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IHTeHcMBHICTb TpaHcdopMaLii KOMNOHEHTIB Giochepn NPOTAroM OCTaHHIX AeCATUNITL
Otpumaro 08.05.2018 CBifUUTbL MPO OOKOPIHHI 3MIHW NPUPOOHMX MPOLECIB i TPEHAIB aHTPOMOrEHHUMH, LLO
p?gg:g:;gar;:ﬂ: 28.07.2018 [103BOSMMO BYEHNUM BUOKPEMUTM Cd)f)pMOBaHy AﬂTponocd}yepy B 4acosomy etari,
3aTBEPIKEHO 20 ﬂp'm; Ha3BaHoMy AHTponoueHoM. 3[0poB’st NOAWMHW | 300POB’Sl AOBKINMS HeobxigHO
06.08.2018 OLiHIOBATK 3 ypaxyBaHHAM EKOCUCTEMHMX MOCMYr, B SKUX 'PYHTU MarTb BUKITHOYHY
LlOCTYNHO OHMaiH pornb, @ 3Ha4eHHS I'PyHTOBOIO NOKpUBY B Biocepi 3annLIaeTbCst yHIKanbHUM.
01.10.2018 BioreoximiyHi B3aemogii y rpyHTax BigbyBalTbCs Ha Pi3HMX PIBHSAX i B Pi3HNX YacoBUX

iHTepBanax.  3MiHEHWN  aHTPOMOreHHWMW  iMNaKTamu  IPYHTOBMIA  MOKPUB
) XapaKkTepu3yeTbCsi  GinblUOK  HEOOHOPIAHICTIO, WO  YCKMaAHIE  OLUiHKY  1oro
Kntoyosi crioea: GioreoximiyHoro cratycy. MikpoGHi yrpynyBaHHS MNpu LUbOMY MaloTb BUKMOYHY
3HaYyLWiCTb, @ PO3yMiHHA (YHKLIN 'PYHTOBOrO MoKpumBy B Giocdepi Ta AOCATHEHHSA

biozeoximisi; ? R A .

rpyHm; cTabinbHOro cTaHy ekocucTeMHux nocrnyr 6e3 ypaxyBaHHS AisinbHOCTI MikpobioTu
A nocnyau; HeMoxXrnuBe. Ll,e' BUMarae nepe6yn(?BM Me.TO,EI,Of'IOFi'I' HayKoBUWX FI,OCJ'Ii,Cl)KGI:Ib 3
aHMPOMoUeH; ypaxyBaHHAM HaWHOBIUMX IHCTPYMEHTIB Ta NigXoAiB. 3okpema aHarmi3 eKOMoriYHnx
¢hoH; pu3ukiB notpebye TpaHcdopmaLii CxeM OBCTEXEHHsl, a BM3HAYanbHWM Yy cTpaTterii
2paHuYHI pPIgHI; BiabmpaHHa Npob NOBKHHI CTaTU NOKa3HWKM I'PyHTIB. 3pocTae ponb kapTorpadivyHoro
MOOBITI0BaHHS. MOJeroBaHHs Ta paiioHyBaHHA Ha 6a3i iHHOBaLiiHUX NPOrpaMHUX MPOAYKTIB, B AKX

noegHaHo obunucneHHsl, aHanis, iHTepnonsuito Ta BracHe CUMYNSLil0 BMICTY i
noBefiHKN XiIMIYHUX eneMeHTIB Y IpyHTax nif KOHKpPeTHi MpuknagHi 3anutu Ta Ans
Linen MeHeoXMEHTY 3ararnom.

BcraHoBRNeHHst MakcuMarbHO A0MNYyCTUMMX KOHLEHTpaLUii Ha OCHOBI EKOTOKCUKOMOriY-
HWUX JOoCnigXeHb — HaACKNaaHe 3aBAaHHs, a TOMY 1 BUKOPUCTaHHsi POHOBUX 3HAYEHb
abo rpaHVMYHMX PIBHIB 3anMwaeTbca AMCKYCinHMM. OQHO3HAYHO, WO xapakTtep bioreo-
XiMiYHMX NapameTpiB I'PYHTOBOrO NMOKPUBY € KOHKPETHO-perioHanbHMi, a He 3aranbHuUmn
ans 6yab-SKux TEPUTOPIN.

*E-mail: y.dmytruk@chnu.edu.ua
1. Beryn

MocTiHaycTpianbHe CycninbCTBO CTaBWUTb HOBI BMMOrM [0 Hayku 3 YypaxyBaHHSM
cyyacHux npobnem i notpeb, TOMy W [pYyHTO3HaBUAM HeOOXigHO OEeMOHCTpyBaTW CBOI
MOXIMBOCTI Ta €(eKTUBHICTb MPOMOHOBaHUX HUMKM niaxopis. ['PYHTO3HABCTBO — ogHa 3
HaniHPOPMATMBHILLMX HayK, fKa MYCUTb 3acTOCOBYBaTW iHHOBAaUiHI MeToau, MOLUMPHOHYN
ofepXaHi pe3ynbTaTu ceped BCiX BepcTB HaceneHHs. HapgHeoOxigHMMKM — eKOHOMiKo-
cycninbHUMK NapameTpamMu iHopMaLii 3anuwalrTbca AaHi nNpo 6Gioreoximito OOBKINNA Ta
I'PYHTOBOrO MOKpMBY 30Kpema. Lle oOymoBneHO OCHOBHMMK TpeHZamu rnobanbHUX 3MiH, siKi
CTOCYIOTbCA KniMaTy, NPiCHUX BOA, MiOKUCIIEHHA OKeaHy, 3eMMEeKOPUCTYBaHHA Ta I'pyHTOBOrO
NoKpMBY, KpYroobiriB MakpoenemeHTiB, 3a0pyaAHEHHs1, BTpaT Biopi3HOMaHITTS.

I'DYHT — caMocTiliHe NpupoaHe Tino, chopMOBaHe B pesynbTaTi B3aeMOfil YMHHUKIB
'PYHTOYTBOPEHHAM, €  HEBIJ'EMHUM  KOMMOHEHTOM  Giocchepn. ['PyHT  BU3HAYEHMIA
B.I.BepHaacbknm [1] sk BiobesxuBHe Tino, WwWo dyHKUioOHYe B cucTeMi rmobanbHnx 6iocdepHmx
NoTOKIB, cepen SKMX Mirpauia XiMiYHUX eneMeHTiB BU3Havyae 3aKOHOMIPHOCTI BCiX SABMLY, LWO
BiOyBalOTLCA Y NpoLeci B3aEMOAii BENIMKOro reosioriyHoro Ta masnoro 6ionoriyHoro Kkpyroobiris.
Tomy r'pyHTOBUI MOKPWUB MMaHeTW, 3AINCHIoYM rnobanbHi gyHKUii, 3abe3nedvye iCHyBaHHS
BNacHe XuTTs.

2. AKTyanbHicTb aHTponocdepHOoi napagurmm

CnpuumHeHi aHTponoreHe3om nnaHeTapHi nepTypbauii 3 EKCNOHEHTHUM  iXHiM
HapOCTaHHAM 3aBepLUUNUCL Ha CbOrodHi hopMyBaHHAM AHTpornocdepu, LLO TaKoX BU3HAYEHO
SK 3MmiHa [onoueHy AHTponoueHoM. [leTanbHi XapakTepUCTUKN OCTaHHBLOIO LLUMPOKO OMNMcaHi Ta
o6rpyHTOBaHI [2]. Bxxe 3 yacy ocTaHHix eTaniB ['OnoUeHy 3pocTaltouuii aHTPOMOreHHWA BNIUB
AOKOPIHHO 3MiHIOBaB CTabiNbHi NPOTArOM COTEHb MINbNOHIB POKIB BiocepHi UuknM XiMidHMX
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enemeHTiB. Hacnigkm unx 3MiH, 3MoAaensoBaHi BY4EHUMU, NOCTalOTb SK O4HA 3 OCHOBHMX 3arpo3
iCHyBaHHA nioacTBa. BogHouac, BMacTUMBOCTI FPYHTIB, SKi BUHUKM Ha MonepefHix etanax
€BOSIoLii MpW HEICHYIOYOMY Ha CbOroAHi NOeAHaHHI YMHHUMKIB I'PYHTOreHesy, TpaHCOpPMYOTbCS
B Pi3HUX Hanpsamax, BNNUBAYM Ha BCi MapamMeTpu B NaHUiorax XWMBMAEHHS CyXOAinbHMX
ekocucteM. BkasaHi TpaHcdopmauii HagBaxmMBi He TiNbKA  SK  TEOPETUYHi  OCHOBM
YHKLIOHANBLHOCTI I'PYHTIB, ane W y KOHTEeKCTi iX (FPYHTIB) MPaKTUYHOIO BUKOPWUCTaHHA ANS
3abe3neyeHHs NPooOBONLCTBOM MIOAHOCTI NNaHeTu. YkpaiHa, BOMOAIK0YM NOTY>KHUM CBITOBOMO
PiBHS 'PYHTOBO-KMiMaTMYHUM MOTEHLUianoMm, noTpebye Takmx camux CcTpaTeriyHuMX OLHOK
aHTPOMOreHHUX MNepeTBOpPEHb, SIKi CIPUATUMYTb CTabiNnbHOCTI arpoBUMPOOHMLTBA Ta CTIAKOCTI
arpoekoccepn. Y UbOMY W CYTHICTb nepexogy A0 couianbHOro XxapakTepy eKoSorivyHol
€KOHOMIKW, L0 OUHIOETBCA Yepe3 eKocUCTeMHI nocnyrn. Tpeba nam’dAtaTu, WO 3HMKAaKTb
OKpeMi BUPOOHMLTBA Ta W UiNi ranysi NpOMUCMIOBOCTI, @ I'PYHTOBMWIA NOKPUB 3 Moro biocdepHum
3HaYEeHHAM 3anuLIaeTbCS.

AHTponocgepa, abo couioekoHOMiKa $SIK 4YacTMHa ekocdepu, Mae MeBHi KpuTepii
PO3BUTKY, SIKi MOBUHHI BpaxoByBaTK cybcuaii y AOBKINNSA ons 36anaHCoBaHOrO pocTy EKOHOMIKM
Ta EKONOriYyHOl CTIMKOCTI, WO HEeMOXNMBO 6e3 3HWXKEHHA TUCKy Ha [oBkinns. KpuTudHo
HeobXiaHVMK, 3BaXkaluyM Ha pPO3BUTOK iHopmauiiHoro (UudpoBoro) cycninbCTBa, € CTiliKi
arpapHi cMctemMu onsi NogonaHHA NpoAOBONbYOI MPO6NeMu, 3MEHLLEHHS BiOXOAIB Ta MiHimisauil
3abpyaHEHHS. Y BKa3aHOMY KOHTEKCTi aBTopw [3] roBopsitTb MpO 340POB’S NIOAWHMW i 340POB’S
npupogn. Ocb 4YOMYy pO3MOBCIOKEHUM CTaB TEPMiH «EKOCMCTEMHi nocrnyrm» (ecosystem
services), nig skMMm posymitoTb Burogn (bnara), HagaHi ekocuctemamuy, WO POBUTL XKUTTH
MIOAVMHN He TiNbKM MOXNMBWAM, ane W AOCTOMHIWMM. [PyHTM MaloTb BWKMIONHY poNb B
€KOCMCTEMHUX nocryrax, 3abesnevyoun NIOAHICTb NPOOYKTaMu XapyyBaHHS, YMCTOK BOAOK Ta
noBiTpsiM, NiATPUMYIOUM BiopisHOMaHITTS, BGepy4dn y4acTb y peryntoBaHHi HebeanevyHux npouecis
i AaBMW,. EkocucTeMHi nocnyrn — ue He TinbKu ToBapu, ane n HemaTepianbHi (QyxOBHi) BUrogu
Bi MPUPOOHUX eKkocucTeMm (pekpeawiviHi, €eCTeTWYHi, KynbTYypHi), B SKUX YHIiKanbHUM
3anMLaeTbCA 3HAaYEHHS I'PYHTOBOMO MOKPUBY.

BapTto HaronocuTu, WO CyChifbHUA NONUT Ha IPYHTO3HABCTBO K HayKy Hag3BMYaNHO
HM3bkMN. CycninbCTBO MPakTMYHO He iHPOPMOBaHE NPO pearnbHUMN CTaH, MOXIMBOCTI Ta
notpebn rpyHTOBOro MOKPMBY B CyyacHuX ymoBax. binbl nonyndpHumu ctanu igei ekonoris
nNpo WNsaxu 30epexeHHs [AOBKiNNA Ta npobnemu 3abpydHeHHs, Hannepwe nobyToBumu
Bigxogamu. [loegHaHi €Komnoro-eKOHOMIYHI MPUHUMMM  OLiHKM CTaHy [OBKINNSA, BUPaXeHi
AediHiuieto «eKocUCTeMHI NOCNyrny», NPakTUYHO He MICTATb iHpopMaLii NPo Take X 3HaYeHHSA
rpyHTOChepn, sika MpiopuTeTHO 3abe3nedye NOHICTL HEeobXigHMMKM TOBapaMu Ta XUTTEBO
HeoOXigHMMK byHKUigMKU. HagssuyaiHo mano 3pobneHo B NpocyBaHHi Takoro migxody, 3rigHo 3
AKAM  €KOCUCTEeMHi nocnyrm O6ynu © «MOHETM30BaHi» BIOHOCHO CEpPBIiCY I'PYHTOBUX
eKocucTeMHMX nocnyr. IMoBipHO, WO Buxia i3 cuTyauii nonsirae B OBrpyHTYBaHHi, pasoM 3
€KOHOMICTaMmn Ta couionoramu, anbTEPHATUBHUX LUNAXIB 36epexeHHs r'pyHTIB 6€3 KOHKPEeTHOI
OLHKM HadaHUX HUMMK Mocnyr. Y CTPYKTYpi KifbKICHOI OUIHKW €KOCUCTEMHMX MOCAYr I'pYyHTIB
BUAINATL: 1) NPUPOAHUIA ['PYHTOBUIM Kanitan, BUPaXeHWW Yy BigOMUX LUMPOKOMY 3arany
NMoKasHUKax r'pyHTIB; 2) npoLecy, WO nepeayTb reHe3ncy Lboro Kanitany, Noro nNiaTpUMMaHHIO i
gerpagadii; 3) kepyBaHHS ['PYHTOBUMW (AHTPOMOr€HHWMM | NpUMpPOgHMMWK) npouecamu; 4)
HaJaHHS, peryroBaHHs i KynbTypHa CKNagoBa EKOCUCTEMHUX MOCNYT; 5) NnoTpedu nagnHK, Wwo
3a6e3neYvyloTb €KOCUCTEMHI Nocnyru rpyHTiB [4].

CyuacHa ouiHka 6ioreoxiMmiyHMX UUKNIB | GiOpi3HOMaHITTA B rpyHTax HeMoxnuea 6e3 ix
dyHOaMeHTanbHUX AOChiAXeHb ANnd  MiNWoro po3yMiHHSA B3aEMO3B'A3KIB MK pi3HUMUK
acrnektTamm rpyHTIB Ta HU3KOK EKOCUCTEMHUX MOCNyr, sKi BOHM MiOTPUMYIOTb. Y TakoMy
KOHTEKCTi Makpo- i MIKpOeneMeHTU XWBMEHHS 3anulaloTbCs CKMagoBUMKM  NNaHeTapHUX
Kpyroobirie, xo4ya W nepeTBopeHux noanHow. OTXe, HeobOXiAHOW BMAAETLCS 3MiHa
OioreoxiMmiyHoi  napagurmu, y KOHTEKCTI rnobanbHNX  aHTPOMOreHHUX iMnakTiB,
aHTponobioreoxiMivyHoH.

BctaHoBneHo, Hampuknag, WO MNiABMLIEHHS KOHUEHTpauil [ABOOKACY BYIMEL B
aTtMocepi CynpoBOMKYETLCS 3HMWKEHHAM BMICTY LMHKY Ta N iHWWX €NeMEHTIB XXMUBFMEHHS Y
BaXIIMBMX MPOAOBOMBYMX KyrnbTypax. Y CBOK Yepry, HeOOCTaTHICTb LMHKY MpUM3BOAUTbL A0
3axBOpIOBaHb y rnmobanbHOMy MacwTabi, a HaceneHHs 3 HaMBULLMM PU3UKOM AediLUUTy LIMHKY
He 3moxe 3abesnevyyBaTu CBOI MOTPeOM 4epes3 BiACYTHICTb HeOOXigHOI KiNbKOCTI LMHKY B
KyNnbTypHUX pocnvHax [5]. BupieHHs udiei npobnemu moxnuee wnsixom 6GiodopTudikadii
LUWHKOM OCHOBHMX MPOAYKTIB XapyyBaHHsI, BHECEHHS LIMHKOBMICHUX O0OOPUB, a TakoX po3pobku
Ta BNPOBafKeHHS OIiONoriyHO 3axuLeHWX LTamiB POCNWH, HaMpuknag, puUcy Ta MWeHWL,.
OuyeBunaHO, Ha3piBaloTb 1 iHLWI TpaHcdopMaLlii MIOANHOK B CUCTEMI 'PYHT — pOCnUHA Ta I'pyHT —
pocrnvuHa — noguHa. biodopTudikauis [6] 3 MeTow MiABULWEHHS PIBHA BMICTY HYTPIEHTIB Y
KyNbTYPHUX POCIIMHAX OYEBMAHO HabyBaTMe MOLUMPEHHS HA rnobanbHOMY PiBHi.
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3. Heob6xigHicTb iHHOBaUiNHUX pocnigXkeHb Gioreoximii FPYHTOBOro NoKpuBY

BMicT XiMiYHMX enemMeHTiB y [rpyHTax, WO BU3HA4Ya€ETbCA, Nepw 3a BCe, CKNagom
I'PYHTOTBIPHUX MOpid, BOAHOPA3 3aneXxutb | Big POCAMHHOINO MOKPMBY, KrimaTty, 4acy,
Tonorpacii, aHTponoreHHux BNNuBIB. [1eBHy Ail0 BMABNAIOTL | OKpPemi napameTpu [pyHTIB
(rpaHynomeTpuyHUIn cknag, Hanneplle — BMICT ApiBHOAUCNEPCHUX YACTOK, OpraHivyHMin ByrneLb,
E€MHICTb MOrMWHaHHA Towo). Ane TpaguuiiHi MeToaM [AOCNIMXEHHA [PYHTIB He [aloTb
MOXMMBOCTI HaBiTb 3aBEpLUEHOi SKICHOI OUIHKM XapakTepHux 6ioreoximiyHux npouecis vy
r'pyHTax, SKi perynoTbCca Hanneplle MikpobioTot, 0cobnmBo, OO0 LMKMIB MaKpOeneMeHTIB
[7]. DocnimkeHHA MIKpOOHMX yrpynyBaHb IPYHTIB MaTUME BUKIIOYHY 3HAYyLLiCTb, 60 Le eguHun
LWNAx onst po3yMiHHS oyHKLIN I'pyHTOBOro Nokpuey B Giocdepi Ta Ans OOCATHEHHs1 cTabinbHOro
CTaHy ekocucTeMHux nocnyr. MikpoopraHiamu, cdopmMyoun ceBoe 6esnocepedHe cepedoBuLLe
iCHyBaHHSl, MOXYTb O[HOYAaCHO CnpuATM abo YHEMOXIMBMOBATU AISNbHICTE  MIOAMHMN.
BioreoximiuHi B3aemogii y rpyHTax BigbyBalOTbCA Ha Pi3HUX PIBHSAX i B Pi3HMX 4acoBMX
iHTepeanax. Ix MogentoBaHHa HajcknagHe Ta notpebye B3aemogii 3 GioxiMikamu, XiMikamu-
opraHikamu Ta iHWu1MK cnedianictamu. Hanpuknaa, 3abpyaHeHHs AOBKINMs i 'pyHTIB, 30Kpema,
BBaXaETbCA OAHIEID 3 HaMaKTyanbHIWKMX NpobneMm, sika BU3HAYaAE XUTTS Ha MNMaHeTi 3aranom.
YHUKHYTU 3abpygHEHHs y CBiTi, HACMYEHOMY XiMIYHMMMK TEXHOMOriAMW, anpiopi HeapyXHiMu
WOAO NPUPOAHUX CUCTEM, HEMOXIMBO. A TOMY KPUTUYHO HeoBXigHMMKM € daHi npo
BiogocTynHICTb XiMIYHMX eneMeHTiB, Wnaxu iX gerpagauii y rpyHTi Ta edektn (Hacnigkm) Big
IXHBOT Ail.

BupiweHHa npobnemM rpyHTOBOro MOKpUBY, siki CTOATb Mepen oacTBOM, MOTpebye
AeTanbHUX XapaKTepUCTUK NPOCTOPOBOiI HEOAHOPIAHOCTI BXE HaBiTb i HA MiIKpOpPIBHi, 0co06MBO
CTOCOBHO MiKpOOionoriuHoi akTMBHOCTI Ta Ti MOAENtoBaHHS, WO Hagani Aactb 3MOry BUNTU Ha
Me30- i MakpopiBHi Ta MporHo3dyeaTtu GioreoximiyHi TeHAeHUIi B ymoBax aHTponoreHesy. Lle x
CTOCYETbCS | BUSABMEHHA 3B’A3KIB Y CUCTEMI I'PYHT — pPOCRMHA — I'PYHT, LWLO MaTUMeE iCTOTHI
nepcnekTMBM ANS BUPILLIEHHS MNpPOAOBOMbYOi npobnemn. Tomy rpyHTO3HaBUi nOTPebyoTb
HOBITHIX TeXHONorin, ki 36iNblWyOTb XHi MOXMMBOCTI Y BWKOPWUCTaHHI HaWHOBILLOI
iHCTpymeHTanbHoi 6a3n. OKpeMi 3 HUX — Le peHTreHo-ToMorpadiyHi cuctemn (X-ray computed
tomography systems); cnekTtpomikpockoniyHi  metoan (NEXAFS); cnektpockonisa 3
CUHXPOTPOHHVMM PEHTIEHIBCbKUM  BUMPOMIHIOBaHHSM; MIKpOyopecLUeHTHa CrneKTpoCKonis
(micro-fluorescence spectroscopy); onTWU4Ha nonspusauinHa MIKPOCKONIis;  enekTpoHHa
MiKpocKonis 3 BUKOPUCTaAHHSAM €HeproancnepcinHoi  cnekTpockonii (SEM-EDS);
MikpopeHTreHiBcbka dnyopecueHuia (U-XRF). HasBaHi cnctemmn poswmproloTb NepcrnekTusm y
JOcCniopKeHHi xXiMiyHOi OyoBKM I'PyHTY, 30KpeMa, LWOAO MPOLECiB Mirpauii-akymynauii XiMivyHUX
erneMeHTIB.

3’asunuca  nepcnektusn 3D Bisyanizauii oTpumaHoi iHopmauii. Oo Toro X,
edeKTVBHUMHM € cTpaTerii mogentoBaHHs (Hanpuknag, Lattice-Boltzmann mogens) po3wmptolTb
MO>IMBOCTi aHanisyBaHHs MpoueciB nepeHocy, Mirpauii Ta gisnko-xiMiyHMX npouecis, AKi npu
LbOMY BiabyBaloTbCs, MOYMHAKOYM 3 PiBHA MOPOBOro npocTtopy. Tak, Van Oort et.al. [8] BusBunu,
IO HaBiTb KOPOTKOYacCHi Bapiauii 'pyHTOBUX napamMeTpiB BNAMBalTb Ha QOpMy, MOBINBHICTD i
biogocTynHicTb MeTanis-3abpygHoBadiB.

4. HeopHOpigHICTbL I'PYHTIB K NpUYNHA CKINNAaAHOCTi 6ioreoxiMiyHOro ouiHOBaHHA

MontoTaHTn MirpytloTe y mMubnHy, e BOHWM BCTyNalwTb Y XiMiYHi peakuii Ta yTBOPOWOTb
KOMIMIEKCHI CMOMYKM, Lo NpU3BOANTb A0 36iNbLUEHHS Ha Pi3HMX PiBHAX (MiKpO-, Me30- i MaKpo-)
HeoaHOPIOHOCTI BMICTY BaXKkMx MeTaniB y rpyHTax. Ha Me30piBHi NnocTawTb NepcnekTMBmLL o000
OOCniAXKeHHs acouiauin  MikpoenemeHTiB, €Ki iHOyKOBaHi r'pyHTOBMMUM npouecamu. Lle
AO3BOMUTb PENEeBaHTHO OUIHWTW EeKOMOriYHi PU3UKM, MOEOHYHOYM MONbOBI Ta nabopaTopHi
0BCTEXEHHS.

IHTepnpeTauia xapakTepHUX rpyHTOBMX NapamMeTpiB Ha FTOPU3OHTHOMY i HUXKYOMY PiBHAX
Jana 3Mmory BUSIBUTW OWHAMIKY MOSIIOTAHTIB 4Yepe3 Mpouecy BUITYrOBYBaHHS, KOMOIQHOMoO
nepeHeceHHs, OKMCHO-BIAHOBHMX yMOB, GionoriyHoi akTtuBHOCTiI rpubiB. 3aranom, aBTopu [8]
nepekoHaHi, Wo BracHe Me3omacwTabHun nigxiq € ©6a30BMM Yy KOHTEKCTi MOHITOPUHIY
I'PYHTOBOrO MOKPMBY B YMOBaX aHTponoreHHux BnnueiB. OTOX, BM3HA4anbHUM Yy cTpaTterii
BiAOMpaHHA npob NOBUHHI OyTM MNOKA3HUKM ['PYHTIB, @ He MPaKTUKOBAHWMA Ha CbOroAHi
cuctemaTU4HUI X Biaodip.

Y r'pyHTax arpoekocucTem, e iHTEHCMBHO 3acTOCOBYHOTbL f06puMBa, Nectuuuan, ocaau
CTiYHMX BOA Ta iHWI XiMiYHi cybcTaHujii cnocTepiraeTbc MakcumarnbHa B3aeMOAisi OpraHiyHol
PEYOBUHN I'PYHTIB 3 BaXKUMKU MeTanamu, ki opMytoTb CTilKi OpraHo-MiHepanbHi KOMMMEKCH.
MynbdyBaHHs, BanHyBaHHS, 30epeXeHHS OPraHiYHMX PEeLITOK POCMWMH Ha MOBEPXHi TI'PYHTY
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iHTEHCUMIKYIOTE hikcalilo BaXKKMX MeTaniB y MOBEpPXHEBWUX FOPU3OHTaX FPYHTIB, MiMITyOumM
BOOHOYAC IXHIO BepTUKanbHy Mirpauito. Pa3zomM 3 opraHiyHO peyvyoBUHOK I'PYHTIB ICTOTHA porb
oo dikcauii Baxxkux MeTaniB Hanexmntb cunikatam, dgocdaram, okcugam 3arniza/mapraHuto,
KapboHatam, PO3YMHHMM COMSAM Ta  iHWMM  KOMMOHEHTaM [PpyHTIB Yy npouecax
KOMMMNEKCOYTBOPEHHS, aacopbuii, ocagXeHHs.

TomMy nNpocCTOpOBMM PO3NOAiN BMICTY BaXKUX MeTaniB € HaacknagHum, ocobnuso y
NOBEPXHEBOMY TFOPU3OHTI, 3 CTOXAaCTUYHO C(POPMOBaAHUMU apeanamu iXHbOro niABULLEHOrO
BMICTY, $Ki 4epryloTbCs 3 MNOMIPHO (QOHOBOK KIMbKICTIO, WO BMpaXeHa BUCOKO
BapiabenbHICTIO, @ TOMY W HEOBXiAHICTIO 3aCTOCYBaHHA CTaTUCTMYHUX METOAIB AN OLIHKM.
[eTepOoreHHICTb MNOLLUMPEHHS BaXXKUX METaniB y I'pyHTax Mae BUpillanbHy porib Ans eKonoriyHmx
obctexeHb. CTiMKIiCTb acouiauin BaXKMx MeTaniB 3anexutb i Big @isnyHUX, XiMIYHMX Ta
OionoriyHMx npoueciB y rpyHTax, ocobnmBo OpHMX. YacTuHa mMoDGinisoBaHMX BaXKux MeTaniB
BUBINBbHAETLCS | Yepe3 I'PYHTOBI PO34MHM abo AisiNbHICTE GiIOTM Mirpye BHM3 No Npodointo rpyHTy.
B nignoBepxHeBuX ropnsoHTax andepeHuialis BMICTY BaXXKMX MeTasiB He 3MEHLUYETbLCSA, a IXHS
BapiabenbHICTb MOXe I 3pocTaTh Yepes3 BiACYTHICTb romMoreHisauii npu oOpobiTKy BEPXHbOro
wapy rpyHtie. Lle we pa3s nigkpecnioe HeobXigHiCTb 3MiH y cTpaTerii BigbupaHHa 3paskiB
I'PYHTY.

MpnymHO HEOQHOPIOHOCTI I'PYHTIB € i FeHe3nc rPyHTOBUX NEAOHIB Pi3HOro xapakrepy
(pedofeatures). A came B OCTaHHIX Han4acTile pi3ko 36iNbLIYETLCA KiNbKICTb BaXXKUX MeTaris,
ane oOuiHUTM Taki NepemiHn MOXIMBO nuwe 3a pfgetanisauil BigbupaHHs npo6 rpyHTYy.
CepegHbo3milaHi > npobu, WO 4YacTo MPakTUKYTbCS Y HawWx  OOCHISKEHHSX,
YHEMOXIMBMIOIOTE BUSIBMIEHHSA TaKMX MNPOCTOPOBMX HEOAHOPIAHOCTEW. PO3yMiHHS OuHaMiku
3abpyOHEHHS I'PYHTIB BaXXKMMW MeTanamMu BUMarae 3MiHW nonboBuX (Me3opiBeHb) 0bCTeXeHb
Ha noedHaHi NonboBi Ta nabdopaTopHi (MikpopiBeHb) gocnigkeHHs. OTXe, OuiHKa eKOMOorivYHnX
pu3nkiB Hemoxxnmea 6e3 TpaHcdopMallii cxeM 0OCTEXEHHSI HA OCHOBI 3aCTOCYBaHHSI Cy4acHMX
iHHOBaUINHUX [HCTPYMEHTIB i MeToaiB. BkasaHi HeOAHOPIOHOCTI yCKnagHWWTb i npouecu
pemegiauii Ta peBiTanisauii I'pyHTIB, TEXHONOrII AKX AMHaMIYHO PO3BMBAOTLCH, 0COOMMBO B
perioHax TpWBarnoro OKYNbTypHOBAHHA 3eMerllb, BUCOKOINO0 MPOMUCIIOBOrO HaBaHTaXEHHS i
NigBULLLEHOI T'YCTOTM NPOXUBAHHSA HACENEHHS.

5. KapTorpaciyHe mogentoBaHHs B ouUiHLUi 6GioreoxiMiuHMX napameTpiB

CyuyacHi nporpamHi 3acobu, KinbKiCTb sSIKMX LLLOPIYHO 3pOCTae, PO3LUMPIOIOTE MOXITMBOCTI
KapTorpadiyHoro mopentoBaHHs B Uingx Oioreoximii. Lle, no-nepuwe, icHytoui 6a3m gaHux (3
BiOKPUTUM [OCTYNOM) FPYHTIB Ta noeaHaHux 3 rpyHtamu cepeposul, (USGS, FOREGS,
U.S.GeologicalSurvey, WRB-FAO, LWDD, FTP Ta iHwWwi); no-gpyre, mogyni maTemaTu4yHol
06pobkKM pe3ynbTaTiB, BKMNoYeHi 6e3nocepeHbo B KapTorpadivHi nporpamu; no-TpeTe, LWNPOKi
MOXITMBOCTI LOAO MNOEOHAHHA B OOHIM MoOAeni pi3HUMX WapiB sSK AaHUX Npo napameTpu
KOMMOHEHTIB, 3HAYYLLMX SK ONA reHe3ncy I'pyHTOBOro MOKPUBY, Tak LLIOAO BMICTY Ta po3noginy
XiMIYHUX eneMeHTIB y r'pyHTax; no-yeTBepTe, 34aTHICTb SK A0 NPOCTOPOBOro, Tak i 4acoBOro
MOZENIOBaHHS 3 OTPMMaHHSAM BepudikoBaHMX MPOrHO3HMX Matepianis. OmTke, BnacHe oguH
nporpaMHUin NPOAYKT A03BONSiE obYMCnoBaTH, aHanidyBaTu, iHTEPMNOMOBaTU Ta MOAENBaTU
BMICT i NOBEeiHKY XiMiYHNX eNeMEeHTIB y I'PyHTax.

Ha uin ocHoBi peanbHO WMOBIPHOK MOCTae MOXMMBICTb HACTYMHOro, nicns
KapTorpadyBaHHs, Npouecy paviOHyBaHHA TEpUTOPIA 3 OpiEHTaUietd0 Ha KOHKpeTHi npuknagHi
3anuTn Ta ANg uiner ynpasniHHA 3aranom. BoHW noB’a3aHi, Hanneplue, 3 OUiHKOKW eMicii
NONIOTAHTIB 3 aHTPOMOreHHMX AXepen Ta BU3Ha4YeHHAM epeKTUBHOCTI MOHITOPUHTY, SIK | BflacHe
ONa Noro opradisauii. He MeHLW BaXnuBMM 3anuiaeTbCd PO3LUMPEHHS (hyHOaMeHTanbHuX
3HaHb NPO 0cobnMBOCTI rnobanbHUX BiIoreoXiMiYHUX LIMKNIB B yMOBaX aHTPOMOreHHMX iMNakTiB.
AcnekTn nNpOCTOPOBOrO peryrntoBaHHA LMKMIB XiMIYHUX €efneMeHTIB BU3Ha4alTbCA He TiflbKu
LWOAO0 TOYHMX OLIHOK aHTPOMOreHHWX BKIafiB, ane ” WoAo pPOo3LMPEHHS HeobxigHoi ans
MeHeKMeHTY 6a3n gaHmx. OCTaHHA NOCTAe OCHOBOK A1 MPOrHO3yBaHHSA YacOBOI OUHAMIKM
NPOCTOPOBOrO PO3MOAINY XiMIYHNX €NEMEHTIB i ANA PO3YMiHHSA MOXIMBOCTEWN iX kepyBaHHs [9].

Y ceiToBoMy MacwTabi parioHyBaHHA Aa€ 3arafbHi XapakTepUCTUKM KOHLUEHTpauin
XiMIYHUX enemMeHTiB Ta po3wuproe dyHOaMeHTanbHi BiAOMOCTI NpO Npupoady FPYHTOBOro
nokpuBy. KoHKpeTHo-MpuknagHe pamoHyBaHHA MOXIMBE Ha perioHanbHOMY 4Yu foKanbHOMY
mMacwTabax. BukopucTaHHs icHytoumx 6a3 gaHux, cninbHO 3 akTyanbHUMKM B pesynbtaTi O33-
AaHuMK, 30inblUye MOXIMBOCTI MEHEKMEHTY 3eMITEKOPUCTYBAHHA Ta Mpu LbOMY Ai€BOro
MOHITOPUHTY I'PYHTOBOMO MOKPUBY A5151 NOro e(peKTUBHOIMO BUKOPUCTAHHS.
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6. KinbkicHi noka3sHuku 6ioreoxiMmiuHOro ouiHlOBaHHA

TpaavuinHe NOPIBHAHHA BMICTY XiMIYHUX €fTEMEHTIB Y Pi3HMX FEHETUYHUX FOPU3OHTaX Y
npoLeci NPsMOro MOPIBHANBHOIO OLHIOBAHHA He 3aBXAu Adae 3MOry oxapakrtepudyBaTu iX
HM3XigHy Mirpauito. Tomy pisHoMaHITHI iHaekeu [10] Ta koediuieHTn [11], SKi BUKOPUCTOBYIOTb
AN KiNbKICHOI XapaKTepuCTMKU MNPOCTOPOBOI i 4acoBOI AMHaMIKM BaXKux MeTanis um
MiKpOEneMeHTIB, MaloTb OOMeXeHe 3HayYeHHs1 Ta NoTpebytoTb 40AATKOBOrO OBI'pYHTYBaAHHS.

TpuBana gnckycis 3 TepMiHONOrii Woao 3acTocyBaHHA ¢hoHoBoro BmicTy (background)
un noporoBux piBHIB (threshold) Baxkkux meTtaniB (MikpoeneMeHTiB) y rpyHTax A0 KiHUS He
3aBeplweHa. [loromkeHo BracHe BU3HAYEHHSA AeiHilin Ta HeOoOXiAHICTb SKHaAMLWIMPLIOro
BUKOPUCTaAHHA CTaTUCTUYHUX METOZIB B OLUiHIOBaHHI aHaniTMYHUX pe3ynbTaTiB, KiNbKiCTb SKUX
noBuHHa OyTU OoCTaTHBOW. Ane, TUM He MeHLe, abConTHO ToYHEe (POHOBE 3HAYEHHS ONd
OyaOb-KOi TepUTOpIl BUMarae peTenbHUX i MaclTabHNX OOCNIMKEHb, WO HEe € MOXnBMM 6e3
BMCOKOBAPTICHMX EKCMEPUMEHTIB | 3Ha4YHMX MaTepianbHux BuTpaT [12]. [JoBeaeHo, Lo oHOBUIA
BMICT XiMIYHUX €feMeHTIB 3MIHIETbCSl 3a perioHamu i Taki MPOCTOPOBI 3MiHM, HaBiTb 6e3
aHTPOMOreHHoro BMNMBY, MOXyTb OyTW pgocTatHbO BaromMumMu. A TOMy (QOHOBa KiNbKiCTb
NOBMHHA PO3paxoByBaTUCA ANS OKpeMUX apeanis, a He ByTu 3aranbHO, SK Ue € ANs Knapkis
XiMiYHMX enemeHTiB [13].

ICTOTHI 3acTepexxeHHs1 BUCMOBMOKTLCA | LWOAO MOXIMBOCTEN BUKOPUCTAHHA SK
(POHOBOI KINbKOCTi BMICTY XiMIYHMX €MEMEHTIB Y Pi3HUX TEHETUYHWX FOPU3OHTaXx IPYHTIB, K
npaBurno Hag r'pyHTOTBIPHOK MOPOAOCK Ta BriacHe B OCTaHHiN. BigHoweHHsA (Fopu3oHT /
IpyHTOTBipHA MOpOJa) 3aBEPLUYIOTLCA KapAMHANbHO HENpaBUIBHUMK BUCHOBKAMM, B SKUX
HEMOXITMBO BpaxyBaTu OioreoxiMiyHi npouecu npu reHesuci rpyHTtiB [12]. Yepes Benuky
NPUPOAHY MIHMMBICTb BMICTY XiMIYHMX €NeMEHTIB Yy T[pyHTax, HaBiTb BCTaAHOBMEHHS
MaKCMMarnbHO AONYCTUMUX KOHLUEHTpauin (threshold)Ha OCHOBI eKOTOKCUKOMOTiYHMX AOCHIAXKEHb
€ HaacknagHuM 3aBdaHHaM. Tpeba po3ymiTi 1 Te, WO poCnuHM (opraHiamm) makwTb 34aTHICTb
[0 ajanTauii 4O Pi3HUX KiNMbKOCTEN XiMiYHMX €reMEeHTIB, a TOMY BMICT. TOKCUYHUIA B OQHOMY
BMNaKy, MOXe He BMMMBaTK Ha PO3BUTOK OpPraHiamy B iHWIOMY. 3anuwalTbes 1 npobnemu npu
nepexopi Bi KOHUEHTPaUi PO34YMHHNX PEYOBUH, SIKi BUKOPUCTOBYBANMUCS B €KOTOKCUMKOMOTiYHNX
AOCNiMKeHHAX, OO0 BiANOBIOHWX piBHIB y TBepAin dasi rpyHTy. 3aranbHy XapakTepucTuky
Pi3HOro TNy KoeilieHTIB i METOOUK IXHIX pO3paxyHKiB HaBe4eHO Hamu paHiwe [11].

7. BUCHOBKMK

AKTyanbHO0, y KOHTEKCTi rnobanbHMUX aHTPOMOreHHUX iIMNakTiB, € 3MiHa BioreoximivyHol
napagurMmn LWoJo rpyHTOBOrO MOKpuBY, aHTponobioreoximiyHow. OuiHKa eKomnoriYHMX pu3uKiB
HemoxnmBa 6e3 TpaHcdopmalii cxem O0OCTEXEHHS Ha OCHOBIi 3aCTOCYBaHHA Cy4acHMX
iHHOBAUMHWNX HCTPYMEHTIB Ta MeToAiB. Bu3HayaneHUm y cTpaTerii BigbupaHHa Npo6 NOBMWHHI
cTaT MOKa3HUKM I'PYHTIB, a He MPaKTMKOBaHWMA Ha CbOroAHi cuctemaTuyHui Bigbip. Xapaktep
BioreoxiMiyHUX mapameTpiB I'PYHTOBOrO MOKPMBY € KOHKPETHO-pEerioHanbHWM, a He 3aranbHo-
TepuTopianbHUM.
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The intensity of transformation of the Biosphere components in recent decades suggests a fundamental change in
natural process and trends by anthropogenic, which allowed scientists to select Anthroposphere. The Anthroposphere
formed in the time stage, called the Anthropocene. Human health and environmental health must be assessed keeping
in mind the ecosystem services in which soils have an exceptional role; also importance of soil cover in the Biosphere is
unigue. Biogeochemistry interactions in soils are occurring on different levels and different time scale. Soil cover under
anthropogenic impact has bigger heterogeneity, so it complicates evaluation of Biogeochemistry status. Hence, the
microbiota has an exceptional significance. Therefore, understanding the functions of soil cover in the Biosphere and
towards achieving a sustainability of ecosystem services without considering of microbiota activity is impossible. This
requires a restructuring of the research methodology, taking into account the modern equipment and approaches. In
particular, the analysis of environmental risks needs the transformation of survey schemes, and soil indicators should be
the defining factor in the sampling strategy. In addition, there is an increasing role of cartographic modeling and zoning
based on innovative software products, which combines computation, analysis, interpolation and the actual simulation of
the content and behavior of chemical elements in soils for specific application requests and for management in general.
Establishing maximum allowable concentrations based on ecotoxicological studies is a great challenge. Therefore, the
use of background values or threshold levels remains controversial. It is clear that the nature of the biogeochemical
parameters of the soil cover is concrete-regional rather than general for any territories.
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