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MOJEJIb BIOTEHHUX IIOTOKIB I JEIIO °°SR Y 3ABPY/IHEHUX
COCHOBHUX HACA/VKEHHAX

JlicoBi exocucTeMM BBaKAalOTh HAWOINBII MOCTpakAATMMU BHACTIZIOK pamiamiiiHoro 3a0pyaHeHHs micias aBapii Ha YopHo-
ounbebkiii 1 @ykycimepkiit AEC. TloTpanusinm y TOBKiIs 187Cs i °°Sr, mBuako BKIROUMIHCS y 610reoKpyroodir peHoBHHU JIepPEB-
HUX (piTorieHo3iB. OCTaHHBOTO i3 MEpeNiueHnX PamioOHYKIiIiB CTOCYEThCS 3HAYHO MEHINA KiBKICTh HAyKOBHX MyOMiKaliif 3a mum
HATIPSIMOM JIOCITiJKEHb, TOMY MOJIAHO PO3POGIEHY MOJIENb BiOreHHIX TIOTOKIB Ta Jero “°Sr THIIOBOI0 COCHOBOTO HacakeHHs Yop-
HOOMJIECHKOT 30HM BimuykeHHs. CriMpaiovyrch Ha BHXIiIHI TaHi crioctepexenb yrnpoaorxk 2016—201Dp. 3a cOCHOBOIO IiJISTHKOIO:
KOHIIEHTpALT i 3aracy pajioHyKJIi/la y BUBUCHHX JIETIO Ta MOTOKAX OPraHidHOi PEYOBMHM Ta iHIII MOKA3HUKH, 3JiHCHEHO ONTUMi3a-
1il0 napamMeTpiB CHCTEMHU piBHSAHB HOTOKIB *°Sr Mix iforo jerno iMitaiiiHol MaTeMaTHuHOI Moaemi Gi0KPYrooBiry J0CTiIKyBaHOrO
Pazioi30ToIy METOJOM CTOXaCTUYHOrO TPaji€HTHOro CIYCKY IHIISIXOM MiHiMi3allil CyMH KBaapariB BiIXWJEHb LiTbOBOT (YHKIII.
O1iHeHO TWHAMIKY TIepepO3MOIiTy aKTUBHOCTEH Oy y KOMITIOHEHTaX 0ioreolieHo3y. BcTaHOBIEHO MOKIIMBICTD IEIOHYBAaHHS KOM-
nosenTamMy GioMacy GiIbIIoT OTOBHHM AKTHBHOCTI “UST Bif HASBHOI y COCHOBOMY Gioreonenosi. [Ipornososano sacosi psau koedi-
1i€HTIB TIEPEX0Iy PaAioHYKJIiIa Bill IPYHTY J0 eleMeHTiB cToBOypa. BusBieHo "crabinizaiiito” 3HaueHb KoeillieHTiB mepexomry sy
PO3paxoBaHMX, BUKOPHCTOBYIOUH LIIMBHICT 3a0pyAHEHHSI METPOBOTO IIApy IPYHTY, IO B pa3i MiATBEpAKEHHS Ha OiBIIOMY MacuBi
CIIOCTEPEKEHD 32 JiCOBUMH JIUITHKAMH 3 KOHTPACTHUMH I'PYHTaMH Ta {HIIUM JICPEBHUM CKJIaJ0M MOXHA BUKOPUCTOBYBATH SIK ITPOC-
TH Cr1ocib MPOTHO3YBaHHS BMICTY PaliOHYyKJIila B KOMIIOHEHTaX 6ioMacH.

Knrouogi cnosa: nicosa exocrctema; paiioHyKIIi]; iMiTaliliHa MoieIb; Bifciku Mozesti; YopHOOMIIbChKa 30Ha Bi T4y KESHHS.

Betyn. BigcyTHiCTh 1OCTOBIpHUX i HOBrOTPHBAIUX pa-
Ji0JIOTIYHUX MOHITOPUHIOBHMX CIIOCTEPEKEeHb 3a pafioak-
THBHO 3a0pyJHEHMMH JlicaMi YKpaiHu BHacninok YopHo-
ounbcbkol aBapii (1986p.) He mae 3Moru 37iliCHIOBATH Ba-
nimaniro yn/abo BepuQikalifo YacOBUX PAMAIB MOKa3HUKIB
aKyMyJIsillii OCHOBHUMH JIeNIO 0i0JIOTiYHO MOOLIBHUX pasi-
OHYKJIiJIIB JIiCOBHX €KOCHCTeM, TOMYy, (hakTWUHO, Hapasi
nporxo3yBanHs nepeposnoxiny °Srta **'Csy nocrpaxna-
X HacamkeHHsAX [omiccs MOXIIMBO JIMIIE MiAX0AaMU Ma-
TEeMaTHIHOTO MOIENIOBaHHA. AKTUBHO OCOOJHMBOCTI BHB-
4yeHHs OioreoXimMiuHOTO KpyrooOiry pamioizoromiB Ta Horo
CUMYJIALIT MoyYanu po3BMBATHUCA oOnpasy Michs aBapil Ha
YAEC. 3'aBunucs nepiui myonikarii, e onucyBanucs KOH-
Lemnuii i mapaMeTpu KpyrooOiry paaioHyKIiiiB mjis mpoc-
THX KamepanbHux mozeneit (Alexakhin et al., 1994)[Toc-
TYHnoBo (opMyBaBCs METOAOJOTIUHMI iHCTpyMeHTapiii
OLIIHKKM OCHOBHHX €0 i MOTOKIB paxioizoromi (Schell et

IHpopmaLia npo aBTOpIB:

al., 1996).BcTaHOBIEHO 3aKOHOMIPHOCTI MOBEAIHKM paji-
OHYKJIi/IiB €JIeMEHTIB, MOPIiBHAHO 3 1X CTaOUTLHUMU i30TO-
MaMu Ta eJIEMEeHTaMH, KOTpi MaloTh MoAiOHi XimiuHi Biac-
THBOCTI, III0 JJa€ 3MOTY TIPOTHO3YBAaTH HMOBIPHY MOBEIIHKY
panioHyKJIiIiB y pa3i iX MOTparuissHHA y HABKOJIMIIHE cepe-
JOBHIIE HABIiTH M1 He3aOpyaHeHux Tepuropiii (Yoschenko
et al., 2018)1le € Haa3BMYAHO BaXKJIMBO I BHUSABJIECHHS
KPUTHYHUX KOMIIOHEHTIB JIiCOBUX €KOCUCTEM Y pa3i BUHUK-
HEeHHS HOBHMX BMKHWIIB PalioOHYKIiJiB Ha TEPUTOPIiAX Oins
00'eKTIB AIEpPHOT MPOMUCIIOBOCTI it aTOMHOT €HEPreTUKH.
CyvacHy KOHIIEMIIit0 0i0OreHHUX MOTOKIB palioHyKJIi/IiB
He MO)KHa PO3IJIsIIaTh BiJOKPEMIJIEHO Bif iX Gioreokpyro-
00iry B JiCOBiii ekocucTeMi, Ta i YITKOrO PO3IiNIEHHS 3a
YacTKOI y (popMyBaHHI MOTOKIB OiOTHIHHX i a0iOTHIHMX
(axTopiB Hapa3i Hemae. DakTUIHO, OiOT€HHA CKJIAOBa € Y
BCiX MOTOKaX 0i0JIOTiYHO MOOINTEHUX PamioOHYKIIiTiB AepeB-
HUX POCIMHHHX YrPYyNOBaHb, a TOMY Y TaKUX JOCIHiIKEH-
HSX PO3IJISINAlOTh BCI OLIHEHI MOTOKHM, L0 Ja€ 3MOTy Mil-
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BUIINTH NPOTHOCTUYHY 3JaTHICTh iX iHTErpoBaHHX iMiTa-
UiftHUX Mozeneil. Y pamioeKoNOoriuHuX i pamgiodionoriqHux
JOCITiIPKEHHIX HaifyacTillle 3aCTOCOBYIOTh KaMepHi MoJieli,
Jie KOMIOHEHTH 0ioMacH MoJal0Th y BUIIISL €TI0, a TpaH-
clokaliro panioHykniaie — sk notik (Thiry et al., 2018).

HaiimommpeHimmm iicOTBIpHUM I€PEBHUM BHIOM IIOC-
TpaXHaldnX Haca[KeHb BHACIINOK pamialiifHoro 3abpya-
HeHHsA YkpaiHcbkoro [lomiccs € cocHa 3BuuaiiHa (Pinus
sylvestrisL.), ToMy nporHozyBaHHs NOBrOTPUBAJIHUX TPEH-
IB pafioHyKIiIHOTO 3a0pyAHEHHS KOMIIOHEHTIB JIiCOBHX
€KOCHCTEM i3 JOMiHYBaHHAM Yy CKJIafli A€PEBOCTaHy LbOTO
BUy MalOTh HaiBaXJMBIlle €KOJOriuyHe i rocrnomapcbke
3HAUEHHs U1 3a3HaYE€HOTO PerioHy 3-MOMiX iHIIMX depeB-
nux nopia (Final report, 2018).

O6'exm 0ocniodcenns — KOHUETILIS imiTarist masoro 0i-
OTeOKpyroodiry pamioakKTHBHUX PEYOBHH Yy JIICOBHX €KO-
CHCTEMaX.

IIpeomem Odocnidocenns — MaTeMaTHIHA peaizaris ya-
COBWX PAiB 00CSTIB OiOTEHHUX TTOTOKIB Sr mik ocHOBHH-
MU JIeTI0 TUTIOBOTO COCHOBOTO HacamkeHHs YopHOOWIIbCh-
K0T 30HM BiA4y>KEHHS.

Mema Oocnidoicennss — po3poOUTH i MapameTpu3yBaTh
MozieNb GioreHHIX MOTOKIB i geno “°Sry 3a0pyaHeHnx coc-
HOBMX HACa[UKEHHSX Uil MPOTHO3Y AWHAMIiKM aKTUBHOCTI
JOCIiDKYBAHOTO pajioHyKJia B KOMIMOHEHTax (nermo) Ji-
COBOro OioreoreHo3y.

Jnst peanizauii 3a3Ha4eHOi METH MOTPIOHO BHUKOHATH
TaKi OCHOBHI 3a80aHHA OOCTIONHCEHHS:

® 100yMyBaTH iMiTalliliHy Mojens 0iOreHHUX TMOTOKIB i BiCiKiB
(zemo) *°Sry THIOBOMY COCHOBOMY HacapkeHHi YopHOGHIBCE-
KOi 30HM Bi/l4y KEHHSI;

® peajizyBaTH CHCTEMY piBHSHb TIOTOKIB pPaliOHyKIiJa, SKHii
MOTPiOHO BUBYMTH MDX JEIO JIICOBOT EKOCUCTEMH,

® BiTBOPUTH JIMHAMIKY 3arlaciB 1bOro pajlioHyKIila B eleMeH-
Tax HAaCaPKEHHS eKCIIEPUMEHTATBHOTO MaliIaHIHKa;

® PO3pOOHUTH CHUCTEMY MOHITOPHHTY JUISi MOKJIMBOCTI Baina-
uii/Bepudikauii orpumanoi paznionoriunoi iHpopmalii, a Takox
1 excTpanossmii Ha BCi Jgick YkpaiHw, ski 3a3HaIN HalOiIbIIo-
TO pajialiifHoro 3a0py JHEHHSL.

Martepian Ta MeToaM JocaiTkeHHs. [Toka3HUKM eno
i noroxis *°Sr omiHoBaINCH HA MiACTaBI DOCTIAHOrO MaTe-
piaiy, 3i6panoro npotsirom 2016—-201%9p., 1 cocHOBOTO
€KCMepUMEHTAJIbHOTO MaiilaHYMKa Y BUTIIALI MPAMOKYTHOT
npoOHOT TUIoNli, po3TamioBaHoi Ha BincTtaHi 5,5kM miBHIU-
nime Bix YAEC (Final report, 2018)mo mana Taki Jsico-
TakcalifiHi O3HAKM [epeBOCTaHy Ha M[OYaTKy pobOTH:
ckman — 10C3 (cocna 100 % Bin 3amacy), cepenHiil Bik —
52 poku, cepenniii miamerp — 14,5cMm, cepenHst BucoTa —
16,5M, 6oniter — 11, BimHocHa mosHoTa — 1,09,3amac cToB-
6ypiB y kopi — 408m>ra™. 3rigHo 3 KIACHYHMM METOIMY-
HUMH IIiIX0JaMH JIICOBOI Takcalii, OL[iHEHO MMOKa3HUKH Oi-
OMpooyKTHBHOCTI HacamkeHHs (Anuchin, 1982).

Puc. 1. Ctpykrypa Moaeni 6i0reokpyroooiry 90Sry COCHOBOMY Haca/XKEeHHi

Pagionoriuni nOCHiIPKeHHS TPOBENH, NOTPUMYIOUHUCH
BUMOT Bepu(iKOBaHUX CMOCOOIB i METOMIB il BUBYEHHS
Kpyroo6iry pamioHykiiaiB y Jicopux ekocuctemax (Final
report, 2018; Holiaka, 2017)linbHicTh 3a6pyaHeHHS MMO-

BepXHi IpyHTYy “°Sr ctanosuia (AMz) 401 kbk-m™. Bi-
nibpaHi 3pa3ku GioMacH i IpyHTY BUCYLIYyBaJIKCh [0 MOBIT-
psiHO-cyxoro ctaHy 3a temneparypu /0 C npotsirom 3 nio.
PaioXiMiuHe BHIITEHHS “°SI MPOBOMMIM TIC/S 030JEHHS
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3pazkiB y MydenbHMX mneuyax 3a Temneparypu go 550°C
(Methodical instructions, 1985),nofasnbimmM BUMipIOBaH-
HAM aKTUBHOCTI 3 BHWKOPHCTaHHAM OeTa-CIeKTPOMETpa
CEB-01-70 {KTI, Ykpaina). [Toxubka BUMiproBaHHS 3pas-
kiB (x1,96SD)cranosuna 13 %.

[TpoToTHNOM KOHLENTYalbHOI cXeMH 0ioreokpyroooiry
%Sr y micoBux ekocHcTEMax BUKOPHCTAIM PamioeKoJIoriy-

eKCTIEPUMEHTATBHO. TMHAMIKY BMICTy “°SI Y DPOCHHHHHX
TKaHWHAX Ha MJCTaBi PaJialbHOTO PO3MOALTY paaioi3oro-
My B piYHUX KimblsAX nepeBunu croBOypa (NV) ta posmnoni-
ny ToHkoro (BcucHoro) kopinus (RU) (Final report, 2018):

RU=0,101, + 0,235 + 0,301$+ 0,358+ 0,02§. (2)

BxiroueHHs1 HU3XITHUX TIOTOKIB [0 PiBHSHB i3 BXiJHU-

Hy mozens TRIPS ("Transfer of Radionuclide In PerennigM¥ MOTOKaMH /Ul KOMIOHEHTIB  HaJ3eMHOT  ditoMack

vegetation Systems"Juist kpyroo6iry pamiouesito (Thiry,
2018).BpaxyBaBuu Ginbiny (hparMeHTapHICTb 1JIs BiJICIiKiB
OioMacw i TpyHTY, IOJaJI 10 KiHIIEBOTO BapiaHTa po3poo-
JIeHOT MOJIeJli OAaTKOBI IeN0 X eJIEMEHTIB JIicoBOTO Oi-
OTEOLIEHO3Y, @ TAKOX KOPEHEBY CHCTEMY BHBENH 5K TPO-
MiXHY JJaHKY BHXiJHOTO TIOTOKY PaliOHYKJi/la B HaI3eMHY
4acTHHY JepeBocTany (puc. 1).

IMowryk mapameTpiB piBHAHb MOTOKiB Momeni (Ky, me X
BU3HAYa€ MPUB'A3KY KoedillieHTa y cucTeMi piBHAHb 10 Je-
M0) BHKOHATM METOJOM CTOXaCTHYHOTO TPaji€HTHOTO
CIYCKy LIJISIXOM MiHiIMi3alil CyMH KBagpaTiB BiIXWIEHb
uinboBoi ¢yHkuii (Goodfellow et al., 2018ha3yrounce Ha
OILIHEHNX TOKa3HWKaX [IMHAMIKM OioMacy KOMIIOHEHTIB
(Final report, 2018)anacis akrusrocti *°Sry neno (Ha ci-
yenb 2017p.) i ix mepemilleHHs NOTOKaMK y PiYHOMY BHU-
paxenti (unens 2016p. — nunens 2018p.). [NonepenHbo
MpoBeNM CTAaHAAPTU3ALIIO0 IIOWHO MepeideHuX MOKa3HU-
KiB. 3Minu B neno “°Sr nporarom poky dC/dt pospaxysaiu
K CYMY BXiJTTHUX TIOTOKIB MiHyC CyMY BHXiIHHMX MOTOKIB:

?T(t: =" Bxioui nomoku —y Buxioni nomoxu . ()

AKTHBHICTb “°ST po3paxoByBami sk 106YTOK BUXiTHHX
MPOTIOPIIiif AKTUBHOCTI PAXiOHYKIiga TMICJs 3aBEPUICHHS
OIHOPIYHOrO LMKy Ha #0ro 3arajbHy aKTHBHICTh y Haca-
JUKEHI Ha OJWHMWIN TDIOMII 3 BpaxyBaHHAM pO3Mamy pai-
OHYKJTifIa.

VYcporo i3 cOCHOBOI HinsHKM Bimiopano 525mpo6 mst
BUMIpIOBAHHS BMicTy “°Sr, 3 AKMX GioMacu IepeBOCTaHy —
2131wT., HU3XigHOrO TOTOKY (OmMam i MOWIOBI BOAM) —
198 mr., micoBa miacTuika i rpyHT — 114mr. O6pobKy Beix
BUXIIHUX KaMepaJibHUX i 1a00opaTOpHUX AAHUX BHKOHAIH
nporpamHumu nipoayktamu Microsoft Excel 365 RStudio
1.2 (moBa nporpamysants R 3.9 i Jupyter Notebookvosa
nporpamyBanns Python 3.9.

Pe3yabTaTn gociaigkennsi. Imitaniiina monens Giore-
okpyrooGiry “°Sr ckiaaeThes 3 TaKMX Jeno (3 MoJanbIIi-
MU aKpOHIMaMH 4epe3 THpe Ul MpeICTaBlIeHHs y piBHSAH-
Hs1X) 6iomacu: xBost 1-ro poky — Bo, xBost 2+310 poky — By,
onHOpiuHi maroHu — By, ToHki maronu (<1,0 cm) — B, rpy6i
naroHn (>1,0cm) — B4, 30BHiImIHA kopa cTOBOypa — Bs,
BHYTpIlIHA Kopa cToBOypa — Bg, 3a060monp cToBOYpa — By,
saapo croBOypa — Bg, ToHKe KOpiHHA — By, cepenne kopin-
Hi — By, rpyOe kopinns — B;j, cyxocrTiii Ta mepTBi rpy6i
rinku — Byp; migctunku: map ceixoro onany — Lo, pepmen-
TaTuBHUN 1wap — Ly, rymidikoBanuit map — Lp; 10-canTu-
MeTpoBUX mapiB rpyHty: 0-10cm — &, 10-20cMm — S, 20-
30cm — S, 30-40cMm — S5, 40-50cMm — Sy, 50-60cm — S5, 60-
70cM — S;, 70-80cm — S;, 80-90cm — S5, 90-100cm — S;
MDK STKUMHM 3TIHCHIOETBCS KPyrooOir pamioHyKIiaa.

Bxigauii TOTIK MOCHIIKYBaHOTO pamioi30TOMy Bif
IPYHTY JI0 KOMIIOHEHTIB *1BOT Oiomacu (BuximgHuit 1is Bin-
CciKkiB IPYHTY) BpaXxoBy€e HOpPMaJli30BaHMii MPUPICT OpraHiy-
Hoi pedyosrnn (NB,), cimparoyuch Ha MOXiAHI MaTeMaTHy-
Hux Moneneit (Strochinskiy, 1992)a takox BCTaHOBJIEHHX

(FN —onan nucts; FBark — oman kopu; FBranch— onan ri-
7oK ToBIMHOIO 10 1cMm; FG — omax reHepaTMBHUX opra-
HiB; FRW— TtpaHcrokawiss MeTeoposoriyHuMu BOAaMH 3
kpoHu; FSW— cToBOYpOBHi CTik), a TaKoX BpaxyBaHHS
BiZIMMpaHHsA KOPiHHS yHACJiIOK BiANMaxy AepeB Aajiu 3MOTy
noOynyBatu Taky cuctemy dopmyn (3)-(14):

dCk

i = kyo CRU ONB, ONV- 0,50 FN- 0,50 FRW (3)
dCB _
o = ky (RU ONB ONV- 0,50 FN- 0,50 FRW (4)
dCB _
. ko2 (RUCINB ONV- 0,050 FBark- 0,51 FBranch  F((5)
dCBs _
e kps (RUONB ONV- 0,050 FBark- 0,91 FBranc  (6)
d(;ta‘ = kps (RUONB, ONV-0,10FBark- 60 B (7)
dCBs
T kes C(RUCNB ONV-0,80FBark- FSW k00 4 (8)
d(f = kps (RUONB, ONV- kOB 9)
d(;tB’ =kyy (RUONB ONV- kOB (10)
d(d:tB;:kngRU ONB ONV- kOB (11)
d(;th = kg (RUONB ONV- kOB (12)
d(;?o = kipo (RU ONBo ONV- k[ Bg (13)
di?l = kg1 (RUONB; ONV- k0 By, (14)

e eJIEMEHTH HU3XITHOTO MOTOKY PO3paxoByeMO K (opmy-
au (15)-(20):

FN = k¢ (0,508 + 0,508 ) (15)

FBark = kigark {0,108 + 0,10+ 0,11+ B (16)
FBranch= kgranch{0,5[B, + 0,5 Bs) a7

FG = kic (B (18)

FRW= krw{ B+ B+0,10B+ 0,10B+ 0,118’ (29)
FSW= ksw[0,108 + B) (20)

®dopmyBaHHA BiAnaay AepeB HaI3eMHOT YacTHHU OioMa-
CH JIEPEBOCTAHY BiIOYBa€THCS 3aBISTKA KOMIIOHEHTAM CTOB-
Oypa (Bs.g) Ta rpybux rinok (Bj), 3 moAanbIion AECTPyK-
i€t uux BiacikiB i3 cranowo mBuakictio (0,067),sxy BCTa-
HOBMJIM €KCIEPUMEHTAJIbHO CIiBPOOITHUKK Kadeapu Tak-
cauii Jicy Ta nicooro menemkmenty HVYBill Ha maiinaH-
YHMKaX Y COCHOBMX HAacaDKEHHSX:
T8 ~ 12 (B + B+ B By B=0,06708;.
CBixuii onajx i BaeXHNUK € BXiZHUMH MOTOKAMH °Sr
IUT. BEPXHBOTO mapy miacTuiku (Lo), a BUXiIZHAMH MOTO-
KOM € X pO3KJIaJaHHs Ta Mepexin y GpepMeHTaTHBHUN map
(L,) mizcTunku Ta Hagadi y rymidikoBanmii wap (L), ne

(21)
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BiOyBa€ThCs po3MapajieNfoBaHHs TIOTOKIB paTioHyKJina:
Mirpauist y MiHepaqbHHI Map IPYHTY i 3ay4eHHs Y TOTOKH
JEeTIOHYBaHHAM 0ioMacoro:

% =FN + FBark+ FBranch+ FG+0,0670B+ k0 b;(22)

J0

dfj:tLl :—k|0|:|_0+ K]_D_]_; (23)
d(cj:tl'z =—kiy [y + 0,1[Ky12[(Bg+ Byo+ B1) +

1 (24)
+kp o= Y (ki [,10,0NB ONV).

i=1n=0
3MiHN aKTHBHOCTI “°ST y IeTo ImapiB IPYHTY TIIHOMHOIO
40cm (S.3) BimOyBarOThes crmocobamu BepTHKATBHOL

Mirpauii pazioizoTomny Bi BepXHiX wIapiB IpyHTY/miacTui-

K1

Q0 HIDKHIX, HAIXOMKEHHSIM PaTiOHYKJIiTa METeOpOyo-

FYHUMHU BOAAMH, a TaKOXK HOro akyMyJISILIi€r0 KUBOIO pOC-
JIMHHOIO GioMacoro yepe3 KopeHeBe MOIIMHAHHA Ta BiIMHU-
paHH;IM KOpiHHS:
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Jins HacTynHuX mapis rpyHTy (S4-Sp) akTHBHICTE “°STy

OioMaci KOpiHHA Ta BiAMOBIIHO HOro KOpeHeBe MOIMHAH-

HS € He3HAYHUMU BEJIMIMHAMHU, IO IaJi0 3MOTY CIIPOCTHTH
CTPYKTYpPY (pOopMyH 10

dCs,

“at = Ky Fny + kenOSh. (29)

[MepmumM pokoM AJIsi MOJICITIOBAHHS TTOTOKIB i AeTo Oy

obpamn 1987p., 3 MOYATKOBMMH 3HAYCHHSMHU YaCTOK aK-
TUBHOCTI pamioHykiima B geno: Lo= 10 %, L;= 30 %,
L,=36 %;S=15%,5,=6 %, S,= 3 %, inmi — 0 %. Bu-
Xi/IHI 3HAYeHHS TapaMeTpiB MO Micis MiHiMi3amil Bia-
XWJIEHb MK pe3yJibTaTaMH CIIOCTEPEKeHb i MPOrHO30BaHH-

MU

ko2
Kos

3HaYEeHHAMH cTa”HoBmiaM:. K,=0,138; k,;=0,137;
=0,0413; ky3=0,0434; ky,,=0,0210; kys=0,0897;
=0,0333; ky7=0,110; kys=0,163; ky=0,00692;

kb10= 0,0279; kbll: 0,0389; km_z: 0,0106; ka= 0,747;
Kigark= 0,0825; Kigranch= 0,117, kig = 0,0101,; kgw= 0,0586;
Kisw= 0,00128:; ko=—0,758; k;=—0,366; kp=—0,219;
kso=—0,0707; ks;=-0,171; ks=-0,126; kg3=-0,0838;
Kes= —0,0522k.s= —0,0833kg = —0,160:ker.0= —0,341.

[Mapamerpn3oBana Monens KpyrooOiry pamioizorormmy

Jaja 3MOry CIpPOrHO3YBAaTH AMHAMIKy HOro akTHBHOCTI B
KOMIOHEHTaX JOCTiIKyBaHOI COCHOBOI HiJIAHKHM (puc. 2).
Sy BHacminok puknny Ha YAEC nepeBaxkHO JIOKali3yBaB-

cA

Yy 4YaCTUHKaX SAC€PHOIro mnajvBa, TOMY p03p06neHa MO-

JieNb BPaxoBy€ HAIXOMKEHHS palioHyKIifa Julle KopeHe-
BUM IOTJIMHAHHSM, OJHAK HE BPAaXOBYE MOBHOK MipOO Ki-
HEeTUKY po3unHeHHs "rapsuux” yactiHok (Kashparov et al.,
2004). Jlns 'Cs, sxuit BumaB 31e6iMbIIOro B KOHACHCA-
uiitHiii gopmi, B monioHiit Moaeni HEOOXiMHO BpaXOBYyBaTH
Horo Mirpairo y mepiri poku aBapii BiJ MOBEpPXHi JHUCTKIB
1o BHyTpimHix opranis (Yoschenko et al., 2018).

Puc. 2.TTporHo3 quHamiky akTuBHOCTI “°Sry Bizicikax COCHOBOIO
OioreorieHO3y

Oo6roBopenHsi. Y niepiui Micsui micis aBapii Ha YAEC
MPaKTHYHO BCSI aKTUBHICTh Pa/liOCTPOHLIIO HAa COCHOBIH Ii-
JSTHII Mana TMepeMiCTUTHCS 3 KPOH y MiICTWIIKY BHACIiIOK
3MHBY OIIOBHMH OMaJaMu "Tapsaux' YacTWHOK, a Hajali
MOCTYNOBO, B HACHIIOK iX BWIIyTOBYBaHHS, paiioi3oTon
MmirpyBaB no IpyHty Ta pociunHocti (Kashparov et al.
2004). Buxonsuu 3 pe3ylbTaTiB MOJEIIOBaHHS, IPYHT OYB
OCHOBHHMM JIeT0 akTHBHOCTI *°Sry 1991-1992p., Ta 3a11-
matuMeThesl TakuM Hanmaidi (puc. 3). OoHaK cymapHa ak-
TuBHicTh ST, [eNOHOBaHAa B KOMIIOHEHTAX HaI3eMHOI i
nixsemHoi Giomacn (619-75%BKk-M?) Ta mwapax IpyHTY
(713-796kBKk'M™®), COCHOBOrO HacamkeHHs (He BKIHOYa-
04YM 10 000X 3a3HaueHUX €JIeMEHTIB MiJCTHIKY), AKke MU
BuBYanu, npotsirom 2015-202%p. mae i matume moAiGHI
3HaueHHd. Lle CBiIUUTBh MPO MOMKIMBICTH JCTIOHYBaHHS N0
40 % BmicTy pamioHykmiga Biacikamu OiomMacw Ha mepion
BUKOHAHHS JOCHIIKEHb (3 ypaxyBaHHSIM MiICTHIKH O
58 %), a TpeHIM KOHCTATYIOTh MOJANbIIE 3POCTAHHA Mepe-
JIYeHUX 3HAYeHb.

Puc. 3. JIunamika po3noiy akTHBHOCTI ST Mix BiiciKaM1 COCHO-
BOT'0 HACAKEHHSI

Buxkopucrtanns koediuientis nepexony (KIT) pamioHyk-
miga Big 20 cM mapy rpyHTy 10 KOMIIOHEHTIB I€PEBOCTaHY
IUTSL OLIIHKM BMICTY B HMX pamioHyKJIiga € HairmomwpeHi-
oMM TAXOIOM Y  PaliOeKOJOTIYHUX  JOCIHiIKEHHIX
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(Yoschenko et al., 2018DaHak 3acTocyBaHHS OO CIO-
coGy pO3paxyHKy Aisi OLiHIOBAHHS BMICTy “°STy poC/IHH-
HUX YTPYTOBAaHHAX 31 3HAYHOIO BEPTHUKAIBHOIO Mirpatiero
y IPYHTi, IO XapaKTepHO Ui HACAIKeHHS, L0 MU BUB-
9aeMo, Ta OiTBIIOCTI coCHSKIB YOpHOOMIBCHKOT 30HU Bif-
uyyxenHns (puc. 4) (Final report, 2018)ya miacTaBi gaHUX
Marn LIiIbHOCTI 3a0pyAHEHHS JIiCOBUX IiISHOK, 0Oy moBa-
HHX Ha DPaHHBOMY EKCIIepHMEHTalbHOMY Martepiami (mo
2000p.) (Kashparov et al., 2001pu3BoauTiMe O HETO-
miproro 3asumenns KIT °°Sr (no 2,5-3,0pasis) Bix rpyHTy
JI0 IEpeBHOTO CTOBOYpA, Ta BiAMOBITHO BMIcTy ~ Sfy Horo
eJleMeHTax. 3a3HaueHuii e()eKT MOXKHA YaCTKOBO HiBeJIOBa-
TH, AKIO pospaxoBysatu KIT *°Sr, BukopucToByioun imis-
HICTH 3a0pyAHEHHS TPYHTY PamioOHyKIiJOM TINOWHOIO 10
1™ (muB. puc. 4), ae HaBiTh el cnocid He MOXKe rapaHTy-
BaTu poctatHboi TouHocTi (£30 %) (Final report, 2018)6-
YHCIIOBAJILHOTO MOKa3HHUKA, OCKIIbKY 3HAYHA YacTHHA aK-
THBHOCTI pajiioi3oTomny sK MiJ 4ac PaHHIX AOCTiIKeHb (10
2000p), Tak i Hapasi akymyJroBanacs iHUIMMH BiJACiKaMK
6iomacu (nuB. puc. 3).

Puc. 4.Yacosi psau KIT “°Sr g enementn aepesHoro cropGypa 1oc-
JHOT JJISTHKH M1 Yac OLiHIOBAHHS LIITbHOCTI 3a0pyTHEHHS IPYH-
Ty o 0,2m misi: Tagl —nepeBunu croBOypa, Tag2 —croBOypa B
KOpi; BHACIIIIOK OLIiHIOBaHHSI IiILHOCTI 3a0py/IHEHHS IPYHTY 110
1,0m nns: Tag3 —nepeBunu ctoBOypa, Tag4 —croBOypa y Kopi

YacTkoBa cTabimizais koedilientis nepexomy “°Sr Bix
METPOBOTO HIapy IPYHTY 0 KOMIIOHEHTIB CTOBOYpa MpoTs-
rom 2017—-203pp. (nuB. puc. 4) CBiaUUTh, LIO MUTOMA aK-
TUBHICTb pajlioOHyKJia y 3a3HAue€HOMY Bi[CiKy HAcTyIHi
20 pokiB 3MEHLIyBaTUMEThCS MEPEBAKHO 3aBIAKHM HOTo ¢i-
3MYHOMY poO3Mafgy, a Mepepo3MoAiN i AeakyMylslis pa-
J10i30TOMy He MaTHMe iCTOTHOTO BIUIMBY Ha KOHLEHTpALLil0
Sry nepesHOMy cTOBOYpi. OTprMaHy 3aKOHOMIpHICTb, y
pasi ii cTaTUCTUYHOTO MiATBEPIKEHHS Ha OiIbIIOMY MacH-
Bi CIIOCTEpEXEeHb IS iHIINX JIICOBUX IUISTHOK, MOXHA 3ac-
TOCOBYBATH /IS TIPOTHO3YBaHHS MEPioay MOXKIMBOCTI BH-
KOpWCTaHHS JEepPEeBMHM Ul T'OCHOAAPCHKUX Iineit 3i 3a0-
PYIOHEHHX TEPUTOPIi.

BucHoBkH. 3a pe3ylbTaTaMi BUKOHAHOTO HOCHiIKEH-
HS TOOy/MOBaHO iMiTalliiiHy Mojesib O0iOreHHHMX TMOTOKIB i
BincikiB (zeno) *°Sry THIOBOMY COCHOBOMY HACaKeHHi
YopHoOMIbCHKOT 30HU BimuykeHHs. PeanizoBaHo mapamer-
pH3aLilo CUCTEMU PiBHAHb MOTOKIB PafioOHYKJiaa, AKUH MU
BUBYAJIM MiX JEMO JIiCOBOT €KOCUCTEMH Ha MiJIcTaBi OTpu-
MaHHX CTIOCTepEKEeHb 3a BMICTOM Ta 3aracaMy pajmioi3oTo-
Iy B KOMIIOHEHTaX Oiomacy, MiICTUIIKK, TPYHTY Ta 00CATiB
HIB3XITHUX TOTOKIB °Sr nepeBoctaHy. Cnuparoyuch Ha
po3pobieHy Momenb Gioreokpyroobiry °Sr, BimrBopeHo
IVHAMIKy 3amaciB IbOTO pamioHyKJila B eJeMeHTaxX Haca-
IDKeHHA eKCIepHMMEHTAJIbHOr0 MalaH4yMKa, fika CBiAYMTb

MPO MOXJIMBICTh AEMOHYBAaHHA 10 MOJIOBUHU BCi€l aKTHB-
Hocti “°Sr y nicoBiit ekocucTemi KOMIOHEHTaMH GioMacH
COCHOBUX 0iorieH03iB. OTprUMaHi BUXiIHI JaHI MOAETIOBaH-
HS CBim4aTh mpo moTpeba CHCTEMHOro 3iiicHeHHS mofi6-
HUX JOCTiPKeHb JIiCOBUX POCIMHHHMX YTPYINOBaHb MNpen-
CTaBJICHUMH iHIIUMH IPYHTOBUMH YMOBaMH Ta IE€PEBHUMHU
BUJIaMHU, OCKIJIbKM BHUKOPHUCTAHHS CTAHOAPTHUX TNPAKTHK
ouinky BMicTy “°Sr Ha 6a3i KIT HaBiTh /1S THIOBHX Haca-
mkeHb YOpHOOMIIbCHKOT 30HU BifUy>KEHHs 3[4aTHi MPU3BO-
IWTH 10 3HAYHUX CHCTEMAaTHMYHUX MOXUOOK Yy MPOTHO3Y-
BaHHI BMICTy palioOHyKJIia B KOMIIOHEHTaX Oiomacu Haca-
IkeHb. OTHOYAcHO 3 MM HEOOXiIHO pO3poOUTH cUCTeMy
MOHITOPHHTY JUTl MOKJIMBOCTI BaJiauii/Bepudikawii orpu-
MaHoT paniosoriqnoi iHdopmaril, a Takox ii ekcTpamonsii
Ha Bci Jicm YKpaiHW, AKi 3a3HaMW HaWOINBIIOTO pai-
ariifHoro 3a0pyTHEeHHS.
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THE MODEL OF BIOGENIC FLUXES AND DEPOTS OF °0SR IN CONTAMINATED PINE STANDS

This paper presents a developed mathematical model of biogenic fluxes and d&fsstéoofine standsP{nus sylvestri.) of
the Chornobyl Exclusion Zone. We separated 26 compartments of the mathematical model including ten-centimeter soil layers —
10 pcs (up to a depth of 1.0 m), 3 layers of forest litter (undecomposed vegetable matter, fragmented organic materials, humus),
12 components of live aboveground and underground biomass (stem: outer bark, inner bark, sapwood, heartwood; crown: 1 year
needle, 2+3 year needle, twigs, branchds0 cm, branches > 1.0 cm; roots: < 0.2 cm, 0.2-2.0 cm, >2.0 cm); and coarse woody
debris. During the period of 2016-2019, we obtained observational data on the pine experimental plot on the activity concentration
and inventories of°Sr in just listed ecosystem compartments as well as upstream and downstream fluxes of the stand that allowed to
find the optimal parameters for equation system of radionuclide fluxes in simulation mathematical model using a minimization of the
sum squares of deviations the objective function by the stochastic gradient descent method. The analysis of previous studies on the
redistribution of hot particles and their leaching during the first years after the Chernobyl accident allowed us to establish the
probable frequency distribution of the studied radioisotope between compartments in 1987. We have used these indicators as starting
points for the developed model. The output results of the simulation made an estimate of the dynamitSofirthentories
redistribution between the elements of biocenosis in the interval 1990-2035. The time series of radioisotope aggregated transfer
factors from soil to stem wood and stem with bark have been identified. The incré®earfgregated transfer factors calculated
based on soil contamination density up to a depth of 0.2 m and "stabilization" of aggregated transfer factors of study radionuclide
obtained during their calculation using the density of soil contamination at a depth to 1 m are revealed. This indicates a significant
impact of vertical migration on the values of the parameters mentioned above. Therefore, the estifataronfent in biomass
components using aggregated transfer factor which have been calculated on recent observations according to standard accepted
radioecological monitoring approaches, where radionuclide contamination density was measured only at a depth of 0.2 m, and also
by applying early geodata of contamination (to 2000), may contain significant systematic errors toward overestimigion of
content in the elements of the pine stem.

Keywords:forest ecosystem; radionuclide; simulation model; compartments of model; the Chornobyl Exclusion Zone.
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