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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
The impact of pathogenic factors caused by the consequences 

of the Chernobyl disaster on the blood system and hemostasis 
is of great interest. Deviations identified in the first years 
after exposure to ionizing radiation are primarily restorative 
and adaptive in nature. This paper presents the results of the 
monitoring of the changes in each separately studied indicator 
in the early (1987-1988) and late (2019-2020) periods after the 
exposure to radiation. Regression equations were obtained that 
describe the dynamics of changes in certain blood indicators, 
which make it possible to predict changes over many years 
after the accident. The hemoglobin and erythrocyte content, 
compared with the control group (donors), remained within the 
physiological norm until 1991. A significant decrease in the 
number of erythrocytes from 1991 to 1997, naturally, should 
have been reflected in the hemoglobin content, which was 
manifested in a decrease in their content. In the subsequent 
years of observations until 2001, a significant decrease in 
the number of erythrocytes corresponded to a decrease in the 
hemoglobin content. From 2001 to the present day, the content 
of erythrocytes and hemoglobin is approaching the boundaries of 
the physiological norm, albeit with some lag. Changes in blood 
counts are also influenced by factors that determine a liquidator's 
susceptibility to certain illnesses. Despite the fluctuating nature 
of changes in white blood cell counts, an overall trend of decline 
is nevertheless observed. Stable moderate leukopenia has been 
observed since 1995. A left shift of granulocytes is observed 
due to a decrease in the agranulocyte component of blood cells. 
Thus, it can be concluded that blood cells remain affected by 
the radiation caused by the Chernobyl accident even at late 
observation times.

Key words. Ionizing radiation, erythrocytes, hemoglobin, 
leukocytes, lymphocytes, segmented nucleated cells.
Introduction.

The hematopoietic system, as an actively proliferating tissue, 
is known to be extremely sensitive to the effects of ionizing 
radiation. Therefore, the impact of pathogenic factors from 
the Chernobyl disaster on the blood system and hemostasis 
is of great interest [1-3]. Analysis of recent literary data on 
population exposure to low doses of radiation indicates that 
the early deviations (identified in the first years after exposure 
to ionizing radiation) are primarily restorative and adaptive in 
nature [4,5].

According to data from Lyubchenko P.N. et al. [6], at 
individual doses from 0.02 to 0.37 Gy, most hematological 
parameters in the examined medical workers at the Chernobyl 
Nuclear Power Plant returned to normal after 2-3 years, thereby 
characterizing the limit of physiological fluctuations. Cases of 

an increase in the number of polymorphonuclear neutrophils, a 
decrease in the number of lymphocytes and basophils, and an 
increase in the size of mononuclear cells have been identified. 
Signs of functional disturbances in the hemostasis at radiation 
doses of 0.005-0.3 Gy were detected in medical workers at the 
Chernobyl Nuclear Power Plant after four years of continuous 
work in the radioactively contaminated zone. The listed effects 
are most clearly detected using the functional load method.
Materials and Methods.

For the purpose of dynamic observation of Armenian 
liquidators (men: liquidators group N=2000; control group 
N=84) of the consequences of the Chernobyl accident, 
several blood indicators were studied: Hemoglobin (g/l), 
erythrocytes(1012/l), color index, leukocytes (109/l), band 
neutrop (109/l), segmented neutrop (109/l), eosinophils (109/l), 
basophils (109/l), lymphocytes (109/l), monocytes (109/l), ESR 
(mm/h). The study of these indicators among liquidators was 
carried out using standard unified methods [7-13].

Men in the control group had no contact with the ionization 
source and were practically healthy individuals. From the very 
beginning of the research, the average values of the studied 
indicators differed slightly from the control ones. A variance 
factor analysis of the data was carried out, which showed that 
the influence of age ranged from 31% to 38% compared to 
the radiation factor, which ranged from 42% to 45% (in the 
long-term period, the influence of age ranged up to 46%). We 
examined groups that received radiation doses of 10 cGy and 
80 cGy.

The regression equations describing the dynamics of changes 
in these indicators (content: hemoglobin - y1 (g/l), erythrocytes 
- y2 (1012 / l), leukocytes - y3 (109/l)) are given:

y1=166.79-3.58*x+0.11*x2 (hemoglobin)
y2=4.84-0.062*x+0.002*x2 (erythrocytes)
y3=8.07-0.06*x (leukocytes)
Where x is the number of years since the accident.
These formulas can be used for forecasting.
The coefficient of determination, which indicates the degree 

of accuracy of the correspondence between the models and real 
data in the specified models, is R2=0.89 to 0.97, P<0.05.

The analysis of the data (along with the programs we 
developed) was conducted using a number of well-known 
computer programs designed for the statistical processing 
of digital data arrays. The following were used: a Microsoft 
Excel spreadsheet [14,15] and specialized statistical packages 
StatSoft, SPSS, and StatGraphics Plus [16-20].
Results and Discussion.

This study was conducted to dynamically monitor the indicators 
in Armenian liquidators of the Chernobyl accident. The results 
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of monitoring changes in each individual indicator in the early 
(1987-1988) and later (2019-2020) periods are presented below.

The presented data suggest that relatively low doses of 
ionizing radiation (0.1-0.3 Gy per year) have a damaging effect 
on hematopoietic stem cells, resulting in unstable patterns in 
peripheral blood indicators, as well as structural and functional 
abnormalities in cellular elements.

It was established that the red blood cell levels in LPA patients 
did not undergo significant changes in the first 4-5 years after 
the accident. Hemoglobin and red blood cell levels, compared 
to the control group (donors), remained within physiological 
norms until 1991.

The significant decline in red blood cell count from 1991 to 
1997 should naturally have been reflected in hemoglobin levels, 
which was revealed by a decrease in their content, as confirmed 
by the correlation coefficient between these indicators = 0.93. 
In subsequent years of observation, up to 2001, a significant 
decrease in red blood cell count was accompanied by a decrease 
in hemoglobin levels. From 2001 to the present day, red 
blood cell and hemoglobin levels have been approaching the 
physiological norm, albeit with some lag.

In our opinion, the significant drop in the content of red blood 
cells and hemoglobin, respectively, from 1991 to 1997, cannot 
be entirely attributed to the long-term effects of low-dose 
irradiation. During this period, various non-radiation factors may 

have been superimposed, including social-economic factors, an 
increase of morbidity in a number of various chronic diseases, 
and aging of the Armenian liquidators. This is confirmed by 
the results of a dispersion factor analysis of red blood cells and 
hemoglobin, carried out dynamically, where an increase in the 
share of the age factor in these indicators has been observed 
since 1991 (hemoglobin - from 9.35% in 1987 to 22.42% in 
1991; red blood cells - 1.5% in 1987 to 54.75% in 1991).

As our research has shown, changes in blood parameters 
are also influenced by the factor determining the liquidator's 
predisposition to a particular disease. Therefore, we also 
conducted a correlation and regression analysis of the ratio 
of these parameters in the early period in the general group of 
liquidators (y = 47.72 + 21.76x, where y is the hemoglobin level 
and x is the red blood cell count; r = 0.63) and in the group of 
liquidators who were diagnosed with cardiovascular pathology 
(coronary heart disease) 10 years later (y = 37.83 + 23.91x; r = 
0.89). A reliable difference in the leukocyte intoxication index 
and ESR was also found in these groups. Thus, in the group 
with cardiac disorders, a significant decrease in the leukocyte 
index (LII) was observed (0.6±0.075 compared to the group of 
liquidators without cardiac pathology (0.8±0.07; p<0.05) and an 
increase in the ESR (7.4±0.75 and 9.4±0.67, respectively; p<0.05).

Despite the undulating nature of the leukocyte count dynamics, 
a decline trend is nevertheless observed, described by the 

  Hemoglibin 
g/l

Erythrocytes 
1012 /l Color index Leukocytes 

109 /l

Band 
neutrcph. 
109 /l

Segmented 
neutr. 109/l

Eosinophils 
109 /l

Basophils 
109 /l

Lymphocytes 
109/l

Monocytes 
109 /l

ESR
 mm/h

1987 162,68±0,9 4,96±0,06 0,96±0,02 7,8±0,08 1,26±0,1 7 59,23±0,75 2,4±0,07 0,23±0,06 33,45±0,71 3,28±0,0S 7,26±0,48
1988 164,48±0,7 4,93±0,02 0,99±0,01 8,54±0,11 1,55±0,11 55,28±1,81 2,7 5±0,25 0,07±0,01 37,54±1,53 2,55±0,1 5,07 ±0,2
1989 163,05±0,19 4,86±0,02 0,99±0,01 9,01 ±0,1 1,44±0,08 58,52±0,26 1,95±0,13 0,12±0,04 34,32±0,55 3,48±0,29 4,97 ±0,18
1990 161,25±0,15 4,84±0,01 1,05±0,03 8,73±0,13 1,66±0,03 62,89±0,51 1,68±0,12 0,25±0,07 30,91 ±0,47 3,39±0,09 4,73±0,19
1991 153.95i0.86 4,64±0,04 0,92±0,01 7,38±0,06 0,94±0,07 64,11 ±0,88 1,13±0,07 0,12±0,03 33,39±0,31 3,29±0,11 4,69±0,1
1992 147,01 ±0,2 4,41 ±0,001 0,9±0,01 7,73±0,1 0,95±0,1 61,15±0,31 1,07 ±0,09 0,09±0,01 27,84±0,75 3,7 4±0,49 3,84±0,24
1993 147,09±0,84 4,34±0,1 0,93±0,01 8,03±0,15 0,59±0,02 62,6±1,08 2,44±0,15 0,1 S±0,03 28,22±0,63 5,85±0,28 4,08±0,29
1994 145,84±0,41 4,41 ±0,08 0,92±0,04 8,22±0,16 0,84±0,1 62,69±0,85 2,3±0,18 0,19±0,06 30,35±0,77 5,33±0,16 4,65±0,25
1995 135,12±1,26 4,11 ±0,08 0,91 ±0,003 7,37±0,26 1,59±0,19 60,88±0,62 2,02±0,13 0,28±0,02 30,44±0,47 4,7 4±0,26 5,27 ±0,53
1996 126,33±0,72 3,91 ±0,03 0,92±0,005 6,71 ±0,1 2,5±0,27 57,06±0,53 2,71 ±0,33 0,29±0,05 33,44±0,51 4,05±0,15 6,24±0,4
1997 120,89±0,87 3,76±0,03 0,92±0,004 5,55±0,23 2,56±0,23 59,69±1,55 2.16±0,36 0,34±0,07 31,62±0,67 3,33±0,35 5,46±0,59
1998 146,14±1,41 4,59±0,05 0,91 ±0,009 6,49±0,15 3,2±0,16 59,54±1,46 2,09±0,11 0,33±0,04 30,7 5±1,06 4,07 ±0,25 5,91 ±0,52
1999 138,95±0,98 4,46±0,03 0,92±0,003 6,7 ±0,39 2,67 ±0,21 58,59±0,73 1,82±0,14 0,36±0,05 30,87 ±0,79 5,13±0,25 5,12±0,51
2000 142,14±0,61 4,55±0,01 0,92±0,004 6,97 ±0,13 2,79±0,2 59,53±0,23 2,31 ±0,15 0,52±0,05 29,7 ±0,22 4,53±0,23 5,99±0,39
2001 141,37 ±1,73 4,56±0,05 0,93±0,006 6,78±0,5 2,94±0,12 61,89±1,67 1,74±0,35 0,39±0,1 28,35±0,81 4,27 ±0,46 4,89±0,48
2002 146,27 ±2,1 8 4,59±0,05 0,94±0,01 7,29±0,34 2,89±0,28 56,18±1,11 1,81 ±0,37 0,49±0,13 32,84±0,43 5,27 ±0,42 5,07 ±0,5
2003 139,41 ±2,12 4,84±0,07 0,95±0,05 7,15±0,52 2,55±0,33 60,52±2,31 1,97 ±0,44 0,82±0,01 29,69±1,95 6,14±1,14 6,5±1,11
2004 140,16±3,37 4,5±0,11 0,96±0,01 6,53±0,92 2,71 ±0,51 59,35±5,21 2,25±1,89 0,93±0,01 30,58±3,31 5,87 ±1,85 5,7 5±1,12
2005 147,8±1,01 4,67 ±0,06 0,98±0,05 6,54±0,16 2,57 ±0,14 61,12±0,64 2,99±0,24 1,02±0,02 31,16+0.62 5,25±0,22 6,46±1,31
2006 146,5±3,38 4,77±0,1 1,02±0,01 6,28±0,31 2,28±0,15 62,3±0,85 3,01 ±0,46 1,01 ±0,005 27,82±1,54 5,42±0,51 6,34±1,32
2007 147,2±2,25 4,82±0,07 1,01 ±0,01 7,01 ±0,25 2,35±0,32 61,02±1,53 2,68±0,47 1,01 ±0,01 28,72±1,43 5,51 ±0,46 6,91 ±1,22
2008 148,38±1,26 4,71 ±0,08 0,94±0,009 7,87 ±1,87 2,88±0,35 60,24±1,65 2,91 ±0,56 0,97±0,01 29,07 ±1,41 5,38±0,48 6,31 ±1,99
2009 147,18±1.71 4,69±0,06 0,93±0,006 6,37 ±0,36 2,12±0,22 62,04±1,33 2,26±0,26 1,03±0,04 27,78±1,11 5,94±0,42 9,28±1,47
2010 145,36±2,83 4,51 ±0,1 0,97 ±0,02 6,95±0,31 2,01 ±0,27 61,11 ±1,26 2,87 ±0,304 1,038±0,03 28,01 ±1,19 6,33±0,42 12,87±1,74
2011 157,41 ±2,22 4,92±0,07 0,95±0,006 6,18±0,52 2,5±0,33 57,01 ±2,31 2,07 ±0,44 1,01 ±0,01 30,86±1,95 7,14±1,18 6,5±2,11
2012 161,0±3,37 5,06±0,11 0,95±0,01 6,52±0,92 1,89±0,51 59,8±5,21 3,125±1,89 1,00±0,01 26,9±3,31 8,87 ±2,55 4,75±1,18
2013 151,19±1,01 4,67 ±0,06 0,96±0,005 6,34±0,26 2,38±0,24 62,12±0,94 2,99±0,4 1,03±0,03 28,16±0,82 4,97 ±0,31 9,46±1,38
2014 147,7 ±3,38 4.7 ±0,1 1,01 ±0,01 6,2±0,37 1,88±0,18 63,3±1,55 3,1 ±0,56 1,02±0,001 27,2±1,34 5,4±0,41 7,3±1,32
2015 155,2±2,25 4,8±0,07 1,009±0,001 7,01 ±0,35 2,3±0,37 63,0±1,83 2,6±0,45 1,01 ±0,01 27,2±1,43 5,6±0,46 9,9±1,32
2020 156,0±1,52 4,9±0,05 1,1 ±0,12 6,1 ±0,26 2,0±0,18 63,2±1,29 2,7 ±0,3 1,00±0,01 26,5±1,25 6,2±0,34 11,9±1,14

Table 1. Dynamics changes in blood morphological parameters.
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regression formula y=8.07-0.06x (where y is the leukocyte 
count and x is the number of years since the accident). We have 
noted stable moderate leukopenia since 1995.

A dynamic study of the leukocyte levels in liquidators showed 
a significant increase in segmented neutrophils, starting in 1991, 
with a subsequent decrease by 2002. Nevertheless, according 
to the regression equation y = 59.65 + 0.05x, where x is the 
number of years since the accident, a moderate increase in 
segmented leukocyte levels is expected over the next few years. 
Lymphopenia was noted throughout the study period. The 
dynamics of changes in lymphocyte counts are described by the 
formula y = 33.43 - 0.22x. According to this equation, a further 
decrease in this indicator is expected. Despite the undulating 
nature of the changes in band neutrophil counts, an increase in 
this indicator is observed (y = 1.47 + 0.04x).

Based on the obtained results of assessing the leukocyte 
count of the liquidators' blood, we studied the granulocyte-
agranulocyte ratio, which more clearly demonstrates these 
changes. It is clear that before 1990, i.e., in the first years 
after the accident, no changes in the granulocyte-agranulocyte 
ratio (GAR) were observed in the blood counts of liquidators 
compared to the donor group. From 1990 to 2000, an increase 
in the GAR was observed, with a subsequent trend toward 
normalization by 2005 (this trend is expected in the future, 
according to the obtained polynomial regression equations).

A left shift of granulocytes was observed due to a decrease in 
the agranulocyte series of blood cells. The polynomial regression 
equations obtained were y1 = 56.92 + 3.08x - 0.15x2 and y2 = 
43.917 - 3.2388x + 0.1593x2, where y1 is the granulocyte level, 
y2 is the agranulocyte level, and x is the number of years since 
the accident.

The peak of the upward change in the GAR occurred in 1994-
1995. The mechanism of these redistributions may be related to 
both the hematopoietic pool, which changes relatively slowly 
after low-dose irradiation and manifests itself in long-term 
consequences, and the impact of various non-radiation factors 
on the liquidators' bodies. These factors may include acquired 
diseases, socioeconomic factors, increased age, and others, 
which can dramatically affect blood composition and various 
parameters. Formed elements of the blood respond to exposure 
to factors of the Chernobyl accident consequences even at 
late observation periods. Similar changes have been identified 
by other researchers [21-23], indicating that the changes we 
identified in the hematopoietic system of Armenian liquidators 
are identical.
Conclusion.

Thus, evaluating the results of the studies conducted on the 
liquidators' peripheral blood and based on the factual material 
obtained, we can conclude that formed elements of the blood 
respond to exposure to Chernobyl accident factors even at late 
observation periods.
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Резюме.
Проблема влияния патогенных факторов Чернобыльской 

катастрофы на систему крови и гемостаз представляет 
большой интерес. Отклонения, выявленные в первые годы 
после воздействия ионизирующих излучений, носят в 
основном восстановительный и адаптационный характер. 
В настоящей работе приведены результаты наблюдения за 
изменениями каждого отдельно изученного показателя в 
ранние (1987-1988гг) и отдаленные периоды (2019-2020гг). 
Получены уравнения регрессии, описывающие динамику 
изменения некоторых показателей крови, которые дают 
возможность прогноза изменений на протяжении долгих 
лет после аварии. Содержание гемоглобина и эритроцитов, 
по сравнению с контрольной группой (доноры), до 1991 
года держалось в пределах физиологической нормы. 
Достоверное падение количества эритроцитов c 1991г 
до 1997г, естественно, должно было отразиться и на 
содержании гемоглобина, что и выявилось в уменьшении 
их содержания. В последующие годы наблюдений до 
2001г. достоверному уменьшению количества эритроцитов 
соответствовало уменьшение количества гемоглобина. С 
2001г. и по сей день содержание эритроцитов и гемоглобина 
приближается к границам физиологической нормы, однако 
с некоторым отставанием. На изменение показателей крови 
влияет и фактор, определяющий предрасположенность 
ликвидатора к той или иной заболеваемости. Несмотря 
на волнообразный характер динамики изменения уровня 
лейкоцитов, тем не менее, прослеживается тенденция 
к снижению уровня этого показателя. Стабильная 
умеренная лейкоцитопения отмечена начиная с 1995 
года. Наблюдается омоложение гранулоцитов, за счет 
уменьшения агранулоцитарного ряда клеток крови. Таким 
образом, можно заключить, что форменные элементы 
крови реагируют на воздействие факторов аварии на ЧАЭС 
даже в поздние сроки наблюдений. 

Ключевые слова: ионизирующее излучение, эритроциты, 
гемоглобин, лейкоциты, лимфоциты, сегментоядерные
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