=855
MVEW

PICT JIEPEB
KAPITATCBKHX JIICIB

(y 6acenHi piku [HicTep)

THE GROWTH OF TREES
OF THE CARPATHIAN FORESTS

(in the basin of the Dniester River)



National Academy of Sciences of Ukraine
State Museum of Natural History
Precarpathian Forestry College
Forestry Sciences Academy of Ukraine
Shevchenko Scientific Society

Platon Tretyak, Yurij Chernevyy

THE GROWTH OF TREES
OF THE CARPATHIAN FORESTS

(in the basin of the Dniester River)

Lviv
Publishing House of Lviv Polytechnic National University
2018



HamionanpHa akaieMist Hayk YKpainu
JlepkaBHUM NPUPOAO3HABUUN MY3€EH
[IpukapnaTchKuii J1icOroCcnoaapChKuii KOJIeIK
JliciBHM4a akazeMis HayK YKpaiHu

Hayxoge ToBapuctBo im. llleBuenka

[TnaroH Tperak, Opii HepHesuit

PICT JIEPEB
KAPITATCHKHX JIICIB

(y 6acenHi piku dHictep)

JIbBiB
Bunasaunrso JIEBIBCHKOI IO TEXHIKA
2018



VJIK 630.5
T 66

PenenzenTu:

I'puropiii Kpuaunnbkuii, 1okTop 6i0710TYHUX HAYK, Tpodecop;

Bacuas Ilapnan, gokTop 0i0JIOTiYHEX HayK, podecop;

Ieopriii 'ppHUK, TOKTOpP CLTBCHKOTOCIIONAPCHKUX HAYK, podecop;

Anapiii MaaTuHOBCBKHI, IOKTOP CUTbCHKOTOCIIOIAPCHKUX HAYK, CT. HAYKOBUH CITIBPOOITHUK

Reviewers:

Hryhorij Krynytskyy, Doctor of biological sciences, Professor;

Vasyl' Parpan, Doctor of biological sciences, Professor;

Georgij Grynyk, Doctor of agricultural sciences, Professor;

Andrij Malynovskyy, Doctor of agricultural sciences, Senior Researcher

Pexomenoysana 0o opyxy Buena paoa
epoicasroco npupooosnasuoeo mysero HAH Ykpainu
(npomoxon Ne 6 6i0 5 nunus 2018 p.)

Recommended for publication by the Academic Council of the State Natural History

T 66

Museum of the National Academy of Sciences of Ukraine
(Minutes No. 6 of July 5, 2018).

Tpetsak IlinaTon

Pict nepeB kapmatcekux uniciB (y Oaceiini piku uictep) / Tperak IlnaTow,
Yepuesuit [Opiii. — JlbBiB: BugaBuuntBo JIbBiBcbkoi momiTexniku, 2018, —
236 c., 57 tabun., 157 puc., 71 mit. ;Kepero.

ISBN 978-966-941-242-3

DOI https://doi.org/10.23939/book.growth.2018

BuknaieHo OpUTriHaJIbHI Pe3yibTaTH JOCITIPKEHb X0y POCTY JEPEB CTapILIOro BIKY
pI3HMX BHIIB, 10 POCIH B jicax periony. [lomani aHamiTH4Hi Marepiaiy CBiA4aTh, 30KpeMa,
PO HEBIAMOBIAHICTH TEMIIy POCTYy Y BHCOTY JOCTI/UKEHMX JEpEB paHille YyCTaJIeHHM
TeHJCHIsIM. MakcumanbHa TPOAYKTHBHICTH JAEpeB OUIBIIOCTI ABTOXTOHHHX BHIIB
crocrepiraeTbes y Bimi moHax 80 pokiB. Y nyba 3BHYaitHOro, Oyka €BpONEHCHKOro, SUTHII
61101, SUTMHMA €BPONEHCHKOI, COCHU KEIPOBOI HAWOUIBIII MOKA3HWKH MOTOYHOI'O MPHUPOCTY
00’eMiB cTOBOYpiB crioctepiraemo y Bimi 200-300 i HaBiTh 350 pokiB. HaBeneHi anamiTH4Hi
Ta TEOPETHYHI y3arajJbHEHHS aKTyami3yloThb TpoOJeMy OCYJacHEHHS 3acTapiiux
HOpPMaTHBHUX MaTepialliB 100 MPOAYKTUBHOCTI JiciB Kapmar B YkpaiHi Ta iX MOoTeHIIHHNX
EKOJIOTTYHUX (DYHKIIIH.

s (axiBIiB-eKOIOTIB, HAYKOBIIIB, CTYICHTIB 0O10JIOTIYHOTO, JIICOrOCIOAAPCEKOTO Ta
reorpaiYHOr0 HAIIPSIMIB.

YK 630.5

The original results of researches on the growth of older trees of different species that grew up in
the forests of the region are presented. The presented analytical materials testify, in particular, about the
inconsistency of the growth rate with the height of the investigated the established before tendencies. The
maximum productivity of trees of most autochthonous species is observed at the age of 80 years. For the
trees of Quercus robur, Fagus sylvatica, Abies alba, Picea abies, Pinus cembra and other species the
largest values of the current increase of in the trunks volume observed at the age of trees 200-300 and
even 350 years. The presented analytical and theoretical generalizations actualize the problem of
modernization of outdated normative materials concerning the productivity of Carpathian forests in
Ukraine and their potential ecological functions.

ITepexnanm anrmiiicbkoro MmoBoro: Anzpii Craci, [Tnaton TpeTsik
Translating into English language: Andrij Stasiv, Platon Tretyak

© I1. Tpersk, }O. Uepnesuii, 2018
© HauioHanpHuii yHiBepcuTer

ISBN 978-966-941-242-3 “JIpBiBchbKa momiTexHika”, 2018



3micTt / Contents

= To3 V] RO E TS EO R SRUU PSS PR RPURPURUSRRPPN 7
INEFOAUCTION ...ttt ettt et ne et e e e s e naenees 7
TTOLSKM ...ttt ettt ettt b e ettt e bt et e st e ebeeabeeseebeenbeeseenbeensesneennes 11
TRANKS. ...ttt ettt s ettt b e aeeneen e st ene e 11
OB’EKTU, METOAMKA | MATEPIATM ...ttt ettt et et eae e eaeeae s 13
Objects, methods and MaterialS............c.cccveoieiiiiiiieecee e 13
TTPUPOAHI YMOBU PEIIOHY .....uviiiiieiieeiieeetee et et et ete e e et eeaeeetaeeaeeeaeeeeseeeaseenseessseeseesaseanseen 16
The Regional Natural ENVIFONMENL..............coooiiiiiiiieee e 16
[1epPeaKAPNATCHKA BUCOUMHA .......cc.eeecueeeuieereeeeteeetee et eeteeeteeeaeeeaeeeaaeeaeeeaaeeeteesaseeeseeeaseeesseennens 24
Carpathian FOOLNIIIS ............oooioiiieieeee e 24
BEPE3A MOBUCTIA ...ttt e e e eaaeeteeeraeeaeen 25
Betula pendula RON ............c..ooviiiiieeeee et 25
BYK JHCOBUM ...ttt ettt et ettt be e sa b e esseesaebeensessaennes 31
FFQQUS SYIVALICA L..........ooeeieeeeeeeeeee ettt 31
BITTBXA KIEBIIKA .....ccvviieiiieiie ettt ettt ettt e e et e s b e e teesabeessaeenseeseeenseesssaensens 41
AINus gIutinoSa (L.) GAEBIIN. .........ocviieieeeeeeeeeeeeeeee et 41
B SIB TOMMMM......oevieieeeeeeeee ettt ettt ettt ettt ettt te e ateeaeeaeeaee e 47
UIMus glabra HUGS ..............ooviiiiieeeeeee e e 47
[P0 BBUMAMIHUN ...ttt ettt ettt a e et aeersebeeaseesseseenseensennas 53
CarpinuUS DELUIUS L. .............oooueieeeeeeeeeeeeeeeeeee et 53
JIYO BBUMBIHUNM ...ttt ettt s e beebeeseeseesaessessessensenseeseeneeneeneas 61
QUEICUS TODUL L.ttt 61
[y06 3BMYanHMA, BUKONAHUI i3 3anfiaBu PikM JTIMHUL ........ocoeeveieiiiiiecececeee e 68
Quercus robur tree that was dig out from the floodplain of the Limnytsya River............... 68
FATTALIS BIMMA ..ottt ettt ettt et e b b e s e saeebeeseessessensessesessesreas 73
ADIES @IDA MIll ...ttt et eeeaaeenaeen 73
HN3BbKOTIP'A CXIAHNX BECKUIIB .......cceveiviieeiieeeee e 82
Lowmountains of the Eastern BeSKidS...........c.ocveoviiiioiiiiieiiceceeeeeee e 82
BYK JHCOBUM ...ttt ettt be b st ebeesbeessebeenseeseesnes 83
FFQQUS SYIVALICA L..........ooeeieeeeeeeeee ettt e 83
ANNHA EBPOMEIMCBKA ...ttt ettt eae e e ete e e e e aeeeaeeeteeeneeereeens 89
LBngkopocni gepeBa Ha Me30-€BTPOMHUX FPYHTAX ......eccrrevreeereereeeieeeereeeeeereeeaeeenns 89
Picea abies (L.) KArSt. ........ooiiieieeeeee ettt 89
Fast growing trees on meso-eutrophicC SOIlS...........ccocveeieiieciinieiceee e, 89
[MoBinbHOpoOCHi AepeBa Ha ONIro-Me30TPOMHUX FPYHTAX ....eevieeierieiieieaeieieeieeeeenes 97
Slow growing trees on oligo-mesotrophiC SOIlS...........cccoeverieciiiieiiciceeeceeee 97
FATINLS BINA ...ttt ettt ettt sttt 103
ADIES AIDA M.ttt ettt saeenae s 103
B A3 TOTMUM ...ttt ettt ettt ettt 110
UImus glabra HUGS. .............oooiiiiiiieeceeeee ettt e aa e 110
KrieH HecnpaBXHLOMNATAHOBUMN (ABIP) ....ocvervieiieiieiieiieiieeieereeieesieeae e esseeseeesaesseenseesaens 118
AcCEr PSEUAOPIATANUS L.............ccooiiieiieieee et 118
MoapuHa eBponencbka i MogpuHa nonbcbka Larix decidua Mill.
and Larix poloniCa RACID. ..........cocvioiieiecieeee ettt e e saaeeaaeen 124
PIUKOBI TEPACK B TOPIFAHAX ..ottt s e s s s e s e s e s s s ssesseeseeseeeeeens 131
River terraces in GOrgany FaNQE.........c.ooovieiieieeiieieeeeeeee ettt eae e eseeaeens 131
BEPE3A MOBUCTIA ...ttt ettt e e e eaeeennean 132
Betula pendula ROTN..............cooiiiee e 132
COCHA BBUMAMHA ........ouienieieie ittt ettt ettt ettt et et et e beeseeteeseeseeneene et ensenaeeas 138



PUNUS SYIVESTIIS L. ...ttt ettt et e e e et e e aseeneas 138

AnHamika pocTy AepeB Ha TOP AHOMY BOMOTi....ccvivvievieiieeiciieiieieieieee e 138
The dynamics of tree growth in @ peat bog .........cccoovievieiiiiiiieeeceeeeeeee e 138
[nHamika pocTy gepeB Ha cupux BigHUX TOPd’ AHUCTUX OrMEEHNX CKENETHUX
DY HTAX ettt ette ettt e et e ete e e e et e etseeeteessse e seeesseessaeesseesseeesseesssessseesseessseanssesaseessessseeseens 143
The growth of the trees on wet dystric histic gleyic sceletic Fluvisols..................... 143
ANMHA EBPOMEIMCBKA. .......ccviieirieiieeieeetie ettt ettt ettt et e eaaeesaaeeseesaseeaseesaseenseesaseenseeenns 151
Picea @bieS (L.) KArSt.........cooiiiieieieeeeeeeee ettt e seeenesae e 151
FAFTULA BINIA ..ottt ettt b e beeteeseeseess e s e s e ssesseeseeaeas 157
ADBIES AIDA MIll. ...t 157
CEPEAHBOTID'S TOPIAH ...t e e e e eee s eee e eee e e e e s s es s esaeseeseeeens 165
Gorgany range MONTANE ZONE...........ccvoouieiiiiieeieeeeee ettt ettt et eae e eae e 165
BYK TTICOBUM ..ottt ettt ettt be et e s e sbeessesaeebeenseeneenseenes 166
FFQQUS SYIVALICA L. ...ttt et aeas 166
ANNHA EBPOMEIMCBKA. .......ocvvieeeieeeieeeeeeeee ettt ettt et e et eeeae e et e e ete e e e e eteeeaseeereeenns 172
Picea @bies (L.) KArSt.........co oot 172
FATIVILLI OII18 «.oeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e e e e e e e e e e eeeeeens 179
ADIES @IDa MIll. ..ottt 179
BUCOKOTID S TOPIFH ..ot e e e s s e s eeseeeeseeeeeeeseeseeeeeeeseeeeseeseeeesaees 190
Gorgany range altimontane ZONE...........ccocooiiiiiiieiicececee e 190
COCHA KEAPOBA ...ttt ettt ettt ettt et e e e as et e et e ts et e easeassesseesseessesseenseessense e 191
PiNUS COMBIA L. ...ttt et saa e seeseenaesseens 191
FANNHA EBPOMEMCBKA. .......veeviieiieeiieeie ettt ettt ettt e te e et e e teesaseeaeeeaaeeseeenseeseeeaseenns 198
Picea @bies (L.) KArSt.........cooiiiiiieeceee ettt 198
AnnHa eBponencbka (LLUTYHYHE HACAAMKEHHS).......cocoveeieereereeneeereeereeseeereereeseeeseeseeneeneas 208
Picea abies (L.) Karst. (SHVICURRUIE) .........ccooviiiiiiiiieeeeceeeee e 208
TEOPETUUHE Y3ATATBHEHHSI.........eooviieiiietieeteeetee et ettt etee ettt eeaeeeteeeseeeaeeeaaeeeaeeeaseesaeeeanas 214
Theoretical generalization ..............c.oooiiiiiiiiice e 214
MopiBHANBLHUI aHani3 y3aranbHEeHUX TEHAEHLIN X04Y POCTY OEPEB ......cccvveeveeveennnnne. 215
A comparative analysis of the general trends of the growth of trees ........................... 215
[MepeaKaAPNATCBKA BUCOUMHA .........ocouveeieeeeeeieeetee et eeee et eee et ee et e e eeaeeeaeeeeaeeenneans 215
Carpathian FOONIIIS ...........c.ooouioiieeeeee e 215
HM3bKOrip'a CXIQHUX BECKUAIB .........ooovviieeieeieeeeeee e 217
Lowmountains of the Eastern Beskids ............cccooveviiiiiiiiciiieieeeeee e, 217
PIUKOBI TEPACU Y TOPPAHAX. ...t 219
The river terraces in GOrgany range..........cc.oooveeieriieieeienieee et eeees 219
(@7 oY a [Tt o | o 1 = RSO TPURURUUSRSRRSRRRRRRRO 219
The MONTANE ZONE.......c..ooiieieie et ae e eeeas 219
BUCOKOTID S ...ttt ettt ettt ettt et e eaeeseeaeeene e 221
AIIMONTANE ZONE ..ottt ereesaeneas 221
KpUTUYHI MIpKYBaHHST Ta PEKOMEHIALLT ....ccvveeeiieevieeiieeieeeie et 224
Critical considerations and recommendations..............cccoovieviiiieeiieiicieie e 224
BUCHOBKM CONCIUSION. ..ottt ettt se e eaeeseene 229
Cnncok NocnnaHb / REFEIENCES .........c.oouiiiiiiiiceeee e 230
PEBIOME ...ttt b ettt b e nb e reebeenteeaeebeenes 234
SUMIMAIY ..ot ettt ettt ettt et ae et e et e eas et e eateeaseaseeaseeseeaseenseeseenns 234



Bctyn

Cepen TpUPOOHUX CHUCTEM CYXOJOTYy
IUIaHEeTH JIICH  BIAIrpaloTh HaJI3BUYAHHO
Baromi cepeaoBunieTBipHi ¢yHKIII. BoHu
MOJIATa0Th, 30KpeMa, B JIEMOHYBaHHI BYT-
jenoo 3 arMocdepu, aKkyMmMyJIOBaHHI Ta BHU-
KOpHUCTaHHI 3amaciB BOJaM, 30arayeHHi aTMo-
cthepu Bomororo i kucHeMm. Bce 1e Hacmigku
6ioJoriyHOT MPOAYKTUBHOCTI JICOBHUX €KO-
CUCTEeM 1, HacamImepes, IiX aBTOTPOGHUX
KOMIIOHEHTIB, TOOTO POCIMHHHUX OpPTaHi3MiB
[9, 28, 30, 42, 45, 56, 62, 63, 64, 66, 69, 70].

3aranom Jicu BKpuBawOTh 31% mnoBepxHi
cyxozoiy. IXHs mIoma OpieHTOBHO CTAHOBHTE
4 muipa rextapiB. Ha ogHoro memnkanus 3emiti
npunanae 0,6 ra micy. 3aranapHy 6iomacy JiciB
CBITY OLIHIOIOTH y po3mipi 600 mipa TOHH
cyxoi peuoBuHH, a6o 149 Tonn Ha | ra. ¥V
Oiomaci JICiB CBITY MICTUThCA 289 Mipa TOHH
Byriemo [30].

€BpOIEHCHKI JIICH TaKOX BaroMO BIUTUBAIOTh
Ha Ta30BHWM ckian atMocepu Ta Ha Qopmy-
BaHHS KJIIMaTy. 3arajoM iXHs IUIOIA CTAHOBHUTH
215 wmnH ra. 3araneHuii 3amac jicy B €Bpormi
OIIIHEHO B 35 mupa M. Cepenssi MiTBHICTH 3a-
naciB JIiCy B €BPOIEHCHKOMY PErioHi CTaHOBUTH
163 M’ra’’, mo mepesuIye cBiTOBHIl cepenHiit
nokasunk (133 m*ra’). Bracmizok ¢orocuuTe-
3y JicH TMOINIMHAIOTH 13 aTMOC(EepH BEIUKY
KUTBKICTh JIOKCHy BYIJICLIO. Y Halll 4ac IIo-
piuHO B JTiCOBiM Olomaci Ta TIpPyHTI aKymy-
moeTsest 719 MiIH TOHH ByTiewio abo mpu-
6im3Ho 3,3 Tra” [28, 61]. Taka Horo KiIbKicTb
MicTHTBCS B 6,7 T'Ta’ cyxoi (itomacu. Bosmo-
Yyac 1€ O3Hayae, M0 YHPOJOBXK POKY JICH
€Bponu CrokKuBaroTh 2636 MIIH TOHH JTIOKCUTY
Byrneto, 1078 miuH TOoHH Boau, 7939 tepasat-
roauH (TBT'TOM) COHSYHOT Ta TETIOBOI €Heprii,
a TaKoXX NPOAYKYHOTh B atMocdepy 1917 muH
TOHH KUCHIO. Y TIepepaxyHKy Ha OIHMH TEKTap
e craHoButh 12,1 TTa’ TIOKCUIY BYTJICIIIO,
49 Tra’ Boau, 36,4 MBrroxTa’ (meraBar-
TOMH) eHeprii, 8,8 T-ra’ KHCHIO.

[Mponykuiiinuii mpouec ¢iTomMacu CympoBoO-
JUKY€ETBCSI IHTEHCHBHOIO TPaHCIIpaIli€o, IO To-
JSiTa€ y BUIAPOBYBaHHI BOJIW 3 JIMCTKOBOI TIO-
BepxHi pocnuH. BoHa 3a0e3medye BCMOKTYBaIbHY
(GyHKITIF0 KOPIHHS, TPAHCTIOPTYBAHHS CyIMHAMU
PO3UMHY TOXUBHHX PEYOBUH BiJ KOPIHHS [0
JUCTS, a TaKOXX OXOJIO/DKEHHS JIMCTKOBOI TIO-
BepxHi. BBaxaeTbcs, 10 i MPOAYKYyBaHHS

Introduction

Among the natural systems of the land of the
planet, forests have an extremely important
environmentally creating functions. They are, in
particularly, in the deposition of carbon from
atmosphere, the accumulation water reserves and
its use, also the enrichment of atmosphere with
moisture and oxygen. All this is the result of the
biological productivity of forest ecosystems and,
first of all, their autotrophic components, that is,
the plant organisms [9, 28, 30, 42, 45, 56, 62, 63,
64, 66, 69, 70].

In general, forests cover 31% of the surface
of the land. Their area is estimated at 4 billion
hectares. For one inhabitant of the Earth there
are 0.6 hectares of forest. The total biomass of
the world's forests is estimated at 600 Gt of
dry matter, or 149 tons per hectare. In general,
the world forests biomass contains 289 Gt of
carbon [30].

European forests also have a significant
impact on the gas composition of atmosphere
and on climate formation. In total, their area is
215 million hectares. The total growing stock of
forests in Europe is estimated at 35 billion m’.
The average density of growing stock in forests
in the European region is 163 m>-ha™', which is
larger than the world average (133 m>-ha™"). As
a result of photosynthesis, forests absorb a large
amount of carbon dioxide from the atmosphere.
At present, 719 million tons of carbon accu-
mulates annually in forest biomass and soil, or
approximately 3.3 tha” [28, 61]. This amount
is contained in 6.7 tha of dry phytomass. At
the same time, it means that over the course of
the year Europe's forests consume 2 636 million
tons of carbon dioxide, 1 078 million tons of
water, 7 939 terawatt-hours (TW-h) of solar and
thermal energy, and produce in the atmosphere
1917 million tons of oxygen. In terms of one
hectare, it is 12.1 tha' of carbon dioxide,
4.9 tha” of water, 36.4 MWhha' (megawatt
hour) of energy, 8.8 t-ha™ oxygen.

The production process of phytomass is
accompanied by intense transpiration,
consisting of the evaporation of water from the
leaf surface of plants. It provides a suction
function of the roots, the transport of solutions
of nutrients from the roots to the leaves by
vessels, and cooling of the leaf surface. It is
believed that for the production of one

7
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OJTHOTO KiJIorpamMa CyXoi pe4oBUHH (iromacu
JUI TpaHcIiparii BUKopuctoByeTbes Bif 200 1o
1000 nitpiB Boau. Lls BenmmumMHA 3al€XKUTH BiJl
(b1310710TTYHUX OCOOJIMBOCTE POCIIVH, TIPUPOI-
HO-KJIIMAaTUYHUX YMOB Ta 3aCTOCOBAHOI arpo-
TEXHIKM BHPOIIYBaHHS KyJbTyp. st pociuH
MOMIpHOTO KiiMary 3 xapaktepHum C3-doro-
CHHTE30M TaKWil TpaHcHipauiiHUi KoeQilieHT
moxe craHoBuTH 450-900 niTpiB Ha 1 Kr cyxoi
pedoBunu ¢pitomacu 35, 33, 46].

IIpouec BumapoByBaHHS BUMAarae BEIUKOI
KiIbKOCT1 eHeprii. BumapoByBaHHS OfHie€l
TOHHM Boau croxkuBae 637 kBt ron TeniaoBoi
eneprii. Takum uymHOM, MO0 3a0e3mMeYUTH
cepenHiil mpupict ¢itomacu miciB y €Bpomi
(6,7 TTa'), BHIAPOBYBAHHS CIIOXKHBAE
1900-3800 MBt-roarTa. Y mepepaxyHKky Ie
cranoButh 190-380 KBT-roz[-M'Z. Ynponosx po-
Ky 116 MOXKe 3a0€3MeUUTH CEpPEeaHE CIIOKHUBAHHS
TEIIOBOI eHeprii moryxHicTio 22—44 Brm™.
VYV cepennix mmuporax €sponu (30-60°) nmo
MOBEpPXHI CylIl B CEPEeIHbOMY HAJIXOAHUTh
100250 Br'M? consuHOI eneprii [32]. Orxe,
cepenHiii mpupict Qiromacu JiciB 'y €Bpori
CHOXHUBA€ MPUOIN3HO 22 % COHSYHOI eHeprii.

Tomy nmpupict giTomacu € BaroMuM peryJis-
TOPOM PETiOHAIBHOTO KJIIMAaTy. 3HUIIEHHS JIi-
CiB, 3HENIICHEHHS TOBEPXHI CYXO/0JIy 3MEHIIY€E
3araJibHUl mpupicT Qitomacu 1, BiAMOBIIHO,
BUKOPHUCTAHHA e€Heprii Ha (JOTOCHUHTE3 Ta TpaH-
cripamiro. lle mpu3BOIUTL 0 TiABUIIICHHS
TEeMIepaTypy MpU3EeMHUX mapiB atMocdepu. |
HaBIaKW, 30IIBIIECHHS MPUPOCTY diToMacu
30UIBIIyE BHKOPUCTAHHS TEIUIOBOI €Heprii Ta
3HAYHOIO MIPOIO OXOJIOJKYE 1 TI0JJaTKOBO 3BOJIO-
Kye ToBiTpsi. Came TOMY OJTHUM 13 paluKaIbHUX
NUISIXIB 3a00iraHHs MOTEIUTIHHIO Ta 3MEHIIICH-
HIO BOJIOTOCTI KJIMaTy Ha CyXOJOJdi MOBHHHO
OyTH pO3IIMPEHHS IIJIONT JIICIB Ta MiABUIICHHS iX
nponyktuBHocTi [40]. TlpakTiune 3mificHEHHS
TaKUX MPOEKTIB MOTpeOye BiIMOBIIHOTO Teope-
TUYHOTO OOTpyHTYyBaHHA. OCHOBOIO HOTO TO-
BUHHI OyTH y3arajJbHeH1 (pakTH4yHI GioMeTpHyHI
JIaHi TIPO PICT IEPEBOCTAHIB y PI3HUX TPUPOJTHO-
KIIMaTUYHUX Ta IPYHTOBO-T1APOJIOTIYHUX YMO-
BaX. OcoOIMBO 1€ CTOCYETHCSI MILLIAHUX Pi3HO-
BIKOBMX JIEPEBOCTaHIB. IX MOJIC/IIOBAHHS BMMa-
rae 3acTOCyBaHHS 3HaHb PO XiJ POCTYy CKIia-
JIOBUX JIEPEB PI3HUX BUIIB.

s mpobrema € 0cCOOIMBO aKTyalbHOIO IS
Vkpaiau. TyremnHi jicn Ta 1HIIA JepeBHA

kilogram of dry matter, phytomasses for
transpiration are used from 200 to 1000 liters
of water. This value depends on the phy-
siological characteristics of the plants, the
natural and climatic conditions and the
applied crop cultivation farming techniques.
For the plants of moderate climate with cha-
racteristic C3-photosynthesis, such transpi-
ration coefficient can be 450-900 liters per
1 kg of dry matter phytomass [5, 33, 46].

The evaporation process requires large
amounts of energy. Evaporation of one ton of
water requires 637 kWh of heat energy. Thus,
to ensure the average increment of phytomass
in Europe (6.7 tha™' ), the evaporation uses
1900-3800 MWh-ha'. In recount it is
190-380 kWh'm™. In the course of the year it
can provide the average consumption of heat
energy with the capacity of 22-44 W-m™ by
power. In the middle latitudes of Europe
(30-60°) an average of 100250 t-m™ of solar
energy enters to the surface of the land [32].
Consequently, the average increment of
phytomass in Europe consumes about 22 % of
the incoming solar energy.

That is why, the increment of biomass is an
important regulator of the regional climate.
The destruction of forests, the deforestation of
the surface of the land reduces the growth of
phytomass and, consequently, decreases the
use of energy for photosynthesis and
transpiration. It leads to the increment in the
temperature of the surface layers of the
atmosphere. Conversely, the increment of
phytomass uses thermal energy, significantly
cools and further moistens the air. That is why
one of the radical ways to prevent warming
and to reduce the humidity of the climate on
the land should be the expanding the forests area
and increasing of their productivity [40]. The
practical implementation of such projects re-
quires appropriate theoretical substantiation. The
basis of it should be generalized actual biometric
datas on the growth of forest stands in different
natural climatic and soil-hydrological conditions.
This is especially true for mixed uneven-aged
forest stands. Their modeling requires the appli-
cation of knowledge about the course of growth
of tree components of different species.

This problem is especially relevant for
Ukraine. Local forests and other woody
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POCIUHHICTh 3aliMaroTh 3anense 15,9 % Big
3araipHOl oIomi (Maitxe 9,6 M ra) [26]. Ix
CepeiHii 3amac CTaHOBHUTH 218 m>ra’ [28, 26,
37]. Lle A0BOJI BHCOKHMH MOKA3HHMK, OCKIIbKH
BiH 3HAYHO OUIBIIWHM, HIK aKTyaJbHUN I
€Bponu 3arajioM, MpoTe TPOXM MEHIIMH, HIXK
BJIACTUBHUH 711 IIEHTPAIBHO-CXITHOTO PETIOHY
€Bpormn  [28]. 3a momepenHIMU OIIHKAMH,
3arajbHUil o0csr ¢itomacu JiciB YkpaiHu Ha
2009 pik cranoBuB 1317,9 muH ToHH. BiH
MmicTuB 658,9 mMiH TOHH Byriemto [62, 39, 41].
Cepenniii moTOYHMN MPHUPICT 00’ €My epEeBUHU
B micax Ykpainu Temep csrae 3,9 M ra’pik’
[26], ToOTO Maiixke 1,7 %. Y €Bpormi 3aramom
[eW MOKa3HUK HIDK4YMK, Bchoro 1,29 %. Biamo-
BiJIHO, MOKHa BBa)KaTH, IO PIYHUN TPHUPICT
Oiomacu B jicax YkpaiHu csrae 2,7 T'ra'l'piK'l,
B TOMY YHCII JEMOHOBAHOTO BYIJIEIIO —
1,35 T'ra'l'piK']. Ili moka3HMKM 3HAYHO HUXKYI,
HIK HaBeZIeH1 A1 €Bpomny 3aranoM. YIpoaoBx
POKY YKpaiHCBKI JIiCH MOXYTh 3a0€3MEeUUTH Cce-
pEIHE CIOXHUBAHHS TEIJIOBOI €HEprii MoTyX-
HicTro mume 9—18 Br-m ™. 3Baxaroun Ha eKOJIo-
TiYHI MPIOPUTETH, MO0 JTOCATHYTH €BPOTICHCH-
KOT'0 piBHsI, HEOOX1THO T1IBUITUTH TIPOTyKTHB-
HICTB JIICIB IOHAMNMEHIIIC BABIYI.

TpanuiiitHo ckiamocss GayeHHs, IO Hai-
BUII 3HAYEHHS PIYHOTO MPUPOCTY CTOBOYPHOI
JIEPEBUHM BJIACTHBI MOJIOAMM Ta CEPEIHbO-
BIKOBUM JepeBocTaHaM. [loaiOHOIO € Takox
QyMKa, 110 y CTapuioMy Billl JE€pPEBOCTaHIB
npupict aepeBuHH 3MeHuryeTbes [47, 58]. Ca-
M€ TOMY 3 010JIOTIYHOI Ta €KOHOMIYHOI TOYKHU
30py BCTAQHOBJICHO MJOIUIBHUM BIK CTHTJIOCTI
nepeBoctaHiB 80—100 pokiB. Take OaueHHS
noTpedye peTebHOi MepeBipKU 1 J0AATKOBOTO
JOCTIIKEHHS, OCKLJIBKH IMPOIYKTUBHICTH JICIB
cTapuioro BiKy B o(iIiifHUX Kepenax Maibke
He mpenctaiena [28, 58, 67]. OcobnuBo 11e
CTOCY€ETBCSI MIILIAHUX PI3HOBIKOBUX JI€PEBOCTA-
HiB TIPUPOTHOTO TTOXO/KCHHSI.

B Vkpaini Takux gepeBOCTaHiB y Billl CTUT-
JIOCTI Ta CTapIIOro BiKy 3aJIMIIMIOCH 30BCIM He
6araro (mpubnuzno 7 %). IlepeBaxkHO BOHU €
PO3PIIKEHUMH, a 3arac CTOBOYPHOI JIepEeBUHH
ix Heesmkmii, 250-500 M ra’ [37]. Lle pe3yb-
TaT IHTEHCUBHOI T'OCIIOIAPCHKO1 TISITBHOCTI, Tie-
piognuHux pyOanb nepeBoctaHiB. Tomy, BiAmO-
BiTHO, HEBEIMKUM € TOTOYHUN MpHUpIicT 6i0-
Macu JiciB B YkpaiHi. Amxke iX 3amacu Mo-
KyTh caratu noHan 800 M3'ra'l, a MMOTOYHHUU

vegetation occupy only 15,9 % of the total
area (almost 9,6 million hectares) [26]. Their
average stock is 218 m’-ha™' [28, 26, 37]. This
is relatively high rate, because it is much
more than actual for Europe as a whole, but
slightly less than typical for the Central-
Eastern Region of Europe [28]. According to
preliminary estimates, in 2009 the total
amount of phytomass of forests of Ukraine
amounted to 1 317.9 million tons. It contained
658.9 million tons of carbon [62, 39, 41]. The
average annual Increment in timber volume in
Ukraine's forests now reaches 3.9 m*ha™-yr’
[26], which is almost 1.7 %. In Europe, this
indicator is generally lower, only 1.29 %.
Accordingly, it can be assumed that the
annual growth of biomass in the forests of
Ukraine reaches 2.7 tha-yr”, in that depo-
sited carbon — 1.35 t-ha-yr". These indices
are much lower than those for Europe as a
whole. In the course of the year, Ukrainian
forests can provide an average thermal energy
consumption of only 9-18 W-m™ by power.
Comparing the environmental priorities with
European level, it is necessary to increase the
productivity of forests at least twice.

Traditionally, a vision has emerged, that
the highest values of the annual growth of
stem wood are characteristic of young and
middle age forest stands. Similar is the
opinion that in older age of the forest stands
the growth of the wood decreases [47, 58].
That’s why from the biological and
economical point of view the age of forest
stands ripeness is defined as 80-100 years.
Such vision needs careful verification and
additional research, as the productivity of the
forests of older age in official sources is
almost not represented [28, 58, 67]. This is
especially true for natural mixed uneven-aged
forest stands.

In Ukraine, the area of such forests in the
age of mature and older age remained a small
amount (about 7 %). They are mainly rarefied
and their stem volume of stands is low,
250-500 m*-ha' [37]. This is the result of in-
tensive economic activity, periodic felling of
stands. According to this fact, is a small
current increment of forests biomass in
Ukraine. However, their stands volume can
reach over 800 m*>-ha’!, and annual increment
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npupict Giomacu — Gitsme 10 Tra’pix’ [22,
66]. lns npukiany, 1epeBOCTaHN BIKOM IOHA[
100 pokiB MarOThb cepeAHi 3amacu Ouiblie
800 m’'ra”'y Benbrii, ®panii, Himeuunsi, Yrop-
nwHi, JIatii, Hinepnanmax, Crosewii [28].

Taki gepeBocTaHM MOTPIOHO BCEOIYHO
JOCIIIATA 1 PO3POOUTH MOJEl iX pOCTYy.
Hacamniepen, 1me crocyerbess OioMETpUYHHUX
MOKA3HUKIB XOJYy POCTYy Ta MPOTYyKTHBHOCTI.
[TpukiagoM MOXYTh CIyTryBaTH HOBI TaOUIll
XOJly POCTY Ta MPOAYKTHBHOCTI JIEPEBOCTaHIB
[TiBHiuHOT €Bpa3ii [42], ski oxommorTh 200- i
HaBiTh 300-pigHMUiT IEpiof iX POCTY.

Oco0nMMBO aKTyalbHUMHU € I TMUTAHHS JUIst
PI3HOBIKOBHX JIEPEBOCTAHIB, 0 c(HOPMYBAIUCS
IUISIXOM TIPUPOJHOTO BITHOBIEHHS. AKE Y
HOPMAaTHBHUX TAOJMUILIX TaKi MaTepiad 30BCIM
He mpencTasieHi [22, 47, 58, 59]. Pi3HoBiKOBI
JIEPEBOCTaHU CKJIAJAIOTHCS 3 MHOXKHUHH JEPEB
pisHUX BUMB, BiKy Ta po3MipiB. Ixmi Giomer-
PpHUYHI TTOKa3HUKH JTy>Ke PI3HATHCA. Y CepeTHEHHS
ix (cepemHe apudMeTHUHE 3BAXKEHE) HE [a€
KOPEKTHUX PE3YJIbTATIB.

[[Io6 momonatu 10 TpoOIeMy, CIiJl 3aCTO-
COBYBATH y3arajbHEHHS 010METPUYHHUX IMOKA3-
HUKIB KOXXHOTO OKPEMOT0 JepeBa, IO JIETKO
3MIMCHUTH 3a JOTIOMOTOK CYyYaCHHMX KOMII O-
Tepaux MeroniB. lle o0cobmuBO cTOCYy€ETHCA
nepeB BikoMm monan 100 pokie. OTxe, HEOO-
XIJTHI ycepeaHeHl TaOJW4YHI JlaHi 100 BIKY,
JiamMeTpy, BUCOTH, 00’ €MiB CTOBOYpIB JepeB Ta
MPHUPOCTY IHMX TTOKA3HUKIB.

Ha miif ocHOBI MO)kHa po3poOUTH MaTeMa-
TUYHI MTOJIIHOMHU XOJly POCTY Ta MPUPOCTy Oio-
METPUYHHX TapaMmeTpiB JIEpEB PI3HOTO BIKY,
IO POCIH B PI3HUX THMAaX MPHUPOJHO-TEOrpa-
(b1YyHUX Ta IPYHTOBO-T1APOIOTIYHUX YMOB.

[Tonexkyau B micax Kapmart 1ie TparisiroTbest
1 BEJICTCHCHKI JepeBa, BIK SIKUX CSTa€ TIOHAJ
200 pokiB. Bonu notpedytoTh He nuie 36epe-
JKEHHS, a ¥ TaKOXK JTOCIIPKeHHSI 610MEeTPUIHUX
0COOJIMBOCTEH iX pocTy. Amke Taka OiomeT-
puuHa indopmais 3Ae01IbIIOrO BiACYTHA [4,
27, 43, 44, 48, 50, 51]. Ha aib, 6GiomeTpuyHa
iHpOpMAITisT MO0 TaKWUX JepeB, SKi POCTH i
poctyTs y KapmaTcbkoMy perioHi, BiACYTHS 1 B
HOpPMAaTHBHUX Marepianax. [locute wano i
HAYKOBHX ITyOumiKallii 3 mux nurass [1, 2, 11, 12,
14, 20, 21, 23, 34, 35, 36, 55, 58, 66].

Came Taki (akTUYHI HOPMATUBHI MaTepiaau
II0JI0 POCTY CTapOBIKOBUX JIEPEB BKpail HE0O-
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of biomass — more than 10 t-ha'l'yr'1 [22, 66].
For example, stands over 100 years old have
average volume of over 800 m’ha' in
Belgium, France, Germany, Hungary, Latvia,
Netherlands, Slovenia [28].

Such forest stands need to be thoroughly
explored and mus be developed the models of
their growth. First of all, it concerns
biometric indicators of growth course and
productivity. An example is the new tables of
the growth and productivity of the Northern
Eurasian forests [42], which cover the 200
and even 300 years of their growth.

Particularly relevant are these issues for
uneven-aged forest stand, that were formed by
natural regeneration. Indeed, in the normative
tables, such data are not presented at all [22,
47, 58, 59]. Multi-aged forest stands consist of
a plurality of the trees of different species, of
different age and size. Their biometric
parameters vary greatly. Averaging them do
not give the correct results (arithmetic average
weighted).

To overcome this problem, it is necessary
to apply a generalization of the biometric
indexes of each individual tree, which is easy
to implement with the modern computer
methods. This is especially true for trees over
100 years old. Therefore, averaged tabular
data concerning for age, diameter, height, tree
trunk volume and increment of these indices
are required.

On this basis, mathematical polynomials of
the growth and increment of biometric para-
meters of the trees of different age, that in sundry
types of natural geographic and soil-hydrological
conditions growing, can be developed.

Somewhere in the Carpathian forests there
are gigantic trees, whose age is over 200 years
old. They require not only the preservation but
also the study of biometric characteristics of
their growth. After all, such biometric info-
rmation is mostly absent [4, 27, 43, 44, 48, 50,
51]. Unfortunately, the biometric information
for such trees that grew and grow in the
Carpathian region is unrepresented and in nor-
mative materials. There are also a few scien-
tific publications on these issues [1, 2, 11, 12,
14, 20, 21, 23, 34, 35, 36, 55, 58, 66].

It is these factual normative materials on
the growth of old-age trees that are very
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XIAHI JJI9 pO3B’S3aHHS BaXKIJIWBOI MpoOiIeMu
JUHAMIKA PO3BUTKY PI3HOBIKOBHX MIIIaHUX
JIEPEBOCTaHIB, IO YTBOPEHI JepeBaMU JCKib-
KOX enuikaTopHUX BHIIB. Amke me y 1942
poIi  BITOMHMA yYeHWH-JICIBHUK [ anmauHu
Amnppiii [Tscenpbkuii BIIy4HO TPOTHO3YBAB, 110 Y
MOPIBHSIHHI TaKl JUHaMIYHI OlOMeTpHYHI Xa-
PAKTEPUCTUKU X0y POCTY AEPEB, SKI POCTYThb y
pI3HUX YMOBaxX, MOXYTb JaTW BIANOBIIb Ha
MUTaHHS PO 0COOIMBOCTI "Mepediry po3BOeBOL
JUHAMIKH' TakuX JEPEeBOCTaHIB, a TAaKOX 3J/1aT-
HICTh 1X 10 camoBiATBOpeHHs [52]. Ha xanb, y
HAyKOBIl JliTeparypi Maibke BIICYTHI Taki
BIJOMOCTI CTOCOBHO JICIB 3aXiJTHOTO PErioHy
VYkpainu [60, 57].

Came TOMy METOI0 HAIOTO JOCIIIKESHHS
OyJ10 Ti3HAHHS 3aKOHOMIPHOCTEH X0y POCTy 3a
0a30BUMH OIOMETPUYHUMHU TTOKa3HUKAMU JIEPEB,
o pocTyTh y Jicax Kapmar y mexax OaceliHy
piku [lnictep. Oco0nuBy yBary mpu IjboMy Ha-
JaBay CTapOBIKOBHM JepeBaM, SKi POCTYTh Yy
TUMOBUX IPYHTOBO-KJIIMAaTHYHUX YMOBAX, SIKUMH
€ CBDKI Ta BOJIOT1 IPYHTH CEpEIHbOI POIIOYOCTI
Ha [lepenkapmaTcbkili BHCOYMHI Ta B Tropax
Beckupnax i [opranax.

VY wuiit MoHorpadii MponoHyeEMO OpHUTiHAIbHI
pe3yJbTaT JOCHIHKEHb XOIYy POCTY Ta Mpu-
pocty 219 MonmenbHHUX JAEpeB pI3HHX BHIIIB,
0COOJIMBO CTapIIOro BIKY.

CnoziBaeMocsi, 10 Haia Tpars Oyae Kopuc-
HOKO JUIi 3aCTOCYBaHHA Yy MOHITOPMHIOBHX
HAyKOBHX JOCII/DKEHHSX JICIB Y HalllOHATbHUX
napkax Ta MpPUPOJHUX 3aIlOBLAHUKAX. Takox
MpE/CTAaBIeH] Yy Ml mpaii MaTepiaid MOXYTb
OyTH BUKOPHCTaHI I MPAKTUYHOT'O JIICIBHULITBA.
30KpeMa, 11e CTOCY€EThCs BUPOOJICHHS 3acajl BUPO-
IIyBaHHS HaOJIVDKEHUX 110 NMPUPOAHUX OaraToBU-
JOBUX PI3HOBIKOBHX JIEpEBOCTaHIB. 3arporio-
HOBaH1 OIOMETPUYHI y3araJlbHeHHSI MOXXYTh OyTH
3aCTOCOBaHI Ul BU3HAUEHHs OPIEHTOBHOIO BIKY
BEJIETCHCHKUX JIEPEB Ta PO3POOJICHHS METOANY-
HUX 3aca]l OIOMETPUYHUX JTOCHTI/DKEHb MIIaHUX
PI3HOBIKOBHX JI€pEBOCTaHIB i MOOYJOBH BiAIO-
BiTHMX HOPMATUBHUX TaOJHLIb.

MNopsikn

Hamn nocnimpkenns Oynu BUKOHaHI  yIpo-
noBx 2004-2015 pokiB 3a y4yacTiO CTYZAEHTIB,
BUKJIQ/JIa4yiB 1 TMpaiiBHUKIB [Ipukaprnarchkoro
Jicorocmoaapcekoro konemky (M. bonexis,
IBano-®pankiBcbka 00macTh, Ykpaina). OcoO-

essential for solving an important problem of
the dynamics of development of uneven-aged
mixed stands, which are formed by trees of
several edificatory species. Yet, in 1942 the
well-known Galician Forestry scientist, Andrij
Pyasetskyj, accurately predicted that in compa-
rison, such dynamic biometric characteristics of
the growth of trees, that grow in different con-
ditions, can give an answer to the question of the
peculiarities of the "course of development
dynamics" of such stands, and as well as their
ability to self-regenerations [52]. Unfortunately,
in the scientific literature there is practically no
information concerning forests of the western
region of Ukraine [60, 57].

That is why the purpose of this study was
to know the regularities of growth according
to the basic biometric indices of the trees
growing in the Carpathian forests within the
basin of the Dniester River. Particular
attention was paid to the old-age trees, which
grow in typical soil-climatic conditions,
which are fresh and wet soils of middle
fertility on the Carpathian Foothills and in
Beskydy mountains and also Gorgany range.

In this monograph we offer the original
results of research about the course of growth
and increment of 219 model trees of different
species especially of older age.

We hope that our work will be useful for
use in the monitoring scientific research of
forests in national parks and nature reserves.
Also, the materials presented in this paper
can be used for practical Forestry. In
particular, this concerns the elaboration of
the principles of growing close to natural
multi-species uneven-aged forest stands. The
proposed biometric generalizations can be
used to determine the estimated age of giant
trees and to develop the methodological
principles of biometric studies of mixed all-
age forest stands and the creation of
appropriate normative tables.

Thanks

Our research was executed out during
2004-2015 with the participation of students,
teachers and employees of the Precarpathian
Forestry College (Bolechiv, Ivano-Frankivsk
region, Ukraine). Particularly important was
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JMBO BaKJIMBOIO Oyjia ydacTb y 300pi Ta mep-
BUHHIN 00poOIll MaTepialiB BUKJIaga4a AHIPIS
CaBumna. BiH opraHi3oByBaB 1 KepyBaB CTY-
JNEHTCHKUMHU eKCHenuIisaMu. Takoxk paszom 3i
cTyfeHTaMu (HopMyBaB KOJEKIF0O MOAEITBHUX
JIepeB, 3/1iCHIOBaB 010METPUYHI BUMIPIOBAHHS.

Bcebiuno crnpusiiii  MpOBENEHHIO IUX  J10-
CII/KEHb IMPAL[IBHUKK MICLEBHX JCOrocrnojap-
CBKUX ITiIIPUEMCTB.

Y mpoBeneHH! JOCHIPKEHb, OIpPaIOBaHHI
MmarepiajiB Ta MIATOTOBILI PYKONMCY aBTOpam
HaJlaBayy gonomory ¢axisii HarionaasHoro Ji-
COTEXHIYHOTO yHiBepcuTeTry Ykpainu (M. JIbBiB)
Ta JlepaBHOro Mpupoao3HaByoro mysero Ha-
[iOHaNbHOT akaaeMii Hayk Ykpainu (M. JIbBiB).

Taxox nokrop CranicnaB Kyxaxuk, 3acTyr-
HHUK JupekTopa bemanchkoro HaioHalIbHOTO
napky (ITonpma), ta ¢dinonor Anmpiii Cracis,
BUKJIa/Ia4 aHIiichKol MoBU [IpukaprnaTchkoro
J1COrOCHOJAPCHKOTO0  KOJIEKY, Hagalud HaM
¢daxoBy momomory. 3HauHy MHiATPUMKY HaJaB
akagemik HAH Vkpainun JImutpo I'poasiHch-
KUl, KUl MpeAcTaBUB Hallll y3araJbHEHHS 10
nyOumikaii B sxypHauti "Jlonoini HamionambHOT
akazeMii HayK Ykpainu'.

ABTOpH MOHOrpadii BUCIOBIIOIOTH MIUPY
MOJIIKY BCIM KOJIETaM 3a Ha/laHy JIOTIOMOTY.

Bunanns mnpodinancoBano 3 IBano-®pan-
KIBCBKOTO 00JIaCHOTO (POHAY OXOpPOHH HaBKO-
JIMIIHBOTO MPUPOJHOTO CEPEIOBHUINIA.

12

the participation in the collection and initial
processing of the materials of teacher Andrij
Savchyn. He organized and directed student
expeditions. Also, together with students, he
formed a collection of model trees, carried out
biometric measurements.

Employees of the local Forestry En-
terprises thoroughly contributed to this re-
search.

Scientific specialists of the National
Forestry University of Ukraine (Lviv) and the
State Natural History Museum of the National
Academy of Sciences of Ukraine (Lviv),
helped the authors during the research pro-
cessing and preparation of the manuscript.

Also, Dr. Stanistaw Kucharzyk, deputy di-
rector of the Bieszczady National Park (Poland),
and the philologist Andriy Stasiv, the teacher of
English language at the Precarpathian Forestry
College, provided us with a professional
assistance. Considerable support was rendered
by the Academician of NAN of Ukraine Dmytro
Grodzinskiy, who presented our generalizations
to the publication in a magazine "Reports of the
National Academy of Sciences of Ukraine".

The authors of this monograph express sin-
cere gratitude to all Colleagues for their help.

The publication is funded from Ivano-
Frankivsk Oblast Environmental Protection
Fund.
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Objects, methods and materials

O6’ekTHN, MeToauKa i maTepianu

JlocmikeHHST BUKOHAHI Ha TPUKIIAJ JICIB
Kapnarcekoi yactunu 6aceiiny piku [Hicrep y
MeXXax pi3HUX NPUPOAHUX paiioHiB (puc. 1):

* TUCTOMAHUX  IIUPOKOJHUCTSHUX  JIICIB
[TepeaxapraTcbkoi BUCOYHMHHU;

* MIIIIAHUX SUTMHOBO-SUTHIIEBO-OYKOBHX  JIi-
ciB Hu3bKorip s Cxigaux beckumais;

* ATMHOBO-OYKOBUX Ta SJIMHOBUX JIICIB
cepennborip’s [opram.

BuBuaim GioMeTpU4HI TIOKa3HUKH MOJICITb-
HUX jaepeB. Beboro Oyno Bigibpano 219 takux
nepeB. bumbiiicTe 3 HUX OyJIM YIIKOMKEHI Bi-
TpOJIOMaMH 1 BiTpoBanamu, abO BiABEICHI 10
pyOaHHS Ha JCOCIKax. 3arajbHi CTaTUCTHYHI
BIJOMOCTI TMPO HHUX HABEJICHI y BIAMOBIIHUX
Tabmusax. Micusg pocTy AepeB MOJaHO Y CHUC-
Temi koopauHat WGS-84. Bucoty Haj piBHEM
mops "H" Bkazano B meTpax (M H. p. Mm). bio-
METpPUYHI MOKAa3HUKH CTOBOYpIB MOJAHO B Ta-
KUX OJWMHUILIX: A — BIK JepeB, poku; H —
BHCOTA JiepeB, MeTpH; D — ToBIIMHA CTOBOYIB,
caHTUMEeTpu; V — 00’eM CcTOBOYpIiB, METpH
KyOiuHi.

B anamiTHYHUX JTOCTDKEHHSIX 3aCTOCOBY-
BaJIM 3araJbHOBXHMBAHI B JIICOBii OlomeTpii mMe-
TOIW aHaJi3y XOIy pocTy cToBOypa aepeBa y
Bucoty (H), 3a ToBumnoro (D) Ta 06’emom (V),
a TaKOX CEpelHBOr0 Ta MOTOYHOTO IMPUPOCTIB
(Z) mux GioMeTpHYHMX TOKA3HUKIB [6, 7, 24, 47].

OTOX, BHUKOHAHO TOMEPEYHi1 3pi3u CTOB-
OypiB Ha KOpeHeBii muiii, Bucoti 1 Ta 1,3 M i
JaTi KOXHI 2 My 3pyYHUX JUISl IbOTO MICIISIX,
13 3a3HAYEHHSIM BHCOTH KOXHOTO 3pi3y Haj
KOopeHeBoto Mmuiikor. O6’em cToBOYpiB BCTa-
HOBJIFOBJIA 32 CyMOIO 00’€MIB OKpeMHX BiJ-
TUHKIB CTOBOypa, BH3Ha4aouu ix sk ¢irypu
3pi3aHOr0 KOHyca Ha OCHOBI JaHHUX PO
JIOBXXKMHY BIiJpi3ka CTOBOypa Ta cepeaHi
paailycu HIKHBOTO 1 BepXHBOTO 3pi3iB [7, 31,
24]. Bci 3pi3u mux MOAENBHUX JepeB 30epi-
ratotbess B Kousekuii Ilpukapnarcekoro Jico-
rocrogapcbkoro kosnemky (M. bonexis, IBaHo-
@pankiBcbKa 0051aCTh, YKpaiHa).

3a (QakTHYHUMHU JAHUMH XOAy POCTY, IO-
TOYHOTO Ta CEPEIHBOTO MPHUPOCTY JAEPEB KOXK-
HOTO BHJly BU3HAUCHO 1X CEpEeIHI BEJIWYHMHU Ta
OTPUMAHO BIJATMOBIAHI MaTeMaTU4YHI MOJei
TPEH/IIB PO3BHUTKY. 3a yCepeIHCHHUMH 3HAYCH-
HSMU TIOTOYHOTO PIYHOTO MPHUPOCTY 00’eMy
cTOBOYpIB BU3HAYCHO YCEpeIHEH1 3HaYeHHS HO-
T'0 9aCTKH Biz 06’eMy cToBOYpiB: AV/V, % pik .

Objects, methods and materials

Researches are executed on the example of
the forests of Carpathian part of Dnister river
basin within the limits of different natural
regions (Figure 1):

* deciduous broadleaf forests of Carpathian
Foothill zone;

* mixed spruce-fir-beech forests of Eastern
Beskids submontane zone;

* spruce-beechen and spruce forests
Gorgany range mid-altimontane zone.

Biometrical indexes of model trees were
studied. In total 219 such trees were selected.
Most of them were damaged by wind and
windbreaks, or set recognized for felling on
cutting area. General statistical information about
them is resulted in the corresponding tables. The
places of tree growth are given in the coordinate
system WGS-84. Altitude (above sea level) "H" is
given in meters (m a.s.l.). The biometric values of
the trunks are given in the following units: A — the
age of trees, years; H — the height of trees, meters;
D — the thickness of trunks, centimeters; V — the
volome of trunks, meters cubic.

In researches the generally accepted methods
of the forest biometric analysis of growth
progress of tree trunk by parameters of height,
diameter and volume and also average and
current increments (Z) of these biometric indices
were applied [6, 7, 24, 47].

Therefore, the transversal cuts of trunk are
executed on a root-collar, at height 1 m and 1,3 m
and farther, that a 2 m is in comfortable for this
purpose places, with the obligatory pointing of
height of every cut above a root-collar. The
volume of trunks was set after the sum of
volumes of the separate cuttings-off of the trunk,
determining them, as figures of the cut away
cone on the basis of information about length of
trunk sections and middle radiuses of lower and
overhead cuts [7, 31, 24]. All cut-sections of the
model trees are stored in the collection of
Precarpathian Forestry College (Bolechiv, Ivano-
Frankivsk region, Ukraine).

From actual data of growth progress of the trees
of each species and their middle and current
increment, their average values were calculated and
the proper mathematical models of their growth
were developed. Based on such average values of
current annual increment of volume of trunks,
average values of their part in the volume of trunks
were calculated: AV/V, %-yr.

of
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Puc. 1. I'eorpadiune po3ramryBaHHs paifoHy H0CHTIKEHb — KapIaTChKOI 4acTHHU OaceiiHy piku Hictep:
1 —IlepenkapraTchka BUCOYMHA, 2 — HU3bKOrip st Cximuux Beckunis, 3 — cepeanborip’s macusy Lopranu

Fig. 1. Geographical location of the research area — the Carpathian part of the Dniester river basin:
1 — Carpathian Foothill zone, 2 — Eastern Beskids submontane zone, 3 — Gorgany range mid-altimontane zone

Takox nOOyZOBaHO TaOMUIl BUPIBHAHUX Also the tables of tree stems form
ycepenHEeHHX 3HayeHb BuaoBuUX uucen i factors of different species in dependen-
CTOBOYpIB pI3HUX BHUIIB JIepeB 3aJIeKHO Bim ix ce on their length and diameter are
JIOBKUHU Ta JllaMeTpy. built.
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VBAT'A! B tabnuigx, a Tako) B TEKCTI
AHTIINCHKOI0O MOBOIO BXHUTO AaHTIHCHKHUI
CTaHAapT HAMMCAHHS YUCENT: ACCATKOBUN pO3-
IiTI0Bay — KOMa, a TPy PO3psAliB (THUCSY) —
mpo6ia. B TeKCTi yKpaiHChKOK MOBOIO 3aCTO-
COBaHO YMHHMM B VYKpaiHi cTaHgapT Ha-
MUCAHHS YUCE.

Ha rpadikax Bemuuumnu AH, AD, AV -
MOTOYHI MPUPOCTHU BIANOBIAHUX ITOKA3HUKIB.

[IBHAKICTD POCTY A€peB MOPIBHIOEMO 3a HOP-
MaTHBaMH BUPIBHSHOI 1 JOTIOBHEHOI KA PO3-
O/IUTy HAaCIHHEBUX JIEPEBOCTaHIB 3a Kiacamu 0o-
HITETY, sIKa 3aCTOCOBYEThCS B YKpaiHi, Pocii Ta
HIMX KpaiHax [42]. BoHu npencTaBisioTh ce-
pPEIHIO BUCOTY HAWOUIBIIMX JEPEB IaHIBHOTO
BUJy JI€PEBOCTaHYy B PI3HOMY Billi, TOOTO IIBHJI-
KICTh iX pocty. sl 3py4HOCTI PO3yMiHHSI HABO-
JIMMO BIIMOBIHICTH KJIaciB OoHiTeTy mo "Site
index values" [8, 38], siki 3acTOCOBYIOTBhCS B
Himewunni, CHIA # inmmx kpainax (tabom. 1).

WARNING! In the tables, as well as in the
English text, the English standard of writing
numbers is used: the decimal separator is a
comma "," and spaces as separator between the
thousands groups. In the text of the Ukrainian
language the standard of writing of numbers in
current in Ukraine is applied.

Charts value AH, AD, AV -
increments of the corresponding indices.

The speed of tree growth is compared accor-
ding to the norms of the aligned and supplemen-
ted distribution scale of the seed stands of bonitet
classes in used terms in Ukraine, Russia and other
countries [42]. They represent the average height
of the largest trees of the dominant species of the
forest stand at different ages, that is their rate of
growth. For convenience, we find the relevance
of the bonitet classes to "Site index values" [8,
38], which are now used in Germany, the United
States and many other countries (Table 1).

current

Tabnuys 1
Table 1

Binnosinnicts kiaciB 0onitery nepeocranis (B) '"Site index values' (SI)

Conformity of the forest stands bonitet classes (B) to "Site index values'" (SI)

B H SI B H SI
A =50 A=100 |A=50]A=100 A =50 A=100 |A=50]A=100

I° | 34.6-31.8 | 49.2-45.6 32 46 II| 17.4-14.6 | 26.9-23.3 15 24
1] 31.7-29.0 | 45.541.9 29 42 II | 14.5-11.7 | 23.2-19.6 12 20
I° | 28.9-26.1 | 41.8-38.2 27 39 IV] 11.6-8.9 19.5-15.9 9 16
I’ | 26.0-23.2 | 38.1-34.4 24 35 \Y% 8.8-6.0 15.8-12.2 6 13
I" | 23.1-20.3 | 34.3-30.7 21 31 Va| 59-3.1 12.1-8.5 3 9
I | 20.2-17.5 | 30.6-27.0 18 27 Vb| 3.0-0.2 8.44.38 1 5

Ipumimra: B — xnac OoniteTy; A — Bik, poku; H — cepemHs BucoTa nepes.
Note: B — Bonitet class; A — age, years; H — average height of trees

VY3aranbHeHHs] aHATITHYHUX MaTepiajiiB Ta iX
MIOPIBHSIHHS BUKOHAHO BPaXOBYIOUH JIOKAJIbHI TH-
M JTICOPOCIMHHUX YMOB BiJIOBITHO JI0 CIHELH-
biku TpupoTHUX TeorpadiuHUX KOMIUIEKCIB.
Taki pe3yabTaTé MU MOPIBHIOBAIU 3 1CHYIOUUMHU
HOpPMATMBHUMHU TOKa3HUKamu [58, 59]. 3miid-
CHIOBAJIM 1€ HAa OCHOBI IHAEKCIB CepenHbOi
Bucotu jiepeB y Biui 50, 100, 150 1 6iibi1e pokiB.
[Tpu 1iboMy J10 yBaru Opau i BiIOBIAHI Y ITLOMY
Billl Cepe/THI TOKa3HUKHW TOBIIMHHU CTOBOYpIB Ta
iXx 00’eMiB 3 BeIMYMHAMH aOCOJIOTHOTO Ta
BiJIHOCHOTO TpUpocTy. [IporHo3yBaHHS MOX-
JMBOI MPOIYKTUBHOCTI JEPEBOCTAHIB BUKOHAHO
Oepyud 10 yBaru cepeaHi OlOMETpHYHI IMOKa3-
Huku 100 emitHUX nepes Ha 1 ra [38].

Generalization of analytical materials and
their comparison it was executed into account
local types of forest ecological conditions in
accordance with the specifics of natural geo-
graphic complexes. We compared these results
with existing normative indicators [58, 59]. This
was done on the basis of the indexes of average
height of trees at the age of 50, 100, 150 and mo-
re years. At the same time, the average indicators
of the thickness of the trunks and their volumes
with the values of absolute and relative increase
were taken into account for this age. Forecasting
of the possible productivity of the stands was
done taking into account the average biometric
indices of 100 elite trees per hectare [38].
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HocnipxkeHnHs OyiaM 30cepepkeHi B Jiicax
cepennborip’s  Topran, Husekorip’s CxigHux
beckuniB Tta Ha mpunerimx BucounHax llepen-
kapratts (puc. 1). Bioreorpadiuni ocodarBOCTI
perioHy 3yMOBIIEHI Horo reorpadiyHuM po3ra-
IIyBaHHSAM Ha €BpONEHCHKOMY KOHTHHEHTI Ta B
Meskax Kaprmarchkoi ripchkoi cuctemu. 3arajiom
foro OIOpI3HOMAHITTSI 3yMOBJIEHE HAJISKHICTIO
JI0 CX1THOEBPOMEHCHKOI MPOBIHIT MillIaHUX Ji-
ciB. Oporpadiydi 0coOIMBOCTI TIPCHKOI Miclie-
BOCTI 3yMOBIIOIOTH  (POpMYBaHHS ~ BHCOTHOL
MOSICHOCTI POCTIMHHOTO TIOKPUBY [53, 54].

Mopdoctpykrypu penbedy copmoBaHi Ha
MOPCBKHX OCaJOBHX BIJKIAAaX KpeHIoBoi,
MaJICOreHOBOT Ta HEOTCHOBOI IE€OJIOTIYHUX €T0X Y
Mexkax Kapnarcekoro duimoBoro Oaceiny. Y
4aci aJgbIIMCHKOrO TOPOTBOPEHHS III  OCAIOBi
nopoau Oynu 3IM’SITI Y CKIaIKH, HACYHYTI Ta
MiAHATI. YHACHIZAOK IThOTO TPOIECY BUHHUKIN
Bouimui Kapnartu, 10 skux Hanexars [opranu
ta becknmu. [Tomixk 3oBHimHIME Kapmatamu Ta
CxigHO€EBpoOIEHChKO0 T1aThopMoro Ha (yHIa-
MmeHTi [lepeakapnarchKoro mMporuHy yTBOPHIIACS
[Tepenkaprnarceka BucounHa. i Hei xapakrep-
Hi TOpOUCTO-XBIIISICTI PopMH penbedy, a TaKOXK
HpUpIuKoBI Tepacu. s TipchKoi YaCTHHU Biac-
TUBI HU3BKOTIPHI Ta CEPEAHBOTIPHI (hOPMH pelib-
edy. M’IKuil TIMHHUCTHI TeojoriyHui (yHIa-
MEHT 3yMOBUB (DOpMYBaHHSI TIEPEBAXKHO MOJIOTO-
CXWJIUX HU3BKOTIPHHUX (DOPM TPCHKUX MACHBIB.

VY Mexax 3alsraHHs TBEPAUX MICKOBHKOBUX
rpyOomapyBaTiX TOBII MOIIUPEH] KPYTOCXMUII
CEpEeTHLOBUCOKI TIpChKI MAacwBH 3 XapakKTep-
HUMHU KaM’ STHUCTHMHU PO3CUIIAMHU Ha TpeOeHsIX
xpe6TiB. Ix BacHe i HasuBaroTh Iopranamu.

MicueBi kJaiMaTHYHI ¥ T1ApOJOTIYHI YMOBHU
3yMOBJICHI XapaKTepHHUM IS IIi€i YacTUHH
Kapnat moMipHO-KOHTHHEHTAIBHUM BOJIOTUM
kiimatoMm. Ha Bucouumni Ilepenkapnarts 3a
pik Bumagae 600—-800 MM omasis, a B ropax —
3gayno Ougeiie, 7o 1500 mM. Ha Bucouuni
CepellHs piuyHa TeMIepaTypa MOBITPsS CTaHO-
Buth 7-8 °C. Y ropax Ha BUCOTI OJIM3BKO
1400 M H. p. M cepelHs piyHa TeMIleparypa
3HWKYeThCcs A0 +3 °C. Ha Oinpmux BHUcOTax
BOHA Csrae HyJsl.

[lepion Bereramii Ha IlepeakapnaTchkiit
BUCOYMHI TpuBae Onmm3pko 230 qHIB, a B ropax,
3aJI€KHO BiJ BUCOTH HaJ piBHEM Mops, BiH
ctanoBuTh 180—90 nuiB. lle ronoBHa npuymHa
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Reserches were concentrated in the forests of
Gorgany range mid-altimontane zone, of Eastern
Beskids submontane zone and of Carpathians
Foothills (pict. 1). The biogeographical features
of region are conditioned his geographical
position on the European continent and within
the limits of the Carpathians mountain system.
In general, his biodiversity are caused by
belonging to the Eastern European Mixed Forest
province. The orographic features of the
mountainous area the altitude zonality of the
vegetation cover are formed [53, 54].

On the marine sedimentary deposits of the
Cretaceous, Palegene and Neogene geological
epochs of the Carpathian flysch basin, relief
morphostructures were arisen. During Alpine
orogeny these basic sediments were folded,
thrusted and uplifted. As a result of these
processes the Outer Carpathians, parts of which
are Gorgany range and Beskids, were formed.
Carpathian Foothills was formed on the
basement of the Carpathian foredeep between
Outer Ukrainian Carpathians and the East-
European Platform. Typical for this upland are
wave forms of relief and fluvial terraces. For the
mountainous part are characteristic low-
mountain and middle-mountain relief forms.
The soft clay geological basement led to the
formation mostly sloping low-mountain forms
of mountain ranges.

Within the limits of the occurrence of thick-
layered solid sandstonly stratas, the steep slo-
ped of the middlemontane ranges with charac-
teristic stony scatterings on the ridges, are
widespread. They, in fact, are called Gorgany.

Local climatic and hydrological conditions
are caused by with the characteristic of the
Carpathians part temperate continental humid
climate. In the Carpathians Foothills for the year
600—-800 mm of precipitation falls, and in moun-
tains — considerably anymore, to 1 500 mm. At
an Carpathian Foothills, the average annual air
temperature is 7-8 °C. In the mountains at an
altitude of about 1400 m a.s.l. the average
annual temperature decreases to +3 °C. At
higher altitudes it reaches zero.

The vegetation period on Carpathian
Foothills is about continues 230 days, and in the
mountains, depending on the altitude of above
sea level, it is 180-90 days. This is the main



lMepeaokapnaTtcbka BUCOYMHA Npundrae go HU3bkorip’s CxigHux beckuais

The Carpathian Foothills are adjacent to the Eastern Beskids lowmountains
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Beech forests with spruce and fir cover the Eastern Beskids lowmountains



lipcbknit macus ['opranu. Haiieuwa ropa Cusyns — 1836 M H. p. M.

The Gorgany mountain range. The highest mountain is Syvulya 1 836 meters a.s.l.
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(dbopMyBaHHS BUCOTHOI audepeHIiiarii mpupoi-
HUX €KOCHCTEM y ropax Ha BHCOTHI MOSCH Tip-
CBKUX JIiCiB, CyOaJbMiiiCbKOI Ta albIiHCHKOI
€KOJIOTTYHUX 30H.

JlokanbHI 0COOIMBOCTI TEOJIOTIYHOI 1 TEOMOp-
¢osoriyHoi OyZ0BHM 3yMOBIIOIOTH (HOPMYBAHHS
MEBHUX TPYHTOTBOPHUX CYOCTpaTiB: ITyXKHX
KaM’SIHUCTHX, II€0EHNCTUX Ta TJIMHUCTUX BiJKJIa-
JIB Ha TIpChKUX cxwiax. Ha BucouwHi 11e mepe-
Ba)KHO ITIIIIaH1 Ta MIMHUCTO-TTIIAHI, 8 TAKOXK JIpi0-
HOKaM’SIHUCTI BIIKJIAU. Y PIYKOBUX JOJIMHAX 30-
CEepe/DKEHI aKyMYJISATHBHI HAarpOMaJDKEHHS Tallb-
KM, TICKY, TJIMHA Ta CyIJIMHKY. Takuii dopmyto-
YUl TPyHTH TEOJIONTYHUI CYOCTpaT € MepeBa)KHO
0e3BaITHAKOBUCTHUI 200 MICTUTh HEOAraTo BarHa.

Ha BHcOYHHI THIIOBUMH € TIOBEPXHEBO OTJIe-
eHi  OypyBato-BumuBHI  (Stagnic  Fragic
Albeluvisol) Ta orneeni Oyposemui (Gleyic
Cambisols) tpyntu. Boum chopmyBanucs min
HAMETOM IIUPOKOIHUCTSIHUAX JIUCTOMATHHUX JICIB.

VY ropax mommMpeHi MepeBaKHO OifHI KHCi
Oypi ripceko-ticoBi rpyHTH (Acidic Cambisols).
Bonu cdopmyBanmcs Ha I1e0EHUCTO-KaM'sTHUC-
THUX BIIKTaAax Ha CXWJIaX IiJ HAMETOM MillIaHHX
XBOHHO-TACTAHUX JiciB. Ha romaMcTHX Bigkiia-
Jax 371e0UTbIIoro mommpeHi 6arati cnabo Kucii
Ta HelTpaibHi THUMOBI Oypi TpyHTH (Eutric
Cambisols). Bonu 3aiimMaroTh HEBEIHKI TUTOLII.

VY BepxHIX 4aCTHHAX IiPCbKUX MACHUBIB Ta Ha
iX cxuyax 3Ha4H1 TUIOIII 3aiMar0Th PO3CUIIH ITiC-
KOBHKIB. TYT € TUIIOBUMH MPUMITHUBHI 1HIIIIATIbHI
IpyHTH, HackenbHi (Lithic Leptosols), Ha xam's-
HucTux po3cumax (Regosols), a Takox CHUIBHO-
CKeneTHI HekapOoHatHi (Rankers) abo moBepx-
HEBO KaM'ssHUCTI OyposemHi (Leptic Cambisols).

V nonuHax piyoK JOMIHYIOTH alltOBlajbHI
nepHoBo-OyposemHi (Dystric Fluvisols), anto-
BiasbHI Ty4HO-0yposemui (Umbric Fluvisols), a
Takoxx 0os0TH1 MiHepanbHi (Eutric Gleysols) Ta
top(’sini 60mn0THI (Terric Histosols) TpyHTH.

PerionanpHuii MOMipHO TEIUIMH Ta BOJOTHM
KOHTUHEHTAJILHUNA KJIIMaT MIATPUMYE TOBOJII
CTaOUIbHI 3amacy IPyHTOBUX BoJ. Bonu 3a0e3-
MEYYIOTh MOXKJIUBICTh HOPMAJIBHOTO POCTY 1
PO3BHUTKY JIY4HOi, YarapHMKOBOI Ta JICOBOI
POCITUHHOCTI.

3arajgoM CydacHUN PpOCIMHHUN MOKPUB Y
palioHl JOCTIKEHb BiJI3HAYAETHCS CKJIAJTHOIO
TOPU30HTAIBFHOI CTPYKTYPOIO Ta TE€TEPOreH-
HIiCTIO JicoBuX yrpymoBaub [10, 11, 16, 19].
["'onoBHUMU BuiaMu, 1110 POPMYIOTH JTICOBI Jie-

reason for the determining of altitude diffe-
rentiation of natural ecosystems in the moun-
tains on the altitude layers of mountain forest,
subalpine and alpine life zones.

Local features of the geological and
geomorphologic structure are predetermined
by forming of certain soil-forming substrates:
loose stony, gravel and clay deposits on the
mountain slopes. On the upland, it is mostly
sandy and clay-sandy, as well as shallow
rocky deposits. In the river valleys accumu-
lative deposits of pebbles, sand, clay and loam
are concentrated. Such geological substrate
that formis soils is predominantly non-calcic
or it contains a little lime.

On Carpathian Foothills the typical are
surface-gleyed  brownish-washing  (Stagnic
Fragic Albeluvisol) and gley-brown (Gleyic
Cambisols) soils. They are formed under the
canopy of broadleaf deciduous forests.

In the mountains are distributed mainly
poor acid brown mountain-forest soils (Acidic
Cambisols). They are formed on gravel-stony
deposits on slopes under the canopy of mixed
coniferous-deciduous forests. In the clayey
sediments rich slightly acid and neutral,
typical brown soils (Eutric Cambisols) are
mostly distributed. They occupy small areas.

In top parts of mountain ranges and on their
slopes the sandstone deposit placers occupy
considerable areas. Here are typical primitive
initial soils, on rocks (Lithic Leptols), on stony
deposit placers (Regosols), and also most
stony non carbonaceous (Rankers) and
superficial stony brown (Leptic Cambisols).

In the river valleys the alluvial turf-brown
(Dystric  Fluvisols), alluvial meadow-brown
(Umbric Fluvisols), and also bog mineral
(Eutric Gleysols) or peat bog soils (Terric
Histosols) are predominated.

Regional warm-temperate and humid con-
tinental climate maintains relatively stable
groundwater reserves. They provide the
possibility of normal growth and the
development of meadow, shrub and forest
vegetation.

In general, the modern vegetation in the
research area is characterized by the complex
horizontal structure and the heterogeneity of
forest communities [10, 11, 16, 19]. The main
species that forest stands form, are Norway
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peBocTaHu, € sIuMHA eBporeiicbka (Picea
abies), 0yk nicoBuit (Fagus sylvatica), smaus
oina (Abies alba), ny6 3Buuaitnuii (Quercus
robur). Pigme eaudikatopamMu I1epeBOCTaHIB €
cocHa 3BuuaiiHa (Pinus sylvestris), ny0
yepBoHUi (Quercus rubra), rpad 3BUYANHUN
(Carpinus betulus), Binbxa cipa (Alnus incana),
BibXa Kieika (Alnus glutinosa), KneH-sBIp
(Acer pseudoplatanus), ocuka (Populus tremula),
Ty’Ke pinko — ay0 ckenbHuit (Quercus petraea) i
cocHa kezpoBa (Pinus cembra).

VY cknani NicOBUX yrpyHnoBaHb 4acTo Tparl-
JSI0THCS SICeH 3BUYaitHmii (Fraxinus excelsior),
KJIeH roctpoiuctuii (Acer platanoides), B’s13
ripcekuit (Ulmus glabra), uepemns (Cerasus
avium), TopoOuHa 3BuuaiiHa (Sorbus aucu-
paria) Ta Bep6a ko3s4a (Salix caprea).

3aranom Ha [lepeakapnaTchkiii BHUCOYMHI
pPOCTYTh MillIaH1 JTUCTOMAAHI 0araToBUAOBI Ji-
CH, IO HaJeXaTh IO CHUHTAKCOHIB IOPSAIKIB
Fagetalia sylvaticae Ta Quercetalia roboris
[25]. BrnpomoBx OCTaHHIX CTOJITH TYTEIIHI
CTAapOBIKOBI JIicH 3 mepeBaror nyba 3Buuaii-
HOTO, suthill Oi7oi Ta Oyka JICOBOTO 3a3HAIU
MacoBoro BupyOyBauHs. Temep Ha ix MicIi
pOCTYTh BTOPHMHHI JIICHM 3 TepeBaroro rpada
3BUYAWHOTO, Oepe3u, OCHKH 3a y4acTio ayoa
3BMYAMHOr0, SUIMI|, SUIMHA Ta I1HIIMX BHJIB.
Bonu € pe3ynpTaTomM nepeBakHO APYroro abo
TPEeThOro UUKIYy pereHepamii. Ha Bemukux
IUIOMIaX CTBOPEHO JIICOBI KYJNBTYPH JIyKe
PI3HOT'O BHIOBOTO CKJIATy.

JlokanabHO Ha MEPEe3BOJIOKEHHMX 3eMJISX Ha
BHCOYHMHI Ta B ropax y JAOJIHHAX PIYOK POCTYTh
BiTbX0Bi nepeBoctanu (All. Alno-Ulmion), a Ha
topdoBumax nicu acouiauii Sphagno-Pinetum
sylvestris. 1le piakicHI pPENiKTOBI JICH, IO
30eperaucs 3 PaHHbOTO MiCISIbOJOBHKOBOTO
nepiomy.

Y eopax waii0inpm mommpeHUMH € Jepe-
BOCTaHM 3 I[IEPEBArol0 SUIMHU €BPOIEHCHKOI,
MEHIIOI Mipolo OyKa JICOBOTO, sIUIl 0101,
3pigka siBopa Ta iH. IlepeBakHO IIe MilIaHi
Jicd, 1o 3a (QIOPUCTUYHOIO KOMIIO3HIIIEIO
HAOJMMKeHI JI0 yrpymoBaHb COW3IB Fagion
sylvaticae ta Piceion abietis. Boun Takox €
BTOPHUHHOTO TOXOJPKEHHS, 37e0LTbIIOro mep-
10r0 ab0 APYroro MUKy pereHeparii.

VYrpynoBanusa cow3sy Fagion sylvaticae
MOIIMPEH] Ha BOJOTUX Oypo3emMax: KHCIHX
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spruce (Picea abies), European beech
(Fagus sylvatica), silver fir (A4bies alba),
European oak (Quercus robur). Rarer the
edificators of forest stands are Scots pine
(Pinus sylvestris), northern red oak (Quercus
rubra), common hornbeam (Carpinus
betulus), grey alder (Alnus incana), common
alder (A/nus glutinosa), sycamore maple (Acer
pseudoplatanus), common aspen (Populus
tremula), very rarely — sessile oak (Quercus
petraea) and stone pine (Pinus cembra).

In composition of forest communites often
occur common ash (Fraxinus excelsior),
Norway maple (Acer platanoides), wych elm
(Ulmus  glabra), sweet cherry (Cerasus
avium), mountain-ash (Sorbus aucuparia) and
goat willow (Salix caprea).

In general, on the Carpathian Foothills the
mixed deciduous multispecies forests are
growing that belong to syntaxons of the orders
Fagetalia sylvaticae and Quercetalia roboris
[25]. During the last century the local old-age
forests with dominatiing of Quercus robur, Abies
alba and Fagus sylvatica were suffered from total
felling. Now in their place grow secondary forests
with the predominance of Carpinus betulus,
Betula, Populus tremula and with the partici-
pation of Quercus robur, Abies alba, Picea abies
and other species. They are the result of mainly
the second or third cycle of regeneration. On vast
areas was created the forest plantation of very
various of species compositions.

Locally on the Foothills and in the
mountains on the overwetting lands in the
valleys of the rivers, grow the alder stands
(All. Alno-Ulmion), also on peat bogs the
forests of association Sphagno-Pinetum
sylvestris are growing. It is rare relict forests
which remain from early postglacial period.

In mountains most widespread are forest
stands with advantage of Picea abies, by the
less measure of Fagus sylvatica, Abies alba,
rarely of Acer pseudoplatanus and other.
Mainly, these are mixed forests, which by
floral composition to the groups of alliance
Piceion abietis and Fagion sylvaticae are like.
They are also of secondary origin, mainly the
first or second cycle of regeneration.

The grouping of alliance Fagion sylvaticae
is distributed in moist brown soils: acidic
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cepenuboi poxarodocti (Acidic Cambisols) Ta
HelTpansHux O6aratux (Eutric Cambisols).

V mexax HU3bKOrip’ss beckuiB JOMIHYIOTh
BOJIOT1 Me30-€BTPO(HI TIPYHTOBO-T1APOJIOTIYHI
yMoOBH. Bennka pizHOMaHITHICT oporpadiyHux
Ta JOKaJIbHUX KIIMATUYHUX EKOJIOTITYHUX YMOB
3yMOBIIIOE JIOKaJIbHE (OPMYBaHHS CKJIQIHOL
TOPU30HTAIIBHOI CTPYKTYPH JIICOBOTO TIOKPHUBY.

Smanesi nicu (Ass. Luzulo-Abietetum albae)
OPUYpOYEH] 1O MIBHIYHUX CXWIIB, a OYKOBI
(All. Fagion sylvaticae) no miBAEHHO-CX1THHX.
Bunyxni yacTuHU MiIBHINEHD pelbedy 3aiHATI
O0epe30BUMHU  MOJIOJUMH JEpPEBOCTaHAMH, a
BOJIOT1 3alaIuHU — IBOPOBUMH.

JlicoBi yrpymoBanHsi cowo3y Piceion abietis
MeHII nomupeHi. Bonu poctyTh y OimHimmx
TpoiuHUX YMOBaX, MEPEBaKHO y BEpPXHIX Yac-
THHAX KaM SHUCTUX TipChKux MacubiB. [IpoTe B
MHUHYJIOMY B HH3BKOTIp’1 Ha MICIl KOJIMIIHIX
3pyOaHMX MilIAaHUX JICIB coro3y Fagion sylva-
ticae OynH IITyYHO CTBOPEHI JICOBI KYyJbTypH
smuHM - eBponeiicbkoi. Lli nepeBoctanu Oynm
BHCOKOI TIPOTyKTHUBHOCTI, aJie BUSBUIIUCS 010J10-
TYHO HECTINKUMH, YPaKEHUMHU PI3HUMH 3aXBO-
pIOBaHHSAMHU. 3apa3 BOHM MacOBO BCHXAOTh.

SnunoBi nicu (Abieti-Piceetum) — TUTIOBE
IPUPOAHE BHCOTHO-a30HAJIbHE SBUIIE Y ropax
Ha Bucoti moHag 1100 m H. p. M. Bonu yTtBO-
PIOIOTH  BEPXHIO MEXYy JICYy Ha BHCOTI
1400-1600 M H. p. M.

MicusmMu Ha JyXke OOMEXEHHX IUIOIIAX,
MepeBaXHO Ha OIHMX KaM SHHUCTHX TPYHTax,
TPAIUISIIOTbCA SUIMHHUKU 3 JOMIIIKOIO COCHH
KenpoBoi (Pinus cembra). 1le piakicHI peik-
TOBI JIICOBI MPUPOJHI KOMIUIEKCH, IO IS~
raroTh MOBHIM oxopoHi [49]. Bume Bin Bepx-
HBOI MEXI1 JIiCY MOIIUPEH1 KaM SHUCTI PO3CHUIIN
Ta YarapHUK{, TOYHINIE CTEIIOXH COCHH
ripcekoi (Pinus mugo). BoHn Maiixe CyliabHO
BKPUBAIOTH BEPXHI 4acTUHHM Tip y macmi [opram.
Micisimu cepent 3apocTeil COCHU TipChKOT MO0 -
HOKO POCTYTb HU3bKI JIEpeBa COCHH KEIPOBOI.

Taxi JicoBI MPUPOJAHI KOMIUIEKCH € THIIO-
BUMH HE JIMIIE I KapraTchbkoi 4acTWHH Oa-
ceiiny piku JlHictep, a ¥ Ui MIBHIYHOTO
makpocxmity Cxigaux Kapmat 3aranom.

medium fertility (Acidic Cambisols) and
neutral rich (Eutric Cambisols).

Within the Beskids lowmountains moist
meso-eutrophic soil-hydrological conditions
are dominated. A large variety of orographic
and local climatic environmental conditions
the local formation of a complex horizontal
structure of forest cover are determines.

The fir forests (Ass. Luzulo-Abietetum albae)
are confined to the northern slopes, and beech
(All. Fagion sylvaticae) to the south-eastern. The
convex parts of the relief elevations are occupied
by birch young stands and damp depressions of
sycamore forests are occupied.

Forest grouping of alliance Piceion abietis
is little widespread. They grow in poorer
trophic conditions mainly in the upper parts of
the stony mountain ranges. However in the
past, in the lowmountains on the site of the
former felled mixed forests (All. Fagion
sylvaticae) artificially forest plantations of Picea
abies were created. These forest stands were of
high productivited, but as it turned out to be
biologically unstabled, suffered from various
pathologies. Now they massively dry up.

Spruce forests (Abieti-Piceetum) are a
typical natural altitude-azonal phenomenon in
the mountains at altitudes above 1 100 m a.s.l.
They form the upper timber line within the
height of 1 400—1 600 m a.s.1.

Local in very limited areas, mainly on poor
stony soils, occur with fir forests with an
admixture of stone pine (Pinus cembra). It is
rare relict forest natural complexes which are
subject to the complete guard [49]. Along upper
timber line, common stony scattering and
shrubs, or more precisely shrubs or low creeping
forests, of the mountain pine (Pinus mugo).
They almost entirely cover the upper parts of the
mountains in the Gorgany range. Locally among
the mountain pine communities some low trees
of Swiss stone pine are grow.

Such forest natural complexes are typical not
only for the Carpathian part of the Dniester
River basin, but also for the northern macro-
slope of the Eastern Carpathians in general.
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I'Iepep,KapnaTCbKa BUCO4YUNHa

HocnipkeHHs Oy 30cepe/DKeHl Ha 3eMILIX
MopIMHCBKOTO JTiCHUITBA J{epKaBHOTO MiPH-
emctBa "CTpuiicbke JICOBE TrOCIOIapcTBO",
BonexiBcpkoro Ta PaxMHCBKOro IJIICHUIITB
JHepxaBHoro minnpueMcTBa "boexiBChKe J1icOBE
rocriofapctBo"”, JlOBroBOWHHIIIBCHKOTO JTiCHHII-
tBa JlepxkaBHoro mianmpuemcra "Kamycbke
JicoBe rocnojapctBo”. Tepuropii KoHIEHTpaLil
MICI[b POCTY IOCTI[DKEHHX MOJEIbHUX JIepeB
nokasaHi Ha puc. 2. MonenbHi iepeBa BigiOpaHo
B Mekax Bucotd 250-500 M H. p. M. IpyHTOBI
YMOBH: Me30-eBTPO(HI €1ab0 KHUCII CYIIIIaHo-
cyrnuHkoBl (Stagnic Fragic Albeluvisol) nepio-
JMYHO CBiXKI, Bojori i cupi. Kiimat momipHO-
XOJIOJIHUKM PIBHOMIPHO BOJIOTHH 13 CIIEKOTHUM
JITOM, BJIACTUBHMHA JUIA CX1JHOEBPOMEHCHKUX
JUCTONAHUX IIUPOKOIHUCTSIHUX JIICIB.

Carpathian Foothills

The researches were focused on the lands
of Morshyn Forestry of Stryj State Enterprise
of Forestry Management, of Bolechiv and
Rakhynya Forestry of Bolechiv State
Enterprise of Forestry Management, of
Dowhovoynyliv Forestry of Kalush State
Enterprise of Forestry Management. The
arcas of the growth sites of the studied model
trees are shown in Figure 2. Model trees are
selected within the altitude of 250-500 m
a.s.l. Soil conditions: meso-eutrophic slightly
acidic sandy-loam and loamy (Stagnic Fragic
Albeluvisol) periodically mesophile, meso-
hygrophile and hygrophile. The climate is
moderately cold, evenly humid with hot
summers, typical of East-European deciduous
broad-leaved forests.

- i P -. &*
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Puc. 2. Micus Ha [lepenkapnaTchkiil BUCOUHHI, € OYJI0 B3ITO MOJACIBHI IepeBa

Fig. 2. The location on the Carpathian Foothills, where model trees were taken
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Bepe3a noBucna

MopenpHi 3pi3M BHKOHAaHI 3 JEpeB, IO
pocnu Ha TepuTopii bonexiBchKOro JicHULITBA
JepxaBHoro minnmpuemctsa "bonexiBcbke Ji-
COBE TOCIOAApPCTBO" Ta Ha CYCIAHUX YTiIAAX
['y3iiBchKOT TeXHIUHOI MimbHUI J[0MMHCHKOTO
MDKTOCIIOJIAPCHKOTO  MiANPUEMCTBA JIICOBOTO
rOCIo/IapCTBa. 3aralibHi BiIOMOCTI TIPO reorpa-
(bi4HE TTOIOXKEHHS Ta 010METPHYHI MOKA3HUKH
HaBeJICHO B TaOJ. 2 Ta Ha puc. 3. Y3araibHeH1
O0lOMeTpHYHI TOKa3HUKU XOJYy PpOCTy CTOB-
OypiB LuX JepeB HaBeleHI Ha puc. 4—6. Yce-
pelHeHa 3aJeKHICTh BUCOTH CTOBOYpPIB BiJ iX
TOBIIMHY MTOKAa3aHa Ha puc. 7.

Betula pendula Roth

The model cuttings were made from trees
that grew up on the territory of Bolechiv
Forestry of Bolechiv State Enterprise of
Forestry Management and on the neighboring
lands of Huziyv Technical District of the
Dolyna Inter-Farmer Forestry Enterprise.
General information on their geographical
location and biometric data are given in Table 2
and in Figure 3. The generalized biometric
parameters of the growth course of the trunks
of these trees are shown in Figures 4-6. The
average dependence of the trunks height on
their thicknes is shown in Figure 7.

Tabnuys 2
Table 2

MogaeJbHi 1epeBa Oepe3u NOBUCJION, 10 pocju HA [lepenkapnarcbkiil BUCOUMHI

Model trees of Betula pendula, that grew on the Carpathian Foothills

Homepu MFere oeny Bi.OMeTp.I/I‘-IHi MMOKa3HUKH CTOBOYPIB
MOJICTIHHHX JIEPECB ILaea by Biometrical measures of tree trunks
Numbers of model A H D v

trees N E H

145 49.10364 | 23.86344 360 78 24.5 36.8 1.03
197 49.10094 | 23.82135 391 41 18.5 15.8 0.175
198 49.10094 | 23.82135 391 29 14.0 18.0 0.18
201 49.10176 | 23.81923 388 92 21.5 44.8 1.37
202 49.10451 | 23.82610 390 50 15.0 12.8 0.12
203 49.10453 | 23.82607 390 60 22.1 39.4 1.18

4t

L

202,203
/_ !

197, 198

RS 201

Puc. 3. Micmg Ha [lepenkapriatchkiii BUCOUHHI, e OyII0 B3STO MOJIEIIbHI iepeBa Oepesn MOBHUCIIOL
Fig. 3. The places on the Carpathian Foothills, where model trees of Betula pendula were taken
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lMNepeakapnatcbka BUCOYMHA Carpathian Foothills
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Puc. 4. Xin pocty, MOTOUHHMIA Ta CepeHIN MPUPOCTH Y BUCOTY MOJIEIBHIX JepeB Oepe3w TOBHUCIIOI, SIKi POCITH
Ha [lepenkaprnarcekiii BucounHi: "Value" — daktidni 3HaueHHsT; "Avg" — iHiS ycepeaHeHNX (PaKTHIHHUX
3HaueHb; "Trend" — minist Tpermy; "I" 1 "I11" — niHii K1aciB GOHITETY

Fig. 4. The trend of growth, the current and average increments in height of Betula pendula model trees,
which grew on the Carpathian Foothills: "Value" — actual values; "Avg" — line of averaged actual values;
"Trend" — trend line; "I" and "III" — line of forest stands bonitet classes
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Puc. 5. Xix pocTy, MOTOYHHIA Ta CEPEIHIN IPUPOCTH 3a iaMETPOM MOJICIBHHX JIePCB
Oepesu moBHCTIOL, siKi pociu Ha [lepenkapnaTchkiit BucounHi: "Value" — GpakTiuHi 3HAYCHHS;
"Avg" — niHig ycepenneHux hakTuyHuX 3HaueHb; "Trend" — miHis TpeHIy
Fig. 5. Trend of growth, the current and average increments by the trunks thickness
of Betula pendula model trees, which grew on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 6. Xin pocTy, MOTOYHHII Ta CepeAHii MPUPOCTH 3a 00’ €MOM CTOBOYPIB MOICTHHUX ACPEB
Oepesu MOBHCIION, siKi pocin Ha [lepenkapnaTchkiii BucounHi: "Value" — GakTHyHI 3HAYCHHS;
"Avg" — nmiHis ycepenHeHNX (pakTUYHUX 3HadeHb; "Trend" — niHisg TpeHTy

Fig. 6. Trend of growth, the current and average increments by the trunks volume of Betula pendula
model trees, which grew on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 7. Ycepennena 3aekKHiCTh BUCOTH BiJl TOBIIMHH CTOBOYPIB MOJIETIBHUX JIepeB Oepe3u MOBHCIION,

siki pocin Ha [lepeakaprnaTchbkiii BucounHi: "Value"

— (paKTUYHI 3HAYCHHS,

"Avg" — niHis ycepeaHeHuxX (pakTHIHUX 3Ha4eHb; "Trend" — niHis TpeHIY
Fig. 7. The average dependence of the height from the thickness of the trunks of Betula pendula

model trees, which grew on the Carpathian Foothills: "Value"
line of averaged actual values; "Trend"

"AVgH _

3araioM ycepeaHEHUIl TeMIT pOCTY JIEpeB y
BUCOTY BiamnoBigaB mokaszHukam II-III Goni-
tety. Y Bii 50 pokiB iX BucoTa csirana 17 M, a
y 100 pokiB mana 6 csaratu 24 M. BianosigHo,
TOBIIMHA CTOBOYpiB csraga 28 cm i TPOXH
Oinbiie 42 cM, a 00’ eM — HpI/I6J‘II/13HO 0,5M i
Tpoxu Ginbure Hix 1,4 m’. HaifGinpmmii yce-
pelHEeHH MOTOYHUM HpI/IplCT y BHUCOTY CTOB-
OypiB 1ux JepeB OyB y Bimi 15 30 pokiB i
cranoBuB mpu6II3HO 0,4 M-pik”. BigmosizgHo,
Takuil HaNOIMBIIMI TPUPICT 32 TOBIIUHOIO
cToBOYpiB, 6 MM'pik’, crocrepiraBcs y Bimi
20-40 pokis, a 3a 00’ €MOM CTOBOYpHOT siepe-
BuHH, Oimbme 0,02 M -pik’', BUSBICHO y Bili
Jiepes 50-80 pokiB. [TomiOHI TeHAeHIIIT MOKa-
3aB 1 cepenHiii HpPIplCT 3a UMM TOKa3HHMKa-
mu. Ilpote cepenniii mpupict 3a 00’eMoM
CT0B6ypH01 JEPEBUHH 0CATHYB MaKCHMYMY,
0,015 M p11< nuiie y Bili aepeB moHaa 80
pokiB. TpeHI 3alneXHOCTI MPOLEHTa MOTOY-
HOTO MPUPOCTY 00’eMy Bix 06’ €My cTOBOYpIB
MOJIEIbHUX JepeB IoKa3aB, M0 MpH 00’ emi
cToBOypis monax 1,0 M’ BiH He mepeBHILye
2,3 %. lle xapaktepHo s jAepeB Oepe3u
noBucIol y Bitti 80 pokiB (puc. 6 1 8).

HageneHi pe3ysnbTaT 103BOJIMIM PO3paxyBa-
TH BHUPIBHSHI yCcepeHEeHI 3HAUeHHsI BUIOBUX YH-
CeJ 3aJIeKHO BiJl BHCOTH Ta TOBLIMHHU CTOBOYpIB
(tabn. 3). Y cepenHboMy IIeii MOKa3HUK CTaHO-
BuUTH 0,465.

—actual values;
—trend line

In general, the average growth rate of the trees
in height was consistent with the II-III class
bonitet. At the age of 50 years, their height reached
17 m, and in 100 years it would have to reach
24 m. Accordingly, the thickness of the trunks
reached 28 cm and slightly more than 42 cm, and
the volume — approx1mately 0.5 m’ and slightly
more than 1.4 m’. The largest averaged current
increment in height of trunks of these trees was at
the age of 15-30 years and was approx1mately
0.4 myr'. Accordingly, such a 1arge increment in
the thickness of the trunks, 6 mm-yr", was obser-
ved at the age of 2040 years, and in the volume of
stem wood, more than 0.02 m’-yr”, was found at
the age of 50-80 years old trees. Slmllar trends
also showed an average increment in these indica-
tors. However, the average increment in the volu-
me of trunk wood reached a maximum of
0.015 m’ yr’' only at the age of the trees of over 80
years. The trend of the dependence of the percen-
tage of current volume increment from the volume
of trunks of model trees showed that, with a vo-
lume of trunks exceeding 1.0 m’, it does not
exceed 2.3 %. This is characteristic of Betula pen-
dula trees at the age of 80 years (Figures 6 and 8).

The given results allowed to calculate the
moving averaged values of the form factor
depending on the height and the thickness of
the trunks (Table 3). On average, this index is
0.465.
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Puc. 8. Tpenx 3a1e)HOCTI MIPOIIEHTa TOTOYHOTO IIPUPOCTY 32 00’ €MOM Bif 06’ €My cTOBOYPiB MOJETBHIX
JiepeB Oepesn moBUCIIol, siki pocin Ha [lepenkapnarcekiii Bucounsi: "Value" — hakTHUHI 3HAYCHHS;
"Avg" — miHis ycepeaHeHNX (pakTHIHUX 3Ha4YeHb; "Trend" — jiHIg ycepeaHeHOTo TpeHTy
Fig. 8. The trend of the dependence of the percentage of the current volume increment from the volume
of Betula pendula model trees trunks, which grew up on the Carpathian Foothills:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — line of averaged trend

Tabnuys 3
Table 3

BupiBHsiHi ycepeaHeHi 3HaYeHHs BUAOBUX YHCeJ 3AJ1€/KHO BiJl BUCOTH i TOBIIMHM CTOBOYpIB

MO/eJILHHX JiepeB Oepe3H NoBUC.I0N, AKi pocin Ha [lepenkapnarchbkiii BHCOYMHI:
"fq" — BUpiBHSIHI cepeHi BUI0BI YHcJIa cTOBOYPIB Pi3HOT TOBIIMHM;
"f,"' — BUpIBHSIHI cepe/IHi BU/IOBI YKcJIa cTOBOYPIB pi3HOI BUCOTH

The moving averaged actual value of the form factors dependence from the trunks height
and their thickness of Betula pendula model trees, which grew on the Carpathian Foothills:
"fy"" — the moving average values of form factor of different thickness trunks;

"f,'"" — the moving average values of form factor of different height trunks

D H 8 10 12 14 16 18 20 22 24 fy

8 0,562 | 0,528 | 0,502 0,555
12 0,534 | 0,502 | 0,478 | 0,462 | 0,452 0,501
16 0,511 | 0,480 | 0,457 | 0,442 | 0,433 | 0,429 0,459
20 0,493 | 0,463 | 0,441 | 0426 | 0418 | 0414 | 0414 0,428
24 0,451 | 0,430 | 0,415 | 0,407 | 0,403 | 0,403 | 0,405 0,405
28 0,422 | 0,408 | 0,400 | 0,396 | 0,396 | 0,398 | 0,399 | 0,391
32 0,404 | 0,396 | 0,393 | 0,392 | 0,394 | 0,396 | 0,384
36 0,395 | 0,392 | 0,392 | 0,393 | 0,395 | 0,383
40 0,394 | 0,394 | 0,395 | 0,397 | 0,387
44 0,398 | 0,399 | 0,401 | 0,394
48 0,405 | 0,406 | 0,405
52 0,412 | 0,417
fh 0,568 | 0,502 | 0,455 | 0425 | 0,408 | 0,401 | 0,401 | 0,404 | 0,408 | 0,465
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IlepeakapnaTcpka BUCOUMHA

Carpathian Foothills

Byk nicoBun

MonenpHi 3pi3d BHKOHaHI 3 JepeB, IO
pocii Ha TepuTopii boNexiBChKOTo JIICHUITBA
JepxaBHoro mignpuemctBa "borexiBcbke Jii-
coBe rocroaapcTBo" [20]. 3arampHi BigoMoCTi
mpo reorpadiuHe po3TanryBaHHS Ta OloMeT-
pUYHI MMOKa3HUKU HaBeleHO y Tabi. 4 Ta Ha
puc. 9. Y3aranbHeHi Oi1OMETpUYHI MOKa3HUKU
X0y pOCTy CTOBOYpIB IIMX JIepEB HaBEJICHI HA
puc. 10-12. VYcepenHena 3aiexHICTh BHCOTH
CTOBOYpIB BiJI IX TOBIIMHM TIOKa3aHa Ha puc. 13.

Fagus sylvatica L.

The model cuttings were made from trees that
grew up on the territory of Bolechiv Forestry of
Bolechiv State Enterprise of Forestry Mana-
gement [20]. General information on their
geographical location and biometric data are
given in Table 4 and in Figure 9. The generalized
biometric parameters of the growth course of the
trunks of these trees are shown in Figures 10-12.
The average dependence of the trunks height on
their thicknes is shown in Figure 13.

Tabnuys 4
Table 4

MogesbHi 1epeBa Oyka JiicoBoro, mo pociu Ha [lepeakapnarcbkiii BuUcouUnHi

Model trees of Fagus sylvatica, that grew on the Carpathian Foothills

Homepu N Bi.OMeTp'I/I‘IHi MMOKa3HUKH CTOBOYPIB
MOJIETIbHUX JIEPEB Loty Biometrical measures of tree trunks
Numbers of model A H D v

trees N E H
114 49.088932123.762680 500 120 31 70.4 5.56
115 49.088932123.762680 500 119 27 73.8 4.81
116 49.088932123.762680 500 110 29 61.6 4.4
133 49.088969 23.869078 387 67 25.6 22.8 0.54
134 49.088529 23.868473 387 89 25.7 44.6 1.55
135 49.087820]23.867196 380 64 214 36.4 1.0

—— 114£115, 116

2

-

133,134, 135

Puc. 9. Micus na [lepenkapnarcekiii BHCOUHHI, 1e OyI10 B3ATO MOJIEIBHI iepeBa OyKa JIiCOBOTO

Fig. 9. The places on the Carpathian Foothills, where model trees of Fagus sylvatica were taken
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Puc. 10. Xix pocTy, IOTOUHMI Ta CepeAHINH NIPUPOCTH Y BUCOTY MOJICJIBHUX AEpeB OyKa JIiCOBOTO, SIKi
pocnu Ha [lepenkaprarcekiii Bucounti: "Value" — ¢paktuuni 3HaueHHs; "Avg" — JiHiA ycepeJHEHNX
¢akTnunux 3HaueHb; "Trend" — minis Tpenay; "I" i "II" — minii kmaciB GoHiTETY

Fig. 10. The trend of growth, the current and average increments in height of Fagus sylvatica model trees,
which grew on the Carpathian Foothills: "Value" — actual values; "Avg" — line of averaged actual values;
"Trend" — trend line; "I" and "III" — line of forest stands bonitet classes
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Puc. 11. Xix pocty, mOTOYHMIA Ta CEpeAHiN MPUPOCTH 3a TiaMETPOM MOJETHHIX AepeB OyKa JIicOBOTO,
siki pocin Ha [lepeakapmnartchbkiii BucounHi: "Value" — hakTHyHi 3HAYCHHS,
"Avg" — niHis ycepeaHeHux (pakTHIHUX 3Ha4eHb; "Trend" — niHis TpeHIY

Fig. 11. Trend of growth, the current and average increments by the trunks thickness
of Fagus sylvatica model trees, which grew on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 12. Xix pocty, MOTOYHHUI Ta CEpPeHIiN MPUPOCTH 32 00’ €eMOM CTOBOYPIB MOJICIILHUX JepeB Oyka
JicoBoro, siki pociu Ha [lepeakaprnarcekiii BucounHi: "Value" — pakTiani 3HAYCHHS;
"Avg" — miHis ycepeaHeHNX (pakTUUHMUX 3Ha4YeHb; "Trend" — niHisA TpeHIy
Fig. 12. Trend of growth, the current and average increments by the trunks volume of Fagus sylvatica

model trees, which grew on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line



Mepenkapnatcbka BUCOYMHA

Carpathian Foothills
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Puc. 13. Ycepeanena 3aJeKHICTb BUCOTH Bijl TOBIIMHH CTOBOYPIB MOJIENIBHUX JepeB OyKa JIicOBOTO,

sKi pocnu Ha [lepenkapnaTcekiit Bucouusi: "Value"

— (bakTHYHI 3HAYEHHS,;

"Avg" — niHist ycepeaHeHux (pakTHaHUX 3Ha4YeHb; "Trend" — niHis TpeHIY

Fig. 13. The average dependence of the height from the thickness of the trunks
of Fagus sylvatica model trees, which grew on the Carpathian Foothills:

"Value" — actual values; "Avg"

3arajioMm ycepeJHEHUN TEMIT POCTy JEpEB
y BUCOTY BianoBigaB nokazuukam [I-1I1 Gowi-
tety. Y Bini 50 pokiB ix BucoTa carama 15 m,
a'y 100 pokiB — 26 M. BianosigHO, TOBIIMHA
CTOBOYpIB y 1IbOMY Billi csirana maibke 20 cM i
TpOXH, oubIe 58 cM, a 00°eM — npubu3HO 0,2 1
3,0 »’. Haif6inbumii ycepeTHeH i MOTOUHMiA
MIPUPICT Y BUCOTY IMX JepeB OyB y Bill 25-60
pOKiB i cTasoBHB MPuGIH3HO 0,3 M-piKk . Bimmo-
BIZTHO, TaKWUK HaHOLIBIIMIA MPUPICT 32 TOBIIH-
HOIO CTOB6ypiB 6ibme 7 MM-pik ', criocTepiras-
cs y Bii 60-100 pokiB, a 3a 06 €MOM CTOBOYD-
HOi fepeBnHH, Ginbrue 0,1 M pik’, BUIBICHO y
Birii gepeB 100—120 pokis. HO,Z[16H1 TEHICHIT
MOKa3aB 1 cepeiHii MPHUpPICT 3a LUMHU IOKa3-
Hukamu. [Ipote cepenniii mpupict 3a 06’emMom
CT0B6y3pH01 JICPEBUHH [IOCATHYB MAaKCHMyMY,
0,04 m’pik", muine y Biui gepeB nonan 110 po-
KiB. TpeH/ 1 3a71eKHOCTI MPOIEHTa TOTOYHOTO
MPUPOCTy 00’eMy BiJ 00’eMy CTOBOYpIB MO-
JENbHUX JIEPEB TIOKAsas, IO MpH 00’emi
CTOB6yp1B 1 0 M° BiH CTaHOBHTH 4 %, a 100)51
06’emi 3.0 M° — 3 %. LIe XapakTepHO I
nepes Oyka micosoro y Biui 70 Ta 100 pokis
(puc. 121 14).

HaBeneni pe3ynbrati JO3BOJIMIN PO3paxy-
BaTH BUPIBHSHI YCEpEIHEH1 3HAYEHHS BHJIO-
BHUX YHCEJ 3aJIe)KHO BiJl BUCOTHU 1 TOBIIMHU
cToBOYpiB (Tabn. 5). VYV cepenHboMy e
MMOKa3HUK cTaHOBUTE 0,463.

— line of averaged actual values; "Trend"

—trend line

In general, the average growth rate of the trees
in height was consistent with the II-1II bonitet. At
the age of 50 years, their height reached almost
15 m, and in 100 years — 26 m. Accordingly, the
thickness of the trunks in this age reached 20 cm
and slightly more than 58 cm, and the volume —
approximately 0.2 m® and 3.0 m’. The largest ave-
raged current increment in height of these trees was
at the age of 25-60 years and was appr0x1mately
0.3 myr'. Accordingly, such a large increment 1n
the thickness of the trunks, more than 7 mm-yr’,
was observed at the age of 60—100 ears, and in the
volume of trunks, more than 0.1 m™yr", was found
at the age of 100-120 years old trees. Similar
trends also showed and average increment in these
indicators. However, the average increment in the
volume of trunk wood reached a maximum of
0.04 m>yr' only at the age of the trees of over
110 years. The trend of the dependence of the
percentage of current volume increment from the
volume of trunks of model trees showed that, with
a volume of trunks exceeding 1. O m’, it does not
exceed 4% and a volume 3.0 m’ — 3 %. This is
characteristic of Fagus sylvatica trees at the age of
80 years (Figures 12 and 14).

The given results allowed to calculate the
moving averaged values of the form factor
depending on the height and the thickness of
the trunks (Table 5). On average, this index is
0.463.
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lMepenkapnartcbka BUCOYMHA

Carpathian Foothills
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Puc. 14. Tpenn 3a1eKHOCTI POIIEHTA TOTOYHOT0 MPHUPOCTY 3a 00’ €MOM BiZl 00’ €My CTOBOYPIB MOJICITEHIX

nepeB OyKa J1icoBOro, siki pociu Ha Ilepenxapnarcekiit BucounHi: "Value" — axTuyni 3Ha4EHHS;

"Avg" — miHis ycepeanennx paxkTraHuX 3Ha4YeHb; "Trend" — miHig ycepeaHeHOTro TpeHIy

Fig. 14. The trend of the dependence of the percentage of the current volume increment from the volume

of Fagus sylvatica model trees trunks, which grew up on the Carpathian Foothills:

"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — line of averaged trend
Tabnuysa 5
Table 5

BupiBHsiHI ycepeHeHi 3HA4YeHHsS] BUIOBUX YHCeJl 3271€2KHO BiJl BUCOTH i TOBIIMHHU CTOBOYPIB

MO/IeJIbHUX JiepeB Oyka J1icoBoro, siki pocyi Ha [lepeakapnarcpKiil BUCOUMHI:

"fa"' — BUpiBHSIHI cepeHi BUI0OBI YnciIa cCTOBOYPIB Pi3HOI TOBIIMHM;
"f," — BUpIBHSIHI cepeHi BUAOBI YncJIa cTOBOYpPIB pi3HOI BHCOTH

The moving averaged actual value of the form factors dependence from the trunks height and
the thickness of Fagus sylvatica model trees, which grew on the Carpathian Foothills:
"fy"" — the moving average values of form factor of different thickness trunks;
"f,'"' — the moving average values of form factor of different height trunks

D H 8 10 12 14 16 18 20 22 24 26 28 30 32

8 10.498[0.495[0.493[0.490 0.497
12 [0.496[0.493]0.490 [ 0.488 0.492
16 0.491[0.488[0.485|0.482|0.480|0.477|0.474 0.487
20 0.488]0.485(0.48310.480/0.477|0.475]|0.472 ] 0.469 0.482
24 0.48310.480/0.4780.475]0.472|0.469 | 0.467 | 0.464 0.478
28 0.47810.475|0.47310.470|0.467)0.464 ] 0.462 0.473
32 0.475|0.47310.470|0.4670.465]0.462 ] 0.459 0.468
36 0.470/0.468 |0.465|0.4620.460]0.457]0.454 0.463
40 0.468|0.465|0.463|0.460)0.457]0.455]0.452 0.458
44 0.463/0.460|0.458 |0.455]0.452]0.449 0.454
48 0.45810.455|0.45210.450)0.447]0.444 0.449
52 0.453/0.450)0.447]0.445]0.442 0.444
56 0.44810.445(0.442|0.440/0.4370.439
60 0.445(0.442(0.440(0.437/0.434 | 0.434
64 0.440(0.437/0.435|0.432|0.430
68 0.438]0.435/0.432)10.430] 0.425
72 0.435]0.432(0.430/0.4270.420
f, 10.49910.49410.489[0.48310.478|0.472[0.467]0.462|0.456 [ 0.451]0.445|0.440[0.435]0.463
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Tunosi ripcbki 6ypo3emHi I'pyHTH

Typical mountain Cambisols
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Rocky slopes in the Gorgany range altimontane zone
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lNepeakapnatcbka BUCOYMHA

Carpathian Foothills

Binbxa knemka

MopnenbHi 3pi3u BHUKOHAHI 3 JepeB, IO
pocnu Ha TepuTopii bosnexiBchKOro JiCHUITBA
HepxaBHoro miampuemcTtBa  "bosexiBcbke
JicoBe TOCTOAApPCTBO" Ta Ha CYCITHIX YTiasx
I'y3iiBcbkOT TexHIYHOT MiIbHUI J{OMMHCBKOTO
MDKTOCIIOJIAPCHKOTO  MiJIIPUEMCTBA  JTICOBOTO
rOCHoAapcTBa.  3arajbHi  BIJOMOCTI  TPO
reorpadigyHe po3TallyBaHHS Ta OlOMETpHYHI
MOKA3HUKH HaBEJEHO y Tali. 6 Ta Ha puc. 15.
VY3aranbHeHI OiOMETpUYHI TOKa3HUKH X0y
pocTy CTOBOYpiB IIMX JepeB HaBeJAeHI Ha
puc. 16-18. YcepenHeHa 3alexHICTh BHUCOTH
cTOBOYPIB BiJl iX TOBIIMHM MTOKa3aHa Ha puc. 19.

Alnus glutinosa (L.) Gaertn.

The model cuttings were made from trees
that grew up on the territory of Bolechiv
Forestry of Bolechiv State Enterprise of
Forestry Management and on the neighboring
lands of Huziyv Technical District of the
Dolyna Inter-Farmer Forestry Enterprise.
General information on their geographical lo-
cation and biometric data are given in Table 6
and in Figure 15. The generalized biometric
parameters of the growth course of the trunks
of these trees are shown in Figures 16—18. The
average dependence of the trunks height on
their thicknes is shown in Figure 19.

Tabnuys 6
Table 6

MopenbHi 1epeBa BijibXH KJIelKoi, o pocian Ha [lepeakapnarcbkiil BUCOYHHI

Model trees of Alnus glutinosa that grew on the Carpathian Foothills

Homepu Mfere poen Bi‘OMeTp.I/I‘IHi MMOKAa3HUKH CTOBOYPIB
MOJICTIPHHX JIEPEB Lgealis Biometrical measures of tree trunks
Numbers of model A u D v

trees N E H

130 49.10323 | 23.82464 385 87 20.0 44.0 1.19
149 49.04207 | 23.83883 466 50 20.8 25.8 0.47
150 49.04223 | 23.84044 442 87 20.2 46.2 1.24
151 49.04240 | 23.84341 440 90 19.4 41.4 1.25
156 49.12139 | 23.84482 370 118 25.5 42.0 1.89
157 49.12139 | 23.84482 370 90 18.9 20.0 0.37

1

Puc. 15. Micus Ha [lepeakapnarcekiii BHCOUNHI, e OyII0 B3ITO MOJICITBHI IepeBa BUTBXU KIICHKOL

Fig. 15. The places on the Carpathian Foothills, where model trees of A/nus glutinosa were taken
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Puc. 16. Xix pocty, MOTOYHUI Ta cepeHiil IPUPOCTH Y BUCOTY MOJEIBHUX JIePEB BIIbXH KIEHKOI,
siki pociu Ha [lepenkapmatchkiit BucounHi: "Value" — daktuuni 3Ha4eHHs; "Avg" — JIiHISA ycepeTHSHUX
¢axTruHNX 3Ha4eHb; "Trend" — minis Tpenmy; "I" 1 "III" — minii KaciB GoHiTETY

Fig. 16. The trend of growth, the current and average increments in height of Alnus glutinosa
model trees, which grew on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line; "I"
and "[II" — line of forest stands bonitet classes
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Puc. 17. Xia pocty, MOTOYHHUI Ta CEPEIHIN MPUPOCTH 3a TiaMEeTPOM MOJIEILHHX JICPEB
BUIBXH KIIeHKOT, ki pociu Ha [lepenkaprarcekiii BucounHi: "Value" — GpakTidHi 3HaUeHHS;
"Avg" — niHist ycepeaHeHuX (pakTHUHUX 3Ha4UeHb; "Trend" — niHis TpeHIy

Fig. 17. Trend of growth, the current and average increments by the trunks thickness
of Alnus glutinosa model trees, which grew on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 18. Xix pocty, MOTOYHMI Ta CepeHil MPUPOCTH 32 00 EMOM CTOBOYPIB MOJICIILHUX JICPEB
BUTBXM KIIeHKo1, ki pociu Ha [lepenkaprarcekiii BucounHi: "Value" — pakTraHi 3HaYESHHS;
"Avg" — niHis ycepenHeHUX (paKTUUHUX 3HaueHb; "Trend" — miHis TpeHTY

Fig. 18. Trend of growth, the current and average increments by the trunks volume
of Alnus glutinosa model trees, which grew on the Carpathian Foothills:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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Carpathian Foothills
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Puc. 19. Ycepennena 3a5ekKHiCTb BUCOTH Bijl TOBIIMHH CTOBOYPIB MOJIETIFHUX JAEPEB BUIBXH KIICHKOT,
siki pociu Ha [lepeakapnaTchbkiii Bucounsi: "Value" — daxtuuni 3HaueHHS; "Avg" — MiHis ycepeTHeHNX
(baxTHaHUX 3Ha4YeHb; "Trend" — miHisA TpeHITY

Fig. 19. The average dependence of the height from the thickness of the trunks of Alnus glutinosa
model trees, which grew on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line

3arajioMm ycepeIHEHU TEMII POCTY JEPEB Y
BUCOTY BiamnoBiiaB nokasHukam Il Gonitery.
V Biui 50 pokiB ix Bucorta csarama 13 M, a 'y
100 pokiB — 23 M. BignoBigHo, TOBIIMHA
CTOBOYpIB Y IIbOMY Billi csArana 22 c¢M i TPOXH
outbmre 40 cM, a 06’em — npubauzuo 0,3 M i
Tpoxu Gimbmre Hix 1,4 M°. HaifGinsmmii yee-
pPEAHEHUN MOTOYHHM TPHUPICT Y BUCOTY IHX
nepeB OyB y Bimi 15-30 pokiB i cTaHOBUB
npubau3ao 0,35 M-piK'l. BinmosigHo, Takuii
HaOIBIINI TPUPICT 32 TOBIIMHOIO CTOBOY-
piB, 6 MMpiK ', crioctepirasest y Bini 20-40 po-
KiB, a 3a 00’eMOM CTOBOYpHOI JepEeBHHHU,
6inbmre 0,03 M° -piK'l, BUSIBJICHO Y BIIll JIepeB
100 pokiB. IloxiOHi TeHaeHLIi MOKa3aB 1 ce-
PeIHIi MpUPICT 32 IUMH MOKa3HUKaMu. [Ipote
cepenmHiii mpupicT 3a 00’€MOM CTOBOYpHOI
JePEBUHH HOCSTHYB MakcumyMy 0,017 v>-pix”’
mumie y Bimi aepeB 110 poxkis. Tpenn 3anex-
HOCTI IIPOIIEHTA TOTOYHOTO MPUPOCTY 00’ €My
BiJl 00’eMy CTOBOYpIB MOJCIBHUX JEpPEB IO-
Ka3aB, 10 Tpu 00’ emi cToBOYpiB moHax 1,0 M’
BiH He mepeBuiLye 3 %. Lle xapakrepHo s
JIEpeB BUIBXU KJIEiKoI y Bimi moHaa 80 pokis
(puc. 18, 20).

HaBeneni pesynbratd A03BOJIWINA PO3pa-
XyBaTH BUPIBHSHI yCEpeIHEHI 3HaueHHs BU-

In general, the average growth rate of the trees
in height was consistent with the III class bonitet.
At the age of 50 years, their height reached 13 m,
and in 100 years — 23 m. Accordingly, the
thickness of the trunks in this age reached 22 cm
and slightly more than 40 cm, and the volume —
approximately 0.3 m’ and slightly more than
1.4 m®. The largest averaged current increment in
height of these trees was at the age of 15-30 years
and was approximately 0.35 m-yr’. Accordingly,
such a large increment in the thickness of the
trunks, 6 mm-yr’, was observed at the age of 20—
40 years, and in the volume of trunks wood, more
than 0.02 m3-yr'1, was found at the age of 100 years
old of trees. Similar trends also showed an average
increment in these indicators. However, the ave-
rage increment in the volume of trunk wood
reached a maximum of 0.017 m>yr" only at the
age of the trees of 110 years. The trend of the
dependence of the percentage of current volume
increment from the volume of trunks of model
trees showed that, with a volume of trunks excee-
ding 1.0 m’, it does not exceed 2.3 %. This is
characteristic of Alnus glutinosa trees at the age of
80 years (Figures 18, 20).

The given results allowed to calculate the
moving averaged values of the form factor
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JIOBUX YMCEN 3aJIe’KHO Bij BUCOTH Ta ToBmU- depending on the height and the thickness of
HU cTOBOYpiB (Tabn. 7). ¥V cepemnbomy neit the trunks (Table 7). On average, this index

IMOKa3HUK cTaHOBHUTH 0,478. is 0.478.
AV\V, % =-2.3624Ln(A) +2.7177
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16 I RP=07951
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Puc. 20. Tpenn 3a5eKHOCTI IPOIIEHTA TOTOYHOTO TIPUPOCTY 3a 00’ €MOM BiJ] 00’ €My CTOBOYpIB
MOJETIHFHUX JIEPEeB BUIbXH KIIEHKOI, siKi pociu Ha [lepenkapnarcekiii BucounHi: "Value" — pakTHuHi 3HAUCHHS;
"Avg" — JiHis ycepenHeHnX GakTUIHUX 3Ha4YeHb; " Trend" — JIiHIA ycepeTHEHOTO TPEH LY
Fig. 20. The trend of the dependence of the percentage of the current volume increment from the volume
of Alnus glutinosa model trees trunks, which grew up on the Carpathian Foothills:

"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — line of averaged trend

Tabnuys 7
Table 7

BupiBHsiHI ycepeaHeHi 3HAYeHHs] BUI0BHX YHCeJI 3271€:KHO BiJl BUCOTH i TOBIIIMHU CTOBOYPIB
MO/IeJIbHUX JIepeB BiIbXHU KJIelikoi, ki pocyin Ha [lepeakapnarchbkiili BUCOYMHI:
"fy"" — BUpIBHSIHI cepeHi BUAOBI Ync/ia cTOBOYPIB Pi3HOI TOBIIVHMN;
"f,"" — BUpIBHSIHI cepeHi BUIOBI YKcJIa cTOBOYPIB pi3HOI BHCOTH
The moving averaged actual value of the form factors dependence from the trunks height
and their thickness of Alnus glutinosa model trees, which grew on the Carpathian Foothills:
"fq"' — the moving average values of form factor of different thickness trunks;
"f,,'' — the moving average values of form factor of different height trunks

D H 8 10 12 14 16 18 20 22 24 26 fy

8 0.525 0.554
12 0.516 | 0.515] 0.512 | 0.510 0.539
16 | 0.507 | 0.508 | 0.505 | 0.503 | 0.501 | 0.498 0.524
20 | 0.498 | 0.500 [ 0.498 | 0.496 | 0.494 | 0.491 0.510
24 0.493 | 0.491 | 0489 | 0.486 | 0.484 | 0.482 0.495
28 0483 | 0.481 | 0.479 | 0.477 | 0.475 0.480
32 0476 | 0474 0.472 | 0.469 | 0.467 | 0.465 0.465
36 0466 | 0464 | 0.462 | 0.460 | 0.458 | 0.455 0.450
40 0.456 | 0.454 | 0.452 | 0.450 | 0.448 0.436
44 0.446 | 0444 | 0.442 | 0.440 | 0.438 | 0.421
48 0436 | 0.434 | 0.432 | 0.430 | 0.406
fi 0.496 | 0.491 | 0.487 | 0.483 | 0478 | 0.474 | 0.469 | 0.465 | 0461 | 0456 | 0.478
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Carpathian Foothills

B’a3 ronun

MogenbHi 3pi3M BUKOHaHI 3 JEpeB, IO
pociu Ha TepuTopii boexiBChbKOro JIICHUIITBA
JepxaBHoro mianpueMcTsa "bonexiBcbke Ji-
COBE rocrnofapctBo. 3arajibHi BIIOMOCTI TPO
reorpadiuHe posTanryBaHHS Ta OioMeTpHuHi
MOKAa3HUKU HaBeleHO B Tali. 8 Ta Ha puc. 21.
V3aranbHeHi OiOMETpUYHI TOKa3HUKU XOJy
pocTy CTOBOYpiB IIMX JepeB HaBeIeHI Ha
puc. 22-24. VYcepemHeHa 3aleXKHICTh BHUCOTH
CTOBOYPIB BiJl iX TOBIIWHYU [TOKa3aHa Ha pHC. 25.

Ulmus glabra Huds

The model cuttings were made from trees that
grew up on the territory of Bolechiv Forestry of
Bolechiv State Enterprise of Forestry Management.
General information on their geographical location
and biometric data are given in Table 8 and in
Figure 21. The generalized biometric parameters of
the growth course of the trunks of these trees are
shown in Figures 22-24. The average dependence
of the trunks height on their thicknes is shown in
Figure 25.

Tabnuys 8
Table 8

MopneanbHi AepeBa B’s13a rosoro, mo pociau Ha [lepeakapnarcekiii BucounHi

Model trees of Ulmus glabra, that grew on the Carpathian Foothills

Homepu N Bi.OMeTp'I/I‘IHi MMOKa3HUKH CTOBOYPIB
MOJIETIbHUX JIEPEB Loty Biometrical measures of tree trunks
Numbers of model A H D v

trees N E
79 49.099128 |23.875598 340 82 28.0 65.0 2.38
146 49.099061 [23.874752 358 83 30.1 66.4 4.5
147 49.097697 |23.874347 368 88 29.7 71.2 4.88
148 49.097827 | 23.874991 364 65 34.0 70.8 3.59

Puc. 21. Micus na Ilepeakapnarchbkiii Buco4nHi, e Oys10 B3ATO MOAIEIIBHI JIepeBa B’s13a FOJIOT0

Fig. 21. The places on the Carpathian Foothills, where model trees of Ulmus glabra were taken
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Puc. 22. Xig pocTy, TOTOYHHIA Ta CEPEIHIN MPUPOCTH Y BUCOTY MOJICITLHUX JIEPEB B’ 532 TOJIOTO,
siki pocin Ha [lepenkapnatchbkiii BucounHi: "Value" — dakTudni 3Ha4eHHS; "Avg" — JiHIs ycepeaHeHUX
(haxTHunuX 3Hauens; "Trend" — ninis Tpewsy; I i I° — ninii k1acis Gouitery

Fig. 22. The trend of growth, the current and average increments in height of Ulmus glabra model trees,
which grew on the Carpathian Foothills: "Value" — actual values; "Avg" — line of averaged actual values;
"Trend" — trend line; I and I° — line of forest stands bonitet classes
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Puc. 23. Xix pocTy, MOTOUHMIA Ta CepeaHii MPUPOCTH 3a AlaMeTPOM MOJIENIBHUX JIEPEB B’sI3a TOJIOT0,
siki pocin Ha [lepeakaprnatchbkiii BucounHi: "Value" — hakTHyHi 3HAYCHHS,
"Avg" — niHis ycepeaHeHNX (pakTHIHUX 3Ha4eHb; "Trend" — niHis TpeHIY

Fig. 23. Trend of growth, the current and average increments by the trunks thickness of Ulmus glabra
model trees, which grew on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 24. Xig pocTy, MOTOYHUI Ta CEpeHiN MPUPOCTH 32 06’ €MOM CTOBOYPIB MOIEITEHUX
JIEpeB B’s13a TOJI0T0, sIKi pociu Ha [lepenkaprarcekii BucounHi: "Value" — GpakTHuHI 3HAYCHHS;
"Avg" — miHis ycepeaHeHNX (hakTUIHUX 3Ha4eHb; "Trend" — niHisg TpeHIY

Fig. 24. Trend of growth, the current and average increments by the trunks volume
of Ulmus glabra model trees, which grew on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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Carpathian Foothills

H, m=-0.004D" + 0.6692D + 1.3
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Puc. 25. Ycepennena 3aexHicTb BUCOTH BiJ] TOBLIMHU CTOBOYPIB MOZICNIBHUX JIEPEB B’s13a I'0JI0T0,
siki pocin Ha [lepenkapriarcekiii BucounHi: "Value" — hakTnyHi 3Ha4EHHS;
"Avg" — niHis ycepenHeHnX (GaKTUIHUX 3Ha4eHb; "Trend" — jiHisA TpeHIy
Fig. 25. The average dependence of the height from the thickness of the trunks of Ulmus glabra

model trees, which grew on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line

3arajioM ycepeHEeHUIl TeMI pPOCTy JIEpeB Y
BUCOTY BIJNOBIIAB TOKa3HUKaMm | Oowitery. Y
Birti 50 pokiB iX BucoTa csirasia 22 m, a 'y 80 pokiB
Mana 6 csaratu 29 M. BiAnoBigHO, TOBIIMHA CTOB-
OypiB csrana 42 cMm 1 Tpoxu Oumbie 60 cm, a
00’em — mpubmm3HO 1,5 M i maibke 3,5 M. Haii-
OUTBIINIA yCcepeTHEHNH TOTOYHUN TPHUPICT Y BU-
COTy cTOBOYpIB 1UX JepeB OyB y Bitli 15-30 po-
KiB i cranoBuB prommsHO 0,5-0,6 M-pik”. Bin-
[OBIHO, TAKWI HAHOUTBIINI HpI/IPiCT 3a TOBILHU-
HOIO CTOBOYpIB, OUIbIIE 9 MM-PIK , CIIOCTEpIraB-
cs1 y Biui 20—60 pokiB, a 3a 00’eMOM CTOBOYpPHOI
nepesunn, Ginbme 0,08 M pik’, BHABICHO y
Bimi iepeB 60—80 pokis. [ToxiOH1 TeHmeHIIT T0-
Ka3zaB 1 CepeqHiii MpUpICT 3a LUMM IIOKa3-
Hukamu. [Ipote cepenniii mpupict 3a 06’emMom
CTOBOYpHOI ZIEPEBAHH JIOCATHYB MaKCHMyMY,
Maibke 0,045 M -pik”, JHIIe y Bili Jepes MoHa
80 pokiB. TpeHn 3aJeKHOCTI MPOIEHTa MOTOY-
HOTO TPHUPOCTY 00’eMy Bim 00’eMy CTOBOYpIB
MOJIETbHUX JIepeB IOKa3aB, L0 HpU 00’eMi
croBOypiB noHasa 1,0 m” BiH cTtaHoBUTH 6 %, a
urst 06°emy 3,0 M° — 3 %. Ie XapakTepHO UL
JiepeB B’si3a ToJIoro BiAmoBiAHO y Bimi 50 Ta
80 pokiB (puc. 26).

HaBeneni pe3ynbTaTé JO3BOIWIH PO3paxy-
BaTH BUPIBHSAHI yCepeJHEHI 3HA4YeHHS BHJO-
BUX YHCEJl 3aJI€KHO BiJl BUCOTU Ta TOBIIUHHU
cTtoBOypiB (Tabn. 9). YV cepemnbomy 1€
MOKa3HUK cTaHOBUTE 0,417.

In general, the average growth rate of the trees
in height was consistent with the I class bonitet. At
the age of 50 years, their height reached 22 m, and
in 80 years — 29 m. Accordingly, the thickness of
the trunks reached 42 cm and slightly more than
60 cm, and the volume — approximately 1.5 m® and
slightly more than 3.5 m’. The largest averaged
current increment in height of trunks of these trees
was at the age of 15-30 years and was approxima-
tely 0.5-0.6 m-yr'. Accordingly, such a large in-
crement in the thickness of the trunks, more than
9 mm-yr’, was observed at the age of 2060 years,
and in the volume of stem wood, more than
0.08 m>yr', was found at the age of 60-80 years
old trees. Similar trends also showed an average
increment in these indicators. However, the avera-
ge increment in the volume of trunk wood reached
a maximum of 0.045 m’-yr’' only at the age of the
trees of over 80 years. The trend of the dependence
of the percentage of current volume increment
from the volume of trunks of model trees showed
that, with a volume of trunks exceeding 1.0 m’, it
does not exceed 6 % and a volume 3.0-3 %. This
is characteristic of Ulmus glabra trees at the age of
50 and 80 years (Figure 26).

The given results allowed to calculate the
change of averaged values of the form factor
depending on the height and the thickness of
the trunks (Table 9). On average, this index
is 0.417.
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Puc. 26. Tpeny 3a5eKHOCTI IPOIIEHTA MTOTOYHOTO TIPUPOCTY 3a 00’ €MOM Bij] 00’ €My CTOBOYpIB
MOJICITFHIX JIepeB B’s13a TOJI0TO, siKi pocin Ha [lepeaxaprarcekiit BucounHi: "Value" — hakTiuyHi 3HaYCHHS,
Avg" — niHis yceperHeHnK (PaKTHYHMX 3HaueHb; "Trend" — JIiHISA ycepeHeHOTO TPeH Y
Fig. 26. The trend of the dependence of the percentage of the current volume increment from the volume
of Ulmus glabra model trees trunks, which grew up on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — line of averaged trend
Tabnuys 9
Table 9
BupiBHsiHI ycepeaHeHi 3Ha4YeHHSI BUIOBHX YK CeJl 32J1€5KHO Bii BUCOTH
i TOBIIMHY cTOBOYPIB MOJE/ILHHX [IepPeB B’ 5132 0J10r0, siKi poc/iu Ha Ilepenkapnarchbkii
BUco4uHi: "fy'" — BUpIBHAHI cepeaHi BUI0OBI YKci1a cTOBOYPIiB Pi3HOT TOBIIUHM;
"f,"" — BUpIBHSIHI cepeHi BUIOBI YncJIa cTOBOYPIB pi3HOI BHCOTH
The moving averaged actual value of the form factors dependence from
the trunks height and the thickness of Ulmus glabra model trees, which grew on the
Carpathian Foothills: "f;" — thier moving average values of form factor of different thickness
trunks; "f," — the moving average values of form factor of different height trunks

D H 8 12 16 18 20 22 24 26 28 30 32 34 fy
& [0.522 0.548
12 1 0.506 | 0.480 0.515
16 |0.492 | 0.466 0.487
20 0.455 | 0.444 0.463
24 0.44510.434 0.443
28 0.426 | 0.423 0.426
32 0.41910.416 | 0.414 0.413
36 0.411 | 0.408 | 0.406 0.402
40 0.406 | 0.404 | 0.401 | 0.399 0.393
44 0.400 | 0.398 [ 0.395 [ 0.392 0.386
48 0.398 [ 0.395[0.392 | 0.389 | 0.385 0.381
52 0.393 [ 0.390 [ 0.387 | 0.383 | 0.380 | 0.376 0.377
56 0.391 [ 0.389 [ 0.386 | 0.382 | 0.378 | 0.375 0.374
60 0.38810.384 | 0.381 | 0.377 | 0.373 | 0.371 | 0.372
64 0.383 {0.380 [ 0.376 | 0.373 | 0.371 [ 0.370
68 0.37910.375[0.372 | 0.370 | 0.368
72 0.37510.371 | 0.369 | 0.367
f, [0.49810.447|0.425]0.420 | 0.415]0.410 | 0.404 | 0.398 | 0.390 | 0.382 | 0.375 | 0.371 | 0.417
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Carpathian Foothills

pab 3BuyanHumn

MonenbHi 3pi3M BUKOHaHI 3 JEpeB, IO
pociu Ha TepuTopii boexiBChbKOro JIICHUIITBA
JlepxaBHoro mianpueMcTsa "bonexiBebke Ji-
CoBe rocrnofapctBo. 3arajibHi BiIOMOCTI TPO
reorpadiuHe posTanryBaHHS Ta OlOMETpHYHI
MOKa3HUKU HaBezeHo y Tabu. 10 Ta Ha puc. 27.
V3aranpHeHi OlOMETpUYHI TOKa3HUKU XOJIY
pocTy CTOBOYpiB IMX JEpeB HaBEICHI Ha
puc. 28-30. YcepemHeHa 3aleXHICTH BHUCOTH
CTOBOYPIB BiJI iX TOBIIWHM IMOKa3aHa Ha puc. 31.

Carpinus betulus L.

The model cuttings were made from trees that
grew up on the territory of Bolechiv Forestry of
Bolechiv State Enterprise of Forestry Manage-
ment. General information on their geographical
location and biometric data are given in Table 10
and in Figure 27. The generalized biometric
parameters of the growth course of the trunks of
these trees are shown in Figures 28-30. The
average dependence of the trunks height on their
thicknes is shown in Figure 31.

Tabnuys 10
Table 10

MoaenbHi 1epeBa rpada 3Bu4aiiHOr0, 0 pocju Ha [lepeakapnarcbkiii BUCOUMHI

Model trees of Carpinus betulus, that grew on the Carpathian Foothills

Homepu N Bi.OMeTp'I/I‘IHi MMOKa3HUKH CTOBOYPIB
MOJIETIbHUX JIEPEB Loty Biometrical measures of tree trunks
Numbers of model A H D v

trees N E
84 49.099322(23.874918 360 69 20.4 18.0 0.25
137 49.087776123.867431 370 50 15.3 18.6 0.22
138 49.087585123.867090 375 55 19.5 16.0 0.16
139 49.087643 23.867383 374 72 23.0 40.0 0.93

Puc. 27. Micria Ha [lepenkapriaTchbKii BHCOUHHI, A€ OyIT0 B3STO MOJIENBHI JiepeBa rpada 3BUYaifHOTo

Fig. 27. The places on the Carpathian Foothills, where model trees of Carpinus betulus were taken
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Puc. 28. Xix pocty, MOTOUHHI Ta CepeiHil MPUPOCTH Y BUCOTY MOJICIBHHX JIepeB Ipada 3BUYaifHOTO,
aki pocim Ha [lepenkaprarcekiit BucounHi: "Value" — daktrani 3HadeHHs; "Avg" — JTiHIsA ycepeTHeHNX
(axTuHuX 3HaueHb; "Trend" — minig Tpery; "I" 1 "II" — ninii k1aciB 6oHITETY

Fig. 28. The trend of growth, the current and average increments in height of Carpinus betulus model trees,
which grew on the Carpathian Foothills: "Value" — actual values; "Avg" — line of averaged actual values;
"Trend" — trend line; "I" and "III" — line of forest stands bonitet classes
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Puc. 29. Xix pocTy, MOTOYHII Ta CEpeAHii MPUPOCTH 3a AlaMeTPOM MOJIETIFHUX JepeB Ipada 3BUUIAHOTO,
siki pocin Ha [lepeakapnarchbkiii Bucounti: "Value" — dhaxTrdni 3HaueHHs; "Avg" — JTiHIs ycepeTHeHNX
(baxTraHUX 3Ha4YeHb; "Trend" — miHisA TpeHITY

Fig. 29. Trend of growth, the current and average increments by the trunks thickness of Carpinus betulus
model trees, which grew on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 30. Xix pocty, moTo4HMI Ta cepeaHii MPUPOCTH 32 06°€eMOM CTOBOYPIB MO/ICITBHUX JIepeB rpada
3BHYANHOTO, s1Ki pociu Ha [lepeakapmnarchkiii BucounHi: "Value" — hakTiyHi 3HAYCHHS,
"Avg" — niHis ycepeqHeHnX (pakTHIHUX 3Ha4YeHb; "Trend" — miHig TpeHILy

Fig. 30. Trend of growth, the current and average increments by the trunks volume of Carpinus betulus
model trees, which grew on the Carpathian Foothills: "Value" — actual values; "Avg" — line of averaged
actual values; "Trend" — trend line

Carpathian Foothills
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Giant Fagus sylvatica trees can be found on the Carpathian Foothills
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Carpathian Foothills
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Puc. 31. Ycepennena 3ae)HiCTh BUCOTH BiJl TOBIIMHA CTOBOYPIB MOJIETIHHUX JepeB rpada 3BUYaifHOTrO,
sKi pociu Ha [lepenkapnarcekiit BucounHi: "Value" — gpakTuaHi 3HaUSHHS;
"Avg" — niHis ycepeHeHnX (GaKTUIHUX 3Ha4eHb; "Trend" — jiHisA TpeHIy

Fig. 31. The average dependence of the height from the thickness of the trunks of Carpinus betulus
model trees, which grew on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line

3arajoMm ycepelHEeHUN TeMIT POCTYy JEPEB y
BUCOTY BinmnoBifgaB nokaszHukam Il Gowitery. ¥V
Birli 50 pokiB ix BucoTa csrana 16 m, a'y 70 po-
KiB — 22 M. BiamoBigHo, TOBIIMHA CTOBOYPIB Y
1ILOMY Billi csirana 21 ¢M 1 Tpoxu Oubie 36 oM,
a 06’eM — npubmm3Ho 0,15 M 1 Tpoxu Ginbire
ik 0,6 M°. HaifGinpmmii ycepeHeHuil moTou-
HUI NPHUPICT Y BUCOTY CTOBOYpIB LIUX JI€PEB
OyB y Bii 15-25 pokiB i cTaHOBUB NMPHOIU3HO
0,4 mpix'. BixmoBimHo, Takuii HaiGimbLIHiT
NPHUPICT 3a TOBHIMHOK CTOBOYypiB, OlibIe
4 Mm-pik’, crocrepirases y Bimi 12-75 pokis,
a 3a 00’eMoM CTOBOYpHOI JepeBUHHU, OLIbIIE
0,03 M -pix’, BusBNEHO y Biui epes Gimblie
70 pokiB. Cepenniii mpupicT 3a 00’€MOM CTOB-
OypHOI JI€peBHHH JOCSTHYB MaKCHMYyMY,
0,012 m’-pix™', muure y Bimi gepes monaxg 70
pokiB. TpeHI 3aJIe)KHOCTI MPOIEHTa MOTOY-
HOTO NMPUPOCTY 00’ €My Bil 00’ €My CTOBOYpiB
MOJIENIBHUX JIepeB IO0Ka3aB, 110 IpHu 00’emi
cToBGypiB 0.4-0,8 M’ BiH He HepeBHINyBaB
3 %. lle xapakTepHOo mius jepeB rpada
3BUYatHOTO Yy BiIll Oinbie 55 pokiB (puc. 30
132).

Taki pe3ybTaTH JI03BOJIMIN PO3PAXYBATH BH-
PIBHSIHI ycepeHEHI 3HA4YeHHS BUJIOBUX YHCEN
3aJIKHO BiJl BUCOTH Ta TOBIIMHH CTOBOYDIB
(tabm. 11). Y cepemrpomy BiH craHOBHTH 0,388.

In general, the average growth rate of the trees
in height was consistent with the II bonitet. At the
age of 50 years, their height reached 16 m, and in
70 years — 22 m. Accordingly, the thickness of the
trunks in this age reached 21 cm and slightly more
than 36 cm, and the volume — a?proximately
0.15 m’ and slightly more than 0.6 m’. The largest
averaged current increment in height of trunks of
these trees was at the age of 15-30 years and was
approximately 0.4 m -yr'. Accordingly, such a
large increment in the thickness of the trunks,
6 mmyr', was observed at the age of 12-75
years, and in the volume of trunks, more than
0.03 m*yr", was found at the age of trees of more
70 years old. The average increment in the volu-
me of trunk wood reached a maximum of
0.012 m*yr" only at the age of the trees of over
70 years. The trend of the dependence of the
percentage of current volume increment from the
volume of trunks of model trees showed that, with
a volume of trunks exceeding 0.4-0,8 m’, it does
not exceed 3 %. This is characteristic of Car-
pinus betulus trees at the age of more 55 years
(Figures 30 and 32).

Such results allowed to calculate the moving
averaged values of the form factor depending on
the height and the thickness of the trunks
(Table 11). On average, this index is 0.388.
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AVVV, % = -22.031%X° + 47.893% - 32.543x + 10
15

12
o No R? = 0.4499 - Value

X ---=-Avg [
\.\ . Trend
6 f NN .

Puc. 32. Tpenn 3a5e:KHOCTI IPOIIEHTA TOTOYHOTO TIPUPOCTY 3a 00’ €MOM Bij] 00’ €My CTOBOYpIB
MOJICJIEHUX JIepeB Tpaba 3BUUYaiHOTO, sIKi pociiv Ha [lepenkapnarchkiil BucounHi: "Value" — dakTuuHi
3HaUeHHST; "Avg" — JIiHisI ycepenHeHNX PakTHUHKX 3HaueHb; "Trend" — JIiHisS ycepeTHEHOTO TPEHIY
Fig. 32. The trend of the dependence of the percentage of the current volume increment from
the volume of Carpinus betulus model trees trunks, which grew up on the Carpathian Foothills:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — line of averaged trend

Tabnuys 11
Table 11
BupiBHsiHI ycepeqHeHi 3Ha4YeHHS BUIOBHX YK CeJl 32J1€5KHO Bii BUCOTH
i TOBIIMHY CTOBOYPIB MOIeJILHUX JIepeB rpada 3BM4aiiHOro0, IKi poc/in
Ha [lepenkapnarcobkiii BucouuHi: "'fy'" — BUpiBHAHI cepeaHi BUI0BI Ynci1a cToBOYypiB pi3HOT
ToBIIMHM; "'f," — BUPIBHSIHI cepeHi BUIOBI YnciIa cTOBOYPIB pi3HOI BHCOTH

The moving averaged actual value of the form factors dependence from the trunks height
and their thickness of Carpinus betulus model trees, which grew on the Carpathian Foothills:

"fa" — the moving average values of form factor of different thickness trunks;
"f,"" — the moving average values of form factor of different height trunks

D H 8 10 12 14 16 18 20 22 24 26 fq
8 0.514 | 0.496 | 0.479 | 0.464 0.507
12 0.464 | 0.448 | 0.434 | 0.422 | 0.410 | 0.401 0.444
16 0.411 | 0.399 | 0.388 | 0.379 | 0.371 0.398
20 0.383 | 0.372 | 0.363 | 0.356 0.365
24 0.362 | 0.353 | 0.346 0.344
28 0.346 | 0.339 | 0.333 0.332
32 0.336 | 0.330 | 0.326 | 0.326
36 0.329 | 0.325 | 0.324
40 0.330 | 0.325 | 0.325
fu | 0.520 | 0.484 | 0.453 | 0.425 | 0.401 | 0.379 | 0.361 | 0.347 | 0.335 | 0.326 | 0.388
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Oy6 3BnyanHumn

Hocnimkenns Oyau 30cepekeHl Ha 3eM-
75X MopumHChKOro JTicHuITBa Jlep:kaBHOTO
nignpuemctBa "CTpHiicbke JICOBE TOCIO-
napctBo' Ta bonexiBcbkoro sicHuiTBa [lepkas-
Horo mignpueMmcTBa "bBonexiBcbke IticoBe
rocriogapcTBo” [15]. 3araybHi BIJOMOCTI TIPO
reorpadiyHe TOJNIOXKEHHsI Ta OlOMETpUYHI I0-
Ka3HUKH HaBeslleHo y Tabn. 12 Ta Ha puc. 33.
V3aranbHeHi OlOMETpUYHI TMOKAa3HUKH XOIY
pocTy CTOBOYpiB IIMX JEepeB IIOKa3aHi Ha
puc. 34-36. YcepemHeHa 3aleXKHICTh BUCOTH
cTOBOYPIB BiJI iX TOBIIMHM 0jaHa Ha puc. 37.

Quercus robur L.

The model cuttings were made from trees
that grew up on the territory of Morshyn
Forestry of Stryj State Enterprise of Forestry
Management and of Bolechiv Forestry of
Bolechiv State Enterprise of Forestry anagement
[15]. General information on their geographical
location and biometric data are given in Table 12
and in Figure 33. The generalized biometric
parameters of the growth course of the trunks of
these trees are shown in Figures 34-36. The
average dependence of the trunks height on their
thicknes is shown in Figure 37.

Tabnuys 12
Table 12

MopenbHi nepesa 1y6a 3BM4aifHoOro, mo pocju Ha [lepenkapnarcbkiii BUCOUMHI

Model trees of Quercus robur that grew on the Carpathian Foothills

Homepu Micue pocty Bi‘OMeTp‘I/I‘IHi MMOKa3HUKH CTOBOYPIB
MOJICJIbHUX JIEPEB LRl Biometrical measures of tree trunks
Numbers of model A H D v

trees N E

12 49.090530(23.841097 420 162 27.6 78.6 4.93

83 49.099322(23.874918 370 78 26.6 30.4 0.98
119 49.102697 |23.876041 350 98 22.0 55.4 1.98
120 49.116824|23.854852 390 250 28.0 116 13.1
131 49.105592|23.855534 390 132 22.5 100 5.13
132 49.104225|23.847563 400 65 20.5 65.0 1.95
152 49.098925(23.873900 391 74 26.5 73.2 3.1

Puc. 33. Micus Ha [lepeakaprniaTchkiii BUCOUNHI, e OYJIO B3SITO MOJICNBHI JiepeBa Ty0a 3BHYaifHOTO

Fig. 33. The places on the Carpathian Foothills, where model trees of Quercus robur were taken
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Puc. 34. Xin pocty, OTOUHMIA Ta CepeHii MPUPOCTH Y BUCOTY MOJEBHUX AepeB Ay0Oa 3BUUaifHOrO,
siki pocin Ha [lepenkapnaTchbkiii Bucounti: "Value" — daxTudni 3Ha4eHHsT; "Avg" — JiHIs ycepeaHEHUX
¢axTiuaMX 3Hauensp; "Trend" — minisg Tpenay; 1, [ 1 V — ninii kmaciB 6oniTeTY

Fig. 34. The trend of growth, the current and average increments in height of Quercus robur model trees,
which grew on the Carpathian Foothills: "Value" — actual values; "Avg" — line of averaged actual values;
"Trend" — trend line; I, III and V- line of forest stands bonitet classes
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Puc. 35. Xin pocty, oTO4HMIA Ta CepeaHii MPUPOCTH 3a 1iaMETPOM MOJETBHHX AepeB Ay0Oa 3BUUaitHOrO,
siki pocim Ha [lepenkaprartchbkiii BucounHi: "Value" — hakTH4HI 3HAYCHHST,
"Avg" — niHis ycepeaHeHux (pakTHIHUX 3Ha4eHb; "Trend" — niHis TpeHIY

Fig. 35. Trend of growth, the current and average increments by the trunks thickness
of Quercus robur model trees, which grew on the Carpathian Foothills:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 36. Xix pocTy, MOTOUHMI Ta CepeHii MPUPOCTH 3a 00’ €MOM CTOBOYPIB MOJICIIBHUX JIEpeB JIy0a
3BHYAKHOTO, sIKi pociu Ha [lepeakapnarcekiii Bucouuni: "Value" — (hakTudH1 3HAYCHHS;
"Avg" — miHist ycepeaHeHUX (paKTHIHHUX 3Ha4eHb; "Trend" — niHis TpeHIY

Fig. 36. Trend of growth, the current and average increments by the trunks volume of Quercus robur
model trees, which grew on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 37. Ycepennena 3anexHicTb BUCOTH BiJ] TOBLIMHHU CTOBOYPIB MOZIETIBHHX JIepeB Ay0a 3BHYaiHOrO,
aki pociu Ha [lepenkaprarcekiit BucounHi: "Value" — gaktrani 3HaueHHs; "Avg" — JiHisg ycepeTHeHIX
(baxTuHNX 3HaueHsp; "Trend" — miHisA TpeHIY
Fig. 37. The average dependence of the height from the thickness of the trunks of Quercus robur

model trees, which grew on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line

3arajioM ycepeJHEeHUI TeMI poCTy JEpeB y
BUCOTY BiAmnoBinaB nokaznukam [V-III Gowi-
tery. ¥Y Bimi 50 pokiB ix BucoTa csrana 12 w,
ay 100 pokiB — 21 M. BigmoBigHo, TOBIIMHA
CTOBOYpIB Y 1IbOMY Billl crajia 25 ¢cM 1 TPOXH
Ginbure 50 cm, a 06’eM — npubaH3HO 0,5 M° i
Maibke 2 M. HallGinpmmii ycepeHenuii mo-
TOYHUU TPUPICT y BUCOTY CTOBOYpIB IHX
nepeB OyB y Billl 0 25 pOKIB 1 CTaHOBHB
npuGmmso 0,3 M-pik” i Hagani HaGyB cragHy
TenaeHiro go 0,15 M-piK'1 y Bii aepes 100 po-
KiB, a y Bini 200 pokis — 0,03 m-pik. Biamo-
BITHO, HaWOIMBIIMKA OPUPICT 32 TOBLIMHOIO
cToBOYpiB, 8 MMpiK ', crocrepiraBcs y Bimi
55-60 pokiB, a 3a 00’eMoM CTOBOYpHOI Jepe-
Bunu, Oumemie 0,1 M3-pi1<'1, BUSIBJICHO Y BIIll
nepeB 200 poxkiB. [ToxiOHi TenaeHmii mokasas i
CepeHiil MpHpICT 3a IMMHU Moka3Hukamu. [Ipo-
T€ CepemHiil MpUpIiCT 32 00’€eMOM CTOBOYpHOI
JepeBUHH CATHYB MakcumyMy, 0,04 M-pik’,
TakoX y Bitli nepeB moras 200 pokis. Tpenn 3a-
JIKHOCTI TIPOIEHTA TOTOYHOTO TIPHPOCTY
00’eMy Bij1 00’ eMy CTOBOYPIB MOJICJIBHUX JIEPEB
MoKa3aB, 10 Hpu 00’emi CTOBOYpIB MOHA[
2,0 M° Bin cranosuts 2,0-0,8 %. Ile xapakrep-
HO JUIS JiepeB AyOa 3BHMYAWHOTO Y Billl TTOHAT
100 poxkiB (puc. 36 i1 38). HaBeneni pesynbrati
JIO3BOJIMJIM PO3paxyBaT BHUPIBHSHI yCepeaHEeHl

In general, the average growth rate of the trees
in height was consistent with the IV-III bonitet.
At the age of 50 years, their height reached 12 m,
and in 100 years — 21 m. Accordingly, the
thickness of the trunks in this age reached 25 cm
and slightly more than 50 ¢cm, and the volume —
approximately 0.5 m’ and almost 2 m’. The
largest average current increment in the height of
the trunks of these trees was at the age of 25 years
and was approximately 0.3 mwyr', and has
continued to decline to a value of 0.15 m-yr' at
the age of trees is 100 years old, and at an age 200
years — 0.03 m-yr'. Accordingly, such a large
increment in the thickness of the trunks, 8 mm-yr'l,
was observed at the age of 55-60 years, and in the
volume of trunks wood, more than 0.1 m’ -yr'],
was found at the age of trees 200 years old.
Similar trends also showed an average increment
in these indicators. However, the average
increment in the volume of trunk wood reached a
maximum of 0.04 m’yr' also at the age of the
trees over 200 years. The trend of the dependence
of the percentage of current volume increment
from the volume of trunks of model trees showed,
that in the volume of the trunks more than 2,0 m’
it is 2,0-0,8 %. This is typical for Quercus robur
trees in the age of over 100 years (Figures 36
and 38). The given results allowed to calculate the
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3HA4YEHHS BUIOBUX YMCEN 3aJIeKHO BiJ BUCOTH 1 moving averaged values of the form factor
TOBIIMHK CTOBOYpiB (Tabm. 13). ¥ cepemnpomy depending on the height and the thickness of the
1IeH TTOKa3HUK cTaHOBHUTH 0,450. trunks (Table 13). On average, this index is 0.450.

AV, % = TE-06V° - 0.0006V° + 0.0167V" - 0.2301V° + 1.5888V" - 5.3112V + 8.3

10 =
PR =0.6025
8 K —
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6 1% - - -Avg
N \ Trend
4 NG
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0 T T T T
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Puc. 38. Tpen 3ane:KHOCTI MPOIIEHTa MOTOYHOTO MPUPOCTY 32 00’ €MOM Biff 00’ €My cTOBOYPIB MOJETBHUX
JiepeB ay0a 3BUYaiiHOTO, siKi pociu Ha [lepenkapnarcekiil BucounHi: "Value" — dhakTHiHI 3HAYCHHS;
"Avg" — miHis ycepeaneHnx (pakTraHUX 3Ha4YeHb; "Trend" — miHiA ycepeaHeHoro TpeHIy
Fig. 38. The trend of the dependence of the percentage of the current volume increment from the volume
of Quercus robur model trees trunks, which grew up on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — line of averaged trend

Tabnuys 13
Table 13
BupiBHsiHI ycepeHeHi 3HaYeHHS BU/IOBUX YHCeEJI 3JI€:KHO BiJl BUCOTH
i TOBIIMHY cTOBOYPIB MO/IeJILHHX JepeB 1y0a 3BHYAITHOI0, AKi POC/IM HA
Iepenkapnarcbkiii BUcounsi: "fy" — BUpiBHsIHI cepeHi BUIOBI 4Ync/ia cToBOYypiB pizHOT

ToBIUHU; "f," — BUPIBHSIHI cepeHi BUA0OBI Yucaa cTOBOYpIiB pi3HOI BUCOTH
The moving averaged actual value of the form factors dependence from the trunks height
and their thickness of Quercus robur model trees, which grew on the Carpathian Foothills:

"fq" — the moving average values of form factor of different thickness trunks;

"f,"' — the moving average values of form factor of different height trunks

D H 8 10 12 14 16 18 20 22 24 26 28 30
8 10.720 | 0.665 0.756
12 [0.690 | 0.637 | 0.596 0.695
16 [0.663 |0.612]0.572 | 0.543 0.641
20 | 0.637]0.589 | 0.550 ] 0.522 | 0.504 | 0.493 | 0.489 0.593
24 0.567 [ 0.530 | 0.503 | 0.485 ] 0.476 | 0.472 | 0.472 0.551
28 0.512 [ 0.486 | 0.469 | 0.459 | 0.456 | 0.456 | 0.457 0.514
32 0.496 [ 0.471 | 0.454 ] 0.445 | 0.442 | 0.441 | 0.443 | 0.443 0.483
36 0.48210.458 [ 0.441 | 0.432 | 0.429 | 0.429 | 0.430 | 0.431 0.456
40 0.470 [ 0.446 | 0.430 ] 0.422 | 0.418 | 0.418 [ 0.419 | 0.420 0.433
44 0.460 [ 0.436 | 0.421 ] 0.412 | 0.409 | 0.409 | 0.410 | 0.411 0.414
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IIpoooeoicenna mabauyi 13
Continuation of Table 13

D H 8 10 12 14 16 18 20 22 24 26 28 30
48 0.451 [ 0.428 [ 0.413 | 0.405 | 0.401 | 0.401 | 0.403 | 0.403 0.399
52 0.422 1 0.407 [ 0.399 ] 0.395 [ 0.395 | 0.397 | 0.397 0.387
56 0.402 | 0.394 [ 0.391 | 0.391 ] 0.392 | 0.392 0.378
60 0.399 1 0.391 [ 0.387 | 0.387 ] 0.389 | 0.389 0.372
64 0.397 1 0.388 [ 0.385 | 0.385 ] 0.386 | 0.387 0.368
68 0.395 1 0.387 | 0.384 ] 0.384 | 0.385 | 0.386 0.366
72 0.395 | 0.387 [ 0.384 | 0.384 | 0.385 | 0.386 0.365
76 0.396 | 0.388 [ 0.385 | 0.385 | 0.386 | 0.386 | 0.384 0.366
80 0.389 [ 0.386 [ 0.386 | 0.387 ] 0.387 | 0.385 0.369
84 0.391 [ 0.388 | 0.388 | 0.389 | 0.389 | 0.387 0.372
88 0.390 | 0.390 [ 0.391 | 0.391 | 0.389 0.376
92 0.39210.392 1 0.393]0.394 | 0.391 0.381
96 0.39510.395 [ 0.396 | 0.396 | 0.394 0.386
100 0.39710.398 | 0.399 | 0.396 0.390
104 0.401 | 0.399 0.395
108 0.401 0.400
112 0.403 | 0.396 | 0.404
116 0.397 | 0.407
fi 10.685]0.584 | 0.510 | 0.460 | 0.428 | 0.410 | 0.404 | 0.404 | 0.406 | 0.407 | 0.402 | 0.387 | 0.450
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[Oy6 3BnYanHun, BUKONaHUn
i3 3annaBu pikn JlimHuULi

CroBOyp BuUKOMHOro Jy0a 3BHYAWHOIO
Oyno 3HaiineHo Bmitky 2005 p. mig mpaBoro
NEepUIOI0 MPUPYCIOBOIO Tepacoro piku Jlim-
HUII, 110 € IPABOIO MOTYXHOIO MPUTOKOIO PIKU
Huicrep Ha IlepenkapmaTti (Tpu KuUIOMETpH
HWK4Ye c¢. Bicroa, Bucora 250 M H. p. M).
3aranbHi BiIOMOCTI Mpo reorpadiuHe po3ra-
IIyBaHHS Ta OlOMETPHUYHI TOKAa3HUKU HaBe-
neHo y Tabu. 14 ta Ha puc. 39. Y3aranbHeHi
OloMeTpHYHI MOKAa3HUKH XOAY POCTY CTOBOY-
piB IIUX JiepeB HaBenaeH1 Ha puc. 40—42.

Quercus robur tree that was dig out from
the floodplain of the Limnytsya River

The fossil trunk of Quercus robur tree was
found in the summer 2005 under the right first
terrace obove watercourse of the Limnytsya
River, which is a powerful right the tributary
of the Dniester River in the Carpathian region
(three kilometers below the village of Vistova,
250 m a.s.l.). General information on their geo-
graphical location and biometric data are given
in Table 14 and in Figure 39. The generalized
biometric parameters of the growth course of the
trunks of these trees are shown in Figures 40-42.

Tabnuys 14
Table 14

MoaenbHe 1epeBO BUKOMHOIO 1y0a 3BU4YANHOI0, 3HANi/IeHe
B 3amuiaBi piku Jlimauui Ha Ilepeakapnarcebkiii BUCOUNHI

Model tree of Quercus robur that was found in the floodplain
of the Limnytsya River on the Carpathian Foothills

60 49.04401° | 4.48607°

250 197 21 50 2.0

Puc. 39. Micuie Ha [lepenkapaTchbKiii BUCOUHHI, /e 3HAWICHO BIUKOITHE MOJICITHHE JIepeBa y0a 3BUYaiHOrO,
sike OyJI0 TIOXOBaHe Y PiUKOBIi 3armiaBi

Fig. 39. The place on the Carpathian Foothills, where was found fossil model trees of Quercus robur,
which was buried in the river floodplain
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Puc. 40. Xix pocty, moTOUHHI Ta CEpeaHiN MPUPOCTH Y BUCOTY BUKOITHOTO MOJIETBHOTO JIepeBa
Jty0a 3BUYaifHOT O, 1110 OYJIO 3HAWCHE y PIYKOBii 3aruiaBi Ha IlepeakapnaTtchkiii BHCOYHHI:
"Value" — axtuani 3Hauensst; V i V¢ — ninii kinaci 6onitery; "Trend" — ninist TpeHty
Fig. 40. The trend of growth, the current and average increments in height of fossil model tree
of Quercus robur, which was buried in the river floodplain on the Carpathian Foothills:
"Value" — actual values; "Trend" — trend line; V and V* — line of forest stands bonitet classes
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Puc. 41. Xix pocTy, MOTOYHHI Ta CEpeAHi MPUPOCTH 3a TiaMETPOM BUKOITHOTO MOJIETHHOTO JiepeBa
Jy0a 3BMYAiHOTO, 1110 OyJI0 3HAWCHe y PIYKOBIi 3aruiaBi Ha [lepeakapnaTchbKili BHCOYHHI:
"Value" — dhaxtnuni 3Ha4eHHs; "Trend" — miHis TpeHTy

Fig. 41. Trend of growth, the current and average increments by the trunks thickness of fossil model tree
of Quercus robur, which was buried in the river floodplain on the Carpathian Foothills:
"Value" — actual values; "Trend" — trend line
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Puc. 42. Xig pocty, OTOYHUI Ta cepeHIN MPUPOCTH 32 00’ €MOM BUKOITHOTO MOJEIHLHOTO JepeBa
Jty0a 3BUYAfHOT O, 1110 OYJIO 3HAlIeHe y PIYKOBii 3aruiaBi Ha IlepenkapnaTchkiii BHCOYHHI:
"Value" — ¢axriuni 3Hauenns; "Trend" — miHist Tpenmgy

Fig. 42. Trend of growth, the current and average increments by the trunks volume of fossil model
tree of Quercus robur, which was buried in the river floodplain on the Carpathian Foothills:
"Value" — actual values; "Trend" — trend line
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Carpathian Foothills

CrtoBOyp 3asraB ymorepek pycia piku Ha
piBHI Bogu. CkiamaBcs BiH 3 JIBOX YacCTHH.
PamioByrieneBuii BiK 30BHIIIHBOTO MIAPY
JIepeBUHU CTOBOypa OyJI0 BCTaHOBJIICHO B
IncturyTi reoximii 1 ¢izuku minepanis HAH
Vkpainu. Bin ctanoButh 1480+50 pokiB
(KN — 12708). 1le mae mpaBo BBa)xaTH, IO
ny0 3aruHyB npubau3Ho y 520 p. H. e.

3araqioM ycepeJHeHUH TeMI POCTY I[bOTO
JiepeBa y BHUCOTY BIANOBIIAB IMOKa3HUKAM
V-V* Gonirery. V Biui 50 pokis iioro Bucora
carana 4 m, a 'y 100 pokis — 12 m. Bigmo-
BIJIHO, TOBIIMHA CTOBOypa y IIbOMY BiIi
csarana 12 cm 1 27 cM, a 00’eM — npUOIU3HO
04 M y Bimi mepesa 100 poxiB. Y Bimi
197 pokiB o6’eM cToBOypa csraB 2 M.
CepenHiil 1 TOTOUYHUI TPUPOCTH 32 BUCOTOIO,
JIiaMeTpoM Ta 00’€MOM BHKOITHOTO Jy0a,
akuit pic y nepiox Bix 340 mo 520 poky H. e.,
OyB ynBiui, yTpu4i MEHIIMH 3a IHTCHCHB-
HICTIO, HI)K CyYaCHHX JIEPEB.

JeranpHa iHpOpMaIs Npo 1€ MOJEIbHE
JIEPeBO TI0JIaHa B HAIIIK CTATTi [65].
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The trunk was located across the river bed at
the water level. It consisted of two parts. The
radiocarbon age of the outer layer of wood was
established at the Institute of Geochemistry and
Mineral Physics of the National Academy of
Sciences of Ukraine. It is 1 480 = 50 years (KU1 —
12 708). It gives the right to assume that the oak
perished approximately in 520 AD.

In general, the average growth rate of the tree
in height was consistent with the V—V* bonitet.
At the age of 50 years, their height reached 4 m,
and in 100 years — 12 m. Accordingly, the
thickness of the trunk in this age reached 12 cm
and 27 cm, and the volume — approximately
0.4 m’ in the age of the tree of 100 years old. At
the age of 197 years, the volume of the trunk
reached 2 m’. That medium and current
increments after a height, diameter and volume
of fossil oak, which grew in a period from 340
to 520 year A.D. was twice, three times smaller
than the intensity of the modern trees.

Detailed information about this model tree is
given in our article [65].



lNepeakapnatcbka BUCOYMHA

Carpathian Foothills

Anuvuna 6ina

JocnimpkeHHss Oy 30Cepe/DKeHI Ha 3eMIISIX
bonexiBcpkoro ta Paxuuchkoro micHuntB [lep-
’aBHOro minnpuemctsa "bBonexiBcbke JticoBe
rocrnoapcTBo", J|0BrOBOWHIIIIBCHKOTO JIiCHHII-
TBa [lepkaBHoro mianpuemctsa "Karycbke Jtico-
Be rocrnoaapctBo’ 1 KpacHSHCBHKOTO JTiCHHIITBA
JeprxaBroro mignpuemcTa "OCMOJOACHKE JTiCO-
BEe rocmojapcTBO". 3arajapbHi BiIOMOCTI TIPO
reorpadiyHe po3TalIyBaHHS Ta OIMETpUYHI
MOKAa3HUKW HaBeleHO B Tabi. 15 Ta Ha puc. 43.
VY3aranbHeHi 6ioMeTprYHI TOKa3HUKU X0y POCTY
CTOBOYpIB IMX JIepeB MOKa3aHi Ha puc. 44—46.

Abies alba Mill

The model cuttings were made from trees that
grew up on the territory of Bolechiv Forestry
and Rachynia Forestry of Bolechiv State
Enterprise of Forestry Management, of Dovhyi
Voinyliv Forestry of Kalush State Enterprise of
Forestry Management and Krasne Forestry of
Osmoloda State Enterprise of Forestry Mana-
gement. General information on their geogra-
phical location and biometric data are given in
Table 15 and in Figure 43. The generalized
biometric parameters of the growth course of the
trunks of these trees are shown in Figures 44-46.

Tabnuys 15
Table 15

MopeabHi aepesa suui 01101, mo pociau Ha [lepenkapnarcekiii BUCOYMHI
Model trees of Abies alba that grew on the Carpathian Foothills

Homepu ey Bi.OMCTp.I/I‘IHi IMOKa3HUKH CTOBOYPIB
MOJICTIbHUX JIepeB Loty Biometrical measures of tree trunks
Numbers of model A u D v

trees N E H
57 49.177148|24.328462 350 122 34.2 82.6 6.9
59 49.177148|24.328462 350 73 22.7 17.4 0.27
61 49.177148|24.328462 350 73 30.25 35.0 1.71
73 48.861757|24.249462 445 108 41.0 87.0 8.68
153 49.033118]24.010184| 425 74 30.0 65.0 4.2
154 49.033118]24.010184| 425 70 29.0 41.0 1.86
155 49.033118]24.010184| 425 70 19.0 20.0 0.29
174 48.947926(24.021735 437 65 16.0 17.6 0.23
175 48.947926 | 24.021735 437 136 42.0 91.0 9.4

Puc. 43. Micus Ha [lepenkapriaTchbKiii BUCOUHHI, Jie OYJIO B35TO MOJICIIbHI IepeBa sSUTUILII 01101

Fig. 43. The places on the Carpathian Foothills, where model trees of Abies alba were taken
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Puc. 44. Xinx pocty, OTOUHMIA Ta CepeHIN MPUPOCTH Y BUCOTY MOJIETBHIX AEPEB SUTHUII 01101,
ki pocim Ha [lepenkapnarcekiii BucounHi: "Value" — aktnyani 3HaueHHs; "Avg" — JTiHisA ycepeTHEHNX

¢daxTraHuX 3Ha4eHb; "Trend" — minis Tpermy; "I" i "II" — miHil k1aciB GoHITETY
Fig. 44. The trend of growth, the current and average increments in height of Abies alba model trees,

which grew on the Carpathian Foothills: "Value" — actual values; "Avg" — line of averaged actual values;
"Trend" — trend line; "I" and "III" — line of forest stands bonitet classes
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Puc. 45. Xix pocTy, MOTOYHHI Ta CepeaHii MPUPOCTH 3a TiaMeTPOM MOJIETBHIX AEPeB sUTHIl Oioi,
siki pocin Ha [lepeakaprnatchbkiii BucounHi: "Value" — hakTHyHi 3HAYCHHS,
"Avg" — niHis ycepeaHeHNX (pakTHIHUX 3Ha4eHb; "Trend" — miHis TpeHIY

Fig. 45. Trend of growth, the current and average increments by the trunks thickness
of Abies alba model trees, which grew on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 46. Xix pocty, MOTOYHMI Ta CEPEIHIN PUPOCTH 32 00 EMOM CTOBOYPIB MOJICILHIX JICPEB SUTUIIL OLITOT,
aki pocim Ha [lepenxaprarcekiii BucounHi: "Value" — aktrnyani 3HaYeHHS;
"Avg" — niHis ycepenHeHUX (paKTUUHUX 3Ha4eHb; "Trend" — miHis TpeHIy

Fig. 46. Trend of growth, the current and average increments by the trunks volume of Abies alba
model trees, which grew on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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Carpathian Foothills
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Puc. 47. YcepenneHa 3ae)HiCTh BUCOTH BiJI TOBIIMHH CTOBOYPIB MOJIETIFHUX JePEB sUTULI 017101,
sKi pocnu Ha [lepenkapnarcekiit BucounHi: "Value" — gakTnaHi 3HaYeHHS;
"Avg" — niHis ycepenHeHnX (GaKTUIHUX 3Ha4eHb; "Trend" — miHis TpeHIY
Fig. 47. The average dependence of the height from the thickness of the trunks of Abies alba

model trees, which grew on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line

3arajioM ycepemHEeHUH TeMIl pOCTy IEpeB Y
BHCOTY BiAnoBizas nokasuukam II1-1* Gonirery.
V Bini 50 pokiB ix Bucora carana 15 m, a'y 100
pokiB — 33 M. BiamoBigHo, TOBIIMHA CTOBOYPIB Y
mpoMy Bimi csrama 17 oM 1 maibke 60 cM, a
06’eM — pubm3HO 0,5 M’ i TPOXM MEHIIE HixX
4 . HaifGinbIumii ycepeqHeHni OTOYH It IpH-
piCT y BUCOTY CTOBOYpIB LIMX AepeB OyB y Billl
35-65 pokiB i cTaHOBMB TpHOIM3HO 0.4 M-piK .
BinnosiaHo, Takuii HAROUTBITHMIA TTPUPICT 32 TOB-
IIAHOIO CTOBOYpIB, Gibie 9 MM-piKk ', criocTepi-
raBca y Bimi moHan 100 pokiB, a 3a 00’eMoM
croBOypHOI nepeBuHH, Oumbure 0,16 M -pik’,
BUSIBJIEHO y Bili zaepeB moHan 120 pokis. Ilo-
TiOHI TEHJICHIIIT TIOKa3aB 1 CepeHiil MpHpicT 3a
UMK 1oka3Hukamu. [Ipote cepemHiit mpupict 3a
00’eMOM CTOBOYpPHOI JIEpEBUHU CATHYB MAaKCH-
Mymy, 0,06 M’-pik’, e y Bimi mepeB moHas
120 pokiB. Tpenn 3a7eKHOCTI MPOIEHTA MTOTOY-
HOTO TPUPOCTY 00’eMy Bimg 00’eMy cTOBOYpIB
MOJISIBHUX JIepeB TIOKa3aB, IO TpH 00 eMi
croBbypis 1,0 M  Bim cranouB 5%. Lle xa-
PaKTEpHO I AepeB suiLli 61101 y Billl 75 POKIB.
TIpote npu 06'emi 5 M° Bil cTaHOBHB 3 %, a Mpu
9 M — 1,5 % (puc. 46 Ta 48).

HagBeneHi pe3ynpTaTi 103BOJMIN PO3pPaxy-
BaTH BUPIBHSHI YCEpeIHEHI 3HAUY€HHsS BUIO-

In general, the average growth rate of the trees
in height was consistent with the II-I* class
bonitet. At the age of 50 years, their height reached
15 m, and in 100 years — 33 m. Accordingly, the
thickness of the trunks reached 17 cm and almost
60 cm, and the volume — approximately 0.5 m’
and slightly less than 4 m’. The largest averaged
current increment in height of trunks of these trees
was at the age of 3565 years and was approxima-
tely 0.4 m-yr'. Accordingly, such a large incre-
ment in the thickness of the trunks, more 9 mm-yr”
was observed at the age more than of 100 years,
and in the volume of trunk wood, more than
0.16 m*yr", was found at the trees age more 120
years old. Similar trends also showed an average
increment in these indicators. However, the avera-
ge increment in the volume of trunk wood reached
a maximum of 0.06 m>yr" only at the age of the
trees over 120 years. The trend of the dependence
of the percentage of current volume increment
from the volume of trunks of model trees showed,
that at the volume of trunks 1.0 m® it was 5 %.
This is characteristic of Abies alba trees at the age
of 75 years. However, at a volume of 5 m’ it was
3%, and at 9 m’ it was 1.5 % (Figures 46 and 48).

The given results allowed to calculate the
moving averaged values of the form factor
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BUX YHCEJ 3aJeKHO Bia Bucotu Ta ToBimHM depending on the height and the thickness of
ctoBOypiB (tabnm. 16). Y cepemnbomy meit the trunks (Table 16). On average, this index

IMOKa3HUK cTaHOBHUTH (,446. 1s 0.446.
AV, % =-0.0015V° + 0.0408V" - 0.414V° +2.0217V* - 5.1127V + 9
12 ¢ |
IR” = 0.5098 . Value
9 Lo ----Avg | |
N Trend
6 ‘_ \ <\ v
Y N _.'. - -:”\. . '- .
3 - : .'~.T'ﬁ'-'""=~\.*?~;""~_
. . * N -—-.\
0
0 1 2 3 4 5 6 7 8§ V.M

Puc. 48. Tpena 3a1eXHOCTI MPOIIEHTa TTOTOYHOTO MIPUPOCTY 32 00’ €MOM Bijl 00’ €My CTOBOYPIB MOJIEITEHHX
JepeB s 61101, AKki pocnu Ha [lepenkaprmaTtcrkiil BucounHi: "Value" — akTuyHi 3HaYEHHS;
"Avg" — niHis ycepenHeHUX (GaKTUIHUX 3Ha4YeHb; "Trend" — JiHis ycepeaHEeHOro TPeHIY
Fig. 48. The trend of the dependence of the percentage of the current volume increment from the volume
of Abies alba model trees trunks, which grew up on the Carpathian Foothills: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — line of averaged trend

Tabnuys 16
Table 16

BupiBHsiHi ycepeHeHi 3HAYeHHSsI BUIOBUX YK ceJT 3aJIe5KHO BiJl BUCOTH i TOBIIMHU CTOBOYPiB
MO/IeJIHUX JiepeB siuili 01101, siki pocsin Ha [lepenkapnarcbkiii BUCOYHHI:
"fq" — BUpIBHSIHI cepeHi BUIOBI YHcJIa cTOBOYPIB pi3HOI TOBIMHIY;
"f,'"' — BUpPIBHSIHI cepeHi BUI0BI YKciia cTOBOYPIiB pi3HOI BUCOTH

The moving averaged actual value of the form factors dependence from the trunks height
and their thickness of Abies alba model trees, which grew on the Carpathian Foothills:
"fq" — the moving average values of form factor of different thickness trunks;

"f,"" — the moving average values of form factor of different height trunks

D H 8 12 16 20 24 28 30 32 34 36 38 40 42 fy
12 [0.549(0.509 [ 0.509 0.550
16 0.499(0.499 [0.507 0.528
20 0.48910.497 0.508
24 0.481 [ 0.489 [ 0.490 0.492
28 0.47410.482(0.483(0.472 0.478
32 0.476|0.4760.466 | 0.457 0.465
36 0.470]0.471]0.461 | 0.452 0.454
40 0.465|0.466 |0.456 | 0.447 | 0.437 0.445
44 0.461|0.451)0.443] 0.433 0.436
48 0.45710.447|0.439]| 0.429] 0.418 0.428
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IIpoooeoicenna mabauyi 16
Continuation of Table 16

D H 8 12 16 20 24 28 30 32 34 36 38 40 42 fa

52 0.45310.443|0.435| 0.425]| 0.415 0.420
56 0.439]0.431) 0.421| 0.411] 0.401 0.413
60 0.436(0.427| 0.418| 0.408] 0.398 0.406
64 0.424| 0.414| 0.404| 0.395| 0.386 0.400
68 0.420| 0.411]| 0.401) 0.391] 0.383 0.393
72 0.408] 0.398| 0.388] 0.380 0.387
76 0.404| 0.395| 0.385| 0.377| 0.371 0.380
80 0.391] 0.382| 0.374| 0.368 0.374
84 0.388] 0.379] 0.371] 0.365] 0.361]0.369
88 0.362| 0.359|0.364
fi 10.549]0.47210.471[0.487]0.488|0.467[0.450] 0.430] 0.409] 0.390] 0.373| 0.361| 0.354]0.446
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Hwuabkorip’a CxigHux becknais

Lowmountains of the Eastern Beskids

Husbkorip’sa
CxipHux BeckuaiBs

Hocnimxenns npoeneHo Ha Tteputopii [lo-
nstHAIBKOr0 Ta CyKinbehbKOro JIicHUUTB [leprkas-
Horo mianpueMcTBa "bonexiBcbke J1icOBE rocmo-
napctBo", I'peGeniBcbkoro micHuiTBa Jlepikas-
Horo mianpuemctBa "CraBCbKe JIICOBE TOCIIO-
napctBo", CobosbchKoro JicHULTBA JlepKaBHOTO
mianpueMcTBa "BUTroichKke JTiCOBE TroCmomapct-
B0", Cnacbkoro JiicHuNTBa Jlep>kaBHOTO i ITPH-
emcTBa "BpoIIHIBChKE JTiCOBE TOCMOIAPCTBO",
Ocmonoacekoro Ta IleperiHchbKoro JiCHUIITB
HepxxaBHoro mignpueMmctBa "OCMOIOACHKE JIi-
coBe rocrnogapcTtBo”. TepuTopii KOHIEHTpamii
MICIIb POCTY JIOCII/DKEHHX MOJICITBHUX JEPEB IT0-
KazaHi Ha puc. 49. MozenbHi iepeBa BiaiOpaHO B
mexxkax Bucotn 450-1180 M H.p.m. Cxunm
PI3HUX eKCTIO3uLii, kpyTr3Howo 10-30°. [pyHTOBI
YMOBH: Me30-eBTpO(HI Ta eBTpOdHI Cr1aboKuci
CYIJIMHKOBI ApiOHOKam'sHUCTI (Leptic Cambisols,
Eutric Cambisols) nepiomu4Ho CBIX1, BOJOI1 U
cupi. Kimimar momipHO-X010AHUI PIBHOMIPHO-
BOJIOTHH 31 CIIEKOTHUM JITOM, CIPHUSTIMBUN
JUISL POCTY TIPCHKUX MIIIAHUX OaraToBUIOBUX
SUTULIEBO-OyKOBHUX JIICIB.

Lowmountains
of the Eastern Beskids

The researches were focused on the lands
of Polianytsia and Sukil' Forestry of Bolechiv
State Enterprise of Forestry Management, of
Grebeniv Forestry of Slavske State Enterprise
of Forestry Management, of Sobol' Forestry
of Vygoda State Enterprise of Forestry
Management, of Spas Forestry of Broshniv
State Enterprise of Forestry Management, of
Osmoloda and Pereginsk Forestry of Osmo-
loda State Enterprise of Forestry Manage-
ment. The areas of the growth sites of the
studied model trees are shown in Figure 49.
Model trees are selected within the altitude of
450-1 180 m a.s.l. The slopes of different
exposures, steep 10-30°. Soil conditions:
meso-eutrophic and eutrophic slightly acidic
sandy-loam and loamy petty-rocky (Leptic
Cambisols, Eutric Cambisols) periodically
mesophile, meso-hygrophile and hygrophile.
The climate is moderately cold, evenly humid
with hot summers, what is contributory with
grow mountain mixed multi-species fir-beech
forests.

Puc. 49. Micus y auspkorip’i Cxigaux beckuis, 1e O6yi1o B3sTO MOJCTBHI IepeBa

Fig. 49. The location on the lowmountains of the Eastern Beskids, where model trees were taken
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Lowmountains of the Eastern Beskids

Byk nicoBun

Jocnimkenns: Oyau 30cepeKeHi Ha 3eMIIsIX
[TonstHUIIBKOTO JTicHUITBA JlepskaBHOTO ITiI-
pueMcTBa "bonexiBchke JicoBe rocnoaapcTso”
i Ileperincekoro ta CIMBKIBCHKOTO JICHUIITB
HepxxaBHoro mianpuemcta "OcMooaChKe
JicoBe rocrnoAapcTBo'. 3araibHi BiIOMOCTI PO
reorpadiuHe po3TallyBaHHA Ta OIOMETPUYHI
MMOKa3HUKK HaBeneHo y Tabm. 17 Ta Ha puc. 50.
V3arasipHeHi OlOMETPHYHI TMOKa3HUKH XOIY
pOCTy cTOBOYpIB IIMX JepeB HaBeICHI Ha PHC.
51-53. VcepenHeHna 3aJIeKHICTh BUCOTH CTOB-
OypiB BiJ IX TOBIIMHHU OKa3aHa Ha puc. 54.

Fagus sylvatica L.

The model cuttings were made from trees that
grew up on the territory of Polyanytsya Forestry
of Bolechiv State Enterprise of Forestry Mana-
gement and Perehinsk Forestry and Slywky
Forestry of Osmoloda State Enterprise of Forestry
Management. General information on their
geographical location and biometric data are gi-
ven in Table 17 and in Figure 50. The generalized
biometric parameters of the growth course of the
trunks of these trees are shown in Figures 51-53.
The average dependence of the trunks height on
their thicknes is shown in Figure 54.

Tabnuysa 17
Table 17

MopenbHi nepeBa 0yka J1icoBoro, mo pocju y Hu3bkorip’i Cxignux beckuais

Model trees of Fagus sylvatica that grew on the Lowmountains of the Eastern Beskids

Homepu . BiomeTpruHi MOKa3HUKH CTOBOYPIB
Mo;[em,Hmr: nepes Mllfgsallaiocw Biometrical measures of tree trunks
Numbers of model 15/ A H D v

trees N E H
31 49.01778 | 23.73518 600 31 33.5 37.6 1.49
42 49.01396 | 23.72881 630 42 35.1 29.6 1.15
43 49.01477 | 23.73930 680 43 332 31.2 1.22
77 48.74618 | 24.23025 640 77 26.4 53.0 2.53
111 48.77147 | 24.16520 820 111 27.5 49.8 2.48
113 48.76773 | 24.17031 700 113 22.0 51.4 2.03
126 49.00452 | 23.65209 786 126 354 57.0 4.59
127 49.00487 | 23.65213 786 127 37.5 37.6 1.79
128 49.00534 | 23.65278 786 128 36.8 52.0 2.67

Puc. 50. Micus y Husbkorip’i Cxigaux beckunis, fe 0yJ10 B3sSTO MOZE/IbHI iepeBa OyKa JIiCOBOTO

Fig. 50. The places in the lowmountains of the Eastern Beskids, where model trees of Fagus sylvatica were taken
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Puc. 51. Xix pocty, MOTOYHMIA Ta CEpeaHii MPUPOCTH Y BUCOTY MOJIETIHHIX JAepeB OyKa JIicOBOTO,
stKi pocn y Hu3bkorip'1 Cxiganx beckuais: "Value" — ¢axtruHi 3HaueHHS; "Avg" — JTiHIS ycepeTHCHNX
¢axTiuanX 3Ha4eHsp; "Trend" — miHig Tperay; "I" 1 "II1" — minii KraciB GoHiTeTY

Fig. 51. The trend of growth, the current and average increments in height of Fagus sylvatica model trees,
which grew in the lowmountains of the Eastern Beskids: "Value" — actual values; "Avg" — line of averaged
actual values; "Trend" — trend line; "I" and "III" — line of forest stands bonitet classes
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Puc. 52. Xix pocty, moTOUHMIA Ta CepeaHii MPUPOCTH 3a TiaMeTPOM MOJETBHIX AepeB OyKa JIicOBOTO,
sIKi pocin y HusbKorip’i Cxignux beckuais: "Value" — paktudni 3HaueHHs; "Avg" — JTiHIsS ycepeTHEHUX
(axTuHNX 3HaUeHb; "Trend" — miHIsA TpeHITY

Fig. 52. Trend of growth, the current and average increments by the trunks thickness of Fagus sylvatica
model trees, which grew in the lowmountains of the Eastern Beskids: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 53. Xia pocty, HOTOYHMI Ta CepeiHiil MPUPOCTH 32 00’ €MOM CTOBOYPIB MOJICITBHUX JepeB Oyka
JicoBOTO, sIKi pocii y Hu3bKorip'1 Cximaux beckunis: "Value" — axTndaHi 3HaYEHHS;
"Avg" — miHis ycepeaHeHNX (pakTHYHHUX 3Ha4eHb; "Trend" — niHis TpeHIy
Fig. 53. Trend of growth, the current and average increments by the trunks volume of Fagus sylvatica

model trees, which grew in the lowmountains of the Eastern Beskids: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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Lowmountains of the Eastern Beskids
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Puc. 54. Ycepenuena 3aj1eKHICTh BUCOTH Bl TOBIIMHHU CTOBOYPIB MOJIEJIFHUX J€pEB OyKa JIICOBOrO
b
sKi pociu y Hu3bKorip’i Cximanx beckumis: "Value" — dakTiyHi 3HaUSHHS;
"Avg" — niHis ycepeaHeHuxX (pakTHIHUX 3Ha4YeHb; "Trend" — niHis TpeHIY

Fig. 54. The average dependence of the height from the thickness of the trunks of Fagus sylvatica model
trees, which grew in the lowmountains of the Eastern Beskids: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line

3arajoM ycepeaHeHHU TeMIT POCTY JIepPeB y
BHUCOTY BINoOBigaB mnokazHukam I[II-I Goni-
tety. Y Biui 50 pokiB ix Bucora csrana 14 M,
a 'y 100 pokiB — 29 M. BignoigHo, TOBIIMHA
cTOBOYpIB y IbOMY Billi csirana 27 ¢cM 1 TpOXH
Ginbme 35 cM, a 06’eM — mpu6mm3Ho 0,3 M i
Tpoxu Ginbme Hix 1,3 M°. HaiiGinsmmii yce-
peIHEeHHUI MOTOYHUN TMPUPICT Y BUCOTY CTOB-
OypiB mux nepeB OyB y Bimi 35-60 pokiB i
cTtaHoBUB Tpubau3Ho 0,35 M'piK'l. Biamosiza-
HO, TaKWil HAWOIIBIINKA MPHUPICT 3a TOBIIU-
HOIO CTOBOYpIiB, 4 MM-piK', crocTepiraBcs y
Bimi 40—70 pokiB, a 3a 00’eMOM CTOBOYpHOT
nepesunn, 6insme 0,04 M>-pik’, BUSBICHO Y
Bimi nepeB monan 120 pokiB. [TomiOni TeH-
JIEeHITIT TIOKa3aB 1 CEpeIHIi MPUPICT 3a ITUMHU
nokasHukamu. Cepeaniil mpupicT 3a 06’eMom
CTOBOYpHOi JEpEeBHUHHU CATHYB MAaKCUMYyMY,
0,02 m -pik', muime y Bimi mepes mosax 125
pokiB. TpeHna 3amexHOCTI MPOIEHTa IMOTOY-
HOTO MPUPOCTY 00’ €My BiJl 00’eMy cTOBOYpiB
MOJIEJILHUX JIEpEeB TOKa3aB, II0 MpU 00’ eMi
cToBOypiB moHanm | M BiH He MEPEBUIILY €
2 %. lle xapaktepHo s aepeB Oyka Jico-
Boro y Bitti 90 pokiB (puc. 53 Ta 55).

HaBeneni pe3ynbTaTe JO3BOJMINA PO3paxy-
BaTH BHUPIBHSHI yCEpeIHEH] 3HAYCHHS BUIOBHX

In general, the average growth rate of the trees
in height was consistent with the III-II bonitet. At
the age of 50 years, their height reached 14 m, and
in 10029 m. Accordingly, the thickness of the
trunks reached 27 cm and slightly more than
35 cm, and the volume — approximately 0.3 m’
and slightly more than 1.3 m’. The largest
averaged current increment in height of trunks
of these trees was at the age of 35-60 years and
was approximately 0.35 m-yr". Accordingly, such
a large increment in the thickness of the trunks,
4 mm-yr’, was observed at the age of 4070 years,
and in the volume of trunks wood, more than
0.04 m’yr', was found at the age of trees over
120 years old. Similar trends also showed an
average increment in these indicators. However,
the average increment in the volume of trunk
wood reached a maximum of 0.02 m>yr" only at
the age of the trees over 125 years. The trend of
the dependence of the percentage of current
volume increment from the volume of trunks of
model trees showed that, with a volume of trunks
exceeding 1 m’, it does not exceed 2 %. This is
characteristic of Fagus sylvatica trees at the age of
90 years (Figure 53, 55).

The given results allowed to calculate the
moving averaged values of the form factor

87



Hwuabkorip’a CxigHux beckngis Lowmountains of the Eastern Beskids

depending on the height and the thickness of
the trunks (Table 18). On average, this index

YHCEINT 3aJIeKHO BiJl BUCOTH Ta TOBIIWHU CTOB-
OypiB (tabxn. 18). YV cepenHbomy Liel mokas-

HUK cTaHoBUTH 0,431, 1s 0.431.
AV, % = 0.0814V"* - 1.0075V° + 4.4073V” - 8.1955V + 7.7
10
o R’ =0.4164
8 Ty
"_'--.}\'\' - - Vaue
P P - L Trend
2 — ==
0
0 1 2 3 4 \AYS

Puc. 55. Tpen 3a/1e)KHOCTI TIPOIIEHTA MTOTOYHOI'O MPUPOCTY 32 00’ €MOM BiJ] 00’ €My CTOBOYPIB MOJIEIIBHUX
JepeB OyKa JIiCOBOIO, sIKi pocin y Hu3bKorip’i Cxignux beckunis: "Value" — GpakTuyHi 3HAUCHHS;
"Avg" — niHis ycepeTHeHNX (PaKTUYHUX 3HaueHb; "Trend" — JiHis ycepeTHEHOTO TPEeHIY
Fig. 55. The trend of the dependence of the percentage of the current volume increment from the volume
of Fagus sylvatica model trees trunks, which grew up on the Carpathian Foothills:

"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — line of averaged trend

Tabnuys 18
Table 18

BupiBHsiHI ycepeaHeHi 3HAUCHHS BUAOBHUX YHCeJI 3aJ1€2KHO Bi/l BUCOTH i TOBILIMHM CTOBOYPiB
MO/eIbHUX JiepeB Oyka JIiCOBOro, siKi pocsn y Hu3bKorip’i Cxinnux beckunis:
"f4"" — BUpIBHSIHI cepeHi BUIOBI 4nc/ia cTOBOYPIB Pi3HOI TOBIIVHMN;
"f,"" — BUpIBHSIHI cepeHi BUIOBI YKcJIa cTOBOYPIB pi3HOI BHCOTH
The moving averaged actual value of the form factors dependence from the trunks height

and their thickness of Fagus sylvatica model trees, which grew in the lowmountains

of the Eastern Beskids: '"f;'" — the moving average values of form factor of different thickness
trunks; "f," — the moving average values of form factor of different height trunks

D H 8 12 16 20 22 24 26 28 30 32 34 36 38 Fq
8 [0.561] 0.538] 0.522] 0.510{ 0.503

12 | 0.545] 0.523] 0.507| 0.496] 0.490| 0.486| 0.484| 0.484

16 [ 0.532] 0.511] 0.495] 0.485] 0.478| 0.474| 0.473| 0.472| 0.473

20 | 0.521] 0.500{ 0.485| 0.475| 0.468| 0.465| 0.463| 0.463| 0.463| 0.463| 0.462| 0.460

24 | 0.512] 0.492]| 0.477] 0.466| 0.460| 0.457| 0.455] 0.455| 0.455] 0.455| 0.454| 0.452] 0.450

28 0.454| 0.450| 0.449| 0.448| 0.448| 0.448| 0.448| 0.446| 0.443] 0.440
32 0.445| 0.444| 0.443| 0.443| 0.443] 0.443] 0.441] 0.439| 0.435
36 0.440( 0.440| 0.440| 0.440] 0.439] 0.437] 0.435] 0.431
40 0.437| 0.437| 0.437| 0.436] 0.435] 0.432] 0.429
44 0.435| 0.435] 0.434| 0.433] 0.430] 0.427
48 0.433] 0.432] 0.429] 0.426
52 0.429| 0.425
56 0.425
fi [ 0.569] 0.524] 0.492| 0.471] 0.459] 0.452| 0.449| 0.448| 0.448| 0.448| 0.447| 0.444]| 0.439] 0.431
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fAnuHa eBponencbka

LLiBnakopocni aepesa
Ha Me30-eBTPOHUX I'pyHTax

HocnipkenHs OyiaM 30Cepe/pKeH] Ha 3eMIIIX
[TonmstHuIbKOTO JMicHUITBA JlepkaBHOTO  ITi -
puemMctBa "bBonexiBchke JIiCOBE TOCHOAApCTBO",
Cobombckoro Ta IlleBY4EHKIBCHKOTO JIICHUIITBA
JepkaBHoro mifnpuemMcTBa "Buronuceke jicoBe
rocroyapetBo" Ta CIMBKIBCHKOTO JTICHUIITBA
HepxaBHoro  mianmpuemctBa  "OcCMONIOACHKE
JicOBE TrocroAapcTBO. 3araipHi BiJOMOCTI MPO
reorpadiyae posramryBaHHS Ta OlOMETpHYHI
MOKa3HUKU HaBeleHo y Tabm. 19 Ta Ha puc. 56.
Lli nepeBa pociau Ha Me30-€BTPO(HUX IPYHTAX.
VY3aranpHeHi OlOMETpUYHI MOKA3HUKUA X0y
pPOCTYy CTOBOYpiB IIMX JEpPEB HaBEACHI Ha pHC.
57-59. YcepenHeHa 3aJIeKHICTh BHUCOTH CTOB-
OypiB BiJI IX TOBIIMHHU TTOKa3aHa Ha puc. 60.

Picea abies (L.) Karst.

Fast growing trees
on meso-eutrophic soils

The model cuttings were made from trees that
grew up on the territory of Polyanytsya Forestry
of Bolechiv State Enterprise of Forestry Mana-
gement of Sobol' Forestry and Shevchenkove
Forestry of Vygoda State Enterprise of Forestry
Management and Perehinsk  and Slywky
Forestry of Osmoloda State Enterprise of Fores-
try Management. General information on their
geographical location and biometric data are
given in Table 19 and in Figure 56. These trees
grew on meso-eutrophic soils. The generalized
biometric parameters of the growth course of the
trunks of these trees are shown in Figures 57-59.
The average dependence of the trunks height on
their thicknes is shown in Figure 60.

Tabnuys 19
Table 19

MopenbHi 1epeBa SIJIMHU €BPONECbKOT, 0 IBHAKO POCIH
HA Me30-eBTPO(PHUX IPyHTAX Y HU3bKOrip’i Cxignux beckuais

Model trees of Picea abies that fast grew on meso-eutrophic soils
in the lowmountains of the Eastern Beskids

u Miciie poc BiomeTpuyHi moka3HUKK CTOBOYPIB
OMepH 1€ pocTy Biometrical measures of tree trunks
MOJICTIbHHX JIEPEB Locality
Numbers of model trees N B i A H D Vv
3 48.82452 23.81077 650 93 33.0 67.0 | 4.54
75 48.74669 24.22798 600 77 31.6 58.0 3.29
125 49.01120 23.63461 781 72 28.5 38.6 1.46
177 49.00344 23.66669 679 112 42.0 61.0 5.1
178 48.87834 23.69646 680 116 46.0 75.2 8.15

BBu200u
vhoda =%,
B

# g p2iHCBK
o Ry ol
oS Pekchins'k

Puc. 56. Micus y auspkorip’i Cxigaux beckunis, 1e O6yio B3sTO MOJETBHI IepeBa SUTHHU €BPOTICHCHKOT,
SIKi IIBUJIKO POCITH Ha ME30-€BTPO(HHUX IPyHTaX

Fig. 56. The places in the lowmountains of the Eastern Beskids, where model trees of Picea abies
were taken, which fast grew on meso-eutrophic soils
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Puc. 57. Xix pocty, MOTOUYHUI Ta CEpeHiil MPUPOCTH y BUCOTY MOJICTIHLHUX JICPEB SUTUHH €BPOIICHCHKOI,
SIKi IIBUIKO POCITH Ha ME30-eBTPO(GHHX IPYHTaxX y HU3bKOTIp T CximHux beckumis:
"Value" — haxtiyni 3Ha9eHHS; "Avg" — NTiHIA ycepeTHeHNK (PaKTHIHUX 3HAYCHb;
"Trend" — minis Tpermy; "I" 1 "III" — minii k1aciB 60HITETY
Fig. 57. The trend of growth, the current and average increments in height of Picea abies model trees, which
fast grew on meso-eutrophic soils in the lowmountains of the Eastern Beskids: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line; "I" and "III" — line of forest stands bonitet classes
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Puc. 58. Xig pocTy, TOTOYHHIA Ta CEPETHIN MPUPOCTH 3a TIaMETPOM MOACTBHUX JICPEB SITMHU €BPOIICHCHKOI,
SIK1 IIIBUIKO POCITH Ha ME30-eBTPO(MHIX IPyHTaX y HU3bKOTIp T CximHux beckumis:
"Avg" — niHis ycepeaHeHuX (pakTHIHUX 3Ha4eHb; "Trend" — niHis TpeHIY

Fig. 58. Trend of growth, the current and average increments by the trunks thickness of Picea abies
model trees, which fast grew on meso-eutrophic soils in the lowmountains of the Eastern Beskids::
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 59. Xix pocty, MOTOYHMI Ta CepeIHii MPUPOCTH 32 06’ €MOM CTOBOYPIB MOJICITFHUX JACPEB SLUTHHU
€BPOICHCHKOT, SIKI IIBUIKO POCIH Ha ME30-eBTPOGHMX IPYHTAX y HU3bKOTIp’T CXigHux beckumis:
"Value" — dhaxtnuni 3Ha4eHHs; "Avg" — JTiHIA ycepeHeHNX (PaKTHYHUX 3HadeHb; "Trend" — miHist TpeHLy

Fig. 59. Trend of growth, the current and average increments by the trunks volume of Picea abies
model trees, which fast grew on meso-eutrophic soils in the lowmountains of the Eastern Beskids:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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Annueso-6ykoBui Npanic, Wwo pocTte y HMu3bkorip'i CxigHnx becknais

Fir-beech virgin forest, which grows in the lowmountains of the Eastern Beskids
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Puc. 60. Ycepennena 3anexHiCTh BUCOTH BiJl TOBIIHU CTOBOYPIB MOJICITBHUX JCPEB SUTMHU €BPOIECHCHKOT,
SIK1 IIBUIKO POCIIH Ha ME30-eBTPO(HUX IPyHTaX y HU3bKOTip 1 Cximuux beckumis:

"Value" — ¢axtiuni 3HaueHHS; "Avg"

— JiHIA ycepenHeHnX (pakTHIHNX 3Ha4deHb; "Trend" —

JiHIS TpEeHTY

Fig. 60. The average dependence of the height from the thickness of the trunks of Picea abies model trees,
which fast grew on meso-eutrophic soils in the lowmountains of the Eastern Beskids:

"Value" — actual values; "Avg"

3aragom ycepeHEHUN TEMIT POCTY AEPEB y
BUCOTY BiamnoBigaB mnokasHukam [—1° Gomi-
tety. Y Bimi 50 pokiB ix BHcOTa carama 25 M,

a'y 100 pokiB — 42 M. BignoBigHo, TOBIIMHA

CTOBOYpIB csirana y 1poMy Bili 38 cM 1 TpOXH
6inbure 60 cM, a 06’eM — mpubmH3HO 1,3 M’ i
Maiixke 6 M3 HaiiGinpmmii - ycepeaneHmit
MOTOYHHI npnpiCT y BHUCOTY CT0B6ypiB UX
nepeB OyB y BlL[l 20-50 pokiB 1 CTaHOBHB
ouemre 0,5 Mle BinnoBigHo, Takuii Haii-
OUTBIIHIA HpI/IplCT 3a TOBIIMHOKO CTOBOYDIB,
Oimpie 8 MM p11< CIIOCTEpIraBcsi TaKOXK Y
Bimi 20-50 pokiB, a 3a 06 €MOM CTOBOYpPHOI
JIePEBUHH, 6inbmre 0,07 M “pIK ! BusBieHO y
Bili nmepeB moHaza 60 pokis. [ToxiOHI TeHACH-
mii TokKazaB 1 cepeaHid TpHUpICT 3a IUMHU
nokazHukamu. IIpore cepemHiii mpupicT 3a
00’eMoM CTOBOYpHOI [T ZICPEBUHN  JIOCATHYB
MaKCHMyMy, TIOHA/L 0,05 m™pik”, TaKOXK y Bi-
i mepeB moHan 80 pokiB. TpCHI[ 3aJIEKHOCTI
MPOIIEHTa TIOTOYHOTO TPHUPOCTYy 00’€My BiX
00’emy CTOB6yp1B MOJE/ILHIX JIEpeB 1I0Ka32B,
10 pu 06’eMi cTOBOYpiB noHaz 1 M Bin He
nepesuiye 6%, a npu S M — 2 %. Ile xa-
paktepHo g aepes sumHM Y Biti 40-90 po-
KiB (puc. 59 Ta 61).

HaBezeHi pe3ysibTaTé JO3BONMIM PO3paxy-
BaTU BUPIBHSAHI yCEpeTHEH] 3HAUCHHS BUIOBHUX
YpCesT 3QJIEKHO Bi BUCOTH 1 TOBIIMHU CTOB-
OypiB (Tabm. 20). Y cepenHpoMy Iieii TOKa3HUK
ctaHoBuTh 0,458.

— line of averaged actual values; "Trend"

—trend line

In general, the average growth rate of the trees
in height was consistent with the I*-I° bonitet. At
the age of 50 years, their height reached 25 m,
and in 100 years — 42 m. Accordingly, the thick-
ness of the trunks in this age reached 38 cm and
slightly more than 60 cm, and the Volume — appro-
ximately 1.3 m’ and almost 6 m’. The largest
averaged current increment in height of trunks of
these trees was at the age of 20—50 years and
amounted to more than 0.5 m-yr'. Accordingly,
such a large increment 1n the thickness of the
trunks, more than 8 mm-yr', was observed also at
the age of 20-50 years, and 1n the volume of
trunks wood, more than 0.07 m*-yr”, was found at
the age of trees of more than 60 years old. Similar
trends also showed an average increment in these
indicators. However, the average increment in the
volume of trunk wood reached a maximum of
0.05 m>yr' also at the age of the trees over
80 years. The trend of the dependence of the
percentage of current volume increment from the
volume of trunks of model trees showed, that at
volume of trunks more than 1 m’ he does not
exceed 6 %, and at 5 m® — 2 %. This is typical for
Picea abies trees in the age of 40-90 years
(Figures 59 and 61).

The given results allowed to calculate the
moving averaged values of the form factor
depending on the height and the thickness of the
trunks (Table 20). On average, this index is
0.458.
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Puc. 61. Tpern 3ae)KHOCTI MPOIEHTa OTOYHOTO ITPUPOCTY 32 00’ €MOM Biff 00’ €My cTOBOYPIB MOJETBHIX
JepeB SUTMHH €BPOIEHCHKOT, SIKi LIBUJIKO POCIM Ha ME30-€BTPOPHHX IPYHTAX

y Hu3bKOTip T Cximaux beckunis: "Value" — GpakTuuHi 3HAYCHHS;
"Avg" — niHis ycepeaneHnx pakTndHuX 3Ha4eHb; "Trend" — niHig ycepemaHeHOTro TpeHIy

Fig. 61. The trend of the dependence of the percentage of the current volume increment from the volume
of Picea abies model trees trunks, which fast grew on meso-eutrophic soils in the lowmountains of the Eastern
Beskids: "Value" — actual values; "Avg" — line of averaged actual values;"Trend" — line of averaged trend

Tabnuys 20
Table 20

BupiBHsiHi ycepeHeHi 3HaUeHHS BUJIOBUX YK CeJT 32J1€2KHO Bi/l BUCOTH
i TOBINMHHU cTOBOYPIiB MOJe/IbLHHX ePeB SIMHU €BPOIEChbKOl, AKI IBUIKO POCIH
Ha Me30-eBTPOo¢HNX I'PYHTAX Yy HU3bKOrip’i Cxinnux beckuais:
"f4" — BUPIBHSIHI cepexHi BUAOBI 4Yncja cTOBOYpPIB Pi3HOT TOBIUHU;
"fy'"' — BUpIBHSIHI cepeaHi BHI0BI YyKca cTOBOYpIB pi3HOI BHCOTH

The moving averaged actual value of the form factors dependence from the trunks height

and their thickness of Picea abies model trees, which grew on the Carpathian Foothills:

"fq"" — the moving average values of form factor of different thickness trunks;
"f," — the moving average values of form factor of different height trunks

D 8 12 16 20 24 26 28 30 32 34 36 38 fa

8 [0.561]0.522]0.503 0.553
12 | 0.545]0.507 [ 0.490 | 0.484 0.523
16 [0.532]0.495]0.478 | 0.473 | 0.473 0.498
20 10.521]0.485]0.468 | 0.463 [ 0.463 | 0.463 | 0.462 | 0.460 0.478
24 |0.512]0.477|0.460 | 0.455 [ 0.455 ] 0.455 | 0.454 | 0.452 | 0.450 0.461
28 0.454 { 0.449 | 0.448 | 0.448 | 0.448 | 0.446 | 0.443 | 0.440 | 0.435 0.448
32 0.444 [ 0.443 1 0.443 | 0.443 | 0.441 | 0.439 | 0.435 | 0.430 0.439
36 0.440 [ 0.440 1 0.440 | 0.439] 0.437 | 0.435 | 0.431 [ 0.427 ] 0.421 | 0.431
40 0.43710.437[0.436 | 0.435[0.432]0.429 [ 0.424 | 0.419 | 0.426
44 0.435(0.435]0.434]0.433 | 0.430 | 0.427 [ 0.422 | 0.417 | 0.422
48 0.433[0.432]0.429 | 0.426 | 0.421 | 0.416 | 0.420
52 0.429 1 0.425 | 0.421 | 0.415 | 0.419
56 0.425 | 0.420 [ 0.415 ] 0.419
fi [0.56910.492 | 0.459 ] 0.449 | 0.448 | 0.448 | 0.447 | 0.444 | 0.439 | 0.431 | 0.422 | 0.412 ] 0.458
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MoBinbHOpoOCHi AepeBa
Ha oniro-me3oTpodHUX r'pyHTax

Jocnikenas Oyau 30cepekeHi Ha 3eMIIIX
['peGeniBchkoro micHuITBa JlepaBHOTO MijM-
pueMcTBa "CKONIBCbKE JIICOBE TOCIOAApPCTBO"
ta Cobonbckoro JlicHunTBa JlepkaBHOTrO M-
pueMcTBa "Burojcbke JicoBe rocrnogapcTso’.
3aranbHi BiZJOMOCTI PO reorpadiyHe moaoxeH-
Hi Ta OIOMETpPUYHI TIOKa3HUKH HAaBEACHO Y
Tabun. 21 ta Ha puc. 62. Y3araabHeHi OiomeTpuy-
Hi MOKa3HUKU XOJy POCTY CTOBOYpIB IIUX JIEpPEB
HaBeJleHI Ha puc. 63—64. YcepemHeHa 3anex-
HICTh BHCOTH CTOBOYpIB BiJ iX TOBIIUHH
roka3aHa Ha puc. 65.

Slow growing trees
on oligo-mesotrophic soils

The model cuttings were made from trees that
grew up on the territory of Hrebeniv Forestry of
Skole State Enterprise of Forestry Management
and of Sobol' Forestry of Vygoda State
Enterprise of Forestry Management. General
information on their geographical location and
biometric data are given in Table 21 and in
Figure 62. The generalized biometric parameters
of the growth course of the trunks of these trees
are shown in Figures 63-64. The average
dependence of the trunks height on their thicknes
is shown in Figure 65.

Tabnuys 21
Table 21

MopenbHi AepeBa SIJIMHU €BPONEHCHKOY, 10 NOBLIBHO POCIH
Ha 0J1iro-me30Tpo¢HnX rpynrax y Husbkorip’i Cxinnux beckuais

Model trees of Picea abies that grew slow on oligo-mesotrophic soils
in the lowmountains of the Eastern Beskids

Homepu ey Bi.OMCTp.I/I‘IHi IMOKa3HUKH CTOBOYPIB
MOJICTIBHHX JIEPEB Lty Biometrical measures of tree trunks
Numbers of model A H D v

trees N E H
163 48.83618 | 23.60835 920 74 28 42.6 1.86
172 48.83618 | 23.60835 930 75 25 19.8 0.41
206 48.96341 | 23.56182 1180 101 29.1 62.4 4.18
207 48.96341 | 23.56182 1180 102 24 44.6 1.86
210 48.96341 | 23.56182 1180 101 23.2 31 0.72

Puc. 62. Micus y Husskorip’i Cxignux beckuis, ae Oyi1o B3sTO MOJCIBHI IepeBa SUTHHN €BPOTICHCHKOT,
SIKi TIOBLTBHO POCITH Ha OJIr0-ME30TPOPHUX TPYHTAX

Fig. 62. The places in the lowmountains of the Eastern Beskids, where model trees of Picea abies were taken,
which grew slow on oligo-mesotrophic soils

97



Hwuabkorip’a CxigHux beckngis Lowmountains of the Eastern Beskids

Hym = 2E-05A° - 0.0064A” + 0.7178A - 4.2836
40

R?=0.9911

30 A

20 ~

10

0 20 40 60 80 100 A, years

AH/AA, mryr' = -6E-08A" + 2E-05A - 0.0014A” + 0.0409A + 0.1
0.6

-

R’ =0.9211 AR

0.4 / v

0.2

0 T T T T T
0 20 40 60 80 100 A, years

AH/A, mryr' = -3B-09A" + 2E-06A° - 0.0003A” + 0.0169A + 0.1584
0.6

R*=0.976

—————

0.4 —= -

s \._\.\._._u—

0.2

0 20 40 60 80 100 A, years

Puc. 63. Xin pocty, MOTOYHHIA Ta Cepe/Hiil MPUPOCTH Y BUCOTY MOJICTIBHUX JICPEB SUTHHH €BPOTEHCHKOT,
SIKi TIOBUTFHO POCIN Ha OJIro-Me30Tpo(HIX IpyHTax y HU3bKoTip 1 CxigHux becknmis:
"Value" — cdaxtuuni 3Ha4eHHS; "Avg" — MiHiSA ycepeHEHUX (HaKTUIHUX 3HAUYCHD;
"Trend" — minist Tpenmy ;"1" 1 "III" — ninii kmaciB 6oHiTETY
Fig. 63. The trend of growth, the current and average increments in height of Picea abies model trees,
which grew slow on oligo-mesotrophic soils in the lowmountains of the Eastern Beskids:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line;
"I'" and "[II" — line of forest stands bonitet classes
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Puc. 64. Xix pocTy, IOTOYHHUI Ta CEPEIHIN IPUPOCTH 32 TIaMETPOM MOJICITBHUX JACPEB SUTHHHU €BPOICHCHKOT,
SIKi TIOBUTFHO POCIIM Ha OJIIro-Me30Tpo(HUX IpyHTaX y HU3bKorip’i Cxignux becknais: "Avg" — niHis
ycepeaHeHnx (haKTHIHUX 3Ha4eHb; ""Trend" — miHis TpeHITy

Fig. 64. Trend of growth, the current and average increments by the trunks thickness
of Picea abies model trees, which grew slow on oligo-mesotrophic soils in the lowmountains
of the Eastern Beskids:: "Value" — actual values; "Avg" — line of averaged actual values;
"Trend" — trend line
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Puc. 65. Xix pocty, MOTOYHUII Ta CepeIHiil MPUPOCTH 3a 06’ €MOM CTOBOYPIB MOJICIFHUX ACPEB SUTHHU
€BPOMEHCHKOI, SIKi IOBUTHHO POCITH Ha OJIIr0-Me30TPOGHUX IPyHTaX Y HU3bKOTip 1 Cximanx beckumis:
"Value" — ¢haxtiuni 3HaweHHS; "Avg" — NiHIA ycepeqHeHNX (PaKTHIHUX 3Ha4deHb; "Trend" — miHis TpeHIy

Fig. 65. Trend of growth, the current and average increments by the trunks volume of Picea abies
model trees, which grew slow on oligo-mesotrophic soils in the lowmountains of the Eastern Beskids:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line

100



Hwuabkorip’a CxigHux beckmais

Lowmountains of the Eastern Beskids

H, m=-0.0074A + 0.854A + 1.3

30

R’ =0.9452

20

Value
--=-=Avg
Trend

20

0 10

30 40 D, cm

Puc. 66. YcepenHeHa 3ae)HICTh BUCOTH BiJl TOBIIMHN CTOBOYPIB MOJIEITEHHX JIEPEB SUTMHN €BPOIIEHCHKOT,
SIKI TIOBUTLHO POCITH Ha OJIIr0-Me30TPOPHUX IPYHTAX y HU3bKOTIp'T CXinHux beckusiB:

"Value" — ¢axtryHi 3HaUeHHS; "Avg"

— JTiHIs ycepeaqHeHux (hakTHYHUX 3Ha4YeHb; "Trend"

— JIiHIS TPEHITY

Fig. 66. The average dependence of the height from the thickness of the trunks of Picea abies model trees,
which grew slow on oligo-mesotrophic soils in the lowmountains of the Eastern Beskids:

"Value" — actual values; "Avg"

3arajoMm ycepeIHeHHUH TeMIT POCTY JepPEB Y
BUCOTY BiamoBigaB mokasaukam [I-1II  Go-
Hitety. ¥ Bimi 50 pokiB ix BucoTa csarana 18 m,
a'y 100 pokiB — 24 M. BiamoginHo, y BOMY BiITl
TOBIMHA CTOBOypiB csirasia 24 cM i TpOXH
OlbIIe 44 cM, a 06’eM — npubmmsHo 0,5 M° i
Maibke 2 M. HaitGinbmmit ycepe HeHuii mortod-
HUIA npnpr y BHCOTY CTOBOYpIB LIUX JepeB
OyB y BlLll 15-30 pokiB 1 cTaHOBUB TPUOJIM3HO
0,4 p11< BignosigHo, Takui HaWOIILIINI
MIPUPICT 3a TOBIIMHOK CTOBOYPIB, OUIBIIE HIXK
6 mm-pix”, crioctepirases y Bimi 15-30 poxis, a
3a 00’ EMOM CTOBOYpHOT JICpEBHHH, OuTbIIIe
0,04 M p11< BUSIBJICHO Yy Billl JEPEB IOHAJ
90 pokis. HOI[16Hi TEHJICHIIIT TIOKa3aB 1 cepei-
Hilt HpI/IpiCT 3a IMMU TOKazHUKamu. [Ipote
CepeHil MPHUPICT 3a 00’ €MOM CTOB6ypH01 ae-
PEBUHU  CATHYB MaKCHMyMY, 0,02 Mpix’,
yuire y Bimi mepeB moHaa 100 pokis. TpeHﬂ
3aJI©KHOCTI TPOIIEHTa TOTOYHOTO TPHPOCTY
00’eMy BiZl 00’eMy CTOBOYpIB MOICITBHHUX JIiC-
pEB TOKa3aB, 110 MpH 00’€Mi CTOBOYpIB MOHAN
1,0 M’ BiH He nepesutye 2,3 %. Ile xapakrep-
HO JUIs JIEPEB SUTMHU €BPONCHCHKOI Y Billi
noHa[ 70 pokiB (puc. 65 ta 67).

HaBezneHi pe3ynbTaTé JO3BOJMIN PO3PAXY-
BaTU BUPIBHSHI ycepeHEH1 3HAUeHHS BUJIOBUX
Yyces 3aJIeKHO Bifl BUCOTH Ta TOBIIMHH CTOB-
OypiB (Tabu. 22). Y cepemHpoMy Lieil TOKa3HUK
cranoButh 0,474.

— line of averaged actual values; "Trend" —

trend line

In general, the average growth rate of the trees
in height was consistent with the II-III class
bonitet. At the age of 50 years, their height rea-
ched 18 m, and in 100 years — 24 m. Accordingly,
at this age, the thickness of the trunks reached
24 cm and slightly more than 44 cm, and the
volume - approximately 0.5 m® and almost 2 m”.
The largest averaged current increment in height
of trunks of these trees was at the age of 15-30
years and was approximately 0.4 m-yr'. Accor-
dingly, such a large increment 1n the thickness of
the trunks, more than 6 mm-yr", was observed at
the age of 15-30 years, and 1n the volume of
trunks wood, more than 0.04 m’-yr”', was found at
the age of trees over 90 years. Slmllar trends also
showed an average increment in these indicators.
However, the average increment in the Volume of
trunk wood reached a maximum of 0.015 m’yr”
only at the age of the trees over 80 years. The
trend of the dependence of the percentage of
current volume increment from the volume of
trunks of model trees showed that, with a volume
of trunks exceedmg 1.0 m’, it does not exceed
2.3 %. This is characteristic of Picea abies trees at
the age over 70 years (Figures 65 and 67).

The given results allowed to calculate the
moving averaged values of the form factor
depending on the height and the thickness of the
trunks (Table 22). On average, this index is
0.474.
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Puc. 67. Tpeny 3a5e)KHOCTI TIPOIIEHTA TOTOYHOT'O MPUPOCTY 32 00’ €MOM BiJ] 00’ €My CTOBOYPIB MOJIETTBHUX
JIEpeB STTMHU €BPOTIEHCHKOI, K MOBUIBHO POCIIM Ha OJTIro-Me30TpOo(HUX IPyHTaX y HU3bKOTip T CXiTHUX
beckunis: "Value" — daktiuni 3Ha4eHHs;, "Avg" — TiHIA yeepeaHESHUX (HaKTHIHUX 3HAYCHB,
"Trend" — JiHis ycepeHEHOTO TPEHIY
Fig. 67. The trend of the dependence of the percentage of the current volume increment from the volume
of Picea abies model trees trunks, which grew slow on oligo-mesotrophic soils in the lowmountains of the
Eastern Beskids: "Value" — actual values; "Avg" — line of averaged actual values;

"Trend" — line of averaged trend

Tabnuys 22
Table 22
BupiBHsiHi ycepeaHeHi 3HAUYeHHA BUAOBHUX YHCeJ 32J1€5KHO Bil BUCOTH i TOBIUMHH
cTOBOYPIB MO/ICJIBHUX [IepeB SIJIMHU €BPONEHCbKO, IKi MOBIILHO POC/IH
HA 0JIiro-Me30TpoHUX IpyHTax y HU3bKOrip’i Cxinnux beckuais:
"fq" — BUpiBHsIHI cepeHi BUIOBI unc/ia cTOBOYPiB Pi3HOT TOBIIUHY;
"f," — BUpiBHSIHI cepeHi BUI0OBI unc/ia cTOBOYPiB pi3HOT BUCOTH
The moving averaged actual value of the form factors dependence from the trunks height
and the thickness of Picea abies model trees, which grew on the Carpathian Foothills:
"f4"' — the moving average values of form factor of different thickness trunks;
"f,"' — the moving average values of form factor of different height trunks

D H 8 10 12 14 16 18 20 22 24 26 28 30 fy
12 [0.521]0.507 | 0.501 0.542
16 [0.49810.484[0.47910.479 0.495
20 0.474 1 0.468 | 0.468 | 0.472 0.473
24 0.466 | 0.466 | 0.470 | 0.474 1 0.477 | 0.478 0.469
28 0.469 1 0.469 | 0.472 | 0.477 ] 0.480 | 0.480 ] 0.475 0.474
32 0.47410.47710.482 | 0.485]0.485 | 0.480 | 0.467 0.484
36 0.478| 0.482| 0.486] 0.490| 0.490] 0.485| 0.472| 0.448 0.493
40 0.484| 0.489| 0.492| 0.493] 0.487| 0.474| 0.450| 0.411| 0.499
44 0.489] 0.492] 0.492| 0.487| 0.474| 0.450] 0.410] 0.498
48 0.489| 0.489] 0.484| 0.471| 0.447| 0.407| 0.491
52 0.482| 0.477] 0.464| 0.441] 0.402[ 0.478
56 0.468| 0.455] 0.432| 0.394] 0.460
60 0.446| 0.423| 0.386] 0.441
64 0.415] 0.379] 0.424
fi 0.500] 0.474] 0.463| 0.464| 0.470| 0.479| 0.486] 0.487| 0.476/ 0.451]| 0.407| 0.338] 0.474
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Anuvuna 6ina

JocmipkeHHs Oyu 30cepe/keHl Ha 3eMIIsX
Cyxkinbebkoro Ta [loNSSHHIIBKOTO JIICHHIITBA
HepxaBHoro mianpuemctBa "bosiexiBcbke -
coBe rocroaapctBo", Cobonbepkoro Ta LlleBuen-
KIBCBKOTO  JTIICHUIITB  Jlep’kaBHOTO  MiANpu-
emcTBa "Buronceke JicoBe TIocCromapcTBo”,
Crnacekoro sicHunTBa JlepkaBHOTO MiANpH-
emMcTBa "BpoIHIBChKE JICOBE TOCMOAAPCTBO" 1
[leperincekoro Ta CIMBKIBCHKOTO JIICHUIITB
HepxaBHoro mignpueMmcta "OCMOIOICHKE JTi-
COBE TroCIoaapcTBO". 3arajibHi BiJOMOCTI PO
reorpadiuyHe po3TamryBaHHS Ta OlOMETpHYHI
MOKa3HUKH HaBeJeHO y Tabi. 23 Ta Ha puc. 68.
V3arangpHeHi OiOMETpUYHI MMOKAa3HUKH XOIY
pocTy cToBOYpiB LIUX JI€PEB HABEJECHI HA pHC.
69—71. YcepenneHa 3aiexHICTh BUCOTH CTOB-
OypiB Bij iX TOBIIMHY MMOKa3aHa Ha puc. 72.

Abies alba Mill.

The model cuttings were made from trees
that grew up on the territory of Polyanytsya
Forestry of Bolechiv State Enterprise of Fo-
restry Management, of Sobol' Forestry and
Shevchenkove Forestry of Vygoda State En-
terprise of Forestry Management, of Spas Fo-
restry of Broshniv State Enterprise of Forestry
Management and Perehinsk Forestry and
Slywky Forestry of Osmoloda State Enterprise
of Forestry Management. General information
on their geographical location and biometric
data are given in Table 23 and in Figure 68.
The generalized biometric parameters of the
growth course of the trunks of these trees are
shown in Figures 69-71. The average depen-
dence of the trunks height on their thicknes is
shown in Figure 72.

Tabnuys 23
Table 23

MopeabHi aepesa suui 01101, mo pociau Ha Ilepenkapnarcekiii BUCOUMHI
Model trees of Abies alba that grew on the Carpathian Foothills

Howmepu . bioMeTpr4Hi MOKa3HUKHA CTOBOYPIB
Micue pocty . .
MOJICTIFHUX JIEPEB Loty Biometrical measures of tree trunks
Numbers of model A H D v
trees N E H
4 48.82452 123.810770 650 114 30.0 73.8 4.04
17 48.84972 | 24.04772 450 140 37.5 65 5.39
76 48.74618 | 24.23025 640 203 38.0 77 6.5
80 49.01660 | 23.74194 690 123 38.5 79.8 8
108 48.77075 | 24.16426 830 109 349 46.2 3.203
109 48.77107 | 24.16439 830 113 32.8 44.6 2.5
123 49.00692 | 23.65644 780 194 40.0 70.6 6.07
180 48.87880 | 23.69525 730 158 33.0 49.2 3.02
181 48.87880 | 23.69525 730 203 35.0 63.0 5.68
183 48.84439 | 23.63558 810 140 35.0 63.2 5.48
217 48.97654 | 23.60549 850 175 33,5 45,6 2,65

3arajgoM yCcepeIHEHU TeMI POCTY AEPEB Y
BHUCOTY BiamoBinaB nokasHukam [I1-1 Gonire-
Ty. ¥ Biui 50 pokiB iX BHcOTa csraiga JIMIIe
10 M, y 100 pokiB — 20 M, a 'y 200 poxkiB — 38 m.
BianoBigHo, TOBIIMHA CTOBOYPIB y IIbOMY Bi-
ui csarana 20, 311 63 cm, a 06’em — pubIU3-
10 0,5, 1,2, 5,4 »°.

In general, the average growth rate of the
trees in height was consistent with the III-I
bonitet. At the age of 50 years, their height
reached only 10 m, in 100 years — 20 m, and in
200 years — 38 m. Accordingly, the thickness of
the trunks at this age reached 20, 31 and 63 cm,
and the volume —about 0.5,1.2,5.4 m’.
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Hait6inpmnii  ycepeaHeHU  MOTOYHHI
HOPUPICT Y BUCOTY CTOBOYpIB LIMX JiepeB OyB
y Bii 80-160 pokiB 1 cTaHOBUB MPUOJINU3HO
0,25 M'piK'l. BianosigHo, Takuii HaliO1IbIINIA
OpHUpICT 3a TOBIIMHOI CTOBOYpiB, Oliblie
4 mM-pix’', croctepirases y Bini 80-200 po-
KiB, a 3a 00’e€eMOM CTOBOYpPHOiI JIE€pEBHHH,
0,07-0,1 m’-pix”, BusBIeHO y Bimi mepeB 160—
200 pokiB. [ToniOHI TeHICHIIT MOKa3aB 1 cepe-
Hilf PUPICT 32 IIMMH TOKa3HUKaMu. [Ipote ce-
penHiii mpupict 3a 06’eMoM CTOBOYpHOI Jiepe-
BUHHU JIOCATHYB MakcuMymy 0,025 M3-piK'1 Juie
y Billi aepeB noHas 190 pokis.

Tpenn 3anexXHOCTI TPOIEHTa IOTOYHOTO
NpPUPOCTy 00’eMy BiJl 00’€My CTOBOYpIiB MO-
JeIbHUX JIepEeB MOKa3aB, 110 NMpU 00’ €Mi CTOB-
6ypis moHax | M BiH He mepesuye 3,5 %, a
npu 06’emi 4 M° — 2 %. Lle XapakTepHO ans
nepeB sutuii 6imoi y Bimi 90 Tta 170 pokis
(puc. 71 ta 73).

The largest averaged current increment in
height of trunks of these trees was at the age of
80160 years and was approximately 0.25 m -yr.
Accordingly, such a large increment in the
thickness of the trunks, more than 4 mm~yr'1,
was observed at the age of 80-200 years, and in
the volume of trunks wood, 0,07-0.1 m3~yr'1,
was found at the age of the trees 160-200 years.
Similar trends also showed an average incre-
ment in these indicators. However, the average
increment in the volume of trunk wood
reached a maximum of 0.025 m’yr' only at
the age of the trees over 190 years.

The trend of the dependence of the
percentage of current volume increment from
the volume of trunks of model trees showed
that, with a volume of trunks exceeding 1 m’,
it does not exceed 3.5 %, and at a volume of
4 m® — 2 %. This is typical of Abies alba tre-
es at the ge of 90 and 170 years (Figures 71
and 73).

Puc. 68. Micus y Husbkorip’i Cxigaux beckuis, e OyIo B3STO MOJIENBHI JiepeBa suInIl 0110l

Fig. 68. The places in the lowmountains of the Eastern Beskids, where model trees of Abies alba were taken
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Puc. 69. Xix pocTy, OTOYHUI Ta CEPEIHIN TPUPOCTH Y BUCOTY MOJCIBHUX JICPEB SUTULI 01101, SIKi pOCITH
y HI3bKorip’1 Cxigaux becknais: "Value" — gpaxtrdni 3Hauens; "Avg" — miHig ycepeaHeHNX (haKTHIHUX
3HaveHb; "Trend" — minis Tpeny; "I'" 1 "III" — ninHii knaciB OOHITETY
Fig. 69. The trend of growth, the current and average increments in height of Abies alba model trees,
which grew in the lowmountains of the Eastern Beskids: "Value" — actual values;

"Avg" — line of averaged actual values; "Trend" — trend line;

"I['" and "[II" — line of forest stands bonitet classes
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Puc. 70. Xix pocty, MOTOYHMIA Ta CepeAHii MPUPOCTH 3a TiaMETPOM MOJIETBHIX AEPEB SUTUII 0101, SIKi pocin
y Hu3bKorip i Cxinnux beckunis: "Avg" — niHig ycepemHeHux GpakTHUHUX 3HaueHb; "Trend" — niHisg TpeHIy

Fig. 70. Trend of growth, the current and average increments by the trunks thickness of Abies alba
model trees, which grew in the lowmountains of the Eastern Beskids:: "Value" — actual values;
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"Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 71. Xig pocty, MOTOYHUI Ta CEpeIHIN MPUPOCTH 32 00’€MOM CTOBOYPIB MOJCIBEHHX JICPEB
st Oitod, siki pocim y HU3BKOTip 1 Cximanx beckumnis: "Value" — pakTiyani 3HaYCHHS;
"Avg" — niHis ycepenHeHnX (paKTUIHUX 3HAa4YeHb; "Trend" — miHisA TpeHTY

Fig. 71. Trend of growth, the current and average increments by the trunks volume
of Abies alba model trees, which grew in the lowmountains of the Eastern Beskids:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 72. YcepenHeHa 3a1eKHICTh BUCOTH BiJl TOBIIUHM CTOBOYPIB MOZIGBEHUX JIEPEB sUTHIIL 01101,
sIKi pocn y Hu3bKorip’i Cxinanx beckunis: "Value" — haxtnyni 3Ha4eHHS;
"Avg" — niHis ycepenHeHUX (pakTHIHUX 3HaueHb; "Trend" — miHis TpeHIy
Fig. 72. The average dependence of the height from the thickness of the trunks of Abies alba model trees,

which grew in the lowmountains of the Eastern Beskids: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line

AVVV, % = 0.0096V" - 0.1687V" + 1.0978V* - 3.3065V + 6

10
EL R*=0.387
& .
Value
- - --Avg ||
Trend
0 T T T T
0 1 2 3 4 5 6 V.M

Puc. 73. Tpeny 3ane:KHOCTI MPOIIEHTa MOTOYHOTO MIPUPOCTY 32 00’ €MOM Bifl 06’ €My cTOBOYPIB MOJETBHUX
JIepeB sUTUIIL 017101, sIKi pociu y Hu3bKorip 1 Cximanx beckunis: "Value" — dakTudHi 3HAYCHHS;
"Avg" — niHis ycepeaHeHnX (pakTnaHUX 3Ha4eHb;  Trend" — JIiHISA ycepeHeHOTO TPeHIY
Fig. 73. The trend of the dependence of the percentage of the current volume increment from the volume
of Abies alba model trees trunks, which grew in the lowmountains of the Eastern Beskids:

"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — line of averaged trend

HaBeneHi pe3ynpTaTu 103BOJWIN PO3paxy- The given results allowed to calculate the
BaTH BUPIBHSHI ycepeaHEH1 3HaueHHs BUIoBUX moving averaged values of the form factor
gucen 3aJeXHO Biag BuUCOTH 1 ToBmMHM cTOB- depending on the height and the thickness of the
OypiB (Tabx. 24). YV cepeanbomy 1iei mokasuuk trunks (Table 24). On average, this index is
cranoBuTh 0,491. 0.491.
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"fq" — BUpIBHSAHI cepeHi BUIOBI 4yKc/ia CTOBOYPiB Pi3HOT TOBIIMHY;

"fy'' — BUPIBHSAHI cepeaHi BUI0BI YKcIa cTOBOYpPIB Pi3HOI BHCOTH

Tabnuys 24
Table 24

BupiBHsiHi ycepenHeHi 3Ha4YeHHS BUAOBUX YHCe 32J1€5KHO Bil BUCOTH i TOBIIMHH

CTOBOYPiB MO/IeJILHUX JiepeB sijuli 0i10i, siki pocau y Hu3bkorip’i Cxinnux beckuais:

The moving averaged actual value of the form factors dependence from
the trunks height and their thickness of Abies alba model trees,
which grew in the lowmountains of the Eastern Beskids:
"fq" — the moving average values of form factor of different thickness trunks;
"f,"" — the moving average values of form factor of different height trunks

D H 8 12 16 20 24 26 28 30 32 34 36 38 40 fy
8 10.626 0.623
12 10.615]0.572 0.601
16 [0.604]0.562|0.537 0.580
20 10.59410.553]0.5280.516 0.561
24 0.54410.5190.507 | 0.503 0.543
28 0.535]0.511/0.499|0.496 | 0.496 0.526
32 0.504]0.492]0.488 [ 0.488 | 0.489 0.510
36 0.49710.485|0.4810.481)0.482]0.483 0.496
40 0.490/0.479|0.475|0.47510.47610.477]10.478 0.483
44 0.48410.47310.469|0.469|0.47010.4710.472]0.473 0.471
48 0.47910.467|0.464 | 0.464 | 0.465|0.466 | 0.4670.468 | 0.468 0.461
52 0.45910.459(0.460|0.461 |0.4620.4630.464 1 0.46410.463 | 0.451
56 0.455|0.455/0.456|0.457)0.45810.459]0.45910.45910.459 | 0.443
60 0.451]0.452)0.453[0.45410.455]0.456 [ 0.456 | 0.455]0.436
64 0.44810.44910.450|0.451|0.45210.45310.4530.452]0.430
68 0.447/0.448|0.449|0.450|0.450]0.450]0.450 ] 0.426
72 0.445|0.446/0.447|0.44810.4480.4480.44810.422
76 0.446|0.446|0.44610.44610.419
80 0.445(0.445/0.416
fi 10.628]0.545]0.497[0.47410.467]0.467[0.469]0.471|0.47310.475]0.476|0.476 [ 0.475]0.491
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B’a3 ronun

JlocmikeHHs: OyJid 30Cepe/DKeHI Ha 3eMJISIX
[Tonstanmbkoro micHuNTBa [lep:kaBHOTO ITiAI-
puemMcTBa "bosexiBchke JicoBe rocnogapcTso”,
Co060bChKOTO JTICHUIITBA JlepikaBHOTO MiJI-
puemctBa "BuUroaceke IicoBe rocrnoaapcTBo”
ta OcMosoncekoro JicHUITBA Jlep:kaBHOTO
nignpuemMcTBa "OCMOJIOACHKE JIICOBE TOCIO-
napctBo'. 3arajbHi BIIOMOCTI Ipo reorpadivyne
po3TamryBaHHST Ta OIOMETpUYHI TIOKa3HUKH
HaBeJIeHO y Ta0JI. 25 Ta Ha puc. 74. Y3araibHeH1
010MeTpUYHI MOKAa3HUKU XOJy POCTYy CTOBOYpIB
IUX JepeB HaBeJeHI Ha puc. 75—77. Ycepeanena
3aJICKHICTh BUCOTH CTOBOYpIB Bij] iX TOBIIWHU
IIOKa3aHa Ha puc. 78.

Ulmus glabra Huds.

The model cuttings were made from trees
that grew up on the territory of Polyanytsya
Forestry of Bolechiv State Enterprise of
Forestry Management, of Sobol' Forestry of
Vygoda State Enterprise of Forestry Manage-
ment and Osmoloda Forestry of Osmoloda
State Enterprise of Forestry Managemen.
General information on their geographical
location and biometric data are given in Table
25 and in Figure 74. The generalized biometric
parameters of the growth course of the trunks
of these trees are shown in Figures 75-77. The
average dependence of the trunks height on
their thicknes is shown in Figure 78.

Tabnuys 25
Table 25

MopenbHi aepeBa B’s13a 1oJioro, mo pocju Ha [lepenkapnarcbkiii BUCOUMHI
Model trees of Ulmus glabra that grew on the Carpathian Foothills

Homepu . BiomeTpruHi OKa3HUKH CTOBOYPIB
MO ;[enLHmr: nepeB Ml[(,:g:all)iomy Biometrical measures of tree trunks
Numbers of model ty A H D v
trees N E H
68 48.66607 | 24.02577 715 84 30.0 57.8 3.67
124 49.01179 | 23.63495 759 70 27.4 442 1.82
179 48.87729 | 23.69708 662 63 18.5 24.0 0.36
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Puc. 74. Micus y auspkorip’i Cxiganx beckumis,
Jie OyJI0 B3TO MOJICTIbHI IepeBa B’s13a rOJI0T0

Fig. 74. The places in the lowmountains of the Eastern Beskids,

where model trees of Ulmus glabra were taken



lraHTCbKi AepeBa Anuui 6inoi nogeKkyan TpannaTbesa y nicax HM3bKorip’a CxigHux becknais

Giant Abies alba trees sometimes occur in the forests of the lowmountains in the Eastern Beskids



OniroTpodoHi cTapoBikoBi AepeBocTaHu Byka nicoBOro, WO POCTYTb Ha MillaHUX rpyHTax
y Hu3bKorip'i CxigHnx becknais

Oligotrophic old-aged forest stands of Fagus sylvatica growing on sandy soils
of the Eastern Beskids low-mountains
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Puc. 75. Xix pocTy, IOTOYHUI Ta CEPEHIN MPUPOCTH Y BUCOTY MOCTBHUX JIEPEB B’s13a TOJIOT0, SIKI POCIIH
y Hm3bKorip 1 Cxigaux becknais: "Value" — gaktrani 3Havenns; "173" — GpakTHdHI 3HAUSHHS HalicTapIioro
MOJIETTBHOTO JiepeBa; "Avg" — iHisg ycepeAHeHNX (aKTUYHUX 3HAaUeHb; "Trend" — miHis TpeHIy;

""" i "I[" — miuii KaciB GoHiTETY
Fig. 75. The trend of growth, the current and average increments in height of Ulmus glabra model trees,
which grew in the lowmountains of the Eastern Beskids: "Value" — actual values; "Avg" — line of averaged
actual values; "Trend" — trend line; "I*" and "I" — line of forest stands bonitet classes
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Puc. 76. Xix pocty, IOTOUHHMIT Ta CepenHiil NPUPOCTH 3a AlaMETPOM MOJIETBLHHX JEPEB B’si3a TOJIOT0,
AKi pocii y Hu3bKorip'i Cximanx beckumis: "Avg" — miHis ycepeaneHnX (paKTHIHUX 3HAYEHD;

"Trend" — miHist TpeHIY

Fig. 76. Trend of growth, the current and average increments by the trunks thickness

of Ulmus glabra model trees, which in the lowmountains of the Eastern Beskids:

"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 77. Xix pocTy, OTOYHUI Ta CEPeaHIN MPUPOCTH 3a 00’ €MOM CTOBOYPIB MOJICITBHUX JIEPEB B’s13a TOJIOTO,
AKi pocym y Hu3bKorip'i Cximanx beckunis: "Value" — daxtinyni 3HaUSHHS;
"Avg" — niHis ycepenHeHnX (paKTHIHUX 3Ha4YeHb; "Trend" — jiHis TpeHIy

Fig. 77. Trend of growth, the current and average increments by the trunks volume of Ulmus glabra
model trees, which grew in the lowmountains of the Eastern Beskids: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 78. Ycepennena 3aeKHiCTh BUCOTH BiJl TOBIIIHU CTOBOYPIB MOJICTFHUX AEPEB B 5132 TOJIOTO,
sIKi pocin y Hu3bKorip’i Cxignux beckunis: "Value" — GpakTuuHi 3HAYCHHS;
"Avg" — niHis ycepeqHeHnX (GpakTHIHUX 3Ha4deHb; "Trend" — miHis TpeHLy

Fig. 78. The average dependence of the height from the thickness of the trunks of Ulmus glabra
model trees, which grew in the lowmountains of the Eastern Beskids: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line

3aranoM ycepeqHEeHU TeMI POCTY JEpeB y
BHUCOTY BiamoBigas nmokasHukam I-1° Gonirery.
V Bini 50 pokiB ix Bucota csramga 20 M, a 'y 80
pokiB — 24 M. BinmnoBigHo, TOBIIMHA CTOBOYpIB
y oMy Bitli csrama 30 cm 1 54 cm, a 00’em —
npubmm3Ho 0,7 M° i Tpoxu Ginmblue Hixk 3 M.
Haiibinpmuii ycepegHeHU MOTOYHUM TTPUPICT
y BHUCOTY cTOBOypiB LuX JepeB OyB y Bili
1040 poxiB i craHoBUB Ginbie Hix 0,4 MpiK.
BianosigHo, Takuii HaWOUIBIIMIA TPUPICT 3a
TOBIIMHOIO CTOBOYpiB, Oinbine 6 MMk,
croctepiraBest 'y Bini 15-45 pokiB, a 3a
00’eMOM CTOBOYpHOi JIepeBUHHU, OijbIie
0,08 M3-pi1<'l, BHSIBJICHO Y BiIll JepeB MOHAJ
80 pokiB. [ToxiOHi TenaeHmii mokasas i ce-
penHiii mpupicT 3a nuMHU nokazuukamu. Ce-
peaHiil mpupict 3a 06’eMoM cTOBOYpHOI ae-
peBuHE 10CATHYB Makcumymy, 0,04 M -pix”,
TaKOX JuIe y Bili gepeB moHan 80 pokiB.
Tpenn 3aneXHOCTI MpPOLIEHTa I[OTOYHOIO
npupocty o006’emy Bin 00’eMy cTOBOYpiB
MOJIEIbHUX JIepeB IOKa3aB, IO MpU 00’ emi
cToBOYpiB momax | M’ BiH He mepeBumIIye
3,5%, a Gimpme 3 M0 — monan 2 %. Ie
XapaKTepHO IJIsg JEpeB B’s3a TOJIOr0 y Billi
80 poxkiB (puc. 771 79).

HaBeneHi pe3ynbTaTu JO3BOIMIH PO3pPaxy-
BaTU BUPIBHSAHI YyCepeaHEHI 3HAYCHHS BHUIO-
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In general, the average growth rate of the trees
in height was consistent with the I-I* bonitet. At
the age of 50 years, their height reached 20 m, and
in 100 years — 24 m. Accordingly, the thickness of
the trunks in this age reached 30 cm and — 54 cm,
and the volume — approximately 0.7 m’ and
slightly more than 3 m’. The largest averaged
current increment in height of trunks of these
trees was at the age of 10—40 years and was more
than 0.4 m -yr'. Accordingly, such a large incre-
ment in the thickness of the trunks, more than
6 mmyr', was observed at the age of 15-45
years, and in the volume of trunks wood (more
than 0.02 m>yr") was found at the age of trees
more than over 80 years. Similar trends also
showed an average increment in these indicators.
The average increment in the volume of trunk
wood reached a maximum of 0.04 m’-yr' also
only at the age of the trees over 80 years. The
trend of the dependence of the percentage of
current volume increment from the volume of
trunks of model trees showed that, that in the
volume of trunks of more than 1 m’® he does not
exceed 3,5 %, and more than 3 m> — more than
2 %. This is characteristic of Ulmus glabra trees
at the age of 80 years (Figures 77 and 79).

The given results allowed to calculate the
moving averaged values of the form factor
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BUX YHCE] 3aJeKHO Bif Bucotu 1 ToBmmHM depending on the height and the thickness of the
cTtoBOypiB (Tabm. 26). Y cepennbomy mei trunks (Table 26). On average, this index is
IMOKAa3HUK cTaHOBUTH 0,457, 0.457.

AVVV, % = 0.2463A" - 2.452A° + 8.814A” - 13.855A + 11
14

o R*=0.6833

12 4

Value
---=-Avg []
Trend |_|

0 1 2 3 V, M

Puc. 79. Tpenn 3a5eKHOCT] TPOIIEHTa MTOTOYHOTO TIPUPOCTY 32 00’ €MOM Biff 00’ €My cTOBOYPIB MOJETBHIX
JIepeB B’s13a TOJIOro, sIKi poci y Hu3bKorip’1 Cxignux becknais: "Value" — gakTnuni 3HaueHHS;
"Avg" — niHis ycepeaHeHnX (GaKTUIHUX 3Ha4YeHb; "Trend" — JiHisA ycepeaHEeHOro TPEHIY
Fig. 79. The trend of the dependence of the percentage of the current volume increment from the volume
of Ulmus glabra model trees trunks, which grew in the lowmountains of the Eastern Beskids:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — line of averaged trend

Tabnuys 26
Table 26

BupiBHsiHi ycepenHeHi 3HaYeHHsI BUIOBHX YK ce 3JI€5KHO Bill BUCOTH i TOBIIMHHU CTOBOYPiB
Mo/IeJILHUX JiepeB B’513a roJioro, siki pocyiu y Hu3bKorip’i Cxinnux beckuis:
"fq" — BUpIiBHsIHI cepeHi BUIOBI YMcJIa cTOBOYPIB Pi3HOI TOBIIMHY;
"f,'"' — BUpiBHSIHI cepeHi BUI0OBI YnciIa cTOBOYPIB pi3HOI BUCOTH
The moving averaged actual value of the form factors dependence from the trunks height and
their thickness of Ulmus glabra model trees, which grew in the lowmountains of the Eastern
Beskids: "fy" — the moving average values of form factor of different thickness trunks;
"f,"" — the moving average values of form factor of different height trunks

D H 8 10 12 14 16 18 20 22 24 26 28 30 fa

8 [0.542 0.545
12 [0.520 | 0.502 | 0.488 0.503
16 [0.504 | 0.486]0.472 | 0.462 0.472
20 10.49310.475]0.462 | 0.452 | 0.445 0.451
24 0.468 | 0.455]0.44510.438 | 0.434 0.437
28 0.451 10.441[0.434]0.431]0.430 0.430
32 0.440 | 0.433 | 0.430 | 0.429 | 0.430 0.428
36 0.434 | 0.431 | 0.430 | 0.430 | 0.433 0.429
40 0.4330.432]0.433|0.435]0.438 0.434
44 0.436 | 0.435[0.436 ] 0.438 | 0.441 | 0.445 0.440
48 0.439 [ 0.438 | 0.439 | 0.442 | 0.445 | 0.449 0.447
52 0.442 { 0.443 1 0.445 1 0.449 | 0.452 | 0.456 | 0.454
56 0.44510.446 | 0.448 1 0.452 ] 0.456 | 0.460 | 0.461
fn [0.53910.501]0.473 | 0.452 | 0.439 | 0.432 | 0.430 | 0.432 | 0.436 | 0.443 | 0.451 | 0.458 | 0.457
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KneH HecnpaBXHbonnaTaHoBUM (ABip)

HocnimkeHHs Oynu 30CepemKeHi Ha 3eMILsX
[TonsaumpbKoro JicHuTBa Jlep:kaBHOTO TiI-
pueMcTBa "BonexiBcbke J1ICOBE rOCIONapCcTBO",
Cobonbebkoro JnicHUITBa JlepskaBHOTO  TiI-
puemctBa "Buroacepke IicoBe rocrmomapcTBo’,
AmnremiBcekoro Ta  buctpenpkoro  JicHHUIITB
JepxaBHoro mianpuemctBa "OCMOIOACHKE JTiCO-
Be rocrnoaapcTBo" i llomsHUIBKOTrO JTiCHHUIITBA
JeprxaBHoro mianpuemcTsa "BopoXTsHCbKe Jiico-
BE rocrnojaapctBo'. 3arajibHi BiIOMOCTI MPO Teo-
rpadiuHe po3TamryBaHHs Ta OIOMETpHYHI TMOKa3-
HUKHM HaBeJeHO y Tabi. 27 Ta Ha puc. 80. Y3a-
rajbHEeHI OIOMETPUYHI TIOKa3HUKH XOIYy POCTY
UX JIepeB HaBeJeHi Ha puc. 81-83. YcepenHena
3aJIeKHICTh 1X BUCOTHU BiJ TOBLIMHH MOKAa3aHAa Ha
puc. 84.

Acer pseudoplatanus L

The model cuttings were made from trees
that grew up on the territory of Polyanytsya
Forestry of Bolechiv State Enterprise of Fores-
try Management, of Sobol' Forestry of Vygoda
State Enterprise of Forestry Management, An-
geliv Forestry and Bystryk Forestry of Osmo-
loda State Enterprise of Forestry Managemen
and of Polyanytsya Forestry of Vorokhta State
Enterprise of Forestry Management. General
information on their geographical location and
biometric data are given in Table 27 and in
Figure 80. The generalized biometric parame-
ters of the growth course of the trunks of these
trees are shown in Figures 81-83. The average
dependence of the trunks height on their
thicknes is shown in Figure 84.

Tabnuys 27
Table 27

MopenbHi 1epeBa KJIeHa HeCIIPaB/KHbOILIATAHOBOIO,
o pocyu Ha [lepeakapnarcbkiil BHCOYHHI

Model trees of Acer pseudoplatanus that grew on the Carpathian Foothills

Howmepu Wi e Bi‘OMeTp‘I/I‘IHi MOKa3HUKH CTOBOYPIB
MOJICIIBHUX IEPCB Locality Biometrical measures of tree trunks
Numbers of model A H D v

trees N E H
1 49.016864 | 23.744022 700 38 15,8 15,2 0,136
27 48.669367 | 24.027272 750 56 21,8 20,2 0,34
32 49.02120 | 23.73598 600 30 10 7,8 0,02
33 48.668194 | 24.030070 730 45 16,2 16,2 0,13
46 48.352240 | 24.418540 990 54 243 19,6 0,41
87 48.624412 | 24.035398 995 49 20 24,8 0,34
173 48.859860 | 23.613050 985 63,2

290 37

4,86

m ~ ol "- ";:‘V "

b .-

Puc. 80. Micus y Huspkorip’i Cxignux becknpis, e Oyio B31TO MOJETBHI iepeBa KileHa
HECIPaBKHBOILIATAHOBOT'O

Fig. 80. The places in the lowmountains of the Eastern Beskids, where model trees
of Acer pseudoplatanus were taken
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Puc. 81. Xix pocTy, MOTOUHMIA Ta CepeAHii MPUPOCTH Y BUCOTY MOJIOANX MOJETHHIX AePeB KIeHa
HECIIPaBKHbOILIATAHOBOTO, SIKi pOCIM Y HU3bKOTip T Cxinuux beckumis:

"Value" — ¢axtuuni 3Ha4eHHS; "Avg" — NiHIA ycepeqHeHnX (aKTHIHUX 3Ha4deHb; "Trend" — miHis TpeHIy;

"173" — ninig PpakTHIHUX 3HaYeHb HaiicTapmoro aepesa; "[" 1 "I[II" — ninii kmaciB 6oHiTETY

model trees, which grew in the lowmountains of the Eastern Beskids:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line;
"173" — line of actual values of the oldest tree; "I" and "III" — line of forest stands bonitet classes

Fig. 81. The trend of growth, the current and average increments in the height of young Acer pseudoplatanus
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Puc. 82. Xix pocty, moTouHHii Ta cepepHii MPUPOCTH 3a {iaMeTPOM MOJIOIUX MOJIETBHHX JIepeB KIIeHa
HECIPaBXHBOILTATAHOBOT'O, SIKi pociu y Hu3bKorip’i Cxignux becknais:
"Value" — daxTrani 3Ha4eHHs; "Avg" — JiHIsA ycepeaHeHUX (GaKTUYHUX 3HAYCHD,
"Trend" — minig Tpenmy; "173" — niHisA GaKTHYHNX 3HAYCHb HAMCTApIIIOrO JiepeBa

Fig. 82. Trend of growth, the current and average increments by the trunks thickness of young Acer
pseudoplatanus model trees, which grew in the lowmountains of the Eastern Beskids:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line;
"173" — line of actual values of the oldest tree
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Puc. 83. Xix pocTy, MOTOYHMIT Ta CepeIHiil MPUPOCTH 3a 06’ €MOM CTOBOYPIB MOJIOJMX MOJICTIFHIX JICPEB
KJIEHa HECTIPaBKHBOILIATAHOBOTO, SIK1 Pociiv y HU3bKorip’'i Cximaux beckumin: "Value" — daxtnani
3HaueHHs; "Avg" — JTiHig ycepemHeHnX (pakTHUHKUX 3HaueHb; "Trend" — JiHisS TPEHAY;

"173" — nmiHig paKTUIHIX 3HAYEHDb HAWCTAPIIIOTO JepeBa

Fig. 83. Trend of growth, the current and average increments by the trunks volume of young
Acer pseudoplatanus model trees, which grew in the lowmountains of the Eastern Beskids:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line;
"173" — line of actual values of the oldest tree
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Puc. 84. YcepenHeHa 3ane)HICT BUCOTH BiJl TOBIIMHU CTOBOYPIB MOJIEIIEHHX JIepeB KiIeHa

HECIIpaBXHBOIUIATAHOBOTO, SIKi pociy y HU3bKorip’T Cxignux beckuais: "Value" —
— JiHig ycepeaHeHuX (hakTHIHHUX 3Ha4eHb; "Trend" —

HAVgll

(haKTHIHI 3HAYCHHST;
JHIA TpeHy

Fig. 84. The average dependence of the height from the thickness of the trunks of Acer pseudoplatanus model

trees, which grew in the lowmountains of the Eastern Beskids: "Value" —
line of averaged actual values; "Trend" —

HAVg" _

3aranoM ycepeIHEeHU TeMI POCTY MOJIOIMX
JIEpeB y BUCOTY BIAMOBIAB IMoka3zHuKam I 6o-
HiTeTy, a ctaporo aepesa, "173", — V-III 6o-
HiTeTy. Y Bini 50 pokiB #oro BUCOTa csrana Jiu-
e 5 M, y 100 pokiB — 17 m, y 200 pokiB — 23 M,
a'y 290 pokiB — 37 M. BimnosigHo, TOBIIMHA
CTOBOYpIB MOJIOUX AepeB csarana y Bimi 50 po-
kiB 20 cM, a craporo aepesa ymie 5 cM. ToB-
HIMHa CTOBOYpa craporo aepesa y Bimi 100 pokiB
cranoBwia 17 cm, y 200 pokiB — 40 cMm, a y 290
pokiB — 63 cM. [ToniOH1 TeHIeHIIIT BUSABIEHO 1 3a
00’emoM cTOoBOYpiB. CepenHiit MaKCHMaJIBHHPI
00’eM MOJIOIUX JIEPEB HE TePEBUILyBAB 0,34 M
a CTaporo /Igpesa CTaHOBUB Y Bl].[l 100 pOKlB
mumre 0,23 M°, y 200 poxis — 1,8 M°, a 'y 290 —
Maibke 4,9 m™.

HaﬁGinme/Iﬁ ycepeHeHNI OTOYHUH IPUPICT
y BHUCOTY CTOBOYpIB MOJIOJMX JepeB OyB y Billi
15-30 poxiB i craHoBuB mpuGm3HO 0,4 MK .
Takuii camuii moka3zHUK OyJ10 BUSIBJIEHO 1y CTa-
poro nepesa y Bii 55 — 70 pokiB. Makcumab-
HHUI TTOTOYHUI TPUPICT 32 00’€MOM Yy MOJIOAUX
nepeB Oyio BHSBIICHO, Y BlIIl 60 pokis. Bin
craHoBHB Maibke 0,03 M>pik . VY craporo nepesa
el nokasHuk OyB Outeium 0,04 Mpik”! e y
Bitl 260290 pokis. [Tomi0Hi TeHI[eHHﬁ [I0Ka3asB 1
CepeNHIi MPUPICT 3a IMMHU TOKa3HUKaMU. TpeH.
3aJISKHOCTI  IPOLIEHTA IOTOYHOIO  IPUPOCTY
00’eMy Bin 00’emy CTOB6ypiB MOJICJIBHUX JIepeB
TOKa3as, 110 Mpu 00’eMi cToBOYpiB moHas 1,0 M3
BiH He mepesmitye 2%, a mpu 00’emi 2-4 M
craHoBUTH JuiIe 1 % (puc. 85).
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actual values;
trend line

In general, the average growth rate of the
young trees in height was corresponded to
idicators of the I bonitet and old tree, "173", —
the V—III bonitet. At the age of 50 years, its height
reached only 5 m, in 100 years —17 m, in 200
years — 23 m, and in 290 years — 37 m. Accor-
dingly, the thickness of the trunks of young trees
of age 50 years reached of 20 cm, and the old tree
was only 5 cm. The thickness of the trunk of the
old tree at the age of 100 years was 17 cm, in 200
years — 40 cm, and in 290 years — 63 cm. Similar
trends are also found in the volume of trunks. The
average maximum volume of young trees
exceeded 0.34 m®, while the old tree was only
0.23 m’ in the age of 100 years, 1.8 m in 200
years, and in the 290 years — almost 4.9 m”.

The highest averaged current increment in
height of trunks of young trees was at the age of
15-30 years and was approxunately 0.4 myr'.
The same indicator was found in the old tree at
the age of 55-70 years. The maximum current
growth in volume in young trees was detected at
the age of 60 years. It was almost 0.03 m’yr.
In the old tree, this indicator was greater than
0.04 m*yr! only at the age of 260290 years.
Similar trends also showed an average increment
in these indicators. The trend of the dependence
of the percentage of current volume increment
from the volume of trunks of model trees showed
that, with a volume of trunks of more than 1 m3,
it does not exceed 2%, and at a volume of
2-4m’ itis only 1 %. (Figure 85).
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Puc. 85. Tpeny 3a1eKHOCTI MTPOIIEHTA TIOTOYHOTO TIPHPOCTY 328 00°€MOM BisT 00’ €My CTOBOYpIiB
MOJICTIbHUX JIEPEB KIICHA HECIIPABKHBOILIATAHOBOT O, SIKI POCIN y HU3bKOTIp 1 Cxinaux beckumis:
"Value" — ¢axtiyni 3HaueHHs; "Avg" — niHis ycepeaHeHNX (paKTHIHUX 3HAYEHb;

"Trend" — iHis ycepeTHEHOTO TPEHTY
Fig. 85. The trend of the dependence of the percentage of the current volume increment from the volume
of Acer pseudoplatanus model trees trunks, which grew in the lowmountains of the Eastern Beskids:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — line of averaged trend

Tabnuys 28
Table 28

BupiBHsiHi ycepeaHeHi 3HaAYeHHsI BUIOBHX YK ce 3JI€5KHO Bi/l BUCOTH i TOBIIMHU CTOBOYPiB
MO/IeJILHHX JIepeB KJIeHA HeCNPABKHbOIJIATAHOBOI0, SIKi POCJIN Y HU3bKOTIp
Cxinanx becknais: "fy'" — BUpiBHsAHI cepeaHi BUI0BI Yync/Ia cTOBOYPIB Pi3HOI TOBIIMHM;
"f,'"' — BUpiBHSIHI cepeHi BUIOBI YKcya CTOBOYpPIB Pi3HOT BUCOTH
The moving averaged actual value of the form factors dependence from the trunks height
and their thickness of Acer pseudoplatanus model trees, which grew in the lowmountains
of the Eastern Beskids: "fd" — the moving average values of form factor of different thickness
trunks; "fh" — the moving average values of form factor of different height trunks

D H 8 12 16 20 22 24 26 28 30 32 34 36 fy
8 10.600 | 0.598 | 0.596 0.666
12 0.590 | 0.588 | 0.586 0.650
16 0.580 | 0.578 | 0.577 | 0.576 0.633
20 0.573 1 0.571 | 0.569 | 0.568 0.616
24 0.563 | 0.562 | 0.561 0.599
28 0.555 | 0.554 | 0.553 0.582
32 0.547 | 0.546 | 0.545 0.566
36 0.539 [ 0.537 | 0.536 0.549
40 0.529 ] 0.528 | 0.527 0.532
44 0.520 [ 0.519 | 0.518 0.515
48 0.510 ] 0.509 | 0.508 0.498
52 0.501 | 0.500 | 0.499 0.482
56 0.491 | 0.490 | 0.489 0.465
60 0.481 [ 0.480 | 0.479 | 0.448
64 0.471 | 0.470 | 0.431
Fn 10.540 | 0.536 ] 0.532 | 0.528 | 0.526 | 0.524 | 0.522 ] 0.520 [ 0.518 | 0.516 | 0.514 | 0.512 | 0.537

HaBeneHi pe3ynabTaTu J103BOJMIN PO3paxy- The given results allowed to calculate the
BaTH BUPIBHSHI YCEpPEIHCHI 3HaUeHHS BUIOBUX moving averaged values of the form factor
YHCeN 3aJIe)KHO BiJl BUCOTH 1 ToBIIMHM cToB- depending on the height and the thickness of the
OypiB (Tabmn. 28). YV cepeanpomy 1eit mokasuuk trunks (Table 28). On average, this index is
cragoButh 0,537. 0.537.
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MoapwuHa eBponencbka
i MOgpMHa NonbCcbKa

HocnimxenHss Oynau  30cepepkeHl  Ha
3emisix IlonmsHunpkoro micHunrsa Jlep:kas-
HOTO TignpueMcTBa “boexiBchbke JicoBe
rocrogapctBo 1 OCMOJIOICHKOTO JIICHUIITBA
HepxxaBHoro mianpuemMctBa “OCMOJIOICHKE
JiCOBE TOCMOAApCcTBO”. 3arajibHi BiJOMOCTI
mpo reorpadivHe MOI0KEHHS Ta G10MeTpUYHI
NMOKa3HUKMA HaBeIeHo y Tabm. 29 Ta Ha
puc. 86. Y3araibHeHi O10METpUYHI MTOKa3HU-
KU XOJYy POCTy CTOBOYpIB IIMX J€peB HaBe-
neHi Ha puc. 87—-89. YcepenHeHa 3alleKHICTh
BUCOTH CTOBOYpIB BiJ iX TOBIIMHHU MOKa3aHa
Ha puc. 90.

Larix decidua Mill.
and Larix polonica Racib.

The model cuttings were made from trees
that grew up on the territory of Polyanytsya
Forestry of Bolechiv State Enterprise of Forestry
Management and Perehinsk Forestry and
Slywky Forestry of Osmoloda State Enterprise
of Forestry Management. General information
on their geographical location and biometric
data are given in Table 29 and in Figure 86. The
generalized biometric parameters of the growth
course of the trunks of these trees are shown in
Figures 87-89. The average dependence of the
trunks height on their thicknes is shown in
Figure 90.

Tabnuys 29
Table 29

Mope/bHi fepeBa MOAPUHHU €BPONEHCHKOI T2 MOAPHHH MOJIbCHKOI,
110 pocu Ha Ilepenkapnarcbkiii BUCOUMHI

Model trees of Larix decidua and Larix polonica that grew on the Carpathian Foothills

BiomeTpuyHi MOKa3HUKKA CTOBOYPIB

Homepu MonienpHuX JepeB MIIf(L)ISaII)i(;;Ty Biometrical measures of tree trunks
Numbers of model trees A 0 D v
N H
78 — MOJIpHMHA MOJIbChKA 48.66376 | 24.00863 | 1015 95 29.7 49.4 2.56
176 — monpuna eBpomericbka | 49.00701 | 23.67532 | 586 82 35.5 75.6 6.3

Puc. 86. Micus y auspkorip’i Cxigaux beckuais, ne 6yio B3sTO MOJETBHI IepeBa
MOJIPUHU €BPOTENCHKOI Ta MOJIPUHH MOJIbCHKO1

Fig. 86. The places in the lowmountains of the Eastern Beskids, where Larix decidua
and Larix polonica model trees were taken
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Puc. 87. Xix pocty, moTouHHIA Ta cepeHii MPUPOCTH Y BUCOTY MOJETBHIX JEePEB MOJIPHUHH €BPOTICHCHKOI
(176) Ta MompuHM NoIBCBKOI (78), sIKi pociu y Hu3bKorip'1 Cxinanx beckumis:
"176" i "78" — daxTiuni 3uaueHns; "Trend" — minist Tpery; I i I° — minii kacis Gowitery
Fig. 87. The trend of growth, the current and average increments in height of Larix decidua (176)
and Larix polonica (78) model trees, which grew in the lowmountains of the Eastern Beskids:
"176" and "78" — actual values; "Trend" — trend line; I and I’ — line of forest stands bonitet classes
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D, mm=-0,0341A% + 12,053A - 91,191 —(176)
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Puc. 88. Xin pocty, mOTOYHUH Ta cepeaHii MPUPOCTH 3a 1iaMEeTPOM MOJICIBHUX JePEB
MoJIpuHU eBpomnelrcskoi (176) Ta MoxpuHU obChKOi (78), ki pociu y Hu3bKOTrip’i CxinHux beckuuis:
"176" 1 "78" — paxrnuni 3HaueHHs; "Trend" — minHis TpeHIy

Fig. 88. The trend of growth, the current and average increments in height of Larix decidua (176)
and Larix polonica (78) model trees, which grew in the lowmountains of the Eastern Beskids:
"176" and "78" — actual values; "Trend" — trend line
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V, m’ = 0,0005A% + 0,0073A - 0,1956 —(176)
8 —V,m’ =0,0004A" - 0,0142A+0,1311 —(78)

6 - 176
4 _
— 176
PR 78 » / 78
y/
0 T = T T
0 20 40 60 80 A, years

AV/AA, m'-vr'' = 2E-07A” - 4E-05A% + 0.004A - 0.0179 —(176)
0.16 T—AV/AA, myr' =0,0008A- 0,0118 —(78)

176
0.12 - <7,9—</4
o~ T8
0.04 //—/ //" =
0 - _ -
0 20 40 60 80 A, years
AV/A, m’-yr'' = -2B-06A” + 0,0008A - 0,009 —(176)
0.08 T—AV/A, m’-yr' = 0,0003A - 0,0058 —(78) — 176
0.06 -
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=== T8
0.02 -
0
0 20 40 60 80 A, years

Puc. 89. Xix pocry, MOTOYHMII Ta CepeIHIN PUPOCTH 32 00’ EMOM CTOBOYPIiB MOJICIHEHIX JICPCB
MOJIpUHH €Bporeiicskoi (176) Ta MoapuHU nonkebkoi (78), siki pocnu y Hu3bKorip’T Cxignux becknais:
"176" 1"78" — daxtruuni 3HaueHHS; "Trend" — JTiHisS TpeHIY

Fig. 89. The trend of growth, the current and average increments by the trunks volume
of Larix decidua (176) and Larix polonica (78) model trees, which grew in the lowmountains
of the Eastern Beskids: "176" and "78" — actual values; "Trend" — trend line
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H, m=-0.0017D" + 0.6232D - 0.9167 —(176)
50 +—H, m=-0.008D" + 1.0283D- 1.2959 —(78)
40
— 176
20 //// -——-78 —
P — 176
10 C/’ Trend
~ ‘
0 \
0 10 20 30 40 50 60 70 D, cm

Puc. 90. Ycepenuena 3anexHicTb BUCOTH BiJl TOBIIMHHU CTOBOYPIB MOZICTIBHUX JIEPEB MOAPHHH €BPONEHCHKOT
(176) Ta MompuHM TIOITBCBKOI (78), sIKi pociu y Hu3bKorip'1 Cxinanx beckumis:
"176" 1 "78" — paxTruni 3Hauenns; "Trend" — niHisg TpeHIY
Fig. 90. The average dependence of the height from the thickness of the trunks of Larix decidua (176)

and Larix polonica (78) model trees, which grew in the lowmountains of the Eastern Beskids:
"176" and "78" — actual values; "Trend" — trend line

3arajioMm ycepeIHEHHUI TEMIT POCTY Y BUCOTY
JIEpEB MOJPUHH €BPOIECHCHKOI BIiAMOBIIAB TO-
KasHuKam I° OOHITETY, a MOAPUHH MOJBCHKOT —
I Oonitery. ¥V Bimi 50 pokiB MoapuHa €BpO-
neichKa csrana BUCOTH 28 M, a MOJIPHHA TOJTh-
ceka — 20 M. ¥ 80 pokiB BHCOTa LIUX JIEPEB,
BinoBiaHO, Oyma 35 M 1 28 m. ToBmuHa CTOB-
Oypa MozpuHH eBporeiicbkoi y 50 pokiB csirana
55 cM, y 80 pokiB — 72 cM, a MOJPHUHU TIOJb-
cbkol — ymmre 25 1 42 cm. BigmosigHo, 00’em
cTOBOYpa MOJIPUHM €BPOMENHCHKOI y IIbOMY BiLli
CcTaHoOBUB 2,3 Ta 6 M , @ MOJPUHH TOJIbCHKOI —
0,4 ta 1,7 M. VYcepeanenuit MOTOYHUN TPUPICT
y BHCOTY CTOBOYpIB IIMX JIEPEB 3arajioM HOCHB
CHaaHy TeHjeliro: y Bimi 50 pOKiB CTaHOBHB
04 wmpik', a y 80 pokiB HE NEpEeBHIIYyBaB
0,2 M-piK'l. [Hmi TeHneHIil mokazaB cepeHii
MOTOYHUIN TIPUPICT TOBIIMHU Ta 00’€MY CTOB-
OypiB X AepeB. Y Mosoaomy Bili, 10 40 po-
KiB, Y CTOBOYpa MOJPUHHU €BPOTEHCHKOT PIYHUIMA
MIPUPICT TOBIIMHU MaB CHaJHYy TEHJCHIIIO, BiJ
20 10 7 Mmpik’. V cTOBOYpa MOIPHHH MOIb-
CBKOI 116l O10METPUYHHUI MOKA3HUK YIIPOIOBK
BCHOT'O 4acy OyB JIOCHTh PIBHOMIPHHUH 1 CTaHO-
BHB IIPHOIIH3HO 5 MM-PiK .

MaxkcuMalbHUM TMOTOYHUN TPUPICT 00’ €My
cTOBOYpIB BHUSIBJICHO y JIEpeB B 000X BHUJIIB y
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In general, the average growth rate in height
of the Larix decidua tree was consistent with the
I° bonitet and Larix polonica — I bonitet. At the
age of 50 years, tree of Larix decidua reached a
height of 28 m, while the tree Larix polonica was
20 m. In 80 years, the height of these trees,
respectively, was 35 m and 28 m. The thickness
of the Larix decidua trunk in 50 years reached of
55 cm, and at 80 years — 72 cm, while of the
Larix polonica was only 25 and 42 cm. Accor-
dingly, the volume of the European larch trunk at
this age was 2.3 and 6 m’, while the Polish larch
were 0.4 and 1.7 cubic meters. The average
current growth in the height of the trunks of these
trees generally was a declining tendency: at
the age of 50 years it was 0.4 myr', and in
80 years — did not exceed 0.2 m-yr". Other trends
showed the average current increment in the
thickness and the volume of trunks of these trees.
At a young age, up to the age of 40 years, the
Larix decidua trunk had an upward trend of a
year-on-year decline, from 20 to 7 mm-yr". In the
trunk of the Larix polonica, this biometric index
throughout the time was fairly even and was
approximately 5 mm-yr .

The maximum current growth of the volume
of the trunks was found in trees of both species
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Biti moHan 80 pokiB. BiH cTaHOBHB y BUTIAAKY
MozpuuE eBporeiicekoi 0.12 M pik’, a s
MOJIpUHU MOJIbChKOT — Jumie 0,05 M3-piK'1. ITo-
MIOHI TeHnaeHIli Oys0 BUSBICHO 1 JJIS Cepel-
HBOTO TPUPOCTY 32 LHUMHU OlOMETPHYHUMHU
MOKa3HUKaMH CTOBOYpIB LIUX JAEPEB.

Tpena 3ajeXHOCTI MPOLEHTa MOTOYHOTO
npupocTy 00’emy Big 00’emy cTOBOYpa MO-
DHHH €BpOICHCHKOI MOHAL 1—6 M° CTAHOBHB
BIIMOBIAHO 7,52 %, MOAPUHU TOJBCHKOI 3a
06’emy 1-2,5 m° —4-2 % (puc. 91).

HagesieHi pe3ysbTaTé J03BOJIMIIA PO3paxy-
BaTH BUPIBHIHI yCepeIHECHI 3HAYCHHS BUIOBUX
YrceN 3aJIe)KHO BiJl BUCOTH Ta TOBIIUHH CTOB-
OypiB (Tabma. 30). Y cepenHpoMy Iel MOKa3HUK
cranoBuTh 0,438.

over the age of 80 years. It was in the case of the
Larix decidua of 0.12 m*>yr", and for the Larix
polonica — only 0.05 m>yr'. Similar tendencies
were also observed for the average increment in
these biometric indices of the trunks of these
trees.

The trend of the dependence of the percentage
of the current volume Increment on the volume
of the trunk of Larix decidua 1-6 m’ was
respectively 7.5-2 %, and the Larix polonica for
volume 1-2.5 m’ — only 4-2 %. (Figure 91).

The given results allowed to calculate the
moving averaged values of the form factor
depending on the height and the thickness of the
trunks (Table 30). On average, this index is
0.438.

16 |

AV, % =-0.005V" - 0.0049V" + 0.8003V” - 5.1963V + 12 —(176)
18 TAVIV, % =0.5517V" - 3.731V° + 9.1898V" - 10.993x + 9 —(78)

14

12 4
10 \
8 N,

176 ||
6 k\ \ X 78 i
) X\* \ Trend
; W 176
O T T T T T
0 1 2 3 4 5 V, M

Puc. 91. Tpenn 3a1e)xKHOCTI IPOIIEHTA IIOTOYHOTO IPUPOCTY 332 00’ €EMOM BiJl 00’ €My CTOBOYPIB MOACITEHUX
JIepeB MOJIPHHU €BporieiicbKoi (176) Ta MoIpHHH MONBCHKOI (78), siKi pociu y Hu3bKorip’T Cxignux beckumis:
"Value" — haxtiuni 3Ha9eHHS; "Avg" — NTiHIA ycepeqHeHNX (PaKTHIHUX 3HAYCHb;

"Trend" — miHis ycepeaHEHOTO TPEHIY

Fig. 91. The trend of the dependence of the percentage of the current volume increment from the volume
of Larix decidua (176) and Larix polonica (78) model trees trunks, which grew in the lowmountains
of the Eastern Beskids: "Value" — actual values; "Avg" — line of averaged actual values;

"Trend" — line of averaged trend
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Tabnuys 30
Table 30
BupiBHsiHi ycepeHeHi 3HaUeHHs] BUJIOBUX YK CeJT 32J1€2KHO Bi/l BUCOTH i TOBIIUHHU
cTOBOYpPIB MO/Ie/IbHHX /IepeB MOJAPHUHH €BPONEiicbKOI | MOAPHHH MOJIbCLKOI, IKi POC/IH
y Hu3bkorip’i Cxignux Becknuis: "fy" — BUpiBHSIHI cepeaHi BUI0BI Ynca cTOBOYpiB
pi3Hoi ToBIIMHY; "f}'" — BUpPIBHAHI cepeiHi BUAOBI YKc/1a cTOBOYPiB pi3HOT BUCOTH

The moving averaged actual value of the form factors dependence from the trunks
height and their thickness of Larix decidua (176) and Larix polonica (78) model trees,
which grew in the lowmountains of the Eastern Beskids: "f4" — the moving average values
of form factor of different thickness trunks; "f," — the moving average values

of form factor of different height trunks

D H 8 12 16 20 22 24 26 28 30 32 34 36 fy
& | 0.484| 0.478

12 | 0.473| 0.467| 0.462| 0.458

16 | 0.466| 0.460( 0.456| 0.452| 0.449

20 0.457| 0.452| 0.448| 0.445| 0.443

24 0.450| 0.447| 0.444| 0.442| 0.440

28 0.446| 0.443( 0.441| 0.440| 0.439

32 0.446| 0.444| 0.441| 0.440| 0.439| 0.438

36 0.444( 0.442| 0.440| 0.439] 0.439| 0.438

40 0.444( 0.442| 0.440| 0.439| 0.439| 0.438| 0.438

44 0.441| 0.440( 0.439| 0.438| 0.438| 0.438| 0.438

48 0.439| 0.438| 0.438| 0.438| 0.437| 0.437] 0.438
52 0.438| 0.437| 0.437| 0.437] 0.437| 0.437
56 0.436( 0.436| 0.436| 0.436| 0.436
60 0.435 0.435 0.435| 0.435
64 0.434| 0.434( 0.435
68 0.434( 0.434
Fn | 0.484| 0.472| 0.462| 0.455| 0.449| 0.445| 0.442( 0.440| 0.439| 0.438| 0.438| 0.438| 0.438
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PiukoBi Tepacu B ['opraHax

[IpupiukoBi Tepacu B moiamHax loprau
OpUpOIHO OyIu KOJKCH MOPOCIHi BOJOTO-
JTI0OHOI0 JIEPEeBHOIO0 Ta YarapHUKOBOIO POC-
JUHHICTIO. 30KpeMa, BepOoso3aMu 3 Tepe-
Barorwo Salix aurita L., S. cinerea L., S.
fragilis L., S. pentandra L., S. rosmarinifolia
L., BuiblIHAKaMHM 3a ydacTio Alnus incana
(L.) Moench ta A. glutinosa (L.) Gaertn., a
TaKO COCHOBUMH Ta SJTMHOBUMH JIICAMHU.

Jocnimkenns nposeaeHo Ha tepuropii Oc-
MOJIOZICBKOTO Ta KpacHSHCHKOTO JIICHUIITB
JHepxaBHoro mianpuemctBa “OcMOI0ICHKE
JicoBe rocnonapctBo”. Tepuropii KOHIIEHT-
pariii Micllb POCTY JOCHTIKEHUX MOJEITBHUX
JiepeB Toka3aHi Ha puc. 92. MogenbHi
nepeBa BimiOpaHo B mexxax Bucotu 440 Ta
700-710 m H. p. M. lle apyra HamzamiaBHa
amoBianbHa Tepaca piku JliMaumi. IpyHTOBI
YMOBH: Ha MiABHUILEHUX (opMmax penbedy —
oJiro-mMe30tpoHi Ta Me30-eBTpodHi crado-
KUCJII CYTTIMHKOBI KaMm'stHucTi (Leptic, Eutric
and Gleyic- Fluvisols) mepiogu4HO BOJIOTI,
cupl Ta MOKpi. Y TOHWXKEHHAX peibedy, B
KOJIMIIIHIX CTapHUIISIX, BOHH OJIIrOTPOpHI MOKpI
topd’siHi (Histosols).

River terraces in Gorgany range

The adjoining terraces in the gorcan valleys
were naturally once covered with moisture-
loving wood and shrub vegetation. In particular,
willow bed of the superiority of Salix aurita L.,
S. cinerea L., S. fragilis L., S. pentandra L.,
S. rosmarinifolia L., alder forest with the partici-
pation of Alnus incana (L.) Moench and
A. glutinosa (L .) Gaertn., as well as pine and
spruce forests.

The researches were focused on the lands of
Osmoloda Forestry and Krasne Forestry of Os-
moloda State Enterprise of Forestry Manage-
ment. The areas of the growth sites of the
studied model trees are shown in Figure 2. Mo-
del trees are selected within the altitude of 440 and
700-710 m a.s.l. This is the second alluvial terrace
above floodplain of the Limnytsya River. Soil
conditions: on raised forms of relief — oligo-
mesotrophic and meso-eutrophic slightly acidic
sandy-loam and loamy (Leptic-, Eutric- and
Gleyic- Cambisols) periodically mesophile,
meso-hygrophile and hygrophile. In the lo-
wering relief, in the former riverbed, they are
oligotrophic hygrophile peatycs (Histosols).

Puc. 92. Micus Ha piukoux Tepacax y [opranax, e 6yIio B3T0 MOJENbHI IepeBa

Fig. 92. The location on the river terraces in Gorgany range, where model trees were taken
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Bbepe3a noBucna

JocnimkenHs Oynu 30cepekeHi Ha 3eM-
751X OCMOJI0ICHKOTO JIiICHUIITBA JlepykaBHOTO
nianpueMcTBa “OCMOJIOJICHKE JIICOBE TOCIIO-
JapcTBO”. 3arajibHi BiJIOMOCTI MPO Teorpa-
¢biuHe TOIOKEHHS Ta O10METPUYHI TTOKA3HH-
KU HaBeJeHo y Tabu. 31 Ta Ha puc. 93. V3a-
rajibHeHi 010METPUYHI MMOKA3HUKH X0y POC-
Ty CTOBOypiB IHMX JIepeB HaBEIEHI Ha
puc. 94-96. VYcepenHeHa 3aJIeKHICTh BHCOTH
CcTOBOYpiB B 1X TOBIIMHM TIOKa3aHa Ha
puc. 97.

Betula pendula Roth

The model cuttings were made from trees that
grew up on the territory of Osmoloda Forestry of
Osmoloda State Enterprise of Forestry Ma-
nagement. General information on their geo-
graphical location and biometric data are
given in Table 31 and in Figure 93. The
generalized biometric parameters of the
growth course of the trunks of these trees are
shown in Figures 94-96. The average depen-
dence of the trunks height on their thicknes is
shown in Figure 97.

Tabnuys 31
Table 31

Moge/bHi 1epeBa Gepe3u IOBHCJION, 0 pocan y gounax Lopran

Model trees of Betula pendula, which grew up in the valleys of the Gorgany range

Homepu Y T s Bi‘OMeTp.I/l"IHi MOKAa3HHUKH CTOBOYPIB
MOJICTIHHHX IEPEB Losaity Biometrical measures of tree trunks
Numbers of model A i D v

trees N E H
96 48.661281 |24.029047 690 54 21.5 334 0.9
97 48.661281 [24.029047 690 55 20.5 27.4 0.57
98 48.661281 |24.029047 690 54 21.0 29.8 0.75
103 48.662520|24.025835 700 86 27.0 41.0 1.5

196,97,9

03

__/ 2

i 4 i f
: i
v o g 8

Puc. 93. Micus Ha piukoBux Tepacax y [opranax, ae OyIio B3ST0 MOJIENIBHI 1epeBa 6epe3u MOBUCIOL
Fig. 93. The places on the river terraces in Gorgany range, where model trees of Betula pendula were taken
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H, m=-0,0033A% + 0,6221A - 2,2017
30

R’ = 0,9979

20 ~

10

AH/AA, myr' = 6E-06A° - 0,0008A° + 0,03A + 0,1874

0.8
R’ = 0,7545
06 7 l~ ~ .
0.4 / “ - ' .
0.2 ‘ M S
“ L — avg
O T T T
0 20 40 60 80 A, years

AH/A, myr' =3E-06A° - 0,0005A% + 0,0239A + 0,1297

0.6
R*=0,8764
0.4 -
— avg
0.2 ‘
0 T T T
0 20 40 60 80 A, years

Puc. 94. Xig pocTy, OTOYHUII Ta CepeIHIN MPUPOCTU Y BUCOTY MOJCTHHUX JIEPeB Oepe3n MOBHUCIO1,
SKi pOC/IM Ha PiuKoBUX Tepacax y Iopranax: "Value" — paxtuyni 3HaueHHs; "Avg" — niHis ycepeJHEHHX
(axTiuanX 3Ha4eHsp; "Trend" — minis Tpermy; [ i I1I — minii ki1aci OoHiTeTy

Fig. 94. The trend of growth, the current and average increments in height of Betula pendula model trees,
which grew on the river terraces in Gorgany range: "Value" — actual values; "Avg" — line of averaged
actual values; "Trend" — trend line; I and III — line of forest stands bonitet classes
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D, mm= -0.0356A° + 8.2908A - 46.794
450

R? =0,9965 e’
300 . / red

150 - / - Value

----Avg
Trend

40 60 80 A, years

AD/AA, mmyr' = -5E-06A* + 0,001A” - 0,0667A” + 1,7546A - 7,1323
12

R*=0,839

0 20 40 60 80 A, years

AD/A, mmryr' = -1E-06A* + 0,0003A% - 0,0226A% + 0,7914A - 3,5634
8

R?=0,9838

0 A, years

Puc. 95. Xix pocty, MOTOYHUI Ta CEPEHIN TPUPOCTH 32 TiaMETPOM
MOJIEJILHUX JIEPEB Gepesy MOBKCIION, IKi POC/IM Ha PiYKOBHUX Tepacax y [opranax:
"Avg" — miHis ycepeaHeHNX (pakTUYHHUX 3Ha4YeHb; "Trend" — niHis TpeHIy
Fig. 95. Trend of growth, the current and average increments by the trunks thickness
of Betula pendula model trees, which grew slow on oligo-mesotrophic soils
in the lowmountains of Betula pendula model trees, which grew on the river terraces in Gorgany range:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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V, m’ = 0,0002A% + 0,005A - 0,0803

2.0
R =0,9967
1.5 -
1.0 -
. g Value
05 ] ‘. . . - - = = Avg |
S ad Trend
0.0
0 20 40 60 80 A, years

AV/AA, miyr' = 6E-09A" - 1E-06A” + 5E-05A” - 0,0004A + 0,0001

0.04
R* =0,9633
0.03 oA
0.02 - . L .-
0.01 - ?
0 /
0 20 40 60 80 A, years
AV/A, m’-yr' =2E-09A" - 4E-07A° + 2E-05A” - 0,0002A + 0,0006
0.02
2
R = 0,999 —
0.015 - -
0.01 ~
0.005 -
0 T T
0 20 40 60 80 A, years

Puc. 96. Xin pocty, moTo4HMIA Ta cepeHii MpupocTH 00’ eMy CTOBOYPIB MOZEIBHUX JIepeB Oepe3u MOBUCIIO],
SKi poc/IM Ha PiuKoBUX Tepacax y Iopranax: "Value" — gaxriani 3HaueHns; "Avg" — iHis ycepeaHeHnx
(baxTraHUX 3Ha4YeHb; "Trend" — JiHisA TpEeHITY

Fig. 96. Trend of growth, the current and average increments by the trunks volume of Betula pendula
model trees, which grew on the river terraces in Gorgany range: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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H, m=-0.0032D> + 0.7795D + 1.3
40

R* =0.991
30
20 :
Value

10 - - - Avg [
__= Trend

0 T T T T
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Puc. 97. Ycepennena 3aexHicTb BUCOTH BiJ] TOBLIMHU CTOBOYPIB MOZICTIBHUX JIePEB Oepe3H MOBHCIION,
SIKi pocii Ha piukoBHX Tepacax y [opranax: "Value" — pakrtuuni 3HaYeHHS,
"Avg" — miHis ycepeaHeHUX (paKTUUHUX 3Ha4eHb; "Trend" — niHisg TpeHIy
Fig. 97. The average dependence of the height from the thickness of the trunks

of Betula pendula model trees, which grew on the river terraces in Gorgany range:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line

3araioM ycepeaHEeHUI TeMIl pOoCTy JEpeB y
BHCOTY BianoBijaB mokasHukam III-1 Goni-
tety. ¥ Bini 50 pokiB ix BucoTa csrana 21 m, a
y 80 pokiB — 27 M. BinmoBigHO, TOBIIMHA
CTOBOYpIB y IIbOMY Billl csirana 28 cm 1 38 cmM,
a 06’eM — pubmm3no 0,6 M° i Tpoxu Gible
ik 1,3 M. HaitGinsImuit ycepeaaenuii notou-
HUW TIPUPICT Y BUCOTY CTOBOYPIB IHX JEPEB
OyB y Bili 10—40 pokiB 1 CTAHOBUB MPUOIU3HO
0,4 mpik'. Bigmosimno, Taxuil HailGiTBIINIA
IIPUPICT 3a TOBIIMHOW CTOBOYpIiB, 8 MM'IK
criocrepiraBes y Bitll 15-22 poku, a 3a 00’ eMoM
cToBOYpHOI jepeBuHH, Oimbure 0,02 M -pik’,
BUsiBiIeHO y Bii aepeB 40—80 pokis. [TomioH1
TEHJCHINI TOKa3aB 1 CepeAHiil MpupicT 3a
MU TIoKa3HuKaMu. [IpoTe cepenniii mpupict
3a 00’eMOM CTOBOYpHOi JEpEBUHU CSTHYB
maxcumymy, 0,017 v*-pix, nuime y Bini gepen
noHaxa 80 pokiB. TpeHa 3a1eKHOCTI MPOIEHTa
MOTOYHOTO MPHUPOCTY 00’eMy Big 00’emy
CTOBOYpiB MOJIEJIbHUX AEPEB MOKa3aB, 110 IpU
00’eMi cTOBOYpiB mOHaxy | M’ BiH CTAHOBHTH
2 %. Lle xapaktepHo Il aepeB Oepe3u MO-
Bucioi y Biui 70 pokis (puc. 96 ta 98). Hage-
JeHl pe3ynbTaTh JO3BOJNIMIM PO3paxyBaTH
BHUPIBHIHI ycepeaHEeHI 3HAYCHHSI BUOBUX UH-
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In general, the average growth rate of this
trees in height corresponded to the indicators of
II-I bonitet. At the age of 50 years their height
reached 21 m, and in 80 years — 27 m.
Accordingly, the thickness of the trunks in this
age reached 28 cm and 38 cm, and the volume —
about 0.6 m’ and slightly more than 1.3 m’. The
largest averaged current increment in height of
trunks of these trees was at the age of 1040
years and was approximately 0.4 m-yr'. Accor-
dingly, such a large increment in the thickness of
the trunks, 8 mm-yr'l, was observed at the age of
15-22 years, and in the volume of trunks wood,
more than 0.02 m® yr', was found at the age of
trees 5480 years. Similar trends also showed an
average increment in these indicators. However,
the average increment in the volume of trunk
wood reached a maximum of 0.017 m>.yr" only
at the age of the trees over 80 years. The trend of
the dependence of the percentage of current
volume increment from the volume of trunks of
model trees showed that, with a volume of trunks
exceeding 1 m’, it is 2 %. This is characteristic of
Betula pendula trees at the age of 70 years
(Figures 96 and 98). The given results allowed to
calculate the moving averaged values of the form
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CeJl 3aJIeKHO BiJl BHCOTH Ta TOBIIMHU cTOB- factor depending on the height and the thickness
OypiB (tabm. 32). YV cepennbomy e mokas- of the trunks (Table 32). On average, this index is
HHMK cTaHOBUTE 0,477. 0.477.

AV\V, % = ~0.9104V° + 8.0038V” - 15.821V + 11
14 T 5
ot R™=0.6881
124
10 \\
] - ~ - Value| |
AR --=-=-Avg
6 S Trend|
41 L
P \N‘&_M T —
O T T T
3.
0 0.25 0.5 0.75 1 1.25 V, M5

Puc. 98. Tpenn 3aeKHOCTI IPOIIEHTA ITOTOYHOTO IIPUPOCTY 3a 00’ €MOM Bijg 00’ €My CTOBOYpIB
MOJIENILHUX JIEPEB Oepe3u MIOBKCIION, SIKi POCIIM Ha PIYKOBHUX Tepacax y opranax:
"Value" — ¢axtiuni 3HaueHHs; "Avg" — TiHisA ycepeaHeHnX (paKTHIHUX 3HAYEHb;
"Trend" — JiHis ycepeAHEHOTO TPEHIY
Fig. 98. The trend of the dependence of the percentage of the current volume increment
from the volume of Betula pendula model trees, which grew on the river terraces in Gorgany range:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — line of averaged trend

Tabnuys 32
Table 32
BupiBHsiHi ycepenHeHi 3HaYeHHS BUAOBUX YHCe] 3aJ1€5KHO Bil BUCOTH i TOBIIMHH
cTOBOYPiB MO/IeJILHUX JiepeB Oepe3u MOBUCIOI, AKi POCJN Ha PiYKOBHUX Tepacax
y Topranax: "fy" — BupiBHsiHi cepeani BuA0BI uncaa cToBOypiB pi3HOT TOBIKHM;
"f,"' — BUpiIBHSIHI cepeHi BUI0OBI unc/ia cTOBOYPiB Pi3HOT BUCOTH
The moving averaged actual value of the form factors dependence from the trunks height
and their thickness of Betula pendula model trees, which grew on the river terraces
in Gorgany range: "f;" — the moving average values of form factor of different thickness
trunks; "f," — the moving average values of form factor of different height trunks

D H 8 10 12 14 16 18 20 22 24 26 28 fa
8 [0.554 | 0.531 | 0.522 0.573
12 [ 0.528 | 0.505 | 0.497 | 0.497 0.519
16 0.493 | 0.485 | 0.485 | 0.488 0.494
20 0.481 | 0.483 | 0.484 0.485
24 0.482 | 0.483 | 0.480 0.483
28 0.482 1 0.479 | 0.471 | 0.459 0.481
32 0.475 | 0.467 | 0.455 | 0.440 0.473
36 0.460 | 0.448 | 0.433 | 0.420 | 0.458
40 0.422 | 0.409 | 0.434
fu | 0.536 | 0.491 | 0.476 | 0.477 | 0.482 | 0.484 | 0.477 | 0.462 | 0.437 | 0.409 | 0.385 | 0.477
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CocHa 3BUYyanHa

JlocimimkeHHsT OyiiM 30Cepe/KeH] Ha 3eM-
nsix Ocmonozacekoro ta KpacHsHCHKOTO Jtic-
HulTB JlepkaBHoro miampueMcTBa “OcMo-
JIOJIChKE JTICOBE TOCHOJApCTBO”. 3araiibHi
BIJIOMOCTI TIpO reorpadiuHe po3TanTyBaHHS
Ta OIOMETpHYHI TOKa3HWKWA HaBEJIEHO Ha
puc. 99 ta y Tabm. 331 35.

Pinus sylvestris L.

The model cuttings were made from trees that
grew up on the territory of Osmoloda Forestry
and Krasne Forestry of Osmoloda State
Enterprise of Forestry Management. General
information on their geographical location and
biometric data are given in Figure 99 and in
Tables 33 and 35.

Puc. 99. Micus B nomuni piku Jlimuauni B Topranax,
IO POCITH

nie OyII0 B3STO MOJICNBHI IepeBa COCHU 3BHUYAMHOI,
Ha 00JIOTI

Fig. 99. The places in the valley of the Limnytsya River in Gorgany range, where model trees
of Pinus sylvestris, which grown on a swamp, were taken

[uHamika pocTty oepes
Ha Topd’sstHOMY BONOTi

JlocnipkeHHsT BUKOHAHO HA MPUKJIAaAl  COC-
HOBOT'O JICY, IO POCTE B MEXax TiIPOJOTIYHOI
nam'stku npupoau "bonoro Jlroromapa" (5 ra),
sIKe pO3TalloBaHe Ha JiBoMy Oepesi p. JliMHuII
Ha Bucoti 700 M H. p. M. lle TunoBe Bepxose
6os0TO, TIMOMHA sKOoTO csirae 4 M. BepxHiii
TOpU30HT Horo, mo raubunu 50 cM, mpeacTas-
JeHUH MOKpHM cllabo MiHEpai30BaHUM MOXO-
BuUM Topom. Hukue 3ansdrae HacuyeHa BOJIO-
rOI0 carporenb. 3arajoM BHCOTa JE€PeB COCHU
obepHEHO TMpomopIiiHa A0 TIUOMHU Oo0roTa
[2]. V3aranbpHeHi GiOMETpUYHI TIOKa3HUKH XOIY
pocTy CTOBOYPIB IMX JepeB HaBeAeHI y Tabm. 33
Ta Ha puc. 100-102.

138

The dynamics of tree growth
in a peat bog

The study was carried out on the example of
a pine forest that grows within the limits of the
hydrological Nature Monument "The Swamp of
Lutoshara" (S5ha) on the left bank of the
Limnytsya River at an altitude of 700 m. This is
a typical Raised bog, with a depth of 4 m. Its
upper layer, up to a depth of 50 cm, is
represented by a wet, slightly mineralized moss
peat. Below is saturated with damp sapropel. In
general, the height of the pine trees is inversely
proportional to the depth of the marsh [2]. The
generalized biometric parameters of the growth
course of these trees trunks are shown in Table
33 and in Figures 100-102.
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3arajgoM ycepelIHEHUN TeMIl POCTy JIEpPEB y
BHCOTY BiAMOBiZaB mokasHukam V-V° Gomi-
tety. Bik mepeB ctanoButh 30-100 pokiB. 3a
rmOuHu 6ostota 3 1 OLIbIIIE METPIB BUCOTA OCO-
OuH cocHU 3BUYalHOI 3anense csrae 1 m. [Ipu
rmOuHI 60oTa 2 M BHCOTa JIEPEB y cepe-
HbOMY CTaHOBHUTH 3 M, TOBIIMHA IX CTOBOYpIB —
1o 6 cM. 3a rimuounu 6onora 1,5-0,7 M Bucota
nepeB csraiga 4-10 M, a ToBIIMHA CTOBOYpIB
cranoButh 10—12 cMm, a ix 06’em — mume 0,05 m°
[3]. OTxe, HaWIBUIIIIE JIEpeBAa COCHU POCTYTh
3a YMOBH HEBEJMKOI TIMOMHU TopdoBHINA, 10
0,7 M, i, BOYEBUb, CIPUSAE IIBOMY HECTIHKUI
piBeHb TPYHTOBUX BOJ. BiszyanbHi cmocrepe-
JKEHHSI TIOKa3aJM, 1[0 PiBEHb BOAM IO BChOMY
00J10Ty MOKE 3HUKYBATHUCS B TOCYIUIMBI Iie-
pionu HaBiTh 10 TaAuOuHU 0,5 M.

In general, the average growth rate of the
trees in height was consistent with the V*~V°
bonitet. Age of trees is 30—100 years old. On
the marsh by depth of 3 and more meters the
height of pine trees can only reach 1 m. On
the marsh by depth 2 m, the height of trees is
3 m on average and the thickness of their
trunks is up to 6 cm. On the marsh by depth
1.5-0.7 m height of the trees was reaches
4-10 m and the thickness of the trunks is
10-12 cm and their volume — only 0.05 m’
[3]. So, the fastest grows pine trees on the
marsh of 0.7 m deep and, obviously, by
condition to an unstable groundwater level.
Visual observations have shown that the
water level in throughout the marsh can drop
in arid periods, even to a depth of 0.5 m.

Tabnuysa 33
Table 33

MozeibHi 1epeBa COCHH 3BMYAITHOL, 10 Poc/au Ha 60J10Ti B JosuHi piku Jlimuuui B Topranax

Model trees of Pinus sylvestris, which grown on a swamp in the valley
of the Limnytsya River in Gorgany range

Howmepu s e Bi‘OMeTp‘I/I‘{Hi MTOKa3HUKH CTOBOYPIB
MO/JIEJIHUX JIePEB Losattiy; Biometrical measures of tree trunks
Numbers of model A i D v

trees N E H
70 48.66223 | 24.02799 700 53 4.2 5.2 0.007
71 48.66217 | 24.02839 700 98 10.65 11.0 0.06
72 48.66225 | 24.02751 700 29 2.35 2.6 0.0015
105 48.66166 | 24.02660 700 63 8.0 11.2 0.055
107 48.66211 | 24.02732 700 64 8.4 8.4 0.032

Haii0inpmmii ycepeqHeHni NOTOYHUM MpH-
picT y BUCOTY CTOBOYpIB LIMX JepeB OyB y Billl
noHaa 20 pOKIB 1 CTaHOBHUB TPOXH OiJIble
0,1 mpix'. BixmoBiamo, Takuii HaiGimbIIHit
IPUPICT 3a TOBIIMHOIO CTOBOYpIB, OulblIe 1,5
MM-piK ', crioctepirases y Bini mosax 30 pokis,
a 3a 00’eMOM CTOBOYpHOI JepeBUHU, OLIbIIE
0,001 M’ pix”' BusIBIEHO Y Bili Aepes moHax 50
pokiB. ITomiOHiI TeHaeHIIT MOKa3aB 1 CepeHii
MPUPICT 32 IIUMHU TTOKa3HUKAMH.

HaBeneni pe3ynpTaTu J103BOJMIN pO3paxy-
BaTH BUPIBHSHI yCepEAHEHI 3HAUCHHS BUJOBUX
YHCeN 3aJIeKHO BiJl BUCOTH Ta TOBIIWHU CTOB-
OypiB (Tabm. 34). YV cepeiHbOMY 1€ MOKa3HUK
ctanoBuTh 0,674.

The largest averaged current increment in
height of trunks of these trees was over the age
of 20 years and was slightly over 0.1 m-yr'.
Accordingly, such a large increment in the
thickness of the trunks, more than 1.5 mm-yr'l,
was observed at the age of over 30 years, and in
the volume of trunks, more than 0.001 m’ yr',
was found at the age of over 50 years old trees.
Similar trends also showed an average incre-
ment in these indicators.

The given results allowed to calculate the
moving averaged values of the form factor
depending on the height and the thickness of the
trunks (Table 34). On average, this index is
0.674.
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Puc. 100. Xix pocTy, ITOTOYHUIA Ta CepeIHiil IPHIPOCTH Y BUCOTY MOJICITBHUX JIEPEB COCHH 3BUYAITHOI,
10 pociu Ha 600t B fosmHi piku Jlimaui B [opranax: "Value" — hakTruHi 3HAYCHHS;

"Avg" — niHis ycepeaHeHnX (GaKTHYHIX 3HadeHb; "Trend" — minist Tperay; V* i V° — ninii kiacis Gowitery
Fig. 100. The trend of growth, the current and average increments in height of Pinus sylvestris model trees,
which grew on a swamp in the valley of the Limnytsya River in Gorgany range: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line; V* and V° — line of forest stands bonitet classes
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D, mm=1,2348A - 13,49
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R*=0,9323
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AD/AA, mmryr" = -5E-07A* + 0.0001A° - 0.0128A% + 0.5353A- 6
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AD/A, mmyr' = 5E-06A° - 0.0013A” + 0.0998A - 1.4
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R*=0,8772
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Puc. 101. Xig pocTy, MOTOYHUI Ta CepeHINA MPUPOCTH 3a AiaMETPOM MOJICITLHHX JIEPEB COCHU 3BUYANHOI,
110 pocsu Ha 60710Ti B 1osmHi piku Jlimauni B Topranax: "Avg" — ninis ycepeaHeHuX (paKTHUHUX 3HAYEHD;
"Trend" — minHis TpeHTy
Fig. 101. Trend of growth, the current and average increments by the trunks thickness of Pinus sylvestris
model trees, which grew on a swamp in the valley of the Limnytsya River in Gorgany range:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line

141



PiukoBi Tepacu B ['opraHax River terraces in Gorgany range
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Puc. 102. Xin pocTy, MOTOYHMH Ta CEPEIHINA MPUPOCTH 00’ €My CTOBOYPIB MOJCIBEHHUX JEPEB COCHU
3BHYAIHOT, 1110 pOC/M Ha 60J10Ti B MoyuHi piku Jlimaumi B Topranax: "Value" — dakTuusi 3HaueHHS;
"Avg" — niHis ycepeqHeHnX (paKTHIHUX 3Ha4deHb; "Trend" — miHig TpeHTy

Fig. 102. Trend of growth, the current and average increments by the trunks volume
of Pinus sylvestris model trees, which grew on a swamp in the valley of the Limnitsa River in Gorgany range:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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Tabnuys 34
Table 34

BupiBHsiHi ycepenHeHi 3Ha4YeHHS BUAOBUX YHCe 32J1€5KHO Bil BUCOTH i TOBIIMHH
CcTOBOYPiB MO/IeJIbHUX JIepeB COCHHU 3BUYaITHOI, 1110 POCJIU HA 00JIOTi B 10JIUHI PiKK
Jlimuuui B Fopranax: "f;" — BupiBHsiHI cepeani BUIOBI Ynciaa cToBOYpiB pi3HOI TOBIKMHM;
"fy'' — BUPIBHSAHI cepeaHi BUI0BI yKcia cTOBOYpPIB Pi3HOI BHCOTH

The moving averaged actual value of the form factors dependence from the trunks height
and their thickness of Pinus sylvestris model trees, which grew on a swamp in the valley
of the Limnytsya River in Gorgany range: "f;" — the moving average values of form factor
of different thickness trunks; "f,'" — the moving average values of form factor
of different height trunks

5 H oy 5 6 7 8 9 10 1 £y
2 | 1.008 1.008
4 | 0798 | 0861 0.830
6 | 0688 | 058 | 0652 0.640
g 0556 | 0616 | 0613 | 0553 0.585
10 0603 | 0.692 0.528 0.608
12 0.697 0556 | 0.627
£, | 0831 | 0721 | 0604 | 0610 | 0667 | 0553 | 0528 | 0556 | 0.674

HdnHamika pocTy aepeB Ha cupux BigHMX
TOPK'AHNUCTUX OrNIEEHNX CKENEeTHUX
r'pyHTax

JlocnipkeHHsT BUKOHaHO Ha nepudepiiHii
TEePUTOpIi, MPUIETIIi J0 TIAPOJOTIYHOI Ma-
M'satku npupoan "bonorto Jlroromapa".

3aranpHi BiIOMOCTI Mpo reorpadivHe pos-
TalTyBaHHA Ta OIOMETpUYHI TMOKAa3HUKH MO-
NeNbHUX JIepeB HaBeneHo y Tabn. 35. Yia-
raJibHeH1 O10METPUYHI TOKa3HUKH X0y POCTY
cToBOYpIB 1UX NIepeB HaBeneHi Ha puc. 103—
105. VYcepenHeHa 3alexHICTh BHCOTH CTOB-
OypiB BiJ X TOBIIMHM NIOKa3aHa Ha puc. 106.

The growth of the trees on
wet dystric histic gleyic sceletic
Fluvisols
The study was carried out on the peripheral
territory adjacent to the hydrological Natural
Monument "The Swamp of Lutoshara".
General information on geographical
location and biometric data of model trees are
given in Table 35. The generalized biometric
parameters of the growth course of the trunks
of these trees are shown in Figures 103-105.
he average dependence of the trunks height on
their thicknes is shown in Figure 106.

Tabnuys 35
Table 35

MoaenbHi 1epeBa COCHU 3BUYANHOIL, 1110 POCIH
Ha 6oJ10Ti y moauni piku Jivuuni B Fopranax

Model trees of Pinus sylvestris, which grown on a swamp in the valley
of the Limnytsya River in Gorgany range

Homepu e e Bi'OMeTp'I/I'-IHi ITOKa3HUKA CTOBOYPIiB
MO/JICJIEHUX JIEPEB ity Biometrical measures of tree trunks
Numbers of model A q D v

trees N E H
95 48.66018 | 24.02739° 700 68 214 29.4 0.62
106 48.66012 | 24.02773 700 75 23 19.2 0.38
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Puc. 103. Xig pocTy, MOTOYHUIA Ta CepeaHiil IPUPOCTH Y BUCOTY MOJIEIIBHUX JIEPEB COCHU 3BUYAIHOI, 1110
POCIM Ha CUPUX OiTHUX TOp(’ THUCTUX OIJIECHUX CKEIETHHX IPYHTaX B JouHi piku Jlimauii B Topranax:
"Value" — haxtiuni 3Ha4eHHS; "Avg" — NTiHIA ycepeqHeHNX (aKTHIHUX 3Ha4deHb; "Trend" — miHis TpeHIy;

I1 1 I — minii kaciB GoHiTETY

Fig. 103. The trend of growth, the current and average increments in height of Pinus sylvestris model trees,
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which grew on wet dystric histic gleyic sceletic Fluvisols in the valley of the Limnytsya River
in Gorgany range: "Value" — actual values; "Avg" — line of averaged actual values;
"Trend" — trend line; II and III — line of forest stands bonitet classes
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EkcTpemanbHO oniroTpoHUA COCHAK Ha TOPAOBULLi B JONWUHI Pikun JTiMHUL

Extreme-oligotrophic Pinus sylvestris forest on a peat bog in the Limnytsya River’s valley



CTopiyHU oniroTpodHMIN epeBOCTaH COCHM 3BUYaNHOI 3 6epesoto
NOBUCIIO Ha TOPGOBULLI B JOSNMHI pikn JTiMHWL

Centenary oligotrophic Pinus sylvestris forest with Betula pendula
on a peat bog in the Limnytsya River’s valley



PiukoBi Tepacu B ['opraHax River terraces in Gorgany range
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Puc. 104. Xin pocty, MOTOYHHUI Ta CepeHIN MPUPOCTH 3a AiaMETPOM MOJCIBHIX JEPEB COCHU 3BUYANHOI,
1[0 POCIIM Ha CUPUX OiHUX TOP()’ AHUCTUX OIJIEEHUX CKEJIETHUX IPyHTaX y qoauHi piku Jlimawii B Topranax:
"Avg" — niHis ycepeaHeHux (pakTHIHUX 3Ha4eHb; "Trend" — niHis TpeHIY

Fig. 104. Trend of growth, the current and average increments by the trunks thickness of Pinus sylvestris
model trees, which grew on wet dystric histic gleyic sceletic Fluvisols in the valley of the Limnytsya River
in Gorgany range: "Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 105. Xix pocTy, MOTOYHMIA Ta CepeaHii MpUpocTH 00’ eMy CTOBOYPIB MOAEIBHHX JI€PEB COCHH
3BUYANHOI, 1110 POCIINA HA CUPUX OITHUX TOP(’ SHUCTHX OIICEHUX CKEICTHUX IPYHTAX Y JOJHHI piky JIIMHHMIII
B [opranax: "Value" — (akTuuni 3HaueHns; "Avg" — NiHis yceperHeHnx (aKTHIHUX 3HAYEHb;
"Trend" — miHist TpeHTY
Fig. 105. Trend of growth, the current and average increments by the trunks volume of Pinus sylvestris
model trees, which grew on wet dystric histic gleyic sceletic Fluvisols in the valley of the Limnytsya River
in Gorgany range: "Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 106. YcepemHena 3aeKHICTb BUCOTH BiJI TOBIIUHA CTOBOYPIB MOJICITEHHX JASPEB COCHU 3BHYANHOI,
10 POCIIU HA CUPHX O1HUX TOP(’ AHMCTUX OTJIEEHHUX CKENETHUX IPYHTaX y nosuHi piku Jlimauii B [opranax:
"Value" — daxTruHi 3HaUeHHS; "Avg" — JTiHis ycepeTHeHNX (pakTUUHKX 3HaueHb; "Trend" — jiHis TpeHTy

Fig. 106. The average dependence of the height from the thickness of the trunks of Pinus sylvestris
model trees, which grew on wet dystric histic gleyic sceletic Fluvisols in the valley of the Limnytsya River

in Gorgany range: "Value" — actual values; "Avg" —

3arajioMm ycepeHeHUN TeMI POCTY JIEPEB y
BUCOTY Bianosigas nokaznukam III ta II Gowi-
tery. Y Bimi 50 pokiB ix Bucota csaraiga 13 m,
a 'y 80 pokiB — 22 m. BiamoBigHo, TOBIIMHA
CTOBOYpIB y IIbOMY Billi csArana 21 cM i Tpoxu
outbie 25 cM, a 06’em — mpudausHo 0,25 M
i Tpoxu Ginpme Hixk 0,6 M. HaitGinbmrmii yce-
PEIHEHUN TTOTOYHHUN MIPHUPICT Y BUCOTY CTOB-
OypiB 1ux nepeB OyB y Bimi 15-45 pokiB i
craHoBuB OubIIe 0,3 M-piK'l. BinnmosinHo, Ta-
KWW HalO1IbIINIA IPUPICT 32 TOBUIMHOIO CTOB-
6ypiB, Gimblre 5 MM-piK ', criocTepirases y Bi-
i 15-35 pokiB, a 3a 00’emoM cTOBOYpHOL
nepesuny, Ginbme 0,01 M pik’, BusBICHO y
Bimi nepeB 45-70 pokiB. IlomiOHi TeHmeHIil
MoKa3aB 1 cepelHiil mpUpicT 3a UMM IOKa3-
HUKamu. TpeHn 3aneXHOCTI MPOLeHTa TOTOY-
HOTO TpUPOCTy 00’ eMy Big 00’eMy cTOBOYpiB
MOJICJIbHUX JEpeB IOKa3aB, 10 MpU 00’eMi
cToBOYpiB moHax 0,2 M BiH CTAHOBHB Maiike
5 %, a npu 0,4 M — 2,5 %. Lle xapakTepHO
JUTSL TocItiKeHuX aepeB y Bimi 50 Ta 70 poki
(puc. 1051 107).

HaBeneni pe3ynbTaTsl 103BOJIHIN PO3PAXY-
BaTH BUPIBHSAHI yCepeIHEHI 3HaueHHsS BUJIO-
BUX YHCEJ 3aJIe)KHO BiJl BUCOTH Ta TOBUIMHU
cToBOypiB (Tabn. 36). YV cepenHpoMy I1ei
MOKa3HUK cTaHOBUTE 0,510.

line of averaged actual values; "Trend" — trend line

In general, the average growth rate of the
trees in height was consistent with the III and II
bonitet. At the age of 50 years, their height
reached 13 m, and in 80 years — 22 m. Accor-
dingly, the thickness of the trunks in this age
reached 21 cm and slightly more than 25 cm,
and the volume — approximately 0.25 m’ and
slightly more than 0.6 m’. The largest averaged
current increment in height of trunks of these
trees was at the age of 15-45 years and was
more than 0.3 m'yr'. Accordingly, such a large
increment in the thickness of the trunks, more
than 5 mm-yr', was observed at the age of 15—
35 years, and in the volume of trunks wood,
more than 0.01 m® yr'', was found at the age of
trees 45-70 years. Similar trends also showed
an average increment in these indicators. The
trend of the dependence of the percentage of
current volume increment from the volume of
trunks of model trees showed that with a
volume of trunks of more than 0.2 m’ it was
almost 5 %, and at 0.4 m®> — 2.5 %. This was
characteristic of the examined trees at the age of
50 and 70 years (Figures 105 and 107).

These results allowed to calculate the moving
averaged values of the form factor depending on
the height and the thickness of the trunks
(Table 36). On average, this index is 0.510.
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AVV, % = 0.0096A" - 0.1687A° + 1.0978A” - 3.3065A+ 6
14

12
10

Value
--=-=-Avg
Trend

0 T T T
0 0.1 0.2 0.3 0.4 V, M7

Puc. 107. Tpenn 3amexHOCTI MPOIEHTA TOTOYHOTO TIPHPOCTY 32 00’ €MOM BiJT 00’€My CTOBOYpIB MO/ICITBHUX
JIEPEeB COCHU 3BHYAKHOI, III0 POCIIH Ha CHPHUX O1THUX TOP(’ STHUCTUX OTJICEHUX CKEJICTHHUX IPYHTAX Y JONUHI
piku Jlimauwi B Topranax: "Value" — dpaxruuni 3nauenns; "Avg" — niHis ycepeqHeHNX (aKTMYHUX 3HAYECHD;
"Trend" — JiHIs ycepeTHEHOTO TPEHIY
Fig. 107. The trend of the dependence of the percentage of the current volume increment from the volume
of Pinus sylvestris model trees, which grew on wet dystric histic gleyic sceletic Fluvisols in the valley of the
Limnytsya River in Gorgany range: "Value" — actual values; "Avg" — line of averaged actual values;
"Trend" — line of averaged trend

Tabnuys 36
Table 36

BupiBHsiHI ycepeHeHi 3HAYeHHS] BUIOBUX YK ce] 3aJIe5KHO BiJl BUCOTH
i TOBIIMHM cTOBOYPIB MOJeJIbHUX JIePeB COCHU 3BUYAIHOY, 1110 POC/IM HA CHPHX OiTHUX
TOP()’ SIHMCTHX OIJIEEHHX CKEJIETHUX IPyHTaX B A0uuHi piku Jlivuuui B Topranax:
"fq"' — BUpIBHSIHI cepe/iHi BU/I0BI uKcJIa cTOBOYpIB pi3Hol ToBIMHM; "'f,'' — BUpiBHAHI
cepeaHi BUIOBI YKc/Ia cTOBOYPIB pi3HOT BUCOTH
The moving averaged actual value of the form factors dependence from the trunks height
and their thickness of Pinus sylvestris model trees, which grew on wet dystric histic gleyic
sceletic Fluvisols in the valley of the Limnytsya River in Gorgany range: "f;'" — the moving
average values of form factor of different thickness trunks; "f,'" — the moving average values
of form factor of different height trunks

D H 4 8 10 12 14 16 18 20 22 fy
8 0.661 0.661
10 0.567 0.567
12 0.502 0.502
14 0.578 | 0.512 0.545
16 0.546 0.52 0.533
18 0.53 0.503 0.517
20 0.518 | 0.503 0.511
22 0.476 | 0.483 0.480
24 0.449 | 0.474 0.462
26 0.439 0.439
28 0.447 0.447
30 0.429 | 0.429
fh 0.661 | 0.549 | 0.529 | 0.525 | 0.511 | 0490 | 0.466 | 0.453 | 0.429 | 0.510
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AnuvHa eBponencbKa Picea abies (L.) Karst

JocnimkeHHs: Oy 30CepeKeH] Ha 3eMIISIX The model cuttings were made from trees that
Ocmonoacekoro ta KpacHsiHcbkoro micHUUTB — grew up on the territory of Osmoloda and Krasne
Hepxaroro mignpuemctBa “Ocmonoaceke Forestry of Osmoloda State Enterprise of
JicoBe rocmomapcTBo”. 3araibHi BimomocTi Forestry Management. General information on
npo reorpadiyHe posranryBaHHsS Ta Oiomer- their geographical location and biometric data are
pHUYHI MOKa3HUKU HaBeaeHo y Tabm. 37 ta Ha given in Table 37 and in Figure 108. The
puc. 108. Y3aranpHeni 6iomeTpuuHi mokazHu- generalized biometric parameters of the growth
KU X0y pocTy cToBOYypiB 1ux JiepeB HaBeneHi course of the trunks of these trees are shown in
Ha puc. 109-111. Vcepemnena 3amexnicte Figures 109-111. The average dependence of the
BHCOTH CTOBOYpIB BiJl iX TOBHIMHM Toka3aHa trunks height on their thicknes is shown in
Ha puc. 112. Figure 112.

Tabnuysa 37
Table 37
Moe/bHi JepeBa sIMHA €BPOIIEHCHKOY, 10 poc/u B AoauHi piku Jimauni B Topranax

Model trees of Picea abies, which grew in the valley of the Limnytsya River in Gorgany range

Homepu . BiomeTpryHi IOKa3HUKH CTOBOYPIB
MOI[eJILHI/I)I() JIEPEB Mll‘jue 11)9 cTy Biometrical measures of tree trunks
Numbers of model orelly A H D v

trees N E H
3 48.824518123.810770 650 93 33 67 4.54
63 48.65194923.924996 850 125 35.6 59.6 4
64 48.651949|23.924996 850 124 41.5 82.4 8.85
92 48.65587 | 24.02447 700 64 28.1 394 1.5
94 48.65587 | 24.02447 700 84 29.5 63.2 4.0
99 48.66128 | 24.02905 690 73 25.5 34.6 1.1

101 48.66213 | 24.02555 700 80 22.0 46.4 1.4

‘ 3 :#n
Buzooa™
yhoda

‘o

Puc. 108. Micus B osmni piku Jlivauni B Topranax, jie Gyyio B3TO MOJIENbHI J1€PEBA SUIMHH €BPONEHCHKOL

Fig. 108. The places in the valley of the Limnytsya River in Gorgany range, where model trees
of Picea abies were taken
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Puc. 109. Xig pocTy, MOTOUYHUIA Ta CepeHiil IPUPOCTH Y BUCOTY MOJICIIBHUX JIEPEB SUTHU €BPOIIEHCHKOL,
110 pociu B qonudi piku Jlimuuii B Topranax: "Value" — paxriani 3HaueHns; "Avg" — iHis ycepeaHeHnx
(haxTHunmX 3Hauens; "Trend" — ninis Tpewsy; I i I° — ninii kacis Gowitery

Fig. 109. The trend of growth, the current and average increments in height of Picea abies model trees,
which grew in the valley of the Limnytsya River in Gorgany range: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line; [ and I1I — line of forest stands bonitet classes
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Puc. 110. Xig pocTy, MOTOYHHH Ta CEPEIHIN IPUPOCTH 3a AIaMETPOM MOJCIBHUX JCPEB SUTMHU €BPOICHCHKOT,
110 pocyv B oimHi piku Jlimuuii B Topranax: "Avg" — niHist ycepenHeHnx (pakTHYHKUX 3HAYEHD;
"Trend" — miHist TpeHTy
Fig. 110. Trend of growth, the current and average increments by the trunks thickness
of Picea abies model trees, which grew in the valley of the Limnytsya River in Gorgany range:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 111. Xix pocTy, MOTOYHHIA Ta cCepeaHii MPUPOCTH 00’ eMy CTOBOYPIB MOAEIHHHX JIePEB SUTMHH
€BPOIIEHCHKOI, 1110 pOC/K B 1oyuHi piku JliMani B Topranax: "Value" — (akTvyHi 3Ha4eHHS;
"Avg" — miHist ycepenHeHUX (paKTHIHHX 3Ha4eHb; "Trend" — niHisA TpeHIY

Fig. 111. Trend of growth, the current and average increments by the trunks volume
of Picea abies model trees, which grew in the valley of the Limnytsya River in Gorgany range:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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H, m=-0.001D” + 0.5959D + 1.3
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Puc. 112. YcepenHeHa 3a/e)KHICTh BUCOTH BiJI TOBIIMHH CTOBOYPIB MOJICTBHIX JCPEB SUTHHU €BPOIEHCHKOY,
10 pociu B gonusi piku Jlimawii B Topranax: "Value" — (axruuni 3HaYeHHS;
"Avg" — niHis ycepeaHeHHX (paKTHIHHUX 3Ha4eHb; "Trend" — ntiHis TpeHIY

Fig. 112. The average dependence of the height from the thickness of the trunks
of Picea abies model trees, which grew in the valley of the Limnytsya River in Gorgany range:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line

3aranoM ycepeAHEHUI TeMN pOCTy AEpeB y
BUCOTY BiJnoBiaaB nmokazHukam I, I ta 1* Gowi-
tety. ¥ Biui 50 pokiB ix Bucota csirana 20 M, a'y
100 pokiB — 34 M. BiamnoBigHO, TOBIIMHA CTOB-
OypiB y 1bOMYy Bili csirasia 32 CM 1 TPOXH
6iabire 63 cM, a 06’eM — npubmmsHO 0,9 M i
Tpoxu Ginbiue Hix 4,3 M°. HaifGinbiumii yeepes-
HEHUH MOTOYHUI TPHPICT y BHCOTY CTOBOYpIB
ux sepeB OyB y Biui 20—-50 pokiB i CTaHOBUB
oinpie 0,4 M-piK'l. BianosigHo, Takuii HalO1Ib-
0115071 HpI/IPiCT 3a TOBIIMHOKO CTOBOYpIB, OUTbINE
8 MMpiK ', criocTepirascs y Bii 3045 pokis, a
3a 00’€MOM CTOBOYpHOI JEpeBUHH, OLIbIlIE
0,08 M° pix', BusiBeHO y Biui mepes 85-125
poxkiB. [Toni6GH1 TeHeHIii MoKa3aB 1 cepeaHiil
IpUpICT 3a UMMU Noka3zHukamu. IIpote ce-
penHiii mpupict 3a 06’eMoM cTOBOYpHOI He-
PEBHHH CArHYB MakcumyMmy, 0,05 M pik’,
auie y Bini aepes nmoHanx 120 poki. Tpenn
3aJIe)KHOCT1 MPOLEHTa MOTOYHOTO TPUPOCTY
00’emy Bim 00’e€My CTOBOYpIB MOMACIBHHUX
JIepeB MOKa3aB, 110 MpHu 00’ eMi CTOBOYPIB I0-
Hax 1 M BiH cTtaHoBUB 5 %, a mpu 5 M —
1,8 %. Lle xapakTepHo 1Uis IepeB SUIMHU €BPO-
neiicekoi y Bini 80 pokis (puc. 1131 115).

HagBeneHi pe3ynpTaTi 103BOJIMIN PO3pPaxy-
BaTH BUPIBHSIHI yCepeaHEH! 3HAYCHHS BUIO-
BUX YHCEN 3aJI€KHO BiJl BUCOTH Ta TOBIIUHH
ctoBOypiB (Tabn. 38). Y cepeanpoMy mei
IMOKa3HUK cTaHOBHUTH 0,429,

In general, the average growth rate of the trees
in height was consistent with the II, I and I°
bonitet. At the age of 50 years, their height
reached 20 m, and in 100 years — 34 m. Accor-
dingly, the thickness of the trunks in this age
reached 32 cm and slightly more than 63 cm, and
the volume — approximately 0.9 m’® and slightly
more than 4.3 m’. The largest averaged current
increment in height of trunks of these trees was at
the age of 20-50 years and was more than
0.4 myr'. Accordingly, such a large increment in
the thickness of the trunks, more than 8 mm~yr'1,
was observed at the age of 3045 years, and in the
volume of trunks wood, more than 0.08 m’ yr'l,
was found at the age of trees 85-125 years.
Similar trends also showed an average increment
in these indicators. However, the average
increment in the volume of trunk wood reached a
maximum of 0.05 m’ yr' only at the age of the
trees over 120 years. The trend of the dependence
of the percentage of current volume increment
from the volume of trunks of model trees showed
that with a volume of trunks of more than 1 m? it
was 5 %, and at 5 m’ — 1.8 %. This is characte-
ristic of Picea abies trees at the age of 50 and
110 years (Figures 113 and 115).

These results allowed to calculate the moving
averaged values of the form factor depending on
the height and the thickness of the trunks
(Table 38). On average, this index is 0.429.
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Puc. 113. Tpena 3ane:KHOCTI MPOIEHTA TIOTOYHOT'O MIPUPOCTY 38 00’ €MOM Bi 00’ €My CTOBOYPIB MOJECTHHUX
JIEpEB SUIMHU €BPOIEHCHKOT, 1110 pociu B joyuHi piku Jlimuwii B [opranax: "Value" — Gpaxruuni 3HaueHHS;
"Avg" — nmiHis ycepenHeHUX (paKTUUHUX 3HaUeHb; "Trend" — iHis ycepeAHEHOro TPeHIY
Fig. 113. The trend of the dependence of the percentage of the current volume increment from the volume
of Picea abies model trees, which grew in the valley of the Limnytsya River in Gorgany range:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — line of averaged trend

Tabnuys 38
Table 38
BupiBHsiHi ycepeaHeHi 3HaUYeHHSA BUAOBUX YHCe 32J1€5KHO Bil BACOTH i TOBIIMHH
cTOBOYpPIB MO/IC/IbHHX /IepeB SINHH €BPONECHKOI, 1110 pOc/H B 10JHHI piku JIiMHumi
B Topranax: "fy" — BupiBHsini cepeani BUI0BI unciia cTOBGYPIB Pi3HOT TOBIIMHY;
"f," — BUpiBHSIHI cepeHi BUI0OBI unc/ia cTOBOYPiB pi3HOT BUCOTH
The moving averaged actual value of the form factors dependence from the trunks height
and their thickness of Picea abies model trees, which grew in the valley of the Limnytsya
River in Gorgany range: "f;3'"' — the moving average values of form factor of different
thickness trunks; "f,'" — the moving average values of form factor of different height trunks

D H 8 12 16 20 24 30 32 34 36 38 40 42 fy
8 10.534 0.562
12 | 0.512 | 0.481 0.517
16 | 0.494 | 0.465 | 0.453 0.483
20 | 0.482 | 0.454 | 0.442 | 0.440 0.458
24 10.47310.445 | 0.434 | 0.432 | 0.434 0.442
28 0.440 | 0.428 | 0.427 | 0.429 0.431
32 0.437 [ 0.425 | 0.423 | 0.426 | 0.428 0.425
36 0.423 | 0.422 | 0.424 | 0.426 | 0.425 0.422
40 0.423 | 0.421 | 0.423 | 0.425 | 0.424 | 0.422 0.420
44 0.420 | 0.422 | 0.424 | 0.423 | 0.421 | 0.418 0.419
48 0.420 | 0.422 | 0.424 | 0.423 | 0.421 | 0.418 0.417
52 0.423 | 0.422 | 0.420 | 0.417 0.416
56 0.421 | 0.420 | 0.418 | 0.415 0.413
60 0.419 [ 0418 | 0.416 | 0.413 0.409
64 0.417 1 0.416 | 0.414 | 0.411 | 0.406 0.404
68 0.413 ] 0.411 | 0.408 | 0.403 0.398
72 0.404 | 0.400 | 0.395 0.391
76 0.397 1 0.392 0.386
80 0.390 | 0.385 | 0.381
84 0.383 | 0.378
fn 10.507 | 0.449 | 0.425 | 0.422 | 0.426 | 0.430 | 0.428 | 0.424 | 0.418 | 0.409 | 0.399 | 0.388 | 0.429
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Anuvua 6ina

HocmipkeHHss OynM  30CepellKeHi  Ha
3emisix  Ocmolioackkoro Ta KpacHSHCHKOTO
nicauuTB JlepskaBHoro mignpueMcTsa “Ocmo-
JIOJIChKE JIICOBE TOCMOJApCTBO”.  3aralibHi
B1JIOMOCTI TIpo reorpadiyHe po3rantyBaHHs Ta
0610MeTpHYHI MOKa3HUKHU HaBeleHO Yy Tadiu. 39
Ta Ha puc. 114. V3aranbHeHi OiomeTpuyHi
MOKa3HUKHA XOIYy POCTY CTOBOYpIB ITMX JIEPEB
HaBeseHl Ha puc. 115-117. Vcepennena 3a-
JISKHICTh BUCOTH CTOBOYpIB BiJ iX TOBIIMHH
nokasana Ha puc. 119.

Abies alba Mill.

The model cuttings were made from trees
that grew up on the territory of Osmoloda and
Krasne Forestry of Osmoloda State Enterprise
of Forestry Management. General information
on their geographical location and biometric
data are given in Table 39 and in Figure 114.
The generalized biometric parameters of the
growth course of the trunks of these trees are
shown in Figures 115-117. The average
dependence of the trunks height on their
thicknes is shown in Figure 119.

Tabnuys 39
Table 39

MogebHi a1epeBa sumui 6i/10i, o pocau B goaunax [opran

Model trees of Abies alba, which grew up in the valleys of the Gorgany range

e Ve o Bi‘OMeTp‘I/I‘IHi MOKAa3HUKK CTOBOYPIB
; Biometrical measures of tree trunks
MOJICTIFHUX JIEPECB Locality
Numbers of model trees N E I A H D Vv
73 48.86176 | 24.24946 | 445 108 41 87 8.68
93 48.65587 | 24.02447 | 700 63 20.8 28.4 0.54
100 48.66252 | 24.02583 | 700 115 30.2 77.0 5.25
102 48.66252 | 24.02583 | 700 61 19.5 41.4 1.12

» G T ;M ¢

100,102

| 47.":\'5; -..
. epe:::tr[cq- (€
4

4 Perqhin

£

Puc. 114. Micus B nomuni piku Jlimauii B [opranax, e Gy10 B3STO MOZIE/IBHI IepeBa suImIi Oi1oi

Fig. 114. The places in the valley of the Limnytsya River in Gorgany range, where model trees
of Abies alba were taken
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Puc. 115. Xin pocty, MOTOYHHI Ta CEPENHIN TPUPOCTH Y BUCOTY MOJCIBHUX AEPEB SUIULI OLIO1,
110 pociy B 1o/uHi piku Jlivauii B Topranax: "Value" — hakTudHi 3HAYCHHS;

"Avg" — miHis ycepeaHeHux (axTnaHUX 3Ha4eHb; | 1 111 — minii kmaciB 6onitery; "Trend" — ninist TpeHIy
Fig. 115. The trend of growth, the current and average increments in height of Abies alba model trees,
which grew in the valley of the Limnytsya River in Gorgany range: "Value" — actual values;

"Avg" — line of averaged actual values; "Trend" — trend line; [ and I1I — line of forest stands bonitet classes
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Puc. 116. Xin pocTy, MOTOYHUH Ta CepeIHIN MPUPOCTH 3a TiaMEeTPOM MOJICITLHHX JASPEB sUTAILI OLTO,
110 pociu B osmHi piku Jlimuwii B Topranax: "Avg" — niHist ycepenHeHnx (akTHUHKUX 3HAYEHD;
"Trend" — miHist TpeHLy
Fig. 116. Trend of growth, the current and average increments by the trunks thickness
of Abies alba model trees, which grew in the valley of the Limnytsya River in Gorgany range:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 117. Xix pocTy, MOTOYHHUIA Ta CepeHiil MpupocTH 06’ eMy CTOBOYPIB MOJIEITBHHX JIEPeB SUHII 0101,

110 pocnu B gomuHi piku Jlimuuni B Topranax: "Value" — GpakTudni 3HaYEHHS;
"Avg" — miHis ycepenHeHUX (paKTUIHHX 3Ha4eHb; "Trend" — niHis TpeHIY

Fig. 117. Trend of growth, the current and average increments by the trunks volume

of Abies alba model trees, which grew in the valley of the Limnytsya River in Gorgany range:
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"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 118. Ycepeanena 3ajekKHiCTb BUCOTH Bijl TOBIIWHH CTOBOYPIB MOJIETIFHUX JAEPEB SUTHLI 01101,
10 pocyy B 1osuHi piku Jlimaui B [opranax: "Value" — hakTudHi 3HAYECHHS;
"Avg" — niHis ycepeaHeHNX (pakTHIHHUX 3Ha4eHb; "Trend" — niHis TpeHIY

Fig. 118. The average dependence of the height from the thickness of the trunks

of Abies alba model trees, which grew in the valley of the Limnytsya River in Gorgany range:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line

3aranoM ycepeIHEeHU TEeMIT POCTY AEpeB Yy
BHCOTY TIOYaTKOBO BIZMOBIZaB MOKa3HUKaM [V
Gowirery, a nizuime I1I-1 i HaBits [* kiacis 60-
Hitety. ¥ Bimi 50 pokiB iX BHcoTa carana 15 wm,
a'y 100 pokiB — 34 M. BiamoBigHo, TOBIIMHA
CTOBOYpIB y LIbOMY Billi csirayia 28 CM 1 TPOXHU
outeire 75 cm, a 06’em — npubnmzHo 0,5 M i
Maiike 6 M°. HaiiGibImmii ycepeHeHnii moTod-
HUM TPUPICT Y BHCOTY CTOBOYpIB LIMX JIE€PEB
OyB y Bili 30—60 pokiB i CTAHOBUB MPUOIUZHO
04 mpix'. BigmoBimHo, Takuii HAHOLIBIINIL
OpUPICT 3a TOBIIMHOK CTOBOYpIB, TIOHAJ]
9 Mm-pik’, crioctepiraes y Biui 45-85 pokis, a
3a 00’eMoM CTOBOYpHOI AepeBHHH, OLIbIIe
0,1 M*pix’, BustBIIeHO y Bili Aepes 75-105 po-
kiB. [lomiOHi TenaeHmii moka3aB 1 cepemHiii
MPUPICT 3a UMHU MOKa3HUKamu. [Ipote cepen-
Hiil IpupicT 32 00’eMOM CTOBOYPHOI JIEpEBUHU
csrHyB MakcumyMy 0,06 M -pik’, mumre y Biri
nepeB 100 pokiB. TpeHn 3aJIeKHOCTI MPOIIEHTA
IIOTOYHOTO TMpPHUPOCTy 00’eMy Bifg 00’eMy
CTOBOYpIB MOJIETIHHUX JIEPEB TOKa3aB, 10 MpU
06’emi cToBOYpiB | M’ BiH cTaHOBHB 5 %, a Ipu
50 -2 %. Ile xapakTepHO ISl JIePeB SUTHIII
o610l y Birti 55 1 120 pokis (puc. 1171 119).

HaBezneHi pe3ynbTaTé J0O3BOJNMIM PO3paxy-
BaTH BUPIBHSHI yCEepEIHEH] 3HAYCHHS BUIOBUX
YHCeN 3aJIeKHO BiJl BUCOTH Ta TOBIIMHHU CTOB-
OypiB (Tabum. 40). Y cepeqHboMy Lieil TTOKa3HUK
ctaHoBuTh 0,402.

In general, the average growth rate of trees in
height initially corresponded to the indicators of
the IV bonitet, and later, III-1 and even I bonitet
clases. At the age of 50 years, their height reached
15 m, and in 100 years — 34 m. Accordingly, the
thickness of the trunks in this age reached 28 cm
and slightly more than 75 cm, and the volume —
approximately 0.5 m’ and slightly almost 6 m”.
The largest averaged current increment in height
of trunks of these trees was at the age of 30—60
years and was approximately 0.4 m -yr'. Accor-
dingly, such a large increment in the thickness of
the trunks, more than 9 mm-yr”, was observed at
the age of 45-85 years, and in the volume of
trunks wood, more than 0.1 m’ yr'l, was found at
the age of trees of 75—105 years. Similar trends
also showed an average increment in these indica-
tors. However, the average increment in the volu-
me of trunk wood reached a maximum of 0.06 m’
yr' only at the age of the trees over 120 years.
The trend of the dependence of the percentage of
current volume increment from the volume of
trunks of model trees showed that at the volume
of trunks 1 m’ it was 5 %, and at 5 m® — 2 %. This
is characteristic of Abies alba trees at the age of
55 and 120 years (Figures 117 and 119).

The given results allowed to calculate the mo-

ving averaged values of the form factor depen-
ding on the height and the thickness of the trunks
(Table 40). On average, this index is 0.402.
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Puc. 119. Tpenn 3anexHOCTI MPOIEHTA TOTOYHOTO TIPUPOCTY 3a 00’ €MOM BiJ] 00’ €My cTOBOYpIB
MOJICNIbHHUX JIEPEB sUTHLI OLIOT, 110 pociu B HoiuHi piku Jlimaumi B Topranax: "Value" — dakridsi 3HaueHHS;
"Avg" — miHis ycepeaHeHUX (paKTHYHHUX 3Ha4eHb; "Trend" — yiHisg ycepeHeHOTO TpeH Ly
Fig. 119. The trend of the dependence of the percentage of the current volume increment from
the volume of Abies alba model trees, which grew in the valley of the Limnytsya River in Gorgany range:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — line of averaged trend

Tabnuys 40
Table 40

BupiBHsiHI ycepeaHeHi 3HAYeHHsSI BUIOBUX YHCeJl 3271€2KHO BiJl BUCOTH i TOBIIMHHU CTOBOYPIB
Mo/eJbLHHUX JepeB L 6L10i, 10 pocu B KojuHi piku Jlivauni B ['opranax:
"fq" — BUpIBHSIHI cepeHi BU/I0BI YKcJIa cTOBOYPIB pi3HOI TOBIMHIY;
"f,'' — BUPIBHSIHI cepeIHi BU0OBI YKci1a cTOBOYPIB pi3HOI BUCOTH

The moving averaged actual value of the form factors dependence from the trunks height
and their thickness of Abies alba model trees, which grew in the valley of the Limnytsya River

in Gorgany range: "f;" — the moving average values of form factor of different thickness

trunks; "f," — the moving average values of form factor of different height trunks

H

D 8 12 16 20 24 28 32 34 36 38 40 fy
8 0.443 0.452
12 | 0.440 0.447
16 | 0.438 | 0.434 0.442
20 ] 0.435 ] 0.431 | 0.428 | 0.424 0.437
24 0.429 | 0.425 | 0.421 0.431
28 0.426 | 0.423 | 0.419 | 0.415 0.426
32 0.420 | 0.416 | 0.413 0.421
36 0.417 | 0.414 | 0.410 | 0.406 0.416
40 0.415 | 0.411 | 0.408 | 0.404 0.411
44 0.409 | 0.405 | 0.401 | 0.398 0.405
48 0.402 | 0.399 | 0.395 | 0.393 0.400
52 0.400 | 0.396 | 0.393 | 0.391 | 0.389 0.395
56 0.397 | 0.394 | 0.390 | 0.388 | 0.386 | 0.385 0.390
60 0.394 | 0.391 | 0.387 | 0.386 | 0.384 | 0.382 0.385
64 0.388 | 0.385 | 0.383 | 0.381 | 0.379 0.379
68 0.386 | 0.382 | 0.380 | 0.379 | 0.377 0.374
72 0.383 [ 0.379 | 0.378 | 0.376 | 0.374 | 0.372 | 0.369
76 0.380 | 0.377 | 0.375 | 0.373 | 0.371 | 0.370 | 0.364
80 0.374 | 0.372 | 0.371 | 0.369 | 0.367 | 0.359
84 0.368 | 0.366 | 0.364 | 0.353
88 0.362 | 0.348
fh [ 0433 | 0.426 | 0.419 | 0.412 | 0.405 | 0.397 | 0.390 | 0.387 | 0.383 | 0.379 | 0.376 | 0.402
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MigpicT anuHM eBponencbKoi Ta anuui 6inoi nia HaMeTom MONoAOro BifIbXOBOIO AepeBOCTaHy

B JOMWHI Pikn JliMHMLUI

Picea abies and Abies alba undergrowth under the tent of a young alder stand

in the Limnytsya River’s valley
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River terraces in Gorgany range

CepenHborip’s 'opraH

JlocnikeHHsT TMpPOBEAEHO Ha  TEepUTOpIl
JlropBukiBchbkoro ta CoOONBCHKOTO JIICHUIITBA
JeprxaBHoro mianpueMcTBa “Burozceke micose
rocriogapctBo”’, bucrpeurkoro, Ileperincpkoro
ta OCMOJIOICHKOTO JIICHUITB Jlep>kaBHOTO IijI-
npuemMcTBa “OCMOJIOJICBKE JIICOBE TOCIIOAAp-
ctBo”. Tepuropii Miclb pPOCTY AOCIIIXKEHUX
MOJISTIBHUX JIepeB IMoka3aHi Ha puc. 120.
MonenbHi nepeBa BigiOpaHO B MeXax BHCOTH
700-1000 M H. p. M. Cxnnu pi3HUX €KCIO3ULIIH,
kpyTusHow 15-30°. IpyHTOBi yMOBH: Me30-
eBTPOQHI CITA00KKCII CYTIIMHKOBI JIPIOHOKAM ’sI-
nucti (Dystric-Eutric Cambisols) niepiognaHO
CBIXI1 Ta BOJIOT.

Gorgany range montane zone

The researches were focused on the lands
of Lyudvykivka and Sobol' Forestry of
Vygoda State Enterprise of Forestry Mana-
gement, of Bystryk, Pereginsk and Osmoloda
Forestry of Osmoloda State Enterprise of
Forestry Management. The areas of the
growth sites of the studied model trees are
shown in Figure 120. Model trees are selec-
ted within the altitude of 700-1 000 m a.s.l.
The slopes of different exposures, steep 15—
30°. Soil conditions: meso-eutrophic slightly
acidic sandy-loam (Dystric-Eutric ~ Cambi-

sols) periodically mesophile and meso-
hygrophile.

Puc. 120. Micus na cxunax [opran, e 6yJ10 B39TO MOJIEIbHI I€peBa

Fig. 120. The location on the Gorgany range montane zone, where model trees were taken
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Gorgany range montane zone

Byk nicoBun

JlocmiKeHHsT Oy 30Cepe/KEH] Ha 3eMIISIX
OcmMmomnoacbkoro Ta KpacHSIHCHKOTO JTICHUIITB
JepxaBHoro mianpueMcTBa “OCMOIOACHKE JTi-
COBE TOCIIOapCTBO”. 3arajibHi BIJOMOCTI TPO
reorpadiuHe posTanryBaHHS Ta OlOMETpPUYHI
MOKAa3HUKM HaBeneHo Yy Tabim. 41 T1a Ha
puc. 121. Y3aranpHeHi OioMeTpUYHI MOKa3HH-
KH X0y POCTY CTOBOYpIB ITUX JepEeB HaBE/ICHI
Ha puc. 122-124. VYcepenHeHa 3aleXHICTb
BUCOTH CTOBOYpIB BiJ iX TOBIIMHU MOKa3zaHa
Ha puc. 125.

MogpeabHi 1epeBa Oyka JicoBor

Fagus sylvatica L.

The model cuttings were made from trees that
grew up on the territory of Osmoloda and Krasne
Forestry of Osmoloda State Enterprise of
Forestry Management. General information on
their geographical location and biometric data
are given in Table 41 and in Figure 121. The
generalized biometric parameters of the growth
course of the trunks of these trees are shown in
Figures 122—124. He average dependence of the
trunks height on their thicknes is shown in
Figure 125.

Tabnuys 41
Table 41
0, 10 pocsiu Ha cxuiax Lopran

Model trees of Fagus sylvatica, which grew on the slopes of the Gorgany range

Homepu Micte poct Bi.OMeTp.I/I‘IHi MOKa3HUKH CTOBOYPIB
MO/JICIILHUX JICPEB Locallji ty y Biometrical measures of tree trunks
Numbers of model A o D v

trees N E H
86 48.62441 | 24.03540 995 159 25.9 50 2.67
111 48.77147 | 24.16521 820 128 27.5 49.8 2.48
113 48.76773 | 24.17031 700 136 22.0 51.4 2.03
129 48.85993 | 23.61275 925 338 41.0 94.6 10.0
169 48.83586 | 23.60760 930 117 25 43 1.3
170 48.83586 | 23.60760 930 127 22.0 32.6 0.84
215 48.65306 | 24.01336 824 82 20,5 22,6 0
216 48.65306 | 24.01336 824 140 33 49 2.64

Puc. 121. Micus na cxunax [opran, ne 6ys10 B39TO MOZIE/bHI epeBa OyKa JiCOBOTO

Fig. 121. The places on the Gorgany range montane zone, where model trees of Fagus sylvatica were taken
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Puc. 122. Xix pocty, MOTOUHHIA Ta CepeHIl MPUPOCTH Y BUCOTY MOJIEIBLHHX JIepeB OyKa JTiCOBOTO,
10 pociu Ha cxunax Lopraun: "Value" — dakriuni 3Hauennst; "Avg" — ninist ycepeaHeHnx GpakTHIHuX
3HaueHb; "Trend" — minist Tpermy; I, 11 1 V — ninii kinaciB OoHiTETY

Fig. 122. The trend of growth, the current and average increments in height of Fagus sylvatica
model trees, which grew on the Gorgany range montane zone: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line; I, Il and V — line of forest stands bonitet classes
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Puc. 123. Xix pocTy, MOTOYHHI Ta CepeAHii MPUPOCTH 3a AiaMeTpoOM MOJIETIHHUX JepeB OyKa JIicOBOTO,
110 pocnu Ha cxunax [opran: "Avg" — ninis ycepennennx (hakTuuHuX 3Ha4YeHb; "Trend" — minis Tpengy
Fig. 123. Trend of growth, the current and average increments by the trunks thickness of Fagus sylvatica
model trees, which which grew on the Gorgany range montane zone: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 124. Xix pocty, MOTOYHHI Ta CepenHii IPUPOCTH 00’ €My CTOBOYPIB MOJICIBHUX JePEeB OyKa JIiCOBOTO,
1o pociu Ha cxuiax [opran: "Value" — akTiuni 3HAYEHHS;
"Avg" — niHis ycepeaHeHux (pakTnaHUX 3Ha4UeHb; "Trend" — niHisg TpeHIy

Fig. 124. Trend of growth, the current and average increments by the trunks volume of Fagus sylvatica
model trees, which grew on the Gorgany range montane zone: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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Gorgany range montane zone
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Puc. 125. Ycepeanena 3aexHiCTh BUCOTH Bijl TOBITUHU CTOBOYPIB MOACTHHUX JiepeB OyKa JIiCOBOTO,
1o pocym Ha cxunax [opran: "Value" — hakTu4Hi 3HAYEHHS;
"Avg" — miHis ycepeaHeHNX (pakTUYHMUX 3Ha4YeHb; "Trend" — niHisA TpeHIy

Fig. 125. The average dependence of the height from the thickness of the trunks of Fagus sylvatica
model trees, which grew on the Gorgany range montane zone: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line

3arajgom ycepeiHeHUI TeMI pOCTy JepeB y
BHUCOTY II0YaTKOBO BIJIMOBIZaB IMOKa3HUKAM
V OGownitery. ¥ Bini 50 pokiB ix BucoTa csarana
mume 10 m. ¥V Bimi 100 pokiB BoHa csrana
20 M. Y 150 pokiB — 28 m. Ile Bke € MOKa3HUK
IIT 6onitery. ¥V 200 poxkiB — 33 M, 110 HabIu-
*aeTbcs 1o HopMaTtuBy | Gonitery. Y 300 po-
kiB — 38 M. BignoBigHo, TOBIIMHA CTOBOYPIB y
50 poxkiB csrana 10 cm, y 100 pokiB — 26 cM, y
200 poxkiB — 58 cm, a y 300 pokiB — 78 cwm.
OG6’em croBOypa: y 50 pokiB — mnpuOIM3HO
0,05 », y 100 pokis — 0,75 m’, y 200 pokis —
43 ™, a'y 300 pokiB — 6,5 . Haii6inbmmnii
yCepeHEeHUH MOTOYHMH HPUPICT Yy BHCOTY
cToBOypiB 1uX nepeB OyB y Bimi 30—120 pokiB
1 craHoBUB npubau3Ho 0,2 M-piK'l. Bigmosiza-
HO, TAaKU HAaWOUIBIIMI MPUPICT 32 TOBIIMHOIO
cToBOYpIB, Ginbimie 4 MM-pik’, crocrepiracs
y Bii 90—170 pokiB, a TakoX y BiIi OuIbIIE
300 pokiB. MakcuMaiabHUH TNPHUPICT O6’€M?’
cToBOYpHOI mepesuHH, Oitbie 0,06 M -pik ',
BUSIBJIEHO y Bili naepea moHaa 300 poxkis.
[Toni6Hi1 TeHmeHIi TOKa3aB 1 CepeAHiil Mpu-
pICT 3a UMM TOKa3HUKaMU. TpeHa 3anexHoc-
Ti IIPOLIEHTA MOTOYHOTO MPHUPOCTY 00’ €My Bif
00’eMy cTOBOYpIB MOJICIILHUX JIEPEB MOKA3aB,
o 1pu 06’eMi cTOBOYpIB MoHaL 1 M BiH He
nepepuirye 3 %. Ilpu 06’emi x croBOypa
4-10 v’ BiH craHoBHTH 1 %. Ile xapakrepHO
Ui AepeB Oyka JicoBoro y Bimi monan 230
pokiB (puc. 124 1 126).

170

In general, the average growth rate of trees in
height initially corresponded to the V bonitet. At
the age of 50, their height reached only 10 meters.
At the age of 100, it reached 20 meters. At 150
years it was 28 meters. This is already an indicator
of the III bonitet. In 200 years — 33 m, which is
approaching the norm and the I bonitet. In 300
years — 38 m. Accordingly, the thickness of the
trunks in 50 years reached 10 cm, in 100 years —
26 cm, in 200 years — 58 cm, and in 300 years —
78 cm. The volume of the trunk: in 50 years —
about 0.05 m3§ at 100 years — 0.75 m’, in 200
years — 4.3 m’, and in 300 years — 6.5 m’. The
largest averaged current increment in height of
trunks of these trees was at the age of 30-120
years and was approximately 0.2 m -yr'. Accor-
dingly, such a large increment in the thickness of
the trunks, more than 4 mm-yr'], was observed at
the age of 90—-170 years, and also at the age of
more than 300 years. The maximum increment in
the volume of trunk wood, more than
0.06 m*-yr", was found at the age of the tree more
than 300 years. Similar trends also showed an
average increment in these indicators. The trend of
the dependence of the percentage of current
volume increment from the volume of trunks of
model trees showed that, with a volume of trunks
exceeding 1.0 m’, it does not exceed 3 %.
At the volume of the same trunk 4-10 m’ this
indicators is 1%. This is typical for Fagus sylva-
tica trees over the age of 230 years (Figures 124
and 126).
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Gorgany range montane zone

HaBeneni pesynbTaTu J03BOJHIN PO3paxy-
BaTH BHUPIBHSHI yCepeIHEHI 3HAYCHHS BUAOBUX
YHCeJl 3aJIeKHO Bl BUCOTH Ta TOBIIMHHU CTOB-
OypiB (Tabmn. 42). Y cepenHboMy Ieil TOKa3HUK
craHoBuTth 0,426.

The given results allowed to calculate the
moving averaged values of the form factor
depending on the height and the thickness of
the trunks (Table 42). On average, this index
is 0.426.

AV, % = -0.0004V° + 0.0113V" - 0.139V° + 0.8571V* - 2.7656V + 5
10 1
1 R*=0.3862
g
6 Value
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Puc. 126. Tpen 3a1eKHOCTI IPOIIEHTA TIOTOYHOTO IMTPUPOCTY 3a 00’ €MOM Bijl 00’€My CTOBOYPIB MOJCTBHUX
nepes OyKa JIiCOBOro, 10 poc/u Ha cxuiax Lopran: "Value" — GpakTtuuni 3HaYEHHS;
"Avg" — JiHis ycepeaHeHuX haKTHIHUX 3HadeHb; " Trend" — JiHIS ycepeTHEHOTO TPEHIY

Fig. 126. The trend of the dependence of the percentage of the current volume increment from the volume
of Fagus sylvatica model trees, which grew on the Gorgany range montane zone: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — line of averaged trend
Tabnuys 42
Table 42

BupiBHsiHI ycepeqHeHi 3HAYeHHs] BUI0BHX YHCeJI 3271€2KHO BiJl BUCOTH i TOBIIMHU CTOBOYPIB

MoJeILHNX JepeB GyKa JicoBoro, o poc/u y cepeannorip'i [opran:

"fq" — BUpIBHsIHI cepeHi BUIOBI YncIa cTOBOYPIB Pi3HOI TOBIIMHY;

"f,,"" — BUpIBHSIHI cepe/Hi BUI0BI 4Kc/ia CTOBOYPIB Pi3HOT BUCOTH
The moving averaged actual value of the form factors dependence from the trunks height
and their thickness of Fagus sylvatica model trees, which grew on the Gorgany range montane
zone: "f3"" — the moving average values of form factor of different thickness trunks;
"f,"" — the moving average values of form factor of different height trunks

D ! 8 12 16 20 24 26 28 30 32 34 36 38 fy
8 [0.564]0.532]0.507 0.569
12 1 0.536 | 0.506 | 0.482 | 0.463 0.513
16 [0.5130.485]0.461 | 0.444 | 0.431 0.471
20 0.469 1 0.446 | 0.429 ] 0.417 | 0.412 | 0.409 | 0.407 0.441
24 0.457 1 0.435]0.418 |1 0.407 | 0.402 | 0.399 | 0.396 | 0.395 0.419
28 0.428 | 0.411 | 0.400 | 0.395 | 0.392 | 0.390 | 0.388 | 0.387 | 0.387 0.405
32 0.407 [ 0.395 ] 0.391 | 0.388 | 0.386 | 0.384 | 0.383 | 0.383 0.396
36 0.405 [ 0.393 | 0.389 | 0.386 | 0.384 | 0.382 | 0.381 | 0.381 | 0.381 | 0.392
40 0.393 [ 0.388 [ 0.385 | 0.383 | 0.381 | 0.380 | 0.380 | 0.380 | 0.391
44 0.393 | 0.389 [ 0.385 | 0.383 | 0.381 | 0.381 | 0.380 | 0.380 | 0.391
48 0.386 [ 0.384 [ 0.382 | 0.381 | 0.381 | 0.381 | 0.392
52 0.382 | 0.381 [ 0.381 | 0.381 | 0.393
56 0.381 | 0.381 | 0.381 | 0.393
fi 10.55910.498 | 0.452 ] 0.418 | 0.394 ] 0.386 | 0.380 ] 0.375 [ 0.372 ] 0.370 | 0.370 ] 0.370 | 0.426
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AAnuHa eBponencbka

JlocnmipkeHHsT OyJr 30Cepe/DKEH] Ha 3eMIISIX
JIrogBukiBcbkoro ta COOONBCHKOIO JIICHUIITB
JlepaBHoro mianpueMcTsa “Burojcbke jicose
rocriojapcTBo”, buctpenpkoro ta OcMoI0ACH-
KOro JicHuITB JlepskaBHOTO — TIANPHEMCTBA
“OCcMOIO/IChKE JIICOBE MOCTIOAPCTBO”. 3araibHi
BiZIOMOCTI Tpo reorpadivyHe po3TaulyBaHHS Ta
OloMeTpUYHI TTOKa3HUKH HaBEICHO y Tab. 43 Ta
puc. 127. Y3aranpHeHi 610MeTpUYHI MOKA3HUKU
X0y POCTy CTOBOYpIB ITMX JCPEB HaBEICHI Ha
puc. 128-130. Ycepeanena 3ai1exHiCTh BUCOTU
CTOBOYpiB BiJl 1X TOBIIMHM I[IOKa3aHa Ha
puc. 131.

Picea abies (L.) Karst.

The model cuttings were made from trees
that grew up on the territory of Lyudvykivka
and Sobol' Forestry of Vygoda State Enterprise
of Forestry Management, of Bystryk, Pereginsk
and Osmoloda Forestry of Osmoloda State
Enterprise of Forestry Management. General
information on their geographical location and
biometric data are given in Table 43 and in
Figure 127. The generalized biometric
parameters of the growth course of the trunks of
these trees are shown in Figure 128—-130. The
average dependence of the trunks height on their
thicknes is shown in Figure 131.

Tabnuys 43
Table 43

MozenbHi JepeBa sUIMHHE €BPONENCHKOT, 0 pocu Ha cxuaax [opran

Model trees of Picea abies, which grew on the slopes of the Gorgany range

Homepu Micte poct Bi.OMeTp.I/I'-IHi IMOKa3HUKH CTOBOYpIB
MOJIETLHUX JIEPEB Locall)ity y Biometrical measures of tree trunks
Numbers of model A o D v

trees N E H

2 48.80640 | 23.73705 810 140 43.6 72.8 6.93
91 48.62073 | 24.03153 820 106 32.5 48.6 2.77
117 48.65222 | 24.01251 860 150 37.0 64.0 4.1
118 48.65222 | 24.01251 860 201 33.0 66.6 4.1
163 48.83618 | 23.60835 920 74 28.0 42.6 1.86
172 48.83618 | 23.60835 930 75 25.0 19.8 0.41
184 48.84442 | 23.63564 819 75 27.2 20.4 0.48
188 48.84231 | 23.62385 795 125 38.0 53.0 3.93

Puc. 127. Micus na cxunax [opran, jie 6yJ10 B349TO MOJIE/bHI JI€PEBa SUIMHHA €BPOIEHCHKOT

Fig. 127. The places on the Gorgany range montane zone, where model trees of Picea abies were taken
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Puc. 128. Xin pocty, TIOTOYHUIA Ta CepeIHiil IPUPOCTH Y BUCOTY MOJICIIBHUX JIEPEB SUTMHU €BPOIIEHCHKOL,
10 pociu Ha cxunax Lopraun: "Value" — dakriuni 3uauennst; "Avg" — ninist ycepeaHeHnx GpakTHIHuxX
3HaveHb; | 1 I11 — minii kaaciB 6oniteTy; "Trend" — miHis TpeHy;

"118" — pakTHUUHI 3HAUCHHS HAICTAPIIIOTO JepeBa
Fig. 128. The trend of growth, the current and average increments in height of Picea abies model trees,
which grew on the Gorgany range montane zone: "Value" — actual values;

"Avg" — line of averaged actual values; "Trend" — trend line;

I and III — line of forest stands bonitet classes. "118" — the actual value of the oldest tree
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Puc. 129. Xin pocty, mOTOYHNMI Ta CepeIHIN IPUPOCTH 3a TiaMETPOM MOJICITFHUX JEPEB SUTMHH €BPOIICHCHKOL,
1o pociu Ha cxuiax [opran: "Avg" — niHist ycepenHeHux GakTuuHuX 3Ha4enb; "Trend" — minis TpeHy
Fig. 129. Trend of growth, the current and average increments by the trunks thickness of Picea abies
model trees, which which grew on the Gorgany range montane zone: "Value" — actual values;

"Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 130. Xix pocty, moTo4HHI Ta cepeiHiii MpupocTr 00’ eMy CTOBOYPIB
MOJIEJIBHUX JIEPEB SUIUHH €BPOIIENCHKO, 1[0 POCIU Ha cxuiax [opram:
"Value" — daxtuuni 3HaueHHsT; "Avg" — JiHis ycepenHeHnX (pakTHUHKUX 3HaueHb; "Trend" — niHis TpeHIy

Fig. 130. Trend of growth, the current and average increments by the trunks volume
of Picea abies model trees, which grew on the Gorgany range montane zone:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 131. Ycepennena 3aeXHiCTb BUCOTH Bifl TOBIIIMHH CTOBOYPIB
MOJIEJIBHUX JIEPEB SUIMHHU €BPOIIEHCHKOI, 1110 pociu Ha cxmiiax [opran: "Value" — pakTiusi 3Ha9eHHS;
"Avg" — niHis ycepeTHeHNX (paKTHIHUX 3HaueHb; "Trend" — jmiHis TpeHIY
Fig. 131. The average dependence of the height from the thickness of the trunks

of Picea abies model trees, which grew on the Gorgany range montane zone:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line

3arajgoMm ycepelHEeHUH TeMI POCTY JIEPEB Y
BUCOTY TIOYAaTKOBO BiJINOBiAaB mokasHukam [I1—
IT Gonitery. ¥ Bimi 50 pokiB BUCOTa JiepeB Csi-
rama 15 m, a'y 100 poki — maitke 30 m. Biamo-
BIJTHO, TOBIIIMHA CTOBOYpPIB Yy IIbOMY BIIll csArajia
23 cM 1 Tpoxu Outbie 42 cM, a 06’eM — mpuod-
ymsuo 0,5 M i TPOXH OLIbIIE HIXK 2 M.V Bini
noHaa 100 pokiB MIBHIKICTE POCTY J€pPEB 3pocC-
Tae 10 nokasuukis I Ta I* Gomitery. V Bimi 120
POKIB BHCOTa JEpPEB CTAaHOBWIA 33 M, TOBIIMHA
CcTOBOYpIB — 53 M, a 06’eM — 3 M°. Haiicrapiue
JIEPEBO MOYATKOBO, MaOyTh, POCIIO il HAMETOM
nepesoctany. Moro Bucora y 100 pokis cra-
HoBwita jumie 10 M, mo BigmoBigae HopMa-
tuBy V*® Gonirery. Tosmuna crosOypa Oyna
Bchoro 16 cm. Ilpore Bxke y Bimi 160 pokiB
Horo BUCOTa cTaHOBWIA 27 M, 11O BiANOBiIa€e
HopMatuBy III 6onitery. ¥ 200 pokiB BUcOTa
nepeBa Oyyna 32 M, TOBIIMHAa CTOBOypa —
65 cm, a ioro 06’em — 4 M°. HaitGinsmmii yce-
PEIHEHUN TOTOYHUHN TIPHUPICT Y BUCOTY CTOB-
OypiB 1mux aepeB OyB y Bimi 40-100 pokiB i
cTaHoBUB npubam3Ho 0,3 M-piK'l. BiamosigHo,
Takui HaWOUIBIIMI OPUPICT 32 TOBIIMHOIO
cToBOYpIB, Ginbine 5 MM-pik’, crocTepiraBcs y
Bimi 60—120 pokiB, a 3a 006’eMOM CTOBOYpHOT
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In general, the average growth rate of the trees
in height initially corresponded to the indicators of
the III-II bonitet. At the age of 50 years, their
height reached 15 m, and in 100 years — almost
30 m. Accordingly, the thickness of the trunks
reached 23 cm and slightly more than 42 cm, and
the volume — approximately 0.5 m’ and slightly
more than 2 m’. At the age of more than
100 years, the growth rate of trees grows to the
indicators of the I and I* bonitet. At the age of
120 years the height of the trees was 33 m, the
thickness of the trunks was 53 c¢m, and the volume
was 3 m’. The oldest tree from the beginning,
apparently, grew under the forest canopy. Its
height in 100 years was only 10 m, which corres-
ponds to the standard V* bonitetet. The thickness
of the trunk was only 16 cm. However, at the age
of 160 years its height was 27 m, which corres-
ponds to the norm of the III bonitet. In 200 years
the height of the tree was 32 m, the thickness of
the trunk — 65 cm, and its volume — 4 m’. The lar-
gest averaged current increment in height of
trunks of these trees was at the age of 40-100
years and was approximately 0.3 m yr. Accor-
dingly, such a large increment in the thickness of
the trunks, more than 5 mm-yr', was observed at
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nepeBury, Oinbme 0,07 M° pik', BHSBICHO y
Billi epeB 100—140 pokis. [ToniOHi TeHaeHIIT
MOKa3aB 1 CepeHiil MpHUpICT 3a IIUMHU MOKa3-
Hukamu. Ilpore cepenniii mpupict 3a 00’e-
MOM CTOBOYPHOI IE€pPEBHHH CSTHYB MaKCH-
mymy 0,02 M pix’' mmme y Bini zepes 200
pokiB. Tpens 3amexHOCTI MpPOIEHTa MOTOY-
HOTO TpUpOCTy 00’eMy Big 00’emy cTOBOY-
piB MOJIENBHUX JI€peB MOKa3aB, 110 MpH 00’ e-
Mi cToBOYpiB moHax 1 M° BiH He HepeBHUILYE
2,3 %. lle xapakTepHO s JAEpeB SIUHU
eBporeiicbkoi y Bimi 80 pokiB. [Ipu 06’emi
cTOBOYpiB MOHAL 3,5 M° BiH CTaHOBHTH
2-1,5 % (puc. 1301 132).

HaBeneHi pe3ynbTaTé JO3BOJIMIIM PO3paxy-
BaTH BHPIBHSIHI yCepEeIHEH1 3HAYCHHSI BUIOBUX
Yyces 3aJeKHO BiJl BHCOTH Ta TOBIIMHU CTOB-
OypiB (Tabmn. 44). Y cepemHbOMY IIei MMOKa3HUK
ctaHoBHUTE 0,465.

the age of 60-120 years, and in the volume of
trunks wood, more than 0.07 m’ yr', was found at
the age of 100—140 years old trees. Similar trends
also showed an average increment in these
indicators. However, the average increment in the
volume of trunk wood reached a maximum of
0.02 m® yr' only at the age of the trees 200 years.
The trend of the dependence of the percentage of
current volume increment from the volume of
trunks of model trees showed that, with a volume
of trunks exceeding 1 m’, it does not exceed
2.3 %. This is characteristic of Picea abies trees at
the age of 80 years. With a trunks volume of more
than 3.5 m’ it is 2-1.5% (Figures 130 and 132).

The given results allowed to calculate the
moving averaged values of the form factor
depending on the height and the thickness of the
trunks (Table 44). On average, this index is
0.465.
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Puc. 132. Tpen 3a1e:KHOCTI TIPOIIEHTA IOTOYHOTO ITPUPOCTY 32 00’ €MOM Biff 00’ eMy
CTOBOYPIB MOJIENIBHKX JIEPEB SUIMHU €BPOIIEHCHKOI, 110 POC/IM Ha CXWiIax [opram:
"Value" — dhaxtruni 3Ha4eHHST; "Avg" — JiHISA ycepeAHCHUXK (HaKTUIHUX 3HAUCHb;
"Trend" — JiHIs ycepeaHEHOTo TPEHIY

Fig. 132. The trend of the dependence of the percentage of the current volume increment from
the volume of Picea abies model trees, which grew on the Gorgany range montane zone:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — line of averaged trend
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Tabnuys 44
Table 44
BupiBHsiHi ycepeHeHi 3HaYeHHS BUAOBUX YHCeJ 32J1€5KHO Bil BUCOTH i TOBIUMHH
cTOBOYpiB MOJEJbLHHUX JepPeB SUIMHH €BPOIEHCHKOL, 0 Pociu Yy cepeanborip’i [opran:
"fq"" — BUpIBHsAHI cepeHi BUAOBI yncia cTOBOYpiB pi3HOI ToBIUHY; "f}'" — BUpPIBHAHI
cepeaHi BUI0BI Yucaa cTOBOYPIB pi3HOI BHCOTH

The moving averaged actual value of the form factors dependence from the trunks
height and their thickness of Picea abies model trees, which grew on the Gorgany range
montane zone: "f;" — the moving average values of form factor of different thickness
trunks; "f," — the moving average values of form factor of different height trunks

D H 8 12 16 20 24 28 32 34 36 38 40 44 fy

8 [0.601]0.582 0.612
12 1 0.587]0.569 | 0.552 0.585
16 | 0.575]0.557 | 0.540 | 0.525 0.560
20 |0.562]0.545 | 0.529 | 0.514 | 0.499 | 0.486 0.536
24 0.534 ] 0.518 | 0.503 | 0.489 | 0.476 0.514
28 0.523 | 0.508 | 0.493 | 0.479 | 0.467 0.494
32 0.513 [ 0.498 | 0.483 | 0.470 | 0.458 0.475
36 0.489 [ 0.474 | 0.461 | 0.449 0.458
40 0.480 | 0.466 | 0.453 | 0.441 | 0.431 0.442
44 0.459 | 0.446 | 0.434 | 0.424 0.428
48 0.452 | 0.440 | 0.428 | 0.418 | 0.413 | 0.408 0.416
52 0.422 1 0.412 | 0.408 | 0.403 | 0.399 0.405
56 0.408 | 0.403 | 0.399 | 0.394 0.396
60 0.404 | 0.399 [ 0.395 | 0.391 0.388
64 0.392 | 0.388 | 0.384 0.382
68 0.382 | 0.376 | 0.378
72 0.374 | 0.375
fn [0.590|0.555]0.522 | 0.492 | 0.465 | 0.441 | 0.420 | 0.410 | 0.401 | 0.393 | 0.386 | 0.373 | 0.465
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Anuvuna 6ina

HocnimkeHass Oyu 30CepeKeHi Ha 3eMIIsIX
Co0omnbebkoro JIicHAITBA JlepKaBHOTO MiANPH-
eMcTBa “BuUrozcbke JicoBe rocrnonapctso’, AH-
refiBcbkoro Ta OCMOoNoIChKOro JTicHUNITB [lep-
JKaBHOTO MiampueMcTBa “OCMOIIONICHKE JTICOBE
rocrogapctBo” 1 [loNSTHUITBKOTO JTICHUIITBA
JlepxaBHOTO MmignpueMcTBa “‘BOpOXTSAHCHKE
micose rocrniogapctBo’’ [13]. 3aranbHi BizoMoc-
Ti mpo reorpadiyHe po3TallyBaHHSI Ta Oio-
METPHUYHI MTOKAa3HUKH HaBeJCHO Ha puc. 133 ta
y Tabn. 45. Y3araibHeHi GiOMeTpUYHI MOKa3-
HUKHA XOJly POCTY CTOBOYpIB LIUX J€pEB HaBe-
neHi Ha puc. 134-136. YcepenHeHa 3aiex-
HICTb BUCOTH CTOBOYpIB BiJ iX TOBLIMHHU MOKa-
3aHa Ha puc. 137.

Abies alba Mill.

The model cuttings were made from trees that
grew up on the territory of Sobol' Forestry of
Vygoda State Enterprise of Forestry Manage-
ment, of Angeliv and Osmoloda Forestry of
Osmoloda State Enterprise of Forestry Ma-
nagement and of Polyanytsya Forestry of
Vorokhta State Enterprise of Forestry Mana-
gement [13]. General information on their
geographical location and biometric data are
given in Figure 133 and in Table 45. The
generalized biometric parameters of the growth
course of the trunks of these trees are shown in
Figures 134-136. he average dependence of
the trunks height on their thicknes is shown in
Figure 137.

Tabnuys 45
Table 45

Moge/bHi epeBa suni 0is10i, 1o pociu Ha cxuiaax opran

Model trees of Abies alba, which grew on the slopes of the Gorgany range

T s e Ei.OMCTp.I/I'-IHi IMOKa3HUKH CTOBOYPIB
. Biometrical measures of tree trunks
MOJICTIbHHX JIEPECB Locality
Numbers of model trees N E m A H D Vv
25 48.66937 | 24.02727 750 136 30 56 3.37
58 48.32256 | 24.42458 | 1000 255 44 107 20.7
88 48.62441 | 24.03540 995 196 30 55 3.26
90 48.62154 | 24.03227 860 141 31 49 2.99
121 48.65222 | 24.01251 865 250 49 110 17.9
122 48.65222 | 24.01251 865 186 45 76 8.4
162 48.85949 | 23.61241 905 227 45 78 9.98
180 48.87880 | 23.69525 730 158 33 49 3.02
181 48.87880 | 23.69525 730 203 35 63 5.68

% 121 122 [‘,.,

88 90

Puc. 133. Micus Ha cxunax [opran, me 6yJ10 B349T0 MOJENBHI AepeBa suIMIli 1ol

Fig. 133. The places on the Gorgany range montane zone, where model trees of Abies alba were taken
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Puc. 134. Xix pocTy, MOTOYHUIA Ta CEpeHii TPUPOCTH Y BUCOTY MOJIEIBHUX JIEPEB SUIALI O11101,
110 pociu Ha cxuiiax [opran: "Value" — daxruuni 3HavenHns; "Avg" — iHis ycepeaHeHnx GakTHUHUX
3Hadenb; | 1 1l — minii kinaciB Oonitery; "Trend" — miHist TpeHIY

Fig. 134. The trend of growth, the current and the average increments in height of Abies alba model trees,
which grew on the Gorgany range montane zone: "Value" — actual values; "Avg" — line of averaged actual
values; "Trend" — trend line; I and III — line of forest stands bonitet classes
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Annueso-6ykosuii npanic y Co6onbcbkoMy MicHMLTBI B [opraHax Ha BucoTi 800 M H. p. M.

Abies alba — Fagus sylvatica virgin forest in Sobol’ Forestry on the Gorgany
range at altitude of 800 m a.s.l.



u

BykoBwuit npanic Ha Bucoti 1000 M H. p. M. B OcMonoacbkoMy nicHuuTsi B ['opraHax

Fagus sylvatica virgin forest at altitude of 1 000 m a.s.l. in the Osmoloda Forestry
in the Gorgany mountain range
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BucokoripHi sinHoBi npanicu B ['opranax

High-montane spruce virgin forests on the Gorgany mountain range
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Puc. 135. Xin pocty, TOTOYHMIA Ta CepeHiil MPUPOCTH 3a AiaMeTPOM MOJIETTBHUX JIEPeB UL 61101, 1110
pociu Ha cxuitax [opran: "Avg" — niHis ycepenHeHux (pakTUIHKUX 3Ha4eHb; "Trend" — midis TpeHmy
Fig. 135. Trend of growth, the current and average increments by the trunks thickness of Abies alba
model trees, which which grew on the Gorgany range montane zone: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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V, m’ = 0,0001A% + 0,002A - 0,0823
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Puc. 136. Xiyx pocty, MOTOUHHI Ta cepeiHiii MpupocTr 00’ eMy CTOBOYPIB
MOJIENBHUX JIEPEB UL G1I01, 110 pociu Ha cxminax [opran: "Value" — hakTudni 3HaueHHs;
"Avg" — niHis ycepenHeHUX (paKTHIHUX 3Ha4eHb; "Trend" — jmiHis TpeHIy

Fig. 136. Trend of growth, the current and average increments by the trunks volume
of Abies alba model trees, which grew on the Gorgany range montane zone:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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H, m= -0.0015A> +0.7101A + 1.3
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R* =0.992

40

30

20
Value

[ Avg |
Trend
D, cm

Puc. 137. YcepenHeHa 3a1exHICTh BUCOTH BiJl TOBIIMHH CTOBOYPIB
MOJIENIBHUX JIEPEB sUIUIL G110, 10 pociu Ha cxuiiax [oprau: "Value" — akrtuuni 3HaueHHs;
"Avg" — niHis ycepeaHeHux (pakTHdHUX 3Ha4YeHb; "Trend" — niHisg TpeHIy
Fig. 137. The average dependence of the height from the thickness of the trunks

of Abies alba model trees, which grew on the Gorgany range montane zone:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line

3arajgoM yCepeIHEHHUH TeMII POCTy IAEPEB
y BHUCOTY B MOJIOJIOMY Billi OyB MOBUIbHUH 1
BIJIMOBi/IaB TOKa3HUKaM V OoHiTeTy. VY BiIli
50 pokiB ix BucoTta csarama 10 m, a y 100
pokiB — 20 M. VY Bimi 120 pokiB iX BHcOTa
csarana 24 M, mo BignmoBimae Hopmatupy III
6onirery. ¥ Bimi 160 pokiB HIBUIKICTH POCTY
JIepeB y BUCOTY 3pocia J0 TMOKa3HuKa I
onitery, a y 200 pokis — I° Gonirery. Bin-
MOBIIHO, TOBIIMHA CTOBOYpPIB y I[bOMY BIiLli
caraima 14, 29, 37, 60 ta 83 cm, a 00’em —
npubmmseo 0,06, 0,7, 1,7, 4,6, 9,7 .
Haiibinpmmii ycepeqHeHnid MOTOYHHN TIPH-
picT y BHCOTy CTOBOYpiB LIUX AepeB OyB y
Bii 40-160 pokiB i CTaHOBUB NPHUOIU3ZHO
0,2 m-pik . BixmosixHo, Takuii HaGiTbIIHI
MPUPICT 3a TOBIIMHOK CTOBOYpiB, Oinbiie
4 Mm-pix™', crocrepirasest y Bimi 80—170 po-
KiB, a 3a 00’€éMOM CTOBOYpHOi JI€pEeBHHH,
Gimbmre 0,1 M -pix’', BusBIEHO y BiIli AepeB
170-250 poxkiB.

[ToniGHi TeHaeHuii MOKa3aB 1 CepeaHii
npupicT 3a UMK mokazHukamu. [Ipote ce-
penHiii mpupict 3a 06’eMoM CTOBOYpHOI Jie-

In general, the average growth rate of the
trees in height at a young age was slow and
consistent with the V bonitet. At the age of 50
years, their height reached 10 m, and in 100
years — 20 m. At the age of 120 years, their
height reached 24 m, , which corresponds to
the norm of the III bonitet. At the age of 160
years, the speed of growth in height of trees
has Increment to the index of I bonitet, and in
200 years — I bonitetet. Accordingly, the
thickness of the trunks at this age reached 14,
29, 37, 60 and 83 cm, and the volume was
approximately 0.06, 0.7, 1.7, 4.6, 9.7 m’. The
largest averaged current increment in height of
trunks of these trees was at the age of 40—160
years and was approximately 0.2 m yr.
Accordingly, such a large increment in the
thickness of the trunks, more than 4 mm yr'l,
was observed at the age of 80—170 years, and
in the volume of trunks wood, more than
0.1 m® yr’', was found at the age of old trees of
170-250 years.

Similar trends also showed an average
increment in these indicators. However, the
average increment in the volume of trunk
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PEBHHH CSTHYB Makcumymy, 0,07 ’-pik’,
nunie y Bimi aepeB moHaxa 240 pokiB. Tpenn
3aJIC)KHOCTI MPOIEHTa MOTOYHOTO MPUPOCTY
00’eMy Bil 00’eMy cTOBOYpIB MOJEIBHHUX
JIepeB IOKa3aB, M0 MpU 00’eMi CTOBOYpiB
monan 1 M Bin He mepesmmye 4 %. Ilpu
06’emi & cToBOYpa 420 M’ ueil MOKa3HHK
craHoBuB 2-0,7 %. lle xapaktepHOo 15
nepeB sutuili Oinoi y Bimi moHax 160 pokis
(puc. 138).

HaBeneni pe3ynpTaTH JO3BOJHINA PO3-
paxyBaTH BHpIBHSIHI yCEpEJIHCHI 3HAYCHHS
BUJIOBHX 4YHCEJI 3aJeKHO BiJl BHCOTH Ta
TOBUIMHU CTOBOypiB (Tabn. 46). Y cepen-
HbOMY 1€} MOKa3HUK cTaHOBUTH 0,495.

wood reached a maximum of 0.07 m® yr'' only
at the age of the trees over 240 years. The
trend of the dependence of the percentage of
current volume increment from the volume of
trunks of model trees showed that, with a
volume of trunks exceeding 1 m’, it does not
exceed 4 %. At the volume of the same trunk
4-20 m’ this indicators is 2-0,7%. This is
typical for Abies alba trees over the age of 160
years (Figures 138).

The given results allowed to calculate the
moving averaged values of the form factor
depending on the height and the thickness of
the trunks (Table 46). On average, this index is
0.495.

AV\V, % = -4E-05V° + 0.0023V" - 0.0491V° + 0.4876V* - 2.3204V + 6

10 +
R*=0.5092

Value

---=-Avg
Trend

Puc. 138. Tpenn 3amexHOCTI POIEHTa ITOTOYHOTO TIPHPOCTY 3a 00’ €MOM BiJ 00’ €My CTOBOYpIB
MOJIEJIBHUX JIEPEB sUIHL 1oL, 10 pociu Ha cxuiax [opran: "Value" — pakTuuni 3HaueHHs;
"Avg" — niHis ycepenHeHnX (paKTUYIHUX 3Ha4YeHb; "Trend" — JiHIs ycepeaHeHOro TPEHIY

Fig. 138. The trend of the dependence of the percentage of the current volume increment from
the volume of Abies alba model trees, which grew on the Gorgany range montane zone:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — line of averaged trend

188



CepegHborip’st ['opraH Gorgany range montane zone

Tabnuys 46
Table 46

BupiBHsiHi ycepeHeHi 3HAUeHHSI BUAOBHUX YU Ce 3aJ1€5KHO Bil BUCOTH i TOBIIIMHH
cToBOYpPIiB MOIEILHHUX JIepeB SN 0101, 1110 poc/n y cepeanborip’i [opran:
"fy"' — BUpIBHSIHI cepeHi BUIOBI Ync/ia cTOBOYPiB Pi3HOI TOBIINHMN;

"f,,"" — BUpIBHsIHI cepe/Hi BUI0BI 4nc/ia CTOBOYPIB Pi3HOT BUCOTH

The moving averaged actual value of the form factors dependence from the trunks height
and their thickness of Abies alba model trees, which grew on the Gorgany range montane zone:
"fq"" — the moving average values of form factor of different thickness trunks;

"' — the moving average values of form factor of different height trunks

D i 8 12 16 20 24 28 32 36 40 44 46 48 fa
8 [0.612]0.588|0.578 0.650
12 10.601]0.578 | 0.568 | 0.566 0.628
16 |0.591]0.568 | 0.559 | 0.557 | 0.558 0.607
20 |0.582]0.559 | 0.550 | 0.548 | 0.549 0.588
24 10.573]0.551]0.542 | 0.540 | 0.541 0.571
28 [0.565]0.543 | 0.534 | 0.532 | 0.533 0.555
32 0.536 | 0.527 | 0.525 | 0.526 | 0.526 0.541
36 0.521 | 0.519 | 0.520 | 0.519 0.527
40 0.515]0.513 | 0.514 | 0.513 ] 0.509 0.516
4 0.5090.508]0.508]0.508 |0.504 0.505
48 0.503]0.503]0.503 {0.499 0.495
52 0.49910.49910.495]0.487 0.487
56 0.49510.495]0.491|0.483 0.479
60 0.4910.48710.479 0.472
64 0.48410.476]0.464 0.466
68 0.48210.47410.461 0.461
72 0.47910.471)0.459(0.443 0.456
76 0.469(0.457)|0.441 0.452
80 0.4670.455]0.440 0.449
84 0.466|0.454|0.438 0.445
88 0.464|0.452|0.437 0.443
92 0.463]0.451]0.436 0.440
96 0.45010.43410.426 0.438
100 0.44910.433]0.425 0.436
104 0.432]0.42410.416|0.434
108 0.431]0.423]0.415|0.432
112 0.42210.41410.430
fn 10.576]0.532(0.514]10.510]0.512{0.511|0.503]0.487]0.462|0.431]0.415|0.399|0.495
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Bucokorip’s 'opraH

JocnimkeHHs: IpoBeieHO Ha Teputopii buc-
Tpeupkoro, [loBromomsHcekoro ta Ocmonon-
CbKOTO JIICHUUTB JlepskaBHOTrO MiANPUEMCTBA
“OcMmorochKe JlicoBe rocrnonapctso’. Teputo-
pii MiCIlb POCTY MAOCHIDKEHUX MOJEIBHUX
nepeB nokaszani Ha puc. 139. Ile BepxHi Ta ce-
pEIHI YaCTUHM HAWBUIIMX TIPCBKMX MAacCHBIB.
MogenbHi AepeBa BifiOpaHO B MeKaxX BHCOTHU
1285-1365 M H. p. M. CXWIHM PI3HUX EKCIIO-
3umiit, kpytusHow 20-35°. IpyHTOBi yMmOBH:
OJIITO-ME30TPOHI  KUCHI JOyK€ KaM'sTHUCTI
(Cambic Leptosols) mnepiogudHO CBDKI Ta
BOJIOT'.

Gorgany range altimontane
zone

The researches were focused on the lands
of Bystryk, Dovgapolyana and Osmoloda Fo-
restry of the Osmoloda State Enterprise of
Forestry Management. The areas of the
growth sites of the studied model trees are
shown in Figure 139. This upper and middle
parts of the highest mountain ranges. Model
trees are selected within the altitude of 1 285—
1365 m a.s.l. The slopes of different expo-
sures, steep 20-35°. Soil conditions: oligo-
mesotrophic slacidic very stony (Cambic
Leptosols) periodically mesophile and meso-
hygrophile.

Puc. 139. Micus y Bucokorip’i Topran, 1e 6yJ10 B3STO MOJENbHI 1epeBa

Fig. 139. The location in the Gorgany range altimontane zone, where model trees were taken
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CocHa kegpoBa

JlocmikeHHsT Oy 30Cepe/KEH] Ha 3eMJISIX
buctpenpkoro Tta OCMOJIOACHKOTO JIICHUIITB
JHepxaBHoro mianpueMcTBa “OCMOIOACHKE JTi-
COBE T'OCMO/apCTBO”. 3aranbHi BiJOMOCTI PO
reorpadiuyHe TOJIOKEHHST Ta OIOMETpHYHI TI0-
Ka3HUKM HaBeJleHO y Tabi. 47 ta Ha puc. 140.
V3aranbHeHi OlOMETPHYHI TOKAa3HUKU X0y
pocTy CTOBOYpiB IMX JepeB HaBeIeHI Ha
puc. 141-143. YcepenHeHa 3ajeHICTh BUCO-
TH CTOBOYpIB BiJ iX TOBIIMHH IIOKa3aHa Ha

puc. 144.

Pinus cembra L.

The model cuttings were made from trees that
grew up on the territory of Bystryk and
Osmoloda Forestry of the Osmoloda State State
Enterprise of Forestry Management. General
information on their geographical location and
biometric data are given in Table 47 and in
Figure 140. The generalized biometric parame-
ters of the growth course of the trunks of these
trees are shown in Figure 141-143. The average
dependence of the trunks height on their thicknes
is shown in Figure 144.

Tabnuys 47
Table 47

MogeabHi 1epeBa COCHH KeIpoBoi, 0 pocin y Bucokorip’i [opran

Model trees of Pinus cembra, which grew on the Gorgany range altimontane zone

Howmepu Micte poct Ei.OMeTp.I/I‘IHi MTOKAa3HUKH CTOBOYPIB
MO/JIC/ILHHUX JIEPEB Loca]i)i ty y Biometrical measures of tree trunks
Numbers of model A o D v

trees N E H

158 48.586933|24.087118| 1280 238 17 36 0.74
159 48.586477|24.087213| 1250 211 15 35 0.42
160 48.58560124.090142| 1303 300 19 56 2.16
191 48.616722123.941609| 1312 365 26 94 4.77
193 48.617588123.943015] 1297 101 15.5 23 0.386

Puc. 140. Micus y Bucokorip’i [opras, jie 6yJ10 B34TO MOJIEIbHI J€pEBa COCHH KEIPOBOT

Fig. 140. The places on the Gorgany range altimontane zone, where model trees of Pinus cembra were taken
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H, m=-0.0001A%+0.1113A
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Puc. 141. Xizg pocTy, TOTOYHUI Ta CepeIHiil IPUPOCTH Y BUCOTY MOJICIBHUX JIEPEB COCHU KEAPOBOI,
1o pocnu y Bucokorip’i [opran: "Value" — paxtiani sHauenns; "Avg" — midis
ycepenHennx (aktiaHux 3HaueHb; "Trend" — minist Tpenmy; IV, V i V* — ninii kinaciB GoHiteTy
Fig. 141. The trend of growth, the current and average increments in height of Pinus cembra
model trees, which grew on the Gorgany range altimontane zone: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line;

IV, V and V* — line of forest stands bonitet classes
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D, mm= 0,0051x" + 0,7391x + 28,431
1000 -

R? =0,9867
750 -

500 ~

250

Trend

0 80 160 240 320 A, year

6

160 240 320 A, year

AD/A, mmryear ' = -2E-09A" + 2E-06A” - 0,0005A% + 0,0551A - 0,2281
3

R* = 0,981

0 80 160 240 320 A, year

Puc. 142. Xix pocTy, MOTOYHUI Ta CEpeAHIN MPUPOCTH 3a TiaMETPOM MOJIETIBHUX JIEPEB COCHHU KEIIPOBOI,
110 pocnu y Bucokorip’i [opran: "Avg" — ninist ycepeaneHnx (JakTHUHUX 3HAYEHD;
"Trend" — miHis TpeHILy
Fig. 142. Trend of growth, the current and average increments by the trunks thickness of Pinus cembra
model trees, which which grew on the Gorgany range altimontane zone: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line
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V,m’ = 5E-08A° + 3E-05A% - 0,0022A + 0,0587
6

R*=0,9915

Value H
----Avg
Trend
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AV/AA, m’-year = -6B-10A° + 3E-07A” + 1E-05A
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R*=0,7559
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AV/A, m3-year ' = 8E-08A” + 1E-05A - 1E-04
0.015

R? =0,9868

0.01

0.005 ~

320 A, year

Puc. 143. Xin pocrty, MOTOYHHUI Ta CepeTHIN PUPOCTH 00’ €My CTOBOYPIB MOJICIHEHIX JICPEB
COCHH KeJIpOBO, 1110 pociu y Brcokorip’i [opran: "Value" — pakrudni 3HaYCHHS,
"Avg" — niHis ycepenHeHNX (paKTHUHKX 3HaueHb; "Trend" — jiHis TpeHIY

Fig. 143. Trend of growth, the current and average increments by the trunks volume
of Pinus cembra model trees, which grew on the Gorgany range altimontane zone:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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H, m= -0.0031D* + 0.547D + 1.3
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R =0.9927
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Puc. 144. Ycepennena 3aeXHICTh BUCOTH Bifl TOBIIMHH CTOBOYPIB MOJIEITBHUX JIEPEB COCHU KEIPOBOI,
110 pociu y Bucokorip’i Toprau: "Value" — paxruuni 3HaueHHs;
"Avg" — miHis ycepenHeHUX (GaKTUIHUX 3HAUeHb; " Trend" — miHisA TpeHTY
Fig. 144. The average dependence of the height from the thickness of the trunks

of Pinus cembra model trees, which grew on the Gorgany range altimontane zone:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line

VY cBiKHX ONIroTpoGHUX yMOBax Kam's-
HUCTHX po3cHIiB [opran cocHa KeapoBa pocte
Jy’e TIOBUIbHO. 3arajioM ycepelHEHHH TemI
POCTY JIEpeB Y BUCOTY BIJIMOBIaB MOKa3HUKAM

"~V OGonirery. ¥V Biui 50 pokiB ix BHcoTa
csrana e 7 M, ay 100 — 11 m. BinnosinHo,
TOBIMHA CTOBOYPIB Yy IIbOMY BiIll csiraja 8§ cMm
i 15 cM, a 06’eM — npubmm3Ho 0,02 M° i Tpoxu
inmpme mix 0,23 M. Y Bim 200-300 pokis
BUCOTa JiepeB csrae nuue 17-22 M, TOBIIMHA
cToBOYpiB — 36—63 cMm, a ix 00'em — Bix 1 1o
2,5 M. HaiiGinpmmii ycepeaHeHuii moTouHuit
IPUPICT Y BHCOTY cTOBOYpiB IUX JepeB OYB Yy
Bili 25—-120 poKiB 1 CTAaHOBHMB TPOXH OLjIbIIe
0,1 mpix’. BigmosimHo, Takuii HaitGiTbIIMIA
OpUpicT 3a TOBIIMHOK CTOBOYpIB, TOHAN
3 Mmpik’, criocrepirasest y Bimi 260—-330 po-
KiB, a 3a 00’eéMOM CTOBOYpHOi JEpEBHHH,
monax 0,015 M -piK'l, BUSIBJICHO Yy BIIll JIepeB
mume moHax 260 pokiB. [lomiOHI TeHmeHIIIT
MOKa3aB 1 CepeHii MpUpicT 3a IUMU IOKa3-
Hukamu. [Ipote cepenniit mpupicT 3a 06’eMoM
CTOBOYpHOI JEPEBHHH CSATHYB MAaKCUMYyMY,
0,01 v pix', nume y Bini jgepes moHaxn
300 pokis.

In fresh oligotrophic conditions of stony
placers in Gorgany Swiss pine grows very slo-
wly. In general, the average growth rate of the
trees in height was consistent with the norm
V®-V bonitet. At the age of 50 years, their hei-
ght reached only 7 m, and in 100 years — 11 m.
Accordingly, the thickness of the trunks
reached 8 cm and 15 cm, and the volume —
approximately 0.02 m’ and slightly more than
0.23 m’. At the age of 200-300 years of height
trees reaches only 17-22 m, their the thickness
of the trunks — 3663 cm, and their volume —
from 1 up to 2,5 m’. The largest averaged
current increment in height of trunks of these
trees was at the age of 25-120 years and was a
little more 0.1 m-yr". Accordingly, such a large
increment in the thickness of the trunks, more
than 3 mm-yr”, was observed at the age of 260~
330 years, and in the volume of trunk wood,
more than 0.015 m® yr', was found at the age of
trees over 260 years. Similar trends also showed
an average increment in these indicators. Ho-
wever, the average increment in the volume of
trunk wood reached a maximum of 0.01 m® yr”
only at the age of the trees over 300 years.
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Tpenna 3anexHOCTI MPOIEHTAa MOTOYHOTO
MPUPOCTy 00’ €My Big 00’ €My CTOBOYpiB MO-
JeIbHUX JIEpeB IOKas3aB, IO Npu 00’ emi
cToBOYpiB moHax | M BiH He IEpPCBUIYBAB
0,7 %. Lle xapakTepHO aJi1 J€pEB COCHU
KeqpoBoi y Bimi moHax 200 pokiB (puc. 143
1 145).

Hageneni
paxyBaTH BUPIBHSIHI yCepeaHEHI 3HAaYCHHS
BHUJIOBHX 4YHCEN 3aJIe)KHO BiJI BHUCOTH 1
TOBIIMHU CTOBOYpiB (Tadm. 48). YV cepen-
HbOMY LIl TOKa3HUK cTaHOBUTH 0,467.

pe3ynbpTaTu JO3BOJUIN PO3-

The trend of the dependence of the percen-
tage of current volume increment from the vo-
lume of trunks of model trees showed that, with
a volume of trunks exceeding 1 m’, it does not
exceed 0.7 %. This is characteristic of Pinus
cembra trees at the age of more than 200 years
(Figures 143 and 145).

The given results allowed to calculate the
moving averaged values of the form factor
depending on the height and the thickness of the
trunks (Table 48). On average, this index is
0.467.

AVV, % =-0.0318V° + 0.4315V" - 2.2611V° + 5.7196V* - 7.0142V + 4
10
R? =0.6705
F
8 ¥
6 4
,"l.‘ﬁ . Value
4 fir s -Ave -
3T Trend
24 ¢ s-; .
0 - ‘- S o veg e ‘ iy ‘ "-'-T_m
0 1 2 3 4 V.M

Puc. 145. Tpenn 3aexHOCTI MPOIIEHTa IIOTOYHOTO IPUPOCTY 32 00’ €MOM BijT 00’ €My CTOBOYPIB
MOJIENTLHUX JIEPEB COCHU KEPOBOI, 110 pociu y Bucokorip’i [opran: "Value" — daktuuni 3Ha4eHHs;
"Avg" — miHis ycepeaHeHNX (pakTHYHUX 3Ha4YeHb; "Trend" — jiHIA ycepeaHeHOTo TpeHTy

Fig. 145. The trend of the dependence of the percentage of the current volume increment from the volume
of Pinus cembra model trees, which grew on the Gorgany range altimontane zone:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — line of averaged trend
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Tabnuys 48

BupiBHsiHi ycepeHeHi 3HaAYeHHSI BUTOBHX YK Ce] 32JI€5KHO BiJl BUCOTH
i TOBLIIMHY cTOBOYPIB MOIEILHUX JIepeB COCHH KeIPOBOi, 0 POc/IM y BucoKorip’i ['opran:
"fq" — BUpIiBHsIHI cepeHi BUIOBI YKMca cTOBOYPIB Pi3HOI TOBIIMHY;

"f,'"' — BUpiBHSIHI cepeHi BUI0OBI yncIa cTOBOYPIB pi3HOI BUCOTH

Table 48

The moving averaged actual value of the form factors dependence from the trunks height
and their thickness of Pinus cembra model trees, which grew on the Gorgany range altimontane
zone: "{;"" — the moving average values of form factor of different thickness trunks;

"f,"" — the moving average values of form factor of different height trunks

D & 8 10 12 14 16 18 20 22 24 26 fy
8 | 0.692 0.679
12 | 0.678 | 0.642 | 0.609 0.652
16 | 0.664 | 0.628 | 0.596 | 0.568 0.626
20 | 0.650 | 0.615 | 0.584 | 0.556 0.600
24 0.602 | 0.572 | 0.544 0.575
28 0.533 | 0.511 | 0.493 | 0.480 0.551
32 0.521 | 0.500 | 0.482 | 0.470 | 0.463 0.527
36 0.489 | 0.472 | 0.460 | 0.453 0.505
40 0.478 | 0.461 | 0.450 | 0.443 0.483
44 0.467 | 0.451 | 0.440 | 0.434 | 0.433 0.462
48 0.457 | 0.441 | 0.430 | 0.424 | 0.423 0.441
52 0.447 | 0.431 | 0.420 | 0.414 | 0.414 0.422
56 0.437 | 0422 | 0.411 | 0.405 | 0.404 | 0.409 | 0.403
60 0.402 | 0.396 | 0.395 | 0.399 | 0.385
64 0.387 | 0.386 | 0.390 | 0.368
68 0.378 | 0.377 | 0.381 | 0.351
72 0.369 | 0.373 | 0.335
76 0.360 | 0.364 | 0.320
80 0.352 | 0.356 | 0.306
84 0.345 | 0.348 | 0.293
88 0.341 | 0.280
92 0.333 | 0.268
96 0.326 | 0.257
fo | 0.704 | 0.631 | 0.568 | 0.516 | 0.473 | 0.441 | 0.419 | 0.407 | 0.406 | 0.414 | 0.467
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Gorgany range altimontane zone

AAnuHa eBponencbka

JlocmiKeHHs Oy 30CepEKeHI Ha 3eMIISIX
buctpenbkoro Tta J{OBromoyITHCHKOTO  JIic-
HulTB JlepxaBHoro mignpuemctBa “Ocmo-
JIOJIChKE JTICOBE TOCIOAApPCTBO™. 3arajibHi Bi-
JIOMOCTI Tpo TeorpadivyHe TOJOKCHHS Ta
0loMeTpHYHI NOKa3HUKHM HaBeleHO y Tali. 49
Ta Ha puc. 146. Y3aranbHeHi 610MeTpUYHIi 10-
Ka3HUKH X0y POCTY CTOBOYpIB IMX JIEPEB Ha-
BezieHl Ha puc. 147-149. Ycepennena 3ajiex-
HICTh BHCOTH CTOBOYpIB BiJ iX TOBIIWHU
nokasasa Ha puc. 150.

Picea abies (L.) Karst.

The model cuttings were made from trees
that grew up on the territory of Bystryk Forestry
and Dovgapolyana Forestry of the Osmoloda
State State Enterprise of Forestry Management.
General information on their geographical
location and biometric data are given in in
Table 49 and Figure 146. The generalized
biometric parameters of the growth course of
the trunks of these trees are shown in Figures
147-149. The average dependence of the trunks
height on their thicknes is shown in Figure 150.

Tabnuys 49
Table 49

Moge/bHi 1epeBa sIMHH €BPONeiichKol, 0 pocin y Bucokorip’i [opran

Model trees of Picea abies, which grew on the Gorgany range altimontane zone

Homepu Micue pocr Bi'OMeTp_I/I‘IHi IMOKa3HUKH CTOBOYPIB
MOJICJIbHUX JIEPEB Lalty y Biometrical measures of tree trunks
Numbers of model A H D v

trees N E
141 48.585640(23.919553 1365 230 34.5 61 4.5
142 48.585163(23.919021 1310 203 25.5 32.2 0.98
143 48.585112(23.919452| 1349 210 33.5 49 2.68
192 48.617452123.941669| 1357 438 30 78.4 3.85
194 48.616980[23.941026| 1320 221 22.5 30.4 0.815

Puc. 146. Micus y Bucokorip’i Topras, jie Gyiio B34TO MOJIENbHI JIEPEBa SUTMHU €BPOIEHCHKOT

Fig. 146. The places on the Gorgany range altimontane zone, where model trees of Picea abies were taken
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Puc. 147. Xin pocTy, MOTOYHHI Ta CEPEIHIA IPUPOCTH Y BUCOTY MOJCIILHHUX JACPEB SUTHHU €BPOIICHCHKOT,
1o pocim y Bucokorip’i [opran: "Value" — daktuyni 3HaueHns; "Avg" — ntiHis ycepeaHeHux GaKTHIHIX
3HaueHb; | 1 11 — minii knacis Oonirery; "Trend" — ninig Tpeny; "192" 1 "194" — akTuuHi 3HAYESHHSA
MOJICTIBHUX JIEPEB, 1110 TIOBLUILHO POCIH Tiepimux 80 poKiB Il HAMETOM JIiCy
Fig. 147. The trend of growth, the current and average increments in height of Picea abies model trees,
which grew on the Gorgany range altimontane zone: "Value" — actual values; "Avg" — line of averaged actual
values; "Trend" — trend line; I and III — line of forest stands bonitet classes; "192" and "194" — the actual values
of model trees that slowly grew during the first 80 years under the forest canopy
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Puc. 148. Xin pocty, MOTOYHUH Ta CepeIHIN MPUPOCTH 3a AiaMETPOM MOJICIILHHX JCPEB SUTMHN €BPOIEHCHKO,
110 pociu y Bucokorip’i Topran: "Avg" — ntiHist ycepeaHennx GpakTHIHUX 3HAYEHD;
"Trend" — minist Tpenmy; "192" 1 "194" — pakTraHi 3HAYEHHS MOJIEIEHIX JIEPEB,
110 MTOBLJIBHO POCIH MepiiuxX 80 POKIB i HAMETOM JIICY
Fig. 148. Trend of growth, the current and average increments by the trunks thickness of Picea abies

model trees, which which grew on the Gorgany range altimontane zone: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line; "192" and "194" — the actual values

of model trees that slowly grew during the first 80 years under the forest canopy
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MpUpoaHi AepeBoCcTaHN COCHU KeapoBoi 6ins BepxHLOT Mexi nicy B ['opraHax

Natural stands of Pinus cembra near the upper timberline on the Gorgany mountain range



BeneTeHchbKi JlepeBa COCHM keapoBoi Ha BucoTi 1300 M H. p. M. B l'opraHax

Giant Pinus cembra trees grow at altitude of 1 300 m a.s.l. in the Gorgany mountain range
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Po3nafHaHi NocTkniMakcoBi SNMHOBI AepeBocTaHM No6nmay BepxHLOI Mexi nicy B 'opraHax

Deranged post-climax Picea abies stands near the upper timberline on the Gorgany mountain range
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CdhopMoBaHa CHIrOBUMM NaBUHAMK BEPXHS MeXa ANMHOBUX niciB y ['opraHax
(ropa I'pocha, 1748 M H. p. M.)

Avalanches formed the upper timberline of Picea abies forests on the Gorgany mountain range

(Mount Grofa, 1 748 m a.s.l.)




Buicokorip’st FopraH Gorgany range altimontane zone
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Puc. 149. Xix pocTy, MOTOYHMIA Ta cepeaHii MPUPOCTH 00’ eMy CTOBOYPIB MOACIBHHX JIePEB SUTMHH
€BPOIIEHCHKOI, 1110 pociv y Bucokorip’i Topran: "Value" — dhaxtuuni 3HaueHns; "Avg" — ntiHis
ycepenHeHnX (akTHYHMX 3HaueHb; "Trend" — miHisg TpeHmy; "192" 1 "194" — dakTH4HI 3HAUSHHS
MOJICJTBHIX JIEpPEB, IO TOBIIBHO poci mepimx 80 poKiB il HAMETOM JiCY
Fig. 149. Trend of growth, the current and average increments by the trunks volume of Picea abies
model trees, which grew on the Gorgany range altimontane zone: "Value" — actual values; "Avg" — line
of averaged actual values; "Trend" — trend line; "192" and "194" — the actual values of model trees that
slowly grew during the first 80 years under the forest canopy
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Bucokorip’s ['opraH

Gorgany range altimontane zone
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Puc. 150. YcepenHeHa 3a1eXHICTh BUCOTH Bijl TOBIIUHH CTOBOYPIB MOJIEILHHX ACPEB SUTUHU

€BPOIIENCHKOI, 110 pociy y Bucokorip’i [opran: "Value" —

(baxTHIHI 3HAYCHHST;

"Avg" — niHis ycepenHeHnX (pakTHIHUX 3Ha4YeHb; "Trend" — miHig TpeHIy

Fig. 150. The average dependence of the height from the thickness of the trunks of Picea abies model trees,

which grew on the Gorgany range altimontane zone: "Value"
actual values; "Trend"

3arajgom ycepeaHEeHU TeMI POCTy JEPEB Y
BUCOTY BimoBigaB rmokasnukam III-I Gonirery.
V Bini 50 pokiB ix BucoTa csrana 12 m, a'y 100
pokiB — 20 M. BinnoBigHO, TOBIIMHA CTOBOYPIB
csarama 18 cm 1 Tpoxu 61JIBHIC HIX 27 cM, a
06’eM npu6sHO 0,15 M’ i Tpoxu Ginblie Hix
0,8 . HaiiGinbiumii yCepeHEHU TTOTOYHMIA
HpPIplCT y BHCOTY CcTOBOYpIB IIUX JEpeB OYyB Y
Biri 10— 80 POKIB 1 CTAHOBHMB TPHOIM3HO
0,2 ™M le . BignosigHo, Takuii HaHOUILLINNA
OPUPICT 3a TOBIIMHOIO CTOBOYPIB, TIOHA]
3 MM'piK , cioctepiraBes y Biti 20—-60 pokis, a
3a 06’€M0M CTOB6ypH01 JICPCBHHM, OLbIIe HIK
0,02 M p11< BHSABIICHO Y Billi aepeB monaz 200
POKIB. HOI[16H1 TEHJICHIII TIOKa3aB 1 CepeaHin
HpI/IpiCT 3a UMU Toka3HuKamu. [Ipote cepen-
Hill mpupicT 3a 00’eMoM CTOB6ypH01 JICPCBHHI
carayB MakcumyMy 0,015 vpik’ e y Bini
nepes nonaz 200 pokis.

JlepeBa sUITMHM, IO TIOYATKOBO POCIH IO-
BUIbHO, Ma0yTh, ij HamMeToM Jicy, B 100 po-
KiB Maju BucoTy juine 4 i 8 M, y 200 pokiB —
12122 m, a B 400 pokiB — 29 M. BiamosigHo,
00’em ﬂepeB csaraB y 100 pokiB nume 0,007 1
004M , ¥ 200 pokiB — 0,1 10,7, a B 400 pokiB —
3,5 M°.

Tpenn 3aexHOCTI POLIEHTa TOTOYHOT'O MPH-
pocty 00’eMy BiJ 00’eMy CTOBOYpIB MOJIEIBHUX
JIepeB TMOKa3aB, 10 IPH 00’eMi CTOBOYpIB MOHAT
1,0 M BiH He nepesuiye 1,3-0,7 %. Lle xa-
PaKTEPHO /IS IEPEB SUTMHU €BPOMEUCHKOT Y BiIll
noHaz 120 pokis (puc. 1491 151).
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—actual values; "Avg"
—trend line

— line of averaged

In general, the average growth rate of the trees
in height was consistent with the III-I bonitet. At
the age of 50 years, their height reached 12 m,
and in 100 years — 20 m. Accordingly, the thick-
ness of the trunks reached 18 cm and slightly more
than 27 cm, and the volume — ag>prox1mately
0.15 m® and slightly more than 0.8 m’. The largest
averaged current increment in height of trunks of
these trees was at the age of 10-80 years and was
approximately 0.2 m-yr'. Accordingly, such a
large increment in the thickness of the trunks,
more than 3 mmyr was observed at the age of
20-60 years, and 1 in the volume of trunk woods,
more than 0.02 m® yr”', was found at the age of
trees of more than 200 years. Similar trends also
showed an average increment in these indicators.
However, the average increment in the Volume of
trunk wood reached a maximum of 0.015 m’ yr”
only at the age of the trees over 200 years.

Spruce trees, which initially grew slowly,
apparently under the tent of the forest, in the
100 years they had a height of only 4 and 8 m,
in 200 years — 12 and 22 m, and in 400 years —
29 m. Accordingly, the volume of trees reached
in 100 years only 0.007 and 0.04 m3, in 200
years — 0.1 and 0.7, and in 400 years —3.5 m’.

The trend of the dependence of the percentage
of current volume increment from the volume of
trunks of model trees showed that, with a volume
of trunks exceeding 1 m’, it does not exceed 1.3—
0.7 %. This is characteristic of Picea abies trees at
the age of over 120 years (Figures 149 and 151).
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The given results allowed to calculate the
moving averaged values of the form factor
depending on the height and the thickness of the
trunks (Table 50). On average, this index is

HaBezneHi pe3ynbTaTd 03BOJIMIM PO3paxy-
BaTW BUPIBHSHI yCEpEIHEHI 3HAUCHHS BHJOBUX
YyCesl 3aJISKHO BiJl BUCOTH Ta TOBLIMHH CTOB-
OypiB (Tabmn. 50). ¥ cepenHboMy 1€l MOKa3HUK

cranoButh 0,472. 0.472.
AVV, % = 0.0825V" - 0.9695V" + 4.144V* - 7.6872V + 6

10 &
I R®=0.4817

8

6 o

4 ‘ N B - ValueH

UONL - - - -Avg
2 = ’.*' e Trend
) e o T —

0 T T T

0 1 2 3 4 v.u

Puc. 151. Tpenn 3ameXHOCTI MPOIEHTA MOTOYHOTO TIPHPOCTY 32 00’ €MOM BiJT 00’ €My CTOBOYPIB MOZIEITBHIX
JIEPEB SUIMHK €BPOIEHCHKOT, 0 pociu y BUcokorip’i Topran: "Value" — (akTuuHi 3HaueHHS;
"Avg" — niHis ycepeaHeHNX (paKTHIHNX 3Ha4YeHb; "Trend" — jiHIS ycepeaHeHOTo TpeHIy
Fig. 151. The trend of the dependence of the percentage of the current volume increment from
the volume of Picea abies model trees, which grew on the Gorgany range altimontane zone:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — line of averaged trend

Tabnuys 50
Table 50

BupiBHsiHI ycepeHeHi 3HAUEHHSI BUAOBHMX YU CeJ 3aJ1€5KHO Bi/l BUCOTH i TOBILIMHH
cToBOYpPiB MOIE/ILHUX JiepeB SJIMHU €BPOIeichbKoi, 1110 poc/in y Bucokorip’i [opran:
"fa"' — BUpIBHSIHI cepeHi BUI0BI Yncia cTOBOYPIiB Pi3HOT TOBIIMHM;

"f,'"' — BUpiBHSIHI cepeHi BUI0OBI ynciIa cTOBOYPIB pi3HOI BUCOTH
The moving averaged actual value of the form factors dependence from the trunks height
and their thickness of Picea abies model trees, which grew on the Gorgany range altimontane
zone: "f3'"' — the moving average values of form factor of different thickness trunks;
"f,'"" — the moving average values of form factor of different height trunks

D H 8 12 16 18 20 22 24 26 28 30 32 34 fy
8 10.532 0.538
12 | 0.527 0.528
16 | 0.522 | 0.514 | 0.506 0.519
20 | 0.517 ] 0.509 | 0.501 | 0.497 | 0.493 0.509
24 0.504 ] 0.496 | 0.492 | 0.488 | 0.484 0.499
28 0.499 | 0.492 | 0.488 | 0.484 | 0.479 | 0.475 0.490
32 0.487 ] 0.483 | 0.479 | 0.475 ]| 0.471 | 0.467 0.480
36 0.478 [ 0.474 | 0.470 | 0.466 | 0.462 0.471
40 0.465 | 0.461 | 0.457 | 0.453 | 0.449 0.461
44 0.452 ] 0.448 | 0.444 | 0.440 0.451
48 0.444 | 0.440 | 0.436 | 0.431 | 0.442
52 0.435 ] 0.431 | 0.427 | 0.432
56 0.426 | 0.422 | 0.423
60 0.421 | 0.417 | 0.413
64 0.412 | 0.403
fn 10.525 ] 0.509 | 0.493 | 0.485 | 0.477 | 0.469 | 0.461 | 0.453 | 0.445 | 0.437 | 0.429 | 0.421 | 0.472
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AnuvHa eBponencbka
(WwTy4YHe HacapXeHHS)

Picea abies (L.) Karst.
(silviculture)

Hocnimxkenass Oynu 30cepekeHi Ha
3eMiAX JlOBrononssHCbKOro Jlep:kaBHOTO
nignpuemcTBa “OCMOIIOACHKE JTICOBE TOC-
MoJapcTBO”. 3arambHi  BIJOMOCTI PO
reorpadiuHe posTamryBaHHA Ta OioMeT-
pUYHI NOKAa3HUKU HaBeaeHO y Tabm. 51 Ta
Ha puc. 152. Y3aranbHeHi O10MeTpHUUHI 10-
Ka3HHUKHU XOJly POCTY CTOBOYpIB ITUX JIepEB
HaBeaeHi Ha puc. 153-155. Ycepennena
3aJIEKHICTh BUCOTU CTOBOYPIB BiJ iX TOB-
LIIMHH TTOKa3aHa Ha puc. 156.

The model cuttings were made from trees that
grew up on the territory of Dovgopolyana
Forestry and Osmoloda Forestry of the Osmoloda
State Enterprise of Forestry Management. Ge-
neral information on their geographical location
and biometric data are given in Table 51 and in
Figure 152. The generalized biometric parameters
of the growth course of the trunks of these trees
are shown in Figures 153-155. The average
dependence of the trunks height on their thicknes
is shown in Figure 156.

Tabnuys 51
Table 51
MopenbHi iepeBa i3 IITYYHOT0 HACAKEHHS SIJTMHU €BPONEHCHKOI,
siKi pocsin y Brcokorip’i Toprau

Model trees of Picea abies from silviculture, which grew on the Gorgany range altimontane zone

Homepu Micte poc Bi.OMeTp‘I/I‘-IHi MOKa3HUKH CTOBOYPIB
MOJIETbHUX JIEPEB LocaII)ityTy Biometrical measures of tree trunks
Numbers of model A o D v
trees N E H
136 48.58412 | 23.91567 1340 84 25.2 25.4 0.68
140 48.58260 | 23.91455 1364 95 30 53.2 2.73
144 48.58365 | 23.91532 1350 84 17.1 14.6 0.14

Puc. 152. Micus y Bucokorip’i [opras, jie GyJ10 B34TO MOJIEIbHI JepeBa
13 ITYYHOTO HACA/KEHHS SUTMHU €BPOMENHCHKOT

Fig. 152. The places on the Gorgany range altimontane zone, where
model trees of Picea abies from silviculture were taken
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Gorgany range altimontane zone
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HC. . Xi pocTy, HOTOYHMI Ta CEPEIHIA MPUPOCTH Y BUCOTY MOJEILHUX IEPEB 31 ITYYHOI0 HACAIKEHHS
Puc. 153. X Ty, y y Ty4
AIIMHU €BPONEICHKOI, 1110 pociy y Bucokorip’i [opran: "Value" — dakTuuni 3HaueHHs; "Avg" — niHis
ycepenHeHnX (pakTHYHUX 3HadeHb; "Trend" — minist Tpenmy; | 1 [1I — minii kiraciB GoHiTeTy

Fig. 153. The trend of growth, the current and average increments in height of Picea abies model trees
from silviculture which grew on the Gorgany range altimontane zone: "Value" — actual values;
"Avg" — line of averaged actual values; "Trend" — trend line; I and III — line of forest stands bonitet classes
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Puc. 154. Xin pocTy, MOTOYHMH Ta CEpEeIHIN MPUPOCTH 3a AiaMETPOM MOJICILHUX JCPEB
31 ITYYHOrO HACAIDKEHHS SUTMHU €BPOIENCHKOT, 1110 pociu y Bucokorip’i [opra:
"Avg" — niHis ycepenqHeHnX (pakTHIHUX 3Ha4YeHb; "Trend" — miHig TpeHLy

Fig. 154. Trend of growth, the current and average increments by the trunks thickness of Picea abies
model trees from silviculture which grew on the Gorgany range altimontane zone:
Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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Puc. 155. Xix pocTy, MOTOYHUI Ta cepeaHii MPUPOCTH 00’ €My CTOBOYPIB MOJIETEHHX JIEPEB 31 IITYYHOTO
HACAJUKEHHS SUTMHU €BPOIEHUCHKOI, 110 pociu y Bucokorip’i Toprau: "Value" — aktuuHi 3HaueHHs;
"Avg" — niHis ycepeHeHnX (GaKTUIHUX 3Ha4YeHb; "Trend" — miHisA TpeHIY

Fig. 155. Trend of growth, the current and average increments by the trunks volume of Picea abies
model trees from silviculture which grew on the Gorgany range altimontane zone:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — trend line
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Gorgany range altimontane zone
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Puc. 156. Ycepennena 3a1eXHiCTh BUCOTH Bif] TOBIIMHH CTOBOYPiB MOAENBHUX JEPEB 31 IITYIHOTO
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Fig. 156. The average dependence of the height from the thickness of the trunks of Picea abies

model trees from silviculture which grew on the Gorgany range altimontane zone: "Value"
— line of averaged actual values; "Trend" —

IIAVg"

3arajgoMm ycepeaHeHHU TEeMIT pOCTY JepeB Yy

BUCOTY BiamnoBigaB mnokazHukam III-1 Goni-
tery. ¥ Biui 50 pokiB ix BucoTa csirana 14 m, a
B 90 pokiB — 27 M. BiamosimHo, TOBIIMHA
CTOBOYpiB y 1IbOMY Billi csirana 19 cm i TpoxH
oinbiie 42 cm, a 00’em — an6Jm3Ho 0,4 M i
Tpoxu Ginbme Hix 1,2 M. Haif6insmmii yce-
PEIHEHUM MOTOYHUIM HpleCT y BHUCOTY CTOB-
OypiB IUX JAepeB 6yB y Biti 20-60 pokiB i
cranosuB 0,3-0,4 m- le Biamosigno, takuii
HAUOLTBIINI 1T lpI/IpiCT 32 TOBUIMHOIO CTOB6y—
piB, 6 MMpiK , crocrepiracs y Bimi 25-40
pOKiB, a 3a 06 €EMOM CTOBOYpHOI JIePEeBUHH,
6inpme 0,03 M -pik’, BUABICHO y Billi Aepes
nonan 80 pokiB. [ToniOH1 TeHaeHIIT MOKa3aB 1
cepenHiii npnpiCT 32 LIUMH TIOKa3HUKaMU.
IIpore cepenniii IpUPICT BUCOTH Ta TOBIJ_[I/IHI/I
CTOB6yp1B CATHYB MaKCHMyMY, 0,3 m pix’
4 MM pIK , Y BlLll noHan 40 pokiB, a 00’ eMy,
6inbie 0, 02 M p11< "', —y Bimi mouaz 90 poxis.
Tpenn 3aneKHOCTI NPOLIEHTa TOTOYHOIO MPH-
pocty 00’eMy Bi 00’eMy CTOBOYpIB MOJEINb-
HUX JIEpeB M0Ka3aB, 10 MpH 00’eMi cTOBOYpIB
monax 1 M BiH CTaHOBHTH 1,5%. lle xapak-
TEpHO Il JIEPEB SUIMHU €pONEHChKOI ITyY-
HOTO HacaJpkeHHS y Bini moHan 80 pokiB
(puc. 1551 157).

Hagezieni pesysibTaTi JO3BONMIM PO3paxy-
BaTH BUPIBHSIHI yCCPEIHCH] 3HAYCHHS BH/IOBUX
qyces 3aJIeKHO BiJ] BHCOTH 1 TOBIIMHHU CTOB-
OypiB (Tabum. 52). Y cepenHboMy Ieii TOKa3HUK
cra"oBuTh 0,5006.
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— actual values;
trend line

In general, the average growth rate of the trees
in height was consistent with the III-I bonitet. At
the age of 50 years, their height reached 14 m, and
in 90 years — 27 m. Accordingly, the thickness of
the trunks in this age reached 19 cm and slightly
more than 42 cm, and the volume — Pprommately
0.4 m® and slightly more than 1.2 m’. The largest
averaged current increment in height of trunks of
these trees was at the age of 20-60 years and was
approximately 0.3-0.4 m-yr". Accordingly, such a
large 1ncrement in the thickness of the trunks,
6 mm-yr', was observed at the age of 25-40
years, and in the volume of trunk wood, more than
0.03 m® yr’', was found at the age of trees of over
80 years. Slmllar trends also showed an average
increment in these indicators. However, the
average increment of the helght and the thlckness
of the trunks reached the maximum, 0.3 m yr' and
4 mmyr', at the age of over 40 years, and the
volume, more than 0.02 m>yr', — at the age of
more than 90 years. The trend of the dependence of
the percentage of current volume increment from
the volume of trunks of model trees showed that,
with a volume of trunks exceeding 1.0 m’, it does
not exceed 1.5 %. This is characteristic of Picea
abies trees from silviculture at the age of over 80
years (Figures 155 and 157).

The given results allowed to calculate the
moving averaged values of the form factor
depending on the height and the thickness of the
trunks (Table 52). On average, this index is 0.506.
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"Trend" — JiHis ycepeaHESHOTO TPEHIY
Fig. 157. The trend of the dependence of the percentage of the current volume increment from the volume

of Picea abies model trees from silviculture which grew on the Gorgany range altimontane zone:
"Value" — actual values; "Avg" — line of averaged actual values; "Trend" — line of averaged trend

Tabnuys 52

Table 52

BupiBHsiHI ycepenHeHi 3HAYeHHSI BUIOBHX YK ce 32JI€5KHO Bill BUCOTH i TOBIIMHHU CTOBOYPiB
MOJeJILHUX /IepeB 3i INTYYHOr0 HACAYKeHHS SIMHU €BPOIEichbKOl, 0 POC/IN Y BUCOKOTIP Y
Topran: "f;" — BupiBHsHI cepenni BUA0BI ynciia cToBGYpIB pi3HOi ToBUMHM; "f,"" — BUpiBHSHI
cepeaHi BUIOBI YncJia cTOBOYpPIB pi3HOI BHCOTH
The moving averaged actual value of the form factors dependence from the trunks height
and the thickness of Picea abies model trees from silviculture which grew on the Gorgany range
altimontane zone: "fy"' — the moving average values of form factor of different thickness
trunks; "f," — the moving average values of form factor of different height trunks

- H 8 10 12 14 16 18 20 22 24 26 28 30 £
8 [0.729 | 0.674 0.743
12 [0.669 | 0.618 | 0.581 | 0.556 | 0.541 0.625
16 0.576 1 0.541 | 0.518 | 0.504 | 0.497 0.542
20 0.5120.490 | 0.477 | 0.471 | 0.469 0.485
24 0.47210.459 [ 0.453 | 0.451 | 0.452 | 0.453 | 0.453 0.450
28 0.449 1 0.443 | 0.441 | 0.441 | 0.442 | 0.443 0.429
32 0.443 | 0.438 | 0.436 | 0.436 | 0.437 | 0.437 0.419
36 0.436 | 0.434 | 0.434 | 0.435 | 0.435 | 0.434 0.415
40 0.433 ( 0.433 [ 0.434 | 0.435 | 0.434 0.414
44 0.434 ( 0.434 [ 0.433 | 0.430 | 0.413
48 0.432 | 0.431 | 0.428 | 0.409
52 0.428 [ 0.427 | 0.424 | 0.401
f, [0.716 | 0.611 | 0.540 | 0.495 | 0.469 | 0.457 | 0.453 | 0.454 | 0.456 | 0.456 | 0.454 | 0.448 | 0.506
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TeopeTnyHe y3aranibHeHHSA

[Tomani MaTepiaiv aHAITHYHUX JTOCIIKEHD
CBIIYaTh, IO JepeBaM PI3HUX aOOPUTCHHUX BH-
JIiB JIICIB BIIACTUBUMH € Pi3HI 610MeTpU4HI 0C00-
JMBOCTI XOIy POCTY Ta TPOAYKTUBHOCTI. lle
CTOCY€TBCSI TIPUPOCTY AEPEB Y BHCOTY, a TAKOXK
3a TOBIIMHOKO 1 00’€MOM iXHIX cToBOYpiB. Jloc-
TaTHIO JIOCTOBIPHICTh OTPHUMAHUX pPE3yJIbTATIB
IO/10 BHUABICHMX TCHJICHIIN X0y POCTY 1epeB
3a [IUMU TOKa3HUKaAMH Hll[TBepI[)KyIOTB BEJINYH-
HU CTaHJAPTHOTO BIIXWJICHHS BiJl 1X 3arajbHOI
MHOKHHH, 1110 craHoBuiIn 8—30 %.

besymoBHO, 1110 Taki [uHaMivHI OloMeTpUYH1
MOKA3HUKH, HacaMIiepes], 3ayiekarb Bim ¢i3io-
JIOTTYHUX OCOOJMBOCTEH KOHKPETHHMX BHIIB Jie-
PEBHUX POCIIHH Ta TMOTPEOU iX y KHUTTEBO HEO-
OximHUX pecypcax. JIoCTymHICTh TaKHX pecypciB
JUISL POCIIHH 3aJICKHTh, HACAMIICPEN, Bill IOKaIb-
HUX JiCOPOCIMHHNX yMoB. Lle kiniMatnyHi, efa-
(igHi Ta TIAPOTOrivHI MPUPOIHI YMOBH, BiIac-
TUBI MICHEBUM TPUPOIHUM TEPUTOPIATEHIM
reorpadiyHUM KOMILUIEKCaM. TakUMU € JIaHj-
madtu [lepenkapnarcbkoi BUCOYMHU, HU3BKO-
rip’st beckuiB, MIKTIPHUX JIOJIMH, CXHIJIIB BHCO-
KOTip’st ropraH Hasgani tunum nanamadry Big-
3HAYAIOTBCS PISHMM MOTCHILANOM MPHPOTHAX
pecypciB, 30kpema — Fl[[pOTele‘—IHI/IX Ta MOTEH-
I[aloM  BONOro3a0esreyeHOCTi # - POAYOCT
1pyHTiB Tommo. i reorpadiuni npupomHi KOM-
TUICKCH 3a3HAM PI3HUX aHTPONOT€HHUX TpPaH-
copmariil. Lle He numre nexinbKapa3oBe Jico-
KOPHCTYBAHHsI, alle i arpoKy/IbTypHE OCBOECHHS.
Taka rocrozapchka IisUIBHICTE IpPU3BENA 10
MIEBHOT 3MIHM JIicoeKkoyioriynux ymoB. lle, Ha-
camrepes, 3MiHa TIPYHTOBO-TIAPOJIOTIYHUX pe-
CypciB.

OnHak, JOCTYNHICT CKOIOTIYHHX PECypeiB
manamadTy € pi3HOK JULL IEPEBHHX POCIHH
PI3HEX BHAIB, IO pasoM POCTYTh y IEPEBOC-
TaHaX. BoHa 3aleXuTh BiJ KUTTEBOI E€KOJIOTO-
IIEHOTUYHOI CTpaTerii Ta 0COOJIMBOCTEH OHTOTE-
He3y JIepeB KOHKPETHHX BUIB. Lle crocyeThes ix
CTyNEHs TIHCBHTPHBAIIOCTI, 3/ATHOCTI TOBLILHO
POCTH il HAMETOM JICY 1 IIPH LLOMY 3a/[0BOJIb-
HSTHCS] MIHIMAJILHUM PECYpPCOM CBITJIa, BOJIOTH 1
TMOKMBHAX PEYOBHH IPYHTY, ab0 HaBIakd —
CIPOMOXKHOCTI IIBUJIKO POCTH 1 3aXOILTIOBATH
KUTTEBUN TPOCTip. OCOOIMBOCTI OHTOTEHE3Y
nepen0ayaroTh OlOJNIOTIYHY TPUBATICTH KUTTA
JIEpeB Ta TEHICHIIT XOAy iX POCTy Ha Pi3HHX
CTaJIisIX BIKY.

OtpumaHi pe3yiabTaTH OlIOMETPHYHHUX JIOCIi-
JOKEHB JTAIOTh IMiJICTaBH 3pOOUTH caMme Taki (PyHK-
[IOHAJBHI y3araJbHEHHS MO0 PI3HUX BHUIIB Jie-
PEBHUX POCIIHH, SIKI POCTYTh Y MIIIaHUX JICPEBO-
CTaHaX B YMOBAaX PI3HUX MPUPOAHUX KOMILIEKCIB.
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Theoretical generalization

The presented analytical materials show that
different biometric peculiarities of growth and
productivity are characteristic of trees of
different indigenous species of the forests. This
is true for trees increment in height, and for
thickness and volume of their trunks. The
sufficient reliability of the results in connection
ith the revealed tendencies of tree growth in
accordance with these indicators, have confirms
the values of the standard deviation from their
variance. They made 8-15 %.

Undoubtedly, such dynamic biometric indi-
cators, first of all, depend on the physiological
features of concrete species of tree plants and
their needs in vital resources. The availability of
such resources for plants depends, first of all, on
local forest-ecological conditions. These are
climatic, edafical and hydrological natural con-
ditions that are characteristic of local natural
territorial geographical complexes. These are the
landscapes of the Carpathian Foothills, the Bes-
kidy low-mountains, the intermountain valleys,
and the slopes of the altimontane zone of the
Gorgany range. The mentioned types of land-
scape are characterized by different potential of
such natural resources, in particular — hydro-
thermal and the potential of moisture and soil
fertility, etc. These geographic natural complexes
have undergone various anthropogenic transfor-
mations. This is not only a several of times the
use of forests, but also agro-cultural develop-
ment. Such economic activity led to a certain
change in the forest ecological conditions. First
of all, it is the change of soil and hydrological
resources.

However, the accessibility of this landscape
ecological resource is different for tree plants of
different species, which grow together in forest
stands. It depends on the vital ecological and
phytocoenologycal strategy and features of the
ontogenesis of trees of different species. This
relates to their degree of shadow endurance, the
ability to grow slowly under the forest canopy,
while being satisfied with the minimum resource
of light, moisture and nutrients of the soil, or vice
versa — the ability to grow rapidly and seize living
space, etc. The features of ontogenesis include the
biological life expectancy of trees and the trends
in the course of their growth at different stages of
age.

The presented results of biometric studies
give us the reason to do such precisely functional
generalizations regarding different species of tree
plants that grow in mixed forest stands in con-
ditions of different natural complexes.
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MopiBHANBLHUN aHani3 y3aranbHeHUX
TeHAeHUin xoay pocTy aepeB

VYcepenneni 6ioMeTpUyHI MOKAa3HUKH POCTY
JepeB abOpPUI'eHHUX JIEPEBHUX BHJIIB, SIKI poc-
TYTh y MOAIOHUX JICOPOCIMHHHUX YMOBAax, MO-
KyTh OyTH TIOPIBHSIHI MK COOOIO Ta TOKa3-
HUKaMud HopMmaTtuBHHX TaOmuupb [58]. Lle mae
MOJKJIUBICTh 3pOOMTH BIAMOBITHI BUCHOBKH Ta
MPOTHO3U X MPOAYKTHBHOI 3/IaTHOCTI, Oepydun
no yBaru mpu obOuucienHi 100 HaOimbIIMX
JepeB. AKe caMe 3a IIUM KpUTEpIEM BHU3HA-
YaloTh y NPOBIIHUX KpaiHax cBiTy OioMer-
pUYHI TIOKa3HUKH JEPEBOCTAHIB, 30KpeMa ce-
pPEeIHIO BUCOTY JIepeB JoMiHyro4oro Buay [38].

[MepenkapnaTcbka BUCOYMNHA

VY mononux aepeBoctaHax BikoM 20 pokiB
HAWBUIIMMH TOKa3HHUKAMH POCTY y BHUCOTY
BiJI3HAYAIOTKCS JIEpeBa B’s3a TIIAJKOTO, Oepesu
noBucioi Ta rpaba. BoHm 3HauHO BHIIEpe-
JUKYIOTB JiepeBa iHmuX BUIIB (Tabm. 53). Lg x
TEHJICHIIISI CIIOCTepiraeTbes iy Bimi aepeB S0
pokiB. VY Bimi 100-120 pokiB KyJabMiHAIiHI
no3uuii HaObyBaroTh JiepeBa BUiB Abies alba Ta
Fagus sylvatica, a Ttakox, wmabyth, Ulmus
glabra. Ix Bucora Bimmosimae Hopmi I* Ta II
Oonitery. Haiibinpimoi TOBIIMHM HaOyBaroTh
cToBOYpH nepeB Abies alba, Fagus sylvatica Ta
Quercus robur. Ilnoma ix moOmMepeyHOro
nepepisy csrae 0,26-0,29 M. Bigmosizuo i ix
00’em cranoBuB 3,1-5,5 M , @ TIPOLICHT MOTOY-
HOTO MPHUPOCTY 32 00’€MOM BiJ 00’€My CTOB-
OypiB nopiBHioBaB 2,5-3,2. Ha miii miacrasi
MOXKHa pO3paxyBaTH PIUHUNA MPHUPICT 00’ emMy
ctoBOypiB 100 Ttakux nepes Abies alba y po3-
mipi 12,5 m>pix”', Fagus sylvatica — 9 m>-pix’'
ta Quercus robur — 5 wm-pix’. Taki mpumy-
IICHHS IJIKOM BipOTiJHI, OCKUTBKH CYMH TUIOII
nepepizy mux 100 nepeB CTaHOBIATH YaCTKY
0,45-0,8 Bim HOpPMATUBIB IOBHUX JAEPEBO-
cTaHiB Ha | ra. HaiiBumii noka3HUKU NPOAYK-
TUBHOCTI BJIACTHBI jJepeBaM Quercus robur y
Birti 200 poxkiB. Po3paxyHkoBuil piyHUIA
npupict 00’emy ctoBOypiB 100 Takux aepes
MaB 61 cranoBuTH 10,5 M pik’. V mepepaxyH-
Ky Ha CyMy IUION] Tepepisy HOPMaIbHUX
nepeBoctaHiB y Bini 100 pokiB MO)KHA OYIKY-
BaTH, IO 3arajoM Il MOKa3HUK MPOAYKTUB-
HOCT] Mir Gu cTaHoBHTH 8—16 M’-piK .

A comparative analysis of the
general trends of the growth of trees

The averaged biometric indices of the
growth of trees of native species that grow in
similar forest ecological conditions can be
compared with indicators of normative tables
[58]. This makes it possible to draw conclu-
sions and forecasts of their productive ability,
taking into account when calculating the 100
largest trees. After all, according to this
criterion biometric indices of forest stands are
determined in the leading countries of the
world, in particular the average height of trees
of the dominant species [38].

Carpathian Foothills

In young forest stands of the age of 20
years, the highest rates of growth in height are
marked by the Ulmus glabra, Betula pendula
and Carpinus betulus trees. They are signi-
ficantly ahead of trees of other species (Tab-
le 53). Thies same trend is observed in the age
of 50 years old trees. At the age of 100-120,
trees of the species Abies alba and Fagus
sylvatica, as well as Ulmus glabra, climax
positions are acquired. Their height corresponds
to the norm of I* and II bonitetes. The trunks of
the trees Abies alba, Fagus sylvatica and
Quercus robur are the largest in thickness. Their
area of cross-section reaches 0.26-0.29 m’.
Accordingly, their volume was 3.1-5.5 m’,
and the percentage of the current increment in
volume from the volume of the trunks was
2.5-3.2. On this basis, one can calculate the
annual increment in the volume of the trunks
of 100 such Abies alba trees in the size of
12.5 m*yr', Fagus sylvatica — 9 m>yr' and
Quercus robur — 5 m*yr'. Such assumptions
are quite probable, since the sum of the areas
of the section of these 100 trees is a fraction of
0.45-0.8 from the norms of full stands per 1
ha. The highest indices of the productivity is
characteristic of the Quercus robur trees at the
age of 200. The estimated annual increment in
the volume of the trunks of 100 such trees
should be 10.5 m*yr'. In terms of the basal
areca of the normal forest stands in age 100
years, it can be expected that, in general, this
productivity index could be 8-16 m*-yr’.
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Tabnuys 53
Table 53

ChiBBiTHOIIEHHA yCepeIHEHUX TEeMIIIB POCTY 32 OCHOBHMMH 0i0METPHYHMMH NMOKA3ZHUKAMM
JAepeB HaHNOIUPEeHIINX A00pUreHHNX BU/IB, 0 pocTyTh Ha [lepenkapnarcbkiii BUCOYHHI

The ratio of the average growth rates by the main biometric indices of trees of the
widely-distributed native species that grow on the Carpathian Foothills

Bik mepeB, poku Ulmus Betula Carpinus | Quercus | Fagus Alnus Abies
Age of trees, years glabra | pendula betulus robur | sylvatica | glutinosa alba
Bucota nepes, M Height of trees, m
20 8.4 7.0 6.9 5.9 5.5 3.9 2.0
40 19.2 15.3 14.4 10.3 12.7 12.0 11.5
50 22.8 17.2 17.1 13.1 15.4 15.1 15.5
60 25.6 19.8 214 15.8 18.1 15.9 19.6
80 28.1 22.0 — 18.5 21.4 18.9 27.2
100 — — — 19.8 26.7 233 33.2
120 — — — 214 29.0 25.5 34.7
150 — — — 25.3 — — —
200 — — — 29.5 — — —
bownirer, y MaKCMMaJIbHOMY Billi iepeB Bonitet, in the maximum age of trees
| r | m | I | n | o | m | P
ToBmmHa cToBOYpIB, CM Thickness of trunks, cm
20 11.7 7.0 5.8 8.5 3.8 4.4 3.4
40 33.2 20.8 15.0 17.3 12.8 18.4 13.0
50 42.1 26.9 18.7 23.3 18.4 23.5 18.6
60 53.8 36.1 24.9 31.1 25.3 27.7 242
80 64.1 39.4 — 41.6 42.0 35.1 41.0
100 - — — 58.0 58.7 39.2 60.5
120 - - — 70.5 72.1 42.0 72.9
T1J10111a TONIEPEYHOr0 Mepepi3y CTOBOYpa, M~ The trunk cross-sectional area, m”
100 - [ - ] — | 026 | 027 012 | 029
06’eM cTOBOYpa, M’ Volume of the trunk, m’
20 0.1 0.02 0.01 0.1 0.01 0.01 0.002
40 0.8 0.2 0.1 0.3 0.1 0.2 0.1
50 1.4 0.4 0.2 0.4 0.2 0.3 0.3
60 2.2 0.8 0.4 0.7 0.4 0.5 0.7
80 3.4 1.1 — 1.1 1.4 0.9 1.9
100 — — — 2.0 3.2 1.5 3.9
120 — — — 3.1 5.2 1.9 5.5
[TporIeHT MOTOYHOTO IOPIYHOTO IPUPOCTY The percentage of the current annual volume
3a 00’€MOM Bifl 00’ €My CTOBOYpIB increment from the volume of trunks
100 | - [ - | - 1 25 | 28 | 17 | 32
[oma nonepednoro mepepizy 100 cToBOYpiB, M° The 100 trunks cross-sectional area, m”
100 | | | | 26 | 27 | 12 | 29
CyMa 1011 epepi3y HOpMAIBHOTO IePeBOCTaHy, M ra’ Basal area of normal stand, m*-ha
120 | | | | 329 | 338 | 264 | 521
[ToTourmiz IOPIYHUH MPUPICT 00’ €My The current annual volume increment
100 nepes, M’ pix’’ of 100 trees, m’-yr"
100 — — — 5.0 9.0 2.4 12.5
150 5.3
200 10.5
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Husbkorip’a CxigHux Beckunais

VY mononux aepeBoctanax BikoMm 20 pokiB
HAWBUIIMMH TOKa3HHUKAMH POCTY y BHUCOTY
BiJI3HAYAIOTHCS JIEpEBa SUIMHU €BPOIEHCHKOI,
10 POCTYTh Ha OaraTux OypO3eMHHUX IPyHTaXx.
[ToniOHa cutyariiss i Ha OIMHUX Kam’ SHUCTUX
Oypo3eMax. HalmoBinpHIIIIE POCTYTh MOJIOI
nepeBa Oyka Ta smuii (tadi. 54).

I >x TeHIeHIlsl crocTepiraeTbes 1y Bimi
nepes 50 pokiB. VY Bini 100-120 pokiB KynbMi-
HalllifHI mo3uLii y AepeBocTaHaxX IIBUIKOPOC-
mux aepeB Picea abies € Hanaii BIaCTUBHUMU.
JlepeBa iHIMMX BUJIB BIACTAIOTh Y IIBUAKOCTI
pocty. HaiiBummmu € aepesa Picea abies, 1m0
pocTyTh Ha Oaratux OypoO3eMHHUX TIpyHTax
(1 6onirer). Takox nepeBa Oyka 3aiiMaroTh J10-
MiHyIOYi MO3MIII y HaMeTi JepeBOCTaHiB. Ix
Bucota csrae 32 M (I Gonirer).

Ha Oigaux kaM’ SHUCTHX TIpPyHTaxX picT
SIIMHU MTOBIIBHIIIKK, BIJAIIOBIAA€ MOKa3HUKAM
II Gonitery. Takox BiACTaIOTh y POCTI y BH-
coty nepea Abies alba. Ix Bucora carae nu-
me 24 M, ToO0To Bimmosimae Hopwmi III Go-
HITETY.

[Tnoma momnepeyHoro mnepepizy CTOBOYpiB
nominytouux aepes csarae 0,1-0,33 M. Biaro-
BiHO 1 iX 00’em y Bimi 100 pokiB cCTaHOBUB
1,4-5,7 M’, a IPOLIEHT TIOTOYHOTO MPHUPOCTY 32
00’eMoM Bif 00’eMy cTOBOYpiB JOpPiIBHIOBAB
1,1-2,7. Ha mi#i migcraBi MOKHa po3paxyBaTH
piunuii pupict 06’eMmy cToBOypiB 100 Takux
nepes Picea abies y posmipi 5,3— 6,3 M>-pik
Fagus sylvatica — 3,4 v>-pi’ Ta Abies alba —
4,1 v pix’'. Taki mpUNyIIEHHS WLiTKOM Bipo-
Ti/IHI, OCKIIBKK CyMH IiIomy nepepisy mux 100
JIepeB CTaHOBJIATH yacTKy 0,28-0,5 Big HOpMma-
THUBIB MOBHUX JepeBocTaHiB Ha 1 ra. HaiiBumii
MMOKa3HUKH MPOJTYKTHBHOCTI BIACTHBI JepeBam
Fagus sylvatica 1 Abies alba y Biui 120-140
pokiB. Po3paxyHkoBuil piunuil npupict 06’emy
ctoBOypiB 100 Takux gepeB MaB OM CTAaHOBUTH
4,7-6,4 wmpix'. V mnepepaxyHKky Ha cymy
IJIONI Tepepi3y HOPMAJbHUX JEPEBOCTAHIB Yy
IIbOMY BiIll MOKHA CTIOJIBATHCS, 110 3arajiom
el TOKa3HWK MPOAYKTHBHOCTI MIT OM CTaHO-
ButH 10—12 M pix’

Lowmountains of the Eastern Beskids

Young trees of the age of 20 years show the
highest growth indices in the height of the
Picea abies trees, which grow on on rich
cambisoils. A similar situation occurs on the
poor stony brown soils. Younger Fagus syl-
vatica and Abies alba trees grow slowly
(Table 54).

This same trend is observed in the age of 50
years old trees. At the age of 100—120 years,
climatic positions in the trees of the fast-
growing Picea abies trees are further inherent.
Trees of other species grow slower. The
highest are Picea abies trees that grow on on
rich cambisoils (I bonitet). Also Fagus
sylvatica trees occupy the dominant position in
the cannopy of the stands. Their height reaches
32 m (I bonitet).

On poor stony soils, Picea abies trees
grown slower, consistent with the II bonitet.
Also, they are lagging behind in the height of
the Abies alba trees. Their height reaches only
24 m, that is, corresponds to the norm of the
III bonitet.

The area of cross-section of trunks of these
dominanted trees reaches 0.1-0.33 m”. Accor-
dingly, their volume in age 100 yaers was
1.4-5.7 m’, and the percentage of the current
increment in volume from the volume of the
trunks was 1.1-2.7. On this basis, one can
calculate the annual increment in the volume
of the trunks of 100 such Picea abies trees in
the size of 6.3 m’yr', Fagus sylvatica —
3.4 m>yr' and Abies alba — 4.1 m’yr". Such
assumptions are quite probable, since the sum
of the areas of the section of these 100 trees is
a fraction of 0.28-0.5 from the norms of full
stands per 1 ha. The highest indices of the
productivity is characteristic of the Fagus
sylvatica and Abies alba trees at the age of
120-140. The estimated annual increment in
the volume of the trunks of 100 such trees
should be 4.7-6.4 m*-yr™. In terms of the basal
area of the normal forest stands in this age, it
can be expected that, in general, this pro-
ductivity index could be 1012 m’-yr.
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Tabnuys 54
Table 54

ChiBBiTHOIIEHHA yCepeIHEHUX TEeMIIIB POCTY 32 OCHOBHMMH 0i0METPHYHMMH NMOKA3ZHUKAMM
JAepeB HAHNOIMPEeHIMX A00pUreHHUX BU/IB, 10 POCTYTh Yy HU3bKOTip’i Cxinnux beckuais
The ratio of the average growth rates by the main biometric indices of trees of the widely-
distributed native species that grow on the Eastern Beskids low mountains

Bik nepeB, poku Picea Acer pseu- Ulmus Picea Fagus Abies
Age of trees, years| abies A doplatanus glabra abies ® sylvatica alba
Bucota nepes, m Height of trees, m

20 11.3 8.4 7.7 6.6 3.3 2.5

40 22.7 17.7 16.7 16.1 10.2 6.3

50 27.1 20.8 20.2 18.6 14.5 8.8

60 31.0 21.8 22.9 20.6 18.1 12.0

80 36.9 — 29.3 214 243 17.8
100 42.69 — — 24.6 29.1 22.2
120 — — — — 32.2 24.0

bownireT, y MaKCUMaJIbHOMY Billi IepeB Bonitet, in the maximum age of trees
| I I I | 1 | i | 111
ToBmmHa cToBOYpiB, CM Thickness of trunks, cm

20 14.1 7.4 11.3 11.0 3.3 3.1

40 31.6 16.0 25.1 21.6 12.0 8.6

50 39.9 19.7 30.9 25.5 18.3 11.9

60 46.2 20.2 35.8 28.6 20.5 16.1

80 57.9 — 54.6 36.9 28.7 25.7
100 64.6 — — 44.4 36.0 34.9
120 — — — — 46.0 40.3

T110111a MOTIEPEYHOr0 Iepepizy CTOBOYpa, M° The trunk cross-sectional area, m”
100 | 033 | [ o015 | o010 0.10
06’eM cTOBOYpa, M’ Volume of the trunk, m’

20 0.1 0.02 0.1 0.03 0.01 0.01

40 0.8 0.2 0.4 0.3 0.1 0.1

50 1.5 0.29 0.8 0.5 0.2 0.2

60 2.2 0.34 1.1 0.7 0.3 0.3

80 4.0 — 3.2 1.3 0.8 0.8

100 5.7 — — 2.0 1.4 1.6
120 — — — — 2.3 2.2

IIporieHT MOTOYHOTO IPUPOCTY
3a 00’eMOM BiT 00’eMy cTOBOYpIB

The percentage of the current volume increment
from the volume of trunks

100 | 11 ] — | — | 27 | 25 | 26
Ioma nonepedHoro nepepizy 100 cToBGypis, M* The 100 trunks cross-sectional area, m
100 | 33 — — | 15 | 10 | 10
CyMa 1ol 1epepizy HopMaIbHOTO IEPEBOCTAHY, M Ta Basal area of normal stand, m*-ha’’
100 >67 = = | 468 | 374 | 361

[ToTouyHMIA MIOPIYHUI IPUPICT 00’ €My
100 nepes, M’ pix’’

The current annual volume increment
of 100 trees, m’-yr"

100 6.3 - - 5.3 3.4 4.1
120 - - - — 4.7 5.7
140 - - - - _ 6.4

Ipumimxu: A — IBUIKOPOCII IepeBa; ® — MOBIILHOPOCITI JIepeBa.
Notes: A — fast growing trees; ® — slowly growing trees.
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PiukoBi Tepacu y ['opraHax

Y Monoaux nepeBocTaHax BikoMm 20 pokiB
HAaWBUIIMMH TOKa3HHUKAMU POCTY y BHUCOTY
BiJ[3HAYAIOThCS AepeBa Oepes3u nosucioi. Bonu
3HAYHO BUIEPEKYIOTH JepeBa IHIIUX BUJIB
(Tabnm. 55), Takux SK SIMHA €BPONEHCHKA,
siusl Oila Ta COCHa 3BMYaiiHa. Y Billl epeB
50 pokiB Temmu pPOCTY AEpPEeB 3MiHIOIOTHCS.
HaitBumumu € nepeBa sUIMHU €BPOTNEHCHKOI.
Maibke Takoi >k BHUCOTH JepeBa Oepesu Io-
BHCIIOl. JlepeBa 1HIIMX BHIIB 3HAYHO BIiJICTa-
I0Th B pOCT1 y BUCOTY. Y Bimli 80 pokiB KyJibMi-
HalliiHi no3uuii adyBaroTh aepeBa BUiiB Abies
alba Tta Picea abies. Ix Bucora Bimmosimgae
nopmi I* ta I Gonitery. HallGinbIoi TOBIIMHM
HaOyBaroTh 1 cTOBOYpH JiepeB 1ux BHUIIB. [10-
ma iX momnepevyHoro nepepisy y Biri 100 pokis
carae 0,29-0,43 M>. BimmoigHo i ix 06’em
cranoBuB 4,3-5,1 M3, a MPOLEHT IMOTOYHOrO
npupocty 3a 00’eMoM BiJ 00’emMy CTOBOYpiB
nopiBHIOBaB 1,9-2.

Ha wiit migcraBi MokHa po3paxyBaTu pid-
HUU nipupicT 00’emy ctoBOypiB 100 Takux ne-
peB sutmmi y posmipi 11,2 m'pix’, a summnn —
8,3 M pik’". Taki NPHITYIIEHHS 1{LIKOM BipOriHi,
OCKUTbKM CyMH Tuion repepizy mux 100 mepeB
craHoBJATh yactky 0,43-0,7 Big HOpMaTHBIB
MOBHUX JiepeBocTaHiB Ha | ra. Omke, y mepe-
paxyHKy Ha CyMy IUIOLI Iepepizy HOPMaIbHHX
nepeBocTaHiB y Bimi 100 pokiB MOXKHa CHOZI-
BaTHUCs, IO 3arajioM Ied IOKa3HUK IPOIyK-
THBHOCTI Mir 61 craHoBHTH 16-19 M -piK’.

CepenHborip’sa

VY Monoaux aepeBocTaHax BikoM 20 pokiB
HAMBHUIUMH TIOKa3HUKAMU POCTY Yy BHCOTY
BiJ[3HAYAIOTHCS JIEpPeBa SUTMHU €BPOIEHCHKOT,
0 POCTYTh HAa BIAHOCHO OiTHUX Kam’ sTHHC-
TUX OYpO3eMHHUX IPYyHTax. 3HAYHO MOBiIb-
HIIlIE POCTYTh MOJIOMI JiepeBa Oyka Ta sITUIll
(Tabm. 56). Ls % TeHaeHIIis crocTepiraeThes i
y Bimi pepeB 50, 100 1 150 pokiB. Bucora
JIEpEeB SUIMHU €BPOICHUCHKOI BIJIMOBiIA€ HOP-
matuBy [° OGomitery. JlepeBa IHIIMX BHIIB
BIJICTAIOTh Y IIBUIKOCTI POCTY, MPOTE Yy BIilli
200 ta 250 pokiB csAraroTh MokasHUkKis I 6o-
HiTeTy (sttui) 1 I GoniTery (Oyk). Y Bii 100
POKIB TOBIIMHA CTOBOYPIB SUTMHU €BPOIEUCH-
KOi CTAaHOBUTH Maixke 47 cM, TOMl SIK y sITUII
Ta Oyka jume 29 cm.

The river terraces in Gorgany range

In young forest stands of the age of 20
years, the highest rates of growth in height are
marked by the Betula pendula trees. They are
significantly ahead of trees of other species
(Table 55), such as Picea abies, Abies alba
and Pinus sylvestris. At the age of 50 years,
the growth rate of trees to change. The highest
are the Picea abies trees. Almost the same
height as a Betula pendula trees. Trees of other
species are significantly lagging in height
growth. At the age of 80, trees of the species
Abies alba and Picea abies. Their height
corresponds to the norm of I* and I bonitetes.
The trunks of the trees of these species are the
largest in thickness. Their area of cross-section
at the age of 100 years is up 0.29-0.43 m’.
Accordingly, their volume was 4.3-5.1 m’,
and the percentage of the current increment in
volume from the volume of the trunks was
1.9-2.

On this basis, one can calculate the annual
increment in the volume of the trunks of 100
such Abies alba trees in the size of
11.2 m*yr' and Picea abies — 8.3 m’yr'.
Such assumptions are quite probable, since the
sum of the areas of the section of these 100
trees is a fraction of 0.43-0.7 from the norms
of full stands per 1 ha. In terms of the basal
areca of the normal forest stands in age 100
years, it can be expected that, in general, this
productivity index could be 16-19 m*-yr™.

The montane zone

Young trees of the age of 20 years show the
highest growth indices in the height of the Picea
abies trees, which grow on rather poor leptic
cambisoils. Young Fagus sylvatica and Abies
alba trees grow more slowly (Table 56). This
same trend is observed in the age of 50, 100 and
150 years old trees. Trees of other species grow
slower. The height of the Picea abies trees
corresponds to the norm of the I* bonitet. Trees
of other species lag behind in growth rate,
however, at the age of 200 and 250 years the
indexes of I° bonitet (4bies alba) and I bonitet
(Fagus sylvatica) reach. At the age of 100 years,
the thickness of the Picea abies tree trunks is
almost 47 cm, whereas in Abies alba and Fagus
sylvatica it is only 29 cm.
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Tabnuys 55

Table 55
ChiBBiTHOIIEHHA yCepeIHEHUX TEeMIIIB POCTY 32 OCHOBHMMH 0i0METPHYHMMH NMOKA3ZHUKAMM
JiepeB HANMOMIMPEHIIINX A00PUTeHHUX BB, IO POCTYTh HA PiuKoBHX Tepacax y [opranax

The ratio of the average growth rates by the main biometric indices of trees
of the widely-distributed native species that grow on the river terraces in Gorgany range

Bix mepeB, poku Betula Picea abies Pinus sylvestris Abies alba Pinus sylvestris
Age of trees, years pendula A °
Bucota nepes, M Height of trees, m
20 9.1 54 4.6 4.3 1.2
40 17.6 15.3 12.4 12.6 3.8
50 20.2 20.4 15.0 16.9 5.4
60 24.0 24.0 17.4 20.7 6.9
80 26.5 28.4 19.2 314 10.6
100 — 33.6 — 33.5 —
120 — 37.9 — 35.4 —
bowniteT, y MaKCHMaJIbHOMY Billi AepeB Bonitet, in the maximum age of trees
| I | 1 | 111 | I | v
ToBmmHa cToBOYpiB, CM Thickness of trunks, cm
20 11.1 8.7 5.0 5.5 0.8
40 23.6 23.5 17.2 18.5 3.3
50 28.3 32.4 20.3 26.9 5.6
60 31.2 39.8 23.1 37.0 7.7
80 39.4 52.8 27.0 62.1 11.0
100 — 60.4 — 73.6 —
120 — 67.5 — 80.9 —
T110111a MOTIEPEYHOr0 IIepepizy CTOBOYpa, M° The trunk cross-sectional area, m’
100 | | 0.29 | | 0.43 |
06’em cToBOYpa, M Volume of the trunk, m’
20 0.06 0.0 0.0 0.01 0.0002
40 0.4 0.3 0.2 0.2 0.004
50 0.62 0.7 0.2 0.5 0.01
60 0.84 1.3 0.4 1.1 0.03
80 1.4 2.7 0.4 3.5 0.1
100 — 4.3 — 5.1 —
120 — 6.0 — 6.8 —
[IpoleHT MOTOYHOTO IPUPOCTY The percentage of the current volume increment
3a 00’€MOM Bi1 00’ €My CTOBOYPIB from the volume of trunks
100 | — | 1.9 | — | 2.0 | —
Ioma nonepeunoro nepepizy 100 cToB6ypiB, M The 100 trunks cross-sectional area, m”
29 | | 43 |
CyMa 110111 TIepepi3y HOPMAIBHOTO AepPeBOCTaHy, M Ta’ Basal area of normal stand, m*-ha
100 | | 67.3 | | 60.6 |
[loTouHnii MOPIYHUIN IPUPICT 00’ €My The current annual volume increment
100 nepeB, M pix”’ of 100 trees, m’-yr"
100 8.3 11.2
120 8.8

Hpumimxu: A — IBAIKOPOCII IepeBa; ® — MOBUILHOPOCII JIepeBa.
Notes: A — fast growing trees; ® — slowly growing trees.
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BianoBiaHo, 1ioma momnepeyHoro mnepepi-
3y cToBOYpiB aepeB mux BuaiB csarae 0,07—
0,17 Mm% ix o6’em cranoBu 0,4-2,1 M, a
MPOIIEHT TOTOYHOTO MPHUPOCTY 3a 00’ €eMOM
BiJl 00’ eMy cTOBOYpiB JOpiBHIOBaB 3—5.

MaxkcuMaibHI TOKa3HUKH CTOBOYPIB JepeB
suimHU 'y Bii 150 pokiB: Bucota — 37 M,
ToBIMHA — 64 cM, 00’eMm — 4,1 M. Jltst cToB-
OypiB simui y Bini 250 pokiB BOHHU Biamo-
BigHO cTaHOBJATE 44 M, 106 cMm 1 20 M3, a st
Oyka —35 M, 63 cm1i3,9 M.

Ha wili minctaBi MOXXKHa po3paxyBaTH
piunuii mpupict 06’emy croBOypiB 100 Takmx
JIepeB AIMHE y po3mipi 7,4 mP-pik’, summi —
3,7 mpix”’ Ta Gyka — 2,3 M>-pix’. Taki npu-
MyIICHHS IIJIKOM BipOTi/IHI, OCKUIBKHA CyMH
wiony mepepizy uumx 100 gepeB cTaHOBIATH
gactky 0,17-0,28 Big HOpPMAaTUBIB TMOBHHX
nepeBoctaHiB Ha | ra. To6To y Bunaaky Hop-
MaJbHHUX JEPEBOCTAHIB IIi MOKA3HUKU MOTJIU
6 craHoBHTH 13-26 M’ -piK .

HaiiBumni  moka3HUKM — MPOXYKTHBHOCTI
BJIACTHBI JepeBaM sunili i Oyka y Biti 200—
250 pokiB. Po3paxyHKOBUI piYyHHI MPUPICT
00’emy croBOypiB 100 Takux nepeB maB Ou
cranoButH 6,413 M pik’. V mepepaxyHky
Ha CyMy IUIOINI Iepepi3y HOpMaIbHUX JEPEBO-
CTaHIB y IIbOMY BILll MOXHAa CHOIBAaTUCS, 110
3arajJioM Led MOKa3HUK MPOAYKTUBHOCTI MIT
6u csrati 16-26 M pi’.

Bucokorip’sa

VY mononux aepeBoctaHax BikoM 20 pokiB
HAWBUIIMMH TOKa3HHUKAMH POCTY y BHUCOTY
BiJJ3HAYAIOTHCS JIepeBa SUIMHU €BPOIEHCHKOI,
SKi 3HAYHO BHIIEPEIDKAIOTH JIepeBa COCHU
kenpoBoi (Tabn. 56). Lsg x TeHaeHiis crocre-
piraeTbcsi 1 B IMX JIEPEB CTApUIOrO BIKy. Y
MaKCUMaJbHOMY BIIll BHCOTA JEpPEB SUTMHU
eBporencpkoi  BiAmoBigae HopmaTtuBy [l
OOHITETY, a COCHH KeipoBoi — [ V.

V Bini 100 pokiB TOBIIMHA CTOBOYPIB SITMHH
€BPONEHCHKOT CTaHOBUTH Maiike 30 cM, TOi sK
y cocHU KempoBoi jgumie 19 cm. BiamosimHo,
IUIOIIa TOMEPEeYHOro Tmepepidy CcToBOypiB
nepeB nux Bunis csarae 0,03-0,07 M2, iX 00’eM
cranoBuB 0,2-0,8 M3, a MPOLEHT MOTOYHOTO
IpUPOCTY 3a 00’eMOM BiJl 00’eMy CTOBOYpIB
nopiBHoBaB smie 0,6—1,5.

MakcumanbH1 TTOKa3HUKH CTOBOYpIB JiepeB
anuHu y Bimi 200 pokiB Taki: BucoTa — 30 M,

Accordingly, the area of cross-section of
trunks of these trees reaches 0.07-0.17 m®. their
volume was 0.4-2.1 m’, and the percentage of
the current increment in volume from the volume
of the trunks was 3-5.

The maximum values of trunks of Picea abies
trees at the age of 150 years are as follows:
height — 37 m, thickness — 64 cm, volume — 4.1 m’.
For trunks of Abies alba at the age of 250 yr, they
are respectively 44 m, 106 cm and 20 m®, and for
Fagus sylvatica— 35 m, 63 cm and 3.9 nr’.

On this basis, one can calculate the annual
increment in the volume of the trunks of 100
such Picea abies trees in the size of 7.4 m yr',
Abies alba — 3.7 m>yr' and Fagus sylvatica —
2.3 m>yr". Such assumptions are quite probable,
since the sum of the areas of the section of these
100 trees is a fraction of 0.17-0.23 from the
norms of full stands per 1 ha. That is, in the case
of normal tree stands, these figures could be
1326 m*yr.

The highest indices of the productivity is
characteristic of the Abies alba and Fagus sy!-
vatica trees at the age of 200-250. The
estimated annual increment in the volume of
the trunks of 100 such trees should be
6.7-13 m>yr'. In terms of the basal area of
the normal forest stands in this age, it can be
expected that, in general, this productivity
index could be 16-26 m>-yr.

Altimontane zone

Young forest stands of the age of 20 years
show the highest growth indices in the height
of the Picea abies trees, which considerably
outgo Pinus cebra trees (Table 56). This same
trend is observed also in these older trees. At
the maximum age, the height of the Picea
abies trees corresponds to the norm of the [-II
bonitet and Pinus cebra trees — V.

At the age of 100 years, the thickness of the
Picea abies tree trunks is almost 30 cm,
whereas in Pinus cebra trees it is only 19 cm.
Accordingly, the area of cross-section of these
tree trunks reaches 0.03-0.07 m” and their
volume was 0.2-0.8 m’, and the percentage of
the current increment in volume from the
volume of the trunks was only 0.6-1.5.

The maximum values of trunks of Picea
abies trees at the age of 200 years are as
follows: height — 30 m, thickness — 46 cm,
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ToBmMHa — 46 cM, o0’em — 2.5 M. st
cToBOypiB cocHH KeapoBoi y Bimi 250 pokiB
BOHHM BIJIOBI/IHO CTaHOBIATH Juiie 21 M,
51 cmi2 v, OpHak BapTO 3a3HAYMTH, 1110 TEMITH
pPOCTY JepeB SUIMHU y INTYYHOMY HACa/DKCHHI
BUSIBIITUCS HalBUIIUMH. Y3ke y 80 pokiB BuCOTa
nepeB csrana 29 m, a 06’em — 0,9 M. Ile, oue-
BUJIHO, HACIHIJIOK TOTO, IO PICT HUX 3HAYHO
MOJIOJIIIUX JIEPEB BiJOyBaBCS B yMOBAax TEILIi-
IIOT0 KJIIMaTy, HIXK CTapIIuX JIEPEB, BIK SKUX
ctaHoBUTH 200-250 pokiB.

Ha wiif mizcraBi Mo)kHa po3paxyBaTu piu-
HUW Tpupict 00’emy cToBOypiB 100 Takmx
iepeB SUTMHK y po3Mipi 1,5 M pik’, a cocHu
kenpoBoi — 0,6 M3-pi1<'1. Taxki NpUIMyICHHS ILI-
KOM BIpOTiHI, OCKIJIBKH CyMH IUIOIT TIepepi3y
uux 100 nepeB cranoBiATh yactky 0,13-0,18
B1JI HOPMATHBIB MOBHUX JIEPEBOCTaHiB Ha | ra.
ToOTo y BUMNAAKy HOPMaJIbHHUX JIEPEBOCTAHIB
1l ITOKa3HUKU MOIIu O ctaHoBUTH 49 M3~pi1<'1.

HaiiBuii nmoka3HuKM MPpOAYKTUBHOCTI Biac-
TUBI UM jaepeBam y Bimi 200-250 pokis. Po3-
PaxyHKOBHI piuHUIl npupicT 06’emy cTOBOY-
piB 100 Takux nepeB MaB OW CTaHOBUTH
1,3-1,7 o -piK'l. VY nepepaxyHKy Ha CyMy ILTOLL
nepepizy HOpMaJIbHHUX JIEPEBOCTAHIB Y IIbOMY Bi-
Il MOJKHA CIIOJIIBATHCS, IIIO 3arajoM Iiei IToKas3-
HUK ITPOTYKTUBHOCTI Mir Ou csiratu 7-9 M3-piK'1.

volume — 2.5 m’. For trunks of Pinus cebra trees
at the age of 250 years, they are respectively
only 21 m, 51 cm and 2 m’. However, it should
be noted that the growth rate of Picea abies trees
in silvaculture were the highest. Already in 80
years the height of the trees reached 29 m, and
the volume — 0.9 m’. This is evidently the conse-
quence of that the growth of these significantly
younger trees took place under warmer climates
conditions than the older trees, whose age is
200-250 years.

On this basis, one can calculate the annual
increment in the volume of the trunks of 100 such
Picea abies trees in the size of 1.5 m’yr”, and
Pinus cebra — 0.6 m’-yr". Such assumptions are
quite probable, since the sum of the areas of the
section of these 100 trees is a fraction of 0.13—
0.18 from the norms of full stands per 1 ha. That
is, in the case of normal tree stands, these figures
could be 4-9 m*yr.

The highest indices of the productivity is
characteristic of these trees at the age of 200—
250. The estimated annual increment in the
volume of the trunks of 100 such trees should
be 1.3-1.7 m*-yr’". In terms of the basal area of
the normal forest stands in this age, it can be
expected that, in general, this productivity
index could be 7-9 m*yr.

Tabnuys 56
Table 56

ChiBBiIHOIIEHHS YcepeIHEHUX TeMIIiB POCTY 32 OCHOBHUMH 0iOMeTPHMYHUMU
MOKA3HMKAaMM JepeB HaiNnomMpeHilux a0opureHHUX BU/IB, 10 POCTYTh HA CXWJIAX Tip
Ta y BUcoKorip’i y [opranax

The ratio of the average growth rates by the main biometric indices
of trees of the widely-distributed native species that grow on the on the mountain
slopes and in the altimontane zone in the Gorgany range

Bik nepes, poku Cepennporip’ss  The mountain zone Bucokorip’s Altimontane zone
Age of trees, Picea abies Abies Fag s Picea abies | Picea abies® | Pinus cebra
years alba sylvatica
Bucora nepes, M Height of trees, m
20 6.3 3.1 24 3.5 3.7 1.6
40 12.9 5.6 6.7 8.6 11.7 3.7
50 15.4 7.4 9.1 11.2 15.3 5.0
60 18.5 9.6 114 13.4 18.2 6.4
80 21.0 14.0 16.6 17.3 229 7.3
100 29.0 19.1 213 21.0 - 11.1
150 37.0 31.7 26.4 26.6 - 14.4
200 — 39.1 33.6 30.4 — 17.6
250 - 44.0 35.3 - — 21.0
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IIpoooeoicernnsa mabnuyi 56
Continuation of Table 56

Bix mepeB, poku

Cepennborip’ss  The mountain zone

Bucokorip’st  Altimontane zone

Age of trees, Picea abies Abies FagL{s Picea abies |Picea abies® | Pinus cebra
years alba sylvatica
Bownirer, y MakcCHMaIbHOMY Billi iepeB Bonitet, in the maximum age of trees
_ I’ I I II I v
ToBumHa cTOBOYpIB, CM Thickness of trunks, cm
20 8.1 2.7 1.4 4.9 4.3 1.1
40 12.9 7.2 7.2 14.3 17.1 5.7
50 16.0 9.2 10.3 18.5 15.3 8.1
60 19.7 11.0 14.3 21.7 24.7 10.4
80 31.6 17.3 22.0 26.5 29.3 12.6
100 46.8 29.1 29.1 30.3 — 19.3
150 64.00 54.5 40.0 38.9 27.8
200 81.7 65.7 45.9 35.0
250 106.6 63.0 50.9
T110111a OTIEPEYHOT0 Iepepizy CTOBOYpa, M° The trunk cross-sectional area, m”
100 | 017 | 007 007 | 007 | = | 0.03
06’em cTOBOYpa, M Volume of the trunk, m’
20 0.02 0.004 0.001 0.01 0.01 0.001
40 0.1 0.03 0.02 0.1 0.2 0.01
50 0.2 0.1 0.1 0.1 0.4 0.02
60 0.7 0.1 0.1 0.3 0.5 0.05
80 0.8 0.3 0.4 0.5 0.9 0.1
100 2.1 0.7 0.8 0.8 — 0.2
150 4.1 3.6 1.5 1.6 = 0.5
200 — 9.7 4.3 2.4 — 0.9
250 — 20.7 3.9 — 2.0

IIponeHT MOTOYHOrO NPUPOCTY
3a 00’ eMOM Bif 06’ €My CTOBOYpiB

The percentage of the current volume increment
from the volume of trunks

100 | 35 | 50 | 30 | 18 | 2.4
Ioma nonepeunoro nepepizy 100 cTosGypiB, M The 100 trunks cross-sectional area, m”
100 | 17 | 7 | 7 | 7 | | 3
CyMa 1101 1epepizy HOPMaIbHOTO IEPEBOCTAHY, MTa Basal area of normal stand, m*-ha
100 606 | 404 | 295 | 397 | 23.0*
[lorounwmii mopivHMH MpHUpicT 00’ eMy The current annual volume increment
100 nepes, M ik’ of 100 trees, m’yr
100 7.4 3.7 2.3 1.5 — 0.6
150 6.5 7.7 3.3 1.5 — 0.7
200 — 11.1 6.4 1.7 — 0.9
250 — 13.0 3.8 — — 1.3
Ipumimiu: % — JIICOBI KYJTbTYPH.
Notes: # — silviculture.
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KpuTnyHi mipkyBaHHA
Ta peKkomMmeHaauii

[Tomani Matepiaym OIOMETPHYHHX  JTOCITi-
JUKEHBb XOJIy POCTY JIEPEeB, IO POCIH y PI3HUX
NPUPOTHO-TEOrpaiuHUX JIICOPOCTHHHUX YMO-
BaX KapMaTChbKOTO pErioHy, CYTTEBO JOTOB-
HIOIOTh HAllll 3HAHHS B I LapuHi 3HaHb. Lle
0COOJIBO CTOCY€ETHCSI CTAPOBIKOBUX JIEPEB, BIK
sakux csarae moHan 200 pokiB, a TaKOXK Tpe.-
CTaBHUKIB JIOBOJII PIAKICHUX BUIB, SIK B’S3
IJIaIKMNA Ta COCHA KeJpoBa. 3araioM, y HayKo-
Bili JiTeparypi Opakye iHpopmarii mpo ocol-
JUBOCTI POCTYy Ta PO3BUTKY IHMX JIEPEB Y
TaKOMY BIIIi.

HaBeneni anamiTH4Hi Ta TEOPETHUYHI y3a-
raJlbHEHHSI aKTyalli3yloTh MpoOJieMy ocydac-
HEHHS 3acTapiiMiX HOPMATUBHHUX JOBIJIKOBUX
MaTepiamiB Juis Takcarii jiciB Kapmar B Ykpa-
ini. Hacammepen 1e crocyeTbcsi AepeB Ta
nepeBocTaHiB BikoM noHas 100 pokis. [Ipo 1e
NEPEeKOHJIMBO CBiAYaTh ICHYIOYl INKAJIW BiJI-
HOCHHUX OOHITETIB, 5IKi € 0A30BUMH TSI TIOPiB-
HSIHb TIPOJYKTUBHOCTI J€PEBOCTAHIB HE JIMIIIE
B YkpaiHi, a i y Oaratbox kpainax IliBHi4HOT
€Bpasii [59]. BnacHe kaxy4w, 11e 30BCIM HE €
IIKAJIA TIPOTYKTUBHOCTI, OCKUTBKH TPEICTABIIS-
I0Th JIMIIC IIBHKICTh POCTY JIEPEBOCTAHIB Yy
BUCOTY. [Iprdomy, MpUpicT BUCOTH Y IPOMIKKY
BiKy aepeBoctaniB 100—200 pokiB €, mpaBao-
nonioHo, 3aHmwkenui. [lomani y it myOmika-
il aHAJIITUYHI MaTepiajid CBiAYaTh MpO IHIIE,
30KpemMa, PO HEBIAMOBITHICTh TEMITy POCTY Y
BUCOTY JIOCII/DKCHUX JEPEB IIUM yCTaJICHUM
TeHJCHIsIM. TOMy Kpalie OnmucyBaTH Ta TIO-
PIBHIOBATH MIBUIKICTH POCTY JIEPEB 3a MOKa3-
HHUKaMM a0COJIOTHUX OoHiTeTiB. IS 1HOTO,
MalyTb, CIiJi 3aCTOCOBYBAaTH 1HJEKCH BHUCOTHU
nepeB abo mepeBoctaniB y 50, 100 pokiB, sk
e poOJsiATh JICIBHUKM B 0araThbox KpaiHax
cBiTYy [6, 8, 29, 38, 47]. BinnoBigHo a0 1UX iH-
nekciB pocty y BUCOTY (Slso, Slio,), mOTpiOHI
TaKOX BIAMOBIAHI 1X 3HaueHHs y 150, 200, 250
1 Outbmie pokiB. OKpiM IOTO, Taki 1HIAEKCH
pocTy Manu O MaTH IIe i BIANOBIIHI Y I[bOMY
Billl JIepeB IMOKa3HMKH TOBIIUHU CTOBOYDIB,
IOl iX MepeTuHy Ta 00’€My, a TaKOX IO-
TOYHOTO TpUpocTy 3a 00’emoM. Taki iHaEKCH
pOCTy JIepeB 3 BIAMOBITHUMH 0iOMETPUYHUMU
MOKa3HUKaMH CTOCOBHO Pi13HOTO BiKY MOBHHHI
OyTH po3pobiieHi audepeHiiHoBaHO CTOCOBHO
pPI3HUX JEpEeBHUX BUJIB Ta JIICOPOCIMHHUX
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Critical considerations
and recommendations

The materials of biometric studies of the
growth course of trees, which growing in
different natural geographical forest ecologycal
conditions of the Carpathian region are sub-
stantially supplemented by our imaginations in
this field of knowledge. This is especially true
for old-age trees, whose age is over 200 years,
as well as representatives of rather rare species,
such as Ulmus glabra and Pinus cembra. In
general, in scientific literature lacks informa-
tion on the peculiarities of these trees growth
and development at such an age.

The presented analytical and theoretical
generalizations make an actual the problem of
modernization of obsolete normative reference
materials for the taxation of the Carpathian
forests in Ukraine. First of all, it concerns of
trees and forest stands of the age over of 100
years. The existing scales of relative bonitetes,
which are the basis for comparing the pro-
ductivity of forest stands not only in Ukraine,
but also in many countries of northern Eurasia,
are convincingly testified by this [59]. Actu-
ally, this is not at all a scale of productivity,
since they represent only the speed growth of
forest stands in height. Moreover, the incre-
ment of grow of the trees in height in the age of
100-200 years is, believably, understated. The
analytical materials presented in this publica-
tion indicate another, in particular, the incon-
sistency of the growth rate with the height of
the investigation trees with these established
tendencies. Therefore, it is better to describe
and compare the growth rate of trees with the
indicators of absolute bonitetes. To do this,
perhaps, you should apply the height of trees or
trees at 50, 100, as foresters do in many
countries around the World [6, 8, 29, 38, 47].
According to these growth indices of trees in
height (SIso, Sligo,), is needed also their cor-
responding values in age 150, 200, 250 and
more years. In addition, such growth indices
should have the corresponding indicators at the
age of trees for the thickness of the trunks, the
area of their intersection and volume, as well as
the current increase in volume. Such growth
indices of trees with corresponding biometric
indices for different ages should be developed
in a differentiated manner for different tree
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yMoB. Hanpukunan, nis nepeB sumiiii 61101, 1110
pocTyTh y cepeanborip’i Topran, Taki mokas-
HUKH BUCOTH Morin 6 Oytu: Slso = 8 m, Sljgo=
=20 M, 81150 =31 M, SIzoo: 41 M, 81250: 45 M.

[lle BaxTUBINIMM TOKAa3HUKOM ITOBHHHA
OyTH 3aJIKHICTh TIOTOYHOTO TPUPOCTY 00 €-
My Big 00’emy ctoBOypiB. Tak, Ha Ilepen-
KapraTchKiii BUCOUYMHI y JiepeB OyKa J1icOBOro,
Bik sikux 100—120 pokiB, 06’eM cTOBOYpIB MOKE
csirati 3—5 M, a OTOYHHMI IPUPICT CTOBOYPHOL
nepeBunu  craHoButume  0,09-0,11 M3~piK'1.
Taxi K MOKa3HUKH MTOTOYHOTO MPUPOCTY 00’ €-
My CTOBOypa OTpMMaHO 1 Ui JepeB ayoOa
3BHyaitHoro y Bimi 200-250 pokiB, kou 00’ eM
ix cTOBOYpiB MOXke caratm 8—13 m’. OmHak
HaWO1IBII MOKa3HUKHU TaKO1 MPOIYKTUBHOCTI,
0,12-0,17 M -pik’', BUSBIEHO Y AepeB sUTHLI
o101 y Biri 100—135 pokiB, 06’eM cTOBOYpIB
SIKAX MOJKE CSTaTH 4—8 M.

VY Husbkorip’i beckuaiB Taki MOKa3HUKU
MPOAYKTUBHOCTI AepeB 3Ha4yHO MeHImi. Ha-
MIPUKJIA, CepeaHiii 06’em cToBOypiB Oyka y
Bili 120 poKiB CTaHOBUTH JUIIE 2 M, a TO-
TOYHUU WOTO TMPUPICT € yABIYI MEHIIUN, HIXK
Ha [lepeakapmarcekiii BucounHi. Bin crano-
BuTh e 0,04 v -pix”. [IpoTe y sSUIMHH €BPO-
MEWChKOI IIi MOKA3HUKU CSTAIOTh BEIWYHHU
0,06-0,08 M pix' mpu o06’emi cTOBOYpIB
1,5-8 M y Bini 50-120 pokiB. V jepes s
015101 MaKCUMaJIbHI TOKa3HUKU TaKOro MOTOY-
HOoro mpupocty o0’emy, 0,08-0,1 M -piK'l,
MOKYTh CIIOCTEpIraTHCS JHIIE 32 YMOBHU 00’ €-
MiB cTOBOYPIB 4—6 M°, 10 MarOTh Bik 180-210
pokiB. IlonibHa NpPOXYyKTHBHICTH 1 y J€peB
B’s3a ronoro y Bimi 80 pokiB, Komu 00’eM
CTOBOYpa MOXKE CAraTH Gible 3 M.

V ripcekux gonuHax lopran  HalBmimi
MOKA3HUKH TPOAYKTHBHOCTI BHUSBJICHO Y Jie-
peB sutuill 01101, BoHM csiraroTh MaKCUMaJIBHOT
semmuman 0,11 M pix’ y Bini gepe 80—100
POKiB, Ko 00’eMHU iX cTOBOYpIB CTAaHOBJISTH
3,5-6 M°. MakcHMalbHH [TOTOYHMUIA MIPUPICT
y JI€peB SUIMHU €BPOIEHCHKOI BUSBIECHO TPOXU
menmmi, mume 0,08 M>-pix”, y Biui gepes 90—
130 pokiB, kKoiu 00’ €MU iX CTOBOYPIB CATAIOTH
MOA10HOT BEIUYUHH.

V nicax y cepexnporip’i Topran morounuii
MpUpICT JaepeB Oyka €BPOIMEHCHKOTO CATAE
Makcumymy, 0,05-0,07 M3~pi1<'l, y Bimi 200-
300 pokiB, mpu 06’emi cToBGYpiB 3—7 M. Y
JIEPEB SUTMHU €BPONEHCHKOI BIH MaKCHUMAllb-

species and forest ecological conditions. For
example, for Abies alba trees that grow on the
the Gorgany range montane zone, such indices
could be: SIhSO =7 m, SIthO =19 m, SIh15o =
=32 m, SIhzo(): 39 m, SIh250 =45 m.

An even more important indicator should be
the dependence of the current volume increase
on the volume of trunks. So, on the Carpathian
Foothill in Fagus sylvatica trees, whose age is
100-120 years, the volume of trunks can reach
3-5m’ , and the current increment of stem wood
will be 0.09-0.11 m*yr. The same indicators of
the current increase of trunk volume are obtained
also for Quercus robur trees in the age of 200—
250 years, when the volume of their trunks to be
8—13 m’. However, the highest indicators of such
productivity, 0.12-0.17 m’yr”, were found in
Abies alba trees at the age of 100-135 years,
when the trunks volume can reach 4-8 m”.

In the Beskid low-mountains, such indica-
tors of tree productivity are much smaller. For
example, the average volume of Fagus sylva-
tica trunks in the age of 120 years is only
2 m’, and its current growth is twice smaller
than in the Carpathian Foothills. It is only
0.04 m3'yr'1. However, in the Picea abies trees,
these indices to be 0.06-0.08 m’yr' with at
volume of 1.5-8 m® trunks at the age of 50-120
years. At Abies alba trees, white maximum
values of such current increase of volume,
0.08-0.1 m’yr", can be observed only if the
volumes of the stems were 4-6 m’, having an
age of 180-210 years. Similar productivity and
at Ulmus glabra trees in age 80 years, when
the volume of the trunk can reach more than
3m’.

In the mountain valleys of Gorgany range,
the highest productivity indicators were found
in Abies alba trees. They reach the maximum
value of 0,11 m*yr™ at the age of 80-100 years
old when the volume of their trunks is
3.5-6 m’. The maximum current growth in the
Picea abies trees is found to be slightly smaller,
only 0.08 m’yr”, at the age of 90-130 years
old trees, when the volume of their trunks
reaches a similar magnitude.

In the forests on the Gorgany range montane
zone, the current growth of Fagus sylvatica
trees reaches a maximum, 0.05-0.07 m3'yr'1, at
the age of 200-300 years, with a volume of
trunks of 3—7 m’. In the trees of the Picea abies,
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Huil, mpuGnmsHo 0,08 M pik’, y Bimi epes
110-130 pokiB, xomu 00’em ix cTOBOYpIB
cTaHOBUTH 3—4 M°. HaifGinbmi MoKasHUKH Ta-
koro npupocry, 0,1-0,13 M -piK'], BUSIBIICHO Y
nepes suui 6101 y Bimi 170-250 pokis, kosn
06’eM ix cTOBOYpIB csrae 6-21 M.

V Bucokorip’i Topran 6ins BepXHbOI MeXKi
Jicy NpPORYKTHBHICTH JEpEB 3arajioM HeBe-
nuka. HaiiBuii NMOKa3HUKHM MOTOYHOTO TIpPHU-
pocTy 00’eMy CTOBOYpIB BHUSIBIIEHO Yy JI€pEB
cocHu kenposoi, 0,15-0,2 M3-pi1<'1, y Bimi
250340 pokiB, 3a 06’eMy CTOBOYpiB 2—5 M.
Takuii MaKCUMaJIbHUI TIPUPICT JACPEB SUTMHU
eBpornelicekoi BusiBuBCs y Bii 100-380 poxkis,
Ko 06°eM ix cToBOYpiB caras 1-3 m°. IIpote
y IMTYYHO CTBOPEHOMY JE€PEBOCTaHI IEH Io-
Ka3HUK BusaBuBcH BummM, 0,02-0,04 M3~pi1<'1,
Bxke y Billi nepeB 60—90 pokiB, Koy 00’eM ix
cToBGypiB cranosus 0,5-1,5 m°. Taky pi3Hu-
IO y TMOKa3HUKAaX MIPUPOCTY MOKHA MOsicC-
HUTH O1BII CIIPUSATIMBUMU I POCTY IEpeB
KJIIMaTHYHUMUA yMoBaMHu ocTaHHiX 30-50
POKIB.

TakuM 4MHOM, Ha TIJICTaBl BUIIEBHUKIIAJIEC-
HOT'O, BBOXA€MO JIOIUIBHUM IE€PEOPIEHTYBATH
BEJICHHS JIICOBOTO TOCIOAAPCTBA HA 1HJEKCH
MaKCHUMaJIbHOTO TOTOYHOTO MPUPOCTY 00’ €MiIB
cTOBOYpIB €IITHUX JEpPeB JIEPEBOCTAHIB, SIKI €
BJIACTUBUMH 3a BIANOBIAHUX O10METPUYHHX
MOKa3HUKIB CTOBOYPiB (Tabmu. 57).

bepyun no yBarm eKOJIOro-eKOHOMIYHI
NPIOPUTETH, a caMe MaKCHUMaJIbHI TOKa3HUKHU
MpUPOCTy 00’ eMy CTOBOYPIB, MOKHA BBaXKaTH,
[0 BOHW BJIACTHUBI JIJISI €IITHUX JCPeB, 00’ €M
cTOBOYpIB SKMX € GinplmM 3a 5 M, aGo ix
ToBmMHA OiIbmIa 3a 70 cMm. Ile o3Hauae, 110
3aranpHU  006’eM  cToBOYpiB 100 emiTHUX
JlepeB Mae CTaHOBHTH moHax 500 m™ra”, a cy-
Ma IUom ix mepepisy — monaxg 50 m>ra’.
OTxe, 3arajJpHHUI 3amac TakUX JI€PEBOCTaHIB,
3 BpaxyBaHHSM BIJCTalOUUX Yy POCTi JIEpEB,
MaB 6u OyTH Gimpmmm 700 M° ra’, a cyma
o1 iX mepepisy — 6inbima 70 m>ra”. Came Ta-
Ki JlepeBOcTaHu OynyTh 3a0e3redyBaTH MaKCH-
MaJIbHUN MIOPIYHUN TPHUPICT 00’€MY CTOB-
6ypis Ha pisui 10-15 M ra ' -pi’. Lle BTpuui
OluIbIIIe, HDK BIATIOBITHUN CEpEeHIN MOKa3HUK
11 JiciB Ykpainu [26]. Lle nae miacraBu BBa-
KatH, mo 1 oocar cnoxuBanusg CO, 3 aTMmo-
cdepu Ta TEIUIOBOI 1 CBITJIIOBOT €HEprii TaKUMHU
nepeBocTaHamMHu Oyne BTpuul OuUIbIINi, a
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it is maximal, approximately 0.08 m>yr', at the
age of 110130 years old trees, when the volume
of their trunks is 3-4 m’. The highest rates of such
increase, 0.1-0.13 m’yr', were found in Abies
alba trees at the age of 170-250 years, when the
volume of their trunks reaches 6-21 m”.

In the Gorgany range altimontane zone of
near the upper limit of the forest, the produc-
tivity of trees in general is small. The highest
indicators of the current increase of the volume
of trunks were found in Pinus cembra trees,
0.15-0.2 m’yr’, at the age of 250-340 years,
when the volume of their trunks is 2-5 m’.
Such maximum growth of Picea abies trees
was at the age of 100-380 years, when the
volume of their trunks reached 1-3 m’. Howe-
ver, in artificially created stand, this indicator
was higher, 0.02-0.04 m’-yr", already at the
age of trees 60—90 years old, when the volume
of their trunks was 0.5-1.5 m’. Such a diffe-
rence in growth rates can be explained by more
favorable for tree growth by climatic conditions
of the last 30—50 years.

Thus, on the basis of the foregoing, it is
considered appropriate to reorient forest
management to the indices of the maximum
current increase in the volume of trunks of
elite trees of stands that are characteristic of
the corresponding biometric indices of the
trunks (Table 57).

Taking into account the ecological and
economic priorities, namely, the maximum
growth rates for stems volume, it can be
assumed that they are typical of elite trees with
a volume of trunks must be more than 5 m3 or
a thickness — more than 70 cm. This means that
the general volume of trunks of 100 elite trees
should be more than 500 m’-ha”, and their
basal area is greater than 50 m®ha’. Conse-
quently, the total stock of such trees, taking
into account lagging trees, should have been
greater than 700 m’ha”, and the sum of their
area of cross-section is greater than 70 m*ha™.
Such tree stands will provide the maximum of
annual increase in the volume of trunks at the
level of 1015 m>ha™-yr". This is three times
more than the corresponding average for the
forests of Ukraine [26]. This suggests that the
consumption of CO; from the atmosphere and
the thermal and light energy of such trees will
be three times greater, as well as three times
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TaKOXX BTpUUl OUIBIIE BiJl TAKUX JEPEBOCTAHIB
Hafline y mpu3eMHy arMmocdepy KHCHIO Ta
TPaHCHIPOBaHOI BOJIOTH.

more from such woodlands will enter into the
surface atmosphere of oxygen and trans-
pirational moisture.

Tabnuys 57
Table 57

Inpexcu micuespocrans (SI) nepeB okpemMux BHIIB 32 0iOMeTPUYHUMH NOKA3HUKAMM POCTY
Site indices (SI) of trees of individual species at the growth biometric values

Sls Slioo SIiso Shoo Shso Sz
A 50 100 150 200 250 300
0 3BuuariHuil Ha [lepenkapmarceKiii BUCOYHHI

H 13 21 24 27 29

D 28 53 76 98 116

\Y 0.6 2 4.7 7.8 13
AV/AA 0.02 0.45 0.07 0.095 0.105

Sl Gina y ausbkorip’i becknmis

H 9,5 19 29 27

D 16 32 48 64

\Y 0.5 1,1 2.8 5
AV/AA 0.018 0.038 0.07 0.092

Snung 6ina Ha cxunax [opran

H 8 20 31 41 45

D 9 27 48 54 83

\Y 0.05 0,8 3.2 10 21
AV/AA 0.003 0.03 0.08 0.13 0.14

Byk Ha cxuinax [opran

H 9 21 28 32 35 39

D 10 28 44 57 67 77

\Y 0.3 1 1.9 3 4.5 7
AV/AA 0.005 0.022 0.04 0.05 0.05 0.065

[IMo6 nocsarTi Takux OIOMETPUYHHX TOKa3-
HUKIB JIEPEBOCTaHIB, IOIUIBHO Tepea0avunTh
ONTHMAJbHY TPHBAJICTh BUPOIILYBAaHHS TaKHUX
emTHUX JepeB y iX ckmami. Jlma nmepeB Oyka
JICOBOTO Ta svIIi 01101, 110 pocTyTh Ha [lepen-
Kaprarchbkiii Bucouuti, 11e 6yzae 100130 poxkis,
a i nepeB ay6a 3BuvaitHoro — 200-250 po-
KiB. [[s1 mepeB Oyka J1icOBOTO, SIKi POCTYTh y
Husbkorip’i beckuais, e 6yme 100-140 po-
KiB, a JJiA suIMHU e€Bponeicbkoi — 50—120 po-
KiB 1 sumumi 6imoi — 180-210 pokiB. Y nepeBo-
CTaHax, [0 POCTyTh y AoauHax [opraH, Takuil
ONTUMAJIBHUN BIK OyAe Ui SJIUHU €BPO-
nericbkoi — 90—130 poxkis, a st 61101 — 80—
100 pokiB. Y nepeBocTaHax, IO POCTYThb Yy
cepennborip’i Topran, el Bik Oyue s Oyka
aicoBoro — 200—300 pokiB, SJIMHU €BpO-
neiicbkoi — 110—130 pokiB, a ans s 01101 —
170-250 pokis. V Bucoxkorip’i Topran, Gins
BEPXHBOI MEXi Jicy, mo0 CATHYTH MaKCH-

In order to achieve such biometric indices of
forest stands, it is expedient to predict the
optimal duration of cultivation of such elite
trees in their composition. For Fagus sylvatica
and Abies alba trees, which grow on the
Carpathian foothills, it will be 100-130 years
old, and for Quercus robur trees — 200-250
years. For trees of Fagus sylvatica, which grow
in the Beskydy lowmountain, it will be 100-
140 years, and for the Picea abies trees — 50—
120 years and Abies alba — 180-210 years. In
forest stands, which grows in the Gorgany
range valleys, such an optimal age will be for
the Picea abies — 90—-130 years, and Abies alba —
80-100 years. In the stands that grow on the the
Gorgany range montane zone, this age will be
for the Fagus sylvatica — 200-300 years, Picea
abies — 110—130 years and for Abies alba —
170-250 years. In the altimontane zone of the
Gorgany range, near the upper limit of the
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MyMy TPHpPOCTY JiepeBa COCHH KeAPOBOI
noBuHHI pocTH 250-350 pokiB, a STUHU €BPO-
neiicekoi — 200-350 pokis. [Ipu mpomy cifg
3acTepertTy, 0, 3BaYKAI0UYM Ha 3HAYHY BIiTPO-
BaJIbHICTH JIEPEB HAHOLIBIINX PO3MIPiB, MAKCH-
MaJIbHUH BIK BUPOIIYBaHHS TaKUX JIEPEB MO-
ke OyTHU MEHIITUH.

Takuit METOTUYHUN TIIX1]T JO3BOJIUTH ede-
KTUBHO MOJICTIIOBATH JTUHAMIYHI TIPOIIECH PO3-
BUTKY MilIaHKUX JepeBocTaHiB [17, 18] 3a nmpu-
kinagoM mpaiiciB [24]. Takox 1e J03BOJIUTH
pO3pOOUTH HOBI HOPMATUBHI TAOJIUIII JIsT TaK-
carlii 6araToBHJIOBUX 1 PI3HOBIKOBHX JI€PEBO-
CTaHIB, II0 POCTYTb Yy PI3HUX EKOJOTTYHHUX
yMoBax y ropax. Ha miif oCHOBI HOLIIBHO
moOyyBaTH HOBY T'OCTOJAPCHKY KOHIISIIIIIO
BUPOILYBaHHA TaKWX JICIB 3 METOI OTpHU-
MaHHS JOBTOTPHUBAJIOIO EKOJIOT0-eKOHOMId-
HOTO e(eKTy.
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forest, in order to reach the maximum growth
of the Pinus cembra trees must grow 250-350
years, and Picea abies — 200-350 years. It
should be noted that, due to the considerable
windfall of trees of the largest size, the
maximum age of growing such trees may be
smaller.

Such a methodical approach will allow to
effectively model dynamic processes of the
development of mixed forest stands[17, 18] by
example of virgin forests [24]. It will also allow
the development of new normative tables for
taxing of forest stands with different-aged trees
of different spesies that grow in different
ecological conditions in the mountains. On this
basis, it is advisable to build a new economic
concept for the cultivation of such forests in
order to obtain a long-term ecological and
economic effect.
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Theoretical generalization

BucHoBKkM

MakcumanbHa MPOAYKTHUBHICTD JepeB O1J1b-
IIOCTI aBTOXTOHHUX BHUJIB CIIOCTEPIra€eThes y
Billi moHax 80 pokis. Lle 3a ymMoBH, KoM 00’ €M
cTOBOYpIB csirae 37e6imbmoro 3—6 M°. 30Kkpe-
Ma, BUSBJIEHO, L0 JepeBa ay0a 3BHUAIHOTO,
Akl pocTyTh Ha [lepenakapmaTchbkiil BUCOYMHI,
MOXYTh JIOCSITATH MaKCUMAallbHUX TOKa3HUKIB
MOTOYHOT'O IPUPOCTY 00'eMy cTOBOYpPHOI aepe-
puan (0,1 w’-pix’) mume y Bini 250 pokis,
KouH 06’eM ix cToBOypiB csrae 13 m°. [Toxi6HO
1 MaKCUMaJIbHi 006’ €MH cTOBOYpHOI J€pEBUHU Y
JIEPEeB sUTUIII 01101, 10 POCTYTh Y CEPEIHBOTIP'T
Topras, y Bimi 250 pokiB MOxyTb csrati 20 M,
a TOTOYHMH TpHUpicT iX CTaHOBUTHUME
0,13 m>-pix.

VY nonibHux ymoBax JepeBa Oyka MaKCH-
MajbHO HpoAyKTHBHI y 300 pokis. Ix 06’em
MOXeE csiraTd 7 M°, a TOTOYHHMH TPHUPICT
0,06 M3-pi1<']. [Toxi6GHi, X04 TPOXW MEHII,
BEJIMYMHU OTPUMAHO 1 Ui JiepeB 1HIIHUX
JIEPEBHHUX BUIIB. Y BHCOKOTIp’1 OUIS BEPXHBOT
MeX1 JICy JepeBa SIMHH €BPOIEHCHKOI Ta
COCHHM KEIpOBOi € MaKCUMAaJlbHO HPOJYKTHB-
Humu y Bini 200-350 pokis. IIpupict 06’ emy
cToBOYpiB BiamoBimHO csirae monan 0,02 Ta
0,01 m-pix".

HaBeneni aHanmiTH4yHI Ta TEOpPETHYHI y3a-
TaJlbHEHHS MOXYTh OyTH BUKOPHUCTaHI IUis
OCYYaCHEHHs Ta MOJEpHi3allii 3acTapiiux HOP-
MaTHBHHUX JOBIJKOBUX MaTepiamiB JJig Takca-
uii miciB Kapmar B Ykpaini.

MakcumanbHi TOKa3HUKH TMPOAYKTUBHOCTI
CITHUX JIEpeB pI3HUX BHIIB TOBUHHI OyTH
MOKJIaZIeHI B OCHOBY CY4acHOI cTpaTerii BUpO-
IIyBaHHS TIPChKHX JiciB. BOoHM MaroTh BH3HA-
YaTy ONTUMAIILHUM BIK TOCMOAPCHKOT CTUTIIOCTI
micy. Came Takuii TiIXiJ MOXKe 3a0e3MeYuTH
OTPUMaHHS MaKCUMAaJbHOTO €KOJIOT0-eKOHOMIY-
HOTro e(eKTY BiJl BUPOITYBAHHS HAIITKX JIICIB.

Conclusion

The maximum productivity of trees of most
autochthonous species is observed at the age of
80 years. This is provided when the volume of
the trunks reaches for the most part 3-6 m’. In
particular, it has been found that the Quercus
robur trees, which they grow on the
Carpathian foothills, can reach the maximum
values of the current increase in the volume of
stem wood (0.1 m*yr) at the age of only 250
years when the volume of their trunks reaches
13 m’. Similarly, the maximum volumes of
trunks in Abies alba trees they grow On the
slopes in the Gorgany range, at the age of 250
years can reach 20 m’, and its current growth
is 0.13 m*yr.

In these conditions, Fagus sylvatica trees
are as productive as possible in 300 years.
Their volume can reach 7 m>, and the current
increase is 0.06 m*yr”. Similar, even slightly
smaller, values have been obtained for trees of
other woody species. In the high montains near
the upper the forest line, the Picea abies and
Pinus cembra trees is maximally productive at
the age of 200-350 years. The increase in the
volume of the trunks accordingly exceeds 0.02
and 0.01 m’yr'.

The presented analytical and theoretical
generalizations can be used for updating and of
modernization of obsolete normative reference
materials for the taxation of the Carpathian
forests in Ukraine.

The maximum indicators of productivity of
elite trees of different species should be the
basis of the modern strategy of cultivating
mountain forests. They have to determine the
optimal age of economic maturation of the
forest. Only this approach can ensure the
maximum ecological and economic effect of
growing our forests.
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Pe3rlome

JocnimkeHo mporec HarpoMaKeHHsI CTOB-
OypHOi JepeBUHHU JEPEB Pi3HUX ABTOXTOHHUX
BUJIB, IO POCTYTh Y JlicaX KaprmaTchbKoi 4ac-
TuHU Oaceliny piku Juictep. [IpoananizoBano
TaKy MPOAYKTHUBHICTH 219 MomenpHHX J1epeB
OUTBIIOCTI BUIIB y TeEpioJl iX POCTy 110 BIKY
80-140, a ams okpeMux BHIIB, TaKUX 5K AyO
3BUYAWHUH, sumHis 0ifla, COCHA KepoBa, SUTMHA
€Bporeiicbka, B's3 ronui, a0 Biky 200-340
(440) pokiB. 3acTOCOBAaHO 3arajibHOBIIOMI
METO/M JTICIBHUYMX BHMIPIOBaHb 1 OioMeTpuy-
HHUX JTOCIIKEHD.

[Tomani y monorpadii opuriHagpHI aHai-
TUYHI MaTepiajii CBiAYaThb MPO HEBIANOBIA-
HICTh (DaKTUYHHX TEMIIIB POCTY JOCIIIKEHHUX
JIEpeB paHilie ycTajieHuM TeraeHmisaM. [1sua-
KICTh iX POCTY Yy BHUCOTY Ta MpPHUPOCTY 00’ emy
He 30iraeTbcs 3 ICHYIOUUMH MOJICTISIMU 3T1THO
3 TPAIUIIIHOIO MIKAIOK OOHITETIB, SIKa 3aCTO-
COBYEThCS B YKpaiHi Ta B 0araThox KpaiHax
[TiBaiuyHOi €Bpasii. Tak, MakcuMaibHa MPO-
OYKTUBHICTh JepeB OUIBIIOCTI aBTOXTOHHHX
BU/IIB BJIACTHBA HE B MOJIOJIOMY Billi, a y BiIll
noHaa 80 poki. Ilpore BoHa, sK 1 BCi 1HIII
0l0METpUYHI MOKAa3HUKU XOJy POCTY JIEpEB,
ICTOTHO 3aJIeKUTh BiJ JOKaJIbHUX MPHPOJIHO-
KIIIMaTUYHUX Ta TPYHTOBO-T1IPOJIOTIYHUX JICO-
POCIIMHHUX YMOB.

BusiBneno, mo Ha Ilepenkapmnarcekiii BUCO-
YUHI B yMOBax MOMIPHO XOJIOJHOTO BOJIOTOTO
KJIIMaTy, SIKHi BIACTUBUMN JJISI CXiTHOEBPOTICH-
CBKUX JIUCTOMATHUX IMIMPOKOIMCTIHUX JICIB, Ta
Me30-eBTPOGHUX CITA00KHUCINX 3MIHHO BOJIOTHX
IPYHTIB HAHBUIIUMH MOKa3HUKAMH TPOTyKTHB-
HOCTI BiJI3HAYAIOThCs JiepeBa Oyka Ta sl Oi-
noi y Bimi 100—-120 pokis, a Takox Aepesa ayda
3Bu4aiiHoro y Biui 200 pokiB. MakcumaibHi
MOKA3HUKHU TTOTOYHOT'O MPUPOCTY 00’ €MIB CTOB-
6ypis Tozi csraroth 0,1-0,16 M’ pix.

B ymoBax moi6HOTO, aje XOJIOIHIIIOTo KiTi-
MaTy MiIIaHUX SUTAIIEBO-OYKOBUX JIICIB HU3b-
korip’st Cxigaux beckumaiB HAMBUII MTOKa3HUKH
MOTOYHOTO MPHUPOCTY, prudIu3HO 0,04 M3'pi1<'1,
BUSIBJICHO y niepeB Oyka y Bimi 120 pokis. Bia-
moBigHo, 0,07 M3-pi1<'1, € BJIACTUBUMH IIOKa3HHU-
KaMH TaKOTO MPUPOCTY JJIS ACPEB B’sI3a TOJIOTO
y Bi1li 80 poKiB, a TAKOX SITUHU €EBPOMNEHCHKOT Y
Bii 120 pokis. HaiiOunbln MOKa3HUKH MpH-
pocty, 0,09 M’ pix’', xapakTepmi st aepeB
stmutti 61101 y Biri 200 pokiB.
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Summary

The process of of stem wood accumulation
of different autochthonous species trees that
growing in the forests of the Carpathian part of
the Dnister river basin is explored. The
productivity of 219 model trees of most
species during the period of their growth up to
the age of 80—140 was analyzed and for certain
species such as Quercus robur, Abies alba,
Pinus cembra, Picea abies, Ulmus glabra, up
to the age of 200-340 (440) years. Well-known
methods of the forest measurement and the
biometric research were applied.

The original analytical materials presented
in the monograph indicate, the discrepancy of
sampled trees growth rates to previously
established tendencies. The speed of their
growth in height and growth in volume does
not coincide with the existing models
according to the traditional scale of bonitetes,
used in Ukraine and in countries of northern
Eurasia. It was observed the maximum produc-
tivity of trees of most autochthonous species is
not characteristic inherent to the young age,
but is observed in the age over the 80 years.
However this feature, like all other biometric
parameters of the trees growth, essentially
depends on the local natural-climatic and soil-
hydrological forest-ecological conditions.

It was revealed that on the Carpathian hill in
conditions of moderately cold humid climate,
which is typical for East-European deciduous
broad-leaved forests, and meso-eutrophic
weakly acid variable moist soils, the highest
productivity values of trees of Fagus sylvatica
and Abies alba are inherent at the age of
100—-120 years, and also Quercus robur are at
the age of 200 years. The maximum indicators
of the current increment in the volume of
trunks at this age reach 0.1-0.16 m’ yr’'.

In similar conditions, but in colder climate of
mixed fir-beech forests of the low-mountains of
the Eastern Beskids, the highest indicators of the
current increment) in Fagus sylvatica trees at the
age of 120 years were found (approximately
0.04 m’ yr'). Accordingly, 0.07 m’ yr' is
characteristic indicator of such increment for trees
of Ulmus glabra at the age of 80 years, as well as
Picea abies trees at the age of 120 years. The
highest growth rates, 0.09 m’ yr', are characte-
ristic of Abies alba trees at the age of 200 years.



B yMoBax XOIIOJHOTO BOJIOTOTO KIJIIMAaTy
ripcbKKX J0JuH y lTopranax, € BJIACTUBUMH €
OJTiIro-Me30Tpo¢Hi Ta Me30-eBTPOdHi craboKuc-
i cyrnuHKOBI Kam'saucti (Leptic, Eutric and
Gleyic Fluvisols) mepiogu4HO BOJOTI, CHUpPI Ta
MOKpi IPYHTH, HAWBHII MOKA3HUKU TTOTOYHOTO
npupocty 06’eMy croB6ypis, 0,11 M’-pik’, Bu-
ABJIEHO y JiepeB sl 61101 y Biri 80—100 pokis.
[ToxiGHO, y nepeB sUIMHM €BPONEHUCHKOI y Billi
100—120 pokiB BOHM CTAaHOBWJIM TPOXU OijbIe
0,08 M’ pix”'. 3HAYHO MEHIIMMH BHSBHINCS TaKi
MOKa3HUKU MPOIYKTHBHOCTI y JiepeB Oepe3u mo-
BUCJIOl, IO POCIM HA CHUPUX TOP(Q STHUCTUX
KaM’ SIHUCTUX IpyHTax (Histic Skeletic Fluvisols).
MakcumaibHi nokasuHuky, maibke 0,03 M3-piK'1,
BUSIBJICHO Y Bimi JiepeB 80 pokiB. MakcuMmatbHI
MOKa3HUKHU MpupocTy, He Oumbme 0,01 M3~piK'1,
OynM BIACTUBMMU ISl A€PEB COCHH 3BHUYAMHOI
BikoM 50-70 pokiB. Bonm pociam Ha MOKpHX
topd’stHuX rpyHrax (Dystric Histosols).

J1oBOJII BHCOKI MOKa3HUKH MPHUPOCTY 00’€-
MiB CTOBOYpIB BHUSBIIEHO 1 B JIEPEB CTapILOTO
BiKy, 110 pocTyTh y cepeanborip’i Topran B
mexax Bucotu 700-1000 m H. p. M. Bouu
cranoBmn Ginsime 0,05 M>-pik” y nepes Gyka
micoBoro BikoM 200-340 pokiB, csramu
0,08 M’-pik’ y IepeB SUIHHH €BPOMEHCHKOT y
Bili 120-130 pokiB, a Takox 30ULIbLIyBaIHCA
Big 0,1 mo 0,14 M3'piK_l y ZepeB sutuii 0inoi y
Biri 200-250 pokiB. TyT xapakTepHUM € IyKe
XOJIOMHUM BOJIOTHH KJIIMaT 1 BOJIOT1 Me30-
eBTpo(dHI CIaOOKUCHTI CYTJIMHKOBI JpiOHOKa-
M’ siHucTI IpyHTH (Dystric-Eutric Cambisols).

VY Bucokorip’i 6111 BEpXHBOT MEXKI JIicy, e
JIy’)K€ XOJOTHHUI Ta BOJOTHH KIIMAT 1 IMOIIH-
peHi oJiro-Me30TpodHI KUCHI Ty’Ke KaM'stHUCTI
(Cambic Leptosols) nepiomu4HO CBIXI Ta BO-
JIOTi IPYHTH, TPUPICT 06’eMy cTOBOYpIB AepeB
Iy’)ke Maymid. MakcumalibHi HOTo TTOKa3HUKH,
6inbie 0,015 M’ ‘pik’’, BHSIBICH] y epeB COCHH
kenpoBoi y Bimi 250-360 pokiB, a y gepeB
SUTMHH €BpoIIeiichkoi, mpuommsHo 0,02 Mpik™,
y Bini 200-380 poxkiB.

OTpumaHi pe3ynpTaTd MalOTh BaXIJIUBE
TEOpPETUYHE Ta MPAKTUYHE 3HAYCHHS 3 OTJISTY
Ha €KOJIOr0-€KOHOMIYHI IIPIOPUTETH.

Kurouosi ciioBa: crapi nepesa, 6ioMmeTprudHi
MOKA3HHUKH, MPHUPICT, MOJCITIOBAHHS, ONITUMYM,
€KOJIOT14HI (DYHKIII.

In the cold, humid climate of the mountain
valleys of Gorgany range with typical oligo-
mesotrophic and meso-eutrophic weakly sour
loamy stones (Leptic, Eutric and Gleyic
Fluvisols) periodically moist, wet and very
wet soils, the highest indices of trunks
volume increment, 0.11 m’ yr'l, inherent to
Abies alba trees at the age of 80—100 years.
Similarly, in Picea abies trees at the age of
100-120 years he were slightly more than
0.08 m® yr''. Significantly lower productivity
indicators of the Betula pendula trees, that
grow on wet peaty stony soils (Histic Skeletic
Fluvisols). The maximum values, almost
0.03 m’ yr', were found at the trees of
80 years age. Maximum growth rates, not
more than 0.01 m’ yr', were typical for
Pinus sylvestris trees of the 50-70 years
age. They grew on wet peat soils (Dystric
Histosols).

Sufficiently high rates of growth of trunks
volume were also observed in older trees that
grow on the Gorgany range montane zone
within a height of 700—-1 000 m a.s.l. They
amounted to more than 0.05 at Fagus sylvatica
trees in the 200-340 years age, they reached
0.08 m® yr’' at the Picea abies trees in the age
of 120-130 years, and also increased from 0.1
to 0.14 m® yr'' at Abies alba trees in the age of
200-250 years. Conditions here are charac-
terized by a very cold humid climate and damp
meso-eutrophic weakly sour loamy shallow
stony soils (Dystric-Eutric Cambisols).

In the altimontane zone near the upper limit
of the forest, where the very cold and humid
climate and the oligo-mesotrophic acidic very
stony periodically fresh and moist soils (Cambic
Leptosols) are predominantly, the growth of the
volume of tree trunks is very small. Its maximum
indicators, more than 0.015 m’ yr', were found
in Pinus cembra trees in the 250-360 years age,
and in the Picea abies trees, approximately
0.02 m’ yr™', at the 200-380 years age.

The obtained results may have important
theoretical and practical value in terms of
ecological and economic priorities.

Keywords: old trees, biometric indices,

growth, modeling, optimum, ecological
functrions.

235



HAYKOBE BUJAHHA

Tpersak [Llinaton, Yepuesuii FOpii

PICT JEPEB
KAPIHATCBKUX JIICIB
(y 6aceiini piku [uictep)

THE GROWTH OF TREES
OF THE CARPATHIAN FORESTS
(in the basin of the Dniester River)

Penaxrop Ipuna Jlonkesuu
Texniunwmii pegakrop Jlinis Canamin
Kowmm’rorepue Bepctanns [ arunu CykMaHo8cvKoi
OnparroBanns Gororpadiit Vianu Keneman
XynoxxHuk-nuzaitnep Mapis leaneys

3nano y BugaBaunTeo 22.04.2018. ITignucano mo apyky 8.11.2018.
®opmar 60x84 /g, Tamip opeermmuii. Ipyk odeeTHuii.
YMOBH. JIpyk. apk. 24,2. O61.-Buz. apk. 18,1.

Haxnan 300 npum. 3am. 181128.

Bugasenp i BUrotiBHuK: BugaBHUITBO JIEBIBCHKOT MOTITEXHIKN
Csidoymeo cy6 ekma suoagruyoi cnpasu JIK Ne 4459 6io 27.12.2012 p.

eyn. @. Koneccu, 4, Jlvsis, 79013
Ten. +380 32 2582146, daxc +380 32 2582136
vlp.com.ua, exr. momra: vmr@vlp.com.ua



