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GENETIC PREDISPOSITION TO BRONCHOPULMONARY PATHOLOG Y

E-mail: imp-cys@ukr.net

We studied 215 people who work in harmful industri@0 of which had a history of bronchopulmonarthpkbgy of
occupational etiology and 125 of them without spathology. The following polymorphisms of DNA repgenes were identified
in real-time using polymerase chain reactddRD (rs13181, rs799793ERCC1(rs11615)XRCC3(rs861539)XRCC1(rs25487),
ATM (rs664677) XRCC7(rs7003908) antlLH1 (rs1799977). We studied the frequency distributibthe genotypes of DNA
repair genes with the subsequent integral stadisticalysis of the data obtained. Analysis of #mults made it possible to build
a mathematic model that included two single nuaieopolymorphismsXRCC1(rs25487) andA\TM (rs664677), which in this
study represented the two main independent effeittsthe greatest predictive power 80.35 % for tasults of binary logistic
regression and of the method of multivariate dirm@mseduction.

Keywords: SNP; XPD, ERCC1 XRCC3 XRCC1 ATM, XRCC7MLH1, bronchopulmonary pathology.

The work is a fragment of the research project "&rrmarkers that measure efficacy of DNA repaitenthe influence
of occupational factor's(state registratiom20119U101613).

In Ukraine 6-8 thousand professional diseases agistered annually, of these 70% cause
bronchopulmonary pathology (BPP) [2]. The grougiedlogenous factors that determine its development
BPP individually determined; the activity of thezgmes that are responsible for the metabolism and
polymorphism of genes is genetically determinedPStiiey regulate immune response, apoptosis, cell
regeneration, etc. [1]. In living organisms, thare various systems that protect from exogenousigeny
agents, such as DNA repair [3, 6, 8, 9, 14].

Up to 70% of DNA damage is eliminated by BER (bageision repair) proteins [8]. The existence
of polymorphisms of BER genes increase the frequehchromosomal aberrations, discontinuities, DNA
adducts, and micronuclei [IXRCC1(X-ray-repair cross-complementing group 1) encaesotein that
regulates the regeneration of DNA molecules fromaige by ionizing radiation and by alkylating agents
[6, 14]. XRCC3(X-ray-repair cross-complementing group 3) is im&al in recombinant DNA repair and
double-stranded DNA breaks [11]. Proteins of NERc{eotide excision repair) genes are responsilsle fo
removal of damaged nucleotides through the reciognénd correction of basal cross-links [1]. TheDXP
protein (xeroderma pigmentosum group D) functidrtb@beginning of the synthesis of all proteinghia
complex protein TFIIH [3, 8]. The main function BRCC1(Excision repair cross complementing 1) is
nucleotide recovery, allelERCC1118T is associated with a decrease in mMRNA anecaedse in NER
activity [1]. DSBR (double-strand break repair)agrvariants lead to various mutations and chrom@som
rearrangements that induce genome instability amdirmogenesis [8]XRCC7 (X-ray-repair cross-
complementing group 7) encodes a protein thatlerge catalytic subunit of the initiating DNA-PKc
complex [6, 7, 15]. The ataxia-telangiectase mortatfATM) gene encodes for DNA-dependent
proteinurase, which participates in the mitogemoal of meiotic recombination and in the regulatf
the cell cycle [12]. MMR (mismatch repair) storemngtic information under conditions that incredse t
frequency of mutationd1LH1 (mutL (E.coli) homolog 1) encodes a protein tlegfulates the replacement
of improperly coupled DNA bases and is inactivatgdnethylation [10, 12].

However it is now clear that the end result is ¢basequence of the work of many genes and
modifying factors, therefore many researchers tesen to study the influence of highly penetrating
polymorphisms on the chemical carcinogenesis oesgn who smokes tobacco. In this study, we
researched the propensity of molecular genetic emarto predict the development of BPP in persons
operating under conditions of industrial aerosditsis known that the nature, clinical course and
complications of BPP are determined by the chentioaiposition of the industrial aerosols, the gugnti
of aggressive substances contained therein aniddhédual characteristics of the organism.

The purposeof the work was to determine the predictors ofrikk of developing BPP in people
who work in harmful industries.
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Materials and methods. All procedures performed in the study involving theople meet the
ethical standards of the Bioethics Commission ef$kate Institution "Institute of Occupational Hialf
the National Academy of Medical Sciences of UkrdinEebruary 29, 2016). All respondents agreed to
voluntarily participate in the study and sign infead consent.

Characteristics of people included in the studypkeryees of harmful industries (coal miners and
workers of asbestos cement plants (ACP)), who wbukih industrial aerosols (n = 215) were included.
The experimental group (n = 90) included workepsfIACP and coal miners with BPP (chronic bronchitis
chronic obstructive pulmonary disease, pneumoc@®@)iages 22 to 84 years, with an average age 6f 50.
+ 7.3 yrs., average time of exposure to harmfulstarices 21.0 £ 6.1 yrs., the average age of giartin
employment in above started industry is 28.7 #8s8 The control group (n = 125) included workages
20 to 80 yrs. old;, their average age was 45.@¥14&., the average time of exposure to harmfustwurizes
16.9 £ 5.4 yrs., the average age of starting enmpéoyt in above started industry is 26.4 + 6.7 yrs.

Blood samples for genotyping were collected inilgteonditions in 2.7 ml of monovets containing
potassium salt of EDTA ("Sarstedt”, Germany), fokml by the freezing of specimens and their stostge
-20 ° C. DNA for genotyping was isolated using NegFOODNA and NEOGENE (Ukraine) kits in
accordance with the manufacturer's instructionglHtee polymerase chain reaction was performed on
the 7500 Fast Real-Time PCR System (Applied Bi@syst Foster City, USA) using TagMan Assays for
polymorphismsXPD (rs13181 and rs7997938RCC1(rs11615) XRCC3(rs861539) XRCC1(rs25487),
ATM (rs664677)XRCC7(rs7003908) anMLH1 (rs1799977).

Statistical analysis. Clinical data was analyzedtf@ normality of the distribution using the
Shapiro-Vilka test, as well as by the Levine Leutest, the assumption of the equality of dispersiwas
checked, after which Student's statistical crite(statistically significant results calculated P.85). All
calculations were performed on the basis of SP$3 %@, ver.23. The SNP Analyzer program was used
to verify the Hardy-Weinberg equilibrium. The maimdependent and consistent effects of all analyzed
polymorphisms were determined by the followingistetal methods: logistic regression, Multifactdria
Dimensionality Reduction (MDR) to evaluate both thdependent and consistent effects of the eight
analyzed DNA polymorphisms analyzed in order tostarct a mathematical model.

Results of the study and their discussionin the first stage of our study, associations of
polymorphisms of DNA repair genes with the riskdeveloping BPP in patients and healthy individuals
who worked in harmful conditions were analyzedwhs found that the distribution of 4 of the 8
polymorphisms of the DNA repair genes studied digamtly differed between the respondents of the
experimental and control groupXPD (rs13181), XRCC1 (rs25487),ATM (rs664677) andVLH1
(rs1799977) (table 1).

Table 1
Distribution of genotypes of polymorphisms of DNA epair genes
(hi-square, odds ratios, confidence intervals

polymorphisms genotypes ValueRf 52 OR, 95% ClI
AA 1.03 (0.56 — 1.88)
XPD (rs13181) Aa P = 0.050 0.61 (0.34 — 1.09)
aa 2.20 (1.02 - 4.77)
AA 0.81 (0.45 —1.46)
XPD (rs799793) Aa P =0.700 1.10 (0.62 - 1.97)
aa 1.28 (0.48 — 3.44)
AA 0.95 (0.53 -1.71)
ERCC1(rs11615) Aa P =0.800 1.16 (0.64 — 2.09)
aa 0.83 (0.39-1.79)
AA 0.98 (0.54 — 1.76)
XRCC3(rs861539) Aa P =0.900 0.98 (0.55 - 1.75)
aa 1.10 (0.44 - 2.75)
AA 1.13 (0.63 — 2.04)
XRCC1(rs25487) Aa P =0.010 0.57 (0.32 —1.02)
aa 3.37 (1.22 -9.63)
AA 0.83 (0.45-1.54)
ATM (rs664677) Aa P =0.030 0.67 (0.38 —1.21)
aa 2.48 (1.16 — 5.31)
AA 1.08 (0.60 — 1.93)
ESR%%;QOS) Aa P =0.700 1.06 (0.59 — 1.91)
aa 0.74 (0.30—1.81)
AA 0.43 (0.24 - 0.79)
MLH1(rs1799977) Aa P =0.008 2.32(1.29 -4.21)
aa 0.97 (0.32 —2.91)
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The next step in the study was to use logistic eggjon and MDR techniques, to build a
mathematical model with the greatest potentialpi@diction. It included the following predictorstsy
working in harmful industry; yrs. wich started emypinent in industry; findings from the manual review
of the radiographs of the chest organs; familydnisof BPP (clinical genealogy analysis of pedigjee
smoking status; polymorphisiRCC1 (rs25487); polymorphisnATM (rs664677) with a prediction
potential of 83.3%. Regression coefficients, 95%fickence intervals, values of P are shown in t&ble

Table 2
Significance of predictors based on the results ¢dgistic regression
Variables B d.f. P Exp@)

Time of employment in harmful industry, yrs 0. 038 1 0.010 1.456
Age at start of employment, yrs. 0.046 1 0.038 64.5
XRCC1_1(Aa) 0.750 1 0.867 0.928
XRCC1_2aa) 2.186 1 0.005 8.897
ATM_1(Aa) 0.482 1 0.308 1.620
ATM 2 (@a) 1.205 1 0.023 3.335
Basal pneumosclerosis 3.926 1 0.001 50.723
Basal and roar pneumosclerosis 24.678 1 0.999 -
Diffused pneumosclerosis 3.559 1 0.001 35.119
Family history BPP 0.827 1 0.001 2.300
Smokes 0.457 1 0.001 1.894
Does not smoke - 1.192 1 0.158 0.304
Constant 5.850 1 0.000 0.003

Note: the regression coefficients gbe: coefficient of binary logistic regression; d.Degrees of freedom; P - statistical significance;
Exp @) is the odds ratio (OR).

The use of the MDR method confirmed that therehggyh-power synergistic interaction between
the polymorphismXRCC1(rs25487) ATM (rs664677)XPD (rs13181) andILH1 (rs1799977) and they
are in close correlation with the other genetig/parphisms studied (fig. 1).

The strongest effect was exhibited
by polymorphism MLH1 (rs1799977) -
3.25 %; the second strongest BRCC1
(rs25487) — 2. 84 %; the third b4TM
(rs664677) - 2.23 %XPD (rs13181) - 1.91
% entropy (Fig. 1).

In analyzing the frequency of
genotypes of DNA repair genes, it was
found that the heterozygoRCC1.G/A
(rs25487) and the dominant homozygote
MLH1A/A (rs1799977) have a protective
effect, while the genotypesKPD+C/C
(rs13181), XRCCI1eA/A  (rs25487),
ATMeT/T (rs664677) and MLH1-A/G
(rs1799977) are associated with the risk of
BPP. The obtained data require further
validation, study and comparison with
results obtained by other studies. These
polymorphisms were previously
considered by researchers as markers of

Fig. 1. Dendrogram of intergenic interactions. Redhe synergistic carcinogenesis of various types and
interaction of high power, orange - the synergigtieraction of medium power,

brown - independent main effects, green - the amtiatjc interaction of medium localizations, including Iung cancer, and

power, blue color - antagonistic interaction ofrsiigant strength. most studies were simulated on smokers.
Since tobacco smok has a multicomponent chemigaposition that causes all possible damage of DNA
[13]. The value of even unpredictable variants BPSand their protein products involved in DNA repai
has been established. In particular, smokers whilgfalevel of induction of CYP1A1 and CYP2D6, whic
was detected in lymphocyte cultures when treateth wolycyclic aromatic hydrocarbons, had a
significantly higher incidence of lung cancer [3].1And if smoking was combined with pneumoconiosis
from asbestos dust, the risk of developing lungceamcreased 18-fold [4].

Inclusion in the analysis of non-genetic predictoas allowed to improve the predictive value of

the logistic regression mathematical model andet@ebbp an algorithm for determining the propengity
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develop BPP among workers of harmful industriesictvin turn will allow to improve the performance
of preliminary medical examinations when hiringsinch harmful industries and the quality of periodic
medical examinations of those, who are already ingrk

For the first time results indicating the significa of polymorphisms of DNA repair genes in the
formation of predisposition or resistance to th@eligpment of bronchopulmonary pathology among
workers of hazardous and harmful industries of Uleavere obtained. Established genotypes associated
with the risk of developing bronchopulmonary digeadPD+C/C(rs13181) (OR = 2.20; 95% CI: 1.02 -
4.77; P = 0.02032 = 4.85);XRCC1+A/Ars25487) (OR = 3.37; 95% Cl: 1.22 - 9.63; P 08,92 = 6.94);
ATMeT/T(rs664677) (OR = 2.48; 95% CI: 1.16 - 5.31; P&10;y2 = 6.61);MLH1<A/G(rs1799977) (OR
=2.32;95% ClI: 1.29 - 4.21; P = 0.00g2;= 9.01). Also identified were genotypes that poteresistance
to the development of respiratory diseagdRCC1G/A(rs25487) (OR = 0.57; 95% CI: 0.32 - 1.02; P =
0.040;y2 = 4.14);MLH1+A/A(rs1799977) (OR = 0.43; 95% CI: 0.24 - 0.79; P.G0G;y* = 8.73).
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TEHETUYHA CXWIBHICTb
J10 BPOHXOJIETEHEBOI ITATOJIOT i
Annpymenko T.O., Crpoii .A., I'onuapos C.B.,
Jocenko B.€., Imeiikin K.€.

YV 90mpaiiBHHUKIB LIKiJIHBHX raly3eil IPOMHCIOBOCTI,
B aHaMHe3y Y sIKHX OpoHXoJsereHeBoi narosorii mpodeciiHol
erionorii 1 125 mpamiBHUKIB aHaNOTiYHUX mpodeciid 3a
JIOTIOMOTOIO TTOJIIMEPa3HO1 JIAHIIOTOBOI peakiiii B peaTbHOMY

TEHETUYECKAS CKJIOHHOCTb
K BPOHXOJIETOYHOM HATOJIOT M1
Anapymenko T.A., Ctpoii 1A, I'onuapos C.B.,
Jlocenko B.E., Mmeiikun K.E.

VY 90 pabOTHHKOB BPEAHBIX OTPACieil MPOMBIIIUICHHOCTH B
aHaMHe3y Yy  KOTOpbIX  OpOHXONErouHas  _Hali3 M_
npohecCHOHATEHON ATHONOTHH U 125 pabOTHHKOB aHATOTHYHBIX
npodeccuii TpH TIOMOIIM TOJMMEPA3HOW LETMHOW peakiuu B
gaci OynM BHU3HAUCHI HACTYIHI IOMIMOP(I3MH TEHIB pealbHOM  BpeMEHH  OBUIM  ONpENeNieHbl  CIEAYIOLIue
penapauii JTHK: XPD (rs13181, rs799793), ERCCInomumopdusmel reHoB pemapaupu JHK: XPD (rs13181,
(rs11615), XRCC3 (rs861539 ), XRCC1 (rs2548&KIM rs799793), ERCCL1 (rs11615), XRCC3 (rs861539), XRCC1

(rs664677), XRCC7 (rs7003908) MLH1 (rs1799977).

BuBuainu posmnozin yactoT reHoTHmiB rexis penaparnii JJHK 3
MOJAJbIIUM  IHTETPAJIBHUM  CTQTUCTHYHUM  aHAIi30M
OTPUMaHHX [aHWX. AHaNi3 pe3yNbTaTiB JaB MOXKJIHBICTh
noOyIyBaTH MaTeMaTH4YHy MOJIENb, siKa BKJII04ana B cebe 1Ba
onronykineotuanux mnomimopdismu: XRCC1 (rs25487)i

(rs25487), ATM (rs664677) XRCC7 (rs7003908) 1 MLH1
(rs1799977) 13yuanu pacrpe/eseHie YacToT TeHOTHIIOB TEHOB
penapaumu JIHK ¢ _Haimi3 M_WM MHTErpajibHBIM CTaTHCTHYECKUM
_Hali3_M TIOAy4YCHHBIX _Hali3. _HaI3 pe3yJbTaroB Jail
BO3MOXKHOCTb TIOCTPOHTH MAaTE€MaTHIECKyl0 MOJENb, KOTOpas
BKIIOYasia B ce0f 7Ba OAHOHYKICOTHAHBIX ITOIMMOpQU3MA:
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ATM (rs664677),1mo0 € B JaHOMy JOCIiJDKEHHI JIBOMA

TOJIOBHHMH  HE3QJIOKHUMH eeKkTaMd 3  HaiOUIbLIOo
npeaukTuBHOl cunoto 80,35% 3a pesynpraTamu GiHapHOT
norictuaHoi  perpecii i meromy  GaratoakTOpHOTO

3MEHILIEHHS PO3MipHOCTI.

Kio4oBi ciioBa: OJHOHYKICOTHAHUHA MOIIMOPQi3M;
XPD, ERCC1, XRCC3, XRCCI1ATM, XRCC7, MLH1,
OpOHXOJICTeHEBA ATOJIOTIs.

Crarrs Hagiiinuia 19.06.18p.

XRCC1 (rs25487)u ATM (rs664677),sBisitomumecss B JaHHOM
HCCIICIOBAHNH JIByMsI TJIABHBIMH HE3aBHCHMBIME 3(pdextamu ¢
Haubonblelr npeauktuHoi cunoir 80,35 % mo pesynsratam
OMHAPHOH JIOTMCTHYECKOI PErpecchy U MET01a MHOTO(aKkTOpHOTo
YMEHBLICHHS Pa3MEPHOCTH.
KioueBble cjioBa: 0THOHYKICOTHIHBIA TOTUMOPHH3M;
XPD, ERCC1 XRCC3 XRCC1 ATM , XRCC7 MLH1,
OpOHXOJIEroYHas IATOJIOTHS.
Penensent Kocrenko B.O.
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XAPAKTEPUCTUKH CYYACHOI MMAHKPEATUYHOI TH®EKIII TA iX 3HAYEHHS
B OBIPYHTYBAHHI AHTUBIOTUKOTEPAIIIL IPU TOCTPOMY ITAHKPEATHUTI

E-mail: avp.victor@gmail.com

3 METOI0 3’ ICYBaHHS XapaKTepUCTHK cy4acHol naHkpearuynoi indekuii (I1I) Ha nepomy erari po6otu nposeneHo 147
0aKTepioNOTiYHUX JOCHIIKEHb Marepially - BMICTY NEpUIAaHKPEATHIHUX PIIMHHHUX CKYITYeHb Ta ()parMeHTiB HEKPOTH30BAaHUX
TKaHHMH HiJIUTYHKOBOI 321031 1 3a04€peBUHHOI KIITKOBHHE Y 44 XxBopux Ha roctpuii nankpearut (I'IT). Koxcrarosano, mo I11
Oyria mpejcTaBieHa MiKpoGIoporo 3 TOMiHyBaHHSM acpoOHUX OakTepiii y BUIIsIi MOHOKYIETYpH (37%)Ta acpoGHO-aHaepOOHHX
acomiariii (39%) 3 rpam-HeraTuBHOK 03HaKoK (5696), pi3HOK TpomHiCTIO GakTepiii 10 HaTOMOPQOJIOriuHNX CyOCcTpariB Ta
HE3MIHHICTIO iCHyI0UHX acoriamiii y 57%oci6. Beranosneno wymusicts I11 o pisuux rpyn antubiotuxis. Ha npyromy erami
nocmimkeHHs y 460 xBopux Ha [Tl omiHEeHO eQeKTHBHICTP Ta BH3HAYCHO MAONUIBHICTH peaji3amii  pi3HHX PEXHUMIB
aHTHO10THKOTEparIii, 30KpeMa IPEBEHTHBHOI, SIKa CIpHsIa 30epeKeHHI0 aCENITUYHOCTI 3aalIbHOTO Mporecy y 68%cnocrepekeHn
Ta €TIOTPONHOI - IIpH IHAYKOBaHIll MOJPE3NCTEHTHOCTI MiKpPO(IIOPH.

Koro4oBi cjioBa: rocTpuii aHKpeaTHT, aHKpeaTndHa iH(EeKIisl, peKMMHU aHTUOIOTHKOTEepaItii.

Poboma € gppacmenmom HJ[P «Onpayioganns diacHocmudnux ma aiKy8anibHux nioxooie npu 2ocmpomy naHKpeamumi
ma SHIIHO-HEKPOMUYHUX YPANICEHHSIX M AKUX MKAHUH 3 UKOPUCIAHHAM KAITHIYHUX, 1A60PAmMOPHO-0I0XIMIYHUX, MOPDONOSTUHUX,
npomenesux ma iHCmpyMeHmaLlbHux Memooux oocmecenns» (0epocasnuti peeccmpayivnui Ne 0115 U00343).

T'octpwuit mankpearut (I'TI) sBiste c00010 OfHY 3 HANOILIBIIT aKTyaabHHUX MPOOJIEM HEBiIKIaIHOI
abmominaneHO1 Xipyprii [2, 6, 10, 12 ].CyuyacHuii minxia 10 BHpPILICHHs ii IOJISTaE y ONMpalfoBaHHI
MYJIbTHIUCIHUIUTIHAPHOTO TPHHIMITY JIKYBAJIBHOT TaKTUKH, SKUI BiII3epKAIIO€ 3arajbHy TCHICHIIO
MEIUITMHU CTOCOBHO IHTErpamii Ta B3a€MOBIUIMBY Pi3HHX CIICMiaIbHOCTEH MpPHW BHBYCHHI CKJIAJTHHUX
6iomoriyanx 00’ ekTiB [2, 3, 8, 11 ].

OmHuM 13 TPIOPUTETHUX KOMIIOHEHTIB 3a3HadeHoro migxoxy mnpu [Tl e 3'scyBaHHs
XapaKTepUCTUK cydacHoi maHkpeatnuHoi indekmii (IT1I) 3 OmIHKOI KIIHIYHOTO 3HAYEHHS ii IS
BUpIIIEHHS TPIOPUTETHUX NMUTAHb JIIKYBaJbHOI TAKTHKHU 1, 30KpeMa, IOUIIBLHOCTI Ta ONTHMalbHUX
PEKMMIB TPU3HAYCHHA AaHTUOAKTEpIHHUX MEIWKaMEHTO3HHMX 3ac0o0iB - aHTHOIOTHKIB B mpoleci
nikyBaHHs XxBopux [5,7,10,13].ToMy HEOOXiHICTH BUPIIICHHS JAHOTO 3aBaHHs HA0yBa€e 3pOCTAIOUOTO
3HAYCHHS.

Metor podotu Oyino 3'scyBaHHS ocoOnuBocTel cydacHoi Il 3 mormubneHuM aHamizoMm ii
OCHOBHHX XapaKTEPHUCTHK Ta OLIHKOI 3HAYCHHS OTPUMAHUX PE3YJIBTATIB ISl OOTPYHTYBAaHHS PEKHMY
antuOioTukoreparnii mpu I'T1.

Marepian Ta MeTomam aocaikeHHs. J{u3aliH IOCHi/pKEHHS TOJSATaB y peaizaimii JBOX
MOCHTIIOBHUX eTariB. Ha mepmoMy npoBoAMIIOCk 3’ ACyBaHHSI XapakTepucTHK cydacHoi [11, Ha apyromy -
3MICHIOBABCS aHali3 e(EeKTHBHOCTI 3aCTOCYBaHHS AaHTHOIOTHKIB B TPOIECi JIKYBaHHS XBOPHX.
Mikpo06iooriuHy CKI1aJoBy poOOTH BUKOHAHO B mpoleci JikyBaHHs 44 manientiB Ha ['T] y Biwi Big 34 mo
68 pokiB (cepeaHiii Bik - 5015,2 ) Honogikie 0ymno 29 (67%)xinok -15 (37%) lnsi BUBYCHHS Ta OLIHKH
OakrtepiiiHoro ynHHKMKa (BY), sSKUil MPOSBIABCA B KIIHIYHOMY MepeOiry 3aXBOPIOBAHHS 3 JIOKAITI3aIli€l0 B
MepUIaHKpeaTnaHuX pignHanx ckymueHHsx (PC) i TKaHWHAX IiAIMUIYHKOBOI 3ajJ03M Ta 3a0YepPEBHHHOI
KITITKOBUHH, 31ilicHeHo 147 6akTepionoriunux gociimkens (bJ1) mMarepiany 3 mpoBeeHHIM aepoOHOTO i
aHaepoOHOTO croco0iB HOTo KyJNbTHBYBAaHHS TpHU 3a00pi IMiJl Yac MPOBEIACHHS MIiHIMATbHO iHBa3iHHUX
OTepalifHNX BTPYYaHb 1 TPAAWUIIMHHUX JIATAPOTOMHUX omepariii. JlocmikeHHsl BUKOHaHe Ha Kadempi
MikpoOiosorii Ta Bipycosorii JIbBIBCbKOTO HAI[IOHAILHOIO MEIWYHOTO YHIBepcHTeTy iMmeHi [lanmna
lManunekoro.
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