BHOCHUTH MpeUIOKEHHSI B 3aKOHOIATEITh-
HBI (TIpeACTaBUTEIBHBIN) OpraH O KaHIUAATypax
npeacenaresieil, 3aMecTuTeNel peaceaaTeNe 1 ayau-
TOPOB KOHTPOJIBHO-CYETHBIX OPTaHOB CyOBekTOB PD, a
TaKXe ero NpaBo BHOCUTh B KOHTPOJIBbHO-CUETHBIE OP-
TaHbl IPEIUIOKEHHST ¥ 3aIpOChl 10 CYIIECTBY (pHHaH-
COBO-KOHTPOJIBHBIX MEPOIIPHUATHI.
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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 — 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-
sultin 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 (1A) 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, pCO02, p0,. 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 pCO; 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 1As 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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PeBmaTouaHbIi apTPUT NPOTEKAET C U3MEHEHUSIMU BS3KUX U PEJIAKCALIMOHHBIX CBOMCTB CHIBOPOTKU KPOBH,
IpUYeM BTOPOH (HHN3NKO-XUMHYECKHII ITapaMeTp B 3TOU TPyIIie OOIBHBIX UMEET pa3HyIo (YBEIHICHHYIO U YMEHb-
IIEHHYIO) HaIPaBJICHHOCTh. 3a00JIeBaHNE CYCTaBOB OTIHYAaeTcs Oojiee BRICOKMMH 3HAYCHUSIMH BPEMEHHU pellak-
Caluy CHIBOPOTKU KPOBU U IIPEBAIMPOBAHUEM 1OKA3aTENs MOLYJIS BA3KOJIACTUUHOCTH IIPU PEBMATOUIHOM apT-
puTe, mapaMeTphl KOTOPBIX KOPPETUPYIOT MEKIY COOO0M, C TOBEPXHOCTHOI BA3KOCTHIO U YIPYTOCTHIO, 3aBUCST OT
KJIMHUYECKUX PU3HAKOB TEUCHHUs 00JIE3HU, YPOBHEH CHIBOPOTOUHBIX CYp(HaKTaHTOB U TOBEPXHOCTHOP-HEAKTHB-
HBIX BEIECTB. AJCOPOLMOHHO-PEOJIOTHYECKHE CBOMCTBA CHIBOPOTKM KPOBH BIIMSIIOT Ha XapakTep arperamuu
SPUTPOLIUTOB U TPOMOOIMTOB LIENBHOM KpoBU. OTAENBHBIE TIOKA3aTEeN CHIBOPOTOYHON PEOJIOTUH KOPPEIUPYIOT
MEXay coOO0M, XOTsl XapakTep 3THX B3aMMOOTHOIICHUH Pa3HUTCS, TapaMeTpbl UMEIOT KOPPEIISLIMOHHBIE CBSI3H C
MHJEKCOM arperainuy 3puTpOLUTOB.
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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.

KiroueBble cioBa: apTput peBMaTOI/I,HHBIP‘I, KpOBb, aIlCOpGIlI/ISI, peojiorus.

Keywords: arthritis rheumatoid, blood, adsorption, rheology.

AKTyanapHOCTH npodJemsbl. [laTorenermyecke
MOCTpOeHUS peBMaTongHOTo apTpuTa (PA) TecHo cBs-
3aHBl C M3MEHEHHAMH 3PUTPOILHUTAPHO-TPOMOOIIUTAD-
HOTO 3BEHBEB PEOJIOTHUECKUX CBOWCTB KpoBH [4, 8] Ha
(hore rumepss3koro cuaapoma [ 1, 6]. Pazpabotka du-
3UKO-XMMHUYECKOTO METoJa aHanu3a (hopmbl ocechM-
METPUYHBIX Kalleslb M03BOJIMIA OLICHUBATh BA3KOAJIA-
CTHUYHBIC M pEJIAKCAI[MOHHBIC CBOHCTBA CBIBOPOTKH
KpPOBH y Takux mauueHToB [9]. [lanpHeliniee BHeape-
HHE B KIMHUYECKYIO MPAKTUKY METOJa OCUMIUIUPYIO-
el Kariu Aajo BO3MOYKHOCTh ONPENeNaTh OTIENbHO
BSI3KHE W YNPYTHe IMOBEPXHOCTHBIC MTapaMeTPhI CHIBO-
POTKH KpoBH [3].

l'unepBsaskuii cunapom npu PA onpenensercs
MOJIEKYJISIPHBIM COCTaBOM M KOH(HTypaIuen ChIBOPO-
TouHBIX OenkoB [7]. [Ipu BBICOKOW CTETIEHN aKTHBHO-
CTH  TIATOJIOTMYECKOTO  Ipolecca  HaOII0MaeTCs
HauOoJIbIlIee CHIDKEHHE TEKY4YHX CBOICTB KpOBH, a,
3HAYHT, U TeMOPEOJIOTHYECKUX HapyIIeHHH B cocyaax
Pa3IMYHOTO Kanubpa. YBeIud4eHHEe 00bEMHOU BSI3KO-
CTH LIEJIbHOM KPOBU IIPU HEU3MEHEHHOH KECCOHOBCKOMU
BA3KOCTH YKa3bIBaeT Ha TO, YTO HAPYIIECHUS PEOJIOTHUH
KPOBU B OCHOBHOM HaOJOAIOTCS B COCYJax MHKpO-
LUPKYJSATOpHOrO pycina [2]. B To ke Bpemsl moBbIiLe-
HHE BUCKO3HBIX CBOWCTB KPOBHU SIBIISIETCS] MHTETPAJb-
HBIM TI0Ka3aTelieM THIeparperaioHHOT0 CHHIPOMA.
Y OompHBIX PA 3a cder HapymieHHH pEOJOTHYECKIX
CBOHCTB CHIBOPOTKH KPOBH MOJKET IIPOUCXONTH YCHU-
JICHUE CIIOHTAHHOHM apreranyy 3pUTPOLMTOB U BBHICO-
Kas THIPOAMHAMHUYECKAs IPOYHOCTH arperaToB Kak oc-
HOBHBIX (P)aKTOPOB CHHIPOMA MOBBIIICHHOI BSI3KOCTH.

Knuaudeckass 3HQUMMOCTh HapylIeHUH ajacopo-
IIHOHHO-PEOJIOTHUECKUX CBOWCTB CHIBOPOTKH KPOBHU
(APCK) npu PA n3yuena HeocTaTouHo, TpeOyeT yTo-
yHeHus cBA3b APCK ¢ uaMeHeHusiMu napameTpoB 3pu-
TPOLMTAPHO-TPOMOOIIUTADHOTO ~ 3BEHA  PEOJIOTHUH
KpoBH. [lepeunciieHHbIe aCIEKTHI CTAIN LENbIO U 3371a-
YaMu JJaHHOW paboTHI.

Martepuan u meroasl. [lox HaO O IeHIEM HaXo-
mutcst 131 6onpHOM PA B Bo3pacte ot 18 mo 79 ner (B
cpenneM 45+1,0 mer) cpeau kotopbix Obuio 18,3%
MyxuuH u 81,7% s>xkeHmuH. J[nmurensHOCTH 3a00ieBa-
Hus coctaBmia 10+£0,7 net. | peHTreHonornyeckas cra-
TSl apTpUTa yCcTaHOBIIeHa B 8% ciiydaeB 3a00yeBaHus,
Il — B 38%, Il — B 35%, IV — B 19%. Cepomno3uTus-
HOCTbH 10 PEBMATOMAHOMY (akTopy oTMedeHa y 77%
OT Yucia 00CIeI0OBaHHbIX MAIJMEHTOB, a 110 HAJIMYHIO
AHTUTEN K LMTPYJUINHOBOMY IIMKIMYECKOMY IMENTHIY
— y Y. BuecycraBHas (cucremHas) ¢opma Oone3Hn
nMena Mecto B 43% HaOII0IeHNH, CUCTEMHBIN OCTe-

o1opo3 — B 67%. JIuruTaiabHbI apTepUUT THArHOCTHU-
poBaH y 6% OT dYHCia MArMeHTOB, O(TAIbMONATHH
(yBewuT, ckiepur, KepaTut) — y 5%, MHO3HUT WIH MH-
anruu — y 14%, mumpanenonarus — y 3%, nmopaxenue
cepana (MHOKapaa, SHAOKapAa, KiamaHoB) — y 37%,
Cepo3uTHI (IUIEBPUT, EPUKAPINUT) — Y 5%, THEBMOHUT
(uHTEpCTHUINANBHBIA, (UOPO3UPYIOMMH  ANBBEOJINT,
PEBMaTOUIHBIE Y3J1bI) ¥ THIIOTHPE03 — COOTBETCTBEHHO
y 8%, nopaxenue novexk (rIoMepynoHeGpUT, UHTEP-
CTUIHMAJBbHBIA HeppuT, amuiionno3) — y 15%, nedenu
(kpunrtoreHHslii rematur) — y 9%, nepudepuueckoit
HepBHOMU cucTeMbl — y 13%, cunapowm Illerpena —y 4%,
sHUedanonatus (AUCHUPKYIATOPHAS, ACTEHOBETeTa-
THBHBIH M KOPTHKOHYKJICapHBIH CHHAPOMEI) — Y 7%.
Jlnst oneHKH 00IIeH akTHBHOCTH 3a00JIEBaHUSI OIIpese-
nsur okazaTtens DAD B 6amnax, a mpu onpeneneHuH
CTENECHU aKTHBHOCTH CyCTaBHOTO CHHIPOMA HCIIOIb30-
Banu kputepuit DAS28.

[TanmentaM BBINOJNHSUIA ~ PEHTIEHOJIOTHYECKOE
uccienoBaHue neprudepuyeckux CycTaBOB, KPECTLO-
BOIMOJB3AOIIHBIX  COWICHHWEH W  MO3BOHOYHHKA
(«Multix-Compact-Siemensy, I'epmanus), yibTpasBy-
KoBoe mepudepuueckux cyctaBos («Envisor-Philipsy,
Hunepnannel) ¥ [BYXIHEPreTHUECKYI0 pPEHTI'€HOB-
ckyto ocreogeHcutomerpuo  («QDR-4500-Delphi-
Hologic», CIIA). C noMoIibi0 pOTAIHOHHOTO BUCKO-
sumerpa «Low-Shear-30» (IlIBeiitapust) uccienoBanu
00BEMHYIO BS3KOCTh CHIBOPOTKH KpoBH (VV). Mex-
(ha3Hyr0 TEH3MOPEOMETPHUIO IIPOBOIHIIH C UCTIONH30BA-
HHUeM KoMmmbioTepHoro ammapara «PAT2-Sinterface»
(I'epMaHus1), OCHOBAaHHOTO Ha METOJE OCHMIUTHUPYIO-
med kamnu. M3ydanu MOAyib BSI3KOJIACTUYHOCTH
(VE), moBepxuoctHyto ympyrocts (SE), BS3KOCTbH
(SV), penakcamuro (SR), yron nakiaona (SA) u daszo-
BhIit yron (CP) Tersnorpamum [5]. [TapannensHo, ucmo-
nme3ys aHanmzatop «AKP2» (Poccust), onpenensian nH-
nekcel arperanuu sputporuros (AEI) u pombonnTon
(ATI), a Takke uHaCKC AeHOPMHUPYEMOCTH SPUTPOILIU-
toB (DEI), oTpakatomnue He CBIBOPOTOYHOE, a IPUTPO-
LUTAPHO-TPOMOOIINTAPHOE  3BEHO  PEOJOTHYECKHUX
CBOWCTB KpOoBH. B KadecTBe KOHTPOIIST 00CTIe10BaHbI 52
MPaKTHYECKHU 3/I0POBBIX YEJIOBEKa.

Craructudeckas 00paboTKa IMOJYIeHHBIX PE3YITb-
TaTOB UCCJIE0OBAHUI MPOBE/ICHA C TOMOIIBIO KOMIIbIO-
TEPHOT0 BapHaIMOHHOTO, KOPPEISALHOHHOTO, perpec-
CHOHHOTO, Hemapamerpuueckoro, oaHo- (ANOVA) u
mHorodakropaoro (ANOVA/MANOVA) mucnepcu-
oHHOro anammsa (mporpammbl «Microsoft Excel» u
«Statistica-Stat-Softy, CIIA). OueHuBaaX MeIHaHBI
(M), ux cranmapTHbIC OIIMOKY 1 OTKIOHeHHU: (SD), na-
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pameTpudeckue KOIPPUIUEHTH Koppensuun [lup-
cona (r) u Hemapamerpuieckue KeHnamna, Kputepun
perpeccun, aucriepcuu bpayna-®opcaiira (BF) n Yun-
KokcoHa-Pao, paszmmumii CtplogeHTa M MakHemapa-
®urrepa, a Tak)ke JOCTOBEPHOCTh CTATUCTUYECKHUX I10-
Kasarenen.

PesyabTarsl n ux odcyxiaenue. PA conpoBox-
JlaeTcsl JOCTOBEPHBIM yBedMdeHHeM (Ha 62%) mapa-
MeTpoB VV u Ha 9% SR (Tabnuua). [To naHHBIM MHO-
roakTopHOro aHanm3a YWIKOKcoHa-Pao, Ha wuHTe-
rpansHOoe coctosHue APCK mpum PA  oxassiBaroT
BJIMSTHUE CTEIICHb aKTUBHOCTH, CTAAUs 3a00JICBaHUS U
00111ast akTUBHOCTH MaTosiorudeckoro mporecca DAD.
[lo maHHBIM OZHO(AKTOPHOTO ANCIEPCHOHHOTO aHa-
mm3a bpayna-®@opcaiiTa, Bo3pacT OOIBHBIX OTIPEesIeT
3Ha4YeHHS SA, a perpeCCHOHHBIN aHaIN3 yKa3bIBaeT Ha
npaMyro 3aBucuMocTh o DAS28 mokazareneit SR u
obparayro VE. Unterpansasie APCK He 3aBuCAT OT
CEepOJIOTUYECKOT0 U CYCTaBHO-BUCLIEPAIILHOTO BapUaH-

TOB OOJIE3HH, HO TECHO CBSI3aHbI C HAJIMUUEM CaKpOH-
JIeWTa, TEHIOBAarvHHUTOB, SHTE30NATHH, CIIOHAMIONA-
THU ¥ nopaxenni ria3. 1o manaeiv ANOVA Bhipa-
KEHHOCTB O(TaTbMOTIATHH OKa3bIBACT BO3ICHCTBIE HA
mapameTpsl VV, TeHnoBarnanToB — Ha VE, KpecToso-
TOIB3IOUTHRIX cowieHeHui — Ha SV. KoncraTupyrores
npsimble B3aumootHoenust VE ¢ SE, SR u CP, SE - ¢
SV, SR u CP, SV — tonbko ¢ SR. ['ncrorpammel uHTE-
TpaJIbHBIX MTOBEPXHOCTHBIX BA3KODJIACTHYHBIX CBOMCTB
ceIBOpoTKH KpoBU (SV+SE+VE) y 310poBbIX mrozeit u
6onbHBIX PA npencranens! Ha puc. 1.

Kaxk BuanO U3 Tabnuusl, npu PA ormeuaercs Biu-
sane VV "a AEIl, CP — ma ATI, SR — na DEI. Hamu
yCTaHOBIEHO, 4TO 3HadeHus VV>3)5 wmllaxc
(>M+2SD Takux 60ompHBIX) 1 SV>20 MH/M MOTYT CBH-
JIETENLCTBOBATE O PA3BUTHH I'MIICPBA3KOTO CHHIPOMA,
OOYCIIOBIICHHOTO ~ M3MEHEHHSAMH  3PUTPOIUTapHO-
TpOMOOILIMTAPHOTO 3BEHA PEOJIOTHUECKUX CBOMCTB
KpOBH.

Tabnuma

INoxkazatenu APCK y 60abHBIX apTpuTaMH U 340poBbIX Jiozek (M+SD), a Takke T0CTOBEPHOCTh MX BIMSHHS Ha
napaMeTpsl IPUTPOIUTAPHO-TPOMOOIIMTAPHOTO 3BEHA PEOJIOTHYECKUX CBOWCTB KpoBH (p BF)

I'pynmsr DPUTPOIUTAPHO-TPOMOOIIUTAPHBIC  TI0-
INoka3zarenu 00CIea0BaHHBIX Ka3aTeu
APCK OoJIbHBIC 3/10pOBBIE

(n=31) (n=52) AEI ATI DEI
VV, mllaxc 2,1+0,61 * 1,3+0,21 0,002 0,769 0,981
VE, MH/m 22,4+7,69 23,7+7,58 0,520 0,330 0,342
SE, MH/m 44,5+10,88 42,8+4,94 0,205 0,220 0,535
SV, MH/™m 15,7£3,09 15,5+1,69 0,661 0,369 0,383
SR, ¢ 123,8422,53 * 114,0+£23,14 0,348 0,454 0,048
SA, MH/M 112 16,0+4,54 17,845,18 0,639 0,750 0,092
CP, mH/M*c'2 163,7+81,62 144,5+59,19 0,463 0,043 0,305

HpI/IMe‘IaHI/Ie. * pas3anina MCKAY aHAJIOTUYHBIMU IMOKA3aTCIEIMHA Y OOJILHBIX U 340POBBIX CTATUCTUICCKU NOCTO-

BepHbI (P<0,05).

00, S
2588 RS SR
ZESEIIN
2639,

Bbonvnoie

Puc. 1. ['ucmoepammuvl unmezpanbHuix nokazameneti N08EPXHOCHHbIX
853K031aCMUYHbIX ceoticme kposu (SV+SE+VE)

|
LT

) A\ \ A\
TR

300posvie

Mo>kHO npeanoaoxkuTs, uro Hapymenus APCK B
OIpENIENIEHHON CTENEeHH YYacTBYIOT B MATOr€HETHYe-
CKHUX MOCTPOCHUAX OTACIBHBIX KIMHUYCCKUX IMPU3HA-
KoB PA, Ha 4T0, IO pe3ynbTaTaM aHann3a Y WIIKOKCOHA-
Pao, YKa3bIBaCT BJIMAHUC BA3KOIJIACTUYHBIX CBOWCTB
CBIBOPOTKH Ha TEYECHHE CYCTaBHOTO CHHAPOMA H MaTO-
JIOTHIO CepAlla, a PeJIaKCallMOHHBIX CBOMCTB JaHHOU

OMOJIOrMYeCKON J>KMIKOCTH — Ha BO3HHUKHOBEHHE
HEBPOJIOTUYECKUX MPOsIBICHUH 3a0oneBanus. B cBoio
ouepenb, CylmecTByeT CBs3b mHTErpanbHbIx APCK ot
XapakTepa MopakeHus CycTaBoB (puc. 2 u 3) u 3KcTpa-
apTUKYJSPHBIX Npu3HaKoB PA (puc. 4).
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Puc. 2. JJocmoseprnocmo nusnus nopasiceHus
OMOENbHBIX CYCMABOE HA UHMESPATbHOE COCMOSHUE
APCK y 6onvusix PA (p WR).

Cycmasvi: 1 — eepxneuentocmuule, 2 —
2PYOUHHOKTIOUUYHbLE, 3 — NPOKCUMATIbHbIE
Mednchanranzogvle kucmetl, 4 — nsicmuogananzoswle,
5 — nyuezanscmuvle, 6 — 10kmesvle, 7 — nieyesvie, 8
— NPOKCUMATIbHBLE MENCHANAH208ble CMON, 9 —
niocheghanranzosoie, 10 — conenocmonnvie, 11 —
Konenuvie, 12 — mazobedpennvle, 13 —
Kpecmyo6onoo830ounvle, 14 — no3eonkosvie
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Puc. 3. locmoseprocme @nusitus OmoenbHbLx
penmeenoconoepaguieckux npusnaxkos PA na
unmeepanvroe cocmosanue APCK (p WR).
IHpusnaxu: 1 — menoogazunumel, 2 — snmezonamui,
3 — snugpuzapnulii ocmeonopos, 5 — cyOXoHOpaNbHbILL
ckaepo3, 1 — ocmeokucmo3s, 8 — ocmeoysypet, 9 —
cycmasHble nooswisuxu, 10 — aueamenmos, 11 —
acenmuueckuli OCMeoHeKpo3, 12 —
apmpoxanvyunamol, 13 — cycmasHnvle menucku, 14 —
xucmul beukepa, 15 — mena Llmaiiou, 16 —
UHMPAaApMuUKyIsipHble XOHOpoMHble meaa, 17 — mena

Togpa

W3BecTHO, 4TO (ha30BBIN CABUT MEKIY aMILIUTY-
JlaMU KOJIeOaHUi paBeH yrily MeXIy peajbHOW U MHH-
MOW KOMIIOHEHTaMH BSI3KOCTU. AMIUIMTYIHBIC 3Haue-
HUS IIOBEPXHOCTHOI'O HATSKEHUS OTCTAKOT OT aMIUIU-

MIpeCTaBIsieMble KPUBBIMH YIIPYTOCTH U BSI3KOCTH, AB-
JISIFOTCS JIMHEHHBIMU (QYHKIMSMHU JIOTapr(Ma 4aCTOTHI.
3nauenuss APCK upe3BpluaifHO 4YyBCTBUTENBHBI K
YPOBHIO B CBIBOPOTKE KPOBH ITOBEPXHOCTHO-AKTUBHBIX

Tyabl  KoNebGaHWi  TUIOINAaW, a  3aBUCUMOCTH,  BEIIECTB.
0,922
0,836
0,738 0,759 0,789
0,596
0,501
0,348
0,247
0,149
0,012 0,018

1 2 3 4 5 6 7 8 9 10 11 12

IHpusnaxu: 1 — oueumanvusiti apmepuum, 2 —

Puc. 4. Jocmoseprocms enusinus 0moenbHbix 9KCmMpaapmuKyIapHbiX
npusHakos Ha unmeepanvhoe cocmosinue APCK y 6onvnvix PA (p WR).
cunopom Lleepena, 3 — nopasicenue ckenemuuvix moiuy, 4 —
nopaicenue IUMPamu4eckux y3noe, 5 — nopadcenue Muokapoa, 6 — nopagicenue IHO0KApOad U KIanaHos
cepoya, 7 — nopasicerue cepo3Hvix 000n04exK, 8 — nopaicenue neekux, 9 — nopasicenue nouex, 10 —
nopascerue neyenu, 11 — nopasicenue yeHMpanrbHOU HepeHOU cucmemsl, 12 — nopasicenue nepugepuieckoii
HePEHOU cucmembl

[Tpn pa3baBieHNM CHIBOPOTKH KPOBH OOJBHBIX
PA ¢uznonornueckuM pacTBOPOM B COOTHOIICHUH 2: 1
napameTpsl SE n SV cHwxkarorcst Ha 10%. IToguepk-
HEM, YTO YMEHbIICHHE KOHLEHTPAIMH Cyp(paKTaHTOB B
KPOBH BBI3bIBACT 3HAUUTEIBEHOE YTHETEHUE YIIPYTOCTH
npu gactore 1 pagman/c u cmaboe npu 0,1 paguan/c.
CrenoBarenbHO, W3MEHEHHs] KOHIIEHTPALUil MOBepX-
HOCTHO-aKTHBHBIX BEIIECTB B CHIBOPOTKE KPOBH MO-
pasnomy Biusitor Ha SE u SV. Hapymenuss APCK B
3HAYUTEJIHHOM CTENEHH MOTYT OINPEIEIATh COCTOSHHE

reéMOAMHAMUKH, a YBEIMYEHHE BHMCKO3HBIX CBOWCTB
KPOBH MIPUBOJUTH K CHHKEHHIO 00bEMHOT0 KPOBOTOKA
U YBEIIMYEHHIO IepUu(epuiecKoro COCyAUCTOro Compo-
TuBieHus. [loguepkHeM, YTO TUMEPBA3KUNA CUHAPOM
TIPY BOCTIAJINTEIBHBIX 3a00JIEBaHUSX CYCTaBOB OIIpe-
JeNseTCs MOJIEKYJSIPHBIM COCTaBOM M KOH(HTyparuen
CBIBOPOTOYHBIX 0enkoB [7]. [Ipu BeICOKOH cTeneHH aK-
THUBHOCTH IaTOJIOTHYECKOTO Mpolecca HaOI0NaeTCst
HamOoJpIIee CHIKEHHE TEKyYHMX CBOMCTB KPOBH, a,
3HAYHT, ¥ TEMOPEOJOTHIECKIX HAPYIICHUH B COCYHax
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pasnugHoTo Kaymbpa. Yeenndenne VV mpu HewsMme-
HEHHOM KECCOHOBCKOM BA3KOCTH yKa3bIBAa€T HA TO, YTO
Hapymennss APCK B o0CHOBHOM Ha0JIt01al0TCS B COCY-
JTaX MEKPOIUPKYIATOPHOTO pycia [2]. B To ke Bpems
MOBBIIIEHNE BICKO3HBIX CBOMCTB KPOBH SIBIIACTCS HH-
TETPaIBbHBIM [TOKa3aTeIEM THIIEPArpErallioOHHOTO CHH-
apoma. Y 60sbHBIX PA MOXET IPOUCXOANTH YCUIICHHE
CIIOHTAHHOM apreralnyy SPUTPOLMTOB U BBICOKAs THJI-
poAMHaMUYecKas MPOYHOCTh arperaToB Kak OCHOBHBIX
(haKTOpOB CHHPOMA MOBHIIIEHHOHN BSA3KOCTH.

BruiBoabl. PA nporekaer ¢ M3MEHEHUSIMH BS3KHX
U peJIaKCallMOHHBIX CBOMCTB CBHIBOPOTKH KPOBH, IpPH-
4YeM BTOpPOW (U3UKO-XMMUYECCKHH ITapaMeTp HMeeT
pa3Hyio (YBEIMUYCHHYIO 1 YMEHBIICHHYIO) HATIPABJICH-
HOCTb, TapaMeTPhl KOPPEIUPYIOT MEXIY CO00i, ¢ mo-
BEPXHOCTHOHM BA3KOCTBIO M YNPYTOCTBIO, 3aBUCAT OT
KIMHUYECKUX TPU3HAKOB TEUCHUS 3a0osieBaHUS.
APCK BnusroT Ha XapakTep 3pHUTPOLUTAPHO-TPOMOO-
IUTApPHOTO 3BEHA PEOJIOTMYECKUX XapaKTEPHCTHK
LeTbHON KpOBH, a uccleaoBanue nokazateneir APCK
npu PA Gyzaer mose3HeIMHU ISl IPOTHO3UPOBAHUS Te-
YEeHHs IaTOJOTMYECKOro mpolecca, pa3paboTKH
HanboJjee ONTUMAaIbLHBIX METOO0B HHILHBHL[yaHbHOﬁ
MaTOTCHETHIECKOH TepaIiy ¥ KOHTPOJII 32 3(p(heKTHB-
HOCTBIO TIPOBOJIMMBIX JIEUEOHBIX MEPOTIPHATHH.
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AnHomayus

OcreoaccolMMpOBaHHBIE MAKPO3JIEMEHTHI, TOPMOHBI U (PepMEHT IiesouHas ¢ocdarasa yqacTBYIOT B IaTO-
TCHCTUYCCKUX IMMOCTPOCHUAX TIPU TOHAPTPO3EC, OMPCACIIAA PA3BUTHUC OTACIIBHBIX PEHTICHOJIOIMYCCKUX, COHOI'pa-
(I)I/I‘ICCKI/IX, MarouTHO-PE30HAHCHBIX apTUKYJIAPHBIX U NEPHUAPTUKYIIAPHBIX TPU3HAKOB MATOJIOI'MU KOJICHHBIX CYy-
CTaBOB (CTEICHb CYKCHUS CYCTaBHBIX HIEIICH, STU(H3apHBIH 0CTEOMOpo3, TPabEKyIAPHBIA OTEK B MBIIIEIKaX Oe/I-
peHHOW © OombIIeOepIIOBOM KOCTEH, W3MEHEHHs pPOrOB MEHHUCKOB, (opmupoBanue kuct belikepa,
HHTPAAPTUKYJLIPHBIX KAIBIUHATOB, XOHIPOMHEIX Tel U Tel ['odda), TaxKecTs CTPYKTYPHBIX U3MEHEHUH KOJICH-
HBIX COWICHCHUH.

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.

KiroueBble c1oBa: TOHApPTPO3, KOCTb, MeTa6OJ‘II/IBM, IIaTOI'CHE3.

Keywords: gonarthrosis, bone metabolism and pathogenesis.

AKTyaJapHOCTH podJiemMsl. ['oraptpos (['A) sB-
JSeTCS XPOHUYECKUM (Jalle BCEro IPOTrPECcCHpYIO-
MM ) 3200JIeBaHNEM KOJICHHBIX CYCTaBOB, KOTOPOE Xa-
paKkTepu3yeTcsl TMOCTENEeHHOW Jerpajanuen Xpsiia,
CTPYKTYPHBIMH HM3MEHEHHSIMH CYOXOHIPAIBLHON KO-
CTH, Pa3BUTHEM OCTEOKHCT M KPaeBbIX OCTEO(HTOB,
CKPBITBIM FJIH SIBHBIM CHHOBHTOM, OPayKEHHEM HepH-
apTHKYJISIPHBIX TKaHed [2]. AkTyaibHOCTH mpoOiiem
I'A o0GycnoBiieHa He TOJIBKO €ro MIMPOKO pacrpocTpa-
HEHHOCTBIO, 8 U BBICOKMM PHCKOM Pa3BUTHUS OTpaHHuie-

HUH (QYHKIHUU CyCTaBOB, KOTOPBIC NPHBOJAT K Hapy-
IICHUI0 TPYJAOCIOCOOHOCTH WM CHIKCHHIO KadecTBa
JKU3HU TIAITUeHTOB [5].

Bomnpock! paHHel AMarHOCTUKHU U acIeKThl MaTo-
rede3a ['A TpeOyroT npoBeeHNS NaTbHEUIITNX UHTEH-
CUBHBIX HCCIIeZIoBaHui [3, 4, 6]. DTH mpobaeMbl cTamu
OTHOCHUTBCS K OJTHUM M3 HanboJiee 3Ha9NMBIX B COBpe-
MeHHOUM peBmaronoruu [1]. MoXHO MpennoyioXuTh,
YTO ONpeJeNIeHNe MapKepoB KOCTHOTO MeTadoim3Ma
(MKM) npu I'A Oyner criocoOCTBOBaTh PacKpBITHIO
HOBBIX 3BEHBEB MMAaTOr'cHe3a 3a0oneBanus. Llenbro u 3a-
JadaM¥ TaHHOH paboTHI CTalla OIIEHKA POJIH KOCTHOTO
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MeTaboIM3Ma MPH Pa3HbIX BapHUAHTAX KIMHUYECKOTO
teueHust ['A, cBs3eil ¢ pa3BUTHEM OCTEOINopo3a, ¢
KOCTHO-JICCTPYKTHBHBIMH HM3MEHEHUSIMHA KOJICHHBIX
CYCTaBOB II0 TaHHBIM peHTTeHOTpaduu, coHOrpaduy,
MarHUTHO-PE30HAHCHON ToMorpadMu W PEHTI€HOB-
CKOH I€HCUTOMETPUH.

Martepuaa u meroanl. Oocienosano 100 6omb-
HbIX ['A (47% My>xunH n 53% >KeHIIKH) B BO3pacTe OT
32 no 76 net. PeakTUBHBIN CHHOBUT IO pe3yjibTaTaM
KJIMHUKO-COHOTpa)HuECKOro HCCIIE0BaHUsS JUarHo-
CcTHpOBaH B 62% ciydaeB, NoauapTpo3 — B 55%, cu-
cTeMHBIN ocTeonopo3 — B 14%, octeokuctos — B 91%,
a CIIOHIMJIONATHS B BUAE OCTCOXOHIPO3a U JyTOOTPOC-
4yaToro apTposa — B 72%.

[NanyenTaM BBINOJHSAIM PEHTTEHOJIOTHYECKOE
(armmapar  “Multix-Compact-Siemens”, T'epmanuns) u
yapTpassykoBoe (conorpad “Envisor-Philips”, Humep-
JAHIBI) UCCIENOBaHUE MEepU(EePUIECKUX CYCTaBOB U
M03BOHOYHHKA, IBYXIHEPIETHYECKYIO PEHTI€HOBCKYIO
OCTEO/ICHCUTOMETPHIO TIPOKCUMAJIBHOTO OT/Aena Oej-
pennoii koctu (mencuromerp “QDR-4500-Delphi-
Hologic”, CIIIA) 1 MarHUTHO-PE30HAHCHYIO TOMOTpa-
¢Guro  KoJeHHBIX cowileHeHHi (Tomorpad “Signa-
Excite-HD”, T'epmanus). B npouecce o6cnenoBatus
OLICHMBANIN «OCTeoAeUINTHEIE MHACKCE» bapHeTTa-
Hopnuna, PoxnmHa, OUCKOBOCTH M BOTHYTOCTH, a
TaKKe 3HAYCHUSI MUHEPAIbHON ITIOTHOCTH KOCTH.

B kpoBH M3ydann KOHIEHTPALMH OCTE0ACCOLNHU-
poBaHHBIX MakpoasemenToB (Ca, Mg, P) ¢ ucmons3o-
BaHMEM AaTOMHOAMHCCHOHHOIO CIIEKTPOMETpa C HH-
JOYKTUBHO CBSI3aHHOH aproHoBoit miasmoii “IRIS-
Intepid-11-XDL” (Benukobpuranus). HmmyHObEp-
MeHTHBIM MeTozioM (puzaep “PR2100 Sanofi diagnostic
pasteur”, ®paHIus) UCCIIEIOBAIN COEPKaHNE B ChIBO-
poTke KpoBH mapaTupeouaHoro ropmosna (III'), xanb-
nutonnHa (KT) u ocreokanpuna (OK), a akTHBHOCTH
B CHIBOPOTKE MIeno4Ho# ¢ocdatazsl (ILID) ompene-
stk Ha ananumsatope “Olympus-AU-640" (Snouus).
B kxadecTBe KOHTpOIS 00CIIeOBaHBI 25 MpPaKTUIECKU
3I0pOBBIX JIIOJIEH B Bo3zpacTe oT 19 no 62 ner, cpenu
KOTOpBIX ObUTO0 9 MyxkuwmH W 16 skeHmuH. I[lomc-
YUTHIBAJIM CTENIEHb M3MEHEHs MOKa3aTesst Y KaXIOoro
GOJILHOTO (N) o bopmyie: N=

2
EZ[M} , rae M1 — 3HaueHue y
N4z SD

narenTa, M2 — cpeiHee 3Ha4eHue y 310poBbix, SD —
CTaHIapTHOE OTKJIOHEHHE 3HAYCHUS y 30POBBIX, N —
YHCIIO MPU3HAKOB.

Cratuctudeckas 00paboTKa IMOTy4eHHBIX Pe3yb-
TaTOB HCCIIEJOBAaHMI IIPOBEJCHA HA KOMBIOTEPE C IO-
MOIIBI0 BapHAlMOHHOTO, HEMAapaMEeTPHIECKOTro, KOp-
pemsionHoro, oaH0- (ANOVA) u MHOTO(aKTOPHOTO
(ANOVA/MANOVA)  J[uCrepCHOHHOTO — aHanu3a
(mporpammbr  “Microsoft Excel” u “Statistica-Stat-
Soft”, CILIA). OuenuBanu meauans! (M), ux cTanmapt-
Hele otkioHeHus (SD) m ommobku (SE), xoadduim-
SHTBI apamMmeTpuieckoil koppemsiuuu [Iupcona, kpure-
pun aucniepcun bpayna-®opcaiita, Cteiomenra (1),
YunkokcoHa-Pao M JIOCTOBEPHOCTh CTATUCTHYECKHX
mmokazareiei (p).

Pe3yabTaTsl M UX 00CyxkIeHUe. Y 310POBbIX JIFO-
ned  mokazarenu B kpoBun Ca  COCTaBISIOT
99,4+3,71+0,68 mr/m, Mg — 27,243,89+0,71 mr/n, P —
412,7450,2149,17 mr/n, TII" — 31,7+£12,56+2,29 nr/m,
KT - 16,5£12,45+2,27 nr/ma, OK — 8,6+5,08+0,93
ur/min, aktuBHoctu I[P — 88,9+29,54+5.39 E/n. Ilo
JAHHBIM MHOTO(aKTOPHOTO AUCIIEPCHOHHOTO aHAIU3a
YuikokcoHa-Pao Ha unTerpangbpHble napametpsl MKM
y OompHBIX ['A Mano BIHMAET pacTPOCTPaHEHHOCTh U
PCHTIEHOJIOTHYECKAs CTaAnsl CyCTaBHOTO CHHAPOMA.
BMmecte ¢ Tem, mMeeTcs AOCTOBEpHasl 3aBHCHMOCTh
MKM ot nosna 60JpHBIX U UX BO3pacTa, XOTs, 10 JaH-
HeIM ANOV A, o1oBo# 1riMop(H3M OTAEIBHBIX TTOKA-
3areneit MKM otcyTcTBOBal, a ¢ BO3pacTOM MalUEH-
TOB YCTaHOBJIEHA JIMIIb OOpaTHas KOPPENALHUOHHAs
cBsA3b napamerpos III'. Eciau ypoBHH B KpOBH OCTEO-
ACCOLIMMPOBAHHBIX MaKpOAJIEMEHTOB U TOPMOHOB IIPH
I'A ¢ ocTeonopo3oM He M3MEHSIOTCS, TO aKTUBHOCTh
[I[® y Takux mamueHTOB JOCTOBEPHO BO3pacTaeT Ha
32% (Tabnuia).

I'A oka3pIBaeT HE3HAUNTEIBHOE BIMSHHE Ha OT-
nenbHble nokazarenu MKM, o yem cBHIETENbCTBYIOT
pe3ynsTatel ANOVA. Bee mokaszarenn MKM nmocto-
BEPHO OTJIMYAIOTCS OT aHAJIOTHYHBIX y 3/I0POBBIX JIIO-
Jel. YcraHoBIIeHa TIpsiMast KOPPEISIIMOHHAS CBSI3b UH-
nekca Tsokectd ['A ¢ ypoBHeM OK. OnmnodakropHBIT
JUCTIEPCHOHHBIA aHANMU3 MPOJIEMOHCTPUPOBAI JOCTO-
BEPHOE BIIMSIHUE Ha TSDKECTh 3a00JIEBaHUS CO/IEPKAHUSI
B kpoBH Ca. M&I cuntaem, 4to npu I'A mokazaTtenu B
kpoBu Ca<45 mr/n (<M-SD 00JbHBIX) SBISIFOTCS TIPO-
THO3HETaTUBHBIMU B OTHOLLICHUM TeueHHsi 3a00iieBa-
HUSL.

Tabmuua
[Noxazatennn MKM B kpoBu 007bHEIX ['A ¢ 0CTEOIOpO30M U 0€3 TAKOBOTO
(M*SD=SE)
I'pymmet 6omeHBIX ['A OTnuuus rpynn
MKM C OCTEOIOPO30M 6e3 ocTeonoposa t

(n=86) (n=14) P
Ca, mr/n 53,8+8,96+0,94 52,848,27+2,21 0,40 0,392
Mg, mr/n 34,8+2,55+0,27 35,7+2,63+0,70 1,26 0,212
P, mr/n 391,7+20,70+2,18 395,7+15,99+4,27 0,70 0,485
T, nr/mn 47,1424,04+2,53 36,6+24,48+6,54 1,51 0,125
KT, nr/mn 7,4+4,49+0,47 6,5+4,26+1,14 0,73 0,468
OK, Hr/™mn 15,8+4,28+0,45 15,6+4,67+1,25 0,14 0,893
@, E/n 116,2+40,24+4,78 153,5+36,86+9,85 3,21 0,002
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IIpu T'A wusMmeHeHus (OOJbIIE WM MEHbBIIE
M=SD) noxa3areneit Ca BoisiBieHbl B 98% HaOmoe-
Hui, Mg — B 92%, P — B 6%, I1I" — B 54%, KT — B 36%,
OK — B 63%, aktuBHOCTH LI[D — B 47%. [Tokazaremu N
npu A cocrasmstror 3,3+2,39+0,24 o.e., a MOBBIIICH-
HBI1 N (>2 0.e.) oOHapyxeH y 57% ot uncia obcaeno-
BaHHBIX ManueHToB. C N 00paTHO COOTHOCSTCS MOKa-
3arenu B kpoBu Ca, Mg u P. CymecTByloT mpsmbie
KOPPEJSILIHOHHBIE CBS3H MeXy N W MHAEKCOM Tske-
ctu I'A. Kak mokaseiBaer ANOVA, umeeT MecTo 3aBH-
cumocth oT N mokaszaresnell KaablleMHUH U MarHeMHU.
Ilo nannbM aHanu3a bpayHa-dopcaiira ¢ BBIPaKEHHO-
cteio N CBSI3aHBI TaKOKe TTapaMeTpsl TsokecTr [A.

IMocne mposenearnoro ANOVA/MANOVA ycra-
HOBIIEHO, uTo conepxkanne KT u OK noctoBepHo BIH-
€T Ha HMHTErpaJbHBIE COHOTpaduuecKue NpHU3HAKU
T'A. OgHOMaKTOPHBIN TUCTIEPCHOHHEBIN aHAIH3 OKa-
3aJ1 BiusiHUE akTUBHOCTU 1D Ha cTeneHsb CyKeHus cy-
CTaBHBIX INeJNIeH, pa3BUTHE SMHU(U3APHOTO OCTEOMO-
po3a ¥ U3MEHEHHs POroB MEHUCKOB, ypoBeHb KT — Ha
¢dopmupoBanue kuct belikepa, OK — Ha HHTpaapTUKy-
nsipHble Tena ['opda. C yyeToM MOITydeHHBIX pe3yJib-
TaTOB MBI CUHTaeM, 4TO cojepxaHue B kpoBu KT<2
/M1 (<M-SD 6omsHBIX ¢ KHcTaMu belikepa) siBisercst
(haxTOpoM prcka pa3BuTus KucT belikepa, a runokans-
muToHnHeMus <4 mr/mi (<M-SD 310poBEIX) ydact-
ByeT B IAaTOTCHETHUYECKHUX ITOCTPOCHHUSIX ITOTO IIPO-
necca. Boicokue 3nauenus N (>2 o.e.) Moryt y 60ib-
HeIX ['’A BIMATE Ha pa3BUTHE BHYTPHCYCTABHBIX
KaJbIIMHATOB, KUCT belikepa u ten [odda.

Kak mokazan ananus YunkokcoHa-Pao, HU ofuH
n3 MKM He okxa3bIBaj JOCTOBEPHOTO BIUSHUSA HAa MH-
TerpajibHble MPU3HAKK MarHUTHO-PE30HAHCHOM TOMO-
rpaduu. Ilo nanusiM bpayna-®dopcaiita mapameTpbl
KaJIbLIEMUU BIMSIOT Ha pa3BUTHE TpaOeKyJSIPHOTO
OTeKa B MBIIIENIKaX OeAPEHHON KOCTH U OCTEOKHCTO3a,
a TaKKe M3MEHEHMs 3a/IHer0 pora MeIHalbHOTO Me-
HHCKa, ypOBEHb MarHeMHUH OKa3bIBa€T BO3/ICHCTBHE Ha
MOSIBJIIEHHE TPaOSKYIISIPHOTO OTEKa B MBIIIENKAX OOJIb-
mebeprioBoit koctu, [II' — Ha M3MEHEHHs TEepeIHETro
pora satepaibpHoro Menucka, OK — Ha ¢popmupoBanne
BHYTPUCYCTaBHBIX XOHAPOMHBIX Tel. MHTerpanbHblit
nokasatesab N BIMSIET Ha IMOSBJIEHUE BHYTPUCYCTaB-
HBIX XOHJPOMHBIX T€JI ¥ Ha W3MEHEHHs 3aJHEro pora
MeIUajJIbHOTO MEHHUCKA.

BoiBoabl. YV GonpHEIX I'A HaOMIOMAIOTCS 3HAYH-
TelbHbIE M3MEeHeHus1 B KpoBu MKM, kotopsie nposiB-
JISIOTCSI ANCOATIAHCOM OCTE0ACCOIIMMPOBAHHBIX MaKpPO-
anemenTtoB (Ca, Mg, P) ¢ pa3BuTHeM THITOKAITBIIEMHH,
KOTOpasi pETUCTPUPYETCS] COOTBETCTBEHHO B 98%, BEI-
cokoi aktuBHOCTRIO LIID (B 47% ciy4aes), mpu3Ha-
KaMU TUIepHIapaTUPEOUU3Ma U THIEPOKCUKAIIBIIMHU-
Hemueil. Hapymenust koctHoro metabonusma npu I'A
CBSI3aHBI C TEMIIAMH MPOTPECCHPOBaHMUs 3a00JIeBaHUS
U pacpOCTPaHEHHOCTHIO CYCTaBHOI'O CUHJPOMA, a MO-
xazarenu MKM MoryT umMeTs NporHOCTHYECKOE 3HaUe-
nue. MKM (ocTeoacconupoBaHHbIE MaKpOIJIEMEHTHI
u ropmonsl — III', KT, OK, a Taxke ¢epment 11D)
Y4acTBYIOT B MNATOTE€HETHMUYECKHX HocTpoeHusix ['A,
OTIpeNeNsisi pa3BUTHE OTAENBHBIX PEHTICHOJOTHYe-
CKHX, COHOTpPa(UIeCKHX W MarHUTHO-PE30HAHCHBIX
APTUKYJSPHBIX W NEPUAPTUKYISAPHBIX MPU3HAKOB IIa-
TOJIOTUM KOJICHHBIX CYCTaBOB (CTEIICHb CYXEHHS Cy-
CTaBHBIX IIeNeH, Snu(pu3apHbIil 0CTEONopo3, TpabeKy-
JIIpHBIA OTEK B MBIIIENKax OeapeHHOW u Oosbiedep-
LIOBOM  KOCTE€H, H3MEHEHHUsS PpOIOB  MEHHUCKOB,
(dopmupoBanue kuct belikepa, MHTpaapTHKYISPHBIX
XOHAPOMHBIX Tei U Tea ['odda).
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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 11-111 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 3 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
4™ 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 “guilty” 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 — to research the use of
extracorporeal immunopharmacotherapy as a method
of supportive care in patients with cervical cancer and
ovarian cancer of Il-11l 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 T2-3No.1Mo stage (I1-111

clinical stages), as well as 198 patients with ovarian
cancer T2.3No-1Mo stage (II-111 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 «Theratron» or
«AGAT-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
CcC oC
Methods of Immunotherapy 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 1% group (control group) of patients
immunotherapy was not performed.

In the 2" 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 ° 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

200-250
ml
Blood
sampling in
sterile con-
tainers

Reinfusion of
activated cells

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).

Incubation of sampled blood
with immunomodulator during
60-100 minutes

g

200-250 Extraction of plasma, separation of
mi leuko clot mass by a centrifugation .
Blood — Removing of 50-80 ml of the upper
A layer of centrifugate
sampling in
sterile con-
tainers
\ Incubation of extracted leuco clot
Reinfusion mass cells and erythrocyte mass with
of activated Tymolinum during 60-100 minutes
cells

Puc.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 45,7+7,07
years. The age of patients with ovarian cancer was from
23 to 75 years of age, mean 42,6+6,5 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 Il u I11 level of toxicity %)

Groups of Patients
EIFT, Plasmapheresis +
Indication Control group, n=95 n=76 EIF'IF'), n=64
Level of Toxicity
| 1l | i 1 i
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 patients’ 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 1l u Il level of toxicity %)

Groups of Patients
EIFT, Plasmapheresis +
Indication Control group, n=78 n=67 EIF'IF'), n=53
Level of Toxicity
1 1l 1 i ] 11
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
\omiting 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 - 58,7+5,8%; in the 2nd group of
cervical cancer patients receiving EIFT without
plasmapheresis - 69,3+6,2% (P=0.037), in the third
group of patients with cervical cancer treated with EIFT
and preliminary plasmapheresis - 74,3£7,1%
(P=0.041). In patients with ovarian cancer this figure in
the 1st control group of patients without
immunotherapy was 62,5+6,1%; in the 2nd group of
patients with ovarian cancer receiving EIFT without
plasmapheresis - 71,5+6,7% (P=0.036) and in the third
group of patients with ovarian cancer receiving EIFT
with plasmapheresis - 76,5+6,3% (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 Il-111 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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AHHOTAN NS

Lenb paboThl — ONPEAEIUT TUArHOCTUYECKYIO poiib Tpex(a3oroii ocreocumuTUrpaduu (3-¢p OCT') B pan-
HEM MPOrHO3MPOBAHUU NAPAIHAONIPOTEC3HBIX OCJIOKHECHHUH T3306€Z[peHHBIX 1 KOJICHHBIX CYCTABOB Yy JIMKBUAATO-
poB aBapuu Ha UepHOOBUIBCKON aTOMHOM 3nekTrpoctannmu. Meromom 3-¢ OCI' ObuIM MCCIEAOBaHBI pano-
HYKITU/THBIC KHHETHYECKUE ITapaMeTphl BKIIOUSHHS B pactipeneneHus paanodapmmnpenapata (POII) B mopaken-
HBIX CyCTaBax y 75 MyX4UHH. Y CTAaHOBJIEHO, YTO pacyeT KOJIMUECTBEHHbIX NOKa3aTeneil kuneTuku POII Ha pasHbIX
craguiax 3-(1) OCT no3BoJmn OMIpPEACINTb TOCTOBCPHBIC pa3JININA B MeTa00INYECKUX H3MEHEHUIX OYaroBbIX I10-
pakeHHIA B CYCTaBHBIX CTPYKTYpaxX, YTO SBIIICTCS ONITUMHU3UPYIOMNM (pakTopom nuddepeHnnansHo-HarHoCTH-
YeCKHX BO3MOKHOCTEH PaAUOHYKIMIHOIO MCTOJAa UCCIICAOBAHU A MMALIUECHTOB IPH SOHAONPOTE3UPOBAHNUU Ta3o6e11-
PEHHBIX M KOJICHHBIX cycTaBoB. Knneruka ocreorpornHoro POII B ouarax ¢uxcanuu nopakxeHHbIX CyCTaBOB IPH
MH(EKIMOHHBIX U BOCHAIUTEIBHBIX MPOLECCaX XapaKTepH3YyeTcsl JOCTOBEPHBIM IpeodiaJaHneM pPEeTeHIMU U
YACTIBHOTO HAKOIUICHHS WHIUKATOPa B paHHEW M OTCPOUYCHHOM cTatuueckoit ¢aszoii 3-¢ OCI mo cpaBHEHHIO C
ouaramu ukcaunu POII npu nepopmupyromux ocreoaprposax (p < 0,05), 4To KOppenupyeT ¢ pa3TuuusIMU B
JECTPYKTUBHO-PENapaTUBHBIX IIPOLECCaX B HUX.

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.

KiroueBble c10Ba: ocTreocuuHTHTpadUs, YHIONPOTE3NPOBAHHE, Ta300€IPESHHBII U KOJICHHBIH CyCTaBHI, pa-
JuohapMaIeBTHYECKIH Tpernapar.

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

Introduction. In recent decades, the issue of mor- Total arthroplasty is a revolution in the treatment

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].

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 = 12.4. The total number of control group was
42 patients aged 25 to 73 years old, mean age 58.3 £
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]:

« Stage I - angiographic phase (AF); was per-
formed immediately after intravenous bolus injection
of 600-800 MBq of 99mTc-methylenediophosphonate
(99mTc-MDP);

« 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;

» Stage I1I - 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:

* F - Specific maximum accumulation of RF in the
area of 3-F BS.

* P - relative accumulation ratio in the area of 3-F
BS.

* A - asymmetry of accumulation of RF during 3-
F BS in pathological center and symmetric intact site.

* Parameters of the quasi-linear approximation of
the phase of the equilibrium concentration of the angi-
ographic curve (a — angular coefficient; b — initial ordi-
nate).

* FX - area under the angiographic curve.

« 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. FX 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)
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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).
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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
— 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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AHoTAaNis

Po3noBcromkenicTh anepriudoro puHity (AP) 3a MuHyIne necatupivds 301IbIIUIACE B ISCATKH pas3iB iy 2—3
pasu mepeBuilye Taky npu OponxianpHiit actmi (BA), csratoun 20-30 % B momynsiii. HeanexBatHe nikyBaHHS
AP Moxe IIpHU3BECTH 10 NMOSIBH a00 3arocTpeHHs bA.

3acToCcyBaHHSI aHTHUMEAIaTOPHUX JIIKApChKUX 3acO0IB TPaJULIHHO BiJHOCATH 10 0a30BOi MPOTHANIEPTiYHOT
tepamii. binactun (Hikcap)— CHHTETHUHMI Mpemnapar, o € MOXiTHUM MiNepUINHY, BIIIOBIIa€ NOTOYHUM KpPH-
TepisM eBporneiickkol akaaemii kiiHiuHOT imyHomorii (EAACI), a rakox kputepisim ARIA, aist ntikiB, sIKi BAKOPH-
CTOBYIOTBCSI IIPH JIiKyBaHHI anepriunoro puHity. [IpoBonunu nocmimkenns Hikcapy y 26 xBopux Ha AP 3 anep-
TYHUMH ypa)KEeHHSIMH IIKIPH 3 BUKOPUCTAHHSIM OJIAHKY CAMOKOHTPOJIIO MAIi€HTIB, 32 IKUM OLIHIOBAJIH KJIIHIYHY
e(eKTUBHICTh 32 OCHOBHMMHU cuMnToMamu AP Ta aneproaepmarosy 3a OanbHOIO IIKAIOK0. 3aCTOCYBaHHS Ipema-
pary HIKCAP no3Bonuio 3MeHIIUTH TMPOSBU a00 JOCSATTH PEMICil aJepriyHOro pUHITY, SIK caMOCTIHHOI HO30-
JIOTIYHOI OJMHUI, TaK 1 B TIOEIHAHHI 3 AEPTIYHIMHU BPaXKEHHIMH IIKIPH, IO TA€ MOXKIUBICTh PEKOMECHyBaTH
Horo muis Teparii MoeHAHOT AIepromaTooTii.

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.

Kuro4oBi ciioBa: anepriqauii puHiT, OLTACTHH, HiKCap

Keywords: allergic rhinitis, bilastine, niksar

PosnoBcromkenicty aneprigaoro puHity (AP) 3a
MUHYJIE JeCATUPIIUs 301IbIIMIIACh B IECATKA Pa3iB iy
2-3 pasu mepeBUIIye TaKky npu OpoHXialbHIH acTmi
(BA), caratoun 20-30 % B momysrstmii. Cepen MicbKOTO
HacCeJICHHS I MOKa3HUK KOJHMBAETHCSI B MexKax 13,9—
19,8 %, a cepen cinmbebkoro — 7,3-13,8 % . 3a HarmmMu
nmannMu, B UepHiBIsax ta YepHiBelpkiid odmacti — 17%.

3B'130k Mixk AP i BA, OyB HeoHOpa30BO miATBEp-
JUKeHU# y Garathox nocmimkeHHsX. Jo 80 % xBopux

Ha BA Bigmivarote nepiognuHi sBuma AP. 3 iHmoro
00Ky, BiJicOTOK XBOpux AP, 10 CTpaKIar0Th aCTMOIO
(38%), 3HAYHO MEPEBUIYE YACTOTy 3yCTPiHaEMOCTI
aCTMH B 3aralibHIH momysiAwii. Y niTed gacrimre, HOK y
JOPOCIIHX, BigMivaeThes moenHanus AP ta BA.

HeanexBatHe smikyBaHHS AP Moxe mpu3BecTH 10
1osiBu abo 3arocTpeHHs BA.

TicHuit aHaroMiuHMI 1 (izioyOriuHUN 3B'SI30K
(criytbHICTB CNTU30BOT 0OOJIOHKY, HAsIBHICTh HA3AJILHO-
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OpoHXiaTbHOTO pedIIeKCy, poJb TiICTaMiHy B PO3BUTKY
1 acTMH) BEpXHIX 1 HIKHIX TUXaJbHUX MUIXIB, pe-
3yJAbTAaTH IMYHOTICTONATOJNIOTIYHUX 1 1HIIHX J0-
CJIIKEHb JO3BOJISIOTH MPHUITYCTHTH, 10 cuMnToMu AP
i BA MoxHa po3rismaTH SK MICIEBi MPOSBU CHUCTEM-
HOTO 3amajibHOTO Tporecy [2,3,6].

AP Takox HeOe3NeYHUN CBOIMH MiCLEBUMH
YCKJIQHEHHSIMHU. 3acBiueHo, M0 3a HasBHOCTI AP
3pOCTa€ YacToTa CHHYCUTIB, TOCTPUX 1 PELIUANBYIOUHX
CepelHIX OTUTIB. X04a OCTaTOYHO He3’ sSICOBaHI maTore-
He3 TOJIIN03y HOca Ta PoJib IPH IIbOMY alleprii, yce k&
JIesIKi aToreHeTHyHi MexaHi3Mu AP 1 nomnino3y ogHa-
KOBI, 1 B marjienTiB 3 AP gacTto 3HaxomsaTh nominu. AP
CYTTEBO 3HIKYE SKICTh JKUTTSA XBOPHX, 0 OyJI0 HOBe-
JIEHO B 0araTboX CBITOBHX AOCIimKeHHAX [1-6].

ArepreHy, 10 MOTPAIUIAIOTh B JUXaIbHI MIIIXH
XBOPHX, 3B'S3YIOTbCS 3 IMyHOrNIOOyIiHAMH Ha IIO-
BEpXHI OIACHUCTHUX KJITHH, ¥ Pe3yibTaTi 4Oro BimoOy-
BAETHCS IXHS JETpaHyJIsLis, a 3anajibHi MEeiaTopH, 110
BU3BOJISIFOTHCSI — TiCTaMiH, OpaMKiHiH, IEHKOTPiEHH 1
NpOCTaryaHiHl — BHUKIUKAIOTh JIOKAJIbHY TOCTPO-
(hasHy BIAMOBIAB (CEKpEIlis CIU3Y MiACIH30BAMH 3aJ10-
3aMH, HAOPSK CIIM30BOT).

ITi3Hs BiANOBIAB, IO OB'A3aHa 13 BUKHIOM LIUTO-
KiHIB 1 XeMOKIHIB OMACHCTUMH KJIITHHAMH, CTUMYITIOE
npoutideparito, TuQepeHIIIFOBaHHS i XEMOTaKCHC €03HU-
HOinmiB i T-miMmpomwmriB-xenmepie 2-ro tumy (Th2).
Th2-mimMdoruTy, BUAUIAIOYN TUTOKIHU, MATPUMYIOTH
XpOHIYHE 3aIaJeHHS.

AnepriuyHe  3amajieHHs, 10  3alyCKaeThCs
paHHBOIO (ha3010 ayepriyHoi BIAMOBIAI Ta MIATPH-
MYETBCS 3aJIy4EHHSIM Y MPOLEC KIITHHHUX yYaCHHKIB
mi3HBOI (ha3u, € 00'€KTOM BILUIUBY JACKUIBKOX TPYII MPO-
THAJICPTIYHUX NpenapatiB. BukoprcranHs uux npena-
patiB J103BOJISIE 3arajlbMyBaTH TPHUTSATHEHHS B 30HY
ANEPTiYHAX peaklill KIITHH 3amaieHHs W iH)impTpa-
iI0 TKAaHWH UMY KIIITHHAMH, IPUTHITHTH BUPA3HICTh
mi3HBOI (pas3w Ta 11 HACTIAKY Y BUTIISI HecTIeu(piaHOT
TKaHWHHOI TillepeakTHBHOCTI. TOMy 3aCTOCYBaHHS Ta-
KHX JIIKapCHKHUX 3aC00iB TPATUIIIIfHO BiTHOCATH 110 Oa-
30BO{ MPOTHANIEPTIYHOI Teparii [5].

Bupasna kiiHiyHa cHUMITOMAaTHKa, 110 3abe3re-
Yy€eThCS y4acTIO TiCTaMiHy, JO3BOJISIE PO3MIISIATH IO
010JIOTIYHO aKTHBHO PEUOBHHY, SIK OJUH 3 HAWOUIbII
MeJiaTopiB aneprii. UYepes HI-peuenTtopu
3IIHCHIOETBCSI 30KpeMa, 000B’I3KOBa y4acTh TiCTaMiHy
B TIATOTEHE31 allepriuHUX peakliii HEeraHOTo THIY.
OTxe, aHTUTiCTaMiHHI Tpenapata  (OJIOKaTOpU
TiCTaMIHOBHX DELENTOPiB) € HAWBAXIIUBIUIIOW TPY-
MO0 MIPOTHAJIEPTIYHIX 3aC00iB. 3BaKAIOUH HA CYTTEBE
3pOCTaHHS alepriyHuX 3aXBOPIOBaHb, MOTPeda B IIMX
JKapChKixX 3aco0ax MmocTiiHo 30umbIyeThes. [locTiitae
yIOCKOHaNeHHs aHrtaroHictie Hl-pemenropiB mpu-
3BEJIO /10 MOSBHM Ha (papMameBTUYHOMY PHHKY KpiM
KJIacHIHMUX (1-T0 TOKOMIHHS), MPOTHAIEPTIYHUX Mpe-
napariB HOBOT SIKOCTI — 2-T0 Ta 3-r0 MOKOJIiHb, SKi KPiM
BruiMBy Ha H1-perientopu, NpUrHidyOTh BU3BOJICHHS
JIEHKOTPIEHIB Ta MPOCTATJIAHIUHIB B CIN30BUX JUXaJThb-
HUX [UIIXIB, TAJIBMYIOTh Mirpamnito eo3nHo¢iIiB Ta ar-
perariro TpOMOOIIHTIB.

binactuH — cuHTEeTHMYHMI mpenapar, MO €
MOXIJHUM HINEpHUINHY, HaleXUTh N0 mnpenapartiB Il
MOKOJIHHS, JUISl HEPOPAIBHOTO 3aCTOCYBaHHS, BIIEPIIE

cuHTe30BaHMi B Icmanii Ha mouyatky XXI cTOMITTS.
BimactuH BimmoBigae MOTOYHUM KPHUTEPisM €BpOTICH-
ChKO1 akaneMii Ta kiaiHiaHo1 imyHoorii (EAACI), a Ta-
ko kputepisim ARIA, mig mikiB, sIKi BUKOPHCTOBY-
FOTBCS TIPH JIIKYBaHHI aJlepriqHOTO PHHITY.

[Ipenmapar MmBHAKO BCMOKTYEThCS ICIA IEPO-
pabHOTO 3aCTOCYBaHHsI, JIOCSATAIOYM MaKCHMAaJIbHOT
KOHLEeHTpawii B mia3Mi kposi uyepe3 1-3 rox. Tpu-
BaJICTh e()eKTy CTAaHOBUTH 24 ToA. Y pa3i HOBTOPHOIO
BUKOPHCTAHHS HE Bi3HAYAIOTh KyMYJISLIiT, OCKIIBKH B
MeYiHIl 610TpaHChOpPMyY€EThCs Juiie 5% T03u. 3aBIsSKU
MiHIMaNbHI# Bean4yuHi OioTpaHcopMarii B opraHizmi
OimacTWH MOKHA TIPH3HAYaTH NAali€HTaM i3 3aXBO-
proBaHHAMH rewiHkd. [Ipemapar He 3MIHIOE €IEKTpO-
(i3i0JIOTIYHAX BIACTUBOCTEH MioKapaa, IO Ja€ MOXK-
JIUBICTH 3aCTOCOBYBATH IpeNapaT y XBOPHX i3 CEpIIeBO-
CYIWHHOIO TTaTOJIOTIE0.

MATEPIAJIA TA METOAN JOCJIIJIDKEHH A

Ha 6a3i myJsMOHO-aJIeproJIOTiYHOTO BiUIUICHHS
obuyiacHOi KJIiHIYHOT JikapHi M. UepHiBLI NPOBOAMIN
JOCITIDKEHHS] aHTUMEIIaTOPHOTo Ipenapary y 26 XBo-
pux Ha AP 3 aneprivHUMH ypaKeHHSIMH HIKIpH (peru-
JMBHA KPONHWB'SHKA, aTOMIYHHUN JEPMATHUT) 3 METOIO
BHUBYCHHSA HOTO e(eKkTUBHOCTI. [lamieHTaM mpoBeneHo
MoHoTepamito  OimactuaoM  (HIKCAP, xommaHsii
«Berlin-chemie»), sixuit npu3Havamm y 1031 20 mr 1 pa3
Ha 100y mpoTsrom 24 nib.

Bcim marmieHTaM MpoOBOIMIN 3araTbHOKITIHITHE Ta
(yHKIIOHATBPHE JOCIHIIKEHHS, BU3HAUCHHS 3araib-
Horo Ta crenudpiunux Ig E (mepeBaxkana ceH-
cuOiizaist 70 cyminri Tpas -53,5%). Y 37% obcrexe-
HHUX XBOPHX BUSBHJIACH JI0JATKOBa CEHCHOLII3AIs 0
MOOYTOBHX Ta Xap4OBHX AJIEPTEHIB.

[Tpu o6'exTuBHOMY orusini JIOP-opraniB BUKOpH-
CTOBYBAJIUCh 3arajbHONPUIHATI MeToauku. [IpoTsrom
JOOM [0 MpHWIOMY JOCIHIIKYBaHOTO IIpermapary i B
Mepiol CHOCTEPESIKEHS TOCTiKYBaHI HE MpUAMAaId
HIII JIKapchbKi 3aCO0M, IO MAalTh aHTUMEIIaTOPHY
Iiro.

PE3VJIbTATU
OBI'OBOPEHHAI.

VYeci xBopi, SKi NpUiMai y4acTh B KIIHIYHOMY
JOCII/DKeHHI, Manu KIiHi4HI, JabopaTopHi Ta
¢byHkiioHanbHi 03Haku AP. OCHOBHMMU CKapraMmu Jo-
CJIIDKYBAHUX XBOPHX OYyJIU: 3aKJIQJICHHS HOCA, CIIU30BI
Ta BOJSIHUCTI BHJIJICHHS 13 HOCA, HANa/W YXaHHS, 3y]
y HOCi, BTpaTa HIOXY, IEpPIOJUYHUI TOMOBHHUN Oilb.
IIpu piHOCcKOMii BW3HAYanach TiMepIUIa3is CIH30BOT
000JIOHKH MOPOXHUHM HOCa pi3HOTO cTyneHo. Y 70 %
XBOPHX BIIMIYaJIHCh TOMIPHI MPOSBA CUMITOMIB AP
(mepcucryrounii nepeodir cepeHboi Baxkocti), y 30 %
XBOPHX — JIETKI.

XBOpUM MPOBOJWIOCH 3arajJlbHONPUMHATE J0O-
CJIIJKEHHS 3arajbHO-KIHIYHAX Ta 010XIMIYHHX ITOKa3-
HUKIB KpoBi. OTHUM i3 KPUTEPiiB I BKIIOUEHHS XBO-
PHUX y AOCHiIpKEHHs OyJH iX HOpManbHi ITOKa3HUKH.

s mpoBenenHs pobotn OyB cTBOpeHMI OJaHK
CaMOKOHTPOJIIO MAIli€HTIB, 3a SKUM OIIHIOBAIIN
KJIHIYHY €()eKTHBHICTh 32 OCHOBHUMH CHMITOMaMH
AP 3a GampHOIO 1IKa0k0 (KoxeH cumitoMm 0-3 Oanm,
MakcHMaJibHa cyma OaniB - 12). 3a 0 6aniB Mu Hpuii-
MaJll BiZICYTHICTH CUMNTOMY; | - TPOSBHM CHMITOMY

JOCIIIXXEHD TA
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MEHIIIe TOIWHU MPOTATOM THS; 2 - TPUBAIICTh CHMII-
TOMiB MPOTATOM TOJAWHH HA JICHb; 3 - TPUBAJICTh CUMII-
TOMIB TIOHAJ TOAMHY MPOTATOM IHS 3a HAasSBHOCTI
CYITyTHIX CHMITOMIB, TaKHX SK 3arajilbHa CIaOKiCTh,
TOJIOBHUI OiTb, SIBUIIAa KOH IOHKTHUBITY, 3y MIKipH.
OTpumaHi OaHi CBig4aTh Mpo Te, IO 3aCTOCY-
BaHHs npenapaty HIKCAP npusseno no cyrreBoro
3MEHILIEHHS! CUMNITOMaTHKU AP Ta IIKipHUX HpOSBIB.
Mu He 3adikcyBasiil €mi30/iB HOPYLICHHS apTepiaib-
HOTO THCKY Ta MaTOJIOTTYHOI 3MiHM YaCTOTH CEPLEBHUX
cKopoueHb. bioXiMiuHI OKa3HUKH KPOBI Y XBOPUX Ha
AP BiporiziHO He BiJpI3HSUIMCS BiJ HOPMH, TOOTO 3a-
crocyBanHs mnpemnapaty HIKCAP wHe Bukimkano

Oi0XIMIYHHX 3MiH y CKJaJli KpPOBi, ITOKa3HUKAX JIEHKO-
IUTapHOI (HOPMYIIH.

BincyTHicTh edexTy crocTepiraiv y OQHOTO XBO-
poro. Ilpu AP 3acrocyBanns Oimactuny (HIKCAP)
CHPHUSIIO 3MEHIICHHIO HEOOXiTHOCTI B 3aCTOCYBaHHI
JNEKOHTeCTaHTiB. [Ipu CymyTHIH perumIuBHIN Kpo-
MUB'SIHIII BUKOPHUCTaHHS OLNAacTHHY HaJlo0 3MOTY Ky-
MyBaTH 11 3arOCTPEHHS ¥ 3MEHIIIUTH a00 YCYHYTH MPO-
SIBU aJIeprojiepMaro3y Ha 2-3 AeHb BiJ HOYATKY JIKY-
BaHHS.

Pe3ynpraTy OLiHKY 3MiH OCHOBHHX CY0’€KTUBHHUX
CHMITOMIB 3aXBOPIOBAaHH: y XBOPHX HaBeIECHO B Tal-
THL.

Cumnrom Jo mikyBaHHS [Ticns mikyBaHHS
Punopes 2,83+0,35 1,0240,18
3aKimazeHicTh HOCA 1,65+0,21 0,68+0,30
Hanaan uxanas 1,99+0,45 0,65+0,17
CBepOiHHS B HOCI 1,85+0,50 0,25+0,23
[IkipHi NPOsSBH aNepriyHoro 3a- 1,5520,10 0,3840,30
TTAJICHHS

Crhix BiAMITHTH OCOOIHMBOCTI TpPHU3HAYEHHS [IO-
CIIDKYBaHOTO Tperapary. [lamieHTaM 3 MO€IHAHOIO
aJIepPromaTojIori€l0 Mpemapar CJil 3acTOCOBYBaTH
TUIBKHU B NEPi0JI KOHTAKTY 3 anepreHamu. [lamieHram 3
ce30HHUM AP JiKyBaHHS MOXXHA NPHUIMHUTH IICISA
CYTTEBOTO MIOM’SIKIICHHSI CHMIITOMIB Ta IOHOBJIFOBATH
micys iX MOBEpHEHHSI.

3a maHMMU JOCII/DKEHHS, 3aCTOCYBaHHs Oina-
CTHHY B 1031 20 MT Ha 31aTHICTb KEPYBaTH TPAHCIIOPT-
HUMH 3acobamu He BrumBae (14 mamientiB). [Ipote
MAIiE€HTIB cIi iHQOPMYBaTH PO Te, M0 B OKPEMHX
BUIIaJIKaX, 3a [aHuMH KomaHii «Berlin-chemiex»- mpe-
mapaT MOXE BHKJIMKATH COHJIMBICTH i, TAKIM YHHOM,
BIUTMBATH Ha 3[aTHICTh KEPYBaTH TPAHCIIOPTHUMH 3a-
cobamu Ta MPaIOBATH 3 MEXaHI3MaMHU.

BUCHOBKUA

VY pe3yabTati NPOBEJACHUX KIIHIYHUX TOCITIKCHD
npemnapaty HIKCAP moxHa 3poOUTH BHCHOBOK IIPO
BUCOKY HOT0 €()eKTHBHICTD IPH JIIKyBaHHI XBOPHX Ha
CE30HHUH aJepriyHuil pUHIT 3 ypakKeHHSIMH IIKipH,
PO IO CBITYATH 3MCHIICHHS CHMITOMIB 3aXBO-
PIOBaHHS.

Baxxmsoro nepesaroro HIKCAPy e mBukiii mo-
YaToK [ii, BIACYTHICTh CEJAaTHBHOTO €(EeKTy Ta Hera-
TUBHUX €(EKTiB HA CEPIICBO-CYANHHY CUCTEMY.

TakuM  YMHOM, 3aCTOCYBaHHs  Ipernapary
HIKCAP no3Bosisie 3MeHIIMTH TPOsiBU ab0 TOCITTH

pemicii anepriyHoro pHHITY, SK CaMOCTiHHOI HO30-
JIOTIYHOI OJWHUII, TaK 1 B MOEIHAHHI 3 aJepTiYHIMU
BP@XCHHIMU IIKIPH, IO JIA€ MOXIIUBICTh PEKOMEHITY-
BaTH HOTo0 JUIs Tepalii moeaHaHo1 anepronaroorii.
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AHHOTAN NS

[pennoxkeHa MOJEb TPEIIMHBI, OKPY)KEHHOH CII0OEM MaTepHana ¢ TpaJuieHTaMH IUlacTh4Yeckon nedopma-
1un. PacnipeiencHue miacTHueckon 1eopMaIiui B CJIOC YAOBICTBOPSICT YCIOBHIO HEMIPEPHIBHOCTH, IIPU KOTOPOM
MPOUCXOJUT IJIAaBHOC YBECINYCHUEC CTCIICHU MIaCTHYECKOMN ﬂe(I)OpMaHI/II/I OT HYJICBOI'O 3HAYCHUS B OGLCMC 10 MakK-
CHUMaJIbHOT'O 3HAYCHU HAa MOBEPXHOCTU TPCIIUHBI. Paccuurano pacnpeacicHuc Hal'[pﬂ)KeHI/Iﬁ B OKPECTHOCTH BEP-
MIWHBI TPCHIUHBI. B ocHoBe PacyYCTOB UCIIOJIB3YCTCSA paSBI/IBaeMHﬁ aBTOPOM MCTOJ DJICMCHTOB pCiIaKCalluu. Ilo-
Ka3aHO, YTO MaKCUMaJIbHast KOHIICHTPALHS HaNPsDKCHAUH HaOJIfoaeTcsl B 30He miactuaeckoit nedopmarmu (3[110).
[Ipu BBICOKMX TpaMeHTaX IJIacTH4ecKoil aedopMarin KoHIeHTpaus HanpsokeHu B 311J] MoxkeT Ha OpsAOK
MPCBLIITATh BHCIIHCC MTPUIIOKCHHOC HAIIPSAKCHUC.

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.

KiroueBble ciioBa: MOJCJIb TPCIINHBI, HaHpSDKGHHO-Z[e(I)OpMI/IpOBaHHoe COCTOSIHUE, T'PAAUCHTDI IT1aCTUYC-
CKO nedopmMariy, KOHIIEHTPAIUS HATIPSHKCHUN

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

centration

1. BBEJIEHUHE

B mexanuke aedopMmaiiii U pa3pylieHUs] BCTpe-
YaroTcsl OOJBIINE MaTEMATHUYECKUE M BBIYMCIUTEIb-
HBbI€ TPYAHOCTH, CBS3aHHBIE C YYE€TOM BIIMSHUS TLIa-
CTHYECKOU Je(opMaIliK Ha T10JIe HAPSHKEHUI BOKPYT
TpEIUHBL. [ TaBHBIM HEJOCTATKOM KIIACCHUECKOH Tpe-
mwmHEl [puddurca sBiuseTcs HaTUYWE CHHTYISIPHON
TOYKH B BEpPIIMHE TPEUIIHEI, MPUOIMKEHHE K KOTOPOH
MPUBOJUT K HEOTrPAHUYEHHOMY POCTY HaNpSKEHUS.
AHanu3 NoKa3bIBaeT, YTO CUHTYJIIPHOCTH HET, KOTJIa y
BEPIIUHBI TPEIIUHBI €CTh 30HA IUIACTHYCCKOU aedop-
Marmu. [lone HanpsHKeHU 3aBUCUT OT (POPMEI TIIACTH-
YECKOM 30HBI M XapakTepa pacrhpeesieHus TiacTude-
cKo# nedopmariuu B Helt. i MaioMacinTaOHON TeKy-
4ecTH (IS KBa3UXPYNMKUX MATEPUAIIOB) TPEIIIONKEHO
JIBa BapuaHTa (GOPMBI TUIACTUIECKOM 30HBI TIEpe]] Tpe-
LIMHOM, pacCCYMTaHHBIX COTJIACHO KpuTepusiM Tpecka u
Museca. PacueTsl noka3anu, 4To pa3Mepbl 30HBI ILIa-
crraeckort neopmanuu (3I1]]) ams cirydas mwiocko Je-
(hOpMHUpPOBAHHOTO BapHaHTa 3HAYHTEILHO MEHBIIIE,

4yeM B Clly4ae IJIOCKOHANPSDKEHHOTO MPUOIMKEHUS
[1]. Cornacuo mogaensm Upsuna [2, 3] u Jarneiina [4]
mna 3I1/], mo kpaitHelr Mepe, JOKHA OBITH B JIBa
pasa Oospure. KoHeuHOANIEeMEHTHBIE pacueThl IMOKa-
3aJli, YTO Ha CaMOM JeJle pa3Mephbl IUIaCTUYECKOi
30HBI, PACCYUTAHHBIE [0 JAHHBIM KPUTEPHUSIM, TOJIKHBI
ObITh emie Oosbime [1]. DTO O3HAYaAET, YTO JaKe IS
KBa3uXpyNKUX MaTepuanoB Hanuuue manoi 31 Tpe-
Oyer ydera BIMSHHS IUTACTHUECKOH nedopmanmu Ha
10JI€ BHYTPEHHUX HANPSKEHUH.

Merton pacuera Honist HAOpsOHKEHUS IPU HATUYHU
30HBI TUIACTUYECKON JedopManuy B TBEPIOM Tele C
TPELINHON 10 CHX Mop He pa3paboTaH M3-3a TOTO, YTO
HEBO3MOXHO C(OPMYJIHNPOBATh OJHO3HAYHON CBSI3U
IUTaCTHYECKOW nedopMmannu ¢ HampspkeHusamu. On-
HOMY W TOMY K€ TPAaHHUIHOMY YCJIOBHIO B HEYIIPYTHX
CMEIICHUAX Ha KOHTYpE 30HBI IUTACTHUECKOW nedop-
MaryH (T.€. OTHOMY U TOMY K€ HaIlpsDKEHHOMY COCTO-
SIHUIO TBepJOro Tena BHe KoHTypa 3I1/1) MoryT coot-
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BETCTBOBATh CaAMbIC Pa3HbIEC PACTIPEICICHNUS ITacTHYe-
CKOM nedopmanuy BHYTPH KOHTYpa, T.€. COOTBET-
CTBEHHO CaMble pa3HbIC pacIpeieiIeHus] HalpsHKeHUH
BHYTpH KoHTypa. C Ipyroil CTOpPOHBI, W3BECTHO, UTO
€CJIM B JJOKAJILHOM 30HE 3a1aHO IT0JIE€ INIACTUIECKOH JIe-
(opMmarmy, TO METOJaMH KOHTHHYAIBHOW MEXaHHKHU
MOJKHO OMPEICITUTh COOTBETCTBCHHOE TOJIC HaIpshKe-
HUIl B 00beMe TBepaoro tena. OQHAKO BOIPOC O pac-
MpeJICNICHUN TUIACTHYCCKON eopManuu BOKPYT Tpe-
IIMHBI OCTACTCS OTKPBITHIM.

B nanHOM paboTe npeanioxkeHa MoIeTb TPEUIHHEI,
OKPY>KEHHOH CII0EM C IpaJMCHTaMU TIACTHYCCKOH Jie-
tdopmarmu. Pacnpenenenne miactudeckoil gedopma-
IIH B CJI0€ YIOBJICTBOPSET YCIOBUIO HETIPEPHIBHOCTH,
IpH KOTOPOM TIPOHCXOAWT IUIAaBHOE YBEIMYEHHUE CTe-
TICHH TUIACTHYECKOH JeopManiy OT HyJIEBOTO 3HaUe-
HUSA B 00beMe /10 MAaKCHMAIBHOTO 3HAYCHHS Ha IIO-
BEPXHOCTH TPEIINHBI. B OCHOBE pacdeToB HCHONB3Y-
eTCSI pa3BHBAEMBId aBTOPOM METOJA  DJICMCHTOB
penakcauuu (MOP) [5].

2. IIOCTPOEHHE TPEINIHHBI C
T'PAJJHEHTAMMH ITVIACTHYECKOH
JAE®@OPMAILITHU

TpemuHa ¢ MOMEHTa 3apOXKICHHS BCEraa OKpy-
JKEHa CJIOEM IUIACTUYECKH Ne(OPMHUPOBAHHOTO MaTe-
puana. [loaToMy TpelMHy MPEJCTaBIsUId B BUAE dJI-
JUNTAYECKON TOJIOCTH ¢ moiyocsmu Dg u ao. Ilycts
TpPEIIMHA OKPY)KEHA CJI0eM TOJIIUHOM N miacTudecku
nepopMupoBaHHOTro Marepuana (puc. 1). bonblas mo-
JIYOCh DJIIHIICA (o HAIIPaBJICHA BAOJIb OCH X MEPIICH M-
KYJIApHO HaNpaBJICHUIO BHCHIHCIO IPUIIOKCHHOTO

HanpsbkeHus. [Ipu cTpemMileHuu OTHOILIGHUSI TTOJIyoCceH
ssnnca bolao (Mu paguyca KpUBU3HBI Ha KOHIIE 0OJIb-
oi momyocH) K Maioi Benuumue mopsigka 107 mo-
JIOCTH MOYKHO CUHTATh TPEIIUHOM JIMHOI 280. 3amada
CBOJIUTCSL K ONPENEIICHUIO MOJI1 HAIIPSDKEHUN AaHHOM
CHCTEMBI B YCIOBHAX OZHOOCHOTO PaCTsDKEHHS BIOJb
KOOpJAMHATHO# ocH Y.

VYcnoBue coxpaHEHUs CIUIOIIHOCTH (HENpephIB-
HOCTH) MaTepuaia TpeOyeT IUIABHOTO M3MECHEHHSI CTe-
MIEHU TUIACTUYECKO ehopMaliiu OT HyJis B 00beMe 10
MaKCHUMAaJIbHOTO 3HAUCHHS HA TMMOBEPXHOCTH TPCIUHEI
(Ha reomMeTpruecKkoll rpanuile nonoctu). [Ipemnomnara-
€TCs, YTO BHE BBIICIICHHOTO CJIOSl MAaTPHUIIa OTHOPO/IHA,
H30TPOIIHA U JePOPMHPYETCS YIPYTO MO IeiicTBHEM
PACTATHBAIOIICTO HAMPSKCHUS O, HAIPABICHHOTO
BIOHb ocH Y. Cioi BOKPYT TPEIIHWHBI PEICTABIIIA B
BHJIC BIIO’KEHHBIX JIPYT B IPYTa SJIEMEHTOB PeIaKCcalunu
(OP) smmmtugeckoit gopmer [5]. Bee ammrice B ce-
MEHCTBE MMEIOT OOUIHIA IIEHTpP B HaJaie KOOPAMHAT U
OCH, COBIMAJIAIOIIUE C OCIMH KOOPAUHAT. [{IUHBI TOTy-
oceit onpenensui pasercTBamu a(t)= ap+h(1 —t), b(t)=
bot+h(1 —t) (puc. 1), t - nepeMeHHas, U3MEHSIOIIASICS B
npeaenax ot 0 go 1. ITpu t = 0 momyocu MakcuMasnbHBI.
YBenuueHnue t COOTBETCTBYET NOCIEA0BATENHLHOMY I1€-
pexony OT BHEUIHETO 3JUTUICA K TeOMETPUUYCCKOMN JTH-
HuM nonoctu. KoHkpeTHoe 3HavueHue t BEIOupaeT orpe-
JeN€HHBI KOHTYp cemeiicTBa. [IpousBosibHass Touka
Ha OCH X COOTBETCTBYET KOHTYpY OP co 3HaueHHEeM

t=1-(x—a,)/h (€

TG

V

|

HU A

¥0

¥
bl)/’/
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Puc. 1. Dnnunmuuecxas nonocmo, OKPYACEHHAs 30HOU NIACMUYECKOU depopmayuu.

BayTpu xaxaoro 9P u3 naHHOro cemeiictsa 3aaa-
BaJIM BEJIMYMHY 3JICMEHTAPHOTO MAJACHUS HATIPSKESHUS
(3MeMeHTapHOTO TEeH30pa pelaKcalnud) B BHAC (QYHK-
LMY TIEpEMEHHOM t:

—do, :(B +1)Gtﬁdt, —1<B <. (2

CornacHo 3aBucuMmocTH (2) mapameTp [ 3amaer
N3MEHEHHE BEJINYMHBI PeJlaKCalluy MPU HeNPEePhIBHOM
nepexozie OT KOHTypa K KOHTypy. Uem Oounbiue B, TeM
Oonpire BenmuuHa penakcanuu. st OP cnpaBennus
MPUHIAI CYTIEPIIO3UINH, T.K. CYMMHUPYIOTCS 3JI€MEH-
TapHBIEe TS (peIIeHus ) A HAIPsHKSHUH B IPHOIH-
JKEHMU JTMHEHHOU Teopuu ynpyroctu. IIpu unrerpupo-
Bauuu dor 0T 0 710 1 K03 uIeHT HOPpMUPOBKH B+1
obecrieuBaeT BHYTPHU MOJIOCTH IIOJHOE OTCYTCTBHE
HanpspbkeHui. [lageHne HanpspKeHUs YBEINYHMBACTCS

o Mepe MPUOIIDKEHHS K IOJIOCTH. Puic. 2a mumoctpu-
PYET MHTErpaIbHbIHM MPOQHIIL OTHOLIEHUS —G1/G BIOJb
OCH X B IIpeeNiaX TOIIIUHEI clIos. BUIHO, 9TO pe3yib-
TUPYIOIIUH TEH30p pelakcaluu o obecrnevynBaeT
IUTABHOE YMEHBIIICHNE HanpsokeHus ot 0 B o0beMe Ma-
Tepuala J0 —C Ha T€OMETPUIECKON MOBEPXHOCTU Tpe-
muHbL. [103TOMY NIpH BHEIITHEM HAIPSDKEHUH G HA T'eo-
METPUUYECKOHN I'paHulEe TPELIMHBl HET HUKAKUX Hamps-
>keHuil. U3 puc. 2a BUJHO, UTO YBEJIHMUEHUE MapaMeTpa
[} TpUBOIUT K TOMY, YTO 3aMETHOE TMaJIcHUE HATIPSIKE-
HUS HAUWHAETCS MIPH BCE 00JIee MaJIBIX PACCTOSHHSAX OT
BEpLIMHBI TPEUIUHBI. J[pyruMu ciioBaMu, YBEJIUUEHUE
[ mpuBOIUT K 3 dEeKTy YMEHbIICHNS (PU3UIECKO TOT-
[IWHBI 30HBI INIACTUYECKOH MeopMannu BOKPYT Tpe-
LIUHEI.
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Puc. 2a. Ilpogunu omnowenus ovl o 6 sone
niacmuueckou oegopmayuu.

YMeHbIlIeHNE HANPSDKEHNUS! B DJUTUIICE HA SJIEMEH-
TapHYIO BEIIMIHUHY (2) COOTBETCTBYET HIIEMEHTAPHOMY
OJHOPOJHOMY TONIO IIJIACTHYECKOW Jedopmannu
BHYTpH 3Juuinca [5]

+~ g%

0.2

0.4 0.6 0.8 x-tiy
Puc. 2b. Pacnpedenenue nnacmuueckoii degpopmayuu

6 311/

rae £ — monyns FOnra, O —BHeIIHee Harpsxe-
HHE.

Nurerpuposanue Boipaxkernus (3) ot 0 1o 1 — x/h
OIPEICIUT pacIpeiesicHHe IIacTHIecCKo medopma-

deP :E(B‘*‘l) 142 a, +hl-t) thdt, (3) uwwm Bmomb ocu x. B wactHOCTH, TIpH B =u1 B CUCTEME
Y E b, +h(L-t) KOOpAMHAT C HA4aJIOM Ha KOHIIE OOJIBIION MOIyOCH do
MOJyYHM TIPOCTOE YpaBHEHHE MJIs paclpeleNeHust
IUTACTHYCCKOM AedopMaIiu epe] TPEIHMHOM:
4 | 3 2 b, + X (4)
eh =—=|—(h—-x)" +(a,—by)| x—h—(b, +h)In| =2
y Eh2 4( ) (ao 0) ( 0 ) s +h

Ha puc. 2b npodunu pacnpenenenuii mnacrude-
CKO¥ ehopMaIivy, COOTBETCTBYIOIIUE TEM XKE 3HAUC-
HUAM napamerpa 3, 9To u Ha puc. 2a. PaccMmoTtpeH ciy-
Yaii, KOr/1a TOJIIUHA ¢JI0s h ¥ Majiast moJIyoch 3JUTUICca
b B cTO pa3 MeHbIIIe GOBINON MOIYOCH AILTUIICA &, UITH
B JIBECTU pa3 MEHbIIIE JIUHBI TpeluHbl 2a. Moaynb
IOura £ = 70 GPa, xapakTepeH U1 TEXHHICCKOTO
anmoMuHusA [6]. BunHo, 4To pacnpeneneHue miacTuye-
CKOW medopManuu yIOBIETBOPSIET YCIIOBHIO HEmpe-
PBIBHOCTH (CIUIOIIHOCTH) MaTepHala, IIpu KOTOPOM B
CJIO€ TIPOUCXOINT IIABHOE YBEIMUCHUE CTEIICHH IUIa-
CTHYECKOU JeOpMaIlUi OT HYJISI 0 MaKCHMaTbHOTO
3HAUEHUs Ha CBOOOTHOM MOBEPXHOCTU TPEUTUHBI

(e}

gy (max) = = 1422 (®)

bo

W3 ypasuenus (5) cinenyer, uto npu bp—0 mia-
cTHYecKas le)opMaIysi CTAHOBUTCSI HEPEAITBbHO BBICO-
koi. Ha camoM znene nox aeicTBUEM BHEIIHETO HAIps-
JKEHMS TPOUCXOIMT PACKPHITHE OeperoB TPEIINHBI.
Kpome Toro, miactuueckas aehopmaiiys IpUBOAUT K
3aTYIJICHUIO BEPIIMHBI TPEUIUMHBI U PAJUNYC KPHUBU3HBI

Ha KOHIIE 0OJIBIION MOJyOCH HUKOTA He OYIeT paBeH
HyJI0. B yacTHOCTH, npu 3aJaHHBIX T€OMETPUYECKHUX
rmapaMeTpax MaKCHMaJlbHasi CTeNeHb IUIaCTUYECKOM
nedopmanuu y cBOOOZHOM MOBEPXHOCTH TPEIIUHEI KO-
nebnetcs B npeaenax 400150% (puc. 2b), uto cooTBeT-
CTBYET MAKCUMaJIbHOMY 3HAUEHHIO B IIEHKE IIIOCKOTO
o0pasia Ui CIUTaBOB AJIFOMUHHS HA CTaJUH Tpepas-
pyLIeHHs TpH BHEUIHEM HampspkeHMH o = 175 MPa
[6]. Panguyc kpuBU3HBI Ipu 3TOM cocTaBisieT 0.1 MKM.

3. PACYET HAIIPA?’KEHUA

Mexay aJIeMeHTapHbIM TEH30pOM pellaKCaluu
doy BHYTPH M 3JIEMEHTAPHBIM II0JIEM HANpsDKECHUI BHE
OP cymecTByeT aHanuTHYECKas 3aBUCUMOCTS [5]. 3a-
JAaHHWEM C TTIOMOIIBIO pacipeaeneHns OP BeTnauHsI pe-
JaKCallud B JIOKAIBHBIX O0JIACTAX aBTOMAaTHYECKH
OTIpeNieNIAeTCSI M PE3yNbTHUPYIOIIee HEOJHOPOIHOE
10JI€ HAIIPSDKEHUM BO BCEH IJIOCKOCTH, B TOM YMCIIE U
B caMoM cioe. CornacHo 3TOH 3aBUCHMOCTH, B CUCTEME
KOOpPJMHAT, N300pa>kéHHON Ha pHC. 1, U1 KOMIOHEHT
HATIPSDKCHUH BIOJH OCH X C y4eToM cooTHomeHu# (1)
1 (2) MOXKHO 3aIncath CIeAyIOIINe BEIPaXKSHNUS:
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do, :G(B+1)w
8

do,=c(B+1) 3 +hd-t) +

8, +h(1-1) X B __
3,y | X —a? +h? —2h(L-t)(a, —b,) Bt
—by [b, + h@—1)]' x |
[ - b —2n(-t)(a,~by) |
[b, +h@—-t)] N
[a, +h(1—1)](a, —by,)
x[a, —2b, —h(1-1)] oot
8-y | (a, —by)yx* a2 +bZ —2h(L-t)(a, —b,) (6)
N x[b, +h@-t)]’
(X2 —aZ +b2 —2h(L-t)(a, ~b,) |~

Kowmrnonenra dzy = 0.

Wnterpupys BeIpakeHUs (6) 1Mo TepeMEeHHOM {,
HEOOXONMO y4eCTbh, UTO BHE CJIOS IIPEEIIbl HHTETPHU-
poBanus 6epyrcs ot 0 1o 1, a B TOUKax, NONaJarONIHX

Bcnoﬁ,OTtIJ.—(X—ao)/hz[O 1.

V3meHeHHe pacnpelesieHus HalpsHKeHUs oy, CO-
TJIaCHO ypaBHEHHIO (6) IPH BapHaliy mapameTpa [3 ui-
JFOCTpUpYeT puc. 3. BuaHo, 94To B oTiIMUMe OT pele-
Hus ['puddurca, B JaHHOM ciiydae Ha KOHLE TPEIIUHEI
OTCYTCTBYET CHUHTYJSIPHOCTh. B NpHIIOBEpXHOCTHOM
CJIO€ HaIPsHKEHUE HENPEPHIBHO YBEIMYUBACTCS, HAYH-
Has OT HyJIA Ha KOHIIE pa3pe3a, IPOXOAUT Yepe3 Mak-
CHMYM, 3aT€M YMEHbILIACTCS, aCUMITOTHYECKU IPHU-
OMrKasich K BEIMYMHE BHEIIHETO HalpspKeHus o. 3a
npeaenaMu cI0sl KaUeCTBEHHOE U KOJTMYECTBEHHOE OT-
JIMYME KPHUBBIX MPAKTHYECKH HCYe3aeT. YBelMYCHHE
napaMeTpa [3 MpUBOJUT K POCTY KOHIIEHTPALIUH HaIIpsi-

60 .
6 Bzzi

© ,
6 hl’tm =10~

40

20

1
0.8 1

1
0.4 0.6 R
10°xhlay

Puc. 3a. Ilpodunu nanpsicenus oy 0ns
PasHbIXx 3HAYeHull napamempa L.

YmenbnieHre (GU3NUECKOW MIMPHHBI MTOBEPXHO-
ctu h (puc. 4) mpu MPOYNX PABHBIX YCIOBHSIX TaKKe
OpUBOAUT K JPQEKTy yBEIMUCHHS KOHIICHTPAIIUU
HaIpsDKEHUs B 30HE IIACTHUECKOH e opMaliuu U rpa-
JIUEHTa HAIpPSHKEHHUsS y MOBEPXHOCTH TpeuuHel. Ilpu

JKEHHS U CMELICHHI0O MakcHMyMa K HOJIOCTH. B mpe-
Jene npu —»oo nomy4aercst kpusas [ puddurca. [lpu-
BEJICHHBIIl MPUMep MMOKa3bIBACT, YTO yBEIMYCHHUE Ipa-
JIMeHTa TIACTHYECKOH AedopManii NPUBOAUT K yBe-
JIMYCHHIO KOHLCHTPALUK HanpshkeHus. [Ipu BEICOKOM
rpaJHeHTe HaNpsDKCHUE B 30HE IUIac-THYecKor nedop-
Malii MOXET Ha MOPSIOK MPEBBINIATH BHEITHEE TPH-
JIO)KEHHOE HaTpsDKeHHE. PacueT moka3pIBaeT, YTO B MH-
TepBasle OTHOLIEHUs No/ao mopsnka 103 u Menee oTiu-
4yue KPHBBIX Oy(X) NpakTUYecku wncyesaeT. Taxas
3aKOHOMEPHOCTh XOPOIIO MpeAcTaBlicHa Ha puc. 3D.
Bunno, uto B uHTepsane 3.125:10° < he/ap < 0 npo-
¢un kpuBbIX coBnanarot. [Ipu Gojiee BRICOKUX 3HaUe-
HUSIX OTHOIIeHus Do/ap Bemmumua by okassiBaer cyiie-
CTBEHHOE BJIMSHUE Ha KOHIEHTPALMIO HANPSHKCHUH B
30HE IUTACTHYCCKOH NedopMaluy: yBeIHnICHHE MaIon
MOJIyOCH JJUTAIICA MPUBOAUT K OBICTPOMY yMEHBIIE-
HHIO KOHLICHTPALUH HAIPSDKSHUSL.

1 L I
0.4 0.6 0.8 X

0 02

Puc. 3b. llpopunu nanpscenus oy Onsa pazHuix
snayenutl noryocu b.

X, @0 u h danwi 6 ycroenwvix edunuyax.

OTHOCHTENILHOH ToNIMHE 30851 MeHee 1073 koHnenTpa-
WS HATTPSKSHMSI CTAHOBUTCS Ha MOPSIIOK BHITIIE BHEIII-
HETO MPHUIIOKEHHOTO HAIPSHKCHHUS.



The scientific heritage No 18 (18),2017

39

20

I

0 | | |

0 1 2 3

4 5 6 Xx-ag

Puc. 4. Ilpoghunu nanpsscenus oy 8 OKpeCmMHOCMU 8ePUIUHBI MPEUUHDL.
Cmpenxu ykazvigarom epanuyy 311/].

Ha KOHLEHTpAIMIO HAMPSHKSHUS] CHUIIBHOE BIIHS-
HHE OKa3bIBACT M yBEJIMYCHHE JJIMHBI TPEIIUHBI (PHUC.
5). Ilpu sTOM, B OTJIMUKE OT CIy4aeB Ha puc. 3 u 4, ¢

YBEIMYCHUEM JUTHHBI TPEIIMHBI HATPSDKCHHUE YBEITHIH-
BaeTCsl HE TOJNBKO B MPUTPAHUYHOM CJIO€, HO U 32 €ro
npe/ienamMH, T.€. 00JIaCTh TOBBIIICHHOW KOHIIEHTPAIUU
HaNpsKEHUS CYIIECTBEHHO pacIIupseTCs.

40

10

]
0 10

I I
20 30 X-do

Puc. 5. Ilpopunu Hanpssicenus Gy 6 OKPECMHOCMU 6ePUILHbL MPEUUHbL OIS PASHBIX SHAUeHUT OnuHbL dg = 521,

[IpuBeneHHbIe MPUMEPH! MOKA3BIBAIOT, YTO IPH
BBICOKHX TPaJMEHTaX IUIACTHYECKOH nedopmManuu y
BEPLINHbI TPELIUHb KOHLEHTpAlUs HamnpsDKeHUil B
3I1JI MOoXeT Ha IOPSOK MPEBBIIIATh BHELIHEE TPUIO-
JKEHHOE HaMpsIKEHHUE.

4. 3AKIIOYEHHUE
B manno# paboTe npeiokeHa MoIeb TPEIIUHBI,
OKPY>KEHHOH CJI0EM IJIaCTHYECKH 1e(hOpPMUPOBAHHOTO
MaTtepuanga. PaccMOTpeHO HampsKeHHO-IehopMHpO-
BaHHoe coctosaue (H/C) crmommoi# cpenbl ¢ Takoit
TpemuHoil. Pacnpenenenue miactudeckoi aedopma-
IIH B CJIO€ yJIOBJIETBOPSIET YCIOBUIO HENIPEPHIBHOCTH

MaTepuana, MpU KOTOPOM MPOHCXOIOUT ILIaBHOE
YMEHBIIICHNE HaNpsDKeHUH OT 3HaueHui B o0beMe 10
HYJIEBOI'O 3HAYEHHs HA IOBEPXHOCTU TPEUIUHBL B oc-
HOBE PacdeTOB HCIOJb3YETCs Pa3BUBAEMBII aBTOPOM
METO/1 AJIEMEHTOB peiaKcaiuu [5].

ITokazaHo, YTO MaKCUMaJIbHBIH IPAJANCHT HAOIIIO-
JaeTCsl HANPSDKEHUH y CBOOOJHOW MMOBEPXHOCTH Tpe-
IUHBI, & MAKCUMaJIbHasl KOHLIEHTpaLUs HAPSDKEHUI —
B 30HE IUTaCTHUECKON eopmanuu. [Ipu BEICOKUX rpa-
JUEHTaX IUIACTUYECKOH nedopManuy KOHICHTPAIUSI
HanpspkeHnit B 311/] MoXkeT Ha MOPSIOK NPEBHIATH
BHEIIHEE NIPUIIOKEHHOE HAIPSIKEHUE.
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IIpeumymecTBa paccMaTpuBaeMol MOJENTH Oue-
BUHBI, IIOCKOJIFKY CHHTYJISIPHOE PEIIICHIE U3 HETO BBI-
TEKaeT KaK YaCTHBIM CIIy4ai, KOT/la TOJIIHWHA TPHUIIO-
BEPXHOCTHOTO CJOS CTPEMHUTCS K HYJIIO. YUY&€T TOI-
IIMHBI TTOBEPXHOCTH B BHIE CIIOS C TPaguCHTOM
TUTACTHYECKON ehopMaiy TO3BOJISIET O3 TOTIOHHU-
TEJbHBIX MPEANOJIOKEHUH aHAIM3UPOBATh KPUTEPUU
paspylleHus] KaK IUIACTHYHBIX, TaK U KBa3HUXPYIIKUX
MaTepuasoB.
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AHHOTAN NS

Ha npumepe perynaropa ypoBHsI B ieadpaTope pacCMOTPEHBI BApUAHTHl aBTOMAaTUYECKUX CUCTEM PETYIIUPO-
BaHUs1, IOCTPOCHHBIX Ha PA3IMYHBIX MPOrPaMMHO-TEXHUUECKHX cpeicTBax. MmocTpalysi mo3TaHoro nepexoa
OT aHAJIOTOBOH ammapaTypbl K nupOBOiA, IPUMCHICMOM 11 aBTOMATHU3aIllUU SHEProOIOKOB, a TaKXkKe KpaTKas
XapaKTepUCTHKA HCIOIb30BAHUS COBPEMEHHBIX METOJIOB PETYIMPOBAHMS TEXHOJOTHYECKUX MapaMeTpOB U3JIO-

JKCHEI B I[aHHOfI CTaThE.
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.

KuioueBble ciioBa: Perynsatop, ypoBeHb, 1eadparop, napameTp, KOHTPOIIb, KOMaHa, pEeryJIHpYIOIIHii OpraH,
6JIOKI/IpOBKa, OTKa3, HaACKHOCTh, BEPOATHOCTDH, JTUArHOCTHUKA, YIIPABJICHUC, aTOMHAA 3JICKTPOCTAHIIUA.

Keywords: Regulator, level, deaerator, parameter, control, command, regulating authority, blocking, refuse,
reliability, probability, diagnostics, management, nuclear power plant.

C10XHOCTh 1 MHOT000pa3ue 000pyn0BaHUs, IKC-
mwiyatupyemoro Ha ADC B yCIIOBUSIX paguallMOHHBIX
Harpy3oK, BBICOKHX JaBJICHUH M TEMIIEpATyp, a TaKkKe
3HAYUTEIGHOE YHCIIO M3MEpPSEMBIX HapaMeTpoB Tpe-
Oyer obecriedeHns BRICOKOH HAIEKHOCTH M OllepaTHB-
HOCTH ympaBiieHHs »Heprodiokamu ADC. B cBs3u ¢
9YeM, Hay4YHO-HCCIEIOBATEIbCKUMU M IPOMBIIIICH-
HBIMU TpeanpuiatusiMu denepasbHOrO areHTCTBA IO
aTOMHOW 3HEPruH pa3padaThIBAIOTCA M BHEAPSIOTCS
HoBble pacnpeneneHHsle ACY TII ¢ mpuHIIMIHAIBHO
HOBBIMHM BO3MOXXHOCTSIMH JJISi BHOBb CTPOSIIUXCS U
MOJICPHU3UPYEMBIX POCCHUMCKHX U 3apyOexHbIx ADC.
bazonoii cucremoit copemenHoit ACY TII sBasirorcs
nporpamMHO-TexHudeckue cpenctsa (IITC) HI30BOI
ABTOMATHKH, peaIn3yonye GyHKIMH cOopa 1 epBrd-
HOH 00paboTky MH(OpPMAIMH, aBTOMAaTHYECKOE M M-
CTAaHLIMOHHOE YNPABIECHUE HCIOIHUTENIBLHBIMU MeEXa-
HM3MaMH, Pealli3aluio 3aliT U OJIOKMPOBOK, aBTOMa-
THYECKOE PEeryJMpoBaHMEe, BbIA4y AaHAJOTOBBIX U
JUCKPETHBIX CHTHAJIIOB HA CPE/ICTBA ONEPATHBHO-IUC-
MEeTYEPCKOro YIpaBJiIeHUs, 00MEeH HHpopMauen ¢ cu-
CTEMOIl BEpXHETO0 GIOYHOTO YPOBHSI.

JeaspanmonHas ycTaHOBKa (J1ea’paTop) sBIseTcs
OITHUM 13 OOBEKTOB YIIPaBICHHS, B KOTOPOH aBTOMa-
TUYECKOE PETYIUPOBAHHE MapaMETPOB OCYIIECTBIIS-
ercs Ha Oasze [ITC.

OYHKIIMOHANBHO J€a’paTop HCHONb3YyeTcs s
MOJIOTPEBa TUTATENFHON BOJABI B pPEreHepaTHBHOM
LUKJIE TYpOOYCTaHOBKH U TEPMUYECKOH Aea’panuy oj-
HOBpPEMEHHO. JleaspanoHHas KOJIOHKA, B KOTOPOH
MIPOMCXOJUT OCHOBHOHN BBINAP INPEICTaBICHA Ha PH-
cynke 1[5, c. 110].

B HIDKHIOIO YacTh J€adpaTOpPHOM TOJOBKH, YCTa-
HOBJICHHOH HaJl aKKyMYJSTODHBIM 0OakoM IIHTaTellb-
HOW BozbI (14), moIBOAUTCS TPEIOIIU MTap MO KOJUIEK-
Topy (2). OCHOBHOI1 KOH/IEHCAT MOCTYIIAET B BEPXHIOIO
4acTh JIea’palvoOHHON KOJOHKH (7) M CIMBaeTCa BHHU3
Ha TOPU30HTAIBHO pacmojoxenHoe cuto (10), a 3atem
mpoxoauT OapOoTa)kHOEe YCTPOWCTBO (4) W BOJOHA-
TpaBIsOMAiA TUCT (6). 3a BpeMs TBMKCHUS BHHU3 OC-
HOBHOHW KOHJICHCAT HarpeBaeTcsl MapoM JI0 TeMIepa-
TYpbl HachIIEHUS IIpU 3TOM JaBiieHHH. OCHOBHas
YacTh TPEIOLIEro M1apa KOHJCHCHPYETCs NIPH Harpesa-
HHUH BOJBI, @ N30BITOK €r0 BMECTE C BBIICINBIIUMHUCS
13 BOJIbI Fa3aMHU OTBOJIUTCSI M3 BEPXHEH 4aCTH KOJIOHKH
(8) B atMochepy uiH Ha 33KEKTOPBI TYpOHHEL. [leaspu-
poBaHHas BOJa IOCTymaeT B Oak-akkymyinstop (14),
I/ie TIPOUCXOAUT JOMOJHHUTEIBHOE BBIJICIICHIE Ta30B,
HE YCMEBUIMX BBIIEIUTCS B JI€adPallMOHHON KOJIOHKE

().
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Puc. 1. Yempoiicmeso oeaspayuonnotu xoronxu muna J{11-1600-2:

1 — neaspanioHHas KOJIOHKA; 2 — KOJUIEKTOP IT0JIBOJIA IPEIOLIETO Napa; 3 — NoaaoH; 4 — nephopupoBaHHBIN
mmcT 6apO0TaXKHOTO YCTpOICTBa; 5 — MaponepeycKHbIe TPYObl; 6 — MepeIyCKHOM JINCT; 7 — MOABO OCHOBHOTO
KOHJICHCATa; § — BBINAp B aTMOC(EPy WIIH KEKTOPa TypOUHBI; 9 — CMECHTEIbHO-PACIPEICIUTEIBHOE YCTPOH-
ctBO; 10 — mepopupoBanHas Tapenka; 11 — maponepemyckasie TpyOs!; 12 — cmuBHas Tpy0a; 13 — rooBKa akky-
MYJIATOpHOTO 0aka; 14 — 6ak-aKKyMyJIATOp.

Kak n3BecTHO B MapoCHIIOBOM LHUKIIE JieadpaTopa
HUMEIOTCA MOTEpU BOABI U mapa. J{Js MOKPBITUS 3TOTO
HeIoCcTaTKa B KOHTYp 100aBOYHO MOIBOAUTCS XUMHUUeE-
cku obecconennas Boja (XOB). [Toamutka XOB ocy-
IIECTBIAETCS B KOHAEHCATOp TypOHHBL. CuTHaIOM
YMEHBIICHUS MACChI BOJIBI B KOHTYPE SBISETCS CHUXKE-
HHE ypOBHS B Oake-akkymyisitope [4, c. 244 — 245].
Perymnsitop ypoBHS B neadpatope P (pucyHok 2) moiry-
4yaeT CUTHAI OT ypoBHeMepa ([JM) u Bo3aeicTByeT Ha

KJIalaH, peryaupyroumii nogauy XOB B koHAEHCaTOp
TypOunsl. [Ipu 3TOM perynupyromiee BO3AeHCTBHE 3a-
JIep>KUBaETCs, Tak Kak yBenuuenue pacxona XOB cHa-
yaja MPUBOJUT K YBEJIMYEHHUIO YPOBHSA B KOHJECHCA-
Tope, uro BocrnpuHumaercss ACP ypoBHS B KOHJEHCa-
TOpe ¥ TONBKO B pesynbrate paborsr ACP
YBEJIMYHUBACTCS 110/1a4a BO/IBI B U TATEJILHYIO JINHHUIO.
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JanmcuayTaa Gxun
ACP yporusa
B KOHAeHCcaTope Xama.
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Puc. 2. Cmpyxmypnas cxema ACP yposHus 6 deaspamope:
M — mudpmanomerp; [TH/] — momorpeBaTens HU3KOro AaBieHus; PL — perymsarop ypoBHs; L — ypoBeHs; Laay —
yCTaBKa PEryysITopa;
Gk — pacxon xonzaeHcata; Gxop — pacxoJl XUMOOECCOJICHHON BOJIBI
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ACP ypoBHs ¢ [I-perynsTopom 1o kKaHaxy «pac-
X0J] XUMOOECCOJICHHOM BOABI B KOHICHCATOP — PACXOJ
KOHJIEHCAaTa M3 KOHACHCATOPa» ONHCHIBACTCS ypaBHE-
HHEM HHEPIHOHHOTO 3BE€HA MIEPBOTO MOPSAKA, KOHACH-
catonpoBo ¢ ITH]l mo xaHanmy «pacxol Ha BXOJE —
pacxoj Ha BBIXOJIe» MPAKTHICCKH OC3BIHEPINOHHBIN C
CJMHUYHBIM KO3(PHIIMCHTOM Mepeadyu U, HAKOHEIl,
Jlea’paTop OMHUCHIBAETCSl YPABHEHUEM HUHTErPaIbHOTO
3BeHa. TakuM 00pa3om, nmepenaTodnas GyHKIUS 00b-
€KTa yIpaBJICHUs ompenensercs mo ¢opmyne [4, c.
244]
TS+1 S

Koaddunuent Ko, xapakrepusyer actaTHdecKue
CBOICTBa Jlea’paropa.

Kpugas pasrona, onpeaensemas mo gopmyie (1),
MpeACTaBIsIeT co00M MPSAMYI0 HAKJIOHHYIO JMHHIO C

W(S) = (1)

€MKOCTHBIM 3alla3/bIBaHHEM, T.C. JI€a’dpaTop II0
YPOBHIO SIBJISIETCS HEYCTOWYUBBIM 00BeKTOM. [10 ATOM
MIPUYMHE, a TaKKE B CBA3M C OTCYTCTBHUEM JKECTKHX
TpeOOBaHMI K MOJAEPKAaHUIO YPOBHS B Oake Iealpa-
topa B ACP yposus npumensercs [1-3akon perymupo-
BaHMA, KOTOpbIM peamu3yerca oxBatoM [IM—
peryiaropa )ecTKOH oOpaTHOH CBS3BIO IO IOJIOXKE-
HUIO perynupyromero oprana. [lns sHeprobioka c
BBOP-1000 HoMuHanbeHbIH ypoBeHb Loy = 2000 MM,
a0COJIIOTHAsE HEPAaBHOMEPHOCTb PETYIMPOBAHUSI — /10
250 MM, IOIyCTUMBIE OTKJIIOHEHHS YPOBHS B CTaTHKE +
20 MM, B quHaMuke + 70 MM.

B mepBoHavyanbHOM BapHaHTE PETYIATOP YPOBHS
B neaspatope (PY/]) nHa ADC peanmsoBsiBaics Ha 6a3e
KOMIIIeKca aHaJIOTOBBIX cpenctB «Kackam —2» [2, c.
92, 127, 135, 141]. OyHKIIHOHATEHO-0IOYHASI CTPYK-
Typa OTIEIbHBIX y310B PY /] nokazana Ha pucyHke 3.

KHII
Ilo mecty
PT30
litcly Tosk—[p27)
E[ Maenorkena BEPY-32 BFV-32
i

Brrzupnas CHIHANTH2AOHA

TexnonorndeckHe 3 ANTHTEL

OO

Texnonoruueckne HILOKHE OBKE

Ty
Ioxazanna

L]

@ CHrHanHzallHA
Peructpanua o

Hanmenobanue peryuarepa

Perynatop ypobHA B geaspaTopax Maurzana J-7

Puc. 3 — Cxema asmomamuszayuu pezynsmopa yposhs 6 oeaspamope na baze «Kackao—2»: JI-05 — 6ok nuHa-
MHUYECKuX npeodpazoBanuit; BI'P — 610k rambBaHUYECKON pa3Bsi3ku; P—27 — OJ0K peryIupyronui ¢ HMITYJIbC-
HBIM BBIXOJHBIM curtaiom; bBP — 6ok Bxmouenus peryisatopa; BYK — 6ok ynpasienuns knanasom; BKJI —
omok mormaeckux kiroueit; BCIIT — 010k curHamu3anuu moJIoxKeHus: TOKOBBIH; BPY—-32 — 6ok pyyHoro ympas-
nernst; MOO — MeXaHU3M dJeKTprdeckuil 0fH0000poTHBIN; [1BP 2—3 — myckaTenns 0eCKOHTaKTHBIA pEeBEPCUB-
HBIH.

JIMCTaHIIMOHHOE YIIPABJICHUE PEryIUPYIOMINMHI
KJIallaHaMH PEryNaTopa, IpeACTaBIEHHOIO Ha PUCYHKE
3, mpousBoautcst yepe3 6noku BYK m BKJI. B BYK
(hopMupyeTcsi KOMaHAa Ha OTKPBITHE PETYIUPYIOMIETO
oprasa B Buze Jjorudeckoro cursamna «1» (U =15 B), B
BKJI sTa xomaHza npeoOpasyeTcs B HaUpsOKEHUE, J0-
CTaTOYHOE JJIsl YIPaBIECHUS ITyCKOBBIM yCTPOHCTBOM
ucnonauTensHoro mexaamsma (MIM). B BYK mocty-
naet nHQopManus OT KOHEUHbIX BbIKIIo4aTenei UM o
MOJIOKEHUU PETYJINPYIOIIEro OpraHa; py MOJHOM OT-
KPBITHH 3alpelaeTcsl BEIXoAHas komanaa «bombie»,

a MpH MOJHOM 3aKpPBITHHU 3alpeIlaeTcs BbIXOJHAs KO-
MaHaa «MeHblie» 3anpemaercss NPOXOKIEHUE KO-
MaH/I IUCTAaHIIMOHHOTO YIIPABICHUS IPH MOCTYIIIICHUN
nHpopmanuu ot BBP «Perynsatop B pexxume ABToma-
THKa», KOMMYTAalWs BBIXOIHBIX IIeTIEH perymisaropa
mpousBoauTcs B 61oxe BBP.

B oTKiIFOU€HHOM COCTOSIHUM BBIXOIHBIE IIETIH pe-
TYJIATOPa HOAKIIIOUEHBI B CXEMY caMo0alaHca peryis-
Topa Ha BxoJ uHTerparopa. IIpu nepesoge bPY-32 B
nonoxenue «A», BBP nepesonurcs B pexxum «ABTO-
MaTHKa». B 3ToM pexxume npu OTCYTCTBHM pa3pellie-
HUS JUCTaHIIMOHHOTO YNPaBIICHUS PErYISITOPOM U IpU
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OTCYTCTBUH 3alpeTOB KOMaH[ PETryJsATOpa €ro BXO.-
HBIC IENU MOJKITIOYAIOTCS K ITyCKOBOMY YCTPOHCTBY
II6P 2-3. Ilpu stom u3 BBP B BYK moctymaer xo-
MaHza «Perynsatop B pexxume ABTOMATUKa», KOTOPBIN
3alpeIacT JUCTAaHIMOHHOE YIPAaBICHHUE PErylUpyIo-
M OPTaHOM.

[Tpu cpabarbiBaHMM CHCTEMBI KOHTPOJISL MCIIPaB-
HOCTH peryinstopa Ha Bxoa bBP mocrynaer curnan
«OTKIIIOYUTE OT 3alUT U OJOKHUPOBOK», OTKIIOUAIO-
mUi perynasaTop. JTa KOMaHIa 3allOMHHAeTCs U IOo-
BTOPHOE BKIIOYEHHE DETYyJATOpa IMPOU3BOAUTCS
TOJIBKO IOCJIE €T0 PYYHOI'O OTKIIFOUEHHUS.

Baxneiimme GyHKIUN TEXHOJIOTHICCKHUX 3AIUT,
OJIOKHMPOBOK, TUCTAHIMOHHOTO YIPABICHUS U PETYIIH-
POBaHMS BBIICYIOMSHYTOTO PEryJsATOpa PEaU30BbI-
BAJINCH C TIOMOIIBIO CPEJCTB KECTKOTO MOHTaXa YHHU-
(UIMPOBAHHOTO KOMITIEKCA TEXHHYECKUX CPENCTB U
«Kackan—2», He UMEIOIINX IUATHOCTUKH OTAEIBHBIX
650x0B. ITo3TOMY CKpBITBIE OTKA3bl B ammaparype 3a-
YacTyI0 OOHapyXHUBAJIUCh TOJBKO IPHU IPOBEICHUU
IUTAHOBO-TIpEIyNIPEIUTEIBHBIX ~ PEMOHTOB.  AHaM3
OIIBITA IKCILTyaTallMH U CTATHCTHKH OTKa30B 000py10-
BaHus ADC ctan OqHOHN U3 MPUYUH I TIepexo/ia K Co-
BPEMEHHBIM IU(PPOBEIM METOJ[aM PETYIUPOBAHUS TEX-
Hosornyeckux napamerpoB Ha ADC. IlpoBeaeHHas pe-
KOHCTPYKIIMSI CHCTEM PETYIHPOBAHUS IHEProOJIOKOB
myTeM 3aMeHbl ammapatypel ACYT-1000-2 u «Kac-
Kagi—2» Ha TPOrPaMMHO-TEXHHUYECKHE KOMIUICKCHI
(ITTK) ACP typ6unnoro otnenenus (TO) Ha 6a3e Tex-
HHUYECKUX CpeACTB aBToMaru3anuu M2002 no3ponuia
peann3zoBaTh (QYHKIMM aBTOMAaTHYECKOIO MHOI'OCBS-
3aHHOTO PEryJIMPOBaHUS TEXHOJOTHUECKUX IapameT-
POB, OJIOKUPOBOK M KOHTPOJISI HCIIPABHOCTH MCIIOJTHH-
TENBHBIX MeXaHu3MoB [3, c. 13], pacmmpuia GyHKIHM-
OHaJbHBIE  BO3MOXKHOCTHM  perymaropoB.  Tak,
mudpoBoit perymsatop PYJl momuMo ocHOBHOTO pe-
KUMa paboThl (TIOANEpKAHUSA YPOBHS B Jiea’paTope)
MMeEeT J[Ba JIOTIOJHUTEIBHBIX PEXXUMa PadOTHI 110 101
JIEp)KaHUIO YPOBHS B KOHAEHCATOpPE W IaBICHUS B
HaropHOM KOJIJIEKTOpPE KOHAEHCATHOTO 3JIEKTPOHACOCa
BTOPOH CTYIIEHH.

IToxcucrema aBTOMaTHYECKOTO PETYIHMPOBAHUS B
cocraBe IITK ACP TO crtpoutcs mo MOAYJIEHOMY
npuHIHIY. bubanoTexa mporpaMMHBIX MOJTyJIeH aBTO-
MaTHYECKOTO PETyIHUPOBAHMS BKIIOYACT: MOAYNb pe-
TyJISITOpa; MOIYJIb OJIOKA YIpaBleHUs KIIAllaHOM, MO-
IyMd IMHAMAYECKOro MpeoOpa3oBaHMs CUTHAJIOB U
MEpBUYHON 00paboTKu HWH(pOpPMAINK; CTaHIAPTHEIC
pOrpaMMbl apru(METHYECKHX M JIOTHYECKUX Olepa-
LIUH.

Monynbs peryisropa OCyLIeCTBIsIET Oe3ynapHoe
BKJIFOUCHHUE PETYJIATOPA, B HEM K€ MPOM3BOAMUTCS pac-
YeT PeryJIHpYIONIero BO3ACHUCTBH, a TaK)Ke YIpaBIIsi-

IOIMX KOMaHA Ha PEryIupYIOMNN OpraH U peausy-
IOTCSI 3alpeThl YNPaBILSIOMMX KoMaHn. Ilapamerpsi
HACTPOMKM MOAYJIS PETYISITOpa BBOAATCS B AHAJIOTO-
BOM PEXHME C aBTOMaTU3HPOBAHHOTO pabodero mecra
(APM) B equHUIaX (HPU3NIECKOHN BETHMIUHEI.
@DopMHpOBaHUE 3aKOHA PEryIHUPOBAaHHUA OCHO-
BAaHO Ha pacueTe NepeMEelLICHUs PEeryIUupyrOIero op-
raHa B KaX/IOM TaKTe YIPaBJISIOIIETO BBIYHUCIUTEIb-
Horo komiuiekca (YBK), B cooTBeTCTBUU € TPONOPLHU-
OHAJIBbHO-UHTETPAJIbHBIM 3aKOHOM PETYIMPOBAHUS

N
AS= Kp[(s—s)]+f.(|)‘adt,

T'ne AS - tpebyemoe nepemermenne perymupy-
I0IIero opraua, %; € — paccoriacoBaHHUE HACTOSIIIETO

!’
TakTa, %; € — paccoriacoBaHUe MPEIbIIYIIEro TakTa,

%;K

BpeMsI pacdeTa yIpaBJsAIoIIero BO3aeHcTBus, C; TM -

b~ KOX(PHUIUEHT YCHICHHUS PEryiiaTopa; T-

MIOCTOSTHHAS] BpEMEHH MHTETPUPOBAHUS, C.
ITpn perynupoBaHMM YPOBHS B I€a’paTope IMoj-
JIep’)KUBAETCS PAaBHBIM HYJIO PACCOTTIACOBAHHE

e=a,-F —a,-(F-N,)-F, +L,—L,+AL,,
rae FHB — pacxo] MUTATeJIbHON BOABI IIEpes Mo-

JOTpeBaTeIieM BBICOKOTO JTABJICHUS (BMECTO 3HAYCHUS
pacxona MHTATEIFHONW BOIBI MOXKET HCIIONB30BATHCS
3HAaYCHHE CYMMapHOTO pacxoja mapa 3 ImaporeHepa-
TOpa), T/4; Fl— MOTIpaBKa M3—3a PAa3HOCTH HUAIAa30HOB
M3MEpEeHUH M3MEpPHUTEIBHOTO MpHbopa pacxona MHTa-
TENbHOM BOABI M OCHOBHOTO KOHJIEHCATa, T/4; Nl -
TTOTIPaBKa JUIsI KOMITICHCAIIUN HECOOTBETCTBUS MIPH pa3-
JIUYHBIX MOIIHOCTSX SHEProOJIOKa MEXIy 3HauYCHHEM
pacxojia OCHOBHOTO KOH/ICHCATa M 3HAYEHUEM Pacxoja
MMUTATEIHHOW BOJBI B MOMEHT BKIIFOUCHHUS PEryisITopa

B pa60Ty, T/‘{; Fok — pacxoa OCHOBHOI'O KOHJACHCATa

nepen aeasparopom, 1/u; L — sagamme perymsropy

z

10 ypOBHIO B Acaspatope, Mu; L ¢ — TeKyllee 3Have-

HHE YPOBHS B IeadpaTope, MM; ALZ — IompaBKa aJis
KOMIIGHCALIUM CTATHYECKOH HEPAaBHOMEPHOCTH, MM;
d,, d, —BecoBkle KOd(QHUIIHEHTBL.

KonTpomnb paboTsl peryisitopa ypoBHS B eadpa-
TOpE OCYIIECTRIISACTCS 110 UHAUBHIYaIbHBIM (parMeH-
taM ¢ APM, onHa U3 MOJOOHBIX BHIEOTPAMM MPEJ-
CTaBJICHA Ha PUCYHKE 4.
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Puc. 4. Buoeoepamma epagurxos c APM

CooOTBeTCTBUE pEAKLUU PEryisTopa BO3MYyIle-  HOTO 3HAU€HHs MapaMeTpa IpH BKIIOYEHHU DPEryJs-

HUIO, BO3HUKIIEMY B CHCTEME PErYIHPOBaHUs, ONpe-  TOpa WIM U3MEHEHUU 3ajaHus. s yoydIeHus Kade-
JeTsieTcsl, BRIOpaHHBIMH MapaMeTpaMi HACTPOWKHM pe-  CTBA PETyYIMPOBAHMUS BHINOJIHAIOT ONTHMHU3ALIMIO MTapa-
TYJIATOPA, @ UMEHHO, KO3((GHUINEHTOM YCHIICHHS PETy-  METPOB HACTPOHKH PETYIATOPA.
IATOpa,  ONpPENENIEMOM  OTHOIIEHHMEM  BPEMEHU Ha poccuiicknx ADC xopolo 3apeKoMeHI0BaIl
MepeMeIeHNs KJIalaHa K MpoueHTy paccornacosanus;  ceost ACY TII, moctpoeHHble Ha 6a3e MporpaMMHO-
MOCTOSIHHOW BPEMEHU MHTETPUPOBAHHMS; 30HOU HeuyB-  TexHumueckux cpeacts tuma TIITC [1, c. 241-262].
CTBHUTEIBHOCTH, 30HOH BO3BpaTa; MUHUMaIbHOH mu-  KouTyp perynupoBanus Ha 6aze TIITC—51 npencras-
TEJBHOCTBIO UMITYJIbCA; CKOPOCTBIO U3MEHEHHU 3a7laH-  JICH Ha PUCYHKE O.
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Puc. 5. Cmpykmypnas cxema KOHmMypa pezyiupoeanusi:

APM CBBY — aBTOMaTH3MpOBaHHOE pabodee MecTo CUCTEMBI BepxHero O6siouHoro ypoBHs; HKY — Hu3Ko-
BOJITHOE KOMMYyTallMOHHOE ycTpoiicTBo; MITKY — Mo3anuHble nanenu KoHTpoJs U ynpasnenus; TITITC-1332 —
MOIyJb BBOJa/BBIBOIa HH(opMarn ¥ komaHa ynpasieHus [ITC; TIITC-1411 — perynsaTop ¢ UMITyJIECHBIM BBI-

xoznom; TIITC-1722 — npuem 1 00paboTka YHH(PUIHPOBAHHBIX aHAJIOTOBBIX CHI'HAJIOB.
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dopmupoBaHre 0000MEHHOTO CHTHANIA PETyIIr-
pPYEeMOi BEIHMUYMHBI B PEryJIATOPE, MOKA3aHHOM Ha PH-
CYHKE 5, IPOM3BOANTCSA Ha OCHOBE MPSAMBIX MM JUHA-
MHYECKH MpPeoOpa30BaHHBIX CHIHAIOB TEXHOJOTHYE-
CKHUX TMapaMeTpoB (peryiaupyeMblx BenmdnH). Kak
MpPaBWJIO, 3TH CHTHAJIBI MEpeJaroTcsi Mo IHu(ppoBOi
mmHe oT Moxyneit TIITC, cnenuansHO peAHa3HAYEH-
HBIX JUI1 BBOJa M OOpabOTKHM aHANoroBoil MH(popma-
I[MH, HO OHH MOTYT BBOAMTHCS B MOJYJIN PEryIHpOBa-
HHUS M HENOCPEJCTBEHHO 4Yepe3 amlmapaTHbId UHTEep-
(eiic.

CraHzapTHOE pelIeHue 10 YIPaBICHHIO PEryJiu-
PYIOIINM KJIATIAHOM C TIOMOIIBI0 MOAYJISt UMITYJIbCHOTO
perymupoBanans TIITC-51.1411 npemycmaTpuBaet mc-
MOJIF30BAaHNUE IBYX (B KaXKIyIO0 CTOPOHY) CHTHAJIOB HC-
YepraHus TUara3oHa PeryIMpOBaHMsA: KOHIIEBOTO BbI-
KITFOYATEIs © MOMEHTHON My(THI (€CTIi OHa UMEETCs).

Pocux
1
0.8
0.6
0.4
0.2 Kackag-2 ~~ __ -
0 4380 8760 13140

TIITC-51

17520

B cxeme cTranmapTHOM JIOTUKU MEPEKIIOUSHUI MOJTYIISt
110 COOTBETCTBYIOILIEMY AMCKPETHOMY CHUTHAIy OT pe-
TYJIUPYIOLIETO KJIAallaHa OCYIIECTBIISICTCS MpeKparie-
HHUE MOAAYM YIPABIAIONMIECH KOMaHb! (KaK aBTOMaTH-
YecKOH, TaKk W pydyHOH) B 3a/JJaHHOM HAalNpaBJICHHU, a
OIepaTopy BBLAACTCS HHPOPMANUS O HEBO3ZMOXKHOCTH
JefcTBUS B JJaHHOM HampaBineHuu. OJJHOBPEMEHHO B
CXeMe yTpaBJIeHHs KI1allaHOM pa3phIBaeTcs Lienb nepe-
Jlaud KOMaH/bl B pacCMaTpUBAEMYyIO CTOPOHY.

Jl1 cpaBHUTENILHOTO aHAJIN3a [0 HAJEeKHOCTH pe-
T'YJIITOPOB YpOBHS B Aeasparope Ha O6aze «Kackan—2»
n TIITC-51 npousBeneH pacueTr BEpOSITHOCTH 0€30T-
ka3Hoi padotel (BBP) ocHOBHOTO KaHaNa, pe3yibTaThl
KOTOPOTO TIPEICTABICHBI HA PHCYHKE 0.

-_

—
—_
e —
e — e

21900 26280 30660 35040 ¢, u

Puc. 6. Cpasnenue eepossmuocmetii 6e30mraznotl pabomvl 0CHO8HO20 KAHANA 34 8peMs t OJist 08YX MUNO8
pezysmopos

TakuM 00pa3oM, paccCMOTpPEHHBIE IPOrPaMMHO-
TEXHUYECKHE CPEICTBA HU30BOM aBTOMATHKH Pa3lIny-
HBIX TUIIOB MO3BOJISIIOT PEaIM30BaTh aBTOMATHYECKOE
perynupoBaHue ypoBHs B JeaspaTtope. CpaBHHUTENb-
HBII aHAJIM3 Ha OCHOBE CXEMHBIX PELICHHUI M pacdera
BEPOSITHOCTH 0€30TKa3HOM pabOThl OCHOBHOTO KaHalla
aHaJIOTOBOTO U IIM(POBOTO PEryJISITOPOB AAET OCHOBA-
HHE JUI TIOATBEPKACHHUS, 4To perynstopsl Ha TIITC—
51 obnagaroT 6osee BHICOKOW HAIEKHOCTHIO, YEM pe-
rynaropsl Ha 6a3e «Kackan—2». BHeapsemsle B HacCTO-
sutee Bpems [1TC, BpimonHsomMe HHPOPMAILIMOHHBIE
U ynpasisiomue (QyHKOUHM, 00JafaloT JIOCTATOYHO
GOJIBIINMH BO3MOXKHOCTSIMU CaMOJIMarHOCTUKH, OOJIb-
m1eii rTHOKOCTBIO K M3MEHEHHUIO CTPYKTYPBI U (PYHKINH
CUCTEMBI TI0 CPABHEHHUIO C "3KECTKOM JOruKoil", mo3so-
JSTFOT MOJTYYHTh CYIIECTBEHHO Ooiiee 3¢h(heKTHBHOE pe-
TyJIMPOBAHUE TEXHOJIOTHYECKUX MapaMeTpoB 3a CUET
peanu3anun 60Jiee CI0KHBIX aJITOPUTMOB 00PaOOTKH 1
ynpaBieHus. Vcmonp3oBaHne IM(POBBEIX CHCTEM
MIPEIOCTABIIIET OMepaTopy pPazHOOOpa3HBIH U ya00-
HBI MHTEpQENc Il BU3yalbHOrO HAOIIOACHUS U B

TOKE BpCEMs, BIMAHUC «HUCJIOBCUCCKOI'O (baKTopa» Ha
TEXHOJIOTHICCKUIN nponecc CBEACHO K MUHUMYMY.
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APPLICATION OF THE INFORMATION AND ANALYTICAL SYSTEM FOR THE ANALYSIS OF
THE CURRENT SITUATION AND THE ADOPTION OF ADMINISTRATIVE DECISIONS
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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.

Keywords: effective ways of university management, scientific and educational activity, information-analyt-

ical system, Power BI

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 1. [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 .M., Friga P.N. [16], Paklin N.B., Oreshkov
V.1. [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
«Application of the cloud-based service of business in-
telligence in the information infrastructure of the higher
education institution» [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: «The staff structure of Al-Farabi KazNU em-
ployees on employment» 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.
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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

Becero MNMNC

= 229

Ay TET

FUGHAR CTENER

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%).

Beero MNNC

222

Fugman cTenesy

Figure 2- Qualitative and guantitative 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.
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The figure shows statistics on employees of retirement age in the context of scientific degrees
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Figure 4 - The number of pedagogical staff in retirement age working full time or more.

Further analysis shows that among employees of
retirement age a large number of workers are working
for more than 1 rate. That, in turn, cannot help but alert
the person making the decision. We will describe in de-
tail what problems may arise from this situation and
also we will look for the main reasons for the occur-
rence of such a situation:

- Firstly, the data of professors and doctors of sci-
ences conduct profile disciplines, specialists in the field
of which are and have not prepared receivers. Then, in
the case of the resignation or dismissal of this em-
ployee, part of the curriculum disciplines will not be
covered by the faculty.

- Secondly, the number of students on specialties
is large enough and not to inflate the staff thereby los-
ing the percentage of teachers with scientific degrees,

heads of the department are forced to offer retirees to
conduct more than 1 pedagogical load.

- Thirdly, that social load, which is designed for
the stake of the department, will be redistributed to
younger employees (public events, watches, etc.). That,
in turn, greeted the loss of the quality of preparation for
classes and the conduct of scientific work of the young
staff of the department.

Now consider the age group before the retirement
age from 50 to 63 years. Figure 5 presents the overall
pedagogical staff statistics for the retirement age at
Physical and technical - 28 (left) and Philological - 73

(right).
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Figure 5 - General characteristics of faculty staff before retirement age

A detailed analysis of the qualitative composition
of faculty staff shows that physicians have 8 doctors of
science, 13 candidates of science, and teachers who do
not have a scientific degree-7. In turn, on the faculty of
doctors of sciences - 14, candidates of sciences - 28, the
rest - 31. This situation is very ambiguous for the deci-
sion maker and cannot but alert.

Firstly, because the next 5-10 years the teaching
staff of the Philology Faculty can retire, this means that
the Person Making Decision must apply to the Ministry
of Education and Science for the allocation of targeted

4 iMycral
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grants for training specialists in the specialties of the
faculty.

Secondly, it is necessary to conduct a study of the
popularity of the teaching specialty among young spe-
cialists in the specialties of this faculty in order to find
out the reasons for the aging of the teaching staff.

Thirdly, work on the training of young profession-
als, possibly undergoing refresher courses to exclude
the likelihood of the lack of specialists to conduct spe-
cific disciplines, which are now conducted by employ-
ees before the retirement age.
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Figure 6 - Teaching staff with academic degree holders rate before retirement age faculties

Further analyzing the staffing of young teachers,
we find that in order to fill the need for personnel in 5-
10 years, it is necessary to retrain, and it is better to train
all young staff members of the department in doctoral
studies, the total number of which is 39 people. And

also to work on attracting young specialists in the spe-
cialties of the faculty. It should be noted that according
to the staff schedule, the staff of the department can
have employees who have an education of at least Mas-
ter of Science.
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Figure 7 - the étaffing of non-graded full-time young faculty teachers

Further analysis of the state of the personnel po-
tential showed the following problem: at the Philologi-
cal Faculty, 5 young teachers with degrees of candi-
dates and doctors of science have rates of less than 0.25.
This situation is possible in several cases, or teachers
are on maternity leave and therefore cannot lead a large
number of hours, or teachers are not regular in this in-

ek

Ka ~qm:aT.
£ B0

stitution and come to lecture to students, without con-
ducting practical and seminar classes (approximately
one discipline with 3 or more loans is more than 0,25
rates). In any case, with this approach, the quality of
students' training in the specialties of the faculty may
suffer and the person making the decision should pay
attention to further identifying and making
decisions on this situation.
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Figure 8 - The presence of faculty teaching staff having less than 0.25 pedagogical load.

4. Conclusions and future works

Summarizing the results of this article from the
point of view of reasoning about the decision-making
on the basis of this report, we can draw the following
conclusions.

Despite the fact that outwardly the situation at the
Philological Faculty with the academic degree holders
rate of teaching staff looks better with the help of the
information and analytical system, a number of prob-
lems are revealed that require decisions in the near fu-
ture.

Firstly - the strong aging of the teaching staff and
as a consequence, the need to carry out work to attract
young professionals to the staff.

Secondly, artificial raising or use of the teaching
staff from other universities, which can seriously dam-
age the quality of students' training in the specialties of
the faculty.

Thirdly - the need to take measures to prepare, re-
train and improve the skills of faculty members.

Fourthly, it is necessary to apply to the Ministry of
Education and Science for assigning special places for
the preparation of doctors of sciences in the specialties
of the faculty.

It is necessary to revise the social load of the fac-
ulty in order to allow young employees to conduct sci-
entific activities and, as a result, to defend the thesis. .

From the point of view of the description of func-
tionality and tasks solved by the information and ana-
Iytical system, we also note that the main purpose of the
information and analytical system (1AS) is to provide a
multidimensional analysis of data, trends and forecast-
ing the results of various managerial decisions at all
levels of the management vertical, including corporate
reporting, financial and economic planning and strate-
gic planning.
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The very same data system in the form of analyti-
cal indicators can exist in various forms of reporting,
the main task of the information and analytical system
is to combine disparate indicators for building strategic
maps. Such strategic maps show different directions of
the organization on the one hand, on the other hand they
show the real state of things within the same infor-
mation panel. This will greatly facilitate the work of the
decision-maker, since the data are presented in a con-
venient visual form and does not imply the formation
of reports by the relevant departments of the organiza-
tion.
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AHHOTAN NS

IIpu mpoeKTUPOBaHUU 30aHUM PA3NIUYHOIO HA3HAYEHHUS, INIAHUPOBKE U 3aCTPOMKE HACEJICHHBIX MECT C Lie-
JIBIO 00eceyeHnst HOPMATHUBHBIX [IAPAMETPOB aKYCTH‘IeCKOi/'I CpCabl JOJIKHBI CO6J‘I}O,Z[aTLCH o0s13aTebHbBIE Ipe60—
BaHUs, yCTaHOBJIEHHbIE CTPOUTEIBLHBIMU HOpMaMH U IpaBwiiaMu Poccuiickoit @enepauuu. st KOppeKTHOTO BbI-
60pa MCCT, OTBOAUMBIX IOA NPOU3BOACTBCHHBIC IJIOINAAH, HeO6XOZ[I/IMO YUYUTBIBATH PACCTOSAHUC OT UCTOYHHKA
mymMa 1 OHCHUBATH YPOBCHBb SBYKOBOfI MOMIIHOCTHU MCTOYHHKA IIyMa. I/ICCJ'ICI[OBaHI/Iﬂ 0 OIPEACICHUIO YPOBHS
3BYKOBOW MOIIHOCTHY TIPOBOAMIIFCE JJIs HUKIOHHOTO cenapaTopa Tiumma CN260 ycTaHOBKHU cemapanui OyMaskHBIX
00peskoB. OnpeneneHne ypoBHS 3BYKOBOH MOITHOCTH TpoBoamiock B cootBercTBur ¢ DIN EN ISO 3746.

Abstract

Designing of various buildings, planning and building of populated areas with the purpose of providing the
normative parameters of the acoustic environment it must be complied with mandatory requirements of Construc-
tion norms and rules of the Russian Federation. For the correct choice of places allocated for production, it is
necessary to take into account the distance from the noise source and estimate the sound power level of noise
source. Studies on the determination of the sound power level was carried out for the cyclone separator of the type
CN260 installation separation paper scraps. Determination of the sound power level was carried out in accordance
with DIN EN ISO 3746.

KiroueBble c10Ba: IpOMBINDICHHAS CAaHUTAPHS, YPOBEHb 3BYKOBOW MOIIHOCTH, (DOHOBBIN IITyM, 3BYKOBOE
JaBJICHUC, HHKHOHHLIﬁ cernapartop.

Keywords: industrial sanitation, sound power level, background noise, sound pressure, cyclone separator

[Ipu npoeKTHPOBaHUH HOBBIX MPOU3BOACTB, pac-
MOJIOXKEHHBIX B HEMOCPEICTBEHHOW OJIM30CTH OT Tep-
PUTOPUM KUIION 3aCTPOMKHU, BAKHOU 3aJjaueil sIBJIIETCS
co0utoieHre TpeOOBaHMIi IPOMBILIICHHOW CAHUTAPHH,
KaK KOMIUIEKCa Mep YMEHBIIAOIINX WM IpeIoTBpa-
MIAIONINX BO3/ACHCTBHE HA YE€IOBEKAa HETaTUBHBIX MPO-
M3BOJICTBEHHBIX (DAKTOPOB JI0 3HAYEHHUH, HE ITPEBBIIIA-
IOLIMX JOIyCTHMBIE.

CrpourenbHble HOpMBI W TpaBuiia Poccuiickoit
denepanuy ycTaHaBIMBAIOT 0Os3aTelbHBIE TpeOOBa-
HUSL, KOTOPBIE JOJDKHBI BBIOIHATHCS IPH IPOEKTUPO-
BaHUM, CTPOUTENBCTBE W JKCIUIyaTalllW 3[aHUil pas-
JIMYHOTO HAa3HAYEHUS, TUIAHUPOBKE U 3aCTPOiike Hace-
JICHHBIX MECT C IENbI0 3aIIUTHl OT THTHEHWYECKOTO
(hakTopa «rym» M oOecredeHnss HOpMaTUBHBIX Mapa-
METPOB aKyCTHUECKOW Cpenbl B MPOU3BOJICTBCHHBIX,
KUJIBIX, OOIIIECTBEHHBIX 31aHUSIX U HA TEPPUTOPHUH K-
JI0M 3acTpOMKH [5].

Jus STOM Lenu MNPUMEHSIOTCS  CIEAYIoIIMe
TPyIIbI CTaHAPTOB:

- CTaH/AApPTHI, coJiepkalue ooiune TpedoBaHus;

- CTaHJapPTBhI, COAEPIKAIINe OCHOBHBIE METOIBI H3-
MepeHHs! 3BYKOBOM MOIIHOCTH MalllHH;

- CTaHJapPThI, COAEPIKAIINEe OCHOBHBIE METO/IBI H3-
MEpEeHHsI 3BYKOBOTO AABJICHUS U3Ty4EHHUS MaIIIHH.

J171s KOppeKTHOTO BBIOOpa MECT, OTBOJIUMBIX 101
TIPOM3BO/ICTBEHHBIE TUIOMIA/IH, 1IEIeCO00pa3HO SBIA-
eTcs OIIeHKa BO3JICUCTBHS aHAJIOTUYHBIX IIPOMBIIIICH-
HBIX 00BEKTOB. /I IepeHoca pe3yabTaToB, MOIyYeH-
HBIX TIPH M3MEPEHNH CAaHUTapHO-TUTHEHUYECKOTO I10-
KazaTeJlsl «IIyM», HEOOXOJMMO YUHUTHIBATh PACCTOSHHE
OT MCTOYHHKA IIyMa W, CJIeI0BAaTEIbHO, OLICHUBATH B
HTOT€ YPOBEHB 3BYKOBOI MOITHOCTH HCTOYHHKA IITyMa.

HccnenoBaHusl MO OMPENEICHUIO YPOBHS 3BYKO-
BOI1 MOIIIHOCTH MPOBOJWINCH AJISI ITUKJIIOHHOTO Ccerapa-
topa tima CN260 ycTaHOBKM cemapanuil OyMaskKHBIX
o0pe3koB. [{uknonHsIH cenmapaTtop mo3. 1 (puc. 1) Tuma
CN 260 ydacTka TOATOTOBKHM OYMa)KHOTO BOJIOKHA
CITYXHT JUISl pa3/ielIeHHusl cMecH OyMasKHBIX 0Ope3KOB,
TIOJTy4aeMbIX U3 BTOPUYHOTO CBHIPbs (MaKyJaTyphl) Ha
MOJIOTKOBOH MENBHHIE 1103. 2 ¥ OT(QHIBTPOBAHHON
MBUIM M3 CHUCTEMBl CAMOOYMCTKH POTOP-(HILTPOB
ydJacTKa MOATOTOBKHA OYMa)KHOTO BOJIOKHA, OT ITOTOKa
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BO3/lyXd, CIY)KaIlero Ui TPAHCIIOPTHPOBKU CMECH.
[ToTok Bo3myxa co3faeTcs BEHTHIATOPOM 103. 3, BXO-
JUT B CEMapaTtop TaHICHIMAJIbHO WM BBIXOJUT 4epe3
BEPXHIOI YacTh. bymakHbIe 00pe3KH W OTHUIBTPO-
BaHHAs IIBUIb YEpPe3 IUTIO30BBIM MHUTATENb B HIDKHEH
YacTH CenapaTopa MOCTYIAa0T Ha IIHEKOBBII KOHBEHED
nos. 4.

Jnst HopManbHOro (QYHKIMOHMPOBAHMS celapa-
TOpa A0JDKHA OBITh BKIFOUEHBI:

- BEHTWISATOP IMHEBMOTPAHCIIOPTa OyMaXKHBIX 00-
PE3KOB;

- MOJIOTKOBAsI MEJIbHHIIA;

- CHCTEMa MbLUICOYUCTKH OTXOMAIIECTO BO3IyXa C
LIUKJIOHHOTO Cenaparopa, BKJIIOYAolias JBa POTOP-
GbunbTpa C TPUBOAAMH, BEHTHISTOP BO3AyXa Ha
OYUCTKY B POTOP-QUIBTPEI U BEHTHIIATOP CaMoO-
OYUCTKH (QUIIBETPOB.

7 | —— Gruppe 1.1 1
ITsineRrO3 My TITHAS
cMech OT BeHTH-
JATOpa caMo-
OUHCTKH POTOp-
. o i E ¢uILTPOB

Puc.1 — Texnonozuueckas cxema yuacmra nepepabomxu MaKyiamypsl 00 Cmaouu OyMaxiNcHbix 00pe3Kos

TexHuueckue xapakTepUCTHKH cerapaTopa:

- MPOU3BOJIUTENBHOCT, MO BO3AYXy — 36400
M°/gac;

- TemMIeparypa TpaHcrnopTupyemoi cmecu — 20
OC;

- YICIbHBIA BEC TPAHCIIOPTHPYEMOH CMecH Ha
BXO/JIe B cenapaTop — okoino 1,2 kr/m®.

I'abapuTHbIe pazMmepsl cenaparopa: BeICOTa Hopy,
=7600 mm; mupuaa D+a =2500 + 440 = 2940 mM; riry-
omnra D =2500 mM. CHapyxu cemaparopa BEIIOHEHA
TEIUIOU30JI1HSA, YTO HECKOJBKO YBEIHYHUBAET €ro ra-
GapuTHBIE pa3MEpHI.

CenapaTop yCcTaHOBJIEH Ha METAJUIMYECKOH pame
u3 yrojka u mseiuiepa. Haj kpeleil 31aHus Ha OT-
MeTke 11,75 M, BBIIOTHEHHON U3 MSTKOW KPOBJIH, BbI-
cTynaet OombIast 4acTh cernaparopa. Takske Ha KpBIITy
PSIOM C CEenapaTopoM BBIXOJAT TPYOBI OYHIEHHOTO
BO3JlyXa OT pOTOP-(hHIIBTPOB.

[Mockonbky nuKIOHHBIM cenaparop tuna CN260
npousBezeH B 'epMaHny, TO onpeiesieHne ypoBHS 3BY-
KOBOW MOIIIHOCTH IIPOBOIMIIOCE B cooTBeTcTBUM ¢ DIN
EN ISO 3746 (Akyctuka. OnpeneneHne ypoBHeH 3By-
KOBOW MOIIIHOCTHU IIIyMa C MOMOIIBIO U3MEPEHHs 3BY-
KOBOTO JaByieHHs. MeTox orubaromeil mOoBEpXHOCTH
Kjlacca TOYHOCTH 3 HaJ OTpaKaromled IUIOCKOCTHIO)
[4].

YcoBue NpUMEHEHUs TaHHOTO MeTo/1a — IToKa3a-
TeNlb aKyCTHYEeCKNX YCIOBUIl Kza HE JOIKEH NpeBbI-
mate 7 bA.

[Tokazarensr akyctuueckux ycinoBuil Koa, nBA,
PAaCCUHUTHIBACTCS 110 POpPMYJIC:

K,, = 10lg[1 + 4 <%) , (1)

rie A — SKBUBAJICHTHAs IUIOMIAJIb 3BYKOOTJIOLIe-
HHUS B IOMEILECHUH, M?;

S — IO /b H3MEPHUTENIBHON TTIOBEPXHOCTH, M2,

[l1omaap U3MEPUTENLHONW MOBEPXHOCTH S, M2, B
BUIe Mapajuienenumena (puc.2), pacCYUTHIBAIOT MO
bopmye:

S =4(ab + bc + ca), (2)

riae a, b u ¢ — pa3mMepbl U3MEPUTEIIHHON TTOBEpX-

HOCTH.
a=05+d;b=05,,+d; c=13+d,(3)

rae |y, |2 u I3 — cooTBETCTBEHHO UTMHA, IIUPUHA U
BBICOTA OTHOAOIIET0 Hapaslielienue/1a;

d — ¥3MepuUTeNnbHOE PacCTOSHHE.

W3meputenbHoe paccTostHUE d H3MEPSIOT N0 nep-
NEHAUKYISPY MEXIY COOTBETCTBYIOIIMMHU TPAHAMHU
H3MEPUTENEHOM MOBEPXHOCTH M OTHOAIOIIEro mapai-
JeJenunea.

[Ipn HEBO3MOXKHOCTH NPHUMEHHTh HH OJHY H3
cxeM, yka3zaHHbIX Ha pucyHkax B DIN EN ISO 3746,
KaXKAYIO U3 ST [IJIOCKOCTEH U3MEPUTENBHOM I10BEPX-
HOCTH (TpaHel mapajuleNienuIe a) paccMaTpuBaioT 1Mo
OTAENBHOCTH M Pa30MBAaIOT HA MHHUMAIBHOE YHCIIO
PaBHBIX yYaCTKOB C MaKCUMaIbHOH auHO#M 3d, rae d —
U3MepUTeNbHOE paccTosiHue (puc. 3).
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P3
P2
> ®
P1.
.

23:“’2’

c=lh+d

A x

Puc. 2 — Ipumep uzmepumensHoti nOGEPXHOCHIL, MOYEK YCIMAHOBKU MUKPODOHOE U MPACKMOPULL CKAHUPOBAHUSL
npU UCHBIMAHUAX BbICOKUX MAWUH ¢ ManoU naowadwvio ochosanus (I; < d, 1, < d,2d < l; < 5d)

- MOUKU YCMAHOBKU MUKPOGDOHO8; A - 36yKoompadicarowas niockocms, B — ozubarowuii napannenenuneo, 2a -onuna
napaienenunedd uzMepumenvHol nosepxHocmu, 20 — wupuna napaiienenuneda uzMepUmeIbHOU ROBEPXHOCI, C -
8blCOmMa napauienenuneda uzmepumenbHol nogepxuocmu, d - usmepumensroe paccmosinue, li- onuna ocubarowezo
napannenenuneoa; l- wpuna ocubarowezo napannenenuneoa, lz- vicoma ocubarowezo napannerenuneda; Pl, P2, P3 -
Mpaexmopul CKAHUPOBAHUs

<3d

e

AL LS LS ST S F T

Puc.3 — Touxu ycmanosku Mukpoghonoe Ha usmepumenbHOU NOGEPXHOCHIU
6 guOe napaiienenuneod

B crydae, koraa ToukaM ycTaHOBKH MHKPO(OHOB
COOTBETCTBYIOT yYaCTKH H3MEPUTEILHON IOBEPXHO-
CTH PABHOM IIOLIAAH, CPEAHUI HA U3MEPUTEIIBHOM I10-

BEPXHOCTH SKBHBAJICHTHBIH YPOBEHb 3ByKa L',4(sr)

UCTIBITYEMOT'0 MCTOYHHKA, pabOoTaloLIero B 3aaHHOM
pexuMe, BEIMHCIIAETCS 10 hopmyore:

1
Tpasry = 10lg |~ > 10°v4660 | (a)
Miz

rae L', A(sT) — OKBUBJICHTHBIH YPOBEHb 3BYKa B i-
il TOUKE yCTaHOBKHM MUKPO(OHA, TBA;

Njs — 4ncII0 TOYEK yCTaHOBKH MHUKPO(OHOB.

Cpenuuii Ha U3MEPUTENBHON OBEPXHOCTH DKBH-
BAJICHTHBIA YPOBEHB 3BYKa (POHOBOTO yMa Ly, 4(g) BBI-
qucnsercs mo Gopmyse:

1
Ly = 10lg mz 10"ra® [ (5)
i=1

/1€ Ly, (p) — DKBUBAJICHTHBI YPOBEHb 3ByKa (o-
HOBOTO IIIyMa B i-i TOYKEe YCTaHOBKH MHKPO(OHA HIH
JUsL i-i TPAaeKTOPHU CKaHUPOBAHUSL.

BrimonHaenue kpurepus 1o OHOBOMY ITyMY IIPO-
BepseTcs 1o Gopmye:

ALps = L'pacsty — Lpacsy = 3 ABA. (6)

Koppexkius Ha (oHOBBINH 1m1yM K4 paccuuThIBa-
ercs 1o hopmyie:

Kia = —10lg(1 — 107%ALpa), (7)

OKBHUBAJICHTHBI YPOBEHb 3ByKa Ha M3MEPHUTENb-
HOH NOBEPXHOCTHU:

Lya= L,pA(ST) — Kia — K24 (8)
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KoppektupoBannbsiii 1mo A4 ypoBEeHb 3BYKOBOU
MOIITHOCTH Lwa 17151 aTMOC(hEpHBIX YCIOBHIA, UMEBIITHX
MECTO BO BPeMsI UCIIBITAaHHIA:

N S

rme So=1 M2,
3aTeM HPOBOAMTCA OIEHKA HEONPENeIeHHOCTH
mMepenus. CTaHIapTHAS HEONpPEAENeHHOCTh YPOBHS
3BYKOBO} MOIIHOCTH:

u(Ly) = ror (10)
IIIE Otot — OOILEE CTAHIAPTHOE OTKIOHEHHE.
Otot = "J}%O + 0%nc (11)

Ie Oro — CTaHIAPTHOE OTKIOHEHHE, XapaKTepu-
3ylollee MeKJIab0paTOpHYIO BOCIIPOU3BOIUMOCTD;

Oome — CTaHAAPTHOE OTKJIIOHEHHE, XapaKTepU3yIo-
11ee HeCTaOMIIBHOCTD YCIIOBHIA pabOTHI.

[punsto [4, Tabn. 1] oro = 3 nbA. CrannaptHoe
OTKJIOHEHUE Gomc PACCUUTHIBACTCSI 1O (hOpMyJIe:

N
1 2
Oome = N -1 Zl(l‘p,j - Lpav) ’ (12)
J:

rae Lpj — KOppeKTUPOBaHHBIH Ha (POHOBBIN LIyM
YPOBEHBb 3BYKOBOTO JABJICHHUS, TIOJYYCHHBIH B j-M MO-
BTOPHOM U3MEPCHUU B SaHaHHOﬁ TOYKE IPpU 3aTaHHBIX
YCJIOBUAX YCTAHOBKU U pa6OTI)I HUCTOYHHKA HIyMa,

Lpav — cpenuee apudmerndeckoe Lyj mo Bcem mo-
BTOPHBIM U3MEPEHUsM, T.€.

N
1
Lpa,, = Nz Lp,j .
j=1

PacmupenHast HeonpeieneHHOCTh U3MEPEHHUS:

U = koo, (14)

rae k — koadunuent oxsara. [Ipunsaro k=2, yro

COOTBETCTBYET BEPOSITHOCTU oxBara 95 % mpu Hop-
MAaJIbHOM PACHpPEEeICHHH.

W3mMepeHus npoBOAMINCE Ha KPOBIIE 31aHUS KOP-
Imyca MPOU3BO/CTBA TUIICOBOJIOKHUCTBIX JINCTOB U JIe-
MeHTOB Tona. Orpakaaromune KOHCTPYKIMH (CTEHBI)
OTCYTCTBOBAJIM, MOKPBHITHE TOPU30HTAJIBHON IOBEpX-
HOCTH — MSTKasi KPOBJIAL.

[Ipu npoBeneHNN N3MEpEeHUl pexuM paboTHI UC-
TOYHHKA IIyMa ObLI CTaOMIM3MPOBaH. YCJIOBUA pa-
OGOTBHl IIPU HCHBITAHUAX COOTBETCTBOBAIM HOpPMAllb-
HOMY TIPUMEHEHHUIO MAIlWHBI, COIJIACHO PEeKOMeEH/a-
OUSM  W3TOTOBUTENSE M NPAaKTUKE II0JIb30BaTENs.
PykoBoACTBYsICB ~ MHCTPYKLMSMHU  H3TFOTOBHUTENEH
CPEICTB U3MEPEHUN, HCIIBITAHHS IPOBOAUIKCE B yCIIO-
BUSIX OTCYTCTBHS 3HAYUTENBHOTO BO3ICHCTBHS CHIIb-
HBIX 3JIEKTPUYECKUX M MarHUTHBIX MOJEH, BETpa, BO3-
IYUTHBIX CTPYH OT HCHBITYEMOTO HCTOYHHKA IITyMa,
BBICOKMX HJIM HHU3KHX TeMIepaTyp. Y CpeIHeHHBIE K-
BHBAJICHTHBIE YPOBHH 3BYKa (HOHOBOTO ITyMa JIOJIKHBI
ObUTH OBITH HIKE SKBHBAJICHTHOT'O YPOBHA 3BYKa HC-
MBITYEMOT0 MCTOYHHKA IITyMa HE MeHee, 4eM Ha 3 1b.
Mukpo¢hoHBI Ha W3MEPUTEIBHOW TOBEPXHOCTH OBUIN
YCTaHOBIICHbI TAaKUM 00pa3oM, 4TOOBI UX pabodne ocu

(13)

OBUTH TIePIIEHANKYISAPHEI ei. [IpogomKITEeTbHOCTD U3~
MEpEeHHI B KX 101 Touke Oblia He menee 10 c.

[Ipn mpoBeneHWH H3MEPEHUM HCIOJIB30BAJIUCH
HIDKETICPEYHCIICHHBIC IPUOOPHI.

Jist u3mMepeHust ypoBHS 3ByKa:

- I3MEPHUTENb  aKYCTHYCCKUI
HAJIBHBIA «KO(DU3HKaY;

- kanubparop akycTuueckuil «3amura-K».

Jlnist u3sMepeHuii napaMeTpoB, XapaKTepU3yIOIINX
YCJIOBUSI IPOBEICHUS N3MEPEHUI:

- IpuboOp KOMOWHHMPOBAHHBIN (TEPMOTUTPOMETP)
«TKA — TIKM/24y,

- mpuOOp KOMOWHMPOBAHHBIN (TEPMOAHEMOMET)),
«TKA — TIKM/50»;

- I3MEPHUTENh IapaMeTPOB 3JICKTPUIECKOTO U
MAarHUTHOTO TOJEH TPEeXKOMIOHEHTHbIN «BE-Merp-
AT-003».

YcnoBust NpoBeEHUST U3MEPEHUI:

- Temneparypa Bo3ayxa — ot 9,5 1o 10,0 °C;

- BI&XXHOCTB BO3/yxa — OoT 46 10 47 %;

- ckopocThb Betpa — ot 0,3 1o 4,8 m/c. s MuHu-
MU3aLUH BIUSHUSL CKOPOCTH BETPa Ha Pe3yJIbTaThl U3-
MEpeHHI BBIOMPANNCH MPOMEXYTKH BPEMEHH, KOrJa
BETEp CTHXAT;

- atMoc(epHOe naBieHune 757 MM pT. cT. (TI0 IaH-
HBIM caiita http://www.meteorf.ru);

- HUTMYUST CYIIECTBEHHBIX 3JEKTPOMArHUTHBIX
noJieil He HaOmroHanock: Ha yactore 50 ' MaraurHas
uHayknust cocrasisia 0,052 mMxTn, HanpsKeHHOCTh
3JIEKTPUUYECKOrO MoJisi — MeHee 5 B/M; B muamazoHax
gactoT (5-2000) I't u (2-400) xI'11 BeTMYMHBI MarHUT-
HOW HWHIYKIMM W HAMPSDKCHHOCTH 3JICKTPUYECKOTO
moJist OBLTH MEHee Mpeeia OOHapYKEeHUs puodopa.

Jlo 1 mocne KaxJoW cepuu U3MEPEHHUU YPOBHSA
3ByKa MPOBOAMIACH KAJIMOpPOBKA IIyMOMEpa C IOMO-
IpI0 aKYCTHYECKOTO KanuOpaTtopa. PazHocTs mokasa-
HUHI JI0 W TOCTie MPOBEACHUS M3MEPCHUH HE TPEBBI-
mana 0,2 nbA.

[To pesympTatam H3MEpEeHHS B TPETHOKTABHBIX
MTOJIOCAX YACTOT XapaKTep IIyMa OMpeeieH KaK ITHPO-
KOTIOJIOCHBIH, 10 BPEMEHHBIM XapaKTEPUCTUKAM — TO-
CTOSTHHBIM.

Pa3mepsl orubaromiero napanenenumneaa (omnpe-
JIeNSUTHCH Kak rabapuTHBIE pa3Mephl IUKIOHHOTO CeTa-
patopa):

- mHa = 3,14 wm;

- mmpuna o= 2,87 m;

- BeIcoTa l3= 6,60 M.

BbL10 npuHATO M3MepuTenbHoe paccrostaue d = 1
M. Pa3Mephr m3MepuTenbHON MOBEPXHOCTH, IIOCYUTAH-
HBIE TI0 popmye (3):

a=257Twm;b=2,44m;¢c=7,60 m.

[Tnomaap M3MEpPUTETHLHOW TOBEPXHOCTH 10 (Hop-
mye (2):

MHOTO() YHKITHO-

S=177,18 Mm2.
Pacnpenenenue TOYEK pPACHOIOKEHUS MHUKPO-
(oHa Ha HM3MEPHUTEIHLHOW TOBEPXHOCTH B COOTBET-

CTBUM C OTTPEACIICHHBIMHA pa3MEpaMu IMOKa3aHO Ha puUcC.
4.


http://www.meteorf.ru/
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2,53

/ N

7,60

3,80
1,27

Puc.4 — Pacnonoorcenue mouex na u3MepumerbHozZ noeepxnocmu

ITockonbKy Orpakaaroniye KOHCTPYKIHUN OTCYT-
CTBOBAJIM, OMpPEEICHUS KOPPEKIMU Ha CBOWCTBA HC-
MBITATENILHOTO MPOCTPaHCTBA HE TPeOOBAJIOCH.

Pe3ynbTarsl u3MepeHUil ypoBHA LIyMa B TOUYKAX
HU3MEpUTENFHON MOBEPXHOCTH TpHBeeHb! B Tabdmuie
1.

Tabmuma 1

Pe3ynpTaThl H3MEpeHNH YPOBHS IIyMa

Homep Touku Yposenb myma, 1bA Howmep Touku Yposenb myma, 1bA
B pabouem pe- DoHOBBII B pabouem pe- DOHOBBII
KHUME JKIME
1 69,7 56,3 15 66,2 62,1
2 64,1 55,0 16 67,8 56,9
3 64,4 58,3 17 68,4 58,7
4 69,5 63,5 18 66,5 62,1
5 67,2 57,2 19 64,7 60,5
6 67,9 62,8 20 65,5 55,7
7 65,7 60,9 21 69,2 58,0
8 65,3 58,2 22 64,7 59,2
9 63,7 60,0 23 67,9 62,1
10 63,9 62,5 24 67,5 61,6
11 65,2 63,0 25 63,9 60,1
12 67,0 58,8 26 66,8 55,3
13 66,5 58,2 27 63,7 57,1
14 69,6 55,2 28 68,2 60,8
Cpeanuii Ha U3MEPUTETBLHONW TOBEPXHOCTH HIKBHU- K;4=1,0 nbA.

BaJICHTHBIN YPOBCHH 3BYKa HCIBITYEMOI'0 UCTOYHUKA,
paboTaromiero B 3aJaHHOM PEKUME, OIIPEICIICHHBIH 1O
dbopmye (4):
L,pA(ST): 66,9 I[BA
Cpeanuii Ha U3MEPUTETLHONW TOBEPXHOCTH IKBHU-
BaJICHTHBIN YPOBCHB 3BYKa (DOHOBOTO IIyMa, OTpejie-
JIeHHBIH 10 hopmyre (5):
L’pA(B): 60,0 nbA.
Pasnuna ypoBHs 1mryma B padbodeM u (pOHOBOM pe-
KHUMe, orpeziesieHHas 1o Gopmyste (6):
ALpp=6,9 nBA > 3 nbA.
Koppexkiust Ha ¢poHOBEIH 11yM 110 hopmyite (7):

OKBHBAJICHTHBIA YPOBEHB 3ByKa Ha M3MEPHUTENb-
HOW IOBEpXHOCTH 110 hopmyme(8):
L,4=65,9 nbA.
KoppektupoBanublii Mo A4 ypOBEHb 3BYKOBOH
MOIITHOCTH, OTIPEJIeNIEHHBIN 1Mo Gopmyie (9):

LWA_ 553 54,
st ompezneneHus CTaHJApPTHOTO OTKJIOHEHUS
Oome, XAPaKTEPHU3YIOUIETO HECTAOMIBHOCTh YCIOBHH
paboThl, B OHOM TOYKE N3MEPHUTENEHON MMOBEPXHOCTH
MIPOBOJIMIINCH ITIOBTOPHBIEC U3MEPEHHs. Pe3ynbTaTsl mo-
Kka3anbl B Ta0iuume 2.
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Tabnwma 2
Pe3ynbTaTel m3MepeHnii s OTICHKH CTAHJAPTHOTO OTKIOHCHHUS
Howmep nzmepenus PesynbTar nsmepenus, nbA KoppexrupoBanubiii Ha GOHOBBIN
IIYM YPOBECHB 3BYKOBOTO JABJICHHUS,

nbA
1 63,7 62,7
2 64,2 63,2
3 62,7 61,7
4 62,1 61,1
5 62,2 61,2

CpenHee apupMeTHIecKoe 10 MOBTOPHBIM H3Me-
permsM o gpopmye (13):
Lpav= 62,0 nbA.
CrannaptHoe oTKIOHeHHe 1o Ghopmyse (12):
Oomec — 0,9 [[BA
OOmiee craHIapTHOE OTKJIOHEHHE 1O (opmyrie
(12):
Otot — 3,1 )IBA.
Pacmmpennas HeonpeneneHHOCTs H3MEPSHUS 0
thopmyne (14):
U= 6,2 nbA.
Takum 00pazoM, KOHEUHBIH pe3ymbTaT OICHKH
BBITJBITUT CIEAYIOIIIM 00pa3oM:
- KOPPEKTUPOBAaHHBIH 1O A YPOBEHb 3BYKOBOM
MOIIHOCTH JIJIsl aTMOC(EPHBIX YCIIOBUH, UMEBLINX Me-
cTOo BO BpeMms uctibiTanuii Lwa= 88,3 nbA;

- pacmpeHHas HEONPEACICHHOCTh H3MEPECHHUS
(mpu xkoadpdurmmente oxsata k =2) U = 6,2 nbA.

Jl1g poBepKu TOCTOBEPHOCTH MOJIyUYE€HHOTO pe-
3ynbTaTa ypPOBHSA 3BYKOBOIl MOIIHOCTH HCTOYHHUKA
1IymMa, JOMOJIHUTEIbHO K METOJUKE M3MEpPEHUs], yKa-
3anHoit B DIN EN ISO 3746, npoBogunuck cieayro-
e u3Mepenus coraacHo [1, 2, 3]. Ha Beicote 1,8 M ot
YPOBHS KPOBJIM U3MEPSUIUCh YPOBHU 3BYKa Ha pa3iIly-
HOM PaCCTOSIHUH X OT OTHOAIOIIET0 MapaJUIeIeuIIe/1a,
OXBATHIBAIOIIET0 UCTOYHUK ITyma. Mi3MepeHus mpoBo-
JUITACH CHAYaja B OJHY CTOPOHY, a IIOTOM C IIPOTHBO-
MTOJIOXKHOHN cTOpOHEI. [loydeHHBIE pe3yibTaThl MOKa-
3aHbl Ha PucyHke 5.

70
, 65
Lpa;(sT)y:
BA
A 60
55 0

1 — usmepenus npoeoounUChL 6 0OHY CIOPOHY, 2 — U3MEPEHUSL NPOBOOUTUCH CO CINOPOHbL, RPOMUBORONIONCHOU UCXOOHOU.
Puc. 5 — Pezynbmamvl nposedeHHbIX 00NOTHUMENbHBIX U3MEPEHUL

Ecnu cuntaTh 3TO pacCTOSHUE X KaK H3MEPUTEIb-
HbIiT pasmep d Uil U3MEPUTENLHOM MMOBEPXHOCTH, TO
MOJKHO JUI KaXJOT0 3HAaYCHMs YPOBHS 3ByKa, M3Me-
PEHHOTO Ha PACCTOSIHUHU X, IIOCUUTATH pa3Mephl H3Me-
PUTENILHOM IMOBEPXHOCTH U COOTBETCTBYIOLIUN YypO-
BEHb 3BYKOBOH MOIIHOCTH. YCTOHUMBOE Pa3IUYUE B
YPOBHSIX 3ByKa KpUBBIX 1 1 2 nipu X Gosiee 4 M cBsA3aHO
C T€M, 4TO C IPOTUBOINOJIOKHOW CTOPOHBI OT LIUKIOH-
HOTO CcerapaTopa HaxOoAATCsl TPYObl OYHIIEHHOTO BO3-
JyXa OT POTOP-(QHIBTPOB, SBISIONINECS HCTOUHHUKAMHU
mryma. B cBsi3u ¢ 3TuM Juts pacyera Opajuch TOUKH, CO-

OTBETCTBYIOIIME paccTosHuio x oT 1,3 mo 3,8 m. Pe-
3yNbTaThl U3MEPEHUH I pacueTa npuBeAeHsl B Tab-
nuare 3.

JI1st KayKIoi TOUYKY OIpENeNsulachk KOPPEKLUs Ha
¢donoBeiii mym 1mo (opmyie (7). Ilpu 3ToM Opanoch
3HaYEHUE DPAHEE OINPENEICHHOIO CPEJHETO YPOBHS
3ByKa ()OHOBOTO mrymMa Ly, gy= 60,0 nBA. B cootset-
CTBHHM C pa3MepaMH H3MEPHTEIbHOW IOBEPXHOCTH
OTIpeiesICs YPOBEHb 3BYKOBOW MOIIHOCTH 10 (op-
myie (9). Pesynbratsl pacueToB npuseieHsl B Tabmuie
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Tabmuma 3

PesynbTaThl TONOJHUTENBHBIX H3MEPEHUN

Pe3ynbpTaThl m3MEepeHUt YpOBHS 3ByKa, TbA PasMEDE HAMEDHTE b
Paccrosnue x, M CootsercTBytoT rpaduky | COOTBETCTBYIOT rpapuKy Hoi HI())BerHOP; T 2
1 2 ’
13 64,4 65,4 208,52
1,8 64,1 64,6 265,53
2,3 64,1 63,9 328,56
2,8 62,4 64,3 397,58
3,3 62,7 63,4 472,60
3,8 63,0 63,1 553,62
Tab6muma 4

Pe3ynbpTaThl pacyeToB YpPOBHS 3BYKOBOM MOLTHOCTH

YpOBHH 3BYKOBOI MOIIHOCTH, 1BA
Paccrosane x, M
CooTBeTcTBYIOT rpaduky | CoOTBeTCTBYIOT rpaduKy 2
13 85,6 86,6
1,8 86,2 86,7
2,3 87,1 86,9
2,8 84,7 86,6
3,3 86,1 86,8
3,8 87,4 87,5

Cpennvie 3Ha4eHHs] YpOBHEH 3BYKOBOM MOIIIHO-
CTH, CpPeJHHE KBapaTHUECKUE OTKIOHEHHS MTOBTOpsIC-
MOCTH PEe3yJIbTaTOB U PACIIUPEHHBIC HEOIPEIeICHHO-
CTH pPe3yIbTaTOB:

- TaHHBIE 10 KpHBOii 1 puc. 5:

Lwa= 86,2 nbA; gome = 1,0 1bA; U = 6,3 1BA;

- TaHHBIE 110 KpUBOH 2 puc. 5:

Lwa = 86,8 1BA; comc = 0,3 1bA; U = 6,0 nBA.

TakuM 00pa3oM, Bce MONy4YCHHBIC PE3yJIbTaThI
OIM3KH IPYT K APYTY, 4TO MMOATBEPKAAET UX IOCTOBEP-
HOCTb.

B pesynbraTe u3MepeHH, NPOBEICHHBIX B COOT-
BercTBuM ¢ DIN EN ISO 3746, ycTaHOBIIEHO, YTO KOP-
PEKTHPOBAHHBIN 1O 4 YpPOBEHb 3BYKOBOW MOIIHOCTHU
JuLst aTMOC(EPHBIX YCIOBHUA, UMEBLINX MECTO BO BPEeMs
ucnbITaHu#, coctaBiseT Lwa = 88,3 nbA. CrannapTHoe
OTKJIOHEHUE MOBTOPSIEMOCTH H3MEpEeHU# gome = 0,9
nbA. PacmmpenHast HeompeeieHHOCTh u3Meperus U
= 6,2 n1bA (mpu ko3 duiente oxnara K = 2).

[TpoBeneHHbIE NOTIOTHUTENBHBIE 2 CepUH H3Mepe-
HUH 10 METOAMKE, OTIMYAIOLIEHCS OT YKa3aHHOW B
DIN EN ISO 3746, nanu 6im3kue pe3yibTaThl:

1-as cepus —Lwa= 86,2 nbA; gomc = 1,0 1BA; U =
6,3 nbA,;

2-as cepust —Lwa = 86,8 1BA; oomc = 0,3 1bA; U =
6,0 1BA.

JUis mpuHATHS pelIeHui, onupasck Ha [5], oTHO-
CUTETIFHO BBIOOpPAa MECT, OTBOAWMBIX IIOJ IIPOU3BOJI-
CTBEHHBIC IUIOLIAJH, TPEICTaBIsIETCS Iiejecoo0pas-
HBIM YCPEIHHTH NOIyYCHHBIE OLIEHKH MapamMeTpoB U

CpaBHHUBATh UX C IIYMOBBIMU XapaKTEepPUCTHKAMHU yKa-
3aHHBIMH 3aBOJIOM-U3TOTOBUTENIEM B TEXHUYECKOH 110-
KyMEHTAIUH.

Crnucok 1uTepaTypsl

1.TOCT P UCO 3744-2013 Axyctuka. Omnpene-
JICHUE YPOBHEH 3BYKOBOM MOIIHOCTHU U 3ByKOBOM 3HEP-
MM UCTOYHUKOB IIyMa [0 3ByKOBOMY IaBJIECHHUIO. Tex-
HUYECKHH METOA B CYLIECTBEHHO CBOOOIHOM 3BYKO-
BOM II0JIE HaJ] 3ByKOOTPAXKAIOIIEH MIIOCKOCTBIO.

2. TOCT 31277-2002 (UCO 3746:1995) Illym ma-
wuH. OnpenenaeHue ypoBHEN 3BYKOBOI MOILIHOCTH HC-
TOYHHMKOB IIIyMa MO 3BYKOBOMY AaBieHHIO. OpHEHTH-
POBOYHBIM METOJ ¢ UCIOJIb30BAHUEM U3MEPUTEIbHOU
MOBEPXHOCTH HAJ 3BYKOOTpPAXKAIOIIEH MIOCKOCTHIO.

3.TOCT P UCO 3746-2013 Axyctuka. Onpese-
JIEHUE YPOBHEN 3BYKOBOM MOIIHOCTH U 3BYKOBOM 3HEP-
MM UCTOYHMKOB IITyMa 10 3BYKOBOMY JAaBJieHHI0. Opu-
E€HTUPOBOYHBI METOJ C HCIOJIb30BaHHEM H3MEpH-
TEIBHOW MOBEPXHOCTH HAJ  3BYKOOTpaXKarollen
IUIOCKOCTBIO.

4. DIN EN ISO 3746 «Akustik — Bestimmung der
Schallleistungs- und Schallenergiepegel von Geriusch-
quellen aus Schalldruckmessungen — Hillflichen-
verfahren der Genauigkeitsklasse 3 iiber einer reflek-
tierenden Ebene (ISO 3746:2010)» (Tlep.: AkycTuka.
OmnpenesneHre ypoBHell 3ByKOBOI MOIIHOCTH IIyma C
MIOMOIIBI0 M3MEpPEHHsI 3BYKOBOTO JaBIEHHUSA. MeTon
orubaronieil MOBEpXHOCTH Kjlacca TOYHOCTH 3 HaJ OT-
paxaromiel II0CKOCTBIO).

5. CIT 51.13330.2011. Axryanmu3upoBaHHas pe-
jakius ot 20.05.2011. CrpoutensHble HOPMBI U Ipa-
Bwia Poccuiickoii ®epepanuu. 3ammura OT ILIyma.
CHulII 23-03-2003.
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The article poses some problematic issues of using wild-growing raw materials in order to expand the assort-
ment and improve the quality of finished products, to enrich the diet of the local population with useful substances
and vitamins, and the results of studies on the nutritional value and safety of allium victorialis L.
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ments, allium victorialis L., amino acid composition of proteins.

One of the paramount aspects of the life of society
is the task of providing quality and safe food. In addi-
tion to the actual supply of human food, there is a need
to inform the individual about the benefits and harms
of various components of the diet. The state of nutrition
is directly related to the physical and moral health of
the nation. Modern food, along with the main function
of saturation with useful substances and energy compo-
nents, must perform therapeutic and preventive func-
tions.

Foreign and domestic products quite often have in
their composition synthetic additives that have a car-
cinogenic, mutagenic effect, adversely affecting the
natural intestinal microflora.

At the time of a complex ecological situation, the
use in the diet of plant foods saturated with biologically
active substances necessary to increase the resistance of
the body, maintain a tone, strengthen immunity and, as
aresult, increase life expectancy. These properties have
products from plant raw materials.

In this regard, the use of local wild herbs will im-
prove the quality of finished products, diversify the
range of dishes, enrich the diet of the local population
with useful substances, essential vitamins and trace el-
ements. We are offered as a vegetable additive to use
victorious onions (allium victorialis L.)

Allium victorialis L. (wild garlic, onion, and bulb)
is the richest source of vitamins, in particular, vitamin
C and B-carotene; by the amount of these components
is comparable with red pepper, black currant, carrots [1,
6].

The victorious onion is a Siberian relative of the
European bow - a bear bow (A.Ursinum), compared to
which, the victorious bow is more frosty, has a higher
plant height and larger leaves.

Proceeding from the historical certificate, it is
known that the indigenous population of Siberia from
scurvy and avitaminosis was saved with the help of pine
needles strewed in boiling water and the use of shoots
and leaves of wild garlic. There is even information

about some patients who are able to overcome severe
scurvy by eating wild garlic [2,7,8].

Some peoples inhabiting the North considered
wild onions, including victorious onions, sacred plants,
due to the high content of phytoncid substances.

Moreover, in hunters, in order to extend the shelf
life of meat, the method of wrapping the product with
leaves of victorious onion was used, which indicates its
bactericidal properties. This information allows us to
understand that the victorious onion is a very valuable
multivitamin plant.

Thus, the aim of our work was to study the
changes in the consumer properties of Allium victori-
alis L., which grows on the territory of the Far East, Si-
beria and the Altai Territory, depending on the phase of
plant development.

To achieve this goal, the following tasks were set:

— study the dynamics of changes in the mineral
composition in different phenological phases of the de-
velopment of onion victorious;

— assess the quality of onions for compliance with
the requirements of regulatory documents.

Since the food mainly uses the green overhead part
of the onion (stems and leaves), the cleaning time was
determined by phenological phases - from the begin-
ning of the spring regrowth to the formation of the ar-
row - flowering, i.e. from the end of April to the end of
June.

During the experiments, it was determined that
this plant contains ash elements (table 1), which are
necessary for the diet of a person living in the Siberian
region, given the harsh climatic conditions.

The main macroelement of onion is victorious -
potassium (41.9% of ash mass). The required quantity
is represented by magnesium, which is 3.0, phosphorus
is 3.9% by weight of ash; of trace elements in this plant
in small quantities contain manganese and iron.

The component of the useful elements of the
shoots is not as great as the leaves, in which there are
more macronutrients, and less - trace elements. During
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budding and flowering, when the plant directs all forces
to form seeds, the nutritional value of the plant de-
creases; it becomes poorer with mineral substances and
microelements (table 1).
Table 1
Mass fraction of micro- and macroelements in onion victorious, on dry weight
Parts of a plant % mg%
3ona K Ca Na Mg P Mn Co Cu Fe
Shoots 10,8 452 | 1,20 | 1,9 | 0,30 | 0,41 | 3,78 | 0,03 | 1,84 | 4,40
Leaves 12,5 503 | 1,32 | 2,28 | 0,37 | 0,48 | 3,06 | 0,01 | 1,68 | 3,83
Flower Arrow 8,44 409 | 0,71 | 181 | 0,09 | 0,31 | 0,68 | 0,09 | 0,06 | 1,26

At the same time, as a result of the conducted stud-
ies and experiments it was determined that the bulb

substances, vitamin C (table 2).

Chemical composition of onion victorious (by wet weight), %

(wild garlic) contains a large amount of carotene, pectin

Table 2

Phenological phase of development and part of the plant
o XuMudeckue BemecTa Sprl(ny%grr](;wth ;g\l,\vlteh ;r(g\ll\v/ti] arrows (flower
shoots) (shoots) (leaves) arrows)
Water 89,2 86,89 86,48 95,40
Dry matter 10,8 13,11 13,52 4,60
Titrated acidity 0,12 0,12 0,14 0
Sugar 1,34 0,63 0,89 1,93
including: invert sugar 0,82 0,31 0,35 0,64
sucrose 0,52 0,32 0,54 1,29
Pectin substances 1,84 2,02 2,94 0
including: pectin 0,94 0,61 1,36 0
protopectin 0,9 1,41 1,58 0
Nitrogenous substances 3,14 3,23 3,54 0
Proteins 2,5 2,34 2,00 0
Cellulose 1,92 2,12 2,48 0
Lignin 0,12 0,11 0,10 0
Ash 0,91 0,98 1,25 0,39
Essential oils 0,05 0,06 0,03 0,02
Vitamin C, mg% 19,54 25,10 39,07 25,04
Carotene, mg% 1,23 1,65 2,34 2,10

Based on the data of the table, it can be concluded

The data of table 3 inform that the biological value

that in relation to pectin substances and vitamin C, on-
ion leaves, in comparison with shoots, accumulate 1.6
times more pectin substances, twice as much vitamin C
and carotene.

of the shoots of onion shoots is determined by phenyl-
alanine, isoleucine, methionine, threonine, and leucine.
However, glutamic and glutamic amino acids are the
main ones in the total number of amino acids (by spe-
cific gravity).

Table 3

Amino acid composition of onion victorious proteins (by dry weight), %

. . Phenological state and parts of the plant
Amino acids
young shoots shoots leaves

Lysine 1,34 1,79 1,10
Histidine 0,48 0,72 0,60
Arginine 1,57 1,30 1,43
Aspartic acid 3,72 3,67 1,97
Threonine 0,82 0,95 0,78
Serin 1,01 1,06 0,66
Glutamic acid 5,63 6,03 3,39
Proline 1,41 1,30 1,15
Glycine 1,21 1,30 0,90
Alanin 1,68 1,89 1,18
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Valine 1,47 1,44 1,12
Methionine * 0,26 0,33 0,19
Isoleucine 0,94 0,96 0,84
Leucine 1,50 1,61 1,44
Tyrosine 0,79 0,81 0,76
Phenylalanine 1,15 1,20 1,24
Tryptophan 0,54 0,76 0,78
Total amount of proteins 32,86 28,25 22,53

Leaves, flower arrows and bulbs Allium victori-
alis L are used in different types - cheese, pickled,
salted. However, the range of dishes with this multivita-
min us form is very modest; onions are a great rarity in
the Collection of Formulations.

In addition to analyzing the composition of the
plant, assessing the consumer properties of the plant, it
is necessary to determine how safe this biologically val-
uable raw material is. According to sanitary norms and
rules, all food products must meet safety requirements
according to specially developed criteria [3], which are
also presented to our research facility.

The safety of Allium victorialis L, like any plant,
depends on the ecological state of the growth zone, -
the presence of harmful substances in the air; sources
of industrial discharges into the water, and also the state
of the pedosphere - the level of soil contamination.

Since plant objects are able to accumulate toxic sub-
stances from the soil, air and water, one of the tasks of
researching the safety of this product, we decided to de-
termine by experience the level of toxic metals and ni-
trates in fresh onions (table 4).

Based on the data in table 4, it is obvious that plant
raw materials are suitable for consumption and further
processing, since the content of nitrates and toxic ele-
ments in onions is not more than the maximum allowa-
ble concentrations of these substances. You can only
speak about lead, the content of which is of actual
value; as for cadmium, arsenic and mercury - these el-
ements are represented in trace values. The same can be
said about radioactive substances - cesium and stron-
tium are found in traces.

It can be concluded that the product is safe for the
health of the consumer.

Table 3
Mass fraction of toxic elements in onions victorious fresh
Indi Permissible levels, mg / kg, not The actual content, mg / kg, in the
ndicator name more than, study
on TR TS 021/2011

Content of toxic elements, mg / kg,
not more:
-lead 0,5 0.011 £ 0.0021
-cadmium 0,03 footprints
-arsenic 0,2 footprints
-mercury 0,02 footprints
Pesticide content, mg / kg, not more
than:
-hexachlorocyclohexane, (o, vy, B-
isomers) 0,5 footprints
DDT and its metabolites 0,1 footprints
Nltrgte content, mg / kg, not more 600 18.2740,0202
than:
Radionuclide content, Bq / kg, not
rgnoore than: -Cesium-137 -strontium- 120 footprints

40 footprints

A few words need to be said about the elements
possessing valuable bactericidal properties, available in
onion victorious, are essential oils. And the amount of
these components in onions varies in the process of
plant development. In April shoots accumulate the
maximum amount of oils, by June, with the formation
of an adult plant, the content in the flower arrows is re-
duced to a minimum. It is determined experimentally
that the amount of essential oils is influenced not only
by the phenological state of the plant, but also by the
storage process. [4,6].

It was investigated that when storing Allium vic-
torialis L, the amount of essential oils increases three-
fold, as evidenced by the sharp garlic smell of the plant;
because under the action of enzymes, there is an accu-
mulation of allyldisulfide, essential oils are released,
which gives a specific smell to the plant, affects its taste
qualities, as well as antimicrobial and phytoncidal
properties. It can be concluded that the victorious bow
has both the properties of onions and the properties of
garlic.

The practical significance of our research is that,
based on the results of experiments conducted by us at
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the Siberian University of Consumer Cooperatives, the
technical conditions of TU 9765-017-01597959-06
"Tinned Victory Onion" (fresh leek) have been devel-
oped and approved. In addition, we, with the participa-
tion of specialists from Rospotrebnadzor, developed
technical and technological maps for cold and hot
dishes, such as "Minced meat with victorious egg",
"Spring Pies", "Salad victorious" [9].

Thus, in its importance, the rare and valuable plant
culture of Allium victorialis (onion victorious) can oc-
cupy a worthy place on our table, being one of the most
valuable sources of high-quality and safe food for a res-
ident of Siberia.
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