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COMPUTER MODELING OF BIOLOGICAL CONTAMINANTS
IN A TRACK BIOSENSOR

Abstract. Many solids in biology, medicine and technology are porous materials into which
impurity solutions are capable of penetrating. Concerning the pore population, one has to distinguish
on the one hand, between open and closed pores, and on the other hand, between macroscopic and
nanoscopic pores. Open pores are accessible from the surface by non-diffusive capillarity percolation
processes or micro-capillary diffusion; closed pores that do not have any direct connection to the
outside world are accessible from the outside only by diffusion. The transition from macroscopic
(where fluid dynamics and capillarity hold) to nanoscopic (where nanofluidics holds) pores takes
place when the pore radius is of a similar magnitude to the Debye length.

Creation of sensor systems for detecting extremely low concentrations of biological
contaminants in liquid media is the most important task of bio-nanotechnologies. Since such
systems are in great demand, it is necessary to find ways to make such devices as cheap and
simple as possible while ensuring their high sensitivity. In this work, using computer simulation,
we demonstrate the possibility of creating biosensors based on the use of measurements of
the simplest physical characteristics. It is shown that the sizes of particles that pollute the
environment and their charge can serve as discriminating parameters that allow one to detect
the presence of such particles. To conduct a computer experiment, a model of a track biosensor
was developed.

Key words: biological contaminants, nanopores, ion flows, biosensors

INTRODUCTION

There are quite a number of strategies to use swift heavy ion tracks for producing biosensors
[1, 2]. The pore blocking concept is introduced by Siwy et al. [3]. In order to maximize
the sensing effect a reaction for detection biological contaminants should preferentially take
place in confinement, such as given within very long and very narrow etched track [4]. The
simulation of diffusion processes in nanotrack was performed [5]. This simulation was based
on the simplifying assumption that, in spite of the nanometer-sized etched tracks, nanofluidic
effects do not play any role in this case (the validity of this assumption is examined in greater
detail in the work [6]).

In this work, we used the nanotrack model described in [1]. However, additional
improvements to the model made it possible to identify ways to improve the service parameters
of track biosensors. The computer program algorithm takes into account the possibility of
changing the size of model particles, provided that their density is maintained. Another feature
of the modified algorithm is the ability to take into account the Coulomb interaction not only
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between model particles, but also between particles and adsorption centers. Implementation
of such an algorithm in a computer experiment required improvement of the adsorption center
model.

An improved computer model of the nanotrack made it possible to take into account the
simultaneous difference in the size and charge of particles simulating pollution from the
corresponding characteristics of the main substance. It was important to take into account
the ratio of these parameters in the interaction of model particles with adsorption centers
and scattering centers on the inner surface of the track. The mechanism of detecting bio-
contaminants in the track biosensor is associated with the complex interaction of the
impurity (contaminant) component of the flow with defects in the inner surface of the track
[1]. Therefore, it was important to elucidate the effect of different combinations of these
parameters on changes in the current density in the nano-channel.

DESCRIPTION OF AN ADSORPTION CENTER

To optimize the parameters of the track biosensor, it is necessary to achieve certain
characteristics of adsorption centers on the inner surfaces of the track. The flow of a substance
passing through a track is retarded due to the fact that individual particles are “retained” in
potential wells of adsorption centers. The time spent by the particle in the potential well
of the adsorption center (and hence the time of “delay” of the particle when moving in the
track) depends on the depth of the potential well. According to the adsorption center model
described in [7, 8], the depth of the potential well is proportional to the Hooke coefficient.
The center is a hole in the track surface, formed by the absence of two, three or four ions in
the “wall” of the track. The ions moving inside the track under the action of an external force
are attracted by the Coulomb field of the center and penetrate into the hole of the center due
to the acquired velocity.

Steps

VY S

0 2 4 Urel.un. 6 8 10

Fig. 1. Dependence of the lifetime of a model particle in a potential well on the depth
of the well, the red curve corresponds to a larger value of the applied voltage

The result, shown in Fig. 1 gives the average value of the lifetime of a model particle in
the potential well, obtained for the three studied shapes of holes that form the potential well
of the center. A characteristic feature of the result in Fig. 1 is that, in contrast to the usual
exponential dependence, a curve with a sharp rise is obtained. This means that adsorption
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centers begin to affect significantly the flux density of the carrier substance at a sufficiently
deep potential well.
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Fig. 2. Dependence of the flux density of the carrier substance on the depth
of the potential well of the adsorption center; curves of different colors correspond
to two randomly selected adsorption centers

Fig. 2 shows that the current density of the carrier substance is not determined
unambiguously by the value of the binding energy of adsorption centers, which could be
concluded based on Fig. 1. A computer experiment confirms that the charge of adsorption
centers significantly affects the current density across the track, but a detailed study of other
factors is required in order to unambiguously establish a correlation between the presence of
a certain amount of bio-contaminants and the current density.

DETECTION OF INDIVIDUAL “BACTERIA”

In [7] it was found that in the case of inclusion in the flow of model particles of one
particle, which differs from the main flow in large dimensions (let us conventionally call
it a “bacterium”, Fig. 3), the current density experiences a sharp negative peak. The time
dependence of the ion current density in the nanotrack is a pulsating line [8].

Next, a computer experiment was carried out with the introduction of “bacteria” into
the ion flow at certain time intervals (the number of integration steps). The time between
the moments of introducing the next “bacterium” into the ion flow was changed. It turned
out that there is a critical time interval (the number of integration steps) less than which not
all “bacteria” that have already appeared in the flow are fixed. Thus, it becomes possible to
introduce the concept of sensor resolution. It is important in the process of creating a sensor to
work out the detection of “bacteria” at the initial stage of their appearance. It is also important
to take the necessary action before accumulating the amount of bacteria corresponding to the
“sensing quorum” [9].

In the case of a time interval of less than 1000 steps, the second “bacteria” was not always
fixed. As the interval decreased, the probability of fixation of both bacteria simultaneously
decreased.



Fig. 3. The model particles of larger sizes as bio-contaminants into the ion flow.
In the Figure one sees the particles from the top section of track along its axis

Flux density,rel.un

0 500 1000 1500 2000 2500 3000 3500 4000
Number of steps

Fig. 4. Fixation of two “bacteria” that entered the ion flow with an interval
of more than 1000 steps

Next, a computer experiment was carried out with the introduction of different amounts of
“bacteria” into the ion stream with different intervals between the introductions of subsequent
“bacteria” (see, for example, Fig. 5 and Fig. 6).

On Fig. 5 it is shown that all 4 “bacteria” appeared when the interval between their
introductions was more than 500 steps, and on Fig. 6 all 17 “bacteria” appeared at an interval
of more than 150 steps.

In this study, we considered bio-contaminants in the form of model particles, the size of
which exceeds the size of the carrier flow ions. Therefore, the results obtained are valid when
size is the discriminating factor for specific bio-contaminants. If these sizes turn out to be
smaller than the particle size of the carrier flow, then the results can be significantly different.

Note that in our case (for the indicated sizes of pollutant particles), the density of the
total flow of the carrier substance with pollution decreases with an increase in the content of
pollutant particles. This is illustrated in Fig. 7.
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Fig. 5. Fixation of four “bacteria” that entered the ion flow with an interval
of more than 500 steps
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Fig. 6. Fixation of seventeen “bacteria” that entered the ion flow with an interval

of more than 150 steps
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Fig. 7. Dependence of the total flow through the nanotrack (including contaminants)

10

on the concentration of contaminants



DISCUSSION

The functioning mechanisms of various types of biosensors are mainly based on the
use of complex chemical reactions and electron-lattice interactions [10, 11]. Therefore, an
urgent task is to create sensor systems capable of detecting pollution based on measurements
of simple characteristics of pollution, including biological ones. These can also be living
organisms (bacteria), which differ, for example, from the particles of the studied medium
in size. Track structures can be used to create such sensors. With this approach, instead of
one complex and long instrument, a series of simple and relatively cheap instruments can
be created.

With this approach, it will be possible, by solving certain design problems, to create a
device that combines simpler devices, which will be more economical and which will be
easier to operate.

The magnitude of the negative peaks in Fig. 4 depends on the particle size ratio of the
main substance and the polluting particles. The peaks arise as a result of the elastic interaction
of spherical model particles. The appearance of particles of a different size in the system
changes the particle velocity distribution. These effects depend on the temperature of the
particles as well as on the external applied force (applied voltage).

CONCLUSIONS

The passage of a current of an inhomogeneous ionic liquid through a nanotrack was
studied by computer simulation. The possibility of using such a system as the basis of a track
biosensor has been established. Thus, a simplification of the biosensor design is achieved, and
a new approach to the creation of simpler and cheaper sensor systems can be implemented.
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AHOTANIA

KOMII'IOTEPHE MOJAEJIIOBAHHS BIOJTOI'TYHUX
3ABPYJHEHDB Y TPEKOBOMY BIOCEHCOPI

Bararo TBepaux pedoBHH y 0i0J0Til, MEIUIIUHI Ta TEXHII € TOPUCTUMH, YepPe3 OPH PI3HOTO
JiaMeTpy MOXKYTh IIPOHHKATH PO3UYMHHM J0MIIIOK. CTOCOBHO KiIacH(iKalii mop, ciIiJi po3pi3HsTH,
3 ofHOTO OOKY, BIIKPHTI Ta 3aKpUTI MOPH, a 3 IHIIOr0 OOKY — MAaKpOCKOIIYHI Ta HAaHOCKOIIIYHI
mopH. BigkpuTi mopu JOCTYITHI 3 TOBEPXHi 3a TOTIOMOTOI0 HeMu(y3iHHUX IMPOLECiB KamiIIpHOL
nepkoysAmii abo mikpokaminspHoi anudysii; 3aKpUTi MOpH, AKI HE MAIOTh HPSAMOTO 3B'SI3KYy i3
30BHIIIHIM CBIiTOM, JOCTYIMHI 330BHI Jiumie nuisixoM audysii. [epexin Big MakpoCKOMiuHHX
(me 30epiraeTbcs IUHaMIKa PIAMHM Ta KaNUIIPHICTB) J0 HAHOCKOIIYHUX (e 30epiraerbcs
HaHO(uIIO1IMKa) TTOp BiZOyBa€eThCsI, KOJIU pajiiyc MOPH Ma€ MOAIOHY BETMUUHY 10 TOBXUHH [lebast.
CTBOpPEHHS CEHCOPHHUX CUCTEM JUTS BUSIBIICHHS HaJ3BUYAHO HU3bKUX KOHIIEHTpalii 010J0T14HNX
3a0pyOHEHb Y PIOKHX CEepelHOBUINAX € HAMBAXUIMBIMIMM 3aBIAaHHAM Oi0HAHOTEXHOIOTIH.
OCKIJTBKH TaKi CHCTEMH KOPHCTYIOTHCS BETUKUAM ITOITUTOM, HEOOX1THO 3HAHTH CIIOCOOH 3pOOUTH
TaKi MPUCTPOi MaKCHMMAJIbHO JEIICBUMH 1 MPOCTUMH, 3a0e3MeUyrodH MPH IIbOMY IX BHCOKY
YYTIUBICTh. Y JaHill poOOTi 32 JOMOMOIOK KOMIT FOTEPHOTO MOJCTIOBAHHS POJCMOHCTPOBAHO
MOXXJIMBICTh CTBOpEHHsSI 0iOCEHCOpPIB Ha OCHOBI BHUKOPHCTaHHS BHUMIpPIOBaHb HaWMpPOCTIIINX
¢iznunux xapakrepuctuk. [lokazaHo, IO PO3MIpH YaCTHHOK, SIKi 3a0pYyIHIOIOTH HAaBKOJIMIIHE
cepemoBHIIe, Ta iX 3apsA MOXYTh OyTH IUCKPUMIHAIIMHUMH IapaMeTpaMH, SKi TO3BOJISIFOTH
BUSIBUTH HAsBHICTh TAKMX YacCTHHOK. [l MPOBEAEHHS KOMII'IOTEPHOTO EKCIIEpUMEHTY Oyna
po3po0iieHa MOIEITh TPEKOBOTO Oi0CEHCOPA.

Kirouogi ciioBa: OiosoriuHi 3a0pynHEHHS, HAHOTIOPH, 10HHI IOTOKH, O10CEHCOPH.
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BILJIMB EPEJINOCIBHOI OBPOBKH MIKPOJOEPUBOM
«ABATAP-2 OPTAHIK» HA JTABOPATOPHY TA I10JIbOBY
CXOXICTb HACIHHSA CALENDULA OFFICINALIS L.

AHoranisg. MikponoOpuBo «ABarap-2 OpraHik» € INpernaparoM HOBOTO ITOKOJIHHS, IO
MICTUTb BRXXJIMBI JJIsl POCTY 1 PO3BUTKY POCIHH MIKpOEJIeMEeHTH Yy 010I0Ti4HO HOCTYyHIM (opmi
HaHOCTIONYK, OTpUMaHi epo3iiiHO-BHOYXOBHM MeTOAOM. byrydn eKonori4yHo YHCTHM Iperaparom,
MIKpOZIOOpHBO MOXKEe OyTH TEPCIICKTHBHUM 0 3aCTOCYBAaHHS y TEXHOJIOTISIX BHPOILYyBAHHS
nikapebkoi cuposunu Calendula officinalis 3a mepennociBHOT 00poOKH HACIHHS Ta OOTIPUCKYBaHHS
BETETYIOUHX POCIHH. ToMy MeTor poOoTH Oya0 BHBYHWTH BIUIMB PI3HHX HOPM MIKpomoOpuBa
«ABatap-2 OpraHik» crocodom nepeanociBHoi 00podku Hacinus C. officinalis L. Ha npukiami
copry bepesoTinbka coHsiuHa Ha €HEprito HOro NPOpPOCTaHHS, JTA0OPATOPHY Ta MOJIBOBY CXOXKICTh
y TPYHTOBO-KJIIMAaTW4HUX yMoBax [lepeakaprarts, a TakoX Ha JAesKi OlOMETpHUYHI MOKa3HUKH
HOTO IPOPOCTKIB.

Bcranosneno, 1o MikpogoOpHuBo 3a nepearnociBHoi 00pooku y Hopmi 100—150 mu/T HaciHHS
C. officinalis cupusie 3pOCTaHHIO €HEprii HOro MpPOpOCTaHHS Ta JIAOOPATOPHIA CXOXKOCTI — Ha
5-7 % mOpiBHSAHO 3 KOHTPOJIEM. BusiBneHo TakoX MO3WTHBHUM BIUIMB 3aCTOCOBAHUX HOpM
MiKpooOpHBa 3a MepeArociBHOi 0OpOOKM HACiHHS Ha paHHI eTard pPO3BHUTKY npopocnaB
kyneTypu C. officinalis, BUpOIIEHHX B JJAOOPaTOPHUX YMOBAX «Ha Iarepi». 30KpeMa, BiJMi4eHO
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3pocTaHHsl O10METPUYHHMX MOKa3HHUKIB Ha 7 JIEHb iX PO3BHUTKY 3 Yacy IOCIBy HACIHHS: 3arajbHOL
nmoBxuHA — Ha 22,85 % Ta 28,57 %, cupoi Ta abcomoTHO cyxoi Macu — Ha 12—15 % mopiBHAHO
3 KOHTposeM. BcraHoBIICHO, MO3UTHBHUI BIUIMB MiKpogoOpHBa 3a TMepearnociBHOI 0OpoOku Ha
cxoxicte HaciHHA C. officinalis y monpOBUX yMOBaX. 30KpeMa, IepennociBHa 00poOka 3a HOpM
100 i 150 mu1/T HaciHHSA CIIpHsE 3POCTAHHIO MOABOBOI cxokocTi HaciHus C. officinalis B yMoBax
JICPHOBO-MII30JUCTOTO TPYHTY HAa 10—15 % MOpIBHAHO 3 KOHTPOJIEM Ta IHIIUMH BapiaHTaMH
JOCIIJIB, y SIKMX 3aCTOCOBYBAJIMCh HW)KYI 1 BUII HOPMHU MiKpOJI0OpHBa.

JloBeneHo eeKTUBHICTh 3aCTOCYBaHHS IEPEANIOCiBHOI 00poOKH MiKponoOprBoM «ABaTap-2
Opranix» y HOpMi 100 1 150 M/t Haciuus C. officinalis L. sk 6i070Ti9HO TOMUTFHOTO CIIOCOOY
TTOKPAIIEHHS CX0KOCT1 HACIHHS Li€l KyIBTypH y TPYHTOBO-KIIMaTHIHUX yMoBax [lepenkapmarTs.

KirwuoBi cioBa: eHepris mpopocTtaHHs, cxoxicte Haciuusa Calendula officinalis L.,
MikponoopuBo, ABarap-2 OpraHik.

BCTYII

Calendula officinalis — 1ie nikapcbka poClIMHA, CHPOBHHA KO Ma€ 3HAUHUH TOMUT Ha
cBiToBOMY [1] 1 BiTuM3HAHOMY PHHKY [2; 3]. OCTaHHIMH pOKaMH Ha pUHKY YKpaiHH € gediruT
CHPOBHHH IIi€1 KYJIBTYpH, [0 00YMOBITIOE TOMIYK e(h)eKTHBHUX arpOTEXHITHUX 3ac00IB 321
MOKpalieHHs i1 sikocTi Ta ypoxkaiiHocTi [3; 4]. CoproBe pisHomanitTs C. officinalis, cTBOpeHe
Ha JICJIP HAAH Vkpainu, nae 3mory o0upaTH HaiOLIbII MEPCIIEKTHBHI 3 HUX Ta BUBYATH
iX copToBHif MOTEHIIAJ B Pi3HUX TPYHTOBO-KIIMATHYHUX YMOBAX YKpaiHU 32 BIUTUBY Pi3HUX
MpenapaTiB Ta arpoTeXHIYHUX MiaXxoiB BupolnyBanHs [S]. [lo Takux coprtiB C. officinalis
HAJIKUTh HOBUII copT bepesorilpka COHsUHA, CKOHCTpyHoBaHuil ciiBpobiTHukamu JCJIP
HAAH Vkpainu y 2015 pomi [5].

Y BHUPOOHMITBI JIKapChKOi CHPOBHHH PEKOMEHJIOBAHO BHKOPHCTOBYBAaTH 3aco0M
Ta CydacHI arpoTeXHiYHI NPUHOMH, SKi BIAMOBIIAIOTH BiIMOBIIHUM YKpaiHCBKUM Ta
€BPOTEHCHKMM HACTAaHOBAM 3 HAJC)KHOI IMPAKTHUKH KYJIBTUBYBaHHS JIKAPCHKUX POCIIHH
[6; 7]. Y TexHOJIOTISIX BUPOILILYBaHHS JIIKAPCHKMX POCIWH Ha PiBHI €BPONEHCHKUX CTAHIAPTIB
BUKOPUCTAHHS XIMIYHUX IpenapariB He NepeadadeHo, a Mepelik CydacHHX Oi0IoTidHHX
3ac00iB € TOCUTh 0OMexkeHu . 3rinHo HacTaHoBH BOO3 3 Hae)KHOT MPaKTHKK BUPOIIYBaHHS
JIKapChKUX POCIMH, € YMUMaja KiTbKICTh OOMEXEHb y 3aCTOCYBaHHI Pi3HUX O10JOTTUYHHMX
1 ximiuHEX TpenapariB [8]. Jl03BONSETBCA 3aCTOCOBYBATH JIMIIE Ti, MO pErTaMEHTOBaHI
KpaiHOI0 BUPOOHMKOM JJISI TIEBHOI JIIKApCHKOI KYIBTYPH, 1 JIMIIE B MiHIMAIBHUX KiJTBKOCTSIX
Ta 32 YMOB BHCOKOI HEOOX1THOCTI y HUX [6].

Jlo moOpuB, sIKi MOXYTb OyTH BUKOPHCTAHI y BUPOOHMIITBI €KOJIOTIYHO YHCTOI JTIKapCHKOI
cupoBurau C. officinalis L. HanexuTth MIKpOEIEMEHTHUI mpemnapar «Asarap-2 Oprasiky,
OCHOBHHM MPU3HAUCHHSIM SIKOTO € [iJBUIICHHS YPOXXaHHOCTI CLIBCHKOTOCHONAPCHKUX
KyJBTYp, @ TaKOX IMOKpAIEHHs 1X CTIHKOCTI Ta MPOXYKTUBHOCTI [9]. «ABarap-2 OpraHik»
€ EKOJIOT1YHO YNCTUM 0AaraTOKOMIIOHEHTHUM MiKpoeaeMeHTHUM npenaparoM (MIT), mo micTuts
20 BaXJIMBMX MIKPO- Ta YJIBTPaMIKpOEIEMEHTIB y OI0J0TYHO JOCTYHHIA (GopMi CHONYK,
BKJIMBHX JUI POCTY W PO3BUTKY pociuH. CHONYKH eCeHIiaIbHUX eIEMEHTIB MiKpogoOpuBa
CHHTE30BaH| yHIKATbHIM METOIOM HAHOTEXHOJIOTH 1, IO BAYKIIUBO, € IICHTUIHIMH IPUPOTHUM
komrioHeHTaM [ 10]. 3aBasiku oMy, naauii MIT Moxe OyTH 3aCTOCOBAHHU ISl Y TEXHOJIOTIAX
KyJIETUBYBaHHS JIIKAPCHKUX POCIHH 3 METOIO 30UIBIICHHS iX MPOXYKTUBHOCTI, OKPALICHHS
SKICHUX Ta KINBKICHHX XapakTepucTuk. OcoOaMBO Il BaXIIMBO € MiA 4Yac iX BHPOILLYBaHHI
y TPYHTOBO-KJIiIMaTHIHHX yMoBax [lepeakapnarts Ha O1THAX OPTraHiKOIO IEPHOBO-TTIA30JIUCTHX
rpyHTax [3]. Ha mammit gac, MII «ABarap-2 OpraHik» peKOMEHAOBaHHI BUPOOHUKOM IS
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BUPOIIYBaHHS OBOYECBHX, TUIOAOBO-STIIHUX, 3€PHOBHX Ta JEKOPaTUBHHX KynbTyp [9; 10],
a oro 3acTOCyBaHHs CTOCOBHO JIIKAPCHKUX POCIIMH MOTPeOy€e peTeIbHUX AOCIIIKEHb.

O1iHKY BIUTMBY HOBOCHHTE30BaHUX PEUOBHH PI3HOI XiMIYHOT 1 OpraHiYHOT IPUPOIH, 110
3aCTOCOBYBAaTHMYThCSI JJIs1 BUPOIYBAHHS KYJIBETYP POCIHH PEKOMEHAYETHCS 3I1HCHIOBATH HA
pi3HUX eTamax iX po3BHUTKY [6]. Hamepiomy etarri, pekoMeHAyeTHCSI OI[iHUTH BILUTHB IIpETIapaTy
HAa PICT 1 pO3BUTOK KYJBTYpH 3a EPEANoCciBHOI 00pOOKH HaciHHA. 33Ul LOTO BU3HAYAIOTh
EHepriro MPOPOCTaHHS HACIHH, Horo JabopaTopHy W MOJNBOBY CXOXKICTh [6]. Sk Bimomo,
€Heprist MpOpOCTaHHs HACIHHS MOPSA 3 TaOOPATOPHOIO i MOTBOBOIO CXOXKICTIO € BAKITUBUMHU
MMOKa3HUKaMH HOTO SKOCTI, 110 BU3HAYAIOTh TYCTOTY MOCIBIB KYJIBTYPH, a Y TIOAAIIIOMY — 11
ypoxaitnicts [3]. [lopsa 3 TMM, JaHi IOKa3HUKH CBiAYaTh 1 PO KOHKYPEHTOCIPOMOXHICTh
MPOPOCTKIB Y TIOJIBOBUX YMOBaX, Mpo iXHil afganramniiiawii morenmian (AlIl) [11]. OcranHiH,
SIK B1JIOMO, 3aJIeKUTh HE TUIBKH BiJl TCHETUYHUX, aJle i BiJ IPyHTOBO-KIIMaTHYHUX YNHHHUKIB
[9]. dns mipBumienHst ATl mpopoCTKiB KyJIbTyp POCIIHH y arpOTEXHOJIOTISAX 1X BUPOIyBaHHS
3aCTOCOBYIOTH Pi3HO1 Ipupoau npenapatu [3; 9], no sxux Hanexutb MII «ABarap-2 Opranik»
[2]. Ockinbku BupoOHUK MIT pekoMeHaye 3aCTOCOBYBAaTH HOTO JUIS 3aMOYYBaHHSI HACiHHS
KyasTyp pociud [10], Tomy Mu anpoOyBainu 1iei cnocid Asns JOCTiKeHHS BIUTMBY «ABarap-2
Opranik» Ha po3BuToK C. officinalis. MeTOr0 HAIIOTO NOCIHIPKEHHS OYyJIO OIIHUTH BIUIHB
nepeanociBHoi 00pooku MIT «ABarap-2 OpraHik» Ha €HEpriro MpopoCTaHHs, T1abopaTOpHY
Ta TOJBhOBY CXOXicTh HaciHHA C. officinalis Ha mpukiani copty bepe3oTinbka COHSYHA,
a TaKOX JIesiKi 010MEeTpUYHI TOKa3HUKH ii TPOPOCTKIB.

MATEPIAJIN TA METOAH

Marepiasiom aist TochijpkeHb ciayryBano HaciHHs copty C. officinalis bepesotinbka
COHsIYHA, HamaHe Jis nociimkeHb JocmigHoo craHmiero Jlikapchkux pociuH [HCTHTYTY
Arpoexonorii i [IpuponokopuctyBanass HAAH Vkpainu [5]. BiH € BUCOKOTIPOJYKTHBHUM
COPTOM JIiIKapCHKOTO i ICKOPATUBHOTO HAMPSIMKiIB BUKOPUCTAHHS, SIKHii OyB CKOHCTPYHOBaHHIA
y 2015 p. Ta 3apeectpoBanuii y HarioHaJmbHOMY IIEHTpPI T€HETHYHHX PECYPCIB POCIHH
VYkpainu y 2020 p. [5].

MikpogoOpHuBOM ISt AOCHTIKCHD CIIYT'yBaB KOMEPIIIHHUA MIKpOEIEMEHTHUI mpemnapar
(MII) «ABarap-2 Opranik» TOB «HBK «ABarap» (M. Kuis, Ykpaina). ¥ mociiKeHHIX
BHUKOpHCTOBYBamd BomHi po3unHH MII «ABarap-2 Opranik», sIKi TOTYBaJd pO3BEICHHIM
BUX1IHOTO JUCTHUIIHOBAHOIO BOJOIO.

Ilioeomoska Hacinmsi 0o nociey. 3 HajaHoro 3paszka Bigoupamu 1000 HIBHUX OMUHUIIB
Haciuus C. officinalis Ta 3BaXyBajnu HOTO Ha aHANITHYHUX Barax, sk omucano y JCTY
4138-2002 [12]. Cepennbo3Baxene macu 1000 HaciHWH BUKOPHUCTOBYBAIHM y TOJAIBIIHX
OOUHMCIIEHHSX TMPH MiArOTOBLI POOOYMX PO3UMHIB MikpomoOpuBa. JIjis KOKHOTO BapiaHTy
JOCITiny, SKHW BKJIFOYaB HE MEHIIE I’ siTh oBTopHOCcTel, Opanu 100 Hacinun C. officinalis
Ta 3aMOYyBaliM iX Ha 8 rox y AUCTWIBOBaHIM BOAl (KOHTPOJb) Ta PO3UMHAX, IO MICTHIU
pi3HI HOpMU MikpomoOpuBa (25; 50; 150 1 200 mu/T HacinHs). [licns 3aMouyBaHHs, HACIHHS
Mo30aBIsUIM CIIIJIB 3aiiBOi BOJIOTM Ta MOMIIIANU Y €MKOCTI 3 (pUIBTpYBaJbHUM Marepom,
3BOJIOKCHUM 10 80% IUCTHILOBAHOIO BOLOIO, SIK onrcano [12].

Eneprito npopoctanns (EIT) nacinus C. officinalis Bu3Ha4anu MUIIXOM HOTO KyJIBTHBYBaHHS
«Ha manepi» yrnpomosx 3 mi6 y repmocrari mpu 20 °C 3a yMoB BeHTHIIALII, SIK omucano [12].

JlabopatopHy cxoxicTe HaciHHs C. officinalis Bu3Ha4amy MIISIXOM HOTo KyJIbTUBYBaHHS
«Ha manepi» ynponosx 7 ai6 mpu 20 °C 3a ymoB npupomHoro ocsitienss [12].
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[TonmsoBy cxoxicts HaciHHS C. officinalis Bu3Hauanu Ha 7 m0o0y Ticis HOTO MOCIBY Ha
HaBuanbHO-nocHiAHiM Ainanui (H/1) HarmuOuHy 3ansaranHs 2 CM BiAIOBIAHO 10 pEKOMEHTAITi i
[4]. Haciausa BuciBanm y TpeTii nekami KBiTHs. [TiArOTOBKY TPYHTY J0 TOCIBY NMPOBOIWIIH
BianoBinHo 10 arporexniku Bupouysanus C. officinalis, onucanit y [3]. Ipyar HJIJI
€ IePHOBO-ITI J30IMCTHH TOBEPXHEBO-OTIICEHUH CEPeTHBOCYTIINHKOBHIH Ta XapaKTePU3y€ThCA
HU3BKUM BMIiCTOM rymycy (2,08 %) B opHOMYy 1Iapi, Iy>Ke HU3bKUM CTyIIeHeM 3a0e3eueHHs
JIETKOT1APOJI30BaHUM HITPOTCHOM, CEPEIHIM CTYIICHEM 3a0e3TeueHHs] PyXOMHUMHE (OpMaMu
tdochopy i kamiro, a Takok OOMIHHMUM MarHi€eM, HAaTOMICTb Ma€ MiJBUIICHUH CTYIiHb
3a0e31eueHHss 0OMIHHUM KajbIieM [3].

Bupaxanu enepriro npopoctanns (EII) Ta nabopaTopHy i MOJIBOBY CXOXKICTh HACiHHA
C. officinalis, six omrcano [12; 13], KiIBKICTIO IPOPOCIINX HACIHUH YH KUTBKICTIO TIPOPOCTKIB,
BiJINIOBiTHO, Y BiJICOTKaxX J0 3arajbHOi KiJIbKOCTI HACIHHS, B3SITOTO IS TPOPOILYBaHHS.

biomeTpuuHi TIOKa3HWKH (3arajibHOi JOBXHHH, CHPOi M CyXOi MacH) MpPOPOCTKIB
C. officinalis BumiproBanu Ha 7-My 100y IX KyJbTHBYBaHHS B JJAOOPaTOPHHUX YMOBAaX «Ha
narepi» micJis MoCiBy HACIHHS, K onucano [13].

BusHavenHs 3aranbHO1 JOBXUHU TpopocTKiB C. officinalis 3niACHIOBANIN 32 JOTIOMOTOIO
MIUTIMETpOBOT JiHIlKH, K onucano [13].

Busnauenns cupoi 6iomacu npopoctkiB C. officinalis 301iCHIOBaIM BaroBUM METOIOM.
Ha 7-#i neHb KyJIbTHBYBaHHS BiIOWpaTH MPOPOCTKH, MO30ABISUIA CHIMIB 3aiiBOi BOJIOTH,
MPOCYIIYBajy Ha MOBITPI Ta 3Ba)KyBaJIM HA aHAJITUYHHX Barax, sk onucaso [13].

Busnauenns cyxoi 6iomacu mpopoctkiB C. officinalis 3MIACHIOBAIA TEPMOCTATHO-BATOBUM
METOJIOM, SIKMW 3aCHOBAaHWI Ha BHCYILIYBaHHI BOJIOTOi HABAXKU POCAUHHO2O MaTepialy Io
mocTiiinoi macu [13].

CrartucTHYHMIl aHadi3 JaHUX eKcnepuMeHTiB. JlaboparopHi Ta MOJBOBI AOCHIIN
MPOBOIMINCH Y TI’ITH TIOBTOPHOCTAX. [ KOXKHOI BUOIPKY ITOKa3HUKIB BU3HAYAIN CEPEIHE
apudmernune (M), cTanmapTHy NoxuOKy cepeanboro (m), koedinient CtbrogeHrta (t) Ta
JOCTOBIpHICTH (p). CTAaTUCTHYHUM 1 MaTeMaTHYHAN aHaIi3 OTPHUMAaHUX JAHUX 3]1HCHIOBAIIN
IUISAXOM 3aCTOCYBaHHs JAUCHEpPCIHHOrO Ta KopensuiiiHoro anamiziB. Jlani BBakamu
JIOCTOBIPHUMM 3a piBHS 3Hauymiocti p<0,05.

PE3VJIBTATH

Jna mepBUHHOI OLIHKM BIUIMBY MIiKpPOEJIEMEHTHOIO mpemapary «Apatap-2 Oprasik»
mu BusHauam Ell, a Takox mabopatopHy Ta nonboBy cxoxictk HaciHHs (CH) C. officinalis
Ha TpuKiani copry bepesoTinbka coHsiuHa, 1m0 Oyao 0OpobieHe pi3HUMH HOpMaMH LbOTO
MikponoOpusa. Eneprist mpopoctannst (EIT) ta maboparopra CH € BaJIMBUMU IMOCIBHUMH
XapaKTEePUCTHKAMK HACIHHS KyJIBTYp POCIIMH, TOAI SIK IOJBOBA CXOXKICTh € BU3HAYAJIbHUM
YUHHUKOM (HOpMYBaHHS TPOMYKTHBHOCTI mociBy [12]. CH y NONpOBHX yMOBaX 3alle)KHTh,
HacaMIepen, BiJi BOJIOro3abe3neueHOCTi i TeMieparypu IPyHTY, a TAaKOXK BiJl 3aCTOCOBAHUX
arpoTeXHIYHHUX 3aXOIB: TEPMIiHIB IOCIBY Ta piBHA MiHepajbHOTO >kuBieHHs [11]. 3amis
BHU3HaueHHS OI0JNIOTIYHO ONTHUMAIbHUX HOPM MikponoOpuBa «Aparap-2 OpraHik» i
nepeanociBHoi 00poOku HaciHHs C. officinalis Ta JONINBHOCTI BHKOPUCTAHHS TaKOTO
croco0y 0OpoOKH, Y IOCHIPKEHHSAX 3aCTOCOBYBAJIM HOTO0 MEHII KiIbKOCTI Ta Taki, L0
perliaMeHTOBaHI IHCTPYKITIEIO 0 HHOTO JJIsi BUPOIILYBaHHS KYJIBTYP POCIHUH.

Hocnimxennss EIl nacinna C. officinalis Ha npuxnani copty bepesoTinbka coHs4YHA
y 1abOpaToOpHUX YMOBaX CHOCOOOM KyJIBTHBYBAaHHS «HA Iarepi» MOKa3aJM, [0 ITOKa3HUKU
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JIAaHOT BEJIMYMHHU 33 3aCTOCOBAHHMX HOPM € BHCOKUMH ISl KoHTpomto (80 %), Tak 1 mus
Jeskux BapiaHTiB nociigy (puc. 1). 3okpema, nokasnuku EIl nacinus C. officinalis, mo
Oymmo oOpobnene MikpomoOpruBoM y miamazoni 25 — 200 mu/T Bapiroe Ta cknagae 73—-87 %.
JocToBipHa pi3HUII MiIX KOHTPOJIEM Ta JBOMAa AOCHITHUMHU Bapiantamu V1 1 V2 BiacyTHs:
BiJIXMJICHHS MK iXHIMH CEpeTHIMH IIOKa3HUKAMU € HE3HAUHUMH Ta KOJIMBAIOTHCS y MeXax 2—3
%. Y 1HIUX ABOX JOCHiAHUX BapiaHTax V3 1 V4 cioctepiraeTbes 3pocTaHHs MokasHUKiB EIT
Ha 517 %, BIINOBiAHO, TOPIBHSAHO 3 KOHTpOIIeM. | mumme y mociingHoMy BapianTi V5 (06pobka
Mikpogo6puBoM — 200 MII/T HACIHHS) CLIOCTEPIraeThCcsl JOCTOBIpHE 3HMKEHHS nmokazHuka EIT
Ha 7 % NOpiBHAHO 3 KOHTpodeM. OCTaHHE MOXKE CBIJTYUTH PO TOKCHYHICTH Ta HEOMIIBHICTh
3aCTOCYBaHHS TaKol HOPMHU MiKpoaoOpHBa [is epeAnociBHoi 00pooku Hacinus C. officinalis,
mo OyJ0 MiATBEPDKEHO y HACTYIHHUX JOCHTIDKEHHSX 3HMKEHHSM pPOCTOBOI aKTHBHOCTI
MPOPOCTKIB MpPH 1X KYJbTUBYBaHHI y JJAOOPATOPHUX YMOBAX «HA Marepi».

£ EHeprist IpOpOCTaHHS HACIHHS
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BapianTu gocainy

Puc. 1. Eneprist npopocranus nacinusi Calendula officinalis
copty bepe3oTinbka coHsiuHa, 00podieHe pi3HUMHM HOpMaMu MiKkpoao0puBa
«ABarap-2 Opranix» (MJ/T Hacinnsa): KontpoJss (6e3 06podkn);
V1-25;V2-50; V3-100; V4 —150; V5 —200

Jlpyroro Ba)KIIMBOIO MOCIBHOIO XapaKTEPUCTHKOK HACIHHS € WOTO CXOXKICTh. [lokazHUK
CH xapaxrepusye 3/1aTHICTh YTBOPIOBATH HOPMAJIEHO PO3BHHEHI CXOAW Ta € HEOOXiJHUM
W BaXUIMBUM JUIA PO3paxyHKy HOpM BHUCIBy HaciHHS [12]. CH 3aiexuTh He TIJIBKH Bif
TEHETUYHOIO IOTEHIlialy Ta MOCIBHUX SKOCTeH HAciHHs, aje N BiJl BIJIMBY 30BHIIIHIX
yUHHUKIB. lle jae 3Mory omiHUTH BIUIMB pi3HUX mpenapatiB Ha CH pocauHHUX KyJIBTYp
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y 1a0opaTopHUX Ta TOJHOBHX yMOBAaX, BH3HAYHTH iX OIOJOTIYHO ONTHMAIIbHI HOPMH
3aCTOCYBaHHSA, 3AIMCHUTH MiAbip crnocoOy BHecCeHHS Ta 00poOku [9]. 3Bakatoun Ha 1€, MU
BU3HaumiM naboparopny i momsoBy CH C. officinalis, mo Oymo oOpoOiieHe OKpecIeHUMH
HOpMaMu MikpogoOpuBa. Sk 6aunmo (puc. 2), nadoparopua CH C. officinalis € Bucoxoro ajis
BapiaHTiB V1 — V4 ta xonuBaeTbcs y Mexxax 90-96 %, ane He 1uis Bapianty V5. JlocToBipHOi
pizHuLi y nadoparopHiiit CH Mix KOHTposieM Ta AociigHUMH BapianTamMu V1 i1 V2 Hemae.
OnHak 3a HOpPMH 3acTocyBaHHA Mikponoopusa 100 i 150 mul/T HaciHHSI, IO BiJIMOBIIAE
JocmigauM Bapiantam V3 i V4 (puc. 2), CH 306inpmyerbes Ha 5 1 6 %, BiANOBigHO,
MOPIBHSHO 3 KOHTPOJIEM. 3ayBaXxXeHO, 110 mopsi 31 3poctanHsM CH y mpopocTKiB qocmiaHuX
BapiaHTiB V3 i1 V4 crnocrepiraerbcs nepeBaxaHHA BHCOTH Ta BETreTaTUBHOI Macu. Cxoxa
3aKOHOMIpPHICTh CIIOCTEpirajgacs y CXOXKOCTI HACiHHS, OOpOOJieHe TakUMH K HOpPMaMHu
MIiKpomoOpuBa, IO KYyJIBTHBYBAaJOCh Y TIIOJBOBUX YMOBaX Ha JEPHOBO-III30JUCTOMY
rpyaTi HJ/I. Sk 6auumo (puc. 2), momsoa CH C. officinalis, € BUCOKOIO SIK JUISI KOHTPOJIIO
(75 %), Tak i ns OibiocTi BapianTtiB pocininy (78—82 %). HoctoBipHoi pizHuui y CH mix
KOHTpOJIEM W JociiHuMu BapianTamu V1 1 V2 He BusBieno. Toxi sk, y BapianTax V3 i V4
cnoctepiraerbes nokpaieHss CH Ha 5 17 %, BiANOBiAHO, MOPiBHAHO 3 KOHTposieM. [lo Toro
K, TOBKUHA 1 BereTarnBHa Maca popocTkiB C. officinalis, BUPOIIEHHUX 3 IIbOTO HACIHHS, Ha
paHHIX eTamnax PO3BUTKY, Oylia TaKOX Kpallle PO3BHHYTa MOPIBHAHO 3 KOHTpoleM. OnHaK,
y BapiaHTi V5 (32 HOpMH 3aCTOCYBaHHS MikpojoOpuBa 200 MJI/T HACIHHS) CIIOCTEPIraeThCs
sumxkeHHss CH Ha 7 % mOpiBHSHO 3 KOHTPOJIEM.

OTtxe, 3acTocyBaHHs TiepeanociBHoi o0poOku MII «Aarap-2 Opranik» 3a HopM 100
1 150 mM/T HaciHHA € ONTHUMANbHUM Ta OIONOTIYHO CHPUMHATIMBUM sl KyIbTHBYBAaHHS
C. officinalis. 3acTocyBaHHS TakKoOTO CIOCOOy OOpOOKHM HACIHHS TMOKpaIly€e EHEprito
Horo mpopocTaHHs, J1a00paTOpHy i MOJIBOBY CXOXICTh, a TOMYy MOXxe OyTH ampoOOBaHMiA
y TOAAJBIINX IOJHOBUX MOCTIHKEHHSX IO BHBYCHHIO MPOAYKTHBHOCTI M ypOsKaitHOCTI
pocnun C. officinalis y rpyHTOBO-KIiMaTHIHUX yMoBax [lepenkapmarts.

BaxxmmBUMH TTOKa3HUKAMH, SKi BiOOpPaKalOTh BIUIMB T'PYHTOBO-KJIIIMATHYHHX YMOB Ta
3aCTOCOBAaHMX MPEMNapaTiB y arpoTeXHOJOTIAX, € OIOMETPUYHI MOKA3HUKH BETCTATHBHUX
1l reHepaTUBHUX OpraHiB pocivH [3; 4]. Cepen HUX, BAKIMBUMH KUIBKICHUMHA TTapaMeTpaMHu
€ BHcOTa K Oiomaca pPOCIHH, SKi 3aJIeKHUTh HE TIJIBKM BiA iX T€HETHUKO-O10JOTiHHUX
oco0nmBOCTEl COpTY, ane i 3HAYHUM YMHOM BiJ YMOB IIPOPOCTAHHS HACIHHS Ta >KUBICHHS
MPOPOCTKIB HA paHHIX eTanax ix po3BUTKY [3]. ToMy MOKa3HUKH JOBKHHU MPOPOCTKIB Ta
iXHBOI OiOMacH MO)KHA BBA)KATH JIOCTaTHHO UYTIMBHMH TNapaMeTpaMH, sKi MOXYTh OyTH
3acTocoBaHi I ouiHku BruuBy MII «ABatap-2 Opranik». 3amis HbOro MU 3IiHCHHUIN
BHUMIPIOBaHHS JOBXHH, & TAKOXK CHPOI i Bostoroi Macu npopoctkiB C. officinalis Ha 7 neHb iX
PO3BUTKY B 1JaDOPATOPHUX YMOBAX «Ha Tamepi.

Sk 6aunmo (puc. 3), 3acTOCyBaHHS TEPEANOCiBHOI 00pOOKH MiKpOIOOPHUBOM 32 HOPM
100 i 150 mMn/T HaciHHS MMO3UTHUBHO BIUIMBAE HA PO3BHUTOK 1 picT npopoctkiB C. officinalis.
30kpema, 3arajibHa JTOBKHHA MPOPOCTKIB, BUPOIICHHX 3 HACiHHS, IO Oyno oOpoOieHe
MikpogoOpusoM 3a HopM 1001 150 mit/T 3poctae 10 43 145 MM, BiINIOB1THO, LIO € JOCTOBIPHO
BHIIMM 32 KOHTpOJb Ha 22,85 % Ta 28,57 %. Cnix 3ayBakuTH, 110 OBKHUHA MIPOPOCTKIB,
BUPOLIEHHUX 13 0OpoOIeHOro HaciHHS MikponoOpuBoM 3a HOpM 25 1 50 MJi/T HaciHHS,
€ OJIM3BKOI0 JI0 KOHTPOJIO, OCKUIBKH JOCTOBIpHA PI3HHUIS MK IXHIMH TOKa3HHUKaMH
BijgcyTHsA. Jlo Toro x, 06poOka MikpomoObpuBoM 3a HopMH 200 MII/T HACIHHS, HETaTUBHO
MO3HAYaIacsi Ha PO3BUTOK IMPOPOCTKIB: IXHS ITOBXHMHA Oylla JOCTOBIpHO HIKYOIO Ha 14 %
MOPIBHSIHO 3 KOHTPOJIEM.
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Puc. 2. JIa6opaTopHa Ta nosiboBa cxoxicTh Hacinus Calendula officinalis
copty bepe3oTinbka consiuHa, 06po0dieHe pi3HUMH HOpMaMH MiKpog0o0puBa
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Puc. 3. lo:xuna npopoctkiB Calendula officinalis, Bupomennx «Ha namnepi»
3 HACiHH#, 110 00po0JieHe Pi3HUMM HOPpMaMH Mikpoxo0puBa «ABarap-2 OpraHik»
(MJa/T HacinHA): K — KOHTPOJIb (03 00po0Ku);
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Puc. 4. Maca npopoctkiB Calendula officinalis, BupomeHnux y JiaGopaTopHuX YMOBaxX
«HA manepi» 3 HACiHHS, 1110 00po0/IeHe PI3HUMH HOPpMAaMH MiKpoxoOpuBa
«ABarap-2 Opranik» (Mi1/T HaciHHA): K — KOHTpoJIb (0e3 00po0KH);
V1-25;V2-50; V3-100; V4 —150; V5 - 200

Jpyruii BayIMBHHA G10METPUYHUIA MMOKA3HUK, SKHH AEMOHCTPYE BIUIUB JOCIHIIKYBaHUX
YMOB Ha ITOYATKOBi (pa3u pO3BUTKY Ta CHHTETHYHY aKTHBHICTh IPOPOCTKIB € IXHs Oiomaca
[3]. Mu Bu3Haummu cupy Ta cyxy Macy npopoctkis C. officinalis Ha 7 100y 1X KyJIbTHBYBaHHS
B JIa00PaTOPHUX YMOBaX BArOBUM Ta TEPMOCTATHO-BarOBUM METOJIAMH, BiIMOBITHO. SIK Ga4rMO
(puc. 4), mepearnociBHa 00poOka HaciHHsI MIT «ABarap-2 OpraHiky 3a HOpM 3aCTOCYBaHHS 25,
50, 1001 150 mMy1/T Ma€ MO3NTUBHUM BIUTUB HA 3pOCTAHHS SIK CHPOI TaK i CyX0i MacH MPOPOCTKIB
C. officinalis Ha 7 neHb X pO3BHTKY. 30KpeMa, y AOCIiTHUX BapianTax V3 i V4 (3a mHopm 100
1 150 mu/T Hacinns C. officinalis, BINMOBITHO) cupa Maca MPOPOCTKIB IOCTOBIPHO 3pOCTAE HA
12 1 15 % Bue 3a KOHTPOJb. BinmoBigHO, aOCOIMIOTHO CyXa Maca MPOPOCTKIB 3a3HAYEHHUX
BapiaHTiB JOCIHiAy, TaKOX € JTOCTOBIpHO BHIIOI Ha 9 i 14 % TMOpIBHSAHO 3 KOHTPOJIEM.
Cuin 3ayBaykKHTH, IO CHpa i CyXa Maca IPOPOCTKIB, BUPOIICHUX 13 0OpOOJICHOrO HACIHHA
MikpomoOpuBoM 3a HOpM 25 i 50 MiI/T HACiHHS, JOCTOBIPHO HE BiAPI3HSETHCS MOPIBHIHO
3 koHTpoeM. Jlo Toro x, 0OpoOka mikpomoOpuBoM 3a HopMmu 200 MI/T HACIHHS, TaKOX
HETAaTHBHO MMO3HAYA€ThCSI HA CHHTETHYHIN MPOXYKTHBHOCTI MPOPOCTKIB: iXHS CHpa Ta cyxa
MAacH € JOCTOBIpHO HIKYUMHU Ha 14 1 16 %, BIAMOBITHO, TOPIBHSHO 3 KOHTPOJIEM.

BUCHOBKHA

BcranopneHo, mo MikpomoOpuBo 3a mepennociBHOi 00podku y Hopmi 100 — 150 mur/T
HaciaHsa C. officinalis crpuse 3pOCTaHHIO €HEpPril HOro MPOpPOCTaHHS Ta JIA0OPATOPHIi
CXOXKOCTI — Ha 5—7 % MOPIBHSAHO 3 KOHTPOJIEM. BUsBIIEHO MO3UTUBHUI BIUIUB 3aCTOCOBAHUX
HOpPM MIKpOIOOpHBa 3a MEPEANOCiBHOI OOpPOOKM HACiHHA Ha paHHI €Talmd PO3BHUTKY
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npopoctkiB KyinbTypu C. officinalis, BUPOIICHUX B J1a0OpaTOpPHUX YMOBaxX «Ha Marepi».
30KkpeMa, BiIMIUCHO 3pOCTaHHS OiOMETPHYHMX MOKAa3HUKIB Ha 7 AEHb iX PO3BUTKY 3 yacy
MOCiBy HACIHHSA: 3araibHOi MOBXHUHU — Ha 22,85 % Ta 28,57 %, cupoi Ta abCoMOTHO cyxoi
Macu — Ha 12—15 % HnopiBHAHO 3 KOHTPOJIEM.

BcraHoBIIEeHO, TO3UTHBHUH BIUTHB MiKpOIOOPHBA 32 TIEpEIIIOCIiBHOI 0OPOOKH Ha CXOXKICTh
Hacinus C. officinalis y monboBux ymoBax. 30KkpeMa, nepeanociBHa o0pooka 3a HopMm 100
1 150 MuI/T HaciHHS CIpHUsE 3pOCTAHHIO MOJILOBOI cxoxocTi HaciHHs C. officinalis B ymoBax
JIEPHOBO-1130JIUCTOTO TPyHTY Ha 10—15 % MOpPiBHAHO 3 KOHTPOJIEM Ta IHITUMH BapiaHTaMU
JOCIIIB, Y SKMX 3aCTOCOBYBAIMCH HIKYI 1 BUIII HOPMH MiKpOA0OpHBa.

JloBeneHO e(eKTUBHICTh 3aCTOCYBAaHHS NEpEANOCiBHOI 00poOKM MiKpogoOpUBOM
«Asarap-2 Opranik» y HOopMi 100 1 150 mu/t Hacinas C. officinalis L. sx 6iojoridHo
JOIIBHOTO CIIOCO0Y MOKPALIEHHS CX0XKOCT1 HACIHHS 1i€1 KYJIBbTypH Y TPyHTOBO-KIIIMAaTHUHUX
yMmoBax [lepenkapnarrs.
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ABSTRACT

INFLUENCE OF PRESOWN CULTIVATION
WITH MICROFERTILIZER “AVATAR-2 ORGANIC”
ON LABORATORY AND FIELD SEED GERMINATION
OF CALENDULA OFFICINALIS L.

Microfertilizer “Avatar-2 Organic” is a preparation of new generation, that contains
important microelements for growth and development of the plants in biologically available
form of nanocompounds, obtained by erosive and explosive method. Being ecologically safe
preparation, microfertilizer can be perspective to the usage in technologies of cultivation of
medicinal plant raw material Calendula officinalis L. during presown cultivation of seed and
sprinkling vegetative plants. That is why the aim of the work was to explore the influence of
different norms of microfertilizer “Avatar-2 Organic” by the method of presown cultivation of
seed of C. officinalis on the sample of Berezotitska soniachna cv. on the energy of its shooting,
laboratory and field germination in soil and climatic conditions of Precarpathian area as well as
on some indices of its seedlings.

One has explored that microfertilizer during presown cultivation in the norm 100-150 ml/t
seed of C. officinalis plants contributes to the increase of energy of its shooting and laboratory
germination by 5-7% compared to the control. One has revealed the positive influence of applied
norms of microfertilizer during presown cultivation of seed on early stages of the development
of seedlings of C. officinalis plants, cultivated in laboratory conditions “on paper”. In particular,
we have marked the increase of biometric indices on the 7" day of its development from time of
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sowing: the general length — by 22,85 % and 28,57 %, raw and absolutely dry mass — 12—15 %
compared to the control.

One has established the positive influence of microfertilizer during presown cultivation on the
seed germination of C. officinalis plants in the field conditions. In particular, presown cultivation
in the norm of 100 and 150 ml/t seed contributes to the increase of field seed germination of
C. officinalis plants in the conditions of sod-podzol soil by 10-15 % compared to the control and
the other variants of the research, in which one used lower and higher norms of microfertilizer.

We have proved the efficiency of the usage of presown cultivation of “Avatar-2 Organic” in the
norm of 100-150 ml/t seed of C. officinalis plants as a biologically practical way of improvement
of seed germination of this crop in soil and climatic conditions of Precarpathian area.

Key words: shooting energy, seed germination, Calendula officinalis L., microfertilizer
“Avatar-2 Organic”.
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EKOJIOTTYHA XAPAKTEPUCTUKA BACEWHY PIUKHA JHICTEP
B MEJKAX CAMBIPCBKOI'O PAUOHY

AHoTanis. SIKICTb XUTTS HACEJIEHHS, a TAKOX PO3BUTOK rayly3ell eKOHOMIKH KOXHOT KpaiHH
HarpsiMy 3aJISKUTh BiJl pECYPCHOTO MOTEHIialy. BakIMBUM €JIEeMEHTOM SIKOTO € BOJHI pecypcH,
OCKUIBKH JIOCUTb BaXKKO YSIBUTH Oy/b-sIKy CTOPOHY KHTTS JIIOAMHHU 0e3 Boxu. CTaTUCTHYHI JaHi
3aCBIAYYIOTh, 1[0 HACETCHHS MmiaHeTd y XX CTONITTI 3pOCiO BTPHUY, & CIOKHUBAHHS BOAU — y
6 pasiB. PisHOMaHITHA NisTIBHICTE JIOMUHE MOKE HETAaTWBHO BIUIMBATH HA i €KOJOTIYHUHA CTaH,
30KpeMa Ha ii XiMiYHMHA Ta OiONOTIYHWM CKIIaJ, BiJ SKOTO 3aJIEXKHUTHh JKUTTSA TiApOOIOHTIB Ta
3[IOPOB'St HACEJICHHSI, SIKE CIIOKUBAE BOY. 31000CHOIO TIPOOIIEMOIO ChOTOICHHS € 3a0e3MeueHHS
HACEJICHHS BOJIOKO BiJIMIOBITHOT SKOCTI Ta JJOCTATHIN KIJTBKOCTI.

AHaJi3 MaHUX EKOJIOTIYHUX MACIOPTIB Ta PEriOHANBHUX IOMOBINEH MPO CTaH JOBKULIA Y
JIpBIBCHKIM 00MacTi CBiAYNTH, IO OCHOBHUMH 3a0pyIHIOBaYaMH IIOBEPXHEBHX BOJ PETIOHY
e criomyku HiTporeny, BCKS5, xmopumu i dpocharn. Hamu Oymo mocmimkeHO eKOMOTiYHWI CTaH
piuku JHicTep, mio mpotikae Teputopiero Cambipchkoro paiony. JlocmimkeHHs MOKasano, 1o
3a OpraHoJIENITUYHUMH IT0OKa3HUWKa (MPO30pICTh, 3amax) ycl 3pa3ku Bianosigaau Hopmi. pH
JIOCITIJPKYBaHOT BOJIM KOJIMBaBCA B Jiana3oHi 6,2—7,3. Minepanizarist Boau p. JHicTep craHoBHIa
Bix 250 mr/n mo 366 mr/i. Bmict xmopun ionie (Cl) konuBaBcs B Mexax 6,25 mr/n — 15,94 mr/m.
KoHmenTpariis cromyk aMmoHito y Bozi 3Haxommiacs B Mexax 0,59 mr/m — 1,71 Mr/im ta nopekyau
nepeBumryBana [JIK. Konmenrparist NO,  y mpo6ax Boau KomuBayiacs BiJf MiHIMaJIbHUX 3HAYCHb
0,005 mr/n mo makcumanbHux — 0,077 mr/i. Hitpartu Oyiu HasiBHI y KUTbKOCTSIX 3,2 Mut/im— 15 Mut/i1.
Bwmict ¢ocdarie konuBagcs B maiamazoni Bix 0,2 mr/m go 0,38 mr/n. [IpoBeaeHo GioTecTyBaHHS
Bon piuku J[HicTep 3a pocnuHHHM TecT 00’ektoM Allium cepa. JlocmikeHO TakoX PIiBCHb
¢iToTOKCHUHOCTI BO/H piuky J[HiCTEp Ta BCTAHOBIICHO, IO BiH KOJIMBAETHCS B Mexax 28,3-51,1%.
Le BiamoBimae cepeqHLOMY PiBHIO TOKCHYHOCTI 1 HE 3yMOBIIIO€ ITATOTOKCUIHOTO €(hEKTY.

Kurouosi ciaoBa: CamOipchkuii paiioH, piuka J[HicTep, eKONOTiYHMIA CTaH, OPraHOICTITHIHI
nokasHuku, pH, MiHepaiizaisi, XJIOpH/IH, CIIOIYKH HIiTporeHy, ¢pocdaru, 6ioTecTyBaHHs.
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BCTYII

SIKicTh KUTTS HACEJICHHS, a TAKOXK PO3BUTOK Taly3ell eKOHOMIKH KOXKHOT KpaiH! HApsAMY
3aJIe)KHUTh BiJl PECYpPCHOTO TOTeHIialy. BakjIMBHM €JIEMEHTOM SIKOTO € BOJHI pecypcH,
OCKIITBKH JOCUTh BaKKO YSIBUTH OyIb-sIKY CTOPOHY JKHTTS JTIOAUHU O0e3 Boau. CTaTUCTHYHI
JlaH1 3aCBIUYIOTh, N[0 HACEJICHHS IUTAHETH Y XX CTONITTI 3pOCIO BTPHYI, & CIIO)KHBAaHHS
BOJM —y 6 paziB. Ha choroHimHii neHs noHaa 1 Minbapa aroneit Ha 3emiti He MatoTh JOCTYITY
JI0 BOAHUX pecypciB [6]. Boaa 31 3Bu4aiiHO NpUPOAHOT PEYOBUHU BXKE JaBHO NEPETBOPUIIACS
Ha HalJIOpOXKIy CUPOBUHY, Kl HeMae 3aMiHu. Jl0CTiDKeHHS 3aCBIAUYIOTh, IO CIIOKUBAHHS
BOJM y THCSYYy pa3iB MEPEBHILYy€e CIIOKUBAHHS iHIIMX pecypciB. 3amaciB NMpicHOi BOIU HE
BUCTA4a€e JUIsl 33JI0BOJICHHS 3POCTAI0YMX MOTpeO JIOACTBA 1 BOHM MOXYTh OyTH MOBHICTIO
Brdepnani Bke B XXI cTomitti [2]. YkpaiHa HaJICKUTh IO PErioHiB €BPOIM 3 HAHMEHITUM
3a0e3nedeHHsIM Bomoro. OpiEHTOBHI 3amacH MOBEPXHEBUX 1 MiI3EMHUX BOJl CTAHOBISTH
npubnu3ao 60 kM?, a B MOCYNUTHBI POKU Iei MOKa3HMK 3MEHIIyeThest 10 37 km® [3].
V po3paxyHKy Ha OIXHOTO XHTeIIs pumanae mpubmusao 1000 m® Boxu Ha pik. Boxwi pecypcu
Ha TepuTopii po3noaineHi HepiBHOMIpHO. [liBneHH] perioHn YKpaiHu MOTeprnaroTh Bif rocTpoi
HecTayl BOJAU, HATOMICTh HaO1IbIII HACHYEHOIO PiuKaMu TepuTopieto € KapnaTcbkuii perioH.
TooBHMMHE TIpoOJIeMaMKl BOJHHX PECYpPCIiB € HepallioHaJIbHE 1X BHKOPHUCTAHHS Ta 3HAYHE
3a0pyaHeHHs. TepuTopis TaAKOXK MiIIA€THCS YaCTHM Ta HEOS3MEUHUM MaBOIKaM.

Jlnst mocmimkerHs Oyna oopana p. J[HicTep, OCKUIBKH 11€ BeTTMKa BOJHA apTepisl, TPUTOKH
SIKOT MPOXOJIATH Uepe3 ypOaHi30BaHi TEPUTOPIT Ta BILTUBAIOTH HA ii SKOJIOTIYHMH cTaH. Piuka
JlHicTep BaKIMBOIO apTepiero 3axiMHOi YaCTHMHU KpaiHu, {1 JOBXHHA B MeXax YKpaiHH
cranoButh 705 kM, a mioma Oaceiiny — 72,1 tuc. km?. Piuka moBHOBOgHa i Garara Ha
rigpo6ioHTH. baceliH piykyu aKTHBHO BUKOPHCTOBYETHCS JUIS TOCIIONAPCHKO-ITUTHAX TIOTPEO
BEJIMKOKO KIUTBKICTIO JIIO/ICH, TOMY TPOBENEHHS JOCTiAiB Ha Wil pivii Oyno HaA3BUYAHO
Ba)KJIMBUM pillleHHsIM. BioMo, 1110 pivKH MiATAI0TECS 3HAYHOMY aHTPOIIOTEHHOMY IPECHHTY,
1 JlHicTep y Wil cuTyalii He € BUHATKOM. Pi3HOMaHITHA AiSUTbHICTD JFOJUHHA MOXKE HETAaTUBHO
BIUIMBATH Ha ii EKOJIOT1YHUH CTaH, 30KpeMa Ha ii XIMiYHUH Ta O10JIOTIYHUIA CKIIaJ, BiJ| SIKOTO
3aJIeKUTH JKUTTS TAPOOIOHTIB Ta 310POB'sl HACEIEHHS, SIKE CIIOKHBAE BOLY.

MeTa aocaixKeHH s : TOCITIIUTH EKOJIOTIYHHM cTaH BoJu OaceitHy piuku JIHicTep B Mexax
Cam0bipchKoro paiiomny.

MATEPIAJIN TA METOAU

Y Xoai MOCHIKeHHST BUKOPHCTOBYBAJIMCS OI1OJNOTiYHI Ta rigpoximiuni meromm. s
eKOJIOT1YHOi OIIHKM cTaHy Bonx OaceliHy piuku JlHicTep, 1O MNpPOTIKaE TEPUTOPIEO
Camb0ipchkoro paiiony Oynu BimiOpaHi 3pa3u BOAW B OCIHHINM Ta BeCHSHHUU mepiofu. Touku
BiIOOpPY MpoO BOaM 300paskeH] Ha PUCYHKY 1.

3paszku Boxu Oynu BifiOpaHi y HAacTymHMX Toukax: M. HoBuii KanmuHiB mry4unuii BogHUit
KaHaj (rmopyd wmicue 300py cMiTTst MicTa) — nipoba Ne 1, ¢. PaiBka (mo6nusy BigOyBarOThCS
CKUJIM KaHAJi3allifHUX BiJXOIiB KOMyHaJbHHUX ycTaHOB Micta CamOip Ta HOro OKOJHUIIb
1 6e3nocepenni ckuau TIIB) — nmpoba Ne 2, c. Kpykuku (Jie cmocTepiraeTbCst TEHICHIS CKUJIIB
TBEpAUX MOOYTOBUX BiJXOMIB, BIIXOMW TBapWHHHUIITBA, KaHaJi3allii Bif OyAMHKIB Ta 3HAUHHI
THUCK CUTLCHKOTO rocriofiapceTsa) —ipoda Ne 3. Bona Oyna BimiOpaHa 3riJHO BUMOT JIaOOpaTOpHOTO
anamizy [ 10]. 3pa3ku Bonu BinOupanucs Ha mmbuHi 0,2—0,5 M, y 4iTko BU3HaY€HHH Yac: BOCEHH —
nepe]] 3aMep3aHHIM PIYOK 1 BECHOKO — Y Yac BECHSHOTO BoAoMiLIs. [1poOu 3 piku BigOMpaInCh
Y KOKHIH TOUIIi BUIIE 32 TEUI€F0, JIe BiI0yBaIOCh IIOBHE 3MIIIaHHS BOJI.
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Puc. 1. Touku Bindopy npod Boau

VY nocmipKyBaHUX 3pa3kax BOMU BH3HAYAIH OPTaHOJENTHYHI MOKa3HUKU (IIPO3OPICTD,
3anax) 3rizHo Jlep>kaBHux caHiTapHux HopM ([JCanlliH 2.2.4—171-10). pH Bonu Bu3Ha4amu
MOTCHI[IOMETPUIHUM METOJIOM 3a JTOTTOMOTOr0 pH-MeTpa. MiHepai3allito BoAu BUMIpIOBaITU
koHgykTomerpoM AD310 ADWA. Xiopuau B AOCHIIKYBAaHMX 3pa3kax BH3HaUald 3a
MeTomoM Mopa. 3a mHomoMoror (HOTOKOJIOMETPUYHOTO METOAYy Ha CHEKTPO(POTOMETpi
C®-200 [11] Bu3Hawamu BMICT HOHIB aMOHIIO, HITpUTIB Ta HiTpariB. bioTecTyBaHHs
MIPOBOWIIH 32 MeToInKot0 A. Toporoi [9] (Allium cepa L) BUKOpUCTOBYBaIH SIK TECT-00’ €KT.
IuTOTOKCHYHICTD 3MIHCHIOBANM LUIAXOM OOPaxyHKYy MITOTHYHOTO IiHJIEKCY y KIITHHAX
MEpHCTEMH U0y 3BUYaiiHo1. J1J1 IIbOT0 BiAPI3aiiu IeKijabKa KOPIHIIIB IUOYIIHH 3 JIOBKHHOKO
npubau3Ho 1-2 cM i mpoBenH iX ¢ikcarito, papOyBaHHS Ta MIKPOCKOITyBaHHS [8§].

PE3VJIBTATH

BaxinnBUM ITOKa3HUKOM SKOCTI BOJH € OPTaHOJIENTHYHI ITOKa3HUKY. Hamu Bu3Haganmmcs
HACTYIIHI OPTAaHOJICNTHYHI ITOKA3HUKU: MPO30pPiCTh, 3amax. Pe3ympraTu MOCTiKEHHS
HaBeJIeH1 y Tabmmii 1.

Tabauus 1. Pe3ynbTaTn opranojienTHYHUX MOKA3HUKIB O0aceiiny p. {HicTep

OcinHiii nepiox
o Iloka3HMKY Ta 3HaYEHHS
Ne (HaitmeHyBaHHS IPOOH) -
IIpo3opicTs, cM 3amax

1 (M. HoBwii KanuniB) 30 2 Ganu, OOJOTHHH 3amax
2 (c. PaniBka) 28 3 Gayu, THITICHUH 3amax
3 (c. Kpyxukmn) 26 4 Oanu, TUTICHSIBHIA 3amax

Becusauii nepion
1 (M. HoBwii KanuniB) 29 2 Ganu, O0OTHHUH 3amax
2 (c. PaniBka) 27 4 ©any, 3amax CTIYHOT BOJIH
3 (c. Kpyxukn) 25 5 GaiB, 3aTXJIHI 3amax

28



[Tpo3opicTh JOCHTIKYBAaHUX 3pa3KiB Kpallolw Oyla BOCEHH HiXK HaBecHi. HaiiBuioro
npo3opicTs Oyna mpobu Ne 1, mpodu Ne 2 memo ripma. HaltHmxdoro mpo3opicts Boau Oyna
B 11po0i Ne 3. [1lomo HasiBHOCTI 3amaxy, To y 3pa3ky Ne 1 OyB HassBHUH cnieniuigHUi O0IOTHUI
3amax, y 3paskax Ne 2 ta Ne 3 HasgBHUN JOCUTH BITUyTHUN THIJIBHUM 3amax, sSIKHH CBIAYUTH
PO IBITIHHSA BOJOWMH Ta BKa3ye, M0 Y CKJIaJli BOJAM € OPTaHivHI CIIONTYKH.

IToxaznuk pH € nyxe BaXIMBUM MJii BOAHMX OO0 €KTiB, aJlke€ BiH 3aJIeKUTh Bij
XIMIYHUX Ta OlOJIOTIYHUX MPOIIECIB, IO B HUX MPOTiKaroTh. PiBeHb pH Bogu Bkasye Ha Te,
IO JOCTiXKyBajibHa BOAA Ma€ CTYIIHYacTy KoposiiHy arpecito [4]. pH mocmimxysanoi
BOJY 3HAXOAMBCA B niamasoHi 6,2—7,3. OnrtuMmanbHe 3HadeHHS pH Juis mpupoaHOi BOIH
KOJIMBAa€ThCSl B Mexax 6,5-8,5. Komu crmocTepiraeTbcsi MigBUIIEHHS KUCIOTHO-TYXKHOTO
nmoKa3HuKa OuThII sk 11 Tie 03Hayae, M0 Bojga Hece HeOe3MeKy JJIs 370pOB’s JIIOMUHHU Ta
CaMOIOUyTTs, a 3HIDKEHUH piBeHb MoKasHUka pH cBiguuTh mpo i1 BUCOKI KOpO3iiiHi
BiactuBocTi. HalimeHmie 3HadueHHs pH cepen mocimikyBaHUX 3pa3KiB BOIM 3adikCOBaHE
y 3pa3ky Ne 1, a HaiiGinbuie — Ne 3, Bci mpoOH BOJM 3HAXOATHCS B MEXax HOpMH. Pe3ynbrarn
noka3Huka pH mociiKyBaHUX BOX BiZJOOpaXKeHi Ha PUCYHKY 2.

74 7,3 7,3 400 364 366 343 359366
72 350 E]Ipoda
7 1
300
6.8 6,7 > 250
66 6.5 L0 m [TpoGa
) —~
o4 Ezoo 2
’ 6,2 150
6.2 H [IpoGa
6 100 3
5.8 50
5,6 0
OcinHniii nepion  BecusHuii nepion Ocinniit mepiof Becnsnuit nepioxn
Puc. 2. pH nocaimkyBanux Puc. 3. Pisenn MinepaJiizaunii gocaigKyBaHux
3pa3kiB BOIM 3pa3kKiB BoIH

s mpicHUX BoJ piBeHb MiHepamizamii Mae ctaHoBuTH MeHine 1000 mr/m. [IposeneHi
JOCHIJKeHHs BCTAaHOBUIIH, 110 MiHepautizaris p. J{HicTep KonuBaeTbes B Mexax Bix 250 mr/n
110 366 Mr/i1. Pe3ynbTaT mojaHo Ha pUCYHKY 3.

Bwmict xmopun ioniB (Cl) y Bomi piuku J{HicTep konmBaBcsi B Mexax 6,25 mr/m —
15,94 mr/n. KoHieHTpallis TOKa3HWKa B OCIHHIH niepion craHoBmia y mpo6i Ne 1 — 6,30 mr/m,
y po6i Ne 2 — 15,94 mr/n, a y npo6i Ne 3 — 8,45 mr/n. HaBecHi 3HaueHHs MOKa3HUKA JIETIIO
Oy Hrxaumu: Ne 1 — 6,25 mr/im, Ne 2 — 13,83 mr/m, Ne 3 — 7,87 mr/mn, xoua BiIXUICHHS
Oynu He3HAYHUMH. BMICT XJ10pH/ 10HIB Y BCiX TOCIIKYBaHHUX 3pa3Kax 3HAXOIUBCS B MEXax
Hopmu [JIK — 150 mr/mn. Pe3ynbraru BioOpakeHi Ha pUCYHKY 4.

Ha exosoriunuii craH BOAHHX OO0’€KTIB BIIJIMBA€ HASIBHICTH OIOTE€HHHUX €JIIEMEHTIB
[1]. Big xoHmeHTpaIllii IIUX PEYOBUH 3aJICKUTh CAHITAPHWHA CTaH BOIHU, Ta BIUIMBAE Ha
IHTEHCHUBHICTh 010XIMIYHHX MPOIIECiB, 110 MPOTIKAIOTh Y BoAokMi. Ha 3pocTtanHs BMicTy
0iOTEHHHUX EJIEMEHTIB, 30KpeMa CITOJIYK HITPOTEHY, BIUIMBAIOTh KOMYHAJIbHI Ta MOOYTOBI
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CTOKH, IO CKUJIAIOTHCS, & TAKOXK 3MHUBH 3 CUIBCHKOTOCTIOAAPCHKUX yTilb [7]. OCHOBHOO
(hopMoOIO CHONYyK HITpOreHy, 110 HasBHUK y Boxi € ioHu amoHiro (NH4"). Pesynpraru
IOCTIDKEHHST TTOKa3ajiy, IO KOHIEHTpPAaIisl IUX CIIONYK Yy BOMAI KOJHMBAJacs B MeKax
0,59 mr/n — 1,71 mr/n. Tlogexyau KOHLEHTpalii MOKa3HUKA MEepeBUIIYBaIM HOPMAaTHUBHI
3HaueHHs. BoceHM BMiCT XJIOpHUIIB 3HAXOIUBCS Y HACTYITHUX KUTBKOCTAX TIpoba Ne 1 — 0,59
Mmr/7, mpoba Ne 2 — 1,64 mr/n npoda Ne 3 — 1,10 mr/n. HaBecHi 3HaueHHS HacTymHi: mpoda
Ne 1 - 0,67 mr/n, mpoba Ne 2 — 1,71 mr/n, npoba Ne 3 — 1,22 mr/in. 3okpema, BMiCT IbOTO
MOKa3HUKA BOCCHH OYB JCIIO0 BUIIKMM y MOPIBHIHI 3 BECHIHUMHU 3pa3kamu. [lepeBuIeHHSI
3HaueHb [JIK Moke OyTH NPUYHMHOIO CaMOBUIBbHI CKHJIAHHS KaHANI3al[iHHUX CTOKIB
KOMYHAJIbHUX ycTaHOB MicTa Cambopa Ta JOBKOJUIIHIX HACENIEHUX MyHKTIB. PesyiabpraTu
JOCJTIJDKEHHS B1IOOpakeHi Ha PUCYHKY 6.
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OcinHill nepion BecHsnwmii nepion
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HactymauM KOMITOHEHTOM OKHCIICHHS CIIONYK aMOHiI0 € HITpuTH. Pesymerarn
JOCIiKEHHsT 3aCBIqUMIM, 10 KoHUeHTpauis NO, y mpobax BOIM 3HAXOIWIacsi B Mexkax
0,005 mr/mn — 0,077 mr/n. BmicT 1bOro NMoKa3HHKa 3HAXOIWBCS B MeEXaX HOPMATHBHUX
3HAYEHb.

TpeTiM KOMIIOHGHTOM OKHCIICHHS CIIOJIYK HITPOTeHY € HiTparn. Pe3synbratu
JOCHIKeHHsT 3acBimumid, 1o BMicT NO; B yciX aHami30BaHUX 3pa3kax 3HAXOAMBCS
B Mmexax [JIK. KoHmeHTpallis moka3HHKa KoJMBallacs B Mexax 3,2 mur/m — 15 mur/m.
BoceHnu BmicT HiTpaTiB OyB €10 BUIIMK y TOPIBHSHI 3 BECHSHUM IepiogoM. PesynbraTu
BiIoOpakeHi Ha PUCYHKY 7.

Ile omaum 3abpyaHiOBaueM BOAHUX pecypciB € ¢ocdaru. ['ogoBHUM mKepenom ix
HAJXODKCHHS € KOMYHAJIBbHI CTOKHU. Pe3ynbTaru MOCIHiPKEHHS 3aCBIMUUIIM, IO BMICT IHX
€JIEMEHTIB B YCiX aHAIIi30BaHUX 3pa3Kax BOIHU HE IEPEBUIIYBAB HOPMATUBHHUX 3HAYCHB. X0Ua
KOHIICHTpAIlii OyJIM JOCUTh BUCOKHMH y TIOPIBHSHI i3 (DOHOBMMH 3HAuCHHSIMHU. 3arajom
BMicT (ocdariB konmBascs B aianaszoni Big 0,2 mr/n go 0,38 mr/n. Pe3ynbratu BUCBITICHI Ha
pHUCYHKY 8.
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Puc. 8. Bmict docdaris y aocaizkyBaHux 3pa3kax Bogu.

Piuka JIHicTep € OJHI€I0 3 OCHOBHUMX BOJHMX apTepidd JIBBIBIIWHY, HA Hil € BOI03a00pH,
0 3a0e3MeuyroTh MUTHOK BOJIOK MEIIKaHIIB obOmacti. ToMy cTaH BOJ KOHTPOIOETHCS
y cTBOpax B3I0BXK piuku [dnictep (M. CamoOip).

YIOpomoBX OCTaHHBOTO JECATHIITTS B €BPOMEUCHKIA MPAKTUINl OIIIHKH CTaHy BOJ
MPUCYTHI O10JIOTIYHI METOAM TOCIIHKEHb, IO HA IEPYKABHOMY PiBHI € OJHUMH 3 BOXKJIMBHX
MOKa3HUKIB sikocTi [12, 13, 14]. bioTecTyBaHHS A03BOJISIE MIBUAKO OIIHUTH SKICTh BOJ, HE
orpedye 3HAYHOT KUTBKOCTI JOPOTOBAPTICHUX PEAKTHBIB Ta CIENiaIbHOTO 00T JHAHHS.

PiBeHb 3a0pyJaHEHHS BOJ, a BiJIMOBIIHO, W MIBHIKICTH MPUPOCTY KopiHIiB Allium cepa
3aJeKUTh BiJ Oararbox (akTopiB: CE30HHOCTI, TEMIEpaTypH, MIBUAKOCTI TeUii, TIHOMHU
pIYKH, IIMPUHY PYCIIa, BiACTaHi Bij Jykepel 3a0pyIHeHHs Ta iH. [5].
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VY tabmuii 2 mpencTaBieHHI pe3yibTaTH 010TeCTyBaHHS BOJ piukH JIHicTep y To4kax
MOHITOpUHTY Ha 4-Ty, 7-My 1 10-Ty nobu: Hoswuii Kanunis, Panika, Kpyxuxu. ¥V sikocTi
TeCT-00’€KTa BUKOPUCTOBYBaJIM UOYIII0 3BUYaiiHy (Allium cepa).

Ta6auus 2. PocroBi nokazuuku Allium cepa Ha i Box piuku {nicrep

Ha3zBa npoou 4 no0a 7 noda 10 x06a T
Konrtpoan 3,74+0,54 5,52+0,78 6,82+0,88 -
M. Hosnii Kanunis 2,68+0,77 4,07+0,68 6,15+0,91 28,3
c. PamiBka 1,83+0,21 3,05+0,47 5,11+0,74 51,1
c. Kpyxnkn 1,89+0,37 4,21+0,64 6,25+1,22 49,5

Heo0OxigHO BiA3HAYHMTH, IO MPHUPICT Ha 4-Ty A00y y IIMX TOYKAX 3HAYHO BIAPI3HAETHCA,
SIKIO Y TIEPIIiH TOUI MpUpicT 3HWKYeThes Ha 51,1%, To Ha kiHneBii Ha 40,1% BigHOCHO
KOHTpOUTIO. Le CBIAYMTH MPO 3MEHIIIEHHS KiTbKOCTI [TOTIOTAHTIB B3JJ0OBXK Teuil, 110 BIUTUBAIOThH
Ha picT 1 po3BUTOK Allium cepa.

[Ipo6u B c. PaniBka BigiOpaHi HEMOJANIK BiJ CKMIYy KOMYHAJIbHUX CTIYHHX BOJ, IO
3HAXOAUTHLCS BUILE 33 TEUI€IO. ﬁMOBipHO, OUTBIIICTh MOOYTOBHX 1 KOMYHAJIBHUX BiJXOJiB
CKHJA€ThCS] HEOUHIIIEHUMH B BOAU piuku J[HicTep.

[potsoxHicTh piku dnictep Bix ¢. PaniBka 1o M. HoBuii KanuHiB cTaHOBHTH OPIEHTOBHO
20xMm. Pe3ynbrar JOCIiIKEHb CBi[4aTh, 10 BOAHU PiKU IPUPOIHO OUHUINAKOTHCS i TOKCHYHICTh
BiJIMOBITHO 3HUXKYETHCSI.

OriHKa OIBHIKOCTI IpUpoCTy KopiHiB Allium cepa Ha Titi Bomu p. JJHicTep y BCiX TOUKax
MOHITOPUHTY Ha 4-Ty 100y JO3BOJIMJIA BU3HAYUTH 1HAEKC (PITOTOKCHYHOCTI BOJ 3a IIKAJIOKO.

Y uinmoMy, piBeHb (ITOTOKCHYHOCTI BOX piukd JIHiCTEp KONHMBAETHCS B MEXaX
28,3-51,1%. lle BiamoBimae cepemgHbOMY PIBHIO TOKCHYHOCTI. OJIHAK CIOCTEpIraeThes
MeBHA 3aKOHOMIPHICTh JWHAMIKK 3MiH (DITOTOKCHYHOCTI, HAHHIKYMN piBEHb y 3pa3Kax
Box p. Hduictep B M. HoBuit Kanuni 28,3% — cepenHiii piBeHb TOKCHYHOCTI, OJHOYACHO
y Mexax cena PamiBka — 51,1%, 110 BiANOBifa€e piBHIO BHINE CEPEAHBOTO. [IpHUHHOIO
IBOTO € 3a0pyAHEHHS BOIM NOOYTOBMMH BiJXOJaMH Ta HEOUHIICHUMHU CTOKaMU. Pe3ynbraru
0ioTecTyBaHHS BKa3yIOTh, IO CyMapHa [Iisl pO3YMHEHHX Y BOJI MOMIOTAHTIB 3yMOBJIIOE PiBHI
TOKCHYHOCTI — CepeHil 1 BUIIIEe CEPeIHBOTO.

BUCHOBKHA

OTxe, pe3ynbTaTd MOCHIHKCHHS 3acCBIMYMIN, IO OPraHOJENTHYHI TOKa3HUKH, pH,
MiHepaJtizalisi, BMICT XJIOpUA 10HiB, (pocariB, HITPUTIB Ta HITpaTiB y BOAI nepedyBaroTh
y MeXax HOPMaTHBHUX 3HaueHb. Ilpoctexyrorbess HesHauHi mepesuiieHHs [JIK miomo
KOHIIEHTpAIlii y Bo/i i0HiB aMOHit0. L{e cBiTUuTh po cBixke 3a0pyJHEHHS BO KOMYHAIbHUMHU
Ta 100y TOBUMH CTOKaMH, 2 TAKOX 3MUBOM 13 CLITbCHKOTOCTIONAPCHKUX YTi/b. DITOTOKCHYHICTH
BoaM piuku [HicTep B Mexxax CaMOipchKOro paifioHy KoIuBaeThes B Mexax 28,3—51,1% 1 me
BIITIOBi/Ia€ CEpeIHBOMY PiBHIO TOKCHYHOCTI.

JITEPATYPA

1. bpunmzs 1.B. Exonoriuna omiHka nepeTBOPEHHS HEOPTaHIYHHUX CIONYK HITPOTEHY Y KOJIO-
ns3ax [lpukaprnarts: aBropd. auc.kanz. 6io. Hayk. Kuis, 2017. 23 c.

2. Bonowmkina O.C., 'anaztopa B.I1. Exosnoriyni 0cCHOBU yHpaBiiHHS BOAHHUMH pECypCcaMu:
HaBy. moci0. Kuis, 2017. 49 c.

32



10.

11.

12.

13.

14.

Iiapoekonoriuna xapakrepuctuka piuku JJuicrep. URL:https://knowledge.allbest.ru/geolo
gy/3¢0a65635b2ac79a5¢53a88421206d27 0.html (nara 3Beprenns 01.11.2022 p.)

Icaenko B.M., Jlucuuenxo I. B., lynap T. B. MoHITOpHHT 1 METOAM BUMIpIOBaHHS Mapame-
TPiB HABKOJIMITHBOTO CEPEAOBHINA: HaBYaIbHUH NociOHUK. KuiB: Har. aBian. yH. «<HAY—
Ipyk», 2009. 112 c.

Kyuepenko T.B., T'onoariok €.0. Bukopucranns 6iorecty Allium cepa L. (mOynst 3Bu-
yaifHa) JUIS OLIHIOBaHHS aHTPOIOT€HHOTO 3a0pyIHEHHS HABKOJIHMIIHBOTO CEPEelOBHIIA.
Aepoexonociunuil scypuan. 2008. Ne 4. C. 79-83

JleBkiBcwkmii C.C., M.M. IlagyH. PanionansHe BAKOPUCTaHHS 1 OXOPOHA BOTHHUX PECYPCiB:
HaBy. nocio. Kuis: JIu6igs, 2006. 60 c.

Meninens B.1., Konapesa O.I1., Koansosa H.B., Contuc .€. Exonorist MicT Ta pekpeartiii-
HUX 30H : BceykpaiHchka HaykoBO-TIpakTH4HA KoH(epeHiis. Oneca, 2009. 87 c.
[TocranoBa KMY Ilpo 3arBepmxenHs [lonoxkeHHS PO JEpkKaBHY CHCTEMY MOHITOPUHTY
noBkis Big 30 Gepesns 1998 p. Ne 391, Kuis. URL:https://zakon.rada.gov.ua/laws/
show/391-98-%D0%BF#Text (nara 3eepHenns 08.11.2022 p.)

Pynenxko C.C., Koctummn C.C., Mopo3osa T.B. 3araisHa ekosoris: npakT. kypc, 4. 1. Uep-
HiBii: Pyra, 2003. 320 c.

Crapuxosuu JI.C., dynok K.II., Jlrobac H.M. IIpunagu Ta MeTomu AOCHiAXKEHHS CTaHY
noskima. JIssis: JIHY, 2014. 196 c.

Crenoa O.B., Poma B.B. MoHiTOpHHT moBepxHeBuX BoJ: HaBd. nocib. [Tonrasa: [TontHTY,
2017.21 c.

Xinvuercekuii B.1. Xinpuescokuit B.K., Ocagunii B.I. OcHoBu rixpoximii: migpy4ynuk K.:
Hixka-Ilentp, 2012. c. 44.

Laperko O.M. Ta iH. 3aXHCT IOBKUIS B YMOBaX 3pOCTalOYOr0 TEXHOTCHHOTO HaBaHTa-
JKeHHsI Ha IpUpoy: Haey. noci6. Cymu: CrnoboxanmimHa, 2002. 464 c.

lepuyk B.M., Tpersk C. K., Bypmtuachka X. B. MoHiTopuHT 3MiH pycia piuku Crpuid
3 pukopucTanusIM ['IC—rexHonoriid. Cyuachi 0ocsenenns eeode3utnol HayKu ma eupooHu-
ymea. 2018. Bumn. 1. C. 138-139.

REFERENCES

Bryndzia V. (2017). Ekolohichna otsinka peretvorennia neorhanichnykh spoluk nitrohenu
u kolodiaziakh Prykarpattia: avtorf. dys.kand. bio. nauk [Ecological assessment of the
transformation of inorganic nitrogen compounds in the wells of Prykarpattia: author's
reference. diss. candidate bio of science]. Kyiv, 23 [in Ukrainian].

Voloshkina O.S., Handziura V.P. (2017). Ekolohichni osnovy upraviinnia vodnymy
resursamy. navch. posib [Ecological basics of water resources management: training.
manual]. Kyiv. 49 [in Ukrainian].

Hidroekolohichna kharakterystyka richky Dnister [Hydroecological characteristics of the
Dniester River]. Retrieved from: https://knowledge.allbest.ru/geology/3c0a65635b2ac79a5
¢53a88421206d27 0.html (data zvernennia 01.11.2022 r.) [in Ukrainian].

Isaienko V.M., Lysychenko H.V., Dudar T.V. (2009). Monitorynh i metody vymiriuvannia
parametriv navkolyshnoho seredovyshcha: navchalnyi posibnyk [Monitoring and methods
of measuring environmental parameters: a study guide]. Kyiv: Nats. aviats. un. «NAU-
druk». 112 [in Ukrainian].

Kucherenko T.V., Holovatiuk Ye.O. (2008). Vykorystannia biotestu Allium cepa L. (tsybulia
zvychaina) dlia otsiniuvannia antropohennoho zabrudnennia navkolyshnoho seredovyshcha

33



[Use of the Allium cepa L. (common onion) bioassay to assess anthropogenic environmental
pollution]. Ahroekolohichnyi zhurnal — Agroecological journal, 4, 79 — 83 [in Ukrainian].

6. Levkivskyi S. S., M.M. Padun (2006). Ratsionalne vykorystannia i okhorona vodnykh
resursiv: navch. posib [Padun Rational use and protection of water resources: education].
Kyiv: Lybid. 60 [in Ukrainian].

7. Medinets V. L., Konareva O. P., Kovalova N. V., Soltys 1. Ye. (2009). Ekolohiia mist ta
rekreatsiinykh zon : Vseukrainska naukovo-praktychna konferentsiia [Ecology of cities
and recreational areas: All-Ukrainian scientific and practical conference]. Odesa. 87
[in Ukrainian].

8. Postanova KMU Pro zatverdzhennia Polozhennia pro derzhavnu systemu monitorynhu
dovkillia vid 30 bereznia 1998 r. Ne 391, Kyiv [Resolution of the CMU on the approval of
the Regulation on the state environmental monitoring system of March 30, 1998 No. 391,
Kyiv]. Retrieved from: https://zakon.rada.gov.ua/laws/show/391-98-%D0%BF#Text (data
zvernennia 08.11.2022 r.) [in Ukrainian].

9. Rudenko S.S., Kostyshyn S.S., Morozova T.V. (2003). Zahalna ekolohiia: prakt. kurs, ch. 1
[General ecology: practice. course, part 1]. Chernivtsi: Ruta. 320 [in Ukrainian].

10. Starykovych L.S., Dudok K.P., Liubas N.M. (2014). Prylady ta metody doslidzhennia stanu
dovkillia [Devices and methods of environmental research]. Lviv: LNU. 196 [in Ukrainian].

11. Stepova O.V., Roma V.V. (2017). Monitorynh poverkhnevykh vod: navch. posib [Surface
water monitoring: education]. Poltava: PoltNTU. 21 [in Ukrainian].

12. Khilchevskyi V.I. Khilchevskyi V.K., Osadchyi V.I. (2012). Osnovy hidrokhimii: pidruchnyk
[Basics of hydrochemistry: textbook]. Kyiv: Nika-Tsentr. 44 [in Ukrainian].

13. Tsarenko O.M. ta in. (2002). Zakhyst dovkillia v umovakh zrostaiuchoho tekhnohennoho
navantazhennia na pryrodu: navch. posib [Environmental protection in the conditions of
growing man-made load on nature: training]. Sumy: Slobozhanshchyna. 464 [in Ukrainian].

14. Shevchuk V.M., Tretiak S. K., Kh. V. Burshtynska (2018). Monitorynh zmin rusla richky
Stryi z vykorystanniam HIS—tekhnolohii [Monitoring changes in the Stryi river bed using
GIS technologies]. Cuchasni dosiahnennia heodezychnoi nauky ta vyrobnytstva — Modern
achievements of geodetic science and production, 1, 138—139 [in Ukrainian].

ABSTRACT

ENVIRONMENTAL CHARACTERISTICS OF THE DNIESTER
RIVER BASIN WITHIN THE SAMBIR DISTRICT

The life quality of the population and the development of sectors of the economy in each
country directly depends on the resource potential. Water resources are an important element
since it is quite difficult to imagine any aspect of human life without water. Statistics show that the
world's population has tripled in the twentieth century and water consumption has increased sixfold.
Various human activities can adversely affect its environmental state, in particular its chemical and
biological composition, on which the life of hydrobionts and the health of the population that
consumes water depend. The malicious problem of today is to provide the population with water
of appropriate quality and sufficient quantity.

Data analysis from environmental passports and regional reports on the state of the environment
in the Lviv region shows that the main pollutants of the surface waters of the region are nitrogen
compounds, BODS5, chlorides, and phosphates. We investigated the environmental state of the
Dniester River, which flows through the territory of the Sambir district. The study showed that all
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samples were normal according to the organoleptic characteristics of the indicator (transparency,
smell). The pH of the tested water ranged from 6.2 to 7.3. Dniester river water mineralization
ranged from 250 mg/l to 366 mg/l. The chloride ion content (Cl-) ranged from 6.25 mg/l to
15.94 mg/l. The ammonium compound concentration in water was within 0.59 mg/I to 1.71 mg/1
and sometimes exceeded the maximum permissible concentration. The concentration of NO2- in
water samples ranged from minimum values of 0.005 mg/l to maximum values of 0.077 mg/l.
Nitrates were found in quantities of 3.2 mg/l — 15 mg/l. The phosphate content ranged from
0.2 mg/1 to 0.38 mg/l. The biotests of Dniester River waters were performed using Allium cepa
plant test. The phytotoxicity level of the Dniester River water was also studied and it was found
that it fluctuated between 28.3—-51.1%. This corresponds to a medium toxicity level and does not
cause a cytotoxic effect.

Key words: Sambir district, Dniester River, environmental status, organoleptic parameters,
pH, mineralization, chlorides, nitrogen compounds, phosphates, biotesting.
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BIO-INDICATION PERSPECTIVITY OF BETULA PENDULA ROTH.
UNDER CONDITIONS OF ENVIRONMENTAL OIL POLLUTION

Abstract. The biological and ecological features of Betula pendula Roth. and its bioindicative
perspectivity under the conditions of environmental oil pollution are analyzed. A wide areas of
Betula pendula distribution are found both in the conditions of urbanized and natural territories of
Ukraine, and in the natural zones of the Northern Hemisphere. The morphological, physiological
and biochemical vitality indicators of the species under the oil pollution conditions are studied. The
stability of the species linear foliar parameters and leaf area in the experimental area conditions
are established, with the exception of the leaf asymmetry parameter, which doubles comparing to
the background value. Peculiarities of Betula pendula assimilation organs necrotization under the
influence of oil pollution are studied. It is found that the spotted type of necrosis is the dominant
in the conditions of the background area, while "fish skeleton" and interveinal necrosis types are
dominant in the oil deposit conditions. In the conditions of the background area, the necrotic
lesions affect the smaller half of Betula pendula leaves, and at the same time, the largest number
of leaves is affected by the second degree of necrosis. Under conditions of oil pollution 65% of
the species leaf plates are affected by the fifth necrosis degree. This indicates that pollutants reach
the plants above-ground organs through the root system. Under the influence of oil pollution there
is a decrease in the buffer resistance of the species leaves’ cells internal environment relatively to
the background values. Betula pendula reacts sensitively to an additional stress factor — acid rain,
and restores buffer resistance by only 38.2%, while in the conditions of the background area this
value is 55.8%.

The most sensitive morphological bioindicative markers of Betula pendula vitality in the
conditions of the environmental oil pollution are the fluctuating asymmetry coefficient and the
leaves necrotic lesion degree. The parameter of buffer stability is characterized by the highest
informativeness among other physiological and biochemical indicators.

According to a complex of morphological, physiological and biochemical indicators, Betula
pendula shows an average sensitivity to environmental oil pollution and can be used as a biological
indicator of the ecological state of man-made territories.

Key words: Betula pendula, oil pollution, environment, bioindication, morphological
indicators, physiological and biochemical indicators.

INTRODUCTION

Environmental oil pollution is one of the global ecological problems of the last decades [14].
Nowadays various technical and biological methods of cleaning soil, water and air from oil
components are used, as well as environmental monitoring of oil production areas ecological
condition. Along with the analytical methods of controlling the level of environmental oil
pollution, phytoindicative methods have also become widespread, which involve the use of
plants sensitive to oil pollution, whose reactions analyze the current ecological situation in a
certain area [1, 3, 4, 13].
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Among the phytoindicative parameters, morphological indicators that reflect the growth
and development of the plant, as well as physiological and biochemical one that reflect
internal metabolic processes in the body, are the most informative. The classic reactions of
plants in response to the influence of oil pollution are the suppression of growth processes,
the appearance of premature aging signs and even the death of plants. A leaf, as a functionally
active organ, reacts faster than others to environmental factors, therefore the level of man-
made loading in a given area can be judged by the reaction of plant leaves [1, 15].

Betula pendula is one of the most common woody plants in the natural zones of the
northern hemisphere and the main forest-forming species of Ukrainian mixed forests. Betula
pendula is a valuable medicinal, essential oil and decorative plant used in the landscaping
of Ukrainian settlements [2]. The species is characterized by its resistance to abiotic
environmental factors — it tolerates frost, drought, and winds, grows on different soil types
[1, 5]. In the case of Betula pendula vitality decrease, damage to the leaf plates by the fungus
Melampsoridium betulinum is observed, which causes rust disease of the species leaves, the
appearance of local necrosis and premature yellowing of the leaves. Betula pendula leaves
are very sensitive to spotting pathogens, which are caused by anamorphic fungi from the
genera Septoria, Phoma, Phomitopsis, Ascochyta, Gloeosporium, Marssonina etc.

Many scientific publications are devoted to the impact of anthropogenic pollution of
urbanized areas on Betula pendula life condition [7, 8, 10, 11, 16, 17], but there is not enough
information about the oil pollution impact on this species and the prospects of using the
species as an indicators of environmental oil pollution [6, 9].

MATERIALS AND METHODS

The research is conducted in Bytkiv-Babchensky oil and gas condensate field conditions,
located in the Nadvirnyan district of Ivano-Frankivsk region.

Sampling of plant material is made from the lower part of the crown along its perimeter in
tiers with one order of branching during the period of completion of the assimilation system
full development (August-September). At the same time 8 Betula pendula individuals are
analyzed, which grow in the zone of the deposit direct influence at a distance of up to 500 m.
As controls plants from a conditionally ecologically clean territory — the "Gorgany" reserve —
are chosen.

The necrotic lesions of leaf plates presence are determined visually. The necrosis damage
degree is assessed using a 5-point rating scale according to S.S. Rudenko's method [12]: 0 —
no damage; 1 — minor point necrosis is present; 2 — spotted necrosis up to 10 mm present;
3 —local necrotic spots that exceed 10 mm present; 4 — less than half of the leaf plate is dead;
5 — the greater half of the leaf blade is dead.

The leaves area is determined by the weight method. The coefficient of asymmetry is
calculated according to the formula according to the generally accepted methodology [12].

The leaf asymmetry coefficient is determined by the formula:

FA (FA=}|L-R}/(L+R)/2), where:

|L-R| — the difference between the left and right parts of the leaf;

L+R — the sum of the width of the left and right parts of the leaf;

FA is the leaf asymmetry coefficient.

Each morphometric parameter is studied 100 times.
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The leaves acidity protoplast acidity is determined according to the generally accepted
method. For this an express test called "acid rain" is used. After grinding fresh plant material
weighing 2 g in 10 ml of distilled water and determining the pH value, 10 ml of 0.1N
hydrochloric acid is added. After a day the pH value is determined, and the stability of plant
cells buffer system is evaluated based on the difference between the initial and final acidity
values of the leaf cells protoplast. The repeatability of experimental studies is fivefold.

Mathematical results processing is carried out using the variational statistical method. The
reliability of the difference between the obtained experimental data and the background data
is evaluated using the Student's t-test. The null hypothesis is rejected at P<0.05. If the level
of significance is in the range of 0.10>P>0.05, then it is considered that there is a tendency
for the manifestation of one or another process. All calculations are performed using the MS
Excel 2007 editor and the Statistica 6.0 software package.

DISCUSSIONS

Betula pendula assimilation organs growth processes are characterized by relative stability
in oil pollution environmental conditions. No significant difference in the length and width of
the specie leaf is recorded in the plants of the experimental and control areas (Table 1).

Table 1. Betula pendula morphometric parameters
in the background and oil-polluted territory

Morphometric parameters Qil-polluted territory Background territory
Leaf length, sm 4,93+0,19 4,81+0,14
Leaf width, sm 4,124+0,12 3,90+0,09
The left side of the leaf, sm 2,06+0,16 1,94+0,18
The right side of the leaf, sm 2,06+0,11 1,95+0,13
Leaf area, sm? 7,11+£2,20 6,51£1,77
Coefficient of asymmetry 0,04 0,02

A slight intensification of the species leaves growth under the influence of the deposit
is noted, which is a rather rare phenomenon in stressful growth conditions. However, this
species reaction indicates a sufficiently large potential of Betula pendula to adapt to extreme
environmental conditions.

An increase in plant mass under stressful growth conditions can be considered as an
adaptive and protective mechanism aimed at increasing the number of leaf cells and,
accordingly, increasing plant survival.

There is no significant difference between the leaves area of experimental and control
plants, which is a reason to consider Betula pendula as an ecologically plastic species. This
tree species supports growth processes at a high level, which also indicates an effective
phytoremediation ability.

Betula pendula leaves asymmetry coefficient doubles in the oil-polluted area compared to
the background, which is a direct indication of unfavorable growth conditions for this species.

Necrotic damage occurs as a result of deep irreversible changes in the leaf plate due to
the concentration of pollutants absorbed from the atmospheric air or soil in its separate areas.
The topography of phytotoxicants distribution within the assimilation organs of woody plants
depends on the industrial emissions composition, the concentrations of its individual ingredients,
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the speed of their entry into the leaf and movement through the vessels [2, 3, 4]. Necrotized
tissues of the leaf surface cannot perform photosynthesis, and therefore cease to perform the
environment-creating function. This leads to the loss of plants vitality and its subsequent death.

Necrotic lesions of Betula pendula leaf plates have a different nature and degree of
manifestation in plants of the background area and plants growing under the influence of the
oil deposit (Table 2).

Table 2. Betula pendula leaf plates necrosis degrees
in the background and oil-polluted territory

Necrosis degrees, % of the total Oil-polluted territory Background territory
number of leaves
I 7 12
11 11 14
11 3 8
v 16 3
\Y 65 4

In the conditions of the background territory less than the half of all examined Betula
pendula leaf plates are characterized by the presence of necrosis on their surface. Predominant
point and spot necrosis, which can occur in natural ecologically clean conditions due to
certain climatic influences.

In environmental oil pollution conditions there is an increase in Betula pendula number
of necrotized leaves, which is a signal of the plants protective mechanisms exhaustion. It is
established that under the oil deposit influence 65% of Betula pendula leaves are characterized
by the presence of spots larger than half of the leaf area.

In the conditions of the background area the point necrosis is the main necrosis type,
which is quite natural given the fact that in a relatively clean territory there are practically no
toxicants capable of causing serious damage to the assimilation organs (Table 3).

Table 3. Betula pendula leaf plates necrosis types
in the background and oil-polluted territory

Necrosis types, % Oil-polluted territory Background territory
Edge 17 11
Spotted 21 21
Interveinal 30 4
“Fish skeleton” 32 5

However, it should be noted that Betula pendula is quite sensitive to the smallest
concentrations of pollutants in the environment, which is manifested by the appearance of
marginal and “fish-skeleton” necrosis in 11 and 5% of leaf plates, respectively.

Necrotic damages of plants assimilation organs in most cases are specific reactions to
various stressors. Point necrosis occurs as a result of drops of sulfuric or nitric acids falling
on a leaf during smog, fog or precipitation in the form of acid rain. Marginal necrosis is an
evidence of heavy metal salts accumulation on the leaf blade edges.

Interveinal necrosis occurs in the process of nitrogen or sulfur oxides drops entering the
leaf through the pores, that are transformed into nitric or sulfuric acid in the cytoplasm, which
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are strong hygroscopic substances and rather quickly take moisture from carbohydrates that
are formed in the process of photosynthesis.

The formation of free carbon burns part of the leaf, the free liquid evaporates, the coal is
washed away by precipitation, resulting in the formation of dry blackish-brown tissue. “Fish
skeleton” type necrosis is mostly caused by the entry of toxic substances through the root
system.

In the conditions of environmental oil pollution the dominance of the “fish skeleton” and
interveinal necrosis type is noted on Betula pendula leaves surface, which is a sign of toxic
compounds entry both through the plants root system and through above-ground parts, in
particular, leaves.

To counteract the chemical pressure of exogenous factors, cells have buffer systems that
stabilize the pH of their environment. Displacement from the optimal pH value has a negative
effect on metabolic processes, the formation and functioning of the protein-enzyme complex
in the leaves. Therefore, by the indicator value of the leaves protoplast buffer capacity, it is
possible to judge the resistance of the plant to man-made conditions [5].

The conducted studies of the woody plants leaves cells buffer system condition testify
to the weakening of protective mechanisms in Betula pendula in response to unfavorable
growth conditions (Table 4).

Table 4. Betula pendula buffer characteristics
in the background and oil-polluted territory

Physiological and biochemical Oil-polluted territory Background territory

parameters
the leaves protoplast pH 5,60+0,02" 5,28+0,02
the pH shift (ApH) of the leaf’s 3.46+0,02" 2.33+0,04
protoplast
pH’
PH, % 38,2 55,8

Note.* — differences with the control are significant at P < 0.05.

The increase of the pH value of the species leaf plates intracellular environment in the oil
pollution conditions is due to the ingress of toxicants through stomata or the root system. In
particular, heavy metals compounds help to reduce the natural acidity of plant protoplasts.

Betula pendula reacts sensitively to an additional stress factor — acid rain, and restores
buffer resistance by only 38.2%, while in the conditions of the background area this value is
55.8%.

CONCLUSIONS

Under environmental oil pollution conditions, no reliable changes in Betula pendula leaf
plates morphometric parameters compared to the background territory are recorded. This is a
sign of the species ecological plasticity and the ability to adapt to adverse growth conditions.
An exception is the coefficient of fluctuating asymmetry, which doubles under the influence of
the deposit compared to the background area. Betula pendula reacts to the environmental oil
pollution with the appearance of necrotic damage on the leaves. On the surface of the species
assimilation organs all types and degrees of necrosis are represented both in the conditions
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of the background and the experimental territory. “Fish skeleton” and interveinal necrosis
are dominant in stressful growth conditions, which indicates the entry of contaminants both
through the species leaf stomata and roots. Under the influence of the deposit the stability of
Betula pendula leaf plates buffer system also decreases, compared to the background area.
In general, Betula pendula shows an average sensitivity to the environmental oil pollution,
which allows the species to be introduced into the greening of oil-polluted areas, where the
plant will perform the dendro-indicative function as effectively as possible.
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AHOTANIA

BIOTHIUKAIIMHA MEPCIHEKTUBHICTH BEPE3U NOBUCJI0I
B YMOBAX HA®TOBOI'O 3ABPYJHEHHSA JOBKIJIJIA

[IpoanamnizoBaHo GioJOTiUHI Ta €KOIOTIYHI 0cOOMMBOCTI Gepe3n MOBUCIIOT Ta ii 610iHANKAIIIHY
MEepPCIEKTUBHICT B yMOBaX HA(TOBOro 3a0pyIdHEHs JOBKULIS. 35COBAHO WLIMPOKHHA apea
MOMIMPEHHs Oepe3r MOBUCIOI SIK B YMOBaxX ypOaHI30BaHMX Ta NMPHUPOIHHUX TEPUTOpiil YkpaiHu,
TaxK i B IPUPOJHMX 30HaX IiBHIYHOI miBKyi. Jlocimkeno Mopgoiorivni Ta dizionoro-6ioximMiuHi
MTOKAa3HHUKH KUTTEBOCTI BUAY ITiJ] BILTMBOM HA(TOBOTO POIOAOBHUINA. BCcTaHOBIEHO CTA0ITBHICT
TMHIMAEX (oriapHAX MOKa3HUKIB Ta IJIOIII JUCTKIB B YMOBaX JOCIIHOI TEPUTOPIi, 38 BUHATKOM
mapameTpa acuMeTpii JIMCTKIiB, IO 3pocTae yaBidui moao (GoHOBOro 3HaudeHHs. JlocmimkeHo
0COOJIMBOCTI HEKPOTH3allii aCUMULSLIHHUX OpraHiB Oepe3u MOBHUCIOL Il BILIMBOM HA(TOBOTO
3a0pyIHEHHS. 35COBaHO, IO JOMIHYIOYMM THIIOM HEKpPO3y B YMOBax (OHOBOi TEpHTOpii €
TUIIMHUCTHH, TOXI SIK B yMOBaX Ha(TOBOTO 3a0pYyIHEHHS — HEKPO3 THUIY «PHOSUMHA CKeleT» Ta
MDIOKHITKOBHE. B ymoBax (oHOBOI TepHTOpil HEKPOTHYHE YpakKeHHs XapaKTepHE Ul MEHIIOT
TIOJIOBHMHY JIUCTKIB O€pe3H MOBHCIIOI i IPH IEOMY HaiO1IbIIa KITBKICTh JUCTKIB ypaskeHa APYTHM
CTyIeHeM HeKkpo3y. B ymoBax HadToBOTO 3a0pyaHEHHS 65% IMCTKOBHX MIIACTHHOK BUY YPaXXEHO
IATHM CTYICHEM HEkpo3y. lle CBIAYUTH MpO MOTPAIUIAHHS 3a0pyAHIOBAYiB 4Yepe3 KOPCHEBY
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CHCTEMY JI0 HaJ3eMHUX OpraHiB pociuHu. [1ix BrutmBom HadToBOrO 3a0py/AHEHHS Bil3HAYA€THCS
3HIKEHHSI Oy(epHOI CTIHKOCTI BHYTPIIIHBOTO CEPENOBHINA KIITHH JHMCTKIB Oepe3d MOBHCIIOL
moao (pOHOBHX 3HaYCHb. bepesa MoBHCa YyTIIMBO pearye Ha JIOJAaTKOBHH CTpecoBHil dakrop —
KHCJIOTHUH [0, Ta BiTHOBIIOE OyepHy cTiiikicTs numie Ha 38,2%, Toai sSK B yMoBax (hOHOBOI
TEpUTOPIT Lie 3HAUSHHS CTAaHOBUTH 55,8%.

HaituytnuBimmuvu  MopdonoriyHumMu  Oi0IHAMKAIIHHUMHE MapKepaMH JKUTTEBOCTI BHIY
B YMOBax Ha(TOBOTrO 3a0pyAHEHHS NOBKULISL € KoeilieHT (UIyKTyIouoi acMMeTpii Ta CTYIiHb
HEKPOTHUYHOTO YypakKeHHs JHCTKiB. IlokasHuk OydepHOi CTIHKOCTI Bi3HA4a€THCS HAMBUINOIO
iH(pOPMATHBHICTIO cepel IHMUX (Pi31010T0-010XIMIYHUX TOKA3HUKIB.

3a KOMIUIEKCOM Mop(ponorimmx Ta (izionoro-6i0XiMIYHNX TMOKa3HUKIB Oepe3a MOBHCIA
TPOSIBITSIE CEPE/IHIO Iy TIHBICT 10 Ha(bTOBoro 3a0pyIHEHHS IOBKIJIIS Ta MOXKE BUKOPHCTOBYBATHCS
y SIKOCTI G10JIOTIYHOTO IHANKATOPa €KOJIOTTYHOTO CTaHy TEXHOT€HHO-3MIHEHUX TEPUTOPIH.

KaouoBi cioBa: Oepe3a mnoBucna, HapToBe 3a0pyIHEHHS, HABKOJIMWIIHE CEPENOBHILE,
OioiHaMKaIis, MOp(HOIOTIYHI TOKa3HUKH, (Pi31070T0-010XiMiYHI TOKA3HUKH.
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TAKCOHOMIYHUM AHAJII3 JIKAPCBKHUX POCJINH
CUHAHTPOIIHOI ®PAKIII ®J1I0PU MUKOJIAIBCBKOI OTI

AHoranis. J{ochipkeHHS MPOBOAWIM MapIIpyTHUM, CTAalliOHAPHUM 1 HaMiBCTalllOHAPHUM
METOJIaMH 13 3aCTOCYBaHHSIM 3arajbHONPHUUHITHX METOIUK aHali3y ¢uiopu. MeTa nmpoBeneHoro
JIOCIIJDKEHHST — MPOBECTU CUCTEMAaTHYHUM, 010MOP(OIOTIYHUI Ta €KOJIOTO-1IEHOTUYHHI aHai3
CHUHaHTpOMNHOT (pakuii Gpaopu AuKopocaux Jikapcbkux pocind Mukonaisebkoi OTT.

VY crarTi NpeACTaBICHO Pe3yNbTaTH A0CIIKEHHs JTIKapChbKUX POCIMH CHHAHTPOIHOI (paKiiii
¢mopu MuxonaiBebkoi OTI. Koncnekt nociipkyBanoi duopu HapaxoBye 81 BuI, 1110 HaJeXaTb
110 76 poxniB, 28 poauH Ta 2 BiAAUIIB. BU3HAYCHO CHCTEMAaTHYHUM CKJIad, BCTAHOBJICHO PSICHICTH,
BU3HAYEHO €KOJIOTO-IICHOTHYHY CTPYKTYpY.

Bigain Magnoliophyta naniaye 80 Bumis (98,8 %), 3 skux Ha Liliopsida npunanae 2,5 %,
Ha Magnoliopsida — 96,3 %. Binain Equisetophyta monotunauii, Mictuth Juire 1 Bug (1,2 %).
[Mepuri Tpu mo3uwii y pOAMHHOMY CHEKTPl IOCTIDKYBaHOI (NIOPH IMOCINAIOTh NMPENCTaBHUKH
ponunu Asteraceae, Lamiaceae Ta Fabaceae, Ha siki B 3arajibHoMy npunamgae 39,5 %. Anaiis
YaCTOTH PSACHOCTI BUJIIB MTOKa3aB, 1110 62,9 % 3ycTpivaroThCst JOCUTH YyacTo. [T00MHHOKO Ta PiaKo
3pocrae 37,1 % nikapChbKUX POCIIMH TOMY IXHI IPUPOJIHI apealid MOTPiOHO OXOPOHSITH.

Hai#t0ibIy 9acTKy y CTPYKTYpI )KUTTEBUX (POPM CKJIaIat0Th OararopiuHi TpaB’ SsHUCTI POCIHHU
(98,8 %), xywi ta yarapuuku (1,2 %). [IpoaHanizoBaHo XUTTEBI POPMH POCIIHH 32 XapaKTEPOM
po3TalyBaHHs OpyHbOK BiIHOBIICHHS IIOJI0 MOBEPXHI 3eMJIi Ta CHIrOBOTO MOKpHBY. Po3nomnin 3a
KHUTTEBUMHU (POpMaMH IOKa3aB, IO AOMIHYIOTh remikpuntoditu (46 Buais, adbo 55,8 %), apyre
micue nocigaots Tepodit — 25 (30,9 %) BumiB, Tpete — kpuntoditu 7 (8,6 %) Buais. [IpoBeneno
PO3MOIIT BUIIB BIAMOBIAHO IO 1X CIEKTPIB 33 BiAHOIICHHSIM 10 BOIHOTO PEKHMY, OCBITICHHS
Ta POImIOYOCTi IpyHTY. OTpUMaHI pe3ysbTaTH €KOJIOTIYHOTO aHali3y 3a BiJHOIICHHSM JI0 BOJIOTH
BKa3yIOTh Ha IepeBakanHs kcepome3o(iTis 44,4 % (36 BuiB); 10 yMOB OCBITIICHHS, 3aiiMae rpymna
remioditie 43 Bumu (53,1 %), 10 pomrouocTi rpyHTy eBTpodu (39 Buais, abo 48,1 %).

3’s1coBaHo, 110 3a OXO/KEHHSIM HalHOLIbIIIa KUTBKICTh BUITIB JIKAPCHKUX POCITHH Ma€ €Bpasiiichbke
noxo/pkeHHs1 28 BuaiB (34,6 %). IlpoanarizoBaHi HAMHM BUIM JIKQPCHKUX POCIHH B OQILiiHIN
MEIMIMHI BUKOPUCTOBYIOTB 46 BuiB (56,8 %) Ta HeTpaauuiitHii mexuuuai 35 Bunis (43,2 %).

Kirw4oBi cjioBa: mMOIMMPEHHS JKAPCHKUX POCIHMH, OioMopda, MapuIipyTHHH METO.
JIOCITIJDKEHHS, (iopa, PSACHICTb.

BCTYII

JlikapchKi pPOCIMHH CTAHOBIATH BaXKIMBY 3a CBOIM 3HAYEHHSIM YacTHUHY 3arajbHUX
Oionoriuaux pecypciB VYkpainu. [liomi, Ha SIKMX BHPOCTaIOTh JKapChKi POCIWHH,
cxiragarots MeHmre 10 % Ttepuropii Ykpainu. bims 85 % mikapchkoi poCIMHHOI CHPOBHHH
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30HpAETHCS B IPUPOIHUX MICIIE3POCTAHHSAX POCIHH. 30UTBIIYIOTHCS 3 KOXKHAM POKOM IO
Ta PI3HOMAHITTA KYJIBTHBOBAHUX JIIKAPCHKUX POCIHH, ajie K MpaBUIIO, iX KIJIBKICTh HE
nepesurtye 15 Bunis [5, 6]. [orpeda B JikapchKUX pocIuHAX IyxKe Beinuka — 110 40 % ycix
JIKapCchKUX 3ac00iB, 110 3aCTOCOBYIOTh y MEIWIUHI, CTAHOBJIATH MpenapaTd POCIMHHOTO
MoxXo/keHHs. JIikapchKi POCIMHHM — OJTHE 3 OCHOBHHX JDKEpPEN OAEp)KaHHS JIKYBaJbHHX
1 mpodinakTudHuX 3ac00iB MeauuuHU. [lonut dapmMaieBTHUHOT MPOMHUCIIOBOCTI YKpaiHU Ha
CHPOBUHY JIUKOPOCIHUX JIIKAPCHKUX POCIUH 3aJIUITA€THCS BETUKIM.

JuKopocii JiKapchKi pOCIWHH, SIKi 3pOCTalOTh Ha AHTPOMOIEHHO TpaHC(HOPMOBAaHUX
€KOTOIaX BJIACTUBI 3MiHH, sKi (OPMYIOTBCS Ta PO3BUBAIOTHCS 32 YMOB CHHAHTpPOIIi3allii.
OCBO€HHS CUTBCHKOTOCTIOAAPCHKUX YTib 3MiHIOE a00 3HMIY€e BUXiAHY ¢uopy [1, 11].

BuBueHHIO JIKapCHKUX POCIHH, SKi € CHHAHTPONHHMH BHIAMH B OKPEMHX perioHax
VYkpainu, aHamizy i 0COONMBOCTEHl Ta CKIaJAaHHIO PECYpCHUX MPOTHO3IB JiKapChbKOl
CUPOBHHU 3a MPOIleCaMU CHHAHTPOMI3allii B HAyKOBHX JKEpeiax MPUIiJICHO HEeI0CTaTHBO
yBaru [11, 13].

Taki 70T IKSHHS CIIPUSIFOTH BCTAHOBIICHHIO 00’ €EKTHBHOT KAPTHHHU HAIBHOCTI PUPOTHHX,
(hiTOCHPOBUHHUX 3amaciB 1 po3poOJeHHI0 3aXOAiB 3 ONTHMi3alii IXHbOTO BHUKOPHUCTAHHS
9 0XOpOoHU B MaiiOytHROMY. [loHan 50 % pecypciB rocTponeginnTHAX BUAIB JTIKaAPCHKHAX
pociuH npuponHoi Gpiaopu oOMexeHi Ta NoTPeOyIOTh OEPEIKITUBOTO BUKOPUCTAHHS, HA MEXKi
BrucHaXXeHHS 20-25 % BUAIB Ta M OXOPOHOIO HA JEPKABHOMY UM PETiOHAJHHOMY PiBHSX
nepedyBatoTh 0insg 10 % [4].

MeToro poOOTH € BUBYCHHS Ta JIOCIIHKEHHS JIIKAPCHKUX POCIMH CHHAHTPOITHOT paKiii
¢nopu Muxonaiscekoi OTT.

MATEPIAJIN TA METOAH

[TompoBi mociipkeHHsT IpoBoAMIHCS mpoTtsirom 2021-2022 pp. 3a 3araJbHONPUHHATOIO
METOIUKOK  (PIOPUCTHYHHUX  JTOCHI/DKeHb. BHUKOPUCTOBYBaBCS METOA  MapUIPYTHO-
JIarHOCTHYHUX JIOCII/PKeHb. BU3HAUANH PACHICTh POCIHH, MiCIIE3HAXOKCHHS, EKOJIOTI9H1
YMOBH 3pOcCTaHHA. PacHicTh Bu3Hauamnu 3a mkaioro O. dpyne [3], 6iomopdonoriununit anami3
nposezeHo 3a 1. Cepebpsxoum [14]. HamexxHicTh BUIIB JI0 JIKaPCHKUX POCIHH BH3HAYAIN
3a B.M. Minapuenko [8], CuranTpomizalis BuaiB Bu3HaueHa 3a B.B. I[Iporononosoro [12].

PE3VYJIBTATHU

[lin yac QUIOPHCTHYHUX IOCIIDKEHb, 32 HATUMH pe3yJbTaTaMH Ha JOCIiKyBaHIl
Teputopii BusBIeHO 81 BHI IUKOPOCIHMX JIKAPCHKUX POCIHH. Y CHCTEMAaTHYHOMY
ACTeKTI i BUIH HalleXkaTh 10 76 pomiB, 28 poauH, 3 KJIaciB Ta 2 BUIIIIIB BHIIUX POCIHH:
xBouenonioui (Equisetophyta) — 1 Bun (1,2 %) ta noxpuronaciui (Magnoliophyta) — 80
BuAiB (98,8 %). binpmicTs BUAIB TOKPUTOHACIHHUX HAJCKHUTH N0 Kiacy Magnoliopsida
i mume 2 Buau (2,5 %) no xnacy Liliopsida (tabn. 1). CuctemMaTnyHuil aHaT13 BUAIB TOJAHO
B Tabnuni 1.

PsicHicTh BU3HAYATHM OKOMIpHEM METOJOM 3a Iikajor pyne. Hamu BusiBieHO AeKiabka
Kareropiit: mocuth wyacto (Copl — 16 BumiB (19,8 %) (Elytrigia repens L., Glechoma
hederacea L., Betonica officinalis L.). Yacto (Cop2) poctyTth 22 Bunmu (27,2 %) pociuH
(Symphytum officinale L.,Verbascum densiflorum Bertol., Nepeta cataria L., Chenopodium
album L.), nyxe vacto (Cop3) 13 Buais (16,0%) (Galium verum L., Lytrum salicaria L.,
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Trifolium repens L., Potentilla anserina L.), 3pigka abo po3cisHI y BITHOCHO HEBEJIMKIH
kimpkocTi (Sp) pocte 20 BuniB (24,7 %) (Chamaerion angustifolium L., Stachys palustris L.,
Ononis arvensis L., Samducus nigra L.). 3yctpigarorbcst moonuaoko (Sol) 10 Buais (12,3 %)
(Anchussa officinalis L., Ballota nigra L., Campanula patula L., Agrimonia eupatoria L.).

Tadmuus 1. TakcoHOMiYHA cTPYKTypa (pJIOPH AUKOPOCIHX JIKAPCHKUX POCIUH

Bigaia i k1acu Ponuna Bun
abc.k-cmob % aoc. K-cmb %
Equisetophyta 1 3,6 1 1,2
Magnoliophyta 27 96,4 80 98,8
Magnoliopsida 26 92,8 78 96,3
Liliopsida 1 3,6 2 2,5
3araJsiom: 28 100,0 81 100,0

Ponuna Asteraceae (Matricaria perforata Merat., Hieracium pilosella L., Artemisia
absinthium L. Ta iH.) mpencrapieHa Haii0inbmoo KineKicTio BuaiB 16 (19,8 %). Ha npyromy
Mmicui poauna Lamiaceae npeacrasiena 9 (11,1 %) Bumamu nikapcbkux pociuH: Ballota
nigra L., Glechoma hederacea L. Ta inmi. Tperto mo3umito 3aiiMae poxuHa Fabaceae 7
(8,6 %) Buni mikapcekux pocnut: Mellilotus officinalis L., Lotus corniculatus L. Ta iH.

30kpema, OKpiM Rosaceae, msTbMa BHmamu (6,2 %) TpencraBiIeHa POIMHA
Scrophulariaceae. Tlo dotupu Bumu (4,9 %) HapaxoBYIOTh Yy CBOIH CTPYKTypi POIAMHH
Polygonaceae, Brassicaceae Ta Apiaceae. Ha inmi pomuHu npunagae 27 BUIIB, KOKHA
3 AKX npencrtaBieHa 1-3 Buaamu. Ciiif 3a3Ha4uTH, 1O 14 POAMH € MOHOTHITHUMH, KOTPi
BKJIFOYAIOTh 110 OTHOMY BHIY.

3a TPUBAIICTIO KUTTEBOTO LUKIY MEPEBAXKAIOTh MMOJIKapMiuHi pociauHu (56 BUAIB abo
69,1 %), MOHOKapIiYHUX BUJIIB HE BUCOKa yacTka 30,9 % (25 BumiB).

AHaii3 KUTTEBUX (OPM MOKazaB, 10 13 81 BHIY AOCHIIKYBAaHHX JIKApPCHKUX POCIHH
HaiO1IbIIA YacTKa IpHUIagae Ha remikpunroditu 55,8 % (46 Buxis). Lle — Plantago major L.,
Lytrum salicaria L., Betonica officinalis L. Tomo. Tepoditu npencrasneni 25 (30,9 %)
Bunamu: Verbascum densiflorum Bertol., Chenopodium album L., Mellilotus officinalis L.
tomo. I'pyna xpunrodiriB npezentosana 7 (8,6 %) sumamu: Elytrigia repens L., Stachys
palustris L., Convolvulus arvensis L. Tomo. Xameditn Ta (aHepodiTH NpeacTaBieHi
HEBEJIMKOIO KUIBKICTIO BUAIB 2,5 % Ta 1,2 % BianosigHo. Po3noain BUAIB JIiIKapCHbKUX POCITUH
3a i€ 03HAKOKO IMOKa3aHMi y puc. 1.

AHali3 eKoJOTIYHOTO CIEKTpa CBIMYUTh, IO Yy BIJHOIIEHHI 1O BOJHOTO PEXUMY
B JIOCTIDKEHiH ¢uopi mepme micue mocigarote kcepomesoditu 44,4 % (36 BumiB) cepen
akux: Mellilotus officinalis L., Plantago lanceolata L., Linaria vulgaris Mill. Centaurea
cyanus Dost., Me30diT 3aliMatoTh BimnoimHo Apyre mictie — 30 BumiB (37,0 %) — Rumex
confertus Willd., Campanula patula L., Trifolium repens L., Chelidonium majus L. Tomo.

Jo rpynu me3okcepodiTiB Hanexars — 7 BUIIB (8,6 %) (Echium vulgare L., Erigeron
canadensis L., Galium verum L., Symphytum officinale L. Ta iH.), 1o rirpo¢iTHOi rpynu
8 BumiB (9,9 %) — Ranunculus repens L., Impatiens parvifalora L., Bidens tripartita L.,
Lepidum ruderale L. Ta in.
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1,20% 2,50%

* remikprnTodiTi = EpunTodiT Tepoditn = fhanepodiTr xamediTn
Puc. 1. CniexkTp XUTTEBUX (POPM 32 XapaKTepoM Po3TALIYBAHHS OPYHbLOK BiIHOBJIEHHS

[poBinHe MONOXKEHHS 32 BiTHOIICHHSIM J0 YMOB OCBITICHHS, 3aliMae rpyma remiodirtis
43 Bumm (53,1 %) ta cuioremiogitiB 28 (34,6 %). Lle BKasye Ha mepeBaKaHHS EKOTOIIIB
3 BHCOKHMM piBHEM OCBiTIeHOCTi. YacTka remociiioditTiB He3HayHa i cTaHOBHTH 10 BHIIB
(12,3 %).

Cepen BUIIB 3a BIIHONICHHSIM JO POMIOUOCTI IPYHTY BHSIBICHO TPHU IpyIH Tpodomopd:
eBTpodu (39 Bunis, abo 48,1 %), mezorpodu (33 Buau, ado 40,7 %) Ta onirorpodu (9 Bumis,
aoo 11,1 %).

VY chekTpi perioHaJbHUX XOPOJOTIYHUX TPYH (IOpH JOMIHYIOTH BHAU €BPa3idCHKOI
rpymu (28 Bumis; 34,6 %).

BUCHOBKH

3rigHO iHBEHTapH3alIMHUX JaHUX (IIOpH, Yy 3aralbHOMY CHUCTEMaTHYHOMY CIEKTpi
nepeBakaroTh npencraBHukn Magnoliophyta (98,8 %). 3a KUIBKICTIO BHIIB JOMIHYIOYE
Micre 3aiimae knmac Magnoliopsida, sxuii npeactasaeruit 78 (96,3 %) Bumamm, a Kiac
Liliopsida 2 (2,5 %) Bumamu. 3a xnacudikamiero 1IN CepeOpsikoBa BHIU NIpeNCTaBICHI
Ha3¢MHUMH TpaBaM{ Ta JEPEBHUMHU KUTTEBHMHU (opmaMu y croiBBiaHomeHHI 98,8 % Ta
1,2 % BIAMOBIAHO. 32 EKOJOTTYHUMH MMOKA3HUKAMK BHJM BITHOCHO BOJIOTH IMPEICTABJICHI:
kcepomesoditu 44,4 % (36 BUAIB), OO0 iIHTEHCUBHOCTI OCBITIIEHOCTI TemiodiTH (43 BuIH,
abo 53,1 %) ta no pomrodocti IpyHTY eBTpodu — 48,1 % (39 BuaiB). BinbimicTs BUIIB
JIKapChKUX POCIIMH MAIOTh €Bpa3ilichKke MOXOMmKeHHS (28 BuaiB; 34,6 %).

OTxe, OCHOBOIO BUKOPHUCTAHHS JIKapCHKUX POCIHH € BH3HAYEHHS IX pecypciB Ta
JOCITI/DKEHHST €KOJIOTIYHUX OCOOJIMBOCTEH MPOMHUCIOBUX BHUJIIB 3 METOHK OE3BUCHAKIMBOT
eKcIDTyaramii # oxopoHu. OXOpoHa IIKapCHKUX POCIUH Oyae ¢(QEeKTUBHOIO JIHIIE IpH
palioHaTbHOMY Ta PETeJIbHOMY BUBUCHHI.
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ABSTRACT

TAXONOMIC ANALYSIS OF MEDICINAL PLANTS
OF THE SYNANTROPIC FRACTION OF THE FLORA
OF MYKOLAIVSKY OTG

The studies were performed by route, stationary and semi-stationary methods using conventional
flora analysis techniques. The purpose of the study was to find out a systematic, biomorphological
and ecological-cenotic analysis of the flora of wild medicinal plants of of Mykolaiv OTG region.

The article presents the results of the study of medicinal plants of the synanthropic fraction
of the flora of Mykolaiv OTG. The synopsis of the studied flora includes 81 species belonging
to 76 genera, 28 families and 2 divisions. The systematic composition was determined, and the
ecological and coenotic structure was determined.

The department Magnoliophyta includes 80 species (98,8 %), of which Liliopsida account for
2,5 %, Magnoliopsida — 96,3 %. Division Equisetophyta is monotypic, contains only 1 species
(1,2 %). The first three positions in the family spectrum of the studied flora are occupied by
representatives of the Asteraceae, Lamiaceae and Fabaceae families, which account for 39,5 % in
total. The analysis of the frequency of abundance of species showed that 62,9 % occur quite often.
37,1 % of medicinal plants grow singly and rarely, so their natural habitats be protected.

Perennial herbaceous plants (98,8 %), shrubs and bushes (1,2 %) make up the largest share in
the structure of life forms.The key role of the different plant life forms by the type of root sestems
and position of revival buds about the blanket of snow in restore vegetation of grasslands were
definited. The dictribution by life forms showed that hemicryptophytes dominate (46 species, or
55,8 %), the second place is occupied by therophytes — 25 (30,9 %) species, the third cryptophytes
7 (8,6 %) species. The distribution of species was carried out according to their spectra in
relation to the water regime, lighting and soil fertility. The obtained results of ecological analysis
in relation to moisture indicate a predominance of xeromesophytes of 44,4 % (36 species); to
lighting conditions, the group of heliophytes occupies 43 species (53,1 %), to soil fertility eutrophy
(39 species, or 48,1 %).

It was found that by origin the largest number of species of medicinal plants is of Eurasian
origin, 28 species (34,6 %). We analyzed the types of medicinal plants used in officinal medicine
by 46 species (56,8 %) and in nontraditional medicine by 35 species (43,2 %).

Key words: spread medicinal plants, biomorph, route research method, flora, abundance.
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JTEHJAPOIHAUKALIS EKOJIOI'TYHOI'O CTAHY
TEXHOI'EHHUX TEPUTOPI B OKOJIUIII
BYPUHITHHCBHKOI TEILVIOBOI EJIEKTPOCTAHIIIT

AHoTanis. ByplTuHChbKa TEIUIOENEKTPOCTAHIlISI Ma€ HETaTUBHUN BIUIMB Ha HAaBKOJIMILIHE
CepeIoBHIIEe, 30KpEMa, IePEeBa Ta KYIIIi, SIKi (PiIBTPYIOTH MHJI i3 TOKCHYHUMU peuoBrHaMU. OCTaHHI
OCi/Ial0Th Ha MOBEPXHI JINCTKOBUX TUTACTUHOK, CIIPUYUHSIOTH Pi3HI HEKPO3HI 3aXBOPIOBAHHS, IO
y TOAANBIIOMY Be/e O 3aruoOeii 3HaYHOi KUTBKOCTI POCHHH. | nHIne HOCUTHh BUTPHUBANI BHIU
POCTIHH, aIaTyIOThCS A0 TAKHX YMOB CEPEAOBHUINA i MPOAOBKYIOTH iCHYBaTH.

PesynpraTi gocimiKeHb Jal0Th 3MOTY 3aIIPOBAIUTH CTiHKi AEPEBHI METi0paHTH HABKOJIHIITHBOTO
CepellOBHUIIIa, a TAKOXK JAEPEBHI IHJUKATOPU HOTO EKOJIOTIYHOTO CTaHy MPH 3aJliCHEHHI PUIITIINX
JUITHOK BypIITHHCHKOT TEIIOBOT eNeKTpocTaHii, 3a0pyIHeHNX XIMIYHUMU €JIeMEHTaMH.

3’scoBano, mo y pagiyci g0 0,5 km? Bij BypHITHHCHKOI TEIIOBOI €IEKTPOCTAHIIT BUIOBE
PI3HOMAHITTS YarapHUKOBO-JCPEBHUX TIpEICTaBlicHe juimie 8-ma Bumamu (Populus nigra L,
P. Tremula L, Salix caprea L, S. Alba L., Betyla pendula L., Sambucus nigra L., Prunus spinosa L.,
Tilia cordata Mill.). [edopmarii maroniB BusBIeHO y 75% gepeB Ta KymiiB, aedopmariii
JUCTKOBHX MacTUHOK y 100% Buam, 1m0 3pocTaroTh Ha MPHICHIiA TEPUTOPIi BIAHOCATH 10
JPiOHO JIMCTSHUX JIEPEBHUX MOPSIJ] Ta XapaKTEPU3YIOThCS IIUPOKOIO aMILTITY/IOI0 aIaliTUBHUX Ta
MPUPOIHUX MPUCTOCYBaHb.

Ha Bignanewniii reputopii (8ix 0,5 1o 1 kM?) Bijg BypIITHHCHKOI TEIIIOBOT €IEKTPOCTAHIIIT BUIOBE
PI3HOMAHITTS YarapHUKOBO-AEPEBHOI POCIMHHOCTI HabaraTo pi3HOMaHITHINIE 1 TpencTaBiieHe
20-ma Bugamu (Acer campestre L., A. platanoides L., A. negundo L., A. platanoides L., Fraxinus
excelsior L., F. lanceolata Borkh., Populus nigra L., P. tremula, Salix caprea L., S. alba L., Betyla
pendula L., Carpinus betulus L., Sambucus nigra L., Tilia cordata Mill., Quercus robur L.,
Fagus sylvatica L., Crataegus oxyacantha L., Prunus spinosa L., Robinia seudoacacia L.,
Gleditsia triacanthos L.). lepopmanii naronis BusiBieHo y 35% nepeB ta Kymiis, aedopmartii
TCTKOBHX MacTHHOK Y 100%. IIpoTe iHTEHCHBHICTS iX € 3HAYHO MEHIIA Ta cilallle BHpaKeHa.
TyT, 30cepemxeri BUAN K ApiOHO- TaK 1 MIMPOKOIHMCTSIHHUX IMOPiM, SIKi XapakTepHi i JaHoi
MICILIEBOCTI.

KirouoBi cjioBa: TeXHOTeHHI 3a0py/IHCHHS, TOKCHYHA JTis, IepeBa, KyIili, Je(popMaIllii maroHis,
neopMallii JINCTKOBUX TUIACTHHOK, HEKPO3H JINCTKOBUX TUTACTHHOK.

BCTYII

Ha cporomHi cBiToBa CHiIbHOTa BCe OLjIbIlie MPHUAIISE yBard BUPINICHHIO TpoOieM,
SKI MOXKE BUKIWKAaTH SK camMa MPUPOJAa, TaK 1 JMisUTbHICTh JoAWHH. HeparioHanbHe
MIPUPOAOKOPHUCTYBAHHS, TEXHOTCHHI 3a0py/THEHHS € OITHUMH 13 HAO 111 TOCTPHX 1 HATATbHUX
npobJeM Cy4acHOCTI, SIKi HOTpeOyIOTh y4acTi yCixX IepikaB sIK Ha HalliOHAJILHOMY, TakK i Ha
TpaHCHAI[IOHAJILHOMY PiBHSIX.

3a manumu 2019 poky, micTo BypmTHH € OnHMM i3 HaOiNbII 3a0pPyIHEHUX MICT
VYkpainu [1].
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Jis  Bypmrtuacbkoi  TerutoBoi  enektpoctaHimii (TEC) e akryanpHOrO mpobiema
CKJIaJlyBaHHs Ta epepoOKU TBEPAUX BiAXOAIB (LTAKy Ta 30JI1), IO MICTATh Y CBOEMY CKJIai
BEJIMKY KUIBKICTh BAXKKHX MeTaliB [4]. 30i1a a00 BYTijIbHHI TTHJI, SIKi HE BIOBUJIO Ta3004HCHE
oOnagHaHHs, ocimae y 30-kimoMeTpoBOMY paiiyci HAaBKOJO CTaHLii [2], Mae 3arajibHO
TOKCHYHY JIif0 Ha J)KMBI OPTaHI3MHU BCiX TAKCOHOMIYHHX PaHTIB.

Baxki MeTanu € oHi€l0 i3 HAWMOIIUPEHIIIO TPYHOK XiMIYHUX €JIeMEHTIB 1 OIHIEI0
3 MPUYUH HEKPOTUIHOTO YPaXKESHHs OPTaHiB, 10 3aCBOIOIOTH POCIUHH [3].

VY pocnuHi MeTanu OMOKYIOTh aKTUBHICTh (DEPMEHTIB 1 CTUMYNIOKOTH CTApiHHS KIITHH
NUIIXOM 1HTEHCU(IKaIil BUIBHO paJMKAIBHUX TMpoleciB. HeKpoTHYHI MOIIKOKEHHS
€ TEepIIOI0 BHIMMOIO PEAKI€I0 POCIMH Ha HECHPUATIMBI YMOBH pPOCTYy Ta CIYXaTbh
JIarHOCTHYHUM MapKepoM B YMOBaX HaBKOJHIITHLOTO CepeloBUINa [4].

MATEPIAJIN TA METOJAHN

[TonpoBi criocTepeskeHHs 3A1MCHIOBAIM BIPOJOBXK JBOX BererauiiiHux mepiogiB 3 2020
o 2022 pp. YV X0zl NONBOBUX TOCIHIHKEHDb JCHIPOGIOPH MU KOPUCTYBAIUCS MapIIPyTHAM
MEeTOIOM. TaKCOHOMIYHMN CKJIaA IOeHIPO(GIOPH BH3HAYAIM 3a 3arajlbHONPHUHHITAMU
METOJaMH Ta YTOYHIOBAJIN 32 BU3HAYHUKAMH.

PE3VJIBTATH

[IpakTHyHa 3HAYYIIICTh PE3ybTATIB A€ 3MOTY 3alPOBAIUTH CTilKi AEpEBHI METiOpaHTH
HaBKOJIMIITHHOTO CEPEIOBHINA, & TAKOXK JIEPEBHI 1HAMKATOPH HOTO €KOJIOTIYHOTO CTaHy IPHU
3aTiCHEHHI TPUWICNIUX JAUUITHOK 10 BypIITHHCHKOT TEIIOBOT IEKTPOCTAHIIIT, @ TAKOXK 1HIIIHX
€KOCHCTEM, 3a0pyJTHEHUX XIMIYHUMH EIIeMCHTaMH.

Ha BupoBuil cknaxg dYarapHHUKOBO-JEPEBHUX pOCIMH BypIITHHCBKOI  TEMIOBOI
€JIGKTPOCTAHIIIT HacaMIiepe]l Ma€ BEIMKWIA BIUIMB 3ara3oBaHICTh MOBITPS Ta TEXHOTCHHO-
3MIHCHUH TIPYHTOBHH NOKpHB. Y BHIIB, sKi 3pOCTalOTh y TaKUX YyMOBaxX IMOBHHHI
chopMmyBaTHCs TICBHI aJalTHBHI OCOOIUBOCTI 0 TEXHOTCHHO-HABAHTAXKEHOTO CEPEIOBHIIA
a00 NOBUHHI MaTH IPUPOJHY «BIACHY» HIUPOKY aMILTITYy KOJMBaHb IPUCTOCYBAHb Y Oy/Ib-
SKAX TIPUPOTHHUX CEPETOBHIIAX.

BunoBe pi3HOMAHITTS YarapHMKOBO-ACPEBHUX POCIWH, IO 3HAXOAHWTHCI HA
TEepUTOPii Ta MPUIETIiH JINAHI 10 BypIITHHCHKOT TEMI0BOT €JIEKTPOCTAHIIIT Y paaiyci
1o 0,5 km? ta y paaiyci Big 0,5 kM 10 2 KM? qy’e Pi3HATHCSA 33 BUAOBUM CKIIAOM Ta
MOP(OJIOTIYHUMY O0COOITMBOCTIAMH. Pe3ylibTaT HAUX JAOCTIKeHb HAaBEJCHI Y TaOJIHIIi
1 Ta Tabmui 2.

Ha npuseriii tepuropii y pamiyci (mo 0,5 km?) 10 BypIrTHHCBKOT TETIIOBOT €IeKTPOCTAHIII
BUJZIOBE PI3HOMAHITTS YarapHUKOBO-IEPEBHHUX IPEACTABICHE JIMIIC §-Ma BHIAMHU.
VY 6inemmocti aepes (75%), crioctepiraeThCcs HOKPYUEHICTh MAroHIB, YCi AepeBa MalOTh Bif
53% y Prunus spinosa L. no 86% y Sambucus nigra L. nepopmanii JMCTKOBUX IIACTUHOK Ta
3HAYHI HEKPOTHYHI YTBOPCHHS.

Buaun, mo 3pocraroTh Ha TOpWIETIid TEPUTOPIi BIAHOCATH A0 APIOHO JIMCTSHHUX
JIepPEeBHUX TOPSII Ta XapaKTEPH3YIOTHCS ITHPOKOI0 aMILTITYI0I0 aJallTUBHUX Ta MPUPOITHUX
MPHUCTOCYBaHb.
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Taoauus 1. Bugose pizHOMaHIiTTA Ta MOp(oJoriuHi ocod1uBocTi
YyarapHuKoBo-AepeBHUX pociauH Bypmtuncskoi TEC,
1[0 3POCTAE HA MpUJIeriii xinsnui y paaiyci g0 0,5 km?

Jedopmanii
Neo IMokpyyeHicTh | JIMCTKOBHX IJIACTHHOK
n/n Haspa ponnu Haspa sy NAroHiB a00 HeKpOTHYHI
YTBOpeHHs, %

1. Populus nigra L. + 60%

2. Salicaceae Populus tremula L. + 58%

3. Salix caprea L. + 82%

4. Salix alba L. + 67%

5. | Betylaceae Betyla pendula L. - 74%

6. |Adochaceae Sambucus nigra L. + 86%

7. |Rosaceae Prunus spinosa L. + 53%

8. |Malvaceae Tilia cordata Mill. - 69%

Ta0nuus 2. Bugose pizHOMaHITTA Ta MOp(osoriyHi ocoduBocTi
YyarapHHuKoBo-AepeBHuX pocauH Bypmruncekoi TEC,
110 3pocTae Ha Bixnaneniii ginsinui y paniyci Bix 0,5 10 1 km?
Hedopmanii
Ne HasBa H MokpyYeHicTh | JUCTKOBUX MJIACTUHOK
n/n poauHM 4384 BILY NaroHiB a00 HeKPOTHYHI
yTBOpeHHs1, %

1. Acer campestre L. 53%

2. Sapindaceae Acer platanoides L. + 62%

3. Acer negundo L. + 48%

4. Acer platanoides L. 69%

5. |Oleaceae Fraxinus excelsior L. 62%

6. Fraxinus lanceolata Borkh. + 82%

7. Populus nigra L. + 78%

8. Salicaceae Populus tremula L. 52%

9. Salix caprea L. 48%

10. Salix alba L. 64%

11. Betyla pendula L. 73%

12. Betylaceae Carpinus betulus L. + 67%

13. | Adochaceae |Sambucus nigralL. + 56%

14. |Malvaceae Tilia cordata Mill. 45%

15. Fagaceae Quercus robur L. 53%

16. Fagus sylvatica L. 51%

17. Rosaceae Crataegus oxyacantha L. 48%

18. Prunus spinosa L. 42%

19. Fabaceae Robinia seudoacacia L. 77%

20. Gleditsia triacanthos L. + 68%
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Ha Bigmameniit minstami y pamiyci Big 0,5 mo 1 xm? Big BypmrruHCBKOT TemioBoi
CJICKTPOCTAHINI BHUIOBE pPIZHOMAHITTS YarapHUKOBO-JICPEBHOI POCIMHHOCTI Habarato
pisHOMaHiTHIIE. TyT, 30cepe/pkeHi BUAM SK JIPIOHO- Tak i NIMPOKOIUCTSIHUX TOPIJ, SKi
XapaKTepHi JIJIs TaHOT MiCIIeBOCTI.

Takox, Bipi3HATHCA IepeBa y MeKax BHIY 3a Mopdomoriganmu o3HakaMu. Jlumre y 35%
JepeB, M0 3HAXOAUTHCS BimmaneHiit nisumi (y paaiyci Bix 0,5 mo 1 km?) Big BypmrrHCBKOT
TEIIOBOI €JEKTPOCTAHIII Mae MOKPYYEHi ITaroHH, yci nepeBa Maroth Bix 42% y Prunus
spinosa L. no 82% y Fraxinus lanceolata Borkh. medopmarii THCTKOBHX IDIACTHHOK Ta
HEKPOTHUYHI YTBOPEHHS.

BUCHOBKHA

Bugueno, 1o y paaiyci g0 0,5 km? Big BypIITHHCHKOT TEIUIOBOT €1EKTPOCTAHIIT BHIOBE
PI3HOMaHITTSI YarapHHKOBO-AEPEBHHUX MpeAcTaBieHe juiie §-mMa Bumamu. Hedopmarii
MaroHiB BUABJIIEHO Y 75% aepeB Ta KylliB, AeopmMallii TUCTKOBUX macTUHOK y 100% Bunwu,
10 3pOCTAI0Th HA MPWJIETIIiH TEPUTOPIi BITHOCATH 10 IpiOHO JTUCTAHUX IEPEBHUX MOPSI Ta
XapaKTePU3YIOThCS MIUPOKOK AMILTITY/00 aJallTUBHUX Ta PUPOAHUX IPUCTOCYBAHb.

Ha Bimnaneniit Tepuropii (Bix 0,5 1o 1 kM?) Bix BypiuTuHCHKOT TEIIIOBOT EKTPOCTAHIII T
BHZIOBE PI3HOMAHITTS YarapHUKOBO-ICPEBHOI POCIMHHOCTI Habarato pi3HOMaHITHiIIe
i mpencrasiene 20-ma Bumamu. Jledopmanii maronis BusBieHo y 35% nepeB Ta KymliB,
nedopmanii TuCTKOBUX IIACTUHOK ¥ 100%. IIpoTe iHTCHCHBHICTH IX € 3HAYHO MEHIIA Ta
cimabire Bupaxena. TyT, 30cepe/pkeHi BUAM K IpiOHO- Tak i MIMPOKOIMCTIHUX MOPiM, sKi
XapaKTepHi JIJIs TaHOT MiCIIEBOCTI.
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ABSTRACT

DENDROINDICATION OF THE ENVIRONMENTAL STATE
OF TECHNOLOGICAL TERRITORIES IN THE VICINITY
OF BURSHTYN THERMAL POWER STATION

Burshtyn thermal power plant negatively impacts the environment, particularly on trees and
bushes filtering dust containing toxic substances. The latter precipitate on the leaf plate surfaces,
causing various necrosis diseases, leading to many plants’ death. And only fairly enduring plant
species adapt to such environmental conditions and continue to exist.

The research results make it possible to introduce sustainable woody reclamants of the
environment, as well as woody indicators of its environmental state when foresting adjacent areas
of the Burshtyn thermal power plant contaminated with chemical elements.

It was found that the species diversity of shrubs and trees is represented by only 8 species
(Populus nigra L., P. tremula L., Salix caprea L., S. Alba L., Betula pendula L., Sambucus nigra L.,
Prunus spinosa L., Tilia cordata Mill.). Within a radius of up to 0,5 km? of the Burshtyn thermal
power plant. Deformations of shoots were found in 75% of trees and bushes, and deformations
of leafy plates were found in 100% of species. The species growing in the adjacent territory is
attributed to finely deciduous wooden trees alongside and are characterized by a wide amplitude
of adaptive and natural adaptations.

In aremote area (from 0,5 to 1 km?) from the Burshtyn thermal power plant, the species diversity
of shrub-tree vegetation is much more diverse and represented by 20 species (Acer campestre L.,
A.platanoides L., A. negundo L., A. platanoides L., Fraxinus excelsior L., F. Lanceolata Borkh.,
Populus nigra L., P. tremula L., Salix caprea L., S. alba L., Betyla pendula L., Carpinus betulus L.,
Sambucus nigra L., Tilia cordata Mill., Quercus robur L., Fagus sylvatica L., Crataegus oxyacantha
L., Prunus spinosa L., Robinia seudoacacia L., Gleditsia triacanthos L.). Deformations of shoots
were found in 35% of trees and bushes, and deformations of leaf plates in 100% of species.
However, their intensity is much less and less pronounced. The species of both fine- and broad-
leaved plants characteristic of this area are concentrated here.

Key words: technogenic pollution, toxic effect, trees, bushes, deformations of shoots,
deformations of leaf plates, necrosis of leaf plates.
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A0 IIMTAHHA BIINIMBY HA®TOBUJIOBYTKY
HA 3BEMJII JAHAIMA®THOI'O 3AKA3HUKA
MICIHIEBOI'O 3HAYEHHSA «BOPUCJIIABCHKUIN»

AHoTamisi. 3 MeToro 30epeXKeHHsI [IIHHNX KOPIHHUX OyKOBO-SUTHLIEBHUX JICIB, 1[0 OTOYYIOTh MICTO
Bopucnas 3 niBneHHOr0 60Ky, FeHO(OH Ty TBAPUHHOTO 1 POCJIMHHOTO CBITY, HiTPUMaHHS 3arabHOTO
eKoJIoriyHOro Oanancy Ha JIporoOwyuwHi Oyno CTBOPEHO JAHMMA(THUI 3aKa3HUK MICIIEBOTO
3HaueHHs «bopuciaBcekuiiy, mioma skoro craHoBuTh 2049,3 ra. Teputopist 3aKa3HUKA HaJICKHUTh
1o paiioHy BepxubomHicTpoBchkuX beckun 1 Mae ocoOnuBe 3HaueHHs isl 3a0€3MeUeHHs BOTHOTO
pexumy piuku TrucMeHuns Ta ii NpUTOK, B OaceliHi Skoi BiH po3ranioBaHuid. TakoK TyT BUSIBIICHO PSiI
YEePBOHOKHIDKHUX BHJIIB KOMAaX, POCIIMH Ta TBapHH. TepHuTOpis 3aKa3HHKa BOJHOYAC PO3TAIIOBAHA Y
Mexax [liBneHHo-00pHcIaBChbKOro HahTOBOTO PONIOBHINIA, SIKE HATE)KHTH 10 HAHOLTBII MEPCIIEKTUBHUX
Hagrorasonocuux AinsHok Ilepenxapmarts. Tomy Tyt B 2012 pori, Ha OCHOBI 3aTBEPIKEHOTO B
YCTaHOBIICHOMY HOPSIKY JIMITY Ha CTICIiallbHE BUKOPHCTAHHS IPHPOIHIX PECYPCIB, 32 OTOKCHHAM
3 JCPXKABHUM YIPABMIHHAM OXOPOHHM HABKOJMIIHBOIO MPHPOIHOIO cepenoBuiia y JIbBiBChKiii
obmacti Oyio pO3MOYano MPOBEJCHHS [eONOrOPO3BiAyBATBHHX POOIT Ha JULHII MO0 2,5 ra.
Ik HACMIZOK, EPEBOCTAH JULHKK OyIo BUPYOaHO, a IPYHTOBHIA [IOKPUB 3pyiiHOBaHO. CTaHOM Ha
CBOTOJTHI qana 1O TIPOBOJIH/IA FEOTIOrOPO3BIIKY, BOMO/IE CIICLIaNbHUM JI03B0JIOM Ha KOPHCTYBAHHS
Ha/IpaMH Ha 1(iil AUITHL i IIaHye NPOJOBKYBATH CBOKO ALSUTBHICTS. BpaxoByroun ckialHy CHTyarliio
B KpaiHi Ta NEPCIeKTHBY BUIOOYTKY By[ICBOHIB HA LI AUIAHLI, BBAKAEMO 32 JOUUIBHE BUITYTHTH
L0 MUIOIIY 3i CKIIajly 3eMesib JIAHAMA(THOIO 3aKa3HUKA MICLEBOIO 3HaueHHs «BophcraBchKiby,
SIK TaKy, 10 HE BUKOHYE TIOKJIajieHi Ha Hel (yHKIIi, a came: OXOpOHH, 30epekeHHs 1 BiJIHOBJICHHS
LIHHMX SUTMLEBUX 1 OYKOBUX HAca/LKEHb IPUPOIHOTO IOXO/DKSHHS 3 TUIOBOIO I L€l dopmartii
¢oporo i hayHoro. HaromicTh mpomoHyeMo JI0 CKJIay 3aKa3HHKa «bOpHCIaBChKU BKIFOUUTH JIBI
JITHKH BHCOKOTIPOIYKTHUBHHX OYKOBO-SUIMIEBHX AepeBocTaHiB 3 3emenb JI1 «/porodupke JII,
BopriciaBebke JCHANTBO, 10 J03BOMATE 30UILIIATH IUIOLIY 3aKa3HUKA Ha 1,5 Ta, X04 HE BUPIMIKTH
PALy eKOJOTTYHIX TPOOIIEM, IO MOXYTh BUHHKATH IPH BUIOOYTKY BYITICBOIHIB.

KaouoBi cioBa: 3aka3HUK, TeO0JOTOpPO3BifKa, YEPBOHOKHIDKHI BHUIM, HACa/KEHHS
TIPUPOTHOTO TTOXOJKEHHSI.

BCTYII

SK BioMO, PUPOAHO-3AMOBIMHUN (DOHJ CTAHOBIATH JUISHKH CYIIi 1 BOTHOTO MPOCTOPY,
MPUPOTHI KOMIUIEKCH Ta 00’ €KTH KX MAIOTh OCOOIUBY IPHPOIOOXOPOHHY, HAYKOBY, €CTCTUYHY,
peKpearliiiHy Ta iHITy MiHHICTH 1 BUIIUICHI 3 METOI 30€peKEHHS MPUPOIHOI Pi3HOMAHITHOCTI
na"amadTiB, reHo()OHIY TBAPUHHOTO 1 POCITUHHOTO CBITY, i ITPUMaHHA 3T AIbHOT0 €KOJIOTTYHOTO
Oanancy Ta 3a0e3nedeHHs] (JOHOBOIO MOHITOPHHTY HABKOJIUIITHHOTO MPUPOTHOTO CEPEAOBHUIIA.
OnmHYM 13 IiKaBUX 00’€KTIB MPHUPOTHO-3aMOBiIHOTO (oHIYy JporodnyunHu € JaHmmapTHUHA
3aKa3HUK MICLEBOTO 3HaueHHs «bopucnaBchbkuil», po3TaloBaHMiI Ha TMiBAEHb BiJ MicTa
Bopucnas. et manmmadTHHI 3aKa3HAK MICIIEBOTO 3HAYCHHS CTBOPEHO PIIICHHSM BUKOHKOMY
JIpBiBCchKOI 00macHoi pamu Bix 9 sxoBTHA 1984 poxy Ne 495 «IIpo mMepexy Teputopii i 06’ €KTiB
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MPUPOIHO-3aMIOBITHOTO (POHIYy oOnacTi». BropsimkyBaHHS TUTONII 3aTBEPXKEHO PIMICHHSIM
JIbBiBCBKOT 0OacHO1 paau Bia 8 rpyans 1999 poky Ne 226 «Ilpo BopsiKyBaHHS IPUPOIHO —
3anoBiHOTO (hOH Ty 00IacTi» Ta pimeHHsIM JIbBIBChbKOT 001acHOT paju Bia 23 xoBTHs 2012 poky
Ne 612 «IIpo 3miHy TwIoI JaHAIIA()THOTO 3aKa3HUKA MiCIIEBOTO 3HaYeHHs « bOpHCIIaBChKHI.
3aranpHa TIOMIA 3aKa3HUKa CTaHOBUTH 2049.3 ra. BpaxoByroum craryc 3aka3HUKa B HHOMY
JIO3BOJISIFOTBCSI JIesIKi ()OPMH TOCTIOAPCHKOT AisUTBHOCTI B MEXaX BIIMOBIIHUX 3aTBEPIMKSHUX
miMiTiB. CaMe Tak OyJI0 OTPHUMAHO ITO3BLT Ha MPOBENCHHS Te0JIOrOpo3BiTyBaNbHUX POOIT Ha
JULTHIT TUIOIIETo 2,5 ra B Mexax 3aKa3HuKa «bopHciaBchKuiDy IPUBATHOO (ipMOIO.

MATEPIAJIN TA METOAHU

OOCTeXKEeHO psJl JIICOBHX JUISHOK 3aKa3HUKAa MICIIEBOTO 3HA4YeHHsS «BopuciaBChbKHUi.
BuBYeHO BHOBE pPIZHOMAHITTS POCIMHHOIO IOKpHBY Ta (hayHH. JleTanbHO BHBYEHO
XapaKTEePUCTUKH  JICPEBOCTAHIB  JUISHOK, IO TPOMOHYIOTBCA  JO  3allOBIIaHHS
3araJbHONPUAHATHMHA JIICIBHUYO-TAKCAIlIMHUMH METONAaMHU JUIS 3aKJIaJiaHHs MPOOHHMX
TUTOIII, BU3HAUCHHS 010METPHYHHMX MOKA3HUKIB JIEPEBOCTAHIB Ta OI[IHKH 1X MPOXYKTHBHOCTI,
BHBUYEHHS 0COOJIMBOCTEH IPUPOIHOTO MOHOBJIEHHS, PO3BUTKY I [UTICKY 1 TPAB’ IHOTO IIOKPHBY
Ta IMOPIBHAIBLHOI €KOJIOTIT — /I BCTAHOBJIEHHS THITY JTICOPOCIMHHIX YMOB Ta THITY JIICY.

PE3VJIIBTATH

3apa3 3aka3HuK repeOysae y BimanHi JI1 «/{poroOuibKuii Jicrocm» BiIIOBIIHO IO MaTepiaiiB
6azoBoro sticoprnopsakyBaHHs Big 2008 poky. Craryc 3aka3HHKa 0yJI0 HaIaHO 3 METOIO 30epeyKEeHHS,
BIIHOBIICHHSI 1 BIITBOPEHHS IIIHHUX OYKOBO-SUTUIICBUX JIiCIB TIPHPOHOTO TIOXOIXKEHHSI, 1[0 MAIOTh
BUHSATKOBE 3HAYCHHS TS TTIITPHMAHHSI 3arajibHO-EKOJIONTYHOTo OallaHcy perioHy. PosrarroBanuit
y Mexkax Ykpaincbkux Kapmar ((isuko-reorpadiunmii paiion BepxabomHicTpoBehbki becknmmn) Ha
okonmIpIx Micta bopurcias, Mae 0coOnHBe MPHPOIOOXOPOHHE 3HAYCHHS SIK MIPHPOIHIN pe3epBar,
TaK 1 Jyis 3a0e3MeUCHHsT BOJHOTO PeXXMMy piukd THCMEHMI Ta i MPUTOK, B OaceiHi Kol BiH
po3raioBanuil. Teputopist 3aKa3HUKa XapaKTePU3YEThCS IOBOJI CTPIMKMMH TPChKUMHU CXUJIAMU
BKPUTUMH CBDKUMH 1 BOJIOTHUMH IpabOBMMH OydMHAMU Ta sUTMLEBUMHU OydnHamu. B momimi
HacaJLKeHb NPHUCYTHIN rpal 3BUYaiHUI, KiIeH-sBip, siceH 3BUYaiiHmil. Ha HalBUIMX JUIAHKAX
3aKa3HUKATIPUCYTHI ITOX1/THi OePE3HSKH, TOJ KOJIU CX I BKPUTi KOPIHHUMH BUCOKOTIPOYKTUBHUMHU
TUMAMU JIicy. 3eMJyi 3aka3HuKa «BopHCIaBChKHD € NOCUTh HMIHHUMHU 3 TPHPOJOOXOPOHHOTO
HOIVIAAY, aKE TYT, 32 JIITEPaTypHUMH JAHUMH, BUSBICHO 15 YepBOHOKHIDKHUX BHIIB KoMmax [3],
III0 CTAaHOBUTH OJIM3BKO MOJIOBUHU YEPBOHOKHIDKHOI eHTOMOdayHH [lepenkapnaTchkoro periony
3arajioM Ta psiji KoMax, 110 1epeOyBaloTh i/ OXOPOHOIO B €BPOIICHCHKIX KpaiHax abo BH3HAHI SIK
piaKicHi, Xo49a 10 YepBOoHOT KHUTH YKpaiHy BOHH HE 3aHECEH, 6 PiIKiCHIX YepBOHOKHIDKHIX BUJIIB
TBapuH [S5]. Hammmu AOCTIDKEHHSIMH MiATBEPIPKEHO HAsSBHICTh YOTHPHOX YEPBOHOKHHKHUX
TpaB’sIHUX BHZIB, IO MAOTh IPHPOIOOXOPOHHUH CTAaTyC HEOLIHCHHX Ta IIBOX DPApHTETHHX
(biTolIeHO31B (acoriaris CipOBUIBIIIIHA BEIMEKOIHOYIICBA Ta SUTHIIEBI OyYHHH 32 YYacTIO TUTIOIIA
3BHYAIHOTO (POpMH JIepeBOBUTHOT) [2].

[Mompu ocobmuBe mpupomHe cepemoBHile, Micto bopucmar Ta iforo oxomumi 3a3HaNN
HAIMIpPHOTO aHTPOMIOT€HHOTO HABaHTAXECHHSI, CIIPHYMHEHOT0 OaraTHMH MOKIIAIaMH KOPUCHUX
KOTIAJIMH, 30KpeMa Ha(TH, sike crocTepiraeThes i goci. B pesymsrari mo0yBaHHs HadTH Ta
030KEPUTY, IEPBUHHUIN JIICOBUI POCIMHHMI NOKpUB MicTa bopucias Ta oro HalOMKIKUX
OKOJIMIb OyB 3HUILIEHUH, a 3eMJTi lerpaioBaHi. 3roIoM, Te0JI0TOpO3BiAyBaibHI pOOOTH, a 1aji
i 6e3nocepeIHbO HAPTOBUIOOYTOK MEPEKUHYJIUCH Ha JIICOBI MACHBH BiIaJICHI BiJ MicTa.
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s cygacHoro boprciara cycincTBO HAQTOBUX «KavdajlOK» CTAJIO BXKE 3BHKIIUM SIBHIIEM.
JingHku, Ha SIKUX MPOBOAUTHCS OypiHHS, BTPa4arOTh O3HAKHU BiIMOBITHOI KaTeropii 3eMeb.
Taka cHTyalliss ckjajacs i Ha TepuTOpil JaHAMAPTHOTO 3aKa3HWKa MICIIEBOTO 3HAYCHHS
«bopucnascekuii», mo nepedysae y Biggani 111 «Iporoounpke JII .

[liBneHHO-boprcIaBChbke  PONOBUINE HAJNCKHTh JIO HAHOUIBII  TEPCHEKTUBHUX
Ha(Tora30HOCHUX JingHoK [lepeakapnarts, sika 6e3mocepeHb0 Mexye 3 bopuciaBcbKuM
POIOBHINEM, IO € HAHOUTLIIMM Ha(QTOBHUM POJIOBHINEM 3aX01y YKpainu. Pazom 3 mum, aiis
i€l AISTHKY XapaKTepHa CKJIaJHA reojoriuHa OynoBa, sSika yCKIaAHIOE BUOIp MOTEHIIIHUX
JIUTSTHOK Jutst OypiHHS Ta 1CTOTHO JIIMITYE iX TPOCTOPOBE poO3TallyBaHHsA. BiacHe ToMmy,
mig vac BHOOpY JAUISHKM MJi IMEPCHEKTHUBHOI Te0JIOrOpO3BigyBalibHOI AiSUIBHOCTI
Oyna Oe3anmpTepHaTHBHA HEOOXIJTHICTH BHOOpPY TEpHUTOpii B Mexax 00’€KTa TPUPOIHO-
3amoBimHOrO GoHIY — JaHIMA(THOTO 3aKa3HUKa MiCLIEBOrO 3Ha4YeHHs «bopuciaBchKuiny.
VY pesyabrari, Ha JUISHII HU3BKONPOAYKTHBHUX HACa/DKeHb, IUIOIIC0 2,5 Ta 110
po3TaiioBaHa Ha Mexi kBaptaniB 63 Ta 66, Bun. 5 kB. 66 Ta yactuHa BUI. 1 1 2 KB. 63
(Puc. 1) boprucnaBchKOTO JIICHUIITBA (TEPUTOPIS 3aKa3HUKA, BUCOTA OJn3bKko 740 M.H.p. M.),
3 ypaxyBaHHSAM po3’sICHEHHA MiHicTepCcTBa €KOJIOTIi Ta NPpUPOAHUX pecypcis Big 22.05.2012
Ne 10157/09/10-12, BiAMOBigHO O 3aTBEPIKEHOTO B YCTAHOBJICHOMY IMOPSIKY JIMITY Ha
crelfiaJibHe BUKOPUCTAaHHS IPUPOJHUX PECYPCiB B MEXKaxX TEPUTOPid Ta 00’ €KTiB NPUPOAHO-
3armoBigHOTO (DOHAY MICIIEBOTO 3HAUCHHS 3a TOTODKCHHSIM 3 JIEPKaBHUM YIPABIiHHAM
OXOPOHHM HABKOJHUIIHBOTO MPHUPOJHOTO cepenoBuia y JIbBIBChKIK 00MacTi, Ta Ha MiAcTaBi
ZI03BOJTY, BH/IAHOTO OpPTaHOM MICIIEBOTO CaMOBpSITyBaHHS, TOBAapPHUCTBO 3 OOMEXEHOIO
BignoBiganeHicTIO «[lepiia ykpaiHchka ra30HadTOBa KOMIIAHIs» PO3MOYANO MPOBEICHHS
reoyioropo3BimyBaibHUX poOiT. Mixk TOB Ta JI1 «/lporoOuibekuii JAepixITCrocm» sk
MOCTIHUM 3eMJIEKOpUCTYBadeM, B mopsiaky ctT. 97 3KV, Oymo ykmaneHo Yroay Ha
MPOBEJICHHSI TeOJI0TOPO3BIYBAIBHUX POOIT, HAYKOBOTO BWUBYCHHS Ta MOHITOPWHTY HaJap
Ne B/H Bix 10.12.2012 poxky. Takox 0y;10 OTpUMaHO s/ BiAMOBITHUX MOTOKEHb, 10 OyIU
HaJlaHi opraHamM¥ MiCIIEBOTO CaMOBPSIyBaHHS Ta JIIMITAMH Ha CIielliajbHe BHKOPUCTAHHS
MPUPOIHUX PECYPCIB, 3aTBEPIKCHUMHU Y BCTAHOBICHOMY MOPSIIKY.

. Google Earth

Puc. 1. Burnsj ginsinku reosioropo3Bigku cranom Ha 17.03.2019 p.
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Ha ninsHii mochikeHb HasiBHI Ha Yac BiIBEICHHS Haca KeHHs Oy BUpyOaHi BiAMOBITHO
JIO BCTaHOBJIEHOIO JIIMITY, 3 BIAMNOBIAHUM BIJIIKOXYBaHHSIM, a IPYHTOBUM NOKpuUB OyB
y TOAaJbIIOMY 3MiHEHHH BHACIHIZOK MPOBEICHHS Ha Hi 3eMIITHUX pOOIT, MO IOB’s3aHi
3 TEOJOropo3BiAYBAIBHOIO [isulbHICTIO. CHin BiA3HAYWTH, IO 3TiTHO 3 TaKcaliiHUMHU
OlMCaMM Ha 4Yac BiJBEJICHHS Ha IUX JUISHKaX OylIM IpeACTaBlieHI HHU3BKOIIPOMYKTHUBHI
BTOPWHHI HAacaJLKEHHs 3 JOMiHYBaHHSIM Oepe3d MOBHUCIOi. 30kpema, y Bumimi 1 kB. 63 —
6BIT1 131 AUYPIM/IE1C30ALBOSAJIE, a y Buaini 2 mporo x kBaprairy — 9bI11 A30AJIE0OC.
BinnosigHo, y BUI. 5 KB. 66 ()parMeHT, 10 BKJIIOYEHHH 10 CKITay TUITHKY XapaKTepru30BaHUH 3a
TaKcalliiHIM ONIICOM SIK HelriconpuaarHi 3emiti. ToOTo 3a3HavYeHi TepUTOpii Ha Yac BiJBEICHHS
HE CTAHOBUIIH iCTOTHOT IPUPOI00XOPOHHOT LiHHOCTI. [TonpH 11e, JOCHUTh 3Ha4YHA YaCTHHA TLIONI
3aKa3HWKa BTpaTUIIA CBIM MEPBHHHHIA IPYHTOBHU 1 POCITMHHHNA MOKPUB, & CyMIXHI JUISTHKA
XapaKTepPU3yIOThCsl MOTIPIICHHSIM CAHITAPHOIO CTaHy JAEPEB, 4epe3 CYLUIbHY BHPYOKY, IO
Mexye 3 HIMH. OCHOBHOIO METOIO CTBOPEHHS JaHAIIA(PTHOTO 3aka3HuKa «bopuciaBchkuiiy
Oyino 30epexeHHs YMOB Ui iCHYBaHHA Ta CaMOBIATBOPEHHS KOPIHHHX SUIMIIEBO-OYKOBHX,
3 eJIeMEHTaMH SUTAIEBO-TyOOBUX, HacakeHb [Ipukapnarts. OmHaK, SK CBIIYACTh TaKCalliiHi
ONKCH, aHali30BaHa MAUISHKA Oyfla MOYaTKOBO I030aBieHa TaKUX THUIIB JIEPEBOCTaHIB
1 Oyna 3aifHsITa BTODHHHUMH CHHAHTPOITHUMHU Oepe3HsSKaMH, sKi i HUHI MPWIATAIOTh 10 Hel,
MpUHAHMHI B Mexax BUJ. | KB. 63, 7i¢ 3HAXOIUThCS OUTBINA 1T YacTHHA.

3Bakaro4y Ha Te, 110 3a3HaueHa JIJISTHKA Oylie B IEPCIEKTHBI, OYEBHIIHO, BUKOPHCTOBYBATHCS
JUIst peanizaii BuIoOyTKy ByIJICBOAHIB, a TAKOXK, 1110 i1 10 BiIBEICHHS A1 T€0JIOTOPO3BiIyBaIbHOTO
BUKOPHCTaHHS BOHA HE CTAHOBWJIA iCTOTHOI NMPHUPOIOOXOPOHHOI IIHHOCTI B KOHTEKCTI METH
CTBOPCHHS 3aKa3HWKA, BBWKAEMO 3a JOLUIbHE BWIYYMTH IF0 IUIONIy 3i CKIAQy 3eMeib
JMaHMIAadTHOTO 3aKa3HUKa MICIEBOTO 3Ha4YeHHS «bBopHCIaBCHKHMIDY, SK Taky, IO HE BHKOHYE
noknazieHi Ha Hei (yHKUil, a came: OXOpOHH, 30epeKeHHsI 1 BIJHOBJICHHS IIHHUX SUTMLIEBHX
1 OyKOBHX HacaPKeHb IIPHPOHOTO ITOXOKEHHS 3 THIIOBOKO 1S 1i€i hopMartii Grioporo i (hayHoro;
TIOKpAILIEHHS! SIKICHOTO CKJIA/Ty JIiCiB; MITPHUMKH 3arajlbHOTO €KOJIOTTYHOTO OAJIAaHCY B PETiOHI.

PazoM 3 1M, Ha CBHOTOJHI, HE3BaXKAFOYM HA 3HAYHI TPHUPOIHI PECYypCH BYIJICBOJHIB,
VYkpaina €, pakTHIHO, CHEPrO3aIeKHOIO ICPKABOI0. A B YMOBaX BOCBMHPIYHOTO BiiCHEKOBOTO
npotucTosHAHS 3 Pociiickkoro desiepalii€ro, sika € OTHAM 3 HAHOUTBIINX CBITOBUX SKCIIOPTEPIB
Ha(TU Tara3y Ha €BPONEeUCHKUI eHepreTHYHUIA PUHOK, 301TTbIIIEHHS 00CSTiB BIIACHOTO BUJIO0YTKY
HaTH Ta MPUPOIHOTO Ta3zy € JIEBUM IHCTPYMEHTOM JUIS 3MEHIIICHHS CHEPro3aJIe)KHOCTI.
Ie BaxkIMBO, TaKoXK, 3 OISy HA CyYacHE YHEMOXNUIMBICHHS IMIIOPTY BYINICBOIHIB 3 PD.
ToMy, pO3BHTOK BJIACHOTO BHIOOYTKY BYIJICBOJIHIB Y HaWOMMIKUill MEPCIICKTUBI € BaYKIIUBOIO
3aMOPYKOIO 100 CTa01IFHOTO PO3BUTKY KpaiHu, 3a0e3neyeHHs i1 eHepreTHIHOi Ta CAPOBUHHOT
HE3QJISKHOCTI, a BiATak — Oe3rneku JepxkaBu. [loTpeba 3HAUHOTO 30UTBINIEHHS BHIOOYTKY
BYIJIEBOJIHIB B YKpaiHi i1 HapolyBaHHA iX pecypcHoi 6a3u nependaueHi 3araabHOIEPKaBHOKO
MPOrpaMor0 PO3BUTKY MiHEPAIbHO-CHPOBUHHOT 0a3u Ykpainu Ha niepion g0 2030 poky.

be3yMOBHO, BHIIyYeHHs Ili€i TEpUTOpii 3yMOBHUTH 3MCHIICHHS IUIONI 3aKa3HHKA,
TOMY TIPONOHYEMO IO CKJIagy 3eMenb JaHImaTHOTO 3aKa3HHKa MICIEBOTO 3HAYECHHS
«BOpUCIAaBChKHIDY BKIIOYUATH JBI JTUISHKA BUCOKOIPOAYKTHBHUX OYKOBO-SUTUIICBUX
nepeBoctaniB 3 3emenb 11 «/Iporoounibke JII», bopuciaBehke JICHUITBO, a caMe BUIIN
Ne 20 (momra 2,8 ra) ta Ne 22 (mnoumta 1,2 ra) 44 xBapramy. Lli AifsHKH, IO MEXYIOTh
3 3eMJISIMH JIaHAMAPTHOTO 3aKa3HWKA, Oynu oOpaHi B pe3ysbTaTi BUBYCHHS JICPEBOCTaHY,
0COONMMBOCTEH POCIMHHOTO ¥ IPYHTOBOTO MOKPHBY, HASSBHOTO MIPUPOTHOTO MiIPOCTy OyKa Ta
SUTUIT1, TIPUCYTHOCTI BUJIIB POCJIMH 1 TBAPHH, 1[0 BKITFOUCHI 10 UepBOHOI KHUTH i MIIJIATAI0Th
oxopoHi. TakuM YMHOM IUIOIIA 3aKa3HUKA 30UTBIIUTECS Ha 1,5 ra.
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XapakTepucTHKa pEKOMEHIOBAHOT JI0 BKIIFOUCHHS JUISHKA Y KB. 44 BUALI 22, TUIOIIECIO
1,2 ra nHactymHa: xoopauHatu N 49.25997, E 23.41679, kareropis — jicH HayKOBOIO
MpU3HAYCHHS, HACa/PKEHHS IMPHUPOJHOTO IMOXOIKeHHs, ckian Sbk2fu, Bik 140 pokis,
cepeans Bucora 33,2 M, cepenHiit miametp 60,5 cm, 6oHiTeT I, BitHOCHA moBHOTA 0,56, 3anac
416 »3 Ha 1 ra. B HacampKkeHHI IPUCYTHIHN MiJHAMETOBHH SIPYC HAMIMHOTO MiAPOCTY CKIAIO0M
85u2bk. [lijuticok 3 OXKUHU CU30i. Y CKJali TpaB’sSHOTO MOKPHUBY AUISTHKH NpEACTaBIcHA
MMOBHOYJICHHA IICHOMOMYIIAIIS JYHapil OXHMBArO4Oi, IO BKJIIOYCHA 110 YepBOHOI KHHTH
VYkpainu [1]. 30BHILIHIA BUITISAA AUISHKY UmtocTpye Puc. 2.

Puc. 2. 3oBHiluHi# BUIsA QiASHKN y KBapTadi 44 Bua 22 3 yrpynoBaHHSAM
JyHapii oxxuBaruoi (Lunaria rediviva L.) Ta npupoanuM noHoBJeHHIM s1ui 61101
Ta OyKa J1icoBOro miJ MaTepuHCbKMM HaMeTOM
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XapakrepucTHKa IinsHKH y KB. 44 Buain 20, miomero 2,8 ra: koopauaatu N 49.26181,
E 23.41924, xateropiss — JiCH HayKOBOTO IPHU3HAYCHHS, HACAIPKEHHS MPHUPOIHOIO
noxokeHHs, ckiaax 9bk1n, Bik 150 poki, cepennst Bucora 32,3 M, cepelnHild miaMeTp
60,8 cM, Gowmiter I, BinHocHa moBHOTa 0,67, 3amac 456 M® Ha lra. HasBHicTh HagiliHOIO
nigpocty ckiagom 8Au2bk., Bikom 20 pokiB. Tumn xicopocimHHUX yMOB D, (BostoTHid Tpyn).
Ha o0uaBox minsHKax BUSABICHO YTpyINOBaHHs JyHapii oxuBatouoi (Lunaria rediviva).
Bun 3anecenuit mo YepBoHOi KHHMTHM YKpalHM y cCTaryci «HeomiHeHH». Jlikapchka,
TeXHIYHa, MEJOHOCHA Ta JeKopaTuBHA pociauHa. Kpim 11bOro, HaBeCHI y CKIaJi CUHY3il
paHHBOBECHSHUX e(eMepoimiB TpaB’sHOTO BKPHTTA IMX JUISHOK TNpPEICTaBICHHMA
nigcHKHUK 3BU4aiHuil (Galanthus nivalis L.), 1110 € TaKoX BKIOUEHUH 10 YepBOHOT KHUTH
VYkpainu y crartyci «otpedye oxopoHmn» [4]. LIiHHUMH € TakoX BHSIBJICHI 0COOWHU TUTIOTIA
3BUYaHOTO opMa JepeBOBUIHA, K JOCSIIIIM T€HEPATUBHOIO BIKY 1 POCTYTh y CUMOi03i
3 Oykom nicouM (Puc. 3).

Puc. 3. ILnrom 3Buyaiinuii, popma nepeBoBUIHA
Ha pexkoMenaoBaHii ainanui (KB. 44, Buj. 22)

Oco0nMBO I[IHHMMH 3a3HaueHi HACa/PKEHHsS 3 IepeBaXaHHSAM OyKa JIiCOBOro poOWTH
Te, MO TYT TPAIUISETBCA calamaHapa rismucta (Salamandra salamandra (L.) sxa mae
IPUPOJOOXOPOHHHM CTATyC «Bpa3nuBi Buam» y UepBoHiil kuu3i Ykpainu. Takox canamanapa

61



mwisiMucta Hanexutb 1o Jonarky 111 Koneenmii mpo oxopony nukoi ¢uopu i dayHu Ta
MPUPOJAHUX CEPeOBUIL iCHYBaHHS B €Bporri (kaTeropis «Buau, Mo OijIsraloTh 0XOpoHi»)
Ta UepBOHOI KHUTH XpebeTHIX MixKHApOIHOTO COr3y oxopoHu npupoxu (MCOII) [5].

BUCHOBKHA

BpaxoByroun IOCHTH BHCOKY IPOAYKTUBHICTH Ta ONTHUMAIBHHHA TOPOAHUI CKIIA,
BKa3aHi MPOITOHOBAHI JIICOBI JUISHKH IOBHICTIO BIIMOBINAIOTH METI, IO TependadeHa I
Yyac CTBOPEHHS JIAHAMA(PTHOIO 3aKa3HHUKA, a caMe 30epeKeHHs, BIAHOBICHHS 1 BiATBOPEHHS
IHHUX OYKOBO-SUTHIIEBUX JIICIB TIPUPOJHOTO MMOXOKEHHS, [0 MAOTh BUHSATKOBE 3HAYCHHS
JUId TIATPUMAHHS 3arajbHO-€KOJIOTiYyHOro OajaHCy perioHy, a HasBHICTb BUIIB POCIUH
1 TBapHH, IO MiJUIATAI0Th OXOPOHI, JIa€ BCI MiJICTABH KJIOTIOTATH PO iX BKIIOUEHHS J0 CKIIaLy
naHAmadTHOTrO 3aKa3HUKA MICIIEBOTO 3HAUCHHS « BOPHCIIaBChKUID, B PE3yNIbTaTi 4Oro ILIOIA
3aKa3HMKa 301MbIUThCA Ha 1,5 Ta. Crix BiA3HAYHMTH, IO HASBHICTH Miclisd HAQTOBHIOOYTKY
B IICHTPI 3aKa3HUKA HITKUM YMHOM HE CIIPUATHME MMOKPAIICHHIO HOTO SKOJIOTIYHUX (YHKIIIH,
MPOTE 3a JOTPUMAHHS TEXHOJOTIYHUX MPOIECIB Ta MOCTIHHOTO KOHTPOIO 3 OOKY BiIIOMYHX
OpraHiB Take CYCIJICTBO € MOXIIUBHM, 3BXKAIOUM HAa KPU30BY CHUTYAIIiIO 3 HAPTOMPOIYKTaMU
B YKpaiHi.
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ABSTRACT

REGARDING THE IMPACT OF OIL PRODUCTION
ON THE LAND OF THE BORYSLAVSKY LANDSCAPE RESERVE
OF LOCAL IMPORTANCE

In order to preserve the valuable native beech-fir forests surrounding the city of Boryslav from
the south, the gene pool of the animal and plant world, and to maintain the overall ecological
balance in the Drohobych region, the Boryslavsky landscape reserve (area 2,049.3 hectares) of
local importance was created. The territory of the reserve belongs to the Upper Dniester Beskydy
district and is of particular importance for ensuring the water regime of the Tysmenytsia River.
Here were also found a number of red book species of insects, plants and animals. At the same
time, the territory of the reserve is located within the boundaries of the South Boryslav oil field,
which is one of the most promising oil and gas-bearing areas of Precarpathia. Therefore, here in
2012, on the basis of the limit on the special use of natural resources approved in the established
order, in agreement with the State Department of Environmental Protection in the Lviv region,
was started geological exploration work on a plot of 2.5 hectares. As a result, on the area trees were
cut down, and the soil cover was destroyed. As of today, the company that conducted geological
exploration has a special permit to use subsoil in this area and plans to continue its activities.
Taking into account the difficult situation in the country and the prospect of hydrocarbon extraction
in this area, we consider it expedient to remove this area from the composition of the lands of the
landscape reserve of local importance "Borislavsky", as it does not fulfill the functions assigned to
it, namely: protection, preservation and restoration of valuable fir and beech plantations of natural
origin with flora and fauna typical for this formation. Instead, we propose to include two plots of
highly productive beech-fir stands from the lands of the State Enterprise Drohobich forestry as part
of the reserve "Borislavskyi", which will increase the area of the reserve by 1.5 hectares, although
it will not solve a number of environmental problems that may arise during mining hydrocarbons

Key words: nature reserve, geological exploration drilling, red book species, plantations of
natural origin.
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PETPOCHEKTUBHUM AHAJII3 3MIH POIIOYOCTI TPYHTIB
B 30HI CTEITY YKPAIHUA

Awnotauist. TpaauiiliHe ciIbChKe TOCIIOAapCTBO MOXKHA 0XapaKTEPU3yBaTH SIK Take, 1110 Ma€ BUCOKI
TIOKa3HUKH CKOHOMIYHOI €()EKTHBHOCTI, IPOTEe HOIo BIIPOBA/PKEHHS TSATHE 3a COOOI0 EKOJIOTiuHi
HACITI IKHM 10 B Pe3yJIBTATI IPU3BOAATH 10 3a0pyIHSHHS HABKOJIMIIIHBOTO IIPUPOIHOTO CEPEIOBHUIIA TA
3HIDKEHHS TPOMYKTHBHOCTI IPyHTIB. [IpOMyKTHBHICTE IPYHTY MOJKHA BU3HAYMTH 32 HOTO 3aTHICTIO
3a7J0BOJIEHUTH IOTPEOH POCIIHH B BOJIO31, EIEMEHTaX )KUBIICHHS, TIOBITPi, a TAKO)K 32a0€3II€YUTH YMOBH
JUsl TX HOPMaJIbHOTO (PYHKIIIOHYBAaHHS 3 METOIO OTPUMAHHSI CTaOUIBHUX Ta BUCOKHX BPOXKaiB, TOOTO
3a Horo porouicTio. ParfioHanbHe BUKOPHCTAHHS IPYHTIB Y CUIBCHKOMY TOCHONAPCTBI, pO3po0Ka,
IUTaHYBaHHS Ta €(QEKTUBHE BHUKOPHCTAHHS KOMIUICKCY 3aXOAiB 3 YIIPABJIIHHS Ta PETYIIOBaHHSI
IPYHTOBOIO POIIOYICTIO HEOOXiTHO MOYMHATH 3 BU3HAYCHHS X (DAKTUYHOTO arpoeKoJIOri4HOro
CTaHy, SIKHi TIOTPIOHO PO3IIANATH SIK CYKYITHICTh (Pi3NKO-XiMIiTHUX, arpoQi3nyHnX, O10T0TIIHIX Ta
arpoXiMiYHUX BIIACTUBOCTEH, a TAKOXK 3a0pyIHEHHS IPYHTY PadiOHYKIIiIaMH, BAKKUMU METaIaMH,
HNECTULMAAMH Ta IHIIMMUA TOKCHYHHUMH pedoBUHAMU. J17s TOro, 11100 BU3HAYMTH MPOXYKTHBHICTH
IPYHTIB, 1X HPOCTOPOBO-4aCOBY HEOJHOPIJHICTh Ta IX I[IHHICTh HEOOXITHO BHKOPHCTOBYBAaTH
TIOKa3HUKH arpoXiMi4HO-EKOJIOTYHOT OIIIHKH IPYHTIB. baiu 3a 00HITYBaHHS I'PYHTIB pO3PaX0OBYIOTHCS
y BIINOBIMHOCTI MO METOAWKH arpoXiMiYHOI MAaCHOpPTH3aIlii 3eMeNlb CUIBCHKOTOCIONAPCHKOTO
TIpU3HAYEHHs, 10 Oyna BUHalaeHa ykpaincbkumu BueHUMH C.A. bamokom Ta LIT. SAmykom.

Jns ouinkm crany IpyHTIB 30HM Crermy YkpaiHH Ta BH3HAYEHHS 3MiH Y iX arpoeKOJIOTTdHHX
BJIACTUBOCTSIX Ha PsAy 13 1X poarouicTio OyB NpoBeleHMIl aHaii3 pesynsrariB XI Typy CyuiibHOT
arpoxiMiuHOi IacmopTH3alii 3eMeNb  CUIbCHKOTOCIIOAAPCHKOTO  Mpu3HadeHHs 3o0HM  Cremy
VkpaiHu, 1o mpoBomuiack XepcoHChKUM (imianom [lepxkaBHOiI ycTaHOBH «IHCTUTYT OXOpOHH
TPYHTIiB», 3 BUKOPHUCTAaHHAM iH(opMmarlii 3 296 cramioHapiB Bimdopi mpobd rpyHTIB. Byio 3pobneHo
PETPOCTICKTUBHE BUBYCHHS IPYHTIB 32 IX OCHOBHUMH arpOXiMiYHIMH MTOKa3HUKAMH 13 32CTOCYBaHHSIM
CydJacHHX TreoiH(pOopMaIifHUX TeXHONOTiH. BUKIageHo mpocTopoBO-9acoBi 3MiHH BMICTY OCHOBHHX
NOKa3HMKIB IPYHTOBOT POJIFOYOCTI BUKOPUCTOBYIOUH PE3YJIbTaTH JECSITH TYpiB OOCTEKEHb IPYHTIB: 3
11 (1970-1974 pp.) no XI typy (2017-2021 pp.). BukoprcroByroun BOymoBaHi (hyHKIIiT IIporpaMHOTo
3abe3nedenns ArcGIS 10.1 6yno po3pobieHo Moziesi MPOCTOPOBO-YACOBOT 3MIHM arpoEKOJIOTiYHOTO
cTaHy IpyHTIB 30HM Creny YKpaiHH 32 OCHOBHUMH arpOXiMiYHUMH ITOKa3HUKAMH.

KarouoBi caoBa: T'IC-texHOMNOrii, pOMIOYICTH TPYHTIB, arpoxXiMidHa IacIIOPTH3ALis,
PETPOCHEKTHBHI JOCIIKEHHS, IPOCTOPOBO-YaCOBE MOJICIIIOBAaHHSI.

BCTYII

3poctaHHs 0Tpel y 3a0e3nedeHHi NPoAYKTaMH XapuyBaHHS IPU3BOAUTH 10 HEOOX1AHOCTI
301bIIEHHS 00CATIB BUPOOHHUIITBA CLITBCHKOTOCIIONAPCHKOT TPOMYKITiT Ha 6431 TpaauIlitHOTO
3eMJIepoOCTBa, IO CIIOHYKA€E JO BHKOPHCTAHHS JONATKOBUX MPHUPOIHHUX Ta CHEPreTHIYHHX
pecypciB. KpiM Toro, TpajuiiiiHe CUIbCBKE TOCHOAAPCTBO 0a3y€eThbcs HAa BHKOPUCTAHHI
MiHEpaJbHUX MaKpO- Ta MiKpOZAOOPHUB, MECTUINIIB, TePOILIUIB, 10 € OCHOBHOIO IPUYHHOIO
MOTIPIIIEHHSI €KOJIOTIYHOTO CTaHy IPYHTIB Ta HABKOJIHUIIHLOTO CEPEAOBHIIIA.
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ToMy BHHWKa€e HEOOXiTHICTHP y KOMIDICKCHOMY JOCIHIDKEHHI IPOCTOPOBO-YaCOBHUX
3MiH BMIiCTy OCHOBHHUX ITOKA3HHUKIB POMIOYOCTI CTEMOBHX IPYHTIB SK OCHOBHU TOMANBIIOTO
OOTpYHTYBaHHS paIliOHAILHOTO BHKOPUCTAHHS 3€MEIbHUX PECypCiB 3 METOI 3MEHIICHHS
AHTPOIIOTeHHOTO HABaHTAXXEHHS Ha JOBKULIA y 30H1 Creny Ykpainu [1].

MATEPIAJIN TA METOIHN

3a mepiox 3 2017 mo 2021 pik XepcoHcbkuM (imianom JlepkaBHOI yCTaHOBU
«IHCTUTYT OXOpOHM TIpPYHTIB» mpoBeAeHO XI Typ arpoxiMiyHOi macmopTH3alii 3eMeib
CLITBCBKOTOCIIONAPCEKOTO  Tpu3HadeHHsT 30HM Cremy VYkpaimm. OTpuMaHi pe3ynbTraTe
CBiJ4aTh MPO HETaTHWBHI 3MiHU arpOEKOJIOTIYHHUX BIACTHBOCTEH I'PYHTIB Ha 3HAYHIl Mol
CLIIBCBKOTOCTIONAPCHKUX YTi1b 30HU Creny Ykpainu [2].

OuiHtoBaHHs MpoBoaMIOck3a 1 00-6a1bHOI0 cCHCTEMO0. 32 arpOXiMiYHUMU BIIACTUBOCTSAMU
cTaHIapTHUH rpyHT npuitHATO 32 100 6aiiB. Pesynpraru XI Typy arpoxiMiqHOT macrmopTH3ariii
3eMelb 3a JaHuMH 296 cTalioHapHUX 00’ €KTiB CBiIYaTh, 10 HAMBUIIOK OLIHKO (ToHax 40
0aJtiB) XapaKTepH3yIOThCS IPyHTH YarummHChbKoro paiiony. Huxkua oninka (Menme 30 6amiB)
xapakTepusye IpyHTH lopHocTaiBcbkoro paiiony. CepenHsi ouiHka IpyHTiB 30HM Cremy
VYxpaiau 3a manumu X1 Typy arpoximidHoi macrmopru3saiii craHoBuTh 34 Oanu. Haitbinbiry
IOy B 001acTi 3aiiMarOTh IPYHTU HU3bKOI siKoCTi (MeHIe 30 6amniB) — 54,5 %, cepeqHBOTO
(31-40 6amiB) — 22,5 % Bix 3arampHOI TwTomIi obmacti (pucyHok 1). o neperniky ¢akropis,
AKi BpaxoBYIOTbCS IPHU HapaxyBaHHI 0alliB, BIAHOCATHCS CTaH KJIIMaTy Ta 3pOILICHHA, A0
HEeTaTUBHUX BIACTHBOCTEH — 3aCOJICHHS, 3a0pyIHEHHSI BAXKKUMH METaaMH, PaIiOHyKIi1aMH
Ta MecTUlMIaMu Toio [3, 4].

4

20
i I | |
y 39 \
0.34
o = I . .
7180 €1¢ 140 415 140 21-0 10 1C

Puc. 1. Po3nogia ciibchbkorocnoaapcskux yrigs 30au Creny Ykpainu
3a arpoxiMi4yHOI0 OLIHKOIO Ta PO3MillleHHsI CTAIOHAPHUX 00'€KTIB

PE3VJIBTATH

I'yMyc € OCHOBHHUM TIOKQ3HHKOM CTYIEHS pOMIOYOCTI IPYHTY Ta TOKa3HHKOM
e(EKTHBHOCTI arpoTEXHOJIOTIYHOrO ONOKy cucTemu 3emuepobersa. Ipynru somm Cremy
YkpaiHu xapakTepu3yloThCsi MaJoryMycHUM BMicToM y mexax 0,30-3,85 %. IIpoctopoBo-
4acoBa HEOHOPITHICTh 3MEHIIICHHS BMICTY TYMYCY BiJIOyBa€ThCSl BHACIJIOK JIeTpajaliiiHIx
MPOLIECIB IPYHTOBOTO IMOKPUBY BHACTIMOK 3aCTOCYBAaHHS HEpalliOHAJbHUX MiJXOdIB [0
inTeHcHudikamii 3emiiepoOCTBa, MO MPH3BOAMTH IO TOTIPIICHHS IPYHTOYTBOPIOBAIBHUX
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MPOIIECIB Yepe3 HEeHAIXOKCHHS 3aTUIIIKIB POCITHH Ta OPTaHIYHUX JOOPUB Y OPHUIA TOPU3OHT
IPYHTY, 3MEHIIIEHHS YaCTKH 0araTopiyHHUX TPaB i MOJILOBUX CIBO3MIH, TPUBAJIC 3aCTOCYBaHHS
MiHEpAITBHUX TOOPHB TOMIO. 3pOINYBaHI 3eMJIi OOJIACTI MICTATh TYMYC Y PI3HHX THIIax
rpyHTiB (map 0...20 cM) y cepenubomy Ha 0,1-0,5 % MeHIe, Hix He3pOLIyBaHi 3eMJIi, 1110
3YMOBJICHO 1HTEHCHBHICTIO Ta TEXHOJIOTITYHHMH OCOOIMBOCTSMH 3pPOITYBaHUX MEJTiOpalii.
VY nepiox Apyroro Typy arpoximiuHoi macropTu3alii 3eMeIb PO3M04aBcs IHTEHCUBHUM Mepiof
PO3BUTKY 3pOIICHHS, IO MPU3BEJIO JI0 3HAYHOTO 3HMWKEHHS BMICTY TYMyCy (PUCYHOK 2) 3a
nepion 1970-2021 pp. — B cepenabomy Ha 16,0 % (3 2,56 % no 2,15 %).

Ilepion 3 1985 mo 2017 pp. xapakTepusyBaBcs CTAOUTBHUM TiIPOMENiOPAaTHBHUM
HAaBaHTKEHHSM 3 He3HauyHOIo nuHamikoio (V = 3.7 %) Ta HEraTMuBHOIO CIPSIMOBaHICTIO
3MiHH (TpeHIa) BMICTYy TYMYyCy B 4aci (t):

T =-0,0061-+2,2914; R> =0,022 (1)

2 0\

II Tvp (1970-1974 pp.) V 1vp (1985-1989 pp.)

XIIT Tvp (1998-2002 pp.) IX Tvp (2003-2007 pp.)

Buicr rymycy, %:
- <~ 1,10 - nywe HW3BKHil
0 - 1,10 - 2,09 - umnsanknii
B - 2.10 - 3,09 - cepeaniii
- - 3,10 - 4,09 - niasmmenwii
- BOAHI 00 €KTH
1 - aicn

- mickn

XI 1yp (2017-2021 pp.)

Puc. 2. IIpocTopoBo-yacoBi 3MiHM BMicTy rymycy B IpyHTax 30Hu Creny Ykpainu
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A3BOT Bifirpae mpoBiHY pOJIb Y MiABHINEHHI BPOXKaWHOCTI CUTLCHKOTOCIOAAPCHKUX
KYJBTYP 1 € BXJIMBUM O10JIOT1YHUM eJleMeHTOM. BXoauTh 10 ckiaay OUIKiB, sIKi € OCHOBHUM
KOMITOHEHTOM IMTOILIa3MH 1 sijipa KIIITUHHU, aMiHOKHCIIOT, HyKJIETHOBHX KHUCIIOT, XJIOpOQiy,
ankanoinis, ¢ocdaruais, 6ararbox BiTaMmiHIB, TOPMOHIB Ta iHIIKUX OlOJOTIYHO AKTHBHUX
peYOBHH. A30T 0COOIMBO BaKJIMBHH y TIEPIIii MOJOBHHI Bereralii. HaiiGinpe 3Ha4eHHS
JUTSL BiTHOBJICHHs AOCTYIIHOTO JUIS POCIHH a30Ty MAlOTh MPOIecH aMmoHidikarii, mia gac
SIKMX a30T OPTaHIYHOT PEYOBHHH MTEPETBOPIOETHCS B aMiak, 1 HITpUQIKallii, i gac Kol amiak
MEPEXOJUTh B a30T, a MOTIM B a30THY KHCJIOTY Ta ii comi [5].

VY pesynbTari JOCHiIKEHh BCTAHOBJICHO, HIO 3aKOHOMIPHOCTI 3MiHM BMICTy a30Ty
(pucynox 3) B opromy mapi (0...20 cM) IpyHTIB Ha TEPUTOPII CLIBCHKOTOCIIOAAPCHKUX YTilb
30HHM CTeNy YKpaiHW MaroTh HETaTHBHY TEHICHIIIIO (OPMYyBaHHS:

NO, =—0,053-1> +0,966-¢ +16,74; R* = 0,24 )

BwMicT a30Ty B IpyHTaxX JIOCTiXKYBaHOTO PETiOHY 3a BECh MEPio JOCTIHKEHb 3HU3UBCS
B cepenHboMy Ha 26,9 % (3 23,0 mr/kr go 19,0 mr/kr).

Tenaennis (8-11 Typ), Mr/Kr: 3MEHBIIHIOCH, %:

B - 12 - %10 B -40-45

B --10"-"-8" B -30-40 .
- B 2030 2
Bl -6 -4 I -10-20 S - pxn
B - -2 [ -0-10 THERH
[]-"2"-0 [ ] -06e3amin

[] - 6e33mMin

Puc. 3. IIpocTopoBo-4acoBi 3MiHN BMicTy a30Ty B IpyHTax 30HH Creny Ykpainu:
a — IPOCTOPOBA TeH/AEHNisl, 6 — BiTHOCHe 3MeHIIeHHs1, %

®dochop € OgHMM i3 BAKIMBHUX CIEMEHTIB IKHUBIEHHS pociuH. [licns rymycy

Ta azory ¢ochop Yacto € HaHOLIBM AePIDUTHAM EIEMEHTOM IpU BHPOIIYyBaHHI
CLIIBCBKOTOCTIONAPCHKUX KYIBTYD [5].
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3a pesynbpTaraMd JOCTIIKCHb BCTAHOBJICHO IPOCTOPOBO-YAaCOBY 3aKOHOMIPHICTh
3MeHIIeHHS BMicTy Gocdopy (pucyHok 4) y rpynTax (trap 0...20 cM) odnacTi.

T =-10,59-Ln(¢) +62,31; R* = 0,98 3)

Moro BmicT 3a 51 pik 3uM3MBCA B cepeHboMy Ha 34,8 % (3 62,0 Mr/kr 10 40,4 Mr/kr).

Tenaenuis (2-11 Typ), Mr/kr: 3MeHBIIHIOCH, %:

- 45" - 40" Il -45-50

- 40 - 35" M -40-45 ‘
B - 35 - 30" m -35-40 W -omcH
B - 30" -"-25" B -30-35 ¥ -pu
- 25 - 20 B -25- 30 - TICKH
Bl - 720 - 15" I -20-25

] - 15" - "10" [ -15-20

1 -"10r-*5" []-10-15

Puc. 4. IIpocropoBo-4acoBi 3minu BMicTy ¢dochopy B rpynTax 3ouu Creny YkpaiHu:
a — MPOCTOPOBA TeH/IeHIlisl, 6 — Bi/THOCHE 3MeHIeHHs, %o

Kaniii omocepenkoBaHo BIUTUBAE HAa a30THUI OOMiH, BIUTMBAE Ha HAKOTIMYCHHS aMiHOKHCIIOT
Ta CHEPreTHYHI TPOIECH, PETYIIOE TUXaHHSA POCIUH. 3MiHA BMICTY Kallilo (PHUCYHOK 5)
y rpyHTax (map 0...20 cM) perioHy BU3HAUa€THCsI HOTO HEraTUBHOO TEH/ICHITI€10 (DOPMYBaHHS:

T =-36,87-Ln(f)+437,75; R> = 0,97 4)

[IpocTopoBa HEOTHOPIMHICTH 3HMXKEHHS BMICTy Kamiro Big 50 mr/kr go 210 mr/kr (Bix
10 % no 50 %) y rpyHTax 3aJeXKHTh Bi BIICYTHOCTI PEryJspHOr0, HEOOXITHOTO 0OCSTY
MiHEpaTbHUX JOOPHB, BiJl BOAHOI €po3ii, B TOMY YHCIIi 3pOIICHHS, 1 Je(IIsAIis IPYHTIB.

3a mepioz crocTepesxeHHs HOTO BMICT 3HU3UBCS B cepeHboMY Ha 25,5 % (3 442,8 mr/kr
10 359,8 Mr/kr).

HaiiBa)JIMBIIUM YWHHHUKOM, II0 BH3HAYAE PYXJIMBICTH MIKPOEIEMEHTIB y POCIWHAX,
BBaXAIOTh PEAKI[iI0 I'PYHTOBOTO pPO3UMHY. YKpaiHchkuii BueHMi B.A. KoBma B cBoix
poboTax HaBiB 3aKOHOMIPHOCTI 3aKPIIUICHHS Mifi, IIMHKY Ta KOOANBTY B IPyHTaX 3aJICKHO
Bix pH rpyHTOBOTO po3uuHy (Tabmuis 1). [loeqHaHHS TPHOX MIKpOEIEMEHTIB Bi10yBa€eThCsS
mnpu 3MiHi pH B Mexax: s Cu MakCUMajbHE 3aKpiIUICHHS BiJ3HAYa€ThCS B 1HTEpBai
pH 4,7-5,9; Zn —ipu pH 5,9-7,2; Co — ipu pH 7,2-8,0.
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Tenaenuist (2-11 Typ), MI/Rr: 3MeHBIIHIOCh, %:

Il --210" - "-200" B - 40-51
I - "-200" - "-150" B - 30-40 _
B -"-150" - "-100" B -20-30 & - .'IlACll
I -"-100" - "-50" B -10-20 &5 - pikn
I -"-50"-0 @ -0-10 () - micka
[ - %e3 3min [ ] -6e33mn

Puc. 5. IIpocTopoBo-4acoBi 3MiHU BMicTy KaJilo B rpyHTax 30Hu Crenmy YkpaiHu:
a — MPOCTOPOBA TeH/IeHisl, 6 — BiTHOCHe 3MeHIIIeHHs1, %o

Ta6auus 1. Burpara MmikpoesneMeHTiB sik (pyHkuist aHioHiB Ta pH Bia BuXinHoiI KiibkocTi

Karnonel | AHMOHBI PH
4,7 5,2 5,5 5,9 6.4 7,2 7,5 8,0
Cu NO, 9 44 76 89 - - - -
Cl 17 55 75 90 - - — —
NO; - - - 11 19 61 - -
Zn Cl - - - 13 2 | 68 - -
NO; — — — — — 39 51 78
Co Cl - - - - - 39 54 78

3anexHO BiJl BIUTHBY KHCIOTHOCTI IPYHTOBOTO PO3YMHY HA PYyXJIMBICTh MiKPOEIEMEHTIB
Ha Tepuropii 30HM Cremy VYKpaiHM BUAUIAIOTH JBI Ipynu IpyHTIiB. Ilepma — rpyHTH
3 pH 6,5-7,2, y 1IbOMY BUTIAZIKY 3HIDKY€ThCS 3a0€3MeUCHICTh MIKPOEIEeMEHTaMH, PyXJINBICTh
SKUX CyTTEBO 3AJICKUTH BiJ pH (3a11i30, Mijib, MapraHellb, IIMHK ), [0 TPU3BOUTH JI0 3aTPO3U
0OMEeKeHHS IIUX MiHepaTiB y pociauHax. Jpyruit — rpyHta 3 pH Ginbme 7,2 — y IUX yMOBaX
PI3KO 3HMXKYETBCS PYXJIMBICTh OIMBIIOCTI KaTiOHHHMX (opM MikpoeneMeHTiB. BHacmimok
OBOTO iCHY€ BHCOKHH PH3UK ITOBHOI BiJCYTHOCTI MIKPOEGIEMEHTIB Yy MiHEpaIbHOMY
JKUBJICHHI POCTIHH [6].

Y nopiBHsHHI 3 00TapHIMH 3eMIIIME Ha 3pOITyBaHIX BiI0OYBAIOTHCS ICTOTHI 3MiHU 10HHO—
COJILOBOTO CKJIaJy IPYHTOBOTO PO3YMHY, IMiJICHIIIOIOTHCS MPOLECH Mirpailii, 301IbIIy€eThCs
IHTEHCHBHICTH 010JIOTIYHOTO BUHOCY €IIEMEHTIB 3 IPYHTY 3a PaXyHOK 301UIbIICHHS (hiToMacH
Ta YPOXKAHHOCTI CLIIBCHKOTOCIIOAAPCHKUX KYJIBTYP.
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Ha BigmiHy BiJ XIMIYHHAX €JIEMEHTIB, III0 CKJIaJal0Th OCHOBY JKHBOT PSUYOBUHHM (TaK 3BaHI
MaKpoOeNeMEHTH — ByIJIellb, KUCeHb, BOAEHB, a30T, CipKa, KaJblii, pochop, HaTpiil), eneMeHTH,
BMICT SIKMX B OpraHizMax CTaHoBWTH BiJ 1-3 % mo 10-12 %. e mikpoenemeHTu. Jlo HUX
BIZIHOCSATBCS KaIMill, MapraHellb, MiJlb, IIMHK, KOOAIIBT, HiKelb, o, Gprop, MomioneH [7].

TeHneHIiss 3MiHA MIKpOENIeMEeHTIB y TIpyHTax 30HM Cremy VYKpaiHu BH3HA4YeHa 32
JaHMMH TIPOCTOPOBO-PO3MNOALIEHHX cTanioHapHux 00’ extiB IX-XI mukiy. 3a pesynbraramu
MIPOCTOPOBO-4acOBOTo MonentoBanHs y niepion 2003—2021 pp. (pucyHOK 6) criocTepiranacs
TEH/IeHIIiA 70 301IbIICHHS BMICTY PyXOMHX MIKpOEJIEMEHTIB Ta BAXKKUX METaNIB, HAcaMIepe.
Ha HE3POIIyBAHUX 3EMIISIX.

Temzeeziz (5-11 1yp). wewr:
S

Teszeziz (511 7yp). saivr:
<007 08
«om-00

05000

. 006-0.10

- -000-015

- 0.15-0.20
-020-035
035030

2)
Temzeemix (5-11 1yp), MIAT:
=107 05
I <05 .00
BN -00.05
B -05.10
| EBERE
= & - mcu
5 - pIKH
- MICKH

Puc. 6. 3mina BmicTy pyxomux ¢opm MikpoeaeMeHTIB i BaXKKUX MeTaJIiB (MI/KT)
B IpyHTax 30H1 CTeny YkpaiHu: @ — Mapraneub, 6 — Mib, 6 — IUHK,
2 — KaaMii, 0 — CBUHeIb
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3a pesyiapraTaMd IMPOCTOPOBO—YACOBOTO MoOIENIOBaHHA B mepiog 2003-2021 pp.
crioctepiranacs TeHACHLIS MiBUILEHHS BMICTY PyXOMHUX MIKPOEJIEMEHTIB i BaXKKUX METaJiB,
B IIepIly Yepry Ha OorapHUX 3eMIIIX B cepeanbomy: Mn Ha 10 mr/kr, Cu — 0,07 mr/kr, Zn —
0,4 mr/kr, Cd — 0,15 mr/kr, Pb — 0,35 Mr/kr.

BUCHOBKMH

ExcTeHCHBHE BHUKOPHUCTAHHS CIJIbCHKOTOCIIONAPCHKUX YTillb, TOPYIICHHS CiBO3MIiH
MPU3BENH 10 3HAYHOTO MOTIiPIICHHS MPUPOIHHUX BIACTHBOCTEH I'pyHTIB 30HH CTeny YkpaiHu
3a ocTaHHi 51 pik 32 OCHOBHHMH arpoXiMiYHUMH IMOKa3HUKAMHU: BMICT TYMYCY B IIapi IPYHTY
0...20 cm 3meHmuBCes B cepenHbomy Ha 16,0 %, azoty Ha 26,92 %, docdopy Ha 34,84 %,
Kamito Ha 25,52 %. 3a yMOB NMPOJOBKEHHS TAaHOI arpOTEXHIYHOI TeHICHIIIT TPOTHO3Y€ETHCS:
30epexeHHsl TeHAeHLii aerymigikailii OpHMX TIPYHTIB, TeMIH SKOi OymyThb y Mexax
0,01-0,03 % Ha pik, 3HIKEHHS BMicTY a30Ty 3 0,04 Mr o 0,06 Mr Ha pik, BMicT ¢pocdopy Ha
0,16-0,18 mr Ha pik, BmicT Kaiito Ha 1,9-3,1 Mr Ha pik.

CriocTepiraerhCsi TSHISHITIS JI0 30UTBIICHHS BMICTY PYXOMHX MIKPOCJIEMEHTIB Ta BAXKKHX
MeTaliB, HacamIiepe] Ha OorapHuX 3eMyisix y cepeaabomy: Mn Ha 10 mr/kr, Cu — 0,07 Mr/kT,
Zn — 0,4 mr/kr, Cd — 0,15 mr/kr, Pb — 0,35 mr/kr. Ha 3pomyBaHuX 3eMIISIX CIIOCTEPIraeThes
TEHJCHIIS 70 3HIKEHHA BMicTy Mn B cepenHbomy Ha 2 mr/kr, Cu — 0,03 mr/kr, Zn —
0,5 Mr/kr, aje criocTepiraeThCsi He3HAYHE HaKOMMUYeHHs BaXkux metaniB: Cd — 0,06 Mmr/kr,
Pb — 0,01 mr/kr. [IporHo3yeTscsi MiABULICHHS MIKPOEJIEMEHTIB Ha HE3POLIYBAaHUX 3EMJISX
B cepennboMy: Mn Ha 7,40 %, Cu — 0,04 %, Zn — 0,12 %, Cd — 1,40 %, Pb — 0,19 %;
HAa 3POIIYBaHMX 3EMIIIX 3MEHIICHHS BMICTY PYXOMHX MiKpPOGIEMEHTIB B CEPEIHBOMY:
Mn na 1,50 %, Cu — 0,02 %, Zn — 0,15 %, a Takox 30UIBIICHHS BMICTY BaKKHX METAaJliB
B cepennbomy: Cd Ha 0,18 %, Pb— 0,005 %. st TeHneH1is € niaTBepAKeHHSIM HEOOX1IHOCTI
peanizarii ep>kaBHOI Ta perioHaAIbHOT €KOJIOTTYHOT MOJITHKH Ta BIAMOBIAHUX IPOTPaM 00
OXOPOHHU, PAaI[iOHAILHOTO BUKOPUCTAHHS, BiTHOBICHHS 3€MEIbHUX PECYPCIiB Ta MiATPHUMKH
OpraHivyHOTO 3eMJIEPOOCTBA.
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ABSTRACT

RETROSPECTIVE ANALYSES OF SOIL FERTILITY CHANGE
IN THE STEPPE ZONE OF UKRAINE

Traditional agriculture can be characterized as having high indicators of economic efficiency,
but its implementation entails environmental consequences that ultimately lead to pollution of
the natural environment and a decrease in soil productivity. The productivity of the soil can
be determined by its ability to meet the needs of plants in moisture, nutrients, and air, as well
as to provide conditions for their normal functioning in order to obtain stable and high yields,
that is, by its fertility. The rational use of soils in agriculture, the development, planning and
effective use of a set of measures for the management and regulation of soil fertility must begin
with the determination of their actual agro-ecological state, which must be considered as a
set of physico-chemical, agrophysical, biological and agrochemical properties, as well as soil
pollution radionuclides, heavy metals, pesticides and other toxic substances. In order to determine
the productivity of soils, their spatial-temporal heterogeneity and their value, it is necessary to
use indicators of agrochemical and ecological assessment of soils. Points for soil grading are
calculated in accordance with the method of agrochemical certification of agricultural land, which
was invented by Ukrainian scientists S.A. Balyk and I.P. Yatsuk.

To assess the condition of the soils of the Steppe zone of Ukraine and determine changes in
their agroecological properties along with their fertility, an analysis of the results of the XI round
of continuous agrochemical certification of agricultural lands of the Steppe zone of Ukraine,
conducted by the Kherson branch of the State Institution "State Soil Protection", using information
from 296 soil sampling stations. A retrospective study of soils was carried out according to their
main agrochemical indicators with the use of modern geoinformation technologies. The spatio-
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temporal changes in the content of the main indicators of soil fertility are outlined using the results
of ten rounds of soil surveys: from II (1970-1974) to XI round (2017-2021). Using the built-in
functions of the ArcGIS 10.1 software, models of spatio-temporal changes in the agro-ecological
state of the soils of the Steppe zone of Ukraine were developed based on the main agrochemical
indicators.

Key words: GIS technologies, soil fertility, agrochemical certification, retrospective studies,
spatio-temporal modeling.
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INFLUENCE OF THE GROUND ENVIRONMENT
ON THE DIAGNOSTIC WILD PLANT SPECIES DIVERSITY

Abstract. The role of soil cover in the biosphere and human economic activity is well-
known, but an established and substantiated assessment of its qualitative state becomes important.
Preliminary soil diagnostics and establishment of its physical and chemical properties are carried
out using vegetation cover, in particular, diagnostic plant species as indicators of the studied
components of the environment state. The nature of the soil, its structure, density, oxygen content,
salts, nutrients, and habitat can be determined using plant indicators.

The species diversity of wild diagnostic plants in the trial areas of Drohobych was determined.
Equisetum arvense L., Hepatica nobilis, Ranunculus repens, Plantago major L., Urtica dioica,
and Arctium lappa were among the most common diagnostic species.

It was found that the diagnostic plant species growing in the trial areas corresponded to those
ecological groups, which vital functions correlate with certain soil environmental factors. Their
dominance is related to the chemical composition of the soil. Diagnostic species can serve as
indicators for the conditions of humidification, acidity, salinity, and excess salt content, as well as
the nitrogen, calcium, magnesium, potassium, and other nutrients available in the soil.

As a result of the studies, it was found that, in general, the soils of the sample areas are
acidic and slightly acidic (pH from 5.1 to 6.4), weakly and medium humus (2.6-3.7% of humus),
with a relatively average content of gross nitrogen (0.12—-0.27%) and phosphorus (0.05-0.14%),
relatively poor on K,O and P,O; in the upper horizon. In general, vegetation in the trial plots was
heterogeneous in terms of floristic features, and biological and cenotic properties. Some species
of plants were at different stages of their development.

Indicator plants should be used to estimate both the soil cover state and the general state of the
environment.

Key words: soil, indicator plants, soil cover, physical and chemical properties.

INTRODUCTION
Soil cover study, the study of an important natural resource of the country, possesses a

special place among many problems of today. Soil occupies a leading place in human life
and performs global socio-economic functions along with plants, animals, microorganisms,
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groundwater, and atmospheric air. Life on the planet is impossible without soil. It provides
a constant interaction of large geological and small biological circuits of substances on the
earth's surface, regulates the chemical composition of the atmosphere and hydrosphere,
and accumulates active organic matter and associated chemical energy. The life of plants,
their growth and development, and the life of all living organisms are closely related to the
environment, particularly soil cover. The soil provides plants with nutrients necessary for
their life, plants serve as soil indicators. Diagnostic species react quite sensitively to the
nutrient content in the soil, and the availability of the nutrients in the soil [2, 15].

The role of soil cover in the biosphere and human economic activity is well-known,
but an established and substantiated assessment of its qualitative state becomes important.
Preliminary soil diagnostics and establishment of its physical and chemical properties are
carried out using vegetation cover, in particular, diagnostic plant species as indicators of
the studied components of the environment state. Based on the ecological characteristics
of plant organisms and their reactions to the influence of environmental factors, eurebiont
species are distinguished, in which there is a wide adaptive capacity for growth conditions,
and stenobiont species, which have a limited narrow range of changes of a certain factor
with a low adaptive capacity. It is the wallbionts (plant organisms or their populations), in
which vital functions are quite closely correlated with certain environmental factors, that are
used for soil bioindication [1, 5].

Plants are affected by three groups of edaphic factors: the physical properties of the soil,
and its chemical and biotic composition. Edaphic conditions are of exceptional importance
for plants since the soil is the habitat of plants, the substrate for their consolidation. The
relationship between plants and the soil environment is determined by the physical and
chemical properties of soils and the totality of all living organisms that inhabit them.
Ecological groups of plants have several common adaptive features to a particular habitat
factor. The distribution of plants into environmental groups in relation to external factors is
quite conditional since in nature environmental factors are always combined into complexes.
The adaptation of certain plant species to a certain set of environmental conditions is a kind of
sensor with which the presence of certain elements in the soil can be detected. Plants having
the ability to accumulate in their tissues substances formed as a result of the plant's interaction
with external factors can act as indicators [5, 17].

The use of indicator plants is advisable both for assessing the general state of the
environment and for identifying specific pollutants. Monitoring is carried out both at the
level of phytocenoses (plant groups) and the level of individual species. Indicator properties
are detected both in the presence and absence of a certain species. Indicator plants are used in
the assessment of soil fertility, their mechanical and acid composition, moisture content and
salinity, etc. Both the presence and absence of the species are of indicative importance [19].

A rather effective characteristic of plant conditions is the appearance and size of growing
plants. Thus, the low productivity of plants, and unattractive appearance, indicate the
inconsistency of plant conditions with environmental needs and their presence in this place.
Accordingly, the improvement in the condition of the populations suggests an increase in soil
nutrients and the provision of humidity [9, 16].

The nature of the soil, its structure, density, oxygen content, salts, nutrients, and habitat
can be determined using plant indicators. Living conditions can stimulate or interfere with
species in their struggle for living space with other plants. Indicator properties are particularly
pronounced in wild herbaceous plants. Particularly pronounced indicator properties in wild
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herbaceous plants, according to which the physical and chemical properties of the soil can
be predetermined, in particular the content of moisture, nutrients, salts, acidity, etc. In turn,
the physical and chemical properties of soils affect the growth and development of plants and
their spread [1, 2, 18].

The purpose of our study is to establish the dependence of the species composition of wild
plants in the Precarpathian on the physical and chemical properties of the soil environment.

MATERIALS AND METHODS

Determining the physical and chemical properties of soils were carried out on the territory
of Drohobych district in May—August 2021-2022. The studies included three main stages. In
the first stage, the survey of the research area was carried out, a general route familiarization
with the state of the vegetation cover was carried out, trial areas in phytocenoses with wild
vegetation (the predominant growth of diagnostic species) were selected and the species
diversity of diagnostic species was determined there. Trial areas were laid taking into account
the growth of plant populations-indicators of natural biocenoses.

Plot No.1 —the site is located on abandoned farmlands, where meadows have been formed,
and the soil is typical turf-podzolic surface-glazed.

Plot No.2 — fir-oak forest nodule with complete soaking of the root-containing soil layer
with precipitation and melt water, gray forest soil with a flushing regime.

Plot No.3 — the site is located along the forest road, on the galley, the forest soil is gray
with a partial flushing regime.

Plot No.4 — the site is located on the glades of mixed forest, the age structure of wood
stands is uneven, and the soil is brown and podzolic with an incomplete flushing regime.

Plot No.5 — an area of abandoned farmland, vegetation is represented by a significant
variety of groups, the soil is sod and slightly podzolic.

The species diversity of diagnostic species was determined using plant determinants. In
the second stage, soil samples were taken for research on the selected sample areas. Soil
samples were taken by Nekrasov's drill, mixing them from several points. At the third stage
of research, the physicochemical properties of the selected soil samples were determined
according to the tested methods (humus — according to the Tyurin method; pH of the aqueous
and salt extract — potentiometrically; mobile potassium and phosphorus — according to the
Kirsanov methods) [3, 10].

DISCUSSION

The territory of the Pre-Carpathian is located in a transitional strip between the northeastern
slopes of the Ukrainian Carpathians and the northwestern landscape of the Podolia highlands.
The region is characterized by differences in the relief, climatic and biological factors of
soil formation, and the groundwater occurrence level, which contributed to the formation of
different morphologies, genesis, and spectrums of soil formation [7].

Landscapes of the Drohobych region belong to the Drohobych foothills of the Dniester
Pre-Carpathian. The territory houses different types and subtypes of soils; thus, the region is
characterized by a significant complexity and diversity of soil formation conditions. Profile-
differentiated soil strongly varies in terms of morphological indicators and properties, which
affects the specificity, direction, and intensity of relic and modern soil-forming processes.
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The sod-podzolic surface-odle soils occupy the largest areas of the territory of the
Precarpathian and are the background soils of the Drohobych district. They were formed
under conditions of excess moistening, flushing, and stagnant-flushing water regimes under
broad-leaved forests with grass cover in the conditions of two opposite processes — turf,
which causes the accumulation of organic substances and podzolic, in which organic and
mineral compounds of rocks are destroyed [11, 12].

The nutrient content is extremely variable, due to the genetic nature of the soils and
climatic conditions. The average depth of the root-containing soil layer is 50-60 cm. The
soils are poorly humidified, acidic, and slightly acidic, with a relatively low content of gross
nitrogen and phosphorus, relatively poor at P,O5 andK,O. The content of mobile phosphorus is
low, which is typical for sod-podzolic soils and brown soils. The amount of mobile potassium
depends on the granulometric composition, especially on the fraction content of less than
0.001 mm, and varies within a wide range — from 2 to 12 mg/100 g of soil [11].

The landscape structure of the Drohobych foothills, in addition to the sod-podzolic soils,
is also characterized by wide low terraces with meadows and rainy-marshy soils, which
occupy almost 35% of the area of the entire district. Meadow soils were formed under the
radiant vegetation in conditions of high groundwater level, on alluvial sediments, and have a
well-developed profile. Humus horizon of dark gray color, fine-grained structure, compacted,
20—40 cm. Such soils are quite fertile Alluvial marsh soils are also quite common, which
were formed in pristine reductions with the joint action of the marsh and alluvial processes of
soil formation. Alluvial-ray soils were formed on alluvial sediments of river beds, under the
radiant vegetation, and have a well-developed soil profile [11, 12].

The climate of Drohobych is moderate continental, which corresponds to a small difference
in summer and winter temperatures, and high relative humidity. The climate of the area is
characterized by frequent thaws in winter, high cloudiness, intense rains, and the summer and
autumn floods caused by them. The amount of precipitation exceeds the amount of evaporation.

The modern vegetation cover of the area is sufficiently diverse. Oak, fir-oak, oak-beech,
and fir-oak forests predominate among forest vegetation. Type of forest — wet fir sub-oak
forest. Common species are Fagus sylvatica, Quercus robur, Fraxinus excelsior, Acer
pseudoplatanus, Tilia platyphyllos, Betula pendula, Carpinus betulus, Acer platanoides, and
conifers — Pinus sylvestris.

In the undergrowth grows Euonumus verrucosa Scop., Daphne mezereum L., Crataegus
monogyna Jacq., Sorbus aucuparia L., Frangula alnus Mill., Corylus avellana L., Swida
sanguinea (L.) Opiz, Prunus padus L., Rosa canina L.

Grass cover is quite varied, among plants common: Athyrium filix-femina (L.) Roth.,
Leucojum vernum L., Pulmonaria obscura Dumort., Lysimachia vulgaris L., Majanthemum
bifolium (L.) F. W. Schmidt, 4juga reptans L., Galeobdolon luteum Huds., Stellaria
holostea L., Oxalis acetosella L., Convallaria majalis L., Molinia coerulea (L.) Moench,
Luzula pilosa (L.) Willd., Pteridium aquilinum (L.) Kuhn, Carex pilosa Scop., C. brizoides L.,
Allium ursinum L., Lathyrus vernus (L.) Bernh., Dryopteris filix-mas L., Aegopodium
podagraria L.

Thus, in general, the landscape of the Precarpathian and Drohobych foothills, which
is uniform in nature, in particular, is complex in structure. Significant height differences,
the dense mesh of dismemberment, and gradual-stage elevation from the Dniester to the
Carpathians contributed to the formation of genetic horizons of soil cover and species
diversity of the plant world.
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An important indicator of plant organisms is the species or floristic composition, which
serves as an indicator of growing conditions. Its composition includes species that reflect the
cenotic and ecological properties of a particular biocenosis. These species induce vegetation
conditions under which the diversity of soil cover can be determined [9].

On pre-selected trial areas in phytocenoses with wild vegetation, we determined the
diagnostic species of plants.

Plot No.1 is the predominant growth of Equisetum arvense L. on abandoned farmlands,
where bows were formed, the soil is typical sod-podzolic surface-glazed. Equisetum arvense L.
is a typical representative of acidophiles of plants that are spread on acidic (pH 4.5-5.5)
typical sod-podzolic and brown forest soils.

Plot No.2 — growth of the population of Hepatica nobilis on the nodule of fir-oak forest
with full soaking of the root-containing soil layer with precipitation and meltwater, the age
structure of tree plants is uneven, the soil is the gray forest with a flushing regime. Hepatica
nobilisis a typical mesophyte that grows on fresh forest biocenoses with complete soaking of
the root-containing soil horizon and a mesotron that is widespread on salt-rich soils where no
SO2-, Cl- and HCO-ions are present.

Plot No.3 — Rapid growth of Ranunculus repens along the forest road, on the lawn, forest
grey soil with a partial flushing regime. Ranunculus repens — typical nitrophilus (plants grow
on sufficiently mineral nitrogen soils (0.3-0.4%). The species grows on slightly acidic soils.

Plot No.4 — growth of Plantago major L. and Trifolium pretense L. on the node of the
mixed forest, the soil for which is bored and podzolic with an incomplete flushing regime.
Plantago major L. is a typical acidophile and likes acidic (pH 4.5-5.5) sod-podzolic soils.
The species (subanitrophil) is widespread on oligotrophic soils with low mineral nitrogen
content (0.05-0.2%).

Plot No.5 — abrupt growth of Urtica dioica and Arctium lappa on abandoned farmland,
the soil is sod and slightly podzolic. Urtica dioica and Arctium lappa are eunitrophil plants
that grow on soils well supplied with mineral nitrogen (0.4-0.5%).

In general, vegetation in the trial plots was heterogeneous in terms of floristic features,
and biological and cenotic properties. Some species of plants were at different stages of their
development.

As a result of the research, it was found that the trial areas of wild plants chosen
by us are the growth sites of diagnostic species that identify (induce) the physical and
chemical properties of soils. The physical and chemical properties of soils belong to
the main properties and have a determining influence on the growth and development
of plants. Soil samples were taken on separate sample areas were studied according to
the following physical and chemical indicators: determination of field soil moisture, pH
of aqueous and salt extract, humus content, macroelements (nitrogen (N), phosphorus
(P,0;), potassium (K,0)).

Background sod-podzolic surface-glazed soils of Precarpathian were formed in conditions
of excess moisture and flushing type of the water regime on ancient alluvial and diluvial
carbonate-free loams. Their genetic nature is complex. Soils have a sharply differentiated by
type eluvial-illuvial profile and signs of dullness, a shallow humus horizon (30-40 cm). They
are unsaturated with bases, acidic, and contain little nitrogen and phosphorus available to
plants. As a result of weak water permeability, the upper horizons are overwetted.

It is generally known that according to the species diversity of plants of a certain
ecological group, which are widespread in the territory characteristic of their optimal growth
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and development, it is possible to pre-determine the water regime of the soil, the degree of
salinity, the content of nutrients, acidity.

As a result of the studies, it was found that the total moisture reserve in the soils in the
sample areas was sufficient, and its content did not differ significantly between the study areas
and was within 18.0-30.0% (see Table 1).

Table 1. Indicators of physical and chemical properties of soils

Indicators Plot 1 Plot 2 Plot 3 Plot 4 Plot 5§
Characteristics Abandoned | The territory| Along the Mixed Abandoned
of the territo farmland, of fir and forest road, Forest farmland,

Y meadows oak forest | on the lawn Nodule meadows
Humidity, % 26.0 30.0 22.0 18.0 20.0
Humus, % 2.6 3.1 3.5 2.9 3.8
Sgu(fi‘g;‘fous 52 6.3 5.8 5.4 6.4
pH — Saline 3.5 4.0 3.7 33 3.9
Gross N content, % 0.15 0.18 0.24 0.13 0.28
Gross P content, % 0.13 0.05 0.09 0.14 0.11
P,0,, mg/100 g
according to 78.0 454 50.2 63.6 52.5
Kirsanov
K,0, mg/100g
according to 39.1 51.3 54.2 33.6 57.4
Kirsanov
. Plantago
\gifger?op ;fiidPlan t Equisetum Hepa.ti'ca Ranunculus mqjof Urti.ca dioica
Species arvense L. nobilis repens L. Trifolium | Arctium lappa
pretense L.

The highest moisture content (30.0%) was recorded in trial plot No.2 (fir-oak forest area),
where there was an increase in the population of Hepatica nobilis. It is known that Hepatica
nobilisis a typical mesophyte that grows on fresh forest biocenoses with complete wetting
of the root layer [1]. The results of physicochemical studies confirmed that the plant is a
diagnostic species of the soil water regime of this biocenosis.

An important indicator of the soil is its acidity. Closely related to the reaction of the
soil solution is the life of the soil microflora, the processes of transformation of mineral
and organic substances in the soil, their solubility, sediment formation, and accumulation of
substances in the soil profile [14]. Each soil has a specific reaction of soil solution, on which
the development of plants and the direction of soil formation depend. Most plants grow best
in a weakly acidic or neutral reaction of the soil environment, so knowledge of the acidity and
alkalinity of soils, and the sources of their formation are extremely necessary for studying the
process of plant development [14].

As a result of the studies, it was found that the soils in the sample areas were acidic and
slightly acidic. The highest indicator of the soil solution (pH 5.2) was recorded in plot No.1
(abandoned farmlands), where there was a predominant growth of Equisetum arvense L. From
the scientific information, it is known that Equisetum arvense L. is a typical representative
of the ecological group of acidophile plants, which are widespread on acidic (pH 4.5-5.5)
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sod-podzolic soils [9]. Plantago major L., Trifolium pretense L. Growth was observed in
trial area No.4 (mixed forest nodule ). As a result of research, it was found that soils in this
trial area also had a rather high acidity index (pH 5.4). According to the results obtained, it
can be stated that Plantago major is a typical acidophile that grows on acidic (pH 4.5-5.5)
sod-podzolic soils [9]. A medium acidic acidity index (pH 5.8) was noted in trial plot No.3
(area along the forest road), where a rapid increase in Ranunculus repens was recorded. It
is known from literature sources that this species is a typical representative of the group
of subacidophiles plants, which are widespread on weakly acidic (pH 5.5-6.5) soil [9]. In
general, the results of the studies confirmed that the soils of natural biocenoses on which the
diagnostic plant species were growing were acidic and medium acidic.

Determination of the humus content serves as one of the main parameters for assessing
the physical and chemical properties of soils. Determination of the humus content shows
the nature of the natural phytocenoses influence on the soil formation process. Depurative
substances affect the development of soil properties, which determine its fertility, namely:
improve water-physical properties, and thermal properties, increase the buffering capacity
of the soil solution, and microbiological activity of the soil enriched with nitrogen and other
elements of root nutrition of plant organisms [13].

The results of the studies showed that the humus content in the trial areas fluctuated
within the limits (2.6-3.8%), which is generally typical for most soils of Drohobych. It is
interesting to note that the highest humus index of 3.8% was in trial plot No.5 (abandoned
farmland), where there was a rapid increase in Urtica dioica and Arctium lappa. The hummus
and nitrogen reserves in the soils of natural biocenoses are most concentrated in the upper
10 cm layer of soil, and are not constant, but change throughout the growing season. On trial
plot No.5 (abandoned farmland), we established the highest nitrogen content (0.28%), which
characterizes the degree of expression of the nitrification process and the provision of soil
with mineral nitrogen. Urtica dioica and Arctium lappa are eunitrophil plants that grow on
soils well supplied with mineral nitrogen [9].

A fairly high nitrogen content (0.24%) was noted in trial plot No.3, where a rapid increase
in Ranunculus repens was recorded. 1t is known from literature sources that Ranunculus
repens is a representative of the ecological group of nitrophilic plants that grow on soils
sufficiently supplied with mineral nitrogen. Relatively low nitrogen content (0.13%) was
found in trial plot No.4, where Plantago major L. The results of the research confirm the
scientific information that Plantago major L. is a subanitrophil species, which is widespread
on oligotrophic mineral nitrogen-poor (0.05-0.2%) soils [9].

In the course of the research, we established quantitative indicators of the organo-
mineral elements contained in the soil, which come from the soil to plants in the form
of organic and inorganic compounds. Their number primarily varies depending on
the presence of the hummus. The presence of phosphorus and potassium in the soil is
especially important. In particular, mobile forms of phosphorus are important indicators
of soil fertility. Closely related to it are the development of the root system, its absorption
capacity for moisture and nutrients, and the intensity of photosynthesis. It is believed
that the phosphorus content in parent rocks is one of the reasons for its different content
in soils. The amount of gross phosphorus is lower in sod-podzolic soils, but increases in
black soils [7]. As a result of the studies, it was found that the gross phosphorus content
in the sample areas ranged from 0.05 to 0.14%. The phosphorus content (according to
Kirsanov) was 45.4-63.6 mg/100 g of soil, in particular, phosphorus compounds were
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more in low-humus soils. The potassium content (according to Kirsanov) in the study
areas was within 33.6-57.4 mg/100 g of soil.

As a result of the studies, it was found that, in general, the soils of the sample areas are
acidic and slightly acidic (pH from 5.1 to 6.4), weakly and medium humus (2.6-3.7% of
humus), with a relatively average content of gross nitrogen (0.12-0.27%) and phosphorus
(0.05-0.14%), relatively poor on K,O and P,O; in the upper horizon.

Consequently, a laboratory study of the physical and chemical indicators of soils showed
that the diagnostic species of plants growing on the trial plots correspond to those environmental
groups whose vital functions are closely correlated with certain factors of the soil environment.
The dominance of certain species is associated with the chemical composition of the soil,
because plants are sensitive to the content of macro- and microelements in the soil, and can
serve as indicators in relation to the conditions of humidification, acidity, salinity, excess salt
content, as well as the availability of nitrogen, calcium, magnesium, potassium and other
nutrients in the soil. Diagnostic plant species confirmed the physicochemical characteristics
of the soils on which they grew.

CONCLUSIONS

As a result of the studies, it was found that in selected trial areas where such diagnostic
species as Equisetum arvense L., Hepatica nobilis, Ranunculus repens, Plantago major L.,
Urtica dioica, Arctium lappa grew, it is possible to pre-predict the physical and chemical
properties of soils. In general, the vegetation was heterogeneous in terms of floristic features,
the species were at different stages of their development. Diagnostic plant species confirmed
the physicochemical characteristics of the soils on which they grew.

As a result of the studies, it was found that, in general, the soils of the sample areas are
acidic and slightly acidic (pH from 5.1 to 6.4), weakly and medium humus (2.6-3.7% of
humus), with a relatively average content of gross nitrogen (0.12-0.27%) and phosphorus
(0.05-0.14%), relatively poor on K20 and P205 in the upper horizon.

Indicator plants should be used to estimate both the soil cover state and the general state
of the environment.
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AHOTALIS

BIIJIMB 'PYHTOBOI'O CEPEJOBHUIIIA HA PI3BHOMAHITHICTb
JIATHOCTUYHUX JUKOPOCJIUX BUAIB POCJINH

Cepen BaXJIMBUX TPOOJIEM CHOTOACHHS OCOOJMMBE MICIIC HAJCKUTh JOCIIIKCHHAM
NPUCBIYEHUM TPYHTOBOMY MOKpHBY. [PyHT 3aliMae INpoBifHE Micue B XHTTI JIIOAUHH Ta
BUKOHY€ TII00aJbHI COIiaThHO-eKOHOMIYHI (pyHKIi. JKUTTE MisTBHICTS POCITMH TiCHO TIOB'SI3aHa 3
HaBKOJIMIIIHIM CEPEIOBHUILEM, 30KpeMa 13 IPYHTOM, KU 3a0e31edye iX O)KUBHUMHU PEYOBHHAMH,
OITHOYACHO, POCJIIMHU CIIYTYIOTh 1HIWKATOpaMH T'PYHTIB. 3a JOIMOMOTOI0 JiarHOCTUYHUX BHIIB
POCIIMH MO)KHA BU3HAYUTH XapaKkTep TPYHTY, CIIPOrHO3YBAaTH HOro (i3MKo-XiMiuHI BIaCTHBOCTI,
30KpeMa BMICT BOJIOTH, TO)KUBHHUX PEUOBHH, COJIEH, KUCIOTHICTh Ta iH. Y CBOIO 4epry, dizuko-
XIMiYHI BJaCTHBOCTI I'PYHTIB BIIMBAIOTH Ha PICT i PO3BUTOK POCIHH, iX nommpeHHs. OcobamnBo
YiTKO BHpakeHI iHIUKATOPHI BIACTUBOCTI y TUKOPOCIUX TPaB’ THUCTUX POCIHH.

83



MeTo10 HaIoro JOCIiKEHHs OyJI0 BCTAHOBUTH 3aJIEXKHICTh BUIOBOTO CKJIJIy JHKOPOCIUX
pocnuH [lepenkaprarts Bix (i3UKO-XiMIYHHX BIACTHBOCTEH I'PYHTOBOTO CEpeIOBHINA.

HocnimkeHHss mnpoBomwid Ha Tepuropii [IporoOMmpkoro paiioHy B TpaBHI-CEpIHI
2021-2022 pp. IlpoBeneHHss JOCTIMKEHb BKIIOYAIO TPU OCHOBHHX eTamd. Ha mepmomy erarri
Oys10 00paHO MPOOHI oMM y (ITOICHO3aX 3 TUKOPOCTYYOK POCIHHHICTIO (IIEPEeBaKAIOUNM
3pOCTaHHSM JIarHOCTUYHKX BU/IIB) Ta IIPOBEICHO BU3HAYEHHS BUOBOI pizHOMaHiTHOCTI. [Ipo6Hi
IUIOLI 3aKJIQfald 3 ypaxyBaHHSIM 3pOCTaHHS HOMYJSIIH POCIMH-IHAMKATOPIB IMPUPOTHHUX
6iomeHosis. Ha npyromy erami Ha oOpaHmx mpoOHMX IUIomax Oyio BifiOpaHO 3pa3ku TPYHTIB
IUTSA TOCHiKeHb. Ha TpeTboMy eTarri JociiKeHb OyIIo MpoBeIeHO BU3HAYCHHS (Pi3UKO-XIMITHAX
BJIACTUBOCTEH BigiOpaHMX 3pa3KiB TPYHTY 3a apoOOBAHUMH METOIUKAMH (TyMYC — 32 METOIOM
Tropina; pH BomHOI i COLOBOT BUTSDKKH — IMTOTEHI[IOMETPHUYIHO; PYXOMHU#H Kaii Ta ¢pocdop — 3a
metonamu KipcaHosa).

VY pesynbrari A0CIHiIKEHb BCTAHOBIIEHO, 110 3arajlbHUK 3a11ac BOJIOTH B I'PYHTax Ha MPOOHUX
wromax OyB focrtarHiM 1 3HaxommBest B Mexax 30,0-18,0%, B mimoMy TpyHTH € KHCTI Ta
caboxkucmi (pH Bix 5,1 no 6,4), cnabo- Ta cepennsorymyconani (2,6-3,7% rymycy), 3 BiTHOCHO
cepenHiM BMicToM BastoBoro asory (0,12-0,27%) ta pocdopy (0,05-0,14%), BinHOCHO OinHI Ha
K,O 1a P,O5 y BepXHbOMY TOPU30HTI.

JlaboparopHe BHBUEHHS (Di3UKO-XIMIYHUX IMOKa3HUKIB TPYHTIB MOKa3aJio, MIO IiarHOCTHYHI
BUAM POCIHH, SIKI 3pOCTajM Ha NMPOOHUX IUIOLIAX, BIANOBIJAIOTH THM EKOJIOTIYHHUM TpyIiam,
KHUTTEBI (QYHKILII SKMX TICHO KOPENIOIOTH 3 NEBHUMH YMHHHKAaMH IPYHTOBOTO CEpEJOBHIIA.
BcranoBneHi MiarHOCTHYHI BUAM POCIHUH, 30Kpema Equisetum arvense L., Hepatica nobilis,
Ranunculus repens, Plantago major L., Urtica dioica, Arctium lappa, ninrBepammu ¢izuko-
XiMIYHi TOKa3HUKH TPYHTIB, Ha SKUX BOHHU 3pPOCTaIIH.

OTKe, POCIMHU-IHIUKATOPU JOLIIBHO BUKOPHUCTOBYBATH JUISl OLIHIOBaHHS SK 3arajibHOTO
CTaHy HaBKOJIMIIIHBOTO ITPUPOJHOTO CEPEOBUILA, TaK 1 CTAHY IPYHTOBOTO TIOKPHUBY.

KarouoBi caoBa: TpyHT, pPOCIMHH-IHOMKATOpH, TPYHTOBHH IIOKpUB, (i3MKO-XIMidHI
BIIACTHBOCTI.
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BIIJINB OBMEXXEHUX TA IHTEP®EHCHUX ®OHOHIB
HA MI’K3OHHE INIOTVIMHAHHSA CBITJIA
Y KBAHTOBHUX TOUYKAX CdS

Jocnimkero BIMB 0OMEXEHHX Ta iHTepelcHUX (OHOHIB Ha KOe(ili€eHT EKCHTOHHOTO
MOTJIMHAHHS MTOJITPU30BAHOTO CBITIIA BiJI HOTO 9acTOTH IS C(hepruIHMX KBaHTOBHUX To4ok CdS, siki
nominieHi y aienekrpuuny marpuio SiO,. BpaxoBaHo ckiiajHy CTpyKTypy BaJ€HTHOI 30HH, a came
il BupomkeHHs y Touui I, y Moneni 6arato3oHHO1 eekTuBHOT Macu. OOUHCIEHHS TPOBOANINCH
JUI pi3HUX Temmeparyp (BiJ Teli€BHX J0 KIMHAaTHHX TeMIeparyp) i paaiyciB chepranoi
KBaHTOBOI ToukH rerepoctpykrypu CdS/SiO,. [locnimkyBanucs Taki po3Mipn KBaHTOBUX TOYOK,
KOJIM €HEepTeTUYHI PiBHI eeKTPOHA Ta JIPKH JOCTAaTHBO BiAgalieHi OAWH Bi ogHOTO. BH3HaueHO
nmapameTp eneKTpoH-(poHOHHOI B3aemomii (dakTop Xyanra-Pica) mis pi3HUX paziyciB KBaHTOBUX
To4uoK. OOuncieHo koe(ilieHTH MONIUHAHHS, 10 3YMOBIIEHI NepexoJaMu HOCITB 3apsay Mix
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HAWHIKYUMH JBOMa ONTHYHO AKTHBHUMH PIBHSIMHU Yy KBaHTOBIM TOYIN MiJ BIUIMBOM JIiHIHHO-
TIOJISIPU30BAHOTO CBiTiIA. BpaxoBaHO muicriepciro KBAaHTOBMX TOYOK 32 PO3MipaMH 3a JIONIOMOTOI0
posnoniny ['ayca. MakcumanbHa quctepcis 3a po3mipamu craHosmia 5%. OTpuMaHo Ha CIIeKTpax
MTOTIIMHAHHS (POHOHHI OBTOPH. 3pO0JICHO MOPIBHSIHHS OTPUMAHUX PE3YJBTATIB i3 BiAMOBITHUMH
[pH BpaxyBaHHI OKPEMHUX T'JIOK MOJISAPU3AIliiHIX (OHOHIB.

Kurouosi ciioBa: dakrop Xyanra-Pica, ontuuHi nepexoan, poHOHH, KOe(ili€HT NOTIHHAHHSL..

BCTYII

CydacHWIA PO3BHUTOK HAIMIBIPOBITHAKOBHX TEXHONOTIA Ja€ 3MOTy OTPHUMYBAaTd
HAHOTETEPOCUCTEMH PI3HOT BHMIPHOCTI Ta BHCOKOI sKOCTi. OTpUMaHO KBa3iJBOBHMIpHI,
KBI310HOBUMIPHI Ta KBa3iHYJIbBUMIpHI cucTeMd — kBaHTOBI Touku (KT). Came ocranHi
JEMOHCTPYIOTh 3Ha49Hi MEPCHEKTHBU Yy 3aCTOCYBaHHI iX y ONTOEGNEKTPOHIII SIK JKepena
BUIIPOMIHIOBaHHS O1710ro CBiTJIa Ta SK JETEKTOPH EJIEKTPOMATHITHOTO BHIPOMIHFIOBAHHS.
3minroroun po3mipu KT, MoxkHa HanmamTyBaTy BiAMOBIIHUI IETEKTOP Ha Ty UM IHIITY TOBKUHY
xpri. Ockinbku KT MaroTe AUCKPETHHI CIIEKTP, TO BHACTIAOK HOIIHHAHHS €JIEKTPOMAarHITHIX
XBUJIb MOXYTh BiOyBaTHCs NEPEXOAM €JIEKTPOHA MK DPIBHAMH PO3MIpPHOTO KBAaHTYBaHHS
(BHYTPI30HHI TIEPEXO/IM) T4 MIXK TO3BOJICHUMH BIAMOBITHUM PIBHSIMH BaJCHTHOI 30HU 1 30HH
MPOBITHOCTI (MK30HHI TIepexoan ). OcTaHHi 1 CIPUYMHIOOTH Y OUTBIIOCTI BUNA/IKiB ONTHHAHHS
EJIEKTPOMArHITHUX XBHJIb 1H()PAUYECPBOHOTO Ta BUAUMOIO Jiala30HiB ONTUYHOTO crekTpy [1-4].

J71st oTprMaHHS KBAHTOBHX TOUOK, SIKi MOTIMHAIOTH 200 BHITPOMIHIOIOTH €1€KTPOMATHITHI
XBHJI1 BUZMMOT YACTHHU CIIEKTPY HEOOX1THO BAKOPHCTOBYBATH ITUPOKO30HHI HAITIiBIPOBITHHKH.
Sk mpaBmio, 3acTocoByIOTh rerepocucteMu 3 KT Ha ocHoBi cromyk A,Bg, A;B;. ®@iznuni
BIIACTUBOCTI TAaKHWX HAMIBIPOBITHUKIB 3HAYHOIO MIpOI0 BH3HAYAETHCS MMOJBIPU3AIIHHIME
KOJIMBAaHHSAMH, X BIUIMBOM Ha CHEPTil0, YaCH peslakcalliii elneKTPOHiB, TipOK, eKCUTOHIB [5-13].

EmexTpudHi Ta ONTHYHI BIACTUBOCTI HAIIBIIPOBITHUKOBUX HAHOT€TEPOCHCTEM Ha OCHOBI
croiyk A,B¢ IHTEHCHBHO JOCIIDKYIOThCS 3 OISy HAa 3HAuHE KOJIO Pi3HHX 3aCTOCYBaHb.
[Ipu 3menmenHi po3mipiB KT 3HauHO 3MIHIOIOTHCS BIACTHBOCTI TE€TEPOCHCTEMH Yepe3
TPUBHUMIpDHE KBaHTOBE IPOCTOPOBE OOMEXKEHHS eNeKTPoHiB Ta Aipok. CyTTeBa 3MiHa
BJIACTUBOCTEH IOCSTAETHCS TOJI, KOJU PO3MIPH HAHOKPHCTATIB CTAlOTh CHIBMIpHUMH ab0
MEHIIIMMH 3a OOPIBCHKUIT pajiyc excutoHa [14, 15].

KpiM 3MiHM ONTHYHHX BIIACTHBOCTEH, 3MEHIIEHHS pO3MIpY KBAaHTOBMX TOYOK YaCTO
CIIPUYMHSE CTPYKTYpHI 3MIHM y MpPOCTOPOBOMY po3TamryBaHHi aromiB BcepeauHi KT.
Bigomo [16], mo MacuBHU#T kpucTan CdS xapakTepu3yeTbcs CTaOLTBHOI0 TeKCAroHAIbHOK
CTPYKTYPOIO aX JIO TOUKH IIaBjJIeHHS. MeTacTabinbpHa KyOivHa (haza iCHye JJ1sl TOHKUX TUTiBOK,
HAHOKPHUCTAIIYHUX TOPOIIKIB, KOJIOIHAX KBAaHTOBMX TOYOK [17-21]. IcHyBaHHS KyOi4HOT Ta
rekcaroHayibHoi (a3 B rerepocucremax 3 CdS mocmimkysanocs B [22]. Y pobori [23] mpoBeneHO
KUTbKICHHH aHaJli3 BIIHOCHOro 00'eMy 3a3HaueHHX Qpakiii CdS Ta 3MiHy MHpOIEHTHOTO
cxiany KT 3 xkyOiuHMME Ta TeKcaroHaJbHUMHM (ha3aMM MpH Bixmaii. 30Kkpema, BCTAHOBIEHO,
0 30UTBIICHHS] TeMIIepaTypH Bianany crpuse 30uibieHHI0 KimbkocTi KT 3 rparkoro tumy
Bropruty. st Temneparypu Binnaimy 773K crpykrypa Beix KT crae rekcaroHansHOIO.

VY pobori [14, 17, 22] nocnimkeno orpumani KT CdS MeTomoM XiMIi4HOTO OCaDKEHHS Y BOJII
Ta PO3UMHAX BOAOPO3YMHHUX IomiMepiB. Meronom andpaxmii X-poMeHiB BCTAHOBIICHO, IO
HAHOYACTUHKH, K TpaBmwio (Outeine 80%) XapaKTepH3yrOThCs KyOITHOIO CHMETPIEIO.

Kganrosi Toukn CdS Bifi3Ha4at0ThCS 1€ OIHIE0 0COOMUBICTIO. Jl0 IIOTO Yacy OIHO3HAYHO
HE BCTAHOBJICHO 3aJICKHOCTI BEJIMYMHH EKCHTOH-(QOHOHHOI B3aemomii Bijg posmipiB KT
y TeTepocucTeMax 3i criomykamu A,Bg, 30kpeMa y poOoTi [24] Ha OCHOBI aHaNI3y paMaHiBChKOTO
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CTIEKTPY HAHOYACTHHOK SIK KyOIYHOi, TaK 1 T€KCarOHAILHOI (pa3 3po0IeHO BHCHOBOK IIPO
3MEHIIIEHHS eJIEKTPOH-(POHOHHOI B3aeMO/Ii1 Ipy 3MeHIeHH] po3mipiB KT. AHanoriusi pe3ynsrati
HaBeJICHI B TOCII/PKEHHSIX [23, 25]. Pe3ynbrary aHalloriYHUX BUMIpIOBaHb B reTepocuctemMax 3 KT
CdS,Se,, [26] Ta ZnSe [27] TpaKTyIOTbCS HA OCHOBI MPOTHJIEKHOTO BUCHOBKY NPO €JIEKTPOH-
(hoHOHHY B3aeMoIit0 — pocTy (akropa Xyanra-Pica npu 3meHmenHi po3mipis KT.

Ha ocHOBI BUKJIaICHOTO BUIIIE, METOIO JIaHOT pOOOTH €:

— BU3HaueHHs eHeprii ekcurtona y KT CdS;

— JOCIIJKeHHS BIUIMBY MOJSPU3ALiHHUX 3apsi/iiB HA €eKCUTOHHI CTaHU;

— obuucnieHHs gakropy Xyanra-Pica mis oOMexeHux Ta inTepdeicux (GOoHOHIB.

MOAEJBb I'ETEPOCUCTEMHM

Posrsmaerbess HaHOreTepocucTeMa 3 CHEpUYHMMH  KBAaHTOBMMHU  TOYKAMH
IIMPOKO30HHOTO HAIIBIPOBIJTHHKA, SIKI 3HAXOMATHCS y MATPHIl 3 OO 3a00POHEHOIO
30HOW. [y JOCHiIKEHHS CMEKTPiB MOIIMHAHHS Ta JIFOMIHECUEHUIl y BUIMMIN 4acTUHI
CIIEKTPY HEOOX1JIHO OOUMCIIUTH eHeprito eiekTpoH-AipkoBux nap KT. aminsronian mapu
JIBOX 3apsiJIiB, 110 B3aEMOJIIIOTh Mi>K COOO0I0, Ma€ BHUIIIS/L;

ﬁex:ﬁe"r‘ﬁh"rW. (1)

VY HabmmxeHH] e(heKTHBHOI MacH TaMiJIBTOHIaH eNEeKTPOHA

A=l 1 G )
e 2 mg (;:e) e e)>
~ 0, rn<a - m, r,<a . . )
ne V,(7)= , m,(7)= , a — paniyc KBaHTOBOi Touku. Hamai
U,, r.>a m,, ¥, >a

Oynemo mocmimxyBatu rerepocTpykrypu 3 KT kpucramy CdS xybiunoi ¢asm, mis sxoi
B ['-Tourti 30um Bpimtoena xapakrepHe BUPO/KEHHS 30HH BaXKKHX Ta JIETKUX Aipok. Bigomo
TaKOX, 110 €HePTis criH-opOiTanbHOI B3aemofii B CdS (A =70 MeB) € Maoro y HOpiBHSHHI
i3 [WMpPHHOKO 3a00pOoHEHOi 30HM E, =2.56eV . SIKmo 3HexTyBaT CHiH-OpOITATBEHOIO
B3a€MOJIIE0, TO JIPKOBHI TaMiJIbTOHIaH MOXKHA TIpeIcTaBUTH popmysoto [28]:

H, =%(y,+4y)f)2—3y(pJ) +U (r,), 3)

ned=iJ_+ jfl KT, —oriepatop CIIiHOBOTO MOMEHTY JIipKH j = 1 RIS 1/ 5(33(.3 +2y,) -
napameTrpu JlaTTiHIKepa, SKi € XapaKTePHUCTUKOIO KpHCTAITY, ToMY € pisHuMu 1t KT i marpuri.
Yepes HUX MOXKHA BUPA3UTH MAacy BaXKKOI Ta JIETKOT MIPKU KPUCTATY:

1 1

>y,

Y1~ ZY

[Morentian oOMexXeHHs JUIA IIPKH, SIK 1 IS eNeKTPOHa, BHOPAHO Y BUIIISAL IPSAMOKYTHOTO
MOTEHITIAILHOTO 0ap’epy:

4

m,, = =—.
" ¥, +2y

0, 7, <a,
Uln)=1" "¢ ®)

Uy, 1 >a.
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3BaXkalouM Ha MaJly PI3HUIIO MK JIEIEKTPUYHUME MpoHUKIHMBOCTsIME KT Ta marpwiti,
B3aEMOJII0 MDK €JEKTPOHOM Ta MIpPKOI0 BpaxyeMoO dYepe3 KYJIOHIBCHKHI TOTEeHIial
2
e . .
W =—-———, Ie € — AieNeKTpUYHa IPOHUKHICTh KpucTany CdS.
el -7,

e

EJIEKTPOHHI, JIPKOBI TA EKCUTOHHI CTAHH

i 3HaXOKEHHSI eKCUTOHHUX CTaHIB CIOYaTKy OyJ0 BH3HAU€HO €JIEKTPOHHI 1 JIpKOBI
CTaHM OKpeMO. XBWJIbOBY (PYHKIIIO €JICKTPOHA, BU3HAUYCHO HAa OCHOBI PO3B’SI3KY PIBHSHHS
Ilpeninrepa 3 raminsronianom (2). If momano y Burmami n06yTKy pajianbHOI CKIag0BOi,
sKa BHUpaxaeTbcsd chepuuHuMu (yHKIissME beccenst mepuioro pomy i MoauikoBaHUMHU
cepuaHUMHU QyHKIISIMU Beccerns qpyroro pomy Ta KyTOBOIO YaCTHHOIO (C(EepHIHI TApMOHIKH ):

An,lj/( wite /a) r<a
B,, k,(xn,lre/a), r>a><

ne k,, =a\2m,E,,,, x,, =a\2m,(U,~E,,,). Enepris enexrpona E,,, Ta KOHCTaHTH

A,,, B,, 3HalIEHO 3 TPAHUYHUX YMOB (HENIEPEPBHOCTI XBUIILOBOT (YHKIIii i IIOTOKY TyCTHHH
fimoBipHOCTi Ha Mexi KT) Ta ymoBn HopMmyBaHHA. TyT / — opOiTanbHe KBaHTOBE YHCIIO, M —
MarHiTHe kBaHTOBe 4ucio (-/ < m < [), n — HOMep PO3B’S3Ky AUCIEPCIHHOTO PIBHSHHS NPH
3a/1aHomy /.

XBWIBOBY (PyHKIIIIO, III0 € pO3B'si3KkoM piBHAHHA LlIpeninrepa i qipku 3 raMiJsTOHIAaHOM

(3) y chepuuno- ~CHMETPHIHOMY T TIOJTi, MOYKHA 3aJ1aTH JOOYTKOM BIIacHHUX (YHKIIIH omeparopa

Vet (7) = Ry (1) 1, (Q.) = () (6)

TIOBHOIO MOMEHTY iMityibey F = Ly + J 1panianbHUX QyHKIIN. [cHyt0Th TpH THIH cTaHiB [29-30]:

\VH/H (rh,eh,(ph):Rj"‘ (”h)q);,} (Qh)"er] (Vh)q’fﬂb (Qh)a Szl L= -1 f+]
‘Vf,M (rh’em(Ph):R}.(rh)cD;,M (Qh)’ fz5 0, =7 @)
\Vl),o (rhaeha(Ph):R(]) (’”h)q):),o (Qh)7 f=0 1, =1

JIe BBEJICHO CITIHOPH, 1110 BiMOBIIAIOTh CITIHY JIIpKH j =1 :

A

(D{;-M Z Z C/{VJZ Jom; lh m, (Qh)Xh;m, > (8)

my ==l m;=—j

f ( f+ 1) (l + l) M, m,, m; yBuOpaHiii cUCTEM] OJMHULIb € BIACHUMH 3HAYECHHAMH
~2 ~ 2

omeparopiB F , Li , F:, Lz, J. JUIA AIpKU BiATIOBiZHO, K, ~ TPUKOMITOHEHTHI CITIHOBI
~ 2

¢ynkuii xipku, Y, - — chepudHi rapMOHIKH, K1 € BIacHUMH QyHKUisME onepatopa Li .
. . /‘

Tyt Takox Bukopucrano koedinientu Knebuwa-XKopapana C- miom;
SIKIo K 3HEXTYBAaTH CKIAJHOIO CTPYKTYypOIO BaJICHTHOI 30HH 1 BBa)KaTH, IO Iipka
XapaKTepU3y€ThCs OJHIE MACOI0 M, = m,, =m, , ToAi 3 (4) BurumBae, mo v, =1/m,, y=0.

3a 1ux yMoB po3B's3ku piBHsAHHA Llpeninrepa 3 ramineroHiaHOM (3) MOXKHA [TOAATH Y BUTTISI:

wh;n,,,[h,mh (Fh ) = Rh;n,,.l/, (rh) Y;/,,m,, (Qh ) (9)

Ha ocHoBi moganux GpopmMyI MpoBeNeHO 0OUNCIICHHSI CHEPIeTUYHOTO CIEKTPY EIeKTPOHA
Ta nipku rerepoctpykrypu CdS/SiO, 3 ypaxyBaHHSIM CKJIaJHOI CTPYKTYpH BaJICHTHOT 30HU
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Ta HEXTYIOUW Hero. J[i1si oOurCIIeHh BUKOPHCTAHO TaKi mapameTpu rerepocuctemu [31-33]:
CdS—y, =171, y=0.62, £€=55; SiO,— y,=4.22, y=0.39, £¢=3; m =0.2, m,, =2.128,
m, =0.339, E, =2.56eV, U, =2.7¢eV, U, =4¢eV.

4

LF¥]
'l

E, eV
b

Puc. 1. Enepris enektpona y cgepuuniii KT. Enepriro s-cTraniB no3HadeHo
CYUJIbHUMH KPMBHMH, P-CTAHIB — INTPUXOBUMH, d-CTaHIB — INTPUX-MYHKTHPHUMH

Ha pucynky 1 nopaso 3anexHOCTi eHeprii enlekTpoHa Bix paaiyca KT s ocHoBHOrO Ta
JIEKIJTBKOX 30y/PKEHUX CTaHIB.
Bunno, mo 30inmbmenHs pagiyca KT cynpoBomXyeTbcss MOHOTOHHHM 3HHKEHHSIM
o

eHepril BCiX cTaHiB enekTpoHa. [Ipu Manux paniycax R <254 BifcTaHb MK OCHOBHUM Ta
30yIKEHUMH CTaHAMHU CTa€ OLIBIION0 332 CHEPTiI0 MOB3I0BXKHBOTO MOSPU3AIiHOTO (PoHOHA
kpuctary CdS, mo MoXHa BpaxyBaTh NpH TOCIIIKEHHI €JIeKTPOH(EKCHTOH)-()HOHOHHOL
CHCTEMH I'€TePOCTPYKTYPH.

AHaJoTiuHI OOYHCIICHHS SHeprii MPOBEICHO 1 JJIsA IIpKOBUX cTaHiB (puc. 2). KpuBoro
hh TO3HAUEHO €HEPTiI0 OCHOBHOTO CTAaHY JIPKH, SIKIIO 3HEXTYBATH CKIIAJHOIO CTPYKTYPOIO
BAJICHTHO{ 30HU 1 B OTHO30HHOMY HaONMKEHHI BB)KATH, IO Maca JipKHU TOPIBHIOE Maci BayKKOL
NipKu, T06TO m, = 2.128 . BinnosinHo kpuBa/h—aHanoridHa eHEPrisi OCHOBHOTO CTaHy TiPKHU 38
YMOBH, 0 1, = 0.339 . SIKIIIO 5 BpaxoByBaTH CKJIaJIHy CTPYKTYpPY BAIEHTHOT 30HH, TO EHEPTIO
Iipku 300paxkeHo KpuBumu 1—4. EHepris, 1mo no3HadyeHa KpuBoo 1, BiAMoBiae HaiiMeHIIiit

enepriilp-crany v, ,, (1,.6,,9,) (f =11, =1, n, =1),xpuBa2—HalMeHIIHeHeprii3MilIanoro

Isd-crany .}, (5,.0,,9,) (f=1,1,=0, 2,n,=1), xpuBa 3 — ld-crany v, (,.6,.9,)
(f=2,1,=2, n, =1); xpuBa 4 —3mimanomy 1pf—CTaHy\|/2M(Vh, 0,.0,)(f=21,=1,3, n =1).
Tyt n, —HOMep PO3B’A3KY BI/IMOBIHOTO AUCTIEPCIHHOTO PIBHAHHS 171l KOHKPETHOTO CTaHY

HipKu. SIKIIO BBECTH [TiITOHOYHE 3HAYEHHS e(pEKTUBHOI MacH Jpku m, = (m,, +m,)/2=1.07,
TO B OJTHO30HHOMY HaOJMKEHHI €HEepTisl TipKH 300pa3uThCS TOUKOBUMH KPHBHMU.
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3 pucyHKa 2 BUAHO, IO Mig00poM e(EeKTHBHOI MacH JIIPKH MOXHA JOOHWTHUCH JIOCHTh
n06poi 301KHOCTI eHeprii OCHOBHOTO CTaHY YAaCTHMHKU B OJHO30HHOMY Ta 0araT030HHOMY
HaOmkeHHsX. [Ipote, pi3HUI 11 30yKEHUX CTaHIB Y IUAX IMiIX0/aX CTA€E JJOCUTh 3HAYHOIO.
OTxe, TOCHiIOBHA Teopis, sKa BPaxOBy€ ICHYBaHHA BCIX MIPKOBUX CTaHIB, IOBHHHA
TPYHTYBATHUCS JIMIIe Ha 6araTo30HHIM Mojieli HamiBrposigauka CdS.

T

Lad

005

0.00 i . - . B ettt
15 20 25 30 35 40 45 50

Puc. 2. Eneprist Aipku 3 ypaxyBaHHSIM CKJIA/IHOI CTPYKTYPH BaJIeHTHOI 30HU (CyUi/IbHI
KpHBi), Ta HEXTYI0YM Hel0 (IITPUXOBi KPUBI)

Jnst o6unciieHHS XBUIbOBOI (DYHKIIT Ta €HEeprii eleKTpOoH-AiPKOBOi MapH (€KCUTOHA) IS
HaWHIDKYMX CTaHiB BUKOPHCTAHO TEOPilo 30ypeHb. XBUIILOBY (DYHKIIIIO eNIeKTpOoHa B 1s-cTaHi
(/=0,n=1, m=0) 3amucano y Taxiii ¢opmi:

W00 (’i ) =R, (re) Yoo (Qe) ) (10)

a i jpipku y 1sd-crami 3 xBantoBMMHU umciamu (f=1,1,=0,2, n, =1, M =0,+1)
XBWJIbOBA (DYHKITiSI Ma€ TaKHWid BUTIISL;
0.2 _po 0 2 2

Yim (rhaeha(Ph ) =R (’”h )(DI,M (Qh)+Rl (’”h )CDI,M (Qh) : )

Toni s mamux po3mipiB KT xBunboBy yHKIi0 enekTpoH-aipkosoi napu (EI) moxHa
MOJIaTH Y BUDIISAI TOOYTKY €IIEKTPOHHOT Ta JIPKOBOT (DYHKITIH:

= =\ 02

Wy (7.7) = v (7)) win (7:9,.9,) - (12)

Eneprist enekTpoH-1ipkoBo1 mapu 0e3 BpaxXyBaHHS KyJIOHIBCHKOi Ta OOMiHHOI B3aeMOIil

€ 3-KpaTHO BHMPOKEHOI0 3a KBAaHTOBUM umcioM M. Tomy nansi 3HaxXOIXKEHHS IOBHOI

eHeprii eKCUTOHA Ta BiJMOBIJTHUX XBHILOBHX (DYHKIIIH BUKOPHCTAHO TEOPit0 30ypeHb LIS

BUPOKEHUX CTaHIB. XBWJIbOBY (YHKIIIO €KCUTOHA HYJbOBOTO HaONMMKEHHS BHOpaHO
y BUDIISAAI JiHIKHOT KoMOiHanii ¢pyHkmi (12):

Ve =2 Coy (773). (13)
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[MTincranoBkoto (13) y (1) MOXKHA OTPUMATH CUCTEMY PiBHSHB:

;cM {(E§+E§+Eg—Eex)sMM+<\|/;,|W|wM>}:o. (14)

OOunciIeHHs KYJ'IOHiBCBKOI‘O MATPUYHOTO €JIEMCHTA 1A 3a3HAYCHHUX BUIIEC KBAHTOBUX
YUCEJI Aa€ pe3ybTar:

1 1
<WM'( |W|WM rh)> _S_SM',MQM’,MIOZ u M MQM M =K8M’,MQM’,M7 (15)

1 my, a

ne Qyyy =0,y TUBKH 11 —1 < (M',M) <1, 0 1 BUKOHYETBCA y LIbOMY BHUITAJIKY,

K:_ijoz_@l (16)
& Mk, a
1
—, 1, <7,
2\
1, Idrhd o R ( (|RO 7, | +|R12(rh)| ) 1 17
—, 5>,

AHaJIoriuHi 00YHCICHHS TPOBECHO JIJIsl BUTIAJKY, KOJH EIEKTPOH € B 1s-CTaHi, a Jipka
y Ip-crani 3 kBantoBumu yncnamu ( f =1,1, =1, n, =1, M =0,£1):
1 1 1
W],M(rh’eh’(Ph):Rl (rh)q)],M(Qh)‘ (18)

BpaxoByroun yci 3HaiijieHI MaTpU4HiI €JIeMEHTH, OTPUMAaHO CHEPril0 OCHOBHOTO Ta
30ymxenoro craniB E/II1.

3.6

Lex, ¢V

T M " i i
-'Eil.'ll 12 14 16 13 20
R, A

Puc. 3. Eneprisa EAIl y KT
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Ha pucynky 3 momaHo pe3ynsrard OOYHCICHb OCHOBHOTO Ta 30YIKEHOTO CTaHy
o

€JIEKTPOH-1ipKOBOi mapu. BuaHo 1o B obmacti Manux po3mipiB KT R <204 BiacTaHb Mix
E€HePreTUYHUMHU PiBHSAMHU €KCUTOHA CTa€ OUIBIIO0 3a €HEPTiI0 ONTUYHOTO (DOHOHA KPUCTAITY
CdS. VY wiif obnacti po3MipiB KBAHTOBUX TOYOK NP BPaxyBaHHI BILUTUBY ITOJISIpU3AIIIHIX
(hOHOHIB Ha EKCUTOHHI CTAaHW MOXKHA CKOPUCTATHUCH a/1iabaTUIHNM HAOIMKESHHSIM.

BILIJIMB MOJISIPU3AIIMHUX KOJIUBAHDb HA EHEPTTIO EKCUTOHA

["aMifIbTOHIAH €JIEKTPOH-IIPKOBOT MapH (eKCUTOHA) Ta (POHOHHOI CHCTEMH Y KBaHTOBIH
TOYIIi:

ﬁ:ﬁex‘f‘j_\lph"rﬁim, (19)

ne He ZZE,m,a;,,am,, H oy —ZQW D, — omeparopu EJIIl Ta momspusamiiHuX
nn'

slm

b, +b, m) — omeparop B3aeMOAIl

nznz ’71’71( slm

(oHOHIB, BimNOBiAHO Hin = Z(DZIZ;I? (sim)a;
nostpu3aniitaux ¢porowis 3 ENIIT; 4y, (a,, ) — omnepartop HAPOKCHHS (3HHUILEHH:) €IEKTPOH-

TPKOBOI ITapH, KOJIK €JIEKTPOH IiepedyBae y cTaHi n ,a Jipka—y cTaHi n’, eHeprisnapu— E, , ;
b, (bs,m) — OIepaTop HapoIKEeHHs (3HUILIEHHsS) (OHOHA BITKM s 3 OpOITaJbHUM Ta
a3UMyTHMMH KBaHTOBHUMHU 4HcIaMH [ 1 m, eHepris sxoro Q, , (D”Z"Z (sim) — dymKmis

3B'S13Ky (DPOHOHA 3 EJIEKTPOH-IIPKOBOIO MApPOI0.
3amumemMo oneparop B3aeMoil y BUIVISII CyMH:

o~ ~ (0 ~ (1
Hw=dw (20)

[lepmmii momaHok He BpaxoBye MikpiBHeBi nepexonu EJII1 yepe3 B3aeMoit0 eNeKTPOH-
JipKOBOI Tapu 3 GOHOHAMMU:

[/’}fm) —ZCD"'"' sim)a, .a, . (b:z —m bs/m)’ 1)

mnj
sim

a IpyTHil JOXAHOK BAXKIMBHHN MPH MAIUX MDKPIBHEBUX BIACTAHAX, TAKKX, 0 AE , <Q

[/‘}1(2 = Z (DZ:::: (Slm) ”7"2 anln{ (b:/fm +bslm ) (22)

i (m #n, )
niny (nj#n;)
slm

Hanani Oynemo mocmimkyBatn KT manmux po3mipiB, TOMy OCHOBHHM Oyne omeparop
(21), a gpyruil JOAaHOK BBa)KAEMO MaJIOI0 MOIMPABKOIO. 3PYyYHO BBECTU IO3HAYEHHS:
slm=m, nm =n, d);'i;'i (slm):(D(n,m).

laminsronian (9) 3 omeparopoM (21) MOXHA CIPOCTUTH 3a JOMOMOIOI0 YHITapHOTO
MEPETBOPEHHS, MEPEXOAIYM BiX OO30HHHMX oOIeparopiB a,,,b, IO HOBUX OO30HHHX
omneparopiB 4,,f,,

S = exp {Z A74,(A,B,-A,B, )} b, =SB,S*, B, =8"bS,

nm
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D (n, m)
ne A =————=_ MosxHa JIOBECTH, IO

nm
m

bm - Bm’zAnmA;A"’ a; - exp{_Z(A:mB; _Antm )}A" = @_ESAH .

m

Jlist ManmuX KOHIIEHTpAIil eIeKTPOH-IIpKOBUX Map B CUCTEMI OTPUMYEMO, FaMiJIbTOHIaH
EKCUTOH-(DOHOHHOT CUCTEMH Y BUTIISIL:

?IZZEHA;A"+ZQMB;BM, (23)

e £ =E - ZAmem — NIepeHOPMOBaHAa B3a€EMOJIIEI0 3 JOHOHAMHM €HEepTisl eKCHUTOHA.
m
JieneKTpUYHa IPOHUKHICTh TeTEPOCUCTEMH BUpaxaeThes uepe3 Dyp'e-o0pa3 3arasuoi

¢ynkuii I'pina [34]:

8(0) =8, -—— =K G (&), (24)

red=0+in,n—>0,d= e<n | 7] 0> — IUTIOIBHUI MOMEHT Iepexony, N, —KOHIICHTPAaLis
KT, €, — nienexrpuyHa NPOHHMKHICTh, 3YMOBIEHA IHIIMMH 30y/UKCHHMH CTaHaMH,

G,(®) :% [e™ ((a,(t),a" (0)))dt, ((a,(1).a" (0))) =G, (t)==i6(¢)S, {py[ a, (r).a" (0) ]}

VY ¢yskuii ['piHa ycepeaHeHHS BeIeThCs 32 BAKYYMHUM CTAHOM €JIEKTPOH-AIPKOBOI ITapH
kT

Ta posnoxinom [iGca GoHoHHOT mixcucTemu p, =—e . Omeparopu a, () Ta a,(0)

MO’KHA BUPa3UTH 4epe3 oreparopu A, i B, :
a,(t)=e" a,(0)e " Oy , a,(0)= O

e

8<r>=z[A:meh"""B;—Ameh“'"'smj.

m

Toni ¢pynkmist ['pina ekcuToH-POHHOT cUCTEMU Oyae MaTH BUTIIS:
G,(1)= —i@(t)<e&(’)e&(°)>exp[—%ﬁnt} (25)

BukoprcTOBYIOUM TOTOXXHOCTI Ui AOOYTKY EKCIIOHEHT Bi OO30HHHX OIIEepaTopiB,
OTPUMY€EMO

2 tag 2 lou 2
e’ (vm+1)+|Anm| e’ vm—|Anm| (2vm+1)}zeg(’),

<€7&(1‘)e&(0) > =eXp {Z |Anm

ae v, = — cepenHe Ynciio GOHOHIB 3 eHepriero Q, TpH Temreparypi cucremu 7 .
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OTtxe, Qyp'e-00pa3 ¢pyHkii [ piHa TOpiBHIOE:

G, (®) :——jexp{ [m—%E +m}+g( )}dt. (26)

[Tapamerp M ¢popmanbHO BpaxoBye MPOIECH EKCUTOHHOI penakcamii. Hamami gpyHkitiro
g () BapTo Hajani 3anucaTu Tax:

=-g, +Z|A

(2v,, +1).

——Q"r —Qt
v +1 e R AN ,

ne g, = Z|A

<DyH1<u1}o I'pina (26) EJI1 Mmo>kHa TIOAATH B 1HIIOMY BUTJISII:

[Z|A v, +1)e “’] [Z|A

il o— E+1r1

. !
_ ith
G, ( =__egojzkm ; ]dt. 27)

Juisa onHiel Tinku GOHOHIB, €HEPris AKUX HE 3aJeKUTh BiJl KBAHTOBUX Yncen (0OMexkeH1
oronm) Bupas wis G, (®) CHpomLyeTHCs:

Qp

- 1
G,(d)=e®) e . 1,2
(®)=e Zp:e ho—E, —Q,p+inh p( 2

m

A

nm

Y (% +1)j : (28)

21
= (z/2)"""
e 1, (=32
I= l + P

¢oHoHIB, p=0,+1,+2,£3..., p+/>0.

IarepdeiicHi (HOHOHM XapaKTEPHU3YIOThCS 3aJICKHOIO BiJl OpOITATBHOTO KBAHTOBOTO
4HciIa eHepriero (4actoToro). s BU3HAUEHHS eHeprii iHTepdelicHuX (OHOHIB HEOOXiTHO
pO3B'A3aTH qUcIIepciiiHe piBHAHHSA [35]:

lgy(@)+(+1)-g(w0)=0,

— ¢yskuig beccenst, Q,=Q, =hon, — eHeprisi 0OMEKCHUX

2 2

o —o; . S,
ae g (0)=¢g,, o . Bpaxyanns uux QoHOHiB y ¢yHnkuii Ipina mnorpebye

iT
BHKOpUCTaHHA (opmy (26-27).

OyHKIS eKCUTOH-QOHOHHOI B3aeMonii Ay OOMEXeHHUX (OHOHIB BH3HAYAETHCS
hopmyioro:

4nQ2,e* (1 1 1
(D(solm) :\/ 03L (g—g\}mXF(solm), (29)
ne F(sm)= 1L (7 (k.5 ) Y (8,0,) = i (k12 )Y, (8,50, ) diid, kSuzs;O’ 5 -

HOMEp PO3B'SI3KY PIBHSHHS J, (k a) =0.
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OyHKIS B3aeMOAIl e€KCUTOHA 3 iHTepheHCHHMH TONApU3AIifHIMUA (OHOHAMH Mae
BUTIIS:

O (slm) = [ﬁ 8,209, j . (F,,f (enexmpona)— F;/" (()ipku)) , (30)

/ © 1+1
A 2nQ, . 7
e (1)) =e [T [I R (1R, <r)[§j s R, (08, () d}

ol \ %o

(&0 —&0,) Jr(Z+1)(:s10 -¢,,) '

Yls - s s
(Q} Q) (QQJ
QTO Q; QTI Q;

OyHkIiro IpiHa ekcnToH-(GOHOHHOI CHCTEMH Ul OOMEXEHUX (DOHOHIB MOXKHA TIOJATH
(hopmyoro:

© Q

G, (@)=Y e ™I, 2z|®” Slm' NAGED) ! ,

n?w o hm— EO +Q 27@ solm)| nQ, +inh
Solm 0
zie
d> /)
Z' S"m' (29, +1) = g, 4 (29, +1). 31)
Solm
a
|CD (Solm | i
ghr Z — ¢akrop Xyanra-Pica (OXP). (32)
Solm
slm)|2

|, (
Amnanoriunuii koediuieHT st inTepheiicHux HOHOHIB M€ BUMISL: g, . z
Jie s — HOMep TUIKH iHTepdeiicHnX (OHOHIB. Solrm

B

QZ

0.20

0.13

0.10

0.035

0.0

Puc. 4. ®axrop Xyanra-Pica sk ¢pynkuis pagiyca KT nis pisHux (poHOHHMX rijlok:
1- gy zs2— gy
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Koedinientn g, , 1 g;f » 3aJa10Th BEJIMYMHY €KCUTOH-(DOHOHHOI B3a€MOIiT 0OMEKEHUX
Ta iHTepdeiicHnX monspuszaniiaux (oHoHiB. ®XP BH3HAYarOTh BHECOK (POHOHHHUX TIIOK
SKCUTOHHOTO TOTIMHAHHS Ta 3HAYCHHS MEPEHOPMOBAHOI CHEPril EKCHTOHA, IO 3yMOBIICHA
€KCUTOH-(DOHOHHOI B3aeMOJi€r0. Pesynbrar mpoBeneHMX HaMH OOYHUCIICHb IOJIAHO Ha
pucyHky 4. Bunno, mo aist o6ox tumiB (poHoHHux rinmox ®XP rerepocucremu CdS/SiO,
31 3mMeHmIeHHsM paniycy KT MOHOTOHHO 3pocTae, 0 OJHO3HAYHO MOKHA TPAKTYBaTH SIK
MiJCUIIEHHS] eKCUTOH-POHOHHOT B3aeMoii y rerepocuctemi CdS/SiO,.

EKCUTOHHE INIOIVIMHAHHSA CBITJIA Y TETEPOCTPYKTYPAX

[ToBeprarouncy 10 ¢dopmyn (26)—(31), MokHA BHU3HAUNUTH KOCQIIIEHT EKCHUTOHHOTO
MOIVIMHAHHS CBITIA:

o(w)=Ime(w). (33)

[$=]

1.5}

3.

el
bt
s
L
Lt

E, eV

Puc. 5. KoedinieHT eKCHTOHHOTO MOTJTMHAHHS CBITJIA i3 BpaXyBaHHAM TiIbKH
o0mexxeHux GoHoHiB (cyuinbHa) npu T=4.2K, 6=1% T1a nuwe intepdeiiciux poHoHiB
(IITpUXoBa KPpUBA)

VY mux gopmynax 3pobieHo npumymieHHs, mo Bei KT omHakoBi 3a po3Mipom, mio ska 0
METOJMKA BHUPOIIYBAHHS HAHOTETCPOCUCTEMHU HE BUKOPUCTOBYBAJACS, 3aBKIM CYKYITHICTH
KT y Marpuili Xxapakrepu3y€eThCsi JUCIEPCIEro 3a po3aMipaMu. ByaeMo BBaxaTH, 10 pO3moii
KT 3a po3mipamu anpokcumyethbes GyHkiiero ["ayca:

(a-a)

1
,a,a)= exp| — s 34
g(&.a,a) " e (34
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ne a — pauiyc Oyap-saxkoi KT (3MiHHAa BenwuuHa), ¢ — MiBIIMpHHA posmonity. s

XapaKTEepPUCTUKU AUCTepci 3a po3mipamu KT 3pyuHO BBECTH MapaMeTp G = EolOO% .
a

Ha pucynky 5 momaHo KoegillieHT NOTIMHAHHS, OTpuMaHuid 3 ¢opmymn (33) npu
cepeanbomy paniyci KT a =1.5 um. Braxaemo, mo 7 =4.2K . B obnacTi eHeprii mepexomy
i3 BpaxyBaHHAM OOMEXeHHX (OHOHIB € TPH MiKa MOIIMHAHHA: ONUH i3 HHUX 3yYMOBICHHH
MepexojaMH HOCITB 3apsAay MK ONTHYHO akKTUBHUMH piBHsAMHU y KT (O6e3doHoHHA cMyTa),
a iHImI BUHMKAIOTH 3aBISIKM €JIEKTPOH-(DOHOHHIN B3aeMofil i € (OHOHHMMH TTOBTOPAMHU.
VY Bumanmky BpaxyBaHHS B3a€MOIIl €KCHTOHIB i3 iHTepdelicHHMU (HOHOHAMH (IITPUXOBA
Kp¥Ba) (POHOHHMX ITOBTOPiB HE BUIHO Y€pe3 MEHIIY BETUINHY €KCHTOH-(OHOHHOT B3a€EMOII1.

[

n

a0,

Puc. 6. Koedinient nornmunanus cBitaa 3a ymosu, mo T=300K, 6=1%: cyminibna
KpHMBa — BHECOK 00MeKeHNX (POHOHUX, INITPUXOBA — BHECOK €KCHTOHHUX
inTepdeiicaux (ononin

Bauumo, 1mo 11 000X BUMAIKIB (BpaxyBaHHSI OOMEKEHHX Ta IHTep(PeHCHUX (POHOHIB)
MIOTTIMHAHHS CBITJIA BiIOyBa€ThCS IPH TUX CAMUX 3HAYCHHSX eHeprii ekcuToHa ( AE = 10mel ).
Jlesike 3MilleHHS TIKIB MOMTMHAHHS MOB'SI3aHO 13 BIIMIHHICTIO MiXK (hakTopamu Xyanra-Pica
JUIsl 000X ITUX BUMAJKIB (PHCYHOK 4), IO BeJIe 10 Pi3HUILI MK SHEPTisIMH MepEHOPMYBaHHS
CKCUTOHIB B3aEMOJII€I0 B Pi3HHX TiJIKaX MONSIPU3AIIHHUX (OHOHIB.

[Mpu nocmimpkeHHi Koe(ili€HTIB TOTMUHAHHS MDK30HHUX ONTHYHHX IEPEXOIiB
BaXJIMBUM (DAKTOPOM € TeMIIepaTypa, pH AKii BiA0yBaeThcs mepexia. Ha puc. 6 300paxkeHo
Koe(illieHT TOIIMHAHHS CBITIAa NPH MDK30OHHHX IIepexofax Hocis 3apagy y Till xe
MojeNi npu KiMHaTHIW Temreparypi (7 =300K ). [TopiBHIOKOYH 3aJIe)KHOCTI KoedilieHTa
MOTIIMHAHHS BiJ] YaCTOTH CBITJa TpHU renieBux Temmeparypax (7 =4.2K ), BiI3Ha4aeMO
«TOSIBY» JIOAaTKOBOTO ()OHOHHOTO TIOBTOPY 3J1iBa BiJl 0€3(hOHOHHOTO MakCUMyMy. DOHOHHI
MOBTOPH CHpaBa Bix 0e3 (OHOHHOTO TiKa XapaKTCPHU3YIOThCS OUNBIIMMHU BEITHYNHAMH
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MakcuMyMiB. OTpUMaHMIA pe3yabTaT 3yMOBJICHHUI 30UTBIICHHSM CEPEIHBOTO YHCiIa POHOHIB
MPU 3pOCTaHHI TEMIIEPATYPH.

,.
.

e 100

E, eV

Puc. 7. KoediuienT norsimnanus cpitiia 3a ymosu, mo T=4.2K, 6=5%:
CyliJIbHA KPHBA — BHECOK 00Me:KeHUX (DOHOHMX, INTPUX0BA —
BHECOK eKCUTOHHUX iHTep(eiicnux ¢poHoHiB

Posnisnaroun pucyHok 7, Ha SKOMY 300pa)K€HO CIEKTPH TOTIHHAHHS U c(hepHyHOi
KT pagiycom 1,5 uM 13 nucnepciero ¢ = 5%, 6aunMo, 10 yepe3 301IbIIeHHs MiBIIUPUH
0e3(OoHOHHOT CMyTH Ta (POHOHHUX IMOBTOPIB, OTPUMYEMO OJHY CMYTy MOTIMHAHHS CBITIa
JUTSL IBOX HAMHM)KYHMX ONITUYHO aKTHBHUX PIBHIB 3apsiIiB.

BUCHOBKH

Y naHiii po0OOTI HaMM JOCIHIPKEHO CHEKTp MIK30HHOTO TOTJIMHAHHS KBaHTOBHX
toyok CdS chepuunoi popmu, mo nomimeni y marpuiro SiO,, 3 ypaxyBaHHSIM B3a€MOJIil
SJICKTPOH-TIPKOBOI MapH i3 Nojspu3amiiauMu poHoHamu. [IpoaHani3oBaHO BiIMIHHICTB
MIX B3a€EMOJII€10 EKCUTOH-(OHOHHOT CUCTEMH 13 BpaxyBaHHSAM 00MEKEHHUX Ta iHTepeiicHIX
(honoHiB. O0uHMCIIeHO Koe(Dilli€EHTH TOTJIMHAHHS, 110 3yMOBJICHI IIepeXoJaMy HOCIiB 3apsry
MDK HaHIKYMMHU JBOMa ONTHYHO akTMBHMMHU piBHAMU y KT mixg BmiuBoM JiHiiiHO-
MOJIIPU30BAHOTO CBITJIA.

HocmimkyBanucst Taki po3Mipu KBaHTOBUX TOYOK, KOJM €HEPreTHYHi PiBHI €JIeKTpOHa
Ta JIPKH JOCTaTHBO BiJialieHi OJUH BiJl 0JHOTO. TOoMy, 3BaXKatoun Ha MOXKITUBY JTUCIIEPCIIO
KT 3a posmipamu y Marpulli, 3a3HadeHi piBHI MOXKHA BHIUIMTH TMPH aHAJi31 YaCTOTHOI
3aNIe)KHOCTI Koe(illieHTa MIX30HHOTO MOTIWHAHHA. OOYHCICHHS IOKa3yloTh, IO SIK
BEJIMYMHI MAKCUMYMiB, TaK i €Hepris MmikiB koedilieHTa Mi>K30HHOTO TOMIMHAHHS 3aJ1eKaTh
BiX po3kuny 3a po3mipamu KT i Bin Bubopy poHOHHOT MoseIi.
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s nanoi reTepoCTpyKTYpH, TAKAM YHHOM, MH JTOBEJIH CXOXKICTh CIIEKTPIB ITOTTIMHAHHS
IpU BpaxyBaHHS SIK oOMekeHUX (OHOHIB, Tak 1 iHTepdelicHuX (HOHOHIB 13 BpaXyBaHHSIMHU
PO3KHIY 32 pO3MipaMH KBAHTOBUX TOYOK.
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ABSTRACT

THE EFFECT OF CONFINED AND INTERFACE PHONONS
ON INTERBAND LIGHT ABSORPTION IN CdS QUANTUM DOTS

The effect of confined and interface phonons on the exciton absorption coefficient of polarized
light as a function of its frequency for spherical CdS quantum dots placed in an SiO, dielectric
matrix was studied. The complex structure of the valence band, namely its degeneracy at point
I, is taken into account in the multi-band effective mass model. Calculations were performed
for different temperatures (from helium to room temperature) and radii of the spherical quantum
dot of the CdS/SiO, heterostructure. Such sizes of quantum dots were studied when the energy
levels of the electron and the hole were sufficiently far from each other. The electron-phonon
interaction parameter (Huang-Rhys factor) was determined for different radii of quantum dots.
Absorption coefficients due to transitions of charge carriers between the lowest two optically
active levels in a quantum dot under the influence of linearly polarized light were calculated.
The size dispersion of quantum dots is taken into account using the Gaussian distribution. The
maximum variance in size was 5%. Phonon repetitions were obtained in the absorption spectra.
A comparison of the obtained results with the corresponding ones taking into account individual
branches of polarization phonons was made.

Key words: Huang-Rhys factor, optical transitions, phonons, absorption coefficient.
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TOCJIIKEHHS ®I3UKO-XIMIYHUX NOKA3HHUKIB
MPUPOIHUX BOIHUX JUKEPEJ CTPUIICHKOTO PAIOHY

AHoTanisg. 3 MeTOI0 BeJIeHHS TOCHOAAPCHKOT MisTIbHOCTI JIIOJMHA BHUKOPUCTOBYE BOJHI
pecypcu. [onpu Bemuki 00’ eMu MPICHOT BOM, BOHH Jie/aji OUIbIIIE CKOPOUYIOTHCS Yepe3 HU3KY
MIPUYHH, TAKKUX SK HE pallioOHaJIbHE BUKOPUCTAHHS BOAHUX JDKEpEI Ta iX 3a0pyaHEHHS.

Bmzpko 20% MiCBKUX KUTENIB Ta 75% KHUTENB ClIILCHKOI MICIIEBOCTI HE 3a10BOILHSIIOTE CBOIX
KUTTEBHUX MOTPeO y BoAi. BiAmMTOBXYIOUHCH Bif PErioHy NMPOKUBAHHSA Ta KUTTEBOTO PiBHA HOTO
HaceJIeHHs1, 00CAT BOIH, SIKY CIIOKMBAE OJTHA JIFOMMHA CTAaHOBUTE Bixl 3 10 700 11 Ha n00y. [ToTyxHiit
PO3BUTOK E€KOHOMIKM OKPEMHX PETIOHIB TaKO)K BIUTMBAE Ha MPOMHCIIOBE BUKOPHCTAHHS BOJAU
IUMH perioHaMu. HalGinblny KUTBKICTh BOIM CHIOKUBAIOTh: CLTBCHKE TOCIIOIAPCTBO, @ 0COOIMBO,
SIKIIIO BOHO 3HAXOIMTHCS B CYXHX KJIIMaTHYHUX yMOBax, /i€ JOBOJI BEJIMKA KIJIBbKICTh BOIM He
Ha 3pOIICHHS, a TaKOXK METalyprifiHa, XiMiuHa, XapdoBa, HapTOXiMiUHa, IIETFOJIO3HO-TIAepPOBa
ramy3i IpOMHUCIOBOCTI. 301IbIIEHAS a00 3MEHIIICHHS CTIOKUBAHHS BOIHU MIPOTIOPIIHHO 3aJICKUTh
BiJl pO3BHUTKY a00 X 3aHEMaIy MEBHOI 3 Tairy3ei IPOMHUCIOBOCTI 00 CIIIbCHKOTO TOCIOIAPCTRA.

B Hawiii neprxaBi po3po0ieHmii Ta Aie JOKYMEHT MiJ Ha3Boto «BomHa crpareris Ykpainu Ha
nepion 70 2025 poky». B 11boMy JOKyMEHTI MpoaHali30BaHi Ta BU3HAYCHI OCHOBHI MPOOIeMHU
YKpaiHu, Taki sIK BiZICyTHICTb IOCTaTHLOT'O 3aI1acy pecypciB BOAM, HEPIBHOMIPHICTH iX po3moniny
3a TEPUTOPISMH Ta YaCOM; BUCHAXXCHHSI, a00 3HECHIICHHS PeCyPCiB BOJIH.

[epmopsgHUM HKEpeoM MUTHOTO BOIOTIOCTaYaHHS HACENICHHS HAIIol 00JacTi € MiI3eMHi
Bomu (6mm3pko 90% BogO3a0e3neUeHHS HACENEHUX IyHKTIB 3MIMCHIOETHCA 3 MiA3EMHHX KEpPe
i 6l 10% — 3 moBepxHeBUX). be3 )OIHOTO CyMHIBY MOXHa CTBEP/DKYBAaTH IIPO CTpATETiduHY
Ba)KJIMBICTH B )KUTT€3a0€31€UEHHSI HOPMAJILHOTO ICHYBaHHSI JIFOAWHH CaMe iJ3eMHUX BojA. BoHu
Oynu 1 3aJIMINAIOTHCS HaWHAIIMHINIMM JpKepenoM, sike 3abesnedye HacesleHHsS BOJOI0. Tomy
JIOCTKeHHST (Pi3MKO-XIMIYHUX Ta OPraHONENTHYHHUX IMOKA3HHKIB SKOCTI MPHUPOAHUX BOTHUX
JDKepeTl € HaJ3BHYaifHO aKTyaJbHOI0 TeMOK. Y HaHIid HayKoOBil CTaTTi AOCHiKeHO (i3uKo-
XIMiYHI TOKa3HUKN IPUPOTHIX BOAHUX JpKepen CTpHIChKOTO paiioHy 3rigHO BUMOT Jlep kKaBHUX
CaHiTapHUX HOPM Ta npaBuJ «I irieHiYHI BUMOTH J0 BOJM UTHOT, MPU3HAYEHOI JUIs CTIOKHMBAHHS
moauHoo» ([Canllin2.2.4-171-10).

KurouoBi cioBa: mig3emMHi Bomu, Qi3UKO-XiMI4HI Ta OPraHOJNCNTHYHI TTOKa3HUKH, 3arajibHa
YKOPCTKICTh, BMICT XJIOPUIB, CYNb(}aTiB, KaNbIIil0, MaTHIIO.
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JKureni Hammoro perioHy, mepeBa)xHo, 3a0€3MeUYOTHCS ITATHOO BOJIOKO 3 TiI3EMHUX JPKEPETL.
ITonan 90% nuTHOT BOAY NOCTYTIAE 3 MiA3eMHUX Jkepen 1 umre 10% — 3 TOBEpXHEBUX BOJOIM.
Be3ymMoBHO MOXHA CTBEPIKYBATH PO CTPATETIUHY BKIUBICTD B XKUTTE3a0€3ICUCHHI JTFOICHKOTO
ICHYBaHHS caMe IiJ3eMHUX BoI. BOHU €, Oy/H 1 3aJMIIAr0ThCS HAWTIOIUPEHIIINAM JHKEPETIOM
BOZIONIOCTa4YaHHs HaceIeHHs. Came TOMY, aKTyallbHICTh JOCIIIKEHHS SIKOCTI IPHUPOJHUX BOIONM
€ 6e33arepedHoro, a came, ii Pi3UKO-XIMIYHHX Ta OPTaHONCITUYHHX IOKA3HUKIB [4].

Knacudikarist mia3zeMHux Box OyBae 3a 6ararbMa 0O3HaKaMH: 32 YMOBaMH 3aJIATaHHS BOHU
MOJIUISAIOTHCS. HA BEPXOBOJIHI, TPYHTOBI Ta MIKIIJIACTOBI — apTe3iaHChKI; 3a TEMIIepaTypHOIO
XapaKTEePUCTHUKOIO € IEPEOXOI0KEH1, XOIOHI Ta TepMalibHi MiI3eMH1 BoAu. BianoBigHo 10
KOHIIEHTpAIil coJiell y BOJi, iX MOJAUIAIOTH Ha IPICHI, COJIOHYBATi, COJIOHI Ta PO3CONH. 3a
CBOEIO SIKICTIO BOAU MOXKYTh OyTH a00 MUTHUMH a00 TEXHIYHIMHU.

[IpuxoauMo O BHCHOBKY, IO CaMHM BaXKIMBUM 3aBIAHHSIMHU JCPIKABHOTO PiBHS
€ JOCIIDKEHHS SKOCTI MiJI3eMHUX BOJ, CTAOUTEHUN MOHITOPHHT 1X CTaHy Ta NepeadaueHHs
MOXKJIMBHX 3MiH MiJl BIUITMBOM Pi3HOMAHITHUX (AKTOPIB, SIK MPUPOAHIX TaK 1 CIPUYNHEHNX
TOCIOJAPCHKOIO isUTbHICTIO JIFOAUHU.

MeTa JocCaizKeHHA: JTOCTIKCHHS OPTaHOJCIITUIHHUX Ta (HI3HMKO-XIMIYHUX MOKAa3HHKIB
IIPUPOAHUX BOAHUX /pKepesl CTpUICHKOTO pailoHy.

MATEPIAJIN TA METOAHN

SIKiCTh IPHPOAHUX BOAHUX JKEPET XapaKTEPU3YIOTh i BU3HAYAIOTHCS OaKTePiOIOTIIHUMH,
XiMIYHUMHU Ta (I3UYHUMH TIOKa3HMKaMHU. J[o HUX Halexarb 3anax, nposopicms, Kouip,
meepoicmy, 3a2albHULL colesMicm (MiHepanizayis), Cyxuil 3a1UUOK, OKUCHIO8aHicmb, pH,
KIIbKICHe BUSHAYEeHHS XI0pUdis, Cyibghamie posuuneHux 2azis, Tompo [6, 7].

IIpo3opicTh, 3amax, Kojip, CMak Ta MpPUCMakK — 1€ OPraHOJENTUYHI MOKA3HUKH SKOCTI
npupoaHux Jkepel. Jlo (i3uKo-XiMiYHMX TMOKAa3HHKIB BIJHOCATH: BOJHEBHU IMOKAa3HUK,
3arajgbHa TBEPJICTh, BMICT XJIOPH/IIB, CYab(arTiB, KaJbIliF0 Ta MarHifo0. 3a JIOMIOMOTOI0 ITHX
MOKAa3HHUKIB BUPAXarOTh BMICT Yy BOJAI MEBHUX JOMIIIOK, a TAaKOX JO3BOJIAIOTH MiAiOpaTH
palioHaJbHI TEXHOJIOTI] MiATOTOBKU MPUPOIHOTI a00 000POTHOI BOIH ISl BUKOPUCTAHHS 11
y MIEBHOMY TEXHOJIOTIYHOMY TIpoIieci a00 it €()eKTUBHOTO OYUIIICHHS CTIYHUX BOJI.

Boponosx 2021-2022 pokiB Ha 6a3i HaAyKOBO-JOCHIJHOI €KCIIEPUMEHTANbHOI XIMIUHOT
naboparopii  JIporoOHIBKOTO0  IepKaBHOTO IEOAroriYHOTO  YHIBEPCHUTETY, MPOBEICHO
JIOCITI/PKEHHSI OPTaHOJIENITHYHUX Ta (PI3HMKO-XIMIYHHX TTOKa3HHUKIB TPHOX MPHPOIHHUX JHKEPEI
Crpuiicekoro paifony, a came: mxepeno Ne 1 (M. Mopmun), mxeperno Ne 2 (c. I'ipue) Ta
wxepeno Ne 3 (c. JIucosuui). [IpoOu qaHUX IPUPOIHNAX BOTHUX JKEPEI BIIOUPAIIH [TOCE30HHO
(3uMa, BecHa, JIiTO, OCIHb).

PE3VJIBTATH

Biniopani mpoOu BoMHUX JKepell OyJIu IMpoaHaIi30BaHi 32 OpraHOJICITHIHUME Ta (Pi3UKO-
XIMIYHUMH TIOKa3HWKaMH BiJITIOBITHO JJO BUMOT [lep)KaBHHX CaHITApHUX HOPM Ta MPaBUII
«['irieHIYHI BUMOTH JI0 BOJM MUTHOI, MpU3HAYEHOI T crioxkuBaHHs JoauHooy» ([1Canllin
2.2.4-171-10) ta ICTY 7525: 2014 Bona nmutHa. Bumoru Ta MeTou KOHTPOJFOBAHHS SKOCTI.
Pesynbratu qocmimkeHb mpeacTasieHi y Tadnuii 1 (YucenbHUK-3UMa, 3HAMEHHUK-BECHA) Ta
2 (4MCeTbHHUK-TIITO, 3HAMEHHUK-OCIHb) BIIMOBIIHO.
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Tabmus 1

®DizuKo-XiMiuHi MOKa3HUKHU SIKOCTi MUTHOI BOM B 3MMOBO-BEeCHSIHUI Mepioj

i:r;'; HajimenyBanus (12::;:{1;;1 Hopmaruen Ilmﬁ.‘ffﬂo ﬂm;gp;ﬂo ’)lmﬁ.fgno
1 |3amax mpu 20°C Oann o 3 1/1 11 1/1

2 | 3abapBiieHiCTh rpajaycu 1o 35 3/4 7/8 5/6

3 | kanamyTHicTs OMMHHIL | 1606 0.8/0.9 1213 1.4/1.3

KaJIaMyTHOCTI

4 | cMak Ta npucMaKk Oaim o3 1/1 1/1 1/1

5 |pH onuuuni pH 6.5-8.5 7.4/7.6 7.9/7.8 7.2/7.4
6 |arabha MMOIB/ I’ 10 10 6.2/6.3 6.5/6.7 7213

JKOPCTKICTh

7 | xmopuam Mmr/am> 10 350 34/36 42/43 54/56

8 | cynbdarn mr/om? 1o 500 42/43 47/48 57/58

9 | KanpIii Mmr/am’ HE HOpPM. 82/84 110/120 126/128
10 | marHii mr/om? HE HOPM. 21/23 28/27 32/33

Tabmnurs 2
Di3uKo-XiMiYHi MOKA3HUKH SIKOCTi MMTHOI BOAU B JITHHO-OCiHHII mepion

i:‘:i HaiimenyBaHHs ?f::i:g;u Hopmarusu Ilm;‘f:no I[m;‘gpgno ﬂmﬁ.‘fgﬂo
1 |3anax mpu 20°C Oanu 70 3 1/1 1/1 1/1

2 |3abapBleHiCTh rpagycu 1o 35 4/5 7/8 6/7

3 | KaJIaMyTHICTb OZIHAIL 1o 2.6 0.8/0.9 1.1/1.2 1.3/1.4

KaJIAMyTHOCTI

4 |cmak Ta mpucMaKk Oanu o3 1/1 11 11

5 |pH omuami pH 6.5-8.5 7.5/7.6 7.8/7.9 7.2/7.3
G |3aranpHa MMOJTB/ M 70 10 6.4/6.5 7.0/7.1 7.6/7.8

KOPCTKICTh

7 | xnopumn mr/om? 1o 350 35/37 45/46 58/59

8 |cyabdaru mr/am’ 10 500 45/46 52/54 59/60
9 | Kampmii mr/am? HE HOpPM. 86/88 124/126 132/134
10 | marHii mr/am’ HE HOPM. 22/23 29/30 36/37

Ha niarpamax 1-6 mpencTaBieHO 3aJeXHICTh (PI3UKO-XIMIYHUX TOKAa3HUKIB SKOCTI
MPUPOTHUX BOTHUX DKEpel (TaKUX sSK BOXHEBHH ITOKAa3HUK, 3arajbHa TBEPHICTb, BMICT
XJIOPHIIB, CYNb(aTiB, KaJIbIiI0 Ta MarHilo) 3aJeXHO BiJl IIOPH POKY.

Bennunna BogHeBoro nmokasnuka pH (miarpaMa 1) He nmepeBHIye HOPMY 1 MaJIO 3aJIC)KUTh
Big mopHm poky. HaiiBummii BomneBmii mokaszHuk (pH =7.9) cmocrepiraioTb y BOZHOMY
JDKepeti, BiNiOpaHoMy y HacelIeHOMY ITyHKTI ['ipHe.

AHai3yroun giarpamy 2, poOMMO BHCHOBOK, IO 3arajibHa KOPCTKICTh JOCHTIIKYBaHUX
MPUPOMHKUX JDKEPETI HE MEPeBHUIIyE HOPMY i MPAKTHYHO HE 3aJCKHUTh Bill TOPU DOKY.
Haii6inpmmii moka3HUK >KOPCTKOCTI (7.8 MMOnb/aM®) MOXKHA CIIOCTEpIraTd y BOXHOMY
JoKepelli HaceJIeHoTo MyHKTY JIncoBuyi.

Ha nmiarpamax 3 ta 4 300paskeHO 3aJISKHICTh BMICTY XJIOPHIIB Ta cyib(}aTiB Bl mopu
POKy Y BimiOpaHuX B3ipIpsix BogHUX 00’ekTiB. [IpoaHanisyBaBIIH NpeICTaBICHI Aiarpamu,
MOXKHa 3pOOWTH BHCHOBOK, II0 HAWBHIIMX BMICT XJIOPHJIB Ta CYJIb(arTiB CIOCTEPIraloTh
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y mpupomHOMy mKepem c. JlucoBuui (xmopumm — 59 mr/am®, cymeparn — 60 mr/om?
BIAMOBIHO), HaWHWKUKMA (xaopuad — 34 mr/am°, cyabdaru — 42 mr/aM® BimmoBigHO) —
y BOJHOMY JiXKepelti MicTa MopiiiH.

Faaewuicrs pesannn pH Boan s8ia mopn poky

FHMA Becwa Mito CICiHR

E_ T el Mopmmnn e N2 ipae — N3 Fncomi

— N ECATME MO —III.'EIIII! L L o

Puc. 1. 3anexuicTs BetnunHu pH gociaigkyBaHuX BOZHMX J:Kepes Bil IOpU POKY

3aneKHICTE 3ATATLHOT KOPCTKOCTI BOAH BLT MOPH POKY

s 73 76

. LT

7
6.3 6.7 6.4
Becua Jlito

dimva
e Nol Mopmue w5 No2 ['ipHe

—_—
o= b R da h O =] 02 WD S e

TATAIEHA EOPCTKICTE, MMOIE TN

Il N3 JIHCOBHT == BepXHA MEH

Puc. 2. 3ae:xHicTh BeJIMUYUHY 3arajibHA TBEPAiCTH TOCTIIKYBAHUX BOAHUX JKepet
Bil mopu poky
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-0 - 3aaekHicTE BMICTY XJ0pHIIB ¥ BOi BiI NOPH POKY
HOPMATHBHA BHMOTA - 10 350 50
60 | 54 56
S0
40
?t 30 1! —
E_ 2[' L —
g 10 - R
. .
Fuma Mito OciHe
o [l Mol Mopmms ™ [ Ne2 [ipae Jla Ned Jlncoenti

Puc. 3. 3anexHicTh BeJIMYMHU BMICTY XJ0PHIIB A0CTiXKYBAHUX BOAHUX JxKepet
Bil mopu poky

FanexnicTs BMicTy cvasdarie v poai gin nopn poky

70 1 HOPMATHEHA BHMOTA - 1o 500
58 59 ‘5':'
&0 -+ 37
52
50+
40
L]
& 30
-
=
E- 20+
E 10
&
0
JliTo Ocine

B [T Nel Mopmser 8 [T Ne2 Tipue T MNe3 JTnconin

Puc. 4. 3anexHicTh BeTMYMHU BMicTY cyJibdaTiB A0CTiXKYBaHUX BOAHUX JKepet
BiAl mopu poky

Ha pmiarpamax 5 Ta 6 mpencrtaBieHO BimOOpa)KeHO BMICT 10HIB KaJBI0 1 MarHito
y JOCTiDKYBaHWX BOJHHUX J0Kepenax. HalWBummid BMICT KalbIlil0 Ta MarHiro MO)XXHA
criocTepiraru y B3ipusx Boau ¢. JIncoBudi (BMICT KaubIliro — 134 mr/am?®, maruiro — 37 mr/am®
BiamoBigHo). HallHmK4unii BMICT i0HIB KaJbIlif0 T4 MarHito (BMIiCT KaybIlio — 82 Mmr/mm?>,
MarHito — 21 mMr/mam® BimoBiiHO) Ma€e Bojia, BifiOpaHa B Micti MopIuuH.
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3anesHicTE BMICTY Kalbnilo ¥ poJi pi1 nopn poxy
160 -
140 > 128 132 L 134
126 170 124 126
120 110
-!'E
g 100 o a4 86 88
:
40 ] . - - - -
2'] - . L . - .
U £ - - - "
Fnna Becua JliTo Ocinn
® I Nel Mopmmn  ® [Tk No2 ipue Il Ned JIncosnti

Puc. 5. 3anexuicTh BeTHYNHHN BMICTY KAJIbIiI0 Yy JOCTIKYBAHUX BOAHUX JAKepeJ
Bi/l mopu poky

JanexnicTL BMiCTY MArmii vy ogi Bix mopn poky

a0 N 36 37
35 32 33

MarHii, smr/os

3mMa Becna Jito Ocine

B Tx Nel Mopmem — ® [T Me2 Tipne T Ne3 JTucosii

Puc. 6. 3anexuicTh BeJTHUUHN BMICTY MarHilo y 10CIiXKyBaHUX BOTHHUX JKepeJ
Bi/l mopu poky

Ha ocHOBiI ozmepkaHuX pe3yibTaTiB JOCTIKCHHb MOXHAa 3pPOOWTH BHCHOBOK, IO
OpraHoJeNnTH4Hi Ta (i3UKO-XIMIYHI TTOKa3HUKH SIKOCTI HPUPOAHMX BOAHHMX JDKEpe
JOCITI/DKYBAHOTO PAalOHY BIJIOBIIalOTh BHMOTaM Jlep)KaBHUX CaHITApHUX HOPM Ta

npaBun «['irieHiyHi BUMOTY JO BOAM NMUTHOI, MPU3HAYEHOI IS CIOXKUBAHHS JIFOAMHOIO»
(ACanllin2.2.4-171-10).

109



BUCHOBKHA

[IpoBeneni BumpoOyBaHHA Ta iX pe3yabTaTH CBiAYaTh, IO AOCHTIKYBaHI 00’ €KTH
€ IDKeperaMu TIPICHOI BOXM MiHEpaJbHOro THITy. [lepeBaxkHO, Wi JpKepena, HacelCHHS
BUKOPUCTOBY€E JUIS 3aJOBOJICHHS CBOiX TIOCHOAAPCHKO-TIOOYTOBUX TMOTpPEd, a OTXe,
nepenOavyeHi HACTYIHHMH €TalaMd TEMHU JOCHTIIDKCHHS, JO3BOJATH CKJIACTH Ha KOXKHE
JDKEPEIIO CaHITapHO-TIri€HIYHUIN MACIOpT.
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ABSTRACT

RESEARCHES OF PHYSICO-CHEMICAL INDICATORS
OF NATURAL WATER SOURCES OF STRIY DISTRICT

For the purpose of economic activity, a person uses water resources. Despite the large volumes
of fresh water, they are increasingly reduced due to a number of reasons, such as the non-rational
use of water sources, their pollution.

About 20% of urban residents and 75% of rural residents of the world do not meet their
daily water needs. Based on the region of residence and the standard of living of its population,
the volume of water consumed by one person ranges from 3 to 700 liters per day. The strong
economic development of individual regions also affects the industrial use of water in these
regions. The largest amount of water is consumed by: agriculture, and especially if it is located
in dry climatic conditions, where quite a large amount of water is used for irrigation, as well as
metallurgical, chemical, food, petrochemical, pulp and paper industries. An increase or decrease
in water consumption depends proportionally on the development or decline of certain branches
of industry or agriculture.

A document entitled "Water Strategy of Ukraine for the period until 2025" has been developed
and is in force in our country. This document analyzes and defines the main problems of Ukraine,
such as the lack of a sufficient supply of water resources, their uneven distribution by territory and
time; depletion or depletion of water resources.

The primary source of drinking water supply for the population of our region is groundwater
(more than 90% of the water supply of settlements is from underground sources and about 10% —
from surface). Without exaggeration, one can argue the strategic importance in the livelihood of
human existence, namely groundwater. They remain the most reliable source of water supply
for the population. Therefore, the study of physicochemical and organoleptic indicators of the
quality of natural water sources is an extremely relevant topic. In the master’s thesis physical
and chemical indices of natural water sources of Striy district are studied in accordance with the
requirements of the State Sanitary Norms and Rules "Hygienic Requirements for Drinking Water
intended for human consumption." (DSanPin2.2.4-171-10).

Key words: underground waters, physico-chemical and organoleptic indicators, general
hardness, content of chlorides, sulfates, calcium, magnesium.
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