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MporHo3syBaHHA AVHAMIKN BCUXaHHA ANNHHMKIB
KapnaTtcbKoro perioHy 3 BUKOPUCTaHHAM €KOJIOriYHOI NlicOBOI
Komn'totepHoi moaeni FORKOME

T.B.MapnaH’, I.I. Ko3zak? O.M. Tkauyk?

Ilpoenos ecuxamns Ha ocHosi ocmannboi éepcii imimayitinoil komn tomeproi moodeni FORKOME 0as 3mo2y oyinumu
pe3yabmamu MoOen08anHs w000 OIOKIIMAMUYHUX 6NUGI6 HA NOS8Y, BUNICUBANHS, PICM | 3acubenb 0COOUH ANUHU Ma
IHWUX 0epeshux 6uodis. 3acmocosarna y 0ocuioxcenni mooers FORKOME micmumb enemenmu IicO8UX ma eKoi02i4Hux
nioxo0is i byna cneyianvbro pospodiaena 0ns ymos Yrpaincokux Kapnam. Mooenroganns 30iiCHeH0 Ha OCHOBL pe3yibma-
mie 0OUHAPHOT CUMYIAYIL ma cmamucmuyro ycepeonerno2o npoehosy 3 20-mu cumynsayiu («Monte Carloy) ons noxa3sy
meHOeHyii 3Min ma ix i0NOGIOHOCMI 3 OOUHAPHUMU CUMYTAYIAMU.

Ilpoenos ounamiru depesocmany 30iticheno na 20- ma 50-piunuii nepioou. ¥ 06ox eunaokax Mooemo8anHs 6u-
KOHAHO 30 CYEHAPIAMU «KOHMPOLbY Md «Meni0-CyXo», K HAllbitbul 00CMOBIPHO20 00 PeanrbHUX KIMamudHux 3MiH
3a ocmanni 06a decsmupiuus. Kpiv moeo, nposedeno Mooentosants niocaoku 0epesHux 6Udi6 MAaKoiC 3a CYEHAPIaMU
«KOHMPONbY ma «menio-cyxo» na 50 poxkie.

Bcmanosneno, wo ounamixa oepesocmany na 20-piunuti ma 50-piunuii nepioou y KOHMPOILHOMY 8apianmi ma
CYeHapii «menio-cyxo» € ROOIOHOIO [ Xapakmepu3yemvcsi CMPIMKUM 3HUNCEHHSIM Y nepuiomy oecamunimmi oiomacu siK
HACIOOK UNAOAHHS 31 CKILAOY HACAONCEHHSL HA PI3HUX 8IKOBUX CMAOIAX SIUHU MA Y MEHUIl KITbKOCMI — nepecmiiHux
0cobun snuyi. 3’1c08aHO, WO Y KOHMPOILHOMY CYEeHaPii 3 NIOCAOKOI0 AAUYL, SAUHY MA OYKA HAUAKMUGHIWE 3POCTNAHHS
biomacu 6npoooesic 50-piunoeo npocho3y nokazanu sauys ma Oyk. JJocums yymiueo Ha NOMENIIHHL Ma 3MEeHUEeHH s
onaodies gidpeazysana cmepexa, sika NPaKmuyHo 8UNAOAE HA NOCAOIICEHTI OLISIHYI BJice HA NOYAMK) NPOSHO3). 3azabHa
biomaca HAcAONCeHHS. HA KOHMPOTL 6npo00sic 50-piunoco npocHosy 30i1buLyemvcs IHMEHCUGHIUE NOPIGHSIHO 13 CYXi-
WUMU MA MENTIUUMU NO2OOHUMU YMOBAMU, 3A AKUX 8OHA MAlXCe Y 084 paA3U MEHULA HANPUKIHYI NPO2HO3HO20 Nepiody.

Knrouosi cnosa: npoenoz ounamixu, diomaca, 3p0OCmants, KOHMPOIb, «MEN10-CyX0y, NIOCAOKa, peaxyis Ha no-
MeniHHA, YUCeIbHICMb 6UOIE.

Beryn. BaximBuM acrieKTOM BUBYCHHS NPOIECIB  MPOTHO3YBAaHHS IIUPOKO 3aCTOCOBYIOTH Y BCIX Tray3six
POCTY Ta PO3BHUTKY, SIKi BiJOYBAIOTHCS B JIICOBHX €KO-  JIICOBOTO TOCIIOAPCTBA IS Tiepen0adeHHs Pi3HUX 3MiH
CUCTEeMaXx, € MOJISIFOBaHHA Ta NporHo3yBanHg ix xut-  (Kozak, Czekajska, Kozak, et. al., 2013). Exonoriuna
TeBoro crany (Szumacher 1., 2011). Octannim yacom  JicoBa komm toTepHa monesib FORKOME mporuosye
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JMHAMIKy JICPEBOCTAHIB 3 ypaxyBaHHSIM SIK OKPEMHX
nepes, Tak 1 mimoro HacampkeHHs (Botkin, Janak, &
Wallis, 1972, Hong, David, Mladenoft, & Crow, 1999,
Kozak, & Menshutkin, 2000). Moaens FORKOME
Jla€ 3MOTY BHKOHYBATH Ba)KJIMBI TEOPETHYHI Ta MpaK-
TWYHI 3aBJaHHS, TIOB’A3aHi 3 BEJACHHSM JIiCOBOTO TOC-
noxapctia (Kozak & Parpan, 2006).

3 omIsAMy Ha BHUKIJIAJCHE BHWILE, AKMYAIbHUM € TIH-
TaHHS BHUBYEHHS OCOOJMBOCTEN IMHAMIKHA JICOBUX
YIPYIIOBaHb 3a Pi3HUX KIIMAaTHYHUX Ta aHTPOIOTEH-
HUX clieHapiiB 3a gjonomoror mosaeini FORKOME, sika
Ja€ 3MOTY IMITyBaTd BHJIOBHH CKJIal NEepeB, iX Killb-
KicTh Ta OGioMacy, HaciIKM Pi3HUX BUJIB pyOoOK, a Ta-
KOX Yy HAIlIOMY BHITJIKy — IWHAMIKY BCUXaHHSI.

O0’ekTH Ta MeTonMKa JociailzkeHHA. OO0 ’cxm
0ocCni0JiceHHss — BCUXalovi SUTMHOBI JIEPEBOCTAaHU Ha
npuxiani JI1 «Burojckke JicoBe rocrnomapcTrsoy,
IBano-®pankiscbkoro OYJIMI'. IIpeomem docridoicen-
Hs1 — BUBYCHHS IMHAMIKH 1 CTPYKTYPU BCUXAIOUUX STH-
HOBWX JIICiB, a cCaMe — IPOIIEeCiB BiTHOBJICHHS, POCTY Ta
BigMupanHs. Mema 0ocniodicents — IPOTHO3 BCUXAHHS
SUTMHOBHX JIEPEBOCTAHIB 3 YpaxyBaHHIM OlOTUYHHX Ta
a010TMYHUX YMHHUKIB,

AxrtyanpHa Bepcis momeni FORKOME pama 3mo-
ry 3ailicHUTH TporHo3 Aanux Bixg 2010 p. i3 mpoOHOT
ot (po3Mmip 50x60 M), aKy Oyio 3aKiIaJeHoO Ha Te-
purtopii JItonBUKIBCHKOTO JICHHUITBA, MiANOPSAKOBa-
voro /J[I1 «Buromckke JicoBe TOCIIOAapcTBO», IBaHO-
@pankiBcbkoro OYJIMI'. [HCTpyMeHTanbHO BCTaHOB-
neno reorpadiuni koopaunatu GPS: 48°47'30,5" mis-
HigHoi mmmpoTH; 23°43'53,7" cxigHOI TOBrOTH; BUCOTA
Haj piBHeM Mopst — 803 M. [loBropHi oOcTekeHHS i€l
npo6Hoi momt mposogwn B 2014 ta 2016 pp. Hdus
sKoMora OinbLI0i TOYHOCTI poOoTH Mozeni Ta ii mpu-
JATHOCTI 10 MPOTHO3YBaHHS MPOBOAMIM i1 Bepu(ika-
uiro Ha ganux 2014 ta 2016 pp. yepe3 MOpiBHAHHS Ha-
TYpHHUX 1 IPOTHO3HUX JAaHUX. [1ic/as ypyXOMJICHHS MO-
JIelTi Ha CTapHX JIAHUX CTBOPIOBABCS IMPOTHO3 JI0 CTaHy
2014 ta 2016 pokiB. Monenb BimoOpasuna maiixe Ha
90% peanbhi gani 3 2014 ta 2016 pp. i mokazana 106-
Py TPUAATHICTH 0 MPOTHOCTUYHUX Iineit. OTxe, MU
JOCSITITN yCINTHOI BepuiKaIlii siK Ui CTOXacTUIHOI
Mozeni. Hanmpuknan, Ha 4-i pik B 0OpaHiil JUISTHIII JTicy
OyJ10 55 BCOXJIHX JIepeB sUTUHH, a MOJIEIh IToKa3aia 63.
Slkmro mominuTH 55 Ha 63 Ta momuoxkutd Ha 100 %, TO
MOIOHICTh peaNbHUX PUPOIHUX JTICOBUX YMOB Ta MO-
neni craHoButuMe 87 %.

[Ipamroroun HaJx TPOTHO3YBaHHSM BCUXaHHS SUTH-
HoBux iciB, 10 moxmeiai FORKOME nomanu crerri-
anpHuil 010k «BCUXAHHS», 3a mOIMOMOror sKoro
JIepeBO MOXKe MPUHHATH TPH OCHOBHI CTaHU: 37I0POBE,
BCHXalO4e Ta TOBajJieHe. 3MOpOBI i BCHXarodi JepeBa
MaroTh napametp «dry», o0 BU3HAYa€ YaCTKy BCUXaH-
HS y KpOHi. 3opoBe nepeBo 3a 3HadeHHs «dry» = 0%
HE Ma€ O3HAK BCHUXaHHSA. Y IMpoIeci MpOrHO3yBaHHS,
KON JIepeBO KIacH(DIKyeThes SK BCHUXAroue, 3MIiHIO-
€Thbcs Horo craH («is_dry: = true»). 3 1[bOTO MOMEHTY
nepeBo Oepe ydacTh y mporeci BcuxaHHs. Lleit Omox
BIJITIOBi/Ia€ 32 KOHTPOJIb HAJ BCUXAaHHSM JICPEB 1 ypy-
XOMJTIOETHCS] aBTOMaTHYHO.

CriouatKy TIpUITMCYBAJH 71l KOKHOTO JIepeBa y 3a-
JISKHOCTI Bif BUAYy 4ac («time»), yCTaHOBIIOIOUH Ia-

pamerpu Ha 10 pokiB. ¥V npouem TIIPOrHO3Y WOPOKY
1€ 3HaYCHHsI 3MEHIIYEThCS 1, BIJIIOBITHO, 3aJIEKHO BiJI
TOTO yacy, 10 3aJUIIUBCS A0 BUNAAAHHS AepeBa, Ho-
Ka3HHUK «dry» 3MiHIO€ThCSI Ha 3HaueHHs 25, 50, 75 ta
100 % BignmoBigHO. [lepeBo y mbOMY CTaHI MPOIOBKYE
poctH, ane Horo 3pocTaHHs Oyae 3MEHILIEHEe Ha Beu-
YHHY, K2 3HaAXOAUTHCS B mapaMeTpi «dry». [licist mo-
caraenns 100 % ycuxaHHS IepeBO BCe IIIe 3aTUIIAETh-
cs BUIUMEM y Mozeni (Bix 1 1o 5, abo i g0 10 pokiB).
[Ticnst mporo craryc gepeBa 3MiHIOETHCS Ha MOBaJICHE
nepeso (is_fallen). Kpim Toro, B akTyasbHi# Bepcii Mo-
neni FORKOME noninmieno BUMIsiA aepeB i iX TeKCTy-
pu 3D Bizyauizariii, Ha SIKUX 300pakeHO eTay BCHUXaH-
HA 1 BiAMaIy TUTOK 3 IepeB. YIIPOIOBK BCHOTO MPOIIECY
MOZICTIIOBAHHS MIPOCTEKEHO 3MIHH JAJIs1 KOKHOTO Jiepe-
Ba Bijl HOTO TOSBH, HIOPIYHOTO POCTY, /IO BCUXAHHS 1
BUNAJIaHHSA 31 CKiIany HacamxkeHHs. KoxHe nepeBo Mae
CBill YHIKaJIbHUH KO, IO A€ 3MOTY 11eHTU(IKyBaTH 1
nepeBipuTH #oro pi3Hi mapamerpu (Botkin, Janak, &
Wallis, 1972).

[IporHo3 AWHAMIKH JAEpeBOCTaHY MPOBOAMIN Ha
20- Ta 50-piunmii mepiom. Y IBOX BHUIAAKaX MOJIE-
JIIOBaHHS 3JIMCHEHO 31 CLEHAPIsIMH «KOHTPOJIb» Ta
«TEILJIO-CYXO0», SIK HAHOUIBII JOCTOBIPHOTO JI0 pealib-
HUX KJIIMaTHYHHUX 3MiH 32 OCTaHHI aecsatupiads. Kpim
TOTO, IPOBEJCHO MOAECTIOBAHHS IIJCAIKU JEPEBHHUX
BUJIIB 32 CLEHAPISIMHA «KOHTPOJIb)» Ta «TEILUIO-CYX0» Ha
50-pigHuii Iepio.

s mowyatky poOOTH MOzENi BH3HAYE€HO BHIOBUI
CKJIaJ] IepeB, JAiaMeTp CTOBOYPIB HA BUCOTI Ipyne, BU-
COTy, BiK Ta IpOoeKIito kpoH. OTpuMaHi faHi y BUNIIAI]
¢aiiny csv BCTaBISUIMCH 10 MOJEIi i BUKOPUCTOBYBa-
JIMCH JIJISl TPOTHO3Y 3MiH 0i0MacH Ta KUTBKOCTI JIepeB y
BCUXAI0UOMY JE€PEBOCTaHI.

Pesyabratn Ta 00roBOpeHHs. 3arajJbHUN BUIIIAT
mpoOHoO1 TUIoMI Ha modarky (puc. 1, a) Ta 6-my porti
mporaosy (puc. 1, 6)

[Iporxo3 auHamiku JiepeBOCTaHy Ha 20 pokiB BUKO-
HaHO 32 CIEHAPISIMH «KOHTPOIIbY 1 «TeTIo-cyXxo». bio-
Maca 3a BUJIAMH 33 CLEHAPII0 «KOHTPOIY, TOYMHAI0UN
3 Jpyroro poKy IpOrHosy, p131<o 3HIKYEThCS (puc. 2).
Oco0nuBO I AJAMHU Ta SUIMLI LeH NOKa3HUK 3MEH-
HIYEThCS y IecATKA pasiB — Big 150 1/ra ta 110 1/ra no
10 1/ra, a 3 AeCSITOro POKY MPOTHO3Y 1 /10 3aBEepIICHHS
Tepioy OHTOTEHE3y MPHUPIiCcT OioMacH 3a BciMa IepeB-
HUMU BHUJIaMU 3aJIMIIAETHCS Ha piBHI 10 10 1/ra.

UucenpHICTh JIepeB 3a BHUIAMM 3MIHIOETHCS Tak:
SITUIIS 32 8 POKiB TPOTHO3Y 301IBIITY€E CBOO YaCTKY BiJI
40 mo 60%, a mo kinns nporuody — xo 80%; yactka
KJICHa-sIBOpPa 3a BECh IMEpioJl MPOTHO3y 301IbIIMIACE
npubausHo Ha 5%; Oepe3a mo 10 poxy Bumazae 3i
CKJIaay AEpEeBOCTaHy; 4acTka Oyka 3 Jpyroro poky 3a
20 pokiB 30impmuThes 10 20% (puc. 3). Yactka smm-
HH, SIK OCHOBHOTO BH[Y, ITOCTYIOBO 3HHMKYETbCS Bix
50% — Ha mowatky nporHo3y 0 30% — y necaromy
porii, a 10 KiHms mporHosy — a0 10 %.

Ha naBenenomy Hmxue rpadiky BUAHO, IO 3aralib-
Ha Oiomaca Micist Ipyroro poKy MpPOrHo3y 3HIKYETHCS
Bix 310 mo 110 T/ra (puc. 4). Bix mecstoro poxy o
KIiHIS TPOTHO3Y 3MiHa OiOMacH 3ajMIIA€ThCS Maiike
oxHaxkoBor — 110-120 1/ra.
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Puc. 1. Bursin mpoOHoOT mionii Ha moyarky (a) Ta 6-My poili mporHo3y (0)

Puc. 3. 3mina gacTku AepeB 3a iX KUTBKICTIO
i BuIamMu Ha KoHTpouti 3a 20 pokiB

Puc. 4. 3mina 3aranpHOi 6ioMacu Ha KOHTpoII 3a 20 pokiB

UucenpHICTh JIEPEB 3a BUAAMU (CIICHAPIH «TEIIo-
CYXO0») € IOAIOHUM JI0 KOHTPOJIBHOTO (pHcC. 5). BimMin-
HICTIO € Te, 1110 3MEHLICHHS SJIMHU Y CKJIai HacaJlKeH-
Hs BiZIOyBa€eThCs JICII0 MOBUIbHINIE. HaTomicTh, y He-
3HAYHIA KUTBKOCTI 301IBIITY€THCS YUaCTh KIIEHA-SIBOPA.

Jobpe mOMITHHM € pi3ke 3HIKEHHs 3arajabHOI
Oiomacu Ticlsi APYroro poky mporuosy — Big 310 1o
110 1/ra (puc. 6). Big gecsToro poky a0 KiHIA MPO-
THO3y 3MiHa OiOMacH 3aJUINAEThCS MaiKe OJIHAKO-
Boto — 110-120 1/ra.

[ [ 1 E ' . " EL

Puc. 5. 3mina yacTku iepeB 3a IXHbOIO KUIBKICTIO
i Bugamu 3a 20 pokiB (CLEHapil «TEIUI0-CyX0»)

1 ] ] g

Puc. 6. 3mina 3aranpHOT Oiomacu Ha KOHTpoJIi 3a 20 pokiB

Biomaca 3a BujaMu 3a 1[bOTO CIICHAPII0, TOYMHAO-
YU 3 JIPYTOTO POKY MPOTHO3Y, CTPIMKO 3HMKYETHCH, SIK 1
y BapiaHTi 31 cieHapieM Ha KOHTpoui. He3HauHoro Bif-
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MiHHICTIO XapaKTepH3yeThCsl AMHAMIKA snmmii. 11 Gio-
Maca € MEHIIIOI0, HiXK Ha KOHTpodi (puc. 7).
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Puc. 7. 3mina 6iomacu 3a Bunamu 3a 20 pokiB
(cueHapiil «TerIo-cyxo»)

3aranpHa OioMaca MOMIOHO 0 KOHTPOIIO CTPIMKO
3meHmryeThes Big 310 1/ra no 40 1/ra Bxe Ha 10-# pik
nporao3y. OJHaK, Ha BiIMiHY BiJl CIIEHApif0 «KOHT-
ponby», il MOKAa3HWK JI0 KiHIS MPOTHO3Y CTaHOBUTH
mentre 40 1/ra (puc. 8).
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T

0 b 4 6 B 0 I8 1 Te is fyear20

Puc. 8. 3aranpHa 3miHa 6iomacu 3a 20 pokiB
(crieHapiit «TETI0-CyX0»)

[Iporro3 auaamiku Ha 50 poKiB BUKOHAHO 32 aHa-
JOTIYHUMH CHEHapisiMU («KOHTPOJb» Ta «TerJIo-
cyxo») J1o nonepeanboro (20-piunoro). biomaca 3a Bu-
JIaMH, TTOYNHAIOYH 3 IPYTOTO POKY MPOTHO3Y, TOYHHAE
3HIKYBATUCH (pUC. 9). OCOOIMBO IS SUTMHU Ta SUTALT
el MOKa3HUK 3MEHIIYEeThCsl Ha 8-10-1 poKu IpOrHO-
3y —Bix 150 go 40 1/ra mst smaam ta Big 110 g0 55 1/ra
qutst suatti. Jlo KiHIs mporHo3y GioMaca sUTHINL TIaBHO
3pocrae a0 90 1/ra, a sumHK Bix 10-ro m1o0 50-ro poky
3anumraeThes Ha piBHI 40 T/Ta. J[1s1 KITeHa-s;BOpa 3MiHa
0iomMacu BIPOAOBK BCHOTO MEPIOAY € HE3HAYHOIO 1 KO-
nuBaetbes Big 30 mo 20 1/ra. Biomaca Gepesu ta Oyka
CTaHOBUTH MEHIIE 5 T/Ta BIIPOIOBX BCHOTO IPOTHO3Y.

3MiHa YHCEJIHOCTI AEPEB 3a BUJAMH TaKa: SUTHLS
3a 10 pokiB 30iibiIye cBOtO y4acth Big 40 mo 60 %,
a HaNMPUKIHI{ MPOTHO3Y IeH MOKa3HUK HAOIMKAEThCS
10 75 %; yacTka KJeHa-sIBOpa 3a BECh EePioj] IPOTHO3Y
3MeHImwIach npubimsno Ha 3 %; Oepesa o 10 poky
BHIIAJIA€ 31 CKIaAy AepeBocTaHy. UncenpHICTh Oyka 3
JIPYrOro POKY TMOBLIBHO, ajie TIOCTIHHO 30UThIIYEThCS
(mo 20%) wmanpukinni nporHosy (puc. 10). Yucenb-
HICTB STTMHY HOCTYTIOBO 3HI)KY€ETHCSA: HA ITOYATKY MPO-

THO3Y BOHa CTaHOBUTH 50 %, y AecsATOMY poIli — MEHIIIe
30, a y 50-my poui mpornosy — mente 20 %.

3aranpHa OioMaca IMiCisl JAPYroro poKy MPOTHO3Y
pi3ko 3HMKYyeThes — Big 310 mo 100 T/ra, a Bix 12-ro
POKyY 10 KiHIISI IPOTHO3Y CHOCTEpIraeThes i MoCTymno-
Be 30unbIeHHs — A0 150 1/ra (puc. 11).

[
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Puc. 9. biomaca 3a Bunamu y 1/ra Ha KOHTpOI 3a 50 poKiB
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Puc. 10. 3mina acTku fepeB 3a iX KiTBbKICTIO
i BuIamMu Ha KoHTpouti 3a 50 pokiB
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Puc. 11. 3mina 3aranbHol Giomacu Ha KOHTPOJI 3a 50 pokiB

3a puc. 12 (cueHapiii «remio-cyxo» Oiomaca 3a
BUJIaMH, TIOYMHAIOYM TAK CaMO SK Ha KOHTPOJHEHOMY
creHapii, 3HImKyeTbes B iepii 10 pokis mporHosy. [o-
MITHOIO BIJIMIHHICTIO € T€, 1[0 OioMaca yCix JepeBHHUX
BUIB Ticisa 10-T0 poKy 3aJUIIAEThCSI HE3HAYHOIO — Ha
piBui 10-20 T/ra.

UYucenbHICTh JiepeB (CLEHApid «TEMIo-CyXxo») 3a
BUJIAMH 3MIHIOEThCS TakK: sumis 32 10 pokiB mporHo-
3y 30ibInye cBOtO y4acth Big 40 mo 80%, a 1o kiHIA
nporHosy — 85 % (puc. 13). KinbkicTh KkiieHa-sBOpa 3a
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BECh IePioJ] MPOrHO3Y KoJIMBasiach Ha piBHI 8-15 %, a Ha
KiHeIb MPOrHo3y cTaHoBUTH 10%. bepesa mo 10 poky
BUIIaJa€ 31 CKJIAy AEpPEeBOCTaHy, a YHCENBHICTh OyKa
MICJISL IPYTOro POKY MPOTHO3Y HOBIIBHO, ajie MOCTIHHO
30inbmryeThest 10 35 % nHa 50-i pik nporao3y. KinbkicTs
SITMHU CTPIMKO 3MeHIyeTbest 10 10 poxy — Bin 50 % Ha
nogatky 710 10% na 12-if pix mporHoay. [licis nporo ii
yacTKa y CKJIaJl JepeBOCTaHy CTaHOBUTH MeHIe § %o.
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Puc. 12. 3mina 6iomacu 3a Bugamu 3a 50 pokiB
(cueHapiii «Tersao-cyxo»)
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Puc. 13. 3miHa yacTku JepeB 3a iX KiTBKICTIO
i Buamu 3a 50 pokiB (CLeHapill «TEIIO-CYyX0»)

3aranpHa OioMaca 3a CLEHApil0 «TEIIo-CyXo» TOo-
JIIOHO 10 KOHTPOJILHOTO Pi3KO 3MEHIIYEThCs (puc. 14).
o 10-ro poky BoHa cmagae g0 25 T/ra, Mmicias 4oro
XapakTepHUM € i1 He3HayHe 3pOCTaHHs 1 HAPHUKIHII
NpOTHO3Y CTaHOBUTH 40 T/Ta.
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Puc. 14. 3mina 3aranpHOi GioMacu
(cueHapiif «TETIO-CyX0»)

[IporHos nuHamiku aepeBoctaHy Ha 50 pOKiB BH-
KOHAHO 3 MiICAAKOIO IEPEB 3a CLIEHAPISIMHU «KOHTPOJIb
Ta «TEII0-CyXxo». HacTynmHuM 3aBIaHHsIM 3 BiTHOBJICH-
HsI KOPIHHOTO JIEPEBOCTAaHy Ha MICI[i BCHXAIUOTr0 SIIH-
HOBOTO JiepeBocTaHy Oyia mifcajaka sulMLi, SJIMHU Ta
Oyka. CaJiHHsI BUKOHYBAJIM 32 CXEMOIO 2 M MiX psja-
MU Ta | M MiXk ca/pkaHIsaMu. B onue DAL BHCA DKy BaTH
SUIHLLIO, y JAPYTHii — SUIMHY, @ y TPETiid, 3 aHaIOT 9HOI0
TOCJIiTOBHICTIO /10 MOMEPEAHIX, OYK. Yehoro BHcaKe-
HO 325 nepeB Ha ot 25%25 M. Bizyanizaiiis, Marodu
MeBHI OOMEXEHHS y nporpaMl B1,Z[TBOpIO€ 306pa){(CHH$I
Ca/DKaHLIB Ta € JIeN0 BiAIMIHHOIO BiJI peajbHOi, aje 1e
He BIUTMBAE Ha [0 IPOTpaMH Ta pe3yabTaTH MPOTHO3Y
Ha 50 pokiB (puc. 15, 16).

Puc. 16. 3aranpHuii BUTIIA IDIOII Yepe3
50 poKiB MPOrHO3Y HA KOHTPOJII

Biomaca 3a Bumamu micist 20-ro poKy MPOTHO3Y
MMOCTYNOBO 30inbITyeThes (puc. 17). HaltaktuBHimminA
picT xapaktepHud ais sumni Ta Oyka. Hampukinii
MPOrHo3y ix Oiomaca craHoBuTh 45 Ta 40 T/ra Biamo-
BiIHO. Y TpM pa3u MEHILOI0 € Oiomaca KieHa-sBOpa
(20t/ra) ta smuaM (16 T/Ta).

UucenpHICTh JIEPEB 32 BHAMH 3MIHIOETBHCS TaK:
00pe TIOMITHUM € 30UIBIICHHS KITBKOCTI SITHIT BXKE
Ha 10-i1 pik nporuno3y — Big 33 mo 75 % (puc. 18). Ha-
Jan ii YMCeabHICTh JICIIO 3MEHIIYEThCS Ha KOPHCTh
IHIIKX BUAIB 1 cTaHOBUTH Y 50-My poui 65 %; uncemnb-
HiCTh 0coOMH Oyka y 10-my poIli 3MEHHIYETHhCS 0
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10% mopiBasHO 3 33 % Ha modaTKy nporrosy. Hana-
Ji 70 KiHIS MPOTHO3Y BOHA 30umbmIyeThes 1o 18%;
YUCENBHICTh SUIMHU Ha 8-i piK MPOTrHO3y CTAaHOBUTH
15%, a B momaspmioMy ii y4acTh 1O KiHIISI IPOTHO3Y-
BaHHS 3HWXKYeEThC 10 10%; Ha 5-My polli IPOrHO3Y Y
CKJIaJIi HACAKEHHS IPUPOIHO 3’ ABJIAETHCA KIEH-ABIP.
Horo ydacTe BIPOMOBXK yChOTO TOAAIBIIOTO TEPIOAY
MIPOTHO3YBAHHS CTAHOBUTH ONU3BKO 12 %.
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Puc. 18. 3miHa gacTKu JepeB 3a iX KiTbKICTIO
i BUJIamMu Ha KoHTpouti 3a 50 pokiB

3aranpHa OiomMaca Ha KOHTPOJI HAca HKEHHS IUIAB-
HO 3pOCTac 1 301MbIIy€eThCs michst 25-ro0 poKy 10 KiH-
L5l IPOTHO3Y OUIBII HK Y YOTHPH pasu — Big 25 1o
110 1/ra (puc. 19).

Puc. 19. 3mina 3aranpHoi 6ioMacu Ha KOHTpoti 3a 50 pokiB

3a 37ifiCHEeHUM MPOTHO30M, OioMaca 3a BHIaMHU ITic-
Js1 TIEPLIOTO JIECATHPIUYSl MOCTYNOBO 301NIBIIYETHCS
(puc. 20). Haiibinbme ii 3pocTaHHs XapakTepHe ist
oyka — 40 T/ra. 3a HUM ciigye kineH-sBip (20 T/ra) Ta
amuug (15 1/ra). Y upomy cuenapii Oiomaca sUIMHH €
JIy’Ke HU3bKOIO 1 CTAHOBHUTBH MEHIIE ojHiel T/ra qo 10-
TO POKY IIPOTHO3Y.
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Puc. 20. 3mina 6ioMacH 3a BUAAMH 3 I111CATKOIO0
3a 50 pokiB (cueHapiit «TETI0-CyX0)

UnCenbHICTh JIepeB 3a BUAAMH 3MIHIOETHCS TakK:
SUTHIL 32 BECh MEPI0J MPOTHO3Y KOJIMBAETHCS B MEKaX
30-35%; uncenpHICTh 0COOMH OyKa HE3HAUHO 301JIb-
LIMJIACh 1 Ha KiHelb Iepiony cTaHOBUTH 38 %, a Kijb-
KICTb SUTMHHU 3 6-TO POKY IIPOTHO3Y CTPIMKO 3HHKY€Th-
¢ 1 710 25-ro poky 3aiimarume 5 % y CKJIajii HacaKeH-
Hs (puc. 21). Hagami 1o kiHms mpoHo3y ii 9acTka 3MeH-
uryetbest 10 3 %. Sk 1y BapiaHTi 3 KOHTpOJIEM, Ha 5-My
POILIi TPOTHO3Y 3’SIBIIETHCS KICH-SBIP, ajie Ha BiAMIHY
BiJI TIONEPEIHBOTO PHCYHKY, HOTO ydJacTh € 3HA4yHO
OLITBIIO 1 cTaHOBUTUME 28 % HANPUKIHII MPOTHO3Y.
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Puc. 21. 3mina yacTku BUIB 3 mizcajKoro 3a 50 poxiB
(cueHapiii «IicaaKa/«TemIo-cyxo»)

BucnoBku. MonemoBannas creHapiiB Ha 20- Ta
50-piuHnii mepionu NOKazano Pi3KUi crax Oioma-
CH JIEpeBOCTaHy y mepioMy aecsatupiddi. OcoOnuBo
YyTIMBO Ha 3MiHY KJIIMaTHYHHX YMOB pearye suIMHa.
[i gacTka Ta Giomaca B JBOX CLIEHAPifX 3MEHIIYEThCS
Ha KOPHUCTH SUTHIII, OyKa Ta KJIeHa-sIBOpa, SKi Xapakre-
PU3YIOTHCS 3HAYHO KPAIO0 aJIANTAIli€l0 IO TETUTIIINX
Ta CyXIIIMX YMOB Ha HacTymHi aecatwiiTTs. [lizcagka
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TPHOX KJIFOYOBUX BHJIIB 32 IBOX KIIIMaTUYHHUX BapiaH-
TiB Ha 50-piuHKi TIepiof mokazamna 30UTkIIeHHS OiomMa-
cu sunili Ta Oyka. OCOOIMBO aKTUBHUM IIPUPOCTOM 32
TETUTIIIOrO Ta CYXIIIOTO CIICHAPII0 XapaKTePHU3YIOThCS
OyK, SUTMILSI Ta KIJICH-Bip. 3arajoM IO JEPeBOCTaHY
npupict 6ioMacu cTabibHIIINN 32 YMOBH BiZICyTHOCTI
OyIb-KIX KJIIMAaTHIHUX 3MiH.

Brockonanenns mogeni FORKOME nae mincraBy
CTBEPIKYBAaTH MPO MOKIJIMBICTH 1 JOUIJIBHICTH ONpa-
IIIOBaHHS TPOTHO3HHX TIepeN0adeHb PO3BUTKY BCH-
Xalo4uMX Ta 3 O3HAKAMHU BCHXaHHS SJIMHOBHX JEPEBO-
craHiB. HaykoBi MOIIyKH IPyHTYIOTBCSI Ha NOTpedi
HAsSBHOCTi OUTBIII paHHIX IOMEPEKeHb PO 3arpo3u
JCOBUX €KOCHCTeM, 00 MiHIMI3yBaTH BHUTpaTH Ha
ix BigHOBIEHHA. OTXE, MOXKHA 3pOOWTH BHCHOBOK
PO aKTYyalbHICTh 1 HEOOXIAHICTH NOCIiIKEHb Cydac-
HOTO CaHITapHOTO CTaHy SUIMHHHUKIB Ta pO3poOIieH-
HS 1X TIPOTHO3YBaHHS 3 BUKOPHUCTAHHSIM iMITaIliHHUX
KOMIT FOTEPHHUX TIPOTPaM.
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MporHosnpoBaHne ANHAMMKIN YCbIXaHUSA
enbHNKOB KapnaTckoro pernoHa c nomouybio
KomnblotepHon mogenu FORKOME

T.B. MapnaH', .. Ko3ak?, O. M. Tkauyk?

IlpumeHeHre Ha CEroAHSIIHUN JE€Hb KOMIIBIOTEP-
HBIX MOJENEH B SKOJOTHH JaeT BO3MOXXHOCTBH IIPO-
THO3UPOBATh IMOBEACHUE CIOXKHBIX CHCTEM, K KOTO-
pPBIM OTHOCSTCS JIECHBIE IKOCHCTEeMEI. [IpuHHMMas BO
BHUMAaHHE CIEIN(PUIECKIE YCIOBHS JIECOB, aHAIH3 UX
JTUHAMHKH TpeOyeT HCIOJIh30BaHUS HMHTAIMOHHBIX
KOMITBIOTEPHBIX Mojieseil. CyIecTBYIOT YHCTO JIECHBIC
(growth-yield) monenn u sxomornveckue (gap) mMome-
7Y, KOTOPbIE Pa3BUBATIUCH HE3ABUCUMO B TCUCHUE JJTH-
TETHHOTO MEePUOJIa M B3AUMHO JOTOJTHSIINCE.

JlecHble Mo COCPEIOTOUCHBI HAa aHAIH3E JIpe-
BECHOM MPOAYKIIMM W HE MPUHUMAIM BO BHUMaHUE
acCIeKThl M3MEHEHUW JiecHOM cpenbl. pyrue skono-
THYECKHE MOJIEJH, KOTOpPhIE TaK)Ke 4acTO Ha3bIBAIOT
MOJIETISIMU TTPOLIECCOB, YUUTHIBAIOT M3MEHEHHUS JIeC-
HOMW cpelibl B MPOTHOCTHYECKUX uMUTarusax. [Ipume-
HeHHas B HameM ucciaenoBannu Moaeiab FORKOME
COJICP’KUT DIIEMEHTHI JICCHBIX U JKOJIOTHUYECKUX MOJI-
XO/IOB M ObIJIa CIIeHAIbHO pa3padoTaHa Tl yCIIOBUN
Ionbmu u YkpauHsl. ITO OpUTrHHATIBHAS KOMIIBIOTEP-
Has MOJIeJb, KOTOpas AeT BO3MOXKHOCTE MTPOTHO3UPO-
BaTh BO3MO)KHBIE M3MEHEHHs B JIecaX M CO3/aHa Kak
“H()OPMAITMOHHO-IIPOTHOCTHYECKAs CHUCTEMa, HMEHO-
ast MAPOKOE HAYYHOE, MPAKTUICCKOE U TI03HABATEITb-
HOE 3HaYCHHE.

IIporHo3 ycbixanusi Ha OCHOBAaHHUU TOCIETHEH
BEpCUM HMMHUTALIMOHHOW  KOMIIBIOTEPHOM  MoJzenu
FORKOME no3Bonun OLEHUTh PE3ylbTaThl MOJEIIH-
pOBaHUS 10 OMOKIMMATUYCCKUM BIIMSIHUSM Ha TOSIB-
JIeHWe, BBDKMBAHUE, POCT M THOENh 0CO0ei enn U Apy-
TUX JIPeBECHBIX BUI0B. MOIeTMpOBaHKE POBEICHO Ha
OCHOBE pE3yJbTaTOB OJUHAPHOU CUMYJISIUU U CTATU-
CTHYECKHA YCPEIHEHHOTO TpOorHo3a u3 20 cumMymsIumit
(«Monte Carloy») ¢ menbo 1moka3a TeHISHIIMH H3MEHe-
HUW U UX COOTBETCTBUS C OIMHAPHBIMUA CUMYJISITUSIMU.

IIporHo3 nuHaMUKHU JIPEBOCTOS MpoBelieH Ha 20- u
50-netHuil mepuonsl. B AByX ciywasx MoneiaupoBa-
HUE OCYIIECTBISUIOCH CO CIEHAPUSIMHU «KOHTPOIb)
U «TeIJI0-CyX0», Kak Hamboliee JOCTOBEPHOTO K pe-
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aNBbHBIM KJIMMATHYECKUX M3MEHEHHUSM 3a TOCTeIHUE
nBa AecsatuneTrs. Kpome Toro, mpoBeneHO MOJIETH-
pOBaHKE MOJICAKHU JIPEBECHBIX BHJIOB TaKXke IO CIie-
HapusIM «KOHTPOIIb» U «TeIuio-cyxo» Ha 50 ser. O0-
Hapy>k€HO, 4YTO AMHAMHUKa JpeBocTos Ha 20-1eTHUi n
50-51eTHHUI TIepro/bl B KOHTPOJIHHOM BapHaHTE U Clie-
HapHUH «TEIJI0-CYX0» aHAJIIOTUYHA U XapakTepU3yeTcs
CTPEMHTEJIHBIM CHIDKCHHEM B IEPBOM JACCATHIICTHU
OMOMacChl Kak CJIEJCTBUE BBITIAJICHHUS U3 COCTaBa Ha-
CaKJIeHUs] Ha Pa3HBIX BO3PACTHBIX CTAIWSIX €A U B
MEHBIIEM KOJHMYECTBE — MEPECTONHBIX 0CO0EH MUXTHI.
YcTaHOBIIEHO, YTO B KOHTPOJHHOM CIIEHAPHH C TIOA-
Ca/IKOM MUXTHI, €M ¥ Oyka HanOojee aKTUBHBIA POCT
Ouomaccel B TeueHue S50-JeTHEro MpOrHO3a IMoKa3a-
T TUXTa ¥ OyK. JlocTaTOYHO YyTKO Ha MOTEMJICHUE U
YMEHBIICHNE OCaJKOB OTpearnupoBaja b, KOTOpas
MPAaKTUYECKH BHIMAACT HA IMMOCAKEHHOM YYacTKe YKe
B Hauaje nporHo3a. OOmias OnoMacca HaCaKICHUS Ha
KOHTpoJie B TeueHue S50-JIeTHEero mporHosa yBeIUYH-
BaeTcsi 0ojee MHTEHCHBHO IO CPABHEHMIO C CYXUMH H
TEIUIBIMHM TIOTOHBIMU YCJIOBUSIMH, NPH KOTOPBIX OHA
MOYTH B 2 paza MEHBIIIE B KOHI[E IPOTHO3HOTO NIEPHOA.

Pe3ynbraTh! Halero ucciea0BaHMUS TTOATBEPIKIACHBI
MOJIEBBIMU MCCIIEIOBAaHUSIMA U JIUTEPATYPHBIMU JaH-
HBIMH, YTO 0TOOpakaeT Ha/IeKHOCTh MMPOTHO30B, MOJTY-
YEHHBIX TP HCIIOJIb30BAaHUH KOMITBIOTEPHONH MOJIENN
FORKOME. Takue uccienoBanuss HEOOXOAUMBI IS
PaIOHATBHOTO BEJICHHS JIECHOTO XO3SICTBA M MIPUHS-
THSI COOTBETCTBYIOIUX CTPATErui pa3BUTHS Jeca.

KuroueBble cjioBa: mporuHo3 AnHaMUKW; OnoMacca;
POCT; KOHTPOJIb; «TEIIJI0-CYXO0»; TIOICaIKa; peaKlys Ha
MOTEIUIEHNE, YUCIIEHHOCTh BUJIOB.

Forecasting dynamics of drying out
of spruce stands in the Carpathian region
using the computer model FORKOME

T. Parpan’, I. Kozak? O. Tkachuk?

Today, The use of computer models in ecology
allows us to predict the behavior of complex systems,
which include forest ecosystems. Taking into account
the specific conditions of forests, the analysis of their
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dynamics requires the use of simulated computer
models. There are purely forest (growth-yield)
models and ecological (gap) models, which developed
independently over a long period and were mutually
complementary.

Forest models focus on the analysis of wood products
and did not take into account aspects of changes in
the forest environment changes. Other ecological
models, which are also often called process models,
take into account changes in the forest environment in
prognostic imitations. The FORKOME model that is
presented in the article contains elements of forest and
ecological approaches and was specially developed for
the conditions of Poland and Ukrainian Carpathians.
This is an original computer model that allowing to
predict possible changes in forests and is developed
created as an information and prognostic system of
broad scientific, practical and cognitive importance.

Forecast of drying based on the latest version of
the imitation computer model FORKOME allowed to
evaluate the results of modeling regarding bioclimatic
effects on the appearance, survival, growth and death
of spruce and other tree species. The modeling was
performed on the basis of a single simulation results and
statistically averaged forecast of 20 simulations («Monte
Carloy) in order to show the tendency of changes and
their correspondence with single simulations.

The forecast of the woodland dynamics was
conducted at the 20th and 50th anniversary period. In
two cases, simulations were performed with «control»
and «warm-dry» scenarios, as the most reliable for real
climate change over the past two decades. In addition,
simulation of tree species was also conducted in the
«controly and «warm-dry» scenarios for 50 years.

It has been revealed that the dynamics of the tree
stand dynamics at the 20-year and 50-year periods
in the control and heat-dry scenarios is similar and is
characterized by a rapid decrease of biomass in the first
decade as a result of fir disappearing from the planting
composition at different age stages and in a smaller
number of overflows fir species. It was revealed that in
the control scenario with fir, spruce and beech the most
active biomass growth during the 50-year forecast was
shown by fir and beech. The spruce reacted relatively
sensitively to the warming and decrease of rainfall,
which practically disappeared on the planted area at the
beginning of the forecast. The total planting biomass on
the control during the 50-year forecast increases more
intensively comparing to the dry and warmer weather
conditions, where it is almost two times lower at the
end of the forecast period.

The results of the study article are confirmed by
field research and literature data, which reflects the
reliability of forecasts obtained using the FORKOME
computer model. Such studies researches are essential
for sustainable forest management and the adoption of
appropriate forest development strategies.

Key words: dynamics forecast; biomass; growth;
control; «warm-dry»; subplantation; reaction to
warming, number of species.
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