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YIK 618.3.621.395

K OLIEHKE BJIMAHUS I'JTYBUHBI TOTPYKEHUA BBIXJIOITHOW TPYBBI B
KOPIIYC IUKJIOHA HA D®PEKTUBHOCTD YJIABJIUBAHUSA IIbIJIN U
I'MAPABJIMYECKOE COITPOTUBJIEHUE

3aoyaonoB FO.J1., Apxunenko O.H., Poi:koB B.H.

3aymaonoB FO.JL., 1.1.H., wi.-kopp. HAH Ykpausnsl, npod., 3aB. ota., 'Y «/IHCTUTYT TeoXuMuH okpyxatouiei cpenst HAH Ykpauubi»,
Zabulonov@nas.gov.ua

Apxunenko O.H., m.u.ct., I'Y «MHcTuTyT reoxumun okpyxaromeit cpeast HAH Ykpauusiy, Archipenko@nas.gov.ua

PoixoB B.U., acnupanT YHUBepcuTeTa «Y KpaUH).

B cmamve npusedenvl OamHvlie IKCNEPUMEHMATbHBIX UCCIEO08AHUL, NPOBEOCHHAX O
000CHOBAHUL ~ BO3MONCHOCMU — UCNONL308AHUSL  HOB020  KOMNIJEKCHO20 — napamempa
3010V1A6IUBAHUS, BKIIOUAIOWE20 2TIYOUHY HNOSPYICEHUS. BbIXIONHOU mMpyObl 6 KOpnyc
YUKIOHa, U co30aHue 0Oojlee MOYHLIX Memo0o8 pacuema obwel d¢gdexkmusHocmu
3010V1A6IUBAHUS 8 PAZTUYHBIX NO KOHCMPYKMUSHOMY UCHOTHEHUIO YUKTOHHBIX ANNAPAMAax.
s oyenku euda @yukyuu noPpAKYUOHHOU CMENneHu OYUCMKU YUKIOHHBIX Nblie-
3010y108UMenell «d,=s0» NOOMEEPIUCOEHa B03MOICHOCHL UCNONL306AHUA NPEONOIICEHHO2O0
KOMNJIEKCHO20 — napamempa  30J0Y1a6IUGAHUs.,  GKIIOUAIOWe20  2IYOUHY  NO2PYIHCeHUs.
BbIXJIONHOU MPYObl 8 KOPNYC YUKIOHA «lgyy», KOIDuUYUEeHm Kpymxu nomoxa 8 sope
meyeHus: U 6eIUYUHY MAKCUMATbHO20 3HAYEHUS MAHSEHYUATbHOU CKOPOCMU NOMOKA 8
KOIbYeBOM KaHale MelcOy KOPRYCOM U 8bIXJIONHOU mpyooul yukiona. Ilpu ucnonvzosanuu
MHO2OUUCTEHHbIX ~ OOCMOBEPHBIX — PEe3YIbMAmMo8  IKCHePUMEHMAIbHIX — UCCIe008aAHUl,
AHATUMUYECKUX U KOMALIOMEPHBIX PACYEmOos, pa3paboman boiee moyHblil Memoo pacyema
obweti  dphexmusHocmu  3010y1A6TUBAHUSL 6  PAZIUYHBIX NO  KOHCMPYKMUGHOMY
UCNOJHEHUIO YUKIOHHLIX annapamax. Paspaboman noewili napamemp 3010y1a61ueanusi,
BKIIOUAIOWULL 2TTYOUHY NOSPYAHCEHUsL BbIXIONHOU MPYObl 8 KOPNYC YUKIOHA, KOIDPuyueHm
KpYMKU NOMOKA 6 s0pe MmeueHUs, MAKCUMATbHYI0 MAH2eHYUATbHYIO CKOPOCHb 8 KOIbYe8OM
Kauane yuknona. bviiu nposedensvl ucciedosanus, yeavio KOMopwIX A6IAN0CH YCMAHOBIEHUE
KOIUYECMBEHHBIX — 3A6UCUMOCIeN  GIUAHUA  8eqUUUHbl  «lgu» HA  dhdpexmusHocmy
3070Y1A6IUBAHUA U 2UOPABIUYECKOE CONPOMUGIEHUEe YUKIOHA. AHANU3 NOMYUEHHbIX
IKCNEPUMEHMANbHBIX ~ OAHHBIX — NOKA3bleaem, UYmo, ¢ OOHOU CHOPOHbL,  UMEEemCsl
BHAUUMENbHASL  3A6UCUMOCTNL  IPDEKMUBHOCTIU  OYUCIIKU  NbUIU  OM  GeTUUUHBL  «l gy
(0coOeHHO 0151 MenKuUX Gpaxyull neliu — NPUMEPHO, 00 5 MKM), a, ¢ Opy2ol CMOpPOHbL MO,
YUMo ONMUMATLHOU GEIUYUHOU O «lgyyx» MOJICHO NPUHAMb 3HAYEHUEe, NPUMEDPHO, PABHOE
(Isorx)onm = 2,5...3, nockoavky danvHetiwee ee yeeauuenue e npueoOUm K 3aMEemHOMY POCHY
aghghekmuenocmu 3010y1a81UBAHUSL.

Knwouesvie cnosa: 3axkpyyeHHvle NOMOKU, YUKIOHHbIE NbLIE-3070V108UMENY, OJUHA
8bIXIONHOU MPYObL, 3hhekmusHocmsb OUUCKUL.

IocTanoBKa MpPo06JaeMbl.

[{ukI0OHHBIE TIBIIE-30JI0YJIOBUTENIM OTHOCATCA K Haubojee paclpOCTpaHEHHBIM THIIAM
WHEPIMOHHOTO MbUICYNIaBIUBAIONIEro obopynoBanus [1, 2] Omaromapsi CpaBHUTEIHFHO BBICOKOM
CTEIIeHU OYUCTKHU OT (ppakuuii mbimm quametpom Oosee 10 MKM, IPOCTOTE KOHCTPYKITMH U BHICOKOU
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npou3BoAuTeNbHOCTU. [109TOMY pa3paboTka Bce Ooiee TOUHBIX aHAIUTUYECKUX METOJIOB pacdyeTa
napaMeTpoB (pPaKUMOHHBIX CTEMEeHEeH OYHCTKM IMKJIOHHBIX allllapaTtoB sBISETCS BechbMa
aKTyaJbHOU 3a/Ja4eil.

O0beKTOM HAIMX TEOPeTHYECKHX U IKCIEPHUMEHTAIbHBIX MCCJIeJ0BAHUN SIBISETCS
000CHOBaHNE BO3MOXKHOCTHU TOBBIIICHUS TOYHOCTH aHAJIMTUYECKUX METOJOB pacyeTa mapamMeTpoB
(paKIMOHHBIX CTEMEHEH OYMCTKA IUKIOHHBIX amlapaToB 3a CYET HCIOJb30BAHUS BEIMYHUH
IIyOWMHBI MOTPY>KEHUSI BBIXJIOMHONW TPYOBl B KOPIyC LIMKJIOHA, Kod(duineHTa KPpyTKH MOTOKA B
Ape TEUYEeHUsS W BEIMYMHBI MAaKCHUMAaJbHOTO 3HAUYEHHS TaHTCHIMAJIBHBIX CKOPOCTEH BO3IyXa B
KOJIBLIEBOM KaHaJIe MEX/1y KOPIyCOM M BBIXJIOIHOW TpyO Ol IIUKIIOHA.

IIpeamer wuccieqoBaHMii — IMKIOHHOE IIbUIE-30J10YyJIaBIMBalOLIee OOOpPYJOBaHUE W
pa3paboTKa, A BBINOJIHEHUS AaHAJIUTHUYECKHX pacdyeToB, 3()PEeKTUBHOCTH OYHCTKH HOBOIO
KOMIUIEKCHOI'O TapamMeTpa 30JI0yJIaBIMBAHMS Ha OCHOBE MCIOJIb30BAHMUS BEJIMYUH JJIMHBI
BBIXJIONHOW TPYOBl, KO3 duLMeHTa KPYTKU MOTOKA B ApE€ TEUCHHS] U BEJIMYMHBI MAKCUMAJIbHOI'O
3HAUEHUS TAHTEHIMAJIbHBIX CKOPOCTEM BO3/lyXa B KOJBLEBOM KaHajle MEXIY KOpIYyCoM H
BBIXJIOITHOW TPyOO¥H ITUKJIOHA.

eab padoThi:

— 00OCHOBaHME BO3MOXXHOCTH HCIIOJIB30BaHUS HOBOI'O KOMILUIEKCHOTO TapaMmerpa
30JI0yJIaBJIMBaHUs, BKIIOYAIOIIErO TJIyOMHY MOTPY’KEHUS! BBIXJIOMHOM TpyObl B KOPIYC IMKJIOHA,
KOO(PPHUIMEHT KPYTKH TIOTOKAa B sIpe TEYEHUS M BEIMYMHY MAaKCUMAIbHOTO 3HAYCHH S
TaHTEHIIMAJIBHON CKOPOCTH MOTOKA B KOJIBIIEBOM KaHaje MEXKIy KOPIMYCOM U BBIXJIOMHOW TpyOoi
[UKJIOHA TIPH OLIEHKE MapamMeTpoB (GyHKIUU MOPPAKIMOHHONW CTENEHU OUMCTKH IIUKJIOHHBIX TbLIIE -
30JI0YJTOBUTENCH «Un=50»;

— co3aHue Oosiee TOYHBIX METOJOB pacuera oOmel 3((PeKTHBHOCTH 30510yJIaBIUBaHUs B
pPa3IMYHBIX [0 KOHCTPYKTHBHOMY HCHOJHEHHMIO IMKJIOHHBIX alapaTtax C MCHOJb30BaHUEM
Haubosee JOCTOBEPHBIX JKCIEPUMEHTAIBHBIX JAHHBIX OYMCTKHM BO3JyXa OT MbUIM B Pa3IMYHBIX
KOHCTPYKIUSX [IUKJIOHOB.

TeopeTnveckne UCCaeI0BAHUSA

Ha aspoanHamMuueckyro CTpyKTypy LUKJIOHHOIO IOTOKAa M €ro CenapalnvoHHbIE CBOWCTBA
OKa3bIBa€T 3HAUUTEIbHOE BIMSIHUE T€OMETPUUECKUN MapaMeTp, XapaKTepU3YIOUIM BBIXOIHbIE
YCIOBUSL — TJIyOMHY IOIPY)KCHHSI BBIXJIOMHOM TpPyObl B KoOpmyc HHKIOHA «lgux» [1, 2].
CymiecTByrone METOAbl a’3pOAMHAMUYECKUX M MBIJIEBBIX pAacyeTOB LUKIOHOB HE YUHUTBHIBAIOT
BIUSHUE «lgux», XOTS OHO MOXKET OBITh 3HAYUTENBHBIM — TI0 pe3yJbTaTaM HCCIICAOBAHUIN
aspoauHamMuku [3] u meuieynaBiuBanus [1]. Tak, Hanpumep, HeIOyYET OTHOCHUTEIBHOW IJTUHBI
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BBIXOAHOI'O KaHalla B CXEMaX ad3pPOAMHAMHUYCCKOI'0 pacdy€Ta HHUKJIOHHBIX yCTpOfICTB IIPUBOAUT K

omOKaM B OMPENEICHUH « & px » U MAKCUMAJIbHOI'O 3HaYEHUS TAHTeHIMaJIbHOM ckopocTu — 110 40%

u 6onee [3].

AHAJIOrMYHOM KOJWYECTBCHHON OIICHKH BIMSHHUS BEIMYUHBI «lpux» Ha 3()HEKTHBHOCTH
MBUICYJIABIMBAHKUS HE WMEETCS, TIOATOMY B HACTOSINEH padOTe BBITIOJHEHBI WCCIICIOBAHHS I10
yUeTy BJIMSIHHS TJIIYOWHBI MOTPYXKEHUS BBIXJIOMHONH TPyOBI B KOPIYC ITUKJIOHA HA MapaMeTphl
OnBITHI

=0,1 M; His=4,6;a=0,26;8=0,7; H;=2,0.

3(p(EKTUBHOCTH  30JI0YJIaBJIMBAHHUS. NpPOBEJEHBl HA MOJECIM IMKIOHHONW KaMephl,

onucanHo# B pabote [4], c Dy =02 m;d,
[Mapametrp «lgux» w3Mensuics ot 0 go 3,0. ITapamerpsl 3KCIEPHMMEHTAIBLHON 30IbI,
HaOpaHHOU U3 OyHKepa 3ekTpoduibTpa Tpunonsckoir TOC, coctaBisim dso = 14 Mkm; o0 =21 p

= 2200 xr/m® u npuBenens B Tab1. 1; TemmepaTypa Bo3myxa cocrabisia 15 — 20°C.

Taoauua 1. JlucnepcHbli COCTaB 3KCIEPHUMEHTATEHON 30JIBI.

Table 1. Disperse composition of experimental ash.

1020 | 2030 | 3040 | >40

BecoBoe conepxanue yactu, % 8,0 25,0 37,0 16,0 6,0 8,0

Juamerp gacTuiy, MKM 0-5 5-10

Pe3ynbTaThl u3MepeHUs MOJieH MaKCUMalbHBIX 3HAYEHUN TaHIECHIIMAIBHBIX CKOpPOCTEH
(YCpeHEeHHBIX 10 HECKOJBbKUM ONbITaM) IIMKJIOHHOIO IOTOKAa B KOJBLEBOM KaHaje MEXIY

KOPITyCOM IIMKJIOHA ¥ BBIXJIOMHBIM NAaTPyOKOM NpHBEAEHbI B Ta0. 2 U Ha puc.l.

Taoauua 2. 3Ha4eHNsT MaKCUMAaTbHBIX 3HAYEHUH TaHTCHIIMATBHBIX CKOPOCTEH BO3/IyXa B KOJBIIEBOM KaHaJe IIUKJIOHA.

Table 2. The values of the maximum values of the tangential air velocities in the circular channel of the cyclone.

-~
<

™ 0 05 10 15 20 75 3.0 35
«Wm» 1,0 1,05 1,14 1,28 1,35 1,379 1,394 1,398
W o
m

\‘
t

f0oag | IR e
4,0

! e
R
'd@m

Pl/lcyHOK 1. 3aBUCHMOCTb MaKCHUMAaJIbHEIX 3HAYCHUN TaHI'CHIIUAJIbHBIX CKOpOCTeﬁ «Wm)) OT BCJIIMYHHBI «Isux»-

Figure 1. Dependence of the maximum values of tangential velocities "Wn" from the value of "lou".
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AHanM3 NaHHBIX, IPUBEACHHBIX B Ta0a. 2 W Ha puc. 1, mokasam, 4yro BenmuuuHa «Wm» B
KOJIBIICBOM HMJIMHIPUYECKOM YacTH ITUKJIIOHA MOXKET OBITh pacCUMTaHa MO 3aBUCUMOCTH LIS
OMHCAHMUS OJHOW W3 OCHOBHBIX a’POAMHAMUYECKUX XapPAKTEPUCTHK IUKIOHHOTO TOTOKA —

k03 (pduIeHTa KPYTKH B SPE TCUCHHS « & » OT mapamerpa «lyx» [3]:

er=1+04 exp [*8eXp(*2|BHx)]1 (1)

YuuteiBas OpAMYIO IMPOMOPHHOHAJIBHOCTDb BCIIMYMUHBI «Wm» OT BCIIMYHUHBI « & r» [3], MOKHO

0000LUTH MPUBEACHHBIE B Ta0J. 2 U Ha puc.l JaHHBIE ypaBHEHHEM:

Wm = 1+ 0,4 exp [- 8exp(—2lsux)], (2)

W3 ananu3a TOMYy4YEHHBIX TaHHBIX BHUJAHO, YTO C YBEIWYEHHEM TIYOMHBI TOTPYKEHUS
BBIXJIOITHOW TPYOBbI B KOPIYC HMHUKIOHA 10 «lw» = 3, Bemuunmna «Wm» BO3pacraer, 4yTo JOJDKHO
CIoCcoOCTBOBATh U YBEIMUYEHHUIO CTEIEHU 30JI0yJIaBIMBaHUs B LUKIOHE. JlanbHellee yIJIMHEHNE
BBIXOJIHOTO MAaTPpyOKa MPaKTHYECKH HE TPUBOAUT K U3MEHEHUIO BEMUUHBI « Wm», TO €CTh, TEUCHHE
B SiJp€ MOTOKA B LUKJIOHHOM ammapare CTaHOBUTCS aBTOMOJEIBHBIM IO OTHOUIEHUIO K TIIyOMHE
MOTPYKEHHSI BBIXJIOMHON TPYOBI B KOPITYC IUKIIOHA | gy

Kpome 3Toro mosnoXuTenbHOr0, ¢ TOYKH 3PEHUST YBEITUUEHUS CEMapaliiOHHON ClTOCOOHOCTH
IIUKJIOHA, ()aKTa pOCTa B KOJIBIICBOW 30HE MaKCHUMAaJbHOW TAaHTEHIIMATBLHON CKOPOCTH ITOTOKA,
paaralibHasi CKOPOCTh MBUIMHKHM, BO3HUKAIOIIAS B pe3yibTaTe BO3ACHCTBUS LIEHTPOOESKHBIX CHIL,
ABJICTCSL €€ TOJIHOM paauanbHOM CcKOpocThio [1]. DTO Takke AOMKHO CHOCOOCTBOBATH POCTY
CTEIIEHU OYUCTKH.

HccnenoBanue mone CKOpOCTE M KOHLIEHTpAUUU MbLUIM B KOPIYCe LUKJIOHA I103BOJIUIIN
HaM YCTaHOBWUTb, 4TO, MpuMepHO, 10 80% mbUIeyHOCA COCTABISET BBIHOC NBUIM HUMEHHO W3
KOJIBIICBOM 30HBI IUKJIOHA U TOJNBKO 20% — M3 KOHMYECKOW. DTO CBUACTEIBCTBYET O TOM, YTO
MOBBIILIEHUE CTENEHUM OUYMCTKM TECHO CBSI3aHO C pACHPEIEICHHEM TaHI'€HIIMAIbHONH CKOpPOCTH
MOTOKAa UMEHHO B KOJILIIEBOW 30HE MEXKy KOPITYCOM IIMKJIOHA U BBIXJIOITHOW TPYOOMd.

JKCcHepMMeHTAIbHbIE HCCIe0BAHUS

beimn  mpoBeneHBI  MCCIENOBaHUS, LEJIbI0  KOTOPBIX  SIBJSUIOCH  YCTAHOBJICHUE
KOJIMYECTBEHHBIX 3aBUCUMOCTEH BIIMSHUS BEIUYUHBI «lp,x» HA 3PPEKTUBHOCTH 30J10yJIaBIMBaAHUS
U THAPABINYECKOE COMPOTHBJICHHE LUKIOHA. OTHOCUTEIbHAS TJIyOMHA MOTPYKEHHUS BBIXJIOMHOM
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TpyObI «lyx» B onbITax cocrasisuia: 0; 0,1; 0,2; 0,3; ckopocTh BO3yXa B TOPU30HTAILHOM CEYCHUHU
HMKJIOHA cocTaBisgna: 1,5; 2,0; 2,5; 3,0; 3,5 m/cek.

B Tabn. 3 mnpuBeneHbl HEKOTOpble MNO(PAKUMOHHBIE M OOIIME CTENEHW OYHUCTKH,
NOJTyYEeHHBIE 10 pe3yJbTaTaM HCCIICAOBAHHA O BIUSHHHM BEIUYHHBI «lp,x» Ha 3(D(HEKTUBHOCTH

OYHCTKH.

Ta6auua 3. 3HaueHnss MOPPAKITUOHHBIX U OOIIMX CTEIIEHEW OYMCTKU 0a30BOTO IMKJIOHA B 3aBICHMOCTH OT BEJIMYHH
y» 1 «Vep».

Table 3. The values of the fractional and general degrees of purification of the base cyclone as a function of the values
Of I'Iout" and "Va\/".

Lo Vep, M/c 5 10 15 1] 06w, %0
0 15 58 85 94 86,6
0 2 66 89 96 89,2
0 3,5 77 94,5 98,5 96,3
2 15 74 92,7 98 92,4
2 2 78 94,3 98,2 94,1
2 3,5 88 97,8 99,4 96,5

Jns mpuMepa Ha puc. 2 TpuBeIeHA 3aBUCHMOCTh MOQPAKIIMOHHON CTENEHU OYHMCTKH B LIUKJIOHE

gacTull JuaMeTpoM 2,5; 5 u 10 MKM OT BelTMUUHBI « gy TIPU CKOpPOCTH BO31yXa 2,5 1 3,5 M/C.

Ao

070 YL i

7
— e S

a0 1 \ 70 s
ke

™ a Ll sem—

o1l) =
W
e e =
i | ——sp—
2

. 25
40

A _
(0]

PucyHok 2. 3aBHCHMOCTD TIOQPAKITHOHHOM CTEMEHN OUUCTKH OT «lyo» M «Vp ».

Figure 2. Dependence of the diffraction degree of purification on "lo,:" and "Vy".
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AHaM3 TOJYYCHHBIX YKCIECPUMEHTAIBHBIX JIAHHBIX MMOKA3bIBACT, YTO, C OJHOW CTOPOHBI,
UMEETCSl 3HAYMTEIbHAS 3aBUCUMOCTh AS(GQGEKTHBHOCTH OYHMCTKH IBUIH OT BEIHYHUHBL  « gy
(ocoOeHHO Mg MeNKuX (Dpakiuil MbUIM — MPUMEPHO, A0 5 MKM), a, C APYrOi CTOPOHBI TO, YTO
ONTHUMAJIBHON BENUYMHOW I «lpux» MOXHO TPUHATH 3Ha4YeHHE TPUMEpHO paBHOE (lsux)omr =
2,5...3, MOCKOJIbKY JaJibHEUIIIee €€ YBEINYCHUE HEe TIPUBOJUT K 3aMETHOMY pocTy 3P PEeKTUBHOCTH
30JI0yJIaBIIUBAHHUSL.

B pPE3yJIbTaTe MaTeMaTHYECKOMU O6pa6OTKI/I IMPUBCACHHBIX BbIIIC JSKCIICPUMCHTAJIBbHBIX

JAaHHBIX, HAMHU ITOJIy4YCHA CICAYIOasa 3aBUCUMOCTb!:

H 1 D7 1030 47 35
d_ =1000 @ | oz W T Y e @)
=50 D, 1.38 06 p,) 22:10° v

rae 1,38 — snauenne BearmauHbl « Wm» 11 «lgiix)onr» = 2,5.
JlecTBUTENbHOE 3HAUYEHUE MHTErpajbHOr0 MapaMerpa 3aKpyTKHM Ha BXOJI€ B KOJIbI[EBOU
KaHaJ «@Dgx» onpeaeneHo BpadboTe [3] kak cpeaHee 1Mo NepuMeTpy KaHajla BO BXOJHOM CEYEHUHU U B

pe3ysibTaTe 0000IIeHNs ONBITHBIX TaHHBIX MO TEMIO0OMEHY MOJIYy4Y€eHO B BUJIE:

@, =283[0:, 1+D,)[” @)
. 7 1-a
(®mx )m = Z (T) — JIUISl IUKJIOHOB ¢ TaHTeHIManbHbM BxomoM [3],  (5)
ab
(@ ) =~ 1+a
onesx Jmy Z (_—6) — JUTSL IUKJIOHOB C TAHTCHI[HAILHO-YJIUTOYHBIM BXO0M [3], (6)
a

J171st IpoBEpKU BO3MOXKHOCTH OINMMCAHUS 3aBHCUMOCTHIO (3) M APYyruxX MUKJIOHOB HAMU OBLIH
BBITMOJIHEHBI PAaCUeThl M0 MPUBEACHHBIM B Pa3HBIX UCTOUYHUKAX Hanbosiee M3BECTHBIM IMKIOHHBIM

anmnapataM. Pe3yiabTaThl TaKUX OLIEHOK MPEACTABIICHBI B Ta0I. 4.
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Tadauna 4. CpaBHEHHE PAacCCUMTAHHBIX IO 3aBHCUMOCTIM (3) m (4) cremeHeld OYHMCTKH C SKCIIEPUMEHTAIbHBIMU

JaHHBIMH.

Table 4. Comparison of the purification rates calculated from dependences (3) and (4) with experimental data.

Tun unKJIoHA T, M Wlppx» dso, On n>.% | n p™) n®" | Ucrou
a B
MKM HHUK
[H-15 045 | 026 | 066 | 244 8 35 | 71,7 | 7165 | 72 | [5]
LH-15 04 | 026 | 066 | 244 8 4 | 7135 | 7128 | 1 |[6]
[H-15 04 | 026 | 066 | 244 8 4 | 756 | 776 | 774 | [6]
H-11 05 | 026 | 048 | 2136 | 8 35 | 731 | 723 | 726 | [5]
[IH-24 045 | 026 | 111 | 29 8 | 35 | 66 64 | 649 | [5]
BIHUAOT-M 06 | 026 | 07 2,2 14 | 185 | 949 | 957 | 949 | [7]
MHUOT 06 | 026 | 08 | 164 | 35 | 46 | 937 | 941 | 936 | [8]
PUCH 02 | 025 | 05 14 | 14 | 35 | 882 | 909 | 895 | [9]
JIAOT 059 | 027 | 036 | 263 | 8 | 35 | 677 | 667 | 668 | [5]
BLHUMOT 037 | 026 | 10 2,2 8 35 | 719 | 724 | 72 |[5]
HUMOT' A3 16 | 02 | 04 | 214 | 13 | 467 | 8.8 | 82 | 8 | [10]
HUMOT A3 03 | 02 | 04 | 214 | 20 2 | 982 | 85 | %4 |[6]
Crapmara 1215 | 02 | 05 1 25 | 543 | 842 | 89 | 83 | [11]

™) — COOTBETCTBEHHO pacyeT Mo 3aBUcUMOCTsM (4) u (3) .

Kak BumHO W3 maHHBIX Tabu. 4, pacueT mo 3aBHCUMOCTH (3), y4UTHIBAIOIIEH BIHUSHHE

BEJIMYMHBI TJIyOWHBI MOTPY)KEHUS BBIXJIOMHOM TPyOBl B KOPIYC LHMKIOHA, 3HAYMUTENIHLHO Oojee

TOYCH.

Tak, cpennue

3Ha4YeHUsI OTHOIICHUH PAa3HOCTHU IIPOCKOKOB TIIbIJIM PACUYCTHBIX U

HKCIIEPUMEHTABHBIX K MPOCKOKY AKCIIEPUMEHTAIbHOMY, pacCUuTaHHOMY 110 (4), coctaBmiio 8%, a

o 3aBUCUMOCTU (3) — COOTBETCTBEHHO 9%, TO €CTb TOYHOCTb PACUETOB IPOCKOKA IBbLIN

IIOBBICHJIACh B 1,6 pas3a 110 BCEM PaCCMOTPCHHBIM B Tabm. 4 UKJIOHAaM.

DOTO CBUAETENHCTBYET O II€IECOO0PA3HOCTH ydeTa BEIHYUHBI

d

n=

_ =1000 @,

— 2/3

H06

e

-18

D 1930

*)
2

Bq)(beKTI/IBHOCTI/I 30JI0YyJIaBJIMBAHUA HUKIIOHHBIX aIlllapaToB.

13

35
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Biusaue BenmuuuHBbl «lpux» Ha W3MEHEHHME THUIPABIMYECKOTO CONPOTHBIICHHS IMKJIOHA
HCCIIE0BAJIOCH ITPU Pa3HBIX CKOPOCTIX BO3/lyXa B TOPU30HTAJIBHOM CEUEHUH LIMKIIOHA. Pe3ynbTaThl

IpUBEJEHBI B Ta0I. 5.

Ta6anua 5. I'uapasnudeckoe conpotusieHue rukiIoHa (I1a) mpu pasHbIX 3HAYCHUSIX «lpux? 1 «Vep».

Table 5. Hydraulic resistance of the cyclone (Pa) for different values of "lou" and "Va,".

Vep, M/C 1,0 1,5 2,0 2,5 3,0 3,5 4,0
loux =0 105 236 420 656 950 1286 1680
Lo =2,5 110 248 442 689 998 1350 1750

Kak BHIHO W3 JaHHBIX TaOd. 5, BIMSHHUE HA COMPOTUBJICHUE IMKJIOHA BETHUUHBI «lpyx»
HE3HAYUTEJIbHO U COCTaBIIAET, IO HAUIMM J[aHHBIM, He 0osiee 5% OT BEIWYMHBI CyMMAapHOI'O
conpoTuBIeHUs] IuKJIoHA. CleqyeT OTMEeTUTb, YTO 3TH pPEe3yNbTaThl yIOBIETBOPUTEILHO
KOPPENIUPYIOT ¢ JaHHBIMHU paboThl [2], rie NpuBeAeHbl IPUMEPHO aHAJIOT MUYHbIE KOJIUYECTBEHHBIE
nokaszarend. bonee CHUIbHOE BIMSHUE BEIUYUHBI «lgux» HA 3HAYGHHE THUAPABINYCCKOTO
conportusnenus ukiaona CUOT (mo 30%) B pabore A.M. I'epBacbeBa [1] MOXXHO OOBSICHUTD TEM,
yt0 B nukioHe CUOT BbixjionHas TpyOa BBOAUJIACH B KOHUYECKYIO YaCTh, IOCKOJIBKY KOHUYECKHI
nukiaoH CUOT He umen HuIMHAPUYECKOM YacTH.

Hcnonp3oBaHUE pacUeTHBIX JKCIICPUMEHTOB, HAPSAY C HATYpHBIMH, CTAJI0 BO3MOXKHBIM,
IJIaBHBIM 00pa3oM, Oiarogapsi ObICTPOMY Pa3BUTHIO METOJIOB PAaCUETHOW TUIPOAMHAMUKHA U POCTY

BO3MOKHOCTEM KOMIIBIOTEPHON TEXHUKHU.

Tak, B mocjeaHIe TO/IbI YCICIIHO pa3BUBaIOTCs Tak HassiBaembie CFD (Computation Fluid
Dynamics) — MeTo/ibl PacueTHOW T'MIPOJTUHAMHUKH, OCHOBAHHBIC HA KOMITHIOTEPHBIX TEXHOJIOTHSIX,
UCIIOJIb30BAHUKM  JOCTATOYHO TOYHBIX U I(P(PEKTUBHBIX YUCICHHBIX aJTOPUTMOB, HOBBIX

MaTeMaTHYECKUX Mojelei IMpOIECCOB IECPEHOCA Cy6CTaHHI/II/I.

Huxe paccMoTpeHbl pe3yibTaThl HpuMeHeHusi coBpeMeHHbix CFD metonoB pacuerHoi
TUIPOAMHAMUKY JIJIs1 UCCIIEOBAHMS CIIOKHBIX BEPOSATHOCTHBIX MPOLIECCOB yJIABIMBAHUS a3pP030JieH

B UKJIOHAX anIapaToB.

[Ipu 3TOM HCCaEn0BATMCH 3aKOHOMEPHOCTH a3POAMHAMUKH JBH>KEHUS 3aIIbUIEHHOIO ra3a B
CHCTEME IIMKJIOH — OyHKep» TUnoBoro ukioHa «[{H-15» u mpouecca ynaBimBaHusi 4aCTHI] TBLUTA
IIPU  MOZEIMPOBAHUU C TMOMOIIBK JIMIEH3UMOHHOIO IPUKJIAJHOIO IaKeTa IporpaMm Juis

YHCICHHOTO MOJenpoBanus TypOyieHTHbIX moTokoB « Solid Works Flow Simulation 2010» [12]
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B HamunonanmpHOM TexHuueckom yHuBepcutere YkpaumHbl «Kueckuii IlommrexHudeckuit
UHCTUTYT».

[To naHHBIM KOMIBIOTEPHOIO MOJEIUPOBaHUSA S()PEKTUBHOCTh YJIABIMBAHUS YaCTHI]
nuamerpoM 4,5 MM B TrmoBoM mukione «I[H-15» cocraBuma n = 50%, To ecTh BenmuuHa OUn=50

= 4,5 mxm. Takoii pe3ysbTaT COBIMAJ C AKCIEPUMEHTAIbHBIMUA TaHHBIME [1].

Hwxe mpuBeneHbl pe3ylibTaThl KOMITBIOTEPHBIX pPAacueTOB CTEIEHH OYHMCTKH OT IBUTH B
tunoBoM 1ukioHe «I[{H-15» npu yBenmndeHnn BEICOTHI BBIXJIOITHOTO MATPyOKa.

IIpu 5TOM HCIIOIB30BAIINCE:

—  TapaMmeTrpbl, XapaKTepH3yIOlHe TYpOYJCHTHOE TEYEHHE Ta30BOr0  IOTOKA
(MHTEHCUBHOCTh TypOyJIEHTHOCTH, BHYTPEHHUH KOJIMOTOPOBCKUI MHUKpoMaciiTad
TypOYJEHTHOCTH, TUHAMUYECKAasi CKOPOCTh MTOTOKA U JIP.);

— HauOoJee HaJeKHbIE IKCIEPUMEHTANIbHbIC TaHHBIE U3MEHEHUI () PEKTUBHOCTH OUHCTKU
IBUIA B THITOBBIX HUKJIOHAX MIPU PA3JIMYHBIX U3MEHEHUSX X KOHCTPYKTUBHBIX ITAPaMETPOB.

Ha puc. 3 npuBeneHbl pa3Mepbl IPUHIATOTO IPU KOMITBIOTEPHOM MOJIEIMPOBAHUH THIIOBOTO
nukiona «I{H-15» (amamerpom 0,6 M) ¢ OyHKEpOM.

Ha puc. 4 mpuBeneHbl pachpeneneHus CKOPOCTHM M HMHTEHCUBHOCTH TYpOYJIEHTHOCTH

ra3oBOro NoToka TUnoBoro nukioHa «I{H-15» ¢ 6ynkepom.
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Pucynok 3. Pazmeps! tunoBoro nukiona «1[H-15» ¢ GyHkepoM, NpHHSATHIE MPU KOMIBIOTEPHOM MOJICITHPOBAHNH.
Figure 3. Dimensions of a typical cyclone "CN-15" with a bunker, adopted in computer modeling.
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Pucynok 4. PacmpenencHue CKOpOCTH (a) W WHTCHCHBHOCTH TypOyJICHTHOCTH (B) Ta30BOTO IMOTOKA THITOBOTO
mukiona «1{H-15» ¢ 6yakepoM (3¢ peKTHBHOCTb OYUCTKU OT YacTull auamerpoM 4,5 MM — n = 50 %).

Figure 4. Distribution of velocity (a) and intensity of turbulence (in) gas flow of a typical cyclone "CN-15" with a
hopper (the efficiency of cleaning from particles with a diameter of 4.5 mkm — n = 50%).

Ha puc. 5 npuBencHsl pe3yiabTaTbl KOMIBIOTEPHOIO MOJEIMPOBAHMS PACHPEACIICHUS
cKopocTell moToka raza B nukiione «I[H-15» ¢ yamunennsiM Ha 0,12 M BBIXJIONHBIM NATPYOKOM,

TO €CTb C BEJIMYMHON yIIyOJIEHHOTO B KOPITyC LIUKJIOHA BBIXJIONHOM TpyOoii, pasroit (I, )y = (I

e Joun © D+ 0,12 =1,44 - 0,6 + 0,12 = 0,98 M mim % = 1,64 D, nm 164 =278d,,.

Bemnuuna (I, )y = 1,64 Dy coorBeTcTBYeT maHHBIM padoThl [13], B KOTOpOl peKOMEHIyeTcs
ontumanbHas BemmuuHa (1, )yn = (1,6...1,7) Dy, mimm, 49TO COOTBETCTBYET, HAIpHMEp, I

mukioHa «[{H-15» ontumansroit Bemmuune (1, )yen = (2,6... 2,88)d

ot
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Pucynok 5. Pactipenenenne ckopocrteii raza B mukinoHe «I[H-15» ¢ ymnmuaenno#t Ha 120 MM 9acThiO BBIXJIOITHOTO
naTpyOka — Hibke cuHeil TuHUH (3G (EeKTHBHOCTh OYMUCTKU OT YacTHl auaMerpoM 4,5 MM — 1 = 58,1 %).

Figure 5. Distribution of gas velocities in the cyclone "CN-15" with an elongated 120 mm part of the exhaust pipe —
below the blue line (cleaning efficiency of particles with a diameter of 4.5 mkm — n = 58.1%).

Ha puc. 6 B norapudmMuueckoid BEpOSTHOCTHONW KOOPIWHATHOW CETKE ITPUBEICHBI
MO PAKIIMOHHBIC CTEMIEHU OYMCTKH 10 pe3yJIbTaTaM KOMITBIOTEPHOT'O MOEITHPOBAHUS:
Ne 1 — TMIIOBOr O IMKJIOHA (CTENEHb OYMCTKH OT YaCTHIl JuamMeTpoM 4,5 MKM — 11 = 50 %);

Ne 2 — TumIOBOTO IUKIIOHA € YIJIMHEHHON Ha 120 MM BBIXJIOITHOW TpyOOH (CTEIeHh OYUCTKH

oT yactul auamerpoM 4,5 Mkm — 1 = 58,1 %).
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PI/leHOK 6. HO(l)paKHI/IOHHLIG creneHd ouucTkH: Ne 1 — THIoBOTrO OUKJIOHA (CTGHGHL OYHMCTKHU OT YacCcTHull ANaMETPOM
4,5 Mmxm— 1 =50 %); Ne 2 — THTIOBOTO IMKJIOHA C YUTHHEHHOHN Ha 120 MM BBIXJIONHO# TPyOOit (CTETIEHb OYUCTKH OT
gacTun nuamerpom 4,5 mxm —n = 58,1 %).

Figure 6. The refractory purification rates: No. 1 — a typical cyclone (the degree of purification from particles with a
diameter of 4.5 mkm —n = 50%); No. 2 — a typical cyclone with an exhaust pipe elongated by 120 mm (the degree of
purification from particles with a diameter of 4.5 mkm —n = 58.1%).

BriBoablI.

Hnsa onenku Buaa (QyHKIUKM TOQPAKIMOHHOW CTENEHU OUYMCTKUA UWKJIOHHBIX IIbLJIe-
30/10yJI0BUTENEH  «O,=50», OOOCHOBaHA  BO3MOXKHOCTb  MCIIOJL30BAHUS  IPENJIOKEHHOTO
KOMILJIEKCHOTO TapaMeTpa 30JI0YJIaBIMBAHMS, BKIFOYAIOIIETO TIYyOHMHY MOTPYKEHUS BBIXJIOMHOM
TPYOBI B KOPIYC HHUKIOHA «lgyx», KOXDPHUIIMEHT KPYTKH MOTOKAa B SAApPE TCUCHUS U BEIHUYHHY
MaKCUMaJIbHOTO 3HAYCHHsI TAHTCHIIMATLHOW CKOPOCTH IOTOKA B KOJBIICBOM KaHANE MEXIY
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KOPIyCOM M BBIXJOHNHOM TpyOoi muiioHa. C ucCHOJIb30BaHHMEM Hamboiee [JOCTOBEPHBIX
9KCIIEPUMEHTAIBHBIX JAHHBIX, AHAJMTUYECKMX W KOMIBIOTEPHBIX pacdyeToB paszpaboraH Ooiee
TOYHBIH MeToJN pacuera oOmed d((GEKTUBHOCTH 30JI0YJIABIMBAHMS B  Pa3JUYHBIX IIO

KOHCTPYKTHBHOMY M CITIOJIHCHUIO HUKJIOHHBIX allraparax.

Ycnoenwie oo603nauenus.

a,b — BBICOTA U IIMPHHA BXOJHOTO KaHaja (110 OTHOIIEHHIO K JUAMETPY IIUKIOHA);
D, — nuameTp NUKIIOHA;
d,,. — AMaMeTp BBIXJIOIHON TPYOBI;

dso — MeTMaHHBIA AMAMETP MBLUTH, MKM;

dn=50 — IMaMETp YACTHII TIBLIH, YIABIUBAEMBIX C 3PPEKTUBHOCTHIO 50%, MKM;

L — TUHAMHYECKUIA KO3 PUITUEHT BA3KOCTH;

On — IUCIIepCcus pacnpeneieHns PpakimOHHBIX CTEIIEHEH OYUCTKY;

@Dy — JEHCTBUTENHHOE 3HAYCHHE WHTErPAJLHOrO IMapamMeTpa 3aKpyTKM Ha BXOAE B KOJIBLIEBOM
KaHaJ;

Hos — 061mast BHICOTA IUKJIOHA (TI0 OTHONIEHHMIO K JUAMETPY IUKIOHA);

Eo — KOODOUIMEHT IMAPABIMYECKOI0 COTPOTUBIIEHUS LIMKIIOHA;

AP — conpoTuBiieHHE IHUKJIOHA, [1a;

p — IJIOTHOCTb, KI/M3;

Vep, — cpenHsisi CKOPOCTh ITOTOKA B TOPU3OHTATIBHOM CEUEHUH LIUKIIOHA, M/C;

Wm — MakcuMmajbHbIE 3HAY€HHMS TaHTCHIMAJIBHBIX CKOPOCTe BO3JyXa B KOJIBLEBOM KaHAJe
LMKJIOHA, M/C;

On — IUCTIepCHsl pactipesieieHus PpaKIMOHHBIX CTENEeHENH OYHCTKH;

Gn — JUCIIEPCUs paclpeesIeHUs YacTUIl MbLIH 110 pa3Mepam;

|, — TIIyOMHA OrpyKEeHUsI BBIXJIOMHON TPYObI B KOPITYC IUKIIOHA, M;

8blX

IBbIX: o

— OTHOCHTENbHAS TIIyOMHA OTPY>KEHHS BEIXJIOMHON TPYOBI B KOPIYC IIUKIIOHA;
8blX

& sx — KOO (OUIMEHT TUAPABINYECKOTO COMPOTHUBIICHUS;

O — CTaH/IapTHOE OTKJIOHEHHE Pa3MepPOB YaCTHUII MTbLIH;
£r— K03 (ULHEHTa KPYTKU MTOTOKA B AJPE TECUCHUS.
Hnuoexcel.
r — ra3; 00 — OOIIMiA; T — MBLIb; I — IUKJIOH; 9KC — IKCIIEPUMEHT; P — pacuer.
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1040 ONIHKH! BIUVIMBY I''IMBUHU 3AHYPEHHS Bl/lXJIO[[HOi TPYBHU B KOPIIYC HIUKJIOHA HA
E®EKTUBHICTD YJIOBJIIOBAHHSA ITUJIY I TUAPABJIIYHUU OIIIP

3adyaonos 10.J1., Apxunenko O.M., Puskos B.1.

3a6yaonos FO.JI., n.t.H., wi-kop. HAH Vkpainu, npod., 3aB. Bix., Y «lHcTHTYT Teoximii HaBkomumHbOro cepemosuma HAH VYkpainu»,
Zabulonov@nas.gov.ua

Apxunenko O.M., m.u.ci., 1Y «lHcTHTYT reoximii HaBkomumHboro cepenosuia HAH Ykpainn», Archipenko@nas.gov.ua

Pu:xoB B.IL., aciipanT YHiBepcutery «YkpaiHay.

Y cmammi nagedeni Oami excnepumeHmanvHuUXx OO0CHIONCEHb, NPOBEOeHUX Ol O002PYHMYBAHHA MONCIUBOCHIL
BUKOPUCMAHHS HOB020 KOMMIEKCHO20 NaApamempa 30J0VIAGIOSAHHS, WO GKIYAE 2IUOUHY 3AHYDEHHS GUXTIONHOT

mpyou 6 KOpnyc YUKIOHY, | CMBOpEeHHs Oinibl MOYHUX MemoOi8 pPO3PAXYHKY 3a2dlbHOL  e(ekmusHocmi
30710Y1A67108AHHS 8 PISHUX NO KOHCIMPYKIMUBHOMY GUKOHAHHIO YUKTOHHUX Anapamax.
s oyinku 6udy Qyukyii nogpaxyitinozo cmynens O4UUWEHHS YUKIOHHUX Nulo-3010yn06umened «dh = 50»

niOmMeepONCeHa MOJNCTUBICIb BUKOPUCIAHHS 3ANPONOHOBAHO20 KOMNJIEKCHO20 NApAMempa 3010VIA6NI08AHHS, WO
BKNIOUAE 2MUOUHY 3aHYPEHHs BUXTONHOT MPYOU 8 KOpnyc YUKIOHY «leuxy, xoegiyienm kpymxu nomoxy 6 sopi meuii i
BEUUUHY MAKCUMATLHO20 3HAYEHHS MAH2EHYIANbHOI WEUOKOCMI NOMOKY 8 KIIbYeBOMY KAHAMl MidC KOpHycom i
BUXTIONHOIO mMpy6oio yukaony. Ilpu GuKOpUCMAanHi YUCIeHHUX OO0CMOGIPHUX Pe3VIbMamie eKCnepuMeHmaIbHUxX
00CNONHCEHb, AHANIMUYHUX MA KOMA'TOMEPHUX PO3PAXYHKIB, pO3pOOaeHUl Db MOYHULI MEMOO PO3PAXYHKY 3a2aNbHOL
ehexmusHoOCMI 30/10Y1A6I08AHHS 8 PIZHUX NO KOHCHPYKIMUGHOM) BUKOHAHHIO YUKIOHHUX anapamax.
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Po3spobneno nosuii napamemp 3010y1a61108aHHSL, WO BKIIOHAE NUOUHY 3AHYDEHHSL GUXTONHOL MPYOU 8 KOPNYC YUKTIOHY,
Koeiyienm KpymKu nOMOoKy 6 s0pi meuil, MAKCUMATIbHY MAHSEHYIAIbHY WEUOKICMb 8 KilbYe8oMY KAHAIL YUKIOHY.
Bynu nposedeni docniooicenns, memoio sikux 0yi0 6CMAaH08NEHHS KITbKICHUX 301€ICHOCMEN 6NAUGY GeludUHU «leuxy Ha
epexmusHicmy  300V1A6I08AHHs | 2i0paGIivHUll ONnip YUKIOHY. AHAN3 OMPUMAHUX EKCNEPUMEHMANbHUX OaHUX
NOKA3Y€, Wo, 3 00H020 OOKY, € 3HAUHA 3ANENHCHICMb eqheKMUHOCMI oYU eHHs NUTY 610 eeauyunu «leuxy (0cobaueo ons
OpibHuX pakyit nuny - npubIU3Ho, 00 5 MKM), @, 3 IHW020 OOKY me, W0 ONMUMATIbHUM POIMIPOM Ot «leux »MOdCHA
NPULHAMU 3HAYEHHS, npuOaU3HO, dopisHioe (leux) onm = 2,5 ... 3, ockinvku nodanvuie ii 30inbieHHs He NPU3B00Umsb 00
HOMIMHO20 3POCMAHHA eQeKMUBHOCHI 30]10Y1A6I08AHHSL.

Kniouosi cnosa: 3axpyueni nomoku, YuKIOHHI NULO-30]0Y1I08aYI, O0BJCUHA GUXAONHOI mpydu, epexmusnicms
OUULYEeHHS.

ON ASSESSMENT OF INFLUENCE OF THE DEPTH OF IMMERSION OF THE EXHAUST PIPE INTO
THE CYCLONE BODY ON THE EFFICIENCY OF ASH COLLECTION AND HYDRAULIC RESISTANCE

Yu. Zabulonov, O. Arkhipenko, V. Ryzhov

Yu. Zabulonov, Doctor of Technical Sciences, Corresponding Member National Academy of Sciences of Ukraine, prof., Head. Dep., State
Institution "Institute of Environmental Geochemistry, National Academy of Sciences of Ukraine", Zabulonov@nas.gov.ua

O. Arkhipenko, mn.st.,, State Institution “Institute of Environmental Geochemistry, National Academy of Sciences of Ukraine",
Archipenko@nas.gov.ua

V. Ryzhov, postgraduate student of the University of Ukraine.

The article presents data from experimental studies conducted to substantiate the possibility of using a new complex ash
collection parameter, including the depth of the exhaust pipe in the cyclone body, and the creation of more accurate
methods for calculating the total efficiency of ash collection in cyclone units of various designs.

To assess the type of function of the fractional degree of purification of cyclone dust collectors "dh = 50", the
possibility of using the proposed complex ash collection parameter, including the immersion depth of the exhaust pipe
into the cyclone body "lout”, the coefficient of flow twist in the flow core and the maximum value of the tangential flow
rate in the annular channel between the casing and the cyclone exhaust pipe. With the use of numerous reliable results
of experimental studies, analytical and computer calculations, a more accurate method has been developed for
calculating the total efficiency of ash collection in various cyclone apparatuses of design.

A new ash trapping parameter was developed, including the depth of immersion of the exhaust pipe into the cyclone
body, the twist coefficient of flow in the flow core, the maximum tangential velocity in the cyclone circular channel.
Investigations were carried out whose purpose was to establish quantitative dependences of the influence of the
magnitude of "l.." on the ash collection efficiency and the hydraulic resistance of the cyclone. Analysis of the
experimental data obtained shows that, on the one hand, there is a significant dependence of the efficiency of dust
cleaning on the value of "lo." (especially for fine dust fractions - up to about 5 microns), and on the other hand, that the
optimal value for "low” It is possible to take a value approximately equal to (lout)opt = 2,5 ... 3, since its further increase
does not lead to a noticeable increase in the efficiency of ash collecting.

Key words: swirling flows, cyclone dust-ash collectors, length of the exhaust pipe, purification efficiency.
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VK 553. 495 (504.55.054:622)

TOJOBHI YWHHUKA 3ABPYIHEHHS YPAHOM THOBEPXHEBHUX TA
KOJIOAS3HMUX BOJ TNPH PO3POBII YPAHOBHUX POJOBHII
HOBOKOCTSAHTUHIBCHLKOT'O PYJIHOTO IMOJIS

BepxoBues B.I'., Cemeniok M.IIL., Baiisio O.B., 'aneBnu A.€., Ctyasincbka A.O.

Bepxosues B.T. 10KT. reou. H., 3aB. Bix. 1Y «lHcTUTYT reoxiMii HaBkoauumHboro cepenosuiia HAH Vkpainuy, verkhovtsev@ukr.net
Cementok M.IL. k.reoi.-Mit.H., mpos.H.c. JIY «IHcTHTYT reoximii HaBkosuinnboro cepeouuia HAH Ykpainmy, semenuk205@gmail.com
Baiino O.B. k. reon.-MiH. H., cT.H.c. IV «[HCTUTYT Teoximii HaBkomumiHboro cepenosumia HAH Vkpaiumy, alexv54@ukr.net>

IaneBnd A.€. u.c. 1Y «IHCcTHTYT reoximii HaBkonuiaboro cepenosuuia HAH Vkpainmy» , ganevichl9@gmail.com

Crymincbka A.O. m.u.c. 1Y «lHCTUTYT reoximii HaBkomumHboro cepenosuuia HAH Ykpainn», anna.studz88 @ukr.net

3a pezyrvmamamu 3anowamxosaroeo vamu y 2009 poyi moHimopuHey 3a0pyOHeHHs 0OHUX
00’exmig npu po3pobyi ypanosux poodosuwi HosoxkocmaAHMUHIBCbKO20 pYOHO20 NOJA
BCMAHOBIEHO NPUPOOHI MA CYMO MeXHO2eHHi akmopu 3a0pyOHenHs ypaunom. [lo tioeo
cknady éxoosams eracne Hosoxocmaumuniscbke podosuwe nHampiti-ypanoeoi hopmayii ma
aHanociuui 3a eenezucom u yacom gopmysanns Jicose, Jlimue, [Jokyuacecovke pooosuwa i
OeKilbKa pyoonposi6is, AKi 3a pe3yibmamamu noOAIbWUX PO36i0YEAIbHUX POOIM MONCYMb
boymu nepegederi y pane pooosuwy. Ilpu eueuenni emicmy ypawy y noepxuesux (Cmasxu,
CMpYMKU) ma KoI0OA3HUX 6o0dax Hoeoxocmaumuniecbkozo ypaHo8opyoH020 nois ma
npuneciux mepumopitl 6CMaHOBIeHl AHOMATL 3 NIOBUUEHUM BIOHOCHO POHOBO2O BMICMOM
yvo2o enemenmy. Ompumani 0aui ceiouams npo 6e3nocepeoHitl NIUE BUOOOYMKY VPAHOBOT
PYou 2ipHu40-6u0006yenum nionpuemcmeom «Hoeoxocmanmuniecoka waxmay Ha ye asuwye
CMOCOBHO NOBEpXHEBUX 800. AHOMANIT 3 NIOBUWEHUM 8MICIIOM YPAHY V KOO OA3HUX 800aX
iHmepnpemymscs AK Maxi, wo 3YMOGIEHI U020 BUNY208Y8AHHAM HA POOOSUWAX MdA
pyoonpossax mpimunHumu eoodamu. llepcnexmusHa npomuciosa ekcniyamayis cycioHix
pooosuwy (/licosoeo, Jlimuvoco ma JoKkyuaececvko2o) 3 GUKOPUCMAHHAM MALICMPATbHO2O
wmpeKy ma RIOHAMMAM 2IPHUYOI MACU HA NOBEPXHIO MEXHOI02IYHO20 MAUOAHYUKA
2IpHU40-6Uu000ye8HUM  nionpuemcmeom  «Hosokocmanmuniecoka  waxma» — Cymmeso
30IbWUUMb HAOXOONCEHHs. YPAHY Y NOBEPXHE8l 800U mMa Nepuiull 8i0 NOBEPXHi 20PU3OHM
nio3eMHux 600 iHgirempayiunum wisixom. Monimopurne 3a0pyOHeHHS YPAHOM NOBEPXHEBUX
[ nio3eMHUX 600 HA 3A3HAYeHill Mmepumopii 003801umMb 6UPOOUMU pPEeKOMeHOayii uooo
NPUUHAMMS HU3KU NPEGeHMUBHUX 3aX00i8 Ol MIHIMI3ayii 6NIUBY Yb02O MEXHO2EHHO20
aeuwa i 3a0e3neueHHs O0O0NYCMUMOo20 paodiayitino20 HABAHMANCEHH HA MeUWKaHyis
HAceNeHux NYHKmMI8, SKi BUKOPUCMOBYIOMb Yi 600U Y MEXHIUHIl, 20cnooapuyit ma
pexpeayitinil OisIbHOCMI.

Knrouosi cnosa: emicm ypauy, nosepxmesi ma Koa00sa3Hi 600U, npodba 600U, WaxmHi 600U,
6000001, piukosull bacein, HanpsM CMOKY, AHOMANIs, IHiNbmpayisa, ypanosopyoHe noie,
padiayiiine HABAHMANCEHHSL.

Beryn

HoOBOKOCTSHTHHIBCBKE pyaHe nose pO3TalIoBaHe y MaJoBHCKiBCbKOMY

aaMmiHicTpaTHBHOMY paifoHi KipoBorpaacekoi oOmacti. Jlo #oro ckiagy BXOASTH BIAacHE

HoOBOKOCTSHTHHIBCBKE DPOJIOBUIIE HATpili-ypaHoOBOi (opmallii paHHbOIPOTEPO30HCHKOTO BIKY Ta

aHaJoriyHi 3a rexHesucom W uvacom ¢opmyBanHs Jlicoe, JliTHe, Jloky4yaeBcbke poaoBHINa i
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JIeKIJIbKa PYyIOIpPOsIBIB, SKi 3a pe3yJbTaTaMy MOAAJBIIMX PO3BIAYBAJIbHUX POOIT MOXYTh OyTH
NEepeBe/IeHl y paHr pONOBHUIIL. 3a PO3BIAAHMMH Ha ChOI'OJHI 3alacaMHl YpaHy 3a3HauyeHl BUIIE
pOAOBHIIA 3/]aTHI 3a0€3MeUUTH CUPOBUHOIO JUIA SIIEPHOIO MajauBa eHeprodiokiB ykpaiHcbkux AEC
Ha PIBHI ICHYIOUHX HHMHI MOTY>KHOCTEH NMPOTAroM 0araTbox AecsaTuiiTh. KoMnakTHe po3TanryBaHHs
IMX POMOBMIN Ha miomi ~ 15 km?crpusic iX e(eKTUBHIH eKclayaTalii fSK 3a €KOHOMIYHUMHU
KpUTEpisIMU, TaKk 1 3a MIiHIMAJbHUMH pHU3WKAMH HETaTHMBHOTO BIUIMBY Ha TEOJOTIYHE Ta
HABKOJIMIIHE CEpPEeIOBULIA.

Sk 3a3HavaeTbes [1], y pasi mpoMHUCIIOBOT eKCILTyaTallil ypaHOBUX POJOBHII, BMICT YpaHy Y
IIaXTHUX BOJAX, fAKi CKUJAIOTHCSA HA MOBEPXHIO, Moke nepesuntyBatd 1 102 r/n mpu tomy, mo
CYMapHHH 00CsTr TaKuX BOJ 3a 100y MOXE CAraTH KIJIBKOX TUCAY KyOIYHUX METPIB.

Hacuuenicts Teputopii ManoBUCKIBCHKOT'O PaiiOHy POJOBHILAMHU Ta PYJONPOSIBAMH YpaHY
norpedye crenuivHUX paioeKoJIOTIYHUX MOCTI/DKeHb ii eKocucTeM. BapTo 3a3HauuTH, 110
BUKOPHUCTaHHS MICLEBUX MarepiajiB MpH OyAiBHULUTBI aBTOMOOUIbHUX Aopir B KipoBorpancekiit
o0iacti CyTTe€BO BIUIMHYJIM Ha 1X pamianidauii cran. OcoOnmBo 1e crocyerbes noporu T 240
(HoBomupropon — Mana Bucka — HoBoykpaiHka), sfka BHKOPUCTOBYETHCS TEXHOJOTTYHUM
TPAHCIOPTOM B IPOIIECI PO3BIAYBaIbHO-CKCILIyaTalliHHUX poOIT Y Mekax HOBOKOCTSHTHHIBCHKOT'O
pyaHoro noiisi. Tyt 3adikcoBaHi MEpeBUIEHHS MOTYKHOCTI JO3U TaMMa-BUIIPOMIHIOBAHHS Hal
(GOHOBUM 3HAYEHHSIM y JCKiibka pa3iB BHIE MOXHOKM BUMipioBaHb [2]. ¥V 1bOMY KOHTEKCTI
JOCTIKEHHS BIUIMBY TTPOMHUCIIOBOTO BUAOOYTKY YPaHOBOI Pyau Ha KOMIIOHEHTH HABKOJIHUIITHBOTO
CEpeOBHINA PYTHOTO MOJS 1 CYMDKHHX TEPUTOPil HAOYBAIOTh MPIOPUTETHOTO 3HAYEHHS Yy HU3III
3ax0iB MO 3a0€e3MeYeHHI0 HOPMAIbHUX YMOB JIJIS )KUTTEAISIIBHOCTI MiCLIEBOT'O HaCENIEHHSI.

Merta i 3aBJaHHSA JOCJIIIKEHb

3a HasABHUMH NPOEKTaMU pPO3poOKa ponoBul] HOBOKOCTSIHTHHIBCBKOTO PYIHOTO TOJS
B1I0YBaTUMETHCS IIJIIXOM TPAHCIOPTYBaHHS PYAHOI 1 BMILIYI040i FPHUYO] Macu MaricTpaJbHUM
IITPEKOM 10 TOJIOBHOTO Ta JOMOMDXHHUX CTOBOYpiB HOBOKOCTSHTHMHIBCHKOI HIAXTH 3 MITHATTSAM
TipHUYOT MacH Ha MOBEpXHIO. Lle CyTTeBO 30UIBIIMTE pajialliiHe HaBaHTAXCHHS Ha TEXHOJIOT1UHY
nistHKY HOBOKOCTSIHTMHIBCBKOI IIAXTH 1, BIAMOBIAHO, Ha CTYMiHb 3a0pyJHEHOCTI ypaHOM
MOBEPXHEBUX Ta KOJOAS3HUX BOJA CYMDKHOI TEpUTOpii 3aBIASKU CYTTE€BOMY 301IbLIECHHIO IIOIL
CKJIAJyBaHHs BMIIIyFO4YOI pyAy TipHHYOi MacH, Y sIKii BMicT ypaHy csrae 0,3 kr/t. Yumanuii BHECOK
y IIbOMY KOHTEKCTI HaJIOKaTHME TAaKOXX 1 TUMYAcOBOMY 30epiraHHIO Ha NMpOMMalAaHYMKYy (10
BigBanTtaxkeHHsd Ha [III «Cxinl'3K») BnacHe ypanoBoi pyau. OTxe, HaOLIbII Bpa3IuBUM
KOMITOHEHTOM €KOCHCTEMH PYIHOrO TOJs OyayTh TMOBEPXHEBI Ta KOJIOISA3HI BOIU IMPHIIETIION JI0
HOBOKOCTSHTHHIBCHKOI IIAXTH TEPUTOPii. 3a TakuX OOCTaBHH aKTyali3yeThcs MpodieMa

ONTUMATBHO MOXKIHUBOTO pajiallifHO OE3MeYHOro s CTaHy KOJOAS3HHUX 1 MOBEPXHEBUX BOJI
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GbyHKIIOHYBaHHS TipHHY0-BUI00yBHOrO mianpueMmctBa (I'BIT) HoBokocTsantuniBcbka miaxra JII1
«Cxial 3K».

3 MeTor CTBOpeHHs 0a3W sl BU3HAUYCHHS HAraJdbHHX 3aXO[iB IIOJ0 BHPIINICHHS i€l
npobsiemu, Hamu posnodato y 2009 pori MOHITOPUHI 3a0pyJHEHHS YpaHOM KOJOASI3HUX 1

NOBEpXHEBUX BOJ HOBOKOCTSHTHHIBCHKOTO PYTHOIO TIOJISI Ta PUJICTIIMX TepuTopii (puc. 1).

Puc.1. Kapra 3a0pynHeHHs ypaHOM IOBEPXHEBHX Ta KOJOIA3HUX BOJA Y 30HI BIUIMBY HOBOKOCTSHTHHIBCHKOTO
pyzaHoro noss Ta npuieriux reputopii. (Ha 03.12.2009 p) Macmra6 1 :50 000. YMOBHI o3HaueHHS.

1 — ypaHoBi pomoBumia: (Ha3Bu — puMchkumu dpamu) I — HoBokocrsatuniseske; 11 — Jlicose; 11 — Jlitae; IV —
JlokyuaeBcbke. 2 — pynonposiBu ypany: V — Manyiinisceknii, VI — JlexaOpbcpkuil. Micist Bigbopy npo6 Boau: 3 — i3
CTPYMKIiB; 4 — 3 BOJOWM; 5 — 3 KOJOAA3iB; 6 — 3 MEPEBHUILCHHIM BMICTY ypaHy HaJ (OHOBHMH IOKa3HUKaMH; 7 — 3
MiHIMQIbHUMH IIOKa3HHKaMH BMICTYy ypaHy. 8 — MaricTpaipHuii mTpek. Bomomimm: 9 — BenukoBHCKiIBCBKO—
YopuoTanumipknid; 10 — ManoBuckiBcbko—BennkoBuCKiBCbkHH; 11 — perioHadpHU# y maneopenbedi MiX JOIHMHAMA
MIBHIYHOTO Ta MiBJEHHOTO HanpsMiB ctoky. Kontypu: 12 — micoBux MacuBiB. Mexi: 13 — mjomr i3 peKkoOMeHI0BaHUM
HIOPIYHUM BiOOpoM mpod Boau; 14 — miomy i3 PEeKOMEHJOBAHUM JBOCE30HHHM BiJ0OOpPOM mNpo0 BoJM (KBITEHb —
BepeceHb Micsiii); 15 — miHil reosoriYHuX po3pi3iB 0CaIOBOTO MOKPOBY; 16 — IEHTpaIbHI YaCTHHU HACEICHHUX MyHKTIB
(nazBu — nitepamu): MB — Mana Buce; M — Manyiiniska; JI — JlytkiBka; Ok — OnekciiBka; BB — Benuka Buck; On —
OnekcanzpiBka; On — OnukieBe; [IT — ITnerennit Tammuk; Mp — Map'sHiBka; 3 — 3apivus. 17 — BeHTWIALIHHUIA
cToBOYp HOBOKOCTSIHTHHIBCHKOT IIAXTH.

Fig. 1. The map of uranium pollution of surface and well water in the zone of influence Novokostyantinivske ore field
and adjacent territories. Scale 1: 50 000.

1 - uranium deposits: (names are Roman numerals) | - Novokostyantinivske; Il - Lisove; 1II - Litne; 1V - Dokuchaevske.
2 - ore occurrence of uranium: V - Manuilsky, VI - Dekabrsky. Places for sampling water: 3 - from streams; 4 - with
reservoirs; 5 - from the wells; 6 - with excess uranium content over background indicators; 7 - with minimum uranium
content. 8 - main thrust. Divisions: 9 - Velikovikovsky-Chornotashlitsky; 10 - Maloviskivsky-Velikovikovsky; 11 -
regional in the paleo-relief between valleys of northern and southern runways. Contours: 12 - forest arrays. Borders: 13 -
areas with recommended annual sampling of water; 14 - areas with recommended two-seasons selection of water
samples (April - September months); 15 - lines of geological sections of the sedimentary cover; 16 - central parts of
settlements (names - letters): MV - Mala Vys’; M - Manuilovka; L - Lutkivka; Ok - Alekseevka; VV — Velyka Vys’; Ol
- Oleksandrivka; ON - Onikieve; PT - Pleteniy Tashlyk; MR - Marianivka; Z - Zarichchia. 17 - ventilating barrel of
Novokostyantinovska mine.
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Marepiaiau i MmeToaAHn J0C/iIXKEHb

Bubopy mnyHKTIB BigOoOpy mHpo0 MOBEPXHEBHX 1 KOJOMSI3HMX BOJ IepeAyBaB aHaI3
tororpadii TepurTopii, mpuiernoi g0 TexHonoriynoi miomanku ['BIT «HoBokocTsHTHHIBCHKA
nraxta». MakTUYHO ycs 1Sl TepUTOpis 3HAXOAUTHCS B OaceliHi p. Mana Bucek. 3aranbHuil Haxui
CTOKY IOBEPXHEBUX BOJ Y MiBHIYHOMY, MIBHIYHO-CXiTHOMY HampsMax. Ha npaBiii cTopoHi 6aceiiny
p. Mana Bucek Haxui cTOKYy MiBACHHUN. Y Cl TPIIMHHI BOJW PO3BAHTAXKYIOTHCS Y MPOTHICKHOMY —
NiBHIYHOMY Hampsmi. J[ekinbka MyHKTIB Bi1Oopy npod po3ramioBaHi y Oaceiini p. Yopuuii Tamuuk.
[Toka3zHUKM BMICTY ypaHy B HUX MOXHa clpuiiMaTtu sk (OHOBI /uis I1i€l TepUTOpii, OCKIILKH BOHU
3HAXOJAThCS 3a MEXKaMM pPO3BllyBajbHO-eKcmayataniiHux pooir I'BII «HoBokocTsHTHHIBCbKA
maxTa». XIMIYHMM aHaii3 Ipod BOAM Ha BMICT ypaHy BUKOHYBaBcs Yy LleHTpasibHINM KOMIJIEKCHIN
nabopatopii Kazennoro nignpuemcta «KipoBreomorisy».

3a pe3ynbTaTaMU HAIIMX MOHITOPMHIOBUX JOCIIKEHb BMICTY ypaHY y HOBEPXHEBUX Ta
KOJIOII3HUX BOJAX BCTAHOBJEHO, IO MiHIManbHUH BMICT ypaHy B BOIi CTaHOBUTHL 7,6-107 1/,
MakcUMaabHui ke csarae 7,5-10° r/n, mo cyTTeBo mepeBuilye perioHanbHi (OHOBI MOKA3HUKH
(Tabmunst). 3a TaHUMHU PEriOHAJIBHUX JOCIIUKEHb BMICTY YpaHy y PI3HUX BOAHHUX CEpEIOBHINAX
BCTAHOBJIEHI Taki mokasHuku [3]: a) B piukoBux Bomax Ykpainm 2x10% — 4x10°r/m; y Bomax
ocazmoBux nopig 0,2 — 8x10° r/i; y Bogax ypanosux pomosumr 5%x10°8 r/n — 9x102 r/i1.; y nuTHEX
Bomax 1x1078 r/m.

VY mexax TexHojoriunoro maiimanumka ['BIT ta cymixHOi Teputopii (JOHOBI MOKa3HUKHU
BMICTY ypaHy y TOBEPXHEBHX 1 KOJIOJIA3HUX BOJaX, 3a BHUKIIOYEHHAM BosommHoro spy (iiBa
nputoka p. Mana Buce), mo sikomy 3adikcoBaHi CTiYHI BOJIM 3 TEXHOJIOTIYHOTO MailaH4yuKa,
Bapiro0Th y Aianasoni 1,9 —9,1x10 /.

Tadauus. PesynpraTu XiMidHOTO aHanizy Ha BMicT U B IpUpoHiN B
Table. Results of chemical analysis of U content in natural water

Ne n/n Ne mpo6 | Bmicr U r/n Ne n/n Ne po6 Bwmicr U /n

1 1-HK 7,6 107 15 14-nx 7,2-10®
2 2-HK 2,7-10° 16 15-uk 1,810
3 3-HK 7,510 17 16-HK 1,8-10®
4 4-HK 6,5-10° 18 17-nK 9,1-10°
5 5-HK 1,9-10° 19 18-ux 1,6:10
6 6-HK 7,810 20 19-uK 1,3-10°
7 7-HK 2,4-10° 21 20-HK 2,3-10
8 8-HK 1,2:10° 22 21-HK 7,8-10®
9 8%-HK 1,5-10° 23 22-HK 5,1-10®
10 9-HK 2,9-10° 24 23-HK 2,9-10°
11 10-uK 1,9-10° 25 25-HK 7,3-10®
12 11-mK 4,0-10° 26 27-HK 1,2:10°
13 12-nK 3,410 27 275%-nK 1,510
14 13-k 73-10%

Hpumimxa: Homep npobu 6 mabauyi sionogioae micyro ii 8iobopy na kapmi (puc. 1). Ilpobu Ne 27-uk
(cmasox) i Ne 27°-ux (konoos3s) posmauioeani nopyu.
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3a3HaueHi BUIIE MiHIMAJIbHHH Ta MaKCUMaJbHUW TOKAa3HUKU BMICTY YpaHy y BiIITOBIIHO
MOBEPXHEBIM Ta KOJOAS3HINA BOMI MalOTh CBOE MOsiCHEHHs. Touka Bigbopy mpoou Nel-uk (7,6%10°
r/n ypany) posTtamoBaHa y OaifjpauHoMy JIici, y BUTOKYy BOIOIMHOro spy mosza MeXKaMu
TexHosoriunoro maimanunka ['BII i Bume o pensedy Bogo36opy texnorennux Boj. llle Bume mo
Tedii mporo sApy 3aikCOBaHO BUTIK HKEPEIbHHUX BOJ, Maibke HE 3a0pyJAHEHHUX ypaHOM OilbIie
doHoBUX MOKa3HUKIB. [Ipoba komonsi3HOi Bomu y Touri Nel3-Hk (mpaBOCTOpOHHIHM cxun p. Mana
Bucek y c. JIyTkiBka) BimiOpaHa 3 BOJOHOCHOTO TOPU3OHTY, MIPUYPOUCHOT'O O KOPCTBSIHOI KOPH
BUBITPIOBAHHS  KpUCTaTiYHUX Topia. IIpocTopoBO 1 TOYka 3HAXOMUTBCA Y  CMY3i
cyOMepuioHaIbHOro  HOBOKOCTSIHTHHIBCHKOTO — pPYIOKOHTPOJIIOIOUOTO Ta  PYAOBMIIIYIOUOr O
po3sioMy. Y IbOMY aclieKTl HE BUKIIOYA€ETHCS MaKCUMAJIbHUN JUIsl JOCIIA)KYBAHOI TEPUTOPIT BMICT
ypany (7,3x107° r/i1), 3yMOBJeHMM HASIBHICTIO PaJiOaKTHBHOI aHOMAJIi yPaHOBOI NPUPOAH Y
KPUCTAJTIYHMX OPOAAX MPOTEPO30I0.

Jleno BiIMiHHUM YMHOM MO’KHA TIOSICHHUTH aHOMAaJIbHICTh BMICTYy ypaHy y mpobax Ne27-Hk
(craBok) Ta Ne 27%mk (komomsass). PosramoBami mi TOYKM y Ge3IOCEpEnHill OIU3BKOCTI 10
JIOKy4a€BCHKOTO POAOBHINA 31 CTOKOM TPINMHHUX BOJ y IMIBJACHHOMY HampsMi, A€ 1 BiOyBa€ThCS
BOJI0OOMIH 3 TOBEPXHEBUMH BOJIAMH.

YyacTte npupogHoro ¢GakTopy y 30UIbIIEHHI BMICTY ypaHy B MOBEPXHEBHUX 1 KOJOAS3ZHUX
BOJIaX YHEMOXKJIMBIIIOE MPUHHATTS e)EeKTUBHUX 3aXO0JliB 100 MiHIMI3alii bOro sSBUIA. 3 1HIIOTO
0OKy, SK 3a3HAYANOCh BUIIE, CKUJAHHS IIAXTHUX BOJ Ha JICHHY IMOBEPXHIO CIPHIE 3POCTAHHIO
3a0pyIHEHHSI YpaHOM Pi3HOMaHITHHX BOJHUX 00 €KTiB cymixkHO1 3 ['BII Teputopii.

VY cygacHomy penbedi TepuTopis, 6e3mocepenupo npuieria no I'BII, sBisie coboro momoruii
CXWJI JIiBOi MiBIEHHO-3axigHOI yacTUHU Oaceiiny p. Mana Buch (Oaceitn p. [liBnennuii byr). V
MeKax Ii€l TiITHKY aOCOMIOTHI BiIMITKH CY9acHOTO penibedy KONMMBaIOThCS y Mekax 170 — 225 m.

Cxusl eponoBaHUH BIJHOCHO TYCTOI MEPEXEI0 SpYKHO-O0aJIKOBUX (opMm penbedy i
eKCIIOHOBaHUM y Oik p. Maya Bucek. Y npoMy HampsiMKy BiOyBa€ThCS TAKOXK BECh MOBEPXHEBUI
CTiK aTMOC(EPHHX 1 IPUIIOBEPXHEBUX I'PYHTOBO-TIIA3EMHUX BOJ. Bpi3 epo3iiiHuX GopM y CydacHy
noBepxHio csarae 10-50 m. Sk ma p. Mana Buce, Tak i Ha OinbmiocTi ii JTiBOCTOPOHHIX MPHUTOK, IO
epOAYIOTh 3a3HaYEHUN BUIIIE CXUJI, PYHKIIIOHYE KacKaJl BOJOWM JIsl 3a0€3MEeUEeHHS TOCTIOAaPChKUX
1 pekpeariiitnux morped MicieBoro HacenaeHHs (c. JIyTkiBka, ¢c. ManyiiBka Ta cMT. Masa Bucka).

Y reonorivHOMy po3pi3i ocamoBux mopix (puc. 2,3) TepeBakHO IpeICTaBlICHI
BOJIOIIPOHMKHI MilIaHl 1 MICKyBaTl BLAKJIAAM MAaJ€OreHy Ta HEOreHy, o crhpuse iH}iIbTpawii
3a0pyTHEHUX ypaHOM BOJ, SIK y HIJKHI TOPU3OHTH IMiJ3€MHUX BOJ, Ta 1 y TPINIMHHI BOIU
KPUCTAMIYHOTO (YHIAMEHTY, sIKi € HaWOUIbII I[IHHUM JKEPEJIOM IHTHOTO BOJOMOCTAYaHHS

MICLIEBOT'O HACEJICHHS.
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Puc. 2. ['eonoriunuii po3pi3z ocanoBoro NokpruBy HOBOKOCTSHTHHIBCHKOTO PYIHOTO ITOJIS T MPUJIETIINX TepUTOpiH mo minii I-1.

Fig. 2. Geological section of the sedimentary cover of the Novokostiantynivske ore field and adjacent territories on the line I-L
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Puc.3. 'eonoriynnii po3pi3 ocagoBoro mokpruBy HOBOKOCTSIHTHHIBCEKOTO PYJHOTO HOJS Ta NpWIIErIUX TepuTopiit mo minHii II-11.

Ymosni nosnauxu oo puc.2,3. Cyrmuaku: 1 — nerki (IpyHTOBHI NOKPUB HE BPaxoBaHO); 2 — cepenHi; 3 — Baxki. [licku: 4 — npiOHO- Ta pi3HO3EPHUCTI; 5 — KPYITHO3EPHUCTI.
I'nuan: 6 — cnabkomnitTudikoBaHi, 7 — mickyBaTi, 8-a — MICKH TJIayKOHITOBI, 8-0 — INIMHM IMIAyKOHITOBI, 9 — POCIMHHO-AEHIPUTOBI 3anuiky, 10 — 6ype Byrims, 11 —
MepBUHHA KOPa BUBITPIOBaHHS (IIEPEBAXKHO KaoJiHi30BaHa), 12 — KpuctanivHi mopoau mpoTepo30ko.

Fig. 3. Geological section of the sedimentary cover of Novokostiantynivske ore field and adjoining territories along the I1-11.

Symbols for fig. 2, 3. Loams: 1 - light (the soil cover is not taken into account); 2 - medium; 3 - heavy. Sands: 4 - fine and multicolored; 5 - coarse grains. Clay: 6 - weakly
configurable, 7 - sandy, 8-a - glauconite sands, 8-b - clay glauconite, 9 - plant-dendrite remains, 10 - brown coal, 11 - primary weathering crust (mostly kaolinized), 12 -
crystalline rocks Proterozoic
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BucHoBku

3a pe3ynbTaTaMy pO3MOYATOr0 MOHITOPUHTY BMICTY YpaHy Yy MOBEPXHEBHUX 1 KOJOASI3HUX
Bojax mnpomMmaigaHuuka I'BIl «HoBokocTsHTHMHIBCbKa MIaxTa» Ta CYMDKHHUX TEpPUTOpPIH
BCTaHOBJIEHO HPHUPOJHI 1 CYTO TEXHOreHHI (akTOpH 3a0pyJHEHHS ypaHOM BOAHMX OO’€KTIB Yy
MekaX HOBOKOCTSHTHHIBCHKOT'O PYIHOT'O MOJIS.

[Mpupomuuit dakTop, SK TO HACUYEHICTHh IIi€i TEPUTOPii YPaHOBOPYAHHMH TMOKJIaJaMH,
3HAXO/JMTHCS 1032 MEXKaMHU HOro MiHiMi3aIlli 32 yMOB PO3pOOKH YPaHOBHX POJIOBUIIL.

[Ipotsarom peranbpHOT pPO3BiAKKM HOBOKOCTSHTHHIBCBKOT'O POAOBHUINA BIPOAOBXK 1978-
1998 pp. BinOyBanocs TpuBasie 30epiranHs Ha mpomucioBomy MaigaHuuky ['BIl 3HauHMX Mac sk
ypaHOBOi pyAM 13 cepenHiM BMicToM ypaHy 1,3- 1,4 kr/T, Tak 1 BMIIIYIOUUX LI PyJU MEXaHIYHO
JIE3IHTErPOBAHMUX TOPIJ 13 MIJBUIIEHUM BMICTOM YpaHY BIIHOCHO KJIAPKOBUX ITOKa3HUKIB, HA 3araj
He mnepeBumnyroduM 0,3 xr/1. [lepeOyBaHHS 1MX TIPOAYKTIB BHAOOYBaHHsS IIiJl BIUIMBOM
aTMoc(epHUX onaaiB (IIOYaCTH TIEI0 Y 1HIIOK MIPOK KHCIOTHHX) YMOXJIMBIIIOBAJIO IOCTYIIOBE
BIJIYTOBYBaHHS ypaHy 1 HQJAXO/PKEHHS HOTO 3 IIOBEPXHEBHM CTOKOM IO JIPEHAM SIPY>KHO -0aJIKOBO1
MepexKi Ta iHQIbTpaILliil Yy HABKOJIMITHI BOAOWMH, KOJIOAS31 TOIIIO.

Jnst po3poOKM HHM3KHM 3axOJiB MIOA0 MiHIMI3alii BIUIMBY BHJIOOYTKY ypany ['BII
«HOBOKOCTSHTHHIBChKA IIaXTa» HAa BMICT ypaHy Y MOBEPXHEBUX Ta KOJOAS3HHUX BOJAX, MPUIICTIIAX
no mpommaiinanunka ['BII Teputopiii, 3 MeTOW 3MEHIIECHHS pajiallifHOTO HaBaHTA)XEHHS Ha
MEIIKAHIIB HACEJICHUX IyHKTIB BBAKAEMO 3a HeoOXiaHe:

1) mocniguTH BMICT ypaHy Y BOJOPOCTSX 1 JepeBHHI Ha Oeperax BOIOWIM;

2) BU3HAYUTH HACHYCHICTh PAJIOHOM KOJIOIS3HUX BOJI 1 MiABAIBHUX MPHUMIIICHD Y OYTIBISIX
HaceJIeHUX MYHKTIB;

3) OKOHTYPUTH 1 3aKPIUTU Ha KapTorpadiuHiil OCHOBI AUISHKH, 1€ CKJIAAY€EThCS BllBajbHA
ripHU4a mMaca 1 THM4acoBo 30epiraerbces 10 BiaBaHTaxkeHHs Ha 11 « Cxinl'3K» ypaHoBa pyna;

4) 3a0e3MeyuTd JBOCE30HHUW MOHITOPMHI BMICTYy YpaHy Y BOJHHUX 00 €KTax
JTIBOCTOPOHHKLOI YacTHHHM Oaceliny p. Masa Bucka 1 0qHOCE30HHUHN — MPUJIETIIOl TEPUTOPI;

5) yCTaHOBUTH TpEH/ 3a0pyAHEHHS YPaHOM BOJAHHUX 00’ €KTIB.

JITEPATYPA

1. Kopninosuu B.IO., Iaenenxo B.M., Kowex FO.H., Baiiepman M.I. Exonoro-ximMiumi mpo6ieMn ypaHOBOI
MPOMHUCIIOBOCTI Ta NUIAXHM iX BupimeHHs // «Exonoriuna Oe3neka: mpoOieMu 1 HUIAXH BUpilieHHs»: Mat-mu VI
MixHap. HayKoBO-TIpakTHy. KoH}. — Xapkis, 2010. —Tom 1.— C. 171-176.

2. Bumwvrxo B.M., T'onuaposa JIL.U., Kapmawos B.B., Koeanenxo I'J]. Pamuanuonssiii ¢on mopor B
Kuposorpanckoii obnactu // «Exonoriuna Oe3neka: mpo0ieMu 1 nuisixu BupimeHHs»: Mar-nu VI MixHap. HayKoBO-
npaktad. KoH}. — Xapkis, 2010. — Tom 1. — C. 106-111.

3. T'opes JIM., Ilerewenxo B.I, Xinvuescokuti B.K. PagioakTHBHICT MpUPOAHUX BOA: MoHorpadis / Kuis:
Buma mkona,1993. — 174 c.

© Bepxosues B.I'., Cementok M.IL., Baiijo O.B., 'aneBny A.€., Ctymsincska A.O. 'OJIOBHI YMTHHUKH 3ABPY JHEHHS YPAHOM
TIOBEPXHEBUX TA KOJIOIA3HUX BOJI ITPU PO3POBI(I YPAHOBHX POJJOBMUII HOBOKOCTSAHTHUHIBCHKOI'O PYJHOI'O ITOJIA

30



30ipHUK HayKOBHX Ipalb [HCTUTYTY reoximii HaBKOJIMIIHBOTO cepenoBuiia 2018 Bumyck 28

REFERENCES
1. Kornilovych, B.Yu.and Pavlenko, V.M. and Koshek ,YU.Y.and Vayerman, M.l. (2010), Ekolohichna

bezpeka: problemy i shlyakhy vyrishennya, Mat-ly VI Mizhnar. naukovo-praktych. Konf, Tom 1, Kharkiv, UA, pp. 171-

176.

2. Vitko, V.M.and Goncharova, L.l.and Kartashov, V.V.and Kovalenko G.D. (2010), Ekolohichna bezpeka:

problemy i shlyakhy vyrishennya, Mat-ly VI Mizhnar. naukovo-praktych. Konf, Tom 1, Kharkiv, UA, pp. 106-111.

3. Goryev, L.M. and Peleshenko, V.l. and Khilchevsky, V.K. (1993), Radioaktyvnist pryrodnykh vod,

monohrafiya, Vyshcha shkola, Kiev, UA, 174 p.

I'JIABHBIE ®AKTOPBI 3AI'PSIBHEHUS YPAHOM ITOBEPXOCTHBIX M KOJIOAE3HBIX BOJ
ITPU PO3PABOTKE YPAHOBBIX MECTOPOXKJIEHNN HOBOKOHCTAHTHHOBCKOI'O
PYJHOI'O ITOJIA

BepxoBues B.I'., Cementok H.IIL., Baiisio A.B., l'anesnu A.E., Ctym3unckas A.O.

Bepxosues B.T'. 1okrT. reomn. H., 3aB. otx. I'Y «MHcTHTYT reoxumun okpyxarommei cpensl HAH Yikpauns», verkhovtsev(@ukr.net
Cemeniok H.IL k. reoin.-muH. H., Bea.H.c. 'Y «MHCTUTYT reoxumun okpyskatoweit cpeast HAH Ykpaursi», semenuk205@gmail.com
Baiisio A.B. k. reon.-MuH. H., cT.H.C. I'Y «MHCTHTYT reoxumuu okpyxatomieit cpeast HAH Ykpaunsi», alexvs54@ukr.net

TaneBny A.E. u.c. I'Y «MHCTHTYT reoxumun okpysxkatouteit cpeast HAH Ykpaunsi», 19ganevich@gmail.com

Crymsuuckas A.O. m.H.c. 'Y «MHcTUTYyT reoxumun okpyxarouieit cpexst HAH Ykpaussn, anna.studz88 @ukr.net

Ilo pe3ynemamam Ha4yamo20 HAMu MOHUMOPUHEA COOEPIUCAHUS YPAHA 8 NOBEPXHOCMHBIX U KOJIOOE3HBIX 800aAX
Hosoxoncmanmuno6ckoeo ypanogopyoHoeo Nois u CONnpeoenbHulX meppumoputi YCmaHoeneHvl aHOMAIUl ¢
NOBBIULEHHBIM OMHOCUMENTBHO (hOHOBBIX 3HAUeHUU e20 codepacanus. Tlomyuennvie daHHble c8UemenbCMEYIon
0 HenocpeocmeeHHOM GIUAHUU O00bIYU YPAHOBOU pyobl 2opHOoOobbisarowum npeonpusmuem (I I1)
«Hogoxoncmanmunogckas waxmay Ha 5mo AGIeHUe OMHOCUMENbHO NOBEPXHOCMHLIX 800. Anomanuu c
NOBBIUEHHBIM COOepIcanueM ypana 8 KOJIOOe3HLIX 600aX UHMepNnpemupylomcs Kak 00YCloGleHHble e20
BbILYENAUUBAHUEM HA MECMOPONCOCHUAX U  PYOONPOAGIEHUAX MpewjunHbiMu eooamu. Ilepcnexmuenas
NPOMBIUTIEHHAA  IKCHAYAmayust coceOHux mecmopooicoenuii (Jlecnoeo, Jlemnezo u  Jokyuaesckoeo) c¢
UCNOTL30BAHUEM MALUCPATLHO2O UWMPEKA U NOOHAMUEM 20PHOU MACCHL HA NOBEPXHOCNb MEXHON0SUUECKOl
naowaoxku TJ[I1 «HOBOKOHCMAHMUHOBCKAS WAXMAY CYWYECMBEHHO VBeauyum noCmynieHus Ypaud 8
nOBEPXHOCTHbIE 800bl U NEPEbILL OM NOGEPXHOCIU 2OPUSOHIN NOO3IEMHBIX 600 UHPUILIMPAYUOHHBIM HYMIEM.
Monumopune 3azpasnenus ypaHom nO8EPXHOCMHBIX U NOOZEMHBIX 800 HA YKA3AHHOU MePPpUmMopuu no3eoaum
8bIPAOOMAMb pPEeKOMeHOayUy NO NPUHAMUIO NPECEHMUBHBIX Mep 0N MUHUMUSAYUU DTNO20 MEXHOSEHHO20
A6NeHUs U obecnedeHus O0NYCMUMOU PAOUAUUOHHOU HA2PY3KU HA MECMHOe HACeNeHUe, KOMopoe UCNONb3Yem
M 600bl 8 XO3AUCIMBEHHOU U PEKPEAYUOHHOU OesMeTbHOCI.

Knroueswle cnosa: cooepoicanue ypana, nogepxHocmubvie U KojaooesHvle 800bl, NPoOA 800bl, WAXmHble 800bl,
sooopasoen, peuHoll Oacceli, HANPAasIeHue CMOKA, AHOMANUA, UHQUILMPAYyUus, YPAHOBOPYOHOe NOJle,
PaouayUoOHHAs HAZPY3KA.

MAIN FACTORS OF URANIUM CONTAMINATION OF SURFACE AND WELL WATERS AT
DEVELOPMENT OF URANIUM DEPOSITS OF NOVOKONSTANTINIVSKE ORE FIELD

V. Verkhovtsev, N. Semenyuk, A. Vaylo, A. Ganevich, A. Studzinska

V. Verkhovsev Doctor of Geology, Senior Research Fellow, Head of department State Institution «Institute of Environmental
Geochemistry of the NAS of Ukraine», verkhovtsev@ukr.net.

N. Semenyuk Candidate of Geological and Mineral Sciences., leading researcher State Institution «lInstitute of Environmental
Geochemistry of the NAS of Ukraine», semenuk205@gmail.com

A. Vaylo Candidate of Geological Sciences, Senior Researcher State Institution «Institute of Environmental Geochemistry of the NAS of
Ukraine», alexv54 @ukr.net

A. Ganevich Researcher State Institution «Institute of Environmental Geochemistry of the NAS of Ukraine», 19ganevich@gmail.com

A. Studzinska Junior Research Fellow State Institution «Institute of Environmental Geochemistry of the NAS of Ukraine»,
anna.studz88@ukr.net

Based on the results of monitoring of water contaminated by uranium ore excavation at Novokostiantynivske
ore field, which started in 2009, natural and purely technogenic factors of uranium contamination have been
determined. Novokostiantynivske ore field comprises Novokostiantynivske sodium-uranium formation itself
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and similar by genesis and time of formation Lisove, Litnie, Dokuchaievske deposits and some mineral
occurrences which after further investigation can get the status of deposits. When testing the uranium content
in the surface and well waters of the Novokostiantynivske uranium ore field and adjacent territories,
anomalies with an elevated background value were established. The obtained data testify to the direct impact
of uranium ore mining by the mining enterprise (GTP) Novokostiantynivske Mine on this phenomenon in
relation to surface waters. Anomalies with a high uranium content in well waters are interpreted as due to its
leaching in the deposits and ore occurrences by fractured waters. The promising industrial exploitation of
neighboring deposits (Lisove, Litnie and Dokuchaievske) using the main gangway and raising the rock mass to
the surface of the technological platform of the GTP Novokostiantynivske Mine will substantially increase the
uranium supply to the surface waters and the first horizon of groundwater infiltration. Monitoring of uranium
contamination of surface and groundwater in the specified territory will make it possible to develop
recommendations for taking preventive measures to minimize this man-made phenomenon and to ensure an
allowable radiation load on the local population that uses these waters in economic and recreational
activities.

Keywords: uranium content, surface and well waters, water sample, mine waters, watershed, river basin, flow
direction, anomaly, infiltration, uranium ore field, radiation load.
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PHASE FORMATION PROCESSES IN STEEL - BENTONITE INTERFACE IN
THE CONDITIONS OF RADIOACTIVE WASTE GEOLOGICAL REPOSITORY
EVOLUTION

Shabalin B., Lavrynenko O., Buhera S., Mitsiuk N.
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The review work presents the analysis of up to date publications, including original ones,
devoted to studying of nano-sized mineral phase formation processes on the interface
surface of a bentonite buffer, mineral composition of which contains montmorillonite (70-90
mass%), and a steel container in the conditions of radioactive waste geological repository.
Probable changes of mineralogical, geomechanical and hydraulic properties of bentonite
during evolution of geological disposal have been considered. It is expected that ferric
saponite, berthierine or chlorite may be formed as a result of phase transformations of the
buffer material. It has been demonstrated that saponitization of the buffer will not
significantly decrease its isolation properties due to ability of saponite to swell and
similarity of its physicochemical properties to montmorillonite, while montmorillonite
illitization may cause buffer insulating properties loss. Characterization of the germinal
structures of Green Rust and Fe- ferrihydrite which can be formed on the surface of a steel
container under geological disposal conditions, and contribute to radionuclides fixation on
the steel-bentonite interface is presented. It is emphasized that it is necessary to carry out
complex experimental researches, which will allow prediction of bentonite buffer long-term
stability in geological repository conditions, taking into account mineralogical-geochemical
processes caused by corrosion of steel containers. A change of physicochemical conditions,
mineralogical, geomechanical and hydraulic properties of the bentonite during geological
disposal facilities operation and closure which can lead to decrease of buffer insulating
properties is considered. Particular attention need to be paid for the analysis of the
processes, taking place on the bentonite buffer steel container interface. It has been shown
that formation on the surface of old germinal structures of Green Rust and ferrihydride and
their phase transformations into sorption-active phases of ferrum oxyhydroxides and oxides
can become an additional mechanism for fixation of mobile forms of radionuclides and
transfer them to a less mobile and toxic state by means of reduction. During contact of the
ground-water saturated bentonite buffer with the steel surface, mineralogical changes of the
bentonite are directed to processes of saponitization and beidelitization. While
saponitization is not critical to buffer isolating properties because of the ability of saponite
to swell, partial or complete formation of beidelite substantially worsens them. One of the
main processes that can become critical for the bentonite isolation properties is illitization
of montmorillonite, the rate of which depends on temperature, chemical composition of the
aqueous medium (pH and alkaline cation concentration, especially K+), degree of bentonite
saturation with water, and the ratio between dispersion phase and dispersion medium.
While a predictive estimate shows impossibility of buffer illitization due to low temperature,
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the use of external building materials, in particular, cements may shift the balance and lead
to transformation of the bentonite to illite. The article emphasizes the necessity of carrying
out complex experimental researches that will allow to predict the long-term stability of the
bentonite buffer in the conditions of geological repository existence, taking into account
mineralogical-geochemical processes caused by corrosion of steel containers.

Key words: bentonite, steel corrosion, steel-bentonite interface, phase bentonite changes,
illitization, Green Rust, ferrihydrite

Introduction

Today, the optimal prototypes for geological storage facilities (GS) that are planned to be
located in crystalline rocks of Chornobyl exclusion zone or adjacent regions of Ukraine [34] are
geological repositories (GR) of high level waste (HLW) and spent nuclear fuel (SNF) that are
situated in Precambrian crystalline rocks (granites) of Sweden and Finland [34]. The GR safety
concept is based on the use of multiple barriers in the disposal systems that perform protective
functions over different time periods. Standard design of storage facilities foresees the following
barriers: matrix with HLW, metal canister for the matrix, clay buffer between the canister and the
containing rock, filler for main tunnels and other underground workings (the backfill) - engineering
barriers system (EBS), containing rock and geological environment as a whole that separate EBS
from the biosphere. The canister is one of the EBS most important elements, which is usually made
of iron alloys (carbon steel, cast iron, stainless steel) [37].

The main function of the clay buffer is to isolate the waste container from the environment
due to its high ability to retain radionuclides in the engineering barriers system (EBS) and to
prevent access of groundwater [9].

In the conceptual decisions of many GR, clay buffer material is considered to be natural
bentonite (montmorillonite clay) of the MX-80 grade produced in states of Wyoming and North
Dakota (USA), as well as pure sodium or calcium forms of montmorillonite. It contains up to of
75% Na-montmorillonite, 15% quartz, 5-8% feldspar, 1% carbonate, 0.3% pyrite, 0.4% C org.
There are numerous deposits of bentonite clays on the territory of Ukraine in Cherkaska, Vinnytska,
Zakarpatska, Chernivetska and other oblasts. Chemical and mineral composition, crystallochemical
features and ion-exchange properties are studied for samples of some repositories [8].

Steel packaging provides isolation of radionuclides from groundwater flow for one thousand
years, bentonite buffer may increase this period, at least by one order of magnitude [20]. At the
same time the isolating properties of the bentonite buffer in multibarrier disposal system can change
over time and negatively affect the safety of the GR [49]. It is distinguished three stages in

evolution of the GR: 1. early aerobic (with presence of oxygen) phase (100-200 years, stage of
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waste placing in the disposal and some period after its closure); 2. transition from aerobic to
anaerobic phase (up to 1000 years) and 3. long-term anaerobic phase (more than 10,000 years) [26].
Saturation of the repository with water may occur in both transitional and long-term anaerobic
phase and depends on groundwater filtration rate.

The aim of the review work is to analyze the phase transformations of bentonite on steel -
bentonite interface in the system of radioactive waste geological repository and to evaluate the
impact of newly formed mineral phases of corrosion and geochemical origin on the isolating
properties of bentonite buffer and the long-term safety of the GR.

1. Characterization of primary nanoscale structures of corrosive origin

The primary mineral phases formed on steels surface during the corrosion process are
Fe(ll)-Fe(l11) layered double hydroxides (Green Rust) and ferrihydrite (Fh). The main factors that
determine the chemical composition and structure of germinal phase are the anionic component of
dispersion medium, presence of Fe (Il) or Fe (I1l) aqua hydroxyl forms and the reduction-oxidation
conditions of particles formation.

1.1. Fe(Il)-Fe(ll) layered double hydroxides (LDH) structure, their formation mechanism
and phase transformations.

Fe(I)-Fe(l11) LDH structure consists of hydroxide layers formed by Fe'"""'(OH)s octahedra.
In the interlayer space there are located water molecules and anions, which are coordinated with the
hydroxide layers, which provide compensation of Fe3* charge and gives electroneutrality to entire
structure of the mineral. Depending on the coordination of the anions in the interlayer, Fe(ll)-Fe
(11), layered double hydroxides (LDH) are referred to the first or second type, which is reflected in
their crystallochemical properties: the ability to gradually change Fe?*/Fe3* cations ratio in the
Green Rust- | structure and permanency of this ratio in Green Rust-Il structure [44]. Thus, the
typical representative of Fe(ll)-Fe(ll1) LDH of the first type, which can be formed by steel surface
contacting with groundwater, is the hydroxycarbonate Green Rust-(COs?) with crystallochemical
formula Fe'sFe'"'>,(OH)12C0O3-2H,0, and of the second type - hydroxysulphate Green Rust-
(S04%"), crystallochemical formula of which is Fe''sFe!"';(OH)12S04-~ 8H,0 [46].

Green Rust-(CO3z%) formation can occur by several mechanisms: 1. by chemical interaction
of aqua-hydroxy forms of ferrum (1) and oxygen-containing carbon compounds under oxidative
conditions [47], 2. by their reaction with pre-deposited Fe(OH)s; or 3. by solid phase reaction
between Fe(OH), and Fe(OH)s in presence of oxygen-containing carbon compounds. At the same
time, the formation of structures Fe(l1)-Fe(111) LDH can occur with participation of so-called "green
complexes”, formation of which is associated with hydrolysis and polymerization of aqua hydroxy
forms of Fe (I1) and Fe (111) and their flow into reaction zone [1]. Formation of Green Rust phases
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occurs topotactically without destroying the mineral structure during oxidation of natural amakinite
Fe(OH); in the presence of Fe?* and of SO4* or CO3? anions [2].

Investigation of Fe(Il)-Fe(Ill) LDH formation Kinetics on the steel surface of showed [30]
that the relative quantity of Green Rust phase does not remain constant and, depending on chemical
composition of the dispersion medium and reducing- oxidation conditions on steel-dispersive
medium interface, may increase or decrease due to the phase transformation of GR into other ferric
oxygen-containing mineral phases - ferrihydrite, ferric oxyhydroxides or magnetite. The main
criteria that determine the course of Green Rust phase transformations are the reduction- oxidation
potential (ROP) of the system, dispersion medium chemical composition and pH, temperature,
presence of microorganisms.

«Green Rust — ferrihydrite» system (Green Rust — Fh)

Studying of ferrihydrite formation process during Fe(OH). water suspension oxidation in
presence of HCO3™ anions (pH 7,5-9,0), shoves that Fh is a transitional product between Green
Rust-(CO3?>") and goethite a-FeOOH phases [15]. Green Rust-(CIl™) transformation to ferrihydrite
can be a result of Fe(ll) hydrated cations and Green Rust itself rapid oxidation [18].

At the same time, restoration of ferrihydrite and mixed forms of oxidized Green Rust-Fe(l1l)
to Fe?* cations is possible in natural systems [16].

«Green Rust — goethite» system

Formation of a-FeOOH goethite during oxidation of Fe(ll)-Fe(lll) DLH with dissolved
oxygen was investigated for the mineral phases Green Rust-(SO4>"), Green Rust-(CI") [18], Green
Rust-(CO3*>") [55]. The mechanism of such a transformation goes through stages of Green Rust
dissolution and subsequent deposition of well-ordered iron (111) oxyhydroxides structures [7]. At the
same time, it was shown in [11] that Green Rust-(CO3?>") of corrosive origin turns into a-FeOOH
goethite in 0.1 M solution of NaHCO3 without intermediate formation of the iron (111) hydroxide.

Growth of redox potential from (-0,45) to (-0,3) V [55] is observed in the solution during
phase transformation of Fe(ll)-Fe(lll) DLH to goethite a-FeOOH (pH value ~9.5). Formation of
goethite particles is accompanied by a decrease in the pH of the dispersion medium.

«Green Rust — akaganeite» system

The main condition of Green Rust transformation to akaganeite p-FeOOH is Fe(ll) and ClI~
increased concentrations [36].

«Green Rust — lepidocrocite» system

The formation of lepidocrocite y-FeOOH during slow oxidation of Green Rust (pH ~ 7.0)

occurs in two stages [40]. The first stage is connected to partial oxidation of Fe?* in DLH structure,
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hydrolysis and redeposition of Fe3* cations in poorly crystallized hydrated ferrihydrite phase. Here,
Fh can quickly react with Fe?* cations and turn into Green Rust again. Secondary formation of
Green Rust reaction order is limited by the deposition of Fh and concentration of Fe?*. Redeposition
of lepidocrine particles occurs at the second stage.

During Green Rust oxidation, a magnetite as an intermediate phase may be formed, which
then that forms a part of Green Rust structure or replaces its structural elements. Further oxidation
of the system goes with both mineral phases destruction and y-FeOOH needle-like particles
precipitation. Transformation of natural foigherite into lepidocroquite during its contact with
dispersion medium, containing high quantities of carbonates, aluminum aqua form and silicates, is
illustrated in [52].

«Green Rust — feroxyhyte» system

A mixture of weakly crystallized ferrihydrite and feroxyhyte (ferric green rust) structures
was obtained during phase transformation of Green Rust-(COs>") of corrosive origin under
oxidation conditions of the system [11].

«Green Rust — magnetite» system

Formation of FezOs magnetite in aqueous suspension of Green Rust is also associated with
dissolution and redeposition of Fe(ll)-Fe(ll1l) LDH unstable structures [21]. At pH = 9 and the
Fe2*/Fe®* ratio 0.5 and 1, the formation of hexagonal particles of GR(SO4%") lasts ~ 6 minutes, then
they turn into magnetite. At the same time, Green Rust-(SOs*) phase remains stable when pH
decrease to 7 with Fe?* / Fe®* ratio = 0.5 - magnetite does not form. Decreasing pH <7 leads to
dissolution of Green Rust structure and dispersion medium saturation with Fe?* cations, which are
gradually oxidized with iron oxyhydroxides phase deposition [31].

The main results of modern studies of laboratory synthesis methods, structure, Fe(11)-Fe(l11)
LDH properties, their formation in the natural environment and interaction with components of
various nature are covered in the review papers [5, 6]. Formation of Green Rust on steel and iron
surfaces, which is characterized by strong reduction properties, chemical activity to a series of
chemical elements and compounds, and the ability for phase transformation with involvement of
different cations, may be an important additional contribution to radionuclides fixation in case of
steel vessels usage in GR of radioactive waste.

2.2 Phase transformation of ferrihydrite

Another primary phase that can originate on the steel surface during the corrosion process is
ferrihydrite (Fh), which belongs to the Fe(l11) oxy-hydroxy salts group and is closely related to the
iron oxides [39]. Synonyms of ferrinydrite are "hydrated oxide of trivalent iron" (HFeO),
"amorphous hydroxide of trivalent iron", "colloidal hydroxide of trivalent iron" and " Fe(OH)3s".
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Ferrihydrite belongs to ferrous-hydroxide metastable phases and is easily converted into
more stable minerals, in particular, goethite and hematite [12]. The main factors influencing the
mechanisms and products of ferrihydrite phase transformations are chemical composition and pH of
the dispersion medium, temperature, redox conditions [10]. Because of that the transformation of
ferrihydrite to goethite is a typical process in natural systems, it is extensively covered in the
literature. The main mechanism for such a transformation is dissolution/redeposition, which is
catalyzed by presence of Fe?* cations in agqueous medium [50]. Under standard conditions, Fh to a.-
FeOOH transformation in the presence of Fe?* ends over 24 h. with complete dissolution of the
ferrihydrite, while in the absence of Fe?* cations, ferrihydrite remains stable for a long time.
Considering that solubility of Fh (102°) is higher than solubility of its transformation products - a-
FeOOH (10*) and a-Fe203 (10*3), this mechanism is quite probable. Formation of all types of Fh
occurs at hydrolysis of Fe3* by polymerization of Fe,(OH)4**, while the most favorable conditions
for Fh transformation are at pH ~4 and pH ~12 due to formation of Fe(OH)>* complexes and,
respectively, Fe(OH)s. According to other data, the optimal conditions for ferrihydrite
transformation to goethite correspond to pH = 9 and T ~ 40 °C, where polymerization of Fe (III)
hydroxocomplexes occurs [17].

2. Steel containers corrosion investigation

In most countries, canisters for vitrified HLW are made of steel containing <0.3% wt.
carbon, Mn, Si, Cu, Cr, Ni, Mo, W, V, Zr may also be present. The guaranteed lifetime of such a
canister is about 1,000 years, and corrosion is the main destructive process [27]. Main factors,
affecting steel corrosion are its composition, temperature, oxidation potential, alkalinity and
mineralization of groundwater, as well as presence of bentonite buffer and other structural
materials, in particular cement, in repository system [9].

Oxidizing conditions in the RW repository will be kept several hundred years at the stage of
waste deposition and some period after repository closure. After that, the repository will be
characterized by anaerobic reduction regime, set as a result of reactions in EBS. Generally
speaking, aerobic corrosion has very limited significance for analyzing of multilayer container
behavior, because it is present during relatively short operational stage of the repository and some
period after its closure. During this time, only the outer packaging can be damaged. After all
oxygen has been used in the ESB reduction-oxidation reactions, anaerobic corrosion of the
container in a water-saturated environment starts to play the main role. These conditions are
corresponded by two types of steel container corrosion that change its properties, which can cause

deterioration of metal functions and the whole barrier system. Corrosion can be divided into general
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and local, and the latter - on hole corrosion and crevice corrosion. General corrosion occurs
throughout the surface and at constant speed. In aqueous media, this is an electrochemical process
having at least one oxidation reaction: (M**, xe) — (M**) + x(e") and cathode reduction: Ox%* +
X(e") — Red@»* where Ox and Red are oxidized and restored element forms. In aerobic conditions,
cathode reaction occurs according to the scheme: O, + 2H,O + 4e° — 40, and in anaerobic
conditions - with hydrogen formation: H.O + e- — 0.5H> + OH".Thickness of metal wall decreases
with time, if corrosion products are soluble in water, or corrosion products layer is formed,
remaining the overall thickness — if not. First case is active corrosion with charge and matter
transfer, and second case is passive corrosion with protective film formation from newly formed
compounds. Films formation is an important aspect of steel corrosion process in solutions with
close to neutral pH.

Surface films can affect SNF container steel corrosion process in different way:

e Limiting matter reagents transfer to corroding surface and corrosion products from
corroding surface;

e Surface blocking from further dissolution (if the film is not conducting);

e Changing anode and cathode surfaces and their ratio (if the film is conductive enough to
maintain electrochemical reactions).

Surface blocking and matter transport limiting to and from the surface are the most
important possible effects among listed above. Both of these effects lead to corrosion decrease over
time, which is proved by experimental work, including in underground research laboratories.

Numerous works are devoted to the study of carbon steel behavior in conditions of GR.
Long experiments (6000 h) in conditions simulating HLW disposal facility of in clays showed that
the rate of steel destruction in water at 90 °C is less than 10-® cm per year [13] and in aggressive
conditions of seawater contact (80 °C) it is slightly higher - 2x10-® cm/year [48].

First decades after the repository closure and its filling with water in aerobic stage it will
dominate the process of local container corrosion with microfractures formation under the influence
of current. In the ongoing, anaerobic stage, the main degradation reasons will be general container
corrosion and its destruction due to appearance and action of hydrogen [37].

Carbon steel has high corrosion rate (0.06 mm/yr) during aerobic stage in water with a 2.5
g/l mineralization (main cations are Na* and Ca?*, anions - Cl-, SO4? sulfate and carbonic acid),
which increases by 30-50 percent with temperature increase from 30 to 50 Celsius degrees [59]. The
rate of corrosion of low carbon steel in 1 M NaCl solution at pH range 8.4-11 is independent of pH

and decreases from 30 pm/h at the experiments beginning to 1-3 um/h after 4600 hours of
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interaction. In anaerobic conditions, the rate of corrosion becomes less than 5 pm/h after 300-600
hours of steel contact with water that equilibrated with bentonite [43].

According to other data [37] at moderate temperatures in anaerobic conditions, carbon steel
corrosion occurs at a rate of the first microns per year. Radiation does not significantly affect the
rate of corrosion and can lead to its slight increase or even decrease, but under large radiation loads
negative accelerating effect on the destruction becomes more evident.

Stainless steel is more stable than carbon steel. Its average corrosion rate under hypothetical
RW repository conditions is estimated at 0.01 um/h, expected corrosion is 31.8 mm per 1,000 years,
realistic values of the corrosion rate are 2-20 mm in 10,000 years [60].

Stainless steel corrosion rates are in the range from 0.003 to 0.15 pm/h for Belgian HLV
repository in Boom clay formation [35]. Its total corrosion in water equilibrated with cement is
0.03-0.5 um/year in aerobic medium and 0.001-0.01 um/year in anaerobic conditions. Corrosion of
steel slows down with time and pH of water increase, but increases with temperature growth,
increase of oxidizing potential and increase of water mineralization.

In the works [25. 54] it has been shown that steel anaerobic corrosion rate during first tens
of hours reaches 70 um/h (70 mxwm/pr,) and then decreases to the first microns per year due to
formation of protective layer consisting of steel corrosion products — oxides (magnetite, maggemite)
and carbonates (siderite , FeCOg3) of iron (Fig. 1). With pH of water increasing, the rate of steel
corrosion and hydrogen generation are reduced by two orders of magnitude - from several dozens to
one tens of liters per square meter per year, but irradiation leads to its increase [45]. Temperature
accelerates formation of protective layer on the steel surface, which in reducing conditions (Eh -300
mV) at 90 °C and pH 8 starts to form during one hour of steel and 0.1 M (HCO3+ CO3?) solution
contact [19].

A similar structure of the corrosion layer was reported in an eight-month experiment on steel
and argillites interaction at 90 °C under anaerobic conditions [13]. There can be highlighted
external dense layer of iron carbonate (FeCO3) corrosion products and an internal interchange layer
of iron oxides and silicates. In the presence of bentonite, it is reported a drop in of steel corrosion
rate in water over time, reaching stationary regime of 1-3 microns/year, already after hundreds of
hours in experiments with bentonite suspension or with water in equilibrium with bentonite or after
one thousand hours in contact with compacted bentonite. Solution pH increase suppresses steel

corrosion as a result of poorly soluble Fe?* hydroxides the container surface.
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Inner oxide
layer

Pearlite

Puc. 1. BynoBa mapy npoaykTiB KOpo3ii Ha KOHTaKTI HU3KOBYTJIEIIEBOI CTalli 1 BOJIOHACHYEHO] MacTH 3 TIMHU Imicis 550
r upu 90 °C y anaepoGuux ymoBax [13]

Fig. 1. SEM cross-sectional view of a low-alloy steel corroded in a clay paste at 90 °C after 550 h under anaerobic
conditions [13]

Thus, corrosion rate depends on the properties of the metal, various environmental factors
(Eh-pH, temperature, composition and total mineralization of groundwater, etc.) and associated
processes in the EBS, for example, formation of corrosion products films. In the aerobic stage (with
oxygen presence) after waste placing into storage facilities, corrosion of steel slows down over time
and with pH increase, but accelerates with temperature growth, increasing of oxidation potential
and water mineralization. In this stage, formation of a protective film plays main role in reducing
ofcorrosion rate, especially at high pH values in contact with bentonite and temperature growth.

At the beginning of the anaerobic period, a previously formed film consisting of a porous
layer of Fe (II) corrosion products (and possibly FesO.) may be present. This previously formed
film will have the same effect on the corrosion process as a porous film formed in anaerobic
corrosion. If the main function of this film is to block the surface, then the formation of primary
corrosion products film under anaerobic conditions, ignoring the effect of the previously existing
film will not matter. However, if the corrosion products film main effect is to limit the matter
transfer in the direction to and from the surface, then ignoring the previously existing film will lead

to underestimation of the overall thickness of the film and, thus, the rate of corrosion.
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3. Bentonite clays transformation processes in steel container — bentonite system in
geological repository conditons

Bentonite is a montmorillonite clay, which has high sorption capacity, plasticity and
swelling when saturated with water. The specificity of montmorillonite structure is the presence of a
three-layer package of the tetrahedron-octahedron-tetrahedron. The bonding between all the
packages is weak and water can penetrate into this space, which causes strong swelling of the
mineral. Its cation exchange capacity reaches 80-120 mg-eq per 100 g. Montmorillonite content
reaches 55-95% in bentonite, other minerals are represented by hydromica, chlorite, kaolinite, and
quartz. The largest deposits of bentonite are formed during decomposition of volcanic ash and tuffs
in underwater conditions [4.23].

Bentonite buffer transformations at the initial stage GR evolution depend on the degree of its
saturation with water: firs — dehydration, which is caused by bentonite heating with the heat of
radioactive waste, and then — rehydration, due to the penetration of groundwater in the GR. When
bentonite is saturated with groundwater, it swells and fills empty spaces between the buffer and
waste canister and rocks cracks near to the buffer.

Mineral composition and bentonite isolating properties can change under the influence of
high temperature, chemical composition of groundwater, products of waste dissolution and pakage
material corrosion, which is made of steel or other material, as well as related microbiological
processes. Combined effect of these factors and the possible synergistic effect are difficult to
predict. Chemical and physico-chemical evolution of the buffer are regulated by thermodynamic
conditions in GR system, which contribute to formation and transformation of new nanosized
minerals, and is closely related to the quantitative ratios of the disperse phase and the dispersion
medium (solution) [29]. Thermal, hydrodynamic and mechanical processes can last from several
hundred to 1000 years, and mineralogeochemical reactions caused by corrosion of canisters or
products of destruction of structural and associated materials will occur during all time of GR
evolution.

Temperature is one of the key factors that affect the rate and degree of smectite
(montmorillonite) phase transformation. At the same time, it is known that at the evolution
beginning, the temperature in GR will be relatively low (<150 °C), with steady decrease trend.
According to the prognosis [33], the maximum expected temperature in GR will be 45.5 °C in 1000
years, and after 10,000 years - 20.5 °C. Consequently, it is likely that chemical composition of the
water environment will control bentonite buffer evolution with respect to phase transformations of

the mineral phases [51].
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It can be assumed that the porous water chemical composition in bentonite buffer should be
influenced by diffusion of iron water hydroxy forms, formed during canister corrosion, as well as
other compounds introduced from containing rock. At the same time, bentonite is characterized by
high acid-alkaline buffer capacity, which is provided by surface hydroxyl groups protonation-
deprotonation, as a result of which the chemical composition of bentonite porous water will remain
stable for very long time [14] and is almost the same as the composition of groundwater in
contacting it [38]. Moreover, when contacting bentonite with groundwater of granites where GR is
located in, the buffer sorption capacity and clay’s ability to cation exchange are practically do not
decrease, which will promote sorption retardation of individual forms of radionuclides.

It is possible that, Na-form of montmorillonite will be changed by its calcium form during
the geological repository evolution, but to date there has been no experimental evaluation of the
actual speed and extend of these changes. It can be predicted that the bentonites transformation into
its Ca-dominating composition will contribute to long-term stability of the buffer, since calcium-
containing smectite is characterized by high water-holding (isolating) properties, high sorption
capacity and resistance to dissolution when it is in contact with strongly alkaline ground waters.
Natural bentonites (MX-80, Cherkaskii) contain not only Ca?* and Na* cations, but also cations
Mg?* and K*, which has low effect on cation exchange process, therefore, it is almost impossible to
achieve mono-cation composition of bentonite buffer in the GR conditions.

Important questions concerning the phase transformation of bentonite and, consequently,
changes in its physical and chemical properties, are processes of buffer interaction with corrosion
products of steel container. When contacting groundwater saturated with bentonite buffer with steel
surface, mineralogical changes of bentonite can occur in two ways: saponitization and/or
beidellitization according to the scheme: low-charged montmorillonite — high-charged baidellite +
saponite + quartz [32, 56] and/or ilitization [53]. While saponitization is not critical to the isolating
properties of the buffer due to the fact that saponite, like bentonite, is swelling - capable and can be
used as a buffer material itself, the formation of beidelite critically affects the isolating properties of
the buffer.

Thermodynamic calculations suggest processes of montmorillonite dissolution and iron
enriched minerals precipitation in the conditions of the GR. The most probable products of
montmorillonite transformation are iron smectites (for example, Fe-saponite), berthierine or
chlorite, which has been confirmed experimentally [58]. At the same time, the transformation of
montmorillonite in contact with iron at temperatures > 50 °C remains controversial, and the results

obtained are contradictory. Most of them were obtained from the French Radioactive Waste
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Management Program [32]. Thus, at T = 80 °C, in some experiments, the newly formed iron-oxide
phases were not detected; in others, only corrosion products - magnetite, hematite, goethite were
found, in the third — it was reported the presence of berthierine, nootronite, saponite. At
temperatures of 250-300 °C, it is reported the formation of chlorite and saponite, that is, smectite
with high Fe content. But general conclusion regarding the processes of bentonite transformation in
GR conditions in contact with the steel surface is that under the isothermal conditions the ratio of
disperse phase/dispersion medium are in the inverse-correlation dependence to mineralogical buffer
changes.

In particular, according to [24], the reduction of the ability of bentonite to swell due to its
interaction with the container metal (iron) remains limited in space to several centimeters over a
long period of time. The main source of the ferrum is newly formed siderite particles and Fe2*
cations in porous water of unchanged buffer. According to the results of the long-lasting (8.2-10
years) experimental modeling of MX-80 bentonite transformations in contact with iron (cast iron)
placed in a copper container, it is shown [28] that the diffusion front of iron into bentonite is 7-8
mm from iron surface. Saturation of the initial solution (0.5 M NaCl) with Mg?*, Ca?* and SO4*
ions resulted in solution alkalinity increase to 8 and formation of mineral phases of gypsum, quartz,
aragonite and hematite on the surface of the bentonite. At the same time, bentonite in contact with
cast iron was cemented to a certain extent due to illite fraction content increase. Converted
montmorillonite have been characterized by decrease in the ability to swell and swelling pressure,
but its hydraulic conductivity practically did not change. In general, it was found that ferrum was
incorporated into the structure of montmorillonite, and silicon oxide - released from it. The increase
in amount of exchange iron in the bentonite occurred in the direction to cast iron. After 8,6 years,
the redox conditions in external solution and porous water were strongly reducing. The gas phase
contained Hz, which was probably released due to cast-iron cylinders corrosion, and CO3, the
source of which could be the calcite dissolution.

At the same time, with iron/clay ratio increase and pH value increase, the transformation of
bentonite occurs more intensively, which have been shown in serial IAEA tests. In samples that
were kept in 0.3-0.6 M NaCl solutions and, partly, in 0.1 M NaHCO3 solution montmorillonite have
lost its swelling ability and turned into another clay containing phases of serpentine and berthierine
in the contact zone with steel. Silica oxide was released as a result of montmorillonite
transformation. In samples that were kept in distilled water and in 0.05 M solution of sulfate in
distilled water solution, a montmorillonite fraction was isolated that contained magnetite and pyrite
admixtures. In general, the montmorillonite component of bentonite MX-80 after 8-10 years of
contact with iron practically did not change. There was also no evidence of complete
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montmorillonite transformation into non swelling mineral. But such a transformation can be
accelerated by increasing ionized iron content on the bentonite container interface and increasing of
aqueous medium pH.

Taking into account the presence in the granite groundwater of K* cations (mainly because
of feldspars presence in granites) that have the largest, compared with other cations, energy of
absorption by montmorillonite [3], the illitization of bentonite buffer can become a real threat to the
safety of the storage facility. The gradual transformation of montmorillonite into illite happens
because substitution of interlayer cations Na* or Ca?* on K*. As a result of illitization, mixed layers
of illite/montmorillonite are formed. In this case, pure illite does not have the ability to swell, and
for the mixed later illite-montmorillonite, this ability is limited. Additionally, a gradual change in
the mineralogical characteristics and physical-chemical properties of the buffer, such as the specific
surface, cation exchange properties, hydraulic conductivity, etc., are observed.

At the same time, Kinetics simulations montmorillonite to illite transformation, performed
for KBS-3 type repository conditions [42], has proved practical impossibility illitization process
because of low temperature in the repository. At temperatures below 100 °C, the rate of bentonite
transformation will be insignificant and will not lead to buffer isolation properties loss during the
period when the buffer should perform safety functions. However, taking into account that
montmorillonite to illite transformation process is also influenced by a number of other factors,
such as the degree of bentonite saturation with water or disperse phase/solution ratio, pH value,
concentration of alkaline cations (in particular, K*), evaluation of illitization process probability
should be carried out separately for each GR site.

Detailed studies of temperature of bentonite to illite transformation were performed for
samples of different nature in wide range of physical and chemical conditions. Thus, the results of
study of ilitization in natural conditions have proved [22] that montmorillonite exists in stable state
for more than 1 million years at temperatures below 100 °C. The authors of the work [22] have
concluded that noticeable ilitization at temperatures of 100-130 °C will not occur even for ten years.
In a review paper [57], which is devoted to the study of bentonite stability at temperatures <100 °C,
it is assumed that the transformation of smectite into illite depends on temperature, time and
concentration of K* in porous water. At the same time, it was reported that in wet conditions at T =
120 °C no significant changes in hydraulic and mechanical properties were detected in bentonite,
and noticeable effects of cementation and possible ilitization were observed only at temperatures >

150 °C. In dry conditions, montmorillonite (bentonite) remains stable to temperature up to 300 °C.
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Prognosis estimates of the state of Olkiluoto geological repository (Finland) [29] testify that
illitization and cementation (by silicon dioxide or iron oxides) of bentonite buffer are unlikely due
to the current and expected natural conditions (composition and localization of groundwater and
possible temperature changes). However, the use of external materials and repository structures,
such as cement-based fillings, can lead to the release of K* and SiO?" and increase pH> 13, which
can accelerate of cementation/illitization processes, and also contribute to other transformations
such as saponitization and/or beidelitisation. In particular, it is believed that zeolite formation
occurs even at a pH of <11. It is expected that initial leaching products in the repository will have
pH ~ 10.5-11.5, but further redistribution of the substance under such conditions is not determined.

Thus, in spite of the prognostic estimation, according to which significant harmful influence
of the container shell on the physical and chemical properties of the buffer is not expected for 105
years, the processes of phase transformations on bentonite - steel interface should be taken into
account when calculating the isolating characteristics of the buffer material. An important issue that
should also be considered during GR creation is the potential impact of Fe?* on the sorption centers
of bentonite. But preliminary experimental results indicate that front of the ferrum transfer from the
container surface will not penetrate deeply into buffer for a long time. On the contrary, the zone of
corrosion process and formation of highly dispersed and sorption-active particles with iron-
hydroxide and iron-oxide composition can play the role of effective sorbents and reducing agents
(in the case of formation of Fe (I1)-Fe(I1l) DLH and magnetite) for redox conditions sensitive aqua

(hydroxo) forms of uranium (1), plutonium, technetium and selenium.

Conclusions

1. Bentonite clay, which is used as a buffer material in design of geological repository of
radioactive waste, over repository evolution conditions under the influence of a number of factors,
can change its mineralogical-geochemical, geomechanical and hydraulic properties, which can lead
to decrease in buffer insulating properties. Particular attention needs to be paid to the analysis of
processes that take place at the interface between bentonite buffer and the steel container.
According to thermodynamic calculations, the most probable reaction products in the disposal
facility will be ferrous smectite (Fe-saponite), berthierine or chlorite.

2. During the contact of groundwater saturated bentonite buffer with steel surface,
mineralogical changes of bentonite can be directed by saponitization, beidelitization or illitization.
While saponitization is not critical for buffer isolating properties because of the ability of saponite

to swell, formation of beidelite essentially worsens the buffer insulation properties.
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3. One of the main processes that can become critical for bentonite isolation properties is the
illitization of montmorillonite, the rate of which depends on temperature, chemical composition of
the aqueous medium (pH and alkaline cation concentration, especially K*), degree of bentonite
saturation with water, and the ratio between dispersion phase and dispersion medium. While a
predictive estimate shows impossibility of buffer illitization due to low temperature, the use of
external building materials, in particular, cements may shift the balance and lead to transformation
of bentonite to illite.

4. Previous studies have shown that the diffusion of ferrum-containing components into
bentonite is limited to a few centimeters in space for a long time. Formation of Green Rust
embryonic structures and ferrihydrite on the steel surface and their phase transformations into the
sorption-active oxyhydroxides and ferrous oxides phases can become an additional mechanism for
radionuclides mobile forms fixation and transferring them to less mobile and toxic state by
reduction.

5. In order to predict the long-term stability of the bentonite buffer and assess the safety of
the storage facility, taking into account mineralogical-geochemical processes caused by corrosion of
the container, and the possible transformation of bentonite buffer in the conditions of the geological
repository, integral experimental research should be introduced into the future concept and program
of creating a geological repository in Ukraine. One of the points of such a study should be to
analyze the processes of phase formation on steel - bentonite interface and to determine the effect of

newly formed nanosized phases on their isolating properties radionuclide migration.
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npoyecié (Popmy6anHs HAHOPOIMIDHUX MIHEPAIbHUX (a3 HA NOBEPXHI po30ily OenmoHimoeozo Oygepy,
MIHEPANbHULL CKIA0 K020 MICIumb nepesaxicio mouwmmopunonim (70-90mac.%), i cmanesoeo konmetinepy 6
YMOBAX 2€0N02IMHO20 CXO8UWA PAIOAKMUBHUX 6I0X00I8. Po3enanymo 3minu  Qi3uKo-XiMiuHUX yMos,
MIHEPANOSIYUHUX, 2COMEXAHIMHUX | 2IOPAGNIYHUX 8IACUBOCHell OeHMONIMY Ni0 Y4ac eKcnayamayii i 3aKpummsi
2€0/10214HO20 CXOBUWIA, WO MOACYMb NPU3BECTU 00 3HUNCEHHS 13010104UX enacmusocmell 6ygepa. Ocobausol
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yeazu nompebye amaniz npoyecis, sKi 8i00Y8AMUMYMbC HA epanuyi po3oiny OeHmoHimosozo 6ygepy ma
cmanesozo koumetinepa. Ilokasano, wo gopmysanns Ha nosepxui cmani 3apookosux cmpykmyp Green Rust i
Gepuciopumy ma ix ¢azosi nepemeopenHs Ha cOPOYIIHO-aKMUSHI hasu OKcueiopokcuoie ma okcuoie gepymy
MOdice cmamu 000amMKOSUM MeXAHIZMOM ikcayii MOOIIbHUX hopM PadioHYKAIOI6 Mma nepeeeoeHH s ix 8 MeHu
MOOITbHULL MA MOKCUYHULL CMAH WIAXOM 6i0H0GIeHHA. [Ipu Konmaxmi HACU4eHo20 TPYHMOBUMU 600AMU
benmonimogozo 0Oygepy 3 nosepxmerd Cmani MIHepAno2iuHi 3MIHU OEHMOHIMY CHpAMOBAHI HA Npoyecu
canonimuzayii i 6etdenimuzayii. B mou wuwac, 5K canowimuzayii He € KPUMUYHOI OJisl I307H0H0YUX
enacmusocmetl 6ygepy HACIIOOK 30AMHOCMI CANOHIMY 00 HAOYXAHHS, A YacmKose ab0 NOGHe YMBOPEHHS.
betidenimy cymmego nociputye i30aayiuni enacmugocmi oygepy. OOHUM 13 20106HUX NPOYECis, SKULL MOXCe
cmamu KpumusHuUM 07151 i30JAYIUHUX 8ACTUBOCMell DeHMOHRIMY, € LIMu3ayiss MOHMMOPUIOHIMY, UEUOKICMb
AKOT 3a1edcums 60 memnepamypu, XimMiuHoz2o ckiady 600H020 cepedosuwa (3Havenns pH ma xonyenmpayii
JYACHUX Kamionis, ocobnuso, K*), cmynens nacuuenocmi 6enmouingy 600010 ma Chie8iOHOWEHHS OUCNEPCHOT
Gaszu ma Oucnepcilinozo cepedoguwya. B moiu uac, sx npocHosna oyiHKa cIOYUMb NPO HEMOJICIUBICHIL
inimizayii Oygepa 6HACHIOOK HEOOCMAmHbOI memnepamypu Ha NOBEPXHIOEHMOHIMY , BUKOPUCHAHHSL
CMOpOHHIX OYOi6ebHUX Mamepianie, 30KpeMmd, YeMeHMI8, MOdce 3CYHYMU pPIGHO8A2y ma Npuzeecmu 00
nepemeopentHs 0Oenmonimy Ha inim. B cmammi niokpecieno HeoOXiOHICMb NPOBEOEHH KOMMNIEKCHUX
eKCnepuMenmanvbhux O0oCHiodicensb, 5Ki 0a0ymb 3MO02y CHPOSHO3Y8AMU 00820CMPOKO8Y CMAOLIbHICHb
benmonimosoeo 0ygepa 6 ymosax iCHY8AHHs 2e002IUHO20 CXO8UWA 3 YPAXYBAHHAM MIHEPAn020-2e0XIMIUHUX
npoyecie, BUKTUKAHUX KOPO3IEI CMANe8020 KOHMeUHepa.

Knrouosi cnoea: Genmowuim, xoposis cmani, nosepxHs po30ity cmaib-0eHmoHim, Gazosi nepemeopeHHs
benmonimy, inimuzayis, Green Rust, ¢pepuciopum
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VIIK 550.42

MUTI'PAIIMS CBUHIIA U IMHKA B YEPHO3EMHOM MOYBE B YCJOBUSX
KECTKOI'O TEXHOI'EHHOI'O 3ATPA3HEHUSA

Manuuen B.U.

bonpapenko I'.H., Kononenko JI.B., Boicorenko O.A., , Kyzenko C.B.

Bongapenko I'.H. 1. reon.-muH. H., TI. H. ., ['Y«HCTUTYT Teoxumun okpyxarorieii cpeast HAH Ykpaunsn», bogernic34@gmail.com
Kononenxo JI.B. k. reoin.-MuH. H., BeJl. H. ¢., 'Y «HCTHTYT reoxumun okpyskaromieit cpemst HAH Ykpauns», Ikononenko@gmail.com.
Bricorenko O.A. H. c., ['Y«MucTHTYT reoxumnn okpyskatomeit cpeast HAH Ykpaunsi», vysotenkooksana@gmail.com

Kysenko C.B. u. c., I'Y«MHcTuTyT reoxumun okpysxkatomei cpenst HAH Ykpauns»

IIposedenvl sxcnepumenmanvhbvlie UCCIe008aHUL POPM HAXONHCOCHUSL MEXHO2EHHbIX YUHKA U
CBUNHYA 6 UYEePHO3EeMHOU Nnouee 6 30He GIUAHUA KOMOUHama «YKpyumky», Komopbvie
nOOMEepoUn KOPPeKMHOCMb PEeKOHCMPYKYUU OUHAMUKU MPAHCHOpMAYUU MexXHO2EHHO20
CceUHYa, npeockazasuiel, 4mo npu 6vblCOKOU cmeneHu 3acpasnwenus (>1000 me/xe)
HaKoneHue MOOUIbHLIX YOpM C8UHYA NPOUCXOOUM CMOb UHMEHCUBHO, YMO CNOCOOHOCMb
nouGbl K UMMOOUIUZAYUU 3A2PA3HUMENS UCYEePNbleaemcs, U meM CAMblM  Noyed
ympauueaem ecmecmeeHHy0 CHOCOOHOCMb K camosoccmarnosienuto. Hccnedosanue gopm
HAXOJHCOEHUSI MEXHO2EHHbIX YUHKA U CEUHYA 6 YEPHO3EMHOU Nou6e 6 YCIOBUAX OUEHb
UHMEHCUBHO20, HcecmKo2o 3azpsazteHus (bonee 2000 me/ke) nokasano, 4mo UMMOOUTUZAYUSL
YUHKA 4epHO3eMHOU NOYBOU NPAKMUYECKU He NPOUCX00UM, UMMOOUNUZAYUS CBUHYA — OUEHb
oepanuuena. Ilokasano, 4mo npu 6bICOKOU CMeneHu 3a2pA3HeHUs YePHO3EMHOU NOYEbl
MANCENIMU ~ MEMALIAMU — NPOUCXOOUM — UHMEHCUBHASL — BePMUKAIbHAS — MUcpayus
mexHoz2enHblx 3aepazHumenei — Ha 2nyoune 20-30 cu ommeuaromesn konyenmpayuu Zn Ha
yposue 2-4 2/ke, u Pb — 250-375 me/xe. Pezynivmamwsi ucciedosanuii noxazaniu, 4mo
3aeps3HeHue MmpasaHol pacmumenbHoCmu Zn NoOYUHAEMCs TUHEUHOU 3A8UCUMOCTMU OMm
cooeparcanuss MoOUuIbHo20 Zn 6 nouge. 3azpsazuenue pacmumenvhocmu Pb omxknonsemcs om
JUHEUHOU 3ABUCUMOCIU OM CO0epIHCaHUsl MoOunbHo20 Pb, noziowenue eco pacmenusmu
HeCKOIbKO MeHee UHMEHCUBHO, yem 6 cayyae Zn. Taxkoe omauuue modxcem 00BACHAMbCA
PA3HLIMU  POJIAMU  DMUX Memanlog 6 dHcuzHedesmenvHocmu pacmenuu. Haubonee
3a2PAIHEHHOU MANCENLIMU MEMAVIAMU OKA3bl8AEMcs pACMUMENbHOCb HA YYACMKAX,
Xapaxkmepusyrouuxcs blCOKUM COOEPHCAHUEM UX MOOUNbHLIX Gopm Ha enydOune Oogee
10 cm, umo mooicem ceudemenbcmeosams O MOM, UMO CYUWECHMBEEHHbIM UCTOUYHUKOM
3a2pA3HeHUs MPAGAHOU PACMUMETbHOCIU MANCENLIMU MEMALIaMU A6AAI0MC NOYEEHHbIE
pacmeopvl U3 2nyOOKUX Cl0e8 NnouBbl, 0002aAWeHHbIX MOOUTLHLIMU QopMamu  SMux
Memannos.

Knrouesvie cnoea. msoicenvie memaJijivl, MOOUIbHbIE ¢0pﬂ/tbl, 0uHaMMKCl, seEpPpMUKATIbHAA
Mmucpayusl, uMM06u/zu3aL;uﬂ

BBeaenue

TexHOreHHbIe 3arpsi3HUTENU, B TOM uucie Tsokenble Metamuiel (TM), mocrynaromue B

atMochepy B TEUEHUE JUIUTEILHOTO BpPEMEHU (YHKIMOHUPOBAHUS HCTOYHUKA 3arps3HEHus,

HaKaIlJIMBAOTCA B IIOYBCHHOM IIOKPOBC. TM TexHOreHHOro MNPOUCXOXKACHUA IIOCTYINAKOT Ha

MOBEPXHOCTh MOUYBBI B (JOpPME, CYIIECTBEHHO OTJIMYAIOMICHCS OT MPHUPOAHBIX COCAMHEHUU JTUX
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MeTasuioB. Takum o0pa3oM, OHM OKa3bIBAIOTCS B TEPMOAMHAMHUYECKH HEPAaBHOBECHOM COCTOSHUM,
4TO MHHULIMMPYET IIPOLECChl B3aUMOAECHCTBHS TEXHOTEHHBIX HPOAYKTOB C IIOYBEHHBIM
MOTJIOMIAOIIMM KOMIUIEKCOM, C MUHEPAJIaMH 1OYBBI.

TBepmast ¢aza mouBsl Onaromaps pa3BUTONW MOBEPXHOCTH, HAIMYUIO (PYHKIIMOHAIBHBIX
IpyIN, SABISETCS MOMM(PYHKIMOHAIBHBIM  COPOEHTOM, CHOCOOHBIM K  OJIHOBPEMEHHOMY
MIOIJIOIIEHNIO KaTHOHOB, aHUOHOB M HEWTpajbHBIX MOJIEKYJ. B pesynbrare B3auMOIEHCTBHUS C
nouBor TexHoreHHele TM mepexomaT B (U3MKO-XUMUYECKHE (OPMBI, KOTOpPBIE C Pa3TUIHOU
CTETEeHbIO MPOYHOCTHU CBSA3AaHBI C MOYBEHHBIM MOTJIOMIAIOIIUM KOMITIEKCOM.

B mpormeccax BOJHOH MHUrpanuy y4acTBYIOT (DOPMBI 3JIEMEHTa, B HaWMEHBILIEH CTENEeHU
cBsA3aHHble ¢ 1mouBod. [lomumo BomopacTBOpUMOH, Takoil QopMoli 31eMeHTa SBISIETCS
HOHOOOMEHHas. OTu 1Be (POpMBI COCTaBISIIOT MOOMIBHYIO (GopMmy HaxoxaeHus TM B mouse,
KOTOpasi OHpeenseT UX CIOCOOHOCTh K BEPTUKAIbHONH aOMOr€HHOM MHUTpallud M K YCBOEHHIO
pPAacTUTENBHOCTBIO, T.€., K OuoreHHoi murpanuu. IIpouno ¢uxcuposanusie popmsl TM Hamodro
UCKJIIOYAIOTCS U3 MPOLIECCOB A0MOT€HHONW U OMOr€HHOM MUTPALUH.

OOBEKTHBHYIO OLIEHKY YPOBHS 3KOJIOTMUECKOW ONACHOCTH OTHOCHUTENIBHO TEXHOI'€HHOI'O
3arpsA3HEHUs MOYBbI TSDKENBIMH METaJulaMHU J1aeT HCCleoBaHue UX MOOMIBHBIX (GopM. MMenHO
MOOMIIbHBIE (OpPMBI 00€CHEUMBAIOT MOCTYIUICHUE AJIEMEHTOB-3arpsi3HUTENIEH B MEPBUYHOE 3BEHO
Tpoduueckux meneii. XapakTepHOH 0COOCHHOCTHIO TEXHOTEHHO 3arps3HEHHBIX TIOYB €CTh BBICOKAS
no7st MOOMITBHBIX (hopm TM.

[Ipu mocCTyIuIeHMM 3arps3HHUTENS B OKPY)KAIOIIyI0 cpeay B BOJIOpPacTBOpUMOM (opme
COpOLIMOHHBIE MPOIIECChl HA MOYBE MPOUCXOASAT HEMOCPEICTBEHHO BCIIEA 3a €ro BhIMaJeHUEM Ha
3eMHYIO TOBEPXHOCTh. [IpM MOCTymieHHH 3arps3HUTENS B COCTaBe TBEPAO(DA3HBIX BbIMaJCHUN
npolecc ero TpaHcGopMaIK MPeaCTaBIseT COOOH COBOKYHMHOCTh IPOLIECCOB MOOWIIM3AINH,
MMMOOWIN3AlMY U PEMOOMIM3ALNH, T10CJIEN0BATEIbHOCTh KOTOPBIX MOXKET OBITh IIPEICTABIIEHA B
BUJIE CXEMBI:

k
k 2
1 —
P——>W < E), . F (1)
3
rae: P, W, E, F — tBepnodaznas, Bogopacrsopumasi, 0OMEHHasl, KOHcepBaTUBHas ((PUKCUpPOBaHHAs)

dopma smemeHTa, COOTBETCTBEHHO; Ki, Kz, K3 — KOHCTaHTBI CKOPOCTH MOOHJIM3AIINH,

MMMOOWMIIM3AIIUU U PEMOOUIM3AIINH.

Kunernuyeckue 3akoHoMepHocTH Tpancpopmauuu TM
CootHomenne GopM HaXOXKICHHS 3arpsS3HHUTENICH B MOYBE, CKJIAJBIBAIONICECS BCICICTBUE

UX TpaHCPOpMAIlMK, MEHSETCS CO BPEMEHEM B 3aBHCHMOCTH OT CKOPOCTH IIPOIECCOB
© Boumapenko TI'.H., Konomenko JLB., Boicotenko O.A., Manmues B.WM) Kysenxo C.B. MUTPAIIMS CBUHIA M IIMHKA B

YEPHO3EMHOM TTOYBE B YCJIOBUAX XECTKOI'O TEXHOTEHHOT' O 3ATPSI3HEHUSA
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TpaHC(POPMALIUU U ONpeAeseT UX MUTPALIMOHHYIO CIIOCOOHOCTb, YCBOCHHUE PACTUTEIbHOCTBIO, TO
€CTh, B KOHEYHOM UTOI'€, BO3ACHCTBHUE 3arpsA3HUTENIEH Ha YKOCHCTEMY.

Panee Hamu OblLla yCTaHOBJIEHA 3aBUCHUMOCTb CKOPOCTH ITPOLIECCOB MMMOOWIM3ALUU U
peMOOMIIM3alud OT KOHLEHTPAIlMM BHECEHHOr'O0 B TOYBY CBHHIA. [IpM KOHIIEHTpanmusX CBHHIA
1000-3000 Mr/kr BeIMYWHBI KOHCTAHTBI CKOPOCTH HMMoOuam3anuu (Kz2) CBUHIIA B JCpHOBO-
HOJ30JIMCTOM TOYBE OKa3ajMCh MOYTH BJBOE BBINIC AHAJIOTMYHBIX BEJIMYUH TPH 3arps3HEHUU
cBUHIIOM Ha ypoBHe 250-500 wmr/kr. BenuuuHBI KOHCTaHTBI CKOpocTH pemoOmmm3ammu (Kz)
BO3pACTAIOT C YBEJIMYCHUEM KOHIICHTPAIMH CBUHIIA B €Ie OOJbIIeH CTETeHH.

PexoHCTpyKIUS TUHAMUAKY TpaHC(GOPMALMK CBHUHIIA, BHIABIIET0 HA TIOYBEHHBIH MOKPOB B
coctaBe TBepmoir (asel (puc.l), mokaszana, YTO MPH 3arps3HCHUU I[IOYBBI CBHHIIOM, HE
npesbimatomemM 500 MI/kr, copepkaHue ero MOOMIBHBIX (POpPM JOCTUraeT MakcuMyMma uepe3 3-
5 JeT mociie BhINaJeHus, gajiee MOCTeNEeHHO CHUXKaeTcs O6yaroaapst o0pa3oBaHUI0 (PUKCUPOBAHHBIX
¢opm [1]. Tak Kak CcaMONpPOM3BOJBHOE YMEHBIIEHHE JO0JIM MOOMIBHBIX (OPM TOKCHUYHOIO
SIIEMEHTa B TI0OYBE BJIEYET COOTBETCTBYIOIIEE YMEHBIICHHE €ro MHUTPAIMOHHOH CIIOCOOHOCTH,
YMEHBIIIEHUE MOCTYIUICHUS B Ha3€MHYI PAaCTUTEIbHOCTb, TO OTHOLIEHHE MOOMJIBHOM (hOpMBI K

(UKCHPOBAHHON MOXKET CIYKHTh MEPOW CaMOBOCCTaHOBJICHHUS TTOUYBHI.
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Puc. 1. [lunamuka MOOMIBHBIX ()OPM TEXHOT'€HHOTO CBHHIIA ITpX KoHIEeHTparmu <500 mr/kr (a) u > 1000 mr/kr (6): 1 —
ki = 0.16, ko = 0.45, k3 = 0.023; 2 — k; = 0.16, ko, = 0.55, ks = 0.11; 3 — k= 0.16, k» = 0.8, k3 = 0.26; 4 —k; = 0.16, k, =
0.9, ks =0.25; 5— k1 = 0.16, ko, = 0.95, ks = 0.22.
Fig. 1. Dynamics of technogenic lead mobile species at concentrations of <500 mg/kg (a) and > 1000 mg/kg (b): 1 — ks
=0.16, ko = 0.45, k3 = 0.023; 2 — k; = 0.16, k, = 0.55, k3 = 0.11; 3 - k;= 0.16, k» = 0.8, k3 = 0.26; 4 —k; = 0.16, k, = 0.9,
ks =0.25; 5 - ki =0.16, k = 0.95, ks = 0.22.

[Tpu BeICOKOI cTemenu 3arpsi3Henus (>1000 Mr/kr) B TedeHue MepBbIX 2-3 JIEeT MPOUCXOIUT

ObICTpOE HAKOIUIEHHE MOOMJIBHBIX (OpM CBUHIA, 3aT€M MX HAKOIJIEHHE 3aMeJyIsiercs,

npubIMkasich K HEKOEMY paBHOBECHOMY 3HaueHHIO0. YeMm BbllIe 3arpsS3HEHHOCTb IOYBBI
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TEXHOT€HHBIM CBHMHIIOM, TeM OOJbIIE€ ATO 3HAYCHHE IPEBBIIIAET PABHOBECHYIO KOHIIEHTPALIUIO
MOOMJILHBIX (DOPM IMPUPOHOTO CBHHIIA. U MPU BBICOKOM ypoBHE 3arpssHeHHOCTH (>1000 mr/kr)

ACPHOBO-TIOA30JIMCTAasd MOYBa YTpauuBaACT CCTCCTBCHHYIO CIIOCOOHOCThL K CAMOBOCCTaHOBJICHHIO.

3arpsi3HeHHe NMOYBHI CBMHIOM M IHHMHKOM B 30H¢ BJIHSIHHSA 3aB0Ja «YKPUUHK»
(r. KoHcTaHTHHOBKA)

OCHOBHOHM BKJIaJ B 3arpsi3HEHUE OKPY)KAIOLIEH Cpelabl THKEIbIMH METallIJaMM BHOCAT
npeanpuaTus LBeTHoM Mmetamnypruu. Ha tepputopun Ykpauns! 6onee 70 ner nmpopaboTan 3aBoJ
«YxkpuuHk» (1. KoncrantuHoBka, JloHenkoil 00J.), KOTOpBIH CTaJl MOIIHBIM HCTOYHHKOM
3arpsi3HEHUs OKpykawomeh cpensl TM — mpexzae BCero HMHKOM M CBUHIIOM, a TaKX€ MENbIo,
kagmueM, U p. ChIpbeM ISl MOJy4YeHHs IIMHKA U CBHHLA ObLIM MOJIMMETauIndeckue pyasl. TM
NOCTyNaJId B OKPYXAIOU[yl0 Cpely B OOJbIIOM KOJMYECTBE B BHUAE a3pO30JbHBIX U
KPYIHOIBIJIEBATHIX YacTHIl. B rogsl MakcuMaabHON aKTUBHOCTH IIPOU3BOJCTBA 00BEM BHIOPOCOB B
atMocdepy gocturan 10 ThIC. TOHH B I'OJ.

AJMHMHHMCTPATUBHO 3TO MpEANpHUsATHE OTHOCUTCA K JloHenkol o0nacTé M pacloloKeHO B
BOCTOYHOM 30HE CTEMHOW OMOKIMMATHYECKOM MPOBUHIMH. B TOYBEHHOM TIIOKpOBE 30HBI
npeo01aJaroT YepHO3eMbl OObIUHBIE, MAJIOTYMYCHbIE, PAa3BUThIE HA JJIOBHU TIIMHHUCTBIX CIIAHIIEB.
Berpeuarores Takke JETKOCYTJIMHUCTBIE U JIyTOBO-UYE€PHO3EMHBIE NTOUBbI. UepHO3EMHbIE T1OYBHI B
30HE BJIMSHUSA KOMOMHATa B 3HAUUTENBHOH MeEpe MOXXKHO OTHECTH K ypOaHH3HpPOBAHHBIM, OHH

UMEIOT MOITHOCTB OT 50 10 90 cM, 3ajeraroT Ha CyriuHKax, CoJlepkaHue rymyca okoJio 4%.

OT100p npod Mo4B, NX XapAKTEPUCTHKA, BblJeJIeHHe MOOMIBHBIX (popm Pb u Zn

Jna u3ydeHuss ocoOeHHOCTEH HAKOIJIEHUS U BEPTUKAJIBHOTO paclpeleieHus CBUHLA U
MHKa, a Takke HuX MOOMIbHBIX (opM B TMoYBaX OBUI BBIOPaH y4YacTOK MOOIM30CTU
KOHCTaHTHHOBCKOrO 3aBOAa «Y KPLUHHK.

OO6pa3swupl No4YB OTOMpPAIN Ha PAa3IM4YHOM YyJIAJI€HUHU OT UCTOYHHMKA 3arps3HEHUs (OCHOBHas
TpyOa 3aBojja) U C Pa3NUYHBIX MIYOMH OT MOBepXHOCTH. [louBeHHble mpoduiu B psae 1rypgos
MOKa3aJy, YTO MOUIHOCTh COOCTBEHHO YEpHO3eMHOI yacTu B cpeqHeM coctasisieT 70-80 cm, Hike
KOTOPOI'0 OHA MEPEXOUT B CYIJIMHHUCTYIO TOJIIILY.

Ha teppuropuu, nmpusieraromieil K 3TOMYy MNpEeANpPUATHIO, B HECKOJBKHX TOYKax ObLIN
0TOOpaHbl BEPTUKAJIBHBIE TTOYBEHHBIC KOJTOHKU. Touku 1-3 pacronokeHbl Ha TePPUTOPUU 3aBOJA
«YKpUHMHK», TOUKAa 9 — BO3JIe 3aBOIOYIPaBICHHS (Ta30H), TOUKU 4-6 B — Mapke, pacroyioXKeHHOM
BOM3M 3aBoja. Touku 7 u 8 Goyee yJgaleHbl OT 3aBO/Ia U HAXOSTCS Ha MyCTBHIPE B CEBEPHOM

HanpaBineHuu. Touku 10 m 11 Haxomsarcs B xuimoil 30He r. KoHCcTaHTMHOBKa, 3a pekoil. B
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nociaoiHbIX o0pasmax mousbl (0-5 cMm, 5-10 cm, 10-20 cm 1 20-30 cM), BBIICICHHBIX U3 KOJOHOK,
ObLIM OMNpECICHBl BaJlOBble KOHIEHTparuu TM u comepkaHue WX MOOMIBHBIX (opM,
HOPEACTABIAIOMINX €000 CyMMYy BOAOPAcCTBOPUMOM M OOMEHHOH (DOPMBI COOTBETCTBYIOILErO
MeTalia.

Cpenu oTOoOpaHHBIX 00PA3IOB MOYB a0COMOTHO MPE0OIagand YEPHO3EMbI MaJIOTyMYCHBIE.
Hckimoyenne cocTaBUIM TOJIBKO JIETKOCYTIIMHUCTAs IOYBA B TOYKE 7 W JIyroBas rmousa B Touke 10.
YepHo3eMHass TIOYBAa HMEET TEMHO-CEPYI0 OKpPAacKy, pbIXJias B BEpXHed dvacTtd mnpodwist u
MIOCTETICHHO YIUIOTHSIETCS B HIDKHEW. BemiecTBeHHBIN (MHHEpasbHBIN) COCTAaB MOYBHI IO BCEMY
npo¢ o ogHOpoaeH. Ha MOBEpXHOCTH TOYBBI UMEETCS TPABSIHUCTHIN TTOKPOB.

B Bepxnem cioe (0-10 cm) uepHO3eMHON NTOYBBI IIpeodIajaeT ajeBpo-necyanas yactb (50-
55 %), rimuHucras cocrapusier 20-25 %, pactuTenbHble ocTaTku — He Oozee §-12 % ot oOumiero
o0bema rmouBbl. CozlepykaHrne MEXaHMYECKUX YaCTHI] TEXHOI'€HHOM cocTaBIIsitolel Konebiercs oT 8
10 15 %. B MunepansHOM cocTaBe aneBpo-fiecyaHoi (ppakiunyu 4epHO3EMHON TOYBHI MPE0OIagal0T
3epHa KBapla, B MEHBIICH CTENEHH IMPUCYTCTBYIOT TAK)KE 3epHA IOJEBOrO IIMAaTa W eIUHUYHBIC
O0JIOMKH TeCYaHOH pa3MEpHOCTH KapOOHATHBIX M TECYaHBIX MOpoA. B rnuHuUCTON dpaknuu mo
JaHHBIM PEHTIeHOCTPYKTYPHOTO aHAIM3a OTMEYAaeTCsl HalU4Hhe KBapla C MPHUMEChI0 KaolMHa,
KaJbLUTA, THIPOCIIO] U TIOJIEBOTO MINATA.

Cpemy 4acTWI] TEXHOTCHHOI'O IPOMCXOXKACHUS BBIICISIOTCS —I1ECYaHO-aJIEBPHTOBOU
pa3MepHOCTH OONOMKH IDiaka, cdepudeckue oOpa3oBaHus W JucToukd Metamna. Llmax
MPUCYTCTBYET B BHJIE OOJIOMKOB YTJIOBATOW W TONY-yrioBaTol (OopM, CMOJIHCTO-4EPHON OKPACKH,
CO CTEKJIOBATHIM H3JIOMOM. Metajumdyeckue niaactuiku pasmepom 0,1-0,2 MM umeroT 6poH30BYIO
WM CEPO-CTATBHYIO OKPACKY.

AHanmM3 colepKaHWi TSDKENBIX METaJUIOB B COOCTBEHHO MIJTAKOBOM MaTepHasie IMOoKa3al

Haymuue B HuX (Mr/kr) Ni — no 1500, Co — 60, Cr — 600, Mo — 400, Cu — 800-1000, Pb >10000,

Ag - 20, Zn > 10000, Sb > 500. [TonoOHBI MaTepua 3arpsi3HEHHS IPUCYTCTBYET PAKTHYECKH BO
BCEX TUNAX IOYB, BKIIOYAs KaK TEPPUTOPHUIO 3aBOJA, TAK M 3a ee mpenenamu (IyCTBIpH, CKBEp,
ra3onsl). KonmuecTBeHHOE colepKaHWE TEXHOTCHHBIX YaCTHIl MO IMepH(epuH 3aBoja 3aMETHO
MEHSETCsI, YTO CBSA3aHO B IEPBYIO OYEPEab C MECTHOW PO30H BETPOB.

Brigenenne MoOwIbHBIX dopM Pb m Zn u3 mouBsl mpoBoguan 1N pacTBopoM arerata
aMMOHHUS TpPU COOTHOLIEHMM Macchl TBepaoil ¢a3zpl u obwvema pactBopa (T:2K) = 1:5. Yacts
MeTajula, He SKCTparupyemMasi 3TUM pacTBOPOM, PacCMaTPHBAETCs KaK HEOOMEHHO cOpOMpoBaHHAs

(puxcupoBannas) popma. Conepxkanue Pb u Zn B 06pa3iax mouBsl ¥ paCTUTEIBHOCTH O PEIEIISLIIN
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C TIOMOIIBIO aTOMHO-abcopOumroHHOro crektpodoromerpa Momean AA-8500 («Nippon Jarrell-

Ashy», SInonust).

Pe3ysibTaThl aHAIM3a M UX 00CY KIeHUe

Pe3ynbTaThl onpeneneHus coaepKaHus IMHKA U CBUHIA B MOCIOHHBIX Mpo0ax MoYB B 30HE
BIIMSIHHSL 3aBOJIa «YKPIMHK» MpHBEACHBI B Tabmuie 1. B GonblmmMHCTBE OMpOOOBAHHBIX TOYEK B
BepxHeM cioe (0-5cMm) MmouBBl coaep)kaHHWE CBHMHIIA 3HAauyuTesNbHO mpeBbimaer 1000 mr/kr, a
KoHIeHTpanus nuHka Beimie 10000 mr/kr, To ecth cocTaBisieT 6osiee 1 % Maccsl mouBsl. [Ipu sToM
B MOOWUIILHOW (popMe B 3TOM cioe mouB Haxoautcs 26-32 % muHka U or 28 1o 38 % cBuHIA
TEXHOI'€HHOTO IPOMCXOKJEHUSA. OTHU I0Ka3aTeaM CYLIECTBEHHO BbIIIE HAOMIOJaeMbIX HaMH
OTHOCHUTENBHBIX J0Jel MOOMIbHBIX TM, MCKYCCTBEHHO BHECEHHBIX B UEPHO3EMHYIO MOYBY [2].
[Tpy MCKYCCTBEHHOM 3arpsi3HEHUH Ye€pHO3eMa BOJHBIMH PAaCTBOPAMHU a30THOKHUCIBIX cosieil TM u3
pacuera He Oomee 500 Mr Merajma Ha Kr IMOYBBI Yepe3 yeThlpe rojga B MOOWIBHOH (opme
comepkanochk 13-16 % Znwu 11-15 % Pb.

B OonbmmHCTBE BEPTUKAIBHBIX MOYBEHHBIX Pa3pe30B HAOIIOJACTCs IMJIaBHOE CHUIKEHUE
COJIep>KaHUsl BAJIOBOIO Zn C TIyOMHOM, P 3TOM OYEHb BBICOKHUE COJEpKaHUs Zn OTMEYArTCs
BIJIOTH A0 IiyOunsl 20-30 cMm. OTHOCUTENBHAS 10711 MOOMIBHBIX (popM LHHKA (%) B MOCIONHBIX
npobax BEPTUKAJIBHBIX pPa3pe30B OTJIMYACTCS HE3HAYUTENbHO (KojebJercs B OrpaHUYEHHBIX
npenenax). O4eHb BRICOKUE COAEPKAHUS TeXHOTeHHOro Pb oTMeueHbI mpenmyIiecTBeHHO B cioe (-
10 cMm (T. 4, 5, 9) umu gaxe 0-5 cm (T.8), B Oosee TTyOOKUX CIOSIX MOYBHI cofiepkanue Pb pesko
CHIDKAeTCSl, HMHOrJa Ha TMopsAoK. ToMbKO TOYBEHHBIE pa3pe3bl 6 H 7 XapakTepusyrTcs
OTHOCHTEJBFHO TIUIAaBHBIM U TIOCTENIEHHBIM CHIDKEHHEM cojepkanus Pb ¢ rioyOuHOU crnos,
AQHAJIOTUYHBIM paclpeiesieHuto Zn.

Ha puc. 2 mpencraBineHsl mpuMepbl pacmpenesieHus] UHKA U CBHHIA MO BEPTHKAJIbHBIM
MOYBEHHBIM pa3pe3aM uepHo3eMHou mouBkl (T. 5, 6 u 8) Hapsaay ¢ pacnpeaeneHueM 3TUX MEeTaJJIOB
MEXIYy MOOUIBHOW, KHUCIOTOPACTBOPUMOM U ocTtaTouHoi Qopmamu. [l pacmpeneneHus
TEXHOI'€HHOr0 Zn 1o TIyOMHE XapaKTepHO HAJM4YME BBICOKUX COAECpKaHUI MOOMIBHON (hOopMBI
MeTajula BO BCEX HCCIIEJOBAHHBIX CIIOSX MOYBBI BILIOTH A0 ciosi 20-30 cMm. Takas ocoOeHHOCTH
coxpaHsercs, B ToM uncie B T.8, re HaOnroaercs pe3koe CHIKEHUE CoAepKaHus Zn, HAauuHAs C
rnyounsl 5-10 cMm, B otiimuue ot npoduierd T.5 u T.6 ¢ miIaBHBIM CHMDKEHUEM COJIEpXKaHUs Zn ¢

rI1yOUHOM.
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Tadauna 1. ConeprkaHne OMHKA M CBUHIA (MI/KT) M JOJIM UX MOOWIBHBIX (opM (% OT BaJOBOTO COJEp)KaHMS) B
MOYBAX 30HBI BIHSHUS 3aB0JIa « Y KPIUHK)
Table 1. The zinc and lead contents (mg/kg) and their mobile species parts (% of the total content) in the soils of the

zone of influence of the «Ukrtsink» plant

Touxa oroopa | I'myGuna,cm Zn Pb
BaJ, mr/kr Mo6.¢popma % BaJ, mr/kr Mob6.¢., %o
T. 1 0-5 10100 28 10000 40
T.2 0-5 860 20 1500 20
5-10 1380 22,5 1250 19
T.3 0-5 1350 31 2200 27
5-10 1400 29 1980 23
T.4 0-5 15600 30,5 7200 17,5
5-10 7000 50 2600 17
10-15 3000 33 290 10
15-20 1950 42 100 10
T.5 0-5 8700 26 4000 32,5
5-10 7700 36 1600 19
10-15 2900 24 390 8
15-20 2000 20 250 6
20-25 1700 23,5 190 5
T.6 0-5 7800 31 2500 28
5-10 4600 30 900 17
10-15 4500 29 860 19
15-20 4000 30 800 19
20-25 2450 24 400 7,5
T.7 0-5 10800 28 3200 37,5
JlerkocyrmuH. 5-10 8900 34 1550 29
10-20 9400 30 1000 25
20-30 23000 29,5 1400 25
T. 8 0-5 21200 32 5000 38
5-10 2380 52,5 100 5
10-20 2550 57 110 9
20-30 3900 49 250 16
T.9 0-5 37000 44,6 14000 21
5-10 18500 33 1800 22
10-20 3930 38 400 12,5
20-30 2700 22 360 8
T. 10 nyrosas 0-5 320 31 195 15
T. 11 0-5 850 27 375 9

JUis pacnpeneneHuss TexHOreHHoro Pb mo riyOumHe, HampoTHB, XapaKTEpHO pe3Koe
CHM)KEHHUE COJIep)KaHusl MOOMIIbHON (hOpMBbl, HAUMHasl ¢ IIyOUHBI 5-10 cM, HCKIIIOUEHHE COCTAaBIISAET
npo¢uinp T.6, xapakTepusyrolMiics TakKe IUIABHBIM CHIJKEHHUEM CoOJep)KaHus BajoBoro Pb c

rI1yOUHOM.
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CopepxaHue Zn B noyse, Mr/kr O6paseu Copepxanue Pb B nouBe, Mr/kr Ob6pasel
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Puc. 2. Pacmipenenenuss IMHKAa M CBHHI@E, W WX (OPM HaXOXKIOECHUS IO BEPTHKAIBHBIM IOYBEHHBIM pa3pe3am
yepHo3eMHOM nouBsI (T. 5, 6 u 8)

Fig. 2. Distribution of zinc and lead, and their species in the vertical soil sections of the chernozem soil (T. 5, 6 and 8)

Ha puc. 3 nmoka3aHa 3aBHUCUMOCTb COAEp)KaHUS MOOWIBHBIX (popM Zn u Pb or BasoBbIX
coliepKaHUM Tex e MeTauioB B mnouBeHHbIX npoduisax T.5, T.6 u T.8. Bo Bcex cmyuasx
DKCIEPUMEHTAJIbHbBIE JIaHHBIC IIOYTH HJEAJTBbHO COOTBETCTBYIOT JIMHEWHOM 3aBUCHUMOCTH
CoZlep)KaHusl MOOMIIBHOM (OPMBI OT BAaJIOBOI'O COAEP)KAHUS TEXHOT'€HHOI'O 3arps3HUTENs, YTO, HO-
BUIMMOMY, CBHJIETENBCTBYET O IOCTH)KEHMM paBHOBecUs B pacmpepeneHun Zn u Pb mexny

MOOMJIBHBIMU M (PUKCUPOBAHHBIMU (hOpMaMU HAXOXKIEHUS.
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Puc. 3. 3aBucumMocTh coaepikaHust MOOMIBHBIX (opM Zn 1 Pb OT BalOBBIX cojepikaHuil B HoYBeHHBIX mpodusx (T.5,
T.6uT.8.)
Fig. 3. Dependence of the mobile Zn and Pb content on their total content in soil profiles (T.5, T.6 and T.8.)

Kak u3BecTHO, opraHM4ecKkoe BEILIECTBO, 00Ilee colep)KaHhe KOTOPOrO B BEPXHEM CIIOE
yepHo3ema cocraBiseT 4,8 %, cmocoOHO K 00pa3oBaHMIO C TSDKEIBIMH MeETaJUIaMU  CIOXKHBIX
KOMIUIEKCHBIX COEAMHEHUMN, KOTOpbIE 3aKpEIUIAIOTCS M aKKyMYJIHUPYIOTCS B IouBe. Bricokas
a7cOpOIIMOHHAs CIIOCOOHOCTh I'yMYyCHOI'O T'OpPM30HTa YepHO3eMa M0 oTHouleHuto k TM nomkHa
OPUBOAMTh K JOCTATOYHO MPOYHOMY CBS3BIBaHHMIO HMX MouBOoi. Kpome rymyca B ¢ukcanuu
TSOKENBIX METaJUIOB TOYBAMU YEPHO3EMHOrO THIA MPUHUMAIOT y4YacTHE TaKKe TJIMHHUCTHIE
MUHEepaJbl.

Kak mnokazanu Hamm wucciaenoBaHus (GopM HaXOXKIEHUS TEXHOreHHbIX Zn u Pb B
YEepHO3EMHOI MOYBE B 30HE BIMSHUSA KOMOMHATa «YKPLUUHK», B YCIOBUSAX OYEHb WHTEHCHBHOTO,
xKecTkoro 3arpsisHeHus (6omee 2000 Mr/kr) wMMOOMIHM3alvs I[IMHKA YEPHO3EMHOH MOYBOI
MPaKTUYECKU HE MPOMCXOAMT, UMMMOOMIM3AIMs CBUHIIA — OYEHb OrpaHuYeHa. BeiencrBue storo
MPOMCXOAUT WHTEHCHUBHOE 3ariyOJeHHe TEeXHOTeHHBIX 3arpssHureneii — Ha riyouHe 20-30 cm

OTMEUAIOTCs KOHI[eHTpanuu Zn Ha ypoBHe 2-4 r/kr, u Pb — 250-375 mr/kr.

3arpsi3HeHHNe TPABSIHOW PACTHTEJBLHOCTH HMHKOM U CBHHLIOM

Beicokoe copep:xaHue MoOWIbHBIX (GopMm Zn u Pb B uccienoBaHHBIX MOYBAaX IPUBEIIO
TAaKXKE K 3HAUUTEIBHOMY 3arps3HEHHIO TpaBsiHOW pactuTenbHocTd (Tabus. 3). ComocraBieHue
JaHHbIX TaOaun 1 U 2 ykas3blBaeT Ha BaXXHOCTb MOOWJIBbHBIX (opM Pb u Zn B moriomeHun 3tux
METaJUIOB PAaCTUTENLHOCThIO. HambOomnee 3arps3sHeHHoii TM oka3plBaeTCs pacTUTEJILHOCTh Ha
ydacTKaX, XapaKTePU3YIOIIUXCS BEICOKUM COJIEpKaHUEM MX MOOMIIbHBIX (opM Ha riayoune 5-10 cm
u 6onee. ConocraBiieHUE JaHHBIX Ta0JI. 3 10 3arps3HEHUI0 PACTUTEIBHOCTH Zn U COJEP)KaHUIO €ro
MOOMJIBHBIX (OpPM B MOcioWHBIX mpoOax moussl T.5 m T. 6 mokasbiBaer, yTo 60jee BBICOKOE

cojiepkaHue Zn B pacTUTENbHOCTH B Touke 6 (122 Mr/kr) cooTBeTCTBYeT 00Jiee BBICOKOMY

© Bonpapenko T'.H., Kononenko JLB., Beicorenko O.A., [Mammues B.M) Kyzenko C.B. MUTPALIMS CBUHIA U LIMHKA B
YEPHO3EMHOI TTOYBE B YCJIOBUSIX )KECTKOI'O TEXHOITEHHOT'O 3ATPSI3HEHUS

61



30ipHUK HayKOBHX Ipalb [HCTUTYTY reoximii HaBKOJIMIIHBOTO cepenoBuiia 2018 Bumyck 28

CoZIep KaHUI0 MOOMIIBHOTO Zn B ¢i10sX MouBbl TOUKU 6 — 10-15 cm u 15-20 cMm, koTOopoe mouTu B 1Ba
pa3a MPEBBIMIAET €ro COOTBETCTBYIOIIME KOHIICHTPALIMM B CJOSX MOYBBI TOYKHW 5. [Ipu sTOoM
COZIepKaHUs KaK BaJIOBOr0, TAK M MOOWJIBHOTO Zn B BepXHUX cioax nmoyB T. 5 u T. 6 ouenb 61m3Ku.
3arpssHenue pactutenbHocTH Pb Takke Boime B T.6 (83 Mr/kr), uro coorBercTByeT OoOJjice
BBICOKOMY cojiepskaHnio MoounsHOro Pb B ciosix 10-15 u 15-20 cM 3TO# MOYBHI 110 CPAaBHEHUIO C

nousou T.5.

Taﬁ.lmua 2. CO,Z[ep)KaHI/IC CBHUHIA U TMHKA B PACTUTCIBHOCTH C UCCICAOBAHHBIX IJIOIIANA0K, MI/KT

Table 2. Lead and zinc content in vegetation from the studied sites, mg/kg

Iaomanka Pb, mr/kr Zn, Mr/Kr Iaomanka Pb, mr/xr Zn, Mr/Kr
T.1 870 184 T.7 147 225
T.2 306 100 T. 8 162 920
T.3 535 135 T.9 124 560
T.4 250 270 T. 10 14 45
T.5 63 90 T. 11 26 115
T. 6 83 122

Tadauna 3. MoOuinbHbIe POPMBI CBHHIIA ¥ IMHKA B TOYBEHHBIX NPOQMISIX B pailoHE CBUHIIOBO-IIMHKOBOTO KOMOHMHATa
U 3arpsI3HEHNE PaCTUTENbHOCTH

Table 3. Mobile lead and zinc in soil profiles in the area of the lead-zinc plant and pollution of vegetation

Mnomanka | I'my6una, Zn Pb
CcM Baan, Mo6.¢., |[PacTureibHOCTD, Baan, Mo6.¢., |PactureabHoct
MI/KT MI/KT MI/KT MI/KT MI/KT b, MI/KT
T.5 0-5 8700 2250 90 4000 1300 63
5-10 7700 2750 1600 300
10-15 2900 700 390 30
20-25 1700 400 190 10
T.6 0-5 7800 2400 122 2500 700 83
5-10 4600 1400 900 150
10-15 4500 1300 860 160
15-20 4000 1200 800 150
T.7 0-5 10800 3000 225 3200 1200 147
15-20 9400 2800 1000 250
25-30 23000 6800 1400 350
T. 8 0-5 21200 6800 920 5000 1300 162
5-10 2380 1250 100 5
10-20 2550 1450 110 10
20-30 3900 1900 250 40
T.10 0-5 320 100 45 195 30 14
T.11 0-5 850 230 115 375 35 26

OueHb BBICOKHME TOKa3aTeNd 3arpsi3HEHHOCTH PACTUTEIBHOCTH Zn Ha 1wiomankax T. 7 u
T.8 Takke COOTBETCTBYIOT OUCHb BBICOKHM COJCP)KAHUSIM MOOMJIBLHOTO Zn B HIKHHX CIIOSX
COOTBETCTBYIOIIUX MOUYBEHHBIX Tpodriieid. Takas 3aKOHOMEPHOCTh MOXET CBUJIETEIHCTBOBATH O

TOM, YTO CYIIECTBCHHBIM HCTOYHUKOM 3arpA3HCHUA TpaBﬂHOfI PaCTUTCIIBHOCTHU T™ sgBnsroTcs
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MOYBEHHBIE PACTBOPHI U3 I'IyOOKHX CIIOEB TMOYBBI, OOOTAIIEHHBIX MOOHWIBHBIMH (hOpMaMHU ITUX
METaJIOB.

WckmroueHneM U3 93TOH  3aKOHOMEPHOCTH  SIBJSIETCS  BBICOKOE  3arpsisHeHue Pb
pacTuTenbHOCTH C Momanaku 1.8, mnpodunab KOTOpoH XapaKTepU3yeTcsl HEBBICOKUMU
MOKa3aTeNls MU KaK BaJOBOI'0, Tak U MOOMIbHOrO Pb B crosx moussl HHke 5 cM. B aTom ciyuae
3arps3HEHHE PaCTUTEIBbHOCTH, MO-BUAMMOMY, O0SI3aHO UpE3BbIYAilHO BBICOKUM COAEpIKAaHUEM Kak
BaJIOBOT' 0, TaK U MOOMJIBHOT'O CBMHIIA B BEpXHEM ci10€ Oo4YBbI 0-5 cM.

Bnusiaue comepxanusi MoOuibHBIX ¢opM Zn u Pb B mouBe Ha 3arps3HEHHE STUMHU
MeTaJlJJaMM TPaBSHOW pPACTUTEIBHOCTH ToOKa3zaHO Ha puc. 4. ConepkaHue Zn B PACTEHUAX
MOMYMHACTCS JIMHEHHON 3aBUCHMOCTH OT COJAEpXaHus MOOMIbHOro Zn B mouBe (puc. 4a).
[Tornomenue pacTUTeIbHOCTHIO Pb HECKOIBKO MEHee MHTEHCHBHO, YeM B cliyyae Zn, COOTBETCTBHE
JMHEWHOM 3aBUCUMOCTHU OT CO/IepKaHMs MOOMIBHOTO Pb MOXXHO CUMTATh yAOBIETBOPUTENLHBIM J10
koHeHTpauuu 1000 mr/kr, npu Oosiee BBICOKMX KOHLEHTpalusix ycBoeHue Pb pacteHusmu
3aTpyansercs (puc. 40).

Takoe oTIMYKe B MOTJIOMIEHUH MOXET OOBSICHATHCS Pa3HBIMH POJIIMU ITHUX METAJIOB B
KU3HEACITeNbHOCTH  pacTeHuil. [luHK oOTHOCHTCS K  dIeMEHTaM, HEOOXOAMMBIM IS
KU3HEACSITENbHOCTH pPACTEHUH, OH BXOJUT B COCTaB (EPMEHTOB, INPUHUMAET YYacTHE B
dbopMUpOBaHUN PHUOOHYKIEHHOBBIX KHUCIOT, HEOOXOAMM i cCHHTe3a Xyopodmuia. DepMeHTHI,
KOTOpBIEe COAepXKaT Zn, MPUHUMAIOT ydacTue B yrieBogHoM u (ochatHom obdmene [3]. Ocobas
¢dusnosornyeckass poib Zn B KU3HENEATEIBHOCTH PACTEHUH OOECIeurBaeT ero crenupuieckoe
MOTJIOIICHNE PACTEHUSIMHU U3 MouBbl. CBUHEIl HE UMEET 0c000ro (pU3MOIOrUYECcKOro 3HaYeHHUsI, OH
3aXBaThIBAETCS PACTCHUSIMM U3 TIOYBBI BMECTE C IPYTUMH MUKPO3JIEMEHTaMH, KOTOpble HaXOAATCA

B ITOYBCE.
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Fig. 4. Dependence of grass vegetation pollution by Zn (a) and Pb (b) on the content of their mobile species in the soil
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BenenctBue storo Zn u Pb cymecTBeHHO OTIMYAIOTCS 0 MHTEHCUBHOCTH UX BKIIIOYCHHS B
OMOMUIpalUIO, T.€. MOIVIOIIEHUS PACTUTENBHOCThIO. [100asbHblE 3HA4YeHUs KO3PUIMEHTA
Oouonornueckoro morjomeHuss Kg, KOTOpBIM SBISETCS KOJMYECTBEHHOW OILICHKON BKIIIOYCHUS
MHUKPOIJIEMEHTOB B Ouomurpanuio u, mo omnpeneneHuto b.b.IlonbiHOBa, paBeH OTHOIICHUIO
COJIEPKAHMS DJIEMEHTA B 30JI€ PACTUTEIILHOCTH K COAEP/KAHUIO €r0 B TOPHOU MOPOJE, IS LIUHKA U

CBHHIIA PaBHBI, COOTBETCTBEHHO, 11,8 1,5 [3].

BoeiBOABI

1. DxcnepuMeHTaJbHbIE HCCIENOBaHUA (OPM HAXOXKIEHUS TEXHOIeHHbIX Zn u Pb B
YEepHO3EMHOM IOYBE B 30HE BIMSIHHUA KOMOMHATa «YKPUUHK» IOITBEPAUIN KOPPEKTHOCTb
PEKOHCTPYKIIMU JWHAMHUKH TpaHC(HOpPMalMU TEXHOTEHHOrO CBMHIA, IpENCKa3aBLIeH, YTO IpH
BBICOKOM crenenu 3arps3Henus (>1000 Mr/kr) HakorieHrne MOOMIIBHBIX (JOPM CBUHIA IPOUCXOAUT
CTOJIb MHTEHCUBHO, YTO CHOCOOHOCTH MOYBBI K MMMOOWIN3ALMU 3arpsI3HUTENS UCUEPIIBIBAETCS, U
TEM CaMbIM [104Ba yTPAUYUBAET €CTECTBEHHYIO CIIOCOOHOCTh K CAMOBOCCTAHOBIICHUIO.

2. UccnenoBanus ¢hopM HaXOXKICHUS TEXHOIGHHBIX Zn u Pb B 4epHO3eMHOI MOYBE B 30HE
BIIMSIHUSI KOMOMHATA «YKPLUHK», B YCIOBUSX O4€Hb HHTEHCUBHOI'0, dKECTKOTr0 3arpsizHeHus (0osuee
2000 Mr/kr) mokaszanay, 4TO HMMMOOWIM3AlMS LMWHKA YEPHO3EMHOM IOYBONH NpPAaKTUYECKH HeE
IPOUCXOANT, UMMOOWIIN3ALMs CBUHIIA — OYEHb OIpaHHYEHA.

3. Ilpu BBICOKOI cTENEeHN 3arpsA3HeHUs] YepHO3eMHOM mouBbl TM MpOUCXOAUT MHTEHCHUBHAS
BEpTUKAJIbHAs MUTpallMs TEXHOTEHHBIX 3arps3HuTenell — Ha riayomHe 20-30 cM oTMmeuaroTcs
KOHIIEHTpanuu Zn Ha ypoBHe 2-4 r/kr u Pb — 250-375 mr/kr.

4. 3arpsi3HEeHHE TPaBSHOM PACTUTEIBHOCTH Zn MOJUYUHSETCS JIMHEWHOW 3aBHCHUMOCTH OT
cofiepKaHusl MOOMJIBHOrO Zn B 1o4Be (puc. 4a). 3arps3HeHue pactutenbHocTH Pb oTkinoHsercs ot
JIMHEIHOM 3aBUCUMOCTH OT COJlepKaHHsl MOOUIIbHOr 0 Pb, moriomnieHye ero pacTeHUs MU HECKOIBKO
MEHee UHTEHCUBHO, 4eM B ciIydae Zn. Takoe oTiIn4yre MOXKET OOBSICHATbCSA pa3HbIMHU POJISMU 3THX
METAJIJIOB B )KM3HEAESTEIIbHOCTH PACTEHUH.

5. HauGonee 3arpssHeHHoi TM oxa3bIBaeTCsi pACTUTENbHOCTh Ha  y4yacTKax,
XapaKTEePU3YIOLIMXCS BBICOKUM COZIEpKaHHEeM X MOOWIBbHBIX (opM Ha riayoune 6oinee 10 cM, uTo
MOKET CBHUJETEJIBCTBOBATL O TOM, 4YTO CYLIECTBEHHBIM HCTOYHUKOM 3arpsi3HEHMsI TpPaBsSHOU
pactutenbHOCTH TM SABISIOTCS MOYBEHHBIE PACTBOPHI U3 INTyOOKUX CJIOEB MOYBBI, 00OralleHHbIX

MOOMJIBHBIMU (pOpMaMH 3TUX METAJUIOB.
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MITPALIA CBUHIIO TA IUHKY ¥ YOPHO3EMHOMY IPYHTI B YMOBAX JKOPCTKOI'O
TEXHOI'EHHOT O 3ABPY/THEHHS

Bounapenko I'.M., Kononenko JI.B., Bucorenko O.0., , Ky3zenko C.B.

Bonpapenko I'.H. n. reom-miH. H., rom H. c., JY«lHcruryr reoxiMmii HaBkoiuiHeoro cepemosuima HAH  VYkpainwmy,
bogernic34@gmail.com

Kononenko JI.B. k. reom-miH. H., mpoB. H. ., AY«lHcTuTyT reoxiMii HaBkoiuiuHeoro cepemosuma HAH VYkpainuy,
Ikononenko@gmail.com.

Bucorenko O. O. u. c., IY«lHCcTHTYT reoximii HaBkoauuiHboro cepenosuina HAH Vkpainmy, vysotenkooksana@gmail.com

Ky3enko C.B. . c., 1Y «IHcTuTyT reoximii HaBkonuInHboro cepenosuma HAH Ykpainu»

Ilposedeno excnepumenmanvii O00CHIONCEHHSI POPM  3HAXOONCEHHS MEXHOLEHHUX YUHKY mMd CEUHYIO Y
YOPHO3EMHOMY IPYHMI 6 30HI GNIUSY KOMOIHAMY « YKpYyunky, siKi niomeepounu KOpeKmHiCms peKoHCMpYKyii
OUHAMIKU MPAHCHOPMayii MEeXHOSEHHO20 CEUHYIO, KA Nepeddadae, wo npu 6UCOKOMY CMYNEHi 3a0pYOHeHHSs
(> 1000 me/xe) nakonuuenHss MOOIILHUX POPM CBUHYIO BIODYBAEMbCS HACMIILKU IHMEHCUBHO, WO 30AMHICIb
IpyHmy 00 iMMOOINI3ayii 3a0pyOHI0BAYA GUUEPNYEMBCS, | MUM CAMUM TPYHIM 6MPaide npupooHy 30AmHIiCb
00 camosionosnenns. Jocniodxcenns Gopm 3HAXOONCEHHST MEXHOLEHHUX YUHKY A CEUHYIO Y YOPHO3EMHOMY
IpyHmi 6 yMo8ax Oyogice IHMEHCUBHO20, JHCOPCMKO20 3a0pyonenns (nonad 2000 me/ke) noxasano, wo
IMMOOINI3aYIs YUHKY HOPHOZEMHUM IPYHMOM NPAKMUYHO He 6i00Y8acmbCs, IMMOOINI3ayisi cGuHYio — Oyice
obmencena. Ilokaszano, wo npu GUCOKOMy cmyneni 3a0pyOHeHHs 4OpHO3eMHo2o TpyHmy BM eiobysacmuvcs
IHMEHCUBHA BEPMUKAIbHA MIZpayisi mexHoeeHHux 3aopyontoeavie — na enubuni 20-30 cv 6ioznauaromovcs
KoHyeumpayii Zn Ha pisHi 2-4 2/ke, i Pb — 250-375 me/ke. Pesynomamu 00CHiodiCceHb NOKA3AMU, WO
3a6pyOHeHHs: mpae sIHOL pOCTUHHOCME Zn NiONOPAOKOBYEMbCSL NIHIUHIL 3ANEHCHOCI 810 6MICHY MOOIIbHO20
Zn y tpyumi. 3abpyonenns pocaunnocmi Pb gioxunsemvcs 6i0 ninitinoi 3anescHocmi 8i0 emicmy MoOIIbHO20
Pb, noenunamus tioco pociumamu MmeHws inmeHcusHe, Hidc y eunadky Zn. Taxa eiOmiHHicmb Modice
NOSCHIOBAMNUCS PIZHOI0 VUACIIO YUX Memanié y scummeoisiivHocmi pocaun. Haibinbw 3a6pyonenoro BM
BUABTAEMbC POCTUHHICMb HA OLISIHKAX, W0 XAPAKMEPU3VIOMbC BUCOKUM 8MICIOM IX MOOILIbHUX (hopm HA
enubuni nonao 10 cm, wo mooduce cgiouumu npo me, wjo ICHIOMHUM ONCEPerOM 3A0PYOHEeHHs mpae siHOT
pocrunHocmi BM € tpynmogi posuunu 3 enubokux wapie rpyHmy, 30a2aueHux MOOLIbHUMU dopmamu yux
memarnie.

Knrouosi cnosa: sasicki memanu, MoOibHI hopmu, OUHAMIKA, 6EPMUKATLHA Miepayis, IMMOOLi3ayis
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MIGRATION OF LEAD AND ZINC IN CHERNOZEM SOIL IN CONDITIONS OF HARD
TECHNOGENEOUS POLLUTION

G. Bondarenko, L. Kononenko, O.Vysotenko, , S. Kuzenko

G. Bondarenko D.Sc. (Geol.-Min.), Principal Research, S| «Institute of Environmental Geochemistry of NAS of Ukraine»,
bogernic34@gmail.com.

L. Kononenko Ph.D. (Geol.-Min.), Principal Research, S| «Institute of Environmental Geochemistry of NAS of Ukraine»,
Ikononenko@gmail.com.

O. Vysotenko Researcher, Sl «Institute of Environmental Geochemistry of NAS of Ukraine», vysotenkooksana@gmail.com.

S. Kuzenko Researcher, S| «Institute of Environmental Geochemistry of NAS of Ukraine»

Experimental study of technogenic zinc and lead species in chernozem soil in the zone of influence of the
‘Ukrtsink’ plant has been carried out. The earlier reconstruction of technogenic lead transformation dynamics
was confirmed to be correct by the results of the study. This reconstruction has predicted that accumulation of
the mobile lead species at high degree of contamination (> 1000 mg/kg) occurs so intensely that the soil's
ability to immobilize the pollutant is exhausted, and thus the soil loses its natural ability to heal itself. The
study of technogenic zinc and lead species in chernozem soil under very intensive, severe pollution (more than
2000 mg/kg) showed that there is practically no immobilization of zinc in chernozem, immobilization of lead is
very limited. An intense vertical migration of technogenic pollutants has been shown to take place in the
chernozem soil with a high degree of HM contamination — at a depth of 20-30 cm, Zn concentrations was
noted at the level of 2-4 g/kg, and Pb — 250-375 mg/kg. The research results showed a linear dependence of
the grass vegetation pollution by technogenic Zn on the content of mobile Zn in the soil. The technogenic Pb
pollution of vegetation deviates from the linear dependence on the content of mobile Pb, its absorption by
plants is somewhat less intense than in the case of Zn. This difference can be explained by the different roles of
these metals in the vital activity of plants. The vegetation in areas characterized by a high content of HM
mobile species at a depth of more than 10 cm, was found to be the most polluted by Zn and Pb. This may
indicate that soil solutions from deep soil layers enriched with mobile species of these metals are a significant
source of contamination of the herbaceous vegetation of HM.

Key words: heavy metals, mobile species, dynamics, vertical migration, immobilization.
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VJIK 553/495: 553.061.6 (477)

HNIJIBEMHE BUJIYI'OBYBAHHS YPAHY: IIEPEBAI'M TA PU3UKHU 1JIAA
JOBKLJLJIA
Cymyk K.I'., BepxoBuesn B.I'.

Cymyk K.I'., kKau. reoi.-Mid. H., pos. H. ¢. J{Y «IHCTUTYT reoximii HaBkommIiHboro cepenosuma HAH Ykpainn», mamas@i.ua.
BepxoBueB B.I'., nokr. reom H., 3aB. Bigginy Y «HCTHTYT Teoximii HaBkonumHbOrO cepepouma HAH VYkpainwy,
Verkhovtsev@ukr.net

ITiozemue c6epOnOGUHHE BUNY208YBAHHIL 3ACMOCOBYEMbCS Ol 8UOODOYMKY YPaHY 3
ocadounux nopio. Taxuii cnocibd 6u00OYmMKy mac 6azomi nepesacu y NOPIGHAHHI 3 THUUMU
3acobamu K 3a80AKU MeHW il eapmocmi pobim, mak i 3a605KuU MeHUOMY 3a0pyOHEeHHIO
HABKONUWHb020 cepedosuwa. Pexyrbmusayis 3emni npu ybomy 3acobi MIHIMAIbHA,
OCKIIbKU UMAAHHS 00CAOHUX MPYO 1 YeMeHmMYB8aHHs CMooypa c8epoNo8UH NPOBOOUMbCS
00 pi6Hs 2MUOUHU OPAHKU, A MAKONC HEMAE CKUOAHHA meepoux i pioKux 6i0xoo0ie, 2asis,
aeposonie 'y nosimpsa. Hemae Heobxionocmi 'y OydisHuymei ma  excniayamayii
xgocmocxosuwy. Moowcnuge 30epedicenHs y HenopyueHomy Cmaui OeHHOI NO8epXHi: Ricji
BIONPaAYI06AHHS POO0BUWA ADO OKPEeMOT 1020 YACMUHU 3eMeNbHI Y2i00s MOodiCymb Oymu
BUKOPUCMAHI Y CIIbCbKOMY 20CN00apcmei be3 0)0b-Kux 0OMediceHb.

Ane iobysacmvcsi  3a0pyOHeHHs NIO3EMHUX 800, SIKe MOdCE CYHPOBOOMCYBAMUCD
3a0pYOHEeHHAM  pIYOK  BHACAIOOK HNPOCYBAHHS  Opeonie  3abpyoHeHHs 6  obaacmi
PO36AHMAMNCEHHSI NIO3EMHUX 600 6 piuKosux Ooaunax. Buoobymox ypamny 6iobysacmuvcs
WISAXOM 3AKAYYBAHHA 8 CBEePOJIOBUHU MEXHONI02IYHO20 PO3YUHY, AKUUL Micmumb y co0i
cipuany ma a3omuy KUCJIOMU, aMIAQuHy cenimpy, amiadHy 600y, iHwi peaxmusu. Illicia
BUIY208Y8AHHS YPAHY Y 8000OHOCHUX 20PU3OHMAX 8I00Y8AIOMbCA AKMUGHI XIMIYHI npoyecu
K MEeXHO2eHH020, MAK I 2e01102I4H020 XapaKkmepy 3a60AKU HAKONUYEHHIO 8 NPOOYKMUBHUX
20pU3OHMAX 3ATUWKOBUX PO3YUHIB, AKI B83AEMOOIIOMb I3 NIO3EMHUMU 6800AMU 5K
MPIYUHHUMU 3 KPUCMANIYHO20 PYHOAMEHMY, MAK i NOPOSUMU 3 NPOOYKMUBHO20 NIYAHO20
B8000HOCHO20 20PU30HMY MIOYEHY Yepe3 2i0p0o2eosiociuti «8IiKHA» 8 bopmax naneodout. L]i
nIO3eMHI 800U BUMUCKAIOMb 3ATUUKOB] POZUUHU 3 NOPOBO20 NPOCMOPY NOPIO, 3MYULYIOUU
nPpOCYB8AMUCH X 6 HANPAMKY 001ACTI PO3BAHMANCEHHSL.

Ilepwouepeosum 3a80annim 3ab6e3neueHHs paodiayitiHo-eKoa02iuHoi 6e3nexu 60OHUX
pecypcie patioHie 8UO0OYMKY YPAHY MemOo0oM Ni03eMHO20 CBEPONI0BUHHO20 BUTY208YBAHHS
€ PO3POOKA HAYKOBUX OCHOB B00CKOHANEHHS ICHYIOUUX MeMOOi8 Oe3neKu.

Knrouosi cnoea: ypan, Yxpaincokuii wum, niozemHe 6Uy208Y8aHHs, OCAOO0BUL YOXOI,
€K302eHHI po008uUd, OXOPOHA O0BKILIA.

Beryn

[TinzemMHe BHWJIYrOBYBaHHS KOPMCHUX KONAJIMH — METOA BHJIOOYTKY ix BHOOpYUM

PO3YMHEHHSIM KOPHUCHOTO KOMITOHEHTY XIMIYHMMH pPeareHTaMu B PyJTHOMY TiJIl Ha MiCIll 3aJIATaHHS,

3 TOJAJBIIMM TPAHCIIOPTYBAHHSAM Ha IOBEPXHIO poOoYMMH po3unHamMu. B VYkpaiHi Meromom

Hi3€MHOI'0 CBEPJIOBUHHOT'O BUJIYTOBYBAHHSI PO3POOJISIIOTHCS YPAHOBI TIAPOTEHHI eireHeTHdHi

TPYHTOBO-IHQUIbTpAIliHI POJOBHILA HEOreH-YETBEPTUHHOI €MOXM YpPaHOBOTO pYyIOYTBOPEHHS B

ocamoBoMy 4doxuii YkpaiHcekoro mmTa. L{i pomoBuina HeBenmuki 3a 3amacamu (1-3 Tuc. T) Ta BMiCTOM

ypaHy, aJjie BEJIbMH PEHTA0ENbH1 AJIs1 BUA00YTKY METOIOM MiI3€MHOI0 CBEPJIOBUHHOIO BIIIYTOBYBaHHS
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3aBJISIKK TIPHUYO-TEXHOJIOT TYHUM OCOOJIMBOCTSIM, a TAKOXK KOMIUTEKCHOCTI. CyIyTHUKaMH ypaHy B pylax
€ CTpaTeriyHoO BaKJMBI PikicHI eneMeHTH (SC, Re Tta iHmI), BUIOOYTOK SKHX MOXKE 3/11HCHIOBATUCH
OIHOYACHO 3 YpPaHOM THUM K€ METOIOM IiJI3EMHOI0 CBEPUIOBUHHOI'O BUJIYTOBYBaHHS. | pyHTOBO-
IH(UIbTpaLliiHI  POIOBUIIA HPUYPOUEHI A0 BYIJIMCTO-MIIIAHMX BIAKIAJIB MaJEOr€HOBOIO BIKY
(Oyuarbkuii sipyc) ¥ pO3MINIYIOTBCS B TAJICOJONMHAX HA TIOBEPXHI KpUCTAMYHOrO (QpyHIaMEHTy —
Tpoinpko-CacdoniBebkiii (CadoniBcbke pomopuire, [TokpoBcbka, Tpoillbka TMepCHEeKTHBHI UISTHKHN),
HoBo-Bononumupiscekiii  (BonmoauMupiBcbka MepcleKTUBHA JUISHKA), TepHOBChKO-ZleBiaaiBChKii
([leBmamiBchke pomoBHUINE) Ta iHIMX. BChOro po3BimaHO Ta momepenHbo oriHeHo Oibmn 10 poaoBHII
(xkpim HazBanux — CanoBe, bparceke, Tanumieke, HoBorypiiBcbke, XpuctoopiBcbke, XyTOPCBKE,
Cypcbke, UepBoHOsApCBKE Ta psi pydOHposBIB) (pUCYHOK). Pecypcu ypaHy y Byrimcriit ¢opmarii
NaJICOreHy 30CEePEKEH] B MeKaxX CyOIIMPOTHOI CMYTH MIBHIYHO-CXITHOI'O MPOCTATAaHHS Y BOJOMLIbHII
YacTHHI YKpaiHChKOro mmTa mmprHoro Bif 30 (miBaenHui 3axin) 10 80 kM (miBHIUHMIA cxix). Po3Bimani
3aracy Ta pecypcH pOIOBHII IIbOTO TUITY OLIHIOIOTHCS Ha piBHI 70 THC. T. B Mexkax 1€l MeTaoreHaHol
00acTi MOXYTh ICHYBaTH 1€ HE BUSBJICHI BIITady>KEHHS BIIOMHX MAJCOAOJIMH ¥ HOBI HEBEJHMKI
naJeoernpecii, 0 MiCTATh MPOMKCIIOBE YPAHOBE 3PYICHIHHSL

[TigzemMHe CBEpUIOBUHHE BUIYTOBYBaHHS SIK METOJA BUIOOYTKY ypaHy 3 OCaJOBUX TMOPiJ
3aCTOCOBYEThCS B Ykpaini 3 1957 poky. Toxi (Bnepmie B Pamstnchkomy Coro3i) Oyiio po3mnodaro
BUJOOYTOK ypaHy LIUM METOJIOM Ha JleBiaJiBCbKOMY €K30I'€HHOMY 1H(UIbTpaniifHOMY POJOBUII,
10 PO3MINIYBAJIOCh y BYTIUCTHX IMicKaX OydyalbKOTO SPyCy €OLEeHY B Me30-KaliHO30MChKOMY
0CaZI0BOMY YOXJII YKPaiHCHKOr0o KpUCTAIIYHOrO 1uTa. OCHOBHUI BUAOOYTOK ypaHy Ha JleBIamioBo
BimOyBaBca 3 1962 mo 1983 pik i mpomosxkyBaBcs 10 1990 poxy Ha mromi 918 000 m?.
CaepanioBuHu Manu riaubuny Bia 35 10100 M, Oynu po3ramioBasi psinamu Ha BifcTtani 40-60 m (Mix
ceepmiioBuHaMu 15-25 m). Ilicns 3akiH4eHHs BHAOOYBHHX pOOIT JIEp)KaBHUM IIiIIPUEMCTBOM
«Cxial'3K» Oyna cTBOpeHa Mepexa BOAOIMYHKTIB (CBEPAJIOBUH, KOJOIA3IB 1 TiAPOr€OJOTTYHUX
CTBOpIB) Ha YOTHPH pi3HI TOPU3OHTU TIPYHTOBUX BOJ 3 METOI CIOCTEpPEKEHb 3a HacCIiIKaMu
Mi3€MHOI'0 BUJIYTOBYBaHHS YpaHy Uil HABKOJHUIIIHBOTO cepeqoBuina. Lle Taki ropu3oHTH: MepInii
BiJl MOBEPXHI TOPU3OHT Yy UYETBEPTHMHHUX CYTJMHKAX 1 CYMICAX; FOPU3OHT Y MICKax HEOreHy
(HanpyAHU); TPOAYKTUBHUM FOPU30HT; TOPU3OHT TPILIMHHUX BOJ JOKEMOPIMCHKUX I'PaHITOINIB 1
KOPH BUBITPIOBAHHS.

Kpim JleBnamiBChKOro poAOBHINA METOIOM IMiJ3€MHOIO CBEPAJIOBHHHOTO BHIYTOBYBaHHS
BiampaupoBaHi bparceke 1 onMH 3 4oTHpPHOX MOKIaAiB CadoHIBCHKOTO POJOBHILA B THUX XKeE
BIJIKJIAJITaX OCAJIOBOTO 4YOXJIa YKPAiHCHKOrO HMTa B Mexax [IpuaHImpOBCHKOI METaloreHI9HOT

ypaHoBOpyHOi obsacti. Ha 0CHOBI MpOBENEHUX CIIOCTEPEXKEHb OYIM 3p00JIeH] BUCHOBKH BiTHOCHO
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peHTa6eHBHOCTi MCTOAY l'Ii,Z[SCMHOFO CBCPAJIOBHHHOI'O BUJIYT'OBYBAHHA, @ TaAKOX BiI[HOCHO pI/I3I/IKiB

HOro 3aCTOCYBaHHS IS IOBKIJLIA.

Puc. 1. Po3mimienHst ponoBuil ypaHy B ocafoBoMy 4oxii YkpaiHcekoro mmura. Cxnaneno M.II. CemeHrokoM 3a
marepianamu KIT «Kiposremnoris».

Mera6mnoku: 1 — IHrysscekuit, 2 — CepeAHbOIPUIHITIPOBCHKYI; 3 — IMOuHHI posniomu: 1 — By3bko-MupoHiBCbKHH, 2
— Kpusopizbko-Kpemenuyrpkuid, 3 — JleenamiBcbkuii; 4 — cTpykTypHO-(hopmariiini komiuiekcn (COK): mepeBaxkHO
TPaHITOITHOTO ckiaay (apabcbki 1mdpru y NpsMOKYTHUKY) — MacuBH: 1— HoBoykpaiHchkuii,2 — BockpeceHchkuii, 3 —
Jommucekuit, 4 — boko'siHcbkuit; 5 — IT'stuxarcekuit Bam; kymomu: 6 — JlemypuHcbkunit, 7 — KpuHMYKIBChKUiA, 8 —
Cakcarancbkuid, 9 — KamunyBarcekuid; 5 — 3enenokam'siai COK: 1 — BepxoBuiecbkuii, 2 — Cypebkuit, 3 — YopTOMIMHCHKHIL, 6
— mopoau KpuBOpi3bKoi cepil; 7 — koutaktt COK: a — cmabo KOHTaKkTHi, O — TEKTOHIYHI; 8 — MATCONOJIMHK, BHUIIOBHCHI
Bimkianamu Oydarbkoi cBith (apabebki mmdpu) 1| — Canoso-Tanumipka, 2 — Hoo-OneniBebka, 3 — KynpsiBceko-Becerno-
Poznonbepka, 4 — MukosnaiBebko-CadoniBebka, 5 — 3axigHo-KpuBopizeka, 6 — CximHo-KpuBopizbka; 7 — CakcaranchKo-
JomotkaHcbka, 8 — bazaBmyrpko-Camarkanbebka, 9 — KpuanukiBcsko-Pomankiseeka, 10 — Cypebka, 11 — TepriBcbKo-
JepesyBarcpka; 9 — nprdepexHo-MOpChbKi Bikimamm Oywampkoi cBith; 10 — ex3orenHi poposuma ypany: | — Canose, 2 —
Tanumnpke, 3 — Bparcbke (Tpu nokitamm), 4 — Cadoniserke, 5 — XprcrodopiBebke, 6 — JleBnagisceke, 7 — HoorypiiBebke, 8 —
Xyripebke, 9 — Kpunnukisepke, 10 — Oneniserke, 11 — I'pymrieske (Cypebke), 12 —UepBonosipebke, 13 — [NetpomuxaiiniBebke,
14 — TepBo3BaHiBchke; HacemenHi myHKTH: C — Cmorine, JI — JInmasoxka, HY — HoBoykpainka, Cx— CanoBe, AG — ApOy3uHKa,
IOV — HOxuO-Ykpaincek, bp — Bparceke, 56 — boopunens, K — Kponmeraupkuii, ¥ — Y cruniska, Hb — Hoewuit Byr, Hr —
Hogroponka, JIm — Jomsceka, K3 — Kazanka, M — MukonaiBka, O — Onekcannpist, [Ir — Tlerpose, KP — Kpuswii Pir, 111 —
[upoke, KB — XKosri Boay, [Tx — [T'stuxarku, B — Bepxosuese. B/l — Bepxuboninposcesk, A — Ayiu, K — Kam'saeske, CM
— Cypcpko-MuxaiiniBka. 1 — {ninpo, HIT— HoBomokpiBka, Cd — Codiika, T — TomaxkiBka, | — InapioHose, 3 — 3anopizoks.

Fig. 1. Location of exogenic uranium deposits of Ukrainian shield.

Composed by M.P. Semeniuk from org. «Kirovgeologia» data Megablocks: 1 — Inhulskyi, 2 —
Serednioprydniprovskyi; 3 — abyssal fracture: 1 — Buz'ko-Myronivskyi, 2 — Kryvoriz’ko-Kremenchutskyi, 3 — Deviadivskyi; 4 —
structural-formational complexes: predominantly of granitiod composition (figures in Arabic in the rectangle) — massifs: 1—
Nowvoukrainskyi, 2 — Voskresenskyi, 3 — Dolynskyi, 4 — Bokovianskyi; 5 — Piatykhatskyi swell; domes: 6 — Demurynskyi, 7 —
Krynychkivskyi, 8 — Saksahanskyi, 9 — Kamyshuvatskyi; 5 — greenstone structural-formational complexes: 1 — Verkhovtsevskyi,
2 — Surskyi, 3 — Chortomlynskyi; 6 — Kryvorizka series rocks; 7 — contacts of structural-formational complexes: a — week
contacts, 6 — tectonic; 8 — paleo-valleys, composed of Buchatska suite deposits (figures in Arabic) 1 — Sadovo-Tashlytska, 2 —
Nowo-Olenivska, 3 — Kudriavsko-Veselo-Rozdolska, 4 — Mykolaivsko-Safonivska, 5 — Zakhidno-Kryvoriz'ka, 6 — Skhidno-
Kryvoriz'ka; 7 — Saksahansko-Domotkanska, 8 — Bazavlutsko-Samatkanska, 9 — Krynychkivsko-Romankivska, 10 — Surska, 11
— Ternivsko-Derezuvatska; 9 — Buchatska suite coastal sea deposits; 10 — exogenic uranium deposits: 1 — Sadove, 2 —
Tashlytske, 3 — Bratske (three deposits), 4 — Safronivske, 5 — Khrystoforivske, 6 — Devladivske, 7 — Novohuriivske, 8 —
Khutirske, 9 — Krynychkivske, 10 — Olenivske, 11 — Hrushivske (Surske), 12 — Chervonoiarske, 13 — Petromykhailivske, 14 —
Pervozvanivske; sattlements: C — Smoline, JI — Lypniazhka, HY — Novoukrainka, Cn — Sadove, A6 — Arbuzynka, IOV —
Yuzhno-Ukrainsk, Bp — Bratske, 56 — Bobrynets, K — Kropyvnytskyi, ¥ — Ustynivka, Hb — Novyi Buh, Hr — Novohorodka, T —
Dolynska, K3 — Kazanka, M — Mykolaivka, O — Oleksandria, [Tt — Petrove, KP — Krywyi Rih, 111 — Shyroke, KB — Zhowti VVody,
Ix — Piatykhatky, B — Verkhowvtseve, BJ1 — Verkhniodniprovsk, An — Auly, K — Kamianske, CM — Sursko-Mykhailivka, JT —
Dnipro, HIT— Novopokrivka, Cd — Sofiivka, T— Tomakivka, I llarionove, 3 — Zaporizhzhia
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Pesynbraru cnocrepexensb 3a 10BKiLIAM 3 1990 no 2006 pik.

BunoGytok ypany Ha JleBnaaiBChbKOMY pOAOBHUIII BiI0OyBaBCS LUIIXOM 3aKauyBaHHS B
CBEPJJIOBUHU TEXHOJIOTTYHOI'O PO3YUHY, SIKUN MICTUB y c001 CipyaHy Ta a30THY KHUCIJIOTH, aMiauHy
cemTpy Ta amiauHy Boxmy. Jlias BumyroByBaHHS ypaHy 3a mepion 3 1962 mo 1983 pp. B
MPOAYKTUBHHMA TOPU30HT Yy CKIIAJI TEXHOJOTIYHOTrO po3uuHy Oyno 3akadano 207250 T cipuaHoi
kucnot, 6300 T azotHOi kKmucmoTH, 23800 T amiayHoi cemiTpu Ta 2000 T amiaynoi Boau. Ilicms
BUJYTOBYBAaHHSA ypaHy oOpeoj 3a0pyIHEHHS OXOMNHB BCIO IUIONLY YpPaHOBUX MOKJIAIIB 1
IPOCTATHYBCS B3JIOBX IMaJICOJO0INHU Ha BijncTaHb 4,5 kM mmpunoo 0,4-0,6 kM. Y npoayKTuBHOMY
TOPU30HTI, TOOTO Y BOJOHOCHOMY TOPHU30HTI Oy4yalbKoi CBITH CEPEAHBOTO €OIEHY, 3aJIHIIKOBI
PO3YMHY CKJIIU OJIM3BKO 6 MJIH. M°,

3a mepios MOHITOPHHTOBUX criocTepexeHb mianpueMctBoM «Cxial 3K» 3 1983 mo 2006 pik
OTPMMAHO BAXJIMBY 1H(QOpPMAIIIO IIOAO KOJWUBAaHb PIBHIB MIA3EMHUX BOJl Ta 3MIHU iX XIMIYHOTO
CKJIaly 1 KOHLIEHTpaLli pajloHyKI11iB. AHaii3 HA0yTUX (PaKTUYHUX JaHUX [TOKa3aB HACTYIIHE.

Y nOponyKTUBHOMY TOpH30HTI JleBIaliBChbKOrO YpaHOBOTO pOAOBHINA BiAOyBalOTHCA
CYYacHi IPOIECH K TEXHOTEHHOT0, TaK 1 FreoJoriYHoro xapakrepy. CydacHi reoJioriuHi mpoiecu B
MeKaxX TOPU30HTY BiIOYBAIOTHCS 3aBISKH HAIXOHKCHHIO /10 HHOT'O TPIIMHHHUX MiA3€MHUX BOJ 3
KPUCTAJIYHOro (yHJAMEHTY Ta MOPOBUX MIA3€MHUX BOJ 3 MIIIAHOI'O BOJOHOCHOTO T'OPHU30HTY
mionieny [l, 2] depe3 rigporeoioriuHi «BikHa» B OopTax maneomonuH. Lli mig3emHi BOIM
PO30aBISIOTh 3aUIIKOBI PO3YMHH, B3aEMOJIIOTh 3 HUMHU XIMIYHO W BHUTHCKAIOTH iX 3 MOPOBOTO
OpOCTOPY TOpiJ, 3MYIIYIOYM MPOCYBaTHCS B HampsAMKY o00JacTi po3BaHTaXEHHS, TOOTO
p. Cakcaranp. 3a nepion 3 1997 mo 2005 pik 3aJUIIKOBI PO3YMHHU, CyISYU 3 BU3HAUEHUX OpPEOJIB
3a0pynHeHHs, mpocyHyauch Ha 700-800 m.

XiMIYyHa B3a€EMOAIS 3aNMIIKOBUX PO3YMHIB 3 TOPOJAMH BOAOHOCHOI'O TOPU3OHTY
NPU3BOAUTH 1O HEWTpamizamii cipyaHoi KHUCIOTH, 30aradeHHs pO3YHMHIB COJIIMA MeETajiB Ta
0CaJKEHHSI HEPO3YMHHUX XIMIYHUX CIOJYK (OKCHIIB 3aji3a 1 allOMiHilO, TIICy, TOIIO) y Mopax
nickiB. BMiCT y mig3eMHUX BoJaxX TOPU30HTY OLIBIIOCTI CIOIYK, Y TOMY YHCII pajloaKTUBHUX
€JIIEMEHTIB, MepeBuIye TpanndHo gomyctuMi kKoHentpamii (I'’IK) koMmoHeHTiB, ki HOPMYIOThCS,
1 IBJISIE 3arpO3y 3a0pYAHCHHS SIK CYMIKHUX BOJIOHOCHMX TOPU30HTIB, TaK 1 OJIFIKHIX PIYOK.

OcoOmuBicTio JleBnafiBChKOrO ypaHOBOTO POJOBHUINA € HHU3BKUNA BMICT KapOOHAaTiB B
nopoaax i pynax (menm, HiK 0,5 %). YV 3B’I3Ky 3 MM HeWTpamizalis HaJUIMIIKOBOI CipyaHOi
KHCJIOTH 3aJMIIKOBMX PO3UMHIB Ha IUIOLI POJOBHINA BiIOYBAa€THCS 3a PaXyHOK TiIpOKapOOHATIB,
pPO3YMHEHUX B MPUPOAHUX iH(DiMbTpaniiHux Bonax (cepeaniii BMict HCO3™ y pi3HUX rOpU30HTAX

Big 108 no 179 mr/mm® ) TakuM YMHOM, NMOBHA HEHTpanizalis cip4aHOi KUCIOTH Y PO3YMHAX i
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OUHMIIEHHs iX BiJl PaJIOHYKJIIIB MOXKE BiIOYTHCS TIJBKM I 4Yac MPOCYBaHHS 3aJIMIIKOBHUX
po3uuHiB (B mojanpmiomy — 3P) pa3om 3 MOTOKOM MPUPOJHUX BOJ Ha 3axil, B 00JacTh iX
po3BaHTa)XxeHHS B JoiuH1 p. Cakcaranb. BiicyTHICTh JOCTaTHHOI KIJIBKOCTI KapOOHATIB y MOpoIax
Oy4albKoro TOpM30HTY MOSICHIOE TaKOXK 30epexeHHs cepennix 3Hayenb pH (—4) na npotszi 1991-
2005 pp. Ta TpuBaIiCTh MpoIecy BUIyroByBaHHA. [Ipupoana neminepanizanis 3P mouanacs nwire
Mk 1997 i 2005 pokamu, a 0 I[bOTO KiNBKICTh CyNb(]aTiB y po3uMHAX 1 3araibHa MiHEpami3allis
301 IIYBaIMCh. 3T1HO 3 KApTaMU PO3IOI1Ty KOMIIOHEHTIB 3P, OUIbIIICTh OpEotiB MpocyBajaocs Ha
3axig Ha 90-100 M Ha pik, y TOMY YHCII HAUOUIBII BaXXTMBUH TTOKA3HUK 3a0pyJHEHHS — CyJbdart-
10H YTBOPUB Op€OJI 3 TPAHUYHO JIOMYCTUMOIO KOHIIEHTpaliero >1, axkuif 3a 19 pokiB criocTepekeHb
nepemicTuBcs Ha 1,5 kM.

Cran 3a0pyIHEHHS MiA3€MHOr0 CepeloBUIIa MPOIYKTUBHOI'O TOPHU3OHTY TiCJIs 3aKiHUEHHS
BUJIOOYTKY ypaHy 3a3Hau€HUM METOAO0M Mia3eMHoro BuiyroByBaHHs Ha 2006 pik, 3a JaHUMH
Cxinl'3K [3, 4], 6yB HacTynHHUIA:

— BMICT cynbdaTiB B IeHTp1 opeoy nepesuirye 30 rpanuuno gonyctumux HopM ( ['IK);

— KOHIIeHTpalis BajoBoro 3amiza — 10000, a amominiro — 3000 I'’IK (xoua mOimsHKH iX
MIPOSIBJICHHS OOMEIKEHi );

— BMICT ypaHy B opeosax 3a0pyAHeHHs Ha Ouibliil yactuHi pogosuina nepesuinye 10 I'IK,
Micigmu gocsarae 210-345 T'JIK.

Opeon paziro MEHIIE Opeojy ypaHy 1 CHiBHajae 3 pyIHUMH MokiIagamu. KoHIleHTparis
paxiro pocarae 24,4 TJIK. Opeon 232Th 3 mexero 1 T'JIK maiixe criBmagae 3 opeosoM ypaHy IO
mexi 5 TI'JIK. MakcumanbHi KoHmeHTpalii Topito gemo mnepeBuinytots 20 T'JIK. Opeonu
3a6pyarenns 21°Po i 21%Pb mpakTuuHO CriBMagaTh 3 KOHIEHTPALISAMH LHX E€IEMEHTIB Y PYAHUX
MOKJIaJax.

3a mepion cnocrepexeHb 3 1983 poky, koiau icHyBasa HaiOinbIIa 3a0pyAHEHICTH
MiJ3eMHUX BOJI KOMIIOHEHTAaMH TEXHOJOTIYHOro po3uuHy, i mo 2006 poky BigOyBaimcs Taki
nporecu, 3adikcoBaHi 3aBASKHA TOPIBHSHHIO KapT BMICTY OCHOBHHUX KOMIIOHEHTIB 3aJIMIIKOBHUX
PO3UHHIB 3 KapTaMU OPEOJIiB KX K€ KOMIIOHEHTIB JJIsI POJIOBHINA B LIIJIOMY:

1. 3MeHmMBCS BMICT Cysb(aT-i0HY B 3aJMILIKOBUX PO3YMHAX HA TEPUTOPIi 3a0pyaHEHHS,
3HHMK «S3MK» 3a0pyIHEHHs, KU HamivyaBcs B [liBAeHHY Jenpecito, aje MPOCYHYJUCS «SI3UKH» B
3axigHoMy HanpsMky Ha 700-800 wm.

2. 3MeHIMBCS 3arajibHUN BMICT cojiei B 3P y mizoMmy, aje mMpoaoBKyeE MPOCYBAaTHUCh Ha
3axif.

3. KonTypu mmomii po34wHIB bI3 BOIHEBUM moka3sHUKOM (pH) menme 7,0 mpakTH4HO

30epermucs. Posmmpunocs none 3 pH <3 Ha miBAeHHOMY 3ax0[i, ajie 3HUKJIO moisie 3 pH <2, mo
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yKa3y€e Ha 3MEHIIEHHs IHTEHCUBHOCTI MPOLIECY KUCIOTHOTO BUIIYTOBYBaHHs B LIEHTPAJIbHIN YacTHHI
POZIOBHILA.

4. BMmicT ypaHy B 3aJMIIKOBUX po3unHax y 2005 pomi MOMITHO MEHIUMH, HDXK paHille.
3HMKIIO TOJIE 3 BMICTOM ypany >20 mr/mM® B HEHTpi pomoBuIa, 3aiuimBes opeos >10 mr/am3,
OunctuBcs paiion B IliBaeHHid nempecii, MPUNUHWIOCH 3a0pYAHEHHS ypaHOM B IiBJEHHO-
3axiIHOMY HampsMKy, ajie TpUBae IMojajblie HpocyBaHHsA 3P B 3axigHOMY HaIpsMKYy, SKHUi
MIOCTYIIOBO CTa€ TOJIOBHUM.

Takum YMHOM, IPOBEICHUI MOHITOPHHT JO3BOJIHMB 3pOOMTH TaKi BUCHOBKHU:

— B OydyampKOMy TOPHU30HTI TpPHBAJIM NPOIECH BWIYTOBYBAaHHA 1 MEPepO3NONiTy
3aJIMIIKOBUX PO3UYUHIB;

— BimOyBajoch ciabKe PO3PIIKEHHS 3aJUIIKOBUX PO3YMHIB TPUPOJIHUMHU TiI3EMHUMH
BOJIaMH 110 IEPUMETPY KOHTYPY Opeoiy;

— BigOyBanmach MikpoOionoriuHa JeHiTpu¢ikauis 3P, BuBeneHHS 3 HUX pajilo Ta
paliOreHHOr0 CBMHIIO, TOAl SK BMICT TOpIIO NIABHUINYBaBCA, a BMICT IOJOHIIO 3aJIMIIaBCA
HE3MIHHUM; IMIJBUIICHHS BMICTYy TOpIiIO CBiIYNWTh 0po 3HMKeHHS pH Tta minBumenas Eh
3IMIIKOBUX PO3YHHIB.

[Tpuuuny Toro, 1o HaBiTh Yepe3 6-7 pokiB micast 1983 p. npoliec BUIIyroByBaHHS HE TUIBKU
HE TIPUIUHUBCS, 3 HABMAKH, MIJCUINBCS, PSII TOCTIJHUKIB 0a4iTh B HACTYMHOMY [3-5]:

1) 3amumkoBi po3yuHU i3 HU3BKUM pH mommMpHiInch Ha HOBI TUIONI (MIBHIYHHHA CXiJ
JIUISTHKY ), Jie T0YaJid BUJIYTOBYBAaTHCh HU3bKI (HEKOH/IHIIIIHI) KOHIIeHTparlil ypany (menmie 0,01%).

2) Binbysca nepeposnonin 3P Ha Bciii niomny mokiaay, KOiId NPUIHHUIOCH BiAKauyBaHHS
pobovoro pozunHy. TakuMm YHMHOM, MOYAM BHIIYTOBYBATHUCH 3aJMIIKOBI KOHIIGHTpAIl ypaHy B
Mexxax CxinHoro-1 nmokmany.

3) Ha JleBnaniBcbkoMy popoBull Osm3bko 89% 3amaciB 13 BMicToM ypany >0,01%
JoKaJizoBaHo B mickax. Lleit ypan OyB 00’ ekTom BuiryroByBaHHs 10 1984 poky. Ane ~ 20% 3amnacis
JIOKaJIi30BaHO Yy MEHII MPOHUKHUX IOpOJax — IJIMHUCTUX IICKOBHMKAX, SIKI B YMOBax Maiixke
CTaTUYHOIO cepeAoBuIla (Micis TNPUIMHEHHS BiAKauyBaHHS poOOYMX PO3YHMHIB) MOYaAIH
BWIYTrOByBaTtuCA AUQPY3IHHUM [UISIXOM. Y IbOMY BHIAQJAKy B PO3YMH HAIXOASATh OUIBII
KOHIICHTPOBaHI PO3YMHU, JUHAMIYHI 3amacud SKAX Iy)Ke Malli, TOOTO BOHM HE TPHUAATHI IS
BU00yBaHHs, ajie 3a0pyJHIOIOTh BOAOHOCHUH I'OPU30HT.

[TpoBeneHi MOHITOPUHIOBI JOCHIKEHHS Ha Teputopii JleBiaJiBCBKOro poJOBHINIA
MoKa3ald HEOOXIIHICTh PO3UIMPEHHS CIIOCTEPEXEeHb, OCOOJMBO B 3aXiJHOMY HAIpSIMKy — 10
Oaceiiny p. Cakcaranb, Kyad TeEpeMIlIylOTbCs opeoiu 3abpyaHeHHs. Takoxk, Ha JTyMKY

JOCTITHUKIB, HEOOXigHA TEBHA ONTHUMI3AIlisl MepeXi MOHITOPHHTOBUX CBEPIJIOBHH 1 PEXUMY
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ornpoOyBaHHS MiJ3eMHUX BOJ AJIs YCiX YOTUPHOX TOPU30HTIB IPYHTOBUX BOJ [2, 3].

BucHoBku

Hesnaniscbke ponosuuie Brnepumie B CPCP Oyno moBHICTIO BianpanboBaHE CIIOCOOOM
Mi3€MHOT0 BUUIYTOBYBaHHs. [Ipu nboMy BUIOOYTHI ypaH NMEPEBHIIMB KiIbKICTh MiApaXOBaHUX Ta
3arBepmkeHnx TK3 3amaciB. Llelr ¢akT minTBepauB peHTaOENbHICTH 3aCTOCYBAaHHS METOIY
Mi3€MHOT'0 BUJIYTOBYBAaHHSI ypaHy.

byno moBeaeHo Ha MpakTHIi, IO METOJ MiA3€MHOTO CBEPIUIOBHHHOTO BHJIYTOBYBAHHSI
XapaKTepU3y€eThCsS MEHIIIUM CTYIIEHEM 3a0pyAHEHHs HABKOJHIIHBOTO CEPEAOBHINA B TOPIBHSIHHI 3i
3BUYaHUMM MeTofaMH pPo3poOku. PexynpTuBamis 3emill Opu I[bOMY MIHIMalbHA, OCKUIbKH
BHUTSATAHHS 00CaaHUX TPYO 1 IEMEHTYBaHHS CTOBOYpa CBEPIUIOBHH MPOBOAUTHLCS 0 PiBHS TITMOMHHU
OpaHKH, a TAKOXK HEMa€e CKHUJIAaHHS TBEPAMX 1 PIIKUX BIIXOJIB, ra3iB, aepo30iiB B MOBITps. Hemae
HEOOXIAHOCTI y OyAIBHULTBI Ta eKCIUTyaTamii XBOCTOCXOBHUII. MoxauBe 30epekeHHs Yy
HEMOpyLIEHOMY CTaHl JIEHHOI MOBEPXHI: MICJi BIANPALIOBaHHS pPOAOBUIIA ab0 OKpeMoi Horo
YaCTMHM 3€MEIIbH1 YTiJs MOXXYTh OyTH BHKOPUCTaHI y CUIBCBKOMY TOCIOJAApCTBI 0€3 Oyab-IKuX
O0OMEKEHb.

Ane BinOyBaeTbcsi 3a0pyAHEHHS MIJ3€MHUX BOJ, SKE MOXE CYyNpPOBOKYBAaTUCh
3a0pyTHEHHSIM DPIYOK BHACHIIOK TPOCYBaHHS OPEOJIiB 3a0pyAHEHHS B 00JacTi pO3BaHTAKEHHS
MiA3€MHUX BOJX B PIYKOBUX gonuHax. [Ipm 1mbOMYy y BOZOHOCHHX TOPH30HTaxX BiJOYBarOTHCS
AKTUBHI XIMI4HI TIPOIECH K TEXHOT'€HHOT'0, TaK 1 T€OJIOTIYHOr0 XapakTepy. ToMy mepiodeproBum
3aB/IaHHAM 3a0e3MeueHHs pajialiiiHo-eKoJIoriuHol Oe3neKn BOAHUX PECypcCiB pailoHiB BUIOOYTKY
ypaHy METOJOM TIIiJI3EMHOI'0 CBEpIJIOBUHHOI'O BHWIIYTOBYBaHHS € pPO3pOOKa HAyKOBHUX OCHOB
BJIOCKOHAJICHHSI ICHYIOUMX METOIB O€3IeKH, a caMe:

1. BUKOpUCTAaHHS MEHIII MIKIJIMBUX PEYOBUH JJIS BUIYTOBYBAHHS YPaHY;

2. 3aCTOCYBaHHsI T€OXIMIYHHMX Oap’€piB JJIs OUUIIIEHHS 3aJIMIIKOBUX PO3YHHIB;

3. MOCTIHUHI KOHTPOJIb 32 AKICTIO IMI3EMHUX BOJI B pallOHaX BHIOOYTKY ypaHy.

Ha cporomni HaiOumbIn miaroToBiieHMM 10 ekciutyartamii € CadoHIBCbKE POAOBHUIIE Y
KazankiBcbkomy paiioHi MuKoaiBCbkoi 001acTi, J€ TPOBEIEHO JAETalbHI PO3BIIyBaJibHI POOOTH,
HaTypHI JOCHI/DKEHHS Ha IMOJIroHax 1 MIiATOTOBJIGHO IPOEKT NpoMMaiaaHuuky. Ha 06asi
CadoHIBCHKOr0 pOOBHUIIA TIAHYETHCS anmpoOallisi METOMy KHCHEBO-COIOBOTO 30aradeHHsi ypaHOBOL
CHPOBHHH, SIK MEHII HIKIJIMBOrO (32 MPOrpaMor0 PO3BUTKY MIHEPAIIbLHO-CUPOBUHHOI 0a3u YKpaiHu 10

2030 poky).
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HNOA3EMHOE BBIIIEJAYMBAHUE YPAHA - IIPEUMYHIECTBA W PHUCKA I
OKPYXAIOIEH CPE/IbI

Cymyk E.I'., BepxoBues B.T'.

Cymyk E.I'., kaHz. reon.-MuH. H., Befl. H. ¢. ['Y «HcTHTYT reoxumun okpyxaroreii cpeast HAH Yipanub»y, mamas@i.ua.
Bepxosues B.T'., 10KT. reomn. H., 3aB. otaena ['Y «HCTUTYT reoxumun okpyskatomeit cpenst HAH Ykpauns», Verkhovtsev@ukr.net

Iloozemnoe cksadxcunHoe @viujeravueanue npumensemcs oas 0o0viuu ypana u3z ocadouHwvlx nopod. Taxoi
€cnocod 000U UMeem 8ecoMble NPeUMyWecmsa no CPAGHEHUI0 cO CeMu Opyeumuy, Kax raeooaps menvuiel
cmoumocmu pabom, max u 6 CéA3uU ¢ MeHbUUM 3aepASHEHUeM OKpyxcaiowell cpedvl. Pexyrvmusayus semens
npu 3MoM Cnocobe MUHUMATLHA, NOCKONLKY U36neyeHue 00CcaoHvix mpyb u yemenmayus Cmeond CK8ANCUH
nPOBOOUMCst 00 YPOGHs 2yOuHbl OYpeHuUs:, a MAaKice He NPOUCXOOUm copoca meepovix U HCUOKUX OMX0008,
2azo08, asposoneil 6 6030yx. Hem neobxooumocmu 6 cmpoumenbcmee u dKCHAYAMAYUU X80CHIOXPAHUTULY.
Bosmoorcno  coxpanenue 6 HeHAPYUWEHHOM COCMOAHUU OHEBHOU NOSEPXHOCMU: Nocie Ompabomxu
MECIMOPOXHCOEHUA UTU OMOETbHOU €20 Yacmu 3eMelbHble Y200bs MO2ym Oblmb UCHOIb308AHbL 8 CETbCKOM
xossiicmge 6e3 Kakux-mubo ocpanudenuti. OOHAKO NPOUCXOOUM 3Acps3HeHUe NOO3EMHBIX 600, KOMOpoe
MOJHCEm CONPOBOHCOAMBCA 3ASPAIHEHUEM PeK KaK c1edcmeue NPOOBUNCEHUs OPe0N08 3a2pA3HeHUs 8 00aacmu
Pasepysku NOO3eMHbIX 800 6 peYHbX OO0AUHAX. B 6000HOCHLIX 20pU3OHMAX NPOUCXOOAM AKMUBHDbIE
XuMuyecKue npoyeccbl KaK mMexXHO2eHHO20, MAK U 2eonocudeckozo xapakmepa. Ilepsoouepednoii 3adauyei
obecneyeHus paouUayUOHHO-IKOI02UYECKOU 0e30NacHOCU BOOHBIX pecypcos pauoHo8 000blulu  ypaHa
MEMOOOM  NOO3EMHO20 — CKBAMCUHHO20 — BbIYENIAUUBAHUA — ABTAEMCA  pA3pabOmMKA  HAYYHBIX — OCHO8
VCOBEPUIEHCMBOBAHUSL CYUeCNBYIOWUX MeMOO08 6e30NACHOCU.

Kntouesvie cnosa: ypan, Yxpaunckuii wum, noosemHoe 6blyenaqusanue, 0CAOOUHbI YeXol, IK302eHHble
MeCmOPOIHCOeHUs, OXpAna OKpyicaioweti cpeobl.
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UNDERGROUND LEACHING OF URANIUM - BENEFITS AND RISKS FOR THE
ENVIRONMENT
K. Suschuk, V. Verkhovsev

K. Suschuk Candidate of geological-mineralogical sciences, Senior Research Fellow, Leading Researcher State Institution «Institute of
Environmental Geochemistry of the NAS of Ukraine», Mamas @ i. ua.

V. Verkhovsev Doctor of Geology, Senior Research Fellow, Head of department State Institution «Institute of Environmental
Geochemistry of the NAS of Ukraine», Verkhovtsev@ukr.net.

Underground borehole leaching is used for extraction of uranium from sedimentary rocks. This method of
extraction has significant advantages over other means, both because of lower cost of work and due to less
pollution of the environment. Land reclamation in this case is minimal, since extraction of casing pipes and
cementation of the wellbore is carried out to the plowing depth level, and also there is no discharge of solid
and liquid waste, gases, aerosols into the air. There is no need for the construction and operation of the tailing
dumps. It is possible to preserve in an undamaged state the day surface: after development of a deposit or a
part of it, land may be used in agriculture without any restrictions.

But groundwater pollution occurs, which may be accompanied by pollution of the rivers due to the migration
of pollution halos to the groundwater discharge area in river valleys. Uranium is extracted by injection into a
well of a technological solution which contains sulfuric and nitric acids, ammonium nitrate, ammonia water,
and other reagents. After leaching of uranium, active chemical processes, both technogenic and geological,
take place in aquifers due to accumulation of residual solutions in the productive horizons which interact with
the underground waters, both interstitial from the crystalline basement and porous from the productive sandy
Miocene aquifer, through the hydro-geological "windows" in the paleo-valley sides. This groundwater
squeezes the residual solutions from the pore space of rocks, forcing them to move towards the area of
unloading.

The primary task of ensuring radiation and ecological safety of the water resources of uranium mining areas
by underground well mining is to develop scientific bases for improving the existing safety methods.

Keywords: uranium, Ukrainian shield, underground leaching, sedimentary cover, exogenous deposits,
environmental protection.
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PU3NKN BUHUKHEHHSI TEXHOTEHHO-EKOJIOITYHUX KATACTPO® HA
TEIUIOEJEKTPOCTAHIIAX JOHEIBKOI TA JIYTAHCBKOI OBJIACTEN

Byraak O.B., Yauuskuii O.A.

Byrnak O.B., M .H. c, /[lepkaBHa eKOJIOTiYHAa  aKaJeMmis  WICIAIUIUIOMHOI  OCBITH Ta  ympaBiiHHs, Kwuis,
aleksandra.verkhovtseva@gmail.com.

Yauubkuii O.A. JOKT. Te€ol. H., JOIEHT, JUPEKTOP HAyKOBO-HABUAJIBLHOIO iHCTHTYTY EKOJIOTidHOi Oe3leku Ta ynpamiiHHA JlepxkaBHOT
€KOJIOTTYHOT aKaaeMil MiCIsIUILIOMHOI OCBiTH Ta ympasiidus, olegulytsky@gmail.com.

Y cmammi, wo npononyemucs, posenamymo mennoenekmpocmanyii Jloneyvkoi ma
Jlyeancovkoi obracmeti Ykpainu sk 00Hi i3 00'ckmié KpumuuHOi iH@pacmpykmypu i
niosuweHoi Hebesnexu, BUSHAYEHO HASBHI eKON02IYHI 3a2po3u (CKUO MexHOI02IUHOI 800U
Oe3 nonepeoHbO20 OUUWEHHS MA BIOCMOIOBAHHA 8 OUUCHUX CNOPYOax, wjo Npu3eo0unms 00
nIOMONNeH s Npuieciux mepumopiu i 3a0pyOHeHHs TPYHMI6 WKIOMUBUMU DeYyOBUHAMU,
aKyCMudHUil, el1eKmpOMAcHIMHULL ma eleKmpoCmamudHull 6naue pooomu cmanyii Ha
OiopizHOMaHImMmsA | HABKOJIUWHE NPUPOOHe cepedosule; 3a0pyOHeHHS amMOCchepHo2o
nogimps. 8 npoyeci 20piHHA PI3HUX GUOI8 NANUBA, PYUHYBAHHS MENJI0eNeKmpoCmaHyill
BHACAIOOK MOJICIUBUX O0OCMPINIB) Ma HAOAHO peKoMeHOayii wooo MIHIMI3ayii pusuxie
BUHUKHEHHSI MEXHO2eHHO-eKON02IUHUX Kamacmpog (po3pobka niauie J1oKamizayii i
niKsioayii Hacuiokieé asapii, 0e 8OHU GIOCYMHI; 3AX00U WOOO NONEPEOHCEeHHs GUHUKHEHHS]
BUOYXOHEDEe3NeUHUX CUMYayiti ma noxicedc Ha mepumopii CmaHyii, CMeopeHHs €OUHOI
cucmemu 8000NOCMAYAHHA-B0008I08e0eHH s, NpU AKIU CKUOHI (000pOmMHI 600U) 0OHO20
MUNy MO*CYmob OYmMu 8 NOOAILULOMY BUKOPUCTNAHT OJIsl IHUWUX ROMpPed CMaHyii — cmeopeHHs.
cucmemu «peyuriio8antsy, 3axo00u wWooo OYUCMKU MA 3He3APANCEHH MeXHIYHOT 800U, KA
BUKOPUCTNOBYBANACH, 8 MEeXHON02IUHOMY npoyeci neped CKUOOM, OUYIHKA mMa AHANI3
MEXHIUHO20 CMAHY OYUCHUX CHOPYO (BIOCMIUHUKIB) 3 NOOANLULON MOOEPHI3AYIEI0;
B6CMAHOBNIEHHS 000AMKOB020 YI0BII0I0Y020 00JIAOHAHHA 3 MEmMOol 3MEeHUEHHS 8UKUOIE 8
ammocgepre nogimps; NOCMIUHUL eKOJOIYHUL MOHIMOPUHE CIMAHY NApamempie 008K
— 3a6pyOHenHs. IPYHMIB, NOBEPXHEBUX Ma NIO3eMHUX 800, AMMOCEHEPHO20 NOGIMPS, MOU40).
V 36'azky i3 posmawyeannam Jlyeancexoi ma Byenezipcokoi TEC 6 6e3nocepeowniil
Oauzbkocmi 00 Micyb NpoedeHHs AKMUBHUX 00Uoux Oill, HeOOXIOHO CMEOPUMU «30HU
be3nexu» HABKOIO YUx menaoeleKmpocmanyin paoiycom 5 KM 3 Memor nonepeortCceHHs ix
PVUHYBAHHS BHACTIOOK MONCIUBUX 0OCMPINIE.

Knwuogi cnosa: 06'ckm xkpumuunoi inghppacmpyxmypu ma niosuwjenoi nebezneku, pusuxu

BUHUKHEHHS MEeXHO2eHHO-eKOI02IUHUX Kamacmpogh, mennoenekmpocmanyis, /Joneyvka ma

Jlyeancoka obaacmi Yxpainu.

Beryn

Cy4acHl €KOJIOriuHI MpoOJeMH OBKULISL PEriOHY AOCHIIKEHb CTOCYIOTHCS IOPYIIEHHS
€KOCHCTeM Ta TMPHPOAHUX TEPUTOpid, pyHHYBaHHS MPOMHUCIOBHUX EKOJIOTIYHO HEOe3MeYHUuX
00’eKTiB, 3a0pyIHEHHS J/DKEpeNl MHUTHOI BOAM, 3€Mellb, aTMOC(EPHOrO TMOBITPS, MOPYIICHHS

TeO0JIOTIYHOTO CEePeIOBHUIIA.
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OcHOBHa uYacTMHa BHPOOHHUIITBA Ha CXOAl YKpaiHU TMpHIanae Ha BYIJEeBUIOOYBHY,
KOKCOXIMIYHY Ta XIMIYHY HPOMHCIIOBICTh, METAJIYPrif0 Ta IHIII €KOJOTiYHO HeOe3NeuHi ramys3i
IPOMMCIIOBOCTI.

BinmoBimHo, 10 HaWOUIBII  €KOJIOTIYHO HEOE3NMEYHMX BHUPOOHHUIITB  BITHOCATHCS
KOKCOXIMIYHI Ta MeTaJypriiiHi 3aBOIM, €JIEKTPOCTaHIlli, MiAIPUEMCTBA XIMIYHOI Tay3i.
Exonoriuny He0e3leKky CTaHOBIISATh TaKOXX pO3TAIIOBaHI Ha TEPUTOPISIX MiIMPUEMCTB
XBOCTOCXOBHINA, 30JI0- Ta MIJAMOHAKONUYYyBayl, BIJCTIHHUKHM PIIKMX HPOMMCIOBUX BIJIXOIIB,
MicIs 30epiraHHsl TPOMHCIIOBUX BIJIXO(IB: IIVIAKOB1 BiJIBAJIM Ta TEPUKOHH, CKJIAJIH CHPOBUHH TOIIO.

Temnoenexrpocranuii JloHenpkoi Ta Jlyrancpkoi obnacteld YKpaiHu € OAHUMH 13 00’ €KTIB
KPUTUYHOI IHPPAaCTPYKTYypH Ta MIJBUIIEHOI HeOe3neku. BoHu po3TaiioBaHi ik Ha KOHTPOJIbOBaHIMN,
TaK 1 Ha THMYACcOBO OKYIOBaHii TepuTopii [1].

Crin 3a3Ha4MTH, 10 HA KOHTPOJILOBaHI TepUTOpIi I[eHTpaJbHi OpPraHu BUKOHABYOI BIIAAH
Ta OpraHu MICLEBOTO CaMOBPSIYBaHHs, 10 c(hepu ynpaBiliHHA SKUX HaJEKaTh 00’ €KTH KPUTUIHOL
1H(pPacTpyKTYpH Ta 00’ €KTH MiABUILEHOI HEOE3MEKH, MalOTh MOKJIMBICTh 3/111ICHIOBATH MOHITOPUHT
CTaHy HeOe3NMeYyHUuX 00’ €KTIB, KOHTPOJIIOBATH PO3BHTOK IOAIH, IMOB’sI3aHUX 13 (YHKI[IOHYBaHHSIM
00’€KTy, 10, B CBOIO 4Yepry, Ja€ 3MOry BXKHBATH 3aXOMiB IIOAO MOMEpPEIKEHHS BUHUKHEHHS
aBapiiiHO-He0e3MeyHuX CUTYallill, a y pa3l BUHUKHEHHS TaKMX CUTYalliil ollepaTUBHO JIOKaIi3yBaTu
Ta JIIKBIAYBaTH 1X.

[Tpu boMy, Ha CHOTOJHI IEHTPAIILHUM OpraHaM BHKOHABYOI BJIATU Ta OPraHaM MICIIEBOT'O
CaMOBpSIIyBaHHS HE BIJOMHUU CTaH 00 €KTiB, IO PO3TAIIOBaHI Ha TUMYAacOBO OKYITOBAHHX
teputopisnx Jlonernpkoi Ta Jlyrancbkoi o0nacTel, y 3B’ 13Ky 13 UMM, CUTYaIlis MO0 TX MOJAJIBIIOTO
Oe3neyHoro GyHKIIOHYBaHHS HE € TPOTrHO30BAHOIO.

OcobnuBy yBary moTpiOHO 3BEpHYTH Ha 00’€KTH KPUTHYHOI iHPPACTPYKTYpHU Ta 00’ €KTH
MiJBUILEHOT HeOe3MeKH, 10 PO3TAlIOBaH1 Ha JIiHIT 31ITKHEHHs a00 B Oe3nocepeHii 0JIM3bKOCT1 10
Hei. Uepe3 mpoBeneHHsT 00HOBUX il 3arpo3a MOLIKOMKEHHsSI TaKUX 00’ €KTIB € JOCUTH BEIUKOIO.
BpaxoByroun po3rarnryBaHHS O0’€KTiB, y pa3i BUHUKHEHHS aBapiil JIOKamizaimis Ta JiKBiAaIlis
HaCJIIKIB aBapifHOI cuTyauii Moke OyTH YCKJIQJHEHa Yepe3 HEMOXKJIUBICTb OTPUMAHHS JIOCTYILY
JI0 MiCIIb TTOMIKO/DKEHb [2].

OcHOBHI pe3yJbTaTH A0CJiIKEHHS

Ha Teputopii JloHenpkoi ta Jlyrancbkoi o0nacti (GyHKIIIOHYXOTh 7 TEMJIOCICKTPOCTAHIIIN
(TEC), ski 311iCHIOIOTH BUPOOHHMIITBO EJIEKTPUYHOI €HEprii HUIIXOM IEepEeTBOPEHHS TEMJIOBOL
eHeprii Ha enexkTpuuHy. Ilig yac TEXHOJOrIYHOrO MpoIecy BUPOOHHUIITBA E€NEKTPUYHOI eHeprii B

KOTJIoarperatax BiJOYBa€Tbcs CIAMIOBAHHS BYTJUIA, ra3y YW MasyTy, IO, B CBOIO 4Yepry,
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OPU3BOAUTH JI0 BEIMKMX OOCSTiB BUKUAIB IHMPOAYKTIB 3rOpaHHsA Ta UIKUJIMBUX PEYOBHUH B
atMocdepy.

Bin ¢yukuionyBanus KypaxiBcekoi, MuponiBcbkoi, Byrneripcpkoi, CioB’sHCBKOI Ta
Jlyrancbkoi TEMJIOENEKTPOCTAHIIM 3aleXuTh HaJAiiHE €JIeKTPONOCTaYaHHS HAaCeJIeHHS Ta
MPOMHUCIIOBUX MIAMPUEMCTB TiPHUYOBUAOOYBHOI, METATypriiHoOI, XiMI4HOI, mepepoOHOi Tamy3eit
BUPOOHHIITBA Ha TepuTOopii JloHernbkoi Ta JIyrancekoi obmacreii.

[Tpu upomy, cmig 3a3HauuTH, mo Jlyranceka TEC Ha cbOromHi € €IMHUM DKEpEIoM
eJIEKTPOIIOCTauYaHHs BCiX KaTeropii CriokuBayiB MiBHIYHOT YacTUHU JlyraHchkoi 00acTi y 3B’ 13Ky
i3 THM, IO eHepreTMyHa cucrema JlyraHcbkoi oOsacTi He CHHXpOHiI3oBaHa i3 O0’€IHAHOIO

eHepreTudHoro cucreMoro Ykpainu (OEC Ykpainu) Ta mpaioe B peKuMi «eHeprooctpoBy» [3].

Kypaxiscska TEC TOB «Cxinenepro»

KypaxiBcbkka TEC — TtenjoBa  eleKTpOCTaHILS.
postamoBana nobnu3zy M. KypaxoBe Map’iHcbkoro paiiony
JloHenpkoi 00J1acTi.

[Ticns BuBeneHHs 3 poOOTH 3acTapiioro oOJaJ HAHHS
HepuIoi Yepru MOTYKHICTh €JIeKTpocTaHlii craHoBUTh 1 460
MBT.

Kinbkicte eHeproOnokiB Ha enekTpocTanmii: 1x200

MBrT; 6x210 MBT.

3 2007 poky xopmopamis JTEK npoBomuts
PEKOHCTPYKIIIIO ICHYIOUHMX EHEpProOJIOKIB i3 METOI 30UIBIICHHS MOTY)XHOCTI Ta ITiIBUIICHHS
Ha/iiHOCTI ycTatkyBaHHS. MonepHizauis TEC 3a06e3neunia 301bIIeHHS MTOTY)KHOCTI €HEProOJIOKY
Ne 7 3 210 no 222 MBT, po3mupenHs giana3oHy MaHeBpyBaHHsS 3 80 no 120 MBT, ninBuileHHs

€KOHOMIYHOCTI po0OTH eHeprobnoky Ha 12 %, iCTOTHO MOJIMIIKIIA E€KOJIOT1YHI MOKA3HUKH.

OcCHOBHUY BUJI TAJIMBA — BYT1JUIS Mapku [,

MupoHiBcbka TEC AT «ATEK
JdoHenbK00JI€HEPro)

MuponiBceka TEC — TerioBa eneKTpOCTaHIIIS Yy
JloHebKIH o0Jacri. Posramosana o0JIU3y
HaceJleHoro MyHKTy MuponiBceke baxmyTcbkoro
pationy Jlonemnpkoi ob6macti. OCHOBHMM  BHUIOM

TSJIBHOCTI € BUPOOHHUIITBO  EICKTPHUYHOI  €HEprii.
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Beenena B ekcrutyaranito B 1953 pomi, nmoryxuicte — 100 MBt. Ha cborogni Ha craHiii B
eKcIuTyaTamii 3HaxofsaTecs A8l TypOinu: 1x100 MBT; 1x60 MBT (nepebyBae Ha KoHcepBarii). Y
2004 pori miciast peKOHCTPYKIIIT B eKcruryaTaiito Oyiu BBeneHi koren Ne 9 ta typboreneparop Ne 5,

eJIEKTPUYHOIO NOTYXHICcTIO 115 MBT. OcHOBHUIA BUJ TaJMBa — BYT'UULIS MapKu A.

Byraeripcska TEC «ITAT «llenTpHepro»

Byrneripcekka TEC — TemmoBa eneKTpOCTaHILIS,
po3tamoBaHa B M. CBitiomapcbk JloHenpkoi obusacrti, €
MEPIINM 32 BETHYUHOI SHEPrOreHePyIYHM 00’ €KTOM Ha
teputopii JloHeubkoi obnacTi. BctaHoBIEHA MOTYXHICTH
— 3600 MBr. Kinbkicte eHeproookis — 7: 4x300 MBrT;
3x800 MBT. [lnsa enepro6iokiB notyxHicTio 300 MBT

BUKOpUCTOBYeThCA  Byriuis  wmapku [ (I'CLO) 3

kamopinictTio 5000 Kxkan/kr, namsa  eHeproOJoKiB
noryxHicTio 800 MBT — ra3. 3apa3 eneprodmoku 800 MBT yepe3 nedinut razoma3yTHOro najuBa
3HAaXOAAThCS B CTaHI JOBrOTPUBAJIOrO pe3epBy 3 eleMeHTaMu KoHcepauii. Koncepais
IOBEPXOHb HArpiBaHHs KOTJIB MPOBOAUTHCS TemMM MOBITpsAIM. CuctemMa TEXHIYHOIO
BOJIONOCTa4aHHS — 000pOoTHa Ha 06a3i BOJOCXOBHIIA, IO CTBOpeHe B noiuHI p. Jlyrans. CtaBok-
OXOJIO/PKYBau Mae ILIOILY J3epKana Boau 15 kM? Ta MakcuManbHy rimbuny 27 M. OCHOBHUH BH

naJmBa — BT Mapku [

Caop’sincbka TEC ITAT «/lonbacenepro»

Cno’ssuceka  TEC  3HaXxomuThest Ha  TepUTOPIl
CrnoB’ssHCBKOTO paiiony JloHenpkoi o0nacti Ha mpaBoOMy
oepesi p. CiBepcbkuii Jlonens y 15 kM Big M. CJ10B’SIHCBK
ta 1,5 kM Big ¢. MukonaiBka. BBenena B ekcruryaTarito y
1951-1971  pokax. KinmpkicTh  eHeproOJOKiB  Ha
enektpoctannii: 2x80 MBT; 1x720 MBT. Bcranosnena
eleKTpuyHa moTyxkHicth — 880 MBT (2100 MBT -—
NpoeKTHa). BcraHoBiieHa TemiaoBa NOTYXHICTh — 269

I'kan/ron. OcHOBHUI BuUJ MajnuBa — BYIUUIS Mapku A

(AIl) Ta T. ¥V nunni 2014 poky Oyina BiAKIIOUEHA yepe3
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CWJIbHI pyWHYBaHHS Yy pe3y/bTaTi 00HOBUX Ail Ha cxoxi Ykpainu. Iliciiss mpoBeneHHs aBapiiiHO-

BiTHOBIIOBAJILHUX POOIT 16 sx0BTHS 2014 poky BinOyBcs MycK HEOJIOYHOI YACTUHU CTAHIIII.

Binoxpemuiennii minpo3ain « ITEK Jlyrancbka TEC» TOB « ITEK Cxinenepro»
Jlyranceka TEC — TemioBa eneKTpOCTaHILi,
posramoBana y M. lllacts no6muzy Jlyranceka. CraHuis
Ma€ y CBOEMY aKTHBI IICTh JIIOYAX Ta JBa
3aKOHCEPBOBAaHI CHEProOJIOKH, IO BHYEpPHAIH CBOI
MPOEKTHI pecypcd. BBemena B ekcruryaramito y 1952-
1969 pp. KinbkicTs eHepro0J0OKiB Ha eJIeKTPOCTAHLIII:
5x200 MBrT; 2x175 MBT; 1x100 MBT. Bcranosnena

eIeKTpUYHA TMOTYXHicTh — 1450 MBT. OcHOBHUIT BUA

naiuBa — Byrumis Mapku A (AIL). 17 Bepecus
2014 poky, uepe3 obcrpimm TEC 31 cTOpOHM NpeaCTaBHUKIB HE3aKOHHUX 30poiHHX (popMyBaHb,
posnoyanacs mokexa, BHACIIAOK YOTr0 eIeKTPOCTAHIIISI aBTOMATHYHO BIAKIIOYUIACS, 1110 TIPU3BEIO
70 3HECTPYMJICHHSI HaceleHMX IyHKTiB Ha miBHOYl Jlyrancpkoi oOmacti. Uepe3 HOIIKOIKEHHS
MaricTpajbHUX €JIEKTPOMEPEK, BHACIIIOK BEACHHS aKTUBHUX OOMOBUX Jiif Ha cxoni YKpaiHu, Ha
choromai Jlyrancpka 00JacTh 3HAXOAUTHCS Ha  eHepreTuyHoMmy octpoBi. OO0’ emHatu
«eneprooctpi» 3 OEC VYkpaiHu MOXJIMBO JMIIE IIJSIXOM BiJHOBJICHHS ICHYIOUHMX MeEpex abo

Oy/IiBHULITBOM HOBOT €JIEKTPOMEPEKI.

CrapobewiBcbka TEC

CrapoGemiBceka TEC posramoBana mo0iam3y
cemuiy CrapobemeBoro i HoBoro City Jlonernpkoi
o0nacTi, 3HAXOAWUTHCI HA TUMYACOBO OKYIOBaHIi
TepuTOopii. BcTaHOBIGHA eNeKTpUYHA MOTYXKHICT —
2010 MBT. Kinbkictb €Hepro0JIoKiB Ha
enektpocrtanmii: 3x100 MBt (Ne 1-3), 1x215 MBT (Ne
4), 1x200 MBt (Ne 6), 8x195 MBT (Ne 5, 7-13).

OcHoBHull Buj manuBa — Byrimis mapku A (AL) ta T.
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3yiBcska TEC

3yiecbka TEC posramoBana y wm. 3yrpec-2
JloHenpkoi 00yacTi, 3HAXOAUTHCS HA TUMYACOBO
OKyINOBaHill TepuTopii. BBemeHa B ekcrulyartamiio y
1982 poui. BcTanopnieHa enxekTpu4Ha MOTYXHICTh — 1
270 MBT. KinbkicTh eHepro610KiB Ha €JIeKTPOCTaHIIII:
2x325MBt  (Byrimus), 1x320MBT  (Byrimu),
1x300MBt (Byriuiss). OCHOBHHU BHJ MaluBa —

BYTULIst Mapku I

ExoJioriuni 3arposu

ITig yac BUpOOHUIITBA €EKTPUYHOI €HEPrii BOJA, sIKa BUKOPUCTOBYETHCS B TEXHOJIOTTUHOMY
MPOLIEC] A1 OXOJIOKEHHS 00JIaIHAHHS, HACUYY€EThCS 3QIUIIKAMU MIKIIJIMBUX PEYOBHH (BOJA Ma€
3aJUIIKK 1AMy, COJNei, KHCIIOT, JIyTiB, MOTOPHUX, TpaHC(HOpPMAaTOPHUX MAcTHI Ta MaszyTy). Ckup
TexHonoriunoi Boau (3BopotHi Bomu TEC) 06e3 momepenHbOro OYMIIEHHS Ta BiJCTOIOBAHHS B
OYHCHHX CIOPYAax MPU3BOAUTH 10 3a0pyAHEHHS IPYHTOBUX BoA [5]. YacTo CKuj 3BOPOTHUX BOJ
TEC BinOyBaeThcsl Ha MPHJIETIIMX J0 €NEKTPOCTAHINT TEPUTOPISX, IO TPU3BOAUTD 10 MiATONICHHS
NPUIETINX AUITHOK Ta 3a0pYAHEHHS IPYHTIB IIKIIJIMBUMYU pedoBHHAMHU [4-6].

Takox, yepe3 0COOIMBOCTI TEXHOJOTIYHOT'O MPOIECYy POOOTH TEIUIOCIEKTPOCTaHIIIH, 10
EKOJIOTIYHUX 3arpo3 BIIHOCATHCA aKyCTUYHUH (IIIyM), €JIEKTPOMArHiTHUH Ta €IeKTPOCTATHYHHI
BILJIMB POOOTH CTaHIlil Ha 010PI3HOMAHITTS Ta HABKOJMIITHE TPUPOIHE CEPEIOBUIIIC.

Tak Ik OCHOBHIMHY BHIAMH TTaJIMBA JUIS TEIUIOCICKTPOCTAHIIIT € BYT'JUISA, Ma3yT, a3, TO Cepesl
OCHOBHHUX €KOJIOTIYHUX 3arpo3 HEOOXiAHO BIIMITUTH 3a0pyJHEHHS aTMOCPEpHOro MOBITps. B
MIPOIIECi TOPIHHS BKa3aHUX BHJIIB MMAJIMBA B aTMOC(EpHE MOBITPS BiAOYBAETHCS BUKHU/ 30J1H, 3QJIUIIIKIB
najnBa, [0 HE 3rOpuld, CIPYaHOro AaHTIIPUAY, OKCHUIY a30Ty, BaHaJII0, COJEH HATpio, Ccaxi,
MHUII SIKY, TIOKCHHY KaJbllil0, TIOKCUHY KpeMHito Ta 1HmuX. Cinia 3a3Haunty, mo Byrneripecbka TEC
BXOUTH 70 10 HAMOUIBIINX MiANPUEMCTB-3a0pyIHIOBAUiB aTMOC(HEPHOro MoBIiTpst YKpainu [ 7].

VY pa3i npunuHEeHHS POOOTH TEILIOSICKTPOCTaHIIH MOXJIIMBI mepeboi i3 cTabLIbHUM
€JIIEKTPOINOCTAYaHHSIM  HACEJICHUX TIYHKTIB, COIIAJIbHO-BAXJIMBUX 00 €KTIB, IMPOMHCIOBHUX
MiAMPUEMCTB, [0 MOXE CTBOPUTH TEPEIyMOBH J0 BUHUKHCHHS TEXHOTCHHHX aBapii Ha

€KOJIOT1YHO HeOEe3NeYHUX MIANPHEMCTBAX XIMIYHOI, MeTalypriiiHoi, eHepreTH4Hoi ramy3ew, sKi
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gyepe3 0COOJUMBOCTI TEXHOJIOTTYHOIO MPOIECY HE MalOTh 3MOTH PanTOBO 3YIMHUHUTH BHPOOHHUIITBO i
MIPOBECTH KOHCEPBAIlil0 MOTEHI[IHHO HeOe3MeYHUuX 00’ €KTIB BIAMOBIIHO O BHMOI Ta IOPSIKY

YWMHHUX HOPMAaTUBHO-IIPABOBUX aKTIB.

Pexomenaanii mono MiHiMizanii eK0JI0riYHUX PU3HKIB

3 MeTor MiHiMi3amil eKOJOTiYHUX HACIAKIB Ta PHU3UKIB BUHUKHEHHS TEXHOI'CHHO-
€KOJIOTTYHUX aBapii, MOB’A3aHUX 13 (YHKIIOHYBAaHHSM TEIJIOCNEKTPOCTAHIIH Ha TepuTopii
Honenpkoi Ta JIyrancekoi obnacrteil. HE0OXiTHO:

—  pO3pOoOWTH TUIAHW JIOKAi3amii 1 JiKBiNamii HACHIAKIB aBapidi Ha 00’€KTaxX ITiIBHIIEHO]
Hebe3IeKu, /e BOHU BIJCYTHI;

—  BXHTH 3aXO0/11B IIOZO MONEPEKEHHs Ta BHHUKHEHHS BUOYyXOHE0e3eyHUX CUTYalliil Ta
MIOXKEXK Ha TEPUTOPIl CTAHIIIN;

— CTBOPHTH €IWHY CHCTEMY BOJOIOCTAYaHHA-BOJOBIIBENEHHS, NpH SKIH CKUIHI
(0060pOTHI BOJM) ONHOIO TUIY MOXYTh OyTH B MOAAIBUIOMY BHMKOPHCTaH1 JUIsl IHIIMX TOTPeO
CTaHIii (CTBOPEHHS CHCTEMHU «PELUKIIOBAHHS);

— BXHUTH 3aXO[iB IOJO OYUCTKA Ta 3HE3aPaKEHHS TEXHIYHOI BOJM, sKa
BHUKOPHCTOBYBAJIaCh B TEXHOJIOI'TUHOMY IPOLEC] TEPEe CKUJIOM;

— TPOBECTH OIIHKY Ta aHaji3 TEeXHIYHOr0 CTaHy OYMCHUX Ccropyna (BiICTIMHHKIB) 3
MOJIAJIBIIIOI0 MOJICPHI3AIIETO;

— BCTaHOBUTH [OJATKOBE YJIOBJIIOIOYE OOJaJHAHHS 3 METOI 3MEHIICHHS BUKHUMIB B
aTMOC(epHe MOBITPS;

— BUKOHYBAaTHM TMOCTIMHHUH €KOJIOTIYHUH MOHITOPUHT CTaHy MapaMeTpiB JIOBKIJUIS
(3a0pynHEHHS I'PYHTIB, TOBEPXHEBUX Ta IM1JI3EMHUX BOJI, aTMOC(HEPHOTO MOBITPS);

— y 3B’A3Ky 13 posrauryBaHHsAM Jlyrancbkoi ta Byrieripcbkoi TEC y 6e3nocepenHiit
OJIM3BKOCTI 10 MICIIb TIPOBENCHHS aKTUBHUX OOWOBHUX i, HEOOXITHO CTBOPUTH «30HHU OE3MEKU»
HABKOJIO TEIUJIOCNIEKTPOCTAHIIA pajlycoM 5 KM 3 METOol mnonepemxeHHs pyiHyBanHs TEC

BHACJIIJOK MOXKJIMBHX OOCTPIJIiB.

BucHoBku

Yepes 30poiinnii KOH(IIIKT HA cXoal YKpaiHu 3HAYHO MOTIpIIKIIAcs CUTYyallisd 13 0e3meuyHuM
(GYHKIIOHYBaHHSIM 00’ €KTIB KPUTHYHOI 1HPPACTPYKTYpPH Ta 00’ €KTIB MiJBHUINECHOT HEOE3NEKH, SKi
po3TamioBaHi B Oe3mocepeaHiid OJM3BKOCTI O MICIb MPOBEICHHS aKTUBHUX OOWOBHMX JiH, IO

CTBOPIOE MEPETYMOBH 10 BUHUKHEHHS €KOJIOTIYHUX 1 TEXHOT CHHUX aBapi.
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3 MeTol HEJONYUIeHHs BHHMKHEHHS €KOJOrO-TeXHOICHHUX aBapii Ta KaTacTpod
HEOOXIAHO 3/IMCHIOBATU TMOCTIHHMM MOHITOPHHTI 1 aHami3 (QYHKI[IOHYBaHHS 00’ €KTIB KPUTUYHOT
1H(pacTpyKTypH Ta 00’ €KTIB MiJABUIIEHOI HEOE3MeKH, K1 PO3TAllOBaHI K Ha MIJKOHTPOJIbHIN, TaK 1
Ha THMYacoBO OKyIoBaHiil Teputopii JloHenbkoi Ta Jlyrancbkoi o0sacTi.

Takoxx HEOOXITHO MPOBECTH AETaIbHI JOCIIKEHHS MPUPOAHUX Ta IITYYHHUX MPOIECIB, 110
MaloTh HEraTUBHUH BIJIMB HA €KOJIOTIUHY cUTyalito B Mexax JloHerpkoi i JIyrancekoi obnacrei,
0CcO0JIMBO HAa THMYAacOBO OKYIIOBaHMX TEPUTOPISAX, Yyepe3 HasBHICTh B3a€MOIIOB’3aHUX IMPOIIECIB
MK MOTEHLIHHO HeOe3neYHUMH 00’ €KTaMH, L0 PO3TAlllOBaHI Ha MiJKOHTPOJIbHIA Ta TUMYacOBO
OKYIIOBaHI! TEPUTOPIAX.

[TincymoByrour BUKJIaJEHE, HEOOX1THO 3ayBaXXHUTH, 110 MPOOIEMHU aHTPOIIOI'€HHOT' O BILJIUBY
Ta 30pOWHOr0 KOH(IIKTY Ha CXOAi YKpaiHM Ha JOBKUUIS BHMAararTh TOCWUJICHHS YyBard 10
BHUPIIIIEHHS TMPUPOJOOXOPOHHHUX IMPOOJIEeM Ha BCIX pPIBHAX Opradizaiii CycCHijbCTBa, IOIIYKY

HOBITHIX M1IXO/IB iX pO3B’3aHHSL.
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PUCKH BO3HUKHOBEHMUSA TEXHOT'EHHO-3KOJIOTUYECKHX KATACTPO® HA
TEIIVIO3JIEKTPOCTAHIUAX JOHELHKOU U JIYI'TAHCKOU OBJIACTEHN
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Paccmompenvr mennosnexkmpocmanyuu Joneyxou u Jlyeanckoiu obracmei Yrkpaunol Kak 0O0HU U3 00beKmMos
KpUmu4eckot ungpacmpykmypbl U NOGLIUEHHOU ONACHOCHU, ONPeOesieHbl UMEIOWUECs IKOL02UUECKUEe YePO3bl U
O0aHblL pEeKOMEHOAYUU NO MUHUMUIAYUL PUCKOB BOZHUKHOBEHUSL MEXHOLEHHO-IKOI02UHECKUX KAMACMPOQ.

Knioueesvie cnosa: odvexm kpumuueckou uUHGpacmpykmypvl u nOGbIUEHHOU ONACHOCMU, PUCKU BO3HUKHOBEHUS.
MEXHO2EHHO-IKON02UMECKUX Kamacmpog, meniosnekmpocmanyus, /Joneyxas u Jlyeancrkas oonacmu Yxpaunoi.

RISK OF MAN-MADE AND ECOLOGICAL DISASTERS ON THE THERMOELECTRIC POWER
STATIONS IN THE DONETSK AND LUHANSK REGIONS
O. Buglak, O. Ulytsky

0. Buglak, research assistant of State Ecology Academy of postgraduate education and management, aleksandra.verkhovtseva@gmail.com
0. Ulytsky, Doctor of Science, Director of Educational and Research Institute of Environmental Safety and Management of State Ecology
Academy of postgraduate education and management, olegulytsky@gmail.com

In the proposed article, the thermoelectric power stations of Donetsk and Luhansk regions of Ukraine are
considered as one of the objects of critical infrastructure and increased danger, the existing ecological threats
(discharges of process water without preliminary clearing and settling in the treatment facilities, which leads to
flooding of adjacent territories and soil pollution with harmful substances; acoustic, electromagnetic and
electrostatic effects of the plant's work on biodiversity and the environment; atmospheric pollution by wind in the
process of combustion of various types of fuels, destruction of thermoelectric power stations as a result of possible
hostilities) and recommendations for minimizing the risks of technogenic and environmental disasters (development
of plans for localization and liquidation of the consequences of accidents where they are absent, measures to
prevent the occurrence of explosive situations and fires in the stations; creation of a unified system of water supply-
drainage, in which the waste (reversible water) of one type can be further used for other needs of the station - the
creation of the system of "recycling"; measures for the purification and disinfection of the technical water used in
the process before discharging; assessment and analysis of the technical state of the treatment facilities (settling
tanks) with further modernization; installation of additional catching equipment for the purpose of reduction of
emissions into atmospheric air; constant ecological monitoring of the state of environmental parameters - soil
contamination, surface and groundwater, atmospheric air, etc.). Due to the location of Luhansk and Vuglegirska
thermoelectric power stations in the immediate vicinity of the sites of active military operations, it is necessary to
create "'security zones" around these thermal power stations with a radius of 5 km in order to prevent their
destruction due to possible hostilities.

Keywords: thermoelectric power stations, critical infrastructure objects, ecological safety, threats and risks,
ecological disaster.
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TEPMOJUHAMIKA BUKUIIB TOKCUYHUX PEHOBHH ABTOMOBLISIMUA B
IHOBITPA MICT TA OYUIIEHHA HOI'O POCJIMHAMMA

beaesuesn P.A, baaxkko B.1., lepman B.A., Koaynenko O.A.,
Ky3zenko C.B., Tepemenko C.I.

BeaesueB P.fI. TOKT. reoi.-MuH. H., 3aB. Biguiny, wi.-kop HAH VYkpaiau. 1Y «IHcturyt —HaBkommmHboro cepenopuia HAH Vkpainu»,
igns_bielievtsev@nas.gov.ua

Baaxko B.I. 1. c. 1Y «lHcTHTYT reoximii HaBkonumHboro cepenosuiia HAH Ykpainu»

Jepman B.A. H. c. IV «IHCTHTYT reoxiMii HaBKOJIMIIHBOTO cepenoBuia HAH Ykpainuy

Koaynenko O.A H. c. 1Y «Inctutyr HaBKonuiHboro cepenosumia HAH Ykpainu»,

Kysenko C.B. H.c. /1Y «lHcTUTYT reoximii HaBkonumnboro cepenosuima HAH Ykpainn»

Tepemenko C.I. kaH. reoi.-MuH. H., CT..H. ¢. /1Y «lHCTUTYT reoximii HaBkonumHboro cepenopuiia HAH Ykpainn»

Pozenanyma maka easiciuea exonoz2o-2eoximiuna npobaema sk 3a0pyOHeHHs NOGIMpPs Micm
MOKCUYHUMU 2A308UMU BUKUOAMU ABMOMODIIbHO20 MPAHCNOPMY NO KOHKPEMHUM 3aMIipam
cKk1ady nogimps Ha npukiadi Axademmicmeuxka m. Kuesa. [Iposedenuii mepmoouHamiunu
AHANI3 XIMIYHUX pearyill 3a y4acmmo maxkux moKCU4Hux 2azié sk oxcud syeneyio (CO) ma
oKCUOU azomy, sKi GUKUOAOMb asmomooini. L]i moxcuuHi eazu nepesajicHo GUOLIAIOMbCS
npu 3MeHueHi WEUOKOCMI a8momMo0inie, Ko y ix 08USYHAX 3HUICYIOMbC meMnepamypa
ma 2a308Uti MUCK, A MOMY KITbKICMb KUCHIO OJ1s1 NOBHUX Pearyiti OKUCTIeHHs CMAHO8UMbCS
Hedocmamuboto. Tobmo npu HU3bKUX UWEUOKOCMAX A6MOMOOLNIE 8 iX 08UcyHaAx UOYMb iHWLI
peaxyii 3 YmeopeHHaAM OKCUOIg @y2ieyio ma azomy, [AKI € OMpPYUHUMU pedosuHamu OJisl
moounu. Hatibinbue 3a6pyonenns 6us81eHo Ha a8MOMODITLHUX WAAXAX MA HA OIU3LKUX 00
HUX mpomyapax, a ocobnueo Ha nepexpecmsx. Lli moKkcuyHi 2a3u HAKONUYYIOMbCA HA
ABMOMOOILIbHUX WIAXAX, d NOMIM MIepYIOmb 610 HUX 8 NOGIMPsL KeApMAlie MiCm 6 npoyeci
ougysii. Ha ecix eynuysax Kuesa epanuuno donycmuma xonyenmpayis (I'/1K) nepesuwena
no CO ma okcudam azomy y 2-3 pasu, a HaA 3HAYHUX MAICMPANiX - NO GYIUYAM
Bonooumupcokii, [llesuenko ma Xmenbnuybkoco - ye nepeuuyeHHs MOKCUUHUX 2a316
00x00ums 0o 10 pa3is. 3pobrenuti maxo’c 8aHCIUBUL BUCHOBOK NPO 3HAYHY POJb Oepes ma
[HWUX POCIUH OISl OYUWEHHST ROBIMPs. Micm 8i0 yux 3a0pyoHIouux pevosur. Hasnpomu,
oepesa Ha GYIUYAX MICM pOCMYymb Kpawje HIdXC Yy Jici, 3a604KU SUKOPUCMAHHA YUX
WKIOIUBUX 015 todell OKCudie gyeneyto ma azomy i HaAgimv Kpawje euensoaroms. LIJooo
pluyuux 3axo0ie 0151 00ePAHCYBAHHA  HUCTNO20 NOGIMPs. HA BYAUYAX MICH, MO OKpPIM ix
MAKCUMANLHO2O O3€leHeHHs, Ye - nepexio Ha eleKmMpuyHi O8U2YHU 6 asmoMoOilAXx,
aumano2iuHo mponeubycam ma mpameasm. A ye 6xce No8’s3aHO 3 PO3GUMKOM s0epHOI
eHepeemuky. 3 OLbl 3a2anbHUX Hinoco@cvkux no3uyit OialeKmuyHo20 AHANi3y MONCHA
MAKoNHC pOo32710amu  2e0XIMIYHI npoyecu 6 NoGImpi Micm npu 2a308UX BUKUOIE
asmomoobinamu ik Oopomuv0y NPOMUNIEHCHOCHEN: 3 00H020 OOKY ye 3a0pyOHeHHs Nosimps,
Wo wKioauge 0as MH0OUHU, d, 3 Opy2o2o 00Ky, yell npoyec KOpUCHUll 0 pocaun. Takuil
OlanexmuyHUull aHatiz npoyecie 3a0pyOHeHHs NOSImps MICm  003808€ MAKCUMATLHO
sucaodcysamu 8 Micmax pociuHu, 0coOIUB0 6equKi oOepesa, mMomy WO He MIiNbKU
asmomo6ini 3a0pyOHI0I0Mb NOBIMPSA MICI, A MAKONC | 0esKi NiIONPUEMCMad.

Knrouosi cnosa: aemomobini, okcuou eyeneyro ma azomy y Nogimpi, mepmoOUuHaMiKa
peaxyitl 3a0pyOHeH s NOGIMpPsL, OUGY3ist, 6NIUE POCIUH HA OYUWEHHS NOBIMPS 8 MICMAX.

Beryn
3apa3 IOJACTBO MEpEeKMBAaE 0OaraTo EKONOTIYHUX MPoOIeM, MOB’SI3aHUX 13 3POCTAHHIM

KUTBKOCT1 HaceJeHHs Ha 3eMJI, a TaKkoXX 3 €KOHOMIYHMM mporpecoM. KilnbKicTh HaceleHHS Ha

© Beaesues P.5, Baaxko B.L, Jlepman B.A., Koayaenko O.0., Kyzenko Q.B.,)Tepememco C.I. TEPMOAMHAMIKA BUKUAIB
TOKCUYHUX PEHOBUH ABTOMOBUISIMHU B TTIOBITPA MICT TA OUYUILIEHHS MOT'O POCJIMHAMU

86


https://mail.ukr.net/classic#sendmsg,to=Eu0wJDVrEu86Eu8h0Pvc0gCwt2fwFhVhn_8M

30ipHUK HayKOBHX Ipalb [HCTUTYTY reoximii HaBKOJIMIIHBOTO cepenoBuiia 2018 Bumyck 28

IJIAHET1 MPOTATOM OCTAHHBOI'O CTOITTS 30UIBIIMIIACH Y CIM pasiB 1, BIAMOBIIHO, €KOHOMIKA Ta
0CO0JIMBO BUKOPHCTAHHS BYTJICBOJIHEBOI'O TajMBa, OUIBII K B JecaTh pa3iB [1-3]. Lle mpu3BoauTh
JI0 3HAYHOrO 3a0pYyJHEHHsS HaBKOJMIIHHOI'O CEPEAOBMINA, B TOMY YHUCII aTMOc(hepH HaceleHUX
nyHKTIB. OcCOOJIMBO II€ CTOCY€TbCS BEIMKUX MICT, SKI 3HAYyHO 3a0pyJHIOIOTHCS BHUKHAAMHU
aBTOMOOLIBHOTO TpaHcmopTy [4-8].

PiBenp 3a0pyiHeHHs BHKHIaAMH AaBTOMOOLIIB moBiTps MicT. 3HauHMl BKJIaI B
3a0pyIHEeHHs aTMOc(hepu HaceIeHUX MYHKTIB BHOCUTh aBTOMOOUIBHHUI TpaHCIOPT (aBTOMOOITIB y
cBiTi 3apa3 Ounbire 600 MiH.), 0co0aMBO B BeMukUX MicTax (75-90% piBus 3a0pyaHeHHs ). OCHOBHI
TOKCHUYHI peuoBUHH — 1€ okcuJl Byriemnto (CO), sskuii BOHU BUALIAIOTE: 10 10% OeH3uHOB1 MOTOpHU
ta 0,2% — nuzeni , a Takox okcuau azoty (0,5% — 6en3unosi 1 0,25% — nu3enbHi).

Temmnepatypa IBUTYHIB aBTOTpaHCHOpTy nocsrae Ha Tpacax 1000-2000°K, ane Ha mamux
MIBUJKOCTSAX Ta Ha 3yMHHKAX MPH XOJOCTOMY XOJA1 3HAYHO 3HMKYETHCS, IO CYIPOBOIKYETHCS
MEHIIIUM BUKOPHCTAHHSM KHCHIO Ta BUIUICHHSM OKCHJIIB BYTJICIIO Ta a30TY.

Tomy mpu 3Haunux temmepatypax 1000-2000°K B aBuryHax 3a ydacTio, HalpUKIAJ,
MeTaHy, BinOyBaeTbes peakiis (1):

CH4 +202=CO2 + 2H20 (@D)

BinbHa eneprist (AG; ) miel peaxiii Bix’emHa Ta 6su3bka 10 - 800 k/[/Monb. ['a30Buii THCK
B ABUTYHax mpu poOoumx Temmepatypax 1000-2000°K mopsaky 100-500 Gap nmpu BHKOHAHHI
crmiBBiHOImEeHHsT AG,; = -RT.InP, Ta RT=PV. Tomy npu 3HaYHUX MBUAKOCTIX aBTOMOOLIIB B iX
JIBUTYHAX MPOXOIUTH peakiis (1).

OnHak, Mpy 3MEHIICHHI MBHIKOCTI aBTOMOOUTIB Yy X JBUTYHAX 3HIDKYIOTHCS TEMIIEpaTypa
Ta Ta30BMM TUCK, 1 TOMY KUIBKICTh KHCHIO i peakuii (1) cTaHOBUTbCA HEIOCTaTHBOIO.
Hanpuknan, npu temnepatypi Hmkue 1000°K tuck 3HmKyeTrbes mo 50 Oap, a mpu XOJIOCTHX
o0epTax IBUTYHIB Liel TOKa3HUK 3HAYHO MEH LLIHH.

ToOTO, 32 MX YyMOB NpPU HU3BKUX IIBUIKOCTSIX aBTOMOOLIIB B iX JABUTYHAaX 3a y4acTIO
METaHy MpPOXOAWTh I1HIIA peakiis (2) 3 YTBOPEHHSAM OKCHIIB BYIJICHIO Ta a3oTy, SKi €
3a0pyAHIOIOYMMH pe4OBUHAMHU B aTMocdepi:

CH4 +202 +N2 = CO + N20O + 2H20 (2)

BinbHa enepris miei peakiii AGr = -430 kI, 110 3HaYHO MEHIIIE HiXk 3a peakiiero (1).

Bimomo, mo 30Hu 3 mnepeBumieHHsM [JIK (rpaHu4HO-IONyCTHMA KOHIICHTpAIis) 3a
OKCHJaMHU a30Ty Ta BYyIJIeHIO mepeBUIlyloTh 90 % TepuTopid MicT. ABTOMOOUIb € HaWOLIBII
AKTUBHUM CIOKMBAaue€M KHCHIO MOBITPS — 1€ B JIECATKU pa3iB OUIbIIE, HIXK CIIO)KMBAE HACEICHHS
MicT. Ha mo)kBaBleHMX aBTOTpacax MiCT KOHIIEHTpAllisl KUCHIO B TIOBITpi 3HUXKYEThCS 10 15%, a
IpyU KOHIEHTpaIlii KUCHIO Huxk4de 17% y mrofell BUHHKAIOTH CHMIITOMH He3myxaHHS. Tomy
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TokcnyHUMU y oBiTpi € CO Ta okcuau a3oty. A ocobmmBo TokcuyHuM € CO, sikuii popMyeThest
IIPH HU3BKHUX IIBUIKOCTSIX aBTOMOOLIIB Ta OCOOJIMBO IIPHU XOJOCTIH POoOOTI ABUTYHA aBTOMOOLIS Ha
3yNUHKax Ta Iepel MepexpecTsiM, sK MPaBUJIO, IPU OUYIKYBAHHI 3€JIEHOTO CBITJIA CBITJIOhOpY.
Hanpuknan, nva Bcix Bymuusax KueBa rpanuuno gomyctuma konuentpauis (I'’IK) nepeBuirye
normyctuMy mo CO Ta mo okcuaaMm a3oTy B 2-3 pasd, a Ha 3HAYHHMX MATiCTPaisX — BYJIHIISX
Bonogumupceekiit, XmenpHUIIBKOTO Ta OynbBapi IlleBueHKO — I1€ TEpEeBUINEHHS Csrae JaecsTKa
pasiB. B minomy, I'’IK mo 3abpyaHeHHIO Tazamu 1Jisi MICT YKpaiHM TOpPIBHIOE B TOBITpI: IS
oKcHAiB a30Ty MakcumanbHe 0,6 mr/m3, a cepemne memne — 0,1 mMr/m3 a mig okcumy BYTJIEILIO
MakcuMalnbHe — 5 MI/MS, a cepelHbe IeHHe IopiBHIOE 3 Mr/M%,  3a maHuMu Teo()i3MUHHX
1a00paTopiil MICT.

Hamri wenmonaBui 3amipu y jumHi 2018 poky 3a0pymHEHHsSI TOBITpsi aBTOMOOUIAMH Ha
npocnekti [lanmanina B Axagemmicteuky micta KueBa mokaszanu, 10 B 3€lI€HHX 30HaX HaBiTh
noOnu3y aopir 3abpyaHeHHs muMmu razamu 3HauHo Hux4e ['J[K. Ame Ha camux aBToTpacax i
0COOJIMBO HA TIEPEXPECTAX, a TAKOXK HA TPOTyapax, OJM3bKUX 0 HUX, BXKE KOHIIEHTPAIIis IUX ra3iB
€ Bucokoro 1 gocsrae I'JIK (puc.1). Hanpuknan, Ha nepexpecti npocnekty Ilamianina i OynsBapy
Bepuancekoro B Akamemmicteuky Bmict CO mepepuirye 2,0 Mr/mM3, a BMICT OKCHAIB a30Ty
nepesuntye 1,0 mr/M®  (puc. 1). 3amipum BmicTy 1uMX ras3iB B NOBiTpi BUKOHYBAJIHCh
razoananizaropom OKCB-5M.

3amipwH, sKi TIOKa3aHO Ha pHC. 1, € monepeaHiMu. J[OMIIbHUM € JTOJATKOBI JOCHIIKCHHS.
Cepenniit Bmict CO y 2017 p. y micri KueBi mo okcuay ByrJelro JOpiBHIOBaB 2,6 MI/mM°, a 1o
okcuay azory - 0,12 mr/m3. A makcumanbHa pasosa Konuenrtpamis aas CO - 14,0 mr/m3, a ans
okcuay aszory - 0,36 mr/mS. CO Ta OKCHAW a30Ty JyKe IIKiJJIMBI JJIs JIFOJAMHU Ta TBApHH, SKi
JUXalTh KUCHEM. Ane s pociuH okeuau asory ta CO MoxyTts gatu Byriesoau (CH20),
HATPUKIaT, 3a peakiiero (3):

1,5 CO + H20 + N,O = CH20 + 0,5 CO2 +N2 + 0,750 (3)

L1s peakuis iije BIpaBo, OCKUIbKH BisibHA eHepris 11 Bix emua: AGr = -15 k/Ix/moinb. Bona
IPOXOAUTD 3 YTBOPEHHSAM pocaMHHUX ByriieBoAiB (CH20) 1 HaBiTh 3 BUJIJIEHHSIM BUIbHOTO KHCHIO,
TOOTO 3a0pYyAHEHHS MOBITPS AaBTOMOOITISIMU € TOKCUYHUM JJIsI JIFOJIEH, ajie KOPUCHUM JIJisi POCIIHH.
Ta e i 1oOpe BUIHO BAOBX aBTOMOOIIBHUX JOPIr MO pO3BHHEHHX JaepeBax (puc. 3). TobOTo, B

atMocdepi OyBae 1 Tak: 1110 OraHO JJIs JIFOACH, TO J00pe It POCIIHH.
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Puc 1. Poamimenns BumipiB (1-6) 3a0pyaHeHHs MOBITPsI OKCHAAMH BYTIICIHIO Ta a30Ty Ha TepuUTopii AkageMmicreuka
(pesynbraru p. 2): Bumip 1 — y aopi I'HC HAHY (agpeca mpocniext Akanemika [lannanina, 32A); Bumipu 2 ta 3 —
no0su3y aBTOMOOUIBHOI Tpacu 1o mpoct. Akan. [Mannanina, HaBnporu incrutyry I'MP HAHY, 34; Bumip 4 — Ha

nepexpecrti npocn.. Akan. [lannanina ta OyneBapy Akazn. Bepnancekoro; Bumip 5 — B 10 M Big OynbBapy Axan.
Bepnaacekoro B 0ik [HcTHTyTY 3aransHoi Ta Heopraniunoi xiMii HAHY (I3HX), 32-34; Bumip 6 — B 40 M Bix BuMipy 5

B 6ik 3HX HAHY mninx nepeBamu. Bincrans Mix Bumipamu 1 Ta 2 61mu3pko 150 M, To6T0 Macmtab teputopii 1:25.

Fig 1. Location of measurement sites (1-6) of air pollution with carbon and nitrogen oxides in Academmistechco area
(results in Fig.2): site 1 — in the yard of SI “IEG NASU” (address: Palladin Avenue, 34A); sites 2 and 3 — near the road
of Palladin avenue opposite IGMOF NASU (address: Palladin Avenue, 34); site 4 — at the crossroad of Palladin
Avenue and Vernadskyi boulevard; site 5 — 10 meters from Vernadskyi boulevard towards Institute of General and
Inorganic Chemistry of NAS of Ukraine (IGIC) (address: Palladin Avenue, 32-34); site 6 — 40 meters from site 5
towards — IGIC NASU under the trees. The distance between the sites 1 and 2 is about 150 m, i.e. the area scale is 1:25.
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Puc. 2. Pesynprarn BuMipiB 3a0pyIHEeHHS
MOBITPS OKCHJAaMHU BYIVIEIIO Ta a30Ty( B
mr/M®)  ma mpocmekti Ilannanina B
AKaJleMMICTE€UKy B Pi3HHX MyHKTax : 1 —
y aopi I'HC cepen nepes; 2 — B 5 M Bix
moyarky acambToBOi  aBTOMOOIIBHOI
Tpacu 1o npocnekty [lamragina no6ausy
TpoTyapy; 3 — Ha TO4YaTKy camoi
aBTOMOOIIbHOT Tpacu; 4 — Ha TepexpecTi
MPOCIIEKTY MMannanina Ta Oym.
Bepnancekoro;, 5 — B 10 M Big
aBTOMOOIJTPHOI TpacH B HANpPSMKY [0
[HCTUTYTY 3arajnbHOI Ta HEOpraHiuHOi
ximii HAH VYkpainu; 6 — B. 20 M Bix
NyHKTy 5 10 IHcTuTyTy 3aranbHOi Ta
HeopraniuHoi ximii HAH VYkpainun Bixke
i1 AepeBaMHu.

Fig. 2. Results of measurement of air
pollution with carbon and nitrogen oxides
(mg/m® in Palladin  Avenue in
Academmistechco area at different sites: 1
— in the yard of SI “IEG NASU” among
the trees; 2 — 5 meters from the beginning
of the road in Palladin Avenue near the
sidewalk; 3 — at the beginning of the road
itself;, 4 — at the crossroad of Palladin
Avenue and Vernadskyi boulevard; 5 — 10
meters from the road towards Institute of
General and Inorganic Chemistry of NAS
of Ukraine; 6 — 20 meters from site 5
towards Institute of General and Inorganic
Chemistry of NAS of Ukraine behind the
trees.

Puc. 3. Benuki po3BuHyTI jepeBa
Ha  OynbBapi Bepnazncbkoro
nobim3zy 3 HepexpecTsM 3
MIPOCIIEKTOM Axaznemika
ITannamina.

Fig. 3. Big mature tree in
Vernadskyi boulevard near the
crossroad with Palladin Avenue.
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IIpo npouecu nudysii 3a0pyaAHIOI0YUX ra3iB B HOBiTPi

Po3ristHeMo TakoK Mirpamilo 3a0pyJHIOIYHMX Ta3iB aBTOMOOUIAMH (OKCHJ BYIJICHIO Ta
OKCHIM a30Ty) B MOBITpi. LI ra3u BUAUIAIOTECA Ta HAKOMUYYIOTHCS HAa aBTOMOOUIBHHMX Tpacax Ta
HUIsfXxax, a HOTIM MOXYTh MIrpyBaTu BiJ] HUX B IOBITPS KBapTajiB MicTa B mpoueci audysii.
Mirpanist monekyn Biamiuenux 3abpynaiorounx rasziB (CO ta NOyx ) B moBiTpi 3IiHCHIOETBCS B
npoueci audysii 3a popmynoro [10]: r2 = 6Dt, ne r — Bincrans, D — koedimient qudysii, t — yac.
Koedimient audysii 3a0pyaHio0unx ras3iB OJMM3bKUNA /10 OCHOBHHUX Ta3iB MOBITPS 1 MpUOIHU3HO
nopisaroe: D = 0,17 em?/cex. Tomy muisx mudysifinoi mirpamii nux rasis J0piBHIOE GIHM3BKO
300 cm 3a 100y. I ToMy KOHIIEHTpalis 3a0pyAHIOIOUMX Ta3iB y OiK BiJ aBTOMOOITBHUX HIJISXIB, 1€
BOHM BUJUIAIOTHCS 1 HAKONMMUYYIOTHCS,, TOBMHHA OYTH Maii’ke IOCTIMHOIO, JUIIE 3 MOCTYIIOBUM
3MEHIIeHHAM. Y TOW JK€ uYac, 3a HallUMU CIOCTEPEKEHHSAMHU, Bil NUIAXIB KOHI[EHTpALlis
3a0pyIHIOIOYHMX Ta3iB JOCHUTh PI3KO 3MEHIIYETHCS BXKE Ha BiJCTaHI B JeKiIbka MeTpiB (puc. 2):
0CO0JIMBO B1Jl MYHKTY 3 10 MyHKTY 2 , a TAKOX B1J NYHKTY 4 110 MyHKTY 5 1 fajii g0 nyHkTy 6. L
pi3Ki 3MEHILIEHHS KOHLIEHTpalil 3a0pyJHIOIYMX PEYOBMH MOYKHA IIOSICHUTH JII1€10 IPOLIECIB
OUMIIEHHS MOBITPsI B Hioro 3abpyaHeHHs. J[o 1UX MpoleciB OYMIIICHHSI MOBITPS MOXKHA BITHEC TH
TIEPIII 3@ BCE 10 POCIHH, ITEPEBAXKHO JAEPEB, AKI JOCUTh OYHHO POCTYTh O1JI1 aBTOMOOLIBHUX TPac
(puc. 3). Haui € momepeaHiMu, s OUIBII JOCKOHAJIMX BUCHOBKIB JOIUJIBHUM € TPOJOBXKEHHS
JOCHIJKEHb 3 O1JIBIIOI0 KITBbKICTIO MaTepiaiB.

BucHoBku

Bukuan aBToMOOUTHPHOTO TPAHCIIOPTY B METaroiicax HeCyTh 3arpo3y He JUIIe sl €KOJIOT1i
B IJIOMY, a 1 Oe3mocepenHbO 370pOB'I0 HaceleHHS. [ 0JIOBHUMH 3a0pyTHIOIOUUMH TOKCHYHHUMH
pCYOBHMHAMHU € OKCHJ BYIJICIIO Ta OKcHIW a3ory. [lepepaxoBani aepo3oi, mepmr 3a Bce,
3aTpUMYIOThCsSL B atMoc(epHoMy HoBITpl MicT. Bonn nepesunryrors ['JIK B nekinbka pasiB (10
JIeCsITH), 0COOJIMBO Ha aBTOMOOUIbHUX Tpacax. ['a3u 3 aBTOMOOIIBHUX Tpac Ta HUIAXIB B MpOLECi
nu@y3ii MIrpyroTh B MOBITpsl KBapTaliB Micta. JlepeBa Ta iHIINI POCIMHU Y3/IOBX LHUX BYJIHIb €
NOrVIMHAYaMH  Ha3BaHHUX BUIE 3a0pyIHIOIOUMX pedoBUHU. Tomy TpeGa 00OB’S3KOBO B3IOBXK
aBTOMOOUIBHUX Tpac 1 0COOJMBO B3I0BXX BYJHUIb MICT CaAMTH OLIbllIE€ JAEPEB Ta IHIIMX POCIIHH.
To06T0, nepeBa Ta iHIII POCIAMHU B MICTI — HalKpallui 3aXMCHUK Bl OTPY€EHHS JIIOJIEll BUKUIAMU
ABTOMOOWIIB Ta IHIIUX TEXHOTCHHUX JIXKEPEl.

[Momo 3axo0/1iB, COPSIMOBAHUX Ha MOKPAIIEHHS CTaHy aTMOC(EpPHOro MOBITPs, TO Cepel HUX
Tpeba BIAMITHTH 3aMiHy y JIBUTYHaX aBTOMOOiTIB O€H3MHY Ha AW3eNb Ta Ta3. Alle 1le TiJbKUA B
HE3HAYHIM Mipi MOJINIIUTG CTaH NOBITpA B MeramnoiicaXx. CTOCOBHO PpIIIyYHUX 3aXOJiB JJs

JOCATHEHHSI YMCTOTO TOBITPS Ha BYIHUIX MICT, TO II€ — TEpexXiJi Ha eNeKTPHYHI JBUTYHU B
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aBTOMOOINIAX, aHAIOTiYHO Tpoijeiidycam Ta TpaMBasM. A 1€ BKe IOB’s3aHO, IMEpII 3a Bce, 3

PO3BHTKOM SIJIEPHOT EHEPreTUKH.
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Paccmompena makas easicnas sxonoeo-eeoxumuyeckas npobdiema, Kaxk 3dzpAsHeHue 8030yXd 2opooos
MOKCUYECKUMU 2A308bIMU BbIOPOCAMU ABMOMODUILHOZO0 MPAHCHOPMA NO KOHKPEMHbIM 3aMEPamM COCmaed
6030yxa 6 Axademeopooxe e. Kuesa. Ilpoeedennviil mepmMoOuHamMu4eckuti anams XuMUYeckux peakyutl ¢
yuacmuem maxKux MOKCUYECKUX 2a308, KAK OKcud yaiepooa u okcud azoma. Haubonvwee 3acpsasuenue
OOHAPYIHCEHO HA CAMUX ABMOMOOUNIbHBIX NYMAX U OIU3 NPULEAIOWUX K HUM MPOMYyapax 600jb 00po2 U Hd
nepekpecmkax. Omu 2azvl BbIOCIAIOMCA U HAKANAUBAIOMCSA HA  A6MOMOOUNbHBIX MpAcax U Nymsax u
6NOCNICOCMBUU MO2YI MUSPUPOBAMb OM HUX 6 6030YX Keapmanos 20poda 6 npoyecce oupgysuu. Coenran
MaKdice 8blB0O O BANCHOU POIU 0epedbed U OpYeUX pacmeHull Oisk OYUCMKU 6030YXA OM 3A2PA3HAIOUWUX
seugecms. OMHOCUMENIbHO PeuumenbHblx 0eticmeuii 0isi OOCIUICEHUsL YUCMO20 8030YXA HA YIUYAX 20POO08,
Mo 3MO — nepexo0 Ha dNeKmpudecKue 0gUeament 8 AgMoOMOOUINAX, AHALO2UYHO MPOILEUOYCAM U MPAMBAIM, d
MO YoHce CEA3ANO C PA3GUMUEM AMOMHOU IHEPSEMUKIL.

Knrouesvie cnosa: agmomobunu, oxcuo yenepooa u azoma 6 6030yXu, mepMoOUHAMUKA PeaKyuil 3a2psi3HeHUll
6030yxa, ough@y3us, 6IUsSHUSL PACEHUT HA OYUCMKY 8030YXA 8 20POOAX.

THERMODYNAMICS OF TOXIC AUTOMOTIVE EMISSIONS IN CITY AIR AND AIR
PURIFICATION BY PLANTS

R. Belevtsev, V. Blazhko, O. Vysotenko, V. Derman, O. Zholudenko, S. Kuzenko, E. Lazarenko,
S. Tereshchenko

R. Belevtsev — D.Sc. (Geol.-Min.), Head of Department, Professor, Cor. Member NASU, SI “Institute of Environmental Geochemistry
NAS of Ukraine”, igns_bielievtsev@nas.gov.ua.

V. Blazhko - Researcher, SI “Institute of Environmental Geochemistry NAS of Ukraine”

V. Derman - Researcher, SI “Institute of Environmental Geochemistry NAS of Ukraine”

O. Zholudenko - Researcher, SI “Institute of Environmental Geochemistry NAS of Ukraine”

S. Kuzenko - Researcher, SI “Institute of Environmental Geochemistry NAS of Ukraine”

S. Tereshchenko — Senior Researcher, D.Sc. (Geol.-Min.), SI “Institute of Environmental Geochemistry NAS of Ukraine”

Such an important ecological and geochemical problem as urban air pollution by toxic gas emissions from
road transport was assessed by specific measurements of the air composition in Academmistechco of the city
of Kviv. Thermodynamic analysis of the chemical reactions involving such toxic gases as carbon monoxide and
nitrogen oxides emitted from transportation has been carried out. These toxic gases are preferentially released
when the speed of automobiles decreases and the temperature and gas pressure in the engine decreases, and
consequently the amount of oxygen for complete reaction becomes insufficient. That is, under these conditions,
at low speeds of cars, other reactions take place in their engines with the formation of carbon oxides and
nitrogen which are toxic substances for people. The highest pollution was found on the motorways and the
adjacent sidewalks along them, and at the cross roads. These toxic gases are released and accumulated on the
highways and paths, and can later migrate from them into the air of the city blocks in the process of diffusion.
On all Kyiv streets, the maximum permissible concentration (MPC) of CO and nitrogen oxides is exceeded by
2-3 times, and on major highways such as Volodymyrska, Shevchenko and Khmelnytskyi streets this exceeding
reaches 10 times. It was also concluded that trees and other plants play a significant role in air purification
from the pollutants. Moreover, the trees seem to grow better than in the forest consuming toxic for people
carbon and nitrogen oxides and even look better. Regarding the decisive actions to achieve clean air on the
streets, besides greening electric engines should be used in cars more extensively like in trolleybuses and
trams. This is closely connected with the development of nuclear energy production. From more general
philosophic approach, the geochemical processes in the urban air polluted by automotive gaseous emissions
can be viewed as dialectic between unity and diversity: on the one hand, the air pollution is harmful for
people, on the other hand, it is valuable for vegetation. Such dialectic analysis of the urban air pollution
processes favours extensive greening in cities, especially planting big trees, because besides transport,
enterprises and factories also contaminate the environment.

Keywords: Cars, carbon and nitrogen oxide in the air, thermodynamics of air pollution reactions, diffusion,

the impact of plants on air in cities.
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VIIK 556.314:556.388](477.61)

EKOJIOTO-TTIPOTEOXIMIYHI OCOBJIMBOCTI ®OPMYBAHHS
M3EMHAX  BOJ  MEPTEJLHO-KPEHISAHOTO  BOJOHOCHOIO
TOPU30HTY TA IPOTHO3 iX SKOCTI (HA NMPUKJIAII KUTJIIBCBKOTO
BOJ0O3ABOPY B JIYTAHCBKIN OBJIACTI)

Yaanos I.B., Kononenko A.B.

Vnanos I.B. 1. 1. H., mOUeHT, 3aB. Kadeapu rigporeosorii XapkiBCbKOTO HamioHanpHOro yHiBepcurery imeni B.H. Kapasima, e-mail:
igorudalov8@gmail.com

Kononenko A.B. acmipant xadenpu rigporeosorii XapkiBchkoro HaijioHambHoro ysisepcurery imeni B.H. Kapasina, e-mail:
kononenko_alina01@ukr.net

B cmammi npoananizoeano ocHo8Hi eKo020-2i0poceoXimiuni hakmopu Gpopmysanms
NIO3eMHUX 600  Mep2elbHO-KPeUuodsHo20 ~ B000OHOCHO20 — 20PU3OHMY  HA  NPUKIAOL
Kumniecvbkoeo 60003ab0py. Bcmanoesneno enaug inginompayii 3a6pyonenux ammocgepuux
onaodié i IPYHmMoGUx 600 HA SAKICHUU CKAAO NIO3eMHUX 600 Mep2esibHO-KPEeUOIHO20
8000HOCHO20 — 20pu3onmy. JlogedeHo — GIOCYmMHICMb 368 A3KY  MIdC — eKCHIYyamayiero
Kpacnononiscokoco niozemnoeo cxosuwa easy i saxicmio niozemMHux 600 JKumiiecvkoeo
60003a60py. 3’acosano ponv IlieHiuHoOOHEYbKO2O HACY8Y 6 npoyeci popmy8aHHs AKOCMI
nio3eMHUX 800 80003abopy. Bcmanoesneno 3anexcuicmo sminu Minepanizayii niozemMHux 600
8I0 GeauyuHu 60008i000py 6 30mui enaugy IligHiuHOOOHEeYbKO20 HACY8Y HA OCHOBI
KOpenAYiUHo20 ananizy. 30iliCHeHO NPOSHO3 3MIHU AKOCMI NIO3eMHUX 800 3a pecpeciinum
DIBHAHHAM MaA pPO3PAXOBAHO GEIUYUHY NPUMOKY GUCOKOMIHEpANi308aHux 600 mpiacy 6
MepeebHO-KpetuOsHUL  8000OHOCHULL  20pU30HM.  3anponoHo6aHo  pekomeHoayii  no
3MEHULEHHIO He2AMUBHO20 NIUBY O0CTIONCYBAHUX eKON020-2I0P02eO0XIiMIUHUX (PaKmopie Ha
AKICMb NI03eMHUX 800 MeP2elbHO-KPEUOSIHO20 8000HOCHO20 20PU3OHMY .

Knrouosi cnosa: mepeenvHo-KpetiOsiHull 8000HOCHULL  20PpU30OHM, 80003aDIp, AKiCMb
NIO3eMHUX 800, €KOJI020-2I0P02eoXiMiuHI (hakmopu, iHGinbmpayisi.

Beryn

[TpoGaema 3abe3meueHHs sIKICHOIO MUTHOIO BOJAOIO SIK JJIs paiioHiB JlonOacy, Tak i B3arami
Juid Bciei YKpaiHM € onHI€0 13 HaiBaxumBimmx. Teputopis JloHOGacy € onHUM 13 HalOLIbII
BozonediuuTHUX paiioniB B Ykpaini (160,0-500,0 m%/pix Ha ommoro sxwurtens) [1]. Kpim Toro,
teputopisa Jlonbacy xapakTepu3yeThCsi BUCOKHM CTYIIEHEM TE€XHOT'€HHOTo HaBaHTa)kKeHHs. B Takiii
CUTYyalll NPIOPUTETHE 3HAUYEHHS B 3a0€3M€UEHHI MUTHOI BOAOK BIIBOAUTHCS MIA3EMHUM BOJAM.
ToMy MU MPOAOBKYEMO KOMIUIEKC IMyOJiKaIiid, TPUCBIYEHUX KPEHIOBUM BOJ03a00paM CX1THOL
VYkpainu, siKi € OZHUM 13 OCHOBHHUX JKEpEN TOCIOAApChKO-MUTHOTO BOJOMOCTAa4YaHHS Ha JaHIN
TEPUTOPII.

Meta npociaimkennsi. [IpoananizyBaTd OCHOBHI €KOJIOTO-TIAPOreOXiMivuH1 (PaKkTOpH, IO
BIUIMBAIOTh Ha (QOPMYBAaHHS XIMIYHOTO CKJIAJy IMIJ3€MHUX BOJ MEPrejabHO-KpeHasHoro
BosoHOCHOTO ropu3oHTy (MKBI') 1 maTi mporuo3 3MiHu iX SIKOCTI Ha HAHOJIMKYY TIEPCIICKTUBY .

Marepiana i MeToau 10C/iIKeHb
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OO6poOka Ta aHaji3 JaHWX OAraTOPIYHUX CIIOCTEPEIKEHBb 3a PIBHAMH, JUHAMIKOIO BinOOpy Ta
XIMIYHMM CKJIQJIOM MiA3eMHUX BOJ Ha JKUTIIBCHKOMY B0/03a00pi IPOBEACHI 3 BUKOPUCTAHHSIM
nepBUHHUX JaHuX, orpuManHux 3AT «BO Cxignonbacreonorisy.

JKutniBcbkuii Bomo3alip 3HaxomuThbes Ha Bigcrani 1,0-1,5km Bim KpacHomomiBcbkoro
nigzemaoro cxosuma razy (IICT). Jlnsa 3’sicyBanns BrumBy ekcrutyatamnii [ICIT Ha 3akoHTYypHY
00JTacTh MJIacTa-KOJIEKTOpa Ta HeOOXiIHICTIO KOHTPOIIO 32 MOXKIMBUMU TIIIACTOBHUMH TEPETOKAMH
BHCOKOMIHEpalIi30BaHUX BOJ Tpiacy y BOJOHOCHHHM TOpH30HT JKUTIIBCHKOrO BOA03a00py
MPOBOAMIIMCS T1IpOreoxXiMiuyHi BUNPOOYBaHHS 3 YAacCTOTOIO 2 pa3d Ha pik. 3 Ii€0 METOK i3
II’€30METPUYHUX Ta KOHTpoJapHUX cBepanoBuH [ICI, 3  ekcrulyaTtaliiiHUX CBEpAJIOBHH
KutniBcbkoro Bomo3abopy Ta KOJOAA31B, PO3TAIIOBAHMX y MeEXax IOCIIPKYBAHOI TEpUTODIi,
BiiOMpascs nmpodu BOAM HA XIMIYHHMK aHami3. [igporeoxiMiyHe BHIPOOYBAaHHS MPOBOMUIIOCS HA
Pi3HMX TIMOMHAX 3a JOMOMOTI'OK0 TiIPOreosoriyHoro npodoBin0ipHUKA 3 METOK peecTpallii 3MiH
XIMIYHOTO CKJIay MiJ3€MHUX BOJ BOJIOHOCHOTO TOPU3OHTY 1O BEPTUKAIII.

OaHOYACHO 3 JOCTIIKEHHSIM XIMIYHOTO CKIIaay mia3eMHuX BoJ JKUTIIIBCHKOTO BO103a00py
BHBYAJAcs 1X Ta3oHacHM4eHicTh. I[IpoOW razy 3i CBEpAJIOBUH BiIOMpajKMCs HAMPUKIHII CE30HY
3akavyyBaHHs ra3y B [ICI" cmoco6om Tepmoperasaiiii.

Pe3yabTaTn Ta iX 00roBOpPEeHHA

KutniBcbkuit Boj03al0ip Mae cTpaTeriyHe 3HA4YeHHsS JUIsl 3a0e3Me4eHHs] TOCMOIapChKO-
OUTHOTO  BOJOMOCTauaHHs MicT PyOixkano-JIucmuancekoro mpompaiiony: JlucuuyaHChKa,
Kpewminnoi, PybixkHOro Ta mpuiernux HaceleHWX MyHKTiB. MakCcUMallbHUN BOAOBIAOIp 3a mepion
iHTeHCHUBHOI po6OTH Bom03a00py cknaB 45,4 tuc. M3/no0y [2]. OcTaHHIM 9acoM aJ1i BO103a00piB
TaKOT'0 THITY CIIOCTEPIra€ThbCsi TEHEHIIIS MOTIPIIEHHS SIKOCTI MiA3EMHUX BOJ, IO MPOSIBISETHCS Y
HiIBUIIEHH] 1X MiHepasi3alii, )KOPCTKOCTI, BMICTi cynb(daTiB, XJIOPHAIB, HITPATIB, MOSABI BaXKKHUX
metaniB Ta 1H. [1]. Ilig Bomo3abopamMu Takoro THIy MaeMO Ha yBa3i OeperoBi Bojo3abopu 3
iHUIBTpAlliIiHUMHA yMOBaMHU J>KHUBJICHHs, 10 MalOTh JOCTATHE TIOMIMPEHHS SK Ha TEPUTOPIl
JlorOacy B 1oJaMHAX BEIMKHUX PiK, TaK 1 B3araji Ha TEpUTOPIl BCi€i cxigHol YKpaiHu.

KutniBcbkuii Bom03abip (QYHKIIOHYE B YMOBaX KOMIUIEKCHOTO BIUIMBY (aKTOpiB
npUpOAHOrOo 1 TexHoreHHoro moxomkeHHs. MKBI, mo ekcnmyatyerbess Bomo3abopom, HE
3aXUIIECHUI BiJ MOBEPXHEBOr0 3a0pyIHEHHS, a TUIOIIA HOro >KMBJICHHS B JoauHi p. KpacHoi mae
BILTUB JKEpEed TEXHOreHHOro 3a0pyaHeHHs [3]. Y 3B’SA3Ky 3 IIMM HaMHW IpoaHaIi30BaHI OCHOBHI
eKoJioro-riiporeoximiuni ¢axropu ¢popmyBanHs niazemHux Bojg MKBI' na Bogozabopi [4]: mo-
nepuie, 1HQUIbTpalilo 3a0pyIHIOBAUiB 1 HECIPUATIMBY €KOJOTIYHY CHTYallil0 Ha TMOBEPXHi; IMO-
npyre, BiumB KpacHononiBeskoro [ICIT «3HM3Y» B pe3ynbTaTi MepeToKiB BUCOKOMiHEpali30BaHUX
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BOA Tpiacy; 1 Tperid ¢(akTtop — BrumB I[liBHIYHOMOHEIBKOTO HACYBY Y BHUIJISII IEPETOKIB
BHCOKOMIHEpaIi30BaHUX BOJI Tpiacy i KapOOHY IO pO3JIOMaX i ONEPSIYMX HOro 30HaX APOOJICHHS
npu 301b1IeHH] 00’ €MiB BOZ0B1I00DY.

Ananizyroun nepmmii GakTop 3a3HAYMMO, IO 3MiHA XIMIYHOTO CKJIAAy MiJ36MHHX BOJ
MKBI BimobpaxaeTbcst y 3pOCTaHHI MiHepami3allii, BMICTY MaKpOKOMIIOHEHTIB, TIOSIBI HITpaTiB i
MOSICHIOEThCS, TIEPII 3a BCE, 3a0pyAHEHHSM TIPYHTOBUX BOJ B ajiOBIiallbHUX BiAKJIanax, siKi €
mokepenom skuieHHs MKBI. 3a Takux ymMoOB JIOTiYHO MPUITYCTHTH, L0 KOMIUJIEKCHO iUl
TEXHOTCHHUH (akTop TO3Ha4YaeThcss Ha skocti mig3emMHux Box MKBI, BpaxoByroun
1HOITBPTpaliiHIA PEeKUM JKUBJICHHS BOI03a00pY, PO3TAIlyBaHHsS BHINE IO IPYHTOBOMY HOTOKY
TexHoreHHux o00’ekTiB: KpacHonomniBeskoro IICI,, 00’€KTiB CUIBCBKOIO TrOCIOAApCTBA, HE
KaHaT30BaHUX c.c. XXutniBka, YepBoHomomniBka, X. [limane, »xuTiaoBux cropyn M. KpemiHHOi,
KpeMmiHcbkoi rpynmu 1maxTt, aBToMmarictpaii XapkiB-Jlucnmyancek Ta 1H. AHam3 €KOJOro-
riApOreoXiMIYHUX JJAaHUX, 1110 OyJIM OTpHUMaHi 3 MoYaTKy ekciutyaTtanii JKutiBcbKoro Bogo3adopy,
[I0Ka3aB 3pOCTaHHS MiHepaji3alii Ta BMICTY MAaKpOKOMIIOHEHTIB MI3€MHHUX BOJ 3a PaXyHOK
HCOs;, SO4%, Ca?" ta y gemo menmiii mipi Na* [2]. 3pocTaHHs BMicTy XJIOpHIiB SKIIO i
BiIOYBA€THCSA, TO BIJCTA€ BiJ IHIIMX aHIOHIB, 32 BUHATKOM IIIBJCHHOI YaCTHHHU BOJ103a00DpYy,
po3TamoBaHoi no6au3y [1iBHIYHOIOHEIILKOT O HACyBY.

CrocoBHO XiIMi4HOro ckJany armochepHux omnanis Ha Tepurtopii J[Joubacy
3a3HAYMMO, L0 BiH BiJ/I3€pKaJIIO€ 3arajbHy €KOJIOTIYHY CHUTYallil0 Ta 3HAYHUI BIUIMB JKepell
TEXHOTCHHOTO HAaBaHTAKEHHSA. 3a TaKUX YMOB CYXUH 3allMIIOK AaTMOCPEpHHUX OmaiiB
3MIHIOETBCS Y IUPOKUX Mexax — Bix 42,0 1o 2000 mr/am3, Bmict Cl- — Big 0.8 mo 340,0 mMr/am3,
S04 — Bin 12,3 10 260,0 mr/am3. SIx nmpasuno, arMmocdepHi onaau Ha TepuTopii Jlondacy MaroTh
BUCOKY KHCIOTHICTh. 3a manumiu [1], kinbkicte SOz Ta CO2 y ckiaai atMochepHOro moBiTpsi Ha
IpUJIAraoyiil 10 Bo103a00py TepUTOpii 1HOMI Y IECATKU pa3iB MEPEBUILYE TPAHUYHO JOIYCTUMY
HOpMYy. BHacninok iH@inpTpamii KHCIMX OmaaiB, HE3Ba)XKalOYM HA JOCTATHHO MOTYXXHI OydepHi
BJIACTMBOCTI KapOOHATHOI TOBII, MOXJIMBE MOCTyNOBe 3HIKeHHs pH ninzemanx Bog MKBI [5].
Ilefi mpolec HPUCKOPIOETHCS 3a PAaXyHOK CKOpPOUEHHs dYacy IH(QIbTpalii, BUKJIMKaAHOIO
B1100POM BOJH.

Ha niporniec iHdinpTpariii 3a0pyaHeHux aTMochepHUX OmajiB Ta IpyHToBUX Boag B MKBI
BIUIMBa€ OynoBa aJiOBiajbHOI TepacH, B Mexax kol (QyHKIioHye Bomo3abip. Tepaca
[pe/ICTaBJIeHa MiIIaHUMU A00pe MPOHUKHUMU I'PYHTAMHU 1 crielu(piyHUM OyrpucTUM, OYrpucTO-
rpsiioBUM penbedoM 3 Oe3CTiYHMMHU 3amaguHaMu. Taka OyJgoBa Tepacu CHpHsie€ OUIbII
IHTEHCUBHOMY TPOHHKHEHHIO 3a0pyJHEHUX aTMOCPEpHHX OMaJiB Ta IOBEPXHEBHX BOJ Y
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HErJMOO0K1 BOJIOHOCHI TOPU30HTH, B ToMy 4ucii i MKBI' B mopiBHSHHI 3 AiNsSHKaM U, 110 MalOTh
IHIII JTITOJIOTiYHI YMOBH Ta 0COOJIMBOCTI penbedy [6].

CrocoBHO apyroro (axtopa hopmMyBaHHS SIKOCTI MiI3€MHUX BOJI BOJ103a00Py iICHY€E JAyMKa,
10 MiJBUIICHHS MiHepasi3alii Ta BMICTY OCHOBHHUX KOMIIOHEHTIB XIMIYHOIO CKJIQy Moxe O0yTu
HacrmiakoMm ekcruryatamii [ICIT Ta mepeToky BHCOKOMiHepali3oBaHUX Box Tpiacy y MKBI.
3okpema, 1miei nymxu gorpumyrotbest €.11. Korenesens [7], JLM. Cenuonoxk [2], JI.I'. HekpyTt [8]
Ta iH.

Tepuropis XXutniBcbkoro Bomo3zabopy posramosaHa miBaeHHime [ICIT Tak, mo miBHiYHA
Meka Bomo3adopy (cBepuioBuHa 839) po3TamoBaHa 0e3mOCepeaHbO OiNs MO eKCITyaTaIiifHo -
HarHitTanbHuX cepanoBud IICIT, Tomy, Ha nmepumii mornan, BB IICIT oueBupnuii (puc. 1).
[Tpote posrisHemMo ¢akTd, MO MIATBEPPKYIOTH a00 CIPOCTOBYIOTh Iied BrumB. /g 1boro
MPOaHaJi3yeMO OCOOJMBOCTI XIMIYHOTO CKJIATy MiA3€MHHUX BOJI Y CBEPJIOBHHAX, SIKi TpOOypeHi Ha
KOHTPOJIbHI  BOAOHOCHI rTopu3oHTH B Mexax [ICI. KoHTpoiabHMMHM TOpU3OHTAMM Ha
Kpacunonomniscskomy IICIT € BepxubotpiacoBuii 1 MKBI 31 cBepanosunamu 41-6, 47, 49 ta 19, 48,
820 BiAIoOBIAHO.

B KOHTpOJILHUX BEPXHHOTPIACOBUX CBEpMJIOBHHAX 41-0 1 47 crocTepiraloTbCsi CaMOBUIIUBH
Boiu. HammmimkoBi THCKM B THUpJ CBEPIJIOBUH 3a 4ac jaociuipkeHb ctaHoBuian 0,402-0,430 Ta
0,068-0,073 MIla. B rupmni cBepainoBunu 49 QikcyeTbcst MOCTIHHUN piBEHb BOJH, MJIACTOBUIN THCK
cranoBuTh 3,31 MIla. Minepanizaiiist JIaCTOBUX BOJ Y CBepAJoBHHI 41-0 y MOpIBHSAHHI 3 TpoOamMu
BOJIM 31 CBEpIJIOBHMHU 47 Maike y JBa pa3u BHINA, aJic BOJAM 3a XIMIYHHUM CKJIAJJOM OJHAKOBI —
XJIOPUTHO-HATPIEBI, MicTATH MikpokommoHeHTH — | i Br y xommentpamisx 0,4 i 29,4 mr/ame.
[linBumeHHss MiHepami3alii TOB’s3aHe 31 3MIHOK (OHOBHX ITOKa3HUWKIB TPH aBapiiHOMY
(doHTaHyBaHHI cBepAIoBUHU 41-0 mig yac po3dyproBanHs [ICI. BigmiTuMo, 110 1i 3MIHH MaroTh
JIOKaJbHE TMOIIMPEHHS HABKOJIO CBEPAJIOBHHH, LIO MiATBEPIKYETHCS PE3YIbTaTaMU OCIiIKEHb
IHIIUX CBEP/UIOBHUH.

Cepen cBepanoBuH, npodypenux Ha MKBI', Bupi3useTbcs cBepasioBuHa 19, sika po3kpuiia
ropu3oHT Ha riaubuHi 241,0-248,0 M. Minepainizanisi miactoBux Boja cralinbHa i ckmanmae 7,0—
8,0 r/nm3. 3a XiMiYHUM CKJIag0M BOaM XJIopuaHi Hatpiesi. CBepmiosunu 48 i 820 poskpuin MKBIT
B inTepBaiax 30,0-80,0 m. ITpore 3a XiMiYHMM CKJIaJ0M BOAM Aemio pi3Hi. Tak, y cBepayioBuHi 48
BOJM XJIOpMIHI HaTpieBi 3 MmiHepamizamiero o0 4,0 r/nm3, a y cepanoBuni 820 — XJIOpUIHO-

rigpokapOOHATHI KajbllieBi 3 MiHepaizamiero Huxae 1,0 r/ome,
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Puc. 1. Cxema posramryBanust KpacHonomnieskoro [ICIN i JKutniBcbkoro Bosiozadopy [9].

Fig. 1. Scheme of the location of the Krasnopopivsky UGS and Zhitlovsky water intake [9].

[Ilo cTocyeThCs HAAIMIIKOBUX TUCKIB: y cBepaioBuHax 48 1 820 ix He 3adikcoBaHO, piBHI
Boau ctabimpHi — 3,0-5,0 M Bixg rupia. 3a 1aHUX 00CTAaBMH BUPI3HIETHCS CBepasioBuHa 19. Y Hii
HOCTIHO (iKCyeTbcs HaUIMIIKOBUNM TucK Ha piBHI 0,26-0,36 MIla. Lle nmosicHioemo Tum, 110

CBEp/JIOBMHA paHimie Oyia eKCIUTyaTalliiiHOK, a IMOTIM 4Yepe3 aBapiiHUN CTaH 1i MepeBend B

CIIOCTEPEXKHY Ha CECHOMAHCHKUH SIPyC BEPXHBOI KPEUIH.

OnHOYaCcHO 3 AOCTIHKEHHSIM XIMIYHOTO CKJIaly Mia3eMHHUX BoJ JKUTIIBCHKOro Bogo3abopy
BHUBYAJacd 1 iX ra30HACHYEHICTh. AHaJi3M BOJOPO3YMHEHUX TIa3iB 3 KOHTPOJBHUX TOPU30HTIB
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MOKa3yl0Th, 1[0 3 YaCOM BOHH HE 3MIHIOIOTHCS 1 3alMIIAIOTHCS Maibke crabinbHUMHU. Y CKIaai
BOZIOpO3YMHEHUX ra3iB BusBiaeHuid No, sikuii ckiaamae 67,6—81,65 % 006., Bmict O2 — 9,8-19,4 % 00,
CO2 — 1,2-19,05 % 00. [9]. ByrneBoani He 3adikcoBani. Sk 6auumo, y CKiIajl IepeBaxarThb
KOMIIOHEHTH aTMOC(GEpHOro TeHE3UCy, SKI XapaKTepHl JJisi BOJOHOCHUX TOPU3OHTIB 3
1HQITBTPAIHHUM PEKIMOM KUBJICHHS.

TakuM YWHOM, i3 TpPOAaHANTI30BaHUX BHIIC JAaHUX MOXHA 3POOMTH BUCHOBOK: PI3HHIISA
TiApOreoXiMIYHMX MOKAa3HUKIB 1 BOJOPO3UYMHEHUX Tra3iB y mnpoayktuBHomy 1 MKBI' nae
MOXIIMBICTh CTBEP/DKYBaTH, IO MDKIUIACTOBI TEPETOKH MK KOHTPOJLHUMH TOPHU30HTaAMH
BiacyTHI. CroinbHa excrutyarauist [ICIT 1 JKutniBebkoro Bojo3abopy HE BHMKIMKA€E IOTIPIIEHHS
SAKOCTI MIJJ36MHUX BOJI.

PosrassHemo octaHHii (akTop, moO BIUMBaE Ha (GOPMYBaHHS SKOCTI IMIA3EMHUX BOJ Ha
JKutniBcbkomy Bomo3abopi. Teputopis AoCHiPKEHb 3HAXOAUTHCA B 30HI 3WJIEHYBaHHS
ckiaayacroro Jlonb6acy 3 MOHOKJIIHAIbHO 3aJIral0uuMU BiAKIa1aMi BopoHe3bKoro KpucTaaiuHoro
MacHUBY. 30Ha XapaKTepU3yeETbCsS BUCOKUM CTYIEHEM TEKTOHIUHOI mopyueHocTi. Ha uii Tepurtopii
MOBCIOIHO  (DIKCYIOTBCS  OCEpPENKH PO3BAHTAXXKEHHS BHUCOKOMIHEpalTi30BAaHUX MiJ3EMHUX BOJ
KapOoHy 1 Tpiacy. IlmacToBi THCKM B IIMX BOJAOHOCHUX I'OPHM30HTaX 3HAa4yHO Buii, Hbk B MKBI'.
Takuii mepepo3nonia TUCKIB 3a0e3ledye YMOBU JUIsl BUCXIIHHUX IEPETOKIB MIJ3€MHUX BOJI.
Haii6inp1n akTUBHO 111 TIEPETOKU 31HCHIOIOTHCS B MPUPO3TIOMHUX TIISTHKAX 1, 30KpeMa, Mmooiamu3y
[TiBHIYHOIOHETIFKOTO HACYBY. BBaxkaemo, 110 MEPETOKH BHCOKOMiHEpali30BaHUX BOJ [0 PO3JIOMY
CIPOBOKOBaHI aKTWBi3allielo BomoBimOopy. CmiBCTaBUBIIM 3HAYEHHS MiHepamizamii i 00’emu
BozoBinOOpy migzemunx Bogx MKBI y cBepmioBnHax JKuUTiiBChKOro Bo103a00py, PO3MIIIICHUX Ha
mexi 3 IliBHIYHOJOHELKUM HacyBoM 3a mepion yacy 3 1970-2017 pp., HaMH BHSIBJIEHO NEBHI
3aKOHOMIpHOCTI. [3 anamizy puc. 2 Ta 3 crae 3po3ymino, IO 13 POCTOM BOJIOBIIOOpPY 3pocTae
BEJIMYMHA MiHepai3amii mia3eMHUX BOJ 1 HaBMaku. BimMiTumo, 1mo BinOip Boau Ha KUTIIIBCBKOMY
B0/103a00pi 3a BeCh MepioJl eKCILTyaTallii 3MiHIOBABCS BiJl pOKY 10 POKY 1 B 3aJI)KHOCTI BiJl CE30HY
pOKy — Bim MakcumambHOro 454 tmc. M3/moby mo wminimansHoro 2,1 Tmc. m%/noby i He
IIEPEBUIIYBAB 3aTBEPDKEHUX €KCIUTyaTaliinux 3amacie (77,5 tuc. m%/no6y) [2]. OcnosHOO
IPUYUHOIO 3MEHIIIEHHS 00’ eMIB B11IOpaHOT BOJIM € CKOPOUEHHS KUIBKOCTI IPALIOI0YUX CBEPIJIOBUH

BHACIIIIOK 1X 3aMYJIFOBaHHSI Ta 3MECHIIIEHHS 3arajbHOI MOTPEOH y BOJII.
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Fig. 2. Water extraction (th. m¥/day) from marl-chalk aquifer on the Zhytlivsky water intake.
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Puc. 3. Cepenbopiuni 3HauenHs Minepanizaii (Mr/am®) migsemunx Bonx MKBI Ha JKutiniscbkoMy Bo1o3a0opi.
Fig. 3. Average annual values of mineralization (mg/dm®) groundwater of the marl-chalk aquifer on the Zhytlivsky
water intake.

Jlns BUSIBIIGHHS B3a€MO3B 3Ky MDXK BOJOBIZOOpPOM Ta 3MiHAMU MiHepali3amii HaMHu
BUKOPUCTAHO METOJUKY KOpesslidHOro aHamizy. Miporo B3a€MO3B’S3Ky MDK JIBOMa psaaMu
JAHUX € KOSQIIIEHT KOPEeJIsAIlii, IKUi po3paxoBy€eThCs 3a (PopMyJIor0:

NZ xyi - 2% L Vi

Txy

VNS (x) xV/NEE-(Zy)

ne X, y, N BIIIOBiAHO apryMeHT, (QYHKIIiS Ta JOBXKHHA PSAIIB, IO CITIBCTABIISIOTHCS.
KoxHuit 3 ujieHIB KOpENALIHHOI MaTpuilli CTaHOBUTh Koe(ilieHT Kopenmsmii Mix
BiJIMOBITHUMH YMHHUKAMU, 1ICHTU(PIKOBAHUMH y pAAKaX Ta cTOBOIAX. Kopensiiiina MaTpuis

MOBHICTIO MIATBEPIKYE 3aJIKHICTh 3MIHM MiHepaji3alii BiJ BEIUYMHH BOAOBIAOOpY Ta
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XapaKTEePU3y€eEThCA BHCOKMM CTyleHeM mpsiMoro B3aemMo3B’s3ky R=0,821538 (puc. 4).
BcranoBieHa 3alexHICTh 3 ypaxyBaHHSM JOBXHHU TIOXIJHOTO pSAy Ma€ IPOrHO3HUM
xapakTep. MokHa BIIEBHEHO CTBEPKYBAaTH, 1110 301bIIEHHS 00’ €MIB BOJOB1100pY MpHU3BEIE 10
301nbIIeHHss MiHepanizanii miazemuux Bojg MKBI' B 30H1 BBy IliBHIYHOIOHENBKOIO HAacyBY.
PiBHSIHHS 3B’ 13Ky MiX IapaMeTpaMH BUTJIS/Ia€ TAKUM YHHOM

y=1,89x + 389,4,

e y — MiHepai3allis MiI3eMHUX BOM, MI/IMS; X — BeJIMYUHA BOJOBIAOOpPY, THC. M3/100Yy.
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Puc. 4. Kopemnsauiiiauii 38’130k MiX MiHepati3ali€ro Ta BOIOBIN00poM Ha JKUTIiBCEKOMY BOJ103a00pi.

Fig. 4. Correlation between mineralization and water extraction at Zhytlivsky water intake.

s 3’sicyBaHHS BIUIMBY BHCOKOMIHEPANli30BAaHUX BOJ Tpiacy Ha SIKICHHH CKIIAJ MiJ3eMHUX
Bog MKBI' BHKOHAaHO cHipoleHHi 0anaHCOBHI pO3PaxXyHOK MPUTOKY COJOHUX BOJI i3 TOBIII Tpiacy
B MKBI', mo noOynoBanuii Ha NpUHIMII 30epexkeHHs] Macu. [[ns po3paxyHKy MPUTOKY COJIOHUX
BOJ 13 TOBIII Tpiacy B 30HI BIUJIMBY [liBHIYHOJOHELHKOIO HAaCyBy HaMHM BHUKOPHCTAHO CEpelHi
3HaueHHa Minepanizauii MKBI (165,0 wmr/mm®), cepenHio MiHepadizamiio 3MilIAaHMX BOJ
(255,0 mr/am®) Ta cepenni 3HaueHHs ne6iTy cBepoBuH (48,44 nv®/c). OTpuMaHO pe3ybTaTH, sKi
MOKa3yl0Th, 110 B MPOLIEHTHOMY CITiBBiIHOIIEHHI IPUTOK COJIOHUX BOJ 13 TPiacCOBOI'0 BOJJOHOCHOT'O
ropuzonty B MKBI cknanae 35,29 % a6o 17,09 nm®/c.

Hnst po3yminus mpoueciB dopmyBaHHs ckiany migzemHux Box MKBIT JKutniBcskoro
BO03a00py HAMHU MPOAHAIII30BAHO PETPOCIEKTUBY iX rigporeoximiunoro ckmany [10, 11]. ¥V psni
eKCIUTyaTaIlifHUX 1 CIIOCTePEXHUX CBEepAITIOBHMH JKUTIBCHKOI0 BO103a00py Ta MOOJIM3Y HhOTO BXKE
10 1973 p. Oynu BusBiieHi o3Haku 3acojioHeHHs MKBI™ (cepai. NeNe 806, 821, 823, 836, 838 —
puc. 1). IlinBumena wminepamizauis MKBI' Oyna 3adikcoBana y cBepjioBUHaX Ha TEpPHUTOPIl

Kpemincbkoro nicopo3cagHuka ta mo0iam3y kontopu KpacHononiBcbkoi ra30BH100yBHOI JiIbHHIIL,
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a I CBEpAJIOBUHH, 3a3HAYMMO, 3HAXOAAThCS Ha Mexi [liBHIYHOZOHEILKOrO HacyBy Ta
KpacHopernbkoro ckumy.

B mpoueci pocmimxens i3 ceepat. NeNe 816, 821, 823 Oynu BigiOpaHi ra3oriaporeoximMmivHi
npoOH, pe3yiabTaTH SIKUX MIATBEPAWIM HHU3bKY Ta3oHacH4eHicTh migzemHux Boax MKBIT i
BIZICYTHICTB Yy iX CcKiazi ByrieBonHiB. Lle, B cBOIO 4epry ,miaTBepkye BiacyTHicTh BIuUBy [1CT
BiJl caMOro IoOYaTKy eKcIUTyaTaulii Bojo3abopy. BoaHowac minBuieHy MiHepami3amilo B LUX
CBEPJJIOBUHAX MOXKHA TMOSICHUTH TIAbKM BIUIMBOM TEKTOHIYHOro (akTopa MpH aKTHUBi3alii
BOJIOB1AOODY.

3a3HayMMoO, M0 MPO 3B’S30K 30H PO3BAHTAXyBaHHS BOJ TIJIMOOKMX TOPU3OHTIB 3
IliBniuHOmOHEUbKMM HacyBoM mie y 1938 p. sragysas I.IO. Jlamkin [12], skwmii crocTepiras
BUXOIM CoOJIOHUX Box B gomuHi p. XKepebenpb. O.B. Cysapko moB’s3yBaja TiIporeoxiMivdi i
reoTepMivYHI aHOMAJIT 3 30HAMH MITMOMHHUX PO3JIOMIB 1 3 MiCLsIMH TX mepeTuHy. 3a i1 manumu [13],
Y37I0BXXK HACyBIB MIBHIYHOI 30HU JpiOHOI ckiaguactocti (IliBHIYHOAOHEBKOTO, Map’iBCHKOTO,
[1iBIeHHOro Ta iH.) MPOCTEXKYIOTHCA TiAPOreoxiMiuni aHomami 3 MiHepamizamiero 10 25,0 r/mms,
BMmicT B cranoButs 15,0-162,0 mr/am8, I — 102,0 mr/am3, CO2 — 120,0 mr/am3; no riu6unu 300,0 M
TeMnepaTypa miaBumyerbes g0 25,0°C. TakuM YMHOM, BUXOASYM i3 HAaBEJEHHX BHILIE JOKA3iB
BIUIAB TPETHOTO (PaKTOPa BBAKAEMO JTOBEICHHM.

[{inkoM HWMOBIpHO, IO 30€peKEHHS BCIX TEHAEHIIH (OopMyBaHHS SKOCTI MiI3EMHUX BOJ
MKBI', 1m0 po3riasaaivcs B IaHii poOOTi, B HAWOIMKYIIH MEPCIIEKTUBI MPU3BE/E 10 IMEPECBHUINCHHS
I'’IK 3a TakuMm# MOKa3HMKaMH: MiHepami3ailii, 3arajapbHOi *KOPCTKOCTI Ta 32 BMICTOM HITpATiB.
BBaxkaemo, 1o TeHAEHIisA a0 30UIBIICHHS MiHEpasi3aiii B MaiOyTHROMY MOXIIHMBA 3a YMOBH
aKkTUBi3alii BOIOBiIOOPY B 30HI BUMBY [liBHIYHOAOHEILKOrO HAcyBy. BiamiTuMO, 110 pO3BHUTOK
HEraTUBHUX IpoleciB B mig3eMHuXx Bogax MKBI' Oarato y yoMy Oyne 3anexaTH He TUIBKM BIJ
BIJIMBY TE€XHOI€HHUX (aKTOpiB, a i BiJ 3MIHM KJIIMAaTUYHUX YMOB, IIPOI'HO3 SIKUX IPEJICTaBIIsE
OKpeMy HEIPOCTY 3a/1auy i B IaHii poOOTi HE PO3TIIAIaBCA.

BucHoBku

[IpoanainizoBaHO T€0JIOrO-T1APOreoIOriuHy OyI0BY Ta yMOBH ekcrutyaTaii JKXuTiBChKOro
BO03a00py SIK TOCTaTHBO TUTIOBOTO 1Jist JJoHb6acy. s THTIOBICTh 32 METOIOM aHAJIOTi JOTOMOTIIa
BHSIBUTH OCHOBHI €KOJIOTO-TiAporeoxiMiuHi ¢akropu ¢opmyBaHHs migzemHux Box MKBIT Ta
3MIHCHUTH X aHalli3. A BXKe Ha OCHOBI aHAII3y IMX JIAHUX CIIPOTHO3YBATH 3MiHH SKOCTI IMiJ3EMHHUX
Boa MKBI Ha HallGnuk4y nepcreKkTuBy.

Pe3tomyroun BullleHaBeeHE HAMH 3p00JIeH] HACTYITHI BUCHOBKH:
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1. KoMmmjekcHO Jifo4HMii TEXHOTeHHWH (aKTOp Ma€ ICTOTHUH BIUIMB Ha SKICHI
xapakTepuctuku migzeMHux Bojg MKBI' 3a paxyHok iH}inbTparii 3a0pyaHeHUX aTMOC(EpHUX
OIa/IiB 1 IPYHTOBUX BOJI B allFOBIaJIbHUX B1IKJIa/1aX;

2. BB ekcrmyaranii IICIT Ha MmiHepanbHy ckianoBy Ximiuhoro ckiany MKBIT He
BUSBIICHUH. Pi3HUIA TigporeoxiMiyHuX MOKA3HUKIB 1 BOJOPO3UMHEHUX Ta3iB y MPOAYKTHBHOMY i
MKBI miaTrBeppkye, Mo MiXKIIIaCTOBI MEPETOKH Mi’K KOHTPOJIBHUMH TOPHU3 OHTAMH BiJICYTHI,

3. BcraHoBi€HO 3aleXHICTP 3MIHM MiHepamizamii MiA3€eMHUX BOJA BiJ BEIUYUHU
BO/IOB1I0OPY B 30HI BIUIMBY [liBHIYHOJOHEIIPKOT'O HACYBY Ha OCHOBI KOPENSIIHHOTO aHai3y Ta
3/11IHCHEHO IIPOrHO3 LU X 3MIH 3a I0IOMOI'0I0 PErpeCIifHOrO aHali3Yy.

Ha xaip, onepaTMBHO YCYHYTH HEraTUBHY JII0 IEpesiueHUX Bulle (aKkTOpiB Ha MiA3EMHI
Bogu MKBI' HemoximuBo. Azne mocnabuTh iX BIUIMB LIJIKOM HMOBIPHO IIISXOM 3IiHCHEHHS
OIEePaTUBHOI0 A1 OBOro KOHTpOIt0. I OO HEOOX1AHO:

— Oprasi3yBaTH CHCTEMY CIIOCTEPESKEHb 3a XIMIYHHUM CKIAJ0M aTMOc(hepHHX OmajiB 1
noBepxHeBux Box p. Kpacha;

— YHHKATHU B TOJAJIBIIOMY Pi3KUX 301JbIIICHh 00’ €MIB BOJOBiA00PY Ha BO103a00pi;

— CYBOPO JIOTPUMYBATHCh 30H CaHITApPHOT OXOpPOHU B 3araBi p. KpacHoi;

— CBOEYaCHO Ta SKICHO TaMIIOHYBaTH Ha TEpUTOpii BOJ03a00OpYy CIIOCTEPEXKHI Ta
eKCIUTyaTallii{H1 CBepAJIOBUHH, SIKI BUHIILTH 3 JaJy;

— CHPHSTH MPOJIOBKECHHIO MPOBEACHHS KOMILIEKCY PETYISIPHUX PEKHUMHHUX CIOCTEPEKEHb
32 CTAaHOM HaBKOJMIIHBOTO MPHUPOJHOTO CEPElOBUINA, M0 BHUKOHYIOTHCS BIAMOBITHUMHU

OpraHizalisiMHi Ta BiJOMCTBAMH B MeXaX JOCIIIKyBaHOI TEPUTOPIi.
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B cmamve npoananuzuposamnvi OCHOSHbIE —IKONIO20-2UOPOEOXUMUUECKUe QAKMOpbl  POPpMUPOBAHUSL
XUMUYECKO20 COCMAasa NOO3eMHbIX 600 MepellbHO-MeN08020 G000OHOCHO20 20pU3OHmMA Ha Hnpumepe
Kumnosckoeo 60003abopa. Ycmanosneno enusanue unguismpayuu 3a2pasHeHHbIX amMOCHepHblX 0CA0KO08 U
2PYHMOBBIX 800 HA KAYECTNBEHHbIN COCMAS NOO3EMHBIX 800 MEP2EIbHO-MEN08020 8000HOCHO20 20PUIOHMA.
Hoxazano omcymcmeue ceasu medxcoy sxenayamayueii KpacHononosckozo nod3eMHo2o Xpanunuwya 2asa u
Kauyecmeom noo3eMHuIX 600 JKumiogckozo 60003abopa. Bwiachena poab CesepoOoHeyxkozo Haosuea 6
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npoyecce opmMupoeanusi Kavecmea NoO03eMHuIX 800 80003abopa. Ha ochosanuu pesyrbmamos
KOPPETAYUOHHOL0 AHAU3A YCHAHOGNIEHA 3A8UCUMOCTNG UBMEHEHUs MUHEePAIU3ayul NOO3EeMHbIX 600 Om
senuuunbl godoombopa 6 3one emusHus Cesepodoneykoeo Haosuea. Ocyujecmenen NpPOoSHO3 USMEHEHUs.
Kauecmea NOO3eMHbIX 800 C UCNONb30BAHUEM PESPECCUOHHO20 YPAGHEHUs U PACCUUMAHA GEIUNUHA NPUMOKA
BbICOKOMUHEPANUZOBAHHBIX 800 MPUACA 6 MEP2eNbHO-MeN0GOU BOOOHOCHbIL 2opu3onm. IIpednodicenvl
PEKOMeHOayuu NO  YMEHbUIEHUI) HEe2AMUGHO20 GIUAHUSL UCCIEOVEMBIX — IKONL020-2UOPOSEOXUMUYECKUX
Ghaxmopos Ha Kawecmeo NOO3EMHBIX 800 MEP2ENLHO-MEN08020 6000HOCHO20 20PU3OHMA.

Knroueswvie cnosa: mepeenvHo-meno8ou 6000HOCHLIL 20PU30HM, 60003a00p, KAYecmEo HOO3EMHbIX 600,
9KON020-2UOPOCOXUMUTECKUE HAKMOPbL, UHDUTbMPAYUS.

ECOLOGICAL AND HYDROGEOCHEMICAL FEATURES OF MARL-CHALK AQUIFER
GROUNDWATER FORMATION AND FORECAST OF ITS QUALITY (ON THE EXAMPLE OF
ZHYTLIVSKY 1 WATER INTAKE IN LUHANS'K REGION)

l. Udalov, A. Kononenko

1. Udalov, PhD (Geology), associate professor, head of the department of hydrogeology of V.N. Karazin Kharkiv National University,
igorudalov8@gmail.com

A. Kononenko, post-graduate student of the department of hydrogeology of V.N. Karazin Kharkiv National University,
kononenko_alina01@ukr.net

The article is devoted to the peculiarities of formation and change in the quality of marl-chalk aquifer
underground waters which are the main drinking water source in the territory of eastern Ukraine. The article
presents an analysis of the main ecological and geochemical factors of marl-chalk aquifer underground water
formation using the case of Zhytlivskyi water intake. The influence of polluted atmospheric precipitation and
groundwater infiltration on the qualitative composition of the groundwater from the aquifer is established. The
impact of the man-made factor on formation of contaminated precipitation and groundwater is determined.
The chemical composition of atmospheric precipitation and groundwater is studied, and the role of the
geological structure of the alluvial terrace in formation of the qualitative composition of the groundwater is
determined. Features of the chemical composition, gas saturation and reservoir pressures of the groundwater
in wells that were drilled to control horizons within the underground gas storage are analyzed. No connection
is proved to exist between the Krasnopopivske underground gas storage operation and the quality of the
groundwater from the Zhytlivskyi water intake. The direct role of tectonic disturbances and the North-Donetsk
fault zone in formation of the qualitative composition of the underground waters from the water intake is
determined. A correlation between the increase of the groundwater mineralization in the near-fault areas with
the extension of water intake is found. Based on the data analyzed, a forecast is made and recommendations
are given to reduce the negative impact of the studied ecological and hydrogeochemical factors on the quality
of the groundwater in the marl and chalk aquifer in the researched area.

Key words: marl-chalk aquifer, water intake, groundwater quality, ecological-hydrogeochemical factors,
infiltration.
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GEOCHEMICAL FEATURES OF ADSORPTION OF TRITIUM FROM WATER
SOLUTIONS BY CLINOPTILOLITE

Rudenko I. M., Pushkar'ov O. V., Zubko O.V., Dolin V. V. (young) , Koshliakova T.O.

Rudenko I. M.., Researcher, SE "Institute of Environmental Geochemistry of the NAS of Ukraine"”, igns219@gmail.com,

Pushkar'ov O. V., Candidate of Geologo-Mineralogical Science, Senior Research Officer., SE “Institute of Environmental Geochemistry of the NAS
of Ukraine", pushkarevigns @gmail.com,

Zubko O.V. Researcher, SE "Institute of Environmental Geochemistry of the NAS of Ukraine", Zhubko@rambler.ru

Dolin V. V. (jun.), engineer, SE "Institute of Environmental Geochemistry of the NAS of Ukraine", dolinvitaliy @gmail.com

Koshliakova T.O. Senior Researcher Officer, SE "Institute of Environmental Geochemistry of the NAS of Ukraine", geol@bigmir.net

To study the mechanism of tritium extraction from aqueous solutions of the zeolite, two similar in
composition closed stationary experimental systems based on clinoptilolite from the Sokirnytsky
deposit (Ukraine) were created. In the first experiment, unchanged natural clinoptilolite was used;
in the second, the mineral was thermally treated at 110 °C. The duration of the experiments was
about 10 months. Measurements of the specific activity of tritium in the aqueous residue and in the
mineral medium made it possible to determine the redistribution of tritium between the solid and
liquid phases, as well as between the various structural positions in clinoptilolite. The adsorbed
moisture present in the mineral during the interaction of the mineral and aqueous phases initially
leads to a partial decrease in the concentration of the tritium indicator in the “HTO”. In the future,
this moisture provides the possibility of transit penetration of HTO molecules into clinoptilolite
channels due to diffuse molecular exchange of HTO < H>0 between the water and mineral phases.
Heat treatment reduces the possibility of partial dilution of tritiated water, which interacts with the
mineral. Thermal activation of adsorption centers in the mineral mass provides more efficient
removal of tritium from the aqueous phase. After heat treatment, the pore space and the surface of
the mineral particles are freed from the adsorbed water present in the mineral, and their surface is
thermally activated. This leads to a relatively more intensive surface adsorption, where up to 68.5%
of tritium absorbed by the mineral accumulates. The interaction of tritiated water with thermally
activated surface of mineral particles was accompanied by dynamic adsorption-desorption
processes, electrokinetic phenomena in the surface electric layer, which caused the fractionation of
hydrogen isotopes with a coefficient a = 1.17. The presence in a heat-treated clinoptilolite of the
partial filling of the coordination spheres of alkaline cations, which is similar to the original
mineral, made it possible to fractionate hydrogen isotopes in the mineral channels with a coefficient
o = 1.16. The heat treatment of clinoptilolite changed the ratio of hydrogen isotopes to hydroxyl
groups, where the fractionation coefficient a increased accordingly to 1.06.

Keywords: clinoptilolite, mineral adsorbent, tritium, tritiated water, thermal processing,
fractionation of hydrogen isotopes.

1. Introduction

One of the aspects of nuclear power engineering is the production of techno-geneal tritium,
a radioactive isotope of hydrogen. By its chemical properties, tritium is identical to the main isotope
of hydrogen - protium. Its main part (about 90%) is in the form of HTO molecules in connection
with which, all the processes of migration of tritium are determined, first of all, by its aqueous form.

It is partially absorbed by the geological environment of the aeration zone, but mainly enters surface
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water bodies and underground aquifers. Partially, the aqueous form of tritium is present in the
gaseous state in an atmosphere where it is transformed into an organic substance.

The development of nuclear energy prompts the European community to pay more attention
to the radioactive isotope of hydrogen. While discharges of most radio nuclides from nuclear
facilities are reduced as a result of the application of new techniques for inoculating sewage, tritium
discharges are increased through the use of new regimes for the use of nuclear fuel. In addition,
there are problems associated with the lack of acceptable methods of detritization of industrial
wastewater. The adoption at the level of the European Commission of a special research program
"Cross-cutting support to improved knowledge on tritium management in fission and fusion
facilities" indicates the extreme need for research to prevent the entry of tritium into the biosphere
[10].

Previously, we carried out research on the feasibility of using mineral adsorbents to extract
tritium from aqueous solutions [14; 13; 7.]. It was shown that the interaction with clay minerals in
tritiated water decreases the concentration of tritium. Among mineral adsorbents an important place
is occupied also by zeolites belonging to the group of framework silicates. A unique feature of these
minerals is the presence of ion-exchange properties. Zeolites are very widely used in the
purification of various industrial effluents. At the same time, there are no studies concerning the
possibility of using zeolites to extract tritium from aqueous solutions, and the contribution of
zeolites to the mechanisms of tritium extraction from aqueous solutions has not previously been
studied. To solve this problem, a series of experiments was performed, the results of which are set

forth in the following article.

2.Materials and methods.

2.1 Materials.

Zeolite used in the experiments presented by clinoptilolite (Sokyrnytsky deposit, Ukraine).
Mineral refers to the class of microporous framework sodium potassium aluminosilicate.
Clinoptilolite crystal lattice consists of rings stacked tetrahedras SiO4 and AlO4 (Fig. 1).

Mineral belongs to the class of microporous framework silicates. The rings form a main
crystal structure of silicon and aluminum ratio greater than 4: 1. The dominant exchangeable cations
in the clinoptilolite are Na* and K* [1;2; 15]. In the structure of clinoptilolite there are three types of
channels that form a two-dimensional system. Channels of the first type with a window size of 4.0-
5.6 nm are located parallel to the a axis in 8-membered rings. Channels of the second type with a
window size of 4.4-7.2 nm run parallel to the ¢ axis in 10-membered rings. Channels of the third

type with a window size of 4.1-4.7 nm are oriented at an angle of 50 ° to the axis a in 8-membered
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rings. On the walls of the channels are placed exchangeable cations with which coordinated water
molecules that are in the clinoptilolite's channels. Sorption capacity of the mineral can be up to 10-

15% of its weight. Crystal-chemical mineral properties are shown in Table 1.

Table 1. Crystal-chemical properties of clinoptilolite *
Tabx. 1. KpucranoximiuHi BIaCTUBOCTI KJIIHONTHJIONITY.

Empirical formula (NaK)4 CaAlg Sizp O7,%x24H,0

Cell dimensions a=1,769nm,b=1,798 nm, c = 0,742 nm

The size of the windows (holes) channels in | 0,4 nm
the crystal lattice

lon-exchange capacity 1,5 mg-eqxg*
Sponginess 44%

Density 2,37 kg/m?
Specific surface 50 — 65 m?/g

lon exchange and adsorption properties of the clinoptilolite depend on the composition of
the exchange complex and the Si / Al-ratio. Number of exchange cations in the clinoptilolite
(Sokyrnytsky field, Ukraine), which can be coordinated with water molecules are the number of
aluminum atoms that are in tetrahedron frame. The residual charge value of unit frame formula

[10], which makes possible interfacial proton exchange, is from -0.03 to -0.38. [1; 2].

Fig. 1 Projection of the
clinoptilolite structure on the ab
plane. Dark blue circles show the
position of Na cations in the
channels of the structure,
surrounded by water molecules
W.

Puc.1  TIlpoexuist  cTpyKTypu
KJITHONITHJIONITY Ha IUIOMIMHY ab.
[lokazaHo TONOXXEHHSI KaTiOHIB
b Na B KkaHajmax CTPYKTypH, B
OTOYEHHI MOJIeKys Bosu W.

The parameters of the unit cell of clinoptilolite depend directly on its chemical composition.

Due to the inherent Si/Al ratio mineral, the configuration of the channels is somewhat distorted-

1 "O mpuUpOHBIX IeosuTax 3akapnaThs COKUPHHUIIKOTO MECTOPOKACHHS U BO3MOXHOCTAX MX Ucmoib3oBanus" //T'Tl "CokupHUIIKHi

neosmroBbli 3aBox" MUC Ykpaunsr.— [Ipenp. — 8 c.
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stretched in the direction of the a axis and compressed in the direction of the b axis, that is, the
channels have an elliptical shape in the cut (Figure 1).
To create experimental systems clinoptilolite was crushed to fine-grained condition, with a

particle size of less than 0.25 mm and a dry density of 1.197 g/cm?3.

2.2. Methods

The balance estimate reallocation tritium between aqueous and ceolite adsorbent was
determined in a closed water-mineral system. For this, the mineral mass placed in glass containers
was filled with tritiated water and tightly closed.

It should be noted, that mineral in air-dry condition is located the surface-adsorbed moisture,
therefore in the early stages of tritium water interaction with zeolite there is a partial dilution. To
determine the effect of surface-adsorbed water on the adsorption quality of the zeolite was created
two identical types of experimental systems: using the original minerals and thermally treated at
110°C. The duration of the experiments was: to not dried mineral 311 days and 237 days for pre-
dried clinoptilolite. For the experiment in closed systems established regime tritium - protium
equilibrium interphase exchange.

Getting the balance estimates distribution of tritium between mineral and liquid phases
ensured secrecy and stationary experimental systems. Under these conditions, all tritium was closed
in the experimental system. The dimensions of specific activity of tritium in the water residue and
mineral medium made possible to determine interfacial reallocation of tritium.

Additionally, distribution of tritium between different structural positions zeolite was
researched. For this, after the experiment executed the allocation of mineral water phase fractions
fixed temperature ranges (110°C, 250-300°C and 700-800°C) according to the data of reference [3].

The essence of this method is the use of sealed metal containers and heating device with a
controlled heating mode fixed mineral masses before and after the experiment (Fig. 2). With this
device, it was determined the moisture content in different structural positions of the mineral before

and after contact with tritiated water.

Figure 2. The flowchart thermographic
Fridge equipment for removing moisture from
mineral batches.

Tubular fuimace

Puc. 2. brok-cxema ycTaTkyBaHHA IS
TEpPMOTPaBUMETPUYHOTO BHJIAJICHHS BOJIOTH 3
MiHEpaTbHUX HaBAXKOK.

Sampling
¥ flask

Reactor
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Samples of residual tritiated water and isolated aqueous fractions after purification of
organic impurities (oxidation added to the solution of K>Cr,0O7) and distillation were mixed with
scintillator HiSife 3 Wallac in the ratio 8:12. The content of tritium in this way prepared emulsions
was determined in a liquid scintillation - spectrometer Quantulus 1220 (LKW Wallac) with an

accuracy of measuring not more than 5%.

3. The experimental results and discussion

3.1. Interphase reallocation of tritium.

Surface adsorbed water in the zeolite is weakly bound, kept its molecules on the surface of
mineral particles due to the forces of intermolecular interaction with surface atoms of the mineral
particles. This energy weakly bound water is removed from the mineral, according to differential
thermal analysis (DTA) at a temperature of 110°C (Table 2).

Table 2. The content of surface-adsorbed water in the air-dry zeolite.
Ta6u 2. BmicT moBepXHEBO-a7cOpOOBaHHOI BOJIU Y MOBITPSHO-CYXOMY IICOTIITI.

Mineral Temperature Weight before heat | Weight after heating, | Weight reduction,
heating, °C treatment, g g %
Clinoptilolite 110 100 93,1 6,9

Surface adsorbed moisture which contents in the zeolite is 6,9% (Table 2) provides transit
HTO molecules in the channel space and further molecular HTO — H>O exchange. However, the
presence of adsorbed surface moisture making adjustments to the process of protium - tritium
exchange. At the initial stage of the process starting surface adsorbed water reduces the specific
activity of tritium in tritiated water due to its dilution in accordance to the expression (1).

D=W,/Ws+W,), 1)
where: D - dilution coefficient, Wo - initial volume of tritiated water in the closed water - mineral
system, ml, Ws - amount of surface adsorbed water in the mineral mass, ml.

According to the above expression values of the indicator degree of dilution tritiated water
(D) in the original zeolite is 0.977, which reflects the degree of influence of pore and surface
adsorbed water on the processes of isotope-hydrogen exchange.

Reducing the specific activity of tritium in the "HTO" during its interaction with the mineral
phase results the accumulation of tritium in the adsorbent. For quantitative assessment effectiveness
of this process it is advisable to use such parameter as the specific stock of tritium per unit of

mineral mass. In the closed experimental systems, this value is calculated as the difference between
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the stock of tritium in tritiated water before and after its interaction with clinoptilolite, divided by
the mass of adsorbent (2):
Qn=(Q,—Qy)/m (2)

where: Qm - specific stock of tritium in weight clinoptilolite, Bgxg™; Qw and Q¢ - stock of
tritium in the "HTO™" before and after the experiment, Bq, m - mass of adsorbent, g.
The indicator of the tritium specific stock allows calculating the adsorption capacity for various
masses of mineral adsorbent in case it is used as a reacting substance for the purification of
industrial discharges contaminated with tritium. At the same time, in such calculations there arises
the need to take into account also the fact that the specific activity of tritium in "HTO" and its
volumes that will be purified by clinoptilolitic adsorbent may be different. Therefore, in order to
obtain an estimate of the relative efficiency of tritium extraction from a solution of "HTO"
independent of these parameters, used of a tritium accumulation factor in the Kac adsorbent,

calculated in accordance with expression (3):
K o =Qn*Q,, *100% 3

where: Qm - stock of tritium in a mineral adsorbent, Bq, Qw — stock of tritium in the volume of
filtered «HTO», Bq.

Table 3. Indicators value for experimental systems C-1 and C-2.
Taoa 3. 3naueHHst MOKA3HUKIB JUIs eKcriepuMeHTanbHux cuctem C-1 ta C-2.

System Specific stock of tritium in weight Coefficient of accumulation of tritium
clinoptilolite, Bgxg™ in adsorbent, Kac, %
C-1 4.03 43
C-2 6.9 30

Experimental data suggest the following. The adsorbed moisture in the clinoptilolite
performs two functions. At the beginning of the interaction of «<HTO» mineral mass with adsorbed
in the clinoptilolite protium water (H.O) reduced specific activity of tritium in the water phase by
dilution with a coefficient of 0.977 (Tabl. 3, system C-1). At the same time, due to molecular
diffusion HTO« H>O exchange between water and mineral phases, there was a transit penetration
of molecules HTO in clinoptilolite channels, resulting to a somewhat greater accumulation of
tritium in the adsorbent (Tabl. 3, Kac = 43%). Removal of surface adsorbed water from the mineral
by heat treatment made transit HTO molecules in the channels of the clinoptilolite more difficult

and therefore less accumulation of tritium in the adsorbent (Kac = 30%).
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3.2. The distribution of tritium in the structure of the zeolite.

3.2.1 Initial clinoptilolite.

HTO molecules that are included in the clinoptilolite feeds interact with components of the
mineral structure. Thus, in the different structural mineral positions formed different energy ties, to
break which energy impact is required in the respective temperature ranges. Such structural
positions correspond to certain moisture fractions that are removed from the mineral in a fixed
temperature interval using special equipment, the principal scheme of which is shown in Figure 3.
Distribution of tritium that was in the mineral feeds between different structural positions of the
mineral was accompanied by isotopic - hydrogen fractionation. The extent of this process assessed

using fractionation factor [5] according to the expression (4).

_Tm;Tw
%= Hn' Fu “)

where: « - hydrogen isotope fractionation factor, Tm, Hm - concentration of tritium and protium
atoms in the mineral mass, atom*ml™'; Tw , Hw - the concentration of tritium and protium atoms in
the "HTO" , atom*ml! after reaching equilibrium in the "mineral adsorbent — tritiated water."

An application of classic formula for the calculation of the hydrogen isotope fractionation
demands some corrections. This is due to the fact that the concentration of protium and tritium in
water of different experimental phases 14 orders. Therefore, the interaction of « HTO» and mineral
adsorbent protium concentration varies on a very small amount, so the value Hm and Hw remain at

6.69 * 10?? atoms H*ml"!. Given the above expression (4) was transformed into the expression (5):
-1
a=T *
T m T w (5)

The specific activity of adsorbed moisture of the initial clinoptilolite does not exceed
background values 5 Bg*dm™ and for the beginning of the experiment all tritium in model systems
was in the tritiated water. Redistribution of tritium in the system as a whole and in particular ceolite
structure occurred in the process of interaction "HTO" and clinoptilolite adsorbent. To calculate the
hydrogen isotope fractionation factor in the structure of the clinoptilolite during its interaction with
tritiated water enough to take into account only the concentration of tritium in the mineral and
"HTO" after establishing equilibrium between the water and the mineral phases, after the
experiment (Table 4).

According to the given data, some clinoptilolite of tritium (18%) adsorbed on the surfaces of
mineral particles (fraction 1, Table 4), but the largest amount delayed its channel space (fraction 2).

This form of tritium is 73% of its total stock in the mineral. The entry of tritiated water in the
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channel space provides the opportunity to further cooperation HTO molecules with the structure of
the clinoptilolite and create the most tightly bound to form OH groups, which may remove at 700°C
(fraction 3).

Table 4. Distribution of T in the residual "HTO" and moisture fractions removed from the initial clinoptilolite after the
completion of the experiment.

Ta6ua. 4. Posnogin T B 3amumkoBiit «<HTO» Ta ¢pakmisx BOJIOTH, BUAATCHUX 13 BUXIIHOTO KIIHONTHIIONITY ITiCIISA
3aBEpIICHHS EKCIIEPUMEHTY.

The parameter Residue Fractions removed from the zeolite In general
«HTO» 1 2 3
Share of the tritium in the fraction (%) - 18 73 9 100%
The specific number of atoms per unit of | 8,8x108 8,47x108 9,24x108 7,69x108 8,93x108
tritium volume in water
Fractionation factor, . - 0,96 1,05 0,87 1,01

The results of the experiment revealed the real effect of the hydrogen isotopic fractionation,
in a closed system "clinoptilolite — tritiated water” with the overall coefficient o = 1,07. Getting
heavier hydrogen isotope is fixed at the stage of adsorption of HTO molecules on the surface of
mineral particles, where the rate of protium - tritium fractionation oo = 1,01 (Table 4).

The peculiarity of adsorption processes is their dynamic nature. Each adsorbed water
molecule has a different strength bonds with the surface, which is determined by its delay
adsorption surface, adsorption time = [11] For physical adsorption, due to weak components of the
surface energy, that time is very short and up to 1022 seconds. Therefore, the value of adsorption,
delayed particle surface, is kinetic factor which determines the ratio of adsorbed and desorbed
molecules. The dynamic nature of adsorption - desorptiv processes create the conditions for the
possibility of fractionating molecules with different molecular weight (HTO and H20) and priority
detention on adsorption surface of mineral particles more inertial HTO molecules.

More meaningful was the fractionation of hydrogen isotopes in clinoptilolite channel
structures (o = 1, 1). Tritiated water molecules which penetrate into the channels of the mineral can
linger for a while in them as a result of ellipsoid pores distortion. The possibility of this effect
follows from the theory of the water existence not only as individual molecules, but also in water
associates - clusters [15]. Under the proposed model to associate water molecules, hydrogen bonds
in water continuously formed and broken. This process can lead to the formation in distorted
ellipsoidal pores temporarily mineral molecules linked groups as defined by the authors as twinkle
clusters. Prolonged time of water clusters in the channels of the mineral provides the ability to
immobilize molecules HTO and ionic T* < H* exchange between clinoptilolite and water
molecules of tritium solution.

According to existing ideas in chemistry aqua complexes [4] full coordination sphere

hydrated complexes of sodium and potassium in channels of clinoptilolite is respectively 6 and 7
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coordination numbers. In air-dry in zeolites, as we identified (Table 2), are no more than 7% water.
This leads to the formation of the state of instauration coordination areas of the alkali metals are
immobilized on the walls of the zeolite channels (Fig. 7). Tritiated water inflow in the channels led
to filling HTO molecules free bonds in the unsaturated coordination areas of the alkali metals and,
consequently, prolonged immobilization tritium (Table 6).

On the surface of the zeolite channels as a result of substitutions AI®* / Si** exists
polyanionic skeleton [9].Water moving through channels in the form of clusters, faced with
uncompensated electric double layer surface tetrahedrons of clinoptilolite, accompanied by
dissociation of the molecules of HTO and the formation of covalent bonds such as H-O-Si. In
addition, the negative charge of alumino-silicate surface conditioned equilibrium dissociation
process in aqueous solutions of surface OH groups of the scheme «OH «> O™---H*». This led to
compensation for defects and surface electrostatic charge crystalline framework by positive ions -
protons and tritons (H*, T*). Then there was a stepwise isotope exchange between protium and
tritium at the interfacial boundary surface OH - groups of zeolite and molecular water clusters (Fig.
8). This process led to the formation of a strong energy ties and consolidates tritium ions in the
surface hydroxyl groups.

Fig. 8. Scheme ion T*«<H* exchange between
clusters of molecules "HTO™ and clinoptilolite
channel surface.

Puc.8 Cxema iomHoro T <H" oOMmiHy Mix
kinacrepamu mosiekya «HTO» ta moBepxHero
KaHaJy KJIIHOMNTHUJIOMITY.
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Thus, the presence in the original (unprocessed) clinoptilolite interstitial and adsorbed
moisture on the initial stage of interaction the mineral adsorbent with tritiated water indication of
partial dilution. Further molecular HTO began exchange with H>O during the
adsorption«>desorption processes on the surface of mineral particles. But the main contribution to
the removal of tritium from water solution was provided processes taking place directly in the
channels of the clinoptilolite. Molecules of HTO filled uncompensated focal areas of alkali metal
cations, associated with structural walls of the channels in the clinoptilolite. Some tritium extracted
from tritiated water is reinforced in the channels of the mineral by the ion triton — proton
substitution. As a result, extracted from the «HTO» tritium was assigned largely in tightly bound

forms.
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3.2.1 Heat-treated clinoptilolite

The thermal treatment of the zeolite results in the removal of the pore and mineral mass
surfactant adsorbed water. The surface of the mineral particles is activated and basal portions
structures lose the associated polar water molecules but retain at this uncompensated charges on the
surface. At the same time the mineral thermal treatment leads to increasing in the number of high-
energy adsorption centers [8].

The process of molecular adsorption on interphase border "water - mineral particle” is
accompanied by the formation of a boundary layer adsorption [6]. It usually develops within the
electric double layer (EDL), which has the character of an electrical capacitor. Violations of
electrical absorbent surfaces lead to the development in the EDL electrokinetic phenomena, the
polarization and the attraction, close to the mineral particles of water molecules.

The interaction of tritium water with activated mineral particles was accompanied by dynamic
adsorption«<>desorption processes, as a result of electrokinetic phenomena in EDL, the
manifestation of the effect of fractionation of hydrogen isotopes.

The quantitative characterization of the tritium distribution in the form of finding a different
binding energy with the structure of clinoptilolite allocated from the mineral mass in the respective

temperature ranges (fractions) given in Table 5.

Table 5. Distribution of T in the residual "HTO" and fractions removed from the heat-treated clinoptilolite after the
completion of the experiment.

Tao6.. 5. Posnogin T B 3amumkoBiit «HTO» Ta Gpakmisax, BUIAIEHUX i3 TEPMITHO-00p0OIEHOTO KIIIHONTHIIONITY TiCIIs
3aBEpIICHHS EKCIIEPUMEHTY.

Parameter Balance Fractions removed from the ceolite Generally
IIHT " 1 2 3
Share of the tritium in the fraction (%) - 68,5 24,8 6,7 100%

The specific number of atoms per unit | 2,36x10° | 2,76x10° 2,74x10° 2,49%x10° 2,74x10°
volume of tritium in water (Tw ,Tm),
atom*ml2.

Fractionation factor, o. - 1,17 1,16 1,06 1,16

According to the given data in thermally processed clinoptilolite specific number of tritium
atoms accumulated in its structure in order more than raw mineral (Tables 4, 5). The release of
mineral mass of water molecules and the surface activated mineral particles led to more intense
attraction and retention of HTO molecules due to adsorption«<>desorption implementation processes
dewatered substrate. Thus, in thermally processed clinoptilolite in interstitial and adsorbed form is
up to 69% of tritium. At the same time electrokinetic phenomena in EDL caused fractionation of

hydrogen isotopes with a coefficient o = 1,17 (Fraction 1, Table 5).
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Relatively smaller amount of tritium delayed in channel space (fraction 2, Table 5). This
form of tritium is relatively lower, ie up to 25% of its total stock in the mineral, but in absolute
terms is higher than the untreated clinoptilolite (Tables 4, 5). Heating the mineral mass to 110°C
does not lead to the removal of H>O molecules from the coordination sphere of alkali cations in the
clinoptilolite channels. Consequently, there was no increase in the absorptive capacity of the
mineral structural position. However, the presence of a similar source with clinoptilolite incomplete
occupancy coordination spheres alkali cations provided by the possibility of such hydrogen isotopes
fractionation intensity by a factor a = 1,16 (Fraction 2, Table 5).

Heat treatment of clinoptilolite does not changed ratio of hydrogen isotopes to hydroxyl
groups where the fractionation factor o = 1,06 (fraction 3, Table 5). Energy impact on the mineral
mass during its heating to 110°C does not lead to the rupture of relations in the structural form of

tritium finding.

Conclusions

The clinoptilolite of the Sokirnitsky deposit has the necessary properties for its use as an
adsorbent of tritium from aqueous solutions and protection of the environment from tritium
contamination. The complex of useful properties of clinoptilolite makes it possible to use it also for
cleaning multicomponent industrial discharges containing tritium. Output thermally unprocessed
clinoptilolite mainly delays absorbed from aqueous solutions of tritium in the channel structure of
the mineral, that is, in a more energetically bound state than the surface adsorbed form. At the same
time, capture of NTO molecules by coordination spheres of alkaline cations in the channel
structures of clinoptilolite is accompanied by fractionation of hydrogen isotopes.

Thermal treatment of clinoptilolite at a temperature of 110 ° C led to the activation of the
surface of mineral particles due to the conservation of uncompensated charges on such surfaces and
an increase in the number of high-energy adsorption centers on these surfaces. When the thermally
treated clinoptilolite interacts with tritiated water, the most intense is the capture of tritium from the
aqueous solution in the adsorbed form as a result of dynamic adsorption-desorption processes.
Simultaneously, the electrokinetic phenomena in the DEL on the surface of the mineral particles
cause the fractionation of the hydrogen isotopes in this structural position of the mineral. The
interests of tritium in the coordination spheres of alkaline cations in clinoptilolite canals occur
according to a mechanism analogous to that inherent in a thermally untreated mineral. In general,
thermal treatment of clinoptilolite leads to an increase in the specific number of tritium atoms in all

structural positions of the mineral at close values of the fractionation factor of hydrogen isotopes.
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KJIIHOITUJIOJITOM
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s susuenms Mexamizmy excmpakyii mpumiro 3 600HUX PO3UUHIE Yeonimom Oyau cmeopeHi 08l aHal02iuHi 3a
CKIA0OM 3aKpumi CmayionapHi excnepumeHmanvbHi cucmemu Ha ocHogi kaiHonmunonimy CoKupHUybKo2o
pooosuwia (Vrpaina). ¥ nepuwiomy excnepumenmi 6uKopucmosy8aiu HeasmineHui npUupoOHULL KIiHORMUIONIM, )
opyeomy - minepan mepmiuno obpobnenuti npu 110 °C. Tpusanicme excnepumenmis cmanoguna 6ausbko 10
Micayie. Bumipu numomoi akmugnocmi mpumito y 600HOMY 3AMUWIKY | Y MIHEPATbHOMY cepedosuyi 003801UMU
BUBHAUUMU NEPEPOINOOLT MPUMIIO MIJIC MEEPOO0IO 1 PIOKOIO (hazamu, a MaKoiC Midc PISHUMU CIMPYKIYPHUMU
nosuyisamu 6 kiinonmunonimi. Hasena y xninonmunonimi adcopbogana 6onoea npu 63a€mo0ii MinepanvbHol i
600HOI (paz Ha nouamxy npusgooums 00 YACMKOB020 3MEHUICHHS KOHYEHMPAayii mpumieso2o iHOuKamopa 6
«HTO». Haoani ys sonoea 3abesnewye MoiCIUGIiCmb MpPAH3umHnozo npouukrenus monexyn HTO 6 kananu
KAIHONMULONIMY 6HACIIOOK Ouys3itino2o monexyisiprozo 0ominy HTO < H,O midc 600HOW0 ma MiHepaibHOO
Gazamu. Tepmiuna 00poOKa 3HUICYE MOJNCTUBICHb YACMKOBO2O PO30AGLEHHS MPUMILIOBAHOI 600U, WO
63aemo0ie 3 mineparom. Tepmiuna akxmueayis adcopoOyitinux yeHmpie 6 MiHepanbHill maci 3abe3neyye Oibu
ehexmusHe GUYUeHHsI MPUmMieso2o iHoukamopa 3 600Hol gazu. Ilicis mepmiunoi 06pobKu noposuii npocmip i
NOBEPXHSL MIHEPAILHUX HACMUHOK 38LILHIOMbCSL 60 HAAGHOI 8 MIHepali adcopbosanoi 600U, a ix nNOGepxHs
mepmiuno axmugyemvcs. Lle npuszsodums 00 6i0HOCHO Oinbut HMEHCUBHOI NOBEPXHEe8ol aocopbyii, Oe
Hakonuyyemocsi 00 68,5% noenunymoeo minepaiom mpumieo2o inouxamopa. Bzaemoodis mpumitiosanoi 600u
3 MepMIYHO AKMUBOBAHOIO NOBEPXHEI) MIHEPAbHUX —HACMUHOK — CYNPOBOONCYBANACH — OUHAMIYHUMU
adcopbyiino-0ecopoyionumu npoyecamu, eieKmpoKiHeMUYHUMU SGUWAMU 8 NOBEPXHEBOMY ENeKMPUUHOMY
wapi, sAKi obymosunu paxyionysanus isomonie 600HI0 3 Koeiyichmom o = 1,17. Hasenicmo y mepmiuno
00pO6ICHOMY KITHONMUNONIMI AHANOSIYHOT 3 GUXIOHUM MIHEPAIOM YACMKOBOI 3aN08HEHOCMI KOOPOUHAYITIHUX
chep nyoicHux KamioHie 3a0e3nedusio MONCIUBICIb QPAKYIOHY8aHHS [30MONI6 600HIO 8 KAHALAX MIHEpATy 3
koegiyieumom o = 1,16. Tepmiuna 0b6pobKa KAiHONMULOMMY 3MIHULA CNIGEBIOHOUICHHS [301MONI6 600HIO | 6
2I0pOKCUNbHUX 2pynax, 0e 8i0n08ioHo 30inbuuscs Koepiyichm @paxyionyeanns o, 0o 1,06.

Knrouosi cnosa: mpumiii, KiiHonmunonim, MiHeparbHull a0copoenm, mpumiliio8ana 600d, mepmiuna o6pooka,
@pakyionysanHs, i30monu 800HIO.

IF'EOXUMHUYECKHUE OCOBEHHOCTHU AJICOPBIIMU TPUTHUS U3 BOJIHBIX
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Pynenko .M., u.c. I'Y «MHCTHTYT reoxumuu okpyskatomeit cpenst HAH Vkpaunnsn, igns219@gmail.com,

I[Tymkapes A.B. , K.r.-M.H, c.H.C., 'Y «MHCTUTYT reoxumun okpyxaromeii cpeasl HAH Ykpaunsi», pushkarevigns@gmail.com,
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Hnsa usyuenuss mexamusma ISKCMpakyuy mpumus U3 GOOHbIX PACMBOPOS8 YeOoIUmoMm Obliu CO30aHbl 08e
amanocuyHvle NO COCMABY 3AKpblMble CMAYUOHAPHbIE IKCHEPUMEHMANbHbIE CUCMEMbl HA  OCHOGe
kaunonmuaoauma CoKupHuyko2o mecmopodxcoenus (Yxpauna). B nepeom sxcnepumenme ucnons3o6anu

© Rudenko I. M., Pushkar'ov O. V., Zubko O.V., Dolin V. V. (young) , Koshliakova T.O.
GEOCHEMICAL FEATURES OF ADSORPTION OF TRITIUM FROM WATER SOLUTIONS BY CLINOPTILOLITE

118


mailto:pushkarevigns@gmail.com
mailto:Zhubko@rambler.ru
mailto:dolinvitaliy@gmail.com
mailto:pushkarevigns@gmail.com
mailto:Zhubko@rambler.ru
mailto:dolinvitaliy@gmail.com

30ipHUK HayKOBHX Ipalb [HCTUTYTY reoximii HaBKOJIMIIHBOTO cepenoBuiia 2018 Bumyck 28

HeU3MEeHEHHbIU NPUPOOHBIL KIUHONMUTIONUM, 60 6MOPOM - MUHEPA mepmuyecku oopabomannviil npu 110 °C.
Ipooonxcumenvrocms sxcnepumenmos cocmasisina oxono 10 mecayes. Hzmepenus yoenvHot akmusHoOCmu
mpumust 8 600HOM OCMAMKA U 8 MUHEPANbHOU cpede NO36ONUNU ONpedenumsb nepepacnpedeneHue mpumust
MedcOy meepooll U AHCUOKOU azamu, a makice Mexncoy pPa3IUYHbIMU CIPYKIYPHOIMU NOZUYUAMU 8
Kaunonmuaoaume. Mmeowascs 6 munepaie aocopoupo8annas 61aza npu 63auMo0eicmeut MUHepaibHou u
800HOU (a3 eHauane NPUBOOUM K YACMUYHOMY YMEHbULEHUIO KOHYEHMPAYUuU mpumuesoco UHOUKAmopa 6
«HTO». B Oanvuetiwmem sma enaza obecneuugaem G0O3MONCHOCHb MPAHIUMHOZO NPOHUKHOBEHUS MONEKYIl
HTO ¢ rxananvr knunonmunoauma ecieocmsue ou@@ysnozo monekynaprozo oomena HTO «— H,O mesncdy
600HOU U MunepanrvHoli Gazamu. Tepmuyeckas 00pabomka CHUNCAEM BO3MONCHOCHb HACMUYHO20
pazbasnenuss mpumuuposaHHou 800bl, KOMopas 3aumooelcmeyem ¢ munepanom. Tepmuueckas akmusayus
A0COPOYUOHHBIX YEHMPO8 6 MUHEPAIbHOU macce obecneyusaem 6onee I@ekmusnoe usvsmue mpumus ¢
6o0nol asvl. Ilocie mepmuueckou 00pabomku nopogoe NPOCMPAHCMBO U NOBEPXHOCHb MUHEPAIbHbIX
yacmuy 0c80O0ACOAIOMCs OM  UMEIoWelcss 6 MuHepanie aocopoupo8anHoll 600bl, a UX HOBEPXHOCb
MepMUu4ecky aKmueupyemcsi. Omo npueooum K OMHOCUMENbHO 00jee UHMEHCUBHOU NOBEPXHOCMHOU
adcopbyuu, 20e Haxanausaemcsi 0o 68,5% noznowennoco mumeparom mpumus. Bzaumoodeticmeue
MPUMUUPOBAHHOU  800bl  C  MEPMUYECKU — AKMUBUPOBAHHOU  NOBEPXHOCMBIO  MUHEPAIbHLIX — YaACmuUYy
CONPOBONCOANACy  OUHAMUYHBIMU  AOCOPOYUOHHO-0ECOPOYUOHUMBL  NPOYECCAMU,  INEKMPOKUHEMUYECKUMU
ABNEHUAMU 6 NOBEPXHOCIHOM DNIEKMPUHECKOM Cloe, KOmopble 00YCI08UNU (PaAKYUOHUPOBAHUE U30MONOS
600opoda ¢ koappuyuenmom o=1,17. Hamuuue 6 mepmunecku 00pabOMAnHOM KIUHONMULOSUME
AHANOSUYHOU C UCXOOHBIM MUHEPAIOM HACMUYHOU 3ANOIHEHHOCU KOOPOUHAYUOHHBIX Cep wjerouHbIx
KAMuoHO08 00ecneyuno 603MOJICHOCHb (YPAKYUOHUPOBAHUS U30MON0E B000POOA 6 KAHANAX MUHEpand ¢
ko3 puyuenmom a=1,16. Tepmuueckas odOpabomka KIUHONMUIOIUMA USMEHULA COOMHOULEHUE U30MON08
6000p00a U 8 2UOPOKCUNBHBIX 2PYNNAX, 20e COOMBENMCMBEHHO YEeIUUULC KOIPpuyuenm GpakyuoHuposanus
a do 1,06.

Knrouesvie cnoea: mpumuil, KIUHONMUAOAUM, MUHEPATLHLINL A0COPOEHMm, MPUMUUPOSAHHASA 6004,
mepmuueckast 06pabomka, GpakyuoHUpOSanus, U30Monsl 6000pPoO0d.

© Rudenko I. M., Pushkar'ov O. V., Zubko O.V., Dolin V. V. (young) , Koshliakova T.O.
GEOCHEMICAL FEATURES OF ADSORPTION OF TRITIUM FROM WATER SOLUTIONS BY CLINOPTILOLITE
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IMAM’SITI JUCUYEHKA I'EOPTISI BITAJTIIHOBUYA

20 6epe3nst 2018 poxy mimIoB 3 KUTTS AUPEKTOp [lep:kaBHOT ycTaHOBU «IHCTHTYT reoximil
HaBKOJMIIHLOTO cepenoBuma HAH VYkpainny,
4yjeH-KopecnoHAeHT HamionaneHoi akamemii
HayK Ykpainu ["eopriii BiTtaniiioBuu
JlucnyeHko — BigZOMUN yYeHUH y Tamysi
MaTEeMaTUYHOTO MOJICTIOBAHHS ¥  aHami3y
PU3UKIB  MPUPOTHO-TEXHOTCHHUX  IPOIIECIB,
TiApOreosorii, 1HXXEeHEepHOT reosiorii,
pazioeKoIorii Ta AJ1epHOI
enepreruku.Hapoxuscs ["eopriit BitaniiioBuy y
1947 poui B M. Kuesi B poauni ciayx00BIiB. Y
1970 p. 3akiHYuMB TeOJOTIYHUK (DaKyJIbTET

Kwuiscbkoro JIepKaBHOT O YHIBEPCUTETY

im. T. [lleBuenka, OZIePKaBIIIHN JATLIIOM
reosiora-Tiiporeojiora. 3a POKM CBOEI TPYAOBOi AISUIBHOCTI BiH CTaB KaHIWAATOM T€O0JIOr0-
MmiHepanoriyanx Hayk (1980), noktopoM TexniuHux Hayk (2003), unenom-kopecnonaeaTom HAH
VYkpainu 3a cemianbHICTIO «siaepHa enepretukay (2006).

OcHoBHa HaykoBa JisibHICTH ['eopris BitamifioBuua Oyna moB’s3aHa 3 BUPILIEHHSAM
KOMILUIEKCHUX TpoOiem Oe3nekn AEC Ta iHmmMX 00’€KTiB iHPPACTPYKTYPHU SAEPHOTO MATHBHOTO
UKy, @0 OXOILUTIOITh THUTAaHHS SAEPHOI, paaiamiiHol, TEXHOTCHHO-EKOJIOTI9HOI Ta
1H)XKEHEPHO-T'€0JIOT1YHOI 0€3MeKH, y TOMY YK CJIi TPU aBapiiHUX CUTYaIlifaX iX (yHKI[IOHYBaHHSI.

HaykoBy nisimeHicth B HAH VYkpainu BiH posnodyaB B [HCTUTYTI reosOTiYHUX HayK, 1€ y
BIJIUTL T1IPOTeoIOTiYHNX NpoOieM MOYMHAE JOCTIHKYBAaTH MUTAHHS 130TOMHOI Tifporeosorii Ta
MaTEeMaTHYHOTO MOJICIOBAHHA Trifporeonoriyaux mnpomecis. [licns 3axucty y 1980 pomi
KaHIMJIATChKOI JUcepTallii 3a CIHEeHiaJbHICTIO «TiaporeoJioris HaykoBi iHTepecu ['eopris
BiTaniiioBuua movanu 3MillyBaTHCS y HaIpsMi JOCIIDKEHHS MPOOJIeM 1HKEHEPHO-T€OJIOTIYHO1 Ta
panianiiiHoi Oe3neku 00’ekTiB sAaepHOi eHepreTuku. Ilpamtoroun 3 1981 poky HaykoBUM
CHIBPOOITHUKOM-KOHCYJIbTAHTOM, a 3 1983 poky — yueHuM cekpeTapeMm BijjaiieHHsS HayK mpo
3emmo Ilpesunii AH VYPCP, I'.B.JlucuueHko SIK BIiANOBITaJbHHI BUKOHABEIb IPOBOAMTH
nocnimkeHHs 3a cnentemoro JIKHT CPCP 3 npoGiem siiepHOi €eHepreTuKd Ta BUKOHYE JIOTOBipHI
H/IP 3 BuBueHHs MalijaHuuKiB 1 OyniBHunTBa PiBHEHChKOT Ta XMenpHUIIBKOT AEC, Gepe ydacThb
y HAYKOBUX PO3pOOKax TEXHIKO-€KOHOMIYHOI'0 OOTpYHTYBaHHS MPOEKTiB OyAiBHUIITBA OfeCchKOl Ta
Kuiscekoi ATELL, Yurupuncekoi, [liBnenno-Ykpaincekoi, Jlonernskoi Ta Mongocskoi AEC.

© MAM’SITI IHICUYEHKA TEOPTTA BITAJIIMOBHUYA
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3anmoyaTkoBaHi Ta po3po0JieHI HUM HayKOBO-METOIOJIOTIYHI MAXO0AM, METOAH 1 pe3yabTaTH
MOJICIIBHUX JOCIIDKEHb 3a0e3MeuyoTh MiABUIICHHS PIBHS pajialliiHOI Ta €KOJIOTiuHOI Oe3NeKu
IpH eKCIUTyaTallii MOTEHI[IHHO-HeOe3meyHnx 00 €KTiB, BIPOBAKEHHS KOMIUJIEKCHUX 3aXO0JIiB
3aXMUCTY HACEJICHHS 1 TepuTOpii NMpu BUHUKHEHHI Haa3BuYailHuX cutyanii Ha AEC Ta iHmmX
00’€KTax SJEPHOr0 MAalMBHOTO IUKIY, CHPHUSIOTH BJOCKOHAJIEHHIO CHUCTEM KOMILIEKCHOTO
€KOJIOTTYHOT'0 MOHITOPUHTY 00’ €KTiB TOBKIJUIA.

Tak ckyanocs, 110 3HaYyHa YaCTMHA HAyYKOBO-TIPaKTHUYHOI JisIbHOCTI 'eopris BitaniiioBuua
Oyna TOB’si3aHa 3 JOCHIDKEHHSIMH, IO IPOBOIMINCH Yy 3B’SI3KY 3 aBapiiHUMH EKOJIOTTYHHUMH
CUTYaIliIMH TPUPOJHOTO Ta TEXHOTEHHOTO TIOXO/UKCHHS 1 KPYOHUMH €KOJOTTYHUMHU
karacTpodamu. Y HOro akTHBI HapalbOBAHUN 3HAYHUHN TOCB1A 13 LIUX MU TAHb, 30KPEMA:

. JIOCTIIIKEHHS aBapiiHUX 00’ €KTIB, pyHHYBaHHS SKUX OyJI0 BUKIMKAHO aKTHBI3aLIEI0
KapCTOBUX IPOILIECIB, & caMe: Ie0JIOT14HI BUIIYKYBAaHHS MTOTSHIIIHO HECTIMKUX 30H, IOB’ SI3aHUX 13
reoMHAMIYHUMU TIpoliecaMu B Mexkax Teputopii PiBHeHchbkoi AEC Ta M. Ky3nemoscrka (1980—
1982 pp.); mocmipkeHHS 3 PO3BUTKY KapcTy B Mekax MasHkH 3amizHumi JIeBiB-Ctpuit 1520—
1522 km (1983 p.); mocaiKeHHs PO3BUTKY KapCTOBUX MporieciB y M. bimoripesk (1984 p.);

. eKCHEPTHO-aHAJITUYHI  JOCHKeHHA (y CKJIagl Tpynu  eKCIepTiB
[Tpoxyparypu YPCP) mnpuuun aBapii rpebni xBoctocxoBuiia CTeOHIKIBCBKOTO KaJlifHOTO
KoMOiHaTy, 1[0 mpu3Bena 10 Katactpodiunoro 3abpymHeHHs p. Huictep (JIbBiBchbka 00macTsb,
1983-1985 pp.);

. ydacTh y JikBijamii HacmigkiB YopHOOUIBCHKOT KaTacTpodu (Teprimii
kepiBHUK mTady AH YPCP y M. YopHoOuii (uepBeHb-BepeceHb 1986 p.) Ta HavyambHUK BiAILTY
BOJIOTOCIIOJaPChKO-Pal0JIOTIUHUX AOCHKeHb y YopHOOMIbCHKIA 30H1 BiguykeHHs (1987—
1990 pp.);

. JOCIIJKEHHS! YMHHHUKIB €KOJIONYHOI KaTtacTpopu ApajibCbKOro Mops Ta
PO3pOOKa CHCTEMHU €KOJIOTTYHOTO MOHITOpUHTY 1Iboro periony (Kazaxcran, 1991-1992 pp.);

. eKCIIepTHI JIOCIIDKCHHSI 3 OLIIHKW EKOJIOTIYHOI CHTYyallii B 30HI aBapii 3
oumm Qochopom, mo BuaHKIa 16.07.2007 p. Ha 3am3HuYHOMY mneperoHi «OxunaiB—KpacHey
JIeBiBCBKOI 3amizauti (2007-2008 pp.);

. OLIHKA €KOJIONIYHUX PHU3UKIB BiJ] BIUIMBY XBOCTOCXOBHII YypaHOBOI'O
BUPOOHHUIITBA KOJHUIITHHOr0 BrupoOoHu4oro o6’ eqnanns [IpuaHinpoBchbkuid XiMiuHmH 3aBo1» (2009—
2011 pp.);

) HAyKOBUW  CYNpoBiL poOIT 3 Oe3me4YHoro BHUJAANCHHS  BiIXOAIB
rekcaxjaopOeH30y, Mo nepedyBaau Ha TOJIroHI y 30HI KoHcepsarlii JJomOpoBchkoro kap’epy B

Kamycekomy paiioni IBano-®@pankiBcbkoi obmacTti (2012 p.).

© MAM’SITI IHICUYEHKA TEOPTTA BITAJIIMOBHUYA
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Onpa3y micng katactpodu Ha YoproOunbcrkiii AEC I'.B. JIlucuuenka Oys0 mpu3HAYEHO
NepIIMM KepiBHUKOM mTady Akazemii Hayk Ykpainu B M. YopHoOui (uepBeHb-BepeceHb 1986 p.),
Jie BiH 3a0e31meuyBaB HayKOBO-TIPAKTUYHY peai3allio mpomo3uilii yueHux Akaaemii Hayk YPCP 3
JKBimamii HACHiAKIB aBapii Ta MiHIMI3allii i HETaTUBHOT'O BILIUBY HA HABKOJMIIHE CEPEAOBUIIE Ta
HaceneHHs. Y 30HI aBapii UAEC, sk daxiBeup, BiH Oe3mocepenHbO 3aliMaBCs CHCTEMaMU
CEMCMIYHOI MIarHOCTHKU CTaHy 3pYHHOBAHOTO pPEaKTOpa, OIIHKaMH pPaJiOeKOJOriYHOTO CTaHy
3a0pyAHEHUX TEPUTOpPii, MHUTAHHAMHU 3aXUCTYy BOJHHX pecypciB BiJ 3a0pyJHEHHS Ta
MOBOJ)KEHHS 3 PaJl0OaKTHBHMMHM BiAXoJaMu. 3HAUHUM HAyKOBUM BHECKOM Yy PO3BHUTOK CHCTEM
A0epHoi Ta pajianiiiHoi O0e3neku € po3podku I'.B. JIucuueHka 31 CTBOPEHHS Cy4aCHMX TEXHIYHHUX
CHCTEM paJl0EKOJIOrTUHOrO0 MOHITOPUHTY Ta (PI3UMYHOI0 3aXUCTy EHEPreTUYHUX 00 €KTIB, A€ BiH
BUCTYIIA€ y SKOCTI HAyKOBOTI'0 KEpiBHHMKA a00 BiAMOBIJAILHOTO BHKOHABIISI POOIT. Y HAYKOBOMY
nopooky I'.B. Jlucuuenka omy6mikoBano Ounmbiie 300 poOiT, y Tomy uncai 15 moHorpadii ta 10
BUHaxoAiB (6im3pko 90 poOIiT mnpucBideHO O€3MOoCcepenHbO PI3HUM IUTAHHAM  SAEPHOI
enepretukn ). OCHOBHI pe3ynbTaTi HociipKens [.B. JIlucuuenka BUCBITIIEHO y TAaKUX KOJEKTUBHHUX
MoHorpagisx: «DopMHUpOBaHHE SKCITyaTAl[MOHHBIX PECYpPCOB IMOA3EMHBIX BOJ IIaT(HOPMEHHBIX
cTpykTyp Ykpauube» (1979); «BBeneHue B MOAETUpPOBAHHE THUIAPOrE€OJOTHUYECKUX IPOIIECCOBY
(1980); «JleueOHbie MuHepambHble Boabl Tuma “‘Hadryces™ (1986); «OcobeHHOCTH
B3aUMOJICH CTBHSI T€OJIOTUYECKON Cpellbl M1 0OBEKTOB aTOMHBIX cTaHIui» (1987); «DopmupoBanue
peXKHMMa TMOA3EMHBIX BOJ B pallOHaX pa3BUTHs aKTHUBHBIX I'€OJUHAMHUUYECKUX IporeccoB» (1988);
«BomooOMeH B THAPOTEONOTHYECKUX CTPYKTypax YKpawHbl. MeTonbl WM3Y4eHHUs BOIOOOMEHa»
(1988); «IIpobiemu oxopoHu reosoriuHoi cnagumau Ykpainm» (1999); «SnepHas sHepreTuka,
oOpaiieHue ¢ OTpaOOTaHHBIM SACPHBIM TOIUIMBOM U pPaJuOaKTUBHBIMU oTxomamu» (2006);
«[IpupoaHuii, TEXHOI€HHUN Ta EKOJOTIYHMM PpHU3MKM: aHajii3, OLiHKa, ymnpasiiHHA» (2008);
«MOHITOPUHI 1 METOAM BHUMIPIOBaHHS NapaMeTpiB HABKOJMIIHBOIO cepenoBuia» (2009);
«KOMIUIeKCHUH ~ Te0eKOJOTiYHUH  MOHITOPMHT 30HM BBy Tamumnekoi ['AEC  Ta
OnexkcanapiBcbkoro BogocxoBumia: 1998-2008 pp.» (2010); «YpaHoBi pyau YkpaiHu: reoJsoris,
BUKOPUCTaHHS, TOBO/DKEHHS 3 Biaxomamu BupoOHuuTBa» (2010); «Metomomnoris OIiHIOBAaHHS
exosioriyHux pusukiey (2011), «llepcnekTuBU pO3BUTKY YpaHOBOI CHPOBHMHHOI 0a3u siiepHOI
eHepreTuku Ykpainm» (2014).

Tpynosi 3acnyru ['eopris BitamilioBuda Oyinu TOCTOWHO OIIHEH1 KEPIBHUIITBOM KpaiHHU.
['eopriit BiramiiioBuuy — kxaBanep opzaeHiB «3a 3aciayru» Il crymens (2006) ta «3a 3acoyru» Il
crynens (2011), nmaypeat [epxaBHoi mpemii YkpaiHu B ramysi Hayku 1 TexHiku (2012), miicHuit
unied [lerpoBcpkoi akagemii Hayk 1 muctenTB (2005), mouecHH MpalliBHUK aTOMHOI €HEPreTUKU
(2006), HArOPOIKEHHI YHCICHHUMU BiJI3HAKAMH Ta TPaMOTAMH I[EHTPaJbHUX OpPraHiB BUKOHABYOI
BJIAAN YKpaiHH.

© MAM’SITI IHICUYEHKA TEOPTTA BITAJIIMOBHUYA
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I'.B. JIucuuenko, kpiM HayKOBOi AISIBHOCTI, 3a CBOE JKUTTS BHKOHAB BEJIMYE3HUH 0OCAT
HAyKOBO-OpraHi3aliifHoi poooTu. Y pi3HiI pOKHM 3aiiMaB Mocaju: yueHui cekperap BimaineHHs HayK
npo 3emmto IIpesunii AH YPCP (1983-1987 pp.), 3aBimyBau BiAAUIOM BOJOTOCIOIAPCHKO-
pamioNIOriuHuX  JAOCHKeHb YKpaiHcekoro ¢imany Ilentpansnoro HJII kommiekcHoro
BUKOpUCTaHHSI BOIHUX pecypciB MinBoarocny CPCP (1987-1990 pp.), 3aBigyBau kadempu Ta
nekaH (paKyIbTeTy OXOPOHU HaBKOIUIIHHOI'O CepeaoBHIa AKaaeMii mpalli i ColiaaTbHUX BiTHOCUH
Oenepanii npodceninok Ykpainu (1994-1996 pp.), 3actynHuk nupextopa JlepkaBHOro HayKOBOTO
HEHTpYy pazaioreoximii HaBkoiumHbOro cepemosuma HAH VYkpainn ta MHC Vkpainu (1996—
2000 pp.), nupekrop KuiBcbkoro reoioroposigyBanbHoro rexaikymy (20002001 pp.), 3aBizyBau
Kadeapu 3axUCTy HaCEJIEHHs 1 TepUTOpiil IHCTUTYTY AepKaBHOrO yNpaBiiHHS y cdepl HMBUIBHOTO
3axucty MHC VYkpainu (2001-2002 pp.), 3acTymHUK AUPEKTOpa 3 HayKoBoi pobotu JlepxkaBHOT
yCcTaHOBH «IHCTUTYT reoxiMii HaBKOJIMITHLOTO cepenoBuma HAH Ykpainu», a 3 2013 g0 2018 p. —
JUPEKTOp HAa3BaHOI YCTaHOBH.

[lnigHy HayKOBY Ta HayKOBO-OpraHizauiiHy AisuibHICTH ['eopriéi BitamiiioBuu 3aBxau
MOEHYBAaB 3 TPOMAAChKOW poO0TO0. BiH OyB 3acTymHMKOM akajeMika-cekpeTapsi BimmiieHHs
saepHoi ¢izuku Ta eHepretukn HAH Ykpainu, ronoBoro KoMiTeTy KOMIUIEKCHOTO aHaTi3y Oe3neku
TipHUYO0-BUO00YBHOI Ta mepepoOHOi MPOMHUCIOBOCTI, MOBOMKEHHS 3 PaJiOaKTUBHUMH BiIXOAaMH
Ta IX BIUIMBY Ha HacelieHHS Ta HaBKOJMIIHE MpHpOAHE cepenoBuile HarionanbHOi Komicii 3
paniamniiHoro 3axucty HaceneHHs Ykpainu (Bim 2010 p.), cmiBroigoBoro MixBiIoM40i HayKOBO-
koopauHaniiHoi excrmeptHoi paam MHC VYkpainm ta HAH VYkpaiaum 3 nutaHb TEXHOTEHHO-
€KOJIOT1YHOI OE3MEeKH Ta METOMOJIOTIi OIliHIOBAaHHS PU3HMKIB Haa3BUYalHuX cutyanii (Big 2010 p.),
YJICHOM 0aratbOX YYEHUX Ta EKCIIEPTHUX pal, 4jeHoM ekcrepTHoi panu BAKy 3 TexHIUHHX
Hayk (Big 2010 p.), rojnoBHUM penakTOp HayKoBOoro 30ipHHKa «TeXHOreHHO-EKOJIOrIYyHa
Oe3mneka Ta MUBIIbHUMN 3aXUCT».

I'eopriii BitamiioBuu JlncuueHko OyB OopraHizaTopoM 0aratboX HayKOBUX KOH(EpeHIIiil Ta
CHUMIIO31yMiB, Y TOMY YHCIi MDKHApOIHUX. bpaB ydacTs y MDKHApOJIHUX MPOEKTAaX, MIKHAPOTHUX
KOHTpeCcax 3 NUTaHb BHPIMICHHS MPOOJIEM TEXHOTC€HHO-EKOJIOr14HOi Oe3leKn Ta MEeTOAOJOTil
aHamizy pusukiB. by oOpaHuii koopauHatopoMm Bif YKpaiHM y MDKHAapoAHIM opranizauii 3
OIIIHIOBAHHS PU3MKIB MIPH BUPIIICHHI PI3HUX 3a7a4 TEXHOI'€HHO-EKOJIOTIYHOI O0e3MeKu, Horo mpars
oTpHMalia MXKHApOJIHE BU3HAHHSL.

KonekTuB 1HCTUTYTY IIMPO CyMYye 3 MpUBONY nepeayacHoi cmepti ['eopria BiraniiioBuua 1

Ma€ Hair0 Ha TIPOJOBXKEHHS HOT0 TOCTIKEHB TTOCIIIIOBHUKAMH.

Cywyx K.I.

© MAM’SITI IHICUYEHKA TEOPTTA BITAJIIMOBHUYA
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HNAM’ATI KOJIETU TA IPYTA

Ckopo MmuHE piK, K 3 HaMu HeMmae ['eopris BitamiiioBuua. Ane mucatd Ipo HBOTO B
MUHYJIOMY 4Yaci IIe JOBro Oyne He mpocTo. MHMOBOJI JOBOAUTHCS CHIBBIIHOCUTH CBOE
CTaBJIGHHS 10 pI3HUX peded 3 ioro
0adeHHSM — 3a TPUALSTH POKIB CILITBHOL
mpaii Ie BX€ YBIMIIIO y CBiIOMICTb.
Ckinpkd pa3ziB  3a OCTaHHI  MicHIl,
OOrOBOPIOIOYM 3 KOJETaMH Ti YW 1HIII
Cepiio3HI ¥ He ayke npobdieMu, MU
rOBOpUJIM OJUH ofHOMY: «OT, siIKOM OyB
)KUBUIl BitamiiioBuy — BIiH OM IMIBHUIAKO
po3iOpaBcs. .. BitaniiioBuu oun
JIOMOBHUBCH..., TOSCHUB..., TOIOMIT...».
Bin, iHOAl 3maerbcsa, BeCe 1€ CUOUTH
JIOITi3Ha B CBOEMY KaOiHETi, '€ 4YapKy-
JIPyTy 3a 00iJIOM 3 TOCTSIMH, CITIBA€ CBOIO
yi00JIEHYy TICHIO TIPO «O0Yi BOJIOIIKOBI»,

KOJIM BeCeMMid 1 y J00poMy TyMOpi...

Moro HoMep yce me B MoeMy TenedoHi, a
y Baiibepi BiH Joci cHIUTh Ha OuNifl y 4OpHY CMYXXKY JaBIli ¥ 3ammcaHa JaTta OCTaHHBOI
PO3MOBH...

BiraniiioBuy 6yB CHJIBHOIO JIOAMHOI, OOPOBCS 10 OCTAaHHHOI'O: BUHIIOBIIM 3 MEPIIOL
KOMHM HE JIyMaB Hi IpO M0, KpIM pOOOTH 1 MOTOYHUX, SK 3aBXKIUM TAKUX BAXKIMBUX 1
HEBIJIKJIAHUX CIOpaB Ta HaWOMMKYMX TIJIaHIB, JAJIEKOCSIKHUX 3aAyMiB... A 1€, BIEPTO
HaMaraBcsl 3HOBY I0YaTH CaMOCTIMHO XOAMTH, Xoua O MPOCTO NepecyBaTucs 0e3 CTOPOHHBOI
nonomoru. [l HbOro HepyXoMiCTh, CTaTHKa, BOUEBU/Ib, MAJIO YUM BIJPI3HSIIUCS BiJ HEOYTTS.
CraTi HaniBKMBUM B1JIIpBAaHUM B1J] aKTUBHOI'O JKUTTS IEHCIOHEPOM, SKMM THUXO JOXKHUBAE BIKY,
BiH HisIK He Mir. XOTIB JMIIE XUTTS Ha MOBHY. | 31aBanocs, BiH BXKe MEPEMIr CBOIO KIISITY
XBOpoOYy... Maike mepeMir, ajie BoHa 3ainuia 3 iHmoro 0oky... Illo %, Bech yac nmepemaratu
HEeMOXJuBO. Take xutrs. Ha xais. ..

S mymaro, 110 Bci, XTO X04 Tpoxu 3Hanu ['eopris BitaniiioBuua, sik 611 BOHU 10 HHOT'O HE
craBuincs (a BiH OyBaB AyKe pi3HUI y CBOiX MpOsBax), SKIIO JOBEIOCh OM iM naTu Homy
XapaKTEepPHUCTUKY, HAMlEBHE, 3aCTOCYIOTh TaKi MiTEeTH: HATIOJETIMBUI, HEBTOMHUMN , TPEKPaCHUHN

OpraHi3aTop, BIIKpUTA JIIOUHA, CXUJIbHA TOBOPUTHU TE IO AYMAE, a TOJIOBHE — «POOOTA Y HHOTO

© NAM’STI KOJIETU TA IPYT A
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Ha MePIIOMY MIiCIli, Ha IPYroMy i Ha TPETbOMY»... HY 1, 3BUYAHHO K, — «iJ1€i, 10 TOXOAATh 10
piBHsA (aHTa3iif; IPOEKTH, 1HOJI 3 O3HAKAMHM MakXe aBaHTIOP; IJIAHHU, CIIPOMOXHI SKIIO HE
BPATYBATH JIIOJCTBO, TO, IPUHANMHI, TOKPAILUTH BCIM HAcTpii — TouHO». Jlymaro, iiomy Oyio
TPOXH TICHYBaTO y HamoMy [HCTUTYTI, HaBiTh y IUPEKTOPCHKOMY Kpicii... XTO3Ha, O SIKUX
BHCOT BiH caM 3aXOTiB OW MiAHATHCS, Aaif oMy noins 1ie pokiB 15-20 xxutts (s ocodbucro OyB
nepekoHaHuH, mo BitaniiioBuy Mae HAAMOTY)KHUHN 3amac MIlHOCTI — MalyTh 1€ TaK JIUIIE
BUIJIAIAJIO 31 CTOPOHHU — BiH HIKOJIM HE JI03BOJISIB COO1 BUTJISIIATH CIIa0KUM).

3aBkaM Bpa)kaJo MOro HamaraHHs, 3 OJHOT0O OOKY, 3aHYPIOBAaTUCh Y BCUISKI ApiOHMIIL,
HalyacTinle — HEeNnoTpiOHiI, a 3 1HIIOrO — BMIHHS IIBUJIKO 1 TOYHO BJIOBHUTU CyTh IHUTaHHS,
BIIUIMTH TOJIOBHE BiJl JPYrOpSAHOIO, KOMIUIEKCHE OadeHHs («KOMILJIEKCHUI» — yiroOiieHe
cnoBo ['eopris BiranmiiioBuya) uu He Oyab-sSKOi MpoOJieMH, HEPIJAKO — BMIHHS MITIATH 0
pIllICHHsI 3 HEOYiKyBaHOI CTOpOHH. BiH Mir OyTH nyxe eheKTUBHHM, ane i MOMHIATHCS (110
3aBKJIM BU3HABaB, ajleé HIKOJM HE 3ajJMIIaB CIpo0 BUIPABUTU CHUTYAIlil0); MPEKPacHO BMIB
OpraHi3oBYBaTH KOMaHJU OJHOJYMIIIB, ajieé 1 HaJaBaB aBaHCH JIIOJAM, SKI BOYEBHJAb Ha 1€
3acIyroByBajH (110 3/1aBaJlOCh OYEBUIHUM JUIsl BCIX, OKPIM HBOT'0); MIr 3aiiMaTucs IecATKaMHU
MPOCKTIB OJHOYACHO, aJIe 32 MUTh yC€ BIIKJIACTH 1 MOYATH MPABUTH HIKOMY HE MOTPIOHUH
TEKCT SIKOTOCh acCIipaHTa. ..

S mpekpacHO mamM’sATar0 CBOIO mepiry 3 HUM 3ycTpid 30 pokiB Tomy: YopHOOHUIE,
UYVYEBC, BaxTa, aHami3aTOp IMITYJIbCIB OaraToOKaHaJIbHUA aMIUTITYJHUH, MOHITOPUHT JTOHHHX
BIJIKJIQ/1iB, BEUip, HYHO... 3aXOMATh JIBOE i3 MIMIKOM 0aHOUOK «IEHTa» 1 KaXyTh, 10 iX Tpeda
«IIOMIpSATH», a Ha 3allUTaHHS: «A BU XTO?» - OJWH i3 HUX NOYHHAE PO3MOBINATH MPO CBIiH
HaJIIKaBUH EKCIIEPUMEHT, KM BOHHM CTaBJATh Ha chomii gamoOi. (IIpo ommaty, 3BicHO, HE
nnuocd...). S 11 40 un 50 npo0® nmomipsB 3a mapy roguH, 60 BOHM OynM Takl aKTHUBHI, II0
BHCTA4yaJ0 MIHIMAJIbHOIO Yacy EeKCIO3WIlli, a KUIbKa JOBOAMJIOCH HAa METp MIJHIMATH HaJ
JIETEKTOpOM (II€ TPO CaMOBIIJAHICTh YYEHOTO — BOHM Ha Til 1aMO0i MPOBOAWIM BECh dac,
CKUJIbKM «HaOpam» oauH OOor 3Ha€...). A depe3 mapy pOKiB s yke mpaitoBaB 3 [ 'eopriem
BiranifioBuuem. I xoua BiH 3aBkau OyB MOIM KEPIBHHKOM, 5 MPALIOBAB HE «Yy HbOIO», a «3
HUM». bo BiH OyB Tako0 JIFOAMHOIO — 3 1YK€ KOPOTKOIO TUCTAHIIIEIO Y CIIJIIKYBaHHI. ..

OcranHsa 3ycTpiu Oyina y JikapHsHIA manati. BiH JaBaB po3NOPS/KEHHS, MO,
BKa3iBKM, IO 1 SK IIBUAKO, IEPEBAXHO — HEraHo, MOTPIOHO 3pOOWTH, HAIHUCATH,
Mepe3BOHUTH, TPOKOHTPOJIIOBATH... He Mir caMOCTIITHO MiTHSITHCH, YIIUISBCS 332 «XOIYHOK,
ajie MpOJOBXKYBaB IpallloBaTH 3 MarnepamMu 1 HOyTOYKOM YyBECh 4ac, HaBiTh KOJIM INpHiiMaB
ixy... Bxxe xBopi mjsranu cmatu, nepcoHan Hac 3 B.I. BepxoBieBuM MouaB BHUTaHSTH, a

['eopriit BitaniiioBuu yce Hac He BiANYCKaB — HOro HaiOuIble XBHIIIOBAJIO UM BCE BiH BCTUT

© NAM’STI KOJIETU TA IPYT A
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ckazaTH... [Ipo xBopoOy, JIikyBaHHS HE OYJIO HUM CKa3aHO Hi CJIOBa... Mu Toai OyJu meBHi, 110
nobayuMocs 1ie 6araTo pasis...

Hy a Mix numu 1BoMa 3ycTpiuaMu TPUILSATE POKIB Yacy, TPUALATE POKIB JKUTTS, Mpalll,
yCIIiXiB 1 HEeBJa4, HAJlI{ 1 po3dapyBaHb... Bceoro Oyno... Lli poku nponerinm 1ye IBUIKO,
ane € 1o 1 3ragatu — ne 6e3nepeuno. I gyxe O6araTo mo — 3aBasku BitanmiiioBuuy, 60 un He
HaWKpaiie 3 ychboro, mi0 BiH yMiB pOOMTH — I 3alUINATH CIiJ y MaMm’ATi JIOAeH, SKUM
CyAMIIOCS OYTH 3 HUM TOPAZ Y IIbOMY JKUTTI.

Cnu cniokiiino, ['eopriii BitaniiioBud, — TH 3 HaMH, MU TeO€ TTaM’ ITAEMO. ..

FOpiti Tuwenko.

@omo: Kumomupcoka o6a., Oneecvkuti p-H., Odxcepeno Ha Oepesi p.Yoopmw. Pobomu 3
BUKOHAHHA NIIOMHO20 NpPOeKmy 3 peabinimayii nicosux yeiob, NOPYUEHUX 6HACIIOOK
HEe3aKOHHO020 8UO00YBAHHS OYPULIMUHY.

© NAM’STI KOJIETU TA IPYT A

126



30ipHUK HAYKOBUX Ipallb IHCTUTYTY reoxiMii HABKOIMIIHBOTO cepenoBuiia 2018 Bumyck 28

IH®OOPMANIA A1 ABTOPIB
30ipHHMKA HAYKOBUX Ipalb [HCTUTYTY reoXiMii HaBKOJHMILIHBOTO CEPEAOBHUIIIA

Ho omyGnikyBanHsi y 30ipHHKY NPHUAMAIOTHCS HAYKOBI Tpalli, SKi HIKOMH HE IPYKYBalMCs
panime. Crartsi Mae OyTH HallMCaHa HAa aKTyaJlbHY TEMY, MICTUTH PE3yJIbTaTH TJIHMOOKOr0 HayKOBOTO
JOCTI/IKSHHSI, HOBHU3HY Ta OOIDYHTYBaHHS HAayKOBHUX BHCHOBKIB BiJIIOBIJHO N0 METH CTarTi
(mocTaBieHoro 3aBaanHs). KoxkeH aBTop MOXe ITO/IaTH He OLIbIIE TBOX CTaTel B OMHOMY BHITYCKY.

Pykomucu mnpuiiMaroThest obcsrom  6-15 cropiHOK (pa3oM 3 JTEpaTyporo, pPO3IUPEHUMH
aHoTtaiismu) Gopmary A-4, yepe3 1,5 iHTepBadHW IJIsT OCHOBHOTO TeKCTYy, Ta 1 iHTepBanm mias
anToauiii Ta gireparypu. Illons: Bci — mo 2 cM, a63an — Buctyn Ha 1,25 cm. llIpudrt ocHoBHOrO
Tekery: Times New Roman, po3mip — 12; mpudT anorauiid Ta mireparypm — 10pt., BukoHani Ha
komn'torepi y penakropi Word for Windows (*.doc). [ns naGopy ¢opmyn, rpadikiB i Tabmuns
BHUKOPUCTOBYIOTH CIIEIialibHI TporpaMu, BMoHTOBaHi y Word for Windows. ¥ crarri He moBHHHO OyTH
nepeHociB ciB. Homepu cTopiHOK He TPOCTABIIATH.

CraTTi OMal0ThCs YKPATHCHKOIO, POCIHCHKOI0 YH aHTJIIHCHKOI0 MOBAaMHU Y JJPYKOBAHOMY BUTJISI
Ta B €JICKTPOHHOMY BapiaHTi (€JIEKTPOHHOIO MOIITOI0 YU Ha EJICKTPOHHOMY HOCIT).

[MuTanns, moB's3ani 3 myOniikamiero HaykoBux orisigiB (e Outbime 9000 ciiB i 10 pucyHkiB),
BHPIIITYIOTHCS PENIKOJIETIEI0 HA T ICTABI 3a3/aNeTi/[b HaIaHOi aBTOPaMU PO3LIMPEHOT aHOoTAaIli poOOTH Ta
TPaHCIITEPOBAHOIO CIKCKY JITEpaTypH.

Koxna crarts moBuHHa Math kon «YJIK» (Bropi miBopyd). Hirkde 3miBa — Ha3Ba CTaTTi
BenMKUMH Jitepamu (mwpudt HamiBxupHuii Times New Roman, posmip — 12), BupiBHIOBaHHS IO
nmiBoMy Kparo. Hukde — mpi3Buine Ta iHiI[iamm aBTopiB, (3BBUYAHHUMH JTiTepaMu, MpUQT HATIBXKUAPHUIA,
npsMui, po3mip — 12). 3 HOBOTO psizika : Mpi3BUIIE TA iHIMIATA KOKHOT'O 3 aBTOPIB i3 3a3HAYCHHSIM
HAYKOBOTO 3BaHHs, 1OCAH, YCTAaHOBH, Ji¢ TPAIfO€ aBTOp, C€JICKTPOHHA ajapeca (po3mip — 8). Ha3sa,
IIb, nocaau, HayKoBi 3BaHHSI Ta aJapecH 1YO/II0IOTHCS AHIJIiHCBKOI0 Ta pocilicbKUMH MOBaMH
nepen BilNMOBIIHUMH AHOTALIAMM.

IL1an crarri:

1. BCTYI — TOCTAaHOBKAa MPOOJEMH y 3arajlbHOMY BUDJIAAI Ta ii 3B S30K 3 BaKIMBUMH
MPaKTUYHUMH 3aBIAHHSMU;

2. OCTaHHI JTOCIIJKEHHS Ta MyOJiKallii, Ha SKi CIIUPAETHCS aBTOP, BU/JICHHS HEBUPIIICHUX
YACTUH 3arajibHOl MPo0JIEMH, KOTPUM IPUCBSYYETHCS JaHa CTATTS;

3. MeTa CTaTTi (TOCTaHOBKA 3aBJIaHHS);

4, BHKJIA]] BIIACHE MaTepialry JOCTiKSHHS,

5. BHCHOBKH Ta MEPCHEKTUBY MOAAJBIINX JOCIIKEHb Y I[bOMY HANPSIMKY.

O00B's13K0Bi BUMOTHY 10 AaHOTAWiii, AKI MOBUHHI OyTH:

o iH(opMaTUBHEMU (0€3 3araJIbHUX CIIB);

o CTPYKTYPOBaHUMH (BigoOpakaTy MOCITIJOBHY JIOTIKY OIKUCY Pe3yJbTaTiB y CTATTi);

o 3MICTOBHUMH  (BiIOOpa)kaTd OCHOBHHMI 3MICT CTarTi; OMNHCYBaTH OCHOBHI i
JIOCTI1IKSHHS1; BUCBITJIIOBATH HAMOLIbII 3HAUYIl PE3yJIbTATH);

o MICTHTH KOHKPETH3aIlil0 aBTOPCHKOT0 BHECKY (110 PO3pOOIICHO, M0 3aIpOIOHOBAHO, IO
BHSBIICHO 1 T.11.);

o HE MiCTUTH IIOCHJIAHb Ta a0peBiaTypH.

AHOTaNifA YKPaiHCHKOIO Ta aHTJIiCHKO0I0 MOBAMHU 000B’SI3K0OBi Ta MAalOTh MICTUTH KOKHA He
menme 1800 3HakiB.

Tabuyi noBuHHiI MaTh Ha3Bu. Habupatu mpudrom Times New Roman (po3mip 10 pt).

Lirocmpayii HanaBati B enekrponHoMy Bunini y ¢opmari COREL, TIF, JPG 3 posminsHOIO
3aathicTio 300 dpi i HamiBTOHOBHX pHCYHKIB, 600 dpi — mis mTpuxoBux. TeKCTOBI HamucH Ha
PHCYHKAX, He3a/1€KHO Bill MOBH CTATTi, MOBUHHI OYyTH aHTJIiCHKOIO.

bibnioepagpis. TlocunanHs Ha JpKepena BUKOPUCTAHUX MarepiaiiB, (aKTHYHUX Ta CTATHCTUYHUX
JAHUX € OOOB'S3KOBUMHM 1 TOJAIOTHECSA Y TEKCTI Yy XPOHOJOTIYHOMY MOPSAKY HU(PPOIO Yy KBaJpaTHUX
nmykkax, Ha3u mpanib (He Oibuie sik 15) y criicky miTepaTypy po3MINIyIOTh B IOPSIKY IIUTYBaHHS B
TEKCTi.
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Cnucok Jjireparypu. BignoBimHo n0 mopsaky ¢opmyBanHs [lepeniky HaykoBHX (axoBUX
BHJIaHb, 3aTBepIkeHoro HakazoM MOH-monoascriopt Ykpainu Bix 17.10.2012 Ne 1111 — 3rigso 3
JACTY T'OCT 7.1:2006. bibmiorpadiyni maHi mo BUHHI MICTUTH Mpi3BHINA Ta iHIIiaJK BCiX aBTOpIB,
Ha3By KHWTH abo0 CTarTi, Jami: 0is KHueu — MICTO, BUJIABHHIITBO, PIK BUJIAHHS 1 MOBHY KiJIbKiCTh
CTOPIHOK; 011 cmammi — Ha3By XypHalIy 4d 30ipHHKaA, piK, TOM (MIKPECIMTH) i HOMEP BUITYCKY,
CTOPIHKMA TIOYaTKy 1 KiHIOA crarti, il ¢ poBuil imentudikarop — DOI (3a HasBHOCTI); 011
e1eKMPOHHO20 GUOAHHS TOAATKOBO — aJIpecy BiIMOBIAHOI BeO-CTOPIHKH i 1aTy 3BEpHEHHS.

References. BiamnoBiaHo 10 BUMOT Mi>KHAPOJHUX HAYKO METPUYHUX 0a3 — 3riJHO 31 CTaHIapTOM
Harvard (www.emeraldinsight.com/authors/guides/write/harvard. htm?part=2). bBi6miorpadiuni naHi
MOBHUHHI MICTUTH (TpaH cIiTepoBaHi JaTHHUIEIO) MPi3BUIIIA Ta HII[iaK BCiX aBTOPIB CTATTI/KHUTH, PiK
nyOmikamnii (B KpyriiuxX AYyXKax), Ha3BYy JKYpPHATY/KHHUTH, TOM 1 HOMEp BUITYCKY JKypHAIy, (Ui KHUT —
BUJIABHUIITBO 1 MicCIle BUIaHHs), CTOpiHKOBUH iHTepBan crarti, DOI (3a HasBHOCTI). [TocunanHs B TEKCTI
Ha OmyOJiKOBaHI JITepaTypHi Kepeia CiiJi HaBOAMTH HM@paMH y KBaJPaTHHX IYKKax, IO
Bi/JINIOBIJAFOTh MOPSIKOBOMY HOMEDY JKepeia y IPUCTaTeHHOMY CITUCKY.

IHocunanHs Ha Heomy0JIiKOBaHI MaTepiaju He 103BOJISIIOTHCS.

Hanpuknao:
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Marepianmu, 1o NyONiKYIOTbCS B KypHali, HiJJSITAlOTh BHYTPIIIHBOMY 1 30BHIIIHBOMY
PELICH3YBaHHIO, SKE 3IIMCHIOIOTH WIEHH peAKojerii >kypHaiy, (axiBui BiIMOBIZHOI raiysi.
Penien3yBanHs IpoBOANTECS KOH(DIICHIIIHHO. Y pa3i HeraTuBHOI peneH3ii Yu HASIBHOCTI CYTTEBHUX
3ayBaskeHb, CTATTsl MoO:ke Oyrm BigxwieHa a0o TmOBepHYTa aBTOpPOBi (aBTOpaM) Ha
AOONPALIOBAHHS.

Crarrs;, momana 0e3 JOTPUMAaHHS 3a3HAYCHHMX BHMOI, ONYyOJIKYBaHHI0O He HiVISATaE.
BignosinaabHicTs 3a nocroBipHicTh iHdopmanii, ¢akTiB Ta iHIIMX BinomocTeil, MocUJaHb Ha
HOPMATHUBHI aKTH, IUTATH, BJACHI IMEHa, a TaKO0 NPAaBUJIBHICTH IEpPeK/JIaly HecyTb aBTOPH
myourikanrii.

o crarTi aBTOpiB 3 IHIIKMX YCTAHOB MOBHHEH JOJABATHCH AKT €KCIIEPTH3H AAHOI YCTAHOBH
010 MOXKJINBOCTI BiIKpHUTOI My0JTikamnil mogaHux Marepiais.

Penakuis 3ayminae 3a coboro mpaBo BHOCHTH opdorpadiuHi, IEKCHYHI Ta CHHTaKCHYHI 3MiHU Y

Marepiaj craTeif 6e3 y3ro/pkKeHHs 3 aBTOpaMH 32 YMOBH 30epeKeHHS 3MicTy.
Jlo TekcTy cTarTi 000B'SI3KOBO J0AAETHCS aBTOPChKA JIOBIIKA ITPO BCiX CITIBABTOPIB

Peoxkonezia 36ipnuxa 36epmaemuvcsi 00 asmopia 3 NPOXAHHAM OOMPUMYBAMUCH HANEHCHUX BUMO2 U000
oopmieHHs NOOAHUX CmMAmel.
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Cepis AA Ne 027774 Bin 23.04.2013 p.
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