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OIITHKA 3ABPYJJHEHHSA IPYHTIB Y PANOHAX YPAKEHHSI PAKETHO-
APTHWIEPIMCBKHUX CUCTEM 3A IIOKABHUKAMMU
EJIEKTPOITIPOBIIHOCTI

PosrisiHyTO METOAOOTIUHI TiAXOAN 0 OIIHIOBaHHS 3a0pyTHEHHS IPYHTIB Y pallOHax ypakeHHS
PaKeTHO-apTUIIEPIHCPKUX CUCTEM HA OCHOBI MOKa3HHUKIB €IEKTPONPOBITHOCTI. AKTyalbHICTH JOCIHi-
JDKEHHsI 3yMOBIIEHa HEOOXITHICTIO ONEpaTHBHOI OLIHKK CTaHy TEPUTOPId Micls BUOYXOBHX BILIHBIB,
KOJIM TPAIUIIiHI XIMIYHI METOJH aHAJI3y € HAaJITO TPUBAIUMH a00 pecypco3aTpaTHUMH. Enexrpomnpo-
BiJTHICTb BOJHOI BHTSIKKH 3alPOIIOHOBAHO BUKOPHCTOBYBATH SIK 1HAWKATOP CyMapHOTO BMICTY pO34H-
HEHUX 10HIB, 30KpeMa MeTaliB Ta MPOAYKTiB BHOYXOBUX PEaKIIiii, 0 JO3BOJISIE OIIHIOBATH MMOTSHIIIHHY
TOKCHYHICTh IPYHTY Ta JOKaIbHI €KOJOTiuHI pyu3uKH. s 300py eKciepuMeHTaTbHAX JaHUX 3MiiCHEe-
HO Bi0ip mpo0O 3a MPOCTOPOBO-TIAMOWHHOK CITKOIO, IO OXOILTIOE Pi3HI BiJICTaHi BiJl EMIIEHTPY BHOYXY
Ta piBHI 3aIATaHHs IPYHTY, 3a0€3MeUyI0un PEeNpe3eHTaTUBHICTh OLIHKKA TEXHOTCHHOTO HaBaHTAKEHHS.
BumMiproBaHHS! €eKTPOIIPOBIAHOCTI J03BOJIMIIN OOy IyBaTH 0a3y AJs MaTEMaTHYHOTO OIMHUCY MPOCTO-
POBO-TTTMOMHHOTO PO3MOALTY iIOHHOTO HAaBaHTa)KEHHS Ta 3alPONOHYBATH EKCIIOHEHLIHHY MOJENb 3ra-
CaHHs KOHIIEHTpaliifHoro edekry. Mojenb Aae 3MOry MIPOTHO3YBATH 3MiHY PiBHS 3a0pyIHEHHS Y MpPo-
MDKHUX TOYKaX, OI[IHFOBATH MacIITaOW BIUIMBY BUOYXY Ta MOIIMPEHHS PO3YMHHUX KOMITOHEHTIB y TO-
BIIi TPYHTY 3 YPaxXyBaHHSAM TiJpOTEONIOTIYHHX 1 peNbe(hHUX YMOB. Pe3ynbpTaTi CTBOPIOIOTH OCHOBY IS
eKCIIPeC-OLiHKM TEXHOI'€HHOTO HABAaHTA)XEHHS, OIIEPATHBHOTO 30HYBAaHHS TEPUTOPiil Ta IUIaHYBaHHS
3aX0fiB IUBUIFHOTO 3aXHCTY, @ TAKOX JIsi MIPOTHO3YBAaHHS JTOBrOCTPOKOBHX 3MiH CTaHy I'PYHTOBOTO
CepeIoBHINA. 3aIPOIIOHOBAHMIM ITiJIX1]T MOEHYE EKCIIEPUMEHTAIbHI BUMIPIOBAHHS Ta MAaTEMAaTUYHE MO-
JeNMOBaHHs [ MOOYJOBH aJaliTHBHOI CHCTEMH MOHITOPHHTY. |HAEKCHE y3aralbHEHHs JaHuX 3a0e3-
nedye TIOPiBHSAHHS PiBHIB 3a0pyAHEHHSI MiXK JUITHKAMU, BU3HAUCHHS MPIOPUTETHUX 30H BiJIHOBIICHHS
Ta MPUHHATTS YIPABIIHCHKUX PIIIEH Y MiCIAKOH(IIKTHUX PErioHaX, a TAK0X CIPUSE IMBUIKOMY pea-
T'YBaHHIO Ha IMOTEHIIIiHI HAJ3BUYAlHHI €KOJIOTIYHI CUTYAIIi.

Kua1o4oBi ci1oBa: enekTponpoBiqHCTh, KOHIYKTOMETPIsl, BUOYX, BOJHUI PO3YUH TPYHTIB, 3a0py-
JTHCHHSI, IPOCTOPOBO-IIIMOMHHMN aHaJIi3, MOHITOPUHT

1. Beryn

[lin yac BUOYXIB pakeTHO-apTUIIEPIUCHKUX CUCTEM BiOYBA€ThCA MOPYILIECHHS
CTPYKTYpH IPYHTY, TIEPEMIIIICHHSI HOTO Mac, a TaKOX TOTPAIISHHS 3aJIUIIKIB OO€pu-
naciB, MeTaJeBUX (JparMeHTiB Ta MPOJYKTIB 3ropsiHHs. Lle cTBoproe moTeHIiiHI 3arpo-
3M HE TIIBKHU JIJIsl HABKOJUIITHBOTO CEPEIOBUIINA, a M JuIst 310poB’ sl HaceneHHs. CBoeya-
CHA OIlIHKA 3a0pyJTHEHHS IPYHTIB J03BOJISI€ BU3HAYUTH TEPUTOPIi 3 BUCOKUM PU3UKOM
HeOe3MeKkH, MIaHyBaTU BiAOIp MpoO Ta MOHITOPHUHI, a TaKOXX MpUWMAaTH e(PEeKTHUBHI
YIPaBIIHCHKI PIICHHS JUTsl MiHIMi3allii HAaCIiAKIB HeOe3MmeuHo1 o1, 3armo0iranHs Hal-
3BUYAWHUX CUTYAIIIH.

Taxum unHOM, 3 ypaxyBaHHSAM CyYaCHHUX BIHCHKOBUX KOH(IIKTIB Ta MOTCHIIIMHUX
TEXHOTCHHHMX 3arpo3, BIJICYTHICTh ONEpaTUBHOI 1H(pOpMAIIil TPO CTaH IPYHTY, Ipode-
Ma OIIIHKK 3a0pyJHEHHS TIPYHTIB € aKTyaJbHOIO /IS MPOTHO3YBAaHHS HEOC3MEUHUX
MIPOIIECiB, MJIAHYBAaHHS 3aXMCHHUX 3aXOJIIB Ta OpraHi3aiii poOiT 3 JiKBiJaIli HACTIAKIB
ypakeHHs TepUTOpiil. BincyTHICTh onepaTuBHOI iHpOpMAaLii Ipo CTaH IPYHTIB y paio-
HaX YpaKEHHs YCKJIAJHIOE MTPOTHO3YBaHHs HEOE3MEeUHUX MPOIIECiB, MIIAHYBAaHHS 3aXU-
CHUX 3aXOJIIB Ta OpraHi3allito pooiT i3 monepeKeHHS HAA3BUYAHNX CUTYaIliH.
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2. AHaJIi3 JIiTepaTypHUX JaHUX TAa MOCTAHOBKA Npod/1eMu

JocmikeHHs 3a0pyaHEHHS TPYHTIB Ha TEPHUTOPIAX, IO 3a3HAJM PAKETHO-
apTUWIEPIICHKOrO0 ypa)KeHHs, OXOIUTIOE HU3KY B3a€EMOIIOB’SI3aHUX HAIpPSIMIB — (I3UKO-
XIMIYHMM aHami3 3a0pyaHIOBaYiB, OILIHKY 3MiH CTPYKTYPH IPYHTY Ta MOHITOPUHT €JIEKT-
podiznunux mapameTpiB. Y poOoTi [1] mochimkeHo BIUIMB (I3UYHHX XapaKTEPUCTHK
IPYHTIB Ha I1HXEHEPHY CTIHKICTb TEPUTOPIM, a TaK0oX pO3poOJEHO OpraHizaliiHO-
TEXHIYHUH MIIX1] 10 3an00IiraHHs Ha/I3BUYalHUM CUTYallisIM TEXHOT€HHOT'O XapakTepy.
[IpoTe 3a3HaueHUi MmiaXia 3A€OUTBIIOTO OPIEHTOBAHWN Ha 1HXXEHEPHY OIHKY HeCcydoi
3IaTHOCTI TPYHTIB 1 HE BPaxOBY€E CHEIUDIKY IXHROTO TEXHOTEHHOTO 3a0pyAHEHHS MiCIIs
BHOYXiB. 3MiHU B MOPOBOMY CEPEIOBUILII, 1[0 0€3MOCEPEIHbO BILUIUBAIOTh HA MPOHUK-
HICTB Ta €JIEKTPONPOBIIHICTD, 3aJIMIIAIOTHCS] HEIOCTATHHO OMMCAHUMH.

HamnparroBanss [2] Bka3yroTh Ha HEOOX1IHICTh IHTETpaIlli IHCTPYMEHTIB €KCIIpec-
OLIIHIOBAHHS CTaHy JOBKULIS 3 aJaiTUBHUMU MOJENSIMU NMPUNHATTS PillIeHb, OPIEHTO-
BaHMMU Ha 3HI)KEHHSI PU3UKY BTOPUHHOTO ypakeHHs. BogHouac aBTOpu HE MPOIOHY-
I0Th NIPAKTUYHUX MEXaHI3MIB IEPEBEICHHS PE3YNIbTATIB BUMIPIOBAHb €JEKTPOPIZUIHUX
napaMmeTpiB y NPUAATHI JUIsl ONEPaTUBHOIO MOHITOPUHTY MOKa3HHUKH, 1110 OOMEXYE 3a-
CTOCYBaHHS TAaKUX MOJIEJIeH y peaTbHUX YMOBAX YPaKeHHS TEPUTOPIil.

Hocnigaukamu [3] npoBeIeHO MOHITOPUHI BOJHOTO CEpEOBHINA 3 BUKOPUCTAH-
HSAM (PI3UKO-XIMIYHHX Ta €JEKTPO(I3MYHUX 1HIUKATOPIB, SIKI MOXKYTh OyTH €KCTparo-
JbOBaHI Ha IPyHTOBI cucteMu. OHAK OUIBIIICTh WX MITXO/IB HE BPAXOBY€E BEPTHUKA-
JbHUM TPo(UTb TPYHTIB MMICHsS BUOYXIB, JI€ CIHOCTEPIralOThCSA CKIIAJHI MPOCTOPOBO-
MIMOWHHI 3MIHU KOHIIEHTpAIliid 3a0py/IHIOBAYIB 1 HEOJHOPIAHICTH BOJIOTOCTI, 11O BILTH-
BaIOTh HA TOYHICTh OLIIHKU €JIEKTPOIPOBITHOCTI.

OxpemMuii HanpsIM JTOCHIJIKEHb CTOCYETHCS €JIEKTPONPOBITHOCTI SIK (PYHKLII KOH-
IEHTpAIlii 10HIB Y TPYHTOBOMY pO3uuHi. Y mpausx [4, 5] po3rasiHyTO TOUHICTh €KCIIpec-
METO/1iB BU3HAYCHHS 3a0pyHIOBATLHUX PEYOBHUH Y IPUPOJIHUX CEPEIOBUIIAX, 30KpeMa
y JOHHUX BiIKJaJax Ta BOJHUX BUTSDKKax. BogHOYac 11i METOAWMKH HE aJanToBaHO J0
YMOB MICIABUOYXOBHUX 3MIH — HasgBHOCTI PO3YMHHHUX 3QJIMILIKIB BUOYXOBHX PEUOBHH,
MPOJYKTIB KOPO31l METaJeBUX €JIEMEHTIB OO€NMpHIAciB Ta CTPYKTYpHUX pYHHYBaHb
IPYHTOBOTO MPOQIIIO.

PozmupenHst ysiBiaeHb Mpo eNeKTpodi3udHI BIACTHBOCTI IPYHTIB 3a0e3meuye cre-
KTpaJibHa MOJIeb KOMIUIEKCHOI eJIEKTPONPOBIIHOCTI, 3alIpONIOHOBaHA B [6], sika Bpaxo-
BY€ THUI MiHepaliB, MOP(OJIOTii0 MOPOBOrO MPOCTOPY Ta CTYHiHb HACUYEHHS Cepenio-
Bumia. [Ipore 3acTocyBaHHsA TakMX Mojeje OOMEXeHEe MEepPEeBaKHO J1abopaTOpPHUMU
yMOBaMH ¥ moTpebye aganTaiiii 10 OMepaTUBHUX MOJILOBUX BUMIPIOBaHb Y 30HAX BU-
OyxiB, Ie¢ HEOJHOPITHICTh CEPEIOBUIIA YCKIAIHIOE IHTEPIIPETAIIIO PE3yJIbTATIB.

VY HM311 focnijpkeHs [7, 8] mokazaHo, 10 eIeKTPOIPOBIIHICTh MOXe OyTH edek-
TUBHUM IHIUKATOPOM BOJIOTOCTI, KOHIICHTpAIlli PO3YMHEHUX COJEeH Ta OpraHiYHHUX J10-
Mimiok. OJIHaK BiICYTHICTh y3arajlbHeHOT METOJIMKH, sika O IHTerpyBaa Iii MoKa3HUKU y
CUCTEMY OIIIHKM €KOJIOTIYHOIO CTaHy micis 00HOBHUX Ail, He JO3BOJIE€ 3aCTOCOBYBATU
OTpPHMaHi Pe3yJabTaTH JJIsi MPOTHO3YBAHHS PU3UKIB BTOPUHHOTO 3a0pYIHCHHSI.

Orns cydacHUX BHKJIMKIB MIOAO 3aCTOCYBAaHHS TeopajapiB i TEXHOJOTIH eleKT-
POMarHiTHO1 1HAYKIII, MogaHuil y [9], Bkadye Ha CKJIAIHICTh IHTEpHpeTalii JaHuX Y
HEOHOpiAHOMY cepenoBulli. Lle BaxJIMBO I 30H ypakKeHHS, JIe TPYHT 3a3HA€ HE JIH-
1Ie MeXaHIYHUX, a W XIMIYHUX TpaHchopmaiiil. [IpoTe OUIBLIICTE POOIT 30cepeKeHa
Ha reo(13MYHOMY aHai3i.

VY pobori [10] mopiBHSIHO e()eKTUBHICTH METOIB BUMIPIOBAHHS E€JIEKTPOIIPOBII-
HOCTI TIPU CHiBBIIHOIIEHHI I'PyHT-BoAa 1:5, 1m0 € 3py4yHHM Uil eKCIpec-aHaji3y B
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MOJIhOBUX YMOBax. BogHouac 111 MiIX0A1 HE BPaxOBYIOTh HEOAHOPIIHICTH MPOO, BijC-
TaHb JI0 CMIIEHTPY BHOYXYy Ta 3MiHY BIACTUBOCTEH IPYHTY 3 TIIHOWHOI0. AHAIOTIYHO,
npodIIOBaHHS €EKTPOIIPOBITHOCTI, 3acTocoBaHe y [11] my1st rpyHTIB, IEMOHCTPYE TIO-
TEHIl1a] METONy, ajie MoTpedye afanTaiii 40 YMOB BHCOKOI'O TE€XHOT€HHOTO HaBaHTa-
KEHHS Ta JJOKaJIbHUX TEPMIYHHX BIUIMBIB BUOYXIB.

VY nocaimkeHHsAx [12—14] po3risHyTO MPOCTOPOBO-YACOBY MIHIUBICTh €JIEKTPOII-
POBITHOCTI /ISl OL[IHKK BUTOKIB BaXKKMX METAJIB 1 COJIEH, 30KpeMa 3 BUKOPHUCTAHHSIM
€JIEKTPOPE3UCTUBHOI TOMOrpadii Ta 1HIyKOBaHOI nojsipu3aiiii. [IpoTe 1i meToau BuMa-
raloTh CKJIATHOTO OOJagHAHHA W He 3a0€3MeuyioTh OMEPAaTUBHOCTI, HEOOXITHOI IS
MOHITOPUHTY y pailoHax OOHOBUX JIIH.

TakuM 9YWHOM, MMONIPH HASBHICTH 3HAYHOTO MACHBY TCOPETUYHHMX 1 MPUKIATHUX
PO3pO0OOK, 3aJTUIIAETHCS BIIKPUTOIO TMPOOJeMa CTBOPEHHS YHIBEPCaJbHOI METOJIUKH,
3IaTHOI ONEPAaTHUBHO OILIHIOBATH CTaH TIPYHTIB Yy pailoHaX YpaKeHHS pakeTHO-
apTUIIEPIMCHKUX CUCTEM 3a MOKA3HUKAMHM €JIEKTPONpoBiIHOCTI. HemocTatHbo mociixke-
HUMH € IIPOCTOPOBO-IVIMOMHHI 3aKOHOMIPHOCTI 3MIHHU I[bOTO IIapaMeTpa, MOro 3B°SI30K 3
BIJICTAHHIO JI0 €MIIEHTPY BUOYXY Ta piBHEM KOHTaMiHallli. BiICyTHs TakoX €IMHA CHC-
TeMa IHTepHpeTallii pe3yabTaTiB BUMIPIOBaHb JUIsl OTPEO HUBIIBHOIO 3aXHCTY.

3. Merta i 3aB1aHHA J0CJIIIKEHHS

MeTtow nocmikeHHs: € copMyBaTH HAyKOBO-METOJMYHI 3acaau OIIHKU CTaHy
3a0pyAHEHHS TPYHTIB Y palOHAX YpaKeHHSI PaKETHO-apPTHIEPIMCHKUX CHUCTEM 3a TOKa-
3HMKaMH €JIEKTPONPOBIIHOCTI, MPUIAATHI AJI MOAAJIBIIOT0 MOHITOPUHTY ¥ NPUUHSTTS
YIPABITIHCHKUX PillIEHb UBLIHFHOTO 3aXHUCTY.

JUi TOCSITHEHHS NTOCTaBJIEHOT MeTH Oynu chOopMyabOBaHI Ta BUPILIEHI HACTYIIHI
3aBJIaHHA:

1. [IpoBecTH POCTOPOBO-TIAMOMHHUN aHATI3 €JIEKTPOIPOBIHOCTI ITPYHTIB y Me-
Kax palioHy ypakeHHsI paKeTHO-apTUJIEPIMCHKUMU CUCTEMaMH.

2. Po3pobutn pekoMeHalli 1040 Oprasizamii MOHITOPUHIY I'PYHTIB Ta 3aXO[iB
[UBUIHHOTO 3aXUCTY.

4. Marepianu Ta MeTOIM AOCTiIKEHHS

OO6’eKTOM JOCHIIKEHHSI € IPYHTOBUI MOKPUB B pallOHAX Ypa)K€HHS pPAaKETHO-
apTUIIEPIMCHKUX CUCTEM, a MPEAMETOM — MPOCTOPOBO-IIIMONHHI 3MIHU €JIEKTPOTIPOBI/I-
HOCTI IPYHTIB 1 IXHii 3B 530K 13 IMOBIPHMM T€XHOTEHHUM 3a0pYyJHEHHSM SIK OCHOBOIO
JUTS IUBUIKOT OLIIHKY PU3UKY Ta MPUIHATTS YNPABIIHCHKUX PIILIEHb.

I'inotes3a mociiKeHHS MOsITae B TOMY, 1110 Y palloHaX pakeTHO-apTUIEPIHCHKOTO
YpaXXeHHS eNIEKTPOTPOBITHICTh IPYHTIB 3MIHIOETHCS 3aKOHOMIPHO 3aJIe)KHO Bij BiJICTa-
H1 JI0 €MILEHTPY BUOYXY Ta IIIMOMHHU 3aJIATaHHs, 110 3yMOBJIEHO NIEPEPO3IOALJIOM 10HIB,
BOJIOTOCTI Ta MPOAYKTIB BUOYXY y MOPOBOMY cepeAoBHIl. TakuM 4YMHOM, MOKa3HUK
EJIEKTPONPOBITHOCTI MOKE BUCTYIATH IHIUKATOPOM PiBHS TEXHOTEHHOTO 3a0pyIHEHHS
Ta BUKOPUCTOBYBATHCS JUIsl ONIEPATUBHOI JIarHOCTUKU CTaHy IPYHTIB.

Jis  JOCHiAKeHHS 3MIHM €JEKTPOIPOBIAHOCTI TIPYHTIB y pailoHaX pakeTHo-
apTHIIEPIACHKOTO ypaKCHHs BiOWpanucs mpodu IPyHTY Ha JUISHIN, 110 Ma€ O3HAKU
JIOKQJIBHOTO BUOYXOBOTO BIUIMBY. Bin0ip 3iliCHIOBABCS 3a CTPYKTYpOBAHOIO CITKOIO,
110 BKJIIOYAJia YOTUPH BIACTaHI Bij emineHTpy BuUOyxy: O M (Bupma), 50 M, 100 M Ta
200 M. Y koHIi Toulll BIAOOPY Npod BUKOHYBAIM 3a0ip IPYHTY 3 I1’ATH PIBHIB INIUOU-
Hu: 0 M (moBepxHeBHii map), 2 cm, 50 cm, 100 cm ta 200 cm.

BusHaueHHs €IeKTpONpOBIAHOCTI MPOBOJMIOCS KOHIYKTOMETPUYHUM METOOM.
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3pa3ku IPYHTY TOIMEPEIHBO 3MINTYBaIN 3 JTUCTUIHLOBAHOIO BOJOK) Y CIIBBIIHOIICHHI
1:5 (maca/06’em) Ta BUTpUMYBAJIH 3a TOCTiHOI TemnepaTypu. Ilicis 3aBepiieHHs mpo-
1IeCy eKCTparyBaHHS 3M1MCHIOBasiacsl (iIbTpallis, a MOTIM IPOBOJIUIN BUMIPIOBAHHS
€JIEKTPOIPOBITHOCTI OTPUMAHOTO PO3YHHY ITpH TemrepaTypi 25 °C.

OTpumaHi J1aHi BUKOPUCTOBYBAJIUCS ISl TOOYIOBM €KCIIOHEHIIMHOI MaTemMaTHy-
HOI MOJIEJ1 Ta OL[IHKU MPOCTOPOBO-TJIMOMHHUX 3aKOHOMIPHOCTEHN 3a0pyJHEHHS IPYHTIB
y palloHax ypaXeHHsS paKeTHO-apTUIIEPIMCHKUX CHUCTEM.

5. IIpoBegeHHSI MPOCTOPOBO-TJIMOMHHOIO AHANI3Y €JEeKTPONPOBIIHOCTI IPYH-
TiB Yy Me:KaxX pailoHy ypaKeHHs

VY X0l eKCIepHMEHTY MPOBEICHO OIIHKY €JICKTPOMPOBIIHOCTI K 1HIUKATOpa
KOHLEHTpAllli pO3YMHEHUX 10HIB y IPYHTOBOMY cepenoBHILl. Takuil miaxig 6a3zyeTbes
Ha MPUIYLIEHH], 10 BUOYXH 3 BUKOPUCTAHHSAM OO€NPUIIACIB 13 METAJIEBUMU €JIEMEHTA-
MU, MPU3BOJATH /10 JIOKAJIHHOTO 30araueHHs IPYHTY 10HHUMHU (OpMaMU BaXKUX MeTa-
JiB Ta 3aJUIIKaMU BUOYXOBUX PEYOBHH, 3AaTHUX MIJBUIIYBATH €JIEKTPOIPOBIIHICTh
IPYHTOBUX BHUTSDKOK.

Jlnst Bizyasnizarii Ta aHali3y 3MiH €JIEKTPONPOBITHOCTI Oyiau oOymoBaHi mpodiii
BOJHOT BUTSDKKHM TPYHTIB Ha PI3HHX BIJICTaHSIX BIiJl €MIIEHTPY BHOYXY 3aJIe’KHO BiJ
rOuHM Bioopy mpoob (puc. 1).

1400 EC,uS/cm
atadepth of 0cm
1200 (on the surface)
--------- at a depth of 20cm

1000

300 - = —atadepth of 50 cm
600 — - =atadepth of 100cm
400 o — at a depth of 200cm
200

0 50 100 150 200 LM

Puc. 1. I'padik npodiiiB eqeKTponpoBiIHOCTI BOAHOI BUTSHKKH IPYHTIB Ha pPi3HHMX BiacTa-
HSIX BiJl enieHTPy BUOYXY 3aJ1€2KHO Bil rJIMOMHM Bindopy npoo

EneKkTponpoBifHicTs BoaHOI BUTKKM IpyHTiB EC(d,h) MoxHa posrmsnyTu sk

(yHKIIIO0 1BOX 3MIHHUX — BijacTaHi Bijx eminentpy BuOyxy d (M) Ta raubuum Binbopy
npoou h (cm):

EC(d,h)=A-e™ . .e7" (1)

e A — eMmipuuHUi KOeQIlieHT, M0 BiANOBIIa€ MAKCUMAIbHOMY 3HAYEHHIO €JIEKTPO-
MPOBITHOCTI y 30HI BUOYXy Ha MOBepxHi, K,, K, — KoedilieHTH IpoCcTOpOBOro 3racaH-

HS TI0 TOPU30HTAJII Ta BEPTUKAMII BiAMOBIIHO.
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3a pe3ynbraTamMu arnpoKCUMaIlii €KCIIOHEHI[IHHOT MOJIeNi JIsi HAasSBHOTO MAacCHBY
mamux A =1280 mxCwm/cm, k, =0.0065 m™, k, =0.011 cm™'

Takum 4MHOM, aHAITUYHA MOJIENIh HAOYBa€ BUTIISANY:
EC(d,h)=1280.¢7%99% . 001t )

Pe3ynbpTaTl MOCHiIKEHHS! JEMOHCTPYIOTh 3aKOHOMIPHE 3MEHILIEHHS €JIeKTPOIpO-
BIJIHOCT1 BOJIHOI BUTSDKKHM IPYHTIB K 3 BIJJIAJIEHHSIM BiJ €MILIEHTPY BUOYXY, Tak ¥ 3i
30UIBIICHHSM MIHOUHM 3aliaranHs mpoOu. HaliBuilll 3HaYeHHs eJIEKTPONPOBITHOCTI (10
1280 MxCwm/cm) 3adhikCOBaHO y BUPBI Ha MOBEPXHEBOMY PiBHI, 110 CBITYUTH MPO 3HAY-
HY KOHIICHTPAIIII0 PO3YMHHHMX 10HIB YHACIIOK XIMIYHUX 3aJIUIIKIB BUOYXOBUX pEUO-
BHH 200 OKMCHEHHMX METaJIeBUX KOMIIOHEHTIB OO€MPUIIACIB.

31 3pocTaHHAM BiAcTaHi BiA emiueHTpy (Big 0 1o 200 M) coctepiraeTbest €KCIo-
HEHI[IiHEe 3HI)KEHHSI eJIEKTPOIPOBIIHOCTI, IO BKa3y€e Ha OOMEXEHY 30HY BIUIUBY JIXKe-
pena 3a0pynHeHHs. [loniOHe 3MEHIIEHHS MPOCTEXKYETHCS MO BEPTUKAJI — 3 TITMOUHOIO
Bl 0 10 200 cM €neKTPOINpPOBIAHICTh 3HUKYETHCSI MaliyKe BTPUYI, MIATBEPIKYIOUH IO-
BEPXHEBHI XapaKkTep OCHOBHOI MacH 10HHOTO HaBaHTaKCHHSI.

[HTerpasibHMii TOKA3HUK 3a0pYAHEHHS IPYHTY 3 ypaxyBaHHSIM MPOCTOPOBOTO PO-
3MOLTY:

1 H D
=—j jECd h)dddh (3)
H-Dy 1

ne H — makcumanbsHa rinubuna Bindopy nmpo6, D — MakcumanbHa BiICTaHb BiJl €MILEHT-

py BuOyXy.
[lincTaBisitoun €KCIIOHEHIINHY hopMy EC(d, h), 1HTErpaj MOKHA aHAJITUYHO 00-

YHUCJIINTH:

H D KH g kD
— ije_kzhdhje_kzh _ A . 1 € ) 1 e . (4)
D/ ) HD K, K,

Le#t iHAEKC AO3BOJISIE OTPUMATH y3arajlbHEHY XapaKTepUCTUKY 3a0pyIHEHHS IPyH-
Ty TI0O BCbOMY MacHUBY JOCIIIKCHHS Ta BUKOPUCTOBYBATH i JJIsl MOPIBHSHHSA MK Pi3HH-
MU JUITHKaMU a00 AJ11 MOHITOPUHTY AUHAMIKH 3M1HU 3a0pyAHEHHS.

OCKUIBKH CIIOCTEPITa€ThCsl €KCIIOHEHIIIIHE 3racaHHs KOHIICHTpAIlli 10HIB 3 TJIH-
OMHOIO Ta BiJICTAaHHIO, MOKHA 3aMPONIOHYBATH BUKOPUCTAHHS Mozeni Audys3ii 3 ypaxy-
BaHHSM JiKepeTia 3a0pyAHCHHS:

% =Dy V’C—-AC+S(d, h, t), ®)

ne C — koHueHTpais 3a0pynHioBada, D, — koediuieHT nudysii y rpynTi, A — koedi-
[IEHT 3aracaHHs (HAMPHKIA, Yyepe3 XiMiuHe PO3KIaAaHHs), S — Jkepeio (BHOyXxoBe
ypakeHHs), JIOKaJIi30BaHEe y MPOCTOPi Ta Yaci.

Bcranosienns 38°s3ky Mk EC Ta xoHuentpamiero C nacte 3mMory OyayBatu JIvHa-
MIYHI TIPOTHO3U 3MiH 3a0pyIHEHHS 3 YaCOM, a TAKOK ONTUMI3YBaTH MEPEXKY CIIOCTEPEIKEHb.
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Otpumana MaTeMaTHYHA MOJEINb JO03BOJIAE€ OIIHIOBATH PiBE€Hb 3a0pYyIHEHHS Y
MPOMDKHUX TOYKaX, MPOTHO3YBATH TNIMOWHY TMPOHUKHEHHS PO3UYMHHUX 3aJIUIIKIB Ta
KOPETYBaTH CITKy MOHITOPHHTY MiJ Yac €KOJIOTIYHOTO OOCTEKEHHS MICIIEBOCTI MiCIs
BUOYXOBUX YPaXKCHb.

6. Po3podka pexomenaamiii moao opradizamii MOHITOPHHTY IpPYHTIB Ta
3aX0/1iB HMBIJILHOTO 3aXUCTY

3 METOI0 MiJIBUILEHHS €(EKTUBHOCTI KOHTPOJIIO E€KOJIOTIYHOIO CTaHy TEPUTOpPIN
Ticas BUOYXOBOIO ypa)X€HHsS! po3po0JieHi BIAMOBIIHI peKOMEH Al 00 MIaHyBaHHS
CHCTEMHU MOHITOPUHTY 3a0pyIHEHHs IPYHTY B 30HI BUOYXOBOTO BILIUBY:

1. 30HM KOHTPOJIIO BapTO BU3HAYATH BUXOJSYM 3 €KCIIOHEHIIHHOTO 3racaHHs eJle-
KTPOINPOBIJHOCTI 3 BIJICTAHHIO Ta IIIMOMHOK. BCTaHOBIIOETHCS MOPOrOBE 3HAYEHHS

EC ., (Hampuxiaz, 10 % Bix MakcumanbHOro 3HaueHHs — 128 mxCwm/cm). Paniye d,

Ta MMOUHY h,, JUI1 MOHITOPUHTY BU3HAYAIOThCSA 32 PIBHAHHIMU:

EC(d,,,.0)=1280- %%~ —EC . =

1 EC. . (6)
=d__=- In ——min
0.0065 1280

EC(0,h,,, )=1280- %"= —EC . =

1 . EC.. (7)
= hmax = In !
0.011 1280

2. Ins 3a0e3nedeHHs PEenpe3eHTaTUBHOCTI BUMIpPIOBaHb NMPOOOBIAOIPHI MyHKTH
CJIJT PO3MIILYBATH 3 KPOKOM, IO HE MEPEBUIILYE BICTaHb, IPU SKii 3MiHA €IEKTPONPO-
BisiHOCTI mepeBuiye nepuuii nopir (5-10 %). InTepsan no ropusonTani Ad BusHaua-
€THCS 32 YMOB:

EC(d+Ad,h):e_klAd 1 01— Ad~—INO9) 0105
EC(d,h) K, 0.0065

16 M,

~In(0.9) 0.105
k, 0011

~9.5cm.

Amnanoriyno no rimbuHi: Ah =

3. OCKiIbKM KOHIIEHTpAIlisl 3a0pyIHIOBAYIB 3HUKYETHCS 3 TITUOMHOIO, OCHOBHUM
aKLEHT MOHITOPUHTY CJIiJT pOOUTH Ha BepxHiX 50 cM IPYHTY, e KOHIIEHTpalis € Haul-
BHIOK0. Jl01aTKOBI MpOOM MOKHA BiIOMpATH Ha OUIBIIMX TTUOMHAX 3 MEHIIUM 1HTEp-
BaJIOM, 1100 OIIHUTH MOTEHIIHE IPOHUKHEHHSI 3a0pyIHIOBAYIB.

4. JIns BiICTe)KEHHSI TUHAMIKU JIeTrpajaallii 3a0py/THEHHS PeKOMEHIYEThCS TPOBO-
JTUTU TIOBTOPHI 3aMIpy B OJHAKOBHUX TOYKAaX Yepe3 BCTAHOBJICHI YacOB1 1HTEPBAIH, IO
JI03BOJIMTH OL[IHUTH TEMITH IPUPOTHOTO PO3KIATaHHs abo Mirparlii 3a0pyIHIOBaviB.

5.3 ypaxyBaHHSIM 3MIHHHUX YMOB (penbed, Tiporeosoris, BuJ OOenpHumnacis) Me-
peka MOHITOPUHTY MMOBUHHA OyTH aJalTUBHOIO — 3 MOXKJIMBICTIO 3011bIIIEHHS II1IJILHOC-
Ti BimOopy mpoO y 30HaX 3 MiABHIIEHUM PIBHEM EJIEKTPOINPOBIIHOCTI Ta 3MEHIICHHS
TaM, Jie OKAa3HUKU CTa0LIbHO HU3BKI.
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6. PexoMeHy€eThCs UTsl IPUAHATTS YIIPABIIHCHKHUX PIllIeHb 3aCTOCOBYBATH 1HTET-
pasbHUM MOKa3HUK 3a0pyaHeHHs [, 30KkpeMa, y BU3HAYEHI MPIOPUTETHUX TUISTHOK Bifl-
HOBJICHHS Y1 TIPOBEJCHHS JOAATKOBHX JIOCTiIKEHb.

7. O0roBopenHsi GopMyBaHHSI HAYKOBO-METOAUYHHUX 3acaj] OUIHKH CTAHY 3a-
Opy/JHEHHS IPYHTIB

JlocnipKeHHs MMOoKa3allo, M0 eEeKTPONPOBIIHICTS BOJHOI BUTSKKU IPYHTIB Yy pa-
HOHAX ypaKeHHS PaKEeTHO-apTHIEPIMCHKUX CHUCTEM 3HAYHO BapilO€ B 3aJI€KHOCTI Bij
BIJICTaH1 10 €MIEHTPY BUOYXY Ta IMTMOMHM 3aisiranHs npo6. HaiiBuii 3HaueHHs crio-
CTEPIraloThCs y MPUIIOBEPXHEBOMY IIapi Ha BifacTaHi A0 50 M, 10 CBITYUTH MPO JIOKa-
JIbHE HAKOMWYEHHS PO3YMHHUX 10HIB, HMOBIPHO, 3aJIMIIKIB BUOYXOBUX PEYOBHH 1 BaK-
KHUX METaliB. Y MIJNOBEPXHEBUX IIApaxX CIOCTEPIraeThCs MOCTYNOBE 3MEHIICHHS €JIEK-
TPOMPOBIAHOCTI, IO B1I0Opakae PO3CitOBaHHS 3a0pyIHIOIOYMX KOMIIOHEHTIB y TJIHOU-
HI TPYHTY.

OTpuMaHi JaHi IEMOHCTPYIOTh €(PEKTHBHICTb KOHIYKTOMETPIi SIK ONEpaTUBHOIO
1HAMKaTOpa 3a0pyAHEHHS IPYHTIB, 110 JT03BOJIIE CBOEYACHO BU3HAYATH MOTEHUINHO He-
Oe3rneyHi JUISHKY Ta OIIHIOBATH XIMIYHHM CKJIaj MopoBoro cepemonuma. [ToOymoBana
EKCIIOHEHI[IfHA MOJIeNb JI03BOJISIE KUTBKICHO OTHMCATH 3aKOHOMIPHOCT1 3MEHIIIEHHS eJIeK-
TPOIPOBITHOCTI 32 MPOCTOPOBUM Ta IITMOMHHUM TPAJIEHTOM, LIO € MIATPYHTAM JUIsl TIPO-
THO3YBaHHS MOIMIMPEHHS 3a0pyJHEHHS Ha CYMDKHI TEPUTOpPIi Ta IJIaHYBaHHS CHUCTEMHU
MOHITOPHUHTY.

Pesynbratu naroTh mijIcTaBu 7151 PO3POOKH PEKOMEHIAlll 11010 OpraHi3allii BiJ-
0opy mpo0: BU3HAYCHHSI MEX KOHTPOJIO 32 MIOPOrOBUMH 3HAUYCHHSMHU E€IIEKTPOIPOBI/I-
HOCTI, ONITUMaJIbHA IITBHICTh MYHKTIB, IPIOPUTETHUH B1I0Ip Y BEPXHIX IIapax IPyHTY
Ta PEryJspHI MOBTOPHI 3aMipH JIJIsl OI[IHKY JTUHAMIKH 3a0pyIHEHHS.

8. BUCHOBKH

1. IlpoBeneHunii mpocTOpOBO-IIMOMHHUN aHaNI3 €JIeKTPOIPOBIAHOCTI IPYHTIB Y
MeXax paiioHy YpaK€HHS PaKeTHO-apTHIICPIHCHKIME CHCTEMaMH IiTBEPHB, 110 eJe-
KTPOTIPOBIIHICT € €(PEKTUBHUM 1HIUKATOPOM KOHIIEHTpAIlii pO3YMHEHUX 10HIB Ta PiB-
HSl TEXHOT€HHOT'0 HaBaHTa)XeHHs. BCTaHOBIIEHO eKCIIOHEHIIITHEe 3MEHILIEHHS eIEeKTPOTI-
POBIIHOCTI SIK 13 BIJJAJICHHSAM BiJ €MILEHTPY BHOYXY, TaK 1 31 30UIbLICHHSAM TTUOMHU
3ansranfs npo6. MakcumasbH1 3HaueHHsI 3a()iKCOBAHO Y BUPBI Ha MOBEPXHI, IO CBIJI-
YUTh MPO JIOKATbHE HAKOMHMYEHHS 10HIB METaJTIB 1 MPOJYKTIB BUOYXOBUX peakiiiid. 3a-
MPOIIOHOBAHA AHAJITUYHA MOJIENb JO03BOJISE KUIBKICHO OMUCATH 3aKOHOMIPHOCTI IO-
HIMPEHHS 3a0pyJHEHHS Yy IPOCTOpl Ta INIMOMHI, a TAaKOK BUKOPUCTOBYBATH ii JJis PO3-
paxyHKYy IHTETPaJIbHOTO 1HJIEKCY 3a0pyAHEHHS i MOOYyI0BU MPOTrHO31B Mirpallii 10HHUX
KOMIIOHEHTIB Y IPYHTOBOMY CEpPEIOBHUIII.

2. Ha ocHOBI pe3ynbTaTiB MOJETIOBAHHS PO3POOJICHO peKOMEHallii JJisi opraHiza-
i1 MOHITOPUHTY IPYHTIB Ta 3aX0/lIB LIMBUILHOTO 3aXMCTY, CIIPIMOBAHUX Ha M1ABUIIECHHS
e(eKTUBHOCTI KOHTPOJIIO CTaHy TEPUTOPIH miciig BUOYXOBUX ypakeHb. Bu3zHaueHO 30HU
KOHTPOJTIO BiJIMTOBITHO 10 €KCTIOHEHIIHOTO 3racaHHs eJIEKTPOIPOBIAHOCTI Ta BCTAHOB-
JICHO ONTHMAaJbHI TapaMeTpu PO3MIIIEHHs IyHKTIB Bi1OOpY mpoO. 3arpornoHOBaHO Opie-
HTYBAaTH CIIOCTEPEKECHHS Ha BEPXHI IIAPH IPYHTY, 3A1HCHIOBATH MOBTOPHI BUMIPIOBAHHS
y Yaci JuIs BIICTe)KEHHS Jerpaiailii 3a0pyJHEHHSI Ta 3aCTOCOBYBATH aJalTUBHY CITKY
MOHITOPHHTY 3aJIe)KHO BiJ] JIOKAIbHIX YMOB. BUKOpHCTaHHS iHTErpaJbHOTO MOKAa3HUKA
3a0pyHEHHS PEKOMEHIOBAHO JJIsi BU3HAYEHHS MPIOPUTETHHUX IUISTHOK BiJIHOBJICHHS Ta
NPUAHATTS YIPABIIHCHKUX PIlIEHb Y CUCTEMI IIUBUIFHOTO 3aXUCTY.
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ASSESSMENT OF SOIL CONTAMINATION IN AREAS AFFECTED BY ROCKET-
ARTILLERY STRIKES

The article examines methodological approaches to assessing soil contamination in areas affected
by rocket and artillery systems based on electrical conductivity indicators. The relevance of the study is
driven by the need for rapid assessment of territorial conditions after explosive impacts, when tradition-
al chemical analysis methods are too time-consuming or resource-intensive. The electrical conductivity
of the aqueous extract is proposed as an indicator of the total content of dissolved ions, including metals
and products of explosive reactions, which makes it possible to evaluate the potential toxicity of the soil
and local environmental risks. To collect experimental data, soil samples were taken using a spatial—
depth grid covering various distances from the explosion epicenter and different soil layers, ensuring
the representativeness of the assessment of technogenic impact. Electrical conductivity measurements
provided a basis for the mathematical description of the spatial-depth distribution of ionic load and en-
abled the proposal of an exponential attenuation model of the concentration effect. The model makes it
possible to predict changes in contamination levels at intermediate points, assess the scale of explosion
impacts, and trace the spread of soluble components within the soil profile, taking into account hydro-
geological and terrain conditions. The results form a foundation for rapid assessment of technogenic
load, operational zoning of territories, planning of civil protection measures, and forecasting long-term
changes in soil conditions. The proposed approach combines experimental measurements and mathe-
matical modeling to develop an adaptive monitoring system. Index-based data generalization ensures
the comparison of contamination levels between sites, the identification of priority restoration zones,
and the support of decision-making processes in post-conflict regions, as well as facilitating prompt
responses to potential environmental emergencies.

Keywords: electrical conductivity, conductometry, explosion, soil aqueous extract, contamina-
tion, spatial-depth analysis, monitoring
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