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OLIHKA BIUIMBY 3POIIEHHSA HA TPYHTOBO — POCJIMHHUIN
[TIOKPVB
B.I'.1abina, k.reorp.H, B.O.HikojimmuH, Marictp

OoecbKuti 0eparcasHUli eKON0IYHUL YHIGepCUmem

Bukonano oyinky enaugy 3pouilenHs Ha CilbCbKO2OCHOOAPCHKI POCAUHU, 3
MOUKU 30pY 3a0PYOHEHHS GANCKUMU Memaiamu ma paocioHyKIiOaMu, 8 yMo8ax
J[ninponempoecvkoi  obracmi 3@  00NOMO20K0 MAMEeMAmMuyHoi  MoOei.
JlHinponempoecvka obaacmes 807100i€ O0OCUMb PO3BUHEHOI) CIMmMIO  BOOHUX
apmepitl, Momy ICHy€ GeIUKUU NOMeHyian Ol BUKOPUCMAHHS YUuXx 06’ ekmis 0ns
3powsenns.  OcHOGHUMU — 3AOPYOHIOBANLHUMU — PEYOBUHAMU,  AKI  MONCYMb
nOMpaniamu y 2pyHmoeo — pOCIUHHUL NOKPUB NPU 3POUEHHT € 8AXCKI Memanu ma
PAOIOHYKNIOU, moMy came yi eremeHmu Oyau euOpaui O OYIHKU iX 6NIUBY HA
AKICHI  Xapakmepucmuku  CLIbCbKO2OCNOOAPCbKUX — POCTUH. Ypaxosano
Koegiyicumu nepexody paodioHyKioig y CLIbCLKO20CNOOAPCHKL  POCIUHU
aepanvHUM ma KOPEeHEeGUM WIIAXOM, NpU YbOMY DO3DAXYHKU GUKOHAHO O
OCHOBHUX Odcepen 3pouleHHsi 6 ymoeax [[Hinponemposcvkoi obaacmi.  Ilo
Oinbuiocmi  elemenmié  3pOULYBAIbHI 800U  3A0080JILHAIOMb  BCHAHOGICHUM
sumoeam. LlJo cmocyemvbcsi makux GUCOKOMOKCUYHUX eNeMeHmis, AK KAOMIU i
ceuHeyb, mo ix emicm Habaudcyemovca abo nepesuwye I[J[K.  Ilinnicmo
00CNIOJCEHHSl NOJAA2AE 8 OYIHYI eKOJO02IYHOI YUCMOMU CIlbCbKO20CNO0APCbKOL
NPOOYKYii, 5IKA BUPOWYEMBC 8 YMOBAX 3POUIEHHA. 3a pe3yivmamamu pobomu
MOJMCIUBO HAOABAMU NPAKMUYHI peKOMeHOayii wo 00 3MEHUIEHHS GNIUGY
3POUEeHHS HA CLIbCHbKO2OCNOO0APCHKI POCIUHU CIOCOBHO BMICHLY BANCKUX MEMAis i

padionyknioie 8 ymosax /[Hinponempogcvkoi obnacmi.

Beryn. Ilpu 3poimieHHi 3pocTae aHTPONOTEHHE HABAaHTAKEHHS Ha 00'€KTH
MIPUPOTHOTO CEPEIOBUIIA 1 CTBOPIOIOTHCS MEPETYMOBH JIJISl 3aTOCTPEHHSI €KOJIOTTYHOT

CUTYyaIlIi.



AHaJmi3 ocTaHHiX JaocjifkeHb i myOaikamiii. [luTaHHSM OIIHKM BIUIMBY
3pOILIEHHSI Ha CTaH arpoIleHO3iB 3aiimanucs Oararto aBTopiB [1]. Ilpu 1pomy Oynm
ypaxoBaH1 MOKa3HUKHU SIKOCTI 3pOITYBAIBHUX BOJ.

Mera pgociaimkeHb. BukoHaTH OIIHKY BIUIMBY 3pOIICHHA Ha SKICHI
XapaKTEPUCTUKU BPOXKAIB CLIBCHKOTOCIOAAPCHKUX POCIUH, 3 TOYKH 30PY BMICTY
BXKUX METATIB 1 PaiOHYKIIAIB, SKI BUPOUIYIOThCS B yMOBax J[HIMpomeTpoBChKOI
o0jacTi, 32 JOMIOMOTOI0 MaTeMaTH4HOT Mojeni. OTpuMaHi pe3yiabTaTH J03BOJISIOTH
BUKOHATH ONTHUMI3ALII0 PEXKUMY 3POIIECHHS 3 IULII0 3MEHILIEHHS HaBaHTaXKEHHS Ha
IPYHTOBO -pOCIMHHUI TTOKPUB([2].

Bukaagannsa OCHOBHOI YaCTHHH JOCTiKeHH. Hakommuenus
PAmIOHYKIIIJIIB Y POCIMHAX Ha 3pOIIYBAaHUX 3EMJISIX BIJOYBA€TbCS BHACHIIOK
KOPEHEBOTO HAJXO/KCHHS PaJIOHYKIIAIB, 1[0 3HAXOASAThCA B IPYHTI , IO
NPUBHOCATHCS B TIPYHT NIpPH TOJUBI 3a0pYJHEHOIO BOJIOI0, a TaKOX YHACIIJIOK
0e31MocepeIHbOr0 HAJXOKEHHS PAIIOHYKITIAIB 3 MOJIMBHOT BOJU B JIUCTS.

CymapHa aKTHUBHICTh,IKa YTPUMYETHCS HA3eMHOI0 YACTHHOIO POCIHH TPHU

HOJIMB1, MOKe OyTH TIpeacTaBiieHa sk [3] :

ne Aj — cymMapHa MUTOMa aKTHBHICTh pociuHM; fy i — dpakiis yrpumanss; Ay —
UTOMA IMMOBEPXHEBA AKTUBHICTh TIPH MOJIUBI.

YacTka, yTpuMyBaHUX POCIMHOIO, PAIIOHYKIIIIIB BUBHAYAETHCS 5K [3] :
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ne Si — epexTuBHE yTpUMaHHS Boau Jj1sl pociuHu; LAl - moBepxHs JIUCTKOBOT

YaCTUHU POCIHH; R — mutoMuii 06'eM MOJHBY .



AKTHUBHICTh POCIMHHUX MPOIYKTIB POPMYETHCS 3a paXyHOK O€3M0CepeHbOTO
HAJIXOKEHHS DAJIOHYKIIIB Yepe3 JHCTA, a TaKOoX 3a paxyHOK KOPEHEBOTO
HaaxoKeHH [3]:

Ci(t)=Ci, (1) + Ci(t), (3)

ne Ci(t) — 3aranpHa aKTUBHICTH Y pocnuHi Buay i, br/kr; Cj(t) — akTUBHICTH B
pOCIUHI BHIy i BiJ Haaxo pKeHHS yepe3 jucts, br/kr; Ci (t) - akTHBHICTH B POCIIHHI
BUJIY i BiJl KOPEHEBOTO HAIXOKEHHSI, BK/KT.

HaaxomkeHHs paaioHyKIiAIB 4epe3 JTUCTA MOKe OyTH BUPAXKEHO SIK:

Cu(A) =2 expl=(h, + 2,)AM], (4)

1

ne Cij (At) — KOHIEHTpallisi aKTUBHOCTI B POCIHHHI; Aj — 3arajibHa MHTOMa
aKTUBHICT, HAa pOCHUHI; Y — BPOXKaWHICTb POCIHUH; Ay — IIBUAKICTb BTpaTH
AKTUBHOCTI 3@ PaxyHOK BIUIMBY IOTOJJHUX (PAKTOPiB; Al — KOHCTaHTa paai0aKTUBHOIO
posmany; At —gac, 1110 IPOMIIOB 3 MOMEHTY TOJIUBY J0 300py BpOXKaro.

Konnenrpaniss  pagioHykiija B pOCIMHAX, YTBOpPEHAa  KOPEHEBUM
HAJXO/DKCHHSIM, PO3PaxXOBYETHCS 3 BUKOPUCTAHHSM KOHIIEHTpAIll paJloOHYyKIiIa B
IPpYHTI 1 KoedimieHTIB HakonuueHHs TF;, sKI BUpaXaiOTh CIIBBIIHOILIECHHS

KOHIIEHTpAIlill aKTUBHOCTI B POCIIMHI (’KMBa Bara) i IpyHTY (Cyxa Bara):
Ci,r(t) =Tk Cs(t), (5)

ne Ci(t) — KoOHIEHTpamis paTiOHyKIiAa Yy POCIUHI BiJ KOPEHEBOI'O
Haaxopkenns; TF;, - koedimient nakonuuenns; Cys(t) — KOHIEHTpAIlis pagioHyKIiAa
y PUKOPEHEBIM 001aCT1 IPYHTY .

K10 HAAXOMHKEHHSI B IPYHT B1IOYBAETHCS B MEPIOJ POCTY POCIHMHH, TO IS
KOPEHEBOTO HAJXO/PKCHHS BUKOPUCTOBYETHCS KOPUTYBAIBHHUMA KOE(QIIIEHT, IO

3MEHIITye KOpeHeBe HaaxokeHHs. Lleil koedilieHT sBisie cO00I0 BiIHOIICHHS



OPOMDKKY 4Yacy BIiJ TMOJMBY A0 300py BpOXKaiw J0 TPUBAJIOCTI BereTalii.

KOHHCHTpaHiH B IIPUKOPCHCBOMY Hlapl I'PYHTY PO3pPaXOBYETHCS 110 (I)OpMy.TIi:
As
Cs (t) = Bexp[_(ﬂ’s + ;Lf + /’i’r )t] ) (6)

ne As — 3arajgbHa MUTOMA aKTUBHICTH HA IPYHTI; L — rmubuHa npuKopeHEeBOTro

mapy; O - UIUIBHICTh TIPYHTY, As — IIBHJKICTH 3MEHIICHHS AKTUBHOCTI; AF -
IIBUJIKICTD (PiKcarlii paJioHYKIiAIB Y IPYHTI.

PesyabraTu pociaigxenb. [lpoananizoBanuil XiMiyHU#M ckian Ouibire 10

PI3HHUX JKEpeJl 3pOIIyBaHHS, BCTAHOBJIEHO, IO y MIpY MOCHJICHHS MOCYIUIMBOCTI

KJIIMaTy 1 3pOCTaHHS MiHepai3allli 3polryBajlbHIUX BOJ B HUX 3POCTA€ KOHIIEHTpAIis

BAXKKHX METaJiB — IIMHKY, KaJMil0, HIKEI0, KOOaIbTy, MapraHifio, CBUHIIO, MIJI 1

xpomy (Tabi. 1).

Tabmuug 1 — BmicT BaXKHX METaliB B 3pOIIYBaJbHUX BOJAX

) Cyma
Jlxeperno Binbopy nmpodu Zn Cd Ni Pb Cu Cr

€JIEMEHTIB
KaxoBcbke BOIOCXOBHUILIE 0.183| 0.007 |0.007| 0.03 |0.015]|0.020 0.347
Kanain J[ninpo-J{onbac 0.573| 0.004 |0.007|0.010|0.003|0.012 0.643

(4)] 31BCHKa 3POIIYVBaJIbHA
PyH pomty 0.125| 0.002 |0.012|0.025|0.004 | 0.050 0.262

cucreMa
Cepenne 0.136 | 0.004 |0.0190.032|0.009 | 0.022 0.307
'K 1.0 | 0001 | 01 | 0.03| 1.0 | 05

[To OGIBIIOCTI €IeMEHTIB 3pOIIyBajbHI BOJAM 33JI0BOJLHAIOTH BCTAHOBJICHUM
BuMoram . Illo cTocyeThCs TakMX BUCOKOTOKCHYHHMX €JIEMEHTIB, SK KaaMiil 1
CBUHEIIb, TO iX BMICT HaOmmwkaeTbes abo mnepeBuimrye [JIK. Ilpudomy 1e
NEePEeBUIICHHS OUIbII BUPAKEHE Y BOAAX CTEMOBUX JIXKEPE.

Kpim HOpMU 3pOIiIeHHS Ta MOJIMBY BOKIIMBE 3HAUCHHSI MAIOTh CITIOCOOU TTOJIUBY.



B pamkax po6otu Oysi0 TOCHTIIKEHO BIUIMB CIIOCOOIB TOJIMBY HAa HAKOIMMYEHHS
PaIIOHYKJIIIIB Y PO3HUX CUIBCHKOTOCTIOAPCHKUX POCIHHAX, 5Kl KYJbTUBYIOTHCS B
ymoBax JIHinpomnerpoBchbkoi obacTi ( Tad. 2).

Tabmums 2 — Cepenni KoedillieHTH IEPEXOAY PATIOHYKIIIIB 3 TIOJMBHUX BOJ Y

CiJIbCBKOrOCIoaapchki pocauan 1073,

) Ozuma | JIrouepHa, bypsk, |Tomaru )
Ene- | Cmoci6 Kykypyn Oripku, |Kamycra,
NIICHUIS, | 3€JIeHa KOpeHe |, MI0H
MEHT | TIOJHBY 3a, 3€pHO ‘ TUI0/IN Ka4yaH
3epHO Maca i
ITo
Cs 1,0 2,5 0,3 0,5 0,3 0,4 0,5
0opo3Hax
HouryBan
Cs 2,0 4,0 0,5 0,7 0,6 0,6 0,6
Hs
ITo
Sr 3,0 5,0 0,06 0,6 0,5 0,3 0,7
O0opo3Hax
HouryBan
Sr 4,0 7,0 0,11 0,8 0,8 0,4 1,0
Hs

3a J0MOMOrol0 HaBEJEHO! BUINE MAaTEMAaTUYHOI MOl BUKOHAHO OI[IHKY
KOe(DIIIEHTIB TEpexXoay PaTIOHYKIIIIB 13 TPYHTY B POCIWHU JJIi OCHOBHHUX
CIITbCHKOTOCTIONAPCHKUX KYJIbTypax, OCHOBHI IMapaMeTpH SKOi HaBeleHi y Tadmui 3.
[IpeacTaBieni XapakTepUCTUKHU HABEACHI JIsl OLIHKU PiBHSA 3a0pyIHEHHS BPOXKAlo
I[yKPOBOTO OYPSIKY JJIsl PI3HUX THUIIIB TPYHTIB.

Tabmuua 3 — CepenHe 3HaUY€HHS KOE(IUIEHTIB MEPEXOy PadlOHYKIIIIB 13

rpynry B pociunu 102 (Bk/kr)/(bx/m?)

JepHoBo-
) YopHozeM .
IT1130JIMCTUI YopHo3eM MOTYTH1H
[Mponmyxkrist 3BUYAHUI
CYTJIMHHUH IPYHT
QOSr I37CS QOSr I37Cs 908r 137CS
3epHO 37aKOBUX 0,72 0,25 0,13 0,062 0,056 0,042
Kopenemnonu 0,65 0,8 0,12 0,02 0,055 0,01
Kaproris 0,48 0,10 0,09 0,03 0,04 0,02
Bererarnena mMaca
2,2 0,35 0,40 0,10 0,18 0,07
KYJIBTYD
BaratoniTHi TpaBu 95 4.4 17 1,1 75 0,68




BucnoBku. BuporiyBaHHs CUIBCHKOTOCIIOPAAPCHKUX KYJIBTYP B YMOBax
3pOIIEHHSI TPHU3BOAUTH 10 BHHUKHEHHS MPOOJIEMH PaTiOHYKIiTHOTO 3a0pyIHEHHS
TPYHTY Ta POCJIMH. MakcuMaibHa KOHIICHTpAIisl PagioOHYKIIAIB Y BOJI BII3HAYAETHCS
Ha MOYaTKy 3pOIIYBaJbHOTO CE30HY, a Y HOT0 cepearHi BOHA 3MEHILYEThCA Y 4 pas3u

Ta OlIbIIIe, 3pOCTAI0UN HAMPUKIHII TIOJIUBY .
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EVALUATION OF INFLUENCE OF GROWTH ON GROUND-PLANT COVER
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An estimation of the effect of irrigation on agricultural plants, in terms of
contamination of heavy metals and radionuclides, in the conditions of the
Dnipropetrovsk region is carried out with the help of a mathematical model.
Dnipropetrovsk region has a very developed sieve of water arteries, therefore there is
a great potential for using these irrigation facilities. The main pollutants that can
enter the soil and vegetation cover during irrigation are heavy metals and
radionuclides, which is why these elements were chosen to assess their impact on the
gualitative characteristics of agricultural plants. The coefficients of the transition of
radionuclides to agricultural plants by the aerial and root methods are taken into
account, while calculations have been made for the main sources of irrigation in the
Dnipropetrovsk region. For most elements, the irrigation water meets the established
requirements. As for such highly toxic elements as cadmium and lead, their content is
near or exceeds the MPC. The value of the study is to assess the environmental purity
of agricultural products grown under irrigation. Based on the results of the work it is
possible to provide practical recommendations to reduce the impact of irrigation on
agricultural plants on the content of heavy metals and radionuclides in the
Dnipropetrovsk region.

Introduction. Irrigation increases the anthropogenic load on objects of the
natural environment and creates prerequisites for exacerbating the environmental
situation.

Analysis of recent research and publications. Questions of assessing the
Impact of irrigation on the state of agrocenoses involved many authors [1]. At the

same time, indicators of the quality of irrigation water were taken into account.



The purpose of research. To evaluate the effect of irrigation on qualitative
characteristics of agricultural crops, in terms of the content of heavy metals and
radionuclides grown in the Dnipropetrovsk region, using a mathematical model. The
obtained results allow to optimize the irrigation regime with the aim of reducing the
load on the soil and vegetation cover [2].

Teaching the main part of the study. The accumulation of radionuclides in
plants on irrigated lands occurs as a result of the radionuclide input of radionuclides
in the soil, introduced into the soil when polluted with contaminated water, as well as
due to the direct intake of radionuclides from irrigation water in the leaves.

The total activity, which is maintained by the ground part of plants under

irrigation, can be represented as [3]:
Ai = fw,i Aw, (1)

where Ai - total specific activity of the plant; fw, i - content fraction; Aw -
specific surface activity when watering.

The share of plants kept by radionuclides is defined as [3]:

LALS, ~In2
bl it B [ I —~.R|]|, 2
Jwi == { eXp[ 3.5, ﬂ (2)

where Si - effective water content for the plant; LAl - surface of the leaf part of
plants; R - specific volume of watering.
The activity of plant products is formed at the expense of direct intake of

radionuclides through leaves, as well as at the expense of root yield [3]:
Ci(t)=Ci, (t) + Ci (1), (3)
where Ci (t) - total activity in the plant species and, Bq / kg; Ci, | (t) - activity in

the plant species and from the flow through the leaves, Bq / kg; Ci, r (t) - activity in
the plant species and from the root, Bq / kg.



The intake of radionuclides through leaves can be expressed as:

Cu(A) =2 expl—(, + 2 )], (4)

1

where C;, (At) - concentration of activity in the plant; Ai - total specific activity
on the plant; Yi - yield of plants; Ay, - rate of loss of activity due to the influence of
weather factors; Ar - the constant of radioactive decay; At - the time that has elapsed
since the watering before harvesting.

The concentration of radionuclide in plants generated by root infestation is
calculated using the concentration of radionuclide in the soil and the accumulation
coefficients of TFi, which express the ratio of plant activity concentrations (live

weight) and soil (dry weight):
Cir(t) = TF; Cy(b), (5)

where Ci, r (t) - concentration of radionuclide in the plant from root yield; TFi -
coefficient of accumulation; Cs (t) is the concentration of radionuclide in the root soil
region.

If the input to the soil occurs during the plant growth period, an adjustment
coefficient is used for the root yield, which reduces the root yield. This ratio
represents the ratio of the time interval from irrigation to harvesting to the duration of
the vegetation. Concentration in the root layer of the soil is calculated according to

the formula:
C (t) = €X [—(l +ﬂ, +ﬂ, )f] (6)
s LS p s f r )

where As - total specific activity on the soil; L - depth of the root layer; 5 - soil
density; As - rate of decrease in activity; Ar - rate of fixation of radionuclides in soil.

Research results. Analyzed the chemical composition of more than 10
different sources of irrigation, it is established that as the climate drought intensifies

and the mineralization of irrigation water increases, the concentration of heavy metals



such as zinc, cadmium, nickel, cobalt, manganese, lead, copper and chromium is
increased (Table 1).

Table 1 - The content of heavy metals in irrigation water

The sum of
Sampling source Zn Cd Ni Pb Cu Cr the

elements
Kakhovka reservoir 0.183| 0.007 |0.007| 0.03 |0.015|0.020 0.347

Channel Dnieper-Donbas 0.573 | 0.004 |0.007|0.010|0.003|0.012 0.643
Frunze Irrigation System 0.125| 0.002 |0.012|0.025|0.004 | 0.050 0.262
Medium 0.136 | 0.004 |0.019|0.032|0.009 | 0.022 0.307
MPC 10 | 0001 | 0.1 | 003 | 1.0 0.5

For most elements, the irrigation water meets the established requirements. As
for such highly toxic elements as cadmium and lead, their content is approaching or
exceeding the MPC. Moreover, this excess is more pronounced in the waters of
steppe sources.

In addition to irrigation and watering, irrigation methods are important.

In the framework of this work, the influence of watering methods on the
accumulation of radionuclides in rosy agricultural plants cultivated in the
Dnipropetrovsk region was investigated (Table 2).

Table 2 - Average coefficients of transition of radionuclides from irrigation

water to agricultural plants 1073

_ Beetroot,
Winter
Method of Alfalfa, Corn, root |Tomato|Cucumber|Cabbage,
Element] wheat, ) ) )
irrigation _ green mass| grain |vegetabl | , fruit | , fruits | cabbage
rain
: e
On the
Cs 1,0 2,5 0,3 0,5 0,3 0,4 0,5
furrows
Cs | Sprinkling 2,0 4,0 0,5 0,7 0,6 0,6 0,6
On the
Sr 3,0 5,0 0,06 0,6 0,5 0,3 0,7
furrows
Sr | Sprinkling 4,0 7,0 0,11 0,8 0,8 0,4 1,0




Using the above mathematical model, an estimation of the coefficients of
transition of radionuclides from the soil to plants for the main crops, the main
parameters of which are given in Table 3. The characteristics presented are presented
for assessing the level of contamination of sugar beet crops for different types of
soils.

Table 3 - Average values of transition coefficients of radionuclides from soil in

plants 102 , (Bq/kg) / (Bq/ m?)

Darn-podzolic Chernozem is o
. i Chernozem is mighty
Products loamy soil ordinary
QOSr I37CS QOSr I37CS QOSr 137CS
Grain cereals 0,72 0,25 0,13 0,062 0,056 0,042
Root plants 0,65 0,8 0,12 0,02 0,055 0,01
Potatoes 0,48 0,10 0,09 0,03 0,04 0,02
The vegetative mass
2,2 0,35 0,40 0,10 0,18 0,07
cultures
Perennial herbs 95 44 17 1,1 7,5 0,68

Conclusions. Cultivation of agricultural and agricultural crops in conditions of
irrigation leads to the problem of radionuclide pollution of soil and plants. The
maximum concentration of radionuclides in water is noted at the beginning of the
irrigation season, and in its middle it decreases by 4 times and more, increasing at the

end of the irrigation.
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