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enepeii 3 HABKOTMUUIHBLO2O CepPedosUIYd.

Teopemuuna koryenyis noOy008ara Ha OCHOBT BIOOMUX OIOXIMIUHUX | i3UUHUX 3aKOHOMIpHOCTmel. [e mamepianbHO-
eHepeemuuni nponopyii pomocurmesy ma cynposoOICYIOUoi 11020 Mpancnipayii, a Makodic 0Xor00X4CyI04020 NOGImps
epexmy.

Ompumani anarimuyni mamepianu niomeepoICyioms iCMoOmHULl 6NaU8 Npoyecie homocunmesy i Cynymuvoi uomy
MpAncnipayii Ha 2a3068ull CK1A0 Mma eHepeemudnuLl NOMeHYian NPU3eMHO20 Wapy nogimpsl.

Jicu Yxpainu 3aeanom wopiuno 30amui oenonyeamu 3 m-ea™ gyeneyro, npodykyeamu 8 m-ea’’ kucnio ma 36azauy-
samu nosimpsi 60102010 6 00cs3i 3600 m-ea”!. LJi npoyecu sumazaioms 6i0N0BIOHO20 CRONCUBAHHSL eHeP2Il, U0 NPU3E0-
oums 00 0x0n100xcents 30-mempo8o2o NPU3IEMHO20 WApy NOBIMps Y cepeoHbOMY 6npo0osxc poxy Ha 2,4°C. Taxi exono-
2IYHI QPYHKYIT GUKOHYIOMb MAKONC JYUHA POCIUHHICIb ma acpoxyiemypu. OOHak, yet npoyec 8i00y8aemvcs auule nio
yac BIOHOCHO KOPOMKO20 nepiody pomocunmesy. 3a NOKA3ZHUKAMU THMEHCUBHOCMIT (YOMOCUHmMEe3Y | MPAHCRIpayii, exo-
JI02TYHI PyHKYIT TiCi8 ympuui nepesuiyyoms 8i0ON0GIOHI GIACMUBOCI IYUHOT POCTUHHOCHIL.

YV eunaoxy eupowyeanns eucoxonpoOykmueHux nici, piunuil npupicm cmoedypoeoeo 3anacy fAKUX cs2ae ou
10 mP-2a’’, 36aeauenns npuzemnozo wapy ammocgepu Kuchem 6yno 6 yogiui OLIbuuUM, HIdC 30 MENePiuHbL020 cepeo-
Hb02O npupocmy 5 M>-2a’’, a 600sHOW0 naporo — y mpu-womupu pasu Oitvuie. Bionogiono, y mpu-uomupu pasu 6inbuum
0y10 6 i cnodicuganms menyiogoi enepeii 3 HABKOIUUHLO20 NPUPOOHO20 CepedoBUUA.

Knrwouogi cnosa: pomocunmes; mpancnipayis; gimomaca; npupicm; aicu, azpokyiemypu, 0enoHO8aAHUll 8y2lleyb,;
KUCEHb; eHep2emuKa,; Kaimam.
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Betyn. CydacHi 3MiHH KJTiMaTy € HaI3BUIAIHO BaX-
JIUBOKO €KOJIOTIYHOIO MPOOIEMOIO JTFOJICHKOI ITMBLTI3a-
wii. AjKe, OKpiM BIUTMBY MPUPOAHUX YMHHHKIB, BOHA
3yMOBIICHA 1 TIOTY)KHUM aHTPOTIOI€HHHM BIUIMBOM Ha
6iocdepy, 30kpeMa nedopecralliero — 3HUIISHHSM JTi-
COBOTO MOKPHBY IUIAHETH, L0 TPU3BENIO 10 I100aib-
HOI KpPH30BOi EKOJIOTO-€KOHOMIUHOI cutyaii (Gorte
& Sheikh, 2010; The Money Trees, 2019). OcobnuBo
BiJJUyTHOIO CTaja 3MiHa KJIiMary y HarpsiMi OTEeTUIiH-
HS Ta MOCYIUIMBOCTI y TpomiuHux Kpainax (Moutinho
& Schwartzman, 2005). Ilpore i B Mexax MOMipHOTO
KIIIMaTHYHOTO TOSCY TPUBAJE JiCOKOPUCTYBAHHS TEXK
3yMOBHJIO ICTOTHI 3MiHM KJIiMaTy 3 HeOa)KaHUMH €KO-
norivanmu Hachiakamu (Gilliam, 2016). Lleit acexr
€ TaKOXK BaXIMBOIO €BPONEHCHKOIO Hp06neM0}0 He-
napma y 2019 p. €Bponencm<a KOMIiCisl 3BepHYJIacs 110
YPSIIIB Ta NapiaMeHTiB KpaiH i perloHanLHHx OpraHiB
Biaau 3 npomnosutieto «[locunenns it €C momo 3a-
XHCTY Ta BiTHOBJICHHS CBITOBHX JIiCIB».

Iopsin 3 wmm, pomb miciB y dopmyBaHHI KiiMa-
TUYHUX 3MiH y perioHax i Ha KOHTHHEHTax Iie HeJo-
CTaTHHO BHMBYCHA, HE3BAXKAIOUM HA TE, IO IIi MUTAHHS
BUCBITIIEH] y 0araThox (yHIaMEHTAILHUX TpaIsax Kia-
CHKIB JIiCIBHHIITBA. HOTpe6yIOTL JOCII/PKEHHS TUTaH-
Hsl, IO CTOCYIOTECS BILIMBY JICIB Ha Ta30BHil CKaj
NpU3EeMHUX MapiB armocdepu, ix TemneparypHuil pe-
xuM Towo. Tomy, memoro nawoi po3eioxku Oyna 4 He
nepiia crnpoda TeOPETUYHOTO ONpAIFoOBaHHs Ii€l Ha-
YKOBOi NpOOJIEeMH, 30KpeMa, CTOCOBHO MarepialbHO-
CHEepPreTHYHOi OIHKM BIUIMBY HA MPU3EMHUN IIap
arMocdepu mpupocTy ¢diTomMacu JiciB YKpaiHH TO-
PIBHSHO 3 IHIIMMH THIIAMH POCIHHHOCTI. ACHEKTH
CTOCYIOTBCS JICTIOHYBAHHSI nioxcmay BYIVICLIO, MTPOLY-
KYBaHHsl KHCHIO, TPaHCHipallii i 36aradeHns armMocde-
PH. BOJIOTOI0, @ TAKOXK CTIOKHBAHHSA CBITJIOBOI 1 Temo-
BO{ eHeprii 3 HaBKOJIHMIIHBOTO cepenoBuiia. Lli nmporecu
MarepiaibHO-€HePTeTHYHOTO OOMIHY MIXK POCIHHHIC-
TIO Ta PH3EMHUMH [IAPaMU aTMOC(hEpH MaroTh BaromMe
COLIaJIbHO-EKOJIOTIYHE 3HAUCHHS 1 3aJIeKaTh BiJl Mpo-

JTYKTUBHOCTI (hiTOMacH Ha 3eMHil IOBEpXHi (Secretariat
of the Convention..., 2010). Ockinbku IicoBa poc-
JIMHHICTH BIA3HAYAETHCS OCOOJMBO BHCOKHUMH ITOTEH-
MIHHIMA TIOKa3HUKAaMH MPHUPOCTY (iToMacH, To Horo
CKOJIOT1YHMI aCIeKT 3aciIyroBYy€ JOKJIAJHOIO JIOCHi-
moxeHHst (Forest Europe, 2015), oCKUIbKH MOXE Maru
Ba)XXJTUBE TIPUKIIaHE 3HAYCHHS MIO/I0 3aIT00iraHHIo JI0-
KanbHUX 3MiH KimiMaty (Moutinho & Schwartzman,
2005).

Teopernuna koHumenuis. Bix Connsg go 3emuti
MOCTyINa€e HeTepepBHUN IMOTIK CBITIOBOI eHeprii, 00-
car kol omiHiooTh 342 Br-M? (Energy and Climate
Change 2015). YacTuna ii, BigOMBArOUNCH BiJ] TOBEPX-
Hi, HE MOXKE TOBEPHYTHCS Y KOCMOC, OCKLIBKH 3aTpH-
MYETBCS MOJIEKYJIAMU PI3HHUX T'a3iB, 110 TPU3BOIAHTH JI0
MiBUIIEHHS TEMIIEPaTypH TOBEPXHI 3eMili 1 HHKHIX
mapiB arMocdepu, ToOTO 10 BUHUKHEHHS ITaPHUKOBO-
ro edekry. ¥V cepennix mmuporax €sporu (30-60°) Ha
TIOBEPXHIO ¢yt opieHToBHO moctymnae 100-250 Bt-m
? COHSYHOI eHeprii 3 MAaKCUMyMOM Y JIMIIHI, KOJHU Csi-
rae BeaumuuHu 300-350 Bt-m?. CepemHbopiuHa mo-
IIMHYTa €HEePrisi KOPOTKOXBHIILOBOTO BHITPOMIiHIOBaH-

Hs ctaHoBuTh 60-150 BT'M? 3 MakCUMyMOM y JIHII-
Hi — 200-300 Brm? CepenHbopiuHa BimOuta eHep-
Tisl KOPOTKOXBMIILOBOTO BHUITPOMIHIOBAHHSI CSTA€ TIPH-
6mu3no 25 Br'M? 3 makcumymom y smmnai — 40-100
Br-m? (Hatzianastassiou et al., 2005). 3HauHa yacTiHa
il MOKe aKyMYJIIOBAaTHCSl y HIDKHIX [Iapax arMocgepu
3aBISKN TTAPHUKOBOMY €(eKTy. Hpouec BlﬂﬁyBaCTBCH
BHACIIIIOK eKpaHyBaHHs BifOWTOI pagiawii y npu3em-
HUX mapax armochepu. CIpHYHHAIOTH e SBUIIE TaK
3BaHI TAPHUKOBI Ta3H, Cepel SKUX HABaKIHMBIIIONIO €
BOJISIHA Mapa, MEHIIOK0 Miporo — 3Hauumi CO,, N,O Ta
CH,. Boasna mapa B armocdepi norunae Bin 49 1o
75 Br-m? Bigburoi pamiarmii, To6T0 10 60% Bijg 3arais-
HOro 00cAary i1 NOIIMHAHHA. 30KpeMa, caMe BOJSHA
napa noriuHae BiJ 38-43% KOpOTKOXBWIJIBOBOI pajiia-
11ii, TOOTO pa3oM 3 030HOM 3aXHIIIA€ TOBEPXHIO TIIaHe-
TH BiJ 11 IIKiUTMBOI Jii, 10 TaKOK BU3HAYA€ HATpiBaH-
Hs1 atMocdepu. Came 3aBIsKH TapHUKOBOMY €(eKTY,
TeMIiepaTypa MoBEepXHi TUTAHETH € Ha 33° BUIIOI0, HIXK
Oyna 6 3a ymoBHu Horo BiacytHocti (Schmidt, Ruedy,
Miller, & Lacis, 2010; Climate Change, 2013).

OpmHaxk, TpaauIliitHo, 3MIHU KJIiMaTy BHACIIIOK TTap-
HUKOBOTO €(EeKTy MPUHHSATO TMOSCHIOBATH 301JIBIICH-
HaM koHuenTpauii CO, B arMocdepi, IpOnOpLiiHO 10
SIKOT 3OUTBIITY€ETHCS CepedHs TeMmIepaTypa Ha TUTaHe-
1i (Kahn, 2016). 3aranom 3a octannix 100 pokiB BoHa
3pocia Ha 1,2°C. 3a m’sTh OCTaHHIX POKiB KOHLIEHTpa-
ITis ByTJIEKUCIIOTO Ta3y B arMocdepi 3pociia Bix 390 mo
400 ppm, a cepemHsl TemIeparypa MOBITpsS 301IbIIH-
nacst Ha 0,25°C. (GISS Surface, 2016). Ilpore, noBo-
JIi IEPEKOHJIMBOIO € ¥ iHIIA Bepcis momo poii y dhop-
MyBaHHI ITAPHUKOBOTO €(PEKTY BOJISHOI apH Y MOBITPI.
Mo raxoro BHCHOBKY nivinuin BueHi NACAA — Aco-
miamii arenmii yrcre moBitps y CIIA. 3okpema BcTa-
HOBJICHO, 1110, OKPIM (i3HYHOTO BUITAPOBYBAHHS, OCO-
OJMBO BaroMe 3HAUCHHS Ha 3MiHU KJIIMaTy Ma€ iHTEH-
CUBHICTh TpaHcmipauii (Primer on Climate Change
Science, 2011; Schlesinger & Jasechko, 2014). Bcra-
HOBJICHO TAKOJX, IO SIKIIO BMICT BOJH Y MOBITPi 301J1b-
myetbes Ha 10%, TO e TPU3BOIUTE 10 30UTBIIICHHS
foro temmeparypH, BHACIiZOK IapHUKOBOTO €(EKTY,
Ha 1,34°C. ¥ pasi 3MeHIIEeHHsI BMICTYy BOJH B aTMOC-
¢depi Ha 10%, BUHUKHEHHS 1HTCHCHBHICTH MApPHHUKO-
Boro edekry Oyne 3meHmyBaruca Ha 1,6°C (Rékoczi
& Ivanyi, 1999-2000). ¥V ciToBoMy MaciiTali 3arajib-
HUI 00CSAT BHITAPOBYBAHHS CTAHOBHUTH 3HAYHY 4YacCT-
Ky — 39% Bin 3arasibHOi KIIBKOCTI omaniB. 3a paxy-
HOK TpaHcmipaiii y noBitTpst noctynae npuoauzHo 60%
BiJ] 3araJIbHOTO 00CSTY BHIIAPOBYBAHHS BOJIH, & B TPO-
MIYHAX Jricax 118 yactka ckianae 71% (Schlesinger &
Jasechko, 2014).

OTxe, 3MiHH Ta30BOTO cKIazy i TemriepaTypHOro
PEKHMY MPU3EMHUX IIAPiB ITOB’S3aHI 3HAYHOIO Mi-
poro i 3 (i310I0TIUHOI0 TiSTIBHICTIO POCIUHHOTO IO~
KpHUBY, 30KpeMa jicoBoro. Lle cTocyerhcst He nuiie
JIETIOHYBaHHs 0iOMacolo 3 MOBiTps KapOoHy Ta 30a-
radyeHHs TOBITPS KHCHEM, ajie W TpaHcHipauidHol
¢ysKii pocauHHOCTI. BonmHodac, okpiM 3MiH mare-
pianbHOTO XapakTepy, POCIUHHICTD AKTUBHO CIIPHYH-
HsI€ 3MIHM EHEPIeTUYHOTr0 OalaHCy Y MIPU3EMHUX II1a-
pax armocdepu, amke mig dac (HOTOCHHTE3Y, TpaH-

12 1. P. Tpetak, 10. I. YepHeBuii. MaTepianbHo-eHepreTUyHMiA BAANUB NiCOBOT POCTMHHOCTI Ha JOBKiNNA
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CIIOPTYBaHHI BOJIOTH CyJUHAMH BiJl KOPEHEBOI CHCTE-
MH JI0 JIUCTSI, a TAKOXK TPaHCHipalii BOJIOTH JUCTKOBH-
MU IUIACTUHKAMU MMOTPiOHI 3HAYHI €HEPreTHYHI 3aTpa-
. EHEpreTHdHi pecypcu 1 IUX MPOIIECiB BIITyYa-
IOTBCSl 3 HAaBKOJIMIIHBOTO TOBITPSIHOIO CEpeaoBUILA
3a paxyHOK IOTJIMHAHHS CBITJIOBOI 1 TEIUIOBOI eHeprii
(Energy and Climate Change, 2015). 1le, cBo€to uep-
TOI0, IPU3BOIHTE JI0 BIAMOBIHOTO 3HHUKCHHS TEMITe-
paTypH MOBITPsi Ta 301IBIICHHS HOTO BiIHOCHOI BOJIO-
rocti. [IpoTe Taki HayKkOBi eHEpPreTHYHI aCIeKTH eKC-
MEPUMEHTAJIBHO 111¢ HEeIOCTaTHO BUBYEHI, a TOMY HE
BHCBITIICHI y HAayKOBiH JiTeparypi. OgHak, TeopeTny-
HO X MOYKHA y3araJIbHUTH y HACTYITHUX TTOJIOKSHHSIX.

Mamepianeno-enepeemuuni nponopyii peaxyii ¢o-
mocunmesy. Y3araJlbHEHO iX IpEICTaBIIsE 3araibHO Bi-
JIOME PIBHSIHHS 3 TAKHMH MaTepiallbHO-CHEPreTHYHUMH
TIPOTIOPITISIMHU:

6CO, + 6H,O + eneprin = CH O, + 60,
6x44  6%18 684 kkan 72+108 6x32 (1)
2641 + 108 T + 0,795 kBrromr = 180r + 192t

Otxe, 264 T NIOKCUIY BYIJICIIO (6C02) MICTSTh Y
CBOEMY ckiani 72 r symemo (6C). YHacmimox peax-
i @OTOCHHTesy cnoxuBaetses 0,795 xkBrron cBiT-
JI0BO1 eHeprn i yreoproetbest 180 r rexrosu (C.H ,0,)
Ta BUALIAETHC 192 T KUCHIO (602). Takum HI/IHOM, Ha
1 T IETTOHOBAHOTO BYIJICIIO CIIOKUBAETHCS 1,5 T BoM
i mpubnmuzHo 11 MB-rox cBitnoBoi eneprii. [lpu 1p0-
My OTpuMyeMoO 2,5 T rektos3u i1 2,67 T kucH0. BMict
BYIJIEIIO B CyXill PEYOBMHI JepEeBUHU MPUIHATO BBa-
xkaru B 00cs3i 50% (Pretzsch, 2009). Takum dnHOM,
1 T Bymiemro MiCTUTBCS Y 2 TOHAax CyXOi JEpPEeBHUHHU.
I'yctrHa cyxoi pe4oBHMHU JepEeBUHU 3aJICKHUTD Bif Je-
PEBHOTO BHIy Ta YMOB Ii HArpOMaJDKEHHs. Y cepea-
HbOMY BOHA CTaHOBHTB: JuIs Ay0a — 655, Oyka — 650,
rpaba — 600 kr-m~. ToOTO, yMOBHO MOXKHA BBa)KaTH,
0 B OJIHOMY KyOiYHOMY METpi J€PEeBHUHH MiCTHUTHCS
npu6au3Ho 300 KT 1ENOHOBAaHOTO ByIVIELI0. TakuM uu-
HOM, | T JIETIOHOBAaHOTO BYTJICHIO BiJIOBITHO MiCTUTh-
csy 3,3 M® mepeBuHH.

Mamepianvno-enepeemuyni nponopyii mpaucnipa-
yii. CepeZ[HI:Opl‘-IHI/II/I obcsir BurapoByBanHs y LleHt-
panbHiil Ta Cxigniit €8pori € GIH3bKIM zlo KUJIbKOC-
Ti omais, sika ctaHoBUTH 500-700 mm-pix!. OgHak y
ropax, jae Bumaaae 1000-1400 mMm-pik’, BoHA € MeH-
oo Ha 1 MM JieHb !, ToOTO ckianae opientoBHO 700-
1000 mm-pik! (Energy and Climate Change, 2015). 3a
TaKo1 KUTBKOCTI OIaJIiB TUIIOBUH Jiara30H pigHOTO BH-
NapoBYBAaHHS VISl PI3HUX THIIIB POCIMHHOTO MOKPHUBY
CYXOJIOJIy CTAHOBUTH JIJIsl XBOWHUX JiciB 550-800 MM,
a ans TpaB’sHUX (DITOLEHO3IB JIyK BiH MOXeE csra-
tn 400-600 MM, 30Kkpema [uist arpokynsTyp — 370-430
(Nisbet, 2005). YMOBHO 151 JTiCOCTENOBOI 30HH YKpa-
{HHM Ta 30HM MIIIaHUX JIICiB, JI¢ TopiuHO Bumamgae S00-
600 MM omaiiB, MOYKHA TPUHHATH BEIMYHHY CyMapHO-
ro PIYHOTO BUNIAPOBYBAHHS JICOBOIO POCIMHHICTIO Ha
piBHi 500 MM™.

VY 30HI NIMPOKOIUCTSIHHUX JICIB YKpaiHN IIOPid4HO
Bunagae 600-800 mm omnaxis. TyT jicoBa pOCIMHHICTh

Bumnaposye mopigao 500-700 MM omazis. BinmosigHo
y Kapnarax, e mopiuno Bunanae Big 800 mo 1500 MM,
BEJINYMHA CyMapHOTO PIYHOTO BUIIAPOBYBAaHHS Opi€H-
toBHO ctaHoBHUTH 700-1200 MM Ha pik, B T.4. 32 paxy-
HOK BracHe Tpascmipartii — 600-1000 mm.

OpnHak y BUIIAKy JICOBOi POCIMHHOCTI LIl MmoKa3-
HUK MOX¢e OyTH 3HAYHO BHUIUM. AJDKE, IHTCHCUBHICTh
TpaHcmipaii (KoedillieHT TpaHCipariii) 3aJIe)UTh BiJ
0araTbOX YMHHHKIB, cepell SKHX OCOOJIHMBO 3HAUYLIHM
€ PO3Mip MTOBEPXHI BUTIAPOBYBAHHS, TOOTO TIJIOMII aCH-
MUTSIIHHOTO amapaty (JIMCTs, cTedia TOI0), a TaKOoK
Horo cTpyKTypHO-MOpQOoNoriYHnx ocobnuBocteid. Ha
Kajb, GaKTUIHUX JaHUX Ta W MyOJTiKaIii 3 X TUTaHb
Opaxye. [Jociimkenns nonbcbkux BueHnx (Kowalik &
Scalenghe, 2009) nokasasnu, 1o Taki JAepeBHI MOPOIU
AK MOApWHA, Iuma i OyK MaloTh HAWBHINI MOKAa3HUKU
xoedirieAaTa Tpancmiparii. Boau morpeOyroTs Oinbiie
1000 rpam Boam Jyis TpaHcIipailii, oo 3ade3neunTu
30inbIIeHHs Ha 1 TpaM cyxoi pedoBUHH MPOAYKTIB (o-
TOoCWHTE3y. MeHIIi 3Ha4eHHs OyJIu BUSBIICHI JUIA TIIIe-
auii — 500 v, monepau — 850 1!, mpoca — 270 Tl

BiamoBimHO A0 HaBeOEeHWUX TMPOTOPINH, 3araiabHa
Maca TPaHCIiPOBaHOi BOJIOTH (M, ) CTAHOBHT:

m =27, k; )

ae: Z, — piuHuii npnpr cyx01 diTomacu, T; k, —
KoeqnuleHT TpaHcmiparii, 71"

Hampuknaz, ans nenornyBanHs | T BYIJIEI0, TOOTO
2 T cyxoi pedoBuHU ¢iTomMacu Oyka HEOOXITHO TpaH-
crmipyBatu 2 T * 1000 T-1'= 2000 T BoAsIHOT TapH.

Jist BUMapoBYBaHHSI BOJU TOTPIOHI BEJIMKI 3aTpa-
TH TEIJIOBOI eHeprii, a[pke MUTOMA TEIUIOTa HapoyT-
BOpeHHsI (r) mpuOIM3HO cTaHOBUTH 2,3 MJx-kr' abo
637 kBrromt! un 0,637 Brroar!. Orxe, 3Ha04u
Macy TpPaHCHIpOBaHOI BOJOTHM, MOXXHA BHUPAaXOBYBATH
eneprerrani 3arparu (E ), sxi notpiOui ans ii Buma-
POBYBaHHSI:

E ,=m_ -1 3)

ac: mtr — Maca BI/IHapIOBaHOT BO/IH,
TCIUIOTA MAapOYTBOPCHH.

Binnosigno, ayist BunapoByBanss 1000 T Bonu He-
OOXiJTHO CITOKUTH 3 HABKOJMIIHLOTO CEPEIOBHILA
1000 T x 637 kB rom 1! = 637 MBT'TO €Heprii.

Cyounnuii niotiom 600Ho2o posuuny. 11106 3abe3ne-
YHUTH TTiIHOM BOJIU Ta MiHEpPaIbHUX PEYOBUH BiJl KOpe-
HIB IO JJUCTKIB KPOH JIEPEB TS HEOOXITHO BUTPATUTH
neBHy enepriro (E,):

E =m: h; 4)
JIe: m, — Maca IiJHATOro BOXHOIO po34uHy; h — Bu-
cora JiepeBa.

OCKUIBKH 3 BOTHOTO PO3YMHY MiHEPAJIBHHUX PEUo-
BMH BUIIAPOBYETHCS JIMIIE BOAa, TO m, > m . OxHak,
iXHsI KOHIIEHTpallisl HaBiTh y Mepioj] BECHSIHOTO COKO-
pyXy 3a3BUYail HEBUCOKA: Y KJICHOBOI'O COKY — 110 0, a
y 6epeszoBoro — 10 2%. Tomy asst 0OUUCICHb YMOBHO
IPUAMAEMO, 110 M, = m,.

Hampukmnaz, mo6 eHepreTHIHo 3a0e3MeInTH BUTIA-
POBYBAHHs BIPOIOBK POKY 1000 T Boam, motpiOHO ii
HiIHATH B KOPEHIB A0 HAMETY JIEPEeBOCTaHY, YMOB-

I — IIdTOMa
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HO Ha BUcOoTy 30 M. /st mboro HEOOX1MHO 3aTPaTUTH
CHEpriro Ha BUKOHAHHS poboTu B 00cs3i 1-10° k" x 30
M = 30-10° kI"'m a6o 294,2 M qu 81,72 xkBtrom.
s Benmmumna y 7693 pa3u MeHIIa, HiXK BKa3aHi BHUIIE
3aTparu eHeprii Ha BUIApOBYBaHHS IIi€i K KiTbKOCTI
Boau. ToOTO 110 BeTMYMHY MOYKHA HE BPaXOBYBATH I
gac 3araJbHO-CHEPTETUIHNX OOUMCIICHD MPOTIeCiB (o-
TOCHHTE3Y 1 TpaHcmipariii.

Oxonoodorcyrouuni epexm. Ilorpebu B eHeprii mpo-
meciB (oTocHHTE3y 1 TpaHCIHipallii 3a0e3meuyoThCs
MOIVIMHAHHAM 11 3 HaBKOJIMIIHBOIO CEPENOBMINA, 110
MIPU3BOIUTH J0 HOTO OXOJOIKECHHSI.

Hampuxaz, mo6 oxomoauti Ha 1°C 1 M moBiTps
notpioHo Buiyuntu 3 HhOro 0,37 BT'rom eneprii. Lle
3a YMOBH, IO TYCTHHA MOBITPs 32 HOPMAIBHUX YMOB
craHoBHTh 1,293 kM3, a muTOMa TEIIOEMHICTH —
1 xJIx-xr!-K-!' a6o 0,278 Br-rog-kr'-K-!. Orxe, mo6
MOCTIHHO MiATPUMYBATU TaKHI TeMIlepaTypHHU Tpaii-
€HT OXOJIOJDKEHHSI, TIOTIK BMJIYYEHHsI TEIJIOBOI eHep-
rii mae cranosutH 0,36 Bt 3 1 M* noBitps. CtocoBHO
MpU3eMHOro mapy noBitpst 30 M 3aBTOBLIKH Ha ILIO-
mi 1 ra, 06’eM sikoro craHosuth 300 THC. M3, Lel Mo-
Ka3HUK MOTYKHOCTI BUIy4EHHsI €HEprii OBHHEH CTa-
HoButH 10,8 KBT. Y mepepaxyHKy Ha TpHUBaliCTh POKY,
sgKa CTaHOBUTH 8760 TOm., 1A MIATPUMAHHS TAKOTO
OXOJIOMXKYI0UOro eekTy HeoOXiZHO 3arajoM BHILY-
yutH 3 1 M’ mpu3eMHoro mapy nositps 3,15 kBt rog
ereprii, 3 30 M* — 94,46 xBr-rox, a 3 300 tic. m* —
944,6 MBtroz. SIkiio x 3 06’emy mositpst 300 Tuc. M
Ha BunapoByBaHHg 1000 T Boau CIIOKUBAETHCS YNIPO-
noBK poky 637 MBtTox eneprii, To 1e 3abe3nedye
Horo mocriiine oxonomkenus Ha 0,67°C. TooOTo, 1€ €
TEeMIIepaTypHUH TPaJi€HT OXOJOHKEHHs TOBITpPS BiJ-
HOCHO HaBKOJIMIIHHOTO CEPEIOBHUIIIA.

[IpencrasieHi Bumie TeopeTHyHi Marepianu ta di-
3MYHI 3aKOHOMIPHOCTI, @ TAKOX BIJIIIOBIJIHI OOYMCIICH-
HS JIAlOTh T1JICTaBy BBAXKATH 3a JIOIIBHE 3aCTOCOBY-
BaTy X Ui pO3paxyHKiB aHAJOrIYHUX MarepiajbHO-
CHEPreTUYHHUX EKOJIOTIYHUX €(EeKTiB, 10 3yMOBJIEHI
piyHIM TiprpocTOoM (hiTOMACH JICOBOI Ta JIY4HOI pocC-
JIMHHOCTI, & TAKOXX arpoKyJbTyp.

Marepiaau Ta Metonmka. Po3paxyHOK OajlaHCY
(hoToCHHTE3y BHKOHAHO IISXOM 3aCTOCYBaHHs (op-
mynu (1). 3a ocHOBY B3SITO ocpluu/IHl MaTeplaJ'II/I cTO-
COBHO MPOAYKTUBHOCTI JIICOBOI Ta JIyYHOT POCIUHHOC-
Ti, @ TAKOXK arpoKyJbTYp B arpOKJIIMAaTUYHUX YMOBax
VYkpainu (LIBunenko, Crpounnckuii, Casud, Kammop,
1987; Josionux 3 acpoxnimamuunux pecypcié Yxpa-
inu, 1993; Ilyoniunuu 3eim JAJIPY 3a 2019 pix). e
CTOCY€ThCS 1 BIINOBIIHUX TMiJICYMKOBUX TOKa3HHKIB
BJIACHUX EKCIEepUMEHTANbHUX AociiukeHb (TpeTsk,
Uepnueswnii, 2011; Tretiak, & Czernewyj, 2013; Cas-
anH, 2013; Yepnesnii, 2014, Tretyak & Chernevyy,
2018) Cepez[Hm piuHmit HpleCT CTOB6ypOBOl )J;epe-
BHUHU JIiCIB YKpaiHu HpI/II/IHSITO y p03M1p1 5 m*ra’l, a
MOTEHIHO MokymBHiA — 10 M*-ra!. [l nepepaxyH—
Ky Ha 3arajbpHy (iTomacy, 1o, OKpiM JI€pEeBUHH CTOB-
OypiB, MICTUTH 00CAT JIEPEBUHU Ta KOPH TLIOK, KOpe-
HiB, 3aCTOCOBaHO KOHBepciiiHu# koedimieHT 2 (Bacu-
numnH, bokou, Bacumummn, Tepentnes, 2012). Ta-
KUM YHHOM, BEJIMYMHU CEPEJHHOTO PIYHOTO MPUPOC-

Ty ¢itomacu JiciB Ykpainu (Z) mpuiHATO y po3Mmipi
10 m*-ra’’, a moreHuiiino Mmoxkausoro — 20 m>ra’'. V me-
pepaxyHKy Ha macy cyxoi pedoBuHHu (600 kr-m~), me
3HAYEHHs CTAHOBUTh, BilmoBiaHo, 61 12 T-ra’l.

CepenHs IpOyKTUBHICTh CIHOKICHHX JTyK OPIEHTOB-
HO craHoBUTh 3 Tra’' (Kusixk, ManunoBcwkuii, 2001).
[IpomyKTHBHICTh arpoKyasTyp B YKpaiHi mpuiimae-
Mo 3a ycepeaneHuMu ganumu @AO (1998-2014 pp.).
3okpema, JiIs IIIeHUI BOHA ckiajnae 2,9+0,6, kapro-
wii — 12,7+3,4, nykposoro Oypsiky — 24,9+10,4 T-ra’!
(Crops, 2020) OnHak, 3aranpHa HpO,[[yKTHBHlCTI: 3
YPpaxyBaHHsIM 3€/ICHOI MAaCH IIIEHAIL], € BTpH4i BI/IHIOIO
HDK MacH 3epHa, TOOTO OpieHTOBHO ckiamae 10 T-ra!
(KoBanenko, FOpkesuu, 2009). V xapromni ta Oyps-
Ka L[YKPOBOIO 3arajibHa npoz[yKTHBHiCTL € JIy’)Ke MiH-
JIMBOIO 1 3aJICKUTh BiJl IPOAYKTUBHOCTI KOPEHETUIOIB.
st p03paxyHI<13 npuiiMaeMo ii Ha 20% BuIIO10, T06T0
JUTs KapTorwti — 15, st mykpoBoro Oypsky — 30 Tra™.

HaBezeHi BenmMUMHU 3aCTOCOBAHO JIsI PO3PAXyHKIB
MarepiajJbHO-EHePreTHUHOro 0anancy (POTOCHHTESY 3a
piuHuM mpupoctoM itomacu (Z).

Bwmict cyxoi pedoBWHM y pOCIMHHIA Maci Tpu-
Ma€eMo, OpIEHTYIOYUCh Ha OITyOJiKOBaHI Marepia-
mu (CmupHoB, MypaBiH, 1984) 3a TakuMH BiTHOCHH-
mu BemanHamu (K ): cino — 70, sepro muennii — 88,
Oynms0m Kaprort — 22, KOPEHETUIOH ITYKPOBOTO 6y—
psika — 25%. BIIIHOCHI/II/I BMICT BYIVICLIIO Y cyxu/I Maci
(K ) U1 ciHa, 3epHa MIISHHUIII Ta KopeHeHnomB KapTo-
U1l IpUAMaeMo 3a KpoxmanieM y po3mipi 45%, a mis
IyKPOBOTO Oypsiky — 3a caxapo3oto, Tooto 42%. Lli
MOKAa3HUKH 3aCTOCOBYEMO JIJISl PO3PaXyHKY JICTTOHOBA-
HOTO Yy PIYHOMY NPHUPOCTI POCIUHHOI MacH KiThKOC-
Ti BYIJIEITHO.

Po3paxynox o0csry BUIIAPOBYBAHHS, B T.4. TpaHCIIi-
pailii, BAKOHaHO Ha OCHOBI (bopMyJH/I (2) 3 ypaxyBaH-
HSIM PIYHOTO MPHUPOCTY CyX0i (iToMacH Ta KoedimieH-
Ta TpaHcmiparii. J{s miciB 3aranoM koedimieHT TpaH-
criparii yMOBHO 3acTOCOBaHO y po3mipi 600, miist mep-
crniektuBHUX JiciB — 1000, s arpokyneryp — 500 11
OO0uncneHHs] eHepreTUYHNX 3aTpaT Ha TPaHCIHipaIliio
BHUKOHAHO 13 3aCTOCYBaHHSM Gopmyiu (3).

Eneprernyni 3atparu Ha mnpouec (OTOCHHTE3Y i
TpaHCIHiparii po3paxoBaHO BiMMOBITHO 1O KUIBKOCTI
JETIOHOBAHOTO BYIVICLIIO Ta MPHUPOCTY CyXoi diTomMacu
3 PO3paxyHKy Ha OJIWH I'eKTap yMpOAOBK POKY, TOOTO
B MBrromra!-pik’. [ToTyXKHICTh CIOKUBAHHSI €HEPTil
BCTAHOBJICHO 3 PO3PAaXyHKY Ha OAMH KBaJpaTHUI METp,
BiamoBiaHo y BT-M2. Ile HeoOXximHO, 11006 MOPIBHATH
MTOTY)KHICTH CITO’)KUBAHHS €HEPTii 3 BIIIOBITHIMH OJIH-
HUILIMH TTOTY>KHOCTI BIIOUTOI Ta MOTIMHYTOT pajiaiii,
1o Oynu HaBe/leHi 3a JiTepaTypHUMH JaHUMH.

Takum gwaOM, 1 MBTTOTTa "pik! = 10° x 104 =
100 Brrog-m2-pix.

CepenHbopiuny HOTy)KHlCTI) MIOTOKY eHepru (N )
BU3HAYCHO IIUISIXOM JUJICHHS OTPUMAaHOI BeJTHIHHH
CHOXKUTOT €Heprii Ha TPUBAJIICTb POKY y TOAMHAX, TOO-
To 8760 rox., 3 oTpUMaHHAM pe3yibTary y Br-m?. Bin-
MOBI/THO 1 TIOTYXHICTh TIOTOKY €Hepril 3a 4ac Berera-
iHOTO TIepiomy (Nf) BHU3HAYECHO AHAJIOTIYHO — IILIS-
XOM [iIeHHS Ha Horo TpuBajicTe. Hampuknax, mis
JCy Ta CIHOKICHUX JIYK TPUBANICTh (POTOCHHTE3HOTO
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nepiony cranoBuTh 2500, 1Sl KyNbBTYpH MIIEHHUIN —
1200, nus kapToruti Ta mykpoBoro Oypsika — 1500 rog.
Taky NpOTSDKHICTH 3a3HaUEHOTO MEPioly BCTAHOBICHO
3QJIEKHO BiJ] HOTO TPUBAIOCTI Y MICSIIAX IJIST KOXKHO-
TO THITy POCIMHHOCTI 3 YpaxXyBaHHSIM CEpPEeIHBOI TPH-
BaJIOCTI CBITJIOBOTO JIHS KOKHOTO MICSIIs, BIPOJIOBK
KBITHSI-)KOBTHSI.

Oxonomkyrounii  e(eKT pOo3paxoBaHO Ui MIAPY
npu3eMHOro moBitpsi 30 M 3aBTOBLIKK Ha ruromni 1 m?,
T00TO T 00’ €My 30 M. Taka TOBIIMHA [TAPY MOBITPS
BIJITIOBiJ]a€ BUCOTI BHCOKOIPOIYKTHBHOTO HACiHHEBO-
ro jJepeBocTaHy mnepioro Oonirery y Biui 100 pokis.
J1J1s TOPIBHSIHHS, TAKY 5K TOBIIMHY APy TMOBITPS B3TO
1 17151 JTICiB 3arajioM, a TaKoX JUIsl CIHOKICHUX JIYK Ta ar-
POKYIBTYp. BilOBiIHO 10 BUKJIAZCHOTO TEOPETUUHO-
ro Marepiaiy, aas oxomomkenas Ha 1°C 30 m® mosiTps,
Maca SIKOTO CTaHOBHUTH 38,8 KI, HEoOXiHO BUTPATHTH
11,09 Brron eneprii. BinnoBigHi po3paxyHKH 0XOJIO-

JDKYIOUOTO e(eKTY, 3aJIe)KHO BiJl PIYHOTO MPUPOCTY CY-
xoi (itomacu (Z,), NENOHOBAHOTO ByMeLio (Z ) Ta mo-
TYKHOCTI CIIOXXHTOI €Heprii, HaBeAeHO y Tad. 3.

Pesyabratn pocaigxenb. Po3paxyHOK piuHO-
r0 MarepiaJbHO-EHEPreTUYHOTO OanaHcy (HOTOCHH-
Te3y OCHOBHHX THUIIIB POCIMHHOCTI Ta arpOKYJbTYp B
YKpalHl HaBesleHO y Tabn. 1. Bonnm HIJITBeplI)I(y}OTB
IO J1iCOBA POCITHHHICTH YKpalﬂn 3arajioM BiJ3Haua-
€THCS BUCOKUM DPIBHEM CIOXKUTOI KiJIBKOCTI KapOOHY,
BOJIM Ta €HEPTii, a TAaKOXK 3HAYHUM OOCSTOM IPOTYKO-
BaHOI MacH Te€KTO3H 1 KUCHIO. Y BHIIQJIKy IE€PCIIEKTHB-
HHUX BUCOKOITPOIYKTUBHUX JICIB 11l TOKa3HUKH MOXKYTh
OyTH BIBIYi BUITUMU. Y IBIUi-TpHUUi MEHIIIOO € aKTHUB-
HICTh (DOTOCHHTE3HOTO MPOIIECy POCIUHHOCTI CIHOKIiC-
HUX JIYK Ta HaCa/DKCHb KapToIuii. JIuine B arpoKynbTy-
pax IIIeHUI Ta IYKPOBHUX OypsKiB MOKa3HUKH (HOTO-
CHUHTE3HOI0 0aJlaHCy BUSBWIIMCS ONW3BKHMH JIO JIiCO-
BOI POCIIMHHOCTI 3arajioM.

Tabnuys 1
Po3paxyHoxk piuyHOro MatepiajibHO-eHEPreTHYHOr0 0anaHcy (POTOCHHTE3Y
Twmn pocimmHOCT] [Mpupict diTomacu Crioxuro [ponyxkuis
Ta ATpOyIKTYPH z % Z, k Z |co, HO E, N T, N |G O,
Jlicu, 3arajiom - - 60 50 30 | 11,0 45 330 038 2500 1,32 7,5 8,0
Jlicu, IepCreKTHBHI - - 12,0 50 6,0 22,0 9,0 660 0,75 2500 2,64 | 150 16,0
CiHOKICHI JTyKH 3 70 2,1 45 0,9 3,5 1,4 104 0,12 2500 042 | 24 2,5
TTreHuIst 10 88 88 45 40 | 145 59 43,6 050 1200 3,63 | 99 10,6
Kaprormist 15 22 33 45 15| 54 22 163 019 1500 1,09 | 3,7 40
Bypsik mykpoBmii 30 25 7,5 42 32 | 11,6 47 347 040 1500 231 | 79 84

Ipumimka. Z. — 3aranbHa ditomaca, T-ra’pik'; k — yacTka cyxoi peqoBunu, %, Z, — piunuii npupict ditomacu, T-ra’-pik'; k —gactka Byrie-
1o y iTomaci, %; Z_ — piunmii npupicT nenonosanoro y diromaci yrmemo, Tra’-pik’'; CO,— KinbKicTh miokcumy Byriemio, T-ra’-pix'; H O — kirs-

; ra-leyisel- H : . ra-leyisel- H 2e
KicTh Boau, T'Ta™ pik’; Eph — KinbKicTb eneprii, MBTroxra'pik'; Ng — cepeiHs moTyKHICTh CIOKHMBAHHS €HEPTii ynpomoBK poky, Br-m?; T,

—Tpu-

BanicTh nepiofy porocuntesy, ron; N — cepeaHs MoTyKHICTh CTIOKHBAHHS eHEPrii ynponos:x horocunTesHoro nepioay, Br-m* G, — KkinbkicTh Macu

rektosu, Tra’-pik’'; O, — KinbKicTh KucHIO, T-Ta”-piK’

Oco0nrBO 3HAYHUMH BUSIBHIIUCS 3aTpaTd €HEprii,
SIKi OTpPiOHi 1714 3a0e31edeHHs Tpancnipanii (Taon. 2).
IX BenmMuMHM BUSBWINCS HAMMEHIIUMH Yy BHUIAIKY
CIHOKICHHX JIYK Ta arpoKyJlbTypd KapToIUT. YiBidi-
TPUYil BUITUMHU BOHHU BUSBIJIACH IS JIICIB 3arajioM,
arpoKyJIbTyp MIISHULI Ta IyKpoBoro Oypska. Ilpore,
JUTSL IEPCIEKTUBHUX BUCOKOIIPOIYKTUBHUX JIiCiB BOHH
MOXXYTh NEpEBHIIYBaTH OiIbII HIX y TPU pasu Ti, sKi
MaEMO Y BUTIAAKY TETIEPIIIHIX JIiCiB 3arajioM.

VY Tabn. 3 HaBeACHO pe3yNbTaTH PO3PaXyHKY TEM-
TEPATYPHOTO  IPALIEHTA  OXONOKYIOYOro  eheKTy
30-meTpoBOro TPU3EMHOTO  1apy HOBITPST 3QJIEKHO
BiJl IpUpOCTy cyxoi ¢iTomMacu, oOCATYy IEeNOHOBAHO-
TO BYIJIEIIO Ta MOTY>KHOCTI TOTOKY CIIOKHUTOI €HEepTii.
S0 icu 3arajgoM ynpoaoBX pPOKY 3/1aTHi IE[IOHYBa-
TH 3 T'Ta’ ByIJIeIt0, TO IIeH MPOIeC BUMArae BiIOBijI-
HOTO CIIO’KMBaHHA €HEpPTii Ta 3a0e3meuye 0X0I0HKEeH-
Hs1 30-METPOBOrO NPU3EMHOIO IIapy MOBITPs yHpo-
JIOBX POKY, B cepeiHboMy Ha 2,4°C. ¥V nepepaxyHKy

Ha TpHUBAIICTh QoTocuHTE3HOTO mepiony (2500 ro.
YIPOIOBX POKY) 1€ 3HaYeHHs CTaHOBUTH 8,6°C. bes-
MEPEYHO, 10 OXOJIOKCHHS MOUIMPIOETHCS 1 HA Hid-
HU Yac, KOJIK BiICYyTHE MPsIME CIIOKUBAHHS COHSIYHOT
eneprii. OKpiM IIbOTO, OXOJIOKEHHS IO TIEBHOT MipH
KOMITEHCY€ThCS OOMIHOM TEIUIOBOI €HEepTii 3 MoBepX-
HEIO0 TPYHTY Ha3eMHOIO (hiTOMAcCOI Ta MOBITPSIHUMHU
Macam¥ 3 11o3a 30-MeTpOBOTO MIAPy MOBITPS TOIIIO.

[Ipencraneni po3paxyHKH CBi4aTh Npo Te, IO 3a
HasIBHOCTI MEPCHIEKTHBHUX BUCOKOTPOYKTHBHHX Ti-
CiB OXOJIOMKYIOUNH e@eKT MOXKE 6yTH y TpH pa3u Oisb-
muM. BinnosigHo, BiH y OUIBII HIXK TPU pPa3u MEHIIUH
y BHUINAAKY CIHOKICHHX JIyK. 3HaYHUM, ajie KOPOTKO-
TPUBAJINM, JIUINE BIPOIOBK (PITOCHHTE3HOTO Tepio-
Iy, MOXKe OyTH TaKWii OXOJOKYIOUHH e(peKT YHACIHi-
JIOK BUPOIIYBaHHS arpOKYJIBTYPH, OCOOIHNBO IyKPOBO-
ro Oypska.

OTpuMaHi aHATITUYHI MaTepiaiy MiATBEPIKYIOTh
ICTOTHH{ BIUIMB TpOIEciB (POTOCHHTE3Y 1 CYmyTHBOI
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oMy TpaHCHiparii Ha Ta30BHIA CKJIaj] Ta €HEePreTHU-
HUH TOTEHITia)I TpU3eMHOTO 1mapy nositps. i mpore-
CH MarepiajlbHO-CHEPreTUYHOr0 OOMIHY MiXK pOCIHH-
HICTIO Ta HABKOJIMIITHIM TTOBITPSIM € YiTKO apTryMEeHTO-
BaHUMU 3 0i0()i3MYHUX TO3UILH 1 MOXKYTH OyTH JO-
CTaTHHO KOPEKTHO MPEICTaBIICH] KUIbKICHO. Y IbOMY
BITHOIIIEHHI TIPE/ICTAaBJICHAa TCOPETUIHA KOHIICIIIIISI Ta
BHKOHaHI PO3PaxyHKH € MEPEKOHIUBIIINMU, HIXK iCHY-

1091 TBEPPKEHHS PO KOPEJIAIII0 3MiH KIIIMaTy 3 TIpH-
POCTOM HE3HAYHOI'O BMICTY AIOKCHIY BYIJICLIO Y TO-
Bitpi (Hertzberg & Schreuder, 2016; Nduka, 2016).
Bonnouac BenmuMHA JETIOHOBAHOTO BYIVIEIIO y pOC-
JUHHIN Maci 9iTKO 3aJIeKHUTh BiJl 1l IPUPOCTY, a, OTKE,
3aKOHOMIPHO CIiBBiIHOCHTBCS 3 MPOAYKTHBHICTIO
Ta CIIOKWBAaHHSAM €HEpTii TporeciB (POTOCHHTE3Y 1
TpaHcmiparii.

Tabnuys 2
Po3paxyHok piuHOro o0csiry Tpancuipamnii BoJIOrd i eHepreTU4YHUX 3aTPaT Ha Hel
Wi % % om BN LN
Jlicu, 3aramom 6 600 3600 2293 26 2500 92
JlicH, mepCIeKTHBHI 12 1000 12000 7644 87 2500 306
CiHokoCHI JyKu 2,1 500 1050 669 8 2500 27
MMuenunus 2,6 500 1300 828 9 1200 69
Kaproms 2,8 500 1400 892 10 1500 59
Bypsix nykpoBuit 6,2 500 3100 1975 23 1500 132

Tpumimxa. Z,,— pianmit npupicT cyxoi ditomacn, T-Ta'-pix’'; k — koedimient Tpancmipanii, r-r', m_— 3arampHa Maca TpacHipoBaHOi BOJIOTH,
ral: -ron-ra-l mik ! ; i M2 i i
Tra'; E —sarparu eneprii, MBT rozra’-piK; Nyr — Cepe/IHs NOTY)KHICTb CTIOAKUTOT eHEpTii ypoaIoBK pOKY, Brm*; T, — TpuBasicts nepiony ¢oro-
cHHTe3Y, To1l.; N, — cepe/THs OTyKHICTh CHOKHTOT eHeprii yIpogosxk (oTocHHTE3HOTO Hepiomy, BT-m?

Tabnuys 3
Po3paxyHok TeMIepaTypHOIo rpajaieHTa oxoyokeHHs 30-MeTpoBOro MPU3eMHOI0 APy MOBITPs
[ToTyXHICTb CIIOXKHMBAHHS €HEPTii N
TemneparypHuii
Tumu pocimrHoCT 7 7 dorocunTe30M TpaHcHipawuiero pasom TpajlenT
Ta arpoKyJIbTypH d ¢
N N, N N, N N, At At,
yr yr yr yr
Jlicu, 3aranom 6 3 0,4 1,3 26 92 26,4 93,3 2,4 -8,6
Jlicu, mepcreKTUBHI 12 6 0,8 2,6 87 306 87,7 308,6 -8,1 -28.6
CiHOKiCHI JTyKH 2,1 0,9 0,1 0,4 8 27 8,1 27,4 -0,7 -2,5
ITmenunns 2,6 4 0,5 3,6 9 69 9,5 72,6 -0,9 -6,7
Kapromis 2,8 1,5 0,2 1,1 10 59 10,2 60,1 -0,9 -5,7
Bypsix niykpoBuit 6,2 3,2 0,4 2,3 23 132 23,4 1343 -2,2 -12,4

Ipumimxa. Z, — pianuit mpupict cyxoi ¢ditomacn, T-ra’-pik'; Z — piunmii mpupict nemonosaHoro y diromaci Byrmermo, T-ra’-pik'; N, -
CepesHs MOTY)KHICTh CTIOXKHTOI eHeprii ympogomx poky, BT-m* N, — cepeqHs MOTYXHICTh CTOKHTOI €HEpTii YMPOTOBXK (HOTOCHHTETHIHOTO
; M2e i ; ; oC. i ; ;
nepiony, Br-m’; At — cepeaniif rpaaieHT OXONOKEHHs MOBITPs Y MPOROBK PoKy,°C; At,— cepeHili rpaieHT OXOIOKSHHS MOBITPs y MPOLOBK

(horocunTe3Horo nepiony,°C

OOMiIH pEeYOBHHOIO Ta EHEPri€l0 MiXK POCIMHHUM
TTOKPUBOM Ta HIDKHIM IIIApPOM TIOBITPS BiZliTpa€e BaXKIIH-
BY €KOJIOT14HY (pyHKIIO, 1110, 30KpeMa, noisrae y 30a-
rayeHHi Mpu3eMHOI aTMOC(EepH KHCHEM Ta BOJSHOIO
naporo. He MeHI BayKIIMBUM € 1 CHIOKUBAHHS POCIIUH-
HICTIO TIiJ] 9ac BEreTalliiHOro Mepioy TEeIIOBOi eHep-
rii 3 HABKOJIMIIHBOTO CEPEIOBHIIA, IO MPU3BOAUTH JI0
roro oxomnojikeHHs. Lle¥ acmekT ayxe BaXJIMBUM HE
JIMILIE y PEerioHaIbHOMY BUMIpI, aje i y JIOKaJIbHOMY,
OCKIJIbKHA BUSABIISE BIUIMB HA OITUMI3ALIIO KUTTEBOTO

CepeIoBHIIA MICT 1 TEPUTOPIl 1HIyCTpiaJbHUX KOMII-
JIEKCIB, a TAKOXX KYPOPTHUX 30H.

CepenHbOpiYHE CIIOKUBAHHS TEIIOBOT eHeprii mo-
TYXHICTIO BiJ 8 10 26 BT Ha 1 M? 3 30-MeTpoBOTO II1apy
TTOBITPSI TEPEKOHIINBO CBITUUTE IPO BAXKIIUBICTH IILOTO
MPOIIECY Y 3ano0iraHHi MOTETLTIHHS KJIIMaTy BHACHIIOK
MapHUKOBOTO eekTy. AJDKe, y cepeHiX mupoTax €B-
pOTIH CepEeNHbOPIUHA TIOTIIHHYTA €HEPTist KOPOTKOXBH-
JBOBOTO BUIIPOMIHIOBaHHS CTaHOBUTH 60-150 Brm? 3
makcumymoM y sunHi — 200-300 Br-m? (Hatzianastas-
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siou et al., 2005). BignoBinHO 3 BOTO MOTIISATY, BaK-
JUBUMH € BUTPATH eHeprii Ha (poTocuHTE3 i TpaHCIIi-
pawito 1 mix yac (OTOCHHTE3HOTO Mepiony y po3Mipi
27-135 Brm?. 1le ayke BaKIIUBa OXOJIOMKYIOUYA TIPH-
3eMHI IIapu MoBiTps QyHKIs, ska s 30-MeTpoBOTro
mapy HOBiTp;[ BIIPOZIOBXK POKY MOXE 3a0€3I1eUUTH 3HH-
JKEHHs1 HOTO TeMIIepaTypy Ha 0,7-2,4°C. He meHI Bax-
JMBa 151 eKoJIoTiuHa (QYHKLIS 1 1mig yac (POTOCHHTE3HO-
o Tepioay, ajyKe BIPOAOBK CBITIOBOTO JAHS TaKe OXO-
JIOJKCHHS TIOBITPSI MOJKE CTAaHOBHTH Bif 2,5 mo 12,5°C.
Oco0MBO 1iHHA 3 IIHOTO OISy POJIB JICiB, OCKITBKH
(doTocMHTE3HMH Tepio] y HUX Maiike BABIUI TpUBai-
IV, HIXK B arpokyasTyp. OKpiM 1Ib0T0, JIiCOBE cepesi-
oBHIIIE J0Ope 3axXHIIae OXOJIOMKEHE MOBITPS Bix mepe-
MIIIICHHST Ha30BHI. Y 1IbOMY BiJIHOLICHHI POCIIMHHICTh
CIHOKICHHX JYK Ma€ BTpPHYI MEHII (yHKIIOHAIbHI
MOYKJIMBOCTI.

3HauHy, ajieé KOPOTKOTPHUBATY OXOJOAXKYIOUY MOBi-
Tps (PyHKIIII0 BUKOHYIOTH 1 BUCOKOIIPOILYKTHBHI arpo-
KyneTypu. Ilpote, me crocyerbest 34e01Ib1IOTO HIIE
(orocunte3Horo rmepiogy. OKpiM TOro, OXOJIO/KE-
Hi TIOBITPSIHI Mac Hajl arpOKYyJIbTYpaMH He 3aXHUIIeH]
BiJl mepeMmilieHHs. BapTo ogHak 3a3Ha4mTH, 1110 PiBEHB
nponyKuiﬁHoro TPOLECy arpoKy/IbTyp € WTYYHO CTH-
MyJIOBAHHH BHECCHHSM OPraHiYHUX Ta MiHEPATbHHUX
00pHB, HOT0 3a3BHUAI HEMAE Y JTICOBHX UM JTyIHHX Ci-
HOKICHUX YT1IJIsIX.

3aciIyroBye Ha yBary B €KOJIOTIYHOMY acCIIeKTi Ta-
KOX MPOAyKIiiiHa (PpyHKIlisT (POTOCUHTESY, BIACHE TI0-
Ka3HUK 0O0CSTY T'€KTO3M, sIKa MICTUTh JICTIOHOBAaHUH
BYIJIEI[h, & TAKOXK KUCHIO i TPAHCIIPOBAHOT MapH, SIKH-
MU 30aradyroTecsi npu3eMHi mapu armocdepu. Oco-
OJMBO IIHHUMHU y upomy aCTeKTi MOXYTb OyTH BH-
COKOTIPOAYKTHUBHI JIICH Ta arpoKyJabTypH TIIEHHII 1
I[yKPOBOTO Oypsika. AJKe BIIPOIXOBK POKY JlicH Ykpa-
iHM 37aTHI 30araTUTH MPU3EMHI IIapu arMocdepu Ha
8 Tra’! kucHrO, a TakoK Ha 3600 TTa! BOASHOI MapHw.
[ToniGHY, ane KOPOTKOTPHUBATY (PYHKIIIFO BUKOHYIOTH 1
arpoKyJbTypH.

OTxe, 3arajJIoM OXOJIOKEHHS MOBITPs Ta 30arayeH-
Hsl IOTO BOJIOTOIO0 BHACIHIJIOK (POTOCHHTE3Y 1 TPaHCIIi-
pauii 3armo0irae MOTEIUTIHHIO Ta MOCYIUTMBOCTI KiliMa-
Ty. B 11bomMy nossirae ZyKE BKIHBA (byHKITIS pOCITUH-
HOTO MOKPHBY CyIIi i, 30KpeMa, JTICOBHX EKOCHCTEM.
Came ToMy 3HemiceHHs (nedopucTallis) NpU3BOIUTD
IIo HeOakaHUX 3MiH KJIiMary.

OTpuMaHi pe3yibTaTd MOKa3ylTh, IO KiJIbKICTh
JIETIOHOBAHOTO Y POCIMHHIN Maci BYIJIEII0 TPOTOPLIiii-
HO KOPEJIOE 3 KiTBKICTIO TMPOAYKTIB (POTOCHHTE3Y Ta
CHOXXKUTHX €HEPreTHYHHUX PECypciB Ha mpouecH (Gorto-
cuHTe3y 1 TpaHcmipanii. To0To, MOXXHA 3pOOUTH BH-
CHOBOK, II[0 caM JICTIOHOBaHHUH BYIJICIh HE € YHHHU-
KOM 3MiH TEMIIEPaTypHOTo PEKUMY TOBITPS Ta BMICTY
y HbOMY BoJsiHOT napu. [Ipote #oTo BMicT Moxe OyTH
BaroMUM 1HIUKATOPOM PO npo;lyKuiﬁHoro nporecy
(hoTocuHTE3y Ta CYIyTHBO] Tpchmpauu y hopmyBan-
Hi TeMIIEPATYPHOTO PEXKUMY TOBITPS 1 HOTO BOTIOrOCTI.

Krnimarogopmytoda ponpb iciB Moxke OyTH Baro-
MIIIOI0 32 YMOBHM HiABUIIEHHS iX NPOAYKTHBHOC-
Ti A0 PiBHS PIYHOTO MPHUPOCTY CTOBOYPHOI JEpEeBUHH
10 m*ra’!. ¥ TakoMy BHNAIKy TXHsI OXOJOKYHOYa 1MO-

BiTps (pyHKIiS Moo Ou OyTu yTpuui Oinbimoro. Bin-
MOBITHO 1 30aradeHHs! TOBITPS KHUCHEM Ta BOJSHOIO
naporo Oysio O MPOIOPIIHHO BTPUYI IHTEHCUBHIIIKUM,
Takoro edexTy He BIACTHCS OTPUMATH IIISIXOM BH-
POLIYBaHHS arpOKYJbTYp, OCKUIBKH iXHSI NMPOXYKTHB-
HICTb € KOPOTKOTPHUBAJIOIO.

[lizBUIIECHHS TPOJyKTHBHOCTI JICIB € IIIKOM pe-
aNbHUM B YMOBAX I'yMiHOTO MOMIPHOTO Kiimary €B-
pormu. Ajxe cepeiHi OKa3HUKH PIYHOTO MIPUPOCTY 3a-
maciB JepeBOCTaHIB y TakuWxX KpaiHax Ak Himeuuwna,
Ipnanmist, anis csaratote 11 m*ra’l, a y o, AB-
ctpii, BemukoOpuranii, Uexii, CnoBauunsi, CI0BeHii,
[IBeitnapii, benprii Ta Tommanmii — 7-9 m*ra’!. Cepen-
Hi 3amacH JepeBOCTaHIB y WX KpaiHax csratoTts 300-
350 m3-ra! (Forestry in the EU and the World, 2011;
Forest Europe, 2015).

BucnoBku. OOMiH PEUOBHHOIO Ta EHEPri€l0 Mix
POCIIMHHUM TTOKPHBOM 1 HHKHIM IIAPOM MOBITPS Biji-
Tpa€ BKIMBY €KOJIOTIUHY (PYyHKIIIFO, 10, 30KpeMa, TI0-
nsrae y 30aradeHHi mpu3eMHOi atMoc(epr KHUCHEM i
BOJISTHOIO I1aPOI0, & TAKOXK B ii 3HAUHOMY OXOJIOJIKCHHI,
0 BiAOYBAa€THCS BHACHIIOK IMOTYXKHOTO CIIOKHBAHHS
eHeprii npouecamu (HOTOCHHTE3Y Ta CYMYTHBOI TpaH-
cripatii. [HTEHCHBHICTh IUX MPOLECIB MPONOPLIHHO
KOPEITIO€ 3 KUTBKICTIO JIETTOHOBAHOTO y (iTomaci ByT-
nerro. Taki exonoriuni ¢yHKil JiciB Ykpainu 3a mo-
Ka3HUKaMU IHTEHCHBHOCTI ()OTOCHHTE3Y 1 TpaHCHipa-
11ii BTpUYi IEPEBUIIYIOTH BiJIMOBIIHI BIACTHBOCTI JTyd-
HO{ POCITMHHOCTI.

VY BHUNAAKY BHPOLIYBaHHS BHCOKOIPOIYKTHBHHX
JICiB, pIYHUN MPUPICT CTOBOYPOBOTO 3aracy SKUX Cs-
raB 6u 10 m*ra’, 30araueHHs MPU3EMHOTO ILIapy MO-
BITpS KUCHEM Oyno O yaBiui OLIBLIMM, HIX 3a Tere-
pilHBOTO TpUpOCTi 5 M*-Ta’!, a BOASHOIO Mapow — y
TPU-4OTUPHU pa3u OlIBLINM. BI,HHOBI,Z[HO Y TPH-HOTHPH
pasu OinbmuM Oys10 O 1 CIIOKMBAHHS TEIUIOBOT €Hepril
3 HABKOJIMIIHLOTO CEPEIOBUIIIA.

[ToniOHI exonoriuHi (QyHKIi BUKOHYE TaKOXK POC-
JIMHHICTP JIK Ta arpokyastyp. OnHak, 1e BigOyBaeTh-
Csl JIMITNE TIiJ 9ac BIMHOCHO KOPOTKOTO (POTOCHHTE3-
HOro nepiogy. BogHouyac iXHS NpOLYKTHBHICTH MOXeE
OyTH BUCOKOIO 332 YMOBH 3aCTOCYBaHHSI BIJIOBITHOT
arporexHiki. OJiHaK, BOHA BCE K € CIBMIPHOIO 3 Cy-
YaCHOIO NPOAYKTHBHICTIO JIiCiB YKpaiHK, i BOXHOYAC —
MEHIIOI0, HIXK Y BHIIAJKY BHCOKOTIPOAYKTHBHHUX JIICiB.

Y mepcrneKTHBi, 3 METOIO 3aro0iraHHs HeOaKaHNM
3MiHaM KIIiMaTy, paAuKaJIbHUM IIISTXOM Majo Ou OyTu
He JiniIe 30UIbIIeHHS IOl JTiciB YKpainu, ane i ix-
HBOT TIPOIYKTHBHOCTI 7O PiBHS KpaIIUX MOKAa3HUKIB
kpain €sponeiicbkoro Corozy. Cepenniii 3anac croBOy-
poBoi nepeBunu MaB 6u csratu 300-350 m*ra’!, a piu-
HUH ipupicT — 6mu3bko 10 m>ra!.
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Matter and energy influence of forest
vegetation on the environment

P.Tretyak’, Ju. Chernevyy?

Modern climate change is an important
environmental problem of mankind. It is largely due to
the powerful anthropogenic impact on the biosphere,
in particular, deforestation. However, forests role in
forming climate change in regions and the continents
is still poorly understood. This primarily concerns
the influence of forests on the gas composition of the
surface layers of the atmosphere, their temperature, etc.
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The purpose of the study was an attempt to study
theoretically the problem of assessing the matter and
energy impact of the phytomass growth of Ukrainian
forests on the surface atmosphere in comparison with
other vegetation types. This applies to the carbon
deposition, oxygen production, transpiration and
the atmosphere enrichment with moisture, as well
as the light and heat energy consumption from the
environment.

The theoretical concept is based on the known
biochemical and physical laws. This is the substance
and energy photosynthesis proportions and its
accompanying transpiration, as well as the air cooling
effect.

The following axioms were taken as the basis of the
study:

- climate formation is largely connected with the
energy and matter circulation in the biosphere;

— at the local level near the earth’s surface powerful
matter and energy circulation is in progress between
phytomass and the atmosphere;

- the material and energy flow
proportional to the increase of phytomass;

- thephytomassincrease occurs as the photosynthesis
result and is accompanied by a powerful transpiration;

- photosynthesis and transpiration require a large
amount of energy consumption from the environment,
which leads to its cooling.

The calculation of the photosynthesis was
performed balance on the basis of official materials
as for productivity of forest, meadow vegetation and
agriculture in Ukraine. Relevant final indicators of own
experimental studies were also applied. The annual
dry substance productivity of the total phytomass was
taken as a basis.

The substance and energy proportions of the
generalized model of photosynthesis reaction are
applied. Consumption: carbon dioxide — 3,668 tons,
water— 1.5 tons and energy —approximately 11042 kWh.
Production: oxygen — 2.67 tons and hexose — 2.5 tons,
in which 1 ton of carbon is deposited.

The volume of transpired moisture was calculated
according to the phytomass dry substance productivity
and the transpiration coefficient. Energy costs
for transpiration were calculated according to the
evaporation amount taking into account the specific
vaporization heat.

The cooling effect is calculated for the air surface
layer 30 m height. This corresponds to average stand
height at the age of 100. The calculation was performed
on the basis of air energy consumption per 1 m?, that
is from 30 m’ taking into account its specific heat
capacity.

The obtained analytical materials clearly testify the
photosynthesis processes significant influence and the
accompanying transpiration on the gas composition
and energy potential of air surface layer.

Generally, Ukraine’s forests are able to deposit
3 tha'! of carbon during the year. This leads to the
production of 8 t-ha' oxygen and air enrichment

intensity is

with moisture in the amount of 3600 t-ha'. These
processes require appropriate energy consumption,
which leads to cooling 30-meter air surface layer by an
average of 2.4 °C during the year. Meadow vegetation
and agricultural crops also perform such ecological
functions. However, this occurs only during a relatively
short photosynthetic period.

In terms of photosynthesis and transpiration
intensity, forest ecological functions are three times
higher than the corresponding properties of meadow
vegetation. In the case of highly productive forests
growing, the annual growth of which would reach
10 m*ha’!, the enrichment of the surface atmosphere
with oxygen would be twice as much as with the
current increase of 5 m*-ha’!, and water vapor — three
to four times more. Accordingly, the thermal energy
consumption from the environment would be three to
four times higher.

Key words: photosynthesis; transpiration;
phytomass; growth; forests; agriculture; carbon
deposition; oxygen; energy; climate.

MaTepuanbHo-3HepreTnyeckoe
BO3/eliCTBUE NIECHOI PacTUTENIbHOCTU
Ha OKpYy>KaloLlyio cpefly

M.P. Tpetak', 0. . YepHeBbIin?

Lenbro rccnenoBanust ObLIa MOTBITKA TEOPETUYEC-
KO MpopaboTKH MpoOIeMbl OIICHKH MaTepHabHO-
SHEPTreTUYECKOTO BO3ACHCTBHUS Ha TPHU3EMHYIO ar-
Mocepy mpupocra (UTOMACCH JIECOB YKpPauHbI,
Mo CpaBHCHHUIO C JPYTMMU THUIIaMH PACTUTCIILHOC-
TH, KacaTelbHO JENOHUPOBAHUS YIIepo/a, MPOTyIIH-
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MEpHOCTeH. DTO MarepHaabHO-DHEPTETHIECKHE IPO-
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Brrancnenns Oamanca (oTocuHTE3a BBITOTHEHBI
Ha OCHOBE O(HIMAIBHBIX MAaTepUaliOB, KaCaOLIMX-
Cs HNPOAYKTMBHOCTH B YKpauHE JIECHOH W JIyrOBOH
PacTUTENBHOCTH, a TaKXKe arpoKyasTyp. Takke ObuH
UCIIONIb30BaHbl HMMEIOIINECS! WTOTOBBIE IIOKA3aTelH
COOCTBEHHBIX YKCIIEPUMEHTAIBHBIX UCCIIEIOBaHUH. 3a
OCHOBY B3STO TOJIOBYIO POAYKTHBHOCTH CYXOTO BeIlle-
CTBa 00IIEH (PUTOMACCHI.

IIpuMeHeHbl MaTepHalbHO-IHEPTeTUYECKUE IPO-
nmopuuu 0000IIEHHON Mojenu peakinuu (HOTOCHHTE-
3a. OObeM TpaHCIMpalUUU BJIATH BBIYMCICHO B CO-
OTBETCTBUU C TPOAYKTUBHOCTBIO CyXOrO Bellle-
cTBa (HUTOMACCHI C YYETOM TPaHCIHPAIMOHHOTO
ko3 dunreHTa. DHEpreTHYecKUe 3aTpaTbl Ha TpaH-
CIHpPALMIO ONpEeSieHbl B COOTBETCTBUU C OOBEMOM
WCTIApEHUs BJIard, YYUTHIBas YIEIbHYIO TEIUIOTY IMapo-
o0pa3oBaHUsI.

Oxunaxparonii 3pQGeKT paccuyuTan i NPU3EM-
HOTO CcJI0S1 BO3/1yXa BbICOTON 30 M, YTO COOTBETCTBY-
€T cpenHel BbIcOTe ApeBocTos B Bo3pacte 100 ner.
Bolunicnenyst BBINOIHEHBI HA OCHOBE MOIIHOCTH ITO-
TpebneHHo# sHeprun Ha 1 M%, TO ecTh 00BEMa 30 M°
BO3JlyXa, YUUTBIBAsI €0 YIEIbHYIO TEIJIOEMKOCTb.

Jleca YkpauHbl B LIEJIOM B TEUEHHUE r0Jla CIIOCOOHBI
JIeOHUpPOBaTh 3 T-Ta’! yrmepoaa, 4To COmpoBOXKIACTCS

nponyirpoBanueM 8 T-ra’ Kuciopoga u oboranieHus
BO3/yXa Braroil B ooweme 3600 T-ra’'. DTu mporeccs
TpeOYyIOT COOTBETCTBYIOLIETO MOTPEOICHHsS DHEPIHH,
YTO MPUBOJUT K OXJIAXKACHUIO B TeueHHEe rofa 30-meT-
POBOTO MPU3EMHOTO CJIOSI BO3/lyXa B cpefHeM Ha 2,4°C.

Takne sKonoruueckue GyHKIUH BBITOIHSIET TaKKe
PacTUTENBLHOCTh JIYTOB U arpokynbTyp. OnHaKo, 3TO
HNPOMCXOANT TOJIBKO B TEUEHHE OTHOCHUTENIBHO KOPOT-
KOTo nepuoja (oTocuHTe3a.

[To mokazaTensiM WHTEHCHBHOCTH (OTOCHHTE-
32 M TPaHCIUPALUH, SKOJIOTMYecKHe (QYyHKIHMU Jieca
B TPH pa3a MPEBBIAIOT COOTBETCTBYIOIINE CBOWCTBA
JYTOBOM pPAacTHTENLHOCTH. B cilyuae BBIpaniuBaHUsI
BBICOKOTIPOAYKTHBHBIX JIECOB, TOJOBOM MIPUPOCT CTBO-
JIOBOTO 3araca KOTOpbIX gocturai oer 10 M*Tal, 06o-
rameHne MPU3eMHOTO cJosi aTMOC(hephl KUCIOPOIAOM
OBLITIO OBI B IBa pa3a OOoJbIIIe, YeM TIPU HBIHETITHEM TIPH-
pocte 5 M>ra’!, a BOASHBIM TAPOM — B TPU-UETHIPE pas3a
6omprie. COOTBETCTBEHHO B TPHU-YETHIpE pasza OoIb-
UM OBIIIO OBl U TIOTpEOJIEHUE TEIIOBOM SHEPTUH W3
OKpY’KatOUIEN CpEbl.

KuwueBble ciaoBa: (GOTOCHHTE3; TpaHCIUpa-
must; Quromacca; NPUPOCT; Jieca; arpoKyJIbTyphl;
JETIOHUPOBAHHBIM YIJIEPOJ; KUCIIOPOA; JHEPreTHKa,
KJTMAT.
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Ophiostomatoid fungi vectored by bark beetles and colonizing trees
of Pinus sylvestris in Sumy region (Ukraine)

K. Davydenko', D. Baturkin®

Intensive mortality of Pinus sylvestris trees has recently been observed in the Sumy region in eastern Ukraine. There
are two pine bark beetle species (Ips acuminatus and Ips sexdentatus), which spread resulted in considerable forest
damage in Ukraine. The study of ophiostomatoid fungi vectored by bark beetles is very important to assess total harm
of these insects.

Therefore, the aim of our research was i) to identify ophiostomatoid fungi associated with weakened and dying Scots
pine trees infested by bark beetles in the Sumy region, ii) to test the pathogenicity of these ophiostomatoid fungi to
evaluate their potential threat to Scots pine. The fungi were isolated from bark beetle galleries and identified based on
morphological properties and DNA sequences.

In total, eight ophiostomatoid fungi (Graphium sp., Grosmannia sp.1, Ophiostoma bicolor, O. ips, O. canum,
O. piceae, O. minus, Ophiostoma sp. 1) were isolated from Scots pine trees infested by bark beetles. Scots pine seedlings
were inoculated with eight fungi and sterile medium (control) to evaluate their pathogenicity. The inoculated seedlings
were examined finally in 6 month after inoculation. Inoculation with O. minus produced significantly largest lesions and
only this fungus caused mortality of pine seedlings. In total, all eight fungal species inoculated caused resin exudation
and staining the bark around inoculations in Scots pine seedlings and five fungi caused different rate of seedlings de-
cline. The size of stained sapwood was also greater following O. minus inoculations than other fungi or the control. All
ophiostomatoid fungi caused significantly longer necrotic lesions and more occlusions in the sapwood than the controls.

Therefore, based on the ability of various ophiostomatoid fungi to weaken and kill pine seedlings and stain sapwood,
O. minus was the most dangerous species for Scots pine trees, followed by Graphium sp. and Ophiostoma sp.1. The
occurrence of ophiostmatoid fungi in the sapwood of Scots pine is consistent with the concept of their primary role in
the colonization of the fresh sapwood of trees in the succession of microorganisms during wood decay.

Key words: ophiostomatoid fungi,; Scots pine; bark beetles, pathogenicity, forest health.

Introduction. Climate change worldwide has Some bark beetles can cause extensive harm to
been linked to increased mortality of conifers due to  the spruce and pine forests across Europe including
drought, water stress, and consequently associated  Ukraine. Thus, massive mortality of Scots pine (Pinus
insect outbreaks, especially bark beetles (Cottrell etal.,  sylvestris) trees has been observed in the Sumy region
2020; Dobor et al., 2020). in northern Ukraine since 2016 due to the drought and
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subsequent bark beetle outbreak. There are now two
the most aggressive pine bark beetle, pine engraver
beetle Ips acuminatus (Gyllenhal, 1827: Curculionidae,
Scolytinae) and six-toothed bark beetle Ips sexdentatus
(Boerner, 1766: Curculionidae, Scolytinae), the
spread of which resulted in considerable damage of
the forest in Ukraine last decade (Meshkova et al.,
2018; Meshkova & Borisenko, 2018). This complex
of bark beetles is capable of killing pine forests over
large areas in Ukraine and Europe (Meshkova et al.,
2018). Moreover, bark beetles carry microbial spores
on their exoskeleton, transferring them to trees during
the colonization or feeding in the phloem of pine trees
(Jankowiak, 2006; Bueno et al., 2010).

Therefore, now bark beetles are among the most
economically and ecologically important pests of
the world forests (Six, 2013; Cottrell et al., 2020;),
but greater problems arise from their associated
phytopathogenic ~ blue-stain  fungi, so-called
ophiostomatoid fungi. This group includes genera
such as Ophiostoma, Ceratocystiopsis, Graphilbum,
Raffaelea and Leptographium in the Ophiostomatales,
and Ceratocystis and Graphium in the Microascales
(De Beer et al., 2013). The ophiostomatoid group
contains a lot of tree pathogens, which are responsible
for serious tree diseases, wood discoloration, and
even high rates of tree mortality (Davydenko et al.,
2017, 2019; Dori-Bachash et al., 2015; Repe et al.,
2015). Many studies demonstrated that in the case of
aggressive bark beetles that are able to kill healthy and
slightly weakened trees, phytopathogenic fungi may
help the beetles to overwhelm tree defenses (Six, 2003;
Six, 2013; Wingfield et al., 2017).

There is only a little information about the
association of ophiostomatoid fungi with bark beetles
and their pathogenicity to pine trees in Ukraine
(Davydenko et al., 2014; Davydenko et al., 2017).
In a recent study in Ukraine, six blue-stain fungi,
including, O. cf. rectangulosporium, O. ips O. minus,
O. pallidulum, O. picea and O. olivaceum were isolated
from the Ips acuminatus and their pathogenicity were
tested (Davydenko et al., 2017, 2019). Among these,
O. minus was the most pathogenic one when inoculated
into P. sylvestris trees that it was also demonstrated in
other studies (Jankowiak 2006; Jankowiak & Bilanski,
2012).

Therefore, the aim of our research was 1) to identify
ophiostomatoid fungi associated with weakened and
dying Scots pine trees infested by bark beetles in the
Sumy region; 2) to test the pathogenicity of obtained
ophiostomatoid fungi to broaden the knowledge and
evaluate the potential threat of aforementioned fungal
isolates, which could be harmful to Scots pine.

Material and methods. Field study and sample
collection. In May 2017 and November 2018 to
examine the presence of ophiostomatoid fungi, samples
of blue-stained wood were taken from Scots pine trees
damaged by bark beetles during sanitary felling in Sumy
region: State Enterprise «Okhtyrske Forest Economy»
(Okhtyrske FE), Okhtyrske forestry, compartment 52,
subcompartment 3 and State Enterprise «Shostkinske

Forest Economy» (Shostkinske FE), Myronivske
forestry, compartment 5, subcompartment 27.
Sampling has been done from 28 randomly selected
pine trees (14 trees in each site) which were 58-102
years old showing external signs of crown dieback and
bark beetle attacks. Health condition (HC) of sampled
trees was evaluated visually before cutting on a range
of visual characteristics (crown color and density, dead
branches in the crown, etc.) according to «Sanitary rules
in the forests of Ukraine» (CaniTapHi mpaBujia B J1icax
VYkpainn, 2016). Each tree was ranked according to one
out of six categories (1st — healthy; 2nd — weakened;
3rd — severely weakened; 4th — drying; 5th — recently
died; 6th — died over a year ago).

The two sites were approximately 256 km from
each other. Samples were taken manually and the tool
superficially sterilized with 96% ethanol after each
sampling. Samples of the bark beetle galleries, phloem,
and sapwood (approximately 5 x 5 cm) were stored in
separate clean paper bags in the fridge in the laboratory.

Samples were inspected in the laboratory using
a microscope for the presence of the fungal fruit-
bodies in the bark beetle galleries. Wood samples
were sterilized by 96% ethanol for 15 seconds and
small wood fragments were used to place on selective
media for ophiostomatoid fungi (2% malt extract agar
with cycloheximide (200 mg/L, AldrichSigma, St.
Louis, Co. LLC.). Fungal cultures were purified by
transferring growing hyphae or spore masses from
individual colonies to new 2% malt extract agar without
cycloheximide. Cultures were incubated at 22 °C in
the dark. All cultures were grouped morphologically
and identified using identification keys. Due to
contradiction in the taxonomy of ophiostomatoid fungi,
molecular methods (Davydenko et al., 2017) were also
used to identify species.

DNA extraction, PCR, sequencing, and molecular
identification. DNA was extracted from the cultures
of the isolates representing morphological groups.
Approximate DNA concentrations were determined at
260 nm using the Nano-drop 2000 spectrophotometer
(Nano-drop Technologies, Wilmington, DE, USA).
Internal transcribed spacer (ITS) regions 1 and 2,
including the ribosomal 5.8S gene, were amplified
using the ITS primer pairs (Davydenko et al., 2017).
The reaction mixture contained, in a total volume of
15 pl, 200 pM deoxyribonucleotide triphosphates,
0,2 uM of each primer, 0,03 U/ul Thermo Green Taq
polymerase with reaction buffer Green, and 2,75 mM
final concentration of MgCI2. The thermal cycling was
carried out using an Applied Biosystems GeneAmp PCR
System 2700 thermal cycler (Foster City, CA, USA). An
initial denaturation step at 95°C for 5 min was followed
by 35 amplification cycles of denaturation at 95°C
for 30 s, annealing at 55°C for 30 s, and extension at
72°C for 30 s. The thermal cycling was ended by a final
extension step at 72°C for 7 min. The protein-coding
gene PB-tubulin (partial gene) was also amplified using
the primers Bt2a and Bt2b (Davydenko et al., 2017).

Inoculation of pine seedlings. To investigate
the pathogenicity of the ophiostomatoid fungi to
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P sylvestris, inoculation experiments were carried
out on 3-5-year-old seedlings of P. sylvestris, growing
outdoor of laboratory «Kharkivlisozahysty. Stem
diameters at the inoculation point were between
12,6 mm and 14,8 mm (13,7 mm on average). All
species from ophiostomatoid group were used in
the pathogenicity test. In May 2019, 96 seedlings of
P sylvestris were inoculated with a spore suspension
of selected fungal species (12 seedlings per fungus).
All pine seedlings were inoculated by making a wound
on the stem with the aid of a scalpel and pouring 10 uL.
of spore solution suspension (5x10° spores mL—1)
onto the wound. The wound was then covered with a
strip of Parafilm to prevent desiccation. In addition, 12
control seedlings were inoculated in the same way, with
sterilized water, and the wounds were also covered with
a strip of Parafilm. The morphological condition of all
pine seedlings was first evaluated on a weekly, and
then a monthly basis as visually healthy, weakened, or
dead plants subject to typical symptoms of damping-
off, crown decline, resin flow, and necrosis. Disease
susceptibility was finally estimated at 120 and 180 days
post-inoculation. After this, all plants were harvested
and the bark of each seedling was peeled off the stem
and the sizes of any lesions (length, depth, and width)
that had formed in the phloem around the inoculation
points were measured. The stems were then cut across
the inoculation points. The tangential width and radial
length (depth) of discoloured zones of sapwood were
measured on the surface of the cross-section. Small
pieces of wood were cut from the discoloured sapwood
of the seedlings and transferred onto 2% malt extract
agar with 0.8% cyclohexamide and 0.2% streptomycin
sulphate (CSMA) to confirm the presence of the
inoculated fungus.

Statistical analyses. Raw sequence data were
analyzed using the SeqMan Pro version 10.0 software
from DNASTAR package (DNASTAR, Madison, WI,
USA). Databases at GenBank and at the Department
of Forest Mycology and Plant Pathology, Swedish
University of Agricultural Sciences, were used to
determine the identity of ITS rRNA sequences. The
criteria used for identification were: sequence coverage
> 80%; similarity to taxon level 98-100%, similarity to
genus level 92-97%.

A NCBI BLAST (National Centre for Biotechnol-
ogy Information, www.ncbi.nlm.nih.gov) search was
run with the edited sequences for preliminary species
identification. Obtained data were analyzed using Kol-
mogorov—Smirnov test to check the normal distribu-
tion and homogeneity of variance. Data on lesion size
of Scots pine seedlings inoculated with fungal species
were analyzed using ANOVA general linear model
(GLM) in Statistica software (STATISTICA® 7.0
(StatSoft, Inc., Tulsa, USA). Necroses were measured
in only one direction from the point of inoculation. For
ANOVA significant effects (p < 0,05), a post hoc HSD
Tukey test was used to compare the means with a sig-
nificance level of p < 0,05.

Results and discussion. Healthy, weakened, and
dying Scots pine trees in both sites were inspected
and visually evaluated to rank. The signs of bark
beetle attack and typical symptoms of the presence
of ophiostomatoid fungi (blue to greyish-black stains
on wood) were observed only in trees of the 3-5%
categories of health condition (severely weakened,
drying, and recently died respectively) (Fig. 1).
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Fig. 1. The number of Scots pine trees of different
health condition (HC)

Moreover, almost all trees in the 35" categories
were damaged by bark beetles and ophiostomatoid
fungi for both sites (Fig.2).
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Fig. 2. The number of Scots pine trees of different forest health condition damaged by bark beetles (BB)
and ophiostomatoid fungi (OF) for Ohryrske FE (left) and Shostkinske FE (right)
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In total, 256 isolates were obtained from wood
samples which further were grouped in 8 clusters
(Tab. 1). The isolates were used for DNA extractions,
species identification, and further inoculation.

The most commonly for all trees at both sites was
Ophiostoma piceae (82.1%), the slightly less abundant
were Ophiostoma ips and O. minus (67.9%), as well
as Ophiostoma bicolor (64.3%), (data not shown). The

frequency of other detected species was lower than
30%. The five from eight blue-stain fungi (Ophios-
toma bicolor, O. ips, O. canum, O. piceae, O. minus)
were isolated from trees 3rd and 4th health categories
at both sites. Graphium sp was found only on severely
weakened trees at Shostkinske FE, while Grosmannia
sp.1 was also isolated only from trees of 4th category
of FHC but for both sites (see Tab. 1).

Table 1

Frequency of ophiostomatoid fungi from weakened Pinus sylvestris trees grown in Sumy region in Ukraine

Frequency of isolates from galleries

Ophiosomatoid species Okhtyrske FE Shostkinske FE
HCI=3 HCI=4 HCI=3 HCI=4
Grosmannia sp.1 21.43 - 35.71
Graphium sp. - - - 50.00
Ophiostoma bicolor R.W. Davidson & D.E. Wells 14.29 35.71 21.43 57.14
Ophiostoma canum (Miinch) Syd. & P. Syd 7.14 14.29 14.29 28.57
Ophiostoma ips (Rumbold) Nannfeldt 28.57 28.57 28.57 50.00
Ophiostoma minus (Hedgc.) Syd. & P. Syd 28.57 14.29 35.71 57.14
Ophiostoma piceae (Miinch) Sydow & P. Sydow 21.43 50.00 28.57 64.29
Ophiostoma sp.1 14.29 28.57 - -

The principal components analysis (PCA) based
on Euclidean distances revealed that the first principal
component explained 97.42% of the variability in the
data of the fungal communities (data not shown). Four
different clusters were formed for all sites in the respect
to the fungal community compositions, indicating the
significant difference between sites caused blue-stain
fungal community shifts associated with bark beetles’
galleries and the similarity between the trees of the 3rd
and 4th health condition categories (see Fig. 2).

The similarity matrices between tree categories and
the difference between site groups were employed to

yield different results. In this work, a similarity matrix
based upon Euclidean distance, commonly used in
cluster analysis, is developed as a viable alternative.
This analysis resulted in Euclidean similarity-based
PCA identifies parameters that are close to each other,
thereby providing a wide range of similarity between
fungal communities for trees 3rd and 4th HC measures
available to investigators, to be chosen based on
what characteristic they wish to identify. Moreover,
the correspondence analysis revealed associations
between fungal taxa and different types of samples

(Fig. 3).
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Fig. 3. Principal components analysis showing an association between different fungal species and individual
samples of this study: trees of 3rd and 4th categories at Okhtyrske FE (Oht III and Oht IV) and Shostkinske FE at
Shostkinske FE (Sh III and SH IV) Taxonomic names correspond to a position in the ordination (centered) and their
font size corresponds to a relative abundance as indicated in the upper right corner of the diagram and Table 1
(Gr.1 — Grosmannia sp.1, Graph. — Graphium sp., Oph.bi — Ophiostoma bicolor, Oph.can — Ophiostoma canum, O.ips —
Ophiostoma ips, O. min — Ophiostoma minus, O.p. — Ophiostoma piceae, Oph.1 — Ophiostoma sp.1).
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Ophiostoma ips and O. piceae were commonly
associated with the pine trees from Okhtyrske
FE while Ophiostoma bicolor and O. minus were
commonly linked to the pine trees 3rd and 4th FHC
from Shostkynske FE. Another group of fungi
including Grosmannia and Ophiostoma canum
were associated with all groups while Graphium sp.
and Ophiostoma sp.1 were distributed more or less
randomly and did not show a clear association with
any type of sample (see Fig. 3).

Pathogenicity test. As mentioned in the introduction,
some ophiostomatoid fungi are pathogenic to their host
plants. Generally, ophiostomatoid fungi are introduced
to their host plants through wounds produced by
bark beetles feeding and gallery construction. The
introduction and spread of ophiostomatoid fungi under
the bark result in the necrotic lesions in the phloem
around bark beetle galleries, sapwood colonization, and
further, sometimes, tree decline or death. Therefore,
artificial inoculation and further observation of
emerged symptoms is the main criterion to determine
the pathogen of particular plant disease. Therefore, the
virulence of the ophiostomatoid fungi was evaluated by
measuring the lesions and monitoring the mortality of
Scots pine seedlings after inoculation for 6 months.

The inoculated seedlings were harvested after
inoculation, and the size of the lesions formed in the
inner bark around the inoculation points together with
the sizes of the stained and dried zones of sapwood
were measured. The necrotic lesions formed around
the inoculation points on the inner bark spread mainly
longitudinally and only slightly in the tangential
direction. The lengths of lesions differ according to the
fungus inoculated. Additionally, a wedge-shaped dry
zone of sapwood with or without blue staining spreads
from the inoculation point toward the border between
the sapwood and heartwood. The fungi produced larger
lesions and were more virulent. The ability of the fungi
to colonize sapwood and disturb water transportation
is important for evaluating their ability to kill host
trees (Solheim, 1992, Yamaoka et al., 2000). Some
ophiostomatoid fungi associated with bark beetles have
the ability to kill their host trees; e.g., Endoconidiophora

polonica associated with 1. typographus (Solheim,
1992) and Grosmannia clavigera with Dendroctonus
ponderosae (Yamaoka et al. 2000).

In our study, all isolated ophiostomatoid fungi
were tested to check their ability to infect seedlings
of P sylvestris. Most of the pathogenicity results
were generally concur with previously described
inoculation experiments, thereby demonstrating
similar lesion morphology and similar patterns of
plant tissue colonization by different ophiostomatoid
fungal species (Jankowiak & Bilanski, 2013; Solheim,
1992). However, a few isolates, such as Graphium
sp., Grosmania sp., Ophiostoma sp., were tested first
in our study. Ophiostomatoid fungi associated with
Ips acuminatus and Hylurgus ligniperda infesting
Scots pine in Ukraine were reported by Davydenko
(2014, 2017). Revised information for these fungi
together with unpublished data are shown in Table 2.
Therefore, one species of Grosmannia and one species
of Graphium were isolated from bark beetle galleries
on infesting Scots pine.

According to our results, O. minus was much more
pathogenic than other fungi based on all criteria of
fungal pathogenicity. It was the only fungus that caused
the highest rate of sapwood desiccation and mortality
of 16.7% of seedlings in 6 months (see Tab. 2).
O. minus caused dieback of P. sylvestris seedlings,
which also demonstrated in previous studies (Solheim
1992; Jankowiak, 2006). Most of the studies focused
on pathogenicity ophiostomatoid fungi indicated
that the ability to invade sapwood and phloem can
be considered as critical for pathogenic colonization
(Solheim, 1992; Linnakoski et al. 2012).

All eight fungal species inoculated caused resin
exudation and staining on the bark around inoculations
in Scots pine seedlings. The isolate of O. minus showed
the highest growth in all directions, with statistical
significance (P < 0.00147), although in the radial
direction the growth was similar to Graphium sp. and
in the tangential direction was similar to O. bicolor (see
Tab. 2). This species produced a black discoloration
of the wood and caused the greatest stained area
(P <0.001), as measured on cross-sections.

Table 2
Effect of inoculation of Pinus sylvestris seedlings with ophiostomatoid fungi*
Phloem necrosis, mm**
Species Resin Declining Dead
P Length Width Depth of flow, % plants, % plants, %
blue-stain
1 2 3 4 5 6 7

Grosmannia sp.1 13.24+0.22¢ 2.4240.4° 1.29+0.4° 75.00 16.67 0.00
Graphium sp. 19.86+0.124 3.24+0.6° 1.62+0.4° 33.33 41.67 0.00
Ophiostoma ips (Rumbold) 4.5240.15¢  2.5840.2°  0.2140.2° 25.00 0.00 0.00
Nannfeldt
Ophiostoma minus (Hedge.) 42.56+0.1  6.62+1.1°  1.65+0.4° 91.67 41.67 16.67

Syd. & P. Syd ¢
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Continuation of Table 2

1 2 3 4 5 6 7

Ophiostoma bicolor . 4 .
R.W Davidson & D.E. Wells 6.25+0.95 4.42+1.2 0.20+0.4 41.67 0.00 0.00
Ophiosioma piceae (Minch) 4 51.0.04c 2174090 0204040  33.33 8.33 0.00
Sydow & P. Sydow
Ophiostoma canum (Miinch) o b .
Syd. & P. Syd 2.924+0.06 2.15+1.3 0.00+0.0 33.33 16.67 0.00
Ophiostoma sp.1 8.56+1.52¢ 4.174+0.2¢ 0.20+0.4° 58.33 33.33 0.00
Control 1.20+0.02° 1.10+0.1° 0.00+0.0° 0.00 0.00 0.00

et 24.56 32.25 124.24 95.23 125.21 32.21
P 0.0001 0.0001 0.0001 0.0001 0.005 0.005

* — Values for blue-stain depth and lesion length show as mean =+ one standard error

** — For each column, values followed by the same letter were not significantly different by the HSD Tukey test (P < 0.05). The test was

employed only if ANOVA was significant at P < 0.05

The second fastest-growing fungal species in all di-
rections was Graphium sp. This species caused a grey
stain on the wood and decline 41.7% of pine seedlings
aswellas O. bicolor (see Tab. 2). Grosmannia sp.1 grew
at a similar radial rate to Graphium sp. but grew more
slowly both tangentially and especially longitudinally.
Ophiostoma sp.1 caused the decline of 33% pine seed-
lings and grew significantly (P < 0.001) more slowly
than Graphium sp. Ophiostoma canum and O. piceae
caused significant less decline of pine seedlings and
grew much more slowly than above-mentioned ophios-
toma fungi (16.67 and 8.33% respectively, P < 0.001)
while O. bicolor and O. ips did not caused seedling
decline at all during 6 months (see Tab. 2), although
caused staining on the bark around inoculations in
all directions significantly more than control inocula-
tions (P < 0.001). O. ips and O. piceae penetrated the
smallest areas of the wood caused a light greyish
discoloration compared to the other species (P < 0.05).

The inoculated fungi were successfully re-isolated
from 98% of the inoculation points. No ophiostomatoid
species were isolated from the control trees.

Conclusions. Based on the ability of tree declining,
killing and wood staining, O. minus is the most important
species on Scots pine trees, followed by Graphium
sp. and Ophiostoma sp.1. The ophiostomatoid fungi
isolated in this study are commonly found to be
associated with bark beetles and detected on conifer
timber (Linnakoski et al., 2012). The occurrence of
ophiostmatoid species in the sapwood of Scots pine
is consistent with the concept the ophiostomatoid
fungi are primary colonizers of the fresh sapwood of
trees and timber and other wood in the succession of
microorganisms during wood decay (Solheim, 1992).
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OdiocTtomoBi rpnbn, AKi noB’sA3aHi
3 Kopoigamum Ta 3acenaloTb Pinus sylvestris
y CymcbKin o6nacti (YkpaiHa)

K.B. LaBugeHko', [I.O. batypkKiH?

OcTaHHIM YacoM y CXiJHOMY perioHi YKpaiHu,
30kpema B CyMChbKili OOJI., BiJIOyBa€ThCSl IHTCHCHB-
HE BCUXaHHS COCHOBHX JiciB. COCHOBI HacaKeHHS
CWJIBHO TOIIKO/KYIOTh MEPEBAYXKHO JIBA BUJIU KOPOI-
niB — Ips acuminatus ta Ips sexdentatus. OdiocTromoBi
IpUOH, IKUX MIEPEHOCATH KOPOiIH, MOXKYTh 3HAYHO T10-
CUJTIOBATH 3arajbHy IIKOMY JIicaM BiJ] IUX KOMax, IO
HEoOXiHO OpaTu 10 yBaru MijJ 4ac OL[iHIOBaHHS 3a-
raJbHUX 30UTKIB BiJ] KOPOIMiB.

Meroto fociikeHHsT OyJ0 BUSIBUTH BUIOBHIA
ckiag 0(ioCTOMOBUX TpHOIB, MOB’SI3aHUX 13 CHUIIBHO
ocnaOJIeHUMH Ta BCUXAIOUUMH JIEPEBAMH COCHH 3BU-
yaifHo1 y CyMCBKiil O0JI., OI[iIHUTH MATOT€HHICTh O(i-
OCTOMOBHUX I'pHUOIB 1 BCTAHOBUTH MOTEHIIIIHY 3arpo3y
st Pinus sylvestris L.

OdiocToMOBI TprOH BULICH] 3 TMYMHKOBUX XOIiB
KOpOifiB Ta iAeHTH]IKOBaHI A0 PiBHS BUIY a00 pomy
Ha OCHOBI MOP(OJIOTIYHIX OCOOIUBOCTEN Ta aHANi3y
ITS mocmimoBuocreit JITHK.

3arasioM BUIJICHO BiciM BUAIB 0(i0OCTOMOBHX I'pH-
6iB (Graphium sp., Grosmannia sp.l, Ophiostoma
bicolor, O. ips, O. canum, O. piceae, O. minus,
Ophiostoma sp.1). Camxanui Pinus sylvestris 1HOKY-
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JHOBaHI BicChMOMa 130J15ITaMH TPUOIB 1 CTEPHIIBHUM Ce-
penoBuIeM (KOHTPOJIb) JUIs OLIHIOBAaHHS iXHBOT MaTo-
TeHHOCTI. [HOKYIbOBaHI POCIMHHU OTJISIATH BIPOAOBK
IIIECTH MICSIIIiB, OIIHIOIOYH IXHIN 3aradbHUNA CTaH, PO3-
Mip HEKpO3iB, CMOJIOBI MaThbOKW. [HOKYJISIIS cakaH-
uiB rpubomM O. minus CIpUYMHUIIA HAOIbIIE ypakeH-
HS 1 HaBITh 3aruOeNh Ca/PKAHINB COCHH. 3arajioM, y
BapiaHTax 1HOKYIIAIII BCiX BOCEMH BHIIB TpHOIB BH3HA-
YeHO eKCY/Iallil0 CMOJIM Ta 3HeOapBIICHHS KOPU HABKOJIO
Mictis iHoKyIsii. Cepen mux rpubiB T SITh BUIIB CIIPHU-
YUHHUIM OCa0NeHHs ca/pkaHIiB. [lmoma 3ne0apBieH-
Hs rioemMu OyJia JOCTOBIPHO HAMOTBILIOO MiCIIs IHOKY-
nii campkaniiB rpudbom O. minus. Bei Buam ogiocrto-
MOBHX I'pUOIB CHPUYHHSIIA 3HAYHO JTOBII HEKPOTHYHI
YPaKEHHS Ca/PKaHIIIB, TIOPIBHIHO 3 KOHTPOJIEM.

3a pesyapraramMu JOCIIHKCHHS, Y 3B’ SI3KY 31 CTIpO-
MOXKHICTIO CIPUYMHSATH BCUXaHHS i 3arubenb poc-
JIUH COCHM Ta 3HeOapBIICHHS iXHBOI JCPCBUHH, TPUO
O. minus BapTO BBaXATH HAHWHEOC3MEUHININM MaTO-
TeHOM COCHOBHX CaJDKaHIiB. MEHII BipyJeHTHHUMHU
Bunamu € Graphium sp. Ta Ophiostoma sp.1. ®akr 3a-
CEeJICHHS BCHUXAIOUMX JIePeB COCHH 0(i0CTOMOBUMHU
rpudamMu y3ro/pKyEThCS 3 KOHIICTIIIIEO, ITI0 BOHH € ITep-
BUHHUMH KOJIOHI3aTOpaMU CBIKOT JICPEBUHHM IIiJ] Yac
npoltiecy ii pyiHyBaHHS.

Karouosi cioBa: odiocToMoBi TpudH; cocHa 3BU-
YaifHa; KOPOi/Iu; MMaTOTCHEe3; CAHITAPHUIA CTaH JICY.

O¢umocTtomoBble rpnbbl, NnepeHoCcuMble
Kopoegamu u 3acensaiowue Pinus sylvestris
B CymcKoi o6nactu (YKkpanHa)

E.B. JaBngeHko', . A. bBaTypKkun?
B nocnennee BpeMsi BBOCTOUHOM PETHOHE YKPAUHBI,

B yacTHOCTH B CyMCKOM OOJI., MPOUCXOAUT HHTCHCUB-
HOE€ YChIXaHHE COCHOBBIX JiecoB. COCHOBBIC Hacax/ie-
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HUS CHJIBHO TTOBPEXKIAIOT B OCHOBHOM JIBa Bua — Ips
acuminatus u Ips sexdentatus. OprocToMoBbIe TPUOBI,
KOTOPBIX MEPEHOCAT KOPOEAbI, MOTYT 3aMETHO YCHIIH-
BaTh OOMIYIO BPEIOHOCHOCTh 3THX HACEKOMBIX, UYTO HE-
00XOAMMO MPUHUMATh BO BHHUMAaHHWE IPH OLIEHKE 00-
IeTo yiiep0a oT KOPOEIOB.

Ilenpro uccnenoBanus ObUIO BHISIBUTH BUIOBOM CO-
cTaB O(HOCTOMOBBIX TPHOOB, CBS3aHHBIX C CHIIBHO
ocnalbJIEHHBIMH U YCHIXaIOIMMHU JCPEBbSIMUA COCHBI B
CyMCcKo 00J1., OTICHUTH MAaTOTCHHOCTH O(PHOCTOMOBBIX
rprOOB ¥ IOTEHIMAILHYIO YTpo3y st Pinus sylvestris.

OduocTomMoBbIe TPUOBI BBIACICHBI M3 JTUYUHOY-
HBIX XOJZIOB KOPOENIOB U OIpEeIeIeHBI 0 YPOBHS BHIA
WJTU POJIa C TIOMOIIBI0 MUKPOCKOIIA TI0 MOpdoIoruye-
CKHM OCOOEHHOCTSIM, a TaKkKe C MOMOLIbI0 MOJIEKY-
JISIPHOTO METOoMa, UcTonb3ys anamm3 ITS mocnenosa-
tensHOCTEH JJHK.

Bcero BbIENeHO BOCEMb BHIOB O(PHOCTOMOBBIX
rpuboB (Graphium sp., Grosmannia sp.1, Ophiostoma
bicolor, O. ips, O. canum, O. piceae, O. minus,
Ophiostoma sp.1). Caxenupl Pinus sylvestris WHOKY-
JUPOBAHBI BOCEMbBIO BHJIAMH BBIJCNIEHHBIX TPUOOB U
CTEpUIIBHOM Cpeiol B KaueCcTBE KOHTPOJIS [T OIEHKH
UX MMaTOreHHOCTH. IHOKyNTMpOBaHHbBIE PACTEHHS OCMa-
TPHUBAJIM B TE€YCHHE IIECTH MECSIIEB, OllEHMBAas o0IIee
COCTOSIHHE PAaCTEHHH, pa3Mep HEKPO30B, MOTEKHA CMO-
a1, IHOKysIMsl caxkeHieB rpudbom O. minus pUBe-
Ja K HanboJiee MHTEHCUBHBIM TIOPKEHHSM U JTaXKe TH-
0enu COCHOBBIX CakeHIIeB. Bce BoceMb BHIIOB TpHOOB
BBI3BAJIM DKCCYIALUIO CMOJIBI M 00ECIBEUMBAHUE KOPBI
BOKPYT MecTa WHOKYIAIuH. [ITh BUIOB rpuOOB BHI-
3BaJIM OCIIA0JICHUE CaXKCHIIEB B TOW WIJIM WHOW CTeTe-
Hu. [lnomanaps obeciBeunBanus (JI0O3MBI Takke ObLia
JTOCTOBEPHO OOJNBIIEH y pacTCHUN, HHOKYTHPOBAHHBIX
rpudom O. minus. Bce opmoctomoBbIie rprOBI BBI3bIBA-
JIM HEKPO3bl JPEBECHHBI OOJIBIIETO pa3Mepa IO Cpas-
HEHUIO C KOHTPOJIEM.

ITo pesynmpratam ucclemoBaHUs, B CBSI3U CO CITO-
COOHOCTBIO BBI3BATh YCBIXaHWE W THOEIbh PacTCHUH,
obecrBeunBaHNe ApeBEeCHHBI Tpubd O. minus cleayeT
CUMTATh CaMbIM OIACHBIM TIATOTEHOM COCHOBBIX Ca-
JKCHIIEB. MeHee BUPYJICHTHBIMH BHIAMH OKa3aJlUCh
Graphium sp. m Ophiostoma sp.1. ®akT 3aceneHus
YCBIXAIOMUX JAEPEBBEB COCHBI O(PHOCTOMOBBIMU TPH-
0aMu cornacyercs ¢ KOHIEMIMEH, YTO OHH SIBIISIIOTCS
MIEPBUYHBIMHA KOJIOHM3AaTOPaMHU CBEKEH IpEeBECHHBI B
MpoIIecce ee pa3pyIeHus.

KiroueBsble ciioBa: 0HOCTOMOBBIE TPHOBI; COCHA
O0OBIKHOBEHHAST; KOPOEIBI; TIATOTEHE3; CAHUTAPHOE CO-
CTOSTHHE Jieca.
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The first data on the study of Corythucha arcuata (Say, 1832)
(Heteroptera: Tingidae) in Kherson region of Ukraine

V.L. Meshkova', S.V. Nazarenko?, O.l. Glod?

Oak lace bug (OLB) Corythucha arcuata (Say, 1832) (Heteroptera: Tingidae) is native to North America. In 2000
it got to Italy and has spread for recent 20 years in many countries in Europe. In 2017 OLB first registered in Kherson
region of Ukraine. The aim of the research was to summarize the first data on oak lace bug spread in Ukraine. The
studies were carried out in 2020 at 31 sample plots in the south-western part of the Kherson region (46°10 ‘to 47°21 N,
32°10°to 33°05°E). The sample plots were located in forest stands, shelterbelts, and oaks in cities. The age of inspected
stands is from 25 to 250 years old.

The presence of oak lace bug and the threat to oak trees was assessed by a point system.: 0 — OLB is absent, [ —single,
one egg mass per whole plot; 2 — rare, below 10% of trees damaged, 3 — common, OLB presents not in all trees, foliage
damage up to 50%, 4 — widespread, OLB presents in all trees, foliage damage up to 100%. The weighted average score
of OLB presence was evaluated for different groups of stands and some of their characteristics.

The specimens of OLB and the traces of their vital activity were found at 19 sample plots (61,3%). At 51.6% of
sample plots examined the OLB was common or widespread. The pest is widespread at 8 sample plots, including oaks
in cities Kherson, Oleshki, and Hola Prystan, Doslidne forestry of the Steppe branch of Ukrainian Research Institute
of Forestry & Forest Melioration named after G. M. Vysotsky (URIFFM) and Burkutske forestry of the Velikokopanske
Forest & Hunting Enterprise.

Mean OLB score is higher in forests than in shelterbelts and has a trend to increase with oak age. The highest OLB
infestation was assessed in the sample plots neighbouring city streets and forest roads and in the sample plots near the
waterway. The proportion of SP with common and widespread OLB from all inhabited plots near city streets, forest
roads, and waterways exceeds 80%.

The data obtained can be considered preliminary, since the reproduction, distribution, and settlement of the oak lace
bug in the territory of the Kherson region began only 2 years ago.

Key words: oak lace bug (OLB); sample plot (SP); mean OLB score; proportion of infested sample plots; traffic
ways.
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Introduction. Oak lace bug (OLB) Corythucha
arcuata (Say, 1832) (Heteroptera: Tingidae) — is a
dangerous pest of oak (Bernardinelli, 2006; Csoka et
al., 2020; Matsiakh & Kramarets, 2020). Its larvae
and adults suck sap from the leaves. Damaged trees
decrease their productivity and resistance to other
damaging causes. The bug develops in two or more
generations per year, rapidly increasing in numbers.
It spreads actively, flying over distances of several
hundred meters, and passively: by wind, vehicles, and
plant material (Zielinska & Lis, 2020).

OLB is native to North America, particularly the
USA and Canada (Drake & Ruhoff, 1965). In 2000
it got to Italy with cargo that arrived at the seaport
(Bernardinelli & Zandigiacomo, 2000). In the early
years of the bug penetration into Italy, its needs for
heat and moisture and their compliance with the
environmental conditions of Europe were analysed.
The possibility to survive in a considerable part of
Europe was demonstrated for this insect as well as to
feed on the foliage of different European oak species
(Bernardinelli, 2006). Due to these features, the oak
lace bug (OLB) has spread for recent 20 years in many
countries of Europe (Csoka et al., 2020).

In Switzerland, which borders Italy, it appeared in
2002, in nearby France only in 2017, and in Austria
only in 2019 (Zielinska & Lis, 2020). In Hungary,
Croatia, and Serbia, the bug was found in 2013 (Cséka
et al., 2020), in Romania in 2015 (Tomescu et al.,
2018), in Slovakia in 2018 (Zubrik et al., 2019), and
in the Czech Republic in 2019 (Nikoli¢ et al., 2019).
The last country seems to be the most northern territory
of OLB penetration in Central Europe. From Romania,
OLB penetrated Transnistria in 2016 (AHTIOXOBa,
Kumkaps, enensik, 2018). It could get to Ukraine
from Slovakia, Hungary, and Romania but was found
in Vinogradiv (Transcarpathian region) only in 2020
(Ukrbin, 2020).

The second path of OLB to Ukraine starts from
Turkey, where it appeared in 2002 by seaways (Mutun,
Ceyhan, & Sozen, 2009), and in 2015 also by seaway
penetrated to Krasnodar region of Russia (Neimorovets
etal., 2017), to Adygea (IllypoB u mp., 2019) and to the
51-52° north up in Voronezh region (bitommep, 2020).
At the same time, the OLB penetrated into Crimea
in 2016 (I'omy6, T'omy6, CoGomesa, 2020) and into
the Kherson region in 2017 (MemkoBa, Ha3zapeHnko,
2020). In 2020 OLB was found in Ovidiopol (Odesa
region) (Ukrbin, 2020), where it could penetrate from
Transnistria, from Crimea, or from Kherson region.

The area of oak stands (Quercus robur L.) in the
forest fund of Kherson Regional Forest & Hunting
Administration is about 1500 ha, of which more than
90% are man-made forest plantations (Tkau, KoGerp,
Pymsunies, 2019). Forests are represented by separate
tracts, mainly along rivers and in other places with
suitable conditions for moisture and soil richness. The
distance between separate tracts sometimes reaches
several kilometres. Oak is also widely represented
in green stands of settlements and forest shelter belts
along with fields and roads. It promotes the spread of

OLB not only in Kherson region but also beyond its
borders in the northern regions of Ukraine. Therefore, it
is relevant to study the features of the spread of this pest
in the region of the first penetration into the country.

Objects and methods. Object of research —invasive
oak lace bug Corythucha arcuata. Subject of research —
the spread of invasive oak lace bug in Kherson region
of Ukraine. The aim of the research was to summarize
the first data on oak lace bug spread in Ukraine.

The studies were carried out in 2020 at 31 sample
plots in the southwestern part of the Kherson region
(Fig. 1, Tab. 1). Latitude was from 46°10 ‘to 47°21°,
longitude from 32°10° to 33°05°. Most sample plots
(SP) are located on the left bank of the Dnieper (23 SP,
or 74,2%), and 8 SP are located on the right bank
(25,8%).

Fig. 1. Surveyed oak stands in the Kherson region
(black circles — the sample plots with the presence of OLB,;
light circles — the sample plots with the absence of OLB)

In the forest fund of the Kherson Regional Forest &
Hunting Administration, 15 sample plots (48,4%) are
located, particularly 6 SP in Rybalchanske forestry of
the Zburyevsky & Hunting Enterprise (FHE), 2 SP in
Burkutske forestry of the Velikokopanske FHE, 4 SP
in Kherson forestry of the Oleshkivsky FHE and 3 SP
in Doslidne forestry of the Steppe branch of Ukrainian
Research Institute of Forestry & Forest Melioration
named after G. M. Vysotsky.
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In the forest belts, 11 SP (35,5%) are located. The
rest sample plots are located in the Black Sea Biosphere
Reserve, an arboretum of the Kherson Agrarian-
Economic University, in the station of young naturalists
in Hola Prystan, and in a single old tree in Oleshki. In
4 sample plots, oak is represented singularly, in 4 it is

represented equally with Dnieper birch, and the rest are
pure oak stands. The age of inspected stands is from
25 to 250 years old, the height from 6 to 29 meters,
diameter from 18 to 80 cm. The relative density of
stocking is 0.4-0.8, site index 4. Forest site conditions
are very diverse —A,,B,B,,C,C,,and C,.

Table 1
Short characteristics of sample plots
Sample  Latitude N Type of stand. Nearest traffic routes Presence
plot (SP) Longitude E Comportment/subcompartment, age of oak of OLB, score
1 2 3 4 5
47°21°57” .
1 3391223 Shelter belt, 60 years. Railway 2 km 1
5 46°43°49” Kherson forestry of Oleshkivske FHE, road Melitopol-Odessa, 0
32°40°19” 36/3, 54. Crimea—Kherson
3 46°43°17” Kherson forestry of Oleshkivske FHE, road Melitopol-Odessa, 0
32°35°28” 32/9, 15 years. Crimea—Kherson
4 46°43°14” Kherson forestry of Oleshkivske FHE, 31/34. road Melitopol-Odessa, 0
32°35°29” 37 years. Crimea—Kherson
5 46°38°28” An arboretum of the Kherson trect 4
32°35°7” Agrarian-Economic University, 64 years. streets
6 46°39°42” An arboretum of the Kherson streets 4
32°35°39” Agrarian-Economic University. 70 years.
7 4313041‘?)’ }2,, Shelter belt, 60 years. absent 0
46°40°35” . . :
8 30045757 Kherson forestry of Oleshkivske FHE, 55 years.  Crimea—Kherson railway 3
State natural monument of local importance
46°36°21” «Curtain of century oaks» (Oleshki). o .
? 32°43°35” Steppe branch of URIFF. Crimea—Kherson railway 4
Doslidne forestry, 12/11, 210 years.
46°37°23” Arboretum, Steppe Branch of URIFFM.
100 350430137 Doslidne forestry. 34/ 2. 120 years. European road E97 4
1 46°37°43” A single oak tree in Pershotravneva street streets 4
32°44°48” (Oleshki). 130 years.
46°35°10” Steppe branch of URIFFM. .
12 32043°2” Doclidne forestry. 19/21. 71 years. R-57 Oleshki-Skadovsk 0
13 ggog i ,g;,, Single oak, Gola Prystan. 100 years. streets 4
46°23°40” Velykokopanske FHE, Burkutske lisnyctvo, 6/3.
14 30490300 95 years. forest edge 4
46°23°40” Velykokopanske FHE, Burkutske lisnyctvo, 6/9.
la 3048030 45 years. forest edge 4
46°22°40” Brilivka railway station,
15 3305°48" Shelter belt. 60 years. a highway to the Crimea 2
46°29°4” route Golaya Pristan—
16 32998°59” Shelter belt. 20-25 years. Novaya Zburyevka 0
17 ggég,g%,, Shelter belt. A=65 years. street 0
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Continuation of Table 1

1 2 3 4 5
18 ‘3‘20%(7)’421;’ Black Sea Biosphere Reserve. 100 years. absent 3
19 46°29°18”  Zburjivske FHE. Rybalchanske forestry, 4/15. 95 waterway towards 3
32°07°42” years. the port of Kherson

20 46°29°23” Zburjivske FHE. Rybalchanske forestry, 4/ 9. waterway towards 3
32°7°21” 115 years. the port of Kherson

1 46°29°22> Zburjivske FHE. Rybalchanske forestry, 5/16. waterway towards 3
32°8°48” 110. the port of Kherson

2 46°29°29” Zburjivske FHE. Rybalchanske forestry, 5/17. waterway towards 3
32°8°51” 110 years. the port of Kherson

23 46°27°27” Zburjivske FHE. Rybalchanske forestry, 19/38. waterway towards 3
32°10°50” 115 years. the port of Kherson

24 46°29°24> Zburjivske FHE. Rybalchanske forestry, 57/18. waterway towards 3
32°9°34” 115 years. the port of Kherson
4692477 road between Nova

25 320063 Shelter belt. 60 years. Zburjivka and 0

Chulakivka
0927437 road between Nova
26 ggég,g?,, Shelter belt. 60 years. Zburjivka and 0
Chulakivka

46°16°17” road Chulakivka—

27 32°18°20” Shelter belt. 60 years. Bekhtery 0
46°16°14” road Chulakivka—

28 32°18°10" Shelter belt. 60 years. Bekhtery 0
46°16°0” road Chulakivka—

29 32°17°53” Shelter belt. 60 years. Bekhtery 1
46°10°30” ecast edge

30 32°19°15% Shelter belt. 60 years. of Novofedorivka 0

Notes: 0 — OLB is absent; 1 — single, one egg mass per whole plot; 2 — rare, below 10 % of trees damaged; 3 — common, OLB presents not in
all trees, foliage damage up to 50 %; 4 — widespread, OLB presents in all trees, foliage damage up to 100 %

The presence of oak lace bug (OLB) and the threat
to oak trees was assessed by a point system: 0 — OLB
is absent; 1 — single, one egg mass per whole plot; 2 —
rare, below 10% of trees damaged; 3 — common, OLB
presents not in all trees, foliage damage up to 50%; 4 —
widespread, OLB presents in all trees, foliage damage
up to 100%.

The weighted average score of the threat to oak was
evaluated for different groups of stands and some of
their characteristics.

Results and discussion. The specimens of OLB
and the traces of its vital activity were found in 19 sites
(61,3%) and were absent in 12 (38,7%) (see Fig. 1).

The mean OLB score in inspected stands is 1.9, the
maximum (4 points) was registered at 8 SP (25.8%).
Four of them are located in the cities Kherson, Oleshki,
and Hola Prystan. Other SP with high spread of OLB
are located in Doslidne and Burkutske forestries.

The mean OLB score is higher at the Left bank SP
(2.1) than in Right bank SP (1.5), much more in forests
than in shelter belts (2.5 and 0.4, respectively) (Fig. 2).
The greater distribution of OLB in the forest may
be associated with a more favourable microclimate,
compared with forest belts. On the other hand, in forest
belts, the wind promotes the spread of the bug over the
territory.

Conditionally surveyed forestries were divided into
«southern» (Rybalchanske and Burkutske forestries)
and «northern» (Khersonske and Doslidne forestries)
groups. The mean OLB score was twice higher at the
sample plots from southern forestries than in northern
ones (see Fig. 2).

This may be due to the fact that the bug entered the
Kherson region from the Crimea, as well as the location
of oak stands of the Kherson forestry on the right bank
of the Dnieper, where the pest has not yet spread.
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HaykoBi npaui JliciBHuyoi akagemii Hayk Ykpainu, 2020, Bun. 21

For each group of sample plots, the proportion of
OLB colonized plots and the proportion of plots with
common and widespread OLB were evaluated (Fig. 3).
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Fig. 2. Mean OLB score in different types of sample plots
(Notes: Right bank and Leftbank — SP at the right and left
banks of Dnieper river; Southern forestries — Rybalchanske
and Burkutske; Northern forestries — Khersonske and
Doslidne; Oak in the city — single trees and curtains in
Kherson, Hola Prystan and Oleshki; the number of SP in
brackets)

Among all SP examined, at 51,6% the OLB was
common or widespread. This parameter was influenced
by the low spread of OLB in forest shelterbelts
(27,3%). In forest stands both parameters were 73,3%,
particularly 100% in inspected «southern» forestries
and 42,9% in inspected «northern» forestries. OLB was
widespread in inspected oaks in cities.
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Fig. 3. Proportion of sample plots with OLB and sample
plots with common and widespread OLB in different types
of sample plots (see Notes to Fig. 2)

No differences were found in the OLB spread in
pure and mixed stands, as well as in different forest
site conditions, which may be due to the small sample

of inspected plots (see Tab. 1). There is the trend to
increase with oak age the proportion of SP with OLB
presence and the mean score of it (Fig. 4). However,
the sample of inspected plots is insufficient for a clear
conclusion.

As can be seen from Table 1, roads with different
traffic intensities pass near many of the inspected
stands. When analysing some possible relations
between the OLB spread and the presence of roads
near the stand, we divided the inspected SP into groups:
0 — roads are absent nearby; 1 — city streets and forest
roads; 2 — roads with heavy traffic, for example, the
Crimea—Kherson railway, Oleshki—Skadovsk, Golaya
Pristan—Novaya Zburyevka, Chulakivka—Bekhtery,
etc. Group 3 includes the sample plots in Rybalchanske
forestry located near the waterway towards the port of
Kherson.
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Fig. 4. Mean OLB score and the proportion
of sample plots with OLB in oak stands of different
age group (the number of SP in brackets)

Single OLB infestation (score 1) was registered in
the sample plots without neighbouring roads and with
roads of heavy traffic (Fig. 5).

The highest OLB infestation was assessed in the
sample plots neighbouring with city streets and forest
roads (OLB score is 2.8 points) and in the sample plots
near the waterway OLB score is 2.1 points.

Analysis of Fig. 6 shows the largest proportion
of OLB populated sample plots among those that
border city streets, forest roads, and waterways. The
proportion of SP with common and widespread OLB
(3 and 4 points) is also the highest near such roads. The
proportion of SP with common and widespread OLB
from all inhabited plots near city streets, forest roads,
and waterways exceeds 80%.

It can be assumed that the large role of small
roads in the spread of OLB is due to the fact that
transport stops more often on them, the passengers
enter and leave, carrying various luggage. In addition,
forest products are transported along forest roads,
with which the bug can spread throughout the year,
including during the wintering period under the
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bark. The spread of the bug in the stands next to
which the waterway passes can be facilitated by the
wind. However, the data obtained can be considered
preliminary, since the reproduction, distribution, and
settlement of the oak lace bug in the territory of the
Kherson region began only 2 years ago.
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Fig. 5. Mean OLB score at the neighbouring
with different types of traffic ways
(Note: 0 — roads are absent; 1 — city streets and forest roads;
2 —roads with heavy traffic; 3 — waterway towards the port
of Kherson; the number of SP in brackets)
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Fig. 6. Proportion of sample plots with OLB
and sample plots with common and widespread OLB
at the neighboring with different types of traffic ways
(Note: 0 — roads are absent; 1 — city streets and forest roads;
2 —roads with heavy traffic; 3 — waterway towards
the port of Kherson; the number of SP in brackets)

Conclusions. In inspected forest stands, shelterbelts,
and oaks in cities the specimens of the oak lace bug
(OLB) and the traces of their vital activity were found
in 19 sample plots (61,3%).

At 51.6% of sample plots examined the OLB was
common (score=3) or widespread (score=4). The
pest is widespread at 8 sample plots, including oaks in

cities Kherson, Oleshki, and Hola Prystan, Doslidne
forestry of the Steppe branch of Ukrainian Research
Institute of Forestry & Forest Melioration named
after G.M. Vysotsky and Burkutske forestry of the
Velikokopanske FHE.

Mean OLB score is higher in forests than in
shelterbelts (score 2.5 and 0.4, respectively). There is
the trend to increase with oak age the proportion of SP
with OLB presence and the mean score of it.

The highest OLB infestation was assessed in the
sample plots neighbouring city streets and forest roads
(OLB score is 2.8 points) and in the sample plots near
the waterway (OLB score is 2.1 points). The proportion
of sample plots with common and widespread OLB
from all inhabited plots near city streets, forest roads,
and waterways exceeds 80%.

The data obtained can be considered preliminary,
since the reproduction, distribution, and settlement of
the oak lace bug in the territory of the Kherson region
began only 2 years ago.
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Mepuwi pesynbTaTt BUBYEHHA
Corythucha arcuata (Say, 1832)
(Heteroptera: Tingidae)

y XepcoHcbKin o6nacTi YKpaium

B.J1. Mewkoga', C.B. HazapeHko?, O.l. nog 3

Hy6oBwuii xmon mepexuBuuii (AKM) Corythucha
arcuata (Say, 1832) (Heteroptera: Tingidae) — HeOe3-
MeYHUH TIKIAHUK JHCTS ay0a, abopurenHuit y IliB-
HigHi# AMmepuri. Y 2000 p. motpamus B Itaiifo gepe3
MOpPCBHKHHN TIOPT 1 3a octanHi 20 POKIB MOMUPUBCS Y
Oaratpox kpainax €Bpomm. ¥ 2017 p. Brepire 3apee-
CTpOBaHMI y XePCOHCHKIN o0macTi Ykpainu. Mera 10-
CJTIJKEHB TIOJIsITaia B y3arallbHeHHI MePITUX pe3yabra-
TiB BUBYEHHS IIOJI0 MOIIMPEHHS JyOOBOTO KJIOTA Me-
pEeXUBHOTO B YKpaiHi.

Hocmimxenns 3xaiiicHeni y 2020 p. Ha 31 npoOHii
IO Y MBICHHO-3aX1aHIH YacTHHI XepCOHCHKOI OOIT.
(46°10 ¢ —47°21° I1n. m.; 32°10° — 33°05° Cx. 1.), 3a-
KIIQJICHUX Y JIICOBUX HACa/PKEHHSX, JIICOBHX CMYyTax
Ta OKpeMHX JiepeBax 1 KypTHHax Ay0a y mictax. biib-
mricte npoorux oy (I1I1) posmimeno Ha niBoMy
oepesi p. Huimpo (23 IIII abo 74,2%), sicim 11T —
Ha paBoMy Oepe3i (25,8%).

Y micoBomy (oHmI XepCcOHCHKOTO 00IacHOTO
YIpaBJIiHHS JICOBOTO Ta MUCIHUBCHKOTO TOCTIOAapPCTBA
po3mimieni 15 npoorux o (48,4%), 30KpemMa, II1icTh
[1IT -y Pubanpuanceromy micaunrsi 111 «30yp’iBchke
JIMI'», mBi II1 — y Bypkytcbkomy micaunrsi JI1 «Be-
nukokonaHceke JIMI», yotupu 1111 — y XepcoHchko-
my micHunTBi 11 «Onemkisebke JIMI» i tpu I — y
Hocnigaomy micaunTei Crenosoro dimiary YxkpHIIJI-

Mewrosa Banenmuna Jlvgiéna — axageMik JliciBHMYOI akaje-
Mmii Hayk Ykpainu, kepiBuuk Cxignoro inginenus JIAH VYkpa-
{HH, JIOKTOp CLIBCHKOTOCIOAAPCHKUX HayK, mpodecop. YKpaiH-
CBKHIl HayKOBO-JIOCIIIHHN IHCTUTYT JIICOBOTO TOCIOJApCTBA Ta
arposiicomeniopanii im. I"M. Bucouskoro, Byin. Ilymkinceka,
86, XapkiB, 61024, Vkpaina. Ten.: +38(097)371-94-58. E-mail:
Valentynameshkova@gmail.com ORCID: https:// orcid.org/0000-
0001-6483-2736

Haszapenxo Cepeiu Bonooumuposuu — dnen-kopecrnonaent Jli-
CIBHMYOI akajemil Hayk YKpaiHW, KaHJHJIaT CLIbCHKOTOCHOAAp-
cpkux Hayk. [T «Crenosuii im. B. M. Bunorpaznosa ¢imian Ykpa-
THCHKOTO HAyKOBO-IOCIIHOTO IHCTUTYTY JIICOBOTO TOCHOIAPCTBA
Ta arpoiicomenioparii, Ykpainay, M. Onemkn XepcoHChKOT 00I.
Ten. +38(095)316-20-88. E-mail: nazarenko.sergej@gmail.com
ORCID: https://orcid.org/0000-0003-0482-3234

17100  Onekcandp Isanosuy — pupextop JI1  «CremoBoro
iM. B. M. Bunorpazosa diniany YkpaiHCbKOro HayKOBO-Z0CIIi THOTO
IHCTUTYTY JIICOBOTO TOCIIOAAPCTBA Ta arpoiicomeriopartiii, Ykpa-
fHay, M. Onemkn XepcoHcbkoi o6n. Ten. +38(050)530-17-61.
E-mail: aleksandrglod2020@gmail.com ORCID: https://orcid.
org/0000-0002-4021-5503

I'A im. I. M. Bucorpkoro. Y J1icCOBUX cCMyTaxX po3Miliie-
Ho 11 IIIT (35,5%). Pemty III1 po3mimeno y YopHo-
MOpcbkoMy biocdhepHOMY 3amOBITHHKY, EHIPOIIAPKY
XepCOHCHKOTO arpapHO-eKOHOMIYHOTO YHIBEPCHUTETY,
Ha TepuTopii cranmii tonHariB y lomiit [IpucTani Ta Ha
MOOAMHOKMX ay0ax M. Onemku. Bik obcrexeHnx Ha-
CaJpKeHb CTAHOBUTH Bix 25 1m0 250 pokiB.

HasBricTh 1y0OBOTO MEPEKMWBHOTO KIIOTIA Ta 3a-
rpo3y JepeBaM OILIHIOBAIX 3a 0ajgbHOIO MIKano: 0 —
JAKM BigcyTHiii; 1 — Tpamiserscs MOOIWHOKO, BH-
SIBJICHA OJTHA KJIaJIKa S€Ilb, 2 — TPAIUIIETBCS 3piaKa,
ymxkomkeHo 10 10% nepes; 3 — TparuistHHS 3BUYaifHE,
MIPUCYTHIN He Ha BCiX JepeBax, MOMmKokeHo 10 50%
TUCTS; 4 — MacoBe TIOIIUPEHHS, 3aCEJICHI BCi Iepena,
nomkopkeno 10 100% mucta. PozpaxoBano cepemnniit
6ast momupennsa JIKM 1715t okpeMux rpyn HacaKeHb.

Oco6unn JIKM i citiy IXHbOT )KUTTEMISITBHOCT1 BH-
sBiieHi Ha 19 13 31 oOcrexennx HacamkeHb (61,3%).
Ha 51,6% oOctexenux Il myGoBwii mepexmBHHUN
kion OyB 3BuYaitHNM (3 Oana) abo macoBuM (4 Oasa)
BunoM. Ikimauk € macoBuM Ha BochkMmu I1I1, 30kpe-
Ma, Ha jaepeBax jayba y mictax Xepcon, Onemku ta
T'oma Ilpuctanp, Ha MIISHKAX JIICOBHUX HAcaKEHb
Hocnigaoro micannrea CrenoBoro ¢imiany YkpHIIJI-
I'A ta bypkytcekoro micamnrsa JI1 «Benmnkoxonan-
ceke JIMI».

Cepennitt 6an nommupennst JIKM BusBuBcst 0iib-
MM Yy JTICOBUX HACa/DKEHHSX, HIXK Y JIICOBHX CMyTax
(2,51 0,4 6ana BimmoBigHO). BusBIEHO TEHACHIIIIO 10
301TBIIIeHHS MMOKa3HUKIB omupeHHs JJKM Ha nepeBax
Iy0a 13 301JIBIIIEHHAM BIKY.

Haiibinpme mommpenns JKM Busnadeno Ha
MPOOHUX TUIOMIAX, SIKI MEXKYIOTh 13 BYJIHUIIIMU MICT 1
JiCOBUMH Joporamu (2,8 6ana), a Tako)K po3TaIioBa-
Hi HETaJICKO Bij BomHOTro TUIsaxy (2,1 6ama). Yactka
MPOOHUX TUIOI] 31 3BUYAHHUM (Tpu Oanm) abo Maco-
BUM ("oTupu 6anm) momupenasMm KM cepen ycix
TJTONT 13 HASBHICTIO IITKITHUKA, PO3MIMICHUX TOOTH-
3y BYJIUIIh MICT, JIICOBUX JOPIT 1 BOMHUX IUISAXIB, ITE-
pesutye 80%.

OTrpumaHi AaHi MOXHA BBaXKaTH TIONCPEIHIMH,
OCKITBKH PO3MHOKEHHS, TIOIIMPEHHS Ta PO3CENIEHHS
JKM Ha Teputopii XepcoHChKOT 00J. po3modanocs
JIMIIIE IBa POKU TOMY.

KurouoBi ciioBa: ay0oBUil KON MEpEKHWBHUM;
npoOHa moma; cepeanii 6an mommpenns JIKM; gact-
Ka 3aCeJIeHNX MPOOHUX TUTOII; MIIIXH MTOIIHPEHHS.
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MepBble pe3ynbTaTbl N3yYeHUSA
Corythucha arcuata (Say, 1832)
(Heteroptera: Tingidae)

B XepCOHCKO o6nacTu YKpauHbl

B.J1. Mewwkoga', C.B. HazapeHko? O.I. Glod?

Hy6osserii xion-kpyxkeBanna (JAKK) Corythucha
arcuata (Say, 1832) (Heteroptera: Tingidae) — onacHbIi
BpEIUTENb JINCTBBI Ay0a, abopureHHwrii B CeBep-
Hoit Amepuke. B 2000 . moman B Mtanuro gepe3 Mop-
CKOM mopT M 3a nocuennue 20 JeT pacnpocTpaHHIIC
BO MHOTHX cTpaHax Espomsl. B 2017 1. BepBsIe 3ape-
THCTPUPOBaH B XepCOHCKOH obnactu YkpauHsbl. Llennb
WCCIICMOBAaHNN 3aKJIIovalack B OOOOIICHUHM TEPBBIX
JAHHBIX OTHOCHTENIFHO PAaCIpOCTPaHECHUsI AyOOBOTO
KJIOTTa-KPYKEBHHUIIBI B YKpanHe.

Uccnenosanus nmposeaensl B 2020 . Ha 31 npo6HO#I
IUIONIAJIM B FOTO-3arajHoOl 4acTh XEpCOHCKOW OOl
(46°10'—47°21'c.m1.; 32°10'-33°05'B.11.), 3a7T0KCHHBIX
B JIECHBIX HACAKICHHUSAX, JIECOTOJIOCAX U Ha OTJEIbHBIX
NIepeBbAX W KypTHHaxX Jay0a B ropogax. bompmmHCTBO
npo6ubIX Tromazei (I111) pacnonoxxens! Ha 1eBOM Oe-
pery p. duenp (23 II1, wim 74,2%), 8 111 — Ha mpaBoM
oepery (25,8%). B necHom Qonae XepcoHCKoro 00-
JIACTHOTO YTIPaBJIEHUS JIECHOTO U OXOTHUYBETO XO3sii-
CTBa pacroyiokeHsb! 15 nmpoOHBIX momanei (48,4%), B
T.4. mecth [1I1 — B Pribanbuanckom secauuectse ['11
«30ypseBckoe JIOX», nse I1I1 — B BypkyTckom necHu-
yectse ['T1 «Bemmkokonanckoe JIOX», uetsipe 111 - B
XepconckoM necunuectse [Tl «OnemkoBckoe JIOX»

Mewxosa Banenmuna Jlvbeoena — axanemuk JlecHoH akazeMuu
HayK YKpauHbl, pyKoBoauTenb Boctounoro otmenenus JIAH
VYKpauHbI, JIOKTOpP CEJIbCKOXO3SIMCTBEHHBIX HayK, Hpodeccop.
YKpauHCKHIl  HAyYHO-HMCCIICIOBATEILCKUA HMHCTHTYT JIECHOTO
X03sHCTBa W arpoiecomenuopanuu uM. [. H. Bwicouxoro, yim.
Iymkunckas, 86, XapbkoB, 61024, Ykpauna. Ten.: +38(097)371-
94-58. E-mail: Valentynameshkova@gmail.com; ORCID: https:/
orcid.org/0000-0001-6483-2736

Hasapenxo Cepeeii Braoumuposuu — dieH-koppecronaeHt Jlec-
HOM aKaJeMHu HayK YKpauHbI, KaHANJIAT CEIbCKOXO3SIHCTBEHHBIX
Hayk. ['TI «Crennoii um. B. H. Bunorpanosa ¢unmnan YkpanHcko-
IO Hay4YHO-HCCIICI0BATEIECKOIO HHCTUTYTA JICCHOTO XO3SHCTBA U
arpojecomenuopanuy, YkpanHay, T. Onemku XepcoHCKOH 00
Ten. +38(095)316-20-88. E-mail: nazarenko.sergej@gmail.com
ORCID: https://orcid.org/0000-0003-0482-3234

Ioo Anexcandop Heanosuu — nupektop [Tl «CremHolt wum.
B.H. Bunorpanoa ¢uinan VYKpanHCKOTo Hay4HO-HCCIIEI0Ba-
TEIBCKOTO MHCTHTYTA JIECHOTO XO3SHCTBA U arposiecOMEINOPALUH,
VYkpaunay, r. Onenrku Xepcorckoii 061 Ten. +38(050)530-17-61.
E-mail: aleksandrglod2020@gmail.com ORCID: https://orcid.
0rg/0000-0002-4021-5503

w

u tpu 11 — B OnerTHOM ecHudecTtBe CrenHoro ¢u-
nuanta  YKPauHCKOTO HayYHO-HCCIIEOBATEIhCKOTO
WHCTUTYTa JIECHOTO XO3SHCTBAa M arpoyieCOMeIHo-
paunu um. I H. Bricoukoro. B necononocax pacno-
noxkeno 11 TIIT (35,5%). OcranbHble IPOOHBIE ILIO-
iaau pacronioxkensl B YepHomopckom buocdepnom
3armoBeHUKE, JIEHApOnapke XepCOHCKOro arpapHo-
SKOHOMHUYECKOTO YHHBEPCUTETA, HA TEPPUTOPHH CTaH-
uuu toHHatoB B lonoi Ilpuctanu m Ha OINMHOYHBIX
ny6ax 1. Onemku. Bo3pact obcrmeoBaHHBIX Hacak-
NEHUN cocTaBigeT oT 25 no 250 ner.

Hannune nyGoBoro Kiomna-Kpy»KEeBHUIIBI U YTPO3Y
COCTOSTHHIO JIEPEBbEB OLIEHUBAIHN TI0 OaJUTHHOM MIKase:
0 — IKK orcyrctByet; 1 — BcTpeyaercs eIMHUYHO, 00-
Hapy)KeHa OfiHa SHIeKIaKa; 2 — BCTpeyaeTcs u3pes-
Ka, moBpexacHo 1o 10% nepeBneB; 3 — BCTpedaeTCs
00BIYHO, BBHISBIIEH HE Ha BCEX JEPEBBAX, MOBPEXKJIE-
HO 110 50% nucTBBI; 4 — MaccoBOE PacCIpPOCTPAHECHHUE,
3aCeIIeHbI BCE IEPEBhs, MOBPEkAeHO 10 100% IMHCTBEL
Paccunran cpexnnii 6amn pacnpoctpanenus JKK s
OTJIENIBHBIX TPYII HACAXKACHUH.

Ocoboun JIKK wu cieapl HMX JKU3HEACATCIHLHOCTU
oOHapyxeHBI B 19 u3 31 o0cnemoBaHHBIX Hacaxje-
Huii (61,3%). Ha 51,6% o6cnenoBanubix [1I1 nyOoBbiit
KIJIOTI-KPY’KEBHUIIA SIBIISIETCS OOBIYHBIM (Tpu Oasuia)
WJIH MacCcOBBIM (deThIpe Oanna) Bumaom. Bpeaurens sB-
nsgercs MmaccoBbIM Ha BocbMH [111, B T.u. Ha AepeBbsX
nmyba B ropogax XepcoH, Onemku u ['onas [Iprucrans,
Ha y4JacTKaX JECHBIX HacaxaeHui OTBITHOTO JIECHH-
yectBa CrenHoro ¢unuana YkpHUMIIXA u BypkyT-
ckoro secunyectBa [Tl «Bemukoxomanckoe JIOX».
Cpenuuii  6amn  pacnpoctpanenus JIKK okazancs
OoJiee BBICOKMM B JIECHBIX HACAXKICHHAX, YEM B JIECO-
nonocax (2,5 u 0,4 6anna coorBeTcTBeHHO). OOHApY-
JKEHa TEHJICHIUS YBEJIMUYEHHs IOoKa3aTelel pacmpo-
crpanenus JIKK ¢ yBennyenunem Bo3pacra jayoa.

Haubomnpmee pacnpoctpanenne KK ycranosme-
HO Ha MPOOHBIX TUIOIAINX, TPAHUYANIUX C YIHIAMU
TOpOJIOB U JIECHBIMHU Joporamu (2,8 0aiia), a Takxke
pacmoNoKeHHBIX HEJaNneKko OT BogHoro myTtH (2,1 6an-
na). Jlonst mpoOHBIX TUIOIIAACH, TAe 3aperucTpUpOBa-
HO 00bIYHOE (TpH 0ajuia) UK MaccoBoe (YeTbipe Oa-
na) pactpoctpanenne JIKK, oT Bcex mpoOHBIX TUTOIA-
JIell C HaJIMYMeM 3TOTO BPEIUTEIS, PACIIONIOKEHHBIX
BO3JI€ YIJIMI[ TOPOJIOB, JIECHBIX JIOPOT U BOAHBIX MyTeH,
npesbimaer 80%. Ilomydennpie maHHBIE MOKHO CUH-
TaTh TMPENBAPUTEIBHBIMHU, MOCKOIBKY DPa3MHOKEHHE,
pacrnpocTpaHeHHe M pacceleHue ay0oBOro Kioma-
KPYKEBHHIIBI HA TEPPUTOPUH XEPCOHCKOM 00JIacTH Ha-
YaJloCh JIUIIb J[Ba TOa HA3a]l.

KaroueBble ciioBa: 1y0OBBIH KIIOM-KPY)XKEBHHUIIA;
MpoOHas TUIOMIAb; CPEAHUH Oajul pacmpoCTpaHEeHUs
JKK; momst 3aceileHHBIX MPOOHBIX IUIOMIANIEH; MyTH
pacrnpocTpaHEeHHUs..

38 B. 1. Mewkoga, C. B. HazapeHko, 0. |. Tnoa. MNepuwi pe3ynbtatn Buuenua Corythucha arcuata (Say, 1832) (Heteroptera: Tingidae)...
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VIAK 631.41(477.41/42)

CyKuecia poCINHHOCTI 3py6iB nicna npoBefeHHA CyLiNbHNX PYyOOK
Ay60BuNX HacagKeHb B ymoBax 3axigHoro Ta LleHTpanbHoro NMonicca
YKpaiuu

[. 4. IBaniok', A. 1. Dyunno?

Pesynomamu docaiosicens w000 6i0meopeHHs HAcaddlceHb dy0a 36UUAlIH020 NICIA CYYITbHUX PYOOK 8 YMOBAX C8i-
arcux 1 sonoeux cyepydie 3axionoco ma Llenmpanvroco Ionicca Ykpainu noxasanu, wjo enpooogac 1-3 pokie Ha 3py-
bax gopmyromvca OUHAMIUHT, MO3ATUHI POCIUHHT YEPYNOBAHHA 13 3ATUWKAMY JTICOBUX A 3HAYHOK YUACMIO C8IMIL0-
JHOOHUX PYOEepaTbHUX T IVUHUX 8UOT8. [ 0108HUM TIMIMYIOUUM YUHHUKOM ) BIOHOGLEHHI (DIMOPI3HOMAHIMMS HA YbOM)
emani € iOCYmMHICMb 8ePXHbO20 APYCY Hacadicens. [licas 3mukanua Kpou (opienmosno y 10-piunomy 6iyi) gaopuc-
MUYHUL CKIA0 | yeHomuuHa 6y008a aicosux Qimoyenosie mavice I0HOBIIOEMbCA, A eleMeHmU CUHY3IANbHOT 6Y008uU
3’asnsomoca y 20-piunux yenosax. Y nooansuiomy 6iobysacmocs nogue Gi0H0GIEHHs AK GIOPUCMUYHO20 CKAADY, 30-
Kpema 6udis, gi0HeceHux 00 Yepgonoi knueu Ykpainu, max i yeHomuunoi 6y006u imoyerosy.

TooibHicmy ropucmuynozo ckiady mpas ’aHo-4a2apHuuko802o apycy 120-piunux 0y6osux nacaoxcerns i 1-10-piy-
HUX POCTUHHUX YePYNOBAHD € HU3bKot (iHoexc Cvoopencena-Yexanoscvrozo 6 mexcax 0,27-0,44). Hamomicmv 6cmanos-
JIEHO BUCOKY 8UO08Y NOOIOHICMb IOPUCTNIUYHO20 CKAADY MPA8 AHO-YALAPHUYK0B8020 apycy 40-piunux Kyiemyp 0yoa
3 ycima ixosumu kamezopiamu. Beruyuna inoexcy 6u006oi nodionocmi sminioemoca y mexcax 0,72 — y eiyi 10 po-
kie, 0,79 —y 20, 0,73 —y 60, 0,85 —y 80, 0,79 —y 100 poxie. ¥V cyoxnimaxcosux 120-piunux ¢pimoyenozax mpas ano-
YALAPHUYKOBULL APYC CKAAOAEMBCA NEPEBANCHO 3 Nicosux 6udie (na 88,0%); sk domiwku mpanasaaucs ayuni (8,0% eu-
006020 ckaady) ma 6oromui (4,0%) euou. Ilicia cyyinbHoi pyoxu i cmeopeHus 1icogux Kyiomyp y 1-piuHux pociuHHux
VePYNOBAHHAX UaACmMKA 1ico8ux eudie cmanosuna 32,9%, ceimiontobnux nyunux ma pyoepanviux — no 25,7%, y3uic-
Hux — 8,9%. ¥V mpae’aHo-uazapHuuko8omy Apyci yepynosaus yCix 8iKoSUX Kamezopill nepesajicarms mpas aui bazamo-
PIUHUKY, IX YUaACb € MAKCUMATbHOW Y Mamepurcokux 120-piunux gimoyenoszax (96,0%).

Kniouosi cnoea: Quercus robur L.; depesocman; ceidici cyepyou,; eonoei cy2pyou; 3pyou, 6ikogi emanu, mpag sHo-
YALAPHUYKOBULL APYC; DAOPUCIMUYHULL CKIAO,; (DIMOPI3HOMAHIMMA, YeHOMUYHA 0Y008a imoyeHos)y.
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Beryn. B ymoBax mepeBakaHHA B YKpaiHi Cy-
LITBHUX PYOOK TOJIOBHOTO _KOPHCTYBAHHS, BUBYCHHS
BIIHOBIIIOBATIbHUX CYKIECIH Ha 3py0ax € HayKOBHM
MIATPYHTSM JIJIsl pO3POOIICHHST KOHKPETHHUX 3aXOJiB 3i
cranoro jicokopuctyBanas (Ilapman, [Hnmapuk, [Tap-
naH, Buergi, Commarmot & Zingg, 2002).

[Ticas cyninpHUX pyOaHb 3a3BUYail CTBOPIOIOTH JIi-
coBi kyneTypH (Bakymnrok, CamornaBcekuii, 2006; Oy-
ymo, 2011; dedpuntok, Kpununpkuii, lenens, 2016).
3a3HavyaeThes, Mo 00pOOITOK IPYHTY i JTICOBI KYIb-
TypH € OIHUM i3 OCHOBHUX YMHHHKIB YCITIIITHOTO BH-
POILIYBaHHSI BUCOKOMPOIYKTUBHHX 1 O10THYHO CTIMKHX
JIEPEBOCTAHIB, 30KpeMa i AyOa 3Bu4aitHoro. BomHouac,
Pe3ysbTaToM 00pOOITKY IPYHTY € CYTTEBE MOPYLICHHS
BUOBOTO 1 KUJIbKICHOTO CKJIaJy POCIMHHOTO BKPHUTTSI.
3o0kpema, Ha 3py0ax y pOCIMHHUX YTPYMOBAHHAX IIe-
peBAKAIOTH TeTiO(ITH, 30UIBIIYEThCS YIaCTh BOIOTO-
mobnux BuaiB (Ilamok H., [MaBirok B., 2013). Lei
acmekT mobpe y3romkyethses 3 nanumu C. b. KoBanes-
cekoro (2003), o, He3BaXKalo4H Ha OLIbIIe BUTIAPOBY-
BaHHS 3 MOBEPXHi IPYHTY Ha CBIKUX 3py0ax, BOJIOTICTh
X TPYHTIB BHUIIIA.

Kanancpki 1OCaiIHUKA (Hart & Chen, 2008) Bka-
3yIOTh Ha Ba)KIHBICTH TPAB’sIHO-4arapHUYKOBOTO sPY-
Cy JICY, OCKIUIbKH CaMe BiH BH3HAYa€ HAPSM i WIBHI-
KiCTh BTOPUHHMX CYKLECIH HiCIs JICOBUX MOXKEXK, Cy-
LITBHUX 3py0iB Ta KOJIOOOIT TOJIOBHUX EJIEMEHTIB KUB-
JICHHSI TTICJIS ParToBOi 3MiHH JIICOBOTO CEpeOBHIIA. 3a
JNaHUMH IUX JAOCTiTHUKIB, (DITOPI3SHOMAHITTS B TaKHX
Oioromax 30inbLIyeThCs Y epii 1-3 poku micis Buaa-
JICHHSI JIEPEBOCTaHY, MOBEPTAIOYHCH JI0 BHUXIJIHUX Be-
JTUYUH HpI/I6J'II/13H0 yepe3 40 poki. Komosizariist Bib-
HUX EKOHIII BiZIOyBAa€ThCS 3a PAaxXyHOK PO3POCTAHHS
MOMIPHO CBITIONIOOHUX BUIIB — Pteridium aquilinum
(L.) Kuhn, Vaccinium myrtillus L., Rubus idaeus L., a
Takok aneMoxopiB — Chamaenerion angustifolium (L.)
Holub., Solidago sp. Ta in. 3aranom, y ¢mnopuctud-
HOMY CKJIaJi POCIMHHHMX YIPyIHOBaHb Ha 3py0ax Ie-
peBaxaroTh OGararopiuni Tpasu (72,8%), a B ixHbOMY
CKJIafi — MOBrokopeHeBuIHi (22,8%) Ta KOpOTKOKOpe-
HeBumiHI Buan (18,1%). YacTka MOHOKapITIKiB CTaHO-
BUTH 8,6%, 30KpemMa, ONHOPIYHUKIB — 6,2 Ta TBOPIYHU-
KiB — 2,4%.

Bceranosneno (Ilapnan Ta in., 2003), mo Ha 3py-
0ax OykoBuX JjiciB QM y CHEKTPl )KUTTEBUX (OpM
BHIIIB TpaB’sSTHO-4arapHUYIKOBOTO SPyCy TIepeBaka-
10Th OaratopiuHi TpaBu — 68,6%; maibke 25,0% cra-
HOBJISITH MOHOKapmivyHi TpaBu. HaronomeHno Ha nepe-
Ba3l aHEMOXOPHHX BHIIB, SIKi 3 SBIISIOTHCS HA 3pydax
(27,0% ¢ropucTyHOrO CKIaMy), IPOTE BKA3aHO, L0
3HAUHY y4acTh TakoX OepyTb aHTPOIIOXOpHI Ta 300-
XOopHI BuaM — B Mexax 24,0-25,0%.

Hus 6opeanpHux niciB OiHnsHAI y Me30(iTHIX
MICIIE3pOCTaHHAX 3apOCTaHHS CHJIBHO TOPYLICHUX
TUIAHOK CYIUTBHUX 3pYyOiB BiOyBa€ThCs 3a ydYacTIO
mionepHux BuAiB (Uotila, 2004; Vanha-Majamaa, Sho-
rohova, Kushenevskaya & Jalonen, 2017), 3nauHotO
MipOIO — aHEMOXOPHHX, a TAKOX 33 PaXyHOK Harpoma-
JUKEHOTO Y IPYHTI OaHKY HAaCiHHH, IO NIPU3BOHUTE 10
3MIHH y4YacTi B yrpyHOBAHHAX GKONOTO-IEHOTHYHHX
rpyn BuaiB (Gilliam, 2007; Tonteri, Salemaa, Rautio,

Halikainen, Korpela, & Merila, 2016). JlicoBi >k Bumu
MOHOBJIIOIOTHCS [IEPEBAKHO BiIPOCTAHHAM BiJl KOpEHe-
BUIII, 1 MEHILIOIO MIpOIO — 32 paXyHOK OaHKY HACIHHH Y
rpyHTi (Alexe, 1986).

B ymoBax cBixkoi rpaboBoi miopoBu JlicocTemy
VYkpainu y nepiii poku Ha 3py0i Bi[[6yBa€TI)C}1 3HAYHE
30LIBIICHHS BHIOBOTO CKIIajly TPaB’sHHOIO sIpyCy 3a pa-
XYHOK pyIepaibHuX 1 JIy9HIX BUJIB. ¥ JTICOBUX KyIlb-
Typax ny0a 3BHYAHOTO 1-6-piyHOTO BiKY KiJIBKICTb
JCOBUX BUJIIB MPAKTUYHO HE 3MCHIIYETHCS, aje CyT-
TE€BO 3MCHIIYETHCS IXHE MPOCKTUBHE BKDHUTTS 1 3HH-
KyeTbest KUTTEBICTh (Octamuyk, Maypep, CoBaxos,
2013). B ymoBax cBIKHX 1 BOJIOTHX TpaboBO-1y00BO-
cocHoBux cyrpyaiB Llenrpansnoro Ilomices micns cy-
LiTBHOTO py6aHH;1 ILy6H§1KiB y TepiI poKH yTBOPIO-
IOThCS l];I/IHaMILIHl POCJIMHHI yIPYNOBaHHS, B KX Ma-
COBO 3’ABJISIIOTHCS 1-2-piuHi pyz[epaJILHl BUAM, TIOPAT
13 3aJMUIIKaMH CBITJIONIOOHUX TpPaB’sHUX BHIIB Mare-
puHCchKOTO (iTorieHo3y (IBamtok, 2020).

Jlnst xBoWHUX JticiB JINTBY BCTaHOBIIEHO, IO Y TIEp-
i 1-2 poku Ha 3py0ax CyTTEBO 3MEHIIYETBHCS KiJib-
KICTh BHUIIB JIICOBOI E€KOJOTO-IIEHOTHYHOI TpymH, a
BUJIB IHIIUX TPyI — 30uTbIIyeThes. Cepen oCTaHHIX
BiJJ3HAYCHO 3HAUHY YaCTKy aHEMOXOPHHX BH/IIB, CEpesl
skux Senecio vulgaris L., Cirsium arvense (L.) Scop.
ta in. (Cesoniene, Daubaras Kaskonas, Kaskoniene,
Maruska, Tiso & Zych 2018)

Otmxe, I CYIUTBHUX 3py613 XapaKTepHUM €
3HMKHEHHS 3HAYHOI YaCTHHU JIICOBHUX 1 MOSIBA JIyYHUX
Ta pyaepaibHux cBiTiomoouux BuaiB (Cipyk, 2010;
IBanrok, 2020). Y 3B’SI3KYy 3 UM, AKMYAIbHUM 3046-
OauHsAM € JOCHIDKEHHS CYKIIECiH POCIHMHHOCTI,
30KpEMa, Y HACaKCHHAX ny0a 3BHYAWHOTO, SIK ITiJI
HAMETOM JIiCY, TaK i Ha Pi3HOIO THITy 3py0ax 3 METoko
T ATPUMAHHS BUCOKOTO PiBHS JTICOBOTO 6100TT4HOIO
PI3HOMaHITTS y PI3HUX THIIaX JICOPOCIUHHHUX YMOB,
HacamIiepes, y CBIKUX 1 BOJIOTHUX Cyrpyaax 3axiITHO-
ro ta lleaTpanbroro [lomices Ykpainu B mepioxn cyT-
TEBUX KJIIMATHYHUX 3MiH.

O0’exkTH Ta MeToAMKA HOCHiIKeHb. 00 ckmom
dociddicens OyB CKIIaJ] TPaB’ SHO-YarapHUYKOBOT poc-
JIMHHOCTI 3pY0iB, HE3IMKHYTUX KYJIBTYD, MOJIOJHSIKIB,
CEepPEeTHLOBIKOBHX, PUCTUTAIOYNX 1 CTUTIIUX INTYYHUX
HacapkeHb Quercus robur L. 3axinnoro Ta LlenTpains-
Horo [lomices Yipainu. [lpeomem docnioicenns — Cyk-
1eciss TpaB’SHO-4arapHUYKOBOI POCITUHHOCTI Ha 3py-
0ax 1 mig HaMeToM IITyYHUX HacaKeHb Quercus
robur B yMOBaXx CBIKUX 1 BOJIOTUX CYTpyIiB. Mema Oo-
cai0oicens TIONSITaNa y BUBYCHHI CyKIlecii pOCIIMHHOC-
Ti 3pyOiB Ticis 3iMICHEHHS CYIIIBHHUX pPyOOK 11y0o-
BUX Haca/PKeHb B YMOBaX CBIKHX 1 BOJOTHX CYTpyiB
3aximHoro ta llearpansaoro [Tomices Yipainm.

JocmipkeHHsT  AWHAMIKH  (ITOPI3HOMAHITT Y
KHBOMY ~HAJIPYHTOBOMY BKPHUTTI 3AIHCHIOBAN Yy
Tepios; MAKCHMAIBHOTO PO3BHTKY (iTOMach pOCIHH-
HOCTI 3a cTaOUILHOTO PiBHS BOJIOTOCTi. PIOpUCTUUHUIMA
CKJIaJ POCIMHHHUX YrpyINOBaHb BHBYAIH 32 METOIU-
koo A.A. Kopuarina (1964). luraMiky poCIWHHOTO
BKPHTTS Micisi pyOOK TOJIOBHOTO KOPUCTYBAaHHS JOCTi-
JOKYBAJIX 332 METOAUYHUMH TojoxeHHs MU B. JI. Anek-
caampoBoi (1964). Ilpu npomMy IS KOXKHOTO POCIHH-

40 I. . 1Bantok, A. [I. Oyuuno. Cykuecia pocnnHHOCTI 3py6iB Nicna npoBefeHHA CYUinbHUX pyboK Ay6OBUX HACAZXKEHb B yMOBaX...
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HOTO YIPyIOBAHHS Bi[3HAYAIN: IPOCKTHBHE BKPUTTS
KOXHOTO BHJLY (%) abo ancyTchTL BUTY (+) KiJIb-
KIiCTh SIPYCiB POCIMHHOCTI, HasiBHICTh CHHY3il BECHs-
HUX eheMepoiiiB, 3arajJbHUN CTaH POCITUHHOTO BKPUT-
TSl Ta OKPEMUX €KOJIOTO-LIEHOTUYHUX TPy BUIIB.

Jnst mopiBHSHHS OiOpi3HOMAHITTS y JIicOBUX (i-
TOILIEHO3aX BUKOPHCTOBYBAJIM 3araJbHONPHUHATI
reo0OTaHILl TMOKa3HWKH, 30KpeMa, BUIOBY HacHue-
HICTh (ITOIICHO3y a00 MEBHOIO SPYCy POCIMHHOCTI
(Bansrep, 1982; Tuxomupos, 2006).

3 METO0 BCTAHOBJIEHHS KIIBbKICHOI OI[IHKA BUIOBOT
noAiOHOCTI TpaB’THO-4arapHUYKOBOTO SIPYCy POCIIUH-
HUX YTPYINOBaHb PO3PaxOBYBaJH 1HJIEKC BWJIOBOI IO-
nionocti Cropencena-Yekanoscbkoro (Onym, 1986).

EKonoro-ieHOTHYHI acreKkTd BUBYAIM 33 METO-
mukoto C.M. Ilangenka (2005), BUILISAIOYM HACTYTI-
Hi €KOJIOTO-IIEHOTHYHI TPyNH BUIIB: JIiCOBa, y3JiCHA,
Jy4yHa, OOJIOTHA, pyaepayibHa. Kiiacudikaiiito xurre-
BuX (opM BuAIB mogano 3a [. I. CepedpskoBum (1969),
KOHKPETHI JKUTTEBI (OPMH BHIIB HaBeneHO 3a «Bu-
3HaYHUKOM BUIIMX POCIHMH YKpaiHM»: OJHOPIYHUKH,
OJTHO-ABOPIYHUKH, JBOPIYHUKH, TpaB’siHI Oaratopid-
HUKH, yarapHUuky (OnpeaenuTensb BICIINX PacTeHUH
VYkpaunsl, 1999).

Pe3ynabraTtu Ta 00roBopeHHs. Pesynasratu moci-
JOKEHB 11010 BiATBOPEHHSI HaCaPKEHb Ay0a 3BHUYaiiHO-
TO MiCJsI CYUIBHUX PyOOK B YMOBaX CBIXKHX 1 BOJIOTHX
cyrpyaiB 3axigaoro ta Llenrpansroro [lomices Yipai-
HU TT0Ka3ald, o BIPOAOBXK 1-3 pokiB Ha 3py0ax ¢dop-
MYIOTBCSl IMHAMIYHI, MO3ai4Hi POCIMHHI yrpynoBaH-
HS 13 3QJIMIIKaMHU JTICOBHX Ta 3HAYHOIO y4YacTIO CBIT-
JOMOOHUX pyAepalbHUX 1 JTy4HUX BUAIB. [00BHHM
JTIMITYIOUUM YMHHUKOM Y BiJHOBJICHHI (piTopizHOMA-
HITTS HA ITbOMY €Talli € BIACYTHICTH BEPXHBOTO SPY-
Cy HacaJkeHb. [licns 3MUKaHHS KPOH (OpPIEHTOBHO Y

10-piyHOMY BiIli) (IIOPUCTHYHUHN CKIIaa 1 IEHOTHYHA
OymoBa J1icOBUX (hiTOIEHO31B MalKe BiTHOBIIOETHCS, a
€JIEMEHTH CHHY3iabHO1 Oy10BH 3’ ABIAIOTHCS Y 20-pid-
HUX IIEHO3aX. Y MOAAIBIIOMY BiOyBaceThCsI TOBHE BiJI-
HOBJICHHS SIK (DIOPHCTUYHOTO CKJIaTy, 30KpeMa BHIIB,
BigHEeceHUX 10 UepBoHOI KHUTH YKpaiHH, TaK 1 IeHO-
THIHOI OymoBU (HiTOIICHO3Y.

[oniOHicTh  (HIOPUCTUYHOTO CKIIAAYy TpaB’sHO-
YarapHU4KoBOTro sipycy 120-piuHux 1y00BHX HaCaIKEHb
1 1-10-piyHEX POCITMHHUX yTPYTOBAaHb € HU3BKOIO (1H-
nexc CropeHceHa-UYekaHoBChKoro B Mexkax 0,27-0,44).
HaromicTh BCTaHOBJIEHO BHCOKY BHJOBY MOAIOHICTbH
(pIOPHCTHYHOTO  CKJIAZy — TPaB’sSHO-YarapHHIKOBOIO
spycy 40-piaHux KynbTyp ay6a 3 y01Ma BIKOBHMHU Kare-
ropisimu. Benmunna iHAekcy BUAOBOI MOAIOHOCTI 3Mi-
HIO€ThCS ¥ Mexax (0,72 — y Bimi 10 pokis, 0,79 —y 20,
0,73 -y 60, 0,85 —y 80, 0,79 —y 100 pokis.

AHai3 y4acTi BUIB Pi3HUX €KOJOTO-IIEHOTUYHHX
rpyn y ¢GbopMyBaHHI TpaB’ SHO-9arapHUIKOBOTO SIPY-
Cy JicoBUX (DITOIICHO3IB ITiJ] 9ac iX BiTHOBIEHHS ITiCIIS
CYLIJIBHUX PYOOK TOJIOBHOTO KOPUCTYBaHHS JIa€ 3MO-
Ty TOTIHOUTH PO3YMIHHS TPOIECIB, IO BiI0OyBAIOTh-
csl 32 TaKMX YMOB. BiAmoBimHi qaHi momo TUHAMIKK
€KOJIOTO-LEHOTHHHX IPyTl BUAIB Y (IOPUCTHUHOMY
CKIIaJi TPaB’sHO-4arapHUIKOBOTO APYCY POCIMHHHX
YTPYIOBaHb JTyOOBUX IICIB PI3HOTO BiKY y CBIXKHX CY-
rpydax HaBeIeHO Ha puc. 1.

[IpencraBneni naHi IEMOHCTPYIOTh, IO y CYOKIIi-
makcoBux 130-140-piuanx QiToneHO3ax TpaB’sHO-
YarapHUYKOBUH SPYC CKJIAaJA€ThCs MEPEeBaKHO 3 Jii-
coBux BuAiB (Ha 67,9%). lo wi€i rpynu yBIHIIIM To-
NoBHI BUIU-criBaoMinanTe — Convallaria majalis L.,
Pteridium aquilinum, Stellaria holostea L., Carex
montana L., Anemone nemorosa L., a TakoX YMCIICHHI
BUJIN-aCEKTaTOPH.
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Puc. 1. JIunamika y4acTi eKoJIOro-neHOTHYHUX TPYII BUAIB Y (PJIOPUCTUYHOMY CKJIaJl TPaB SHO-4arapHUYKOBOTO SIPyCy
POCIMHHHX yrpyloBaHb JyOOBHX JIICIB PI3HOTO BIKY Y CBIXKHX Cyrpyaax
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Taxi cTapoBIKOBI IIEHO3W XapaKTepU3YIOThCA Bij-
HOCHO HEBHMCOKOIO ITOBHOTOXO, 3a3BH4Yaii, 0m3bKo 0,6,
IO 3yMOBIIIOE TOOPY OCBITJIEHICTh HIXKHIX SPYCIB Ji-
coBoro yrpynosanHs. Came TOMy TyT BHSIBICHO 3Ha-
YHY y4yacTh CBITJIONIOOHUX y3micHUX BUIIB — 18,9%,
npeAcTaBHUKaMu sikuX € Genista tinctoria L., Trifolium
alpestre L., Veronica chamaedrys L., Hyperzcum
perforatum L. Ta iH., a TaKoX Hpe,Z[CTaBHI/IKlB CBIT-
JIOMFOOHUX JTYYHUX BI/II[IB — Vicia sepium L., Festuca
rubra L., Dactylis glomerata L. Tomio (13,2%).

[lepeBaxkaHHS CBITIOIIOOHUX JIYYHUX BHJIIB Y POC-
JMHHOMY BKPHUTTI Ha TOYATKOBHX CTaJisIX BiAHOBIIO-
BalbHUX CYKIICCIH 3ayBa)KyBajWl ¥ 1HII IOCIITHUKH
(Beamins, kynop, bysyn, 2008; Cipyk, 2010). Ilic-
7Sl 3AIHCHEHHS! CYLIBHOI pyOKH TOJOBHOTO KOpHC-
TYBaHH:I (1)OpMy}OTBC$I OararoBUOBI, MO3ai4Hi, aH-
HAMIYHI TpaB’siHi YrPyNOBAHHA, SKi BiI3HAYAIHCS
JOCIIJTHAKAaMU TaKOX 1 JUIi COCHOBHX JIiCiB 3axiiHo-
ro (Ixymop, 2006) Ta ILentpansuoro (Cipyx, 2010)
[Momicest. IXHBOIO XapaKTEPHOIO PUCOIO € 30epeKeHHS
YaCTUHH JIICOBHUX CBiTIIONOOHUX BUAiB — Convallaria
majalis, Pteridium aquilinum, Stellaria holostea,
Primula veris L., Clinopodium vulgare L. Ta iH. IxHs
qacTKkay QIOpUCTHIHOMY CKIIali IOCIiIKYBaHOTO SIpY-
cy l-piaHnX yrpynoBasb CTaHOBUTH 16,7%. Jlst ysic-
HUX BHIIB BJIACTHBUM € 36epe>1<eHH;[ yacTku y ¢io-
PUCTUYHOMY CKJIaJi TpaB’sSHO-4arapHUYKOBOTO sIpy-
cy — 18,8%. Lo rpymy cknamawots Genista tinctoria,
Clematis recta L., Campanula rotundifolia L. Tomo.

[loBHE OCBITJICHHS TOBEpXHI IPYHTY MWicis Cy-
HITBHOT PYOKHM TaKoXK CHpHsA€e 301IBIIEHHIO KITBKOC-
Ti B 1-piYHUX YIPYIIOBAaHHAX CBITIOTIOOHHUX ITyYHUX
BUJIB, YaCTKa SAKHX Yy (IOPUCTHYHOMY CKJIQJl CTaHO-
BUTH 35,3%. Ll rpyna Bkitodae Vicia sepium, Festuca
rubra, Agrostis vinealis Schreb., Taraxacum officinale
Wigg. tomo. HasBHicTh Ha 1-piuHUX 3py0ax BHIIB 3
PI3HOIO MOMYMSAIIHHOI0 THHAMIKOIO TaKOXK MPOCIiIKO-
ByBaJlaCh HH3KOK JOCIHiTHHKIB paHime (bychkaHIOK,
2008; I'enukosa, Toponosa, Kpsimens, 2016). YV mpo-
11eci MPOBEACHHSI CYIIIFHOI pyOKH, IMiITOTOBKH TIIOMTI
1 00pOo0ITKY TPYHTY Tl CaJiHHS JIICOBUX KYIBTYD Bij-
OyBa€eTbCsl 3aHECEHHS J11acTiop pyAepanbHuX BUJIB, SIKi
OypXJIMBO PO3POCTAKOTECS HA JICOKY/IBTYPHIH TLIOMLI.
IxHs1 yacTka y QuiopucTHUHOMY CKIai 1-pidHux yrpy-
MOBaHbL CTAHOBUTE 29,2%.

Jis 2-piuHAX POCIMHHUX yTrPYyNOBaHb BIACTHBUM
€ TIpOrpecyrode 3MEHIICHHS Y4YacTi JIICOBHX BHJIIB,
YyacTKa SKUX 3HUXKYEThCs 10 13,2%. 30epirarorhbes, B
OCHOBHOMY, CBiTIONMIOOHI Bumu — Convallaria majalis,
Pteridium aquilinum, Stellaria holostea ta in. Yacr-
Ka Y3JICHHX BHIIB Y (NIOPUCTUYHOMY CKIaai 2- piq-
HHX yTPYTOBaHb 3pOCTa€ 10 22,6%, a JIyIHHX — Maike
He 3MmiHIoeThes (35,8%). Py,[[epaJ'II:Hl BHJIU IIPOJIOBKY-
I0Th BiJirpaBaTH BaXXJIMBY POJIb, iXHS YacTKa CTaHO-
BUTH 28,4%. Ha 3Ha4Hiif y4acTi y pOCTMHHOMY BKPHT-
Ti 2-piaHHX KYIBTYp PY/IEpAbHHX, 30KPEMa, aIBeH-
TUBHMX iHBa3i{HMX BHUIIB HArQJIOUIYBANOCS i paHimie
(Ixyznop, 2006; Cipyk, 2010; Cesoniene et al., 2018).

VY 3-piuHOMY Billi YacTKa JIiCOBUX BUIB csrae 19,5,
y3iicHUX — 19,6, a mepeBakaloTh Ha IIbOMY €Talli Jy4-
Hi Bunu — 37,3%. YacTka pynepaabHUX BHIIIB 3aJIHIIA-

eThest 3HaUHOI0 — 23,5%. loxiOHi gani Oynmu oTpuMani
JTOCITI THUKAMH TaKOX JIJIi COCHOBHX JICIiB perioHy J1o-
CJIJDKEHb Y CBIKUX Oopax i cybopax (Benminb, Lky-
nop, bysyn, 2008; Cipyk, 2010).

V 9-10-piuHuX 1EHO3aX, MICIIs 3MUKAHHS KPOH MO-
JIOZI0TO  JICPEBOCTaHY, MPHPOIHOTO MOHOBICHHS Je-
PEBHHX nopm Ta nu{mcKy, MOCTYIIOBO BiJTHOBITIOETh-
Csl BUJOBHI CKJIaJ TpaB’sHO-4arapHUYKOBOTO SIPYyCY
Ta WOT0 EKOJIOTO-IIEHOTHYHUX TPYI. 32 TaKUX YMOB
YyacTKa JICOBUX BHJIB 3pocTae mo 53,5%. Yacrtka pe-
IITH €KOJIOTO-IIECHOTUYHUX TPYH BUIIB MOMITHO 3MEH-
LIyEeThCS. 30KpeMa, YacTKa y3JiCHUX BHUIIIB CTAHOBUTD
16,3, nyunux — 25,6, a pynepaibaux — 110 4,6%.

Y TpaB’sHO-4arapHUIKOBOMY spyci 20-40- pi‘lHI/IX
[ICHO31B Y4acTh JICOBUX BUJIIB 3pOCTae 110 66,0, y3mic-
HUX — 10 21,3%, a 4acTka JIy4HHUX 1 pyAepajbHUX BU-
JIiB 3MEHIIY€ThCs Bianosiano 10 10,6 ta 2,1%. Y crap-
IIMX BIKOBUX TPyIaX IIEHO31B TyOOBUX JIiCiB IITYYHOTO
TOXO/DKCHHS BUSIBIICHI JIMIIE TPH CKOJIOIO-LEHOTHYHI
TPYIH BUAIB — JIICOBA, Y3ICHA Ta JyYHa, yqacTh SKHX
TNOPIBHSHO HE3HAYHO 3MIHIOETBCS YIPOLOBIK LBOTO Bi-
KOBOTO BiJ[pi3Ky: JIICOBUX — Ha piBHIi 66,7-71,2, y3mic-
Hux — 17,3-21,2, nyaanx — 9,6-13,2%.

OcobnuBy 1LiKaBiCTh MNpEACTaBISiE 30EPEKCHICTH
YaCTUHU BUJIIB TPaB’sSHO-4arapHUYKOBOTO SPYCy Ha
BCiX BIKOBHX eTamnax J0CIiPKyBaHUX POCIHHHUX yIPy-
noBanb. J{o i€l rpynu Bxousath: Convallaria majalis,
Pteridium aquilinum, Stellaria holostea, Clinopodium
vulgare, Fragaria vesca L., Genista tinctoria, Veronica
chamedrys L., Astragalus glycyphyllos L., Clematis
recta, Festuca rubra, Poa angustifolia L., Betonica
oﬁicinalis L. ta Agrostis vinealis. Ha icHyBaHHS Ta-
KOi TPynu BUIIB Y AMHAMIYHHX PsfiaX POCIMHHOC-
Ti TCJs CYUUTBHEX PYOOK paHille BKasyBaia HH3Ka
nocninaukiB (Bycekantok, 2008; I'ennkosa, Toporosa,
Kpeimens, 2016).

Kpaia 3BOJIOXKEHICTh ITPYHTY B YMOBaxX BOJIOTO-
ro cyrpyny (C,) crnpusia IOIIMPEHHIO IMiJ HAMETOM
JIyOOBHX KyJbTYp 3HA4HO OUIbIIOT KIJIBKOCTI BHIIB
TpaB’THO-4arapHUIKOBOTO SIPYCY, HOPIBHSHO 31 CBLKU-
MU CYTpyJIaMH, Ta Jeno OLTBIIO0T KUTBKOCTI IX €KOJIOT0-
LEHOTUYHUX IPYIl. 3a TAKUX YMOB Y BOJIOTUX THIIAX Ha
BCIX eTamax pocTy (iTOIEHO3IB BiJI3HAYEHO OUIBIILY
YaCcTKy JIICOBHX BH[IB — Bix 26,4 y 2- pquOMy Biui o
89,5% —y 90- pl‘IHI/IX HACa/DKSHHSIX, TOJI SIK Y CBIXKHX
yMoOBax, BifinoBinHo, 13,2 ta 71,2% (puc. 2).

VY kimakcoBux 120-piuHux anoueﬂosax TpaB’siHO-
JarapHUYKOBUi sipyc Ha 88,0% ckiiagaeTbes 13 TiCOBUX
BuaiB. J{o 1i€l rpynu yBIMIIUIM OCHOBHI BHJIH, SIKI 3a-
0e3meuyoTh MAaKCUMYM MPOEKTHBHOTO BKpUTTS: Carex
pilosa Scop., Pteridium aquilinum, Luzula pilosa (L.)
Willd., Hypericum montanum L., Anemone nemorosa
Ta iH.

VY 3B’513Ky 3 HEBUCOKOIO ITOBHOTOIO JA€PEBOCTAHY, B
[IBOMY BIIli 3pOCTa€ OCBITJIEHICTh HIDKHIX SIPYCiB JicO-
BOTO LIEHO3Y, L0 A€ 3MOT'Y MOCEIMTHUCS CBITIONIO0-
HUM JIyYHUM BHJIAM, TIPEJICTABHUKAMH SIKUX € Ajuga
reptans L., Vicia sepium, Agrostis vinealis, Veronica
chamaedrys Tomo. IxHs dactka craHoBuTh 8,0% Bij
BUJOBOIO CKJIQy JIOCIiIKyBaHOTo spycy. He3naunoro
0OyJ1a 4acTKa eKOJIOTO-IIEHOTHYHOT IPyNu OOJIOTHUX BU-
niB (4,0%).
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Puc. 2. Jlunamika y4acTi eKoJIOro-IleHOTUYHUX TPYIT BUAIB Y (DJIOPUCTUIHOMY CKJIA/I
TpaB’sIHO-4arapHUYKOBOTO SIPYCY POCIMHHHX YIPYIOBaHb PI3HOTO BiKy B YMOBaxX BOJIOIOTO Cyrpyay

[Ticns npoBeneHHs cyanHm py61<1/1 q)opMyIOTI)csI
OaraToBUI0BI CTpOKaTl JUHAMIuHI TpaB’siHI yrpyrno-
BaHHs. BimMiHHOIO 1X pUCOIO € 30epeKeHHsT YaCTHHU
JIICOBUX BHUJIIB, OCOOJIMBO CBITJIONIOOHUX. 30KpeMa, B
YIpyTOBaHHSIX MEPIIOTO POKY TiCis pyOKH YacTKa Jii-
COBHX BHIB cTaHoBuIa 32,9% ¢uoprucTUaHOrO CKiIa-
Iy sipycy. Ha 3HauHy posib JIiCOBUX TpaB’siHUX 1 4a-
TapHUYKOBUX BUJIIB, SIKi 30€piratoTbCs y POCIUHHO-
My BKPHUTTI Ha 3py6ax HAroJIOLIyBaIH BITYM3HSHI
(bycbkantok, 2008) Ta inozemui (I'eankoBa, Toporio-
Ba, KpBIH_IeHB 2016) nocmigauku. BHAcTiT0K TOBHO-
TO OCBITJCHHS y JIelI0 NMPUTHIYEHOMY BHIVIsAL 30e-
perucst Carex brizoides L., Pteridium aquilinum,
Calamagrostis arundinacea (L.) Roth., Convallaria
majalis, Luzula pilosa Ta in. Ilo 25,7% ¢nopuctuy-
HOTO CKJIaJly MPHIIAJIO Ha CBITIOMIOOHI py/iepalibHi Ta
my4aHi Buan. [loBHE OCBITIICHHS TTOBEpXHI IPyHTY Ta-
KOX CIIPHSIO PO3BHUTKY CBITJIOJIIOOHUX Y3JTICHHX BH-
JIiB, YacTKa sIKUX csruyia 8,6%. Ydacte y ¢uiopuc-
THYHOMY ckjami 0ojgoTHMX BUIIB craHoBuiaa 7,1%.
Taka BiZHOCHO 3HaYHa y4acTh OOJIOTHHUX BUIIB y BO-
JIOTOMY CYTPY/i 3yMOBJICHa MOXKIJIUBOIO IOSIBOIO Mi-
KPOTIOHIKEHb, 1110 YTBOPHIIACS BHACIITOK 00OPOOITKY
IPYHTY, 30KpeMa, HapizaHHs O0po3eH Mij caJiHHs Jii-
COBHX KYJIBTYP.

st TpaBOCTOO 2-piYHUX POCIMHHHUX YIPYHOBaHb
XapaKkTepHUM € BUMAJaHHs YaCTHHU JTICOBUX BUIB, KI
e 30eperucs 3 Yacy pyOku. Buaciizok Takoro mpo-
LeCy y4acTh JICOBUX BB Y (IOPHCTHIHOMY CKJIai
3MEHIIYEThCS 10 26,4%, TOA1 SIK 4aCTKa CBITIOIFOOHUX
pyzaepaibHuX BUIIB Aocsrae 32,1% BHIOBOIO CKJIaIIy
IIEHO3Y, a CBITIIONIO0HUX JTy9HHX BUIIB — 10 24,5%. Y
(propucTHIHOMY CKITai 2-PIYHHX POCTHHHKX YIpyIio-
BaHb YacTKa y3JIiCHUX BHIIB CTaHOBUTH 9,4, a O0JOT-
HEX — 7,6%.

[MoxibHoO € cTpyKTYpa 3-piyHUX POCITMHHUX yrpy-
[I0BaHb, JI¢ YacTKa CBITIOMIO0OHUX pydepalbHUX BUAIB
cTaHoBUTH 29,8, micoBux — 27,7, nmyunux — 21,3, y3iic-
HuX — 12,8 Ta 6omoTHUX — §,5%.

VY 10-piuaux (itomeHo3ax, Micis 3MUKaHHS KPOH
JIepeBOCTaHy, TpaB SHO-UYarapHUYKOBHH SIPyC BXKe
CKJIQJIA€THCSI IEPEBAYKHO 3 JIICOBUX BUJIIB, YAaCTKA SIKHX
3poctae o 66,0%, Tomi SK YacTKa iHIIUX EKOJIOTO-
LEHOTHYHHUX TPYI MOMITHO 3MEHIIYETHCS. 30Kpema,
Y4aCTh PyAepaNbHUX BHIB 3MEHIIYETRCS 210 8,0, jryd-
HUX BHIIB — 10 8,0, y3micanx — g0 10,0 Ta 6OJ'IOTHI/IX -
1o 8,0%.

Y 20-piuHux 1eHO3aX 30epira€TbCsi TEHICHIIIS
JI0 301BIICHHST YacTKU JIICOBUX BUAIB (10 77,5%) Ta
3MEHILIEHHS y4acTi BUIIB OUIBMIOCTI iHIIMX €KOJIOTO-
LHEHOTUYHUX rpyr. HaicyTTeBinne 3MEHIICHHS y4acTi
BJIACTHBE pyAepanbHUM 1 00J0THUM BHuAaM — 3 8,0 10
2,5%. IoniGHy AMHAMIKY Y4acTi BUIIB PI3HUX €KOJIOTO-
LHEHOTUYHUX I'PYT y GiTOIIEHO3aX ITiCIIsi SMUKAHHS KPOH
Bif3HaueHO Takox kaHanchbkumu (Hart & Chen, 2008)
ta ¢incekumu (Vanha-Majamaa, Shorohova, Kushe-
nevskaya, & Jalonen, 2017) nociiaHukamu.

[Hounnaroun 3 40-pigHOTO BIKY, 3 (PIOPHCTUIHO-
ro CKiaay TpaB’sSHO-4YarapHHYKOBOMY SIPYCY JiCOBHX
KyJBTYp Jy0a 3BHYailHOTO y BOJIOTHUX Cyrpyiax Io-
BHICTIO 3HMKAIOTh PyZAEpaibHi BUAM, A, HOUMHAIOUU 3
60-piuyHOTO BiKY, Y4acTbh JICOBUX BUJIB Y (GIOPUCTHY-
HOMY CKJIaJIi TPaB’ THO-4arapHUYKOBOTO SIPYCY CKIIA/IAE
85-89%; ywacTh BHIIB IHIIUX EKOJOTO-IIEHOTUYHUX
Ipyn Takox cradimisyerscs. OTpuMaHi pe3ynbTaTH
J00pe y3ro[UKYIOThCS 3 JaHUMH IHIIMX JOCIIIHUKIB
(Keenan & Kimmins, 1993; Hlupokux, MapTeIHEHKO,
Baumesa, buksaes, 2018).

BaxnBy nogatkoBy iH(MOpPMAIIO OO0 PO3YyMiH-
HSl CYKILECIHHHX MPOIECiB y AyOOBUX KyJIBTYpdiToIie-

. lvanyuk, Y. Fuchylo. Vegetation succession after clearcutting in oak forest stands in the conditions of the Western...
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HO3aX MOYKHA OTPHMATH y pe3yJbTari JeTalbHOTO aHa-
73y ydacTi y (IOpHCTHYHOMY CKJIal LICHO3iB BUIIB
TpaB’IHO-YarapHUYKOBOTO SIPYCY, SIKi HAJISKATh JI0 Pi3-
HUX XUTTEBUX (hopM (puc. 3, 4).

PesynbpraTti moCHiDKeHb CBim4YaTh PO abCOMIOT-
HE TNepeBaKAHHA OaraTopiyHNX TpaB y TpaB’sHO-
4arapHUYKOBOMY APYCi YCIX TOCITIKYBAHHX BiKOBHX
rpym. YacTka 3rajlaHuX BUIIB Y CBDKHX TIirpoToIax €
MakcUMaJIbHOK Y BikoBi# rpymi 80-90 poxkie (100%),
a MiHIMQJIBHOIO — y 2-pIYHHUX yTPYIOBAHHSAX TIICIS CY-

HUTBHHUX PYOOK (75,5%). Y Bosmorux rirpotonax cyrpy-
AiB MiHIMajbHA YacTKa OAraTOpIYHMKIB TAKOXK CIIO-
CTEpIraeTbesi y TpaB’SIHOMY BKPUTTI IBOPIUHUX 3pyOiB
(73,6%), a makcumanbHa — y MaTepruHChKUX 120-pid-
HUX IeHo3ax (96,0%).

V¥ marepunchkux 130-140-pidHNX [EHO3aX CBIKHX
CYTpyiB TpaB’siHI OaraTOpiYHUKH Y (DIOPUCTHIHOMY
ckiazi craHoBiATh 98,1%. Taka TeHAEHLIs € XapakTep-
Hoto Juis Jticie €sponu (Ilapnan, Birep, [lapnan, Ile-
nensn, 2003; Jlykamyxk, 2012; Cesoniene et al., 2018).
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Puc. 3. Jlunamika y4acti BUJIB Pi3HUX KUTTEBUX (OPM y MPOIIECi BITHOBIIOBAIBHOI CYyKIIeCii
MICIIS CYLUTBHOT PyOKH MyOOBHX JICIB y CBIKHX CyTrpyaax

OOHOPIYHUKY 1 NBOPIYHWKH y IIif BIKOBIH Tpy-
mi y CBDKMX yMoBax OynM BiACYTHI, a 4acTKa OIHO-
JIBOPIYHUKIB cTaHOBWIIA Juiie 1,9%.

VY Bonorux ymoBax 4,0% (IIOPUCTUYHOTO CKIIary
CTAaHOBHJIM OJTHOPIYHHKH, CepeJl SKUX MOCTIHHUM BH-
oM 0yB Melampyrum nemorosum L.

Y ¢nopuctnyHOMYy CKIIaAi TpaB’sSHO-4arapHUYKO-
BOTO APYCYy |-piYHMX POCIUHHHUX YTPYIIOBaHb CBIKHX
CYTpyHiB TMiclsi MPOBEICHHS CYLUIBHOI pyOku Oynu
MIPECTaBIIeHI BUIN yCiX )XUTTEBUX (HOPM, HAIBHUX Y
JUHAMIYHOMY PsIy LEHO31B Pi3HOTO BiKy — TpaB’sHi Oa-
raTOPIYHUKH, OJJHOPIYHUKH, OJIHO-JIBOPIYHUKHU Ta JIBO-
piuamku. YacTka TpaB’sHHX 0araTOpPiYHHUKIB 32 TaKUX
yMoB Oyinia BUCOKOIO — 77,1%, 3HauHy ydacTh nmpuiima-
Ji MastopiuHuku — 22,9%. Y ckialii OCTaHHIX NepeBa-
xamm Oyp’stau — Sonchus asper (L.) Hill., Chenopodium
album L., Erodium cicutarium L., Polygonum
persicaria L. Tomo. YacTka TBOPIYHHMKIB CTaHOBHJIA
6,2% 1 Takox Oyna npeacrasiena Oyp suamu — Cirsium
vulgare (Savi) Ten., Picris hieraciodes L. Ta 1. Yact-
Ka OJIHO-JIBOPIYHUKIB ckjiana 4,2%, Jie Takox rnepesa-
xanu Oyp’stau — Erigeron canadensis L., Phalacroloma
annuum (L.) Dumort. Ta in.

VY BoONOTHX Tirporomnax y4acTh TpaB’sHHX Oararo-
piuHUKiB cTaHoBWIa 77,1, MajgopigHUKIB — 22,9, oxHO-
JBOPIUHUKIB — 5,7 Ta qBOpiuHUKIB — 4,3%. 3pocTanHs

y9acTi MOHOKAPITIYHUX TPaB Y (GIIOPUCTUIHOMY CKJTa-
Ii 1-piyHMX yrpynoBaHb Ha 3py0ax Oyio Big3Ha4eHO i
panime (Ikymop, 2006; Cipyx, 2010; Jlykamyk, 2012;
Cesoniene et al., 2018).

[loniOHe cHiBBiAHOLICHHS XUTTEBUX (hopM BU-
JIiB CIIOCTEPEIKEHO TAKOXK 1 B 2-pIYHUX YIPYIOBAHHSX.
YacTka TpaB’sHUX 0araToOpiyHUKIB y I TPy 3MEH-
LIYETHCS A0 MiHIMaJIbHUX 3Ha4eHb: 75,5% — y CBOXKHX
Ta 73,6% — y BOJIOTUX THIIAX, & MAJIOPIYHHUKIB, Y CKJIa-
I IKUX JOMIHYIOTE Oyp’siHH, 301IBITY€THCS, BiTIOBII-
HO, 10 24,5 Ta 26,4%. Y ckiajai OCTaHHIX TepeBaxka-
10Th ofHOpiyHKKK — 11,3 y cBikux 1 15,1% — y Bono-
THX CyTpyaax.

Y ¢uopuctnuHOMYy CKJIaAl TpaB’sHO-4arapHUY-
KOBOTO Sipycy 3-piuHUX POCIMHHHX YIpyIOBaHb
y4acTh TpaB sHUX OaratopidHuKiB 3pocrtae a0 82,4%
y CBDKHX yMoBax 1 10 76,6% — y Bomorux. CymapHa
YacTKa MAJIOPIYHUKIB 3MEHINYETHCS BIAMOBITHO JIO
17,6 Ta 23,4%.

CriexkTp >KUTTeBUX (hOpM BHUAIB TpaB’sHO-4arap-
HUYKOBOTO sApycy 9-10-piuHMX 1IEHO31B KapAMHAIBLHO
BIIPI3HSIETHCS BiJl POCTMHHUX yTPYIIOBaHb, XapaKTep-
HUX JJIS1 TIEPIIUX POKIB ITICJIS MPOBEACHHS CYLIIBbHOL
pyoxu. 3 GpIOPUCTUYHOTO CKIIAAy 3HUKAKOTh OJHOPIY-
HUKH Ta TBOPIYHUKH, YaCcTKa TPaB’ STHUX OararopidyHu-
KiB 30inbiryersest 10 90,7% y cBixux i 10 86,0% —y
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BOJIOTHX CYTPYyZax, Jie Ha I[bOMY €Tarli 3’ IBISI€ThCS TH-
TIOBHH JTICOBUN YarapHU4OK — Vaccinium myrtillus L.
VY TpaB’siHO-uarapHUukoBoro sipyci 20-40-piuHnx
KyJIbTyp Ay0a 3BHYAHOTO y CBIKOMY CyTpyadi Bi-
OyBaeTbCsl Monajbllle BiIHOBICHHS BHIOBOIO CKJa-
Iy sIpycy, 110 3aK0H0MipHo MIPU3BOJIUTH JI0 301IbIICH-
HSI y4acTi TPaB’sIHUX OaraTopivnukis (10 95,8%) Ta
BIZIOBIIHOTO 3MEHILICHHS yJaCTi MalOPI4HHKIB (10
4,2%). Y ckiajii OCTaHHIX OJHOPIYHI BHJU MPEJ-
CTaBJICHI Y3IIICHUM BUIOM Lapsana communis L., a
onmHOpiuHi — Moehringia trinervia (L.) Clairv. Ha
3HaYHOMY BiJHOBJICHHI CIEKTpa KHUTTEBUX (HopM ii-

COBUX BHUIB y (IIOPHUCTHYHOMY CKJIaai (hiTOIeHO-
3iB y 30-40-piyHUX JTICOBUX KyJIBTYpaxX aKIEHTYBaIN
yBary Takox iHmi gociigauku (Benmine, lkymop,
By3yw, 2008).

VY TpaB’siHO-4arapHUYKOBOMY SIPYCi PEIUTH BIKOBUX
rpyn (Big 50-60-piunoi mo 100- 110-pquo'1') crocrte-
PEKEHO aOCOIIOTHE TEpeBaXaHHs TPAB’sHUX Gararo-
piunukiB — Big 98,1% y 50-60-piunux Ta 100-110-piu-
Hux 1eHo3ax 1o 100% y 80-90-piunux 1ieHO3axX, a
TaKOK HE3HaYyHa YacTKa OMHO-ABOPIYHHKIB — 1,9%,
NPEACTABICHUX JIMIIE OJHUM JICOBUM BHIOM —
Moehringia trinervia.

100%

2,27 2 86 1,87 2,63 2,94 4

M ABOPIYHMK £ 0gHO-ABOPIYHNK

= 1,87

90%

80%
m
= 70%
s
m
‘= 60%
(s}
5 50%
0 o
8 g7 | | g | [900] || |oraa| [9434| |o2a1| |ea12| | 96
&£ a0% '
g 77,1 73,6 76,6
E 30%
©
I

20%

10%

0%
1 pik 2pokn 3poku 7 pokiB 10 pokiB 20 pokiB 40 pokiB 60 pokiB 80 pokiB 90 pokiB 100 pokis 120 pokis
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OOHOPIYHUK

W YyarapHU4oK OTpaB"sHUIA GaraTopivHNK

Puc. 4. luramika y9acTi BUAIB Pi3HUX KUTTEBUX (GopM y GOpPMyBaHHI TPaB’THO-4arapHIIKOBOTO SIPyCy
y TIPOIIECi BiTHOBICHHS IICIIA CYIUTBHUX PYOOK TOJOBHOTO KOPUCTYBAaHHS B YMOBAX BOJIOTOTO CYTPYILY

B ymoBax Bomororo cyrpyay 4acTKa TpaB’sSHUX
0araTopiyHUKIB y (DIOPUCTUYHOMY CKIIaJi TpaB’sSHO-
YarapHHYKOBOTO spycy 3poctae Bix 90,0 y Bimi 20 po-
kiB; 95,5 — y 40 pokiB 10 96,0% y Bimi 120 poxkis.

3aramom, CIiBBiTHOIICHHS BUIIB Pi3HUX KUTTEBUX
(GbopM BIIHOBIIIOETBCS Y KYJIBTypax Ay0a 3BUUaiiHOTO B
YMOBAax BOJIOTOTO Cyrpyay Npubmu3Ho y Bimi 20 pokiB,
0 € MOMIOHUM IO pe3yJIbTaTiB, OTPUMAHUX IS PiB-
HUHHIX OykoBux JiciB Omiyuts (Ilapman Ta in., 2003).

BigHOBNEHHsST 4acTKW TpaB’sSHUX OaraTOpivyHHKIB,
AKi XapaKTepHi Ui MaTepUHCHKUX CYOKITIMaKCOBHX
JIEPEBOCTAHIB CBIXKUX 1 BOJIOTHUX CYTPYIiB BiI0OYBa€Th-
Csl PAKTHYHO CHHXPOHHO, X04a MOKA3HUKH y BIKOBHX
rpymnax miciist 40 poKiB IEIo BHII y CBIKHX CYTpyaax.
CrinbHUM € Te, 110 BiAHOBJICHHS TpaB sHUX Oarato-
piYHUKIB B 0605131 noHaza 90% BinOyBaeThCsl y mepii
20 pokiB mepiogy pocTy 1yOOBHX HacaKEHb B YMOBaxX
CBDXKHMX 1 BOJIOTHX TirpOTOIIIB.

Hani puc. 3 1 4 miATBEpIKYIOTH a0CONIIOTHE Tie-
peBakaHHS TpaB’sHUX OaraToOpiuHUKIB y TpaB’sHO-
YarapHMYKOBOMY SIPYCi yCiX MOCIHIPKyBaHMX BiKOBUX
rpymn. YacTka 3ragaHux BUJIB y CBIKHX rirpOTonax €
MaKCHUMaJIbHOIO Y BikoBii Tpymi 80-90 pokis — 100%,
a MiHIMaJbHOIO — Y 2-pIYHMX YIPYNOBAaHHSX MICIIs Cy-
IIBHUX pyOoK — 75,5%.

VY Bosorux cyrpygax MiHIMaJbHY 4acTKy Oarato-
PIYHUKIB TaKOXX CIOCTEPEKEHO Yy TPaB’SHOMY BKPHT-
Ti JBOpiuHMX 3py0iB — 73,6%, a MakcUMalbHy — Yy
MarepuHChkuX 120-piunux 1enosax — 96,0%. Y ma-
TEPHUHCBKHX 130-140-piuanx 1meHO3aX CBIXUX CYTPYy-
JiB TpaB’siHi 6AraTOPIYHUKK y (QIOPHCTHIHOMY CKIla-
I cTaHoBIATE 98,1%. Taka TeHCHIIS € XapaKTePHOIO
nis gicis €sporn (ITapnan Ta in., 2003; Jlykamyk,
2012; Cesoniene et al., 2018).

BI/ICHOBKI/I. VY xiimakcoBux 120-piuHux ¢iTonIeHO-
3ax ay0a 3BHUaiHOTO Yy Jricax 3axigHoro Ta LleHTpas-
Horo Ilomicest TpaB’sitHO-YarapHUYKOBUI SPYC CKiaga-
€ThCSI TICPEBAXKHO 3 JTicoBUX BuAiB (Ha 88,0%); K 1o-
MillIKa TPAIUISIOTECs Jy4Hi (8,0%) Ta Gomnori (4,0%)
BuAM. B 1-piuHmx yrpynoBanmsx (micis CyLiIbHOI
pYOKH) "acTKa JTICOBHX BHJIIB 3MEHIIYETHCS 110 32,9%,
CBITJIONIIOOHUX JIYIHUX Ta PyACPATbHUX BHIIIB 3pDOCTAE
1o 25,7%, a y3nicHux — 1o 8,9%.

Kapaunanena mnepebynoBa BHAOBOTO — CKJIaay
TpaB’THO-9arapHUIKOBOTO SIPYCY CIIOCTEPITAETHCS Y
7-10-piuHAX POCITUHHUX YTPYIOBAaHHSIX Tepel 3MHU-
KaHHSIM KPOH JEpeBOCTaHy — YacTKa JICOBUX BH-
IiB y (bnopHCTHqHOMy ckiaai 36imprnyerscs y 1,7
pasa TMOPIBHAHO 3 3-PIYHAMH yIpPYNMOBAHHSAMH (10
46,7%). YacTka X pyaepaJbHUX BUAIB 3MEHIIYETHCS
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1o 16,7%, Tak caMo SIK 1 CBITJIOMIOOHUX JIyYHUX BU-
miB — 10 13,3%.

VY 20-piuanX 1eH03ax 30epiraeThcs 3arajbHa TCH-
JICHIIST — 30UIBIICHHS y TpaB’sSHO-4arapHUYKOBOMY
sIpyCi 4aCTKH JIiCOBUX BHIIB 3 66,0 y 10-piuHOMY 10
77,5% y 20-piuHOMy BIiIli Ta 3MEHIIEHHS yYacTi B
HbOMY BHIB OLIBIIOCTI IHIIMX €KOJOTO-IIEHOTHYHHUX
rpym. [lounnaroun 3 40-pigHOTO BIKY, 3 (PIOPUCTHIHO-
ro CKJIQAy TpaB’sHO-4arapHUYKOBOTO SIPyCy JiCOBUX
KyJIBTYp 3HHKAIOTh pyIAepajibHi BUau, a 3 60-pidHOrO
BIKYy y4acTh Y (DIOPUCTUYHOMY CKIIJl BCIX E€KOJOTO-
LEHOTUYHHX TPyl CTaOlIi3yeThesi, 30KpeMa, JIiCOBUX
BHIIB Ha piBHI 85-89%.

VY TpaB’sHO-4yarapHUYKOBOMY SIpyCi yTpyHOBaHb
yCiX BIKOBMX KaTeropii mepeBakaroTh TpaB’siHI Oara-
TOPIYHUKH, IXHS Y4aCTh € MAaKCUMAaJIbHOIO Y MaTepHH-
cekux 120-piunux ¢itonenozax — 96,0%. na uarap-
HUYKIB BJIacTUBA crienudivyHa JuHaMiKa ydacTti y ¢Jio-
PUCTUYHOMY CKJIaji TpaB’sSHO-4arapHUYKOBOTO SpYy-
Cy: BIACYTHICTh Y KynbTypax a0 10-pigHoro Biky (mo
3MUKaHHS KPOH MOJIOJIOTO JIEPEBOCTaHY) Ta MOCTYIO-
Be 30UTBIIIEHHS YYaCTi Y MOJAITBIIOMY.

Jnist OIHOPIYHUKIB XapaKTEPHOI0 PHCOI0 € 301Jib-
LIEHHS y4yacTi y POCIMHHUX YTPyHOBaHHAX Big 1-piu-
HUX 710 2-piUHUX, @ Y TIOaJIBIIOMY — IIOCTYTIOBE 3MEH-
HIeHHS TXHBOT y4acTi y (ropucTHYHOMY CKIajai — Bix
14,9% y 3-piuHux yrpynoBasHsx a0 2,94% y 100-piu-
HUX IICHO3aX.
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Vegetation succession after clearcutting
in oak forest stands in the conditions of the
Western and Central Polissya of Ukraine

. Ivanyuk’, Y. Fuchylo?

In modern conditions, when clear-cut main felling
prevails in the forestry practices in Ukraine, studies of
restorative successions of vegetation at all age stages of
growth and development of plantations should become
the scientific basis for the development of effective
measures for sustainable forest management.

The studies on the renewal of common oak
plantations after clear cutting in fresh and damp loams
of the Western and Central Polissya of Ukraine showed
that during the first three years dynamic variegated
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plant groups with remnants of forest species and a
significant participation of light-loving ruderal and
meadow species are formed on cutting areas. Taking
into account the predominance of clearcutting method
of final felling in Ukraine, the study of regenerative
successions in subsequent growth periods should
become a scientific basis for the development of
measures for sustainable forestry. Summarizing
the results of research on the reproduction of oak
stands after clear cutting it was found that within 1-3
years on the cutting areas dynamic, variegated plant
communities formed with remnants of forest species
and a significant participation of light-loving ruderal
and meadow species. The main limiting factor in
the restoration of phytodiversity at this stage is the
absence of crowns at the stand.After the closure of the
crowns (approximately at the age of 10), the floristic
composition and coenotic structure of phytocenoses are
almost restored, and elements of the synusial structure
appear in 20-year-old coenoses. Beginning from the
age of 40, plant species included in the Red Book
of Ukraine have been restored in the forest cultures
of common oak. In particular — Lilium martagon L.,
and from the age of 60 — Epipactis helleborine L. and
Neottia nidus-avis (L.) Rich. In the future, there is a
complete restoration of both the floristic composition
and the cenotic structure of phytocenoses.

The similarity of the floristic composition of the
herb-dwarf shrub layer of 120-year-old oak stands
with 1-10-year-old plant groups is low (Serensen-
Chekanovsky index from 0.27 to 0.44). On the
other hand, a high species similarity of the floristic
composition of the herb-dwarf shrub layer of 40-year-
old oak crops with all age categories was observed. The
values of the species similarity index were: 0.72 — at
the age of 10 years, 0.79 — at the age of 20, 0.73 — at
the age of 60, 0.85 — at 80 years old and 0.79 — at 100
years old.

In subclimax 120-year-old phytocenoses, the herb-
dwarf shrub layer consisted mainly of forest species —
by 88.0%, as an admixture there were meadow (8.0%
of the species composition) and bog (4.0%) species.
After clear felling and the creation of forest plantations
in 1-year-old groupings, the share of forest species
was 32.9%, light-loving meadow and ruderal species —
25.7% each, and forest species — 8.9%. In 20-year-
old cenoses, there is a general tendency towards an
increase in the share of forest species in the grass-dwarf
shrub layer from 66.0% at 10 years of age to 77.5%
at 20 years of age and a decrease in the participation
of species of other ecological-cenotic groups. From the
age of 40, ruderal species disappear from the floristic
composition of the herb-dwarf shrub layer of forest
stand, and starting from the age of 60, the participation
in the floristic composition of all ecological-cenotic
groups stabilizes. In particular, the share of forest
species is at the level of 85-89%.

The herbaceous-shrub layer of groups of all age
categories is dominated by herbaceous perennials, their
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participation is maximum in maternal, 120-year-old,
phytocenoses — 96,0%.

Key words: Quercus robur L.; tree stand; fresh
loam; wet loam; cutting areas; age stages; herb-dwarf
shrub layer; floristic composition; phytodiversity;
coenotic structure of phytocenosis

CyKueccusa pacTuTeNnbHOCTU BbIpy6OK
nocsie NpoBeAeHNA CIIOWHbIX Py6OK
Ay60BbIX HacaXkAeHNI B YCNOBUAX
3anapgHoro n LlenTtpanbHoro lNonecba
YKpaviHbl

W.A. Meantok’, A. 1. Oyunno?

HccnenoBanust 1Mo BO30OHOBICHHIO HACaKACHUI
Quercus robur L. mocine CIJIONTHBIX PyOOK B YCJIOBH-
AX CBEXXUX M BIAXHBIX CyrpylOB IOKa3ajli, 4To B Te-
YeHHUE MEPBBIX TPEX JIeT Ha BBIpyOKax (opMUpPYIOTCA
JTUHAMHYECKHUE PACTUTENIbHBIE TPYTIIMPOBKH C OCTaT-
KaMH JIECHBIX M 3HAUUTEIbHBIM YUYaCTHEM CBETOIIO0H-
BBIX pyZIepajbHBIX M JYTOBBIX BHIOB. Ha sTOoM sTame
IJIABHBIM JIMMHTUPYIOIIHM (aKTOPOM BOCCTAHOBJICHHSI
¢duropazHO0Opa3ns, XapaKTEPHOTO /Il HACAKACHHUH ¢
npeoOnagaHueM Qy0a 4eperryaToro, sBISETCS OTCYT-
CTBHE BEPXHEI0 JPEBECHOIO sApyca.

ITocne cMbIKaHUSI KPOH J€PEBbEB (OPHUEHTHUPOBOU-
HO B 10-eTHeM Bo3pacTe) (DIOpUCTUYECKHIA COCTAaB U
[IEHOTHYECKOE CTPOEHHE (PUTOIIEHO30B ITOYTH BOCCTA-

Usaniox Hzopv /[mumpuesuy — KaHIUAAT CEITBCKOXO3SIICTBEHHBIX
HayK, JIOLICHT, JUPEKTOp MaAaINHCKOrO JIeCOTEXHHYECKOro
KoJIe/pKa, npencraButenb KomekrusHoro wieHa JIAH YkpauHsl.
11643, c. 'amapus ManuHckoro paiioHa JKutomupckoil obnacty,
Vkpanna. Ten. +38-041-336-85-13. E-mail: mltk-1927@ukr.net
ORCID: 0000-0002-4969-8783

Dyyuno AHpocnas [[mumpuesuy — akagemuk JlecHOU akajgeMuu
HayK YKpauHBbI, JOKTOP CEIbCKOXO3IHCTBEHHBIX HAYK, podeccop,
3aBeyIONHi Kadeaphl JICCOBOJCTBA M 3aIUTHI Jieca MaJHHCKO-
TO JIECOTEXHHUYECKOTO KOIUIe/pKa. [ TTaBHBIN HAyYHBIH COTPYIHUK
MucrutyTa OMODHEPreTHYECKUX KyJAbTYp W CaXxapHOW CBEKJIBI
HAAH VYkpannsl, yin. Knuangeckas, 25, . Kues, 03141, Ykpauna.
Ten. +38-067-605-91-41. E-mail: fuchylo yar@ukr.net ORCID:
http://orcid.org/0000-0002-2669-5176

HABJIMBACTCS, a DJIEMEHTH CHHY3HAJIBHOTO CTPOCHHUS
noaBisiroTess B 20-JIeTHUX IleHO3aX. B manpHeniem
MIPOUCXONUT TIOJTHOE BOCCTAHOBJICHUE KakK (PIOpPHCTH-
YECKOTO COCTaBa, TaK W IIEHOTUYECKOTO CTPOCHHS (PH-
TOIIEHO30B.

CxozmcTBO  (pIOPUCTHYECKOTO COCTaBa TPaBsHO-
KyCTapHUYKOBOTO sipyca 120-1eTHUX TyOOBBIX HacaK-
Jieanit ¢ 1-10-1eTHUMU pacTUTENbHBIMU TPYTIIITHPOBKA-
Mu o4deHb HH3Koe (mHAeKC CepeHceHa-UekaHOBCKOTO
ot 0,27 mo 0,44). 3ar0 yCTaHOBJIICHO BBICOKOE BHJIO-
BOC CXOICTBO (DJIOPUCTHUIECKOTO COCTaBa TPABSIHO-
KyCTapHUYKOBOTO sipyca 40-IeTHUX KyIbTyp ayda co
BCEMH BO3PACTHBIMHU KaTeropusMu. BenduHbl HH/IEK-
ca BHJIOBOTO cxoicTBa coctaBmwin: 0,72 — B Bo3pacTe
10 ntet, 0,79 — B 20 net, 0,73 — B 60 aet, 0,85 — B 80 et
n 0,79 — B 100 ner.

B cyoOxnmumakcoBux 120-neTHux  (UTOIECHO3aX
TPaBSIHO-KyCTAPHUYKOBBIN SIPYC COCTOSUI TIPEUMY-
IIECTBEHHO U3 JecHbIX BHUIOB (Ha 88,0%); kak mpu-
Mech mnomaganuchk JyroBeie (8,0% BUAOBOrO CoO-
craBa) u OonortHbie (4,0%) Bumsl. [locnme crurom-
HOHM pyOKM W CO3[aHUS JICCHBIX KYJIBTYp B 1-JIeTHUX
TPYNIIUPOBKAX YYacTHE JIECHBIX BUJOB COCTaBUJIO
32,9%, cBEeTOMIOOMBBIX JIYTOBBIX U PYACpPAIbHBIX BH-
0B — 1o 25,7, onymeunbix — 8,9%. B 20-neTHux 1e-
HO3aX COXpaHseTCs 00Ias TeHCHIIUS K YBEIHISHUIO
B TPaBSHO-KYCTapHUYKOBOM SIPyCE€ YYaCTHS JIECHBIX
BUIOB: oT 66,0% B 10-mernem nmo 77,5% B 20-net-
HEM BO3pacTe M YMEHBIIICHUIO Y9acTHsI BUIOB APYTHUX
9KOJIOTO-IIEHOTHYECKUX TPYTIIL.

C 40-metHero Bo3pacTta U3 (DIOPUCTHICCKOTO CO-
CTaBa TPaBAHO-KYCTapHUYKOBOTO sipyca JIECHBIX
KyJIBTyp HWCYE3aI0T pyAepaibHble BUBI, a, HAYUHAS C
60-1eTHETO BO3pacTa, ydacTue B (pIOPUCTUIECKOM CO-
CTaBE BCEX DKOJIOTO-TICHOTUICCKUX TPYII CTaOMITH3HU-
pyercs. B yacTHOCTH, y4acTue JISCHBIX BHJIOB yCTa-
HaBJIMBACTCS HA YpoBHE 85-89%.

B TpaBsiHO-KyCTapHHUYKOBOM spyce AyOOBBIX Ha-
CaXKJICHUI BCEX BO3PAcCTOB IPeO0JIaJaloT TPaBsHBIC
MHOTOJICTHUKH, UX YYACTHE SIBJISICTCS MaKCUMaJIbHBIM
B MarepuHCKuX 120-netHux duronenoszax (96,0%).

KuaroueBsie caoBa: Quercus robur L.; npeBoc-
TOW; CBEIKUE CYIPYIbI;, BIaXHBIE CYTPYJbI; JIECOCCKH;
BO3pACTHBIC 3Tallbl, TPaBSIHO-KYCTAPHUYKOBBINA SIPYC;
(imopuctudeckuit cocras; (uTopazHooOpasue; IeHO-
TUYECKOE CTPOCHHE (PUTOIIEHO3A.
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Oco6nMBOCTI KOpeHeHaCeNneHOCTi FPYHTY B AIMHOBUX JlicOCTaHaXx
Y 30Hi FipCbKOI TYPUCTUYHOI Mepexi

B.1O. lOxHoBCcbkuin', 0. C. IBaHeHKo?, I. O. JlTobueHKo?

Bcmanogneno ocobnusocmi KopenenaceneHocmi pyHmy 8 AAUHOBUX JICOCMAHAX 8 YMOBAX PeKpeayilino2o HagaHma-
JICEHHSL Y 30HI mypucmudHux mapupymis Kapnamcoroco nayionansrnoco npupoonozo napxy. Ha 13 npobuux niowax,
3AKIA0EHUX Y YUCTUX | 3a He8eauKoi yuacmi OYKa 1ic08020 cepeOHbOBIKOBUX | NPUCMUSAIOYUX HACAOICEHHAX, 8I0IOPAHO
136 3paskie kopenesmicHozo wapy tpyuny xa enuouni 0-10, 10-20, 20-30 i 30-40 cm, 3 AKUX BUOKPEMIEHO KOPEHI SNUHU
€8PONELCLKOT 3 PO3NOOLIOM iX HA NPOBIOHI T (DI3I0N0TUHO AKMUBHI, OOUUCIEHO 00 €Mu I NAOWI NOBEPXHI YUX KOPEHIE.
Bemanosieno cmamucmuuni 36 ’A3KU MidiC UCOMO HAO PiGHeM Mops ma 00 emom hpakyii ¢izionociuno akmuenux i
npOGIOHUX KOpeHis, Koepiyicnmu Kopenayii akux cmanosiams 0,78 i 0,47 6ionosiono. Po3nodin kopenis aiunu €8po-
NeCHKOL, 3a1eXHCHO 610 eTUOUHU 3ATAAHHSA MAMEPUHCHKOL NOPOOU, NOKA3A8, U0 ) BEPXHIX MIHEPATbHUX Wapax IPYHIY
3a 00’ emom nepesadcae (paxkyis npogioHo20 KOpiHHA. B Oesxux sunadkax iio2o 06’ em 3pocmae 3 2nubuHow0, Wo 6nu-
8A€ HA WITBbHICTNb NOWUPEHHS NPOGIOHO20 KOPIHHA. 3a Niower0 N08epxXHi nepesadcarms (QizionociyHo akmueHi Kope-
Hi Ha enubuni 0-20 cm, y moii uac, ax Ha enubuni 20-30 cm cnocmepediceno nepesazy npogioH020 KOPiHHA. Y epynmax i3
Odewo nomysicHiumu npoginamu y eepxuix wapax (0-20 cm) ma na enubuni 30-40 cm nepesasicae paxyis npogionux
KopeHis, ane na enubuni 20-30 cm ya menoenyisa sMIHIEMbCA Ha Kopucmy Qizionociuno akmusHux. OcHosHa wacmka
KOPEHI8 3HAXOOUMbCA Y 6ePXHbOMY MIHEPATbHOMY Wapi IpyHmy Ha eiuouni 0o 10 cm, wo i 6U3HaYAe iXHIO GUCOKY UYM-
AUBICMb 00 PEKPeayiiHUX HABAHMANCEHb Y 2IPCLKUX YMOBAX. Y YbOMY 20pU30OHMI IPYHMY YacmKa nposionux i ¢iziono-
2IUHUX KOPEHIB 810 3a2anbH020 00 €My KOJCHOI (hpakyii cmanosums 67,5 1 75,3%, a 6 micysax i3 guxooamu 2ipcbKux no-
pio—72,71i87,5% 6ionogiono.

Knrwuosi cnosa: Kapnamcokuii HayionansHuil npupoOHull napx, aauHa €6pOneticbka, KOpeHesi cucmemu, nposioni
KOpeHi,; Qi3ionoeiuHo akmueHi KOpPeHi.

Beryn. Berynarouun B HOBY €HOXY AHTPOIIOLIEHY,
3’SIBIISIIOTHCS SIKICHO HOBI BUKJIMKH IIOJO 30€pekKeH-
Hsl TOBKULIA. JlisUTbHICT JIFOAMHU Ta ii BIUTUB HA MIPH-
poz[Hi CKOCHCTEMH  XapaKTepPH3y€ThCs JTIOKOPIHHOIO
3MiHOIO ocTaHHiX. Jlic i BCl HOro KOMITOHEHTH peary-
I0Th Ha 3MIHM HaBKOJIMIIHBOIO MPHUPOIHOTO CEPEIO-

BHIIA, HAMATalOYNCh MIPUCTOCYBATHCH IO 3MiH KiliMa-
Ty Ta BIUTUBY JtoauHU. [IpoTe MexaHi3M IIIacTHYHOC-
Ti JICOBUX €KOCHUCTEM HE 3aBXK/U MOXKE aJICKBaTHO pe-
aryBaTH Ha TaKoTo pojay HaBaHTakeHHs. [lounHaroum 3
XIX cT., 0COOTMBO aKTHBHO PO3BHBAETHCS ITPOMHUCIIO-
BICTh, 3 HEIO 1 eMicis ByIUICLI0 B aTMOCdepy, 1110 CyT-
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TEBO BIUIMBAE HA TPOIEC TIOOATBHOTO MOTEIUTIHHS B
OCTaHHI JAeCATHIITTS. BinOyBaeThcs MIOMITHE 3pOCTaH-
HSl IHTCHCHBHOCTI €KCTPEMAJIbHUX TPUPOJIHUX SBHIIL
(TITopmu, TOCYXH, IHTEHCHBHI OTIaJIN).

[Topsizn 3 muMm, JIicK IPOAYKYIOTh 0araTo eKoCHUCTEM-
HUX MOCHYT, SIKi 30aTHI TIOM’SKIIUTH BIUIUB MOTETUTiH-
Hsl. 30KpeMa, TipChKi €KOCUCTEMH BIIIrPatOTh 0COOIH-
BY POJIb y 30CPEKEHHI IOBKIILISL Ta CEPeOBHINA JULs
PIAKICHIX TBAPHH, POCITHH 1 MIKpOOPraHi3MiB, TOMY
TaKi TEPUTOPIi i BIXHOCATE 10 00’€KTIB NMPUPOIHO-
3anoBigHoro ¢ouny. OaHuM i3 Takux 00’exriB € Kap-
NaTChbKUi HarmioHanbHUN npupoauuii napk (Kapmnar-
cekuii HIIIT), micoBi €KOCHCTEMHU SKOTO CKJIANal0Th B
OCHOBHOMY SUIMHA €BpOIeicbKa, OyK JIICOBUH, SITHLS
Oina, cocHa ripceka (KpaBumHCHKUIA, Morpyk, Cre-
dbypax, 2018) JlicocTanu 3a ydJacTio IIUX BUIIB 3Ha-
XOIAThCA MiJ Oe3nmocepeHiM BIUTUBOM SIK pPeKpeawiii-
HOTO HABAHTAKCHHS (ITAPK MA€ PO3raiyKeHy MEpexKy
EKOJIOTO-TTI3HABAJIBHUX MapIIPYTIiB), TaK 1 IMiJ BILTH-
BoM 3MiH kimiMaty (Kpamapers, Marsax, 2018). Hanpu-
KJaJl, siIMHa €BpoIieiicbka (hopMye MOBEPXHEBY KOpe-
HEBY CHCTEMY, € JOCUTh 3UMOCTIHKUM Ta TIHEBUTPUBA-
JIMM JIEpEeBHUM BHJIOM, IPOTE AOCUTH Yy TJIMBA A0 Mi3-
HiX BeCHSAHUX MpUMOpo3KiB (IBaniok, Dyunio, 2020).
[opsiyt 3 UM, sUTHHA € TOCUTHh BUMOTJIMBOIO JI0 BMICTY
BOJIOTH B TIOBITPi Ta IPYHTI.

Oco0n1BO YyTIMBUMHU JO BIUIMBY KJIIMaTy € YHC-
Ti smuHOBI HacamkeHHs ([leOpumarok, 2011). 3a nHa-
SIBHOCTI BOJIOTH, HiJBUIIECHHS TEMIIEPAaTypu MOBITPS
Crpusic aKkTUBi3alil KOpeHeBOl I'yOKH Y JICOBIH mif-
ctuiii. CBO€0 4eproro, 301UIbIIEHHS] TPUBAJIOCTI Be-
reTaniifHoro nepiomy CHpusie MOMINUPEHHIO 1 PO3BUTKY
ocepeJKiB PO3MHOKCHHSI KOPOiiB Ta iHIIUX CTOBOY-
POBHX WIKIIHUKIB, 110 CTBOPIOE MEPElyMOBH JUIsi BCH-
XaHHS SUIMHOBHX JIICOCTaHIB y TPChKUX €KOCHCTEMAaxX
(JIaBnuii, [lemox, 2019). [lo Bumeza3HayeHUX YNHHU-
KiB JIONAETHCS 1 3€JCHUN TYypHU3M, TOMYISIPHICTH SKOTO
3pOCTaE 3 KOKHUM POKOM. 32 KOHIIEHTPOBAHOTO peKpe-
aIifHOT0 HaBaHTA)KEHHS CIIOCTEPIraeThCsl HEraTHB-
HUI BIUTMB Ha JKUBE HAJIIPYHTOBE BKPUTTS, OCOOIUBO
B3JIOBX TYPUCTHYHHUX MapLIPYTiB.

OxpiM pekpeaniiHoi Jurpecii, akTUBI3yIOThCS €po-
31i{HI TpolecH, 3MUBAIOThCA BEPXHI INApHU TPYHTY, B
AKHX Oe3M0CepeaHbO 3HAXOOUTHCS KOPEHEBa CUCTEMa
smuau (Bpycak, Mainenp, 2018). Tomy mocmimxeHHs
PO3TIOBCIOKEHHS KOPEHIB SUTMHHU €BPOTIEHUCHKOI B Tip-
CHKHX €KOCHCTEMaX € BaKIMBUM aCIEKTOM 3 MOIVISILY
3JIICHEHHS €KOJIOTTYHOT OI[IHKHM CTaHy HacaJKeHb. Bu-
BUCHHSI KOPEHEHACEIICHOCTI IPYHTY i1 SUTMHOBUMU Jie-
PEBOCTaHAMM Ja€ 3MOTY 3’SICYBaTH BIUIMB Pi3HUX UMH-
HHKIB Ha (hpaKLii KOPEHiB 3 METOIO PO3POOKH PEKOMEH-
JALii CTOCOBHO 3aNpOBAKCHHS PCKOHCTPYKTHBHKX i
¢iToMeniopaTUBHUX 3aXOIiB ILOAO BiJHOBJIEHHS CTa-
HY HacaJKeHb Y3/JI0BK €KOJIOTIYHMX CTEKOK Ta IX ajar-
Tarii 70 BIUIUBY KJIIMAaTHYHUX YWHHUKIB. Y TIpCBKUX
YMOBAaX IOTYXHICTb I'DyHTOBUX T'OPH30HTIB HE3HAYHA,
IO 3yMOBJICHO OCOOIMBOCTIMH pelbedy Ta OMU3BKUM
3aJIATaHHSIM MaTePHHCHKOI Mopoan (He BPaxOBYHOUH
TUTATO Ta JesIKi PIYKOBI JOMWHK). Y TaKUX YMOBaX SUTH-
HOBI JIICOCTaHHU € Jy’Ke€ YyTJAMBUMH 10 HETaTUBHOTO pe-
KpeariifHoro BIUIMBY Ta HECTaul BOJOTH B IPYHTI.

IToTpibHO 3a3HAYNTH, IO, OKPIM TIOCTAYaHHS,
TPAHCHOPTYBAaHHS Ta HAarpOMaKCHHS TOXHUBHHUX
PEYOBHMH, caMi KOPEHEBI CUCTEMH, a came, SIKIpHI KO-
peHi, BUKOHYIOTh BaKJIUBY (DYHKIIIIO YTPUMaHHS HaJI-
3€MHOI YaCTHHH AEPEBa Y BEPTUKAIBHOMY IOJIOKEH-
Hi Ta BU3HAYaIOTh CTIHKICThH JICPEB 10 BILTUBY Bipr
3 MeTiOpaTHBHOTO MOTIISLY, OCIIKEHHS CTaHy i po3-
TMOBCIO/DKCHHSI KOPEHIB M SIMHHUKAMH Ja€ 3MOTY
CHCTEMAaTH3yBaTh 3HAHHS MPO IXHIO TPYHTOCKPIILIIO-
BaIbHY (YHKIIO y HACa/KEHHSX, IO € OCOOIUBO
aKTyaJIbHUM AJIS TIPCHKOT MICLIEBOCTI.

KopeneBi cuctemMu € OCHOBHUM NPOTHEPO3IHHUM
€JIEMEHTOM JTICOBOTO (DiTOIIEHO3y Ha CXMIIOBHX 3€M-
TsIX, JIe TIPOBITHI (CKeNeTHI) KOpeHi 3a0e3medyoTh 3a-
KPIIJICHHS IepeB y BEPTUKAIHLHOMY MOJIOKEHHI, a (i3i-
OJIOTIYHO aKTHBHI — 3a0€3MeUyI0Th CKPIIIJICHHS CaMOT0
IPYHTY, NPUIMAIOYH yqacTh y HOpMyBaHHI BOJOTPHB-
KHX arperaris, TMOJIIMIICHHS BOIOINPOHUKHOCTI IPyH-
TiB Ta aKTHBi3alii rpyHTOTBipHMUX mpoueciB (KaminiH,
I'y3sb, JleOpuntok, 1998).

Mopeni nomMpeHHs] KOPEHEBUX CUCTEM BiIrparoTh
Ba)KJIMBE 3HAYEHHS B OIIHII MEXaHIYHOI cTaOUILHOC-
Ti HaI3eMHOI YaCTUHM JIepPeBa Ta BCHOI'O HACAIKECHHSI.
Oco0aMBO 1Ie CTOCYETHCS ACPEBHUX BHUJIIB, 10 MAIOTh
MOBEPXHEBY KOPCHEBY CHCTEMY, JIO SKHX BiIHOCHTH-
csl sIIMHA e€Bpoleiicbka. HacamkeHHs sSiMHU, 0CO0IH-
BO YHKCTI 3a CKJIJIOM, LII0 POCTYTh Ha 0ararux rpyHTax,
Jy’Ke YyTIUBI JI0O HEraTHBHOTO BIUIMBY BITPY uepes
0COOIMBOCTI MOMMPEHHS iX KopeHeBux cucteM. I[Ipo-
TE MilllaH1 HACA/DKEHHSI SUTMHU 3 OYKOM MarOTh Kpally
CTIHKICTh 70 BiTpY. Lle mMoB’s3aHO 13 0COOTMBOCTIMHU
NOLIMPEHHS KOPiHHS OyKa, SIKe, PO3IYLIYIOuH IPYHT,
Jla€ MOXKJIMBICTh MPOHUKATH KOPEHSAM SUTMHH Ha Oillb-
mry mbunny (Kamuaun, 1983).

Tun rpyHTY Takox Oe3rnocepenHbO BIUIMBAE Ha
KUIBKICTh KOpEHEBOI 0ioMacH, a TakoXk Ha ii mpocrope
po3TamryBaHHS Y po3pi3i rpyHTOBOTO Mpodismo. [TpoTe
y MillIaHUX SUITHHO-OYKOBUX HACaPKEHHSX B1I0YBaETh-
Csl IPUTHIYEHHSA SIK (i310JI0TTYHO aKTMBHUX, TaK 1 MPO-
BITHMX KOPEHIB SUTMHU €BPOTEHCHKOT OyKOM JIICOBUM
(Schmid, 2002).

3a pganumMu BO  «YKpIepXKIiCIPOEKT», CTaHOM
Ha 1.01.2019 p. y mexax mpupoxmoro apeany (rip-
cbKi nicu Kapnar) mioma jicocTaHiB 3a mepeBaroro
suinHA cTaHoBUTh 414480,9 ra i3 3araibHUM 3ala-
coMm cToBOypoBoi nepeBuHu 149298.9 tuc. m*. 3amac
camoi CTOBOYpOBOi NI€pEeBUHM SUTMHM TYT CTaHOBHTH
126508,04 Ttic. M. UncTi SUTMHHUKH B YKpaiHCHKHX
Kaprmarax 3aiimatots mromry 164611,1 ra, ne BoHn Ha-
rpOMaKyI0Th 68465,2 Tric. M CTOBOYPOBOI JIEPEBUHH.

O0’cKTH Ta MeTOIHKA JocaigkeHHsi. 00 ’cxm
00CNI0MdCen Hss — YACTI Ta MIIIaH] JIICOBl HaCaKEHHS
i3 mepeBaroto Picea abies [L.] Karst. y mexax Typuc-
tuaHoi Mepexi Kapnarcekoro HIIIT ta AT «I'punss-
ceke JII». Ilpeomem docnioscenns — 3aKOHOMIPHOCTI
PO3TOALTY POBIAHKUX 1 (Hi310I0TIUHO AKTUBHUX KOpe-
HIB SUTMHH y TPYHTOBHUX TOPU30HTaX SIK MPOTHUEPO3iii-
HUIl YUHHYUK B YMOBaxX peKpeariifHoro HaBaHTaKEHHS.

Mema oOocnioscenns monsrana y BCTaHOBJICHHI
CIIBBIJTHOIIICHHS 00’ €My Ta ILJIONI TTOBEPXHI IS IIPO-
BITHUX 1 (i310JIOTIYHO AKTUBHUX KOPEHIB SUIMHH, SIK
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TIepEIyMOBH MPOTHEPO3INHOT CTIMKOCTI SITHHOBUX (hi-
TOIICHO31B B yMOBaX PeKpealiiHoro HaBaHTAKEHHS.

JlocmimKeHHsT 3IIMCHIOBAIM B MEXKaX CTEKKOBOL
Mepexi TPhOX TYPUCTHYHHX MapIIPYTiB — €KOJIOTO-
mi3HaBaIbHUX cTeXOK «Ha ropy Ilim IBan» (Kapmar-
cekuii HITIT), «c. 3enene — Yropebki ckeni» (I «pu-
HSBCHKE J'IF») Ta «c. 3enmene — r. Llxopymauiy (Kap-
MaTCHKUHI HHH) JocmimkyBaHi HacapKeHHS B3JJOBXK
UX MapIprTlB C(bopMyBaJn/IcsI Ha OypHX TipChbKO-
JIICOBUX Ta TIPCHKO-TIA30JIUCTUX TPYHTAX, poCTyTh Ha
Brucotax Big 1030 mo 1510 M H.p.M. Ta Ha BiACTaHi Bil
TYPUCTHUYHUX CTEXOK 10 100 M.

Jlnst BU3HAYEHHS JTICIBHUYO-TaKCAIlIHHUX TTOKA3HH-
KiB JIGpEBHUX BHIIB Y HACA/DKEHHSX 3aKIIafieHo 13 Kpy-
TOBUX Ta HAIIBKPYTOBUX TUMYACOBUX MPOOHUX TUIOIIL
(TTIIT) 3a 3aranbHONPUHHATOIO y JTICOBIN Takcarii 1 Jii-
COBMOPSIKYBaHHI METONUKOKO (Jlicomaxcayitinuii do-

sionuk, 2013). JlocmimKkyBaHi HacaPKEHHS TIEPEBAKHO
YICTI 32 CKIIAZI0M, PiJilie — MillIaHi i3 nepeBaror Picea
adies Ta yuactio 1-2 on. y cknami Fagus sylvatica L.
a00 OMMHUTHHX EK3EeMITIIPIiB pomy Salix L. 3a BikoBOIO
CTPYKTYPOIO MEPEBAKAIOTH CEPEAHBOBIKOBI 1 MPHUCTH-
raroui Jiicoctanu (Tadm. 1).

IcHYIOTB pi3HI METOIWKH OIIHIOBAHHS 1 BCTAaHOB-
JICHHS KOPEHEHACEJICHOCTI IpyHTY. J[Is OI[iHIOBaHHS
pO3TalryBaHHsI MPOBIAHUX 1 (Pi310JIOTIYHO aKTUBHHX
KOPCHIB B OKPEMHUX BUIIAJIKaX BUKOPUCTOBYIOTh Teopa-
Jap, SIKUi a€ 3MOTY BCTAHOBUTHU TONIMPEHHS KOPiH-
HSl Y TOPU30HTAJIBHOMY Ta BEPTHKAJILHOMY HaIpsiMax
0e3 (iznuHOTO BTpyYaHHS B KOpeHeBi cuctemu. [lepe-
Baroo Ii€l METOJNKH € MOJKIIUBICTh 30€perT KOopeHe-
By CHUCTEMY IIUJIICHOI Ta 3/1MCHIOBATH IMOBTOPHE OIli-
HIOBaHHS CTaHY KOPCHIB Y TOBEPXHEBOMY IIIapi IPYyHTY
(Borden, Thomas, & Isaac, 2016).

Tabnuysl
JliciBHH4YO-TaKkcaniiiHa XapaKkTepuCcTHKA SIJIMHOBUX (PiTOLEHO3iB
No Bucora nan Crpimkicte  Excrnoswmiis Bik, Cxnan Boxi Bucora,  Jliamertp,
TIIII piBHEM MOpS, M CXHILY, FPaJ. CXUITY POKiB HaCaPKeHHS onrrer M cM
Typuctranmii MapmpyT «c. 3eneHe — r. Hkopymauii
1 1385 23 ITn-3x 66 1051ne I 28,0 34,9
2 1317 15 [Mn-Cx 65 1051ne I 24,0 28,1
Typuctmanmii mapmpyT «Exomnoro-miznaBansHa crexka «Ha ropy Ilim [Bam»

3 1260 11 Cx 50 1051ne I 24,0 22,7

4 1510 13 IMa-Cx 59 1051ne 111 16,9 23,3

5 1030 18 In 58 1051ne I 29,3 31,5

6 1040 19 [Tn-Cx 63 1051ne I° 32,3 31,8

7 1070 9 In-3x 79 1051ne I 30,4 32,3

8 1070 8 ITa-Cx 75 951nel bk I 31,7 35,5

9 1280 4 In 50 1051ne + Bpo I? 22,0 20,5
10 1305 21 In 34 1051ne I¢ 19,9 24,4

TypucTHaHUA MapIIPyT «C. 3eTeHe — YTOPChKI CKeIi»

11 1040 8 IMa-Cx 62 951nel bk I 24,9 26,7
12 1090 <2 IMu-Cx 67 951nel bk I 26,4 28,3
13 1095 <2 ITa-3x 48 85ne2bk I 25,4 32,4

®i3i00TIYHO aKTHBHI KOpEHi € OIHUM i3 HaliBa-
TOMIIITUX KOMIIOHEHTIB ITA3€MHOI YacTUHU JepeBa.
Lli kopeHi XapaKTepH3yIOTbCS BHCOKOIO IIACTHYHIC-
TIO, YYTIMBO PEaryiody Ha 3MiHH B IPYHTi Ta I0CTa-
JaHHS BOAM 1 TOXXUBHUX pedoBuH (Piittsepp, Lohmus,
Persson, & Ahlstrom, 2006). Y HacaKeHHAX Ha KOXK-
Hill THMYacOBii poOHiil TUIONIi 32 TOKA3HUKOM cepe/l-
HBOTO JTiaMeTpa BUOHpaH MOIETbHE ACPEBO, TIOOIH3Y
sikoro Ha Bijgcrani 0,5-1 M cnemiansHUM OypoM BiOu-

paJii 3pa3Ku KOPEHEBMICHOTO Mapy IPyHTY Ha TIUOu-
Hi 0-10, 10-20, 20-30 1 30-40 cM y B3a€EMHO TIEPIICHTN-
KyJSIpHHX HamnpsiMax (puc. 1). Y 3aranbHoMy HiCyMKy
BifiOpano 136 3pa3kis.

31 3pa3kiB KOPECHEBMICHOTO MIAPy IPYHTY BUOKPEM-
JICHO KOPEHi SUTMHU €BPOINEHCHKOT Ta PO3AIICHO Ha JB1
¢pakuii: nmposigHe (miameTpoM > 2 MM) 1 Qizionoriv-
HO akTmBHE (miameTpom < 2 MM). JliaMeTpu KOpeHiB
BUMIpIOBAIM MIKPOMETPOM Ta BCTAHOBIIIOBAIN CEPE-
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HE 3HAYCHHS MIOKa3HUKA iaMeTpa IS KOOKHOT PpaKIlii.
006’em BifiOpaHOrO KOPiHHS BU3HAYAIN KCUIOMETPHUY-
HUM MeTonoM. [lnorn moBepxHi KOPEHEBOI CHCTEMU
3a (ppakIisiMu PO3PAXOBYBAIH 32 METOAAMH 1 METOIH-
KaM{ BUBUCHHSI KOPEHEBUX CHCTEM JIEPEBHHUX POCIUH
(Kamunun, 1983; I[e6pHHIOK 1990; Kaninin, [y3b,
Hebpunrok, 1998; Maypep Ta iH. 2019)

Puc. 1. ®parmenT Binbopy 3pa3KiB KOPEHEBMiCHOTO
rapy IPyHTY Ta 1X ONpaIfoBaHHs Ha MPOOHIH IUIOIII
Ne 9 (N 48°00.961°, E 024° 39.636’) na Tepuropii
Kapnarcbkoro HIIII. Cknan nacamxkenus — 1051,
BiK — 50 pokiB

Pesynbratn Ta o6GroopenHsi. Kopemnsmifinuit
aHaii3 oporpadgiyHUX IOKa3HUKIB Ta 00’€MiB KO-
peHiB 3a (pakiisiMi BKa3ye, IO iCHYE CTAaTHCTUYHO
3HAYYIMIUN 3B’SI30K MK BHUCOTOIO Haj piBHeM Mopst
Ta 00’eMOM q)paKuu (1)13101101"111}11/1)( KopeHlB OJTHaK
Jutst ppakiii MpoBiTHUX KOPEHIB TaKWi 3B’S30K Ci1ad-
mmii. Takok BCTAaHOBJIEHO HE3HAYHUI CTATUCTUYHUI
3B’S130K MIXK CTPIMKICTIO CXHJIIB Ta 00’ €MaMU KOPEHiB
y BiIiOpaHMX 3pa3Kax KOPEHEBMICHOTO WIApY IPYHTY
(Tabm. 2).

OyHKIIOHAIBHUH THIT pociiH 1 KITIiMaT € HalCHJIIb-
HIIIMMH TIPEIMKTOPAMH MiHIIMBOCTI Gy10BH KOpeHe-
BHX CHCTEM, i SIK HACIIZIOK — KOPEHEHACENICHOCTI IPYH-
Ty, 0COBIHBO ¢pakuii ¢i3i0J0riYHO aKTUBHUX KOPEHIB
(Freschet et al., 2017). ¥ 1poMy acrnekTi METOIU OIli-
HIOBAaHHS MOLIMPEHHSI KOPEHEBHX CHCTEM Ta PO3p00-
KA METOIMKHU BiJOOpY 3pa3KiB akTHBHO PO3BHBAJIKCH
B XX cT. (Schuurman & Goedewaagen, 1971). Mix-
BHJIOBE TIOPIBHSAHHS KOPCHEBUX CHCTEM XBOWHHX 1
HIMPOKOJIMCTSAHUX JIEPEBHUX BHUJIB Ha MPUKIAJi MICEB-
notcyru Mensica Ta Oyka JIicOBOTO B TPChKUX €KOCHC-
temax bonrapii mokasano OibITy BiAMIHHICTE Y TIOIITH-
PEHHI KOpEHiB 3a IPyHTOBUMH TOPU30HTAMH, HIXK y JH-
HaMmimi pocty (i3i0J0riYHIX KOPEHIB BIPOJOBK POKY.
Taxk, HampukIIam, Maca KOPeHiB 3aBTOBIIKH < 10 MM B
nmiamerpi Ha mbOuHi 0-45 cM Oyna 3HaYHO BHILOIO Y
Oyka, TIOpiBHsIHO 3 ayriacieto. KopeHi XBoHHOI mopo-
JM 3HAXOIMJIOCH MEPEBAKHO Y BEPXHHOMY MiHepasb-
HOMY LIapi IPYHTY. IXHS KUIBKICTB nyxe pi31<0 3MEH-
1IyBajack 3 NIMOMHOIO Ha BiAMiHY Bil KOpeHiB Oyka,
Jie TIONIMPEHHSI KOPEHIB y THOWHY Oyl0 PIBHOMIpHI-
umM (Lozanova et al., 2019).

Tabnuys 2
Kopeasiniiina maTpuus oporpadiununx
MOKA3HMKIB i 00’€eMy KOpeHiB

=
o =
x  Ed
= o) 5 5
o = 5 £
.= 5
5 S £3 8% E£%
= =2 28 Eg BE
9 £E2 Z£x =E =z
()
< @] T B=E=] (SIS (SRS
g EE EE g ©E
= m g, O o o = O =
Bucora Hag piBHEM
ap 1,00
MOpsl, M
CTpIMKICTB CXHIT
p ¥ 033 1,00
rpan.
O6’eM IPOBITHAX
| POBI 0,47 -0,19 1,00
KOpeHlB, MII
0O06’eM i310JI0TIIHO
b 078 007 073 100

AKTUBHHMX KOPEHIB, MJI

OnHax, JJist TOCTIIKEHUX SUTMHOBUX HACA/KCHB, 32
JMAHUMH KOpesiiHo MaTpuili (Tadn. 3) HasBHICTH Y
CKJIaJli KUTbKOX OJIMHUIIL OyKa He Ma€ 3B’SI3Ky 13 po3-
nozizioM ¢pakiiii kopeHiB. BigcyTHili Takoxk craruc-
TUYHO 3HAUYIINH 3B’ 30K MK TIOKa3HUKAMH 00’ €My 1
IO MOBEPXHI KOPEHIB Ta BiKOM. Y TOM K€ Yac BCTa-
HOBJICHO 3B’ 130K MIJK CEPEHBOI0 BUCOTOIO JICPEBOCTA-
HY, a0COFOTHOIO IIOBHOTOIO Ta 3aIIaCOM.

SIK B1IOMO, OCHOBHY POJIb Y MOTIMHAHHI TOXHB-
HUX PEYOBHH IMiJ3EMHOI0 YaCTHHOI JiepeBa BiJirpae
(dizionoriuHo akTHBHE KOpiHHA. CIiocTepiraerbes
MIPUPOAHA KOHKYPEHLIisSl MK KOPEHEBUMH CUCTEMaMH
SK Y UUCTHX, TaK 1 B MilIaHUX HacapkeHHsX. [1linbHi-
e TepeIuTiTaHHsT KOPEHEBUX CHUCTEM CIIOCTEPIraeTh-
csl Ha OaraTux Ha MOXKMBHI pedoBUHM IpyHTax. [Ipore
ICHY€ JTyMKa, [II0 BUCOKa IIIILHICTh KOPEHEHACEIEHOC-
Ti TPYHTY 3yMOBIIEHA JIIMITOM BOJIH Ta OOMEKEHICTIO
JOCTYIly KOPEHIB 10 MOXXUBHHUX pedoBHH. llmactuy-
HICTH (i310JIOTIYHNX KOPEHIB, HOTO Oiomaca Ta Iiib-
HICTh PO3TallyBaHHS BKa3ylOTh Ha PiBeHb 3/IaTHOCTI
110 KOHKYpeHii 3a cepenoBuiie icHyBanHs (Schmid &
Kazda, 2002).

BaxnuBuM TOKa3HHKOM 3aTyYCHHS KOpEHIB 110
T ABUILCHHS TPOTHEPO3IHHOI CTIHKOCTI TepHTOpii €
ixHiif 00’€M 1 ITOII[A TOBEPXHI, 1[0 B3a€MOJE i3 IPYH-
TOBUM CEpEIOBHIIEM, SIKi y3araJbHEHO Ha rpadikax
y po3pi3i mUOUHU BigOOpy 3pa3KiB KOPEHEBMiCHOTO
mapy rpyHrty (puc. 2, 3).

BeprukanbHHANA pO3MOMIT KOPSHEBUX CHCTEM JIe-
PEBHHMX TOpiIl BHM3HAua€ IXHI NOTEHLian IMIOA0
abcopOyBaHHS MOXKMBHUX PEUOBHH i3 PI3HUX TPYHTOBUX
TOPU30HTIB. 3MaTHICTh KOPEHIB PI3HUX (PpakIiii mpo-
HUKaTH B Pi3Hi TOPU30OHTH Y MOIIYKaX TOKUBHUX PEUO-
BHMH € OJHHUM 13 KJIIOYOBHUX YHHHHKIB, [0 BU3HAYAIOTE
PICT 1 MPOAYKTUBHICTh HA/I36MHOT YaCTHHH JEPEBHUX
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BuaiB (Li et al., 2020). ®i3ionoriyHO aKTUBHE KOPiH-
HSI MZJTICKY Ta H0ro po3MnoBCIOKEHHS 0€3M10CePeIHBO
BILTMBA€E HA MPOIYKTHBHICTh BCiel exocuctemu (Finér,
Ohashi, Noguchi, & Hirano, 2011). ®i3uuni B1acTu-
BOCTI TPYHTIB, HasiBHICTb BOAM Ta MO)XUBHUX PEYOBUH
BHU3HAYAIOTh CTPATETiI0 E€KOJIOTIYHOTO PO3BUTKY POC-

muH (Ding et al., 2020). To6To, mepeBa 3 TOBEPXHEBUM
PO3MOBCIOMKEHHSIM KOPEHEBUX CHUCTEM B YMOBax He-
JIOCTaTHBLOTO BMICTY BOJIOTH y BEPXHIX IIapax IPYHTY
MOXYTbh TIOIIMPIOBATH CBOE KOPIHHS Ha OUTBIITY TIH-
ouny (Freschet, Violle, Bourget, Scherer-Lorenzen, &
Fort, 2018).

Tabnuys 3
Kopeasimiiina MaTpuus TakcauiifHuX MOKa3HUKIB i KopeHiB
Hoxasmiiu pOAK’iB Cionan PJI’ (13)1\; MZ'GF’a'l MM’a“ \Ii;.]l')l , \lf/;b.];’ SD;-;’ ?\29;’
A, pokiB 1,00
CkJ1ag HacaHKEHHS -0,02 1,00
Heep, M 0,64 -0,14 1,00
Deep, CM 0,59 -0,32 0,81 1,00
G, m*ra’! 0,38 -0,28 0,35 0,14 1,00
M, v ra’! 048  -0,13 061 0,15 0,59 1,00
Vip. -0,05 -0,12 -0,66 -0,40 -0,35 -0,46 1,00
Vs, -0,02 0,18 -0,60 -0,29 -0,40 -0,66 0,73 1,00
S 0,10 002 -060 -021 -054  -0,68 0,82 0,78 1,00
Sis. -0,01 0,14 -0,52 -0,16 -0,42 -0,65 0,61 0,94 0,70 1,00

Ipumimku. A — Bik nmepeBocrany, H — cepenns Bucora nepeBocrany, D — cepenniif miamerp nepeBocrany, G — aOCOJIOTHA IIOBHOTA,

M - 3amac, Vy, — 00’€M NpOBIIHUX KOPEHIB; Vs —
S¢s. — MIJI0IIA TOBEPXHI (i31070TIYHO AKTMBHUX KOPEHIB

00’eM (i3i0NOriYHO AKTHBHUX KOPEHIB, S —

IUIOIA MOBEPXHI MPOBIIHUX KOPEHIB,

60 p

M [lpoBiaHe KOpiHHA
40 *
E OisionoriyHo akTUBHE KOPIHHA

06'em ppakuii, mn
=

20

10

0-10 10-20 20-30
[Mn6UHa KOpeHEBMICHOTO LIAPY FPyHTY, CM

MnoLia NoBepXHi KOpeHiB, cm?

1
80 ¢
160 -
140 M [poBifHe KopiHHA
120 L .
E (i3ionoriyHo akTUBHE KOpPIHHA

100

80

60

40

20

0-10 10-20 20-30
[MnbuHa KopeHeBMiCHOrO LUApy FPyHTY, CM

Puc. 2. [Tommpenns ¢pakxuiil KOPEHiB SUTMHA €BPONEHCHKOT 32 YMOB OJIM3BKOTO 3aJIATaHHs MaTePUHCHKOT IIOPOAIH:
a) 3a 00’ eMamu (paxiiiii, Mi; 6) 3a OISO TOBEPXHI, CM?

BpaxoBytouu, 10 Ha PO3MOJIT KOPEHEBUX CHCTEM
STTMHU €BPOTICHCHKOT y JIICOBHUX (DiTOIIEHO3aX BILJIMBAE
IMOMHA 3aJIsIraHHs MaTEPUHCHKOI MTOPOIU, TUMUYACO-
Bi MpOOHI IIIOMII MOIIIEHO Ha ABI Kareropii: 1) i3 3a-
JSITaHHSIM MaTEPHHCBHKOT Topoau Ha miuOuHi 10 30 cMm
(TIII Ne 1, 4, 5, 6, 7, 8, 10); 2) i3 3anaranHsIM mare-
puHChKOi opoan Ha rubuHi moHan 30 cm (TIIIT Ne2,
3,9, 11, 10, 13).

Bucora Hajm piBHEM MOpsS I TUMYAaCOBHX IPO-
OHMX ILTOI MepIIoi Kareropii 3MiHtoeThes Big 1040 1o

1510 M. HacamkeHHs mpencTaBiieHi MepeBaXHO YHUC-
TUMH SUIMHOBUMH JiepeBocTaHamMu. KBaHTHII KOpoOKO-
BHUX rpadikiB (IuB. pucC. 2) MICTATh B c0O01 maHi Tpo
3HA4YeHHS MeJiaHu, CepeHboapru(METHIHOI BUOIpKH
Ha pi3HUX MOuHax. Byca miarpam BKa3yloTh Ha Haii-
HIDKYC Ta HaWBHINE 3HAYCHHS JaHuX y Mexkax 1,5 IQR
(MI>KKBapTHIFHOTO 1HTEpBaNy) BHIIE BEPXHHOTO Ta
HIKHBOTO KBapTHIIiB. Y BEpXHiX MiHEpaJbHUX Iapax
TPYHTY 32 00’ €MOM TiepeBakae (hpakxilist MPOBiTHUX KO-
PEHIB, HasBHICTH SKOi 3 TIIMOWHOIO, B ITbOMY KOHKPET-

54 B. 0. OxHoBCbKMiA, 10. C. IBaHeHKo, I. 0. Nlo6ueHko. 0c06ANBOCTI KOpeHeHaceNeHOCTi TPYHTY B ANMHOBUX NiCOCTaHAX Y 30Hi FipCbKoi...



Proceedings of the Forestry Academy of Sciences of Ukraine, 2020, vol. 21

HOMY BUNAJAKY, 30UTBITYETHCS, TOOTO 3pOCTAE IIILTh-
HICTb HACEJICHOCT] KOPiHHAM TPYHTY. 3a IJIOMIAMH I10-
BEPXHI MepeBaxatoTh (i3i0I0riyHO aKTUBHI KOpeHi Ha
mmuouHi 0-20 cM, y Tol wac, sk Ha rubuni 20-30 cM
CIOCTEPEXKEHO TepeBary NpoBiIHUX KOPEHiB. 3araioM
BapTO 3a3HAYUTH, IO PO3MOALT 00’ €My KOPEHIB 3 INH-
OMHOIO HE € MPOMOPIIIHUM PO3MOALTY TUIONI iXHBOI
TTOBEPXHI.

50 a
s 40 | [poBiaHe KOpiHHA
= 30 B 0i3i0n10riYHO aKTUBHE KOPIHHA
é .
3 X 3
8 : .
10 .
= <
0-10 10-20 20-30 30-40
[MnbuHa KopeHeBMiCHOTO LLpY FPYHTY, (M
200 6
180 .
}gg . B [IpoBigHe KopiHHA
120 H (izionoriyHo aKTMBHE KOPIHHA

Mnow4a NOBEPXHi KOpeHiB, cM?
>
[=}

30-40

20-30
TMM6MHa KOPEHEBMICHOTO LIAPY TPYHTY, (M

0-10 10-20

Puc. 3. [TommupenHs (paxiiii KOpEHIB SITMHA €BPOTEHCHKOT
32 YMOB 3aJIATaHHS MaTE€PUHCHKOI ITOPOIU HA TIINOWHI
monaz 30 cM: a) 3a 00’ emaMu cbpaKulM MIT; 0) 32 IUTOMICHO
MOBEPXHi, CM?

Jns iHmoi kareropii HacaJyKeHb 3 MOTYKHIIIUM
IpyHTOBHM TipodisieM Bifdip 3pa3kiB Ha MIHOWHY TIO-
Hag 40 cM He 3AiHCHIOBAH, 11O TIOB’s13aHO 3 MOp(do-
JIOTIYHUMH OCOOTMBOCTSIMH KOPEHEBOI CHUCTEMH SUIU-
HU. 3a 00’eMoM y BepxHix mapax (0-20 cM) Ta Ha TH-
ouni 30-40 cm mepeBakae Gpaxilis MPOBITHUX KOpe-
HiB, xoua Ha rmuOuHi 20-30 ¢M I TEHAEHINS 3MIiHIO-

€THCS HA KOPUCTH (hi310JI0TIYHO aKTHBHUX KOPEHIB, 110
i UmrocTpye puc. 3.

3BOPOTHY TEHJICHIIIIO CITOCTEPEKEHO IS TIOKA3HU-
Ka TUTOIIlI TIOBEPXOHB (Ppakiliii KOpeHiB Ha BiJIOBITHUX
TIIII. ITepeBara (blslonorquo AKTUBHUX KOPEHIB npen-
CTaBJieHa Ha BCiX 3a3HAa4YEHHUX TIHOMHAX KopeHeBMlc-
HOTO APy TPYHTY. Hespaxaioun Ha BifCyTHICTS Ipo-
TNOPLIHOCTI M 00’ €MaMH Ta IIOIaMK KOPEHIB, CII0-
CTEPEIKEHO TEHJICHITIIO /IO 3MEHINICHHST 00’ €My 1 IJIOTi
MOBEPXHI KOPEHIB 13 301IBIICHHSIM [TUOUHHU.

Jnst 060X BHOKPEMIICHHX KaTeropiii 06’ekTiB 110~
CIJII/DKEHHS NMPUCYTHI BUKHIH, SKI 3HAXOOATHCS 1032
MeXaMH MDKKBapTUIHLHOTO 1HTepBany 1,5 IQR o €
XapaKTepHUM SIK JUIsi 00°€MiB KOPEHIB, TakK i ISl iXHIX
wiom. Bapro 3a3HaunTH, 110 CTAaTUCTHYHI BUKUIU Ce-
pen 3paskiB, siki Oynmu BimiOpani 3 mmbuau 0-40 cwm,
TPAIISIOTHCS YacTille i MOXKYTh OyTH 3yMOBJIEHI TTO-
MUJIKaMH Y BUMIpPIOBaHHI a00 K MOSICHIOBATHCH YMO-
BaMU 00’€KTy JOCHTi/KeHb. Tak, A JOCIiIKyBaHHX
Haca/LKEHb XapaKTEPHOIO € BHCOKa MOBHOTA, 110 0e3-
TMOCEePEAHBO BIUIMBAE HA IMIUTBHICTH TIEPETUTITAHHS KO-
PEHEBUX CHCTEM JBOX 1 OUTbIIIE POCIHH OIHOTO BHILY,
110, CBOEIO YEPTOI0, MPU3BONTH 10 HEMOXKITHBOCTI BH-
OKPEMIICHHS KOPEHIB OIHOTO CK3EMILLIPY SUIMHH Bill
iHIoro. 3 iHIIOTO OOKY, CKJIAQIHICTh penbe(’py Ta Ha-
SIBHICTh KaM’ SIHUCTUX BKJIFOYECHb 1 BUCTYIIB MaTepHH-
CBKOT mopojH y PI3HHX TOPH30HTAX TAKOXK Mae Oe3ro-
Cepe/IHiil BIUIMB Ha PO3MOALT Ta KIMbKICTh KOPEHIB y
TOBII TPYyHTY. BpaxoByrounm TOBEpXHEBUH Xapaktep
KOPEHEBUX CHUCTEM, SUIMHA HAMAaraeThCs 3aiHSATH MaK-
CHUMaJIbHO BUTIJIHY «HILIY» B IPYHTOBOMY CEpEIOBHILII,
BPaxoOBYIOUH IPH LbOMY BUCTYIIH MaTepUHCHKOI OPO-
I Ta KOPEH1 1HITUX POCIHH.

Tako BCTaHOBIICHO, 10 OCHOBHA Maca KOpeHiB, He
NPUB’SI3YIOUUCH 10 TIOTYKHOCTI IPYHTOBOTO IpoQiJiro,
3HAXOJUTHCS y BEPXHIX MiHEpaJbHUX ILIapax Ha IIU-
ouni 10 10 cm (Tadm. 4). Taka 0coOIUBICTE 3yMOBITE-
Ha COPUSTIAMBUMHU (i3UKO-XIMIYHIUMH BIIACTUBOCTSIMH,
10 3a0e31edyioTh HeOOXIIHMIT CTYMiHb aepallii Ta 380-
JIOKEHHS BiJ aTMOC(EPHUX ONALIB 1 HASIBHICTIO JIETKO-
JOCTYITHHX JUTSL POCIIMHHOTO OpraHi3My NOKHBHUX pe-
yoBuH (Maypep T1a iH., 2019).

Tabnuys 4
IommpeHHs1 KOpeHiB AJMHU €BPONEICHKOI Yy BEPXHbOMY IIAPi IPYHTY
s . 3araabHUI . 006’em ¢izionoriuno  3aranbHuil 00’ em . ‘.{acm.a
H 006’eM NpOBIAHNX R YacTka nmpoBIAHUX . L . ¢izionoriuHo
omep . 00’eM . aKTHBHUX KOPCHIB ¢izionoriuno .
Trm — Kopewisy 10-cm DO KOpeHiB y 10-cm 10- . aKTUBHUX KOPEHB
POBiTHIX o y 10-c™m mrapi AKTUBHUX
miapi IpyHTY, MII KOPEHiB, T miapi IpyHry, % IpyHTY, M1 KOPEHiB, T y 10-cm mapi
) > ’ rpyHty, %
1 2 3 4 5 6 7
1 36,4 61,7 59,0 54,0 72,8 74,2
2 36,65 85,9 42,7 65,8 118,7 55,5
3 31,2 57,5 54,3 26,05 65,9 39,6
4 192,68 192,7 100,0 158,2 160,2 98,8
5 24,0 24,0 100,0 20,8 20,8 100,0
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IIpooososc. mabn. 4

1 2 3 4 5 6 7
6 459 459 100,0 27.8 27.8 100,0
7 25,7 65,8 39,1 42,0 44,7 94,0
8 12,6 253 49,8 16,0 26,2 61,1
9 34,4 62,1 55.4 24,5 46,4 52,8
10 32,2 52,8 61,0 26,4 31,2 84,6
11 104,2 133,4 78,1 22,7 32,0 70,9
12 59,9 68,2 87,8 23,8 33,5 71,0
13 48,0 94,7 50,7 53,1 69,9 76,0

Y cepeapoMy, Ha AOCHIKYBAHHX IIISTHKAX Y
BepxHbOMY 10-CaHTUMETPOBOMY Iapi IPYHTY HacCT-
Ka MPOBITHUX KOpPEHIB 32 00’eMoM cTaHOBHUTH 67,5%
BiJ 3arajpHOTO 00’€My KOopeHiB (pakiii, a s ¢izio-
JIOTIYHO aKTUBHUX KOPEHiB — BiAMOBIAHO 75,3%. SIK110
B3STH JI0 YBAard 3pa3KkH i3 MpoOHUX IIJIOMI, J¢ TOIHUPEH-
HSI KOPEHEBUX CHCTEM OOMe)keHe OIM3bKHM 3alisiraH-
HSIM T1PCHKOT MOPOJIU, TO JUIS TAKHX HACAJHKECHb 4acT-
ka y 10-caHTHMETpOBOMY KOPEHEBMICHOMY Iapi JJIs
MIPOBITHUX KOPEHIB CTaHOBUTH 72,7, a (i3ionoriaHo
akTHBHUX — 87,5%.

BucnoBkn. BcranoBmeHo TicHMHA 1 cepemHii
3B’SI30K MK TIIICOMETPUYHOIO BHCOTOIO Ta 00’€MOM
(dpaxiii ¢i31070TIIHO aKTUBHUX 1 MPOBITHUX KOPECHIB,
KoeimieHTH Kopesimii sskux craHoBisaTs 0,78 1 0,47
BIJIIIOBITHO.

CTaTUCTUIHHHA 3B’ 30K TOKA3HUKIB PO3TOALTY KO-
PEHIB BCTaHOBJICHO ISl CEpPEellHbOI BUCOTH JICPEBO-
cTaHy, a0COJIOTHOI IMMOBHOTH Ta 3aIacy, a MiXK BIKOM
Ta CKIAQJOM HACQ/DKCHHS CTaTUCTHYHO 3HAYYIIOTO
3B’SI3KY HE BUSBIICHO.

Ha o0’exrax  mpupomo-3amoBigHoro  (GoHmxy
OCHOBHA YacTKa KOPCHIB 3HAXOIUTHCS y BEPXHHOMY
MiHEepaJIpHOMY Iapi IpyHTY Ha ubuHi 10 10 cM. Take
MUJIKEe pO3TalTyBaHHs KOPEHIB 3yMOBIIOE Ty>KE BHCO-
Ky 4yTJIUBICTh SUITMHH JI0 PEKpeaIliifHiX HaBaHTaKCHb
y TIpChbKUX yMoBax. HermmbOoke po3MileHHs] KOPEHIB
3YyMOBJICHE CHPUATINBUMHU (PI3UKO-XIMIYHUMHU BIIac-
TUBOCTSIMH BEPXHBOTO APy TPYHTY, 10 3abe3neuye
HEOOXIMHWHA CTymiHb aeparlii Ta 3BOJIOKCHHS Bil
aTMOC(EpPHHUX OTAaaiB 1 HASBHICTH JIETKOJOCTYITHUX
JUISL IGPEBHOT POCIIMHU TTOKUBHUX PEUYOBHH.

3 1BOTO TOTVIAAY, OCOONMBY yBary IMoao OioTHY-
HOI CTIMKOCTI HEOOXiTHO MPHUAUIATH SUTMHOBHM JIiCO-
CTaHaM, III0 POCTYTh B YMOBaxX OJHM3BKOTO 3aJISITaHHS
MaTepUHCHKOI Topomu. YacTka 00’eMy TPOBITHHX 1
(hi3107T0TIYHO aKTUBHUX KOPEHIB BiJl 3arajJbHOTO 00Cs-
Ty, B IIbOMY Iapi cTaHOBUTH 67,5 1 75,3% BiamoBin-
HO, @ B MICIISIX 13 BUXOAAMHM TipChKHX Topim — 72,7 i
87,5 %.
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Peculiarities of soil root population
in spruce forests in the area of the mountain
tourist network

V. Yukhnovskyi', Yu. lvanenko?,
G. Lobchenko?

The role and features of the European spruce root
systems structure in the conditions of recreational
load in the tourist routes area of the Carpathian
National Nature Park (NNP) are described. The aim
of the study is to establish the ratio of the volume and
surface area that interacts with the soil for conductive
and physiologically active roots as a prerequisite for
anti-erosion resistance of spruce phytocenoses under
recreational load conditions.

To determine the silvicultural and biometric
indicators of tree species at the forest stand 13 circular
and semicircular temporary trial areas were laid down
according to the method which had become well
established and commonly usedin forest measurement
and forest management. The studied plantations are
mostly pure in composition, less often mixed with
the predominance of European spruce and 1-2 units’
participation in the forest composition by beech (Fagus
sylvatica L). or single specimens of the genus Salix L.
The age structure is dominated by medieval and pre-
mature stands.

The root systems are the main anti-erosion element
of forest phytocenosis on sloping lands, where the
leading (skeletal) roots provide consolidation of trees
in a vertical position, and physiologically active —
provides soil consolidation, participates in the
formation of waterproof aggregates, improving soil
permeability and activation of soil-forming processes.
An important indicator of the roots involvement in
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the landscapes erosion resistance increasing is their
volume and surface area, which interacts with the soil
solution.

The main role in the absorption of nutrients by the
underground part ofthe tree is played by physiologically
active roots. There is a natural competition between
the root systems in both pure and mixed stands. A
denser interweaving of root systems is observed on
nutrient-rich soils. However, the high density of root
systems is due to the water limit on limited access to
nutrients. The plasticity of the physiological root, its
biomass and the density of distribution indicate the
level of ability to compete for habitat.

136 samples of root-containing soil layer at a depth
of 0-10 cm, 10-20, 20-30 and 30-40 cm were taken
from the sample areas of stands growing in clean and
with a small participation of medieval beech forest
and ripening stands, from which the roots of European
spruce were isolated from division into conductive and
physiologically active roots. Also volumes and surface
areas of these roots have been calculated.

Statistical correlations between altitude and the
volume of the fraction of physiologically active and
conductive roots were established, the correlation
coefficients of which are 0.78 and 0.47, respectively.
The distribution of the root systems of European spruce
depending on the depth of the parent rock showed that
in the upper mineral layers of the soil by volume the
fraction of the leading root predominates.

In some cases, its volume increases with depth,
which affects the density of the conductive root.
The surface area of the roots is dominated by
physiologically active roots at a depth of 0-20 cm,
while at a depth of 20-30 there is a predominance
of the leading root. In plantations with stronger soil
profiles (over 30 cm) in the upper layers (0-20 cm)
and at a depth of 30-40 cm the fraction of the leading
root predominates, but at a depth of 20-30 cm this
tendency changes in favor of physiologically active
roots. The main part of the roots is located in the upper
mineral layer of the soil at a depth of up to 10 cm on
the objects of nature reserves, which are more sensitive
to recreational loads in the mountain conditions. In this
soil horizon the share of conducting and physiological
roots of the total volume of each fraction is 67.5 and
75.3%, and in places with rock outcrops — 72.7 and
87.5%, respectively.

Key words: Carpathian National Natural Park;
European spruce; root systems; conductive roots;
physiologically active roots.
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0Oco06eHHOCTN KOPHEHACeNIeHHOCTHN
NouBbl B €N10BbIX APEBOCTOAX B 30HE FOPHOMN
TYPUCTNYECKOI CeTn

B.1O. tOxHoBckui', t0. C. MiBaHEeHKO?,
A.A. JlobyeHKo?

N3ydeHsl  0COOCHHOCTH  KOPHEHACEICHHOCTH
MOYBHI 0] HACAKIAEHUSAMU €] €BPOIEUCKON B yCIO-
BUSIX PEKPEAMOHHON HArPy3KHU B 30HE TYPUCTHUYECKUX
MapuipyToB Kapnarckoro HaIlioHaJILHOTO MTPUPOIHO-
ro mapka. Ha 13 mpoOHBIX miomansx, 3aji0KeHHBIX
B YHCTBIX W C HEOONBIIUM y4YacTHeM OyKa JIeCHO-
IO CPEAHEBO3PACTHBIX M IPHCIICBAIOIINX HAacaxke-
HUSAX, 0TOOpaHo 136 oOpa3ioB B KOpHEOOHTaeMOM
cioe mouBbl Ha niryoune 0-10, 10-20, 20-30 u 30-40
cM. U3 oToOpaHHBIX 00pa3LoB BbIIEICHB KOPHH €U

IOxnosckuti Bacunuii FOpvesuy — axanemuk JlecHO# akagemMun
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Ten.: +38-067-720-32-16. E-mail: yukhnov@ukr.net ORCID:
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OropecypcoB U MPUPOIONONIB30BaHNS YKpauHsl, yi. ['eHepana Po-
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€BPOIIECICKON C MOCIeNyIONIUM pa3/ieIEeHUeM Ha Mpo-
BOIAIIME M (DU3MOIIOTUYECKA AKTHBHBIE C TOCIEHY-
IOL[UM BBIYUCIICHHEM OOBEMOB U IUIOINAJICH MOBEPX-
HOCTH 3THX KOpPHEW. YCTaHOBJIEHbI CTATUCTUYECKHE
CBSI3M M@y BBICOTOM HaJl yDOBHEM MOPSI 1 00HEMOM
(hpakuuu GU3NOIOrUIeCKH aKTUBHBIX M MPOBOJISIIMX
KOpHEH, KOd(PQHUIIMEHTH KOPPENSINA KOTOPBIX CO-
crapisior 0,78 u 0,47 coorBerctBenHo. Pacmnpene-
JICHHE KOPHEN €M €BPONENHCKOM B 3aBUCHUMOCTU OT
DTyOWHBI 3aJIeTaHus] MATEPUHCKOW ITOPOIBLI TTOKa3a-
JI0, YTO B BEPXHUX MHHEPAIBHBIX CIOSX TMOYBHI 1O
o0beMy TIpeoOiasaeT (Gpakius MPOBOASIIAX KOP-
Hell. B HEKOTOphIX cirydasx ee o0beM BO3pacTaeT
¢ TIyOMHOMW, YTO BIMSET HAa IJIOTHOCTH PACIpOCTpa-
HEHUSl NpoBOIAIIMX KopHel. Ilo muiomanu mnosepx-
HOCTH MTpeo0IaaroT (PU3HOIOTHYECKH aKTHBHBIE KOP-
HU Ha TiyonHe 0-20 cM, B TO BpeMmsi, Kak Ha IITyOnHe
20-30 cm HaOmomaeTcsi mpeoOiagaHue MPOBOIS-
muX KopHeW. B HacaxkmeHmsx ¢ 0ojiee MOITHBIMHU
rpyHTOBEIMH mipodmisimu (6onee 30 cM) B BepXHHUX
cnosix (0-20 cm) u Ha miybune 30-40 cM mpeoOiia-
nmaeT (pakuus MpOBOIAIIMX KOPHEW, HO Ha TIyOWHE
20-30 cM 3Ta TeHACHIUS MEHSETCS B TONB3Yy (DHU3HO-
JIOTUYECKU aKTUBHBIX KOPHEH.

Ha o0bexrax mpupomaHo-3amoBeHOTO (hOHIA OCHO-
BHAas 4YacTh KOpPHEW HAaxOIUTCS B BEPXHEM MHHE-
pajbHOM cji0€ TOYBBI Ha riyouHe jo 10 cm, Beien-
CTBHC YETO €JIb CTAHOBUTCS OYCHb WYBCTBUTEIHHOM
K PEKpealMOHHBIM Harpy3kaM B TOPHBIX YCIIOBHSX.
B 3TOM TOpH30HTE MMOYBBI yUACTHE TPOBOISIINX U (PH-
3MOJIOTHYECKN aKTHBHBIX KOpPHEW OT obmiero odbhema
Kaxoi (paxuu cocrasnset 67,5 u 75,3%, a B Mec-
Tax C BBIXOJAAMH TOpHBIX mopox — 72,7 u 87,5%
COOTBETCTBEHHO.

KuaroueBsbie ciaoBa: Kapnarckuili HanuoHaJbHBIN
IPUPOAHBIA IIApK; €JIb EBPOIECHCKAs; KOPHEBBIE
CHUCTEMBI, TIPOBOMSIINE KOPHU; (PUIUOIOTHUCCKU
AKTUBHBIC KOPHH.
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AnHamika onagy B COCHOBO-6yKOBUX fepeBOoCTaHaXx Ta ii 3MiHN
3a BM/IMBY NOCTYNOBUX pyo6okK B ymoBax JIbBiBcbKoro Postouus

B. V. AxHuubkui', I.T. KpUHULbKIN2

Bucegimneno ocobnusocmi piunoi ounamiku nazpomaoddicenns onaody, U020 CMpyKmypHux ¢paxyiil (xeos cochu,
aucms OyKa, AUCms CYNYmHIX nopio, 2iIKU, KOpd, WUWKU COCHU, 2OPiWKU OYKd, NIICKU 2OpiwKie OVKdA, HACIHHA
CYNYMHIX nopio) ma iXHix 3MiH NICA NPOBEOEHHA NePUUX NPUTIOMIE NOCIYNOBUX PYOOK 20106HO20 KOPUCTYBAHHS —
PDIBHOMIDHUX NOCYNOBUX I IDYNOBO-BUDIPKOBUX 8 YHIKATbHUX 3d CKIAOOM Ma 0OMEdCeHUX 3a NOWUPEHHAM COCHOBO-
oyrosux aicocmarnax Jlvsiscorkoeo Posmouus. 3anedcro 6i0 AiCi6HUYO-MAKCAYIUHUX NOKAZHUKI® CIMUSTUX COCHOBO-
OYKOBUX OepesOCmanis, piuHa mMaca onady Cmanosums, 3assuyatl, 5-6 m-ea’ ¢ abconomno cyxomy cmani. Hatioino-
wy yacmky onaoy 6 piuHomy yurii cmanosumo aucms oyxa (29,5-36,8%), snauno menuty — xeos cocru (20,8-25,6%).
Jocmamuvo 3uauumoro 6 cknadi onady € maca 2inoxk (12,4-14,7%,), wuwox cocuu (10,5-11,7%), xopu oepes (6,6-9,0%)
i nricox eopiwxis oyka (3,6-10,6%). Hegenuxor yacmxor onady npedcmasnei eopiwiku oyka (1,7-4,3%) ma aucms
cynymuix nopio (0,4-1,7%) i naiimenwioro — nacinus cynymuix nopio (0,01-0,13%).

Haiibinvwa maca onady gopmyemovca 6 owcoemui (35,6-44,6%). 3nauna kinvxicmv mepmeoi gimomacu ona-
O0ae makoxc y eepecti (14,1-16,2%) ma 6 0CiHHbO-3UMOB0-8eCHAHULL Nepiod (nucmonad — obepezens, 19,3-19,7%).
Hesenuxe 36invwenns onady 6 cocnogo-oykosux depesocmanax Jlvsigcokoeo Pozmouus € xapaxmepuum i 015 mpag-
Hs (8,4-14,3%).

Haitimenwa xinoxicms ¢pimomacu onaoace 6 xeimui (onuzvxo 2,0%). Hegenuky uacmky onady cnocmepexceHo ma-
Koo y unni (2,9-3,7%) i 6 cepnui (2,7-3,7%).

Piuna ounamixa naepomadicennsn okpemux (hpaxyiti onady 8 COCHOB0-0YKOBUX NICOCMAHAX € HEOOHO3HAUHOMW. Hail-
Oinvuia maca x60i cocHu onadae y gepecni (29,0-33,2%) abo y scoemmui (26,4-40,2%), aucms Oyka ma cynymuix nopio —
y orcoemHi (6i0nogiono, 84,5-87,4% i 81,0-81,2%,), cinox — y 3umosutl nepioo (38,9-63,6%) abo y mpaeni (13,1-45,3%,),
Kopu — y 3umoguii nepioo (39,7-43,1%), wuwox cocnu — 6 mpasni i uepeni (8ionogiono, 26,7-38,0% i 28,7-38,8%), eo-
piwkie oyxka — y eepecni (54,2-58,7%), niicox eopiwkie 6yka — y gepechi i 3umosuii nepiod (6ionosiono, 17,9-23,2% i
40,7-53,0%), nacinus cynymuix nopio —y acoemui (57,1-70,7%).

[licna npogedents nepuioco nputiomy pieHOMIPHOI NOCMYynogoi pyoxu piuna maca onady smenuuracsy 00 44,3%, a
2pynogo-eudipkosoi — do 62,1% nopisuano 3 konmponem. Ilpu yvomy piuna ounamixka onaoy i tio2o gpaxyii nicis py-
OOK icmomHo He 3MIHULACS.

Knwuosi cnosa: cocna; 6yx,; cynymui 0epesHi nopoou, piuni yukiu, onadanus gimomacu, paxyii onady, pieHo-
MIpHO nocmynosa i epynogo-eubipxkosa pyoxu.
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Beryn. Onaj 1epeBHUX TOPiJ| € BaXTHBHM KOMIIO-
HEHTOM JIICOCTaHy i BaroMolo JIAHKOIO KoJIooOiry op-
raHIYHUX PEYOBHH Ta EHEprii B JICOBHX EKOCHCTE-
Mmax. Ha #ioro ocHOBi (opMyeTbCs JicoBa MiJICTHIIKA,
PO3KIalaHHs SKOI 3HAYHOIO MIpOIO BIUIMBAE HA BMICT
ryMyCy y BEpXHIX Iapax TPYHTY 1 MiHEpaibHE KHB-
JICHHSI POCJIMH, 1HTEHCUBHICTH MIKpPOOIOJIOTIYHUX TIPO-
HeciB Ta JKUTTEIISIIBHICTE 0Oe3XpeOeTHUX TBapHH
(Mopo3zos, 1949; 3oun, 1954; Iloxuron, 1957, 1958;
[ymaxoB, 1963; bonaap, 2000; Kpemeneunka, 2000;
Pubax, 2004; Ocramuayk, 2012).

KinbkicHi Ta SKiCHI TOKa3HUKH OTaJy, SIKi BU3HaYa-
I0Th CTPYKTYPY MiICTHIIKH Ta IHTEHCUBHICTBD 11 pO3KIIa-
Iy, 3aJ1eXarh, HacaMIIepe]], Bil BUIOBOTO CKIaIy poc-
JIUH Y JIICOCTaHax, a, 0COOJIMBO, B/l CKJIaay OCHOBHOTO
IHTErPYIOYOTr0 KOMIIOHEHTa 010LEH03y — IepEeBOCTaHY
Ta HOTro IiCiBHUYO-TaKCaIliiHUX O3HaK (BucCOIbKHiA,
1950; KoBanescobkuii, 1952; [Torpebnsik, 1968; 'oprie-
uuH, llIBuaenko, 1977; Menexos, 1980; bormap, 2000;
Kpunnueka, 2015; Kpunanuskuii, 2015; Krynytska et
al., 2017). BaxymBe 3HaueHHs 11t GOpMYyBaHHS Ola-
JIy MalOTh TaKOX JIiCOTOCTIONAPCHKI 3aX0/H, K1 IPOBO-
IATHCS y JTiCOCTaHaxX, 30KpeMa, PyoOKH TOTISIY 1 pyOKH
rojioBHOro KopuctyBanus (byreiiko, 1975; Kpunuips-
Ka, 2015) Bapro Takox 3a3HAaYMTH, IO HA ,Z[I/IHaMle
KUIPKICHHX 1 SIKICHUX MOKA3HHMKIB ONAJaHHs MEpTBOI
oprasiuHoi Macu Ta ii CTPYKTypHHUX €JIEMEHTIB BEJIH-
KHil BIUIMB MAKOTh IOPH POKY Ta PErioHasbHi KiiMa-
THYH 1 IPYHTOBO-Ti/[POJIOTi4HI yMOBH.

CocHOBO-OYKOBI JTICOCTaHH € MaJONMOLUIMPEHUMH.
B VYkpaini Bonn (opmyrorbes simimie Ha JIpBIBChKO-
bepexaHCbKOMY ILIATO 3aXiIHOrO PETIOHY JepiKaBH
Ta Jicoripchkux paioHax Kpumy. Ix 3BykeHuUit apeain
Ta YHIKaJIBHICTb 3yMOBIIOIOTHCS (DITOLEHOTHYHUM TI0-
€IHAHHSIM y CKJIaAl AEPEBOCTAaHY CBITIOIIOOHOTO Jie-
PEBHOTO BULy — COCHHM 3BUYaiHOI 1 TIHEBUTPHBAJIOTO —
Oyka micoBoro. ToMmy 3akOHOMIpHOCTI (hOpMYBaHHS 1
CKJIaJHI mpouecu (QpyHKIIOHYBaHHS COCHOBO-OYKOBHX
JCOCTaHIB BWBYEHI HEJOCTATHHO. 30KpeMa JIOCIHi-
JDKEHHIO 0COOJIMBOCTEH HArpOMAKEHHSI 1 PO3KIIamy
Omajly Ta MiJICTHIKA B COCHOBHX CyOy4MHAX MPHCBS-
yeni aume nyomikauii O. 1. Byreiiko (1964, 1975), ski
CTOCYIOTBCS IPUCTUTAIOYNX IEPEBOCTAHIB i HE Bpaxo-
BYIOTb BILJIUBY 3MiH KJIIMary.

V 3B’S3Ky 3 ITUM, BUBYCHHS PETiOHATBLHUX 0COOIH-
BOCTEH (pOpMyBaHHs OMajJy BIPOJOBXK POKY B Pi3HHX
3a CKJIAJIOM 1 MTPOTYKTHUBHICTIO COCHOBO-OYKOBHX JIiCO-
CTaHax € aKTyaJbHUM 3aBJaHHSIM.

O0'ekTH Ta MeToaMKa pgociikeHHsl. OO0 'exm
oocnidoicenb — COCHOBO-OYKOBI IEpEBOCTAaHH B YMOBaX
JIeBiBCBKOTO PoO3TOWUs. [Ipeomem Oocniddcenv — Ha-
TPOMaIKEHHS omaay i oro ¢pakuiid y piuHOMy LUK
Ta 3MIHH IXHBOI JUHAMIKH B MPOIIECi ITOCTYTIOBUX PY-
OOK roJIOBHOTO KOPUCTYBaHHS — PIBHOMIPHO1 ITOCTYTIO-
BOI Ta rpymoBO-BHOIpKOBOi. Mema docridicens TOns-
raja y BUBUCHHI OCOOJIMBOCTEW PIYHOI AMHAMIKHM Ha-
TPOMaKEHHS OIaTy Ta HOTO CTPYKTYpHUX (DpaKIii y
COCHOBO-OYKOBHX AEPEBOCTaHAaX 1 iX 3MiH MiciIsd Mpo-
BEJICHHS TICPIITUX MTPUHOMIB ITOCTYTIOBUX PyOOK TOJIOB-
HOT'O KOPUCTYBaHHSI.

JlociipkeHHs 3/11HCHIOBAIM HA JIBOX CTAI[lOHAPHHUX
IUTSTHKaxX, 3akmaneHnx y 2012 p. Ha tepeHax JIbBiB-

cpkoro Po3rouus, y BenukomiabChbKOMY JIICHHIITBI
Crpaf4iBCEKOTO  HABYAIBHO-BUPOOHHYOIO  JTICOKOM-
6inary HauioHanbHOTO JIICOTEXHIYHOTO YHIBEPCHTETY
VYkpainu (Sxaunekuit, 2015). [lepmra CTaI_IIOHapHa -
JITHKA pO3TallloBaHa B KB. 2, BU/. 1, Apyra — Ha BijcTa-
Hi 120-150 M Bix Hei (xB. 1, Bua. 17).

Jlyis mocItiJpKeHb PiYHOT AMHAMIKM OmNajay Ta HOro
(hpaxiit Ha mepirii TISTHIT 6yJ10 BUOpPaHO KOHTPOIBHY
(1) Ta excriepuMeHTaIBHY cekii (2), Jie TIPOBO/IATIACK
piBHOMIpHa MoCTyroBa pyOka. Ha apyriii ginsHii go-
CJIIJDKEHHS 3/IIICHIOBAIMCH TAKOXK Ha KOHTPOJIBHIH (4)
Ta eKCIIEPUMEHTANbHIN (5) CEeKIlisfX, /Ie MPOBOIUIACH
rpynoBo-BuOipkoBa pyoka (tadum. 1). Turm sicy Ha 000X
CTaIllOHAPHUX JIJITHKAX — Bojiora TpaboBO-COCHOBA
cyOydnHa, THII TPyHTY — J€PHOBO-CIA0OMII30MHCTHIA
cynlmaHHH Bix nepeBocraniB — 105-110 pokiB, Buco-
Ta HaJ[ piBHEM Mops — 340-365 M. Ckiaz 1epeBoCcTaHiB
Ha BCIX JOCII/DKYBaHUX CEKIIISX 10 MMPOBEICHHS pyOOK
OyB ineHTuuHuUM (SIxHunpkuii, 2015). [epmmii npu-
fiom TMOCTYTOBHX PYOOK Ha EKCIIEPUMEHTAIBHUX CEK-
IisIX HpOBeIleHI/II/I B3uMKy 2012-2013 pp. JliciBHNYO-
TaKcaliliHi MMOKa3HUKH JAEPEBOCTAHIB MICIs MEPLIOro
npuioMy TIOCTYNOBUX PyOOK HaBeseHO y Taou. 1.

3a HaBE/ICHUMH pPe3yIbTaTaMu (JMB. KOHTPOIbHI
ceKuu) Ha CTalliOHAPHUX }Z[IJIHHKaX Oynu C(bopMOBaHl
CTHIII BHCOKONPOXYKTHBHI JCPEBOCTAHH BHCOKOI IT0-
BHOTH 1 3amnacy. [ 0JIOBHUMH JTICOTBIpHUMH BHAMH BU-
CTYHaroTh COCHA 3BHYaiiHa i Oyk nicoBuid. Sk HeBenn-
Ka JIOMIIIIKa, y CKJIaJIi AePEBOCTaHIB Oy/IM Ipe/iCTaBICH]
TaKoX Tpad 3BUUANHMIA, SITMHA €BPOIICHCHKA, SBIp, Oe-
pe3a moBucia, 3piJiKa — KJIEH TOCTPOIUCTHH 1 B 513 mIOp-
cTKu# (auB. Tabdm. 1). Ins ctuMynsAiii mpupogHOTo To-
HOBJICHHS JICPEBHUX MOPIJ 1 3a0€3MeUeHHs JT0CTaTHhO-
TO CBITJIOBOTO JKUBJICHHS JUIS CAMOCIBY iHTEHCHBHICTh
MepIIoro npuiioMy pyook Oysia BUCOKOI0 (29% — piBHO-
MipHa noctymnosa pyoka i 51% — rpynoBo-Bubipkosa).

JliciBHUYO-TaKcalliliHI T[MOKa3HUKUA JIEPEBOCTAHIB
BU3HAYaJIM 33 3araJbHONPUMHATOIO Yy JICOBiM Takca-
uii meronukoto (OCT 56-69-83, 1984). [lns BuBeH-
Hsl IYHOI IMHAMIKH OTTajly 1 HOro (paKxitiif BAKOPHCTO-
BYBaJIM ONAJIOYJIOBIIOBaYi po3Mipom 1 x 1 M, gKi piB-
HOMIpHO, B T€OMETPUYHOMY MOPSIIKY BCTAHOBIIOBA-
JIM HA KOHTPOJILHUX Ta EKCIIEPUMEHTAIIbHUX CEKIIIsX Y
12-pa3oBiii moBropHOCTI. BinOip 3pa3kiB onamy 3mii-
CHIOBAJIM IIOMICSTYHO (32 JIUCTOMA] — Oepe3eHb cymap-
HO B Oepe3Hi). BiniOpani 3pa3ku B 1a00paTOpHUX YMO-
BaxX po3aisuiM Ha (pakimii (XBOS COCHH, JIUCTS OyKa,
JUCTS 1HIIUX TOPiJ, TIIKH, KOpa, MIHUIIKA COCHH, TO-
pitiku Oyka, IITICKH TOPIIIKiB Oyka, HACIHHSI 1HIITNX MO-
pim) Ta BUCYIIYBAIH iX 10 aOCONIOTHO CyXOTO CTaHYy.

Pesyabrarn gociixkenb. Y MillaHUX COCHOBO-
OykoBuX JicocraHax (TaOm. 2, AWB. KOHTPOJBHI CEK-
1i1), BIIPOJIOBX POKY HArpoOMajKy€ThCsl 3HAYHA KiJlb-
KiCTh Omajy. 3alle)KHO BiJ JIICIBHUYO-TaKCAI[IHHUX TI0-
Ka3HHUKIB CTUINIMX JIEPEBOCTaHIB, piuHa Maca Omnaay
CTaHOBHTS, 3a3BHUail, 5-6 T-Ta' B aDCOIIOTHO CyXOMY
cTaHi. biaM3bKi pe3yabpTary 3a Macoro onajay OTpuMaHi
takox O. . Byreiiko (1975) B npucTUrarod4ux COCHOBO-
OykoBux JepeBoctaHax JIbBiBchkoro Pozrouus. Xa-
pakTepHo, 1110 No/IibHa Maca onaay popMyeThes 1 B 1Mo-
mypeHux Ha Po3roudi rpaboBo-COCHOBO-TYyOOBUX JTi-
cocranax (Kpunwnipka, 2015).
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Tabnuys 1
JliciBHMYO-TaKkcaliiiHI IOKA3HUKHU AePEeBOCTAHIB HA CEKLIfAX COCHOBO-0YKOBHX CTallioHAPiB
MiCJIfA MepIoro NPuiioMy NOCTYNOBHX Py0oK

= Cepemni
= c - 5 £,
.
o CnodOmOm iy mopow  pos 52 = E m
O sep Y pon P £2 D,em  Hwm R =
E
6C34bkin + 173, Cs 105 44 .4 29,6 I8
I Kowtpor, Sine, B Bt 105 301 267 L6 086 386
PiBHOMIpHA
C3 105 43,6 30,0 I, 8
1I nocTyrnosa 8C32bki + Slie Bt 105 29 373 28.8 1L 0 0,51 349
JIBOITPUITOMHA
C3 110 36,2 26,4 1,9
III KonTpons 6C34bxn + fne . 110 - 24.9 24.6 1,3 0,98 530
I'pymoBo-BubipkoBa  4C35bkall3+ C3 110 29.8 26,5 L9
v TPUIPUHOMHA Sle, b Bxi 110 ol 30,1 26,7 1,7 0,41 226
Tabnuys 2
Piuna nunamika Macu onany i iforo ¢ppakuiii Ha ceKIisiX COCHOBO-0YKOBHX CTalioHApiB, Kr'ra™!
2013 p. 2014 p.
®paxkii omna, 2 A ;'?( 2 Beworo
paKil Y = 5 z =i = z = 4 3a piK
o O ® © o > Q O 5
= (] m H O = ] )
& & 2 o) E g & £
o M S 5O = E 5 =
1 2 3 4 5 6 7 8 9 10
Cexyist [ — konmponw 0o cexyii 11
XBOsI COCHU 83,8 418,2  331,7 232,0 18,0 70,9 42,4 61,3 1258,3
Jluctst Oyxa 40,3 140,2  1507,3 19,2 0,9 58,6 9,1 8,6 1784,2
Jlucts iHIMX Tmopin 4.0 8,2 82,1 3,1 0,1 1,2 1,1 1,3 101,1
[inxu 7,3 39,0 21,2 347,0 22,2 404,1 23,6 28,0 892,4
Kopa 223 48,4 21,9 171,0 21,7 51,6 28,4 31,8 397,1
[ymku cocHn 47,8 33,9 11,1 110,2 30,0 190,1  203.,8 84,1 711,0
Topimku Gyka 4,8 142,9 89,3 24,8 1,4 0,5 + - 263,7
ITicku ropimkis Oyka 10,8 149,2 88,7 260,5 28,8 89,4 6,6 6,6 640,6
HacinHs iHIIUX mopina - 0,5 5,8 1,7 0,2 - + + 8,2
Pazom 221,1 980,5 2159,1 1169,5 123,3 866,4 3150  221,7 6056,6
Cexyis I — pisHomipno nocmynosa pyoxa
XBOsI COCHH 37,7 164,7 186,8 120,6 14,1 48,9 26,6 28,7 628,1
Jluctst Oyka 16,3 82,5 5744 4,3 0,2 25,4 3,0 8,1 714,2
Jlucts iHIIMX mopin 0,4 1,9 18,4 49 0,2 0,1 0,2 0,4 26,5
Inkn 1,5 34,7 14,1 162,8 33,2 106,9 7,3 9,9 370,4
Kopa 12,6 25,0 8,9 79,9 11,5 27,2 19,2 14,2 198,5
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IIpodosoc. mabn. 2

1 2 3 4 5 6 7 8 9 10
Iumky cocHU 3BUYaiHOT 5,6 13,0 5,9 32,5 12,9 70,7 119,3 19,6 279,5
Topimrku Oyka 2.3 100,5 44.0 10,1 - 0,1 - - 157,0
[Tmicku ropimkiB Oyka 2,7 103,1 42,4 103,6 6,0 42,6 2,0 1,7 304,1
Hacinng iHmmx mopiz + 0,2 1,6 0,9 - - - - 2,7
Pazom 79,1 525,6  896,5 519,6 78,1 321,9 177,6 82,6 2681,0

Cexyis Il — xonmpons 0o cexyii IV
XBOsI COCHU 57,6 358,2  495,6 206,0 17,6 35,4 23,5 40,4 1234,3
Jlucts Oyka 26,5 120,8  1548,0 32,0 0,8 25,0 6,7 11,5 1771,3
JlueTs HITMX TOPIJT 1,2 0,5 14,5 1,2 - 0,3 0,1 0,1 17,9
lnku 11,1 442 15,4 379,2 40,0 78,0 14,3 13,9 596,1
Kopa 18,8 68,1 22,2 184,7 20,3 59,8 24,1 37,1 435,1
Humku cocHu 59 9,7 4,1 46,0 15,6 1924  196,5 35,7 505,9
Topimrku Oyka 1,5 47,4 25,8 6,1 - + - - 80,8
[Tricku ropimkis Oyka 5,4 31,2 24,5 92,5 4,4 15,1 1,0 0,3 174,4
Haciuns iHmmx mopiz - 0,2 0,4 0,1 - - - - 0,7
Pazom 128,0  680,3 2150,3 947,8 98,7 406,0  266,2 1390 4816,5
Cexyisn IV — epynoso-eubiprkoea pyoxa

XBOsI COCHH 36,4 185,0  160,0 121,8 9,6 34,4 18,2 25,5 590,9
Jlucts Oyxa 243 104,6 8570 9,1 1,5 48,1 10,1 11,7 1066,4
JlucTst IHITUX TOPIJT 0,3 1,7 22,9 1,4 - 0,3 + 0,5 27,1
lNnxu 7,2 25,3 26,3 239,9 20,5 81,9 16,0 12,6 429,7
Kopa 7,1 33,9 14,9 104,6 18,1 31,3 11,5 13,9 2353
HlInmku cocHu 7.9 1,3 11,1 53,0 7,5 120,8 78,8 27,8 308,2
Topimiku Oyka 0,8 49,1 47,7 7.4 0,7 0,2 - - 105,9
[Tmicku ropimkiB Oyka 5,3 499 39,6 86,1 5,1 34,9 1,4 3,0 2253
Hacinng iHmmx mopiz + 0,4 0,5 0,4 - - - - 1,3
Pazom 89,3 451,2  1180,0 623,7 63,0 351,9  136,0 95,0 2990,1

VY 3B’A3Ky 3 IIMM BapTO BiA3HAYWTH, IIO 3HAYHA
KUTBKICTH OTaay B COCHOBO-OYKOBHX JIICOCTaHaxX 3y-
MOBIIIOETbCS (POPMYBAHHSAM BEJIUKOI KIJIBKOCTI JIHC-
TS B KpOHax JiepeB Oyka. Y 3araibHili Maci pidHO-
TO omaay JUCTS Oyka Ha KOHTPOJIBHHX CEKIIiSX CTa-
HOBUTHh HaWOUIBIIY YaCTKy, 3a3Bu4aii — 29,5-36,8%,
icToTHO MeHury — xBost cocHu (20,8-25,6%) Ta rinku
(12,4-14,7%). JlocTaTHbO 3HAYMMOIO y CKJajai Ofa-
ny € maca mmmok cocHu (10,5-11,7%), xopu nepes
(6,6-9,0%) i1 micok ropimkiB Oyka (3,6-10,6%). He-
BEITMKOI0 YAaCTKOIO B PiUHIA Maci omany IpeacTaB-
neHi ropimku Oyka, 3a3Buyait — 1,7-4,3%, nucrs cy-
nyTHiX mopig — 0,4-1,7% i HaliMEeHIOI0 — HACIHHSA
cymyTHix mopin (0,01-0,13%).

dopmyBaHHs OMaay Bif0yBacThCs BIPOAOBK YCHOTO
poky. OqHak Haib1LTbIIa Maca onaxy GOPMYETHCS B JKOB-
THi (35,6-44,6%) 3a paxyHOK OllaJlaHHs JIUCTS JEPEBHUX
HOpiJl, B OCHOBHOMY, OyKa JIicOBOT0. 3Ha4YHAa KiJbKICTh
(iTomMmach B COCHOBO-OYKOBHX JEpPEBOCTaHAX OIaaae
Takoxk y BepecHi (14,1-16,2%) Ta B OCIHHBO-3UMOBO-
BECHSIHUU mepion (mmcTonan-6epesenb — 19,3-19,7%).
Hesenuka Maca omazy B COCHOBO-OYKOBHX J€pEBOCTa-
Hax JIpBiBchKOro Po3rouust oOnikoBaHa i B TpaBHi (oma-
nae 8,4-14,3%). Y BepecHi OCHOBHY 4acTKy omnajny ¢op-
MYIOThb XBOSI COCHHU Ta JIHCTS OyKa, a B ypOXKaifHi poKH
TaKo TOPILIKM 1 TUIICKU TOpilKiB Oyka; B OCIHHBO-
3UMOBO-BECHSHUI MepioJ — T'UIKH, XBOSI COCHH, Kopa 1
TDTICKY TOPITIKIB OyKa, y TpaBHI — T1JIKH 1 ITUIITKA COCHH.
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Haiimenmra kinmpkictb  MepTBOi  (piTomacu B
COCHOBO-OYKOBUX JIEpEBOCTaHAaX oOMNajae B KBITHI
(6muzbko 2,0%). OCHOBHUMU KOMIIOHEHTAMU OTaTy B
el Tmepiof € TijKu, Kopa, IUIIKH 1 XBOos cocHu. Hee-
JIUKY YaCTKy HArPOMADKEHHs Omany 3adikcoBaHO Ta-
ko y nurHi (2,9-3,7 %) 1 cepni (2,7-3,7%), sixa (bop-
MY€ETBCS, B OCHOBHOMY, 32 PaxyHOK OIaJaHHs XBOi i
LIMILIOK COCHU Ta KOPH.

3arajoM B COCHOBO-OYKOBHX JiepeBocTaHax JIbBiB-
cekoro Posrouus Bocenm omamae Omm3pko  60%
OpraHiyHOI MacH; B3UMKY, a TAKO)K HaBecHI — 10 15% 1
BiTKy — 11-13%. Bapro Takox 3a3HauuTH, IO Ha-
BEJICHA BWINE piuyHA JAMHAMIKa HAarpOMaJKCHHS OIa-
Iy B COCHOBO-OYKOBHX JIiCOCTaHaxX XapakTepHa 1 s
COCHOBO-1Iy0OBUX JicocTaHiB JIbBiBChKOro Po3Touus
(Kpunnnpka, 2015), mo 3abe3nedyeThest i1eHTHIHICTIO
CE30HHUX MOTOHUX YMOB Ta MOAI0HUM THIIOM Tiepediry
(izionoro-6ioXiMiYHUX MPOIIECIB y JiepeB Oyka i ayoa.

Piuna muHaMika HarpoMaJDKEHHS OKpeMuX (pak-
il OIajy B COCHOBO-OYKOBHIX JIiCOCTaHaX € HEOJHO-
3Ha4uHO0. BOHa 3a1eXuTh BiJl 0cOOIMBOCTEH PyHKIII-
OHYBaHHS Ta POJIi BIATIOBITHUX OPTaHiB y )KUTTEisITb-
HOCTi niepeB (amB. Tabn. 2). Tak, HaOLIbIIa YacTKa
XBOI COCHHM Orajiae, 3a3Bu4aii, y BepecHi (29,0-33,2%
BiJ 3arajmpHOi MacH ii pigHOTO onaﬂy) ab0 y KOBTHI
(26 4-40,2%); nucts Oyka Ta CymyTHIX HOpPiJ — Y KOB-
THi (BianosigHo, 84,5-87,4 1 81,0-81,2%), rijgok — y
3umoBui nepion (38,9-63,6%) a6o y Tpasui (13,1-
45,3%), xopu — y 3umoBui niepiox (39,7-43,1%), mm-
IIOK COCHM — y TpaBHIi i 4epBHi (BianoBigHO, 26,7-
38,01 28,7-38,8%), ropimkiB Oyka — y BepecHi (54,2-
58,7%), miicok ropimkiB Oyka — y BepecHi 1 3MMOBHI
nepiof (BiI[HOBiHHO 17,9-23,2 140,7-53,0%), HaciHHs
CYIYTHIX Topia — y »koBTHi (57,1- 70 ,7%).

Pi3ke (mo MiHIMAnbHOTO) 3MEHILICHHS OMNaJaHHS
p13H1/1x (bpamm/l (blTOMaCH JIEPeB TaKOX BiJI0yBa€THCS
B Pi3Hi NIEPioM PIYHOTO LHKITY. 30erMa XBOSI COCHH,
mucTs Oyka 1 CymyTHIX MOpiA y HalMEHIII KiTbKoC-
Ti OMAJal0Th y KBIiTHI, TUIKK — y CEpPIIHI, KOpa JIepeB —
Y KBITHI, CEpITHI 1 KOBTHI, IIXAIIKKA COCHU — y KOBTHI,
ropimky Oyka — 3 KBITHS IO JIUTIEHb, IDTICKH HACIHHS
Oyka — y 4epBHi 1 JIMIHI, HACIHHS CYMYTHIX MOPiJ — 3
KBITHS IO CEPIICHb.

Haii0inpm nogiOHUMH MK COOOKO 1 OM3bKUMU 110
3aK0H0MipH00Te17I pquoro HAarPOMA/KCHHS 3arajbHO
MacH OMNajy € piuHi JUHAMIKW OTaJaHHs XBOi COCHH,
muctst Oyka i aucTs cynyTHix mopif. IloxiOrnumu Ta-
KOX € piYHI TUHAMIK{ OTAaJaHHs T'iJIOK 1 KOpH, Topill-
KiB Oyka 1 HaCiHHS CymyTHIX Topia. BinMinaumu, sK
MiX CO0OF0, TaK i 3 IHIUMH (PPaKIlisIMH, € PiUHI JUHA-
MIKH OITaJIJaHHsI IIUIIOK COCHHU 1 TUTICOK TOPIIIKIB OyKa.

BruiuB mocTynoBux pyOOK rOJOBHOTO KOpHCTyBa#-
Hs Ha HarpoOMajDKeHHs oty TICHO MOB’SI3aHUM 3 iX
opraHizaliifHO-TeXHIYHUMH TOKa3HuKamMH. OcoOInBO
BaroMme 3Ha4€HHS Ma€ IHTEHCUBHICTh MMPOBEJCHHS TIEp-
VX TPUHOMIB PYOOK.

3a HaBeJCHUMH B TaOM. 2 pe3yJibTaTaMu, B MEPIINi
piK Ticas TPOBENECHHS IEPIIOro MPHUHOMY PIBHOMIp-
HOI IOCTYNOBO1 pyOKHM iHTeHCUBHICTIO 29% piuHa Maca
omajy craHoBmia ymiie 2681 kr/ra ado 44,3%, a micis
MIPOBEJICHHSI TPYMOBO-BHOIPKOBOT PyOKH IHTEHCHBHIC-

110 51%, Bimmosigno 2990,1 kr-ra’ abo 62,1% mopiHs-
HO 3 KOHTPOJBHUMH CeKIisiMU. [Ipy oMy 3akoHOMIp-
HOCTI piYHOi TUHAMIKK omnafy i ioro ¢pakuiii Ha 000X
EKCIICPUMEHTAJIbHUX CEKLISX MPAKTUYHO HE 3MIHMWIIUCh
1 Oymu OAiIOHUMU 10 KOHTPOJIHLHUX MOKA3HUKIB.

BonHouac moTpiOHO 3a3HAUMTH, 10 BUCOKA 1HTCH-
CHBHICTH PyOOK MOKpALIN/IA CBITJIOBE KHBICHHS JIIC-
TSHHX TOPIJ, SIKI QOPMYIOTH 3a3BUHAi APYTHA PYC Jie-
PEBOCTAHIB, i CTUMYITOBAJIA iXHE MIOJOHOMEHHS. 30-
Kpema, Ha CeKIIil plBHOMlpHOl HOCTyHOBOl pyOKH yacT-
Ka TOPIMKIB Oyka y 3araibHiil Maci omajy, mopiBHS-
HO 3 KOHTpOJIeM, 3pociia B 1,3 pasu, a miIicoK ropimkis
oyka — B 1,1 pa3u. Ha cexii rpymnoBo-BuOipkoBoi pyo-
KM Maca TOopilikiB Oyka y 3arajbHiil Maci onaay 3011b-
mack B 2,1, Maca ruricok ropimkis Oyka — B 2,2, Ha-
CIHHS CYITyTHIX TIOpia — B 2,9 pa3u MOpiBHSHO 3 KOHT-
POJBEHUMH MOKa3HUKAMH.

BucnoBkmu. HanOMaI[)KCHHH omajy Ta ¥oro (pak-
1iif (OKpiM TopimKkiB Oyka i HACIHHA CYMyTHIX MOPi)
B COCHOBO-OyKoBHUX JicocTaHax JIbBiBchkoro Po3rou-
4si BiZIOyBa€eThCS YNPOAOBXK YChOTo poky. Piuna maca
omajly CTaHOBWTH, 3a3BHUail, 5-6 T-ra’! B abCOIMIOTHO
cyxoMy crani. Hai0inpma Kinbkicte omanoi ¢iroma-
cu QOpPMY€eThCS B JKOBTHI 332 PaxXyHOK OINAIAaHHS JIUC-
TS IEPEBHUX TOPiJI, B OCHOBHOMY, OyKa JIiCOBOTO, Haii-
MeHIa — y KBiTHI. B ocinHiil nepio omanae Onm3bko
60% opraHiuHOi MacH; B3UMKY, a TAKOXX HaBECHI — JI0
15%; Bimitky — 10 13%. Piuna muHamika HarpomMapKeH-
HS OKpeMHuX (Ppakiliii omaxy € HeomHO3Ha4HOIO. Haii-
OUIBILI ITOAIOHUMU MIK COOOXO 1 OJIU3BKUMH J10 piqﬂoro
(dopmyBaHHs omnaioi ¢iToMacu € pidHa JUHAMIKa Ora-
JaHHS XBOI COCHH, JIUCTS 6y1<a 1 IMCTS CYITyTHIX TOPI.

[TpoBeneHHs nepuux NPUHOMIB IOCTYIOBHUX PyOOK
TOIIOBHOTO KOPHCTYBAHHS pI3KO 3MEHIIy€ KiJIbKICTh
oragy — piBHOMIpHOI mocTtymnoBoi a0 44%, TpyToBO-
BI/I61pKOB01 1o 62%. BonHouac piyHa quHaMika orma-
Iy 1 #ioro (paxiiiii 3aauImaeTbes MOAIOHOO 10 PIYHUX
3aKOHOMipHOCTeH onanaHHs (itomacu 1 ii cKiIagoBUX
Ha KOHTPOJT.
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Dynamics of litterfall in pine-beech stands
and its changes under the influence
of uniform shelterwood felling in the Lviv
Roztocze region

V.Yakhnytskyi', H. Krynytskyy?

Quantitative and qualitative indicators  of
precipitation depend on many factors such as the
composition of plant species, forestry activities,
seasonal features of the year, climate and soil
hydrological features in the region, etc. Of particular
importance for the formation of litter-fall is the stand
and its silvicultural and taxonomic features, which are
the main component of the forest.

In this work, the peculiarities of the annual dynamics
of litterfall accumulation and its structural fractions
are characterized (pine needles, beech leaves, leaves
of accompanying breeds, branches, bark, pine cones,
beechnuts, beechnut cupules, seeds of accompanying
breeds) and their changes after the first methods of
shelter wood felling of the main-use is unique in
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composition and limited in distribution pine-beech
forests in Lviv Roztocze region. It was found that,
depending on the biometric indicators of mature pine-
beech stands, the annual rainfall is usually 5-6 t / ha in
a dehydrated state. The largest share of litterfall in the
annual cycle is beech leaves (29.5-36.8%) and much
smaller pine needles (20.8-25.6%). Quite significant
in the composition of the precipitation is the mass of
branches (12.4-14.7%), pine cones (10.5-11.7%), tree
bark (6.6-9.0%), and beechnut cupules (3,6-10.6%).
A small share of litterfall is represented by beech nuts
(1.7-4.3%) and leaves of accompanying breeds (0.4-
1.7%) and the smallest by seeds of accompanying
breeds (0.01-0.13%).

The largest mass of litterfall is formed in October
(35.6-44.6%) due to defoliation, mainly beech. A
significant amount of dead phytomass also falls in
September (14.1-16.2%) and in the autumn-winter-
spring period (November — March, 19.3-19.7%). A
small increase in litterfall accumulation in the pine-
beech stands of Lviv Roztocze is also typical in May
(8.4-14.3%). In September, the main share of litterfall
is formed by pine needles and beech leaves, and in
fruitful years it is also represented by beech nuts and
beechnut cupules; in the autumn-winter-spring period —
branches, pine needles, the bark of beech and beechnut
cupules; in May — pine branches and cones. The lowest
amount of phytomass falls in April (about 2.0 %).
During this period, the main components of litterfall
are represented by pine branches, bark, cones, and pine
needles. A small share of litterfall is also observed in
July (2.9-3,7%) and August (2.7-3.7%), formed mainly
by the fall of cones, bark and pine needles. In general,
in pine-beech stands of Lviv Roztocze, about 60% of
organic matter falls in autumn, in winter, and spring up
to 15% and in summer — 11.0-13.0%.

The annual dynamics of accumulation of individual
litterfall fractions in pine-beech forests are ambiguous.
It depends on the functioning and role of the relevant
organs in the life of trees. The largest mass of pine
needles falls in September (29.0-33.2%) or in October
(26.4-40.2%), beech leaves and accompanying breeds
in October (84.5-87.4 and 81.0-81.2% respectively),
branches in winter (38.9-63.6%) or in May (13.1-
45.3%), bark in winter (39.7-43.1%), pine cones in
May and June (26.7-38.0 and 28.7-38.8% respectively),
beech nuts in September (54.2-58.7%), beechnut
cupules in September and winter (17.9-23.2 and 40.7-
53.0% respectively), seeds of accompanying breeds in
October (57.1-70.7%).

The smallest amount of litterfall of different
fractions of trees phytomass also occurs in different
periods of the annual cycle. Pine needles, beech leaves
and accompanying breeds fall at a minimum amount in
April, branches — in August, tree bark — in April, August
and October, pine cones — in October, beech nuts — from
April to July, beechnut cupules — in June and July, the
seeds of accompanying breeds — from April to August.
The most identical and close to the total mass of
litterfall’s annual accumulation patterns are the annual
dynamics of pine needle litter, beech leaves, and leaves
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of accompanying breeds. The annual dynamics of
litterfall of beech branches, bark and nuts, and seeds of
accompanying breeds are similar. The annual dynamics
of pine cones and beechnut cupules are different, both
among themselves and other fractions.

The impact of shelterwood feelings of the main-use
on the litterfall accumulation is closely related to their
organizational and technical indicators, particularly the
intensity of feeling.

After the first stage of shelterwood uniform felling,
the annual mass of litterfall decreased to 44.3%, and
group-shelterwood felling — to 62.1% compared to the
control, while the annual dynamics of litterfall and its
fractions after felling did not change significantly.

Simultaneously, it should be noted that felling
improves the light supply of deciduous species, which
form mainly the second layer of trees and stimulate
their fruiting. As a result, in the section of shelterwood
uniform felling, the share of beech nuts in the total
mass of litterfall, compared with the control, increased
1.3 times, and the beechnut cupules — 1.1 times. In
the group-shelterwood felling section, the number of
beechnuts and beechnut cupules increased 2.1 times,
and the number of seeds of accompanying breeds — 2.9
times compared to the control values.

Key words: pine; beech; accompanying breeds;
annual cycles; phytomass precipitation; litterfall
fractions; shelterwood uniform felling and group-
shelterwood felling.

AnHamunka onaga B COCHOBO-OYKOBbIX
APEeBOCTOAX N ee N3MEeHeHuNsA
noA BANAHNEM NOCTENEHHbIX Py6oK
B ycnoBusax JibBoBckoro Pactoubs

B.W. AxHuukui', I T. KpuHULKNA?

OcBemieHbl 0COOCHHOCTU TOJOBOW AMHAMHKH Ha-
KOTUICHUSI Omasia ¥ ero CTPYKTYpHbBIX (pakimii (XBos
COCHBI, JIUCTbs OyKa, JIMCThS COIYTCTBYIOLIUX IIO-
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pOI, BETKH, KOpa, IIMIIKA COCHBI, OPEIIKK OyKa, IIIF0-
CKH OpCHIKOB OyKa, CeMEHa COIyTCTBYIOIIMX II0-
poa) M WX M3MCHEHHUU IOCJE MPOBEICHHUS IMEPBBIX
MPUEMOB PaBHOMEPHBIX IMOCTCICHHBIX W TPYIIOBO-
BBIOOPOUYHBIX PYyOOK INIABHOTO IOJIb30BAHUS B YHHU-
KaJbHBIX 32 COCTABOM M OIPAaHUYCHHBIX IO PaCIpPo-
CTPAHEHHUIO COCHOBO-OYKOBBIX HacaxJacHUsX JIbBOB-
ckoro Pactoubs. YcTaHOBIEHO, YTO B 3aBUCUMOCTH OT
JIECOBOJICTBEHHO-TAKCAIIMOHHBIX TIOKa3aTelel CIelbIX
COCHOBO-OYKOBBIX JIPEBOCTOEB TOZOBasi Macca oOra-
Jla COCTaBJISET, Kak MpaBmio, 5-6 Tra' B aBCOMIOTHO
CYXOM cocTosiHud. HamOounblnyro yacTh omajaa B To-
JIOBOM IIMKJIC COCTABJISIOT JINCThs Oyka (29,5-36,8%),
3HAYUTEIHHO MEHBIIYI0 — XBos cocHBI (20,8-25,6%).
B nocrarouno 0oJBIIOM KOJIHYECTBE B COCTABE OMaja
npencrapieHa Macca BeTok (12,4-14,7%), mmuriex co-
cusl (10,5-11,7%), xopsr (6,6-9,0%) u TuOCOK Oper-
koB Oyka (3,6-10,6%). HebGonpiryro gacTe omamga co-
ctaBiaoT opemkn Oyka (1,7-4,3%) u AuCThs COmyT-
ctByrommux mopox (0,4-1,7%), HanMEHBITYI0 — CeMeHa
comyTctBytomux mopox (0,01-0,13%).

HawnGonsmras macca omana Gpopmupyercs B OKTSI0-
pe (35,6-44,6%), 3HAYUTETHPHO MEHBIIIE — B CEHTSIO-
pe (14,1-16,2%) m Ha TpOTSHKEHWH HOAOPS-MapTa
(19,3-19,7%). Hebomnpimast macca omaja B COCHOBO-
OYKOBBIX HAaCKICHHIX Habmomaercs W B mae (8,4-
14,3%). Hanmensbliee Komn4yecTBO (UTOMACCH OTa-
naet B arpere (okoio 2,0%). Hebonpirast gacTs omana
3adukcupoBaHa Takxke B utone (2,9-3,7%) u aBrycre
(2,7-3,7%).

Haubonpias Macca XBOM COCHBI OIQJacT B CEH-
mi0pe (29,0-33,2%) wunu B okTsOpe (26,4-40,2%),
JUCTbEB OyKa M COIMYTCTBYIOIIUX IOPOJ — B OKTS-
ope (coorBercTBeHHO, 84,5-87,4 1 81,0-81,2%), Be-
ToKk — B 3uMHuH nepuon (38,2-63,6%) wim B Mae
(13,1-45,3%), kopsl — B 3umuHi niepuof (39,7-43,1%),
[IMIIIEK COCHBI — B Mae M HIOHE (COOTBETCTBEHHO,
26,7-38 u 28,7-38,8%), opemikoB Oyka — B CEHTIOpe
(54,2-58,7%), mmtocok OpemkoB Oyka — B CEHTIOpe U
3UMHHUH mepuon (cooTBeTcTBeHHO, 17,9-23,2 1 40,7-
53,0%), ceMsiH COMMyTCTBYIOIIUX TOPOI — B OKTSIOpe
(57,1-70,7%).

[Tocne npoBecHHMS TIEPBBIX IPUEMOB PABHOMEPHOU
MMOCTETICHHOW PYOKH TOMOBAas Macca Oraja YMEHbIIH-
nach 10 44,3%, a rpynmnoBo-BeIOOpOUHOI — 10 62,1%
10 CPAaBHEHUIO ¢ KOHTpoJieM. [Ipu 3TOM To0Bast AMHA-
MUKa OTajia M ero (hpakmmii mociie pyOooK CyIecTBEH-
HO HE N3MEHHIIACK.

KnarwueBble cioBa: cocHa; Oyk; COIYTCTBYIO-
M€ JPEBECHBIC MOPOJIbI; TOAOBbIC IHUKIIBI, OMaJaHue
(huTomaccer; (ppakiuu omaaa; paBHOMEpPHas MOCTETICH-
Hasl ¥ TPYMIIOBO-BEIOOpOUHAS pyOKa.
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Dynamics of pine stands condition in SE «<Lymanske Forest Economy»

V.P. Pasternak’, O.B. Prihodko? T.S. Pyvovar?, V.Yu. Yarotsky*

The issue of pine forest stands health condition and mortality at the scale of one state enterprise (SE «Lymanske
Forest Economyy), located in the Northern part of the Steppe zone of Ukraine, is considered.

For the study data from two repeated observations at 8 permanent plots, laid in 2019, in forest stands with varying
degrees of mortality and those damaged by fire was used. A re-survey was carried out in 2020. Using the GIS Field-
Map, trees were mapped at the permanent plots and their health condition, mortality, and damage were assessed. For
the background assessment of pine forests condition, the results of observations at 7 forest monitoring plots (I level)
(surveys of 2015 and 2020) were used. The source of climate data was the online resource ClimateCharts.net.

It was found out that over the last 10 years, due to climate change, the temperature in the region increased and
the amount of precipitation decreased, which led to the appearance of a dry period in August, which is unfavourable
for the growth of pine forests at the limit of their range. Groundwater levels have changed, as evidenced by the drying
of Lake Lyman during 2013-2020. Obtained results showed, that the condition of pine stands in the monitoring plots
significantly deteriorated compared to 2015. Currently, the condition of pine forests are considered as «weakenedy» and
«severely weakenedy (the health condition index (HCI) of living trees varied from 1.53 to 2.70), the average defoliation
and mortality of trees have increased significantly. In weakened stands, the proportion of trees with damage increases
over time, in particular, due to the colonization of stem insects. Forest fires pose a significant threat to the pure artificial
pine forests that predominate in the region. As a result of fires, the condition of the stands deteriorated (HCI 2.49-2.70)
and the number of dead trees increased.

Key words: Northern Steppe; dieback; forest fires; damage; forest monitoring; health condition index, climate
change.

Introduction. Trees mortality associated with
drought and climate change is a widespread problem
in the world. Forest dieback is commonly reported
near the geographic limits of tree species natural range
(Allen, 2009) and thresholds of climatic suitability,
where the most sensitive response to climate change
would be expected.

1

A significant problem in Ukraine is the massive
forest dieback due to the increased negative impact
on forest ecosystems of natural and anthropogenic
factors. The processes of dieback and degradation of
pine stands have intensified in the last decade (Tkau,
MemikoBa, 2019). Scots pine (Pinus sylvestris L.) is
one of the main forest-forming species in Ukraine and
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its forest stands have ecological, economic, and social
importance (Krynytskyy, Chernyavskyy, Krynytska,
2016). The ecological precondition for the pine forests
degradation is global climate change, first of all, changes
in temperature and hydrological regimes. Pine forests
in the steppe react especially sharply, as they grow at
the limit of their natural range (Shvydenko, Buksha,
Krakovska, & Lakyda, 2017). Fires, outbreaks of insects,
and diseases pose a significant threat to weakened pine
stands (McLauchlan et al., 2020; Allen, 2009).

In order to carry out effective measures to preserve
the ecological and social functions of forests, it is
extremely important to have comprehensive and
reliable information on the condition of forest-forming
species in forest stands.

Features of the functioning of pine stands of the
Northern Steppe of Ukraine were studied by Lakyda &
Lovinska (Jlakuna, JloBurceka, 2014). The condition
of pine forests according to the monitoring data in
neighboring regions (Luhansk, Kharkiv regions) was
analysed in 2011 (Bykma, [TuBoBap, Bykma, 2011).
The influence of forest fires on forest stands was also
studied (Cumopenko, Bopon, MensHuk, CumopeHKo,
2015; Koval, Sydorenko, 2019).

Objects and methods. The study object is pine
forest stands of the State Enterprise (SE) «Lymanske

Forest Economy» (Lymanske Forest Enterprise). The
study subject is the dynamics of pine forest stands’
condition.

The aim of the research is to evaluate the condition
dynamics of pine forest stands in the SE «Lymanske
Forestry».

Lymanske Forest Enterprise is located in the
northern part of Donetsk region of Ukraine in the
Steppe natural zone. According to forest typological
zoning, the enterprise’s territory belongs to the region
of the dry relatively warm climate of the Donetsk ravine
forest sector (Ocranenko, Tka4, 2002). Forests in this
region grow only in places with available groundwater:
near water bodies. The forest stands of Lymanske
Forest Enterprise mainly provide nature conservation,
protective, and recreation functions. Pine stands here
mainly grow in fresh poor (A, —29,2%), fresh relatively
poor (B, — 14,3%), and dry poor site conditions (A, —
7,7%) (Ilpuxompko, Ilacteprak, & Spompknit, 2019)
on sandy and sandy loam soils. The majority of pine
stands are artificial monocultures, which are vulnerable
to biotic damage and fire.

The study includes the results of two consecutive
surveys (in 2019 and 2020) of 8 permanent plots and 7
monitoring plots (I Level) located in pine forest stands
of Lymanske Forest Enterprise (Tab. 1, Fig. 1).

) Iy

Fig. 1. Location of permanent plots (black) and monitoring plots (white dots) in the territory
of Lymanske Forest Enterprise

In Lymanske forestry, the first group of permanent
sample plots was allocated to study pine dieback in the
region, registered from 2013-2014. Permanent plots
include relatively healthy forest stand (62-11), which
considered as control, two stands with significant pine
mortality in previous years (68-2 and 53-7), and plot
68-201 which was allocated as healthy, but in spring
2020 it was damaged by a stable forest fire (See Tab. 1,
Fig. 1).

In Yampilske forestry, another group of permanent
plots was allocated in pine stands, damaged by ground
forest fires in summer 2014, aimed to study the impact
of forest fire on pine condition (See Tab. 1, Fig. 1).
These plots were allocated as duplexes in forest stands
with different grades of fire damage at the neighbour

forest subcompartments. For damaged trees the height
of bark char and the perimeter of bark char were
measured, other signs of damage were estimated.

All permanent plots are circular with an area of
0.1 ha, the indicators of the forest stands were evaluated
on them, heights of model trees were measured, health
condition index (HCI), and damage were estimated.
Forest-taxational parameters of pine stands were studied
by using generally accepted forestry and forest taxation
methods (I'pom, 2010; Ilnomi npoOHi JicoBHOpsIHI,
2006). GIS Field-Map was used for field work and data
management (Field-Map.com).

Also observations on seven I Level monitoring plots,
located in pine stands in of Lymanske Forest Enterprise
were carried out in 2020 according to (byxmra,
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[Nactepnak, IluBoBap, bykma, Spomsknii, 2018).
Taxation characteristics were estimated visually. The
health condition index of trees was estimated according
to (Camnitapni mpaBuia B Jicax Ykpainu, 2016). Two
monitoring plots are located in Yampilske forestry,
one of them is close to a group of permanent plots
damaged by a forest fire (See Fig. 1). Three monitoring

plots are located in Lymanske forestry. Plot number
250915 is located near the sand quarry, 250934 — on
recreation area near Siverskyi Donets river with high
anthropogenic pressure, plot 250933 is at the distance
1,6 km from a group of permanent plots in Lymanske
with a high mortality rate. The rest monitoring plots are
located in Drobyshevske forestry.

Table 1
Forestry-taxation characteristics of forest stands at permanent plots
and level I monitoring plots (2020)
PoiD  Forery (O R hm Dim ofuekns s moh
Permanent plots
62-11 L A, 61 19.4 18.8 0.80 I 320
68-2 L B, 81 24.5 26.7 0.45 I 229
68-201 L B, 81 21.0 23.9 0.55 II 248
53-7 L A, 85 20.6 20.2 0.40 11 136
73-1 Y B, 43 20.4 22.5 0.80 Ta 341
73-2 Y B, 81 26.2 25.8 0.82 I 482
98-1 Y B, 76 25.0 23.0 0.79 I 438
98-101 Y B, 76 28.7 27.1 0.70 Ta 444
I Level monitoring plots
250930 D A, 40 15.0 17.1 0.68 I 173
250933 L A 38 13.5 14.2 0.54 I 120
250934%* L A, 84 21.7 19.9 0.42 I 185
250936 D A, 68 24.5 27.9 0.75 I 372
250911 Y B, 79 28.0 38.8 0.73 Ia 455
250915 L A, 43 16.5 16.9 0.75 I 220
250916 Y A 98 25.5 31.7 0.65 I 360

S

D — Drobyshevske forestry; L — Lymanske forestry; Y — Yampilske forestry

Forest health condition dynamic was assessed on
these plots, and a comparison with data of observations
held in 2015 (the last year of regular observations on
monitoring plots in Ukraine) was carried out. Average
defoliation of pine stands of the Steppe natural zone
from Kharkiv and Luhansk regions were calculated.
The source of data — Forest monitoring database.

Sample plots are represented by fresh poor and
fresh relatively poor forest site conditions of Pinus
sylvestris L. (Scots pine) stands (according to Alekseev-
Pogrebnyak classification (Octamenko, Txau, 2002).
The age of studied forest stands varies from 40 to 98
years, the density of stocking in range 0.40-0.82, site
index class Ia — III. These plots represent the pine
forests of the enterprise (See Tab. 1).

Results and discussion. Due to climate change, at
the territory of Lymanske Forest Enterprise temperature
growth in winter and summer during the last decade
(2010-2019) 1is revealed compared to climate norm
(1961-1990) (Fig. 2).

According to the climate charts (See Fig. 2): a
significant decrease of summer precipitation level
is observed in August, which in combination with
temperature growth led to the appearance of a drought
period (indicated by bright colour). Such changes
are unfavourable for forest vegetation, especially for
pine stands, which grow on the southern limit of their
natural range.

At the same time in the study area, significant
changes in the hydrological regime are observed,
which affect both surface water and, most likely,
groundwater. So, since 2013, lake Lyman with an area
of about 79 hectares has completely dried up. Changes
in the hydrological regime are most likely associated
with sand mining, which is exacerbated by the lack of
precipitation that has been observed in recent years. For
a more complete picture of changing the hydrological
regime, hydrogeological studies are required.

Data of Global Forest Watch web service (Global
Forest Watch, 2020) allows estimating the amount of
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global tree cover loss in the region of study (former
Krasnolymanskyi district) (canopy density threshold
> 30% was used) (Fig. 3), unfortunately without
division by reasons as forest fires and mortality, or
sanitary felling. On the other hand, as forests in the
region are mainly recreational and protective, final
felling is not applied there. Obtained results showed
a trend to increase annual tree cover loss during the

last decade compared to the previous period (average
annual loss for 2001-2010 was 47.7 hectares, and
for 2011-2019 — 198.8 hectares). The critical point
in the dynamics was 2011 when the trees cover loss
increased almost by 5 times. Such a dynamic can be
particularly related to pine dieback after forest fires
(Imamynens, Ilactepuak, 2014; I'mamyners, 2017),
and other causes.
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Fig. 2. Climate charts at the territory of SE «Lymanske forestry» for 1961-1990 (left) and
2010-2019 (right) periods (blue line — month sum of precipitations, mm, red line — month average air temperature, °C)
(Zepner L., et al, 2020. ClimateCharts.net)

Fig. 3. Dynamics of annual forest cover loss in former
Krasnolymanskyi district according to Global Forest Watch
data (Global Forest Watch, 2020).

According to the forest monitoring data, the
average defoliation of pines in the enterprise in 2015
was 8,8% (Tab. 2). This data is comparable with
average defoliation in neighbour regions of Northern
Steppe: the southern part of Kharkiv and northern
part of Lugansk region (as of 2015) (8,8 and 13,8%,
respectively).

Unfortunately, forest monitoring activity was
stopped after 2015, so data for the later period are
absent. In 2020 at all monitoring plots in Lymanske
Forest Enterprise significant deterioration of pine stands
health condition was observed: average defoliation
significantly increased (up to 17%), and according to the
health condition index these stands were weakened and
severely weakened (See Tab. 2). The biggest relative
change of the mean defoliation (more than twice) was

observed on three plots in Lymanske forestry and one
plot in Yampilske forestry. Significant mortality of trees
was observed on 4 plots (250933, 250915, 250916,
and 250934), while on the last one sanitary felling
was carried out and dead trees were removed. In 2020
resin flow signs were registered on three plots, at one
plot few trees have lost apical dominance. In different
compartments of Lymanske forestry according to visual
observations, significant deterioration of pine health
condition, and increased tree mortality and dieback of
birch stands registered since 2013-2014. For comparison
data of monitoring, plot 250933 was used. Generally,
all studied pine stands in the Lymanske forestry were
weakened and severely weakened (by health condition
index) (See Tab. 2, 3). The evidence of trees mortality
in past and/or sanitary felling in these stands are low
values of the relative density of stocking in some stands
(0.4-0.45), especially in older stands (See Tab. 1).

In 2019 the index of the health condition of
permanent plots in Lymanske forestry varied from 2,19
to 2,52 which corresponds to weakened and severely
weakened stands (See Tab. 3). The better condition was
assessed at permanent plot 62-11, located at a distance
of 3 kilometres of the rest permanent plots at this
forestry in a middle-aged forest. In 2020 deterioration
of health condition at this plot was observed: both
health condition index and percentage of damaged trees
increased. The health condition index at the monitoring
plot 250933 was 2,3 in 2020, and average defoliation —
16,8%, so this stand didn’t significantly differ from
permanent plots by pine condition. Two permanent plots
in this group with higher health condition index values
were characterized by significant mortality in 2019:
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the proportion of dead trees was 27,8 % at plot 68-2
and 58,9% at 53-7. The annual mortality rate at these
plots exceeded the reference level (Forest inventory
handbook, 2013). In 2020 the health condition index
decreased on these two plots: due to sanitary felling at
53-7 and dieback of the weakened tree on 68-2 plot.
At monitoring plot 250933 dead trees were absent in
2020, however, in the past (in 2011), this plot had a
high percentage of dead trees (41,7%), which were
removed during selective sanitary felling.

The part of plot 68-201 in spring 2020 was damaged
by a stable forest fire that caused significant deteriora-
tion of pine condition and led to a significant increase
of tree mortality at this plot (proportion of dead trees
increased from 1,4 to 18,6%). Also, the proportion
of damaged trees increased from 4,3 to 12,3 % (See
Tab. 3). According to (Cunopenko, Bopon, MenbHUK,
Cunopenko, 2015) the time of the fire is crucial for
stand condition: as spring forest fires are more danger-
ous than summer ones.

Table 2

Dynamics of indicators of pine stands condition on monitoring plots

Average. Defoliation HCI with*dead HCI of living Proportion 0of Proportion of0
Plot trees trees dead trees, % damaged trees, %
2015 2020 2020 2020 2020 2020
250911* 8.9 12.0 22 22 0.0 4.2
250916 9.2 18.7 2.6 23 12.5 0.0
250915 9.2 20.2 29 2.6 8.3 42
250930 9.1 16.2 2.5 2.5 0.0 8.3
250933+ 7.6 16.8 23 2.3 0.0 0.0
250934s 8.5 20.0 2.7 2.7 0.0 12.5
250936 8.9 15.5 2.4 2.4 0.0 0.0
* _ control plot for group of permanent plots at Yampilske forestry; S — sanitary felling;
+ — neighbour group of permanent plots at Lymanske forestry; HCI — health condition index
Table 3
Pine stands health condition dynamics at permanent plots
Plot Forestry HCI with dead trees HCI of living trees T:f (ir;)g?rr;iezn 0}‘}(11:3:1212)6 %riirzZS
2019 2020 2019 2020 2019 2020 2019 2020
62-11 L 227 2.50 2.19 2.40 3.1 3.1 2.4 5.5
68-2 L 3.13 3.39 241 224 27.8 315 7.7 10.8
68-201%** L 227 2.99 2.23 2.51 1.4 18.6 43 10.5
53-7s L 4.15 2.18 2.52 1.80 58.9 11.8 4.5 4.4
73-1% Y 2.69 2.57 2.59 2.43 4.2 4.2 5.5 9.9
73-2% Y 2.80 2.70 2.49 2.40 12.2 8.9 10.3 25.6
98-1%5 2.87 2.54 2.69 2.51 7.9 1.1 3.2 6.5
98-101*5 Y 3.23 2.30 2.70 221 22.8 3.1 5.1 11.5

* plots, damaged by a forest fire in 2014
** plot, damaged by a stable forest fire in 2020

S — plots, where sanitary felling was carried out between 2019 and 2020

On permanent plots in Lymanske forestry, only
some cases of resin flow were fixed in 2019. In 2020 the
proportion of damaged trees increased in the majority
of plots. The main types of tree damage were: resin
flow, mechanical damage, loss of apical dominance,
or top dieback, and stem pests. Resin flow was the
most common type of damage, which was registered in
almost all plots.

Generally, tree mortality is a result of multiple
interacting factors, including drought and complex
biotic damage, so it is not easy to reveal the single
cause (Allen, 2009). Our results showed that observed
pine dieback in Lymanske Forest Enterprise is the
general process. Obtained data on pine condition at
permanent plots in Lymanske forestry are comparable
with the monitoring data, as well as with increased
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dieback (mortality) in birch stands at neighbourhood
according to visual observations. That all proves the
trend in the deterioration of pine condition in the region
of study. Pine growth in the Steppe zone is limited
by water availability, and frequency of droughts, so
further climate change will negatively influence pine
health condition. Climate-induced water stress may
directly cause tree mortality through short-term acute
effects such as irreversible disruption of water columns
within tree stems and foliage. Chronic water stress
causes the weakening and dieback of trees, either
directly or indirectly through the attacks of pests such
as bark beetles of such weakened trees. The population
dynamics of forest insects and fungal pathogens
also depends on the climatic conditions, so massive
outbreaks of forest pests and diseases may be launched
by climate drivers. Trees dieback can emerge abruptly
at a regional scale when ecological (climatic, weather,
and hydrologic) conditions exceed physiological
thresholds of tolerance trees species or cause outbreaks
of insect pests (Allen, 2009).

In Lymanske Forest Enterprise the probability of
fires during the fire risk period is high (the average
class of forest fire danger is about 2), taking into
account a dominance of pure pine stands and dry forest
site conditions (I'mamynenp, [lactepnak, 2014). In
Yampilske forestry in 2014, there were 16 forest fires
in a total area of 1184 hectares (I'magynens, 2017),
mainly they appeared as a result of active fights in the
region in summer 2014.

Another group of permanent plots was allocated
in Yampilske forestry. As the monitoring plot 250911
located in this forestry at the neighbour of a group of
permanent plots damaged by fire, at the same forest site
condition (B,), and similar age, it was considered as
control. Forest stands at control monitoring plots were
slightly weakened, had no signs of a forest fire, and
no dead trees. The average defoliation at this plot was
12% in 2020, and defoliation growth was the lowest
from 2015, comparing to other monitoring plots.
At permanent plots 73-1, 73-2, 98-1, and 98-101 in
Yampilske forestry, almost all trees had signs of fire
damage after the forest fire in summer 2014. According
to the average values of the indicator «height of bark
chary, the trees in plots 73-2 and 98-101 were more
affected, as the average height was over than 2 m
(2.6+1.0 and 2.2+0.8 m, respectively), while the other
two plots 98-1, and 73-1 had significantly lower values
of an average height of bark char (1.3+6.3 and 1.7+0.9
m, respectively). By the health condition index (HCI
of living trees varied from 2.49 to 2.70), the pine
stands at these permanent plots in 2019 were severely
weakened (see Tab. 3). Such values are significantly
higher than at a control monitoring plot (HCI=2.2). At
the first observation in 2019, the proportion of dead
trees at these permanent plots was significant and
varied from 4,2% to 22,8%. At less damaged plots
(73-1 and 98-1) the mortality rate was significantly
lower compared to another pair of plots (73-2 and 98-
101), where the mortality exceeded the reference level
(JIicorakcamiitamii moBigauK, 2013).

In 2020 the health condition of trees at all permanent
plots in Yampilske forestry slightly become better,
especially at plots 98-1 and 98-101, where selective
sanitary felling between surveys took place. Despite the
selective sanitary felling with the removing of dead and
dying trees (HCI=4) and decrease of health condition
index of studied stands, the process of pine stands
dieback didn’t stop, as new dead trees appeared at the
plots and the number of damaged trees has increased.
At all plots, the proportion of damaged trees almost
doubled (See Tab. 3). The worst condition in terms
of the presence of damage was assessed at plot 73-2,
where 25,6% of trees were damaged, the majority of
them had resin flow, which may indicate in particular
the attempts of stem insect colonization, 3 trees had
signs of stem insects. Such increase in biotic damage
is explained by the gradual weakening of stands
after a forest fire and may bring to further condition
deterioration and mortality.

So, observations at permanent plots damaged by a
forest fire in dynamics and combined with background
data on forest monitoring plots, showed, that forest fires
are one of the main factors influencing forest condition
and mortality. Obtained data on the significant negative
effects of forest fires are comparable with data
(Cunopenxo, Bopon, Menbuuk, Cumopenxo, 2015)
on a high positive correlation of health condition and
trees mortality with the height of bark char. Projected
climate change will probably cause significant changes
in fire regimes, towards increasing frequency, area, and
duration of forest fires. Artificial pure pine forests in
the Steppe natural zone are especially vulnerable to
such disturbance.

Conclusions. Significant deterioration of pine
stands condition and their mortality is observed in
Lymanske Forest Enterprise during the last decade.
Pine stands of the enterprise are mainly weakened, due
to unfavourable conditions for the growth of stands,
climate change, changes in ground water regime,
anthropogenic impact (sand mining, fires). Forest fires
led to the deterioration of trees’ condition and mortality,
weakening of trees, and increased their susceptibility to
biotic damage. Pure pine stands in the region should
probably be replaced with more drought-resistant
species or mixed forests.

The selective sanitary felling just temporarily
improved the forest stands condition, but did not stop
the degradation process, on the contrary, the elimination
of dead trees changes the microclimate and further
reduces humidity. On the other hand, the elimination of
dead trees and dead logs reduces the level of fire hazard
in pine forests, because reduces the reserves of forest
combustible materials.
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apCTBOY), po3TamoBaHoro y [liBHiuHii yacTuHi Cte-
II0BO1 30HU YKpaiHU.

Jis  mocimikeHHsST BHKOPWCTOBYBAllM JaHI JIBOX
MOBTOPHUX CIIOCTEPEKEHb Ha BOCHMH JIISHKAX, 3a-
knageHnx y 2019 p. y Haca/pkeHHSIX i3 pi3HUM CTyTie-
HEM BCUXaHHS Ta MOIIKOJKEHUX ToKexkero. [Topropae
oOctexenHs 3aificneHo y 2020 poui. 3a 10moMoror
nostboBoi ['IC Field-Map Ha poOHUX TUITHKaX BHKO-
HaHO KapTorpadyBaHHs JIEPEB Ta OIIHEHO IXHIH caHi-
TapHHWIA CTaH, Bianaja i momkomkeHHs. s ¢poHoBoi
OIIIHKK CTaHy COCHOBHUX JIICIB BUKOPHUCTAHO PE3YJib-
TaTl CIOCTEPEXKEHb HAa CEMM MAUISIHKAX JIICOBOTO MO-
HiTopuary | piBas (oOctexxenus 2015 ta 2020 pp.).
Jl>kepesioM KIIIMaTUYHKX JIaHUX CIYT'YBaB OH-JIAiH pe-
cypc ClimateCharts.net.

BcranosieHo, 1110 3a octanHi 10 pokiB yHACIIIOK
3MiHHM KJTIMaTy cepeqHbOpidHa TeMIiepaTypa MmoBiTps
y perioHi 3pociia, a cyMa OMajiB 3MCHIIMIACS, IO
CHPUYMHMIIO TIOSIBY TOCYIIJIMBOTO MEPIOAY Yy CEpIHi,
SIKAUH € HECTIPUSITIIMBUM JJISI POCTY COCHOBUX JIICIB Ha
MeX1 IXHBbOTO apeaiy. BinOymucs 3MiHu piBHS IPYyHTO-
BHX BOJI, IPO IO CBiIYNTH BUCUXaHHS 0o3epa JlnMaH
BripogoBxk 2013-2020 pp. Beranosneno, o, mopis-
HstHO 3 JaHumu 2015 p., cTaH COCHOBUX JEpeBOCTa-
HIB Ha OUITHKaX MOHITOPHUHTY CYyTTEBO IOTipIITHBCS.
Ha neii yac cocHOBI JTicH 3a CTAaHOM € «OCTIabICHUMMNY
Ta «CWJIBHO OclTa0eHuMI» (1HIeKC caHiTapHOTO CTa-
HY JKUBHUX JIepeB CTaHOBUTH Bix 1,53 1o 2,70), 3HauHO
30UTBIIMIIHCS cepenHs Aedodialis Ta Bianas AepeB.
B ocirabnenux gepeBocTaHax 3 4acoM 3pOCTa€e YacTKa
JIEpeB 13 MOIIKOHKEHHSIMU, 30KpeMa BHACIIAOK 3ace-
JIEHHSI CTOBOYPOBHUMH KOMaXaMu. 3HATHY 3arpo3y s
HITYYHUX YHCTUX COCHOBUX HACA/KEHb, IO MepeBa-
JKalOTh y PEriOHi, CTAHOBIATH JIICOBI MOXxexi. BHa-
CJIIJIOK BIUIMBY ITOXKEX BiAOYJIOCS MOTIPIIEHHS CTaHY
nepeoctaniB (IC 2,49-2,70) ta 30iabIIMBCS Biaman
JIepeB.

Karwuosi ciosa: IliBaiunnii Cterr; BCUXaHHS; 110-
JKEXK1; TTONTKOMKEHHST, MOHITOPHHT JTiCIiB; 1HAEKC CaHi-
TapHOTO CTaHy; 3MiHa KJIiMaTy.
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[ToBTOpHOE OOCHenoBanue mposeacHo B 2020 Tomy.
C nomousto nonesoit 'MIC Field-Map Ha nmpoOHbIX
ydJacTKaXx TPOBEJACHO KapTrorpadupoBaHue Jepe-
BbCB WM OIICHEHO WX CAHUTAPHOE COCTOSHUE, OTIAT
n noBpexaeHus. s pOHOBON OIEHKH COCTOSHUS
COCHOBBIX JIECOB HCITOJIb30BaHbI Pe3yJIbTaThl HAOIO-
JICHUW Ha CEeMH ydyacTKaX MOHUTOpHUHTA JiecoB | ypoB-
Ha (oOcnemoBanms 2015 m 2020 rr.). McTtouyHnKoM
KIMMATHYEeCKUX JaHHBIX CIYXKWUJI OHJIAH pecypc
ClimateCharts.net.

YcranoBneHo, uTo 3a nocienuue 10 ner B pe3yib-
Tare W3MEHEHUs KJIMMara CpeIHEerojoBas TeMmIepa-
Typa BO3[AyXa B PETHOHE BO3pOCHA, a CyMMa OCaj-
KOB — YMEHBIIWIACh, YTO MPHUBEIO K IOSBICHUIO
3aCyIUIMBOTO TIEPUONa B aBIYCTE, KOTOPBIM SBISACT-
Cs1 HEOJIarONPHUSATHBIM JIJIS POCTa COCHOBBEIX JICCOB Ha
rpaHulle ux apeaina. [Ipow3onun M3MEHEHUs YPOBHS
TPYHTOBBIX BOJ, O Y€M CBUJCTEIBCTBYET BBHICHIXaHUE
o3epa Jluman B Teuenme 2013-2020 rr. YcTtaHoBie-
HO, YTO COCTOSIHAE COCHOBBIX JPEBOCTOEB Ha y4acT-
KaX MOHHUTOPHHTA CYIIECTBEHHO YXYIAIIMIOCH II0
cpaBuenuto ¢ manaeiME 2015 roma. Cefgac o cocTo-
STHAIO COCHOBBIC JIeCa SIBIISIOTCS «OCIAOJCHHBIMIY H
«CHJIHO OCJIa0JICHHBIMIWY» (MHJICKC CAaHUTAapHOTO CO-
crosiaust [MIC] xuBBIX nepeBbeB coctaBigeT or 1,53
o 2,70), 3HAYMTENBHO BO3pOCia cpenHss nedonua-
1Sl U YChIXaHUE JiepeBbeB. B ocCiabieHHBIX JpeBOC-
TOSIX CO BPEMCHEM YBEJIMUWUBACTCS OIS JIEPCBLEB C
MTOBPEXKICHUSIMHU, B TOM YHCJIEe, B pe3yJbTaTe 3acele-
HUS CTBOJIOBEIMU HACEKOMBIMHU. 3HAUUTEIBHYIO YTPO-
3y I UCKyCCTBEHHBIX YHCTHIX COCHOBBIX HacaKIe-
HUH, KOTOpBIE IPE00IIaIatoT B PETHOHE, TPEICTABIISIOT
JIECHBIC TIOKaphl. BeneacTBue BIUSHUS MOXAPOB MPO-
M30IIJI0 yXy/menue cocrosuus npeBocroes (MC 2,49-
2,70) ¥ yBeNHYHUIICS UX OTHA/.

KuaroueBnbie ciaoBa: CesepHast Cremnb; yChIXaHHE;
TTO’KaphI; TMOBPEXKICHUS, MOHUTOPUHT JIECOB; WHICKC
CaHUTAPHOTO COCTOSIHHS, U3MEHEHHUE KIINMAaTa.
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TeopeTuko-metogonoriyHi 3acagn nobyaosm nicOHaCiHHOro
panioHyBaHHSA YKpaiHun

O.T. AaHuyK'

3anpononosano memooonoeciio nposedents pooim 0isi po3poodKU YHIQIKOBAHO20 NICOHACIHHO2O PAlOHYBAHHS Me-
pumopii Ykpainu. Teopemuunor ocHO8010 makoi po3pooKu € npupoOHa 8HYMpIiUHbO8UA08A MIHIUBICIMb 0ePeSHUX No-
PIio, wo cghopmysanacs y npoyeci egonoyii AK pe3yiomam npucmocy8aHts Micyegux nonyisayiti 00 ymos cepedosunya
ix gyHryionyeanms nio i€t npupoono2o 0060py. s 8UdiNeHHA OKpeMux 00UHUYb NiCOHACIHHO20 PALOHY8AHHS AK 0a-
308Y, OOYINILHO BUKOPUCIATU CXeMY YUHHO20 (DI3UKO-2e0epaiuHo20 paloHy8anHa mepumopii Yxkpainu, pezyivmamu
00Ci0HCeHb, OMPUMAHT N0 4ac PO3POOKU CHeYianbHUX 8U0I6 PALIOHYBAHb, BANCIUBUX OJIsl OPAHI3AYI] 8e0EeHHs 1iCO80-
20 20cn00apcmea; 0aHi 3 00CIIOHCeHb MINCNONYIAYIUHOT MA 6HYMPIUHbONONYIAYIHOT MIHIUBOCME OepesHUX NOpIO.

Ipononyemuca 3anposadumu cucmemy YHiQhiKoSaHux mepumopianoHux 0OUHUYb PAUOHYBAHHA HACMYNHUX PAH2O-
8UX pi6HIG: NIOPAUOH, PALIOH, OKpYe.

IIpocmoposi medxci 00uHUYb PAlioHy8aAHHA USHAYATOMbCA (DI3UKO-2e02paPiuHUMU YMOBAMU MepUmopii ma € 3a-
2aNbHUMU 015 6CIX icomBIpHUX nopio. [lpononosanuii npuHyun BUKOPUCTAHHS YHI(IKOBAHUX 0OUHUYb PAUOHYBAHHS
8IOMiHHUU 610 Oftouoi 3 1982 p. cucmemu 1iCOHACIHHO20 PALIOHYBAHHS, AKA, PA3OM 3 HACHYNHUMU OONOBHEHHAMU, Ne-
peddauana no6y008y OKpeMux cxem panioHy8aHHs 3a2aiom Ol CemMu OCHOBHUX TICOMBIPHUX nopid Ykpainu.

Hiopationu, six 6a306i 0OUHUYI PATIOHYE8ANHHS, NPONOHYEMbC NOOLIUMU HA OOHOPHT ma peyunieumui. Cmamyc 00-
HOPHUX NIOPationie nepeddaiac 3a60poHy GUKOPUCIIAHHA Y IX MexHcax penpooyKmueHo20 Mamepiany iHopatloHHUX no-
nyaayiu. JJoHopHI niOpaoHy € MaKoxic 0xcepesom penpooyKmueHo20 Mamepiany 0Jis CHeyialbHO 8USHAYEHUX 8I0N08I0-
HUMU NePeiKamu peyunicHmuux niopaoHie.

Bnpoesaocenna npononosanux meopemuxko-memooono2iuHux 3acao JiCOHACIHHO20 PAOHY8AHHA 3a0e3nedums 30e-
pedcents 2eHOOHAY NiCo8UX NOPIO, eheKMUBHULL 3aXUCTN HAUYIHHIWUX NONYAAYIL 610 NPOHUKHEHHS YYHCOPIOHO20 2e-
HeMuUYHO020 Mamepiany, a maxKodxc 30a2auenHs 2eHOOHOY MeHU YIHHUX NONYIAYIU 3A80AKU WMYUHO Pe2yibO8AHOMY
NPUMOKY 2€Hi8 i3 HAUYIHHIWUX NONYAAYIU.

Knrouosi cnosa: nicose Hacinnuymeo, nicOHACIHHUL NIOPAliOH, PAliOH, OKpYe; OOHOPHI Ma peyunicHmHi 0OuHuyi
DPAtlOHY8AHHS, 2eHEMUYHI pecypcu 1icosux nopio, nonynayii; eeocpapivna MiHausicmb.
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Beryn. JliconacinHe pallOHYyBaHHS € Ba)JIMBOIO
CKJIaZIOBOIO YCIILIHOTO BEIEHHS JICOBOI'O TOCIOAAp-
CTBa, OCKUIbKM 3a0e3ledye BiJIIOBIHICTh TEHETHY-
HO 3yYMOBJICHUX BHYTPIIIHBOBUAOBUX (HOPM JepeBHUX
MOPiA IPUPOJHUM YMOBaM iX BUPOILYBaHHS y MIpoOLEci
LITYYHOTO JIICOBITHOBIICHHS Ta JIiCOpO3BeILCHH$I

ApanTariis JIICOBUX TMOPIA JI0 p13HOMaH1TT$I npu-
POZHMX YMOB BiINOBIZHUX TEPHUTOPIil CyNpPOBOMLKY-
I0ThCSI 3MiHAMH TE€HETHYHOI CTPYKTYpH BHIIB, 30Kpe-
Ma, Ha piBHi nomynsanii (Fisher, 1958; Wright, 1976;
Paule, 1986; Giertych, 1989; Matras, 2006; 2013).

TeopeTnyni 3acaay JTICOHACIHHOTO paiOHYBaHHS
TPYHTYIOTHCSI Ha 3aKOHOMIPHOCTSIX TeorpadiqHol MiH-
JIUBOCTI JIiICOBUX TIOPiJI, 110 TPOSIBIISIOTHCS B ICHYBaH-
HI KJIIMaTMYHUX EKOTUMIB a00 pac, MPOBEHIEHIIIH, a
TaKOX TOMYJAIIN SK KITIOYOBUX E€JIEMEHTIB BHYTPIII-
HbOBUOBOI cTpykTypH Buay (Ilatnaii, 1984; Giertych,
1980, 1993; Chomicz, 2003; Matras, 2006, Sabor,
2006). BiaMiHHOCTI Mk OKpEMHUMH TMOTYJISIISIMHU, Ha-
OyTi y TIpoIieci eBOIOIii, MatOTh TEHOTUIIOBHI Xapak-
tep. Llelt BaxxuBHi aCEKT 3HAXOIUTh CBOE BijoOpa-
JKeHHS y HOpMAaTWBHIN 0a3i JICOBOTO HACIHHHIITBA Y
(dbopmi BIpOBa/DKEHHS BiJIMOBITHUX OOMEXEHb MO0
TEPUTOPIATBHOTO TECPEMIIICHHS HACIHHA Ta IHIIUX
BHUIIB penponykruBHOro Mmarepiamy (Ilatmait, 1984;
Zakeski, 1998; Matras, 2006, 2006%).

VY Mexax apeaiiB JIiCOBUX MOPiJl FTeHETHUYHI BiJMiH-
HOCTI MK TOYJISiAMA (OPMYIOThCS BHACIIIOK CIIe-
nudiqHOI il MPUPOJHOTO MOOOPY IMIOAO PI3HUX Te-
HOTHITIIB Y KOHKPETHHX yYMOBaxX CepeloBHUINA iX iCHY-
BaHHS. Pi3HOMaHITHICT TEHOTHIIIB y MeKaxX IOMy-
TSI Ta TEHETWYHI BiAMIHHOCTI MK MOMYJSIiSMH
3yMOBJICHI B OCHOBHOMY BIUTMBOM MYyTaliii, KoMOiHa-
THBHOIO MIHJIMBICTIO Ta CHENU(DIYHAM XapaKTepOoM
MIPUPOAHOTO 100OPY (Fisher 1958; Chomicz, 2013)
3aKOHOMIPHOCTI BHyTleIHbOBI/IILOBOI MIiHJIUBOCTI JIi-
COBHUX IOpiJ, MOB’sI3aHi 31 3MiHAMH TIPUPOIHUX YMOB
cepeloBUIla iCHYBaHHS BHAIB, AOKJIAIHO IOCIHIiKe-
Hi y poOOTax 3HaHUX BITUYU3HIHUX Ta 3apyOi’KHUX BUe-
aux (Giertych, 1980, 1993; Ilatnait, 1984; Kpununiib-
kuil, 1993; Zaleski, 1998; Sabor, 2006; Matras, 2006 ?).

[Tig yac aHanmizy IpUYHMH 1 YMHHUKIB, SIKi CIIPHYH-
HAIOTh 3aKOHOMIpHI MiKpoeBon}ouiﬁHi 3MiHU TeHe-
THYHOI CTPYKTYpPH MOMYJISIIN Ta 3arpo3u 30epexeH-
HIO TeHO(OHY JIICOBHX MOPIJI, MOPS 3 AI€I0 MPUPO-
HOTO JI0OOpY Ta IHIIMX MPUPOJHUX YNHHHKIB, TAKOXK
MOTPiOHO BPAaXOBYBaTH MOXKIIMBICTh 3HAYHOI TpaHC-
¢dopmanii momynswiii 'y 3B’sA3Ky 3 aHTPONOICHHUM
BIJIMBOM, B YMOBaX IHTEHCHBHOTO BEJICHHSI JTICOBOTO
roCIoJapcTBa Ta 3HAYHUX 0OCSTiB IITY4YHOTO BiTHOB-
JICHHSI JTICiB (Matras, 2006).

Ha cporozni knacu4Hi yMOBH IEHETHYHOI PiBHO-
Bary MOMYJSILiN JepeBHUX IMOpPiA, BiAMOBITHO 10O 3a-
koHy Xapnui-BaiinOepra, peanbHo He 3a6esnequ0TL-
Csl, 3BKAIOYN HE JIWIIC HA TUIIOBI IIPUPOJIHI IPOLISCH,
asie ¥ Ha HAsBHICTH MIO0ATBHUX KIIMAaTHYHUX 3MiH Ta
3HAUHEe AHTPOIIOTEHHE HAaBAHTAXXCHHS Ha JIICOBI €KO-
cuctemu (Matras, 2006; Chomicz, 2013).

BaxumBe 3HaueHHs y mpouecax (popMyBaHHS Te-
HETUYHUX OCOOJIMBOCTEH MOMYJIALIA Ma€e Xapakrep
PO3MHOXKEHHS JTICOBHX TOPiA y TOE€THAHHI 3 TaKH-

MU YMHHUKaMHU SK HasBHICTh CYLIJIBHUX apeajiB y
MeXaxX 3HaAYHUX TePUTOPii, 3AaTHICTH 10 3alHIICHHS
BITPOM, a TaKOX NMEPEHECCHHs IMHJIKY Ha 3HAuHI BiJI-
crani (Chomicz, 2013).

Y 3B’SI3KY 3 BUCOKMM PIBHEM ICHETHYHOTO IMOIi-
Mopqn?,My JIEpPEeBHUX MOPiJ Ta Ai€l0 PI3ZHOOIYHUX YHMH-
HUKIB BIUIBY Ha TCHCTHYHY CTPYKTYpY MOIYJISLLii,
0COOIMBOTO 3HAUYEHHS HA0YyBa€ OI[iHKA TeHETUYHOI JAHC-
TaHII{ MK OKpEMHUMH TOMYJISISIMA Ta IHTEHCUBHOC-
Ti TeHeTHYHOTO MOTOKY MixK HuUMH (Kowalczyk et al.,
2000; Chomicz, 2013; Padutov et al., 2014; Padutov et
al., 2016). BianosiaHo, uist moOyoBU KapTorpadivHoi
CXEMH JTICOHACIHHOTO PaliOHyBaHHSI BaroMe 3HauCHHS
MAalOTh Ta MATUMYTh Y TIEPCIIEKTHBI pe3yabTaTH JTOCITi-
JOKEHb TEHETUYHOI CTPYKTYpPHU MOIMYIALIHN JTiCOBHX TIO-
pin (Krutovsky, 2014; Padutov et al., 2014). Yncnenni
HAYKOBI JIOCTI/UKCHHS TOIOHOTO HAMPSIMY JaK0Th 3MO-
Ty OTpUMYyBaTd 00’€KTHBHI JaHi, AKi 0e3mocepeHbo
XapaKTepHU3yIOTh TEHETHYHI BIAMIHHOCTI Mi’K OKpEMHU-
MU TTOMYJIAIISIMA 33 KOMIUIEKCAMH BiJIITOBITHUX TEHIB 1
npoaykramiu ix Tpancisuii (Krutovsky & Neale, 2005;
Krutovsky, 2014; Padutov et al., 2016).

JlieBUM 1HCTPYMEHTOM BHBYEHHS 3aKOHOMIpHOC-
Tell exonoro-reorpadiyHoi MiHJIMBOCTI JEepEBHHUX TIO-
pia, BaXXITUBUX IS pO3POOKH JICOHACIHHOTO pailoHy-
BaHHS, € PE3yIbTaTH JIOCIIHKEHb, SIKi OTPUMYIOTH Ha
OCHOBi JocmipkeHb reorpadiunux xynsryp (Ilatnai,
1984; Paule, 1986; Kpunnuekui, 1993; Kowalczyk,
Matras, Zybura, Sabor & Barzdajn, 2000). Ocobmu-
BO MAacCINTA0HMU XapaKTep MaJld MOJIOHI JIOCIIiKECH-
Hs, mo Oynu BuKOHaHi y pamkax mporpamu IUFRO
(Giertych, 1980, 1993; Sabor, 2006). Ix anani3 cBia-
YUTh, 30KpEMa, PO HEOOX1IHICTh BUBYCHHS XapaKTePy
CIIAJKOBOCTI B YMOBax YKpaiHW HU3KH OCOOIMBO ITiH-
HUX TIOMYJIAIIN, TOMUPEHNX 33 MEXKaMH 3aXiTHUX KOp-
JIOHIB HAIIIOT JICPXKaBH, BIJOMUX CBOIMU YHIKaJIbHHUMH
TOCTIOJIAPCHKUMHU SIKOCTSIMU Ta BUCOKUM PiBHEM ILIAC-
TUYHOCTI, IO MPOSBISIETHCS B YCIINIHIA amanTarii y
HIMPOKOMY CIIEKTPi MPUPOTHUX YMOB.

BapTo 3a3zHaunTH, 10 TpoIec aeTamizamii Mex
OKpPEeMHUX OJWHUIL pAalOHYyBaHHS MOXKE MaTH IepMa-
HEHTHUN XapakTep, 3 ONI]y Ha aKTUBHUMI IIPOrpec
Yy PO3BUTKY CYYaCHHX METOIIB aHaTi3y TEHETHIHOL
CTPYKTYPH MOMYIIALIH JIICOBUX TIOPiJ.

Metoauka Ta 00’€kTH AocTaiKenb. 06 ckm 0o-
cni0dcennss — TIPUPONIHA BHYTPIIIHBOBUIOBA MIiHIIN-
BICTH JIEPEBHUX TIOPiJ Ha BHOBOMY, MOIYJIAIIIHO-
My Ta CyOnmonyJsiifHOMY PiBHSIX, IO MIPOSIBISIETHCS Y
(hopMi TeHEeTHYHO 3yMOBIICHUX O3HAK 1 BITACTHBOCTEH,
SIKi MalOTh Ba)KJIUBE 3HAYCHHSI JJISI IOCATHEHHS I[iIeH
JIICOBOTO TOCIIOAapCTBa. Ilpeomem Oocniddxncenus —
METOJIOJIOTisl IPOBECHHS POOIT SIK OCHOBA PO3IOLIIY
TEPUTOPIi KpalHH Ha BiJOKpEMJICHI OJUHUII JIiCOHA-
CIHHOTO pailoHyBaHHSI, 10 BiJOOpakaroTh 3aKOHOMIp-
HOCTI BHYTPIITHROBUIO0BOI TeorpadiyHoi MiHIMBOCTI
JIEPEBHUX BU/IiB, TCHETUYHHIA TIOTEHITia 1 POIYKTHB-
HY HIHHICTb OKPEMHUX MOITYJISIIIIH.

Mema pobomu monarae y po3poOIli METOIOIOT -
HUX 3acajl yHi(pIKOBaHOTO JIICOHACIHHOTO paiioHyBaH-
HSl TepUTOpii YKpaiHu SK OAHI€T 13 BayKIMBUX CKIIAI0-
BUX (hyHIAMEHTaJIBbHIX OCHOB PalliOHAIBHOTO, HAYKO-
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BO OOTPYHTOBAHOTO BEJICHHSI JIICOBOTO TOCIIONIAPCTBA;
BU3HAYCHHS Ta OOIPYHTYBaHHS 1€papXidHOTO CTaTyCy
BIJINIOBIIHUX KAaTErOpid OJMHUIIL JTICOHACIHHOTO paiio-
HYBaHH$, @ TAKOXK EMHOCT]I HAyKOBOTO 3MICTY BiJIIIOBIi I~
HUX CIEI[iaIbHUX TEPMIHIB 1 KaTeropii.

JliconacinHe palioHyBaHHS MOBUHHO 3a0e31euyBa-
TH OOTPYHTOBAHMI O TEPUTOPIi KpaiHH Ha yHiBEp-
CalbHI OOUHMILI, Y MEXaxX SKUX MPOSBISIETHCS ONTH-
MaJIbHUH PiBEHb BiJIMOBIAHOCTI TEHETUYHUX OCOOJIU-
BOCTEH MOMYISIiN KIFOYOBUM YHHHHUKAM, IO 3yMOB-
JIOKOTH 3aKOHOMIPHOCTI TeorpadidHoi MIiHIMBOCTI
JCOBUX TOPiJ; yHiIQIKOBaHHUH XapakTep MpUHHITHX
OJTMHUIIL PAOHYBaHHS B 1X TEPUTOPIATBHUX MEXKax
II0ZI0 BCIX JAE€PEBHUX IOPiJ, 0 MAIOTh NPUPOJHE I10-
IIUPCHHS a00 KyJIbTUBOBaHI LITYYHO Y MPOLEC] BEACH-
HsI JTICOBOTO TOCTONAPCTBA; 30CPEIKCHHS I‘eHO(bOHlly
JIEPEBHHX nopia; eQeKTHBHMIT 3aXHCT HANIIHHIMIEX
MOMYJISIINA BiJl MPOHUKHEHHST YYKOPITHOTO T€HEeTHY-
HOTO MaTepiaiy Ta 30aradeHHs TeHO(POH Ty MEHIII IIiH-
HUX TOMYJISLIN 3aBOSKHA KOHTPOJIbOBAaHOMY IPOLIECY
NPUTOKY TeHIB 3 HAWIIHHIIIUX MOMYJISIiN; BiAMTOBIA-
HICTh BUMOTAM 1 3aBIaHHAM BEACHHS OaratoQyHKITii-
HOTO Ta CTabUILHOTO JIICOBOTO TOCTIOAAPCTRA.

Heranbe 06rpyHTYBaHH$1 JOUITBHOCTI BOPOBa-
JUKCHHS JTICOHACIHHOTO PaHOHYBaHHI Ha yHi(iKoBaHIX
MPUHIIMTIAX HAMU 3/IHCHEHO paHlme (Haxuyxk, 2012).

Jnist mocsiTHeHHsT TTOCTaBIEHOT METH POOOTH BUKO-
PUCTAHO KJIACHYHI METOAM EMITIIPUYHUX JOCIiIKEHb,
30KpeMa METOZ KOMIIOHEHTHOTO aHalli3y, CHHTE3y Ta
y3arajabHeHHs. TeopeTHYHOI0 OCHOBOIO pO3pOOKU Me-
TOJIOJIOTIYHUX 3aca/I TOOYAOBH JIICOHACIHHOTO pailoHy-
BaHHA YKpaiHM € NpUpOIHa BHYTPIIIHBOBHJOBA MiH-
JIMBICTH JICPEBHUX MOPI, M0 chopMyBaiacs y mporie-
ci eBOJIIOII{ TIiJ] BIUIMBOM MYyTallild, peKoMOiHaIii Ta
HPUPOTHOTO 1000pPY, a TAKOXK K PE3YJIBTaT MPUCTOCY-
BaHHS MICLUEBHUX MOMYJISLIH O YMOB CEpefoBHILIA iX
(byHKIIIOHYBaHHS.

Takox HaMHU 3aCTOCOBaHO KaprorpadiuHuil MeTox
JOCTIDKEHHS, Y paMKax SIKOTrO 3IiHCHEHO aHalli3 pi3-
HOMaHITHHX KapT Ta Ha iX OCHOBI BCTAHOBIIEHO YHCIIO-
Bi TTOKa3HUKHU OKPEMHX KaTeropiit 00’ €KTiB.

[Tix wac po3pobiIeHHsT METOOUYHUX 3acaj JIiCOHa-
CIHHOTO pailOHyBaHHS 3IHICHEHO aHaIi3 CXEeM 1 MPUH-
muniB  Qizuko-reorpadiunoro (IlormoB, MapuHuy,
Jlanbko, 1968); reomopdosoriunoro (Llucek, 1962;
Kpasuyk, 2005), mpupomno-reorpadiunoro (I'imerms-
kuid, 2012), micorocnomapcekoro (Ilacreprak, Kuce-
nesckuli, ®enen, Measenes, 1980; KpaBuyk ta iH.,
1981), reoboraniunoro (binuk Ta iH., 1977; l'omybenp,
2003), micopocnunHoro (I'opmrenin, [1IBunenko, 1954;
JlaBpunenxko, 1961; KypHaeB 1977), HiCOKyJIBTypHO-
ro (Mleopunrok, 2003) paiioHyBane TepuTopii Yipai-
Hu. [lopsn 3 muM, 10CTiAKeHO HAayKOBi MiAX0AU 10 BU-
pilieHHs TOAIOHMX 3aBIaHb 3apyOIKHUMHU BYCHHUMH
(Trampler, Kliczkowska, Dmyterko, Sierpinska, 1990;
Zateski, 1998; Matras, 20069).

PesyabTaTtu nociigxenb. OCHOBOIO JUIsl CKIIagaH-
HS YIOCKOHAJIEHOT CXeMH JIICOHACIHHOTO PaiilOHyBaHHS
VYkpainu crana po3pobiena y 1982 p. cxema jicoHaciH-
HOTO paifoHyBaHHs TepuTOpii KonuHbsoro CPCP (Jle-
cocemenHnoe patlonuposanite 0CHO8HbuIX. .., 1982). Ilin

Yac TiJrOTOBKH 3a3HAYCHOT0 HOPMATHBHOTO JIOKYMEH-
Ta OyJI0 3aCTOCOBAaHO METOMOJIOTIIO, SKa Tepeadadana
PO3pOOKY OKPEMHUX CXEM JIiICOHACIHHOTO PaiOHYBaHHS
JUIsl TOJIOBHUX JIicoTBipHUX nopix JiciB CPCP. ¥V pam-
KaxX 3a3HAYCHOTO MiAXOMy MOAUI TEPUTOPIl HA OAWHU-
i palloHyBaHHsI — JIICOHACIHHI PaiilOHM Ta JIICOHACIHHI
miapaiioHy, 31 BCTAHOBJICHHSIM IXHIX MeX, Oylo 3mii-
CHEHO OKPEMO JIJIsT KOYKHO{ 3 JIICOTBIPHUX TTOPII.

B VkpaiHni Buie3azHadyeHUM JIICOHACIHHUM paiio-
HYBaHHSIM [IOYaTKOBO OYJI0 OXOIJICHO HACTYIIHI IepPEB-
Hi Bunu — Pinus sylvestris L., Picea abies (L.) Karst.,
Abies alba Mill., Larix decidua Mill., Quercus robur
L. ta Fagus sylvatica L. Bkazane pailonyBaHHS, Ti3Hi-
e Jenio JeTaiizoBaHe 1moao Kapmarcekoro perioHy
(Jlecocemennoe paiionuposanue Kapnamckux obnac-
meti..., 1983) BkmoueHHsIM y cdepy Horo nii Quercus
petraea (Matt.) Liebl., 3anuiaeTscsi Y4UHHUM JI0 11HO-
IO 4acy.

CyuacHmii 00ir JTiCOBOTO PerpoayKTUBHOTO MaTepi-
aiy B YKpaiHi perymorots «Hacmarnosu 3 1icogoco Ha-
cinnuymeay 2017 poky. 3a3HaueHN HOPMATUBHUH 10-
KyMEHT MiJTBEPIUKYE JI€BICTh BUIIE3a3HAUYCHOI CXEMHU
JCOHACIHHOTO paiOHYBaHHSI.

VY pamkax AiF040r0 JIICOHACIHHOTO paiOHYyBaHHS
BiJICYTHI OOMEKEHHS 00 TEPEMIIICHHS BCIX Pi3HO-
BH/IIB PENPOIYKTHBHOTO Marepialy y Mekax JIicoHa-
CIHHUX niz[paﬁOHiB a TaKOX JIOTYCKAEThCS BLIbHE Tie-
peMlH_IeHHSI HaCIHHS y MeKaX 3HauHUX TepHToplI/I e
BiZTHOCSITBCS A0 1HIIMX JIICOHACIHHUX MiApaioHiB 1 pa-
fioniB. Kpim Toro, 3a3HaueHmii BUIIle HOPMATHBHUH J10-
KyMEHT y M. 7.3.4 MICTUTh BU3HA4YCHHS «MiCIIEBOTO»
HaCiHHS, JI0 SKOTO BiTHOCATH HACiHHSA, 3aTOTOBJICHE Y
Me)Kax JICOHACIHHOTO paioHy, a TAKOXK «iHOPaOHHO-
ro» HaciHHS, SKUM BBa)KA€THCSI HACIHHS, 3arOTOBJICHE
B IHIIMX JlicoHaciHHMX padonax. [lynkrom 7.3.4 Ta-
KO)K BCTAHOBIIOETHCS JIOLIIBHICTh BUKOPUCTAHHS Y
PIBHUHHUX OONACTSIX, Y MeXaX JIICOPOCIWHHUX 30H
HAaCiHHS, 3arOTOBJICHOTO SIK Y MeXaX JiCOHACIHHOTO
paiioHy, Tax i TaKOTo, IO TOXOJAHUTH 3 TEPUTOPIT CyMiXK-
HUX JIICOHACIHHUX PaHOHiB.

Kepyrounch Bullle 3a3HaY€HUMH IOJOKEHHSIMHU,
HAMH 31MCHEHO OIIHKY MacliTa0iB MOXIJIHUBOTO Iie-
peMilIeHHsT penponyKTHBHOTO MaTepialy Yy pamKax
JIIOYOTO JTICOHACIHHOTO palioHyBaHHS. OTpuMaHi pe-
3yNbTaTH TPYHTYIOTHCSA Ha aHaii3i kaprorpadigHux
MarepiaiiB Ta MPUYypPOYCHOCTI MiANMPHEMCTB JIiCOBOTO
rOCIIOapCTBA JIO BiJOBITHUX JICOHACIHHUX OJMHHUIIb
palioHyBaHHSI.

Ha ocHOBi 3a3HadeHOro BHIE TiAXOMYy BCTa-
HOBJIEHO (Di3WYHI TUIONII TOBEPXHI TEPHUTOPIH, Y
MeKax SIKMX MiANPUEMCTBA JICOBOIO TOCIIOAApCTBA
MOXYTb 0€3 00MeKeHb TIepeMillaT PEenpOIyKTUBHHUN
marepian. OTpuMaHi pe3ylbTaTH Uil KOXKHOI 3 Mopin
Ta JUIA Pi3HUX JIICOHACIHHMX MiAPaoHIB CYTTEBO Pi3-
HAThCS. Hipkde HaBeeHO OTpuMaHi po3paxyHKOBi 3Ha-
YeHHS IS MeKUTBKOX JIICOHACIHHUX MiApalioHiB Pinus
sylvestris Ta Quercus robur, MO XapaKTEPU3YIOTHCS
HaMOIBIIMMU 3HaYEHHSIMHU aHATI30BaHOTO MOKA3HHUKA.

3’sicoBaHo, 110 mioma Boruacsko-KutoMupcrkoro
HACIHHOTO MiJpalioHy, BULIEHOTO s Pinus sylvestris
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y Mexax [lomichkoro JicoOHaCiHHOTO paioHy, CTaHO-
BUTh 73,4 Tnc. kM2 [lepemimieHHs] pernpoayKTHBHOTO
Marepiajy JIiCOrocroIapCbKUMH MiATPUEMCTBAMH, 110
po3TamoBaHi y Mexax Horo TepuTopii Ta Ha CyMIKHUX
TEPUTOPIAX, MOXKE BiIOyBaTHcs 6e3 0OMeKeHb Ha TIIO0-
1 roHaz 120 tuc. km2.

Buninenns KueBo-UepHITiBCbKOTO J1iCOHACIHHOTO
nigpaiiony [lomicbkoro sicoHaciHHOTO paioHy Pinus
sylvestris, 1110 Mae TIoILy 0Ju3bK0 40 THC. KM?, TIepe/l-
0ayae MOXKIIMBICTD BIJIBHOTO MEPEMIIIEHHS PETIPOAYK-
THBHOTO MaTepianxy Ha riomii moHax 175 tuc. km?.

3nilficHeHuid aHalli3 CXeMH JIICOHACIHHOTO paioHy-
BaHHS Quercus robur BUsSBUB, 1m0 3a TwIoni [lomine-
CBKOTO JIiCOHAaciHHOTO mifpaiiony IlpumHicTepcrkoro
JCOCTENOBOr0 JIICOHACIHHOTO paiiony B 61,5 Tuc. km*
BIJICYTHI OOMEXKEHHSI MIOJ0 HepeMIIlIeHHH penpoz[yK-
TUBHOIO MaTeplany Ha Toiomn wmaibke 270 ThC. KM
Bincrani Mixk KpaiilHiMi TOYKaMHU 3arOTiBIi PEPOLyK-
THBHOTO MaTepiary A MoTped 1bOro MigpaioHy cTa-
HOBJATH NoHaA 1100 KM y IIMPOTHOMY HaIpsIMKY Ta
550 kM — y MepuIioHANbHOMY. 3a IHUX YMOB 3axijHi
MeX1 MOYKJIMBHX PaiOHIB 3aroTiBIi PEMPOAYKTHBHOTO
Marepialy OXOIUTIOIOTh 3aKkapnarchbKy 00s1acTb, a cXif-
Hi Maii)e CsraloTh MeX XapkiBchkoi Ta JlyraHcbkoi
oOJacTeit.

HaBezneni TepuTopianbHI mapaMeTpd MIOAO0 HOPM
HepeMiHIeHH}l PeNpONYKTHBHOTO Mmarepialy y pam-
Kax JIFYOro JiCOHACIHHOTO paI/IOHYBaHHH (bakTHaHO
HE BPAaxOBYIOTb CYTTE€BUX BIIMIHHOCTEH NPUPOAHUX
YMOB y MEKaX LUX TEPUTOPiH, a TaKOX T'€HETUYHUX
0CcoONMMBOCTEH OKpeMux momynanid. Ha ocHoBi HaBe-
JICHOTO BHIIE, CXeMa MEePEeMIlleHHS PEeNpOAYKTHBHOTO
Marepiaiy, npuHaiMHi 1uist Pinus sylvestris Ta Quercus
robur, mepenbavyae MacmTadu MTYIHOI Mirpallii TeHe-
TUYHOTO MaTepiaily, [0 CYTTEBO MEPEBUILYIOTh HAyKO-
BO OOIPYHTOBaHI mapaMeTpHu.

IcToTHUM HEOTIKOM YHHHOTO JIICOHACIHHOTO paiio-
HYBaHHS € HU3bKUU piBEHB JeTaji3allil He JHIIe reo-
rpaiyHOi, aje ¥ BHCOTHO-30HAJBHOI Ta €KOJIOTIYHOI
MIHJIMBOCTI JIICOBHX TOpifA. Y IIbOMY acreKTi 0colmm-
BO1 JieTaiizallii BUMaraioTh BHAWA 3 BHCOKUM piBHEM
BHyTpiHIHbOBI/I[[OBOFO HoniMop(bi3My, 0 IpUypode-
Hi [IEPEBAIKHO 110 TIPCHKUX TEPHUTOPIii Ta XapaKTepusy-
I0ThCSI BIIHOCHO HE3HAYHHUMH, a00 K MaJIMMHU 32 IUIO-
1Ie0 apeajaMu iX MpUpOIHOro momupeHHs. o uuc-
Jla TaKUX BUAIB B YKpaiHi BiTHOCITH Abies alba Mill.,
Larix decidua Mill., Picea abies, Quercus petraea ta
nesiKi iHm 1iHHI aepeBHi Buau. OcoOnuBoi yBaru y
IIbOMY acmeKTi TOTPeOyIOTh EKCTpa3OHaNbHI ITiHHI
POCTMHHI YIpyIOBaHHS.

CyTTe€BUM yNYLIEHHSM YHHHOTO JIICOHACIHHOTO pa-
HOHYBaHHS € Te, 10 1032 HOTO YBAroK 3aHINITUCS
nuTaHHs 30epeKeHHs TeHOPOHIY 1 CTaOlIBHOCTI ce-
JEeKIIHHOI CTPYKTYpH HaWLIHHIIIMX MOMYJISIUiK Jico-
BHX Topia. HeoOXiMHICTh BIPOBAIKCHHS IIEBUX HOPM
010 3aXUCTY TaKUX MO 1 MIKpOTIOMYIIALIHN 3y-
MOBJICHa YMHHUKOM HITYYHOI Mirpauii penpoayKTHB-
HOTO Marepiairy. 3Ha4Hi 00CSATH TPOBEACHHS JIiCOKYITb-
TypHHUX pOOIT BIPOJOBK OCTaHHIX MECATHPIY CYTTEBO
BIUIMHYJIM Ha MacmTaOu 1poro npouecy. Hopmu unn-
HOTO JTICOHACIHHOTO pailoHYBaHHs HE BPaXOBYIOTh Ba-

TOMOCTI 3a3HAYCHOTO acCIeKTy Ta He CTBOPIOIOTH HE00-
XigHUX Oap’epiB I 3aXUCTy TeHO(OHAY HaAHIliHHI-
HIMX MOMYJISIIiK BiJI CTOPOHHBOTO TEHETUYHOTO Mare-
piamy. Bupimenns i€l mpobieMu MOXKIHMBE MUISTXOM
BUAUICHHS Y paMKax JiCOHACIHHOTO pallOHyBaHHS Te-
PHUTOPiil 3 0COOIMBHM CTATYCOM.

OmuauM 13 HAWCKIIAMHIMIAX MHTAHB I 9ac Po3-
pOOJIEHHS METOINWYHUX OCHOB IJIICOHACIHHOTO pa-
HOHyBaHHsI € OOTpYHTYBaHHS CXeM KapTorpadiunoi
CKIIaZIOBOT palOHyBaHHSA. MU pO3MIAAEMO JiCO-
Bl yrpymyBaHHS K €KOCHCTEMHeE sBHINE. Binmosin-
HO, METOAANYHI OCHOBH YHi()iKOBaHOTO JIICOHACIHHOTO
paiioHyBaHHS MTOBMHHI Oa3zyBaTvcs Ha TPHUHIHAII He-
PO3PUBHOIO B3a€MO3B’SI3Ky HE JIMILE MK MOPOIHUM
CKJIaJIOM Ta SIKICHUMH XapaKTePUCTHKAMH JicoBux ¢i-
TOIICHO3IB, aJie i MK 3aKOHOMIPHOCTSIMHU ¢)opMyBaH-
HSl TEHETHYHHUX OCOONMBOCTEH OKPEMHUX MOMYJISLIN 1
CepeZioBUIIIEM iX MOLITHUPEHHS.

Cepen pi3HHX BHJIIB pallOHyBaHb, B SIKUX BioOpa-
JKEHO BIUIMB YMHHHUKIB, 10 MAalOTh BAXKJIMBE 3HAYCHHS
JUTSL IPAKTHYHOT OpraHizalii JicorocrnogapchKoi aisiib-
HOCTI, 30Kpema, y cepi JIiCOBITHOBIEHHS Ta JICOPO3-
BEJICHHS, BKIIOYAIOYH JIICOBE HACIHHHIITBO, (i3WKO-
reorpadyiyHe pallOHyBaHHS € HaHOLIBLI iHTErpoBa-
HUM 32c000M BitoOpaskeHHS AK KJIIHAIBHUX, TaK 1 CTy-
miHYacTuX 3MiH mpuponHoro cepenosuma (Ilomos,
1968). [IpoBigHa ponb QizuKo- reorpa(bquHx YUHHHU-
KiB y npouecax (GopMyBaHHs JTiCOBOi POCTMHHOCTI Ta
BUHUKHEHHS BHYTPIIIHBOBUIOBUX (OPM AEPEBHUX
MOpiA MiATBEpPIKEHA YHMCICHHHMHU JIOCIiIKESHHSIMH
(Trampler, Kliczkowska, Dmyterko, Sierpinska, 1990;
Zakeski, 1998; Melnyk, 1999; Crotiko Ta iH., 2004; ['i-
neupkuii, 2012; Matras, 2013). Ilpu ILOMY BapTO J10-
TPUMYBATHCS Bl;[06pa>1<eH01 y HayKoBidl IiTeparypi
IYMKH, 110 JEPEBHI BUIU SBISIOTH cOO0I0 (ioreHe-
TUYHY CUCTEMY CKJIaIHUX 0araTopiBHEBUX CKJIaJIOBHX
3 TppOMa PIBHAMH CTPYKTYpPHOI OpTaHi3aiii: Mmomys-
1ii, Tpyny MOMyJALIN Ta Mirpariiiai 30Hu. Tepuropii,
AK1 3alMaloTh OKpeMi momyJsimii, copmyBanmmcs mif
BILTUBOM Pi3HUX YNHHUKIB, aJI¢ BiAMOBINaIOTh B OCHO-
BHOMY po3MipaM i3uko-reorpadiunux paiionis (Bu-
nsxus, 2003).

®izuko-reorpadiune paiioHyBaHHs 3abe3nedye 1o-
JJT TEPUTOPIl HA PErioHy, XapaKTePUCTHKH SKHX 3Y-
MOBJICHI HPUPOJHUMHU OCOOJIMBOCTSMH iX pO3Tally-
BaHHS (KiiMaT, penbed, TeomorivyHa Ta reOMop(’po-
noriuHa Oy/0Ba), XapaKTepOM POCIMHHOCTI, iCTOpi-
€10 PO3BUTKY, MIAIBHICTIO JIOJMHH, a TAKOK XapaKTe-
POM TIpoILIeciB, 0 BUHUKAIOTH Ha 11iii ocHOBI ([Tomos,
Mapwunany, Jlanpko, 1968). BoHo mocuTh mMoBHO Bpa-
XOBYE KOMILUIEKC YMHHUKIB a0lOTUYHOTO Ta O10THY-
HOTO Xapakrepy, Mij JI€I0 SKAX Ha €KOCHCTCMHOMY
piBHI (OPMYIOTBCS BIAMOBIAHI CHHTAKCOHM —POC-
smuaHOCTI  (Trampler, Kliczkowska, Dmyterko &
Sierpinska, 1990; Melnyk, 1999; Croiiko ta iH., 2004).
CykynHuil BIiuB (i3uKo-reorpadiyHuX YHMHHUKIB
BIIPOJIOBK 3HAYHMX TEOJIOTIYHUX TMEpiofiB B yMO-
Bax MIOOANBHUX KIIMAaTHYHHUX 1 TEOJIOTIYHUX TIPOIIe-
ciB (ByJIKaHIYHA JiSUTBHICTD, €TIOXHU 3JIECHIHHS 1 T.I1.)
BH3HAua€ MO3aiky He JuIie JaHamagTiB, TPYHTOBUX
YMOB, POCIMHHOTO TTOKPHBY, aj€ ¥, B KIHIIEBOMY TIij-
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CYMKY, TaKOX 1 XapakTep MIHJIMBOCTI BHIIB. Di3nko-
reorpadigyHe paiiOHYBaHHS CIyTyBaJlO OCHOBOIO TiJI
Yac OMpaloBaHHs JICOrOCIONAPCHKOr0 paiioHyBaHHS
VYkpainu (Kpasuyk ta in., 1981; JlaBpunenxo, 1961;
[Mactepnak, Kucunesckwmii, @enen, Mensenes, 1980),
30KpemMa, B npoueci BUJUICHHSI MaKpo- Ta Me30iepap-
XIYHUX OJIMHUIIb PAOHYBaHHSI.

Ha mincraBi BUKIageHOTO BHILE BBAKAEMO, IO
mijg "ac po3poOKH YHi(iKOBaHOT CXEMH JIiCOHACIHHO-
ro pailonyBaHHA (izuko-reorpadiune palioHyBaH-
HSl TepuTopii YKpaiHM Mae KIouoBe 3HaueHHs. Bon-
Houac, Mg OUIbII 00’€KTUBHOTO BU3HAUEHHS MEXK
OKpEMUX OIUHUIIH JIICOHACIHHOTO palOHyBaHHS, 30-
Kpema, Ha 0a30BOMY iX piBHIi, BaroMe 3Hau€HHS Mae
3IIMCHEHHS AETAJIbHOTO aHaji3y TIPUPOJIHUX XapaK-
TEPUCTHK BIJOBIAHAX TEPUTOPIH 3 BHKOPUCTAH-
HSIM, 30KpeMa, JICOPOCIMHHOIO, TIe000TaHIuHOro,
npnponHo-reorpa(bquoro, KOMIUJIEKCHOTO  JIiCOrOC-
MOIaPCHKOTO, & TAKOX JIICOKYJIBTYPHOTO pailOHyBaHb
Ykpainu Ta okpeMux (izuko-reorpadigHUX PETiOHIB.

[Tix wac po3poOKK BiAMOBIAHHX KapTorpadiqHux
MaTepiajiiB MOTPIOHO TaKOXK BPaxOBYBaTH, IO Y PiB-
HUHHHX YMOBaX CyKYITHHUI BIIMB Ta crierudika mpos-
BY q)i31/11<0 reorpa(bquHx YHHHUKIB, Y TOE€HAHHI 3 BU-
COKHMM PIBHEM 31aTHOCTi 'CHETHYHOTO Marepialy Ji-
COBMX BUJIB JI0 MirpaLlii, 3YMOBJIIO€ B OCHOBHOMY KJTi-
HaJILHUH XapakTep 3MiH JICOBOI POCIMHHOCTI Ta, Bif-
MTOBIHO, TEHETUYHOT CTPYKTYPH TTOTYIISIIIH.

V ripcekux ymoBax Kapmnat i Kpumcbkux rip nomy-
JISIT JIICOBHMX TIOPiJL MPOSIBIISIIOTH SIK KJIIHAIBHUHN, TaK
1 CTYTIIHYACTHIA TUT MIiHJIMBOCTI.

Crnenndiuauii xapakrep MIHJIUBOCTI CIIOCTepe-
JKEHO Yy JIICOBHX TIOPiJl, apean SIKMX OXOIUIIOE€ YMOBH
Cremy. JlicoBa pOCITWHHICTE Yy CTEIMOBIA 30HI, Oymy-
YH MPEICTABICHOI0 HEBEIMKUMH TEPUTOPIaJIbHO Bif-
JAJICHUMH JIOKQJIITETaMH, MOYKE MaTd THUIIOBI O3Ha-
KM TIOMYJSIINA-130JI9HTIB, TEHETHYHOIO OCOOIHMBICTIO
SKUX € HasIBHICTh PIIKICHUX aJIeNiB 1 TEHOTHUIIIB.

[Tixg yac po3poOIeHHS CXeMH JTICOHACIHHOTO paiio-
HYBaHHS BOKJINBO BU3HAYUTH 0a30BY OJIMHHIIIO paiio-
TaKOK BCTAHOBHTH CTPYKTYPY 1 CIIiBBiTHOIICHHS Mok
c00010 IHIIMX OJIMHUIlL pallOHYBaHHS PI3HOTO i€pap-
XIYHOTO PiBHSL

VHi(ikoBaHa cXema JICOHACIHHOTO paiioHyBaH-
Hsl YKpaiHH [OBHHHA I0€AHYBATH TEOPETHYHI T NPH-
KJIaJHi aclieKTH I'eHETHKH, CEJIeKLii, JiCOBOro Trocro-
JapcTBa, a TaKOX MPaKTHYHI MOTpedU CydyacHOTo Ji-
COBOTO TOCTIONAPCTBA. ba3oBa OMUHUIIS JTICOHACIHHOTO
paiioHyBaHHS IOBMHHA MaTy BUCOKHI PiBEHb €KOJIOTO-
TCHETHYHOI €JHOCTI SIK pesyibTary BiZJOOpaskeHHS
TPAPOIHHX EBOJTFOIIMHUX npouecm Kosxen crpyx-
TypHI/II/I €JIEMEHT JIICOHACIHHOTO palOHYBaHHs, BUi-
JICHWH Ha METOAWYHUX MPUHIMIAX YHi(iKaLil, € Tepu-
TOPiaJIbHO BiIOKPEMIICHOIO IIIJTICHOIO OMUHHUIICIO, SIKIH
NpUTaMaHHa BHYTPIIIHS OpraHiuHa €IHICTb Ta BOAHO-
yac criequdivHi ekonorivHi, Qizuko-reorpadivni i re-
HETHUYHI O3HAKH 1 BIIACTUBOCTI, IO CYKYITHO 3a0e3Iie-
YYIOTh peati3allifo MOTEHI[IHHINX MOXJIMBOCTEH PO3-
BUTKY JIiCiB Ha OCHOBI iX IITYYHOTO JIiCOBITHOBJICHHS,
JCOPO3BENICHHS Ta IPUPOIHOTO BITHOBJICHHS, SIK KITIO-

YOBHUX CKJIAJOBUX CUCTEMH BEACHHS CTa0LILHOTO Oara-
TO(YHKI[IOHATLHOTO JIICOBOTO TOCTIOAAPCTBA.

Sk okpeMi TepuTOpiaNbHO-IEpapXidHi OAMHUII pa-
HOHYBaHHS, JOMLITHFHO BUKOPHUCTOBYBAaTH BXKE ICHYIO-
4i Kareropii, a, came, JIICOHACIHHI MiIpaiiloHU, JTiCOHA-
CIHHI paﬁOHI/I a TAKOX BIIPOBAIUTH JI0IaTKOBY KaTero-
Pifo — «IiCOHACIHHMI OKPYT.

Y pamMKax CXemH JliCOHACIHHOIO paifOHyBaH-
HS VYKpaiHM TPOMOHYETHCS BUAUIMTH HACTYIIHI
okpyru: 1) Ilomicekmii MimaHux JiciB; 2) 3aximgHO-
YKpalHChKUI MIMPOKOIHUCTSIHUX JiciB; 3) J{HiCTepChKO-
JuinpoBcekuii micoctenoBuit; 4) JliBoGepexHo-/Hi-
npoBchkui  micoctenoBuii; 5) IliBHIuHO-CTEeTOBHIL;
6) A30BChKO-IIpHUOpHOMOPCHKUE CEepPEeTHBOCTEIIOBH;
7) Tlpuuopromopcbko-IIpra3zoBchkuii MiBASHHUHI CY-
xoctemnoBui; 8) Kpumcpkwuii crenosuii; 9) Kapmarcpkwmii
ripcekuit; 10) Kpumcbkuii ripcbkuid.

®izuko-reorpadivni Ta JaHAMAa(THI aHATIOTH MPO-
MMOHOBAaHUX JIICOHACIHHUX OKPYTIB y MeXax TEpHUTO-
pii KpaiHu MarOTh pi3HI paHToBi piBHI. B ymoBax Cxin-
HO€BpONechkoi piBHUHHOI (izuko-reorpadivyHoi Ta
nauamadTHO KpaiHu — 1e (i3uKo-reorpadivyni 30HA
abo mig3oHu; B yMoBax Kapnar Ta ripcekoro Kpumy —
¢izuko-reorpadiuni Ta mangmadpTHi Kpainu. Ilix yac
BU/IIJICHHS JIICOHACIHHUX OKpYTIB 3a3Ha4e€Ha pPO30ik-
HICTb 3yMOBJI€HA crieUM(IYHIMH 3aBIAHHIMM JiCOHA-
CIHHOTO pailoHyBaHHS Ta IPEAMETOM HOro yBaru.

JliconacinHi paifoHM MOMUIBHO BUAUIATH 3 ypa-
XyBaHHIM MeX (hi3uko-reorpadigyaux obnacted Ta,
3a MOMJIMBOCTI, 3 YpaxyBaHHSIM aJIMiHICTpaTUBHO-
ro moniixy tepuropii. TeputopianbHO OKpemi JicoHa-
CiHHI paifloHM MOXYTh TIO€AHYBATU JEKUTbKa (i3UKO-
reorpaq)quHx oOyacTell, sIK e Mae MiCIe y CXemi
JUFOYOTO JICOHACIHHOTO paiioHyBaHHs. BoxHouac, pos-
MiIpH JTICOHACIHHMX PAiOHIB OYIyTh CYyTTEBO MCHILN-
MU TIOPIiBHSIHO 3 pallOHaMH, BUAUICHUMH AII0Y0I0 CXe-
MOI0 paiioHyBaHHs. [Ipyu IbOMY MOXKHA ITPOTHO3YyBATH,
10 TEPUTOPIs Ta MEX1 PalioHIB, BUILIEHUX 32 HOBOIO
CXEeMOI0, YaCTKOBO 30iraTUMYThCS 3 MEXKaMH Miapaiio-
HIB JII0Y0TO Ha CHOTOJIHI JIICOHACIHHOTO PaiiOHyBaHHS.

Craryc 0a30BOi OJWHWIII JIICOHACIHHOTO PaiiOHY-
BaHHA JIOLULTBHO HaJIaTh ni,upaﬁOHy v I[iIO‘lOMy -
COHaCIHHOMy paI/IOHyBaHHl MO JICSIKUX paifoHIB Ha
HlZ[paI/IOHI/I BIZICYTHI{, TOMy 0a30BOI0 OAMHUIICIO Ji0-
YOro paiioHyBaHHS BAPTO BBAXKATH PalioH.

Ha mouarkoBoMy eTami po3poOKH JTICOHACIHHO-
rO palilOHyBaHHS TEPUTOPialibHI MEXi MiApalioHIB BH-
3HAYAIOTh Ha MiJICTaBl BUBYEHHS (Pi3HKO-reorpadiyHux
ocobnmuBoOCTel AudepeH iiamii TepuTopii, 30Kpema, ii
reoyorigHoi Ta reoMopdooTiuyHOi OyIOBH, XapaKTepy
NOIINPCHHS! JicoBoi pOCHI/IHHOCTi Ha piBHi acoriamin
1 TpyI acomialiif, a TakoX SKICHHX 1 KUTbKICHHX Ta-
paMeTplB Haca/HKeHb AOMiHyrouux nopin. Koxen mia-
paiioH BiApi3HAETHCS criel()IYHIMHU EKOJIOTTYHUMH Ta
(bi31zn<o reorpa(bquHMH O0COONMUBOCTSAMH, IO 3yMOB-
JIOE BIATOBIIHMIA XapaKTep J'IlCOpOCJ'II/IHHI/IX YMOB, T10-
pOzHKii CKIaj i piBeHb MOTEHIIHOI MPOXYKTHBHOCTI
JicOBUX (PITOIIEHO3IB.

[lig gac BuaiNeHHS MiApPaioHIB y 3aHOBO PO3po0IIe-
HOMY JIICOHACIHHOMY palHOHYBaHHI OCHOBHY yBary
HEOOX1THO TIPUALUTATH HAHOUIBII IHHUM JIOKaJTITeTaM
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JCOTBIPHUX BUIB — Ha PiBHI CyOITOMyYIIAIIIN Ta MiKpO-
MIOTYJISAIIN, IO XapaKTePU3yIOThCsl HANIIHHIIINM Te-
Ho(oHIOM.

3 MeTOr0 BiToOpakeHHsI POJTi JTICOBOT pOCITUHHOCTI
B €KOCHCTEMaX PETiOHY, a TAaKOXK XapakTepy il MmoIm-
PCHHSI Ta, 1110 0COOJMBO BaXKITUBO — CTYIICHSI TeHETHY-
HOI TpaHC(OPMALLii JIICOBHX EKOCHCTEM, TIPOTIOHYETh-
csl 3aNPOBaIUTH JIOHOPHI Ta peuHmeHTHl KaTeropii
nigpaiionis. Taka audepeHmiamis migpaiioHiB Mae 3a
MeTy BiJIoOpasuTH pi3HUH iXHIN cTaryc y mporecax
30epeKeHHs, BiITBOPEHHS Ta 30arayeHHsl TeHEeTHd-
HUX pecypciB KOKHOTO JIiCOTBIPHOTO IEPEBHOTO BULY.

Craryc JOHOPHOTO MiApalioHy AJiT KOHKPETHO-
TO JIGPEBHOTO BUIY INepenbayac, W0 IITy4HE BIIPO-
BaUKCHHS 4Y)XKOPiJHOTO TEHETHYHOrO Marepiaiy y
Me3Ki Oy/ib-sIKOro JOHOPHOTO TIiAPAHOHY 3 iHIIKX ITiJ-
paiioHiB, HE3aJIeKHO BiJ iX CTaTyCy, He JOMYCKAECTh-
cst. Takuii migxia 3yMOBIICHUH aKTyalIbHICTIO TPpobIe-
MU 30epeKeHHs TeHETHYHOT YUCTOTH aBTOXTOHHUX T10-
mymsii (Kpuanuekuii, Tpetsk, 1999).

Ha reputopii miapaiioHiB-pelUII€HTIB MPOLECH
IITY9HOTO JTICOBITHOBJICHHS Ta JIICOPO3BeIeHHS 3a0e3-
MEYYIOThCSl PENPOLYKTUBHMM MaTepiajioM sK Micle-
BOT'O TOXOJIKCHHS, TaK 1 OTPHMAHUM 3 TepUTOpIi crie-
IQJIbHO BH3HAUYCHHUX nmpaHOHlB IO MalTh CTaTyC
JOHOpHHX. JIIst MiApaiOHiB-PELHITIEHTIB yMOBOIO BH-
KOPHCTaHHS MiCIIEBOTO PEMPOLYKTUBHOTO MaTepiaiy €
3aroTiBJIA JICOHACIHHOI CHPOBHUHH BHKIIIOYHO y MEXax
aTeCTOBaHMUX 00’ €KTIB MOCTIHHOI JIicOHACIHHOI 6a3u.

[lepemimeHHs penpoAyKTHBHOTO MaTepiany 3a
MeXIi JOHOPHUX IiIpaifOHIB BiIOyBa€ThCS BiAIOBIIHO
70 CIIeNiajIbHO PO3POOICHUX ISl KOKHOTO JEPEBHOTO
BHJLY NepetiKy MmipaioHiB-peMITIEHTIB, Ae e MaTe-
pias Moxe BUKOPHCTOBYBATHCS. BignosigHo, 151 KOXK-
HOTO 3 peI_II/IHICHTHI/IX TipaiiOHIB HEOOXIIHO CKIIACTH
nepeNtik pailoHiB-JI0HOPIB Y po3pi3i BiAMOBIIHUX Jie-
PEBHUX BUJIIB.

[lomanbii yTOUHEHHS Ta KOPETyBaHHs CXEM Iepe-
MIIICHHS HACIHHS Ta IHIIUX BHJIIB PEIPOIYKTUBHOIO
Matepiary OymyTh 3poOJieHI Ha ITiJICTaBi BHCHOBKIB,
OTPUMAHMX 32 PEe3yJibTaraMu JOCIHiIKeHb reorpadiy-
HUX KYJBTYP, 3aCTOCYBaHHS METO/IiB TEHETUYHOTO aHa-
JTi3y TOIIO.

VY mpormeci po3poOKH CXeMH JIICOHACiHHOTO pa-
HOHYBaHHs BUHHMKA€e MOTpeda BHUPINICHHS MUTAHHS
CIIBBITHOIIICHHS] MEX BIMMTOBIMHUX OIWHHUIIL pPaio-
HyBaHHS Ta TeorpaiqHUX MeX TEePUTOpPid mianpu-
€MCTB — CyO €KTIB BEJECHHS JIICOBOIO TOCIIOJApCTBA.
OnTuMabHAM, 3 TOMISAY 3a0e3NedeHHs] CIpPUSTIN-
BHUX YMOB JUIsl BEJCHHS IOCHOAAPCHKOT AiSIIBHOCTI, €
BapiaHT, 3a SIKOTO MEXIi JIICOHACIHHUX ITiIPaiioHIB 30i-
TaroThCs 3 MEXaMH TEPHUTOPIi OKPEMHUX MiAIPUEMCTB
a00 X JTICHULITB.

BucHoBku. UnHHE JIiCOHACIHHE pallOHYBaHHSI, 110
Oys0 B OCHOBHOMY po3pobieHe v 1982 p. mmsa Tepu-
topii TonimtHboro CPCP, moOynoBaHe Ha METOIMYHUX
3acajiax, He aJanToOBaHUX JI0 YMOB YKpaiHH, Ta HEHO-
CTaTHLO €(DEKTHBHO 3a0e3ledye MiATpUMaHHsI 010710-
T19HOT CTIMKOCTI JIepeBHUX BUIIB, 30€pPEKEHHS X TEHO-
¢doHnxy, a Takox 3a0e3neueHHs cTabiIbHOCTI PyHKIIO-
HYBaHHSA JTICOBUX €KOCHCTEM.

BrpoBamkeHHS TPOTIOHOBAHOT CXEeMH TOOYIOBU
yHi(IKOBaHOTO JIICOHACIHHOTO palOHYBaHHS IacTb
3MOTY BCTAaHOBUTH 00 €KTUBHO OOIpYHTOBaHI HOP-
MU TIepeMillleHHs] HACIHHS Ta 1HIINX BHUJIB PETPOAYK-
TUBHOTO Marepially MiXK TepUTOPiaIbHUMHU OIUHUIIS-
MU pallOHyBaHH:, Ha OCHOBI sSIKHX Oyne 3a0e3rnedyeHo
30epex)eHHs Ta 3aXUCT TeHO(POHIY OCOONMBO I[IHHUX
MOTYNAIiH, e)eKTUBHE BUKOPUCTAHHSA X IMOTEHITiATy
JUTSL TIOKpAIlleHHS TeHEeTHYHOI CTPYKTYPH 3 HEAOCTar-
HBO SKICHUM TeHO(OHJIOM, a TAKOX IOJIMIICHHS ce-
JIEKTUBHUX XapaKTEePUCTHUK HACTYITHUX ITOKOJIIHb JIiCY.

Buninenns  yHiikoBaHUX OAMHHUIL  pailoHY-
BaHHS TPOTIOHOBAHWX PAHTOBHX pPIBHIB Ta KaTero-
pili 0o0’eKkTHBHINmIE BigOOpakaTMMe 3aKOHOMIPHOC-
Ti TeorpadiuHoi MIHIUBOCTI JIICOBUX JlepeBHHX BUJIIB
Ta EKOCUCTEMHHI XapaKTep B3a€MO3B’sI3KIB MIXK CKJIa-
oM (iTO1EeHO31B 1 CepeloBHIIEM iX (I)yHKLIIOHyBaHHSI
3 YPaxXyBaHHSM CTyTICH: CeJIeKLIHHOT IIHHOCTI Ta piB-
HSl TEHETHYHOI TpaHchopMallii JIICOBUX EKOCHCTEM Y
MEKaX OKPEMHX MOIYJISILIH.
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Theoretical and methodological
foundations of developing forest-seed
zoning of Ukraine

O. Danchuk'

The paper presents the methodology for conducting
activities in order to develop a unified forest-seed
zoning of the territory of Ukraine.

The theoretical basis for the development of forest-
seed zoning is the natural intraspecific variability of tree
species formed in the course of evolution as a result of
local populations’ adaptation to the conditions of their
environment under the influence of natural selection.
The scheme of the current physical-and-geographical
zoning of the territory of Ukraine was used as a basis
for the demarcation of individual units of forest-seed
zoning.

It is proposed to introduce a system of unified
territorial zoning units of the following rank levels:
sub-district, district, and region.

The spatial boundaries of the zoning units are
determined by the physical and geographical conditions
of the territory, taking into account the patterns of
distribution and nature of forest vegetation reflected
in special types of zoning, in particular, geobotanical,
forest site type, integrated forestry, forest planting
and others. The process of detailing the boundaries of

' Oleg Danchuk — PhD in Agricultural Sciences, Associate Professor
of the Department of Forest Crops and Forest Selection. Ukrainian
National Forestry University, 103 General Chuprynka str., Lviv,
79057, Ukraine. Tel.: +38-032-260-04-08, +38-067-341-10-20;
E-mail: oleg_danchuk@ukr.net ORCID: https://orcid.org/0000-
0003-2059-5446

individual zoning units can be of permanent nature,
given the active progress in the development of modern
methods of analyzing the genetic structure of tree
species populations.

The boundaries of unified zoning units established
on the basis of the above described approach are
common to all forest-forming species. The proposed
principle of using unified zoning units differs from
the system of forest seed zoning that has been applied
since 1982, with subsequent additions which involved
the construction of separate zoning schemes for the
following species: Scots pine (Pinus sylvestris L.),
Norway spruce (Picea abies [L.] Karst.), Silver fir
(Abies alba Mill.), European larch (Larix decidua
Mill), European oak (Quercus robur L.), Sessile oak
(Quercus petraea (Matt.), European beech (Fagus
sylvatica L.).

The current forest-seed zoning is characterized by
large-scale base units, and its provisions do not provide
adequate efficiency in maintaining the genetic purity
and stability of the selection structure of the most
valuable populations.

Sub-districts, as the basic units of zoning, are
proposed to be divided into donor and recipient ones.
The status of donor sub-districts stipulates a complete
prohibition on the use within their boundaries of
generative material populations from other districts.
Donor sub-districts also serve as a source of generative
material for a specific list of the recipient sub-districts.

The forest-seed zoning recommended for
implementation will ensure the the gene pool of tree
species preservation, the effective protection of the
most valuable populations from the penetration of
foreign genetic material, as well as the enrichment of
the gene pool of less valuable populations due to the
artificially regulated influx of genes from the most
valuable populations.

Key words: forest seed production; gene pool;
population; geographical variability; donor and
recipient zoning units.

TeopeTuko-metopgonornyeckme
OCHOBbI MOCTPOEHMNA NeCOCEMEHHOro
panioHnpoBaHUA YKpaunHbl

O.T. JaHuyk'

[IpenoxkeHa METOHOJNOTHSA TPOBEACHHS pPabOT ¢
LEJbI0 Pa3paboTKH YHU(HUIHUPOBAHHOIO JIECOCEMEH-
HOTO palOHUPOBAHUS TEPPUTOPUU YKpauHbl. Teo-
pETHYECKOH OCHOBOW pa3pabOTKH JIECOCEMEHHOTO
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pallOHUpPOBaHUsS SIBJISIETCS €CTECTBEHHAs BHYTPUBH-
J0Basi U3MEHYMBOCTh JIPEBECHBIX MOPOA, CHOPMUPO-
BaBILAsACS B MPOLIECCE DBOJIOLMH KAK PE3YJIbTaT IpU-
CIOCOOJIEHNSI MECTHBIX MTOMYIISIINI K YCIOBHSIM CPEIIBI
ux OOMTaHUS MO ACHCTBHEM E€CTECTBEHHOrO O0TOOpA.
B ocHOBe BblJIe7I€HUS OTAEIBHBIX €IUHULL JIECOCEMEH-
HOTO palilOHUPOBAHUS HCIIOJIB30BAHA CXEMa JECHCTBY-
IOEero  (PU3MKO-reorpaguyeckoro  paroHUPOBAHUS
Teppuropun YkpauHsbl. [Ipemyaraercss BHEIPUTh CH-
CTeMy YHU(DHUIIMPOBAHHBIX TEPPUTOPHUATHHBIX EIUHUI]
palloHUPOBaHUS CIENYIOIUX PAHTOBBIX YPOBHEM: MOA-
paiioH, palioH, OKpYT.

IIpocTpaHcTBEHHBIE TpaHUIBl €IWHUI] PAOHU-
pOBaHMSI ONpenesstoTces:  (PpU3UKO-reorpadhuuecKuMu
YCJIIOBUSIMM TEPPUTOPUH C yYE€TOM 3aKOHOMEPHOCTEH
pacIpoCTpaHEHUsT M XapakTepa JIECHOM pacTUTENb-
HOCTH, OTOOpPaKEHHBIX B CIICIIMAIbHBIX BUAAX PAHOHU-
pOBaHUs, B YaCTHOCTH, T€0O0TAaHUYECKOM, JIECOPACTH-
TEJIBHOM, KOMIUIEKCHOM JIECOXO3SIICTBEHHOM, JIECO-
KyJIbTypHOM U Apyrux. [Iponecc aeranusanuu rpaHui
OTHENIbHBIX E€IUHUL] PAHOHUPOBAHUS MOXKET HUMETh
IIEPMAHEHTHBIN XapakTep, YUUTbIBas aKTUBHBINA IPO-
rpecc B DPa3BUTHH COBPEMEHHBIX METOJOB aHaln3a
TEHETUYECKON CTPYKTYpbl IOIYJSLUNA JPEBECHBIX
MOPOA.

VYcTaHOBIEHHBIE, HA OCHOBAaHWM BBILIEU3I0KEH-
HOTO TIOAXOa, TPAHUIBI EIUHHUI YHHU(DUIUPOBAHHO-
TO pallOHMPOBaHUS SBISAIOTCS OOIIMMH JIJISl BCEX Jie-
coobpasyromux nopox. IlpenaoxeHHbIH TPUHINIT UC-
MOJIb30BaHUSl YHU(PUIIMPOBAHHBIX SIUHHLl PAaHOHUPO-
BaHWS OTIUYACTCS OT fMehcTByToIeH ¢ 1982 1. ¢ mocre-
OYIOIIMMHU JOMOJHEHUSIMU CHCTEMBI JIECOCEMEHHO-
ro palOHMPOBAHUs, KOTOpas Iperoaraia nocTpoe-

HUE OTAENBHBIX CXeM PAaHOHWPOBAHUA UIA psija Jpe-
BECHBIX BUIOB — Pinus sylvestris L., Picea abies [L.]
Karst., Abies alba Mill., Larix decidua Mill., Quercus
robur L., Quercus petraeca (Matt.) Liebl., Fagus
sylvatica L.

JleiicTByrolIee J1ECOCEMEHHOE PalOHUPOBAHUE Xa-
pakTepU3yeTCsl KPYIMHOMACIITAOHOCTHIO OA30BBIX €/IH-
HUII, a €ro0 MOJIOKEHUS He 00eCTICYMBAIOT JOJDKHOU 3(h-
(EeKTHBHOCTH B BOINPOCAX COXPAHEHHUS! T€HETUYECKOU
YUCTOTHI U CTAOMIIBHOCTH CEJNEKIIMOHHON CTPYKTYPHBI
HauOoJIIee IICHHBIX TOITYJISIIHIA.

[onpationsl, kKak 0a30BbIC EAMHUIIBI PAHOHUPOBA-
HUS, TIpeyIaraeTcs MoApaseNsaTh Ha JOHOPHBIE U pe-
nunueHTHeie. CTaTyc MOHOPHBIX MOAPaliOHOB 00y-
CJIaBJIMBAET MOJIHOE 3aNPEIICHNE NCIIOIb30BAHNS B X
Mpeaenax TeHepaTHBHOTO Marepuajia WHOPAHOHHBIX
nonymsiuil. JIoHOpHBIE MHOApPalOHBI CIYKaT TaKKe
HMCTOYHUKOM TEHEpaTHUBHOIO Marepuaja Jyis Ompene-
JICHHOTO TePEeYHs PEeIUITHEHTHBIX TOAPaiiOHOB.

PexoMenmyemMoe K BHEAPEHHIO TEOPETHKO-METO-
JIOJIOTUYECKHE OCHOBBI JIECOCEMEHHOTO pPaioHHUPO-
BaHUS obecriedyaT coxpaHeHHe TeHOpOHIa IpeBec-
HBIX TIOpoJI, 3)(HEeKTUBHYIO 3alUTy HanOoJee IEeHHBIX
MOMYJSAUN OT MPOHUKHOBEHUS 4Y)KEPOJHOTO I'eHe-
TUYECKOTO Marepuaia, a TakKe oOorameHHe TeHO-
(oHIIa MEHee LEHHBIX MOMYISIUN Onaromaps UCKyc-
CTBEHHO PETyINpyeMOMY MPHUTOKY T'€HOB U3 HanboJee
HEHHBIX MOMYIISINH.

KaroueBbie cjioBa: 1eCHOE CEMEHOBOJICTBO; JIECO-
CEMEHHOH IOJAPANOH, PaliOH, OKPYT; JOHOPHBIE U pe-
[UNUCHTHBIE EAWHUIBI PAOHUPOBAHMSA, TE€HETHYe-
CKHE PECYPCHI IPEBECHBIX MTOPOT; TIOMYJISIIHS; Teorpa-
¢uueckas I3MEHUYUBOCTb.
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Pseudotsuga menziesii (Mirb.) Franco Ak nepcneKTuBHUI gepeBHUIA BUA
ANA NNaHTaUWiNnHNUX NiCOBMX HacappKeHb 3axXifHOro perioHy YKpaiHm

t0. M. [le6punHiok!

Pseudotsuga menziesii € iHnmpooyyenmom 3 aCKpago 8UPaiCeHor CneyupiKow pocmy — NopIiGHAHO NOGLILHOPOCIA Y
MOT000MY 8iYi, ane 3 HACMYNHUM 3POCHAHHAM WEUOKOCHE POCY | NIOMPUMAHHAM 11020 8UCOKOT IHIMEHCUBHOCTII 8NpPO-
00821C MpUBANO20 Nepiody uacy — 0o cma i Oiibute poKis.

YV monooux nacadocennsix 0o 25-30-piunozo 8iKky ncesdomcyea noCmynaemuvcs 3a iHMeHCUSHICTNIO POCIY SIUHI |
0cobnuso — moopuHi. Ilpu ybomy nepesaca MOOPUHU 3a BUCOMOI MA OIAMEMPOM MOICe CKAAOAMU 08a pazu i Oiibule.
Arwo 6 uucmux Kyromypax ncesoomceyea pocme sa I°-I° knacamu bonimemy, é dybo6o-oyanacicsux — 3a I, 6 dyanacieso-
anunosux — 3a I, mo 6 dyanaciego-modpunoso-anunogomy — 3a Il knacom 6onimeny, mooi six sauna pocme 3a I°, a moo-
puna —3a I° i suwe kracamu bonimemy. Ilicas 35-piunozo 6iKy nce0omcyea Hapouye memnu pocmy i 6i0cmasants it
3a cepeOHiMu makcayiiHuMu NOKAZHUKAMU 80 MOOPUHU MA SAUHU 3MEHULYEMbCAL.

Jna 35-piunoco 6iky 6 miwanux xynemypax 3a 60%-oi yuacmi 6 ckiaoi, Oau3bKuUM 00 ONMUMATLHO20 POIMIUJCHHS
Oepes dyenacii ModicHa sgadcamu 4 X 3 m; npu ybomy 8i00y8acmvcs 00Ope ouujerHs cmosoypis 8i0 CyuKis, popmyean-

Iicns 35-piunoco 6ixy i 3a yuacmi 6 ckaaoi oinvuue 60% Odyenacis cymmeso Hapowye iHmeHcusHicms pocmy i 30i1b-
WienHs it 2ycmomiut 8 YCix O0CTIONCEHUX HACAOICEHHSX CYNPOBOOIICYEMBCA 30LNbULEHHAM 3ANacy CmMosOyposoi 0epesuHu.

Ipu naaumayitinomy aicosupouysanui P. menziesii po3paxogysamu Ha OMPUMAHHI 3HAYHUX 3ANACi6 0epesutit 00
30-40-piunozo sixy ne eapmo. 3a80aHHsA NOAAAE Y NOOANLULOMY BUPOULYBAHHT HACAONCEHD 8 PEACUMI ONMUMANLHOT
2ycmomu, wjo 3abe3nequms 3HauHe NOCUNEeHHs IHMEHCUBHOCT pOCmY 0epedno20 8UJY NICs 8KA3AHO20 BIKY, i 8dice 8
nepiood 50-60 poxie sanacu oepesunu cseamumyms 700 ym*-ea'i 6invuwe.

Hatieuwux xnacie bonimemy ncesoomcyea Menszica docsieae y nacaocennsx 40-60-piunoeo 6iky 3a pizHux nowam-
KOBUX cXeM poamiujerHs caousHux micyv — 2,0-6,0 x 0,8-2,0 m.

Knwuosi cnosa: maxcayitini nokasHuxu, xio pocmy; 2yCmoma, y4acms 8 CKaaodi, NIAHMAayitini Hacaoxcenus, 3a-
xionuti Jlicocmen, Ilpukapnamms.

Beryn. IlceBmorcyra Mensica abo aymiacis  (Meuer, 1953; Podrazsky, Zahradnik, Pulkrab,

(Pseudotsuga menziesii Mirb. Franco) € BaxnuBuM
KOMEPLIMHUM BHUJIOM Ha CBITOBOMY PHHKY JCPEBUHH,
y 3B’513KY 3 UMM ITUPOKO KYJIBTUBYETHCS SIK B apealib-
HUX, TaK i B II03aapeajbHUX yMOBaX, 30KpeMa, B €B-
pomi. [lioma HacamkeHb 3a y4acTio ayriacii Ha Tepe-
Hax 3axigHoi €Bponu csarae 6inpme, HiX 800 THC. ra

Kubecek, & Pena, 2013; Da Ronch, Caudullo, &
Rigo, 2016).

Haii6inpmmii 10CBix KyJIBTUBYBAHHS TICEBIOTCY-
ru MatoTh BenukoOpuranis, [cnanis, @panmis, Himeu-
yuna, Hinepnannu, benbris. Ha ocHOBI BUBYEHHS Ta
y3arajibHEHHsI 0COOJIMBOCTEH POCTY 1 MPOAYKTUBHOC-

Jlebpuniox [Opiti Muxaiinosuu — axanemik JliciBHuuoi akajgemii Hayk Ykpainu, akagemik-cexperap JIAH Vkpainu, HOKTOp CilIbChKO-
TOCIOAPChKUX HayK, npodecop kadenpu TiCOBHX KyIbTyp 1 JicoBoi cenekiii. HamioHanbHWMIA JiCOTEXHIUYHMH YyHIBEpCHTET YKpaiHW,
Byan. ['enepana Uynpunku, 103, m. JIbBiB, 79057, Ykpaina. Tein.: 032-235-30-12, +38-067-195-78-36. E-mail: debrynuk ju@ukr.net ORCID:
http://orcid.org/0000-0002-0994-349X
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Ti IOPOJM BiiIOpaHO HU3KY MEPCHEKTUBHUX MPOBEHi-
€HLIH, SKI YCHILIIHO BIPOBAIKYIOTh Y JicH €BpOnH 3
ypaxyBaHHSM MPHUPOAHO-KIIMaTHYHUX YMOB KOHKDET-
Horo periony (Bastien, Sanchez, & Michaud, 2013).
OxpiM BHUCOKOI MPOXYKTUBHOCTI, P. menziesii Ha Bif-
MIHY BiJl SUIMHU, JOCTaTHBO JIOOPE MEPEHOCUTH MOCY-
XM, TOMY BHJI BBOXKAIOTh MEPCIECKTHBHUM JIJISI KYJb-
TUBYBaHHS y PIBHMHHIN 9acTuHi €Bpomw, e, 3a Kii-
MaTUYHUMH OPOTHO3aMH, TPUBANICTh MMOCYIUINBUX
mepioniB  3pocratume (Moser, Bachofen, Miiller,
Metslaid, & Wohlgemuth, 2016).

[lepeBarn myrnacii 3a TPOAYKTHUBHICTIO Ta CTild-
KiCTIO Haja aOOpWUTEHHHMH €BPOICHCHKUMH BHA-
MH CTaJM NMPUYUHOIO MOAAJBILIOTO PO3LIMPEHHS Ha-
Ca/DKeHb 3a Y4YacTiO IIi€i iHTPOMYKOBAaHOI IMOPOIH.
[Hma mpuymHa monsrae y BUCOKiIH BapTOCTI JepeBH-
HU ayriacii — npubiau3Ho Ha 25% BUIIA, HIXK SITUHO-
Boi (Burgbacher, & Greve, 1996). ¥V GinbiocTi kpain
€Bporiu P menziesii CIpUAMAIOTh SIK HaTypamizo-
BaHUM BHI, SIKUH 3aCJyTOBY€ MOJAJIBIIOTO UIMPOKO-
TO BIIPOBA/UKEHHS B eBponedceki jicu (Podrazsky,
Cermaék, Zahradnik, & Kouba, 2013).

3okpema, y Yexii i CnoBayumni aymiaciio dbac-
TO KyIbTHBYIOTH y BOJIOIHX OyunHax 1 cyOyunHax. Y
60-pigHOMy Bill YHCTI KyIBTYpH MarOTh 3aHac 890, a
Milani 3 sutMHOO y Bimi 70 pokiB — 740 m*- ra“ 3a I110-
PIYHOTO MOTOYHOrO mpHpocty y 19 v ra’! (Sika, &
Vins, 1980). BcranoBneHo BiACYTHICTh HETaTHBHOTO
BILTMBY TICEBJOTCYTH Ha (Pi3UKO-XiMiuHI BIACTHBOCTI
TPYHTY, HaBiTh Yy BHIIQJIKy CTBOPEHHS MOHOKYJBTYPH
(Kupka, Podrazsky, & Kubecek, 2013), mo mxyxe Bax-
JIMBO 3 MOIVISAY 3allPOBAKEHHS IUTaHTaLIHHOTO BUPO-
LIyBaHHS TIOPO/IH.

P. menziesii ipen’siBIsi€e BITHOCHO HEBHCOKI BHMO-
' 10 3a0€3MeUeHHs TPYHTY TOKUBHUMH PEUYOBUHAMH,
MPUPIBHIOIOYKCH Y BOMY BIHOIICHHI 10 stmuHU. s
PO3BEICHHs JyIiiacii HAHOUIBII TIPHAATHAME € THITH
JCOPOCIMHHUX YMOB 3 HOMIPHUMH BOJIOTICTIO Ta 3a-
OesrneyeHHsIM TOKUBHUMHU pedoBuHamu (Otto, 1972;
XmvmumeBckuit, 1987). [lo3uTuBHul BB TyTiacii Ha
TPYHT 3-TiJ] CUTECHKOTOCTIONAPCHKUX YT1/Ib BiI3HAUMIIN
V. Podrazsky, J. Remes, V. Hart, & W. Moser (2009).

[opsim 3 MM, 3HAYHUI BIVIMB Ha pICT Aymiacii
Mae BojoricTb rpyHty. Beranosneno (Cole, Lindsay,
Newton, & Bailey, 2018), 110 ycnix 3akiiajaHHs IU1aH-
Tamii 3a y4actio Larix occidentalis Ta P. menziesii B
MiBHIYHO-CXiZHOMY OpEroHi 3Ha4YHOIO MIpOIO 3alie-
JKUTh BiJ] 1IbOr0 YMHHKKA. OOpoOKa JUISHKU TepOirm-
JaMH MOXE 30UIBITUTH TOCTYITHICTh BOJIOTH Ui Ca-
JDKaHIIB y CyXi JIITHI MICSIIl, TUM caMUM 30LITBIITYI0YN
ﬁMOBipHiCTL X BHKMBaHHS.

Hocsin i 1HTpOlIy1(II11 P. menziesii B YkpaiHi CBITUYUTH
npo 100py aKmiMaTH3aniio By B ymosax Kapmarceko-
ro periony, 3axignoro Jlicocreny, 3axigHoro Ilomiccs
ta [IpaBobepexuoro Jlicocrerry, me ii KyasTypu D0Cs-
raroTh BiKy TexHi4HOI ctumiocti Ha 20-30 pokiB paHi-
e, Hixk cocHu 3BuuaiiHoi (bponosuy, [llnsxra, 1979;
Xmvunesckult, 1987; Matsimr, 1988). B Vipaini micosi
KyJBTypH OyIiiacii IpencTaBisioTh 00010 e(heKTUBHUM
00’€KT JUIsl JTOCIIJHKEHHSI, OCKUIbKU ICHYIOTh JUISTHKA
mMTyYHUX HacaHkeHb 60-140-pigHOTOo BiKY, 5SIKI YMOBHO

MOYKHA BBKATH 3aKIHUCHUM TIPOTYKTOM JIFOICHKOT Ipa-
i ([eOpuntok, 2003).

[ceBnorcyra Mensica € y)e MepCcreKTHBHAM BU-
JIOM JUIS ITUPOKOTO JIICOKYJIBTYPHOTO BHITPOOYBaH-
Hsa B ymoBax C,, C, K y YMCTUX HACa/DKEHHSX, TaK 1
B CyMillli 3 HIBHIKOPOCIUMH JIMCTIHUMH TOPOIAMH
(ﬂerHHIOK 2003, 2018). 3 OIIAIly Ha 3HAYHY ITBH]I-
KOPOCTIICTh, BUCOKY OIOTHYHY CTIMKICTB, LIHHY Aepe-
BUHY 1 MOPIBHSHO MPOCTY TEXHOJIOTiI0 BUPOLIYBaHHS,
1ei BHUJI Ma€ 3HAUHY NMEPCIEKTUBY Uil KyIbTHBYBaH-
HS y JIICOBUX HACAKEHHSX 3 MONIAY HAarpoMaKeH-
HSl 3HAUHUX OOCATIB JEPEBHHU 3a BITHOCHO KOPOTKHM
repioy Jacy.

B Vkpaini HacajKeHHS 3 NepeBarol0 y CKiIami
P. menziesii posnoBciompkeni Ha miomi omu3pko 1000
ra, a 3amac CToBOypOBOi AEPEBUHU B HUX OIIHIOETHCS
B 230,5 tuc. m* (Jle6puniok, 2013). HaitGinpmr rwionri
HacaKeHb [ICEBIOTCYTH 30CEePEIKeH] y 3aKkapnarchKii
o0macTi — 6inpire 85% Bij 3aranbHOT TUTOIII JIICOCTAHIB
nopoxnu B Ykpaini. IlceBrorcyra € moponoro Mimanux
JIEPEBOCTaHIB, sIKi 3aiiMatoTh B YKpaiHi Maiixke 92% Bin
3araJpHOI IO HAaca/KeHb 3a ii nepesaru. Jlicoctann
TICEBJIOTCYTH y TIEPEBAYKAFOUii OUTBIIIOCTI MAFOTh IITYY-
HE IIOXOKEHHS (Maﬁ)I(e 98%), B T.4. 1 HACa PKECHHSI Hali-
BHILOI TIPOJYKTHBHOCTI, IO CBIIYUTH NPO MOBHY HaTy-
pati3ailifo Jyrimacii B yMoBax YKpaiHu.

B ymoBax CBIKMX 1 BOJIOTUX STTMYHH Ta OyYrH 32 palli-
OHAJILHOI TEXHOIIOTi BUPOIIyBaHHs TICEBIOTCYra MeH-
3ica XapaKTepU3yeThCs IHTEHCUBHUM POCTOM, BUCOKOIO
OloTHuHOIO CTiliKicTIO, HarpoMakye B 50-60-piuHo-
My Bimi 6mmseko 800 m3-ra! cToBOYpOBOI MepeBUHHA. Y
30H1 OYKOBHIX JIiCiB Ha IMiBHIYHHX, MBHIYHO-3aXITHAX 1
MIBHIYHO-CXIHUX cXwiax y Biti 100 pokiB HacaKEHHS
IyTiacii HarpoMa/pKyoTh 3HAYHI 3arlaci CTOBOYpPOBOL
nepesunHd — 6mm3bko 2000 m*-ral. (JIebpuntok, 2003).

MaremaTiyHe ONpalIOBaHHS pPE3yNbTaTiB  JOCIHi-
JOKEHb 1TOKa3aJjio, 0 B YMOBaX BOJIOTO1 SITHIIEBOI OydH-
HU, 3aJIe)KHO BiJl TEXHOJIOTii CTBOpPEHHs Ta (hOpMyBaH-
HS IyIJacieBUX HacalykeHb, y 50-55 piuHomy Biui ce-
penHiit miaMeTp XBOWHOI MOPOH 3MIHIOETHCS B MEKaX
37-40 cM, a cepemust BUcoTa — Bif 26 1o 27,5 M, 1o Bij-
noBigae I°-I° kacam Gonirery (/leOpuntok, 2011).

AmHaii3 pe3ynbTariB TOCHIKEeHb 3 KyJIbTHBYBaHHS
P menziesii Bka3zye Ha 6ucOKy akmydanbHicmb TUTaH-
HS OO0 YAOCKOHAJIEHHS TEXHOJIOTii CTBOPEHHS 1 BU-
POIIYBaHHSI MIBUIKOPOCIUX HAcaPKeHb Y BIJIHOCHO
OaraTux i OaraTux THIAX JIICOPOCINHHUX YMOB 3 ypa-
XyBaHHSM 11 MakCHMMajbHOI MPOAYKTHBHOCTI Ta 0io-
TUYHOI CTIHKOCTI, a TaKOX SIK TMEPCIEKTHBHOTO BHIY
JUIS TUTAHTALi{HOTO J1ICOBUPOLTYBaHHS.

O0’exkT Ta MeTOAMKA JAOCHiTKeHb. 00 ’cxm
0ociodcenHs — MTYYHI HACAKEHHS PI3HUX BIKOBHX
TPYII 3a y4acTio P menziesii y TPyJOBUX THIIaX JIiCO-
POCIMHHUX YMOB. [Ipeomem O0CiodicenHss — TUHAMI-
Ka TakcCallifiHUX MOKa3HUKIB P menziesii 3a1€KHO Bl
TUTTY JTICOPOCIMHHNAX YMOB, Y4acTi y CKJaJi, TYCTOTH
Ta BiIKy HacaJDKeHHs. Mema docaiodcenb — OOTpYHTY-
BaTH JOIIILHICTE CTBOPCHHS IUIAHTAIIMHUAX JIICOBHX
Haca/DKeHb 3a y4acTio P. menziesii auctoro abo mirmra-
HOTO CKJIajy, BCTAHOBUTH TEXHOJOTIYHI CKJIJ0BI X
CTBOPEHHSI 1 BUPOIILyBaHHSI.
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JocnimxyBani 00’eKTH po3MillleH] Ha TepUTOPiT Ji-
coBOro (QOHAY AEP’KaBHUX JIICOTOCTIONAPCHKUX i IIPH-
emctB 3axijnoro Jlicoctemy i Kapmarchkoro periony.

Jlis BCTaHOBIICHHS BIUIMBY TEXHOJOTTYHHX CKJIa-
JOBUX Ha MPOIYKTUBHICTB JIICOBUX KYJIBTYD 3@ Y4aCTIO
MICEBIOTCYTH MeH3ica BUKOPHUCTAHO 3arajlbHONpHii-
HATI METOIWKH JIICIBHUYO-TAKCAIlIMHUX JIOCIIKEHD
13 3aknanaHHsaM npoOHux ninsHok (I1/1) y Haiixapak-
TEpHIIIOMY MicIi JociiKyBanoro HacamkenHs (I'ipc,
Masnita, Mupontok, Ceunuyk, bepesiscbkmii, 2013).

[t BUBYEHHSI 0COONMMBOCTEH X0y POCTY MOJEIb-
Hi AepeBa ayriacii BigOupaiu B rpynax 0COOMH CHIIb-
HOTO, cepeaHboro i ciadkoro pocty (Kammaun, 1983).

Tum i miATHAIT TICOPOCTUHHUX YMOB, THII JIICY IS
KOYKHOT TIPOOHOT IIISTHKY YTOYHIOBAJIM 33 METOIUKAMHU
THTIONOTIYHUX Hochimkedsb (Ocrtanenko, Tkau, 2002)
3 BUKOpUCTaHHAM Hamnpaiosans 3. lO. ['epymmHcbko-
ro (1996).

[Tix yac CTAaTUCTHYHOTO OTNpPAIFOBAHHS CKCIIEpH-
MEHTaJbHUX MarepiajiiB 3acTOCOBYBaJM METOAM Ba-
piamiiinoi craructuku (I'opomiko, Mukiym, XoMIOK,
2004) i maketu nporpamu Microsoft Excel.

PesyabraTn qocaigkens. BuBuanu TakcariifHi o-
Ka3HUKHU P. menziesii y IITy4YHUX HACaPKECHHAX 3axif-
Horo Jlicocreny, BIUTMB TYCTOTH Ta y4acTi BUY Y CKIla-
Il JTICOBUX KYNBTYp Ha 3amac cTOBOYPOBOI JEpEBUHH.
Ha ocHOBI ekClIepUMEHTAILHUX JOCHIKEHb OTpUMa-
HO Marepiaj, Sk BinmoOpaskae OCHOBHI aCIleKTH poc-
Ty 1 HarpoMa/pKEHHsI AEPEBUHU JyIacii y HacalKeH-
HSIX PI3HOTO CKJIa/Iy Ta BIKY.

Harpomamxennsi cToBOypoBOi JepeBUHH AyIiaci-
€BUMH HACAJDKCHHSIMM Y JICOPOCIMHHUX YMOBax 3a-
xigHoro Jlicocterny Ta KapnaTchkoro perioHy 3ymoB-
JICHI SIK TPUPOJHO-KIIMATHYHIUMU YUHHUAKAMH, TaK
1 TEXHOJIOTI€I0 CTBOPEHHS 1 BHPOIIYBaHHA TaKUX Ha-
Ca/KCHb, BUKOPHCTAHHSM CaJMBHOTO MaTepiaiy pi3-
HOTO MoXo/pKeHHs. [IpoTe, He3BaXkaroun Ha TEBHY Ba-
piabenpHICTh TaKCaifHUX TOKa3HUKIB P menziesii
HaBiTh Yy TIOAIOHHUX THUIAX JICOPOCIUHHUX YMOB, OiJib-
mricTs mociiaaukiB (bpogoswy, [msixra, 1979; Hnsax-
ta, 1991; Jlebpuntok, 2003) BKa3yrOTh HAa BUCOKY TIPO-
QYKTUBHICTh HACAKEHb Y 3aXiJTHOMY pETiOHI YKpaiHH
3a y4aCTIO L[FOTO JIEPeBHOTO BHY. B okpemux Brmaj-
Kax 3a(iKCOBAHO HABITh BHTICHEHHS ICEBIOTCYIOIO
anuHU 31 cknany Kynstyp [pukapnarts i Kapnar (Bpo-
nmoBud, 1969; Jledpunrok, 2011).

Bucoky nponyktuBHicTe P. menziesii y piBHUH-
HUX YMOBax 3axiJHOTO perioHy YKpaiHW BiJ3HauaB
B.M. XwminsoBcrknii (1987). Ognak, 3a IpOAyKTHB-
HICTIO IyTJIacisi TYT MOCTYNAEThCS MOAPUHI, MEHIIOO
MIipOI0 — SITMHI 1 HafiKpale pocTe B YHCTUX KYJBTY-
pax 3a YMOBH CBOEYACHOTO MPOBEICHHSI JTOTISIOBUX
pyOok. SlnuHa Mae mepeBary HaJ ICEBIOTCYTOIO 3a
JIlaMeTPOM Ta BHUCOTOI B MOJIOJIOMY BiIli, BiJIIIOBiJI-
HO, Ha 37-43 ta 20-37%, a mogpuHa — B 2,0-2,1 pazu
(Hdebpuntok, 2013).

[TponykTUBHICTE Ta 30€peXKyBaHICTh MCEBAOTCYTH
3HAYHOIO MIPOIO 3aJICKUTH Bif il MOXOMKEHHS, yJacTi
y CKJIaJli JIICOBHX KYJIBTYP, CXEM 1 CITOCOOIB 3MilTyBaH-
Hsl, TYCTOTH Ha OJuHMIIO o, [li ckiianosi Bigirpa-
I0Th OCHOBHY pOJIb Y (POPMYBaHHI TaKkcallifHUX TTOKa3-

HUKIB TToposi. ToMy Ba)KITMBO 31MCHUTH aHaIl3 eJe-
MEHTIB TEXHOJIOTii CTBOPEHHS Ta BHPOILYBAaHHS Ha-
Ca/DKCHb 3a y4acTio P menziesii 31 BCTaHOBJICHHIM
HANIOIUIBHININX 3 HUX, IPUJIATHUX ISl BAKOPUCTAH-
HSl i1 Yac 3alpoBaPKEHHS! [UIAHTALIHHOTO BHPOILLY-
BaHHS [IOTO LIIHHOTO JIEPEBHOTO BUTY.

BinpmricTs HacamKeHb 3a yaacTio P. menziesii 'y 3a-
xigHOoMy JlicocTery CTBOpEHi B yMOBaxX CBIKOTO TPy-
ay (tabdmn. 1). Tyt nyrnacis no 30-pigHoro BiKy pocTe
nepeBaxkHo 3a I-1°, B mepiox 31-40 pokis —3a I*-1°, 41-
50 —3a 14, 61-70 — 3a I>-I° kmacamu Gowitery. Buco-
Ky IIBUAKICTH POCTy Ayriacis 30epirae HaBiTh Miciis
100-pignoro BiKky, Ae OoHiTeT ii HacamHKEHL HE HUXK-
ye [ xiracy. HaifBummx kiaciB OOHITETY IICEBIOTCYyTa
JOCSITA€ y HACaPKEHHSIX 32 TIOYaTKOBOTO PO3MIIIICHHS
3,0-6,0x1,0-1,5 m.

VY nacamkeHHAX 10 30-pigHOrO BiKy CepemHiid 1mo-
Ka3HUK 30epexyBaHOCTi P. menziesii y JiCOBUX KYJb-
Typax 3HaXOAUThCA B Mexkax 34-48%. Ipu npomy, Haii-
HIDKYa 30epeKyBaHiCTh JCPEBHOTO BUIY BUSBIICHA Y
YUCTUX KyJIbTypax (26,1 Ta 31,7%). OCHOBHI pUYHHA
HU3bKO1 30€peXyBaHOCTI JEPEBHOTO BUIY 3yMOBIICHI
HETaTUBHUM BILTMBOM Ha JIyTiaciro Oi0TMYHHUX Ta aH-
TPONOr€HHUX YNHHHUKIB.

Bricoka rmo4arkoBa rycToTa JIiCOBHX KYJIBTYp € IPH-
YHHOIO BUHUKHEHHS CHJIbHOI KOHKYPEHLIIT MK POCIIHU-
HaMH, CHJILHOTO MPOsIBY Mpolecy aAudepeHiianii 3 Ha-
CTYITHUM BHOMpaHHSAM pyOKamMH JOTVISIY BiACTANIHX Y
POCTi EK3eMILISPIB.

HaiiBummii moka3HHK 30€peXKyBaHOCTI pPOCIUH
BUSIBIICHO y HACa/PKEHHSX 32 YYacTIO TCEBIOTCYTH
Ha piBHI 10-30%. IlouaTkoBO pigke po3TalIlyBaHHS
Jyriacii y JiCOBUX KyJbTypax € MPUYUHOIO BiJICYyTHOC-
Ti BAHUKHEHHS TOCTPUX KOHKYPEHTHHUX B3a€MOBIJTHO-
CUH MiXX 0COOMHAMHU Ta 3yMOBITIOE iX BHCOKY 30epexy-
BaHICTh Y HaCaJ[)KCHHI.

PiBHOMiIpHE pO3MIIIEHHS /IepEeB HABITH B IEpery-
HmieHux jaepeBoctanax (Hamp., [1J[-14, 1632 wmT.Ta')
MOKe 3a0€e3MeYnTH BiTHOCHO IHTEHCUBHUH PICT MCEB-
norcyrd (I* 6oHITET) Ta HAarpPOMaPKEHHS HEI0 BHCOKHX
3amaciB JepeBUHH. Hopsm 3 LUM, TYCTE PO3TalllyBaH-
H JIEPCB 3yMOBJIIOE X CHIIbHY nn(bepeHulauuo B pOC-
Ti, POPMYBaHHs TIOBEPXHEBOI KOPEHEBOT CHCTEMH 1 SIK
HACITIOK — HASBHOCTI BITPOBANBHUX i CHIrOBATBHHX
eK3eMILISIPIB Y JIICOCTaHi, YOro HiKOJIM He criocTepira-
€THCSl y MIMIAHUX AYTJIAciEBUX HACAIDKCHHSIX 1 B UHC-
THUX JIiCOCTaHax Ayriacii HOpMaabHOI I'YCTOTH.

V¥ nacamxkenHsx 31-40-piyHoro BiKy cepeiHiii mo-
Ka3HUK 30epeKyBaHOCTI 3MIHIOETbCA B Mexkax 18-
24%. Haitamxuy 30epexyBaHicTh aymiacii (61m3b-
KO 4%) BUSIBIICHO Y JIICOBHX KYJBTYpax 3 Ay>Ke BHCO-
KOO TIOYaTKOBOIO T'YCTOTOO cainus (8,3 Trc. mr.ta’!,
I1/1-3cT), ne 3HAYHA KiTBKICTH JEpEB MOPOIU BUMANA
31 CKJIaJly KyJbTYp BHACHIJIOK HETaTHUBHOT'O BIUIMBY 3
0OKy KOHKYPEHTO3IaTHIIITHX IepEeBHUX BUIiB. HailBu-
M TOKa3HUK 30epexxyBaHoCTi aymacii (25-35%) 3a-
(hikcoBaHO 3a i MOYATKOBOTO PO3MILICHHS B KYJBTY-
pax 3a cxemoro 5-6 X 1-2 m.

VY gnctux KynbTypax 41-50-piqHoro BiKy 30epexy-
BaHICTh Jyryacii y JIiCOBUX KYJBTypax CTaHOBHUTH 23-
25% 3a mOYaTKOBOTO PO3TAITyBaHHSA POCIHH 3 X 1 M.
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Tabnuys 1
JliciBHMYO-Takcauiiini nokasnuku Pseudotsuga menziesii y JIicOBUX KYyJIbTypax
KimpkicTs nepes - C?Ige{[m
s A TakKCalllnuH1 IoOKa3-
o . nyracii Ha 1 ra, mr. 5
No 2= E HUKHU OyTriacii - . e
M1, g E = g Takcaniinui k2 G M
T g5 z 2 e = CcKIaj = 2ol aBergl
BIK, S H g ) % s e o wral ™mra
; S = S w = = 0 - s HacaKESHHS 2
POKI1B = & 2 = o x =% < =
2 g9 o= S & g
& ) 2 ) S 2
22 a & 2 "
1 2 3 4 5 6 7 8 9 10 11
Saxiguunii Jicocren
Tun nicopociunnux ymos — D,
19; 4,5%0,6 1TIn5]13 .
27 (1,5) 340 116 34,1 12,1 13,1 IMne2l's I 1,56 11
31; 3,0%0,7 1TT4Mas .
25 (1,0) 200 96 48,0 14,7 16,7 3713203 I 2,10 21
55; 3,0x0,5 1IIx5Mpe b
27 (1,0) 320 135 42,2 14,5 17,6 2131131 5l I 3,30 28
. 1,511x3,5
by 3’?0X81)’0 300 132 440 136 156 Mar25te P25 20
’ 1131131 51¢c
18; HE _ _ 2I1m4Mne b
27 BCTAHOBIL 250 100 40,0 15,1 18,1 2131731 Kar I 2,58 24
22§ 4,0x0,7 450 220 48,9 10,8 16,4 3In6/13113 1 4,65 32
156; 4,0x0,8 31n3/12,5
2% (0,45) 1630 812 49,8 10,0 10,2 31500 1 6,60 40
1225? 4,0%0,7 700 235 33,6 13,0 17,6 STn53 573 45
12567; 2,0%0,8 6250 1632 26,1 93 9,6 10TTx m 17,05 100
b 15k 5150 1632 317 136 159 10T Fo32210 252
I Lox10 ~ 40 9  ~225 143 127  9SnIMpme+Tn I 0,12 1
3;:; 1,5%0,8 2700 101 3,7 16,4 19,9 IMas/z4Kmr I* 3,16 27
5cr; 2ITn6/13
34 2,0x1,0 1500 480 32,0 11,9 11,6 1K1 Yo 11 5,09 31
4ct; ne ne 216 - 155 18,1 23,5013 I 554 44
35 BCTAHOBII.  BCTAHOBIL. 4,5bk
. 3I1m4bx
73°3T ; 2’?0X71)’° 1400 236 169 176 201 1K s 749 65
’ 1Bmull3
33; 31In3Mas 4
by 6,0x1,0 550 75 13,6 24,4 34,9 BpA I 7,19 77
6i; SITn2Mne .
39 6,0x1,0 550 190 34,5 23,8 34,6 1T31 /1310 I 17,89 194
lct; 5,0x2,0 6I1n1Mus .
36 (110 TIx) 1000 214 21,4 21,4 29,8 1Kl SIc1 T3 I 14,97 160
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IIpooosoc. maon. 1

1 2 3 4 5 6 7 8 9 10 1
10; 6,0x1,0 )
34 (o T 1700 418 24.6 19,6 24.4 8T1n2T3 IF 1953 195
6; He He 1263 - 15,1 18,6 811110c 345 272
33 BCTAHOBJI.  BCTAHOBIIL. 151c
13; 3I[I2Mpue
; 6,0x1,0 550 100 18,2 233 33,4 27173 IF 880 92
37
15c1Ym
8cT; 9I110,5C3 d
25 3,0x1,0 1650 412 25,0 28,4 34,4 0.50% ¢ 3826 549
85"5; 3,0x1,0 1650 378 22,9 29,8 38,9 9,5T110,5C3 ¢ 4487 669
2g3T; 1,5%1,0 6700 383 5,7 30,4 432 10111 56,17 877
26? 1,5x1,0 6700 298 4.4 32,1 44.6 1011 I 4655 647
Tun nicopociuunmx ymos — D,
636: 1Ia3Mas
337’ 4,0%1,0 160 47 29,4 16,5 245 3031JInl e 220 18
1B3m
10c; N 1ITp4Mpar b
33 2,0x1,5 500 124 24,8 18,8 18,1 STl Sl I 3,20 31
31, He He 293 - 39,9 75,0 10T I° 129,49 2500
140 BCTaHOBII. BCTAHOBII.
IIpuxapnarra Ta 3oBHimui Kapnarn
Tun nicopocnuuanx ymos — D,
Toym 30x08 2400 1250 52,1 10,8 12,9 THn23in 1639 103
23 15In
4c¢; 2,0x1,5 TS Mas :
S 0.8) 1050 169 16,1 20,2 20,8 3510l S I 5,74 40
lo; He He 292 - 39,8 56,6 10T I 7347 1489
103 BCTAHOBJI.  BCTAaHOBIL.

VY Takux ke 4YMCTHX KyJIbTypax ICEBAOTCYTH 63-
Ta 68-piuHOTO BiKYy 30€pe)KyBaHICTh ayriacii cTaHo-
BUTH Ha piBHI 5%. Takuii HU3bKHUII MOKA3HUK 3yMOBIIE-
HUI HEOOTPYHTOBAHO BHCOKOIO TIOYAaTKOBOIO T'yCTOTOIO
KyneTyp (6,7 THC. IIT. Ta™").

Y HacamkeHHIX 25-27-piuHOTO BIKYy HAWBWIII ce-
pemHi 3Ha4YeHHS JiaMeTpa i BHCOTH 3a(ikCOBaHO 3a
yuacTi xyriacii B ckiaji Ha piBai 10-20%. [Topsiza 3 um,
BUCOKAMH TaKCAIliIHHUMHU TIOKa3HUKAMH TICEBIOTCY-
ra BigzHa4aeThest npu 50%-1i ydacTi B cKIafi KyJIbTyp
(ITJ1-12). TloyaTkoBO pijgke pO3TAIIyBaHHS JICPEBHOI
TIOPOJI, 32 YMOBH BUXO/LY JyTyacii B mepIinii sipyc aepe-
BOCTaHy, 3a0e3mneuye i1 IHTEHCHBHUI PIiCT HABITh y MOJIO-
JIMX HacaJpKeHHsX. HallBUIIMX 3HAUCHb CEPEIHIX BUCO-
TH 1 IiaMeTpa y HacapkeHHsIX 3 1-40-pidHOTO BiKY TICEB-
notcyra gocsrae 3a 30-50%-oi yuacri y ckmami (IT1/1-33,
6m, lct). Y nux BapiaHTax MOYATKOBE PO3MIIICHHS Jie-
peB myraacii y HacapKeHHAX piake — 5-6 X 1-2 M.

3pocTaHHs IHTEHCUBHOCTI pocTy aymacii no I° kna-
cy OoHiTeTy 3a0e3edye MOCTYIOBE 301IBIICHHS YacT-

KU TIOPOAM Y CKJIali JepeBOCTany. 301IbIICHHS iHTEH-
CHBHOCTI pOCTy XBOWHOI mopomu 10 1¢ kmacy Gowire-
Ty Y HacapkeHHsX 41-60-pivHOTO BiKYy 3a0€3meuye Ha-
IPOMaDKEHHS 3HAYHUX 00CATIB CTOBOYPOBOT IEPEBUHU
y Lel BiKOBU nepiof. BHACHTIIOK BUCOKOT MIBUIKOCTI
pocCTy, AyTiacis 3aiiMae TOMiHyIOY€e TIOJIOKEHHS Y CKTa-
Tl IepeBOCTaHy, 1 ii yacTka 3a 00cAraMu HarpoMaJKeH-
HsI CTOBOYPOBOI iepeBUHH 3pocTae 10 9-10 oquHUIIb.

3amac cToBOYpOBOI IEpEeBUHU IAyTIacii 3aJIe’KUTh,
HacaMIiepes, BiJ] TOYaTKOBOI T'YCTOTH, 30epexyBa-
HOCTI MTOPOJH B KYJBTYypax, yuacTi B CKJIaJl Ta cepe-
HIX BHCOTH 1 AiaMeTpa. Y BCIX BIKOBHX Jialia3oHax
HaHOLIBIINI 3artac CTOBOYPOBOI JepeBUHU HArpoMa-
JOKYIOTh YHCTI HacaPKEHHS TICEBAOTCYTH 32 PaxyHOK
OUIBIIOI KIJIBKOCTI OCOOMH Ha OJMHHMII ILIOIII, XO4a
CEepeJIHI TaKcalliitHi MOKa3HUKH MTOPOIH MOXKYTh OyTH
MOMITHO MEHIIMMH, HI)K y KyJIbTypax, ¢ y4acTh AyT-
nacii cxiagae 30-60%.

3a pesysibTaTaMu aHaji3y XOAy POCTY MOIEIBHUX
nepeB P menziesii, SiKi IPEICTABISIOTh JIEPEBa TPYII
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CJ1abKOT0, CEPEAHBOTO 1 CHIIBHOTO POCTY, BCTAHOBIIEHO,
10 IHTEHCHBHHI PICT 32 BUCOTOO JUIsl MOJIETIEH BCiX
TPYIl POCTY MOYMHAETHCS 3 10-piuHOrO BiKy, OHAK Bif-
3HAYAETHCSI BUCOKOIO IHTEHCHUBHICTIO 1 B 50 pokiB. Y
IOMY K BIKOBOMY JTialla30Hi CIIOCTEPEKEHO TAKOXK 1H-
TEHCUBHUI picT 3a IliaMeTpOM MOJICJIbHUX JIEPEB BCIX
TPYI POCTY, X04a i Ha Pi3HUX PiBHAX. Y IHX Ke BiKo-
BHX ME¥axX CIIOCTEPEKEHO IHTEHCUBHUH picT CTOBOYpa
nyriacii 3a 00’ eMoM.

Bepyuu 110 yBaru pe3ynsrary BUBUCHHS BIIHBY I'yC-
TOTH Ta y4acTi B CKJIaJl Ayriacii Ha i TakcalliiiHi mo-
Ka3HHMKH, HaroJOIIyeEMO Ha HEJOIIIBHOCTI CTBOPEHHS
MOYaTKOBO TYCTHX JAYINacieBUX HacakeHb. /g exo-
HOMii CaJIMBHOTO Marepiay, 3aXUCTy XBOWHOI MOpOaH
BiJl HU3bKHX TeMIleparyp, 3a0e3neyeHHs CHIPUATIMBHX
YMOB JUIsI ii POCTY, IPOTIOHYEMO BBOJIUTH JYIJIACIIO B
IUIaHTaUIiHI KyIBTYPHU Pa3oM 3 SUIMHOO, 110 3MEHILHUTD
SK BUTPaTH CaJWBHOIO MaTepiaiy TOJOBHOI MOPOAH,
TaK 1 CTBOPUTH CHPUATINBAN MIKPOKIIIMAT JUIs 11 BH-
pouyBaHHs. SlnMHA Bifirpae poib JOMOMIXKHOI ITOPO-
1, € OCHOBHUM 00’ €KTOM IIPOMIXKHOTO KOPUCTYBaHHS.

3 1bOTO MOTIISATY, BAKIIMBUM MMUTAHHAM € BUOIp TI0-
YaTKOBOI T'yCTOTH IUTYYHHX HAacaPKeHb — SIK 3arajib-
HO1, TaK 1 Iyriacii 30kpemMa 3 MiATPUMAaHHAM ii B pe-
KHUMI, OJTM3PKOMY JI0 ONTHMAaJILHOTO, BIIPOJOBXK BCHO-
ro nepioay JicoBupouryBaHHs. OCHOBHUM KpHUTEPiEM,
KU BU3HAYa€ ONTUMAIIbHY TYCTOTY JI€PEBOCTaHy Ha
PI3HUX BIKOBUX eTarax KyJIbTHBYBaHHS, € OTPUMAaHHSI
MaKCHMaJILHOTO JI0XOly 332 MiHIMaJlbHMX 3aTpar Ha Ji-
COBUPOILYBaHHS. Y 3B 43Ky 3 IIUM, HEOOX1THO TPUIAHSI-
TH TaKy MOYaTKOBY T'yCTOTY CaJIiHHSA, SKa Ha BCIX eTa-
nax po3piKeHHs AEPEBOCTaHY, & TAKOX Yy Billi TOJIOB-
HOT py61<1/1 3a0e3meynaa 0 MakCUMaJIbHHUI HOXIT Bif
peaitizalii iepeBUHH.

[TopiBHSHO 3 BOJIOTMMHU THIIAMH, B YMOBax CBIXO-
ro Tpyay Ayriacis BiJ3HAYa€ThCs JEUI0 HIKYOIO iH-
TEHCHUBHICTIO pocTy. ToMy TyT BapTO MPUHHATH TPOXH
BUILYy I'yCTOTY HAaCaJKEHb sSIK IOYATKOBY, TaK 1 Ha IO-
CIIAYIOYMX eTanax BUpPOLIyBaHHs. J[OLiNEHO BHKOPHC-
TaTH PsIOBE 3MINTYBaHHS MOPiJ 32 TAKUMH MapaMeTpa-
MU: cxema smiuysanus — 1p.Sn 1pIIn; y psaoax [1x oou-
JIBl XBOIHI MMOPOJIN YEPTYIOTHCSI OKPEMHUMH CaANBHIUMHU
MICIIIMU; po3miwyenus caousHux micysb — 1,5x 1,0 m, B
4. An —3,0x1,0 m, [Ig — 3,0%x2,0 M; eycmoma kyno-
myp — 6660 mTt.ta’l, B T.u. [Tx— 1660, SIn— 5000 mr.-ra’';
noyamxkosutl ckaad — 7,502,511 (Tadmn. 2).

VY 7-10-piunoMy Billi HpOBOIATH HEPILIE PO3PiIKEH-
HSl TIO SUTMHI, BUOUPAIOYM KOXKEH JPYTHH EK3EMILISp
MOPOJIM HA HOBOPIYHI SUTMHKH B YHCTHUX PsiJiaX, a TAKOK
BHOMPAIOTH BCIO SUTMHY B psAfax Ayriacii. Y Tumi Jico-
BUX KYJBTYP BiIOYBarOTHCS JESIKi 3MIHU: cXema 3midy-
sanns — 1p.Sn 1p.Iln; posmiwenns caousnux micys —
1,5x1,0 M, B T.9. SIm — 3,0x2,0 m, T — 3,0x2,0 Mm;
eyemoma xyiemyp — 3300 mt.ra’!, B T.u. ITx — 1660,
Sn — 1640 wr.ra’'; kinexichut cknao — 59n511x.

[lin wac HactymHOTrO etamy po3pimxyBaHHs (15-
20 p.) 31 ckiIaay KyJabTyp BUOHMpPAlOTh BCIO sUIMHY. B
mporeci po3piKEHHST OTPUMYIOTH TE€BHY KUTBKICTh
CTOBOYpOBOI JepeBUHM sUTHHH — 25-65 M>-ra’!. Twur Ji-
COBUX KYJIBTYpP XapaKTePU3y€EThCsl TAKUMH [TapameTpa-
MU: cxema 3miuiyeanns — 9ucTi psau 11, posminen-

HA caousnux micyv — 3,0%2,0 M; eycmoma Kyniemyp —
1660 mr.-ra’'; cknao — 1011,

Jlis IpUIIBH/IIIEHOTO HATPOMAKEHHS JYTIIACI€r0
cToBOYpOBOi AepeBuHM, ¥ 35-40 pokiB MOTPiOHO 3miii-
CHUTH HAcTymHe po3pimkeHHsa. [Ipu 1mpoMy TwIOIIa
JKMBJICHHSI OJTHOTO JiepeBa 3pocTae 10 12 Mm%, a cami je-
peBa micis pyOKH PO3TAIIOBYIOTECS B PAaX 3a MPHH-
[IUIIOM «IaXiBOK». THIT TICOBUX KYyJIBTYp XapaKTepu3y-
€THCSI TAKUMH MTapaMeTPaMU: cxemd 3MilLy8anHs — 9uc-
Ti psaau [ posmiwgennsn caouenux micys — 3,0 x4,0 M;
eyemoma xkynvmyp — 830 wt.ra’'; ckrao — 1011,

Jlis cTEMYJTIOBaHHSI POCTY JAyriacii 3a JiaMeTpom
Ta JOBEICHHS KUTHKOCTI JIEPEB 10 ONTHUMATHHOI BEIH-
yiHH, B 50-55-pidHOMY BiIli 3A1HCHIOIOT OCTaHHE PO3-
plIKeHHS, 3aMHIIUBIIN HA 1 ra 415 ek3eMIuIIpiB Mopo-
JIM 3 PO3TALTYBAHHAM 6 x4 M.

VY Biui ronoBuoi pyOku (61-70 p.) OTpUMYIOTH
3HAUHy KIJIBKICTh ACPEBHHHU IICEBIOTCYrH (Oinblie
800 m*ra’'), a MOTeHIIHMI 3aradbHUN 00CAT OTPH-
MaHOi JIEPeBUHHN y HACaPKEHHSX IICEBIOTCYTH 32 BECh
nepion GpyHKIiOHYBaHHS — Onu3bKo 1,3 THC. M*Ta’.

B ymoBax D, mix yac CTBOPEHHs IITy4YHHMX Haca-
JOKEHB yDiacii JOTPUMYIOTBCS THX K€ TIPUHIIUIIIB, 110
1 B CBIKHX Tpydax, 3a BUHITKOM MEHIIOI IMOYaTKOBOI
TYCTOTH CafiHHs. PeKOMEHI0BaHO BUKOPHUCTATH PSIIO-
BE 3MIIITyBaHHS MOPiJl 32 TAKUMH [TapaMeTpaMu: cxemd
smiwtysanns — 1p.Sn 1p.I1n; y psmax [1x o6unBi XBoitHi
MTOPOJN YEePTYIOTHCS OKPEMHUMH CaJMBHUMH MiCISIMU;
posmiwgerHs caousHux micyvb —2,0x 1,25 m, B T.4. S —
2,0x1,0 (2,5) m, I1n — 4,0 X 2,5 m; eycmoma xynomyp —
4500 mr.ra’, B T.u. IIx — 1000, S — 3500 wr.-ra’;
nowamkoguti ckaao — 7,751n2,311x (aus. Tadm. 2).

VY 7-10-piuHomy Bimi B TpoLeci Mepuioro pospi-
JUKEHHS BUOWPAIOTHh BCIO SUIMHY B pAgax TICEBIOTCY-
TH, a B YUCTHX pAaX — KOXKEH JPyTruil ex3eMIusip. Y
THUTI JICOBUX KYJIBTYP BiIOYBarOTHCS JISSKi 3MIHU: cxe-
ma smiwyeanns — 1p.Sn 1p.Iln; posmiwenns caous-
Hux micys: 1ln—4,0%x2,5 M, An—4,0%x2,0 M; eycmoma
kynmomyp — 2250 mr.-ra’l, B T.u. ITx — 1000, o — 1250
wr.-ra’'; xizekicuutl ckaao — 5,511n4,5510.

Hpyre pospimkeHHs 3xailicHIOOTE B 15-20 pokis
1 00’€KTOM NPOMIXHOTO KOPHUCTYBAaHHS € JIMIIE SUTH-
Ha, KUTBKICTH SIKOi 3HOBY 3MCHIIYETHCS B JBa PasH.
[Ipu mboMy BKe OTPUMYETHCS HeBeNWKui o0Ocsr (23-
45 m*ra') npiOHoi cTOBOypoBOi nepeBHHH. Turl Ji-
COBHX KyJAbTYp Ma€ TaKUW BUIIAIL cxema 3miudy-
sanna — 1p.Sn 1p.Iln; posmiwenns caduenux micys:
I[In—4,0%x2,5 M, Ao —4,0x4,0 m; eycmoma xynemyp —
1625 wr.ra’!, B T.u. I — 1000, SIn — 625 wr.ra’'; kire-
xicnu cknao — 6,0I1n4,0501.

VY mporeci TpeTboro pospimkeHHs (35-40 poxis)
BHOMPAIOTh BCIO suMHY 1 25% nepeB mymiacii 3 me-
TOK0 BCTAHOBJICHHS TYCTOTH HAacCajKEHHS, ONU3bKOL
JI0 ONTUMaJIbHOT. THIT JTICOBUX KYJIBTYp Ha IIbOMY €Ta-
Tl Ma€ TaKAW BUTISIT: CXeMda 3MIULY8aHHA — YUCTI PSIIA
[In; posmiwenna caousnux micys — 4,0x2.5 (5,0) m;
eycmoma kyavmyp — 750 mrt.-ra’l; ckrao — 1011,

B 50-55 pokiB He0OXiqHO 3MIHCHUTH OCTaHHE PO3-
pimxenHs nyriacii 3 BuOupaHHsIM 25% ex3eMIUIsIpiB
MOPOJM Ta BCTAHOBJICHHS IX «IIaXiBKOBOTO» PO3Mi-
IICHHS 3 BUPOIIYBAaHHIM 32 BCTAHOBJIEHHX T'YCTOTH 1
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PO3MIIIIEHHS JePEeB M0 BiKy TOJOBHOI pyOku. Twm -
COBHIX KYJIBTYp HACTYIHUHN: cxema 3MIULy8aHHs — YHC-
Ti psiu [ posmiwenns caousnux micyv —4,0% 5,0 m;
2ycmoma kyaemyp — 500 mrr.ta’l; ckrao — 1011,

3aranpHi 0OCSTH 3arOTOBIICHOI AEPEBUHH, OTPUMa-
HHX Y TPOIIeCi PO3PiKeHb HACADKEHD AyTiiacii BIpPO-
JIOBXK LUKy BHPOILYBaHHS Ta MPOBEICHHS T'OJOBHOT
PyOKH, CTaHOBIIATH OMM3BKO 1,7 THC M>Ta’!.

Tabnuys 2

TakcaniiiHa XapaKkTepuCcTHKA | TEXHOJIOTIYHI eTany BUPOIIYBAHHS IUIAHTAIIHHUX JiCOBUX HACAIKEeHb
Pseudotsuga menziesii B ymoBax 3axinnoro Jlicocteny Ta [lpukapnarrsa

BikoBwuii miama3oH, pokiB

Takcariiai
MOKa3HHKH 7-10 15-20 35-40 50-55 61-70
(ronoBHa pyOKa)
Tun nicopocnunnux ymos — D,
Kexiers aepep a1 ra, - 5365 1549 1640/ — — /- -/ - - -
T.; (BUOUpaEThCs / _ _— _—
sammmacTses) — 11660 — /1660 830/ 830 415/ 415 415/ -
Hs (m); - 7,8-10,2/ — — /16,2204 — /23,8-25.,6 — /27,4-29.6
Ds (cm); - 7299/ — — /20,8-26,1 — /32,8-37.6 — /41,6-45.6
— /360-510 —/765-925
3 . _ - — — -
Ms (M/ra); 25-65 (45) / / 200-365 (280) 435) (845)
Vs () - 0,015-0,039 ~ /0,240-0440 - /0,872-1232  — /1,610-2,080
> (0,025)/ — (0,35) (1,05) (1,85)
Tun nicopocnunnux ymos — D,
Kexes nepes na I ra, ooy 4oy 625/ 625 625 / - - -
IT.; (BuOUpaeThes / /e = = = A
sanmmacThes) /1000 — /1000 250 / 750 250/ 500 500/ —
Hs (m); - 9,1-11,9/ — 1197’46'_2211’43/ /259275 - /29,1-32,0
_ 19,7-21,8 /
Ds (cm); - 10,1-12,7/ — 23,6201 — /36,9-40,1 — /432-47,7
185-250 (218) / — /300-335 — /805-1040
3 . _ - —
Ms (w*/ra); 2345 (34)/ 85-125 (105) (316) (920)**
N 0.037-0,072 0,296-0,400 /12051494 — /1,.843-2.230
Vs (v%); - (0,348) / 0,338-
(0,055) / — 0494 (0.415) (1,36) (2,04)

YmoBHi no3nauenns: Hs, Ds, Ms, Vs aOcontoTHI cepe/iHi 3HauYCHHS MOKAa3HUKa;

* HAnuna

Ilcesoomceyza

Takum yuHOM, P. menziesii 3a BiANOBIIHUX pPEXH-
MIB KYJIbTUBYBaHHS B ONTUMAJILHUX JUIS HEl THIaX Jii-
COPOCIIMHHAX YMOB € HIBUAKOPOCIHM BHUCOKOIPOIYK-
TUBHHUM JICPEBHUM BHUJIOM, TIOBHICTIO MPUAATHUM IS
TUIAHTAIIITHOTO JicoBUpOITyBaHHs. JIlicOBUI KynbTyp-
(hiTOTIEHO3, TOIOBHOIO ITOPOIOIO B SIKOMY € TICEBIOTCY-
ra Memnsica, mpejacTaBisie co000 EKOCUCTEMY, aHTPO-
MIOT€HHO CIPSIMOBaHY HA OTPUMAaHHS MaKCUMaJIbHO BU-
COKHX 3aIlaciB JIEPEBUHU 32 BIIIHOCHO KOPOTKI TEPMiHH.

V BUNaAKYy IPaBUIBHOTO Mi00PY THITY JIiICOPOCIHH-
HHUX YMOB, HAiO1IbIII BUCOKOMIPOIYKTHBHUX Ta CTIMKUX
TIPOBEHIEHITIH, 3aCTOCYBaHHI paIliOHATBHAX JIICIBHUIHX
MPUIOMIB Mijl YaC CTBOPECHHSI HACA/KEHb 3a yUYaCTIO 1y-
riacii, MokHa C(OPMYBATH IUIAHTAIIMHI HACAPKCHHS
BHCOKOT IIPOYKTUBHOCTI B TPYAOBHUX THIIAX JIICY.

ek . . o e 93
TyT i maini BKazaHuii 3armac croBOypHOT A€PEBHHH, KUl BAOMPAETHCS

BucHoBku. BrHacnmigok BapiaGenbHOCTI TPYHTO-
BUX YMOB, B SKHX KYyJIBTHBYIOTH Pi3HI NpPOBEHi€HIII]
P menziesii, a Tako)k YHACIiAOK pi3HOI TEXHOJOTii
CTBOPEHHS 1 BUPOIIYBaHHS TYYHUX HACA[KEHb, TaK-
caIlifiHi MOKa3HUKH JISPEBOCTAHIB 32 yYaCTIO [[LOTO Jie-
PEBHOTO BUIY 3MIHIOIOTHCS B IIHPOKHUX MEKaX.

VY Monoaux HacaipkeHHsX A0 25-30-pigHOro Biky
MICEBJIOTCYTa MOCTYMAEThCsl 332 THTEHCHBHICTIO POCTY
SUTAHI 1 0c00muBO — MoapuHi. Ilicis 35-pigHOTO BIKY
TICEB/IOTCYTa HApOIIy€e TEMIH POCTY 1 BijcTaBaHHS il
BiJl MOJJPUHH Ta SJMHU 3MEHIIYETHCS.

V cBixkuX rpyaax 1o 30-piqHOrO BIKy AyTiacis poc-
Te mepeBakHo 3a I-1°, B mepion 31-40 pokis — 3a I*-I°,
41-50 —3a 14, 61-70 — 3a I°-I° kmacamu Gonitety. Bu-
COKY IIBHUIKICTh POCTY AyIJIacis 30epirae HaBiTh MiCII
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100-piuHOTO BiKY, ¢ OOHITET i1 HacaHKCHDh HE HIDKUIC
I° kimacy. V' Bomorux rpyzax pict XBOHHOI IIOpOIH iH-
TEHCHBHININHI, HIX y CBIXKHX.

HaiiBumyMuy nmoxkasHUKaMu BUCOTH Ta AiaMeTpa Iy-
IJ1acist XapaKTepr3y€eThCsl y HaCa/KEHHSIX, e 11 y4acTh
CTaHOBUTH B cepeanbomy 30%. Ilopsia 3 unm, HaliBrIIi
3aracu JAepeBUHH AyIiacid MPOAYKye B HACAKEHHSX,
ne ii ydacTp y ckJiali MaKcHUMaJlbHa.

Bucoka mowarkoBa rycToTa JCOBHX KYJBTYp Iy-
m1acii 3yMOBIIIOE CUIIBHUI NPOsB sBUILA JudepeHLia-
1ii pOCIIHH, IO CTaE IIPUYHHOKO BHOWpaHHS py6KaMH
JIOTVISILY 3HAYHOT KUIPKOCTI BiICTAIHX Y POCTI CK3eMII-
TSpiB. 3 OISy Ha BUCOKY BapTICTh CAAMBHOTO MaTepi-
ajy ICEBAOTCYTH, 3allPOBAKEHHS TIOYAaTKOBO I'yCTHUX
KYJIETYP € HepaIliOHAIBHUM JIICIBHHYUM 3aX0I0M.

Juis 3a0e3rnieueHHs ONMM3bKOT 10 ONTUMAIIBHOI T'yc-
TOTH DyTacii B JIICOBUX KYJIBTypax y pi3Hi BIKOBI TIe-
pioan, B yMOBaxX CBI’KOTO Ipy/ly IOYaTKoBa rycToTa MO-
ponM MOBMHHA CTaHOBUTH 1660 mrTa'! 3 po3mimieH-
HaM pociuH 3,0x1,0 M; B yMOBax BOJIOTOro rpyay,
BiamoBigHo, 4,0%x2,0-2,5 M 3 MOYaTKOBOIO T'YCTOTOIO
1000-1250 mr-ra™'. Kymsrypu ayriacii morpioHO cTBO-
pIOBaTH 3a y4yacTiO yIIiJbHIOBavYa (Harp., SJIHHA), 110-
YaTKOBa I'yCTOTa SKOTO B KYJIBTypax MOBUHHA CTAHOBH-
™ 3,5-5,0 TC. mTTa.

OrKe, JOLUIBHICTG BBEAEHHS P menziesii B Haca-
JUKCHHSI 3aX1THOTO PETiOHY YKpaiHh 3 METOIO IiIBU-
LICHHS MPOAYKTUBHOCTI JICIB HE BUKJIMKAE CyMHi-
By. llIBHIKMIA picT, HATPOMAHKCHHSI 3HAYHHUX 3araciB
JCPEBUHHU 32 BIJHOCHO KOPOTKI TEPMiHU B YMCTHX 3a
CKJIAJOM HACa/PKEHHSAX, BHCOKAa OIOTHYHA CTIMKICThH
pOOATH NepeBHUIA BUJ MEPCIECKTUBHUM AJIS TJIaHTa-
[IHOTO JIICOBUPOIITYBAHHSI.
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Pseudotsuga menziesii (Mirb.) Franco as a
promising tree species for forest plantations
in the western region of Ukraine

lu. Debryniuk’

Douglas-fir is an introduced species with a
pronounced specific character of growth — it grows
relatively slowly at a young age, but with a subsequent
acceleration of the growth rate and maintaining its
high intensity for a long period of time — one hundred
or more years. Due to the variability of soil conditions
in which Douglas fir of various provenances are
cultivated, as well as due to different technologies
of establishing and cultivating plantations of this
species, the biometric indexes of forest stands with the
participation of this coniferous species vary widely.

Particularly favorable for the growth of Pseudotsuga
menziesii are moist fertile beech forest types and spruce
forests of the Pre-Carpathian region, where already,
starting from the age of 20, Douglas fir exceeds spruce
in height and diameter, and the growth retardation from
larch is much less than in the conditions of the Western
Forest-steppe (within 10-15%). The density of Douglas
fir in both young and middle-aged and mature stands
plays a significant role in the stem wood accumulation
by the species. The most productive plantations are
characterized by the uniform distribution of trees over
the area and high crown density.

The participation of Pseudotsuga menziesii in the
composition that provides the maximum amount of
wood accumulated by the species depends on the age of
the plantations. In young plantations, the high share of
Douglas fir in the tree composition is not accompanied
by high stocks of wood, while in plantationss older
than 40 years, the highest stock of wood of this
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species is formed in pure stands. At the same time,
the highest indexes of the height and diameter of
Douglas fir are characteristic of plantations, where
its share is on average 30%. For mixed plantations of
35 years of age, with a 60% share of Douglas fir in
the stand composition, a close to the optimal spacing
of the species can be considered as 4% 3 m; in such a
case, there is a good cleaning of trunks from branches
(natural pruning), the compact crown formation with
an average area of 12-15 m?.

After 35 years of age and with the participation
in the stand composition of more than 60%, Douglas
fir significantly increases the intensity of growth, its
density increases in all the studied stands, as a result
of which the stock of stem wood increases. When
growing Douglas fir in plantations, you should not
expect to obtain significant volumes of wood of this
species until the age of 30 to 40 years old. The task is
to grow plantations in the optimal density mode, which
will provide a very significant increase in the growth
intensity of the species after the indicated age, and by
the age of 50-60, wood standing volume will reach
700 m*-ha-' and more.

Douglas fir forest plantations should be grown
pure in composition, which will eliminate the negative
impact on the species at a young age of other faster-
growing tree species, this will realize the potential for
rapid growth and facilitate the crop tending. In order to
protect Douglas fir from winter frosts, it is advisable
to introduce an auxiliary tree species, for example,
Norway spruce, into its plantations. Douglas fir reaches
the highest classes of quality in plantations at the age of
40 to 60 years old at various initial schemes of spacing
of planting spots — 2.0-6.0 x 0.8-2.0 m.

In pure plantations of Pseudotsuga menziesii, under
conditions of fresh fertile site type, when creating
plantations of the species, the initial density should be
taken as 1.5-2.0 thousand pcs / ha (taking into account
the auxiliary species, the total density will be 6.6
thousand pcs / ha). In moist fertile site types, the growth
rate of Pseudotsuga menziesii is slightly higher, so the
initial density of the species should be slightly less
(1.0-1.5 thousand pieces / ha), and taking into account
the auxiliary species — 4.5-5.0 thousand pcs / ha.

Key words: biometric indexes; growth course;
density; participation in the composition; plantations;
Western Forest-Steppe; Pre-Carpathian region.

Pseudotsuga menziesii (Mirb.) Franco
KaK NepcneKTUBHbIN ApeBecHbIli BUA
ANA NAHTaLMOHHDbIX JIECHbIX HaCaXKAEHUN
3anagHoro pervioHa YKpauHbl

0. M. ebpuHiok'

Pseudotsuga menziesii SBIsieTCI UHTPOAYIIEHTOM C
SIPKO BBIPKEHHOH CIIEM(PUKON POCTa — CPABHUTEIb-
HO MEJIEHHOPACTYINAas B MOJIOJOM BO3pacTe, HO C MO-
CIIEYIOIUM YBEJIMUEHUEM CKOPOCTH POCTa U NOJAEP-

YKQHUEM €0 BBICOKOH WHTEHCHBHOCTH B TEUCHHUE JJTH-
TEJIBHOTO MEePHOJIa BPEMEHU — JI0 CTa U 00JIee JIET.

B Momomplx HacaxkgeHusx a0 25-30-1eTHero BO3-
pacta TICEeBIOTCYTra IMOCTYIAeTCsl 10 MHTEHCHBHOCTH
pocTa e M 0COOCHHO — JTucTBeHHMIIE. [1pm sTOM TIpe-
MMYIIECTBO JUCTBEHHUIIBI MO BBICOTE M JUAMETPY MO-
JKET COCTABIISATH JIBa pa3a u Oonee. Eciy B YUCTHIX Kyib-
Typax rncesiorcyra pacret mo I* u I° kimaccam 6onuTeTa,
B TyOOBO-IIyTJIACHEBEIX — 110 [°, B AyTIIaCHEBO-EIIOBBIX —
no I, To B AymiacueBo-1MCTBEHHUYHO-€JI0BOM — 110 11
Kiaccy OOHHUTETa, TOrma Kak enib pacteT 1o I°, a ju-
CTBEHHHIIA — 110 [° 1 BBIIIIE KiTaccam OOHHTETA.

HoneBoe yuactue P. menziesii B cOCTaBe, KOTOPBI
o0ecrieyrBaeT MakKCUMaJIbHbIE 00BEMbI CTBOJIOBOM JIpe-
BECHHBI, 3aBUCUT OT BO3pacTa HacakiaeHuil. B moio-
JIBIX HACAXJCHHUAX BBICOKOE ydacTHe TYTJIacHd B CO-
CTaBe HE COMPOBOXKIACTCS BRICOKMMH 3aIlacaMu JpeBe-
CHUHBI, TOT/Ia KaK B KynbTypax crapiue 40 jeT BHICOKHI
3amac JIPeBeCHHbI Topoia (hOpMHUPYETCS UMEHHO B YH-
CTBIX TI0 COCTaBy HacaxaeHusX. [Ipn 3ToM cambIMu BBI-
COKMMH TIOKA3aTeNIIMU BBICOTHI M THAMETPA TyTIIACHUS
XapaKTEepHU3yeTCs IMEHHO B HACAXKICHUSIX, TJIC €€ yda-
ctue coctapiseT B cpeaneM 30%.

Jns 35-netHero Bo3pacta B CMEUIAHHBIX KYJBTY-
pax ¢ 60%-bIM ydacTHeM B COCTaBe, OJIM3KUM K OIITH-
MaJlbHOMY MOJKHO CUMUTATh Pa3MEIICHHUE IyIiacuu
4Xx3 M; MpU 3TOM MPOUCXOIUT XOPOIIEE OUUILCHUE
CTBOJIOB OT Cy4YbeB, (HOPMHUPOBaHNE KOMITAKTHOH KPO-
HBI TIPM CpeIHel ee mIomamu B npeaenax 12-15 m2
[Tocne 35-nerHero Bo3pacTta ¥ P y4acTHUH B COCTaBe
oomnee 60% myrnacus CylIeCTBEHHO YBEIMYMUBACT WH-
TEHCHUBHOCTH POCTa, M YBEIMYEHHUE €€ y9acThs B CO-
CTaBe HACAXKICHUN COMPOBOXKIACTCS YBEIUUCHHUEM
3araca CTBOJIOBOM JIPEBECUHBIL.

[Ipn mnaHTalMOHHOM KYJABTUBHUPOBAHUM TYTJIACHHU
MIPUOPUTETOM SIBIISIETCS BBIpAIIMBaHNE HACAKICHUHN B
PEKUME ONTHUMAITFHON TYCTOTHI, UTO 0OCCIICUMBACT 3HA-
YUTENHHOE YCUJICHHE MHTCHCUBHOCTH POCTa MOPOIBI
nocne 30-40 net, u yxe k 50-60 rogam 3amacel ApeBe-
cunsl nocturatot 700 m>-ta’! u Goee.

Bricokux kimaccoB OOHHUTETA TICEBAOTCYTa JOCTH-
raer B HacaxjaeHusx 40-60-meTHero Bo3pacta INpu
pa3IUYHBIX HayaJdbHBIX CXeMaX pa3MEIIeHHUsl Mmoca-
JOYHBEIX MecT — 2,0-6,0 % 0,8-2,0 m.

KuioueBble cjioBa: TakCallMOHHBIC ITOKA3aTEIIH;
XOJI pOCTa; TYCTOTa KYJIBTYP; YU4ACTUE B COCTABE; IJIaH-
TallMOHHBIE HacaxaeHus; 3anagHas Jlecocrens; [1pu-
Kaprarse.
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N3meHUYMBOCTb NONYyCcMO60B NIIOCOBbIX AiePEBbEB COCHbI KeAPOBOM
cnb6upckon B 30-35-neTHem Bo3pacTe Mo NoKasaTtensm pocrta

P.H. MaTBeeBa’, O.®. bytoposa? B.B. Hap3ses?, lO.E. Lepba*

Ilpusedensvr oannvie no usmenyusocmu noaycubos Pinus sibirica Du Tour na necocemennoii nnanmayuu «Epma-
Kuy, pacnonodicentoli 8 Epmakosckom aomunucmpamusnom paiione 1oz2a Kpacnospckozo kpas. Ilonycubul niiocogwix
oepesbes, ammecmos8anublx N0 CEMEHHOU U CMBONI0BOU NPOOYKMUBHOCMU, gbipaujenvl uz ceman 1984 cooa noce-
6a. [locaoka pacmenuti npogedena no cxeme 8 x 8 m. Llenv ucciedosanuii — npoOAHAIUUPOBAN USMEHYUBOCIb CEMEH-
HO20 NOMOMCMEa NACosvlx depesves Pinus sibirica ¢ sospacme 30-35 nem. Ycmarnosnena uzmeHyu8ocns 8blcomal,
ouamempa cmeona, naowaou u 06bema KpoHsl, ONUHbLL X80U 8 3A8UCUMOCU OM 2eHOMUNA U NPUHYUNA 0MO0pa NI0Co-
6blx Oepesves. Cpeonsis gbicoma cemetl 8 30-nemuem 6o3pacme cocmasuna 3,1-6,2 m. Unmencugnvim pocmom omauda-
auch noxycudbwl cemeti 17/17 no cmeonosoii npodykmuernocmu u 89/53, 103/67 — no cemennoii (na 10,7-21,6% bonvue).
Haubonvwuii ouamemp cmeona ommeuen 6 cemvax 17/17 no cmeonosoti u 90/54, 89/53 —no cemennou npo0yKmusHoCmu.
K 35-nemnemy sospacmy evicoma cemeti cocmaguia 6,3-7,6 m npu ouamempe cmeona 16,4-21,2 cm. Hexomopwie noiny-
cubwvl oocmuearom gvicomnot 9,1-9,6 m.

Koagpduyuenm, xapaxmepusyrowuii omnoutenue ouamempa Kpomsl K Ouamempy cmeond npu c60000HOM pasmeuye-
HUu depesves Ha nianmayuu, cocmasun 15,6-18,4. Omnocumenvuas evicoma (H/d), pasnas 34,0-39,7, xapaxmepuszyem
omcymcmaue KOHKYPEHMHbIX 83AUMOOmMHOuenUll mexncoy oepesvamu. Cpednuti o6vem KpoHwvl 35-nemuux oepesves 6
cembsix nuocosvix oepesves 6 2018 200y, 6 3asucumocmu om sapuanma, cocmasun 19,3-26,4 1.

Cpasnenue cemell niOCO8bIX 0epegbed No KOMIIEKCY NoKa3amesnel CGUOemenbCmsayen, 4mo IyYum pocom om-
JUYaemcs cemenHoe NomoMcmeo NIl0COBbIX 0epesbes No ceMeHHOU npodykmuernocmu. Omcenekmuposansl cemvit U no-
Jycubvl nO UHMeEHCUGHOCIU pOCcma, Oaune xeou. /lannuvle nonycubvl pexomeHOYIoOmcs 015 OANbHeliue20 pa3smMHONCeHUs
NPUBUBKOLL C YETbIO CO30AHUSL 1€COCEMEHHBIX NIAHMAYUIL.

Kniouegvie cnosa: Pinus sibirica; necocemennasn nianmayus,; cemwvs, ceMeHHas NpoOYKMUSHOCMb, CME0L08as NPO-
oykmugHocmy, cenexyust;, Cubupu.
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BBenenue. CoxpaHneHrne W pa3BUTHE TE€HETHYEC-
KH [IEHHOTO TOTEHIMAlla XBOWHBIX TIOPOJ OCTHUTAET-
Csl MyTeM CO3/IaHusi OOBEKTOB JIECOCEMEHHOM 0a3bl,
B TOM YHCJIEC JIECOCEMEHHBIX IUIAHTAIMH, KOTOPBIC
MpeHa3HAYeHBI JUIS TIOMYYEeHUs YIYUYIICHHBIX CeMSH
(Taitmuc, 1964; Bepecun, Edumos, Apednen, 1985;
lImonuak, nonyak, [lluakopenko, 1990; Vidakovic,
Kajba, Bogdan, Podnar, & Becarevic, 2000; Xennak,
2017; [Nomnagckas, Peoko, Tynuk, 2018).

JlecocemeHHbIE TUTAHTAIIME CEMEHHOTO MTPOMCXOXK-
NICHHSI, UJTH CeMECTBEHHbBIE TUTAHTAIIUH, CO3/IAF0T C FC-
MOJIb30BAHHEM CESHIICB U CaXKCHIIEB, BBIPAIIICHHBIX U3
CEMSIH TUTFOCOBBIX JIepeBbeB. [LIIF0COBBIE IEPEBbsI, HME-
FOII[Ee HAauOOJBIIYI0 CEIeKIIMOHHYO [IEHHOCTD, SBIIS-
FOTCsl KaHJUAAaTaMU JJIs BKJIFOUCHHSI UX TIOTOMCTBA B
COCTaB JIECOCEMEHHBIX IIJJAHTALM{ MOBBIIIEHHON Te-
Hetnueckoii nienHoctu u JICII Broporo mopsiaka (Les-
ter & Barr, 1966; Fries, Lindgren & Andersson, 2008;
Beccuernona, 2009; 3emisanoit, [lakupos, 2013).

OO0op MITIOCOBBIX JEPEBHEB COCHBI KEIPOBOW CH-
OMpPCKOIl TIPOBONSAT Ha MHTCHCHBHOCTH POCTa U Ce-
MEHHYIO TPOJYKTHBHOCTb, HO BEPOSITHOCTH OTOOpa
JIEPEBBEB, COYETAIONINX BCE JKeaTelIbHbIE TIPU3HAKH,
O4YeHb Maja. MakcuMabHBIH CeleKIMOHHBIN d(deKT
MOXKHO TOJIYYUTh JIMIIb TPU OTOOPE IEPEBHEB IO
OHOMY XO3siiicTBeHHOMY Tmpu3Haky (Kotos, 1982;
Edumos, 1987; I'yces, 1990; Sweet, 1995; Ilapes,
Jlayp, 2009).

OT0O0p PMUTHBIX JEPEBHEB 1O T€HOTHUIY JIUIIH Ha
48% coBmagaet ¢ 0TOOPOM 10 (HEHOTHITY KPYITHEHIINX
nepeBreB (Giertych, 1995). HeoOxomumocTh meTanb-
HOW W BCECTOPOHHEH MPOBEPKH ILTIOCOBBIX JE€PEBHEB,
B TOM YHCJIE H 10 TIOTOMCTBY, IPU3HACTCS OCHOBOM MX
YCHEIIHOTO BHEAPEHUS B JIECOXO3SHMCTBEHHOE TPOU3-
BonctBo (beccuernoB, beccuernoma, 2012; Illepoba,
Komuenko, ITorutrotikosa, 2020).

Ha cemelicTBeHHBIX  IUIAHTAlMSAX  OTMEYaeT-
Csl 3HAYHUTENBHBI ypPOBEHh M3MEHUHMBOCTH JIEPEBHEB
pa3HBIX CEMEH IO BBICOTE, IUAMETPYy CTBOJIA, IMPH-
pOCTy HEHTPaJbHOTO TO0eTra, JJIMHE XBOW, KOJIHWYe-
CTBY IIMIIEK, UX KPYMHOCTH U APYTUM TIOKA3aTEISIM.
DTO MO3BOJISIET OTCEJIEKTUPOBATH JIYUIIUE JCPEBbS 110
3amaHHbIM npu3Hakam (Paitt, 1978; XXurynos, bonna-
penko, 2018).

Pesynbrathl M3yuyeHHs] UCHBITATSNILHBIX  KYJIb-
Typ XBOWHBIX BHJOB B PAa3HBIX PErHOHaxX KpaiHe
MPOTHBOPEYUBBL. B HCHBITATENBHBIX KYJIBTYpax eln
eBporelickoil B JlennHrpaackoit oonactu k 30-39-nert-
HEMY BO3pacTy JI0Jsl CeMel pu 0TOOpe IO TOCTOBEP-
HOCTH OTJIMYUN OT KOHTPOJIS MO JTUAMETPY M BBICOTE
BapbupyeT oT 9 10 39%. O6obumenne onbiTa co3na-
HUSl JIECOCEMEHHBIX IUIAHTAIlMi TO0Ka3ajo, 4YTo Te-
HETHYECKH A(PQEKT IUIaHTalui IepBOro TOpSIKa,
OIpeNeIsIeMbIil TI0 OBICTPOTE POCTa HCIBITATEIBHBIX
KYJIETYp, OIICHUBACTCS B CpeaHeM Ha ypoBHE 8-9% c
ammuTynoi 5-25% (bonnapenko, Kurynos, 2016).

Bosnbiioe 3HaueHHe MMEIOT IJIAHTAIMK COCHBI Ke-
JPOBON CHOMPCKON IKOJIOTHUECKON HAIPaBICHHOCTH,
co3/1aBaeMbIe B IIPUTOPOAHBIX 30HAaX, BOJIM3U CaHATO-
pueB (MarBeeBa, bytopoBa, 2013; bparmiosa, Mart-
BeeBa, bytoposa, Illepba, 2015). Ormewaercs, 4To

TaKkWe IUIAHTAIMW BBITONHAIOT CPENOy Ty dIIaloNIie,
pEeKpeanroHHbIe, a TaKKe CAHUTAPHO-TUTHEHUYECKHE
GyHKIHH.

HecMoTpst Ha psii MPOBEEHHBIX HCCIIEIOBAaHUM,
OCOOCHHOCTH M3MEHYHBOCTH TIOTOMCTBA ILTFOCOBBIX
JIEPEBLEB COCHBI KEIPOBOW CHOMPCKOM, aTrTecToBaH-
HBIX 10 CTBOJIOBOM WMJIM CEMEHHOW NPOAYKTHBHOCTH,
HEJI0CTAaTOYHO M3Y4YeHbl. B 4acTHOCTH, HE yCTaHOBIE-
Hbl HHTEHCUBHOCTbH POCTa COCHBI KEJIPOBOM B pa3HbIE
BO3pAcTHBIE TEPUOABI HA JIECOCEMEHHBIX IUIaHTAIH-
ax B ycnousx Cpenneir Cubupu. Ilostomy axmyans-
HbIM acneKkmom SIBISETCS U3ydeHHE CeMeWCTBEHHOMN
W3MEHYMBOCTH TOTOMCTB IIJTFOCOBBIX JIEPEBBEB, OTO-
OpaHHBIX IO CTBOJIOBOM U CEMEHHON MPOAYKTUBHOCTH,
BBISIBJICHUE U OTOOP JIEPEBBHEB, TOTOMCTBA KOTOPBIX OT-
JTUYAIOTCSl HanboJiee MHTCHCUBHBIM POCTOM B JTAHHBIX
YCIIOBUSIX MTPOU3PACTAHUS.

O0BbeKThI 1 METOABLI HccienoBanuii. Oovexmamu
WCCIIENOBAaHUHN SBWJIMCH TOMYycHOBI Pinus sibirica Du
Tour, mpouspacraroiye Ha JECOCEMEHHOU MIaHTaIuN
«EpMakn» B EpMakoBCKOM aJMUHUCTPaTHUBHOM pa-
ttione Kpacuosipckoro kpasi. ComocTraBieHa W3MEHUU-
BOCTh ITOKa3aTelNieil CEMEHHOTO MMOTOMCTBA TLUTFOCOBBIX
nepesbeB 13/13,17/17, 18/18, arTecTOBaHHBIX 110 CTBO-
JOBOU mpomayKTuBHOCTH, U 86/50, 89/53, 90/54, 99/63,
103/67, 109/73, 110/74 — mo ceMeHHOH 3a NATHIETHUHN
nepuox B Bo3pacte 30-35 net. [lomycuObl BeIpalieHbI
3 cemsH 1984 roma mocesa. [locanka pactenwmii mpo-
BEJICHA 110 CXEME 8 X & M.

Ilpeomem uccnedosanuii — W3MEHYUBOCTH I10-
mycuboB Pinus sibirica 8 mepuon 2013-2018 rr. mo
BBICOTE, JMaMeTpe CTBOJIA M KPOHBI, 00beMe KPOHBI,
JUIMHE XBOM. [lenvio uccnedoéanuil SIBUIOCH TPOBE-
JIEHUE OIEHKH OMOMETPHYECKHX IOKAa3aTeIe TOoy-
cHOOB COCHBI KEAPOBOW CHOMPCKOW 3a S5-JIETHUH Tie-
U0/, BBIJICIICHUE CEMEH, OTIUYAIOLIUXCS HAaUOOJIbIIICH
WHTEHCUBHOCTBIO pocTta. s m3ydeHus ypoBHS W3-
MEHYHMBOCTH CEJIEKIMOHHBIX MPU3HAKOB HCIIOIH30Ba-
mu mkany C. A. Mamaesa (1973).

O6wem kponbl onpenensiu o ¢popmyne B. /1. Tio-
puna (1938):

%D 2 * Ly
8

V= ,
rne ©—3,14; DKP — IUaMETP KPOHBIL, M; LKp — [pOTs-
JKEHHOCTh KPOHBI, M.

O0paboTKa JaHHBIX MPOBEJICHA C UCIIOJIh30BAHUEM
nporpammel Excel.

Pesyabratel u o6cy:xxaenne. [lo pesynsratam uc-
CJICIOBaHUH, CPEIHSS BBICOTA TOIYCHOO0B B 30-1eTHEM
BO3paCTE COCTAaBWIA 5,3 M B IOTOMCTBE IUIFOCOBBIX JI€-
PEBBEB, aTTECTOBAHHBIX IO CTBOJIOBO MPOAYKTUBHOC-
™, U 5,7 M — 110 ceMeHHoH (Tabm. 1).

CpaBHUBas BBICOTY OTAETBHBIX CeMeil, BUIHO, YTO
cembst 89/53 3HAUNMTENBHO MPEBOCXOAUT MO JAHHOMY
nokasarento (Ha 10,7-21,6%) nonycu6bsl cemert 13/13,
18/18 B Tpymme 1O CTBOJIOBOW MPOAYKTHBHOCTH H
86/50, 109/73, 110/74 — o cemeHHoO (t,[]>t05).

N3menunBocTth auamerpa crosia 30-IETHUX MOTY-
CcHOOB IUTIOCOBBIX AEPEBHEB, OTOOPAHHBIX TT0 CTBOJIOBOM
Y CEMEHHOM MPOyKTUBHOCTH, ITPHUBE/IeHa B Ta0MI. 2.

98 P.H. MatBeesa, 0. 0. bytopoBa, B. B. Hap3aes, 10. €. Llep6a. Mivnugictb HaniBcn6CiB N COBUX AepeB COCHN KeApOBOT CUBIPCHKOL...



Proceedings of the Forestry Academy of Sciences of Ukraine, 2020, vol. 21

Tabnuya 1

HN3mMeH4YHBOCTH BHICOTHI OIycH00B 30-jIeTHEero Bo3pacra, M

Homep cembu X max min

+m V, % P, % tq) npu t . =2,07

IToToMCTBa MIIFOCOBBIX AEPEBLEB C BBICOKOW CTBOJIOBOM IIPONLYKTUBHOCTBIO

13/13 5,1 6,7 3,0 0,23 19,6 4,5 3,77
17/17 5,6 7,1 4,3 0,27 15,7 4,8 1,85
18/18 5,4 7,7 3,6 0,32 22,2 5,9 2,18
Cpennee 3HaYeHHE 5,3 0,27 19,1 5,1
IToTOoMCTBA MIIIOCOBBIX AEPEBLEB C BEICOKOM CEMEHHOM NPOAYKTHUBHOCTBIO
86/50 52 7,9 2,7 0,28 26,0 5,4 3,00
89/53 6,2 7,1 5,0 0,18 10,3 2,9 -
90/54 59 7,9 4,1 0,34 19,8 5,8 0,78
99/63 5,8 7,8 4,5 0,21 15,7 3,6 1,45
103/67 6,0 7,1 4,8 0,19 11,5 3,2 0,76
109/73 54 6,9 3,7 0,24 17,0 4.4 2,67
110/74 5,6 7,4 3,8 0,22 17,3 3,9 2,11
Cpennee 3HaueHHE 5,7 0,24 16,8 4,2
Cpemnee suasenue 56 0,25 17,5 4.4 1,95
T10 OITBITY
Tabnuya 2
HN3MeHYHBOCTH JUAMETPA CTBOJIA MOaycu0oB 30-j1eTHEro Bo3pacra, cM
Howmep cembr X max min +m vV, % t,mpu t),=2,07
[ToToMcTBa TUTIOCOBBIX JIEPEBBEB C BEICOKOW CTBOJIOBOM MPOIYKTHBHOCTBIO
13/13 9,8 13,9 4,7 0,57 25,4 3,30
17/17 10,8 14,8 4,9 0,94 28,9 1,88
18/18 10,5 14,7 4,2 0,82 29,3 2,27
Cpennee 3HaYCHHE 10,3 0,78 27,9
IToTOoMCTBA MIIIOCOBBIX AEPEBLEB C BHICOKOM CEMEHHOM NMPOAYKTHUBHOCTBIO
86/50 10,7 21,1 4,0 0,92 41,4 1,99
89/53 12,4 16,3 7,3 0,80 223 0,68
90/54 13,2 17,8 8,1 0,86 22,6 -
99/63 11,4 19,5 8,1 0,74 27,6 1,59
103/67 12,6 17,2 8,5 0,72 20,6 0,53
109/73 10,6 16,5 5,4 0,83 30,2 2,18
110/74 12,9 18,9 7,5 0,68 23,7 0,27
CpemHee 3HaUCHHE 11,9 0,79 26,9
Cpennee 3HaYCHHE 11.4 0.79 272 1,54

110 OIIBITY

Cpennuii auamerp cTBona momycu6oB B 30-7er-
HeM Bospacte coctaBua 11,4 cMm. Y nonycuboB nepe-
BbEB, aTTECTOBAHHBIX 10 CEMEHHOW MPOMYyKTHBHOCTH,
JaMmeTp cTBoia Ha 15,5% Oobliie, 4eM 1o CTBOJIOBOIA.
HaubonpmmM nuamMeTpoM CTBOJNA OTIMYAIOTCS Aepe-
Bbs ceMbd 90/54. 3HaYUTENBHO OTCTAIOT IO TUAMETPY
ctBona (Ha 24,5-34,7%) nonycudsl cemeii 13/13, 18/18,

109/73. Cpennuii auamerp kponsl B 2013 . y 30-net-
HETO IMOTOMCTBA TUTIOCOBBIX JIEPEBbEB, OTOOPAHHBIX 110
CEMEHHOM NPOTYKTUBHOCTH, paBeH 2,4 M, uto Ha 20,8%
OorbIle, YeM Yy TUTIOCOBBIX JIEPEBBEB, OTOOPAHHBIX MO
CTBOJIOBOU TIPOAYKTUBHOCTH (pHC. 1).

MakcuManbHbIl 1UaMeTp KpoHbl cpeau 30-yer-
HUX MOJXycHOOB ObLT 3apUKCUpOBaH B TIOTOMCTBE,

R. Matveeva, 0. Butorova, V. Narzyaev, lu. Shcherba. Variability of half-sibs of plus trees of Siberian pine at the age of 30-35 years...
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OTOOpPaHHOM IO CEMEHHOH TMPOAYKTUBHOCTH (CEMbHU
90/54 n 110/74).
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[Mokazarenu mpupocTa MEHTpaTbHOrO modera
31-nmetHero cemMenHoro moroMctsa (2014 1.) TTIOCOBBIX
JIEPEeBbEB, OTOOPAHHBIX IO CTBOJIOBOW M CEMEHHOM
MIPOAYKTUBHOCTH, TIOKa3aHbI Ha pucC. 2.
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Puc. 2. [Ipupocrt neHTpampHOro modera 3 1-neTHUX
momycn6oB B 2014 1., cm

Texymuii TOMOBOM MPUPOCT MEHTPATBHOTO TT00eTa
B 2014 r. Obw1 paBeH 18,4 cM. B cembsix 1o cTBOJIOBOM
MPOJYKTUBHOCTU JAHHBIN IOKa3aTellb BaphbUPOBAI OT
16,5 no 22,5 cMm, nocTUrasi MAaKCMMaJIbHOTO 3HAYCHMS B
cembe 18/18. B ceMbsiX 10 CEMEHHOM MPOITYKTUBHOC-
TH KoJiebaHue cocTansuio ot 16,7 10 19,0 cM npu Hau-
OonpIIMX 3HaYEeHUSAX B ceMbsax 86/50 u 110/74.

B 2015 r. mpupocT 1eHTpanbHOTO To0era CeMeH-
HOTO TIOTOMCTBA ILTKOCOBBIX JICPEBbEB YBEIUYHIICS Ha

42,9%, HO WHTEHCHUBHBIM POCTOM OTIMYANIACh CEMBbS
103/67 mo ceMeHHOM MPOAYKTUBHOCTH.

B 2016 . mpupocT HeHTpanbHOro modera ceMeHHO-
TO MMOTOMCTBA IITIOCOBBIX IEPEBHEB COCTABIII 23,9 cM,
T0 ecTh cHu3mics Ha 10,0%. B uucne nmyummx Bapuan-
TOB TIO JAHHOMY TIOKa3aTelto BbIIeeHbl ceMbu 89/53
n 99/63.

CpenHee 3HaUCHHE MPUPOCTA LICHTPAIBHOTO IoOera
nomycu6oB B 2017 1. yBennumics 1o 30,1 cM (Tadm. 3).

B ceMbsix, OTOOpaHHBIX TO CTBOJIOBOWM MPOAYK-
TUBHOCTH, CpelHee 3HA4eHHWE MPUPOCTa PaBHSIIOCH
30,3 cm, mo cemenHoit — 30,1 cm. YpoBeHb U3MEH-
YMBOCTH JaHHOTO IOKa3aTelisi B OCHOBHOM CPEAHUH.
3HAUUTENBHBIM HPUPOCTOM XapaKTEepU30BaJOCh IO-
TOMCTBO IUIFOCOBOTO JIepeBa [0 CTBOJIOBON MPOIYKTHB-
Hoctu 17/17, npeswimas cembu 13/13, 86/50, 109/73
Ha 14,3-19,3%, uro moaTBepxknaeHO f-KputepueM. C
OCTAJIIbHBIMH BapWaHTaMHU pa3lii4us [0 TMPUPOCTY
HECYIIECTBEHHBI (trb <t,).

[Ipupoct neHTpanzpbHOTO MOOEra 35-IeTHUX MOY-
cu60B B 2018 1. ocTancs mouTu Ha TOM JKe YPOBHE, YTO
n B 2017 ., u coctaBmin 31,6 cm (Tadm. 4).

B ceMbsix, 0TOOpaHHBIX IO CTBOJIOBOH W CEMEH-
HOW MPOXYKTUBHOCTH, IPUPOCT UMEET OJIM3KHE 3HAYE-
aHus (31,0 u 31,8 cM). CpaBHHBaS MPUPOCT IICHTPAITb-
HOTO TIo0era OTJeNbHBIX ceMeil BUJIHO, YTO JIOCTOBEP-
HO MEHBIIIHE 3HAYCHUS PUPOCTa UMEIOT ceMbH 13/13,
18/18, 99/63 u 109/73 (t,> ty5) B CPABHEHIH C CeMbEii
89/53, nmetomiei HanOonbIee 3HaveHue (35,8 cm).

[Mpupoct nenTpansHoro mobera moaycuoos 35-net-
HETO BO3pacTa B CEMbSIX 3a ITOCIIEIHUE TISITh JIET COCTa-
Bui 129,9 cm (Tabm. 5).

[TpupocThl CEMEHHOTO ITOTOMCTBA TLTFOCOBBIX Jiepe-
BBEB I10 CTBOJIOBOM M CEMEHHOM MPOAYKTUBHOCTH NMe-
toT Onmskue 3HadeHus (127,1 u 130,9 cm).

Haubonpmmum npupocrom 3a nsate jer (136,7-
138,5 cM) OTIMYAIOTCS CEMbU IUTIOCOBBIX JCPEBHEB
17/17, 89/53, 103/67. JlocTOBEpHO MEHBIIIEE 3HAYCHHE
(1,>1,;) O PUPOCTY 3a MSATH JICT OTMEUCHO B CEMCH-
HOM TIOTOMCTBE TUTIOCOBBIX JiepeBbeB 13/13 u 109/73 B
cpaBHEeHHU ¢ cembeit 17/17. BHyTprucemelinoe Bapbu-
pOBaHHE MPHUPOCTA B BapHaHTaX HAaXOIUTCS Ha CpPe-
HEM W HU3KOM ypPOBHSIX.

K 35-nerHemy BoO3pacTy cpenHsii BbICOTA IOJIY-
cnOOB pa3HBIX ceMmeil mocturia 6,3-7,6 M, pa3imnuue
MEXly CPETHUMH KPaiiHUMHU 3HAYEHUSMHU COCTABIISET
20,6% (Tabm. 6).

YpoBeHb W3MEHYMBOCTH JaHHOTO  IIOKazaTe-
ns B aByx Bapumantax (18/18, 86/50) Bwicokmii, B
OCTaJIbHBIX — CPEIHUNA U HU3KUI.

HawuOosbieid BBICOTON OTIMYAIOTCS OCOOM CEeMbH
TUTIOCOBOTO JiepeBa 89/53 1o ceMeHHOH TPOJYKTHB-
HOCTH, KOTOpas JOCTOBEPHO TIPCBBIIACT 3HAUCHHUS
JAHHOTO TIOKAa3aTessi HaJi TOTOMCTBOM IUTIOCOBBIX Jie-
peBbeB 13/13, 86/50 u 109/73 (1,> 1,5). pyrue cembu
OTJIMYAIOTCS OT JIYYLIETO BApPHAHTA HE3HAYUTEIBHO.

Hekortopbie moaycuObl JOCTUTAOT BBICOTHI 9,1-
9,6 M B cembsix: 86/50 (aepeBo 45-30), 18/18 (nepeBo
7-33), 90/54 (nepeso 10-35), 99/63 (nepeBo 10-19) u
110/74 (nepeso 10-23).
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[mameTp cTBOJA AEPEBHEB B Pa3HBIX CEMbSIX Bapbl-  OTMe4eHo B BapuanTtax 90/54, 89/53 u 110/74. docro-
poBain ot 16,4 1o 21,2 cMm npu cpenHeM 3HadeHUH 18,5  BepHOE NPEBBILIEHUE CPEIHETO IUaMeTpa CTBOJIA B Ce-
cMm (Tabn. 7). YpoBeHb M3MEHUMBOCTH JAHHOTO 1O-  Mbe 90/54 ¢ HanOOIBIIUM JUAMETPOM CTBOJIA OTMEYe-
Kazareyis — OT CPEJHEro M0 BBICOKOTO. 3HAYMTEIHHOE  HO HaJ MOTOMCTBOM IUTIOCOBBIX aepeBbeB 13/13, 18/18
npesbiienne (10,8-14,6%) Hax cpemHuM 3HadeHneM — u 99/63 (t¢ >1,)-

Tabnuya 3
H3MeHYHBOCTH TeKylIero NpUPOCTa HEeHTPAJBHOIO0 nmodera norycuooB 34-1eTHero Bo3pacra
B 2017 ropy, cm
Howmep cembu X max min +m V, % t, pu t,s=2,09
IToTOMCTBA MITIOCOBBIX AEPEBLEB C BBICOKOW CTBOJIOBOW MPOAYKTUBHOCTBIO
13/13 27,7 38 23 0,93 14,7 2,86
17/17 32,8 39 23 1,52 15,4 -
18/18 31,9 39 24 1,18 13,8 0,47
CpenHee 3HaUCHHE 30,3 1,21 14,6
[ToTomMcTBa IUTIOCOBBIX JIEPEBBEB C BEICOKOW CEMEHHOW TPOYKTUBHOCTHIO
86/50 28,7 40 19 1,13 19,0 2,16
89/53 31,2 37 22 1,33 14,7 0,79
90/54 30,6 39 21 1,59 18,0 1,00
99/63 30,5 39 20 1,23 17,1 1,18
103/67 32,0 40 16 1,99 22,5 0,32
109/73 27,5 34 19 1,12 15,7 2,81
110/74 31,0 37 23 0,84 12,1 1,04
Cpennee 3HaUCHHE 30,1 1,32 17,0
CpenHee 3HaUCHHE 30,1 129 16.3 1.35
IO OTIBITY
Tabnuya 4
N3MeHYNBOCTH TEKYIIET0 MPUPOCTA EHTPAJIbHOIO Mo0era moJycuooB 35-1eTHero Bo3pacra
B 2018 roxy, cm
Howmep cembu X max min +m V, % t, [IpH t, =2,07
[ToTOMCTBa ITFOCOBBIX IEPEBBEB C BBICOKOW CTBOJIOBOH MPOLYKTHBHOCTBIO
13/13 29,9 40 22 1,12 16,3 3,15
17/17 33,9 42 24 1,74 17,1 0,83
18/18 30,1 44 19 1,96 24,4 2,31
CpenHee 3HaUCHHE 31,0 1,61 19,3
IToToMCTBA IIIOCOBBIX AEPEBLEB C BLICOKOM CEMEHHOM NPOLYKTHUBHOCTBIO
86/50 31,8 47 22 1,35 20,4 1,98
89/53 35,8 43 26 1,50 14,6 -
90/54 31,5 43 25 1,59 17,5 1,97
99/63 31,2 44 22 1,42 19,4 2,23
103/67 31,6 44 26 1,49 17,1 1,99
109/73 29,7 45 20 1,86 24,2 2,55
110/74 32,0 43 24 1,14 15,9 2,02
CpenHee 3HaUCHHE 31,8 1,48 18,4
Cpennee 3Ha4eHHE 316 152 18,7 1.97

I10 OIIBITY
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Tabnuya 5

HN3MeHYNBOCTH CyMMAPHOIO (32 IATH JIeT) IPUPOCTA HEHTPAJBHOI0 nodera noxycudoB 35-j1eTHero
BO3pacTa, cM

Homep cembu X max

min

+m V, % t, pu t,s=2,09

IloToMcTBA ITIOCOBEIX JACPEBHLEB C BBICOKOM CTBOJIOBOI MPOAYKTUBHOCTBIO

13/13 116,8 147 95 3,23 12,1 3,53

17/17 138,5 164 109 5,23 12,5 -

18/18 132,0 185 95 7,05 20,0 0,74
Cpennee 3HaueHUE 127,1 5,17 14,9

IToTOMCTBA IIIFOCOBBIX AEPEBLEB C BBICOKOW CEMEHHOM ITPOAYKTUBHOCTBIO

86/50 124,7 178 81 5,24 20,2 1,86
89/53 137,8 156 99 5,05 12,7 0,10
90/54 131,1 151 108 3,81 10,1 1,14
99/63 1323 161 99 4,01 12,9 0,94
103/67 136,7 161 106 4,57 12,0 0,26
109/73 123.4 153 88 4,84 15,2 2,12
110/74 134,6 163 103 3,60 12,0 0,61
Cpennee 3HaueHUE 130,9 4,44 13,6
Cpemiee suasenme 129,9 4,66 14,0 1,23
TI0 OIIBITY
Tabnuya 6
HN3MeHYHBOCTH BBICOTHI MOTYycH00B 35-/1eTHero Bo3pacra, M
Howmep cembu X max min +m V, % P, % t, IpH t,,=2,07
[ToTomcTBa IUIIOCOBBIX JIEPEBBEB C BEICOKOW CTBOJIOBOM MPOYKTUBHOCTBIO
13/13 6,3 8,0 4,0 0,25 17,1 4,0 3,90
17/17 7,0 8,4 5,4 0,29 13,6 4,1 1,65
18/18 6,8 9,5 4,6 0,38 21,2 5,6 1,82
Cpennee 3HaueHHE 6,6 0,31 17,3 4,6
IToTOMCTBA MIIFOCOBBIX AEPEBLEB C BBICOKOW CEMEHHOM MTPOAYKTUBHOCTBIO
86/50 6,5 9,6 3,7 0,32 23,5 4,9 2,83
89/53 7,6 8,5 6,0 0,22 10,1 2,9 -
90/54 7,2 9,4 5,2 0,37 17,9 5,1 0,93
99/63 7,1 9,1 5,7 0,22 13,1 3,1 1,61
103/67 73 8,7 5,9 0,23 11,5 3,2 0,94
109/73 6,6 8,3 4,8 0,26 15,3 3,9 2,94
110/74 6,9 9,1 4,8 0,26 16,7 3.8 2,06
Cpennee 3HaYeHHE 7,0 0,27 15,4 3,8
Cpemiee suatenme 6,9 0,28 16,0 4,1 1,97

TI0 OTBITY

B HCKOTOPBIX CCEMbIX BBIACIAIOTCA HOJIYCI/IGBI
¢ nuametrpoM ctBosia 28,0 cM U BhIlLIE. DTH AEPEBBS
orMeueHbl B cembsax 103/67 (mepeso 10-27), 110/74
(mepeBo 2-18), 89/53 (mepemo 2-22) u 86/50 (mepe-
Bo 8-17). CpemHee 3HaUCHHE AWAMETpa CTBOJIA Cpe-
1 CEMEHHOr0 IOTOMCTBA IUIFOCOBBIX JIEPEBHEB,

O0TOOpaHHBIX TIO CTBOJIOBOW MPOTYKTHBHOCTH, COCTa-
Buiio 17,1 cM, 0TOOpaHHBIX TTO0 CEMEHHOW MPOIYKTHB-
HoctH —19,1 cMm.

Cpenuuii nuaMeTp KPOHBI IEPEBLEB K 35-TIeTHEMY
BO3PACTY B U3y4YaeMbIX CEMbSX yBeau4mics 1o 2,7-3,5
M IIpH cpeaHeM 3HaueHuu 3,2 M (Tab. 8).
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Tabnuya 7

HN3meH4YuBOCTH AUAMETPA CTBOJIA MOJOYcH00B 35-jIeTHEero Bo3pacra, cM

Homep cembu X max min

+m V, % trb npu t . =2,07

[ToTomcTBa MIIIOCOBBIX IEPEBLEB C BBICOKOW CTBOJOBOM IMPOILYKTUBHOCTBIO

13/13 16,4 24,5 8,1 1,02 27,1 2,93
17/17 18,0 23,2 9,0 1,35 24,9 1,72
18/18 17,3 25,1 7,9 1,35 29,1 2,10
CpenHee 3HaUCHHE 17,1 1,24 27,0
[ToToMCTBa ITFOCOBBIX JIEPEBHEB C BRICOKOW CEMEHHOW MPOIYKTUBHOCTHIO
86/50 17,4 34,7 6,8 1,51 41,6 1,92
89/53 21,1 30,5 12,4 1,60 26,3 0,05
90/54 21,2 27,4 13,0 1,28 20,8 -
99/63 17,9 22,9 11,2 0,76 17,9 2,22
103/67 19,4 28,0 14,0 1,16 21,6 1,04
109/73 17,5 27,4 10,5 1,26 27,8 2,06
110/74 20,5 28,3 14,6 0,82 17,9 0,46
CpenHee 3HaUCHHE 19,1 1,20 24.8
CpenHee 3HaueHUE 18,5 121 25.5 1,53
IO OTBITY
Tabnuya 8

HN3MeH4YHBOCTH AUaMeTPa KPOHBI 0J1YycH00B 35-1eTHero Bo3pacra, M

Howmep cembu X max

min

+m V, % td, npu t . =2,02

IToToMCTBA MIIFOCOBBIX AEPEBLEB C BBICOKOW CTBOJIOBOW MPOAYKTUBHOCTBIO

13/13 2,7 3,5 1,8 0,11 17,0 4,70
17/17 3,0 3,7 1,9 0,17 19,0 2,34
18/18 3,0 3,9 1,8 0,17 20,7 2,34
Cpennee 3HaUCHHE 2.9 0,15 18,9
IToToMCTBa ITFOCOBBIX IEPEBBEB C BHICOKOW CEMEHHOM MPOTYKTUBHOCTHIO
86/50 3,0 5,6 1,6 0,22 34,7 1,96
89/53 3,3 4,1 2,3 0,16 16,7 0,97
90/54 3.4 4,7 2,4 0,20 20,9 0,42
99/63 3,3 5,4 2,1 0,21 27,6 0,81
103/67 3.4 4,1 2,7 0,12 12,4 0,57
109/73 3,2 4,8 2,0 0,21 25,3 1,21
110/74 3,5 4,7 2,6 0,13 16,0 -
Cpennee 3HaUCHHE 33 0,18 21,9
CpenHee 3HaueHnE 32 0.17 21,0 1,40

IO OTBITY

Koappunment nzmenunsoctu no mxaie C. A. Ma-
MaeBa COOTBETCTBYET CPETHEMY U BBICOKOMY YPOBHSIM.

Haubonpimum 1uaMeTpoM KpOHBI OTIMYAETCS Cce-
MEHHOE ITOTOMCTBO TLTI0cOBOTO fepesa 110/74 (puc. 3).
MaxkcumManbHo OIM3KHE K HEMY T0 JaHHOMY IToKa3are-
mo roycnOer cemeit 90/54 u 103/67 (1, <1,;). Cuenyer
OTMETHUTb, YTO JYUIIIUM Pa3BUTHEM KPOHHI (5,4-5,6 M)

OTIMYAIIACH HEKOTOPHIE JepeBbs B ceMbsix 86/50 (1o-
aycu6 10-17), 99/63 (momycud 25-10).

JlmameTp KpOHBI CEMEHHOTO ITOTOMCTBA TIITFOCOBBIX
JIEPEBbEB, ATTECTOBAHHBIX IO CEMEHHOW IPOIYKTHB-
HOCTH, OKa3ajics Ha 13,8% Ooiblire, 4YeM 0 CTBOJIOBOM.

OTHoOIIeHNEe TuaMeTpa CTBOJA K BBICOTE B 35-11eT-
HUX CEeMbsiX Koebmercs or 2,52 y cembu 99/63 no
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2,97 y cembu 110/74 mo ceMeHHOH MPOTYKTUBHOCTH
(Tabm. 9).

Haubonbiee cooTHOIIEHHE KPOHBI U BBICOTHI Jie-
pesa (0,51) ycranosineno B cembe 110/74 mo cemen-
HOU MpoxyKTUBHOCTH. KoaddHuIMeHT, XapaKTepu3yro-
IIM{ OTHOILIEHHE AUaMeTpa KPOHBI K IMAMETPy CTBOJIA

TIpH CBOOOHOM pa3MeIleHUH JepeBbEeB Ha TUIAHTAIHH,
coctaBun 15,6-18.,4, TO ecTh pazauuue MexXAy CEMbs-
MU coctaBwio 1,2 pasza. Haubonpliee mpeBbllieHHEe
JTuamMeTpa KpOHbI HaJl TMaMETPOM CTBOJIA MTPOSBUIOCH
B MOTOMCTBE TLTIOCOBOTO JepeBa 99/63 mo cemeHHON
MPOYKTUBHOCTH.
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Tabnuya 9
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IToToMCTBa IIIOCOBBIX AEPEBLEB C BBICOKOM CTBOJIOBOU

MPOAYKTUBHOCTBIO
13/13 2,60 0,43 16,5 38,4
1717 2,57 0,43 16,7 38,9
18/18 2,54 0,44 17,3 39,3
HOTOMCTB& TJIFOCOBBIX JACPEBLEB C BI)ICOKOﬁ CeMeHHOfI
MMPOAYKTUBHOCTBIO
86/50 2,68 0,46 17,2 37,4
89/53 2,78 0,43 15,6 36,0
90/54 2,94 0,47 16,0 34,0
99/63 2,52 0,46 18,4 39,7
103/67 2,66 0,47 17,5 37,6
109/73 2,65 0,48 18,3 37,7
110/74 2,97 0,51 17,1 33,7

OtnocutenbHast BeicoTa (H/d), paBHas 34,0-39,7,
XapaKTepu3yeT OTCYTCTBHE KOHKYPEHTHBIX B3aUMO-
OTHOIIEHU N ACPCBLBEB U JIYULICC PA3BUTUC AUaAMETpPa
cTBoya B ceMbe 90/54 110 ceMeHHOH MPOIyKTUBHOCTH
(Beicomkwuii, 1962).

Tecnota cBs3M (r) MeXay BBICOTOW M JHAMETPOM
cTBONIa, 00beMoM KpoHbI ymeperHas (0,387; 0,451), a

MEXJly AMaMETPOM CTBOJAa M KPOHBI — 3HAUMTENIbHAS
(0,512).

Cpennuii 00beM KpoHBI 35-JIETHUX AEPEBHEB B Ce-
MBSIX TUTIOCOBBIX JiepeBbeB B 2018 I, B 3aBHCUMOCTH OT
BapuanTa, cocraBuin 19,3-26,4 v (puc. 4).
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Howmep cembu

Puc. 4. O6beM KpoHbI 35-€THHUX MOIYCHOOB

B moromMcTBe AepeBbEB M0 CEMEHHOW MPOIYKTHB-
HOCTH 00BEM KPOHBI BapbHpoOBai oT 26,5 mo 35,1 m°.
Haubonpmmii 00beM KpOHBI OTMEUEH Y IMOIyCHOOB B
cembe 90/54. IlpeBbilieHue HaJ CpPEIHUM 3HAYCHUEM
cocTtaBuio 20,2%.

B ceMbsax, 0TOOpaHHBIX 110 CEMEHHOM MPOIYKTHUB-
HOCTH, 00beM KpOHBI Ha 36,2% OoJblle, 4eM y HoIy-
cuOOB B CeMbsIX, OTOOPAHHBIX MO CTBOJIOBOM MPOAYK-
tuBHOCTH. ComocTasiieHre 35-JeTHUX MOIyCHOOB 1O
JUIMHE XBOU MOKAa3aJ0 HEJOCTOBEPHOE Pa3InuHNe MEK-
JIy CEMbSIMU TIPU HU3KOM U CpPEJTHEM YPOBHSX Bapbu-
poBanus. Hanbompmme#t cpennet mmuHOM xBom (11,5-
11,6 cm) oTruanuck noxycuOsl B cembsix 17/17, 18/18
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u 99/63. OTnenbHBIC JIMHHOXBOWHBIC SK3EMIUISIPHI
(13,0-14,0 cm) BcTpewaroTcst B OONBIIMHCTBE CEMEH.
MaxkcumaiibHas jyinHa xBou (14,0 cm) 3adukcupora-
Ha y omycnba 10-21 B cembe 90/54 o cemeHHO# mpo-
JYKTUBHOCTH.

PamxupoBanue cemeil IUIIOCOBBIX JEPEBLEB IO
KOMILIEKCY IOKa3areiaeil CBUAETEIbCTBYET, UTO Jy4-
MMM TIOKa3aTeIIIMH OTJIMYACTCS CEMCHHOE IOTOM-
CTBO ITUIIOCOBBIX JEPEBLEB MO CEMEHHOW MPOAYKTHB-
HOCTH (Tabm. 10).

Tabnuya 10
Pan:kupoBanue 35-j1eTHUX ceMeil 0 KOMILJIEKCY OMOMETPUYECKUX MoKa3aTeJei
Howmep cembu Panr
110 BBICOTE [0 IMAMETPy CTBOJA IO JUAMETPY KPOHBI Mo 00beMy KPOHBI o0t
IToTomMcTBA IUTIOCOBBIX JACPEBBLCB C BBICOKOM CTBOJIOBOM OPOAYKTUBHOCTBIO
13/13 1 1 1 1 1
17/17 6 6 2 3 17
18/18 4 2 2 2 10
IToToMCTBA MIIIOCOBBIX AEPEBLEB C BLICOKOM CEMEHHOM NPOAYKTUBHOCTBIO
86/50 2 3 2 4 11
89/53 10 9 4 8 31
90/54 8 10 5 1 24
99/63 7 5 4 6 22
103/67 9 7 5 7 28
109/73 3 4 3 5 15
110/74 5 8 6 9 28
HawnbGompimee xomudecTBo 6amioB (28-31 6amn) oT- CIHCOK THTEpaTypbI
MeueHo B ceMbix 89/53, 103/67, 110/74 nmo cemeHHOM
TPOAYKTHBHOCTH. beccuernoB, B.II., beccuernoBa, H.H. (2012).

BoiBoabl. MccnenoBanus nmoaTBepAMIN OOJBIIYIO
M3MEHYMBOCTH TOJIYCHOOB MEXIY CEMBSIMH pa3jind-
HBIX IITIOCOBBIX JepeBbeB. [0 HEKOTOpHIM mMoKa3are-
JSIM OTMEUYECHO NMPEBOCXOACTBO CEMEH, OTOOPaHHBIX 110
CEMEHHOW MPOIYKTUBHOCTH, HaJl CEMbSIMU, OTOOpaH-
HBIMHU T10 TPU3HAKY CTBOJIOBOHM MPOJYKTUBHOCTH, Ha
2,6-13,8%.

Cpennssa BeicoTa cemeil B 30-1eTHEM BO3pacTe Co-
craBmia 5,1-6,2 M. K 35-nmetHemy BO3pacTy BBICO-
Ta ceMmel cocraBwia 6,3-7,6 M Ipu AMAMETPE CTBOJIA
16,4-21,2 cm. Hekotopble momycuObl JOCTHIIIM BBICO-
TB1 9,1-9,6 M.

Koapdpumment, xapakrepusyroniuii OTHOIICHUE
JUaMeTpa KpPOHBI K TUaMeTpy CTBOJIA IIPU CBOOOTHOM
pa3sMelIeHUH AePEeBhEeB Ha TUTAHTAIINH, COCTABUI 15,6-
18,4. OtHOmIeHUe BHICOTHI K AuameTpy crBona (H/d)
cocrasnsier 34,0-39,7, u xapakTepusyeT OTCYTCTBHE
KOHKYPEHTHBIX B3aMMOOTHOIICHHH MEXIY JICpEeBbsI-
mu. Cpemanii 00beM KpOHBI 35-JIETHUX JIEPEBHEB B Ce-
MBSIX TUTIOCOBBIX JIEPEBLEB, B 3aBUCMOCTHU OT BapuaH-
Ta, coctaBua 19,3-26.4 v,

CpaBHeHME ceMel III0COBBIX J1€PEBbEB B 35-7€T-
HEM BO3pacTe IOKa3allo, YTO pa3lIuyhe MEXIy ce-
MBSIMH TIO BBICOTE cCocCTaBisieT a0 16,9%, muametpy
ctBosia — 110 21,8%, xponsl — 10 16,7%. B moromcTBe
TUTIOCOBBIX JIEPEBHEB BBIACICHBI JIyUIHNE CEMBU U OT-
JICJIbHBIE TIOTYCHOBI, OTIIMYAIOIINECS JIyYIIUM POCTOM,
U SBISIOLIMECS MEPCHEKTUBHBIMU sl JajbHEHIero
pa3MHOXKEHHUSI TIPUBHBKOM C IIEJIBI0 CO3/IaHUs JIecoce-
MEHHBIX IUIaHTAIUN.
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MinnuBictb HaniBcnM6CiB NNIOCOBUX AepeB
COCHU KeapoBoi cnbipcbKoi B 30-35-piuHomy
BiLli 3a NOKasHMKamMm pocty

P.H. MatBeeBa', O.®. bytopoBa?, B.B. Hap3ses?,
l0.€. LLlep6a*

30epeKeHHsI 1 PO3BUTOK TEHETHYHO I[IHHOTO ITOTCH-
1iay XBOHHHUX TMOPIJ TOCITAETHCS MUISIXOM CTBOPCH-
Hs 00’ €KTIB JTICOHACIHHOT 0a3H, 30KpeMa JTICOHACIHHUX
TUIAaHTALIH, SKi TPU3HAYeHi U1 OTPUMAaHHS MOJIiIIIe-
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HOTO HaciHHA. HaBeneHo maHi 3 MIHIMBOCTI HAITIBCHUO-
ciB Pinus sibirica Du Tour Ha yicoHaciHHIN IUIaHTa-
il «€pmax», po3TaioBaHoi B €pMakiBCbKOMY aJIMiHi-
CTpaTuBHOMY paiioHi miBIHS KpacHosipchkoro kparo.
Mera JocnipKeHb ojsraia B aHaii3l MiHJIMBOCTI Ha-
ciHHOTO MOTOMCTBa Pinus sibirica y Bimi 30-35 pokis
3a MOKa3HUKaMHu pocTy. O0’eKTaMu MOCITIIKEHb CTa-
JU HammBcuOCH TTrocoBux mepes 13/13, 17/17, 18/18,
aTeCTOBAaHMX 3a CTOBOYPOBOIO MPOAYKTHUBHICTIO, 1
86/50, 89/53, 90/54, 99/63, 103/67, 109/73, 110/74 —
3a HaciHHOr. HamiBcuOcu BupoineHi 3 HacinHs 1984
poky mociBy. CafiHHSI pOCIMH BUKOHAHO 33 CXEMOIO
8 x 8 M. 3milicHeHO TOPIBHAJIBHUMA aHaji3 MIHIMBOC-
Tl MOKa3HUKIB HACIHHOTO ITOTOMCTBA IUIIOCOBUX [ie-
peB 3a mstupiuanii nepion. [IpoananmizoBaHo MiH-
JUBICTH BUCOTH, JAiaMeTpa CTOBOypa, KPOHH, TOBKH-
HU XBOI 3aJIE)KHO BiJl TCHOTHITY 1 PUHIHUITY BigOOpy
TUTFOCOBUX JIepeB. 3a pe3ylbTaTaMu JTOCIHiKEeHb, ce-
penus Bucota poauH y 30-piguHomMy Biri ckiama 5,1-
6,2 M. [HTEHCHBHUM POCTOM BiIPi3HSUIHCS HAITIBCHO-
cu poxuH 17/17 3a cToBOYpOBOIO TPOAYKTUBHICTIO Ta
89/53, 103/67 — 3a naciaHoro (Ha 10,7-21,6% O6iab-
mre). HaiiGinpmuii niametp ctoBOypa BiJI3HAYEHUH Y
ponunax 17/17 3a croBOypoBoro i 90/54, 89/53 — 3a
HaciHHOIO TIpoayKTHBHICTIO. CepenHiit giamMmeTp Kpo-
HH y 30-piyHUX HaIMiBCUOCIB IUIFOCOBHUX JAEpeB, Bisi-
OpaHMX 3a HACIHHOK TPOAYKTHUBHICTIO, CTAaHOBHUTH
2,4 m, mo Ha 20,8% Oinblie, HiX y BiTiOpaHUX HaIiB-
cuOciB 3a cTOBOYPOBOIO MPOJYKTHBHICTIO.

Jo 35-piuHOro BiKy BHCOTa JI€PEB y POANHAX CKJIa-
ma 6,3-7,6 M 3a miametpa ctoBOypa 16,4-21,2 cm. Haii-
OUTBIIIOI0 BHCOTOIO BiN3HAYAIOTHCS JEpeBa POIUHHU
TUTFOCOBOTO JiepeBa 89/53 3a HACIHHOKO MPOIYKTHB-
HICTIO, fIKa JOCTOBIPHO TMEPEBHUIIYE 3HAYECHHS LIHOTO
MOKa3HUKa HaJl IIOTOMCTBOM IUTFOCOBUX jepeB 13/13,
86/50 1 109/73. IHI ponuHM BiAPI3HSAIOTHCS BiJ Kpa-
IIOTO BapiaHTa He3HayHO. JlesKi HamiBCHOCH B pOIU-
Hax JOCSATarTh BHcOTH 9,1-9,6 M.

Cepenniii miamMeTp KpOHM JepeB 10 35-pigyHOro
BiKy B JOCTI)KYBaHHX POAMHAX 30UIBMIMBCS 10 3,2 M.
Koediuient, mo xapakTepu3sye BiIHOLICHHS aiaMeTpa
KPOHU JI0 JiiaMeTpa CTOBOypa 3a BUILHOIO PO3MIIICH-
Hs IepeB Ha TUTaHTarlii, ckias 15,6-18,4, ToOTO BiqMiH-
HICTh MiXX POAMHAMH CTaHOBHUTH 1,2 pa3za. HaiiOinpre
NEPEBUILEHHS AiaMeTpa KPOHU HaJl AiaMEeTPOM CTOBOY-
pa IposIBUIIOCS B IOTOMCTBI IUTFOCOBOTO jiepeBa 99/63
32 HACIHHOKO MPOJYKTHUBHICTIO. HallOUIbIIO0 10BXKH-
HOto xBOi (11,5-11,6 cM) Bifpi3HsuIHCS HammiBCHOCH B
pomuHax 17/17, 18/18 1 99/63. MakcumaiibHa TOBKUHA
xBoi (14,0 cm) 3adikcoBana y HamiBcuOca 10-21 B po-
muHi 90/54 3a HaciHHOIO TIPOXYKTHBHICTIO. [lopiBHSIH-
HS1 POJIUH IUTIOCOBHUX JICPEB 32 KOMIUIEKCOM MOKa3HHUKIB
CBIJTYUTH, 110 HAWKPAIIUM POCTOM BiJ[3HAYAETHCS Ha-
CIHHE TIOTOMCTBO ILTIOCOBUX JIEPEB 32 HACIHHOKO MPO-
TyKTUBHICTIO. 3a3Ha4YCHI HAIBCUOCH PEKOMEHIOBAHO
VISl TIONAJIBLION0 PO3MHOXKEHHS IIEIUICHHSIM 3 METOIO
CTBOPEHHSI JTICOHACIHHUX TUTAHTAIIIH.

Kuarouosi ciaoBa: Pinus sibirica Du Tour; micona-
CiHHA IUIaHTAlisd; POAWMHA; HACIHHA MPOLYKTHUBHICTH;
cTOBOYpOBa MPOAYKTUBHICTB; cenekilisi; Choip.
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Variability of half-sibs of plus trees
of Siberian pine at the age of 30-35 years
in terms of growth indicators

R. Matveeva', O. Butorova?, V. Narzyaev?,
lu. Shcherba*

The preservation and development of the genetically
valuable potential of conifers is achieved through the
creation of forest seed facilities, including forest seed
plantations, which are designed to obtain improved
seeds. The data on the variability of Siberian cedar
pine (Pinus sibirica Du Tour) half-sibs on the forest
seed plantation «Ermaki» located in the Ermakovsky
administrative region on the south of the Krasnoyarsk
region are presented. The aim of the study is to analyze
the variability of the seed progeny of Pinus sibirica at
the age of 30-35 years.

The objects of research were the half-sibs of
plus trees 13/13, 17/17, 18/18, certified by stem
productivity, and 86/50, 89/53, 90/54, 99/63, 103/67,
109/73, 110 / 74 — certified by seed productivity. Half-
sibs are grown from seeds of 1984 sowing. Planting
of plants was carried out according to the scheme
8x8 m. The variability of seed progeny indicators for
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plus trees was compared for a five-year period. The
variability of height, diameter of trunk, diameter of
crown, length of needles was analyzed depending on
the genotype and the principle of selection of plus
trees. Studies have shown that the average height of
families at the age of 30 was 5.1-6.2 m. Half-sibs of
families 17/17 in stem productivity and 89/53, 103/67
in seed productivity were distinguished by intensive
growth (the excess was 10.7-21.6%). The largest
trunk diameter was noted in families 17/17 by stem
productivity and 90/54, 89/53 — by seed productivity.
The average crown diameter of 30-year-old half-sibs
of plus trees, selected by seed productivity, is 2.4 m,
which is 20.8% more than by stem productivity. By
the age of 35 years, the height of the families was
6.3-7.6 m with a trunk diameter of 16.4-21.2 cm. The
trees of the 89/53 plus tree family are distinguished
by the highest seed productivity, which significantly
exceeds the values of this indicator over the offspring
of 13/13, 86/50 and 109/73 plus trees. Other families
differ slightly from the best option. Some half-sibs in
families reach a height 0 9.1-9.6 m.

The average diameter of the crown of trees by the
age of 35 in the studied families increased to 3.2 m.
The coefficient characterizing the ratio of crown
diameter to trunk diameter with free placement of
trees on the plantation was 15.6-18.4, that is, the
difference between families is 1.2 times. The greatest
excess of the crown diameter over the trunk diameter
was manifested in the progeny of the 99/63 plus tree
in terms of seed productivity. The greatest length of
needles (11.5-11.6 cm) was distinguished by half-sibs
in families 17/17, 18/18 and 99/63. The maximum
length of needles (14.0 cm) was recorded in the 10-
21 half-sib in the 90/54 family of seed productivity.
Comparison of families of plus trees by a set of
parameters indicates that the seed offspring of plus
trees are distinguished by the best growth in terms of
seed productivity. Families and half-sibs were selected
according to the intensity of growth, the length of the
needles. These half-sibs are recommended for further
propagation by grafting in order to plant forest seed
plantations.

Key words: Siberian cedar pine; forest seed
plantation; family; seed productivity; stem productivity;
selection; Siberia.

108 P.H. MatBeesa, 0. 0. bytopoBa, B. B. Hap3aes, 10. €. Llep6a. Mivnugictb HaniBcn6CiB N COBUX AepeB COCHN KeApOBOT CUBIPCHKOL...



Proceedings of the Forestry Academy of Sciences of Ukraine, 2020, vol. 21

‘\v@a“a‘“”i" "y, Hayxkosi nparti JliciBauuol akagemii Hayk YKpaiHu
Embld A% Proceedings of the Forestry Academy of Sciences of Ukraine
s rﬂ L p‘] z
NY A http:/fasu.nltu.edu.ua ISSN 1991-606X print
https://doi.org/10.15421/412031 ISSN 2616-5015 online
Article received 2020.05.25 @ P4 Correspondence author
Article accepted 2020.12.28 Yaroslav Fuchylo

fuchylo yar@ukr.net

Forestry Academy of Sciences . .
of Ukraine v. Hamarnya, Malyn district, Zhytomyr region,

11643, Ukraine
VIIK 630%232:504.73:620.95

Bnane TexHoNorii CTBOPeHHA eHepreTUYHNX NNaHTaLin
Salix viminalis L. Ha ix picT i npOAYKTUBHICTb NicNA NepLioro TpupiyHoro
ob6oporTy 3aroTiBni 6iomacu

A.O. ®yunno', b. M. Bokanbuyk?

Oyineno 6naug copmosux 0coonu8ocmell, cxemu ma 2yCmomu CAOiHHA JHCUBYie HA picm i npOOYKMUBHICHb eHep-
eemuyHux naanmayitl éepou npymonodionoi (Salix viminalis L.) enpooosaic 060x pokie Opy2o2o mpupiuno2o 0bopomy
sacomieni 6iomacu 8 ymosax L{enmpanvhoeo Jlicocmeny Yxpainu. O6 ekmom docnioxcenns Oyau naanmayii 080x cop-
mie — ‘Topa’i ‘Teproninbcoka’, AKi 8UCAONCEHT 0BOPAOHUMU KYAicamu 3 i0cmarntio midic psoamu 0,75 M, 3a 080x cxem
cadinms ocusyie: iocmarv mioc kyuicamu — 1,5 m (0,75-1,50-0,75 m) ma 2,5 m (0,75-2,50-0,75 m). 3a obox cxem cadin-
H3l, 8UOPagULY BIONOGIOHY BIOCIAHb MIJNC JHCUBYAMU Y DAY, 6)10 CHOPMOBAHO HACAOICEHHS 3 MPbOMA 8APIAHMAMU 2)C-
momu. 12, 15 ma 18 muc. wm.-2a’’.

Iicna 0ocaenenHs 00CHIOHUMU HACAOHCEHHAMU MPUPIUHOO BIKY, IX Ha03eMHa yacmuHa 6yna 3pizana. Ha nouamxy
uemeepmo2o poKy eecemayii 3i 3pi3aHux Kyujie nosasuIuch Moao0i RA2OHU, Pe3yTbmamu 00CIIONCeHHs OloMemPUYHUX
NOKA3HUKIB AKUX 8NPOO0BIHC 0BOX POKI6 HABEOEH I Y yill poOomi.

3i 30inbuieHHAM eycmomu cadinHa HA 8CIX 8apiaHmax 00Cai0y CNOCMEPEeHCeHO 3MEeHUEHHS CePeOHboi GUCOMU K)-
wie. Haubinvury cepeonto sucomy (6,09 m ) manu pocaunu copmy ‘Topa’za cxemu cadinns 0,75-1,50-0,75 m ma eycmo-
mu 12 muc. wim.-2a’. Buseneno mendenyiio 00 3MeHuen s KIIbKOCMI NA2OHI8 Y KYWi ma iXxHboi 6ucomu 3a 30i1buen s
eycmomu naaumayii. Kinekicms nacomis y kywi 080piuHux nianmayii cmanosuia 8 mexcax 6io 4,8 0o 6,9 wm. y cop-
my "Topa’ ma 6i0 5,0 0o 8,0 wm. na ooun xyw y copmy '"Teproninbcoka’.

Maxcumanoni nokasnuxu npooykmusHocmi 3a 06a poxu (41,7 m-ea’ cyxoi 6iomacu) ma npupocmy biomacu 6npoooeic
opyeozo poxy (21,3 m-ea’’ cyxoi 6iomacu) 3agikcosani 6 nacadscennsix copmy ‘Topa’za cxemu cadinns 0,75-1,50-0,75 m
i eyemomu 15 muc. kywis na 1 2a. ¥ copmy ‘Tepnoninecora’ nausuwy spoxcatinicmo (30,5 m-ea’’) o6yno sagixcosarno
3a miei oe cxemu cadinua i cycmomu Ha 1 ea. 3a eiocmani midic Kyaicamu 2,5 M Hatiguwgy npoOyKmugHicms 080pIUHOT
biomacu maxoodic mag copm ‘Topa’— 34,0 m-ea”’. Maxcumanvra npodykmusnicme copmy ‘Teproninocvka’ cmanosuna
23,5 mea’!, a minimanona (17,5 m-ea’) — 3a makcumanvnoi 2yemomu cadinns (18 muc. wm.-2a!).

Kniouosi cnosa: 6iomaca; inmencugnicme pocmy, npoOyKmMuHicns biomacu, 2ycmoma cmosnHs, COpmosi 0coonu-
socmi,; gucoma Kywa, npupicm oiomacu, diamemp nazoHa, cxema CadiHHA.
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Beryn. O6mesxeni pecypen Tpa;muiﬁHoro rajauBa
Ta 3POCTAaHH MOIKUTY HA CHEPril0 3MYLIYIOTh aKTHBI-
3yBaTH MOIIYK i BHKOPHCTAHHS BiZTHOBJIIOBAaHHX JIXKE-
pen eneprii. OMHUM 13 TakMX HOCIiB, 10 Ja€ HaiKpa-
Il pe3ylbTaTd B yMOBax €BPOIEHCHKOTO KIIiMary, €
eHepreTHYHa Oiomaca, OTpUMaHa Ha TUIAHTAIIX Bep-
ou (Salix spp.) 3 KOpoTkuM 060poToM pyOKu. [IpranHa
TOJISITA€ B TOMY, IO OUTBIITICTE BHUIIB BEPO TyXkKe iHTeH-
CHUBHO POCTYTh Yy MEpIIi POKH, JIETKO PO3MHOXKYIOThCS
3a JIOTIOMOTOI0 JKUBLIB 1 3/1aTHI PSICHO TeHEepyBaTH HOBI
MaroHW TicIs 3pi3aHHs HAA3EMHOI YAaCTHHHU POCIMHH
(®yuwnno, Coutna, 2017).

BupobaunTBo Oiomacu BepOM XapaKTepU3YETHCS
HU3bKUMH BUTpaTaMy, a cama 6iomaca — BUCOKOIO Te-
IUIOTBOPHOIO 37IaTHICTIO Ta HE3HAYHUMHU 00cATaMy BU-
KHJIB PEUOBHH, 110 3a0pyaHIOITH arMocdepy. Enep-
TeTUYHI IJIaHTalii BepOu, sk BUCOKONPOAYKTHUBHI 0a-
raTopiuHi Haca/KeHHS, CIPUSIOTh 3MEHIIICHHIO TIOTTH-
Ty Ha JIEPEBUHY 3 NPUPOIHHIX JICiB, MOMIMIIYIOTH CTaH
JOBKLIIA, BITHOBIIOIOTH BUCHAKEH] IPYHTH, 3MCHIIY-
I0Th IHTEHCUBHICTh €po3iiHuX mpoueciB tomo. Ilix
Yyac yooOpeHHs TaKMX HacapKeHb MOXKHA YTHIi3yBa-
TH pi3HI OpPraHiuHi BiXOAH, BKIIOUAIOYM OCaJ CTid-
Hux Box (Adegbidi, Volk, White, Abrahamson, Briggs
& Bickelhaupt, 2001; Labrecque & Teodorescu, 2001).

OnauM 13 HaHTIEPCIIEKTUBHIMIMX BUIIB TSI BUPO-
LIyBaHHs Ha CHEPreTHYHUX IUIAHTALisAX € BepOa mpy-
tononi6na (Salix viminalis L.). Ii coptu i ribpuam naii-
YacTille BUKOPUCTOBYIOTH 3 I[I€I0 METOI0, TOMY Came
3a MM BUJOM B YKpaiHi 3aKpiluiacs Ha3Ba «eHepre-
TryHa Bep6a» (Adonin, @yumno, 2012; @yuwmno, Cin-
4yeHKo, MenpHU4yK, 2016).

Ha cporomHi BHCOKY POIXYKTHBHICTh OioMacH st
BUPOOHUITBA OionanuBa 3a0e3MeuyI0Th HOBI COPTH Ta
riOpuan eHepreTHyHoi BepOM, OTPHMAaHi CeleKI[ioHe-
pamu IlBeuii (Willow Varietal Identification Guide,
2012). docBin y4ueHHUX 11i€i KpaiHu MIATBEPIKYE, 10,
OKpIM YIOCKOHAJIEHHSI COPTOBOTO CKJamy, Ul Mak-
CHUMaJbHOTO BUKOPUCTAHHS MOTEHILialy eHeprii poc-
Ty BepO HEOOXiZHO YIOCKOHATIOBATH TEXHOJIOTIIO
BUPOILYBaHHS, aalTylO4u II A0 IMEBHHUX IPyHTOBO-
KIiMaTuaHUX yMOB (Ecophysiology of Short..., 1992;
Christersson, 1986; Mola-Yudego & Aronsson, 2008).

BaxnuBuM €IeMEHTOM TEXHOJIOTii BHPOIIyBaH-
HSl CHEPreTHYHMX IUIAHTALIld € TaKOX IXHS M0YaTKo-
Ba I'YCTOTa, SIKy HEOOXiJHO BPaxOBYBaTH B KOHTEKCTI
301IbIICHHS 3arOTiBIIi eHepreTudHoi Oiomacu. 3a pe-
3yJbTaTaMy JOCIIJKeHb, 3MEHIICHHS T'YCTOTH CajiH-
HSl POCIHMH BepOM Mae HETaTUBHUH BIUTUB Ha ypOKan
6iomacu (Goel & Behl, 1996). Inmi gocaigHUKN BKa-
3yIOTh, IO 301UIBIIEHHS TYCTOTH CAQAiHHS POCIHH IO
noHag 20 Tuc. mWrt.-Ta’ HE MPHU3BOAUTH IO CYTTEBOTO
3pOCTaHHS BUXOJY OIOMAacH i € HEIOIUIBHUM 33aX0/[0M
(Bergkvist & Ledin, 1998). Pe3ynbraru 3aiiicHeHuX 10-
CIiDKEHB B YKpaiHi MiATBEPIUIH, IO MTOKA3HUKU POC-
Ty 1 IPOXYKTUBHOCTI TUTAHTAIi BepOH MPOTATOM TIep-
LIOT0 TPUPIYHOTO LUKJIy BHPOILILYBAaHHS Ha BHIIYTyBa-
HUX YOpHO3eMax y OiNbIIOCTI JOCHIJHHUX BapiaHTIB
BUSIBWINMCS BHUIIMMH CaMe 3a MOYaTKoBOI I'yCToTH 12-
15, arixk 3a 18 tuc. mt.-ra’! (Oyuwnno Ta ix., 2016).

BcTanosneHo, mo rycToTa camiHHs TaKOXK BIUTHBAE
Ha KUTBKICTh TIATOHIB B OJIHOMY KYIIi Ta 1XHi po3mipu
(Kopp, Abrahamson, White, Burns & Nowak, 1997),
a TaKOXX Ha SIKICHI XapaKTepUCTHKH OiomacH, ii CTpyK-
Typy Ta ximiuawmii cknan (Bickelhaupt, 2001; Brereton,
Ahmed, Sykes, Ray, Shield, Karp & Murphy, 2015).

Ha croromni B YkpaiHi He JOCTaTHBO MAaHUX MO0
BILTHBY COPTOBHX OCOOIMBOCTEI, IyCTOTH i CXeMH Ca-
IiHHA Ha HpOI[yKTI/IBHICTI) CHEePreTHYHMX TUIAHTaLi’
BepOM Ha Pi3HKX eTalax iX BUPOLLYBaHHs Ta eKCIUTya-
tanii. Came TOMy BUBYCHHS LIbOTO IUTAHHS € aKTyallb-
HUM 3 TOIVISITy Ha HEOOXiAHICTh TUIaHYBaHHS OOCSTiB
OTPUMAaHHS €HEePTreTHYHOI OioMacH.

O0’exTH Ta MeTOAMKA A0CTiIzKeHb. 00 €km 00-
Ci0JHCeHHs — eHepreTHYHI TuianTanii Salix viminalis B
ymogax IlpaBobepexnoro Jlicocreny Vipainu. /Ipeo-
Mem 00cniodcenHss — BIUIUB €JIEMEHTIB TEXHOJOTIi
CTBOPEHHS 1 BUPOIIYBaHHSI HAa MPOAYKTUBHICTH €HEp-
reTmuHO1 Oiomacu HacamkeHb coptiB ‘Topa’ i ‘TepHo-
MiIbChbKa' MPOTSATOM IBOX POKIB JAPYroro TPUPIYHOTO
[UKITY BUPOIILYBaHHSI.

Mema Oocnioxcenns — OUIHUTH TPOTYKTHBHICTH
EHepreTHYHoi 0ioMacu ABOX copTiB Salix viminalis 3a
BHKOPHCTAHHS PI3HUX €JIEMCHTIB TEXHOIOTii CTBOPEH-
Hsl | BUPOIILYBAHHs HA CHEPreTHYHUX [UIAHTALIISIX.

I[ocmszeHHH BHKOHaHI Bipomosxk 2018-2019 pp.
Ha JocuiaHoMy moii IHCTHTYTY GloeHepreTHHMX
KyasTyp 1 IiykpoBux OypsikiB HAAH VYkpainn y 11 A"
«CanusiakiBcrke» (c. KcaBepika Jlpyra Bacuibkis-
ChKOTO p-HY KHiBCcbKOi 0011.), sIKe po3TalioBaHe B 30Hi
HecTiikoro 3BoniokeHHs [IpaBobepexnoro Jlicocremy
VYkpainu.

VY 6epesni 2018 p., 10 MOUaTKy COKOPYXY, OyI10 311k~
CHEHO 3pi3aHHs HAJ3eMHOI YaCTUHH TPUPIYHUX CHEp-
TeTUYHHX TuIaHTamii coptiB ‘Topa’i ‘“TepHominbchka’,
cTBOpeHuX HaBecHi 2015 p. OBOpsIIHUMHU KyJicamu 3
BIJICTAaHHIO MIX psimaMu y Kyrmici 0,75 M Ta 1BOMa Ba-
pianTamu BincraHi mix kymicamu: 1,50 m (0,75-1,50-
0,75 m) Ta 2,50 M (0,75-2,50-0,75 m). Y 00ox Bumnaju-
Kax, BUOpaBIITN BIATOBIIHY BiJICTaHh MIX JKUBISIMHU Y
psay, Oynu copMOBaHi HacaKEHHS 3 TphOMa BapiaH-
tamu ryctotu: 12, 15 ta 18 Tuc. mr.-ra’'.

Bripomosx TphoX poOKiB Ha BCiX BapiaHTax JOCIiAy
c(hopMyBaJIUCh BUCOKOIPOAYKTHBHI HACAIKEHHS, Ce-
penHst BUcoTa skux y copry ‘Topa’ craHoBuia Bin 5,24
1o 6,04, y copry ‘TepHominbcbka’ —Bin 4,14 1o 5, 57 M.
YPO)KaI/IHICTB cyxoi OiomMacu CTaHOBMJIA, BiANOBIIHO,
8,4-11,6 ta 5,3-9,3 Tra’! 3a pik (Pyumio Ta in., 2018;
Oyuuno, CiHuenko, Boxampayk, 2018).

[Ticnst mowarky Bererarii 31 3pizaHUX NIEHBKIB TTOYa-
JIa Bi[pocTaTH psicHa BepOoBa nmopocts (puc. 1), goci-
JOKeHHSI 010METPHUYHUX TIOKAa3HHKIB SKOT BUKOHYBAJH
BIIPOJIOBXK HACTYIHUX JBOX POKiB.

JlociipkeHHs 3a TMHAMIKOI0 O10METPUYHUX TTOKAa3-
HUKIB 1 TPOIYKTUBHICTIO Ol0MacH 31HCHIOBAIIHN 3T'1THO
MOJIOKEHb anpoOoBaHnx MmeTonuk ([locmexos, 1985;
Oyunio, 2011; Oyuunno Ta in., 2018). CraTucTHUHMHA
aHai3 pe3ysbTaTiB JOCHTIKeHb BUKOHYBAJIH Ha Tep-
COHAJILHOMY KOMIT IOTEpi 3a NPHUKJIATHOI0 IPOrPaMoIo
Microsoft Office Exel ta «Statistika-6» (EpmantpayT,
[pucsoxuiok, Llesuenko, 2007).
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Puc. 1. 3aranpauii BUITIAL TOPOCTi BepOH MpyTONoxiOHOT
cranom Ha 30.04.2018 p.

Pesyabratn Ta 06roBopeHHsi. Bripomox mnepimo-
rO POKY BereTauii micis 3pi3yBaHHs TpUpiuHOi Oioma-
CH criocTepiraBcs Ay:Ke IHTCHCHBHHUM PICT MaroHiB 3a
BHCOTOIO (pHC. 2, Tabm. 1).

HaiiBumi pocnuny 3 ycix JOCTIUKYBaHHUX BapiaH-
TiB copmyBaB copt ‘Topa’ 3a cxemu caninus 0,75-
1,50-0,75 m ta rycrotu 12 tuc.-ta’! (4,61 m). 3i 36i16-
IIeHHsIM rycToTh 10 15 Ta 18 THe.-ra’! cepennst Bucota
POCIIMH 3MEHIIWIIACK, BIAMOBIAHO, 10 4,45 Ta 4,09 M.
Cepennst Bucora pociun copry ‘Topa’ y BapianTi 31
cxemoro poamimenas 0,75-2,50-0,75 m craHoBmIa
4,21-4,45 M, 3aJI€)KHO BiJl TYCTOTH CTOSTHHS POCJIVH.

HailiMeHIuMu 3 ycix BapiaHTIB y MEPIINH PiK J10-
CIII/DKEHb BUSIBHJIUCS POCIMHM CcOpTy ‘TepHOomiib-
cpka’ 3a cxemu caainns 0,75-2,50-0,75 M ta rycrortu
15 tuc.ta'! (2,97 m). HafiBumii pocnuHu 10r0 COp-
Ty Oyno crioctepexxeHo 3a cxemu caninas 0,75-1,50-
0,75 mirycroru 12 tuc. mr.-ta’ (3,54 m).

Bnpomosx apyroro poxy Bereraiii mpupicT poCIHH
3a BUCOTOIO OYB IIOMITHO MEHIII iIHTEHCUBHUM, aJi€ TeH-
JCHIisl 1O 3MEHILIEHHS BUCOTH POCIIMH 32 301IbIICHHS
TYCTOTH CaJiHHS 3aUIInIacs He3MiHHOw. Halbinbiy

cepenHio Bucoty (6,09 M ) Ta HaHOLIBIIMN cepenHii
mpupict (1,48 M), SIK 1 BIPOAOBK MEPILOTO POKY, MAIIH
pocimuu copty ‘Topa’ 3a cxemu caminus 0,75-1,50-
0,75 M y BapiaHTi 3 TycToTOIO 12 THC. KymIiB Ha 1 ra.
3a rycrotu pocau 15 Ta 18 tuc. mr.ta’! Bucora poc-
JIMH CTAaHOBWJIA, BIAMOBIIHO, 5,57 Ta 5,12 M, a cepen-
Hiit mpupict — 1,02 ta 1,15 m.

E 7 q

R G A LT W T Ty

Puc. 2. 3aranpHuii BUIVISLT TOCITITHOTO 00’ €KTY CTAaHOM
Ha 14.09.2018 p.

Tabnuys 1

CepenHnst BUCOTA KYIIiB eHepreTUYHUX MIaHTauiil Salix viminalis (M) NpoTSIroM nepuiux ABOX PoKiB
JAPYroro TpUMPivHOro HMKJIY 3aroTiBJji 0ioMacH 3aJ1esKHO Bii COPTOBHX 0CO0IUBOCTEM, CXeMHU caTiHHS
Ta ryCTOTH HACA/IZKEHb

Cxema caiHHS
Pix 0,75-1,50-0,75 m | 0,75-2,50-0,75 m
Tyemoma pocnun, muc. wm. ea’!
12 15 18 | 12 15 18
Coprt ‘Topa’

2018 4,61 4,45 4,09 4,45 4,22 421

2019 6,09 5,57 5,12 5,6 5,24 5,01
[pwupict, M 1,48 1,12 1,03 1,15 1,02 0,80

Coprt ‘TepHomnisbebka’

2018 3,54 3,50 3,41 3,23 2,97 3,19

2019 4,76 4,56 4,38 4,29 4,01 3,84
Ipupict, M 1,22 1,05 0,92 1,07 1,04 0,65

Bucora: HIP , 3aranbpHa 3a pokamu: 2018-0,21 m; 2019-0,20 m
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VY BepOu copty ‘TepHoOmiabChKa' OUIBITY BHCOTY
BCTAHOBJICHO 3a TYCTOTH cadiHHsA 12 Tuc. mr.Ta’ —
4,76 1 4,29 m BigmosigHo. 3a cxemu caminas 0,75-
2,50-0,75 M cepennst Bucora pociauH y copry ‘Topa’
craHoBmia Bix 5,01 mo 5,60 M 3a1exHO Bif TYCTOTH
CTOSIHHS, a B copty ‘TepHominbebka’ — 3,84-4,29 M, mo
3HaYHO MEHIIE, HIXK y BapiaHTi 3a cxemu caaiaas 0,75-
150-0,75 m.

BceranoBiieHo, 1m0 HAaWOUIBIINEI BIUIMB Ha Cepej-
HIO BHCOTY KYIIIiB MarOTh COPTOBI OCOOJIIMBOCTI BUIY
(69,9%). YacTka BITMBY I'yCTOTH CTaHOBUTH 13,0, cxe-

MU CamiHHS — 9,3, CIUIbHA Ais WX TPHOX YNHHUKIB —
0,5, a i 1HIIMX YUHHKKIB — 7,2%.

301bLICHHS] TYCTOTH CaJiHHS POCIHH HEraThB-
HO BIIMBA€ Ha KUIBKICTh MAroHIB y KYIII. Ha1‘x'16in1)u1y
KUTBKICTh TIATOHIB Y MEPIINHA pik Bererarii q)opMyBa—
JIU POCIIMHH COPTY ‘TepHonlnLCLKa 3a CXEMH CaJliH-
g 0,75-1,50-0,75 m — Bix 6,9 1o 7,8 mT. maroHiB Ha
OJTMH KYIII, 3aJIS)KHO BiJl TYCTOTH CTOsTHHA. HalimeHta
KYIIUCTICTh OyJia BUsIBJICHA y pociiuH copTy ‘Topa’ 3a
cxemu caminas 0,75-2,50-0,75 m — Big 4,8 10 5,4 .
MaroHIB Ha OJUH Kyl (Tabm. 2).

Tabnuys 2

CepeaHs KiIbKIiCTh NATOHIB y KYIIi OIHO-ABOPiYHUX eHepreTUYHUX IWVIaHTauiil Salix viminalis
3aJ1€:KHO Bi/l cCXeMH CaJiHHS Ta TYCTOTH HACA/UKEHb, IIIT.

Cxema caliHHs
. 0,75-1,50-0,75 m | 0,75-2,50-0,75 m
Tycmoma pocaun, muc. wm. 2a’!
12 15 18 | 12 15 18
Copr ‘Topa’

2018 6,6 54 5.2 5.4 48 5.2
2019 6,9 5.8 54 57 5,0 48
Copr ‘TepHomiibcbka’

2018 738 74 6,9 7,9 6,7 4,5
2019 8,0 7,5 7,0 8.4 6,9 5,0

HIP , 3aranbna 3a pokamu: 2018 — 0,48 mr.; 2019 — 0,29 wr.

3a cxemu 0,75-1,50-0,75 M i rycrotm 12 Tuc.
wr.-ra’ copt ‘Topa’ GopmyBaB 6,6 MaroHiB Ha OAMH
KyIIl, a 3a TycToTH 15 Tuc. mr.-ra' ta 18 Trc. mT. Ta’!
KUTBKICTh MMaroHiB Oyina JayXe MofiOHO — BiAOBIIHO
5,4 15,2 mt. Ha omuH Kyl 3a cxemu caminas 0,75-
2,50-0,75 M pocimam copty ‘Topa’ Takok mManu Haii-
BHIIMI TOKa3HUK KYIIHUCTOCTI 32 MEHIIIOI T'YCTOTH CTO-
SIHHSI pOCJIHH — 5,4 IIT. Ha OAMH KyIl. 3a TyCTOTH 15 Ta
18 tuc. mr.ra’' el nokasHuk craHosus 4,8 i 4,5 wT.
Ha OJIMH KYIII BiJIIIOBiTHO.

Ha npyruii pik Bereranii KibKiCTh MAaroHIB y KyIIIi
Jenio 301TbIMIacs BHACTIAOK TOSIBU MOJIOAWX IIa-
roHiB. Haitbineime ix Oyno y pociuu copty ‘TepHo-
mnbscbka’ 3a cxemu caminas 0,75-1,50-0,75 M — Bix
7,0 mo 8,0 mT. Ha oxwH Kyml. HaiiMeHIa KynmucTicTh
BHsiBIICHAa y copTy ‘Topa’3a cxemu cafginus 0,75-2,50-
0,75 m (Bix 4,8 10 5,7 WIT. HA ONMH KyII). 32 CXEeMH
camiaas 0,75-1,50-0,75 y copty ‘Topa’ popmyBasiocst
Bix 5,4 1o 6,9 maroHiB Ha OAWH KYIII 32JIEKHO BiJI T'yc-
TOTH CTOSIHHSI.

Bcranosneno, mo Ha KUIBKICTH TMAroHiB y KyIIi
HaNOLTBIIIe BILIMBAIOTH COPTOBI ocobmuBocTi (40,9%)
Ta rycrora ctosHHs pociuH (34,3%). daxTtop cxemu
caJliHHsg MaB BIUTUB Ha piBHi 10,7%.

Ha BinmMiHy BijJ] KUTBKOCTI ITarOHIB Y OIHOMY KYIIIi,
X KiJIBKICTh Ha | Ta 3pocTae 3a 301IbIIEHHS T0YaTKO-
BOI T'yCTOTH HACADKCHB. [ 1pH ITbOMY ITOMITHO O1TEITIM
1€l TOKa3HHUK BUSIBUBCS 3a cxeMu caainfs 0,75-1,50-
0,75 M (puc. 3).

Haiibinpme maroniB Ha 1 ra cdopmyBasmoch Ha
ra”Taisx copry ‘TepHominbebka’ 3a cxemu 0,75-
1,50-0,75 m — Big 96,4 no 1254 tuc. wr.-ra’'. 3a Bu-
kopuctanHs cxemu caainas 0,75-2,50-0,75 m y mporo
COPTY TMOKa3HUKU Oyau jaemo MeHmmmu — Bix 90,0 mo
103,5 tuc. mr.Ta’! Bigmosigno. HafiMeHmmy KimbKicTh
naroHiB Ha | ra BusBieHo B copty ‘Topa’ 3a cxemu ca-
ninnst 0,75-2,50-0,75 M. Bona cranoBuiia Ha piBHi 83,2
ta 72 tuc. mr.-Ta’! 3a rycrorm 12 i 15 trc. mt.Ta’l. 3a
iHIIO1 cXeMH cajiHHs y KiIoHy ‘Topa’ chopmysanocs
68.4; 74,3 ta 86,0 Tuc. maroHiB Ha 1 ra 3aJa€KHO BiJ
TYCTOTH CTOSHHS pociuH. YacTka BIUIMBY COPTOBHX
0COONMMBOCTEH Ha KUTBKICTh TAaroHiB Ha | ra cTaHOBMIIA
52,6, cxemu caainus — 17,2, rycrotu crosuus —10,4%.
KpiMm Toro, cymicHa Jtist IiIIX (baKTopua cranoBmia 9,0%.

IIocmszeHHHMH JiaMeTpiB HaWBUIIMX MAaroHiB y
Ky1ii (pu X OCHOBI) BCTAHOBJICHO, IO IIeW MOKa3HUK
TICHO KOPENIOE 3 BUCOTOIO (pHC. 4) 1, K Y BHITAIKY 3
BHCOTOO, CIIOCTEPEKEHO TEHJCHIIII0 10 3MEHIIICHHS
JiaMeTpa MaroHiB 31 30UIbIIEHHSM T'YCTOTH CaJliHHS.

HaiiGinpmmii cepenHii giameTp maroHis (36,8 Mm)
3aikcoBaHO y copry ‘Topa’ 3a HalMEHIIOI TyCTOTH
(12 tuc. wr. ra‘) i cxemu caninus 0,75-1,50-0,75 w,
a Haimenmmi (20,3 MM) — y copTy ‘TepHonmLCLKa
3a rycrotu 18 Thc. pocnuH Ha 1 Ta 1 cXemMu caJliHHS
0,75-2,50-0,75 m. Y copty ‘TepHomisibCchka’ HaWO1Ib-
U CepenHii miaMeTp MmaroHa CTaHoBUB 28,7 MM 3a
HaiimeHmoi rycrotu caainas (12 tuc. pocnuH Ha 1 ra)
i cxemu caginas 0,75-1,50-0,75 m.
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Puc. 3. Cepenns KibKICTh AroHIB Ha 1 ra eHEpreTHYHUX IJIaHTaNiid BepOU JPyroro MUKy BUPOILYBaHHS 3aJI€KHO
BiJl CXeMH CaJ{iHHS Ta TYCTOTH HacaXKEHb

m12tuc./ra m15tuc./ra m18mtuc./ra

HIP 1s=2,44 mm

36,8 325

34,3

Topa

TepHoninbcbka

0,75-1,5-0,75

Topa TepHoninbcbka

0,75-2,5-0,75

Puc. 4. Cepenniii giaMeTp NaroHiB eHEPreTHYHUX IUIAHTALil BepOU Ipyroro poKy Bereraii 3a1exHo
BiJl CXeMH CaJiHHS 1 TYCTOTH HACa)KeHb, MM

JlocnipkeHHsT  ypoXKalHOCTI  IUIaHTaIil Iokasa-
T, 10 BXX€ BIPOJOBXK IMEPIIOrO POKY BereTaiii Imic-
75 3pisyBaHHs Haja3eMHoi yacTuHHM KymiB (2018 p.)
CIIOCTEPEIKECHO 3HAYHUIN MTPUPICT CHEPreTHUHOI Oioma-
cu (tabn. 3). Hait6inbiry npoaykruBHicts (20,4 T-ra™)
MaB copt ‘Topa’ 3a BapiaHTa 3 rycTOTOO 15 THC. KYIIIIB

ma 1 ra Ta cxemu caminas 0,75-1,50-0,75 m, a HaliMeH-
mry (8,7 Tra’’) — copt ‘TepHOminbChKA’ 32 CXEMH Ca/liH-
Hs 0,75-2,50-0,75 m i rycroru 18 tuc. pocnus Ha 1 ra.

Sk 1 OloMeTpUYHI XapaKTePUCTHKH POCIHMH, TaK 1
MTOKa3HUKN BPOKAMHOCTI 000X COPTIB OysU OUTHIIMMHA
3a BUKOpUCTaHHs cxemu caninns 0,75-1,50-0,75 m.

Tabnuys 3

YpoxkaiiHicTh eHepreTHYHUX IIAHTANiN Salix viminalis (T-ra’’) BIPoI0BK NMEPIINX ABOX POKiB
JPYroro TpUpivHOro HHUKJIY 3aroTiBJii 0ioMacu 3aJ1e5KHO Bil COPTOBUX 0CO0JIMBOCTEM, CXeMU CaliHHSA
Ta rycTOTH HACA’KEeHb

CxeMma camiHHas
, 0,75-1,50-0,75 m | 0,75-2,50-0,75 m
Pl Tycmoma pocnun, muc. wm. ea’’
12 15 | 12 15 18
Copr ‘Topa’

2018 17,3 20,4 19,6 14,1 14,9 17,7

2019 37,2 41,7 38,5 34,0 31,6 32,4
[pupict 19,9 21,3 18,9 19,9 16,7 14,7

Coprt ‘TepHomnisbebka’

2018 14,2 15,2 14,1 13,1 9,4 8,7

2019 30,5 29,4 26,5 23,5 20,6 17,5
[pupict 16,3 14,2 12,4 10,4 11,2 8,8

HIP  3aranbna 3a pokamu: 2018 — 1,23 tra’'; 2019 — 1,36 Tra’
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Bnpomosx 2019-ro poky (mpyroro poky BepOOBOi
MOPOCTi — Ha T’ATHH PiK ICHYBaHHS HAacaJ[KEHb), He-
3BaKAIOUM HA Pi3KEe 3MEHIICHHS NPHPOCTY 3a BHCO-
TOI0, MIPHUPICT OiOMAcH BUSBHUBCS OUTBIIMM, TTOPiBHS-
HO 3 IepIIUM POKOM. MaKkcuManbHi MOKa3HUKU MPO-
aykTuBHOCTI (41,7 TTa’' cyxoi OGiomacu) Ta MPUPOCTY
Oiomacu 3a apyruit pik (21,3 Tra’! cyxoi 6Giomacu) 3a-
(ikcoBaHi y Haca/pKkeHHsX copty ‘Topa’ 3a cxemu ca-
ninas 0,75-1,50-0,75 M 1 rycrotu 15 Thc. KymiiB Ha
1 ra. 3a rycroru 12 Ta 18 THC. mT.Ta' ypoxalHicTh
cyxoi Oiomacu craHoBuma 37,2 Tta 38,5 Tra’l
BignoBigHo. Y copry ‘TepHominbchbka’ HaiBHINA
BpOXaifHicTh Oyna 3a TycToTH 12 THc. KymiiB Ha 1 ra —
30,5 tra',a3a 151 18 tuc.mr.ra' —29.4 ra 26,5 rra’’
BiJIMOBiTHO. 3a APYyTOi CXEMU CaJ[iHHS TaKOXK HAWBUIITY
MPOIYKTUBHICTB ABOPiYHOI Oiomacu maB copt ‘Topa’ —
34,0 Tra'. MakcuManbHa TPOXYKTUBHICTH COPTY
‘TepHomninbecbka’ cTaHoBuia 23,5 Tra’!, a MiHiMalbHA
(17,5 tra') BusBMIacs 3a MaKCHMAJbHOI T'YCTOTH
cTosHHs pocnud (18 Tuc. mr.Tat).

BucnoBku. CopToBi 0COOIMBOCTI Ta IyCTOTa CTO-
SIHHA POCJIHMH CYTTEBO BIUIMBAaIOTH Ha OloMeTpHu-
Hi nioka3Huku Salix viminalis, a Takox Ha 11 ypoxan-
HICTh BIPOJIOBXK IMEPIIUX JBOX POKIB APYTOTrO TPUPId-
HOTO 000pOTY BUPOIIyBaHHS.

31 30UIbIIEHASIM TYCTOTH CaJiHHS Yy BCiX BapiaHTax
JOCHIly CIIOCTEPEKEHO 3MEHLICHHS CEPEeAHBOI BHCO-
TH KyuiiB. HaitGinbiry cepennto Bucory (6,09 M) manu
pociunu copry ‘Topa’ 3a cxemm cajinus 0,75-1,50-
0,75 m Ta rycrotu 12 trc. mt. Ta’. BusiBiieHo TeH/IEH-
IO 710 3MEHIICHHS KUIBKOCTI TMAaroHiB y Kyl Ta iX-
HBOI BUCOTH 3a 301NIbIIIEHHS TyCTOTH TiaHTamii. Kimb-
KICTb ITaroHiB y KyIIli IBOPIYHUX IUIAHTAII CTAHOBHUIIA
B Mexkax Bif 4,8 10 6,9 mT. y copry ‘Topa’ ta Bix 5,0 1o
8,0 wT. Ha oMH Ky y copty ‘TepHominbebka’.

MakcumanbHi MOKa3HUKH MPOMYKTUBHOCTI 3a J[Ba
poku (41,7 Tra’! cyxoi 6Giomacu) Ta mpupocTy OGioma-
CH BIPOJIOBX Apyroro poky (21,3 t-ra’ cyxoi 6iomacwu)
3a(ikcoBaHO y HacaJkeHHsX copTy ‘Topa’ 3a cxemu
caxians 0,75-1,50-0,75 m i rycrotu 15 THC. KyIIiB Ha
1 ra. Y copry ‘TepHominbchka’ HaHBUIIY BpOXKAHHICTh
(30,5 TTa!) 6ymo BCTAaHOBJIEHO 3a Ti€l % CXEMH CaJliH-
HA 1 TycroTh Ha 1 ra. 3a BiacTani MiX Kymicamu 2,5 M
HaWBUIy MPOAYKTHUBHICTH MBOPIYHOI OiOMacH TaKoX
MmaB copT ‘Topa’ — 34,0 T-ra’'. MakcumasnbHa TPOIYK-
THBHICTB copty ‘TepHominbcbka’ cranoBmia 23,5 Tra’,
a miHimManpHa (17,5 T'ra’) — 3a MaKCUMaJbHOT TYCTOTH
caninns (18 Tuc. wr.ra’t).
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Influence of the technology of planting
energy plantations of Salix viminalis L. on
their growth and productivity after the first
three-year turnover of biomass harvesting

Y. Fuchylo’, B. Vokalchuk?

The influence of varietal peculiarities, scheme
and planting density of cuttings on the growth and
productivity of energy plantations of the basket willow
(Salix viminalis) during two years of the second three-
year turnover of biomass harvesting in the Central
Forest-Steppe of Ukraine was evaluated. The object
of the study were plantations of two varieties: ‘Tora’,
and ‘Ternopilska’, created by double-row wings, with
a row spacing of 0.75 m, with two planting schemes
for cuttings: the distance between the wings is 1.5 m
(0.75-1, 50-0.75 m) and 2.5 m (0.75-2.50-0.75 m). On
both planting schemes, having chosen the appropriate
distance between cuttings in a row, stands were formed
with three density options: 12, 15, and 18 thousand
pieces-ha'!. After the plantings reached three years
of age, their aboveground part was cut off. With the
beginning of the fourth year of vegetation, young shoots
appeared from the cut bushes, the results of the study of
which for two years are presented in this article.

It has been studied out that with an increase in
planting density, there is a tendency to a decrease in
the height of the bushes. The height of annual shoots
ranged from 2.97 to 4.61 m, depending on varietal
characteristics and planting schemes. The tallest
plants of all the variants were formed by the ‘Tora’
variety with a planting pattern of 0.75-1.50-0.75 m
and a density of 12 thousand pieces -ha'—4.61 m. The
smallest height (2.97 m) was observed in the variety
‘Ternopilska’ at a density of 15 thousand -ha' and a
planting pattern of 0.75-2.50-0.75 m.

After the second year of cultivation, the average
plant height ranged from 3.84 to 6.09 m, depending
on the variety and planting scheme. At the same time,
there is a tendency to both a decrease in the number of
shoots in a bush and their height with an increase in the
density of plantations. The number of shoots per 1 bush
ranged from 4.8 to 6.9 pcs. the variety ‘Tora’, and the
variety ‘Ternopilska’ — from 5.0 to 8.0 pcs.

The maximum yield of two-year biomass (from
38.5t041.7 t -ha') was found in the ‘Tora’ variety with
a planting scheme of 0.75-1.50-0.75 m and a density
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of 15 thousand -ha’l. With a planting scheme of 0.75-
2.50-0.75 m, this indicator was in the range of 31.6-
34.0 t-ha! of absolutely dry biomass. The ‘Ternopilska’
variety has a two-year biomass yield from 17.5 to
30.5 t-ha'. At the same time, there is a tendency to
a decrease in yield with an increase in the density of
plantations.

Key words: biomass; varietal peculiarities; planting
scheme; planting density; growth intensity; bush
height; shoot diameter; biomass productivity.

BnusHmne TexHonornm cospaHuns
SHepreTuuyeckux naaHtaymni Salix viminalis L.
Ha UX POCT U NPOAYKTUBHOCTb Nocne
nepBoOro TpexseTHero 060poTa 3aroToBKu
6mnomaccnol

A.[. ®yunno, b. M. Bokanbuyk

OlieHeHO BIUSIHUE COPTOBBIX OCOOCHHOCTEH, CXe-
MBI M TYCTOTBI MTOCAJKH YEPEHKOB Ha POCT U MPOMU3-
BOJIMTEIILHOCTh JHEPreTUYECKUX IUIaHTauuil  Salix
viminalis L. B TedeHHMe AByX JIET BTOPOTO TpPEX-
JIETHET0 000pOoTa 3aroTOBKM OHMOMAacChl B YCJIOBH-
sx I[IpaBoOepexHoit Jlecocrenn Ykpaunubl. OObek-
TOM HCCJIE[IOBaHUs ObUIN TUTaHTauu coproB “Topa’,
n ‘TepHomonbcKas’, CO3JaHHBIE JBYXPSAIHBIMU Ky-
JIMcaMu, ¢ paccTossHueM Mexnay psaamu 0,75 m npu

@yuuno Apocnas [Imumpuesuu — axagemuk JlecHoW axaneMuu
HayK YKpauHbI, JOKTOP CEIbCKOXO3sHCTBEHHBIX HayK, Ipodeccop,
3aBe/yIONMiT Kaeapoi IECOBOACTBA U 3aLIUTHI Jieca MUIIaHCKOTO
JIECOTEXHUYECKOTO KOJJIe[ka. [JIaBHBIM Hay4HBIH COTPYIHHUK
WHcTuTyTa OMOIHEPreTHYECKUX KYJIBTYp M CaXapHOW CBEKJIbI
HAAH VYkpaunsl, yn. Knuangeckas, 25, . Kues, 03141, Ykpauna.
Ten .: +38-067-605-91-41. E-mail: fuchylo yar@ukr.net ORCID:
http://orcid.org/0000-0002-2669-5176

Boxanvuyx  Boeoan Hukonaesuu — acnmpant WHcTuTyTa
OMOdHEPreTHUeCKUX KyabTyp U caxapHoii cBexsisl HAAH Ykpaunsl,
yi. Knuanueckas, 25, . Kues, 03141, Vkpauna. Ten.: + 38-067-
605-91-41. E-mail: bv753m@gmail.com ORCID: https://orcid.
org/0000-0002-7509-4000

JIBYX CXEMax IOCaJKh YEePEHKOB: PACCTOSHUE MEXK-
Iy Kynaucamu coctaBwio 1,5 m (0,75-1,50-0,75 m) u
2,5 m (0,75-2,50-0,75 m). Ha obeux cxemax mocaj-
KH, BBIOpaB COOTBETCTBYIOIIEE PACCTOSIHHEC MEX-
Iy 4YepeHKamMHu B psay, Obutd cHOPMHUPOBAHBI Ha-
CaXJEHHUS C TpeMs BapuaHTaMu TrycToTel: 12, 15 u
18 toic. mr.Ta'. Tlociae MOCTHIKEHHS HACaXKICHUS-
MU TPEXJETHETO BO3pacCTa, MX Ha/J3eMHas 4acTh ObliIa
cpe3ana. C HayaJloM YETBEPTOrO rojia BEereTaluu U3
CpE3aHHBIX KyCTOB MOSIBUIIMCH MOJIOJIbIE TIOOETH, pe-
3yJIbTaThl MCCIIEOBaHMUS OMOMETPUYECKHX ITOKa3a-
TeJel KOTOPBIX B TEUEHHWE ABYX JIET MPHUBEICHBI B
JTaHHOHM paboTe. YCTAaHOBIEHO, YTO C YBEIMYECHHUEM
T'YCTOTHI TTOCAJIKHA HAOIFOMASTCS TEHACHITUS K YMEHb-
LICHHUIO BBICOTHI KYCTOB. BbicoTa omHOMETHHX T00e-
roB coctapisiia ot 2,97 1o 4,61 M B 3aBHCUMOCTH OT
COpPTOBBIX OCOOCHHOCTEW W cxeMm mocajaku. Camplie
BBICOKHE PACTEHUS U3 BCEX BApUAHTOB C(HOPMUPOBAI
copt ‘Topa’ mpu cxeme mocanku 0,75-1,50-0,75 m u
ryctote 12 toic. it Ta' — 4,61 M. HanMeHbImas BbI-
cora (2,97 m) Habmonanace y copra ‘TepHononbekast’
npu rycrore 15 teic. wit. ‘ta’! u cxeme nocaaku 0,75-
2,50-0,75 m.

[Tocne BTOpOrO rona BHIPALIMBAHUS CPEIHSIST BbI-
coTa pacTeHmii cocraBmia ot 3,84 mo 6,09 M B 3aBUCH-
MOCTH OT COpTa M cxeMbl mocaaku. [Ipu sTom HaOIIO-
JAeTCsl TEHJCHIMUSI KaK K YMEHBIIECHUIO KOJIUYEeCTBa
mo0OeroB B KycTe, TaK M X BBICOTHI TIPH YBEITMYCHHUH
TyCTOTHI IuaHTanui. KonmmuecTBo moOeroB Ha OauH
KycT coctaBuio oT 4,8 no 6,9 mr. y copra ‘Topa’, u
ot 5,0 no 8,0 mT. — y copta ‘TepHomonbckas’.

MaxkcumaneHasi ypO)KaHOCTh [BYXJIETHEH OHO-
maccel (ot 38,5 mo 41,7 tral) okasamace y copra
‘Topa’ mpu cxeme mocaaku 0,75-1,50-0,75 m u rycroTte
15 teic. mt.-Ta’!. Tlpu cxeme nocaxu 0,75-2,50-0,75 m
3TOT TOKasareidb Obul B mpemenax 31,6-34,0 tra’l
abcomoTHO cyxoii 6momaccel. Y copra ‘TepHomonb-
cKas® ypOKalHOCTh JIBYyXJIETHEH OMOMacchl cocra-
Buna ot 17,5 mo 30,5 tra'l. Tlpu atom HabmomaeTcs
TEHJICHIIUS K YMECHBIICHUIO YPOXKaHHOCTH TP YBEJIHU-
YEHHUH TYCTOTHI TUTAHTAIHH.

KuroueBbie cjioBa: OroMacca; COPTOBbIE 0COOCH-
HOCTH; CXEeMa ITOCQJIKH; TYCTOTa TOCAaJKW; WHTCH-
CHBHOCTB POCTa; BBICOTA KyCTa; IHaMeTp Iooera;
MPOAYKTUBHOCTH OMOMACCHI.
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OuiHKa TOYHOCTi BU3SHA4YeHHA Hag3eMHOoI piTomacu
ANCTAHLIiNHMMN MeToZaMMN

M.1. Naknga', B.M. JloBnHcbKa?, 0. B. ByuaBun®

Haoano pezynomamu oyinroganns nadzemnoi gpimomacu cocHogux 0epesocmanis, Ompumanoi 3a 00nomo2or0 Ouc-
manyitinoeo 30n0yeanna 3emni ([33). Ha ocnosi mynvmucnexmpanvHux 300paxcens cynymuuxa Sentinal-2 30iticHe-
HO 00pOOKY CNeKmpanbHUX XapaKxmepucmux i3 po3paxyHKom @ecemayitinux inoexcieé ma 6iogizuunux napamempie
cocHosux depesocmatie peziony Batipaunoco Cmeny Ykpainu. ITiorpynmsim 011 no6yoosu peepecitinux mooenel 3a-
JIeACHOCTI HAO3eMHOT himomacu 8i0 OMPUMAHUX CREKMPALbHUX XAPAKMEPUCMUK SUKOPUCTIAHO Pe3Vibmamu no-
Ib08uUx 0ocnioxcens. Haiisuwi xopenayitni koegiyienmu Qikcyiomvcs Mine NOKA3HUKAMU 3A2aTbHOT | cnosOyposoi
Gimomacu 3 eecemayivinumu indexcamu NDVI, TVI ma 6iogpizuunumu napamempamu FARAP i FCOVER.

I nobyodosu mooeneil 3a1eiCcHOCHi HA03eMHOI (imomacu COCHOBUX 0ePeBOCMAHI8 BUKOPUCTNOBYBANU K 0OHO-,
max i 080(aKmopHi MoOei, 3 AKUX HAUONMUMATbHIUMUMUY SUASUIUCH M, Wo Micmuau ax npeduxmopu NDVI okpemo
ma 3a noeonanna 3 FCOVER. @axmuuni noxkasnuku gimomacu cocuaxie na TIII1 3naxoounucy y medxcax 6io 27,6 0o
287,6 mea’!. Ilpocnososani snauenns 3a2anvnoi nadzemnoi pimomacu 0ns mooeni i3 sanyuennam NDVI cmanosunu 6io
32,500 236,3 m2aa’.

3oiticneno kapmoepaghysanisi naozemnoi pimomacu cocnosux doepesocmanie batipaunoeo Cmeny 3a donomozoio
MYIbIMUCneKmpanvuux 3nimkie Sentinel-2, a came, ompumanux cneKmpanbHux XapaKxmepucmux ix noxionux (secema-
yitiHux inoexcis, biopizuunux napamempis). JJociiodicents npoodemMoHCmpy8aio 0OHAOILIUGE pe3yTbmamu 015 6NPosa-
021CeHHs1 TICOB020 KAPMYBAHHS HAO3EMHOT QIimomMacu COCHOBUX HACAOIICEHb Y PeCiOHI 3a 00NOMO20I0 PecypCi8 GiibHO-
20 docmyny.

Knrouosi cnoea: Pinus sylvestris L.; Sentinel-2; mynomucnexmpanori cynymHuKosi 3HiMKU,; 8e2emayitiii iHOexcu,
baupaunuii Cmen Yxpainu.

Jaxuoa Ilempo lsanosuu — axanemik JliciBHm4oi akajgemii Hayk Ykpainm, nepmuit Bine-mpesument JIAH VYkpainu, mpodecop, ToKTop
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Betyn. YV 3B’s3Ky 31 BCECBITHIMU TIIOOQIBHIM I10-
TETUTIHHSAM 1 3MiHOO KJIiMary, JUIsl BASHUX YChOTO CBi-
Ty MPIOPUTETHUM 3aBIAaHHSIM € PO3pOOKa METOMIB, 3a
JIOTIOMOI'OF0  SIKMX CTajio O MOXKIHMBHM MaKCHMallb-
HO TOYHO OLIHWUTH MPOCTOPOBE PO3MIIIEHHS 1 JMHA-
MiuHi 3MiHH y JicoBux ekocucremax (Chave, Andalo,
Brown, & Cairns, 2005; Bonan, 2008). /lani momo
Oiomacwu JiciB HEOOXiJIHI Tij Jac 3[MiHCHeHHS (QyHaa-
MEHTAJIBHUX JIOCII/DKEHb BYTJICIIEBOTO IUKITY, @ TAKOK
JUTSI OITIHIOBaHHS TIOTOKIB IMMAPHUKOBHX Ta3iB Y CUCTEMI
qic-ammocgepa (Dai et al., 2013; Canadell & Schulze,
2014; Niemeld et al., 2017; Li et al., 2017; Pohjola,
Laturi, Lintunen, & Uusivuori, 2018). MoniToprHT
HaJ3eMHOi OioMacw JCiB € HeOoOXiTHOK YMOBOIO
peautizanii Mi>KHAPOAHUX YTOJl 3 MUTAHb KIIIMATYy, aJKe
OTpUMaHI pe3ylbTaTH MAIOTh CEHC i Yac OOTpYyHTY-
BaHHSl CTpATEriYHUX pIllIEHh SK Ha HAI[lOHAJIHHOMY,
TakK i perioHaJbHOMY PiBHSX.

MeTtoau omiHOBaHHS 6ioMacH JIiciB 0a3yrOThCsI HA
iX Ha3eMHHX i KOcMiuyHUX BuMipax. KimbkicHe orii-
HIOBAaHHS TPOIYKTHBHOCTI JICOBUX EKOCHCTEM IIO-
Tpebye KOMITJIEKCHOTO CHCTEMHOTO MiIXOMy 13 3airy-
YeHHSIM Ha3eMHUX JOCITiKeHb (iTomMacu IepeBo-
CTaHIB, 110 € BKpail HEOOXiJHUM Jyis 3a0e3TeUeHHS
TOYHOCTI OTPUMAaHHX CYMyTHHKOBHUX 3HIMKIB (Chen,
Ren, Zhang, Wang & Xi, 2018; Tanaka et al., 2015).
3aranoM, Hale(EKTUBHIIIUM IiJIXOIOM IS OTpPH-
MaHHSI aKTyaJbHOI Ta 00 €KTHBHOI OIIIHKH JIICOBO-
IO TIOKPHBY Ha BEIIMKHX TEPUTOPISIX € BUKOPHCTAH-
Hs JIaHUX JMCTaHLIWHOTO 30HayBaHHs 3emuti ([133)
Ha OCHOBI TIOOY/IOBH €MIIpHYHUX MOJEJeH, OTpuMa-
HUX Yy pe3yibTaTi 3MICHEHHS MOIbOBUX Ha3eMHHX
nociimpkenpb (Field, Randerson, & Malmstrom, 1995;
Jakubauskas & Price,1997; Labrecque, Fournier,
Luther, & Piercey, 2006; Forrester et al., 2017). ns
JeTaJbHOrO JOCTIKEHHsT (PITOMAacu HacaKeHb 3a-
cobamu I'IC-TexHoOMmOTIH 3a3BMYail MPOBOASTH PO3pa-
XYHKH CIIEKTPAITBHAX XapaKTePUCTUK Ta Oi10(i3nIHIX
napamMeTpiB, OTPUMaHUX Y Pe3yabTaTi nemndpyBaHHs
cynytaukoBuX 3HIMKIB (Forkuor et al., 2020). Kapro-
rpadyBaHHs, 3iliCHEHE HAa OCHOBI CIIEKTPAIbHHX I1a-
pamerpiB, MOXe BUKOPUCTOBYBATHCh /IS MOHiTOpI/IH-
Iy CTaHy JICiB, BA3HAUCHHS MICIb 3pyOyBaHHsI JICIB,
nerpanmamii JyiciB tomo (Domingo, Lamelas-Gracia,
Montealegre-Gracia & de la Riva-Fernandez, 2017).

[1ix gac omintoBaHHS ¢iTomacH yiciB Metogamu J[33
B ONTHKO-EIIEKTPOHHOMY J[iana30Hi, OUIBIIICTE METO/IB
CIpSIMOBaHA Ha BCTAHOBJICHHS 3B’SI3Ky MIiX CIIEKTPajib-
HUMHU XapaKTepUCTUKaMHU BiIOMTOro abo BIACHOTO BH-
MIPOMIHIOBaHHS J€PEBOCTaHIB y Pi3HUX JOBKHUHAX XBUIIb
(Drusch et al., 2012; Wittke, Karjalalnen Hyyppi, &
Puttonen, 2019) HpI/I IHOMY HAMTOMUTHHIIIAMHI KaHa-
JIaMU € YEePBOHUH Ta ONMMKHIN 1H(QpadepBOHUH /iana3o-
uu (Chen et al., 2018). BinbIi 3Ha4eHHS BITOMPOMYKIIT
MAroTh BHIIY CHEKTPAJIbHY SCKPaBICTh ONMMKHBOI iH(]pa-
YepPBOHOI 30HHU, /IKe TYT (PIKCYEThCS MAKCUMYM BiJIOUT-
151 (Hazarika, Yasuoka, Ito & Dye, 2005).

CriekTpaslbHUH aHalli3 3a y4YacTi CYMYTHHUKOBHX
3HOMOK € OCOOJHMBO CKJIQJHUM JJIsl OI[iHIOBAaHHS Ha-
IpOMaJDKEeHHST (PiITOMAacH XBOWHUMHM JTICAMH, JUISL SIKMX
XapakTepHi 3Ha4YHI KOJWBaHHS €()EeKTHBHOCTI YJIOB-

JIIOBAaHHS CBITJIAa 3a 30€peXeHHSI CTPYKTYpH HAMETy 1
3aliMaHol aCUMINAIIIHOIO TMOBepXHEro riomt (Ycomb-
ues, 2010; Wittke et al., 2019).

CocHa 3BMYaiiHa € OJHMM 13 HANMOMIMPEHIIINX
JEpPEeBHUX JICOTBIpHUX BHIIB y €Bpomi i B VYkpaiHi
(Krakau, Liesebach, Aronen, Lelu-Walter & Schneck,
2013), aii gyactka y 30Hi baiipagnoro Cremy cTaHOBUTH
YBEPTh BKPUTHX JIICOBOIO POCIUHHICTIO JUISHOK.

Taxum 4MHOM, PO3pOOIEHHS HOBOTO IMiIXOTy OLi-
HIOBaHHSI IOTOYHOTO CTaHy COCHOBUX JIiCOHACA[KCHb
B YMOBaxX CTENOBOI 30HM Ha OCHOBI aHaJi3y IaHUX
MYJIBTUCIICKTPAJIbHUX CYIyTHHKOBUX 3HIMKIB € aK-
myanbHolo npobiemoro, PO3B’I3aHHS KO TaCTh 3MO-
Ty IIBU/IIE OTPUMYBATH TOYHINTY iH(OPMAIIIFO 1010
KUTbKICHUX XapaKTepUCTHK JICOBHX IUISIHOK, 0e3
TIPOBEJICHHS JECTPYKTUBHUX 3ax0/iB. PoboTa 30pieH-
TOBaHA HA BUBYCHHS [TUTAHHS MOYJIMBOCTI BUKOpPHUC-
TaHHsl 0araToCreKTPaJbHUX KOCMIYHHUX 3HIMKIB IS
BCTAHOBJICHHS O10TTPOAYKTHBHOCTI COCHOBHUX JIICIB Y
e He JOCIIHKEHOMY V IIbOMY acIleKTi perioHi baii-
paunoro Creny YkpaiHu.

Marepianu it Mmeroau. O6’cxkm 0ocnioxceHHa —
cocHOBI JepeBoctanu baiipaunoro Cremy YkpaiHu.
Hpe@mem 00CniodcenHss — BiIOOPaXKCHHS TTOKA3HH-
KiB HaJ(3¢MHOI (iTOMacH Yepe3 CreKTpabHi iHIeKeH
CYIYTHUKOBUX 3HIMKIB. Memow OocniosxcenHss Oyio
po3pobiIeHHsT MOozeTiel OLiHIOBaHHS (iTOMACH COCHO-
Bux nepeBocTaHiB [liBHiunoro Cremy Ykpaiau meTo-
mamu J133.

O1iHOBaHHS HaJ3eMHOT ()iTOMAcH COCHOBHX JIi-
ciB (Ph) 3miiiCHEHO NUISIXOM TO€THAHHS HA3eMHHX 1
MUCTAHIIWMHUX METOMIB AOCHIIKEHb. [10JIbOBl HOCIHI-
JOKCHHsI 3/IIMCHIOBAIM 13 BUKOPUCTAHHSM arpoOoBa-
Hoi Metomuku (Jlakuma, 2002; Jlakmma, Bacumumms,
Jlamenko, Tepentpes, 2011) Ha THMYacOBUX POOHUX
IIJIOIAX (THH) B ymoBax baiipaunoro Creny Ykpainu
(Ha mpukami }IHmponeTpOBCLKoro perloHy) (puc. 1).

Jns po3paxyHKy BereTauiifHux iHaekcis Ta Giodi-
3WYHUX MOKA3HHUKIB POCIMH Ha JOCITIHKEHHX TEPUTO-
pisiX BHKOPHCTOBYBaJIM HaOlp MYyTHTHCIEKTPAIbHUX
3HIMKIB i3 ONTHYHOro cymyTHuKa Sentinel-2 https:/
uk.wikipedia.org/wiki/Sentinel-2 3a nepion 2015-
2019 pp. Ha61p MYJNBTHCIIEKTPAIBHUX 3HIMKIB OCITi-
IpKeHoi TepuTopii Oyao orpumano 3 LleHTpy BigkpuToro
noctymy Copernicus https://scihub.copernicus.eu/ Ta 3
apxiBy ['eonoriunoi ciryx0u CILIA https://earthexplorer.
usgs.gov/. XapakTepucTHKa 3HIMKIB HaBe/leHa y Taour. 1.

s monepeaHboi 0OpOOKH 3HIMKIB BUKOPHUCTOBY-
Banmu miporpamy SNAP i3 momaTKoBUMH MOAYIISIMH 3
METOIO BUPIILICHHS HACTYITHUX 3aB/IaHb.

Sen2Cor — nnst mpoBeieHHst aTMOc(hepHOoi KOpeKIii
3HIMKIB Ta MONepeanboi Kiacudikamii 3eMHOT TOBEpX-
Hi (Ipyruii piBeHb 00pOOKH HaHUX 2A).

Sen2Three — Jyisi IPOCTOPOBO-YACOBOTO CHHTE3Y
300pakeHs Ha 0a3i HAbOpPy 3HIMKIB 3 aTMOC(hepHOIO
KOPEKIIi€I0, OTPUMAHUX y Pi3HHM Yac. Y pe3yabrari 00-
pOOKHM BXiJTHUX 3HIMKIB 3a JIOCJIIJDKEHI MEePioJu OTPH-
MaHO €IMHUHN CHHTE30BaHUN 3HIMOK 32 YCEPEIHEHUMHU
MOKAa3HUKAMH Ta 3 YCYHEHHSIM HEKOPEKTHHX IIKCEJIiB,
110 BUHUKIIM Yepe3 XMapHiCTh, 3aCBIYyBaHHA a00 TiHb
B1Jl HABKOJIMIITHIX 00’ €KTIB.
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Puc. 1. Po3mimieHHst TAMYAacOBHX POOHMX IUIONI PETIOHY JIOCITI/HKEHb

Tabnuys 1

Ne  lara 3HiMKY ID (na3Ba (atiny) XMmapHicTb, %
S2A_OPER MSI LIC TL EPA_ 20150806T084942 20160827T015954

I 201500806 A 600633 T36UXU N02_04 01 2,96
S2A_OPER MSI LIC TL EPA_ 20150826T084947 20160930T133348

2 2015/08726 A000919 T36UXU NO2 04 02 0
S2A_OPER_MSI_LIC_TL EPA_ 20150905T084946 20161012T095728

3 201500905 A00T062 T36UXU NO2 04 01 7,89
S2A OPER MSI LIC TL MTI_20151224T084711 20151224T104716_

> 201512124 4002635 T36UXU NO2 01 01 0
S2A OPER MSI LIC TL _SGS_ 20160731T084835 20160731T123122_

6 2016/07/31 4005781 T36UXU NO2 04 01 0,879
S2A_OPER MSI LIC TL _SGS_ 20160721T084726 20160721T123307

7o 20160721 4005638 T36UXU N02 04 01 3,2259
S2A_OPER MSI LIC TL SGS_ 20160810T084714 20160810T122652_

8 2016/08/10 4005924 T36UXU N02 04 01 0,4828
S2A OPER MSI LIC TL SGS_ 20160830T084722 20160830T122619

9 2016008730 4006210 T36UXU NO2 04 01 58707
S2A_OPER MSI LIC TL _SGS_ 20160919T084734 20160919T 122648

10 2016/09719 1006496 T36UXU N02 04 01 6,6226

11 2019/03/03  LIC T36UXU A010386 20190303T084011 0,00510

12 2019/03/18  LIC T36UXU A019509 20190318T083954 0,0311

13 2019/0427  LIC T36UXU A020081 20190427T083603 0

14 201906/16  LIC_T36UXU_A020796_20190616T084207 1,2669

1S 201906026  LIC_T36UXU A020939 20190626T083926 0,0875

16 20190701  LIC_T36UXU A012102 20190701T084549 1,0158

17 201908/10  LIC T36UXU A012674 20190810T084403 28681

18 2019/0820  LIC T36UXU A012817 20190820T084332 6,3572

19 2019/0830 LIC_T36UXU _A012960 20190830T084008 0

20 20191123 LIC T36UXU_A023084 20191123T084306 4,1563
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Biophysical Processor — 1jist Bu3Ha4eHHs 010(i3nd-
HUX XapaKTEPUCTHK POCIHH (BMICT XJIOpodily, BMiCT
BOJIOTH, 1HEKC IO JHCTS, (hpaKiis aacopOOBaHOTO
BUTIPOMIHIOBaHHS, (paKIlisi TOKPHUTTS) Yy BUDNIS/II II1a-
piB pacTpoOBUX 300paKEeHb.

Pesyabratun Ta o6rosopennsi. Ha ocHoBi ompa-
IbOBaHUX Takcamiaux manmx 3 TIII orpumano pe-
3yNbTaTH 13 KUTBKICHOI XapaKTepUCTHUKH HaI3eMHOI
(iToMac COCHOBHX JEpEBOCTaHIB, Jiana3oH 3Ha-
YEeHb SAKO1 3HAXOMMBCS y Mekax Bix 6,22 (D, ,=5 cm)
mo 287.5 (D1 ;=22 cM) tra'. CepenHs Beanvu-
Ha PO3PaxOBAHOIO TOKa3HUKA (ITOMACH CTAHOBHUIIA
190,3+18,1 Tra’'.

3 MeTol0 OIHIOBaHHA Haa3eMHOI ¢iTomMacu y
cocHOBHUX Jicax baiipaynoro Crenmy Ha OCHOBI BHKO-
pHUCTaHHsS JaHUX CYIMYTHHKOBHUX 3HIMKIB Sentinel-2
IUISL TTIKCEITiB 300paxeHb, B SkuX 3Haxommiauch TIIII,
pO3paxoBaHi HACTYIHI MoKa3Huku: NDVI (Bererartiii-
HUH 1HIeKC (OTOCHHTETUYHO aKTUBHOI Oiomacu), TVI
(TpancdopmoBanuii BereTamiauil iHmexc), LAl (iH-
JIEKC TIIONI JUCTKOBOI moBepxHi), FAPAR ({ppakiis
abcopOoBaHOTO (OTOCHHTETHYHO AaKTUBHOTO BHIIPO-
MmintoBanHs), FCOVER (dacTka pOCIUHHOTO IMOKpPH-
BY), CAB (BMicT xsopodiny a i b B mucti [xBoi]) Ta CW
(BMicT Bozu y KpoHi). OTprMaHi CeKTpasibHi BETHYH-
HU TUISITaTy CTaTUCTUYHIN 00po01ti qanux (Tabm. 2).

Tabnuys 2

CTaTHCTHYHI NOKA3HUKH BereTaniifHUX iHAeKciB Ta 6iohisMIHUX MapaMeTpiB COCHOBUX HacCa’KeHb
HiBniunoro Cremy

— 3HaueHHS CrarucTuku
min max o A E

NDVI 0,65 0,85 0,74 0,07 0,162 -1,460
I 1,07 1,16 0,03 0,139 -1,463
LAI 1,33 2,46 1,78 0,34 0,487 -0,983
FAPAR 0,43 0,70 0,54 0,08 0,440 -0,957
CAB 58,03 157,54 87,45 25,92 1,121 1,132
cw 0,03 0,06 0,05 0,01 0,396 -0,431
FCOVER 0,37 0,68 0,48 0,09 0,797 -0,370

OTxe, po3MONiNT OTPUMAHUX BEIMYUH Y OiNbIIOC-
Ti BUNAJKIB BIJIMOBiJIa€é HOPMaJIbHOMY, 3 OISy Ha
HIDKY1 3HAUYEHHS acHMETpii Ta eKCIlecy, MOPIBHIHO i3
KpUTHYHUMU 3HaueHHsMU (SHues, 2012). Buxitouen-
HSl CTAaHOBJISITH MOKAa3HWKU acUMETPii Ta eKCIecy JUIs
BMicTy Xyopodiny a 1 b, a Tako)k 3HAYCHHS EKCIIECY
st NDVI, TVI, LAI 1 FAPAR. Bix’eMHnil 3HaK €Kc-
necy ycix (kpim CAB) cneKTpaibHUX XapaKTEPUCTHK

CBITYHUTH MPO TUIOCKOBEPIINHHICTh KPUBOI PO3MIOILTY
iX 3HA4€Hb.

CriBcTaBiaeHHST Pe3yiIbTaTiB IMOIHOBUX BHUMIpIO-
BaHb 3 BereTaliiHuMu i 010()i3MYHUMU TTOKA3HUKAMU
MYJIBTHCIEKTPAILHUX 3HIMKIB cymyTHUKa Sentinel-2
mis pocmimkyBaaux TIIIT mokazamo, mo MiK HUMH
MPOCIIIKOBYIOTBCSL PI3HOI CHIIM KOPEJISILINHHI 3B’ S3KH
(tabm. 3).

Tabnuys 3

KoedinienTu kopessiuii Mizk KOMIOHeHTAMU HaA3eMHOI GiTOMacH COCHOBUX /1IePeBOCTAHIB Ta
MYJBTHCIIEKTPAJILHUMH MOKa3HUKaMu Sentinel-2

ditomaca NDVI TVI LAI FAPAR CAB cw FCOVER
Ph 0,83* 0,77* 0,83* 0,80* 0,78* 0,72* 0,79*
Ph 0,82%* 0,78* 0,84* 0,84 0,80* 0,79* 0,81%*
0,22 0,13 0,13 0,03 0,10 0,13 0,10

KpoHu

* 3HayeHHs koe(iuieHTiB gocToBipHi npu p < 0,05

CriekTpalibHi XapaKTepPUCTUKNA Malld CHIIBHIIIY KO-
peNALio 3 HA3eMHOKO (hiTomacoro cToBOypis (Ph,, )
Ta 3arajibHOI0 QiTomMacoro (Ph) COCHOBUX JepeBOCTa-
HiB. HaliTicHimuM 3B’S30K BUSABUBCS I I[MOKA3HU-
Ka 3aranbHoi gitomacu 3 NDVI, LAI ta FAPAR. Tlpote
BapTO BI/JI3HAYUTH HAsIBHICThH CIIA0KOTO B3a€EMO3B’SI3KY
HaBEe/IGHWX y POOOTI BeTeTaIlifHUX iHAEKCIB 13 IMOKa3-
HUKaMH KOMIOHEHTY KpoHu (Ph_ ). Otpumani nani

KPOHU

Y3rOIKYIOTECA 13 pesynsratamu Foody et al. (2001),
y nyOmikamii sSikux 3a3HavdaeTbes, mo NDVI mae cna0-
KAM B3a€MO3B’SI30K 13 010Macol0 B KOHTEKCTI OL[HIO-
BaHHS JIicOBOi cTpykTypu. Mganga & Lyaruu (2015),
JOCITI/pKYroun Oiomacy JiiciB TaH3aHii, TakoX Bij3HA-
YarTh HU3bKUH KOe(]IIiEHT B3a€MO3B’ 13Ky MiX (pOTO-
CHHTETHYIHOIO YaCTHHOIO (piTomacu Ta ND VI, ssxuii no-
csirae MakcuMasibHOTO 3HaueHHs 0,23. Huzbkuii piBeHb
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KOpENALIHHUX 3B A3KiB MK (DOTOCHHTETHYHOIO CKJIa-
JIOBOIO OiOMAcH Ta 3HAYEHHSMH BEreTaliiHUX MOKa3-
HUKIB MOSICHIOETHCS, HACAMIIEPE], TEOMETPIEI0 HAMETY,
110, 3aJI€KHO BiJl Opi€HTAII] Ta KOMITO3UIIIHOI CTPYK-
TypH, MOXE BapilfOBAaTH BiJIMOBIHO IO CIIEKTPAIBLHO-
ro nmpoiiio.

HacTtymanm kpokoM craja moOyaoBa perpeciitHux
MoJIeNIel 3aJIe)KHOCTeH Haa3eMHoi ditomacu (Ph) Bin
MOKa3HUKIB CIIEKTPaJbHUX XapaKTEPUCTHK. Sk aHai-
TUYHY (HOPMY OTPUMAHUX PE3YJBTaTiB, BUKOPUCTOBY-
BaJM PIBHSHHSA HEJNIHINHOTO (QJIOMETPUYHOTO) THUITY,
e BXITHUMH apryMEHTaMH CIyTyBajH IOKa3HUKH
NDVI, LAI, FARAP, TVI, FCOVER (ta6mn. 4).

SIK BUAHO 13 MpPEACTaBICHUX HAHUX, 33 JOMOMO-
ror0 MOOYIOBAHUX PErpeciiHUX MOJIEICH OMHUCYEThCS

omu3pko 70% BumaakiB. HaliBum mokazHuku Koedirti-
€HTa JeTepMiHalii 3aikcoBaHO /IS 3aJIeKHOCTI HaJl-
3eMHOi ¢iTomacu Bif ingekcy NDVI okpemo, a Takox
3a HOTO TIO€THAHHS 3 IHITUMHU TIpeauKTopamu (NDVI +
TVI; NDVI + FCOVER). Y Takux Mouensx koedirri-
€HT JICTEPMiHaIlii 3arajbHOI ITOMACH COCHSKIB CsTrae
pesynerary 0,71. HaliHmkda TOYHICTH ampoOKCHMAIIii
BCTAaHOBJICHA y BUMAJKy MOOYIOBH 3alle)KHOCTI HaJl-
3eMHOIi (hiToMacu coCHsIKIB Bix LA

AnexBaTHICTh TOOY/TOBAHUX MOJIEJIEei BCTAHOBIECHO
B TIpoIIeci iX nepeBipku Ha F-kputepiit Oimepa. OTpu-
MaHi QakTU4HI F-3HaueHHs MMEepPEeBHUIIyBa TaOINYHI
BEJIMYMHU SIK Y BHIAQJIKy 3aCTOCYBaHHS OfHO(AaKTOp-
HUX (Fi6,.— 9,33), Tak i qBodaktopHux (F5, — 6,93)
MoOJIeTIeH. '

Tabnuys 4
MogeJti 111 ONiHIOBAHHS HA3eMHOI (DiTOMACH COCHOBHX JePeBOCTAHIB Ta iX CTATHCTHYHA
XapaKTepHCTUKA
- F-xpurepiit
HOMep. Bun piBHSHHS Koe(lm.neHTm PHTED
MOJCI1 JACTCPpMIHALIllL F(ba“ .
1 Ph=3563,620 - NDVI'*! 0,70 30,72 9,33
2 Ph=240,241 - LAI>*% 0,54 12,68 9,33
3 Ph=495317 - NDVI'*! - LAT'" 0,64 7,13 6,93
4 Ph=550,474 - NDVI"%0 - FAPAR"® 0,70 14,22 6,93
5 Ph=1716,261 - NDVI'*% - TV[164 0,71 15,19 6,93
6 Ph=486,879 - FCOVER*>* 0,64 23,67 9,33
7 Ph=556,648 - NDVI'*3¢ - FCOVER 3% 0,71 14,49 6,93

Pesynbrary omiHIOBaHHS OKa3aJiu, 110 BCTAaHOBJIE-
Hi perpeciifii MoJel MMOTEHITIHHO MOXYTh OyTH BHKO-
pHCTaHi A7l CTBOPEHHS KapTH MPOCTOPOBOTO PO3IO-
Ity Haa3eMHOI (iTOMacu COCHOBUX JIEPEBOCTaHIB,
IPYHTYIOUHCh Ha OTPUMAHHUX 3ac00aMH CYIyTHHKOBOI
3HOMKH 3MiHHUX, 30KkpeMa, ND V1.

I'pagiuny iHTepmpeTaiilo po3paxyHKy QiTroMacu
(ma mpuxami perpecii Nel, 3amexuicts Bix NDVI) co-
CHSIKIB B1J100OpakeHO Ha puc. 2.

Ha npexncraBinenoMy pucyHKy BigoOpakeHO Heic-
TOTHI BIIXWJIEHHS 3MOJIEIbOBAaHUX 3HAYECHBb HA/I3MHO1
¢iTomacu, MOPIiBHAHO 13 (HAaKTUYHUMH, LIO CBIAYUTH
PO JOCTaTHHO TOYHHN OMUC MOACIUII0 EMITIPUYHUX
naanx. Cepenns Benmmanaa ND VI muist Mo CiipKyBaHIX
y perioHi COCHOBUX HacaykeHb craHoBUTH 0,42. 3a
HaBeJICHUMH JTaHWMH, aKyMYITIOBaHHsI (hiToMacu co-
CHSAKIB y KimbKocTi Bix 150 10 250 T'ra’! 3milicHIOETHCS
3a Benmunan ND VI 'y niana3zoni Bix 0,4 mo 0,5.

OTxe, MOOYIOBaHI MOJIEII MOXKE OYyTH BUKOPUCTAHO
JUTSI OITIHFOBaHHSI (DiTOMAacH COCHOBHX HacaKeHb 3a Ja-
HuMH Sentinel-2 it palioHIB 3 TOAIOHMMU YMOBaMHU.

Bcranosnena perpeciiiHa 3aieXHICTb CTalla Mpe/l-
METOM EKCTPAIOJISIIil Pe3yIbTaTiB OIIHIOBAHHS HaIl-
3eMHOi (iTOMacu IepeBOCTaHIB COCHU 3BHYAMHOI Ha
TEPUTOPII0 JOCTIHKYBAHOTO PETIOHY 3 MOOYJOBOIO
BIMITOBITHOT KapTh. |JIsI BCTAHOBIEHHS MEX 3a3Haue-
HOi TepuTopii BukopuctaHo shape-files micoBux min-

npueMcTB JIHInmporneTpoBckkoi 00nacTi, a came, KBap-
tamiB i BuaUTiB OOyXxiBchKOTO JicHUITBA (http://Wwww.

lisproekt.gov.ua/).
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Puc. 2. 3anexHicTh (GaKTUIHUX 1 3MOICIILOBAHUX 3HAYCHD
HAJA3EMHOT (PITOMACH COCHSIKIB Bij moka3Huka NDVI
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Jnst BU3HAYEHHS IMOKa3HUKIB OloMacy JiISTHKH JTi-
COBOT'O MaCHUBY y CTPYKTypi JIHIMPOBCHKOTO AEpiKJIic-
rocny baiipaunoro Creny (ua npukiani OOyxiBCbKo-
TO JICHUIITBA) 3MIMCHEHO 30HAIBHO-CTAaTHCTUIHUH
aHayi3 HOro KBapTajiB 3a JOMOMOTOK iHCTPYMEHTY
Spatial Analyst Tools y nporpami ESRI ArcGIS. Kap-
Ty TPOCTOPOBOTO PO3MOMLTY Haa3eMHOI (iTtomacu
COCHHM 3BHYaiHOI y Mexax OOyXiBCBKOTO JICHHULITBA
HaBeJICHO Ha puc. 3.

3a HaBEJCHWMH JAaHWMH, 3HAUCHHS HAI3eMHOI (¢i-
TOMacu COCHOBHX HacamkeHb OOyXiBCHKOTO JTICHULITBA
3HAXOMAATHCA y aiana3oni Big 75 10 310 Tra’!. Tpu 110-

My OiJbIlIa YaCTHHA TEPHUTOPii HACaHKEHb COCHHU 3BU-
yaifHoi (61% momi) HarpoMaKyIoTh (iToMacy y Iia-
nas3oni Big 100 mo 200 T'ra’l. CymapHa BennunHa Haj-
3eMHOi (hiToMacw COCHSKIB B ymoBax OOyXiBCHKOTO
JICHHIITBA, PO3pax0OBaHa Ha OCHOBI 00POOKH reoiHdop-
MaIiHUX JaHuX, CTaHOBUTH 195782,40 T, y Toii yac sik
OTPUMaHUI TOKa3HUK (iTOMacH, BU3HAYCHUH Ha3eM-
HUM criocoOoM, ctaHoBuTh 210861,95 T, mo Ha 7,2%
Ounbiie, nopiBHsiHO 13 paHumu J133. Takum 4uHOM,
OTpUMaHi PO30DKHOCTI OIIHIOBAHHS (DITOMACH COCHS-
KiB IIpsIMUM (Ha3eMHUM) 1 HETIpsIMUM (i3 BUKOPUCTaH-
HsM ['1C-texHoO0Tii) METOAaMU € HEICTOTHUMU.

KINOMETPW
2

3

[ |KBAPTANM
= TAN
HAOZEMHA @ITOMACA

Puc. 3. Po3nozin HanzemHoi ¢iToMacu cocHsIKIB Ha TepuTopii OO0yXiBCHKOTO JIICHUIITBA

BucnoBku. JlaHi MyJBTHCIEKTPAILHUX 3HIMKIB
cymyTHHKa Sentinel-2 MarOTh TICHHH KOPEISIIIHHII
3B’SI30K 13 BETUYMHOIO HAJI36MHOI (hiTOMACH COCHOBHX
JICPEeBOCTaHIB, OTPUMaHOI Ha3eMHHUM criocobom. Haii-
TICHIII KOPEJSIIiiHI 3B’SI3KM BCTAHOBJICHO MK 3a-
TaJIbHOIO HA/I3€MHOK0 (DITOMACOI0 COCHH 3BUYAMHOI 3
Bereramiiiaumu iHaekcamu NDVI ta TVI. Jlns otpu-
MaHHX 0i10(I3UIHUX MapaMeTpiB HAWBHIII KOoedilieH-
TH Kopessuii ciocrepeskeHo st FAPAR ta FCOVER
13 3arajJpbHOI0 HaJ[3eMHOI0 (hiTOMacoro Ta (hiToMacor
cTOBOYpaA.

MopemntoBanHs (iTOMacH COCHSIKIB 3a Y4acTIO Be-
reTaniiHuX 1HACKCIB, 30kpeMa, ND VI, BUSIBUIIO BUCOKI
pe3yIbTaTH iX MepeBipKH Ha aIeKBaTHICTD 13 OTPUMaH-
HSIM JIOCTOBIpHUX KOoe(ili€HTiB AeTepMiHaLii Ta po3-
paxoBaHUX [ -3Ha4YEHb.

[TopiBHsAIBPHUN aHANI3 TPOAEMOHCTPYBAaB HasIB-
HICTh ONM3BKUX (PAKTHYHUX 1 3MOJICIIPOBAHUX 3HAYCHb
Haj3eMHoi itomacu 3anexHo Bix NDVI, mo nae 3mo-
Iy BHKOPHCTOBYBAaTH PO3pOOJIIEHY MareMaTHYHy MO-
JIeJTb Ha TIPAKTHIL.

OTtpumani pe3ynbTaTH JIEMOHCTPYIOTh TEPCIICKTH-
BU 3alpOIIOHOBAHOTO METO/a JUIs OIIHIOBAaHHS Ha-
3eMHOI1 (hiTOMacH COCHOBHMX HACa/KEHb Ha PErioHab-
HOMY piBHi, SIK e()eKTHBHUH 3aci® onepaTuBHOrO CIIO-
CTEepEeKCHHS Ta YIPaBIiHHS JIICOBUMH peCypcaMu B
YMOBaXx CTEMOBOI 30HH.
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Comparative analysis
of the aboveground phytomass assessment
of pine forest stands by ground and remote
methods

P.Lakyda', V. Lovynska? Y. Buchavy?

One of the most efficient approaches to provide a
current and objective assessment of forest cover over
large areas is remote sensing data combining with an
empirical models obtained from field ground research.
For a detailed study of the phytomass of plantations
by GIS technologies, calculations of spectral
characteristics and biophysical parameters obtained
as a result of decoding satellite images of monitoring
objects are usually performed.

The object of study — pine stands of the ravine Steppe
of Ukraine. The subject of research — bioproductivity of
aboveground phytomass components of pine stands.
The aim of the study to develop the models for pine
stands phytomass assessing at the ravine Steppe of
Ukraine by remote sensing.

The evaluation of aboveground phytomass pine
forests was carried out by combining terrestrial and
remote sensing methods. In order to estimate the
aboveground biomass in the pine forests of the ravine
Steppe based on the Sentinel-2 satellite imagery data
for each pixel of images containing temporary sample
plots (TSPs), the following indicators were calculated:
NDVI, LAI, FAPAR, FCOVER, CAB and CW. In
accordance with statistical analysis the distribution of
spectral indices in most cases corresponds to normal,
given the lower values of asymmetry and excess,
compared with the critical values. Correlation analysis
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University of Life and Environmental Sciences of Ukraine, Heroyiv
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revealed that the spectral characteristics obtained from
satellite images had a stronger correlation with the
aboveground phytomass of trunks and total phytomass,
compared with the crown phytomass of pine wood
stands.

With the help of the obtained geoinformation data,
models of aboveground phytomass dependence on
vegetation and biophysical parameters were designed
with the help of which about 70 % of cases were
subject to description. The NDVI, LAI, FARAP, TVI,
FCOVER indicators were used as input arguments. The
equation of the dependence of the aboveground pine
phytomass on the NDVI index is the most significant
statistically ftom the designed equations. The lowest
approximation accuracy is observed when the LAI
index is included in the equation.

The comparison of the actual and simulated values
of aboveground phytomass of pine stands obtained
as a result of ground research revealed insignificant
their deviation, which testifies to a rather accurate
description of the empirical data model. The most
intensive accumulation of pine phytomass at the
amount from 150 to 250 t'ha'is observed at NDVI
values in the range from 0.4 to 0.5.

Based on the obtained data, the values of Scots pine
aboveground phytomass were transformed into a forest
area structure of the Dnieper state forestry of ravine
Steppe (on the example of Obukhiv forestry) with the
formation of a spatial distribution map of aboveground
phytomass forestry. Values of aboveground phytomass
pine plantations of Obukhiv forestry was estimated
in the range from 75 to 310 t'ha’!. At the same time,
most of the Scots pine plantations territory (61 % of
the area) has a phytomass in the range from 100 to
200 t'ha'.

It is estimated that the total value of aboveground
phytomass of pines in Obukhov forestry, calculated on
the basis of spatial data processing, is 195782.40 tons,
while the obtained biomass, determined by ground
estimation 210861.95 tons, which is 7.2% higher,
compared with remote sensing data.

The obtained results demonstrate the prospects of
the proposed method for the aboveground phytomass
of pine plantations assessment at the regional level
as an effective method of operational monitoring and
management of forest resources in the Steppe zone.

Key words: Pinus sylvestris L.; Sentinel-2; satellite
imagery data; vegetation indexes; ravine Steppe of
Ukraine.
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OueHKa TOYHOCTU onpepeneHns
HaZ3eMHOoI $UTOMACChl ANCTAHLNOHHbIMI
meTogamu

M.W. Nakunga', B.H. loBrHckan?, t0. B. byuyasbiin®

OneHKy HaA3eMHOW (HUTOMAcChl COCHOBBIX Jie-
COB OCYIIECTBIICHO ITyTeM OOBENWHEHHS] Ha3eMHBIX U
JUCTAHIIMOHHBIX METO/IOB HcclienoBaHmii. Ha ocHo-
BE HCIIOJIb30BAHUS JIAaHHBIX CIYTHUKOBBIX CHHMKOB
Sentinel-2 mis Touek W300paKCHHH, B KOTOPBIX Ha-
XOIWJINCh BpeMeHHble MpoOHble rmiomanu (BIIII),
paccuutanbl cruenymomue mokazarenu: NDVI, LAIL
FAPAR, FCOVER, CAB u CW. Ilo craructudecko-
My aHajJu3y AaHHBIX, pachpeielieHUue CIEeKTPaIbHBIX
nokasaTesieil B OOJBIIMHCTBE CIIy4aeB COOTBETCTBY-
€T HOPMaJIbHOMY, YYWTHIBas HHU3KHE 3HAYCHUS aCHM-
METPUM M JKCIIecca, 10 CPABHEHUIO C KPUTHUYECKH-
MU BeauunHamMH. KoppensiuoHHBIN aHaIU3 JaHHBIX
BBISIBIJI, YTO TTOJTy9E€HHBIC 110 CITyTHUKOBBIM CHUMKaM
CIIEKTpaJIbHbIE XapaKTEPUCTUKA HMEITH OoJiee CHIIb-
HYIO KOPPEJSIHIO C HaJl3eMHOU (puTOMaccoil cTBOJIOB
u o0mmielt ¢huToMaccoi, Mo cpaBHEHUIO ¢ (hUTOMACCOM
KPOHBI COCHOBBIX J]PEBOCTOEB.

C moMoIIbI0 TONYYEHHBIX TeOMH(OPMALUOHHBIX
JAHHBIX TTOCTPOEHBI MOJIENIN 3aBUCUMOCTH HaJ3€MHON

Jlakuoa Ilemp Heanosuu — axanemux JlecHON akageMHu Hayk
VYkpaunsl, nepseiii Bute-npe3uaeHt JIAH Yipaunsi, npodeccop,
JIOKTOp ~ CEJIbCKOXO3AHCTBEHHBIX  HAyK, JAUPEKTOp  yueOHO-
HAy4YHOTO MHCTHTYTa JIECHOTO U CaJOBO-IIApKOBOrO XO3sHCTBa
HYBull VYkpaunsl. HanmoHanbHbIH YHHBEPCUTET OHOpECYpCOB
W TIPHUPOJIOIIONb30BaHus YKpauHbl, yi. I'epoeB O6Goponsl, 15,
r. Kues, 03041, Ykpauna. Ten.: (044) 527-85-28, +38-067-462-80-
43. E-mail: lakyda@nubip.edu.ua ORCID: http://orcid.org/0000-
0003-3639-2969

Jlosunckas Buxmopus Hukxonaeéna — XKaHIUOAT OHMOJIOTHYECKHUX
HayK, JIOLEHT Kadeapbl caJoBO-IapKOBOTO X03siiicTBa. J[HEenmpoB-
CKUIl TOCYIapCTBEHHBIH arpapHO-3KOHOMHUYECKUI YHHBEPCHUTET,
yi. C. Edpemosa, 25, r. Inenp, 49060, Ykpaunna. Tein.: +38-067-
769-63-29; E-mail: glub@ukr.net ORCID: http://orcid.org/0000-
0002-7359-9443

byuaswui IOpuii Braoumuposuy — KaHauaatT OHOIOTHYSCKUX HayK,
JIOLEHT KaeIpbl SKOJIOTMU U TEXHOJIOTHH 3alUThl OKPYIKaroLen
cpensl. HanuoHanpHBI TEXHUYECKUN YHHBEPCHTET «/lHEempoB-
cKasl ToNMMTexXHuKa», yi. J. SIBoprunkoro, 19, r. Juemnp, 40005,
VYkpauna. Ten.: +38-066-224-38-66. E-mail: buchavyy@gmail.
com ORCID: http://orcid.org/ 0000-0003-3282-2810

(huTOMacchl OT BETeTAllMOHHBIX U OMO(PU3NIECKUX TTa-
pamMeTpoB, C TIOMOIIBIO KOTOPBIX OMHUCAHUIO MOJIekKa-
mm oxosio 70% ciydaeB. B kauecTBe BBOJHBIX apryMeH-
ToB mcrnoab3oBanu nokasareau NDVI, LAI, FARAP,
TVI, FCOVER. Hauboinee cTaTUCTUYECKH 3HAYMMBIM
C MTOCTPOEHHBIX YpaBHEHHMH OKa3ajloCh ypaBHEHHE 3a-
BUCHMOCTH HAJ3€MHOM (UTOMACCHI COCHSIKOB OT WH-
nexkca NDVI. Camas HU3Kasi TOUHOCTH anIpOKCHMAa-
UM HaOIIOaeTcs MpU BKIIIOYEHWH B YpaBHEHHWE WH-
nekca LAIL

CpaBHeHHE TONyYEHHBIX (DaKTHUECKUX M CMOJe-
JMPOBAHHBIX 3HAUYCHUH HAA3E€MHOM (uTOMAacChl CO-
CHOBBIX JPEBOCTOEB TIOKA3aJl0 HECYNIECTBEHHBIE HX
OTKJIOHEHHUS, YTO CBHJIETEIICTBYET O JOCTATOYHO
TOYHOM OITMCAHWU MOJENU SMIIUPUYECKHUX JAHHBIX.
HaunOonee nuHTEeHCHBHOE aKKyMyJIHpOBaHHUE (pUTOMAC-
CBI COCHSIKOB B KonmdectBe oT 150 mo 250 T'ra’! ocy-
niecTrisieTcst npu BeninunHe NDVI, 3HaueHust kotopo-
ro HaxonsaTcsa B quamnasone ot 0,4 1o 0,5.

OcymecTtBieHa TpaHc(hOpPMALUs PAaCCUUTAHHBIX
3HAYeHNH Ha/I3eMHON (UTOMACCHI IPEBOCTOEB COCHBI
OOBIKHOBEHHOMW Ha y4acTOK JIECHOTO MacCHBa B CTPYK-
Type [HenpoBckoro secxo3a baitpaunoit Ctenu (Ha
npumepe OOyXOBCKOTO JIECHHMYECTBA) C (hOPMHPOBa-
HUEM KapThl MPOCTPAHCTBEHHOTO pacIIpeieIeHns Hal-
3eMHO (uTOMAcCHl B Mpejenax JecCHuYecTBa. 3Haue-
HHE HAJ3€MHOM (UTOMAacChl COCHOBBIX HaCa)XICHHH
OOyXOBCKOTO JIECHUYECTBA HAXOAATCS B AUATIA30HE OT
75 no 310 tra’. Ilpu 3TOM GOJIBINIASE YACTh TEPPHUTO-
puH HacaxaeHui cocHbl (61% muomanm) uMeroT Gu-
Tomaccy B auanazone ot 100 go 200 Tra’'.

CyMmmapHasi BeIMYMHA HA3eMHOH (pUTOMAcChl CO-
CHIKOB B ycinoBusix (OOyXOBCKOTO JIECHUYECTBA,
paccuMTaHHas Ha OCHOBE 00pabOTKH TeomH(popMa-
IIMOHHBIX JaHHBIX, cocTaBiageT 195782,40 T, B TO
BpeMsl KakK IIOJyYeHHBIH IIOKa3arenb (PUTOMACCHI,
OTIpEICICHHBIN Ha3eMHBIM crocoboM — 210861,95 T,
4yTO Ha 7,2% GombIle Mo CpaBHEHUIO ¢ JaHHBIMU J[33.

[lomyuenHsle pe3yabTaThl AEMOHCTPUPYIOT IEp-
CIEKTUBBl NPEAJIOKEHHOTO MeToAa MJsl OLEHKU
HaJ3eMHOH (PUTOMACCHI COCHOBBIX HACAKICHUU Ha pe-
THOHAIILHOM YPOBHE, Kak 3()Q)eKTUBHBIN METOJ Orepa-
TUBHOTO HAOJIIOCHUS U YNIPABJICHHUS JECHBIMU pecyp-
CaMH B YCJIOBUSIX CTEITHOH 30HBI.

KuroueBnle ciioBa: Pinus sylvestris L.; Sentinel-2;
MYJIBTUCTIEKTpAIbHbIE CITyTHUKOBBIE CHUMKH; BErera-
MOHHBIE HHACKCH; baiipaunas Ctenb YKkpauHsbl.
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BcnxaHHA cocHOBMX AepeBocTaHiB CxigHoro Monicca:
NOLWWPEHHA, HaCNiIAKN, 3aX0AN NOAONAHHA

A.M. XexkyH', |. B. lTopoxHAY?

Oxapakmepu3o8ano ma y3a2aibHeHO 3aKOHOMIPHOCHI NOWUPEHHs NPOYecié BCUXAHHA COCHOBUX 0epe8oCMAnie
Cxionoeo Ilonicca Yxpainu nio eniugom 6iomuynux ma abiomuyHux YUHHUKIG. Bcmanosieno nepesaxicanHs 6CUXAHHS
COCHAKIB Y MUHYI POKU 8HACTIOOK IHIKYsanHs 30yonuxom Heterobasidion annosum ((Fries) Bref.). ITicis nepioouunux
nocywausux eecemayiunux nepiooie 2015-2017 pp. 6ua61eHO 8CUXAHHA COCHAKIB 3d 8EPXOBUM MUNOM i3 MACOBUM PO3-
MHONCEHHAM CMOBOYPOBUX WIKIOHUKIE MA NOCIMYNOBUM 30INbULEHHAM THMEHCUSHOCME YMBOPEHHA SPYNOBUX, KYDIMUHHUX
ocepedkis i3 nepexo0om 00 CyYiibHO20 6CUXAHHAL.

Ipoyecu 6cuxamnHa nocmynoo NOWUPHOBAIUCS )y COCHOBUX TICOCMAHAX 3 NIBOEHHO-3aXIOHOI 00 NIGHIUHO-CXIOHOT
yacmunu Cxionoeo Ilonicca. Ilnowi cocHosux Oepesocmanie 3 ocepeoKamu SCUXAHMA wopiuno cmanosuau 12,5-
17,1 muc. ea (6-8% 6i0 ixnvoi 3aeanvnoi niowi). Bcmanosneno 30invwenns uucenvnocmi Ips acuminatus Gyll. enpo-
0osaic 2017-2018 pp. yHaciook 30inbuieHHa WitbHOCmi MOL00020 noKoninHA, Y 10 ma Oinvute pazie iz npooyKyieio 00
100 wm. monooux imazo na 1 oM’ niowi cmosbypa 3acenenux oepes cochu. Busiereno moocausicmo po3eumky mpbox
NOKOJiHbL 8EPXIBKOB020 KOPOIOY 8 PIK 3a CHPUAMIUBUX YMOB.

Bcmanosneno icmomue smenwenns (v mpu pasi) 4ucensHocmi Kopoioie 3 ymeopenHam nuule nooOUHOKUX i 2pyno-
sux ocepeoxis y 2019 p. 6Hacnioox HeCnpusmiusux no200HUX YMO8 OJisl 3UMIGT KoMAX i nepesuujenis bazamopiunoi
HOpMU ONA0I6 31 3HUNCCHHAM MEMNEPAmypu Ha NOYAMKY 8e2emayiiiHo2o nepiody. 3HUNCeHHA WITbHOCT NONYASAYII 3)-
MOBIeHO 8IOHOBNIEHHAM 80003A0e3NeYeHHS 0eped COCHU 3 0OHOUACHUM NIOMPUMAHHAM [HINEHCUBHO20 CMON0BUILNEeH-
H31, W0 nepeukoodicano 3acenennio oepes. Ha novamkosomy emani 3acenensi WKIOHUKOM Oyoice 0CAAONEeHUX [ GCuxa-
10YUX 0COOUH cOCHU Oepeda 30amHi KOPOMKOYACHO GUOLIAMU 3HAUHUL 00csae Jcusuyl, akull y 1,5 pasa suwuii, Hidc y
Oepes I-11 kameeopiii canimaprnozo cmany. OOHAK, NIOMPUMYBAMU MAKY THMEHCUBHICIb CMONIOBUOLTEHHS BNPOO0BIHC
mpueaioeo nepiody wacy ociabneni oepesa He 6 3MO3L.
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s smenwents ma nooonanHs HACiOKI@ YCUXAHHS COCHAKI6 NPONOHYEMbCS 3ACMOCO8Y8AMU KOMILEKC ICO20CHO0-
0apCvKux I 3aXUCHUX 3aX0018: CaHIMAapHi pyoOKU, NPUHAONCYBAHHS KOPUCHOI OPHIMODAYHU ma iHWUX eHmomogpazis,
6HECEeHHs MIHEpATbHUX 00OPUB, 3ACMOCY8AHHA CTNOBOYPOBUX TH €KYl OJiA YIHHUX depes.

Knrouosi cnosa: npoyecu siomupanus Oepes; cmogoyposi WKIOHUKU, Kamezopii CaHimapHo20 cmauy oepes;

canimapui pyoxu.

Beryn. BiaTrBopeHHsT TpPOAYKTHBHHX, OiOTHYHO
CTIMKHX JIEpEBOCTaHIB, IO €()eKTUBHO BHKOHYIOTb KO-
pucHi GyHKIII, € OXHUM i3 HaiBaXTMBIIINX 3aBIaHb
JIICOFOCHOZ[apCLKOI ramysi JIEpIKABH. Y upomy Hanpsmi
miATpUMaHHS Ol0THYHOI CTIMKOCTI JIiICOCTaHIB € Bax-
JMBHUM 1HIUKaTOPOM CTaJIOTO PO3BHUTKY JIICOBOTO roc-
nojapcTBa. BHACHiIOK MEBHUX TOPYLIEHb YCTAaJCHUX
3B’SI3KIB MK KOMIIOHEHTAMH JIICOBHX €KOCHCTEM BilI-
OyBa€eThLCS 3HIMKEHHS 010THIHOI cTifikocTi JticiB (JKex-
KyH, 2018).

B octanHi poku y 3B’S3Ky 31 3MiHAMH TOTOJHHX
YMOB BiZOyBa€ThbCsl OCNAOJCHHS JepeB, MOTIpIICHHS
CaHITapHOTO CTaHy Ta BcuxaHHs jaepeBoctaHiB (bo-
ponaBka Ta iH., 2016; Meshkova & Borysenko, 2018;
Kpuanmpkuit, Kpamapenps, Marax, 2019; XKexkyH,
IMopoxusa, 2019; Reyna, Martinez-Vilalta, Retana,
2019; Klein, 2020).

BHac:1i10k 3MiHM OTOAHUX YMOB 3pOCTa€ BipoTiji-
HICTb 3aCeJIeHHsI 0CIa0JIeHUX JIEPEeB, a TAKOXK 3ar0TOB-
JIEHOI 1 BYACHO HE BHBE3EHOI JePEeBHHU, TTOPYOKOBUX
PEIMTOK OKPEMHUMH TTOKOJIIHHSIMH KOPOIiliB YIIPOIOBK
BereTauiiHoro mepiogy. ¥ COCHOBHX JA€pPEBOCTaHAX
TMOJIICHKOT 30HU, MOPIBHSHO 3 JIICOCTEIOBOIO, Bif0yBa-
€THCsl TPUBAJIIIIIE BUCHXAHHS 3aJIMIICHUX Ha JIiCOCiKax
KPYIJIMX JIICOBHX MaTepialiiB Ta MOpyOKOBUX PELITOK,
IO € CIPHATIMBUM JUIsl IHTEHCHBHOTO PO3MHOKEHHS
BepXiBKoBOTO Kopoina (Ips acuminatus Gyll.) Ta fioro
nomupenHs: (Memkosa, 2019). [Ipupomaai enToModa-
T'¥ HE BCTUTAIOTh PErYJIIOBaTH PANTOBO 301IbILIEHI TO-
MyJIsii KOPOifiB, 0 € MPUYMHOIO 3pOCTaHHS KiJIbKOC-
Ti 1 pO3IIUPEHHS BXKE ICHYIOUMX OCEpPE/IKiB BiAMUpPaH-
us nepes (Pernek, Kovag, Lackovi¢, 2020).

Bnacmimok BcHXaHHS JICIB 3MEHITYIOTHCS 00CS-
TH aKyMYJISIIIii ByDJICIIO Y JIEPEBHHI Ta 301IbIIYEThCS
BUALJICHHS Horo B atMocdepy y npoueci po3kialaHHs
pocnuanux pemtok (ILBuaenko ta in., 2014; Mopos,
Huxkwutiok, 2020).

3 MeTOr MiABUINEHHS OIOTHYHOI CTIMKOCTI ne-
PEBOCTAHIB 10 HECHPUATIMBUX KIIMaTWUYHMUX Ta aH-
TPOIIOT€HHUX YMHHUKIB IPOIOHY€ETHCSI CTBOPIOBATH 1
(hopMyBaTH HacaIPKEHHS MIILIAHOTO CKJIALy 1 IPUPOA-
HOTO TIOXOJKEHHS BIAMOBIHO A0 TuiniB yicy (JKex-
kyH, 2017; XKexxkyn, [Tlopoxusy, 2019; KpuHubKkuid,
Kpamapers, Marsx, 2019; Klein, 2020). [ns morre-
peUKeHHST 1HBa3iil MIKIIMBUX KOMaX 1 TOMTUPCHHS
XBOpOO y JiepeBOCTaHax MOTPiIOHO BYACHO 3[IHCHIO-
BaTH JIICOrOCNOAApChKi 3aX0IH.

3a ocTaHHI pOKM MpobieMa BCUXaHHS JiepeBOCTa-
HIB COCHHM 3BHYAHOI € BEJIbMH aKTyaJibHOIO y CXij-
Homy [lomicci Ykpainu, e COCHSIKH MOIMKPEHi Ha IJ10-
i moHax 290 trc. ra abo Ha 66,4% BKPUTHX JICOBOIO
pocnuHHICTIO 3emenb (XKexkyH, 2014).

O0’exkTH Ta MeTOANKA JocTilKenb. 06 ckm 0o-
ci0dicentsi — COCHOBI IEPEBOCTAHH, 1110 3a3HAIOTH BCH-
xanHs y Cxinnomy Ilomicei Yipainu. Ipeomem docai-
0dfCceHHs — TIPOIIECH BCUXaHHS B OCJIa0JIEHNX COCHOBHX
JiepeBoCcTaHaxX Ta €()eKTUBHICTH 3aXOiB MO0 TPHITH-
HEHHs HOro momupeHHs. Mema docniddcens — BUBUHU-
TH TPOLECH 1 HACIJKH BCUXaHHS COCHOBUX JICPEBO-
CTaHiB, BU3HAYNTH TOCIIONAPCHKI 3aXOMU ISl MATPH-
MaHHS IXHBOI O10TUYHOI CTIHKOCTI.

JocmimkeHHsl 3A1MCHIOBAIA 'y COCHOBHX Jepe-
BoctaHax Ilomicekoi 3omHHM JliBoOepexxHoi YkpaiHu
y mexkax KuiBcpkoi, YepniriBepkoi Ta CyMcbKoi 00-
nacreit. J{as BU3HaYeHHs 0OCATIB BCUXaHHS COCHSIKIB
BUKOPHCTOBYBaJIM CTAaTUCTUYHI Marepiand BiJAimiB
3aXMCTy JiciB 00NacHUX YIpaBiliHb JIICOBOTO 1 MHUC-
JIMBCHKOTO TOCIIO/IAPCTBA.

Y COCHOBHX JIiICOCTaHaX 3 O3HAKAMH BCHIXaHHS Je-
peB 3IiHCHIOBAaIM PEKOTHOCIMPYBAJIbHI Ta JAETaJbHI
o0cCTexeHHs. Y COCHOBHX JIICOBHUX MacWBax 3akiaja-
JIM JTICONaTOJOTiUHi MapIpYTH, IO OXOTLTIOBAJIA JIepe-
BOCTAaHHM COCHH 3BHYAHHOI Pi3HUX BIKOBUX IPyH 3 Oce-
penkamu BCUXaHHs JepeB. J{iisi BU3HAYCHHS! BUIOBOTO
Ta KIJTBKICHOTO CKJIaTy iMaro KOMax B OCEpeIKax BCH-
XaHHS COCHSIKIB BCTAHOBIIIOBAJU (DEPOMOHHI TACTKH.
VY nepeBocranax, Ha Bifctani 50-70 M B KO)keH OiK BiJ
MapIIpyTHOI JIiHii, BIPOMOBX BEreTAIIMHUX TEPiOmiB
BU3HAYaId PO3MIpH 1 IJIOLLY JIOKaJi3alii ocepeakiB
BCUXaHHS, TUIl BCUXaHHsS, TEPMiIH YTBOPEHHS Ta IIO-
ITUPEHHS, YPaKeHHS 30yTHIKaMH XBOPOO 1 3aceIcHHS
IIKIJUTMBUMHU KOMaXaMH.

JeranpHi IOCTIIKEHHS 3IIACHIOBAIM Ha IMOCTIM-
aux (IIIIT) i Tumaacoux (TIIII) mpobHUX TUTOMIAX,
3aKJaJieHnx 3a MetoguuHuME BuMoramu (COY 02.02.-
37-476, 2006). [1IpoOHi 0N 3aKIaaaid B OCepeaKax
BCHUXaHHS JICPEBOCTAHIB Ta MOMiK HUMH. Kareropiro
CaHITapHOTO CTaHy JCpPEB BH3HAYAIM 3TiTHO 3 YHHHU-
mu Bumoramu (Canimapui npasuna..., 2019). 3a pe-
3yJIbTaTaM#u OOJIKIB pO3paxOBYBall CEPEIHIO KaTero-
pito (iHIEKC) CaHITapHOTO CTaHy JCPEBOCTaHy 3ara-
oM. Y npepeB -1V xareropiit caniTapHOrO CTaHy BH-
3HAYaJIW BUIUICHHS KUBHII Y IBOX MTOBTOPHOCTAX, TIO
BICIM JiepeB Yy KO)KHOMY BapiaHTi gocminy. Ilomymsmiii-
Hi TIOKa3HUKH KOMaX, SIKi 3acelsuin JiepeBa B Ocepes-
KaxX BCHXaHHS, BH3HAYaJIW IaJETKOBUM METOJOM Ha
MOJICNIBHUX JiepeBax cocHU 3Bu4aniHoi ([Tamiid, 1993).
SIk OCHOBHY, IiJI YaC BHECEHHS IHCEKTUIMIY Singenta
AxTtapa 25 W.G. y cToBOYpH AepeB COCHU 3BHYANHOI
[T kareropii caHITAPHOTO CTaHY, B3ITO METOJIUKY CTOB-
OypoBux iH’ekiiii 3a TexHoyoriero Mauget (Mauget
micro-inyection ..., 2007). [{ns BUBUEHHS BHIOBOTO
CKJIaJly Ta MPUHAJKYBaHHS MITaXiB-€HTOMO(ariB BUKO-
pucToByBanH MeToanuHi pekomenaii (Coopnux mex-
HUYeCKux ykasauuii..., 1964).
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PesyabraTtn Ta 00roBopenHs. Binmupanns gepes
BiIOyBa€ThCS y JAEPEBOCTaHI BHACIIIOK MPHPOTHOTO
n000py MEepeBaKHO 32 HU30BUM THIIOM. Y pa3si BIUIHU-
By HECTIPUSATINBUX OlOTUYHHX, a0I0TUYHHUX YU aHTPO-
MOTeHHUX YMHHUKIB, 10 BiANagy NEPEeXOAsiTh HE JIMIIe
JiepeBa 3 HIDKHBOT YaCTHHH HaMeTy, ane i jepesa j10-
minyrouux (I-II) kmacis pocty 3a Kpadrom. 3a cns-
HUX TOPHBIB BITPY Maiike MIOPIYHO BinOyBaIOTHCS
BiTpoBasu i Birposnomu. 3okpema, y 1 «Hosropon-
CiBepcrkuit Jicrocm» Yepnirisecbkoro OVJIMIT micis
karactpodiunoro BitpoBamy 2012 p. Oymu 3aiiicHeHi
CYLiJBHI Ta BUOIPKOBI caHITapHi pyOKH 3 BUITY4YECHHSIM
mona 30 Tuc. M MKBiIHOT AepEeBUHH.

VY pazi MacoBOro po3NOBCIOKEHHSI IIKIATUBUX KO-
Max 1 XBOpoO BiIMHpaHHS JIepeB IHTEHCUBHO IOIIU-
proeTbes, HaOyBae iHKOMM iHBa3iHOTO abo emidiTo-
TIHHOTO XapakTepy, a Bifman — iHQekIiitHoro abo na-
TOJIOT1YHOTO CHPSIMyBaHHSA. XPOHIYHOIO XBOPOOOIO B
ocIabJIeHIX COCHOBHX JIEPEBOCTaHAX PETIOHY € KOope-
HeBa r'yOKa, 30ynHuKoM sikoi € Heterobasidion annosum
((Fries) Bref.). ¥ mepeB cocHu 3BHM4aiiHOi, iH(iKOBa-
HUX KOPEHEBOIO TYOKOIO, MOTIpPIIyIOThes (hi3i0moTiuHi
(yHKIIi{, 3MIHIOIOTHCS 30BHINTHI MOPQOJIOTIvYHI 03HA-
ku (T'upc, 1982; [Mapniii, 1993), iHTEHCUBHICTh BHTIJICH-
HS Ta BMICT MOHOTEpIICHIB )uBuIli (Ycupkwii, 2019). Y
Jep>KaBHUX JICOTOCTIONApChbKUX MianpuemMcTsax Yep-
Hiriecbkoro OYJIMI' cranom Ha 01.01.2012 p. 1wioia
COCHOBHX JIEPEBOCTaHIB, YpaXKEHUX KOPEHEBOIO TI'y0-
koro, craHoBmna 31,7 tuc. ra (Kexkyn, 2017). V ce-
PEIHBOBIKOBUX 1 CTApIIUX BIKOBUX IPYI COCHOBUX JIe-
peBOCTaHaX, MEPEBAKHO YHCTHX 32 CKJIAJOM, IO OyIIn
iH()iKOBaHI KOPEHEBOIO T'yOKOIO, IOIIIIICHHS 1HJIEK-
Cy IXHBOTO CTaHy JIOCSTald BHOIPKOBHUMHU CaHiTapHU-
MU pyOKamH. Y BHIaJKaxX iHTEHCHUBHOTO MOIIUPEHHS
XBOPOOU [10 CTyTNEHS PO3JIaJHaHHs COCHSKIB, y MUHYII
POKH 3aCTOCOBYBAJIM CYLiJIbHI caHiTapHi pyOKH i3 3a-
MPOBA/HKEHHSIM HACTYITHOTO IITYYHOTO BiJJHOBJICHHS
Ha CBIKHUX 3py0ax. 3a ununHuMH BuMoramu (Canimap-
Hi npasuid..., 2019) po3pipKyBaHHS COCHOBHX JIepe-
BOCTaHIB 70 IMOBHOTH He MeHIe 0,1 iCTOTHO 3MEHIIH-
710 00CATH CYNITPHUX CaHITaApHUX PyOOK. 3a HAIINMH
CIIOCTEPEIKEHHSIMH, 32 OCTAHHI MOCYIILIUBI POKH B pe-
TiOHI JOCIIIKCHb 00CSITH BCUXaHHS JIEPEBOCTAHIB Bill
KOpPEHEBOI I'yOKHM iCTOTHO 3MEHILWJINCS, ajie MPOLECH
BCUXaHHS HE MPUITUHHUITICS.

VYoponosx BererariiiHoro nepioxy 2015 p. BusB-
JICHO Teplli OCEPeAKH IPYIOBOrO BiIMHUPAHHS JCpEB
COCHH 32 BEPXOBHM THUIIOM y COCHOBHUX JI€PEBOCTaHAX
HIT «Bumenybeuanceke JIIN» KuiBcsroro OVJIMI™ ta
AIT «Ocrepcerke JII» Yepnirisecskoro OYJIMIL V Ha-
CTYIIHI POKH NIPOLECH BCHXaHHS COCHOBHX 1€PEBOCTa-
HIB MOMTHPUIHCS Y perioHi B CXiJ{HOMY HaNpsMKy Ta
OXOMUJTH JiCOBHiT (POHI yCiX MICOrOCMOAAPCHKHX Mifl-
MPUEMCTB, & OCEPEIKH, BHACIIJOK PO3MIMPEHHS, Ha-
OyBaJIn KYpTHHHOTO Ta CyHUIBHOTO THUIY. BimMupan-
HsI IEPEB COCHH Y 30HI TOHKOT KOpU CTOBOYPIB Ta T'iIOK
KpOHHU cripuuuHsB Ips acuminatus Gyll., a B 30H1 Tpy-
001 xopu — Ips sexdentatus Boern.

BcuxaroTh mepeBaxHO CepeHBOBIKOBI 1 CTapIINX
BIKOBHX TPy HHU3bKOMOBHOTHI COCHOBi JepeBOcCTa-
HU IITYYHOTO MOXO/PKEHHS, YHCTI 32 CKJIaJIoM 1 Mpo-

cTi 3a opmoro y BCix Tumax jicy. Ilicis mposeneHHs
CYHUTLHUX pYyOOK Ta OOMEXEHHs KOpMOBOi 0a3u, KO-
poiu MOXYTbh 3acensiTh MoJoaHsAkHU. [loyarkoBo mo-
OIMHOKI Ta TPYIOBI OCEPENKH BCUXAHHS BUHUKAIH
moONm3y y37ich, y CTiHAaX JCy, BY3bKHX CMyTax Ta
HU3BKOMOBHOTHUX COCHOBHX JIiCOCTaHax, a Hajami
PO3IMINPIOBAHCS 1 IPOHUKAIIN BIJIHO JIICOBUX MAaCHBIB.

3a CTaTHCTUYHMMU JaHUMH  YepHIriBCHKOTO
OVJIMI, moma COCHOBHX JIEPEBOCTaHIB 3 OcCepel-
KaMu BcuxanHs yrnpomosx 2017-2019 pp. cranoBmiia
12,5-17,1 Tuc. ra, abo 6-8% Bij 3arajibHOI ILIOIII CO-
CHOBUX JIicOCTaHiB (puc. 1).
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JEPEBOCTAaHU 3 OCEPEAKAMM BCUXaHHS

3 BubipkoBi caHiTapHi pyokn

M cyninbHi canitapHi pyoKH

Puc. 1. O6¢sru coCHOBUX JICPEBOCTAHIB, SIKi 3a3HAIN
BcuxaHHs Bpoosx 2017-2019 pp.

HaiiGinpIra KiTbKiCTh HOBUX OCEPEIKIB BCHXaHHS
Yy COCHOBHUX JAepeBocTanax Bunukiay 2017 p. (58,5%
Bix 3aranpHOI KinmpkocTi 3a 2017-2019 pp.). Ha mi-
COMATOJIOTYHUX MapuIpyTax BCTAHOBJICHO IepeBa-
JKaHHSI TPYTMOBOTO Ta TMOOJUHOKOTO THIIIB BCUXaH-
HS COCHAKIB. B yTBOpeHHX ocepenkax BCHXaHHS 3a-
(ikcoBaHa KOHLIEHTPALisS YUCEIBHOCTI BEPXiBKOBOTO
KOpoilla 3 HACTYITHHM 3aCeJICHHAM CYMDKHHX JIepeB
COCHH, DPO3IIMPECHHSIM ICHYIOUMX Ta (HOpMyBaHHIM
HOBHMX OCepelKiB. BusBieHo, 110 BIPOAOBXK Berera-
uiiHoro mepioxy 2017 p. 3aBepIIMIO PO3BUTOK JIBI
reHepartii BepXiBKOBOTO KOpOifa: BECHSHA (TIPOTATOM
TpaBHSI-YEPBHsI) Ta JITHS (IPOTATOM JIUITHS-CEPITHS).
Jpyra reHepaliisi 3a CIPUATIHBOTO CyXOT0 OCIHHBOTO
Tepioay Jaya MOYaToOK JTUIHMHKAM TPETHOTO TOKOIIH-
HS, SIKi, OZJHAK, HE 3aBEPILMIM PO3BUTOK 10 HACTAHHS
XOJIOJIIB 1 HaJaJTi 3UMYBAJIU MOPS 13 MOJIOUMH IMaro
111 Koporo 3acenennx naepes ([Topoxmsy, 2018).

[TommpeHHs npoueciB yCUXaHHS COCHOBHUX Jepe-
BOCTaHIB BiI0yBaJIOCS Ha TJi 3HMKEHHSI T1iApOTEpMid-
HOTO Koe(biuieHTa 3a I. T. CenssamaoBum (I'TK = 0,2-
0 7) y z[pyrm nojoBuHi 2016 p. Ta ynpomoBx Berera-
uiitsoro nepioxy 2017 p. (Ilopoxwsy, 2019). 3a ;[e(’pl-
IUTY aTMOc(epHuX OmajliB Ha MOYATKy BereTalliitHO-
TO Mepioay, HECIPHUSITIAUBOIO BOJHOTO OaslaHCy Ta ITiJI-
BUIICHOTO TEMIIEPATYPHOTO PEKUMY BIIITKY BinOyBa-
JIOCSI TIOPYIISHHS Tepediry ¢i3ioJoTigHuX TPOIECiB
Ta ocJIabJIeHHs JepeB. 3a aHaIi30M MOJAEIbHUX JIEPEB
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COCHHM 3BHYAWHOI BCTAHOBJICHO, IO HIIJIBHICTH JTUYH-
HOK MOJIOZIOTO TOKOJIHHSI BEpXiBKOBOTO KOpoija me-
peBulllyBasia cepeiHi 3HaueHHs A Buay y 10 pasiB
1 Oimpre. IIpomykiisi, a00 KiTBKICTB KYKiB MOJIOAOTO
TTOKOJTIHHS, SIKi YCIIIITHO 3aBEPIIMIIA PO3BUTOK 1 BHIIE-
TIJIM 3-T11J1 KOPU 3aCeJICHOro jepesa Brpoaonxk 2017-
2018 pp., B cepeqapoMy cranoBuia Big 40 mo 60 ex3./
am?, mocsiraroun 100 ex3./nm? (puc. 2). JlepeBuHa je-
PeB, 3aceICHNX BEPXiBKOBUM KOPOiIOM, Ha IIOTIEPEYHO-
My PO3pi3i Ma€e 03HaKH MTOCUHIHHS BHACTIIOK Ypa)keH-
Hs1 0(piOCTOMOBHMH I'pUOAMU CHHSIBH, SKi IEPEHOCSTh
KOMaxH.

==
-
4

Puc. 2. BinOuTky X0/1iB BEpXiBKOBOTO KOPOiAa IiJi KOPOIO
3acesIeHoro JepeBa

VY 2017 p. na 8,3 Tuc. ra (66,6 % 3arampHOI IUIO-
1i) HAMOUTBIN YITKOKCHUX IITKIITUBUMH KOMaxaMH
cocHOBUX HacamxkeHb YepHiriscekoro OYJIMIT Oynu
3aifiCHEH] caHiTapHi pyOKH 3 BUITyUSHHSIM HE JIUIIE Cy-
XOCTIHHHX, aJie I CBIXKO3aCEICHHUX JCPEB COCHHU.

[ToronHi yMOBH BUSIBIISIFOTH IIEBHUM BIUTUB Ha PO3-
BUTOK ocepenkiB mkiguukiB (ITagiit, 1993). Tak, y
kBiTHI-TpaBHI 2018 p. Bumamo 10-30, a B cepmHI-
BepecHi — 39-55% Bix OaraTopidyHOT HOPMHU OMNAiB.
[IpoTe ynpoaoBx YepBHS-IHUIHS KUTBKICTh ONaiB Ie-
peBUIIyBasia TOHA yABIYI cepeHi OaraTopiuHi Mokas-
HUKH. |HTEHCUBHICTh BMHUKHEHHS HOBHMX OCEPEIKiB
BCUXaHHs 3HU3Mnacs 10 34%, ane BinOymnocs po3iu-
peHHst Maibke Ha 25% MHHYJIOPIYHUX TPYHNOBHX OCe-
penkiB. O0cATn ocepesKiB i3 CYHIIBHAM THIIOM BCH-
xanHs (turoinetro nonay 0,25 ra) cranowiu 2027 ra ta

301BIINIHCS, TIOPIBHSAHO 3 TIOTIEPETHIM POKOM, Yy TIO-
Haj BiciM pa3ziB. 3a Takoro craHy oOCATM CyLIJIBHHX
ca”iTapHux pyook 3a 2018 p. icTOTHO 30UIbIIMINCS, &
3aragbHAN 00CAT CaHITapHUX PyOOK 3pic, MOPIBHIHO 3
ronepenHiM pokoM, Ha 2,0 tuc. ra abo Ha 23,8%.

Yoponosxk 2018 p. MiNIbHICTE JIMYUHOK MOJIOAOTO
TTOKOJIIHHST BEPXIBKOBOTO KOpPOiJa Ha 3aceleHUuX Iepe-
Bax 3aJMIIajacs BUCOKOIO Ta BiJIOBiJaia eramy KOH-
LIEHTpALlii YMCENBHOCTI MIKiHUKA. BomHOYaC, MO1i0HO
mo 2017 p., BiJI6YBaBC$I MOBHUM IUKJI PO3BUTKY JIBOX
ITOKOJIiHb nonynauu/l BerlBKOBOFO Kopoina. binbmricTs
0COOMH TPETHOi TeHepaLlii Ha PISHAX CTaliAX POSBUTKY
3aUIIAINCS Ha 3UMIBIIIO TTiJI KOPOIO JIEpEB COCHH, 3a-
celleHnX BoceHH. Ha mincTaBi aHami3y MOJEIBHUX Jie-
peB BcraHOBIIEHO, 1o micis 3umisii 2018-2019 pp.
CMEPTHICTh 0COOMH BEpPXiBKOBOTO KOPOija, AKi BIIaU
B Iiaray3y, cTaHoBuia Maibxe 80% Bix iXHBOT 3arajib-
HO{ KUTBKOCTI.

VY ksitHi-TpaBHi 2019 p. y perioHi BU3HAYEHO TIe-
pesumieHHs (10 58%) Oararopi4HOT HOPMH OTaJiB 3a
3HMKEHOro TemreparypHoro pexumy (Ilopoxnsy,
2019). Tomy cBiXi OcepenkW BCHUXaHHS, TEepPEeBaXK-
HO TPYIIOBOTO THITY, Oy/IM BUSBJICHI JIUIIE HAPUKIHIII
mita 2019 p., micis 3aKiHYeHHS! PO3BUTKY JIUILE OHIET
reHepaiii BepxiBkoBoro kopoina. [TogaTtox Bererarriii-
Horo nepioxy 2020 p. Takok OyB MOMIOHMM 3a METEO-
POJIOTIYHUMH YMOBAaMH JI0 MOTIEPEAHBOTO POKY Ta He-
CIPUATINBHAM JJI PO3BUTKY TTOMYJIAIINA KOPOiIiB.

3a pe3ynbTaraMyu 00CTEKEHHS CBIKO3aCEIEHUX MO-
JIEIbHUX JIEPEB COCHM 3BUYANHOI BUABIEHO, IO YH-
CeBHICTB KoMax y 30Hi 3acenenns (0,5-0,75 BimHOCHOT
BUCOTH CTOBOypa) i cripo0 3acerneHHs HWKYe 3MEHIITY-
BaJIacsl BHACIIIOK BUAUICHHS CMOJIM (’KUBUIL) Ta 3aJIH-
BaHHS HEIO MaTePUHCHKUX 1 INYMHKOBUX XOIB PAa3oM 13
imaro (ITopoxusa, 2019). [Ipoaykiisi BEpXiBKOBOTO KO-
poina Ha 3aceneHux aepeBax Bpoaonxk 2019-2020 pp.
CTaHOBWJIA B CepenHboMy Omu3pko 30 mT./aM?%, 1o y
2-3 pasu HWKYE, HIXK Y TIONEPEH] POKH.

3akyiajjaHHsT aKTHMBHOTO CKCIIEPUMEHTY 3 IIiJICO-
YyBaHHS JIepeB COCHH 3BUYAIHOI Pi3HOTO CaHITapHO-
ro CTaHy Aajo 3MOT'Yy OTPUMAarH eMIIipUYHi pe3yJbra-
TH (Tabm. 1).

Tabnuys 1

Buaisienns skuBuIli 1epeBaMu COCHU 3BUYAITHOT Pi3HOT0 caHITAPHOIO CTaHy 3a pe3yJbTaTaMu
3-npuiioMHOT0 MiCOYyBaHHS

Maca xwuBwii (T) y IepeB COCHHU 3a KaTeTOPisIMH

Ne Cxnan Bik, IMoBHOTa Innexe CaHITApPHOTO CTaHy
JoCHiy  JepeBOCTaHy pOKiB TUITY Jlicy
I II I v
1 10 Cs3 54 0,5 B,-nC 100,6 103,1 58,1 158,8
2 10Cs3 80 0,6 B,-nC 212,1 93,2 205,3 254,1

V cepenHbOBIKOBHX 1 TPUCTHTAIOYNX COCHOBHUX JIC-
peBocTaHax CBIXOTo J1y0OBO-COCHOBOTO CyOOpy IO-
BHOTOO 0,5-0,6 (kB. 24, 25 C100611CHKOT0 A0CITIAHOTO
micaunrea {11 «HoBropon-CiBepcrka icoBa HAyKOBO-
JOCIiIHA CTaHILis») CMOJONPOLYKTUBHICTh y JIMIIHI-
ceprHi 2019-2020 pp. nepes 1V kareropii canitapHo-

TO CTaHy BUSIBUJIACh y 1,5 pasa Bumoro, Hix nepes [-11
KaTeropii. 3a BUCXITHUM CIIOCOOOM MiACOYYBaHHS 3
NPOKJIaJaHHSIM TiJHOBOK 3a TPU MPUHOMH HaiOilb-
111 JKUBHITI BUTIIISITH JiepeBa COCHH 1V xareropii cami-
TAPHOTO CTaHy y HEPUIHii IpUHOM (90,2%). ITonibny
TEHJICHIIIIO CIIOCTEPEKEHO 1 B IHIIMX oclablIeHuX Jie-

A. Zhezhkun, I. Porohnyach. Dieback of pine stands in Eastern Polissya: distribution, consequences, measures to overcome

129



HaykoBi npaui JliciBHuyoi akagemii Hayk Ykpainu, 2020, Bun. 21

peB cocuu. ToOTO, mix yac MOpaHEHHs Ta 3aCEIeHHS
IIKIUTMBIMHA KOMaxXxaMH JIy>ke ocialieHi 1 Bcuxarodi
JiepeBa 3/1aTHI CTPIMKO BUIIUISATH MaKCUMAalbHY KiJlb-
KICTh JKHUBHII IJIs1 30€pEKEHHS JKUTTEBUX (DYHKITIN.
BonHowac miaTpuMyBaTi Taky iHTEHCHUBHICTH CMOJIO-
BH/IIJICHHSI BIIPOJIOBXX TPUBAJIOTO IMEPiojy Yacy BOHHU
HE B 3MO3I.

VY nepeB cocHu 0e3 03HaK OciaOIEeHHS BUIICHHS
KMBHL, HABMAKH, OyI0 MEHIIUM — Y TepIIUi i Oiib-
UM — Yy HAcTymHi mpuilomu mincouyBanHs. Ilicms
MEPUIOTo MPUHOMY Ha MiJAHOBICHUX Kapax AEpeB CO-
CHM 0e3 O3HaK 0CJIa0JICHHS BUJIUICHHS JKUBHIII Bif0y-
Ba€THCS TPUBAJIIINH Yac, HIXK Ha OCIIA0JICHHX JiepeBax.

3ainIeHHs HalWOUIbI PE3UCTEHTHUX JepeB 3a0e3-
neyyBaTuMe 30epeKeHHS CTIHKOCTI JiCOCTaHiB, He-
3QJIKHO BiJ IXHBOTO IITLOBOTO TpHU3HA4YCHHS. B mi-
cax TIPUPOAHO-32MOBIAHOTO (OHIY 3 OOMEKEHHSIM
ab0 3a00pPOHOI0 MPOBEIECHHS JIiICOTOCIIONAPCHKUX 3a-
XOJIiB BCIXaHHS COCHOBHX JI€PEBOCTAHIB BiOyBa€Th-
csl CTHXiMHO. Y 3alOBIAHUX YPOUHMINAX NPHUPOIHO-
3aMoBiJHOTO (POHAY JTICOTOCIOAAPCHKHUX MiAIPUEMCTB
Uepniriscpkoro OYJIMI mutorii cocHOBHX JepeBOCTa-
HIB 3 OCepelKaMU BCUXaHHS B OCTaHHI POKH TMOCTiii-
Ho 30inbmytoreest: 2017 p. — 1,4, 2018 p. — 2,0, 2019 —
2,9 trc. ra. Y HENOKaTi30BaHUX MIIOUMX OCEpemKax
BCUXaHHA JECPEB COCHM HAMU BHUSBICHO 301IbIICHHS
BUJOBOTO CKJIay 1 YACENBbHOCTI NTaxiB-eHToModaris,
KUTBKOCTI MYpAIIHUKIB 1 TPAIUITHHS MYPaxoXKyKiB
(Thanasimus formicarius L.). Y ¢pepoMOHHHX MacTKax,
SKI BCTQHOBJIOBAJIU JJIsi MOHITOPUHTY YHCEIBHOCTI
KOPOIiB Yy COCHSIKAX, IO 3a3HABAIM BCUXAHHS, OKPIM
CTOBOYPOBUX IIKiTHUKIB, BUSBIISUIN iX IPUPOTHUX aH-
TaroHiCTiB — MyPaxoxyKiB (10 4 IIT. HA TACTKY), SIKi
Oynmu mpuBabIeHI KOHIIEHTpamicro 3700udi. YacroTa
IXHBOT 3yCTPIYHOCTI y (PEPOMOHHMX MACTKaX CTAHOBU-
na 30% nHa mouarky, nocsama 60% BIpPOJOBXK BereTa-
nitaoro nepiomy 2019 p. Ta maibke 100% — y cepennni
2020 poxy (puc. 3). OTpumani JaHi BiANOBINAIOTH 3a-
raJbHOEKOJIOTIYHIA 3aKOHOMIPHOCTI, 3TiIHO 3 SIKOIO
PO3MHOXKEHHSI Ta 30UIBIICHHS YHCETHHOCTI TOITYJIs-
1ii eHToModariB BiIOYyBa€ThCS 3 IEBHUM 3aIli3HEHHSM
BiJTHOCHO PO3BHTKY KCI/IJIO(baFiB ToOto, KONH YnCeNh-
HICTB IOIYJISIILiT KOPOi/ia 10CATae MAKCHMyMY, CHTOMO-
(haru 11 He B 3MO31 OXOMHTH BCIO KOPMOBY 6a3y KOpOi-
B, sIKi IPOJOBXKYIOTH OCIAOJISATH IePEBOCTAH.

Bozxrodac y (epoMOHHHX MacTax 3MCHILIHMIACS
KITBKICTh BHJIOBICHHMX JXKYKIB BEPXiBKOBOTO KOpOia.
[Tix yac BECHSIHOTO MacOBOTO JIHOTY Ha MKy CHaiaxy
posmuoxkerHs y Il «loOpsHCHKHIA TicTOCTY 3 Haii-
OUTBIIIMM CTYIIEHEM IOIIUPEHHS BCUXaHHS KiTbKICTh
KykiB csarana 370 wr. (B cepennbomy 280 1mT.) Ha 1
MMacTKy 3a aekany, a 'y 2020 p. — ae 6inpme 250 mT. (B
cepenqaboMy 120 IIIT.) Ha TIACTKY.

30inbIIeHHST 00CATIB BCUXaHHSA Ta 3POCTaHHS 4H-
CEeNIbHOCTI MIKIVIMBUX KOMax 1 MOMIWPEHHS 30yaHH-
KiB XBOpPOO y COCHOBHX JI€PEBOCTaHAX 3allOBiTHUX
YPOUHII TTPUPOJHO-3aII0BITHOTO (POHAY MiAIPUEMCTB
CHIpUsiE TXHbOMY PO3MOBCIOPKCHHIO Ha MPHJIETIi COo-
CHOBI I€PEBOCTaHHU.

J1J1s o10JIaHHs HACIIKIB BCUXAHHS JIepeBa COCHH,
0 3acelieH] MIKIIJTHBUMH KoMaxaMmu a0o iH(ikoBaHi

XBOpOOaMH, MalOTh MiJIATaTH BUIYYCHHIO 31 CKIIATY
JiepeBocTaHy. BuacHe mpoBeeHHs CaHITapHUX PyOOK
B OCIHHBO-3UMOBHH MEPioj1, HA KU NPUTIAJAE TIEPIOJT
3MMOBOTO CITOKOIO KOMax, € Hale(eKTHBHIIIIM JTiCO-
TOCIOJapChKUAM 3aX0A0M. BapTo 3a3Ha4nTH, M0 Y BH-
MaJKy MOMUJIKOBOTO 3JIMIICHHS CBIXKO3aCEJICHUX KO-
MaxaMH JIepeB TicIs MPOBEJCHHS BUOIPKOBHUX CaHiTap-
HUX pyOOK BIIPOJOBK MOTOYHOTO POKY BiJIOyBA€THCS 1X
BCHUXaHHS, IO CTBOPIOE HEOOXIJHICTH y TPOBEICHHI
MOBTOpHOI pyOKH. 3a MPaBUTLHOTO MPU3HAYCHHS Jie-
peB y pyoOky Ta perysspHOro 3MiHCHEHHS] BHOIPKOBUX
caHiTapHUX PyOOK IUIOIII BCUXaHHS 1 po3naHanHs co-
CHOBUX JICPEBOCTAHIB 3MEHIITYIOTHCSI, a TXHIN caHiTap-
HUH CTaH NMOKPAIIYyEThCS.
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Puc. 3. Jlunamika cepeiHbOT KIJIbKOCTI iMaro
MYpaxoXyKa, BUSIBICHUX Y ()epOMOHHUX MacTKax
y AIT «KoprokiBChKHiA JTicTOCTI

3a meBHOTO 30UTHIICHHS OOCSTIB BHOIPKOBHX Ca-
HITapHUX PYOOK Yy COCHOBHIX J€PEBOCTaHAX ITONiCh-
KHAX JTICOTOCIIOAAPCHKUX MiIMPHUEMCTB YEpHITiBCHKOTO
OVJIMI'y 2019 p. (o 11,6 Tuc. ra 3a paxyHOK BHITy4€H-
HS OCEPEKiB BCUXaHHS MUHYJIMX POKIB) IUIOIIi CYLiTb-
HUX CaHITapHUX PyOOK 3MEHIIWINCEH Y TpH pas3u. [licns
MIPOBE/ICHHST BUOIPKOBUX CaHITAPHUX PYOOK IMOKpaIIly-
€THCSI CTaH 1 BiMOyBa€THCS TICBHE O37IOPOBJICHHS COCHO-
BUX JepeBocTaHiB. OfHaK, BTPy4aHHS Ta PO3PiIKeH-
HSl JIICOCTaHiB NMPHU3BOJMUTH OO CHPOIICHHS BHUIOBOTO
CKJIaay, 3MEHIIEHHS TOBHOTH, TYCTOTH, HOpPYLICHHS
yCTaJIeHHX 3B’SI3KiB MK TXHIMH KOMIOHEHTaMH. Tomy
BKJIMBO BIITIOBIZIHO JI0 THITY JIiCY ()OPMYBATH JIepeBO-
CTaHM MIIIaHOTO CKJIay, CKJIATHOI OyIOBH, IO YHEMOXK-
JUBITIOBAaTUME 3HMKEHHS TXHBOT 010THYHOI CTIHKOCTI Ta
MOCTYIOBE PO3JIaJHAHHSL.

3MEHIICHHS] 1HTEHCUBHOCTI MOIIMPEHHS ILKiJ-
JIUBUX KOMaX BiJ0yBa€eThCsl MICHs 31MCHEHHS 3aX0-
B MO0 NPHUHAKYBAHHS KOPHCHHX nraxis. Ha mi-
COMATONONYHIX MapIIPyTaX y COCHAKAX 3 OCepesKa-
MU BCHUXaHHSI BU3Ha4aJM BUAOBUI CKJal NTaxiB 1 3a-
CEJICHICTh BHBIIICHMX HOBHMX INTYYHHX THI3IiBENb
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(Coopnux mexnuuecxkux ykaszaunui..., 1964). 3okpe-
Ma, HanpuKiHii TpaBHs 2019 p. Ha NiNSHKAX BUSBIIS-
mu wmmaka (Sturnus vulgaris L.), 3s0nuka (Fringilla
coelebs L.), Benmuky cunumio (Parus major L.), My-
XOJNIOBKY cipy (Muscicapa striata Pall.), MyXoiaoBKy
crpokary (Ficedula hypoleuca Pall.) ta in. 3a Hamu-
MH CITOCTEPEKCHHSIMH, IMTYIHI THI3IIBII 3 OTBOPOM
mp0TKa 30 MM (CHHUYHHKH) 3aCEIISIOTh, OKPIM CHHH-
i BEJIMKOT, 0COOMHHN MYXOJIOBKH cTpoKkaroi. [Itaxu 3a-
CEJISIIOTh JIMIIE SIKICHO BHUTOTOBJICHI T'HI3AIBII, IO HE
MaroTh IUIMH 1 TPOTATiB. BHsiBIeHO, 1m0 HOBI cH-
HUYHUKH 3aCEISIOTh MEPEBAKHO MYXOJIOBKH, 8 CHHH-
Il 3aKJIaJar0Th THI3JA Y CTapuX AYIUITHKAX, MTOTEM-
HUIMX BiJ 4acy. Y COCHOBHX JIepeBOCTaHax i3 Ipy-
MOBUMH OCEpEIKaMU BCHUXaHHS JIEpPEB, 3acelICHUX
BEpPXIBKOBHUM KOPOIJIOM, ITICIIS 3aceleHHS NTaxaMH-
eHToMo(araMu MITYYHUX THi3/iBellb, He Oyl0 BUSB-
JICHO TIOLITUPEHHSI JIIFOUYUX Ta TOSIBM HOBHX OCEPEJIKIB
BCHUXaHHS JIEPEB.

3 MEeTON0 MiJBUILEHHS O10TUYHOI CTIMKOCTI Ta IO-
MIEPE/PKEHHS BIIMUPAHHSI JIEPEB LIHHUX BUJIIB TIOTPiO-
HO BHOCHUTH JNOOpHWBA, 3allpOBAKYBATH 3aXOIU 1HIIU-
BiJlyaJbHOTO 3aXUCTY POCIHH. Tak, y cepeHhOBIKOBO-
MY COCHSIKY CBI>KOTO JTyOOBO-COCHOBOTO CYOOpY (KB. 2,
BuI. 8 bperpkoro micaurrrea 11 «Kop}01<11301>1<1/11/1 Jic-
TOCIT») 3 OCepeIKaMU BCUXaHHS ITiCIIsl BHECEHHS MiHe-
panbHOro noopusa «Hirpoamodocka NPK 16:16:16»
y MeXax TUIONI JKUBIICHHS Ty’K€ OCIIa0JICHUX JIepeB
OCTaHHI 30epiraiu i HaBiTh MOJIMIITYBaJd CBiii CTaH.
BonHouac iHmni ocnabieHi aqepesa, mij ki Jo0puBa He
BHOCHIJIY, 323HABAJIA BCUXaHHSI.

B inmmx mocminax, sKi rependavyanu BHECEHHS J10
MPOBIJTHOI CHCTEMU CTOBOYPIB JyKe OCialJeHuX Jie-
PEB COCHM 3BHYANHOI pPO3YWHY CHUCTEMHOTO iHCEKTH-
nuny Syngenta Akrtapa 25 W.G., BCTaHOBIEHO TO-
minmenHs: ixHporo crany (40% 3araibHOi KUTBKOCTI)
Ta JIOKAJTI3aIlif0 MTOMIMPEHHS OCEPENKiB «KOPOiTHOTOY
BCHUXaHHS CEpPEIHBOBIKOBOTO COCHOBOTO JIEPEBOCTa-
Hy. Briponosx aBox pokis (2019-2020 pp.) in’exToBaHi
10 mepeB y mir09oMy KypTHHHOMY OCEPEIKY BCUXaHHS
(kB. 6, BU. 4 BpenpKoro JICHUIITBA» ) 30epiraiu KuT-
TeBi QyHKIII. [HACKC IXHBOTO cTaHy nomimmuses 3 11,0
no 11,6. Bogrouac, nopsi 3 1H’ €KTOBAaHUMH MOJICITbHH-
MU JICPEBAMH, 33 TEPIOz CHOCTEPEIKEHD BUABJICHO BiJI-
MepIi JiepeBa COCHM 3BHYaHOI 3 O3HAKaMu 3acelieH-
Hs Kopoinamu. Lle#t 3axiq MOXKITHBO 3aCTOCOBYBATH IS
HAUIIHHIIIUX JAepeB 1 AepeBOCTaHIB COCHH 3BHYAHOI
3 HMOBIpPHUM 3aCEJICHHSIM KOPOiJaMH.

BucnoBku. BcuxaHHS COCHOBHX JCPEBOCTaHIB y
Cxinnomy Ilomicci y Munymi poku BigOyBasiocs nepe-
B)KHO 32 Ypa)KEHHSI KOPEHEBOIO T'YOKOIO Ta OXOILIIO-
Bajio noHaa 10% iXHBOT 3arajgbHOI TUIOMII. YHACIIIOK
3MiH IOTOTHUX YMOB yrpomosxk 2015-2019 pp- Bi110Y-
BAJIOCS] OCJIA0JICHHsI COCHOBUX JIEPEBOCTAHIB 1 MOIIH-
peHHsI cTOBOYPOBHX IIIKiTHUKIB, TEPEBAYKHO BEPXiBKO-
BOTO Ta MIECTH3yOOTO KOpoimiB. BHacmigok macoBoro
PO3MHOXEHHS BEPXiBKOBOTO KOPOiZla B OCEpe/IKax BCH-
XaHHS, TOMYJISIIHI TOKa3HUKH MIUTHHOCTI 1OTO MOJIO-
Joro mokomiHHg y 10 pasiB i OuTbIIe TepeBUITYBaIH
cepe/iHi BUIOBI 3HAYEHHSI, 10 3yMOBMJIO CTPIMKY KOH-
IEeHTparlito #oro umcenbHOCTI. [Ipomykitis mocsrana

100 mIT. KyKiB MOJIOJOTO TIOKOJIIHHSI, 110 YCIIIITHO 3a-
BEPIIUIIO CBill PO3BUTOK i BUJIECTLIO 3-T1i,1 KOpH Ha | 1m>
IUIOII CTOBOYypa 3acesieHoro AepeBa. 3a CIpHUSTINBUX
YMOB TIITBEPPKEHO MOXKITUBICTh PO3BHTKY TPHOX T10-
KOJIiHb BEPXiBKOBOTO KOPOiZa BIPOJOBXK POKY.

[Ticnsg TpuBamMx Mocyx Ha MOYaTKy Ta BIIPOIOBK
JMOCITIDKyBAaHUX BETETAIlIHHUX IEepiofiB 301TbITyBa-
Jacsi KiJbKICTh Ta IHTEHCHBHICTH YTBOPEHHS TPYIIO-
BUX, KYPTHHHUX 1 CyHIJIbHUX OCEPEIKiB BCUXaHHS CO-
CHSIKIB. YCHXaJW MEpeBayKHO HU3BKOTIOBHOTHI COCHO-
Bi IEPEBOCTAHU CEPEIHBOIO 1 CTAPLIOTO BiKy IUTYYHO-
'O MOXO/KEHHSI, YUCTI 3a CKJIAJIOM 1 MPOCTi 338 POPMOI0
B ycix THmax Jyicy. O0cSru COCHOBUX JEpEBOCTaHIB 3
ocepeKaMH BCHUXaHHS MIOPIYHO CTaHOBWIHN 6-8 % Bif
IXHBOT 3arajabHOI IIOILI.

YHACI1i 10K HECTIPHSITIIMBAX YMOB JUIsi 3HMiBJIi CTOB-
OypoBHX MLIKIIHHUKIB Ta TEPEBUILICHHS OararopiuHoi
HOPMH OMAaJiB 32 3HIKEHOT TeMIepaTypH Ha MoYaTKy
BereTaiiifHoro nepiony 2019 p., 4nceabHICTD MOMyIs-
i1 KOpOoiNiB ICTOTHO 3MEHIIMIIACS 3 YTBOPECHHSIM JIMIIE
OCepe/IKiB MOOTMHOKOTO Ta IPYNOBOro TUMiB. BigHOB-
JICHHSI BO/I03a0€3IeUeHHs JIEPEB COCHU JIA0 3MOTY
HiATPUMYBAaTH IHTEHCHBHE CMOJIOBHIIIEHHS, 1OCTaT-
HE ]ISl 32JIMBaHHS )KUBULCI0 MAaTEPUHCHKUX 1 JTUUUH-
KOBHUX XOJIIB pa3oM i3 IOPOCIUMH iMaro.

3a mocTaTHbO1 3BOJIOKEHOCTI nepeBa cocHu [-11 ka-
TEropiil caHiTapHOTO CTaHy 3[aTHi TPUBAIMK Yac Iij-
TPUMYBAaTH CTAJINH PiBEHb CMOJIOTIPOAYKTUBHOCTI TTO-
piBHSHO 3 ocnalieHMMHU AepeBaMH. ToMy BaKIMBO
BIZITBOPIOBATH CTIMKIII PI3HOBIKOBI COCHOBI Jepe-
BOCTaHU TPUPOJHOTO TTOXOJKEHHS, MIIIAHOTO CKJIa-
Iy 1 cknmagHux 3a OymoBoro. Ilpore Bcuxarodi Ta ayxe
ocnalIeHi iepeBa COCHU 3BUYANHOI, MOPIBHIHO 3 Jie-
peBamMu 0Oe3 O3HAK BCUXAHHS, IICJS TTOIIKOKCHHS
3MIaTHI IO CTPIMKOTO BUIJICHHS OUTBIIAX OOCSTIB *KH-
BUIIi, ajie HE MOXYTh HiATPUMYBaTH HOTO BIPOJOBXK
TPHBAJIOTO Yacy.

Jlnist 3MEHIIeHHs Ta MOJO0JIAaHHs HACHIAKIB BCUXaH-
HSl COCHOBHX JICPEBOCTaHIB MOTPIOHO 3aCTOCOBYBa-
TH KOMITJIEKC JIICOTOCITOIAPCHKUX 1 3aXUCHUX 3aXOIIB.
Jis moxkauizamii Ta monepepKeHHs TOMUPEHHS TIKi-
JMBHUX KOMax 1 XBOpoO MOTpiOHO BYACHO MPOBOAUTH
ca”iTapHi pyOku. 30epekeHHSI HANIIHHIIINX IEPeB Y
BCHXAIOYMX COCHOBHX JEPEBOCTAHAX, MOIIKOMXKECHUX
CTOBOYPOBUMH ILIKiTHUKAMH, 3a0€31eUy€ThCsl BHECEH-
HSIM CTOBOYPOBUX 1H’ €KIIifl CHCTEMHUX 1HCEKTHITHIIB.
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Dieback of pine stands in Eastern Polissya:
distribution, consequences, measures to
overcome

A. Zhezhkun', I. Porohnyach?

The features of the spread of pine stands decline in
the Eastern Polissya of Ukraine under biotic and abiotic
factors impact are generalized and highlighted.

The works were carried out according to the
generally accepted methods of forest pathological and
forestry-taxation research on the forest pathological
routes in pine stands with signs of tree decline and in
foci of tree mortality, at the permanent and temporary
plots in the dieback foci. To determine the species
composition, population indices, and population
density of stem insects in the dieback foci, periodic
decadal assessments were carried out in the exposed
pheromone traps and in different parts of the stem
of model trees according to entomological research
methods.

It is determined that the drying of pine trees in
previous years was mainly due to damage of trees by
the pathogen of the root rot Heterobasidion annosum
(Fries) Bref. At the beginning of the growing season in
2015 the reconnaissance surveys revealed the spread
of pathological drying of pine stands. After periodic
prolonged droughts during the vegetation periods of
2015-2017, in the following years, the intensity of the
group formation , curtain dieback foci increased with a
tendency to continuous drying of pine stands. Mainly
pines of middle-aged and older age, artificial origin,
pure composition, simple form, less stand density in all
types of forests dried. Dieback foci initially appeared
near the forest edge, narrow strips and low-density pine
stands, moving to other pines from the south-western to
the north-eastern part of Eastern Polissya. Area of pine
stands with dieback foci in the study region annually
amounted to 12.5-17.1 thousand ha (6—8% of their total
area).Based on detailed forest pathological inspection,
it was found that tree weakening and the dieback of
stands occurred due to the mass propagation of stem
insects — Ips acuminatus Gyll. and Ips sexdentatus
Boern. It was determined that the population density of
the young generation of Ips acuminatus during 2017—
2018 exceeded the average population indices by 10 or
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more times with production up to 100 juvenile beetles
per dm? of populated stem area. The possibility of three
generations of Ips acuminatus development per year
under favorable conditions has been revealed.

Due to unfavorable weather conditions for
wintering of stem insects and exceeding the long-term
precipitation with a decrease in temperature at the
beginning of the growing season in 2019 the density
of bark beetle populations decreased significantly (23
times) with the formation of only single and group
dieback foci. The number of insects decreased due to
the restoration of water supply to pine trees, which
made it possible to maintain sufficient resin release
and flooding of mother and larval galleries with adult
beetles. With sufficient moisture, pine trees of the 1%-
2 categories of health condition are able to maintain
a stable level of resin productivity for a long time
compared to weakened trees. Therefore, it is important
to reproduce more resistant pine stands of mixed
composition, natural origin, complex shape structure.
For the first time, it has been found that very weakened
and drying up pine trees are able to rapidly but briefly
release more resin than more viable trees.

To reduce and overcome the effects of pine forests
dieback, a set of forestry and protective measures
should be applied: sanitary felling, attraction of birds
and other entomophagous animals, application of
mineral fertilizers, and stem injections of the most
valuable trees.

Key words: tree decline; stem pests; categories of
tree health condition; sanitary felling.

YcbixaHue COCHOBbIX APeBOCTOEB
BocTtouHoro lMonecbs: pacnpocTpaHeHue,
nocneacTBuns, Mepbl NpeoaosieHNna

A.H. XexkyH', . B. NMopoxHsay?
PaccMOTpeHbl  OCOOCHHOCTH — PACIIPOCTPAHEHHS

[IPOLIECCOB YCBIXaHMsI COCHOBBIX IPeBOCTOEB BocTou-
Horo [lonecksa YkpauHbl. YCTaHOBJIEHO, YTO B IIPO-
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[IUTBIE TO/BI YChIXaHWE COCHSIKOB MPOUCXOANIIO MPEH-
MYIIIECTBEHHO BCJIEICTBHE MOPAXKECHHUS EPEBbHEB BO3-
oymutenem Heterobasidion annosum (Fries) Bref.
[Tocne mepuoanuecKknx UIMTEIBHBIX 3aCyX B TEUCHHE
BereTarmoHHbIX nepuonoB 2015-2017 rr. yBennuuBa-
Jlach MHTEHCHUBHOCTH 00pa30BaHWs TPYMIIOBBIX, Kyp-
TUHHBIX 0YaroB C MEPEXOI0M K CIUIOITHOMY YCBIXaHUIO
COCHOBBIX JAPEBOCTOEB. [ [pUUMHON yChIXaHUs SIBUIIOCH
€XXETOTHOE MacCOBOE pa3MHOKEHHE BEPIIMHHOTO (/ps
acuminatus Gyll.) n mectuzyduaroro (Ips sexdentatus
Boern.) xopoenoB Ha tuomaan 12,5-17,1 TeIc. Ta (6-
8% or oOmel ImIomanu HCCIEAYEMOTO PETHOHA).
[TomynsAMoHHbBIE TTOKAa3aTeNN TIOTHOCTH MOJIOIOTO
MTOKOJIEHUST BepIIMHHOTO Kopoena 3a 2017-2018 rr.
MIPEBBIIIANIA  CPEAHNE IOMYIISAIUOHHBIE ITOKa3aTeNln
Buna B 10 u 6omee pa3 co 3HAYCHUEM TPOAYKIIHH JI0
100 mT. MOOBIX UMaro Ha 1 M IUIONIA M 3aCeICHHO-
TO CTBOJIA. YCTaHOBJEHA BO3MOKHOCTh Pa3BHUTHS TPEX
TTOKOJIEHUH BEPIIMHHOTO KOPOEe/a B Tof] pH Oiaronpu-
SITHBIX YCIIOBHSIX.

Bcenencreue HeOMarompusITHBIX TOTOMHBIX YCIIO-
BHI I 3UMOBKH CTBOJIOBBIX BpPEIWTENEH, TIPEBBI-
IIEHUs MHOTOJIETHEH HOPMBI OCaIKOB M HeOJaro-
MPUSATHOTO TEIJIOBOTO pPEeXXMMa B Hadaje BereTalu-
onHoro nepuoaa 2019 1., TNIOTHOCTH MOMYJIAIUI KO-
pOEIOB CYNMIECTBEHHO yMEHbIMIAch (B 2-3 pasza) ¢
00pa3oBaHUEM JINITb SAUHUYHBIX W TPYIIIOBBIX OYa-
ros. IIpu nocTatouHOl yBIaXXHEHHOCTH MOYBHI Je-
peBbst cocHbl I-1I kareropuii CaHUTApHOTO COCTOS-
HUS CTIOCOOHBI JUTUTETHHOE BPEeMS ITOIIePKUBATH T10-
CTOSHHBIH YPOBEHBb CMOJIOTIPOTYKTUBHOCTH, MPEIOT-
Bparias MmoBpexaeHust kopoeaamu. [loaToMy BakHO
BOCITPOM3BOJIUTH 00Jiee yCTOHYMBBIE COCHOBBIE Jpe-
BOCTOHM CMEIIaHHOTO COCTaBa, MPUPOAHOTO MPOHUC-
XOXKJIEHHUS, CI0KHOTO (OPMOBOTO CTpoeHus. Brmep-
BBI€ OIPENENICHO, YTO OYCHb OCIabJeHHBIE U yChIXa-
OIIIME JIEPEBhsI COCHBI CITIOCOOHBI CTPEMHUTETHHO, HO
KPAaTKOBPEMEHHO BBIICIATH OONBITUN 00BEM JKHBH-
IIbI, YeM JIepeBbsl 0€3 MPU3HAKOB OCIA0ICHHUS.

Jlns yMeHBITICHUST W JTUKBUAAITMN ITOCIICICTBHI
YCBIXaHHUSI COCHOBBIX JPEBOCTOEB CIEAYET MpHMe-
HSATH KOMITJIEKC JIECOXO3SHCTBEHHBIX M 3AIIIUTHBIX Me-
POTIPHSATHI: CaHUTApPHBIC PYOKH, MPUBJICUCHHUE IITHUII
W JpyTuX 5SHTOMO(AroB, BHECEHHWE MHHEPATBHBIX
yaoOpeHwid, CTBOJIOBBIE HHBEKIINHU JJIs Hanbouee 1eH-
HBIX JIePEBbEB.

KuroueBble cioBa: mporecchl OTMHpaHHS Jiepe-
BbEB; CTBOJIOBBIE BPEIUTEIH; KATETOPHH CAaHUTAPHOTO
COCTOSIHHSI IEPEBbEB; CAaHUTAPHBIE PYOKH.
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VAK 639.111.11

Bnnve paTuYHMX Ha POCNINHHICTD Y Bonbéepax 3axigHoro Monicca YKpaiHn

B.T. Masena’, I.b. Xoeubkuin?, A. M. AuuHa3

Hageoeno pezynomamu 0ocniodicenns 6nau8y pamudHux Ha pOCIUHHICMb Y PI3HUX 3a naowero 8onbepax Bonuncvro-
20 001ACHO20 YNPABTIHHS TICOB020 MA MUCTUBCHKO20 20cnodapcmed. OOniKosi OLIAHKU 3aKIA0EH] Y HACAONCEHHSX, K]
00 CMBOPEHHS BOTLEPIS MA BIAUIMYBAHHS NIO200IBEILHUX MAUOAHUUKIE HANEHCAU 00 OOHO20 MAKCAYIIHO20 GUOLLY,
U0 3YMOBTIOE IXHIO TICIBHUYO-MAKCAYiiHYy NOOIOHICIMY | A€ 3M02Y 3ACMOCY8AMU Memo0 NOPIGHATbHOL eKoN02l.

Bnnue pamuunux na nicogy pociunnicms gusyanu y onvepax i nicocmanax Iyouncvroeo, Kapacuncokoeo ma My-
PABUUANCLKO20 TICHUYMS, WO 8X00siMb 00 CIPYKMYPU 0epiHcagHUx nionpuemcms «Borooumup-Bonuncore JIMI»,
«Manesuyvke JII'» ma «Kisepyiscvre JII» 6i0nogiono. Y oyoosux depesocmanax Iyouncokoco nicnuymaa, oe obna-
wmoeano eonvep 3 possedenns Sus scrofa, wo gyuxyionye 3 2010 p., 3apeccmpogarno 3meHuients y 08a pasu U060~
20 CKAAQY CYOUHHUX POCTUH. Y Medncax 80NbePY KIIbKICHb HcUmme30amuozo camocigy i niopocmy Populus tremula L.
smenwunacey y 06a, Ulmus scabra Mill. — y sicim, a Sambucus nigra L. — 6inbw Hidie y d6a pazu.

V sonvepi Kapacurncvkoeo nichuymea 01 pozeedenns Sus scrofa, wo @yurkyionysas enpooosic 2004-2010 pp.,
cmanom Ha 2017 p. 3apeecmposano 8i0HOGIeHHs mMpag aHo20 ekpumms. Koegiyienm nodionocmi mpas y bepe3060-
COCHOBOMY 0epPeBOCMAni 80NbEPY MaA 3a U020 Medcamu cmanogums 61,5%.

YV meorcax eonvepa, oe ympumyiome Bison bonasus, Cervus elaphus, Sus scrofa, 3onamu inmencugrnozo niusy pa-
MUYHUX HA POCTUHHICMb € NI0200i8enbHl MatloaHuuky. Ha yHKYIOHYI0uUX MatlOaGHUUKAx He 8USBILEHO CAMOCIBY, Nio-
pocmy ma nionicky. Pasom i3 kopmamu, skumu nio2co008yoms meaput, y aicoge cepedosuije NOMmpanise HaACiHHs
CIbCLKO20CNO0APCLKUX KyAbmyp i 0yp ‘anie. Bcmarnosneno, wo 3 npunuHeHHAM GUKOPUCMANHS NI0200i6eNbHUX Mall-
OaHYUKIB, 3 MPAB AHO20 BKPUMMIA BUNAOAIOMb 3ePHOBI CIIbCHKO2OCROOAPCHKI POCIUHU MA OVP AHU I BIOHOBIIOENb-
CA 1CO6A POCTIUHHICb.

Knwuosi cnosa: mpas’aue sxpummsi; niopicm, nionicox, nioeodisenvhuti matioanuux, Sus scrofa; Bison bonasus;
Cervus elaphus.

Beryn. PenraGenpHe BeICHHS MUCIHBCHKOTO TOC- JIUBCHKUX TBAPHH, IHTCHCUBHOT T'OCIOIAPCHKOT JisTb-
MOJIapCTBa TOJISATAE€ Y HEBUCHAXKIMBOMY 1 pallioHallb-  HOCTI, 110 MPU3BEJa /[0 MOTIPIIeHHs YMOB iCHYBaHHS
HOMY BHKOPHCTaHHI MHCJIMBCHKHMX PECypCiB Ha 3a-  AMYUHM, IOPYLICHHS MPaBUII MOMIOBaHHS (OpaKoHbEp-
cajax HaOJIMKEHOTO JI0 IMPHUPOAU TOCIONAPIOBAHHS  CTBO), HEIOCTATHBOT KIJIbKOCTI (haxiBIliB, YUCEIbHICTh
(Xoempkwuit, 2011). OmHak, B YKpaiHi BHACTITOK 1MO-  MHCIHBCHKHX 3BipiBiMNTaxiB € He3HAUHOIO. MUCITUBCHKI
PYLICHHS CTPYKTYPH MOMYJISILiN OCHOBHUX BUIIB MUC-  YTiJag YKpaiHU MOTeHLiHHO Oaratiii 3a yriaas €Bpo-
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MeHChKUX KpaiH, aje eeKTUBHICTh MUCIMBCHKOTO TOC-
MOAAPCTBA B KpaiHi 3HAYHO MMOCTYNAEThCA Takill y €B-
pori. Y kpainax 3axigHoi €BpOIU NOTOJiB’ Sl pAaTHYHUX
XapaKTepu3y€eThCs ICTOTHOIO YMCENBHICTIO Ta IIITbHIC-
110 (Xoenpkuit, [Toxanrok, 2014). 3okpema, y CroBad-
YHHI, IIOPOKY A00yBaloTh MoHa 90 THC. TONiB paTHy-
HuX, B ABcTpii — 300-400 TrC. 0COOWH, IO CTAHOBUTH
58 romiB Ha 1000 ra mucnuBchkux yrimp (lemeras,
Heneran, 2014; Jlymak, Jleneran, ['yauax, 2007).

B VYkpaini uucenpHICTh paTHYHUX HE3HayHa. Y
2017 p. B MHCIMBCHKHX YTiIISX KpaiHU OOIiKOBa-
HO ToHaJ 215 THC. romiB. 30KpeMa, YUCENbHICTh OJie-
HsI JIICOBOr0 CTaHOBMJIA moHaj 12,5 Tuc. ocoOuH, 10-
OyBanHsa — Om3pko 300 romiB. HesHauHa yMCenbHICTH
MOTOJIIB Sl paTUYHUX B YKpaiHi Ta, 30KpeMa, B yTiaIsix
3axiguoro Ilomiccs (monam 28 Tuc. romB) 3YMOBITIOE
HEOOXiHICTD 3NPOBALKEHHS 3aXOJIiB, CHPAMOBAHKX
Ha 301IbLICHHS MOMYJISAUiH MHCIMBCHKUX BUAIB. Of-
HUAM 13 NIIAXIB MiABUIICHHS €()EKTHBHOCTI BEICHHS
MHCIUBCHKOTO FOCIIOIaPCTBA, 301IbILICHHS YUCETbHOC-
Ti MHCJIMBCBKUX 3BIpiB 1 MTaxiB, € PO3BEACHHS AUKHX
TBapuH y BoimsepHuX ymMoBax (Forejtek, 1999; Zbanek,
2000; Pintif, 2000, 2000a; JIucenxo, 2008; IToxaiok,
2016; Iloxamiok, 2017; Byrpun, Ilaptuka, [loxamox,
2018; Ma3zena, Komicauk, Xoemnpkuii, 2019).

Cranom Ha mouarok 2017 p. moroiiB’s paTHYHUX
Ha 3aropo/UKEHUX TEPHUTOPisiX B YKpaiHi CTaHOBH-
710 TIoHax 2,7 THC. 0coOuH. Buxia MoomHSIKa OJNeHe-
MOMIOHKX y PO3ILTITHAKAX 1 pepMax CTAaHOBUB OJIU3b-
ko 1,2 Trc. ocobuH. He3HauHuil IpUILIiA 3yMOBICHUH
BIJICYTHICTIO JIOCBily YTPHUMAaHHSI PaTUYHHUX y BOJBE-
pax. YMOBH yTpHMaHHS 3BipiB Y HEBOJII MOBHHHI MaK-
CHUMaJbHO CHPHUSTH peaizalii penpoayKTHBHOTO IO-

TEHIialy MaTOYHOTO TIOTOJIB’S 32 00OB’S3KOBOTO 3a-
Oe3meueHHs eKOJIOTO-TIriEHIYHOTO Ta TIPOTUEITI300THY -
HOT'O 3aXHUCTY CTaja.

KATTeMiATBHICTh pAaTHYHUX BHIIB B YMOBax pi3-
HHX 33 IUIOLICIO 3aTOPOKEHHIX TEePUTOPI TPU3BO-
JIUTh JI0 3MiHU ()iI3MKO-XIMIYHUX BJIACTUBOCTEH I'PyH-
Ty 1 BIUTUBY Ha pOCHI/IHHICTL (BOH}IapeHKO binui,
Xomziacekui, 2007). OgHUM i3 HEIOMIKIB BOJILEPHO-
ro TOCHOAAapCTBa € 3MEHIICHHS 0i0JOTiYHOrO pi3HO-
MaHITTS Ha 3aropomkeniii Teputopii (baxyp, 2012).
VY BenuKHX 3a IUIOMICI0 BOJBEPAX OCOOIMBOT yBaru
HOTpe6y}OTL MICIISI BUKJIAJIKH KOPMIB 1 KOHueHTpaun
3BIpIB — MiArO/AIBENIbHI MaliJaHUYUKK. ToMYy, 3 JIICIBHU-
YOro MOTISALY, aKMYalbHUM € TTUTAHHS JOCIiKEHHS
BIUIMBY XHUTTEAISTIBHOCTI PaTUYHUAX TBapWH Ha pOC-
JUHHICTh Y BOJIBEPHUX YMOBAX.

O0’ekTH Ta MeTOAMKA JOCHiTKeHb. (00 ckm
docnidoicenb — POCIHHHICTD Y MeKaX BOJIBEPIB B yMO-
Bax 3aximaoro Ilomiccs Vkpainum. [Ipeomem Oocii-
0JiceHb — BIUIMB PAaTHYHUX TBAapHH Ha POCIUHHICTE.
Mema pobomu — npoaHanizyBaTi BIUIMB PaTUYHUX Ha
BUJIOBHI CKJIaJ] TPaB’SHOTO BKPHUTTS, MPHPOIHE II0-
HOBJICHHS Ta CaHITapHUI CTaH IEPEBOCTaHIB y Pi3HUX
3a TUIOIIEI0 BOJIbepax BonmHChKOro 00macHoro ymnpas-
JIHHS JICOBOTO 1 MUCIMBCHKOTO TOCTIOAAPCTBA.

JocmipkeHHsT 31MCHIOBAIM Y BOJIbEPAx, pO3Ta-
moBaHux B yrimasax ['yOunchkoro sichHuirea JIIT
«Bonognmup-Bomaceke JIMI, Kapacuncekoro ic-
aunrea Il «Manesunpke JII» i MypaBuiancrkoro
micaunrea JI1 «Kisepuiscbke JII» BIpogoBxk JTITHRO-
ro nepioxy 2017 poky. JliciBHUYO-TaKcamifHy xapak-
TEPHUCTUKY HACa/[KEHb, B IKHX 3aKIIaJCHI MPOOHI TIIO0-
11, HaBeIEeHO B Ta0m. 1.

Tabnuys 1
JliciBHHYO-TaKcaliiiHA XapaKTEePUCTUKA J1ePEeBOCTAHIB HA MPOOHUX MJIOLIAX
Ks. Bun. ;Iep(e:ll:j)lggaﬂy IHﬂe;(;;HHY ,uepeBoc]?::Iy, PpOKiB Hosrora
['yOuHCBKe JIICHUIITBO
30 13 3132 Qup3Cz2bp+Sne C,-rJ] 28 0,70
Kapacuncbke JTiCHULTBO
7 25 9C31bn B,-nC 79 0,73
MypaBHUIIaHCHKE JIICHALITBO
38 7 7C33bn B,-nC 46 0,77
39 1 9C31bn B;-nC 53 0,77

[Tpo6Hi IOl 3aKiIajeHI Y HACAJKCHHSX, SKi JI0
CTBOPCHHSI BOJILEPY Ta BIIAINTYBAHHS IIiATOMiBEITb-
HOTO MalJjaHYMKa HaJIEeKalIH JO OJHOTO TaKCalliiHO-
rO BHJUTY, IO 3YMOBJIOE iX JIICIBHHYO-TAKCAIIIHY
MOMiOHICTE 1 BIAMOBIZA€E yMOBAM 3aCTOCYBaHHS Me-
Toxy mopiBHIBHOI ekonorii (ITorpednsk, 1993). Ha
MPOOHMX TUIOMIAJAKAX 3/IMCHIOBAIN CYIUILHUN 00K
IIepeB 3a TOPOIaMH, CTYIICHSIMH TOBIIMHHM 1 KaTeropi-
SIMH CaHITapHOTO craHy. OLIHIOBaHHS JEpeB 3a KaTe-
TOpISIMU CTaHy 3AIHCHIOBAIM 32 3arallbHONPUIHSATOIO
mrkajoro: 3poposi (1), ocmabneni (II), cubHO ocitabire-

Hi (III), Beuxatoui (IV), cBixkuit cyxoctiit (V), crapuii
cyxocrtiit (VI) (Mazena, Tepemns, 2000).

Y Mexkax BOJbEPY, MiATONIBEIHHOTO MalaH4U-
Ka, BIJMOBIAHO JIO 3arajbHONPHUIHITOT METOIMKHU
(BopoOwéB, 1967), 3aknamanmm depe3 OTHAKOBY Bill-
CTaHb 25 NpoOHUX IUIOIAA0K po3Mipamu 2 X 2 M. [ns
MOPIBHSUTLHOTO aHAJIi3y 32 MEKaMU BOJIbEPA, ITiJITOJIi-
BEILHOTO MaWmTaHdWKa 3TIHCHIOBAIM OOJIK pPOCITHH-
HOCTI Ha 25-TH KOHTPOJBHUX IUTomaakax. Ha mpo0O-
HUX IUIOIIAJIKaX BU3HAYAJIM KIIBKICTH CaMOCIBY Ta
MiIPOCTY ACPEBHO-YarapHUKOBUX TIOPiM, a TAKOXK BHU-
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JIOBUI CKIJIaJl, TPAIUISHHS 1 TPOeKTUBHE BKPUTTS (%)
TpaB’sHUX pociuH. CTyNiHb MPOEKTUBHOIO BKPUTTS
BCTAHOBJIIOBAJIM ISl KOYKHOTO BHJLy POCIIMH 3a LIKa-
moro I'. M. Buconpkoro (Bopo6sés, 1967). YTounen-
HSl Ha3B BB POCJIMH Ta iX BU3HAUYEHHS 31iHCHIOBa-
JIY 32 BU3HAYHUKOM BUINUX PociuH Ykpainu (Joopo-
yaeBa u Ap., 1987). IlomiOHICTE TpaB’sIHOTO BKPUTTS
y BOJBEPI, HA MATOAIBEIPHOMY MaliIaHYUKy Ta 3a 1X

MeXaMH pO3paxoByBaIH 3a KoedillieHTOM ToAiOHOC-
Ti XKakkapa.

Pe3ynbTarn nocaimkennb. Boibep y nicoBomy GoH-
ni ['youncekoro micaunTsa (k8. 30, Bum. 13, m. 0,6 ra)
NPU3HAYSHNUH Ul PO3BEACHHS JUKOI CBUHI, IKHH BU-
KOpHCTOBYIOTH 3 2010 poky. Y Mexkax BOJNbEpPY ilIeH-
TH(IKOBAaHO IIICTh BHIB TpaB, a 3a Mexamu — 17
BHIIB (TaOI. 2).

Tabnuys 2

Bunosnii ckaan, TpanJisiHHA i PACHICTH TPaB’IHOT0 BKPUTTA HA MPOOHUX IJIOIIAX
(1, 3 — y Mmexkax BOIbEPY, 2, 4 — 32 MeKAMHU BOJILEPY)

I'yOuHCBHKE J1-BO

Kapacuuceke 1-B0o

Bung

1 2 3 4
Aegopodium podagraria L. - 96/5,5 — -
Pulmonaria officinalis L. - 88/4,6 — —
Asarum europaeum L. — 96/4,4 — —
Urtica dioica L. 40/p 44/n - -
Athyrium filix-femina (L.) Roth — 4/un — —
Carex sylvatica Huds. - 28/n — —
Geum urbanum L. - 20/n — —
Stellaria holostea L. - 48/5,0 - -
Galeopsis tetrahit L. — 64/1,7 - —
Impatiens noli-tangere L. - 8/un — —
Polygonatum multiflorum (L.) AllL - 20/un — -
Paris quadrifolia L. - 12/n — —
Viola reichenbachiana Jordan ex Boreau - 32/n - -
Pleurozium schreberi (Brid.) Mitt. — 40/1,3 69/7 31/8
Mpycelis muralis (L.) Dumort. - 4/un — —
Achillea millefolium L. p. p. - 4/un - -
Ajuga reptans L. 12/n 4/un - -
Cirsium avense (L.) Scop. 8/n — - —
Hypericum perforatum L. 20/n — - -
Avena sativa L. 32/n - - -
Oxalis acetosella L. 4/n - — -
Calamagrostis epigeios (L.) Roth. - - 85/11 39/4
Vaccinium myrtillus L. — — 100/23 54/11
Pteridium aquilinum (L.) Kuhn — — 69/p 15/un
Vaccinium vitis-ideaea L. - - 92/1 62/1,2
Oxycoccus palustris Pers. - - - 8/un
Ledum palustre L. - - 23/2,2 23/1,7
Carex brizoides L. - - 15/un 8/un
Robus caesius L. - - - 8/un
Sphagnum palustre L. - - — 23/4
Melampyrum pretense L. - - 15/n 15/un
Carex pilosa Scop. — — — 15/un
Calluna vulgaris (L.) Hull. - - 31/p -

Tpumimxa: 9UCENbHAK — TPAIUIHHS BUAIB pociiuH (%), 3HAMEHHHK — PSICHICTD TPaB’sIHOTO BKPUTTS (IPOSKTUBHE BKPUTTA Y %), p — pO3KUIa-
Hi €K3eMIUTSIPH Y HE3HAYHIN KITBKOCTI, N — MOOJUHOKI €K3EMILISIPH, UN — OJIMH-/(BA EK3EMILISIPH Ha MPOOHMX ILIOMIAIKaxX
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Y Bombepl y HE3HauHIH KITBKOCTI 3apeecTpoBa-
Ha Urtica dioica, Tpamisiaucs TOOAWMHOKI €K3eMII-
Jspu IATH BUAIB pociuH (Hypericum perforatum,
Avena sativa, Cirsium avense, Ajuga reptans, Oxalis
acetosella). Oxpemi 3 wux (Cirsium avense, Avena
sativa) TOTpaNWiId Ha OTOPOIKEHY TEPUTOPIIO 3 KOp-
MaMH, SKUMH 3J1ACHIOBAJIN ITIJATOMIBIIO JUKOI CBHHI.
IcToTHE 3MeHIIEHHS BB (Maike Yy TpU pa3u) CIpH-
YMHEHEe HE3HAuHOIO IuIolero Bojibepy (0,6 ra) i Tpu-
BaJIMIM BUKOPHCTAHHIM (TIpoTATOM CeMH POKIB) OTO-
PODKCHOI TepuTopii. 3a MeXamu BOIbepy Haifdac-
time Tpamsumcs Aegopodium podagraria, Asarum
europaeum, Pulmonaria officinalis, Galeopsis tetrahit
ta Stellaria holostea. CinbHAMU BUIAAMH, SIK1 IOIIH-
peHi y BOIIbEPI Ta KOHTPONBHIi muiowt, € Urtica dioica
1 Ajuga reptans. Ianexkc momiOHOCTI MiX TpaB’ STHUM
BKPUTTAM y BOJ'II:€p1 Ta 32 MEXaMH OTOPOKEHOI TepH-
TOpii He3HAUHMI 1 cTaHOBUTH 9,5%.

Bomnbep y Kapacuncbkomy micHUNTBI (KB. 7, BHI.
25, mn. 3,0 ra) opranizoBanuii y 2004 p. mis posBe-
JICHHSI IMKUX CBHHEH 1 ¢yHKHioHyBaB 10 2010 poky.

VY BoONbEPI BUABICHO JICB’SIThH BHIIB TpaB, 3a HOTO
Mexxamu — 12 BuniB. B ymMoBax BONbepy JHOMiHYHOUH-
MU BUnamMu € Vaccinium myrtillus, Vaccinium vitis-
ideaea, Calamagrostis epigeios, Pteridium aquilinum
i Pleurozium schreberi. 3a TIPOEKTUBHUM BKPHTTSAM
nepeBaxaroTb Vaccinium myrtillus, Calamagrostis
epigeios 1 Pleurozium schreberi, iX 3araiapHa pSCHICTh
cTaHoBUTh 41%. 3a MekaMu BoJbepa HalyacTiIIe Tpa-
WISOThCS Vaccinium vitis-ideaea, Vaccinium myrtillus,
Calamagrostis epigeios 1 Pleurozium schreberi, a Haii-
OinTbIlIe IPOEKTUBHE BKPUTTS 3adikcoBaHO y Vaccinium
myrtillus, Pleurozium schreberi, Sphagnum palustre ta
Calamagrostis epigeios. PsicHicTb ix ctaHOBHTB 27%, a
koe(ilieHT noaiOHOCTI TpaB’sHOTO BKPUTTA — 61,5%.
Y Mypasumancbkomy sicHunTsi 3 2010 p. dpyHKi-
OHY€ BOJIBEP ILTOMICIO 208 ra. Tyt yrpumyrots 3yopa,
OJICHSI JTICOBOTO, MKY CBHHIO. Y MEkKaX BOIbEPA 30Ha-
MH iHTCHCHBHOIO BIUIMBY PAaTWYHHX € MiATOMIBEIIbHI
Maiizarnanki. Ha migroxisensHoMy MaiiiaH4mKy (1po6-
Ha toioma Ne 5) 3apeecTpoBaHO CiM BUJIB TpaB, a 3a
Horo Mexamu (mpo6Ha miorma Ne 6) — BiciM (Tadm. 3).

Tabnuys 3
Bunosnii ckian, TpanJisiHHA i pACHICTH TPaB’SIHOT0 BKPUTTA Ha NMPOOHUX IIOIIAX
MypaBHIIIAHCHKOTO JIICHUI[TBA
Buu poca Ne nipo6HOT TuTOMIT
5 6 7 8
1 2 3 4 5
Vaccinium myrtillus L. 24/p 100/38 48/8 100/44
Calamagrostis epigeios (L.) Roth. 24/1 100/19 16/p 100/19
Avena sativa L. 72/7 - - -
Calysteria sepium L. 8/un - 48/p -
Chenopodium album L. 20/p — 12/un -
Galium aparine L. 4/un — 20/n -
Oxalis acetosella L. 4/un - 16/n -
Trientalis europaea L. - 8/un 4/un 8/un
Vaccinium vitis-ideaea L. - 56/p 28/p 56/p
Hylocomium splendens (Hedm.) Schimp. - 92/45 40/12 96/41
Rubus saxatilis L. - 8/n 12/n 12/n
Majanthemum bifolium (L.) F.W. Smidt — 4/un — 4/un
Melampyrum pratense L. - 8/n 12/n 12/n
Festuca ovina L. - - 72/4 -
Rumex acetosa L. - — 12/n -
Hieracium pilosella L. - - 52/p -
Stellaria media L. - - 28/p -
Veronica officinalis L. - — 4/un -
Urtica dioica L. - - 8/n -
Plantago major L. — — 4/un -
Artemisia absinthium L. - - 4/un -
Euphorbia cyparissias L. - — 4/un -
Capsella bursa-pastoris L. — — 8/un -
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IIpooosorc. mabn. 3

1 2 3 4 5
Taraxacum officinale Wigg. aggr. - - 4/n -
Achillea millefolium L. p. p. - - 4/un -
Potentilla argentea L. - - 4/un -
Vaccinium uliginosum L. - - 4/un 8/p
Athyrium filix-femina (L.) Roth - - - 12/n
Sphagnum palustre L. - - — 8/2
Calluna vulgaris (L.) Hull. - - - 4/un
Polytrichum commune Hedw. - - — 8/n

IIpumimka: YMCENbHUK — TPAIUITHHS BUAIB POCIUH (y %); 3HAMEHHUK — PACHICTb TPAB’IHOTO BKPHUTTS (IPOEKTUBHE BKPUTTS Y %), P — PO3KH-
JaHi eK3eMIUIIPU y HEBEJIHKIIl KITBKOCTI, N— MOOMMHOKI €K3eMIULIPH, UN — OAUH-IBa eK3eMIULIPU Ha IPOOHY ILIOMAIKY

IIpoextuBHE BKpUTTH Avena sativa CTaHOBUTH 7%,
iHIN pociuHM, 3a BuHATKOM Calamagrostis epigeios
(1%), TpamIsIoThcs TMOOAMHOKHMH  EK3eMILIpa-
Mu. Tako BUSBICHO BiIMIHHICTh Y BHJIOBOMY CKJIa-
Ii TpaB’stHOro BKpUTTS. [1I’Th BUIIB, sIKi 3apeecTpo-
BaHI Ha MATOAIBEIHPHOMY MaWTaHUWKY, BIICYTHI 3a
Horo mMexamu. 3 HUX, OAWH BHJ KYJIBTYPHOI POCIH-
HU (Avena sativa) ta nea Buau Oyp’siHiB (Calysteria
sepium, Chenopodium album).

3a MexaMmH TiAro/iBeThHOTO MaijaHynka y Oe-
PE30BO-COCHOBOMY JICPEBOCTAHI HAWYACTIllle TPAILisi-
101best Vaccinium myrtillus, Calamagrostis epigeios,
a takox Hylocomium splendens ta Vaccinium vitis-
ideaea. Y TpaB’sHOMY BKPHUTTI y MeaxX BHIUTY Xa-
pakrepHe nepeBaxkanus Hylocomium splendens (mipo-
eKkTuBHE BKpUTTS 45%), Vaccinium myrtillus (38%) i
MEHIIIe — Calamagrostzs epigeios (19%). Koedinient
MOAIOHOCTI He3HAYHMM 1 cTaHOBUTH 15,4%.

IcTOoTHOIO BHIOBOIO PI3HOMAHITHICTIO TpaB Xa-
pakTepu3y€eThCs JAPYTUM MIATOAIBEIIBHUN MakaH-
gpK (TIpoOHa turoma Ne7), Ha SKOMY MPUTTAHUIIHN ITiJ1-
rogiBmo TBapuH y 2014 pomi. TyT 3apeectpoBaHO
25 BuaiB TpaB. Haifuacrime Tparustotecsi Festuca
ovina, Hieracium pilosella, Vaccinium myrtillus Tta
Calysteria sepium. Y TpPOEKTHBHOMY BKPHTTI Iepe-
BaxatoTh Hylocomium splendens (12%) i Vaccinium
myrtillus (8%). KoedirieHT momiOHOCTI TpaB’sSHOTO
BKPUTTS CTaHOBUTH 26,7%. Ha migroniBensHOMY Maii-
JaHYUKY BiACYTHIH Avena sativa, ane NpOAOBXKYIOTbH
MIPOPOCTATH, SIK 1 HA TIEPIIOMY TiATOMIBEIFHOMY Maki-
nanuuky, oyp’stuu (Calysteria sepium, Chenopodium
album).

Maiike BOBIYI MEHINE BHIIB BHUSABICHO Y
TpaB’sTHOMY BKPHTTI 32 MEXXaMH ITiJIrO/[iBETHHOTO Maii-
nanuyrka (mpo6Ha rutoma Ne 8). Haifuacrinie Tparuis-
101best Vaccinium myrtillus, Calamagrostis epigeios,
Hylocomium splendens, menme — Vaccinium vitis-
ideaea. OnHaK, MPOSKTUBHE BKPHUTTS JCSIKUX BHUJIIB
(Vaccinium myrtillus, Hylocomium splendens) 3a Mex-
aMU TiIrO/IiBeTbHOTO Maian4nka y 3-4 pa3u OinbIie,
HiX Ha MaljaHuuKy. Ha mifroiBeisHoMy MailaH4uKy
omm3pko 40% TpaB BiTHOCATHCS 0 TyYHUX 1 Oyp’ sHIB,
HE XapaKTepHUX JJIS JIICOBOTO cepefoBHUIla. BumoBuit
CKJIaJ TpaB Ha MpoOHil momi Ne 8 xapakrepusyeTbes

MTOIIOHICTIO IO TPaB’sSTHOTO BKPUTTS Ha MTPOOHII TUTOTI
Ne 6, koedinienT noaioHOCTI cTaHOBUTH 61,5%.

YV Bonbepi ['yOMHCHKOTO JTICHUIITBA KITBKICTH BUIIB
MiPOCTY 1 MiAJICKY COCHOBO-IyOOBOTO HACA/KEHHS €
MEHIIIOK, HIXK 3a oro Mexamu (tadi. 4).

30KkpemMa, Ha OTOPOPKEHINH TepHUTOpii BUSBICHO
niapict Populus tremula, Ulmus scabra Ta Sambucus
nigra, a 3a il MeKaMH — CiM BUJIIB IEPEBHUX 1 YOTHPH
BUJIM YarapHUKOBHUX POCIHH. 3a MEXaMH BOJIbEpPA BU-
SIBIIEHO JKUTTE3IATHOTO CaMOCIBY 1 Hl,[[pOCTy Populus
tremula y nBa pasu, Ulmus scabra — y Bicim pa3lB a
Sambucus nigra — ToOHAA nBa pa3u OuUTbIIE, HIXK Y
MeXax BOJbEPA.

Ha oropomxkeniii Tepuropii 3apeectpoBano 13 je-
pEBHHX BHJIIB, a 32 M&XaMH — JieB’1Th. Kareropis cta-
Hy naeskux BHUIIB (Pinus sylvestris, Picea abies) He
3MIHMJIACS], aje iXHs 4YacTKa y CKIIaJl JIepeBOCTaHY
HesHauHa. Y Carpinus betulus caniTapHuil cTaH 3Mi-
HUBCS BiJ] 37I0pPOBOTO (32 MEKaMH BOJbEPA) IO CHITBHO
ocJiabneHoro (y BOJIbEpi). 3apeecTpoBaHa 3MiHa Kare-
ropii cTany B iHmux BumiB: Salix caprea (3 1,3 no 2,5),
Betula pendula (3 1,2 no 2,2), Populus tremula (3 1,5
1o 2,3), Quercus robur (3 2,0 no 2,7).

BusBieHo TakoX BIIMIHHICTH JIEPEBHHUX BHUIIB 3a
COpPTHMEHTaMUu. 30KpeMa, y Prunus avium HamiBIi-
JIOBUX COPTUMEHTIB Yy BOJIbEPI HE BHUSBICHO (JIMIIE
JIPOB’sTH1), a 32 MEXaMH HaIIBIUIOBI COPTUMEHTH CTa-
Howiu 14,3% (apoB’stHi — 85,7%). BincyTHi minmosi
COPTUMEHTH y Pinus sylvestris, a yacTka HamiBIiJIOBOT
JIepEBUHN 3MEHIIMIAC Maibke yTpudi: 3 48% (3a Mex-
amu BoJbepa) 10 17% (y Bonbepi).

B yrinmax KapacuHcbKkoro nicHMITBa, 4epe3 Mpu-
MTUHEHHS BUKOPUCTAHHS BOJIbEPA, BIAMIHHICTH y BH-
JIOBOMY  CKIIaJli  JIEPEeBHO-YarapHUKOBOI  POCIHH-
HOCTI BHpaxkeHa ciabmie. Ha teputopii Boibepa 3a-
pEECTPOBAHO TIPICT TPHOX JEPEBHUX BUMIIB (Quercus
robur, Sorbus aucuparia, Populus tremula), a 3a ¥ioro
MexkamMu — wicte (Pinus sylvestris, Quercus robur,
Betula pendula, Sorbus aucuparia, Populus tremula,
Salix caprea). Ha oropomxeniii Teputopii Ta 3a ii mexa-
MH B MUTICKY TPAIIsiacs JTHile angula alnus. Ha
(DyHKILIOHYFOUOMY ITiATOAIBEIBHOMY MaiiaHunKy My-
PABHUILAHCHKOTO micauTBa (MpooOHa rroma Ne 5) He BH-
SIBJICHO ITiJIPOCTY, a 32 HOro MeXaMu — HassBHUH MIiAPICT
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YOTUPHOX JepeBHUX BUMAIB (Pinus sylvestris, Quercus
robur, Betula pendula, Sorbus aucuparia). Ha maiinan-
YHKY, JI€ T ITO1BIII0 TPUIMHIIH (TTpoOHa miomma Ne 7),
BHUIOBHUH CKJIAJ MIAPOCTY 1 MiTICKy MTOMIOHUH 0 Tako-

TO Ha KOHTPOJBHIN MisHIN (TipoOHa mioma Ne ). Xa-
PaKTEPHOIO 0COONUBICTIO Oyna HASBHICTD MIICTHIKH HA
BCIX PpOOHUX ILIOMIAX, Jie BOHA Y 3-5 pa3is ToBmia (6,5-
7,8 cM), HIK Ha TATOMIBETHHIX MaiiTaHUNKaX.

Tabnuys 4
KisnbKicTh JKHTTE31aTHOTO CaMOCIBY Ta MiIPOCTY AepeBHO-YATAPHUKOBHUX IOPig
il HAMETOM /IePeBOCTAHIB HA MPOOHMUX MJIOIIAX
(YMCeNbHUK — TPAIUIAHHSA, % ; 3HAMEHHUK — YHCEIbHICTh, THC. IIT..Ta™)
JlicaunTBo, HOMEp MPOOHOT TUTOTIII
Bunu pocnun I'yOunHChKE Kapacuncbke MypaBuuiaHcbKe

1 2 3 4 5 6 7 8
Pinus sylvestris L. - - 16/0,8 - 8/0,4 16/1,2 68/1,0
Quercus robur L. - - 8/0,4 8/0,2 - 16/0,4 16/0,5 4/0,1
Betula pendula Roth. - - - 16/0,4 - 4/0,1 12/0,3 4/0,1
Sorbus aucuparia L. - - 31/0,8 17/0,4 - 4/0,1 - -
Populus tremula L. 4/0,1 8/0,2 32/2,3 16/0,6 - - -
Salix caprea L. - - - 17/0,8 - - -
Ulmus scabra Mill. 8/0,2 48/1,6 - - - -
Acer pseudoplatanus L. — 4/0,2 - — - — —
Acer platanoides L. - 4/0,2 - - - - - -
Picea abies (L.) Karsten - 4/0,1 - - - - - -
Tilia cordata Mill. - 4/0,1 - - - - - -
Carpinus betulus L. — 4/0,1 - — - - — —
Corylus avellana L. - 8/0,4 - - - - - -
Euonymus europaea L. - 4/0,1 - — - - - -
Frangula alnus Mill. - - 62/3,4 25/3,1 - 72/3.4 24/0,9 61/3,0
Sambucus nigra L. 36/1,3 52/3,1 - - - - - -
Swida sanquinea (L.) Opiz. - 32/1,4 - - - - - -
Tpana (%) 1 ToBuuma - - - 3620 100065 604 100/7.8

JCOBOT MIACTHIKH (CM)

Ilpumimxa: npoOHi mowi: 1, 3 —y Boibepi, 2, 4 — 3a MeXaMu BOJIbePa; 5, 7 — MIArOAIBENbHUN MaiilaHuuK, 6, 8 — 32 MEXaMu MiAroAiBeIbHO-

ro MagaH4YnKa

Ha miaromiBensHOMYy MalimaHunKy (IIpoOHa III0-
ma Ne 7) 3apeecTpoBaHO TPU BUAW JIEPEBHUX POCIHH
(Pinus sylvestris, Betula pendula, Quercus robur), a 3a
MexxamH — Juiie AaBa (Pinus sylvestris, Betula pendula).
Kareropii crany gepeBHUX BU/IiB IPAaKTHYHO HE 3a3Ha-
mu 3miH. Tak, y Pinus sylvestris Ha TiATOIIBEILHO-
My MalJaH4YMKy KaTeropis craHy crtaHoBwia 2,4, a 3a
Mexamu — 2,3, y Betula pendula — Ha niroiseibHOMY
Malmanauky — 4,3, 3a Mmexkamu — 4,2,

BucHoBkH. Y He3HaYHHX 3a TUIOMICIO BOJBEpAX i
TPHUBAJIOMY yTpHMaHHi MUCITUBCHKUX PaTHYHHUX TBa-
PHH BHJIOBHI CKJIaJI CyIMHHAX TYT 3MEHIIYETHCS y 2,8
pa3u MOPIBHSHO 13 HE3arOpPOKEHIMH Tepmopl;{MH v
MeKax BOJbEPA TPABH TPAIUIIOTHCA Y HE3HAUHIH KiJlb-
kocTi. KoedinieHT moaibHOCTI MiX TpaB’sTHUIM BKPHT-
TSM Y BOJIBEPI 3 pO3BeACHHS Sus scrofa, mo QyHKIIIO-
Hye 3 2010 p., i KOHTPOJIBHIN TUIOIII He3HAYHHM 1 CTa-
HOBUTH 9,5%. KinbKicTh BUAIB y MIAPOCTI 1 MiATICKY

y nyOOBHX JepeBOCTaHaX Ha OTOPOKEHIW TepUTOpii
MEHIIA, HiXK 3a 11 MekaMu. Y MeXax BOJIbepa KiJIbKiCTh
YKUTTE3AATHOTO CaMOCiBY 1 miapocty Populus tremula
3MEHIIIIIACh y ABa pa3u, Ulmus scabra —y BiciM pasiB,
a Sambucus nigra — 61l HIK y JBa pa3u MOPIBHSHO
13 He3arOPOHKEHUMH TEPUTOPISIMH.

Ha oropomxkeniii Teputopii 3apeecTpoBaHO He-
3HAUHY 3MiHYy Kareropii caHiTapHOTO CTaHy HU3KHU Jie-
peBHUX BUIIB — Salix caprea, Betula pendula, Populus
tremula, Quercus robur. BHacniioK BIUIUBY AWKOT CBH-
Hi, Y ME@KaX BOJIbEpA CaHITapHUI cTaH JiepeB Carpinus
betulus 3MiHUBCS 10 CUIIBHO OCIA0JICHOTO MOPIBHIHO
13 3/I0pOBUM CTaHOM 32 MEKaMH BOJbEDPY.

VY Bonbepax, SKi BHIYYEHI 13 KOPUCTYBaHHS, TPH-
pomHe TpaB’sHE BKPHUTTS BITHOBIIOETHCS depe3 4-6
pokiB. KoedirieHT momiOHOCTI TpaB Ha OTOpPOJIKE-
Hill TepuTopii Ta 3a ii Mexamu cTaHOBUTH 61,5%. Y
0epe30BO-COCHOBHX JIEPEBOCTAHAX y MEkKaxX JIiI0Y0-
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ro MiAroAiBEILHOr0 MalJgaHdrKa HE BUSBIEHO CaMO-
CIBY, IAPOCTY Ta HiI[J'IiCKy VY ckiaai poCIMHHOCTI Ha
MiATOAIBEIBHOMY Maii/laHIHKy 3apEECTPOBAHO HE Xa-
PaKTEepHI JUISl JIICOCTaHIB CLIBCHKOrOCIIONAPCHKI KyIlb-
TypH 1 Oyp’sitHu. Beboro BusiBIEHO ciM BUAIB TpaB, y
T.4. KyJABTYpHY pOciuHy (Avena sativa) Ta 1Ba BUIH
oyp’suiB (Calysteria sepium, Chenopodium album). 3
NPUITUHEHHSM BUKOPHCTAHHS IiJITOAiBEIBHOTO Maii-
JaHYUKa y TpaB’sIHOMY BKPUTTI 3HUKAIOTH CUIBCHKO-
TOCTIOIAPCHKI POCIMHU Ta Oyp’siHU 1 BIIHOBIIOETHCS
JIicOBa POCIIMHHICTD.

Chnucok Jiteparypu

baxyp, O.B. (2012). OneIT BeneHUS BOILEPHOTO JIe-
cooxoTHUYbero xossictea «lllepemoBckoe». Tpy-
ovl bpsauckozo eoc. mexwn. yn-ma, 1, 69-71 [Bakhur,
0.V. (2012). The experience of the open-air cage forestry
«Shereshovskoye». Proceedings of Bryansk State Technical
University, 1,69-71 (in Russian)]. Retrieved from https://
cyberleninka.ru/article/n/opyt-vedeniya-voliernogo-
lesoohotnichiego-hozyaystva-shereshovskoe

Bonpapenko, B. /1., binuii, B.B., Xoasincekuii, B.I1.
(2007). 3wmina (i3uKO-XIMIYHUX BJIACTUBOCTEH
TPYHTY Ii/i BIULIMBOM PHIOYOT AiSTIBHOCTI CBHHI JHKOI.
Hayxosuii  sicnux  Hadcnyuancvkoeo iHcmumymy:
Ilpobnemu 3axionoeo Ilonices, 1, 117-121 [Bonda-
renko, V.D., Biliy, V.V., &Khodzinsky, V.P. (2007). A
change of physical and chemical powers to the soil before
the inundation of the wild pigs. Scientific Bulletin of the
Nadsluchany Institute: Problems of Western Polissya, 1,
117-121 (in Ukrainian)]

Byrpun, JI. M., [laptuxka, T. B., [Toxamroxk, O. M. (2018).
EnemMenTn TexHONOTii CTBOPEHHS MACOBHII JUISI
OJICHSI JIICOBOI'O B YMOBaxX BOJBEPHOTO PO3BECHHSI.
Hayxosuii gicnux HJITY Yxpainu, 28 (2), 37-40 [Bu-
grin, L. M., Partika, T. V., & Pohalyuk, O.M. (2018). Ele-
ments of technology for creating pastures for forest deer in
aviary breeding. Scientific Bulletin of Ukrainian National
Forestry University of Ukraine, 28 (2), 37-40 (in Ukrai-
nian)]. https://doi.org/10.15421/40280205

Bopob6sés, .B. (1967). Memoouxa necomunonocuue-
cxux uccnedosanuii. Kues: Ypoxait [Vorobiov, D.V.
(1967). Methodology for forest typological research. Kyiv:
Harvest (in Russian)]

Heneran, I.1., Hemeran, 1.B. (2014). OcobmuBocTi
oprasizaiiii BeJIeHHsI MACIHBCHKOTO TOCTIOAAPCTBA Y
CrnoBauuuni. Hayrosuii sichux HIITY Yxpainu, 24.8,
52-57 [Delegan, I.1., & Delegan, 1. V. 2014). Features
of the organization of hunting management in Slovakia.
Scientific Bulletin of Ukrainian National Forestry Univer-
sity, 24.8, 52-57 (in Ukrainian)]. Retrieved from http://
nbuv.gov.ua/UJRN/nvnltu 2014 24.8 10

Hdob6pouaesa, M.H., KoroB, M.H., IlpokynuH,
10.H., bapbapuuy, A n., qOHI/IK B. I/I [Ipotormo-
moBa, B.B.. OpHCT 3 . (1987) Onpedeﬂumeﬂb
6bLCULUX pacmeHuu Yxpaunwvr. Kues: HaykoBa nymka
[Dobrochaeva, D.N., Kotov, M.I., Prokudin, Yu.N.,
Barbarich, A.I., Chopik, V.I., Protopopova, V.V.
Ornst, E.Y. (1987 ). Keys to higher plants of Ukraine.
Kyiv: Scientific thought (in Russian)].

Jlucenxo, B.I. (2008). IlepcnexkTuBHI UISXU
HETPaTUIIITHOTO BUKOPHUCTAHHS MaJIOIiHHUX
CLIBCHKOTOCTIONIAPCHKUX YTi/b. EKon0ciunUll 8iCHUK,
3, 31-32 [Lysenko, V.I. (2008). Pathways for non-tradi-
tional use of low-value agricultural land. Ecological Bul-
letin, 3, 31-32 (in Ukrainian)]

Jlymak, M., [leneran,l., I'yauak, M. (2007). 3 nocBiny
BEJICHHA MHCIHBCHKOTO TOCHOZAapCTBa B ABCTPil.
Jlicose ma mucnugcoke 20cno0apcmeo. CyuacHull
cmau i nepcnekmusu po3eumky: marepiann Mix-
HapoA. HayK.-mpakT. koH}. (27-29.11.2007 p,
M. XKutomup), 2, 259-263 [Lushchak, M., Delegan, L.,
& Gunchak, M. (2007). To the notice of the Mislivsky
government in Austria. In Forestry and hunting: current
status and prospects, 2, 259-263. Zhytomyr: Ukraine: PE
«Publishing House Volyn» (in Ukrainian)]

Masena, B.I., Komicuuk, Bb.I., Xoeupkuii, II.B.
(2019). TpaB’saHe BKpHTTS 1 3amac JyYHUX KOPMiB
s yrpumanus Cervus elaphus L. Hayxosi npayi
Jicienuuoi axaodemii nayx Yxpainu, 19, 154-162
[Mazepa, V.G., Kolisnik, B.I., & Khoetskyy, P.B.
(2019). Herbs including archery food supplies for Cervus
elaphus L. Proceedings of the Forestry Academy of
Sciences of Ukraine, 19, 154-162 (in Ukrainian)]. https://
doi.org/10.15421/411937

Mazena, B.I., Tepems, L.II. (2000). Cawnimapnuii
CMan 0epesoCmanie ma npoexnt 3axo0ie Wooo Uo2o
noninuenns: memoouuni exaziexu. JIbBiB: VYKp.
IepiK. JICOTEXH. YH-T [Mazepa, V.G., & Terelya I.P.
(2000). Sanitary camp of woodworkers and project of vis-
its to the school. Lviv: Ukrainian State Forestry University
(in Ukrainian)]

ITorpe6nsk, I1. C. (1993). Jlicosa exonocis i munonozis
qicie. KuiB: HaykoBa mymka [Pogrebnyak, P.S. (1993).
Forest ecology and typology of forests.Kyiv: Scientific
thought (in Ukrainian)]

[Toxamox, O.M. (2017). 3HadeHHS BOJBEPHOTO
PO3BEICHHS JUKHUX TBApUH y 30€peKEeHH] PiAKICHUX
BUMIB 3BipiB. TepHoninbevbki 0ion02iuHi YUMAHHA:
Marepianu HayK.-nipakT. kKoH. (20-22 keitag 2017 p.,
TepHominb), 227-341. [Pohalyuk, O.M. (2017). The
value of free breeding of wild animals in the conservation
of wild species of animals. In Ternopil biological reading,
227-341. Ternopil, Ukraine: Ternopil National Pedagogical
University (in Ukrainian)]

IToxamiok, O. M. (2016). ILtsaxu mokpareHHs BeIeHHS
MUCJIMBCBKOTO TOCIOAApPCTBA B yMOBaX 3axiJHOTO
Momicest.  Ilepcnexmugu  pozeumky nicogoco ma
€a0o8o-naprogo2o  e2ocnodapcmeq.  Marepiaiu
Bceykpain. Hayk.-npakT. koHd. (14.12.2016 p.,
Ymanp), 166-167 [Pohalyuk, O.M. (2016).Ways to
improve hunting management in the conditions of Western
Polissya.In Prospects for the development of Forestry and
Horticulture, 166-167. Uman, Ukraine: Uman National
University of Horticulture (in Ukrainian)]

Xoenpkuit, II.b. (2011). Kowuyenyis possumky
MUCTUBCbKO20 2ocnodapcmea  3axioHo2o pezioHy
Yxpainu. JIbBiB: HIITY VYkpainu [Khoyetskyy, P.B.
(2011). The concept of development of the hunting

V. Mazepa, P. Khoyetskyy, A. Yatsyna. Impacts of hoofed animals on vegetation in aviaries of the Western Polissya of Ukraine 141



HaykoBi npaui JliciBHuyoi akagemii Hayk Ykpainu, 2020, Bun. 21

economy of the Western region of Ukraine. Lviv: Ukrainian
National Forestry University (in Ukrainian)]

Xoenpkui, [1. b., [Toxamok, O. M. (2014). Mucnuscbke
TOCIIOJApCTBO KpaiH €Bponu. Haykosuul 8icHUK
HIITY Yxpainu, 24.8, 42-52 [Khoyetskyy, P.B., &
Pokhalyuk, O.M. (2014). Wildlife Management in Euro-
pean Countries. Scientific Bulletin of Ukrainian National
Forestry University, 24.8, 42-52 (in Ukrainian)]. Retrieved
from https://nv.nltu.edu.ua/Archive/2014/24 8/9.pdf

Forejtek, P. (1999). Chov cerne zvere na Sloven-
sku. Myslivost. Straz myslivosti. Rocnik, 47 (6), 6-8
[Forejtek, P. (1999). Breeding black game in Slovakia.
Myslivost. Straz myslivosti. Rocnik, 47 (6), 6-8 (in Czech)]

Pintift, J. (2000a). Intensivni chovy elenovitych v Ceske
republice. Myslivost. Straz myslivost. Rocnik 48 (1),
4-6 [Pintif, J. (2000a). Intensive breeding of cervids in
the Czech Republic. Myslivost. Straz myslivost. Rocnik
48 (1), 4-6 (in Czech)] Retrieved from https://www.
myslivost.cz/Casopis-Myslivost/Myslivost/2000/
Leden---2000/Intenzivni-chovy-jelenovitych-v-
Ceske-republice

Pintit, J. (2000). Metody chovu v intensivnich chovech
jelenovitych. Myslivost. Strsz myslivosti. Rocnik, 48
(5), 14-15 [PintiF, J. (2000). Methods in intensive deer
breeding Myslivost. Strsz myslivosti. Rocnik, 48 (5), 14-15
(in Czech)]. Retrieved from https://www.myslivost.cz/
Casopis-Myslivost/Myslivost/2000/Kveten---2000/
Metody-chovu-v-intenzivnich-chovech-jelenovitych

Zbanek, S. (2000). Farmove chovy jelenovitych.
Myslivost. Strsz myslivosti. Rocnik, 48 (9), 14-15
[Zbanek, S. (2000). Farm breeding of deer. Myslivost.
Strsz myslivosti. Rocnik, 48 (9), 14-15 (in Czech)].
Retrieved from https://www.myslivost.cz/Casopis-
Myslivost/Myslivost/2000/Zari---2000/Farmove-
chovy-jelenovitych

Impacts of hoofed animals on vegetation in
aviaries of the Western Polissya of Ukraine
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The study results of hoofed animals impact on
vegetation in aviaries of different size of the Volyn
Regional Department of Forestry and Hunting are
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presented. The reaserch sites are laid in forest stand,
which belonged (before the construction of the aviary
and the arrangement of the feeding area) to one
taxonomic department that determines their forestry-
taxonomic identity what allows to apply the method of
comparative ecology.

The impact of hunting hoofed animals on forest
vegetation was studied in aviaries and forest stands of
Gubynsky, Karasynsky and Muravyshchansky forestry
units, which are part of the structure of state enter-
prises «Volodymyr-Volynske forestry», «Manevytsia
forestry» and «Kivertsy forestry», respectively. In oak
stands of the aviary of Gubinsky forestry for breeding
Sus scrofa, which has been operating since 2010, as of
2017, a twofold decrease in the species composition of
vascular plants was observed.

Outside the enclosure, 2 times more viable self-
seeding and undergrowth of Populus tremula, Ulmus
scabra — 8 times, and Sambucus nigra — more than
2 times were recorded. The coefficient of similarity
between the grass cover inside and outside the enclosure
is insignificant — 9.5%. Within the enclosure, a slight
change in the sanitary condition category of such
tree species as Salix caprea, Betula pendula, Populus
tremula, Quercus robur was registered. As a result of
exposure of wild boar within the enclosure, the sanitary
condition of Carpinus betulus trees has changed to
significantly weakened compared to healthy outside
the enclosure.

As of 2017, the grass cover restoration was registered
in the aviary of Karasinsky forestry for breeding Sus
scrofa, which operated from 2004 to 2010. In aviary
conditions the dominant herbs are Vaccinium myrtillus,
Vaccinium  vitis-ideaea, Calamagrostis  epigeios,
Pteridium aquilinum and Pleurozium schreberi. The
projective cover is dominated by Vaccinium myrtillus,
Calamagrostis epigeios and Pleurozium schreberi, their
total abundance is 41%. The coefficient of similarity of
grasses in the pine-birch stand of the aviary and outside
it is 61.5%.

Within the aviary of Muravyshchansky forestry,
where Bison bonasus, Cervuselaphus, Sus scrofa
are kept, the areas of intensive influence of hoofed
animals on forest vegetation are feeding grounds.
Self-seeding, undergrowth and undergrowth were
not found in pine-birch stands within the existing
feeding site. Crops and weeds that are not typical for
forest stands have been found in the vegetation within
the feeding site. A total of seven grass species were
identified, including a cultivated plant (4vena sativa)
and two weeds (Calysteria sepium, Chenopodium
album).

Cultivated plants enter the forest environment
together with the fodder they feed hoofed animals.
It was found out that with the cessation of animal
feeding, the composition of tree species and
undergrowth species on the feeding site was restored
and is identical to the vegetation outside it. Four years
after the cessation of feeding of hunting animals,
grain crops and weeds fall out of the grass cover of
the former feeding ground and the forest environment
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is restored. There are 25 species of herbs registered
here. The most common are Festuca ovina, Hieracium
pilosella, Vaccinium myrtillus and Calysteria sepium.
Hylocomium splendens (12%) and Vaccinium myrtillus
(8%) predominate in the projective cover. Coefficient
of similarity of the grass cover is 26.7%. The sanitary
condition of wood species on the functioning feeding
site has not changed significantly.

Key words: grass cover; young growth;
undergrowth; feeding ground; Sus scrofa; Bison
bonasus; Cervus elaphus.
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HBIE YYaCTKH 3aJI0KEHBI B HACAKICHUAX, KOTOPBIE /10
CO3/IaHUSl BOJBEPOB W YCTPONCTBA IMOJKOPMOYHBIX
TUTOIIAIOK TPUHAJICKATH K OJHOMY TaKCAIllMOHHO-
MY BBIIEITY, UTO NPEONPENEISIET UX JIECOBOICTBEHHO-
TaKCallMOHHYIO HJIEHTUYHOCTb W IO3BOJSET IpHUMe-
HUTH METOJ] CPAaBHUTEILHON HKOJIOTHH.

BrusiHue KONBITHBIX Ha JIECHYIO PacTHTEIHHOCTH
n3ydJaiau B BOJbepax M ApeBocTosx |'yomHckoro, Ka-
pacuHCKOTO W MypaBHUIAHCKOTO JIECHUYECTB, BXO-
JAIIUX B CTPYKTYpPY TOCYIapCTBEHHBIX MpPENIPHSI-
THil «Bragumup-BosbIHCKOE JIECOOXOTHUYBE XO3sM-
CcTBO», «MaHeBUUCKOe JiecHOe X03sicTBO U «KuBep-
I[OBCKOE JIECHOE XO3SHCTBO» COOTBETCTBEHHO. B my-
00BBIX npeBocTosx ['yOMHCKOTO J1-Ba, TIe 00ycTpoeH
BOJIbEP TIO pa3BeNleHUIO Sus scrofa, QyHKIIMOHUPYIO-
muit ¢ 2010 1., oOHapyKEHO YMEHBIICHHE B JBa pa3a
BHUJIOBOIO COCTaBa COCYOUCTBIX pacTeHuid. B mpene-
JaxX BOJbEpa KOJMYECTBO KU3HECIIOCOOHOTO camoce-
Ba 1 mopocta Populus tremula L. ymeHbIIMAIOCH B /1BA
pasa, Ulmus scabra Mill. — B BoceMb pa3, a Sambucus
nigra L. — 0onee 4eM B JBa pasa.

B Bonbepe Kapacunckoro n-Ba juid pa3seneHus Sus
scrofa, KOTOPBIM (YHKIIMOHMPOBAN Ha MPOTSIKECHUU
2004-2010 rr., mo cocrostauio Ha 2017 1. 3aperucrpu-
pOBaHO BOCCTAHOBIIEHHE TPaBSHOTO TMOKpoBa. Koad-
(hUIIMEHT CXOJICTBA TPaB B COCHOBO-O0EPE30BOM APEBO-
CTOE BOJIbEPA U 3a €€ IpeenamMu cocTasiser 61,5%.

B npexnenax Bonbepa, rae coaepkar Bison bonasus,
Cervus elaphus, Sus scrofa, 30HaMH WHTESHCUBHO-
IO BO3JIEHCTBUA KOMBITHBIX HA PACTUTEIHHOCTH SIB-
JISIOTCS TIOAKOPMOYHBIE TuTomaaku. Ha dyHkimonn-
pYIOIIe IIIOMAIKe OTCYTCTBYET CaMOCEB, MOIPOCT
W TIOUIECOK. YCTaHOBIIEHO, YTO C IpeKpalieHueM
WCITIOJIb30BaHUS MOJKOPMOUYHOM IUIOIIAJKH C TpaBsi-
HOTO IIOKpPOBa HCYE3aI0T 3E€PHOBBIE CEJIHCKOXO3SM-
CTBEHHBIE PACTEHUS M COPHSAKH, BOCCTAHABIMBAETCS
JIeCHasl PaCTUTEIbHOCTb.

KaroueBble cioBa: TpaBsSHOM MOKPOB; IMOAPOCT;
MOJUIECOK; TIOAKOPMOYHAas IUIoManKa; Sus scrofa;
Bison bonasus, Cervus elaphus.
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Ocob6nusocTi popmyBaHHA PiTOGIOTM NNOCKMX 3eNeHNX AaxiB
@KCTEHCMBHOTrO TUNy y M. JIbBOBi

O.€.TaneBny', M. 1. Copoka?

Jocniooceno makcoHomiunuil cknaod, 6i0eKoN0SIUHI Mma XOPONOSIUHI XAPAKMepUCmuKy Kyibmueo8anux 6udié poc-
JIUH NIOCKUX 3eleHUX 0axXie eKCmeHCUsHo2o muny. Buseneno cmpykmypui ocobiusocmi (propu Kyismuo8anux 6uois,
docaiddceno ix pieni Mopo3o- i sumocmitikocmi ma USDA-paiionysanius, 6usueHo epmuKaibHuil po3nooil munis 3e-
Jenux 0axis. /[na osenenenuss NOKpisenb UKOPUCIOBYIOMb 1 Aimb ocHo8HUX munie — « Ceoymuuti kunumy», «l azonnuil
oaxy, «yxmani mpasuy, «3naxosuii cad» i «Cad na daxyy. Binvuwicms émineHux npoexmie BUKOHAHO 3a MEXHOLOIEN
[ 3 BUKOPUCMAHHAM CYOCMPAmMIs, 2a30HHUX cymiuell i acopmumenmy pociut Himeyvkoi komnanii «ZinCo GmbH». Bu-
SABILEHO MAKOJIC 00 EKMU KOEKMUBHOT Ma NPUBAMHOL 61ACHOCTI y MATIONOBEPX08ill 3a0)0061, Oe 0Ji1 03eNeHeHHs 0aXi8
30TUCHEHO THOUBIOVALHI NPOEKMU, A ACOPMUMEHM POCIUH RIOIOPAHO 32I0HO npoekmHuux nponozuyit. Hailbinvuie oze-
JleHeHux 0axie cmeopeno na 6yoienax zageuwxu 10-20 m (45% 3enenux daxis). Taxooic nonyiapHuUM y Micmi € 03e1eHeH-
HA 0axie eucomuux srcumaosux 6yoieens 10-mu i suwux nogepxis (22%). /[na osenenenuss nIOCKUX 0axie 8UKOpUCMA-
Ho 230 eudis pocaun ma 105 ix kynemusapis. ¥V cnexmpi soicummesux ghopm dominyioms gpanepopimu (129 suois,; 44%)
i eemixpunmodgpimu (98, 33%). Binvwicms 6udie pociun, GUKOPUCMAHUX OISl O3€/leHeHHs 0aXi8, NPUPOOHO POCHIYMb Y
Iigoenno-Cxioniti A3ii — 56 euoie (24%), €eponi (50; 22%), Ilisniunii Amepuyi (39; 17%) ma €spasii (32; 14%); 11
6u0i6 (5%) maromo 2ibpuUOHe NOXO0AHCEHHS.

Cepeo npedcmasHuKie X6oUHUX Nepesadcaiomy KapiuKosi pOCIuHY 3 OIAKUMHUM 3a0apeLeHHAM X601, ceped auc-
MAHUX 0eped 1| Kyujie — CmpoKamoaucni, 00IaMOB8AHI ma NYPpRYPHOIUCTT HUZLKOPOCAL popmu. 1 az30nHi 0axu uKOHAHI,
NEPeBadICHO, NOCIBOM i3 MpPasoCyMiulell HU3bKOPOCIUX 31aKi8 Ma MIKPOKOHIOUUHY, OOHOPIUHT POCIUHU NPAKMUYHO He
BUKOPUCTNOBYIOMbCAL.

Ananiz 3umocmitixocmi 6udié NOKA3As, WO HA 3eleHUX 0axXax HauKkpawje 3umMylomsv GUuoU 3 CIPCbKUX pPalioHie
Lenmpanvroi i Cxionoi A3ii, 0e nanye konmuneHmanvhull Kaimam. Hamomicme 6uou 3 €6poneticbkux 2ip Maromv HUuiC-
yy sumocmitikicms. Po3nodin éudie 3a USDA-30namu noxazas, wo Haulbiibuie UKOPUCAHO 8UOI6 N'AMOI 30HU MOPO30-
cmitikocmi (96 euois; 33%), wiupoko npeocmasneni maxodic suou yemsepmoi (69, 23%) i mpemuwoi 3on (61; 21%).

Kniouoei cnosa: ozenenenns noxkpisens, uoosuti CKaao, Kyiemugapiu, oiomopghonoeiuna cmpykmypa,; Mopo30cmiti-
xicmb;, USDA-30nu.
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Beryn. O3seneHeHHSI eKCIUTyaTOBaHMX MOKpiBeNb
€ OJHWM i3 BHIIB IHTPOMYKIii POCIHH, SKHW TOTpe-
Oye HayKOBOI'O MiJIXOJy Ta PETEILHOrO MiJ0opy acop-
TUMEHTY 331 YCHIITHOTO (YHKIIIOHYBaHHS 3€JIEHUX
JaXiB — CaMOCTIHHOTO eIIeMEeHTY YpOOIEHO3Y, SIKHii
TMOKpalye €CTEeTHYHI XapaKTepUCTHKH MICBKOTO 03e-

JICHECHHsI 1 BHUKOHYE eKonorquy Ta eKOHOMlT-IHy poui.
3eneHi Jaxd, BKPUTI MOXaMU W TpaBaMmu, 3’ sSBUIIHCS
npuponHuM tuisixom y Ckanaunasii, [cmanmii, Ha oct-
poBax Oxeanii, y Cepenniii A3ii Ta Appwui. Ha croroz-
Hi JOCHIDKEHHS Yy HarpsiMi O3€JICHeHHS JaxiB JOBEIN
BUCOKY €()EKTUBHICTb TAKUX MIOKPIBEJIBHUX TEXHOJIOT1H.

OcranHi MaroTh Oararo mepeBar MOPIBHSHO 31 3BU-
YaifHIMHU JaXOBUMHU MaTepianamu. Bimomo, 1o 3a0y1o-
BaHi TepHTopi'l' 4yepes 3HaYHI TIOIII BOJJOHESITPOHUKHUX
TOBEPXOHB, SIKi TEPEIIKO/DKAIOTH MEPEBE/ICHHIO BOMH y
BHyTplIIIHLOI’pyHTOBI/IPI CTIK, TEHEPYIOTh 3HAYHO Oi1b-
1€ ONaJIOBOI BOJIM, aHDXK TEPUTOPIi, BKPUTI POCIHHA-
MU. 3BUYaiHI TaXu € BOJOHCTIPOHUKHUMH, & TOMY TXHE
03€JICHEHHS — OJIUH 13 CIIOCO0IB PETyITIOBaHHS OTajI0-
Bux ctokiB y wmicti (VanWoert et al., 2005; Villarreal
& Bengtsson, 2005; Getter & Rowe, 2006; Teemusk
& Mander, 2007; Simmons, Gardiner, Windhager &
Tinsley, 2008; Nagase & Dunnett, 2012; Nardini, Andri
& Crasso, 2012; Burszta-Adamiak, Lomotowski &
Wiercik, 2014; Tkauenxo, 2016; Ksit, & Pozegowiak,
2017), 1o 3HaYHO EKOHOMHTDH €HEPrOHOCIT, BUTpaYCHI
Ha KaHai3a1ito Ta BogosiaseneHus (Liu & Minor, 2005;
Menbanuyk, 2008; Castleton, Stovin, Beck & Davison,
2010; Feng, Meng & Zhang, 2010; Poorova, Vranay, &
Vranayova, 2016). OgHo9acHO 3€JIeHi TaxXu CIPHUSIIOTH
oM’ SIKIIIEHHFO MiChKOTO TTapHUKOBOTO edhekty (Kdhler
et al., 2002; Takebayashi & Moriyama, 2007; Wong &
Lau, 2013; Berardi, Ghaffarian Hoseini & Ghaffarian
Hoseini, 2014), naroTh 3MOTy MOKPAaIIUTH MiKpO-
kiimar OyxiBens (Palomo & Barrio, 1998; Niachou,
Papakonstantinou, Santamouris, Tsangrassoulis &
Mihalakakou, 2001; Theodosiou, 2003; Wong, Chen,
Ong, & Sia, 2003), 3MEHIIUTH OIyMOBE Ta XiMiuHE 3a-
opynaenns (Van Renterghem & Botteldooren, 2011) Ta
30UTBIIATH TEPMiH CIYXOW TOKPIBEIHHUX MarepialiB
(Kosareo & Ries, 2007).

AKTyalbHAM Ha ChOTOJHI € Tiibip serkux cy6-
crpariB s 3eneHnx aaxiB (VanWoert et al., 2005;
Getter & Rowe, 2006; Rowe & Monterusso, Rugh,
2006; Durhman, Rowe & Rugh, 2007) Ta acoptumen-
Ty POCIWH, TPUIATHUX JUIsI O3EJICHEHHS ITOKPiBEINb
(Thompson, 1998; Monterusso, Rowe & Rugh, 2005;
Villarreal & Bengtsson, 2005; Kohler, 2006; Rowe,
Monterusso & Rugh, 2006; Snodgrass & Snodgrass,
2006; Emilsson, 2008; Wolf & Lundholm, 2008; Getter
& Rowe, 2009; Nagase & Dunnett, 2010; Maclvor &
Lundholm, 2011; Susca, Gaffin & Dell’Osso, 2011;
Nagase & Dunnett, 2012; Blanusa, Monteiro, Fantozzi,
Vysini, Li, & Cameron, 2013; JIpsiuenko, Kiaumenko,
2013; Coma, Pérez, Solé, Castell, & Cabeza, 2016), ce-
pen SIKuX BCe YacTillle 3aCTOCOBYIOTH MPUPOIHI BUIU
(Butler, Butler & Orians, 2012; Benvenuti, 2014).

JloBeeHO BaKIIMBY pOJIb 3€JIEHUX JaxiB y 3011b-
nieHHi Oiopi3HOMaHITTSl ypOoneHo3iB i (opmyBaH-
Hi CBOEPITHUX E€KOCHCTEM, J€, OKPIM POCIHUH, BUXKH-

BarOTh 1 Oararo mpencraBauKiB ¢aynu (Kadas, 2005;
Baumann, 2006; Brenneisen, 2006; Dunnett, 20006;
Grant, 2006; Oberndorfer et al., 2007; Schindler,
Griffith, & Jones, 2011; Benvenuti, 2014; Williams,
Lundholm & Scott Maclvor, 2014; Sutton, 2015).

MikpokiniMar 1axis, sK i MaKpOKHiMaT periOHiB -
BE/IMYMHA IIHPOTHO- i BUCOTHO JETEPMiHOBaHi, Ipo-
T Ha JaXxaX MIKPOKIIMAaT Ma€ 30BCIM IHIII MOKA3HH-
K, aHDK Ha noBepxHi 3emui (Liu & Minor, 2005). Ha
JKUTTEBICTH POCIIMH Ha JIaXxax, OKPIM 3arajbHUX KiiMa-
TUYHUX TIOKa3HUKIB, MAlOTh 3HAYHUN BIUTUB TaKOX BHU-
cota OyaiBii, TOBIIMHA 1 TUI cyOcTpary, 1o00Ba amil-
JiTy[a TeMIIeparyp, BOJIOTICTh MOBITPs, HAIBHICTH T10-
JMBY Ta 3UMOBOTO BKPUTTS, @ TaKOX THII OKPiBelb-
HOTO MaTepiany, KM 3yMOBIIIOE JOJATKOBE Harpi-
BAHHsI BIITKY 1 OXOJIO/UKCHHS — B3MMKY. Y 3B’5I3Ky 3
UM, ruz[61p POC/IHH TOTpedye BUKOPHCTAHHS YITKUX
KPHUTEPIiB MPHUIATHOCTI BUIB JUIS O3CICHCHHS JIaXiB.
Ha mpakrtuiii »x BiH 0a3yeThCsl JIMIIE HA PEKOMEH]Ia-
I[iIX TPOEKTHUX KOMMaHii, a MPUHIUNU i METOIU
BUOOPY POCIUH JUIsl KOHKPETHHUX THIIIB JaxiB po3poo-
JIeHl Ty’ke a0, OCKUTBKY 1€ HOBHH HaMpsIM JIAH]I-
maTHOT ApXITEKTYPH, SIKUH TiTbKU HAIIPAIIbOBYE T€O-
peTuuHy 6a3y, 1 eKcliepUMEHTaIbHUX JaHUX 100 10~
BE/IIHKH POCIIMH HA BHCOTaX, HE MPUTAMaHHUX 1M Y
PUPOi, AyKEe MaJIo.

Takox HE ICHY€ €MHOTO IMOKa3HUKA, SKHH OJHO-
3HAYHO BU3HAYMB OW 3 IOCTATHIM PiBHEM IOCTOBIPHOCTI
YCHIMIHICTh IHTPOMYKIIi POCIUHHOTO BUIY Ha Jaxy.
OnHUM 13 TaKUX KPUTEPiiB € MOPO30CTIHKICTh BUIIB,
JUIST TIOKa3HUKA SIKOi BHKOPHICTOBYIOTH CEpemHi Oara-
TOpIYHI 3HAYEHHS MiHIMAJIBHHUX TEMIIEpaTyp, sKi 37a-
TeH BUTpUMaTH BHI. Llfo MeToauKy BIeplie 3ampo-
BaJIMB AMCPHKAHCHKHiA JCHAPOIIOT A. Render (1949),
BuimmBmm s teputopii CLIA i Kanamu cim arpo-
wiiMarnyaux 30H. G. Krussmann (1995) BukoHaB mo-
nione 3omyBaHHS ama €Bporm, a O.1. KomecHukos
(1974) — nnst Teputopii konumusoro CPCP.

3aragbHOBM3HAaHUM Ha cporogHi € USDA-
30HYBaHHS CBITY Ha 13 30H MOPO30CTIHKOCTI, pO3p00-
nene MiHicTepcTBOM cinbehkoro rocmonapctsa CLIA
(United States Department of Agriculture, USDA), sixe
€ TMIICTaBOO ISl IHTPOMYKIT Ta akiaiMaru3ariii poc-
JIMH, TEOPETHYHOIO MiI0CHOBOIO ISl IPAKTUKH 3€JIE€HO-
ro OyniBaunTBa (Heinze, Schreiber, 1984; Find Plants
by Hardiness Zone). Teputopis YKkpainn BIHCYeThCs
y I’ATY, IIOCTY 1 YaCTKOBO — y CbOMY 30HH, & TEPUTO-
pist M. JIbBOBa po3TamoBaHa y Mexax Mi30HHU 6a, sika
XapaKTepU3y€eThCA Aiara30HOM MiHIMAIbHUX TeMITepa-
Typ Bix -20,6 mo -23,3 °C. IIpore Bimomo, mIo i3 mpo-
CYBAaHHAM Ha CXiJl 1 3pOCTaHHSIM KOHTHHEHTAIBbHOCTI
KIiMaty, y KyJbTypi BH)KHBAIOTh OLIBII TEIUIONIOGHI
pociIMHY, HiX Le Bu3HaueHo USDA- -30HYBaHHAM. Hen
acrekT OyJ0 BHUPILICHO JOCTITUTH TAKOX 1y BHUMAL-
Ky 13 O3€JICHEHHSM JIaXiB Ta BCTAHOBHTH aCOPTHMEHT
pOCIIUH, SIKi AEKIIbKa POKiB BH)KHBAIOTh HA 1CHYIOUHX
3elieHUX Jaxax y M. JIbBOBI.

00’ekTH Ta MeToAMKA JocaizkeHb. 06 ‘ekm doc-
Ji0xcenHss — GOPMyBaHHS HACAIKEHb Ha IUIOCKHUX 3€-
JICHUX JlaXxaX eKCTCHCUBHOTO THITy B yMoBax M. JIbBo-
Ba. [Ipedmem Oocnidxcenns — cUCTeMaTH4Ha, 6i0MOp-
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(bororiyHa, €KOJIOTIYHA 1 XOPOJIOTidHA CTPYKTYpa KYIIb-
THBOBAHOI (MIOPH IUTOCKHX 3€JICHUX JIaXiB.

Mema Oocnioxcens TonsATrana B aHAITAYHOMY BH-
BUCHHI CKJaay 1 CTPYKTypW KyJIBTHBOBaHOI (ropu
3eJeHnX naxiB M. JIbBoBa Ta 3aificHEHHI 11 €KOJIOro-
(IIOPUCTUYHOTO aHAaTi3Y.

JlocmipkeHHST BUIOBOTO CKIIaJly POCIWH IIIOCKUX
3eJICHUX JIaxiB 3MiiCHIOBAIM BIpomoBx 2016-2020 pp.
METOIOM OOIKOBUX IIJSHOK. Bu3HaueHHs BUIIB poc-
JUH Ta iX KyJAbTHUBApiB BHKOHYBAJIH 3a JOMOMOTIOIO
crieriayii3oBaHuX BU3HauHUKIB (JlepeBbs W Kycrap-
HUKH..., 1949-1962; Ilo6pouaeBa, Koros, [IpoxynuH,
1987; Konecuukos, 1974; Koxuo, 2001, 2002; Cheers,
2003). JlaTMHCHKI Ha3BW CYIWHHHMX POCIUH HaBeIeHi
3a TaKCOHOMIYHOIO €JeKTPOHHOI0 0a3oro nmaHux The
Plant List. XKurreBi ¢popmMu pocanH BHOKPEMIICHO 3a
C. Raunkiaer (1934), a Tumnu 03eJIeHEHHS J]aXiB BU3HA-
yaJid 3a JIOMiHyrouuMu OiomMopdamu. 30HH MOPO30-
cTifikocTi HaBeseHi 3a kareropissmu USDA-30HyBaHHS
€pporn (Heinze, Schreiber, 1984; Find Plants by
Hardiness Zone; Climatic zoning). [lo xoponoridsno-
ro aHaizy OyJ0 3aJIydeHO JIUILE BUIN POCIHH, 10 0io-
Mopddonorigaoro anamizy i USDA-30HyBaHHS — BC1 BU-
3HAuUEeH1 BUJM 1 KYJIbTUBApH.

Pesyabratn Ta odroBopenHsi. Y M. JIbBOBI 3ene-
Hi maxu modanu cnopymkysata 3 2013 poxy. Ilepe-
Ba)KHa OUTBIIICTH cepel HUX — 1€ eKCTEHCHBHI Jaxu
3 oOMexxeHMM AocTynoMm Joneil. Hadmommpenimm-
MU y M. JIbBOBI € CHCTEMU O3€JICHEHHS J]aXiB HIMEIlb-
koi kommanii «ZinCo GmbH», mpeacTaBHUKOM SIKOT
B YkpaiHi € «ZinCo Ukrainey». Ilix gwac obnmamryBan-
HSI 3€TICHUX JaxXiB 3a Ii€10 TEXHOJIOTI€I0 BUKOPUCTOBY-
I0Th CyOCTparTH i3 TOJIETIIEHUX KOMITIO3UTHHX Marepia-

JB, @ aCOPTUMEHT POCIWH MiAOMPAIOTh 3a CTaHAAPT-
HAMH Kputepismu (Kamanoe cmanoapmuuix pete-
nuu ZinCo). HatomicTh 3eneHi gaxu NpUBaTHUX Oy/Ii-
BeJIb MAlOTh HA0araTo MIMPIINA aCOPTUMEHT POCIHH,
a'y podi cybcTpaTiB TYT BUKOPUCTOBYIOTh ITOKpAIIEH,
iHOA1 — 1 yHiBepcanbHi TpyHTOCYMiWi. ExciepumenTn
3 BUJIOBUM CKJIJIOM POCIIMH TYT YacTO 3aBEPILIYIOTHCS
OJTHOPIYHUMU TIOCAJIKAMHU, OCKIJTBKU OCOOJIUBI YMOBHU
JlaxiB Oy/IiBeNb € HAHKpAIIUM PYIIiEM ITPUPOTHOTO J10-
00py BHIIOBOTO CKIIaIy, IO JOOpE MOMITHO B TIPOIECi
aHai3y MOPO30- 3UMO- Ta IMOCYXOCTIHKOCTI BUKOPHC-
TaHUX POCITHH.

VYrpomosx 2016-2020 pp. Ha Tepuropii M. JIpBo-
Ba Oyro oOctexkeHo 18 00’€KTIB 3 €KCIUTyaTOBaHUMHU
TUIOCKUMH TTOKPIBJISIMH, Ha SKUX BIAIITOBAHO O3elie-
HEHHsI eKCTEHCHBHOTO TUITY 200 3 MiHIMallbHUM 1HTEH-
CHUBHMM HaBaHTaXkeHHAM. Cepesa ycix IOCIHiIKEHUX
00’exTiB y M. JIbBOBI BUSIBICHO 1I’ATh THUIIIB O3eJe-
HeHHs JaxiB — «CenyMHUN Kuium», «[ 'a30HHUNT 1ax»,
«JlyxmsiHi TpaBmy, «3makoBuii cag» 1 «Cag Ha Iaxy».
Haitvacrimie BoHM BIamITOBaHI Ha JIEPKABHUX YCTaHO-
Bax 1 0araTrornoBepXoBUX KUTIOBHUX OymiBisix. CamiH-
HSl POCIWH 3iHCHIOIOTH O€3MocepenHbo y cyodcrpar
PI3HOI TOBITWHY, IHKOJI — y TPAIN 9U KOHTCHHEepH. Y
TIpoIIeci TOCTIKEHb BUIOBOTO CKIIAAY POCIHH TUIOC-
KUX 3€JICHUX JaXiB BCTAHOBJIEHO, 1[0 B IXH1i KOMIIO3H-
uii Bukopuctano 230 BuaiB pociun ta 105 iX KyabTH-
BapiB, a 3arayiom 292 takconu (Tadn.).

AHani3 11eHo(JI0pU KYIBTUBOBAHUX HA JIaXax BH/IIB
3aCBIIYMB, IO 32 KUTTEBUMU (hOpPMaMHU MTEPEBAKAIOThH
¢danepoditu (129 Buais; 44%), npyry rpymy ckianga-
10Th TeMikpuntoditu (98; 34%). MeHIe BUKOPUCTAHO
kpunroditiB (34; 12%), xameditiB (27; 9%), 1 npak-
TUYHO He 3acTocoBaHo TepodiTiB (5; 2%) (puc. 1).

Tabnuys

TakcoHOMIYHUI CKJIAJ POCIHUH MJIOCKUX 3eJIeHUX JaXiB eKCTEHCHBHOTO THITY

Acanthus mollis L.

Acer campestre L.

Acer palmatum Thunb.

Acer platanoides L. ‘Crimson King’

Acer rubrum L.

Acer tataricum subsp. ginnala (Maxim.) Wesm.
Aethionema grandiflorum Boiss. & Hohen.
Agrostis stolonifera L.

Agrostis stolonifera L. ‘Kromi’

Agrostis capillaris L.“Highland’

Akebia quinata (Houtt.) Decne

Alchemilla mollis (Buser) Rothm.

Allium cristophii Trautv.

Allium karataviense Regel

Amelanchier canadensis (L.) Medik.
Amelanchier lamarckii F.G. Schroed.
Amelanchier arborea (F. Michx.) Fernald ‘Robin Hil’

Anaphalis triplinervis (Sims) Sims ex C.B. Clarke
‘Sommerschnee’

Juniperus horizontalis Moench ‘Blue Chip’

Juniperus procumbens (Siebold ex Endl.) Miq. ‘Nana’
Juniperus sabina (Aiton) A.E. Murray ‘Tamariscifolia’
Juniperus sabina (Aiton) A.E. Murray ‘Femina’
Juniperus scopulorum Sarg.

Juniperus scopulorum Sarg.‘Skyrocket’

Juniperus squamata Buch.-Ham. ex D. Don ‘Blue Carpet’
Juniperus squamata Buch.-Ham. ex D. Don ‘Blue Star’
Juniperus virginiana L.

Kerria japonica (L.) DC.

Kniphofia uvaria (L.) Oken

Kolkwitzia amabilis Graebn.

Lavandula angustifolia Mill.

Leontopodium nivale (Ten.) Huet ex Hand.-Mazz.
Leucanthemum vulgare (Vaill.) Lam.

Leymus arenarius (L.) Hochst.

Liatris spicata (L.) Willd. ‘Alba’

Liatris spicata (L.) Willd. ‘Kobol’
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Ipooososc. maodn.

Anemone pulsatilla L.

Aquilegia vulgaris L.

Arabis caucasica Willd.

Armeria maritima (Mill.) Willd.

Aronia melanocarpa (Michx.) Elliott
Artemisia stelleriana Besser ‘Boughton Silver’
Astilbe rubra Hook.f. & Thomson

Azorella trifurcata (Gaertn.) Pers.

Begonia cucullata Willd.

Berberis x frikartii C.K. Schneid. ex Vandel. ‘Verrucandii’
Berberis thunbergii DC.

Berberis thunbergii DC. ‘Atropurpurea’
Berberis thunbergii DC. ‘ Atropurpurea Nana’
Berberis thunbergii DC. ‘Helmond Pillar’
Berberis aquifolium Pursh

Bergenia crassifolia (L.) Fritsch

Betula pendula Roth

Betula utilis D. Don ‘Doorenbos’

Buddleja alternifolia Maxim.

Buddleja davidii Franch.

Buddleja davidii Franch. ‘Empire Blue’

Buglossoides purpurocaerulea (L.) 1. M. Johnst.

Buxus sempervirens L.

Calamagrostis epigejos (L.) Roth

Campsis radicans (L.) Seem.

Carex montana L.

Carex ornithopoda Willd. ‘Variegata’
Caryopteris incana (Thunb. ex Houtt.) Miq.
Catalpa bignonioides Walt. ‘Nana’

Cerastium tomentosum L.

Chaenomeles japonica (Thunb.) Lindl. ex Spach
Chamaecyparis lawsoniana (A. Murray bis) Parl.

Chamaecyparis lawsoniana (A. Murray bis) Parl. ‘Minima
Glauca’

Chamaecyparis pisifera (Siebold & Zucc.) Endl.

Chamaecyparis pisifera (Siebold & Zucc.) Endl.
‘Boulevard’

Chamaemelum nobile (L.) All. ‘Plena’
Clematis alpina (L.) Mill.

Clematis tangutica (Maxim.) Korsh.
Clematis vitalba L.

Clematis jackmanii T. Moore
Clinopodium nepeta (L.) Kuntze
Cornus alba L. * Argenteo-marginata’
Cornus alba L. ‘Aurea’

Cornus alba L. ‘Elegantissima’
Cornus alba L. ‘Sibirica’

Cornus controversa Hemsl.

Ligustrum vulgare L.

Lolium perenne L.

Lolium perenne L. ‘Bloomfield’

Lonicera acuminata Wall.

Lonicera ligustrina var. pileata (Oliv.) Franch. ‘Variegata’
Lonicera x tellmanniana Meisn.

Luzula nivea (Nathh.) DC.

Lychnis coronata Thunb.

Matricaria breviradiata (Ledeb.) Rauschert
Miscanthus sinensis Andersson

Nepeta * faasenii Bergmans ex Stearn
Nothofagus antarctica (G. Forst.) Oerst.
Oenothera macrocarpa Nutt.

Oenothera missouriensis Sims

Origanum majorana L.

Origanum vulgare L.‘Compacta’
Pachysandra terminalis Siebold & Zucc.
Panicum virgatum L.

Panicum virgatum L. ‘Heavy Metal’
Parthenocissus quinquefolia (L.) Planch.
Parthenocissus tricuspidata (Siebold & Zucc.) Planch.

Parthenocissus tricuspidata (Siebold & Zucc.) Planch.
“Veitchii Robusta’

Pennisetum alopecuroides (L.) Spreng. ‘Hameln’
Perovskia abrotanoides Kar.

Phedimus selskianus (Regel & Maack) ‘t Hart ‘Spirit’
Philadelphus coronarius L. ‘Dame Blanche’

Phuopsis stylosa (Trin.) Hook.f. ex B.D. Jacks ‘Purpurea’
Physocarpus opulifolius (L.) Maxim. ‘Luteus’

Picea abies (L.) H. Karst. ‘Little Gem’

Picea glauca (Moench) Voss. ‘Conica’

Picea omorika (Pancic) Purk. ‘Nana’

Pinus cembra L.

Pinus heldreichii Christ
Pinus heldreichii Christ ‘Compact Gem’
Pinus mugo Turra ‘Gnom’

Pinus mugo Turra ‘Mops’

Pinus mugo Turra ‘Pumilio’
Pinus mugo Turra ‘Mughus’
Pinus nigra J.F. Arnold

Pinus sylvestris L.

Pistorinia hispanica (L.) DC.
Platycladus orientalis (L.) Franco
Poa pratensis L.

Poa pratensis L. ‘Broadway’

Poa pratensis L. ‘Evora’

Poa pratensis L. ‘Sobra’

0. Galevych, M. Soroka. Percularities of forming of phytobiota formation of the flat green roofs of extensive type in the city of Lviv

147



HaykoBi npaui JliciBHuyoi akagemii Hayk Ykpainu, 2020, Bun. 21

IIpooosoic. maba.

Cornus kousa F. Buerger ex Hanse Poa pratensis L. ‘Mercury’

Cornus kousa F. Buerger ex Hanse ‘Milky Way’ Polypodium vulgare L.

Cornus mas L. Potentilla fruticosa L.

Cornus sanguinea L. Prunus laurocerasus L.

Corylopsis pauciflora Siebold & Zucc. Prunus nigra Aiton

Corylus colurna L. Pyracantha coccinea M. Roem.
Cotinus coggygria Scop. ‘Royal Purple’ Rhododendron catawbiense Michx.
Cotoneaster adpressus Bois Ribes alpinum L.

Cotoneaster bullatus Bois Ribes sanguineum Pursh
Cotoneaster dammeri C.K. Schneid ‘Coral Beauty’ Rosa canina L.

Cotoneaster dammeri C.K. Schneid ‘Streibs Findling’ Rosa multiflora Thunb.
Cotoneaster dammeri C.K. Schneid ‘Major’ Rosa rugosa Thunb.

Cotoneaster divaricatus Rehder & E.H. Wilson Rosa spinosissima L.

Cotoneaster horizontalis Decne Rudbeckia hirta L.

Cotoneaster lucidus Schltdl. Salvia sclarea L.

Cotoneaster microphyllus Wall. ex Lindl. Salvia splendens Sellow ex Schult.
Crataegus coccinea L. Santolina chamaecyparissus L.
Crocus tommasinianus Herb. Schisandra chinensis (Turcz.) Baill.
Cymbalaria muralis P. Gaertn., B. Mey. & Scherb. Sedum acre L.

Cytisus x kewensis Bean Sedum acre L. ‘Aureum’
Dasiphora fruticosa (L.) Rydb. ‘Alba’ Sedum aizoon L.

Deschampsia cespitosa (L.) P. Beauv. Sedum aizoon L. ‘Euphorbioides’
Deutzia gracilis Siebold & Zucc. Sedum album L.

Dianthus alpinus L. Sedum album L. ‘Coral Carpet’
Dianthus arenarius L. Sedum alpestre Vill.

Dianthus gratianopolitanus Vill. Sedum ewersii Ledeb.

Digitalis purpurea L. Sedum forsterianum Sm.
Duchesnea indica (Jacks.) Focke Sedum hidakanum Tatew. ex Kawano
Elaeagnus angustifolia L. Sedum hispanicum L.

Elymus canadensis L. Sedum hispanicum L. ‘Blue Carpet’
]:(:]Lézl)(rl?/mus fortunei (Turcz.) Hand.-Mazz. ‘Emerald ‘n’ Sedum hybridum L.

Euonymus fortunei (Turcz.) Hand.-Mazz. ‘Gracilis’ Sedum kamtschaticum Fisch.
Euphorbia myrsinithes L. Sedum rupestre L.

Festuca amethystina L. Sedum rupestre L. ‘Angelina’
Festuca gautieri (Hack.) K. Richt. ‘Pic Carlit’ Sedum rupestre L. ‘Blue Spruce’
Festuca glauca Vill. Sedum sexangulare L.

Festuca rubra L. Sedum sarmentosum Bunge
Festuca rubra L. ‘Jasperina’ Sedum sichotense Vorosch.

Festuca rubra L. ‘Mystic’ Sedum spectabile Boreau

Festuca rubra L. ‘Rossinante’ Sedum spectabile Boreau ‘Brilliant’
Festuca rubra L. ‘Greenlight’ Sedum spectabile Boreau ‘Herbstfreude’
Festuca rubra L. ‘Casanova’ Sedum spurium M. Bieb.

Festuca rubra L. ‘Raymond’ Sedum spurium M. Bieb. ‘Roseum’
Festuca rubra L. ‘Sergei’ Sedum spurium M. Bieb. ‘Purpur Winter’
Festuca rubra L. ‘Chancellor’ Sorbus americana Marshall
Festuca rubra L. ‘Carousel’ Sorbus aucuparia L.

Festuca rubra L. ‘Rufilla’ Spiraea x arguta Zabel
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IIpooososc. maodn.

Festuca rubra L. ‘Mustang’

Festuca trichophylla (Ducros, ex Gaud.) K. Richt.

Festuca trichophylla (Ducros, ex Gaud.) K. Richt.
‘Bomado’

Forsythia % intermedia Zabel

Fragaria vesca L.

Genista lydia Boiss.

Genista radiata (L.) Scop.

Genista tinctoria L.

Geranium dalmaticum (Beck) Rech. f.
Geranium macrorrhizum L. ‘Spessart’
Geranium sanguineum L.

Gypsophila paniculata L.

Hedera helix L.

Heuchera sanguinea Engelm.

Heuchera villosa Michx.

Hosta sieboldiana (Hook.) Engl. ‘Obscura’
Hydrangea arborescens L. ‘Annabelle’
Hydrangea paniculata Siebold

Hydrangea petiolaris Siebold & Zucc. ‘Anomala’
Hypericum polyphyllum Boiss. & Balansa
Hyssopus officinalis L.

1lex crenata Thunb.

Inula ensifolia L.

Iris x germanica L.

Iris pumila L.

Iris barbatula Noltie & K.Y. Guan
Jasminum nudiflorum Lindl.

Juncus conglomeratus L.

Juniperus x media V.D. Dmitriev
Juniperus x pfitzeriana (Spéath) P.A. Schmidt
Juniperus x pfitzeriana (Spath) P.A. Schmidt ‘Gold Coast’
Juniperus chinensis L.

Juniperus communis L.

Juniperus communis L. ‘Repan’

Juniperus horizontalis Moench

Spiraea x bumalda Burv.

Spiraea betulifolia Pall.
Spiraea douglasii Hook.

Spiraea japonica Desv. ‘Goldflame’

Spiraea thunbergii Siebold ex Blume ‘Ogon’
Sporobolus heterolepis (Gray) A. Gray
Stephanandra incisa (Thunb.) Zabel ‘Crispa’
Stipa calamagrostis (L.) Wahlenb. ‘Lemperg’
Symphoricarpos % chenaultii Rehder
Syringa oblata Lindl.

Syringa pubescens Turcz.

Tamarix chinensis Lour.

Taxus x media Rehder

Taxus baccata L.

Taxus cuspidata Siebold & Zucc.‘Nana’
Teucrium chamaedrys L.

Thuja occidentalis L. ‘Ericoides’

Thuja occidentalis L. ‘Globosa’

Thuja occidentalis L. ‘Hoseri’

Thuja occidentalis L. ‘Holmstrup’

Thuja occidentalis L. ‘Smaragd’

Trifolium repens L. ‘Rivendel’

Trifolium repens L. ‘Pipolina’

Trifolium repens L. ‘Liflex’

Tsuga canadensis (L.) Carriere

Tulipa gesneriana L.

Viburnum farreri Stearn

Viburnum opulus L.

Vinca minor L.

Vitis californica Benth. ‘Roger’s Red’
Waldsteinia ternata (Stephan) Fritsch
Weigela florida (Bunge) A. DC.

Weigela florida (Bunge) A. DC. ‘Nana Variegata’
Weigela florida (Bunge) A. DC. ‘Red Prince’
Yucca filamentosa L. ‘Variegata’

XopororigHa CTPYKTypa IIEHO(IOpH KyThTHBOBA-
HUX BUJIIB CBIIYUTH, IO 32 MOXO/PKCHHAM TYT Haii-
OinpIlIe POCIMH, MPUPOAHO TomupeHux y IliBneHHo-
Cxigniit Azii (56 Bumis; 24%) ta €spomi (50; 22%).
Jus 11 Bunis (5%) TiOpHIHOTO MOXOKEHHS apeay He
Bu3HaueHo (puc. 2). Tepuropis m. JIbBoa 32 USDA-
30HYBaHHSAM HAJICKHUTD 10 6a MiI30HH MOPO30CTIHKOC-
Ti, TO/I SIK B O3€JICHEHHI JIaXxiB HailOibIlIe BUKOPUCTA-
HO BHIIB 1T’ s1T01 30HH (96 BUiB; 33%) i MPaKTHUYHO HE
BUKOPHUCTAHO BUIB BOCEMOI (5; 2%), neB’sroi (1; 1%)
1 gecsitoi 30H (2; 1%) (puc. 3).

BucoTHmi po3moin 3eIeHUX 1axiB 3aCBIYMUB, 110
BOHHU pO3TaInoBaHi Ha BucoTax Bim 3 mo 40 m. Haii-

OlbIIIe 3eNIeHNX TaxiB CTBOPEHO Ha OY/IiBIIIX 3aBBHIII-
ku 10-20 M (45%). [omynsipauM € 03eNCHEeHHS axiB
BUCOTHUX JKUTJIOBHX OymiBenb 10-TH i BUIE MOBEp-
xiB (22%) Ta rapaxiB 10 5 M (11%) (puc. 4). Posmo-
T TaXiB 32 TUMIAMH O3€JICHEHHS CBiTYHTH, IO Ha Oy-
JUBJISIX JI0 5 M CTBOPIOIOTh, MIEPEBAXKHO, TA30HHI JIaXH,
y BUCOTHOMY Aiama3oHi 10 20 M BUKOPHUCTOBYIOTH BCI
CHCTEMH O3€eJIEHEHHs 1axiB, a Ha BucoTi 40 M 1 Olblire
HaifuacTilie BUKOPUCTOBYIOTh «CeqyMHHI KUIIUMY 32
Y9acTIO 3J1aKiB.

AHaJi3 3MMOCTIMKOCTI BH/IIB MOKAa3aB, 10 Ha 3eJIe-
HUX JlaxaX HalKpaile 3uMYIOTh BUH 3 KOHTUHEHTAIIb-
HUX Tipchkux paiioniB llenTpambroi i CximHoi A3ii,
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HaTOMICTh MOHTaHHI €BpOTICHCHKI BUIN MAIOTh 3HAYHO
HIDKYY 3uMocTiiikicts. Ha BucoTax moHax 5 M pery-
JSIpHO TiaAMep3atoTh Azorella trifurcata, Stephanandra
incisa ‘Crispa’, Clematis jackmanii, Sedum album
‘Coral Carpet’, Sedum ewersii, a BIITKy y BUIIQKy He-
HAJIGKHOTO TOJIMBY TUHYTh Pachysandra terminalis,
Picea glauca ‘Conica’, Leymus arenarius.

12%

44%

33%
B Ganepoditu ® ['emikpunroditu
B Kpunrtoditu B Xameditu
B Tepoditu

Puc. 1. biomopornoriuna cTpyKkTypa KyJIbTHBOBAHOT
(hitopu 3esIeHUX AaxiB

o 3% 1%
3%3/0

4% 24%
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Puc. 2. Xoponoriyna cTpyKTypa KyJIbTHBOBaHOI (opu
3€JIeHUX J1aXiB

0 19
3%2A) 1%
5%

12% 33%

21%
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Puc. 3. Posnoxin BuniB 3enenux gaxis 3a USDA-30HaMu

11%

22%

45%
BJ/lo5M ®5-10m
@10-20m B Bineine 20 m

Puc. 4. Po3nozin miockux 3ejIeHUX JaxiB 3a BUCOTAMU
OymiBeib

Komnosuniiiuuii aHani3 1eKOpaTMBHUX HAcaHKEHb
3aCBiIYMB, 10 HAUMOIIUPEHIIINM CTHIIEM O3€JICHEH-
HSl JaxiB € mek3akHuil. Jlumie Ha OBOX Jaxax CTBO-
PEHO KOHTEHMHEpPHUM CaJi MOJIYJBHOIO THUILY Y pery-
aspHoMy cTiti. Cepell CUCTEM 3€JICHUX JIaxiB JIOMi-
Hye «CemyMHUN KHIUM», SIKHH MTOTpeOy€e MiHIMalb-
HOT TOBIIUHK CYyOCTpaTy Ta € HAMJIEruM 3a Macoro.
«CenyMHHI KWJIMM» CTBOPEHO Ha JlaxaX Oi0MioTeKH
VYkpaincbkoro karosmibkoro yHiBepcutety (YKYVY),
Oi3Hec-1leHTpy «JlereHma», KUIBKOX OyJliBesib Ha
ByJ1. boprHsHcbkoro, Kozenbuuibkoi, Kusruni Oib-
TH Ta 3eJeHUX 3ynuHKax (puc. 5, 6).
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Puc. 5. «Cenymunit kunmnmy, 6i6miorexka YKY
(poto O. I'aneBuy)

Puc. 6. «Cenymumii kuiumy», 6i3Hec-ueHTp «Jlerenma»
(poto O. I'aneBuy)

CI/ICTeMy «Jdyxmsni TPaBH» Y M. JIbBOBI 3acToCO-
BYIOTH Haipijie, [Uis HEi BUKOPHCTOBYIOTH K Ipsi-
JIOBi, Tak 1 KoHTeHHepHI mocanku. lle kommosmmii
Yy Cepea3eMHOMOPCHKOMY CTHJI 3 BHKOPUCTAHHSIM
e(hipoHOCHUX TpaB 1 HamIBKYLIMKIB 3 poauH Lamia-
ceae, Geraniaceae i Apiaceae — Clinopodium nepeta,
Geranium dalmaticum, G. macrorrhizum ‘Spessart’,
Hyssopus  officinalis,  Lavandula  angustifolia,

Nepeta * faasenii, Origanum majorana, O. vulgare,
Perovskia abrotanoides, Santolina chamaecyparissus,
Waldsteinia ternata, sixi CTBOPIOIOTH CyOTpOMiYHHIA
koJopuT. BoHu cTBOpeHi Ha naxax OyniBenb Ha BYII.
BoprasHCckKoTO 1 Bomogumupa Benmkoro.

Cucremy o3enenenHs «['a30HHMNA qaxX» HaWIaCTIIIe
BUKOPUCTOBYIOTh Ha IJ3EMHHX MapKiHrax 4u mepe-
KPUTTSX TEXHIYHHUX OyAiBenb. OCTaHHIM 4acoM iX Biia-
IITOBYIOTh TAKOX Ha JIaXaxX HaJ3eMHHX MAapKiHTiB, SIK,
Hanpukiaa, Ha Bya. Kasruai Oneru ta Osxeniko, abo
Ha BUCOTHHX OyniBisx (padpuxa « TpembiTay), ne Bia-
IITOBYIOTh BIJIMIOYMHKOBI 30HU. ["a30HH1 JaX¥ 4acTo MO-
€IHYIOTh 3 JUTSYMMH 1 CIOPTUBHUMH MaiaHYNKaMHU.
YV TakoMy BHITJIKy J1aX € iIHTEHCHBHOTO THITY, aJIe 3aMO-
[IeHHS TTOIMEPHIMH MaTepiajaMy 1 TYMOIO OCHOBHOI
YaCTUHH MaiJJaHUUKa JIa€ 3MOTY Ta30HaM 3aJIMIIaTUCS
HEEKCIUTyaToBaHUMHU. J[J1si ra30HHUX J1axiB HauacTile
BHUKOPHCTOBYIOThH CyMillli HU3BKOPOCTHX 37aKiB «JIifmi-
ny™», «Kanana Ipin» 1 «['HOM», 200 BUKOPUCTOBYIOTh
PYJIOHHHNA Ta30H, BHPOIICHWHA i3 THX K€ HHU3BKOPOC-
nux Tpas. lle, 3a3Buuaii, Festuca rubra ta 1 KynsTH-
Bapu ‘Jasperina’, ‘Mystic’, ‘Rossinante’, ‘Greenlight’,
‘Casanova’ Ta ‘Raymond’ 3 JTOMIIIKOIO 1HIIUX HU3BKO-
pociux 3nakiB — Festuca trichophylla, Lolium perenne
‘Bloomfield’, Poa pratensis ‘Broadway’, ‘Evora’,
‘Sobra’i ‘Mercury’. Ha naxax HamiBiHTEHCUBHOTO THITY
y Ta30HHY CyMilll MHiJCiBalOTh Cy4yacHi MIKpPOCOPTH —
Trifolium repens ‘Rivendel’,Pipolina’, ‘Liflex’ Ta iH.

OparmeHTapHO Ha Jaxax (OPMYIOTh KOMIIO3H-
mii i3 BHCOKOPOCTHX 3J1aKiB, YTBOPIOIOYH «3JaKO-
BUH cany, Hanpukiay, Ha OyxiBisx YKY, Byn. Kynb-
napkiBcbka, bopTtHAHCBKOTO, JlMuakiBchka Ta Mop-
IIMHCHKA. Y TakWX MocajKax JOMiHyIOTh Miscanthus
sinensis, Pennisetum alopecuroides, Calamagrostis
epigejos, Elymus canadensis, Festuca amethystina,
Panicum virgatum ‘Heavy Metal’, Stipa calamagrostis
‘Lemperg’ (puc. 7).

HaiteekTHimmM 1 BApTiCHUM IPHHOMOM 03€JICHEH-
Hsl 1axiB € «Cajl Ha Jaxy», SKHil MOXKHA CTBOPUTH JIHILE
Ha MOTYXHOMY mmapi cyGerpary. Llini kommosumii abo
OerMl CJIEMEHTH TaKOTO Cajy MOXKHA 1100auuTH Ha Oy-
niBmax YKV Ta OyniBnsax mo Byn. boprasHChKOTO, JIN-
yakiBchKoi, MopinHcbkoi, Kasruni Onbru (puc. 8).

Puc. 7. ®parmentu «3nakoBoro caay» Ha Oynisii YKV (poto O. ['anesny)
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Yacto Ha jaxax rapaxis CTBOPIOIOTH TUTAYI Maii-
JaHYUKH 1 CIIOPTMBHI 30HH, MOE€AHAHI 13 Ta30HAMH,
KOMIIO3UIIISIMH 3 JIEpeB 1 KYIIIB, a TaKOX KOHTEHHep-
HUMH TOCaJKaMH JepeB. Lle cTBoproe mpereneHt
MO€AHAHHS €KCTEHCUBHOI Ta IHTEHCUBHOI 30H Ha Of-
HOMY J1aXy, CYyTT€BO YCKJIAJHIOE€ SK KOHCTPYKIIO Ta-
KOTO Jaxy, TaK i KOMITO3UIIifHY TOOY/I0BY O3€JICHEHHS,
3YMOBJIIOE TAOIp CIIEU(IYHOTO ACOPTUMEHTY POCIHH

(puc. 9).

Puc. 9. «Can na naxy» no Byn. Kusiruni Onbru
(dpoto M. Copokn)

BucnoBku. He3Baxaroun Ha Te, 10 O3EJICHEHHS
IJIOCKUX JiaxiB M. JIbBOBa TUIbKHM OYMHAE PO3BUBA-
THCS, TYT MIPEACTABICHI MPAKTUYHO BCI BiIOMIi CHCTe-
MH O3€JICHeHHS, 3alIPOITIOHOBAHI HIMEIIHKOIO KOMITaHi-
€10 «ZinCo Ukraine», 3a BUHATKOM «KBiTy4oi TyKu»
Ta «AJbmiHapito». Y Tporeci MTOCITiIKEeHb BHIOBO-
TO CKJIaJly POCIWH BCTAHOBJICHO, IO Y POCIMHHHX
KOMITO3UIISIX TUIOCKHMX 3CJICHUX JaxiB BHKOPHUCTa-
HO 230 BHUAIB pociuH Ta 105 ixnix xynsruBapis. Ce-
P/l IPEICTABHUKIB XBOMHHX MEPEBAKAIOTH KapJTuKO-
Bl POCJIMHH 3 OJIAKUTHUM 3a6aaneHH51M XBOi, cepen
JUCTSHUX JIEPEB 1 KYIIiB — CTPOKATOJINCTI, oGIIMOBA-
Hi Ta MypIIypHOJIUCTI HU3bKOpOCHi popmu. 3a )KUTTeE-
BUMHU (pOpMaMH Ha Jlaxax MepeBakaroTh GpaHepodiTu
(129 Bunais; 44%), remikpunroditu (98; 34%), kpur-
toditu (34; 12%). Po3monin BUAIB 3eleHUX JaxiB 3a
USDA-30HamMu mokazaB, I10 HaHO1JIbIIe BUKOPHCTA-
HO BHIIB 11’5101 (96 BuaiB; 33%), ueTBepToi (69; 23%)

Ta TpeThoi (61; 21%) 30H MOPO30CTIHKOCTI, CEpeT HIUX
TepeBaKar0Th BUAM, IPUPOTHO rommpeHi y [liBnenHo-
Cxigniit Azii, €Bpori ta IliBHivHIE AMepurii. AHami3
3UMOCTIHKOCTI POCIMHHUX BUJIIB TOKa3aB, IO Ha 3e-
JICHHX JIaxaX HalKpalle 3uMYIOTh BUJM 3 TIPCHKUX pa-
tioniB LlenTpanbHoi 1 CxigHOT A3il, HATOMICTh BHJHU 3
€BPOMNENCHKUX Tip MAIOTh HUKYIY 3UMOCTIHKICTb.

BucotHuii po3momis 3eJeHuX JaxXiB 3aCBiTIHB, 10
HaHOUTBIIe O3ENICHEHO [axiB Ha OYIiBIAX 3aBBUII-
ku 10-20 m (45%). Ha texuiunux OymiBIsIX 10 5 M
3aBBUILKHA CTBOPIOIOTH, MIEPEBAXKHO, F'A30HHI JaXu, Ha
OyaiBsix 10 20 M BUKOPHCTOBYIOTh YCi CHCTEMH 03elie-
HEHHJ J1axiB, a Ha BUCOTI 40 1 OiypIIIe METPIB HAUACTI-
111 BUKOPUCTOBYIOTh «CeTyMHHIA KHITM.
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Percularities of forming of phytobiota
formation of the flat green roofs
of extensive type in the city of Lviv

O. Galevych', M. Soroka?

The taxonomic composition, bioecological and
chorological characteristics of cultural plant species of
flat green roofs of extensive type in the city of Lviv
were investigated. The structural features of the flora
of cultivated species were identified, the levels of
their frost-resistance and winter hardiness and USDA-
zoning, and and the vertical distribution of green roofs
types were studied. It was found that five design types
are used for greening roofs in Lviv — “Sedum carpet”,
“Rooftop lawn”, “Fragrant herbs”, “Cereals garden”
and “Garden on the roof”. Most of the implemented
projects were carried out according to technology and
using substrates, lawn mixtures and a list of plants from
the German company “ZinCo GmbH”. The exceptions
are objects of collective and private property in low-rise
buildings, where individual projects were implemented
for roof greening, and the list of plants was selected
according to project proposals.

Most green roofs are created on buildings with a
height of 10-20 m (45% green roofs). Also, popular is
greening of high-rise 10-storey and higher apartment
buildings (22% green roofs). It was found that 230
species of plants and 105 of their cultivars were used
for greening flat roofs. The spectrum of viable forms
is dominated by phanerophytes (129 species, 44%)
and hemicryptophytes (98 species, 33%). Most plant
species grow naturally in Southeast Asia — 56 species
(24%), Europe (50 species, 22%), North America (39,
17%), and Eurasia (32,14%). 11 species (5%) are of
hybrid origin.
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Among coniferous cultivars, dwarf and blue-colored
conifers predominate — Chamaecyparis lawsoniana
‘Minima Glauca’, Juniperus horizontalis ‘Blue Chip’,
J. procumbens ‘Nana’, J. squamata ‘Blue Carpet’,
Picea glauca ‘Conica’, P. omorika ‘Nana’, Pinus
heldreichii ‘Compact Gem’, P mugo ‘Gnom’, P.m.
‘Mops’, Taxus cuspidata ‘Nana’, Thuja occidentalis
‘Globosa’, Th. o. ‘Hoseri’. Variegated-leaved plants
are often used (Cornus alba ‘Elegantissima’, Lonicera
ligustrina var. pileata ‘Variegata’, Euonymus fortunei
‘Emerald ‘n’ Gold’, Weigela florida ‘Nana Variegata’),
limbate (Cornus alba‘ Argenteo-marginata’) and
purple-leaved forms (Acer platanoides ‘Crimson
King’, Berberis thunbergii ‘Atropurpurea’, B. th.
‘Atropurpurea Nana’, Cotinus coggygria ‘Royal
Purple’, Phuopsis stylosa ‘Purpurea’). Annual plants
are practically not used in roof greening, with the
exception of Begonia cucullata, Liatris spicata
‘Alba’, L. 5. ‘Kobol’, Matricaria breviradiata, Salvia
splendens, which are annually planted in the “pockets”
of compositions to create a color accent. Of uncommon
species and new varieties of plants on green roofs the
following species are found: Azorella trifurcata, Betula
utilis ‘Doorenbos’, Caryopteris incana, Cornus kousa
‘Milky Way’, Cytisus x kewensis, Kniphofia uvaria,
Leontopodium nivale, Nothofagus antarctica, Vitis
californica ‘Roger’s Red’. Rooftop lawns are made
mainly by sowing with grass mixtures of low-growth
cereals and micro-clover that do not require frequent
mowing (Lilliputian, Canada Green and Gnome) or
using a roll lawn.

The territory of Lviv belongs to the 6 USDA-zone;
however, the roof greening uses species regionalized
for other USDA-zones. It is shown that the majority
of species planted on flat roofs belong to the 5 USDA-
zone (96 species, 33%); species of the 4 zone (69
species, 23%) and 3 zone (61 species, 21%) are also
widely represented. Almost never are used species of
zones 8 (5 species, 2%), 9 (1 species, 1%), and 10 (2
species, 1%). The analysis of winter hardiness of the
species showed that species from the mountainous
regions of Central and East Asia, where the continental
climate dominates, pass the winter on green roofs best.
But species from European mountains have lower
winter hardiness. It was found that cultivars also have
lower winter hardiness than the species from which
they were derived.

For high-quality, durable, ecologically and
economically feasible greening of flat roofs in Lviv,
it is essential to select winter- and frost-resistant
plant species that belong to higher USDA-zones
than the territory of the city of Lviv, as well as to use
plant species from the mountains of Central and East
Asia. It is necessary to take into account the height
of the building, which creates a vertical zonation of
vegetation.

Key words: roof greening; species composition;
cultivars; biomorphological structure; frost resistance;
USDA-zones.
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Ocob6eHHOCTU pOopMUpPOBaHUNA
$NTO6GMOTbI NNOCKNX 3eN1IeHbIX KPbILl
3KCTEHCMBHOro Tuna B . JIbBoBe

O.E. TaneBuny', M. /. Copoka?

HccnenoBanbl TaKCOHOMHYECKHH COCTaB, OwWO-
DKOJIOTHYECKHE W XOPOJOTUYCCKHUE XapaKTEPHUCTH-
KU KyJIbTUBUPYEMbBIX BUJOB PACTCHUM IJIOCKHUX 3elie-
HBIX KpPbII 3KCTCHCUBHOI'O THIIA. BriaBieHEbI CTPYK-
TypHBIE OCOOCHHOCTH (DIIOPHI KYJIBLTHBHUPYEMBIX BH-
JIOB, UCCIIEAOBAHbI UX YPOBHH MOPO30- U 3UMOCTOM-
KOCTH, U3yU€HO BEPTUKAIBLHOE PACIPEICIICHUE TUIIOB
3eJIeHbIX Kpblll. (s o3eneHeHust kpoiil B I. JIbBOBE
KCIIONIB3YIOT TISITh OCHOBHBIX THNOB: «CeayMHUN KO-
Bep», «l'a30HHAs KpBIay, «JlyImiucTseie TpaBby, «3a-
KOBBIH camy 1 «Cax Ha KPBITe». bOIBITHHCTBO BOIIIO-
LICHHBIX MPOEKTOB BBHIIOJHEHBI MO TEXHOJOTUU U C
WCIIOJIb30BAHUEM CYOCTpPaTOB, Ta30HHBIX CMeced u
ACCOPTUMEHTA PACTCHUH HEMEIKOH KommaHuu «ZinCo
GmbH».

BrisBrieHbI 00BEKTHI KOJIJICKTUBHOM M YaCTHOM CO0-
CTBEHHOCTH B MaJ03TaXHOM 3acTpoiKe, rie I 03e-
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JIPEBECHHOBENICHUSI W HEIPEBECHBIX pecypcoB Jeca. Hamwo-
HaJIbHBIN JIECOTEXHUUYECKUN YHUBEPCUTET YKpauHsl, yi. ['enepana
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11. E-mail: oksana.galevich2019@gmail.com
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Hayk, npodeccop. HannoHanbHbIil 1€COTEXHUYECKUN YHUBEPCH-
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una. Texn.: +38-032-239-27-11. E-mail: myroslava_soroka@yahoo.
com ORCID https://orcid.org/0000-0002-1037-6904

JICHEHHS KPBIII BHITOJTHEHB! WHANBHUIyalIbHbIE TTPOEK-
ThI, @ aCCOPTUMEHT PacTeHUI MOJOOPaH COMIAacHO Mpo-
eKTHBIM MpeayiokeHusiM. HanOonbliee KolndecTBo
3€JIEHBIX KPBIII CO3/IaHO Ha 3MaHUsIX BhICOTOH 10-20 M
(45% 3enenbix Kpbil). Takke MOMyJISIPHBIM B TOPOAE
SIBJIIETCS] O3€JICHEHHE KPBIII BBICOTHBIX KHIIBIX 37a-
Huit 10-ti m OGomnee staxkeit (22%). Hnst o3eneHeHUS
IJIOCKUX KPBIII HCMONb30BaHO 230 BUAOB pacTeHUi
u 105 ux xyneTHBapoB. B criekTpe H3HEHHBIX (HOpM
noMuHUpPYIOT panepodutsr (129 Bunos; 44%) u remu-
kpunroduts! (98; 33%). bonpmimHCTBO BUIOB pacTe-
Hull ecrecTBeHHO pacTyT B lOro-Bocrounoit Aszum —
56 BunoB (24%), EBpome (50; 22%), CeBepHoii Ame-
puxe (39; 17%) u EBpazuu (32; 14%); 11 BunoB (5%)
MUMEIOT THOPUIHOE IPOUCXOXKICHHE.

Cpenu mipencTaBUTENICH XBOWHBIX MPEoOIamaroT
KapJIMKOBBIC PAaCTEHUSI € royly0oii OKpacKkoi XBoH, cpe-
JI1 JTUCTBEHHBIX JIEPEBBEB U KYyCTAPHUKOB — IE€CTPO-
JUCTHBIE, OKaMIIEHHBIE W IypPITyPHOINCTHBIC HU3-
Kopocible (opMbl. ['a30HHBIE KPBILIM BBITOJIHEHBI
MPEUMYIIECTBEHHO ITOCEBOM M3 TpaBOCMECE HM3KO-
POCIIBIX 371aKOB M MUKPOKJIEBEpPa, OTHOJIIETHUE pacTe-
HUS TIPAKTUYECKH HE HCIIONb3YIOTCS. AHAIN3 3UMO-
CTOWKOCTH BHJIOB IOKa3aj, YTO Ha 3€JEeHBIX KpPbIIIax
JIy4Ille 3MMYIOT BUJIbI U3 TOPHBIX pailoHOB LleHTpasib-
HOU 1 BocTouHOM A31H, I7I€ TOCMOACTBYET KOHTUHEH-
TAJIBHBIA KJIIMMAT. BUbl U3 €BpONENHCKUX rOp UMEOT
HU3KYI0 3UMOCTOMKOCTh. Pacmpenenenne BHIOB IO
USDA-30HaM oka3aiio, 4To 00JbIe BCEro NCHOIb30-
BaHO BUJIOB ISITOM 30HBI MOPO30CTOHKOCTH (96 BUIIOB,
33%), MUPOKO MPEACTABICHBI TAK)KE BHJIBI YETBEPTOM
(69; 23%) u Tpetbeii 30H (61; 21%).

KuaroueBble cjioBa: o3ejleHEHHE KpBIII; BHJIOBOMN
COCTaB; KYJIBTHBAPHI; OMoMop(oIorudeckas CTPyKTy-
pa; MmopozocTtoiikocTh; USDA-30HBI.
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EKonoro-couio-eKOHOMiYHNI aHanNi3 ynpasniHHA MiCbKUMIN TepuTopiaMmmn
B YMOBaX 3MiHM KNimaTy: Ha npukKnagi Mict o6nacHOro sHaueHHA YKpaiHu

B.1. Conosin', I. A. ly6osiu?

3mina xnimamy na mepumopii Yxpainu wieuoko npoepecye, 6mim HAyioHAIbHA eKON02IUHA NONIMUKA HAPA3I He 6i0-
nosidae HA2ANLHOCHI KAIMAMUYHUX BUKIUKIE. Y yboMy KOHmMeKcmi 0coOnu8oi akmyaibHoCmi Habysae poib Micm, sK
cepedosuLy ypaziueocmi 00 3MIHU KALMANy, 6Mmim, maxoic i ddcepena nomenyitinux piuiensv. Ha ocrnosi ananisy 78 nia-
Hig Micm 001aCcH020 3HAUeHHs YKpainu, aKi € yuacHuxamu 1106anvnol Yeoou mepis uwjooo kiimamy ma enepeii, Hage-
OEHO KpUMUYHULL MIJHICOUCYUNTTHAPHUL AHANT3 BUKOHAHHS MICIAMU C80IX 30008 3aHb | yinell w000 3MEeHUEHHS GUKU-
018, echekmusHOCmi YNpasiiHHA MICbKUMU MEPUMOPIAMU 8 YMOBAX 3MIHU KILMAMY, a MAKOiC Napaouem, y pamrax aKux
PO320pMAEmMbCs eKON0TUHA NOTTMUKA W00 3MIHU KAIMAMY HA Micyesomy pieHi. Busenero, wo binvuicms micm npa-
YI0I0ms y pamKax napaouemi ciabkoi cmaniocmi, 3acmocogyions nioxoou, sKi He 8i0nogioarms 0CcoOIUB0CMAM GU-
KAUKIB 3MIHU KAIMamy, i He 8UKOHYIOmMb nocmasnenux yizeil. IHowupenui cymo gopmaricmuunuii nioxio 00 6uUKopuc-
MAaHH WAONOHI8 011 NIAHYBAHHSA, 0EKAAPAMUGHe CMABIeHH 00 NUMAHbL adanmayii ma QpacmenmapHa 36iMHICIb.
Ilepesaca naoacmocs 8y36KOMY Cnekmpy piuleHs, a CYRYMHI U00uU 3ax0018 nepeasicHo He posziadaromsci. Boououac,
HASA6HI NO3UMUBHI MEHOEHYil, MAKi AK GUHUKHEHHS HIeBUX THHO8AYIl, PO30YO08A MEPENC MA HACPOMAONCEHHS DOCEI-
0y 8 okpemux cexkmopax. Po3pobneno memoouxy oyinoeanHs eghpexmuenocmi ynpasgninta MiCoKUMU Mepumopisimu 6
YMOBAX 3MiHU KAimMamy ma 3 ii 00nomo2oro 30ilCHEeHO OYiHKY mpbox micm obnacHozo 3navenns — Jlveosa, Xaproea ma
Ooecu. Ha ocnogi 30ilicHeH020 ananizy ma pe3yivmamis OYiHIEAHHS, 3aNnPONOHOBAHO PEKOMEHOaYil wooo nepexooy
8i0 crabxoi 0o mpanchopmayitinoi napaouemu CManocmi, K nepedymosu eqheKmuerHo20 YRPAaeiiHHL MICOKUMU epu-
MOPIAMU 8 YMOBAX 3MIHU KIIIMAIMY.

Kniouosi cnosa: cmanuii pozgumox micma, egpexmuene ynpasiinus, exonociuna ekonomixa, Ilapuszvka yeooa; adan-
mayis 00 3MIHU Kaimamy.
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Beryn. BrponoBx MHHYIUX AECATHIITH CIOCTE-
PEKEHO INBUAKE MPOTpecyBaHHS 3MIHM KIiMaTy Ha
Teputopii Ykpainu. BoHa BHUSBISETHCS depe3 3MiHY
CHJIM, YaCTOTH M TPUBAIOCTI CTHXIMHUX JINX, & TAKOX
301TBIICHHST BUTPAT Ha JIKBifaIito ii HacaiakiB. [Hmm-
MU TMOLUIMPEHUMH TPOSBAMU 3MIHH KIIIMATy € Terlo-
B CTpEC, MAaBOIKH, 3POCTAHHS KUTBKOCTI 1H(EKITIN-
HUX 3aXBOpIoBaHb Ta ajepriil (boituenko, Kapamymika,
Tumenko, Moxuad, 2017). [TocHIIOIOTECS PU3UKH JIJIS
HOPMaJILHOTO (DYHKI[IOHYBAHHSI CHEPIeTHUHHUX CUCTEM,
TPAHCIIOPTY Ta BOAOMIOCTAYaHHS MICT, III0 MOXE CIIPH-
YiHATH 30UTKU U1 HaceneHHs i1 OizHecy (llleBuen-
Ko Ta iH., 2015). BHacmigok 3MiHu KiiMarty, B YKpaiHi
MOke OyTH YacTKOBO YM MOBHICTIO 3aTOIUICHO 34 Mic-
Ta, 40 THCc. OymMHKIB Ta 662 EKOJIOTiuHO-HEOe3IeuHi
00’€KTH, 110 MOKE TPU3BECTH HE JIMILE 10 EKOHOMiY-
HUX HACTIJKIB, ajle ¥ OE3MOBOPOTHUX BTPAT, 3arpo3u
IUISL KUTTS HacelleHHs 1 TexHoreHHoi HeOesneku (Io-
myoroB, biaros, CemiBepcToB, CaZIOprCBKa 2019)
VY Oararbox MicTax Ykpainu CTIOCTEpIraeThCs IMiABU-
meHHs cepeanbopiunoi Temmeparypu Ha 0.7-1.0°C,
301IBIICHHS YaCTOTHM XBHWJIb TEIUIA MOPIBHSIHO 3 KIIi-
MaTHYHOI0 HOpPMOIO TomepenHix mecaTmwiite (Illes-
yeHko, Cuixkko, 2020). [Topsia 3 mobansHUMU TpoOsiBa-
MU Ta CIICHAPISIMH, PO3TISAHYTI TCHIACHINI Ta BUKIUKA
aKTyaJi3yIOTh MUTaHHS PO BPa3IUBICTh MiCbKUX TEPH-
TOpii YKpaiHu 10 3MiHU KIIIMaTy 1 3aX0/IH, sIKi HEOOXi1-
HO BIPOBAIKYBaTH Y IIbOMY KOHTEKCTI.

OCHOBHMMH  HOPMAaTUBHO-TIPABOBUMH  aKTaMH
LIO/I0 peaizalii eKoJOoriyHoi MomiTHKH y cdepi 3mi-
HU KIiMary B Ykpaini € 3akoH Ykpaiau «IIpo parudi-
kanito PamkoBoi kouBennii OOH npo 3miny KiniMary»
(BPY, 1996), 3axon Ykpaiam «IIpo parudikamiro I1a-
pusbKoi yrogu» (BPY, 2016), Poznopsimxennst Kabine-
Ty MimictpiB Ykpaiau «lIpo cxBamenus OdikyBaHOTO
HalllOHAJFHO BU3HAYEHOTO BHECKY YKpaiHH 10 Mpo-
eKTy HOBOI m1o0anmbHOI KiiMatudHoi yroam» (KMY,
2015) ta 3axon Ykpainu mpo «OcHOBHi 3acaau (cTpa-
TETi0) HAI[IOHAJBHOI eKOJOTiYHOI mojituku 10 2030
poky» (BPY, 2019). Posnopsmxenns Kabinery Mi-
HicTpiB Ykpaiam «Konmemnmis peamizariii Jaep:KaBHOI
nojituku y cdepi 3minu kiaimaty Ha nepion mo 2030

poxy» (Bix 7 rpymust 2016 poKy) BU3HAYAE IPABOBI IMij-
CTaBU «JUI PO3POOJICHHS IMPOEKTIB 3aKOHIB Ta IHIIMX
HOPMATHBHO-TIPABOBUX aKTIB JUIS PI3HUX CKIIaJIOBHX
JepkaBHOI MOMITHKK y cdepi 3MiHu kiaimMaty» (KMY,
2016). Takoxx po3poOICHO TUTAH 3aXO0IiB MO0 BTIJICH-
Hs Konnenmii peanizarii gepxaBHOi TOMTHKH y che-
pi 3minu KiaimMary Ha nepiox g0 2030 p. (KMY, 2017),
SIKUM TIepe10avaeThCsl «IJITOTOBKA Ta BUKOHAHHS IIi-
JIOTHUX TIPOEKTIB 3 PO3POOJICHHS 1 peajizamii Micie-
BUX IUIAHIB 3 aJanTarii 10 3MiHM KJIiMary». Bigmosi-
AJIBHICTE 3a 1X BUKOHAHHS BCTAHOBJIEHA 34 MICIIEBH-
MM OpraHaMu BHKOHABYOI BJIajH Ta OpraHaMH Miciie-
BOTO CaMOBDSITyBaHHs. BTiM, XOIHUX IHIIMX feTanei
010 POJIi MiCLIEBUX opramB BIIa/1 y (pOpMYBaHHI Ha-
[IOHAJTFHOI €KOJIOTIYHOI MOMITHKH y cepi 3MIHU KITi-
MaTy HE HaBEJICHO.

[IpoakTHBHY MO3WINIO MIOAO YYacTi MICT Yy IisfX
I0/I0 3MIHM KIIIMaTy JEMOHCTPYE TPOMaJISTHChKE CyC-
MiTBCTBO. B YipaiHi gie mexinpka Mepex Ta iHIMiaThuB,
AK1 TPaLIo0Th Y [BOMY HampsiMi: cepea Hux, Acouia-
nis «EneproedekTuBHUX MICT YKpaiHw», YKpaiHChKa
KIiMaTHuHa Mepexa, Koaminist «Eneprernunuii nepe-
xim» Exomist Ta 350.0rg. Takoxk Oyi1o BTiJICHO Ta BTUTIO-
€ThCsI JICKIJIbKA MMPOEKTIB, CIIPSIMOBAHUX HA aKTyalliza-
IIFO POJII MICT 1 MICIIEBHUX OpPTaHiB BIAIH y AisX MO0
3MiHM kiimary, 30kpema «LOC-CLIM-ACT: wmicuesi
Iii o100 BIUTMBY KJliMaTHYHUX 3MiHy» (bamabyx, 2013)
i «Crani eHepro-no3uTHBHI Ta 0E3BYIVIELEBI TPOMAIN
(Sustainable energy positive and zero carbon communi-
ties) (HEL[Y 2019) OnHa 3 KIIFOYOBHX CTOPIH B JIisIX
10710 3MIHM KIIMaTy NpeJCTaBIeHa MICIIeBIMH OpraHa-
MU BIIQJIU, SIKi BKE TPUBAJIMI 9ac A0JIy4arOThCs JI0 TII0-
OabHUX i MO0 3MiHM KJIiMary. BTim, pe3ynbraru ix-
HBOT AISUIBHOCT] Y IIbOMY HaNpsiMi € HEAOCTAaTHHO BU-
BUCHUMH, 110 3YMOBIIOE AKMYAIbHICHb JIOCTIHKECHHSI.

Metonu Ta marepiamm. Teopemuuni pamku. s
imeHTudikami MmIxomiB, SKi 3aCTOCOBYIOTHCS MiCTa-
MU YKpalHM B yMOBaX 3MiHH KJIIMaTy, IPOTIOHY€ETHCS
PO3MITHYTH YOTHUPH MAPATUTMU CTAJOCTI KpPi3b MPH-
3My CBIiTODISIIHO-eTU4HOrO (1), TEeopeTMKO-MeTomo-
sorignoro (2) Ta emmipudHoro (3) piBHiB ananizy (PA)
(tabm. 1).

Tabnuus 1
IHapagurmu cTanoro po3BUTKY MiCT B yMOBaX 3MiHHU KJIiMaTy
IMapagurma
PA Kareropis -
Cnabxka CunnbHa Kpntuuna Tpauncdopmaniiina
1 2 3 5 6
eKCILTyarartis, HapaTHBU JOMiHYBaHHS

HpI/I‘lI/IHa 3MIHH BUKUIU TAPHUKOBUX

BUXIJ 32 €KOJIOTIYH1

. . . coliaapHa Ta BIIIY>KCHHS BiJ{
KITiMary rasiB, 3a0pyIHCHHS MEX1, 3pOCTaHHS o
HEpiBHICTB TIPUPOIH
. CTIHKICTh . CTIPUSIHHS KITIIMaTY,
Mera mozno 3MiHH PETyIIOBaHHS . . KITIMaTHYHA . S
X KJTIMaTHYHOT . KA CyMiCHAH
KJTiMary BYIJICLIEBOTO IIUKITY CIpaBeINBICTh
1 CHCTEMH 3 KUTTSIM
IHTepHAaTi3aIis, yIIpaBIiHHA, BUKPUTTS, B3a€MOJIis, CIITBHE
Crparerii 3MiH ONTHMI3aIlis, 0OMEKEeHHS, BI/ICTOFOBAHHSI, HaBYaHHSI, pedIeKcis,
iHHOBAIIi{ CHCTEMHI 3MiHH MIPOTH IS, JTiaor KPUTHYHUH ILTIOPATi3M

CyTHICTB MicTa

MICTO SIK IPUXUCTOK
BiJl PUPOTH

MICTO SIK CHCTEMA

MICTO SIK IPOCTIp
3MaraHHsI

MICTO 5IK CepeIOBHUIIIE

CITIBKHUTTSI
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IIpooosic. maon. 1

1 2 3 4 5 6
. MOTITHYHA .
HEOKJIaCHYHA eKOJIOTIYHa . . HayKa CTaJIoCTi Ta
. . . " €KOJIOTis1, COIliabHa . .
HaykoBi mkomu €KOHOMIKa, €KOHOMIKa TIepIIo] KOO TR €KOJIOTIYHa EKOHOMIKa
€KOHOMIiKa JTOBKIJUIS reHeparii . oif reHepaii
A pall €KOHOMIKa 7pyT pant
ExoHoMiqH KariTami3M, 00MeKeH1 pUHKH, JIOKaJTi3allis, JIOKaJIi30BaHi Ta
2 crparerii Heoibepaism, €KOHOMIKa CTIHKOTO MIOCT-PO3BUTOK, OB’ s13aHi eKOHOMIYHI
P 3eJIeHe 3pOCTaHHs CTaHy MOCT-3POCTaHHS CHCTEMH
[Mixxinx 1o 3MiHK (hparmMeHTapHUH CKOOPJMHOBAHI Jif Ta  JIOKaNi30BaHi 1ii Ta MDKHapoIHa
KJIiMaTy 3aXHCT, KOHKYPEHIIis JIUKTaTypa HayKH HHU30BI MEpexi KOHKYTIepalis

Konnemnmii mict

PO3yMHE / ByIJICIIEBO-
HEHUTpalbHE MICTO

KJIIMaTH4YHO CTIHKe /
[IO3UTUBHE MIiCTO

KJIIMaTUYHO
CIIPaBEIMBE MIiCTO

6iodiiitHe MicTO,
pEereHepaTuBHE MiCTO

®diHaHCyBaHHS

[HCcTpy™MeHTH

Pimenns

ueHTpanisoBaHe

BYIVICIICBHI ITOJJATOK,
TOPTIBJIST BUKHIAMHU

HETaTUBHI BUKH]IH,
OYHCHI CIIOPY/IH,
YHCTI TEXHOJIOTIT

po3moiieHe

MDKHAPOJIHI MEPEKi
Ta yroiy, cTparerii

3eJIEHO-0TaKuTHA

iHdpacTpyKTypa,
cTaii OymiBii

CITIJIEHOKOIIIT

HU30BHI aKTHBI3M,
CITIByYacTh

MICBKI caj,

riopumaae

aJIaTITHBHE YIIPABIIHHS,
MOCTIHHE HaBYaHHS

MICIIEBi €KCIIEPUMEHTH,

IIPOTECTH, PEBANIINHT, BETHKL
MIPOIOBOJIBYA 3eJIeHi 30HH B IICHTPI
HE3aJEXKHICTh MmicT

Ipumimra. Po3pobieHo aBropom Ha O0CHOBI aHami3y Jiteparypu (Klaassen & Opschoor, 1991; Bugliarello, 2006; Agyeman, 2008; Zagonari,
2019; Jong et. al., 2015; Du Plessis & Brandon, 2015; James, 2017; Rose & Cachelin, 2018, O’Brien, 2016, Hermwille, 2016; Thornton et al., 2019,
Boda & Faran, 2018; Cohen, 2017, Nightingale et al., 2020, Fedele, 2019, Harrison et al., 2019, Abson et al., 2017)

OcoOnMBICTIO €JTA0KOT CTANOCTI € X PeayKIlio-
Hi3M, CIIPOIIEHHS JIHCHOCTI 3a/JIs1 TOCSATHEHHS ITpaK-
TUYHUX IIUJICH, BUKOPUCTAHHS €JMHOTO Mipuia 100pa
Ta JIOMIHAHTHUX iJI€OJIOTiIH HeonmibepanizMy, onaHy-
BaHHS TPHUPOIN Ta 00 eKTWBi3arii »)utTtsa. Ilapamgmr-
Ma CHJIBHOI CTaJOCTi BUHMKIIA SIK peakiis Ha BUKIIH-
KH, JI0 IKMX TIPU3BEINIO JOMIHYBAHHS CIIa0KOI CTANOCTi
(Pelenc & Ballet, 2015). i mpuxmibHIKaM TpUTaMaH-
HE BUKOPUCTAaHHS (OPMATICTHYHMX ITiIXOIB Ta Mpar-
HEHHS [TOJI0JIaTH KJIIMaTUYHI BUKJIMKH 32 JIOIIOMOTORO
eexTrBHOTO ympaBiiHHA 1 MeHemxMeHTy (Spash,
2020). Kputnuna ctanicTs BpaxoBy€e 0OMEKEHHS JBOX
IHIIMX TIapaJiurM, poOIIsTYr HArOJIOC HE JIMIIE Ha CTa-
JIOCTI 1 CTIHKOCTI €KOCHUCTEM, ajle ¥ Ha MUTAHHIX I10-
JITUYHOTO BUOOPY, CIPAaBEUIMBOCTI Ta HEPIBHOCTI.
BriM, KpUTHYHA CTAICTh MEPEBAYKHO HE MPOIIOHYE Hi
BIJIMOBiACH 1070 €()eKTUBHOTO MEHEKMEHTY, Hi pi-
LICHB IIOJ0 BJIaCHE MEPEXoy BiJ HECTaJIoro 10 CTa-
noro cycminbeTa (Rose & Cachelin, 2018). Bpaxoy-
FOYH MPOTTHHH [IUX TTapajinrM, BiI[6yBa€TBC$I thopmy-
BaHH TPAHC(HOPMALIIHOT CTANOCT], sIKa IHTErpye 1o~
TEpe/Hi HATPALIOBAHHS Ta PO3IIIAJAE ITUTAHHS, SIKI B
paMKax iHIIUX MapajurM MEPEeBa)KHO HE CTAaBJIATHCS,
30KpeMa o0 NI B yMOBaX NIMOWHHOI HETIEBHOCTI
Ta KOHKYPEHTHUX CHCTEM IiHHOCTel. BoHa Ga3yeThcst
Ha pedIIeKCHBHOMY, 1HKITIO3MBHOMY Ta a/IallTHBHOMY
niaxoni. Po3misiHyTa knacudikauis gae 3MOTy BUPI3-
HUTH BIIMIHHOCTI Ta MOMIOHOCTI MiX PI3HUMH IpaK-
THKaMH, SIKi MH CITOCTEPITaEMO Ha «IIOBEPXHI», a Ta-
KOXX PO3IVISIHYTH MPUTaMaHHi iM 0coOIMBOCTI 1 HEno-
JIKW B KOHTEKCTI MONIYKY €(PEeKTHBHUX PIllIEHb MO0
3MiHU KIIIMaTYy.

Biobip naanie ons ananizy. Ha 0CHOBI monepeIHbo-
ro aHamizy Oyso 3’sCOBaHO, IO BCi Ji0Yi TUTAHW MICT
010 3MiHM KJIIMary B YKpaiHi BTIJIOIOTBCS Y paM-
kax [7100anpHOT Yroau MepiB 1010 KJIiMary Ta eHeprii
(Global Covenant of Mayors for Climate and Energy)
(manmi — Yroma mepiB). Yuacte B Yroui MepiB mepej-
Oavae 3000B’s13aHHsI 3MCHIIICHHS BUKHUJIIB NMPHHANMHI
Ha 20% no 2020 p. Ta Ha 30% — mo 2030 p. nopiBH;[—
HO 3 0a30BMM POKOM. Y paMKax L€l yroau Bix Ykpai-
HU € 248 micT-nignucanTis. J{ist ananmizy 6yno BHOpa-
HO MicTa 00JlacHOTO0 3HaYeHHS (pHUC. 1), OCKUTEKH BOHU
MaloTh OCOOJHMBO 3HAYHUU BIUIMB Ha 3MiHY KJIiMarty i
noreHItian s Aik. Kapry copmoBaHo aBTopamu Ha
OCHOBI IIJIaHIB MiCT, po3MilIeHuX B 0a3i Yroau mMepiB i3
3actocyBaHHsIM cepBicy Google Maps.
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Puc. 1. MicTa obmacHoTO 3Ha4eHHS YKpaiHH,
MiMTUCAHTH YTOIU MEPiB
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3Bakatoun Ha oQiliifHi 3ayBaru 3 00Ky Yromu me-
piB 110 3aTBEpIUKEHUX MICTaMH IDIaHiB, 3 043 JTaHUX
OyJi0 BHKIIIOUYEHO CiM MICT, 110 JaJio 3Mory c(hopmyBa-
TH 06a3y naHux 3 78 miaHiB'.

Memoou oocniddcenns. BpaxoByroun MiKITUIH-
TUTIHAPHICTh Ta KOMIUICKCHICTh TPOOIEMAaTHKH 3Mi-
HU KJIIMaTy, OyJI0 TIO€THAHO KiJIbKa METOIB Y paMKax
€KOJIOT0-COI[i0-€KOHOMIYHOTO aHaNi3y TUIaHIB 1 3BiT-
HOCTI, 30KpeMa I1HCTUTYLIHHUI aHai3, KPUTHYHUH
koHTeHT aHamiz ta SWOT-ananiz goxymenrtiB. Cra-
TUCTUYHHUN aHaNl3 3MIMCHIOBAIM HA OCHOBI MOKA3HU-
KiB BUKHU/IiB TAPHUKOBHX 'a3iB y 0a30BOMY POIIi, IiIeH
moxo 3meHmends Bukuais Ha 2020/2024-2025/2050
Pp-, IPEICTABICHHS KOMIIOHEHTH aJIanTaIlii, 3aruiaHo-
BaHOTO Ta BUKOPHCTAHOTO OMOIKETY, BAPTOCTI 3MEH-
wenns BukuAiB CO, Ha ONHY TOHHY y TIJIAHOBOMY Ta
3BiTHOMY Tiepiozi. Ha ocHOBI aHami3y MommpeHux mMe-

tonuk (Grafakos et al, 2020; Guyadeen, Thistlethwaite
& Henstra, 2019; Olazabal et al., 2019) aBropamu Ta-
KOX po3poOiieHo IHaekc e(eKTHBHOCTI YIpaBIiHHS
MICBKUMH TEpUTOPISIMH B yMOBax 3MiHHM KJIiMaTy Ta
METOANKY WOTO PO3paxyHKy, sIKi OyJI0 3aCTOCOBAHO Ha
MPHUKIIAJ TPHOX OOJACHUX IIEHTPIB.

[Haexc MicTUTE Tpu chepH Ta IeCsITh TPy KpUTepi-
iB, pO3PaxOBY€THCSI HACTYITHUM YHHOM:

I = CA(II+M) + CO(II+M) + CB(II+M).

[ — Innekc eeKTUBHOCTI yrpaBiIiHHSA MiCBKMMU Te-
PUTOPISIMHA B yMOBaX 3MiHHU KJIIMary;

CA — pe3ynbraT OLiHKHM 32 cPeporo aHami3y;

CO — pesynbTraT OIiHKH 32 Ceporo YIpaBIiHHS;

CB — pe3ynbrar OLiHKH 3a c(eporo BIPOBAHKECHHS;

[1+M — IToM’ sk1ieHHs + Amarrrartis.

[Ikana Ta METOOMKA OLIHIOBAaHHS IpEACTaBICHA Y
Tabm. 21 3.

Tabnuys 2

IIxana ouinoBanHs IHAekcy epeKTHBHOCTI YNPaBJIiHHS MiCbKHMH TePUTOPisIMU B yMOBax
3MiHH KJIiMaTy

PiBensn Bamn

Omnuc

JlizepctBo y nisix miozmo 3miHM KiriMmarty. [lie y3romkeHa cucreMa ypaBIiHHSA, ska e(eKTUBHO

A 80-100

IHTETpy€ IHTePEeCH Pi3HUX CTOPIH 1 KOOPAMHALIIO Ha Pi3HUX PiBHAX. CIIOCTEPIracThes BUACHE

BHUKOHAHHS ITOCTABJICHHX IIiJIeH, 371ar0/KeHA 3BITHICTD 1 KOMYHIKaIlisl.

VY3romKeHiCTh eJIeMEHTIB CHCTEMH Ta PO3YMIHHS 3HAUYIINX B3a€MO3B’S3KiB, BTIM, HasBHI

B 60-79

MIPOTAIMHU B OKPEMHX acTeKTaX, a00 OTPiOHO MOTTHOIIOBATH BpaXyBaHH OKPEMUX YHIKaTIbHUX

JUIsl 3MIHU KJIIMaTy BUMOT LIOJI0 YIIPABIiHHS y PO3pi3i HU3KH IPYyIL.

bazoBa, Brim, e()eKTUBHA CHCTEMA YIIPABJIIHHS, SIKa BPAXOBY€E KJIFOUOBI aCIEKTH aJanTarii ta

C 40-59

oM’ sikieHHst. CriocTepiraeTbes peryssipHa 3BiTHICTh, YaCTKOBE JIOCATHEHHS IIiJIeH 1 yiTKa

KoopauHaris. BogHowac, Ha IbOMY PiBHI JOCATHEHHS HE BAPTO OUiKyBaTH aMOITHUX il 41

IHHOBAIlITHAX 3aXO/iB.

[lepenbauae HasSBHICTE OKPEMUX 3aXOMIB i JOCATHEHB Y cdepi 3MiHH KIIiMaTy; BiZICYTHI

D 20-39

cHUCTeMaTH4YHe Oa4eHHs, YiTKa MO3HIIisA Ta MPOIECH, a00 K iCHYIOTh CyTTEBI MPOTATMHA y 3BITHOCTIL

9H BiJICYTHI i1 I[0JI0 TIOM’IKIIEHHS Ta / abo ajanTarii.

CriocTepiraeTbcs BUHAHHS PeabHOCTI 3MiH KJIIMaTy Ta iX 3HAYYIIOCTI IS MiCTa, BTIM,

D- 10-19

cUcTeMa YIpaBIIiHHSA SIK Taka BIJICYTHS, Bi/JOYBa€ThCsl 0OTOBOPEHHSI OTOYHOT CUTYaIlil Ta MOIIYK

MOXKJIMBOCTI PO3IMOYarTH Jii y norpidoHoMy Harpsmi. HasiBHI okpeMi IPUKIIaJX 3aX0/IiB.

BincyTHi aii 1110710 3MiHH KJIiMaTy Ta BU3HAHHS 3HAYYIIOCTI KIIIMATUYHUX BUKIUKIB.

Pesyabratn Ta 00roBOpeHHAA. Ananiz niauie i
3eimuocmi micm oonacrnozo 3navennsi. Ha ocHOBI aHa-
T3y BUSBJICHO, IO I IIOAO 3MEHIIICHHS BHUKHUIIB
MMapHUKOBUX Ta3iB MaroTh 156 3 460 mict (33.91%), 30-
kpema 85 3 189 (44.97%) micT obmacHOTO 3HAYCHHS
VYkpainn. B xoHTeKcTI mpuiHATHX ITiIeH (puc. 2) Oa-
qumo, o 54 micta (69%) TPUWHSIN T MOI0 CKO-
pouenHs BukuiB 10 2020 poky, 7 (9%) — 10 2024 abo
2025 pokis ta 30 (38%) — mo 2030 poky (meski mic-
Ta MPUIHSUIA IIUTI HA JIBA TIEpioan BogHOYAC), 27 MICT
(35%) 3000B’s13aMHICS iIHTETPYBATH OIIHKU BPa3JINBOC-

IloBHuit mepenik HasiBHUI y cOpMOBaHiii aBTOpaMu 0a3i JaHUX
JIOCTIJDKEHHS, sIKa € y BilbHOMY poctytii: https://docs.google.com/
spreadsheets/d/1 YmOciIMqMdASILTSY wihn WipfpQbT7c1nIN
CXvaawyg/edit?usp=sharing

Ti A0 3MIHU KJIiMaTy Ta BIPOBAKYBATH 3aXOIH MO0
ajarrarii.

AHaui3 1aHuX Ja€ 3MOTY MPOCTEKHUTU CYTTEBI BiJl-
MIHHOCTI B IISIX, SIKI 3MIHFOIOTBCS BiJI MiHIMAJIbHHX,
0 Tiepea0adaroTh 3MEHIICHHS] BHKHIIB MAaPHUKOBHX
ra3iB Ha 20% 10 2020 poxy ta 30% m0 2030 poky, 10
aMOITHUX IIUJIEH 100 3MEHIIICHHS BUKUIB MAPHUKO-
BUX raziB — Ha 52.5% 1o 2030 poxy.

Micra 3 uinsmu, BuzHauenumu 10 2020 p., miany-
BaJIN IOCATTH 3araJIbHOTO 3MEHIIICHHSI BUKHUJIIB, TIOPiB-
HSIHO 3 0a30BUMH pokamu, Ha 24.3%, MicTa 3 IiIIMHU
oo 2024-2025 pp. — Ha 26%, 3 nismu Ha 2030 p. —
Ha 44.8%, 30KkpeMa, 3aBIAKH aMOITHHM IJIIM HEBE-
JIUKOT TPYIH MICT 3 BEIMKAMHU 00CSTaMHi BUKHIB. 3a-
rajibHa CyMa O4YiKyBaHHUX 3MCHIIICHb BUKHIIB Y PaMKax
3aTBEPIKEHUX TPOEKTiB cTaHOBUTH 18 302 907 ToHH
CO, 1o 2030 Ta ckianae 16% BiJl CyMH BHKHIIB Oa-
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30BOTO POKY. 3arajbHa OYiKyBaHa BapTICTh MPOEKTIB
ckiagae 203 946 436 Tuc rpH., 30KpeMa TaKUil 3araib-
HUI 00CAT MOKe TTOSICHIOBATHCH TIEPILIOYEPTOBOIO OPi-
€HTaIli€l0 Ha 30BHIMHE (piHancyBaHHsA. MicTa, TepMiH

mii minei sxkmx 3aBepmuBes y 2020 p., 3amiaHyBand
MIPOEKTH MO0 3MEHIIIeHHs BUKHIIB Ha 15.38% Bix Oa-
30BOTO POKY, 3 uisimu j10 2024-2025 pp. — Ha 26.64%,
a 10 2030 p. — na 18.25%.

Tabnuys 3

MeTonuka oniHioBaHHA [HAeKcy e)eKTHBHOCTI yNIpaBJIiHHA MiCbLKMMH TePUTOPiIMH B yMOBax

3MiHM KaiMaTy

=
z
5 =
E g =
5 g s Kpurepii ta 6au
£ < £ ¢
= = < =
g S =7 5
E =B < O
50 50 100 2 (D-) 4 (D) 6 (C) 8 (B) 10 (A)
1 2 3 4 5 6 7 8 9 10
= . . Posyminas XouicTuuHe
= Po3syminnsa Po3yminns . .
= Busnanus PYIUIITB 3MiHH PO3YMIHHS
4= . MpoLecy Ta JIOKaJBHOTO Ta . . . .
g 5 5 10 peanbHOCTI S . KJIiMary, 3B’S3KiB  3MiHU KJIiMaTy,
> . . HACIIIJKIB 3MiHH ~ TI00AIEHOTO . .
3 3MiHHU KTIMaTy . MIDK HUMH Ta BIUIMBIB Ta
., KJIIMaTy BIuMBY 3K . N
motped y 3MiHaX  MOMKJIMBOCTEH
o KimpkicHuit KinpkicHuit HinicHui,
2 a P a00 sKicHMIA Ta SKICHUH BHYEPITHUN
= D) . KinmpkicHuit abo . . . . . N
5 g YeBimoMieHHS N X aHaJIi3 PI3UKIB  aHaJli3 PU3HKIB 1 perynspHuit
= g . SIKICHUI aHaJIi3 . . . . . .
2 E 5 5 10 BpazmuBOCTi 10 PH3HKIB wn 1 Bpa3JIMBOCTI 1 Bpa3muBOCTI aHaJIi3 PU3HKIB
<) . . . . .« . .
< 3MIHU KJTIMaT . B po3pisi B PO3pi3i rpym,  Ta ypa3HUBOCTI
2 a y BPA3IIMBOCTI Po3pl > pO3p131 TpyTl, yp ’
g aa] MpUHANMHI JIBOX MIpH, OXOIUICHHS  PaH)KyBaHHS,
E (bakTopi Ta IMOBIPHOCTI IHAMKATOPH
g
< B+ Bu3HaHO
w C+ po3paxyHOK -
2 Kanactp BHKILIIB K yci 0OMeXeHHS,
s IMomyk Bxkazano BUKUIU OXOILTIOE YIYIICHHS Ta
2 . L . . CIIOKUBaHHS, TaK
= MOXJIMBOCTEH  3a 0a30BHU ik BCI KJTFOYOBI . MIPUITYICHHS,
= 5 5 10 . 1 BUpOOHUIITBA. : .
= MIPOBECTH 3a KiJIbKOMa cexTopu abo Binkpira MK TACTIHILTI-
2 IHBEHTapHU3aLiI0 CEKTOpaMH BHU3HA€ 3HAYYII puTa HapHUii aHani3
= METOJIOJIOT i, :
= 0OMEKEeHHS . BIUIMIBIiB Ha
MOHITOPHHT .
KJIimMar
E Jexinbka C+ HaykoBo- B+ B3aemHo
g Mie mporrec, [punaiimai KITFOUOBHX o0rpyHTOBaHI IHTEeTpOBaHi
; 5 5 1 CIIPSIMOBAHUH OJTHA KiJIbKiCHA AKICHHX 1 i i 1 KOMIIJICKCHI
= Ha GOpMyBaHHs Ta oxHa KUTBKICHMX I[iIell  3000B’s3aHHS ILT1, HEKCYC
2 OayeHHS 1 mijei SIKICHA I[1JTb Ta KOHIICNTyal b- Ha HAHBHUIOMY  IIUICH CTAJIOTO
< . .o . .
5 2] HI paMKH s Tid piBHI PO3BUTKY
o]
=N
o = B+ agmantuBHa
é g Basopa D- onmcano D+ odimitiamit  C+ mimicHuit Ta 1 37aromKeHa
S g A BEPTUKAIBbHY T4  IUIAH 1 3B SI3KH IHTETpOBaHUI OararopiBHECBa
=) 5 10 opranizaniiiHa . e
) a, CTOYKTYDA TOPU30HTATIBHY 3 IHIIUMHA IUTaH Ji{ 11010 cucrema
.’E é PYKIYP iHTerpalito JOKyMEHTaMH  3MiHM KIIMaTy  ympapJiHHA Ta
Ei JEB1 MEpexKi
=
g B+
BpaxoBaHO
) C+ 3anyueHHs paxol
. . B32€MO3B’SI3KH
a Inu croponn InimiaTBa - 30aaHCOBaHE B ;
a InimiaTrBa . .. MIX CTOPOHAMH
) MOXYTb OpaTh 3aTyYCHHS .. KOHTCKCTI €TaliB, X
s 5 5 10 3aIy4eHHs yCIX . . Ta IHTEepecH
5 y4acTh 3a KITFOUOBHX . MipH, cIoco0iB . )
) . 3HAYYIIUX CTOPIH . . BCIX CTOpIH,
OaskaHHIM CTOpIH Ta iHTEepeciB ) AV
. JUIOTH CTiHKI
CTOpIH
MapTHEPCTBA
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37.52% Bix 3ammaHOBaHUX. 3araibHi CKOPOYECHHS BH-
A . _ oA KUAIB yCix MicT i3 3000B’s3anHsamME Jume 10 2020 p.
anTanisa :
flatrran cranoBmwin 3.51% Bij 3amIaHOBaHUX CKOpo4YeHB. Bom-
HOYAac, MO0 MICT i3 3000B’s13aHHsaMu Jnmie 10 2020 p.
2030 _ 30 BiJICyTH HanexxHa iHpopmanis y 60.2% Bumamkax
B o0 96.49% 3aranbHUX O4iKyBaHUX CKOPOYEHb BUKH-
= opas - 7 2B NApPHAKOBUX Ta3iB, O J1a€ MifCTaBy CTBEPKYBA-
TH TPO HEee(DEKTUBHICTh TOTOYHUX CHCTEM 3BITHOCTI.
2020 _ " OO0csTr 3MEHIIICHHST BUKH/IB 1 YaCTKy BUKOPUCTaHHS
3alJTaHOBAaHUX KOIITiB HAa OCHOBI 3BITIiB 3 Y3TOKEHOIO
0 10 2 0 0 50 0 iH(opMalIiero TPEICTABICHO HA PHC. 3 (po3an0BaH0
— ) aBTOpaMH Ha OCHOBI IJIAHIB Ta 3BiTiB 15 MicT).
HIKICTS MICT Orxe, € BIIMIHHOCTI IK Y BAKOPUCTaHHI KOWITIB,

Puc. 2. Iini micT 061acHOTO 3HAUEHHST YKpaTHH 1010
3MEHIIICHHS BUKH/IIB TAPHUKOBUX T'a3iB 10 BiAOBIIHOIO
POKy Ta afanTarii 10 3MiHM KJIIMary B paMKax YToJIu MepiB

3a pesynbraTaMu MONEpeaHiX POKiB, Cepel MicT, AKi
MPUNAHSIIA JIMIIE 1T 1100 CKOPOYCHHS BUKHUIIB 0
2020 poxky, 17 mict 3 40 mpo3BiTyBaIM PO TOCITHYTI
pesynbraru. Cepen HuX 12 3BiTiB MicTiIH iH(OpMAaLLiio,
sIKa JIa€ MiJICTaBy 3pOOUTH BUCHOBKH IIOJIO JOCSTHEH-
HS1 TOCTABJICHUX ITiJIEH, a IeSK1 3BITH MiCTHIIN YaCTKOBY
iHpopMauito. 3araipHi CKOPOUYCHHS! BUKHU/IIB MTAPHUKO-
BUX Ta3iB y paMKax I'pyIiH, siKa Mojiaia y3ro/pKeHi 3BiTH
Ta MpuitHsUIa 30008’ s13aHHs e 10 2020 p., ckianmm

TaK 1 B 3MEHIICHHI BUKH/IiB TAPHUKOBUX ra3iB y pam-
KaX BHKOPUCTAHUX KOIITIB. 30KpeMa, € MPHUKIAIU
MaiKe I[IIKOBUTOTO BHUKOHaHHS TutaHy (M. YepHiB-
i), CYTTEBOTO 3MEHIICHHS BHUKHUJIB 32 HEIOBHOTO
BHUKOpHCTaHHs KomTiB (M. KOpocTeHs), a Takox BH-
KOPHUCTAHHS 3HAYHOI YaCTUHU KOIITIB 32 IyXKe 00Me-
J)KEHOTO CKOPOYCHHS BUKH/IIB MAPHUKOBHUX Ta3iB. Y
KOHTEKCTI aHajli3y BUKOHaHHs IiaHiB 10 2020 p. 3a
CTPYKTYPOIO CKOPOYECHHS BHKHJ(IB TAPHUKOBHX Ta3iB
MOXXKHa 3a3HAYUTH, 110 B TOH 4Yac, KOJM HAUOLIb-
Il O4iKyBaHHS CTOCYBAJHCS MPOMHUCIOBOCTI (63%),
HaiBaroMiInie CKOPOUYCHHS BUKUIIB BiIOYIIOCS B HKHUT-
nmoBoMy cektopi (58%) (puc. 4).
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06a30BOT0 POKY 3a 3BITaMU 3 Y3rOKCHOIO 1H(OpMAIIi€to
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B [HdhopMaLiHa OisnbHICTb B TpeTUHHUI CEKTOp

YKnutnosum cektop
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Puc. 4. CTpyKTypH 3a1uiaHOBaHUX 1 IOCATHYTUX CKOPOYEHb BUKH/IIB IIADHUKOBHX ra3iB, arperoBaHi 3a yciMa MicTamu,
SIKI IPUIHSIN Wi CKOpoYeHHs BUKUAIB 10 2020 p. 3riIHO 3 HASIBHUMHU 3BiTaMH MICT Y po3pi3i CEKTOPiB

Taki BiIMIHHOCTI HacamImiepes MoB’si3aHi 3 BiICYT-
HICTIO 3BITiB 3 OOKY MICT, SIKi OPI€EHTYBQJIUCh HA CKO-
POYCHHSI B TIPOMHUCIIOBOCTI, IO YaCTKOBO KOPUTYETh-
csl, SIKIIO BPaxyBaTH MU TITBKU TUX MICT, SIKi HAJalu
3BiTH (pHc. 5). 3riIHO 3 PO3paxyHKaMH BapTOCTi CKO-

POYEHHS BUKH[IIB 3a IJIAHOM Ta JOCATHYTHMH CKOPO-
YEHHSIMHU BUKHU/IIB MAPHUKOBUX Ia3iB HA OCHOBI MOBHOT
iHopmarii (puc. 6), ska HasgBHA IS JECATH MICT, €
CYTT€BI BIJMIHHOCTI MK IUIaHAMH Ta pe3yJibTaTaMu
3arajioM i B MeXax OKpEMHX CEKTOPIB.

Hocsarnyto

B MyHiumnanbHi 6yaisni
¥ BynnyHe oCBIiTNEHHA

® MicueBe BUpOGHMLTBO Tenna mBE
¥ |HhopMaLinHa AisnbHICTb
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Puc. 5. CtpykTypH 3aruiaHOBaHUX Ta JOCSTHYTHX CKOPOYSHb BHKH/IIB, arperoBaHi 3a MicTamMH, sIKi 3000B’s13a11Cs
CKOpOTUTH BUKHIM 10 2020 p. Ta NpeACTaBUIN 3BIT
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Takox HasiBHI CyTT€BI BIIMIHHOCTI MIX CEKTOpa-
MH, JI¢ BOHU HE € OOIPYHTOBAaHUMHU (HAIpHUKIIAM, Je-
CATHPA30Ba PI3HUILS y BapTOCTI CKOPOYCHHS BHKHIIB
MDK MYHIIUTUIBHUM Ta XUTIOBUM cekTopom). Ilo-
BHOTA BIZIOOpa)KCHHs BUTPAT i CTPYKTypa juKeper i-
HAHCYBAHHS BKa3yIOTh Ha HEOOXIAHICTE JOKIIaHILIO-
ro anamizy. Hanpuknan, y mmani m. Hikomons (Hiko-
MoJIbChka Mickka pana, 2014) mpoMuCIOBICTH Mae
HaWOUIBIIY YacTKy B 3aIJIAHOBAHOMY 3MCHIIICHHI BH-
KHiB MapHUKOBUX Ta3iB (93%). Btim, minan He me-
pendadae (hiHaHCYBaHHS IHOTO 3MEHIIEHHS BUKHIIB,
OpIEHTYIOYMCH Ha MOIITYK MOKIMBOCTEH 11070 (hiHaH-
cyBanHs 3 00ky [TAT «H3®» Ta KOMyHalIbHHX ITij-
MIPUEMCTB, 110 POOUTH PO3PAXyHOK BapTOCTI CKOPO-
YeHHs OJWHUIII BUKHAIB HemouiabHuM. g 69 mict
3a HasBHOCTI OUTBIIOCTI JAHWX, CEepPeIHS OYiKyBaHa

BapTICTh CKOPOUCHHSI BUKUIIB ckiana 18.37 tuc. rpH
3a TOHHY 0e3 ypaxyBaHHS OUiKyBaHOi €KOHOMIi (Jist
OLIBIIOCTI IUIAHIB HE HABEAEHO BIAMOBIIHUX IOKA3HH-
KiB). 3rifHO 31 3BiTaMH, BapTiCTh CKOPOYEHHS OJNHI€l
TOHHH BUKHUJIB y paMKax TPYIH, TUIAHH SIKUX 3aBep-
mytotbea y 2020 p., cranoBwiia 7.87 TUC. TpH.

Oyiniosanns eghexmuenocmi YNpaeiiHHsL MICoKUMU
mepumopiamu 8 ymosax sminu kiimamy. Ha ocHOBI 10-
CJIJDKEHHS TUIaHIB, 3BITIB, IOTUYHUX CTPATETii 1 JOKY-
MEHTIB, a TAKOK 1HIIUX MaTepiajiiB Bil MiCIIEBUX Opra-
HiB BJIaJI¥ Ta 3aIliKaBIEHUX CTOPIH, SKi IIPOBOJATH CBOIO
JISUTBHICTH B MeXaxX Micra, Oyao 3/1iHCHEHO OLHKY
TPHOX MicT YKpaiHu, reorpadivHo BijianeHuX i CyTTE-
BO BiIMIHHUX B OiJIBIIIOCTI aCIIEKTIB IJIAHyBaHHS Ta Jil
MI0JI0 3MiH KiiMary. Y Ta0i. 4 mpeicTaBiIeHo pe3yibra-
T oninku [Hnekcy mis JIbBoBa, Onmecu Ta XapKoBa.

Tabnuys 4
Pesyabratn oninoBanus IHnexcy egeKTHBHOCTI yIpaBJIiHHA MiCbKHMMH TepPUTOPiAMH
s JIsBoBa, Ogecu Ta XapkoBa
. - JIeBIB Opneca XapkiB
ma 1 T1a
Py Y n A C 1 A C 1 A C
- Pozyminns 1 2 3 2 3 3
S Bpasmmsicts 1 2 8 1 2 12 2 3 16
< [HBeHTapH3aNis 2 0 3 1 3 2
,E 2 bayenHs ta i 3 1 3 0 4 2
E o Koopaunartis 2 1 10 4 0 10 4 2 15
s 9
&% Vuacm 1 2 3 0 2 1
E PecypcHicth 2 0 3 0 3 1
2 JlocsirHeHHst 1 1 4 0 1 0
3 6 14 9
8 3BiTHICTB 0 0 3 0 0 0
a
4 KomyHikartis 1 1 3 1 2 2
A/ 14 10 24 30 6 36 24 16 40

Ipumimxka. Po3paxoBaHO aBTOpaMHU Ha OCHOBI aHaJli3y JJOKYMEHTIB MICLIEBHX OpraHiB BllaJu
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Juns M. JIbBOBA IJIaH CTAJIOr0 €HEPreTHYHOTO PO3-
BUTKY HE MICTUTb KOMIIOHEHTH apmanTauii. Ilompm
fioro po3podky me y 2011 p. (JIpBiBCchbKa MicbKa paja,
2011), >xomHUX 3BITIB 32 HOTO pe3yisTaTaMu HE OyIIo
HagaHo. Y 2018 p. MicTo miamucano MeMOpaHIyM Ipo
MOBHMIA TEepeXiJ] Ha BiJHOBIIOBAHY eHepriIo 1o 2050
pOKY (}IethHa 2019). Brim, 11€ TIOTITHYHE pmjeHHsI
Hapa3si He MiJKPIMJICHEe XKOIHUM 1HIIUM CTpaTeriyHuM
JOKYMEHTOM.

3rigHo 3 epmuM po3podiiennM B Ykpaini [ itanom
3ax0/1iB «3eJIEHOro MicTay, mependadaeTbest po3poodka
IJIaHy ajanTariii 10 3MiH kiiMary. [Ipu npomy michka
pana miITpuMye 3TydeHHS HAyKOBITIB Ta 1HIITHX CTO-
pin (JIpBiBcbKa MichKa panaa, 2020), mpoTe BIacHe po3-
poOnieHHs TIaHy 3 ajganTtauii Joci B npoueci. Bapro
BiJI3HAYNTH aKTUBHY Y4acTh OKPEMHX 3alliKaBICHUX
CTOpiH, 30KpeMa rpoMajchkoi opranizamii «[lmaro»,
sika po3poduia nocionuk «Kimimarnyni 1ini JIbBoBa:
raim st OOpaHUX IO MICHKOI pasm» (Psl6m<a 303y-
ns1, Panpe, 2020) Ta perynasipHO OpraHi3oBye 3yCTp1q1
MiX 3aliKaBICHUMH CTOPOHAMH 3 JOTHYHHUX JI0 3MiH
KJIiMary mutadb. JJis micTta Takox Oyna 3mificHEHO
OI[iHIOBaHHS BPA3JIMBOCTI JIO 3MiH KJIiMaTy Ha 3aMOB-
nennst Harionansaoro Exonoriunoro Llentpy Ykpai-
uu (HELLY, 2015a), BTiMm, iHQOpMaIlis mpo pe3yinsTaTi
3aCTOCYBaHHSl TAaKOTO OLIHIOBAaHHS MJIsl IJIaHyBaH-
Hsl 3aXOJiB 3 ajxanTaiii BijcyTHs. [lomnpu nmocrymnose
BIPOBA/KEHHS MPOEKTIB 3 EHEProepeKTUBHOCTI, PO3-
LIMPEHHSI MEPEeXi BEIONOPIXKOK, BCTAHOBIICHHS MTUT-
HUX (DOHTAHIB JUISl 3MEHILICHHS TEILUIOBOTO CTPecy
TOIIO, CTAHOM Ha CHLOTOMHI il B IIbOMY HampsMi 3a-
JIMILAIOTHCS HECUCTEMHUMH Ta HE CKOOPIIMHOBAHUMH.

Hns m. Opecu HasiBHI amMOITHI [T, IIHpPOKa
y4acTh 3aIliKaBJIEHUX CTOPIH Y pamKax (bOKyCHHx 00-
TOBOPEHb MO0 MOKJIMBOCTEH B KOHTEKCTI KO)KHOTO

CEKTOpa, BpaxyBaHHs TOPU30HTAJILHUX 1 BEPTHUKAIb-
HUX B3a€EMOJIiH, 3a0€3MeUCHHS M ATPUMKHA BUKOHAHHS
IUTaHy Ta y3TrO[KeHa 3BiTHICTh (86,6% QinaHcyBaHHS
riany ta 67% CKOpOYeHHsI BUKH/IIB TAPHUKOBUX Ta-
3iB TIOPIBHSHO 13 3alIaHOBaHUMM). J{71s1 MicTa Takox
OyJI0 BUKOHAHO OIIHIOBAaHHS BPAa3lIMBOCTI JI0 3MiHU
KJIiMaTy me B 2015 p. (Llesyenko Ta iH., 2015), i Ha-
SIBHI TOCITIJUKCHHS, SIKi BKa3YIOTh Ha PH3UK JUIS MicTa
BT T THSITTS PIBHSL MOPSI T IHIINX MPOSABIB 3MIH KIli-
mary (FomyOuoB Ta iH., 2019). «Ilnan 3axoxiB 3 pea-
mizargii y 2018-2020 pp. moa0 BIPOBAHKCHHS CTpa-
Terii EKOHOMIYHOTO Ta COIiaTbHOTO PO3BUTKY Onech-
ko1 oOuacti 10 2020 poky» rependadae 3axou 11010
azanTaiii «peKpearifHoro IMMOTEHIAy PETIOHY 10
kimiMaTnaHEX 3MiH» (Onmecbka obnacHa pana, 2017),
a TaKOXK CEKTOpaJbHI 3aX0/H, ITPOTE JKOJHUX 3aXOJIIB
10710 ajanTarii He OyJI0 HaBeIeHO y TUIaHi, 3BiTI YU
iHIMX oiifHUX JOKyMEHTaX Ha piBHI MicTa. 30Kpe-
Ma, B IJIaH1 CTAJIOT0 EHEPreTUYHOTO PO3BUTKY € JIUIIIC
OJIMH TTYHKT 00 o3eeHeHHs. OHaK, IOIpH OpieH-
ToBHY Bapticth B 7 800 Tuc. rpH Bix 2016 mo 2020
pp., B IUIaHI HE PO3PAXOBAHO OYIKYBaHE MMOTIMHAHHS
MApHUKOBHX Ta3iB y 1[bOMY KOHTEKCTI YM BIUTUB 3e-
JICHUX 30H Ha 3HW)KCHHsI BPa3lHBOCTi. BifcyTHicTh
3ax0JliB MIONO ajanTalii 3yMOBHJIM 3arajoM HH3bKY
OIIiHKY, TIONIPH BiTHOCHY €()eKTUBHICTH yCiX 0a30BUX

aCTeKTIB YIPABIIHHS B KOHTEKCTI TTOM SKIICHHS 3MiH
KJTIMaTy.

st M. XapkoBa HasiBHUHN JTOKJIATHO PO3POOICHUN
ruiad (XapkiBcbka Michka pana, 2017), sikuit € moope
CTPYKTYPOBaHHM, MICTUTh OIUC KJIFOUOBUX 3aXOJIB
[IO/I0 ITOM’SIKIICHHSI Ta PO3IIUPEHY OIIHKY Bpa3iIH-
BOCTi. BracHe ¢inaHCcyBaHHs MJIaHy rnependadac Juie
KOIIITH Ha MPOEKTH, CIIPSIMOBaHI Ha 3MEHIIIEHHS BUKH-
IIiB TAPHUKOBUX Ta3iB (Xo4a ¥ NesKi 3 MUX MPOEKTIB
CIPHSIFOTh aJarTaIlii, HampuKiaa, ITiIBHINECHHS CTil-
KOCT1 CHCTEM BOJIOBIJIBEJICHHS), B TOW Yac SIK 3aXO]U
11010 ajanTalii 0OMeXeHO MepesikoM peKoOMeH Al
3rimHo 3 1mabiaonoM. [lompu 3000B’s13aHHS 3BITYBaTH
3rigHo 3 IaHoM y 2019 p., MiciieBi opranu Biiaau Ha-
pa3i He HaJaJIH >KOJHUX 3BITiB MO0 HOTO BUKOHAH-
HSl, X0ua HasBHA iH(pOpMallis Mpo BTIJICHHS OKPEMHUX
npoeKTiB. BigcyTHiCTh HajeKHOI yBaru 10 3abe3re-
YeHHs 3aXOMiB IIOA0 ajarralii Ta IIOTOYHE HEBHUKO-
HAHHS BUMOT JO 3BITHOCTI CTAJdM KJIIFOYOBHUMH OOMe-
JKEHHSIMH B OTPUMaHHI BHIIIOI OI[IHKH.

I'padiuny iHTEpHIpeTaimifo OIHKKA e(dEeKTUBHOC-
Ti CHCTEMH YMpaBIiHHS B pO3pi3i JecCsTH TPy, a Ta-
KOXK IIOJI0 TOM SIKIICHHS Ta ajanTaiii MpeacTaBIeHO
Ha puc. 7, 8.

VYei micrta, SKi MH TOCIIKYBaJIH, PO3TISAAIOTh BH-
KIIMKA 3MIiHH KIIIMaTy 3 TEPCIEeKTHBH HEOKIACHIHOI
€KOHOMIKH Ta CTAaHJaPTHOTO HPOCKTHOIO MEHEKMEH-
Ty. Ilompu JesiKi ycmxn y 3aJydeHH] 3aliKaBICHUX
CTOpIH 1 pO3JIOTHH aHaIli3 MUTaHb aJanTalii, B )KOAHO-
My BHIAJIKy HE OyJ0 BHUSBICHO BiJIOBIIHOCTI BHMO-
ram piBHIO B a0 A, 10TpUMaHHS SKHX 1 € HABaXKIH-
BIIIIMM aCITEKTOM JIJISI CTBOPEHHS JI€BOT CHCTEMH.

BapTo Bim3HaYWTH SK MPaKTHYHY, TaK i HAYKOBY
3HAYYIIICTh 3alPONIOHOBAHOT HAMU METOAMKHU. SIK 3a-
3HaUEHO Yy paMKax nomepeanix nociimkens (Palutikof,
Street & Gardiner, 2019), y Toi 4ac, KOJU BHKJIU-
KM I0/I0 3MiHM KJIMaTy CTalld KPUTHYHWUMH, Oarato
IHCTPYMEHTIB, pPO3pOOJEHUX HAYKOBIIMH, 3allUIIa-
I0ThCSL «apredakraMu», SKi HIXTO HE BHUKOPHUCTOBYE
BHACIIIOK I1XHBOI CKJIAIHOCTi, HE3PO3YMUIOCTI M
HEJIPY>KHBOTO JI0 KOPUCTYBada iHTepdeiicy.

[lig wac po3paxyHKy LiTBOBHX MOKa3HUKIB IEsKi
MiCTa OKPECIIHIIH JIUIIE OKPEMi CEKTOPH, B TOW Yac sIK
3arajgbHi BUKHJU MOXYTh CYTTEBO TIEPEBUIIYBATH pe-
(hepeHTHI 3Ha4YeHHSI 0a30BOTO POKY, B JIEIKUX BUMAJI-
kax B 1.5 pasu (bepauuiBchka Michbka pana, 2015) abo
oxorutroBary ymie 40% 3arajbHUX BUKUIIB (Bmouep-
KiBChbKa MIChKa paja, 2016) B OKPEMHX BUIaIKaX il
IIOJI0 3MEHIICHHSI BUKHUJIIB HE BIJIOBIIANH TIEPEIiKY
MMPOEKTIB 100 3MEHIIEHHS BUKUIIB. s mpukmany,
st M. KoHOTOITa MpH 11Tl 1110710 3MEHIIIEHHS BUKH/IIB
Ha 20% 1o 2020 p. 3amaHoBaHi MPOSKTH OyaH po3pa-
XOBaHI Ha 3MEHIIICHHs BUKUIB Jniie Ha 2.96% (KonHo-
TOIChKA MichKa paja, 2014).

[lompm BUKIIOWEHHS 3 aHANI3y 3BITIB 3 CYTTEBUMHU
HETOYHOCTSIMH, 3QJIAIIAIOTHCS CKIIAIHI IS TIOSCHEHHS
BIZIMIHHOCTI y BHTpaTax Ha OJWHUINIO 3MEHINEHHS BH-
KHJIIB B KOHTEKCTI TIOPIBHSHHS IJIAHOBUX 1 JOCSATHYTUX
[MOKA3HHUKIB, a TAKOXK BIJIMIHHOCTEH MiXk cekTopamu. Ta-
KHM YMHOM, HaBITh 3 TO3MIII HEOKIACHYHOI EKOHOMIKH
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B TMIOTOYHOMY KOHTEKCTI IIi Pe3y/IbTaTH He MOXKYTh PO3-
IISAATUCH SIK (aKTOPU MPUHHATTS PillleHb, 3BAXKAIOUH
Ha HMOBIpHY HemoBHOTY iH(opmanii. UnHHUKaMu Bif-
MIHHOCTEH y BapTOCTI 3MEHIICHHS BUKHUJIB MapHHUKO-
BUX Ta3iB MK PI3HUMH MiCTaMH MOXYThb OyTH BiIMiH-

HOCTI Y pedepeHTHOMY CTaHi 00’ €KTiB, BIIMIHHOCTI Y
CTPYKTYpi BUTpAT Ta JKEPEeJ eHeprii, MPOTaInHH Y 3BiT-
HOCTI II0/I0 CKOPOUYECHHSI BUKH/IIB UM HEBPaXyBaHHS Jac-
THUHH BUTPAT 1032 MeKaMH MYHIIUITATITETY, [0 TTOTpe-
Oy€e OrMOIEHOTO TIOAATBIIOTO JIOCHIIKEHHS.
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Cepen MO3UTHBHUX CTOPIH PO3POOJICHUX TUIAHIB €
dhopmyBaHHS B 0CI0, sSIKI TPUHAMAIOTh PIMIICHHS, PO3Y-
MIHHS JDKepel 1 CTPYKTYpH BHKUJIIB, JTOKJIAJIHUN aHa-
J1i3 MOXKIIMBOCTEH 3MEHIIIEHHS BUKH/IIB B CEKTOPax Te-
IJTIOTIOCTaYaHHs, MYHIIUTAIBHIX Ta KUTIOBUX OYIi-
BeJIb, BOJIOITOCTAYaHHS 1 BOIOBIIBE/ICHHS, OCBITICHHS
1 TpaHCIIOPTY, BIPOBAKEHHSI AJIBTEPHATUBHUX JKe-
pen eHeprii. BogHouac, monpu HasBHICTH IIHPOKO-
TO CIEKTpa IHCTPYMEHTIB, METOJIB i PAMKOBHUX YMOB
MIATPUMKH TPUUHATTS PIIEHb MIONO 3MiHU KiliMa-
Ty, MICIICBUIMH OpraHaMH{ BIIaJU BCE IIE 3aCTOCOBY-
€THCS JIUIIE BY3bKHUIl 1X CIIEKTp, IEPEBAXKHO 3yMOBIIE-
HU cTpyKTyporo mabdnony (Bertoldi, 2018), miaxomom
KOHCYJIBTaHTa Ta HassBHUM ITPOTPAMHHM 3a0e3IeUcH-

HSIM, 1[0 MOXE 3aJIMILIATH CYTTEBI MPOTAJIMHUA Y PO3Y-
MiHHI peaJIbHOi CUTYyaITil.

VY KOHTEKCTi IHCTUTYI[IOHANI3allil MUTaHb 3MiHU
KJIIMaTy Ha MICIEBOMY piBHi, OLIBIIICTH TUIAHIB OIMU-
Cy€ 3B 530K 3 IHIITIMH 3HAYYIMMH JOKYMCHTAMH, Op-
raHizaliiiny CTpyKTypy Ta BiamoBifambHuX oci0. Ha-
TpHKITL, UepHiBEI[bKOIO MICHKOIO PAJIOI0 B paMKax
ii CTPYKTypH OyJI0 CTBOPEHO TPyIy 3 BIPOBAUKCHHS
MOB’A3aHKX 3 MTAHOM MPOEKTIB, KA anomuae 3a 3a-
JIyYEHHsI PeCypCiB, BEJIECHHS PEECTPY MPOEKTIB, Iiro-
TOBKY 3BITIB, BTUICHHS 1HGOPMAIIHHUX TMPOCKTIB Ta
IHII 3aXO0JM, 30KpeMa B3aEMOIIO 13 3alliKaBICHUMHU
CTOpOHAMU (TPOMaJICKUMHU OpTaHi3allisiMKi, HAyKOBH-
MH yCTaHOBAaMH TOIIO). BTiM, podoTa rpymu HacamIre-
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pell OpieHTOBaHA Ha EHEPrOMEHEIDKMEHT Ta He Bpaxo-
BY€ MIUPIIUX MATAaHb 3MiHHU KJIIMaTy TIOBHOIO MipO¥O.

CraHIapTHOIO CKJIaOBOIO JCSKUX IJIaHIB, SKi Mic-
TATH ACTEKT ajanTarlii, € OI[iHKa BPa3JIUBOCTI J0 3Mi-
HH KJIIMarTy, siKa NepeBa’kHO BUKOHYBaJIaChb HA OCHOBI
meronuku O. IlleBuenko Ta iH. (2015) BriMm, xo1€eH 13
TUIaHIB HE PO3IIIAJae KOHKPETHI Wi 1Moo ajanrarii
Ta He MICTHTb PE3yIBTATIiB aHANI3y BPA3IHBOCTI OKpe-
MHUX 00’€KTIB UM COLIaNBbHUX TPy 0 3MiHH KIiMaTy,
OKpIM y3arajibHeHUX TBEPJIKCHb.

Bapro Bkazaru Ha 3HAYHO AOKJAIHILIE OIPALO-
BaHHS MHUTaHb TIOM’ SIKIICHHS 3MIHU KJIIMaTy 3 pPO3-
IVISIZIOM 3aXOJIiB Y KOXKHOMY CEKTOpi Ta OOIYHUH po3-
TVIS1/T 3aXOMIB 3 aanTarii 0 3MiHM KIIiMary, JUIs BIPO-
BaJDKCHHS SIKNX [IEPEBAIKHO HE nepe0aueHo O JKET-
HUX KOWITIB Ta HEYiTKO CHOpMyIboBaHi IiaHyu (Ha-
MIPUKIIAJ, TUB. bBilonepkiBchbka Michbka paz[a 2016), a
TaKOXK Ha Jy’Ke OOMEXEHY yBary A0 «M’SIKUX» (Ipu-
POIOOPIEHTOBAHMX) 3aX0iB. BUHATKaMM y IbOMY BH-
MaJKy € OKpeMi IIaHu, po3poOIIeHi B paMKaxX MpoeK-
ty USAID, ne rpynamu excriepTiB Oyno 3aiHCHEHO
JTOKJIQTHIIIIE OTIPAIFOBAaHHS BPA3IUBOCTI IO 3MiHH KITi-
Mary (Hampukiaz auB. binropon-/lHicTpoBchka Mich-
ka panga, 2017). Brim, OromkeT mporpaMu CTaHOBHUTH
mumie 0.00045% Binm 3araabHOTO 6}011>1<eTy, a cami 3a-
XOJIH TIEPEBAXKHO CIPIMOBAHI Ha 3arajibHi TEMH eKOHO-
Mii eHepropecypciB Ta 3alyueHHs HAaceJICHHS JI0 03e-
nenenns (Dubois et al. 2019).

B okxpemux mianax MicT 3ralaHO PO B3a€MO3B’ 130K
MK HOM’ SIKIIIEHHSIM Ta aJalTalicro, OJHAK [ed aCIeKT
MEPEeBAKHO OOMEKYEThCS MIA0TOHHUM TBEP/KCHHSIM,
a caMi TIepeITiKH 3aXO0/1iB IO/I0 aAaITAaIlil 10 3MiHHU KITi-
MaTy 4acTO HMOBTOPIOIOTHCS y PI3HUX IIaHax 0e3 CyT-
TEBUX BIIMIHHOCTEH BiJ IIIa0JIOHY.

VYV pamkax MOCTaHOBKH IIiJIel MiHIMajabHI BUMOTH
Yroau MepiB 4acTo poO3MISAAINCh K MaKCUMAallbHUH
piBeHBb aMmOiriil, Mo cTao0 0OMEXKYIOUNM YHHHHKOM
JUI BUSIBJIGHHSI LIMPIIOTO CHEKTPY akKTyaJbHUX 3a-
XOJliB, @ TAaKO)K MOXKJIMBUX CHHEpPTid Ta CyImyTHIX BH-
rix. HaBiTh y TutaHax, siki MICTSTh KOMIIOHCHT aJIari-
Talii, HasBHE CyTTEBE 3MIIllEHHs OallaHCy B HampsMi
JI0 IIOM SIKIIEHHS 3MIHU KniMaTy Takoxx 1111 yac a”a-
N3y BH3HAYCHUX 3aXOJiB Oy/O BHSBICHO CYTTEBHH
npioputeT iHQPACTPYKTYpHUX 1 TEXHOJOTIYHHUX pi-
weHb. By3bKiCTb CIeKTpy 3aXOfiB 1 HU3BKUI PiBEHB
3BITHOCTI 3a JIOCSITHYTUMH pPe3yJdbTaTaMH B PaMKax
00OMEXEeHHX THCTHTYIIHUX CIPOMOXKHOCTEH MOXKYTh
CTpUMYBaTH MOTEHIIa] MicT y wiid cdepi Ta oOMexy-
BaTH CTEKTP JIOCTYITHHX JUTSl PO3BHTKY IUISAXIB.

®DokycyBaHHSI AUCKYPCY ILOJAO 3MiHM KJIIMary B
MiCTax Ha MUTAHHSIX €HEPreTHKH, MiATPUMYyBaHe YTo-
JTOT0 MEPIB, 3 OHOTO OOKY, A€ MOXKIIUBICTh CTUMYJTIO-
BaTW KPUTHYHO BayKJIMBI Aii 100 CTPUMYBaHHS 3MiHH
KJIiMaTy, ajie 3 1HIOoro OOKy, MOJKe CTPUMYBATH 1HHO-
Ballil, AIGTEPHATHBHI PIICHHS Ta aMOITHIIII TIO3MIIi{ 32
MEKaMH yCTaJIeHOTo JUCKypcy. To6To MoxHa crocTe-
piraru ¢opMyBaHHS TaK 3BaHOT «3aJI€KHOCTI Bij LIS~
Xy» 3 ITHOPYBaHHSM CyTTEBUX BIUIUBIB, PH3UKIB, MOXK-
muBocTel Ta 3arpo3 (Seto et al., 2016). B To#i vac sik
CEJIEKTHBHE BpaxyBaHHsI CEKTOPIB IiJl Yyac TIaHyBaHHS
JTla€ MOXKITUBICTH MICTaM YiTKO OKPECIUTH MEKi BIUTH-

By Ta iHTEpeciB MICIEBHUX OpraHiB BIaJH, I TAKOXK
CTBOPIOE MOJJIUBICTh HEBpaxyBaHHs BaromMoi 4acTKH
BUKHIB MAPHUKOBUX Tra3iB, sKi NPOAYKYIOTHCS Ha Te-
puTOpii MicTa.

VYV Takux ymMoBax MICTO MOXXE€ YMOBHO JIOCSITH
BYIJIELIEBOI HEUTPaJIbHOCTI (BIIHOCHO BHUKHIIB, Bpa-
XOBaHMX y KaJacTpi), O[HAK MPOJIOBKYBATH TPOJLY-
KyBaTH 3Ha4Hi OOCATH BHMKHIB NapHUKOBUX Ta3iB,
SIKI MICLIEBi OpraHu BilaAM HE BPAXOBYIOTh SIK TaKi,
110 IX CTOCYIOTBCS, OCKUIBKM 1€ HE OyJI0 BIIUCAHO B
0azoBuii kamacTp. Takok BapTO BpaxyBaru, IO B TOH
yac, SIK THy4YKICTb y BU3HaY€HHI 0a30BOT0 POKY € 3Ha-
YYIIOI0 y paMKax 0OMEXeHOT 1H(1)0pMau11 e CyTTe-
BO 3BYXKYy€ MOJKJIMBOCTI JUIsI TOPIBHSIHHS Ta CHUIBHUX
LiJeH, 10 € 0COOIMBO BaKJIMBUM B KOHTEKCTI MiXK-
HApOJHOI CITIBIIpaIli I JOCSTHEHHS IIUIeH CTaioro
PO3BHUTKY.

Hamu 3piticaeno SWOT-anani3 miadiB 1 3BITHOCTI
MICT, SIKMi 1aB 3MOT'Y CTPYKTYPYBaTH CHOCTEPEKEHHS:

- mepeBaru: (I11) gocBif 0710 3MEHIIIEHHS BUKH/IIB
B okpemux cekropax; ([12) HoBi areHTH 3MiH (HayKOB-
1i, aKTUBICTH, TpOMaJIChKi opranizamii); (I13) nimesi
IHHOBAIII{, SKi BUXO/STh 32 MEXKI CTaTyc-KBO;

- menomiku: (HI1) q)parMeHTapHiCTL 1 HETOYHICTh
0a3u gaHux Yroau MeplB (H2) mpiopuTeTHICTB TEXHO-
JIOT1YHUX 3aXO0[liB, MiHIMaJbHE TPE/ICTABICHHS ajiar-
Tarii Ta mpupoaoopieHToBaHuX 3axomnis; (H3) dopma-
JiCTUYHE BUKOPUCTAHH AOI0Hy MiJ] Yac MjaHyBaH-
HsI 3aXO/iB 1 po3msiai ouikyBaHux Burix; (H4) BigcyT-
HICTb 3yCHJIb, COPSIMOBaHMX Ha aJanTUBHICTh, TPaHC-
(hopmarmiifHicTh 1 crilikicTh; HS) HaamipHO cripore-
HE TPEACTaBJICHHS PIlICHb 3 yPaxyBaHHSIM BY3bKOTO
CIIEKTPY X HACIIJIKIB;

- 3arposu: (31) mepcrnexTrBa 3aJeKHOCTI Big ILUIIs-
Xy MiHIMaIbHUX 3ycuib; (32) SKiCTb BWUKOHaHHS,
aMOITHICTD LiJIeH, YpaxyBaHHs Ui BUKIIOYCHHS OKpe-
MHUX MHUTaHb Ta 1HII aCHEKTH MiATOTOBKU Oijblue 3a-
JIe’KaTh BiJl KOHCY/IBTaHTa, HIXK Bil IPIOPUTETIB MICTa;
(33) dhoxycyBaHHS Ha IHKPEMEHTAIBHUX JIOCSTHEHHSX
0e3 mocTaTHbOT peq)neKcu Ta CHCTEMHOI'O YCYHCHHS
MPOTaJIMH 1 BUKJIMKIB;

- MoxumBocTi: (M1) po3BHTOK Mepex CHiBIpa-
i, SKi CIPUSIOTH TMOTIUOIICHHIO YBaru N0 THUTaHb
3MiHHM KIJIIMaTy Ha MiCIIEBOMY piBHI, B3a€MHOMY Ha-
BYAHHIO T2 PO3LIMPCHHIO CIICKTPa le.IeHB (M2) ak-
TUBHIIIA y4acthb y 100aJIbHUX 1HILIaTUBaX 3BITHOCTI
II0Z10 3MiHM KJIIMaTYy, IO JAaCTh 3MOT'Y BUHTH 32 MEXI
MOTOYHOTO 1IabJIOHYy Ta HOpiBHHTI/I JOCSITHEHHS 3
Mmictamu-niaepamu; (M3) CyTTEBHIA MOTEHLia AJ151 TI0-
KpAIICHHS! BEPTHKAIBHOT i TOPU30HTAJIbHOT iHTeTpanii
IUTaHIB Ta 3aXOiB IIOAO 3MiHU Kiimary; (M4) ysro-
JHKEHHS KJIIMAaTHYHUX LJIeH 3 1HIIIUMHA [IJISIMU CTAJI0r0
PO3BUTKY.

Y KOHTEKCTi MOJAJIBIINX €KOJIOTO-CKOHOMIYHHX J0-
CJII/DKEHD, CHIPSMOBAHUX Ha l'Il,Z[TpI/IMKy 1 BIOCKOHa-
JICHHS il I0A0 3MiHU KJIIMaTy B MIiCTax y paMKax Ia-
pazurMu TpancdopmaniiHoi cTanocTi, HeOoOXiTHUMHU
€: (1) mocnimKeHHST MOXKITUBOCTEH 3aITydeHHS HAyKOB-
I[iB JI0 TIPOIECIB (OPMYBaHHS €KOJIOTIYHOI MOIITHKU
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y cdepi 3miHm KiIimary; (2) BUBYCHHS MOXIIMBOCTEH
3allydeHHs Pi3HUX CYO’ €KTiB €KOJOTIYHOI MOJITHKH Y
cdepi 3MiHM KITIMaTy 10 TIPOIIECy Ha MiCLIEBOMY PiBHI;
(3) BpaxyBaHHS HOPMATHBHUX aCTIEKTiB JI0OCIiKSHD Ta
BILTUBY I[IHHOCTEH 1 MOTIISA/IB TOCIITHUKIB Ha MPOIEC
nocmipkeHHs. Takox HOTpi6Ho PO3BUBATH KOMIIETEH-
1Lii Ta oIt HayKOBILB i 0CI0, sIKi IPHIAMAIOTH PillICHHS,
B KOHTEKCTI 3aJIy4eHHS IO TIOM *SIKIIEHHSI 3MiHU KJliMa-
Ty Ta ajanTauii 70 Hei B MicTax.

BucnoBok. Iloroynmii BHECOK MicT YKpaiHU B
MOM’ SIKIIIEHHSI 3MIHU KJIiMary Ta aJanTarliio 10 Hei €
Jy’Ke OOMEKEHUM B KOHTEKCTi JOCATHYTHX 3HHKEHb
BHKH/IIB TTAPHUKOBUX Ta3iB 1 HIMPIIOTO BHECKY B iH-
CTUTYIIIOHATI3AIlII0 KIIIMATHYHUX MMUTaHb HA MICIIEBO-
My piBHi. BiiuB Yroan MepiB € HEOAHO3HAYHUM. Hpu-
€[HAHHsI JI0 MCPEeXi YTOIH MepiB, a TaKoX HasBHICTH
KEpIBHULTBA Ta MIA0JIOHIB ISl MATOTOBKY IJIaHy HiH
i MOXKITHMBICTE GaraTboM MiCTaM JOIY4HTHCH 10
1obanpHuX MK y mii cdepi, mpoanaizyBaTH cuTya-
10, BU3HAYMTH LTI 1 PO3POOHMTH 3aXOH, CHIPSIMOBA-
Hi Ha 3MEHIICHHs BUKH/IiB TAPHUKOBHX Ta3iB Ta ajal-
TaIiio 10 3MIHM KJIiMary. Y4acTh y TioOanbHil Mepe-
K1 pO3KPHIIa MOXKIIUBOCTI JIJIsl OOMiHY JIOCBiZIOM 1 Bpa-
XyBaHH HaﬁKpamnx CBITOBHX TIPAKTHK. Boanouac,
HasIBHI HEJIONIKH JIiif 00 3MiHM KIiMaTy B TakoMmy
(dopmaTi akTyasnizyroTh HEOOXiJHICTh BUXOLY 33 MEXI
yCTaJeHUX MPAKTHK. YIPaBIiHHSI MiICbKUMH TEPUTOPi-
SIMHM B YMOBaX 3MiHH KIIiMary MoTpedye CyTTEBUX 3MiH
1uisl 3a0€3MeYeHHs] 3HaYyIIOro BHECKY B JOCSTHEHHS
MDKHAPOIHUX KJIIMAaTHYHUX IIUICH.

Cunucok Jireparypu

banabyx, B. (2013). I[lomouna ma ouixyeana 3mina
Kaimamy, i eniueu ma HACAIOKU HA Mepumopii
Yipainu, 3axapnamms ma Paxiecbkoco paiiony.
I[Mpoekr LOC-CLIM-ACT: wicnieBi nii 1momo
BrommBy KiimMarnganx 3MiH. HUSKROUA/1001/079.
VYkpaiHCBKUI  TiJpPOMETEOPONIOTIYHUA  1HCTHUTYT.
[Balabukh, V. (2013). Present and expected climate
change, its impacts and outcomes on the territory of
Ukraine, Zakaprattia and Rakhiv district. LOC-CLIM-
ACT project: local action on climate change. Ukrainian
Hydrometeorological Institute (in Ukrainian)]. Retrieved
from https://ucn.org.ua/wp-content/uploads/2013/07/
resume_climatechange ukr.pdf

Bbepnuuiscrka miceka pana (2015). Ilnaw 0iti 3i cmanozo
eHepeemuuHo20 pozeumiy micma bepouuesa 0o 2030
poky. Pimenns Bim 18.08.2015 Ne 1136. [Berdychiv
City Council (2015). Berdychiv City Sustainable Energy
Action Plan 2030. Decision form 18.08.2015 Ne 1136
(in Ukrainian)]. Retrieved from https://mycovenant.
eumayors.eu/docs/seap/20751 1443009447 .pdf

Binropon-/lHicTpoBchka michkka pana (2017). [lran Oiii
CMAN020 eHepeemuyHo20 pPO3GUMKY I KIiMamy 0o
2030 poxy micma bineopoo-/nicmposcokuii. ITpoekt
USAID «MyHinunansHa eHepreTuuHa pedopma B
VYkpaini». [Bilhorod-Dnistrovsk City Council (2017).
Bilhorod-Dnistrovsk City Sustainable Energy Action Plan.
«Municipal Energy Reform in Ukraine» (in Ukrainian)].

Retrieved from https://mycovenant.eumayors.eu/
docs/seap/22378 1505919375.pdf

binouepkiBcbka Micbka pama (2016). Ilran it 3i
CMaAno20 eHepeemuyHo20 pO3GUMKY mda KIMamy
M. bBina ILepxea na 2017-2030 poxu. AreHuis
cTpareriyHoro po3BuTKy binoi Llepksu. [Bila Tserkva
City Council (2016). Bila Tserkva City Sustainable
Energy Action Plan and Climate for 2017-2030 «Bila
Tserkva Strategic Development Agency» (in Ukrainian)].
Retrieved from https://mycovenant.eumayors.eu/
docs/seap/22240 1487852090.pdf

bottuenko, C.I., Kapamymka, B.I., Tumenko, O.B.,
Moxnad, P.}O. (2017). Exomnoriuni 3arposum mis
OiopizHoMaHiTTs B KwueBi Bim 3MiHM KIiMary.
Honoeidi Hayionanvnoi axademii nayx Yxpaiuu,
12, 104-111. [Boychenko, S.G, Karamushka, V.I,
Tishchenko, O.V., & Mokhnach, R.Yu. (2017).
Environmental threats to biodiversity in Kyiv from
climate change. Reports of the National Academy of
Sciences of Ukraine, 12, 104-111 (in Ukrainian)].
Retrieved from http://dspace.nbuv.gov.ua/handle/
123456789/129634

BPY (1996). 3akom Vkpainu «IIpo paTI/I(blKauuo
PamxoBoi komBentmii OOH mpo 3miHy Kimimary»
Ne 435/96-BP. Bioomocmi Bepxoenoi Paou Yxpainu
(BBP), 1996, Ne 50, ct. 277. [VRU (1996). Law of
Ukraine «On ratification of the UN Framework Convention
on Climate Change» Ne 435/96-VR. Bulletin of Verkhovna
Rada of Ukraine (VVR), 1996 Ne 50, 277 (in Ukrainian)].
Retrieved  from  https://zakon.rada.gov.ua/laws/
show/435/96-%D0%B2%D1%80#Text

BPY (2016). 3akon VYkpainu «llpo parudikamito
[Mapusekoi yrogu» 1469-VIII. Bidomocmi Bepxognoi
Paou (BBP), 2016, Ne 35, ct. 595) [VRU (2016). Law
of Ukraine «On ratification of the Paris Agreement» Ne
1469-VIII Bulletin of Verkhovna Rada of Ukraine (VVR),
2016, (35), 595 (in Ukrainian)]. Retrieved from https://
zakon.rada.gov.ua/laws/show/1469-19#Text

BPY (2019). 3akon VYkpainu «I[Ipo OcHoBHi 3acaau
(cTparerito) mep)KaBHOiI E€KOJOTIYHOI  TOJITHUKH
VYkpaiam Ha mepiom mo 2030 poky», 2697-VIII.
Bioomocmi Bepxosnoi Paou (BBP), 2019, 16 (70).
[VRU (2016). Law of Ukraine «On the key foundations
(strategy) of the state environmental Politics of Ukraine
until 2030» 2697-VIII Bulletin of Verkhovna Rada of
Ukraine (VVR), 2016, 16 (70) (in Ukrainian)]. Retrieved
from https://zakon.rada.gov.ua/laws/show/2697-19#
Text

lony6uos, O., biato, A., CeniBepcroB, O., Cano-
rypcbka, C. (2019). Bona Onu3bKo: MiABHUICHHS
piBHS Mopsi B YKpaiHi BHACITIIOK 3MIHM KJIiMaTy.
Exoois. [Holubstov, O. Biatov, A., Silvestrov, O., &
Sadohurska, S. (2019). The water is near: the rise of sea
level in Ukraine as the result of climate change. Ecoaction
(in Ukrainian)]. Retrieved from https://ecoaction.org.
ua/wp-content/uploads/2018/11/sea_2018ua_c.pdf

Hemunna, M. (2019, 13 Bepecns). Ha Lviv Eco
Forum-2019 mnpeacraBuimu mepiri YCIINIHI KPOKH
nepexony Ykpainum Ha 100% BimHOBIIEHHS KEpem

168 B. I. Conogiii, I. A. ly6ogiu. Ekonoro-cowio-ekoHoMiuHuii aHani3 ynpaBniHHA MiCbKIUMM TepUTOPIAMI B yMOBAX 3MiHM KNiMmarTy...



Proceedings of the Forestry Academy of Sciences of Ukraine, 2020, vol. 21

eneprii. JIpBiBchbka Michbka pama. [Demchyna, M.
(2019, September 13™). First successful steps of Ukraine’s
transition to 100% renewable energy sources have been
presented at the Lviv Eco Forum-2019». Lviv City Council.
(in Ukrainian)]. Retrieved from https://city-adm.
lviv.ua/news/science-and-health/ecology/269797-
na-lviv-eco-forum-2019-predstavyly-pershi-
uspishni-kroky-perekhodu-ukrainy-na-100protsent-
vidnovlennia-dzherel-enerhii

KMY (2015). Posmopsmkenns Kabinery MiHicTpiB
VYkpainu «lIpo cxBanenHs OuikyBaHOTO HAIlIOHAIEHO
BU3HAUEHOIO BHECKY YKpaiHM JO IPOEKTY HOBOIL
mrob0anpHO1 KimiMarnyHOi yroam» Bim 16.09.2015
No 980-p 2016 [CMU (2015). Decree of the Cabinet
of Ministers of Ukraine «On approving the Nationally
Determined Contribution of Ukraine to the project of the
new climate agreement» from 16.09.2015 Ne 980-p 2016
(in Ukrainian)]. Retrieved from https://zakon.rada.
gov.ua/laws/show/980-2015-%D1%80#Text

KMY (2016). Posnopsyxenns Kabinery MiHicTpiB
VYkpainu npo cxBaneHHs «Konmemnii peamizarii
JepKaBHOI TOMITHKH y cdepi 3MiHM KIiMary Ha
niepion 10 2030 poxy» Bin 7 rpymHs 2016 p. Ne 932-p.
Ypsioosuii nopman. [CMU (2015). Decree of the Cabinet
of Ministers of Ukraine on approving «The concept for
realisation for state policy on climate change until 2030»
from December 7, 2016. Ne 932-p. Government Portal (in
Ukrainian)]. Retrieved from https://www.kmu.gov.
ua/npas/249573705

KMY (2017). Ilpo 3aTBepiKEHHS TIJIaHy 3aXoJiB
mono BukoHaHHs Koumeniii peasizaiii aep:xaBHOT
MOJIITUKH y cepi 3MiHM Kirimary Ha riepioxa 1o 2030
poky Bix 6 rpynust 2017 p. Ne 878-p. [CMU (2015)
On approving the plan of measures for the implementation
of the state policy on climate change until 2030» from
December, 6, Ne 878-p (in Ukrainian)]. Retrieved from
https://zakon.rada.gov.ua/laws/show/878-2017-
%D1%80#Text

Konotonceka micbka pana (2014). Ilran oiti cmanozo
eHepzemuuno2co po3sumky micma Konomon Ha
nepioo 0o 2020 poxy. Yroma mepiB. [Konotop City
Council (2014). Konotop City Sustainable Energy Action
Plan until 2020. Covenant of Mayors (in Ukrainian)].
Retrieved from https://mycovenant.eumayors.eu/
docs/seap/3014 1394185849.pdf

JIsBiBCchKa Micbkka paga (2011). IIpoepama cmanozo
enepeemuuno2o pozeumky micma Jlveosa oo 2020
poxy. Pimenns Ne 663 Big 14.07.2011 poky. Yroaa
MmepiB. [Lviv City Council (2011). Lviv City Sustainable
Energy Action Plan until 2020. Decision Ne663 of
14.07.2011. Covenant of Mayors (in Ukrainian)].
Retrieved from https://mycovenant.ecumayors.eu/
docs/seap/326 _1322040227.pdf

HELLY (2019). Sustainable energy positive and zero
carbon communities. Retrieved from https://necu.
org.ua/proyekty/sparcs/

Hixomonbcbka Micbka pana (2015). Ilran diti cmanozo
eHepeemuuHo2o po3eumky micma Hikonons Ha nepioo
0o 2020 poxky. Yroma mepiB. [Nikopol City Council

(2015). Nikopol City Sustainable Energy Action Plan until
2020. Covenant of Mayors (in Ukrainian)]. Retrieved
from https://mycovenant.eumayors.eu/storage/web/
mc_covenant/documents/8/HTbwwglTicqil T-
awS0i9TQoHRWIJZoSG.pdf

Opneceka obOmacua pama (2017). [Ilwan  3axodis
i3 peanizayii 'y 2018-2020 poxax Cmpameeii
EeKOHOMIUHO020 ma coyianbHo2o pozeumky Oodecvkoi
obnacmi 0o 2020 poky. [Odessa Regional Council
(2017). Action plan for the implementation in 2018-2020
of the Strategy of economic and social development of
Odessa region until 2020 (in Ukrainian)]. Retrieved from
http://oda.odessa.gov.ua/

Psabuka, M., 303yns, A., Pane, T. (2020). Kmimatuuni
i JIeBoBa: raiin juis oOpaHMX 10 MICBKOI paju.
[JIATO. [Ryabika, M., Zozulya, A., & Rad, T. (2020).
Climatic goals of Lviv: a guide for those elected to the city
council. PLATO]. Retrieved from https://plato.lviv.
ua/wp-content/uploads/2020/09/klimatychni-czili-
Ivova-plato-internet-1.pdf

XapkiBcbka Mickka paaa (2017). Ilran 0iit 3i cmanozo
enepeemuunozo pozsumky micma Xaprosa oo 2030
poxy. [Kharkiv City Council (2017). Kharkiv City
Sustainable Energy Action Plan until 2030 (in Ukrainian)].
Retrieved from https://mycovenant.eumayors.eu/
storage/web/mc_covenant/documents/8/mdcYha
4r2CXcbtQYds- Joq71ImIJkGLf.pdf

IlTeuenko, O., Bmaciok, O., CtaBuyk, 1., Bakomrok, M.,
L, O., Poxxxosa, A. (2015). Oyinka epaziusocmi
00 3minu Kknimamy: Ykpaina. Kinimatnaauii Gopym
cXiHOTO TTapTHEpcTBa Ta Poboua rpyma rpoMaacbkux
oprasizariiif 3i 3MiHu Kiimary [Shevchenko, O., Vla-
siuk, O., Stavchyk, 1., Vakoliuk, M., Illiash., O & Rozhko-
va, A. (2015), Vulnerability assessment and climate change
adaptation measures (in Ukrainian)]. Retrieved from
https://necu.org.ua/wp-content/uploads/ukraine cc
vulnerability.pdf

[lleBuenko, O., Cuixko, C. (2020). 3mina kiiMaTy
Ta YKpalHCHKI MiCTa: MPOSIBU Ta MPOEKIT 10 KIiHIIS
XXI cromitrs Ha ocHoBi RCP-cuenapiiB. Bicnuk
Kuiscoroeo mnayionanvnoco ynigepcumemy imeni
Tapaca Illesuenxa. I'eoecpaghia, 2 (756), 11-18.
[Shevschenko, O., & Snizhko, S. (2020). Climate change
and Ukrainian cities: manifesations and projections until
the end of the 20™ century based on RCP-scenarios. Bulletin
of Taras Shevchenko National University of Kyiv, 2 (756),
11-18 (in Ukrainian)]. https://doi.org/10.17721/1728-
2721.2019.75.2

Abson, D.J., Fischer, J., Leventon, J., Newig, J.,
Schomerus, T., Vilsmaier, U., ... & Lang, D.J. (2017).
Leverage points for sustainability transformation.
Ambio, 46 (1), 30-39. https://doi.org/10.1007/
$13280-016-0800-y

Agyeman, J. (2008). Toward a ‘just’ sustainability?.
Continuum, 22 (6), 751-756. https://doi.org/10.1080/
10304310802452487

Bertoldi et al. (2018). Guidebook ‘How to develop
a Sustainable Energy and Climate Action Plan
(SECAP) — Part 1 — The SECAP process, step-by-

V. Soloviy, I. Dubovich. Ecological-social-economic analysis of urban climate governance based on climate plans and reports... 169



HaykoBi npaui JliciBHuyoi akagemii Hayk Ykpainu, 2020, Bun. 21

step towards low carbon and climate resilient cities
by 2030, EUR 29412 EN, Publications Office of the
European Union, Luxembourg, 2018, ISBN 978-92-
79- 96847-1, doi:10.2760/223399, JRC112986

Boda, C.S., & Faran, T. (2018). Paradigm found
immanent critique to tackle interdisciplinarity and
normativity in science for sustainable development.
Sustainability, 10 (10), 3805. https://doi.org/10.3390/
sul0103805

Bugliarello, G. (2006). Urban sustainability:
Dilemmas, challenges and paradigms. Zechnology
in society, 28 (1-2), 19-26. https://doi.org/10.1016/j.
techsoc.2005.10.018

Cohen, M. (2017). A systematic review of urban
sustainability assessment literature. Sustainability, 9
(11), 2048. https://doi.org/10.3390/su9112048

Du Plessis, C., & Brandon, P. (2015). An ecological
worldview as basis for a regenerative sustainability
paradigm for the built environment. Journal
of Cleaner Production, 109, 53-61. https://doi.
org/10.1016/j.jclepro.2014.09.098

Dubois, G., Sovacool, B., Aall, C., Nilsson, M.,
Barbier, C., Herrmann, A., ... & Dorner, F. (2019). It
starts at home? Climate policies targeting household
consumption and behavioral decisions are key to
low-carbon futures. Energy Research & Social
Science, 52, 144-158. https://doi.org/10.1016/j.
erss.2019.02.001

Fedele, G., Donatti, C.1., Harvey, C.A., Hannah, L.,
& Hole, D.G. (2019). Transformative adaptation
to climate change for sustainable social-ecological
systems. Environmental Science & Policy, 101, 116-
125. https://doi.org/10.1016/j.envsci.2019.07.001

Grafakos, S., Viero, G., Reckien, D., Trigg, K., Viguie, V.,
Sudmant, A., ... & Carter, J. (2020). Integration of
mitigation and adaptation in urban climate change
action plans in Europe: A systematic assessment.
Renewable and Sustainable Energy Reviews, 121,
109623. https://doi.org/10.1016/j.rser.2019.109623

Guyadeen, D., Thistlethwaite, J., & Henstra, D. (2019).
Evaluating the quality of municipal climate change
plans in Canada. Climatic Change, 152 (1), 121-143.
https://doi.org/10.1007/s10584-018-2312-1

Harrison, P.A., Jager, J., Frantzeskaki, N., & Berry, P.
(2019). Understanding high-end climate change: from
impacts to co-creating integrated and transformative
solutions. Regional Environmental Change, 19, 621-
627. https://doi.org/10.1007/s10113-019-01477-9.

Hermwille, L. (2016). Climate change as a
transformation challenge. A new climate policy
paradigm?. GAIA-Ecological — Perspectives  for
Science and Society, 25 (1), 19-22. https://d-nb.
info/1104204509/34

James, P. (2017). Alternative paradigms for
sustainability: Decentring the human without
becoming posthuman. In Reimagining sustainability
in precarious times (pp. 29-44). Springer: Singapore.
https://doi.org/10.1007/978-981-10-2550-1_3

Jong, M., Joss, S., Schraven, D., Zhan, C., Weijnen,
M. (2015) Sustainable—smart-resilient-low carbon—
eco—knowledge cities; making sense of a multitude
of concepts promoting sustainable urbanization.
Journal of Cleaner Production 109, 25-38. Retrieved
from doi.org/10.1016/j.jclepro.2015.02.004 https://
doi.org/10.1016/j.jclepro.2015.02.004

Klaassen, G.A., & Opschoor, J.B. (1991). Economics
of sustainability or the sustainability of economics:
different paradigms. Ecological economics, 4 (2), 93-
115. http://pure.iiasa.ac.at/12758

Nightingale, A.J., Eriksen, S., Taylor, M., Forsyth, T.,
Pelling, M., Newsham, A., ... & Whitfield, S. (2020).
Beyond Technical Fixes: climate solutions and the
great derangement. Climate and Development, 12
(4), 343-352. https://doi.org/10.1080/17565529.201
9.1624495

O’Brien, K.L. (2016). Climate change and social
transformations: is it time for a quantum leap?. Wiley
Interdisciplinary Reviews: Climate Change, 7 (5),
618-626. https://doi.org/10.1002/wcc.413

Olazabal, M., Galarraga, 1., Ford, J., Sainz De
Murieta, E., & Lesnikowski, A. (2019). Are local
climate adaptation policies credible? A conceptual
and operational assessment framework. International
Journal of Urban Sustainable Development, 11 (3),
277-296. https://doi.org/10.1080/19463138.2019.15
83234

Palutikof, J.P., Street, R.B., & Gardiner, E.P. (2019).
Decision support platforms for climate change
adaptation: an overview and introduction. Climatic
Change, 153 (4), 459-476. https://doi.org/10.1007/
$10584-019-02445-2

Pelenc, J., & Ballet, J. (2015). Strong sustainability,
critical natural capital and the capability approach.
Ecological economics, 112, 36-44. https://doi.
org/10.1016/j.ecolecon.2015.02.006

Rose, J., & Cachelin, A. (2018). Critical sustainability:
incorporating critical theories into contested
sustainabilities. Journal of Environmental Studies
and Sciences, 8 (4), 518-525. https://doi.org/10.1007/
s13412-018-0502-9

Seto, K.C., Davis, S.J., Mitchell, R.B., Stokes, E.C.,
Unruh, G., & Urge-Vorsatz, D. (2016). Carbon
Lock-In: Types, Causes, and Policy Implications.
Annual Review of Environment and Resources,
41 (1), 425-452. https://doi.org/10.1146/annurev-
environ-110615-085934

Spash, C.L. (2020). A tale of three paradigms: Realising
the revolutionary potential of ecological economics.
Ecological Economics, 169, 106518. https://doi.
org/10.1016/j.ecolecon.2019.106518

Thornton, T.F., Mangalagiu, D., Ma, Y., Lan, J.,
Yazar, M., Saysel, A.K., & Chaar, A.M. (2019).
Cultural models of and for urban sustainability:
assessing beliefs about Green-Win. Climatic
Change, 1-17. https://doi.org/10.1007/s10584-019-
02518-2

170 B. I. Conogiii, I. A. ly6ogiu. Ekonoro-cowio-ekoHoMiuHuii aHani3 ynpaBniHHA MiCbKIUMM TepUTOPIAMI B yMOBAX 3MiHM KNiMmarTy...



Proceedings of the Forestry Academy of Sciences of Ukraine, 2020, vol. 21

Zagonari, F. (2019). Responsibility, inequality,
efficiency, and equity in four sustainability
paradigms: insights for the global environment from
a cross-development analytical model. Environment,
Development and Sustainability, 21 (6), 2733-2772.
https://linkhttps//doi.org/10.1007/s10668-018-0159-
2.springer.com/article/10.1007/s10668-018-0159-
2#citeas

Ecological-social-economic analysis
of urban climate governance based
on climate plans and reports of Ukraine’s
cities of regional significance

V. Soloviy', I. Dubovich?

Ukraine is facing accelerating climate change, yet
national climate policy doesn’t live up to the urgency
of climate challenges. In times when state-driven
climate action fails to deliver, cities emerge as hotspots
of vulnerability and islands of hope for preserving a
liveable climate. In this article, we conduct a critical
interdisciplinary analysis of how 78 large Ukrainian
cities that are signatories to the Global Covenant of
Mayors for Climate & Energy perform on their climate
commitments and governance, as well as on the
sustainability paradigms they adhere to. As a theoretical
lens of the study we employ the classification of
urban sustainability paradigms: weak, strong, critical
and transformative. We view those paradigms across
three analytical levels of (philosophical-ethical,
theoretical-methodological and empirical), using this
as a qualitative reference for further analysis. Within
each paradigm, we provide a review of key concepts
and approaches that relate to and reflect each of the
paradigms.

Our analysis suggests that most cities fall into the
weak sustainability paradigm and adhere to approaches
and tools that are not fit to the unique challenges
of climate change. All of the presently available
plans are built upon standard theory and methods of
neoclassical economics. Thus, they do not manage to
recognize the uniqueness of climate change. Most of
them lack legitimacy and are insufficiently ambitious
in their intended contribution to the Paris targets
while approaching the planning process in a purely
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formalistic fashion. They seldom achieve defined
goals and prioritize overly narrow range of technical
measures without considering prospective co-benefits
of other options, do not conduct any meaningful
actions for adaptation and provide fragmented reports,
which allow judging on progress made only in select
cases. A number of positive trends should however be
noted, such as the emergence of niche innovations,
the development of collaborative networks and
accumulation of mitigation experience in particular
sectors. We develop a new analytical tool to assess
the effectiveness of urban climate governance based
on city plans, reporting and data. It includes three
groups criteria (analysis, organizational capacity and
implementation) and ten sub-criteria (awareness,
vulnerability, inventory, vision and goals, coordination,
participation resourcefulness, achievements, reporting
and evaluation, and communication). Consistently
applying those criteria allows to holistically grasp
and assess the effectiveness of the present governance
system throughout all its phases. The article concludes
with suggestions on moving beyond the current status
quo of weak sustainability and towards a strong
sustainability paradigm through a set of strategic,
operational and tactical measures, including coverage
of such aspects as: updating climate change narratives;
extending state support to urban climate action;
extending capacities of scientists and decision-makers
considering theunique challenges of the Anthropocene;
assessing both consumption and production-based
emissions; updating decision-making criteria to
effectively integrate a wide range of co-benefits of
climate action; advancing research on nature-based
climate solutions and the role of civil society; greater
consideration of interconnections between climate
targets and sustainability goals; consideration of
various stakeholder perspectives, including vulnerable
groups and others who are often left excluded from
such processes. At the present moment it is important
to invest in institutional capacity building and social
learning, build effective cross-level collaborations,
seek support from international financial institutions
and guidance from the transnational municipal climate
networks.

Key words: sustainable urban development; good
governance; ecological economics; Paris agreement;
adaptation.
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JKOJIOro-CoLo-3KOHOMUNYECKNN
aHanus ynpasBiieHNA ropoacKummn
TEPPUTOPUAMM B YCIIOBUAX U3SMEHEHNA
KAnmara: Ha npumMmepe ropogos
o6nacTHOro 3HaueHnA YKpaviHbl

B.W. Conosuin’, . A. ly6oBmny?

H3Mmenenue kiauMmara Ha TEPPUTOPUH YKpau-
HBI OBICTPO IMPOIrpeccCHpyeT, HO HaIMOHAJIbHAs KO-
JIoTuYecKkasl TMOJIUTHKA IMOKa HE OTBEYaeT HEOTIOXK-
HOCTH KJIMMAaTHYECKHX BBI3OBOB. B 3TOM KOHTEKcTe
0co0yI0 aKTyaJlbHOCTb MPHUOOpETaeT pojb TOPOJIOB,
BCJIEJICTBHE HX YS3BHUMOCTH K U3MEHEHHIO KJIMMaTa
MOTEHIMANy [IJIs TEHEPUPOBAHUS KIMMATHYECKHUX
pemiennii. Ha ocHoBe anammu3a 78 IUIaHOB Tropo-
JIOB 00JIACTHOTO 3HAYCHUS! YKpawHbI, KOTOpHIC SIB-
JAFOTCSl  ydacTHHKamMu [moGampHOTO CornmameHus
M3POB 110 KJIMMATy U 3HEPTuH, MPUBEACHBI KpUTHYE-
CKUI MEXIUCIUIIMHAPHBIN aHaNIN3 BBIMOIHEHHS TO-
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ponamMu CBOMX 0053aTENIbCTB U IIEJIEH TT0 YMEHBIIIEHHIO
BBIOpPOCOB, 3(h(heKTHBHOCTH yrnpaBiIeHUs] TOPOJACKUMH
TEPPUTOPUSMH B YCIIOBUSX HM3MEHEHHs KJIMMaTa, a
Tak)Ke MapaJurM, B paMKax KOTOPBIX pa3BOpavnBa-
eTCsl DKOJIOTHYECKasl MOJIMTUKA MO0 M3MEHEHHUIO KIIH-
MaTa Ha MECTHOM YpOBHE. BrIsiBIeHO, 4TO O0Ib-
IIMHCTBO TOPOJIOB PabOTAIOT B paMKax MapajurMbl
c1aboi YCTOMYMBOCTH, TPUMEHSIOT ITOAXOIBI, KOTO-
pbI€ HE COOTBETCTBYIOT 0COOEHHOCTSIM BBI30BOB H3Me-
HEHUS KJIMMaTa U HE BBITIOJTHSIOT MTOCTABICHHBIX IIe-
neit. PactipoctpaneHn cyry0o ¢hopManucTHueCKuid moj-
XOJ1 K HCITOJIb30BaHUIO 1Ia0JI0HOB JIJIsl TUTAHUPOBAHUS,
JIEKJIapaTUBHOE OTHOIIICHHE K BOMIPOCAM aJIalTallui U
(¢parMeHTapHasi OTYETHOCTb. [IpennoureHue oTnaeT-
Csl Y3KOMY CTIEKTPY PEIIeHUH, a COMYTCTBYIOIINE BBI-
roAbl MEPOIPUSATUN I[OYTH HE paccMarpuBarorcs. B
TO XK€ BpPEMsl, UMEIOTCS TTOJIOKUTEIbHbIE TeHICHIIHNH,
TaKH€ KaK BO3HHKHOBCHHC HHUIICBBLIX I/IHHOB&HI/IIZ,
pa3BUTHE CETEH W HAKOILJICHHS OIBITA B OTICIBHBIX
cekTopaxX. Paspaborama meromwka OIEeHKH dddek-
THUBHOCTH YIIPaBJIEHHUS] TOPOACKUMU TEPPUTOPHUAMU B
YCIIOBUSAX U3MEHEHUH KIIMMara i ¢ €€ IIOMOIIBI0 0CY-
IIECTBJIEHA OIIEHKA TPeX T'OpPOJIOB OOJACTHOTO 3Hade-
Hus: JIpBoBa, XapbkoBa u Opneccel. Ha ocHoBe mpo-
BEJICHHOTO aHajn3a M Pe3ylIbTaToB OIEHKH, MPeyio-
JKEHBI CTPATETUYEeCKHE, ONEPAaTUBHBIE U TAKTHYECKHUE
PEKOMEHIAINH TI0 TIepeXo/y OT cinaboit 1o Tpanchop-
MAallMOHHOH NapaJurMbl yCTOWYUBOCTHU, KAK IIPEAIO-
chUTKH 3((PEKTUBHOTO YIpaBICHHUS TOPOIACKUMHU Tep-
PUTOPUAMU B YCIIOBUAX U3MCHCHUS KJIMMaTa.

KiroueBble c10Ba: ycToiiunBOE pa3BUTHE IOPO/a;
a¢hheKTHBHOE yTpaBIeHNE; IKOJIOTHUCCKas YKOHOMH-
ka; [Tapmxckoe cornaienue; aganTtamus.
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Examining the Road Networks and Locations of Firefighting Teams
by Using GIS Techniques

I. Tas', A.E. Akay?

For effective response to forest fires, the period of time necessary for the firefighting team to reach the fire site
should not exceed the critical response time, where the fire is more likely to be taken under control. For this reason,
the optimum route that allows the team to reach the fire site by a fire truck within the shortest time possible should
be determined. Computer-aided methods such as the road network analysis are widely used in the solution of such
transportation problems that require the shortest path analysis. In this study, the locations of the existing road networks
and firefighting team were examined using GIS techniques in order to determine the optimum route that will provide
the promptest access to the fire site. The study was carried out in the Adana Forest Enterprise Directorate, where first
degree fire-sensitive forests are located. There are three firefighting teams located in the boundaries of the study area.
The sites in the study area where previously occurred forest fires (15), which burned 1 ha or more forest areas, were
evaluated as potential fire sites. The analysis results showed that 64,12% of the forest areas in the study area was
reached by the firefighting teams within 20 minutes, which is the critical response time for first degree fire sensitive
forests. It was found that the teams could reach 12 potential fire sites within the critical response time. This result
revealed the necessity to establish new firefighting teams in the study area. In addition, it is thought that improving the
road network density in the study area by building new roads or increasing the truck travel speed by improving the
conditions of existing roads will help to solve the problem.

Key words: Forest fire; Optimum route; Shortest path; Network analysis; Fire access road; Fire trucks; Travel
speed; Critical response time; Adana; Turkey.

Introduction.The number of forest fires, as one of & Luce, 2016; Bathrellos, Skilodimou, Chousianitis,
the main source of forest destructions, have increased  Youssef, & Pradhan, 2017). In Turkey, 5.5 million
in many regions of the world, as well as in the hectares of forests along the coastline starting from
Mediterranean countries (Littell, Peterson, Riley, Liu, = Kahramanmaras to the Marmara region in the east
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of the Mediterranean region are fire sensitive at the
first degree (Akay, Wing, Zengin, & Kose, 2017).
In order to combat forest fires effectively, fire must
be suppressed as soon as possible. For this reason,
it is of great importance to identify detect and locate
forest fires as soon as they start and to report them to
the firefighting teams without delay (Akay, Karas, &
Kahraman, 2018).

In order to combat forest fires effectively, the time
to reach the fire site, especially in the first degree fire
sensitive forest areas, should not exceed the critical
response time in which the fire is more likely to be
brought under control. For this reason, the firefighting
teams should be placed in a suitable location from
which most of forest area can be reached in critical
response time (Sakar, 2010). After the fire alarm is
received, the optimum route that allows the firefighting
team to reach the fire site in the shortest time should be
determined as soon as possible.

Considering some restrictive factors, computer-
aided methods (e.g. network analysis, linear
programming, dynamic programming, heuristic
methods) are used in the solution of such problems,
which searches for the optimum route with the shortest
transportation time among alternatives (Sun, Lang, &
Wang, 2015; Liu & Chen, 2016; Seyedhosseini, Makui,
Shahanaghi, & Torkestani, 2016). Network analysis
method is widely used in the solution of transportation
problems aimed at determining the optimum route
(Hashemi, Karimi, & Tavana, 2015; Chiang, Chen, &
Ho, 2016). Developments in computer technology and
Geographic Information Systems (GIS) allow the use of
modules based on the network analysis method of GIS
software to solve transportation problems (Ford, Barr,
Dawson, & James, 2015; Gheshlaghi, 2019; Yildirim
& Bediroglu, 2019; Das, Ojha, Kramsapi, Baruah, &
Dutta, 2019).

The fire sensitivity rate of a zone is determined
based on the number of fires in that zone, the ratio of the
burning area to the forest area of the forest enterprise
and the fire constant (Erdogan, 2019). In order to
combat forest fires effectively, the concept of fire
sensitivity has been developed to rank the sensitivity of
the forest enterprise and to show the status of a forest
enterprise with a known sensitivity rate compared to
other forest enterprises. The most important factor in
determining the degree of sensitivity is the archive
information about the forest fires that occur (Kiigiik &
Unal, 2005).

The degree of fire sensitivity, which represents
enterprises with a certain degree of sensitivity, actually
constitutes the fire sensitivity class. The degree of fire
sensitivity varies according to the size of burning area
and the number of fires per unit area. As the number
of annual fires in the burning area and unit area
decreases, the sensitivity decreases, and as it increases,
the sensitivity to the fire increases (Akay et al., 2017).
Fire constant values are used to determine the fire
sensitivity levels of the forest enterprises. Figure 1
shows the fire sensitivity map of the forest enterprise
directorates in Turkey.

In order to effectively fight forest fires, the
firefighting team must reach the fire site within the
critical response time. Table 1 indicates the critical
response times according to the degree of fire sensitivity
(GDF, 2008). For effective fight against forest fires, the
arrival time of the firefighting team should not exceed
these time limitations. In this study, the locations of
the existing road networks and the firefighting team in
a sample forest enterprise were evaluated using GIS
techniques in order to determine the optimum route
that will provide the fastest access to the fire site.

Fire Sensitivity Degrees

\\'@E
h mm 1. Degree
s [ 2. Degree
11 3. Degree
0 125.000 250.000 500.000 750.000 1.000.000 [ 4. Degree
P e ! Metre =21 5. Degree

Fig. 1. The fire sensitivity degrees of Forest Enterprise
Directorates in Turkey

Table 1

Critical response times (minutes) to fire
sensitivity ratings

Fire Sensitivity Degrees

I II III v \%

Response

. 20 30 40 50 50
Time

Material and Methods. /. Study Area. The study
was carried out within the boundaries of the Adana
Forestry Regional Directorate (FRD), Adana Forestry
Enterprise Directorate (FED), Saricam Enterprise
Chief (FEC) (Fig. 2). The tree species that dominate the
area are Brutian pine, Stone pine and other coniferous
species. The area of the Saricam FEC is approximately
70,000 hectares, and approximately 9,000 hectares are
covered with forests. There are three firefighting teams
within the boundaries of the study area. The sites in the
study area where previously occurred forest fires (15),
which burned 1 ha or more forest areas, were evaluated
as fire-prone sites.

2. GIS Database. Within the scope of the study,
GIS database was produced to apply GIS techniques in
ArcGIS 10.4 program. To generate this database, road
network map, forest stand map and location information
about potential forest fires and firefighting teams were
used (Fig. 3). Information about the fires that occurred
at the working area boundaries and where the burned
area is 1 ha and above is given in Tab. 2. A data layer
showing forest areas was produced using the stand map
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to evaluate the transportation of the firefighting teams
to the forest areas in the study area.

anzadusig
"
L. =

wras

F’ Legend A \
P I saricam FEC il
[_] AdanaFRD e

[ FECsinTurkey

Fig. 2. The map of the study area
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was calculated based on the length of the road and the
average speed of the fire truck. The average vehicle
speed varies depending on the type of road (asphalt,
gravel, forest road) and condition (good, average,
poor). The average vehicle speed assigned for each
road section according to the type and condition of the
road is given in Tab. 3 (Bilici, 2009).

Table 2

Information on forest fires (=1 ha) within
the study area (2009-2019)

Fire Burned

No. Date Cause Area (ha) YIL
1 24.07.2009 Stubble 1.0
2 11.08.2009 Stubble 1.0
2009
3 21.08.2009 Stubble 2.0
4 19.10.2009 Stubble 10.5
5 22.09.2011 Other Fire Use 1.8
6 1.10.2011 Other Fire Use 1.3 2011
7 12.11.2011 Shepherd’s Fire 1.0
8 10.06.2013 Stubble 1.0
9 11.07.2013 Stubble 2.0
; 2013
10 11072013  Pieceofbroken
glass
11 11.07.2013 Unknown 1.6
12 29052014 Machineburning oo,
accident
13 15.08.2015 People 2.5 2015
14 17.10.2016 Unknown 29 2016
15 5.10.2017 Unknown 1.03 2017
Table 3
Average vehicle speeds for road type and road
condition (km/hr)
Road Condition
Road Types
Good Average Poor
Asphalt 60 50 40
Gravel 50 40 30
Forest Road 30 25 20

Fig. 3. Road network, firefighting teams and fire locations
in the study area

3. Network Analysis. Network analysis method is
widely used in the solution of transportation problems
requiring the optimum route (Chiang et al., 2016). In
the network analysis method, links (arc) and nodes
where the links intersect form a network system. In
order to determine the optimum route that provides
access to the fire site in the shortest time possible, the
average transportation time of fire truck to be spent on
each road section was determined. Transportation time

Finally, the transportation time for each section was
calculated using Equation 1. Thus, attribute fields with
length (km), road type, road condition, vehicle speed
(km/hr) and travel time (minutes) are generated in
Attributes Table of the road data layer.

t, = I—'60, (1)
V.

t,— travel time (min)
[, — section length (km)
v, — vehicle speed (km/hr)
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Network Analyst Application. The advances in GIS
and computer technology enable the use of network
analysis method within GIS software for solving
transportation problems (Y1ildirim & Bediroglu, 2019).
In this study, Network Analysis (Network Analyst)
plugin available in ArcGIS 10.4 program was used
to determine the optimum route that will provide the
fastest access to a possible fire site from firefighting
headquarter.

In order to apply the network analysis method with
the Network Analysis plugin, a Personal Geodatabase
was first produced in the ArcCatalog module of ArcGIS
10.4 program. Later, Network Data (Network Dataset)
was developed by making use of the road network data
layer containing the values of the links (travel time) that
constitute the road network in the study area. Finally,
link (ND_Edges) and node (ND_Junctions) files were
produced using Network Dataset.

After completing the Network Data set, the «New
Service Area» and «New Closest Facility» methods
under the Network Analysis plugin were applied.
Firstly, how much of the forest areas on the site can
be reached during the critical response period was
evaluated by the New Service Area method. In the New
Service Area method, which is similar to the Buffer
Analysis (Buffer) method, a service point determined
on the network system is accepted as the start and
the regions within a total link value (access time)
determined by the user are determined on the network

system. In this study, with the help of the «New Service
Area» method, it is aimed to determine the forest areas
that can be reached within 20 minutes, with critical
response times for the first degree fire sensitive forests,
by centering the locations where the first firefighting
teams are located. Using the «New Nearest Facility»
method, it was aimed to determine the optimum route
between the potential fire areas in the study area and the
first firefighting teams. In the study, the first firefighting
teams that could reach each fire site as soon as possible
were determined. In addition, optimum routes that will
allow all the first firefighting teams in the study area to
reach each fire site have been determined.

Results and Discussion. /. GIS Database Results.
According to the results obtained, the total length of
the road network in the study area was calculated as
592.00 km. A large part of these roads is forest road
(57,57%), followed by gravel road (22,47%) and
asphalt paved road (19,96%) (Tab. 4). Considering
the condition of road networks in the study area,
65,28% of roads are classified as good, 26,74% as
average and 7,98% as poor (Fig. 4). All asphalt paved
roads are considered to be in good condition in terms
of traffic flow. When the gravel roads are taken into
consideration, it is determined that a large part of
the roads are in good condition (93%), 5% are in the
average and the remaining roads are in poor condition
(2%). As to the forest roads, 45% of them are average,
42% — good, and 13% — poor.

Table 4

Length information about roads in the study area

Length by Road Conditions (km)

Road Type Total Length (km) Good Average Poor
Asphalt 118.15 118.15 - -
Gravel 133.03 124.28 6.10 2.65
Forest Road 340.82 144.02 152.19 44.61
Total 592.00 386.45 158.29 47.26

Road Types (Conditions)

- { == Asphalt road
S ) — Gravel road (good)
S - —— Gravel road (average)
w@. — Gravel road (poor)
= Forest road (good)
—— Forest road (average)
Forest road (poor)

Fig. 4. Road network map of the study area

According to the land use type map developed for
the study area, a total of 10 different land use classes
have been identified (Fig. 5). It was found that the
type of land use with the largest area was agriculture
(71,90%) followed by forest areas (16,39%). Burned
forest areas, forest soil and forest depots are considered
under forest areas, total forest arecas were calculated
as 17,32% of the total area. The spatial distribution of
land use types can be seen in Tab. 5.

Table 5
The areal distribution of land use classes
Land use classes Alan (%)
1 2
Forest 16.39
Forest Soil 0.47
Water 4.13

176 . Taw, A. E. Akail. BUBUEHHA JOPOXHIX MepeX i MiCLle3HaX0AKeHHA NOXEeXHNX KOMaHA 3a sonomoroto metogis I'1C TexHonorii



Proceedings of the Forestry Academy of Sciences of Ukraine, 2020, vol. 21

Continuation of Table 5

1 2
Settlements 431
Forest Depots 0.01
Agricultural 71.90
Burned Areas 0.45
Power Line 0.01
Community Health 2.22
Cemetery 0.11
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Fig. 5. Land use type map of the study area

2. Network Analysis Results. Network analysis
application was carried out by using two basic data layers

produced in Network Database. These are data layers;
the link data layer (Network_ND_Edges) representing
the road sections on the road network and the node data
layer (Network_ ND_Junction) representing the points
where these links intersect (Fig. 6). Using the «New
Service Area» method, the locations of the firefighting
teams were centered and the forest areas that can be
reached in the study area within the critical response
times were determined. The study analyzes fire
response time for 3 firefighting teams to reach 15 fire
sites. Table 6 shows that the firefighting teams were not
able to reach all 15 fire sites within the optimal period
of time (no more than 20 minutes).
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Fig. 6. The link and node data layer in the Network Data Set
Table 6

Fire response time (min) of firefighting teams to reach each fire site

Fires

Team Name
1 2 3 4 5 6

7 8 9 10 11 12 13 14 15

Y Ekip 1 23 13 25 10 17 21
Y Ekip 2 49 38 23 35 28 47
Y Ekip 3 5 34 31 31 32 42

10 16 26 23 17 22 8 19 6
19 32 52 20 43 12 27 44 27
31 22 47 38 38 39 29 13 27

Since forests are first degree fire sensitive in the
study area, areas which firefighting teams can reach
on the road network within 0-20 minutes have been
identified (Fig. 7). Later, forest areas that could be
reached within 0-20 minutes were found. The results
showed that 64,11% of forest areas in the study area
were reached by fire crews within 20 minutes. The
firefighting teams that reach potential fire site in the
shortest time were identified by using «New Closest
Facility» method. Figure 8 shows the optimum routes
that provide access to each fire site in the shortest time.
The optimum routes that allow all the firefighting teams
in the study area to reach each fire site were determined
(Tab. 7). It was found that the teams responded 12 fires
within the critical response time (20 minutes) while 3
fires (3, 6 and 9) could not be reached on time (See
Tab. 7). The results showed that there is a close
relationship between the distance to fire sites, road
types, and the transportation time.

Legends

- Accessible Areas
[l Accessible Forest Areas
" m Inaccessible Forest Areas
] FEC borders

L] 25 5 10 15 20

Fig. 7. Accessible and inaccessible areas within
the critical response time (20 minutes)
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Fig. 8. The shortest routes providing access to each
fire site in the shortest time

Table 7
Firefighting teams first reaching the fire sites
and their response times (min)

Response Time (min)

Fire No Team Name (dakika)
1 Y Ekip 3 5.37
2 Y Ekip 1 12.58
3 Y Ekip 2 22.67
4 Y Ekip 1 9.74
5 Y Ekip 1 16.57
6 Y Ekip 1 21.03
7 Y Ekip 1 10.43
8 Y Ekip 1 16.37
9 Y Ekip 1 26.42

10 Y Ekip 2 19.90
11 Y Ekip 3 17.38
12 Y Ekip 2 12.46
13 Y Ekip 1 8.18
14 Y Ekip 3 13.38
15 Y Ekip 1 6.42

Conclusions. In this study, the firefighting teams
were evaluated by using GIS techniques in order to
determine the optimum route that provides the fastest
access to the fire sites. Saricam FEC was selected
within the borders of Adana FED. The forest areas
in the Directorate are classified as first degree fire
sensitive forests. Within the scope of the study, three
firefighting teams available in the area and 15 fire
incidences happened between 2009-2019 that affected
1 ha or more forests were taken into consideration. It

was determined that the existing firefighting teams in
the study area could not reach three of the potential fire
sites within the critical response time of 20 minutes. In
the study, forest areas that the firefighting teams could
not reach within the critical response time were also
identified. According to the results, it was found that
35,99% of the forest areas could not be reached in 20
minutes. These results reveal the necessity of locating
new firefighting teams in addition to the existing
firefighting ones. Moreover, it is thought that improving
the road network in the study area by building new
roads or increasing the travel speed by improving the
conditions of existing roads will also contribute to the
solution of the problem.
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BuBuyeHHA JOPOXKHIX Mepex
i Mice3HaXoKeHHA NOXKeXXHNX KOMaHA
3a gonomoroto metogis NC TexHonorin

. Taw’', A.E. Akain?

s epeKTMBHOrO pearyBaHHSI Ha JIICOBI IMOMXKEKI
TPUBAJICTh JOCTYITY TIOXKEKHOI OpUTaay 10 MicCIIsl TI0-
JKEeKI HE TIOBUHHA TEPEBHIINYBAaTH KPUTUYHOTO Hacy
pearyBaHHS, BIPOMOBXK SIKOTO 3arOpSIHHS 3 OLIBIIOI0
HMOBIPHICTIO MOXKe Oye B3STO MiJ KOHTPOJb. 3 i€l
NPUYUHU JIOUITBHO BU3HAYUTH ONTHMATBHUH Mapii-
pyT, KU MacTh 3MOTY KOMaHII JICTaTHUCS 1O MiCIIS
MOXKEXKI Ha TOXKEKHIN MaIllnHI B HAWKOPOTII TEpMi-
Hu. KoM’ toTepHi MeTOH, TaKi sIK MEpEKeBUI aHa3,
IIMPOKO BHKOPWCTOBYIOTH i/ Yac BUPIMIEHHS TaKUX
TPAHCTIOPTHUX 3aBIaHb, SIKi BUMArarTh aHATI3y Haii-
KOPOTILIOTO LUISAXY. Y LIbOMY JOCITIJUKEHHI po3Tally-
BaHHS iICHYIOUHX JIOPOXKHIX MEPEX 1 MOIKEKHOT KOMaH-
I Oyio oriHeHo 3 BukopuctanHsaM metoniB ['IC tex-
HOJIOTiH, 3 METOI0 BU3HAUEHHS ONTHUMAJILHOIO Mapli-
pyTy, sKwii 3a0e3Me4nTh HAWIIBHIIIANA JOCTYI [0
MICIIS TIOKEXKI.

JocmimkeHHs 31iHCHIOBAIN B YIIPaBITiHHI JIICOBOTO
rocrozpapcTBa AzaHu, e po3TallOBaHi JIiCH epeBax-
HO TIepINoi Kareropii, HaHOUTBII ypa3IuBi 10 MOKEKX.
VY Mexax JocIiKyBaHOI TEPUTOPIi PO3TalIoBaHi TpH
MOXKEKHI KoMaH . JIIITHKA B TOCIIKyBaHil 30Hi, Jie
paHille TparusLIUCh JicoBi moxkexi (15) 1 B SKuX BH-
ropisio 1 ra abo OisbIe JTiCOBOI IIIONII, OIIHIOBAIH SK
MOTEHITIIHI OCepeKn BUHUKHEHHS JICOBUX IOMKEX.
Pesynprati mokazanu, mo 64,12% micoBux 1uronl Ha
JOCIIPKYBaHIM TepuTOpii OynH OXOIICHI MOXKEHKHH-
MH KOMaHZaMu npoTaroM 20 XBWJIMH, IO € KPUTHY-
HUM 4YacOM pearyBaHHS JUIsl JICIB MepuIoi Kareropii,
SIKi € HAWOLIBII 9y TIUBUMH JI0 TIOXKEX. byno BcTaHOB-
JICHO, 1110 BIIPOIOBXK KPUTHYHOI'O Yacy pearyBaHHs KO-
MaHI¥ MOIVIA JOCATTH 12 MiCIb MOXKJIMBHX 3arOpsiHb.
Le#t pe3ynbrar 1moka3aB HEOOXiTHICTh CTBOPEHHS HO-
BUX TIOKEKHUX KOMaHJ Yy JOCIiKyBaHiid 30HI. Kpim
TOTO, MOYKHA T1ICyMYBaTH, 1110 30UTBIICHHS IITLHOCTI
JIOPOXKHBOI MEPEkKi B JOCIIKYBaHii 001acTi 3a paxy-
HOK Oy/iBHHIITBA HOBUX JIOPIr a00 30UTBIICHHS IIBHI-
KOCTI pyXy Ha BiJIPi3Ky IUISAXY 332 PaXyHOK ITOJIIIIICH-
HSl CTaH/APTIB ICHYIOUHX JOPIT JOIIOMOXKE BHUPIIIATH
pooIemy.
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N3yueHne fOpPOXKHDIX ceTen
N MeCTOHAXOXKAEHNA NOXKAPHbIX KOMaHA
c nomouibto metogos NC TexHonorum

N. Taw', A.E. Akair?

Jist 3 heKTHBHOTO pearnpoBaHUs Ha JIECHBIE TI0-
JKapbl MPOJIOJDKUTEIBHOCTD A0CTYyTa MTOKapHOU Opu-
rajpl K MECTy Mmoxapa He JOJKHA MPEBBIIIATH KPHU-
TUYECKOE BpEMsl pearupoBaHUsl, HA MPOTSIKECHUU
KOTOPOT'O BO3TOpaHUE C OOJIbIIel BEPOSTHOCTHIO MO-
JKET OBITH B3STO TMOJ KOHTPOJdb. [lo 3TOM mpuumue
cleAyeT ONpEeAeNIUTh ONTUMAaNbHBIM MapuIpyT, KO-
TOPBIN MO3BOJUT KOMaH/E A00parbcs 0 MecTa Io-
’Kapa Ha MOXXAPHOW MAlllMHE B KpaTdalllue CPOKH.
KoMmnbroTepHble METO/IbI, TAKHE KaK CETEBOM aHAJIM3,
LWIUPOKO UCIOJB3YIOTCS IPU PELICHUH IMOXOXKUX
TPaHCHOPTHBIX 3aj7lad, KOTOphIE TPEOYIOT aHaJIu-
3a Kparyaiiiero myTu. B 3ToM HcCcieqoBaHUM pac-
MOJIOXKEHUE CYIIECTBYIOIIUX JOPOKHBIX CeTed u
MOXKapHOM KOMaH bl OBLJIO OLICHEHO C UCIOJIb30BAHU-
eM MeTonoB [ IC TeXHOJIOTHA, ¢ TIEIBI0 OTIPEIeIICHUS

Taw Hnanuy — wmaructp, acnupant, bypcckmii TexHuueckuii
VYuusepcuter. 16310 Bypca, Typums. Tem: +90 224 3003430.
E-mail: inanc.tas@btu.edu.tr

Axaii A60ynna Omun — noxrop dunocopun, npodeccop, bype-
CKUIl TEXHMYECKUH YHUBEPCHTET, (aKyJIbTeT JECHOIO XO3siii-
crBa, Meimasipeiv, 16310 Bypea, Typuus. Ten .: +90 224 3003426
E-mail: abdullah.akay@btu.edu.tr

ONTHUMAJIBHOTO MapHIpyTa, KOTOPbI 00ecreduT ca-
MBI OBICTPBII TOCTYI K MECTY IOXKapa.

HccnenoBanue mpoBoWIOCh B YIIPaBIEHNUH JIECHO-
IO X03s1MCTBa ANIaHbl, IJIe PaCIOIOKEHBI Jeca NepBOi
KaTeropuy, Hambojee 4YyBCTBUTEIbHBIE K IOXKapaMm.
B rpanunax ucciaenyeMond TEPPUTOPUM PACIIONIOXKE-
HBI TP MTOYKapHbIE KOMaH/Ibl. Y4aCTKHA B UCCIIEAYeMON
30HE, TIi¢ paHblle CIy4aluch JiecHble moxapsl (15) u
B KOTOPBIX BHITOpeJo | ra wim Oosee JeCHOH Tuioma-
i, OBLTH OIIEHEHBI KaK MOTEHI[HAbHBIE O9arH JIECHBIX
noxapoB. Pesynbsrarsl nokaszamu, 4ro 64,12% secHbIx
TUIOIIA/ICH Ha MCCIIEAYeMOW TEPPUTOPHH OBLIM OXBa-
YeHBI MOKapHBIMU KOMaHAaMH B TedeHrne 20 MUHYT,
YTO SBISIETCS KPUTHUYECKUM BpPEMEHEM pearupoBa-
HUS JJIs JIECOB NEPBON KAaTEropuu, KOTOPHIE SBIISIOT-
cs1 HanOoJee YyBCTBUTEIBHBIMH K MOXKapam. beuto 00-
Hapy>XeHO, 4TO 33 KPUTHUYECKOE BPeMsl pearupoBaHMs
KOMaH/1bl CMOIJIM IOCTHYb 12 MeCcT BO3MOKHBIX BO3IO-
paHuif. TOT pe3yabTaT MoKazajl HeOOXOJUMOCTh CO3-
JaHMS HOBBIX TIO’KAPHBIX KOMaH[| B HCCIIEAYEMOI 30He.
Kpome Toro, MOXHO ciesiaTh BBIBO, YTO yBEJIHYEHUE
TUIOTHOCTH JTIOPOYKHOW CEeTH B HCCIeNyeMoil obractu
3a CYET CTPOUTENHCTBA HOBBIX AOPOT WIIM yBEJIHYe-
HUSl CKOPOCTHU JBM)KEHHUS B MyTH 32 CUET YIyYIIEHUs
CTaH/IApPTOB CYIIECTBYIOIINX JTOPOT MOMOXKET PEIINTh
pooemy.

KuroueBble ciioBa: JieCHOH moXkap; ONTUMAaIIb-
HBIM MapLIpyT; KpaTyallluid MyTh; CETEBOM aHAJIN3;
MOXKAapHBIH JOCTYIl; MOXKapHbIE MAIIMHBI, CKOPOCTb
MyTeIIeCTBUS; KPUTHUECKOE BpEMs OTKIIMKA; AJlaHa;
Typuwust.
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9. CTOPIHK NAM'ATI

Mam’aTi akapemika JliciBHMYOI akagemil HayK YKpaiHu
Crenana Munxainnosunya Cronka
(14.03.1920-22.10.2020)

t0. 0. TyHuus, I T. Kpunuuybkni, 0. M. JebpuHiok, MN.T. AweHKo

Cmoiiko Cmenan Muxaiinoguu — sudamuuil YKpaiHCoKuil 1ico3Haseyb, 60MAaHIK, exonoe, AKull akmusHo Po36uUsas
MemoOooI0zilo OXOPOHU NPUPOOU K HAYKU, RAMpIapx 6omaniyHoi HayKu é depicasi. Buenuil wiupoko 8ioomuil y HayKo-
8UX Konax bazamvox Kpaiu sx ¢imocoszonoe, docaionuxk 0ybosux nicie €eponu. Hum onpayvosarno meopemuuni 3aca-
Ou MepumopianbHoi OXOPOHU NPUPOOU ULTSAXOM 3AN0BIOAHHS, PO3POONEHO KIACUPDIKAYIIO NpUpoO0OXOPOHHUX 00 €Kmis,
0bepynmosano saxcaugicms 30Hyeants ix mepumopii. C. M. Cmotixo 3anouamkysae gopmyeants ¢ Yrpaini mepeoici
HAYIOHANLHUX NPUPOOHUX NAPKIG, OOTPYHIMYBAE BAANCIUBICTNG BUOLLEHHS 8 0ePICAB] MAKUX HOBUX (hOpM NPUPOO0OXO0-
POHHUX 00 ’€Kmis, 5K pecioHaNbHI npupoOHi napku ma diocgepui pesepsamu. Buenuii docniodicysas nicosi ekocucme-
mu Yrpaincoxkux Kapnam, Posmouus, Iloodinns i 3axionoeo Ilonices, eusuas anmponocenni mpauncgopmayii npupoo-
HUX eKocucmeMm, po32isioas npodiemu ix 0XopoHu ma 8iOHOGLEHHS HA NPUPOOOOXOPOHHUX MEPUIOPISAX SIK OCHOBY 30epe-
arcennst biopiznomanimmsi. Teopuuii dopodox yuenozo cmarogums nonad 400 naykosux npayb y 2any3sax Aico3HA8CMEd

i icieHuymea, 6OMAaniKu 1 OXOPOHU NPUPOOU, K ONYONIKOBAHI 8 YKPATHCOKUX MA 3aPYOiNCHUX GUOAHHSIX.

22 xoBtHa 2020 poky Ha
101-my poui »KuUTTA nepecTtano ou-
THCSl CEpLIe BCECBITHHO BIJOMOIO
BUCHOTO — (hiTOCO30JI0Ta, EKOJIO-
ra, JIiCIBHWKa, JOKTOpa Oiojorid-
HUX Hayk, nmpodecopa, [louecHoro
TonosHoro BueHoro IncTutyTy exo-
norii Kapmar HAH Vkpainu, Ilo-
yecHoro i JliticHoro wiena Hay-
koBoro ToBapuctBa imeni IlleB-
yenka Crenana MuxailnoBuya
Croiika. Bin OyB maypearom Jlep-
aBHOI TIpemii YkpaiHu B ramysi
HAyKd 1 TEXHIKW. 3a JOCIiIKEHHS
micoBux exocucteM Kapmar, Hay-
KOBI TIparli B Tally3i OXOPOHH TIPHU-
POIM Ta HAJIATOJDKEHHS MIXKHAPOJI-
HOI MPHUPOFAOOXOPOHHOI CIiBIpAIi
Buena pama 3BOJICHCHKOTO TEXHIYHOTO YHIBEPCHTETY
(Cnopayurna) npuCyMiIa oMy HayKOBy CTymiHb Doc-
tor honoris causa, a ®ynnariis imeni 1. . I'ete Big €B-
ponericbkoi Komicii Haropoauna Horo 30110T00 Mean-
mro imeHi [lerepa U. Jlenne.

Biniiinuia y 3acBiTH JIIO[MHA, sIKa, HE3BAXKAKOUU Ha
Ba)kKKe IUTHUHCTBO, Ha JIMXOJITTS CBITOBOI BiMHH, Ha
TPYIHOIII CTYIEHTCHKOTO XKHUTTS Y MIOBOEHHI POKH TIe-
peboproBaia JKUTTEB] Herapasau 1 npoxwia moHan 100
POKIB, BECh YacC TBOPSIH JIFOIIM T0OPO, HABYAIOTH CTY-
JEHTCHKY MOJIOZIb 1 pO3BUBAIOYH YKpaiHCHKY 0i0JI0Tiy-
Hy HayKy. Bin OyB yuuresnem «Big boray!

Hapomuscs Crenan Croiiko 14
oepesnas 1920 poky y c. Kpuuoso
XyCTChKOTO paiioHy Ha 3akapmar-
Ti y GaraTofiTHI! pOAWHI CBSIICH-
HUKa. barbky Bijytanu Horo Ha Ha-
BYaHHS JI0 XYCTChKOI rimMHa3ii, Jie
BHMOTH JI0 YUHIB Oy/IH TyXKe CYBO-
pumu. Ilicns 3akiHueHHS TiMHas3il
Crenan CTOWKO AESIKUI yac BUATE-
moBaB y ceni HoBocemurs Ha 3a-
KaprarTi, HOTiM HaBYaBCs Ha IOPH-
nnuHoMy (akynsreti Ilemrcbkoro
yHiBepcuTeTy B YropmwuHi. [licms
3akiHdeHHs [[pyroi cBiToBO1 BiliHM
y 1945 p. Cremana Croiika mpu-
3HaYWIH pedepeHToM BIAIITY CO-
niajapHOTO 3a0e3nedeHHs y Hapon-
Hili Pani 3akapnarcekoi Ykpainu
B YKTOpoi, 3BiIKM BiH omep’kaB CKEpYBaHHS Ha Ha-
BuaHHs y JIbBIBCBKUH CIJIBCHKOTOCHOAAPCHKUN 1HCTH-
TYT, sIKHi 3akinauB 1949 poky, 3100yBIIN KBai(ika-
miro «ImKeHep JTICOBOTO TOCITONAPCTRAY.

[licns 3akiHyeHHA HaB4aHHSA B iHCTUTYTI Crenan
Croliko OyB cKepoBaHHUI Ha poOOTY B YKTropOACHKHIA
JICTOCT, B SKOMY JBa POKH IPAIfOBaB CIIOYATKY iH-
JKEHEPOM JIICOBOIO FOCHOAAPCTBA, a MOTIM JIICHUYUM,
rocriofapioBaB y Jicax nobmusy Yxropoma. Came
TyT nois 3Bena Creman CTOHKO 3 BiIOMUM JTICO3HAB-
neM, akanemikoMm 1. C. TTorpeOHsKOM. AKajieMiK OIIi-
HUB BUCOKHI PIBEHb 3HAHB JIICHUYOTO, 30KpeMa J100pe
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3HaHHS JIICOBUX POCIIHMH Ta iX JTAaTHHCHKUX HA3B, a Ta-
KO BOJIOJIHHS YECHKOIO, CJIOBALIbKOIO, HIMEIIBKOIO Ta
YTrOpPCHKOIO MOBaMH, 1 3aIIPOTIOHYBAB HOMY MTPOIOBIKH-
Tv HaB4aHH: B acmipanTypi. Y 1951 p. Creman Croiiko
BCTYNHB 0 acmipanTypu B [HcTuTyTi nicy AH YPCP
i mig kepiBaumreom I1. C. Horpe6H;H<a y 1955 p. 3a-
XUCTHB KaHIWIATChKY IHMCEepTallifo Ha Temy «/liopo-
BH 3aKapraTTs Ta IUISXH HiABUIICHHS iX IPOIYKTHB-
HOCTi», 3400yBIIN HAayKOBUH CTYIiHb KaHAuaara 6io-
JIOTIYHUX HayK.

[Micns 3axucty aucepramnii Creman CTOHKO ekt
Yac MpalioBaB BUKJIAJa4eM Y CLIbCHKOTOCIOIapCHKO-
My iHCTHTYTI y Kam’sumi-IloninscbkoMy, a moTiM Ha
3arpoIieHHs pekropa JIbBIBCHKOTO JICOTEXHIYHOTO iH-
crutyty FO. 1. Tpetsika nepeiimoB Ha poboty y JIbBiB,
Ha Tocajay MoreHTa kadeapu OOTaHIKH 1 TeHIPOIOTii
micorocnionaperkoro dakynsrery JIITIL YV neii nepion
BiH IUTiIHO MpAIIOE HA HAyKOBil HUBI, MyOJiKye HU3-
Ky cTareil po B3aeMofito ayda 3 OykoM, XapakTepu-
3y€ NPUPOAHI JlicOCTaHU Ay0a CKeIbHOTO Ha 3aKaprar-
Ti, pO3MIIsIa€ MUTAHHS BIAHOBIEHHS T1PCHKUX Ai0OpOB
Kapmart, a 3 60-ux pokiB akKTUBHO TPOTATye MPUPOIO-
OXOPOHHI i/Iel, 30KpeMa BKasye Ha moTpely BiJHOBICH-
Hs1 3aII0B1JIHUKIB I[IHHUX JIICOBUX MacHBIB 3aKaprarTs.

IIprpozooxopoHHa npodemMaTiKa CTae 0CHOBHOIO y
HAYKOBHX I[OCJ'III[)KGHHHX YUCHOTO — BiH XapaKTepHU3ye
3aMOBIHKKH Ta [aM’ATKH Npupoay Ykpaincekux Kap-
TaT, PO3IUIsZA€ CyqaCHUH CTaH i YeproBi 3aBIaHHs HpH-
POIOOXOPOHHOT IiSUTBHOCTI Ta HEOOX1JHOCTI HAYKOBOTO
CHiBPOOITHULTBA 3 €BPONEHCHKUMH KpaiHamu y crpa-
Bi OXOPOHH MIPUPOJIH 3ATOBIAHMX TepuTopii. Y 1962 p.
fiomy OyJ10 IPUCBOEHO BUCHE 3BaHHS JOLICHTA.

Sx nenaror, Crenan CTOMKO MaB BETUKUI aBTOpH-
TET CepeJl CTYACHTIB, sIKi IiHYBalM BHCOKHH piBECHB
Horo 3HaHb, JOOPO3UWINBICTH XapakTepy, BMIHHS Li-
KaBO MPOBOJMTH 3aHATTA Ta OOTaHIYHI eKCKypCii mix
yac JiTHIX npakTHk. Kosernm mo kxadenpi HazwBaiu
C.M. Croiika <<(1)paHuy3I>KI/IM npoq)ecopOM» BKJIaJa-
FOUH Y IO Ha3BY I BUCOKHH PiBEHb OCBIYCHOCTI, 1 KyJIb-
TYpy MOBEIHKH, 1 PY’KHI CTOCYHKH 13 CIIBpPOOITHHKA-
MU Kadenpu.

[epeiimoBuiu y 1964 p. mpaioBati crapiiuM Ha-
YKOBHM CHprO61THI/IKOM y JlepxaBuuii mpupono-
3HaBunii myseit AH YCCP, Crenan Croiiko pasom i3
K. A. MamuHoBcekuMm Ta M. A. TonyOuem po3po0isi-
10T TeoOoTaHiuHe pailoHyBaHHsA YKpaiHchkux Kap-
nmar. YYeHWH 3MIiACHIOE TOPIBHSIIBHI JIOCIHIKSHHS
Oyka eBporneiicbkoro Ha [Tomimti, Po3touui ta B Kapma-
Tax, aHaJli3y€e B3aEMOBITHOCHHH MiX OYKOM 1 SUTHHOIO
y CxuboBux 'opranax, gocmimkye 3miny nopin y Kap-
ratax, 30KpemMa SaKOHOMipHOCTi 3MiHH Jy0a. Hpm{i-
JIsi€ TAKOXK 3HAYHY YBary BUCBITJICHHIO IPUYHH BiTPO-
BaliB i OypenoMiB y KapraTChKuX sSIMHHHKAX Ta I10-
LIYKYy LUISXIB MiJBUINEHHS Oi0THYHOI CTIHKOCTI sUTH-
HOBUX JiciB Kapnar mpoTu BiTpoBasis.

VY 1969 p. Crenan CTOMKO 3aXHUCTHB JOKTOPCHKY
nucepranito Ha Temy «/lyOosi micu Kapnarcekoi rip-
ChKOI CHCTEMI» 1 3M00yB HAyKOBWH CTYMiHB TOKTOpa
OlooriuHUX Hayk 3a cremniainbHicTio «boTanika», a B
1980 p. C.M. Croiiky Oyi0 IPUCBOEHO BYCHE 3BAHHS
podecopa.

Po3ymitoun BaXIMBICTH OXOPOHHM TPUPOAM SIK Ha-
MpsIMYy HAyKOBHX JOCTiKeHb, BueHH y 1970 p. dop-
Mye y My3ei HOBHIA migpo31ia — BiJ1ij OXOPOHH TPH-
POIHMX EKOCHCTEM, cTae Horo 3aBimyBauem. llicmsa
peopranizamnii My3ero 1ie# Biis yBIHIIOB 10 CKJIATy
HOBOCTBOpEHOTO JIbBIBCHKOTO BiAJineHHs [HCTHTYTY
ooraniku iM. M.T. Xonognoro AH YCCP, sronom —
Incruryty exonorii Kapnar HAH Vkpainu, ne Crenan
CroliKo ycIinIHO PO3BUBAE METOIOJIOT1UHI 3acain 0X0-
POHU MIPHPOJIH.

HaykoBa Temarmka Biily TOCTIHHO CTOCyBaiacs
PO3BUTKY TEPUTOPIaTbHOI OXOPOHH MPHUPOAHU, 0COOIH-
BO 3alOBIJAHHS 1 PO3MUPEHHS MEPEkKi MPUPOIO0XO-
POHHUX 00’ €KTIB, 30KpeMa 0OTpyHTYBaHHS BaXKIIUBOCTI
CTBOpEHHA B YKpaiHi TIPUPOJIHHX HalliOHAJTBHUX napKiB
Ta 30HyBaHHs TEPUTOPIi PUPOLOOXOPOHHUX 0O’ €KTIB.
Byno oGrpyntoBano pouinbHicTs BuainenHs Kapmar-
CHKOTO HAIIOHAJILHOTO MPUPOJHOTO MapKy Ta BaXIIH-
BicTh cTBOpeHHs lllampkoro, Yxkancekoro i SIBopiB-
CHKOTO HamioHambHUX npupoanux mapkis, HIIIT «Cko-
niBcbki becknany», BUOKpeMIileHHsT OaraTbOX Mam’sITOK
npuponu. CrenmanoM CToiikoM Oy70 TakoXX OOTPYHTO-
BaHO JIOIUTBHICTh CTBOPEHHS B YKpaiHi 00’ €KTiB HOBOI
MPUPOJOOXOPOHHOT KaTeropii — perioHaJbHUX MPUPOI-
Hux mapkiB (3okpema PIIII «llpun’ste — Croxiny), a
srozoM — Oiocdepuux pesepnariB (bP «Cxinni Kapma-
Ty, «anekuity, «Po3Touds»).

Baromum naykoBum BHeckoM Cremana Croiika y
PO3BHUTOK OXOPOHH NpHUpoau Oyl0 BUCYHEHHS inei Bu-
nanHs 3eneHoi kHuru Ykpaincekoi PCP (1987) Ta ii
MiATOTOBKA IO BUIAHHS, MyOTiKaIlis BiIIiIOM 0XOpO-
HU MPUPOIHHX ekocucTeM y 1998 p. kaurn «PapurertHi
¢iTonienos3m 3axigHux perioHiB Ykpainu (Perionanbna
«3enena kuura») Ta'y 2004 p. — kaurn «Papurernuit
¢)1ToreH0(1)0Hz[ 3axigHuX perioHiB YKpaiHu (c030J0-
rivHa OIliHKA ¥ HAYKOBI 3acajii OXOPOHH)». 3a HAyKO-
Bi 3m00yTKH C.M. Croiiko y 2005 p. craB iaypeatom
Jep>xaBHoi npemii YkpaiHu B raimy3i HayKy 1 TEXHIKH.

[Mpodecop Croiiko C.M. Bce CBO€ KHUTTS OIMIKY-
BaBCS MiATOTOBKOIO KBamidikoBaHUX (axiBmiB. OKpiMm
pobotu B IHCTHTYTI exonorii Kapmar, BiH 3a cymicHU-
LTBOM KepyBaB aCHipaHTaAMU Ta 3/100yBadaMu HayKo-
BHX CTYIICHIB i IAArOTyBaB HU3KY KaJpiB BUILOI KBaJIi-
(ikamii 3a crieniaTbHOCTAME OI0MOTIYHUX, reorpadiy-
HUX Ta CLIbCHKOTOCTIONAPCHKUX HayK (12 xaHauaaTis i
TPHOX JIOKTOPIB HayK). Maiixke 15 pokiB BUKIaaB Kypc
«OxopoHa npHpoxM» Ha reorpapiuHomMy daxybre-
Ti JIBBIBCHKOTO HAIIOHAJILHOTO yHIBepCUTETYy iM. IBa-
Ha @Dpanka Ta crenkype «OXopoHa MPUPOIH Y 3apy-
OKHUX KpaiHax». 3arajdbHHUi HAyKOBO-TI€AAroTi9HUAN
crtaxx poboru npodecopa C.M. Croiika CTaHOBUTH
Maiibxke 70 pokiB.

Hayxkogi intepecu Crenana Crolika Oymu gyxe piz-
HOIUTAHOBHMH, CTOCYyBajiacsi iToco30i0rii, BUBUCHHS
OiopizHOMaHITTS (QJIOPH 1 POCIUHHOCTI Ta Horo 30epe-
JKEHHSI, JIOCHIJKSHHS JIICOBHX €KOCHCTeM, JaHamad-
THOI crieniiKK Pi3HUX PErioHiB Ta BEPTHKAILHOI TO-
SICHOCTI pocimHHOCTI Kapmar, a Takok KyJIbTypHOI Ta
icropuuHoi criagmuHu. Hum ormy6mikoBano nonaz 400
HayKOBHX Ipallb, y TOMY 4ucii 12 MoHOrpadiii, 30kpe-
Ma «OxopoHa mpupoau Ykpaincekux Kapmar i mpu-
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nmernmux Teputopiiy, «B.1. Bepnaacekuit. XutTs 1 mi-
AnbHICTh B YKpaiHi», «The East Carpathian biosphere
reserves», «CrucreMa OXOpOHHU MTPUPOJIN Y BEpXiB’i Oa-
cetiny Jluictpay, «JlyboBi micu Ykpaincekux Kaprar:
€KOJIOT19HI 0COOMBOCTI, BIITBOPEHHS, OXOPOHAY.

Crenan CToHKO MiITPUMYBaB HayKOBi 3B’ S3KH 3 Oa-
rarbMa BYEHHUMH 13 pi3HuX kpain — Yexii, CiaoBaudn-
HU, Pymynii, Yropmunau, [lonemti, Himeuunan. Ha 3a-
MIPOIICHHS 3apyOi’KHUX KOJIET 1 HAYKOBUX YCTAHOB BiH
BHCTYIIAB 3 JIEKI[ISIMH B ATPOHOMIYHOMY YHiBEpCHTE-
Ti imeri [. Mennens y M. bpro (Yexis), yHiBepcuTeri
imeni EtBemra B Bynanemti (Yropumna), B yHiBepCcH-
teti M. Kenpa (Himeuunna). Buenuii OyB uienom 4uc-
JICHHUX HAYKOBHX 1 CTIeMialli3oBaHuX paj 3 O0OTaHIKH,
JIICO3HABCTBA, EKOJIOTII Ta OXOpOHM mpuponu. Tpusa-
muit epiox C. M. Croiiko ogomoBas [Ipesnito JIbBiB-
cpKoro oOnacHoro ToBapuCTBa OXOPOHH NMPHUPOAU Ta
HayxoBy pany JIbBiBcbkoro OyauHKY BueHUX. byB uite-
HoM Pamu Yipaiacekoro 6oTanigaoro ToBapuctsa. I1ix
HOro KepiBHHITBOM c(opMyBayiacsi MIUPOKOBiTOMa B
VYkpaiHi HayKoBa ILIKOJIa TPUPOJOOXOPOHILIIB.

Cremman MuxaitmoBud CTOHKO — sICKpaBa 0COOMC-
TICTh, BUJIATHUW Yy4YEHWH, BHCOKO(AXOBHI IEHaror,
MyYZIpHUI BHXOBATENIb MOJIOAI, BiIOMUH MIPUPOA03aXHUC-
HUK, JTFOJINHA TTHOOKUX CHIIMKIIONESTUYHIX 3HAHb 1 BU-
COKOT IHTEINIIreHTHOCTI. BiH MpOXKUB OBre i JOCTOWHE
KUTTS. HaykoBa rpoMazicbKicTh, KOJIETH Ta YUHI IIUPO
CYMYIOTh 3 TIPUBOJYy BTPATH JIIOAWHH, IM’S AKOI € 3Ha-
KOBUM Y PO3BHUTKY YKPAiHCBKOI MPHUPOLOOXOPOHHOI,
JICiBHUYOT 1 OOTaHIYHOI HAyKH.

CeiTna mam’sIThb TIPO HBOTO, TIPO HWOTO HAyKOBUI
BHECOK 1 J0OpI CTpaBU HA3aBXIW 3aJIHINATHCSA Yy Ha-
HIMX CEPLSX.

IToxoBano npodecopa Crorika Cremana Muxaiino-
BH4Ya Ha SIHIBCbKOMY KJIaJOBHII Y M. JIbBOBI.

In Memory of the Academician of the
Forestry Academy of Sciences of Ukraine,
Stepan Stoyko
(14.03.1920-22.10.2020)

Y. Tunytsya, H. Krynytskyy, lu. Debryniuk,
P.Yashchenko

Stepan Stoyko is a well-known Ukrainian forester,
botanist and ecologist, who actively developed
the methodology of nature protection as a science,
patriarch of botanical science in the country. The
scientist is recognized and well-known by the scientific
community in many countries as a phytososologist,
and as a researcher of oak forests in Europe. He
worked out the theoretical foundations of territorial
nature protection by nature conservation, developed
the classification of nature protection objects, and
proved the importance of zoning their territory. Stepan
Stoyko initiated the formation of a network of national
nature parks in Ukraine, justified the importance of
allocating such new forms of nature protection facilities
in the state. as regional nature parks and biosphere
reserves. The scientist studied the forest ecosystems
of the Ukrainian Carpathians, Roztocze, Podolia and
Western Polissya, the anthropogenic transformations
of natural ecosystems, considered the problems of
their protection and restoration in protected areas as
a basis for biodiversity conservation. The creative
work of the scientist is represented in more than
400 scientific publications in the fields of forestry,
botany and nature protection, which are published in
Ukrainian and foreign editions.

Pro memoria
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Mam’aTi yneHa-KopecnoHaeHTa JliciBHMYOI akageMmil HayK YKpaiHu
PomaHa Muxamnnosunua lymka
(20.02.1946-04.01.2021)

O.l.Tony6uak, B.l. MapnaH, P.I. bpogoswny, 0. . Kauynsk,
B.M. Tyguma, M. M. Ciwyk

04.01.2021 poxy 6iditiwiog y siunicmv i0oMuUll GUEHULl, YKPAIHCOKULL JICIBHUK, KAHOUOAM CIIbCbKO2OCNOOAPCHKUX
HAYK, Cmapuiull HayKosull Cnigpodimuux, npogecop, uien-kopecnonoenm Jlicienuuoi akademii nayk Ykpainu Poman
Muxaiinosuy Ayux. Octosna Hayko8a OisibHICHb 84eH020 0YIld 30CePe0ACeHA Yy HANPAMAxX 30epedicerist OiopisHOMAanim-
Ms Ma iCOGUX 2eHEMUYHUX PeCyPCi, PO3GUMKY JICO80T ceneKyil, HACIHHUYMSA, IHMpoOYKYii pocauH, NOOIUHO20 KOpuc-
myeanns aicom. Povan Syux 6ye cnieasmopom HuzKu 3aK0H00AGUUX, HOPMAMUBHO-DESYIAMUBHUX MA OP2AHI3AYIIHO-
po3nopsaduux 0okymenmis. Hum onyonikosano nonao 400 naykosux npays.

3a 6azamopiumy pobomy euenuil YOOCMOEHUL YUCTEHHUX BIO3HAK, ceped AKUX HacpyOnutl 3Hak « Bunaxionux CPCPy,
«Biominnux nicosoeo cocnooapcmea Vpainuy, «llouwecnuii nicienux Yipainuy. Hoeo makoow nazopooceno nouecu-
mu epamomamu learno-@Ppankiscvroi micvroi i oonacroi adminicmpayiil, Ykpaincbkoeo Hayko80-00CaiOH020 THCMuUmy-
my nicogoeo eocnooapcmea ma azpoaicomeniopayii, Minicmepcmea nicosoeo eocnodapecmea Yxpainu, Llenmpanvhoeo
KoMimemy npo@cninzku npayieHuxie 1icosoco cocnooapemesa Yrpainu, /lepoicasno2o komimenty 1ico8020 20Cno0apcmea

Yxpainu, /[epocasnozo acenmemesa nicosux pecypcie Yxpainu.

Sk Poman MuxaiinoBuy Ha-
pomuscs 20 mrororo 1946 p. y ce-
g I'Bismens  Konomuiickkoro
paiiony IBaHO-®DpaHKiBCBKOi 00-
JacTi B POAWHI 3aJTi3HUYHHUKIB.
Bnponosx 1952-1963 pp. HaBuas-
cs y I'Bi3nmenpkiid cepeiHill MIKO-
ai. Y 1963 p. BcrynuB o Cropo-
KUHEIIBKOTO JIICHOTO TEXHIKyMY
YepuiBelpKoi 001., SIKUIl yCHIIIHO
3akiHuuB y 1966 p., oTpumaBmH
JUTIOM TEXHiKa JIICOBOTO TOCITO-
mapctBa. Y 1968 p. BCTYIHB 10
JIBBIBCHKOTO JTICOTEXHIYHOTO 1H-
CTHTYTY (Tenep — Hanionanpauii
JCOTEXHIYHNMIT yHIBEpCHTET Yipa-
M), sxkuid 3akinumB y 1972 p.,
3m00yBIIN KBamidikarito «lHxeHep JicoBOro rocmo-
napcTBay. Boponosx 1974-1976 pp. HaBuaBcs B acri-
paHTypi YKpaiHCBKOIo HayKOBO-OCIIiHOIO IHCTUTY-
Ty JICOBOTO rOCMOAAPCTBA Ta arposticomentiopanii ime-
Hi [ M. Bucouskoro (M. XapkiB). Ilin kepiBHUIITBOM
npodecopa I1.1. Momorkosa y 1981 p. 3axucTuB KaH-
IUIaTChKy IUCepTalito Ha TeMy «biomoriuyai ocHOBH
CJIITHOTO HACIHHUIITBA COCHU 3BHYANHOI PEIIIKTOBOIO
MOXO/DKeHHA B YKpaiHChKux Kapmarax» 3a crerianb-
HicTio 06.03.01 — JTiCOBI KYBTYPH, CENEKIIisl, HACIHHH-
LTBO i O3€/ICHEHHs MiCT. BueHe 3BaHHS CTapIIoro Hay-
KOBOT'O CHpr061THI/IKa npucBoeHo y 1984 pori.

TpynoBy misuibHicTe Poman Sluuk posmodaB y
1966 p. TexHikoM-JiciBHUKOM BpycTypiBcbkoro Jic-
nHunrBa Komomwmiickkoro micokoMmOinary Tpecty «llpu-
kapraniic». 3 1968 p. mpamtoe y Kapriarcbkomy ¢isi-
ami YkpHJAUUITA (m. IBano-®pankiBcbk). Po3zmouas-

M 3 TIOCaAM CTapuIoro Jabopas-
Ta, MPOUTIOB IIUIAX JIO 3aCTYITHUKA
JTUpeKTopa 3 HayKoBOi poboTH iH-
CTHUTYTY. 3a yac poboTu B [HCTHTY-
Ti 3afiMaB mocanay 3aBigyBada Ha-
JBIPHSHCBKMM OHOPHHUM ITyHKTOM
(miznimre [oprancekuit gociiaHul
MyHKT), 3aBigyBada Jaboparopii
JIICOBOI ceJleKIlii Ta HaCiHHMIITBA,
MPOBIAHOTO HAyKOBOT'O cnino6iT-
HHKa J1abopaTopii JiCoBiIHOBIICH-
HS 1 cenekuii.

[Ipotsarom 1992-1995 pp. Po-
MaH Suuk OpaB y4acte y poOoTi
¢imiany xadenp JiciBHUITBA, Ji-
coBOI Takcaii, JIiCOBIOPSAKYBaH-
HA Ta reonesii YKpaiHChKOTO Iep-
JKaBHOTO JIICOTEXHIYHOTO YHIBEPCHUTETY.

Bnpogosx 1998-2004 pp. ouomoBas IBano-®pan-
KiBCbKEe OOJaCHE BiAIUICHHS YKpAiHCHKOTO TOBapH-
CTBa TCHETHKIB 1 CeNeKIioHepiB, a mpotsarom 1999-
2007 pp. — rojioBa €KCIEPTHOI paji 3 JICOBUX COPTIB
JepxkoMicii 3 BUITpOOyBaHHS Ta OXOPOHHU COPTIB pOC-
muH Ykpainu (M. Kuis).

32008 p. Poman Auumk mpaigroe gonentom xadeapu
mico3HaBcTBa [HCTUTYTY IpupoaHNYnX HayK [Ipukap-
MaTChKOTO HAIIOHAJIHHOTO YHiBepcuTery iMm. Bacwis
Credanuka, a 3 2011 p. — HpO(beCOpOM JIe BUKJIAJIA€
HU3KY HABYQIbHHUX JMCLMILIIH: JIICOBY TCHETHUKY, Ji-
COBY CEJIEKIiI0, JICOBY IPONIOriio, HeGPEBHI pecyp-
cu yicy. BoagHouac € KepiBHMKOM acmipaHTypu IpH
YxpH/lIripmic 3a cnemianpHicTiIo 06.03.01 — micoBi
KyneTypH Ta (pitomernioparis. 11ix fioro kepiBHUIITBOM
3axXHILIEHO TPU KaHIUAATCHKI AUCEpTaLii.
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OcHOBHA HayKOBa JiSJIBHICTh BYEHOTO 30CEpeKe-
Ha y HampsMax 30epekeHHs! 010pi3HOMAaHITTS Ta JIico-
BUX T'€HETHMYHHX PECYpPCiB, PO3BUTKY JIICOBOI CeJeK-
11ii, HACIHHUIITBA, IHTPOAYKIIil POCIIHH, TIOOITHOTO KO-
pUCTYBaHHS JIicOM (0COOIHMBO — TEXHOJIOTIT CTBOPEHHS
TUIOJIOBO-AT1IHUX IJIAHTAIliN). YChOro HUM OIYOJIiKO-
BaHO noHay 400 HAyKOBUX TIPAIlb.

Poman Sluuk OyB cIiBaBTOPOM HM3KH 3aKOHOJAB-
YMX, HOPMAaTHBHO-PETYISITUBHUX Ta OpraHizamiiHo-
pO3MOPSIAUINX JOKYMEHTIB: «JlicoBoro komekcy Ykpai-
HUY, «[IpaBui BiTHOBIEHHS JICIB 1 JIICOPO3BEICHHS,
«HactanoB 3 micoBOro HaciHHHUIITBAY, «HacTaHOB 3 JIi-
COBIHOBJICHHS 1 Jlicopo3BeAeHHs», «KoHmenii 30e-
PEKEHHSI Ta HEBHCHAXXIIMBOI'O BHUKOPHCTAHHS JicO-
BUX TEHETUYHUX pecypciB B YkpaiHi», «[Iporpamu 3
IHTPOAYKIIi AepeBHUX pociuH», «Bka3iBok 3 BHII-
JICHHS JIICOBOTO TEHETUYHOTO (OHIY, CEeNeKIli i Ha-
ciHHuuTBa B YKpaincekux Kapnarax», «Metoauk i3
KOMIUIEKCHOI OIIIHKH JTICOBUX T€HETHIHUX PECYpCiB»
Ta 0araThOX iHIIHUX.

VYyenuii OpaB akTUBHY y4yacTb y BUBEJACHHI Kap-
MaTCHKUX JIICOBUX COPTIB: sUTUIIS OaTb3aMidHa Ha/IBIp-
HSIHCbKa, MoOJpuHa OiJ00CIIaBChbKa, COCHAa KeOpoBa
Kopeiicbka OOropoJuaHChKa, sSICEH BY3bKOJIHMCTHUH 3a-
KapnaTrchbKuil, MOapHUHa TiOpHuaHAa MyKadiBChKa, TyO
3BUYAHUN OOPIKaBCHKUH, SUTUIS OiJ1a KOJTOMUICHKA.

3a OararopiuHy poOory Poman Hmuk ymocroe-
HUI YUCIICHHHX BII3HAK, Cepe/ SIKUX HATPYJHHUN 3HAK
«Bunaxignuk CPCP», «BigMIHHHUK J1ICOBOIO I'OCIO-
napctBa Yipainn» (2006), «IlouecHuii miciBHUK YKpa-
iam» (2011).

HeonHopa3oBo BUCHOTO HAropoKEHO MOYECHUMH
rpamoTamu IBaHO-DpaHKIBCHKOI MiChKOi 1 00JacHoi
anmirictpariit (1980, 2000), YkpaiHChKOTO HayKOBO-
JOCTITHOTO THCTUTYTY JIICOBOTO TOCIOAApPCTBA Ta ar-
pomicomeniopaii (1980, 1983), MinicrepcTBa Jtico-
BOTO TocCIofmapcTBa Ykpainu i LlenTpanbHoro Komirte-
Ty TpOo(CIiIKK TpaIiBHUAKIB JIICOBOTO TOCIOAApPCTBA
VYkpainu (1996, 1997), JlepxaBHOTO KOMITETY JTiCOBO-
ro rocriogapctBa Ykpainu (2004), Jlep:kaBHOTO areHT-
CTBa JIicoBUX pecypciB Yikpainu (2020).

Ha »xanb, sxurtst Pomana Sliuka o6ipBagocs Hecno-
niBaHo 1 pano. [linuta y BiYHICTH JIOAMHA, CIIOBHEHA

TBOPYHX 3aJyMiB, )KUTTEBOI HACHATH, €HEPTii, OaxaH-
Hs npautoBaty. Koneru ta yuHi mpo cymyroTh 3 IpH-
BOJy Takoi HeromnpaBHoOi BTparu. CBiTia mam’siTb Ipo
Pomana MuxaitnoBnya Sliuka Ta #ioro moOpi crpaBu
Ha3aBKA1 3aJIMIIATHCS B HALLIMX CEPIISIX.

[ToxoBano Pomana fnuka y pimHomy wmicti Ha-
JIBipHa.

In memory of the Corresponding Member of
the Forestry Academy of Sciences of Ukraine
Roman Mykhailovych Jacyk
(20.02.1946-04.01.2021)

O. Holubchak, V. Parpan, R. Brodovych,
Yu. Katsuliak, V. Hudyma, M. Sishchuk

On January 4, 2021 a well-known scientist,
Ukrainian forester, Candidate of Agricultural Sciences,
Senior Researcher, Professor, Corresponding Member
of the Forestry Academy of Sciences of Ukraine Roman
Mikhailovych Yatsyk passed away. The main scientific
activity of the scientist was focused on the conservation
of biodiversity and forest genetic resources, forest
selection, seed production, plant introduction, and
harvesting of non-wood forest products. Roman Yatsyk
was a co-author of a number of legislative, regulatory,
and organizational documented procedures. He has
published more than 400 scientific papers.

For many years of work the scientist was awarded
by numerous awards, including the medals «Inventor of
the USSR», «For Excellence in Forestry of Ukraine»,
«Honorary Forester of Ukraine». He was also awarded
diplomas of Ivano-Frankivsk city and regional
administrations, the Ukrainian Research Institute of
Forestry and Agroforestry, the Ministry of Forestry of
Ukraine, the Central Committee of the Trade Union of
Forestry Workers of Ukraine, the State Committee of
Forestry of Ukraine, and the State Agency of Forestry
Resources of Ukraine.

Pro memoria
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A0 YBATA ABTOPIB

VY «HaykoBux mpausax JliciBHuuoi axanemii Hayk
VYkpainu» myOmiKylOTbCs OpUTiHAJIbHI HAYKOBI CTaTTi
Ta HAyKOBl OIVIAM 3 TEOPETUYHUX 1 NPUKIATHUX IIH-
TaHb JIICOBOTO Ta Ca/l0BO-TIAPKOBOIO roCroaapeTBa,
Giosorii, exoyorii Ta NMPUPOIHO-3IOBIAHOI CHIpaBH,
CKOHOMIKH MPUPOIOKOPHCTYBAHHS | MCHE/DKMEHTY, JTi-
COBOI 1H>1<eHep11 peCypCoOIIaHNX Ta eKoorodesney-
HUX TEXHOJIOTiH JIepeBOOOPOOKH, MAILIMH 1 MEXaHi3MiB
JIICOTOCTIONAPCHKOTO KOMIUICKCY, 1H(POPMAIIHHAX TeX-
HOJIOTiH ramys3i.

Penakuis npuiimae 1o omyOnikyBaHHS CTaTTi 00Cs-
roM 15-20 cTopiHOK KOMII FOTEPHOTO TEKCTY, HAAPyKO-
BaHOTO uepe3 1,5 inrepBana. ®opmar qokymeHTa — A4,
¢dopmar daiiny — *.doc, *.docx (MS Word 2007, 2010,
2013). [Tomst — 2 cM 1o mepuMeTpy. B pemakiiito moma-
€THCS CJICKTPOHHUM BapiaHT CTATTI.

TekcT HaykoBOi (€KCTIEpUMEHTAIILHOT) CTATTi Moja-
€THCS 32 TAKOIO CTPYKTYPOIO: BCTYIT; 00 €KTH Ta Me-
TOAMKA MOCIIIKEHHS; PEe3yabTaTu Ta OOrOBOPEHHS;
BUCHOBKHM; ToAska (3a mnorpebu); Oibmiorpadivni
[IOCHUJIAHHS.

OmnsioBa cTaTTs MOXKE MaTH Pi3HY KUJIBKICTb CTPYK-
TYPHHX ITPO3/IIIB i3 IOBLTBHMMH HA3BaMH, alle BKa-
3aHi MyHKTH € 000B’SI3KOBHUMH: BCTYTH; BUCHOBKH, Oi-
Omiorpadiuni nocunanas. B 000x Bumakax 1H(bopMa—
15l PO aBTOPIB MOJAETHCS TPHOMA MOBAMH.

Y «Bcetymi» moBunHa Oyt copMmynpoBaHa ak-
TyanbpHICTh TeMHd, a B «OO0’€KTi Ta METOMUIN JOCIHi-
JDKEHBY» — 00 €KT JIOCHIJKCHHS, TPEJAMET JIOCIIIIKECH-
HS Ta MeTa POOOTH.

Jlo apyKy NpUHMalOTbCs CTaTTi yKpaiHCHKOIO, Po-
CIHICHKOIO Ta aHIIIIWCHKO MOBaMH. J[0 KOXHOI cTaTTi
[OAAI0THCSI aHOTALi] TPhOMa MOBaMH.

VY BHWHOCI MONAIOTh BiIOMOCTI MPO BCiX aBTOPIB,
B SIKI BKa3ylOTh WICHCTBO B AKajeMii (32 HasiBHOC-
Ti), HAyKOBUH CTYIiHBb 1 HAyKOBE 3BaHHS, MICIIE PO-
6oTH, pobouy aapecy, TenedoH, eIEKTPOHHY aJpecy
Ta BIAKpUTHH ieHTH(]IKATOp HAyKOBOTO JOCTIIHUKA
ORCID.

OOcsr aHoTtanii yKpaiHCHKOIO MOBOIO — 22-25 psn-
kiB a0o 1400-1600 3nakiB. OOcsar aHoTaIii pociii-
CBKOIO a0o iHMIO MOBOIO — 25-30 psaakiB abo 1600-
1900 3HakiB. OOcsr a”HoTarii aHNIHCHEKOK MOBOKO I10-
BHUHEH cTaHOBUTH He MeHIe 40 psakiB abo 2600 3Ha-
kiB. Kitro4oBi ciioBa B 00csr aHOTaLii HE BXOIATb.

Jns crareii, HAMMCAHUX AHMIIHCHLKOK MOBOIO, ITO-
TPiOHO JTOJATH JIB1 PO3IIUPEHI aHOTAIli1 (YKPaiHChKOO,
pociiickkoro abo iHIo0 MoBaMu) — 10 40-45 psakiB.
AHOTaIlig aHTIIIHCHKOI0 MOBOIO CKJanae 22-25 psnxiB
(Oe3 KITIOYOBHX CIIiB).

B aHoTaIisx MakcCUMallbHO TTOBHO B MEXKaX 3a3Ha-
YEeHOro 00csTy MOBHMHHI OyTH BigoOpaskeHi OCHOBHI
pesynsrari gociiukens. IlorpiGHo ynukaru saralb-
HUX BUPa3iB («Y CTATTi HABECHI pe3ynbTari. ..», «00-
TPYHTOBaHO BHCHOBKH...», «HaBeneno nani mojo...»
1 T.I.). AHOTAITil TOBUHHI OyTH HaMKCaHi 9iTKO, 3p03y-
MLJIO 1 JIAKOHIYHO.

Knrouosi cnoa/cioBocnionyuensst (10-12 mr.) He
MTOBUHHI AyOJIIOBaTH 3arojIOBKa CTaTTi.

Crmcok JiTepaTypu TMOBHHEH BMII[ATH HE MEHIIE
15 niTeparypHux jkepen. baxkaHo HaBOJUTH ITOCUITaH-
Hsl Ha Jpkeperna, omyOmikosai micist 2010 poky, oco-
6111BO TI, SIKI MAKOTh IHACKC doi. CaMOLUTYBAHHS — HE
outeme 15%. Iling vyac dGopMyBaHHS CIUCKY JliTepa-
TYPHHX JDKEpesl HeoOXiTHO KOPUCTYBAaTUCh BUMOTAMHU
APA 6™ Edition.

VY «Crnucky niteparypu» HeoOXiJHO HABOIUTH JIiHK,
3a SKUM JDKEpENo MOCTYIHE B Mepexi [aTepret, abo
iHAeKC doi. 32 MOXKITUBICTIO BapTO YHHUKATH MOCHIIAHb
Ha JiTepaTypHi JpKepena, siKi BiACyTHI B iHTEpHET-
pecypcax.

TpancmiTepartis JTiTepaTypHUX JPKEPET B CTATTIX HE
noryckaerbesi. CITUCOK JIiTepaTypH MOBUHEH OyTH Ha-
BEJICHUI MOBOIO OPHUTIHAITY Ta B KBaJIPATHHUX JYKKaX —
aHTITCHKOI0 MOBOIO. Y JyKKax HEOOXiHO BKa3aTu
MOBY, Ha SIKIH BHJAHO JIiTepaTypHe Jxkepeno (Hamp.,
in Ukrainian). SIkmo po©oTa BugaHa aHTITIHCHKOIO MO-
BOIO, TO MOBY B Jy’)KKaX BKa3yBaTH HE MTOTPIOHO.

Oco0OnuBy yBary aBTopiB 3BEPTAEMO HaA TPABHIIb-
He noiaHHs « CITUCKY JTiTepaTypu» Ta aHTIIiHChKOMOB-
Hy YacThHy nyOnikauii. CtarTio duTaTnme M1>KHapozL—
Ha Ay/UTOPis HayKOBHIB TOMY TEKCT aHOTauii MOBU-
HeH OyTH YiTKHM 1 3B’SI3HUM, a ii 3MICT — 3p03yMiInM
0e3 03HAlOMIICHHS 3 OCHOBHHM 3MIiCTOM Camoi CTaTTi.
VY crarti noTpiOHO 3acTOCOBYBaTU (HaxoBy TEPMiHOJIO-
Ti10, SIKy BUKOPHCTOBYIOTh y MPO(UIBHIX MIKHAPOI-
HUX aHTJIOMOBHUX BHJIAHHSIX.

Texcr cTarTi, aHOTAIlil, HA3BU TAOIUIb, CITUCOK JIi-
Teparypu nogaroTecs mpudToM Times New Roman 14.
[Mignmucn no pI/IC}’HKlB — mpudTom Times New Roman
12, BupiBHsiHi 1o neHTpy. @ororpadii Ta pucyHKH mo-
TAtOThCsT OE3MMOCEPENHBO B CTATTI, a TAKOXK B OKPEMO-
My ¢aitm y ¢opmari *.jpg, un odopmileHH] y cepeno-
Buil MS Exel.

He moxxHa momaBaTi MOCHIIaHHA Ha TaOMUIO abo
PUCYHOK OKPEMHM peueHHSIM. 3a HasBHOCTI y TEKCTi
JIMIIE OfIHI€T TaOMUI YM PUCYHKY iX HE HYMEpYIOTh, a
B TEKCTi JArOTh BIAINOBiTHE MOCHJIAHHS: Ta0m. (puc.).
3a MOBTOPHOTO TIOCHUJIAHHA Ha €JIEMEHT MOTPIOHO BKa-
3yBaru: JAMB. Ta0J. (JUB. puC.).
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HazBu Tabnump i pruCyHKIB (a TaKOX TPUMITKH JI0
HUX) MalTh OyTH BHYCPITHUMH 1 4iTKO ccpopMynLOBa—
HUMH, 00 YHTA4 3MIr 3pO3YMITH iXHIil 3MICT, HE BJIa-
I0YUCh JI0 MOIMIYKY BiJIITIOBIIHUX TIOSICHEHb Y CTPYKTYP-
HUX MiAPO3AisIaX CTaTTi.

VY Tabnuugx moBWHHI OyTH BiJCYTHI BEpTHKaJbHI
ninii. [logaroTbes nuire ropu30HTAIBHI JTiHIT — B «II1aM-
i» Ta B KIHII TaOIHUI.

[ToTpiOHO PO3PI3HATH CUMBOJIA «—», «—» Ta «-».
[lepmmif 13 HUX y PyKOIHUCI CTaTTi HE BUKOPUCTOBYIOTb.

HeoOximHO 3BepHYTH yBary Ha MpaBHIBHICTh BKHU-
BaHHSIM CITY’KOOBUX YAaCTHH MOBH: «BY», KY»; «1», «Tay;
«3», «i3», «31» Tomo. I1lix gac popmymoBaHHs peueHb
MOTPIOHO YHUKATH CJIOBa «Oyno»: 0e3 HhOTO, 3a3BU-
Yaii, 3MICT PEUCHHS HE 3MIHIOETbCA. Y CTaTTi OakaHO
HE BUKOPHCTOBYBATH CKOPOYCHHSI HAYKOBHX TeleHlB

He pekoMeHI0BaHO BKMBATH y TEKCTI MACHBHHIi
dopMar: «IOCHiIKEHHST TPOBOAMIINCSY, «PE3YJIbTaTH
OTIPAIbOBYBAIMCSY TOIIO; MOTPIOHO — «IIOCIIHKCHHS
MPOBOANIINY, «PE3YIBTAaTH ONPALLOBAHON 1 T.JI.

OTpuMaHi pe3yJibTaTh JOCHIKeHb MMOBUHHI OyTH
OTIpanbOBaHi MATEMATUIHUMH METOIaMH, IO TATBEP-
JDKy€e iXHIO TO0CTOBipHiCTh. be3 Takoro ompauroBaHHs
CTaTTi 0 APYKY HE MPUUMAIOTHCS.

HaliBa)XTHBIIIIOI0 YaCTHHOIO HAYKOBOI CTATTi € BUC-
HOBKH, € HaBOASATH ITJICYMKH 3iMCHEHOTO JIOCIi-
JOKCHHSI, y3arajibHCHHS 1 npono3nui’1’ IIOJI0 3aBJaHb,
c@opMynBOBaHHx y BCTyHl BucHoBku (bOpMymO}OTL
4ITKO, TAKOHIYHO 1 3p03yMiJIO, BOHH IIOBHHHI BUIIINBA-
TH 13 pe3yJbTaTiB MPOBEACHUX TOCIiIKEeHb. Y BUCHO-
BKax 3a3HaualOTh CTYIIHb JOCSATHEHHS MOCTaBICHOT
METH pOOOTH 3a JOMOMOTIOI0 BUKOPHCTAHUX METOMIB 1
METOJIMKH JIOCIiKeHb. Brnano copMyboBaHi BUCHO-
BKH JIOTIYHO 3aKiHYYIOTh HAayKOBY poOOTY, poOsTh ii
IUTICHOIO 1 3aBEPIIEHOIO.

BuricHOBKY TIOBHHHI OyTH KOPOTKHMH 1 IOIAHUMH Y
BUIJISAII TEKCTY 03 Hymepaiii.

Y 30ipamky mpanp «HaykxoBi mpami JliciBHE-
4oi akazemii Hayk YKpaiHH» HE MOXYTb OyTH OITy-
OmikoBaHI MaTepiand, sSKi BXKe paHime IyOmiKyBa-
JHUCS B IHIIMX HayKoBUX 30ipHHMKax. PemaxiiiiHa ko-
JIeTisi HayKOBOTO BHJAHHS 3ajHIIae 3a coOOI0 MPaBo
BIJXHWJISATH CTATTI, K1 HE BIJNOBIJAIOTH BUMOIaM 1 Te-
Maruii 30ipHuKa. HaykoBi crarTi, mo HaIidILM 10
penakiiii, mpoxosATh IMpolec pereH3yBaHHs. Dopmu
peTeH3yBaHHs cTaTei: BHYTPIITHS; 30BHIITHSI.

3aCTyIIHUK TOOBHOIO DEIAKTOpa BH3HAYA€ Bill-
MOBIHICTh CTATTI Npodio KypHaAIIYy 1 cKepoBye ii
Ha peleH3yBaHHs (axiBIIO — JOKTOPY YW KaHIUAATY
HayK, IKHI Ma€e OJIM3bKY 10 TEMH CTaTTi HAYKOBY CITe-
iaxizario.

Marepianu peueH3yloTh YiICHH pPeAakUiiHOI Ko-
JIeTii HayKOBOTO BUAAHHS Ta/ab0 CTOPOHHI HE3aJeX-
Hi €KCTIePTH, BUXOSYH 3 TIPUHIIAITY 00’ €KTUBHOCTI 1 3
MO3UIIIH BUIIUX MIKHAPOAHKUX aKaJIEMIYHUX CTaHAap-
TiB SIKOCTi. TepMiHU perieH3yBaHHsS B KOXKHOMY OKpe-
MOMY BHITQJIKy BH3HAUAIOTHCS BIAINOBIAAJBHUM pe-
JAKTOPOM 3 ypaxyBaHHSM CTBOPEHHS YMOB JUIS MaK-
CHMAaJIbHO OTIEPATUBHOI IMyOmiKaIii CTarTi.

HasBHiCTH MO3UTHBHOT peLieH3ii He € JOCTAaTHBOIO
miIcTaBoo It MyOmikauii crarti. OcTaTtodHe pillieHHs
npo JIOUTBHICTh OMYOTIKYBaHHS MPHUMAETHCS pelak-
LiI{HOIO KOJIETIETO.

[licns mpuiHATTS A0 APYKYy HAyKOBI Marepiaiu
IPOXOJISITh TIPOLIEC pearyBanHs. Penakiiist 3anumiae 3a
c000I0 PaBO HA CTUJIICTUYHY MPABKY PYKOIHUCY, JIiTe-
parypHe peaaryBaHHs Ta CKOPOUYCHHS TEKCTiB 3i 30epe-
JKCHHSIM aBTOPCHKOTO CTHITIO. 3 aBTOPOM Y3TOKYIOTh-
sl IPaBKH, sKi, Ha JYMKY pEIaKIlii, MO)KyTh HE 30BCiM
TOYHO MEPEAATH 3MICT TEKCTY.

BinnosinanbHicTs 32 K0CTOBIpHICTE iHdOpMaii y
CTaTTAX, TOYHICTh HAa3B, CTATUCTUYHUX NaHMX, Mpi3-
BUIIl Ta LIUTAaT HECYTh aBTOpH. /lJisi YHUKHEHHSI HEKO-
PEKTHHUX 3amo3uyueHb ad00 BUKOPWCTAHHS PE3YNIbTaTiB
JOCITIPKEHHS TPETiX 0cid aBTOpM 3000B’si3aHI JOTPH-
MYBaTHCh €TUKH HayKOBOTO IIUTYBaHHS.

V BuMagkax BUSBICHHS IUTATiaTy BilMTOBITATBHICTh
HECyTb aBTOPHY HAJaHUX MarepiaiB.

[Micns NPUAHATTS penKoneriefo piHIeHHﬂ po J1o-
MYCK CTATTi JIO MyOiiKarii BiJIOBiJabHAN ceKpeTap
1H(1)0pMy€ npo 1e aBTopa 1 BKazye TepMiHU r[y6n11<a—
uii. Opurinanu penensiii 30epiratoTbCst y peaaxiii-
HI{ KoJerTii 1 B pemakiiii HaykoBoro >kypHauy. [Ipu-
WHATI 10 IPYKy HAYKOBI Marepiaiy He MOBEpPTAIOTh-
Csl Ta HE MOXKYTh OyTH HaJpyKOBaHi B iHIIMX HAayKO-
BUX JKypHaJax.

JeranbHima iHopMaliis 7 aBTOPIiB IIOAO0 Ipa-
BWJI TIof1a4i ctateid 1o 30ipHuka «Haykosi npamni Jlicis-
HUYOI akazemii HayK Yikpainm», opopmnenns «Crmc-
Ky J'IlTepaTypI/I» HOJITUKU BIAKPUTOTO JOCTYIY MOJa-
Ha Ha caiiTi 30ipHUKa HayKOBHX Ipals: http://fasu.nltu.
edu.ua/index.php/nplanu
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