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SOIL MONITORING

: runtoznavstvo
, IMYHTO3HABCTED
. V. V. Medvedev =2 Academician of NAAS
of Ukraine,
Dr. Sci. (Biol.), Professor
UDK 631.45 National Scientific Centre «O. N. Sokolovsky Institute

for Soil Science and Agrochemistry Researchy,
Chajkovska str., 4, Kharkov, Ukraine, 61024

METHODOLOGY OF EFFECTIVE MONITORING OF A SOIL COVER
(ON THE BASIS OF THE ANALYSIS OF 25-YEARS EUROPEAN EXPERIENCE)

Abstract. The purpose of the article is to state the most essential methodological aspects of
monitoring of a soil cover which is spent in the Europe during more than 25 years, to approach the
Ukrainian model of monitoring to European and to formulate requirements to the organization of
monitoring in Ukraine which will guarantee its efficiency. According to the European concept under
monitoring the existential system of supervision over soil properties on constant platforms with use of
the wide program of indicators with the purpose of creation of information-analytical databases,
divisions into districts and allocation of problem territories, the forecast of soil development
(including by means of pedotransfer modelling), a correcting of the contents and intensity of
agricultural activity, planning of soil-saving actions, improvements of granting process to farmers,
activization of work with mass media and in other purposes means. Advantage has regular
distribution of points which meets the requirements of geostatistic analysis and geoinformatics is
better and is better considers spatial features of soil characteristics which are important in mapping.
Organizational principles of construction of monitoring: independence of departments influence;
simple 2-unit structure (regional laboratory — the centre of information-analytical), the coordinated
and approved normative estimated base; coordination with supervision over other components of an
environment; financing from the state budget; regular informing on results power structures and the
public. Monitoring is meaningful only when with its help a long number of the equidistant
supervision received mainly in a regular network is formed. Only under these conditions probably
objective estimation and the reliable forecast of negative changes in soils, and also contours of
territories with problem characteristics are precisely defined. Accordingly means for their elimination
are economically spent. Monitoring should be spent at the greatest possible quantity of definitions of
display soil properties in modes in situ and on-line. Mainly by results of monitoring a soil cover in the
majority of the European countries bases of a new agrarian policy protection of an environment and
active support of soil-saving technologies to which interest increases in the European countries have
been certain is. In the European countries the atmosphere of assistance to monitoring was generated
and it is considered, that without high-quality information system about a soil cover to create
comfortable conditions of a life and a clean environment is impossible. In Ukraine it is necessary to
organize monitoring of a soil cover on the basis of the newest program, mathematical tool, and
cartographical bases, agreed with the European experience. In connection with intensive use the soil

& Tel.: +38057-704-16-69, e-mail: vvmedvedev@ukr.net

DOI: 10.15421/041609

ISSN 1684-9094. Gruntoznavstvo. 2016. Vol. 17, no. 3—4 5



cover of Ukraine quickly changes, the increasing urgency is got with processes of degradation.
Therefore the control of changes and over its base formation of corresponding programs on stay of
degradation and reproduction of soil fertility — very actual problem.

Keywords: soil monitoring, the European experience, actual problems.
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METOAONOIMMA 3®PEKTUBHOIO MOHUTOPUHIA MOYBEHHOIO MOKPOBA
(HA OCHOBE AHAJIN3A 25-JIETHEFO EBPOIMNMEUCKOI'O OlbITA)

Annotamus. Llens cTaThy — H30XXKUTH HanOOJIEEe CYNIECTBEHHBIE METONOIOINIECKHE ACTICKTHI
MOHHTOPHUHTA TIOYBEHHOT'0 TIOKPOBA, KOTOPHI NpoBoauTcs B EBpore Ha mpoTsxeHnn Oonee 25 ner,
HNpUONN3UTE YKPAaUHCKYIO MOJENIh MOHUTOPHHTA K €BPONEHUCKON M chopMyspoBaTh TpeOOBaHUS K
OpraHm3aliil MOHUTOpPHHIA B YKpaWHE, KOTOphIe OyAyT TapaHTHpOBaTh €ro 3(QeKTHBHOCTS.
CorylacHO €BpOINEHCKONH KOHIETIIMM MOA MOHHUTOPHHTOM HMEETCS B BHJY IPOCTPAHCTBEHHO-
BpEMEHHas CHCTeMa HaONIOJNEHHH 3a CBOWCTBAMM IIOYB Ha IIOCTOSHHBIX IUIOIIAJKax C
UCIIOIB30BAHUEM IIMPOKOH IIPOTpaMMBI HHAWKATOPOB C LENBIO CO3MaHMS HWH(OPMAIHOHHO-
aQHAINTHYECKUX 0a3 MaHHBIX, PAalfOHMPOBAHMS U BBIICICHUS NPOOIEMHBIX TEPPUTOPHH, IPOTHO3a
pa3BHUTHS HOYB (B TOM YHCIE C IIOMOIIBIO NEJOTPaHC()EPHOrO MOJEIUPOBAHUS), KOPPEKTHPOBAHHE
COAEPXKAHMS M MHTCHCHBHOCTH 3€MJIEEIBbYECKO AESATENbHOCTH, IIAaHUPOBAHHE [TOYBOOXPAHHBIX
MEpOIPHATHH, OOBEKTHBHU3ALMK IIpoLlecca IpefoCTaBIeHus cyOcuanii ¢epmepaM, aKTHBH3AIUU
paboTBl CO CpeACTBaMHM MaccoBOM HMHGpOpMAanMM M B JPYrHX LemsiX. [IpeMMyinecTBo umeer
peryJsipHOe pa3MelleHHe TOYeK, KOTOPOe JIydllle YAOBIETBOPSET TPEOOBAHUSIM re0CTaTUCTUYECKOTO
aHann3a U reoMH(GOPMATUKH ¥ JIydllle yYUTBHIBAET NPOCTPAHCTBEHHBIE OCOOCHHOCTH IOYBEHHBIX
XapaKTePHCTHK, KOTOPbIE BXKHBI B KapTorpadupoBanuy. OpraHn3anioHHbIE IPHHIMIIBI IOCTPOSHHUS
MOHHMTOPHUHTA: HE3aBUCHMOCTb OT BJIMSHHUS BEIOMCTB; IPOCTasi 2-3BEHHAsl CTPYKTypa (pernoHambHas

nabopaTopuss — IEHTPaJbHBI WH()OPMAIMOHHO-aHAJUTHYECKUH IIEHTP), COIJIACOBaHHAs U
YTBepKJEeHHAsh HOpPMaTHBHAs OICHUBaeMas 0a3a; KOOpAMHAIMS C HAONIONSHWSIMU 3a JAPYTUMH
KOMIIOHEHTaMU OKpYXarolled cpembl; (MHAHCHpOBaHWE U3 TOCYJAPCTBEHHOTO OOJDKeTa;

cucTeMaTuueckoe HH(pOpMUpOBaHME O pe3ylbTaTaX BIACTHBIE CTPYKTYpPhl M OOIIECTBEHHOCTS.
MOHHUTOPHHT MMEET CMBICI TOJNBKO TOIZA, KOrZa C €ro IOMOLIbI0 (OPMHPYETCs JUIMHHBIA DS
PaBHOOTCTOSIINX HaONIOAEHHH, IOMYYEHHBIX IPEUMYILECTBEHHO B PeryysipHoil cetn. Tonpko mpu
3TUX YCJIOBUAX BO3MOXHO OOBEKTHBHOE OIICHMBAHME W HAASKHBIH IPOTHO3 OTPHIATENbHBIX
M3MEHEHHII B TOYBAX, a TAaKXKE TOYHO OMNPENETSIOTCS KOHTYPBI TEPPUTOPHN € TNPOOIEMHBIMH
xapaktepucTukaMu. COOTBETCTBEHHO SKOHOMHO TPATSTCs CPEACTBA HA UX ycTpaHeHHe. MOHUTOPUHT
JIOJKEH TIPOBOAUTHCS NMPU MAKCHMAIbHO BO3MOXKHOM KOJIHMYECTBE OIPENENICHUH WHIMKATOPHBIX
CBOMCTB MOYB B peXHMax in situ u on-line. ['MaBHBIM 00pa3oM MO pe3ysibTaTaM MOHHUTOPHHTA
MIOYBEHHOTO IIOKPOBa B OOJIBLIIMHCTBE E€BPONEHCKUX CTPaH OBUIM ONpPEAENCHbI NPHUHIHUITHAIbHBIC
OCHOBBI HOBOW arpapHOd HOJHMTHKH — 3TO 3aIlUTa OKPY)KAIOIIEH CpeAbl M aKTUBHAS MOAICPIKKa
[IOYBOOXPAHHBIX TEXHOJIOTUH, K KOTOPBIM B €BPONEHCKMX CTpaHax Bo3pacTaeT HHTepec. B
€BPOIIEHCKUX cTpaHax copMupoBanack arMochepa coaeCTBUS MOHUTOPHHTY U CUUTAETCs, uTo Oe3
BBICOKOKA4ECTBEHHONH WH(OPMAIIMOHHON CHCTEMbl O IOYBEHHOM MOKpPOBE CO3laTh KOM(OPTHbIE
YCIIOBHS KHU3HM U UYHCTYIO OKPY>KAaIOIIyI0 Cpely HEBO3MOXKHO. B VkpanHe Hy»KHO OpraHu3oBaTh
MOHHMTOPUHT TIOYBEHHOTO IIOKPOBA HAa OCHOBE HOBEHIIMX TPOTPaMMHBIX, MaTeMaTHUYECKUX,
HUHCTPYMEHTAJIBHBIX M KapTOrpadM4ecKux OCHOB, FAPMOHU3MPOBAHHBIA C €BPONCHCKUM ONBbITOM. B
CBSI3M C MHTEHCHBHBIM HCIONB30BaHHEM ITOYBEHHBIH MOKPOB YKpamHBI OBICTPO HM3MEHSETCS, BCE
OOITBIITYI0 aKTYalIbHOCTh MIPUOOPETAIOT MPOLECCH Aerpafanun. 1103ToMy KOHTPOIb H3MEHEHUH U Ha
ero 0ase (GOpMHpOBaHHE COOTBETCTBYIOIIMX IPOrPaMM II0 HPHOCTAHOBICHHIO JETPajallid M
BOCHPOU3BOACTBY IUIOJOPOHS TI0YB — OUCHb aKTyalbHas 33/1a4a.
Knioueevie cnoga: monumopune nous, eBponeucKull onvlm, akmyaibHsle 3a0adu.
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METOOONOrA EPEKTUBHOIO MOHITOPUHTY I:PYHTOBOI'O NOKPUBY
(HA OCHOBI AHANI3Y 25-PIMHOIO0 €EBPONMEUCBKOIO AoCBIAY)

AHoTauis. MeTa CcTaTTi — BHKJIACTH HAHOUTIBII CyTTEBI METOMOJIOTIYHI ACTEKTH MOHITOPHHTY
IPYHTOBOTO HOKPHBY, IO MPOBOAUTECS B €BPOMI MPOTAroM Oinbine 25 pokiB, HAOIM3UTH YKPaiHCEKY
MOZIeJIb MOHITOPHHTY 0 €BpOIeichkol i copMymoBaTH BHMOTH [0 Oprasizamii MOHITOPHHTY B
VYkpaiHi, 0 TapaHTyBaTUMYyTh HOro c(eKTHBHICTh. BiIIMOBITHO 10 €BpPOINECHCHKOT KOHIEIIT ITij
MOHITOPHHIOM MA€ThCsl Ha YBa3i IPOCTOPOBO-4acOBA CHCTEMA CIIOCTEPEKEHb 3a BIIACTHBOCTSIMHU
IPYHTIB Ha MOCTIMHMX IUIOIIAJKaX 3 BHKOPHCTAHHSM IIMPOKOI IPOrpaMH IHAWUKATOPIB 3 METOI0
cTBOpeHHsI iH(opMauiiiHO-aHaITHYHUX 0a3 JaHWX, paioOHYBaHHS U BHOKPEMJICHHS MPOOJIEMHHUX
TEPUTOpil, TNPOrHO3y PO3BUTKY IPYHTIB (y TOMY WYHCIi 3a JOINOMOIOI0 MeA0TpaHC(EepHOro
MOJCTIOBAaHHs), KOPHT'YBaHHS 3MICTy # 1HTEHCHBHOCTI 3eMJIepOOCHKOI IisSTTBHOCTI, IUIAaHyBaHHS
IPYHTO30EpEKYBAIBHAX 3aXOMiB, 00 €KTHBI3aIi Mpolecy HaIaHHA CyGCHmii depMepaM, akTHBisarii
pobotn i3 3acobammu MacoBoi iH(opmamii i B iHmmx mimsax. [lepeBara BifmaeTbCsl peryssIpHOMY
PO3MIIIEHHIO TOYOK, IIO Kpallle 3aJ0BOJIBHIE BUMOTH T'€0CTaTHCTUYHOTO aHAII3y i reoiHpopMaTKy i
00’€KTHBI3y€ MPOCTOPOBI OCOOIMBOCTI IPYHTOBHX XapaKTEPHCTHUK, IO BAXKIMBO B KapTorpadyBaHHI.
Oprani3aiiiiHi NpUHOUNY O0OYJOBH MOHITOPHHIY: HE3QJIeKHICTh BiJl BIUIMBY BiJJOMCTB; IPOCTa
2-7maHKOBa CTpYKTypa (perioHaibHa J1aboparopis — LeHTpaIbHUi iH(pOpMAaLifHO-aHATITUYHHAN LEHTP:
MOro/KEHa 1 3aTBEep/PKeHa HOPMATHBHA OLIHIOBaJbHA 0a3a; KOOPIHMHALS 31 CIIOCTEPEKEHHSIMHU 32
IHIIMMH KOMITOHCHTaMH HaBKOJIMIIHBOTO CEepelNOBHINa; (DiHAHCYBaHHS 3 JEP>KABHOTO OIOMKETY;
cHCTeMaTudHe iHQOPMYBaHHS MPO Pe3yJbTAaTH BIAIHI CTPYKTYpHU i TpOMaICBKICTh. MOHITOPHHT Ma€e
CEHC TUIBKM TOI, KOJU 3 HOTO JJOIIOMOroI0 (POPMYETHCS TOBIUH Psi| PIBHOBIANAICHUX CIIOCTEPEKEHB,
OTPHMAaHUX NEPEeBAXKHO B peryJisipHiil Mepeski. TUIBKH 3a X yMOB MOXKIIMBO OO’€KTUBHE OI[IHIOBAHHS I
Hai{HUI POTHO3 HEraTHUBHHX 3MiH y IPYHTax, a TaKO)XK TOYHO BH3HAYAIOThCSI KOHTYPH TEPHUTOPIi i3
NPOOIEMHUMH XapaKTepUCTHKaMH. BiANOBIIHO OMAIIMBO BUTPAYalOTHCS KOIITH HA TXHE YCYyHECHHS.
MOHITOPUHT NTOBUHEH HMPOBOAMTHUCS 32 MAaKCHMAJIBHO MOXJIMBOI KUIBKOCTI BU3HAYCHb IHAMKATOPHHX
BJIACTHBOCTEH IPYHTIB y pexuMax in situ i on-line. ['0JJOBHMM 4MHOM 3a pe3yJIbTaTaMy MOHITOPUHIY
IPYHTOBOTO TMOKPHUBY B OUIBIIOCTI €BPONCHCHKUX KpaiH OyJI0 BH3HAUCHO NPHHIMIIOBI OCHOBH HOBOL
arpapHOI TOJIITUKH — IIe 3aXUCT JOBKULIA Ta aKTUBHA MATPUMKA IPYHTO3aXMCHUX TEXHOJIOTIH, 10 SKUX
Yy €BPONEHCHKUX KpaiHax 3pocTae iHTepec. B eBpomelchknx kpaiHax cdopmyBaiacst armochepa
CIIPUSIHHSI MOHITOPHHTY 1 BB)KA€THCS, IO 0e3 T0OposKicHOI iH(popMamiiiHOI cucTeMH Ipo IPYHTOBHI
HOKPHB CTBOPUTH KOM(OPTHI yMOBH JKHUTTS 1 YACTE HABKOJIMIIHE CEPEOBHILE HEMOXIINBO. B Ykpaini
BKpail MOTPiOHO OpraHi3yBaTH MOHITOPHMHI IPYHTOBOTO HOKPHBY Ha OCHOBI HOBITHIX IPOrpaMHHX,
MaTeMaTHYHUX, IHCTPYMEHTAIbHUX 1 KapTrorpaidHHX 3acaj, TapMOHI30BaHUH 3 €BPOICHCHKUM
JOCBiIOM. Y 3B 513Ky 3 IHTCHCHBHUM BHKOPUCTAHHSIM IPYHTOBHI MOKPHB Y KpaiHH MIBUIKO 3MIHIOETHCS,
yce OUTbIIOi aKkTyalbHOCTI HaOyBaroTh Mpolecd Aerpafanii. ToMy KOHTpONIb 3MiH i Ha Horo 0asi
(hopMyBaHHS BiATOBIIHHUX MPOTpaM 3 MPH3YNUHEHHS AETpajalii i BITTBOPEHHS POIIOYOCTI IPYHTIB —
HaJIaKTyaJIbHa 3a]1a4a.

Kniouogi cnosa: monimopune rpynmis, €eponeticokuii 00cgio, akmyaibHi 3a80aHH.

BCTYN

VY 80-Ti poKM MHHYJIOTO CTOPIiYds B HAMOUIBII PO3BHHEHUX 3aXiJHOEBPOIECHCHKHX
KpaiHaX MOHITOPHHT TOCTYIIOBO CTaB TIPIOPHTETHHM 3aBIAHHSIM i, Oe3 IepeOiTbIIeHHS,
O3HAaKOI [HMBLTI30BaHOCTI Kpainn. B  €spomi chopmyBanacs armochepa CHpUSHHS
MOHITOPHHTY ¥ BU3HaHHA HOro HEOOXiZHOCTI JUIi BCEOIYHOrO KOHTPOJIO —CTaHy
HaBKOJIMIIHBOTO cepenoBuina. Ctano 3po3yMiio, Mo 0e3 MOHITOPUHIY CTBOPHTH CIPHSTINBE
cepenoBHIIe i KoMGOPTHI YMOBH JKHTTS Il HACEJCHHS HEMOXJIMBO. Ha »ajb, 1i TeHIeHIIi
NPaKTHYHO HE TOPKHYJMCS YKpainu. binbiue Toro, Hama kpaiHa crajia NpHKIIagoM TOro, sIK He
Tpeba opraHi3oByBaTH MOHITOPHHT. JI0 BUKOHAHHS poOIT, 3riJHO 3 BiANOBIIHOIO MOCTAHOBOIO
Kab6inery MinictpiB 1993 p., Oyno 3amydeHo 9 MiHICTEpPCTB 1 BIZJOMCTB. Y pe3yJsbTarTi 3aMiCTh
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Horo peaizariii SK BaKJIMBOI Jep>KaBHOI IMPOrpamMyd MOHITOPUHT OyB PO3ALUTCHWI HA Bimomdi
gactuHH. KoopauHamis # merogudHe 3a0e3nedeHHs poOiT, ski Oymu mopydeni MiHicTepcTBy
€KOJIOTi1, 3/1iiCHIOBaIMCST 30BCIM HEIOCTaTHRO. Lle MiHICTepCTBO i JoTenep MpakTUIHO HisSK HE
BIUIMBaE Ha CTaH poOIT y KpaiHi B miif obmacti. CriocTepe)xHi IUIOM@IKA HE CTBOPEHO i
CHCTeMAaTHYHI BUMIpH He Benucst. JInie MiHarpornomiTHKY Ta POJIOBOJILCTBA i JlepKareHTcTBO
3 BOJIHOTO TOCHOJAPCTBA MPOBOJAWIM BHUMIPHM OKPEMHX IOKa3HHKIB, BUKOPUCTOBYIOUM JUIs
IIbOTO CaMOCTIlHI, HEY3ro/kKeHi MK coOOK Mepexi, mporpamMu it Meroau. SIK Hacmizok, y
KpaiHi JoTenep BiJCYTHS MOBHOIHHA iH(OpMalliliHa cHcTeMa PO CTaH HABKOJWIIHBOTO
CepesioBHIIa 1 HOro OCHOBHOTO KOMIIOHEHTY IPYHTOBOTO TOKpHBY. ['0JI0BHE )k — y KpaiHi /10
IIFOTO Yacy HeMae CTPaTerii i 0OTPyHTOBAHOI IHBECTUIIIHHOI TIOJIITUKU BiXHOCHO TIOJIIIIICHHS
CTaHy IPyHTOBOTO MOKPHBY. Ii i He MOJe 3’ AIBUTHCS, TIOKM He Gy/ie MOHITOPHHTY — €JIMHOTO Ta
00’€KTUBHOTO JDKepelia JaHHUX PO CYYaCHHH CTaH 1 IMHAMIKY PO3BUTKY IPYHTOBOTO ITOKPHBY.

VY cTarTi BUKIANEHO NPUHIMIIOBI METOIWYHI aCIeKTH BEACHHS MOHITOPHHTY B
€BPOTICUCHKUX KpaiHaX, A€ BiH 3IIHCHIOETHCS BXKE MPOTArOoM 25 pOKiB, i, TONOBHE,
c(hopMyITBOBaHO BHMOTH JO OpraHizailii MOHITOPHMHTY B YKpaiHi, [0 rapaHTyBaTUMYTh
Horo eeKTHBHICTB.

METOOMU

CratrTs HanMcaHa Ha IiJICTaBi BUBYCHHS JIITEPATYpPHUX MaTepialliB i 6e31mocepeJHboro
CIIOCTEpEEHHsI 32 MOHITOPUHIOM IpyHTOBOTO NOKpuBy y ®panuii, Himeuunni, I1IBenii,
VYropuuHai, PymyHii Ta B iHIINX €BpONEHChKUX KpaiHax.

PE3YJIIbTATU

3acanvnonpuiiname eusnauenns momnimopunzy. Jluckycis Ha novatky 90-X pokis
Ha Hapani B bynmamemri (International Workshop.., 1993) 3 mporo npuBoay npusena 1o
BU3HAYCHHS MOHITOPHHTY TIPYHTOBOTO TIOKPHUBY SIK IIPOCTOPOBO-4acOBOi CHCTEMH
CIIOCTEPEKEHb 32 BIACTUBOCTSIMHU IPYHTIB.

Mema monimopunzy. KonextuBoMm aBTopiB mmin kepiBHUITBOM A. R. Gentile
(Gentile, 2001) cdopMympOBaHO MeETy 1 KOHPETH30BAHO 3aBIAHHS MOHITOPUHTY
IPYHTOBOTO TIOKPUBY: CMEOpeHHs | nepioouuHe OHOGIEHHA Kapmozpapo-aHanimuyHux
Mamepianie npo cmax IPYHMIe, CMEOPEHHS A8MOMAMU308anHoi ingopmayilinoi cucmemu,
Pationy8anHs mepumopii i 8uoKpemieHHs npodiemHux micysb (hot spots); onpayiosanus
NPOcHO3Y 3MIHU IPYHMIE 3ANEHCHO 6I0 3MICMY U [HMEHCUBHOCMI AHMPONO2EHHOL
OisLIbHOCMI, OOIPYHMYBAHHS 3AX00I8 3 OXOPOHU TPYHMIS.

Ilpozpamu monimopunzy rpynmis. Haii0inp111 TOBHI TPOrpaMu MOHITOPUHTY IPYHTIB
3aiiicHIooThes B ABctpii, HimeuunHi i1 LlIBenii. Ilopsn i3 3arabHONPUIHATHME BUMipamM#
(C, pH, HiTpaTH, BaXKi MeTaJM) TYT CHCTEMAaTH4HO CIIOCTEpPIraloTh 33 PYXOMHUMH
€JIEMEHTaMU OKHMBJICHHS, XIMIYHMM CKiIagoM TBeppoi 1 piakoi a3z  rpyHTy,
MIKpOOIOJOTIYHUMH peXUMaMH, 3a0pyAHUKaMH OPTaHIYHOTO TOXO/KEHHS. Y X KpaiHax
MIPOBEICHO KiJIbKa TypiB CIIOCTEPEKEHb, € 3HAYHUIN TOCBiNl 00poOKH 3i0paHOi iH(popMarii,
(hopMyBaHHS iHPOPMAIITHIX CHCTEM, B3a€MOJIII 31 CIIOKUBAYaMHU.

Cxemu ¢hopmyeanna mepesic cnocmepedricenb. Y TIPAKTHII €BPONCHCHKUX KpaiH
BUKOPHCTOBYIOTHCS J[Ba CLIOCOOM (DOPMYBaHHSI CIIOCTEPEIKHOT MEPEXI MOHITOPHHTY IPYHTIB —
peryssipaui 1 HeperysapHui. [lepmmii 3 HUX 3HaXOIUTH 3aCTOCYBAaHHA B ABCTii (Mepexa 3
JICKITBKOX THCSAY MOCTIHHMX IUIOMIAIOK 3 BiJICTAHHIO MK HUMH B 11, a B Iesikux perioHax 4
i HaBith 1 kM), Pymynii (960 miomanok y By3nax Mepexi 16x16 km), Ppanuii
(2100 mrontanox y By3nax Mepexi 16x16 xm), [lsenii (24000 ruromanok y By3iax Mepexi 3
PI3HUMH TTapaMeTpaMy 3aJIeXHO Bif penbedy). Hpyruii criocid BukopucroByerhest B Hopserii
i Bemukiii Bpuranii (mo 13 mmomanok), Irami (27 mromanok), HiMewqunHi (mpuOIm3HO
800 momanok), Yexii (257 mmomanok). pyruit crmocid TpuIycKae penpe3eHTaTHBHE
(mpomopuiiiHe) BimoOpakeHHS B OLIHKAaX CTaHy IPYHTIB CTPYKTYpH IPYHTOBOTO ITOKPHBY,
TororpadiyHNX, KIIMATHIHAX i TOCIOAAPCHKUX OCOOIMBOCTEH TEPUTOPII.
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[NopiBHAIBHUX MOCHTIKEHD MEpeBar i HEIOMIKiB 000X CIIOCOOIB HE IMPOBOIWIIH, alie
srigao 31 cranmaprom €C (ISO 16133:2004(E) Bubip cmocoOy dopmyBaHHS Mepexi
MOHITOPHHTOBHX IUIOIIAZOK IIPOIIOHYETHCSA 3AIHCHUTH KOXHIA KpaiHi caMOCTiifHO,
BUXOJISIYH 13 BIIACHOT'O TOCBITy BEJCHHS MOHITOPHHIOBUX POOIT.

IlepeBara (Mo 3MO3i) BIIIAETBCS PETYPHOMY PO3MIMICHHIO TOYOK, IO KpAIle
3aJI0BOJIGHSIE BUMOTY T€OCTATUCTUYHOTO aHaJli3y 1 reoiH()OpMaTHKU i 00’ €KTHBI3yE TIPOCTOPOBI
0COOJIMBOCTI IPYHTOBUX XapaKTEpPHUCTHK, L0 BAKIIMBO B KaprorpadysaHHi. IcHyroui B €Bpormi
MepeXi MO)KHa YMOBHO PO3IUIMTH Ha JBI Kareropii: 0arato TOYOK 3a OOMEXKEHOro 4Ymcia
BHMIPIOBaHMX TapaMeTpiB ab0 Majio TOYOK 32 iCTOTHO OUIBIIIOrO YHCia napamerpiB. Y BapiaHTi,
0 OTPAIBOBYETHCS TPYNOI0 (axiBIiB, 3AITyYCHHX €BPONECHCHKUM EKOJIOTIYHMM areHTCTBOM,
OOTPYHTOBYETBCS TOJMIMIIICHA KOHIICIISI BHOOPY TOYOK, a/IallTOBaHa, 3 OTHOTO OOKY, 10 TUIIOBHX
nmaHmuadTiB, a 3 iHImoro, 10 Kepen «hot spotsy (rapsdi IWIsIME), IO TOTIPITYIOTH €KOJIOTTIHY
CHTYaILif0. Y3TrOmKEHHS MEpeX yCepearHi KpaiH i MK HIMH J03BOJIUTH BUKOPUCTATH TIO3UTHBHI
CTOPOHH [IBOX KaTEropiii Mepex (peryisipHOi i HeperyaspHOi) 3 OAHOYACHOIO MIHIMI3aIi€ro
BuTpar. Ilpu 1pOMy 3ma€ThCs peabHUM ypaxyBaTH TNPUPOAHY CTPOKATICTh IPYHTIB, pi3HI
CITIBBITHOIIEHHS YTi/1b, YACOBY BapiaOebHICTh 00 €KTIB 1 BIUTUBIB.

Opzanizauiini npunyunu nooyoosu MOHIMOPUHZY: HE3ANEIHCHICMb 6I0 GNIUSY
gidomMcme; npocma 2-1aHKO8A CMPYKMYpa (pe2ioHanvHa 1abopamopis — yeHmpanibHuil
ingopmayitino-ananimuyHull yenmp); npoeeoenHs 3a WUPOKoi npospamu iHOUKAMOPHUX
cnocmepesicenb,  NO200JCeHA 1  3ameepodceHda  HOPMAMUSHA  OYIHIOBANbHA — 6a3a;
npoGedeHHss HA NOCMIUHUX NIOWAOKAX 3i CHeYiaIbHUM Cmamycom; KoOpOuHayis 3i
CNOCMEPEdICEHHAMU 3 [HWMUMU — KOMHOHEHMAMU  HABKOMUWHBLOZO — Cepedosulyd;
Qinancysanus 3 0epaicagHoeo Ooxicemy, cucmemamuyte iHOPMy8anHs Npo pe3yrbmamu
611A0HI CMPYKMYPU U 2POMAOCHKICHb.

IIpakmuuni pe3ynomamu MOHIMOPUHZY [PYHMIE 6 €BPONEICLKUX KpPAiHaX.
MOHITOpHHT TPYHTIB Ma€ HAA3BHUYAHHO BENUKY KUIBKICTh NPUKIAJHUX AaCIEKTiB,
MOYMHAIOYM BiJ BHSBJCHHS HETAaTUBHOTO PO3BUTKY IPYHTOTBOPHOTO MpOIECy Ha
HEBEJIMKI TepuTopii 10 OOIPYHTYBaHHS I KOpUryBaHHs (yHIaMEHTAIbHUX OCHOB
3eMJIEKOPHCTYBaHHs B KpaiHi. HaBegemo nexinbka npukiais.

BukopucranHsT MOHITOpMHTY [0Beno, o0 B €BpOI, OCOONMBO B IHAYCTpialbHO
PO3BHHYTHX pETiOHax, OCTAHHIMH JECSTHWIIITTSAMHU CTaH JOBKUUIA roripmmsces. [IpuunHoro
TIOTIpIIEHHS B CUIbCHKIH MiCIEBOCTI CTao 30UIBIIEHHS IUIONI Pijuli, 3aCTOCYBaHHS y BCE
OUTBIIIHA KITBKOCTI TOOPHB 1 XIMIYHHX 3aCO0IB 3aXHCTY POCIHH, CIIPOIICHHS CIBO3MIH Ha
KOPHCTh BHPOIIYBaHHS O3MMOI IIICHWIIl 1 B3araji IIOCTYIIOBE TIPOCYBaHHSA B OiK
MOHOKYIBTYPHOTO TOCIIOJapIOBaHHS a00 3BY)KEHHS crieriamizarii gpepm, JTiKBiaamis Mex 1
HEBUKOPHCTOBYBAaHMX  IUIOL] HAa  KOPAOHAaX MDK  OKpeMHMH  (epMEpChKHMH
TOCIIOIapCTBAMH, 100 30UTBIIMTH IUIONTY PiJLIL.

VY 3B’3Ky 3 MOTIPIICHHSM CTaHy IPYHTOBOTO IOKPHBY CTPATETis HOTO BHKOPHCTAHHS
TIOCTYTIOBO 3MIHIOETHCS 1 CTA€ IPYHTOOXOPOHHOIO. AKTHBI3allisl 3yCHIIb B OXOPOHI IPYHTIB JI0
TICBHOI MIpPH CTajla BUMYIIICHOIO PCAKITI€I0 Ha YKCIICHHI (D)aKTH TIOTIPIICHHS CTaHy IPYHTOBOTO
NOKPHBY BHACJIJJOK IHTEHCHBHOTO 3€MJIEKOPHCTYBaHHs. [lOTIpPLIEHHS €KOJIOIiYHOTrO CTaHy
IPYHTIB 1 TOBEPXHEBUX BOJI IIOTPEOYBAIO BIOCKOHAJIEHHS arpOTEXHOJIOTIH.

['0J10BHUM YMHOM 3a pe3yJibTaTaMH MOHITOPUHTY I'PYHTOBOTO ITOKPHBY HEIIOIABHO B
OUTBIIIOCTI €BPOMEHCHKUX KpaiH Oylo BWU3HAYEHO INPHHIMIIOBI OCHOBH HOBOI arpapHoi
MOJITUKHM — I€ 3aXMCT JOBKULISA Ta aKTHBHA MiATPUMKA IPYHTO3aXHCHUX TEXHOJIOTIH, 1O
AKHX Yy €BpPONEHChKNX KpaiHax 3pocrae iHTepec. JlocmiukeHHS HaOyBarOTh €KOJIOTIYHOTO
CHpSIMYBaHHS, BHUUIYKYIOTh HOBI METOAM 30€pEkEHHS 1 BiHOBJIEHHS O10pi3HOMAHITTS,
6iomeToam 3axucTy Bif Oyp’sHIB 1 XBOPOO, MATOT€HHUX MIKPOOPTaHi3MiB i 3arajsoM MeTOIu
MiABUINEHHS POIIOYOCTI 0e3 [MONaTKOBHX INTYYHMX BKJIageHb. HumHI B OimbmiocTi
€BpOIIEICHKUX KpaiH IepeBakae Tak 3BaHE KOHCEPBAaTHBHE 3eMJIepoOCTBO (conservation
agriculture), TOOTO TEXHOJIOTIi, CHPSIMOBAaHI Ha MAaKCHMAaJbHO MOXJIMBE 30CpEKEHHS
010pi3HOMAHITTS, CKJIaly 1 BJIaCTMBOCTEH IPYHTY, 3aXMCT BiJ JerpajaliifHuX MporeciB
(epo3ii, BTpaT rymycy, HepeyIIUIBHCHHS TOIIO). 3TiJHO 3 KOHIICTIIIE0 KOHCEPBATHBHOTO
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3eMJIepOOCTBa 3MEHIIYEThCA KUTBKICTh Ta TTHOMHA MEXaHIYHUX OOPOOITKIB, KOPUTYETHCS
CTPYKTYpa YTifb 1 CiBO3MiH Ha KOPHCTh IPYHTO30EpEeKyBaIbHUX KYJIbTYp, OalaHCyeThCs
KUBIICHHS POCIMH 3a pPaxyHOK TMpHpogHHX kepen. Y @panmii KoHCepBaTHBHE
3eMJIEPOOCTBO PO3IIISAAIOTH SIK BOXKIIMBY YaCTHHY JIEPXKABHOTO TIAHY OXOPOHHM JIOBKIJLIS.

[pukianom edeKTUBHOrO BUKOPUCTAHHS pe3yJIbTaTiB MOHITOpHHTY € Bernnka Bpuranis.
SIK TUIBKY B MiBAEHHO-CXI1HII YacTHHI AHIIIT 1 Yesbcy OyJio BCTaHOBJIEHO, 110 UMM 3HAYHIIIA
YyacTKa pUUI 1 YMM 4YacTille 3aCTOCOBYEThCS OpaHKa, TUM Oulbllla KOHLEHTpauist dochopy i
HITpaTiB y TIOBEpXHEBHX BOJIAX, 3pa3y » OyB npuiiHATHI HoKyMeHT «Soil Use and Management
2000y, y sskoMy OyJr BBE/IcHI OOMEKEHHS II0JI0 3aCTOCYBAaHHS OPaHKH.

CaMe 3aBISKM CHCTEMaTHYHHMM CIIOCTEPEKCHHAM 3a IPYHTaMH 1 BpPOXKAsSMH B
3emuiepoOcTBi  HopBerii BimOymucs pagukaidbHI 3MiHH Teorpadii arpapHoi Tamy3i —
3eMIIepoOCTBO OyII0 30Cepe/DkeHe B HAHOUIBII CHPUATIMBHX ITBACHHUX 1 ITiBJCHHO-
3aXiJHAX, & TBAPHHHHUIITBO — Y HAHMEHIII CIPUATINBUX MEPEATIPCHKIUX 1 TIPCBKUX paoHaX.

3a pesynpTaTaMyu MOHITOpUHTY €Bporeiicbkuii Co03 yXBaMB Psil TPYHTOOXOPOHHUX
XapTil, pekoMeHaamii, nupekTuB. Cepex OCTaHHIX — PO MPUITYCTHMI KOHIIEHTPAI] BaKKIX
MeTalliB, KOHTPOJIb 32 BHUKHAAMH IiANPHEMCTB, PO 3aCTOCYBaHHS CTOKIB 1 BiJXOiB
BUPOOHMIITBA HA CUILCHKOTOCIIONApChKHUX yrimmsax Ta iH. Y 2006 poui €C 3aTBepauB
TEeMaTU4HY CTpaTerito OXOPOHH IPYHTIB 1 pEeKOMEH/IyBaB IMIJIEMEHTYBATH i B HalliOHAIbHY
noiTHKY BciM kpainam — uiienam €C (http://ec.europa.eu/environment/soil/index.htm).

Posropranns Mepex 1 criocTepekeHb HaONM3WIO BHKOHAHHS TOJOBHOTO 3aBJIaHHS
MOHITOPUHTY — CTBOPEHHS iH(poOpMamiiHiX cucteM. OCTaHHIMH POKaMHu 3 ypaxyBaHHAM
moTped MOHITOPHHTY Ta IHIIAMHU 3aBIAHHAMH iH(QOpMAIifHOTO 3a0c3MECUCHHS B
€BPOIEHCHKUX KpaiHaX cTaja IHTSHCHUBHO PO3BHBATHCS reoindopmarnka. Tak, HEIlIoJaBHO
onepkaHo 3a (inaHcoBOl miaTpuMKH crinbHUX TpoekTiB (Concerted action) 3 HayKoBOi
komicii €C HOBiTHI Kaprorpadidyni Mmarepianu, 30KpeMa Ti, 10 BUSBISIOTH IPYHTH 3
HECTIPUATIUBUMHE (TIPUPOIHUMH ab0 YTBOPEHHMH BHACIHIJOK aHTPOIIOTEHHOI MiSUTBHOCTI)
BiacTuBocTsIMH. OcoOJIMBE 3HAUSHHSI MalOTh KapTrorpadiuHi Ta aHaJTITUYHI y3aralbHEeHHS,
3okpema SOTER (auritamizoBana kapra IpyHTiB 1 Teputopii €Bponn), SOVEUR (xapra
CXWJIBHOCTI TIpyHTiB €Bpormn 1o 3abpyanenns), EUSOPOL (kapra ¢axTudHOro
3abpynnenHs 1pyntiB €sponn), CTB (kapra «Chemical Time Bomb» — nmoBrocrpokosa
OLIiHKA PU3UKY 3a0pyIHEHHS! HABKOJIMIIHBOTO CEPEOBHINA), KapTa CXMJIBHOCTI IPYHTIB 110
eposii (mpoekt PESERA). Pusnk BuHMKHEeHHs epo3sii HaiBummii B Icmanii (mo 44 %
tepuTopii), CnoBauunHi (10 40 %), [Mopryranii (no 33 %), bonrapii, Annanycii, Kopcuni,
neHTpaneHiit Itamii i I'penii. Hafimenmmmii — y miBHiuHI# €Bporri.

Jlo 11p0T0 TepetiKy MOXKHA JOJIAaTH PeriOHaNbHI pOOOTH 3 BUPIMICHHS TPaHCAYHANHCHKIX,
MPUTHUCEHCHKUX, MPUOEPeKHUK Ta IHIINX NpobmeM. 3pa3KOBOI0 B IBOMY AacHeKTi MOXKHA
BBaKaTH Mporpamy npubdepexHux a0 IliBHIYHOTO MOpsI KpaiH, sika Aisiia BOpogosk 10 pokis.
3a paxyHOK 3MEHIICHHS IOBEPXHEBOTO CTOKY Ta OpraHizailii MOHITOPMHTY, 30KpeMa 3a
JIOTIOMOT'OI0 JIMCTAHIIIIHUX 3aCO0IB 1 CHHXPOHHOTO BIIPOBA/PKEHHS TIPOTHUEPO3IIHIX 3aXOIiB,
Oyno pocsirHyto craOimizamito  arponanamadgrie y Hopgerii, Ilormmannii ta Amrnii,
03JIOPOBJICHHST MO, BiZTHOBJICHO B HHOMY KUIBKICTB L{IHHUX MOPiJL pHO.

VY OinbIIOCTI €BPONEHUCHKUX KpaiH, OCOOJNMBO B MiBHIYHHMX, BHSBICHO 3a0pyIHEHI
TEPUTOPIi, Ki MOTPEOYIOTH CIICIiATbHIX 3aXO0JiB 3 0OMEXKEHHS TOCIIOAPCHKOT MIsSUTEHOCTI
a00 BBEACHHSA OCOONHMBOTO pEXHMY BHKOpPHCTaHHA. Ha migcTaBi KiTBKOX TypiB
MOHITOPHHTY Taki cami poOoTu 3xificHeHO B ABctpii, Yropmuai, Yexii, CroBaqunHi,
Pymymnii. Kaptorpadiuai Matepiainu, sk MpaBmwio, Maidn 0a3u aTpruOYTHUBHOI iHpOpMAIIii.

Oco0mmBo Bpakarodi NpaKTUYHI pe3ysibTaTd poOIT 3 MOHITOPUHTY OTPHMaHO B
YropuwHi. TyT cKiafgeHO KapTH CXWIBHOCTI IPYHTIB IO PI3HHUX Jerpajgamiil (IiIKuCIeHHS,
¢iznunol gerpananii, eposil # iH.). JlaHi 00’enHaHO B KOMIIBIOTEpH30BaHy reorpadiuHy
indopmauiiiny rpynroBy cucremy (HUNSIS-TIR), mo cknmajgaerbesi i3 ABOX YacTHH: OaHK
IpyHTOBOI iH(popMarii (TonorpadiuHuii, TOUKOBHH 1 IPOCTOPOBHIA) 1 OAHK MOJIENIEH JUIs OLIHIO-
BaHHS PEXHMMIB BOJIOTH, NTOYKUBHHUX EJIEMEHTIB, CXMJIBHOCTI JI0 Jierpajiaiiii (BoAHOI i BiTpoBOl
€po3ii, IIKKCIICHHS, 32COICHHS, 3HECTPYKTYPEHHS, YIIUIbHEHHS, 3a0py/THEHHS Ta iH.).
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Hoga cucrema rpyHTOBOI iH(OpMALii K HE3aJIe)KHa MiJCHCTEMa IHTEIPOBAHOI CHUCTEMHU
iH(pOpMAIIii PO HABKOJWIIHE cepenoBuIne i€ B YropmuHi 3 1992 p. Bona Bximogae 1200
perpe3eHTaTHBHUX TOCTIHMX IDIOMAA0K, ¥ ToMy uncii 800 — Ha CUIbCHKOTOCTIOAAaPCHKUX
3emisix, 200 — y micax 1 200 — y Micusx, 10 OXOIUTIOIOTh 12 pI3HHMX THIIB €KOJOTIYHOT
HeOe3nekn abo 0COOIMBO YpasiMBUX 00 €KTIB: AErpaZioBaHi IPYHTH, METIOPATHBHI 00 €KTH,
IUTOMi, CYMDKHI 13 JDKEPelTaMH II0CTAQuaHHsS [TMTHOIO BOIOIO, 3allOBigHI TEPUTOPIi,
IHIyCTpiaJbHi, CUIbCBKOTOCHOAAPChKI W MICBKI 3a0pyAHEHI 00’€KTH, BIHCHKOBI MOJIrOHH,
TEPUTOPIi BIAPUTHUX TPCHKUX PO3POOOK, 00’ EKTH aKyMYJIIOBaHHs CTIYHMX BOJ 1 iH.).

IIporpama BkiOYae Bu3HaueHHS Maibke 100 MOKa3HWKIB IPYHTIB, POCJIMH 1 BOJ,
YacTHHA 3 SIKMX BUMIPSIETHCS IIOPIYHO, YacTuHa — | pa3 y 3 poku, yactuHa — 1 pa3 y 6 pokis.
[Iporpama dinaHCyeTbCs 3 JEp)KaBHOTO OIOJUKETY M KOOPIMHYETHCS B OCHOBHOMY
HayKOBO-JIOCIII/IHUM 1HCTUTYTOM IDYyHTO3HAaBCTBAa, Meiiopamii i arpoximii. Pesynbratn
MOHITOPHHTY BIAKPUTO IJIsI TPOMAACHKOCTI, alie 3 AEIKUMH OOMEXCHHSIMH Yepe3 MOXKIIHB1
TIOMIJIKH B IHTEpIIpETAaIlii pe3yIbTaTiB.

3pazkoM MOOYIOBH MOHITOPHHTOBOI IPYHTOBOI iH(opMarii MOKHa BBa)KATH CHCTEMY B
Himewunni. i ocHOBOIO cTana Mepexa 3 TOCTiHHMX MOHITOPMHIOBHX IUIONIAZOK, KEPOBAHA i
¢inancoBana ypsinamn Denepanbhux 3emens. Y bapapii Oyno obmagna€o 238 rwiomaiok, y
banen-Broprembepsi — 155, Hwxkwiii Cakcownii — 25, 1Inessir-I'onbmreiini — 22 i1 .4, I3 miero
MepeKero 0B’ s13aHa Meperka MOHITOPHHTY JIICOBUX IPYHTIB. BoHa yripaBisieTsest i hiHaHCYeThCS
@enepanbHIM MIHICTEPCTBOM HaBKOJIMILIHBOTO CEPENIOBHUILA, OXOPOHHM IIPUPOIM 1 siiepHOT
Oesrnieky, a Takok denepaabHIM areHTCTBOM 3 HABKOJIMIIIHBOTO CEPeIOBUIIA. € TaKOX Mepexa
BHBYCHHS1 3a0pY/IHEHb IPYHTIB ITOBITPSIHOTO MOXOUKEHHS (YChOIO TAKKX IUIOMIAIOK 17), a Takoxk
Meperka 3 9 IUIOIIa/I0K JUIs CHeliaTbHIX HA3eMHHX 1 BOAHHX CIIOCTEPEKEHb.

KoHncrpykmist # 3mict rpyHTOBOi iH(oOpMamiifHOI cucTeMH pO3poOJIeHi IPYIIO0
nocrimaukiB 3 Hwkapoi Cakconii. TyT ke B meil yac 30mparoThess  0OpOOISIIOTBCS BCi
Marepiamyd. baza Mae BigmoBimHI yIpaBmiHCHKI i 0araTo iHIMX CHCTEM, IO JO3BOJISIOTH
OTIEPaTUBHO BHUKOPHCTOBYBAaTH [aHi, 1 BIATOBiac Ha 4YHCIEHHI 3amuTH. LleHTpambHOIO
YaCTHHOIO CHCTEMH € IOIITyKOBa YaCTHHA, 1110 MICTUTH KJIFOYOBI CJIOBA, CIOBHUK KOPHUCTYBAHH,
KaTaIor KapT, IaHWMX, METONIB, MOCIIAaHb Ta iH. Tak, HampUKIaL, MOXKHAa OIEp)KaTH
iHdopMarifo mpo Micie BiIOOpY 3pa3KiB, BUKOPHCTAHMX METO/AX JOCIIKEHHs (1o peui,
METOJIM CTaHAapTH30BaHO BiAnoBimHO 10 BuMor ISO/TC 190 1 HaBiTh CyNPOBOIKEHO
nepexiHuMu Koe(ilieHTaMu J7Isi METOJIB, PO3IIOBCIO/PKEHHUX Ha IOCTPaITHCHKOMY TIPOCTOPi),
pesyabTatd 00poOKM naHux 1 kaptu. OCHOBHAa 0a3a Mae pi3HI MICUCTEMH («IIOKCHHID,
«TPYHTOBI YMOBH B JIicax», T€ ’ B OPHHX IPYHTaX 1 B iHIINX KaTEropisx i T.n.).

BaxumBo mimkpecnut, mo B HiMeduywHi rapMOHI30BaHO OaraTo CKJIaJOBHX
IPYHTOBHX iHOpMamiiHUX cucTeM — 00’eKTH, JKepena (iHAHCYBaHHS, METOJH,
BHUKOHaBIII. J[y>ke BaXKJIMBO TaKOX Te, IO € BUTBHAHN TOCTYII 0 iHPOpMAILIii.

He MoxHa He 3BepHYTH yBary Ha OIEpaTHBHI 3aX0IH, L0 BXKUBAIOTh 33 Pe3yJbTaTaMH
MoHiTopuaTy. Hampukinan, y Benwmkiit bputanii mume 3 1980 mo 1990 p. Oyno 3HMIIEHO
JarapHUKA Ha MeXax Mk (pepmepcrkumu morsiMu Ha 18 tuc. kM. Lli qunsHKy ctamm piieto,
BIZITOBITHO MOTIPIIMIIACS YMOBH /IS BIDKMBAaHHS Oi0TH, IO CTAJI0 NPUYMHOIO 3MEHIICHHS 11
YHCeNbHOCTI 1 BUAiB. HuHI B KpaiHi Aie mporpama BiJHOBICHHS OiOpi3HOMAHITTS, SIKa SBJIIE
co0010 3HAYHMW Mepeik 3axXOoAiB 3MEHIICHHsS AaHTPOIOTEHHOTO BIUIMBY HAa JOBKLULIS.
[Tepenbayanocss MOCTYHNOBO PEKOHCTPYIOBATH CTPYKTYPY CUIBCHKOTOCHOAAPCHKHX YTilib,
ciBO3MiH, 00pOOITKY, BIPOBaIUTH OpraHiuHe 3eMJIepOOCTBO.

Sk Tuteky wacTka punt y Bemukiit Bpuranii mowanma 3poctaTH, a eKOJIOTiYHI YMOBH
BITYyTHO TOTIpLIyBaTHCs, Y KpaiHi 3a0uiu TpuBory. Binpasy Oyi1o 3anpoBapkeHo 3aX0u, o0
CTAMYITIOBAJIM 3BOPOTHUIA Tiporiec. Ha mboMy (hoHI KOHCcepBaTHBHHMIT 00pOOITOK OTpHUMaB IIie
OLIBITY TATPUMKY, 1 HABITH TOCTYIIOBO 3MIiHIOBAJIOCS CTaBJICHHS JI0 HYJIHOBOI TEXHOJIOTI.

[Micns mpoBeAeHHA KUTBKOX TYpiB MOHITOPHHTY B OLTBIIOCTI €BpOICHCHKUX KpaiH
3MifiCHEHO paiflOHyBaHHS I'PYHTOBOTO ITOKPUBY 3 METOIO0 BU3HAYCHHS HOTO CTaHy, 1 OCOOIHBO
BUSIBIICHHSI HECHPHUATIMBUX TepHTopii. 3okpema, y Hopgerii i YUexii Take paiioHyBaHHS
BUKOPHCTAHO JUIS BU3HAYCHHS PO3Mipy cyOcuaiil 3emiexopucTyBadaM, Bemwkiit Bpuranii i
Cximniit HiMewurHi — s BIPOBAKCHHS HOBITHIX TEXHOJIOT1H 00pOOITKY.

ISSN 1684-9094. Gruntoznavstvo. 2016. Vol. 17, no. 3—4 11



[HTEeHCHBHO  PO3BHBAETHCS ~ TOPIBHSAHO  HOBUHM  HAmpsiM, TOB’s3aHUN 3
NPOTHOCTUYHUMHU  TefoTpanchepHuMu  ¢ykuismu. Huni B kpaiHax  €Bponu
CIIOCTEPIraeThCs CIPaBXHill OyM PO3pOOKM Pi3HMX NMPOTHOCTHYHHMX MOAETEeH — Mirparii
BOJIOTH, TeIlla, OUIBIIOCTI €IEeMEHTIB-3a0pyJHMKIB, pPH3HKY Jerpajaamii (eposii,
MIAKUCICHHS, 3aCOJICHHS, YIIILHCHHS Ta iH.), eMIicil ra3iB, BAMHUBAHHS a30THHUX 3’ €JIHAHb,
dhochopy, necturmaiB. € MPOrHO3M AJIs BCHOI'O0 KOHTHHEHTY, OKPEMHX KpalH abo perioHis.
Y ckmamHimmMX BapiaHTax y MoJeNi JOJAI0Th TiAPOMETEOPOJIOTiUHY, arpoOHOMIYHY,
EKOHOMIYHY i HaBiTh coliaNbHy iH(pOpMaIiro (0co0IMBO 0RO 3A0pOB’s HaceseHHs). Js
TaKMX BapiaHTIB ypaxOBYIOTHb IMOBIpHICHY NpUpoxy TpaHC(epHHX (QyHKHiH, 1 TOMy cami
MPOTHO3M CTalOTh HAJIWHINIMMH W IIOCTYIOBO HEPETBOPIOIOTHCA B EKCIIEPTHI MOJeli,
3[aTHI JomoMaraTté B KepyBaHHI €KOJIOTIYHOIO CHTYyaIiero. SIK MpHKiag MOXXKHa HaBECTH
CHCTEMy MOHITOPUHTY IPYHTOBOTO MOKpUBY B benbrii, ge memxorpancdepHi Moielni MHUPOKO
BHUKOPUCTOBYIOTh Y MOHITOPHMHTY ISl OAEPXKAHHS PI3HUX PO3PaxXyHKOBHX BEIMYMH. 3 iX
JIOTIOMOTOI0  OI[IHIOIOTH MOXJIMBOCTI TOBEPXHEBOI 1 BHYTPIIIHBOTPYHTOBOI Mirparii
3’€HaHb, 30KpeMa 3a0pyAHUKIB, BHIYTOBYBAaHHS COJIEH, CXHJIBHICTD IPYHTIB IO €po3ii,
nepeyIbHeHHS, eMicii ra3iB, ceKBecTparlii ByIjemo, iMOBIpHICTb BHSBY Pi3HUX PH3HKIB.
TuM camMuM JOMararoTbCs ICTOTHOIO 3MEHIICHHS BHTpPAaT Ha BUMIP OKPEMHX
XapaKTEPUCTHK, IO MOTPEOYIOTh JOPOTOro YCTATKyBaHHS, CKa)KiMO, BOJIOTOMPOBIIHOCTI
abo mpoueciB eposii. Ilpn 1bOMYy CKOpOUyeTbCS KUIBKICTH JII3UMETPHYHHX CTaHMIA Ta
MalJaHYMKIB JJIsl CIIOCTEPEXKEHB 3a TBEPANM 1 PIZIKUM CTOKaMH.

PO3BUTOK  MOHITOPHMHTOBHUX  POOIT  CHpPHUSIB  YIAOCKOHAJICHHIO  NPHIJIAJHO]
BAMIprOBasIbHOI 0a3u. barato ¢ipm 3 BHPOOHHIITBA MONBOBOTO 1 KaMepaIbHOTO
IHCTPYMEHTApil0 pO3MOYald aKTHBHY MisUTBHICTE. HaliBimomimi 3 HUX — TOJDIaHICHKA
Eijkelkamp, anrmiiiceka ADC, ¢dpaniyscbka Lambrinus, HiMenpka Trum, ski ocTaHHIMA
pPOKaMH JOCSTNIH 3HAYHUX YCIiXiB y KOHCTPYIOBaHHI, BUPOOHHMIITBI 1 PO3MOBCIOKCHHI
MpUiIaaiB Uil BUBYCHHS IPYHTIB, POCIHH, BOJI, PO3YHHIB, IPOIIECIB IEPETBOPEHHS, OOMIHY,
BTpaT PEYOBMHHU H €Heprii, pi3HUX eMiCili, 30KpeMa B aBTOMaTHYHOMY i JUCKPETHOMY
peKUMaX.

3a3HaueHi (ipMH MOCTYNOBO MOLIMPIOIOTH CBOIO JisUTBHICTh HA IIEHTPAIBHY U CXIIHY
€pporry, kpaiau [Ipubantuku, Pociro, 3HWKYIOTh IiHK. DipMH 30HIYIOTH MOXIIUBOCTI B
VYxpaini (ckaximo, ¢pipma Eijkelkamp). OueBumHO, HacTaB yac 3p0OUTH KPOK Ha3yCTpid.

Bumozu 0o opeanizauii mounimopunzy € Ykpaini, wio capanmyeamumyms 1020
epexmuenicms. 3 OTTSy Ha Te MO B YKpaiHi IepeBayKHA YacTKa 3eMENBHUX pecypciB
(6mmzpko 70 %) Mae CiTbCHKOTOCIIOAAPChKE MPU3HAYCHHS, JIOTTYHO JOPYYUTH BHUKOHYBATH IIi
¢yukmii He Minnpuponi, a MiHiCTepCTBY arpapHOi HOJITHKH i MPOJOBONBCTBA, a TOUHIIIE
ciry01 MOHITOPHUHTY ¥ OXOpPOHH 3€Mellb, Ky JOLUIBHO CTBOPUTH Ha 6a3i [HCTUTYTY O0XOpoHH
IPYHTIB, 0 (pyHKITIOHYE B Hioro pamkax. HaykoBo-mMeTonuuHe KepiBHUIITBO CIiJ ITOKJIACTH Ha
HamionansHy akanemiro arpapHuX HayK YKpaiHu. [HCTUTYT OXOpOHH IPYHTIB, MAIOYH y CBOEMY
PO3MOPSHKEHHI  PO3rally’KEeHy MEpeXKy Jadoparopiii y KOXHIM 00JacTi, KaJpu BHUCOKOI
kBastihikawii i cyyacHe ycTaTKyBaHHsI, 31aTHUH y KOPOTKHI TEpMiH aJalTyBaTH MPOBEICHHS
MOHITOPHHTY 3€MeJlb yCIX KaTeropii 10 €BPOIEHCHKUX BUMOT.

Ilpm npoBeneHHI MOHITOpPMHTY TOBHMHHI OyTm  3abesredeHi  Oe3nepepBHICTH
CIIOCTEPE)KEHb 3a 3€MEJbHUMH pECcypcami, IIPOTPECHBHICTH BHUpINIEHHS HOPMAaTHBHUX,
METOJMYHUX | TEXHIYHUX MWTaHb, BIPOBAKCHHS MEPEOBUX IHPOPMAIIMHIX TEXHOJOTIH Y
CTBOpCHHI 0a3 JaHWX, MEXaHI3MIB OIIHIOBAaHHS, MPOTHO3YBaHHA I pPO3pOOKH Momemnei
YIPaBITiHCEKUX PIlIeHb.

[Ipu mpoBegeHHI MOHITOPHHTY OBHHHI OyTH 3a0e3medueHi BUCOKa SIKICTh iH(opMariii,
pPEeTPE3eHTaTUBHICTh PE3YNbTATIB y PEKUMI IJOBIOCTPOKOBHX CIOCTEPEXEHb, IIOCTiiHE
BIOCKOHAJICHHST ¥ yHi(iKal(isi TEeXHIYHUX 3aco0iB BUMIpY, OCHaIIECHHs JaboparTopiii
BiJITIOBITHO JI0 €BPOINCHCHKUX BHMOT.

Hns peamizanii 1uMx BHMOr TOTPIOHO CTBOPHTH, 30€perTm W CHCTEMaTH3yBaTH
iH(pOpMaIliifHI pecypcH Mpo CTaH 3eMeNb 1 CTBOPUTH YMOBH ISl iXHHOTO BHKOPUCTaHHS
BCiMa 3alliKaBJIEHUMH CTOPOHAMH, Y TOMY YHCIIi TPOMAJICHKICTIO; 3a0€3NeYNTH MOTOKEH]
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i HAyKOBO OOTPYHTOBaHI BHCHOBKH IPO CTaH 3€MEIBHUX PECYPCiB, IUISI 9OTO PO3POOUTH
€IMHYy HOPMAaTHBHY H MeTOIWYHYy 0a3zy, METPOJOTiYHO ¥ aHAJNITHYHO HAAiWHI BUMIpH;
3a0e3mednT! HeoOXiTHUH piBeHh HAYKOBOI MiATPUMKH MPOBEACHHS POOIT, TEOPETHIHOTO
OOTpYyHTYBaHHS i pPO3pOOKH MPOIMO3HUIIiK BiTHOCHO ONTHMI3allii MOOYIOBH MEPEK, METO/IIB
00pOOKH OTpUMaHHX PE3yJIbTaTiB, 00’ €KTUBHOI OIIHKK CTaHy 3€MEJIbHUX PECYpCiB, HOTO
NPOTHO3YBaHHS, IPOBEACHHS NOTIHOJICHUX [OCHIIKEHb NPOOJIEMHUX TEPUTOPIH 13
NposiBaMH Pi3HUX BUIB Aerpajauiil, MiaBUIIeHHs KBami(ikalii BAKOHaBCHKOTO IIEPCOHAITY;
3a0e3MeUNTH CIPUATINBI YMOBH JUIi MDKHApOJHOTO CIHiBpOOITHHITBA (y TOMY YHCII
TPaHCTPAaHUYHOTO ¥ TIaH €BPOINEHCHKOT0), OOMIHY JaHMMH, JIOCBIZIOM IPOBEACHHS
MOHITOPHHTY i/ BUKOPHCTAaHHS HOTO pe3yJIbTaTiB.

Buou monimopunzy. B VYxpaiHi € BCi MOXIJIHMBOCTI CTBOPHUTH TOCTIHHO mif0Uy
cucteMy 3 pOHOBOTO, BUPOOHUYOTO i HAYKOBOTO BHIB MOHITOPHHTY.

@oHOBHI (€TaJIOHHUI) — BHXiJHA OLIHKAa 00 €KTa CIIOCTEPEKEHb, IO YMOBHO
NpUAMAETBCS 332 HYIBOBY BiOMITKy. (OHOBHH MOHITOPHHT 3a0e3ledye TaHWMH IpO
BJIACTUBOCTI TPYHTIB y MPHUPOAHOMY CTaHI i NMpH 3iCTaBICHHI 3 JaHUMH Ha PULI Jae
MOXJIMBICTh BHM3HAQUUTH HANpPSIMOK 1 IHTEHCHBHICTh aHTPOINOreHHOI TpaHcdopmarii
IpyHTiB. Uepe3 3HauHy PO30PaHICTh IPYHTIB YKpaiHU i HEMOXKJIMBICTh BIIHAWTH TPUPOIHI
00’€KTH MOHITOPUHTY 32 (pOHOBHI OepyTh JIaHi NEPILOr0 TPy CIIOCTEPEKEHb.

BupoOHiunii — 0CHOBHMIA BUJI TOTOYHMX CIIOCTEPEKEHB 3a IPYHTOM Y IIPOCTOPI 1 38 4acoM.

HaykoBuii — iHpopMaris MiABUIIEHOI TOYHOCTI 1 €MHOCTi, 3a JONOMOTOK SIKOi
MOXHa SIKICHO 30araTuTH BUPOOHWYHMH MOHITOPHHT i, TOJIOBHE, CTBOPUTU CYTTEBO OLIBII
HamidHI TporHOCTHYHI Moxemi. Llefi MOHITOPHHT TIPEACTaBICHUH CHeHiaTbHUMHU
MOJFOBUMH JTOCTITaMH, OalaHCOBUMH 1 IJI3UMETPUYHAMH CTAHIISIMH, IMIiTAI[ifHUMH 1
MaTeMaTHYHHMH MOJEIISIMH.

BupoOnuumii i (OHOBHII MOHITOPMHT TIOBUHHI BECTH CIIelialbHI BHPOOHMYI
T APO3iIH, HAYKOBUI — HAyKOB1 yCTaHOBH.

06’ckmu monimopunzy — BHOKpPEMIICHI B HaTypi, INOCTiHHI B 4aci i MHpOCTOpi,
TeOTO3MUIIIOHOBAHI 1 3apeecTpoBaHi (0 MOBHHHI MaTH BU3HAYEHUI JEp)KaBHUH CTATyC)
3eMeNbHi JiMSHKH MEBHOTO po3Mipy. IXHs KilbKicTh OBMHHA OYTH TaKOO, 106 OXOMMTH BCE
PI3HOMAHITTS IPYHTOBHX, JaHIAQTHUX, KJIIMaTHYHHUX, TeOMOP(OIIOTIYHHX, TiPOIOTIYHNX,
JITOJIOTIYHMX 1 TOCHIOIAPCHKHUX YMOB, a TAKOXK 3a0€3I1eUNTH MOKIIMBOCT] pi3HOMAcIITaOHOTO
KaprorpadyBaHHs CTaHy 3€MeJb 3a IHUBITyaTbHUMH | KOMIUIEKCHUMH ITOKa3HUKAMU.

Memoou monimopunzy. BuzHaueHHs OLIBIIOCTI TTOKAa3HWKIB MOHITOPUHTY TPYHTIB
HEe BHUKIMYE 3HAYHUX YCKIaJHEHb. HasBHMI KanpoBuil moTeHUian [HCTHTYTy OXOpOHH
TPYHTIB 3JaTHUI BUKOHATH 3HAYHUN 00car pobit. Y pasi HeoOXimHOCTI BHUKOHAHHS
MOHITOPHHTOBHX POOIT y mIe OUThIKX 00csTax abo KOHTPOIIO CTaHy 3eMIIEKOPHUCTYBAaHHSI
Ha PO3MalOBaHUX JPiIOHMX 3€MEIbHHUX IUITHKAX IMOTPIOHO pealizyBaTH MPUHIUIIOBO HOBI
MiAXOMU 1O MOHITOPUHTY TPYHTIB. 30KpeMa, CTaHE aKTyaJbHOIO po3po0Ka EeKCIPECHHUX
NepeCyBHUX IMOJBOBUX IMPUIIAIIB 3 aHAI30M CTaHy 3eMelb in situ 6e3 BinOopy 3paskiB i
TPaHCIIOPTYBaHHS iX 110 1abopaTopiii.

Inouxamopu monimopunzy — peKOMEHIY€EThCS IIHMPOKHIA Ha0ip MOKA3HUKIB, YaCTHHA 3
akux Oysa 6 00OB’SI3KOBOIO KpaiHM, YacTHHA — BiOuBana O MicuieBi 0cOOIMBOCTI (hOpMyBaHHS
exosoriuHoi cutyarii. JJo 0OOB’S3KOBOTO BiJJHECEHO XapaKTEPHCTUKH TOYKH (BHCOTA, YXWII,
METEOpOJIOTIUHI HaHi), THI IPyHTY (KiIacu(ikamiifHe MOJOKEHHS, OMHC MPO(LT0), TOKUBHI
elleMeHTH (BaJoBI i pyxomi (opmm), OpraHidHHII ByTiens (BajoBwii), XiMis TrpyHTIB (pH,
€MHICTh KaTiOHHOTO OOMiHy, CKJIaJ ITOTJIMHEHWX OCHOB), INUIBHICTH OYZOBH, OCHOBHI BHAU
(ayan (HampuKiIam, OOMIOBI dYepB’sikw), 3a0pyaHEHHS (HOEsKi BHOM BAXXKKHX METANiB,
HaNpuKIaa, cBuHENpB). [lo HEoOOB’S3KOBHMX (pETiOHANBPHHUX) BiIHECEHO MOKA3HHWKH, IO
XapaKTepU3yIOTh IPYHTOBI TPOIIECH: OITYCTEIOBAaHHS (arpecHBHICTH OMajiB, Oiomaca, NesKi
criendivyHi BUIM POCIMH), MiAKUCIEHHS (CyX1 1 BOJIOTI KMCIIOTHI OMaj i, PyXOMHI aIIOMiHIH,
pH, xiMiYHMIA CKJIaJ IPYHTOBOTO PO3YMHY), 3aCOJICHHS (EJIEKTPOIPOBIIHICTh, BOJOYTPHMHA
3[IaTHICTh, YMICT COJIEH 1 CO/M), eBaNOTPaHCHIpallisi, SIKICTh 3pOIIyBaIbHOT BOJH, €BTpodikaris
(cyxi 1 BoJIOTI BiIKJIQACHHS a30Ty, BMICT JOCTYITHMX aMiauHHMX 1 HITpaTHHX (OpM a3oTy B
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TPYHTI, XIMIYHHI CKJIa]] IPYHTOBOTO PO3YHHY, CTICHU(idHI BUIN MiKpoopraHisaMiB). Kpim Toro,
PEKOMEHZYEThC BECTH CIIOCTEPEXKEHHS 3a PAIOM IPOCTOPOBHX  IapameTpiB (Iuioma
3a0pyAHEHOI TepHUTOpii, TUIOMIA 1 CITIIBBIJHOMIEHHS OCHOBHHX KaTEropii 3eMeNbHHX PecypciB,
TUIOIIIA JIICO3aXMCHUX JICOCMYT).

IpyHToBi iHAMKaTOpH TOBMHHI OyTH TOB’s3aHi 3 AapPaAMETPUYHUMH BUMOTAMU
MPOTHO3HUX TenoTpancepHux mopened. [Ipu 1boMy BHSBISETHCS MOMIIMBUM 3pOOUTH
PO3paxyHOK PU3MKY HMOBIPHOTO PO3BUTKY, HAIIPHUKIIA, 3a0pyAHEHHS 4u epo3ii rpyHTiB. Taki
PO3paxyHKH CTaHyTh HaHBaKJIMBIIIMM IPOAYKTOM MOHITOpUHTY. B €Bpomi, He3Bakarouu Ha
MOIMYJISIPHICTD [UX HATIPSAMKIB 1 BEJTUKY KUTBKICTh JTAHWX, HATiHHI OLIHKY BifICyTHI.

OTxe, y KpaiHi BKpail OTpiOHO OpraHi3yBaTH MOHITOPHHT IPYHTOBOTO TOKPHBY Ha
OCHOBI HOBITHIX MPOTpaMHHUX, MAaTEMaTHYHUX, IHCTPYMECHTAIBHUX 1 KaprorpadidHmx
3acaJ, TAapMOHI30BaHWA 3 €BPONCHCHKUM JOCBiOM. Y 3B’S3Ky 3 IHTCHCHBHUM
BUKOPHUCTAHHSAM IPYHTOBHI TIOKpHB YKpalHM IIBHIKO 3MIHIOETBCA, yce OiumbIIoi
aKTyaJbHOCTI HaOyBaroTh mpomecu aerpagamii. Tomy KOHTpons 3MiH 1 Ha #oro 6asi
(hopMyBaHHS BiJNOBITHUX MPOTPaM 3 MPHU3YIHHEHHS AETpaaalii i BIATBOPEHHS pOIIOYOCTI
IPYHTIB — HaIakTyaJlbHa 3ajay4a.

OO00B’513k0BI yMOBH €()EKTUBHOTO MOHITOPHHI'Y I'PYHTOBOTO MOKPHBY — PEryJspHa
rycra Mepeka, IMOCTiifHa IUIOlIaaKa, PIBHOBIIAJICHI CIIOCTEPEKEHHS, IIUPOKHH Halip
IH/INKATOPIB, HASBHICTh 00 €KTUBHUX KPUTEPIiB MOPIBHSHHA — €TAJIOHIB, METO/M in situ i
on-line, kaprorpadiyne BusBICHHS hot spots. MOHITOPHHT Ma€ CEHC TUIBKH TOJ, KOJIHU 3
Horo J10rmoMoro0 (OpMYETHCS JIOBMMH psii PIBHOBIIJIAJICHUX CIOCTEPEXEHb (TUIbKH B
bOMY BHUIAJKy MOXJIMBHH HaIIHUHA NPOTHO3 i 3aBYacHE BHSBJICHHS HECHPHATIHBUX
3MiH) 1 TOYHO BU3HAYAIOTHCS TEPUTOPIT 3 HETATUBHUMH XapaKTEPUCTUKAMH.

KoHTpoib SIKOCTI 3eMJIEKOPHCTYBaHHSA — AyKe BaKimBe MuTaHHA. OCOOMMBO BayKIIMBE
BOHO I YKpaiHu, IO, X04a W BIIMOBHIJIACS BiJ IpaBa BIACHOCTI Ha 3€MIIIO, MPOIOBXKYE
BIATIOBIIHO 70 KOHCTHUTYLil OyTH rapaHToM ii 30epexeHHs, paliOHaJbHOTO BHUKOPHUCTAHHS,
eKOJIOTIUHOT ¥ MpoayKTHBHOI IfiHHOCTI. CBOE HpaBO KOHTPONIIO JepkaBa 3adikcyBaia B
3aKOHAaX 1 MOCTaHOBAX, OpraHi3yBajla NEHTPaJIbHI M perioHalbHi 1HCHEKIi, HAaJUIMBIIM X
BIIMOBITHUMH TTOBHOBKCHHSIMHU. BOHM KOHTPOJIIOIOTH I[iJIbOBE BUKOPHCTAHHS 3¢MeEllb, HE
JIOITyCKalOTh CaMOBUIHHOTO TXHBOTO 3aXBaTy, NEPEBEICHHS 3eMeJb 13 OHi€l KaTeropii B iHIIY,
JIO3BOJISIFOTH  OY/IBHUIITBO, 3amo0iraloTh 3axyiamiieHHs, 3a0pyaHeHHs. OpHaK KOHTPOIIb
POMIOYOCTI TPYHTIB 3IIMCHIOETHCS HEIOCTAaTHBO M, TOJOBHE, 3apa3 B YKpaiHi CKJiajacs Taka
CHTYyaIlis, 0 HIiXTO HE HECe BIOBINATHFHOCTI 3a Te, M0 POMIOYICTD Mafac — Hi YPsA, 0
TPU3YIMHIB {0 TIPOrpaM ITiABUIICHHS POAIOYOCTI IPYHTIB, Hi HOBHH 3eMJIEKOPHCTYBAY, IO
TIPY OJIepIKaHHI 3eMENbHOI MUITHKA HE B3sIB HA ceOe BiIMOBINANBHICTD 332 POAIOYicTb. Jo Toro
K HIXTO Horo i He 3000B’53aB MIKIYBaTUCA IPO POIroUicTs. TouHiIe, e 3po0aeHo e B
saranpHid  (opmi, 00T sKy myKe Jerko. Y pe3yibTaTi YTBOPHBCS pO3PHB MiX
3a7eKIapOBaHUM TIOJIOKEHHSIM KOHCTHTYIII H peallbHMM CTaHOM crpaB. bimeime Toro, 3a
HAsBHOCTI IUIKOM JJOOPOTHOTO 3aKOHY PO 1Ty 38 KOPUCTYBAHHS 3eMJICIO 3i0paHuii Mo1aToK
HE HaIpaBILIETHCS HA MIATPUMKY POIIOUOCTI, K IIe Iepe10aueHO 3aKOHOM.
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EVOLUTION AND GENESIS
OF SOILS
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SOME ASPECTS OF A MULTIDIMENSIONAL ANALYSIS
OF THE EVOLUTION OF ECOLOGICAL-GEOCHEMICAL SOIL STATE

Abstract. Soil saturation index and its calculating are demonstrating multicollinear correlations
between ecological-geochemical soil state and environmental circumstances. There are wood
ecosystems on the research area with Phacozem, Luvisol, Retisol and Fluvisol. We have also studied
the buried soil. Their burials occurred as a result of natural processes (about S000 BP) and as a result
of human impact (about 1000 BP). Age of separate genetic horizons (from 360+50 to 1870160 BP)
indicates soils genesis during the last stage of the Holocene — Subatlantic. In our opinion the
dynamics of the climate during last stage of the Holocene is the main cause of the complex structure
of the soil cover on quite small area (5 km?®). Second reason is difficult geomorphological
environment (rough topography).

On the basis of factor analysis proved efficiency of soil saturation index by trace elements:
analytical work only with the indicated index reveals an unambiguous reduce the number of
determining factors (up to two) and, thus, the proportion of the variance, which is determined by two
factors is 100 %. While the using in the analysis of the total content, or a mobile forms of trace
elements, or of some and the others together as a combined using of content mobile forms and their
mobility will lead to an increase factor up to four and the simultaneous decrease in the proportion of
the variance which is due to these factors to 74—88 %.

We did not find decisive influence of any factor on saturation of studied soil types by trace
elements. There is always a combination of processes that contribute to the accumulation of trace
elements and processes of their migration.

There are illuvial and lower transition to soil parent material horizons of the background
content of trace elements for all investigated soil except Fluvisol (S-1). Belong to actual places of
trace elements accumulation, which is generally quite small are some lower soil horizons both buried
soils and lower transition to horizon of soil parent material (in soil R-3). Thus, the upper parts of the
soils which were formed during the last centuries (780 years of age to today dated) are characterized
by dissipation of most of trace elements.

The genetic features of Fluvisol (S-1) have confirmed very high correlation. These features are
the result of the genesis of this soil under the influence both soil and sedimentation processes. This is
well illustrated in the analysis of the structure of the soil profile, which have characterized by
stratification (during soil formation has not resulted in the development of any diagnostic subsurface
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horizon) genetic horizons and the presence of buried after the accumulation of alluvial material as a
humus, as a transitional horizons. Perhaps, it is partly confirmed by the radiocarbon analysis, this soil
should be regarded as younger age, which obviously explains persistent inflow of fresh materials. All
other soils including the buried ones were formed under various elementary soil formation processes.
These processes have replacing each other in time did not stop, and the normal evolution of the soil
profile took place to bottom, in contrast to the fluvisol which evolution was to upper as have
happened by the fresh alluvial and probably deluvial sedimentation.

Recognizing of the «normal» soil genesis process as a basis for the formation of zonal soils in the
Holocene, we are interpreting Factor 1, conducted by the context of factor analysis, as the environmental
conditions for such soil formation. The results of factor analysis regarding to ecological-geochemical
soil state Factor 1 should be considered as the basic parameters of soils (soil organic matter, pH,
indicators of soil absorbing complex, mineralogical composition and particle size distribution).

Under this condition Factor 2 is associated with the processes (fluvial, sedimentation, erosion)
denudation, or transfer and accumulation of different material that would cause disturbance "normal"
soil genesis. For that reason ecological-geochemical soil state is determined by soil formation factors
for a specific time stage and dominant conditions for some processes.

Keywords: ecological-geochemical soil state, factor and cluster analysis, trace elements, soil
saturation index, evolution.
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OTAENbHbLIE ACNEKTbl MHOTOMEPHOIO AHAJIU3A 3BOJIOLUN
9KONOro-reOXmMM4YECKOIo CTATYCA No4B

AnHoTanms. [Ipenpinymue paboThl 1O OLEHKE HACHIIIEHHOCTH IOYB MHKPOJIEMEHTAMH
(TsDKeNBIME MeTa/UlaMH) TOKa3ajdd MHOTO(AKTOPHOE BIMSHHE HA JKOJIOTO-TEOXUMUYECKHI CTaTyc
nouB. [TosToMy M30paHEI OTAENBHBIE BapUAHTHI MHOTOMEPHOTO aHaiM3a IS BBIIBICHHS (haKTOPOB
BO3/ICICTBUS Ha IBOJIIOLIMIO 3TOrO cTaTyca. Bee mccnenyemble mouBbl COPMHUPOBATIUCH B TEUCHHUE
HOCJIEAHEro 3Tana royioneHa — cybamianTuki. MX OTHOCHTENbHAs MOJOAOCTh MO3BOJIIET OLICHUTH
(hakTOpHI BIUSHUS HAa JOCTATOYHO KOPOTKOM BPEMEHHOM OTpe3ke. [Ipu3HaBast HOpManbHbIH Mporece
M04YB00OPa30BaHMs OCHOBOW IeHe3Hca 30HATBHBIX ITOYB B TOJIOICHE, OOHAPYKEHHBIN HAMU NEpPBBII
(hakTOp — 3TO YCIOBHS IIOYBOTEHE3a, a A 3KOJIOTO-TE€OXMMHYECKOTO CTaTyca — 3TO OCHOBHBIE
cBOicTBa TO4YB (opraHmueckoe BemiecTBO, pH, moxkasarenn IIIIK, wMmuHepanormyeckui u
TpaHyJoOMeTpudueckuii cocraB). Btopoilf (¢daxkrop CBsI3aH ¢ ONPEAENECHHBIMH IIPOLECCAMH
((prroBHAIBHEIMY, CEIMMCHTAMOHHBIMH, 3PO3HOHHBIMHI), KOTOPBIE JIN00 JEeTal0T HEBO3MOXKHBIM MIIH
3aMeJJISIOT X0 HOPMAalbHOTO IIOYBOTE€HE3a, 4YTO B OTAECNBHBIX CIIy4yasX CONPOBOKIAETCS
00pa3oBaHKEM a30HAJIBHBIX TUIIOB IIOYB. MITaK, 9KOJI0ro-reOXuMHYECKUI CTaTyc IIOYB ONpeeseTcs
KOHKPETHBIMH yCIIOBUSIMU TTIOYBOT€HE3a ONPE/IETIEHHOTO BPEMEHHOI0 JTara.

Knrouegvie cnosa: 5K01020-2e0xumMuieckuti Cmamyc noys, GakmopHwiil U KiacmepHulil anaius,
MUKPOITeMEeNnmbl, UHOEKC HACLIUWEHHOCU NOY8, I60MI0YUS.
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OKPEMI ACMEKTU BAFATOBMMIPHOIO AHANI3Y EBONIOLIT
EKONOro-rEOXIMIMHOIO CTATYCY I'PYHTIB

Amnoranisi. I[Tonepenni po6oTH 3 OLIHKM HACHYEHOCTI IPYHTIB MIKpPOEIEMEHTAMH (BaXKKHMH
MeTaJlaM{) IOKa3aiu OaraTodakTopHUH BIUIMB HAa EKOJIOTO-TEOXIMIYHMH cratyc IpyHTiB. Tomy
00paHO OKpeMi BapiaHTH OaraTOBUMIpHOTO aHAIIi3y JUIs BUSBICHHS (HAKTOPIB il HA EBOJIIOIIIIO ILOTO
crarycy. Bci mocmimpkyBaHi IpyHTH C(OpPMYBaJIHCSl MPOTArOM OCTAHHBOIO €Tally TOJIOLEHY —
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cy6aTiaHTHKH. IXHS BiTHOCHA MOMOMICTS J03BOJSAE OMIHUTH YAHHUKU BILTHBY HA JOCHTH KOPOTKOMY
4acoOBOMY BiJpi3Ky. Bu3HaIouM HOpMaJbHHH NpOLEC IPYHTOYTBOPCHHS OCHOBOIO TI'€HE3HUCY
30HAJBHUX IPYHTIB B T'OJIOLEH], BUSABICHUH HaMH Mepiinii HakTop — 11e YMOBH IDYHTOr€He3y, a Jls
€KOJIOTO-TEOXIMIYHOTO CTaTycy — L€ OCHOBHI BJACTHBOCTI IPYHTIB (OpraHiuHa pedoBuHa, pH,
nokasaukn ['BK, MiHepanmoriunmii i rpaHynoMmeTpudHuil ckmanm). [pyruit ¢akrop mnos’si3anuii 3
NMeBHUMH  mponecamMu  ((UIOBialbHUMH, — CEMMEHTAL[IMHUMH,  epo3iiiHuMu), sgki  abo
YHEMOJKIIUBIIIOIOTE, a00 CIIOBUIBHIOIOTH XiJf HOPMAIGHOTO IPYHTOTEHE3y, IO B OKPEMHX BHIAJKaxX
CYIPOBOJDKYETBCSI YTBOPEHHSM a30HAJIBHUX THUIMIB IPyHTIB. OTXKe, €KOJOro-reoXiMiYHUH CTaTyc
IPYHTIB BU3HAYAETHCSI KOHKPETHUMHU YMOBAaMH IPYHTOTCHE3Y IIEBHOTO YaCOBOT'O €TaIly.

Kniouosi cnosa: exonoco-eeoximiunuii cmamyc, akmopHuii i KiacmepHuii  ananuis,
MiKpoenemenmu, iHOeKc HACUYeHOCMI TPYHMIB, e8ONI0Yis.

BCTYN

CxiaHIiCTh TPYHTIB Ta X (DyHKIIOHYBaHHSA B CHCTEMI IPYHT — JiiTocdepa — 6ioctepa —
atMoc(epa — rizpocdepa NoTpedy0Th BUKOPUCTAHHSI METOIB MAaTEMAaTHYHOI CTATUCTHKU
Ta 0araTOBHMIpPHOIO aHallizy, 30KpeMa sIK KJIAacTepHOro, Tak i ¢akropHoro. Po3paxyHku
IH/IEKCIB HACHYEHOCTI IPYHTIB MIKPOEJIIEMEHTaMH Ta OIIHKa iXHBOTO PO3MOJIIY CBiIYaTh
npo OaratoakTOpHHH BIUIMB Ha EKOJIOTO-TEOXIMIYHUI CTaTyC IPYHTIB KOHKPETHHX
exocucteM. ToMy OKpeMo B3STi ITapaMeTpH IPYHTY He 3a0e3MeuyloTh PEIEeBAaHTHOI OIIHKU
€BOJIIOLT, 1110 3AIMINAETHCS Cepio3HOI0 podiiemoro. KinbkicHa abo sKicHa OLiHKa Pi3HUX
acrieKkTiB (YHKIIOHyBaHHS TIPYHTIB 0a3yeThCsl HAa BHKOPUCTAHHI IEBHHUX IHAWKATOPIB
(Shukla et al., 2006; Ivezic et al., 2015). Ilpobiema ormiHKH mporeciB (OpMyBaHHI
€KOJIOTO-T€OXIMIYHOTO CTaTyCy IPYHTIB i OKPEMUX T'€HETHYHUX T'OPH3OHTIB 3aJIHMIIAECTHCS
MaJIOBHBUEHOI0. UM € BMICT MIKpOEJIEMEHTIB y TIPyHTax pe3yJbTaTOM IepeBaKHO
aKTyallbHUX TPOLECIB, Y4 B HHOMY MOEJHYIOThCS SIK PENIKTOBI, TaKk W Cy4acHi iMmakTu?
Taxi ZOCHiIHKEHHS 1151 OKPEMO B3ATHUX €JIEMEHTIB PiIKO 3aBEPIIYIOTHCS y3araJbHEHHSIM Ha
€KOCHUCTEMHOMY piBHI 4epe3 pi3HOBEKTOPHICTh MOBEAIHKM MIKPOEGJIEMEHTIB Yy IPYHTaX.
Tomy Mera 1BOTO JOCHI/KEHHS — BUSBHTH TEPCIEKTUBH BHKOPUCTAHHS I1HIEKCY
HACHYCHOCTI TPYHTIB MIKPOCIEMCHTaMHU JJIsl OIIHKH Ti3HHOTOJIOIICHOBOI €BOJIIOIT iX
€KOJIOTO-T€OXIMIYHOTO CTaTyCYy.

MATEPIANU TA METOOU OOCHIOXEHb

Craumionapn Caaropa 1 PigkiBii XapakTepu3yIOTbCsS CKIAIHOIO CTPYKTYPOIO
rpyaroBoro nokpuBy (Dmytruk Y.M., 2016a; Dmytruk Y.M., 2016b). Cepen
nociimkyBanux pospiziB: R-1 (H(e)+Eh (780+50 BP)+le(h)(gl) (1740+70)+I(gl)+Pikgl) —
temHO-cipuit micoBuit; R-3 (H+He(gl)+lhgl (950+150 BP)+I(h)Gl — (1870+£160 BP) —
TeMHO-cipuii micoBuit; R-V-3 ([Ehgl — (100060 BP)]+[ImGl]+[Pkgl]) — cipuit micoBuit
OTJICEHUM, IIOXOBaHUU i1 3EeMIITHUM BaJoM OHM3BKO 1000 p-T.H.;
S-1 (Hk+HPk+Pk(h)(g)+[H(p)k]+[P(h)kGl — (1190+50 BP)] +[HKGI]+[Ph, Glk]+[P,h,kGl] —
nepHoBuii  amoBianbhuit; S-2  (HetE(i)) — (360450 BP)+IE+Im(gl)+Impgl+Pigl) —
oypysaro-migzonuctuid; S-3  (HE(gl)+IhE(g)+I, gl+1,gl+Pigl(k)) — cipuii micoBwuii;
S-Ch ([Hk[+{Hek[+[Hik[+{Hpk]+[Phk]+[Pk]) — uopro3em ominzomnenuid, moxoBauuii ~ 5000 BP.

HomMepu reHeTHYHHX TOPU30HTIB, TIOYMHAIOYH 3 TIepIIoro po3pi3y R-1 ta 3akinuyroun
ocranHiM po3pizy S-Ch (puc. 2), BIINOBIAIOTH TOPSAKY PO3MIIIEHHS pO3pi3iB Yy
HaBeJICHOMY OIuci (BCiX po3pi3iB — 7; BCIX T€HETHYHHUX TOpU3OHTIB — 38. BasnoBuii BMicT
MIKpOeJIeMeHTIB BU3Ha4Yanu MeTopoM crekrpodortomerpii (KAC 115 M1) Ha ocHOBI
A30THOKHCIIOI BUTSDKKU 3 HACTYITHHM BHIIAPOBYBAHHSIM HMEPOKCHIY BOAHIO. AOCONIOTHHI
BiK 3pa3KiB IPYHTIB BCTAaHOBJCHO DPaIiOBYTJECIEBUM METOJOM B Jaboparopii [HCTHTYTY
reoximii HaBkonmmHBOTO cepenoBuma (Ckpunkin B. M.). PospaxoByBamm iHmekcu
Hacu4eHHs IPyHTIB MikpoenemeHTamu (Dmytruk, Berbez, 2009; Dmytruk, 2016a), 3
BUKOPHCTAHHSIM SIKUX MPOBOJUBCS (haKTOPHHH 1 KIIACTEPHUI aHai3 Jyis OL[IHKH TPOIECiB
(opMyBaHHS €KOJIOTO-T€OXIMIYHOTO CTaTyCy IPYHTIB 1 iX eBomomii. I'pymyBaHHS
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JOCTIDKCHUX PO3pi3iB MPOBEICHO Ha OCHOBI IHICKCIB HACHYCHHS TPYHTIB XiMIYHHMHU
eneMeHTaMu (CBHHENb, KaiMii, Migb, HIKeb, XpOM, IIMHK Ta MapraHemnp). s
0araTOBUMIpHOTO  aHaNily Ta MaTeMaTHKO-CTATUCTHYHOI OOpPOOKM  pe3ynbTaTiB
BUKOPUCTaHO Tmporpamy Statistica, Bci omepamii mnpoBeaeHo mis 95 % piBHS
3a0e3medeHocti. KiactepHuil aHami3 mpoBEIEHO METOAOM Yopjaa Ha OCHOBI CBKIIIOBOI
BijZicTaHi; ()aKTOPHUI aHaJi3 — METOJIOM NPUHIUIIOBUX KOMIIOHEHTIB 0e3 i 3 00epTaHHIM
(Bapimakc HOopMmaiizoBaHMii) ocell. KinbkicTe QakropiB oOpaHO Ha OCHOBI TpadidHOTrO
TeCcTy (BeTMYMHA HABAaHTAXCHHSA >1,0).

PE3YJIbTATU TA IX OBTOBOPEHHS

JocaimpkyBani po3pi3u IpyHTIB YTBOPHIIM JBa KiactepH (puc. 1): y mpaBoMy — po3pizu
crarionapy PinkiBui, y giBomy — Canropu, nmpuaoMy IOXOBaHi IPYHTH HMOEJHYIOThCS B TPYIIH
He 3a MiCLIeM CBOTO po3MilieHHs. OTxke, BU3HAYAIBHUM JUIS TIOEIHAHHS IPYHTIB Y KIIACTEPH €
TCHeTHYHUN THUI TPYHTY (TCHE3UC Yy pe3ynbTaTi aHaJOTIYHMX TIPOIECIB IPYHTOTCHE3Y),
HE3BOKAIOYM HA CKOJIOrO-TCOXIMIYHMI TPHHLOUI TpymnyBaHHA. Hamami mpoBeneHO
KJIACTepHUI aHalli3 Ui BU3HAYCHHS MICIP OKPEMHX T€HETHYHHX TOPHU30HTIB HAa OCHOBI
BMICTy BCiX MikpoeneMeHTiB (puc. 2). ['opu3oHTH IpyHTIB POPMYIOTECS 32 TEPEBAKAIOINMHU
B HHUX IPYHTOYTBODIOIOYMMHM IIPOLECAMH SK AKTyaJbHUMH, TaK 1 IIONEPEeAHIMH Ta, SK
pe3yabTaT UUX HPOLECiB, XapaKTepPU3yIOThCsl IEBHUMH BJIACTUBOCTSMH. 3 MOTJISITY €KOJIOTO-
reoXiMIYHOTO aHai3y Iie O3Hayae OL[IHKY MPOIECIB aKyMyJIAIii-pO3CitOBaHHs, pe3yJIbTaTOM
SKUX 1 € Jiesika KUIbKICTb MiKpoesieMeHTiB. OTxe, TpyIlyBaHHsI Ha OCHOBI iX BMICTy Jla€ Ham
3MOTY BHOKPEMHTH II€BHI TOPH30HTH SIK (POHOBI ((POHOBOTO BMICTY MiIKpOEJIEMEHTIB),
AKyMYJISITHBHI @00 JTMCUNIATHBHI (PO3CiIOBaHHS).

Ward's method; Euclidean distances
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Puc. 1. JlepeBo 3B’s13KkiB Mizk po3pizamu cranionapiB Caaropa (S) Ta PiakiBui (R) Ha ocHoBi
iHAeKcy Hacu4YeHOCTi IPYHTIB MiKpoeaeMeHTaAMU

Amnani3z kiactepiB (puc. 2) TOKa3aB HasBHICT JBOX OCHOBHHX TpYyI: IIpaBa
(17 ropusonriB) Ta miBa (21 ropuzont). CepenHe 3HaYCHHS iHICKCY HACHYCHOCTI IPYHTIB
MikpoenemeHTamu ctaHoBuTh 0,97 (doHoBuit craTyc) mis mpaBoi rinkm Ta 0,69
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(poscitoBanHs) — mus iBoi. BogHOYAc cmocTepiraroThes MiAKIACTEpH B 000X TiNKax: i B
npaBid, 1 B MBI € MO TPH MATPYNH, SKi BIAHOCATHCS 00 ()OHOBOi 3 TPEHIOM O
posciroBanns (K-1; cepenust Benmunna [8=0,86); dhonoBoi 3 Tpenmom B akymysrrito (K-2;
1,06) Ta donoroi (K-3; 1,0); B niBiii rinui — o posciroBanust (K-4; 18=0,61), po3citoBaHHs 3
tpenaoMm ao dony (K-5; 0,80) Ta inTencuBHoro poscitoBanus (K-6; 0,54).

Ward s method; Euclidean distances
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Puc. 2. JlepeBo 3B’A3KiB Mi’k rOpH30HTAMH PO3pPi3iB cTanioHapiB 32 BMiCTOM MiKpoe/eMeHTIB

Y KOHTEKCTI Mi3HBOTOJIOLIEHOBOTO TEHE3UCY Ta €BONIOUIi IPYHTIB, a TOMy U
BIJIMIOBITHUX EJIEMEHTAPHUX TpyHTOYTBOprotounx mpoieciB (Evolyuzyya pochv.., 2015),
BCTaHOBJICHO, WIO IHTEHCHBHE pO3CIIOBaHHS IpPUTaMaHHE IEPEBAXHO T'yMyCOBHM
ropu3oHTaM po3pisiB cramionapy Caaropa (S-1, S-2, S-3). Lle nHaiimomomumii 3a BikoM
(opMyBaHHS TEHETHYHI TOpH30HTH. He3Bakaroum Ha MIABHIICHUN BMICT OPTaHIYHOT
PCUOBMHMA B HHX, NPOLECH PO3CIIOBAHHSA IHTCHCHBHINII, HDK aKyMYJISITUBHI B IaHHUX
€KOJIOTO-TCHETHYHNX yMOBaX. J[0 TOPM3OHTIB PO3CIIOBAaHHS BiTHOCATHCS SK TEHETHYHI
TOPU30OHTH po3pi3iB cramionapy Caxmropa (S-1, S-2, S-3), Ttak i okpeMux po3pi3iB
cramionapy PimkiBmi (R-1, R-V-3) — me 3aebinpmioro emroBianbHi abo TyMycoBO-
eIOBiaNIbHI TOPHM30HTH, JUIA SKMX IIPOLIECH BHHOCY ampiopi XapakrtepHi. B rpymi
pO3CifoBaHHSA 3 TpPEHAOM A0 (HOHOBOTO BMICTy BHSBWIIMCH T€HETHYHI TOPH30HTH BCIX
PO3pi3iB, cepea IKUX 37e0UIBIIOr0 MepexiHi, MPUYPOYeHi 1O CepeIHbOI YaCTHHH NPOQLITIB.

Tl'opuzonT poHOBOrO BMICTY MIKpPOEJNIEMEHTIB YTBOPWIIM MEPEBAXKHO LIIOBiaJIbHI Ta
HIDKHI TIepexiJiHi 10 TPYHTOYTBOPIOIOYOI MOPOAN I'€HETHYHI FOPU30HTH BCIiX PO3pI3iB, 3a
BUHSITKOM JIEPHOBOTO IPYHTY (S-1). Micus BllacHe akyMyJIsLii, sSIKHX 3arajioM JIOCHTh MaJlo —
Ile HWKHI TOPH30HTH 000X NOXOBaHUX IPYHTIB Ta HIKHIA TNeEpexigHUH 10 TMOpoax
ropu3oHT po3pizy R-3. OTke, BepxHi 9acTHHU PO3pi3iB, CHOPMOBAHI MPOTATOM OCTAHHIX
ctomith (Bixg 780 poKiB MAaTOBAHOTO BIKy JO CHOTOIHI) XapaKTEPU3YIOTHCSA PO3CIIOBAHHSIM
MikpoerneMmeHTiB. lle, Oe3yMOBHO, HE O3Ha4yae, OO0 BECh BKAa3aHWH IEpiof EKOJOro-
TEeHETUYHI YMOBH CIIPHSIN BUHOCY MIKPOEJIEMEHTIB, TUM OiJIbIIIE 1[0 MPOTATOM IIHOTO Yacy
BJIacHEe KiiMaTW4Hi (uaykTyamii OynM JOCHUTh HEOJHO3HAYHMMH (Bil «Maioro
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JTBOJOBUKIB S» IO TEIUIOTO eTalmy 3 TPEeHAOM IO AapHIHOCTI OCTaHHBOTO CTOIITTS).
A BUsBIIEHE TIepeBa)KaHHS PO3CIIOBAHHS CBIAYUTH MPO TE, [0 OCTaHHIN MiJeTaIl TOJIOLEHY
(SA-3A 3rigHo 3 mpHItHATOIO B YKpaiHi CXEMOIO €TalliB pO3BUTKY MPHPOIU B TOJIOLEHI,
3ampornioHoBanoro M. @. Bekmmuem (Prostorovo-chasova.., 2010)) mnopiBHsHO 3
Cy0aTIIaHTUYHUM IIEPIOJIOM 3arajoM XapaKTepH3yBaBCs YHMHHHKAMH, BHACIIJIOK SKUX
MPOLIECH BHHOCY IEpeBaKalld HaJ| aKyMyJISTUBHMMH. OYeBHIHO, IO JOBrOTEPMIHOBHI
IIPOTHO3  €KOJIOTO-T€OXIMIYHOTO CTaTrycy IPYHTIB MOXe 3/iHCHIOBaTHCS Haifrepiie
Y3TOJUKEHO 3 ICHYIOUMMH TpEeHAaMH, IMOBIPHIMH Ha IIEBHOMY PiBHI 3a0€3IIe4eHHs.

lopu3oHTH akyMmyJsiLii Ta MiJBUIIEHOTO BMICTY MIKPOEIEMEHTIB COpPMYBaINCS Ha
MeXi Mi3HBOTO cyObopeamy—cyoaTanTuku (0mms3pko 2500-2900 pokiB Tomy Hazan). Lleit
YacOBMH BIAPI30K TaKOXK XapaKTepPU3YEThCS HEOJHO3HAYHHMH 3MIHAMHM YHHHHKIB
TPYHTOTEHE3y, SKi OMUCYIOTBCS 1 SK BOJIOTI, 1 SIK MOCYIUIWBI, ale MPH LBOMY A HHUX
MpUTAaMaHHI TyMyCOAaKyMyJIITHBHI TIpPOLIECH, Ha SKi Mi3HIMIE HakjIagamocs Immie i
1TIOBIIOBAaHHS, IO CYNPOBOKYBAJIOCS HAKONUYCHHSAM APIOHOMMCIEPCHUX dYacToK. Kpim
TOrO, ONM3bKE PO3MIILEHHS LUX FeHETUYHHX TOPU30HTIB 0 I'PYHTOYTBOPIOKOYOI IOPOAH,
OUYEBHJHO, CIPHUIO akymyJsiiii. BoaHouac i B LbOMY BHNAJAKY, SK 1 Uit TOPH30HTIB
BUHOCY, MH TOBOPHUMO TIPO 3arajbHi 3aKOHOMIPHOCTI, SIKi MOTJIM 3MIHIOBaTUCS B Ty 4H
iHIy cropoHy. Tomy 3ajeXHICTb HAaCHYEHOCTI IPYHTIB MIKpOEJIEMEHTaMH BiJl 4Yacy
TeHEe3UCy IPYHTOBHUX TOPHM3OHTIB OIMCYETHCS CKIAJHUM TIOJIHOMIaJIbHAM pPIBHSHHAM
perpecii (R*=0,27). HasBHicTh 0OMEXEHOi KibKOCTI TOPH3OHTIB JATyBaHHS IIMiTye
MOXJIUBOCTI Bepuikarii.

Ha ocHOBiI BiKy TOpH30HTIB i HACHYCHOCTI IPYHTIB MIKpPOCIIEMEHTaMH HACTYITHHN
KPOK KIJIACTEPHOTO aHaNi3y BHSBHB IBi 4iTKi Trpymu (puc. 3): B OOHIA — TEHETHYHI
TOPH30HTH 3 TEPEBAKAIOYMMHU MPOIIECAMH PO3CiIOBaHHS (ENIOBIIOBaHHA), B IHINHA —
aKyMyJLii (UTIOBIFOBaHHS ).

Ward's method; Euclidean distances
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Puc. 3. JlepeBo 3B’A3KiB Mi’k reHeTHYHHMHU FOPU30HTAMHU IPYHTIB 3 BiIOMUM BikoM
HA OCHOBI iHJleKCY HACHYEHOCTI IPYHTIB MikpoeJeMeHTaMuU
(P-5_He — apxe0J10riYH0 1aTOBAaHMIi TOPU30HT)
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Jnsa ckopodeHHsT uncia (GakTOpiabHIX O3HAK Ta BHUSBJICHHS CTPYKTYPH BITHOCHH MiXK
3MIHHUMH BHKOpUCTaHO (aktopHuit anamiz. Tineku nBa Qaxropu (tabn. 1) BU3HAYAIOTH
HaCHYEHICTb PO3PI3iB IPYHTIB MikpoenemeHTamu (¢paxrop 1 —Ha 71,7 %, daxtop 2 — Ha 28,3 %),
11O CBIYUTH TIPO BEJIMKY BaJIHICTH 3aCTOCOBAHOro rokasHuka (IB), a He BacHe abCONIOTHOTO
BMiCTy MikpoeneMeHTiB. (DakTopHi HaBaHTakeHHs (Tabn. 2) MOKa3ylOTh KOpENSLil Mixk
napaMeTpamy, IO JOCTIDKYIOThCS, Ta B IIbOMY BHIIQIKy — JBOMa (akropamu (HOBUMH
3MIHHUMH, $IKi 3aMILIyIOTh BCi BJIACTHBOCTI IPYHTIB, IO MOIJIM BIUIMBAaTH HAa iX HACHYEHICTH
MiKpoenieMeHTamu). B abcoImtoTHil OUIBIIOCTI BUTIAKIB TIepIni (hakTop Mae TICHIII KOpEJIsLji,
HDK Apyruid (41 HacTymHi iHIN (akTopH), sIKi, XapaKTEpH3YIOUHCh ITOCIIZOBHO, MICTATH BCE
MEHILIE Ta MEHILIE JIUCIIePCii.

Tabnuys 1

BuiacHi 3HaueHHs (aKTOPHOIO aHANI3y Ta IXHsA AUcHepcis

®daxropu Brachi 3HaueHHs % 3aranpHoi mucnepcii  Cyma BracHUX 3HaueHb KymynsatuHuit %

1 5,02 71,7 5,02 71,7
2 1,98 28,3 7,00 100,0

OTKe, TeHeTUYHA BIJIOKPEMJICHICTh po3pidy S-1 miaATBepIKeHa Ha Ty)Ke BHCOKOMY
piBHi Kopemsmii (tabm. 2). Llg BimOKpemyeHICTb — pe3yJibTaT Te€HEe3HCy JIEPHOBOTO
QIIOBIAJIFHOTO IPYHTY TiJl BIUIMBOM IPYHTOCEJMMEHTAIIHHUX IPOILECiB, IO BUAHO 3
OynoBu mpodiaro 1BOTO TIPYHTY (BEpCTBYBATICTH T'€HETHUHHMX TOPHU3OHTIB, CEpes SKUX
MOXOBaHI BHACHIAOK aKyMyJLii alioBiaJbHOTO Marepialy TyMyCOBI Ta TepexigHi
ropu3oHTH). HameBHe, 1 11e 9aCTKOBO MiATBEPKYETHCSA PaliOBYTIICHICBIM aHAI30M, Il
IPYHT MOX€ BBaXKATHCS MOJIOJIIIUM, 1110, OYEBHUIHO, MOSCHIOETHCS CTIHKMM HaAXOJDKEHHAM
cBXOTO MaTepiany. Bei iHII po3pi3n, y TOMY YHCIHI W TOXOBaHI IPYHTH, (GOPMYBAaIHCA Iif
BIUIMBOM PI3HUX €JIEMEHTAPHHUX IPYHTOYTBOPIOIOYMX IIPOLECIB, SKi, MPOTE, 3MiHIOIOYHN
OJTMH OJIHOTO, HE 3YIHHSUINCS, @ HOPMaJIbHUI PO3BUTOK MPO(LII0 IUX IPYHTIB BiOyBaBCs
BHH3, Ha BiJIMiHY BiJl aJIOBIaJBHOIO JEPHOBOTO IPYHTY, PICT SKOro BiAOyBaBCs BBEpX 3a
PaxyHOK CBDKUX aTIOBiaJIbHUX, IMOBIPHO, 1 ICTIOBIAIbHIX CETUMCHTIB.

Tabnuys 2
®akropni HaBaHTa:keHHs (>0,70) 10 i micis odepTanHs
Pospizu Factor 1 Factor 2

R-1 0,82/-0,98* 0,57/0,18

R-3 -0,96/0,99 -0,26/0,16

R-V-3 -0,90/0,64 0,43/0,76

S-1 -0,14/-0,28 0,99/0,96

S-2 -1,00/0,94 -0,07/0,35

S-3 -0,80/0,47 0,61/0,88

S-Ch 0,98/-0,98 0,22/-0,20
BunacHi 35aueHHs 5,02 1,98
YacTka B aucnepcii 0,72 0,28

* BUIiJICHO ICTOTHO 3HAYYIIlI 3aJIC)KHOCTI; MEPE PUCKOKO — 10, MICJIS PUCKH — ITICIIsA 00CPTaHHS.

Kpim ocobmmBocTeit po3pizy S-1, iHII TpyHTH MOXKHA PO3IUTIUTH HA TPU TPyTH (Tabi. 2),
K1 30epiraroTbes 1 micis o0epTaHHs: TOXOBaHUH IPYHT R-V-3 po3mimiennii B ogHii rpyrmi
3 po3pizom S-3 (moeaaanHs ¢akropis: -0,90 1 0,43 Ta -0,80 1 0,61); po3piz S-2 — 3 po3pizom R-3
(-0,991-0,07 ta -0,96 1 -0,26); Ta po3piz S-Ch — 3 po3pizom R-1 (0,98 1 0,22 ta 0,82 1 0,57).
[TpuyoMy 3aneXHOCTI 3MIHIOIOTH 3HAK IIiCNsi OOEpTaHHs, 332 BHHITKOM JIEPHOBOTO
aTIOBiaIbHOTO IPYHTY (S-1).

Boanouac miciist obepTaHHs ocell pakTopHI HaBaHTa)KeHHsI, 30epirarouu Ipynu IPyHTIB,
BIIHOCSITh /10 BU3HAYAJILHOTO BIUIMBY BXE Jpyroro ¢akropa po3pisu S-3 ta R-V-3 (1abm. 2).
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B ocTaHHROMY BHIAIKy L€ IMOSICHIOETHCS TEBHOK HE3aBEPLICHICTIO IPYHTOTCHE3Y depes
MOXOBaHHS JAHOTO IPYHTY MICJIS HACHIAHHS 3eMISHHX BaiiB Omm3pko 1000 pokiB TOMy
Hazan (cramioHap Pixkiemi). [leBHI ocoGmuBOCTI mpuTamManHi po3pizy S-3. Bonu mos’s3aHi 3
HOro po3MilIeHHsAM Ha CXHJIi, 110 ¥ CYMpOBOMKYBAJIOCS iHTEHCU(]IKAIIEI0 pO3CIFOBaHHS Ta
BIZIMOBITHMM 3MCHIIICHHSIM HACHUYCHOCTI IPYHTIB MiKPOCIIEMCHTAMHU.

BUCHOBKU

1. Ha ocHoBi (akTopHOro aHami3zy Aoka3zaHO e(eKTHBHICTh BUKOpUCTaHHs IB (IHaeKcy
HAaCHYEHOCTI IPYHTIB MIKpOEJIEMEHTaMH): POBEACHHS aHAJIITHYHUX POOIT TUJIBKU 3 YKa3aHUM
TIOKa3HUKOM BUSBIISIE OJTHO3HAYHE 3MEHIIECHHS KUTbKOCTI BU3HAYaJIbHUX (AaKTOpiB (10 JIBOX) i
NpH [BOMY 4YacTKa JaUCHepCii, sIka BU3HA4YaeThesi aBOMa (hakropamu, craHoButh 100 %.
3acTocyBaHHs B aHANI31 BMICTY BaJOBUX a00 pyxoMHX (opM, a00 OAHHX 1 PYTHX CIIBHO, SIK 1
CIUTbHE BHKOPUCTAHHS BMICTYy PYyXOMHX (OpM i iX pyXOMOCTi, TIPH3BOJWTH A0 30UTBIICHHS
(axTopiB 10 4 3 OAHOYACHUM 3MEHIIICHHIM YacTKH JUCTIEPCii, 3yMOBIICHOI IIMMH (PaKTOpaMH,
10 74-88 %. He BusiBiIeHO BU3HAYAIBHOTO BIUIMBY HA HACHYCHICTH IPYHTIB MiKpOEJIEMEHTaMHU
JUIL JKOAHOTO 3 JIOCHIDKYBaHHX THITNIB IPYHTIB, y SKHX MOETHYIOTBCA SIK MPOIECH, IO
CTIPHSIOTH AKyMYJISIIi{ MiKpPOEIEMEHTIB, TaK i IPOIIECH iX BUHOCY.

2. BwusHaloum «HOpMaJbHMK» MpOLEC IPYHTOTCHE3y OCHOBOIO (HOPMYBaHHI
30HaJIbHUX IPYHTIB Y TOJIOLEH], GakTop 1 y KOHTEKCTi IPOBEACHOrO (haKTOPHOTO aHAI3y —
L€ YAHHUKHM JUIS TAKOTO HPOXOKEHHS IPYHTOYTBOPEHHS; LIOAO E€KOJIOT0-Te0XiMiYHOTO
CTaTyCy I'PYHTIB — Ii¢ iXHi OCHOBHI IapameTpu (BMICT OpraHiyHOT peYOBUHH, KUCIOTHICTb,
nokasHuky ['BK, MiHepasnoriyaumii i rpaHyIOMETpUYHHN CKJIa[); 3a Takoi yMoBH (akTop 2
MOB’si3aHUE i3 mporecamu ((hIrOBiaNIbHI, CEMUMCHTAIlilHI, epo3iiiHi) JeHynamii ado
MEepeHocy Ta aKyMyJslil MaTepiaidy, TOOTO IEBHHMH IIOPYLICHHSIMH «HOPMAJIBHOTO)
rpyHTOreHe3y. OTKe, eKOJOro-TeOXIMIiYHMI CTaTyC IPYHTIB BH3HAYa€ThCSI YNHHUKAMH
I'PYHTOT'€HE3y Ha KOHKPETHOMY €Talli Ta MepeBayKafouMMU JUTS TIEBHUX YMOB IIPOIIECAMH.

k ok ok
[TyOmikarist MICTUTB pe3yJbTaTH JOCTIKEHb, IPOBEICHUX MPU IPAHTOBIN MiATPUMII
Hepxaproro ¢ouay QyHIaMEHTATbHAX JOCTIHKCHb 3a KOHKYPCHHUM IPOCKTOM
Ne @ 64/24-2015 «BrnuB norogHo-kiIiMaTuuHUX (GIyKTyauid Ha mpouecu MacooOMiHy B
CHUCTEMI IPYHT — POCIINHAY.
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FORECASTING THE LEVELS OF CHEMICAL ELEMENTS CONTENT
IN SOILS OF DIFFERENT GENESIS FOR THE ASSESSMENT
OF THEIR ECO-ENERGY STATUS

Abstract. Grounded the new elaborated method for predicting of trace elements (TE) and
heavy metals (HM) content in the soils of different genesis, which was elaborated by analysis the
indicators parameters of their organic matter and energy characteristics in different natural-climatic
zones of Ukraine, also of contaminated and intensive fertilizer soils. The method aims for the
assessment of soils ecological-energy state due to the installation of the new natural relations of
indicators humus, energy and elemental status of soils of different types, as a result, expanding the
range of diagnostic indicators with identifing their paired combinations and simultaneously increasing
of informativeness, accuracy, express testing of chemical elements (TE, HM) predicting levels,
energy and humus state of soils to predict and ecological regulation of their quality.

The essence of the elaborated utility model — by the identify of new patterns of soil properties
indicators and receive four matching pairs of humus (Cga/Cga, Cioa), clemental and energy state
(calorific value of humus, the reserves of energy in the soil layer of 0-20 cm) as soil indicators with the
using of mathematical-statistical analysis of the obtained regression equations for the accurate
determination is predicted the TE and HM content in soils of different types of background conditions,
with the distribution algorithm of the method for different soil types in certain climate zones in the
conditions of technogenic pollution and technological load, risk and the presence of man-made pollution
to make timely management decisions. Elaborated method ensures the rapidity of the assessment and
improves the accuracy of the TE/HM status prediction, energy and humus state of soils of different
genesis with the identification of soils ecological differences to predict their quality by assessment of
ecological functions for the ranking of energy intensity indicators of the soil.
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The method is applicable in the environmental regulation of TE and HM content, regulation of the
loads (technogenic, technological) on a soil system, agroecology to address issues of biological
agriculture, bio-energy and energy of soil formation; monitoring the quality of humus and the status TE
and the dangers of excess accumulation of HM, in the soil humus indicators and /or energy state;
efficient environmental management of soils, both in background conditions and with different
anthropogenic impacts and in the research practice.

Grounded the method was examined on the of soils simples in different natural-climatic zones of
Ukraine, contaminated soils in Kharkiv, Donetsk and Lugansk regions, and intensive fertilizer (organo-
mineral, organic and mineral system of fertilizers) of soils in Kiev, Kharkiv, Poltava and Lviv region.

Key words: soil, trace elements, heavy metals, energy capacity, the calorific value of humus,
the reserves of energy in the layer 0-20 cm, technogenic pollution, technological load, method,
prediction, matching pair of indicators.
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NMPOrHO3YBAHHSA PIBHIB BMICTY XIMIYHUX ENEMEHTIB Y 'PYHTAX
PIBHOIO reHe3nCyY AnsA OuIiHKU EKOJNIOro-EHEPTETUYHOI O CTATYCY

Anotanisa. OOIpyHTOBaHO CIIOCI0O TPOTHO3yBaHHSA BMicTy MikpoeneMeHTiB (ME) Ta Baxkux
MmetaniB (BM) y rpyHTOBIlf cucTeMi Ha NpHKIag OOCTEKEHHWX IPYHTIB PIi3HOTO I'€HE3WCY NPHPOIHO-
KIIMAaTHYHUX 30H YKpaiHu, 3a0pyaHeHHX IpyHTiB XapkiBcbkoi i JIyraHcekoi oOnmactel ¥ iHTEHCHBHO
ynoOpeHrx (opraHo-MiHepajbHa, OpraHiuyHa i MiHepajbHa CHUCTEMH yNOOpeHHs) IpyHTIB XapKiBCBKOI,
Tonrasebkoi Ta JIbBiBchKOI 0ONIacTeil.

3a paxyHOK BCTaHOBJICHHS HOBMX B3a€MO3B’SI3KiB Ta OTPUMAaHHS YOTHPHOX JiarHOCTHYHHX
KOMOIHALIHUX Nap IOKAa3HUKIB T'yMyCOBOTO, €IEMEHTHOTO Ta €HEPreTUYHOI'O CTaHy (TEIUIOTBOpHA
3[ATHICTh TyMycCy, 3amacd emeprii B mapi 10 20 cM) IPyHTY 3 BHKOPHCTaHHSM MAaTeMaTHKO-
CTaTUCTUYHOTO aHANi3y Ta PErpeciiHuX pIBHAHB MPOTHO3YIOTH piBHI BMicty ME/BM y rpyHTax
PI3HOTO TEHE3UCy. ANTOPUTM CIOco0y MOIIMPEHO Ha IPYHTH PIi3HUX THINB IIEBHOI MPHPOIHO-
KITIMaTUYHOI 30HM 38 YMOB TEXHOT€HHOTO 3a0pYIHCHHS i TEXHOIOTIYHOTO HABAaHTaXKCHHS.

VYcTaHOBIEHHSAM HOBHX 3aKOHOMIPHHX 3B’SI3KiB IOKa3HMKIB 0a30BUX BJIACTHBOCTEH IPYHTIB
3a0€3Meuy€eThCsl PO3IIUPEHHS CHEKTPY IarHOCTHYHHUX ITOKAa3HUKIB 3 OJHOYACHUM IIiIBULICHHIM
iH(pOPMATHBHOCTI, TOYHOCTI, EKCIIPECHOCTI NMpOrHo3yBaHHs piBHIB ymicty ME/BM, orinioBanHs
€KOJIOr0-CHePTeTUYHOr0 CTaHy IPYHTIB Pi3HUX THUIIB 3a (OHOBUX YMOB, BIUIMBY TEXHOJOTIYHOTO
HABaHTAXKCHHS, PU3UKY 1 HAsABHOCTI TEXHOTCHHOrO 3a0pyJHEHHS Ui OLIHIOBaHHA Ta HOPMYBaHHS
SIKOCTI IpyHTiB. CItocid MOke 3HATH 3aCTOCYBaHHS B €KOJIOTIYHOMY HOpMYyBaHHI BMicTy ME/BM Ta
HOPMYBaHHI HaBaHTaXCHb (TEXHOTCHHUX, TEXHOJOTIYHHX) HAa IPYHTOBY CHCTEMY, arpoOCKOJIOTii 3a
BUPIIICHHS NMHUTaHb 0i0JIOTIYHOTO 3eMJIepoOCTBa, OIOEHEPreTHKH Ta CHEPreTHKH IPYyHTOYTBOPECHHS,
MOHITOPHHTY SIKOCTI Tymycy i crarycy ME Tta Hebe3nekn HamIMIIKOBOro HakomudeHHs BM y
IPYHTaxX 3a IOKa3HHUKaMH T'yMYCOBOT'O Ta/ab0 €HEepreTHYHOro CTaHy; e()eKTHBHOIO €KOJOTiYHOTrO
MEHE/DKMEHTY IPYHTIB 33 NPHIHSATTS CBOEYACHUX YIPABIIHCHKMX PIlIeHb Ta OJHOYACHO! MiHimi3awil
BUTPAT pecypciB sk 3a (POHOBHX YMOB, TaKk i 3a Pi3HHUX AHTPONOIEHHHX BIUIMBIB Ta B HAyKOBO-
JOCITiIHIH TPaKTHLI.

Knrouosi cnoea: 1pynm, MikpoenemeHmu, 8ANCKi Memdaau, eHepeOEMHICMb, MeniomeopHa
30amuicmo 2ymycy, 3anacu ewepeii 6 wapi 0o 20 cm, mexnozeHHe 3a0pPYOHEHMS, MEXHOA02IUHe
HABAHMAICEHHS, CROCIO, NPOSHO3YBAHHS, KOMOIHAYIUHI NAPU NOKA3HUKIE.
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YK 631.41; B. JI. CamoxBasioBa ' cTap. Hayd. COTp., KaHJI. C.-X. HAYK
631.416.9; 631.52; E. B. CkpbLIbHHK ' JI-p C.-X. HAyK
641.417.2(282.247.31); B. W. Jlonymusik JI-p C.-X. HayK, Tipod.

504.53.06: 504.054 JL A. Ileneii ! cTap. Hay4. COTP., KaHJI. C.-X. HAyK

I1. A. CamoxBaJioBa °

" Hayuonanenwni nayunviii yenmp « Mucmumym nougosedenus u azpoxumuu
um. A. H. Coxonosckozoy, yn. Yatikosckas, 4, 2. Xapvros, Yxpauna, 61024,
men.: +038057-704-16-69, e-mail: v.samokhvalova@mail.ru

2 Yuueepcumem nayxu u mexumonoeuu 6 2. bviozouy, 2. beioeowy, [lonvwa, 85-796

3Xapb1<0601<u12 HAayuoHaIbHbIl YyHUeepcumem um. B. H. Kapaszuna,
ni. Ceo6o0wl, 4, 2. Xapvros, Yxkpauna, 61022

NPOrHO3NPOBAHUE YPOBHEW COAEPXAHUA
XUMMNYECKUX NIEMEHTOB B NOYBAX PA3JTUYHOIO rEHE3UCA
AnA OLUEHKK 3KONOro-aHEPFETUYECKOIO CTATYCA

AnHoTanus. OG0CHOBaH croco0 MPOrHO3UPOBAHMS COIEPIKAHMS MUKPOIEMEHTOB (MD) 1 TSDKEIBIX
metawioB (TM) B mouBeHHO# cHCTeMe Ha IprMepe OOCIeIOBAHHBIX ITOYB PA3HOTO T'EHE3Hca NPHPOJHO-
KIMMATHIECKUX 30H YKPaWHBI, 3arpsi3HEHHBIX TT0YB XapbKOBCKOH M JIyranckoif oOmacteii 1 MHTEHCHBHO
YIOOOpeHHBIX (OpraHO-MUHEpaIbHAs, OpraHMdeckass M MUHEpaIbHAas CHCTEMBl yHOOpEeHHs) IOYB
XapbkoBckoid, [Torrackoit u JIbBOBCKOH oOacTeid.

3a CyeT YCTAHOBJIGHMSI HOBBIX B3aUMOCBSI3€il M TOMydYeHUs] YETHIPEX JAMAarHOCTHYECKUX
KOMOMHAIIMOHHBIX Map TMOKa3aTelell TyMyCOBOTO, 3JIE€MEHTHOTO M 3HEPreTUYECKOro COCTOSHHS
(TeTIOTBOpHAs CIIOCOOHOCTH TyMyca, 3amachl SHEPrud B cioe 10 20 CM) MOYBBI C HCIOJIB30BaHUEM
MaTEMaTUKO-CTATUCTUYECKOTO aHAM3a W PErPEeCCHOHHBIX YPAaBHEHWI IPOTHO3HPYIOT —YPOBHH
conepxkanmsi MO/TM B mouBax pasHOro reHe3uca. AJITOPUTM crocodba 3KCTPANOIMUpYIOT Ha ITOYBBI
Pa3IMYHBIX THIIOB OIPEICNICHHOH IPUPOHO-KIMMATHIECKOH 30HBI B YCIIOBHSIX TEXHOTCHHOIO
3arpsI3HEHMS U TEXHOJIOTHYECKOH Harpy3Ku.

YcraHOBNIEHHEM HOBBIX 3aKOHOMEPHBIX CBsI3eil OKasareneil 6a30BbIX CBOMCTB IOYB OOECTICUMBACTCS
PacIIMpEeHHe CIEKTPa AMarHOCTUYECKUX TOKa3aTeeil ¢ OHOBPEMEHHBIM ITOBbIIICHHEM HH(POPMATHBHOCTH,
TOYHOCTH, OKCIPECCHOCTH IPOTHO3MPOBAaHMs ypoBHeW comepxanusi MO/TM, OLEHKH 9KOJIOro-
SHEPreTHYECKOr0 COCTOSHUS TOYB Pa3HBIX THIOB HPU (POHOBBIX YCIOBISIX, BIMSHUS TEXHOIOTHYECKOH
Harpys3Ky, pUcKa M BIMSHUS TEXHOTEHHOTO 3arpsi3HEHMS U1 OLEHKH M HOPMHPOBAHMS KadecTBA IIOYB.
Cnoco®0 MOXET HalWTH TpUMEHEHHE B OKOJOTMYECKOM HOPMHpPOBaHWHM comepkaHust MO/TM wu
HOPMHPOBAHHH HArpy30K (TEXHOT€HHBIX, TEXHOJIOTMYECKIX) Ha TIOYBEHHYIO CUCTEMY, B arpOIKOJIOTHH IS
PEIIEHNsT BOIPOCOB OMOJIOTMYECKOTO 3eMIISHENHs], OMOIHEPIeTHKH W SHEPreTHKH IOYBOOOpPA30BaHMS
MOHMTOpPHHIA KayecTBa TymMyca U craryca MO M omacHOCTH M30BITOYHOro HakorwieHuss TM B 1oduBax 1o
HOKA3aTe/siM  TYMYCOBOTO ~W/WIM  JHEPIeTHYECKOTrO  COCTOSIHUA, 3((EKTUBHOIO  3KOJIOTMYECKOro
MEHE/PKMEHTa TMOYB [UI1 MPUHSTHS CBOEBPEMEHHBIX YMPABIEHYECKMX pEIIeHHH M OJHOBPEMEHHON
MUHHMU3AIUN 33aTpaT PECypcoB Kak B (DOHOBBIX YCIOBMSIX, TAK M B PA3iMUHBIX AHTPOMOI€HHBIX
BO3JIEHCTBHUSX, @ TAKXKE B HAYYHO-HCCIIEI0BATENbCKOM MPAKTUKE.

Kniouesvie cnoea: nousa, MuKpodnemMenmel, msAdNiCeable MEmaiibl, IHEP2OeMKOCMDb,
MenIomeopHas CHOCOOHOCMb 2ymyca, 3anacvl dHepeuu 6 cioe nouevl 0—-20 cm, mexuozennoe
3aepA3HeHue, MeXHON02UYeCKas HaAzpy3Kd, CHOcob, NpocHO3UpOsaHue, KOMOUHAYUOHHbIE NaApbl
nokazamerneu.

INTRODUCTION

Prediction of the quality of different genesis soils is complex and multi-stage task in
solving on background conditions and anthropogenic (technogenical, technological)
impacts on soils (Medvedev, Plisko, 2003; Medvedev, 2012). For prediction the
environmental impact of loads on soils patterns of pollutants migration and transformation
in the separate links of trophic chains and patterns of soils ecological status (quality)
changed under the influence of anthropogenic loads are to be used (19 th World Congress
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of Soil Science, 2010; Glazovskaya, 1997; Izrael, 2001; Kovda, 1973; Kovda, 1974; Lal,
2007; Lobell, Burke, Tebaldi, 2008). Models provide to get predictive estimates of changes
in the elemental status of the soil-plant system, other links of trophic chains, about
degradation of different genesis soils with the account of transport processes, the
translocation of pollutants and their accumulation; concerning physical, chemical and
biological transformation and decontamination; as to changes of properties and functions of
soil that are the basis for the environmental regulation and assessment of their quality due
to the background conditions and the impact of technological loads, industrial pollution
(Glazovskaya, 1997; Lal, 2007; Lobell, 2008; Revich, 2007; Samokhvalova, Fateev, 2006;
Pat. Ukrajiny na vynaxid Ne 83563 UA, 2008).

The application of eco-energy indices of different genesis soils, as integral
characteristics of changes their properties, is an important component of predicting changes
in their functions (Kovda, 1973; Kovda, 1974; Volobuev, 1974, 1982, 1983; A.c. 1481681
A1l SU, 1989). However, the forecasting is constrained by the fact that it is difficult to
consider probabilistic component, which is detected by investigation of the ecological state
of soil, effects and precise patterns of developing soil processes, random component of soil
processes that are virtually impossible to predict and is an extremely difficult
methodological issue. Therefore, the specificity of the ecological state prediction of the soil
affects a significant decline in the quality of forecasts.

The elaboration of methodological approaches for predicting of the different genesis
soils element status by using of their eco-energy state indicators and implementation is an
urgent problem that requires further improvement of prediction existing methods, for
clarification forecasts and forecast models.

Relevant for prediction of soil quality is the investigating for new diagnostic criteria
for assessment using indicators of trace element status, humus (C g, %; ratio of
C humic acids / C fulvic acigs) and energy state (generalizing characteristics of the intensity of
energy content in organic matter of the soils — specific internal energy of humus or calorific
value, the total energy reserves in the layer of 0-20 cm). Simultaneously actualized the
necessity for selective choice of the most suitable diagnostic and correlation of related pairs
of soil properties suitable indicators the using of which is based on the possibility to
accurately express and forecasting environmental and energy status of different genesis
soils and their quality taking into account the elemental composition.

The feasibility of using a set of soils ecological and energy status indicators for
predicting elemental status due to their high information content and the predictability of
the results due to their close connection and the possibility of combining various indicators
of the soils biological processes intensity (microbiological and biochemical activity,
decomposition and synthesis of organic compounds etc.) into generalized terms of its
energy state and for correctly determine the direction of the substances and energy
transformations in the soils.

The complex of soils humus and energy condition indicators allows justify effective
using of management techniques of the soil quality control for quantitative evaluation of
soil processes due to the background conditions, technological loads and technogenic
pollution. In addition, soil organic matter is an accumulator and distributor of solar energy.
Therefore, the using of soil energy intensity indicator can be used as generalized criterion
of its functioning, to reflect the productivity of the soil, the intensity of the processes of
humification-mineralization, to serve as an indicator of soil system stability. Thus, in the
case of dynamic equilibrium (equivalency of the receipt and consumption energy process of
soil organic matter) the entropy is close to the minimum indicating the lack of energy
storage in soils humus.The stability of the humification-mineralization processes in a soil
system determines the soil ability to recover energy resources due to the accumulation and
distribution of energy generated by photosynthesis (Kovda, 1974; Volobuev, 1974, 1982,
1983; Volodin, Phedorchenko, Birukova, 1989). Rational use of the soil energy is the
conservation and restoration of its basic fertility and, consequently, soil system eco-energy
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state. Therefore, using of soil humus indicators and/or energy state allows more complete
account of soils properties and functions, and thus of soil resources; reducing the cost of
anthropogenic energy and elimination of negative impacts on soil environmental and
energy state by using of less energy-intensive measures to restore the soil functions for the
existence of degradation processes. All of the above actualizes the necessity to predict of
soils quality, determination the new criteria and indicators for assessing their quality based
on its trace element status, humus and energy state, including the technological lods, risk
and availability of technogenic pollution.

The purpose of the investigation — to elaborate a method for predicting levels of
chemical elements content in soils of different genesis for the assessment of their
ecological-energy state due to the installation of the new natural relations of indicators of
humus, energy and elemental status of soils of different types, as a result, expanding the
range of diagnostic indicators with identifing their paired combinations and simultaneously
increasing of informativeness, accuracy, quick testing of chemical elements predicting
levels, energy and humus state of soils to predict and ecological regulation of their quality.

MATERIALS AND METHODS

The elaborations of a method include:

1. Conducting of patent researches due to the DSTU 3575 and DSTU 3576. Objects —
the copyrights that are patented in Ukraine and the CIS countries in the plane of the goal.
Subject of researches — the method in general; separate operations (stages) of the method
that are patentability; methods for their preparation and scope of application; the equipment
used in carrying out the process; methodological approaches to predicting of the different
types of soils element status, including the influence of technogenic HM pollution and
technological loads; methods of humus and energy status of the soil predicting by using the
methods of mathematical modeling, including models of transport and transformation of
pollutants (geographic model) and the models of soils state changes by the impact of soil
contamination (environmental models); methods of extrapolation and expert estimates.
Research methods — methods of theoretical analysis, systematic approach.

2. Field stage — soil — geochemical investigations, including, in conditions of
technological loading on the soils of Kyiv, Kharkiv, Poltava and Lviv regions and in
conditions of constant impact of inorganic nature pollutions of atmotehnogenic emission
sources in Kharkiv region and of industrial facilities in Donetsk and Luhansk regions;
carrying out a series of stationary microfield experiments. Objects of research — the soils of
Forest-Steppe and Steppe natural-climatic zones of Ukraine for the effects of HM pollution
and concealed in its absence. Research methods — universal general scientific methods,
ecosystem and landscape-geochemical approaches.

The investigations of natural connections of indicators of trace elements, energy and
humus status of different genesis soils and therefore indices of soil properties were carried
out with sampling of arable (0-20 cm) layer. Soil-geochemical researches of HM pollution
impact on soils performed due to the conditions of constant and periodic exposure of
polyelemental pollution sources Zmiev TPP PJSC "Centrenergo" NJSC "Energy Company
of Ukraine» in Kharkiv region, OJSC "Ukrtsynk" and OJSC "Avdeevka Coke Plant" in
Donetsk region; industrial facilities in Lugansk and Bilokurakynsky, Perevalsky,
Slavyanoserbsky, Trojtsky district of Lugansk region. Also, to confirm idea for the new
technical elaboration were used HM data content in the soils from the Ecological Atlas of
Kharkiv (2005), Donetsk (2007) and Lugansk (2004) regions.

Field researches on technological loads carried out in conditions of stationary
experiences of the Soil Science, Agriculture and Agrochemistry Department of Lviv
National Agrarian University, Western Forest-steppe of Ukraine. Explored the effectiveness
of organo-mineral, organic and mineral fertilizing systems installed in established effective
ratio amount combinations of soils improvers for the HM mobile forms immobilization and
the activation of TE in soil with sampling of soil samples and establishing patterns change
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their content and dynamics of humus status and transformation of organic matter in the
dark-grey soil (Greyic Phaeozems Albic, WRB 2006) of a field crop rotation.

The energy intensity of different granulometric composition chernozem soils due to
the influence of the fertilizers systems are determined in long term field experiences in
Kyiv (Myronivska ES), Kharkiv (EF Grakovo), Poltava (Poltavska ES) and Lugansk
(Lugansk ES) regions. Used mineral, organic and organo-mineral system of fertilizers was
balanced by the introduction of the basic nutrients of supply. The application of organic and
mineral fertilizers optimal doses was carried out for the using of current guidelines
(Vlasiuk, Dmytrenko, 1962) according to the soils type and climatic conditions of a
particular zone (The Handbook: Fertilizers and their using, 2010).

3. Analytical stage — in samples of different types of soils (sod-podzolics (Umbric
Albeluvisols Abruptic, WRB 2006), light-gray (Greyic Phacozems Albic), gray (Greyic
Phaeozems Albic), dark-gray (Greyic Phaeozems Albic), chernozems podzolized (Luvic
Phaeozems Albic), chernozems typical (Voronic Chernozems pachic), chernozems ordinary
(Voronic Chernozems Pachic) and chernozems southern (Haplic Chernozems Pachic),
chestnut (Haplic Kastanozems Chromic), dark-chestnuts (Haplic Kastanozems Chromic)
soils, etc.) for laboratory analysis according to the applicable regulatory documents and
methodological base were identified: a) the content of mobile forms of HM and TE (using
extractant-ammonium acetate buffer, pH 4.8 and 1N HCI according to the DSTU 4770.1 —
DSTU 4770.9: 2009 and MVV 31-497058-016-2003); b) the total content of organic matter —
by Tyurin method (DSTU 4289:2004); c) the group composition (modified method by
N. M. Kononova and N. P. Belchykova according to DSTU 7855:2015) and the fractional
composition of soil humus (modified method by V. V. Ponomareva and T. A. Plotnikova
according to DSTU 7828:2015); d) committed preparative allocation of soil humus
substances (DSTU 7606:2014); e) the specific energy of the soil and of the humic acids
preparations — using a calorimetric installation B — MA 08 [TV 1.470.000 in terms of the
specific heat of combustion of soil samples according to DSTU 7866:2015; f) the density of
the soil structure on background conditions, the impact of technogenic pollution and
technological load according to DSTU ISO 11272-2001.

4. Cameral stage — evaluation of soils trace elements status due to the expert
assessment normative-reference documents, the calculation of the total energy reserves of
humus in the soil, statistical data processing of the obtained data of humus, energy state of
soil including the influence of technological loads, industrial pollution with the construction
of mathematical models.

The calculation of the total energy reserves that accumulated by soil humus, as
indicator of the energy status of soil, carried out by the known formula D. S. Orlova —
L. A. Grishinoj (Orlov, Birjukova, Rozanova, 2004; Orlov, Grishina, 1981) in modification
by O. L. Orlov (Orlov, 2002) taking into account the quality of the humus and heat capacity
of its main fractions:

Q =(19,96 *Cg aeigs + 9.16 + 17.86 *Cr yigs *G) * H * d * 10/100, @)

where Q — energy reserves accumulated by soil humus, 10° kJ / ha (or 10° MJ / ha);

19.96 — calorific value of humic acids, kJ / g; 9.16 — calorific value of fulvic acids, kJ / g;

17.86 — humic calorific value, kJ / g; Cg aigs — humic acid content, %; Cg 4.5 — fulvic acid

content, %; G — humin content, %; H — soil layer, m; d — density of soil structure, g/cm3 ;

10 — conversion factor of 10° kJ / ha; 100 — transfer units measurements of G .45, F acids
and G to percentage.

Environmental assessment of soil on TE status and contents of the HM was performed
according to the applicable regulations and methodological basis using the established
background levels of TE /HM for soils in specific climatic zones of Ukraine (Fateev,
Samokhvalova, 2012). Also, to confirm the idea for the elaboration of new method were
used digital materials of scientific reports of the laboratory of soil protection from
technogenic pollution NSC "Institute for Soil Science and Agrochemistry Research named
after O. N. Sokolovsky" on implementation of research works for 2001-2005, 20062010
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relative to the element status of soils for the background soil conditions, the impact of
technogenic HM pollution for their further generalization.

The analytical numerical data of the energy accumulative function of the soil humic
substances — indicators of specific internal energy or calorific value of humus; the reserves
of energy accumulated by soil humus, the microelement status and humic condition were
statistically processed using the modules of correlation, variance, regression and factor
analysis within Statistica 10.0, including calculations on the equations of linear,
exponential and logarithmic regression.

RESULTS AND DISCUSSION

The generalization of the the soil-geochemical investigations results and analysis of
the obtained data of TE /HM content in soils of different genesis in natural climatic zones
of Ukraine (Samokhvalova, Fateev, Luchnykova, 2011) and determination of the humus
group composition and total content of soils organic matter established (Samokhvalova,
Lopushnjak, Fateev et al., 2014; Samokhvalova, Lopushnjak, Fateev et al., 2016) the close
connection of the TE soils status and mobility of HM and TE content and total content of
humus, group and fractional composition of organic matter, the level of hydrolytic acidity
and content of physical clay in soils of a particular type. Established that the balance
between the processes of mineralization and synthesis of organic compounds determined by
sustainability of humic acids, stability over time of the C yumic acigs / C fulvic acidgs ratio (Pat. na
korysnu model 95649 UA, 2014; Pat. na korysnu model 105444 UA, 2016; Samokhvalova,
Lopushnyak, Fateev et al., 2015), the energy intensity of the soil (Pat. na korysnu model
107854 UA, 2016; Samokhvalova, Skrylnyk et al., 2015).

For polluted by HM chernozem soils it was determined an increase of soil organic
matter mineralization intensity (Samokhvalova, Fateev, 2006). It was established the
relationships mobility majority of TE / HM in soils of different genesis to fulvic acids
contents without and due to the influence of HM as soils contaminats.

As a results of investigations conventional energy intensity of chernozem odinary
(voronic chernozem, WRB 2006) were established that humus energy intensity in soil layer
0-10 cm is an average of 0,024 MJ / 1 g of humus, of the zonal soil — 0,021 MJ / 1 g of
humus (agrocenosis) and 0,026 MJ / 1 g humus (virgin steppe). In the 10-20 cm layer of
technogenic chernozem odinary on loess loam determined the reducing of energy intensity
in 2,5-14 times according to the level of 0,0097-0,0017 MJ / 1 g of humus. Also
established a direct dependence of the specific heat of combustion and the content of
organic matter in technogenic soils (Zholudeva, Kovalev, Yehorenkova, 2010).

Using the index of soil total humus content (C (1, %) for predicting is limited.
Becides the error in determining of its contents in soil (15-20 %), carbon content is
characterized by spatial and temporal (1-3 years) with a range of volatility fluctuations
+ 0.2-0.5 % abs. due to impact on its numerical value of content in soil of weather
conditions, the amount of plant residues in the soil and etc. (Smirnov, Muravin, 1981).

Since the quality composition of the humus in the soil is different, energetic
properties have separate soil phases, including mineral matter, soil microorganisms,
chemical endo- and exogenous reactions of the soil, and the main part of the internal energy
is the energy of the crystal lattice of minerals, therefore the application of energy principle
is based on the understanding the necessity of taking into account all the "carriers" of soil
energy (energy potential), the energy intensity of plants for the management of substance
and energy transformations in the soil-plant system, thus rationing element status and
control its quality. However, with substantial expenditure of resources for obtaining
experimental data, and as a consequence, their failure prevents determining soils energy
potential. Nevertheless, by the results of our researches (Lopushniak, 2012, 2013, 2014,
2015; Shedey, Shevchenko, 2006; Shedey, 2010; Skrylnyk, 2008, 2010; Zholudeva,
Kovalev, Yehorenkova, 2010) it was established that determinations of soil energy intensity
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(calorific value of humus in the soil and the total energy stored in the 0-20 cm layer) are
sufficient to assess changes in ecological and energetic status of different soil types due to
the various systems of fertilization, controlled impacts on soil processes of mineralization-
humification, reducing the free energy. Using indicators of ecological and energy state of a
particular type of soil it is possible to effectively predict, assessment and regulate soils
quality for their effective using and management.

On the basis of generalization of the obtained data of the soils elemental status of
different natural climatic zones of Ukraine it was established that the effectiveness of
predicting soil quality in terms of their ecological and energy status raises it for further use
diagnostically suitable combinations of parameters energy and humus state of soils and the
algorithm for their selective using, which is offered in methodical approach, ensures the
technical result — increasing accuracy and predictability of the soil quality status; the express
prediction of the soil element status for evaluation of environmental and energy state of soils
of different types, including the impact of technological loads and technogenic pollution.

Analysis of the existing patent documentation indicates that close to the technical
nature of the elaborated method is a known method of forecasting levels of Cu and Zn
mobile forms in soil under anthropogenic load (Pat. na korysnu model 58720 UA, 2011),
which involves calculation of the nitrogen and phosphorus ratio with the definition of the
predicted content of metals mobile forms in the soil by regression equations.

The established disadvantages of this method are: a) decrease the functionality of its
implementation and, accordingly, efficiency while reducing the predictive value of received
data of the TE /HM content in different soil types due to the limited its application only on
irrigated dark-chestnut soil and the impossibility of predicting the content of other elements
in the soil, except for Zn and Cu; b) increased the risk of negative impact on the quality of
organic matter of the soil, primarily podzolic line by increasing the mobility of organic
compounds, their mineralization and degradation, simplification of the soils structure;
¢) increased mobility of metal pollutants in soil and their migration into the adjacent
environment by the systematic application of physiologically acid fertilizers.

Another known method of the soil production functions express predicts on the
determination of the soil energy potential and plant biomass by calorimetry (A.c. 1481681
A1 SU, 1989). The method involves the calculation by the formula the rate of soil fertility
reproduction (y) taking into account the energy potential of the soil covered with plants and
without them, the period of plant vegetation. The value of this index predict enhanced
(y >1), simple (y =1) the restoration of soil fertility or degradation (y <1). The main
disadvantages of this method are: a) determining of accumulation intensity and energy
consumption is needed for different periods of time in soils and growing different types of
plants, which significantly increases the complexity and amount of time for the method
implementation; b) according to the method of prediction expanded reproduction of soil
fertility is possible due to the condition of availability in the soil total biomass of plants that
is almost impossible and requires consideration of its exclusion, which also increases
resource costs of method; c) the method allows the prediction of fertility only for soils, the
increase of the energy potential for the vegetation period will not be less than 1 % of the
initial value, which reduces the possibility of its application.

Closest to the implementation mechanism and achieved results is a method of
predicting the soil TE availability by mathematical models (Pat. na korysnu model 89939
UA, 2014) with determining the carbon content of humic (Cg 4.4s) and fulvic acids (Cr yeigs)
and the ratio of Cg ueigs / CF acigs and the using of statistical and mathematical analysis to
obtain the regression equations and, based thereon, determining the predicted content of
TE / HM in the soil.

The disadvantages of the proposed method are: a) the limited using of the
Cg acids / CF acigs index for determining the predicted content of TE / HM mobile forms, as in
the evaluation of the TE sufficiency of soils and the dangers of HM excessive accumulation
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in soils for technogenic and technological loads (Samokhvalova et al., 2015) due to the
impact on the Cg ueigs / Cr acigs ratio uncontrolled content of TE / HM mobile forms in soils
of different buffer properties (as the result of high natural spatial variability, which
significantly increase in conditions of HM contamination, the application of organic and
mineral fertilizers and different soils acidity, depending on the direction and development
of soil-forming processes in individual differences and the types of soils and their
granulometric composition); b) increase of HM mobility and soil organic matter content
while the simultaneous imbalance of the humic and fulvic acids content, the decrease in the
TE mobility by technogenic pollution of the soil, makes it impossible to correct using of the
Cg acids / Cr acigs ratio for solving the problem forecast of the HM and the TE content in the
soils; ¢) the limited using of humus group composition to predict changes in its quality for
intensive using of soils and, due to possible instability in time of the Cg cigs / Cr acigs ratio
(Orlov et al.,1999, 2002, 2004); d) insufficient of the Cg cias / Cr acigs Tatio measure as a
diagnostic and estimate due to varying intensity of humic acids and fulvic acids of soil
organic matter as in background conditions (Tarariko, Nesmashna, 2000; Tarariko,
Nesmashna, Lychuk, 2007) and the conditions of the technological load (Lopushniak, 2012,
2013, 2014, 2015; Shedey, Shevchenko, 2006; Shedey, 2010; Skrylnyk, 2008, 2010); ¢) the
accuracy decrease in estimating of forecasts TE / HM content in the soil-plant system for
using only Cg acigs / Cr acigs ratio (Samokhvalova, Lopushnjak, Fateev, 2014, 2015, 2016;
Samokhvalova, Skrylnyk, Shedey, 2015, 2016). Thus, all the above mentioned to decrease
in the predictive values of data of the TE / HM content in soils of different genesis and a
simultaneous increase of the complexity and methods implementation resource costs,
requires the elaboration of a method that will overcome the identified deficiencies.

As a result of the investigation of new diagnostic criteria for estimating of the soil
quality we implemented the selection of the most diagnostically related and suitable soils
properties, which proposed for combinational using for solving the problem of forecasting.
Attracted combinations pair parameters of eclemental status, humus (C o, %;
Cq acias / Cr acigs ratio) and energy state (generalizing characteristics of the soil organic
matter energy capacity intensity — specific internal energy of humus or its calorific value;
the total energy reserves in the 0-20 cm layer). On the basis of their using is possible
express accurately predict of the eco-energy state of different genesis soils and their quality,
taking into account the elemental composition.

The algorithm of the elaborated methodological approach includes:

1. Sampling of soils (0—20 cm layer) of different types (sody-podzolic, light gray,
gray, dark gray, etc.) and their chemical analytical analysis according to the standards and
methodical base, framework guides of soils properties in Ukraine with determination of the
soil parameters of elemental, humus and energy state indexes due to the background
conditions, technological load and technogenic HM pollution: a) actual content of
TE / HM; b) the total organic matter content; ¢) humus fractionally-group composition;
d) preparative selection of soil humus substances and determination of the soil specific
energy content and preparations of humic acids — on indicators of humus specific calorific
value of soil samples; e) determining the soil humus total energy reserves in the layer of
0-20 cm, as an indicator of its energy state according to the well-known Eq. 1. The
obtained results and reference data for soil of a certain type properties indicators bring to
Table 1 and used as base for further calculations.

2. The investigations of natural connections of microelements, humus (C 1, %; ratio
of  Cg acigs / Cr acigs) and energy state (soil organic matter energy capacity intensity —
specific internal energy of humus or its calorific value; the total energy reserves in the soil
layer of 0—20 cm) of different genesis soils on statistical data processing within Statistica 10.0
package; used modules of correlation, variance, regression analysis; including calculations
by the equations of linear, step and logarithmic regression.
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Table 1

The parameters of humus, soil density, zinc content and energy intensity changing
for the background soil conditions and the impact of technogenic and technological loads

Energy intensity
of the soil
. . C . Actual The Q, Total CG/
: otaly CGacidss 0 , content  calorific energy acids
Type of soil % % acoﬁs’ G, % glem®  ofZn,  valueof reservesinthe Cr
(V] . .
mg/kg soil soil layer of  acids
humus, 0-20 cm,
Ml/kg 10°MJ/ha
1. In the absence of loads (background conditions)
Sod-podzolic 0,9 0,17 0,2 0,53 1,5 1,69 0,106 0,44 0,85
Gray podzolic 2 027 03 063 1,5 1,92 0,188 0,58 0,90
Dark-gray 3,1 1,1 054 146 13 1,06 0,840 1,40 2,04
Chernozem 244 10 031 1,13 12 2,1 0,820 1,03 32
podzolized
Chernozem 39 125 07 195 L1 015 0900 1,46 1,79
ordinary
Chemozem 48 175 06 245 12 175 1,200 2,02 2,92
typical
Chernozem 22055 042 123 12 1,02 0600 0,809 13
southern
2. Due to the the technogenic load (HM pollution)
Chernozem
ordinary 2,08 038 05 1,2 1,22 54,3 0,790 0,81 0,76
contaminated
Chernozem
podzolized 9 02 04 13 121 685 0,650 0,74 0,5
contaminated
Sod-podzolic 5 o1 05 049 152 835 0,090 037 0.5
contaminated
3. Due to the the technological load (application of different fertilizer systems)
Chernozem
podzolized 2,44 1,0 0,31 1,13 1,2 1,5 0,99 1,02 3,2
(control)
Chermozem
podzolized
(mineral 238 093 029 1,16 1.2 2,0 0,80 1,00 3,21
fertilizer
system)
Chernozem
podzolized
(organic- 246 099 030 117 12 09 0,98 1,04 33
inorgenic
fertilizer
system)
Chernozem
podzolized
(organic 245 094 034 1,17 1,2 3,0 0,93 1,03 2,76
fertilizer
system)

3. Prediction of the TE / HM content in the soil, for example due to background
conditions, by the equations of installed dependencies (mathematical models) after determining
by the correlation analysis of matching pairs appropriate indicators of soil properties, for
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example, predicted concentrations of zinc (Cgz,) in the soils of the podzolic series (sod-podzolic,
light-gray, gray podzolic and dark-gray) are calculated from equations 2—5:

Cz=292+372x-1,59y 2)
Cz =2,63-895z+355y 3)
Cz,=2,10—1,332+0,42] @)
Czm=143-237x+0,81]j 5)
and chernozems series (chernozem typical, ordinary and southern) soils from equations 6-9:
Cz,=023+2,65x-0,33 y (6)
Czm=243+946z-4,12y @)
Cz=-0,07-0,572+0,90] ®)
Cz=2,05-439x+1,19] )

where Cz, — predicted (calculated) zinc content in soil, mg/kg; x — calorific value of
soil humus, MJ/kg; z — Q, the energy reserves in the soil layer of 0-20 cm, 10°KJ/ha (or 10°
MJ/ha); y — total content of humus, %; j — Cg acigs/CF acigs ratio.

With further spread of the algorithm of the method for soils of other specific types
certain climatic zones in the conditions of technogenic pollution and technological loads;
the visualization of the established dependences of soil properties indicators on the
diagrams (Fig. 1, 2, 3) and in the format relevant equations and spreadsheets of the obtained
data (Table 1-2). For example, set the levels of Zn content in soils of different genesis on
the basis of existing linear dependences with indicators of C , and calorific value of
humus in the soil of a particular type (background conditions) on the relevant equations 2
and 6, characterized by the following equations for the soils of podzolic series (sod-
podzolic, light-gray, gray podzolic and dark-gray, equation 2):

Cz=292+372x-159y

C Zn sod-podzolic soils — 2,92 + 3372 * 0,106 - 1’59 * 0,9 = 1:8’ C Zn actual :1:7

C Zn dark-gray soils — 2992 + 3572 * 0:840 - 1,59 * 351 = 1,1, C Zn actual :1,06

and chernozems series soils (chernozems typical, podzolized and southern) by the formula 6:

Cz=0,23+2,65x-0,33 y

C Zn chernozems podzolized — 0923 + 2365 * 0,820 - 0933 *2,44 = 1959 C Zn actual — 195

C Zn chernozems southern — 0723 + 2765 * 056 - 0333 *272 = 1509) C Zn actual = 1,02

C Zn chernozems typical — 0:23 + 2765 * 132 - 0733 *4,8 = 198’ C Zn actual = 1975

where Cy, — predicted (calculated) content of zinc in the soil, mg/kg; x — calorific
value of soil humus, MJ/kg; y — total content of soil humus, %.

Q =0,124+1,457*x+0,054"v

=16
<16
=14
<12
<1
C1=0.28
C1=<05
B < 0.4
Bl =02

e TRV D

Fig. 1. The visualized model of established relationships between energy and Zn content in soil
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Fig. 2. The visualized model of established relationships between Zn content in soil,
energy and soil humus indices
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Fig. 3. The visualized model of established relationships between Zn content in soil,
energy and soil humus indices

Using these formulas on other types of soils, including the influence of technological
load and technogenic pollution, has confirmed the universality of the resulting equations.
The resulting formulas of calculations of the chemical elements forecast values are
universal for different soil types, which are combined in a series on the basis of the
predominance of the soil prosses, such as podzolic or chernozems soil series.

Determination of the TE/HM forecasted content, for example, Zn in the soils was
estimated based on the using only Cg 4cigs / Cr acigs ratio, according to the prescribed us a
formula for soils, for example, podzolic series Cz, = 1,59 + 0,14 Cg scigs / Cr acigs gave the
following values, which when compared with the actual values have a large error:

7N gark-grey soil = 1,59 +0,058 * 2,04 = 1,71; Zn a1 = 1,06
Zn gray podzolic soil — 1959 + 03058 * 039 = 19643 Zn actual — 1392
where Cz, — predicted (calculated) zinc content in the soil, mg/kg.
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According to the laws of mathematics and the rules of regression analysis, which is
automatically obtained regression equations with given the measurements, in particular
mg/kg (with specified initial values MJ/ha, MJ/kg and %) but follow the procedure of
standardization of variables.

In manual mode this requires the introduction of an additional unit of the multiplier
factor of the intensity of energy processes in the soil (F/= Cy, /x), and factor of energy
saturation in the analyzed soil layer (F2= Cz, /z) using their physical units. In addition, free
terms of the equations according to the rules of regression analysis also have the same units
of measurement as the indicator that determines. Regression equations, in particular
equations 1-4, take the format of:

1. Czn:2,92+3,72*X*F1—1,59*Y/IOO

Crn B8 =297 1 +372“’” WFi 1,59 28 L%/ 100

As the result of substltutlon of all the necessary rules on these umts get unit
m; M| m mg _m
Can= k—f + 115] mig kf kf
Where F; is the correction factor (the factor intensity of soil energy processes).
Factor intensity is defined as follows:
_ Cx _mg M]_m
Fi= = k: / lia] i
The numerical F; values are unknown yet and require more in-depth detailed
investigations. Probably that it is some constant values for each type and subtype of soils.
100 — conversion percentage.
Similarly, the action of receiving Cz, units are to be performed in the following
regression equations.
2. Cz=2,63-895+z+F,+3,55:y/100

mg _ mg M mg
Crn gz =263 7 — 8,95 lT_l Fy+3,55 2 % /100

Con= 'f:* MIJ /10 kg*mg 107 ’:: ’:‘f

The mass (m) of 1 ha soil and soil layer of 1 m = pv = psh

m=g/em’ «10* »m*.m=kg * 10*m*/ 1-10°m’ = 10" kg

Where F, is the correction factor (factor of energy saturation in the analyzed soil layer),

m 7

m—? * 10

The numerical F, values are unknown yet and require more in-depth detailed
investigations. Probably that it is some constant values for each type and subtype of soils.

100 — conversion percentage.

The factor of energy saturation is defined as follows:

Fy= 0= I8 07 kg /My =108 1

3. Czu=2,10-1,33 «z+«F,+0,42 «j

Conl "‘3 =2.10 "‘5’ ~1,33 « ?ﬂF2+0,42%

Cz= ’;ﬂf MI/107 kg T 107+ L& 8

ke kg_
Where F'; is the correction factor (factor of energy saturation in the analyzed soil layer),
I8 L0’
M

100 — conversion percentage.
The factor of energy saturation is defined as follows:
CZn

_ & mg 7 _ mg 7
Fr=", =38 107kg/MI=F 10
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4. Czn:1,43—2,37*x *F1 +0’81*j

mg _ mg M1 mg
Cz = 1,43 = 2,37 ks *Fl +0,81 =

_mg M mg ,6 mg_mg
o "W R Re

Where F is the correction factor (the factor intensity of soil energy processes), =&

> MIC

Similarly, the actions of receiving Cyz, units are to be performed in the 5-8 following
regression equations.

Spreading the algorithm method for other soil types, as well conduct further
calculations to obtain relevant equations of dependencies (patterns), which determine the
predicted value of the TE /HM content in soils of different genesis. Thus, on the basis of
established regular linear relations, we have proved the conformity of the level of energy
intensity of soil humus status, levels of TE / HM, and hence the feasibility of their using
due to the background conditions and influence of technological and technogenic loads
(Table 1-3).

During the calculation of the trace element soil status were taken into account the
following diagnostic combination of quantitative indicators of energy soil formation and
functional-environmental diagnosis of the soil genetic status — C (4 and Cg aeigs / Cr acidgs; C total
and calorific value of soil humus; C (o and Q; Cg acigs / Cr acigs and Q; Cg acigs / CF acigs and
the calorific value of soil humus. The obtained results listed in the table (Table 2-3,
fragment). Thus, the design content, such as, Zn in soils podzolic series by using of
matching pairs C o, and calorific value of soil humus varies from 1,0 to 1,8 mg/kg due to
the background conditions for 1,25 mg/kg of soil due to technological loads. The content of
Zn in chernozems soils due to background conditions was 1,75 mg/kg; due to the HM
technogenic pollution — 55,4 mg/kg of soil (Table 2-3).

Using each selectively chosen pair of diagnostic indicators of soils environmental and
energy status confirmed the possibility of obtaining accurate forecast data of elements soils
status (the lack of ME, the excess of HM). At the same time provides the ability to predict
soils energy and humus status by solving the inverse problem of calculating the quantitative
parameters of one indicator on the basised on the correlation related to other known
(Fig. 1, 2, 3). For example, the calorific value of humus and /or energy reserves of the soil
particular type on the basis of the known index of the TE / HM content and /or soil organic
matter energy intensity for effective environmental regulation and management of soil
quality. Diagnostic efficiency of indicating the direction of the humification-mineralization
processes in soil systems by humus and energy status indices confirmed by appropriate
mathematical models (equations) (Fig. 1, 2, 3).

The selective choice of the proposed diagnostic complex combinations of humus and
energy state indicators, only those that are available, can reduce the cost of resources for the
prediction of the elemental status of soil, environmental and energy state and ration of their
quality. This gives the opportunity to control soil quality and productivity due to the impact
on the processes of mineralization-humification, elemental status and reserves of soil
organic matter that determine the quality of their humus status and dynamic equilibrium,
and, accordingly, the soils ability of different genesis to restore energy resources due to the
accumulation, energy distribution and maintaining a certain level of intensity.

The gradation of soil quality carried out by the classification method of grouping data
on the basis of soil energy intensity by qualitatively comparable classes with equal intervals
and a preliminary definition of the amount (N) and taking into account the volume sample
data (V) according to the well known equation:

N=2InV (10)

The value of the interval (A), as a sign of the classification determined by dividing the
magnitude of variation in number of intervals for the well-known formula:

A = (Xmax - Xmin) /N (11)
where Xmax and Xmin — maximum and minimum values of the trait classification.
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In our case N =2 In 8 =4,1; A = 0,913 - 0,106/4 = 0,20. Given the magnitude of
variation of the interval range values allocated to a comparison classes (Table 4). Thus, the
Ist class of quality combines soils with higher energy reserves and are more resistant to
external influences and characterized by higher productivity; 4th class quality combines
soils with minimal energy intensity.

The method allows according to the level of the soils energy state normalized their
quality, as well as to adjust the content of the TE/HM, conducting the control measures of
the soil organic matter reservs due to the different systems of agriculture, the impact of
technological load and technogenic pollution on the soil and to maintain and preserve the
indicators of its energy intensity as criteria for determining its quality. There is a possibility
to controll influence on the processes that leading to decrease of free energy in the soil and
increase entropy and energy that is associated with humus, which improves soil
productivity.

Changes of integral indicators of the soil ecological and energy status allows
assessment of its ecological functions, agricultural technologies, fertilizers systems and
agriculture in agro- and ecosystems, which gives the opportunity to identify promising
areas of soil resources better applying, provides the elimination of negative impacts on
environmental and energy state of the soil using of less energy-intensive activities to restore
soil fertility for displays of degradation processes and reducing the costs of anthropogenic
energy on overcoming them.

Table 4
Ranking of the soils productive function in terms of intensity as criteria
of their ecological and energy state
Estimation of different genesis soils in quality
L . The soil The soil energy Productive function

Climatic zone. Type of soil quality class intensity (fertility)
Polesie. Sod-podzolic 4
Forest-steppe. Light-grey <011 low
Forest-steppe. Grey podzolized
Forest-steppe. Dark-grey 3 0,31 -0,51 average
Steppe. Dark chestnut
Steppe. Chernozem southern 2 0,51 -0,71 high
Steppe. Chernozem Ordinary 1 0,71 very high

Forest-steppe. Chernozem typical

Scientific elaboration is secured by protection document (Pat. of Ukraine for
invention, Ne 113828 UA, 2017).

CONCLUSIONS

1. Distinctive features and advantages of the elaborated method in comparison with
known methods and approaches are as follows:

a) the elevated predictability of elemental, humus, energy status and ecological state
of a certain soil type in general for the assessment of soils environmental and energy state,
levels of their fertility in the application of different fertilizing systems, risk and the
availability of HM pollution, to prevent the degradation of soil organic matter and reducing
risks of HM technogenic pollution influences of HM technogenic pollution risks;

b) the express receipt and improve the accuracy of the predicted critical TE/HM
concentration in the soil and a simultaneous minimization costs of resources;

c) the versatility of the method due to suitability of the established dependencies of
the proposed method for all soil types, climatic zones and contaminants;

d) the ensuring the effective using of diagnostic pairs of soil properties indicators due to
the humus substances interaction and energy expenditure on the humification-mineralization
processes in soils of different types on the basis of the soils elemental status prediction;
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e) the possibility of applying this algorithm for the assessment and rating quality of
different genesis soils use any of soils ecological functions and identifying the optimal
energy costs for their reproduction;

f) the updating further elaborations of new criteria and indicators for assessment and
rationing of the soils quality status with regard to elemental (micro — and macronutrient
status, humus and energy state including technological load and technogenic pollution, to
stimulate further researches on energetics of soil formation and solving of practical tasks of
different genesis soils functions conservation and restoration.

2. The scientific elaboration should be used in environmental regulation of the TE
content and the regulation of lods (technogenic, technological) on the soil system, in
agroecology in issues of organic farming, bioenergy and energy of soil formation;
diagnosis, estimation, prediction of humus quality and the TE status and the danger of
excessive HM accumulation in the soil for indicators of the energy state; for the effective
environmental management of soils as in natural conditions and the impact of various
anthropogenic loads, taking into account ecological functions of soils; in research practice -
for system research of the biosphere natural components, the assessment of carbon
sequestration in soils and the assessment and regulation of their quality.
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SOIL FACTORS OF FLOODPLAIN SOILS
THAT LIMIT GROWTH OF ENERGY CROPS

Abstract. Nowadays it is hard to find a country with a big number of lands, which are non-used
in any sphere of production. Taking into account hard ecological situation on the planet, each year
more and more countries join to zero waste production. The agricultural branch is not an exception.

Searching and creation of renewable energy sources are the main subjects of study for scientists
in many fields of science. Starting from the 70s in Sweden government implemented the production
of renewable energy. That energy based on burning the products of plant origin. At this period on the
planet oil crises was increasing. This fact motivated scientists and businessmen for searching chip and
effective energy sources. One of such sources is the biomass of fast-growing plant species which can
be successfully recycled into biofuel.

Renewable energy production in Ukraine is only on the first phase of development. A major
limiting factor is the issue of determining the eligibility criteria of soils on which one can place the
plantation of energy crops. It is noted that there is a possibility of growing energy crops on
hydromorphic soils of floodplains, which are not used in traditional farming and forestry.

Determining of soil limiting factors that can affect the growth of energy crops was conducted in
the floodplain of river Vilhovatka, Novo-Vodolazhskiy district, Kharkiv region in 2016. Researches
of the development and growth of energy crops (energy willow and giant miscanthus) were held on
the meadow alluvial hard loamy soil and on meadow-marsh alluvial hard loamy soil. These soils by
their genesis belong to azonal ones. High developed accumulative processes, which serve for organic
and both macro and microelements conglomeration, are the specialty of their soil formation. Specific
acid-base regime is inherent for hydromorfic soils. It’s caused by their periodical or constant water
logging. For both soils the parent rock is an oxbow alluvium. The level of ground water occurrence
was installed by drilling in spring, summer and fall.

Energy willow — is one of the willow species that is processed for solid fuel. The usage of
hydromorphic soils for willow planting has good perspectives. These soils can’t be used in agriculture
without drainage. Here lies a clear parallel and duality of energy willow — the nature of its cultivation is
more similar to food crops, but in contrast, willow grows on typical forest soils. In addition it can be
mentioned that willow plantations have been used as a factor of preventing erosion for a long time
already. The plants develop strong root system that allows consolidating river banks, gullies and ravines.
Giant miscanthus — is a perennial grass that in botanical features reminds cane. The benefits of growing
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this crop lie not only in its growing for energy needs. Giant miscanthus has the following characteristics:
tolerance to almost all types of soils; resistance to salinity (which is important in terms of its possible
growth on alluvial-meadow saline soils); ability to grow on heavy soils; the ability to produce large
amounts of biomass, which is relatively easy to collect and process with the existing technology and, of
course, it’s ability for significantly improving of the environmental situation in forest landscapes.

The paper presents the results of studies of the establishment of factors that affect the growth of
energy crops in flooded soils. It was found that the main limiting factors are: the level of occurrence of
groundwater and the concentration of heavy metals. Depending on the type of floodplain soils the level
of groundwater occurrence varies considerably. This factor generally determines the character of the
growth of the studied crops. Once again it was confirmed that the floodplain soils contain high
concentrations of iron, including ferrous (Fe* *) and oxide (Fe*") forms. It is shown that the form of
ferrous iron in high quantities is a limiting factor for normal growth and development of energy plants.

On the meadow alluvial soil of the central floodplain energy crops grew much better (especially
energy willow) than in the meadow-marsh soil of the terrace floodplain. Giant Miscanthus showed
better stability, compared to energy willow, to its growing conditions. Also the article deals with the
issue of energy willow phytoremediation ability, through which it is possible to partially solve the
problem of some soils’ contamination with heavy metals.

Keywords: floodplain, energy crops, energy willow, giant miscanthus, heavy metals,
phytoremediation.
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NMOYBEHHbIE ®AKTOPbI MTOUMEHHbIX NOYB, IMMUTUPYIOLLIME POCT
OHEPTETUYECKUX KYINbTYP

AnnHotamusi. B paboTe nmpuBeneHs! pe3yiIbTaThl HCCICIOBAHMI 110 YCTAaHOBICHHIO (haKTOPOB,
KOTOpbIE BIMAIOT HAa POCT DHEPreTHUECKHX KyIbTyp B IOHMEHHBIX IIOYBaX. YCTAHOBIEHO, YTO
TJIABHBIMH JIMMHUTHPYIOIMMY [TOYBEHHBIMH (DAaKTOpaMH SIBISIFOTCSI YPOBEHb 3alleTaHUsi IPYHTOBBIX
BOJ M COAEpKaHHE TKENBIX MeTalsioB. B 3aBuCHMMOCTM OT THUIla IMOWMEHHBIX IIOYB YpPOBEHb
3ajleraHusl TPYHTOBBIX BOJ CYIIECTBEHHO KOJEOJIETCs, YTO B OOIIEM ONpPENEIHIO XapakTep
MpOU3pacTaHus UCCIeyeMbIX KynbTyp. Emé pas mokas3aHo, 4To B MOYBaX PEUHBIX MOWM COJIEPIKUTCS
BBICOKAsi KOHIIGHTPAIIHS Keliesa, B YacTHOCTH 3akucHoil (Fe’") u oxucroit (Fe’") dopm. [okazaro,
YTO 3aKHCHBIE ()OPMBI JKeTe3a B MOBBIIMICHHBIX KOJINYECTBAX SBISAIOTCS YTHETAIOMNM (haKTOPOM JUIS
HOPMaJIbHOI'O POCTA U PA3BUTHSI SHEPIeTUYECKUX PACTCHUIL.

Ha myroBoii ajunroBHaIbHOM 110YBE LIEHTPAIBHON IOMMBI SHEPIeTUYECKHE KYJITYPbl IPOM3PACcTaly
HaMHOT0 Jiy4Ille (B 0COOCHHOCTH SHepreTuyeckas BepOa), 4eM Ha JyroBO-00JI0THOM MOYBE IPUTEPPACHON
MOMMBL. MHCKAHTYC THIaHTCKHI MpOSBHI 0OO0Jee BBICOKYIO CTOMKOCTh, B CpPaBHCHHH C BepOoii
SHEPreTUYEeCKOH, K yCIOBHSAM BBIpAIIMBaHUsA. Takke B paboTe pPacCMOTpeH BONPOC O
(UTOpEMEIMALIMOHHBIX  CIIOCOOHOCTSX BepObl SHEPreTHYecKoi, Onarofaps KOTOPBIM HOSBIACTCS
BO3MOXXHOCTb YaCTHYHOTO PEIICHHS IPOOIIEMBI 3arpsI3HEHNS TI0YB HEKOTOPBIMU TSHKETIBIMH METAILIAMH.

Knroueevie cnosa: noiima, snepeemuueckue Kyibmypol, 6epba Hepeemuyeckas, MUCKaAHmMyc
2ULAHMCKULL, MANCETbIE MEMALTbL, (Pumopemeouayusl.

VK 631.415.2:631.58 A. C. Xonoana

Hayionanvnuti naykoeuii yenmp «lncmumym 1pyHmMo3Hagcmea ma azpoximii
im. O. H. Cokonoscvrocoy, éya. HYatikoscoka, 4, m. Xapkis, Ykpaina, 61024,
men.: +38066-414-07-02, e-mail: lonakalt@gmail.com

'PYHTOBI YAHHUKN 3AMJNIABHUX I'PYHTIB, SAKI NIMITYIOTb 3POCTAHHA
EHEPFETUYHUX KYNIbTYP

AHoTamisi. Y poOOTI HaBEACHO pE3yJbTaTH AOCTIDKEHb 31 BCTAHOBICHHS (DaKTOpiB, SIKi
BILUTUBAIOTh HA 3POCTAHHS CHEPIeTHYHUX KYJBTYP y 3aIUIABHUX IPYHTAX. Y CTAHOBJICHO, 110 TOJIOBHUMU
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JMMITYIOYUMH TPYHTOBUMHM UYHHHHUKAMH € PIiBEHb 3a/SIFAHHS IIAIPYHTOBHX BOJ Ta BMICT Ba)KKHX
MeTaliB. 3aJeKXHO BiJ THIly 3alUIAaBHUX IPYHTIB DPIiBeHb 3aJAraHHs MiAIPYHTOBHX BOJ CYTTEBO
KOJIMBA€ThCS, L0 B L[JIOMYy BH3HAYMIO XapakTep 3pOCTaHHSA AOCHIIKyBaHMX KyabTyp. lle pa3
MATBEPIDKEHO, IO B IPYHTaX PIUYKOBHX 3aIlIaB MICTHTHCS BEJIHMKA KOHIICHTpAIis 3ajli3a, 30KpeMa
sakucuoi (Fe’") ta oxmchoi (Fe'") dopm. Ilokasano, mo 3akucHi (OpMH 3ai3a B ITiIBHINCHAX
KIIBKOCTSIX € IPUTHIYYI0YUM (HaKTOPOM IS HOPMAJIBHOTO POCTY Ta PO3BUTKY CHEPIeTUYHHX POCIIHH.

Ha ny4HOMy anioBiaIbHOMY IPYHTI LIEHTPAJIbHOI 3aIUIaBU CHEPreTHYHI KYJIBTYpH 3pOCTAIIH
Habarato kpame (ocoOnmBo BepOa eHepreTH4Ha), HiXK Ha JIy4yHO-OOJIOTHOMY IPYHTI NpHTEpacHOl
3amiaBd. MICKaHTyC TiraHTCBKUH BUSIBUB OUIBII BHCOKY CTiHKiCTh, IOpIBHSAHO 3 BepOOIO
CHEPreTUYHOI0, JI0 YMOB BHpOIIyBaHHA. TakoX y poOOTi pO3MISHYTO MNHUTaHHA —ILIOJO
¢iTopemenianifHoOl 31aTHOCTI BepOM EHEPreTHYHOI, 3aBISKH SIKid 3 SIBISIETHCS MOXKIUBICTH
YaCcTKOBOTO BHPILICHHS MPOOIeMH 3a0pyAHEHHS IPYHTIB ISIKUMH Ba)KKUMH METaJIaMH.

Knrouosi cnosa: sannaea, enepeemuuni Kyibmypu, 6epOd eHepeemuuHd, MICKAHMYC
2leanmcuvkutl, adicki memanu, gimopemediayis.

BCTYN

VY po3BHHYTHX KpaiHax CBITY NPOTATOM OCTaHHIX NEeCATHPIY Ha0yBa€ MOTY>KHOTO
PO3BHUTKY €KOJOTIYHHMI HANPSIMOK BEICHHS CLILCHKOTOCIIONAPCHKOr0 BUPOOHMIITBA, KU
notpelye 3alydeHHsI 3HAYHOI KUTBKOCTI 3eMENbHHUX pecypciB. Ha 1ieif yac ckimagHo 3HAWTH
JepXKaBy, [I¢ He3aWHATHMHU B TOCMOJAPCTBI 3aMUIIAIOTHCS BEJHKI IIIOMII IPYHTOBUX YTiMb.
YpaxoByroun CKIaIHY C€KOJOTIUHY CHTYAIliF0 Ha IUIAHETI, 3 KOXKHHM POKOM Bce OLIbIie
KpaiH 3ay4yaroThCsl 10 OE3BIAXOAHOrO BUPOOHMITBA, Y TOMY YHCIi i B CLIBCBKOIOC-
MOJAPCHKIN Tarysi.

ITomyk Ta CTBOpEHHS BiJHOBIIIOBAILHHX JDKEpeNl eHeprii — OCHOBHa 3ajada
HAyKOBILIB y OaraTboX ramy3sx Hayku. [Toumnaroum 3 70-Xx pOKiB MHHYJIOTO CTOpIdYs
(Aronsson, Perttu, 2001) y IlBermii BmpoBaguian BUPOOHUIITBO €HEPrii, ska 0azyeTbcs Ha
CITAJTIOBAaHHI MPOIYKTIB POCIMHHOrO MOXo/keHHs. Llei yac mpumaB Ha cBiTOBY Had)TOBY
KpHU3y, sKa CIIOHyKalla HAYKOBIIB Ta BUPOOHWYHUKIB HA TOMIYK JCHICBUX Ta €(hEeKTUBHIX
eHeproHociiB. OIHUM i3 TaKMX EHEepreTHYHUX DKepen € Oiomaca IMBHIKOPOCIHX BHIB
POCIHH, sIKa BiTHOCHO JIETKO MepepoOIIIEThCS Ha MAIHBO.

Ha neii yac BUpOIIYBaHHS €HEPreTHYHUX KYJIbTYyp HAOyJO LIMPOKOTO PO3BHUTKY B
CIIA, Kurai, Benukobpuranii, [Isemii, Janii, Himeuunni, Ilonpmi, Icmanii Ta iH.
(Annual Statistical Report .., 2011).

B VYkpaiHi BiJHOBIIIOBAIbHE €HEPreTUYHE BUPOOHHMLTBO TLIBKU MOYMHAE HaOWpaTu
obepTiB. Ha Hann morunsit, 3HAYHUM CTPUMYIOUMM (DAaKTOPOM 3aJIMIIAETHCS MUTAHHS II0JI0
BH3HAUCHHS KPUTEpiiB NMPHUIATHOCTI IPYHTIB, Ha SIKMX MOKHAa PO3MIIIyBaTH IUIAHTAIi{
SHEePreTUYHUX KyJbTYp. 3pO3yMijo, 10 B YKpaiHi, SIK y HOTYXHill arpapHiil aepxasi,
3afHATTS HENPOJIOBOJBYMMH  KYJNbTYpaMH BHCOKOPOIIOYHMX IPYHTIB, BKJIIOYAIOUH
YOPHO3EMHI, BUKIMKAE TUCKYCIi Ta cymepeukd. Pa3oM i3 UM iCHye peajbHa MOMIJIHBICTh
BUPOLIYBaTH CHEPreTHYHI KyJNbTYpH Ha IPYHTax, SKi HE BHKOPHCTOBYIOTHCS B
TPaIUIIfHOMY BEAEHHI CITBCHKOTO Ta JIICOBOIO TOCHOJApCTBA, a caMme TiApOMOpQHHUX
IPYHTAax 3ariaB, OeAJICH IIB, OCYIICHUX IPYHTaX Ta iH.

Hanni  mocnmimkeHHs mnepeadadaroTh pO3MNIS] CUCTEMH «IPYHT — pPOCIIHHA» Ha
npuKiIazl 3amaBHuX IpyHTiB JliBoOepexxHoro Jlicocreny (3ammaBa p. BinpxoBaTku) Ta
JIBOX HaWOLIbII MEpPCIEeKTUBHUX EHEPreTUYHUX KYyJbTYp JJIsl BIPOBADKEHHS B
OiloeHepreTMuHy Tany3b YKpaiHM — BepOM E€HEPreTHYHOI Ta MICKaHTYCy TiraHTCBHKOTO.
AKTyanpHICTh pOOOTH MOJSATae B TOMY, IO BHUPOLIYBaHHS HOAIOHMX POCIMH Maike He
pO3IIIsAanoch 3 TOYKHM 30pY IPYHTO3HaBcTBa. Haciigku BHPOIIYBaHHS TakKMX KYJBTYp
BiTHOCHO TPYHTIB Ay’K€ MaJIO JTOCIIiIKCHI.

Mema pobomu — yCTaHOBICHHS JTIMITYIOUNX TPYHTOBHUX YMHHHUKIB, SIKi BIUIMBAIOTH Ha
3pOCTaHHs SHEPTeTHYHUX KYJbTYp y 3aIlIaBax.
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MATEPIANU TA METOOU OOCHIAXEHb

BusHaueHHs1 JIIMITYIOUMX TIPYHTOBMX UWHHUKIB, $IKi BIUIMBAIOTh Ha 3POCTaHHS
EHEepPreTUYHUX KyJIbTYp, NpOBOAWJIM B 3amiaBi p. BimbxoBatku HoBo-Bogonasskoro
paiiony XapkiBcbkoi obmacti B 2016 poti.

HocnmiypkeHHsT 3a PO3BUTKOM 1 3pOCTaHHSIM EHEPreTHYHHX KyJIbTyp (BepOum
SHEepPreTHYHOi Ta MICKaHTYyCy TiraHTChbKOTO) MPOBEAECHO Ha JYYHOMY AJIOBIAJILHOMY
Ba)KKOCYTJIMHKOBOMY I'PYHTI Ta Ha JIy4HO-OOJIOTHOMY aJlfOBiaJIbHOMY Ba)KKOCYTJIHHKOBOMY
1pyHTi. [Topomoro A 000X IPYHTIB € CTapuIHUNA afoBii. PiBeHB 3aisraHHs ImiIpyHTOBHX
BOJI yCTAHOBJIIOBAIIM IIUISIXOM OYPiHHS CBEpIJIOBHH HABECHI, BIIITKY Ta BOCCHH.

I'pynTOBi 3pasku BimiGpano 3rigno 3 JICTY 4287. 3aiizo B IpyHTi 6yJI0 BU3HAYEHO 3a
JICTY 7913:2015, Baxkki metanu — 3a JICTY 4770.1-3,5-9:2007.

PE3YNIbTATU TA IX OBFrOBOPEHHA

YcTaHOBIEHO, IO PIBEHb 3AJTAHHA MIAIPYHTOBUX BOJ Y JYYHOMY aJIFOBIaJbHOMY
Ba)KKOCYTTIMHKOBOMY IPYHTI 3alIe)KHO Bifl IIOPH POKY CTAQHOBMB: Ha IIOYATKy TPaBHS —
0,69 M, y cepenuni munHS — 1,2 M, Ha modaTKy Jmctonazaa — 0,93 M. Sk mokazamm Hamii
JIOCIIIJDKEHHS, BU3HAYEHI PIBHI 3aJAraHHs MIAIPYHTOBHX HE OyJIM CYTTEBOIO HEPEIIOHOIO
JUISl 3pOCTaHHsI BEpOU €HEPreTHYHOI Ta MICKAHTYCy TTaHTChKOTO FOJOBHMM YHHOM Yepes3
Te, 1[0 KOpeHeBa CHCTeMa [IUX €HEPreTUYHUX KYJIbTYp NMEPeBaYKHO 3HAXOJMTHCS Y BEPXHIX
mapax rpyHry. Pociuau BepOu ocsirim B epuuii pik 3pocranns 1,55-1,75 m y Bucoty.

PiBeHp  3amsraHHs ~ MAIPYHTOBUX  BOJ  JIYYHO-OOJIOTHOTO  ajIFOBIaJbHOTO
Ba)KKOCYIJIMHKOBOTO IPYHTY OYB 3HaYHO BHIIMM IIOPIBHSHO 3 IONEPEAHIM TIPYHTOM i
cranoBuB HaBecHi — 0,47 M, Bimitky — 0,75 M i Bocenn — 0,56 M. Ha BigmiHy Big
TIOTIEPETHROTO BapiaHTa 3 JYYHUM IPYHTOM, Ha JIyYHO-OOJOTHOMY €HEPreTH4Hi KyJIbTYpH
3pocTanu 3HauHo ripime. [lepeBaxkna 6imbmicTs pocinuH Bepbu (85 %) He BuKmIa, a Ti, 0
SQIUIIMINACSA, TIOPIBHSIHO 3 POCIMHAMH IEPIIOTro BapiaHTa Maibke He BHpociu. Bepbu Ha
nmy4HO-0050THOMY TpYyHTI BUpociu juie a0 0,45-0,60 m. Pi3HuIg B 3pOcTaHHI MiCKaHTYCY
riraHTCHKOrO Ha 000X IPYHTaX BUSABHIJIACH MCHII 3HAYHOIO, HDK Y BEpOH CHEPreTHYHOI.
Bucora pociuH MicKaHTyCy Ha Jy4HOMY I'pyHTI KojuBanach Bix 1,85 no 2,05 M, Toxi sik Ha
Jy4HO-00JI0THOMY BOoHa Oyna Ha piBHi 1,60—1,75 M. OTxe, NOCIHIIKEHHSIMA BCTaHOBIICHO,
1110 BUCOKHMH PiBEHb 3JISATaHHS MiIPYHTOBHUX BOJ € JIIMITYIOUUM (paKTOpPOM JUIsl 3pOCTAHHS
BepOM EHEepPreTU4HOi, X04a JJIsl MICKaHTYCY TIraHTCHKOTO BiH OYB HE TAKMM 3HAYHUM.

I3 BUCOKMM BMICTOM BOJIOTH ITOB’si3aHa KOHIICHTpAIIis 3ai1i3a B IpyHTi. JoOpe Bimomo,
o0 9YAM Oifbllle BOAM B TPYHTOBOMY CEPEOOBHIII, THM aKTHBHIIIE MPOSBISIOTHC
aHaepoOHI ymoBm. Bwmict pyxommx QopM 3amiza B JIy9HOMY  alfOBIalbHOMY
Ba)KKOCYTJIMHKOBOMY I'PYHTI HaBe€HO B Tab. 1.

Tabauysa 1
Bwmict pyxomux ¢opM 3aj1i3a B JIy4HOMY AJI0BiaJJbHOMY Ba’KKOCYTJIMHKOBOMY IPYHTI
['nubuna sinGopy Fe?", Mr/kr Fe**, Mr/kr Fe 3arambHe, MI/KT
3pasKiB, cM
Bepba enepreruuna
0-20 74 28 102
20-40 90 468 558
40-60 26 853 879
MickaHTyc TiraHTCHKHI
0-20 89 46 135
2040 102 428 530
40-60 30 704 734

OcHoBHa mig3eMHa OioMaca OOpaHHMX EHEPreTUYHHX KYJIbTyp 3HaXOIWTHCS Ha
ribuHi 10 40 cM, TOMy 0COOJIMBY yBary Ciiji IPUIUINTH KOHIIEHTpaLlii eJIEMEHTIB caMe B
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pOMy mapi. BmicT 3akucHoro 3amiza Ha rauouHi 0-20 cM cTaHOBHB 74 MI/KT, 3 TIIMOMHOIO
MOKa3HUK Jielto 3poctae — a0 90 Mr/kr. I'pyHT Ha AUBIHII MICKaHTYCy TiraHTCBKOTO Mae
TPOXH BUIIY KOHIICHTPALIIO0 3aKUCHOTO 3aJli3a, aje B IIOMY JUHAMiKa KOJMBAHHS BMICTY
3aj1i3a aHaJoriuHa.

Ha ny4HO0-60JI0THOMY aIOBiaJIbLHOMY Ba)XKOCYTJIHHKOBOMY IPYHTI POCIMHH BepOH
3pOCTaJIM 3HAYHO Tiplie, HDK Ha JIy9HOMY alltoBiasibHOMY. OJTHUM 3 JIIMITYIOUMX YHHHUKIB
LBOTO, SIK OyJIO BUILE 3a3HAYEHO, € BUCOKHWH pIBEHb IIAIPYHTOBHX BOA. Sk Oyino Hamu
BCTAaHOBJICHO, IHIIMM 0OMEXYBaIbHUM (DAKTOPOM € Mi/IBUILICHUH BMICT 3aKHCHOTO 3aIli3a.

[TokazaHo, 1110 Yepe3 3HaYHO BUIIHMN PiBEHb 3aIATaHHS MiAIPYHTOBUX BOJ aHAepoOHi
NpOLECH B JIyYHO-OOJIOTHOMY afOBialbHOMY Ba)KKOCYIJIMHKOBOMY IDYHTI 3a3Halu Lie
OLITBIIIOrO PO3BUTKY, TOMY TO ¥ BMICT 3aJli3a B HhOMY OYB BHILIHM.

KonneHTparniss 3akUcHOTO 3aii3a B IJIy9dHO-OONOTHOMY TIpyHTI (Tabm. 2) Oyma
MPaKTUYHO BIBIYi OUTBIIONO, HIXK y JIYYHOMY aJioBialibHOMY (AuB. Tabi. 1). 3Bakaroun Ha
Te M0 Ha MUISHKAaX [BOTO IPYHTY pIiCT BepOM eHepreTHyHOoi OyB IOMITHO TipHIuM 3a
MOTIEpPETHIM BapiaHT, MOXHA BBa)XKaTH 3aKHCHE 3aji30 B HAIAMIPHUX KOHICHTPAIIsX
JTMITYI0YUM (aKTOPOM JUIsl Hef.

Tabnuys 2
Bwmict pyxomux ¢opm 3ai1i3a B JIydH0-00JI0THOMY AJII0BIaILHOMY Ba:KKOCYIJIMHKOBOMY IDYHTI
FHH6HHa.Bm60py Fe?!, Mr/kr Fe**, mr/kr Fe 3aranbhe, Mr/kr
3pasKiB, cM
Bepba eneprernuna
0-20 97 1530 1627
20-40 145 386 531
40-60 86 728 814
MickaHTyc TiraHTChKHI
0-20 159 110 269
20-40 132 328 460
40-60 50 304 354

[logo MicKaHTyCy TiraHTCBKOTO, TO IS KyJIbTYpa BHSBWIACH JIOCHUTH CTIHKOIO 0
JJAHOTO XIMIYHOTO eJeMEeHTa — BCl POCIMHH JOCSIJIM ONTHUMAJIBHOTO pO3MIpy 3a
Bererauiiuuii nepiox. Tomy 3amizo U1 MiCKaHTyCy HE € JIMITYIOUMM SKHTTEBHM
(axTopoM, 10 MOXXE O3HaYaTH HOro KyJbTUBYBAaHHS Ha MOJIOHMX IPyHTaX i3 BHCOKHM
PpIBHEM 3aJISITaHHS MAIPYHTOBUX BOJ.

3ayBaxuMo, M0 BepOda CHEPreTHYHAa € POCIHHOI-PEMEIiaHTOM — BOHA 3JaTHa
TIOTJIMHATH JesIKi Ba)KKi METali, a caMe KaaMiid, HiKellb, IWHK Ta MiJb, 3 IPyHTY. BMicT mux
BaXKUX METAaJIB y IPYHTI MiJl BepOOI0 EHEPreTHYHOI0 OYB HIDKYMM (Tadu. 3).

Tabnuys 3

BMmicT BaskKHX MeTaJIiB B JIyYHOMY AJII0BiaJIbHOMY Ba:KKOCYTJIMHKOBOMY I'PYHTI 3a1ljIaBi
p. BintbxoBaTku

I'nbuna Bwmict enemenTa, MIr/kr
pinbopy cd Co Cr Cu Mn Ni Pb Zn
3paskiB, cM
Bepba eneprernuna
0-20 0,29 1,01 1,03 0,67 14,32 0,77 0,59 5,49
2040 0,55 3,35 6,44 1,27 5,14 2,40 1,40 0,94
40-60 0,12 1,64 0,49 1,48 15,43 2,36 0,75 4,39
MickaHTyC riraHTChKuit

0-20 0,31 1,45 2,12 0,75 12,40 0,51 0,33 5,74
2040 0,47 2,04 0,74 0,44 8,22 2,19 1,54 0,90
40-60 0,29 1,85 0,56 0,63 15,21 2,13 0,40 4,25

ISSN 1684-9094. Gruntoznavstvo. 2016. Vol. 17, no. 3—4 47



VY poboti Gemprificekux HaykoBmiB (Mertens et al., 2006) mpencraBieHo maHi mMpo
CEe30HHI KOJIMBaHHS BMICTYy Ba)XKKHX MeTalliB Oe3nocepeHbo B Oiomaci pociuH BepOH, 1o
MATBEPXKYE MPABUIIBHICTh OTPUMAHUX HAMU PE3yJIbTaTiB.

Haiibinpie B iyqHOMY aTIOBiaJIbHOMY IPYHTI € KOOANbTy, XpOMY, MaHTaHy Ta IUHKY.
Po3mopin BayXKuX MeTaniB He Ma€ MpAMO] 3aJIe)KHOCTI Bif rmmouHu. [IpoTe ciix 3a3Ha4nTH,
IO 3arajbHa KOHIEHTpALsi pyXOMUX (POpM BaKKMX METaJIB JIyYHOTO I'DYHTY HMXKYA 3a
KOHIICHTPALII0 IIUX €JIEMEHTIB B JIy4HO-00MOTHOMY (Tabi. 4). Pi3HHUIIO BMICTy BaKKHX
MeTalmiB y IpyHTax 3alulaBd p. BUIbXOBaTKM MOXXHAa TOSCHHUTH, HO-TIepIIe,
¢iTopemenialliiHIMH BIACTUBOCTSIMU BEPOHM €HEPreTHYHOI, MO-Apyre — PI3HUIEIO B TeHe31
CaMUX TPYHTIB.

Tabnuys 4

BMicT BaskkHMX MeTaJIiB B JIy4HO-00JI0THOMY AJII0BiaJIbHOMY BasKKOCYIJIMHKOBOMY IPYHTI
3amjiaBu p. BinbxoBaTku

I'mubuna Bwicr exemenTa, Mr/kr
Bizbopy cd Co Cr Cu Mn Ni Pb Zn
3pasKiB, CM
Bepba enepreruuna
0-20 0,41 0,48 3,93 0,63 20,08 3,28 1,08 11,42
20-40 0,68 1,16 9,52 2,27 17,43 2,82 0,75 9,34
40-60 0,30 1,55 1,94 0,97 8,51 1,15 1,04 6,81
MicKaHTyC TiraHTCHKHI

0-20 0,37 2,39 2,72 0,95 17,31 4,53 1,39 6,79
20-40 0,52 2,27 0,96 0,62 18,21 2,79 1,89 8,59
40-60 0,36 2,12 3,00 0,83 15,63 1,13 2,40 7,15

VY 1y4HO-00JIOTHOMY TPYHTI MICTHTBCS BHCOKA KOHIIEHTpAIlisl XpOMY, MaHTaHy Ta
OuHKY. Yepe3 Te W0 POCIMHH BepOM ESHEPreTHYHOI He JOCSINIM CBOTO ONTHUMAIILHOTO
pO3Mipy, OUTBIIICTE 3 HUX B3arajli 3aruHyJia, BaXKKi MeTaiau He Oyio abcopboBano. ToOTo B
JTAHOMY BHUIIQJIKy BepOa eHepreTUYHa HE CIpaIfoBaia K (iTopeMeIiaHT.

IIpo ¢iTopememiamiiiHi BIACTHBOCTI MIiCKaHTYCy TiraHTCBKOTO Ha JaHOMY CTalli
JIOCITIJPKEHHS] TOBOPHUTH 3apaHo, POTe, HE3BaXKAIOUM Ha ITiABUIIEH] KOHIIEHTpalii 6aratbox
BR)XKHUX MeTaliB (3aii3a, KOOAJIbTy, XpOMY, Maprasilio, HIKEeIll0, CBUHLIO Ta ILHHKY), LS
KyJbTYpa MPOsIBUJIa BUCOKY CTIMKICTB 10 YMOB BUPOLIYBaHHSI.

OO6pani [y pOBeAGHHS JOCIIJDKEHb ANIOBIaNIbHI I'PYHTH 3aIulaBu p. BinbxoBarkn
MOXYTh Yy TMOJaibIIOMYy OYTH BHKOPUCTaHI AJIsl KyJIbTUBYBAaHHS Ha HUX EHEPreTHYHUX
KyJIBTYp 13 ypaxyBaHHSIM OCOOHMCTHX BUMOI pociuH. KpiM TOro, TepuTOpis NpOBeACHHS
JOCTIDKeHp MiAnagae mij mo3BoiieHi y Bumorax CranocTi, ski BU3HAYCHI AUPEKTHBOIO
€sponericbkoro Coro3y (Sustainability requirements of biofuels in the EU, 2010).

BUCHOBKM

YCTaHOBIIEHO, 110 BUCOKHH PiBEHb 3AJISITaHHS MiATPYHTOBHX BOJ JIyYHO-OOJIOTHOTO
AJIOBIANILHOTO BXXKOCYTIIMHKOBOT'O IPYHTY € JIIMITYI0UUM (haKTOPOM JUIsl 3pOCTaHHS BepOu
€HEePreTUYHO1, X09a I MICKaHTYyCY TIraHTCHKOTO BiH OyB HE TAKHM 3HAYHHM.

BusHaueHo, M0 HaJIBUCOKI KOHIICHTPAIIT 3a)1i3a B JIYYHO-O0JIOTHOMY QJTFOBiaIbHOMY
I'PYHTI 3aIU1aBH 3ryOHO TOMISUIM Ha POCIMHHM BepOM €HEpreTUYHOI 1 MPU3BENU A0 Maike
MOBHOT 3arn0esi poCiIuH Ha TUISHIT.

Ha ginsgHKax i3 HOpMaJIEHAM PO3BHTKOM Ta 3POCTAHHSIM BEpOH BMICT KaaMif0, XpOMY,
MijIi, 3a1i3a, MapraHilo, HIKEII0, CBUHIIO Ta IIMHKY OyB HMKYKMM, HDK HA JIy4HO-OOJOTHOMY
IPYHTI, IO CBITYUTH MPO Te, IO BepOa eHepreTuuHa Mae iropemMeiaiiiiti 3110HOCTI.

JoBeneHo, 110 MICKaHTYC TiraHTCBKHH € BHCOKOIPHUCTOCOBYBAHOK KYJBTYPOIO B
YMOBax BHPOIIyBaHHS Ha 3aIUIaBHUX TEPUTOPISX.
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EVALUATION OF WIND EROSION PROTECTIVE EFFICIENCY
NO-TILL TECHNOLOGY IN SOUTHERN UKRAINE STEPPE CONDITIONS

Abstract. The aim of the research was to the efficiency wind erosion control of farming system
«no-till» (NT) for conditions of South Steppe of Ukraine. The research was conducted at heavy load
southern chornozem in the crop rotation «pea — winter (spring) wheat — sorghum — mustard». In field
experiment two options of processing of the soil (traditional and minimum) and NT were studied.
Options aggregate of surface soil (0-5 cm), the weight of crop residues and projective covering the
soil surface were determined. Research field was equipped by meteorological station and field’s wind
erosion dust-meter.

The efficiency wind erosion control by NT was evaluated in three directions: the presence of
dangerous wind erosion period (February—April) a certain amount of plant residues, that protect of
soil surface from extreme winds (1); presence during this period of high values of «random» surface
roughness of the soil, which reduces the strength of the wind in ground layer of air (2) and values of
soil wind erodibility index (3).

Evaluation promises more effective in terms of opening up the soil surface crop residues
reveals that NT fully meets the criterion of preserving (erosion control) technology — projective cover
ground in a dangerous deflationary period is an average of three years of research on the crops of
spring wheat — 37.9 % for sorghum crops — 71.1 % and on crops of mustard — 60.2 %. An important
indicator of the erosion control efficiency of soil tillage is percentage of vertically oriented surface
plant residues. Unbroken soil surface tillage after harvesting will have the maximum amount of such
residues. Analysis of these studies show that when used NT observed maximum value of this
parameter — 35-55 %, more than that in other tillage. So the version with traditional soil tillage this
parameter does not exceed 5 %, and versions with minimal system soil tillage — 30 %.

Estimation of effectiveness of soil protection NT via a «random» surface roughness also shows
a high ability wind erosion control this technology. At the same time, it should be stated that the
presence of high «random» roughness autumn plowing deep plowed fields, despite the fact that the
surface of the soil in the case of poorly protected plant residues.

The main index of soil wind erodibility is the fraction greater than 1 mm, the so-called
«lumpiness». It is known, lumpiness indicator correlate with various other soil wind erodibility
indicators, in particular, the mechanical strength of soil aggregates, containing wind erosion fraction
by (<0.25 mm) and wind erodibility indicators there were obtained in portable wind tunnel. Intensive
plowing of the soil leads to formation of a surface of the soil with high resistance by the strong winds
in the fall (lumpiness — 70-90 %). It is connected with specific mechanisms of formation of soil
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structure. Plowing of solonetzic chernozems, especially after dry summer and an early autumn, leads
to formation of soil structure units of the larger sizes. But during the winter of lumpiness by all
options of researches gradually decreases, what is explained, first of all, by action on soil units of the
procedures «melting» — «freezing» that, in turn, is function from the number of transitions of
temperature of the soil through 0 °C. There is a destruction of soil aggregates and dispersion of the
soil, in the conditions of an unstable temperature schedule in the winter, that is a consequence of
warming of climate when in the afternoon of air temperature and the soil positive, and at night the soil
freezes. At the same time, when the surface of the soil during the winter and at the beginning of
spring is unploughed the soil condition, as it is observed on options with NT, the number of
procedures of transition through 0 °C soil temperatures sharply decreases, so a destruction of
aggregates goes not so intensively on the soil surfaces. But, according to our research, in the spring,
lumpiness in variants of the NT is not diminished, was 50—-70 %, the lower limit soil wind erodibility
for chernozem.

This phenomenon is bound to higher humidity of the soil which promotes coagulation of soil
particles and existence of a large number of plant residues as source of the biological substances with
capacity for bonding. These factors strengthen process of formation of aggregates, large by the size,
what leads to increase soil lumpiness.

Direct observations of NT wind erosion control efficiency during dust storms on 26" and 27"
of January, 2014 showed that soil loss in NT was 3.5 times less them on a variant of traditional tillage
and 2.9 times less them on a variant of minimum tillage.

Key words: wind erosion, no-till, chornozem, plant residues, random roughness, soil lumpiness.
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OLIEHKA NPOTUBOAE®JIALMOHHON SPPEKTUBHOCTHU
TEXHOIIOIM'U NO-TILL B YCNOBUAX IOXKHOWU CTEMNWU YKPAUHDI

AnnoTtanms. llenpio uccnenoBanuii Oblla OICHKA COCTABISIFONIMX MPOTHBOACHISIUOHHON
a¢pdexruBroctr NT mis ycnosuii FOxHoM crenu YKpauHbl U NPOBEICHNE NMPSAMbIX HaOI0AeHUI 3a
MPOLIECCOM BETPOBOIT 3po3un Ha arpodonax, rae BHexpena texnonorusi NT. HccrnemoBanus
MIPOBOJVIINCH HA YEPHO3EMaxX IOXKHBIX TSDKEIOCYTJIIMHHUCTBIX B KOPOTKOPOTAI[IOHHOM CEBOOOOpOTE:
«rOpoX — o3uMast (SIpoBasi) MIICHHUIA — COPTO — TOPUUIIa», Te U3yYaluCh TPH CUCTEMBI 0OPaOOTKH:
TpaauIUOHHAs (KOHTPOJb), MuHEMainbHast 1 NT. Onpenensiicst arperaTHslil COCTaB IIOBEPXHOCTHOTO
ciost mouBHl (0—5 cM), BeC MOXKHUBHBIX OCTaTKOB M IIPOEKTHBHOE IOKPHITHE MOBEPXHOCTH IIOYBHI.
ONBITHBIA y4acTOK OOOpYZOBaH METEOPOIOTHYECKOW CTaHLMEHd M IOJEBBIMH JPO3HOMETPAMHU-
HBUICYJIOBUTEISIMU. B pesynbraTe MccieoBaHuil ObUIO BBISBIEHO, 4To TexHojorus NT mosHocThio
COOTBETCTBYET KPHUTEPUIO KOHCEPBHUPYIOIIEH (MPOTUBO’PO3HOHHON) TEXHOJIOTMU — MPOEKTHBHOE
HOKPBITHE MOYBBI PACTHTENIBHBIMU OCTATKAMHU B JI(UIALIMOHHO-ONACHBIH TIepHoJ (IHBapb—amperb), B
3aBUCHMOCTH OT TIPEUIECTBEHHUKOB, Konebnercs B mpexmenax 40-70 %. Ha Bapmantax ¢ NT
HaOmomaeTcss MaKCHMalbHOE 3HAUCHHE [0 BEPTHKAIPHO OPHEHTHPOBAHHBIX PACTUTENBHBIX
octatkoB — 35-55 %, 4ro HamHOro OOJIbIIEC, YeM INPH BCHAIIKE M JUCKOBaHWH. Bricokas
royBo3anmTHas 3()(EKTUBHOCTh IOATBEPXKIACTCI U IIPH ydeTe «CIydaifHOH» IIepOXOBATOCTH
MOBEPXHOCTH TIIOYBBI, KOTOpas MMEET OIPENSNCHHBIH NPOTHBOAC(ISIUOHHBIN d(pQeKT, UYTo
HPOSIBIISICTCS. B YMEHBLUICHUH IIPHU3EMHOM CKOPOCTH BETpa U CIIOCOOHOCTH HOBEPXHOCTH ITOYBHI
AKKyMYJIUPOBATh MOYBEHHbIE YACTHIBI B Mpolecce calpTauuu U Kpuna. OOpaboTKa MouBkl Ha 35105
OCOJIOHIL[OBAHHBIX IOJKHBIX YEPHO3EMOB INPUBOAMUT K BBIBOPAYMBAHUIO HA MOBEPXHOCTh KPYMHBIX
TJIBI0 ¥ POCTY TOKa3aTeNs KOMKOBATOCTH (ColepKaHUe arperaToB Oombine 1 MM B AHAMETPE) OCEHBIO
(mo 70-90 %). B TeueHne 3UMBI KOMKOBAaTOCTh Ha 3THX BapHaHTax cHIkaercs no 50-70 %, uto
CBSI3aHO C JAEiCTBHEM Ha arperatsl MPOIEAypHl 3aMEp3aHHS-TAsHHSA, KOTOpas, B CBOIO OYEpesb,
3aBUCHT OT KOJIMYECTBA MEPEX0I0B TeMmneparypsl moussl depe3 0 °C. B To ke BpeMst Ha BapHaHTax ¢
NT, xoraa NOBEepXHOCTh TIOYBBI HAXOAUTCS B HEOOPaOOTAHHOM COCTOSIHUM C OOJIBIINM KOJIHMYECTBOM
PacTHTEIBHBIX OCTATKOB, KOJMYECTBO Ipouexyp nepexona yepe3 0 °C cymieCTBEHHO YMEHBIIACTCS.
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A 3Ha4uT, B KOHLIC 3MMbI M Hayaje BECHbI MPOTHACOIALMOHHAS CTOMKOCTD YePHO3EMa F0XKHOTO HPH
npuMeHeHnn NT mpakTudeckd OJMHAKOBA C BapHaHTaMHM, TA€ MPOBOJIMIACH OCEHHsA oOpaboTka
nouBsl. [IpsiMbie HaOmoAeHUs 3a TpoTHBOACIIALIMOHHOM dhdekTuBHOCTRI0O NT B TeueHne MbLIbHON
Oypu 26 u 27 saBaps 2014 r. mokasanu, uro notepu mousbl o NT Obutn B 3,5 paza MeHbIe 1O
CPaBHEHHIO C TPAJULIOHHON 00pabOTKOH MOYBHI U B 2,9 pa3a MEHbLIE 110 CPABHEHUIO ¢ MUHUMAJIBHOH.

Knroueevie cnosa: oegpnayus, no-till, yepnoszem, pacmumenvhvie OCMAMKU, «CAVHAUHAAY)
Ulepoxo6amocms, KOMKOBAMOCMb.
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OLIHKA NPOTUAE®NALINHOI EGEKTUBHOCTI TEX_ITIOHOFI'I' NO-TILL
B YMOBAX MNIBOEHHOIO CTEMY YKPAIHU

AHoTanis. MeToo mociipkeHp Oyna OIHKa CKJIAJ0BUX MPOTHUBOACQIAMIAHOI edeKTHBHOCTI
texnosorii Ho-Tiu1 (NT) B ymoBax IliBnenHoro cremmy YkpaiHu Ta IPOBEACHHS MPSIMUX CIIOCTEPEKEHb
3a MpolecoM BiTpoBOi eposii Ha arpodonax, ae BHpoBaukeHO TexHojorito NT. JlocmimkeHHs
HPOBOJIWIIKCS. HA YOPHO3EMaxX MiBJCHHUX BaKKOCYIJIMHUCTUX y KOPOTKOPOTAMLiiHIN CiBO3MIHI: «TOpOX —
o3uMa (sipoBa) IIICHUIS — COPro — TipYMIs», A€ BUBYAIUCS TPH CUCTEMH OOpOOKHM: TpaauiiiHa
(xonTposs), miniMaibHa i NT. ¥V mporeci JociizkeHb BU3HAYaBCsI arperaTHHil CKiaj MOBEPXHEBOIO
mapy rpyHty (05 cM), BU3Ha4agacs Bara NMOJKHHUBHHX 3JIHIIKIB T TPOSKTHBHE NOKPHTTS MOBEPXHI
rpyHTy. docnigHa ainsHka Oyna 001agHaHa METCOPOIIOTIYHOIO CTAHINIEIO 1 TOJLOBIMH €pO3ioMeTpaMu-
MHJIOBJIOBJTIOBAYaMH.

VY pesynbTati IoCHiKeHb OyJIo BUSBICHO, MO TeXHOoNOriss N'T MOBHICTIO BiIIOBIiTa€ KPUTEPIO
KOHCEpBYIOUO1 (IIPOTHEPO31HHOT) TEXHOJOTIT — MPOEKTHE MOKPUTTS IPYHTY POCIMHHUMU 3aJIMIIKaMHU B
nedisiiitHo-HeOe3neynuil mepio]] (CiueHb—KBITCHB), Y 3aJICKHOCTI BiJl MOMEPEAHHUKIB, KOJHBAETHCS B
Mmexax 40-70 %. Ha Bapianrax 3 NT cnocrepiracTbcsi MaKCUMaJIbHE 3HAQUECHHSI YaCTKH BEPTHUKAIBHO
30pIEHTOBAHMX POCIMHHUX 3AIHLIKIB — 35-55 %, 1m0 HabaraTo Oijblie, HDK MPH OPaHL i AUCKYBAHHI.
Bucoka rpyHTo3axucHa €(EKTHBHICTh MiATBEPIXKYEThCS il MpH OOJIKY «BHIAIKOBOD» LIOPCTKOCTI
MOBEpXHI TPYHTY, sIKa Ma€ MEBHUH MPOTHBOACHIALIMHMNA e(eKT, IO MPOSBIAETHCS B 3MCHIICHHI
MPU3EMHOI IIBUAKOCTI BITPY 1 3AATHOCTI MOBEPXHI IPYHTY aKyMyJIFOBaTH IPYHTOBI YaCTHHKH B TPOILIECi
canpraii i kpumy. OOpoOka rpyHTY Ha 350 OCOJOHIIFOBAaHWX MIBICHHUX YOPHO3EMIB MPU3BOAUTH JI0
BUBEPTAHHS HA MOBEPXHIO BEIMKHX OPIII 1 3pOCTaHHS IOKa3HMKA TIPYIKYyBaTOCTi (BMICT arperariB
6ineme 1 MM y miamerpi) BoceHHu (mo 70-90 %). IIpoTsrom 3umu IpyAKyBaTicTh Ha IIMX BapiaHTax
3HIKYETBCS 10 50-70 %, 110 MOB’sI3aHO 3 JIIEI0 HA arperatd MpoLeaypH 3aMep3aHHS-TAaHCHHS, SKa, Y
CBOIO 4epry, 3aJIeXKUTh BiJ KUIBKOCTI HepexoAiB TemiepaTypu rpyHTy udepe3 0 °C. ¥V Toii ke 4yac Ha
BapianTax 3 NT, KoM NMOBEpXHS IPYHTY 3HaXOIUThCS B HEOOPOOJICHOMY CTaHi 3 BEJIMKOIO KUIBKICTIO
POCIIMHHHX 3aJIMIIKIB, KUTBKICTh mpoueayp nepexomy depe3 0 °C iCTOTHO 3MEHIIYEThCS. A 3HAYUTD, Y
KiHIIl 3MMH 1 Ha TI0YaTKy BECHU MPOTHAC(IIALIHHA CTIHKICTE YOPHO3EMY ITiBICHHOTO MPH 3aCTOCYBaHHI
NT mnpakTH4HO OJHAKOBa 3 BapiaHTaMH, A€ NPOBOAMIACS OCiHHA 00poOka rpyHTy. [Ipsmi
CrIocTepeKeHH 3a npotuaeduiiinoio epexrusHicTio NT nporsrom munosoi Oypi 26 1 27 ciunst 2014 p.
nokaszany, mo Brpatd TIpyHTy mo NT OyB y 3,5 pasy MeHIINMH B TOpIBHSHHI 3 TpajuLiifHIM
00p0o06ITKOM IpYHTY i 2,9 pa3y MEHIIMMHU B MMOPiBHSIHHI 3 MiHIMAJIBHUM.

Knouosi cnosa: oegrsyis, no-till, wopnozem, pociunni pewimxu, «8UNA0K08a» ULOPCHIKICIb,
2pyoKysamicme.

BCTYN

Juis [MiBgas Ykpaiau aedisiilis TpyHTIB € BOXJIMBHM YHMHHUKOM JETPajaiii 3eMeb.
30UTKH, SKi 3aMOJIFOI0THECS HAPOAHOMY TOCIIOIapPCTBY BITPOBOKO €pO3i€I0 IPYHTIB, IykKe
piHOMaHITHI. VY Tmepmry 4Yepry 3MEHIIYETbCS POMIOYICTh TPYHTY, IO IIOB’S3aHO 3i
3MEHILICHHSM TIOTYXKHOCTI TYMyCOBOI'O TOPU30HTY Ta BTPATOIO MOXKMBHHUX PEYOBHH, a I10-
Ipyre, THHYTb Yy  pe3yibTaTi BUAYBaHHS 1 3acCHUNaHHA TIPYHTOM  IIOCIBU
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CLTBCHKOTOCIIONAPCHKUX KYyJbTyp. HaBiTh SKIIO IHTEHCHBHICTH BITPOBOI €po3il IPYHTIB
HEBEJIMKA, CIIOCTEPIracThCsl 3MEHIICHHS BPOXKAIHOCTI CLIBCHKOTOCTIONAPCHKUX KYJIBTYP Y
pe3ynbpTaTi 3acikaHHS IIOCIBIB YacTHHKaMH IpYyHTy. [Ipm cuiapHMX nTHIOBHX Oypsx
YCKIIATHIOEThCS  po0OTa TPOMHUCIOBUX MIJNPHEMCTB 1 TPAHCHOPTY, 3aCUMAIOTHCS
3pOIIyBaabHI KaHATW. 30UTBIICHHS 3alMJICHOCTI TOBITPS HETATHBHO MO3HAYAETHCS 1 Ha
3/10pOB’1 JTIO/IEH.

[TokazoBuMH B IIbOMY IIIaHI € pe3yJabTaTH HaWOUIbII KaTacTpodiuHOI MuitoBoi Oypi,
mo cranacs 3a ocranHi 30 pokiB B Ykpaini B 2007 pomui. 3a nBa aHi, 23 ta 24 OepesHs, y
LEHTpaIbHIll YacTHHI XepcoHChKOi Ta 3amopi3bKoi o0jiacTeld BTpaTH IPYHTY CTaHOBHIIM
150-400 1/ra. 3a Hammmu oniakamu (Chornyy et al., 2008), 3 moBepxHi arpormangmadTie
Oyma BUAyTa Taka KiIBKICTh TPYHTY, sfika OLTbIIA 3a IIBHUAKICTh IPYHTOYTBOpeHHA B 10—
4000 paziB. 3aranpHa IUTOIIA, SKAa MOCTpaXkKAana BiJl MIJIOBOI Oypi, cTaHOBMIA OIM3BEKO
125 THc. kM, mo mopiBrioe mpubmm3Ho 20 % rromy Ykpainu, a6o 50 % riomr Bciei
crenoBoi 30uu (Chornyy et al., 2008). Hacnigku 1poro siBuia Oysiu KaTacTpoiYHUMH HE
TIIBKH Yepe3 TOTaIbHE 3HIDKEHHS POIIOYOCTI IPYHTIB. EKCTpaopauHapHUN THIOBHA CIiJ
crniocrepiraBcss 'y Cximniit €Bponi B Tpomnocgepi. MakcumaibHi KOHIEHTpalii TBEpIuX
KOMIIOHCHTIB B atMocdepi croctepiranucs B CnoBauunni, Uechkiit PecnyOmini, Ha miBaHi
[Monpwi Ta y Cxinniit Himewunni (Birmili et al., 2008).

Haii6inpi eheKTHBHUMHU I'PYHTO3aXMCHUMH 33aX0/IaMH B PETiOHI € JIiCOMEeTiOpaTHBHI
Ta arporexHiuHi. 3o0Kkpema, Oararo yBard NPHIUIIETHCS TaK 3BAHUM KOHCEPBYIOUUM
TEXHOJIOTiIM O0OpOOITKY TIPYyHTY, SIKi 32 paxyHOK pOCIMHHHMX 3aJIMIIKIB 3aXHIIAIOTh
MOBEpXHI IpyHTy mmoHaiimMeHm Ha 30 % (Walters, Jasa, 2000), ocobmmBo B HaiOimbII
eI HO-HeOe3MeUHHI Tepio POKY — 3 MOYATKY CIYHS O KIiHII KBITHS.

B ocraHHi poku B perioHi cTaB IOUIMPIOBATHCS HAWOLIBII IPYHTO3aXMCHHHA BHI
KoHcepByrouoi TexHouorist — no-till (NT), sika nepenbauae ciBOy B HeoOpoOIIeHHH TPYHT,
KOJIM 3 TIOBEPXHI IPYHTY MICNIA XHUB HE MPUOHUPAIOTH CTEPHIO Ta MOKUBHI 3aJTUIIKH, a
O6opore0y 3  Oyp’siHaMM  [POBOAATH  UIISIXOM  TPAaBHJIBHOTO  YepryBaHHS
CUIBCHKOTOCTIONIAPCHKUX KYJIBTYp Y CIBO3MIHAX Ta KBali(hiKOBaHMM 3aCTOCYBaHHIM
XIMIYHUX 3aco0iB 3axucty pociuH. Ilpuumn iHTepecy mo NT nekinibka — 3MEHIICHHS
KaliTaloBKJIaJIeHb 32 PaXyHOK CKOPOYCHHS KIJIBKOCTI omepaliii oOpoOiTKy IpyHTy Ta
€KOHOMIisl BHUTpaT Ha 3alacHi YacTHHH JI0 CUIbCHKOTOCHOAAPCHKOI TEXHIKM, MaMBHO-
MacTWJIBHI MaTepiajd, OIulaTy Tpami, 30epeXeHHs IPYHTOBOI BOJIOTH, IO OCOOJIMBO
aKTyaJbHO B MOCYLUIMBHX paiioHax CTemy, 3MEHIICHHS HenpoxyKTHBHUX BHTpaT CO; 3
rpyuTy Tommo (Kosolap, Krotinov, 2011). Ane myxe BaXJIMBHM IS OI[IHKH €(DEKTHBHOCTI
TeXHOJIOTii € TpyHTo3axucHHK acrmekT NT, ocobmmBo B paifoHaX, Je IHTEHCHBHO
MIPOSIBIISIIOTHCA BITPO-€PO3iKHI IMPOLIECH.

[pyHTO3aXWMCHA CIIPOMOXHICTh B yMOBaX IIOCTiHHOTO MPOSBJICHHS BIiTPOBOi €pos3ii
Oyap-sK0i TexHOIOTii 00pOOITKY IPYHTY OIIIHIOIOTHCA, SK MPaBWIIO, 3 TPHOX mo3uiiil. Lle,
HO-TIepIIe, MPOSBISETHCS B KUIBKOCTI POCIMHHUX PEIITOK, SKi 3aJIMINAI0THCS Ha TOBEPXHI
IpyHTY B JeQusuiiHO-HeOe3NeuHnid Tepiod, Mo-Apyre, y HasBHOCTI TaK 3BaHOI
«sumnaakoBoi» (National Agronomy..., 2002) mopcTKOCTI NOBEPXHI IPYHTY B Il mepiof,
sIKa Ma€ TEBHHH IPYHTO3aXMCHHH e€(EeKT, M0 MpPOSIBISIETHCS B JIOKAIBHIM CIIPOMOXKHOCTI
MOBEPXHI IPYHTY aKyMyJIOBaTH HAHOCH B IIpOIeci calbTalii Ta IOB3aHHS (KpHILY)
IPYHTOBHX YacTOK YIPOJOBX MWIOBOI Oypi. I, Hapemri, TPeTbOK CKIAIOBOIO OLIHKH
TPYHTO3aXHCHOI €)EKTHBHOCTI 0OPOOITKY IPYHTY € 3IaTHICTh BJIAaCHE IPYHTY MPOTHCTOSTH
eKCTpEMallbHUM BiTpaM, TOOTO BIUIMB OOpOOITKY Ha mMapaMeTpu NpoTuAedIAIiifHOT
CTIMKOCTI IPYHTY.

[MutanHs 3HauHOrO TIpyHTO3axmcHOro edekty NT, 3 Toukm 30py HasBHOCTI Ha
MOBEPXHI IPYHTY POCIMHHHX DEIITOK, JOOpEe BHUCBITICHO B YHCENbHUX BITUYM3HSHUX Ta
3akopaonnux mybomikaiisx (Kosolap, Krotinov, 2011; Dickey et al., 1986; Rhoton, 2000;
Thorne et al., 2003; Chornyy et al., 2011 Tomo). [IpoeKkTHBHE TOKPUTTS MOBEPXHI IPYHTY
POCIIMHHMMH PEIITKaMH, SK HaJBXIUBUI KUIbKICHMH IOKa3HUK IPYHTO3aXHUCHOTO €(eKTy
TEXHOJIOTi, 3TiIHO 3 UMM ITyOJiKalisaMy, y AedisaiiHoHe0e3NeYHIH epiog MOXKe JocsSTaTH
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Maike CTOBIJCOTKOBOTO 3HAuUeHHS. bBimbmn Toro, y 0araThox ITyOMNIKaIisIX IeKIapyeThes
npuTtaMaHHui Jmme cuctemi N'T ocoOIuBHMiA MiIXid MO0 OTPUMAHHS POCIMHHUX PEIITOK, 1X
noApiOHEeHHs, BU3HAYCHHS IMOTY)KHOCTI Ta yMOB pO3TAalllyBaHHS Ha TIIOBEPXHI TPYHTY
(BepTHKaIbHO 200 TOPHM3OHTAJBHO, 30PIEHTOBAHO BIIHOCHO TaHIBHUX BITPiB a00 IIJIKOM
BUINAJIKOBO) TOWO. Takuii mMiAXix Mae Ha3By VYIPABIIHHS pOCIMHHAMH pelITKaMH (B
aHIJIOMOBHIH JiTeparypi — crop residue managment) (Kosolap, Krotinov, 2011).

BB «BUMaakoBoi» MIOPCTKOCTI MOBEPXHI, SIKA CTBOPIOETHCS MPU 3aCTOCYBaHHI
00pobiTok rpyHTy Ta NT, Ha mporec BiTpoBOi epo3ii OyB JOCKOHAIBHO BHUBYCHUI
aMEpPUKAaHCHKIMHU BYEHMMH 1 y3araJlbHeHHWH y mporenypax Bepudikamii mMaTreMaTndHol
Mozem BitpoBoi eposii WEQ (RWEQ) (National Agronomy..., 2002). K-dakrtop miei
MOJZIeNi BPaxoBYE OpPIEHTOBAaHY Ta «BHIAIKOBY» IIOPCTKICTh MOBEPXHI Ta il BIUIMB Ha
BEJIMYUHY BITPOBOI epo3ii.

VY ToMi ke "yac y JiTepaTypHHUX IpKepemax ayke Maio Bu3HadeHb BBy NT Ha Takuit
BakJIMBUH (akTop aedsiniiHoOro mporecy, sik CTIHKICTh IPYHTY /10 BiTpoBoi epo3ii. Jleski
CHemiajgbHI TPYHTOBI JOCTIDKEHHS Ta y3aradbHeHHS monao BBy NT Ha TpyHTOBI
BiactuBocTi Oymu mnposeneni jume B CHIA, ABcrpanii ta [liBpeHnii Amepwui, siki
MOKa3aly Ha CYTTEBI 3MiHH Y BJIACTHBOCTSIX IPYHTIB, OCOOJIMBO 32 0araTtopiyHol NpaKkTHKU
NT. Koncraryerbesi, Hanpukiaa, Ajds IPyHTIB mraTy Miccicilli 4acTKoBe 301IbLICHHS
BMICTy CTaOUIBHMX TOBITPSHO-CYXHMX arperaris, $iKi, Ha JyMKYy aBTOpa, BH3HAuYaroTh
nporuaedILiiHy CTifKicTh mpu 3acTocyBanHI NT Ha IpOTS31 YOTUPHOX POKiB, OCOOIMBO
mig 3epHoBuMH Kyibrypamu (Rhoton, 2000). Brumme NT Ta iHIIMX TIPYHTO3aXMCHHUX
TEXHOJIOTiHf 0OpOOITKY IPYHTY Ha MPOTHASIIAMIHHI BIACTHBOCTI IPYHTIB OYyJIO BHBUCHO B
Aprentuni (Hevia et al., 2007) i koHCTaTOBAaHO TPO CYTTEBY 3MiHY BiTPOCTIHKOCTI IPYHTY B
pe3ynbpTaTi 6araTopivHOTO BIUIUBY i€l TEXHOJOTII.

Crig 3ayBaXWTH, IO OKPIM YacTKOBHX KPHTEpiiB IPYHTO3aXMCHOI e(eKTHBHOCTI,
BUKJIA/ICHNX BHIIE, HAWOLITBIIT TOYHOO OILIHKOIO € MPSIMi CIIOCTEPEKEHHS 3a TPOIIECOM BITPOBOI
€po3ii BIPOIOBK KOHKPETHOT MIJIOBOT Oypi. AJie TaKUX JaHHUX OIMyOJIIKOBAHO IIie He OYI10.

OT)Ke, METOI HAIUX JOCHIDKEHb € BH3HAYCHHS SK OKPEMHX CKJIaJOBUX
nporupedusiniiinol epextuBHocTi NT mns ymoB IliBneHHoro cremy VYkpainu, Tak i
NIPOBEJCHHS NPSMHUX CHOCTEPEXEHb 3a IPOIECOM BITPOBOi eposii Ha arpodoHax, jae
BIIPOBAKEHO TexHooriio NT.

METOOAUKA OOCNIOXEHDb

JocniypkeHHsT MO0  OLIHKKM  NpOTUAEUIALIMHMX  BIACTUBOCTEH  CHCTEMH
semsiepobctBa NT  mpoBojwimcs Ha  YOpHO3EMax  IIBAGHHHX  3aIHIIKOBO
CJTaOKOCOJIOHITIOBATUX CJIa0KOIe(IIbOBAaHUX BaXKKOCYTTIMHKOBHX ACKaHIHCBHKOI epKaBHOI
CUTBCHKOTOCTIONNAPCHKOI ocmiaHoi cTaHMmii [HcTHTYTY 3pomryBanoro 3eminepooctsa HAAH
Vkpaian (c. TaBpmuanka KaxoBcekoro paiiony XepcoHChKOi o00macTi) y pamkax
CTali0HAPHOTO TOJIHOBOTO JOCIHTIY.

3a IPYHTOBO-IIPHPOTHUM PAWOHYBAaHHSIM YKpaiHH paliOH NOCITIKEHb BiTHOCHTHCS
o IliBgennoro cremy YkpaiHu i €, 3 0gHOTO OOKY, OZHHM 3 HAHOLIBII IOCYIUTUBHX
paiioHIB Jiep)kaBU — piuHa KUIBKICTh omajiB o MmereoctaHiii AckaHis-HoBa csrae muime
380 MM, a 3 IHIIOrO, HAMOLIBII TEII03a0E3MEYCHUM — CEpPEAHBOPIYHA TeMIeparypa
NoBiTps KopiBHIOE +9,2 °C, a cyma temmnepatyp mositps Buine +10 °C cranoButs 3380 °C.
VY cepenHbOMY 3a pIK CIIOCTEpiraeTbcsi MmoHaja 12 aHiB 3 mwioBuMH Oypsimu. Piuna
TPUBAIICTh CEPEIHIX 1 CHJIBHUX MWIOBUX Oyp CTaHOBUTH 3—5 romuH i moHan 20 roawH
BiNOBiTHO. MakcHMallbHa IIBUAKICTD BITPY il 9ac MIJIOBHX Oyp OJUH pa3 3a IT’STh POKIB
nmocsarae 19-24 m/c npu KpuTHIHUX 3HaYeHHAX ¥ 10—12 m/c.

JlocmiKeHHsT POBOAMIIACS B KOPOTKOPOTAMIKHII CIBO3MIHI: TOpOX — 03uMa (SIpoBa)
MIICHUII — COPro — TIpYUI 1 BUBYAIHMCA TPU CHCTEMH OOpPOOITKY: TpamuIliiHUI
(xoHTpOIB), MiHIMaBHMA Ta NT.

IIpu 3acrocyBanni TexHojyorii NT He mependadanocs MeEXaHIYHOTO MOPYIICHHS
CTPYKTYpPH TIPYHTY, KpiM ciBOM, KoTpa mpoBomwiacs ciBankoro Great Plains CPH
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2000+XT3-17021, 3 mixkpsaogsmMu 19 cM Ha mociBax 03WMOi MIIIEHUII Ta TOPOXY, 38 cM —
TpY BUpOITYBaHHI copro. ['ipuuis BuciBamacs ciBankoro npsmoi ciBou 3 «Kien 6»+MT3-82
3 MbkpsaagaMm 12,5 cm. V BapiaHTi 3 MiHIMaJbHOIO OOpOOKOIO TIPYHTY Ha IOCHiTHHX
JIISTHKaX MPOBOJIMIIOCS JTyIIEHHS CTEPHI MONepeaHnKa MckoBoro 6oponoro B/IT-7+XT3-17021
Ha MHOMHY 68 cM. Y JIeHb TOCiBY MPOBOIMIIN MEPEANOCIBHY KyJIbTUBALIIIO KYJILTHBATOPOM
XT3-17021+KIIC-4 Ha raubuHy 00poOiTKYy IpyHTY (6-8 cM). Ilicis mociBy TIpyHT
MPUKOYYBAIM KiTbYacTO-IIOpoBUME KoTKamu. MT3 82+K-6 y BapianTi 3 copro y ¢asi
6—8 cripaBXKHIX JHUCTKIB MPOBOAMIN MIKPSAAHY KyJIbTHBAILIIO.

SIK KOHTpOJIb 3aCTOCOBYBAaBCSl TPaJMIIHHUM JUISl JaHUX KyJIBTYP OCHOBHHH OOpOOITOK
IpyHTY. Y BapiaHTi 3 TIPYMICI0 BHKOPWUCTOBYBAIM O€3BiNBabHMI OOpOOITOK Ha TIHOWHY
20-22 cm (XT3-17021+Cwmapary 2,6). Ha mociBax ropoxy IpOBOIFIIN OPaHKY 3 000POTOM ILIacTa
Ha mmouHy 20-22 cm (XT3-17021+I1JIH-5-35), copro — 28-30 cm (XT3-17021+I1JIH-5-35).
IIpu 00pobiTKy 03uMOi 1 POl MINEHUII — AUCKYBaHHA B JIBa CIigu Ha rmuOuHy 12—-14 cMm
(XT3-17021+b/1BI1-4,2). fx 1 mnpm MiHIManeHI TexHONOTIi O00pOOITKY, TYT
BUKOPHCTOBYBAJIaCcsl IEPEAINOCiBHA KyNIbTHBAIIA, KOTKYBaHHS, a y BapiaHTax i3 copro —
OJTMH MDKPSAIHUI 00pOOITOK.

3 BITPO-epO3iiHUX JOCIIIKEeHb BU3HAYABCS arperaTHUid CKiajl MOBEPXHEBOIO LIapy
rpynty (0-5 cMm) MetonoM cyxoro npociBanHs 3a CaBiHOBUM (y 4-KpaTHiil MOBTOPHOCTI),
Bara IOXXHWBHHUX 3aJMIIKIB Ta IPOEKTHBHE IOKPUTTS IMOBEPXHI IPYHTY POCIMHHUMHU
pemrtkamMu. OcTaHHE BU3HAYAIOCh Yepe3 GoTorpadyyBaHHs TOBEPXHI I'PYHTY Ta PO3OMBKOIO
doTto Ha KBajpaTH PIBHOI IUIONI 3 MOAATBIIUM TOKBAJIPATHUM KUTBKICHUM aHalli3oM
MPOSKTUBHOTO MOKPUTTs (y 3-KpaTHii MOBTOpHOCTI). YacTka BEPTHKAIBHO OpPiI€HTOBAHHUX
POCIIMHHHX PEIITOK BU3HAYAIACS OKOMIPHO.

BumiproBaHHS IOKPUTTS TOBEPXHI IPYHTY POCITMHHAMH PEIITKAMH MPOBOIFIIOCS ABIYI —
BOCEHM (OCTaHHS JeKaJa JIMCTOIAAA) Micis oOpoOKH IPYHTY Ha 350 Ta B OCTaHHIN JeKasi
Oepe3Hs mepe KyJIbTHBALISIMHI 1 TOCIBOM SIPHX KYIJIBTYD.

OxpiM ToOro, pgociimHa JAiIsHKAa Oynnm oOnajHaHa TIOJbOBOIO aBTOMATHYHOIO
METEOPOJIOTIYHOI0 CTaHIliero iMetios, 3a gomoMorow sikoi (ikcyBamsach, 30KpeMa,
MIBUAKICTB BITPY BIPOAOBXK MIoBHX Oyp. KinbKicHI BTpaTtu I'pyHTY B pe3yJbTaTi IPOSBIB
BITPOBOI €po3ii (iKCyBaJUCsS 3a JOIOMOTOI0 ITOJILOBUX €pO3i10METPiB-IIHIOBIOBIIOBAYIB
koncrpykuii HHIT «IT'A im. O. H. Coko10BCEKOTO».

PE3YJIbTATU TA IX OBTOBOPEHHHA

Ouyinka TpyHmo3axucHoi eexmuenocmi poCcIuHHUX PeUmoK ma «8UNAOKO060I»
wopcmkocmi. AHaIi3 CTPYKTYPH NOCIBHHX IUIOL] PETiOHY MOKa3ye, 0 03UMi KyJIBTYPH Ta
Gararopiuni TpaBu 3aiiMatoTh He Outbine 35-40 % Bix yciei mociBHOI wTomI, a iX CTaH y
nedIIiHO-HeOe3NeUHUI mepio] He 3aBXIN MOXKE 3aXHUINATH IPYHT Bif BITPOBOI epo3ii.
Spi KynbTYypH B CiBO3MIHAX PETiOHY CIFOTBCS JAOCHTH Mi3HO, & TOMY OUTBII-MEHII CTiHKHIA
POCIMHHUI TIOKPHB yTBOPIOETHCS JIMIIE B TpaBHI. Y TOH ke dac aHaii3
BHYTPIIIHBOPIYHOTO PO3MOALTY CEepeaHiX Ta eKCTPEMaJbHUX 3HAYCHb IIBHIKOCTEH BITPiB
MOKa3ye (pucyHok), Mo TepIli 3MMOBI Ta BeCHsAHI Micsmi (ocobnamBo HeOe3nedHuil mepiox
CiueHb — KBiTEHb) € HaWOLIbLI AeUIALiifiHO HEOE3NeYHHMMH B PETioHI. A OTXKe, TUIbKU
POCIJIMHHI PEIITKH 3[]aTHI 3aXUCTUTHU TOBEPXHIO IPYHTY BiJI CHJIBHUX BITPIB y L€ nepio/.

3 TOYKM 30py BH3HA4YECHHS NPOTHACHISIINHOT e()eKTUBHOCTI POCIMHHUX PEIITOK, SKi
3HAXO/ATHCS Ha TOBEPXHI IPYHTY, SIK IIPABWJIO, BHKOPHCTOBYIOTH KUIbKAa ITOKA3HHMKIB —
MPOEKTHUBHE TIOKPUTTSI, MaCy POCIMHHMX PEIITOK BiJHOCHO OMHUIII TUIOIII i, IHKOJIM, 9aCTKY
BEPTUKAIBHO 30PICHTOBAHWX POCIMHHHUX PEIITOK BiM iX 3arampHOi KibKOCTi. OCTaHHE €
BaKIIMBOIO XapaKTEPHCTUKO NPOTUIEHIIALIIHOT e(peKTHBHOCTI POCIMHHUX PEIITOK — YUM
OLITBIIIE POCITMHHUX PEIITOK Y Pe3yNbTaTi 00pOOITKY TPYHTY 3aJIHIIIIIOCS Y BEPTHKAILHOMY
CTaHi, TUM Kpallle IIi pOCIMHHI PEIITKN 3aXHIAl0Th IPYHT BiJI BITPOBOi epo3ii.

PesynbraT MOCHiIKEHD 13 IIHOTO MPHUBOAY HaBEICHO B TaOn. 1. AHami3 muX JaHUX
MTOKa3y€e Ha Te, [0 Maca POCIUHHUX PEIITOK IO KOXKHIM KyJIbTYypi i IO KOKHOMY BapiaHTi
JIOCITIZPKEHb HaBECHI KOXKHOTO POKY KOJIMBAETHCS B IOCUThH IIMPOKUX MEXKAX 1 3aI€KHUTh y
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MepITy Yepry BiX BUOY 1 ypOXKAWHOCTI MOTEpeTHIKA Ta TEpMiHIB Horo 30mpaHHs. [HImmm
BOXJIMBUM (aKTOpOM, MIO BIUIMBAE HA CTYIiIHb 3aXHIICHOCTI MOBEpXHI IPYHTY BiX
nedurALii, € MeTeopoJIOTiuHI YUHHUKH, 30KpeMa OCiHHI Ta BECHSAHI TeMIEpaTypH MOBITPS 1
IPYHTY Ta ONaJy, SKi MOXKYTh BIUIMHYTH Ha IPOILIEC PO3KIAJaHHS POCIMHHUX PELITOK, a
TaKOX HasIBHICTH BITPIB, SIKi MEPEPO3MOAUIAIOTh, @ TO W TMOBHICTIO BUAYBAIOTH 3aJIHIIKH
POCIIMHHOCTI 3 ITOBEPXHI IPYHTY.

F I
e IKicT BiTPY, 40 40
40 ----- L I R 3
MaxciMarsHa
K / _______ / _______________________________
3 “ / / » / O CepemHa
30 -- ---".s--- ------- -- ------------ ---:s --------
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BuyTpimiHbOpiYHMi PO3MOaiJI MAKCMMAJILHUX Ta cepeAHiX MIBHIKOCTei BiTpy
no MeTeoctaHuii Ackanis-Hosa

HesBaxkaroun Ha TEBHY CTPOKATICTh pe3yibTATiB, OUYEBHAHO, IO Pi3HI TEXHOJOTIi
00pOOITKY TPYHTY CYTTEBO BIUIMBAIOTh Ha IPYHTO3aXHCHY C(EKTHBHICTh POCIMHHHUX
pemToK y neduimiitHo-He0e3neuHui epio. SIKIo cnupaTrcs Ha JyMKY aMepHKaHCHKUX
aBtopiB (Walters, Jasa, 2003) mpo Te, 1m0 KpUTEpieEM KOHCEPBYIOYOI (MPOTHEPO3iHHOT)
TEXHOJIOTIi € HasBHICTH y AedIsauiiiHO-HeOe3NeyHni Mepio]] MPOSKTUBHOTO HOKPHTTS
pocnuHHuME  pemutkamMu B 30 1 Oinblie BiACOTKIB TOBEpXHI IPYHTY, TO MOXKHA
KOHCTaTyBaTH, 1110 Juiie TexHoioris NT € peanbHo rpyHTO3axucHor0. CepeiHe 3HAUEHHS
MIPOEKTUBHOTO ITOKPHUTTS IIPH 3aCTOCYBaHHI 1i€i TexHouorii — 6iiput Hik 30 % 1 cTaHOBUTH
B CEpeHbOMY 32 TPH POKH JIOCII/PKEHb O MOCiBax sApoi MIIEHHMII (TTOTIEpeHUK — TOPOX) —
37,9 %, no mociBax copro (monepeaHuk — sipa muenuns) — 71,1 % Tta no mociBax Tipyuii
(monepenuuk — copro) — 60,2 %. SIkmio mpoaHai3yBaTH BEIMYHHY IbOTO ITOKAa3HUKA 32
pOKaMH JIOCIiKeHb, TO JIMIIC OOWH pa3 Ha BapiaHTi 3 NT mo mociBax spoi MIICHHII Y
2013 pori crocTepirauch HU3BKI MMOKA3HUKHA TPYHTO3aXHCHOI €(PEKTHBHOCTI POCITUHHHAX
PELITOK, KOJM NMPOEKTUBHE TIOKPUTTS CTAHOBMIIO Juie 6,6 % i 11e OyJ0 MoB’sA3aHO 3 TyxKe
HU3BKOIO BPOXKalHICTIO TIONIepeJHIKA — ropoxXy (6mm3pko 1 1/ra).

Sk cka3aHO BUIE, BOXKJIMBUM ITOKA3HUKOM IPYHTO3aXHCHOI €eKTHBHOCTI 0OPOOITKY
IPYHTY € HE JIMIIE BiJICOTOK INPOEKTHBHOIO MOKPHUTTS IOBEpXHI IPYHTY, a i uacTka
BEPTUKAJIBHO 30PIEHTOBAHMX POCIMHHUX pelTok. OueBHIHO, MO0 He 3pylHHOBaHa
I'PYyHTOOOPOOHMMH arperarami IOBEpXHs Micisi 30MpaHHS NONepeTHWKa Oylae MaTu
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MaKCUMaJIbHY KUTBKICTh TaKMX PEIToK. A ToMmy TexHomoris NT mae meBHI mepeBaru mepen
IHIMUMU TEXHOJIOTISIMU 3 IWX mo3miii. JlificHo, aHami3 manmx Tabm 1 mokasye, mo Ha
Bapiantax 3 NT crocrepiraeTbCsi MakCHMalbHE 3HAYEHHS IIBOTO MOKa3HWKa — 35-55 %, mo
Oliblne, HDK MO IHIIMX BapiaHTax o0OpoOiTKy IpyHTy. Tak, Ha BapiaHTi 3 TpaJUI{IHHUM
00poOITKOM LieH MOKa3HMK HE MepeBHILye 5 %, a Ha BapiaHTax 3 MiHIMAIBHOIO CHCTEMOIO —
30 %. OxpiM IpocTOro 30UIBIICHHS YaCTKH BEPTHKAILHO 30PIEHTOBAHUX POCIMHHUX PEILTOK
BOXJIMBE 3HAYEHHA Mae ix posramryBaHHs. OdeBHIHO, 1m0 mpH 3actocyBaHHi NT B ymoBax
BHCOKOI BIpOTrisHOCTI peaitizauii aedusiiHoi HeOe3NneKH IMpoLec YIPAaBIHHS POCIUHHUMHU
pEIITKaMH TIOBMHEH BKJIIOYATH TPOLEAYPY NPABHIBHOTO PO3TAIIYBAHHSI «BEPTHKAJIBHOD»
CKJIaJIOBOI. A came — YIoIepeK IoJIOBHOTO HAINPSMKY BITPOEPO3IHHMX BITpIB y HEOE3MECUHNIA 3
TOYKHK 30py peaunizawii nedumsiuii nepiox poky. B ymoBax IliBaeHHoro cremy — ue cxigHi Ta
MBHIYHO-CX1/IHI HATIPSIMKH B 3MMOBO-BECHSIHHI 11epio (JIFOTHH — KBITEHB).

VYHiBEpcaIbHUM KPUTEPIEM IPYHTO3aXUCHOI €(eKTUBHOCTI 0OpOOITKY IPYHTY, SKHUN
YpaxoBye HE TUIBKM NpOTHACGUIALIHHY epEeKTUBHICTh POCIMHHHUX PEIUTOK Y KPUTHYHUH
mepioz, a i Tak 3BaHy «BHUIIAJKOBY» MIOPCTKICTh MOBEPXHi, € PIBHAHHA, K€ HABOJUTHCS B
po6oti XopHinra i3 cniBaBropamu (Horning et al., 1998). YTBOpeHHsS «BHIIaaKOBOI»
IIOPCTKOCTI TOBEpXHI HE € CICHiaIbHUM 3aBOaHHAM OOpOOITKy TIpPYHTY, a € JIHIIe
HENpsIMAM HOTo pe3ysIbTaToM, 10 Mae NeBHUH nportuaedisiniiinnii edekr. «Bumaakosay
IIOPCTKICTh € aHTOHIMOM HIOPCTKOCTI, SIKa CIIELIalbHO CTBOPIOETHCS TPYHTOOOPOOHHMHU
3HApSAJSIMHA JUIsl 3MEHILIECHHSI CHJIM BITPY B NPH3EMHOMY WLIapi atMocdepH, HanpHKIan
0OpO3eH, MmO pPO3TAIIOBaHI BIOMEPEK TOJOBHOTO HAMPSAMKY Ae]IAIiifHO-HEOe3MeUHIX
BiTpiB. «BWIagkoBa» MIOPCTKICTh B aMEPHKAHCHKIM JIiTEpaTypi BHUMIPIOETECA abo B
IoiiMax, abo B CAaHTUMETpax 1 MoKa3ye Ha Jialma30H MiX MiHIMaTbHUMH i MAaKCUMaJIbHAMUA
BUCOTaMH MIKpOpENbe(y MOBEPXHI IPYHTY B eQIsIiiHO-HEOe3eUHUI Iepio/.

@i3uyHe MOMENIOBAaHHA 3@ JONOMOTOI0 aepOJMHAMIYHOTO IPHUCTPOIO Pi3HUX
KOMOIHAIIl BEJMYMH «BHIAJIKOBOD» IIOPCTKOCTI Ta MPOEKTUBHOTO MOKPHUTTS HOBEPXHI
TPYHTY POCIHMHHICTIO JIO3BOJIMUIO aMEPHKAaHCHKHM aBTOpPaM OTPHUMATH TaKy 3aJlEXKHICTh

(Horning et al., 1998):
W = @~ #I5FC y o-0.52RR
2

ne W — BiIHOCHI MOTEHIIAHI BTpaTH IpyHTY Bix aedsuii (3MiH0eThes Big 0 1o 1);
PC — mpoekTMBHE TOKPHUTTSA MOBEpXHI IpyHTY, %; RR — mapamerp «BHmamkoBoi»
HIOPCTKOCTI TIOBEPXHi, CM.

PesynpraTé po3paxyHKiB HaBeneHO B TaOm. 2. HeoOXimHO MigKpeciwTH, IO BEIUKa
KUJIBKICTh POCIMHHUX 3QJIMIIKIB HE 3aBXKIM Ma€ BHpIlIAbHE 3HAUSHHS B OIlIHKaX
TPYHTO3aXHCHOI e(heKTUBHOCTI 00poOiTKYy IpyHTY. CIif 3BEpHYTH yBary, 10, HAIPUKIA],
OCIHHS TJTHOOKa OpaHKa Ha 3510 Ha rubuHy 28—30 cM (IpHu BHUPOIIYBaHHI COPIro) CHUIBHO
30UIBIIye «BHIAIKOBY» IIOPCTKICTh IOBEPXHI B JeduisliiiHO-HEeOe3meuHuid mnepion i,
HE3BA)KAIOYM Te II0 MOBEPXHS IPYHTY IIOTaHO 3axMINCHA POCIMHHHMH DPEIITKaMH,
KOMIUIEKCHA OIliHKa IT0Ka3y€ Ha BHUCOKY IPYHTO3aXHCHY €()EeKTHBHICTH IIi€l TEXHOJIOTII.

Tabauys 2
Po3paxyHok inaekcy BilHOCHOY MOTeHLii{HOT BTpaTH IPYHTY BiA BiTpOBOi epo3ii

Toka3uuku nedasuiiino-Hebe3neyHoro

nepiony
. . «Bunagkosa» BinnocHi
Cinbebkorocnogapebki  Cucrema .
- LIOPCTKICTB, BTpaTH IPYHTY
KYJIbTYPH, mo.GynyTb 00po06ITKy ToiMH «BI/Il'Ia[LK.OBa» TMpocKkTuBHE  (3MIHIOETECS
frocuit fpynTy (National mOPCCT;IﬂCTL’ nokpurts, %  Big 0 mo 1)
Agronomy
Manual, 2002)
1 2 3 4 5 6
SIba MeHMLL Tpanuuiitna 0,8 2,0 0,8 0,334
i n Minimansna 0.8 2,0 22 0311
(moriepeIHUK — rOPOX) .
No-till 0,4 1,0 35,1 0,102
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Raxinuenns mabn. 1

1 2 3 4 5 6
Tpanuuiiina 0,7 1,8 34 0,335

Tipunns (momnepeHuK —

MiHimManbHa 0,8 2,0 8,7 0,225
sipa TMIIEHHULSA) .
no-till 0,4 1,0 60,2 0,029
C Tpanuuiiina 1,9 4.8 18,2 0,033
OPrO (MONEPEAHHK = iy 0,8 2,0 24,7 0,101
ripyuIis) .
No-till 0,4 1,0 82,2 0,010

I'miboka opaHka, BUBEpTarOUl Opmiia IPYHTY, CTBOPIOE TIEBHY MIOPCTKICTH MOBEPXHI, SKa
TIOCHITIOE  CTIPOMOYKHICTB 10 aKyMYyJIAIii YacTOYOK IPYHTY, IO PYXalOThCS B IpPOIEci
nedsinii, 3MEHIIeHHs IIBWAKOCTI BITPY B NPH3EMHHUX IIapax Tomio. Y BCIX IHIIKX
BUIIA/IKAX HA OIIIHKY I'PYHTO3aXHCHOI e(peKTHBHOCTI 00pOOITKY IPYHTY HAWOUIBII CHIBHO
BIUIMBA€E caMe KUIBKICTh POCIMHHMX 3QJIUILKIB, SIKi 3aJMIIAIOTHCS HA MOBEPXHI IPYHTY B
nedusiniliHo-HeOe3neunuid nepioa, a omke, NT € HalOUIbI e(heKTHBHOW, 3 TOYKH 30pY
3aXHCTY IPYHTY Bij aedasiuii, TexHosoriero (Tad. 2).

TI'pyokyeamicme rpynmy. T'OIOBHUM IOKa3HUKOM TPOTHICQISAIIHHOI CTIHKOCTI
IPYHTY € BMICT ¢pakuii Oureimme 1 MM, Tak 3BaHa «rpyAKyBaTicTb». Hamni mocimimkeHHS
MOKa3aiy, [0 MOKa3HUKH TPYJKYBAaTOCTI KOPEIIOIOTh 3 PI3HUMH IHIIMMH ITOKa3HUKaMU
IpOTHISIIALMIAHOI CTIHKOCTI, 30KpeMa 3 MEXaHIYHOI MIIHICTIO arperaTiB, BMICTOM
neduritHo-HeOe3neunoi  ¢pakmii  (<0,25 MM) Ta 3HAUYCHHSIMH TPOTHACQILAIHHOI
CTIMKOCTi, BU3HAYECHOIO MPSIMHAM BHMIPIOBaHHAM Y TIOPTaTHBHIA aepoIWHAaMivHIA TpyOi
(Chornyy, Pysmennyj, 2011, 2014).

OciHHBO-BECHSIHA AWHAMiKa TPyIKyBaTOCTI TMOBEPXHEBOTO IIapy INpEACTaBIeHa B
Tabn. 3. binpm-MeHm iHTeHCHMBHHIA 0OpOOITOK TPYHTY 3 OCeHi (hopMye IPYHT, SIKHH, 3a
Hamoro kinacudikauieto (Chornyy, Pysmennyj, 2014), € ny»xe BITpOoCTIHKUM (TpyAKYBaTICTh —
70-90 %). Ha Bapianrtax 3 NT rpyakysaticts BoceHn MeHIa Ha 20—30 %, 110 MoB’s3aHO 3i
crenuiyHUMI MeXaHi3MaM{ yYTBOPEHHSI CTPYKTYPHUX ejeMeHTiB. OOpoOiToK IpyHTY Ha
3510 OCOJIOHIILOBAHMX IIiBJICHHUX YOPHO3EMiB, OCOOJIMBO B YMOBaxX IOCYIUIMBHX JIiTa Ta
OCEHi, INPHU3BOAWTH JO BHUBEPTaHHS Ha TMOBEPXHIO BEIMKHX Opwia Ta 30UTbIICHHS
TPYAKYBaTOCTI.

Ane BIpPOIIOBXK 3WMHU TPYIKYBATICTh Y IIJIOMY Ha BapiaHTaxX 3 0OpOOITKaMH IPYHTY
MOCTYMOBO 3HIKYETHCS, IO IOB’A3aHO B IEPIIy 4Yepry 3 MI€I0 Ha TPYAKU HPOLEIyp
3aMep3aHHs-TAHEHHS, 110, B CBOI 4epry, € (QYHKII€ BiJ KIUJIBKOCTI MEPEXOiB
temrnepatypu rpyHty depe3 0 °C (Chornyy, Hotynenko, 2007). B ymoBax HecTiHKuX 3uM,
II0 € HACNIKOM MOTEIUTIHHS KJIIMaTy, KOJIH BICHb TEMIEpaTypu MOBITPS 1 IPYHTY AOHATHI,
a BHOYI IPYHT NpOMep3a€, BiOYyBacThCs pyHHalis BEJIMKUX IPYHTOBHX arperariB Ta
PO3IUIICHHS IPYHTY. Y TO# JKe 4Yac, KOJIM MOBEPXHs IPYHTY BIPOJOBXK 3UMH Ta HAa MOYATKY
BECHHU 3HAXOJHTHCSI B HEOOPOOJIEHOMY CTaHi 13 3HAYHOIO KUIBKICTIO POCIMHHUX PELITOK Ha
MTOBEPXHI, SIK 1€ crocTepiraeTbes Ha BapianTax 3 NT, KUIBKICTh TaKMX IPOLENYp MEPEeXomy
yepe3 0 °C Temmeparyp I'DyHTY pi3KO 3MEHIIYETHCS, a 3HAYNUTH 1 pyHHaIls TpyJIOK Ha
TIOBEPXHI IPYHTY /e He TaK IHTEHCUBHO.

Ane Ha BecHy BMIcCT arperariB Oinbie 1 MM Ha HEOOpOOJIEHHX BapiaHTaxX JOCHTITy HE
TITBKM HE 3MCHIIMBCS, a HaBiTh Y ACAKHX BHIAAKax i 3pocrtae (Tadn. 3). Ha Ham morisin,
Take 3pOCTaHHS TPYIKYBATOCTI BECHOIO ITOB’sS3aHE 3 OLIBII BHCOKOIO BOJIOTIiCTIO TPYHTY,
AKa CHpHUSE KOArymslil 4aCTOYOK IPYHTY Ta HAsBHICTIO BENHKOI KiTBKOCTI POCIMHHHUX
peITOK SIK JDKepena OI0NOTIYHMX PEYOBHH, $SKI MAlOTh 3IATHICTh O CKJIICIOBaHHSA
(Medvedev, 2008). Lli ¢akTopu NOCHIIOIOTH IMPOLEC YTBOPEHHS BEIUKHX 32 PO3MIpOM
arperaris, 110 MPU3BOJUTH J0 3pOCTaHHS IPYKYBATOCTI.

A oTxe, Ha BecHy npotuaedusiiiiHa CTIHKICTh IPYHTY MO BCIX BapiaHTax JOCIIIKEHb
BUPIBHIOETHCS, TPYAKYBATICTh cTaHOBUTH 50—70 %, 110 € HIPKHBOIO MEXEI0 BITPOCTIMKOCTI
rpyary (Chornyy, Pysmennyj, 2011).
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Tabnuysa 3
Jlunamika rpyaKyBaTocTi 4OpHO3eMy NiBJIEHHOI0

CinbepKo- = i 2 = = &
rOCIOJAaPChKI Cucrema g g g g g g o
KyJIBTYpH, 00pobiTKY N_Q < < 2 S < NA N < 3
wo Oy ayTh IpyHTY £ B £ 3 £ 3
IOCisiHI HaBeCHI 3 @ 3 A 3 @
Spa muenuns Tpamuniiina  — - - 824 71,0 -11,4 67,0 78,1 11,1 -0,2
(monepeHuK — MiniManpHa — — - - 80,7 74,6 -6,1 76,0 614 -146 -104
ropox) No-till - - - 40,8 654 246 69,5 73,6 4,1 144
Tipunns Tpamuuiiina 85,3 51,2 -34,1 93,3 689 -244 84,5 844 -0,1 -19,5
(momepeHUK — Minimanena 76,4 45,5 -30,9 73,5 729 -0,6 439 69,6 256 -10,7
spa TIICHHIIS) No-till 57,6 551 -2,5 585 62,5 40 73,8 794 56 24
Copro Tpaguuiitna 64,6 51,9 -12,7 932 74,6 -18,7 70,8 70,3 -0,5 -10,7
(monepeHUK — Minimanera 63,9 54,3 -9,6 77,7 749 -29 73,6 53,6 -20,0 -10,8
ripuuiis) No-till 54,5 79,3 249 59,0 55,7 -3,3 594 72,6 1322 11,6

Ilpama ouyinka rpynmosaxucnoi epexmuenocmi no-till nio uac nunogoi oOypi.
IMunora Oypst mouanacs B paiioni Ackanii-Hosoi o 18-if roguni 26 ciuns 2014 poky i
TpuBaia 26 roauH — a0 20-i roquau 27 ciuns. [Toka3HUKU MIBUAKOCTI BITPOBOTO MOTOKY,
BUMIpPSIHI aBTOMATHYHOIO METEOCTAHIIIE€I0, HO3BOJIMIM JCTAIBHO JTOCITIKYBATH BITPOBUI
pexuM nuioBoi Oypi. InTeHcHBHA (a3a Oypi i3 cepeHBOIO MBUAKICTIO BITpY MoHaz 12 m/c
MiBHIYHOTO 1 IBHIYHO-CXIHOTO HAIIPSMKY Hoyvaiacs o 22-i roxuuHi 26 cius (Tadin. 4).

Tabnuys 4
HIBuakicTs BiTPY B nepioa nuioBoi oypi
Cepenns MaxkcumanbHa Cepenns MakcumasibHa

Yac IIBUIKICTH LIBUIKICTH Yac IIBUAKICTH LIBUIKICTH

BITpY, M/C BITpY, M/C BITpY, M/C BITpY, M/C
26 ciunst 2014 p. 7:00 11,7 13,2
18:00 8,8 10,0 8:00 12,3 13,3
19:00 9,4 11,0 9:00 12,9 13,9
20:00 11,5 12,6 10:00 12,8 13,6
21:00 11,5 12,5 11:00 12,6 13,6
22:00 12,1 13,1 12:00 12,1 13,5
23:00 12,5 13,3 13:00 12,2 12,8
27 ciuns 2014 p. 14:00 12,4 13,0
0:00 12,4 13,7 15:00 11,4 12,1
1:00 12,9 14,2 16:00 11,5 12,5
2:00 12,5 13,3 17:00 10,4 11,6
3:00 11,9 12,6 18:00 10,2 11,4
4:00 12,0 12,8 19:00 10,4 11,5
5:00 12,9 13,9 20:00 8,8 9,4

6:00 12,5 13,4

YHoui 26-27 ciuHs, a TaKOXK ypaHIli i BICHb 27 CIUHS CIIOCTEpIranvcs MaKCHMaJbHI
cepenHi mBUAKOCTI BiTpy (mo 12,9 m/c) 3 mopuBamu no 14,2 m/c. I3 15-1 roguam 27 ciuas
IMIBHAKICTE BITPY TII0Yalia IIOCTYNOBO 3MCHIMYBaTHCSA. Y [UIOMy IioBa Oyps
XapaKTepu3yBajacsi BIiJHOCHO pPIBHOMIPHOIO INBHIKICTIO TOBITpSHOTO mOTOKy. Cumig
BIAMITUTH TaKOXK, 1110, SIK 3a3HAYEHO BMILIE, BAXKJIMBOIO OCOOIMBICTIO nomiik 2627 ciuns 2014
poKy B paifoni Ackanii-HoBoi Oyna HasBHICTb y NPH3EMHOMY MOTOIN MOBITPS KpPMXKaHOI
KPYIIK 3HAYHOTO po3Mmipy, riamerpom 0,5-2,5 MM, sika BUCTyIala B YMOBaX CHUJIHOTO BITpPY
JIOIATKOBMM aOpa3uBHUM MaTepiaioM, KOTpUil IHTEHCUBHO pyHHYBaB BEPXHiil 11ap IpyHTY.
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BusnaueHHss BenmuuuH OeQIIMIAHUX BTpAaT IPYHTY NPOBOAWIOCS B HAHOLIBII
IHTEeHCUBHY YacTHHY MUIOBOi Oypi — 3 9-1 rognuu 1o 14.38 27 ciyns. YpaxoByroun, 1o 10
KO)KHOTO THJIOBJIOBJIIOBaYa MPUMHUKAE CMyTa 3 Pi3HUMH BapiaHTaMu OOpOOKH IPYHTIB 1 3
texHosorieto NT nosxkunoro B 30 M, TO, OYEBUAHO, IO BECh IPYHT B ITMJIOBIIOBJIIOBaYi
BIZITIOBiZJa€ BUAYTOMY IPYHTY 3 Iutomii 15 M (30 m x 0,5 m). BignmosimHo medsiist mo
KO’KHOMY BapiaHTy B IiepepaxyHKy Ha | ra IOpiBHIOE BEJIMYHHI IPYHTY B ITMJIOBIIOBIIIOBAYI,
MIOMHOXKEHIH Ha 666,7. JIn1s TOpiBHAHHS BapiaHTIB BTpaT IPYyHTY Ha pi3HHX arpodonax OyB
3po0JIeHUH TepepaxyHOK Ha mpoMmikok dacy 3 10.00 mo 14.00. Jns mporo cepemus
IHTEHCHBHICTB BITPOBOi €po3ii 1o BCiX BapiaHTax (y rpaMax BHIYTOTO I'PYHTY 3a XBHJIMHY
CIIoCTepeKeHb) MHOXKMIacs Ha 240 xBunuH. PesynbpraT aHami3y MONBOBUX JOCIIIDKEHB
MUIIOBOI Oypi mogano B Tabx. 5. 3rimHO 3 MONBOBHUMH TOCTIIHKCHHAMHU Ta PO3paxyHKaMHU
BTpATH IPYHTY 32 YOTHPH TOIMHH MIIIIOBOI Oypi CTAHOBIIIM HA BapiaHTi 3 OpaHKOI0 — 656,0 Kr/Ta,
3 MOBEPXHEBOIO 00poOKot0 — 525,0 Kkr/ra, 3a Texuomorieto NT — 182,7 kr/ra.

Tabauys 5
Pe3ysibTaTu BUMipIOBaHb BTPAT IPYHTY B Hal0i/Ib11 iHTeHCHBHUI nepioa muioBoi 6ypi
Brpatu
. VY cepen-
Teer ooy U
Mep O06pobiTok Aoopy €KCIIO- Maca 3a 4 ro-
BizI- rpyHTY 3pasKiB sumii,  rpyHTy, T CHB- - JIMHH
6opy 124 27 ciuns ’ ’ HICTB, (10.00—
2014 p X8 rxe. (100060
' © 14.00), kr o
Kr/ra
Tpanuuiitnuit 9:00-10:40 100 892,97
1 MiHniMalbHMM 9:15-10:55 100 791,88
No-till 9:30-11:10 100 201,12
Tpauuiiauit 10:40-12:14 94 209,87
2 MiHiMaIbHHHA 10:55-12:27 92 168,73
No-till 11:10-12:41 91 96,17
Tpanuniiinuit 12:14-14:20 126 77,02
3 MiHiMaIbHAN 12:27-14:28 121 70,72
No-till 12:41-14:38 117 52,58
Tpanuuiitauit 9:00-14:20 320 1312,71 4,10 0,984 656,03
Yeporo  MinimanbHuii 9:15-14:28 313 1031,33 3,29 0,790 526,69
No-till 9:30-14:38 308 349,87 1,14 0,274 182,68

3HauHUil 1pyHTO3aXxucHUi edexT TexHonorii NT noB’s3anHuil, sk 3a3Ha4€HO BUIIE, 3
HasIBHICTIO Ha MOBEPXHI IPYHTY BEJIUKOI KUIBKOCTI POCIMHHHMX 3aJIMIIKIB, SKI 3aJIUILIHIUCS
Ha MoBepxHi IpyHTY 3 oceHi 2013 p., a TakoXk 3 THM, 1110 Lli POCIUHHI PELITKU NepeOyBanu
y CBOiii OUIBIIOCTI Yy BEPTHKAIbHOMY TMOJOXKEHHI, IO CTBOPIOBAIO HAJIHIIKOBY
LIOPCTKICTh MOBEPXHi, SIKa A03BOJIsUIa 3MEHIIUTH LIBHJKICTH BITPY B NMPU3EMHOMY MIapi
HOBITPS, 10, B CBOIO YePry, TUIBKH MiIcHITIOBao npotunedusiiiiamii egexr NT.

BUCHOBKU

1. TpyHTO3aXxUCHA CIPOMOKHICTH OYAb-KOi TexHONOrii 00pobiTKy rpyHTy, NT
30KpeMa, IIOBUHHA OL[IHIOBATUCA 3 TPHOX HO3MILIH, a caMe: KUIBKICTIO POCIMHHUX PEIITOK,
SKi 3aHMINAIOTECA HA MOBEPXHI IPYHTY Y IeQIALiitHO-HEOS3NeUHMA mepio]], HasBHICTIO
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TIEBHOI «BHUITAJKOBOI» IIOPCTKOCTI TOBEPXHI IPYHTY Ta 3a 3[JaTHICTIO BIACHOCTI TPYHTY
MPOTUCTOSITH EKCTPEMATIBHUM BITPaM.

2. 3 TOYKM 30py 3aXHWIICHOCTI MOBEPXHI IPYHTY pPOCIMHHMMH permTkamMu NT
MOBHICTIO  BIANOBIAa€  KpUTEpir0 KOHCepBYIouoi (NMpoTHepo3iiiHOi) TexHomjorii —
NPOCKTUBHE TMOKPHUTTS TIPYHTY B JedusmiiHO-HeOe3neuHnid Nepios; CTaHOBHTh Y
CepeIHhOMY 3a TPH POKH JOCIIPKEHb MO IMociBax spoi mmeHuni — 37,9 %, mo mociBax
copro — 71,1 % Tta o nmocisax ripunni — 60,2 %.

3. KommiekcHa ominka 1pyHTO3axucHOl edexkruBHocTi NT 3 ypaxyBaHHAM
«BWITIAJIKOBOT» HIOPCTKOCTI ITOBEPXHI TaKOXX IIOKAa3ye Ha BHCOKY NPOTHUACQISALIHHY
CIIPOMOXKHICTB IIi€i TeXHOJOTI. Y TOi e Jac ciif KOHCTAaTyBaTH, 10 HAasBHICTH BUCOKOT
«BUITAJIKOBOD» IIOPCTKOCTI MICIIS OCIHHBOI TITHMO0KOI OpaHKH Ha 3510, HE3BaKAIOUH TE IO
MOBEPXHS IPYHTY B JAaHOMY BUNAAKy IOTaHO 3aXHWIICHA POCIMHHUMH PEUITKaMH, MOXeE
MAaTH JOCUTH BUCOKY IPYHTO3aXHUCHY €(EKTHBHICTb.

4. OO6pobiToK TPpyHTY Ha 350 OCONIOHIIFOBAHMX MIBICHHUX YOPHO3EMiB, OCOOJIMBO B
yMOBax MOCYIUIMBOTO TEIJIOTO MEpioAy POKY, IIPUBOJUTH JO BHBEPTaHHS HA MOBEPXHIO
BEJMKMX OpWJI Ta 3pOCTaHHs IOKAa3HMKAa TpPyAKyBaTocTi ociHHio 10 70-90 %. Aune
BIIPOJIOBXK 3UMU TPYAKYBaTiCTh Ha IIUX BapiaHTax 3HMKYeTbes 10 50-70 %, 110 1moB’s3aHO
3 Ji€l0 Ha TPYIKHA MPOLEAYp 3aMep3aHHSI-TAaHCHHs, sSKi € (YHKII€H Bifl KUIbKOCTI
nepexomiB Temreparypu rpyHty depe3 0 °C. VY Toii ke vac Ha BapianTax 3 NT, xomu
MIOBEPXHS I'PYHTY 3HaXOIUTHCS B HEOOPOOJIEHOMY CTaHi 31 3HAYHOIO KUIBKICTIO POCIMHHUX
PEIITOK, KUIbKICTh TakuX mpoueayp nepexoxny depes 0 °C pi3ko 3MeHIIyeThCS. A OTXe, y
neduAniiHo-HeOe3neunuil epion mpotuaedAmiifiHa CTIHKICTP YOPHO3eMY IiBICHHOTO
npu 3actocyBanHi NT TmpakTHYHO OJHAaKOBa 3 BapiaHTamH, I€ TMPOBOAWBCS OCIHHIM
00pOOITOK TPYHTY.

S. Ipsami cnoctepexenHs: 3a nporunedusiiiHoo edekrtuicTio NT ymnpomosx
mutoBoi Oypi 2627 ciunsa 2014 poky moxasanu, 0 BTPaTH IPYHTY 3a YOTHPH TOAWHU
nuioBoi Oypi Ha BapianTti 3 NT Oynu B 3,5 pa3sy MEHIIMMH B TIOpPIBHSHHI 3 TpaauLiiHUM
00po0OITKOM IPYHTY Ta B 2,9 pa3y MEHIIUMH B MOPIBHIHHI 3 MiHIMATbHIM.
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MICROMORPHOLOGY
OF FOREST SOILS

, ru nto-i_i;avstvo

IMYHTO3SHABCTBO V.M. Yakovenko™  Cand. Sci. (Biol.), Assoc. Prof.
UDK 504.53+630*1 O. Honchar Dnipropetrovsk National University,

Gagarin ave., 72, Dnipro, Ukraine, 49010

MACRO- AND MICRO-MORPHOLOGICAL DIFFERENTIATION
OF HUMUS-ACCUMULATIVE HORIZON OF FOREST SOILS

Abstract. The paper presents the results of studies of macro- and micromorphological
differentiation of the surface humus-accumulative horizon (A) of forest soils of the steppe zone of
Ukraine. The study groups included typical soil profiles of natural ravine, wall (slope of the river
bank) and floodplain forests, and chernozem under grassy and artificial tree vegetation within
Prisamarya Dniprovsky (Novomoskovsk district, Dnipropetrovsk region). In the macromorphological
study, the method of field description of soils recommended by FAO (2012) was used, the
characteristics of microstructural soil organization were described in G. Stoops (2003).

The differentiation of the surface humus-accumulation horizon (A) of the investigated soils is
diagnosed after changes in a number of macro- and micromorphological characteristics of the
structural state-morphology and aggregate size, total porosity, void morphology, and addition density.
The analysis of morphological characteristics reveals both communities the features of differentiation
of the humus-accumulative horizon, and certain differences between the soils of natural forests and
Calcic Chernozem.

The surface humus-accumulative horizon of Calcic Chernozem, both under grassy and under
artificial tree vegetation, is differentiated into two sub-horizons Al and A2. In the Voronic Luvic
Chernozem of natural ravine, Luvic Phaecozem of the pristine (slope of the river bank) forests and
Mollic Fluvisol of floodplain forests, the surface horizon is differentiated into three sub-horizons —
Al, A2, A3.

At the macromorphological level, of the surface humus-accumulative horizon there are
synchronous changes in the main characteristics of the structural state - the set and the dominant types
of structure, the prevailing dimensions of aggregates within the framework of one type of structure,
the total porosity, the diversity of the morphology of the voids, the relative participation of individual
types of voids in the formation of pore space, density shape.

At the micromorphological level, differentiation is diagnosed on the basis of changes: a set and
the relative ratio of different types of microstructure; the ratio of the dominant types of voids and the
total area of apparent porosity; morphology of aggregates (shape, size, degree of accomodation of
surfaces, intra-aggregate porosity) within a single type of microstructure.

The more complex differentiation of the surface humus-accumulative horizon of forest soils in
comparison with Calcic Chernozem is due to the greater thickness of the horizon, which causes a
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significant compaction in the lower direction within the surface horizon and more intensive biological
activity (especially soil meso- and microfauna).
Key words: microstructure, morphology of voids, soil aggregates, density shape, forest soils.
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MAKPO- U MUKPOMOP®OJIOM'MYECKAA OUDPDPEPEHLIMALIUA
rYMYCOBO-AKKYMYNATUBHOIO TOPU3OHTA JIECHbBIX NO4YB

AHHOTamusa. B paboTe  W3NMOXKEHBI  pe3ydbTaThl  HMCCIEJOBAaHMH  Makpo- H
MHKpoMopdonormdeckolt  auddepeHnuanuy Ha MOATOPU3OHTEI  IyMyCOBO-aKKyMYJISTHBHOTO
TOPU30HTA JIECHBIX ITOYB CTCITHOHN 30HBI YKpauHbL nddepeHnnanus ryMycoBO-aKKyMyJISITHBHOIO
TOPU30HTA HCCIEIOBAHHBIX MOYB JHATHOCTHPYETCS 10 U3MEHEHHsSM psSIa Makpo- ¢
MHKPOMOP(OIOTHYECKUX XAPAKTEPUCTUK CTPYKTYPHOTO COCTOSHHS — MOP(OJIOrHU M pa3Mepa
arperatoB, oOwIeH MOPHCTOCTH, MOPQOJOrHU MYCTOT, IUIOTHOCTH CJOXKCHUsS. AHamu3
MOP(OJIOTMYECKUX XapaKTCPUCTUK BBIABISECT Kak oOwmume 4epTbl IuddepeHiraniu I'yMyCOoBO-
aKKyMYJIATHBHOTO TOPU30HTA, TaK M OMPEAEICHHbIE PA3IHYUA MEXILy ITOYBAMH NPHUPOTHBIX JIECOB U
YepHO3eMaMHi OOBIKHOBEHHBIMH I10J] TPaBSIHUCTOH U NCKYCCTBEHHOH IPEBECHON PaCTHTEILHOCTBIO.

['yMycoBo-aKKyMyJIITHBHBIA TOPH30HT YepHO3eMOB 00bIKHOBeHHBIX (Calcic Chernozem) xax
TI0J] TPABSIHUCTOHN, TaK M IIOJ APEBECHON MCKYCCTBEHHOH pacTHTENBHOCTHIO AuddepeHnupyercs Ha
nBa noxaropmsonta — Hy u H,. B 4epHo3emHBIX mouBax mpupoxaHbIx Oaiipaunsix (Voronic Luvic
Chernozem), npucrennbix jecoB (Luvic Phaeozem) u syroBo-necHbix mousax (Mollic Fluvisol)
MONMEHHBIX JIECOB ITOBEPXHOCTHBII ropu30HT auddepennupyercs Ha Tpu moaropusonta — Hy, Hy,
H;. bBonee cnoxuas nuddepeHnmays ryMycoBO-aKKyMyJISITUBHOTO TOPHU30HTA JIECHBIX IIOYB
CPaBHUTENBHO C 4YEpHO3eMaMH OOBIKHOBEHHBIMM, Ha HAll B3IJs1J, oOycnopiaeHa Oomblieit
MOIIHOCTBIO TOPU30HTA, YTO OOYCIOBIMBAE€T 3HAYMTENBHOE YIJIOTHEHHE B HUCXOISAIIEM
HaNpaBlIeHUH B TIPEeNax ITOBEPXHOCTHOTO TOPU30HTA, M OoJiee MHTEHCHBHOH OMOIOTHYECKON
AKTHBHOCTHIO (0OCOOECHHO MOYBEHHOW ME30- U MUKPO(ayHBI).

Kniouesvie cnoea: muxpocmpykmypa, Mmopgono2us Hycmom, HOYGeHHble —dzpe2ambl,
NIOMHOCMY CNOJNCEHUS, TeCHbIe NOYBbL.
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MAKPO- TA MIKPOMOP®OJNOIN4YHA AM®EPEHLIALIA
rYMYCOBO-AKYMYNATUBHOIO FOPU3OHTY NICOBUX IPYHTIB

AHoTauis. Y poOOTi HaBelEHO pe3yJbTaTH MJOCTIIPKEHP MAaKpo- Ta MiKpOMOP(OIOTriyHOl
mudepeHIialii ryMycoBO-aKyMyJISITHBHOTO TOPHU30HTY JICOBHX IPYHTIB CTEHNOBOI 30HM YKpaiHH.
Judepenmiaris ryMycoBO-aKyMyJISITHBHOTO TOPH30HTY IOCTIIKEHHX IPYHTIB  JIarHOCTYEThCS 3a
3MIHOI0 HH3KH MaKpo- Ta MIKpOMOP(OJOTiYHUX XapaKTepPUCTHK CTPYKTYpHOro craHy — mopdosorii i
pO3Mipy arperatiB, 3arajibHOi MOPHCTOCTI, MOPQOJIOTii MOPOXKHKH, NIITBHOCTI CKIaACHHS. AHami3
MOP(OJIOTiYHNX XapaKTePUCTHK BHUSBILIE SIK CIUIbHI prcH AudepeHLiarii ryMycoBo-aKyMyJISTUBHOIO
TOPH30HTY, TaK i EBHI BiMIHHOCTI MK IPYHTaMH{ HPUPO/IHUX JIICIiB i YOpHO3eMaMH 3BHYAaHIUMH.

I'ymycoBo-akyMynaTHBHHI TOpHU30OHT dYopHO3eMiB 3BuyaiiHuX (Calcic Chernozem) sk min
TpaB’STHUCTOIO, TaK 1 Mif] IEPEBHOIO MITYYHOI POCIHHHICTIO MU(EPEHIIIIOEThCS Ha [IBA MiATOPHU30HTH —
H, ta H,. Y yopro3eMHux rpyHTax npupoanux 6aipaunux (Voronic Luvic Chernozem) i mpuctiHHIX
miciB (Luvic Phaeozem) Ta myuno-nmicoBux rpynrax (Mollic Fluvisol) 3ammaBHuX J1iciB TTOBEpXHEBHIA
TOPU30HT JU(EPEHIIIOEThCS Ha Tpu mimropusontd — H;, H,, Hs. Bimeimn cknagna audepeHiiartis
TYMYCOBO-aKyMyJISITHBHOTO TOPH30HTY JIICOBUX IPYHTIB IOPIBHSIHO 3 YOPHO3EMaMH 3BHYAHHHMMHM, Ha
Halll TOTJIAA, OOyMOBJIEHA OUTBIIOI0 MOTYXKHICTIO TOPU30HTY, IO 3yMOBIIIOE CYTTEBE 3POCTAHHS
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VIJIBHEHHS B HU3XIHOMY HAMpsIMKY B OO MeXax, Ta OUTbII iHTEHCHBHOIO 0i0JIOTYHOI0 aKTHBHICTIO
(0cobaMBO IpyHTOBOT Me30- 1 MikpodayHn).

Kniouosi cnoea: mixpocmpykmypa, mopghonocisi nopodcHun, IpYHmMo8i azpezamu, WilbHiCmb
CKNIAOEeHHS, ICOBI IPYHMU.

BCTYN

[MonboBi gociimkeHHs: MOPQOIOTiYHOT Oy/I0BU IPYHTIB € BUXIJIHUM MaTepiaioM Uis
JUarHOCTUKU 1 Kiacudikaiii IpyHTIB, HOPIBHSUIbHOI XapaKTEPUCTUKU OYIOBH IPYHTIB y
PI3HOIUIAaHOBHMX JIOCII/DKEHHSIX (30Kpema, o030opax, amiacax Ta iH.), NP BH3HAYCHHI
PI3HOMAHITHUX aHATITUYHUX [MOKA3HHUKIB PTEHETUYHUX TOPU3OHTIB Ta iX 3MiH Y podii.

KnrouoBuM eneMeHTOM MOpPQOJIOTIYHOrO JOCHIIKEHHSI IPYHTIB € BHM3HAYCHHS
TEeHETHMYHUX TOPW3OHTIB Ta iXx cnoixydeHHs B mnpo¢ur. [ligcraBoro mis BUALIEHHS
BIJIMOBITHOTO TOPH30HTY a00 MiATOPU3OHTY MOXe OyTH 3MiHa 10 BEpTHUKaNi Oyab-sKOi
(naBiTh oxHi€T) cyTTeBOi MopdosoriuHoi o3Haku (Rozanov, 2004) — rpaHyJIOMETPUYHOTO
CKJIaxmy, 3a0apBJICHHS, CTPYKTYpH, CKJIaleHHS (IIUIFHOCTI, MOPHCTOCTi), HOBOYTBOPCHB,
BKJIIOUCHb Ta CTYNEHS OJHOPIAHOCTI (MIAMHUCTOCTI). 3a METOJMKOIO TOJILOBOTO OIUCY
rpyaTiB ®AO (2012), ska XKOpPCTKO HPHWB’sI3aHa 10 MDKHAPOTHOI Kiacuikamii IpyHTIB
WRB, niiropu3oHTH BUAULIIOTHECS HA OCHOBI MOP(OJIOTiYHO BUPaXKEHUX BIAMIHHOCTEH y
CTPYKTYPi, KOJIbOPi a00 rpaHyJIOMETPUIHOMY CKIIAJI.

Ham nocein pociimkeHns npo¢ini OaipadyHuX, MPUCTIHHUX 1 3aIJIABHUX JIICOBUX
IpyHTIiB cTenoBoi 30Hu Ykpainu (Belova, Yakovenko, 1997; Yakovenko, 2004, 2008, 2014
Ta 1H.) CBIJUUTh, MLIO XapaKTEPHOI OCOOJMBICTIO iX MopdosoriyHoi OyaoBH €
mudepeHIianisi TyMycOBO-aKyMyJIITHUBHOTO TOPU3OHTY (TIOBEpXHEBHH TOPM3OHT A 3a
WRB) na tpu niaropmsontu — Hy, H, i H; (32 WRB Bigmosinuo migropusontu Al, A2,
A3). Ognak y MakpoMop(oJOTiYHHX ONHCax JICOBUX I'PYHTIB Ha (DOHI OJHOMaHITHOTO
3a0apBIICHHS 1 TPaHYJOMETPHYHOIO CKJIaay I'yMyCOBO-aKyMYJISITHBHOIO T'OPH30HTY
CIIOCTEPIraroThCs PI3HOYUTAHHS y BUAIICHHI MIATOPU3OHTIB HA OCHOBI 3MiH IO BEPTHUKAIL
BiTHOCHOTO CITIBBiTHOIICHHS arperariB pizHoi Mopdoiorii abo po3Mipy TmemiB
JIOMIHYIOUOTO THITY CTPYKTYPH, 3MiH HIUTBHOCTI CKJIQICHHS, 3arajibHOi MOPHCTOCTI Ta
BIZIHOCHOI y4YacTi MOpOXHHH pi3HOI Mopdororii i renesucy. Otxe, icHye mpobiema
00’€KTUBHOI JIarHOCTHKK TU(epeHIialii r'yMyCOBO-aKyMYJISTUBHOTO TOPH30HTY JIICOBUX
IPYHTIB Ha TIJrOPU3OHTH, SIKA BHUPINIYEThCS JOCHI/DKCHHSMM Ha Makpo- Ta
MiKpoMOp(hOJIOTiYHOMY PiBHI OpraHizauii IpyHTIB.

MATEPIANU TA METOOU OOCHIAXEHb

OO0’ekTamMM JIOCIIDKEHb CIIyTyBald TUHOBI NPOoQini IPYHTIB NPUPOIHUX OalipayHuX,
NPUCTIHHMX 1 3alUIaBHHUX JICIB, a TAKOXX YOPHO3EMIB 3BHYANHUX I TPaB’SHUCTOIO 1
IITY4HOIO ~ JIEPEBHOIO  pPOCIMHHICTIO B Mexax [Ipucamap’ss  J{HinpoBchKOTO
(HoBomockoBchkuii paiion /IHinponerpoBcbkoi 00acTi).

ITpn makpomophooriyHOMY JOCIHIPKEHHI 3aCTOCOBYBAJIach METOAWKA ITOJILOBOTO
ommcy IpyHTIiB, pekomeHnoBaHa ®AO (2012), BU3HAYANKCH THUN TPYHTOBOi CTPYKTYPH,
IITBHICTE, MOP(OJIOTiS TOPHUCTOCTI 1 XapakTep MeX MK MiArOpu3oHTaMH. Y pPoOOTi
3aCTOCOBAaHO HOMEHKIATypy IpyHTIB KommurekcHoi ekcreammii JHY 1 MikHapomgHy
knacudikanito rpyatiB WRB (IUSS Working Group WRB, 2014).

XapaKTepUCTUKN MIKpOCTPYKTYpPHOI Oprasizarmii IpyHTiB HagaBaiuch 3a CTymcom
(Stoops, 2003), 30kpemMa BHM3HAYAINCh THUNH MIKPOCTPYKTYpH Ta 1X BiIHOCHE
CHIBBIHOIIEHHS y CKJIAJICHHI TOPH30HTIB, THUIM arperatiB i CTYMiHb akoMoJamlii iX
MOBEPXOHb, MOP(OJIOTiYHI THMHM TOPOKHWUH 1 TIUIOMA BHAMMOI MOPHUCTOCTI. THI
MIKpPOCTPYKTYpH BH3HAuaBCSd Ha piBHI, SKHH CIOJNy4aeTbcs 3 MakpOMOPQOIOTiYHUM
OIIMCOM CTPYKTYPHOTO CTaHy — sIK 3araipHuid ()oH opraizamii IpyHTOBOi Macu Ipu
MasioMmy 30urbmieHHi (x15). [lnoma mopoBoro mpocTopy BH3HAYanach IIIAHUMETPUYHUM
meronoM (Gagarina, 2004) Ha OCHOBI TTiipaXyBaHHS IUIOMII TOPOXKHUH (OLmpIHX, HiX 0,1 MM)
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ycix Mopgororigaux THIB 1Mo 2530 MoMsaX 30py IS KOXKHOTO MiAropu30HTY. CTaTUCTHYHA
00poOKa pe3yibTaTiB BUMIPIOBAaHHS IUIONII ITOPHCTOCTI 3IiMCHIOBANACh i3 BHKOPHCTAHHAM
MporpaMHOTo mMakera Statistica.

PE3YNbTATU TA IX OBrOBOPEHHHA

[TocnmimoBHO BUKIAAEHO pE3yNbTaTH 3arajbHOI XapaKTEPUCTUKH MOPQOIOTIgHOL
OyZoBM TEHETUYHHMX NPOQUIB JOCHIHKEHUX IPYHTIB, OCOOJIMBOCTI Makpo- Ta
Mikpomopdosoriynoi  nudepeHuianii  ryMyCOBO-aKyMYJISTUBHOTO  TOPH30HTY — Ha
MiATOPU3OHTH.

3aranbHa XapakTepucTuka MopdoJioriunoi 0ya10BU reHeTHYHUX Npodiais

UYoprozem 3rHaitamii (Calcic Chernozem). CremnoBa 1imaa (podHa mromma Ne 201-B2)
Ha Bozpoaini Mix p. Camaporo Ta ii mpuTokoro p. COPOKOBYIIKOIO Ha CXWIi B 2° MiBHIYHO-
cxigHoi excro3umii. bynoa mpodimo: Hy (3—0 cm) — cremoBa moBcth; H; (0-7 cm) —
MTOBEPXHEBUH MiATOPHU30HT I'YMYCOBO-aKyMYJISITHBHOTO TOpu30HTY; H, (7-26 cm) — npyruit
HiATOPU30HT T'YyMYCOBO-aKyMyJsiTHUBHOrO ropuzoHty; Hpk (2642 cm) — mnepumid
nepexijHuii kapoonatHuil ropusont; Phk (42-57 cm) — apyruii nepexigHuil kKapOOHaTHHIA
ropuzonT; Pk (57-130 cMm +) — MaTepuHCchKa opoja, kKapOoHaTHUIL J1ec.

Yopuo3em 3BuyaiiHuii nicomokpamienuii (Calcic Chernozem). Irtyuyne mnybose
Haca/DKCHHs Ha Tuiakopi (mpoOna mioma Ne 224-B2). Bynosa npodimo: Hy (2-0 cm) —
micoBa migctunka; H; (0-8 cM) — moBepxHEBHIl MIATOPU3OHT T'YMYCOBO-aKyMYIISITHBHOTO
ropm3oHTy; H, (8—42 cM) — Apyruil miaropu3oHT I'yMyCOBO-aKyMYJIITHBHOTO TOPHU30HTY;
Hp (42-58 cm) — nepuumii nepexiguuii ropusont; Phk (58-74 cm) — npyruii nepexiaHuii
kapOoHatHuii ropu3oHT; Pk (74—120 cm +) — MaTepuHChKa Opo/ia, KapOOHATHHIA JieC.

Yopuozem icouit (Voronic Luvic Chernozem). [Tpupouuii jic Ha cXuili MiBHIYHOT
excrio3uiii Oaipaky KamitaHoBchkHH, cepennsi TpeTnHa cxwmity (nmpoOHa ruioma Ne 204-B2).
bynosa mpodimro: Hy (3-0 cm) — micoBa migctunka; H; (0-9 cm) — moBepxHeBuit
HiATOPU30HT TyMYyCOBO-aKyMyJIITUBHOTO ropu3onTy; H, (9-38 cM) — npyruii niaropuzont
TYMYCOBO-aKyMYJISITUBHOTO ropu3oHTy; H; (38—62 cMm) — Tperiii miAropu3oHT TyMycoBO-
akymynatuBHoro ropu3oHty; HPil (62—-86 cm) — mepexigHwii UTIOBIaNbHUN TOPHU3OHT;
Pk (86—140 cm +) — MaTeprHCHKA CYTIMHKOBA TIOpOAa, KapOoHaTHA 3 TIiOuHE 110 cM.

Yopuoszewm micoBuii (Luvic Phacozem). [Tpuponnuii Jiic Ha MPUCTiHI npaBoro depera
p. Camapu, cepemnsa tpernHa cxwiy (mpobOna mioma Ne 207-B2). Bymosa mpodimro:
Hy (2-0 cm) — micoBa minctunka; H; (0—8 cM) — moBepxHEBHA HiATOPH30HT TyMYyCOBO-
aKyMyJsiTuBHOro ropuzonry; H, (843 cM) — apyruil miIropu3oHT TyMyCOBO-
aKyMyJSITHBHOrO ropuzoHty; Hji (43-66 cm) — TpeTii HiATOPU3OHT T'yMYCOBO-
aKyMyJsITUBHOTO Topm3oHTy; Hpil (66-90 cm) — mnepmmii mepexigHuil UTOBialbHUN
ropu3oHT; Phil (90-120 cm) — apyruii nepexigHuii imoBianbHKi ropusonT; P (120-160 cm +) —
MaTepUHCHKa CYTIIMHKOBA ITOPOJIa.

SamnaBauii gyaHO-TicoBuit IpyHT (Mollic Fluvisol). Ilpuponnuii nic y meHTpanbHii
3amaBi p. Camapu (mpo6ra miomra Ne 209-B2). Bynosa mpodinro: Hy (3,5-0 cm) — mmicoBa
migctunka; H; (0-8 cM) — mOBepXHEBHWH MiATOPHU3OHT TyMYCOBO-aKyMYJISITHBHOTO
ropm3onTy; H, (8-36 cM) — apyruii miaropu3oHT r'yMyCOBO-aKyMYJISTUBHOTO TOPHU30HTY;
H; (3660 cm) — TpeTiii miaropu3oHT ryMycoBO-aKyMyJIsiTUBHOTO ToprusoHTy; Hp (60-100 cm) —
MepexiAHUI TOPU3OHT.

Maxpomopdoaoriuyna nudepennianis ryMmycoBo-aKkyMyJIiTHBHOTO TOPU30HTY

Judepenmianis TyMycOBO-aKyMyJISITUBHOTO TOPU30HTY IOCHI[DKEHHX IPYHTIB
JIarHOCTYy€eThCS 32 3MIHOK HHM3KM Makpo- Ta MIKPOMOP(MOJOTiYHUX XapaKTePHUCTHK
CTPYKTYPHOTO cTaHy — MOPQOIIOTii i po3Mipy arperaris, 3arajJbHOI IIOPUCTOCTi, MOp(OIIOTii
MOPOXKHHUH, IIUTBHOCTI CKIaieHHs. MopQOooriyHi 03HaKH T'yMyCOBO-aKyMYJISITHBHOTO

ropu30HTY 3a MeToJukol0 MAQO BiTHOCITHCS 10 HACTYNMHHUX KiIACH(DIKAIIMHUX KaTeropin
(tabn. 1).
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Turmm rpyHTOBOI CcTpyKTypH: 3epHuUcTa (Granular) — cdepoinHoi abo OGaraTorpaHHOi
(hopmu, 3 BUTHYTHMH a00 HEMPaBUIBHUMH I'PaHAMH, SKi HE IPIIISATAIOTH O TpaHel CycigHix
arperaris; rpyakyBara (Subangular blocky) — 6aratorpanHoi ¢popmu Maiike piBHUX PO3MIpIB
10 BCIX HanpsiIMKax, 3 OKPYIJICHUMH TPAaHSIMHU, JIO SIKUX MIPUIISITaI0Th, IOBTOPIOIOYH 1X GopMy,
cycigni arperatu; ropixysata (Angular blocky) — Binpi3HsIOTbCS Biji TPyJKYBaTHX TPaHIMH,
SKI TIEPeCiKalOThCs il BIIHOCHO TOCTPUMH KyTamu; npusMaruuta (Prismatic) — oOmexeHi
PO3MipH B TOPU30HTAJIBHIN i PO3TATHYTI PO3MIPH Y BEpTHKAIBHIN IUIOLIMHI, MAIOTh Jy)Ke
Jo0pe BUpakeHI BepTUKaJIbHI rpaHi (popma rpaHeii miocka abo ciabooKpyTiieHa), 10 SIKHX
TIPWJISITAIOTh, TIOBTOPIOIOYH X (hOpMY, CyCi/tHI arperaru.

Po3mip memiB BiAMIOBIAHWUX THMIB CTPYKTYpH: 3epHHCTa — Ayxe npidHa (< 1 Mm),
npidHa (1-2 Mm), cepenust (2—5 MM); TpyAKyBaTa — ayke IpibHa (< 5 mm), apidHa (5-10 Mm),
cepenas (10-20 mm); ropixyBata — myxe apiora (< 5 ™M), gpibra (5-10 mm);
npusMaruiHa — gyxe apioHa (< 10 mm), apioHa (10-20 mm).

Kareropii miinpHOCTI rOpH3oHTIB (KI AM~) BH3HAUYEHi 3 ypaxyBaHHSM KOMILICKCY
XapaKTEePUCTHUK: OI[HKH CHJIH, 3 SIKOI0 HDK YXOAWUTh Y CTIHKY po3pidy (IIpH HOJBOBIH
BOJIOTOCTI); IIepeBaxkatodoi (hopMH IeiiB; xapakrepy (parMeHTalii 3paska npu BHIyYeHHI
3 IpYHTY (Matepiai Bipa3y po3MaJacThCsl Ha BIJOKPEMIICHI arperatu, abo CrovaTky 3pa3ok
po3nanaeThCsi Ha BENUKI (parMeHTH, $Ki TiJ BIUIMBOM CWIHM PI3HOI MOTY>KHOCTI
PO3BATIOIOTHCSI Ha BIJOKPEMJIGHI II€/IM); MOPUCTOCTI CTIHKM po3pisy. OCKUIBKM B
JOCIIIIPKEHNX IpyHTaX BMICT rymycy nepesuuiye 2 % (Tupika, 1985; Belova, Travleyev,
1999), mokasHMKHM IIiTbHOCTI 3HIKyBamuch Ha 0,03 Kr aM~ mpu KoxHOMY 1%-HOMy
301IBIICHHI BMICTY OPTaHIYHOI PEUYOBHHU.

[NopucricTs BU3HAUEHA AK MOJS, 3aiHATA MOpaMH (IO PO3MI3HAOTHCS IiJ JIIH3010
npu 10-kpaTHOMY 30iTBIIEHHI) BiJ 3arajibHOi IUIONII CTiHKH T'yMYCOBO-aKyMYJISITHBHOTO
TOPU30HTY Yy IOCHIKEHHX IpyHTax Kiacudikyerbcs gk Bucoka (15-40 %) abo myxe
Bucoka (> 40 %).

3a MopdoJtoriero BU3HAYEHO TaKi THITM MMOPOKHUH: MDKarperatHi abo CKJIajHi nopu
nakyBanHsi (Interstitial) — HempaBmibHOI (QOpPMH 1 HE CIONYYalOThCSI MK COOOIO
(YTBODIOIOTBCS B PE3yJIbTAaTi YHAKOBKM arperartiB, siKi He NPWIATAlOTh LIUIBHO OJAWH JI0
OJTHOTO; Baru, abo kaBepHO3Hi (Vughs) — MatoTh nepeBaXXHO HEMPaBUIIbHY, alie OJIN3BKY 110
i3oMeTpu4HOi (OpMy, TepepuBYacTi 1 HE CIHOJYYaloThess MK c00010 (BHHUKAIOTH Y
pe3ynbTati JisUTBHOCTI TBApWH a0 MopyIIeHHsS (OopMH IHIIMX TMOPOXKHHH); IMOPH-KaHAIH
(Channels) — BUTSATHYTI TOPOKHUHH, TIEPEBAKHO TPYOUACTOI (POPMH, CHIIFHO BapiaOelbHi
32 PO3MipOM (BHHHUKAIOTh YHACIHIZOK AISUTBHOCTI pociuH i TBapuH); TpimuHu (Planes) —
OUTBIIICTE TPIIIMH PO3TAIIOBYETHCS HA MEXI MK TEIaMH, 3BHYAfHO MalOTh HEMOCTiiHI
tdhopMy, po3Mip Ta KUIBKICTB, SIKi BapiiOIOTH 3aJIEKHO Bi CTYTEHS 3BOJIOKEHHS IPYHTY
(BUHHKAIOTH y Pe3ybTaTi pO3TPICKyBaHHS a00 PO3MILICHHS MEe/IiB BiTHOCHO OJUH OIHOTO).

[lepexin MiX MATOpU30HTAMH (BHU3HAYAETHCSA IOTY)KHICTIO 30HH, Y MeEXax SKOi
pO3TaIoBY€eThCsl MexXi) Kinacupikyerses sk piskuid (0-2 cm) abo sicuuit (2-5 cm). Dopma
MEX piBHa (IIPaKTUYHO IJIOCKA MOBEPXHS FOPH30HTY) ab0 XBWIISICTa (IIMpUHA KapMaHiB
OinbIIa, HIXK 1X TIHOWHA).

Amnaniz Mop(OJOTiYHUX XapaKTEepHCTHK BUSBISE SK CIUJIbHI pUCH AudepeHiianii
TYMYCOBO-aKyMYJISITHBHOTO TOPHU30HTY, TaK 1 MIEBHI BIIMIHHOCTI MIX I'pyHTaMH IPUPOJHUX
JmcCiB 1 YOpHO3EMaMU 3BHYAMHMMH IIiJ] TpPaB’SHUCTOI Ta INTyYHOK JEPEBHOIO
POCIHHHICTIO.

Yopuozemu 36uuaitni (cmenoea uyinuuna, wmyutne 0ybooee Hacaodxcenns). llpu
MOJTLOBOMY  JOCTI/DKEHHI 3pa3Kd IIOBEPXHEBHUX TOPH3OHTIB YOPHO3EMIB 3BHYANHHUX
CTMOYaTKy pO3BaNIOIOThCS Ha TpPyAKH (apiOHimmn B migropusonti H; Tta Oilnbumii B
miaropu3onti H;) 3 HacTymHUM po3maiaHHsSM Ha OKpeMi CTPYKTYpHI arperar.
VY mnigropusonti H; mominytoTe myxke npiOHi i apiOHi 3epHucTi arperatu. Haromicts y
miaropu3zonti H, nomiHytoTh ayxxe aApiOHI 1 ApiOHI TpyAKyBaTi arperaTtd, 3€pHHUCTI
Oinbroro po3mipy (ApiOHi 1 cepeiHi), TAKOXK HasBHI PU3MATHYHI MTCIIH.
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3aranmpHa TMOPHUCTICTh KIACH(IKYETHCSA SK BUCOKA, Xoda B miaropm3oHti H, BoHa
MOMITHO 3HMKYETbCS. MOpQOJIOris TOPOXXHUH JOCHUTh DI3HOMAaHITHA IOYHHAIYU 3
MTOBEPXHEBOTO IiATOPU3OHTY: MiKarperatHi, Barw, TPIIIMHA 1 TOpU-KaHaIH. Alse B
JIPYrOMY MiJrOPU30HTI CYTTEBO 3MIHIOETHCS CITIBBITHOIICHHS BiTHOCHOI y4acTi OPOXKHUH
pi3HMX TUMIB: y miaropu3oHTi H, mepeBaxkaroTh MixkarperartHi i Baru, y miaropuzonri H, —
TPIIIMHHY 1 Bary.

linpHicTh ckIaAeHHS 3MiHIOETECA Bix BD2 y mosepxneBomy no BD3 y npyromy
niaropusonTi. Ilepexia Mixk miaropu3oHTaMu piskuid, popma rpanuili piBHa.

Yopuozemu nicogi (cxun Oaipaxy, cxun RPUCHIHY), 3ANAAGHUIL JIY2060-1iCO6UT
pynm (yenmpanvna 3annaea). Ha BiOgMiHy BiI 4YOpHO3eMiB 3BHYAHHUX, 3pa3Kh
ITOBEPXHEBOTO MiATOpH30HTY H | JiCOBHX TPYHTIB Bigpa3y po3mafaloThCS Ha BiJOKpEMIICHI
3epHHCTI (ApiOHI i cepenHi) i rpyakysaTi (xyxe OpiOHi 1 ApiOHI) arperatn. ['pani cycigHix
arperaTiB He NPWIAraloTh. ['pynKyBaTi OKPEMOCTi BHIVISNAIOTh SIK KOHIJIOMEpaTH
3epHUCTUX arperaTiB. Martepian miaropm3ontiB H, ta H; cmouarky po3BamroeTscsi Ha
BeJMKiI HecTabuTpHI Tpyaku (po3mipom Bix 3 mo 10 cm), sKi po3mamaroThCs Ha OKpeMi
MepeBaXKHO APIOHI 1 CepeIHI TPYAKYBaTI MeIH, 0 TaK CAMO MAlOTh BUIJIST KOHIJIOMEpaTiB
3epPHUCTUX arperariB. ['paHi Me/iB NPUJISraroTh, TOBTOPIOOYK (HOPMY TOBEPXHI CyCimHIX
arperaris. [TepBuHHI 3epHHUCTI arperard OuTbIi MOPIBHAHO 3 TOBEPXHEBHM
MiATOPU30HTOM.

Binpm  pi3HOMaHITHOIO € CTPYKTypa TyMYCOBO-aKyMYJSITUBHOTO T'OPHU3OHTY
YOpHO3EMIiB NPHUCTIHHUX JIiciB, Ae B miaropu3oHti H, cmocrepiraioTeCcst rpyaKyBari,
3epHHCTI 1 MPU3MATHYHI MeAW, a B MAropu3oHTI Hj; mpm3matnydi (IOMIHYIOYHHA THII),
TPYAKYBAaTi i TOpixXyBarTi.

[TopucTicT pi3KO 3MIHIOETBCS 3 y’K€ BHCOKOI O BUCOKOI MIX miAropu3oHTamu H;
Ta Hy. MeHI KOHTpacTHI 3MiHM CHOCTEPIraloThes B KaTeropii BUCOKOI MOPUCTOCTI MiXK
nigropusonramu H, ta Hj.

Y IpyHTax NPUPOAHUX JICIB CIOCTEPIraeThCsl 4YiTKa BiAMIHHICTH MOpdoIorii
MOPOXKHUH MiX minropusonramu H; ta H,. YV moBepxHeBOMYy MiArOpHU30HTI MOPOBHMHA
npocTip (GOpMYyIOTh MEPEBaKHO MiKAarperaTHi mopu i Baru (IO BiANOBIJA€ TOBHIH
arperoBaHoCTi Marepialy i JOMiHyIOYOMY THITy CTPYKTYPH), HATOMICTh ITOPOBHH MPOCTIp
JIPYTOTO 1 TPETHOTO MiIrOPU30HTIB OLIBII PI3SHOMAHITHUI — MiXKarperaTHi, Bard, TPIlIXHH i
nopu-ka"anu. [Ipyn mepexoni Bi Apyroro 10 TPETHOTO IJATOPH30HTY CIHOCTEPIraeThes
3MEHIIICHHS BIHOCHOI ydJacTi MDXarperaTHUX IOp i BariB Ta 3pOCTaHHS yd4acTi KaHANTIB i
0coONMMBO TpimuH. Bim3HaumMo, MmO TOPHU-TPIIMHA NEPEeBAXHO € TOPOKHUHAMH MiX
KOHTAKTYIOYMMH MTOBEPXHIMH I'PYAKYBATHX 1 IPU3MATHYHUX TIE/IiB.

JlicoBi TpyHTH BiI3HAYAIOTHCA HU3BKOIO HIUTBHICTIO (TO3HAYEeHHS mITbHOCTI — BD1)
TIOBEPXHEBHX rOpu3oHTIB H| i 3HAYHNM YIIiIEHEHHAM y MUpPOBOMY BHPaKEHHi (KT 1M ™)
Ha Mexi 3 migropm3ontamu H, (mo3HaueHHs miteHOCTI — BD2). VYmiinmeHeHHS npu
nepexoni o mmiAropuszoHTiB H; Mae MeHII KOHTpPAacTHHH Xapaktep y UH(POBOMY
BUPaKEHHI.

Mexi Mix nigropuzontamu H; ta H, MaroTs pi3kuii nepexiz i piBHy Gopmy, Mexi MK
H, Ta H; xapakTepn3ytoTbcst OUIbII OCTYTIOBUM, SICHUM NEPEXO0JIOM 1 PIBHOIO (hOPMOIO.

3araasHi pucu makpomopdoJoriunoi 1udepenniamii
ryMYCOBO-aKYMYJATHBHOIO FOPU30HTY JOCHiAKEHUX IPYHTIB

VYeiM  IOCHIDKEHHM IPYHTaM BJIaCTHBE JOMIHYBAaHHSA 3€pHHUCTHX arperatiB y
migropuzonti H; i meniB rpyzakysaroi mopdoorii B miaropusonti H,. Crocrepiraerbes
3arajbHa TEHJCHIIis 30UTbIICHHS PO3MIPIB CTPYKTYPHHUX OKpEMOCTEH YHHM3 10 Hpodilio,
30KpeMa HaiOLIbII KOHTPAcTHE MiXk miaropusontamMu Hy Ta H, y rpyHTax npupoHux Jiicis.

MeHII KOHTPAacTHI 3MiHM CHOCTEPIraroTbCsl B KaTeropii BHCOKOI ITOPUCTOCTI,
OCKIJIbKM BOHA Mae mupoki Mexi (15-40 %), ane 3aranom 3HWKEHHS 3arajlbHOi HOPUCTOCTI
€ TIOMITHMM. 3arajlbHOI0 3aKOHOMIpHICTIO € 3pOCTaHHS BHH3 10 INPOQUI0 ydacTi B
MTOPOBOMY IIPOCTOPI TPIMIMH i MOp-KaHANIB HA TJi 3MCHIICHHS BiTHOCHOI ydJacTi BariB Ta
0COOIMBO MiKarperaTHuxX Iop.
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[inpHICTF TOBEPXHEBUX MIATOPHU30HTIB H; YOpHO3EeMiB 3BHYAHHX JOpIBHIOE
MITBHOCTI MiAropu3oHTiB H, JlicoBUX IpyHTIB (M03HaYeHHS LiiibHOCTI — BD2).

B ycix gocnimkenux rpyHTax Mix miaropuzontamu H; ta H, criocrepiraerbes piskuid
nepexij i piBHa (popMa Mex.

Mikpomopdoaoriuna gudepennianisi ryMycoBo-akKyMyJAITHBHOTO TOPU30HTY

MIKpOCTPpYKTYpHI O3HaKH T'yMyCOBO-aKyMYJSITHBHOIO TOPH30HTY JOCHIIKEHHX
TPYHTIB HaBEJCHO B TaOI. 2.

Bapro  3a3HauutH, 1m0  MakpoMop(oJoridyHe  HOHATTA  CTPYKTYpH  Ta
MiKpoMOp(hOJIOTidHEe MOHITTS MIKPOCTPYKTYPH CYTTEBO BiJIMiHHI 32 CBOIM BH3HAYCHHSIM:!
SKIIO THI CTPYKTYpH XapakTepu3ye MOPQOJIOTil0 JHIIe IPYHTOBHX IEIiB, TO THII
MIKPOCTPYKTYpH BKJIIOYA€ NMOBHY XapaKTEPHCTHKY oprasizamii TBepaoi ¢asu IpyHTY Ha
OcHOBiI MopdoJiorii, CHIBBIIHOIIEHHS 1 OCOOJMBOCTEH MPOCTOPOBOIO PpO3TAIyBaHHS
MOPOXKHUH, NE/IiB Ta HEarperoBaHoro Marepiaiy.

Mikpozonu rpyakyBatoi (Crumb) MIKpOCTPYKTYPH CKJIJalOThCsl 3 IEPEBAXKHO
BHCOKOIIOPHCTHX arperariB cepoinHoi (popMu 3a y4acTio 3€pPHUCTHX arperariB Ta IyXKoro
HearperoBaHoro marepiaiy (pucyHox, a). XapakTepu3yloThCsl PI3HUM CTYIIEHEM aKOMOAALil
MIOBEPXOHb CYCITHIX IesiB (He akoMOJOBaHi ad0 YacTKOBO akoMoj0BaHi). OCHOBHY IUIOIILY
mopuctocTi hopmyroTh kKommo3utHi (Compound packing voids) ckimamai mopu maKyBaHHS
arperariB 1 kanamoronioni (Channels) mopw, 3amoBHEHI JpPIOHUMEH KOTPOTCHHUMH
arperatamn. HasBHI Takoxx IpiOHI MOpU-TPIiMIWHU i Bard. JaHWil THI MIKpPOCTPYKTYpH Ha
piBHI MakpoMop(oIIoTii OB’ I3aHM#t 3 TPYIKYBATHM THUIIOM CTPYKTYPH.

Komporenna (Vermicular) mikpocTpykrypa chopMoOBaHa CKYITICHHSIMU 3CpPHHUCTHX,
IIUTPHUX, HETOPUCTUX a00 HU3LKOMOPHCTHX, CPepoimHoi (OpMHU arperariB 300r€HHOIO
TIOXOJDKEHHSI (pucyHok, 0). AKOMoOJallisl MK 3epHHCTHMH arperatamu BincyTHs. [lopoBuii
npocTip chOpMOBaHUIT KOMIIO3UTHUMH CKJIaJHUMU NIOpaMU [aKyBaHHS 36pHUCTUX arperariB
Ta MEHIIOI Mipol0 OIOTeHHMMM KaHajlaMH. MIKpO30HH KONPOTE€HHOI MIKpOCTPYKTYpH
Bi/I3HAYAlOThCS ~ HAWBUIMMH  ITIOKa3HMKaMH  IUIOmi  BuamMoi — mopucrocti.  Ha
MakpoMop(OIOriYHOMY PiBHI KOMPOT€HHA MIKPOCTPYKTYpa IOB’3aHa i3 36pHUCTHM THIIOM
CTPYKTYPH, Jy>KE€ BUCOKOIO TIOPHCTICTIO | HU3bKMMH ITOKA3HUKAMH LIUTEHOCTI CKJIaICHHS.

Oxpyrno-6mokoBa (Subangular blocky) MikpocTpykTypa yTBOpeHa OgoKamMu 3
PO3BHUHYTHUMH TpaHAMH 1 OKPYIJIMMH KyTaMu (pucyHox, 6). Biloku € pesynpraTom
(parmeHTarii IpyHTOBOTO MaTepially BHACHIZOK pO3TpicKyBaHHA. lleam mepeBaxHO
IITBHI, HU3BKOTIOPUCTi, ane OloreHHa aKTHUBHICTh (MPOHUKHEHHS KOPEHIB POCIHUH,
JIOKOMOTOpHA 1 CTPYKTYPOYTBOPIOIOYA MisIIbHICTE 0€3Xpe0eTHHX) MOXYTh CTBOPIOBATH
BHYTPIIIHBOArperaTHy MOPHUCTICTb. MiXK CyCiIHIMH OJOKaMHM CHOCTEPIra€ThCs 4YacTKOBa
abo JOoCKOHaja akoMopalis NoBepXOHb. OCHOBHMM MOP(OJIOTIYHMM THUIIOM HOPOKHHH
OKpYTJI0-0JI0KOBOT MIKpOCTpYKTypu € mopu-tpinman (Planes) mix 0Oj0kaMu, 3HavHA
ydacTh KaHanornoniOnmx mop i BariB (Vughs). Ha piBHi Makpomopdomorii meit Tum
MIKpPOCTPYKTYpH TIOB’SI3aHUH 3 TpPYJKYBaTHM Ta MpPU3MAaTU4YHUM THIIOM CTPYKTYpH,
MOPaMU-TPIIIMHAMY 1 3HAYHOIO IIUIBHICTIO CKJIaICHHSI.

ToctpoxyTtHO-O610K0Ba (Angular blocky) MIKpOCTpyKTypa YTBOPIOETBCS BHACIIIOK
MPOIIECiB PO3TPICKYBAHHS I'PYHTOBOI MacH Ha IIiIbHI OJOKH, SKi MalOTh Pi3Ki IUIOCKI TpaHi
i roctpi KyTH (pucynok, 2). CycinHi OJIOKH XapaKTepU3yIOThCs JOCKOHAJIOK aKOMO/ALIE0
MOBEpXOHb. [IopoBHMil POCTip BiA3HAYAETHCA HAWHIDKYNMH, ITOPIBHSHO 3 1HITNMH THIIAMHU
arperoBaHoi MiKpOCTPYKTYpH, MOKa3HUKaMH 3arajbHoi miomii. [IpencraBinennii mopamu-
TpPILlIMHAMH, 3yCTPIYalOThCs Baru, Ha 3arajibHOMY (DOHI CIIOCTEpIraloThcs OI0reHHI KaHalu.
MIiKpO30HH TOCTPOKYTHO-0JIOKOBOI MIKPOCTPYKTYPH 3yCTpidarOThCs B miaAropuzonti Hj
OalipayHUX IPYHTIB y KOMIUIEKCI 3 IHIIUMHM THIIAMH MIKpocTpykTypu. Ha piBHi
MaKpoMOp(OJIOTii CIONTydaeThesl 3 TPYIKYBaTOI 1 IPU3MATHYHOIO CTPYKTYPOIO, ITOPaMH-
TPIIIUHAMY 1 BUCOKOFO IIUTEHICTIO CKIIQJICHHS.

MIKpO30HH HearperoBaHoi MIKPOCTPYKTYPH XapaKTepH3YIOThCS JIOCHTh  Pi3HOIO
IIJIBHICTIO 1 3arajibHOI0 TIOPHCTICTIO. 3YCTPIYalOThCS Pi3HOMAaHITHI MOPQOIOTIYHI THIHA —
MOPH-TPILIMHY, Bard, KaHAIW, CIONy4YeHi 3 KamepaMu. Y TOPH30HTax 3i 3HAYHHM BMICTOM
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BEJIMKHX 3epeH CKeJeTy HasiBHI koMrutekcHi ckinaaHi (Complex packing voids) mopu makyBaHHS
MiHEpaIbHUX 3€epeH i JpiOHO3eMHCTOro MaTepianmy. Hearperosana MikpocTpyKTypa Ha pPiBHI
Mikpomopostorii MOB’si3aHa 3 BEIMKAMHU PO3MIpaMK MPU3MATHYHKX 1 TPY/IKYBaTHX arperaris,
MOPaMHU-TPIIIIMHAMHY 1 BUCOKOFO IIUTbHICTIO CKJIAICHHSL.

KonTtpactHicTh audepeHiialiii Ha miaropu30HTH IIarHOCTY€EThCS 32 TAKMMHU 3MiHAMU
MIKpPOCTPYKTYpHOi Oprasizamii: 1) 3MIHM KOMIUIEKTY THUIIB MIiKpPOCTPYKTYpH; 2) 3MiHH
BIZITHOCHOTO CITiBBIJJHOILICHHS (JOMIHYIOUi/APYrOpsAHi) Pi3HUX THIIB MIKPOCTPYKTYPH;
3) 3MiHM XapakTEPHCTHK IIOPOBOTO IPOCTOPY (CHIBBIIHOIICHHS JOMIHYIOYHX THIIIB
MOPOXKHUH, IUIOIII  mopucrocTi) Ta  Mopdororii  arperatiB  (popma, po3mip,
BHYTpILIHbOATrperaTHa MOPUCTICTh) Y MEXaX OJHOTO TUILy MIKpPOCTPYKTYpH; 4) 3arajbHOi
TUTOIII BUAMMOI IIOPUCTOCTI.

Yopnozem 3euuannuit (Calcic Chernozem). [Ins TyMycOBO-aKyMyJISTHBHOTO
TOPU30HTY BJIACTHBE CIIOIYyYEHHS MIKPOCTPYKTYp IBOX THIIB — IPYAKYBaTOI Ta OKPYIJIO-
GJIOKOBOI 3 BiAMOBIIHUM HAOOPOM NOMIHYIOUMX THIIB arperaTiB i MOPQOIOTIYHUX THIIIB
mopoXHWH. Y miaropm3oHTi H; iX croiBBigHOmIEHHS NPHUOIM3HO piBHE, HATOMICTH Yy
JPYyroMy HiAITOPU30HTI 30LIBIIYETHCS BITHOCHA YaCcTKa OKPYIIIO-0JIOKOBOI MIKPOCTPYKTYpH
i pi3HOMaHiTTS MOpP(}OJIOTIYHMX THIIIB TOPOXHWUH Ha (OHI 3MEHINECHHS 3arajibHOl
mopuctocti. Takok y MIKPO30HAX OKPYIJIO-OJIOKOBOI  MIKPOCTPYKTYpH — JIPYroro
MiATOPU30HTY CHOCTEPIra€ThCs BHUINMI CTYIIHb aKOMOAAIl TOBEpXOHb AarperariB i
3pOCTaHHSI POJIi MTOP-TPILMH Y POPMYBaHHS IOPOBOTO MTPOCTOPY.

Yopnoszem 3euuaiinuii aiconokpawenuii (Calcic Chernozem). Y minropusonti H,
OCHOBHUM THIIOM € TpPYIKyBaTa MIKpPOCTPYKTYpa, CKJIaJeHa BEMKHMH I'PYAKYBaTHMH
MeAaMy, HE3Ha4HI IUTOM[I KOMPOTEHHOI MIKPOCTPYKTYpH C(OPMOBaHI 3epHUCTUMHU
BUKHgamMu Oe3xpebeTHux. llopoBuii mpocTip YTBOpEeHHMH KOMIIO3UTHHMH IIOpaMHU
MaKyBaHHS, BaraMd 1 KaHaJaMH pI3HOTO po3Mipy 1 Xapakrepy iX 3amoBHEHHA. Y
migropu3onti H, mepeBakae rpyakKyBaTa MIKPOCTPYKTypa 3 Yy4YacTIO KONPOTEHHOI 1
MEHIIOK Mipol0 — ryO4acToi. Pi3HOMaHITTS MOpPQOJIOriYHUX THIIB HOPOXKHHH
Npe/ICTaBlIeHe KOMIIO3UTHUMH TTOpaMH MaKyBaHHs arperariB, KaHaJONOAIOHUMH 1 BaraMmu.
3MEHIIYEThCS 3arajbHa Iiolna mopuctocTi Bix 37,58 % mo 30,58 %.

Yopnosem nicosuii (Voronic Luvic Chernozem). MixpocTpykTypa ninropusonty H;
KOIPOT€HHAa 3 YepryBaHHSIM MIKPO30H JOCTaTHBO IIIJIBHOIO CKJIAAEHHS Ta KPYIHHX
nopokHuH 3 poscisHuMu (y 2D mpocropi) arperaramu. Y MIKpo30HaxX IIiJIBHOTO
CKJIaJICHHSI CIIOCTEPIraeThCsl BUCOKA CTYIIHh aKOMOJaIii TOBEPXOHb ME/iB (X04a BiJCTaHb
MDK HMMH 3HAa4yHa), HAaTOMICTh Yy BHCOKOIOPHUCTHX MIKpPO30HaX aKOMOZAIis He
CIIOCTEPIraeThesl, HE3BAKAIOUM Ha HASBHICT NOOpEe BUPaXXCHHX TIpaHell B arperaris.
[opoxHwHHU, He3aIeXKHO Bix X Mopdosorii (po3ramyXeHi KaHalli, PO3ralyXeHi TPIIHHH,
BarW HENpaBWIBHOI (OPMH), 32 TCHE3UCOM MOXKHA KIacH(iKyBaTH SK KOMIIO3UTHI MOPH
NaKyBaHHSA 3€pHHUCTUX arperariB. OCHOBY CTPYKTYpH CKJIaJalOTh KOIPOTEHHI IeIH
(BukuaM JOMOpUIMI), SKI CHOJNYdYalOTh y CBOiM OynoBi 03HakM OJIOKIB 1 3€pPHUCTHX
arperatiB. O3HaKH 3€PHUCTOCTI — popma OJIM3bKA 10 130METPUYHOI, HCBHCOKA MOPHCTICTh;
O3HaKu OJIOKOBOCTI — HAsIBHICTh I'paHeH, OKPYIJI BEPIIMHHM, BHCOKA CTYIIHb aKOMOJAii
noBepxoHb. KonporenHi ocoOGnuBOCTI Makpo- Ta MIKpoMop¢oJorii mexmiB, NPaKTUYHO
MIOBHA arperoBaHiCTh, JTy’Ke BUCOKa 3arajbHa IMOPUCTICTh TOPU3OHTY Ta HU3bKa IMOPHCTICTH
BIaCHE IMIeNiB CBiAYaTh NPO KONPOTCHHE IOXOKECHHS CTPYKTYpH 3 HACTYIHUMH
KOHTAKTHAMH B3a€MOJISMH MiX NEJaMH, SKi 3yMOBIIOIOTh YTBOPCHHS I'paHEl. 10 Halae
01moKxoBy Mop(oIIoTito IenaM Ha MiKpoMOP(OIOTiTHOMY PiBHI OpraHi3aiii.

Xapaktep MIKPOCTPYKTYpH MiAropu3onty H, momiOHWI 0O MOBEpXHEBOTo, aie
CIIOCTEPIraeThCsl BHINA AKOMOJAIliSl ITOBEPXOHB arperariB, 3MEHIIYIOTBCS BIICTaHI MiX
arperatam, JIiHiiHI pO3MipH TOPOXKHUH Pi3HOT MOPQOIIOTIT 1 TIOIIA HOPUCTOCTI.

Tpertiii MiIrOpU30HT IIarHOCTYEThCS HAa OCHOBI KOHTPACTHOI 3MiHHM KOIPOTE€HHOT
MIKpPOCTPYKTYPH Ha TOCTPOKYTHO-OJIOKOBY 1 HearperoBaHy 3 BIANOBIIHMMH IM THIIAMU
MOPOXKHUH 1 neftiB. TTopiBHSHO 3 onepeIHIMU MiATOPU30HTAMH Pi3KO 3HIKYETHCS TUIONIA
nopuctocTi (3 46,93 % no 24,04 %.) i cTyniHb OCTPYKTYpEHHs (II0OB’SI3aHO 3 YKPYIHEHHIM
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TPYHTOBHUX arperatiB Ha MakpoMopdomoriaanoMy piHi). [lenn pisHOManiTHOI MOpoIOTIi —
TOCTPOKYTHI ¥ OKpyrii OJIoOKM, 3epHHCTI, TpynkyBari. CrymiHb akoMmopamii Mix
arperaTamMy 3aJIe)KUTh BiJl THUIY MIiKPOCTPYKTYpH KOHKPETHOi MiKpO30HH. Pi3HOMaHITTS
THUITIB MIKPOCTPYKTYpH, TOPOXHHH Ta arperaTiB CBIIYHMTH NP0 PI3HOMAHITTS NPOLECIB

CTPYKTYPOYTBOPEHHSL.
Yopnoszem nicosuii (Luvic Phaeozem). MikpocTpyKTypa — KOIPOTCHHA 3CPHUCTA 3
OKpEMHMH MIKpPO30HaMH TpyIKyBaToi. Arperarn — TEpeBaXHO [JpiOHi, IIUIBHI,

HHU3BKOMOPHCTI, BACOKOT'YMYCOBaHi, HEaKOMOJI0BaHi KonpouitTi. [lopucTicTs ckianaerses 3
KOMITO3UTHHX IIOp NaKyBaHHS 1 010T€HHUX KaHaiB.

[pu mepexoni mo minropusonty H, crocrepiraeThcst KOHTpacTHA 3MiHA KOMPOTEHHOI
1 TPyIKyBaTOl MIKPOCTPYKTYPH Ha HearperoBaHy i BiIMIOBiTHE pi3Ke 3HIDKECHHS MIOPUCTOCTI
3 21 % mo 7,55 %. IlepeBakatoTh Baru, TaKOXXK HasBHI TPIIIUHH, KAHAJTH i KOMIUIEKCHI
CKJIa[IHI IIOpY TTaKyBaHHSI.

MeHI KOHTpacTHOWO € mudepeHiianis Mix mnigropusonramu H, Tta Hj, ska
MIPOSIBIETHCS. B 3pOCTaHHI POJIi KOMIUICKCHHX MOP MaKyBaHHS Ha ()OHI 3MEHIICHHS POl
nop-TpimuH. OCHOBHY IUIOILY NOPUCTOCTI ()OPMYIOTH Bard 1 KOMILIEKCHI TIOPU TTaKyBaHHS,
3yCTpIYarOThCs KaHaiM 1 HeuwcenbHI TpimmHu. [Ipy npoMy 3arajipHa IJioIia MOPHCTOCTI
Mae 0JM3bKe 3HaueHHs. Taki 0co0NMMBOCTI MIKPOCTPYKTYPHOI OpraHi3auii IpyHTIB IPUCTIHY
TIOSICHIOIOTBCSI  TIOJIETIICHUM TPaHyJOMETPHYHAM CKJIQJIOM 3aBISKH 3HAYHOMY BMICTY
3€peH CKeJIeTy.

3annasnuii nyuno-nicosun rpynm (Mollic Fluvisol). Jludepenuiais rymycoBo-
aKyMyJIITUBHOTO TOPHU30HTY NOAIOHa m0 OalipayHuX YOpHO3eMiB. Y MOBEPXHEBOMY
HIiIrOPH30HTI CYTTEBO IMEpeBakac KOMPOTeHHA 3EPHUCTA MIKPOCTPYKTypa MOPIBHSIHO 3
TPYAKYBaTOIO. Arperatu — MEepeBaXHO KOIPOIITH PIi3HOTO pO3Mipy i BHUCOKOMOPHCTI
rpyAKyBaTi. Y MIKpO30HaX 3€pPHUCTOTO CKJIAJCHHS aKOMOJAIlis TOBEPXOHb MEIIB BiICYyTHS,
y MIKpPO30HAaX IMiIBHOI TPYIOKYBAaTOl MIKPOCTPYKTYpH CIIOCTEpITaeThcs YacTKOBA
akomoaiis. [TopoBuii mpocTip chOPMOBAHO MEPEBAKHO MIKAIPEraTHUMU KOMIIO3UTHUMH
NopaMH TaKyBaHHS, Ha 3arajbHOMy (OHI pO3BUHEHI OIOreHHI KaHauW, 3alOBHEHI
arperatraMu-BUKUAaMH.

[Mepmmii Ta Apyruit MiAropu30HTH BiAPI3HAIOTHCS MOKa3HUKAMH BUINMOI TIOPUCTOCTI
(21,79 % i 17,04 % BimmoOBiMHO) TpPHU OJHOTHITHIN KOMPOTCHHIA MIiKPOCTPYKTYPi.
VY apyromy minropmsonti H, nepeBakae KONporeHHUH 3€pPHUCTHIH THIT MIKPOCTPYKTYpPH Ta
HasBHI MIKPO30HH TPYAKYBaTOro ckiaaeHHS. [leaw mepeBaKHO KOMPOTEHHI, 3€pHUCTI,
HU3BKOIIOPHCTI, Pi3HOTO po3Mipy. 3yCTpi4alOTHCS BHCOKOIIOPUCTI TPYIOKYBATi arperard,
110, IMOBIPHO, € «CTapilOYNMI» KOTIPOJITaMH, SKi IIOCTYIIOBO PYHHYIOTBCS

[Minropuszont H; BUPI3HAETHCS OKPYII0-0JIOKOBOIO MIKPOCTPYKTYPOIO 1 3HWIKEHHIM
wioili nopucrocti 10 15,54 %. OCHOBHHI THUIT MOPOXKHUH — MDXKOJIOKOBI TPIL[MHH, TAKOXK
HasBHI KPYTIHI Bary i KaHaJIomoAi0Hi mopu. AkomMoarlisi 6JI0KiB BHCOKa.

BUCHOBKHU
1.Y npocmimxenux 1pyHTax llpmcamap’s JIHIDPOBCBKOTO  CIIOCTEPIraeThes
nmudepeHtiais TYMYCOBO-aKyMyJIATUBHOTO TOPHU30HTY Ha Makpo- Ta

MiKpoMOp(OJIOTIYHOMY DIBHSIX CTPYKTypHOi opraHsizamii. ['yMycoBo-akyMyJIsITUBHHIA
ropu3oHT 4opHo3emiB 3BuyaiHNX (Calcic Chernozem) sik mix TpaB’sSHHCTOIO, TaK 1 IIij
LITYYHOIO JEPEBHOIO0 POCIMHHICTIO MdepeHIioeThess Ha J1Ba migropusoHtn — Hy ta H,.
Y 4opHO3eMHHUX IpyHTaxX npupoaHux Oaiipaunux (Voronic Luvic Chernozem) i npucTiHHUX
miciB (Luvic Phaeozem) ta myuno-micoBux rpyHrtax (Mollic Fluvisol) 3ammaBHuUX miciB
MTOBEPXHEBUI TOPU30HT MU(EPEHINIOETHCSA Ha TpU miaropmsonTa — Hy, H,, H;.

2. Ha makpoMopdoIoTigyHOMY piBHI B MEXaX TYMYCOBO-aKyMYJISITHBHOTO TOPH30HTY
CIOCTEpIraloThCs CHHXPOHHI 3MIiHHM OCHOBHHX XapaKTEPHCTHK CTPYKTYPHOTO CTaHY:
pi3HOMaHITTS MOpPQOJIOTIYHMX THIIIB CTPYKTYpH; JOMIHYIOUHX THIIB CTPYKTypH;
MEePEeBAKAIOUMX PO3MIPIB arperatiB y Mekax OJHOTO THIy CTPYKTYpH; 3arajibHOI
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MOPUCTOCTI; PI3HOMAHITTS MOPQOIOTii MOPOKHWH; BITHOCHOI yYacTi OKpEMHX THIIB
MOPOXKHUH Y (POPMYBaHHI TOPOBOTO MPOCTOPY; IIIBHOCTI CKITaACHHS.

3. Ha wmikpomopdomorivaomMy piBHI audepeHmianis IiarHOCTYEThCS 3a 3MIHAMU:
KOMIUIEKTY Ta  BIJIHOCHOTO  CIIBBIJHOIIEHHS PI3HAX THUIIB  MIKPOCTPYKTYpH;
CIIBBIJHOIICHHS JAOMIHYIOUYHMX THITB TMOPOKHUH 1 3arajibHOI IJIONI BUAUMOI MOPUCTOCTI;
Mopdoutorii  arperatriB  (popma, po3mip, CTymiHb  aKOMoOAalil  IOBEPXOHb,
BHYTpIIIHbOArperaTHa MOPHUCTICTh) Y ME¥Kax OJHOTO TUITY MiKPOCTPYKTYPH.

4. Binp ckiagHa audepeHmiamis ryMycoBO-aKyMYJISITUBHOTO TOPH30HTY JIICOBHX
IPYHTIB TOPIBHSAHO 3 YOPHO3EMaMM 3BHYANHMMM, Ha Hall MOTJISA, 3yMOBJIEHa OUIBIIONO
MOTY>KHICTIO TOPU30HTY, II0 3YMOBIIIOE€ CYTTEBE 3POCTaHHS YIIUIBHCHHS B HH3XiJHOMY
HATIPSMKY B HOTO MeXax Ta OiIbII iHTEHCHBHOIO OiO0JOTIYHOI0 aKTHBHICTIO (0COOIHMBO
IPYHTOBOI M€30- i MiKpo(ayHn).
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MICROMORPHOLOGY
OF FOREST SOILS

, runtoz_navstvo

IMYHTO3HABCTED 0. V. Stryzhak &7 Cand. Sci. (Biol.)
UDK 504.53 + 630*1 O. Honchar Dnipropetrovsk National University,

Gagarin ave., 72, Dnipro, Ukraine, 49010

CHARACTERISTIC OF THE MICROMORPHOLOGICAL STATE
OF THE SOILS OF THE FLOOD-LANDS OF THE SAMARA RIVER

Abstract. The main micromorphological properties of the soils of the riverine valleys, the
central and the terrain part of the Samara river have been revealed. The main factors that influence the
creation of such a micromorphological organization of these soils are revealed. The basic
micromorphological features of the soils of the pririal shaft are: plasma-sand microstructure, humus-
argillaceous plasma, which is located in the form of films along grains of minerals; poorly developed
porous network, represented mainly by pores-packings; weak aggregation of horizons. The fraction of
grains of large size dominates in the skeleton. They are characterized by good roundness. The main
reason for such a micromorphological organization of these soils is the immediate proximity to the
Samara river. Due to the high water, some horizons can be washed off, or on the contrary, they can be
washed by new ones due to the deposition of illuvial material.

With the distance from the river and, accordingly, with the decrease in the influence of flood,
the biological influence (forest vegetation and the activity of soil organisms) on the
micromorphological properties of the soils of the central floodplain increases. This manifests itself in
good structuring, developed pore network of upper horizons, presence of organic residues at different
stages of decomposition.

In the profile, microstructure is inhomogeneous, in the upper horizons it is dusty-plasma, with
depth changing to sand-plasma and in the lower horizons — plasma-sandy. Skeletal grains are
characterized by traces of transport on their surface (scratches) and good roundness. The plasma is
humus-clay, with a share of clay plasma decreases. The clay part of the plasma is characterized by
birefringence, orientation and the ability to rebuild. The pore space is most developed in the upper
horizons due to burrowing activity of earthworms. With depth, the pore area decreases, often their
walls are covered with clay kutans due to illuvial processes.

The formation of the profile and the characteristic micromorphological organization of the soils
of the central floodplain passed in several stages. The heavier fractions of the illuvial material were
deposited on the underlying rocks with the weakening influence of floodplain processes. This can
explain the great difference in the content and size of grains of minerals in the upper and lower
horizons. Over time, the influence of forest vegetation and the burrowing activity of soil animals
create entire coprolite horizons, which leads to an improvement in air and water conditions.

The soils of the flood-lands of the Samara River are characterized by the presence of a large
amount of plant residues in the upper horizons and a low content of grains of the skeleton. With the
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depth the plant residues gets less, and the grains of minerals gets more. The profile is characterized by
the presence of a large variety of kutans.

Specificity of micromorphological organization of soils of the terrain part of the flood-lands of
the Samara River is due to the influence of forest vegetation, the close occurrence of groundwater and
dynamic oxidation-reduction processes.

Key words: micromorphological organization, ecological factors, floodplain biogeocenoses.
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XAPAKTEPUCTUKA MUKPOMOP®OJIOMMYECKOIO COCTOAHUA
NMo4B NOUMBbI p. CAMAPbI

AHHoOTanWs. BrIsBICHBI OCHOBHBIE MHKPOMOP(OIOTHYECKHE CBOWCTBA U (haKTOPBI, KOTOPHIC
00yCIOBIMBAIOT CEUU(PHKY MEKPOMOP(OIOTHIESCKON OPraHU3alliy OYB MOUMBI p. CaMapsl.

OCHOBHOH (paKTOp, KOTOPHIA BIHAET HA MHKPOMOP(OIOTHYECKYIO OpPraHU3alMI0 IO0YB
HPUPYCIIOBOTO Bajla, — MOJOBOALE. BeeacTBre MOIOBOAMIT MOTYT CMBIBAaTHCSI TOPU3OHTHI HIIH Ke,
Ha000POT, HAMBIBATHCSI HOBBIE 33 CUET HAHOCA HILTIOBHAJIBHOTO MaTepHaa.

C yMeHbIICHHEM BJIMSHHS TOJOBOAMI  YCWJIMBAeTCsi OMOJOTMYECKOE BIMSHHE Ha
MHKPOMOP(OJIOTHYECKUE CBOMCTBA IOYB LEHTPAIBHOW MOMMBI. DTO MHPOSBISETCS B XOpPOLIEM
OCTPYKTYPUBAHHUHM, PA3BUTON MOPOBOH CETH BEPXHUX FOPU3OHTOB, HAJIMYUU PACTUTEIBHBIX OCTATKOB
Ha Pa3HBIX CTaUAX PA3IOKECHUSL.

s mouB mpuUTEppacHOW HYaCTH TOMMBI XapaKTEpPHO OOJNBIIOE COAEep)KaHHE PACTHTEIBHBIX
OCTAaTKOB B BEpXHMX ropu3oHTax. C riIyONHOH UX CTAHOBHUTCS MEHBIIE U YBEIHINBACTCS KOJIMIECTBO
3epeH MUHepasoB. [l mpoduiIst XapakTepHO OOJIBbIIOE pa3HOOOpa3Ke KyTaH.

KnloueBbie cioBa: mukpomopgponocuueckas —opeanusayus, 9dKoaocuueckue @daxmopul,
notimenHble OUO2EOYEHO3bI.

YJIK 504.53 + 630*1 O. B. Ctpuxak KaHz1. OioJ1. HayK

Jninponemposcokuii Hayionanvrull yuisepcumem im. O. I'onuapa,
npocn. I'acapina, 72, m. [Jninpo, Yxpaina, 49010,
men.: +38066-284-11-31, e-mail: strizhak ol@ua.fm

XAPAKTEPUCTUKA MIKPOMOP®ONOIN4YHOIo CTAHY
I'PYHTIB 3AMNABU p. CAMAPU

AnoTtauis. BusBneHo ocHOBHI MiKpoMOp(OJIOTidHI BIaCTHBOCTI i aKTOpH, SKi 0OYMOBIIIOIOTH
crrenndiky MikpoMopdooriutoi opranizanii IpyHTiB p. Camapu.

OcHOBHHUI (haKTOp, KU BIUIMBAE Ha MIKPOMOP(QOJIOTiuHy OpraHi3alilo IPyHTIB IPHPYCIOBOTO
BaJly, — NOBiHb. BHACITIIOK TTOBEHEH MOXKYTh 3MHUBATUCS TOPU30HTH a00, HAaBMaKW, HAMHBATUCS HOBI 32
PaxyHOK LTIOBiaJIbHOTO Martepiainy.

I3 3MEHIICHHSM BIUIMBY IIOBEHEH MOCHIIOETBCS OIONOriYHUN BIUTMB Ha MiKpOMOpQOoIoriuHi
BJIACTUBOCTI IPYHTIB IIEHTPAIBHOI 3aruiaBy. Lle mposBiseThCs B XOPOLUIOMY OCTPYKTYPEHHI, pO3BUHEHIN
CHCTEMI IOp BEPXHIX TOPU30HTIB Ta HASBHOCTI POCIMHHMX 3aJIMIIKIB Ha PI3HUX CTaisIX PO3KIIaTaHHs.

J1s TpyHTIB IpUTEpacHOi YaCTHHH 3aIUIaBH XapaKTEPHUI BETMKUH BMICT POCIMHHHX 3aJIHIIKIB y
BEPXHIX TOPH30HTaX. 3 TIMOMHOIO iX KUIBKICTh 3MEHIIYEThCS, a KUIBKICTH MiHEPAIbHUX 3€peH —
301nbLIy€eThCs. st podiro XapakTepHUM € Pi3HOMAHITTS KyTaH.

Knrouosi cnosa: mixkpomopghonoziuna opeanizayis, exonociuni (haxmopu, 3aniaeHi 6ioeeoyeHo3u.

BCTYN

KopoTko3amnaBai jicu Ha TepuTOpii MiBIEHHOTO CXOXy YKpaiHH TpHUYypOUeHi IO
3amraB pik Camapu, Bouoi, Opedni, mo BxomsaTs 1o Oacetiny JlHinpa. TyT moBiHb TpuBae
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Oomm3pko 10 mHIB, YHACTIIOK YOTO SIBHINA 3aIUTABHOCTI M aFOBIaJIbHOCTI CIIAOKIIIAIOTH Y
NopiBHsAHHI 3 JIHINPOBCHKOI 3aIlIaBOIO, MOCTYNAIYUCh MicleM (akropaM 30HajJbHOTO
xapakrepy. [1o momepeunomy npodimo gonmnau Camapu MPOCTEKYETHCS HASBHICTD TPHOX
€KOJIOTIYHMX 30H, BIIACTHBUX 3aIlIaBHIN Tepaci: MPUPYCIOBOT 30HH, IEHTPAIBHOI 3aIJIaBH 1
npuTepacHoi 30HM. ONTUMaJIbHUMH MO3MLISAMH JUIS JIICOBUX YIpyNOBaHb B YMOBax
3alUlaBU € CyMillaHi [pUPYCIOB’sl, AUISHKK [JaBHIX MHPUPYCIOBUX BaJiB, TEPHTOPIS
MiHATOT IEHTpPaAJIbHOI 3aIulaBM 1 MiAHATI AUISIHKKA nputepaccst (Belgard, 1950, 1971;
Belova, Travleyev, 1999; Belova, Yakovenko , 1997; Yakovenko, 2007; Stryzhak, 2014).

OpHi€r0 3 BJIACTHBOCTEH IPYHTY € 3/aTHICTH 10 3alaM SITOBYBAaHHS 1 3alllCyBaHHS Y
BHUIULAAI pisHOMaHiTHHX (opM. [pyHT HamimeHui crelM(piYHMMH MEXaHi3MaMH 3aIlHCy Ta
30epexeHHs iHopMartii mpo (akTopu Ta mporecu cBoro GopMyBaHHs, X eBoromii B gaci. [ls
iH(OpMAITis 3aIHUCYEThCS Ha TBEPAO(A3HUX HOCISX, SKi YTBOPIOIOTH CKIIATHO OpPraHi30BaHY
iepapxiuHy CHCTEMY AIarHOCTHYHMX O3HAK 1 BIACTHBOCTEH IPYHTIB Bill MOJIEKYJI 1 MiHEpaJIiB 0
rpyHToBux nokpusis (Targulianand Goryachkin, 2008). Po3umgpysar 11 3anmcu Mu MOXeMO
3a JI0TIOMOT'00 MiKPOMOP(OIOTTYHNX METOIIB JOCITIPKEHHSL.

OB’EKTU TA METOAOU AOCHIAXEHHA

JocaimkeHHs eKOoJI0ro-MiKpOMOP(OIOTiYHUX OCOOIMBOCTEH IPYHTIB 3aIUTaBHUX
OioreorieHo3iB p. CamMapu BUKOHYBaJIK B J1aboparopii mikpomopdoutorii rpyuTie HaykoBo-
JIOCTIIHOTO IHCTHTYTY Oioyiorii Ta Kadempu reoOOTaHIKM, IPYHTO3HABCTBA Ta EKOJIOTIi
JIHinporeTpoBCHKOro HallioHANIBHOTO YHiBepcuTeTy iM. Ounecst ['onuapa. Bindip rpyHToBux
MOHOJITIB TpPOBOJIUBCS Ha MpoOHiM mromi Ne 208 (mpupycnoBa 3ammaBa), Ne 209
(uentpanbHa 3aruaBa) ta Ne 210 (mpurepacHa 3amaBa) HaykoBo-HaBYaJIbHOTO LIEHTPY
JIHIIpOIIeTpOBCHKOTO HaliOHATBHOTO YHiBepcuTery iM. Onecst ['onuapa «[Ipucamapcrkuit
Oiocgepruii cramionap im. O. JI. Bensrapma» (HoBoMockoBcrkuit p-H, JJHIIporeTpoBchKa
001.) y cxmami KowmrutekcHoi —excmemumii  J{HIIPONETPOBCHKOTO  HAIiOHATIHHOTO
yHiBepcutery iM. Omecs Tonwapa. BuroTtoBineHHs unIiiB BHKOHYBaJOCh 32
3arajJbHONPUKAHITAM MeToioM. Po3umdpyBanHs MikpoMopdoioriuHoi opranizamii IpyHTiB
mpoBoAWIIOCS 3a 3aranbHONpuitHATOI0 cxemoro O. 1. Ilapdronosoi, K. A. Spwmiosoi
(Parfyonova, Yarilova, 1977) ta €. 1. T'arapunoi (Gagarina, 2004).

IlepBunHe onmcaHHs HLTI(QIB Ta IPYHTOBHX CKOJIIB HPOBOJIWIIOCS 32 JIOIIOMOTOIO
6iHOKyIsApy. HanmiieHHs CKOITiB MPOBOAMIIOCH BYTJIELIEM, TIONIEPETHE ONMMCAHHS 3pO0JICHO Y
PEM 100-Y. [erani3oBaHe OMHUCAHHSA Ta MIKpOaHAli3 OCHOBHHX CJIIEMEHTIB PEIbEPY
MIOBEPXHI I'PYHTOBUX CKOJIB IIPOBOJMJIOCS B €JNEKTPOHHOMY Mikpockori PEMMA-2 y
PEeXUMI BTOPUHHHX Ta BiIOUTHX €JIEKTPOHIB.

PE3YJIbTATU TA IX OBFOBOPEHHSA

MikpomopdoJioriuai 0co6auBOCTI Npogia0 IPyHTIB NPHPYCAOBOIO By
p- Camapu. Bracninok 6nm3pkoro po3ramyBasHS a0 p. Camapu Ta 3aBOSKH HOCTIHOMY
BIUTMBY TIOBEHEBHX IIPOILECIB (3MHB Ta HaMHUB allIOBIABHUX BIOKIAMIB) y TIPyHTax
MPHUPYCIOBOTO BAIy POPMYIOTHCS OCOOIIBI PHCH Ta BIACTUBOCTI, XapaKTEPHI TUTBKA M.

l'omoBHOIO  MakpoMOpP(OJIOTIYHOIO  OCOONMHMBICTIO 1X MPOQUIIO € IIapyBaTiCTh.
Hacuuenicte TeMHUMH KONBbOpaMH (3aBISKH 3a0apBICHHIO TyMYCOM) HE 3aJIeXHTh Bl
TIMOMHN 3aJIiTaHHS TOpPH30HTY. Ll ImmapyBaTicTh — HACHiIOK BIDIMBY 3aIUIaBHOCTI, €
3a0apBICHHSI MOXKE OyTH 1HIMKATOPOM IHTEHCUBHOCTI MoBeHi. CBITJIIII TOPH30HTH BKa3ylOTh
Ha OLIBIIIY KUTBKICTh HAHECCHOTO LTIOBIAIBHOTO MaTepialy Ta CHIy BOJHOTO MTOTOKY.

BioTnuHi enemeHTH OioreoleHO3y MalOTh 0araTo IepeayMOB JUIsl BUPAXKEHHS CBOIX
NPOLIECIB Y IPYHTOBOMY Npodiji, ame HasBHUA HU3BKHHA piBeHb MIKpOMOPQOIIOTIUHOT
oprasizauii (He CTpPyKTYpoBaHi ad0 IMOraHO CTPYKTYpOBaHi TOPH30HTH, OraHO PO3BHHEHA
TOpOBa CHCTEMa, He3HaYHa KITBKICTh Oyporo TyMycCy) IOB’SI3aHHA i3 CHJIBHUM BILTHBOM
TTOBEHEBHUX IIPOIIECIB, Ki 3aTUPAIOTH «3aMUCH» Y PO isli iHITUX IPYHTOTBOPHUX (DaKTOPIB.
ToMmy OCHOBHHH TPYHTOTBOPHHH HpOIEC, KUl IOMiHye y BUpPaKCHHI CBOiX 3aIlHCiB Y
IpyHTOBOMY TIpoifi, € abioTHIHNI — TIOBEHEBHH (haKTop.
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XapaKTepHUMH MiKpOMOP(OIOTIYHIMHU OCOOIUBOCTAMU IIHX IPYHTIB €:

— IJIa3MOBO-TIIII[aHa MIKpOOyIOBa, sIKa 3 TIMOMHOIO 3MIHIOETHCS B OiK yCKIIaJHEHHS,
II0 € 03HAKOIO0 MOJIOJHX IPYHTIB 3 «IIEPEBEPHYTHM» MPOdinem;

— TYMYCOBO-TJIMHHCTA IIJIa3Ma, SIKa PO3TAIllOBYETHCS Y BUIISAI IUTIBOK MO 3€pHAX
MiHepaJiB Ta OCTpiBUSAMHU. BHU3 mo mpodimo 11 yacTka 30UIbIIYETHCS 1 OLIBII YiTKilne
BUPaKAETHCS;

— 3epHa CKeJIeTy Npe/CTaBIeHI B OCHOBHOMY KBapIlOM, €Ii0TOM, MOJIbOBHM IIIIATOM
posmipom 0,5-0,6 mMM. BinbmiicTe i3 XapakTepHHMH O3HaKaMM IIEPEHOCY — OKaTaHi,
oBaJIbHOI (hopmu, TpinmHyBaTi (puc 1, a);

— TyMyc Oyporo Kojbopy, aMmopdHHi, OpraHiyHa pedoBHHa IOOpe pO3KIajicHa,
Maibke 0e3 MPOMIKHUX CTail, 0 XapaKTePHO IS 3BOJIOKEHUX IPYHTIB;

— TOpOBHH TpocTip y OimbIIOCTI chOPMOBAHWH TOPAMHU-YIAKOBKAMH, y BEPXHIX
TOPU30HTaX  KaHAJONOAIOHMMH, sKi  3acMmaHi abo  HamiB3acHNaHi  BHACIHIJOK
6e3CTPYKTYPHOCTI Ta JIETKOTO MEXaHIYHOTO CKIIaay IPYHTY;

— MiIKpoarperati — 300T'€HHOTO IOXOJ/DKEHHs, HPUCYTHI TUIBKH Yy BEPXHIX JBOX
TOpPHM30HTAX, J€ AaKTHBHO Ji€ IpyHToBa Me3odayHa (puc 1, 6). Y miomuHi uutida
3HAXOJATHCS OISl POCIMHHMX 3aJIMLIKIB.

MikpomopdoJioriuni 0co0IUBOCTI 0yA0BH I'PYHTOBOr0 Npo(ijiio HeHTPaIbHOL
3amnaBu. Ha BiaMiHy Bing npupycioBoro Bamy, y (opMyBaHHI MiKpoMOpP(hOJOTIYHHX
0co0NIMBOCTEH TPYHTIB IIEHTPAJIBHOI 3alUlaBU KpiM (akTOpiB 3aluIaBHOCTI Oepe ydacTb
JicoBa POCIHMHHICTh, OJIM3bKE pPO3TAallyBaHHS IPYHTOBHX BOJ Ta pHIOYa MisTIBHICTD
TpyHTOBUX Oe3xpeOeTHnX. O3HaKW, XapakTepHi TIpyHTaM IEHTPANbHOI 3aIUIaBH,
YTBOPIOBAINCH Y [eKiabka cramid. CHo4aTtky Ha TIACTENA0Yi IMOPOTU 3 JIETKUM
MEXaHIYHUM CKJIQJIOM i3 MOCTa0IeHHs Tedii BiAKIAAaIiCh HAHOCH ORI Ba)KKoi (ppaxiii.
Ile mosicHIOE BENWKY PI3HUIIO BMICTY 1 po3Mipy 3epeH MiHEpadiB y BEPXHIX Ta HIDKHIX
TOPU30HTaX Ta HAMUBHHII XapakTep IUIa3MH, sIKa YTBOPIOE B LIIOBIaJbHUX TOPH30HTAX
TypOyJEeHTHHH penbed 1O TOBEPXHSAX BEIMKUX 3€PEH MiHepaiiB. 3roJoM iHTEHCHBHA
pHIoYa JisUIBHICTH IPYHTOBUX Oe3XpeOeTHHX NPHUBOAUTH JIO 3MILIYBAaHHS Ta YTBOPEHHS
LUIMX KOMPOJITOBUX Topu3oHTIB. Lle, y cBOIO 4yepry, mokpairye aepaito i BOJHUN PexUM
IMX TOPH30HTIB. HmM3bKe po3TanryBaHHS, NPOMUBHHH THII TIPYHTIB Ta (QiTOIEHO3
NPU3BOJATH JI0 ATIOBIabHUX IIPOIECiB. Y CBOIO YEpry BOHHM OOYMOBIIOIOTH YTBOPEHHS
TJIMHACTHX KyTaH.

Y mpodimi MikpoOymoBa HEOTHOpITHA, 3MIHIOETBCS 3 TIHOMHOIO. Y BEPXHIX
ropmontax H; (0-8 cm) Ta H, (841 cM) mnmiayBaro-tuta3MoBa MiKpoOyIOBa.
VYV ropu3oHTaxX, fKi po3ramoBylOThCs rimoOme, — H; (41-60 cm) ta Hp (60-82 cm),
3MIHIOETHCSI Ha MILIAHO-TIA3MOBY, a B ropu3oHTi Ph (82—-120 cMm) Ha mia3MoBO-IIiIIaHy.
SIxicHO ckeneT oxHOpiAHMH 1O Tpodito. BiicOTOK BMICTY CKENETHHX 3epeH HEOTHAKOBUN
y ropuszoHTi. Y BepxHix ropusontax H; (0-8 cm) ta H, (8—41 cm) Bin ctanoBuTh 5 %.
3 rMOMHOIO BiZICOTOK 30UIbIIYEThCS: Y ropu3oHTi Hi (41-60 cm) — 30 %; y ropuzonti Hp
(60—82 cm) — 40 %; y ropuzonTi Ph (82—120 cm) — 65 %. Ckopimr 3a Bce, 11 OB’ s13aHO 31
3MIHOIO pyciia piKd Ta 3 OCJa0JICHHSAM BOIHOIO MOTOKY, SK HACIIJOK — HAMHBAHHSIM
MEHIIO] KIJIbKOCTI KPYITHOTO Mil[aHOro MaTepiaiy. [ 3epeH cKeleTy XapaKTepHi 03HaKh
nepeHocy — OumbIIicTh 100pe okaTaHi Ta okaraHi. [To Bcbomy mpodisi mia3mMa ryMmycoBo-
TIIMHUCTA, 3 TJIMOMHOK J0JIi TyMYCOBOi IUIa3MHM 3MEHINYEThCS. [JIMHHCTa YacThHHA 3
JIBO3AIOMJICHHAM, II€ XapaKTepHO Ui BChoro mpodimo. OpieHTOBaHA. Y BEPXHBOMY
ropu3onti H; (0-8 cm) opienTyBaHHsS mopoBe Ta iryckare. Y ropu3onti H, (841 cm)
OPIEHTYETBCSL IIOPOBO, IO JESSKMX BEIMKUX CKEJICTHHX 3€pHAX, arperatax Ta I1HKOJH
TOHKOIO IUTIBKOIO IO JeIKHX ApiOHMX KopeHsx. Y ropmsontax Hj (41-60 cm), Hp (60-82 cm)
ta Ph (82-120 cMm) opieHTyeTbcs KpiM IMOp MO JESKUX BEJIMKHUX 3€pHaX MiHepais.
Y BepxHIX rOpH30HTaX IUIa3Ma 3/1atHa 10 nepeOyaoBu. s BepxHix ropusoHtiB H; (0-8 cm)
ta H, (8—41 cM) xapakTepHa HasBHICTh POCIMHHHUX PELITOK, B OCHOBHOMY Lie CBIXI 3pi3H,
J00pe pO3KJIaAcHI PEUITKH Ta HEBEJIMKA KUIbKICTh BYIJICHOAIOHMX 3ayuIikiB. BHU3 1o
npodiII0 POCIMHHKX 3aJIMIIKIB Majlo, MPEACTaBIIeHI CBIXXMMH 3pi3aMu KopeHiB abo po0pe
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PO3KIaAeHOI0 aMOP(HOI0 Macol YOPHOTO KOJIHOPY. MIKpOCTPYKTypa HE OJHOpIAHA IO
npodinto y BepxHix ropuzonrax H, (0-8 cm), H, (8—41 cm) ta H; (41-60 cm), BoHa puxia,
MOPOBHIA MPOCTIP MPEACTABICHUI MiXKarperaTHUMK nopokHuHamu (puc 1, g). [Tounnaroun
3 ropusoHTy Hp (60-82 cm) MikpocTpykTypa ryddacra Ta noposa. J{jst Mikpo3oH i3 ry04acToro
MIKpOOYIOBOIO XapaKTepHi MiXkarperatHi IopH, By3bKi, CKi1aHOT (JOpMH, SIKi B 3aJIEXKHOCTI Bifl
po3TantyBaHHs Ta GOPMHU MIKpOArperaris MOXyTh 200 3BY)KYBaTHCS, A00 PO3IIUPSTHCSL.

Puc. 1. Mikpomopdooriuni ocod1uBocTi 0y10BU Ne0HIB IPYHTIB 3amiasu p. Camapu:
a — ninmaxo-mIa3MoBa Mikpooynosa hP 74-110 x 60 Hik +;
6 — BukuaM IpyHTOBOT Me3odaynu hP 27-43 x 60 Hik ||;
6 — 100pe pO3KIaICHHII POCIUHHHN 3aTHIIOK X 60 HiK ||;
2 — KyTaHa, sika oroptae MiHepajbHe 3epHO X 120 Hik +;
0 — POCIIMHHI PemITKH Ta BUKUAN ditodaris rop. H; 0-10, x 80 Hik ||;
e — OKpYTJIi 3aMKHYTi IOPH 3 MapraHIEBUMH Ta 3aTi3UCTUMHU KyTaHamu, Hy 15-25, x 80 Hix+
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Jns MIKpo30H 3 TOpPOBOI0 MIKPOCTPYKTYPOIO XapaKTepHiI BY3bKi KaHAJIOMOAiIOHI Ta
HEeBEJWKi OKpyTJIi 3aMKHYTi opu. /s ropusonty Ph (82—-120 cm) xapakTepHa KOMIIaKTHA
MiKpocTpyKTypa. IlopoBuii mpocTip npeacTaBiIeHuii B OCHOBHOMY HEBEIMKHMH OKPYIIIUMH
3aMKHEHUMH TopamMu. BHU3 10 npodiiro 1ot MOpoBOro MpPOCTOpYy 3HAYHO 3MEHIIYETHCS,
1€ OB’ S3aH0 3 LMIOBIaLHUME NporiecaMu. I pyHTOBHI podins 100pe arperoBanuii, Kpim
ropuzonty Ph (82-120 cm). YiiuibHeHHS B HIDKHIX TOPU30HTax BIUIMBAaE Ha (opmy
MiKpoarperaTiB, BOHHM CTalOTh OIIbII KyTaCTUMH Ta BIACTaHb MDK HHMMH 3HAuyHO
3MeHIIyeTbcsl. HOBOYTBOpEHHS TIpeicTaBiieHI TNIMHUCTHMH KyTaHaMH  1JIIOBIaJbHOTO
MOXO/KEHHSI, 011 YiTKiIe 0OPMITIOIOTHCS BHU3 1O MPOdiiro. 3 BISIOTHCS B TOPU30HTI
H, (841 cm) y BUTIAI TOHKUX IUTIBOK 3 ABO3aJoOMIIEHHSM (puc. 1, 2). Y ropusonrax, sKi
pO3TAIIOBaHI HIDKYE, TIJIMHHUCTI KyTaHH KOPHYHEBOTO KOJBOPY, 3 IBO3AJOMIICHHSM,
YPHBYACTI, BUCTUJIAIOTH IIOPH Ta MiKpOarperaTy, a B HIDKHIX TOPH30HTaX OrOPTYIOTh 3epHA
MiHepatiB. Bix Marepiady oCHOBH BaXXKO BIIIUINTH, X MeXi po3MmuTi, He 4iTKi. [loBepxHs
CKOJIIB TpEJCTaBlieHa MarepialioM, 10 Mae TypOyieHTHuil penbed (puc. 2, a). Bin
YTBOPEHHH 3a paxyHOK HOTO pyXy 3 BepxHiX ropu3oHTiB. KicTSK mHOBepxHi CKOIiB
CKJIaZICHUH BEJIMKMMH 3epHAMH MIiHEpaliB, B OCHOBHOMY HE LIUILHO PO3TALIOBYIOTHCS, Y
JIESIKUX BUIMAIKaX pO3TalllyBaHHSA MOTHYHE. Benmuki Ta cepelHi 3epHa MiHEpaiB 1o0pe
OKaTaHi, 03 TOCTpUX KYTIiB, IX TOBEPXHS BIJIHOCHO TJaJIcHbKa, 13 HEBCIUKUMU
BIIaJIMHKaMU-1iepOMHKaMu. [[piOHi 32 po3MipoM MiHEpaIy MalOTh YJIaMKOBE MOXOKECHHS.
VY HHUX CTyHiHb OKaTaHOCTI JEII0 MEHIIMH, HDK y BENMKUX 3epeH. [IpocTip MiX HMMH
3aiiMae UTIOBIAJIbHUN Matepial, KU 4acTKOBO ab0 MOBHICTIO OTOPTaE iX Ta CKPIIIIIOE MK
cobor0. B imoBianbHOMY Matepiali pO3TAlIOBYIOTBCSA 3¢pHA IpiOHMX MiHEpamiB, ix
po3TalryBaHHS B I Maci XaoTWYHE. AHA3 TMOBEPXHI y BiIOUTHUX €NEKTPOHAX ITOKa3ye
BIITHOCHY  OJHOpINHICT, JaHOi TMOBEpXHI 3  JOpiOHMMH  BKJIIOYCHHSIMU  OLIBII
cBiTIO3a0apBieHNX 30H. llepeBakaroumii marepiaj OiTBII TEMHOTO KOJBOPY BMIIIy€ B
OCHOBHOMY KPEMHIH Ta B MEHIINX KiTBKOCTSX aJIFOMiHi, 3aJ1i30, KaJii, Kanbliif, MarHii Ta
JIesIKI 1HINI CJIEMEHTH B HE3HAYHIM KUThKOCTI. CBITJII 30HM I'PYHTOBOTO CKOJIy HAJICXKATh
XpOM- Ta THTAaHMICTKMM MiHepasiaMm, ad0 YacTOYKaM THTaHy MaiKe B YHCTOMY BHUIJISAL 3i
CJTiTOBMM BMICTOM 1HIITUX CJICMCHTIB.

MikpomopdoJioriuni 0C00JIMBOCTI npogiaro IPYHTIB NMpUTEPACHUX
dioreomenosiB. Ha ocobnmBocti MikpoMopdosoriuHoi oprasizaiii BepXHIX TOPH30HTIB
Jy4HO-OOJIOTHUX TPYHTIB BIUIMBA€ B OCHOBHOMY POCIHMHHICTB. J[Jis1 BEepXHIiX TOpH3OHTIB
XapaKTepHI YHCICHHI POCIMHHI 3aNWIIKK (Ha PI3HUX CTaisX pPO3KIAJaHHS), BUKUAA
¢iTodarie Ta rybdacta MIKpPOCTPYKTypa. Y HIDKYHX TOPHU3OHTaX M0 (POPMOTBOPHUX
(akTOpiB TOJAETHCS HUBBKHWHA pIiBEHb IPYHTOBHUX BOJ, IIPOIECH AallFOBIaJbHOCTI Ta
MUHAMIYHI OKHCHO-BITHOBHI Tpomecd. 3aBASKH HHUM (OPMY€EThCS 3HaYHA KUTBKICTh
3QJII3UCTHX Ta TJIIMHUCTUX HOBOYTBOPEHb, 3HM)KYETHCS YacTKa IIOPOBOTO MPOCTOPY Ta
CIOCTEPIraeThCs MepeMilieHHs 1o mpodimto apidHoi dpakiii MiHEepaTbHHUX 3epeH.

Po3MmimeHHs Ta BMICT CKEJIETHHX 3epeH HeoIHOpiaHe o npodimo. Y BepxHbomy H;
(0-10 cm) BiH cTaHoBUTH 5 %, nani B ropu3oHTi H, (10-15 cM) BMiCT pi3ko 30UIbIIY€ETHCS
10 50 %, a B ropuszonti Hy (15-25 cm) BiH csrae 75 %. Y ropuzonti H, (10-15 cm) 3epHa
MiHepaJiB Opi€EHTOBaHI IO CTIHKax IOp, CTpyH4acTo Ta ocTpiBisiMu. CKopiml 3a Bce, me
NOB’5I3aHO 3 MpoIlecaMM 3aMep3aHHsl Ta TaHeHHs. [l 3epeH xapakTepHa OKaTaHIiCcTh i3
crmimamMu mepeHocy. MikpoOyaoBa 3MIHIOETBCS 3 TIHOWHOO, CIIOYATKy BOHA IHITYBAaTO-
TTa3MoBa, HIDKYe B ropu3oHTI Hj (15-25 cM) mimano-mra3moBo-mryBara. Lle moB’s3ano
3 BIDIMBOM IIJICTENSIOYMX aloBianbHuX mopia. IlmasmMa HeomHopimHa mo mpodimo. Y
BEpXHIX T'OPU30HTaX BOHA I'yMYyCOBO-TJIMHHCTA, 13 IBO3AJOMJICHHSM, aje B BEPXHbOMY
TOPU30HTI YacTO MacKyeTbcs rymycom. Y ropusonti H, (10-15 cm) 3pocrae gactka
TJIMHUCTOI YaCTWHH, JBO3AJIOMJICHHS OUTBII WiTKO BUpaxeHe. Y ropm3oHTi Hj (15-25 cm)
Iia3mMa 3aj1i30-MapraHieBO-TyMyCOBO-TJIMHUCTA. MapraHieBa IuiasMa IMpeicTaBlieHa
YOPHUMHU CEPIONOIIOHUMHU KyTaHaMH, 0Oe€3 BO3AJIOMIICHHS, SKI PO3TAlIOBYIOTHCS B
OCHOBHOMY B OKPYIUIUX MMOpax ab0 MOBHICTIO 3a0WMBaIOTh JesAKI KaHAJIOMOMIOHI MOpPH.
3amizucra IuiasMa IpejacTaBieHa CBITIO-OypUMH KyTaHaMu 3 JBO3aJIOMJICHHSIM, SIKi
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PO3MIIIYIOTECS B NOpPax, Ta aMOP(GHUMH ip>KaBUMH IJIsIMaMH B TPyHTOBOMY MaTepiaii.
OpraniuHa pedyoBHMHA HalOlnbm n00pe TmpejacTaBlieHa Yy BEPXHbOMY TOPH3OHTI.
T'opu3oHT Maiike MOBHICTIO CKJIQJA€ThCS 13 POCIMHHUX 3alUIIKIB Pi3HOTO CTYIICHS
po3knananns. KigbKICHO MepeBaKarOTh CBDKI 3alMIIKH 0€3 CHiIiB  pPO3KJIaJaHHS.

WD=33.3Jmm

WD=25.4mm

Puc. 2. XapakTrepucTika noBepxsi ckoJiiB neoHiB rpyHTiB 3amiasu p. Camapu:
a — HaTTMBHUH XapakTep Mikpopenbedy [T Ne 209;
6 — MIKpOpeIbe( CKOIY B PeXKHMI BTOPUHHHX €IEKTPOHIB

Tpoxu MeHImIE — 3 HE3HAUHUMM O3HAKaMHM Ta 30BCIM Mayo a00pe pO3KIaJeHUX, SKi
BTPATHJIM KIITHHHY OyJIOBY Ta SIBISIIOTH COOO0I0 TeMHI HEO(OPMIIEH] INISIMH. Y TOPH30HTaX
H, (10-15 cm) ta H; (15-25 cm) iX KUIBKICTH 3Ha4HO majmae. MIKpOCTPYKTypa He
onxHopigHa 1o npodinro, y BepxHboMy ropu3oHTi H; (0—-10 cMm) BoHa puxia, a riaulre
rybuacra Ta mopoBa (ropu3oHT H,) Ta mopoBa (ropmzont Hj). Kyrann 3’sBisioTses 3
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ropusoHty H, (10—-15 cm) 1 mpencraBieHi ckeneTaHaMu. BoHH prypodveHi 10 CTiHOK Iop
Ta YTBOPEHI BHACTIIOK 1TIOBIaJIbHUX MPOLECIB Ta MPOIIECiB 3aMep3aHHA-TAaHEHHS. SIBIAIOTH
co0oro JipiOHI 3epHa MiHEpaliB MHIYBaTOl (paxiiii, sKi pPo3MillIeHi MO CTIHKax Mop, He
CylinpHO, nepepuB4yacto. Y ropusoHti H; (15-25 cMm) mpeacraBieHO TOBOJII MIMPOKHA
CHEKTp KyTaH Ta HOBOYTBOPEHb: CKEJETaHHW, MHIYBaTO-IJIMHKUCTI, MapraHieBl KyTaHH Ta
¢depmxunann. CkeneTaHd pO3TAIOBYIOTHCS Y BHYTPIIIHBONEIHIH Maci CKyIMYEHHSIMH
3epeH CKeJleTy. YTBOpEHI BHACIIOK MPOLECIB LIIOBIAbHUX akyMysidid. dakrtop, skuid
CHPUYUHAE IIi TPOLECH, — CE30HHE KOJIMBAHHS PIBHS IPYHTOBUX BOA. IInmimyBaTo-riauHUCTI
KyTaHH TPUYpPOUYEHi O CTIHOK Top. B OCHOBHOMY BOHM TOHKI, OJHOIIAPOBi, YPHBYACTI.
YTBOPIOIOTECS BHACHTIOK UTIOBIANEHUX TporeciB. depKuiiaHd TOBHICTIO BUCTHIAIOTH
OKpYTJIi TIOPH, JiTKa MeXa 3 MaTepiajJoM OCHOBH. B OCHOBHOMY JBOIIApPOBi, B 3aJEKHOCTI
BiJl IOP MOXYTh OyTH CyHiibHI ab0 ypHBYACTi. YTBOPIOIOThCS BHACNIIOK LITIOBiabHUX
MpOIleCiB Ta 3MiHM OKHCHO-BIIHOBHHX yMOB. MapraniieBi KyTaHH MPHypOUYEeHi IO Mop,
JIBOIIIAPOBI, B 3aJISKHOCTI BiJ] po3Mipy MOp MOXYTh OyTH CyminpHI a00 ypuBYACTI.
VTBOPIOIOTHCS BHACIIZIOK iMIOBIaJIbHUX ITIPOLECIB Ta 3MiHM OKHMCHO-BiJHOBHHX YMOB. IX
XapakTepHa 0COOJIMBICTD — YiTKa IPAHHUILI 3 OCHOBOIO Ta BiZICYTHICTh JIBO3aJIOMIICHHSI.

Mezomopdosoriudi  TOCHIPKEHHST MOBEPXHI  CKOJIB  JalOTh HaM  3arajibHy
XapaKTEepUCTUKY OCOOIMBOCTEH pO3TalllyBaHb HOBOYTBOPEHb Ta MIKPO(QOpPM TIPYHTIB
BIIBXOBUX OioreorieHo3iB. [loBepXHsi CKOJly MpeACTaBieHa IIUIBHOIO Macolo i3
3aJTI3MCTHMH HOBOYTBOPEHHSIMH CBITJIO- Ta TEeMHO-Oyporo koipopy. BoHm po3mimieHi y
BUTJBSII IUISIM, ONM3BKUX 10 OKpyrinoi (opMmu ip»KaBoro-0ypyBaToro HallbOTY. 3alli3UCTi
HOBOYTBOPEHHSI TaKOXX YKPHBAIOTh BEJIMKY TIOpYy pPIBHOMIPHO 10 1i TTOBEpXHI.
HoBoyTBopeHHS y pOpMi TUIIM MarOTh OiNTBIIT TEMHE 3a0apBICHHS.

AHaimi3 TOBEpxHi 3a JOIOMOTOI0 PACTPOBOTO MIKPOCKONY B PEXHMi BTOPHHHHX
€JIEKTPOHIB Ja€ HaM TaKy KapTuHy. [loBepXHs IIinbHa, HE arperoBaHa, AOBOJI CKJIAAHA JUIs
po3mudpyBaHHA, OCKIIBKM c¢opMoBaHa OaratbMa pI3HUMH 32  IIOXO/KCHHSIM
CTPYKTYPHUMH elieMeHTamu (puc. 2, 6). CKeleT CKIaJeHUul B OCHOBHOMY HCBEIUKUMH Ta
CepeHIMHU 3a PO3MipoM 3epHamu MiHepaiiB. @opma pisHOMaHITHA, HAKOLIBII XapaKTepHa
mTyacta. ['paHi He rocTpi, 3miamkeHi. MOXyTb OyTH BKPUTI TOHKOAMCIIEPCHHM
HambOTOM. barato 3akam’SHIIMX POCIMHHUX pEIITOK. MOXyTh OyTH NpPHUCYTHI
najeoHToNoriuyHl  00’ektu. IloBepxHs pscHO BcisHAa cdepuyHUMH 00’€KTamH, iX
MIOXO/KEHHSI TTOKH 110 He BcTaHoBieHe. He Mae 4itko chopmoBanux nop. Ilepenaan Bucor
HE3HaYHi, LI¢ MOB’S3aHO 3 THUM, IO IPYHTOBA Maca HE arperoBaHa, BiACYTHS moOpe
PO3BHMHEHA CHCTEMA ITOp Ta HEBEJIMKHH PO3MIp €IIEMEHTIB, 3 SKHX CKJIaJIcHa IPYHTOBA Maca.
OCHOBHOIO OCOOJHMBICTIO ITOBEPXHI CKOJIB IIUX IPYHTIB € Te€, IO BOHHU CKIIAJICHI BEITUKOIO
KUTBKICTIO OKPEMHX CTPYKTYPHHX €JIEeMEHTIB, IO 3IEMEHTOBaHI MiX COOOI0 TOHKO-
JICIIEPCHOIO MacoIo.

[ToBepxHS CKOTy B peXHMi BIIOUTHX €JIEKTPOHIB AOBOJI oJHOpiAHA. Binbm cBiTmimi
JMUISTHKHA 3aliMar0oTh HE3HAYHY IUTOINLY 1 pO3TalloBaHI ab0 BiJOKPEMIICHUMHU OJUHHUYHUMU
BKJIFOUEHHSIMH, 200 10 TPeOIHISIX TOHKOANUCIIEPCHOT MacH.

BUCHOBKU

VY 3amnaBHux r1pyHtax p. Camapu TONOBHUMH (DaKTOpamH, HIO 3yMOBIIOIOTH
MiKpoOy10By, € 3amaBHi mpouecu. [1o Mipi mociabiaeHHs 3alIaBHOCTI Ha MEpIIni IIaH
BUXOJATH OioJIoriuHi (hakTOpy Ta O1IM3bKE pO3TAIlyBaHHS IPYHTOBUX BOJI.

Haii6inpmoMy BIUIMBY 3aIUIaBHHUX IIPOIECIB B YTBOPEHHI MIKpOo(OpM IiiaroThes
IPYHTH IIPHPYCJIOBOrO Baly. BHacmiok ©0poro iM BJIAacTUBAa IUIa3MOBO-IIIIIaHA
MikpoOynoBa. [lmazma mpencrapneHa y BUTISAL IDTIBOK TI0 3€pHAX MiHEpaliB Ta pifmie y
BUTIIAAL OCTpiBIIB. [l 3epeH CKeleTy XapakTepHi O3HaKM IepeHocy (moOpe okaradi, 3
nonpsmrHamu). Opranidaa pedoBHHA 100pe po3KiIafeHa, Maibke 06e3 MPOMDKHHUX CTalii.
[Torano po3BWHEHa TOpPOBa CHCTEMa, HAWOUIBII XapakTepHI [UISI OUX TPYHTIB IOpH-
ynakoBku. Hu3pKuit BMiCT MiKpoarperaTis.
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[3 BigmameHHSAM BiJ pIKH 3HUXKYETHCS POJH MMOBCHEBHX (DAKTOPIB 1 MOCHIIOETHCS
OiosoriuHa nisi Ha (GopMmyBaHHS MikpoOymoBu. Tak, y menoHax IEHTPaJbHOI 3aliaBu
BEpPXHI TOPH3OHTH J00pE OCTPYKTYPEHI 3aBISKH PHIOUId 1 CTPyKTYpOyTBOpIOIOUiit
JUSUTBHOCTI TPYHTOBOT (payHU Ta JIICOBOI POCIMHHOCTI.

OCHOBHHMMH €KOJIOTTYHUMH (haKTOpaMH, SIKi BIUIMBAIOTh Ha YTBOPECHHS XapaKTEPHUX
MikpodopM B IemoHax BibXxoBuUX OioreoneHo3iB [Ipucamap’s, € ditonenos, Onmsbke
pO3TallyBaHHS TIPYHTOBHX BOJ, IIOBCHEBI (DaKTOPH Ta [UHAMIYHI OKHUCHO-BiIHOBHI
npouecu. Lli mpomecu B3aeMONOB’si3aHI Ta AiOTH KoMILIeKcHO. Ha mikpomopdosoriuny
OpraHi3alilo BEpXHiX TOPU30HTIB BILITMBAIOTH O10THYHI (POPMOTBOpHI (akTOpH, HA HIXKHI —
abioTryHi (BHACIINOK OJIM3BKOTO 3aIITaHHS IPYHTOBHX BOJ).

CIMUCOK NITEPATYPU / REFERENCES

Belgard, A. L., 1971. Stepnoe lesovedenie
[Steppe forestry]. Forestindustry, Moscow
(in Russian).

Belgard, A. L., 1950. Lesnaya rastitelnost yugo-
vostoka USSR [Forest vegetation southeast
of the USSR]. Kyiv (in Ukrainian).

Belova, N. A., Travleev, A. P., 1999.
Estestvennye lesa i stepnye pochvy
[Natural forest and steppe soils],
Dnepropetrovsk State University,
Dnepropetrovsk (in Russian).

Belova, N. A., Yakovenko, V. M., 1997.

Mikromorfologiya i ekologiya poymenno-
lestnyh pochv Prisamarskogo monitjringa
[Micromorphology and ecology of
floodplain  forest soils Prisamarsky
monitoring]. Issues of steppe rorestry and
forest reclamation of soils 1, 74-89 (in

Ukrainian).
Gagarina, E. L., 2004. Mikromorfologicheskij
metod issledovaniia pochv

[Micromorphological method for studying
soil]. St. Petersburg University Press, St.
Petersburg (in Russian).

Parfyonova, E. 1., Yarilova, E. A. 1977.
Rukovodsyvo k mikromorfologicheskim

Cmamms naoitiuna 6 peoaxyiro: 15.11.2016

issledovaniiam v pochvovedenii [A guide
to the micromorphological studies in soil
science]. Nauka, Moscow (in Russian).

Stryzhak, 0. V., 2014. Ekologo-
mikromorphologichni doslidzhennya
gruntiv tcentralnoyi zaplavy r. Samara
[Ecological ~and  micromorphological

research of soils of the central floodplain of
the Samara river]. Gruntoznavstvo 15(3—4),
89-99 (in Ukrainian).

Targulian, V. O., Goryachkin, S. V., 2008.
Pamyatpochv: pochva kak pamyat
biosfernogeosferno-antropogennyh  voz-
deystviy [Soil memory: soil as a memory
of biospheregeosphere-anthroposphere
interacttions]. Moscow (in Russian).

Yakovenko, V. M., 2007. Osobennosti
mikromorfologicheskoy difefentsiatsii
profilya  poymennykh lugovo-lesnykh
pochv Samary Dneprovskoy. [Special
Qualities Of The Micromorphogical
Differentiation Of The Bottomland Forest-
Plant Soil Profile In The Samara River
Area]. Gruntoznavstvo 8(1-2), 4148 (in
Russian).

ISSN 1684-9094. Gruntoznavstvo. 2016. Vol. 17, no. 3—4 89



SOIL PHYSICS

mmruntoznavstvo o
, IMYHTO3SHABCTBO V. A. Gorban &= Cand. Sci. (Biol.), Assoc. Prof.
UDK 631.437 O. Honchar Dnipropetrovsk National University,

Gagarin ave., 72, Dnipro, Ukraine, 49010

TO THE METHOD OF STUDYING THE PERMITTIVITY OF SOILS
(ON AN EXAMPLE OF SOILS OF RAVINE FORESTS
OF THE NORTHERN VARIANT OF THE STEPPE ZONE OF UKRAINE)

Abstract. The article is devoted to the establishment of the peculiarities of the method for
studying the dielectric permittivity of soils, which is its important electrophysical characteristic. The
dielectric permittivity of the soil, which is a complex multiphase medium, depends on the dielectric
properties of the mineral composition of its solid phase, the chemical composition, structure and
composition of soil particles, their shape and size, and also the dielectric features of inter-porous air
and moisture. Now it is possible to greatly simplify the technique of measuring the dielectric
permittivity of soils due to the wide dissemination of compact digital instruments that provide high
accuracy in measuring the capacitive characteristics of various media. For the approbation of the
method, samples of soils of ravine forests of the northern variant of the steppe zone of Ukraine were
used, as well as individual soil fractions of 2-3, 1-2 and 0.5-1 mm. All samples were studied in an
air-dry state to level out the effect of moisture on the dielectric permittivity of soils, as described in
many scientific papers. For measurements, a cylindrical condenser made of organic glass was
manufactured, which does not conduct an electric current. The diameter of the capacitor plates was 20
mm, the distance between them was 0.7 mm. After placing the sample in the condenser, it was sealed
by pressure from above the weight of about 0.3 kg to create a better contact with the covers of the
capacitor. The measurements were carried out using a digital capacitance meter CM-9601A in the
range of 0.1-200 picofarads at a test frequency of 800 Hz. At the end of the measurement, the soil
sample was weighed to calculate its density. All measurements were performed three times. As a
result of using this technique, it was found that the permittivity of a general soil sample is generally
higher than that of individual soil fractions. This is explained by the more compact placement of soil
particles in the soil sample and its greater density, while in studies of individual fractions, due to their
shape, there remain pores between the aggregates that are not filled with soil material, which cause a
decrease in sample density. As a result, the maximum density is typical for the soil fraction 0.5-1 mm,
and the minimum for the fraction 2—3 mm. This is due to the fact that the maximum permittivity, as a
rule, is characteristic for the fraction 0.5-1 mm, and the minimum for the fraction 2-3 mm. This
assertion was proved by the measurements carried out. It was also found that the value of dielectric
permittivity is significantly affected by soil enrichment of the clay fraction, the increased content of
which causes an increase in the dielectric permittivity. Thus, as a result of the research, a method for
measuring the dielectric permittivity of soils was tested using a modern digital capacitive meter. An
increase in the dielectric permittivity of soils with an increase in their density and an increase in the
content of the clay fraction was established. Soils, in general, have an increased permittivity in
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comparison with soil fractions of 2-3, 1-2 and 0.5-1 mm. There was a need to develop and approbate
a technique for measuring the dielectric permittivity of soils in the field using undisturbed addition
samples. In the future, in complex studies of soils, it is also desirable to perform a measurement of
their dielectric permeability.

Key words: approbation of the technique, permittivity of soils, content of clay fraction.

YK 631.437 B. A. T'op0anb KaHjI, 0i0J1. HayK, JIOII.

Jninponempogcokuti nayionanvnui ynisepcumem im. O. I'onuapa,
npocn. Lacapina, 72, m. [{uinpo, Yrpaina, 49010,
men.: +38050-362-45-90, e-mail: vad0l@ua.fm

A0 METOAUKN BUBYEHHA EI,IEHEKTPVI‘-IHO'I' NMPOHUKHOCTI FPYHTIB
(HA NPUKNALI PYHTIB BAWPAYHUX J1ICIB NIBHIYHOIO BAPIAHTA
CTENOBOI 30HU YKPAIHW)

AHortanisi. CraTrTs DpHCBIYCHAa BCTAHOBJIEHHIO OCOONMBOCTEHl METOOMKHM  BHBYEHHS
IieJIeKTPUYHOI MPOHUKHOCTI IPYHTIB, siKa € il BAXKIUBOIO €IEKTPO(Di3UUHOI XapaKTepPUCTUKOIO. [l
anpo0artii MeToAuKU OyJIM BUKOPHCTAHI 3pa3Ku IPYHTIB OaiipayHuX JIiCiB MBHIYHOTO BapiaHTa CTEHOBOI
30HM YKpaiHH, a TakoX OKpeMi IpyHToBi ¢pakmii 2-3, 1-2 1 0,5-1 mm. YV pesynbrari npoBemeHHX
JOCII/DKEHb 3 BHKOPUCTAHHSAM 3allPOIOHOBAHOI METOAWKH OYJIO BCTAQHOBJICHO, IO JIi€IEKTpHUYHA
MIPOHMKHICTH 3arajlbHOr0 I'PYHTOBOTO 3pa3ka, SIK IPaBWIO, BUIIA, HiXK OKPEMHX IPYHTOBHX (hpaKiii.
BusiBiieHO 1iIBHIICHHS 3HAYCHB JIIEIEKTPUYHOT IPOHUKHOCTI IPYHTIB NIpH 30UIbIICHH] X IUIBHOCTI 1 31
301IBIIEHHSIM BMICTY MYJIHCTOI (hpaKil.

Kniouosi cnosa: anpobayis memoouxu, OielekmpuiHa NpoHUKHICIb IPYHMIS, 6MICT MYAUCMOT
dparyii.

YK 631.437 B. A. T'op0anb KaHI. OMOI. HayK, JIOIL.

Jnenponempogckuii nayuonanvhwlii ynugepcumem um. O. I'onuapa,
npocn. I'acapuna, 72, 2. /[nenp, Yrpauna, 49010,
men.: +38050-362-45-90, e-mail: vad0l@ua.fm

K METOOAUKE U3YYEHUA OUINEKTPUYECKOW NPOHULAEMOCTU NOYB
(HA NPUMEPE NOYB BANPAYHbIX JIECOB CEBEPHOIO BAPUAHTA
CTEMHOW 30HbIl YKPAUHDI)

AnHOTanus. CTaThsi TOCBSIIEHA YCTAaHOBICHHIO OCOOCHHOCTEH METOAMKHA HW3yUYCHHS
IUBJICKTPHYCCKON TPOHUIIAEMOCTH TII0YB, KOTOpas SBJSIETCS €€ BaKHOH JIeKTpodu3nveckont
XapakTepucTUKor. [t anpobanuy METOAUKH OBUTH MCIIOIb30BaHbI 00pa3Ibl OYB OalipayHbIX JIECOB
CEBEPHOT0 BapWaHTa CTEITHON 30HBI YKpAWHEL, a TAKXKE OTACIbHBIC TOYBCHHBIC (pakiun 2—3, 1-2 u
0,5-1 mm. B pesynpraTte MpOBEICHHBIX WCCIICAOBAHUI IO MpEAJaracMoil METOIUKEe ObLIO
YCTaHOBJICHO, YTO JUAJICKTPUUECKAs MPOHUIIAEMOCTh OOIIEro MOYBEHHOTO 00pasiia, Kak MpPaBuUIIo,
BBIIIIE, YEM OTACJIbHBIX MOYBEHHBIX (hpakuuii. OOHAPYKEHO MOBBIIEHHE 3HAUCHUN AUDICKTPUUECKON
MPOHUIIAEMOCTH MOYB NPH YBEIHMYCHUH HX IUIOTHOCTH M YBEIWYEHHUH COACPXKaHMUS WIMCTON
(bpakuum.

Kntoueesvte cnosa: anpobayus memoouxu, OusIeKmpuieckas npoHUYaeMocmy nous, COOePAHCaHue
wiucmou gpaxyuu.

BBEOEHUWE

B Hacrosimee BpeMmsi 0COOYI0 aKTyalbHOCTH HPHOOPETAIOT MOWCKH U pa3padOTKU
METOAMK HCCIENOBaHMA IIOYBBI, MCIIOJNb30BAHHE KOTOPBIX oObecreynBaeT OBICTpoOE
noylydeHre MHGPOPMALMK O €€ COCTOSHMM M OCHOBHBIX cBoWcTBax. [lo Hamemy MHEHUIO,
TaKUM TPeOOBAHHUAM BO MHOT'OM COOTBETCTBYET METOJHMKA ONPENSIICHUS JUAICKTPUIECKOH
IPOHUIAEMOCTH TI0YB, KOTOpas B IOCIEAHEE BPeMsl 3HAUUTENbHO YIPOCTUIACh Oaromaps
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MIAPOKOMY pAaCIpPOCTPAHEHHIO KOMMIAKTHBIX IH(POBBIX MPHOOPOB, 00ECTIEYMBAIOIINX
BBICOKYIO TOUHOCTb H3MEPEHHSI EMKOCTHBIX XapaKTEPUCTUK Pa3INYHBIX CPEI.

Kak wu3BeCTHO, OCHOBHOH XapaKTEPHCTUKOW IUIIEKTPHUYSCKIX OCOOCHHOCTEH IMOYBBI
SIBTISIETCS. BEJIMUMHA €€ TUANIEKTPUIECKON pOHUIIaeMOCTH. [{ianexTpudeckas MpOHUIIAEMOCTb
TOM MM MHOW Cpeasl — 3TO YMCIIO, KOTOPOE MOKa3bIBAET, BO CKOJBKO pa3 3JIEKTpHUUEcKast
cuia, JeWcTByromas Ha Jiio00W 3apsn B JaHHOW cpeze, MEHbIIE, YeM B BaKyyMe.
JvpnexTpudeckass NMPOHUIAEMOCTh IIOYBBI, KaK CIOXHOTO MHOroQasHOro marepuana,
3aBUCUT OT JUAJIEKTPUYECKHX CBONCTB MMHEPAJIbHOTO COCTaBa TBEPJAOrO Tena,
XMMHUUYECKOH TPHUPOJIBI, CTPYKTYPbl M CIIOKEHHUS TMOYBEHHBIX 4YacTHI, HUX (QOPMBI H
pasMepoB, a TaKXKe OT AMIICKTPHUECKHX OCOOCHHOCTEH MEKIOPOBBIX BO3AyXa M BIard
(Nerpin, Chudnovskij, 1967). A. ®. Bamonmna u 3. A. Kopuarmaa (Vadyunina,
Korchagina, 1986) mpuBoAST HEKOTOpHIC BEIHMYUHBI IUAIICKTPUICCKON MPOHUIIAEMOCTH
OTIETBHBIX MHUHEPAIBHBIX COCTABIIAIOIINX, BXOISIINX B TBEPAYIO (a3y MOUBBI: KBapI —
4,5-5, moxnesoit mmat — 4,5-5,5, cimrona — 8, rpanut — 7-12, u3BecTHAK — 15, mecuanuk — 9-11.
JusnexTpudeckass NPOHUIIAEMOCTb aOCONIIOTHO YHCTBIX BO3JyXa M BOABI pPaBHA
cootBerctBeHHO 1 1 80 (Chudinova, 2009).

Lenp Hamed pabOThl — YCTaHOBJIEHHE OCOOECHHOCTEH M3MEPEHHS ITUIJIEKTPUUYECKOU
MPOHUIIAEMOCTH TOYB C HUCIOJIb30BAHUEM COBPEMEHHBIX LII/I(prBI)IX C€MKOCTHBIX
u3MepHUTeNel, a TakKe BBUIBICHHE JUAarHOCTUYECKHMX  BO3MOXKHOCTEH  JTaHHOU
XapaKTEPUCTUKH TTOYB.

OBBbEKTbI U METOAbl NCCNEQOBAHUNA

WzyueHne AMANEKTPUYECKOW IPOHHMLAEMOCTH IIPOBOJAMIOCH HA IIpUMeEpe II0YB
Oaiipaka ['myGokoro u cTpyKTypHBIX arperatoB (¢pakouu 2-3, 1-2 u 0,5—1 MM), KOTOpEBIE
ObUTM M3 HMX BBIJIENCHBI MYyTEM CyXOro mHpocewBaHus. JleTanpHas reoboTaHWYeckas U
MopdoItorryecKas XapakKTepUCTHKa IITH TTOYBCHHBIX Pa3pe3oB, 3aJI0KCHHBIX B Oaiipaxe,
npusenena B padore B. H. fxosenko (Yakovenko, 2014).

OmnpeneneHre TUAIEKTPUIECKON MPOHUIIAEMOCTH OCYILIECTBISIN C UCTIOJIb30BAHUEM
mudpoBoro mmeputens emkocth CM-9601A, xoropeni obecriednBaeT H3MEpEHUE
EMKOCTH KOHJIEHCATOpa B IIMpOKoM auamasoe — ot 1072 mo 107 dapax. Hamu
MCIOJB30BajIca pabounit quamnaszon 0,1-200 nd, Tecroas yactoTa cocranisia 800 .

i m3MepeHuil IUAIeKTpUYecKON MPOHMIAEMOCTH OBIT M3TOTOBJIEH KOHJEHCATOP
IAJTMH/IPIYEcKOi ()OpMBI M3 OpreTekiia (B COOTBETCTBHM ¢ pekomeHatmsiMu A. ©. BamronuHoi
n 3. A. KopuarnHoit). [Ilnamerp 0oOKIamoK KOHJIEHCATOpa COCTAaBISUI 2 CM, pacCTOSHHE
Mexy Humu — 0,7 cM.

IlouBa w arperaTbl AL WCCIIEAOBAHUS HCIOJB30BAINCHE B  BO3YIIHO-CYXOM
COCTOSTHMM ISl HUBEIMPOBAHUS BIMSHHS BIAKHOCTH, COJEPKAHHE KOTOPOH OKa3bIBaeT
3HAYUTENPHOE BIHSHAC Ha JAMANICKTpHUYECKyro mpoHmmaemocts (Liua et al., 2016; Wanga
et al., 2016). [Tocie nomemnieHus: o6pa3ia B KOHJCHCATOP OH YIUIOTHSUICS MyTEM JIaBJICHUS
CBepXy rpy3a maccoil okoso 0,3 Kr g CO3MaHUS JIYYIIero KOHTakTa C OOJOKKaMHU
KOHJeHcaTopa. 110 OKkOHYaHUM M3MepeHHs [TOYBEHHBIN 00pa3el B3BELIMBAICS IS pacueTa
ero IUIOTHOCTH. Bce uW3MepeHMs BBHINOJNHAJIMCH TPEXKPAaTHO C  MOCIeAyrouen
CTaTHUCTUYECKOI 00pabOTKOM.

[lomy4eHHble 3Ha4YeHHs EMKOCTHM KOHJIEHcCAaropa C TIIOYBOM M arperaramd B
MOCJIEAYIONIEM HCIIOIb30BAIUCH ISl pacdeTa AUAIICKTPUUECKOM TPOHNI[AEMOCTH.

PE3YJNIbTATbI U UX OBCYXOEHUE

[Ipu ompeneneHny ITUAIEKTPUYECKON NMPOHUIIAEMOCTH OOpa3lloB MOYB U arperaros,
OTOOpaHHBIX B yCIOBHSAX MpoOHO# mwiomaau Ne 103—B (ydyacTok, pacroyio>KeHHBIH Ha
CTETTHOW HeTMHE MEXY ITOJIEM H OITYIIKOW CKIIOHA CEBEPHOU SKCIO3HMINH Oaiipaka), ObLIO
YCTaHOBIIEHO, YTO OOpa3mbl TOYBBI  OTIWYAIOTCS  OONBIIEH  JAUAIEKTPHYECKON
MPOHHUIIAEMOCTRIO TI0 CpaBHEHHIO ¢ Qpakmusmu 2-3, 1-2 uw 0,5-1 mm (tabm. 1).
YMeHbllleHHe pa3Mepa TMOYBEHHBIX (pakiMii, KaK MPaBHJIO, CIIOCOOCTBYET YBEIUYEHHIO
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IMBIIEKTPUYECKOH TNpoHUIaeMocTH obpasua. Ilpm 3TOM HEOOXOAWMO OTMETHTh, 4YTO
IUVIOTHOCTH OOpAa3LOB MOYBHI BBIIIE, YeM IUIOTHOCTH arperaroB OTACNBHBIX (pakiuid. 1o
o0BsCHAEeTCS OOJIee KOMITaKTHBIM pa3MeNIeHHEM MOYBEHHBIX YacTHI B 00pasle MOYBEHI U
OoutbIIIei €ro MIOTHOCTBIO, B TO BpeMsl Kak NPU MCCIIEIOBAHUSIX OTIENBHBIX (paKkiui 13-3a
uX (POPMBI MEXKY arperaraMi OCTArOTCsl TIOPbI, HE 3aIlI0JIHEHHBIE IOYBEHHBIM MaTepHalIoM,
KOTOpBIE OOYCIIOBJIMBAIOT CHIDKEHHE IUIOTHOCTH 00pa3ua. MakcHMMallbHbIE BEIHYHHBI
JIM2JIEKTPUYECKON TPOHUIAEMOCTH BBISBIICHBI B oOpasnax nous ropusontoB Hdk u Pk.
MuHuMabHaAsT AMAJIEKTPUUECKas MPOHUIAEMOCTh XapaKTepHa Ul MOYBBI MEPEXOJHOTO
ropuzonta Hpk. Ilo BenmmuuHe AMAIEKTPHUUECKON NPOHUIIAEMOCTH OTAENIBHBIX (HpaKIvi
ropm3ontel Hdk, Hk n Hpk mpaktwyeckm He oTimvarorcs. [Ipm sToM c riryOWHOH, B
ropusontax Phk m Pk, HaGnronmaercs yBelqMYeHHE IHANICKTPUYECKOH NPOHHUIAEMOCTH
HCCIeAyeMbIX (ppaKIHi.

Tabnuya 1
JuaiekTpuyeckas NPOHHLIAEMOCTh NOYBbI NPo0HOI miomaau Ne 103-B
I'enernueckuit O6pasen Judnexrpuueckas IInotHOCTB (3)6pa3ua,
TOPHU30HT MPOHUIIAEMOCTh r/cm
ITousa 46,82+7,64 1,05+0,05
Opaxkiust 2-3 Mm 4.41+0,73 0,89+0,05
H k ! s El > k)
dk (0-8 cm) Dpakuus 1-2 My 6,55+1,13 1,020,02
Dpaknust 0,5-1 Mmm 7,19+£0,35 1,02+0,01
ITouna 24,15+2,73 1,09+0,01
. Opaxkuust 2-3 MM 6,25+0,61 0,91+0,01
Hk (8-23 cw) ®pakmust 1-2 My 7,46+0,57 1,03+0,05
Opaxkmust 0,5-1 mm 8,12+0,19 1,06+0,03
ITousa 18,374+2,67 1,09+0,02
®Dpaknus 2-3 MM 6,38+0,80 0,86+0,04
Hpk (23-51 cw) ®paxmus 1-2 My 8,06+0,45 0,95+0,04
Dpaknust 0,5-1 Mmm 8, 771,11 0,97+0,03
ITouBa 36,08+5,25 1,10+0,03
B Opaxkiust 2-3 Mm 10,78+0,76 0,85+0,03
Phic (31-80 cm) ®paxmus 1-2 My 13,05+1,68 0,96+0,03
Opakuwst 0,5-1 mm 14,56+2,60 1,05+0,02
ITousa 55,91+13,94 1,07+0,03
®paknus 2-3 MM 14,59+1,71 0,86+0,02
Pk (80-120 cm) Dpaknus 1-2 mm 17,27+2,67 0,91+0,02
Dpaknust 0,5-1 Mmm 20,12+1,82 0,99+0,04

B pesymnbpraTte mccnenoanus mouB npoOHOH miomanu Ne 107-B (pacnonoxeHna Ha
CpelHell TPeTH CKIIOHA CEeBEPHOM SKCIO3UIMHU Oaiipaka) BBISABICHO, YTO JIHAJICKTPHYECKAs
MPOHHUIIAEMOCTh 00Pa3loB U3 YeThIpeX 3roBHANbHBIX ropuzontoB Hel, Hyel, Hiel u Hyel
NpaKkTHYeCKH He oTiu4aeTca. B  wunoBuanbHbix ropusontax Hpil, Phil u Pilk
HaOmroaeTcsd IIOBBINIEHHE 3HAYCHUH AMDICKTPUUECKOW IPOHUIIAEMOCTH, KOTOpas
BO3pACTaeT C yBEIMYCHHEM TJyOWHBI 3ajieraHusi ropusonrta (tabn. 2). MuHuManbHas
JUBJICKTPUYCCKasd MPOHHMIACMOCTb OTACJbHBIX ITOYBCHHBIX (bpaKI_II/Iﬁ XapakTepHa i

Tabnuya 2
JudiekTpuyeckas NPOHHLIAEMOCTH NOYBBI NPoOHOI miiomaau Ne 107-B
T'enernuecknit O6pasent Jmdnexrpuaeckas [InorHoCTH (3)6pa3ua,
TOPU30HT HPOHHMILIAEMOCTb r/cM
1 2 3 4
IMousa 7,93+0,70 0,86+0,01
o Dpakius 2-3 MM 2,83+0,25 0,81+0,03
Hel (0-12 cm) Opaxims 1-2 MM 3,67+0,28 0,87+0,02
Dpakuus 0,5-1 Mm 3,86+0,04 0,95+0,01
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Okonuanue maban. 2

1 2 3 4

ITouBa 9,41+0,67 0,85+0,01
Opaxkiust 2-3 Mm 4,19+0,42 0,88+0,02

Hjel (12-33 > > > >
el ( M ks 1-2 wu 4,88+0,33 0,920,02
Opaxkmust 0,5-1 mm 4,96+0,78 1,02+0,02
IToura 8,66£1,26 0,84+0,01
Dpakius 2-3 MM 7,79+1,09 0,98+0,04
Hsel (33-67 cw) dpakmust 1-2 M 8,50+1,06 1,0140,03
Opaxkiust 0,5-1 mm 8,79+1,27 1,02+0,04
ITouBa 9,274£2,95 0,87+0,02
Opaxkiust 2-3 Mm 12,17+0,93 0,89+0,01
Hel (67-96 cw) ®paxmus 1-2 My 17,21£1,70 0,99+0,02
Dpaknust 0,5-1 mm 20,44+0,61 1,05+0,01
Tousa 14,30+1,46 0,92+0,04
. . Dpaknus 2-3 MM 12,03+1,98 0,91+0,03
Hpil O6-140em) s 1-2 12,82+1,61 0,97+0,02
Opaxkiust 0,5-1 mm 12,17+0,58 1,02+0,02
ITouBa 15,30+4,63 1,00+0,04
. Opaxkmust 2-3 Mm 12,50+0,95 0,97+0,03
Phil (140-166 M) 1 v 1-2 am 15,54+1,59 1,00£0,01
Dpaknust 0,5-1 Mmm 21,2243,41 1,06+0,04
ITouna 20,28+1,70 0,98+0,02
. . Opaxkuust 2-3 Mm 14,52+2,54 0,91+0,02
Pill (166-230 M) @ eras 1-2 am 17,7140,54 0,94+0,03
Opaxkmust 0,5-1 mm 26,53+2,01 1,03+0,03

BepxHuX ropu3oHToB Hiel m Hjel. C riryOmHON HaOmogaeTcs MOBBINICHUE BEITUYUH
JMUBIICKTPUICCKON TPOHHUIAEMOCTH  OTACNBHBIX  (pakiuif, NpUIeM MaKCHMAJbHBIC
3HAYCHUS XapaKTePHBI U HIDKHETO ropu3onTa Pilk.

UccnenoBanmsamu mouBbl npoOHOH twiomaan Ne 109-B (pacmonokeHa B TaimbBere
Oaifpaka) yCTaHOBJICHO, YTO MaKCHUMallbHasl BETMYMHA JAMAICKTPHYCCKON MPOHUIIAEMOCTH
XapakTepHa Juisi BepxHero ropusonTa Hiel, a MuHumanbHas — uist BToporo ropusonTa Hjel
(tabn. 3). Ilpu stoM B wumoBHaibHBIX ropu3ontax Hyil, Hpil u Phil BbisBieHBI
MOBBIIICHHBIE  3HAYCHHS  JIUAJIEKTPUYECKOH  IPOHUIIAEMOCTH MO0  CPaBHEHHIO C
amoBHaIbHbIME Topu3oHTamMu H,el u Hiel. IToBblieHHBIC 3HAYCHUS IUAICKTPUYCCKOMN
MPOHUIIAEMOCTH OTACIbHBIX MMOUYBEHHBIX (PPAKIIUI XapaKTEPHBI TAKKE IS MILTIOBUATBHBIX
TOPU30HTOB IO CPABHEHUIO C DITIOBUAIILHBIMH.

Tabauya 3
JuzjexkTpuyeckasi NPOHULAEMOCTh NOYBBI MPOOHOIT miomaau Ne 109-B
I'enernueckuit Obpasert Jusnexrpuueckas IInotHOCTD (3)6pa3ua,
TOPU30HT MIPOHHUIIAEMOCTb r/cM
1 2 3 4
IToura 29,79+1,45 1,09+0,01
- Opaxkiust 2-3 Mm 4,03+0,61 0,90+0,05
Hiel (0-8 cw) pakms 1-2 MM 4,38+0,28 0,97+0,01
Dpaknust 0,5-1 mm 4,85+0,28 1,03+0,02
ITousa 9,16+0,59 1,09+0,01
. Dpakius 2-3 MM 2,65+0,54 0,90+0,01
Hoel (8-34 cm) ®paxuns 1-2 MM 3,0140,20 0,94+0,01
Opakuwst 0,5-1 MM 4,01+0,38 0,99+0,02
ITousa 21,47+2,07 1,10+0,01
Opaxkiust 2-3 Mm 4,24+0,32 1,00+0,03
Hel (34-60 cm) ®paxmus 1-2 M 4,5240,10 0,99:£0,02
Dpaknust 0,5-1 Mmm 5,48+0,56 0,99+0,04
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Okonuanue maon. 3

1 2 3 4

IToura 25,00+4,56 1,08+0,01

. - Opaxkuust 2-3 Mm 8,83+0,91 0,87+0,01
Hadl (60-118cm) o cttms 1-2 9,60+1,82 0,91+0,03
Opaxkiust 0,5-1 mm 13,00+2,04 1,02+0,02

IToura 23,76£3,60 1,10+£0,01

. Dpakius 2-3 MM 8,06+0,62 0,87+0,06
Hpil (118132 M) s 1-2 wm 8,6140,33 0,91+0,03
Opaxkiust 0,5-1 mm 9,87+1,14 1,03+0,02

IToura 24,07+4,90 1,08+0,02

. Opaxkiust 2-3 Mm 9,34+0,62 0,92+0,02
PRIl (132-166 M) @ eris 1-2 aam 9,8140,16 0,91+0,02
Dpaknust 0,5-1 Mmm 12,67+1,24 1,02+0,02

B pesymerare mccnemoBanus mouBbl mpoOHOH miomam Ne 111-B (pacmonoxkena Ha
CpeIHeH TPeTH CKIIOHA F0)KHOM SKCTIO3UINHY Oaiipaka) BBISIBICHO, YTO MHHUMAILHBIC BEITMINHBI
JWIIEKTPUIECKON POHUIIAEMOCTH XapaKTEPHBI VI BEPXHUX MMIOBHAIBHBIX TOpu30HTOB H el
u Hsel (tabm. 4). B ropusonte Hsel Habmr01aeTCss HEKOTOPOE MOBBIMICHHE AUICKTPHUCCKON
MPOHMIIAEMOCTH, YTO MOXHO OOBSICHHTh YAaCTUYHBIM BIMSIHUEM HAXOMAIIETOCS HIDKE
WUTIOBUAJIBHOI'O T'OPU30HTA H4ll B LeJoM WUIIOBHAJIIBHBIC TOPU30HTBI  OTJIMYArOTCA
IIOBBIIICHHBIMHA 3HA4YCHUAMU I[I/IE)J'I@KTPH'-ICCKOﬁ TMPOHUITAEMOCTHU B CpaBHCHUHN C
JJIIOBHAJILHBIMUA. MUHHMMAJIBHBIE 3HAYCHMS I[I/IE)J'ICKTpI/I‘-IeCKOf/i NPOHUIIAEMOCTU TTOYBEHHBIX
(paxuuii ooHapyxeHsl B ropusonTax H4il u Hpil, Makcumainsasle — B ropusonte Pilk.

Tabruya 4
JudekTpuyeckasi NPOHUIIAEMOCTH MOYBbI MPOOHOIT miomaau Ne 111-B
I'eneTnueckuit O6pasen Judnexrpuueckas IInoTHOCTB (3)6pa3ua,
TOPH30HT HPOHUIIAEMOCTh r/cM

TTousa 12,64+1,87 1,00+0,03
o ®Dpaknus 2-3 MM 11,26+3,60 0,86+0,06
Hel (0-9 em) Opaxiws 1-2 MM 12,58+2.59 0,91=0,02
Dpaknust 0,5-1 Mmm 16,14+1,76 0,93+0,01
IMousa 14,41+5,37 0,99+0,01
Opaxkuust 2-3 MM 8,86+1,52 0,90+0,03
Hoel (9-46 cm) ®pakmus 1-2 My 13,40+2,28 0,95+0,03
Opaxkmust 0,5-1 mm 15,63+1,23 1,00+0,03
IToura 26,24+0,48 0,98+0,01
Dpaknus 2-3 MM 9,05+0,57 0,90+0,02
Hyel (46-88 cm) ®pakuns 1-2 MM 11,57+1,99 0,95+0,02
Opakiws 0,5-1 MM 11,57+1,61 0,98+0,01
IMouBa 20,66+3,86 1,03+0,02
. Opaxkiust 2-3 Mm 4,93+0,77 0,91+0,03
Hall B8-138 eM) s 1-2 8,42+0,74 0,94+0,03
Dpaknust 0,5-1 Mmm 6,34+0,17 0,97+0,03
Tousa 20,53+2,44 0,98+0,04
. . Dpaknus 2-3 MM 2,05+0,45 0,81+0,02
Hpil (138160 eM) g crras 1-2 2,77+0,16 0,94+0,02
Opaxkiust 0,5-1 mm 3,42+0,72 0,96+0,03
IMousa 31,55+2,37 0,97+0,02
. ®Dpaknus 2-3 MM 10,25+1,13 0,87+0,02
Philk (160-187eM) s 1-2 o 14,0443,01 0,95+0,03
Dpaknust 0,5-1 Mmm 13,67+2,15 0,98+0,02
ITousa 77,84+23,70 1,01+0,05
. Opaxkiust 2-3 Mm 22,06+0,42 0,90+0,02
Pille (187=230 M) @ eras 1-2 am 27,44+4,00 1,04+0,03
Opaxkmust 0,5-1 mm 35,53+3,38 1,06+0,02

ISSN 1684-9094. Gruntoznavstvo. 2016. Vol. 17, no. 3—4 95



UccnenoBanms moussl npoOHON momanu Ne 115-B (ydacTok, pacmonoXeHHBIH Ha
CTEMHOW IIeNMHE MEX.IY IOJIEM M OIMYIIKOW CKJIOHA FOJKHOM AKCIO3UIMK Oaiipaka) MoKa3ajH,
gyro 1t BepxHero ropu3zonta Hdk xapakrepHbl MUHMMaNbHBIC 3HAYCHHS AWDICKTPHYECKON
MPOHUIIAEMOCTH KaK B IEJIOM TOYBBI, TaK M OTIACIBHBIX (ppakiwii (Tabm. 5). MakcumaibHas
BEIIMYMHA TUAJIEKTPUYECKOH MPOHMIIAEMOCTH MOYBBI BbIsiBIeHa B Topu3oHTe Hpk, ¢ riryouHoi
ee BENMYMHA CHIDKACTCA. JTO MOKET CBHUIETEIbCTBOBATh O HEKOTOPOM HAKOIUIEHUH B TAHHOM
TOPU30HTE WIIUCTON (pakimi. MakcUMalbHBIC 3HAYCHUS IUAJICKTPUYCCKONW MPOHUIIACMOCTH
(hpakimii XapaKTepHsI U1 HIDKHETo ropr3onTa Pk.

Tabauya 5
JudnekTpuyeckasi NPOHULAEMOCTH MOYBbI NPOOHOIi IuIomaan Ne 115-B
I'enernueckuii Obpasen Husnextpuueckas IInotHOCTB (3)6pa3ua,
TOPU30HT MIPOHHUIIAEMOCTh r/cMm
IMousa 6,72+0,27 0,90+0,02
g ®Dpaknus 2-3 MM 4,06+0,85 0,74+0,04
Hdk (0-6 cm) Dpakust 1-2 M 3,67+0,18 0,76+0,02
Opaxkiust 0,5-1 mm 4,27+0,38 0,78+0,01
IToura 79,33+13,01 1,00+0,02
Opaxkiust 2-3 Mm 7,42+1,87 0,81+0,01
Hpk (6-27 cw) ®pakuns 1-2 My 9,05+0,76 0,87+0,01
Dpaknust 0,5-1 Mmm 8,64+0,90 0,90+0,02
Ioura 20,06+1,12 0,86+0,01
Dpaknus 2-3 MM 6,97+0,35 0,81+0,02
Phic (27-40 cv) ®pakmust 1-2 My 7,64+1,13 0,84+0,03
Opaxkiust 0,5-1 mm 8,31+0,26 0,90+0,04
ITousa 17,66+3,41 0,91+0,01
Dpaknus 2-3 MM 6,50+0,80 0,84+0,05
Pk (40-120 cv) ®paknus 1-2 MM 14,19+3,09 0,87+0,01
Dpakust 0,5-1 Mmm 18,17+2,17 0,89+0,03

B memoM u3 MOIMyYeHHBIX PE3yIbTaTOB MOXKHO CHENaTh MPENNOJOXKEeHHE, YTO Ha
BEIMYMHY TUDJICKTPUYECKON MPOHHIIAEMOCTH IOYBHI B TEPBYIO OYEpEeNb BIHSICT €€
oOorarieHue WiIKCTOW (hpakieii, KoTopas mepepaclpeeNisIeTcss B MOYBEHHOM Mpoduie B
pe3yapTaTe  AIIOBHAIBHO-MUTIOBHAIBHBIX — MPOIECCOB, HAMOOJBINAS  BBIPAXKCHHOCTH
KOTOPBIX HaOJIOMACTCS B YCIOBUSX TalbBera M CPEIHHUX TPETEH CKIOHOB CEBEPHOW U
FOKHOM SKCIIO3HITNH.

BbIBOAbI

1. AnpobupoBaHa METOANKA M3MEPEHMs AMDJIEKTPUUYECKOW NPOHUIIAEMOCTH IOYB C
UCIIOJIb30BaHNEM COBPEMEHHOTO I (PPOBOr0 EMKOCTHOT'O N3MEPHTEIIS.

2. YCTaHOBIIEHO MOBBIINIEHUE 3HAYEHUH AUIIEKTPUUECKON MPOHULIAEMOCTH MOYB IpU
YBEIMUYECHNH €€ IUIOTHOCTH 1 YBEITMUCHNH COJACP)KAHHS MITNCTON (ppaKIny.

3.IlouBBl B  OCHOBHOM  OTJIMYAIOTCS  TMOBBIIIEHHOHM  JIUAJIEKTPUUYECKOU
MPOHUIIAEMOCTHIO B CPAaBHEHUH C TTOYBEHHBIME (hpakmsamu 2—3, 1-2 u 0,5—1 mm.

4. Heobxomumo  pa3pabotatb ©  anpoOuMpoBaTh  METOOUKY  HW3MEPEHHUS
JIU3IEKTPUIECKOW TPOHMLAEMOCTH II0YB B IOJEBBIX YCIOBUSX C MCHONBb30BAaHUEM
00pa3IoB HEHAPYIICHHOTO CIIOKCHHS.

5. Cnenyer akTUBM3HPOBATH HCCIEIOBAHUS AUANEKTPUUECKON MPOHULIAEMOCTH MOYB
1 YCTaHOBUTH €€ B3aMOCBS3HU C JPYTUMH ITOUYBEHHBIMH CBOIICTBaMHU.
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FOREST HYDROLOGY
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HEAVY METALS IN THE GROUND WATERS OF PRISAMARYA DNIPROVSKE

Abstract. In conditions of increasing anthropogenic pressure on the objects of the natural
environment, an objective assessment of the hydrochemical state of water bodies is necessary, taking
into account background values of heavy metals, the presence of which is associated only with natural
factors. Therefore, the aim of our studies was to determine the concentration of heavy metals in
groundwater lying in different geological and geomorphological conditions in a territory remote from
the large industrial centers — Dnipro and Pavlograd.

As a result of the carried out researches it was possible to establish the qualitative and
quantitative composition of microelements that are contained in the ground waters of Prisamarya
Dniprovske. The most common microelements from those that were determined were zinc, strontium,
iron and manganese. In the groundwater of the floodplain of the Samara River the most common are
zinc, strontium, iron and manganese. A distinctive feature of the groundwater of the first above-
terrace is the presence of a large amount of iron — an average of 2 mg/I>, while this is not observed in
the groundwater of the floodplain and steppe areas. This can be attributed to the chemical
characteristics of forest litter from needles which has an acidic pH reaction. In turn, with acid
reaction, iron passes from the bound state to the free state and, together with the descending streams
of water, migrates from the soil to the groundwater.

Among the microelements of the second above-the-top terrace, zinc, copper, iron and
manganese predominate. Other trace elements from those that were determined are absent, or their
number is below the sensitivity limit of the device. With a deep bedding of groundwater (22 m) and
their slow water exchange with surface waters among the microelements, zinc, cadmium, copper,
nickel, cobalt, iron and manganese predominate.

The direction of the migration of microelements in the system soil <> groundwater can be
determined by calculating the concentration of chemical elements in the soil and groundwater
contained. The concentrations obtained for lead, copper, nickel and manganese in the majority of the
investigated objects turned out to be less than one, which indicates the predominance of processes of
removal of microelements from soil to groundwater. At the same time for groundwaters of the first
above-the-top terrace there is accumulation of such microelements as copper and manganese. Here
the maximum value of the clark concentration for copper is 18.14, for manganese 14.66.

Considering the absence of close proximity to the territory of the research of large industrial
facilities and highways with intensive traffic, the indicators obtained by us can be used as background
values in complex biogeocenological studies. In addition, the values obtained can be useful for
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DOI: 10.15421/041617

98 ISSN 1684-9094. Gruntoznavstvo. 2016. Vol. 17, no. 3—4



assessing the hydrochemical and toxicological state of natural waters, as well as for the integrated
ecohydrological assessment of water bodies in this region.
Key words: microelements, groundwater, clarke concentration of matter.
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TAXENbIE METAIbI B FPYHTOBbIX BOAAX
NMPUCAMAPbA OHEMNPOBCKOIo

AHHoOTanus. B ycrnoBusx Bo3pacraromieii aHTpoIoreHHOH Harpy3Ky Ha OOBEKTHI IPUPOIHOM Cpezibl
HE0o0XoarMa OOBEKTHBHAS OIEHKA THIPOXMMHYECKOTO COCTOSHHUS BOJHBIX OOBEKTOB, YYHTHIBAIOIIAS
(OHOBBIE 3HAUECHMS TSDKENBIX METAUIOB, HAIMYME KOTOPHIX CBS3aHO TONBKO C ECTECTBCHHBIMU
(akTopamu. IlosTOMy IeNBIO HAMX WCCIEJOBAHUK OBUIO OIpeJeNeHHe KOHICHTPALMU TSDKENBIX
METaJUIOB B TPYHTOBBIX BOJIaX, 3aJICTAIONINX B PA3HBIX FEOJIOTMYECKUX M TeOMOP(OIOrHUECKUX YCIOBHAIX
Ha TEPPUTOPHH, OTIATICHHON OT OOJIBIINX NPOMBIIUICHHBIX IIEHTPOB.

B pesynbrare NpOBENEHHBIX MCCIEJOBAHUH YIanoch YCTAaHOBUTh KAueCTBEHHBIH H
KOJIMYECTBEHHBIN COCTaB MHKPOAJIEMEHTOB, KOTOPBIE COAEpMKATCsA B IPYHTOBBIX Bojax IIpucamapss
Juenposckoro. Hanbomnee pacipocTpaHEHHBIMI MUKPOJIEMEHTAMH U3 TE€X, KOTOPHIE ONPEAEISINCE,
SBIAIOTCA IIMHK, CTPOHIUH, >kelme30 M MapraHenm. [loka3aHa 3aBHCHMOCTb KadeCTBEHHOTO U
KOJINYECTBEHHOTO COCTaBa MHKPODJIEMEHTOB OT PEXHMO0Opas3yronux (hakTopoB M HAIPABICHHOCTH
MIPOLIECCOB UX MUIPALIUU B CUCTEME [10YBA <> TPYHTOBBIC BOJBL.

Kniouesvie cnosa: mukposnemenmel, 2pyHmogvie 600bl, KIAPK KOHYEHMPayuu sewyecmead.
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BAXKI METAIN B NIArPYHTOBUX BOAAX
NMPUCAMAP’A OAHINMPOBCbLKOIO

AHoTamisi. 32 yMOB 3pOCTarOuOro aHTPOIOTCHHOTO HABAHTAXKEHHS HA 00 ’€KTH IMPUPOIHOIO
CEepEe/IOBHIIA BAXIIMBOIO € O0’€KTHBHA OIIHKa TigPOXIMIYHOTO CTaHy BOAHHX OO0’€KTiB, sika 0O
ypaxoByBana (OHOBI 3HAUCHHS BaKKHX METAJIB, HASBHICTH SIKMX OOYMOBJICHA JIMIIE MPUPOIHUMHU
YUHHUKAaMH. TOMy METOI0 HalmlMX IOCHiIKEeHb OyNlO BH3HAYEHHS KOHIICHTpAlil BAKKUX METAIB Yy
MATPYHTOBHX BOJAaX, L0 3aJITal0Th y PI3HUX TEOJOTIYHUX Ta TeOMOpP(OJIOTIYHMX YMOBaxX, Ha
TepUTOPIi, BiNAJICHIH BiJ] BETMKUX IPOMHUCIOBUX MICT.

VY pe3ynbTari NPOBENCHUX JOCTIKCHb OYyJO BCTAaHOBJICHO SIKICHWIA Ta KUIBKICHHH CKIal
MIKpOETIEMEHTIB, SIKI MICTAThCA Yy MIAIPyHTOBUX Bomax IIpucamap’st J[minpoBcbkoro. HaifGinbm
MOIIMPEHUMH 3 MIKPOCJIEMEHTIB, SIKi BU3HAYAINCH, € IIMHK, CTPOHIIii, 3130 Ta MapraHens. [loka3aHo
3aJISKHICT SIKICHOTO Ta KUIBKICHOTO CKJIQJLy MIKPOEJIEMEHTIB BiJl PEeKHMOYTBOPIOIOYMX (haKTOpIB Ta
CIIPSIMOBAHICTh MPOLIECIB TX Mirparii y CHCTeMi IPyHT <> MiAIPYHTOBI BON.

Kniouesi cnosa: mikpoenemenmu, niorpynmosi 600u, Kiapk KOHYeHmpayii peuosuHi.

BCTYN

Y TriApOeKoJIOriyHIA XapaKTePUCTHINl BOJHUX OO0’€KTIB BMICT BaXKKHX METAJIiB
XapaKTepU3y€e TOKCUKOJIOTIYHUIA CTaH IMPUPOJTHUX BOJ I BAKOPUCTOBYETHCS MIPU KOMIUICKCHIN
exonorivniii ominmi sikocti Bogu (Oksiyuk et al., 1993). Sk ocHOBHI KpuTepii, 38 JOIIOMOT OO
SIKMX TIPOBOJIATH OINIHKY TPUPOTHHUX BOJ, BUKOPUCTOBYIOTH MokasHuK — [JIK (rpaHudHO
JOMyCTHMa KOHIIGHTpAIlis) Uis puUOHOTO TocmomapcTBa abo BopomoctadaHHA. Ha ¢oHi
3pOCTAIOYOr0 AHTPOMOTCHHOTO HABAHTAXKCHHS HA O0’€KTH NPUPOAHOIO CEpe/IOBHUINA
BiZIOyBa€eTHCS 3a0pyJHEHHS IPUPOTHUX BOJI BIIXOIAMH IIPOMHUCIIOBOCTI.
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Haii0inpir mommpeHNMH BaKKHMH MeTalaMH B 00’€KTax HaBKOJIHUIITHHOTO
cepenoBunia Beaxawots Cu, Zn, Co, Ni, Mn, Mo, Pb, Cr ta Sn (Zhovinskiy, Kurayeva,
2002). 3 nepeniueHnx MikpoenemeHTiB Mu BusHadaiau Cu, Zn, Co, Ni, Mn, Pb, a Takox Sr,
Cd ta Fe. Micue po3ranryBaHHS BOJHUX OO’€KTiB, Y SKHX MH BiIOMpaiau 3paskw,
3HAXOJUTHCS Ha BIJICTaHI OlIbIIE 55 KM BiJl BETUKUX MPOMHCIIOBHX LIEHTPIB — M. [IHinpa Ta
[MaBnorpany. 3 ypaxyBaHHSIM [IOTO MOXXHa BBa)KaTH, 1[0 OTPUMAaHI 3HAYCHHS MO BMICTY
BO)XKHX METaJiB MOXXKHa BHKOPHUCTOBYBAaTH $K (POHOBI NIPH  EKOJOTO-TiAPOJOTIYHUX
JIOCHI/PKEHHSAX 1bOTo periony. Ilpu BuOMpaHHI Micis Ut BinOOpy 3pa3KiB MiATPYHTOBHX
BOJl BHKOPUCTOBYB&JIM JaHNWA(QTHUHA TiIXiJ, OCKIJIBKM NpPU LBOMY BpaxOBYETHCS
IPYIyBaHHS MiAIPYHTOBHX BOJ 332 YMOBAMH OJHOTHUIIOBOCTI 1X PEXHMY Ta BIACTHBOCTI
BOJIOBMICHHX TIOPi].

Panime Hamm Oy7mo BCTAHOBICHO, INO pIBHEBHH pEXHM MIATPYHTOBHX BOJ,
PO3TAIIOBaHUX Yy MEXaxX TEPHUTOPii JOCITiIKEHb, TICHO MOB’SI3aHUN 3 METEOPOIOTIYHHMU
MOKa3HUKaMU — aTMOC(EepHUMH OnajiamMmu, Temieparyporo nositps ta in. (Kotovych, 2010,
2010, 2014). CtpykTypa piBHEBOIO PEXHMY Ma€ TPH XapaKTePHHX IEpioau, a came:
3MMOBO-BECHSHOTO MiIHOMY; BECHSIHO-OCIHHBOTO CHaJy 1 OCIHHBOTO mifioMy. Buxomasun 3
I[LOTO MiATPYHTOBI BOJAM MOXKHA BIHECTH JI0 MiJ3EMHHX BOJ 30HH aKTHBHOTO BOJOOOMIHY,
a00 30HU TiNepreHe3’y. 3a TaKMX YMOB CIOCTEPIra€ThCs TICHUH 3B’SI30K MiXK CE30HHUMU
3MiHaMHU piBHS 1 CE30HHMMHM 3MiHaMH HOHHOTO CKJagy Ta 3arajibHOi KUIBKOCTI cojied y
MiATPYHTOBHX Boxax. [Ipw MOCTIHHIN CE30HHIW AWHAMIII TiIPOXIMIYHOTO CKIQay IaHi
pa3oBUX BHMIpPIOBAaHb MIKpPOECJIEMEHTIB, O€3yMOBHO, HE MOXHA BBa)XaTH BHYEPIHOIO
iH(popMarieto moao ix BMicty. PazoMm 3 TMM HaBeleHi JaHI HAJAIOTh YABICHHA MpPO IXHIM
PO3TOALN Y MEBHUX JIAHAMAPTAX Ta MOXKYTh OYTH BUKOPUCTaHI IPH PO3pPOOIICHHI MPOEKTIiB
BOJIOKOPUCTYBaHHSA B MEXaxX TEPUTOPil TOCIIKEeHb. Y TiAPOEKOJIOTIYHIA XapaKTePUCTHII
BOJHUX 00’€KTIB BMICT B&KKHX METATIB XapaKTEPH3y€e TOKCUKOIOTIYHUHA CTaH MPHUPOTHUX
BOJI | BUKOPHCTOBYEThCS MPU KOMIUIEKCHINM eKONoriuHii owuiHi sikocti Boau (Oksiyuk et
al., 1993). Sk ocHOBHI KpHTepii, 3a IOMOMOIOI0 SIKHX MPOBOJSATH OLIHKY MPHUPOJHUX BOJ,
BUKOpHCTOBYIOTh TokazHuk ['JIK miast puGHOro rocmopapctBa abo BopomocradaHHs. Ha
(oH1 3pOCTarOYOro aHTPOIIOTEHHOI'0 HABAHTAKEHHS! Ha 00 €KTH MPHUPOIHOTO CepeIOBUINA
BiZIOyBa€eTHCS 3a0py THEHHSI IPUPOJIHUX BOJI BiIX0/1aMH IPOMHCIIOBOCTI.

METOOM OOCHNIAXKEHHA

[Ipobu BomM 31 CBEpIUIOBUH BigOMpaiiil 3a JOIOMOTOK KEJIOHKH, OOJamHaHO! Ha
HIDKHBOMY KIHIII KyJBKOBHM KiamaHoM. Ilepen BinOupaHHSM CBEpUIOBMHA YHCTHIIACh
TIEIO CaMOIO XKEJIOHKOIO 3 TAKUM PO3PaxyHKOM, 11100 00°e€M MiTHATOI 31 CBEPIIOBHHU BOIH
CTAaHOBUB HE MEHIIE ITSITH 00’€MiB camoi CBEpUIOBHHH. BHW3HAYCHHS BaKKAX METaTiB
MPOBOMMB cTapmmid HaykoBuid cmiBpoOitHmK HJI 6Giomorii JIHY im. O. Tonuapa
0. b. CmupHOB Ha aToMHO-abcopOuiiHOMY criekTpodoromerpi AAS 115 BupoOHHIITBA
HAyKOBO-BUPOOHWYOTO  migmpmeMmcTBa  «YKppocmpmwiamy, M. Cymm. Ilpm  mpomy
BUKOPHCTOBYBAJIM METO/]I €JIEKTPOTEPMIUHOT aToMizalii. AToMizallisi poOU BOIIH BiI0YBA€THCS
B TpaiToBiil KIOBETI 1 CKJIA€ThCS 3 TPHOX MOCIIIOBHUX €TaIliB: BUCYLIYBAHHS, O30JICHHS i
aromizaii. Cam nporiec 341HCHIOETECS PH HAarpiBaHHI rpagiTOBOT KIOBETH EJIEKTPOCTPYMOM B
iHepTHOMY ra3i (aproHi), mpu IBOMY BCI TPHU €Talll NPOXOAATH BIJIMOBIIHO IO KOMaH,
3aK/IaIeHUX y puiiaj 3a fonomororo nporpamu «AAS SPECy.

OuwiHKy SKOCTI BOAM TPOBOJMIM 3TiJHO 3 KOMIUIEKCHOIO  €KOJIOTiYHOIO
kiacugikamiero noBepxHesux Box cymi (Oksiyuk et al., 1993). I'iapoximiuna knacudikaris —
3a O. A. Anexiamm (Alekin, 1970). XapakreprcTika MaKpOKOMIIOHEHTIB Y XIMI4HOMY
ckiani migrpyHToBux Box [Ipmcamap’s JIHIIPOBCHKOTO HABOAWJIACH HAMH Ta IHIIUMHU
aBTopamu padimre (Travleyev, 1977; Kotovych, 2015).

PE3YJIbTATU TA IX OBTOBOPEHHS

3amnaBa p. Camapu B MekaxX TEPHUTOPIi JAOCTiIKEHb BITHOCHUTHCS IO CEpeAHiX abo
BHCOKHX 3aIllaB 3 TIEPECBHIICHHSAM IIOBEpXHI Haja piBHEM Boau B piumi Ha 5-10 ™.
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BopmoBMicHIME MTOpPOJaMu TYT € IMICKH YETBEPTHHHOTO AJIOBII0, Cy4acHOTO Ta BEPXHHOTO
Bty (Travleyev, 1972). [I3epkano moBepxHi MiATPYHTOBHX Box — 3 3,5 M. 3araibHa
MiHepami3amis 3MiHIOeTbca B iHTepBaii Bixm 1350 mo 1670 MF/I[M3, ajle HOHHWM CKIal
NPOTATOM CE30HY 3aJMUIAETHCS CTAIMM 1 BH3HAYAETHCS K CyNb(aTHO-KAIbIIEBUI,
napyroro abo tperboro tuiy. Peakuis pH HeidTpanbHa, 32 BUHSATKOM IIAIPYHTOBHX BOJX Y
Mexax npoOHux ot Ne 214 i 215 — cnadkokucia. ['iapoxiMidHUI pexXuM MiIIPyHTOBUX
BOJI 3aIUIaBU HAMU KOHTPOJIIOETHCS B cBepuioBHHax Ne 208, 209, 214 ta 215, sxi
PO3TalIoBaHi MapajiesibHO pyXy MiAIPYHTOBHX BOJ y HanpsMKy piuumia p. Camapu (3a wieto
K HyMepaIli€ro MO3HAYaloThCs i cTamioHapHi mpoOHi mionri KomruiekcHoi ekcreamiii
JIHIIpOTIETPOBCHKOTO HAIlIOHANBHOTO YHiBepcuteTy iM. Onecs ['oHwapa). CepasioBuHU
Ne 214 1 215 3naxomsarecs moonu3y ¢. Kouepesxku [1aBiorpancekoro p-Hy, a Ne 209 i 208 —
no6u3y c. AHApiiBku HOBOMOCKOBCHKOTO p-HY.

3 MikpoeneMeHTiB, SKi MM BH3HaYalW B MiATPYHTOBHX BOJAaX 3aIlIaBH, HAHOiIbII
MOUIMPEH]I UHMHK, CTPOHIH, 3ai30 Ta MapraHeub. Lli MiKpoeleMeHTH HPHUCYTHI y BCIX
MiATPYHTOBHX BoAax 3amiaBu. [Ipy ipoMy O1TBII pIBHOMIPHO MOIIUPEHi HOHH CTPOHIIIIO Ta
3aji3a — iX MIHJIMBICTh Bapiloe He OIblle HDK y JiBa pa3u. AMIUIITYa 3MiH Maprasio Ta
IUHKY € 3HaYHO OLIbIIOK 1 3MiHIOeThes Big 0,18-0,91 g0 0,01-0,43 MI/aM° BifmoBigHO
(tabmn. 1).

Tabnuys 1
BwmicT mikpoe/ieMeHTIB y MiAIPYHTOBHX BOJAX 3aILIABH, mr/am’
Ne mpo6HOi mmomi Zn Cd Pb Cu Ni Co Sr Fe (3ar.) Mn

214 0,20 0,040 0,19 0,02 0,04 0,01 033 0,2 0,91
215 0,43 0,003 0,15 0,02 0,02 * 0,16 0,4 0,33
209 0,01 * * 0,01 0,01 * 0,16 0,2 0,18
208 0,01 * * * * * 0,16 0,4 0,25

IIpumiTtka. 3Hak * 03HA4Yae, MO BiAMOBIIHI MiKpoeJIeMeHTH abo BiACYTHI, a00 TX BMIiCT HWKYHU Bij
BEPXHBOTO MOPOTY YYTJIMBOCTI MPHIIATY.

Kammiii, cBuHenp, Mib Ta HiKeIb MPUCYTHI B OUTBII MiHEpasi30BaHHUX MiAIPYHTOBUX
BOJax 3aruiaBu — cBepoBuHU Ne 214, 215 ta 209. KobanpT BUSBICHO JUIIE B HAHOLIHII
MiHEpaJTli30BaHUX MIAIPYHTOBHX BoJax — cBepioBuHa Ne 214. YV miarpyHToBHX BoAax 3i
cBepuioBuHn Ne 208 3rajaHi MIKpOENEMEHTH 3HAXOAAThCS B KUIBKOCTI, MEHIIH 3a
YYTIUBICTh METOMYy, 3a JIOIOMOTOK0 SKOTO IX BH3HAuamu. MiHIMaIbHUH BMICT
MIKPOEJIEMEHTIB Y IIMX MiIIPYHTOBUX BOAAX MOXKHA IMOB’S3aTH 3 THM, IO LSl CBEPAJIOBHHA
3HaXOAUTHCS HA KOJIOPIYEYHOMY Bally, Onu3bko 15 M Bix piumma p. Camapu. 3oHa aeparii
CKJIajicHa 3 TIIAHOTO ANIOBilO, TOMY TYT BiIOYBa€ThCs HAMOUIBI IHTEHCHBHHUI BOIOOOMIH
HE JIUIIEe MK MATPYHTOBHUMH BOJIaMH Ta aTMOC(EPOI0, a i MATPYHTOBUMH BOJAaMH i BOJAMU
piku. 3arambHa MiHepaii3amis MATPYHTOBHX BOJ MEHINA, HK y ICHTPAJBHIA 3aruiaBi, B
IOHHOMY CKIIa[li CYJb(aTH 3aMilllyIOThCs T1IPOKapOOHATAMH KaJIbLIIF0 Ta MarHito.

[ligrpyHTOBi BOaM mepmioi HajxzamuraBHOI Tepacu p. Camapu 3a MiHepasizali€ro Ta
WOHHUM CKJIAJIOM BiIPi3HSAIOTHCA BiA MIATPYHTOBHX BOJ 3aIUIaBH, IO Ma€ 3B’S30K 3i
cKkiazoM MikpoenemeHTiB. [lepria Ham3amaBHa Tepaca Mae MEPEBHUILICHHS HAJl TOBEPXHEIO
BoaM B piuri 15, a iHomi 25 M. BOgOBMiCHUMH TYT € MiCKM YETBEPTHHHOIO AJOBIIO,
BepxHBOro Ta cepeanboro Bimauny (Travleyev, 1972). Penbed Mae mOHHHI XapakTep,
BHACJIIJIOK YOTO MiATPYHTOBI BOAM B MDXKIIOHHUX 3allaJMHAX 3HAXOIAThCS HA TIHOWHI 1—
1,5 M, a mig BepxXiBKamMH TIIIAHWX [IOH [IMOWHA IX 3alAraHHs csrae 7,5-8,5 w.
lpgponoriyauii  peXXMM BU3HAYA€THCS METEOPOJIOTIYHUMH ITOKa3HMKAaMH Ta BOJHO-
(i3MYHMMY BIIACTHBOCTSIMH TPYHTIB 30HH aeparii. BimMIHHOIO TiZpOXIMIYHOIO PHCOIO
MIIPYHTOBHUX BOJ MEPIIoi HAA3aIIaBHOI TepacH € iXHS HW3bKa MiHepamizamisa. [Iporarom
KaJICHIAPHOTO POKY el NMOKa3sHUK He 3aJMIIAEThCS CTAIUM, a 3MIHIOETBCS Bin 65 110
120 Mr/zLM3 y MDKAIOHHHX 3anaanHax 1 120-160 Mr/LLM3 M7 BepXiBKaMH IfOH. lOHHMIA
CKJIaJl TPOTSITOM CE30HY 3aIMIIAE€THCS CTAIMM 1 BH3HAYAETHCS SIK TiIpoKapOOHATHO-
KaJbllieBUH, mepmoro abo apyroro tuimy. 3HadeHHs pH — Big 6,1 o 3.,9. s KOHTpOIIo
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TiAPOXIMIYHOTO pPEXUMY MiAIPYHTOBHX BOJ IIEPIIOi HAm3alUTaBHOI TepacH MU
BHKOpHUCTOByeMO cBepmioBuHE Ne 211, 212, 216 Tta 310, sKi TakoX BXOAATH 10
MOHITOPHHTOBOi MepeXi 1 po3TamoBaHi B OZHOMY CTBOpi 3i CBEp/UIOBHHAMH, IO
3HaxomsAThcs y 3amaBi. CeepanoBuna No 310 3Haxomsatbess mo0Oim3zy c. CocHOBKa
[TaBnorpanceKoro p-Hy Haja HIaXTHUMHU nojsiMu maxtu «[laBmorpaaceka». CBepasioBuHa
Ne 216 nobnuzy c. Kouepexxkn Toro x paiiony, csepmioBund Ne 211 i 212 — noGnu3y
c. AunpiiBka HOBOMOCKOBCEKOTO p-HY.

BigmiHHOIO OCOOJHMBICTIO MIATPYHTOBHX BOJ MEPIIOi HAJ3aIIaBHOI TepacH, Ha (oHi
iX HaI3BHYAHOI OiTHOCTI HA MaKpO- i MIKPOEIEMEHTH, € HasBHICTh 3arajlbHOTO 3aji3a B
KUTBKOCTSIX, IO B JEKUIbKa MJECATKIB pa3iB IMEPEeBHIIYIOTh AaHAJOTIUHI MOKA3HUKH B
MiATPYHTOBHUX BOAAX IHIMNX TEPUTOPIH (Tabm. 2).

Tabauys 2
BumicT MiKkpoesieMeHTIB y MAIPYHTOBHX BOJAX HePLIOi HAX3AIIABHOI Tepacu (apeHu), Mr/am’
Ne npobroi mmomi ~~ Zn Cd Pb Cu Ni Co Sr Fe (zar.) Mn

310 0,12 0,001 * 0,01 0,01 * * 1,4 0,33
216 0,15 * * 0,01 * * * 1,5 0,27
212 0,26 * * 0,03 * * * 2,4 0,10
211 0,14 * * 0,01 * * * 2,2 0,40

[MpumiTka. 3HaK * o3Hauae, 110 BIAMOBIIHI MIKpOCIEMEHTH a00 BiICYTHI, a00 iX BMICT HIDKYHN BiX
BEPXHBOT0 HOPOT'Y YyTIHBOCTI IPUIIALTY.

'eoxiMiYHIMH KOHIIEHTPATOPaMH TYT € ANIOBiajbHI MOKJIAAH, Y SKUX Y 3HIDKECHHX
IUITHKaxX penbedy MpH HAUIMIIKOBOMY 3BOJIOKEHHI Ta aepoOHMX yMoBax (hOpMYrOThCS
HOBOYTBOPEHHSI y BHIJIIAI OPTIITEHHIB Ta oOpT3aHAiB. ['Opm30HTH 3 TOXIOHUMEI
HOBOYTBOPEHHSIMM NPUB’s3aHI 70 30HM KamISIPHOTO WIMHATTS MIATPYHTOBHX BOJ 1
MapKipyloTh KOPAOH MDX OKHCIIOBAIBHHMH Ta BiJJHOBIIOBAILHUMH YMOBaMH. 3aji30 B
MiAIPYHTOBHX BOJAX TYT Mae OiOreHHE IOXOJDKEHHS, a MEPBUHHHUM HOTrO JDKEpesioM
BBa)KAIOTh JIICOBY MiACTHIKY. Kucma peakumis cepeloBHILA CHpHsE IEpEexXomy 3aiiza i3
copOOBaHOTO Ha MiHEpaIbHHX 1 OpraHIYHMX pedyoBMHaxX craHy y BuibHe (HwukaHOpOB,
1989). Tomy migrpyHTOBI BOJIW MINIAHWX Tepac MAakTh Yy CBOEMY CTaHi Oaratro 3aiisa.
HasBHICTP 10HIB IMHKY MO>XHA TIOB’S3aTH 3 THM, III0 OCHOBHHUM THIOMOP(GHUM KaTiOHOM
TYT € KaJbllid, OMHIM 3 T€OXIMIYHUX CYIyTHHKIB SKOTO € IMHK. MapraHelpb yBa)KaeTbCs
CYIyTHUKOM 3aJIi3a, sIKe MICTHTHCS Ha MIIIaHUX Tepacax y 3HAYHHUX KITBKOCTAX. Y IIOMY
HU3BKMAN BMICT IHIINX MIKPOENEMEHTIB y TakuX JaHAmadrax moB’s3yIOTh 3 TEOXIMIEI0
IPYHTOTBOPHHUX Ta mijcrenstounx mnopia. Tak, €. 5. XKosuncbkuit (Zhovinskiy, Kurayeva,
2002), mocumatounch Ha B. A. Koemy (Kovda et al, 1973) mnos’s3ye 1e siBuiie 3
IIBUIIEHUM BMICTOM KBaplly B OCaJOBUX ITOpPOAaxX. Y HAIOMY BHIIAJIKy BOJOBMICHUMH €
Ol KBapLOBI MICKH, TOMY OIJHICTH IAIPYHTOBUX BOJ y OLIBIIOCTI 3 JOCIIKYyBaHUX
MIKpOEJIEMEHTIB Y3TOPKYETHCS 3 IIUM IOJI0KEHHSIM.

[MiarpyHToBi Bomu Ipyroi HaJa3aIiIaBHOI TEpacH PO3TALIOBYIOTHCS 3 TTHOMHU 1,5 M.
[ToBepxHs Tepacu Mae piBHY, CIIOKIHHY ITOBEpXHIO, CKJIaJIeHa 3 IIUIBHUX 1 JyXKe MIUIbHHX,
TIMHUCTUX 1 BaKKOTJIMHUCTUX JIYYHO-COJIOHITBOBHX 1 JIYYHHX TPYHTiB. BomoBMicHHME €
CTapo/laBHi, KapOOHATHI aOBiaJibHI CymicKH a00 CYTJMHKH. 3araibHa MiHepali3allis
BiJIPi3HSETHCS BiJ MiHepaizallii miAIPYHTOBUX BOJ IiIIaHOI TepacH i 3ammaBu p. Camapu i
MPOTATOM CE30HY 3MIHIOEThCS 3 2650 mr/nM° HasecHi 10 3110 mMr/am® Bocenu. 3a HOHHHAM
CKJIAIOM BiHOCHUTBCS OO XJIOPUAHOTO KIACy HATPi€BO-KAJi€EBOi TpymH Ipyroro abo
TpeTrboro Thiy. IlokasHukn pH xapakTepusyloTh Il TPYHTOBI BOIM SK HEHTpambHi abo
cnabkonykHi. KOHTpojb pIiBHEBOrO Ta TiIPOXIMIYHOTO PEXUMIB IPOBOAUMO Y
cBepioBuHi Ne 220.

VY cknaal MiKpOeNeMEHTIB IMX MiAIPYHTOBHUX BOJ| NMPUCYTHI IIMHK, Miflb, 3aJ1i30 Ta
MapraHenp. [HIN eleMEHTH 3 MIKPOKOMIIOHEHTIB BiJCYyTHI a00O TNpPHUCYTHI Yy CIiOBiH
KiJbKOCTi (Tabi. 3).
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Han npyroro Han3amiaBHOIO Tepacoro 3HAXOAUTHCS JIiBUHA KOpiHHMIA Oeper p. Camapu.
[pyHTOBHIi MOKPUB MPEJICTABIEHO YOPHO3EMAMHU 3BHYANHUMH Pi3HOTO CTYIIEHS 3MUTOCTI.
[ligrpyaroBi Bomu — 3 8§ M. BomoBmicHuMH € Ticku HeoreHy. KOHTponb piBHEBOrO Ta
TIAPOXIMIYHOTO PEKUMIB MPOBOAUMO y CBepaiioBuHI No 223 sika 3HaXOAUTHCS B MOCAII
Ha piBHiil minguIi. 3aragbHa MiHepami3amis mArpyHTOBHX Box — 1250 Mr/am’, peakmis pH
HelTpanbHa abo ci1a0KoMy)XHa. 3 MIKPOEIEMEHTIB, 10 BH3HAYald, MPUCYTHI BCi, KpiM
cTpoHIio. [{MHK 1 MapraHenps MalOTh HAHOUIBITy MacoBY YacTKy.

Tabruys 3
BmicT BaskkHX MeTaJliB y NiAIPYHTOBHUX BOJAX, JIBOro KopiHHoro 0epera p. Camapu, M/’
Ne npo6uoi mmomti ~~ Zn Cd Pb Cu Ni Co Sr Fe (3ar.) Mn
220 0,31 * * 0,02 * * * 0,1 0,22
223 0,56 0,003 025 0,01 004 0,01 * 0,1 0,79

IMpumitka. 3Hak * o3Havae, MO BiAMOBIAHI MiKpoeleMeHTH abo BiACYyTHI, a00 X BMICT HIXKYHH Bif
BEPXHBOTO TIOPOTY UYTIUBOCTI MPHITALY.

[MixrpynToBi Boau mpaBobepexoks p. Camapu y cTBOpi MK cenamu Kouepexkn -
AHZpiiBKa BIAHOCATBCA N0 30HANBHUX 1 MAalOTh TiJPOXIMIYHHN CKIIaJ, BIACTHBUN
MATPYHTOBUM BojiaM cTernoBoi 30HM Ykpainu. IlpaBoOepexoks p. Camapu B paiioHi
nociimkenb Big c. Kouepexxkun 10 c. AHAPIIBKM Mae pO3TalyXeHy SPYXKHO-OaIKOBY
Mepexy, IIHOOKO Bpi3aHy B JecOBi MOKIanu. barato 6axok BKPUTO MPHPOTHOIO JTiCOBOIO
POCIMHHICTIO, JAesKi OanKky MarTh INTYYHI MacHBHI JiCOBI HacapkeHHS. [ nmOmna
3aJIsIraHHs MAIPYHTOBUX BOJ B 3aJIE)KHOCTI Biji penibedy 3MIHIOEThCS B iHTEpBaui Bij 9 110
25 m. I'igpoximiuHi MOKa3HUKH 3aJIe)KaTh BiJ IHTEHCHBHOCTI BOJOOOMIHY 3 IOBEPXHEIO —
YMOBH  iHQINBTparifHOro  JKMBIEHHS, JpPEHYBaHHS  BOJOHOCHHX  T'OPH3OHTIB,
TEMIIEpaTyPHUX MOKa3HUKIB Ta iH. 3arajgbHa MiHEpati3alis HiAIPyHTOBUX BOJ 3MIHIOEThCS
Bin 630 Mr/aM’ B MiCIfIX BHXOAy HA JIGHHY MOBepXHIO g0 2100 mr/am’ B micisx i3
VIOBUIBHEHUM BOJOOOMIHOM 3 MaKCHUMAaJbHOIO TJIMOMHOIO 3ajsiraHHs. [OHHMH cKiaj
TaKOX 3aJIeKUTh BiJl PEKUMOYTBOpIOOYMX (akropiB. Tak, 3a yMOB iHTEHCHBHOTO
BOJIOOOMIHY MIiAIPYHTOBI BOAM MAlOTh TiAPOKapOOHATHWH KJaC Ta KaJbllieBy abo
KaJIbI[IEBO-MarHi€By IpyIly mepiioro Tumy. [Ipu yrnoBibHEHOMY BOAOOOMiHI 3 TIIMOWHOIO
3amsragHs Outemie 20 M B iX 10HHOMY CKJIafi 3pOCTae AONSA CyIb(ar-iOHIB, TaKOXK
iABUIY€THCS BMIiCT HOHIB MarHito. Peakmis pH cmabkomyxHa. BomoBMicHHME € CBITIO-
JKOBTI CyMiCKH a00 CYTIIMHKH XapKiBCBKOTO SIPYCy MajeoreHy. PexuM MmiarpyHTOBHX BOJ
KOHTpOJIOeEMO B cBepmioBuHax Ne 20la — minsHKa CTEMOBOTO IIAKOPY 3 JA3€PKAIOM
MOBEepXHI miArpyHTOoBUX Box 12 M, Ne 204 — BepxHsS uacTHHA CXwWwIy Oaiipaky
KamnitaHiBcbkoro j0 moBepxHi miArpyHToBUX Boxa 22 M, Ne 206 i 207 — cxunm mpaBoro
6epera p. Camapu — miarpyHTOBI BoAu 3 TuOuHU 121 10 M.

CkJiiaz MiKpoeJieMeHTIB pi3HOpigHuA. Ha niisHKax CTernoBoro miakopy 3 MIMOWHOIO
miarpyaroBux 12 M (mpobna moma Ne 201a) 3 MiKpoeleMEHTIB, IO BH3HAYaJINCh,
NIPUCYTHI Ka/IMii, 3aJ1i30 Ta MapraHens (Ta0m. 4).

[Tpy rubuHI miArpyHTOBUX BOA 22 M Ta YHOBUILHEHOMY BOI00OMiHI (IIpoOHa mIiomma
Ne 204) ix ckmag OLTBII HACHYSHUHA MiKpOEIEMEHTaMHU. 3 THX, [0 BU3HAYAINCH, YAAJIOCh
YCTaHOBHUTH LWHK, KaaMiil, Minb, HiKedb, KOOAIBT, 3a]i30 Ta MapraHemnb. Ha minsHKaxX
cxmiiiB mpaBoro Oepera p. Camapu 3a yMOB OiNBIN iHTEHCHBHOTO BOJOOOMIiHY (TIpOOHI
ot Ne 206, 207) y miArpyHTOBHX BOJAX MPHUCYTHs OLblia KiJbKICTh MIKPOEJIEMEHTIB,
HIK Ha IUISHII CTETIOBOTO IUIAKOPY.

Haif6inpm nommpeHrMy MiKpOEIEeMEeHTaMU 3 THX, IO JOCIHIKYBAINCH 1 HAasBHICTH
SKUX BIAJOCh BCTAHOBUTH Yy BCIX JIOCHIDKYBaHHX 3pa3KaX, BUSBHIINCH 3arajibHe 3aji3o,
MapraHenb Ta UMHK. MIiHIMQIBHUE BMICT 3amiza 3 YCIX MJOCTI/PKYBaHUX JAUISHOK
BII3HAYAETHCSI B HAWOLIBII 3aCOJCHUX MIAIPYHTOBHX BOJIAX HWXKHBOI TPETMHU KOPIHHOTO
oepera p. Camapum — mpoOna twioma Ne 220, a MakCHMajbHI HOro 3HAYCHHS BIACTHUBI
HiIrpyHTOBUM — BojaM  mimaHumx  tepac  [lpucamap’s.  [leBHumid  3B’S30k  MiX
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MaKpOKOMIIOHEHTaMH HOHHOTO CKJIaJy Ta BMICTOM MiKPOCJIEMEHTIB IPOCTEKYETbCS Y
BUIIIS/IL 3B’S3KIB MDK THHOMOPGHHMH €JIeMEHTaMH Ta I1X CymyTHuKamu. Tak, paHiiie
(Kotovych, 2015) mamu Oyno BCTAaHOBIIEHO, IO 3a TEPEBAKAIOYMM KAaTiOHOM MiATPYHTOBI
BOJIH OLJIBIIOT YACTUHHU TEPUTOPIT JOCITIPKEHb MAIOTh KaJIbLIIEBY, & B MICISIX 3 YITOBUIEHEHUM
BOJIOOOMIHOM — KaJIbI[IEBO-HATPIEBY TPYIy, TOOTO, MPOBOISYN MApaieib 3 IeOXIMIYHHUMHU
npolecaMy, OCHOBHHM THIIOMOP(HHMM €IEMEHTOM TYT MOXKHAa BBaXaTh KaJIbIIiH.
I'eoxiMiuHMMHM CyITyTHHKaMH KaJibLiito € St, Ra, Ba Ta Zn. 3i 3rajaHux MikpoeneMeHTiB HaMH
BU3HAYAIUCh CTPOHILIM Ta IUMHK. LIMHK MICTHTBCS y BCIX JOCHIDKYBaHHMX 3pas3Kax, KpiM
3pa3Ka 3 TEpUTOPIi CTEIIOBOTO IUIAKOPY, ajle MiATPYHTOBI BOJH CTEIIOBHUX AUISHOK 3 TIHOOKUM
3aJATAaHHSIM XapaKTePU3YIOTHCS B3arajli HU3BKUM BMICTOM MikpoerneMeHTiB. CTpoHmii y
HE3HAYHIA KUTBKOCTI MICTHTBhCA B MIATPYHTOBHX BOJAX Tl MiCIE3pOCTaHHAMHA 3 Oaratoro
JICOBOIO POCIHHHICTIO, MPEACTABICHO mHpoKoucTIHIME 3arutaBHuME ([T Ne 208, 209,
214, 215) ta Gaitpauraumu (1111 Ne 206, 207) micamu.

Tabauys 4
BMicT Ba:KKHX MeTa/liB y MATPYHTOBHX BOAX npaBoGepescks p. Camapu, Mr/am’
Ne npobroi mmomi ~~ Zn Cd Pb Cu Ni Co Sr Fe (zar.) Mn

201a 0001 * * * * * 0,6 0,70
204 008 0,114 * 001 003 0,01 * 0,1 0,01
206 020  * £ 001 0,01 * 0,16 0,2 0,62
207 029 0,005 001 003 006 002 008 0,6 0,70

[MpumiTka. 3HaK * o3Hayae, 10 BIAMOBIIHI MIKpOCIEMEHTH a00 BiICYTHI, a00 iX BMICT HIDKYMN BiX
BEPXHBOT0 HOPOTY YyTIHBOCTI IPUIIALLY.

OTpuMaHi IaHI MO0 BMICTY MIKPOCJIEMEHTIB y MiAIPYHTOBUX BOAAX cami 1mo cebe
JO3BOJISIIOTh BHUKOPUCTOBYBATH IX JIMINE 3 MO3MIII OLIHKM TOKCHKOJOTIIYHOTO CTaHy
MiATPYHTOBHX BOJ TPH KOMIUICKCHIH EKOJNOTiUHIM Kiacudikarmii Ta MPUIATHOCTI iX s
BOJOKOPUCTYBaHHS. Pa3oM 3 TuUM 3anuImaeTbCsd BiIKPUTHUM IUTAHHS aHTPOIOI€HHOT
CKJIAIOBOi B 3arajbHOMY OayiaHCi MIKpOEJIEMEHTIB Yy MiAIPYHTOBHX BOJaX KOHKPETHHX
TepUTOpiid. BUHOKpEeMIIEHHS aHTPONIOTEHHOT CKIIAJI0BOI € CKJIaJHUM 3aBIaHHIM, BUPIIICHHS
SKOTO IOTpedye 3HaHHS TiAPOXIMIYHOro OanaHCy 3 ypaxyBaHHSIM XIMIYHOTO CKIIaay
HaipHUX MiJI3eMHHUX BOJ 3 PO3TAIIOBAaHMX HW)KYE BOJOHOCHHX TOPH30HTIB, BEMYUHHU iX
pH, yacy KOHTaKTy HiAIPyHTOBUX BOJI 3 BOJOBMICHIMH ITOPOJaMH, BMICTYy MiKPOEJICMEHTIB
y IPyHTax 30HM aepaiii, CIpSIMOBAHICTIO Ta IHTEHCHUBHICTIO Mirpaiii MiKpoeJIeMeHTIB y
CUCTEMI IPYHT <> TiJIIPYHTOBI BOAH.

3HalTH BHUYEPITHY BiJINOBIMe HA II€ 3alMTAHHS 3aBa)KAa€ BiJICYTHICTH BiIOMOCTEH
IOA0 TiOPOXIMIYHOTO CKIaJy HAMIpHUX BOJA Ta iXHBOI YACTKH B 3arallbHOMY OayiaHci
MiATPYHTOBHX BOJ Y padoHI JOCHTi[KeHb. YacTKOBO BiANOBICTH Ha II¢ 3allUTAHHS MOJXKHA,
BUKOPUCTAaBIIM KJIAPK KOHIEHTpAlii XiMIYHOTO eleMeHTa, SKUH BH3HAYAEThCA SIK
BITHOMICHHS BMICTYy XIMIYHOTO €JIEMEHTa B IIEBHOMY NPHUPOJHOMY O0’€KTi JO KiIapka
BOro ejeMeHra B Jitocdepi 1 Mokasye CHPSIMOBAHICTh MPOIECIB akyMyssmil abo
poscitoBanHsl XiMiuHUX enemeHTiB (Vernadsky, 1967). V Hamomy BHIanky NpHPOIHUM
00’€KTOM € TiJ3eMHI BOJM, a CEpelHi 3HaYEHHs 110 BMICTY MIKpPOEJIEMEHTIB y Jitocdepi
MOKHA 3aMIHUTH Ha CEpeIHId BMICT MIKPOCIEMEHTIB y TIPYHTOTBOPHHUX IOPOAAX
IIpucamap’s. [lnsg 1poro HeoOXiHO TepeBECTH Yy 3iCTaBUMi 3HAUEHHS BMICT
MIKpOEJIEeMEHTIB y MiAIPYHTOBUX BOJax Ta IpyHTax. Ha Ham mornsp, ue kpaiie 3poOuTH,
TepeBiBIIM a6COMOTHI 3HAUCHHS MI/IM’ Ta MI/KI' y BiTHOCHI BiICOTKL.

Bwumict gesxux MikpoeneMeHTiB y rpyHTax [Ipucamap’s mociimKyBaiu CriBpOOITHUKA
JuinporneTpoBcbkoro HarioHansHOTo YHiBepcutery H. M. I[BeTkoBa (Tsvetkova, 1992) ta
M. C. fky6a (Yakuba, 2005). ¥ pe3ympTari AOCHiIKEHh BOHH YCTAaHOBHIIH, IIO BMICT
MIKPOEJIEMEHTIB y I'DYHTaX BU3HAYAETHCS BIACTHBOCTSAMHM I'PYHTOTBOPHUX HOPiA, BUIOBHM
CKJIaJIOM POCIMHHOCTI OKpEeMHX 0i0TeOIeH031B Ta IX MicieM y JaHamadri.
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OTprMaHi KIApKH KOHIICHTpAIlil IeSKAX MIKPOCIEMEHTIB y MiAIPYHTOBHX BOIAX Y
OUTBIIOCT] BUMAAKIB CTAHOBIATH MEHIIE OJMHUIN, IO CBIIYUTH MPO iHTEHCUBHI IPOILIECH
BUHOCY MiKpoeneMeHTiB (Tabi. 5).

Tabnuys 5
Knapku koHueHTpauii JeAKNX MiKpoeJleMeHTIB y iAIPYHTOBUX BoAax
IIpucamap’s J{ninposcbkoro
Ne IIIT Pl Cu Ni Mn
214 1,36 0,14 2,35 0,81
215 - 0,15 1,31 0,26
209 - 0,28 0,25 0,48
212 - 18,14 - 8,31
211 - 5,23 - 14,66
204 - 0,48 0,36 0,01

Bunajaxu 301IbIIEHHS 1EOI0 MOKA3HUKA J0 OJUHULI 1 O1NIbIIIE BIACTHBI JUIS MICLb, JI€
BiOyBalOThCsl mpouecu OIOreHHOT Ta TiAPOTeHHOI aKyMyJiilii pEedyoBMH Yy BHIJII
JIEPHOBOTO IPYHTOTBOPHOI'O MpOLECY Ta OpyAHIHHsS — npoOHi mromi Ne 211 Ta 212. Tyt
BiTHOCHHI BMICT Mi/li Ta MapraHifio B MiATPYHTOBHX BOJAaX y NEKiTbKa pa3iB IEPEBHIIYE
AHAJIOTIYHI MOKAa3HWKH, BJIACTHBI IJI MIIMAHWX IPYHTIB 30HHU aepamii. Lle cBimumuTs 1po
AKTUBHHUH BHHOC IIMX EIIEMEHTIB 3 IPYHTOBOi TOBIII Ta iX aKyMYyJLILi0 B MiATPYHTOBHX
Bojax. Kiapk koHueHTpaii Oiiblie OJAWHMII AJIsI CBUHIIO 1 HIKEN0 3a(iKCOBaHO y MiCIsIX
3 JICTIPECIIHUM XapaKTepoOM IOBEPXHI, YIOBUIbHEHHM BOJOOOMIHOM, CIa0KOKHCIION
peakuiero pH Ta mijBHIIEHOIO 3arajbHO0 MiHepaltizalieto — npoOHi rromyi Ne 214 i 215.
MiHimManbHa KJIapKoBa KOHIIEHTpAIlisi MIKPOEJIEMEHTIB BJaCTHBA MIAIPYHTOBUM BOAaM 3
MaKCUMAaJILHOIO TJTIHOWHOO MOBEPXHI — MpoOHa miomia Ne 204,

BUCHOBKU

Cxutag MIKpOEJIEMEHTIB y MiAIPyHTOBUX Bojxax [Ipmcamap’s MiHIUBHE y mpocTopi i
JIEMOHCTPY€E MEBHY 3JISKHICTh BiJl pE)KUMOYTBOPIOIOYHX (DAKTOPIB.

Haii6inpi mommpeHuMy 3 JIOCHI/PKYBaHMX MIKPOGJIEMEHTIB 3allUlaBH € LUHK,
CTPOHIIIH, 3aJ1i30 Ta MapraHelp.

BigMiHHOIO OCOOJIHMBICTIO MIATPYHTOBHX BOJI IEPLIOT HAA3aIUIaBHOT Tepacy Ha (oHi 1X
HA/I3BUYAHOT OIHOCTI HAa MAaKpO- i MIKPOCIIEMEHTH € HAasBHICTh 3arajbHOrO 3aji3a B
KUTBKOCTSIX, IO B JEKiTbKa JECATKIB pa3iB IMEPEBUIIYIOTh AHAJOTIYHI TOKAa3HUKH B
HiAIPYHTOBUX BOJAxX iHIINX TEPUTOPIH.

Cepen MIKpOENEMEHTIB y MIAIPYHTOBHX BOJAaX APYIOi COJOHIILOBO-COMOHYAKOBOT
HaJ3aIUIaBHOI Tepacd IepeBaKaloTh IMHK, Milb, 3ali30 Ta MapraHenp. [HImi
MIKpPOEGIEMEHTH 3 THX, IO JOCIIKYyBaIUCh, BIICYTHI a00 MPUCYTHI Y CIiTOBiH KUTBKOCTI.

[Tpu rnmubokoMy po3TallyBaHHI MIAIPYHTOBUX Bo (22 M) y X CKJai NepeBakaroTh
LIUHK, KaaMii, Mifib, HIKEJIb, KOOAJIBT, 31130 T4 MapraHellb.

[Iporecn Mirpariii MiKpOeIeMEeHTIB Yy CHCTeMi IPYHT <> HIATPYHTOBI BOAHM MAaiOTh
OMHOOIYHE CHpSIMyBaHHS, WIO IATBEP/DKYETbCS HHU3bKMM 3HAUCHHSM  KJIAPKOBOI
KOHLIEHTpAIi] MIKPOEJIEMEHTIB y OLIbLIOCTI BUMAAKIB. BUKIIIOYEHHSIM € TiIPYyHTOBI BOAX
MiIIaHoi TepacH, Je 1ei MOKa3HUK 30UTBIIYETHCS Y ISCATKH pa3iB.

BpaxoByroun BiICYTHICTH OJM3BKOTO pO3TallyBaHHS BiJ TEpUTOPIi JOCIHIIKEHb
NPOMUCIIOBUX O0’€KTIB Ta BEIMKHX aBTOMAricTpalie, OJIM3BKICTD SIKHX CIpHSE
HAKOTIMYCHHIO Y MIATPYHTOBUX BOJAX MIKpOEJIEMEHTIB, OTPUMaHi HaMH ITOKa3HUKHA MOKHA
BUKOPHCTOBYBATH SIK (POHOBI 3HAUEHHS MPHU IMOAATBITNX KOMIDIEKCHAX 010T€OICHOTHIHUX
mocuimkeHHsx. KpiM Toro, oTpmMaHi JaHI MOXHAa BHKOPHCTOBYBaTH Ui OLIHKH
riIpOXiIMIYHOTO 1 TOKCHKOJIOTIYHOTO CTaHy IPUPOIAHUX BOX, a TAKOXK IJISI KOMIUIGKCHOI
€KOT1JIPOJIOTIYHOT OI[IHKK BOJHUX 00’ €KTIB JJAHOTO PETiOHY.
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REMEDIATION
OF CONTAMINATED SOILS

: runtoznavstvo
, IMYHTO3HABCTED T. A. Zamesova ™
UDK 599: 574.4+577.15 O. Honchar Dnipropetrovsk National University,

Gagarin ave., 72, Dnipro, Ukraine, 49010

INFLUENS OF MOLE RATS BURROW ACTIVITY TO RESTORE THE SOILS
PROTEOLYTIC ACTIVITY IN TERMS OF THEIR MAN-MADE POLLUTION

Abstract. Heavy metals, especially their large concentration, is toxic for all living creatures
because they are accumulating in the living things tissues. Theirs excessive levels evoke coagulation
of proteins that cause immediate death of cells. Heavy metals get into the ground by different ways:
directly because of using, precipitation, industrial pollution. Their impacts may be either time limited
and have low toxicity or, alternatively, it may be long-termed and expressing the pollutants' ability to
accumulate them in the body and supply chains. In the edaphotop block of land biogeocenosis most of
the transformation processes begin with soil degradation ones. This leads to disruption of soil-forming
process cycle of matter and biological productivity of systems. Optimization of a particular system or
a block is possible only by acting on their biological relations, which is responsible for managing the
system. Distortion or optimization of relations occurs with the animals environmental-forming, the
component of which is animals burrow activity. As a result of it, water and chemicals are being
reallocated in soil depths, thermal and aeration modes are changed, formed typical zoogenous micro
relief with specific physical and chemical properties of the soil. This improves the living conditions of
soil micro-organisms. Last ones are involved in soil enzyme activity forming. Enzymes involved in
important biochemical processes: synthesis and humus decomposition, hydrolysis of organic
compounds, the schedule remains of plants and microorganisms and converted them available to
fixation, fix loose items, are actively involved in the cycling of essential elements for plants, in
oxidation renewable reactions, etc. It is possible to determine the extent of microorganism’s activity
by means of indexes of soil proteolytic activity

Conducted studies of the impact for animals burrow activity on the soils proteolytic activity for
artificial forest under conditions of heavy metal pollution. Control plots were contaminated by lead
with concentrations of 32; 160; 320 mg/kg of soil, which correspond to the maximum permissible
concentration of 1; 5; 10 MAC. Samples were taken at 1st, 3rd and 15th months after contamination;
proteolytic activity was determined by the Mishustin application method.

Current proteolytic activity of soil is determined in vivo. It is the result of microorganism’s
vital functions. And in turn can be an indicator of microbial activity. Contamination of lead
depressing vital functions for soil microorganisms. This effect is more noticeable in the first month
after contamination. The characteristic dependence of the soil proteolytic activity on metal
concentration was observed also, the higher the MPC, the lower proteolytic activity level. The

& Tel.: +38050-992-68-79, e-mail: tzamesova@gmail.com
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characteristics' dependence of soil proteolytic activity on metal concentration were also observed: the
higher MPC, the lower the activity level. It was shown that on the mole rats burrows-dug with lead
contaminated the medium proteolytic activity level exceeded control 1.9; 1.76 and 1.53 times
respectively, at 1st; 3rd and 15th months after contamination. Based on this we can say that
burrowing activity of animals inhibits inhibitory effect of heavy metals and plays an important role in
the self-cleaning environment.

Keywords: mole rat, digging activity, heavy metals, soil, proteolytic activity.
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BITUAHMUE POIOLLEEA OEATENbHOCTU CIENMbILWA HA BOCCTAHOBIEHUE
NMPOTEOJIMTUYECKON AKTUBHOCTU NOYBbI B YCIIOBUSAX
EE TEXHOMEHHOIO 3ArPA3HEHUA

AHHoOTamusl. B ycloBHsSX aHTPONOT€HHOW JESATENLHOCTH HAOIIONAeTCs HWHTCHCHBHAS
TEXHOTEHHAsI Harpy3Kka Ha OKPYXKaIOIIyIo CPeldy, YTO HPUBOAUT K OOCTHEHHIO U 3arpsi3HEHUIO MOYB.
BozHukaer npobiemMa MOMCKa €CTECTBEHHBIX ITyTel JUI BOCCTAHOBJICHUSI FOMEOCTa3a KOCHUCTEM U
6nopazHooOpasus. B necHbIx OuoreomeHozax TakuM (AaKTOPOM MOXET BBICTYIIATh pOIOIIAs
JIeITeIbHOCTh JKMBOTHBIX. BBIJIO MOKa3aHO, 4YTO B yCIOBHAX 3arps3HeHus Pb m Zn Ha moposx
CJISTIBIIIIA TIPOTEONMTHYECKAs aKTHBHOCTD MOYBBI ObLIA BBIIIE, YEM Ha KOHTPOJIBHBIX Y4acTKaX.

Knroueevie  cnosa:  cienviw,  poiowjas — OeamenbHOCHb,  MANCeavble  Memdbl,
NPOMEOIUMUYECKAsl AKMUBHOCTIb HOYBYL.
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BMNIMB PUKHOI AIANLHOCTI CNINAKA HA BIAHOBJIEHHA
NMPOTEOJNIITU4HHOI AKTUBHOCTI I'PYHTIB 3A YMOB
IX TEXHOFrEHHOIO 3ABPYAHEHHA

Anotamisi. Ilpu aHTpONOreHHiH AiSUIBHOCTI CIIOCTEPIra€ThCsi IHTEHCHUBHE TEXHOTCHHE
HABAaHTA)XCHHS Ha JOBKLLISA, 10 TPU3BONTH 0 30iHEHHS Ta 3a0pyaHeHHs rpyHTIB. [locTae mpobiiema
MOLIYKY MPUPOIHUX LUISXIB [UIsl BiHOBJICHHS T'OMEOCTa3y eKOCHCTEM Ta 0iOpi3HOMaHITTS. Y JIICOBHX
OioreorneHO3ax TaKMM YMHHHKOM MOJKE BHCTYIATH PHitHA JisUIbHICTH TBapuH. Byso mokasaHo, mo npu
3a0pyzanenti Pb Ta Zn Ha mopusx ciinaka MpOTEOJiTHYHA aKTHBHICTH IPYHTY Oyja BHIIOIO, HDXK Ha
KOHTPOJIBHHX JIJIHKAX.

Kntouosi cnosa: cninax, putina OistbHiCmb, 8a4#CKi MEMAnU, NPOMeOTMUYHA AKMUGHICIb TPYHMY.

BCTYN

Baxki MeTanu B 3HAYHIH KIIBKOCTI TOKCHYHI IJiS BCHOTO 3>KHBOrO, OCKLIBKH
HAaKOIMYYIOThCSl B TKAHWHAX KMBUX OPraHi3MiB. BOHM HOTPAaIUISIOTH 10 TPYHTY PI3HUMH
HUIAXaMH: TIpSIMe BUKOPUCTAaHHs, aTMOC(EpHi OIaH, IPOMUCIOBE 3a0pYIHEHHS, a BIUIUB
ix Moxe OyTH THMYAacOBHM 1 MaTH CilIa0Ky TOKCHYHICTH abo, HaBmakd, OyTu
JTOBTOCTPOKOBHM 1 BUPaXKaTHCS 3aTHICTIO 3a0pyIHIOBaUiB KOHIIEHTPYBATHCS B OpraHizmax
Ta janiorax skusieHHs (Clive, 2002). B emadoronmromy 65011 Ha3eMHHX 010r€OICHO31IB
OinbILicTh TpaHcOpMaLIHUX MPOILIECIB NOYMHAETHCS 3 Jlerpaaalii IpyHTOBUX MPOLECIB,
SKi BeIyTh J0 MOPYIIEHHS I'PYHTOYTBOPEHHS, KPyroodiry pedoBHH 1 Oi0MPOayKTHBHOCTI
cucreM. ONTHMI3yBaTH Ty 4YM iHIIY cHCTeMy a0o0 OJIOK MO>KHA TiJIbKH IUIIXOM BIUIMBY Ha
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ix GioJoriuHi 3B’SI3KH, SKi BiAMMOBINAIOTE 3a YIPaBIiHHA Ii€f0 cucTeMoro. [lopymeHHs abo
ONTUMI3aIlisl 3B’S3KiB BiOYBA€ThCSA 1 MPHU CEPEAOBHUILEYTBOPIOIOYiN MisUITBHOCTI TBapuH,
KOMITOHEHTOM sIKO1 € puiiHa nisuibHiCTh (Pakhomov, 1998). Buacnimox 1i€i misuibHOCTI
BiZI0YBa€ETHCS IMEPEpO3MOALT BOAM Ta XIMIYHUX PEUYOBMH Y TOBILI IPYHTY, 3MIHIOETHCS
TEpMIUHHUH peXuM, GOPMY€EThCS XapaKTepHUH 300TeHHUI Mikpopenbed 3i crierudivHuMH
(Gi3UKO-XiMIYHIMM BIIACTUBOCTAMH IPYHTY. IpyHTOpHi TOJIMIIYIOTE YMOBH iCHYBaHHS
I'PYHTOBOI Me30()ayHH! Ta MIKPOOPIaHi3MiB, SIKi JOCHUTh BUMOTJIMBI /10 BOJIOTH Ta cyOcTpary
(Zamesova, 2014; Kulbachko et al., 2011; Pakhomov, 2003; Pakhomov, Zamesova, 2000).

MikpoopraHi3Mu BiJirpatoTh 3Ha4Hy pOJIb B yTBOPEHHI ()epMEHTIB Ta iHTEeHCHiKamii
(hepMeHTaTHBHOI aKTUBHOCTI IpyHTiB. DepMeHTH OepyTh y4acTh Y BXKIMBUAX 010XiMI4HHX
mpoIiecax: CHHTE3l Ta PO3KIAJaHHI TYMYCy, TiIpPONi3i OpraHiYHUX CHOIYK, PO3KIaJaHHI
PEIITOK POCIHH i MIKpOOPTaHi3MiB, Ta IEPETBOPECHHI iX Y JOCTYITHI IS 3aCBOEHHS (OPMH,
(hiKCyIOTh BUTBHI €7I€MEHTH, OepyTh aKTUBHY y4acTb y Kpyroobirax >KMTTEBO HEOOXiTHUX
JUISl POCIIMH €JIEMEHTIB, B OKHCITIOBaIbHO-BIIHOBHUX peakiisx i T.1. (Kong et all, 2009; Liu
et al., 2008; Melero et al., 2008). 3a0pyHEeHHs IPYHTIB BOKKAUMH METaJlaMUd HETaTHBHO
BizoOpaxkaeThcsl Ha 11 pepMEeHTaTUBHIM aKTHBHOCTI.

MATEPIANX TA METOAU AOCHIAXEHHA

3 METOH BHUBYCHHS BIUIMBY PHHHOI misutbHOCTI ciimaka (Spalax microphtalmus
Guldenstaent) Ha IPOTEOITUYHY AKTUBHICTH IPYHTY 32 YMOB HOro 3a0pyJHEHHS CBHUHIIEM
OyJo 3aKiaJieHO eKCIIepUMEHTAJbHI AUISHKY B IITYYHHX HAca/PKeHHX ay0a Ha TepuTopii
[pucamapcekoro 6iocdepHoro cramionapy. EnemenT BHOcm y Burisai posunHy PbNO; B
6igucTiboBaHiil Bozi. Bysio BHeceHO Taki KOHIEHTpallii cBUHINO: 32 MI/KT, IO BiAIOBiIae
1 TIK; 160 mr/kr, mo Bignosimae 5 I'JIK; 320 mr/kr, mo Bignosigae 10 TIK. J{is 3ano6iraHuHs
3a0py/IHCHHS] HaBKOJHWIIHIX MIAPIB TPYHTY MeTajIoM Oylo BHKOPHCTAHO i30JIbOBAHI IPYHTOBI
OJIOKM — TI0 NepUMETPY AULIHKH B IPYHT BEpPTHKAIBHO MOMIIIAIM IUIACTHHU 3 iHEPTHOTO
HEMIPOHMKHOTO Martepiamy. /Jlns BU3HaueHHS BIUIMBY pHHWHOI MiSUIBHOCTI Climaka Ha
MPOTEOJITHYHY aKTHBHICTh IPYHTY MOPIBHIOBAJHCH i TOKa3HUKH HA 3a0pyAHEHUX IUITHKaX
6e3 mopHiB (KOHTPOJIBHI) Ta HAa aHAJIOTIYHHX AUITHKAX 13 MOPUSAMH (€KCIIEPUMEHTAIbHI).

[TpoOu BinOupanyu yepe3 OJuH, TPU Ta M'STHAALATD MICALIB MICIS BHECEHHS B IPYHT
noiotanty. IIpoTeoniTHYHY AaKTHUBHICTH IPYHTY BH3HAYal M AaIUTiKaliiHUM METOJIOM
(Mishustin et al., 1968) y rpyHTOBHX BUKHIaX 1 IpyHTOBUX Imapax 0—10, 10-20, 20-30 cwm.

OTpuMaHi pe3yibTaTH ONMCYIOTBCS pO3MojuIoM bepHysut, ajne Hpu  BEIUKHX
3Ha4YeHHAX po3noxin beprysui 30iraerbes 13 posnozinoMm ['aycca, mo cyTTeBo crporiye
cratuctuuHy 00pooOky (Das D., Das A., 2005).

PE3YJIbTATU TA IX OBFOBOPEHHSA

AKTyanbHa IpOTEOJIITHYHA aKTUBHICTh IPYHTY BU3HAYAETHCS B IPUPOJHUX YMOBAX, €
MTOKA3HUKOM JKHTTEMISUTBHOCTI MIKPOOPTaHI3MIB Ta MOXE BHCTYIIATH IHIWKATOPOM iX
akTUBHOCTI. Uepe3 MicAIp Tichs BHECEHHS B IPYHT cBHHITIO KoHIeHTparii 1 I'IK moka3amk
MIPOTEOTITUYHOI aKTHBHOCTI IPYHTY MaB HaliMEHIIIEe 3HaYeHHS B I'pyHTOBOMY mIapi 0—10 cm,
y mapax 10-20 ta 20-30 cm 3HaueHHS OynM NMpaKTUYHO OgHaKoBi (Tabnm. 1). YV wmicmi
MOPHUIO CIIiaKa MaKCHMAalbHE 3HAYEHHS NMPOTEOIITHYHOI aKTHBHOCTI OYyJ0 B HIDKHBOMY
IPYHTOBOMY IIapi, APyre 3a 3HAUEHHSM — y I'PYHTOBOMY BHKHJI, TPETE 33 3HAYCHHIM — Y
mapi 10-20 cm i HaiimeHme — y mapi 0—-10 cm. Tak, y mopui moka3HMK NpPOTEOTITUUHOT
AKTHBHOCTI NepeBUIyBaB KOHTposbHUiA B 1,95, 1,50, 1,84 pasy BignosinHo go mapis 0-10,
10-20, 20-30 cm. Ilpu migBuimeHHi xoHueHTpauii ceuHito a0 5 I'JIK crmocrepiranocsk
301IBIICHHS TMOKa3HWKA MPOTEOJITUYHOI aKTHBHOCTI HO IPYHTOBOMY HpO(dLIIO 3BEpXy
JIOHM3Y Ha KOHTPOJBHIN Ta EKCHEPUMEHTAIBHIM MISIHKAX, 32 BHHATKOM IPYHTOBOTO
BUKHUIYy. Y TOPHUAX MOKA3HUK IMPOTEONITHYHOT aKTMBHOCTI NEPEBHIIYBaB KOHTPOJIBHUH Y
2,29, 1,80, 1,84 pasy BimmoimaHo mo mapax 0-10, 10-20, 20-30 cm. [Ipu xoHHIEHTpAaril
ceuamo 10 I'/IK Ha excriepuMeHTaNbHIN JUISHII BiH IMEpEeBHIYBaB KOHTPOIHHUN B 2,39,
1,84, 1,65 pa3y no mapax 0-10, 10-20, 20-30 cm BiamosigHo.
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Tabnuys 1
PiBeHb IPOTEOITHYHOI AKTUBHOCTI IPYHTY (X£S,, %) yepe3 micsiub micJisi 3a0pyaHenns: Pb

Konnentpanis [poreoniTnana I pyHTOBHIA mIAp, cM
aKTMBHICTE, % BUKU]L 0-10 10-20 20-30
1 TJIK Konrpomns - 35,3+1,55 47,7+1,83 47,5+1,88
Iopwuii 77,02+2,59 68,8+2,42 71,7£2,51 87,3+2,73
5 TIIK Kontpons - 33,2+1,60 43,3+1,73 45,4+191
Mopuit 76,6+2,58 75,9+2,57 78,14+2,62 83,44+2,66
10 TJIK KonTpomns - 31,81,62 41,41,68 45,11,86
[opwuit 75,7+2,56 75,842,57 76,3+2,58 74,3+2,55

[MpumiTka. X — cepeqHe 3HAYCHHS; S, — cTaHAapTHe BigxwieHHs; P<0,05; s KOXXHOro BapiaHTa
nocigy n=3.

Uepe3 Tpu MICSIl BIUIMBY METANy 3arajlbHUM PiBEHb IPOTEONITHYHOI aKTHBHOCTI
IpyHTY He OyB BHCOKHM, OCKUIBKM MpOoOW BiZOMpasnMch B OCIHHIA mepiof, KOJIH
KUTTENISTIBHICTE MIKpOOpraHi3MiB Hu3bKa (Tabm. 2). Ha KoHTponpHIA IUIIHIN 3
KoHneHTpamiero cBuHIo 1 I'/IK HaliMeHITNIT TOKa3HUK TMPOTEOITHYHOI aKTHBHOCTI OYB Y
HIDKHBOMY IPYHTOBOMY IlIapi, @ Ha KOHTPOJIbHIH JIUISHIN — y TPYHTOBOMY BHKHIL. Y Micii
MOPHIO BiH NEPEBUIYBaB KOHTPOJbHUI moka3uuk B 1,51, 1,07, 1,63 pa3y BiamoBizHO 1o
mapax 0-10, 10-20, 2030 cm. Ilpu 36utbmieHHi KoHueHTpaiii A0 5 ['JIK mokasuuk
MPOTEOJIITUYHOI aKTUBHOCTI IIOPHIO TEPEBUIYBaB KOHTpoJIbHUH B 2,13, 1,52, 1,50 pa3y no
mapax 0-10, 10-20, 20-30 cm Bianosiguo. [Tpn 10 I'JIK e cmiBBiJHOIIEHHS! CTAHOBUIIO
3,27, 1,36, 1,85 pasy BiamosixHo mo mrapax 0—10, 10-20, 20-30 cm.

Tabnuysa 2
PiBeHb poTe01iTHYHOI AKTUBHOCTI IPYHTY (X£S,, %) uepe3 3 micsaui micis 3a0pyaHenns Pb

KoHIeHT- HpOTCOJIiTI/I‘I- IpyHTOBHIi 1A, CM
paris e At BHKU 0-10 10-20 20-30
1 TJIK Kontpons - 3,54+0,26 4,6:£0,41 3,2+0,24
[opuit 4,7+0,43 5,3+0,59 4,9+0,45 5,24+0,48
5 TJIK Kontpons - 2,4+0,20 3,14+0,22 3,4+0,25
Topwmii 4,5+0,42 5,1+0,47 4,7+0,43 5,1+0,47
10 TIIK KonTpoins - 1,5+0,12 3,34+0,24 2,7+0,21
Topwmii 4,3+0,40 4,9+0,45 4,5+0,42 5,0+0,46

IMpumitka. JJus. Tabm. 1.

Hactynuwmii Binbip npo6 BigOyBaBcs wepe3 15 wmicsmiB micis BHeceHHs metany. Lle
Takok OyB OCiHHIN mepion i3 3araJbHUM HHU3BKHM DPIBHEM INPOTEOIITHYHOI aKTHBHOCTI
IPYHTY, X04a TPOXH BUIMM, HIX NP MONEPEAHLOMY BifOopi (Tabdm. 3).

Tabauys 3
PiBeHb MPOTEOTITHYHOI AKTHBHOCTI IPYHTY (X£S,, %) uepe3 15 micauis micas 3a6pyaHenns Pb

Kounempais [IpoteoniTnuna I pyHTOBHIA AP, CM
aKTHUBHICTB, % BUKUJ 0-10 10-20 20-30
1 TJIK Konrpons - 5,72+0,63 5,91+0,64 4,80+0,44
[opuii 7,07+0,74 9,03+0,99 9,92+1,06 9,87+1,05
5 TJIK KonTpoib — 5,42+0,60 5,71+0,63 4,70+0,43
[Mopwii 5,94+0,65 6,28+0,68 8,04+0,83 8,62+0,94
10 TJIK KonTposb - 4,90+0,51 5,43+0,59 4,60+0,42
Topuit 5,12+0,56 6,31+0,69 6,69+0,71 7,12+0,76

[pumitka. us. Tabmn. 1.

[Ipu konuenrpauii ceuniro 1 I'/IK moka3HHK MPOTEOJITUYHOI aKTUBHOCTI MOPHIO
nepeBHITyBaB KOHTposbHUH B 1,58, 1,68, 2,06 pasy BinmosinHo no rpyHTOBHX mapax 0-10,
1020, 20-30 cm. Ipu 5 TJK ne crniBBigHOomeHHs cranoBwio 1,16, 1,41, 1,83 pasy mo
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mapax 0-10, 10-20, 20-30 cm BignosigHo. ITpm 10 I'/IK mokasHuK MOpOTEOMITHIHOT
aKTUBHOCTI TepeBHUINyBaB KoHTpoibHHMU B 1,27, 1,23, 1,55 pa3sy BigAHOBIigHO MO Imapax
0-10, 10-20, 20-30 cm. [Ins KOHTPOJNBHHX MOIISHOK XapakTepHE Te, IO HaWMEHIIl
3HAYCHHS MIPOTEOJIITUYHOT AKTUBHOCTI OyJIM B HIYKHBOMY Ta BEPXHHOMY IPYHTOBOMY IIapi.

BUCHOBKU

Crioctepiranach XapakTepHa 3aJIe)KHICTh IPOTEONITHYHOI aKTUBHOCTI IPYHTY BiJ
KOHIIeHTpaIlii Metany: uuM Buma ['JIK, THM HWK4Hid piBeHb MPOTEOJIITHYHOI AKTUBHOCTI.
Y cepenHbOMy uYepe3 Micslb Micis 3a0pyAHEHHs IPYHTY CBHHIIEM Y IIOpUSX Clilaka
piBEeHb NPOTEONITUYHOI aKTHBHOCTI NMEpPEBHINYBaB KOHTpOJbHUHI B 1,9 pasy; depe3 Tpu
Micsti — y 1,76 pasy; depe3 m’sTHaIATh MicsIiB — y 1,53 pa3y. Buxomsuu i3 boro MoxxHa
CKa3aTH, II0 pUHHA AISUIBHICTD TBAapWH TajbMy€ IHIMOITOpHY [Iil0 BaXKMX METaliB Ta
BiJIirpa€ BaXXJIMBY POJIb Y MPOLIECAX CAMOOYHIICHHS JTOBKIJIIAL.
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OUR LOSSES

[TPABJIEEB Anatoiii laBioBil
11.09.1929-19.09.2016

Birun3HsiHa 1 cBiTOBa HayKa 3a3Halla HEeNonpaBHOI BTpaTH. [1ilIOB i3 )KUTTS BUJATHHUNA
I'PYHTO3HaBEllb, KJIACHYHHUH EKOJIOT i 0i0reoleHoJIor, BYCHUIH-Ire000TaHiK, JIiCO3HABElb
Amnaroniit ITaBnoBuu TpaBneeB — wuieH-kopecroHaeHT HamioHanbHOi akajneMii Hayk
VYkpainu, moxkrop OiosoriuHux Hayk, npodecop, rosmoBa HaykoBoi pamu 3 mpobiem
rpyaro3HaBctBa HAH VYkpainm, 3aciyxeHHd 1isd HayKW 1 TeXHIKM YKpaiHW, jlaypear
JepxaBHoi pemii YKpaiHu B Tamy3i HAYKH 1 TEXHIKH.

Kammunatceky amceprarito A. I1. TpaeneeB 3axuctuB y 1961 p., MIOKTOpCBKY — ¥
1972 p.

3 1971-ro mo 1992 p. A. II. TpaBieeB o4ontoBaB KOJIEKTHB Kadeapu reobOTaHiKy,
IPYHTO3HABCTBA Ta €KOJIOTii JIHIMPONETPOBCHKOTO HAILlIOHATHHOTO YHIBEPCUTETY.

VY 1992 p. A. II. TpaBneeB 3a BaroMuii BHECOK y PO3BUTOK BITYM3HSIHOI HAyKH OYB
o0panuii wieHoM-kopecrionzienToM HAH Ykpainu, a y 2000 p. iioMy npucBOEHO HOYecHE
3BaHHS «3aciy)KEHHU JisT4 HAYKH 1 TEXHIKH Y KpaiHuy.

VY 2008 p. #ioro poboru Oynu Big3HaueHi JlepkaBHOIO mpemiero YKpaiHM B raiy3i
HayKH 1 TEXHIKH.

A. II. TpaBneeB mnpotrsirom 45 pokiB OyB TOJIOBHUM pEIAaKTOPOM (HhaxoBOTO
MDKBY3IBCBKOTO KypHaITy «[IuTaHHS CTENOBOro JiCO3HABCTBA Ta JICOBOI PEKYJIbTHUBALi
3eMenb». 3a HOro iHImiaTHBOIO Ta OE3MOCEpeAHBOI0 YYacTI0 OynmM 3acHOBaHI (haxoBi
xypHam «Exkororis Ta Hoocdepomnoria» (y 1995 p.) Ta «[pynrosnascteo» (y 2001 p.). Bin
BXOJIMB /IO CKJIaQy PEeNaKLifHMX KOJICTii 0araThOX BITYM3HSHUX Ta IHO3EMHUX HAyKOBHX
KYPHAIIIB.

[Ipotsrom 25 poki A. I1. TpaBieeB OyB TolOBOIO CIELiaTi30BaHOI BYCHOI pagul s
3aXMCTYy JOKTOPCBKMX Ta KaHAWAATCBKMX AucepTanii y JIHIIpomeTpoBChKOMY
HalliOHAILHOMY YHIBEpCHTETI 3a clielianbHIicTIo «Exonorisy.

IMonang 50 pokie A. II. TpamneeB kepyBaB po0OoToro KomriekcHOT excnemuiii
JIHIITPOIIeTPOBCHKOTO HAIIOHAIBHOTO yHiBepcuTeTy iMeHi Ouecst ['oH4yapa 3 moCiiKeHHs
JIiciB cTenoBoi 30HM YKpainu Ta Mooy, a Takoxx HaykoBo-HaBuansHuM neHrpom JJHY
«IIpucamapchkuil Mib>kHapoJHUH MOHITOpHHTOBHH crarioHap iM. O. JI. Bexbrapna», skuit
nmoOymoBaHo B cepenHiit Tewii p. Camapu [ninpoBckkoi (c. AHapiiBka, HoBoMocKoBChKuit
p-H, JHIiIpomneTpoBCchKa 00JI.) i Horo Oe3nocepeHiM KePiBHAIITBOM.
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A. TI. TpaBueeB — 3acmyxkeHuid npodecop JHIMTPONETPOBCHKOTO HAIIOHAIEHOTO
yHiBepcutery iMeHi Onecs ['onuapa ta YHiBepcutery M. Kopmobu (Icnanis).

A. TI. TpasneeB O6yB romoBoto HaykoBoi pamm 3 mpobmem rpyHro3nHaBctBa HAH
VkpaiHu, 3aCTyIHUKOM  TEHEpPaJIbHOTO  CEeKpeTapss  YKpaiHCbKOrO  TOBapHUCTBa
IDYHTO3HABI[IB Ta AarpoxiMmikiB, IOYECHUM wWIEHOM J[OKy4a€BCHKOTO TOBapuCTBa
I'PYHTO3HABIB, YKpalHCHKOI'O TOBAPHCTBA IPYHTO3HABIIB Ta arpoximikiB, YKpaiHCHKOTO
0O0TaHIYHOTO TOBAPUCTBRA.

3a iximiaTuBoro Ta mig kepiBHUNTBOM A. I1. Tpasneesa B 1970-Ti poku Ha BigBamax
ByriIbHOT mpomucioBocTi B 3aximHomy JlonOaci Oyim CTBOpEHI €KCIIEpUMEHTAIBHO-
BUPOOHMYI TUISTHKH JIICOBOI PEKyIbTHBALIi. Y TBOPEHI B IIMX YMOBAaX KOHCTPYKIIT INTYIHUX
TPYHTIB TIPOSIBIIIN BHCOKHH IJICOPOCTHHHUN e(eKT, a BUMPOOYBaHi JCOBI KyIbTYpH IO
BOTO dacy 30epiraloTe MemiopaTHBHE Ta pekpeamiiiHe 3HadeHHsA. [lomany 35 pokie
A. TI. TpaBieeB OyB TOJIOBHUM KOOPJMHATOPOM PEKYJIbTHUBALIWHUX POOIT 1 KypaTopoMm i3
MHUTaHb CTEMOBOTO JIICO3HABCTBA.

A. II. TpaBneeB pasom i3 O. JI. bexprapaoM € 3aCHOBHHKOM HAayKOBOi IIKOJIN
«CrenoBe JiCO3HABCTBO Ta JICOBA PEKYJIbTUBALIS 3EMeNb», HAayKOBI 3I00YTKH SIKOT
BU3HaHI B YKpaiHi Ta B iHIINX JIep)KaBax.

A. TI. TpaieeB OyB OpraHizaTopoM 1 HAayKOBUM KEpPIBHHUKOM 25 HayKOBUX
KoH(epeHIii, 5 ykpaiHchkux 3°i31iB. Mloro HayKoBi JOCATHEHHS i KOHIEMIIIT y3araTbHeHO
B 8 MoHorpadisx, 225 HayKOBHX CTaTTAX, 17 HaBYAIBHO-METOAWYHUX IMOCiOHMKax. Hum
MiATOTOBIICHO 34 KaHTUAATH Ta 15 MOKTOPIB HAYK.

A. I1. TpaBneeB OyB NOIWHOIO OaraToi Ta MIEAPOI MYyIIi, IIUPUM 1 BIITaHUM yYIHEM
mpocgecopa O. JI. benprapna, cripaBxHIM yI9eHHM-010T€0IIEHOIOTOM, IO 0€3MEeXHO JTI00HB
HaIlly 3eMIJTIO 1 KepyBaB MOJIbOBUMH JIOCIIKEHHSIMH €KOJIOTTYHHX 3B’ S3KIB MiXK IPYHTaMH i
POCIHMHHICTIO.

Yuraroun Jiekiii crynentam ¢akynbTery 0ioyorii, ekoyorii Ta MeAMIHHH, BiH YCiX
Bpa)kaB CBOEIO0 €PYAHUILIEI0, OPATOPCHKUM TAJIAHTOM, 3HAHHSAM He JInIe 010reoleHoIor i,
reo0OTaHIKH, IPYHTO3HABCTBA, ajle i 0araTbOX CyMIXHUX JUCUMIUTIH, a TAKOXK JIiTepaTypH,
MHCTEITBA Ta MYy3HKH.

Cgimiia mam’sth ipo Anatouist I1aBnoBuua TpaBieeBa, BUIATHOTO BUECHOTO 1 JIIOJUHY,
Ha3aBXXAH 30€peXeThCsl B CEpLIX KOJIET, YYHIB, YCiX, KOMY JOBEJIOCS 3YCTpITH HOTO Ha
CBOEMY JKHTTEBOMY IUISXY. Moro iM’s Ha3aBXIM BIIMCAHO B ICTOPII0 Ta PO3KBIT
GioreoreHoIOTii, IPYHTO3HABCTBA, TeO00TaHIKH Ta €KOJIOTii B HaIIii KpaiHi.

3 modyTTSM TIUOO0KOI CKOPOOTH BHCIIOBITIOEMO MIMPE CIIBUYTTS POAWHI AHATOIIS
[MaBnoBuua — npyxwuni H. A. Binosiii, cectpi H. I1. Pyban, 6paty JI. II. TpaBneeBy, ix
HallaKaM.

Konexmue kagedpu eceobomaniku, IpyHmosHaecmea ma ekonio2ii
Jninponemposcvroeo nayionanvrnoeo ynieepcumemy im. O. I'onuapa,
Hayxosa pada 3 npodaem rpynmosnascmea HAH Yxpainu,
Bioodinenns sazanvnoi 6ionoeii HAH Ykpainu,

Ykpaincoke mosapucmeo ipynmosnasyie ma azpoximikis,
Yxpaincoxe bomaniune mosapucmeo,

pedaxryitina koaezia acypuany «Ipyumosnascmeo»
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TO AUTHORS’ ATTENTION !

When preparing the article for sending to the editorial board, stick to the following rules:

1. Send at the address of the editorial board two printed copies of the article, at the e-mail address —
electronic version.

The article should be checked carefully, signed by all authors and attended with written reference,
signed by Doctor of Sciences of appropriate specialization and expert conclusion about the possibility of
open publication of the article.

The size of the article is 10 pages of typescript at the most (one page in the journal format contains
about 4500 signs, including the spaces).

The size of the illustrations and tables should be 30 % of the article size at the most.

All text materials should be given in 1,5 intervals. From each edge of the page 2 cm. should be
left, shrift — Times New Roman 12 points, indention — 0,8 cm.

When setting the type it is necessary to distinguish between hyphen and dash and to use double
angle brackets.

It is obligatory to set a space between initials and a surname. Text materials should be made in the
text editor MS Word 2003, 2007, as a document Word (*.doc).

Mathematical formulae and equations should be made in equation editor Microsoft Equation,
chemical — in the editor ISIS Draw.

3. Use the units of International Measurement System.
4. The structure of the article:
e UDC index in the upper left corner of the page;

e initials and surnames of all authors (preferably not more than 4 persons), indicating the
scientific degree and the academic status of each author;

o the full name and the address of the organization in which the research was conducted (in
Ukrainian, Russian and English), e-mail address, telephone number for hot link with the author;

e the title of the article in Ukrainian, Russian and English, which briefly informs about the
substance of it and content 13 words at the most;

e the annotation is expanded in English (600-700 words), it should contain the information about
the aim, methods, data, scientific novelty, practical importance, key words (6 — 8 words); the annotation
is reduced in Ukrainian and Russian, where the results, main conclusions and key words (6 — 8 words)
are given;

o the body text of the article should content the following parts: Introduction; Data and methods
of the research; Results and their discussion; Conclusions; References.

Tables should be numerated according to their mentioning in the text. Give a brief title at the
top of each table. Statistical and other detailed information is given as a note below. Table data should
be made in the table editor MS Word 2003, 2007.

Number illustrations according to their discussion in the text. Point at the foot of the illustration
its title. The illustrations in the article should have the separate electronic copy. Diagrams and graphic
charts should be made in Microsoft Excel, Statistica program packages, schemes — in Visio program
package. Save them in the format of these programs as separate files (e.g., petrov_risl).

The best file formats for scanning the images are TIFF, JPEG, EMF. All elements of text in the
images (graphic charts, diagrams, schemes) if it is possible should have a font Times New Roman or
Times New Roman Cyr (in a particular instance Courier). Keep each image in a separate object. The
images after scanning when printing should be clear, as well as original one.

e gratitude as appropriate is given in the end of the article before the list of references;

o list of used literature. References to the literature should be given in the semicircular brackets
with the name of quoted author (or the title of the source if there are more than three authors) and the
publication date. In the list of references every Ukrainian-language and Russian-language source should
be given through the transliteration in English letters indicating the English translation in square
brackets, as well as in semicircular brackets - the original source of language;

e who (from editorial board) recommends the article for publication.

5. Separately the electronic data about the authors which content the information about the sur-
name, name and middle name in full, academic degree, academic rank, workplace (full and abbrevi-
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ated name of organization), post, town, country, contact phone number and e-mail are given in
Ukrainian, Russian and English.

6. Working at the revision an author should take into account all the notes, retype and send all
the materials to the address of the colleague of editors up to the date, noted by an editor. Articles that
come after the revision later than in 3 months will be considered as new ones.

Sent materials are not returned back. The editorial board preserves a right to correct and
abridge the text or send the script back for revision in the case of nonobservance of the above rules.

Authors take the responsibility for the content of the materials.

[0 YBAI' ABTOPIB !

IMpu odopmiIeHHi CTATTI KO HAACHIAHHS B PEAAKIiI0 IPOCUMO JOTPHMYBATHCS TAKUX IPABIIL:

1. Hanmicnatu Ha aapecy peakiiiifHOi KOJeril 1Ba PO3IpyKOBaHUX CK3EMIULIPH CTATTI, Ha CJICKT-
POHHY afipecy — eJISKTPOHHY BEpCio.

Crarrs Mae OyTH peTenbHO IepeBipeHa, MiANrcaHa BciMa aBTOpaMH 1 CYIPOBOKYBATHCS TTUCh-
MOBOIO PEKOMEH/IALIIEI0, MiAMMCAHOI0 IOKTOPOM HAayK BiJIIOBITHOTO MPOQLIIO Ta eKCIIEPTHUM BHCHOB-
KOM PO MOYKJIMBICTB BiIKpUTOT ITyOITiKarii moaaHoi crarTi.

O0csr crarti — He Ounpine 10 cTOPiHOK MAIIMHOMKUCY (OAHA CTOpIHKA Y (opMaTi KypHAITy Mic-
TUTH 10 4500 3HaKIB, BKIIOYAIOYH ITPOITYCKH).

O6csr inmrocTparii i Tabiuib He moBUHEH nepesuntysatu 30 % obcsry crarTi.

2. Yci TekCTOBI Martepiany po3IpyKyBaTH 4epe3 1,5 iHTepBana, 3ajIMIIAIOYH 3 KOXKHOTO Kparo
cropinku Bixctymu 2 cM, mpudrt — Times New Roman 12 mynkri, a63ammmii Bigcryn — 0,8 cm.
ITpu Habopi cTaTTi HEOOXITHO PO3PI3HATH Aedic i TUPe, a TAKOXK 3aCTOCOBYBATH MOJIrpadiuHi «sUIMH-
Ki». Mix iHINIagaMu Ta Ipi3BHIIEM 000B’SI3KOBO 3aJIMIIATH MPOMYCK. TeKCTOBI MaTepiay MiroTyBaTh
B pemaktopi MS Word 2003, 2007 sx noxyment Word (*.doc). Maremaruuni (opMyIH i piBHSIHHS T0-
TyiTe B pepakropi piBHsHb Microsoft Equation, a ximiuHi — y pemaxropi ISIS Draw.

3. BuxopucroByiite oquHuLi Mi>KHApOAHOT CHCTEMU BUMIpPIOBaHb.

4. CTpyKTypa CTaTTi:

o ingexc YJIK y BepXHbOMY J1iBOMY KYTi CTOPIHKH;

e iHiliany Ta mpi3BuIIa ycix aBTopiB (baxkaHO He Oijblie 4 ocoOu), i3 3a3HaYCHHSIM BYCHOTO
CTYIICHS Ta 3BaHHS KO)KHOTO aBTOPA;

e [I0BHA Ha3Ba i aJpeca opraxizawii, y sKiii BUKOHYBaIUCS TOCIIDKEHHS, TOAATH YKPATHCHKOIO,
POCIHCHKOIO Ta aHIHHCHKOK MOBaMH, a TAKOXK yKasaTd e-mail, TenedoH st orepaTtuBHOTO 3B°SI3KYy 3
aBTOPOM;

® Ha3Ba CTATTi yKPAiHCHKOIO, POCIIICHKOIO Ta aHIJIIMCHKOI0 MOBaMH, SIKa MOBHHHA KOPOTKO iH-
(dopmyBaTH 1po i 3MicT i MicTUTH He Oisbiie 13 ciB;

e aHOTAllis: pO3IIKPEHa — aHiHchbKoI0 MoBOIO (600—700 ciiB), HoBHHHA MicTHTH iH(OPMALIIO
PO METy, METONHMKY, DE3yJbTaTH, HAyKOBY HOBM3HY, HPAaKTH4YHY 3HAYMMICTb, KJIIOYOBI CJIOBA
(6-8 cmiB); ckopoueHi — yKpaiHCHKOIO Ta POCIHCHKOI0 MOBaMH, B SIKHX KOPOTKO OIMHCYIOTh Pe3yJIbTaTh
TOJIOBHI BUCHOBKH TIPOBEJICHUX JOCIIIKEHB, KIIIOUOBI clioBa (68 ciiB);

® OCHOBHHI TEKCT CTATTi OBHHEH MICTHTH TaKi po3ainu: Berym; Martepianu Ta METOAN TOCIi-
JKeHb; Pe3ynbTarti Ta ix o6ropopentsi; BucHoBku; CIiCOK BUKOPUCTAHOT JIITEPaTypH.

Tabmumi moBuHHI OyTH MpPOHyMEpOBaHI BiAMOBIAHO IO 3MICTy cTarTi. JlaTH Ha3By 0 KOXKHOL
tabmuui. CTaTHCTHYHA Ta iHIIA JeTani3alis HaBOIAThC min Tabmuiero. TaOnu4Hi MaTepianu marory-
BaTH y TabmmuHoMy penakropi Word 2003, 2007.

PucyHKH HyMepyIOTb y MOpSAKY iX 0OTOBOPEHHS B TEKCTi. YHH3Y PHUCYHKA yKa3aTd HOro HasBy.
PucyHku 10 cTaTTi MOBMHHI MaTH OKpPEMY KOIIIIO B €IEKTPOHHOMY BHUTJLAI. [liarpamu Ta rpadiku ciig
BUKOHYBatH y nakerax Excel, Statistica, cxemn —y makerti Visio Ta 30epiratu y ¢popmaTax ux nporpam
okpeMuMu (aitnamu (Hanpukiaazn, petrov_risl). Halikpamummu i ckaHOBaHUX 300paxeHb € (popMaTu
taitni TIFF, JPEG, EMF. VYci enemMeHTH TeKCTY y 300pakeHHX (rpadikax, Jiarpamax, cxemax), siKIo
1Ie MOKJIUBO, TTOBUHHI MaTH rapaitypy Times New Roman a6o Times New Roman Cyr (B okpemux
Bunakax Courier). Koxxte 300pakensst 30epiraiite B okpemoMy 00’ €kTi. 300pa)keHHsI ITiciIsi CKaHyBaH-
HsI TIPY PO3PYKYBaHHI TIOBUHHO OYTH YiTKKUM, HE TiPIIUM 32 YiTKICTh OCHOBHOTO TEKCTY.

® [OJSIKU NPH HEOOXIAHOCTI MONAIOTHCS HATIPUKIHI[ CTATTi MEepes CIHUCKOM BUKOPHCTAHOT Jii-
TepaTypy;
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®  CIIMCOK BHKOPHCTaHOI Jiiteparypu. [ocuiiaHHs Ha JiTepaTypHi JuKkepena Cilijl [oaBaTy B Ha-
MiBKPYIIIHX JyXKKax i3 3a3HAYCHHSM MPi3BHILA UTOBAHOTO aBTopa (abo Ha3BH /pKepena, SKIIO aBTOPiB
OLNBII HIX TPH) Ta POKY BUAAHHS. Y CIIHCKY BUKOPUCTAHHUX [DKEPEJ KOXKHE YKPaiHOMOBHE YU POCIHCh-
KOMOBHE JIKEPENO CJiJ TOJaBaTH TPAHCIITEPAIli€0 aHMIIHCHKAMH JTepaMd 13 3a3HAYCHHAM Y
KBaJ[paTHHX [y’KKaX IEpeKIIajly aHIMifiChKOI MOBOIO, & TAKOX Y HAINBKPYIJIHX TyXKKaX — OPUTiHAIBHY
MOBY JDKepela;

® KHM 3 WICHIB PEeAaKLifHOI KOJIeril peKOMEHJOBaHO CTATTIO JIO ITyOTiKartii.

5. OxpeMo MoAaroThCs BiIOMOCTI PO aBTOPIB B €JICKTPOHHOMY BHUIVISIII, sIKi MIiCTATH iH(pOpMa-
{0 NpO Mpi3BHIIE, IM’sl Ta 10 OATHKOBI MOBHICTIO, HAYKOBHI CTYIiHb, BYCHE 3BaHHS, Micie poOOTH
(moBHa Ta CKOpoOYeHa Ha3Ba Opraizalii), mocaja, MiCTO, KpaiHa, KOHTaKTHI TeJe)OHH Ta EIeKTPOHHA
THOLITA) YKPAIHCHKOIO, POCIHCHKOO Ta aHTIHHCHKOK MOBAMH.

6. IIpu moBepHEHHI CTATTi HA JOOIMPAIFOBAHHS aBTOpP 3000B’s3aHUII ypaxyBaTH BCi 3ayBa)KCHHS
penakTopa i HagicnaTy BUIPaBICHI Ta epeApyKoBaHi MaTepiaiy Ha aJpecy pedakiiiHoi Koerii B yka-
3aHuit TepMid. CTaTTi, MOBEPHYTI MiC/Is JOOMPALIOBAHHS Mi3HILIE HDK uepe3 3 Micslli, pO3risaaloThCs
SIK HOBI HaJIXO/PKCHHS.

INopmani Matepianu He moBepTalOThCsL. Penakiis 30epirae 3a co00r0 NPaBO BUIPABISITH Ta CKOPO-
YyBaTH TEKCT, a TAKOX TIOBEPTATH PYKOIIHC Ha JIOONpAIFOBAHHS Y Pasi HEOTPUMAHHS HABEACHHUX BHILE
HPaBHIL

BiamoBigaipHICTh 32 3MICT MOIAHUX MaTEPialiB HECYTh aBTOPH.
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YKpalHCBKOI0, pOCIHCHKOO Ta aHTIIIHCHKOI MOBaMH

Bacnosnuxu:

JIHITIPOIIETPOBCHKIUI HALIIOHAJIbHMI YHIBEPCUTET im. O. TOHYAPA,
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