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VK 618.3.621.395

K OIIEHKE BJIMSIHUA I')TYBUHBI IOT' PYKEHUS BBIXJIOITHOM TPYBBI B
KOPIIYC HUKJIOHA HA DOPEKTUBHOCTD YJIABJIMBAHUSA IIBIVIN U
I'mIPABJIMYECKOE COITPOTUBJIEHHUE

3aoyJqonoB 10.JI., Apxunenko O.H., PoizkoB B.U.

3a6ymnonos FO.JL., 1.1.H., 4i.-kopp. HAH Ykpausl, npod., 3aB. ota., I'Y « MHCTUTYT reoxumun okpysxkarouieit cpeast HAH Ykpausbi»,
Zabulonov@nas.gov.ua

Apxunenko O.H., m.u.ct., 'Y «HcTHTYT reoxumun okpysxkatomeit cpenst HAH Ykpaunsi», Archipenko@nas.gov.ua

PoisxoB B.U., acnupanT YHuBepcuTera « YKpauHay.

B cmamve npusedenvi Oanmble IKCNEPUMEHMANILHBIX UCCAE008AHUN, NPOBEOEHHAX OJisl
000CHOBAHUSAL ~ BO3MOJCHOCIMU — UCNONIb30BAHUS  HOB020  KOMNIEKCHO20 — napamempa
30710Y1A8IUBAHUS, BKIIOUAIOWE20 2IYOUHY NOSPYIHCEHUS. BbIXIONHOU mpyObl 8 KOpnyc
YUKIOHA, U CO030aHue 0Oojlee MOYHbIX Memo0o8 pacuema obwel d¢hgpexmusnocmu
30710Y1A8TUBAHUSL 8 PA3TUUHBIX NO KOHCIMPYKIMUGHOMY UCNOTHEHUIO YUKIOHHBIX ANNAPAmax.
Jna oyenxku e6uoa QyHKyuu NOPPAKYUOHHOU CMENneHUu OYUCMKU YUKIOHHBIX Nblie-
3010yn06umeneti «d,=50» NOOMEEPICOEHA 603MONHCHOCHb UCTIONb306AHUS NPEONIONCEHHO20
KOMNIEKCHO20 —Napamempa  3010VIABIUBAHUS, — BKIIOUAIOWe20 21YOUHY  NO2PYHCeHUs
BbIXJIONHOU MPYObl 8 KOPNYC YUKIOHA «lewx», KOIDGuyuenm xpymxu nomoxa 6 sope
MeyeHusi U GeIUYUHY MAKCUMATbHO2O 3HAYEHUs MAHSeHYUAIbHOU CKOPOCMU NOMOKA 6
KOIbYeBOM KAHANe MeHCOY KOPNYCOM U 8bIXIONHOU mpyoot yukiona. Ilpu ucnonvsosanuu
MHO2OYUCTEHHBIX ~ OOCMOBEPHBLIX — PE3VIbMAmo8  IKCHEPUMEHMANbHBIX — UCCTIe008aHU,
AHATUMUYECKUX U KOMIBLIOMEPHBIX pacyemos, paspaboman 6onee mounvlli Menmoo paciema
obwell  3phexmusHocmu  3010Y1A6IUBAHUS. 8  PAZIUYHLIX N0 KOHCMPYKIMUBHOMY
UCNOTHEeHUIO YUKIOHHBIX annapamax. Paspaboman noewlii napamemp 30n0ynasiueanus,
BKAIOUAIOWULL 2]1YOUH)Y NOSPYIHCEHUSL BLIXJIONHOU MPYObl 8 KOPNYC YUKIOHA, KOdpduyuenm
KpPYMKU NOMOKA 8 10pe MeYeHUsl, MAKCUMATbHYI0 MAHCeHYUATIbHYIO CKOPOCHb 8 KONbYeBOM
Kauane yukioua. buliu npogedenvl uccie008anus, Yeiblo KOMopvix A6IAI0Ch YCMAHOGIEHUE
KOJIUYECMBEHHbIX — 3ABUCUMOCTEN  GIUAHUSL — GelUUUHbL  (len» HA  3hghexmusHocmyb
30710Y1A8IUBAHUSL U  2UOPABIUYLECKOe CONPOMUBTIeHUe YUKIOHA. AHAIu3 NOxyYeHHbIX
IKCHEPUMEHMANbHBLIX ~ OAHHBIX — NOKA3bl8Aem, 4mo, ¢ OOHOU CHOPOHbI,  UMEeemcs
SHAUUMENbHAS 3A8UCUMOCMb  IDDEKMUBHOCMU OYUCMKY NbLIU  OM  BeIUUUHBL  «l g
(0coberHO On1si MeaKux hpaxyuil noliu — NPUMEpPHO, 00 5 MKM), a, ¢ Opy2oll CIMOPOHbL MO,
umo ONMUMANLHOU 8eNUYUHOU O «lgyx» MOJCHO NPUHAMb 3HAYEHUE, NPUMEPHO, PABHOE
(Iseix)onm = 2,5...3, nockonvky danvHetiuiee ee yeenuuenue He NPUSOOUN K 3aMEemMHOMY POCIY
appexmusHoCmuU 3010Y1ABTUBAHUL.

Knrouesvie cnosa: s3axpyuenHvle HNOMOKU, UYUKIOHHbIE NbLIE-30]0Y108UMENU, OIUHA
8bIXJIONHOU MPYObL, I3PHEKMUBHOCb OUUCTIKU.

ITocTanoBka npodaemsbl.

[{ukIOHHBIE TBUIE-30JI0YJOBUTEIN OTHOCATCS K HauOoJsiee paclpOCTPaHEHHBIM THIIaM
MHEPIUOHHOIO TbUICYIaBIUBAIONIero obopynoBanus [1, 2] Omaronaps CpaBHHUTEIBHO BBICOKON
CTENEHU OYHUCTKHU OT (pakuuii mbutn aAuameTpoM 6osee 10 MKM, IPOCTOTE KOHCTPYKIIUHU U BBICOKOM
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npou3BoauTeNnbHOCTH. [lo3TOMy pa3zpaboTka Bce Oosiee TOYHBIX aHATUTHUYECKUX METOAOB pacyera
napamMeTpoB (PaKUMOHHBIX CTENEHEH OYMCTKM IUKIOHHBIX anmnapaToB SIBISETCS BeCbMa
aKTyaJbHOM 3aJa4ei.

O0BbeKTOM HAIIMX TEOPEeTHYECKHMX M IKCIEPHUMEHTAJbHBIX MCCJIEN0BAHUN SBISICTCS
000CHOBaHHME BO3MOYKHOCTH TOBBIIIEHHS] TOYHOCTH aHAIMTHYECKUX METOJOB pacdeTa rmapaMeTpoB
(pakIMOHHBIX CTENCHEH OYHMCTKM LUKJIOHHBIX AallapaToB 3a CUYET HCIOJIBb30BAaHUS BEIHYMH
TIIyOMHBI TIOTPYXEHHUS BBIXJIOMHON TPYOBI B KOPITYC LUKJIOHA, KOA(PPHUIMEHTa KPYTKH MOTOKA B
SAIpe TeUSHHs] W BEIWYMHBI MAaKCHUMaJIbHOTO 3HAYCHHS TaHTEHIIMAJIbHBIX CKOPOCTEH BO3IyXa B
KOJIIIEBOM KaHaJle MEX/ly KOPIIYCOM M BBIXJIOITHOM TpyOOl IIUKIIOHA.

IIpeamer mucciaenoBaHuii — LMKIOHHOE IIbIIE-30JI0Yy/IaBIUBAIOIIEe OOOpPYAOBAaHUE U
pa3paboTKa, JUIS BBITIOJHEHHUS AHAJTUTHYECKUX pPAcYeToB, A(PPEKTUBHOCTH OYHCTKA HOBOTO
KOMIUIEKCHOTO TIapamMeTpa 30JI0YJIaBJIMBaHUS Ha OCHOBE WCIOJB30BAHUSI BEJHYUH JUTHHBI
BBIXJIOITHOM TpyOBI, K03(duItnerTa KPyTKH MOTOKA B SIPe TEUEHHS] M BEITHMYUHBI MaKCHMAaJIbHOTO
3HAYCHUs TAHTEHIMAIBHBIX CKOpPOCTEH BO3IyXa B KOJBIIEBOM KaHalle MEXKIy KOPIIyCOM |
BBIXJIOITHOM TpyOOil IMKIJIOHA.

eab padoThI:

— 00OCHOBaHHME BO3MOXHOCTH HCIOJb30BAHUS HOBOTO KOMILJIEKCHOTO —Iapamerpa
30JI0y/1aBJIUBAHM, BKIIOYAIOLUIET0 INIyOMHY MOTPYKEHHs BBIXJIOMHOW TPyOBl B KOPIYC LIMKIIOHA,
KOX(Q(QUIMUEHT KpyTKM TOTOKa B SAApPE TEYEHUS M BEIMYMHY MAaKCHUMaJIbHOTO 3HAYECHUS
TAQHT'€HIMAILHONH CKOPOCTH MOTOKA B KOJBLIEBOM KaHaje MEXAy KOPIYCOM U BBIXJIOIHOM TpyOOi
LUKJIOHA IIPU OLIEHKE NapaMeTpoB GYHKIUHU NO(PPAKIIMOHHON CTENEHN OYMCTKH LIUKJIOHHBIX IIbLIe-
30J10y10BUTENEH «Un=50»;

— co3aaHue Oosiee TOUHBIX METOAOB pacueTa oOmeill 3pPEeKTUBHOCTH 30JI0YyJIaBIMBaHUS B
pa3NUYHBIX 110 KOHCTPYKTUBHOMY MCIIOJIHEHUIO IMKJIOHHBIX ammaparaXx € HCHOJb30BaHUEM
HauboJiee JOCTOBEPHBIX 3KCIIEPUMEHTAIBHBIX JAHHBIX OYMCTKH BO3JyXa OT MbUIM B Pa3IMYHBIX
KOHCTPYKLUAX LIUKJIOHOB.

Teopernueckue ucce10BaHUA

Ha aspoanHamMuuecKyro CTPYKTYpY LMKJIOHHOIO IOTOKAa M €ro cemapalioHHbIe CBOHCTBa
OKa3bIBaeT 3HAYMTEIBHOE BIMSIHHE TE€OMETPUUYECKUH IMapaMeTp, XapaKTepU3YIOIIUNA BBIXOHbIE
YCIIOBHSI — TIYOHMHY TIOTPY)KCHHUSI BBIXJIOMHOW TpyObl B kKopmyc wHUKIOHA «len» [1, 2].
CymiecTByIOIME METOJIbl a3POJANHAMMYECKMX M TBUIEBBIX PACUETOB LHMKIOHOB HE YUYUTHIBAIOT
BiusHAE «lgyx», XOTS OHO MOKET OBITh 3HAYUTEIBHBIM — IO Pe3yIbTaTaM HCCICIOBAHUI

a’poauHaMuku [3] u nbuieynaBnuBaHus [1]. Tak, Hanpumep, HEAOYYET OTHOCUTEIHHOM JIMHBI
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BBIXOOHOI'0O KaHalla B CXCMaX aspOJUHAMHUUYCCKOI'O pacucTa HUKIOHHBIX yCTpOfICTB IMPpUBOJUT K

OLIMOKaM B OTIPENEICHUH « & px » U MAKCUMAIBHOTO 3HAYEHUS TAHT'CHIUAIBHON ckopocTu — 110 40%

u 6outee [3].

AHaJIOTUYHON KOJIMYECTBEHHON OLEHKU BIHSHHSA BEIUYUHBI «lpx» Ha 3PHEKTHBHOCTH
MBUICYJIABIMBAHUS HE UMEETCS, MOATOMY B HACTOSIIEH paboTe BBIMOJHEHBI HCCIIEIOBAHUS TIO
yYeTy BJIMSHHUS TJIyOWHBI TIOTPY)KCHHS BBIXJIOITHOW TpyObl B KOPITyC NHMKIOHA HAa TMapaMeTphl
Ha MOJEJIH UUKJIOHHOW KaMmepshl,

3G dEeKTUBHOCTH  30JI0yIaBIuBaHus. OIBITHI

ommcanHoi B padore [4], ¢ Dy =0,2m;d,, =0,1 m; His=4,6; a=0,26; 8=0,7; H,= 2,0.

MPOBEJICHBI

[Mapametrp «lsux» m3Mensics or 0 go 3,0. Ilapamerpbl SKCIEpPUMEHTATBHON 30JIBI,
HaOpaHHO# 13 OyHKepa atekTpodunpTpa Tpunonsckoit TOC, cocrasisum dso = 14 Mmxm; o =21 p

= 2200 kr/m® u ipuBeseHs! B TabM. 1; Temmeparypa Bo3ayxa coctapisina 15 — 20°C.

Ta6auna 1. JlucniepcHblif COCTaB SKCIIEPUMEHTAITLHON 30JIbI.

Table 1. Disperse composition of experimental ash.

Huamerp yacTuiy, MKM

0-5

5-10

10-20

20-30

30-40

> 40

BecoBoe cojiepkaHue 4acTuil, %o

8,0

25,0

37,0

16,0

6,0

8,0

Pe3ynbTaThl M3MepeHUs TMOJIEH MaKCUMaJbHBIX 3HAUYEHUN TaHTCHIUAIBHBIX CKOPOCTEH
(yCpemHEeHHBIX IO HECKOJbKUM OINBITaM) LMKJIOHHOTO TOTOKAa B KOJBIEBOM KaHale MEXIy

KOPITYCOM LIMKJIOHA U BBIXJIOMTHBIM MaTpyOKOM IpUBE/IeHbI B Ta0Jl. 2 1 Ha puc.l.

Tabauna 2. 3HaueHUs] MaKCUMaJIbHBIX 3HAUCHUH TAHT'CHIINAJIBHBIX CKOPOCTEH BO3TyXa B KOJNBLIEBOM KaHaJe I[HKIJIOHA.

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 30 35
«Wm» 1,0 1,05 1,14 1,28 1,35 1,379 1,394 1,398
W o

—_—a
-~
<

f

N ol I
4,_0

R
'd@m

PI/lcyHOK 1. 3aBUCHMOCTH MaKCHUMAaJIbHBIX 3HAYCHUI TaHI'CHIIMAJIbHBIX CKOpOCTCﬁ «Wm» OT BCJIIMYMHBI ((IB,,IX».

Figure 1. Dependence of the maximum values of tangential velocities "Wn" from the value of "lou".
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AHanu3 TaHHBIX, MPHUBEACHHBIX B Tabn. 2 u Ha puc. 1, mokazan, yto BenmuuuHa «Wm» B
KOJIBIICBOM IMJIMHJIPUYECKON YacTH IUKIOHA MOXET OBITh paccuuTaHa IO 3aBUCHUMOCTH IS
OINMCAHMUS OJIHOM M3 OCHOBHBIX a’3pOJMHAMHYECKMX XapPAKTEPUCTUK LHUKIOHHOIO IMOTOKA —

K03 (UIMEHTa KPYTKH B SIPE TCUCHUS « & » OT napameTpa «lgux» [3]:

£r =1+ 0.4 exp [-8exp(-2hn)] @

YuuteiBas NpsAMY0 NPONOPUUOHATIBHOCTh BEMUYUHBI «Wm» OT BEIMYUHBI g [3], MOXKHO

00001UTh NpUBEJCHHbIE B Ta0d. 2 ¥ Ha puc.] 1aHHbIE ypaBHEHUEM:

Wi = 1+ 0,4 exp [~ 8exp(—2lsm)], (2)

N3 ananmm3a mOSydeHHBIX JaHHBIX BUJHO, YTO C YBEJIMYEHUEM TJIyOHMHBI TOTPYKEHUS
BBIXJIOMHOW TpYOBI B KOpIyc MUKIOHA 10 «lewx» = 3, Benmmumua «Wm» BO3pacTaer, 4Tto JOJDKHO
CHOCOOCTBOBATh M YBEJIMYEHHUIO CTETEHU 30JI0YJIAaBIMBAaHUS B LMKIOHE. JlanmbpHellliee ynauHeHHe
BBIXOJJHOTO MaTpyOKa MPAKTHUYECKU HE MPUBOAUT K U3MEHEHHIO BeUUUHbI « Wm», TO €CTh, TEUCHHE
B AJpe MOTOKAa B LIMKIOHHOM armapaTe CTaHOBHUTCS aBTOMOJENIbHBIM IO OTHOIICHHIO K IIyOMHE
MOTPYKEHUSI BBIXJIOITHOM TPYOBbI B KOPITYC IUKIOHA «lppx.

Kpome 3T0oro nosokuTeabHOro, ¢ TOUKH 3pEHUs yBEIMYEHHS CeNapalliOHHON CIIOCOOHOCTH
LUKIOHA, (pakTa pocTa B KOJBIEBON 30HE MAaKCHUMAaJbHOM TAaHICHIIMAIBHOM CKOPOCTH MOTOKA,
paauanbHas CKOPOCTh NMBUIMHKH, BO3HUKAIOIIAS B Pe3yJabTaTe BO3ACUCTBUS LEHTPOOEKHBIX CHII,
SIBJISIETCSL €€ TOJTHOM paJuaIbHOM CKOpOCThIO [1]. DTO Takke MOHKHO CHOCOOCTBOBATH POCTY
CTETIEHU OYHUCTKH.

HccnenoBanue moseil CKOpOCTeH M KOHILIEHTPALMU MBUTH B KOPIIyce IUKIOHA MO3BOJIIH
HaM yCTaHOBHUTb, 4TO, NpuMepHO, A0 80% mbuleyHOCAa COCTaBJIAET BBIHOC IbUIM HWMEHHO U3
KOJIBLIEBOW 30HBI LIMKJIOHA U TOJBKO 20% — W3 KOHUYECKOH. DTO CBHUJETEIBCTBYET O TOM, UTO
MOBBIIIEHUE CTEMEHU OYHCTKH TECHO CBA3aHO C paclpelesieHUEeM TaHTEeHIHUAIbHOW CKOPOCTH
MOTOKAa UMEHHO B KOJIBIIEBOM 30HE MEX/Iy KOPITYCOM ITUKJIOHA U BBIXJIOMHON TPyOOit.

JKCNepuMeHTAIbHbIE UCCIeJ0BAHUSA

beiin  mpoBeneHbl  MCCIENOBAaHMS, LEIbI0  KOTOPBIX  SIBIJIOCH  YCTAHOBJIEHUE
KOJIMYECTBEHHBIX 3aBUCHMOCTEH BIHMSHUS BETHUMHBI «lpx» Ha 3PHEKTHBHOCTD 30JI0YIaBINBAHUS

U TUAPABIMYCCKOC COIIPOTUBJICHHUEC HHUKIIOHA. OtHOCHUTENbHAS FleGI/IHa MOTrpYy>KCHUA BBIXJIOIIHOM
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TpyOBbI «lsux» B ombITax cocranisiia: 0; 0,1; 0,2; 0,3; ckopocTh BO3/ayXa B TOPU30HTAIHLHOM CCUCHHH
LHUKIJIOHA cocTaBisuia: 1,5; 2,0; 2,5; 3,0; 3,5 M/cek.

B T1abn. 3 mnpuBeneHsl HEKOTOphie MOQPAKIHMOHHBIE U OOIIME CTEIEeHH OYUCTKH,
MOJIyYCHHBIC IO pe3yjbTaTaM MCCICIOBAHUN O BIMSHUM BEIUYMHBI «lp» Ha 3()HEKTHBHOCTDH

OYHCTKH.

Tabéauma 3. 3HaYeHUS MOPPAKIUOHHBIX M OOIIMX CTEIICHEH OYMCTKU 0a30BOr0 ITUKJIOHA B 3aBHCUMOCTH OT BEJIHMYHH
g ¥ «Vep».

Table 3. The values of the fractional and general degrees of purification of the base cyclone as a function of the values
Of ulout" and "VaV".

[rax Vep, M/cC 5 10 15 77 06m, %0
0 15 58 85 94 86,6
0 2 66 89 96 89,2
0 3,5 7 94,5 98,5 96,3
2 1,5 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

Jlia mpuMepa Ha puc. 2 MpHUBEAEHA 3aBUCUMOCTh MO(PPAKIMOHHOW CTETEHW OYHCTKHU B IIUKJIOHE

gyacTuIl guameTpoM 2,5; 5 u 10 MKM OT BeTHUHHBI «lpux» TP cKOpocTH Bo3ayxa 2,5 u 3,5 m/c.
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a0 1 \ 70 prxr

%‘6—‘3
8 il —

d Stk
70 P e =—oT—eme
8 e e
=« J5M
4

: 4/"
40

PucyHok 2. 3aBUCUMOCT TO(YPAKIHOHHOM CTEIICHH OYHCTKU OT o U «Vr .

Figure 2. Dependence of the diffraction degree of purification on "lo."" and "Vg".
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AHanM3 NOJYYEeHHBIX SKCIIEPUMEHTATBHBIX JaHHBIX IOKa3bIBACT, YTO, C OJAHON CTOPOHBI,
UMEETCsSl 3HAYMTENbHAS 3aBHUCUMOCTDh S(QQPEKTUBHOCTH OYMCTKH IBUTM OT BEIUYHHBI  «lgyx»
(ocobeHHO TSI MENKUX (Ppakuuii MBIIM — MPUMEPHO, JIO0 5 MKM), a, C JPYrodl CTOPOHBI TO, YTO
ONTHUMAIBHON BEMUYMHON Ui «lpu» MOXKHO NPUHSATH 3HaueHHWE NPUMEpHO PaBHOC (lsux)onr =
2,5...3, IOCKOJBKY JajbHEHIee ee YBEINICHNE He TPUBOJANUT K 3aMETHOMY POCTY 3((PEKTUBHOCTH
30JI0y/TaBITUBAHMS.

B pesynpraTe MaTemaTHueckod 0OpaOOTKM MPUBENEHHBIX BBILIE HSKCIEPUMEHTAIBHBIX

AaHHBIX, HAMH ITOJIYy4YCHa Cacayronasa 3aBMCUMOCTb:

H “T D) 1030 4 35
d,_ =1000 @, | 2oz L . K3

]7:

*

6 . P —
" D, 1.38 06 p) 22:10° v )

rae 1,38 — 3nauenue BeauauHbl «Wm» 11t «lpuix)onr = 2,5.
JlelicTBUTENbHOE 3HAYEHUE MHTErPAJIbHOTO MapameTpa 3aKpyTKHM Ha BXOJE B KOJIbLEBOU
KaHa «Dgx» ompeenieHo BpadboTe [3] kak cpeaHee 1Mo NepuMeTpy KaHajla BO BXOJHOM CEUYCHHH U B

pe3ynbraTe 0000IIEHHS OMBITHBIX JAHHBIX MO TEIIO0OMEHY MOJIYYeHO B BU/JIE:

@, =283|@:, . (1+D,)[*, @)
. T 1-a
(®9/06x )m = Z (T) — JUIsl IMKJIOHOB C TaHTeHIMaIbHBIM BxoaoM [3],  (5)
ab
( D’ ) 7 l+a
onsx Jmy Z (T) — JUIsl LUKJIOHOB € TaHI'€HLIUAIbHO-YJIUTOYHBIM BXOJIOM [3], (6)
ab

HJ'ISI IIPOBEPKU BO3MOKHOCTHU OIMMCAHUA 3aBUCHUMOCTBIO (3) " JpYrux NUKJIOHOB HaMU ObLIU
BBIIIOJIHCHBI PAaCyUCThI 110 MPUBCACHHBIM B PA3HbBIX MCTOYHHKAX HanOoJiee M3BECTHBIM IMUKJIOHHBIM

arraparam. Pe3y.]'IBTaTBI TaKUX OLCHOK MPCACTABJICHBI B Tabm. 4.
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Tadnnua 4. CpaBHeHHE pacCUMTaHHBIX MO 3aBHCHMOCTAM (3) m (4) cremeHeld OYMCTKH C 3KCIIEPUMEHTAIHHBIMU
JAHHBIMHU.
Table 4. Comparison of the purification rates calculated from dependences (3) and (4) with experimental data.

Tun HuK/I0Ha T, M R — dso, O n°% | n p) n®" | Ucrou
a B
MKM HHUK
[H-15 045 | 026 | 066 | 244 8 35 | 71,7 | 7065 | 72 | [5]
LH-15 04 | 026 | 066 | 244 8 4 | 15 | 28 | 13 |][6]
[H-15 04 | 026 | 066 | 244 8 4 | 756 | 776 | 774 |][6]
LH-11 05 | 026 | 048 | 2136 | 8 35 | 731 | 723 | 726 |[5]
L1H-24 045 | 026 | 111 | 29 8 35 | 66 64 | 649 |[5]
BLHUAOT-M 06 | 026 | 07 2,2 14 | 185 | 949 | 957 | 949 | [7]
MHUOT 06 | 026 | 08 | 164 | 35 | 46 | 937 | 941 | 936 | [g]
PUCH 02 | 025 | 05 14 | 14 | 35 | 882 | 909 | 895 |[9]
JOT 059 | 027 | 036 | 263 | 8 35 | 677 | 667 | 668 | [5]
BIHUNOT 037 | 026 | 10 2,2 8 35 | 71,9 | 724 | 72 |[5]
HUHOT'A3 16 | 02 | 04 | 214 | 13 | 467 | 818 | 822 | 8 |[10]
HUHOT'A3 03 | 02 | 04 | 214 | 20 2 982 | 985 | 984 |[6]
Crapmana 1215 | 02 | 05 1 25 | 543 | 842 | 859 | 83 |[11]

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

Kak BugHO W3 naHHBIX Tabi. 4, pacuer mo 3aBUCHMOCTH (3), yUMTHIBAIOLIEH BJIHSHUE
BEIMYMHBI TITyOMHBI IIOTPYKEHHUS BBIXJIONHOM TpyObl B KOPIYC LMKIOHA, 3HAYMTEIBHO OOJEe
TOYCH.

TaK, Cp€AHUEC 3HAUYCHUA OTHOILIEHUU Pa3HOCTH IIPOCKOKOB IIBIJIM PACUYCTHBIX H
SKCIICPUMCHTAJIbHBIX K IIPOCKOKY SKCIICPUMCHTAIIbHOMY, PACCUUTAHHOMY I10 (4), COCTaBUJIO 8%, a

110 3aBHCHMOCTH (3) — COOTBCTCTBCHHO 5%, TO CCTb TOYHOCTb PaCUCTOB IIPOCKOKA IIbLIX

IIOBBICHJIACh B 1,6 pas3a 110 BCEM PaCCMOTPCHHBIM B Tabn. 4 OHKJIOHaM.

7 ¥ [0 1930 40 35
d = :1000 ®6x TO6 —- = /JZ -6 ;* (4)
e D 06 p) 22.10° v

e Y

910 CBUACTCILCTBYCT O I_IeJ'ICCOO6p83HOCTI/I y4€Ta BCIUYHUHBI «lBHX» B pacueTrax

B(I)(IJGKTI/IBHOCTI/I 30JI0YyJIaBJIMBAHUS HUKJIIOHHBIX allllapaToB.
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Bmusgune BeamunHBI ((lBHx)) Ha H3MCHCHHUC THAPABIMYCCKOIO COIPOTUBJIICHUA LUKIIOHA

HCCIICO0BAJIOCH IIPH PA3HBIX CKOPOCTAX BO3AYyXa B TOPU30OHTAJIbHOM CCUCHHUH UKJIOHA. P€3y.HBTaTLI

MPUBEJCHBI B Ta0I. 5.

Tabauna 5. ['uapasiudeckoe conporupnenue nukiona (I1a) mpu pasHbix 3HAUCHUAX Ny 1 «Vep ».

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

Vep, M/C 1,0 15 2,0 2,5 3,0 3,5 4,0
s =0 105 236 420 656 950 1286 1680
Lo =2,5 110 248 442 689 998 1350 1750

Kak BuIHO W3 JaHHBIX TaOj. 5, BIMSHHE HA CONMPOTHBIICHHE MUKIOHA BETUYMHBI «lgux»
HE3HAYUTEIIbHO W COCTABJISICT, N0 HANIMM JIaHHBIM, He 0o0jee 5% OT BEITWYMHBI CYMMAapHOTO
CONPOTUBIICHUS IMKIOHA. ClenyeT OTMETUTh, YTO OTH Pe3yIbTaThl YIOBIECTBOPUTEIHHO
KOPPETUPYIOT C JJaHHBIMH PabOTHI [2], /i€ MPUBEACHBI MPUMEPHO aHAJIIOTHIHBIC KOJMYCCTBCHHBIE
nokaszarend. boisiee CUIbHOE BIHMSIHHE BEIHYMHBI «lpux» HA 3HAYCHHE THIPABIMYECKOTO
conpotusnenus mukioHa CUOT (mo 30%) B pabote A.M. I'epBacbeBa [1] MOXHO OOBSCHUTH TEM,
yto B nuksione CHOT BpIxJionHas Tpyda BBOIMIACH B KOHMYECKYIO YacTh, MTOCKOJIbKY KOHUYECKUN
uukiaoH CUOT He uMmen HuIMHAPUYECKOM YaCTH.

Hcnonb30BaHue pacyeTHBIX IKCIEPUMEHTOB, Hapsily C HATYPHBIMH, CTaJl0 BO3MOXKHBIM,
TJIaBHBIM 00pa3oM, Giarojapsi ObICTPOMY Pa3BUTHIO METOJ0B PaCYETHOMN TMAPOJINHAMUKU U POCTY
BO3MOYHOCTEH KOMITBIOTEPHOI TEXHUKH.

Tak, B mocieaHue ropl YCIEIHO pa3BuBaoTcs Tak HassiBaembie CFD (Computation Fluid
Dynamics) — MeTo/ibl pacCueTHOW THAPOAMHAMHUKH, OCHOBAHHBIC HA KOMITBIOTEPHBIX TEXHOJIOTHSIX,
UCIOJIb30BAHMU  JIOCTATOYHO TOYHBIX U A(P(GEKTUBHBIX YHCIEHHBIX aQJITOPUTMOB, HOBBIX
MaTeMaTHYeCKUX MOJIENIeH MPOLeCCOB MepeHoca CyOCTaHIIHH.

Huxe paccmoTpensl pe3ynbTaThl NpuMeHeHHs coBpeMeHHbIX CFD meTonoB pacuetHol
TUAPOIMHAMUKY IS UCCIIEIOBAHUS CIIOKHBIX BEPOSITHOCTHBIX MPOIIECCOB YIABIMBAHUS a3p030Jieh
B LIUKJIOHAX ammapaToB.

[Ipu >TOM HccaenoBaNMCh 3aKOHOMEPHOCTH adPOIMHAMUKY JBUKEHHSI 3allbLIIEHHOTO Ta3a B
CUCTEME «IUKJIOH — OyHKep» TunoBoro mukiona «[{H-15» u mponecca ynaBnuBaHus 4acTUI TTBLTH
IpyH  MOJAETUPOBAHUU C TOMOIIBI0 JIMIIEH3MOHHOTO TMPHUKJIAJHOTO TMaKeTa MporpaMM s

YHCJICHHOTO MOJICITMPOBaHus TypOyneHTHbIX oTokoB « Solid Works Flow Simulation 2010» [12]
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B HammonaibHOM TexHuyeckoM yHuBepcurere Ykpaunbsl «Kuesckuii IlonurexHuueckuii
UHCTUTYT.

[lo HgaHHBIM KOMIBIOTEPHOTO MOJETUpOBaHUA S((EKTUBHOCTH YIABIMBAHUS YACTHIL
muamerpom 4,5 MM B tunoBoM ukinone «I[H-15» cocraBuna n = 50%, To ecTh BenmunHa On=50

= 4,5 mkMm. Takoii pe3yabTaT COBIAI C IKCIEPUMEHTAIBHBIMU JAaHHBIMHE [1].

Huxe npuBeneHsl pe3ynbTaTbl KOMIBIOTEPHBIX PAcu€TOB CTENEHU OYUCTKU OT IbLIU B
TunoBoM nukioHe «I{H-15» npu yBennyeHnu BbICOTHI BBIXJIOMHOTO NaTpyoOKa.

[Ipu 5TOM HCTIOIB30BATUCEH:

— [apaMeTphl, XapakTepusyrolulue TypOyJeHTHOE€ TeueHHWe Tra30BOro  IOTOKa
(MHTEHCUBHOCTh TypOYJIEHTHOCTH, BHYTPECHHUI KOJIMOTOPOBCKHUI MUKpoMacuTad
TypOYJEHTHOCTH, AMHAMUYECKasi CKOPOCTh MOTOKA U JIp.);

— HauOoJiee HaJe)KHbIE SKCIIEPUMEHTAIbHBIE JaHHbIEe U3MEHEHUHN 3(P(PEeKTUBHOCTH OUNCTKU
MIBUIA B TUTIOBBIX LUKJIOHAX IIPU Pa3IMYHBIX U3MEHEHUSAX UX KOHCTPYKTHBHBIX apaMeTpOB.

Ha puc. 3 nmpuBeneHs! pa3Mepsl MPUHATOTO MPH KOMIIBIOTEPHOM MOJICIMPOBAHUH THIIOBOTO
nukiona «[{H-15» (muamerpom 0,6 M) ¢ OyHKEpOM.

Ha puc. 4 npuBeneHsl pacupeleneHus CKOPOCTHM M HHTEHCHBHOCTU TYpOYJIEHTHOCTH

ra3oBOT0 IMOTOKa TUMOBOTO IKiIoHa «[[H-15» ¢ GyHkepom.

e
g 360 — i
'"/ M D

3 g L\

@600

=900

1200
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Pucynok 3. Pazmeps! TunoBoro nukiona «I[H-15» ¢ OyHkepom, NpUHATHIE IPU KOMITBIOTEPHOM MOJICIIUPOBAHUH.
Figure 3. Dimensions of a typical cyclone "CN-15" with a bunker, adopted in computer modeling.
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Pucynox 4. PacnpeneneHue CKOpOCTH (2) M WHTEHCHBHOCTH TYypOYJIEHTHOCTH (B) Ta30BOrO MOTOKA TUIIOBOTO
mukiioHa «ITH-15» ¢ GyHkepoM (3 (heKTHBHOCTh OYHCTKM OT YacTHIl auamerpoM 4,5 MkM — 1 = 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 — 1 = 50%).

Ha puc. 5 npuBeneHbl pe3ynbTaThl KOMIBIOTEPHOTO MOJEIHPOBAHUS pacHpeesieHus
CKOopocTel moToka ra3a B 1ukiaoHe «[[H-15» ¢ ynnmunennpiM Ha 0,12 M BBIXJIOIHBIM MAaTPyOKOM,

TO €CTh C BEJIMYMHOHN YriyOJICHHOTO B KOPIYC IUKJIOHA BBIXJIONHOW TpyOoi, paBHOH (I, )yra = (I

0,984 1,64
e Jun - Dyt 0,12 = 1,44 - 0,6 + 0,12 = 0,98 M mim 06 =164 Dywm | — [=2,784d,,, .
Bemnunna (I, )yrn = 1,64 Dy cooTBeTcTBYeT NaHHBIM paboThl [13], B KOTOpO# pexomeHIyercs
ontumansHas BemuynHa (I, )yn = (1,6...1,7) Dy WM, 9TO COOTBETCTBYET, HampuMep, s

tmkinona «I[H-15» ontumansroit Bemnaune (I, )ya = (2,6... 2,88) d ,
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Pucynok 5. Pacnipenenenue ckopocreil raza B uukione «LI{H-15» ¢ ymnmnHennoit Ha 120 MM 4acTblO BBIXJIOIHOTO
naTpyoka — Hibke cuHell TuHUH (3 (EKTUBHOCTh OUMCTKU OT 4YacTHIl auamerpoM 4,5 mxm — i = 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 — 1} = 58.1%).

Ha puc. 6 B JsorapudmMuveckoii BepOSTHOCTHOH KOOPJMHATHON CETKE IPHUBEICHBI
o paKIMOHHBIE CTENIEHU OYUCTKH 10 PE3ybTaTaM KOMIIbIOTEPHOTO MOIETUPOBAHUS:

Ne 1 — TunoBoro nukioOHa (CTENeHb OYUCTKU OT YacTUIl AUaMeTpoM 4,5 MKM — 1 = 50 %);

Ne 2 — TunoBoro nukiIOHa ¢ yAIMHEHHOM Ha 120 MM BBIXJIONHOM TpyOOil (CTENEHb OYMCTKU

OT 4acTul auameTpom 4,5 Mkm — 1 = 58,1 %).
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Pucynox 6. [TodppakiuoHHsle cTeneHn o4ncTKU: No 1 — THIIOBOro HMKIJIOHA (CTENeHb OYUCTKU OT YAaCTUIl AUAMETPOM
4,5 Mmkm — 1 =50 %); Ne 2 — THUIMOBOTO IUKJIOHA C yUTHHEHHOM Ha 120 MM BBIXJIONHOM TPYOOit (CTEeHb OUHCTKH OT
yactul auamerpoM 4,5 MM —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 — 1y = 58.1%).

BriBOaBI.

Hns ouenku Buaa (GyHKIUK MO(PAKIIMOHHON CTENEHW OYHMCTKH IHMKIOHHBIX IIbLIE-
30JI0yJIOBUTENEN «dnzso», 000CHOBaHa  BO3MOXKHOCTh  HCIIOJIB30BAHUS  MPEATIOKEHHOTO
KOMIIJIEKCHOTO TIapaMeTpa 30JI0yJaBIMBaHUS, BKIIOYAIONIETO TIYyOWHY MOTPYXEHHUS BBIXJIOMHOU
TpyObl B KOpIyC HHUKIOHA «lyyx», KOXPOHUIMEHT KPYTKH TOTOKA B SIIPE TCUCHUS W BEIUUUHY
MAaKCHMaJIbHOTO 3HAYEHUs] TAHIECHUHAJIBHOM CKOPOCTHM IIOTOKA B KOJIBLIEBOM KaHaje MEXIY
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KOPIIyCOM M BBIXJONHOM TpyOoil mnmkiioHa. C HCIOJIb30BaHUEM Haubosee JOCTOBEPHBIX
9KCIEPUMEHTAJIbHBIX JaHHbBIX, AHAIUTUYECKMX M KOMIIBIOTEPHBIX DPACUETOB pa3paboTaH Oosee
TOYHBIA MeETOJ pacuera oOmed SPPEKTUBHOCTH 30JI0YJIABIMBAaHUA B  PA3JIUYHBIX IO

KOHCTPYKTUBHOMY UCIIOJIHCHUIO IIUKJIOHHBIX aIlraparax.

Ycnoenwvie ooo3nauenus.

a,b — BBICOTA ¥ IIMPHHA BXOJHOTO KaHaa (10 OTHONIECHHUIO K JIHAMETPY [IUKIOHA);
D, — nuameTp HUKIOHA;
d,,. — AMaMeTp BBIXJIOITHOM TPYOBI;

dso— MeTMaHHBIN THAMETP MBLTH, MKM;

dn=50 — IMAMETp YACTHII MMBLIH, YIABIUBAEMBIX ¢ 3PPEKTUBHOCTHIO 50%, MKM;

M — TUHAMUYECKUN KOAIPPUIIUEHT BSI3KOCTH;

Gn — JUCIIepCHs pacipereneHnsi PpaklIMOHHBIX CTEIIEHENH OUYUCTKY;

@px — JNEHUCTBUTEIBHOE 3HAYEHUE WHTETPAJIBbHOTO IMapameTpa 3aKpyTKHM Ha BXOJE B KOJIBLIEBOM
KaHal;

Hos — 06mas BHICOTA IMKJIOHA (IO OTHOINICHHIO K IUAMETPY IIMKIOHA);

Eo — KOA(h(OULHUEHT THAPABINYECKOTO COPOTUBIICHUS IUKIIOHA;

AP — conpoTuBnenue nukIioHa, 11a;

p — TOTHOCTB, KI/M>;

Vep, — CpenHsis CKOPOCTh NOTOKA B TOPU30OHTATIBHOM CEUEHUH IIUKIIOHA, M/C;

Wm — MakcumalbHble 3HAY€HHUs TaHTE€HLUHUAIbHBIX CKOPOCTEM BO3AyXa B KOJBIIEBOM KaHale
LIMKJIOHA, M/C;

Gn — JUCTIepCHs pacipeneneHusi PpakiMOHHBIX CTETIEHEH OUYUCTKU;

Gn— JUCIEpCUs pacipeieseHns YacTUIl MbUIK IO pa3MepaM;

— TIIyOMHA MOTPYKEHUS BBIXJIONMHOM TPYObl B KOPIYC IIUKIOHA, M;

8blX

|
loox = —2 — OTHOCHTEJIbHAS [NTyOMHA MTOTPYKEHHS BBIXJIOMHON TPYObI B KOPITYC IUKJIOHA,

6bIX

& sx — KO PHUITMEHT TUIPABINIECKOTO CONMPOTHBIICHHS;

O — CTaHAAPTHOE OTKJIOHEHUE Pa3MEPOB YACTHII MTbUIH;
&r — Kod(hdunmenTa KpyTKy MOTOKA B APE TEUCHHUS.
Huoexcel.
I —ra3; 00 — OOIIHUA; IT — IbLIb; I — IIUKJIOH; 9KC — DKCIIEPUMEHT; P — pacyer.
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oA0 OLIHKH BIVIMBY I''IMBUHU 3AHYPEHHSA BI/IXJIOl:IHOi TPYBU B KOPIIYC HUKJIOHA HA
E®EKTUBHICTD YJIOBJIIOBAHHS ITUJIY I THAPABJIITYHUUA OIIIP

3aoyaonoB FO.JL., Apxunenko O.M., Puxxos B.L

3a6ysono 101, n.1.H., wi.-kop. HAH VYkpaiuu, npod., 3aB. Bin., JY «lHctuTyT reoximii HaBkosmmHboro cepenosuima HAH VYkpainuy,
Zabulonov@nas.gov.ua

Apxunenko O.M., m.u.ci., 1Y «lHCTHTYT reoximii HaBkomumHbOro cepenoBuina HAH Yxpainu», Archipenko@nas.gov.ua

Pu:xos B.1., acnipanT YHiBepcutety «YKpaiHa.

Y cmammi nagedeni Oami excnepumeHmanvbHUx OO0CHIONHCEHb, NPOGeOeHUX O/l 002PYHMYBAHHA MONCIUBOCT
BUKOPUCMAHHA HOB020 KOMNJIEKCHO20 NApamempa 30]0YAA6NI08AHHA, WO BKIIOYAE 2NUOUHY 3AHYDEHHS GUXAONHOL
mpyou 6 Kopnyc YUuKIOHY, I CMEOPeHHs Oilbul MOYHUX MemOOi6 PO3PAXYHKY 342aNbHOI  epekmusHocmi
3010Y1A6I08AHHSA 8 PIZHUX NO KOHCMPYKMUBHOMY BUKOHAHHIO YUKIOHHUX anapamax.

I oyinku 6udy @yHkyii nogpakyilinozo cmyneHs OYUWEHHSA YUKIOHHUX nuio-3onoyrogumenei «dh = 50»
niomeepodIcena MOICIUBICING BUKOPUCMAHHA 3aNPONOHOBAHO20 KOMMNJIEKCHO20 NApamempa 3070VIA6MI08aHHs, WO
BKIIOUAE 2MUOUHY 3aHYPEHHA BUXTIONHOI MPYOU 68 KOPNYC YUKIOHY «leuxy, koeghiyicnm Kpymku nomoky 6 sopi meuii i
BENUYUHY MAKCUMANLHO20 3HAYEHHS MAHSeHYIANbHOL WEUOKOCMI NOMOKY 6 KIIbYeBOMY KAHANI MIdC KOpnycom i
suxaonnoro mpyooro yuxnony. Ilpu euxopucmauHi yucieHHuUx OOCMOBIPHUX pe3Yabiamie eKCnepUMEHMATbHUX
odocnidoicensb, AHATTMUYHUX MA KOMA'TOMEPHUX PO3PAXYHKI8, pO3p0OIeHUll Oiibl MOYHUL MEMOO PO3PAXYHKY 3a2aNbHOL
eqhekmueHoOCmi 3010y1a8I0BANHS 8 PIZHUX NO KOHCMPYKIMUBHOMY GUKOHAHHIO YUKTIOHHUX ANapamax.
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Po3pobneno nosuii napamemp 3010y1a61108aHHS, WO BKIIOUAE 2NUOUHY 3AHYPEHHS GUXIONHOL MPYOU 8 KOPNYC YUKIOHY,
Koegiyicum Kpymxu nomoxy 6 s0pi meuii, MAKCUMAIbHY MAHSEHYIANbHY WEUOKICINb 6 KIIbYeBOMY KAHAL YUKTIOHY.
Bynu nposedeni docnioscents, memoro aKux 6y10 6CMAHOGIeHHs KITbKICHUX 3A/IedCHOCME 6NIUGY 8eIUYUHU «l6Uxy Ha
eghexmusHicmb  30710Y1A61108AHHS | 2iOpAGIUHULL ONIp YUKIOHY. AHAMI3 OMPUMAHUX eKCHePUMEHMAbHUX OAHUX
NOKA3Y€, W0, 3 00H020 DOKY, € 3HAUHA 3ANEHCHICIb ePeKMUEHOCMI OUULeHHsL NUTY 810 seuyunu «leuxy (0cobueo o
OpibHux ppakyi nuy - nPpuUbIU3HO, 00 5 MKM), a, 3 IHUL020 OOKY me, W0 ONMUMATILHUM PO3MIPOM Ol «leux ymodcHa
NPUUHAMU 3HAYEHHs,, npubaU3HO, dopisHioe (leux) onm = 2,5 ... 3, ockineku nodanvuie it 30i1bUUeHHS He NPU3600Uns 00
NOMIMHO20 3POCMAHHS e(heKMUBHOCHI 30710VA6TI08AHHS.

Knrwouosi cnosa: 3akpyueni nNOmMoKu, YUKIOHHI RULO-30]0V1108aYI, O0BXHCUHA BUXIONHOI mMpyou, eghexmugnicmo
OYULEeHHS.

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 "loi" 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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VJIK 553. 495 (504.55.054:622)

I'OJIOBHI YMHHUMKHN 3ABPYJHEHHS YPAHOM IIOBEPXHEBUX TA
KOJIOJA3HUX BOJ IIPHU PO3POBIII YPAHOBHUX POJOBMUIIL
HOBOKOCTAHTHHIBCBKOI'O PYJHOI'O ITOJIA

BepxoBues B.I'., Cemeniok M.II., Baiisio O.B., 'aneBuu A.€., Ctymsincbka A.O.

Bepxosues B.I'. 10KT. reod. H., 3aB. Bin. 1Y «lHcTuTyT reoximii Haskomumubsoro cepenosuina HAH Ykpainny, verkhovtsev@ukr.net
Cemenrok MLIL. k.reon.-Min.H., npoB.H.c. JIY «IHCTHTYT reoximii HaBkomumHboro cepenouiia HAH Ykpainu», semenuk205@gmail.com
Baiino O.B. k. reos.-miH. H., ¢T.H.C. 1Y «lHCcTHTYT reoximii HaBkommHboro cepenosuina HAH Vkpainn», alexvb4@ukr.net>

TlaneBnu A.€. H.c. 1Y «lHCTHTYT reoximii HaBkoammHboro cepenosuina HAH Vkpainm» , ganevich19@gmail.com

Crymsincbka A.O. M.H.c. IV «lHCTUTYT reoximii HaBkoMuHboro cepenosuina HAH Vkpainn», anna.studz88@ukr.net

3a pezyromamamu 3anouamrosarnoco Hamu y 2009 poyi monimopuney 3a0pyOHeHHs 800HUX
06°ckmie npu pospobyi ypanosux pooosuwy HoBOKOCMAHMUHIBCLKO20 pPYOHO2O NOJIA
8CMAHOBIEHO NPUPOOHI MaA CYMO MeXHO2eHHi (axkmopu 3abpyonenHs ypawom. J{o tioco
cknady exooams enacie Hosoxocmanmuniecoke pooosuwe Hampiti-ypanosoi oopmayii ma
aHano2iyHi 3a eene3ucom u yacom gopmyeanns Jlicose, Jlimue, JJokyuaescvke podosuwa i
0eKilbKa pyoonpossis, AKi 3a pe3yibmamamu NOOAIbUUX PO3BI0YEANbHUX POOIM MON*CYIb
Oymu nepesedeni y pane pooosuwy. Ilpu eueuenni emicmy ypamy y nogepxHesux (cmasxu,
CMPYMKU) ma KONOOASHUX 600ax HoeokocmAHmMuUHIBCbK020 YpaHOBOPYOHO20 NOJSL MdA
npuneciux mepumopii 6CMaHOBNeHi aHOMANil 3 NiOBUWEHUM BIOHOCHO (HOHOBO2O 8MICMOM
yvoeco enemenmy. Ompumani Oawi ceiouamsv nPo Oe3nocepeoHitl 8nNauU8 UOOOYMKY YPAHOBOT
PYou 2ipHu40-6u000y8HUM nionpuemcmeom «HosokocmanmuHiecoka waxmay Ha ye sAguuje
CMOCOBHO NO8epxXHe8ux 600. Anomanii 3 niOGUUIEHUM 8MICMOM YPAHY Y KOJLOOAZHUX 800aX
iHmepnpemyomscsi K Maki, wo 3YMOSIEHI 1020 BUNY208)Y8AHHAM HA DPOOOBUWAX MA
pyoonposigax mpiwunHumu eooamu. Ilepcnexmusena npomucnosa excniyamayis cyciOHix
pooosuwy (Jlicosozo, Jlimnvoeo ma [[okyuacécvkoeo) 3 BUKOPUCMAHHAM MA2iCMPAnlbHO20
wmpexky ma niOHAMMAM 2IPHUYOI MACU HA NOBEPXHIO MEXHON02IYHO20 MAaudaH4uKa
2IpHUYO-8U000YBHUM  nionpuemcmeom  «Hosokocmanmuniscoka — waxmay» — Cymmeso
30I16WUMb HAOXOONCEHHS YPAHY Y NOBEPXHeSl 800U mMa nepuiull 6i0 NOGEPXHI 20PU3OHM
niozemMHux 600 iHGinbmpayitinum wasxom. Mounimopurne 3a0pyOHeHHs YPAHOM NOBEPXHEBUX
i niozeMHUX 600 HA 3A3HAYEHIU Mepumopii 003601UMb GUPOOUMU DeKOMeHOayii U000
NPULIHAMMSL HU3KU NPEBEHMUBHUX 3AX00I8 051 MIHIMI3ayii 6Nauy Yyb020 MEXHO2SEHHO2O
aeuwa i 3abe3neyeHHs OONYCMUMO20 paldiayiliHo20 HABAHMANCEHHS HA MeWKAHYI8
HAaceleHux MNyHKmi8, AKi BUKOPUCMOGYIOMb Ui 600U Yy MeXHIuHil, 2ocnooapuyit ma
PpeKpeayitinill OisIbHOCMI.

Knrouoei cnosa: emicm ypany, nogepxresi ma Konoos3ui 600U, npoba 600u, waxmHi 600u,
8000011, piuKkosull bacelit, HaNpPsAM CMOKY, aGHOMANIs, IHQITbmpayis, ypaHogopyoue noie,
paodiayitine HABAHMAICEHHS.

Beryn

HoBOKOCTSIHTUHIBCBKE pyaHe noJe po3TaloBaHe y ManoBHUCKIBCbKOMY
anMiHicTpaTuBHOMY paifoni KipoBorpaacekoi oOmacti. Jlo #oro ckmaay BXOAATH BIIacHe
HoOBOKOCTSIHTHHIBCbKE POJOBHUIIE HATPili-ypaHOBOI (hopMallii paHHBONPOTEPO30MCHKOTO BIKY Ta

© Bepxosues B.I'., Cementok M.IL., Baiino O.B., I'aneBunu A.€., Ctyasincbka A.O. 'OJIOBHI YTHHUKHM 3ABPY/JTHEHH YPAHOM
IOBEPXHEBHMX TA KOJIOAA3HUX BO/ ITPX PO3POBLII YPAHOBUX POAOBHUII HOBOKOCTAHTHUHIBCHKOI'O PYJJHOI'O ITOJIA
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aHaJIOTIuHI 3a TeHe3nucoM W dyacoMm ¢opmysanHs JlicoBe, Jlitne, JlokyuaeBChbKe pojoBHINa M
JeKiIbKa PyAOTIPOsIBIB, sKI 3a pe3yiabTaTaMH IMOAAIBIINX PO3BIAYBAIBHUX POOIT MOXYTh OyTH
MepeBe/ICHI y pPaHr POJOBWIN. 3a PO3BIIAaHUMHU HAa CHOTOJHI 3amacaMyd ypaHy 3a3HA4CHI BHUIIE
POJIOBHIIA 3/1aTHI 320€3MeYNTH CUPOBHHOIO VIS SIEPHOTO NalMBa eHeproookiB ykpaincekux AEC
Ha PiBHI iICHYIOUMX HUHI MOTYXHOCTEH MPOTATOM 0aratbox JecsTuiiTe. KoMnakTHe po3ranryBaHHS
IUX POJOBHIN Ha Twiomi ~ 15 km’cripusie iX eeKTMBHiHl ekcIUTyaTallil SK 332 €KOHOMIYHHMH
KPUTEPIsIMA, TaKk 1 3a MIHIMaJTbHUMH pPH3UKAaMH HEraTUBHOTO BIUIMBY HAa TEOJIOTIYHE Ta
HABKOJIMIITHE CEPEIOBUIIA.

Sk 3a3Hauaethes [1], y pasi mpoMHCIOBOT eKCIUTyaTallii ypaHOBUX POJIOBHII, BMICT ypaHy y
ITAXTHUX BOJAX, SIKi CKUAIOTHCS HA TIOBEPXHIO, MOke mepepuinyBatu 1 10° r/m mpu Tomy, mo
CyMapHHI 00CST TaKUX BOJ 3a OOy MOKE CATaTH KUIbKOX TUCAY KyOIYHUX METPIB.

Hacuuenicte Teputopii MaioBUCKIBCHKOTO paliOHY pOJOBHILAMH Ta PYAOIPOSIBAMHU ypaHy
noTpedye cHenu(pIUHUX PaTIOCKOJIOTTYHUX JOCHKEeHb ii ekocucrteM. BapTto 3a3Hauurty, 110
BUKOPHUCTAHHSI MICIEBUX MarepiayiiB Mmpu OyAIBHUUTBI aBTOMOOUTbHUX Jopir B KipoBorpaachbkiit
o0JacTi CyTTE€BO BIUIMHYJIM Ha iX pamianidauii cran. OcoOmuBo 1e crtocyethes noporu T 240
(HoBomuproponq — Mana Bucka — HoBoykpaiHka), sika BHUKOPHUCTOBYETHCS TEXHOJOTTYHHUM
TPAHCIIOPTOM B TIPOIIEC] PO3BiMYyBaIbHO-EKCILTyaTaI[IiHUX pOoOIT y MekaXx HOBOKOCTSIHTHHIBCHKOTO
pynHoro mossi. TyT 3adikcoBaHl NMEpPEBUIEHHS IMOTYKHOCTI JI03M TraMMa-BHIIPOMIHIOBAHHS HaJl
(OHOBUM 3HAUEHHSIM Y JEKUIbKa pa3iB BHIE MOXHOKM BHMIipioBaHb [2]. ¥V 1mbOMYy KOHTEKCTI
JOCTIIKEHHS BIUTMBY MPOMHUCIOBOTO BUJIOOYTKY YpaHOBOI pyIy HAa KOMIIOHEHTH HABKOJMIIHHOTO
CEPENIOBHINA PYAHOTO TMOJIA 1 CYMDKHUX TEPUTOPid HAOYBalOTh MPIOPUTETHOTO 3HAYEHHS Y HM3II
3ax0/1iB MO 3a0€3MeUEeHHI0 HOPMAaJIbHUX YMOB JUISl JKUTTEAISUIBHOCTI MICLIEBOIO HACEIECHHS.

Mera i 3aB1aHHA JOCTiIKEHD

3a HasgBHUMH MPOEKTaMH po3poOka poJoBHIl HOBOKOCTSHTHHIBCHKOTO PYAHOIO IMOJIA
BiI0OYBaTUMETHCS IUIAXOM TPAHCHIOPTYBAHHS PYAHOI 1 BMIIIYIOYOI TipHUYOi MacH MaricTpaJbHUM
IITPEKOM JI0 TOJIOBHOTO Ta JAOMOMDKHUX CTOBOYpiB HOBOKOCTSHTHHIBCHKOI IIAXTH 3 MITHATTSIM
ripHUYOi Macu Ha moBepxHio. Lle cyTTeBo 30UTBIINTE pajialiiiHe HAaBaHTAXXEHHSI HA TEXHOJIOTTYHY
ningHKy HOBOKOCTSHTHHIBCHKOI MIAaXTH 1, BIAMOBIAHO, Ha CTYHIHb 3a0pyJHEHOCTI ypaHOM
MOBEPXHEBUX Ta KOJOAA3HUX BOJ CYMDKHOI TEPUTOpIi 3aBASKU CYTTEBOMY 30UIBIICHHIO IIOL]
CKJIaJlyBaHHS BMILIYIOUO1 pyy T'ipHUUOT MacH, Y sIKiil BMicT ypaHy csarae 0,3 kr/T. Yumanuii BHECOK
y IIbOMY KOHTEKCTI HaJie)KaTUMe TaKoX 1 TMMYacoBOMY 30epiraHHIO Ha NpPOMMaWIaHUYMKY (0
BinBaHTtaxeHHd Ha [JIII «Cxingl'3K») BnacHe ypaHoBoi pyau. OtTxe, HaWOUIbII Bpa3IHMBUM
KOMIIOHEHTOM €KOCHCTEMHU PYAHOTO MOoJid OylyTh NMOBEPXHEBI Ta KOJOAA3HI BOAM MPUIIETIIO 10

HoOBOKOCTSHTHHIBCHKOT MIaXTH TepUTOpii. 3a Takux OOCTaBUH aKTyali3yeTbcs TMpoOiieMa
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ONTUMAJIFHO MOJKJIMBOTO pajialifHo 0e3MeyHOro Juis CTaHy KOJOSM3HHX 1 MOBEPXHEBUX BOJ
¢byHkuioHyBaHHS TipHUY0-BuAoO0yBHOTO mianpueMctBa (I'BIT) HoBokocTsHTuHiBChKa maxrta JI1
«Cxial 3K».

3 MeTOr CTBOpEHHs 0a3u JyIsi BU3HAYCHHS HarajlbHUX 3aXOJIB INOJO0 BHUPINICHHS Ili€l
npobsnemu, Hamu po3noyaro y 2009 pori MOHITOPHUHT 3a0pyJHEHHS YPAaHOM KOJOJS3HUX 1

MOBEpXHEBUX BOJl HOBOKOCTSHTHHIBCHKOTO PYAHOTO MOJISI TA MPUICTIIAX TepUTOPiii (puc. 1).

Puc.1. Kapra 3a0pynHeHHS ypaHOM MOBEPXHEBHX Ta KOJOISI3HHUX BOX y 30HI BIUTUBY HOBOKOCTSHTHHIBCHKOTO
pyaHOro mois Ta npwieriux trepuropiii. (Ha 03.12.2009 p) Macmira6 1 :50 000. YMOBHI O3HAYEHHS.

1 — ypanoBi poxoBumia: (Ha3zBu — pumcbkumu nudpamu) I — HoBokoctsaTuniBeske; 11 — Jlicoe; 111 — Jlithe; IV —
JlokydaeBcbke. 2 — pynonposisu ypany: V — ManyitniBeekuid, VI — JlekaObpbebkuii. Micus Binbopy npo6 Boau: 3 — i3
CTPYMKIB; 4 — 3 BOIIONM; 5 — 3 KONOAA3IB; 6 — 3 MEPEBUIIEHHSAM BMICTy ypaHy HaJl ()OHOBUMHM IOKa3HUKaMH; 7 — 3
MIHIMQJIBHUMH IIOKa3HHKaMH BMICTy ypaHy. 8 — MaricTpanbHuii mrpek. Bomomimn: 9 — BenMkoBHCKIBCHKO—
Yopuortauumipkuii; 10 — MasoBuckiBcbko—BennkoBuckiBebkuit; 11 — perioHanbHuid y nangeopenbedi Mixk JOIMHAMU
MIBHIYHOTO Ta MiBJEHHOr0 HampsiMiB cToky. KoHTypu: 12 — micoBux macuBiB. Mexi: 13 — mom i3 peKOMEH/I0BaHUM
HIOpiYHUM BifOOpoM mpod Boaw; 14 — 1wiony i3 PEeKOMEHIOBAHHUM IBOCE30HHHM BigOOpoM mpoO Bomu (KBITEHb —
BepeceHb Micslli); 15 — niHii reoorivHUX po3pi3iB 0CaJOBOr0 MOKPOBY; 16 — EHTpaNbHI YaCTHMHH HACEJIEHNX MYHKTIB
(na3Bu — nitepamu): MB — Mana Buck; M — Manyitnieka; JI — JIyrkiBka; Ok — OnekciiBka; BB — Benuka Buce; On —
OnexcanppiBka; OH — OnukieBe; 1T — Inerennit Tauumk; Mp — Map'sHiBka; 3 — 3apiuust. 17 — BeHTWIALIHHUIA
cToBOYp HOBOKOCTSHTHHIBCHKOI 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; 1l - Lisove; III - Litne; IV - 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.

© Bepxosues B.I'., Cementok M.IL., Baiino O.B., I'aneBunu A.€., Ctyasincbka A.O. 'OJIOBHI YTHHUKHM 3ABPY/JTHEHH YPAHOM
IOBEPXHEBHMX TA KOJIOAA3HUX BO/ ITPX PO3POBLII YPAHOBUX POAOBHUII HOBOKOCTAHTHUHIBCHKOI'O PYJJHOI'O ITOJIA

24



306ipHUK HAYKOBUX Ipalb [HCTHTYTY reoximii HaBKOIMIIHBOro cepenosuina 2018 Bumyck 28
XN mB
Mua
15564
%
<
< 8 3617
3638
S\ 7 (&) 563
& 16
3x 3587 o™ — ‘,‘3 3 * e,
| £221 ™y A 'e\\\\\ o

\ 5 Z o SO\ e
\ S\ aeeh \\
i = 5 W\

12 1 % F oo

-4 \ % 3 RN —
11 7 i -" Ok

i - 3561]

r 1
|

3550

O [O][O LD ][4
[ [D e [T [==]=

IP/( |9 I}/(|10|,l>/(|11 | i = |12
L——"hs[_—ha[z="]s5 S |16
= > 7

POJOBUIL HOBOKOCTAHTUHIBCBKOT'O PYIHOI'O ITOJIA

25

© Bepxosues B.I'., Cemeniox M.IL., Baiino O.B., I'aneBnu A.€., Ctyn3incbka A.O. T'OJIOBHI YUHHUKN 3ABPY/THEHHS YPAHOM IIOBEPXHEBUX TA KOJIOAA3HIX BO/I ITPM1 PO3POBLI YPAHOBUX




306ipHUK HAYKOBHUX Ipalb [HCTHTYTY reoximii HaBKOJIMIIHBOro cepenosuina 2018 Bumyck 28

Marepianm i MeToau A0CTiIKEHD

Bubopy mnyHKTiB BinOopy mnpoO MOBEpXHEBUX 1 KOJOJIS3HUX BOJ IEpeayBaB aHali3
toniorpadii Tepuropii, mpuiernaoi mo TexHosoriyaoi miuomanku ['BIT «HoBokoCTSHTHHIBCHKA
maxray. QaKkTHYHO ycs Il TEPUTOPIis 3HAXOAUTHCS B OaceiHi p. Mana Buck. 3aranpHuid Haxwi
CTOKY ITOBEPXHEBHX BOJI y MIBHIYHOMY, MIBHIYHO-CXiTHOMY Harmpsimax. Ha mpaBiii cTopoHi Oaceitny
p. Mana Buch Haxui CTOKy miBIEHHHH. Y Cl TPIIIMHHAI BOJH PO3BAHTAXKYIOTHCS Y MPOTUIICKHOMY —
MIBHIYHOMY Hampsmi. Jlekinbka MmyHKTIB BitOopy npo0 po3ramoBani y 6aceiini p. Yopuuii Tannimk.
[Toxa3HMKHM BMICTY ypaHy B HUX MOKHa CIpUUMATH SIK (POHOBI JUISl 1L1€1 TEPUTOPIi, OCKUILKU BOHH
3HAXOJAThCA 3a MEXaMHu po3BiayBaibHO-ekciutyartauiiHux poobir I'BII «HoBokocTsHTHHIBChKA
maxray. XIMIYHUM aHaii3 nmpoO BOJAM Ha BMICT ypaHy BUKOHYBaBcs y LleHTpanbHIM KOMIUIEKCHIN
naboparopii Kazennoro nignpuemctsa «KipoBreoiorisi».

3a pe3ynbpTaTaMH HalIMX MOHITOPWHTOBUX JOCHIDKEHb BMICTY ypaHy y MOBEPXHEBHX Ta
KOJIO/ISI3HUX BOJIaX BCTAHOBJICHO, IO MIHIMAQJIBHHI BMICT ypaHy B BOJi CTaHOBUTH 7,6:107 r/m,
MaKcHManbHui sxe carae 7,5-10° /1, 10 CYTTEBO MePEBMINYE perioHaibHi (OHOBI MOKA3ZHHKH
(Tabmurst). 3a JaHWUMH PEriOHATBHUX JOCTIKEHb BMICTY ypaHy Yy PI3HHX BOJHHX CEpPEIOBHUINAX
BCTAHOBIEHI Taki mokasHuku [3]: a) B piukoBux Bomax Ykpaimm 2x10® — 4x10° r/m; y Bomax
ocanoBux mopix 0,2 — 8x10° r/m; y Bogax yparoBux pomosum 5x10° r/m — 9x102 r/in.; y muTHHEX
Bomax 1x1078 /.

VY Mexax TexHosoriunoro maiganumka ['BIT ta cymikHOI Teputopii (hOHOBI MOKA3HHUKHU
BMICTY YpaHy y IHOBEpPXHEBUX 1 KOJOISI3HMX BOJAX, 3a BUKIIOYEHHsAM Bojommuoro sipy (niBa
nputoka p. Mama Buck), mo skomy 3adikcoBaHI CTIYHI BOJU 3 TEXHOJOTTYHOTO MaiIaHYHKa,
BapilOIOTh y niana3oHi 1,9 — 9,1x10° r/m.

Tabauus. Pezynbratu XimiuHoro anainizy Ha BMict U B IpupojHii Boai
Table. Results of chemical analysis of U content in natural water

Ne /it Ne mpo6 | Bmict U r/n Ne n/n Ne mpo6 Bwmicr U r/n

1 1-HK 7,6 107 15 14-ux 7,2:10®
2 2-HK 2,7-10° 16 15-HK 1,8-10°
3 3-HK 7,5-10° 17 16-HK 1,8-10°
4 4-uK 6,5-10° 18 17-ux 9,1-10°
5 5-1K 1,9-10° 19 18-uKx 1,6:10°
6 6-HK 7,8-10® 20 19-mK 1,3-10°
7 7-HK 2,410° 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 10-1K 1.910% 25 251K 73100
12 11-nk 4.0-10° 26 27 - 1.210%
13 12-HK 3,4-10° 27 275-HK 1,5-10°
14 13-mK 7,3-10

Ipumimxa: Homep npobu 6 mabauyi eionogioac micyio ii 6iobopy na xapmi (puc. 1). Ilpoou Ne 27-ux
(cmae6ox) i Ne 27°-nk (kon0053b) po3mawiosani nopy.
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3a3HaueHi BUIIE MIHIMAIbHUNA Ta MaKCUMAaJbHHUH MOKAa3HUKHA BMICTY ypaHy y BiAIOBiTHO
MMOBEPXHEBIN Ta KOJIOMS3HINA BOJII MAlOTh CBOE MOsICHEHHs. Touka Binoopy mpodu Nel-uk (7,6x10°
'r/m ypany) posramoBaHa y OaiipauHoMy Jici, y BHTOKY BoJOmMHOro spy I03a MeKaMu
TexHoJorignoro Mainanurka ['BII 1 Bumie no pensedy Bomo300py TexHoreHHuX Bo. Ille Buie mo
Teuii HpOTO Py 3aiKCOBaHO BUTIK JDKEPENBHUX BOJ, Maike He 3a0pyJAHEHUX ypaHOM OiTbIie
¢doHoBux mokaszHuKIB. [Ipoba komoms3HOT Boau y Touri Nel3-Hk (TmpaBocTOpoHHIN cxwmi p. Maia
Bucsk y c. JlyrkiBka) BimiOpaHa 3 BOJOHOCHOTO TOPU3OHTY, IPUYPOUEHOTO IO KOPCTBSHOI KOPH
BUBITPIOBaHHA  KpHUCTamiyHUX mopid. IlpocropoBo 1 Touka 3HAXOOUThCS y  CMY3l
cyOmepuiioHaIbHOTO  HOBOKOCTSHTUHIBCHKOTO — PYIOKOHTPOJIIOIOYOIO Ta  PYIOBMIIIYIHOUOTO
po3ioMy. Y 1IbOMY acleKT1 HE BUKIIOYAETHCS MAaKCUMAJIBHUN JJIS1 TOCII)KYBaHOT TEPUTOPIT BMICT
ypany (7,310 r/x1), 3yMOBJIeHHM HASIBHICTIO PalioaKTHBHOI aHOMAJi ypaHOBOI NpUpoOaH y
KPUCTAJIYHHUX MOPOAAX MPOTEPO3010.

Jlemo BiIMIHHUM YHHOM MO>KHA IOSICHUTH aHOMAJBHICTh BMICTY ypaHy y mpo0ax Ne27-Hk
(craBok) Ta Ne 27°%mk (kosnomsisk). PosTamoBani 1i Touku y OesmocepeiHiii GIM3BKOCTI 10
JI0Ky4a€eBCHKOTO pOJIOBHINA 31 CTOKOM TPIIIMHHUX BOJ Y MIBJACHHOMY HamnpsMi, A€ 1 BiIOyBaeTbCs
BOJIOOOMIH 3 TIOBEPXHEBUMH BOJIAMH.

VYyacTte nmpupoaHoro (axTopy y 30UIBIIEHHI BMICTY YpaHy B MOBEPXHEBUX 1 KOJIOISI3HUX
BOJIaX YHEMOJKJIMBIIIOE IPUIHATTS €PEKTUBHUX 3aXO0JIiB 010 MIHIMI3aIlii IbOTO SBHUIIA. 3 THIIOTO
00Ky, K 3a3HAa4yaJIoCh BHUIIE, CKUAAHHS IIAXTHUX BOJ HA JEHHY MOBEPXHIO CIPHSE 3POCTAHHIO
3a0pyHEHHs ypaHOM PI3HOMaHITHUX BOJHHMX 00’ €KTiB cymibkHOI 3 I'BII Teputopii.

VY cyuacHoMy penbedi TepuTopis, 6e3nocepeanbo npuiieria o I'BII, sBise coboro monoruit
CXWJI JIIBOT MIBJIEHHO-3aXiqHOT YacTHMHU OaceliHy p. Mana Buck (Gaceitn p. [liBnennuii byr). V
MEXKax ITi€l TUITHKU a0COJIIOTHI BIIMITKH CY9acHOTO pelbedy KOJMBAIOTHCS Yy Mexkax 170 — 225 m.

Cxun epoJoBaHUN BIJHOCHO TYCTOIO MEPEXEI SPYKHO-OankoBux ¢GopMm penbedy i
eKCIOHOBaHUU y Ok p. Mana Bucek. ¥ 1pomMy HampsiMKy BiOyBa€eThCsl TaKOX BECh MOBEPXHEBUI
CTIK aTMOC(EpHHX 1 MPUIIOBEPXHEBUX IPYHTOBO-MIA3eMHUX BOJ. Bpi3 eposiiiHux Gopm y cydacHy
noBepxHio carae 10-50 m. Sk Ha p. Mana Buchk, Tak i Ha OLIBIIOCTI ii JTIBOCTOPOHHIX MPUTOK, IIIO
€pOyYIOTh 3a3HAaYCHHM BUIllEe CXWI, PYHKIIOHY€E Kackaja BOJOIM s 3a0e3MeueHHs rOCIoAapChKUX
1 pekpealifHux notped micueBoro HaceneHHs (c. JIyTkiBka, c. ManyitniBka Ta cMT. Mana Bucka).

Y reonoriuHoMy po3pi3i ocamoBux Topix  (puc. 2,3) mepeBaxHO MpeAcTaBIeHI
BOJIONPOHMKHI MilllaHi 1 MICKYBaTi BIJKJIaIM NajJeoreHy Ta HEOreHy, L0 chpuse iHQUIbTparil
3a0py/IHEHUX YPaHOM BOJ, K Y HIKHI TOPU30HTH MiJ3€MHHMX BOJ, Ta 1 Yy TpIIIMHHI BOJH
KpUCTATIYHOTO (yHAAMEHTY, fKi € HaHOUIbII LIHHUM JPKEPEJIOM IHMTHOIO BOJOMOCTAYaHHS

MiCL[eBOFO HaCCJICHHS.
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Puc. 2. ['eonoriunuii po3pi3 ocanoBoro nokpuBy HoBOKOCTSIHTHHIBCHKOTO PYIHOTO MOJIsl Ta MPUIIETIIUX TepUTOpiit mo siHii I-1.

Fig. 2. Geological section of the sedimentary cover of the Novokostiantynivske ore field and adjacent territories on the line I-I.
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Puc.3. ['eonoriunuii po3pi3 ocaoBoro NokpuBy HOBOKOCTSHTHHIBCHKOTO PY/IHOIO MOJIS Ta MPHJIETIIUX TepuTopii o minii [-11.
Ymoeni nosnauxu oo puc.2,3. Cyrnunaku: 1 — jnerki (IpyHTOBHiI TOKPHUB HE BpaxoBaHo); 2 — cepesiHi; 3 — Baxki. [Ticku: 4 — npiOHO- Ta pi3HO3EPHUCTI; 5 — KPYITHO3EPHUCTI

I'nunun: 6 — cnadkonitudikoBaHi, 7 — mickyBaTi, 8-a — MICKK TJIAYKOHITOBI, 8-0 — IJIMHM TNAYKOHITOBI, 9 — POCIMHHO-ICHIPUTOBI 3anuiuku, 10 — Oype Byrium, 11 —
MepBUHHA KOpa BUBITPrOBaHHS (TIEPEBaXKHO KaOJiHi30BaHa), 12 — KpucTamivHi Mopoan mpoTepo3oio.

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

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 pe3ynpTaTaMu pO3MOYAaTOTO0 MOHITOPHHTY BMICTY YpaHy Yy NMOBEPXHEBHX 1 KOJOISI3HUX
Bogax mnpommaiimanunka [BIl «HoOBOKOCTSHTHHIBCHKA IIaxTa» Ta CYMDKHUX TEPUTOPIN
BCTaHOBJICHO TPHPOJHI 1 CYyTO TEXHOTeHHI (akTopu 3a0pyAHEHHS ypaHOM BOJHHUX OO’€KTIB y
Mexax HOBOKOCTSHTHHIBCHKOTO PYAHOTO TOJISL.

[Ipupomuuii ¢axkrTop, SIK TO HACHYEHICTH IIi€l TEPUTOPii ypaHOBOPYAHHMH IOKJIAJaMH,
3HAXOJIUTHCS 11032 MEKaMHU HOTro MiHIMI3aIlii 32 YMOB pO3pOOKH ypaHOBHUX POJIOBHIIL.

[Ipotarom neranbHOi pPoO3BiAKM HOBOKOCTSHTHHIBCHKOIO poJOBHUINA BHPOAOBXK 1978-
1998 pp. BinOyBasioCch TpuBaje 30epiraHHs Ha MpoMucioBoMy MaikmaHunky ['BIT 3HauHUX Mac sk
ypaHOBO1 pyaH 13 cepenHiM BMicToM ypaHy 1,3- 1,4 kr/t, Tak 1 BMIIIYIOUUX L1 PyAU MEXaHIYHO
JI€3IHTErPOBAaHUX MOPIJ 13 MIIBUILIEHUM BMICTOM ypaHy BIAHOCHO KJIApKOBMX MOKA3HUKIB, Ha 3arai
He mnepeBumytounM 0,3 xr/T. IlepeOyBaHHS 1HMX TMPOAYKTIB BHUAOOYBaHHS TIiJl BIUIMBOM
aTMoc(epHuX omnajiB (IMOYaCTH TIEI0 YU IHIIOK MIPOIO KHUCIOTHUX) YMOKIIMBIIIOBAJIO MOCTYIOBE
BUJIYTOBYBaHHS YpaHy i HAaJXO/DKCHHS HOTO 3 MOBEPXHEBUM CTOKOM TIO JIpEHaM SIPY)KHO-0aJTKOBOT
Mepeski Ta IHQUIbTpallli y HaBKOJUIIIHI BOAOWMH, KOJIO/I31 TOMIO.

Jnst po3poOKM HHU3KM 3axO0[iB IIOJM0 MiHIMi3amii BBy BuUaoOyTky ypany ['BII
«HoBOKOCTSHTHHIBChKA IIaXTa» Ha BMICT ypaHy Y MOBEPXHEBHX Ta KOJOJS3HUX BOJAX, MPUIIETINX
no mpommaiganunka ['BII Teputopiil, 3 METOH 3MEHIIEHHS paaialliiHOrO0 HaBAHTAXKCHHS Ha
MEIIKAHI[IB HACEIICHUX MYHKTIB BBAXKAEMO 32 HEOOXITHE:

1) mociimuTy BMICT ypaHy Y BOAOPOCTSX 1 IEPEBUHI Ha Oeperax BOJAOKM;

2) BU3HAYUTH HACHYCHICTh PAJOHOM KOJIOJS3HUX BOJ 1 MJBAIBHUX MPUMIIICHb y OYIIBIIAX
HACEJICHUX MYHKTIB;

3) OKOHTYPHUTH 1 3aKpIMUTH HA KapTorpadiuyHiii OCHOBI IUISTHKH, JI€ CKIAAYEThCS BigBajIbHA
ripHAYa Maca i TAMYacoBo 30epiraeTses 10 BiaBanTaxeHnHs Ha {1 «Cxial 3K» ypanoBa pyna;

4) 3a0be3meunuTd JABOCE30HHUII MOHITOPUHT BMICTY YpaHy Yy BOJHHUX 00’eKkTax
JIBOCTOPOHHBOT YacTHHH Oaceiiny p. Mana Bucka 1 oqHOCE30HHUH — MPHUIIErIol TEPUTOPIi;

5) yCTaHOBUTH TpeH]I 3a0pYAHEHHS YPAaHOM BOJHUX 00 €KTIB.
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Ilo pesynemamam Hauamozo Hamu MOHUMOPUHEA COOEPAHCAHUSL YPAHA 8 NOBEPXHOCTIHBIX U KOJLOOE3HbIX 800X
Ho6oKOHCMAanmuno8cko2o ypanosopyoHo2o nojisi U CONPeOeibHblX MeppUumoputl yCmaHo8ieHbl AHOMAIUU C
NOBbILUEHHBIM OMHOCUMENbHO (DOHOBLIX 3HAUEHUL e20 codepoicanust. Tlonyuennvie Oannvle ceUdemenbCmeayom
0 HenocpeOCmeeHHOM GIUSHUU 000bIYU  YPAHOBOU PYyobl 20pHOO0OBIsaiowum npeonpusmuem (I /11)
«HOBOKOHCMAHMUHOBCKAs WAXMAY HA dMO SGNEHUe OMHOCUMENIbHO NOBEPXHOCMHbIX 600. Anomanuu c
NOBbIUEHHBIM COOEPAHCAHUEM YPAHA 8 KOJLOOE3HLIX 800AX UHMEPNpemupylomcsi Kax 00yCloslieHHble e20
BbIYECTIAYUBAHUEM HA MECHOPOICOCHUSX U  PYOONPOSGIeHUsX mpewjuHHbiMy  6ooamu. Ilepcnexmusnas
NPOMBIULICHHAS.  IKCRAYAMayusi coceOHux mecmopoxcoenuti (Jlecnozo, Jlemneco u Jlokyuaesckozo) c
UCNONBL30BAHUEM MASUCIPATLHO20 WMPEKA U NOOHAMUEM 2OPHOU MACCHl HA NOBEPXHOCHb MEXHOI0SULECKOL
nnowaoxku T/l «HogokoHcmanmunosckas waxmay Cywecmeenno Yeeauuum noCcmynienus ypaud 6
NOBEPXHOCMHbIE B0Obl U NEPEblll OM NOGEPXHOCIU 20PUBOHM NOO3EMHBIX 600 UHDUILIMPAYUOHHBIM NYMEM.
Monumopune 3azpssnenusi ypanom no8epXHOCMHbIX U NOO3EMHbIX 600 HA YKA3AHHOU MEPPUMOPUL NO38OUM
8bIPAOOMAMb PEeKOMEHOayUuL O NPUHSMUIO NPECEHMUGHbIX Mep O/l MUHUMUZAYUU D020 MEXHOSEHHO20
s61eHUst U obecneyenust 0ONYCMUMOoU paouayuoOHHOU HASPY3KU HA MECIHOe HAcCeNeHue, KOMmopoe UcnoIb3yen
ML 800bl 8 XO3AUCMBEHHOU U PeKPeayuOHHOU 0esmenbHOCU.

Knrouegwle cnosa: codepoicanue ypauna, no8epxHoCcmHbvle U Koao0esHble 800bl, Npoba 800bl, ULAXMHblE 800bl,
6000paszoden, peuHol Oaccelln, HanpasneHue CmoKd, AHOMAAUs, UHOUILMPayUs, YpPaHoeopyoHoe HNoJe,
PaouayUoOHHAs HAepy3KA.
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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
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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YK 550.42

MUI'PAIIASAA CBUHIA M IIMHKA B YEPHO3EMHOW ITOYBE B YCJIOBUAX
KECTKOI'O TEXHOI'EHHOI'O 3AI'PA3HEHUA

bonpapenxo I'.H., Kononenko JI.B., Bbicorenko O.A., \Malmqu B.U., Ky3enko C.B.

Bounaapenko I'.H. 1. reon.-MuH. H., I H. ., [ Y« HcTuTyT reoxumun okpyxatoeii cpenst HAH Yipaunsi», bogernic34@gmail.com
Kononenko JI.B. k. reoir.-MuH. H., BeA. H. ¢., [V« HcTtuTyT reoxumun okpyxatotueit cpeast HAH Ykpaunsn», Ikononenko@gmail.com.
Beicorenko O.A. H. c., ['Y«UHcTUTYyT reoxumun okpyxatoreii cpenst HAH Ykpaunb», vysotenkooksana@gmail.com

Ky3zenko C.B. H. c., 'Y« HcTuTyT reoxumun okpyxatomeit cpenst HAH Ykpaunbsi»

IIposedenvl sxcnepumenmanbHvle UCCIE008aAHUSA POPM HAXOHCOEHUS MEXHOLEHHbIX YUHKA U
CBUHYA 8 HYEPHO3eMHOU Nouee 6 30He GIUAHUL KOMOunama «Ykpyumnk», kKomopwle
noomeepouny KOppeKmHoCmsb PeKOHCMPYKYUU OUHAMUKU MPAHCPHOpMayuu mexHo2eHHo20
CBUHYA, NpeodcKasasuiell, 4mo Npu 6blCOKOU cmenenu 3azpsazuenus (>1000 me/xe)
HAaKon1enue MoOUNbHbIX YOpM CBUHYA NPOUCXOOUM CMOJIb UHMEHCUBHO, YMO CHOCOOHOCHb
nougvl K UMMOOUIU3AYUU 3A2PA3HUMENS UCUEPNbIBAemCs, U MeM CaMblM  no4ed
ympauusaem ecmecmeeHHyl0 CnocOOHOCMb K camogoccmanosnenuro. Mccneoosanue ghopm
HAXOXHCOCHUSI MEXHO2EHHbIX YUHKA U C8UHYA 8 YEepPHO3eMHOU Noue 8 YCI0BUAX OUeHb
UHMEHCUBHO20, dHcecmKo2o 3azpsazuenus (bonee 2000 me/ke) noxazano, 4mo uMmooOuIu3ayus
YUHKA 4epHO3eMHOU NOYB0U NPAKMUYECKU He NPOUCX00UM, UMMOOUTUZAYUSL CBUHYA — OYEeHb
ocpanuuena. Ilokazano, 4mo npu 6vICOKOU cmenenu 3azps3HeHUsl 4epHO3eMHOU HOY8bl
MANCENLIMU — MEMAINaMy — NPOUCXOOUM — UHMEHCUBHASL — 8EPMUKANbHAA — MU2payus
mexHozenHvlx 3azpsasnumenell — Ha enyoune 20-30 cu ommeyaromesa Konyenmpayuu Zn Ha
yposune 2-42/xke, u Pb — 250-375 me/xe. Pesynbmamel ucciedos8anuti noKasaiu, umo
3a2psA3HeHue mpassaHol pacmumenbHoCmuy Zn noO4uHAemcs JUHEUHOU 3a8UCUMOCTMU OMm
codeparcanuss MoOUIbHO20 Zn 8 nouse. 3azpsasHenue pacmumenvrocmu Pb omknousemcsa om
JIUHEUHOU 3A8UCUMOCIU OM COO0epHCaHus MooumbHo2o Pb, noznowenue eco pacmenusmu
HEeCKONbKO MeHee UHMEHCUBHO, Yem 8 cayuae Zn. Takoe omiuuue modicem 00ObACHAMbCA
PA3HLIMU  pOIAMU  IMUX Memanlos 6 JicusHeoesmenvHocmu pacmenuti. Haubonee
3A2PASHEHHOU MANCENbIMU MeMAllaMy OKa3bl8aemcs pacmumeibHOCmMb HA Y4acmKax,
Xapaxmepusyrouuxcs 8biCOKUM COOEPIHCAHUEM UX MOOUNbHBIX (opm Ha enyboune Oogee
10 cm, umo mooicem ceudemenbcmeosams 0 MOM, UYMO CYUWECMBEHHbIM UCTOYHUKOM
3a2pA3HEHUs] MPABAHOU PACMUMETbHOCIU MANCENbIMU MEeMAINIAMU AGNAIOMC NOY8EHHbLE
pacmeopuvl U3 21yOOKUX Clloe8 MNousbl, 0002AUjeHHbIX MOOUNbHBIMU opmMamu mMux
Memanoa.

Knrwouesvie cnosa. msowcenvie memaliiivl, MobunbHbIE ¢0prl, duHaMMKa, 6eEPMUKATIbHAA
muzpayust, MJI/UI/I06MJZM3CZZ/;M}1

BBenenne

TexHoreHHsie 3arpsA3HUTCIN, B TOM YHCIC TAXKCIIBIC MCTAJUIbI (TM), MOCTyIMaromue B

aTMocq)epy B TCUCHUC IUTCIBHOI'O BPEMCHHU (I)YHKI_[I/IOHI/IPOBaHI/IH HCTOYHHKA 3arpsa3HCHU,

HAaKaIruIMBarOTCA B IIOYBCHHOM IIOKPOBC. TM TeXHOTeHHOIO MPOUCXOKACHHUA TOCTYIAOT HaA

MOBCPXHOCTL IOYBHI B (bopMe, CYIICCTBECHHO OTJINYAIOIICHCS OT MMPUPOAHBIX COCAUHEHUN ATHUX
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MeTaiuioB. TakuM 00pa3oM, OHM OKa3bIBAIOTCS B TEPMOJUHAMUYECKH HEPABHOBECHOM COCTOSHHH,
YTO HHULUHUPYET IMPOLIECCHl B3aUMOJAEHUCTBUS TEXHOIEHHBIX IPOAYKTOB C IIOYBEHHBIM
MOTJIOLIAIOIIUM KOMILJIEKCOM, C MUHEPAJIAMU IIOYBBI.

Teepnas ¢asa mouBbl Omarojapsi pa3BUTON TOBEPXHOCTH, HAJIMYUIO (YHKIIMOHATBHBIX
TpyIN, SBISETCS NOMU(PYHKIHOHAIBHBIM  COPOEHTOM, CIOCOOHBIM K  OJHOBPEMEHHOMY
IIOTJIOUICHUI0 KATHOHOB, QaHUOHOB M HEWTPAJIbHBIX MOJIEKYJ. B pe3yibrare B3anMOJEHCTBHS C
mouBoi TexHoreHHble TM mepexonsT B (DU3HKO-XUMHYECKHE (OPMBI, KOTOPBIE C PA3TMYHOU
CTENEHBIO MPOYHOCTH CBS3aHBI C IOYBEHHBIM MTOTJIOIIAOIINM KOMIIJIEKCOM.

B mponeccax BogHOW MHrpalyy y4acTBYIOT (DOpMBI 3J€MEHTa, B HAaUMEHbILEH CTENeHU
cBA3aHHble ¢ moyBoi. IlomMuMo BomopacTBOpUMOMN, Takoid QOpMON dIeMeHTa SIBISIETCA
MOHOOOMEHHasA. DTu JBe (OPMbI COCTABISIOT MOOWIBHYIO (hopMmy HaxoxaeHus TM B mouse,
KOTOpasi ONpefAeNsieT X CIOCOOHOCTh K BEPTHUKAIbHOW aOMOT€HHON MHUrpalMd U K YCBOCHHIO
PacTUTENBHOCTHIO, T.€., K OnoreHHoil murpauuu. [Ipouno ¢uxcupoBanusie popmbl TM Hamonro
UCKJTIOYAIOTCS U3 TPOIECCOB a0MOTeHHON 1 OMOTEHHOM MUTpALIUH.

OOBEKTUBHYIO OIIEHKY YPOBHSI IKOJIOTUYECKOW OMACHOCTH OTHOCHUTEIBHO TEXHOTE€HHOIO
3arpsA3HEHUs] NOYBBl TSDKEIBIMM METaJlJIaMU JaeT HccieloBaHWe MX MOOMIBHBIX (GopM. MmeHHO
MOOMIbHBIE (POPMBI 00ECIIEUUBAIOT MOCTYIUIEHUE 3JIEMEHTOB-3arpsi3HUTENECH B MEPBHYHOE 3BEHO
Tpoduyeckux 1eneil. XapakTepHoil 0COOEHHOCThIO TEXHOI'CHHO 3arps3HEHHBIX MOYB €CTh BBICOKAS
10J1s1 MOOMIIBHBIX (hopMm TM.

IIpy mocTymieHHu 3arpsi3HUTENS B OKPYXKAIOLIYI0 Cpely B BOJOPACTBOPUMOHN Qopme
COpOLIMOHHBIE MPOLIECCHl HA MOYBE NMPOUCXOIST HEMOCPEACTBEHHO BCJEJ 3a €ro BbINAJCHUEM Ha
3€MHYI0 IMOBEPXHOCTb. llpu mocTymieHuM 3arpsi3HUTENsT B COCTaBe TBEPAO(A3HBIX BbINAJCHUN
porecc ero TpaHchopMalMK IpPeACTaBIsSeT coOOM COBOKYMHOCTh IPOLIECCOB MOOMIIM3ALMH,
MMMOOWIN3ALUKN U PEMOOMIM3AlMY, TTOCIIEA0BATEIBHOCTh KOTOPBIX MOKET OBbITh IPECTaBJICHA B
BHJIE CXEMBI:

k
k 2
1 —=
P——>(W < E) - F (1)
3
rae: P, W, E, F — tBepaodasnas, BogopactBopuMasi, 0OMeHHas, KOHCepBaTUBHAas ((PUKCUpOBaHHA)

(l)opMa 9JICMCHTA, COOTBCTCTBCHHO, k1, k2 k3 — KOHCTAHTbI CKOPOCTHU MO6I/IJ'II/ISaI_[I/II/I,

MMMOOMITU3ALIMU ¥ PEMOOUITH3AIUH.

Kunernuyeckne 3akoHomepHocT Tpancpopmannu TM
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CootHomienne (HopM HaXOKICHUS 3arpsisHUTECH B MOYBE, CKIIA/IBIBAIOIIEECS BCIICACTBUE
uX TpaHchOpMAIMH, MEHSETCI CO BpPEMEHEM B 3aBHCHUMOCTH OT CKOPOCTH IPOIECCOB
TpaHchopMalMK U OMpPEIeNseT UX MUTPALMOHHYIO CIOCOOHOCTh, YCBOGHHE PACTHTEIBHOCTBHIO, TO
€CTb, B KOHEYHOM HMTOTE, BO3JICHCTBUE 3arpsI3HUTENEH Ha SKOCUCTEMY.

Panee HamMu ObUTa yCTaHOBJIEHA 3aBUCUMOCTh CKOPOCTH IPOLIECCOB MMMOOHMIM3AIMH U
peMOOHIM3aMi OT KOHIICHTPALlMM BHECEHHOTO B TOYBY CBMHIA. [IpM KOHIEHTpanusx CBUHIA
1000-3000 mr/kr BelnMYMHBI KOHCTAHTBI CKOpOCTH uMMoOwmm3anuu (K2) cBUHIIA B JEPHOBO-
MOJI30JIUCTON TIOYBE OKA3aJIMCh TOYTH BIBOE BHIIIE AHAJOTHYHBIX BEIWYHH TPH 3arps3HEHUN
CBHHIIOM Ha ypoBHe 250-500 wmr/kr. Benu4umHbl KOHCTaHTBI CKOpoCTH pemoOmmm3anun (Kz)
BO3PACTAIOT C yBEIMYEHHEM KOHIICHTPAILIMU CBHHIIA B €IIe OOJIBIIEH CTeTIeHN.

PexoHCTpyKINST TMHAMUKHU TpaHC(HOpPMAIK CBUHIIA, BBHINABIIETO HAa IMOYBEHHBIN TOKPOB B
coctaBe TBepmoil (a3er (puc. 1), mokaszama, YTO TIPU 3arpsS3HEHUM TIOYBHI CBHHIIOM, HE
npesbimaronieM 500 Mr/kr, comep)kaHue ero MOOWJIBHBIX ()OpM JTOCTHUTAeT MakCMMyMma depe3 3-
5 Jer mocre BBIMA/ICHHs, ajiee MOCTENEHHO CHIDKAeTcs Oiaronaps oOpa3oBaHUIO (PHUKCHPOBAHHBIX
¢opm [1]. Tak kak caMONPOMU3BOJILHOE YMEHBIIEHHE JOJM MOOMIBHBIX ()OPM TOKCHYHOTO
3JIEMEHTa B IIOYBE BJIEYET COOTBETCTBYIOIIEE YMEHBIIEHHUE €r0 MMIPALUOHHOW CIIOCOOHOCTH,
YMEHBUICHHE MOCTYIUIEHHUS B HAa3€MHYIO PACTUTENBHOCTb, TO OTHOIIEHHWE MOOMIBHON (hOpMBI K

(buKCHPOBaHHON MOXKET CIIY>KUTh MEPOH CAMOBOCCTAHOBJICHHSI TIOYBBI.
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Puc. 1. [lunamuka MOOMIIBHBIX ()OPM TEXHOTEHHOTO CBHHIIA Tipu KoHIeHTpanuu <500 mr/kr (a) u = 1000 mr/kr (6): 1 —
ki =0.16, ko = 0.45, k3 = 0.023; 2 — k; = 0.16, k, = 0.55, ks = 0.11; 3 — ky=0.16, k» = 0.8, ks = 0.26; 4 — k1 = 0.16, k» =
0.9, ks =0.25; 5 —k; = 0.16, k, = 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 — k1
= 0.16, ko = 0.45, ks = 0.023; 2 — k; = 0.16, ko = 0.55, ks = 0.11; 3 — k;= 0.16, k, = 0.8, ks = 0.26; 4 — k; = 0.16, k> = 0.9,
ks =0.25; 5 - ki1 = 0.16, ko, = 0.95, k3 = 0.22.
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[Ipu BeIcOKO# cTenenu 3arpsa3Henus (>1000 mr/kr) B TeueHue NepBbIX 2-3 JIeT MPOUCXOTUT
ObICTpOE HAKOIUIGHHE MOOWIBHBIX (OpM CBUHIIA, 3aT€M HX HAKOIUICHHE 3aMeuIsieTcs,
npuOIMKasCh K HEKOEMY paBHOBECHOMY 3HAdyeHHIO. YeM BbIlIe 3arpsA3HEHHOCTh IOYBBI
TEXHOI€HHBIM CBUHIIOM, TEM OOJbLlIE€ 3TO 3HAUYEHUE IPEBHIIIAET PABHOBECHYIO KOHIIEHTPALUIO
MOOWIBLHBIX (JOPM MPHUPOJIHOTO CBHHIIA. M MPH BHICOKOM YpOBHE 3arps3HCHHOCTH (>1000 mr/kr)

ACPHOBO-NIOA30JIMCTAsA MOYBA YTPAYHUBACT CCTCCTBCHHYIO CIIOCOOHOCTh K CAMOBOCCTAHOBJICHHIO.

3arpsisHeHHe MNOYBbLI CBHHLIOM M IHMHKOM B 30He BJIHMSIHMS 3aBOAa «YKPUHUHK»
(r. KoHcTaHTHHOBKA)

OcHOBHOM BKJIaJ] B 3arps3HEHHE OKpYKaloIled cpeabl TSHKENbIMM METajulaMHd BHOCST
npennpusaTHs 1BeTHoW Metamnyprud. Ha tepputopun Ykpaunst 6onee 70 et npopaboTal 3aBoj
«Ykpuunk» (r. KoncrantuHoBka, JloHeukoi o001.), KOTOpbI cTal MOIIHBIM HCTOYHUKOM
3arpsi3HEHUsT OKpyKarouied cpeapl TM — mpexae BCero HMHKOM M CBHUHIIOM, a TaKKe MEJbIo,
kagmueM, u ap. CelpbeM AJis MOJIydeHUsl IMHKA U CBUHIA ObUIM MONMMETajuInyeckue pyasl. TM
MOCTYNAJIM B OKPYXKAaIOL[yI0 cpeay B OOJIBIIOM KOJMYECTBE B BHUJE adpO30JbHBIX U
KPYIHOIBIIEBATHIX YacTUIl. B roipl MakcuManbHON aKTMBHOCTHU MPOU3BOJICTBA 00BbEM BHIOPOCOB B
atmocdepy gocturai 10 TeIC. TOHH B TO/I.

AJIMUHHUCTPATUBHO 3TO MPEANPHUATHE OTHOCUTCSA K JIOHEIKo# 00JacTH M PacIioiokKEHO B
BOCTOYHOW 30HE CTEMHOW OWOKIMMATUYECKOW TMPOBHHIMUA. B TOYBEHHOM TOKPOBE 30HBI
peo0IafaloT YepHO3EMbl OObIYHbBIE, MAJIOTYMYCHBIE, Pa3BUThIE HA DIIFOBUM TJIMHUCTHIX CIIAHIIEB.
Berpeuarores Takke JErKOCYrJIMHUCTBIE U JIYTOBO-YEPHO3EMHBIE MOYBBI. YEpHO3EMHBIE MOYBHI B
30HE BJIMSHUS KOMOWHATa B 3HAUUTEIHLHOW MEpe MOXKHO OTHECTH K YpOaHHW3MpPOBAaHHBIM, OHH

MMEIOT MOIIHOCTB OT 50 110 90 cM, 3aneraroT Ha CyIJIMHKAaX, CoepKaHue rymyca okoJo 4%.

OT00p npod no4B, MX XapaKTePUCTHKA, BbIAeJIeHne MOOMIbHBIX opM Pb u Zn

Jlnst u3ydeHuss OCOOCHHOCTEH HAKOIUICHUS M BEPTUKAJIBHOTO pPACHpeCiCHHsS CBUHIA U
IMHKA, a TaKkke HX MOOWUIBHBIX (GopM B TMOuYBaxX ObUI BBIOpPAH Y4YacCTOK MOOIHM30CTH
KoHCTaHTHHOBCKOIO 3aBOjia « Y KPIIMHK.

OO0pasupl TOYB OTOMpANIM HA PA3IMYHOM YAAJCHUU OT UCTOYHHUKA 3arpsi3HEHUs (OCHOBHAs
TpyOa 3aBO/a) U C pa3IMYHBIX TIIYOMH OT MoBepxHOCTH. [louBeHHBIE Tpoduian B psae myphoB
MOKa3ali, 4YTO MOIIHOCTh COOCTBEHHO YepPHO3EeMHOM YacTH B cpeaneM cocranisier 70-80 cm, Huxke

KOTOPOI'o OHa NEpEeXOAUT B CYTINIMHUCTYIO TOJIILY.
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Ha tepputopum, mnpuieraromel K 3TOMY NPEIIPHUITHIO, B HECKOJIBKUX TOYKaX ObUIM
0TOOpaHbl BEPTUKAIbHBIC TIOUYBCHHBIC KOJOHKH. TOuku 1-3 pacroio’KeHbl Ha TEPPUTOPHH 3aBOJA
«YKpUUHK», TOUKa 9 — BO3j1e 3aBOJI0yIpaBicHus (razoH), Touku 4-6 B — mapke, pacrnoyioxKEHHOM
BOMm3u 3aBopa. Touku 7 m 8 Oojee ynaneHbl OT 3aBOjIa M HAXOISTCS Ha IyCTHIPE B CEBEPHOM
HanpasieHud. Touku 10 m 11 HaxomsaTcss B kuioil 30He r. KoHCTaHTMHOBKA, 3a pekoil. B
nocioiHbix o0pasmax mousbl (0-5cm, 5-10 cMm, 10-20 cm 1 20-30 cM), BBIICIEHHBIX U3 KOJOHOK,
ObUIM OmpeneNeHbl BaJIOBBIE KOHIEHTpauuu TM U coaepkaHHMe WX MOOWIBHBIX (opM,
MPEJICTaBISIOMMNX COO0H CyMMY BOJOPAacTBOPUMOM M OOMEHHOHN (OpPMBI COOTBETCTBYIOLIETO
MeTaa.

Cpenun oToOpaHHBIX 00pa3loB MOYB a0COJTIOTHO MPEOoOIaaad YepPHO3EMbl MAJIOTYMYCHBIE.
WckmoueHre cocTaBUiu TOJIBKO JIETKOCYTJIMHUCTAs TOYBa B TOUKE 7 U JIyroBas nousa B Touke 10.
UepHo3eMHasi TOYBa HMMEET TEMHO-CEPYIO OKpacKy, pbIxjlasi B BepXHEH dacTu npoduias U
MIOCTETIEHHO YIUJIOTHSETCS B HIDKHEW. BelecTBeHHBbIH (MUHEPaJbHBIN) COCTaB TMOYBBI IO BCEMY
npoduitto oHOpoAeH. Ha MOBEpXHOCTH MOYBBI UMEETCS] TPABSIHUCTBIN MOKPOB.

B Bepxuem cnoe (0-10 cm) uepHO3eMHOM MOYBHI MpeodIaaeT aneBpo-necyanas 4actob (50-
55 %), rouaucTas coctasiuger 20-25 %, pacturenbHble ocTaTku — He Oonee 8-12 % ot obmiero
o0bema mouBkl. CojiepKaHue MEXaHMYECKUX YaCTUIl TEXHOTCHHON COCTABJISIONIEH KOJIeOIeTcs oT 8
1o 15 %. B MuHepanbHOM cocTaBe aneBpo-TiecuaHOM (pakiMyu 4epHO3EeMHOM MOYBBI MPeo0IaaloT
3epHa KBaplla, B MEHbIIEH CTENEeHU MPUCYTCTBYIOT TAaK)K€ 3€pHa IMOJIEBOTO ILINaTa U eIWHUYHbBIE
00JIOMKH TecyaHOW pa3MepHOCTH KapOOHATHBIX W IMECYaHbIX MOpoJ. B rauHucTON (pakiuu mo
JAHHBIM PEHTTEHOCTPYKTYPHOI'O aHaju3a OTMEYaeTCsl HaJIM4YMe KBaplia C MPUMECHIO0 KaoJHMHA,
KaJIbI[UTa, TUAPOCIIO] U MOJIEBOIrO HIMaTa.

Cpenu 4yacTHIl TEXHOTEHHOTO TPOUMCXOXKJCHHSI BBIICISIIOTCS IECUaHO-aJIeBPUTOBOM
pa3MepHOCTH OOJIOMKM IIaka, cdepuyeckue oOpa3oBaHus U JucTOukd Mertamna. [llnak
MIPUCYTCTBYET B BUJE OOJOMKOB YrjOBaTON M MONY-YIIOBaTOM (pOpM, CMOTUCTO-YEPHOU OKpackKH,
CO CTEKJIOBaTBhIM M3IIOMOM. MeTamnueckue miactTuku pasmepom 0,1-0,2 MM nMeroT OpoH30BYIO
WJIH CEPO-CTANbHYIO OKPACKY.

AHanu3 coAepKaHUil TSKENbIX METAUIOB B COOCTBEHHO IIJJAKOBOM MaTepuaie IMoKa3aj
Hannure B HuX (Mr/kr) Ni — go 1500, Co — 60, Cr — 600, Mo — 400, Cu — 800-1000, Pb >10000,
Ag - 20, Zn > 10000, Sb > 500. [TonoOHBII MaTepual 3arpsi3HEHUS IPUCYTCTBYET MPAKTUIECKH BO
BCEX THUIaX IMOYB, BKJIIOYAs KaK TEPPUTOPHIO 3aBOJA, TaK U 3a €e Impenenamu (IIyCTBIPH, CKBED,
ra3onsl). KonnuecTBeHHOE cojep’kaHHE TEXHOTEHHBIX YacTUI[ MO Mepudepur 3aBoja 3aMETHO
MEHSETCS, UTO CBSI3aHO B IIEPBYIO 0UYEPEAb C MECTHOM PO301 BETPOB.
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Brinenenne mooumnbHbIX (opM Pb m Zn u3 moussl mpoBomauinu 1N pacTBopoM areraTta
aMMOHUS TIpM COOTHOIIEHMHM Macchl TBepiou ¢aszel u obdbema pactBopa (T:K) = 1:5. Yacts
MeTaJula, He SKCTparupyemas 3TUM PacTBOPOM, pacCMaTPUBAETCS KaK HEOOMEHHO COpOMpOBaHHAs
(¢puxcupoBannas) popma. Conepxanue Pb u Zn B 00pas3iax moYBbl U PaCTUTEIBLHOCTH ONPEACIISIIN
C TIOMOIIBI0 aTOMHO-abcopOIHroHHOTO criekrpodoromerpa moaenun AA-8500 («Nippon Jarrell-

Ashy, Slnonus).

Pe3yabTaThl aHau3a U UX 00CyKIeHHe

Pe3ynbTathl onpeiesieHns cofepKaHus MMHKA U CBUHIIA B IMMOCIOWHBIX TIPO0ax MOYB B 30HE
BIIMSIHUS 3aBOJIa «YKPIMHK» TpHUBEJAeHBI B Tabiuie 1. B OoapmmHCTBE OMpOOOBAaHHBIX TOUYEK B
BepxHeM cnoe (0-5cmM) mouBbl cojepXaHHEe CBUHIA 3HauuTenbHO mpesblmaer 1000 mr/kr, a
KoHLeHTpauus muHka Beie 10000 Mr/kr, To ecTh cocTaBiser Oosiee 1 % Maccel mouBsl. [Ipu sToM
B MOOWIBHOH (popme B 3TOM ciioe mouB Haxomautcs 26-32 % nwmHka u ot 28 g0 38 % cBuHIA
TEXHOTCHHOTO IPOMCXOXKJCHHUSA. OJTH TIOKA3aTeIM CYIIECTBEHHO BHINIC HAONIOMaeMbIX HaMU
OTHOCHTENBHBIX J10JIeli MOOMIBbHBIX TM, MCKYCCTBEHHO BHECEHHBIX B YEPHO3EMHYIO MOYBY [2].
[Ipu MCKYCCTBEHHOM 3arpsi3HEHWH YE€pHO3EMa BOJAHBIMU PACTBOpPAMHU a30THOKHUCIBIX cosedl TM u3
pacdyera He Oomee 500 Mr Meramia Ha Kr IOYBBI Yepe3 YETHIPE ToJa B MOOWJIBHOW (dopme
coaepxainochk 13-16 % Zn u 11-15 % Pb.

B OGonbmnHCTBE BEPTHKAIBHBIX MOYBEHHBIX pa3pe30B HAONIONAETCS TUIABHOE CHUYKEHHE
COJIep’KaHus BaJOBOrO Zn ¢ TIyOMHOM, IPU 3TOM OUYEHb BBICOKHE COJIEp>KaHUs Zn OTMEYaroTCs
BILIOTH J10 r1younsl 20-30 cm. OTHOCUTENbHAS 0711 MOOUIIBHBIX GopM 1uHKA (%) B MOCIOMHBIX
npo0ax BepPTUKAJIbHBIX pPa3pe30B OTIMYAETCS HE3HAYUTENThHO (KOJeOleTcs B OrpaHMYEHHBIX
npenenax). OueHb BICOKHE COAEPKaHUS TEXHOIeHHOTO Pb oTMedeHbl nmpenmylecTBeHHO B cioe (-
10 c™ (T. 4, 5, 9) umu mgaxe 0-5 cMm (T.8), B Gosee rimyOOKHMX CIIOSX TOYBBI cojepkanue Pb pesko
CHIDKAETCs, WHOTJAa Ha TNOpsAIoK. TONbKO TOYBEHHBIE pa3pe3bl 6 U 7 XapaKTepHu3yloTCs
OTHOCHUTENIbHO IUIABHBIM M TIOCTENIEHHBIM CHIDKEHUEM cojaepkanust Pb ¢ riyOumHO# cros,
aHAJIOTMYHBIM pacrpeieNieHuto Zn.

Ha puc. 2 npencraBieHbl mpUMeEpbl paclpeesieHrs MHKA U CBUHIIA 10 BEPTHKAIbHBIM
MOYBEHHBIM pa3pe3aM yepHo3eMHo# nouBsl (T. 5, 6 u 8) HapsAy ¢ pacnpeeneHreM STUX METalIoB
MEeXAYy MOOWIBHON, KHCIOTOPAaCTBOPHUMONW M oOCTaTo4HOM dopmamu. Jlng pacnpenencHus
TEXHOTEHHOTO Zn MO TIyOMHE XapaKTepHO HaJIM4Yhe BBICOKHX COAEpKaHHM MOOHIBHON (OpMBI
MeTajjla BO BCEX MCCIENOBAHHBIX CIOSIX MOYBHI BIUIOTH A0 ciiosi 20-30 cm. Takas ocoOeHHOCTH

COXpPaHACTCs, B TOM YHCJIC B T8, rac Ha6J'IIO,I[aCTC$I PE3KOC CHMIKCHHUEC COACPIKAHUSA Zl’l, Ha4yuyHasi C
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riyounsl 5-10 cm, B omiimune ot npoduineid T.5 u T.6 ¢ mIaBHBIM CHH)KEHUEM COAEp)KaHUs Zn C

TITyOMHOM.

Tadnanua 1. CozmepkaHue IMHKA W CBUHIA (MI/KT) U ONMH MX MOOWIBHBIX (opMm (% OT BaJOBOrO COJEp)KaHHs) B
TIOYBAX 30HBI BIMSHUS 3aBOJa «Y KPLIMHK»
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 oT6opa Cay6una,cm Zn Pb
Baj, mr/kr Mob.dpopma %0 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
JlerkocyriuH. 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 nyroBas 0-5 320 31 195 15
T. 11 0-5 850 27 375 9

Jns  pacripeniesieHusl TeXHOreHHOro Pb mo riayOuHe, HampoTUB, XapakTEpHO pe3Koe
CHIDKEHHE coJIepaHusi MOOMIIbHOM (popMBbl, HaunHas ¢ TIyOuHbI 5-10 cM, UCKITIOUEHHE COCTaBIISET
npopuns T.6, XapakTepu3ylOIIUICS TakKe IUIaBHBIM CHIDKEHHEM COJAEp)KaHus BajioBoro Pb ¢
TITyOMHOM.
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CopepxaHue Zn B noyBe, Mr/kr O6pasey Copepxanue Pb B nouse, Mr/kr O6pasel
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Puc. 2. Pacnpenenenuss 1MHKa W CBHHI@, U HX (OPM HAXOKICHHUS IO BEPTHKAIBHBIM IIOYBEHHBIM pa3pe3am
yepHo3eMHoM 1ouBHI (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 nokazana 3aBUCUMOCTH cojepkaHHusi MOOMIBHBIX (opM Zn u Pb oT BanmoBbIx
COJIep’)KaHUN Tex e MeTauioB B mouBeHHbIX npodmmsx T.5, T.6 u T.8. Bo Bcex ciywasx
OKCIEPUMEHTAIBHBIE JAHHBIE TIOYTH MACAIBHO COOTBETCTBYIOT JIMHEMHOM 3aBHCUMOCTHU
coJiep>kaHus MOOUIBHOU (DOPMBI OT BAJIOBOTO COJEPIKAHUSI TEXHOTEHHOTO 3arps3HUTENS, YTO, MO-
BUJIUMOMY, CBHJETEIBCTBYET O JIOCTIDKEHHWU paBHOBecHsl B pacmpeneneHnn Zn u Pb mexnay

MOOWJIBHBIMU U (PUKCUPOBAHHBIMU (POPMAMU HAXOXKAECHUS.
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Puc. 3. 3aBucumMocTh copepikanuss MOOMIBHBIX (hopM Zn 1 Pb OT BaNOBBIX cojepikaHuil B MOYBEHHBIX mpodrsax (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, OpraHMYECKOE BEIIECTBO, OOINEe COICepKaHHE KOTOPOTO B BEPXHEM CIIOE
yepHo3eMa cocTaBisier 4,8 %, crmocoOHO K 0Opa30BaHMIO C TSDKEIBIMH METAUIAMH CJIOKHBIX
KOMITJICKCHBIX COCJIMHEHUH, KOTOPBIC 3aKPEIUIIOTCS M aKKyMYJIUPYIOTCS B TouBe. Bricokas
aJIcOpOITMOHHAsT CIIOCOOHOCTh TYMYCHOTO TOPH30HTa YepHO3eMa I0 OTHOIICHHIO K TM poimkHa
MPUBOJIUTh K JIOCTATOYHO MPOYHOMY CBSI3bIBAaHHIO WX MO4YBOW. Kpome rymyca B Qukcarum
TSOKEIBIX METAJUIOB IMOYBAaMHM YEPHO3EMHOTO THIA MPUHUMAIOT YYacTHUE TaKXKe TJIMHUCTHIE
MUHEPAJIBL.

Kakx moxazanmu Hamm wucciaeaoBaHus (GOpM HAXOXKACHHS TEXHOTEHHBIX Zn W Pb B
YepHO3EMHOM MOYBE B 30HE BIMSHHS KOMOHMHATa «YKPLUHMHK», B YCIOBHUSX OYEHb WHTEHCHUBHOTIO,
xecTkoro 3arpssHeHust (6oiee 2000 Mr/kr) uUMMOOWIM3allMS I[MHKA YEPHO3EMHOW IOYBOM
MPAKTUYECKU HE MPOUCXOJUT, MMMOOMIU3alUs CBHHIIA — OYeHb OrpaHuyeHa. BenenctBue 3Toro
MIPOUCXOUT MHTEHCHBHOE 3ariyOJieHUE TEXHOTEHHBIX 3arpsizHuteneid — Ha rayoune 20-30 cm

OTMEYAIOTCs KOHIIEHTpaIuu Zn Ha ypoBHe 2-4 1/kr, u Pb — 250-375 mr/kr.

3arpsi3HeHHe TPABAHOIH PACTUTEILHOCTH IMHKOM U CBHHLIOM

Bricokoe conep:xanue MoOMIBHBIX (hopM Zn u Pb B mccieqoBaHHBIX MOYBAaX IPHUBEIO
TaKKe K 3HAYUTEIbHOMY 3arpsA3HEHUIO TpaBsiHOM pactutenbHOcTH (Tadn. 3). ComocraBieHue
JTaHHBIX Tabaun 1 U 2 yka3pIBaeT Ha BaXHOCTh MOOWIBHBIX (hopM Pb u Zn B moriomeHuu 3Tux
METaJUIOB pacTuTeNnbHOCThI0. Haunbonee 3arpssHeHHod TM okasbIBaeTcs pacTUTEIBHOCTh Ha
y4JacTKaxX, XapaKTepU3YIOIIMXCsI BBICOKUM COJIepKaHHEeM UX MOOMIIBHBIX (opM Ha riyoune 5-10 cm
u 6osee. ConocraBieHe JaHHBIX Ta0J. 3 MO 3arpsA3HEHUIO PACTUTEIBHOCTU ZNn U COJICPKAHUIO €ro
MOOWIBHBIX (popM B mocioiHbIx npobax mousBsl T.5 u T. 6 mokaseiBaeT, 4To Oojiee BBICOKOE

colepkanue Zn B pacTUTENLHOCTH B TOoYke 6 (122 MI/Kr) COOTBETCTBYET 00Jice BBICOKOMY
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COJIEP’)KaHUI0 MOOHMIILHOTO Zn B ¢cosiX ouBbl TOuku 6 — 10-15 cm u 15-20 cMm, koTopoe mouTH B 1Ba
pa3a TPEBBINIAET €ro COOTBETCTBYIOIIHE KOHIEHTPAIMU B CJIOSX MOYBBI Toukw 5. [lpu sToM
CoJiepKaHUs Kak BaJOBOTO, TaK M MOOMIJIBHOTO Zn B BepXHUX cJ0aX 1mouB T. 5 u T. 6 oueHp GJIM3KH.
3arpsi3HeHHEe pacTuTenbHOCTH Pb Takke Bwimie B T.6 (83 Mr/kr), 4ro cOOTBETCTByeT Oosiee
BBICOKOMY COJIepKaHHI0 MOOMIBHOTO Pb B ciosx 10-15 u 15-20 cM 3T0# MOYBBI IO CPABHEHUIO C

nousoit T.5.

Ta6aumna 2. ConeprkaHue CBUHIIA M IMHKA B PACTUTEILHOCTH C UCCIICOBAHHBIX IIOMIAIOK, MT/KT

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

ILnomanka Pb, mr/kr Zn, Mr/kr Ilaomaaka Pb, mr/kr 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

Tabanua 3. MoOwiibHbIe GOpMBI CBHHIIA U IIMHKA B TOYBEHHBIX MPOQUIISX B palioHe CBUHIIOBO-IIMHKOBOI'O KOMOWHATA

U 3arpsi3HEHUE PaCTUTENbHOCTH

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

Iliomanka | Tiyouna, Zn Pb
cM Baa, Mo0.¢., |PacTuTe1bHOCTD, Baa, Mo0.¢., |PactutenbHocT
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

OdeHb BBICOKHE ITOKa3aTeId 3ar PASHCHHOCTU PACTUTCIIbBHOCTU Zn Ha momankax T.7 u
T. 8 Taxke COOTBCTCTBYKOT OYCHb BBICOKHM COIACPIKAHUAM MOOUJIILHOTO 7ZNn B HIDKHHX CIOSX
COOTBECTCTBYIOIIHUX IMOYBCHHBIX npodmneﬁ. Taxkas 3aKOHOMCPHOCTb MOJKET CBUACTCIBCTBOBATL O

TOM, 4YTO CYIICCTBCHHLBIM HWCTOYHUKOM 3arpsA3HCHUA TpaBHHOﬁ PaCTUTCIILHOCTU TM sBnswoTcs
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MOYBEHHBIC PACTBOPHI M3 TIYOOKUX CIOEB TOYBHI, OOOTAIIEHHBIX MOOWMJIBHBIMH (OPMAMHU STHX
METaJJIOB.

HckmroueHneM W3 3TOM  3aKOHOMEPHOCTH  SIBJISIETCS  BBICOKOE  3arpsisHeHue Pb
pacTuTeNnbHOCTH C  Ilomankd 1.8, mnpodmis KOTOPOH XapaKTepu3yeTcss HEBBICOKUMHU
MOKa3aTesIMU KaK BaJlOBOr0, Tak U MOOWIbHOTO Pb B ciosix mouBsl HUXE 5 cM. B 3TOM citydae
3arps3HEHUE PACTHTEIBHOCTH, MO-BUIMMOMY, 005 3aHO YPE3BBIYAHO BHICOKMM COJECpPKAHUEM Kak
BaJIOBOTO, TaK U MOOMJIBHOTO CBHHIIA B BEPXHEM clioe 1ouBbl -5 cM.

Bnusinue coxepxanus MoOmibHbIX (opm Zn u Pb B mouBe Ha 3arps3HEHHE STHUMHU
MeTalJlaMi TpPaBSHOM pAacTUTENBHOCTH MoKa3aHo Ha puc. 4. CogxepxaHue Zn B pacTEHUSX
MOUUHSETCS JIMHEHHOW 3aBUCHMOCTH OT COJEepKaHUsi MOOWJIbHOrO Zn B mouBe (puc. 4a).
[TornouieHue pacTUTENbHOCTHIO Pb HECKOIbKO MEHEee HHTEHCUBHO, YEM B ciIydae Zn, COOTBETCTBHE
JUHEINHON 3aBUCUMOCTH OT COJIep>KaHusl MOOUILHOTO Pb MOKHO cunTaTh YA0BIETBOPUTEIBHBIM J0
koHueHTpauun 1000 mr/kr, mpu Oojee BBICOKMX KOHIIEHTpalusX ycBoeHue Pb pacreHusmu
3aTpymansieTcs (puc. 40).

Takoe oTiMuue B MOTJIOMIEHUH MOXXET OOBSCHATHCS Pa3sHBIMU POJISIMH 3THX METAJIOB B
KU3ZHENEATeNIbHOCTH  pacTeHud. [[MHK OTHOCHUTCS K  dJeMEeHTaM, HEOOXOJWMBIM IS
KU3ZHEJCSATEIbHOCTH PAcTeHH, OH BXOJUT B cOcCTaB (EepMEHTOB, MNPUHHMAET Yy4acTHE B
dhopmMupoBaHUM PUOOHYKIIEMHOBBIX KHCJIOT, HEOOXOMUM Ui CHHTE3a Xjiopoduiuia. DepMeHTHI,
KOTOpBIE COJAepKaT Zn, MPUHUMAIOT ydacThe B yrieBogHoM U (ocharnom odmene [3]. Ocobas
¢duznonoruyeckas pojib Zn B >KU3HEICATENLHOCTH PAaCTEHHIl oOecreuynuBaeT ero crenuduueckoe
MOTJIOLEHUE PACTeHUAMHU U3 MOYBbl. CBHHEI HE UMEET 0CO00ro (HPM3HOIOrHUECKOro 3HAYCHUS, OH
3aXBaThIBAECTCS] PACTEHUSMM U3 IIOYBBI BMECTE C APYTUMHU MHUKPO3JIEMEHTAMU, KOTOPbIE HAXOATCA

B ITOYBC.
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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

BenencrBue 3toro Zn u Pb CyliecTBeHHO OTIIMYAIOTCS TI0 MHTCHCUBHOCTH UX BKJIIOUCHHS B
OMOMHUTpAIIMIO, T.C. TOTJIONICHHWSI PACTHTEIBHOCThIO. [JoOanpHBIC 3HAYCHHS KOAPPUIIUEHTA
Oounonorudeckoro moriyomeHuss K, KOTOPBIH SBISETCS KOJMYECTBEHHOW OIEHKOW BKITFOUCHUS
MHKPODJIEMEHTOB B Ouomurpanuio ©, 1o omnpenencHuto b.b.IlonsiHOBa, paBeH OTHOIIEHUIO
COJZICpKaHUs DJIEMEHTA B 30JI€ PACTUTEIBHOCTH K COJIEPKAHUIO €r0 B TOPHOM MOPOJE, Ul HIMHKA U

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

BrIBOAbI

1. DxcnepuMeHTaNbHBIE HCCIeNoBaHUS (OpM HAXOXKACHHUS TEXHOTeHHbIX Zn u Pb B
YEpPHO3EMHON TOYBE B 30HE BIUAHHUSI KOMOMHATa «YKPIMHK» TOJITBEPIMIN KOPPEKTHOCTH
PEKOHCTPYKIIMU JUHAMUKH TpaHCc(OpMaIiu TEXHOTEHHOTO CBUWHIA, MPEJCKA3aBIIeH, YTO TPH
BBICOKOU crernenu 3arpsizHeHus (>1000 Mr/kr) HakoTuieHue MOOUIIBHBIX (POPM CBHHIIA MPOUCXOIUT
CTOJIb HHTEHCHUBHO, YTO CIIOCOOHOCTH MOYBHI K UMMOOWIM3AINN 3arPS3HUTENS UCUYEPIIBIBACTCS, U
TE€M CaMbIM MMOYBA yTPAYUBAET €CTECTBEHHYIO CITOCOOHOCTh K CAMOBOCCTAHOBJICHUIO.

2. UccnenoBanus GopM Hax0XJICHUS TEXHOTECHHBIX Zn U Pb B yepHO3eMHOI TOUYBE B 30HE
BIIUSIHUS KOMOMHATa «YKPLHUHK», B YCIIOBUSX OY€Hb HHTEHCUBHOTO, )KECTKOIO 3arpsisHeHus (6osee
2000 mr/kr) mokaszajad, YTO WMMOOWJIM3AIMsA I[MHKA YEPHO3EMHOW TOYBOW TIPAKTUYECKUA HE
MIPOUCXOIUT, UMMOOUIIN3alMs CBUHIIA — OYEHb OTPaHHYEHA.

3. [Ipu BBICOKOH CTENEHU 3arpsiI3HEHUST YePHO3EeMHOM 1OYBbl TM MpPOUCXOIUT HUHTEHCUBHAS
BEpTUKAIbHAsI MUTpAlUsl TEXHOTCHHBIX 3arps3Huteneii — Ha riyoune 20-30 cM oTmedaroTcs
KOHIICHTpaluu Zn Ha ypoBHe 2-4 v/kxr u Pb — 250-375 mr/kr.

4. 3arps3HeHue TPaBAHOW PACTUTEIBHOCTH Zn MOJYUHAETCS JMHEWMHOW 3aBUCHUMOCTHU OT
coJiep>kaHus MOOMIIBHOTO Zn B mouBe (puc. 4a). 3arps3HeHue pacTuteabHocTu Pb oTkioHsiercs ot
JTUHEINHON 3aBUCUMOCTH OT COJIep>KaHUs MOOWILHOTO Pb, mormoieHne ero paCTeHUSIMU HECKOJILKO
MeHee MHTEHCUBHO, 4eM B ciydae Zn. Takoe oTIu4ne MOKET OOBACHATHCS PA3HBIMH POJISIMH ATHX
METaJJIOB B JKU3HEAEATEIbHOCTH PACTEHUH.

5. HauGonee 3arpssnenHoii TM oka3bpIBaeTCs pacCTHUTENBHOCTh Ha  ydacTKax,
XapaKTEePU3YIOIINXCS BBICOKUM COJIEpKaHUEM WX MOOUIBHBIX (popMm Ha riryoune 6osee 10 cm, uto
MOXET CBHUAETEIbCTBOBaTh O TOM, 4YTO CYHIECTBEHHBIM HCTOYHHUKOM 3arpsi3HEHUS TPaBSHOU
pacturensHOCTH TM SBISIOTCS IOYBEHHBIE PACTBOPHI U3 IIYOOKHX CJIO€B MOYBBI, 0OOTAIIEHHBIX

MOOMIIBHBIMHU (I)OpMaMI/I 9THUX MECTAJIJIOB.
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MITPAIISA CBUHIIO TA IIUHKY ¥ YOPHO3EMHOMY IPYHTI B YMOBAX KOPCTKOI'O
TEXHOTEHHOI'O 3AGPY/IHEHHSI

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

Bonnapenko I'.H. x. reom-miH. H., roia. H. c., JAY«lHcrutyr reoximii HaBkoiuimHboro cepegosuima HAH  VYkpainwy,
bogernic34@gmail.com

Kononenko JI.B. k. reos.-miH. H., npoB. H. c., AY«lHctutyt reoximii HaBkomumHboro cepepoumia HAH  Ykpainuy,
Ikononenko@gmail.com.

Bucorenko O. O. H. c., IY«luctuTyT reoximii HaBkomuinboro cepenosuima HAH Ykpainny, vysotenkooksana@gmail.com

Ky3zenko C.B. . c., IV «IHcTuTYyT reoximii HaBkonmiHboro cepenouuia HAH Ykpainu»

Ilpogedeno excnepumenmanvhi OOCTIOHNCEHHA QOPM  3HAXOONCEHHS MEXHOLEHHUX YUHKY MA CEUHYIO Y
YOPHO3EMHOMY TPYHMI 8 30HI 8NIUBY KOMOIHAMY « VKpYUHKY, AKI niomeepouny KOpeKmHiCmes peKoOHCmpyKyii
OUHAMIKU MPAHCPHOPMAYii MeXHOLEHHO20 C8UHYIO, KA Nepeddadac, wo npu GUCOKOMY CIyneHi 3a0pyOHeHH
(> 1000 me/ke) naxonuyenns MobiIbHUX hopm c8uHYIO 8I0OYBAEMbCS HACMINbKYU IHMEHCUBHO, WO 30AMHICTb
IPYHmMY 00 iMMOOIni3ayii 3a6pyOHI08aYa BUYEPNYEMbCA, | MUM CAMUM IPYHIM 8MPAYAE NPUPOOHY 30AMHICMb
00 camosionosnents. JocaioxnceHHa hopm 3HAXOOMHCEHHA MEXHOSEHHUX YUHKY MA CEUHYIO )Y HYOPHO3EMHOMY
IPYHmMI 8 YyMO8AX Oydce IHMEHCUBHO20, IHCOPCMKO20 3a0pyOHeHHst (nonad 2000 me/ke) noxasano, wjo
iMMOOINI3aYia YUHKY YOPHO3EMHUM IPYHMOM NPAKMUYHO He 8i00y8acmuvcs, iMMOOINi3ayis c8UHYO — Oyice
obmesicena. Ilokasano, wo npu GUCOKomy cmyneni 3a0pyOHeHHA HopHO3emHoz20 Tpynmy BM eiobysacmubcsa
IHMEHCUBHA BEPMUKATLHA Mi2payisi mexHo2eHHux 3aopyoniosauie — na enubuni 20-30 cm gidsnauaiomvcs
Konyenmpayii Zn ua pieni 2-4 2/xe, i Pb — 250-375wme/xe. Pesyibmamu Oocniodcenb NOKA3AMU, WO
3a6pyOHeHHsT mpas aHoi pOCIUHHOCME Zn NiONOPAOKOBYEMbCA JIHIUHIU 3A1eHCHOCMI 8i0 émicmy MODIIbHO20
Zn y tpyumi. 3abpyonenns pociunnocmi Pb eioxunsemuvca 6i0 niHitinOT 3anescHocmi 8i0 emicmy MoOiIbHO20
Pb, noenunauna tioco pociuHamu MeHui iHmeHcCUsHe, Hixc y 6unaoky Zn. Taxa 6iomiHuicmb Modice
NOACHIOBAMUCA DIZHOIO YUACMIO YUX Memanie y dcummeoisivnocmi pociut. Haiibineuwt 3a6pyonenoo BM
BUABIAEMbCA POCIUHHICb HA OLIAHKAX, WO XAPAKMEPU3YIOMbCs GUCOKUM GMICHOM iX MOOITbHUX (opm Ha
enubuni nonao 10 cm, wo mooce cgiouumu npo me, WO ICMOMHUM OJCEPeiomM 3a0PYOHeHH mpag aHOI
pocaunnocmi BM € tpynmogi posuunu 3 2nubOKux wiapie pynmy, 30a2aveHux MoOiibHUMu opmamu yux
Memainie.

Knrouosi cnosa: sadxcki memanu, MoOinbHi popmuU, OUHAMIKA, 8ePMUKATbHA Micpayis, IMMmo0inizayis
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MIGRATION OF LEAD AND ZINC IN CHERNOZEM SOIL IN CONDITIONS OF HARD
TECHNOGENEOUS POLLUTION

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

G. Bondarenko D.Sc. (Geol.-Min.), Principal Research, Sl «lnstitute 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, Sl «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.

© Boupapenko T'.H., Konomenko J.B., Bbicorenko O.A., Manuues B.MJ, Kysenko C.B. MUTPAIIMSI CBUHIIA U IIMHKA B
YEPHO3EMHOM ITOYBE B YCJIOBUSIX KECTKOI'O TEXHOIEHHOI'O 3ATPSI3HEHU S

46


mailto:vysotenkooksana@gmail.com

306ipHUK HAYKOBUX Ipalb [HCTHTYTY reoximii HaBKOJIMIIHBOro cepenosuina 2018 Bumyck 28

VIIK 553/495: 553.061.6 (477)

HNIABEMHE BUJYTOBYBAHHSA YPAHY: IIEPEBATU TA PU3UKHU JJIA
JOBKILJLJIA
Cymyk K.I'., BepxoBues B.I'.

Cymyk K.I'., kKauz. reos.-MiH. H., ipoB. H. ¢. JIY «lHcTUTYyT reoximii HaBkonumuboro cepenobuina HAH Ykpainm», mamas@i.ua.
BepxoBues B.I'., npoxr. reom. H., 3aB. Bimminy Y «lHctHTyT Teoximii HaBkomuiuHboro cepemosuma HAH - Ykpainuy,
Verkhovtsev@ukr.net

IliozemHne ceeponosuHHe GUNY208Y8AHHS 3ACMOCOBYEMbCA  ON  6UOOOYMKY YPAHY 3
ocadounux nopio. Taxuil cnocib 6udoOymky mae 6acomi nepesazu y NOPIGHAHHI 3 THULUMU
3acobamu K 3a68058KU MeHWil eapmocmi podim, max i 3a605KU MEHUOMY 3a0pyOHEeHHIO
HABKOIUUWHBO20 cepedosuwa. Pekynomueayiss 3emai npu yvbomy 3acobi MIHIMATbHA,
OCKIIbKU 8UMSA2AHHA 00CAOHUX MPYO | YeMeHmMY8aHHs CMo8oypa c8epOoN08UH NPOBOOUMbCS
00 pIBHs 2IUOUHU OPAHKU, A MAKOMNC HEeMAE CKUOAHHS Meepoux i piokux 8ioxodis, 2as3is,
aepozonie y nogimps. Hemae mneobxionocmi y 0yodienuymei ma excniayamayii
xeocmocxosuwy. Moowcnuge 30epedcenHss Y HenopyuleHOMY CMAaHi OeHHOI NOBepXHi: RicC/s
8IONPaAYIo8ants pooosuwa abo OKpemoi 1020 4ACMUHU 3eMelbHi Y200 MOXCYmb Oymu
BUKOPUCMAHI Y CLIbCLKOMY 20CN00apcmeai 6e3 0)0b-sKUX 0OMeHCeHb.

Ane 8i0bysacmbcsa  3a0pyOHeHHs NIO3eMHUX 800, sKe MOdce CYNPOBOONCYBAMUCD
3a0pYOHeHHAM — PIYOK  6HACNIOOK NPOCY8AHHA  Opeonis  3a0pyOHeHHs 6  obnacmi
PO36AHMAIICEHHS NIO3eMHUX 800 8 PIUKO8UX OoauHax. Buodobymok ypamny e6iobysacmwvcs
WLAXOM 3aKA4YBAHHS 8 C8epOIOGUHU MEXHON02IYHO20 PO3YUHY, AKUL Micmumb Yy coOi
Cipuany ma azomHy KUCIOMU, aMiauHy cenimpy, amiauny 600y, inwi peaxmueu. Ilicis
BUNY208YBAHHS YPAHY ¥ 8000HOCHUX 20PU3OHMAX 8i00Y8AIOMbC AKMUBHI XIMIUHI npoyecu
AK MEXHO2eHH020, MAK i 2e0]I021UH020 XapaKkmepy 3a605 KU HAKONUYEHHIO 8 NPOOYKMUBHUX
20PU3OHMAX 3ANUWKOBUX PO3YUHIB, SAKI 63AEMOOIIOMb 13 NIO3eMHUMU B800AMU  SK
MPIWYUHHUMU 3 KDUCMANIYHO20 PyHOaMenmy, maK i nOposuMU 3 NPOOYKMUBHO20 NiUaAHO20
B8000HOCHO20 20PU3OHMY MIOYEHY uepe3 2i0po2eoociuti «8iKHay» 8 bopmax naneodonun. L]i
nio3emMHi 800U BUMUCKAIOMb 3ATUUUKOG PO3YUHU 3 NOPOBO2O NPOCMOPY NOPIO, 3MYULYVIOUU
npocy8amucs ix 6 HanpsAMKy 001acmi pO36aAHMANCEHHS.

Ilepwouepeosum 3as0annsam 3abe3neyerus padiayiliHo-eKoN02IuHOi Oe3neku B00OHUX
pecypcis patioHie u00OYmMKY YPAHy mMemooom Ni03eMHO20 C8ePOIOBUHHO20 BUTY208Y8AHHS
€ PO3p0OOKA HAYKOBUX OCHOB BOOCKOHANCHHS ICHYIOUUX Memodie OE3neKu.

Knrouoei cnoea: ypan, Ykpaincekuii wum, niozemue 6UNY208Y8AHHI, 0CAOO0BUL YOXOJ,
€K302eHHI PO008UWA, OXOPOHA OOBKIILIAL.

Beryn

[lin3eMHe BUJIYTOByBaHHSl KOPMCHHX KONAJMH - MeTOJ BUJOOYTKY iX BHUOOPYUM

PO3YMHEHHAM KOPHUCHOTO KOMIIOHEHTY XIMIYHUMH peareHTaMu B pyAHOMY TiJi Ha Micni

3aJIiTaHHS, 3 TOJAJbIIMM TPAHCHOPTYBAaHHAM Ha MNOBEPXHI pPOOOYMMHU po3YMHaMu. B

VYkpaiHi MeTOAOM TIiI3eMHOTO CBEPAJOBHMHHOTO BWJIYTOBYBAHHS PO3POONAIOTHCS ypaHOBI

T'JIPOTeHHI eMreHeTUYHI TPyHTOBO-1H(UIHTpALIiiiHI POIOBHUINA HEOT€H-YETBEPTUHHOI €OXH YPAaHOBOTO

PYAOYTBOPEHHS B 0CaI0BOMY HOXJIi YKpaiHcekoro mura. Lli pomoBuiiia HeBenuki 3a 3amacamu (1-3 tuc.

T) Ta BMICTOM ypaHy, ajie BeJIbMU peHTa0eNbH1 ISl BUIOOYTKY METOOM MiI3EMHOTO CBEPUIOBUHHOTO
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BIJIyTOBYBAaHHSl ~ 3aBJSKH  TIPHUYO-TEXHOJIOTTYHHM  OCOONMBOCTSIM, @ TaKOX  KOMILIEKCHOCTI.
CynyTHUKaMH ypaHy B py[ax € CTpaTeriqyHo BaxJMBI piakicHi enemeHTtH (SC, Re Ta iHmIi), BUIoOyTOoK
SAKAX MOXKE 3AIMCHIOBATHUCH OJIHOYACHO 3 YPAaHOM THM >K€ METOJIOM IIi3EMHOTO CBEpUIOBUHHOTO
BUJTYTOBYBaHHA. | pyHTOBO-IH(MUIBTpAIIiiiHI POJOBHINA TPHYPOUYCHI 10 BYIIIMCTO-IIIIAHUX BiIKIIa B
MAJICOreHOBOTO BIKY (OydJarbKuii sIpyC) ¥ PO3MIIIYIOTHCS B TAJICOI0JMHAX HA MOBEPXHI KPUCTAIYHOTO
dynanamenty — Tpoiusko-Cadoniserkiii (CadoniBebke poosuine, [TokpoBckka, Tpoillbka epcreKTHBHI
nusiHkr), HoBo-Bomogumupiseekiii  (BonmoaumupiBcbka —TepcHeKTHBHA — JIUISHKA), | EpHOBCBHKO-
JesnaniBchkiii ([leBmaniBcbke poioBuIne) Ta HIIKUX. BCboro po3BiaHo Ta MonepeaHbo OIIHEHO OUThII
10 ponoBui (kpim Ha3zBanux — Canose, bparceke, Tanumiske, HoBorypiiBcbke, XpuctodopiBcbke,
Xyropebke, Cypcbke, UepBoHOSIpCbKE Ta psfl pyIONposiBiB) (pUCYHOK). Pecypcu ypaHy y BYyIJIMCTIH
(dopmallii maneoreHy 30cepeKeHl B MeXax CyOIIMPOTHOI CMYrH IIBHIYHO-CXIJHOTO TNPOCTSATAHHS y
BOJIOJIUTBHIA YacTHHI YKpaiHChKOTO muTa mupuHoo Bin 30 (miBaeHHwiA 3axim) A0 80 kM (MIBHIUHUI
cxim). Po3Binani 3amacu Ta pecypcH poJI0BHIIL IHOTO THITY OIIHIOIOTHCS Ha piBHI 70 THC. T. B Mexax miel
METAJIOTeHIYHOT 00JIaCTI MOKYTh ICHYBaTH I1I€ HE BUSBJICHI BIITATY>KEHHS BIZIOMHUX TMMAICOJIOJMH i HOBI
HEBEJMKI MajeoIenpecii, 1110 MICTSTh IPOMHCIIOBE YPAHOBE 3pYyACHIHHS.

[ligzemMHe CBEpUIOBHHHE BHIJIYTOBYBAHHS SIK METOJl BUJIOOYTKY ypaHy 3 OCaJOBHX HOpiA
3acTOoCcOBYeThCs B YKpaiHi 3 1957 poky. Toni (Bnepme B Pagsucekomy Coro3i) Oyio po3moyaTo
BHI00YTOK YpaHy IIUM METOJIOM Ha JleBiIamiBChbKOMY €K30T€HHOMY 1H(UIBTPAIITHOMY POJOBHIII],
0 PO3MINIYBAJIOCh Y BYIVIMCTHX IICKaX OydYallbKOro sipycy €OIeHy B Me30-KaifHO30MChKOMY
0CaJIOBOMY 4OXJI1 YKpaiHChKOTO KpucTaniqyHoro muta. OCHOBHUN BUIOOYTOK ypaHy Ha JleBianoBo
BinOyBaBcs 3 1962 mo 1983 pik i mpomoexkysasca g0 1990 poxy Ha momi 918 000 M2
CepioBUHU Maiy TmOuHY Bix 35 10100 M, Oynu po3TamioBadi psaamu Ha Bijgctani 40-60 m (Mixk
cBepioBuHaMH 15-25 m). Ilicnst 3akiHdeHHS BHAOOYBHHX pPOOIT IEp)KaBHUM IANPUEMCTBOM
«Cxinl'3K» Oyna cTBOpeHa Mepeka BOJIOMYHKTIB (CBEPIUIOBHH, KOJIOAS3IB 1 TipOre0JIOriyHUX
CTBOPIB) Ha YOTUPHU pPI3HI TOPU3OHTH IPYHTOBHX BOJ 3 METOI0 CIOCTEpEKEHb 3a HacligKaMu
MiA3€MHOTO BUJIYTOBYBaHHS ypaHy /Ul HABKOJUIIHBOTO cepefoBuia. Lle Taki ropu30HTH: mepiui
BiJl MOBEpPXHI TOPU30OHT y YETBEPTUHHHUX CYIIHMHKAX 1 CYIMICSIX; TOPU30HT Yy TMICKax HEOTeHY
(HampyaHMiA); TPOIYKTUBHUI TOPU30HT; TOPU3OHT TPILMHHUX BOJ JOKEMOPIMCHKUX TPaHITOIAIB 1
KOPH BUBITPIOBaHHS.

Kpim JleBnaaiBChKOTO pOJOBHUINA METOJOM IMiA3EMHOTO CBEPJIOBUHHOTO BUJIYTOBYBaHHS
BiJnpaiboBaHi bparcbke 1 0AMH 3 4OTHPHOX NOKIaAIB CadoOHIBCBKOTO POJOBHINA B THX K€
BIIKJIAZIaX OCAJ0BOTO 4YoxJia YKpaiHCHRKOrO ImuTa B Mexkax [IpuaHIIpOBCHKOI MeTanoreHiuHOi

ypaHoBopyHO1 061acTi. Ha 0cHOBI mpoBeieHNX criocTepexeHb Oy 3po0IeHI BUCHOBKH BiTHOCHO
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PEHTa0ETBHOCTI METOTY Mi3eMHOTO CBEPAJIOBHHHOTO BHIIYTOBYBAHHS, @ TAKOK BITHOCHO PH3HKIB

HOro 3aCTOCYBaHHS Ul JOBKLULIA.

Puc. 1. Po3minieHHs poJoBuIll ypaHy B OCaJOBOMY 4oxJi YkKpaiHcekoro mmta. Cxmageno M.IL. CemeniokoM 3a
matepiazamu KIT «Kiposremoris.

Mera6mnoku: 1 — [Hrynbcbkuid, 2 — CepeHpONPHIHIPOBCHKMIA; 3 — rnOMHHI po3iiomu: 1 — By3pko-MupoHiBChKuiA, 2
— Kpusopizbko-Kpemenuyrpkuii, 3 — [leBnaniBcbkuii; 4 — crpykrypHO-(opmariiiiHi komruiekcn (CPK): mepeBakHO
rpaHiToinHOro ckiaay (apabceki 1udpu y mpsMOKyTHHKY) — macuBh: 1— HoBoykpaincekuii,2 — BockpeceHchkuit, 3 —
Jomuucekuii, 4 — Boko'sHchkmit; 5 — [I'sTuxatcekmii Baw; kymonu: 6 — JlemypuHchkuil, 7 — KpuHMYKIBChKHH, 8 —
Caxcarancekuii, 9 — KamuryBatcrkuit; 5 — 3eneHokam'sHi COK: 1 — BepxosiieBcbkuid, 2 — Cypcbkuid, 3 — YOpTOMITHHCHKHIA, 6
— TIopomM KpUBOpI3bKoi cepii; 7 — koHTakTh CDK: a — cnabo KOHTakTHI, O — TEKTOHIYHI; 8§ — TMAJCONONMHM, BUIIOBHCHI
Bijkagamu Oyuanpkoi cBitH (apabcbki mudpu) 1 — CanoBo-Tanumipka, 2 — HoBo-OneniBebka, 3 — KynpsiBcbko-Becerno-
Po3nonbchka, 4 — MukonaiBcbko-CadoniBebka, 5 — 3aximHo-KprBopizeka, 6 — CximHo-KpuBopiseka; 7 — CakcaraHchbko-
Homorkanceka, 8 — bazaemynpko-Camarkanbcbka, 9 — KpunnukiBcbko-PomankiBebka, 10 — Cypebka, 11 — TepHiBcbko-
HepesyBatchbka; 9 — nprOepexxHO-MOpPChKi Bimiamu Oydarpkoi cBiti; 10 — ex3oreHHi ponosuiia ypany: 1 — Cayose, 2 —
Tanumipke, 3 — Bpatceke (Tpu nokiaam), 4 — CadoHiBebke, 5 — Xpricrodopisebke, 6 — Jlepnanisebke, 7 — HoBorypiiBebke, 8 —
Xyripebke, 9 — Kpunnkiebke, 10 — OneniBebke, 11 — I'pymisebke (Cypebke), 12 — UepBoHosipebke, 13 — [TerpomuxaiiiBebke,
14 — TlepBo3BaniBcbke; HacenenHl nmyHkTH: C — Cmonine, JI — JInnasokka, HY — HoBoykpainka, Cr — CanoBe, AO — ApOy3uHKa,
IOV — IOxHo-Ykpaincek, bp — Bpatceke, b6 — boopurens, K — KponmBaupkuii, ¥ — YcruniBka, Hb — Hosuii Byr, Hr —
Hosroponxka, J{im — JomuHceka, K3 — Kasanka, M — Mukonaiska, O — Onekcanpis, 1t — ITerpose, KP — Kpuswii Pir, 111 —
upoxe, XKB — XKosti Boay, [1x — [T'sruxarku, B — Bepxouese. B/l — Bepxusonninposcbk, A — Ay, K — Kam'siacbke, CM
— Cypcbko-Muxaiinika. J1 — J{ninpo, HIT — HoBomokpieka, Cd — Codiika, T — TomakiBka, | — Inapionose, 3 — 3anopibioksi.

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 — Devladivskyi; 4 —
structural-formational complexes: predominantly of granitiod composition (figures in Arabic in the rectangle) — massifs: 1—
Novoukrainskyi, 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 —
Novo-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, Cx — 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, ITr — Petrove, KP — Kryvyi Rih, 11T — Shyroke, KB — Zhovti VVody,
Ix — Piatykhatky, B — Verkhovtseve, BIT — Verkhniodniprovsk, Ai — Auly, K — Kamianske, CM — Sursko-Mykhailivka, JI —
Dnipro, HIT — Novopokrivka, Cd — Sofiivka, T — Tomakivka, I — llarionove, 3 — Zaporizhzhia
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PesyabTaTn cnocrepexenb 3a 1oBkiIAM 3 1990 no 2006 pik.

BunoGyrok ypany Ha JleBnamiBCbKOMY pOJOBHINI BigOyBaBCs IIISXOM 3aKadyyBaHHS B
CBEP/UIOBUHH TEXHOJIOTTYHOTO PO3YMHY, KM MICTUB y c00i cipuaHy Ta a30THY KHUCJIOTH, aMiaqHy
cemrpy Ta amiauHy Boxy. /s BwiyroByBaHHS ypaHy 3a mepiog 3 1962 mo 1983 pp. B
MPOAYKTHBHHIA TOPU30HT y CKJIAJl TEXHOJIOTTYHOTO po3umHy Oyno 3akadaHo 207250 T cipuanoi
kucnotr, 6300 T azorHoi kmcioth, 23800 T amiaunoi cemitpu Tta 2000 T amiaunoi Bomu. Ilicms
BWJIYTOBYBAaHHSI ypaHy oOpeoj 3a0pyJHEHHS OXONMB BCIO IUJIONIY YypPaHOBHX TMOKJIAIIB 1
MIPOCTITHYBCS B3JI0BXK MAJICOI0JIMHH Ha BifcTaHb 4,5 km mmpuHoo 0,4-0,6 kM. ¥V mpoayKTHBHOMY
TOPU30HTI, TOOTO Yy BOJOHOCHOMY TOPHU30HTI OydallbKO1 CBITH CEPEIHBOIO €OIEHY, 3aJUIIKOBI
PO3YHHHM CKJIAIN OITH3BKO 6 MITH. M2,

3a mepio 1 MOHITOPUHTOBUX criocTepexeHb mianpueMctBoM «Cxinl 3K» 3 1983 mo 2006 pik
OTPUMAHO BAXJIUBY 1H(POPMAIIIO 100 KOJWBAHb PIBHIB MIA36MHUX BOJ Ta 3MIHH iX XIMIYHOTO
CKJIaJy 1 KOHIICHTpAIlii paaloHyKIiIiB. AHaI3 HA0YTHX (aKTUYHUX JTAHUX MTOKa3aB HACTYITHE.

Y npoaykTuBHOMY TOpPH30HTI JleBIamiBCBKOTO YpaHOBOTO POJOBHUINA BiAOYBAIOThHCS
Cy4JacHi MPOIECH K TEXHOTEHHOTO, TaK 1 T€0JIOTIuHOTO Xapakrepy. CydacHi reosIoridH1 MPOIeCH B
MEKax TOPU30HTY BiIOYBAIOTHCS 3aBISKH HAIXOHKEHHIO 0 HHOTO TPIIMHHUX MIA3EMHUX BOJ 3
KPUCTATIYHOTO (YHIAMEHTY Ta TOPOBUX IMII3€MHUX BOJ 3 IMINIAHOTO BOJOHOCHOTO TOPHU30HTY
Mmionieny [1, 2] dyepe3 rigporeosioriuHi «BikHa» B OopTax mnameomonuH. [l mim3emHi Bomu
PO30aBIISIIOTh 3AIUIIKOBI PO3YMHU, B3a€MOJIIIOTH 3 HUMH XIMIYHO I BUTHCKAIOTh iX 3 IOPOBOTO
MPOCTOPY TMOPi, 3MYIIYIOYM TPOCYBAaTUCS B HANpsIMKy o0O0JacTi pO3BaHTaKEHHS, TOOTO
p. Cakcaranp. 3a nepion 3 1997 no 2005 pik 3aJUIIKOBI pO3YMHHM, CYASYH 3 BUSHAUYCHHUX OPEOJIIB
3a0pyaHeHHs, npocyHynuchk Ha 700-800 m.

XiMiyHa B3a€EMOJISl 3aTUIIKOBUX PO3YUHIB 3 MMOPOJAAMHU BOJOHOCHOTO TOPH3OHTY
MPU3BOJUTH J0 HEUTpamizamii cipyaHoi KHCJIOTH, 30aradyeHHs pPO3YHMHIB COJSIMH METaliB Ta
OCaJKEHHSI HEPO3UYMHHUX XIMIYHUX CHOJYK (OKCHIIB 3aji3a 1 allOMiHilO, TINCY, TOILIO) y MOpax
MICKiB. BMICT y Mig3eMHUX BOJaX TOPH30HTY OLIBIIOCTI CHOJYK, Y TOMY YHCII PaJi0aKTUBHUX
€JIEMEHTIB, MepeBUIIye TpaHu4HO aomycTumi koHeHTpauii (I'/IK) koMnoHeHTiB, sKi HOpMYIOTbCS,
1 BJIsi€ 3arpo3y 3a0pyAHEHHS SIK CyMDKHHUX BOJIOHOCHUX TOPU30HTIB, TaK 1 OJMXKHIX PIYOK.

Oco6nuBicTioO JleBiaiBCbKOTO YpPaHOBOIO POJOBHINA € HU3bKUHA BMICT KapOOHaTiB B
nopoaax i pyaax (menm, HiDK 0,5 %). YV 3B’A3Ky 3 MM HeWTpamizailis HaJJIMIIKOBOI Cip4aHOi
KHCJIOTH 3QJIMIIKOBUX PO3YMHIB Ha IUIOLII POJOBHINA BiJOYBA€ThCS 3a PaxyHOK TiIpoKapOOHATIB,
PO3UMHEHHUX B MPUPOAHUX 1H(LIbTpaniiHuX Bogax (cepenHiil Bmict HCO3™ y pi3HUX TOpU30HTAX

Bix 108 mo 179 mr/am® ) Takum 4ymHOM, MOBHA HEWTpamizallis CipuaHOi KHUCIOTH Yy PO3YMHAX 1
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OUMILEHHS iX BiA pPagiOHYKIIAiB MOXe BIZOYTHCS TUIBKH IIiJ] 4Yac MPOCYBAaHHS 3AJMUIIKOBHX
po3unHiB (B mojganbpmoMy — 3P) pazoM 3 mOTOKOM MPHUPOJHHUX BOJA Ha 3axia, B oOnacTh ix
po3BaHTaxeHHs B JoiuHi p. Cakcaranb. BinCyTHICTh JOCTaTHROI KUTBKOCTI KapOOHATIB y MOpoaax
OydJaIpKOTO TOPU30HTY TOSCHIOE TaKOXK 30epekeHHs cepenHix 3HaueHb pH (—4) Ha mpoTs3i 1991-
2005 pp. Ta TpuBamicTh mporecy BuryroByBanHs. [Ipupoana neminepanizanis 3P moganacs nwiie
Mix 1997 i 2005 pokamu, a 10 IIbOTO KUTBKICT Cylb(aTiB y pO3UMHAX 1 3arajibHa MiHEpali3aris
30UTBITYBAIMCH. 3T1THO 3 KAPTaMH PO3MOJILTY KOMIOHEHTIB 3P, OUTBIIICTE OPEOJIiB IPOCYBATIOCS HA
3axin Ha 90-100 M Ha piKk, y TOMY YKCIII HAWOUTBIT BaKIMBHUN TIOKAa3HUK 3a0pyJHEHHS — CyIbQar-
10H YTBOPHUB OPEOJI 3 TPAHUYHO JAOMYCTUMOIO KOHIIEHTpali€ero >1, skuil 3a 19 pokiB criocTepekeHb
nepemMicTuBcs Ha 1,5 kM.

CraH 3a0py/AHEHHS MIA3EMHOTO CepeAOBHUIIA MPOIYKTUBHOTO FOPU3OHTY MIcCis 3aKIHUEHHS
BUJIOOYTKY ypaHy 3a3Hau€HUM METOJIOM MiJ3eMHOro BIyroByBaHHs Ha 2006 pik, 3a JaHUMH
Cxinl'3K [3, 4], OyB HacTyNHHUIA:

— BMICT cynbdatiB B IIeHTp1 opeoJty nepesuiye 30 rpannuno ponyctumux HopM ( I'IK);

— KOHIeHTparis BajmoBoro 3amiza — 10000, a amominiro — 3000 T'JIK (xoua minsHKH iX
MIPOSIBJICHHST OOMEKEH1);

— BMICT ypaHy B OpeoJjiax 3a0pyAHEeHHS Ha OutbIii yacTuHi pogosuima rnepesumye 10 I'JIK,
micismu gocsrae 210-345 T'JIK.

OpeoJt pajito MEHIIIE OpeoJly ypaHy 1 CIIBHAJa€e 3 PyAHMMH Tokianamu. KoHueHTtpartis
paniro nocsrae 24,4 TJIK. Opeon 2%2Th 3 mexero 1 T'JIK Maiike CITiBIIafae 3 opeosioM YpaHY IO
Mexi 5 T'JIK. MakcumanbHi KoHIEHTpalii Topito aemo mnepeBumyroTs 20 I'JIK. Opeosnn
3a6pynHenHs 21°Po i 2P mpakTHyHO ciBNAgAIOTh 3 KOHIEHTPAILIAMH IMX €IEMEHTIB y PyIHUX
MOKJIa/1ax.

3a mepiog crocrepekeHb 3 1983 poky, KoM IiCHyBaJia HaiOuIbIIa 3a0pYAHEHICTh
MiA3€MHUX BOJ KOMIIOHEHTAaMHU TEXHOJOTIYHOTO po3umHy, 1 10 2006 poky BigOyBamucs Taki
npouecy, 3adikcoBaHI 3aBASKH MOPIBHAHHIO KapT BMICTY OCHOBHHUX KOMIIOHEHTIB 3aJUIIKOBHX
PO3YHHIB 3 KApTaMU OPEOJIIB [IUX K€ KOMIIOHEHTIB Ui POJIOBUINA B IILIOMY:

1. 3MeHmuBCS BMICT Cynb(]ar-ioHy B 3aJHMIIKOBUX PO3YMHAX HA TEPUTOPIi 3a0pyAHEHHS,
3HHK «SI3UK» 3a0pyAHEHHs, sIKuii HamiuaBcsi B [liBA€HHY Jempecito, ane MPOCYHYIHCS «SI3HUKH» B
3axinHOMY HanpsMky Ha 700-800 m.

2. 3MeHIMBCS 3araabHUi BMICT cosieid B 3P y minomy, ane mpoJoBXKye MPOCYBATUCH Ha
3axijI.

3. KoHTypu miomii po3uuHIB bI3 BOJHEBUM IMoKazHUKoM (pH) menmie 7,0 mpakTH4HO

30epernucs. Posmmpunocs none 3 pH <3 Ha miBIeHHOMY 3axo/[li, ajie 3HUKJIO nosie 3 pH <2, mo
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yKa3ye Ha 3MEHIICHHS IHTEHCUBHOCTI MPOLIECY KUCIOTHOTO BUIYTOBYBAaHHS B IIEHTPAJIbHINA YaCTHHI
pOJIOBHIIIA.

4. BMmicT ypaHy B 3aJUIIKOBUX po3unHax y 2005 poii MOMITHO MEHIIWH, HDK paHilIe.
3HUKIIO MO 3 BMICTOM ypaHy >20 Mr/aM® B IIEHTpi POJOBHMINA, 3aMMIIUBCA opeot >10 mr/mme,
OuunctuBcst paiion B lliBmeHHii nenpecii, MPUOUHWIOCH 3a0pyAHEHHS ypPaHOM B IIBICHHO-
3axiHOMY HaIpsIMKy, ajieé TpPHUBa€ TMOAajbIe MpocyBaHHs 3P B 3axiZHOMY HampsMKy, SKUH
MIOCTYIIOBO CTA€ TOJIOBHUM.

TakuMm 4MHOM, MPOBEAECHUN MOHITOPUHT JI03BOJIMB 3pOOUTH TaKi BUCHOBKH:

— B OyuyanpbKOMY TOPH30HTI TPUBAJIM NPOLECH BWIYTOBYBAaHHS 1 MHepepoO3NOALTy
3aJIMIIKOBUX PO3UMHIB;

— BIAOYBaJIOCH ClIa0Ke PO3PUIKEHHS 3aJIMIIKOBUX PO3YMHIB MPUPOJHUMH MIJ3EMHUMU
BOJAMHU TIO TIEPUMETPY KOHTYPY OpEOITy;

— BigOyBanach MikpoOiosioriuna pAeHiTpudikauis 3P, BuBeAeHHS 3 HUX pafilo Ta
PajlOreHHOr0 CBUHIIO, TOAl SIK BMICT TOPI0 MIJBUIIYBAaBCS, a BMICT IIOJIOHIIO 3aJIUIIABCS
HE3MIHHUM; IMiJBUIICHHS BMICTy TOpiF0 CBiquuTh Tpo 3HWKeHHs pH Tta minsumenas Eh
3QJIUIIKOBUX PO3YHMHIB.

[Tpuumny TOTO, 110 HABITH Yepe3 6-7 pokiB micas 1983 p. mporec BUIYroByBaHHS HE TUTBKH
HE MPUIMHUABCS, a HABIIAKH, MIJICUINBCS, P/ TOCTIIHUKIB OaYUTh B HACTYITHOMY [3-5]:

1) 3amumkoBi po3unmHU 13 HU3bKUM pH mommpuinuch Ha HOBI Twiomli (MIBHIYHUN CXiJ
TUISTHKH), Jie TOYajIi BUIYTOBYBAaTUCh HU3bKI (HEKOHIUIIIHHI) KOHIEHTpalil ypany (menmie 0,01%).

2) BinOyBcs nepeposnoain 3P Ha Bciil mIIommi MOKIaAy, KOJW MPUITMHUAIIOCH BIIKAYyBaHHS
poOoyoro po3unHy. Takum YHMHOM, MOYAIM BHIYI'OBYBATUCH 3aJMUILKOBI KOHIEHTpalli ypaHy B
Mexkax CximHoro-1 mokmany.

3) Ha JleBnamiBchkoMy pojoBuili Onu3bko 89% 3amaciB i3 BMicToMm ypany >0,01%
JoKaJi30BaHo B mickax. Llelt ypan 6yB 00’ekTom BuityroByBaHHs 10 1984 poky. Aise ~ 20% 3anacis
JIOKaJIi30BaHO y MEHUI NPOHMKHHUX NOPOJAax — TJIMHUCTHX ITIICKOBHMKAaX, Kl B yMOBax Maibke
CTaTMUYHOTO cepefoBuINa (Mmicias NPUIUHEHHS BiKauyBaHHA pOOOYMX PO3YMHIB) IMOYAIH
BUJIYTOBYBaTUCS JU(Y31IHHUM HUIAXOM. Y 1LbOMY BHUIAJIKy B PO3YMH HAAXOIATh OLUIbII
KOHIIEHTPOBaHI PO3YMHM, JWHAMIYHI 3amacy SKHX Jy)Xe Maji, ToOTO BOHU HE MPUAATHI IS
BUJI00YBaHHs, ajie 3a0pyIHIOIOTh BOJIOHOCHUN TOPU30HT.

IIpoBeneHI MOHITOPUHIOBI JOCHIIPKEHHS Ha TepuTopii JleBnajiBCbKOrO pOJOBHUIIA
MOKa3aJi HEOOXITHICTh PO3LIMPEHHS CIOCTEpPEeKeHb, OCOOIMBO B 3aXiJHOMY HANpsIMKy — [0
Oaceiiny p. Cakcaranb, KyIud TNepeMillylOTbCcs opeosin 3a0pydaHeHHs. Takoxk, Ha JIyMKY

JOCTITHUKIB, HEoOXiJHa NEeBHA ONTHUMI3allil MEpeKi MOHITOPHHIOBHUX CBEP/UIOBUH 1 PEXHUMY
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onpoOyBaHHS MIA3EMHHUX BOJ IS YCIX YOTHUPHOX TOPU30HTIB IPYHTOBHX BOJ [2, 3].

BucHoBku

Hesmanisceke pomoBumie Brepmie B CPCP Oymo MOBHICTIO BiamparboBaHe CIiocoOom
MiZI3eMHOTO BHIIYrOBYBaHHs. [Ipy 1ibOMy BHIOOYTHI ypaH NMEPEBHUIUB KUIBKICTh MiAPaXOBAaHUX Ta
3arBep/pkeHnx TK3 3amaciB. lleit ¢akT miaTBepauB pPEHTAOCIBHICT 3aCTOCYBAaHHS METOMY
MI3€MHOTO BUJIYTOBYBAHHSI YPaHY.

Byno pnoBemeHo Ha TPAKTHIN, IO METOJ IMiJ3EMHOTO CBEPUIOBUHHOTO BHJIYTOBYBAHHS
XapaKTepPU3YEThCSI MEHIIIUM CTYIIEHEM 3a0pyIHEHHS] HABKOJHUIIHHROTO CEPEIOBHINA B MOPIBHAHHI 31
3BUYAHUMHU METOJaMH po3poOku. PexynbTuBaIis 3emill HNpU LbOMY MIHIMalbHA, OCKUIBKH
BUTATAHHS 00CaJHUX TPYO 1 IEMEHTYBaHHs CTOBOYpa CBEPUIOBUH MPOBOJUTHLCS 0 PIBHS TNIMOMHU
OpaHKH, a TAKOK HEMa€ CKUJIAHHS TBEPJUX 1 PIAKHUX BIIXOJIB, ra3iB, aeépo30iB B MoBiTps. Hemae
HEOOXIMHOCTI y OyIIBHUITBI Ta eKCIUTyaTalli XBOCTOCXOBWIN. MoskinBe 30epekeHHS Yy
HEMOpYyILIEHOMY CTaHl J€HHOI MOBEpXHI: MICIs BIANpalLIOBaHHS poJoBuUIa abo oKpeMoi ioro
YaCTUHHU 3€MEJIbHI YTiJAs MOXYTh OyTH BUKOPHCTaH1 y CUIBCBKOMY T'OCIIOJApCTBI 0€3 OY/b-SIKHX
00OMeXKeHb.

Ane BinOyBaeTbcs 3a0pyIHEHHS TIA3€MHHX BOJ, SKE MOXE CYNPOBOKYBATHUCH
3a0pyIHEHHSIM PIYOK BHACIIAOK MPOCYBAaHHS OPEOJIB 3a0pyJaHEHHS B 00JacTi pO3BaHTAKEHHS
MI3eMHUX BOJ B PIYKOBUX josivHax. [IpW 1bOMy y BOJIOHOCHMX TOPH30HTax BigOyBarOTHCS
aKTUBHI XIMIYHI IMPOIECH SIK TEXHOTEHHOTO, TaK 1 T€0JIOTIYHOT0 XapakTepy. ToMy HmepiuodeproBuM
3aBJaHHAM 3a0€3IMeUeHHs paialiiiHO-eKOJOTTYHOI O€3MeKH BOJHUX PECypCiB parloHIB BHIOOYTKY
ypaHy METOJIOM MiI3eMHOT0 CBEpPUIOBUHHOTO BUJIYIOBYBAaHHS € pO3poOKa HAyKOBHX OCHOB
BJIOCKOHAJICHHS ICHYIOUMX METO/IB O€3IeKH, a came:

1. BUKOpUCTAaHHSI MEHII IIKI/UIMBUX PEYOBUH JIJIsl BUIYTOBYBaHHS ypaHYy;

2. 3aCTOCYBaHHS F€OXIMIYHUX Oap’€piB Ui OUMILEHHS 3aJUIIKOBUX PO3YUHIB;

3. MOCTIMHUN KOHTPOJIb 32 SIKICTIO MII36MHHUX BOJ B pailoHax BUAOOYTKY ypaHy.

Ha cporogni HaiiOUIbI MiATOTOBIEHMM 10 ekciutyaTaiii € CadoHiBCcbke pPOJOBHUILE Y
KazankiBcekoMy paiioni MukonaiBcbkoi o0nacTi, 7€ MpOBEAEHO JAeTalbHI PO3BiIyBalbHI POOOTH,
HaTYpHI JOCHI/DKEHHS Ha TMOJIIrOHaX 1 IIATOTOBIGHO NPOeKT NpommaiimaHumky. Ha 6asi
CadoHIBCHKOTO pOJIOBHIIA TUIAHYEThCS anpodarlisi METOAy KHCHEBO-COIOBOTO 30aradeHHsi ypaHOBOI
CHPOBUHH, SIK MEHIII MIKJTMBOTO (32 MPOrpaMor0 PO3BUTKY MIHEPaTbHO-CUPOBUHHOI 0a3u YKpaiHu N0

2030 poky).
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INOA3EMHOE BBILIEJAYMBAHUE YPAHA - IIPEUMYIIECTBA W PHCKH I
OKPY/XKAIOIIEU CPE/IbI

Cymyk E.I'., BepxoBues B.I'.

Cyumyk E.I'., kaHz. reos.-MuH. H., BeA. H. ¢. 'Y «MHCTUTYT reoxumun okpyxatomieil cpenst HAH Ykpanusry, mamas@i.ua.
BepxoBues B.I'., 10KT. reom. H., 3aB. otaena ['Y «MuctuTyT reoxumun okpyxatomieii cpenst HAH Yipauns, Verkhovtsev@ukr.net

Tloosemnoe creadicunnoe @vlujenauusane npumeHsemcs O 000blYU Ypana u3 0cadoyHvix nopoo. Taxou
€nocob 0odvINU UMeem 8ecoMble NPeUMyWecmea nNo CPASHEHUIo CO 6cemu OpyeuMu, Kaxk 61a200apsa meHvulell
cmoumocmu pabom, max u 6 CeA3U ¢ MEHbUIUM 3aePASHEHUEM OKpydcarowell cpedvl. Pexynomusayus 3emens
npu 3MoM cnocobe MUHUMATbHA, NOCKOTbKY U36leueHue 00CAOHbIX mpyd u yeMeHmayus Cmeoaa CKEANCUH
npo8ooumcs 00 YpoeHs 21yOuHbl OYpeHus, a makdxice He Npoucxooum copoca meepovix u HCUOKUX OMX0008,
2a308, asposonei 6 8030yx. Hem neobxodumocmu 6 cmpoumenvbcmee u dKCHIYAMAYUU X60CHOXPAHUTULY.
Bosmooscno  coxpanenue 6 HeHapyuieHHOM ~COCMOSHUU OHEGHOU NOBEPXHOCMU: NOCLe OMpaboOmKu
MeCmOpONCOeHUA UTU OMOETbHOU €20 4acmu 3eMenbHble Y200bsi MO2ym Oblmb UCHOIb308AHbl 8 CETbCKOM
xo3siicmee 6Oe3 Kaxkux-1ubo ocpanuuenuti. OOHAKO NPOUCXOOUM 3acps3HeHUe NOO3eMHbIX 600, KOMOpoe
MOJHCEM CONPOBOHCOAMBCA 3ASPAIHEHUEM PEK KAK C1e0CMaEUe NPOOBUNCEHUs OPe0NIO8 3asPa3HeHUs 6 00aacmi
pasepysku NOO3eMHbIX 800 6 peuHblx O0IuUHAX. B 6000HOCHbIX copusoHmax npoucxodam axmueHvle
XumuyecKue npoyeccvl Kax MeXHOLeHHO20, MAK U 2eonocuyecko2o xapaxmepa. Ilepeoouepeonoii 3adauetl
obecneuenus paoUAYUOHHO-IKOLOUYECKOU Oe30NacCHOCHU BOOHBIX pPecypco8 patioHo8 000bluu YpaHd
MEMoOOM — NOO3EMHO20 — CKBAJCUHHO2O — BbIYENAUUSAHUS  AGTACMCA  paspabomKa — HAYYHLIX — OCHO8
VCOBEPUIEHCTNBOBAHUS CYWeCMBYIOWUX MEMO008 6E30NACHOCTI.

Kntouesvie cnoea: ypan, Yxpaunckuil wum, noodseMHoe 6blyeIauueanue, OCAOOYHbI YeXOs, IK302eHHble
MeCcmopodtcOeHUs, OXPAHA OKpyicaroujeli cpeovl.

© Cymyk K.I'., Bepxosues B.I'. III/I3EMHE BUJIYTOBYBAHHA YPAHVY: IIEPEBATY TA PU3UKU JJIA JOBKIJIJIA

55


mailto:Verkhovtsev@ukr.net

306ipHUK HAYKOBUX Ipalb [HCTHTYTY reoximii HaBKOJIMIIHBOro cepenosuina 2018 Bumyck 28

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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PU3UKN BUHUKHEHHS TEXHOI'EHHO-EKOJIOI'TYHUX KATACTPO® HA
TEILUIOEJIEKTPOCTAHIIAX JOHEIBKOI TA JIYTAHCBKOI OBJIACTEH

Byraak O.B., Yiunubkuii O.A.

Byrmak O.B., M .H. c., [lepxaBHa eKoJOriuHa  akaJgeMis  MICIASAMIUIOMHOI  OCBiTM  Ta  ympasiiHHs, Kuis,
aleksandra.verkhovtseva@gmail.com.

Yaunbkuii O.A. JOKT. T€0l. H., JOLEHT, AMPEKTOpP HAyKOBO-HABYAILHOrO IHCTHTYTYy EKOJOMIUHOI Oe3leku Ta ynpaBiiHHs JlepxaBHOI
€KOJIOri9HOT akaieMii mcisquIuIoMHol ocBiTH Ta yrpasiinss, olegulytsky@gmail.com.

Y cmammi, wo npononyemwvcs, pozenanymo mennoerekmpocmanyii [{oneyvkoi ma
Jlyeancoroi obnacmeii Yxpainu ax oOHi i3 00'ekmig KpumuuHoi IHpacmpykmypu i
nioguweHoi Hebes3neKu, BUHAYEHO HASABHI eKOJIO2IUHI 3a2po3u (CKUO MeXHON02IUHOI 800U
Oe3 nonepeoHbo20 OUUUeHHS MA BI0CMOIO8AHHS 8 OYUCHUX CNOPYOAX, W0 Npu3eooums 00
NiOMONNeHHs. Npuneeiux mepumopiu i 3a0pyOHeHHs TPYHMI6 WKIOAUBUMU DEeUOBUHAMU,
aKyCmu4Hull, eneKmpoMASHIMHULL ma eleKmpoCmamudHull eniue pobomu cmauyii Ha
OiopizHOMaHIimms 1 HABKONUWHE NPUPOOHEe cepedosulye; 3A0PYOHEeHHI aAmMOCHepHO2O
nogimps 6 npoyeci 2OpiHHA pI3HUX U068 NAIUBA, DPYUHYBAHHS MENI0eNeKMPOCMAHYIL
BHACNIOOK MONCIUBUX 0OCMPINi8) ma HAOAHO peKoMeHOayii wooo MIHIMI3ayii puzuKie
BUHUKHEHHSI MEXHO2EHHO-eKON02IYHUX Kamacmpod (po3podxa niawnie noxanizayii i
JiKei0ayii Hacniokie aeapitl, 0e 80HU BIOCYMHI, 3AX00U WOOO NONEPEONCEHHS BUHUKHEHHS
8UOYXOHEOe3NeUHUX CUMYayill ma NoiCexdC HA Mmepumopii CMmaHyill, CMeopeHHs €OUHOI
cucmemu 8000NOCMAYAHHA-B0008I08E0EHHs, NPU AKIl CKUOHI (000pOMHI 600U) 0OHO2O
MuUny Mosicymes 0ymu 8 noOanbULOMY GUKOPUCMAHI O IHUWUX NOmped CMaHyii — CMEopeHHs
cucmemu «peyukIoO8anHsy, 3axo0U Wooo OYUCMKU MA 3HE3APANCEHHS MEXHIUHOT 800U, AKA
BUKOPUCMOBYBANACL 8 MEXHONO2IYHOMY Npoyeci neped CKUOOM, OYIHKA ma aHaui3
MEXHIYH020 CMAHY OYUCHUX CHOPYO (8IOCMIUHUKIB) 3 NOOAILUON MOOEPHI3aAYIErD;
8CMAHOBIEHHA 000AMKOB020 VIO0BIIOIY020 OONAOHAHHA 3 MEmOoK 3MEeHUIeHHs BUKUOIE &
ammocgepre nogimpsi, NOCMIHUL eKOJOCIYHUL MOHIMOPUHE CIMAHY NAPAMEMPI8 Q08K
— 3a0pyOHeHHs IPYHMIB, NOBEPXHEBUX MA NIO3EMHUX 800, AMMOCHEPHO20 NOBIMPs, MOW0).
V 36'a3xy i3 posmawyeannam Jlyeancoxoi ma Byenecipcoxoi TEC 6 6e3nocepeowniii
OuU3bKOCMi 00 Micyb Npo8edeHHs aKmMugHux 00utosux Oill, HeOOXIOHO CmEopumu «30HU
Oe3nexku» HABKONO YUx mMenioeieKmpoCcmanyit padiycom 5 KM 3 Memor NnonepeoiCeHHs ix
PYVUHYBAHHS 8HACTIOOK MONCIUBUX 0OOCMPINIB.

Knrwouoei cnosea: o6'ckm xpumuurnoi inppacmpykmypu ma niosuujenoi Hebesnexku, pusuxu

BUHUKHEHHS MeXHO2EHHO-eKONI02IYHUX Kamacmpog, mennoeirekmpocmanyis, [Joneyvka ma

Jlyeancoka oonacmi Ykpainu.

Beryn

CyuacHi eKoJOriyHi mpoOieMH NOOBKULISA PErioHy AOCHIIPKEHb CTOCYIOTHCS MOPYIIEHHS
€KOCHCTEM Ta IMPUPOJHMX TEPUTOPIH, pPYyHHYBAaHHS NPOMMCIOBUX EKOJOTTYHO HeOe3NeYHuX
00’eKTiB, 3a0pyJHEHHS JDKepesl NHUTHOI BOJH, 3€Mellb, aTMOC(EpPHOro MOBITPS, MOPYLICHHS
re0JIOTTYHOTO CepeIoBUILA.
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OcHoBHa 4YacTMHa BHPOOHUWIITBA HA CXOAl YKpaiHM MpHUMaga€e Ha BYTJICBHI0OYBHY,
KOKCOXIMIUHY Ta XIMIYHY NPOMHCIOBICTb, METATYPril0 Ta IHIII EKOJIOTIYHO HeOe3meuHi ramysi
MIPOMHCIIOBOCTI.

BinmoBigHo, 10 HAWOUTBII  E€KOJIOTIYHO HEOE3NMeYHUX BHPOOHHITB  BiTHOCSTHCS
KOKCOXIMIYHI Ta METaIypriiiHi 3aBOAM, €JEKTPOCTAHIN{, WiANPUEMCTBA XIMIYHOI Tramysi.
Exosoriuny He0e3MeKy CTaHOBJATh TaKOXX pPO3TAlIOBAaHI HA TEPUTOPIAX MiANPHEMCTB
XBOCTOCXOBHIIA, 30JI0- Ta NUIAMOHAKOIMYYBadi, BIACTIHHUKK PIAKHUX MPOMHCIOBUX BIIXOIIB,
Mics 30epiraHHsl IPOMUCIIOBUX BIIXO/IIB: IIIJJAKOB1 BiIBaJIM Ta TEPUKOHH, CKJIAJM CHPOBUHHM TOILIO.

Tennoenexrpocraniii Jlonenpkoi Ta JIyrancekoi o0nacteit Ykpainu € oqHUMU 13 00’ €KTIB
KPUTUYHOI IHPPACTPYKTYPH Ta MIBULIIEHOT HeGe3neku. BoHM po3TaiioBaHi sk Ha KOHTPOJIbOBAHIH,
TakK i Ha THMYacoBO OKYMOBaHii Tepuropii [1].

Cnin 3a3Ha4yuTH, 10 HA KOHTPOJIOBAHIM TEPUTOPIi IIEHTpaIbHI OPraHU BUKOHABYOI BIIAIH
Ta OpPraHy MICIIEBOTO CaMOBPSIyBaHHS, 10 cepH YIpaBIIHHS SKUX Halle)KaTh 00 €KTU KPUTUYHOT
1HGpacTpyKTypH Ta 00’ €KTH MiABUILIEHOT HEOE3MEKH, MalOTh MOXKJIUBICTD 31MCHIOBATH MOHITOPHHT
CTaHy HeOe3NneyHUX 00’€KTIB, KOHTPOJIOBATH PO3BUTOK MOJIi, MOB’SI3aHUX 13 (YHKIIIOHYBaHHSIM
00’ekTy, 110, B CBOIO uepry, Aa€ 3MOTy B)KMBAaTH 3aXOJIB IIOJO IONEPEPKEHHS BUHMKHEHHS
aBapiiHO-HEOE3MEUYHUX CUTYaIlli, a Y pa3l BUHUKHEHHS TaAKUX CUTYaIlli OTIEPaTUBHO JIOKATI3yBaTH
Ta JIKBIAyBaTH iX.

IIpu 11boMy, Ha CbOTOJHI LIEHTPAIbHUM OpraHaM BUKOHABYOI BJIQJX Ta OPraHaM MICLIEBOTO
CaMOBpSlyBaHHS HE BIJOMUH CTaH OO €KTIB, L0 PO3TAIIOBaHI HAa THMYacOBO OKYIOBAaHHUX
tepuropisix JJoHenpkoi Ta Jlyrancbkoi obsnactel, y 3B°s3Ky 13 UMM, CUTYallisd 00 iX MOJAIbLIOTO
0e3reyHoro (PYHKIIOHYBAaHHS HE € MPOTHO30BAHOIO.

Oco0iuBy yBary moTpioHO 3BEpHYTH Ha 00’€KTH KPUTHYHOI IHPPACTPYKTYPH Ta 00 €KTH
MIIBUIIEHOT HEOE3MeKH, 10 PO3TAIIOBaHI Ha JIiHIT 3ITKHEHHS ab0 B Oe3mocepenniil OJM3bKOCTI 10
Hel. Yepes npoBeeHHs 00MOBUX M 3arpo3a MOLIKOMKEHHS TaKMX O0’€KTIB € JIOCUTh BEIIMKOIO.
BpaxoByroun po3tamryBaHHs 00’€KTiB, y pa3i BUHUKHEHHs aBapiil JOKami3aiis Ta JIKBiIaIis
HACNIIKIB aBapiiiHOI cuTyallii Moxke OyTH yCKIIaJHEHa 4Yepe3 HEMOXJIHMBICTh OTPUMAHHS JOCTYIY
JI0 MICIIb MTOIIKOIKEHB [2].

OcCHOBHI pe3yJIbTaTH J0CIIKEHHS

Ha rtepuropii /lonenpkoi ta Jlyrancekoi o6macTi (GyHKLUIOHYIOTh 7 TEIUIOENEKTPOCTaHIIIN
(TEC), siki 31IHCHIOIOTH BHPOOHMILITBO €JIEKTPUYHOI €Heprii IIJISXOM IEepeTBOPEHHs TEeMJIoBO1
eHeprii Ha enekTpuuHy. Ilin yac TEXHOJOrIYHOro Mpollecy BUPOOHMIITBA €NEKTPUYHOI €Heprii B

KoTJIoarperarax BiAOyBaeThCsl CHAIOBAHHS BYrUUIs, Ta3y YM MasyTy, IO, B CBOIO Yepry,
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NPU3BOIUTH 0 BEIUMKUAX OOCATIB BHUKHIIB MPOJIYKTIB 3rOpaHHS Ta IMIKIITMBUX pPEYOBHH B
aTMocdepy.

Bin ¢ynkmionyBanns KypaxiBcbkoi, MuponiBebkoi, Byrieripcbkoi, Crno’sHCBKOI Ta
Jlyrancpkoi TEIUIOENEKTPOCTAHIINA 3aleKUTh HAAIHHE EJNeKTPOTOCTaYaHHs HAceleHHS Ta
MPOMUCIIOBUX MIANPHEMCTB TiPHUYOBUIOOYBHOI, METaIypriiiHOI, XIMi4HOI, TepepoOHOi ramy3eit
BUpOoOHMIITBA HA TepuTOpii JoHenbKoi Ta JIyrancekoi oOnacTen.

[Ipu upomy, cmin 3a3HauuTH, mo Jlyranceka TEC Ha ChOTOAHI € €JUHUM JDKEPEIOM
€JIEKTPOTIOCTAYaHHS BCIX KaTeropii CIOKMUBaviB MIBHIYHOT YacTUHU JIyraHchKoi 0051acT1 y 3B SI3KY
13 TUM, 10 eHepretuyHa cucreMa Jlyrancbkoi oOnacTi He cuHXpoHi3oBaHa 13 OO0’eIHaHOIO

eHepreruuHoro cuctemoro Ykpainu (OEC YkpaiHnu) Ta mpairoe B pexxumi «eHeprooctpoy» [3].

Kypaxisebka TEC TOB «Cxinenepro»

Kypaxisceka TEC — TemioBa  eneKTpOCTaHILIS.
po3ramoBaHa no6auszy M. Kypaxose Map’iHcbKkoro paiiony
JloHenpKkoi 00macTi.

[Ticns BuUBeneHHS 3 poOOTH 3acTapuioro oOJIaTHAHHS
MepIIoi Yepru MOTYKHICTh €IEKTPOCTaHIIl cTaHOBUTH 1 460
MBT.

Kinbkicte eneprobnokiB Ha enekrpoctaniii: 1x200

MBrT; 6x210 MBT.

3 2007 poxy xopmopauis JTEK mnpoBoauts
PEKOHCTPYKITII0 ICHYFOUMX EHEpProOJIOKIB 13 METO 30UIBIIEHHS IOTY)KHOCTI Ta ITiIBHIICHHS
HaJiiHOCTI yctarkyBaHHs. MonepHrizaniiss TEC 3a0e3neunia 30UIbIISHHS MTOTYKHOCTI €HEPTOOIOKY
No 7 3 210 no 222 MBT, po3mupeHHs nianazony maHeBpyBaHHs 3 80 mo 120 MBT, minBuimeHHs

€KOHOMIYHOCTI poOOoTH eHeproOnoky Ha 12 %, ICTOTHO MOJINIIMIA EKOJOTIYHI IMOKa3HHUKH.

OcHOBHMII BUJI TAJIMBA — BYT'ULIs Mapku [

el SO ¢ MupoHiBcbKa TEC AT «ATEK

Jloneubko0J1€Hepro»

Muponiscbka TEC — TemnioBa enekTpocTaHIis y
JloHenbKii 00J1acTi. Pozramosana noommM3y
HACEJIeHOro MyHKTY MupoHiBcbke baxmyTcbkoro
paifony JloHeupkoi o6macti. OCHOBHMM  BHUIOM

TISUTBHOCTI € BHUPOOHMIITBO €NEKTPUYHOT EHEprii.
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Beenena B ekcruryaramito B 1953 pomi, motyxnicte — 100 MBt. Ha croromni Ha craHmii B
eKCIuTyaTallii 3HaxoaaTbes nBi TypOinu: 1x100 MBt; 1x60 MBT (nepeGyBae Ha KoHcepBailii). Y
2004 porri micist peKOHCTPYKIIIT B eKCIuTyartailiro 0ymu BBeaeH1 koten Ne 9 Ta typOoreneparop Ne 5,

eJIEKTPUYHOIO MOTYXkHicTIO 115 MBT. OcHOBHMII BU/I TanuBa — Byriuis Mapku A.

Byruaeripeska TEC «(IIAT «llenTpHepro»

Byrneripckka TEC — TemioBa eleKTpOCTaHIIIS,
po3ramoBana B M. CBitiomapchk JloHENBKOi obmacTi, €
MEPILIKM 3a BEIMYMHOIO EHEProreHEPYIOYUM 00’ EKTOM Ha
teputopii JloHenbkoi o01acTi. BcTaHOBIIEHA TOTYKHICTH
— 3600 MBrTt. Kinpkicts eneproosokis — 7: 4x300 MBrT;
3x800 MBTt. [dns enepro6mokiB noryxHicTio 300 MBT

BUKOPHUCTOBYeThCS  Byruuist wmapku [ (ICHI) 3

kanopiHicTIO 5000 Kkan/kr, qmus  eHeproOJIoKiB
noTyxkHicTio 800 MBT — ras. 3apa3 eneprotioku 800 MBT depe3 nedinut razoMa3yTHOTO MaJMBa
3HaXOJATHCA B CTaHI JOBTOTPHBAIOIO pE3EpBYy 3 €JIEeMEHTaMH KoHcepBaiii. KoHceparitis
MOBEPXOHb HArpiBaHHS KOTJIB TPOBOJUTHCS TEIUIMM MOBiTpsAM. CucremMa TEXHIYHOTO
BOJIOTIOCTaYaHHS — 00OpOTHA Ha 0a3l BOJOCXOBHINA, IO CTBOpPeHE B JoJyiuHI p. JIyranb. CtaBok-
0XOJIO/DKYBau Mae€ IUIONLY A3epKayia Boau 15 kM2 Ta MakcuMajabHy riuouny 27 M. OCHOBHHIA BH]I

najauBa — Byriuist Mapku [

Caor’sincbka TEC TIAT «/lonbacenepro»

CnoB’ssuecbka  TEC  3HaxomuThess Ha  TepUTOPIT
CrnoB’siHCBKOTO paiioHy JloHenbKkoi 00acTi Ha MpaBOMY
6epesi p. CiBepcrkuii Jlonens y 15 km Bin M. CnoB’siHCbK
ta 1,5 kM Bix c. MukonaiBka. Beenena B ekcruryaraiiito y
1951-1971  pokax.  KinbkicTb  eHepro0GJoKiB  Ha
enekrpoctanmii: 2x80 MBT; 1x720 MBT. Bcranosnena
enekTpuyHa moTyxHicTb — 880 MBt (2100 MBT -
npoekTHa). BcraHoBieHa TeruoBa NOTYXHICTE — 269

I'kan/ron. OcCHOBHMIA BUJ ManuBa — BYTULIA Mapku A

(ALl ta T. V nunui 2014 poky Oyna BifkiIoueHa depe3
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CHJIbHI pyHHYBaHHs y pe3ynbTari 0oiioBuX il Ha cxoxi Ykpainu. Ilicias mpoBeneHHs aBapiiiHO-

BITHOBITIOBAIBHUX poOiT 16 sx0BTHs 2014 poKy BinOyBCs MyCK HEOJIOUHOT YACTUHU CTAHIII.

Binoxpemienmii ninposain «ATEK Jlyranceka TEC» TOB «JITEK Cxinenepro»
JIyranckka TEC — TermuoBa eneKTpOCTaHIL,
po3ramoBana y M. Illacts mo6imsy Jlyranceka. CraHIris
Ma€e y CBOEMY aKTHBI IIICTh JIFOYMX Ta JIBa
3aKOHCEPBOBaHI €HEproOJOKH, IO BHUYEPHAIH CBOi
MpoeKkTHI pecypcu. BBenmena B excruryaramito y 1952-
1969 pp. KinbkicTh eHeproOJOKiB Ha eIEeKTPOCTAaHIIII:
5x200 MBrT; 2x175 MBT; 1x100 MBT. Bcranosiiena

eJeKTpUYHa MOTYXKHICTh — 1450 MBT. OcHOBHUH BUT

manuBa — Byrumist wmapku A (AIll). 17 BepecHs
2014 poky, gepe3 obctpumn TEC 31 cTOpoHM TpeACTaBHHUKIB HE3aKOHHUX 30pOWHHX (POpMyBaHb,
posmoyvanacs Mo)Kexa, BHACTI0K YOT0 €JIEKTPOCTAHIlisI aBTOMATHYHO BIIKIIFOUMIIACS, IO TTPU3BEIIO
JI0 3HECTPYMJICHHS HAcCeJICHUX IYHKTIB Ha miBHOYI JlyraHcbkoi oGmacti. Uepe3 mMOIIKOMKEHHS
MariCTpaJlbHUX €JIEKTPOMEPEK, BHACIIOK BEJICHHS aKTUBHUX OOMOBHUX i Ha cXoAl YKpaiHu, Ha
chorogHi Jlyrancpka 00JacTh  3HAXOMUTHCS HA  EHEPreTHYHOMY OcCTpoBl. OO0’emaHaTH
«eneprooctpiB» 3 OEC VYkpaiHu MOXJIMBO JHIIE IUISIXOM BIIHOBIICHHS ICHYIOUHX Mepex abo

OyIIBHUIITBOM HOBO1 €JIEKTPOMEPEKI.

CrapobemiBcbka TEC

B AT Crapobemiecbka TEC po3ramoBana mno0iamu3y
| cenuny CrapoOemeBoro 1 HoBoro Caity [loneubkoi
o0nacTi, 3HAXOAWTHCS HA THUMYAcCOBO OKYIOBaHIi
Teputopii. BcraHoBNEeHa eneKTpUYHa MOTYKHICTh —
2010 MBT. KinbkicTb €Hepro0JIOKiB Ha
enekrpoctaniii: 3x100 MBt (Ne 1-3), 1x215 MBT (Ne
4), 1x200 MBt (Ne 6), 8x195 MBt (Ne 5, 7-13).

OcHoBHUl BUJ nanuBa — Byriuig Mapku A (ALLD) ta T.
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3yiBcbka TEC

3yiBceka TEC posramoBana y M. 3yrpec-2
JloHenpkoi 00JIacTi, 3HAXOAUTHCA HA THMYACOBO
OKYIOBaHIi TeputTopii. BBeneHa B ekcruryaramiio y
1982 pomi. BcranoBieHna enekrpuyHa MOTYXHICTh — 1
270 MBT. KinbKicTh eHepro0JIOKiB Ha €NEKTPOCTAHIIIT:
2x325MBT  (Byrimm),  1x320MBt  (Byrimwii),
1x300MBt (Byruutst). OCHOBHHMI BHJ TaldBa —

BYrimIst Mapku [

Exogoriuni 3arpo3u

[Tix vac BUpOOHHIITBA EIEKTPUIHOT €HEPT1] BOJIA, SIKa BUKOPHUCTOBYETHCS B TEXHOJIOTTIHOMY
MpoIIeCi JUTIsl OXOJIOKEHHS 00J1afHAHHSI, HACUIYEThCS 3aJTUIITKaMHU IIKIIJIMBUX PEUOBHH (BOJa Mae
3QJIMIIKY 1AMy, COJIeH, KUCIIOT, JIYTiB, MOTOPHHUX, TpaHC(hOpMaTOpHUX MacTUI Ta MasyTy). Ckun
TexHoJsioriunoi Boau (3BopoTHi Bogu TEC) 0e3 momepeaHbhOro OUHMINEHHS Ta BiICTOIOBAHHS B
OYKMCHHUX CIOPYJax MPHU3BOIANUTH IO 3a0pyIHEHHs IPyHTOBHX Boj [5]. UacTo CKHI 3BOPOTHHX BOJ
TEC BinOyBaeTbcs Ha MPUIIETIIUX 0 EIEKTPOCTAHIIIl TEPUTOPIAX, 0 TPU3BOAUTH JI0 MiATOIICHHS
NPUIETIIUX UITHOK Ta 3a0pyJHEHHs IPYHTIB IIKiUIMBUMH pedoBUHaMu [4-6].

Takox, depe3 0COOJUBOCTI TEXHOJOTIYHOTO MPOIEeCy POOOTH TEIIOCIESKTPOCTAHIIIN, 10
€KOJIOTTYHUX 3arpo3 BIIHOCSATHCS aKyCTHMUHUH (IIIyM), €JIEKTPOMArHITHHM Ta eIeKTPOCTaTHYHUI
BIUIMB pOOOTH CTaHIlii Ha OIOPI3HOMAHITTS Ta HABKOJIMIITHE TIPUPOJTHE CEPEIOBHIIIC.

Tak sik OCHOBHMMH BHJIAMHU TIAJTUBA TSI TEIUIOCIEKTPOCTAHIIIT € BYTiUIsl, Ma3yT, ra3, TO cepesl
OCHOBHHUX €KOJIOI'YHMX 3arpo3 HEOOXIAHO BIAMITUTH 3a0pyaHeHHs aTtMocdepHoro noBiTps. B
IIpolieci FOPIHHSA BKa3aHUX BUJIB NaJIMBa B aTMOc(epHe MOBITPs BiA0yBA€TbCs BUKHL 30711, 3AJIUILIKIB
NaJuBa, 10 HE 3rOpUIM, CIPYAHOTO AHTIAPUAY, OKCUAY a30Ty, BaHaJil0, COJEH HaTpito, Caxi,
MHUILSIKY, JIOKCUHY KaJbllifo, JIOKCHUHY KpeMHito Ta iHmux. Ciig 3a3Haunty, mo Byraeripceka TEC
BXOUTh 710 10 HalOLIBIIMX MiAPUEMCTB-3a0pyAHIOBaYiB aTMOCepHOTo MOBITpst YKpainu [ 7].

Y pa3i mpunuHeHHsS poOOTH TEMIOENEeKTPOCTaHII MOXIHUBI Tepedoi 13 cTabuIbHUM
€JIEKTPOINIOCTAYaHHSAM  HACEJIEHUX IYHKTIB, COIL[aJbHO-BOXKIUBUX OO €KTIB, IPOMHUCIOBHX
HIAMPUEMCTB, IO MOXXE CTBOPUTU TEPEIyMOBH [0 BUHMKHEHHS TEXHOICHHUX aBapidl Ha

€KOJIOTIYHO HEeOe3MEeYHHX MiANPUEMCTBAX XIMIYHOI, METalypriiHoi, eHepreTU4yHoi rauysei, sKi
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gyepe3 0COoOIMBOCTI TEXHOJOTIYHOTO MPOLECY HE MAIOTh 3MOTH PAINTOBO 3yNUHUTH BUPOOHUITBO 1
MIPOBECTH KOHCEPBAIlI0 MOTEHLIHHO HeOe3neyHuX 00’ €KTIB BIAMOBIAHO O BUMOT Ta MOPSAAKY

YMHHUX HOPMATHUBHO-IIPABOBUX aKTIB.

Pexomenaauii moao MiHiMizanii eKoJIOriYHNX PU3HKIB

3 Meroro MiHIMI3amii eKOJOTTYHMX HACHiAKIB Ta PU3HMKIB BHHUKHEHHS TEXHOTEHHO-
eKOJIOTIYHUX aBapiil, MOB’SA3aHUX 13 (YHKUIOHYBAHHSIM TEIUIOCICKTPOCTAHII Ha TEpHUTOPIi
Honenpkoi Ta JIyrancekoi o6nacreit. He0OXiIHO:

—  PO3pOOUTH TJIAHU JIOKATi3aIii 1 JIKBIAIli HACTIIKIB aBapii Ha 00’ €KTax MiIBUIIEHOT
HeOe3MeKH, ¢ BOHU BIICYTHI;

—  BXKWTH 3aXO/IIB II0JI0 TIOTIEPE/HKEHHS Ta BUHUKHEHHSI BUOYXOHEOE3MeUHNX CUTYaIlll Ta
MOKEXK Ha TEPUTOPIT CTAHIII;

— CTBOPHUTH €JWHY CHCTEMY BOJOIMOCTAYaHHSI-BOJOBIIBEACHHS, TPH SAKIA CKUAHI
(0OOpOTHI BOAM) OJHOTO TUIY MOXYTh OyTH B MOJAIbIIOMY BUKOPHUCTaH1 JUIsl IHIIUX MOTPeO
CTaHIlii (CTBOPEHHS CUCTEMU «PEIUKITIOBAHHS);

— BXHTH 3aXOJIB MIOJI0O OYUCTKM Ta 3HE3apa)X€HHs TEXHIYHOiI BOJH, SKa
BUKOPHCTOBYBAJIACh B TEXHOJIOTIUHOMY MPOLIEC EPE]] CKUAOM;

— TPOBECTH OIIHKY Ta aHali3 TEXHIYHOTO CTaHy OYMCHHX CHopya (BIICTIHHUKIB) 3
MO JANTBIIIOI0 MOJICPHI3AITIETO;

— BCTAaHOBUTHU JIOJATKOBE YJIOBIIOIOYE OOJaJHAHHSA 3 METOI0 3MEHIIEHHS BHUKHUIIB B
aTMoc(epHe TOBITPS;

— BUKOHYBaTH TIIOCTIHHMM €KOJIOTIYHMA MOHITOPUHT CTaHy MapaMeTpiB JIOBKLLIS
(3a0pyaHEHHS TPYHTIB, MOBEPXHEBUX Ta MIIBEMHUX BOJ, aTMOCHEPHOTO TOBITPS );

— y 3B’a3Ky 13 postamryBaHHsM Jlyrancekoi Tta Byrieripcekoi TEC y Ge3smocepenniit
OJIM3BKOCTI 10 MICIIb MTPOBEJCHHS aKTUBHUX OOMOBHIX Jil, HEOOXITHO CTBOPUTH «30HH OE3IEKI
HABKOJIO TEMJIOCNEKTPOCTaHIlI pajaiycoM S5 KM 3 MeTor mnomnepemkenHs pyhdHyBaHHs TEC

BHACIIIJIOK MOXJIMBUX OOCTPLTIIB.

Bucnosxku

Yepes 30poitHuii KOHQIIKT Ha cXo1i YKpaiHU 3HAYHO MOTIPLIMIIACS CUTYallis 13 Oe3neyHrM
(GYHKIIOHYBAaHHAM 00’€KTIB KPUTHYHOI IHPPACTPYKTYpH Ta 00’ €KTIB MiABHILEHOI HEOE3MeKH, SIKi
po3TamoBaHi B Oe3mocepenHiii OIM3bKOCTI [0 MICIh MPOBEACHHS AaKTUBHHX OOMOBHX i, 1110

CTBOPIOE NMEPCAYMOBU 10 BUHUKHCHHS €KOJIOTIUHMX 1 TEXHOTCHHUX aBapiﬁ.
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3 MeTOI0 HEeNIOMyIIEHHS BHHUKHEHHS EKOJIOTO-TEXHOTEHHHMX aBapii Ta KartacTpod
HEOOXIJJHO 3/IMCHIOBATH TMOCTIHHHIA MOHITOPHMHT 1 aHali3 (PyHKI[IOHYBaHHS 00’ €KTIB KPUTHYHOL
iH(pacTpyKTypHu Ta 00’ €KTIB MiIBUIIICHOT HEOE3MEKH, SKi PO3TAIIOBAHI K HA MIIKOHTPOJIBHIN, TaK 1
Ha TUMYacOBO OKymnoBaHiii Teputopii onenpkoi Ta JIyrancekoi o6macri.

Tako HEOOXiTHO MPOBECTH JACTANbHI AOCTIHKEHHS PHUPOTHUX Ta MITYYHUX MPOIECIB, M0
MalOTh HETAaTWBHUH BIUIMB Ha €KOJIOTIYHY CUTYyallilo B Mexax Jlonenpkoi i Jlyrancpkoi obnacrtei,
0COOJMBO Ha THMYAacOBO OKYIIOBAHUX TEPUTOPIAX, Yepe3 HASIBHICTh B3a€EMOIIOB’SI3aHUX IPOLIECIB
MDK TIOTEHIIIITHO HEeOe3MeUHUMH 00’ €KTaMu, 10 PO3TAlllOBaHI Ha MIIKOHTPOJIBHIM Ta TUMYACOBO
OKYITOBaHIl TEPUTOPIAX.

[lincymoByrouM BUKJIa/J€HE, HEOOX1IHO 3ayBaXUTH, 110 MPOOIEMH aHTPOTIOTEHHOTO BILIUBY
Ta 30poitHOTO KOH(IIKTY Ha cxoll YKpaiHM Ha JOBKULIS BHMAaraloTh TOCHJICHHS YyBaru 0
BUpIILIEHHS MPUPOJIOOXOPOHHUX MpoOJeM Ha BCIX PIBHAX Oprasizamii CycHiIbCTBa, MOIIYKY

HOBITHIX MIAXOIB iX pO3B’I3aHHS.
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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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TEPMOJINHAMIKA BUKHUAIB TOKCUYHUX PEHOBUH ABTOMOBULISIMUA B
MOBITPA MICT TA OUHAIIEHHS HOT'O POCIMHAMHA

beaesues P.4, baaxko B.1., [lepman B.A., Koayaenko O.A.,
Ky3zenko C.B., Tepemenko C.I.

Benepues P.SI. 10oKT. reon.-MuH. H., 3aB. Bianiny, wi.-kop HAH Vkpainu. 1Y «lacrutyr HaBkomiusboro cepenosuiia HAH Yipainn»,
igns_bielievtsev@nas.gov.ua

Baaxxko B.I. 1. c. 1Y «IHctHTyT reoximii HaBkomumHboro cepenosuma HAH Ykpainn»

Jepman B.A. H. c. IV «lHCTHTYT reoximii HaBkonumHboro cepenosuia HAH Yipainm»

Koaynenko O.A H. c. 1Y «IHcrutyt HaBkommmHboro cepenosuia HAH Ykpainu»,

Kysenko C.B. H. c. 1Y «IHcTHTYT reoximil HaBkonmuinHboro cepenosunia HAH Ykpainn»

Tepemenko C.I. kaHI. reoi.-MUH. H., cT..H. €. 1Y «[HcTHTYT reoxiMii HaBkoumHboro cepenosuma HAH Ykpainn»

Posensanyma maka easicnusa exonoco-zeoximiuna npobnema Ak 3a6pyOHenHs nO8Iimps Micm
MOKCUYHUMU 2A308UMU BUKUOAMU ABMOMODIILHO20 MPAHCHOPMY NO KOHKPEMHUM 3aMipam
cknady nogimps Ha npukiadi Akademmicmeuxa m. Kuesa. Ilposedenuti mepmoounamivHuti
aHaniz XiMivHUX peaxkyiu 3a y4acmioo makux moKCUdHux 2asig sx oxcuod eyeneyio (CO) ma
oKCuou azomy, sKi uKuoaroms asmomooini. Lfi moxcuuHi easu nepesancHo 6UOLIAIOMbCS
npu 3MeHuleHi WeUOKOCmi agmomo0inie, Koau y iX 08U2YHAX 3HUMCYIOMbCSA MeMnepamypa
ma 2azosuil MUcK, a momy KilbKiCmb KUCHIO Ol NOGHUX PeaKyill OKUCIEHHSA CIMAHOBUMbCSL
Hedocmamuboto. Toomo npu HU3LKUX WUBUOKOCIAX ABMOMOOINIB 6 IX 08USYHAX UOYMb IHULL
peaxyii 3 YmeopeHHAM OKCUoi@ 8y2neyio ma azomy, AKi € OMPYUHUMU DedOSUHAMU Ol
aroounu. Haiibineuwe 3a0pyoHenHs 8uasieHo Ha A8MOMOODIIbHUX WAAXAX MA HA OIUZLKUX 00
HUX mpomyapax, a ocobnuso Ha nepexpecmsx. L[i mokcuyHi 2asu HAKONUYYIOMbCA HA
aABMOMOOINLHUX WIAXAX, A NOMIM MISPYIOMb 8i0 HUX 8 NOBIMPSA KEAPMAlie MIiCm 8 npoyeci
oughysii. Ha ecix synuyax Kuesa epanuuno oonycmuma xonyenmpayis (I 1K) nepesuwena
no CO ma oxcuoam azomy y 2-3 pasu, a HA 3HAYHUX MA2ICMpAlax - NO GYIUYAM
Bonooumupcokiu, I[lleguenko ma XmenvHuybko2o - ye nepesulyeHHs MOKCUUHUX 24318
0oxo00umv 00 10 pasis. 3pobreHutl maxKoic 8aNCIUBUU BUCHOBOK NPO 3HAYUHY POb 0epes mda
IHWUX pOCTUH Ol OYUUeHHs NoGimpsa Micm 6i0 yux 3abpyoHiouux pevosut. Hasnpomu,
oepesa Ha GYIUYAX MICM POCmMymb Kpawje Hidc y J1ici, 30A80iKU BUKOPUCMAHHS YUX
WKIONUBUX O/ 00ell OKCUoig gyeieyio ma aszomy i Hasimv kpawe uensioaromv. [1Jooo
piwyuux 3axo0ie 0151 00ePIUCYBAHHA  YUCMO20 NOBIMPS HA BVIUYSAX MICM, MO OKPIM iX
MAKCUMATILHO20 O03€lIeHeHHs, Ye - nepexio Ha eleKmpuuHi O08U2YHU 6 asmomMoOilAXx,
AHano2iyHO mponeldycam ma mpameasm. A ye 6dice Noe’s3aHO 3 PO3GUMKOM SOEPHOI
eHepeemuxu. 3 Oinbuwl 3a2anbHUX DinocodCobKUX NO3UYiti OlaneKMUYHO20 AHATIZY MONCHA
MaKooic po3ensa0amu  2eoXiMiuHi npoyecu 6 NOSIMpi Micm Nnpu  2a308UX GUKUOIB
asmomooinAmMu Ak 6opomvOy npomueHcHocmel: 3 00H020 60Ky ye 3a0pyOHeHHs. NOGImps,
Wo wKionuee 01 MOOUHU, d, 3 Opy2o2o OOKY, yeu npoyec Kopuchuil 0ia pocaun. Taxui
olaneKmMuyHUull auaniz npoyecie 3a0OpYOHeHHs NoGimps MICm 00360J€ MAKCUMATLHO
suUCadNCy8amu 8 MiCmax pOCIuHU, O0COOIUBO GeluKi oOepesa, MOMY WO He MIilbKU
asmomooini 3a6pyOHIOIOMb NOBIMPsL MICT, A MAKOJAC | 0Kl NiIONPUEMCmaa.

Knwuoei cnosa: asmomobdini, oxcuou eyeneyro ma azomy y NOGIimpi, mepmoOUHaAMIKa
peaxyiti 3a0pyoneHHss NO8Iimpsl, OUQDY3isi, 8NIUE POCIUH HA OYULYEHHS NOBIMPsL 8 MICMAX.

Beryn
3apa3 JIOACTBO MEpekXHBae 0araTo EKOJOTIYHUX IMpoOJieM, MOB’A3aHUX 13 3POCTaHHIM

KUIBKOCTI HacelleHHS Ha 3eMJli, a TaKoX 3 €KOHOMIYHMM mporpecoM. KilbKicTh HaceleHHS Ha
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IUTAHET1 MPOTATOM OCTaHHBOTO CTOJITTS 30UIBIIMIACH y CiM pa3iB i, BIAMOBIIHO, €KOHOMIKA Ta
0CO0JINBO BUKOPUCTAHHS BYTJICBOJAHEBOTO MallMBa, OUTBINI SK B JecsATh pasiB [1-3]. Lle mpu3BoauTh
70 3HAYHOTO 3a0pyJHEHHS HABKOJHUIIHBOTO CEPEIOBHINA, B TOMY YHCII arMOoc(hepu HaCeleHHX
nyHKTiB. OCOOJNMBO 1€ CTOCYEThCS BEIMKHX MICT, SKI 3HAYHO 3a0pYyIHIOIOTHCS BUKHIAMH
aBTOMOOLUIBHOTO TpaHcmopTy [4-8].

PiBenb 3a0pyaHeHHsi BHMKHMIaMHM aBTOMOOUIIB mOBiTpsi MicT. 3HauHMI BKJIaJI B
3a0pynHEHHs aTMOC(epr HACEeNIEHUX MyHKTIB BHOCUTh aBTOMOOUTBHUN TpaHCIIOPT (aBTOMOOUTIB Yy
cBITI 3apa3 Ouibiie 600 MIiIH.), 0c006aMBO B BenuKkux Mictax (75-90% piBHs 3a0pyaHeHHs). OCHOBHI
TOKCHYHI peuyoBUHU — 11€ okcu Byrieio (CO), skuit BoHU BUAUAIOTH: 10 10% OEH3UHOBI MOTOPH
Ta 0,2% — nu3eni , a Takox okcuau a3oty (0,5% — 6ensunoni 1 0,25% — au3enbHi).

Temnepatypa IBHUTYHIB aBTOTpaHCIOpTY Aocsrae Ha Tpacax 1000-2000°K, ane Ha mammx
MIBUAKOCTSX Ta Ha 3yMUHKAX MPH XOJOCTOMY XOJi 3HAYHO 3HIKYETHCS, IO CYNPOBOJIKYETHCS
MEHIIIUM BUKOPHCTAHHSIM KHCHIO Ta BHIUICHHSIM OKCHJIIB BYTJICIIIO Ta a30TYy.

Tomy npu 3Haunmx temmeparypax 1000-2000°K B mBuryHax 3a yd4acTiO, HAINPHKIAJ,
MeTaHy, Bi10yBaeThcs peakiis (1):

CH4 +202 = CO2 + 2H20 1)

Binbna enepris (AG;) 1iei peakii Bix’emna ta 6im3bka 10 - 800 k/[x/Moutb. ["'a30Buit THCK
B JBUTYHax mpu pobounx temmeparypax 1000-2000°K mopsaxy 100-500 Gap mpu BHKOHaHHI
craiBBignomends AGy = -RT.InP, tTa RT=PV. Tomy npu 3HaYHUX HIBUAKOCTSAX aBTOMOOLUIIB B X
JBUTYHAX MPOXOAUTH peakiis (1).

OpHak, Tpy 3MEHIIIEHH] IIBUIKOCTI aBTOMOOLTIB y iX JBUT'YHAx 3HMKYIOTBCS TeMIlepaTypa
Ta Ta30BUH THUCK, 1 TOMY KIUIBKICTh KHCHIO i peakiii (1) CTaHOBUTBhCSA HEIOCTATHBOIO.
Hamnpuknan, npu temneparypi Huxde 1000°K Tuck 3HMXKYyeThes mo 50 Oap, a mpH XOJIOCTHUX
o0epTax JABUTYHIB IIe¥ MOKa3HUK 3HAYHO MEHILIUH.

ToOTo, 32 UX YMOB HpH HHU3BKHUX IIBHAKOCTAX AaBTOMOOUIIB B iX JIBUTYHAaX 3a y4acTiO
MEeTaHy TNPOXOJUTh IHIIA peakmis (2) 3 yTBOPEHHSM OKCHUIIB BYIJICHIO Ta a3oTy, SKi €
3a0pyIHIOIOYHMH PEYOBHHAMHU B aTMochepi:

CH4 +202 +N2 = CO + N20 + 2H0 (2)

Binpna enepris miei peakiii AGt = -430 /[, 1110 3HaUHO MeHIIE HK 3a peakiieto (1).

Bimomo, mo 30HuM 3 mnepeumieHHAM ['JIK (rpanuuyHo-fomycTMMa KOHLEHTpAlis) 3a
OKCHJIaMHM a30Ty Ta ByrJemt nepeBuinyorb 90 % tepurtopiii micT. ABTOMOOUIL € HalOUIBII
AKTUBHUM CIIO)KMBAu€M KHCHIO TIOBITPS — I1€ B JECATKU pa3iB OUIbIIe, HDK CIIOKHBAE HACETICHHS
MicT. Ha mo>kBaBneHMX aBTOTpacax MICT KOHIEHTpallis KHUCHIO B MOBITP1 3HMKYeThCs 10 15%, a
MpU KOHIIEHTpamii KUCHIO Hmk4e 17% Yy nrojaell BUHUKAIOTh CHMIITOMH HE3IyKaHHs. Tomy
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ToKCHYHUMHU y TIoBiTpi € CO Ta okcuam a3oTy. A ocobmuBo TokcnuHUM € CO, sxuii GpopmyeThes
IIPU HU3BKHUX MIBUIKOCTSAX aBTOMOOLIIB Ta OCOOIUBO MPH XOJIOCTi poOOTI ABUTYHA aBTOMOOLISA Ha
3YMHMHKAX Ta Mepeia MepexpecTsM, SK MpPaBWIIO, MPH OYIKYBaHHI 3€JIEHOTO CBITJIA CBITIO(OPY.
Hanpuxman, Ha Bcix Bymunsx Kuea rpanndyno momyctmma kouueHtpaiis (I'JIK) mepesumrye
gomyctumy mo CO Ta mo okcumam a3oTy B 2-3 pasu, a Ha 3HAYHHX MAariCTpaiasX — BYIHUIIX
Bonoaumupebkiii, XMenpHUIIBKOTO Ta OynbBapi LlleBueHKO — Il NMEpEeBHIICHHS Csrae AecsATKa
pa3iB. B mimomy, I'JIK mo 3a0pyaHeHHIO razamu il MicT YKpalHH JTOPIBHIOE B TIOBITPi: IS
OKCHIiB a30Ty MakcuManbHe 0,6 Mr/m3, a cepemne nmenne — 0,1 mr/m3 a mmsa okcumy Byriero
MakCcHMalbHe — 5 Mr/mM°, a CepelHbE JIEHHE NOpIBHIOE 3 Mr/mM°,  3a JAHUMH reoI3UIHUX
nabopatopiil MiCT.

Hami semonasui 3amipu y nunHi 2018 poky 3a0pynHEHHS NOBITPS aBTOMOOUISIMH Ha
npocnekti [lanmnagina B AkagemmicTedky Micta KueBa mokazanm, 1m0 B 3€JI€HHX 30HAX HaBITh
nobnm3y Jopir 3a0pyaHeHHs UMMM ra3amu 3HadHo Hmwkue ['JIK. Ane Ha camux aBTOTpacax i
0COOJIMBO Ha MEPEXPEeCcTsX, a TAKOXK Ha TPOTyapax, ONMM3BKHUX /10 HUX, BXKE KOHIICHTPAIllS ITUX Ta3iB
€ Bucokoro 1 gocsrae I'JIK (puc.1). Hampuknan, va mepexpecti npocnekrty [lamnanina i OynbBapy
Bepraacekoro B AxkamemmicTeuky Bmict CO mepeBumiye 2,0 Mr/M°, a BMICT OKCHIB a30Ty
nepesumye 1,0 mr/mM®  (puc. 1).  3amipm  BMicTy 1MX Ta3iB B TOBiTpi BHKOHYBAIIHCh
razoanaiizaropom OKCB-5M.

3amipu, sIKi TIOKa3aHO Ha puc. 1, € momepeaHiMu. JIOMITEHUM € JOJATKOB1 TOCITIIKEHHS.
Cepenniii B7Mict CO y 2017 p. y micti KueBi mo okcmay ByTJIeIo A0piBHIOBaB 2,6 Mr/M°, a Io
okcuay azoty - 0,12 Mmr/Me. A MakcuMabHa paszoBa koHuentpanis ais CO - 14,0 mr/me, a st
okcuay azoty - 0,36 mr/m3. CO Ta okcumn a30Ty Oy)Ke IIKIUIMBI IS JIFOAWHU Ta TBApHUH, sKi
JUXal0Th KUCHEM. Aje s pociuH okcuau azoty ta CO moxyrs gatu ByriieBoau (CH20),
HAIpUKJIa, 3a peakiiero (3):

1,5 CO + H20 + N20O = CH20 + 0,5 CO2 +N2 + 0,750 (3)

s peakuis e BIpaBo, OCKUIbKH BilbHA eHepris i Bix’emua: AGr = -15 k/[x/monb. Bona
MIPOXOJIUTH 3 YTBOPEHHAM pociuHHUX ByrieBoaiB (CH20) 1 HaBiTh 3 BUALICHHSIM BUIBHOTO KHUCHIO,
TOOTO 3a0pyIHEHHS MOBITPSI ABTOMOOUISIMU € TOKCHYHUM JJIS JIFOJIeH, alle KOPUCHUM JJISt POCIIHH.
Ta ne 1 1oO6pe BUIHO BJOBX aBTOMOOUIBHHMX JOpIr MO po3BHMHEHUX jAepeBax (puc. 3). ToOro, B

aTMocepi OyBae 1 Tak: 110 MOTaHO IS JIFOJEH, TO 100pe Ui POCIIUH.
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Puc 1. Po3mimienns BuMipiB (1-6) 3a0pynHeHHs! MOBITPs OKCHIAMH BYIJICIIO Ta a30TYy Ha TEpUTOPil AKajeMmicTeuka
(pesynbratu p. 2): Bumip 1 — y aeopi I'THC HAHY (anpeca mpocnekr Akanemika [lamnanina, 32A); Bumipun 2 ta 3 —
no6au3y aBToMOOUIBHOT Tpacu 1o npocn. Axan. [lamnagina, waBnporu incruryry ITMP HAHY, 34; Bumip 4 — Ha
mepexpecti mpocn.. Akan. Ilammagina ta OymsBapy Axaa. Beprancekoro; BuMip 5 — B 10 M Bim OymeBapy Axan.
Bepnancekoro B 0ik [HcTHTyTY 3aranbHoi Ta Heopraniunoi xiMmii HAHY (I3HX), 32-34; Bumip 6 — B 40 M Bix Bumipy 5
B 0ix BHX HAHY mnix nepeamu. Bincrans mMixk Bumipamu 1 Ta 2 6mi3bko 150 M, To6T0 Maciutad 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. Pesynbratun BumipiB 3a0pyaHeHHS
TIOBITPSl OKCHJIAaMH BYTJIEIO Ta a30Ty( B
mr/M®)  ma mpocnekti Ilannajgima B
AxazeMMicTeuKy B pi3HHX HyHKTax : 1 —
y mBopi ITHC cepen nepes; 2 — B 5 M Bix
movyaTtky acdarbTOBOI  aBTOMOOLIBHOL
Tpacu 1o npocrekty [lamranina moomusy
TpoTyapy; 3 — Ha IOYaTKy caMoi
aBTOMOOLIBHOI TpacH; 4 — Ha TepexpecTi
MPOCIIEKTY [Mannanina Ta Oyi.
Beprancekoro; 5 — B 10 M Bix
aBTOMOOUTBHOI Tpach B HAMpPSIMKY [0
[HCcTHTYTY 3aranbHOi Ta HEOpraHiyHOL
ximii HAH VYkpaian; 6 — B. 20 M Bix
OyHKTY 5 10 IHcTUTYTYy 3arampHOi Ta
HeopraniuHoi ximii HAH VYkpainu Bixke
i1 AepeBaMH.

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 AepeBa
Ha OynbBapi Bepnancbkoro
nodiam3y 3 mepexpectsMm 3
MPOCIEKTOM Axanemika
TTannaznixa.

Fig. 3. Big mature tree in
Vernadskyi boulevard near the
crossroad with Palladin Avenue.
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IIpo npouecu qudys3ii 3a0pyaHIOI0YMX Ir'a3iB B NOBITPIi

PosrnsiHeMO Takox Mirpaiito 3a0pyAHIOIOUMX Ta3iB aBTOMOOUIIMU (OKCHJ BYTJICHIO Ta
OKCUIM a30Ty) B moBiTpi. [li ra3u BUAUISIOTECS Ta HAKOMUYYIOTHCS Ha aBTOMOOUTIBHHX Tpacax Ta
[UIAXax, a MOTIM MOXYTh MIrpyBaTW BiJ HUX B TOBITPS KBapTadiB MicTa B mpoiieci audysii.
Mirpanis mMonekyn BigmiueHux 3a0pynHiorounx rasziB (CO ta NOx ) B moBiTpi 31iHCHIOETBCS B
nporeci gudysii 3a Gopmymoro [10]: r?> = 6Dt, e r — Bincranp, D — xoedimienT udysii, t — gac.
Koedimient mudysii 3abpyaHior0unx ras3iB OMU3bKHN 10 OCHOBHHX Ta3iB MOBITPS 1 MpUOIU3HO
nopisrtoe: D = 0,17 em%/cex. Tomy musx audysiitHoi mirpamii mux rasiB gopiBHIOE GIH3BKO
300 cMm 3a 100y. I TOMy KOHIIEHTpaIlis 3a0pyAHIOIOYNX Ta3iB y OiK BiJl aBTOMOOUTEHUX MISAXIB, JI€
BOHU BHJUISIIOTBCS 1 HAKONUYYIOTHCS, MOBUHHA OyTH Mail’ke MOCTIIHOO, JHIIE 3 MOCTYHOBUM
3MEHIIEHHSM. Y TOM e Yac, 3a HallUMH CIHOCTEPEKECHHSIMH, Bil MNUIAXIB KOHIIEHTpAIlis
3a0pyJHIOIOYHMX Ta3iB JOCUTh PI3KO 3MEHLIYEThCS BXKE Ha BIJCTAaH1 B JIeKUIbKa MeTpiB (puc. 2):
0COOJIMBO BiJl MYHKTY 3 /10 MyHKTY 2 , a TAKOX BiJ MyHKTY 4 0 MYyHKTY 5 1 Aajui 1o myHKTY 6. L1
pI3Kl 3MEHIIEHHS KOHLEHTpalli 3a0pyAHIOIOYMX pPEYOBHMH MO’KHA TMOSCHUTH €0 MPOLECIB
OYMIIEHHS TOBITPSI BiJ Woro 3a0pymHeHHs. Jlo UX MpoIeciB OYMINEHHS MOBITPSI MOYKHA BITHECTH
TIePIII 3a BCE JIII0 POCIHH, IEPEBAXKHO JAECPEB, SAKI JOCUTh OYHHO POCTYTh OLISI aBTOMOOUTBHUX Tpac
(puc. 3). Jlani € momepenHiMu, i OUTHII JTOCKOHAJIWX BHCHOBKIB JOLUIBHUM € TMPOJOBKCHHS
JOCITIKEHB 3 OUTHIIOI0 KUTBKICTIO MaTepialiB.

BucHoBku

Bukuayu aBTOMOOUILHOTO TPAHCIOPTY B METarolicaXx HeCyTh 3arpo3y He JIMIIE JJIsl eKOJIOTil
B LIJIOMY, a 1 Ge3nmocepeHbO 3A0POB'I0 HaceleHHS. ['0JOBHUMH 3a0pyIHIOIOUMMU TOKCUYHUMHU
pedyoBMHAMHU € OKCHJ BYIJel Ta okcuaud a3zoTy. IlepepaxoBani aepo3osii, mepul 3a Bce,
3aTpUMYIOTBCS B atMocepHomy moBiTpi MmicT. Bonu nepeumytors ['JIK B nekiapka pasiB (10
JIECSITH), 0COOIMBO HAa aBTOMOOUIBHMX Tpacax. ['a3u 3 aBTOMOOUIBHMX Tpac Ta MUIAXIB B MPOIECI
mudy3ii MIrpyloTh B MOBITpsI KBapTamiB Micta. JlepeBa Ta iHIINI POCTUHU Y3[0BXK IMX BYIHIb €
MOTJIMHAYaMU HAa3BaHUX BUIIE 3a0pYAHIOYHMX pedoBUHH. ToMy Tpeba 00OB’SI3KOBO B3IOBXK
aBTOMOOUIBHUX Tpac 1 0COONMBO B3JIOBXK BYIHUIb MICT CaAUTHU OUIbIIE JEPEeB Ta IHIIMX POCIHUH.
ToOTo, nepeBa Ta iHIII POCIMHHU B MICTI — HalKpaluii 3aXMCHUK B OTPYEHHS JOJCH BUKUIAMU
aBTOMOOUIIB Ta IHIIMX TEXHOTEHHUX JKEPe.

o0 3ax0/iB, CIPSIMOBAHUX Ha MOKpPAILEHHS CTaHy aTMOC(EPHOro MOBITPs, TO cepel] HUX
TpebGa BIIMITUTH 3aMiHy y JABUT'YHaX aBTOMOOLUIIB O€H3MHY Ha Ju3eib Ta ra3. Aje Le TUIbKU B
HE3HAyHI MIpi MOJINIIMTL CTaH MOBITPS B Meranoidicax. CTOCOBHO pIlIydMX 3axOMiB JUis

JOCATHCHHA 4YHCTOI'O HOBiTpSI Ha BYJIHIAX MiCT, TO O — HCpCXiI[ Ha eﬂeKTpI/I‘-IHi JABUT'YHHU B
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aBTOMOOUIAX, aHAJOTIYHO Tposendycam Ta TpaMBasM. A 1€ B)K€ NOB’S3aHO, MEpUI 3a BCeE, 3

PO3BUTKOM $,IEPHOT EHEPIrETUKH.
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Paccmompena maxas 8ajiCHaAss IKONO20-2e0XUMUYECKAs NpoOIeMa, KaK 3acpa3HeHue 8030yXa 20podog
MOKCUYECKUMU 2A308bIMU 8bIOPOCAMU ABMOMOOUTLHO20 MPAHCHOPMA NO KOHKPEMHbIM 3aMepam cocmasd
6030yxa 6 Axademeopooke e. Kueea. IlposedeHubill mepMOOUHAMUYECKUT AHAMU3 XUMUYECKUX Pearyuil ¢
yuacmuem MAaKux MOKCUYECKUX 2a308, KaK OKcud yerepoda u oxcuo azoma. Haubonvuiee 3acpsasnenue
0OHAPYIICEHO HA CAMUX ABMOMOOUNBHBIX NYMAX U OIU3 NPULE2AoWux K HUM Mpomyapax 6007b 00poe U Hd
nepekpecmkax. Dmu 2asvl GblOCNAIOMCS U HAKANIUSAIOMC HA A6MOMOOUNLHBIX Mpacax u nymsx u
6NOCICOCMEUL MO2YM MUSPUPOBAMb OM HUX 6 8030YX Keapmanos 20pooa 6 npoyecce oug@ysuu. Coenan
MAKdice 8bl8OO O BANCHOU PONU 0epebed U Opyeux pacmenuil Ol OYUCIKU 6030YXd OM 3A2PSA3HIOUUX
seugecms. OMHOCUMENLHO PelUmenbHbIX Oeticmauil 0151 OOCIMUICEHUSL YUCHO20 8030YXa HA YIUYAX 20PO00S,
Mo 3M0 — NEPexo0 HA dNIeKMpuyecKue 08ueamenu 68 A6MoMOOUNIAX, AHATIOSUYHO MPOJIEUOYCAM U MPAMBASIM, d
MO Yoice CEA3AHO C PA3GUINUEM AMOMHOU IHEPSeMUKU.

Knrouesvte cnosa: asmomobunu, oxcuo yenepooa u azoma 6 6030yXu, mepMOOUHAMUKA PEaKyull 3a2psi3HeHull
6030yxa, Oupgy3ust, 6IUAHUSA PACMEHUI HA OYUCTKY 8030YXA 6 20P0OAX.

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)

EKOJOTO-TTIAPOrEOXIMIYHI OCOBJUBOCTI ®OPMYBAHHS
NIBEMHUX  BOJ  MEPIEJBbHO-KPEHJASIHOTO  BOJOHOCHOI'O
TOPU3OHTY TA MPOTHO3 iX SIKOCTI (HA MPHUKJIAII KUTJIBCHKOI'O
BOJIO3ABOPY B JIVTAHCBKIiI OBJACTI)

Ynanos I.B., Kononenko A.B.

Vaanos L.B. 1. r. H., JoueHT, 3aB. Kadeapu rigporeosorii XapkiBcbkoro HauioHansHoro ysisepcurery imeni B.H. Kapasina, e-mail:
igorudalov8 @gmail.com

Kononenxko A.B. acmipant kadenpu rigporeosorii XapkiBcbkoro HauioHansHoro ysisepcurery imeni B.H. Kapasina, e-mail:
kononenko_alina01@ukr.net

B cmammi npoananizosano O0cHOBHI eK01020-2i0po2eoXiMiuni ¢hakmopu Gopmysans
niO3eMHUX 800  MEp2eNbHO-KPEUOIHO20  800OHOCHO20 — 2OPU3OHMY  HA  NPUKIA0I
AKumniecvkoeo 60003abopy. Bcmanoeneno enaus ingpinempayii 3a6pyoHeHux ammoc@epuux
onaodié i IPYHMOBUX 600 HA SAKICHUU CKIAO NIO3eMHUX 600 MepPebHO-KPEeUOsIHO2O0
8000HOCHO20  20pu3onmy. J{ogedeHo  IOCYmMHIcMb 38 ’A3KY  MIJC — eKCHIAYAMAayicto
Kpacnononiscvkoeo niozemnoco cxosuwa eazy i sakicmio niozemuux 600 Kuminiecbkoeo
80003a60py. 3’sacosano poaw llieniunodoneyvkoeo Hacysy & npoyeci QopmyeaHus aKocmi
niozemMHux 600 80003abopy. Bcmanosneno 3anesxcnicms 3mMinu Minepanizayii niozemMHux 800
8i0 6enuyuHu 80008i000py 6 30Hi enaugy IlieHIYHOOOHeYbKO2O HACY8Y HA OCHOBI
Kopenayiiuno2o auanizy. 30iUCHEeHO NpOocHO3 3MIHU AKOCMI NIO3eMHUX 800 3A pecpeciuHum
DIBHAHHAM mMa pO3PAX0B8AHO GEIUYUHY NPUMOKY BUCOKOMIHEpANi308aHUX 800 mpiacy 8
Mep2eNbHO-KPetioAHUll.  800OHOCHULL  20pU30HmM.  3anponoHOBAHO  peKOMeHOayii  no
3MEHULEHHIO He2AMUBHO20 BNJIUBY OOCIIONCYBAHUX eKON020-2I0PO2eOXIMIYHUX (aKkmopie Ha
AKICMb NIO3EMHUX 800 MEP2EIbHO-KPELOAH020 B000HOCHO20 20PU3OHMY.

Knrwouoei cnoea: mepeenvHo-KpetiosaHutl B000HOCHULL  20PU30HM, 80003a0Ip, AKICMb
Ni03eMHUX 800, eK01020-2I10p02eoXiMiuHi hakmopu, inGinempayisi.

Beryn

[TpobGnema 3abe3nedeHHs SAKICHOIO MUTHOK BOJIOKO SIK JUIs paiioHiB JloHOacy, Tak 1 B3araii
sl Bciel YkpaiHu € onHiero 13 HanBakimBimux. Teputopis JlonbGacy € oJHUM 13 HaWOLIBII
BozoiediuTHUX paiioHiB B Ykpaini (160,0-500,0 m%/pik Ha omHoro sxutens) [1]. Kpim Toro,
teputopis JJonbacy xapakTepu3yeTbcs BUCOKMM CTYIEHEM TEXHOT€HHOTO HaBaHTa)XeHHs. B Takiii
CUTYyaIlii MPIOPUTETHE 3HAUYCHHS B 3a0€3MeYeHHI MUTHOIO BOJIOIO BIIBOJUTHCS MiA3EMHUM BOJAM.
ToMy MU TPOAOBXKYEMO KOMIUIEKC MyOJiKalliid, TPUCBIYEHUX KPEHIOBUM BOJ03a00paM CXigHOT
VYkpaiHu, sfKi € OJHUM 13 OCHOBHHX JDKEpeN TOCMOJapChbKO-MUTHOTO BOJOMOCTAYaHHS Ha JaHid
TEpUTOPIi.

Mera pocaigxennsi. IIpoaHanizyBaTM OCHOBHI €KOJIOTO-TiAPOTeOXiMiuHl (pakTopu, IO
BIUTMBAIOTh Ha (OopMyBaHHS XIMIYHOTO CKJaay MIiIA3€MHHX BOJ MEPrelbHO-KpeHIsTHOrOo
BoioHOCHOTO ropu30HTY (MKBI') 1 gaTi mporHo3 3MiHH iX SKOCTi Ha HAHOIMKYY MTEPCICKTHBY.

Marepian i MeToaH JOCTiZKeHb
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OOpoOka Ta aHami3 TaHUX 0araTOPIYHUX CHOCTEPEKEHb 3a PIBHAMH, JUHAMIKOIO BiTOOpy Ta
XIMIYHUM CKJIQZIOM MiA3eMHUX BOJ Ha JKHUTIIBCBKOMY BOJ03a00pi MPOBEICHI 3 BHKOPUCTAHHSIIM
NepBUHHUX AaHuX, orpuManux 3AT «BO Cxinnonbacreomnorisy.

KutniBcbkuii Bojo3abip 3Haxoauthes Ha Bifctani 1,0-1,5 kv Bim KpacHomomiBcbkoTO
nim3emuoro cxosuma rasy (IICI). Hdns 3’scyBanns BrumBy ekcruryatamii [ICIT Ha 3akoHTYpHY
001acTh MmIacTa-KoJIEKTOpa Ta HEOOXIHICTIO KOHTPOJIIO 32 MOKJIMBHMHU IUTACTOBUMHU NEPETOKAMU
BHCOKOMIHEpaJli30BaHUX BOJl Tpiacy y BOJOHOCHHH TOPH3OHT JKUTIIBCHKOTO B0J1032a00py
MPOBOJMIINCS TIAPOTEOXIMIYHI BUIPOOYBAaHHS 3 YacTOTOK 2 pa3d Ha piK. 3 II€I0 METOW 13
II’€30METPUYHAX Ta KOHTpoNbHHX cBepmioBuH [ICI, 3 ekcruryaTamiifHUX CBEpUIOBUH
XKutniBcbkoro BoJ03a00py Ta KOJOJA3IB, PO3TAIIOBAHUX Yy MeEXax JOCIUIKYBAaHOI TEpPUTOPII,
BiIOMpanucsa npobu BOIU Ha XIMIYHMH aHami3. ['igporeoxiMiyHe BUIPOOyBaHHS MPOBOJIMIOCA HA
pPI3HUX TIMOWHAX 32 JOTIOMOTOIO TiIPOTEOJIOTIYHOTO MPOOOBIAOIPHUKA 3 METOK PEeeECTpallii 3MiH
XIMIYHOTO CKJIa[ly MIJ3€MHHUX BOJ BOJOHOCHOTO TOPU30HTY IO BEPTUKAJI.

OnHOYaCHO 3 JOCHIHKEHHSIM XIMIYHOTO CKIIaTy mia3eMHuX Bo JKUTIIBCHKOTO BOJ03a00py
BHBYAJIACS iX Ta3oHacWyeHicTh. [IpoOu ra3y 31 CBEp/UIOBUH BiIOWMpaINCs HAMPHUKIHII CE30HY
3akauyBanHs razy B [ICI" cnoco6om Tepmoerasariii.

Pe3yabTaTn Ta iXx 00roBOpeHHs

KutniBcbkuit Bom03abip Mae cTpaTeriyuHe 3HAYCHHs U1 3a0e3MeUYeHHs TOCMOAapChKO-
MMATHOTO  BOJIOTIOCTayaHHs MICT PyOikaHo-JIucuyancpkoro mpompaiiony: JlucuuaHchbKa,
Kpeminnoi, PyOiXKHOTO Ta MpuUiIeriivx HaceleHUX MyHKTIB. MakcUMaabHUM BOJAOBIIOIp 3a mepiof
iHTeHCHBHOT POOOTH BOJ03a00py cKkiaB 45,4 Tuc. M3/no6y [2]. OcTaHHIM YacoM Ul BOJ03a00piB
TaKOro TUIY CHOCTEPIraeThCsl TEHAEHIIS MOTIPIICHHS SIKOCTI MiI3EMHUX BOJ, 110 MPOSBISETHCA Y
MJIBUIIEHH] iX MiHepaii3allii, >)KOPCTKOCTI, BMICTi CynbdaTiB, XJIOPHUIIB, HITPATIB, MOSAB1 BAKKHUX
MetaniB Tta iH. [1]. Ilim Bomo3abopamu Takoro THIy MaeEMO Ha yBa3zl Oeperosi BoJ03a0opu 3
1HOUIBTPAIHUMU yMOBaMH KUBJICHHS, IO MAlOTh JIOCTaTHE MOIIMPEHHS $AK Ha TEpPUTOPIil
JlonOacy B 1onMHaX BEJIMKUX PIK, TaK 1 B3araji Ha TEpUTOPIi BCiei cXinqHO1 YKpaiHu.

KutniBcbkuii B0oA03alip (yHKIIOHYe B YMOBaX KOMIUJIEKCHOTO BIUIMBY (akTOpiB
MPUPOJHOTO 1 TexHOoreHHoro mnoxomkeHHa. MKBI, mo ekcrutyaryerbcsi BoJ03a00poM, He
3axXMIEHUH B1Jl MOBEPXHEBOTO 3a0pyJHEHHs, a IUIola HOro >KMBJIEHHS B jojuHi p. KpacHoi mae
BIUIMB JPKEpEN TEXHOTEeHHOTo 3a0pynHeHHs [3]. Y 3B’A3Ky 3 MM HaMH IpOaHaji30BaHI OCHOBHI
eKoJIoro-rigporeoximiuni Qakropu ¢opmyBanns migzemHux Bojg MKBI' Ha Bomozabopi [4]: mo-
nepuie, iHQUIbTpalLio 3a0pyAHIOBAYIB 1 HECHPUSTINBY €KOJOTIYHY CHUTYAIll0 Ha MOBEpPXHI; MO-
npyre, BB KpacnonomniBeskoro IICIT «3HU3Y» B pe3ynbTaTi MEPETOKIB BUCOKOMIHEPATi30BaHUX
© Vpanos LB., Kononenxo A.B. EKOJIOTO-TIJIPOTEOXIMIYHI OCOBJIIMBOCTI ®OPMYBAHHS TII3EMHUX BOJI MEPTEJILHO-
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BOJ Tpiacy; 1 Tperiii dakrop — BrumB [liBHIYHOJOHEIPKOTO HACYBY y BHIJISIII TEPETOKIB
BHCOKOMIHEpAII30BaHUX BOJ Tpiacy 1 KapOOHY IO pO3JIOMaX i OMEPSIOYUX HOTO 30HAX JAPOOICHHS
npu 301TbIIEHHT 00’ €MIB BOJIOBIIOODY.

AHanizyroun nepmui GakTop 3a3HAYMMO, M0 3MiHA XIMIYHOTO CKJIATy II3EMHHX BOJI
MKBI' BigoOpaxkaeTbcst y 3pOCTaHHI MiHepaii3allii, BMICTY MaKpOKOMITIOHEHTIB, MOsIBI HITpATiB i
MOSICHIOETHCS, TIEpII 3a Bce, 3a0pYAHCHHSIM IPYHTOBHX BOJ B QIIOBIAILHUX BIIKIANAX, SKi €
mxepenom skuBiieHHss MKBI'. 3a Takux yMOB JIOTIYHO MPHITYCTUTH, IO KOMIUIEKCHO JFOUUI
TEXHOTeHHUM (QakTop TMO3HauvaeTbcsi Ha skocTi nyRemMHux Boa MKBIY,  BpaxoByroun
IHOQUIBbTpAIHHUN pEXUM KHUBJIEHHS BOJ03a00py, pO3TalllyBaHHS BHUIIE MO I'PYHTOBOMY IMOTOKY
texHoreHHUX 00’ekTiB: KpacHomnoniBcbkoro IICI, 00°€KTiB CUIBCHKOTO TOCIOJApCTBa, HE
KaHani3oBaHux c.c. XKurnika, YepBoHomomiBka, X. [limane, >xutnoBux crnopya M. Kpeminhoi,
Kpemincekoi rpynu maxrt, aBToMarictpani XapkiB-Jlucmuancbk Ta 1H. AHaNli3  €KOJIOTo-
TiIPOreoXIMIYHUX JaHUX, 1110 Oyau OTpUMaHi 3 MoYaTKy ekciuryaraiii JKuTiiBcbkoro Boao3adopy,
M0Ka3aB 3pOCTaHHS MiHepaii3alii Ta BMICTY MaKpOKOMIIOHEHTIB MiI3€MHUX BOJ 3a PaxyHOK
HCOs3, SO/, Ca®* ta y nemo Menmiit mipi Na* [2]. 3pocTaHHs BMIiCTY XIOpHIiB SKIIO i
BiIOyBa€ThCSA, TO BiJICTa€ BiJ IHIIMX aHIOHIB, 32 BHHSTKOM ITIBJACHHOI YacCTHHHU BOJ03a00py,
posTtamoBaHoi mo0au3y [1iIBHIYHOJOHEIIPKOTO HACYBY.

CrocoBHO XIMIUHOTO CKJany artmochepHux omamiB Ha Teputopii JlonOacy
3a3HAYMMO, IO BIiH BIJA3EPKATIOE 3arajbHy €KOJOTIUHY CHTYaIlil0 Ta 3HAYHWUU BIUIUB JDKEPEI
TEXHOTEHHOTO HAaBaHTAXKEHHs. 3a TaKUX YMOB CYXHMHl 3aJMIIOK aTMOC(PEpHUX OIMajiB
3MIHIOETBCS y MIUPOKUX Mexkax — Big 42,0 mo 2000 mr/om3, Bmict ClI — Bix 0,8 1o 340,0 mr/om°,
S04 — Bix 12,3 10 260,0 mr/nam>. Sk mpaBuno, arMocdepHi onagu Ha TepuTopii JloHbacy MaroTh
BHCOKY KHCIOTHICTh. 3a manumH [1], kinbkicts SO2 Ta CO2 y ckimaai aTMocdepHOTO MOBITPS Ha
MPUJIATAIYii 10 BOA03a00Py TEPUTOPIl 1HOAI y ACCATKU pa3iB MEPEBUIINYE TPAHUIHO JOMYCTUMY
HopMmy. BHacnigok iHGUIbTpamii KUCIUX OMajiB, HE3BaXKAlOUM Ha JIOCTATHHO MOTYKHI OydepHi
BJIACTUBOCT1 KapOOHATHOT TOBII1, MOXJIMBE MOCTynoBe 3HmwkeHHs pH nmigzemuux Bog MKBI [5].
Ileit mpolec NPUCKOPIOETHCSA 3a PaxXyHOK CKOpOYEHHS dacy 1H(QIIbTpaiii, BUKIMKAHOTO
Bi10OpOM BOJIH.

Ha nponec iHdinbrpanii 3a0pyaHeHUX aTMocpepHUX onaaiB Ta IpyHToBUX BoJ B MKBI'
BIUIMBae Oy/loBa alioBiaJibHOI Tepacu, B Mexax sKoi (yHKUioHye Bojmo3abip. Tepaca
IpejacTaBlieHa MIIaHUMU JOOpe MPOHUKHUMH I'PYHTaMU 1 cieu(piuHUM OYyrpUCTUM, OYIpUCTO-
I'pAloBUM penbedoM 3 Oe3cTiyHMMH 3amaguHamu. Taka OynoBa Tepacu copusie OuIbII
IHTEHCUBHOMY TPOHUKHEHHIO 3a0pyAHEHMX aTMoc(epHHX OIajJiB Ta MOBEPXHEBUX BOJ Y
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HEerJMOOKi BOJIOHOCHI TOPU30HTH, B ToMY yucii i MKBI' B mopiBHSHHI 3 IUISTHKaM U, 10 MalOTh
IHIII1 JIITOJIOTIUHI YMOBH Ta 0c00JUBOCTI penbedy [6].

CrocoBHo npyroro ¢akropa GopMyBaHHS SKOCTI ITI3EMHUX BOJ BOJ03a00py iCHYE AyMKa,
0 TIBHINEHHS MiHEpalli3amii Ta BMICTY OCHOBHMX KOMIIOHEHTIB XIMIYHOTO CKJIaJy MOXE OyTH
HacimigkoM ekcruryararii [ICIT ta meperoky BucokoMmiHepanizoBaHMX Boj Tpiacy y MKBI.
3okpema, 1iel gymku notpumyrotees €.11. Kotenesens [7], J.M. Cenuonok [2], JL.T'. Hekpyr [8]
Ta iH.

Teputopis XKutniBcbkoro Bono3abopy posramoBaHa niaeHHime [1CI Tak, mo miBHIYHA
Mexa B0J03a00py (cBepanoBuHa 839) po3raiioBaHa 0e3MOCEpeHBO OUTS MOJIs EKCILTyaTalllifHo -
HarHiTanbHUX cBepioBuH IICT, tomy, Ha mepumii mornsz, BmiauB IICIT oueBmanmit (puc. 1).
[Ipore posrasHeMO (akTH, MO MHIATBEPIKYIOTh ab0 CIPOCTOBYIOTh Lied BIUIMB. [l 1pOrO
MPOAHATI3yEMO 0COOJIIMBOCTI XIMIYHOTO CKJIQAy MiI3EMHUX BOJ Y CBEPUIOBUHAX, SIKI MPOOYpEeHi HA
KOHTPOJIbHI BOJOHOCHI ropu3oHTH B Mexax [ICI. KoHTpoibHMMH TOpH30HTaMH Ha
Kpacnomnomniscekomy IICIT € BepxuboTpiacoBuii 1 MKBI' 31 cBepanosunamu 41-6, 47, 49 ta 19, 48,
820 BimmoBimHO.

B KOHTpOBHMX BEPXHBOTPIACOBUX CBepuIoBHHAX 41-0 147 crocTepiraloTbCsi CaMOBHIIMBH
Bou. HannmuimkoBi THCKM B THPJI CBEpIJIOBHH 3a 4Yac jaochimkeHb craHoBwim 0,402-0,430 Ta
0,068-0,073 MIla. B rupni cBepyioBuau 49 (ikCyeTbes MOCTIHHUN PIBEHb BOJHU, TUIACTOBHMA THUCK
ctaHoBuTh 3,31 MIIa. Minepanizaliist 1acTOBUX BOJ Y CBEpUIOBHHI 41-0 y mOpiBHSAHHI 3 TpoOaMu
BOJM 31 CBEepAJIOBUHHU 47 Mmaibke y /Ba pa3u BHILA, ajie BOAU 3a XIMIYHUM CKJIQJIOM OJHAKOBI —
XJIOPHJIHO-HATPi€EBI, MICTATh MikKpoKoMmoHeHTH — 1 i Br y xonmentpamiax 0,4 i 29,4 mr/mv3.
[linBumeHHss MiHepamizaiii moB’s3aHe 31 3MiHOIO (OHOBUX TIOKA3HUKIB TIPH aBapiiHOMY
(donTanyBaHHi cBepyIoBUHU 41-0 min yac po30yproBanus [ICI. BimMitumo, 110 1i 3MiHH MaroTh
JIOKaJIbHE TIOLIMPEHHS HABKOJIO CBEPAJIOBHHHM, IO MIATBEPIKYETHCS pe3yabTaTaMH IOCIIIKEHb
HIIHUX CBEP/UIOBUH.

Cepen cBepanoBuH, npoOypenux Ha MKBI', Bupizuserscs cBepaioBuHa 19, sika poskpuiia
ropu3oHT Ha riauomHi 241,0-248,0 M. Minepaiizallis I1acTOBUX BOJ CTaOUIbHA 1 ckiagae 7,0—
8,0 r/am®. 3a XiMiYHUM CKJIa70M BOIH xyopuaHi HaTpiel. CBepioBunu 48 1 820 poskpmm MKBIT
B iHTepBanax 30,0-80,0 m. IIpoTe 3a xiMiuHUM CKJIag0M Boau jemio pi3Hi. Tak, y cBepainoBuHi 48
BOJM XJOPUAHI HATpieBi 3 MiHepanizamiero a0 4,0 r/mM3, a y cBep/uioBUHI 820 — XJIOpUIHO-

rizpokapOOHaTHI KaJbI[i€B1 3 MiHepami3aiieto Huxde 1,0 r/mme.
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Puc. 1. Cxema posramyBanus Kpacuomoniseekoro IICI i XKurmiscekoro Bogozabopy [9].

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

o crocyeThCcs HAUMIIKOBHX THCKIB: y cBepaioBuHax 48 1 820 ix He 3adikcoBaHO, piBHI
Boau ctabutbHi — 3,0-5,0 M Big rupna. 3a 1aHUX 0OCTaBUH BUPI3HAETHCS cBepAioBHHA 19. YV Hil
NOCTIHO (ikcyeThCsl HaUIMIIKOBUM THck Ha piBHI 0,26-0,36 MIla. lle mosicHIoeMo TuM, IIO

CBEp/UIOBMHA paHille Oyna eKCIulyaTaliiiHolo, a MOoTiM dYepe3 aBapiiHuil cTaH ii mepeBenu B

CIIOCTEPEXKHY Ha CEHOMAHCBhKUH SIPYC BEPXHbOI KpEHaH.

OpHoYacHO 3 MOCHIKEHHSAM XIMIYHOTO CKIaay MiA3eMHUX BOJ JKUTIIBCHKOTO BO/I03a00py
BHMBYAjacs 1 iX Tra30HACHYEHICTh. AHAII3M BOJOPO3UYMHEHUX Ta3iB 3 KOHTPOJIHHUX TOPHU3OHTIB
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MOKa3yI0Th, IO 3 YaCOM BOHHM HE 3MIHIOIOTHCS 1 3QJIMIIAIOTHCS Malke CTaOUTbHUMH. Y CKIIaJi
BOJIOPO3YHMHEHUX ra3iB BusiBneHui No, sikuii cknanae 67,6—-81,65 % 006., Bmict O2 — 9,8-19,4 % 00,
CO2 — 1,2-19,05 % 06. [9]. ByrneBoani He 3adikcoBani. Sk 0aynMmo, y CKIai MepeBa)karoTh
KOMIIOHEHTH aTMOC(EpHOTO TEHE3WCy, SKi XapakTepHi /s BOJOHOCHHUX TOPH3OHTIB 3
IHQITBTpALIHIM PEKUMOM KHUBIICHHSL.

Takum 4mHOM, 13 MpOaHATI30BAaHMX BHIIE JaHUX MOXKHA 3POOUTH BHCHOBOK: PI3HHUIIA
TiIpOreoXiMiYHUX TOKAa3HHWKIB 1 BOJOPO3YMHEHUX Ta3iB y mnpoayktuBHoMy i1 MKBI' nae
MOXJIUBICTh CTBEP/KYBAaTH, II0 MDKIIJIACTOBI MEPETOKHM MDK KOHTPOJIBHUMH TOPH30HTAMU
BiacyTHi. CninpHa excrutyaTamis I[ICIT 1 XKuTniBcbkoro Bo/103a00py HE BUKIMKA€E MOTIPIICHHS
SIKOCTI HII3EMHUX BOJI.

Posrnsinemo octanHift (axkTop, IO BIUIMBAaE Ha (POPMYBaHHS SIKOCTI MIJI3EMHHUX BOJ Ha
XKutniecbkomy Bomozabopi. Teputopis HOCHIKEHb 3HAXOOUTHCS B 30HI 34WICHYBaHHA
ckiaggactoro Jlon6acy 3 MOHOKIIIHAJIBHO 3aJISITalOUMMU BiiKiIaiaMu BopoHE3bKOro KpucTaaiuHOTo
MacuBy. 30Ha XapaKTePU3YEThCSI BUCOKUM CTYIEHEM TEKTOHIYHOI nmopyuieHocti. Ha it tepuropii
MOBCIOMTHO  (IKCYIOTBCS OCEPEAKH PO3BAaHTAXKEHHS BHCOKOMIHEPATi30BaHUX TMIA3EMHHUX BOJI
KapOoHy 1 Tpiacy. IlmacToBi THCKM B IIMX BOJOHOCHUX TOPHU30HTax 3Ha4yHO Buili, Hbk B MKBI'.
Takuii mepepo3noail THUCKIB 3a0e3rnedye YMOBH JUIS BHUCXIIHHUX TIEPETOKIB TiA3EMHHUX BOJ.
Haii0inpm akTHBHO 11 MIEPETOKH 3MIMCHIOIOTHCS B MPHUPO3JOMHUX AUISHKAX 1, 30KpeMa, MmoOanu3y
[TiBHIYHOTOHEIILKOTO HAaCcYBY. BBarkaeMo, 1110 TIEPETOKM BUCOKOMIHEPATi30BaHUX BOJI IO PO3JIOMY
CIIPOBOKOBAH1 aKTHBi3aliel0 Boa0OBinOOpy. CHIBCTaBUBIIM 3HAYCHHsS MiHepamizamii 1 00’emMu
BoJI0BiAOOpY migzeMunx Bog MKBI' y cBepanioBuHax JKUTIIIBCHKOTO BOJI03a00py, PO3MIIICHUX Ha
Mexi 3 [liBHIYHOOHEIIEKMM HacyBoM 3a mepion vacy 3 1970-2017 pp., HaMH BHUSBIICHO IEBHI
3aKOHOMIpHOCTI. I3 aHamizy puc. 2 Ta 3 crae 3po3ymuIo, IO 13 pOCTOM BOJOBIIOOpPY 3pocTae
BeJIMYMHA MiHepati3allii maI3eMHUX BOJ 1 HaBHaku. BiamiTumo, mo Biadip Boau Ha JKUTIIBCEKOMY
B0J103200p1i 32 BeCh MepioJl eKCIUTyaTallii 3MIHIOBaBCS Bil pOKY J0 POKY 1 B 3aJIe)KHOCTI BiJl CE30HY
pOKy — Bim MakcuMmaibHoro 45,4 tuc. M3/z[06y Io MiHiMaiaeHOTO 2,1 THC. M3/I[06y 1 HeE
IIepEeBUIIYBAB 3aTBEPIKEHMX eKCILTyaTaliiHux 3amaciB (77,5 Ttuc. M3/n06y) [2]. OcuoBHOIO
MPUYMHOIO 3MCHIIICHHs 00’ €MIB BiiOpaHOi BOAM € CKOPOUYEHHS KUTBKOCT1 MPAIIOI0YUX CBEPAJIOBHH

BHACJIIZIOK X 3aMYJIIOBaHHS Ta 3MEHILIEHHs 3arajibHOi HOTpeOu y BOJIL.
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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. Cepennbopiuni 3HaueHHs Minepamzanii (Mr/am®) nigzemunx Bog MKBI Ha JKutiiscbkoMy Bom03a00pi.
Fig. 3. Average annual values of mineralization (mg/dm?®) groundwater of the marl-chalk aquifer on the Zhytlivsky

water intake.

Jlns BUSBJICHHS B3a€MO3B 53Ky MDK BOJOBiOOpPOM Ta 3MiHaAMHM MiHepali3aiii HaMu
BHUKOPUCTAHO METOJHMKY KOPEIIIMHOTO aHaiizy. Mipor B3a€MO3B’S3Ky MK JBOMa pPsaaMu
JaHUX € KOe(IIEHT KOpemslii, IKUi po3paxoByeThes 3a POPMYIIOIO:

NZ xyi - X L Vi

Ixy

VNS xZ(=x) VN8 -(Zy)

1e X, y, N BIIMOBITHO apryMeHT, GYHKIIis Ta JOBXKHMHA PSIIB, 110 CIIBCTABISAIOTHCS.
KoxHuii 3 wieHIB KOpelAliiHOT MaTpulll CTaHOBUTh Koe(ilieHT Kopemsamii Mk
BiAMOBITHUMHU YHMHHUKAMU, 1IEHTU(IKOBAHUMH Yy psiaKax Ta ctoBOusx. Kopemsiiiina MaTpuils

MOBHICTIO MIATBEP/DKYE 3aJEKHICTh 3MIHM MiHepaizalii Bil BEITMYMHU BOJOBIIOOpPY Ta
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XapaKTepU3yeThCs BHCOKHM CTYIIGHEM MpsMoro B3aemo3B’sisky R=0,821538 (puc. 4).
BcraHoBieHa 3aleKHICTh 3 ypaxyBaHHSIM JIOBXHHH IOXIIHOTO psAy Ma€e MPOTHO3HUMN
XxapakTtep. MoxHa BIIEBHEHO CTBEP/UKYBAaTH, 110 30UTbIICHHS 00°€MiB BOAOBII0OpY MpHU3BEAE 10
30utbIeHHs MiHepaiizanii migzeMuux Bog MKBI' B 30Hi BmumBy [liBHIYHOJZOHEIIBKOTO HACYBY.
PiBHSIHHS 3B’SI3Ky MIDXK ITapaMeTpaMu BUTJISIIAE TAKUM YHHOM:

y=1,89x + 3894,

7ie y — MiHepaTi3aIlis miI3eMHUX BOJ, MI/IM’; X — BeIMUHHA BOJIOBiIOOPY, THC. M>/100Yy.
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Puc. 4. Kopensiniiinuii 38’5130k Mixk MiHepaizaliero Ta BoZoBin0opoM Ha XKutiiBcbkoMy Bom03a00pi.

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

Jlst 3’sicyBaHHS BIUTMBY BUCOKOMIHEPAII30BaHUX BOJ Tpiacy Ha SKICHUH CKJIaJ MiI3eMHUX
Bot MKBI" BuKOHaHO criporieHHi 0aaHCOBHUI PO3PaxXyHOK MPUTOKY COJIOHUX BOJI i3 TOBIII Tpiacy
B MKBI', mo nmoOynoBanuii Ha mpuHIHKII 30epekeHHss Macu. [ po3paxyHKy MPUTOKY COJIOHHUX
BOJI i3 TOBIII Tpiacy B 30HI BIUIMBY I[liBHIYHOJOHEILKOTO HACyBy HaMHM BHKOPHCTAHO CEpEIHI
3HaueHHs MiHepanizanii MKBIT (165,0 MF/I[M3), CEepPEeHI0 MIHepai3alilo 3MIMIaHuX BOJI
(255,0 mr/mm®) Ta cepenni 3HaueHHs Ae6iTy cBepmioBuH (48,44 1vM3/c). OTpuMaHO pe3ybTaTH, SKi
MOKa3yI0Th, III0 B IPOIIEHTHOMY CITIBBIAHOIIEHHI IPUTOK COJIOHUX BOJI 13 TPIACOBOTO BOJOHOCHOTO
ropuzonTy B MKBI' cknanae 35,29 % a6o 17,09 aMe/c.

Jns posyminHs mponeciB dopmyBaHHS ckiany mimzeMHux Bojax MKBIT JXKutniBchkoro
B0/103a00py HaMU MPOaHANI30BaHO PETPOCHEKTHBY iX rigporeoximiuxHoro ckuaay [10, 11]. YV psani
eKCIUTyaTaIllifHUX 1 CHOCTEPEXKHUX CBEpANIOBUH JKUTIIBCHKOTO BO103a00py Ta MOOIN3Y HHOTO BXKE
no 1973 p. 6ynu BusiBneHi o3Haku 3acononenHs MKBI' (cepan. NeNe 806, 821, 823, 836, 838 —
puc. 1). IlinBumena minepanizaunis MKBI' Oyna 3adikcoBaHa y cBep/UlOBUHaX Ha TepHUTOPIi

KpemiHncekoro sicopo3caiHuka Ta nooau3y KoHTopu KpacHomnomiBcbkoi ra30BU00YBHOT JUTBHUIL,
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a 1l CBEepJIOBHMHM, 3a3HAYMMO, 3HAXOAAThCA Ha Mexi [liIBHIYHOJOHEHBKOTO HACyBy Ta
Kpacnopenpkoro ckuny.

B mpoueci nocmimkens i3 cBepai. NeNe 816, 821, 823 Oynu BifgiOpaHi ra3oriiporeoXimidai
npoOu, pe3yabTaTH SKUX MIATBEPIMIM HU3bKY Ta30HacWueHicTh mim3emMHux Boa MKBI i
BIJICYTHICTB Y iX CKJaji ByrieBoAHiB. Lle, B cBoro wepry ,miarBepmkye BincyTtHicTs BBy [ICT
BiJl CaMoOro IOYaTKy eKCIuTyaramii Bojo3abopy. BojaHodac mimBuieHy MiHepamizallifo B IHX
CBEp/UTOBMHAX MOYKHA TIOSICHUTH TUIBKA BIUIMBOM TEKTOHIYHOTO (haKTOpa NpW aKTUBI3aIlil
BOJIOB1IOODY.

3a3HauMMoO, IO MpO 3B’SI30K 30H PO3BAHTAXKYBaHHS BOJA TIJIMOOKUX TOPHU3OHTIB 3
IliBHiuHOJOHEIEKMM HacyBoM mie y 1938 p. sragysas I.YO. Jlankin [12], skuii crocrepiras
BUXOJM COJOHUX BoJ B JonuHi p. Kepebenp. O.B. Cyspko mnoB’si3yBajia TiIpOreoXiMivHi 1
reoTepMiuHi aHOMAJIT 3 30HaAMH TITMOMHHUX PO3JIOMIB 1 3 MICIISIMH iX mepeTury. 3a ii qanumu [13],
Y3[IOB’K HAcyBiB MIBHIYHOI 30HU ApiOHOT ckiamyactocTi (ITiBHIUHOMOHEIEKOTO, Map’iBChKOTO,
TliBjeHHOTO Ta iH.) MPOCTEXYIOTHCA TifPOreoXiMiuHi aHOMamii 3 MiHepamizamiero 10 25,0 r/am’,
BMmict B cranoButs 15,0-162,0 mr/nm3, T — 102,0 mr/mm3, CO2 — 120,0 mr/am®; no rmubuan 300,0 M
TeMreparypa MiJIBUINYEThCS 10 25,0°C. TakuM 4YMHOM, BUXOASYM 13 HABEACHHMX BUIIE TOKAa3iB
BILTUB TPETHOTO (haKTOpa BBAKAEMO JJOBEICHUM.

[{imkoM HMOBIpHO, IO 30€pEKEHHsI BCIX TEHACHINM (OPMYBAaHHS SIKOCTI MII3EMHUX BOJI
MKBI', mo po3rasganucs B gaHiii poOOTI, B HAWOIMKYINA TEPCIIEKTUB1 IPU3BENIE 10 TIEPEBUIIICHHS
I'’IK 3a TakuMu TMOKa3HWKAMU: MiHepasri3allii, 3araJbHOi JKOPCTKOCTI Ta 3a BMICTOM HITpATiB.
BBaxkaemo, 1o TeHAeHINA 0 30UTbIICHHS MiHepali3alii B MailOyTHROMY MOJKJIMBA 32 YMOBH
aKTUBI3aIlil BOJOBIAOOPY B 30HI BIUIMBY [IiBHIYHOOHEIBKOTO HACyBYy. BigmiTHMO, II0 PO3BUTOK
HETaTUBHUX TpolieciB B mig3eMHuX Bojgax MKBI' Garato y yomy Oyje 3aiexatu HE TUIBKH Bif
BIUIMBY TEXHOTCHHHMX (DaKTOpiB, a ¥ BiJ 3MIHM KJIIMAaTHUYHUX yYMOB, MPOTHO3 SIKHX IPEIACTABIISLE
OKpeMy HETPOCTY 3a/1auy 1 B JaHiil poOOTI HEe PO3TJIsAAaBCs.

BucHoBku

[IpoaHanizoBaHO T'€0JIOrO-TiAPOTeosoriuny Oy0BYy Ta YMOBHU eKcIutyaTtaii KuTiaiBChbKOTro
B0J103200py SIK TOCTaTHBO TUIOBOTO AJs JJonOacy. Llst THIIOBICTH 32 METO/IOM aHaNOTil 1OMOMOTJIa
BUSBUTH OCHOBHI €KOJOIO-TiporeoximiuHi ¢akropu ¢opmyBaHHa mnimzeMHux Bojg MKBIT Ta
3MIMCHUTH iX aHai3. A BXKe Ha OCHOBI aHaJli3y IIMX JAaHUX CIIPOTHO3YBATH 3MIHU SKOCTI Mi3EMHUX
Boa MKBI' Ha Haii0nnxk4y nepcrneKTHBYy.

PCSIOMYIOLII/I BUIICHABCACHC HAMU 3pO6HCHi HaCTyrIHi BHUCHOBKMU:
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1. KommiekcHO [ifounii TEXHOTEHHWH (aKTop Ma€ ICTOTHHUH BIUIMB Ha SKICHI
xapakTepucTuku mimeMHux Bojg MKBI' 3a paxynok iH}inpTpanii 3a0pyJqHEeHHX aTMOC(EpHHX
OTIJIIB 1 TPYHTOBHX BOJI B aJTIOBiaIbHUX BiIKIa/IaX;

2. BrumB excmyatanii IICIT Ha MiHepanbHy ckianoBy ximiunoro ckimaaxy MKBIT we
BUSIBIICHUH. PI3HUIA TiIporeoXiMivHUX MOKAa3HHKIB 1 BOJAOPO3YMHEHUX Ta3iB y MPOAYKTHBHOMY i
MKBI" migrBepaKye, o MDKIIJIACTOBI IEPETOKU MK KOHTPOJIBHUMHU TOPU30HTAMH BiICYTHI;

3. BcraHoBneHO 3aJeKHICTH 3MIHM MiHepadi3alil MiI3eMHUX BOJA Bi BEITUYNHU
BOJIOBII0OPY B 30H1 BIUIMBY [[IBHIYHOJOHEUBKOTO HACYBY Ha OCHOBI KOPEJNAIIMHOTO aHAT3y Ta
3/1IHCHEHO MPOTHO3 IIMX 3MIH 3a JOTIOMOTOI0 PErpeCciifHOro aHami3y.

Ha »anb, onepaTuBHO yCyHYTH HEraTHBHY JII0 NEpesidyeHuX BHILE (aKTOpIB Ha MiA3EMHI
Bogu MKBI' HemoximBo. Ajie TOCIa0WUTH iX BIUIMB IIUIKOM HMOBIPHO MHUISXOM 3/1HCHEHHS
OTIEPATHBHOTO JIHOBOTO KOHTPOJTIO. J[J1s 11OTO HEOOX1qHO:

— OpraHi3yBaTH CHCTEMY CIIOCTEPEKEHb 3a XIMIYHHM CKJIaJloM aTMOC(epHHX omajiiB 1
noBepxHeBux BoJ p. KpacHa;

— YHHUKaTH B MOJAIBIIOMY PI3KUX 301UIBIIIEHs 00’ €MIB BOJIOBIIOOPY Ha BO103a00D1;

— CYBOPO JOTPUMYBATHCh 30H CaHITapHOI OXOPOHH B 3aruiasi p. KpacHoi;

— CBO€YACHO Ta SKICHO TaMIIOHYBaTH Ha TEpPUTOPii B0J03a00pPy CIOCTEpEX HI Ta
eKCIUTyaTalllitHi CBePUIOBUHH, SIK1 BUMIILIA 3 JaIY;

— CIPUATH MPOJIOBKEHHIO MPOBEIEHHS KOMIUJIEKCY PEryIsSIpHUX PEXUMHHX CIOCTEPEKEHb
3a CTaHOM HAaBKOJMIIHBOTO IIPUPOJHOTO CEpPEelOBHUINA, 110 BHUKOHYIOTHCS BIANOBIAHUMU

OpraHi3aiisiMu Ta BiJOMCTBAMH B MEKax JOCIIPKYBaHOI TEPUTOPIi.
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3KOJIOTO-THAPOTEOXUMHWYECKHE OCOBEHHOCTU ®OPMHWPOBAHHUSA IOJA3EMHBIX
BOJ MEPTEJIbHO-MEJIOBOI'O BOJOHOCHOTI'O I'OPU30HTA M ITPOT'HO3 UX KAYECTBA
(HA MTPUMEPE KUTJIOBCKOI'O BOJO3ABOPA B JIYITAHCKOU OBJIACTH)

Yaanos U.B., Kononenko A.B.

Ynanos U.B. n. r. H., AOLEHT, 3aB. Kadeapbl THAPOreONIOrHH XapbKOBCKOTO HALMOHAJIBHOrO yHHBepcuTera umenn B.H. Kapasuna, e-
mail: igorudalov8@gmail.com

Kononenko A.B. acmpadT kadeapsl THAPOreosorni XapbKOBCKOTO HAlMOHANbHOrO yHuBepcuteta mmenn B.H. Kapasuna, e-mail:
kononenko_alina01@ukr.net

B cmamve npoananusuposanvl  OCHOSHBIE  IKON020-2UOPOCEOXUMUYECKUE  DAKMOPbL  OPMUPOSAHUL
XUMUYECKO20 COCMABA NOO3EMHbIX 600 MEPIelbHO-MEN0B020 B000HOCHO20 2OPUSOHIA HA Hpumepe
JKumaosckoeo 60003abopa. Ycmanosieno enusnue uHGUIBMPAyUU 3a2PAHEHHBIX AMMOCHEPHBIX 0CAOK08 U
SPYHMOBBIX 600 HA KAYECMBEHHbLIL COCMAE NOOIEMHBIX 600 MEP2EIbHO-MEN08020 8000HOCHO20 2OPUSOHMA.
Hoxazano omcymemesue ceazu medxncoy sxcnayamayueti Kpacnononosckoeo noozemHozo xpanuiuwa 2asa u
Kayecmeom noodsemuvix 600 Kumnosckozo 600o3abopa. Buiscnena ponv Cesepodoneykoeo Hnaosuza 6
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npoyecce (opmMupo8aHusi Kauecmea NOO3eMHbIX 800 80003abopa. Ha ocHosanuu pesyrbmamos
KOPPENAYUOHHO20 AHAIU3A YCTNAHOGICHA 3A8UCUMOCTb USMEHEHUs. MUHEePAIU3Ayuu NOO3EMHbIX 600 OmM
genuuuHbl 60000mboopa 6 3oue eausanus Cesepodoneyrkoeo Haodsuea. OcywecmeneH NpoOSHO3 U3MEHEHUs
Kauecmea NOO3eMHbIX 600 C UCHOTb30BAHUEM PESPECCUOHHO20 VPAGHEHUs U PACCHUNAHA 6eIUYUHA NPUMOKA
BLICOKOMUHEPATUZOBAHHBIX 800 MPUACA 6 MEP2elbHO-MeN080l BOOOHOCHbIN 20pu3oum. IIpednoicenvl
PEKOMeHOayuyu N0  YMEHbUEHUIO HEe2AMUSHO20 GIUSHUS  UCCTeOVEMbIX  IKON020-2UOPOLEOXUMUECKUX
(akmopos Ha Kawecmeo nOO3EMHbIX 800 MEPLEIbHO-MEN08020 6000OHOCHO20 20PUZOHMAL.

Knroueevle cnoea: mepeenvHo-meno8ou 6000HOCHbILL 20PU30HM, 60003a00p, KAYecmeo NOO3EMHBIX 600,
9KON020-2UOPO2eOXUMUTECKUE PAKMOPbI, UHPUILIMPAYUSIL.

ECOLOGICAL AND HYDROGEOCHEMICAL FEATURES OF MARL-CHALK AQUIFER
GROUNDWATER FORMATION AND FORECAST OF ITS QUALITY (ON THE EXAMPLE OF
ZHYTLIVSKYI 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->O 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
a = 1.16. The heat treatment of clinoptilolite changed the ratio of hydrogen isotopes to hydroxyl
groups, where the fractionation coefficient o. 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 c¢ 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 *
Tabmn. 1. KpucranoxiMidHi BIIaCTUBOCTI KJIIHONTHJIOMITY.

Empirical formula (NaK)4 CaAls Siz O72x24H,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-egxg?
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  TIlpoekuiss  cTpyKTYypH
KJIIHONTHIIONITY Ha IUIONIMHY ab.
[loka3aHO TONOXKEHHS KaTiOHIB
b Na B KaHajmax CTPYKTYpH, B
OTOYCHHI MOJIEKYT Bogu 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
"O npupoaHBIX HeonuTax 3akapnarhs COKUPHUIIKOTO MECTOPOXKICHHS U BO3MOXHOCTSIX UX Hcnonb3oBanusa” //T'TI "CoknpHULKMi

neonutoeli 3aBox" MUC Ykpaunst.— Ilpenp. — 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?.

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. bnok-cxema yCTaTKyBaHHSA IS
TEpMOTPaBUMETPUIHOTO BHIAJICHHS BOJIOTH 3
MiHEpaIbHUX HAaBAKOK.

Sampling
¥ flask

Reactor

© 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

89



306ipHUK HAYKOBUX Ipalb [HCTHTYTY reoximii HaBKOJIMIIHBOro cepenosuina 2018 Bumyck 28

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.
Taba 2. Bmict moBepxHeBo-a1IcOpOOBaHHOI BOAHU Y HOBITPSIHO-CYXOMY HEOJIITi.

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>0O 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 "HTQO" 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,—Q)/m 2

where: Qm - specific stock of tritium in weight clinoptilolite, Bgxg™; Quw and Qf - stock of
tritium in the "HTO" before and after the experiment, Bg, 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, =Q,*Q, *100% (3)

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

Table 3. Indicators value for experimental systems C-1 and C-2.
Tao6n 3. 3HaueHHs NOKa3HMKIB Jyisl ekcriepuMenTanbHux cucreM 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 (H20) 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«> H20 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).

—TIm,Tw
%= Hn! Hu )

where: « - hydrogen isotope fractionation factor, T, Hm - concentration of tritium and protium
atoms in the mineral mass, atom*ml'; T, , H,, - 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 «k HTO» and mineral
adsorbent protium concentration varies on a very small amount, so the value Hm and Hw remain at

6.69 * 10?2 atoms H*ml'. Given the above expression (4) was transformed into the expression (5):

a=T m*T\:\Il (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.

Tadn. 4. Poznogin T B 3ammmkoBiit «kHTO» Ta ¢pakuisx BoJOrM, BUAAJICHUX 13 BHXITHOTO KIIHONTWIIONITY MiCIs
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 8,47x10°8 9,24x10°8 7,69x108 8,93x10°8
tritium volume in water
Fractionation factor, a. - 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 a. = 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 103 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 H.O) 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 (a = 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

- _li clusters of molecules "HTO" and clinoptilolite

| | channel surface.

Al o

(L _li Puc.8 Cxema iomnoro T'<H" oOminy Mik
‘| kiacrepamu Mojiekyn «HTO» Ta moBepxHero
o KaHAITy KJITHOTITHJIOJNITY.
|

— Si

|

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 «kHTO» 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.

Taon. 5. Posnoxin T B 3anumkoiit «HTO» Ta dpakuisx, BUIaeHUX i3 TEpMi4HO-00pO0JICHOr0 KIITHONTHIIONITY TicCIst
3aBEPLICHHS EKCIIEPUMEHTY.

Parameter Balance Fractions removed from the ceolite Generally

"HTO" 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*ml .,

Fractionation factor, a. - 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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TEOXIMIYHI OCOBJIMBOCTI A/ICOPBIIIi TPUTIIO 3 BOJHUX PO3YMHIB
KITHOIITHUJIOJITOM

Pynenxo I.M, IIymxapsos O.B., 3yoxo O.B., lonin B.Bik., Komnskosa T.O.

Pynenko .M., u.c. 1Y «lHctutyT reoximii HaBkosmiuaboro cepenosuiia HAH Ykpainmy igns219@gmail.com,

[Mymkapsos O.B. , K.r.-M.H, c.H.C., 1Y «IHCTUTYT reoximii HaBkommmuboro cepenosuina HAH Ykpainwy», pushkarevigns@gmail.com,
3y6ko O.B., H.c. 1Y «IHCcTUTYT reoximii HaBkomumuboro cepenosuina HAH Ykpainw», Zhubko@rambler.ru,

Jomnin B.Bik. 1V «IucturyT reoximii HaBkoimuHboro cepegosuma HAH Vkpainuy, dolinvitaliy@gmail.com

Konwursikosa T.O., c.H.c. 1Y «IHcTUTYT reoximii HaBkonuiHboro cepenosuia HAH Ykpainuy», geol@bigmir.net

s suBUEHHs MEXAHIZMY eKCMPakyii mpumiio 3 600HUX PO3YUHIE YeoimoMm OYau CmeopeHi 081 AHAN02INHI 3a
CKAA0OM 3aKpumi CMayioHApHi eKCnepuMeHmanbHi cucmemu Ha ocHogi kiainonmuionimy COKUPHUYLKO20
pooosuwa (YVrpaina). Y nepuiomy excnepumenmi uKopucmos8y8anu HesmiHeHuti npupoOHULl KIiHONMuIoxim, y
opyeomy - minepan mepmiyno o6pobnenuii npu 110 °C. Tpusanicme excnepumenmis cmanoguna 6auszbko 10
micayig. Bumipu numomoi axmugrnocmi mpumito y 00OHOMY 3aNUUIKY | Y MIHEPATbHOMY cepedo 8ui 00360aUNU
BUBHAYUMU NePepO3NO0LT MPUMII0 Midic Meepooio i PIOKO (azamu, a maKo;ic MINC PISHUMU CIPYKITYPHUMU
nosuyismu 6 kiiHonmunonimi. Hasena y xkaiHonmunonimi adcopboana 60102a npu 63aemMo0ii MiHepaibHol i
600HOI ¢haz Ha noyamky npu3eoouUms 00 4ACMKOB020 3MEHUIEHH KOHYeHmpayii mpumiegozo inoukamopa 6
«HTOp». Haoani ysa eonoza 3abesneuye MOJNICIUBICIb MPAH3UMHO20 npoHukHenHs moaekyr HTO 6 kananu
KATHONMULOMIMY 6HACTIO0K Ouysitinoco monexynspnoco oominy HTO « H>O misc 600H0I0 ma MiHepanbHOIO
Gazamu. Tepmiuna 00poOKA 3HUNCYE MONCIUBICIL UACMKOB020 PO3DAGIEHHA MPUMIio8aHoi 600u, o
63aemodic 3 minepaiom. Tepmiuna axmueayiss a0copOYItIHUX Yyenmpie 6 MiHepaIbHill Maci 3abe3neuye Oinbul
eqhexmueHe GULYUEHHsI MPUMIc6020 iHouxamopa 3 600noi ¢azu. Ilicis mepmiunoi 06pobKu nopoeuti npocmip i
NOBEPXHST MIHEPATLHUX YACMUHOK 36LILHAIOMbCS 6i0 HASABHOI 6 MiHepani adcopboeanol 600u, a ix noeepxws
mepmiuno axmugyemocs. Lle npusgooumev 00 GiOHOCHO Oinbwi THMEHCUBHOI nogepxnesoi adcopbuyii, Oe
Haxonuuyemvcs 00 68,5 % no2nunymozo Minepaniom mpumic6ozo inouxamopa. Bzacmodis mpumitiosanoi 6oou
3 MepMIuHO AKMUBOBAHOIO NOGEPXHEI0 MIHEPANbHUX —HACMUHOK —CYHPOBOOICYBANACA — OUHAMIYHUMU
aocopOYitinO-0ecopOYioOHUMU NPOYeCcam, eleKMPOKIHEMUUHUMY ASUAMU 8 NOBEPXHEBOM) eleKMPUYHOMY
wapi, sAKi 0oyMosunu GpakyionyeanHs i30monie 0omHio 3 Koegiyicnmom o = 1,17. Hasenicmo y mepmiyno
00pobIeHOMY KIIHONMUNOIIMI AHATIOZIYHOT 3 GUXTOHUM MIHEPATIOM YaCMKOBOI 3aN08HEHOCMI KOOPOUHAYIIHUX
cqhep nyduCHUX KamioHie 3a0e3neyuno MONCIUGICMb (PpaKYiony68ants i30monie 600HI0 6 KAHALAX MIHepany 3
koeghiyienmom o = 1,16. Tepmiuna obpobxa KIiHONMURONMY 3MIHULA CNIGBIOHOWEHHS I30MONI8 OOHIO I
2I0poKCUNbHUX 2pynax, 0e GI0N0GIOHO 30inbuuscs koeiyicnm gparyionyeanst o 0o 1,06.

Kntrouosi cnosa: mpumiti, KiiHonmunonim, MiHepaibHui adcopbenm, mpumitiosana 800a, mepmiuna oopooxa,
(paxyionysannsi, i30monu GOOHIO.

TFEOXUMMNYECKHWE OCOBEHHOCTHU AJCOPBIIMU TPUTHUSA U3 BOJHbBIX
POCTBOPOB K/IMHOIITHJIOJIMTOM

Pynenxo U.M, IIymxkapes A.B., 3yoxo A.B., [lo1un B.Buk.

Pynenko U.M., n.c. I'Y «MHCTUTYT reoxumun okpykatomeii cpenst HAH Ykpaunsi», igns219@gmail.com,

[Mymxapes A.B. , k.r.-M.H, c.H.C., ['Y «HCTHTYT reoxumun okpyxaromneii cpenst HAH Yikpauusi», pushkarevigns@gmail.com,
3y6ko A.B., n.c. 'Y «MHcTuTyT reoxumuu okpyxatomeii cpenst HAH Ykpauns», Zhubko@rambler.ru,

Homuu B.Buk. I'Y «MuctuTyT reoxumuu okpyxkaromeii cpenst HAH Ykpauusm, dolinvitaliy@gmail.com

Konusikoa T.A. c.H.c. T'Y «HCTHTYT reoXuMun okpysxkatoriei cpenst HAH Ykpaunsi», geol@bigmir.net

Jna usyuenus mexamusma IKCMpaKyuy mMpumus U3 G0OHLIX PACMEOPOS YEOIUMOM ObliU CO30aHbl 08e
aHANO2UYHble NO COCMABY 3aKpblmble CMAYUOHAPHbLIE IKCNEePUMEHMANbHbIE CUCMEMbl HA  OCHO8E
xaunonmunoauma CoxkupHuyko2o mecmopodxcoenuss (Ykpauna). B nepeom sKkcnepumenme ucnonnb308aiu

© 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

98


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

306ipHUK HAYKOBUX Ipalb [HCTHTYTY reoximii HaBKOJIMIIHBOro cepenosuina 2018 Bumyck 28

HeU3MeHEeHHbII NPUPOOHBIT KIUHONMUTOIUM, 60 6MOPOM - MUHEpal mepmuyecku oopabomannviii npu 110 °C.
Tlpooonsxcumenvrocms 3Kcnepumenmos cocmagnsnia okono 10 mecayes. Hzmepenus yOenvHOU aKkmusHOCmu
mMpumusi 8 600HOM OCMAMKA U 8 MUHEPATIbHOU cpede NO360MUNU Onpedelums nepepacnpeoeienue mpumus
Mmedcoy meepooll U JHCUOKOU pazamu, a makdice Mexcoy pPAa3TUUHbIMU CMPYKMYPHLIMU NOZUYUAMU 8
KauHonmunoaume. Mmerowasca 6 mMunepaie adcopoupoeannas éiaza npu 63auMoOeticmeut MUHepaIbHou U
600HOU (a3 eHauane NPUEOOUMm K YACMUYHOMY YMEHbUIEHUIO KOHYECHMPAyuu mpumuesoco UHOUKAmopa 6
«HTO». B Oanvhetiwem sma 61aea 06ecneyudaem 603MOICHOCHbL MPAH3UMHOZ0 NPOHUKHOBEHUsT MOLEKYL
HTO 6 rananwr kaunonmunoauma eciedcmeue ou@@ysnozo monexynapuozo oomena HTO < HoO medwcoy
600HOU U MuHepanvHoU ¢hazamu. Tepmuueckas obpabomka CHudCaem 603MONCHOCHb UYACMUYHO20
pasbaenenus MpuUMuUUPOSarHol 600bl, KOMopas é3aumodeticmeyem ¢ Munepaniom. Tepmuueckas axmueayust
a0CoOpOYUOHHBIX YEHMPO8 8 MUHePAIbHOU Macce obecneuusaem Oofee 3QhekmueHoe uzvsamue mpumus
600HOU pasvl. [locre mepmuyeckoi 06pabomKu nopogoe NPOCMPAHCMEO U NOGEPXHOCTb MUHEPATIbHbIX
yacmuy 0c6000HCOAIOMCs OM  UMeWelics 8 MUHepane adcopOUpoOBaHHOL B800bl, A UX NOBEPXHOCb
mepmMuyecKu aKmueupyemcs. Omo npueooum K OMHOCUMENbHO 0O0Nee UHMEHCUGHOU NOBEPXHOCHHOU
aocopbyuu, e20e Haxanaueaemcs 00 68,5% noerowennozo Mmuneparom mpumus. Bzaumooericmeue
MPUMUUPOBAHHOU  600bL  C  MEPMUYECKU  AKMUSUPOSAHHOU  NOGEPXHOCIbIO  MUHEPAbHBIX — Yacmuy
CoOnpoBoNCOanacy OUHAMUYHBIMU AOCOPOYUOHHO-0eCOPOYUOHUMBL  NPOYECCaml, JIeKMPOKUHEMUYECKUMU
AGNEHUAMU 8 NOBEPXHOCHHOM INEKMPUHECKOM Cloe, KOMopble 00YCL08UNU (DPPAKYUOHUPOBAHUE US0MONO8
600opoda ¢ kodppuyuenmom a=1,17. Hamuuue 6 mepmuuecku 00pabOMAaHHOM KIUHONMULOAUME
AHANOZUYHOU C UCXOOHBIM MUHEPANIOM YACTNUYHOU 3ANONTHEHHOCMU KOOPOUHAYUOHHBIX Chep WelouHbIX
KamuoHo8 00ecnedunio 603MONCHOCIb (DPAKYUOHUPOBAHUS U30MONO0E B000POOA 6 KAHANAX MUHEPand ¢
koappuyuenmom o=1,16. Tepmuueckas obpabomra KIUHONMULOIUMA USMEHULA COOMHOWIEHUE U30MONO08
6000p00a U 8 2UOPOKCUTLHBIX 2PYRNAX, 20€ COOMBEINCINGEHHO VYECIUUUNCS KOIPPUYUSHM PPaKyuoHUPO8anus.
a 0o 1,06.

Kniouesvte cnosa: mpumuti, KIUHONMULOIUM, MUHEPANbHbIL AOCOPOEHM, MPUMUUPOSAHHAS 6004,
mepmuueckas 00pabomxa, QPaKyuoHUPOSaHUs, U30Monbl 6000POIaA.

© 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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HAM’SATI JUCHYEHKA TEOPT'IA BITAJIIMOBAYA

20 Gepe3nst 2018 poky mimoB 3 XKUTTSA JUpeKTop Jlep:kaBHOI ycTaHOBU «IHCTUTYT reoximii
HaBKOJUIIHbOTO cepenoBuiia HAH Vkpaiuuy,
YICH-KOpPEeCTOHACHT HamioHanbHOi  akagemii
HayK VYkpainu I'eopriit Biraniiiouu
JlucudeHko — BIiJOMHI YYCHHMHA Yy Tairy3i
MATEeMaTUYHOTO MOJENIOBAaHHS W aHali3y
PU3UKIB  TPUPOIHO-TEXHOTEHHUX  IIPOIIECIB,
rizporeosnorii, IHKEeHEepHOT re0JIOoTii,
pamioexoorii Ta SIEPHOT
enepreruku.Haponuscs ['eopriit BiramiiioBuy y
1947 poui B M. Kuesi B pouHi Ciryx00BIIIB. Y
1970 p. 3akiHYMB TEOJIOTTYHHH  (aKyIbTET

Kuiscskoro JIepKABHOTO YHIBEPCUTETY

iM. T. IlleBuenka, OJIEpKaBIIN JUILIIOM
reoJIora-Tiiporeosiora. 3a POKH CBOET TPYAOBOI AISUTBHOCTI BIH CTaB KaHAMJAATOM T€OJIOTO-
MinepanorigHux Hayk (1980), moxtopom TexHiunux Hayk (2003), unenHom-kopecnonaearom HAH
VYkpainu 3a cnerianpHICTIO «siepHa enepreTuka» (20006).

OcHoBHa HaykoBa disUIbHICTH [eopris BiramilioBuua Oyna mMmoB’s3aHa 3 BUPIIMICHHSIM
KoMIuiekcHuX mpobsiem Oesneku AEC Ta iHIIMX 00’€KTiB 1HOPACTPYKTYpPH SIAEPHOTO MAIMBHOTO
UMKy, [0 OXOIUTIOIOTh NHUTAaHHA SJEepHOI, pajianiiiHoi, TEeXHOreHHO-eKOJOTI4yHOi Ta
1H)KEHEPHO-Te0JIOTYHOT O€3MeKH, Y TOMY YUCII1 IPU aBapiiHUX CUTYaIisaX X (PyHKIIOHYBaHHS.

HaykoBy nisnbHicts B HAH Vkpainu BiH po3no4aB B IHCTHTYTI reoJIOTIYHUX HAYK, 1€ Y
BT T1IPOreOIOTIYHUX MPOOIEM MOYMHAE NOCIIIKYBATH MHUTAHHS 130TOIHOI TiIPOreoJIorii Ta
MaTeMaTUYHOTO MOJEIIOBAaHHS Tifporeosioriunux mnpoueciB. Ilicas 3axucty y 1980 pomi
KaHIUAATChKOI JucepTalii 3a CHeUialbHICTIO «T1IPOTeoJioriss» HayKoBi iHTepecu [eoprisa
BiraniiioBuya novanu 3MillyBaTUCs Y HANpsiMi JOCIDKEHHS Ipo06JeM 1HXXEHEPHO-Te0JIOTTYHOT Ta
panianiifHoi Oe3neku o00’ekTiB siiepHOi eHepreTuku. Ilpamroroun 3 1981 poky HaykoBHUM
CHiBpOOITHUKOM-KOHCYJIBTAaHTOM, a 3 1983 poky — y4deHMM cekpeTapeM BinjineHHs Hayk mpo
3emmo Ilpesunii AH VYPCP, I'.B.JlucuueHko sk BiONoBiIaJbHUI BHKOHABElb IPOBOJUTH
nocmipkenHs 3a crnenremoro JJKHT CPCP 3 mpobiem siiepHOi eHepreTUKu Ta BUKOHYE JOTOBIpHI
HJIP 3 BuBueHHs MaiijaHuuKiB s OyaiBHUIITBA PiBHeHChKOT Ta XMenpHUIBKOT AEC, Gepe ydacThb
y HayKOBHX pO3pOOKaxX TEXHIKO-€KOHOMIYHOTO OOIpPYHTYBaHHS MPOEKTiB OyaiBHUIITBA O/echKoi Ta
Kuiscpkoi ATELL, Yurupuncekoi, [liBnenno-Ykpaincekoi, Jlonenrskoi Ta Monnoscskoi AEC.

© MAM’SITI JUCAYEHKA TEOPTISI BITAJIIMOBHUYA
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3amouaTKoBaHi Ta po3poOIeHI HUM HAYKOBO-METOAOJOTIUHI MiIX0I1, METOAH 1 Pe3yabTaTH
MOJICIBHUX JIOCTI/DKEHb 3a0e3MeuyloTh MIABHINEHHS PIBHS padialiifHOI Ta eKOJOridyHoi Oe3mexu
MpU  eKCIUTyaTalii MOTEHIIHHO-HeOe3MeYHnX 00 €KTIB, BIPOBAKCHHS KOMILICKCHUX 3aXOJiB
3aXMCTy HacelIeHHS 1 TepuTopii MpuW BUHUKHEHHI Hag3BWYaiHWX curyanid Ha AEC Tta iHmmx
00’€KTax SIEPHOTO NAJMBHOTO LUKy, CIPHUSIIOTh BJIOCKOHAJCHHIO CHCTEM KOMILJIEKCHOTO
€KOJIOTIYHOTO MOHITOPUHTY 00’ €KTIB TOBKLIJIS.

Tak ckianmocs, Mo 3Ha4YHA YacTHHA HAYKOBO-TIPAKTHYHOI NisutbHOCTI ['eoprist BiraniiioBuya
Oyna moB’s3aHa 3 AOCHIHKEHHSIMH, 110 HPOBOJWINCH Y 3B’A3KY 3 aBapliiHUMH €KOJIOTTYHUMH
CUTyalliIMA TPUPOJAHOTO Ta TEXHOTEHHOTO TIOXO/PKEHHS 1 KPYIIHUMH  €KOJOTTYHHUMH
karactpodamu. ¥ Horo akTuBi HapallbOBaHWN 3HAYHUM JOCBIJ 13 IUX MMUTaHb, 30KpeMa:

. JOCTIIKEHHS aBapifHUX 00’ €KTIB, pyHHYBaHHS SKUX OyJI0 BUKJIMKAHO aKTHBI3alll€l0
KapCTOBUX MPOIIECIB, @ caMe: re0JIOTIYH1 BUITYKYBAHHS MOTEHUIIHO HECTIMKUX 30H, TIOB’A3aHUX 13
reoJIMHaMIYHUMU Tpolecamu B Mexax teputopii PiBHeHcbkoi AEC ta M. Ky3nenoscbka (1980—
1982 pp.); mocmimKeHHsS 3 PO3BUTKY KapcTy B MeXax AULTHKH 3ani3zHumi JIeBiB-Ctpuit 1520—
1522 xm (1983 p.); gocmimKeHHs] pO3BUTKY KapCTOBHX mpoiieciB y M. binoripesk (1984 p.);

. eKCIIEpTHO-aHATITUYHI  JOCHiKeHHs (y CKiaAl TPyNH  eKCHepTiB
[Ipoxyparypu VYPCP) mnpuumn aBapii rpebmi xBoctocxoBuiia CTeOHIKIBCBKOTO KaTIMHOTO
KOMOIHaTy, IO TpHu3Bena 10 Karactpodiunoro 3abpymnenHs p. Jlnicrep (JIbBiBchbka 007acTh,
1983-1985 pp.);

. ydacTh y JiKBigamii HachigkiB YopHOOMIbCbKOI KaTacTpodu (TepIiiuii
kepiBHUK mTaby AH YPCP y M. YopHoOuii (4epBeHb-BepeceHb 1986 p.) Ta HaYaIbHHUK BIIJILTY
BOJIOTOCIOIAPCHKO-PAIIONIOTIYHUX JOCHIKEHs Y YOopHOOWIBbCHKIA 30HI BimuykeHHs (1987—
1990 pp.);

o JOCTIPKEHHS YMHHUKIB €KOJIOTiuHO1 KartacTpodu ApaibChbKOro MOps Ta
PO3po0Ka CUCTEMH €KOJIOTTYHOTO MOHITOPUHTY 1boro periony (Kazaxcran, 1991-1992 pp.);

° eKCIIEPTH1 JIOCHIIKEHHS 3 OLIHKM E€KOJIOTTYHOI cHTyallii B 30H1 aBapii 3
oimum ¢pocdopom, mo Bunukia 16.07.2007 p. Ha 3anisHMUHOMY meperoni «OxuaiB—KpachHe»
JIsBiBCbKOT 3anizHuni (2007—-2008 pp.);

. OIlIHKa EKOJIOTIYHUX PHU3UKIB BiJ BIUIMBY XBOCTOCXOBHII YpPaHOBOTO
BUPOOHMIITBA KOJIMIIHBOTO BrupobHuyoro o6’eqnanns [IpuaninpoBebkuil XimidHuit 3aBoa» (2009—
2011 pp.);

) HAayKOBUH  CympoBig poOIT 3 0€3MeYHOro BUJAICHHS  BIAXOMIB
rekcaxjiopOeH30iy, o nepedyBaji Ha IMOJITrOHI y 30HI KoHcepBalii JJoMOpoBCchkOro Kap’epy B

Kanycskomy paitoni IBano-®pankiBcbkoi odmacti (2012 p.).

© MAM’SAATI JUCUYEHKA TEOPTISI BITAJIIMOBAYA
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Onpasy micisa katactpodu Ha YopuoOunbehkiii AEC I'.B. Jlucuyenka Oylio mpu3HAYECHO
MePIIUM KepIBHUKOM ITa0y Akanemii Hayk Ykpaiau B M. YopHoOwWmi (depBeHb-BepeceHs 1986 p.),
7ie BiH 3a0e3leuyBaB HayKOBO-TIPAKTUYHY peaji3allifo mpono3umii yueHnx Axanemii Hayk YPCP 3
HaceneHHs. Y 3oHi aBapii UAEC, sk d¢axiBemnp, BiH 0e3MOCepeHhO 3aliMaBCs CHCTEMaMH
CEMCMIYHOT IarHOCTUKH CTaHy 3pYHHOBAHOTO PEaKTOpa, OIIHKAMHU pPaliOCKOJOTIYHOTO CTaHy
3a0pyIHEHUX TEPUTOPid, MHUTAHHAMH 3aXUCTy BOJHUX pecypciB Big 3a0pyaHEHHS Ta
MOBO/DKEHHS 3 PaJiOaKTHBHUMHU BiXoJaMH. 3HaYHHUM HAYKOBHM BHECKOM Y PO3BUTOK CHUCTEM
siAepHOT Ta pajaianiiHoi 6e3neku € po3podku ['.B. JIlucuuenka 31 CTBOPEHHSI Cy4aCHUX TEXHIYHUX
CHCTEM PaJi0€KOJIOTIYHOTO MOHITOPUHTY Ta (PI3UYHOI0 3aXUCTY EHEPreTUYHUX 00 €KTIB, /1€ BiH
BHUCTYIA€ Y AKOCT1 HAyKOBOTO KEepIBHUKA a00 BIANOBIIAJBLHOTO BUKOHABISI poOIT. Y HAYKOBOMY
nopo6ky I'.B. Jlucuuenka omy0maikoBano oOinbuie 300 poOit, y Tomy uncii 15 monorpadiit ta 10
BUHaxoMiB (Omu3pko 90 poOIiT mnpucBsueHo O€3MocepeHbO PI3HUM MUTAHHAM SACPHOT
enepreTukn ). OCHOBHI pe3ynbTaT AocipkeHb ['.B. JIncudyenka BUCBITICHO Y TAKUX KOJEKTUBHUX
MoHOTpadisax: «DopMUPOBAHHE IKCIUTyaTAIIHOHHBIX PECYPCOB TOA3EMHBIX BOJ TUIAT(OPMEHHBIX
cTpykTyp Ykpaunbs» (1979); «BBemenue B MOJSIMPOBAHHE THAPOTEOJOTHYSCKHUX IPOIIECCOBY
(1980); «JleueOubie MuHepanbHbie Boasl Tuma  “Hadryces”™»  (1986); «OcobenHocTH
B3aMMOJICHCTBHUS T'€OJIOTUUECKOU cpeibl U OOBEKTOB aTOMHBIX cTaHIui» (1987); «DopmupoBanue
pexuMa TIOJI3EMHBIX BOJ B pailOHaX pa3BUTHS aKTUBHBIX T'€OJMHAMUYECKUX MpolieccoB» (1988);
«BomooOMeH B THUIPOTEOIOTMYECKUX CTPYKTypax YKpauHbl. MeToapl H3ydeHHs] BOJOOOMEHa»
(1988); «IIpobmemMu oxopoHHU reoJioriuHOi cnaamuan Ykpainu» (1999); «SnepHas sHepreTuka,
oOpaiieHne ¢ OTpabOTaHHBIM SIACPHBIM TOIUIMBOM U PaJAMOAKTUBHBIMH oTxoaamu» (2006);
«[IpupoHMii, TEXHOTCHHHUN Ta EKOJOTIYHWH PHU3UKH: aHaji3, OIliHKa, ymnpaBmiHHID» (2008);
«MOHITOPUHT 1 METOIW BHMIPIOBAaHHS IIapaMeTpPiB HABKOJHUIIHBOTO cepeaoBuma» (2009);
«KoMrekcHUi  TeoeKOJOriyHUM  MOHITOpHUHT 30HM  BmuBy Tanumnbkoi [AEC  Ta
OnexkcannpiBcpkoro Bojocxosuma: 1998-2008 pp.» (2010); «YpaHoBi pyau YKpaiHHu: T'€0Jorisd,
BUKOPHCTAHHS, IMOBODKEHHS 3 Bimxojgamu BupoOHHITBa» (2010); «MeTomooris OILiHIOBaHHS
exosoriyuaux pusukiBy (2011), «llepcrekTUBU pPO3BUTKY YpPaHOBOi CHPOBHUHHOI 0a3u siaepHOI
eHepreTuku Ykpainm» (2014).

Tpynosi 3acnyru I'eopris BiraniiioBuya Oynau TOCTOHHO OIiHEHI KEPIBHUITBOM KpaiHH.
I'eopriii BiraniiioBuy — kaBanep opaeHiB «3a 3acayru» |l crymens (2006) ta «3a 3acayru» |l
crynens (2011), naypear [lep>xaBHoi mpemii YkpaiHu B ramysi Hayku i1 Texiku (2012), nificHuit
uned IlerpoBcbkoi akazemii Hayk 1 muctents (2005), moyecHUi MpaLiBHUK aTOMHOI €HEPreTHKU
(2006), HaropoKEHUH YUCICHHUMHU Bil3HAKaMU Ta TPaMOTaMU LIEHTPAIBbHUX OpPraHiB BUKOHABYOT
BJIAIU YKpaiHU.

© MAM’SAATI JUCUYEHKA TEOPTISI BITAJIIMOBAYA
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I'.B. JlucudeHnko, KpiM HAyKOBOi JISUTBHOCTI, 32 CBOE >KUTTS BUKOHAB BEIUYEC3HUN 0OOCST
HayKOBO-OpraHi3aIfiifHol poboTu. Y pi3Hi poKH 3aiiMaB MOCa/u: YUCHUU cekpeTap BimniieHHs Hayk
mpo 3emmo I[Ipesunii AH YPCP (1983-1987 pp.), 3aBimyBad BigjijiOM BOJOTOCIOIAPCHKO-
pamioNIOTIYHUX  JOCHDKeHb  YKpaiHcekkoro ¢uriamy [lentpamsnoro HJII  komIuieKCHOTO
BHKOPHUCTaHHS BOTHUX pecypciB MinBoarocy CPCP (1987-1990 pp.), 3aBimyBau kadempu Ta
neKaH (paKyIbTeTy OXOPOHH HABKOJIMITHROTO Cepe/oBHINa AKaaeMii mparli i ComiaaTbHuX BiTHOCHH
®deneparii npodeninok Ykpaiau (1994-1996 pp.), 3actynHuk mupekropa JlepkaBHOTO HAyKOBOTO
LEHTpY paaioreoximii HaBkoJumHboro cepenosuima HAH Vkpainn ta MHC Vkpainun (1996—
2000 pp.), mupekrop KuiBcbkoro reosioropo3pimyBaibHOro TexHikymy (2000—2001 pp.), 3aBiqyBau
Kadeapu 3aXUCTy HaceseHHS 1 TepUTOpid [HCTUTYTY JepKaBHOTO YNpPaBIIHHS Yy cepi HUBUILHOTO
3axucty MHC Vkpainu (2001-2002 pp.), 3acTynHUK AUpeKTOopa 3 HaykoBOi poOotu Jlep:kaBHOi
yctaHoBU «lHCTUTYT reoxiMmii HaBkosmHbOrO cepepoBuiia HAH Ykpainuy», a 3 2013 1o 2018 p. —
JUPEKTOP HA3BAHOI YCTaHOBHU.

[IninHy HAayKOBY Ta HAyKOBO-OpTaHI3aIlliHy AIsUTbHICTH ['eopriii BitamiiioBuu 3aBxau
MOETHYBAaB 3 TPOMAJChKOI0 po0OoTor. BiH OyB 3acTynmHMKOM akajemika-cexpeTtaps BimmineHHs
snepHoi Gi3uku Ta eHepretuku HAH Ykpainn, ronoBoro KoMiTeTy KOMITJIEKCHOTO aHaJi3y O€3MeKu
TipHUYO-BUI00YBHOI Ta mepepoOHOi MPOMHUCIOBOCTI, TOBOKEHHS 3 Pall0aKTHBHUMHU BiIX0JaMu
Ta iX BIUIMBY Ha HACEJICHHS Ta HABKOJIMIIHE TPHUPOJHE cepepoBuine HarioHambHOi KoMmicii 3
pamianiiHoro 3axucTy HaceneHHs Ykpainu (Big 2010 p.), cmiBrojoBoro MiKBIAOMYOI HAyKOBO-
koopauHariiHoi ekcneptHoi paagm MHC VYkpainm ta HAH VYikpainm 3 nutanb TEXHOTEHHO-
€KOJIOTTYHOT OE3MEeKH Ta METOI0JIOT1i OIlIHIOBaHHS PU3UKIB HaI3BUYaliHUX cutyaiid (Big 2010 p.),
YjieHOM 0aratbOX y4eHHMX Ta €KCIEepPTHUX paj, ujeHoM ekcnepTHoi pangu BAKy 3 TexHiuHHX
Hayk (Bim 2010 p.), TOJOBHMM peaakTop HaykoBoro 30ipHUKa «TexXHOTEHHO-EKOJIOTidHa
Oe3Iexa Ta MUBUIBHUHI 3aXUCT).

I'eopriit BitaniiioBuu Jlucuuenko OyB opranizaropom 0araTb0X HayKOBHX KOH(EpeHIii Ta
CUMIIO31yMiB, Y TOMY YHCJIi MDKHApOIHUX. bpaB ydyacTh y MDKHApOAHHUX MPOEKTaX, MDKHAPOIHUX
KOHIpecax 3 MUTaHb BUPILIEHHS MPOoOJIeM TEXHOTCHHO-EKOJIOTTYHOI Oe3MeKdu Ta METOJO0JIOTIi
aHanizy pus3ukiB. byB oOpanuii koopauHaTopoM Bin YKpaiHM y MDKHapOJHIN opranizamii 3
OLIIHIOBAaHHS PU3UKIB NPH BUPILICHH] PI3HUX 33Jja4 TEXHOT'€HHO-EKOJIOTrTYHO1 Oe3neku, Horo mpaus
oTpUMaia MbKHapOJHE BU3HAHHS.

KonekTuB HCTUTYTY MIMPO CyMye 3 MPUBOJY nepeayacHoi cMmepti I'eopria BiranilioBuya i

Mae Ha,[[iIO Ha IMPOAOBKCHHSA Horo ):[OCJ'Ii)I)KCHB HOC.]'IiI[OBHI/IKaMI/I.

Cywyx K.I'.

© MAM’SAATI JUCUYEHKA TEOPTISI BITAJIIMOBAYA
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HNAM’ATI KOJIETU TA IPYTA

Ckopo MuHe pik, K 3 HaMH Hemae [eopris BiramiiioBuya. Aje mucatu mpo HBOTO B
MUHYJIOMY dYaci mie J0Bro Oynae He mpocTo. MHMOBOJI JOBOAMTHCS CIIBBIIHOCHTH CBOE
CTaBIEHHS [0 pBHUX pededl 3 Horo
0a4eHHsSM — 32 TPUALATH POKIB CIIUIBHOL
mpani 1me BXe YBIANUIO Yy CBiIOMICTb.
Ckulbkd  pa3iB  3a OCTaHHI  MICHII,
0OroBOPIOIOYM 3 KOJEraMu Ti YW IHIII
cepio3Hl ¥ He ayxe mnpoOiemMu, Mu
TOBOPUIIM OJUH OofgHOMY: «OT, axOu OyB
)KUBUI BitamiiioBud — BIH OM IIBHUIKO
po3ibpascs. .. BiranilioBuu on
JOMOBHBCS. .., TOSICHUB..., JIOTIOMIT...)».
Bin, iHomi 3maeThca, BCE 1€ CHAUTH
JIOTII3Ha B CBOEMY KaOlHETI, '€ YapKy-
JIpyTy 3a 00110M 3 TOCTSIMH, CITIBA€ CBOIO
YIIOOJICHY TCHIO TIPO «0Yl BOJIOIIKOBI»,

KOJIU Becenud 1 y mo0pomMy Tymopi...

Moro HOMep yce e B Moemy TernedoHi, a
y BaiOepi BiH JIOCI CHAWTH Ha OUTIH y YOpHY CMY)KKY JIaBIli M 3amucaHa JaTra OCTaHHBOI
PO3MOBH. ..

BiraniiioBuu OyB CHJIBHOIO JIFOAUHOIO, OOPOBCS A0 OCTAHHBOTO: BUHIILIOBIIM 3 MEPIIOT
KOMHM HE JyMaB HI Mpo M0, KPIM pOOOTH 1 TMOTOYHHUX, SK 3aBXKAM TAKUX BAXIHMBUX 1
HEBIJKJIQJHUX COpaB Ta HAWOMMKYMX IUIAHIB, AAJCKOCSDKHHMX 3aayMiB... A 1€, BIEPTO
HaMaraBcsl 3HOBY IOYaTH CaMOCTIHHO XOAMTH, X04ya O MPOCTO mepecyBaTucs 0e3 CTOPOHHbBOI
nornomMoru. [[jst Hboro HEPyXOMICTh, CTATHKA, BOYEBH/Ib, MAJI0O YUM BIAPI3HSUIUCA BiJ HEOYTTS.
CraTu HamiBKUBUM BiipBaHUM BiJl aKTUBHOT'O JKUTTS MEHCIOHEPOM, SIKUM TUXO JOKUBAE BIKY,
BIH HISIK HEe MIr. XOTIB JIMIIE XUTTA Ha MOBHY. | 37aBanocs, BIH B)Ke IEepeMIr CBOIO KIATY
XBOpOoOy... Mailke mepemir, aje BoHa 3aiiiuia 3 iHmoro 60oky... I{o , Bech yac mepemaraTu
HeMOXJIMBO. Take »utts. Ha xansb. ..

S mymaro, 1110 Bci, XTO X04 Tpoxu 3Haiu ['eopris BiraniiioBuya, ik 6 BOHM IO HOTO HE
craBuimcs (a BiH OyBaB AyKe Pi3HHH y CBOIX HpOsiBax), SIKIIO JOBEJIOCh OW iM JaTtu Homy
XapaKTepPUCTUKY, HAlleBHE, 3aCTOCYIOTh TaKi EMITETH: HAIOJIETJINBUM, HEBTOMHUH, MIPEKPaCHUN

opraHi3aT0p, BiI[KpI/ITa JIFOAWHA, CXUJIbHA TOBOPUTH TC IO AyMaE, a T'OJIOBHE — «p060Ta Y HbOT'O
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Ha MEPUIOMY MiCIli, Ha IPYTOMY 1 Ha TPETHOMY»... HY 1, 3BUYAHHO XK, — «iJel, 0 JOXOAATh 0
piBHA (aHTa3ii; TIPOEKTH, 1HOJI 3 O3HAKAMM Mailke aBaHTIOp; IUIAHHM, CIIPOMOXKHI SKIIO HE
BPATYBATH JIIOJICTBO, TO, MPUHANMHI, TOKPAIUTH BCIM HACTpiii — TouHO». lymaro, oMy Oyio
TPOXH TICHYBAaTO y Hamomy I[HCTUTYTI, HaBiTh Y AMPEKTOPCHKOMY Kpicimi... XTO3HA, J0 SKUX
BHCOT BIH CaM 3aXOTiB O MiTHATHCS, Mail oMy a0 me pokiB 15-20 xutTs (s ocobucto OyB
NepeKoHaHui, Mo BirtaniiioBuy Mae HaAMOTY)KHHUH 3amac MIIHOCTI — MalyTh 1€ Tak JIMIIE
BUTJISAJIAJIO 31 CTOPOHU — BiH HIKOJIM HE JI03BOJISIB COO1 BUTIIAATH CIIAOKHM).

3aBX/1M BpakaJlo HOro HaMaraHHsl, 3 OJHOr0 OOKy, 3aHYPIOBAaTUCh y BCUISIKI APIOHUIILI,
Halyacriiie — HenoTpiOHI, a 3 IHIIONO0 — BMIHHS HIBUJAKO 1 TOYHO BJIOBUTH CYTh NHTaHHS,
BIVIUTUTH TOJIOBHE BiJ JPYrOpSAHOTO, KOMILJIEKCHE OaueHHsS («KOMIUIEKCHHUI» — YiroOeHe
cioBo ['eopris BiranifioBuya) yn He Oynb-sfikoi MpoOieMH, HEpPIAKO — BMIHHA MIAINTH 110
pIIEHHS 3 HEOYIKyBaHOi CTOPOHU. BiH Mir OyTu nyxke epeKTUBHUM, ajie 1 MOMUIATHCS (10
3aB)KJIM BH3HABaB, alieé HIKOJM HE 3ajMIlIaB CHOpoO BUIIPABUTH CHUTYAI[iI0); MPEKPACHO BMIB
OpraHi30BYyBaTH KOMAaHIW OJHOAYMIIIB, aje 1 Ha/JaBaB aBaHCH JIIOJAM, SIKI BOYEBHIb Ha 1€
3aCIIyrOBYBaJM (1110 371aBaJIOCh OYEBUIHUM JIJISI BCIX, OKPIM HBOTO); MIT 3aiiMaTHCS I€CATKAMU
MPOEKTIB OJIHOYACHO, aji€ 3a MHUTh yC€ BIAKIACTH 1 MOYATH MPABUTH HIKOMY HE MOTPIOHUIMA
TEKCT SIKOTOCh acIlipaHTa. ..

A mpekpacHo mam’sitaro cBoro mepmy 3 HuM 3yctpid 30 pokiB Tomy: YopHOOMIB,
UYEBC, Baxra, aHaji3aTop IMITY/IbCIB OaraTOKaHaJIbHUN aMILUTITYJHUNA, MOHITOPUHT JOHHHUX
BIJIKJIaJIiB, BEYIp, HYHO... 3aXOJITh JBOE 13 MIIIKOM OaHOYOK «ICHTa» 1 KaXyTh, IO iX Tpebda
«MIOMIPATHY», a Ha 3aIMUTaHHS: «A BU XTO?» - OAHMH 13 HUX MOYHHAE PO3MOBIIATH PO CBIi
HaJIIKaBUH EKCIIEPUMEHT, SIKH BOHM CTaBJIATh Ha chboMii nam0Oi. (IIpo omnaty, 3BiCHO, HE
umiocs...). S 11 40 yn 50 mpo6 momipsB 3a mapy roauH, 60 BOHM OyjaW Taki aKTHBHI, IO
BHCTAYaJ0 MIHIMAJIBHOTO Yacy €KCIO3HIlii, a KUIbKa JOBOJWJIOCH HAa METP MiJAHIMATH HaJ
neTekTopoM (1€ Ipo CaMOBIAJAHICTh YYEHOTO — BOHM Ha Tii Jam0i MpOBOAMIN BECh 4ac,
CKUTbKM «HaOpanm» oauH Oor 3Hae...). A depe3 mapy pOKIB s yKe MpaioBaB 3 [eopriem
BiraniiioBuueM. | xoua BiH 3aBxkAu OyB MOIM KEPIBHHUKOM, sl MPALIOBAaB HE «y HBOTO», a «3
HUM». bo BiH OyB TakoI0 JIOAUHOIO — 3 Ay’KE€ KOPOTKOIO TUCTAHIIEIO Y CIIUIKYBaHHI. ..

OcrtanHs 3ycTpiu Oyna y JikapHsHId nanati. BiH gaBaB po3MOpsIKEHHs, MOPajH,
BKa3iBKM, IO 1 SK MIBUIKO, TEPEBAXHO — HeraHo, MOTPIOHO 3pOOWTH, HAMHUCATH,
MePe3BOHUTH, TPOKOHTPOIIIOBATH. .. He Mir caMOCTIHHO MiIHATUCH, YIMISABCA 32 «XOJYHOK»,
ajie TPOJIOBXKYBaB IMpAaIlfOBaTH 3 MarmepaMyd i HOyTOYKOM yBeCh 4Yac, HaBiTh KOJIM TpUHMaB
PKy... Bixke xBopi nsramu cmaty, nepcoHan Hac 3 B.I'. BepxoBueBuM mnouaB BHUTraHsTH, a

I'eopriit BiraniiioBuu yce Hac He BiAIyCcKaB — HOr0 HAWOUIbIIE XBUIIOBAIO YM BCE BIH BCTUT

© MAM’SITI KOJIETH TA IPYT'A

105



306ipHUK HAYKOBUX Ipalb [HCTHTYTY reoximii HaBKOJIMIIHBOro cepenosuina 2018 Bumyck 28

cka3aTi... [Ipo XxBopoOy, JiKyBaHHS He OyJI0 HUM CKa3aHO Hi CJIOBA... Mu Tozi Oyiu meBHi, 110
nmo6auumocs mie 6arato pasis. ..

Hy a Mk umMu 1BOMa 3ycTpiuaMu TPUALSATH POKIB Yacy, TPUALATH POKIB )KHUTTS, Mpall,
yCIIXiB 1 HeB/a4, HaJii 1 po3dapyBaHb... Bcporo Oyimo... Lli poku mposnerinu myxe MBHIKO,
ayie € mo 1 3ragaTu — 1e Oe3mepedno. I myxe Oararo mo — 3aBasku BiranifioBudy, 60 4u He
HaWKpalie 3 yChOro, mo BiH YMIiB POOWUTH — 1€ 3aJMIIATH CJiJ y IaM’STi JIOACH, SKUM
Cyausiocs OyTH 3 HUM TOPSIT Y IIbOMY KHUTTI.

Cou criokiitHo, ['eopriit BiraniiioBud, — T¥ 3 HaMU, MU TeOE TTaM’ ATAEMO. ..
s p ) )

fOpiti Tuwenxo.

@omo: Kumomupcvka o06x., Onescvkuil p-H., Odxcepeno Ha bOepesi p.Yoopmw. Pobomu 3
BUKOHAHHS NIIOMHO20 NpoeKkmy 3 peabinimayii nicosux yeiob, NOPYWEHUX BHACTIO0K
HEe3aKOHHO020 BUO0OVBAHHS OYPUIIMUHY.

© MAM’SITI KOJIETH TA IPYT'A
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IHOOPMALIA AJ1s1 ABTOPIB
30ipHUKa HAYKOBUX Mpalb [HCTUTYTY reoximii HABKOJHUITHBOTO CEpeI0BHUINA

Ho omnyOmikyBaHHS y 30ipHMKY NpUHMAarOTbcsi HAYKOBi Mpalli, sKi HIKOMM HE APYKYBaJIUCS
panime. CtatTs Mae OyTH HalMCaHa Ha aKTyaJlbHY TE€MY, MICTUTH Pe3yJbTaTH TNTUOOKOrO HAyKOBOT'O
JOCIIPKEHHS, HOBHU3HY Ta OOIPYHTYBaHHS HAyKOBHX BHCHOBKIB Bi[IIOBIIHO 1O METH CTaTTi
(mocraBieHoro 3aBaanHs). KoxeH aBTop Moxe MoAaTh He OUIbIe JBOX CTaTel B OMHOMY BUITYCKY.

Pykomucu mpuiiMatoThess obcsirom  6-15 cropiHok (pa3oMm 3 JiTEpaTypolo, pPO3IMIMPEHHUMH
aHoraiismMu) ¢dopmary A-4, uepes 1,5 iHTepBagM I OCHOBHOIO TeKCTy, Ta 1 iHTepBam st
aHroamniii Ta jgireparypu. [loas: Bci — mo 2 cm, ad3an — Bucryn Ha 1,25 em. Hlpudt ocHoBHOTO
tekery: Times New Roman, po3mip — 12; mpudT anorauiii Ta aireparypu — 10pt., Bukonani Ha
komi'totepi y penakropi Word for Windows (*.doc). Hdns Habopy dopmyn, rpadikiB i Tabmuis
BHUKOPHUCTOBYIOTh CIIEIialibHi porpamu, BMoHToBaHi y Word for Windows. ¥ craTTi He mOBUHHO 0yTH
nepeHociB ciiB. Homepu cTOpiHOK HEe IPOCTaBIIATH.

CraTTi moaloThCs YKPaiHCHKOK, POCIHCHKOIO0 YW aHTIICHKOI0 MOBaMHU Y JPYKOBAHOMY BHIJISII
Ta B €JIEKTPOHHOMY BapiaHTi (€JIEKTPOHHOIO TOIITOI YK HA €IEKTPOHHOMY HOCIT).

[Muranns, nos's3ani 3 myOmikamicro HaykoBux orsifiB (ae Oinbme 9000 cmiB i 10 pUCyHKIB),
BHPIIIYIOTHCS PEAKOJICTIEI0 HA MIJICTABI 3a3/1aJIeriib HalaHOT aBTOpaMHU PO3IIMPEHOT aHOoTAIlil po0oTH Ta
TPaHCITITEPOBAHOTO CITUCKY JITEPaTypH.

Koxna crarts mopumHHa Math koj «YJK» (Bropi miBopyu). Hmkdve 3miBa — Ha3Ba CTAaTTi
BenMkuMU Jiitepamu (mpudTt Hamixkupaui Times New Roman, posmip — 12), BUpiBHIOBaHHS IO
nmiBoMy Kpato. Huxkde — npi3Buie Ta iHilianu aBTOpiB, (3BBHYAWHUMH JIiTEpaMH, MPUPT HATIBKUPHHIHA,
npsMui, po3mip — 12). 3 HOBOro psijika : MPI3BHINE Ta IHIIIAJM KOXKHOTO 3 aBTOPIB 13 3a3HAYCHHSIM
HAYKOBOTI'O 3BaHHSI, MOCAJM, YCTAHOBH, JIe MPAIfO€ aBTOp, €JIEKTpoHHA anapeca (po3mip — 8). Ha3pa,
IIIb, mocagu, HAYKOBi 3BaHHSI Ta aapecu AYOJIOKTHCS AHIJIIICHKOI Ta pociiicbKHMH MOBaMH
nepe/ BiAMOBiTHUMH aHOTAIlISIMHU.

Il;1an crarri:

1. BCTYIl — IIOCTAaHOBKAa MPOOJIEMH Yy 3arajbHOMY BHUIJISAAI Ta i 3B 30K 3 BaKIMBHMH
MPAKTUIHUMH 3aBJIAHHSMH;

2. OCTaHHI JOCTIKEHHS Ta IyOJIiKaIii, Ha sIKi CIIUPAETHCS aBTOP, BUIUICHHS HEBHUPIIICHUX
YaCTUH 3aralibHOT MPOOJIeMH, KOTPUM MPHUCBSIUYETHCS JaHA CTATTS;

3. MeTa cTaTTi (TOCTaHOBKA 3aBAAHHS);

4. BHKJIAJ] BIIACHE MaTepiay JOCITiHKEHHS;

5. BHCHOBKH Ta MEPCIIEKTUBY TOAAIBINIX JOCTIDKEHb Y IIbOMY HAIMPSIMKY.

O00B'13K0Bi BUMOTH /10 aHOTAIlil, sIKi MOBUHHI OyTH:

o iHbopMaTHBHUMU (O€3 3araJIbHUX CITIB);

) CTPYKTYPOBaHUMHU (Bi0OpakaTH MOCIIIOBHY JIOTIKY OIHCY pe3yabTaTiB Y CTATTi);

) 3MICTOBHUMH  (BimoOpa)kaTH OCHOBHHW 3MICT CTaTTi; ONHCYBaTH OCHOBHI I
JOCIIKEHHS, BUCBITIIOBATH HAWOUTBII 3HAYYIII PE3YIIHTATH);

) MICTUTH KOHKPETH3allif0 aBTOPCHKOTO BHECKY (IO PO3pOOIIEHO, IO 3alpOIIOHOBAHO, IO
BUSBJICHO 1 T.11.);

) HE MICTUTH TIOCHIJIaHb Ta abpeBiaTypH.

AHoOTAallisl YKPAIHCHKOI0 Ta AHIVIIHCHKOI0 MOBAMM 000B’SI3KOBI Ta MAaIOTh MiCTUTH KOKHA He
menure 1800 3nakiB.

Tabuyi noBuHHI MatH Ha3Bu. Habupatu mpudTom Times New Roman (posmip 10 pt).

Intocmpayii HamaBati B enektpoHHoMy Burisini y ¢opmari COREL, TIF, JPG 3 po3pinbHOIO
3natHictio 300 dpi s HamiBTOHOBHX puCYHKiB, 600 dpi — mwis mrpuxoBux. TekcToBi HamucH Ha
PMCYHKAaX, He3aJ1€KHO Bill MOBH CTATTi, IOBUHHI 0yTH aHIJIiiiCbKOIO.

bibnioepagpisa. llocunanns Ha jxKepena BUKOPUCTAHUX MartepianiB, GaKTHYHUX Ta CTATUCTHYHHX
JaHUX € OOOB'SI3KOBMMH 1 TOAAIOTHCS Y TEKCT1 Y XPOHOJIOTIYHOMY MOPSAAKY LU(PPOI0 y KBaIpaTHUX
nyxkax, Ha3zsu mpaup (He Oiibmie sik 15) y coucky JiTepaTypy po3MILLYIOTh B MOPSAKY LUUTYBaHHS B
TEKCTI.
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Cnucok Jgireparypu. BiamosimHo mo mopsaky ¢opmyBanns Ilepeniky HaykoBuX (haxoBHX
BHJIaHb, 3aTBEpKeHOro HakazoM MOH-monoascopt Ykpaiau Big 17.10.2012 Ne 1111 — 3rigHo 3
JACTY T'OCT 7.1:2006. bi6niorpagiuni naHi mo BUHHI MICTUTH Mpi3BHIIA Ta iHINiaIM BCIX aBTOPIB,
Ha3By KHHMTH a0O CTaTTi, Jalli: 017 KHueu — MICTO, BUIABHUIITBO, PIK BHJAHHS 1 MOBHY KUIBKICTh
CTOpIHOK; 07151 cmammi — Ha3By XypHalIy 4y 30ipHUKa, piK, TOM (HiIKPECIUTH) i HOMEP BHIIYCKY,
CTOpIHKM TMOYaTKy 1 KiHIf cTarTi, il 1ud poBui igentudikatop — DOI (3a HasBHOCTI); 015
eNleKMPOHHO20 6UOaHHs TONATKOBO — aJpecy BiAMOBiTHOT BEO-CTOPIHKY 1 JaTy 3BEpHEHHS.

References. BinmnoBizHo 10 BUMOr MDKHAPOJHHX HayKO METPUYHHX 0a3 — 3TiJHO 31 CTaHIApTOM
Harvard (www.emeraldinsight.com/authors/guides/write/harvard.htm?part=2). bibmiorpadiuni naHi
MOBHUHHI MICTUTH (TpaH CIiTepOBaHi JaTHHUILICIO) MPI3BUIIA Ta iHIIiaJu BCiX aBTOPIB CTATTi/KHUTH, PIK
nyOuikaii (B Kpyriiux AyKKax), Ha3By *KYPHATy/KHHTH, TOM 1 HOMEp BHITYCKY KypHaly, (Uil KHUT —
BHUJABHUIITBO 1 MiCIle BUAaHHs), CTOpiHKOBUH iHTepBai ctarti, DOI (3a HasBHOCTI). [locunanHs B TeKCTi
Ha OITyOJIIKOBaHi JIiTepaTypHi jpKepena CiiJi HaBOAWTH HIM(pPaMH y KBaJAPATHHX AYXKKaX, IO
BiJIMIOB11al0Th TIOPSIZIKOBOMY HOMEPY JIXKepena y MPUCTATEHHOMY CITUCKY.

IHocnnanHsa Ha HeonyOJJIKOBaHI MaTepialau He J03BOJISAIOTHCA.

Hanpuxnao:
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Marepianu, mo MyONIKYIOTBCS B JKypHaTi, MiIIATAIOTh BHYTPIIHEOMY 1 30BHIIIHBOMY
pelleH3yBaHHIO, SIK€ 3IACHIOIOTh WIEHH peAKoJerii JKypHaimy, ¢axiBli BIAMOBIAHOI Tamysi.
Penen3yBanns mpoBomuTHCS KOHGIAEHIIHHO. Y pa3i HeraTMBHOI peleH3il UM HAABHOCTI CyTTEBHX
3ayBaiKeHb, CTATTA MoOXe OyTH BigxujeHa a0o ToBepHYTa aBTOpoOBi (aBTOpaM) Ha
HOONPALIOBAHHS.

CrarTsi, mojgana 0e3 JOTPUMAHHS 3a3HAYEHUX BHMOI, ONYOJIKyBAaHHIO He MiJJsrac.
BinnosinanbHicTs 3a mocroBipHicTs iHdopmanii, ¢akTiB Ta iHWIKX BinoMocTeil, MOCWIAaHb HA
HOPMATHUBHI aKTHM, UUTATH, BJACHI iMeHAa, a TaKOK NPABWJIBHICTb NEpPeK/JIaly HeCyTb aBTOPH
nyopikanii.

Jo crarTi aBTOpIB 3 iHIINX YCTAHOB MOBHHEH J0JABATHCH AKT €KCIIEPTH3H JAHOI YCTAHOBH
00 MOKJIUBOCTI BIIKPUTOI my0Jrikanii mogaHux Marepiajis.

Penaxmis 3anmuinae 3a coboro mpaBo BHOCUTH opdorpadiuHi, JEKCHYHI Ta CHHTAKCHYHI 3MIHH Y

MaTepiai ctaTeit 0e3 y3ro/pPKEeHHsI 3 aBTOPAMH 32 YMOBH 30€peKEHHS 3MICTY.
Jlo TeKcTy cTaTTi 000B'I3KOBO JJOJAETHCS ABTOPCHKA JOBiKA PO BCIX CITIBABTOPIB

Peoxonezis 30ipnuxa 36epmacmubcsi 00 a6mopie 3 NPOXAHHAM OOMPUMYBAMUCL HANEHCHUX BUMO2 OO0
ogopmnenns nooanux cmamei.
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3bIPHUK HAYKOBHUX IIPALIb

[HCTUTYTY CEOXIMIT HABKOJIMIITHLOT'O
CEPEJIOBUIIA

BUITYCK 28

BimnpykoBano B 1Y «IHCTHTYT reoximii HABKOJIHIIIHBOTO CEPEIOBUIIIA»
CBIIOLTBO PO BHECEHHSI 10 €ZIMHOTO JEPKABHOTO PeeCTpyY KpaiHU
Cepist AA Ne 027774 Bin 23.04.2013 p.

VYkpaina, MCIT 03680, M. Kui-142, np. [lannanina 34-A
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