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Summary:

Sharavara V.  ENVIRONMENTALLY DANGEROUS CONSEQUENCES OF MISSILE FORCE FOR
ENVIRONMENT KHMELNITSKIY REGION.

The article describes the features of formation of the threat of ecological security of the state, which is caused by
the existence within the territory of Ukraine, in particular, Khmelnytsky region, ex-Rocket Forces sites. This problem
has been developed after Ukraine's accession to international treaties on the reduction and limitation of certain types of
weapons and the state has set challenging tasks associated with the liquidation of facilities, locations and weapons of
strategic rocket forces: medium-range ballistic missiles and intercontinental ballistic missiles, with large warehouses
amounts of rocket fuel, most of whom belong to the class of flammable, explosive and poisonous; missile silos and
military ballistic missile launch sites. The actual state of such areas is poorly understood and needs of modern research,
especially in cases of their introduction into economic use. The study and description of the weapon that was used
missile forces until the time of liquidation, showed that the main risk factors for these objects are the remnants of rocket
fuel (heptyl, Samina, amyl, blends), the transformation of territories, the formation of new chemical substances, their
spatial and temporal migration in the environment . Also found that the physico-chemical properties of fuels and
oxidants increase the level of risk of data objects. As a result, the main working paper put forward hypotheses and
outlines directions for further research.
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Peyensenm: npog. [lemnin B.M. Haoitwna 12.04.201 2p.
YIAK [ 631.445.8:631.41+504.3.05](477.83-17) Oxkcana BOHIIIIKO
BIIJIUB AHTPOIIOTEHHOI JIAJBHOCTI HA BMICT BAKKUX METAJIIB Y
TPYHTAX MICTA BPOJIU

Busnaueno ma npoananizoeano 3minu Qizuynux, @izuxo-ximivnux eracmueocmeil (pyumis 8 mescax micma bpoou.
Jlocnidoiceno emicm 6axicKux Memainié y IpyHmax ma OyiHena Cmyninb 3a0pYOHeHOCI 0epHOBO-KAPOOHAMHUX TPYHMIE.
Baoexki memanu 6 1pynmax eusHaueno amomHO-aOCOpOYIUHUM MEemMOoOOM 6 KUCIOMHUX IPYHMOBUX GUIMAICKAX.
Bcemanoeneno, wo cepeouiii émicm pyxomux Qopm 6ajckux memanié y 0epHO80-KApOOHAMHUX TPYHMAX 3HAXOOUMbCS
Ha (OHOBOMY DI6HI, HUJICUE SDAHUYHO OONYCMUMOI KOHYewmpayii. /[nsa oyiHKu 3a0pyOHeHOCmi TPYHMIE 8ANCKUMU
Memanamu 6UKOPUCMari Koeiyicum KOHMamiHayii ma iHmezpanbHutl NOKA3HUK 3a0pYOHEeHHL.

Knrwuosi cnosa: Oepnogo-kapbonamuuil Ipyum, QIi3uKo-XIMIYHI GIACMUBOCMI IPYHMIG, 6AJCKI Memanl,
inmezpanbHull NOKA3HUK 3A0PYOHEeHHS.

IMocTaHoBKa NMpo0iaeMH y 3arajibHOMYy BUT- TAKOXX YCYHYTH TPUYMHH CKOJOTTUHUX, (i3UIHUX
Jasigi. B iHgycTpianbHO PO3BUHEHMX MICTax iHTEH- Ta (Qi3UKO-XIMIYHUX 3MiH CTaHY IPYHTIB.
CHBHO BiIOyBa€ThCSl aHTPOIIOTCHHE HaBaHTAXKECH- ®opmyoBaHHs Hijied crarTi. 3 i€l Mme-
HS Ha HaBKOJUIIHE CEPEIOBHILE, OCOOIUBO IIe TOIO TIPUBOJATHCS PE3YyIbTATH MOCIHIIKEHHS CTY-
CTOCYETbCS TIPYHTIB, HIO 3AaTHI aKyMyJIOBaTH reHst 3a0pyTHEHHS JepHOBO-KapOOHATHUX TPYH-
BaXKKi METaIM. 3 POKaMU HAKOITUYCHHS ITUX PEYO- TiB BOXXKUMH MeTajaMH Ha TepuTopii M. bpomau
BHH 3pOCTa€ 1 CIpHse iX TIUNOOKOMY 1 Bxke 6e3110- JIbBiBCHKOI 00JIACT.
BOPOTHOMY 3a0pyIaHEHHIO. 3a0pyIaHEHHI TPYHTH OO0’€eKT AOCTiKEHHS — JIepHOBO-KapOOHATHI
HE TMiJUIATal0Th BUKOPUCTAHHIO, OCKIJIBKU SIBIIS- ITPYHTH B 30HI aHTPOIOTEHHOI JisSUTBHOCTI
FOTh HEOE3MEKY I POCIUH, TBAPHH 1 JIFOJICH, Ta B M. bponu JIsBiBChKOT 00MacTi.
nitomMy 6ioreornenosy. [Ipn MakcuManbHOMY TIPO- 3agadi JOCHIHKEHHS — BH3HAYCHHS BMICTY
SIBJICHHI MPOLIECY XIMIYHOTO 3a0pyIHEHHS IPYHTH pyxomMux (OpM BaKKHX METalliB y IPyHTax Ta
BTPavaroTh 3JaTHICTH J0 MPOJYKTUBHOCTI, 0i0JI0- OIliHKa iX 3a0pyAHEHHs Ha TepuTopii M. bpoam
TIYHOTO CaMOOYMINCHHS, BiOYBa€ThCS BTpaTa JIbBiBCHKOI 00JIACT.
EKOJIOTIYHUX (PYHKIIH Ta 3arubenh eKOCHCTEMH. Buxnan ocnoBHoro marepiaay. Cepen oc-
KpiM 1poro 3MiHIOETBCS CKIIaJl, CTPYKTypa Ta Yu- HOBHUX THIIIB IPYHTIB Ha TepuTopii M. bpoau me-
cenbHICTh Mikpoduiopu Ta Me3odayuu [1]. Tomy pPEBaXaOTh JEPHOBO-TII30JUCTI IPYHTH B KOMII-
TOCITIKEHHS PiBHA 3a0pyAHCHHS IPYHTIB Y IICHT- JIEKC1 3 JIepHOBO-KapOOHATHUMH Ta YOPHO3EMaMU
panbHiil Ta nepudepiiiHiil YacTHHAX MICT € HeoO- [4]. 3 ormany Ha aHami3 TonorpagivHUX KapT pis3-
XIJTHUM 1 BUMarae cucreMaTuaHocTi. Lle nmo3Bosie HUX MacmTaliB, MarepialliB IPyHTOBHX 0OCTe-
HE JIUIIIC BUSBUTH Ta TOTEPEIUTH 3a0pyIHEHHS, a KeHb KadeApor TIPyHTO3HABCTBa 1 reorpadii
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IpyHTiB JIbBIBCHKOTO HAIlIOHAIBHOTO YHIBEPCHUTE-
Ty imeHi [Bana ®panka y 2010 poni 3aknaaeHo 4
ninsHKy Ha Teputopii M. bpoau. JinsHku migou-
pagu 3 BpaxyBaHHSAM PO3MIIICHD ITiIIPHEMCTB,
aBTOMAriCTPaIbHUX TPAC K HKepes 3a0pyTHEHHS
Ta TEPUTOPii MapKy sK (GOHOBOI AUISHKHU. 3pazKu
JIEPHOBO-KapOOHATHUX TPYHTIB BIIOMpa HA Te-
putopii "BpomiBchKOr0 MeEXaHIYHOTO 3aBOIY"
(po3pizu Ne 5, 6), Oina ¢ipmu "Arpobpoau"
(po3pizu Ne 11, 12), B3momxk moporu Kwuis-Uom
(po3pizu Ne 13, 14), y mapky (po3pizu Ne 9, 10).
[Ipobu rpyHTiB Binbupanu yepe3 koxHi 10 cM 10
rimbuan 20 ta 50 cM i cepenHio Mpody BUKOpHC-
TOBYBaJIM B aHadi3i. AHATITHYHI JTOCITIIKEHHS
¢i3nuHuX, (i3UKO-XIMIYHMX BJIIACTUBOCTEH IPYH-
TiB, BMICTy BaXXKUX METaJliB TPOBOJWIA B CTaH-
naptm3oBaHii  jaboparopii  "®i3uKoO-XiMITHHX
aHaJi3iB IpyHTIB" reorpadivyHoro ¢GaxyiabTeTy Ta
naboparopii XiMiuHOTO (aKyibpTeTy JIbBiBCHKOTO
HaIllOHAJILHOTO yHiBepcUTeTy iMeHi IBana Dpan-
Ka.

ExcnepumeHTansHO BCTaHOBJICHO, L0 Ha J0C-
JiKyBaHiil TepuTOpii AepHOBO-KapOOHATHI IPyH-
TH MEPEBAKHO CYIIIIaHi, ¢ BMicT (pakiii (izud-
Hoi rnHH csrae 12-16%. JlerkocyrnmHKOBI Ta ce-
PEIHBOCYTIIMHKOBI JEPHOBO-KapOOHATHI IPYHTH
nomupeHi Ha Tepuropii ¢ipmu  "Arpobpomu"
(po3pizu Ne 11, 12) ta B3moBxk moporu Kuis-Uon
(po3pizu Ne 13, 14). UlineHicTs TBepmoi ¢asu
JepHOBO-KapOOHATHUX TPYHTIB € BHULIOIO B IPYH-
TaxX 3 CepeHbOCYTIIMHKOBAM TPaHYJIOMETPHYHIM
CKJIAZIOM, JI¢ TIepeBaXka€ BMICT MYJHUCTOI (Ppakiiii.
Taxi rpyHTH momMpeHi B Mexax BponiBcekoro
MexaHigHoro 3aBoAy (po3pizu Ne 5, 6). IimsHICTE
OyIOBHU IPYHTIB B MeXaxX M. bpoau 3MiHIOIOTHCS
Tak: B370BXK fgoporu "Kuis-Yon" mrineHicTs Oy10-
BH IPYHTIB cTaHoBMTH 0,9 I/CM’, Ha TepHTOpIi
BpomiBchKOro MexaniunHoro 3aBoxy — 1,3 r/cm’, Ha
teputopii dipmu "Arpobpomu" — 1,7 r/em’. Lleit
MOKAa3HUK 3HAYHOIO MipOI0 MPSAMONPONOPLiHHO
3aJICKUTh BiJl aHTPOIOTEHHOTO HAaBaHTAXKEHHS,
IHTEHCHBHICTh SKOTO HapoCTaEe B Mexax bpo-
TiBCHKOT'O MEXaHivyHOTo 3aBoAy Ta dipmu "Arpo-
Bbponn" 1 3ymOBIeHWH VINUIBHCHHSIM TIPYHTIB
BOKKUMH TPAHCIIOPTHUMHU MAIIMHAMH 1 ClIBCHKO-
TOCHOAAPCHKOIO TEXHIKOIO.

JlepHOBO-KapOOHATHI TPYHTH XapaKTepH3y-
FOTBCS CTTA0KOITY)KHOIO PEaKITiio 32 paXyHOK BMicC-
Ty KapOOHaTIB, KOHLEHTpaLis SIKUX 3MIHIOETHCS
Bix 1,2% mo 8,0% (tabn. 1). Ha teputopii ¢pipmu
"Arpobpoau" TpyHTH XapaKTepU3YIOThCS HAWBH-
muM BMmictoM CO, kap6onatiB (7,8-8,0%), mo
3YMOBIIIOE W BHCOKY 3a0€3MEeUeHICTh OOMIHHUM
KamblieM (40-45 mmonb-exB/100 r rpyHnTy). Ilo-
PIBHIOIOUH Pe3yJIbTaTH MPOBEACHUX TOCIIHKCHD 3

JTAaHUMHU TPYHTOBUX oOcTexkeHb 1997-2000 pp. y
JepHOBO-KapOOHAaTHHX IpyHTax 3poctae CO, kap-
OoHatiB y 2-5 pa3u, 3a BUHITKOM IPYHTIB MapKy
(Tabm. 1).

I'ymyc B mepHOBO-KapOOHATHUX TIPYHTaX
3miHrOEThCA Bif 1,35% n0 6,70%. Ha Hemopyme-
HUX 3€MJIIX BMICT TYMYCY € HAWBHIIHMH 1 csrae
6,70% B3moBx moporu Kuis-Uom. B 30HI iHTEH-
CHBHOTO CLIbCHKOTOCIOJAPCHKOTO BHKOPHUCTAHHS
3eMenb ¢ipmoro "Arpobpomn" cnoctepiraerbcs
3MEHIIICHHS] TYMyCy B 5,5 pa3u, a moomusy bpo-
JIBCHKOTO MEXaHIYHOTO 3aBOAY — B 2 pasu (Tali.
1).

Otox, ¢i3nuHi Ta Pi3UKO-XIMIYHI BJIaCTHBOC-
Ti JEPHOBO-KapOOHATHUX IPYHTIB Ha TEPUTOPIT M.
Bpoau 3a3Hanu momiTHUX 3MiH. BTpaTa KoprcHUX
BIIACTHBOCTEH IPYHTIB y TIEpIIy Yepry 3yMOBIIEHA
TMONCEKUM (haKTOPOM. 3 METOIO BHUSBIICHHS 3a0-
PYOHEHOCTI TPYHTIB BaXKUMH METalaMud B pe-
3yJbTaTi JiSUIBHOCTI MPOMHUCIOBUX 1 CLIBCHKO-
rOCTIONapChKUX 00’ €KTIB TIPOBEICHO iX BU3HAYCH-
Hs1 06au3y BponiBchbKoro mMexaHiuHOTO 3aBO.Y,
¢ipmu "Arpobpoan", y mapky Ta B3IOBX AOPOTH
Kuis-Yom.

YV mpupoai HapaxoBYEThCS 78 BaKKUX METa-
miB, a iX 3araspHa Maca He mepesumye 1,2% 3a-
ranpHOi Macu JiTochepu (A.A. bekkep Ta iH.,
1989). B sikocTi KpuTEpiiB MPUHAICKHOCTI MeTa-
JmiB 10 wiel rpynu 3a0pyAHIOBaJIbHUX PEYOBUH
BUKOPUCTOBYIOTh  YHCJICHHI  XapaKTEepUCTUKU:
aTOMHY Macy, TYCTHHY, TOKCHYHICTb, TIOMIHUPHICTh
y MIPUPOTHOMY CEPEAOBHIIl, CTYIIHb 3ATYICHHS B
MPUPOAHI T4 TEXHOT'CHHI UUKIU. Jl0 BaXKKHX Me-
TaJiB BiZHOCATH Oinbiie 40 MeTamiB TEPioguIHOT
CHUCTEMH 3 aTOMHOI0 Macoro moHaj 50 aTOMHHUX
omunannp: V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, Cd,
Sn, Hg, Pb, Bi ta in. 3a knacudikamiero H.
Peiimepca, BaXXKMMH CITiI BBaXaTH MeETaIH 3
rycTHOIO Gimbire 8 r/em’ [1].

3a0pyIHEHHS TPYHTIB BaXXKUMH MeETallaMH
Mae pisHy mnpupoxy. [lpupomue 3a0pymHEHHS
IPYHTIB TIOSICHIOIOTh HAAXODKEHHSIM BaXKKHUX
METaJiB Ta iX pi3HUX (OPM 3 MATEPHHCHKUX IIO-
pio Ta TIUOWMHHUX PYIHHX POJOBHIN KOPHUCHHX
komanuH [5]. OCHOBHUMU MPUPOTHUMH JKepena-
MH B&KKHX METaJiB € TipchKi mopoan. XiMidyHHUN
CKJaJ TOpiJ, MiHEpaTiB BH3HAYAIOTh XIMIiUHI
BJIACTUBOCTI IPYHTIB. Y pe3yNibTaTi CKIaTHUX 010-
XIMIYHHAX 1 TeOXiMIYHUX TPOIIECiB, IO BigOyBa-
IOTBCSL Y TPYHTI, CIIOCTEPIraeThCsl MEpepo3noIin
OKpPEMHUX €JIEMEHTIB MK T€HCTUYHHMH TOPHU30H-
TaMH, TIPOTE BIACTUBOCTI, YCIIAIKOBaHI IPYHTOM
BiJ moponu, 30epiratoTbes. JIKepenoM aHTpoIo-
TCHHOTO HAaJXOMKCHHS BaKKMX METANiB B IPyH-
Tax € 3rOpaHHs €TWIOBOTO OCH3MHY, CIATIOBAHHSI
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BYTULIsI, HA()TH, TOPIOYUX CIIAHIIIB, BUKOPUCTAHHS
IHCEKTHUIHMIIB, JOOpHUB ToImO. bimbmricte mocmia-
HUKIB CXWJISIFOTHCS 10 TYMKH, III0 OCHOBHUM JIXKe-
pesioM 3a0pyMHEHHST BXXKUMU METajaMU € aBTO-
TPAHCIIOPT. AHTPOIIOTCHHA JiSUTHHICTH 3yMOBHJIA

HaIXO/DKCHHS TUTIOMOYMY 1 KaJMil0 B TpYHTaXx.
Ha#i6inbem po3noBCIOKEHEe aBTOMOOUTEHE Tald-
BO — OCH3HH, 110 MICTUTh AYXE OTPYHHY CIIOIYKY
TETPACTUIIILIIOMOYMY, 0 CKJIaay SIKOTO BXOJIUTh
MeTaJl — ITFOMOYM, 110 MOTPAIUIsSE B IPYHT.

Tabnuys 1
Dizuxo-ximiuni enacmueocmi 0epHoBO-KaApOOHAMHUX [PYHMIE 6 Mexcax m. Bpoou
T'maGuna . Obminmi K0, | NaO, | P,0s, €Ko,
KirouoBa Bigbopy Buicr | Ca” | Mg CO,, | mr/100 | mr/100 | mr/100 | BasnoBuit MMOITL
Ne : : PHiome | TYMYCY, | MMoOIb-eKB/ o o exs/100
JUISTHKA 3paskKiB, o 100r rpynty % r r r N, % -
CM IpyHTy IpyHTy rpyHTy IpyHTy
5 Mexaniyauii 0-50 7,67 3,40 15 20 3,69 | 64 20 6,3 1,54 10
6 3aBO71 0-50 | 7,69 | 2,72 10 |15 369 | 52 20 5.1 1,50 11
9 Tlapx 0-50 | 7,65 1,68 15 | 15 0,82 | 16 24 0,7 0,42 10
10 0-50 | 7,77 1,45 15 | 20 123 | 16 28 0,4 0,33 2
11 Arpodipma 0-20 7,99 1,95 10 20 4,10 | 36 44 0,03 1,40 34
12 20-50 8,12 1,35 15 20 6,56 | 37 40 1,3 0,98 43
13 ABToTpaca 050 | 7,77 6,70 45 |0 779 | 68 20 1,5 4,90 37
14 0-50 7,74 5,60 40 0 8,20 | 60 20 1,0 0 33
15%* ABToTpaca 0-50 7,50 2,6 *ok *ok 1,6 *k *k *ok 0,12 *k

* - pe3yabTaT IpyHTOBOro obctexxeHHs 1997-2000 pp. nepHOBO-KapOOHATHOTO cIa0onIeOCHIOBATOrO CYIIIAHOTO IPYHTY.

** - naHi BIACYTHI.

Croiyku BaXKMX METajiB, IO HAIXOISATH B
IPYHT, aKyMYJIIOIOTbCS B MiJCTHIMLI Ta TYMYCOBO-
My TOpH30HTi. Po3moain 1X mo moBepxHi 3aJeKUTh
BiJI XapakTepy i ocoOIMBOCTEH mKkepena 3a0py-
HEHHS, METEOPOJIOTIYHUX OCOOJIMBOCTEH peTioHy,
30KpeMa — Bijl HallpsiIMy BiTpiB, T€OXiMiUHUX (aK-
TOPIB 1 TaHAIIIaGTHOI OOCTAaHOBKH B ITiIOMY. Ape-
a7l MaKCHUMAaJIbHOTO 3a0pyIdHEHHS PiKO IepEBU-
mye 10-15 kM y pagiyci Bix axepena, ajge HeBeIH-
Ki KOHIIEHTpAIil TpH TMONagaHHi y BHCOKI IMapu
aTMocdepr MOKYTh IEPESHOCUTHCS HA 3HAYHI BiJl-
cTaHi.[6]

CrilikicTh TPyHTIB A0 3a0pyAHEHHS BaXXKUMH
MeTaJlaMd 3aJIeKUTh BiJ iX Oy(depHOi 31aTHOCTI.
[pyHTH 3 BHCOKOK aACOPOLIMHOI 3JaTHICTIO i
BHCOKHM BMICTOM TJHHH, a TaKOX OpraHI4HOI
PEYOBHHHM MOXXYTh YTPUMYBaTH OaraTOBAJICHTHI
€JIEMEHTH, O0COONMBO y BEpXHIX ropm3oHrtax. lle
0co0IMBO BIIACTHBO KapOOHATHUM TIPyHTaM i
IPYHTaM 3 HEHTPAJILHOIO PEAKLIETO.

Baxxki meTanu HeraTMBHO BILIMBAIOTH Ha 0io-
JIOT14YHY aKTHBHICTH IpYyHTY. [Ipu mpomy iHrioy-
€THCSl aKTHBHICTh ()EPMEHTIB, OCOOJIMBO JETiAPO-
reHaza W ypeasa, 3MCHIIYEThCS 1HTEHCHBHOCTI
BHIIUICHHS BYTJICKHUCIIOTO Ta3y 1 YMCENbHICTh MiK-
poopraHi3MiB. BHaCTiIOK 3HIKEHHS Pi3HOMAHIT-
HOCTI 1 YMCEIBHOCTI TPYHTOBHUX OPTaHi3MiB 3MEH-
ITYIOTBCS IIBHIKICTh MECTPYKINI OpraHidHOI pe-
YOBHMHHU 1 KOJIOOOITYy OIOTEHHHX eIeMEHTIB [2].
Baxxki MeTanu 3a CTymeHeM eKOJIOTivHOi Oe3neKn
JUISL TPYHTIB, POCIIMH, TBApUH 1 JIFOJAWHM TTOLIS-
10ThCs Ha 3 kiacu. Jlo mepmoro Hajie)XaTh BHCO-
koHeOe3neuni enementu (As, Cd, Hg, Se, Pb, Zn,
F); no npyroro cepemaronebe3neuni (B, Co, Ni,

Mo, Sb Cz); mo Tperboro manonebesmneuni (Ba, V,
Mn, Sr). TOKCHYHICTH €JIEMEHTIB MEpIl 3a BCE
3aJICKUTh BiJl iXHBbOI KOHIEHTpalii B TIPYHTI.
Skimo peakiiist IpyHTY HEHTpalbHA, KOHIICHTPAITis
BOXKHUX METATIB HE TMEPEBUIINYE JTOMYCTHUMHA
BMICT, TO METaJId HE BIUIMBAIOTh HETaTUBHO Ha
POCIIMHH, OpTaHi3MH TBapHH 1 JIoAcH. Y THX BH-
MajgKax, KOJW KOHIICHTPAIlisd BaXKUX METalliB, 3a
BUHATKOM MONIO/EHY i CeJieHy, y IPYHTI IepeBH-
IIy€ MOMyCTHMI MEXIi, iX TOKCHYHICTH OJIOKYIOTH
nusIxoM 3MiHM pH TpyHTY 1O HeWTpanpHOI abo
cITabKoITy)HOT [7].

HafinoctynHimmMu Juis pOCHIMH MiKpoele-
MEHTIB € Bl (OpMHU — BOZOPO3UMHHA Ta OOMIHHA.
VY TpyHTI 1Ii €JIEMEHTH TaKOXX BXOMSTH IO CKIaIy
HEPO3YMHHHUX Y BOJI MIHEpaIbHHUX CIOJIYK Ta
KPHUCTaJIIYHUX TPATOK MiHepamniB. OpraHivni cro-
YK METaJIiB 30€piratoTb pO3YMHHICTH CJICMCHTIB
3a pisHoro 3HaueHHs pH. CTiliKicTh cHIONyK 3ajie-
XKHUTh BiJl BJIAaCTUBOCTEH MeTany. 3TiAHO DALY
Mennepa-Mei eIeMEHTH 3a CTIHKICTIO iX XeJaTiB
PO3MILIYIOTECSI B HAacTynHoMy mopsiaky: Cu, Co,
Zn, Fe, Mn, Mg [8].

Y  JIoCHimKyBaHMX — JIE€PHOBO-KapOOHATHUX
rpyHTax M. bpomam Bm3Hadamu taki meramu: Cu,
Zn, Co, Ni, Pb. Busnauenns pyxomux ¢opm ene-
MCHTIB TIPOBOJIMIN aTOMHO-a0COPOITIHHUM METO-
JIOM B KHUCIIOTHHX TIPYHTOBUX BHTSDKKax 3TiIHO
JACTY ISO 11047:2005 fAxicts TpyHTY. BusHa-
YaHHS KaJMil0, XpOMYy, KOOaibTy, KYIpyMmy,
ITIOMOYyMy, MaHTaHy, HIKEIIO Ta ITMHKY B €KCT-
paxTi, OTpUMaHOMY Ticisi OOpOOJEHHS IPYHTY
"apchKOI BOJAKOK". ATOMHO-a0COpOLIHHUE Me-
TOJl TOJArae B TOMY, IO 3a jonoMororw 1M
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HNOj; roTyIoTh BUTSIKKY 3 IPYHTY, B SIKOMY 3a
JIOTIOMOT'OI0 aTOMHOTO CITIeKTpooTOMEeTpa i BU3-
HAYarTh BMICT TOTO YH IHIIOTO eleMeHTa. Pesy-
JBTATH AOCIIIKEHD MpeACTaBiIeHi y Tabm. 2. Jlns
BHU3HAYCHHS MPUPOIHOIO (POHOBOTO BMICTY XiMiy-
HUX €JIEMEHTIB y IpyHTaX BUOpaHi BiTHOCHO YUCTI
Teputopii. Takumu penepamMu CIyTryBaM TPYHTH
mapky (pospizu Ne 8, 9). Bwmict pyxomux dopm
METaJliB y JCPHOBO-KapOOHATHUX TPYHTaX IMapKy
cranoButh: Cu®’ — 2 MI/KT, Zn* — 3,6 MI/KT, Co™"
— 0,9 mr/kr, Ni*" — 2,0 mr/kr, Pb*>" — 1,1 mr/kr. ix-
Hill BMICT HIDKYHMIA 32 TPAHUYHO JOMYCTUMY KOH-
nenTparnito (1K), i mi 1aHi MoKHA BUKOPUCTOBY-
BaTH JUIA BU3HAUCHHS IHTETPaJbHOTO MOKAa3HUKA

TTOCIEMEHTHOTO 3a0pyaAHeHHS TpyHTY. Jis iHmmx
3paskiB IpyHTY (po3pizu Ne 5, 6, 11-14) koHUIEHT-
pauis OiBIIOCTI BaXKUX METalliB, OKpIM KyIpy-
My, 3HaXOJUThCs Ha (DOHOBOMY PiBHI Ta HE mepe-
uimye ['JIK. Jly)kHa peaxitis IepHOBO-KapOOHAT-
HUX TPYHTIB YNOBUIBHIOE AKTHBHICTh METANiB Y
3B’SI3KY 3 MaJIOI0 PO3YMHHICTIO iX CITOJIYK 3a JIa-
Horo 3HaueHHs pH. HaliMeHmry po34wHHICTE ce-
pen CIoMyK MeTaliB 3a JYXHOI peakuii IPyHTY
BUSIBIIIIOTH CIIONYKH KOOANbTy, TOMY iX KiJIBKICTB
B JIOCHIKCHMX TIpyHTax HaWHmwk4a. [lomiOHI
BJIACTHBOCTI CTOCOBHO KOOAJIbTy BUSBIISIE HIiKEIb
i, K TOKa3ylOTh pE3yJbTaTH MOCTIDKEHb, NpPHU
migBuIeHHsS pH BMiCT #10T0 3MEHIITY€EThCSI.
Tabnuys 2

Bmicm pyxomux gpopm mikpoenemenmis, koegiyicnm 3a0pyoHeHHs 3a e1eMEHMOM Y 0EPHOBO-
Kapoonamuux rpynmax m. bpoou ma inmezpanvHuii nokazHuK 3a0pyOHeHHs [PYHMIG

o . I'mubuna BinOoOpy 3paskis, Pyxowmi, MI/KT IpyHTY [nTerpanbHuii MoKa3zHUK
Ne | Kmouosa ninska cM Cu®" | zn* | Co** | Pb* | Ni** 3a0pyIHEHHS
5.0 | 123 L1 | 18 | 4.0
3 MexaHIYHHI 0-50 1,7 0,5 0,2 0,3 0,1 2,6
3aBOJI 6.4 | 156 | 1.2 1,6 | 4.1
6 0-30 21 |1 07 | 02 | 03] 0,1 31
20 | 3.6 | 09 | L1 | 2.0
9 0-50 0,6 0,2 0,2 0,2 | 0,1 1.0
[Tapx
10 0-50 Lg lag gag 1_1; Lg 1.0
0,6 0,1 0,2 0,2 | 0,1 ’
30 | 97 | 08 | 09 | 2.7
1 Arpodipma 0-20 10 | 04 | 02| 02| 0,1 1.8
12 PO 20-50 32 1103 ) 05 09 | 2.6 1,9
) 1,1 0,4 0,1 0,2 | 0,1 >
25 | 150 08 | 5.8 | 2.5
13 ABToTpaca 0-50 0,8 0,7 0,2 1,0 | 0,1 2.9
14 P 0-50 2> | 152 08 sl 2.6 2,8
0,8 0,7 0,2 0,9 | 0,1 ’

[TimBuIIeHNH BMICT METAJIiB y IPYHTAX 3YMOB-
JICHUH TEXHOTCHHUM BILTUBOM B Mexax M. bponu.
Cepen moCHiIKyBaHUX METATIB IIMHKY BUSBIICHO
HaWO1IbIIe, 10 OB’ A3aHO 3 WOTO aM(pOTEpHUMU
BIIACTHBOCTAMH. [[MHK y JyKHOMY CepemOBHII
YTBOPIOE PO3YMHHI IUHKATH, 10 MPHUBOIUTH JIO
30UTbIIeHHsT KOHIeHTpallii. KinpKicTh HHHKY B
IPYHTI TaKOX MOB'SA3aHUM 3 BMICTOM OOMiHHOTO
KaJIBI[iI0, 3 SIKUM ITUHK yYTBOPIOE MaJIOPO3YUHHY
CIIOJIYKY IIMHKAT KaJbIlit0. 3TiTHO MaHuX Tabi. 2,
KOHIICHTpAIlil ITMHKY B IPYHTI TIPOIOPIIHHO
3pocTae 31 30INBIICHHAM CTYIEHS HACHYCHHS
TPYHTIB KamibilieM (po3pizm Nel3, 14). Ha mii
TUJISHIT BUSBIICHHHA BMICT Kynpymy Bummwid 'K,
0 OYEBUJHO OOYMOBIICHO MiJABHINEHUM BMiCTOM
rymycy (pospisu Ne 13, 14) Ta BUKOpHUCTaHHIM
n06puB (po3pizu Ne 11,12).

Ha ocHoOBi pe3ynbTaTiB IOCHiIKEHHS MPOBe-
JICHO BH3HAYECHHS CTYIEHs 3a0pyIHEHOCTi IPyH-
TiB. JIJ1s OIIIHKM CTaHy IPYHTIB BUKOPHCTOBYBAJIN
HACTYITHI XapaKTEPUCTUKU: KOSOIIIEHT KOHTaMi-
Halii Ta iHTerpajbHUN MOKAa3HUK 3a0pyTHEHHS

rpyuTiB (tabn. 2). KoedimieHT koHIEHTpalii 3a0-
PYIHEHHsI TPYHTIB 3HAXOJWIH 32 BiJHOIICHHIM
BMICTYy eleMeHTiB y IpyHTi jo ¥oro ['JIK. Llei
TTOKa3HUK BU3HAYAE CTYIiHBL 3a0pyIHEHOCTI IPYH-
TiB 32 €JICMCHTaMU.

3rimHo mAaHuX Taba. 2, MOCHiPKyBaHI IPYHTH
He 3a0pyaHEHI BAXKKUMH METaJlaMH, ajie Y BHUIAJ-
Ky Pb, Cu xoedinieHT KOHTaMiHaLil Ma€e 3HAYCHHS
Bumie 3a 1,0, Mo BKa3zye Ha iX MEPEeBUIIEHHS IO
BimromenHio 10 ['JIK. 3a inTerpairHIM TTOKA3HH-
KOM BU3HAYaJIM 3aTIbHHUN CTYITIHb 3a0pyIHEHHS
JICPHOBO-KapOOHATHUX IPYHTIB. BcTaHOBIEHO, 110
111 BeJIMYKHA 3MiHIo€eThes Bij 1,8 1o 3,1 1o BigHO-
IICHHIO 10 ()OHOBOTO BMICTY €JIEMEHTIB, 1 3a
XapakTepoM 3a0pyAHEHHsS JEepPHOBO-KapOOHATHI
IpyHTH cnoOKko3a0pyaneHi [1, 7].

Benmuky pons y jokamizailii BaKKHX METaTiB
BiJlirparoTh Oiojoriuni MeToau. Jlo HUX BiTHOCSTH
BUPOIIYBaHHS POCJHH, sKi CIIA0KO pearyrTh Ha
HaJUIMIIIOK BaXKKUX METANliB Y TPYHTI; BUPOILY-
BaHHs Ha 3a0pyAHCHHUX IPYHTaX KYJIbTYp, SKi HE
BXHMBAIOTh TBAapUHM Ta jroau. Haiibinbim 3a0pyn-
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HEH1 OUISHKY HEOOXI1IHO BIABOIWUTH ITiJ 3a1iCHEH-
Hs 1 BUPOIIYBaHHS JCKOpAaTHBHHUX pociuH. Ham-
PUKIIaJ, TONBOBUMA TIIX 1 KIEH 3HWKYIOTh BMICT
IIIoMOyMy B OBOYaX, SKi BHPOIIYIOTH Y 30HI
BIUTHBY aBTOCTpaA, Ha 30-50%. OcTaHHiii BapiaHT
PEKOMEHIIYEThCS B 30HI BILUTUBY aBTOCTpAl, e
CIIOCTEPITAETHCS HAKOTMYCHHS TUTIOMOYMY, a Ta-
KOXX B OKOJHUIIIX bpOMiBCBKOTO MEXaHIYHOTO
3aBony [5].

BucnoBku. OTxxe, iHTCHCHBHE 1 HE 3aBXKIH
pallioHaTbHE BHKOPHUCTAHHS 3E€MEIb B CUIBCHKO-
rOCIIOIaPCHKOMY BHPOOHUIITBI 3HAYHO 3MiHUIH
XiJI TIPUPOAHHUX TPOIECIB IPYHTOYTBOPEHHS, IO

BOCTEH JepHOBO-KapOOHATHUX IPYHTIB HA TEPUTO-
pii ¢ipmu "Arpobponu". JlochmimkeHHsT BMicTy
BaXKUX METaJiB y IPyHTaX MOKa3ajo, IO cepel-
HIH BMIiCT pyXOMHX ()OPM BaKKHUX METaJIiB 3HAXO-
IuThcs Ha (oHoBoMy piBHI, HIkue I'JIK. IIpoTe B
YMOBax JIOKaJbHOTO 3a0pyOHEHHS, 3yMOBICHHI
aBTOTPAHCIIOPTOM, BpOAIBCHKUM MEXaHIYHUM 3a-
BozoM, (ipmoro "Arpobpoau", B IpyHTIB BUHHKAE
TEHJCHIIS MiABUIICHHS KOHLEHTpaLild pPyXOMHX
¢dbopMm OinmbiocTi enemeHTiB, 30kpema Cu ta Pb.
3a crymeHeM 3a0pymHEHHS ISPHOBO-KapOOHATHI
IPYHTH M. Bponu B 30HI aHTPONOTCHHOI Aisib-
HOCTI € c1abKo 3a0pyAHEHUMU.
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Pe3slome:

O.C. Bonuwxo. BJIUSHUE AHTPOIIOTEHHOM JEATEJBHOCTH HA COJIEPXKAHHUE TSDKEJIBIX
METAJUJIOB B IIOYBE I'. BPOJBI.

OnpenencHo W MPOAHATU3UPOBAHO H3MCHCHUS (DH3UYCCKUX, (PU3UKO-XMMHUYCCKHX CBOWCTB IOYB B Mpeaeiax
ropona bponel. UccnenoBaHo coaepkaHue TSXKeENIbIX METAUIOB B IOYBAX U OILICHEHA CTENEeHb 3arPSI3HEHHOCTH JIEPHOBO-
KapOOHATHBIX TOYB. TsDKENbIe METAUTBI B TIOYBAX OINPEICICHO aTOMHO-a0COPOIIMOHHBIM METOJOM B KHCJIOTHBIX
TPYHTOBBIX BBITSDKKAaX. YCTaHOBIICHO, YTO CPEIHEE COJNCPIKAHWE MOABIKHBIX (POPM TSHKEIBIX METANIOB B JICPHOBO-
KapOOHATHBIX MOYBaX HAXOOUTCA Ha ()OHOBOM YpPOBHE, HI)KE NpEAETHHO TOIMYCTUMOW KOHIEHTpamwu. s omeHKH
3arpsi3HEHUS TI0YB TSDKEJIBIMM METAJJIaMHM MCIOJb30BaHbl KOHCTAHThl KOHTAMMHALIMM M UHTETPAJIBHBIM IOKa3aTellb
3arpsi3HEHUSL.

KiroueBble ciioBa: IepHOBO-KapOOHATHBIC IMOYBHL, (HPM3WKO-XMMHYECKHE CBOICTBA IOYB, TSDKENBIE METaIlIbI,
HMHTETpalbHbIN II0KA3aTeIb 3arpsI3HEHUSL.

Summary:

0O.S. Bonishko. INFLUENCE OF HUMAN ACTIVITIES ON HEAVY METALS IN SOILS OF BRODY.

The changes of physical, physic-chemical properties of soils have been determined within the city of Brody. The
content of heavy metals (Cu, Zn, Co, Ni, Pb) in soils has been investigated and the degree of contamination of soddy-
carbonaceous soils has been evaluated. Heavy metals in soils have been determined by atomic absorption in acidic
groundwater extraction.

It has been found that the average contents of mobile forms of heavy metals in the sod-carbonate soils has been on
the background level, below the maximum of the allowable concentration. Among explored metals zinc and copper has
been found most, which is connected with its amphoteric properties. However, in terms of local pollution caused by
traffic, by Brody mechanical plant, by "AhroBrody" in the soil there is the of trend increasing of concentrations of
mobile forms of most elements, namely copper and plumbum. The coefficient of contamination of soil by Cu and by Pb
has been above 1.0, and shows their excess relative to the maximum of the allowable concentration. The degree of
contamination of soddy-carbonaceous soils varies from 1,8 to 3,1, relative to the background contents and as to the
nature of pollution the sod-calcareous soils are weekly conterminated.

Key-words: soddy-carbonate soil, physical and chemical properties of soils, heavy metals, integral indicator of
pollution.
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