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YPAXEHHS BPOHXOJIETEHEBOI CUCTEMHY BHACJIIIOK
BILIMBY IOHI3YIOUOTO OITPOMIHEHHS TA THTAJISAIIIITHOTO
HAJIXO/KEHHS PATIOHYKIIIIB B YMOBAX YOPHOBWJILCHKOT
KATACTPO®MU (Y3ATAJIbHEHHS JIOCBITY 35 POKIB
JNIOCJIIKEHD)

Ornag NnpucBAYEHMIA y3aranbHeHHI0 35 poKiB AOCNiAXeEHb BMIMBY i0HI3yHOYOro ONPOMiHEHHSA Ta iHTraNALUiNnHOIO Hag-
XOAXEHHs pajioHyKNiniB Ha OpoHXoNereHeBy CUCTEMY y4YacHWKIB NikBigauii Hacnigkie aBapii Ha YopHOBMAbLCHKIN
AEC. Po3mnsaHyTi pagiauinHo-ririeHiuyHi nepeaymMoBn GopMyBaHHA XPOHIYHOT pecnipaTopHOT NaTonorii 3 ypaxyBaHHAM
LO3UMETPUYHMX JAHUX ONPOMiHEHHs OpPOHXONEreHeBoi CUCTEMMU.
Bu3HayeHi 0CHOBHa KNiHiYHA cMMNTOMATUKa, 0COONMBOCTI NOpPYLIEHb BEHTUAALIAHOT CMPOMOXHOCTI IereHb Ta eHaoc-
KoniuHi hopmu ypaxkeHHs GPOHX0NEreHeBOi CUCTEMM yYaCHUKIB NikBiaauii aBapii.
Ha ocHoBi natomopdonoriyHux, Mikpo6ionoriyHMx Ta iMyHONOrYHUX AOCHIAXKEHb AOBEAEHO NAaTOMOP}O03 XPOHIYHUX
HecneyndivyHMX 3aXBOPIOBaHb JIereHb B yMoBax YopHOOMIbCbKOT KaTacTpodu.
[loBeneHo, o npu KoM6iHOBaHOMY BNAKUBI 30BHilIHLOrO ONPOMIHEHHS Ta iHranALii 0CKONKOBOT cyMilli pafioHyKNiaiB
B yMOBax YopHoOMNbCbKOT KaTacTpothu GpoHxoNereHeBa CUCTEMA CTana OAHIEID 3 OCHOBHUX TKAHUH-«MilueHe» pe-
anizauii cToxaCTUYHUX i HECTOXACTUUHUX edeKTiB.
KniouoBi cnoBa: 6poHxonereHesa cuctema, aBapis Ha YopHobunbcbkit AEC, BNnB 10Hi3yt04OT0 ONPOMiHEHHS, iHTra-
NAUiAHe HaaXOMKEeHHs pafioHYKNifgiB, naToMopth03 3aXBOPIOBaHb.
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THE BRONCHOPULMONARY SYSTEM DAMAGE UNDER THE
INFLUENCE OF IONIZING RADIATION EXPOSURE AND
RADIONUCLIDES INHALATION IN THE CONDITIONS OF THE
CHORNOBYL CATASTROPHE (SUMMARIZING OF 35 YEARS
RESEARCH EXPERIENCE)

The review is devoted to the summarizing of 35 years of research of ionizing radiation exposure and radionuclides
inhalation influence on the bronchopulmonary system of clean-up workers of the Chornobyl NPP accident. Radiation
and hygienic preconditions for the formation of chronic respiratory pathology are considered, taking into account
the dosimetric data of irradiation of the bronchopulmonary system.

The main clinical symptoms, features of disorders of pulmonary ventilation capacity and endoscopic forms of lesions
of the bronchopulmonary system of participants in the liquidation of the accident were determined.

On the basis of pathomorphological, microbiological and immunological researches the pathomorphosis of chronic
nonspecific lung diseases in the conditions of the Chernobyl catastrophe is proved.

It is proved that under combined influence of external irradiation and inhalation of a fragmentary mixture of
radionuclides in the condition of the Chernobyl catastrophe, the bronchopulmonary system has become one of the
main «targets»-tissues, of realization of stochastic and nonstochastic effects.

Key words: bronchopulmonary system, Chernobyl accident, influence of ionizing radiation, inhalation of radionu-

clides, pathomorphosis of diseases.
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BHaCJ'IiJIOK aBapii Ha YopHoOwmibcbkiit AEC y HaBKo-
JINIITHE CEpPENOBUIIE TMOTpanuia BeIWKa KUIbKiCTh
pagioaKTUBHUX PEUYOBKH, SIKi PO3MOBCIOAUINCH MOBITPSIHO-
MUJIOBMMM TMOTOKAMM, 110 CIIPUYMHWIM 30BHIIITHE i BHYT-
PpIlITHE ONTPOMiHEHHSI, Y EPITY Yepry — iHTAJISILiAHUM LIS -
XOM, BEJIMKMX KOHTUHIEHTIB HaceneHHs [1—5]. 3a pisHuMu
OLIIHKaMU, iHTaJIsILiiHOI i1 pagiOHYKJTiAiB 3a3HA/IU 1LIOHAM -
menie 200 000 mocTpaxknaaux pi3HUX KaTeropiit. 3 HUX
HaWOLIBII ypaXkeHOI Ta OJHIEI0 3 HAMUKMCETbHIIINX KaTe-
ropiii € yyacCHUKH JiKBimariii HachinkiB aBapii (JIHA), oco0-
JIMBO Ti 3 HUX, XTO OYB IPUYETHUIA 10 Tic/IsiaBapiiiHUX poOiT
y KBiTHi—TpaBHi 1986 poOKy, a TakoX MpPOTSITOM YChOTO
Tepioy 10 3aBepIIeHHS OYIiBHUIITBA 00’ €KTY «YKPUTTS» B
rpyaHi 1986 poky — HaBecHi 1987 poky [1-5].

3a TaK1X YMOB iHTAJIS1IIS paJiOHYKITiIiB Yyepes JieTeHi Oy-
JIa OMHWM i3 OCHOBHUX IIUISIXiB iX HAAXOMXKEHHS B OpraHi3M
yuacHukiB JIHA nHa YAEC, koTpi npamoBaiu B 30-Kino-
METPOBIili 30HI HABKOJIO CTaHLii. Pi3HOMaHITHICTh CLIEKTPY
pagioaKTUBHUX 130TOIIB, 30KpeMa THUX, IO BXOISTH OO0
CKJIamy «Trapsiyux YaCTUHOK», 0OYMOBIIIOE TPYIHOIL IPOT-
HO3YBaHHS BillaJIeHUX padiallifHUX HaCiAKiB [5—7].

B«J Viktor O. Sushko, e-mail: pulmorad@gmail.com

s a result of the Chornobyl Nuclear Power
lant (ChNPP) accident, a large amount
of radioactive substances were released into the
environment by air and dust flows and caused
external and internal radiation (primarily by
inhalation) to large contingents of the popula-
tion [1-5]. At least 200,000 victims of various
categories were affected. The most affected and
one of the most numerous of them were clean-
up workers, especially those, who were involved
in the post-accidental work in April-May 1986,
and throughout the period before completion of
the Shelter Object in spring, Shelter Object in
December 1986 — spring 1987 [1-5].
Radionuclides inhalation through the lungs was
one of the main ways of their entry into the body in
clean-up workers of the (ChNPP) accident, who
worked in the 30-kilometer zone around the station.
The diversity of radioactive isotopes spectrum,
especially so called «hot particles», makes it difficult
to predict the long-term radiation effects [5—7].
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BaxxiuBuMm pakTopoM, 1110 BILUIMBAE HA JO3UMETPUUHI
XapaKTepUCTUKU aepo30JI0, € PO3MOMiT WOro aKTUB-
HOCTI 3a po3MipaMM YaCTUHOK, SIKMiI BUBHAYAETHCS Be-
JIMYMHOIO aKTUBHOTO MeIiaHHOTO aepoJAMHaMidYHOTO
niamMeTpy B MikpoMmeTpax. BilmoBigHo 10 JiereHeBOi MO-
JieJTi OLiHKM A03U onpoMiHeHHs Ha jiereHi, W. J. Bair [8]
MpPUIYCKAE He3HAYHE BiIKIameHHs IS YaCTMHOK 3
pO3MipoM TIOHAJ 8§ MKM B 30Hi 3i IIBUIKUM KIIipeHCOM
(uiyiapHa yacTWHA IUXaJbHUX NUISIXiB), 00 BiIKIadeHHS
TaKMX YaCTMHOK 30iJbIIYEThCS B €KCTpaTOpaKabHiit
JitsiHi. YacTMHKM po3Mipom Oiiblie 15 MKM He mpo-
HUKaIOTh 10 HelliJliapHOi YaCTUHU AMXAJIbHUX IIUISIXIB, a
MpU aepoAVHAMiYHOMY MEAiaHHOMY JiaMeTpi 10 2 MKM
IETIOHYIOThCSI BUHSITKOBO Y BHYTPIIIHBOJIETCHEBUX
oponxax. Yactuuku po3mipamu 0,08—0,1 MKM HaKOIH-
YyIOThCS B JIOKycaX, TMo30aBieHux Billok. Kpim Toro, €
MifcTaBy BBaXkaTH, 110 HeBeJMKa (ppakilisl iHraIboBaHO-
rO pamioaKTUBHOTO MaTepialy 3aTPUMYETHCS Y CIIM30Biil
00OJIOHIII AMXAJTBHUX IUIIXiB [§—11].

Ha nanomy erari, 3 o3ulliit orpoMiHeHHSI OPOHXO0JIe-
TE€HEBOI CUCTEMU JIIOAMHU, HANOIIbIle 3HAYUEHHS] Mau
BT, 19Ru, '"“Ce. OcHOBHMII Xe BHECOK Y JO3Yy Ha JIETeHI
Hayexxutb Ru (55 %), Np (20 %) i Ce (m0 10 %) [2-5, 10,
11]. Le i BM3HAYaI0 PO3BUTOK CTOXAaCTUYHUX i HECTO-
XaCTUYHMUX €(MEKTiB i0OHi3yI0uOoro OMpPOMiIiHEHHS IIOJ0
OpOHXOJIEreHEeBOI cucTeMHU B yuyacHUKIiB JIHA [10—16].

Opniero 3 ocobmmBocTteit aBapii Ha YopHOOMILCHKIl
AEC € BUKUJ y HaBKOJIUIITHE CepeIOBUILIE He JIUIIIE ITPO-
JYKTiB TIOMIiJTY, a i1 BlIacHe sinepHoro nanvsa (**U, 30ara-
yeHoro **U), pagioHykiifiB HaBeaeHoI akTUBHOCTI. [Tpu
LIbOMY paJioaKTUBHICTh y MOBITpi 3HaXoauIacs SIK B ra-
30ITOAIOHOMY, IOHHO-MOJIEKYJISIPHOMY BMIJISINi, TakK i y
BULJISAMI PalioaKTUBHOIO aepo30Jii0 («Trapsynx 4acTH-
HOK») [2, 3, 5—7]. OcTaHHiil yTBOPUBCS ABOMA LILJISIXaMU:
B pe3ysbTaTi BUOYXy peakTopa Ta HACTYIIHOrO MOro
pO3irpiBy, TOpPiHHS i BUIApiB MaJMBa, KOHCTPYKLIMHUX
MaTepiajliB i peYOBUH, 110 3aCTOCOBYBAJIMCS TP TaciHHi
noxexi (TBepli «rapsdyi YaCTMHKU»), U OCamKeHHS Ta
KOHZIeHcallil BAKUHYTUX B aTMocdepy pamioHyKITiIiB Ha
BUITapIOBaHHSIX BOAM, MIPUPOIHMUX I aHTPOIIOTEHHUX ae-
PO30JIsIX (PifKi «rapstdi yacTUHKMW») [17].

HoxnagHimuii aHaji3 103, KOTpi (OpMYIOThCS Bid
BHYTPILIHbOTO OINPOMIiHEHHSI, BUKOHAHUU B IHCcTUTYTI
oiodizuku MO3 CPCP [2, 3, 17, 18], moka3ye, 1110 oc-
TaHHE cTocoBHO Jonaeit y 30-km 30Hi HaBKoJio YAEC
3yMOBJIEHE BUKJIIOUHO iHTAISLIEI0 aepo30iB. 3 OTpHU-
MaHMX pe3yabTaTiB BUTIKA€E psii BUCHOBKIB, MPUNAHSIT-
HUX 1040 TTpodecioHaNiB i MOCTPaXKaaaoro HaceJaeHHS.
Bonu yacTKoBO 30iratoThbcsl 3 BACHOBKAMU MOIEePeIHbO1
pobotu, a came: 1) 3HaUEHHS 403 ONMPOMiHEHH:I, chop-
MOBaAHUX 3a pPaxyHOK iHrajisuii, oTpuMaHi 0e3 ypaxy-

Dosimetric characteristics of the aerosol is
influenced by the distribution of its activity by
particle size, which is determined by the value of
the active median aerodynamic diameter in
micrometers. According to the pulmonary model
of lung radiation dose estimation, W.J. Bair [8]
suggests a slight deposition for particles larger
than 8 um in the area with rapid clearance (ciliary
part of the airways), because the deposition of
such particles increases in the extrathoracic
region. Particles larger than 15 um do not pene-
trate the non-ciliary part of the airways, and at an
aerodynamic median diameter of up to 2 um are
deposited exclusively in the intrapulmonary
bronchi. Particles 0.08—0.1 um in size accumulate
in loci devoid of cilia. In addition, it could be that
a small fraction of inhaled radioactive material is
retained in the the respiratory tract mucous mem-
brane [8, 9, 10, 11].

The most important radionucleads in human bron-
chopulmonary system irradiation, were “'I, 'Ru,
#Ce. The main contribution to the lung dose belongs
to Ru (55%), Np (20%) and Ce (up to 10%) [2-5, 10,
11]. Stochastic and non-stochastic effects of ionizing
radiation in the bronchopulmonary system in clean-
up workers were caused by these particles [10—16].

In case of Chornobyl accident not only the fis-
sion products were released into the environment,
but also nuclear fuel (**®U, enriched with **U),
radionuclides of induced activity. The radioactivi-
ty in the air was in gaseous, ionic-molecular form,
and in radioactive aerosol («hot particles») [2, 3,
5—7]. The radioactive aerosol was formed in two
ways: as a result of the reactor explosion and its
subsequent heating, combustion and evaporation
of fuel, structural materials and substances used in
firefighting (solid «hot particles»), and deposition
and condensation of radionuclides released into
the atmosphere by water evaporation, natural and
anthropogenic aerosols (liquid «hot particles»)
[17].

A more detailed analysis of the doses generated
by internal irradiation, was performed at the
Institute of Biophysics of the USSR Ministry of
Health [2, 3, 17, 18], showed that for humans in
the 30-km zone around Chornobyl was formed
only by aerosol inhalation. The obtained results
lead to a number of conclusions acceptable to
professionals and the affected population, namely:
1) the values of radiation doses generated by
inhalation, obtained with exclusion of effects of
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BaHHS BIUTUBY 0araThb0X KOPOTKOMIIOUMX PaliOHYKIIi/liB;
2) BHYTpIIIIHE OMPOMIHEHHS BCiX OpraHiB i TKaHMH (3a
BUHSITKOM KiCTKOBOI TKAHMHU i Y4epBOHOI'0 KiCTKOBOI'O
MO3KY) UIIJISIXOM iHTaJsUil CyMillli pamioHyKIimiB, pe-
aJli3yeTbCsl MPAKTUYHO TOBHICTIO TPOTITOM MEPLIOro
POKYy TIicJisl aBapii; 3) BHYTPillIHE ONTPOMiHEHHSI OpraHiB
JIMXaHHS B TTOJaIblLi POKM MaliKe LiJIKOM BU3HAYAETh-
Csl TpPaHCYPaHOBUMM €JIEMEHTaMMU.

CymapHa ekBiBaJleHTHa J03a OIPOMiHEHHS JereHeBOoi
TKAaHWHMU TiJIbKY 32 paXyHOK iHTJISILIIAHOTO HAAXOIXKEH-
HsI paJiOHYKJIiAIB B MEepLIMii pik miciist aBapii Ha YopHO-
ounbscekiii AEC B cepenHboMy IJisl TpodecioHaniB
ckiagae — 0,084 3B (8,4 Bep), misa HaceneHnus — 0,026 3B
(2,6 bep). Anani3 dyHKLIT 3MiHM iHTETPaJIbHOIO eHEepP-
roBuaineHHsd B nanusi peaktopa PBMK — 1000 3a tep-
MiH BUTpUMKH Bin 1 ronunu go 10 ni6 mokasye, 1110 BO-
HO 3MEHIIYETHCS MPUOJIM3HO B 5 pa3iB (CyMapHO 3a BUII-
poMiHeHHsIM). IMOBipHO, MpUOIU3HO TaKy camy Kpart-
HICTb MOXHA MPUMHSTHU IJIS1 OLIHKY MaKCUMAaJIbHOI 103U
3a MEPIIMA piK ITic/s aBapii 11010 JIeTeHeBOi TKAHMHM.

CymapHa cepefHs 103a, OTpUMaHa JIeTeHEBOIO TKaHU-
HOIO BiJl 30BHILIIHBOTO Ta BHYTPILLIHHOTO OMPOMiHEHHS,
IJ1s1 TIpopecioHatiB 3a MEepIIMiA pik ITicIs aBapii cKitaia
0,284 3B (1,9 I11/1), a BHECOK BHYTPIillIHbOI'O OMPOMi-
HeHHs B cyMapHe — 0;n3bKo 13 %. [Ipotsirom 50 pokiB
npodecioHalM Ta HaceJeHHs TiUIbKU 32 paXyHOK BHYT-
PILIHBOTO OMNPOMiIHEHHS JIereHEBOI TKAaHWHU OTpUMa-
10Th J03u BignosigHo 0,1 3B i 0,035 3B. 3 ypaxyBaHHSIM
TOTO, 110 aepO30JTi AeIKUX HYKJIiAiB OyJIu MpeAcTaB/eHi
Yy BUIJISIAIL ABOX (DpaKliiil, po3paXyHOK iX HaAXOIKEeHHS i
103 BUKOHAHMI [IJI1 YaCTMHOK 3 aKTUBHUM MeIiaHHUM
npiametrpom 1 ta 10 MmxMm. OTpuMaHi 3HaYeHHS 103 MaJio
3aj1eXau Bill AUCHEPCHOCTI aepo30JiB, 110 TO3BOJIUIO
OPUNHATHU ycepeaHeHi ouiHku. OnHaK, po3Mipy yacTu-
HOK BM3HAYalOTh PO3IOIiJI OCTAHHIX B AUXAJTbHUX IS~
xax [19, 20].

KoJiekTuBOM aBTOpiB, 3 BAKOPUCTAHHSIM €KCIIEPTHOTO
JIYMJIPHAKA BUIIPOMIiHIOBAaHHS JIIOOAUHU, JOKYMEHTOBA-
HO HasIBHICTb iIHKOPIIOPALIil «TapsTunX YaCTUHOK» IO Jie-
reHeBoi TkKaHuHU y 10 yyacHwukiB JIHA mepimoro me-
pioay [21], a mpu rictoaBTOpamiorpadii eHaoOpoHXiaab-
HUX OpOHXO00ioNTaTiB 3a AOMOMOTOI0 (DOTOUYYTJIUBUX
eMYJbCilt Bepr@iKoBaHi «TPEeK», 110 PO3TAIIIOBYBAJINCS
HaJl eIiTeJliEM i BJIaCHOI TUIACTUHKOIO CJIIM30BOI 000-
JJoHku. HasiBHiCTh B MaTepiaji OMHOTO I TOTO X CaMOro
OpoHxobionTaTa pi3HUX BUIiB pamioaBTorpadiB miaTBe-
PIXYy€E MPUCYTHICTb HEOMHOPIAHOI CyMillli pagioHyK-
Jigis [22].

VY nosinomaenHsx O. I. Yyuanina Ta criBast. [15—17,
23, 24] mpeacTaBiieHi HUTOJIOTIYHA, YIBTPACTPYKTypHA
XapakTepUCTUKaA 1 PEHTreHOCIEKTpaJbHUNU MiKpoa-

many short-acting radionuclides; 2) internal irra-
diation of all organs and tissues (except for bone
tissue and red bone marrow) by inhalation of
radionuclides mixture, is realized almost com-
pletely during the first year after the accident; 3)
internal irradiation of the respiratory system in
subsequent years is almost entirely determined by
transuranic elements.

The total equivalent dose of lung tissue irradia-
tion only due to the radionuclides inhalation in the
first year after the Chornobyl accident in an aver-
age is 0.084 Sv (8.4 rem) for professionals and
0.026 Sv (2.6 rem) for the population. Analysis of
the function of changes in the integrated energy
release in the fuel of the reactor RBMK — 1000 for
a period of exposure from 1 hour to 10 days shows
that it decreases by about 5 times (total radiation).
Approximately the same multiplicity can probably
be used to estimate the maximum dose in the first
year after a lung tissue accident.

The total average dose for lung tissue from
external and internal irradiation for professionals
was 0.284 Sv (1.9 SDA) in the first year after the
accident and the contribution of internal radia-
tion was about 13% to the total. For 50 years, pro-
fessionals and the public will receive doses of 0.1
Sv and 0.035 Sv, respectively, only due to internal
irradiation of lung tissue. The aerosols of some
nuclides were presented in two fractions; the cal-
culation of their intake and doses was performed
for particles with an active median diameter of 1
and 10 um. The obtained dose values did not
depend much on the dispersion of aerosols, which
allowed to accept the average estimations.
However, the particle size determines the distribu-
tion in the airways [19, 20].

The team of authors, using an expert whole
body counter, documented the presence of «hot
particles» incorporation into lung tissue in 10
clean-up workers of the first period [21] and in
histoautoradiography of endobronchial bron-
chobioptates by means of photosensitive emul-
sions verified «tracks» located above the epitheli-
um and the mucous membrane own plate. The
presence of different types of radioautographs in
the material of the same bronchiobiopsy confirms
the presence of an inhomogeneous mixture of
radionuclides [22].

In the reports of O.G. Chuchalin, O.M. Grobova,
V.P. Chernikov et al. [15—17, 23, 24] the cytological,
ultrastructural characteristics and X-ray spectral
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HaJi3 aJbBEOJIPHUX MaKpodariB OpoOHX0aTbBEOISIP-
HUX 3MUBIB BiJ JIiKBigaToOpiB y BimgajeHi TepMiHU
nicist aBapii Ha YAEC. [locnimHUKY 3BepHYIN yBary
Ha ONTUYHO ILIiTbHI Benuki rpanynu (0,5—1,0 MKM y
JiaMeTpi) B LIMTOILJIa3Mi albBEOJSIPHUX MaKpodaris.
3acTOCOBAaHMI METOH TpaHCMIiCiiHOT MiKpoCKOIii
JO3BOJIMB pO3MMU@PPYyBaATH XiMIYHMIA CKJam ele-
MEHTIB, 11O BXOHATH y darojizocomu. Cepen LUX
€JIEMEHTIB 3HAWIUIM TaKi pamiOHYKIiAW, SK TLTyTO-
Hiil, 1e3iit, aMmepuliii, Lepiil, HMPKOHIM i psia iHIIMUX.
Llepito Ta LMPKOHIIO HAAAIOTh OCOOJIMBOTO 3HAUEHHSI,
TOMY 11O METaJOKOHCTPYKIIii aTOMHOI eJIeKTpocC-
TaHIlii MoOymoBaHi 3 iX BUKOpUCTaHHIM. OKpeMolo
3HAXiIKOW € BUsBJIcHHs i3otomy 7Cs B JiereHeBii
NyxJIMHI 4epe3 6 pokiB miciasg y4yacti B poborax 3
JmikBimawii HacninkiB aBapii Ha YAEC. BusBiaeHHs
IIMX XiMIYHUX €JIEMEHTIB y (paroiizocoMax Ta IMmyxJauHi
JIeTeHb MOXe pOo3rjsgaaTvcs K O6ioMapkep MpPUCYT-
HOCTI B yMOBaX iHrajsiLiiHOro HaAXOAXKEHHS pa-
JIioHYKJiaiBB yMoBax aBapii Ha YAEC. Y 91 % cnoc-
TEPEeXEeHb 1Ii€l TPYNU aBTOPiB OYB BUSIBICHUM ILTYy-
TOHIH, 1110, MaOyTh, TAKOXX MOXe OYTU BilIHECEHO 10
OioMapKepiB NPUCYTHOCTi; OCOOJMBO BaXXJIMBE 3Ha-
YeHHS TpU LbOMY MAa€ TPUCYTHICTh LEpilo i LUp-
KoHio [15—17, 23, 24].

3aciyroBy€e yBaru TakKoX MOBiTOMJIEHHS OO BUSIB-
JICHHS Ta imeHTUdiKalii «rapsgynx 4YacTMHOK» B ay-
TOIICIIHIN TKaHWHI JIereHb ABOX YOJOBIKiB (27 i 25 po-
KiB), siki Opanu yyacts B JIHA Ha YAEC y 1986 p. muisi-
XOM KOMOIHOBAHOI'O 3aCTOCYBaHHSI MOP(OIOTiUHUX i (i-
3UKO-XiMIYHUX METOIiB JOCTiIKEHHS (raMMa-CITeKT-
poMeTpis, rictoayropagiorpadisi, pacTpoBa eJeKTPOH-
Ha MIKpOCKOIIisl, peHTreHiBCbKMIl MikpoaHami3) [25].
CwMmepTh XBopuX HacTaia yepe3 1 i 2,5 poKy BHacCiIoK
KPOBOBWJIMBY Y MO30K i TOCTPOTO JIEIKO3Y.

ITapameTpu ornpoMiHeHHSI OPOHXiaJbHOI CUCTEMH i
BCBOT'O OpPraHi3My JIIOJEH, SKi TOCTpaXaajiu B pe3yib-
tari aBapii Ha YopHoOunabcbKii AEC, BKazyloTb Ha
HaJ3BUYaliHY HEPiBHOMIPHICTh YaCOBOIO Ta IIPOCTO-
POBOTO PO3MOAiTY MONTMHYTUX i e(DeKTUBHUX €KBiBa-
JIEHTHUX 103 MPU HU3BKMX 3HAYEHHSIX J030BOro Ha-
BaHTaxkeHHs B LijoMy. Lle cripaBeaanBo i 1og0 3MiH
$i3MKo-XiMiYHOTO CKJIaAy CYMillli iHTaJhbOBAaHUX
PamioHYKJIiiB B pi3Hi TEPMiHU ITic/IsI aBapii Ta CTOCOB-
HO MOXJIMBOCTI BifHECEHHS 03U A0 diala3oHy Malux
a00 HU3bKMX NpPU Opi€HTALii CyTO Ha IMOKa3HUKU
30BHIIITHBOTO ONpoMiHeHHs [2—4, 10, 11, 18].

MKP3 BinzHaumia uinuii psig 6ioJIorivyHuX e(PeKTiBy
JIeTeHsIX eKCIepMMEeHTaJbHUX TBApWUH ITicJasl Biakja-
JNeHHsI B HUX PamioOHYKJiAiB Mim yac iHransguii. o ix
yucia BXOAWJIN: pafdialiiHUI THeBMOHIT, (iopo3 je-

microanalysis of alveolar macrophages of bron-
choalveolar lavage from clean-up workers in the long
term period after the Chornobyl accident was present-
ed. The researchers noticed optically dense large gran-
ules (0.5—1.0 um in diameter) in the cytoplasm of
alveolar macrophages. The applied method of trans-
mission microscopy allowed to decipher the chemical
composition of the elements of the phagolysosomes.
Among these elements were found such radionuclides
as plutonium, cesium, americium, cerium, zirconium
and a number of others. Cerium and zirconium are of
special importance because the metal structures of a
nuclear power plant are built using them. A separate
finding is the detection of the '’Cs isotope in a lung
tumor 6 years after participating in work to eliminate
the consequences of the Chornobyl accident.
Detection of these chemical elements in phagolyso-
somes and lung tumors can be considered as a bio-
marker of presence in the conditions of radionuclides
inhalation in the conditions of the Chornobyl acci-
dent. Plutonium was detected in 91% of observations
of this group of authors, which, apparently, can also be
attributed to biomarkers of presence; the presence of
cerium and zirconium is especially important [15—17,
23, 24].

Also noteworthy is the report on the detection
and identification of «hot particles» in the lung tis-
sue of 2 men. (27 and 25 years), in clean-up work-
ers of Chornobyl accident in 1986 through the
combined use of morphological and physicochem-
ical research methods (gamma spectrometry, his-
toautoradiography, scanning electron microscopy,
X-ray microanalysis) [25]. Deaths occurred after 1
and 2.5 years due to cerebral hemorrhage and acute
leukemia.

Irradiation parameters of the bronchial system
and the whole body of people affected by the
Chornobyl accident indicate an extremely uneven
temporal and spatial distribution of absorbed and
effective equivalent doses at low dose levels in gen-
eral. This is also true for changes in the physico-
chemical composition of the mixture of inhaled
radionuclides at different times after the accident
and for the possibility of assigning the dose to the
range of low doses or low dose range with a focus on
purely the external exposure to ionizing radiation
[2—4, 10, 11, 18].

ICRP noted a number of biological effects in the
lungs of experimental animals after deposition of
radionuclides in them during inhalation. These
included: radiation pneumonitis, pulmonary fibro-
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reHb, Tinepruiazis, MeTarnsiasis Ta Heorulasis emniTesito
OpOHXiB, PO3BUTOK CAPKOM, a TAKOXK CKJIEPO3 i aieHO-
narii TopakajabHUX JAiM(QOBY3iB, afeHOMAaTO3 Ta IyX-
JIMHU M’SIKMX TKaHUH, JiiMomeHii i jelikoneHii [9,
10].

Takum unHoM, B ymoBax aBapii Ha HAEC, cknanucs
pagiauiHO-TirieHiYHi yMOBM MMOBipHOrO HaJIXO/-
KEHHsI PaJiOHYKJIi[iB aBapiiHOTO MOXOMKE€HHS 10
OponHxosiereHeBoi cucteMu ydyacHukiB JIHA Ha
YAEC, 1o obyMOBWJIO peaii3allilo i pO3BUTOK T'OCT-
puXx, a Hajaji i BiggajseHNX e(MEeKTiB 30BHIIITHBOTO Ta
BHYTPILIIHHOTO OTMPOMiHEHHSI OpPOHXOJIET€HEBOI CHC-
temu [1-4, 10, 11, 14, 16].

BueHi myJabMOHOJIOTM Ta MATOJOIM IPAKTUYHO 3
nepuyx micasiaBapiiHUX pOKiB Moyaau KOMILJIEKCHi
JOCJIiI;KeHHS 1100 OLIiHKY BIUIMBY iOHi3yI0UOTO BUII-
POMiHEHHS Ta iHTAISLIAHOTO HAAXOMKEHHS pamio-
HYKJIiZliB HA OPOHXOJIETEHEBY CHUCTEMY Ta YIOCKOHA-
JIEHHSI METOJiB MiarHOCTUKM 1 JIiIKyBaHHS 1Ii€i KaTe-
ropii xBopux. OCHOBHUMU LIEHTpaMU BUBYEHHS 1IbOTO
BKpall BaXKJIMBOTO, aJile BOAHOYAC i BaXXKOTO MMUTAHHS B
VYkpaiHi 6yau Bececoro3Huii HayKOBUIA LEHTP paialliii-
Hoi meguuHn AMH CPCP (ceoromni — /1Y «Hamio-
HaJIbHUI HAyKOBMM LIEHTP padialiiiHOI MeAULIMHU
HAMH Vkpainu») Ta [HCTUTYT TU3iaTpil i myapMO-
HoJorii iMm. @. I. SIHoBchbkoro MO3 YPCP (choroaHi —
Y «Hauionanpanit [HcTUTYT TH3iaTpii i ITyTEMOHO-
Jsiorii im. ®. I dnoBcbkoro HAMH Ykpaiun») — nep-
ma chiabHa Tmyonikamis B 1989 pomi [26]. Lli
JOCHiIXeHHs Oyau MPUCBSIYEHI aHamidy emigemio-
JIOTIYHMX JaHUX, MOHITOPUHIY CTaHY OpPOHXOJIEHEBOI
CUCTEMHU Y MOCTPaXKIaanX, BUBUEHHIO OCOOJIMBOCTEH
KJIiHiKM, Tepebiry Ta (opmyBaHHs MaToMopdo3y
XPOHIYHUX Hecnel(piuyHUX 3aXBOPIOBAHb JIETEHIB ITPU
JIii 30BHIIIHBOI'O OMNPOMIHEHHSI Ta iHrajasilifiHOMY
HaIXOMKEHHI pamioHyKJIimiB [14, 26, 27].

Y Pociiicekiii Pepepallii OCHOBHUM LIEHTPOM J0-
CJIiIKEeHb ypaxKeHHsI OPOHXO0JIETeHEeBOI CUCTEMU BHa-
crmimok aBapii Ha YAEC craB HJI mynabmoHosmorii
MO3 PP®DCP (choromni — HayuyHo-uccienoBaresbe-
KMl MHCTUTYT TyabMoHosornu ®MBA Poccum).
IMepmii LUK poOIT NPUCBIYEHUI TYyJIbMOHOJOTIY-
HUM JOCHiIXEHHSIM BIUIUBY i0Hi3yr0UOr0 OMPOMiHEH-
HS Ta iHTaJSLil pamioHYKIIiIiB Ha OpPOHXOJEreHEeBY
cucteMy OyB mpenactaBiaeHuit B Ne 4 xypHany «[lynb-
MoHoJorisi» 3a 1993 pik [15, 25, 28].

B tabnuui 1 B XpoHOJOriYHOMY TOPSIAKY HaBeIeHi
OCHOBHI Ty0JTiKaii, MoHoTrpadii Ta AucepTalLliliHi po-
0OTH, TMPUCBSYEHI BUBYEHHIO BIUJIMBY i0HI3yIOUOTO
OIPOMiHEHHSI Ha OPOHXOJICTHEBY CHUCTEMY IOCTPaXK-
Janux BHachinok aBapii Ha HAEC.

sis, hyperplasia, metaplasia and neoplasia of the
bronchial epithelium, sarcoma, as well as sclerosis
and adenopathy of thoracic lymph nodes, adeno-
matosis and soft tissue tumors, lymphopenia and
leukopenia [9, 10].

Thus, in the conditions of the Chornobyl accident,
there were radiation and hygienic conditions for the
probable entry of radionuclides of emergency origin
into the bronchopulmonary system of clean-up
workers of the ChNPP accident, which led to the
implementation and development of acute and long-
term effects of external and internal exposure of
bronchopulmonary system [1—4, 10, 14, 16].

From the first post-accident years, pulmonologists
and pathologists began comprehensive research to
assess the impact of ionizing radiation and inhalation
of radionuclides on the bronchopulmonary system
and improve methods of diagnosis and treatment of
this category of patients. The main centers for study-
ing this extremely important but at the same time dif-
ficult issue in Ukraine were the All-Union Research
Center for Radiation Medicine of the USSR Aca-
demy of Medical Sciences (now SI «National
Research Center for Radiation Medicine of the
National Academy of Medical Sciences of Ukraine»)
and the Institute of Phthisiology and Pulmonology.
EG. Yanovsky of Ministry of Health of the UkKSSR
(now — SI «National Institute of Phthisiology and
Pulmonology named after EG. Yanovsky NAMS of
Ukraine») — the first joint publication in 1989 [26].
These studies were devoted to the analysis of epidemi-
ological data, monitoring of the bronchopulmonary
system in victims, study of clinical features, course
and formation of chronic nonspecific lung diseases
pathomorphosis under the influence of external radi-
ation and inhalation of radionuclides [14, 26, 27].

In the Russian Federation, the main center for
research into the damage to the bronchopulmonary
system as a result of the Chornobyl accident was the
Research Institute of Pulmonology of the Ministry of
Health of the RSFSR (today — Research Institute of
Pulmonology FMBA of Russia). The first cycle of
works devoted to pulmonological studies of the effects
of ionizing radiation and inhalation of radionuclides
on the bronchopulmonary system was presented in
journal «Pulmonology» Ne 4 in 1993 [15, 25, 28].

Main publications, monographs and dissertations
devoted to the study of the impact of ionizing radia-
tion on the bronchopulmonary system of victims of
the Chornobyl NPP accident are given in Table 1 in
chronological order .
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Ta6nuua 1
OcHoBHi ny6nikauii, moHorpacii Ta AuceprauinHi po6oTM NpucBAYeHi BUBYEHHIO BNAMBY iOHi3ylOUOro
onpomiHeHHA Ha 6poHxonereHeBy cucTeMy B ymoBax aBapii Ha YAEC

Table 1
Main publications, monographs and dissertations devoted to the study of the impact of ionizing radiation on
the bronchopulmonary system in conditions of the Chornobyl NPP accident

Ne Astop(u) / Author(s) Micue, pik, Bua nyonikauii Hasea po6otu

# Publication place, year, type  Title of publication

1. Cywko B. A., 3106nmk 0.91. Ta iH. Kvi / Kyiv, 1991 BhisiBNeHIe 1 TEYEHME XPOHUYECKMX HecTieumdudeckux 3abonesaHmii
Sushko V.A., Dziublyk A.Y. et. al. [27] crarra / article NIErKVX Y JIAL, BO3LENMCTBMIO MAbIX 103 MOHM3NPYIOLLETO U3NYYeHNs

Detection and course of chronic nonspecific lung diseases in persons
exposed to low doses of ionizing radiation

2. Kpsyok W. B. / Kryachok 1. V.[29] KviB / Kyiv, 1992 CTpYKTYpHblE M3MEHEHMS BPOHXOB NINL, MOABEPILLMXCS
auceprauia / thesis PaAVaLMOHHOMY BO3LEHCTBMIO
Structural changes in the bronchus of persons exposed to radiation
3. Yywanun A. T. n gp. Mocksa / Moscow, 1993 Aepo30nbHble PAAVIOHYKAMAHBIE MHEBMOMATAM — MOHOTEMATUYECKMIA
Chuchalin A.G. et al. [15, 25, 28] komnnekc crareit / set of articles BbIMYCK XypHana «[ynbmoHonorus» (1993, Ne 4)

Aerosol radionuclide pneumopathies — trhe monothematic issue of the
«Pulmonology» journal (1993, No. 4).

4. Mapayesa A. B. Mocksa / Moscow, 1996 OcoBeHHOCTY AMarHoCTMKM 1 NiedeHunst 3aboneBaHnin OpraHoB [iblxaHust
Maracheva A.V. [30] avceprauis / thesis y MKBWZATOPOB aBapun Ha YepHobbinbekoit ASC
Features of diagnostics and treatment of respiratory diseases in
liquidators of the Chernobyl NPP accident

5. Cemmxosa Jl. T. [31, 32] CN6./ St.-Petersburg, Kuis / Kyiv, OcobnmBocTi nepediry 0CHOBHUX KNiHiuHNX GopM BpOHXONereHeBol
Montaga / Poltava, 1996—1999 naronorii y 0cib, siki npuiiMani y4acTb B NikBifaLyi apapii Ha
nvceptauis / thesis, crarTs / article YopHobunbeskilt AEC, i Kopekwist BUSBNEHMX MOPYLLEHb

Peculiarities of the course of the main clinical forms of bronchopul-
monary pathology in persons who took part in the liquidation of the
Chernobyl NPP accident, and correction of the identified disorders

OcoBeHHOCTY Pa3BUTHS M KIIMHUYECKOTO TEYEHUS OCHOBHBIX HOpM
6p0HXOJ16FO‘{HOI71 NnaTosnorMn y nni, y4aCtBoBaBLLMX B IMKBAOALUA
aBapum Ha YepHobbinbckoit ASC

Features of the development and clinical course of the main forms of
bronchopulmonary pathology in persons who participated in the liqui
dation of the accident at the Chernobyl Nuclear Power Plant

6. Ammocosa C. M. Mocksa / Moscow, 1998 0co6eHHOCTI KIMHNYECKOTO TEYEHMSs! XPOHUYECKOro OpoHXuUTa
Ammosova S.P. [33] aucepralia / thesis y nukeupaTopoB aBapuu Ha YAIC 1 ahdEKTUBHOCTb JIMTENBHOMO
NPUMEHEHNs N-aLI,ETVIﬂLI,VICTeVIHa B UX KOMMJIEKCHOM Jie4eHUn
Features of the clinical course of chronic bronchitis in liquidators of the
Chernobyl accident and the effectiveness of long-term use of N-acetyl
cysteine in their complex treatment

7 MysanuH A. T. v pp. Mocksa / Moscow, 1998 lMaTonorus opraHoB ApixaHKa y NIMKBMAATOPOB aBapum Ha
Chuchalin A.G. et al. [16] KONeKT1BHa MOHorpadis YepHoObinbekoii AEC
collective monograph Respiratory pathology in liquidators of the Chernobyl NPP accident
8. Lleaiiko J1. I. Kuig / Kyiv, 1999, Kniniko-byHkujoHanbHi 0co6mMBOCTI nepediry XPOHIYHOro BPOHXITY
Shvayko L.I. [34] auceprauisa / thesis B YYaCHWKIB MikBifaLyi Hacniakie aBapii Ha YopHoOunbebkiit AEC

The chronic bronchitis course in the participants in the liquidation of
the consequences of The Chornobyl NPP accident

9. Tkaumumn B. C. KviB / Kyiv, 2000 3aranbHuil NaTOreHeTMYHNIA acnekT GOpMyBaHHs NATONOMYHMX
Tkachyshyn V.S. [35, 36] auceprauia / thesis MPOLIECIB BHYTPILUHIX OpraHiB Ta 00yMOBNEHI HAM KNiHiYHI 0COBAMBOCTI
rinepTOHIYHOT XBOPOOU | XPOHIYHOrO GPOHXITY y MIKBIAATOPIB HACMIAKIB
aBapii Ha YopHobunbebkii AEC
General pathogenetic aspect of the formation of pathological
processes of internal organs and the resulting clinical features of
hypertension and chronic bronchitis in the liquidators of the Chornobyl

accident
10. Monsikosa B. O. Kuig / Kyiv, 2001 OcobnmBoCTi pereHepaLii NOBEPXHEBOIO eMITENII0 CAN30BOI 0D0OHKM
Polyakova V.0. [37] Juceprauisa / thesis OpoHXiB y NikBiZATOPIB HAcNikiB aapii Ha YopHobunbebkii AEC:

YNbTPACTPYKTYPHA XapakTepucTuka
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Ta6nuua 1 (NPOAOBXKEHHA)
Table 1 (continued)

Ne Astop(u) / Author(s) Micue, pik, Bua nyonikauii
# Publication place, year, type

Hasea poGotu
Title of publication

Features of regeneration of the superficial epithelium of the bronchial
mucosa in liquidators of the Chernobyl accident: ultrastructural
characteristics

11. Ywukwuna C. 10.
Chikina S.Yu. [38]

Mockea / Moscow, 2002
auceprauia / thesis

Knunnko-mopdonornyeckas u reHeTnyeckas xapakrepuctuka
OPOHXOMErOYHO CUCTEMBI Y IMKBIAATOPOB NOC/ENCTBUIA aBapuu Ha
YepHobbinbekoidt ASC B 0TAANEHHbIE CPOKM

Clinical and morphological and genetic characteristics of the
bronchopulmonary system in liquidators of the consequences of the
Chernobyl accident in the long term

12. Cywko B. O.
Sushko V.0. [39]

Kuis / Kyiv, 2003,
awcepradia / thesis

Matomopd03 XPOHIYHNX 0BCTPYKTMBHUX 3aXBOPIOBAHb JIETEHIB

B Y4aCHWKIB nikBipaLii Hacnipkis aBapii Ha YopHobunbebkiit AEC
Pathomorphosys of chronic obstructive pulmonary diseases in clean-
up workers of Chernobyl nuclear power plant accident

13. TepewweHko B. 1., Cywko B. O. Ta iH.
Tereshchenko V.P., Sushko V.0. et al. [14]

Kvi / Kyiv, 2004
KOJIeKTUBHA MOHOrpadis
collective monograph

XpOHiyHi HecreumdiyHi 3aXBOPIOBAHHS SIEreHb Y NIKBILATOPIB HACIAKIB
YopHOoOMNLCHKOT KaTacTpopu

Chronic non-specific lung diseases in the liquidators of the Chernobyl
catastrophe

14. ®ewenko 0. 1.
Feshchenko Y.1. et al. [40]

KviB / Kyiv, 2006
crarTa / article

XpoHiuHi GpoHX0NereHeBi 3aXBOPIOBaHHs B OCI0, siki nocTpaxaanu
BHACMiA0K YopHOOMNbCLKOI katacTpodu (20 pokiB AOCHimKEHD)
Chronic bronchopulmonary diseases in persons affected by the
Chornobyl disaster (20 years of research)

15. Cerema T. 1.
Segeda T.P. [41]

KviB / Kyiv, 2011
amcepraia / thesis

YnbTpacTpyKTypHa XapakTepuCTMKa NAToOril MiKpOLMPKyNSLyi

B Y4aCHUKIB nikBigauii Hacnipkis aBapii Ha YopHobunbebkiit AEC
Ultrastructural characteristics of microcirculation pathology in
participants of liquidation of consequences of Chornobyl NPP accident

16. basuka K. L.
Bazyka K.D. [42]

KviB / Kyiv, 2013
amceprauia / thesis

KniHiko-cyHkuioHanbHi 0co6nMBOCTi XPOHIYHOTO 06CTPYKTUBHOIO
3axBOPIOBAHHS fEreHb Y Y4aCHUKIB NiksifaLii aapii Ha YAEC

Y BifLaNneHoMy nicnsasapiHoOMy nepiogi

Clinical and functional features of chronic obstructive pulmonary
disease in participants in the elimination of ChNPP in the remote
post-accident period

17. Wsaiiko . I.
Shvayko L. [43]

KviB / Kyiv, 2013
Juceprauia / thesis

Bun3HaueHHst BNAMBY iOHI3YI04Or0 BUNPOMIHIOBAHHS aBapiiiHOTO
MOXO[KEHHs HA PO3BMTOK BPOHXOJIEreHeBoi naTosorii Ta po3pobka
Estimation of emergency originating ionizing radiation influence on
development of bronchopulmonary pathology and development of
measures for its progressing minimization

3 mepuvx IicjsiaBapiiHUX poOKiB MaJIo Miclie Oarato-
LIEHTPOBE AOCiAXKEHHS KIiHILMCTIB i NATOJIOriB BILIUBY
10HI3YIO4OI'0 OIIPOMIHEHHS Ta iHTaJsILil pagioOHYKJIidiB
Ha OpOHXOJEreHEeBYy CUCTEMY YYaCHHUKIB pOOIT 3 JiK-
Bigauii HacainkiB YopHoOUIbChbKOI KaTacTpodu. B mo-
JaIBLIOMY 1 ChOTOAHI AOCiI)KEHHSI BiggaJleHUX HACi/I-
KiB BILJIMBY 10Hi3yI0UOro OMPOMiHEHHSI Ha OpOHXoJjere-
HEeBY cucCTeMy CKoHIlleHTpoBaHi B 1Y «HarioHanbHuit
HayKOBUH 1LIEHTp pamiauiitHoi memuuuau HAMH VYk-
painn» (HHIIPM). 3 nmauHOM yacy HernepeciyHa akTy-
aJIbHICTh 1 3HAUYLIICTh LUMX AOCIiIXEHb 3aJMIIAI0ThCS
HE3MiHHUMU.

3a panumu 0. 1. @eienka ta criBasT. [40], aBapis Ha
YAEC cnpusijia 3pOCTaHHIO 3aXBOPIOBAHOCTI Ta MOILIK-
PEHOCTI 3aXBOpIOBaHb JiereHb cepel YYaCHUKIB JIiKBi-

From the first post-accident years there was a mul-
ticenter study of clinicians and pathologists of the
impact of ionizing radiation and inhalation of
radionuclides on the bronchopulmonary system of
clean-up workers of the Chornobyl disaster. In the
post-accident years and today, the main studies of
the long-term effects of ionizing radiation on the
bronchopulmonary system were concentrated in the
State Institution «National Research Center for Ra-
diation Medicine NAMS of Ukraine» (NRCRM).
Over time, the extraordinary relevance and signifi-
cance of these studies remains unchanged.

According to Y.I. Feshchenko et al. [40] The
Chornobyl NPP accident contributed to the
increase in the incidence and prevalence of lung dis-
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Jalii HaciaKiB aBapii, eBaKyHOBaHMX i MEIIIKaHIIiB 320-
PYOIHEHUX TePUTOpPii. 3pOCTaHHS MOIIUPEHOCTI XPO-
HIYHOro OPOHXITY Ta XPOHIYHUX OOCTPYKTUBHUX 3aXBO-
proBaHb JiereHb (XO3JI) 3 1992 no 2001 poky maio Haii-
BUILIi MOKA3HUKM cepell yYaCHUKIB JIiKBifallii aBapii (B
19921 2001 pokax BignmosigHo 37231 11 328 Ha 100 Tuc.)
Ta eBakyioBaHux (3 4668 nmo 7431 na 100 TwHc.,
BiTIOBIAHO), IS MEUIKAHIIIB 3a0pyIHEHUX TEPUTOPilt
BU3HAUYeHEe 3pPOCTaHHS JTaHOTO TMOKa3HWKa He OyJo Ta-
kuM noka3oBuM (3079 i 4055 na 100 Tuc.), a y HaceneH-
Hsl YKpalHU HOPIBHSIHO 3 MOCTpaXKAaluMU OyJI0 HMXK-
YUM SIK 32 3HAUYE€HHSIM, TakK i 3a piBHEM 3pocTaHHs (2499
go 3053 na 100 Tuc.). Pesynbsratu JOBrOCTPOKOBOIO
(1996—2016 pp.) MyJIbMOHOJOTIIYHOTO OOCTEXEHHS
16 133 yyacHuKkiB gikBigauii HacaigkiB aBapii Ha YAEC
1986 p. y momikiiHini pamiauiitnoro peectpy HHLIPM
3aCBiIUMIIM JOCTOBIpHE HEBITMHHE 3pOCTAHHS 3aXBOPIO-
BaHOCTI Ha XpoHiuyHU 6poHxiT Ta XO3JI cepen 3a3Haue-
HOro KOHTHMHIeHTY xBopux [14, 34, 39, 42—47]. i nani
3arajioM 30iraroTbcsl 3 pe3yjbTaTaMy KJIiHiKO-eImizemMio-
JIOTIYHUX JOCTiIKEeHb Ha 0a3i yKpaiHChKOTO Ta pOCiiiCh-
KOro HalliOHaJIbHUX padialliiHuX peecTpiB [48—51], ski
CBiguaTh, 110 MATOJIOrisl OpraHiB AUXaHHS MOCiTa€e OHE
3 MPOBIAHUX MICILb Y CTPYKTYpi 3arajibHOi 3aXBOpPIOBa-
HOCTi OKpeCJIEHOTO KOHTUHIEHTY HaceJIeHHSI.

HocnigxeHHs, BukoHani B HHIIPM [14, 34, 39,
42—47] ta HamionanpHomy IHcTUTYTI (pTmM3iaTpii i
nynabMoHouorii iM. ®@. I. dHoBchkoro [39] cBimuarh
npo nepeBary XO3JI y cTpyKTypi 3aXBOpIOBaHOCTi Ha
XpPOHiIYHY HecreuudiyHy OpPOHXOJIETeHEBY IaTOJIOTiI0
B yuacHuKiB JIHA: mutoma Bara XO3JI cknagae 6J113b-
ko 77 %, xpoHiuHOTO GpOHXITY — 10 15 %, GpOoHXiaab-
HOT acTMU — OJIM3bKO 8 %.

3a pesyabratamu goBrorpusanoro (1987—2003pp.)
KOMIUIEKCHOTO KJIiHIKO-MOP(OJIOTIYHOTO TOCIIiIKEH-
Hs 2 736 xBopux Ha XO3J1 — yyacHukiB JIHA na YAEC
1986 poky 3 m03aMM 30BHIIIHHOTO OIPOMIHEHHS Yy
nianaszoHi 2 ¢38 — 76 ¢3B Ta 309 xBopux Ha XO3JI 6e3
pagialiiHOro BILUIMBY B aHaAMHE3i JOBEIEHO HasIBHICTb
nmatoMopdosy XO3JI npu aii pamialiiHO-MUIOBOIO Ta
IHITUX NOIIKOIXYI0UNX hakTopiB HOpHOOMIIBCHKOI Ka-
tactpodu B yuacHUKiB JIHA 1986 p. [14, 34, 39, 42—47,
52—56]. Pesynbrati KJIiHIYHUX i MAaTOMOPMOIOTIYHUX
JIOCTiIKeHb pociichbknX BueHUX B 1993—1996 pokax 1mif
kepiBHunTBOM A. I Uywanina [15, 16, 23-25, 28, 30,
33, 38], npoBeaeHuX Ha rpymi yyacHukiB JIHA Ha YA-
EC (Bcboro 460 yyacHukiB JIHA) 1mon0 ¢yHKLiOHAIb-
HOro CTaHy OpOHXOJEereBoi CHUCTeMHU i BU3HAYEHHS
CTPYKTYPHHMX Ta YJABTPACTPYKTYPHHUX 3MiH CIM30BOI
000JIOHKU OPOHXiB, B LILJIOMY 30iraloThCs 3 pe3yjbTaTa-
MU JOCHiAXeHb YKpPalHCbKUX BUEHUX, SIKi BUKOHYBa-

eases among the clean-up workers of the accident,
evacuees and residents of contaminated areas. The
increase in the prevalence of chronic bronchitis and
COPD in 1992 to 2001 had the highest rates among
the clean-up workers of the accident (in 1992 and
2001, respectively, 3723 and 11328 per 100 thou-
sand) and evacuees (from 4668 to 7431 per 100
thousand, respectively), for residents of contaminat-
ed areas, the determined growth of this indicator was
not so significant (3079 and 4055 per 100 thousand),
and the population of Ukraine in comparison to the
victims was lower in both value and growth (2499 to
3053 per 100 thousand). The results of long-term
(1996—2016) pulmonological examination of 16,133
clean-up workers of the Chornobyl NPP accident in
1986 in the outpatient department of the Radiation
Registry of the NRCRM showed a significant steady
increase in the incidence of chronic bronchitis and
COPD among 14 patients. 34, 39, 42—47]. These
data generally coincide with the results of clinical
and epidemiological studies based on the Ukrainian
and Russian national radiation registries [48—51],
which show that respiratory pathology occupies one
of the leading places in the structure of overall mor-
bidity of the defined population.

Studies performed at the NRCRM [14, 34, 39,
42—47] and National institute of phthisiology and
pulmonology named after EG. Yanovsky of NAMS
of Ukraine [39] indicate the predominance of
COPD in the structure of chronic nonspecific bron-
chopulmonary pathology in clean-up workers.
Thus, the proportion of COPD is about 77%, chron-
ic bronchitis — up to 15%, asthma — more than 8%.

According to the results of a long-term (1987-
2003) comprehensive clinical and morphological
study of 2,736 patients with COPD — clean-up work-
ers of the Chornobyl accident in 1986 with doses of
external radiation in the range of 2 ¢cSv — 76 cSv and
309 COPD patients without radiation influence in
their history, the presence of COPD pathomorphosis
under radiation-dust and other damaging factors of
the Chornobyl catastrophe influence in clean-up
workers has been proved |14, 34, 39, 42—47, 52—56].
The results of clinical and pathomorphological stud-
ies of Russian scientists in 1993—1996 under the
leadership of A.G. Chuchalin [15, 16, 23-25, 28, 30,
33, 38], which were conducted at a group of clean-up
workers at the Chornobyl nuclear power plant (a total
of 460 persons) on the lung function and structural
and ultrastructural changes in the bronchial mucosa,
generally coincide with the results of the studies of
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Juch B Toi ke uac [14, 34, 35-37, 39, 40, 42—47,
52-56].

AHaui3 BiTHOCHUX pajialliliHUMX PU3UKIB 3a JaHUMU
MOTIMOJIEHOrO KIiHiKO-€IiIeMioOriYHOTO 00CTEKEH-
Hs1 (1992—2004 pp.) B HIIPM 7665 ygyacHukiB JIHA Ha
YAEC 1986—1987 pp. 40JI0Bi40i CTaTi 3 pi3HUMU 103a-
MU 30BHILIHHOTI'O OMPOMiHEHHSI BChOIO TiJla, XBOPUX HA
XO3JI, BUSIBUB IOCTOBIpHUI 3B’SI30K PO3BUTKY L€l
MaTOJIOTi1 3 BILTMBOM iOHi3YI0OUOTO OMPOMiIHEHHS B 10-
3ax Buule 0,25 3B (KOHTPOJIb CKJIAIM MALi€EHTH 3 A03a-
mu Hrkdge 0,05 3B) [1, 57].

Mawmigecranist OpoHxoJiereHeBO1 MaToJIOTil Y paHHb-
OMYy TIepiofi TicJiI ONMPOMIHEHHS XapaKTepu3yBajlach
CUHJIPOMOKOMIIJIEKCOM, XapaKTEePHOIO OCOOJIMBICTIO
SIKOro OyJjia HasIBHICTb BUPA3HOI'O MOJAPA3HEHHS BEpX-
HiX IUXaJbHUX LIJISIXiB — «4OpHOOMIBLCHKMI pecITipa-
TOpHUIA cuHapom» [14, 16, 21, 27, 30-36, 39, 40,
42—47, 52—-56]. 3arajoM [js YYaCHUKIB JIiKBimallii
HacmigkiB aBapii Ha YAEC xapaktepHumu Oyim «0in-
HICTb» i «3Ma3aHiCTb» KJIiHIYHOI CUMIITOMATHUKM Ha M0~
YaTKy 3aXBOPIOBAaHHS, IEepeIyBaHHS 3aIWIIKU ITOSIBi
IHIIIMX CUMITTOMIB XBopoOu [ 14, 42—47, 52—56]. Iepe-
BakaB TiMOpPEaKTUBHMI xapakTep 3aroctpeHb XO3JI
[14, 42—47, 52—-56].

Bucoka KoMopOigHiCTb, TOOTO HAsSIBHICTb KiJbKOX CY-
MYTHIX 3aXBOPIOBaHb, € XapAKTEPHOIO IS IOCTPAKAATNX
Bin HacmigkiB aBapii Ha YAEC, gki xBopitots Ha XO3J1
[14, 16, 21, 27, 30—36, 39, 40, 42—47, 52—56]. OcobamBO
OOTSDKYIOUMIA BIUIMB Ha PO3BUTOK 1 ITPOrpecyBaHHS
XO3JI BHpoOAOBX MEPIIOro IIiciasiaBapiiHOro aecs-
TUPiUYs] BU3HAYaAIM HasSIBHICTb AYOAEHOraCcTpajibHOIo Ta
ractpoe3odaraabHoro pedtokcis |14, 52—56], 3axBopro-
BaHb MEYiHKU Ta JKOBUHUX XOiB, XBOPOO BEPXHIX AUXATb-
HUX 1HUIxiB. Ha cbhorogHi OCHOBHMMM KOMOPOiZHUMU
CKJIAAOBUMU € YpaxkKe€HHSI CepLIeBO-CyAMHHOI Ta HEPBOBOI
cucTeM (Ha ToYaTKy BereTaTMBHI pO3/laau, Hamajli — Ti-
MEepPTOHIYHA XBOPOOa, illleMiyHa XBopoba ceplisl, paHHil
HepeOpabHUI aTepOCKIIePO3, TUCLHUPKYISITOPHA EHIIe-
danomnaris), sIKi B TIepIli TToaBapiiiHi pOKW BUSBIISIIACS Y
63,4 % cnocTepeXeHb, a Ha ChOTOHI TiarHOCTYIOThCS Y
Maitke 100 % xBopux. Benukuit BIIMB Ha pO3BUTOK Ta
nporpecyBaHHs1 XO3JI y mauieHTiB-1iKBiZaTOpiB MalOTh
CYIMyTHi 3aXBOPIOBAaHHS E€HIOKPWHHOI CUCTeMM (Tiepe-
JYCiM — XpOHIYHUWI TUPEOIIMT Ta TIMOTHUPEO3), 1110 BUSIB-
JSTIOTHCA Y 15 % XBOpUX, a TAKOX MOPYLLIEHHS rinodizap-
HO-THPEOITHOI Ta TirmoTaJaMo-TinogizapHO-aapeHaI0Bol
JIAaHOK peryJsiii [58]. XBopoOu opraHiB TpaBJIeHHS Jiar-
HOCTYI0ThCS OitbiI HixX y 90 % obctexennx. OcobarBo
BaroMuM OyB BIUTMB AyodeHoO-racTpaibHoro (18 %) ta
ractpoe3odareanbHOro (44 %) pediaroKciB, 3aXBOPIOBAHb
MEYiHKY 1 XXOBUYHMX XOmiB (43 %), XxBOpoO BepXHiX Iu-

Ukrainian scientists conducted at the same time [14,
34, 35-37, 39, 40, 42—47, 52—56].

Analysis of relative radiation risks according to the
clinical and epidemiological survey (1992—2004) in
the RCRM 7665 clean-up workers of Chornobyl
NPP accident in 1986-1987 male with different doses
of the whole body external radiation suffered from
COPD revealed a reliable link between this pathology
with exposure to ionizing radiation at doses above
0.25 Sv (control was performed by patients with doses
below 0.05 Sv) [1, 57].

The manifestation of bronchopulmonary patholo-
gy in the early period after irradiation was character-
ized by a syndrome complex, a characteristic feature
of which was the presence of severe irritation of the
upper respiratory tract — «Chornobyl respiratory
syndrome» [14, 16, 21, 27, 30—-36, 39, 40, 4247,
52—56]. In general, the clean-up workers of the
Chornobyl accident were characterized by «poverty»
and «blurring» of clinical symptoms at the beginning
of the disease, the predominance of shortness of
breath and other symptoms of the disease [14,
42—47, 52—56]. The hyporeactive nature of COPD
exacerbations prevailed [14, 42—47, 52—56].

High comorbidity, the presence of several comor-
bidities, is characteristic of the victims of the
Chornobyl accident, suffering from COPD [14, 16,
21, 27, 3036, 39, 40, 42—47, 52—56]. Particularly
aggravating influence on the development and pro-
gression of COPD during the first post-accident
decade was determined by the presence of duode-
no-gastric and gastro-esophageal reflux [14,
52-56], liver and bile duct diseases, upper respira-
tory tract diseases. To date, the main comorbid
components are lesions of the cardiovascular and
nervous systems (initially autonomic disorders,
then — hypertension, coronary heart disease, early
cerebral atherosclerosis, dyscirculatory encephalo-
pathy), which in the early years was detected in
63.4% of cases today it is diagnosed in almost 100%
of patients. Concomitant diseases of the endocrine
system (primarily chronic thyroiditis and hypothy-
roidism), which are found in 15% of patients, as
well as disorders of pituitary-thyroid and hypothal-
amic-pituitary-adrenal regulation have a great
influence on the development and progression of
COPD in patients-liquidators. Digestive diseases
are diagnosed in more than 90% of those surveyed.
The impact of duodeno-gastric (18%) and gastro-
oesophageal (44%) reflux, liver and bile duct dis-
eases (43%), and upper respiratory tract diseases
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XaJIbHUX NUISIXIB (42 %). CIlin 3a3HAYUTH, 1110 Y TIepeBak-
HOI OLIBIIOCTI XBOPUX BUSIBJISIIOTHCSI MiABMILEHI TUTPU
AHTUTI JO0 TIEPCUCTUCTYIOYOI LIUTOMETaJloBipyCHOI iH-
dexuii (87 %), a BupomoBx 2011—-2021 pp. Takox i 10
Bipycy Emiureitna—bapp (68 %) [14, 59].

HoseneHo, 1o XO3JI B yyacHUKIB JiKBigaiii Hacmia-
kiB aBapii Ha YAEC y BigmaneHoMmy TiclisiaBapiifHOMy
nepioAi Ma€e OUTBII TSKKUN Mepedir MOpiBHIHO 3 Tpy-
MO0 HO30JOTIYHOI0 KOHTPOJIIO, 110 MiATBEPIXYETHCS
BUIIMMM PiBHSIMU OLIIHOK CKapr Ha 3aQUIlKy IIpU
¢izmuHOMY HaBaHTaXXeHHi, KallleJdb 3 BUIIJICHHSIM
THifTHO-CJIM30BOr0 MOKPOTHMHHSI, YaCTOTU 3aroCTpeHb
npoTsiroMm poky [14, 16, 21, 27, 30—36, 39, 40, 42—47,
52-56].

Jns yyacHUKIB JIiKBigawil HacJiaKiB aBapii TakKox
XapaKTepHOIo Oyja IocTynoBa TpaHcdopMallisi OpoH-
XOOOCTPYKTUBHOIO CUHIPOMY: Ha MOYATKy 3aXBOPIO-
BaHHSI BUSIBIISIETHCS TiMTOTOHIYHA IUCKiHE3iss MeMOpa-
HO3HOI YaCTUHU Tpaxei i 00CcTpyKiist ApiOHUX OPOHXIB,
sdKa 3TOJOM IIEpeXOoAuTh Y TOTaJIbHY OpPOHX000-
CTPYKIIilO0 3 HU3bKUM piBHEM ii 3BOpOoTHOCTI [14, 21,
27, 34, 39, 42, 43, 45, 46, 56]. IloripuieHHs nepeodiry
XBOpPOOM MiATBEPIXYETbCSI TaKOX MNpPU HOCIiAXKEHHI
(byHK1Ii1 30BHIIIHBOrO AUXaHHS: AKo B 1996 p. 111
CTYIiHb JIereéHeBOi HEJIOCTAaTHOCTI MpU 3aroCTPeHHi
XO3J1 BusBnsBses y 4 % xBopux, to B 2005 p. TSKKa
JIeTeHeBa HEIOCTAaTHICTh BMSIBJISLIACS Mailke y I10JIO-
BuHU XBopux (46 %) nHa XO3JI yyacHuKIB jikBigaiii
HaCJIiaKiB aBapii, 110 MOB’SI3aHO 3 PO3BUTKOM eMdize-
MU, MTHeBMO(}iOpo3y i JiereHeBoi rinepiHdusuii. [14,
46, 56, 60].

VY BinpajzeHoMy micisiaBapiiiHOMY TIepioJli BCTAaHOBJIE-
HO, 1110 3a pe3yJbTaTaMU CIipOMETpii B IPyITi XBOPUX Ha
XO3JI yyacHuMKiB JikBigauii HaciakiB aBapii Ha YAEC B
MOPiBHSIHHI 3 TPYIIOK XBOPUX HO30JI0TTYHOIO KOHTPOJIIO
BUSIBJISIETbCSI TOCTOBipHE 3HMKEHHSI MaKCHMMaJbHOI
00’e€MHOI IBUIAKOCTI Ha piBHI 75 % ¢opcoBaHOI XHUT-
teBoi eMHOCTi (FVC) nerenb (FEF7s), npu BigcyTHOCTI
3MiH CEepeIHBOTPYITOBMX 3HAYEHb IHIMNX 00 €MHUX i
IIBUAKICHUX MOKa3HUKIiB. [1pu aHami3i moka3HUKiB 00/1i-
mietusmorpadii y xsopux Ha XO3JI yyacHMKIB JTiKBi-
nariii HacainkiB aBapii Ha YAEC B mopiBHSIHHI 3 TPYIIOI0
XBOPUX HOB30JIOTIYHOIO KOHTPOJIO BU3HA4YEHI 3HA4YHI
JOCTOBIpHi TMOPYIIEHHS CITiBBiTHOIIEHHS JIETeHEeBUX
00’eMiB 3a paxyHOK JIOCTOBIPHO BMIIIOTO PiBHS 3aJIWIII-
KkoBoro 00’eMy (RV), BHYTpillIHbOrO 06’€My IOBIiTpsI B
rpyaHiit kiitai (ITGV) ta pesepBHOro 00’eMy BUOUXY
(ERV), 1110 cBimunTh Mpo OibII BUPAKEHi pecIipaTopHi
TMOPYIIEHHSI B OCHOBHIll TPYITi XBOPUX BHACJIIIOK JieTe-
HeBoI rinepiHdisiLii Ta eM@izeMu jiereHb, KOTpi CyIpo-
BOJIKYIOThCSI JIETE@HEBOIO TiIepTEeH3IE€I0 3 PO3BUTKOM M-

(42 %) was particularly significant. It should be
noted that the vast majority of patients have elevat-
ed antibody titers to persistent cytomegalovirus
infection (87 %), and during 2011-2021 also to
Epstein-Barr virus (68 %) [14, 59].

It has been proved that COPD in LNA partici-
pants of liquidation of consequences at the Chor-
nobyl NPP in the remote post-accident period is
more severe compared to the nosological control
group of patients, which is confirmed by higher lev-
els of complaints of shortness of breath during exer-
cise, cough with purulent mucosal sputum. The
number of exacerbations in a year [14, 16, 21, 27,
3036, 39, 40, 42—47, 52—-56].

Clean-up workers of the accident were also charac-
terized by a gradual transformation of bronchoob-
structive syndrome: at the beginning of the disease
the hypotonic dyskinesia of the membranous part of
the trachea and obstruction of small bronchi was
present in the most of the cases, which later turns
into total bronchial obstruction with low reversibility
[14, 21, 27, 34, 39, 42, 43, 45, 46, 56]. Deterioration
of the disease is also confirmed by a study of the level
of lung function tests changes: if in 1996 the 3 degree
of bronchial obstructive disorders in COPD exacer-
bation was detected in 4% of patients, in 2005 the
severe bronchial obstruction was detected in almost
half (46%) of the COPD patients clean-up workers of
the accident, which is associated with the develop-
ment of emphysema, pneumofibrosis and pulmonary
hyperinflation. [14, 46, 56, 60].

In the remote post-accident period, it was found
that the results of spirometry in the group of COPD
patients clean-up workers the Chornobyl NPP acci-
dent compared to the group of nosological control
patients showed a significant decrease in maximal
volumetric velocity at 75% forced vital capacity
(FVC) (FEF7s), in the absence of changes in the
average group values of other volumetric and veloc-
ity indicators. The results of body plethysmography
in COPD patients with clean-up workers of Chor-
nobyl NPP accident in comparison with the noso-
logical control group of patients identified signifi-
cant violations of the lung volumes ratio due to a
significantly higher level of residual volume (RV),
intrathoracic gas volume (ITGV) and expiratory
reserve volume (ERYV), indicating the highest respi-
ratory disorders in the main group of patients due to
pulmonary hyperinflation and pulmonary emphy-
sema, which are accompanied by pulmonary hyper-
tension with the development of right ventricle
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JIgTauii MMpaBoro LIIyHOUYKa i (hopMyBaHHSIM IOro giac-
tostiyHoI aucdyHkiii [42, 45—47, 56, 60].

OTtpuMaHi HOBi JaHi PO HASABHICTH JO30BOI 3aJIeXK-
HOCTI MiX MOKa3HUKAMM pecripaTopHoi (¢yHKIIii Ta 10-
3010 ONIPOMiHEHHS B Hiana3oHi 6iabire 500 M3B y rpymi
xBopux Ha XO3JI yuacHUKIB JiKBigalii HaCIiaKiB aBapii
Ha YAEC y BimmaseHoMy mepiofi Imicas oImpoOMiHEHHS.
IIpo 1e cBigyaTh OOCTOBipHE 3HMXKEHHS IMOKA3HUKIB
FVC ta FEF;s B yuacHukiB JIHA 3 HailOinbImm cTyme-
HEeM BiIXWJIEHHS y OCi0, OMpOMiHEHUX B iHTEpBaJi 103
6inpmre 500 M3B, Ta TOCTOBipHE 3HMKEHHST TTOKa3HUKA
KkuTTeBoi eMHocTi JereHb (VC). FEF,s B ocHOBHUX Tpy-
nax yJacHMKIB JIikBimauii HaciakiB aBapii Ha YAEC Ta
rpyni HO30JIOTYHOr0 KOHTPOJIIO HE BiIpi3HSLIMCS, TOMII
gk Ha piBHi Buamuxy 50 % FVC ta 75 % FVC 6ynm
BIpOTiAHO 3HMXKEHWMHU MOPIBHSIHO 3 TPYNOK HO30-
JIOTiYHOTO KOHTpOJIIO [42, 46, 60, 61].

HoBeaeHo, 10 noripiieHHs augy3iitHOT CIPOMOXKHOCTI
neredb (DLco) B rpymi yaacaukiB JIHA na YAEC, xBopmx
Ha XO3JI, € ogHi€lo 3 XapaKTepHUX 03HaK BIUIMBY iOHi3y10-
YOro OMPOMIHEHHS Ta iHTAISALLIHOIO BIUIMBY paTiOHYK-
JIiAiB aBapiiHOrO TTOXOMKEHHS, 10 TaKOX ITiATBEPIKYE
OUIbII TSDKKUI Mepedir 3aXBOPIOBAHHS 1 BiIOBiIa€E Oilb-
1IIii1 YacTOTi BUSIBJEHHS 03HAK IMMHeBMO(}iOpo3y Ta eMdisze-
MU TIPY PEHTIEHOJIOTIYHOMY 00CTeKeHHi [42, 46, 62].

PeHtreHojioriuHa CMMIITOMAaTHKA YPaXkeHHsI OPOHXO-
JIETEHEBOI CUCTEMU XapaKTePU3YETHCS ITBUIKAM PO3BUT-
KoM (pidbpo3y B JiereHsX i Mporpecyrouoro aedopmalicio
OpoHxiB. JliarHO3 XpOHIYHOTO OPOHXITY MiATBEPAKYBaBCS
PEHTIeHOJIOTYHO B Malli€HTIB-IiKBiZaTOPiB BXE y Mepli
POKU CITIOCTepeXeHHs. B okpemux BUIlagKax peHTTE€HO-
JIOTiUHA CUMITTOMAaTHKa BUIMEpeIKaia KiliHiuyHy. PeHTre-
HOJIOTiYHE JOCJIiIKeHHSI OpraHiB ITPYIHOI KJIITKU BUSIBU-
JIO PO3BUTOK Y MalliEHTiB-1iKBigaTOpiB eM(izeMu JIereHb
Ta MHeBMOGiOpo3y npuHaiiMHi yepe3 6—10 pokiB miciist
y4acTi B aBapiliHux poborax [4, 14, 21, 34, 36, 40, 47, 58].

IlopymieHHsT BEeHTWISLIMHUX, AU(Y3iHHUX CIIPOMOXK-
HOCTel OpOHXO0JIEreHeBO1 CUCTEMU Ta 11 CTPYKTypHa Iie-
pebynoBa BHACAiAOK (hiOPOTUUHUX 3MiH JIereHb i OpOHXiB
MPU3BOIWIM 10 MOPYIIeHb FeMOIMHAMIKI Ta PO3BUTKY
JIeTeHeBOi TilepTeH3il cepel YyYacHUKIB JiKBimalLii
Haciakis aBapii Ha YAEC, xBopux Ha XO3J1 [63—65].

IIpn engockomiyHOMY AociimkeHHi (o0cTtexeHo 877
xBopux Ha XO3JI yyacnukiB JIHA na YAEC i 116
MpPeICTaBHUKIB HO30JIOTIYHOTO KOHTPOJIIO), SIK IpaBU-
JIO, BUSIBJISIETbCSI XPOHIYHUI aTpOo@iuyHUl eHT0OPOHXIT
3i 3HaYHUMHU (PIOPO3HUMH 3MiHAMM CIIU30BOI 0OOJIOHKH
oponxiB [14, 39]. EHnomopdoJioriuHi 03HaKu 3MiH CJIu-
30BOi OOOJIOHKM Tpaxei Ta OpOHXiB Ialli€eHTIiB — y4ac-
HukiB JIHA Ha HAEC Manu TUIOBY CIPSIMOBAHICTb i 3a-
raJioM BifITOBigaayn KapThHi aTpodidHOoi (opMU eHI00-

dilatation and the formation of its diastolic dys-
function [42, 45—47, 56, 60].

New data on the presence of a dose relationship
between respiratory function and radiation dose in
the range of more than 500 mSv in the group of
COPD patients clean-up workers of Chornobyl NPP
accident in the remote period after irradiation. This is
evidenced by a significant decrease in forced vital
capacity (FVC) and FEF7s in clean-up workers with
the highest degree of deviation in individuals irradiat-
ed in the dose range of more than 500 mSv and a sig-
nificant decrease in vital capacity (VC). FEF,s in the
main groups of clean-up workers at the Chornobyl
NPP and the nosological control group did not differ,
while at the exhalation level 50% of FVC and 75% of
FVC were significantly reduced relatively to the
nosological control group [42, 46, 60, 61].

Deterioration of lungs diffusion capacity (DLco)
in COPD patients clean-up workers of the
Chornobyl NPP accident has been shown to be
one of the hallmarks of ionizing radiation exposure
and emergency origin radionuclides inhalation
exposure, which corresponds to a higher frequen-
cy of pneumofibrosis and emphysema signs at X-
ray examination [42, 46, 62].

Radiological symptoms of bronchopulmonary
system changes are characterized by the rapid
development of lungs fibrosis and progressive defor-
mation of the bronchi. The diagnosis of chronic
bronchitis was confirmed radiologically in patients-
clean-up workers in the first years of observation. In
some cases, radiological symptoms preceded clini-
cal ones. Chest X-ray revealed the development of
pulmonary emphysema and pneumofibrosis in at
least from 6 to 10 years after participatining in
emergency work [14, 4, 21, 34, 36, 40, 47, 58].

Violation of ventilation, pulmonary diffusion
capacity and its structural adjustment due to
fibrotic changes of the lungs and bronchi led to
hemodynamic disorders and the development of
pulmonary hypertension in COPD patients clean-
up workers of Chornobyl NPP accident [63—65].

Endoscopic examination of 877 COPD patients,
clean-up workers of the Chornobyl accident and 116
CG patients of nosological control usually reveals
chronic atrophic atrophic endobronchitis with sig-
nificant fibrous changes in the bronchial mucosa
[14, 39]. Endomorphological signs of mucous mem-
brane of the trachea and bronchi changes in clean-
up workers of the Chornobyl NPP accident were
typical and, in general, corresponded to the atroph-
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POHXITY 31 3HAUHUMM KaTapaJbHO-CKJIEPOTUYHUMU
3MiHaMM Ta BUpaXXeHOIo nedopmalliero OpOoHXialbHOTO
JepeBa MpU MiHiMaJabHOMY PiBHI €HAOOPOHXiaJAbHOTO
3ananeHHs [14, 16, 21, 22, 34, 39, 47, 52, 54, 55, 66, 67].

BripomoB:k nepiimx pokiB criocrepexxeHHs (10 1996 p.)
JIJI y9aCHUKIB JikBimauii HaciakiB aBapii Ha YAEC xa-
pakTepHUM OyB HU3bKUIA CTYIMiHb aKTMBHOCTiI €HO00-
poHxianbHoro 3amajieHHs. Iicasg 1996 poky y naiieH-
TiB-JIIKBiJaTOPiB CYTTEBO MOYaU 3pOCTaTU THiliHI (op-
MU €HAOOPOHXITY Ta IOCTYIMOBO 3MEHILIMWJIACh BUpPa3-
HicTh aTpodiuHMX 3MiH. PiBeHb KaTapalbHO-CKIIEpO-
TUYHUX 3MiH CJIM30BOI OPOHXiB OYB i 3a/IMIIIAETHCS TOC-
TOBipHO BUIIIMM B YYaCHUKIB JIiKBifallii HaCIiIKiB aBa-
pii, HiX B 0Ci0 rpyIu HO30JIOTIYHOTO KOHTpoto [14, 21,
22,34, 39, 47,52, 54, 55, 66].

CucreMHu#l maToMOpPONOTIUHMI aHali3 (pyTHHHA
CBITJIOBa Ta €JIEKTPOHA MiKPOCKOITisl, TICTOXiMiUHi Ta iMy-
HOTICTOXiMiYHI MOpOJIOTiYHi MeToAu 3a0apBICHHS)
OponxobionTariB y 416 nauieHTiB — yyacHukis JIHA, xBo-
pux Ha XO3JI, 1o3B0MB BepuiKyBaTH y CJIU30Bili 000-
JIOHIII OpOHXiB TpaHC(OPMOBAHICTh pereHepaliiHux
MPOLIECiB, CBOEPIAHICTh YpaKeHHSI MiKpOCYIWH, MOPY-
meHHs (GidpuIoreHe3y Ta 0COOIMBOCTI XPOHi3allii 3arma-
neHHs [14, 16, 21, 22, 29, 36, 37, 39,41, 47, 54, 55, 67—71].

Hns yyacHukiB JIHA na YAEC, gki 3a3Haiu iHra-
JILiAHOL Ail pamioHYKIIiIiB, XapaKTepHUMU OyJM Ha-
SIBHICTh O3HaK IIPUCKOPEHHS OHOBJEHHS KIITMHHMX
MOMNyNALii (MOpYLIeHHS HOPMAJIbLHOTO CITiBBiTHOIIIEH-
HSI OCHOBHUMX KJIITUHHUX TUIIIB) Ta eIiTesliaabHi KIiTh-
HU 31 3MiHEHUM (EHOTUIIOM Y CJIM30BilA OOOJOHIII
OpOHXiB, 3HaYHA EKCIIPECisl MIOCKOKIITUHHOI MeTarl-
JIa3ii Ta BUpa3Hoi 0a3aJbHO-KIITUHHOI Tinepruiasii mo-
BEPXHEBOTO eMiTeil0, a TAKOX AMCILIA3il TOBEPXHEBOTO
emiTesil0 pi3HOro CTyIeHs; aedopmallii, CKIepo3y Ta
riajliHo3y eriTesiajbHOI 0a3albHOI MeMOpaHU OPOHXIB
[14, 16, 21, 22, 29, 36, 37, 39, 41, 47, 54, 55, 67—71].
Boanouac y nauienriB yuacHukiB JIHA na YAEC BcTa-
HOBJIEHO 3HAYHWIA CIIeKTp (9 MiATUTIB) MATOIOTIl 1T~
apHOTro arnapary Biityactux kiituH |14, 37, 39, 41].

CBO€EPIAHICTD MATOJIOTIi MiKPOLUMPKYJISLIil B CIM30Bil
000JIOHIII OpOHXIB MoJisiTajia y BUpa3Hiil maToJIOTil eHT0-
TeJIOLUTIB, aare3ii epUTPOLUTIB A0 KIIITUH €HAOTEIIO0,
KOH(pOopMaliitHO-(PYHKIIOHAJIBHIN TIepeOyaoBi MiKpo-
CYIMH, CKJIepO3i CKJIaJOBUX IeMOMiKPOLUPKYIITOPHO-
ro pycina [14, 37, 39, 41, 67-71].

InTeHcu@ikalis iHBOMIOLIMHUX MPOLECIB Y CAU30BIl
000JIOHLII OpOHXiB BKJIIOYaja MOLIMPEHICTh ILIOCKO-
KJIITUHHOI MeTariasii IMoBepXHEBOIo eImiTellilo, darato-
IIapOBICTh 0a3aJibHOI MEMOpPaHU KPOBOHOCHUX Karlijisi-
piB, JiMiAHI BKJIIOYEHHSI B LMTOIUIa3Mi €HIOTEIiOLUTIB,
JIimHY IUCTPOdIo TTaIKOM I30BUX KIIITUH, BKITIOUSHHS

ic endobronchitis with significant catarrhal sclerotic
changes and severe deformity of the bronchial at
minimal endobronchial inflammation presence [14,
16, 21, 22, 34, 39, 47, 52, 54, 55, 66, 67].

During the first years of observation (until 1996),
the degree of endobronchial inflammation in the
clean-up workers of Chornobyl accident was low.
After 1996, purulent forms of endobronchitis
began to increase significantly in patients clean-up
workers and the severity of atrophic changes grad-
ually decreased. The level of catarrhal-sclerotic
changes of the bronchial mucosa has been and
remains significantly higher in clean-up workers
than in persons of the nosological control group
[14, 21, 22, 34, 39, 47, 52, 54, 55, 66].

Systematic pathomorphological analysis (routine
light and electron microscopy, histochemical and
immunohistochemical morphological staining
methods) of bronchobioptates in 416 COPD
patients clean-up workers verified in the bronchial
mucosa transformation of regeneration processes,
peculiarity of microvascular lesions, disorders of fib-
rillogenesis and features of chronic inflammation
[14, 16, 21,22, 29, 36, 37, 39, 41,47, 54,55, 67—71].

The signs of accelerated renewal of cell popula-
tions (violation of the normal ratio of basic cell
types) and epithelial cells with altered phenotype
in the bronchial mucosa, significant expression of
squamous cell metaplasia and severe basal cell
hyperplasia as well as the superficial epithelium
dysplasia of varying degrees; deformities, sclerosis
and hyalinosis of epithelial basal membrane of the
bronchi were typicaly present in clean-up workers
of Chornobyl NPP accident, who underwent
radionuclides inhalation [14, 16, 21, 22, 29, 36,
37, 39, 41,47, 54, 55, 67—71]. At the same time, a
significant range (9 subtypes) of ciliary cells appa-
ratus pathology has been found in clean-up work-
ers of Chornobyl NPP accident [14, 37, 39, 41].

The peculiarity of the bronchial mucosa microcircu-
lation pathology was characterized by a pronounced
pathology of endothelial cells, adhesion of erythro-
cytes to endothelial cells, conformational and func-
tional rearrangement of microvessels, sclerosis of the
hemomicrocirculatory tract [14, 37, 39, 41, 67—71].

Intensification of involutional processes in the
bronchial mucosa included the prevalence of super-
ficial epithelium squamous cell metaplasia, multi-
layered basal membrane of blood capillaries, lipid
inclusions in the cytoplasm of endothelial cells, lipid
dystrophy of smooth muscle cells, inclusion of lipo-

(1) 110



ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

REVIEWS

JinoyCcUMHY y BAACHI MJIACTUHII CIM30BOi 000JOHKHU
OpOHXiB, 3HAUHY PO3IMOBCIOMXKEHICTh TiajiHO3y i (idpo3y
[14, 16, 21, 22, 29, 36, 37, 39, 41, 47, 54, 55, 67—69].
Oco0aMBOCTI AucpereHepalifHUX 3MiH y CIM30Bilt
000JIOHIII OPOHXiB BU3HAYAIMCS MPUCKOPEHHSIM OHOB-
JIEHHSI KJITUHHUX TMOMYJISLiiA, BEJIMKOI MOIIUPEHICTIO
MJOCKOKJIITUHHOI MeTalula3ii, BUpa3HOl0 0Oa3allb-
HOKJIITUHHOIO TiMnepIuia3i€o, HasgBHICTIO KIIITUH 3i
3MiHEHUM (DEHOTUIIOM, TEHOMYJISIIi€I0 amya0LuTiB |14,
16, 21, 22, 29, 36, 37, 39, 41, 47, 54, 55, 67—69].
XapakTep OucpereHepauiiHux 3MiH OpPOHXiaJbHOTO
erniTenito y JikBigaTopiB HacainkiB aBapii Ha HAEC, 30k-
pema Bupas3Ha IaToJIorisl KamOiaJIbHUX eJIEMEHTIB i mpu-
CYTHICTb KJIITUH 3i 3MiHEHUM (heHOTUIIOM, A€ MiACTaBU
BBaxkaTU OKPECJACHUIA KOHTUHIEHT TPYIIOK0 ITiABUIIIEHO-
T0 PU3MKY 1100 PO3BUTKY €HIOOPOHXiaJlbHUX HOBOYT-
BopeHb [14, 16, 21, 22, 29, 36, 37, 39, 41, 47, 54, 55,
67—69]. HactynHe BMBYEHHSI CTPYKTYpU MOpPGhOIOriu-
HUX (GopM paky jaereHb B yyacHukiB JIHA i norepminux
BHacjigok aBapii Ha YAEC (n = 79) noBeso cyTTeBY Iie-
peBary II0CKOKJIITUHHUX hopM paky (49,37 %) Han ane-
HokapuuHomomw (25,32 %) Ta iHmmMu hopMaMu Jiere-
HEBOI'0 paky cepell 0O0CTeXXeHOI I'pyIlu, 110 XapaKTepHO
came IS padialliiiHO iHAYKOBaHOTO paKy JereHs [70].
IIpu npoBeneHHI MiKpOOiOJIOTIYHOrO aHaji3y MOKpPO-
TUHHS i eHAO0OPOHXiaJlbLHOrO BMICTYy Yy Mali€HTiB-
JikBinaropiB (1994—2004 pp.) Oy10 BUSIICHO LITUIA PSIT
MiKpOOpraHi3MmiB, 1110 HaJIeXaTb SIK 10 PE3UAEHTHOI, TaK
i 1o MaTOreHHOI MiKpodaopu. ¥ BCiX 00CTEXEHMUX yJac-
HUKIiB jdikBimauii HachigkiB aBapii Ha HAEC npu 6ak-
TEePiOJOriYHOMY JOCHIIKEHHI eHI00pOHXiaJIbHUX 3MMU-
BiB Oyn1M BUIiJIEHI MiKpoOpraHi3Mu B acolialisx 2—4
BUJiB Pi3HUX POJIiB, SIKi MaJIW Pi3HY YYTJIUBICTb 10 aHTH -
OakTepiasibHUX MpemnapatiB. Ha nepiomMy micii 3a yac-
TOTOIX BUSIBJIEHHSI Y MOKPOTMHHI JIiKBiZaToOpiB 3HaXO-
nutbest Staphylococcus aureus (47,43 %). Hpyre Micue
3aiiMaloTh JpixXaxonoAioHi rpudku poay Candida
(26,97 %). 3Ha4HO pijllie y XBOPUX YIaCHUKIB JIiKBigaLii
HACJIiIKiB aBapii Oyiu pUCyTHi Streptococcus pneumoni-
ae (5,58 %), Haemophilus influenzae (4,65 %), Klebsiella
pneumoniae (2,79 %). IHiI BUAM MIKpOOpraHi3MiB —
Moraxella catarrhalis, Proteus vulgaris, Proteus mirabilis,
Streptococcus viridans, Streptococcus faecium, Neisseria
perflava, Neisseria sicca, Enterobacter aerogenes,
Enterobacter Iwoffi — 3ycTpivyanuch enizoguuHo. 3aciy-
TOBYE Ha yBary HETUITOBA JISI BMICTYy OpPOHXiB HasIBHICTb
Escheria coli. 11le moxe 0yTH TTOB’s13aHe 31 3HAYHOIO Yac-
TOTOIO Y LIMX MALiEHTIB racTpoe3odarajibHOTO Ta AyoJIe-
HOTacTpaJbHOTO pedIIOKCIB i HAJIXOMKEHHSIM CKJIal0-
BUX TPAaBHOI'O TPaKTy IO OPOHXiaJIbHOTO JAepeBa Ha TJIi
MOpylIeHb BEreTaTMBHOI PEryjsiil Ta AucOaKTepiosy.

fuscin in the own plate of the bronchial mucosa, a
significant prevalence of hyalinosis and fibrosis |14,
16, 21, 22, 29, 36, 37, 39, 41, 46, 47, 54, 55, 67—69].

Features of dysregenerative changes in the
bronchial mucosa were determined by accelerated
renewal of cell populations, high prevalence of
squamous cell metaplasia, severe basal cell hyper-
plasia, the presence of cells with altered pheno-
type, depopulation of apudocytes [14, 16, 21, 22,
29, 36, 37, 39, 41, 47, 54, 55, 67—69].

The nature of dysregenerative changes in the bron-
chial epithelium in clean-up workers of the Chor-
nobyl NPP accident, in particular the pronounced
pathology of cambial elements and the presence of
cells with altered phenotype were the signs of the in-
creased risk of neoplasms in the delineated contingent
[14, 16, 21, 22, 29, 36, 37, 39, 41, 47, 54, 55, 67—69].
Subsequent study of the structure of lung cancer mor-
phological forms in clean-up patients and victims of
the Chornobyl accident (n = 79) proved a significant
advantage of squamous cell carcinoma (49.37%) over
adenocarcinoma (25.32%) and other forms of lung
cancer among the examined group, which was typical
for radiation-induced Iung cancer [70].

Microbiological analysis of sputum and endo-
bronchial lavage in patients clean-up workers
(1994—2004) revealed a number of microorganisms
belonging to both resident and pathogenic
microflora. In all examined clean-up workers of
Chornobyl accident at endobronchial lavage bacte-
riological research microorganisms in associations
of 2—4 species of different sorts which had different
sensitivity to antibacterial drugs were allocated.
Staphylococcus aureus (47.43%) ranks first in the
frequency of detection in sputum. The second
place is occupied by yeast-like fungi of the genus
Candida (26.97%). Streptococcus pneumoniae
(5.58%), Haemophilus influenzae (4.65%),
Kilebsiella pneumoniae (2.79%) were significantly
less found in patients clean-up workers. Other
species of microorganisms — Moraxella catarrhalis,
Proteus vulgaris, Proteus mirabilis, Streptococcus
viridans, Streptococcus faecium, Neisseria perflava,
Neisseria sicca, Enterobacter aerogenes, Enterobacter
Iwoffi — occurred sporadically. The presence of
Escheria coli, which is not typical for bronchial con-
tents, deserves attention. This may be due to the sig-
nificant frequency of gastro-esophageal and duode-
no-gastric reflux in these patients and the entry of
digestive tract components into the bronchial tree
on the background of disorders of vegetative auto-
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Cria TakoxX 3a3HAUYUTH, 110 NPU AOCTIAXKEHHI eH100-
POHXiaJIbLHUX 3MUBIB, SIK MPABUJIO, BUALISIIU MiKpOOP-
TaHi3MM IeKinbKoX (2—4) poxiB i BUAIB, HaityacTimie —
acouiauii Haemophilus influenzae i Streptococcus viri-
dans, Neisseria perflava i Streptococcus faecium 3
pi3HOI0 YYTIMBICTIO OO0 aHTUOAKTepiaabHUX Mperna-
pariB. [lo Toro X, 3a mTaHUMM1 MOP(OJIOTIYHOTO, 30Kpe-
Ma yJIBTPACTPYKTYpHOIO, aHamidy B y4yacHMKiB JIHA
MPUCYTHE TJIMOOKE MPOHUKHEHHS MIKPOOPTaHi3MiB y
BJIACHY IIJIACTUHKY CJIM30BOI 000JOHKU OpoHXiB [14,
44,71, 72].

IIpoBeneHi nocmimkeHHs nokaszauu, 1o npu XO3JI
B yyacHMKiB JIHA mpucyTHi 3HauHi 3MiHU IMapaMeTpiB
KJIITUHHOTO i TYyMOpPaJIbHOTO iIMYHITETY, 51K, 10 peyi, 'y
naiuieHTiB 0e3 pagialiliHoro YuHHUKA B aHaMHe3i. Lli
3MiHM B IIPOLIECI CIIOCTEPEXEHHS 3a HEeIY:KMMU
BapiloBaJIM i HEPIAKO OYIM Pi3HOCKEPOBAHUMU 3aJI€XK-
HO BiJ TEpMiHY MicJIs1 ONPOMiHEHHs. Y Tepioa BiTHOB-
JIEHHSI iMYHHOI CUCTEMMU MiCJIsI ONMPOMiHEHHSI PO3BU-
tok XO3JI BinOyBaBcs1 Ha TJi 3HUXKEHOI KiabKocTi T-
JiMGOUMTIB, IO CYIMPOBOIKYBAJIOCS 3MEHIIEHHSIM
BMIiCTY Ha MOBEPXHi KJIITUH (PyHKLIOHATbHO aKTUBHUX
peuenTopiB — CD3, CD2, HLADR. 3umxeHHs BMicTy
CD3" T-niMmpouuTiB y 00CTEXEHUX XBOPUX B IIEPIIO-
My nepiofii (4—6 pOKiB TICJIsI OTIPOMiHEHHST) KOPEeJTIo-
Baj0 3 MiABUIIEHUM YMCJIOM COMATUYHMX MYTaliil y
Jokyci T-KIIITUHHOrO pelenTopa, 10 CBiAYUTH PO
3HAUYEHHS pafdiallilfiHO-iHAYKOBaHUX MPOLECiB y (op-
MYBaHHi (YHKIIOHaJIbHOI HETOCTaTHOCTI T-KIiTWH.
IMyHHa HeZOCTaTHICTh Y LIbOMY MEpioi B yYaCHUKIB
JikBigamii HaciakiB aBapii Ha YAEC 3 HalibinpImmmn
JNO30BUMM HaBaHTaXEHHSIMU CYIPOBOIXKYBajacs
(dopmyBaHHAM aTtpodiunnx popm XO3JI, mo Moxe
BigjoOpaxkaTu Mop¢OreHeTUYHe 3HAaYeHHs MaTOJIOTil
imyHirery [14, 21, 39, 42, 47].

VY nepion ¢opmyBaHHS BiggajJeHUX HACHiIKiB OII-
pOMiHEHHS Big3HaueHa 3MiHa CIiBBigHoIIeHHs T- i B-
JIAaHOK iMyHHOI BigmosigHocTi. Bmict CD3* xiitun y
xBopux Ha XO3JI OyB BummM, HiX y KoHTpodi. Lli
3MiHM XapaKTepHi i IS iHIIUX TPy OOCTEXKEHUX Yy
BilmajgeHOMY Tepioi IMic/asl ONMPOMiHEHHS Ta CyIpo-
BOJIKYIOTbCSI 3MEHILIEHHSIM 4YuMClIa pafialiiiHO-iHIy-
KOBaHMX COMAaTUYHUX MyTaulil. BogHouac, y oMy
nepioAi MpocTekeHe MiABUIIEHHS BMICTYy LMPKYJIO-
I0YMX iIMyHHUX KOMILJIEKCiB, 1110 HE BUSIBJISIOCS Y XBO-
pux y OilblI paHHi TepMiH. MOXIMBOIO TPUYMHOIO €
BiAHOBJIEHHSI (PYHKLIOHYBaHHSI B-j1aHKU y BigmoBiab
Ha aHTureHHy ctumyisauiio. Ilepedir XO3J cympo-
BOMXYyBaBcs miaBuiieHuM BMictoM CD8' mimdo-
LUTIB, TOAI SIK OUIBLIICTh JOCIiIHUKIB Y BilajeHOMY
nepioji miciasi OONpoOMiHEHHSI Big3HAya€ 3HUXKEHHS

nomic regulation and dysbacteriosis. It should be also
noted that under the study of endobronchial lavages,
as a rule, microorganisms of several (2—4) generas
and species, most often — associations of Haemo-
philus influenzae and Streptococcus viridans, Neisseria
perflava and Streptococcus faecium with different sen-
sitivity to antibacterial drugs. In addition, according
to morphological, in particular ultrastructural, analy-
sis there is a deep penetration of microorganisms into
the own plate of the bronchial mucosa of clean-up
workers COPD participants [14, 44, 71, 72].

Studies have shown that COPD patients clean-up
workers have significant changes in the parameters
of cellular and humoral immunity, as, incidentally,
in patients without history of radiation. These
changes in the process of monitoring the sick varied
and often varied, depending on the time after irradi-
ation. During the recovery of the immune system
after irradiation, the development of COPD
occurred against a background of reduced T-lym-
phocytes, which was accompanied by a decrease in
the content on the cell surface of functionally active
receptors — CD3, CD2, HLADR. The decrease in
CD3" T-lymphocytes in the examined patients in
the first period (4—6 years after irradiation) correlat-
ed with an increased number of somatic mutations
in the T-cell receptor locus, which indicates the
importance of radiation-induced processes in the
formation of functional T-cell insufficiency. Immu-
ne deficiency in this period in clean-up workers of
the Chornobyl NPP accident with the highest dose
loads was accompanied by the formation of atrophic
forms of COPD, which may reflect the morpho-
genetic significance of immune pathology [14, 21,
39, 42, 47].

In the period of long-term effects of irradiation, a
change in the ratio of T- and B-links of immune
compliance was noted. The content of CD3* cells in
patients with COPD was higher than in controls.
These changes are characteristic of other groups of
subjects in the remote period after irradiation and
are accompanied by a decrease in the number of
radiation-induced somatic mutations. At the same
time, an increase in the content of circulating
immune complexes was observed in this period,
which was not detected in patients at an earlier date.
A possible cause is the restoration of B-function in
response to antigenic stimulation. The course of
COPD was accompanied by an increased content of
CDS8" lymphocytes, while most researchers in the
remote period after irradiation observed a decrease
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yuciaa i (pyHKUiOHaAJIBbHOI aKTMBHOCTI T-cyrpecopiB.
VIMOBIpHUM TOSICHEHHSIM € IHTEHCHBHICTh LIUTOTOK-
CUYHUX peaklliii, moaiOHO 0 TOro, SIK 11¢ BUSIBJISLIOCS B
rpymnax ocio, 1o repexui aToMHe OoMOapayBaHHS It
YYaCHMKIB JIiKBifallil HACiKiB aBapii 3 iHIIMMU BUIA-
MU «COMaTU4HOI» raToorii [14, 21, 39, 42, 47].

JocnigxeHHsT OpOHX0aJbBEOJASIPHUX 3MUBIB YMOX-
JIMBJIIOE OLIHKY PEaKTUBHOCTI KJIITUH iMyHHOI CUCTEMU
in loco, 1110 JO03BOJIsIE OB’ I3aTU 3arajibHi 3MiHU 3 KOHK-
peTHo10 matoJioriero. OTpruMaHi pe3yJbTaT IOKa3aln
nepepos3roia KiaiTuH y T-1aHui 3i 3HUKEHHSIM BiTHOC-
HOT'0 BMiCTy OCHOBHUX cyomnomysuiil T-kmituH. Pazom
3 TUM, BUSIBJIEHA TTIOPIiBHSIHO BUCOKA KiJIbKiCTh LIMTOTOK-
CUYHUX KJIITUH 3 BUCOKOIO eKcIpecieto GyHKIIOHATbHO
AKTUBHUX TOBEPXHEBUX aHTUTreHiB. [14, 21, 39, 42, 47,
75, 76].

ITincymoBylouM BHUCBITJIEHI AaHi, BapTO BKa3aTW Ha
cTadiHicTh (OpMyBaHHS IMYHHMX MEXaHi3MiB MHpU
XO3JI micng ompoMiHEHHST 3 TIepeBaror pamialliitHo-
00YMOBJIEHOI iIMYHHOI HEAOCTAaTHOCTI Ha MePIIOMY eTalTi i
LUTOTOKCUYHMX, a TAKOX iIMyHOKOMITIEKCHUX peaKIIii —
y nepioa ¢opMyBaHHS BiggajieHux Hacaiakis [14, 21, 39,
42,47, 75, 76].

VY xBopux Ha XO3JI B rpynax yuacHukiB JIHA Ha YA-
EC, onpoMiHeHMX B J030BMX Jialla30Hax MeEHIIE Ta
oinbe 500 M3B, BCcTaHOBJIEHA J030Ba 3aJI€XKHICTh 3MiH
KIIITUHHOTIO iMYHITETY, 30KpeMa, JOCTOBipHE 3HUXEHHSI
yucina CD3* T-xiiTuH, nepeBaxHo 3a paxyHok CDS8*
cyoronysiii, Toai sk uyncio CD4™ kiniTiH Gyno Bipo-
TiHO BUIILMM ITOPiBHSIHO 3 TPYIIOI0 KOHTPOJIIO Y BCbOMY
iHTepBaJli 103, 3HMUXEHHSI BMICTY LIUTOTOKCUYHUX
CD3%16"56" T-nimdouuris, migsuiienas CD3716756"
npuponHux Kinepis Ta CD37 19" B-nimdpouuTis, a Takox
3MiH MOKa3HUKiB 'yMOPaJbHOIO iMYHITETY, 11O BKa3ye
Ha 3aJIe>KHICTh iIMyHHOTO CTaHy BiJl MOIJIMHYTO1 JO3U OIl-
pominenHs [1, 42, 80, 81, 82].

BuszHaueHo mpsiMuii 3B’SI30K pecHipaTOpHUX ITOpY-
menb y xopux Ha XO3JI 3 piBaem CD3716%56" uuro-
tokcmyHux T-mimponutiB, a came FEV,, FEF,s, FEF;s
ta DLco, 110 € miArpyHTSIM TSKKOTO KIIiHIYHOTO TIe-
pebiry [1, 42, 80, 81, 82].

ITpu gocninxeHHi B3aEMO3B 13Ky MiXK CTAaHOM OpOH-
XOJIeTeHEeBOI CUCTEMM Ta AOBXMWHOIO Teiaomep B 113
y4acHUKIB JiKBigalii HacaigkiB aBapii Ha YAEC
1986—1987 pp. 4osoBiuoi cTati, 103U ONMPOMiHEHHS
Big 1,0 no 880 M3B, y BigmaseHoMy IiciisiaBapiitHOMY
nepiojii BUSIBJIEHO CKOPOYEHHSI BiIHOCHOI JTOBXWHU
tenoMep (RTL) B yuacHukiB JIHA, xBopux Ha XO3JI,
nopiBHsHO 3 YJIHA, sKi He MaJiu 1aToJiorii OpoHXxoJjie-
reHeBoi cucTteMu. JIOCTOBIipHO KOPOTIIi 3HAYEHHS
RTL (M * SD) Buznavanuch y xsopux Ha XO3JI, gxi

in the number and functional activity of T-sup-
pressors. A plausible explanation is the intensity of
cytotoxic reactions, similar to that observed in
groups of survivors of atomic bombing and clean-
up workers with other types of «<somatic» patholo-
gy [14, 21, 39, 42, 47].

The study of bronchoalveolar lavage makes it
possible to assess the reactivity of cells of the
immune system in loco, which allows to link the
general changes with a specific pathology. The
obtained results showed the redistribution of cells
in the T-link with a decrease in the relative content
of the main subpopulations of T-cells. However, a
relatively high number of cytotoxic cells with high
expression of functionally active surface antigens
was detected [14, 21, 39, 42, 47, 75, 76].

Summarizing the presented data, it is necessary
to point out the stage of formation of immune
mechanisms in COPD after irradiation with the
predominance of radiation-induced immune defi-
ciency in the first stage and cytotoxic and
immunocomplex reactions — in the period of
long-term effects [14, 21, 39, 42, 47, 75, 76].

In patients with COPD in the groups of clean-up
workers of Chornobyl NPP accident irradiated in
dose ranges less than and more than 500 mSy, the
dose dependence of changes in cellular immunity, in
particular a significant decrease in CD3" T cells,
mainly due to CD8" subpopulation, while the num-
ber of CD4" cells higher compared to the control
group in the entire dose range, decreased cytotoxic
CD3"16756" T-lymphocytes, increased CD3716756"
natural Killers, and increased CD3719" B-lympho-
cytes, as well as changes in humoral immunity, which
indicates the dependence of the immune state on the
absorbed radiation dose [1, 42, 80, 81, 82].

A direct relationship between respiratory disor-
ders in patients with COPD with a level of
CD3*"16%56" cytotoxic T-lymphocytes, namely
FEV,, FEF,s, FEF;s and DLco, which is the basis
of severe clinical course [1, 42, 80, 81, 82].

In the study of the relationship between the state of
the bronchopulmonary system and the length of
telomeres in 113 clean-up workers which are partici-
pants at the 1986—1987 Chornobyl NPP accident
period, radiation doses from 1.0 to 880 mSy, in the
remote post-accident period revealed a reduction in
relative telomere length (RTL) in clean-up workers
with COPD compared to clean-up workers who did
not have pathology of the bronchopulmonary system.
Significantly shorter values of RTL (M * SD) were
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3a3Haau Aii onmpoMiHeHHS y n03i moHan 500 m3B
(13,6 £ 2,5) nopiBHstHO 3 xBopuMmu Ha XO3JI, KoTpi
oymm onpowmiHeHi y mo3i meHmre 100 m3B (15,3 £
2,3) [81, 82].

BUCHOBKU

1. ITpu KOMOIHOBAHI 1 il 30BHILIHBLOTO OIPOMiHEHHSI Ta
iHTaNIS1ii OCKOJIKOBOI CyMillli pamiOHYKIiAiB B yMOBax
YopHOOMIIECHKOI KaTtacTpodu OpoHXOJIereHeBa CUCTe-
Ma CTaJjla OJHI€10 3 OCHOBHUX TKAHUH-<«MillIeHeli», 1110 B
NOJAJIbIIOMY peasli3yBajoCh XPOHIYHUMU OOCTPYKTUB-
HUMM 3aXBOPIOBAHHSIMMU JIET€HiB, MaHiecTallis IKux
BinOynacs MpOTAroM MepimMx 3—5 pOKiB ITC/A yYacTi
MalLi€EHTIB Y BAKOHAHHI Mic/Is1aBapiitHUX poOOiT.

2. ABapist Ha YAEC cripusiiia 3pocTaHHIO 3aXBOPIOBa-
HOCTi Ta XBOPOOJMBOCTI Ha 3aXBOPIOBAHHS JIereHb
cepell yJaCHUKIB JIiKBigallii HaciaKiB aBapii.

3. Tlepebir XpoHiYHUX OOCTPYKTUBHUX 3aXBOPIOBAHb
nereHb B yaacHuKiB JIHA na YAEC B miep1ri poku xa-
paKTepU3yBaBCs MiHIMAJIbHOIO KITIHIYHOIO CUMIITOMA-
TUKOO, Hajalli — IIBUIKUM PO3BUTKOM (piOporiac-
TUYHMX 3MiH B JIETEHSIX 1 CJIM30Biii 000/JI0HLII OpOHXIB 3
mporpecyiouoio nedopmaliielo OCTaHHIX, Timopeak-
TUBHICTIO 3aTOCTPEHb Ta MOPYLISHHSIMU OpOHXiaTbHOT
cekpellii. Y BimgaJleHOMY Iepiofli Mic/si OMPOMiHEHHS
BiI3HAYAETHCS OLIbLI TSDKKUNM KIIIHIYHUI nepelin

4. bpoHXOOOCTPYKTUBHUI CHUHIPOM B YYaCHMKIB
JikBiganii HacaigkiB aBapii Ha YAEC BUI0O3MiHIOETbCS
BilIl TiMOTOHIYHOI AMCKiHE3il MeMOpaHO3HOI YaCTMHM
Tpaxei i OOCTPYKIii APiOHUX OPOHXiB IO TOTAJIbHOI
OPOHXOOOCTPYKIIil 3 HU3bKKMM PiBHEM 3BOPOTHOI 00-
cTpyKuii. st y9acHMKIB JIIKBifallil HACIiIKiB aBapii Ha
YAEC BcTaHOBJIEHI MOCTOBIpHO HWXXYi 3HAYEHHS
00’€MHUX i IBUAKICHUX MTOKA3HUKIB 3a pe3yJbTaTaMu
cnipoMetpii. BusiBieHO 3HayHe TOPYILIEHHS CITiBBi/-
HOIIIEHHS JIETEHEeBUX 00’EMIB 3a paxXyHOK JOCTOBIpHO
BUIIOTO PiBHS 3aJIMIIKOBOTo 06’emy. BctaHOBIEHO N0-
30BY 3aJIEKHICTb MiX ITOKa3HUKaMM pecHipaTOpHO1
¢ yHKIIiT Ta 703010 OIIPOMIHEHHS TS TPYITU TIALIIEHTIB
3uucaa yyacHukiB JIHA na YAEC, onnpomiHeHux y 10-
3ax Ounbie 500 M3B, MOPIBHSIHO 3 OMPOMiIHEHUMU Y
no3ax MeHiue 500 M3B Ta HO30JIOTIYHUM KOHTPOJIEM.
JlocToBipHO HIKYI TTOKA3HUKN AU(Y3iHHOT CIIPOMOXK-
HocTti neredHb (DLco) B rpymi ywyacHukiB JIHA Ha
YAEC, xBopux Ha XO3JI, mopiBHSIHO 3 Ipymno HO30-
JIOTIYHOTO KOHTPOJIO MiATBEPIKYIOTh OUIbII TSKKUI
rnepedir 3aXBOPrOBaHHSI, 3 YACTIIIMM BUSIBJICHHSIM O3-
Hak MHeBMO(diOpo3y Ta emdizeMu MpPU PEHTTEHO-
JIOTIYHOMY OOCTEXKEHHI TalliEHTiB OCHOBHOI I'PYITH.

5. Y nmaui€eHTiB-J1iKBiIaTOpiB HAsIBHi KiJbKa CYMyTHiX
3axBopioBaHb, T00T0 XO3JI € cKI1amoBoIO TTOJTiOpraH-
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determined in patients with COPD who were exposed to
radiation at a dose of more than 500 mSv (13.6 £ 2.5)
compared with patients with COPD who were irradiated
at a dose of less than 100 mSv (15, 3 £ 2.3) [8]1, 82].

CONCLUSIONS

1. Bronhopulmonary system under the combined
action of external irradiation and inhalation of a frag-
mentary mixture of radionuclides in the conditions of
the Chornobyl catastrophe, became one of the main
target tissues, that later was realized by chronic
obstructive pulmonary disease, which manifested
itself in the first 3—5 years after patient participation
performance of post-emergency works.

2. The Chornobyl NPP accident contributed to the in-
crease in the incidence and morbidity of lung diseases
among the participants in the aftermath of the accident.
3. The course of chronic obstructive pulmonary dis-
ease in clean-up workers at the Chornobyl NPP acci-
dent in the first years was characterized by minimal
clinical symptoms, then — the accelerated develop-
ment of fibroplastic changes in the lungs and
bronchial mucosa with progressive deformity of the
latter, hyporeactivity exacerbations and bronchial
secretions. In the remote period after irradiation there
is a more severe clinical course.

4. Bronchoobstructive syndrome in clean-up workers
of Chornobyl NPP accident varies from hypotonic
dyskinesia of the membranous part of the trachea and
small bronchus obstruction to total bronchial
obstruction with a low level of reverse obstruction.
Significantly lower values of volumetric and velocity
indicators according to the results of spirometry are
set for the clean-up workers at the Chornobyl NPP.
There was a significant violation of the lung volumes
ratio due to a significantly higher level of residual vol-
ume. The dose relationship between respiratory func-
tion and radiation dose for the group of patients
clean-up workers of the Chornobyl NPP accident
irradiated at doses greater than 500 mSv, compared
with those irradiated at doses less than 500 mSv and
nosological control group. Significantly lower rates of
pulmonary diffusion capacity (DLco) in the group of
clean-up workers at the Chornobyl NPP accident in
COPD patients compared to the nosological control
group confirm the more severe course of the disease,
more frequent signs of pneumofibrosis and emphyse-
ma during X-ray examination of patients in the main
group.

5. Patients clean-up workers have several comorbidities
(comorbid status), COPD is a component of multior-
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HOI MAaTOJOTii, IKa CyTTEBO CIIPUYMHEHA MOPYIIEHHIMU
B iHTerpauiiiHux cucremMax 3abe3neyeHHsI TOMeoCTasy.
6. BepudikoBaHuii y nmauieHTiB-1iKBigaTOPiB 3a TaHUMU
€HIOCKOITIYHUX JOCTiIKEeHb XPOHIUHUI IUMY3HUI aT-
podiuyHMi eHIOOPOHXIT 31 3HAYHUMU (hiOPOTUIYHUMU
3MiHAMU CJIMU30BOI OOOJIOHKU OpPOHXiB MOP(MOIOriyHO
BIAMOBiIa€ XpOHIYHOMY 3amnajibHOMY IpPOLiecy 3 BUpa3-
HUMU TTOPYILIEHHSIMU pereHepallii, MOIIKOIKEHHSIM MY-
KOLIMJIiapHOTO anapaTy Bil4acTHX €IiTeTiOlUITiB, MMaTo-
JIOTi€I0 MiKpOLMPKYJISLil i emniTesialbHO-CHOIYYHOT-
KaHWHHUX B3a€EMOBITHOCHH, TpaHc(pOpMoOBaHUM i0-
PUJIOTEHE30M, HECIIPOMOXKHICTIO MiCIIEBUX MeXaHi3MiB
3aXMCTy Ta O3HAKaMHW iHTeHcHiKallii iHBOJIOLIMHUX
peakiiil y cIM30Biii 000JI0HLIi OPOHXiB.

7. EHIoOpoHXiallbHEe cepeloBUIle YYaCHUKIB JiKBigaLii
HacnigkiB aBapii Ha YAEC, xBopux Ha XpoOHiuHIi
OOCTPYKTMBHI 3aXBOPIOBAHHS JIereHiB, KOHTaMiHOBaHE
nepeBaxkHO 2—4 BUIaMU IMPeICTaBHUKIB pe3UACHTHOI i
MaTOreHHOI MiKpOoMJIOpH 3 Pi3HOIO YYTIMBICTIO 10 AaHTU-
OakTepialbHUX IperapaTiB i TUTIOBOIO iHBa3i€I0 MiKpO-
OpraHi3MiB y BJIaCHY IUIACTMHKY CJIM30BOI 00OJOHKM
OpOHXiB.

8. ¥V xBopumx Ha XO3JI yyacHHKIB JiKBimalrii
HacnigkiB aBapii Ha YAEC, onpoMiHeHUX B 1030BUX
nJiamaszoHax MeHIuue Ta Oinbiie 500 M3B, BCTaHOBJEHI
JI030Ba 3aJIEKHICTh 3MiH KJIITUHHOrO iMYHITETY, 30K-
peMa noctoBipHe 3HUXeHHS yucia CD3" T-kiituH,
rnepeBaxHo 3a paxyHok CD8" cydnomnyssawii, Toai sk
ypcio CD4" xuituH OyJl0 BipOriZiHO BUIIUM
MOPiBHSIHO 3 TPYMNOI0 KOHTPOJIO Y BCbOMY iHTepBai
1103, 3HUXKEHHS BMicTy nurtotokcuuHux CD3716756*
T-nimdpouuris, migsuinenus CD3716756" npupon-
Hux KijgepiB i CD3719" B-niMdouuTiB, a TaKoX 3MiH
MOKa3HUKIB T'yMOPaJbHOTO iMYHITETY, 110 BKa3ye Ha
3a/1€XXHICTh iIMyHHOIO CTaHY BiJl HOTJIMHYTOI 103U OIl-
POMIHEHHSI.

9. BuzHauyeHO MNpsIMUI 3B’SI30K peclipaTOpPHUX MOPY-
meHb y xBopux Ha XO3JI yyacHUKIB JiKkBimalii
HacaiznkiB aBapii Ha YAEC 3 pisuem CD3716%56™ nuro-
tokcnyHux T-nimpouutiB, a came FEV,, FEF,s, FEF;;s
Ta DLco, o € MArpyHTSM TSDKKOTO KITiHIYHOTO Tie-
pebiry 3axBOpIOBaHHSI.

10. ¥V BimmaneHoMy TmicisiaBapiiiHOMY TIepiofi BUSIBICHO
CKOpo4YeHHSs BigHocHOi noBxuHu Tenomep (RTL) B yuac-
HUKIB JiKBimamii HacinkiB aBapii Ha YAEC, xBopux Ha
XO3JI, mopiBHIHO 3 y4YaCHUKIB JIiKBigallil HACIiAKiB
aBapii Ha YAEC, gKi He MaJIu 1TaToI0Tii OpOHXO0JIETEHEBOI
cucteMu. TakoxX HOCTOBipHO KopoTili 3HayeHHsT RTL
BU3HavyaMch y xBopux Ha XO3JI, gki 3a3Hanu aii or-
poMiHeHHs y n1o3i moHan 500 M3B, MOPiBHSHO 3 XBOPUMU
Ha XO3JI, kotpi 6ynu onrpomiHeHi y 1031 meH1te 100 M3B.

gan pathology, which is significantly caused by vio-
lations in the integration systems of homeostasis.

6. Chronic diffuse atrophic endobronchitis with
significant fibrotic changes of the bronchial
mucosa that verified in clean-up workers accord-
ing to endoscopic studies was morphologically
corresponding to chronic inflammatory process
with pronounced disorders of regeneration, dam-
age to the mucociliary apparatus of ciliated epithe-
liocytes, pathology of microcirculation and
epithelial-connective tissue relationships, trans-
formed fibrillogenesis, failure of local defense
mechanisms and signs of intensification of involu-
tional reactions in the bronchial mucosa.

7. The endobronchial surroundings of the clean-
up workers of the Chornobyl NPP accident, suf-
fering from chronic obstructive pulmonary dis-
ease, is contaminated mainly by 2-4 species of res-
ident and pathogenic microflora with different
sensitivity to antibacterial drugs and typical inva-
sion of microorganisms into the own plate of the
bronchial mucosa.

8. In patients with COPD participants in the liquida-
tion of the consequences of the Chornobyl NPP
accident, irradiated in dose ranges less than and more
than 500 mSv dose dependence has been found for
the changes in cellular immunity, in particular, a sig-
nificant decrease in the number of CD3" T cells,
mainly due to the CD8" subpopulation, while the
number of CD4* cells was significantly higher com-
pared to the control group in the entire dose range,
decreased cytotoxic CD3716756" T-lymphocytes,
increased CD3716756" natural killers and CD3719*
B-lymphocytes, and changes in humoral immunity,
which indicates the dependence of the immune state
on the absorbed dose of radiation.

9. The direct connection of respiratory disorders in
patients with COPD clean-up workers of the
Chornobyl NPP accident with the level of
CD3"716%756" cytotoxic T-lymphocytes, namely
FEV,, FEF,s, FEF;5 and DLco, which is the basis
of severe clinical course of the disease.

10. In the remote post-accident period, a reduction
in the relative length of the telomere (RTL) was
found in clean-up workers with COPD compared to
clean-up workers who did not have pathology of the
bronchopulmonary system. Significantly shorter
RTL values were also found in patients with COPD
who were exposed to radiation at a dose of more
than 500 mSv compared with patients with COPD
who were irradiated at a dose of less than 100 mSv.
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