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_ PIBHOMAHITTSA MIKPO®JIOPU
Y 3PYUHOBAHOMY YETBEPTOMY EHEPI'OBJIOII YAEC

3a nomomororo meronuku cexkBenyBaHHs JIHK HoBoro moxominus npoanainizoBano JJHK mikpobiomy cyOcerpary y
HIecTH Toukax 4-ro amapiitHoro eneproOinoka YAEC, B skoMy HOTY)KHICTh JT03M Ha MIKPOOPraHi3MH KOJHMBAETHCS BiJ
0,007 no 0,12 I'p/roa. YcraHoBIEHO, 110 HAWOLIBII PI3HOMAHITHUM 1 CTaOUILHUM BUSIBHUBCS MiKpoOioM 3pa3ka, 1o OyB
pO3TaIIOBaHUN 32 MeXaMH 00’€KTa « YKPUTTSD» Ha TEPUTOPii MpoMMaiijaHdrnka (YMOBHHI KOHTPOJIb). Y HOMY BiJCYT-
Hi JOMiHaHTH, TOOTO BiH € HAWOUIBII 30aJaHCOBAaHUM 1 HAOJIM)KEHUM 32 CTaHOM JI0 MIKpOOiOMY IPYHTY €KOCHUCTEM, L0
orouyroth YAEC. [Iys 3pa3ka, NOTYKHICTh 00paxoBaHOI 03U Ha MICIli BiIOOPY sIKOro Oylia HaWBUINOO, 3arajibHa Ki-
JBKICTh TpPEAICTaBICHNX BHUIIB Oyna y 8 pa3iB MEHIIO0, IPOTE iHACKC JOMIHYBaHHsS OyB HAHBHIINM, IO CBITYUTH MPO
(hopMyBaHHS MiKp0oOiOMY 3 YiTKO BUPaKEHIMH JTOMiHAHTaMH.

Kniouosi cnosa: Yoprobunbcrka AEC, yeTBepTHii €HEproONoK, pagioHyKIIigHe 3a0pynHeHHs, cekBenyBanHs JJHK,

MiKpOOioM.
Beryn

BuBuenHst 6i0pi3HOMaHITTS €KOCUCTEM, 110 QyH-
KIIOHYIOTh B €KCTPEMaJIbHUX YMOBAX, € Ha/[3BUYAii-
HO B&XJIMBOIO Tally33i0 OI0JIOTIYHOI HAayKH, ajke
Jla€ 3MOT'Y BIJIKpUBATH HOBI MPHUPOJHI MeXaHi3MHU
3axucTy O10TH Bif 3a0pyAHEHHS HaBKOJIHMIIHBOTO
CepeIOBHINA MOJOTAHTAMH, T1JIBUIICHHS PE3UCTEH-
THOCTI KUBUX OPTaHI3MiB 10 YPaKyIOUHX YHHHHKIB.
VY npomy ceHci BUBYEHHs OiOpi3HOMAHITTSI aHTpPO-
MIOT€HHO CTBOPEHOro 00’€KTa 3 HaJ3BHYANHHO BHCO-
KAMH J03aMH DPi3HUX THITIB 10HI3yI0YOTO BHIIPOMi-
HIOBaHHS JIa€ 3MOT'Y JIOCIIIUTH IUISXH, SKUMU OloTa
MOXe€ TPHCTOCOBYBAaTHCS 10 CTPECOBUX YMOB, 1,
MOJKJIMBO, HaBiTh aJalTYBaTH JEsSKi 3 HUX JJIsI BU-
KOPHUCTaHHS JIIOJMHOI0 3 METOI0 peMejiarii 3a0py -
HEHHX paliOHyKIiJaMH TEPUTOPIH.

Ha Tenepimmniif yac BHYTpIlIHIA TPOCTIp 3pyH-
HOBaHOrO 4-ro eneprodioka YAEC 3anumaerbcs
MaJIONOCTIUKEHUM ~ OioyloraMu, Xo4a BHBUYCHHSA
(bizmyHOrO 1 XiMIYHOTO CTaHy MPOXOAWIIO TOBOJI
inrencuBHO [1]. Yepe3 BHCOKI 103 iOHI3yHOUOTO
BUIIPOMIHIOBAaHHA 1 OIOPOKpAaTHYHI TIEPETIOHH IPH
JIoCcTymi 10 00’ €kTa « YKPUTTS», MMOB’sA3aHi 3 HeOe3-
MIEKOI0 TIepecyBaHHsS BCEPEANHI HBOTO, JIMIIE IBOM
JNOCHITHULIBKAM TpynaMm Oi0JOTiYyHOTO HaIpsMy,
OKpiM KOJICKTHUBY aBTOPIB, BOAIOCS OTPUMATH 3pa3-
KM 3CEpeIMHU 1 BUBUMTH IXHIO OIOJIOTIYHY KOMIIO-
HeHTy. Tak, Ha mouatky 1990-x pokiB rpymoro moc-
migHUKiB mig  kepiBHuinteoM H. M. JKnmanosoi

OyJI0 BHMBYEHO MIKOLIEHO3 00’€KTa «YKpHUTTSI», a
3TrOJIOM YCTaHOBJICHO €(EeKT CTHUMYJISIII MPOIyKIIii
MeJaHiHy B MiKpOCKomiYHuX rpubax [2 - 4 |. Takox
mig kepiBHunTBoM B. B. Pubankm Oyna moxazana
3[IaTHICTh OKpPEMHX IpeAcTaBHUKIB Buay Bacillus no
aKyMyJILil ypany 3 siepHoro nanusa [5]. BuBueH-
HS 3araJlbHOrO O10Pi3HOMAHITTS OaKTepiabHOT MiK-
podiopu moci He OyJI0 IPOBEACHO.

CepenoBmuine, 1o cGopMyBaiocs y BHYTPIIIHIX
MpUMIMIEHHSIX 00’ €kTa « YKPHUTTA», € YHIKAIGHAM B
CHIly, 3 OJHOTO OOKy, €KCTpeMaJbHHX YMOB, IO
CKJIAJIICS BCEPE/IMHI HBOTO, a 3 1HIIOTO — HEBEJINKO-
T'O 3 CBOJIIOIIIHOI TOYKH 30pY MPOMIXKKY dacy, Tpo-
TATOM SIKOTO MOV (POpMYyBaTHUCSI EKOCHUCTEMH.
HocnimpxeHHss MiKpoQJIopy BcepenHi 3pyHHOBaHO-
ro eHeproOjoKa MOXYTh JATH 1 ORI MPaKTHJHI
pe3ynbraTi. Tak, HANPUKIIAA, BiJIOMO, 10 KOPO3iliHi
MIKpPOOPTaHi3MH ICTOTHO MPHUCKOPIOIOTh PYHHYBaH-
HS KOHCTpYKIiit 3 metany [6, 7], 6etony [8, 9] i
3aXMCHHUX 000JIOHOK KOHCTpyKIIii [10].

HemronaBHo cTaB MOCTYIMHMM HOBHH MigXia IO
aHalizy MIKpOOHHX yIpyINOBaHb, IO iCTOTHO IIiJ-
BHIIUB TOYHICTH 1 JTOCTOBIPHICTH OJIEPKYBaHUX Ja-
HUX, — CCEKBEHYBaHHS HOBOro mokomiHHS (Next
Generation Sequencing, NGS) [11]. Lis texHooTris
JTa€ MOXIIMBICTh OIIIHUTH O10pPI3HOMAHITTS MiKpOOP-
raHi3MiB y cyOCTpaTi IUIIXOM aHalli3y BUAUICHOI 3
Heoro JIHK yciei cykymHOCTi MikpoopraHi3miB i
OTpUMATH MOBHY TakcoHOMivuHy [12] i ¢yHKIioHa-
neHy [13] kapTy MikpoGiomy.
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Maroun 1OCHUTh HEBEIMKHUN 1 HECKIaTHO OpraHi-
30BaHHU T'C€HOM, NMEPEeBaKHA KiJIbKICTH MPE/CTaBHU-
KiB I[apcTBa OakTepiii MalOTh JUBOBIKHY CTIHKICTBh
IO BIUTUBY HECHPUATIMBUX (aKTOPiB HABKOJIHII-
HbOTO cepenosuina [14 - 17]. ¥V Toii e yac Mikpo-
0iom, SIK IHTerpajbHa CYKYNHICTb iHAWBIIIB, UyTIH-
BO pearye Ha HaWMEHII 3MiHM HaBKOJIUIIHBOTO
Cepe/IoBHINA, 30KpeMa 3MiHa TeMIIepaTypH Ha OJIUH
rpasyc MOXKe BUKJIHMKATU CyTTEBI 3pyIIECHHS Y BUIO-
Bill cTpykTypi yrpynoBauus [18], mo mo3Bonse
NPUIYCTUTH, IO TaKUM IOTYKHUH MyTareHHUI
YUHHUK, $K 10HI3yl0Ye BHUIIPOMIHIOBaHHS, MOXKeE
MAaTH iCTOTHHH BILTUB Ha HOTO CTaH.

+
5

S

- [ |

r——

——r—

a

Marepiaau Ta MeTOIH

Onuc To4ok Bigdopy npo6

Jltst anamizy MikpoOHOI CIiIBHOTH OyJ10 BimiOpa-
HO 8 3pa3KiB cyOCTpaTy Ha CTAHAAPTHUX MapLIpyTax
Incturyty mpobnem 6e3nexu AEC HAH Ykpainu y
MPUMIIEHHSIX 3pYWHOBaHOTO 4-TO eHeprooyioka
YAEC (puc. 1). Binbip 3pa3kiB BUKOHYBaBCS CITiB-
pOOITHUKOM, fAKHI OyB 3aXWIIEHHH CIEI[iaIbHUM
KOCTIOMOM Ta JIBOMa MapaMy TYMOBHX PyKaBHUYOK,
BEPXHIO Mapy 3 SIKUX 3MIiHIOBAIU TicIs BigOOpy KO-
YKHOTO 31 3pa3kiB. 3pa3ku OyJo BimiOpaHo y crepu-
neHI 50-M1 QIIakOHH 3a JOIIOMOTOIO0 OJHOPA30BHX
TUTACTUKOBUX IITATENIB, IICIsA YOrO MepelaHo s
anamizy. Binbip 3pa3kiB OyB 37iiiCHEHUI Ha MOYATKy
»koBTHs 2015 p.

Puc. 1. Cxema To4OK Bigoopy cybcTpary y 3pyiiHoBanoMy 4-my eneprotoni YAEC: a - Buz 300Ky, 6 - Buj 3Bepxy [1].

3pa3ku 2, 5 ta 8 Oynu BimiOpaHi i3 MpHUMIIIEHHS

i/ axTor peaktopa, 4 Ta 12 — 3a Mexxamu 00’ ekTa

«YKpUTTSD» # BUKOPHCTOBYBAIUCS K KOHTpPOJb, 11

Ta 7 — i3 BHYTPIIIHIX BHXO/IB IIaXT CHCTEMH MOHITO-
puHry peakropa «®Pininm, 13 — i3 npeHaxHo0i TPYOH,
110 BUXOJIUTH 3 00°ekTa « YKpUTTs» (Tadm. 1).

Tabnuys 1. Jlokanizanisi Ta Bi3yaJbHa XapaKTePHUCTHKA TOYOK Bigdopy 3pa3kis

Ne . BisyanbHa orfinka
XapakTeprcTHKa TOUKH BiJJ00pY .
3paska MEXaHIYHOTO CKJIay 3pa3Ka
[TpumileHHs mij] IIaxToro 3pyHHOBAHOTO PEaKTopa, 3 MiCLs CKyITYEHHS .
2 DHMIIL A 0 3py orop pa, ot ey [Ticok, memeHTHa KpuxTa
JaBONOAiOHMX nanuBoBMicHuX Marepiaiis (ITBM)
[IpommaiinaHguK MOOIH3Y BXO, 0 00’exTa « YKpUTTS». KOHTpOIBEHUH .
4 3p121 30K A Y BXOLY A P p [Ticok, ruHa, NPOTOrpYHT
5 [TpuMileHHs mijJ N1axTo 3pyHHOBAHOTO PEaKTopa, y KyTKY [Ticok, IeMEHTHA KpuXTa
7 BryTpimmii Buxix maxtu 10-9-B IlemMeHTHA KpUXTa, CIU3
8 [TpumimeHHs mij n1axToro 3pyHHOBAHOTO PEaKTopa, y KyTKY, [lemeHTHA KpUXTa, BOJIOTHHA
3pas3oK 3i credi 3pa3oK
. .. Bonoruii 3pasoxk: ipxa
11 [Maxra K3-9-K cucremun MoHiTOpHHTY peakTopa « DiHimm) M Sp pKa,
CIIN3, MICOK
[3-mig crinm capkodara, BiniOpaHo 3 60Ky mpoMMaiiiaHINKa .
12 o 6’eII<ITa «YI(pI/IE‘)Tﬂ)C)b » BIAIOP yrp A [Ticok, mmHA, IPOTOTPYHT
13 JpenaxkHa Tpy0a, 110 BUXOIUTH i3 MPUMIIIEHb 00’ €KTa « YKPUTTS» My, micox

AHaJgi3 xiMiuHoro ckJjanay 3pa3kiB

Bubip Tecr-meronie OyB oOymoBieHuit oOme-
JKEHHSIM y JTOCTYTi O BUKOPHUCTaHHS 1abopaTopHO-
ro ob0ylagHaHHsA, CKIAAHICTIO HOro MOJANibIIOol Ae3a-

180

KTHBAIlii Ta HEOOXITHICTIO CKOPOYCHHS Yacy o0po0-
KA KOXHOTO 3pa3ka 3 METOK 3MCHIICHHS 03U
ONpOMiHEHHS JOCTiTHHKIB. ToMy Oysi0 BHKOpHCTa-
HO OofiHOpa30oBy cucteMy Hanna Express mis ximiu-
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HOTO aHal3y Ta TECT-CMY)XKH 1HAWKATOpa IS BHU-
3HadeHHs pH.

3pasku cydcTpary OyJio PO3BEICHO Y CTEPHUTIZO0-
Bamiii oummieniit Bomi (Milli-Q® Integral Water
Purification System, Merck Millipore, Darmstadt,
Germany) y criBBigHotenHi 1 : 10, micis goro Oy-
JO mpoBeaeHe Bu3HaueHHA pH 1 BMicTy XiMiYHHX
€JIEMEHTIB B OTPUMAaHOMY PO3UHHI.

pH omintoBanm 3a monomoroio Tri-box pH 0,5—
13,0 (Macherey-Nagel GmbH & Co., Diiren,
Germany) TeCT-CMY»XKaMH 3 PO3IiTHHOIO 3IaTHICTIO
0,5.

Jlis BuMmiproBaHHs KoHIEHTpaIlii gocdatis Oyio
Buxkopucrano Low  Range HI713  (Hanna
Instruments, Rhode Island, CIIIA) y miamazosi 0,00 -
2,50 mr/n, 3 posainbHOO 3natHicTiO 0,04 Mr/it i To4-
Hictio 4 % .

KoHmenTpartiss aMoHit0 BU3Ha4YaIacs 3a JOIMOMO-
roro Ammonia Medium Range Colorimeter HI715
(Hanna Instruments, Rhode Island, CIIIA) y miama-
30Hi 0,0 - 9,99 mr/i sk NH3—N, 3 po3minpHOIO 31aT-
Hictio 0,01 Mr/m, i Tounictio 5 %.

Bwicr 3amiza OyB BU3HaYCHUH METOAOM KOJIOPH-
merpii Ha mupunani Colorimeter HI721 (Hanna
Instruments, Rhode Island, CIIIA) y giama3zoni 0,00 -
5,0 mr/n, 3 po3aiisHOO 3xatHICTIO 0,01 Mr/i 1 Tou-
Hictio 2 %.

BusHayeHHsI TUTOMOI paficaKTHUBHOCTI 3pa3KiB Ta
1103 ONPOMiHEeHHS

Jnst OLiHKM MUTOMOI aKTUBHOCTI ramMMa-BHIIPO-
MIHIOIOUMX PaliOHYKIIiAIB 3pa3Ku OyJd pO3BE/IEHI B
noxxuBHoMy ceperoBuili LB (Sigma-Aldrich) y
crniBBizHomenHi 1 : 23000 i Oyau BUMIpsHiI 3 BUKO-
PHUCTaHHSM KOAKCiaJbHOI'O JETEKTOpa 3 BUCOKOYHC-
toro repmanito (HPGe) (GC3020 3 Multi Channel
Analyzer Lynx cucremoro; Canberra, Meriden,
CIIA). EdextuBHICTh MiIpaxyHKy HAIiBIIPOBiIHHU-
koBoro HPGe nerextopa Oyina BigkamiOpoBHA 3 BH-
KODUCTaHHSIM  JDKepela CTaHIapTHOTO  00’eMy
(MX033U8PP, Japan Radioisotope Association,
Tokyo, Japan). Ilporpamue 3abe3neueHHs Genie
2000 Oys0 BUKOPHUCTAHO IJIs aHai3y BIAMOBITHUX
MiKiB B €HEPreTHYHHX crektpax 661,6 keB nnsa
187Cs, 59,6 keB mwis **Am Ta 186,2 keB mwis *°Ra.

IToTyxHOCTI A03uM I MikpoOioTH Oyiio po3pa-
xoBaHo Ha ERICA Assessment Tool [19], Buxopuc-
TOBYIOUH PEXUM HA3eMHOI €KOCHCTEMH 1 IETPUT SIK
€TAJIOHHI OpTaHi3MH.

Bupinenns i cekpenyBanns JJTHK

3arampny reHoMmuy JIHK Bumimsnm 3a mormomo-
roto Habopy peaktuiB PowerSoil® DNA Isolation
Kit (MO BIO Laboratories, Carlsbad, CIIIA) Bigmno-
BiiHO 10 mpoTokosy BupoOHuka [20]. 3pasku JITHK
OyJio ymakoBaHO B KOHTEWHEp Ha JbOAY U JIOCTaB-
JeHo B JabopaTopio A MOJNANIBIIOTO aHAaJi3y.

KoHnnenTpariito i skicte exctparoanoi JIHK Oymo
nepesipeHo 3 BUkopucTanHsaMm Qubit 2.0 Fluorimeter
(Invitrogen Corporation, Carlsbad, CILIA).

3pazku JIHK Oymno amrutidikoBaHo 3 mpaiimepa-
vmu gt 16S pPHK, micias goro mpocekBeHOBaHO
BUCOKOBapiabenpHi obnacti V3 i V4 y Research and
Testing Laboratory (Lubbock, Texac, CIIIA) na
mpwiani lllumina MiSeq (Illumina Inc., CIIA) 3
HabopoM OapkoiB, PEKOMEHJIOBAHUX BHUPOOHHKOM
st 16S pPHK ananizis.

BioindopmaTnuna 006podka

Y pe3ynbraTi CeKBEHyBaHHS amIulikoHy 16S
pPHK Oymo otpumano 12 daiiniB y dopmari fastq,
MpsiMi ¥ 3BOPOTHI Pigu Al KOXKHOTO 3paska. KoHT-
POJIb SIKOCTI OTPUMAHMX JaHUX ITPOBOJUBCS 3 BUKO-
puctanasM FastQC 3 BiIKpHUTHM BHXIIHHM KOIOM.
Jlnis ToAanbIIoro aHajily BUKOPHUCTOBYBAIW TITBKU
npsmi pigu. [ oOpoOKM  JaHUX BUKOPUCTOBY-
BaJId 3araTeHTOBaHy IMOCJIIOBHICTH i
(Www.mrdnalab.com, MR DNA) cminsro 3 6ioiH-
¢dopmatnunum cuenapiem QIIME 3 Bigkputum Ko-
nom (http://giime.org/) [21]. 3 ypaxyBaHHSIM BHITY-
YCHHSI TPOBaiIepoM OapKoOIiB y JTaHOMY HaOopi aa-
HUX €Tall ToMepeIHs01 00p0oOKH BUXITHUX JaHUX OyB
sukonanuii Split_libraries_fastq.py i3 3a3naueHHsM
BiNOBiIHO “‘not-barcoded”. Etam BuiydeHHS XHMep
OyB TIPOTyIIEHHH, ke MeTa JaHoi poOOTH — BH3HA-
4yeHHsT OlOpi3HOMAHITTSI MikpoOioMy, a He 30ipka
reHomiB. s toro mo6 mobymysatu .biom OTU
TaOIHIIIO, Oyo BHUKOPHCTAHO CKPHUTIT
pick_closed_reference_otus.py 3 QIIME [22]. Kia-
cudikariro OTU Tabmumi, Oyno BHUKOHAHO 3
97 %-HOrO0 301KHICTIO 1 JOJATKOBO OYJI0O BHKOHAHO
de-novo awmamiz 3a J0OMOMOror 0asd  JTAHUX
Greengenes v 13_5 [23]. Auba-pi3HoMaHiTTsI 0yJI0
omineHo 3a momomororo alpha_diversity.py 3 QIIME
[24].

Pesyabrarn

XapakTepucTHKA BHYTPIillIHIX yMOB 00’€KTa
«YKpHUTTH»

3aJIe’)KHO BiJ pO3TallyBaHHS TOYKH BimOOpy CyoO-
CTpaT MaB iCTOTHO Pi3Hi (i3MKO-XIMi4HI XapaKTepu-
ctuxu. Tak, 3pasku 4, 7 1 8 6yno BiniOpaHo nooau3y
METaJeBUX KOHCTPYKLill, TOMy BOHH MIiCTHJIH BEIU-
Ky KUIBKICTB 1pKi 1, BiAMOBIMHO, KaTiOHa 3aii3a.
3pazok 13 OyB BimiOpanmii mo6nu3y Buxogy 3 Oy-
IIBJII PeakTOPHOTO OJIOKa JpeHa)XHOi TpyOu i Mic-
THB BENHKY (pakiiito opraniku. [Ipodbu Oymm BimiO-
paHi Ha IMOYATKy >KOBTHS, KOJIM TEMIIepaTypa MoBiT-
ps komuBanacst Bia -5 BHoui g0 +15 °C ynens, a y
MPUMIIICHASX 00’€KTa «YKPUTTI», 3aICKHO Bif
sokanizanii [IBM: Bix +35 - 40 °C myist npuMinieHs,
e Oynu Bimibpani mpobu 2, 51 8; +10 - 15 °C g 7
i 11 Ta TemmepaTypu HaBKOJHIIHBOTO CEPEIOBHUINA
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IUIs TIpo0, BimiOpaHuX 3a MexXaMu «YKpUTTs» (4, 12
i 13). IIpuminieHHs 3aBKIU 3aTEMHEHI, TOMY MOXKHA
CTBEPIXKYBaTH, 10 YMOBH AJsi (opMyBaHHS (OTO-
TpoPHUX MiIKpOOpTraHi3MiB 301THEHI.

Tabnuysa 2. leski ¢pizuko-xiMiuHi moka3zHUKH
Bini0Opannx 3paskis

3p$Ka pH | P, mr/n Fe>% mr/n | NH4*, Mr/n
2 90 | 140+2,0 1,7+£0,1 80+1,1
4 8,0 — 6,0+0,2 —
5 85| 40+05 — _
7 75 - 39,3+5,0 13,0+2,1
8 65| 1001 8,1+3,0 —
11 85| 50+10 12,4+0,3 —
12 7,5 — — 18,0+ 3,2
13 65| 1,0+0,1 41+1,0 29,0+7,0

3MiCT JesIKMX KaTioHiB y BifiOpaHux mpoOax xa-
paxTepusye Tabn. 2. BumipioBaHHs IXHBOI KOHIIEHT-
pauii npoBomminocs B 10 %-Hili BOAHIA BHUTSXKII,
TOMY BiJICYTHICTh NIEBHOT'O KaTioHa y BHUMIpSHOMY
3pa3Ky He O0OB’SI3KOBO CBIAYUTH MPO HOTO BIJICYT-

HICTh B OPUTIHAJIBHOMY 3pa3Ky. YcCi 3pa3Ku MaroTh
nyxHy peakuicro. e Moxe CBITUMTH TIpo Te, IIO
OCHOBOIO 17151 hopMyBaHHsI cyOCTpaTy cTaB HE MHI,
sanecennit 330BHI (HAEC mobymoBaHa Ha JepHOBO-
MI30JIMCTHX TPYHTAX, AKi MAIOTh KHCIY PEaKIliio), a
IIEMEHTHA KPUXTa 3aJ1i300€TOHHUX KOHCTPYKIIii, 110
Mae JIy)KHy peakiiro [25].

BwicT ioniB aMoHit0 y 3pa3zkax 2, 7, 12 Tta 13 cBi-
JYUTH TIPO aKTUBHI XiMidHI Ta 610JI0TIYHI TIpoIecH 3
MEPETBOPEHHS a30TBMICHUX CHONYK, IO HPOXOISThH
y 3pa3kax. Bucoki koHIeHTpaIlii 10HIB 3a7i3a B ycCix
3paskax, OkpiM 5 Ta 12, € HACHiAKOM aKTHBHHX
XiMiKO-010JIOTIYHMX TIPOLECIB KOPO3ii MeTaneBuX
YaCTHUH KOHCTPYKIIH.

[IuToMa aKTHBHICTH 3pa3KiB TAaKOX Bapiioe IO-
cuth cyTTeBo (Tabdmn. 3). B cuity BHCOKOT po3unHHO-
cti Ta netiouocti *3'Cs, mpenctaBnenuil y KoxHiit
MIPOaHaJi30BaHOI MP0o0i, € OCHOBHUM J030YTBOPIO-
FOYUM pagioHyKmiIoM. 3pa3ku S5 1 7 Oynm BiniOpaHi
0ins micup ckynueHus [1BM, a 3pa3ok 2 — Ge3mnoce-
penHso 3 moBepxHi Kymu [I1BM, 1m0 3yMoBHITIO HasB-
HICTh i30TOmiB amepwuiito. 3pazku 8, 12 i 13 Oymm
BifiOpaHi Ha mepiioMy moBepci OyniBii 3pyiHOBa-
HOT'O peakTopa, HalOnmK4e N0 MOBEpXHi IPYHTY, i
EIZI(\S/IOBipHO TOMY B HUX OyB BUSBICHHHA PO3UNHEHHHA

Ra.

Tabnuys 3. J1030Bi XapaKkTepUCTHKHU Ta MMTOMA aKTHUBHICTh palioHYKIiAiB y 3pa3kax cydcTpaTty

Cepenns po3pa- MakcumanbHa po3- [TuToMa aKTHBHICTh pamioHyKIIima, B/
Ne XYHKOB2 IIOTYX- paxyHKOBa MOTYX-
3paska HICTb J103H, HicTh 1034, I'p/ron 137Cs 21Am 226Ra
I'p/ron
2 0,37 1,38 19-10%£2,8-10% | 1,1-10°+1,2-10° -
4 0,007 0,008 2,3-10°+£ 894 - -
5 0,02 0,05 51-104+£7,9-10° | 2.7-103+25-10° -
7 0,03 0,06 74-104£12-10° | 39-103+3,6-10° -
8 0,09 0,12 51-10°+9,8 - 102 - 1,1-10%+3,1-10°
11 0,11 0,12 3,3-105+2,8-10° - -
12 0,02 0,03 1,6-10°+46/4 - 2,7-10%+28-10?
13 0,02 0,02 1,1-10%+£33,1 - 2,5-10%+£24,6

BiopizHomaHiTTs Mikpoopranismis y 4-my 0Jioni
YAEC

3rigHo 3 oTpuMaHumu pesyneraramu JJHK Buss-
JieHa y IIecTH mpobax, okpiMm 2 Ta 8, 1m0 Jae 3MOry
CTBEPIXKYBaTH MpPO HAasBHICTh >KUBUX OPraHi3MiB
BcepenuHi 00’€kTa «YKPUTTS». 3araiabHOBIIOMO,
0 BHUCOKI J03W MPHU3BOAATH A0 CTEpHUIIi3allii cyocT-
pary, oTKe BiACyTHICTh (a00 HHM3bKa KOHIICHTpALLis)
JHK moxe OyTu moB’si3aHa 3 pyHHYBaHHSM KIITHH
VHACIIIOK BUCOKHX MOTIIMHYTHX 03 (IS 3paszka 2
MaKCHMaJlbHa PO3paxyHKOBa IMOTYKHICTh TOTJIHHY-
toi no3u 1,38 I'p/ron).

s momanpmoi pobotu OyJ0 BHKOPHUCTAHO
IIicTh 3pas3kiB, B Skux Oyna mpucytHs JHK y mo-
CTaTHIH I CEKBEHYBAHHS KIJTBKOCTI.
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Konyenmpayisa sudinenoi momanvroi JJHK
V 3paskax, He/mi

2 -
4 9,68 - 102
5 7,18 - 102
7 2,58 - 10°
8 -

11 8,04 - 102
12 7,48 - 103
13 1,07 - 10°

BiopizHoMaHITTA nocainKyBaHUX 3pa3KiB
3rigHO 3 OTPUMaHUMU JaHUMHU MIKpOOiOMH 3pa3KiB
cyOCcTpaTy CyTTEBO BiIpi3HAIOTHCS. Tak, mpu aHami3i
Ha TaKCOHOMIYHOMY PiBHI 3arajbHa KiJIbKICTb
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poIuH, sKi Baajocs ifeHTudikyBatu, craHoBmia 378
HaliMeHyBaHb, ajie B )KOJAHOMY 31 3pa3KiB BC1 POAUHH
HE IpeACTaBlIeHO. 3arajbHa KUIbKICTh POJUH 3HAY-
HO Bapilo€ — HaWOIIbIIE NPENCTaBICHE IAPCTBO
OakTepiil y 3pa3ky 4, sSKuii MO)Ke BBKATHCh KOHT-
ponbHUM, amke OyB BimiOpaHuid 330BHI 00’€KTa
«YKpUTTS». Y IIbOMY 3pa3Ky BiACYTHI TOMIHAHTH (3
oMUy Ha HalHWKYE cepel TIPEICTaBICHUX 3pa3KiB
3HaueHHs iHpekcy nominyBanHs (Ip) [26], a, oTxe,
BiH € HaiOibII 30alaHCOBAaHUM 1 HAOMMKEHUM 3a
CTaHOM JI0 MIKpOOiOMy TPYHTY HPHUPOJHIX €KOCHC-
TeMm, mo ortouyorh YAEC. HaiimeHma KibKiCTh
poOMH XapakTepHa ais 3paska 11, BimiOpanoro 3
CEepPEeNUHN 3aJli3HOI TpyOH, IO BHKOPHUCTOBYETHCS
JUIS MOHITOPHMHTY CTaHy peaktopa. Lleit 3pa3ok mae
HaiiBummii Ip, mo (pakTUYHO O3HAYA€E MPHUCYTHICTDH
JMEKUTEKOX JTOMIHYIOUHMX BHIIB Yy 3pa3Ky. I miiicHo,
44,68 % CHKBEHCIB TyT HaJeKall MPeICTaBHUKAMH
ponuan Rhodobacteraceae, mio BKIIOYae BEIHKY
KITBKICTh XEeMOTeTepOTPO(HUX BUMAIB Y TOMY YHUCII

TaKuX, SIKi BAKOPHCTOBYIOTB 3aI1i30 SIK CyOCTpaT.

JlJis OLliHKKM HAsIBHOCTI PiJIKICHUX BUJIB Y JOCIIi-
JOUKYBaHUX MIKpoOiOMax BHKOPHUCTOBYBAIIM 1HIIEKC
Yao (chaol) [27]. 3arameHy IOBKUHY TilOK (inore-
mernynoro gepesa (PD_whole tree) [28] Bukopwc-
TOBYBIN SIK MIpy TaKCOHOMIYHOI CHOpPiAHEHOCTI
BeepeanHi koxkHOro 3paska. Immexc Ilemnona (Is)
[29] i mominyBaHHs Ip 3acTOCOBYBanmu /ISl BH3HA-
YEeHHS CTYINEHS! PIBHOMIPHOCTI PO3MOJiy POIHMH Y
3pa3Ky Ta HassBHOCTi SBHHUX JIOMiHaHTIB Bi/IITOBiIHO.
Otpumani maHi cBiquars (Tadm. 4), mo 3pasku 4 ta
12 € Haiibinbm 30aNMaHCOBAHMMH W BUPIBHSHUMU:
3arajibHa KIiJIBKICTh TPEACTaBICHUX poAwH (269 i
207 BiOIOBIAHO) MO3BOJSAE HOpMabHE (DYHKIIIOHY-
BaHHS MIKpOOiOMy, 3HIKYIOUM BKJIaJl MOHOIITamiB
y #oro ¢opmysanus (Ip cranoButs 0,006 i 0,007
BIAMOBITHO). 3arajbHa TOBXKHHA (DITOTEHETHIHOTO
JIepeBa CBIMYUTH MPO JOCTATHE TaKCOHOMIYHE pi3-
HOMaHITT# 3pa3kiB. Lle 103BOIsIE 3pOOUTH BUCHOBOK
npo GopMyBaHHS TyT HOBOI IPOTOEKOCUCTEMH.

Tabnuys 4. Anbda-6iopisHOMaHITTS MiKp0OioMiB ToCTiTKYBaHHNX 3pa3KiB

3arajgbHa KUIBKICTh 3araipHa JOBKHHA Ianexc Ianexc

Ne Innexc Yao . .

spasKa TIPE/ICTABIICHAUX (chao1) ¢inoreHeTHIHOTO JepeBa lennona (Is) | mominysaumus (Ip)

p poHH (PD whole_tree) [29] [26]
4 269 4104,6 112,6 9,1 0,006
5 70 748,5 22,9 4.8 0,096
7 133 814,6 45,2 5,6 0,053
11 41 242,8 13,1 3.9 0,181
12 207 2652,9 73,9 8,9 0,007
13 136 1358,0 48,3 7,2 0,022
V TOH € Yac BaXIJINBO PO3IIIHYTH XapaKTEpHC- BucHoBku

THUKH anb(a-pi3HOMAHITTS AN 3pa3Ky 3 HahOUIb-
LIOIO MOTY’KHICTIO 103H, 3 SKOTO BAAJIOCS OTPUMATH
TeHeTHYHUHA Matepian. Sk yxe Oyno 3a3HadueHO
BHUIIE, TYyT NPEACTABICHO HAHMEHIIY KUIBKICTh PO-
IUH TIPU HAWOUTBIIN 3 yCiX MpeCcTaBIeHNX MIKpO-
OloMiB KUTBKOCTI yHIKamEHUX BUAIB (chaol = 242.8).
Hesenuka noBxuHa rijok (QuUIOreHETUYHOTO JepeBa
Ta BHCOKi 3HaYCHHS! T€HETUYHOI CHOPITHEHOCTI CBi-
nuaTh 1po (HOpMyBaHHS MOHOEKOCHCTEMH, OCHOB-
HUM 3aBAaHHAM SKOi € (OopMyBaHHS CepeIOBHIIA,
mo Oyrno 6 mpuaaTHe A MailOyTHBOTO iCHYBaHHS
OLITBIIIOTO PI3HOMAHITTS MiKpOOpraHi3MiB. B ocHOB-
HOMY (puc. 2) 6iopizHOMaHITTS (POPMYIOTH IIpeIcTa-
BHUKU apxed, mpoTeobakTepidl, XapaKTepHHUX It
Mepimx crafiii popMyBaHHS OiOIIIIBKH, KA Y CBOIO
4Yepry € OCHOBOIO (OPMYyBaHHS IPOTOCKOCUCTEMH,
Ta XeMorerepo- i aBTorpodu. OTke, OepydH 10 yBa-
I'H XIMIYHHMH 1 MEXaHIYHUH CKIax cyOcTpary, MOKHa
MIPUITYCTHUTH, IO TYT CHOPMYBAIUCT KOPO3iiHi Oio-
IUTiBKH, SKi 3rOJIOM MOXKYTh NPUBECTH 10 (HOpMYy-
BaHHs OUThII 30aMaHCOBAaHOTO MiKpoOioMy (Hampu-
KJIaJ], TAKOTO, SIK y 3pa3Ky 7).

184

VY npencraeieHiil cTaTTi onMcaHo 0iopi3HOMAHIT-
Ts1 MikpoOioMiB ycepeauHi 4-ro eneprodnoka YAEC.
Haiibinpm pisHOMaHITHAM, a OTXe, 1 CTaOLIBHUM
BHSABHBCS MiKpoOioM 3pa3ka 4, mo OyB yMOBHO
OPUMHATUN 32 KOHTPOJb. Y TOW K€ 4ac 3HAUYCHHS
iHJeKCiB Oiopi3HOMaHITTS Ans 3paska 11, moTyx-
HICTH JO3M Ha MicIi BimOopy skoro Oyja HaiBH-
1100, CBiYaTh Mpo (POPMYBaHHS MIKpoOioMy 3 BH-
pasHO BHpaKEHMMH JOMiHaHTaMH. Takuii ckiaj
MOJKE CBIIYMTH SIK NIPO EKCTPEMalIbHICTh YMOB HOTO
¢dopmyBaHHA Ta QYHKIIOHYBaHHS YTPYNOBaHHS, TaK
1 PO YCKIaAHEHUH JOCTYM A0 MOKUBHUX AJISI MiK-
pOOpraHi3MiB PEUOBHH.

[ToTyXHICTh TIOTIIMHYTOI TO3U B MICIIIX BiIOOpPY
3paskiB cyOCTpaTy KojquBaeThbes B Mexkax Big 0,007
1o 0,37 I'p/ron. MakcumaibHa po3paxyHKOBa CTaHO-
Buth 1,38 I'p/ron. OCHOBHHMH 1030(HOPMYIOTHME
panionykiizamu € 2'Cs, 2*Am ta ?*°Ra.

VYci mpoaHalnizoBaHi 3pa3ku MajH JIy>KHY peak-
it0, OO0 CBIMYUTH MPO Te, M0 JKEperIoM (opMy-
BaHHS CyOCTpary cTajia IIeMEeHTHA KpUXTa 3airi300e-
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TOHHMX KOHCTPYKIIiH, a HE MW 330BHi, CTBOPIOBa-
HUI HaBKONWIIHIMHU KHCIMMH JEpHOBO-III30JIHKC-
TUMU IPYHTaMHU.

3rimH0 3 OTPUMAaHHMH pPe3yJIbTaTaMH MOJKHA
CTBEp/PKYBaTH IPO HAsBHICTH MIKpOOPraHi3MiB Ta
(hopMyBaHHS POTOCKOCHUCTEM Y 3pa3kax 4, 5, 7, 11,

12 Ta 13. Bugimutu JJHK i3 3pa3kiB 2 ta 8§ He Baa-
Jocs, M0 MOKe OYTH sIK HaciiIkoMm (opMyBaHHS
BUCOKHX JI03 OMPOMiHEHHS 1 3arudeni Mikpooprasi-
3MiB, TaKk 1 OyTH TOB’sI3aHE 3 HEIOCKOHATICTIO TIPO-
1ecy BHIIJICHHS HYKJICIHOBHUX KHCJIOT 13 3pa3KiB
MOIOHOTO THITY.
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PAZHOOBPA3ZUE MUKPO®JIOPHI
B PASPYIIEHHOM YETBEPTOM 3HEPI'OBJIOKE YA3C

C nmomomnipro MeToruky cekseHnpoBanus JJHK HoBoro moxonenuns npoananmsupoBana JJHK mukpobuoma cyberpa-
Ta B IIECTH TOYKax 4-Tro aBapuitHOTO 3Heprotioka YADC, B KOTOPOM paccuMTaHHAsi MOIIHOCTh JI03bI HA MUKPOOpra-
Hu3MEI Konebrercs ot 0,007 mo 0,12 I'p/u. Ilokazano, yTo HauboIee Pa3sHOOOPA3HBIM M CTAOMIFHBIM OKa3aJICsd MHUKPO-
6mom o0pasiia, B3ATHIH 3a IpeAernaMu 00beKTa « YKPBITHE» Ha TEPPUTOPHH MPOMILIONIAIKN (YCIOBHBIN KOHTPONIb). B
HEM OTCYTCTBYIOT JOMMHAHTHI, T. €. OH SIBIISIETCSA HanOosiee cOAlaHCHPOBAHHBIM M MPUOIMKEHHBIM 110 COCTOSIHUIO K
MHKpPOOHOMY IMOYBHI SKOcHCcTeM, oKpyskaromux YADC. /s 06pa3ua, MOIHOCTH 03Bl HA MECTe 0TOOpa KOTOPOro ObLIa
caMoii BBICOKOM, 001Iiee KOJINYECTBO MPENCTABICHHBIX BUOB OBLIO B § pa3 MEHBIINM, HO HHIEKC JOMUHUPOBAHUS ObLI
CaMbIM BBICOKHUM, YTO CBUACTCIILCTBYET O q)OpMI/IpOBaHI/II/I MI/IKpO6I/IOMa C Y€TKO BBIPpA)KCHHBIMH JOMHWHAHTaAMM.

Knioueswie cnosa: YADC, ueTBepTHIil €HEproOIOK, palMOHYKIHIHOE 3arps3HeHne, cekBeHupoBanue JJHK, mukpo-
61oM.
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DIVERSITY OF MICROFLORA AT THE FOURTH DESTROYED UNIT OF THE ChNPP

DNA of the substrate, sampled from six points in the destroyed 4-th power unit of ChNPP, where the dose rate on
the microorganisms ranges from 0.008 to 0.12 Gy/h, was analyzed by New Generation Sequencing technology. It was
found that the most diverse and stable microbiome occurs in sample, located outside of the "Ukryttya" object on the
industrial site (conditional control). There are no dominants in it, which means that it is the most balanced and approxi-
mate to the general state of the soil microbiome of ecosystems surrounding the ChNPP. As for the sample, taken from
the spot, where the dose rate was the highest, total number of species represented appeared eight times smaller, but
dominance index was the highest, which indicates the formation of distinct microbiome dominants.

Keywords: ChNPP, the fourth unit, radionuclide contamination, DNA sequencing, microflora.
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