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Pedepar:

1. locnimxeHHs 6a3yBayucs Ha IPUHLMIIAX TOPiBHSIbHOI €KOJIOTI] Ta IPOBeeH] 3a 3araJlbHONPUNHATAMU B
JIiCIBHMIITBI, JIICOBIi/ Takcallii, [PyHTO3HABCTBI, IEHAPOXPOHOJIOTII METOAMKAMU. 3alPOIIOHOBAHO HOBI MigX0au
1010 BU3HAYEHHS IiAPOTEPMIYHYMX IOKA3HUKIB TA OLIHIOBAHHS aHOMAJIbHOCTI ITOrOgHUX YMOB. OTpUMaHi
PEe3yJIbTaTU OINPAllbOBAHO METOJAMU MaT€MaTUKO-CTaTUCTUYHOTO aHaJi3y 3 BUKOPUCTAHHSAM NPUKJIATHUX
KOMITIOTEpHUX ITporpaM. OfHielo 3 r106a1bHUX NPO06JIEM CYy4aCHOCTI € TEXHOTEHHE 3a0pyIHEHHS aTMOoChepU.
Bu3sHaueHO OCHOBHI TeHEHLii 3a6pyAHEHHS aTMOC(EePH Ta pallOHM TEXHOT€HHOI 3arpo3u iCHYBaHHIO JIiCiB YKpaiHu.
[MToyunatouu 3 1980-x poKiB, MPOBOAMIIN KOMILJIEKCHI JOCIIIPKEHHS BIJIMBY 3a0pyIHEHHS Ha JIiCOBi EKOCUCTEMU B
yMOBax Takux BUPOOHUILTB: * PiBHeHchKe BAT «A30T», Uepkacbka Ta JIncnyaHCcbKo-PybeskaHChKO-
CiBepcbKogOHEbKA ITpoMaryiomepalii. ® banakiiiceke BAT «banem». ® 3MiiBCbKa TEIJIOBA €JIEKTPOCTAHLLiS
(3TEC). HaiiBumuii piBeHb BUKUziB 6yB B 1980-Ti poku, a N04MHA04X 3 nepioi nonoBuHU 1990-x pokiB BiH

3HUBUBCS. Y pasi HAAXOIKEHHSI BUKUIB [0 aTMocdepy 3a6pyLHIOETHCS CHIroBUiA OKPUB. Paziyc 3a6pynHeHHs



30i7bIIyETHCS Y pa3i 3pocTaHHs OOCATIB i BUCOTH BUKUiB. He3Baxkaouu Ha JOMiHYBaHHS BUKUJIB Oy
iJIyTOBYIOTHCS 32 PaXyYHOK BUKUIB amiaky. CuJIbHe MiIyroByBaHHS Bifi0yBasiocs i B 30Hi IeMEHTHUX
BUpPOOHULTB. 3HaueHHs pH cHirosoro nokpusy MoxyTb gocsiraty 11. [IpyynHOI0 NifIyroByBaHHS € JIY>KHI KaTioHU,
ocobmBo Ca2+, sikuil ctaHoBUTB 70-87 % Bif, 3arasbHOI CyMU JIy)KHUX KaTioHiB. CTyIiHb i XapaKTep 3MiH I'PYHTIB
3aJIeXKaTh Bifl XapaKTePUCTUK 3a6pyAHEHHS 1 BJIaCTUBOCTE I'PYHTIB. Y 30Hi BUPOOHUITB, SIKi BUKUIAIOTh KUCJI
cipko- i a30TOyTpHUMYBaJbHi 3a0pyHIOBaYi, BUMUBAIOTHCS JIYXKHI METaIl, 3MEHIIYEThCSI EMHICTb BOMPaHHS i
HaCHUY€eHiCTb OCHOBaMu. HaiXoIKeHHs a30TyTPUMYBaJIbHUX 3a0PyAHIOBAUiB HE KOMIIEHCYE BTPATU a30Ty BHACJIJOK
nafiHHA MiKpo6iosIoriyHoi fisinbHOCTI. Lle noripuiye 3a6e3nedyeHHs POCIVH a30TOM, OCKiJIbKY 3MEHIIYETbCS YacTKa
fioro gocTynHux Gopm. Y 30HaX LIeMEHTHUX BUPOOHULTB IPYHTU CUJILHO MiJJIyTOBYIOTHCSI BHACIJOK aHOMAJIbHOI
KOHIeHTpalii 1ykHUX MeTasiB. Y BKI i0H BOZHIO Maiike MOBHICTIO 3aMill[yEThCS Kasbl[ieM. MakCUMasbHa KiJIbKiCTh
JIy’)KHUX METaJliB HAaKOIIMYY€ETbCS] Y BEPXHbOMY I'PYHTOBOMY TOPU30HTI. Y JIETKOCYIJIMHKOBYX Ta MillJaHMX I'PYHTaX
Ii1JTyrOByBaHHS MOMMPIOETHCS 3HAUHO I1nbuIe. PiBeHb MifIyroByBaHHS I'PYHTIB 3pOCTa€ B Me€Pioiy CIIEKOTHOI
cyxoi nnoropy. YHacninok cegumenTanii Bukuis TEC Ta eMeHTHUX BUPOOHULITB GOPMYIOTHCSI TEPUTOPII 3
AHOMAaJIbHOIO KOHIIEHTpAlli€l0 BAXKKUX METAJIB y I'PYHTI Ta niagcTuiLi . [lepeBullieHHs 3amacy Jy>)KHUX METajliB y
MiJCTUIILI HAJ 3aI1acoM B omnafi ctaHoBuTh 40-60 pasis, a 11 AeSIKUX BAKKUMX METaJIiB MOXKE CSraTy HaBiThb COTHI
pas. B Hac/inoK TeXHOreHHUX 3MiH TPO(OTOITY B JIaHIIi ONaf — MifiCTUJIKA IalbMyeThCSl IHTEHCHUBHICTh
6ioKpyroo6iry. IHTeHCUBHICTb 6i0KpPYroo6iry najae 0 CUIbHO 3arajlbMOBAaHOTI'O PiBHSI, @ HAKONIIMYEHHS QITOAETPUTY
IOMiHye y BCiX mapax MifCTUIKU. 3arajbHUM yac (GOpMYyBaHHS 3aMacy MiflCTUIKY Y TEXHOTEHHIi 30Hi Ha 0,9-3,0
POKy 6isblle HiXXK Ha KOHTPOJIi. Peakiiist maroHis i cToBOypa Ha fit0 (iTOTOKCHMKAHTIB € BTOPMHHOIO, & IEPBUHHOIO €
3MiHM B XBOi. B yMOBax a€pOoTeXHOreHHOTr0 3a0pYyIHEHHSI TPYBaJIiCTh KUTTS XBOI COCHU 3 3 POKIB 3MEHINYETHCS Y
ocsabJeHux IepeB [0 2, CUIbHO ocjabyieHux - 1,6 pokiB . BrpaTty acuMinsuiiiHoi IOBEPXHi B pe3ysbTari
MOIIKOAKEHHS COCHSIKIB 1 piuHOi XBOi CTaHOBAATH 25, 2-X piuHOi - 40%.. [list 3a6pyJHEHHS HA CTPYKTYPY cTeba
aHasioriyHa 3MiHaMm Bif iHmuX ¢paxkTopiB. PO3Mipy NaroHiB Ta ix OXBOEHHS 3MEHIIYIOThCA ¥ 2-3 pasu. KinbkicTb
OpaxibiacTiB 3MeHIIyeThCA B 1,6 a JOBKMHU MiXBY3J1iB 1,4 pasu. droema 3a3Ha€ MEHIIOTO BILUIMBY 3a0pyJHEHHS
atMmocdepH, HiX Kcunema. lllnprHa mapy gepeBruHU OGHOPIYHUX NaroHiB 3HMXKyeTbed B 1,8-2,0 , kopu B 1,1-1,6 pasu.
Peax1iis nepeBrHM Ha 3a6pPyAHEHHS OGHOTUITHA Y BCbOMY CTOBOYPi: 3MEHIIYIOThCSI IIMPUHA PiYHOTO KijbLig,
KIJIBKICTB Ta pajiiasibHi po3Mipu Tpaxeiz,. CTaH COCHSKIB Ha MPOTA3i Malke 30-TH JIITHHOTO NEPiOAY BU3HAYABCH
piBHEM a€pOTEXHOT€HHOTO HaBaHTAXXEHHS, K€ CYTTEBO 3MiHIOBAJIOCA y 4aci i B mpocTopi. I1in BriimBom
3a6pyIHEHHS 3MEHIIYBaJIACh MOTYXHICTb 6i0rOPU30HTY POTOCUHTEZY; YHACJILOK BUPiBHIOBAHHS 33 BUCOTOIO [I€PEB
CIIPOILYBasiaCh CTPYKTypa COCHSKIB. [1icsisl TAaKOTO MOPYIIEHHS Y COCHSIKIB 3MEHIIYEThCS IOBXKMHA, CTPYHKICTb Ta
(dhopma KpoHU. 3HWKEHHS PajliaJIbHOrO IPUPOCTY COCHSIKIB B yMOBAX a€POTEXHOTE€HHOTO 3a6pyIHEHHS
[IOCHUJIIOETBCS CUHEPTEeTUYHOIO Ji€l0 aHOMAJIbHUX KOJIMBaHb KJ1iMaTy. BiKOBUI TPEH]] 3MEHIIEHUS PaliaJIbHOTO
IIPUPOCTY COCHSIKIB € HACJIIIKOM [Iii IIOCYX. Y TEXHOT€HHO ITOUIKOKEHNX COCHSIKAX LEIPECisl IPUPOCTy TPUBAE Ha
3-4 pokiB posie. Oco6MBO 1je BiiuyTHO Ha MiBIEHHIN MexXi apeayly COCHU 3BMYailHOI Ta B cTerly. PanianpHuit
[IPUPICT JOMIHAHTHUX JEPEB CUJIbHILIE [IO3UTUBHO pearye Ha CIIPUSTIIMBI IIOTO4HI YMOBU HiX J€peB iHMNX KJlaciB

Kpadra, a B HECIIPUATIINBI POKU CIIOCTEPIra€ThCsl IPOTUIIEKHE .

2. Since the 1980s, comprehensive studies have been conducted on the pollution impact on forest ecosystems in
the following types of pollution: Rivne VAT “Azot”, Cherkasy and Lysychansk-Rubizhne-Siverodonetsk industrial
agglomerations. Balakliia VAT “Baltsem” Zmiiv Thermal Power Plant. The highest emission level was recorded in
the 1980s, and it decreased since the first half of the 1990s due to the decline and halting in production. According
to the study, in the case of emissions to air, the snow cover is polluted, and its chemical composition reflects the
qualitative and quantitative changes in pollution. Despite the dominance of acidic emissions, precipitation is
alkalized by ammonia emissions. Strong alkalization also occurred in the zone of cement production. The pH value
of the snow cover in the sanitary and protection zone reached 11. The degree and nature of production-induced
changes in soils depend on the pollution characteristics and soil properties. The main trends of changes in the
soil-absorbing complex, inhibition of microbiological activity and, as a consequence, decrease in the content of
humus and nutrients were revealed. The main specificities were determined for different types of pollution. For
example, in the zone around plants emitting acidic sulfur- and nitrogen-containing pollutants, the acid balance is



disturbed due to the alkali metals leaching, absorption capacity decreasing, and base saturation reducing. These
negative changes are most pronounced in Polissya and are less noticeable in Steppe. The emission of nitrogen-
containing contaminants does not compensate for the loss of nitrogen resulted from the decline of microbiological
activity. It worsens the supply of nitrogen to plants as the part of its available forms decreases. In the area around
cement production, the soil is heavily alkalized due to the abnormal concentration of alkali metals. In the soil
adsorption complex, the hydrogen ion is mostly replaced by calcium. The maximum amount of alkali metals
accumulates in the upper soil horizon. In light loamy and sandy soils, alkalization goes much deeper. The level of
soil alkalization increases during heatwaves. Sedimentation of emissions from thermal power plants and cement
production results in areas with anomalous concentration of heavy metals. However, while such areas have a local
character in the Baltsem zone, they are taking on regional dimensions in the TPP zone. The stock of alkali metals in
the litter 40-60 times exceeds that in the tree waste, and it can reach hundreds of times for some heavy metals.
The intensity of the biological circulation in the “tree waste - litter” link is inhibited due to the pollution. At the
same time, tree waste decreases, and litter weight increases. The slow biological circulation peculiar to pine
forests falls to hindered one in case of heavy pollution. According to the study, the massive pine needle fall caused
by the accumulation of pollutants, especially in dry years, begins much faster than the natural one. At the same
time, the lifespan of pine needles can decrease by one or two years. Due to early defoliation in severely damaged
pine stands, the loss in the assimilative surface reaches 25% for one-year-old needles and 40% for two-year-old
needles. Another 20-50% is lost due to inhibition of needle growth. The shoots’ size and needle covering are
reduced by 2-3 times due to contamination. The number of brachyblasts decreases by 1.6 times, and the internode
length being an indicator of the phase of extra-bud growth of shoots by 1.4 times. Phloem is less affected by air
pollution than xylem. The width of the wood layer of annual shoots is decreased by 1.8-2.0 times and the bark
width is reduced by 1.1-1.6 times in the contaminated area. The reason for this is a decrease in the number (1.3
times) and radial size (almost two times) of sieve tubes. The phloem and xylem thickness is less in the lower part of
the trunk than in the shoots. This difference increases by 4.75 times in the case of heavy pollution. The effect of
industry-related air pollution on the health condition of pine stands was assessed and peculiarities of horizontal
and vertical forest structure changes were revealed as a result of the pollution. Specificities of radial growth
dynamics under the influence of industry-related air pollution were found. Recommendations for increasing the
resilience of forests damaged by industry-related air pollution have been developed. In conditions of industry-
related air pollution, the radial growth of pine stands is driven by the influence of a set of negative factors.
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