HauioHanbHuii JlicoTexHiuHuMil yHiBepeuTeT YKpaiHu

Haykosuii Bichuk HJITY Ykpaiuu. — 2016. — Bun. 26.3

YK 004.942:519.876.5

METO/JY OTPUMAHHA TAPAMETPIB MATEMATHYHUX MO/IEJIEM
JUHAMIKH JEPEBOCTAHIB

O.€. T oxapl, A.M. Koser’, M.M. KOpOJlb3, AM. lIyH;m‘

Po3pobiieHo MeToan oTpUMaHHS HmapaMeTpiB MaTeMaTHUHHUX MOJIeJIeH JUHAMIKU Jiepe-
BOCTAHIB 32 OCHOBHHMH JIiCIBHHYO-TaKCAI[IMHUMH TTOKa3HUKAMH, a TaKOX (DYHKIIIT 3a1e)KHOC-
Ti BHCOTHU JiepeBa Bix Horo miamerpa. [l OIiHIOBAaHHS IapaMeTpiB Mojeliell BHKOPHUCTaHO
METOJ1 HaliMeHIIMX KBajapatiB. J[JIs 3HAXO/KEHHST MHOXHWHH MOYAaTKOBUX HAOIMIKEHB 3aCTO-
COBaHO MeToJ| Ju(epeHIianbHoi eBosoliil. JIsi 3HaX0/DKEHHS IapaMeTpiB Mojeneil pocty
BUKOPUCTAHO TAKOX KJIACHYHUI METOJ 3HAXO/DKEHHS IOYaTKOBOI'O HAOJMIKEHHS came ISt
3aJlaHOr'0 THUITY 3aJa4. I[J'Lﬂ TPUINBUAIIECHHS 3HAXO/PKEHHS IT0YaTKOBOTO HaOIMKEHHS Bpaxo-
BaHO (i3WUHMIA 3MicT mapaMeTpiB MoJerel Ta iXHi Mexi. [l yTOYHEeHHs] HOYaTKOBOTO Hal-
JIDKEHHSI 3aCTOcoBaHO MeTo JleBenOepra-Mapksap/ra. 3arpornoHoBaHi METO/M OTITHMIi3allii
peaiizoBaHo B cepenoBunli MS Access Ha MOBi nporpamyBanHs Visual Basic for Applicati-
ons. CtBopeHO (opMy T BHOOPY HapaMeTpiB alrOpHTMIB. € MOMIHBICTH (iTbTpYBaHHS
BUOIPKH 3a JUISIHKOIO 1 IGPEBHOKO ITOPOJIOKO.

Knrouosi cnosa: JEpPEBOCTaH, MaTeMaTH4Hi MOZ[eJ'Ii, napaMeTpu MoJjiesiel, METOJIU OIl-
THMI13aIlll.

Beryn. Po3Burox iHmycTpiamizamii ocTaHHIMH AECATHPITUSIME TPHU3BIB 10
3poctaHHs BUKUiB MapHukoBux ra3is (I1)) B atMocdepy, sKi BIUTMBAIOTh HA €KOHO-
MIYHUI PO3BUTOK JIFOJICTBA Ta €KOJOTIYHUI cTaH A0BKiLIA. [Ipu 1bOMy BaXKIHMBY
pOJb y HiATpUMaHHI Ta 30epe)KeHH]I eKOIOTiuHOI piBHOBArH BiJlirparoTh JIiCOBI €KO-
CUCTEMH, SIKi BUKOHYIOTH 3aXHCHi, OXOPOHHI, KHCHETBOPHI, peKpealiifHi Ta iHIIi Ko-
pucHi GyHkuii. Came ToMy Ha3piia HarajibHa TOTpeda 30epeiKeHHs JIiICOBUX eKOCHC-
TeM Ta (hOpMyBaHHS TaKol CTPYKTYPH HacaJKeHb, sika 3abe3revye HalMoOBHillIe BU-
KOHaHHs (QYHKIIH, BOXIUBUX Ul ICHYBaHHS XMTTS Ha 3emii. Y BHUpIIICHHI [HUX
Hpo0JIeM BasKJIMBUM € BUKOHaHHS PamkoBoi konBeHnii OOH mpo 3MmiHy KiimaTy Ta
Kiotcbkoro mpotokony no PamkoBoi kouBeniii OOH [1-3], siki BCTAaHOBIIOIOTH 30-
OOB'sI3aHHS Ha 3HIDKCHHS BUKUIB TAPHUKOBUX ra3iB Ui PO3BUHEHUX KpaiH Ta KpaiH
i3 IepexiTHOI eKOHOMIKOIO.

Vkpaina Takox € ydacHukoMm KioTChKOro mpoTokoiy, 3TiflHO i3 CT. 5 sSIKOro
maina 6 1o 2012 p. BuiiTi Ha 0OCST BUKH/IB MApHUKOBHX ra3iB Ha piBeHb 1990 p. Ha
CHOTOZIHI 3aIMIIAEThCS aKTyalbHUM oLiHeHHs eMmicil III" B atmocdepy st pizHHX
CEKTOPIB eKOHOMIKH. MeToIu 004nCIeHb eMicili MapHUKOBUX ra3iB, siki po3pobieHi
MixnapoaHoto rpymoro ekcrepTiB 3i 3MiHu kiimary (IPCC), e yHiBepcambHUMU 1 He
BPaxOBYIOTb PEriOHAIBHUX OCOONUBOCTEl okpeMux KpaiH [4]. IHmmm migxomoMm e
BUKOPHUCTaHHSI OaraTopiBHEBUX Mojesel iHBeHTapu3alii emiciii/crokis [, o 6a-
3y€ThCsl Ha MaTepiajlax CTaTHCTHYHOI iHBeHTapH3alii, sIki HecyTb, 30KpeMa, iHpop-
Mallil0 PO KOXKHY OKpeMy JIiCOBY MUISHKY. OCKiJNBKH JC € BaXXIMBUM (PakTOpoM
30epe)KeHHsI BYTJIEKHUCIIOro ra3y B JIepeBUHi, 1 JJIsl TOro 00 mocaabuT aHTPOIIOreH-
HUil BIUIMB Ha aTMocdepy, NOTPiOHO palioHANBHO MiJXOAUTH A0 BUOOPY CHUCTEMHU
pyOOK Ta BelleHHS JIICOBOrO rOCIOAapCTBa 3aranoM. [1i yac BUKOPUCTAaHHS JaHUX,
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SIKI OTPUMAaHO 3a JIOTIOMOT'OI0 CTATHCTHUYHOI iHBeHTapH3alii, OTPUMYEMO KiJIBKiCHY
OLIHKY IIPO BUKHAU Ta NOIVIMHAHHS MapHUKOBUX Ia3iB sK 3a (QpakmisMu, TaK i 3a
YpOUHII[AMH, 10 Ja€ 3MOTy JIeTajbHillle BioOpaXkaTH BiMiHHOCTI MiXk eKocHucTeMa-
MU PerioHy.

Meta po6oTH — po3pOoOUTH METOIU BU3HAYEHHS OCHOBHHUX JIiCIBHUYO-TaKca-
LIHUX MOKa3HMKIB HACa/PKeHHS Ta MapaMeTpiB MaTeMaTHYHUX MOAENeH TUHaAMIKH
JepeBOCTaHiB, 30IHCHATH iX IPOTrpaMHy peaizailo.

Metoau gocaimxennsi. OJHUME 3 HAWBAXIMBIIINX O3HAK (MapameTpiB) mij
Yac J0CIiDKEHHS IePEeBOCTaHY € IUIOLIA AOCIIIHOT AUISIHKH, JiepeBHa 1opo/ia, cepeji-
Hiil tiameTp i BUCOTa AepeB, IycToTa. [HIII MOKa3HUKH, Taki K aOCONIOTHA MTOBHOTA,
3armac, cepe/iHiii Ta MOTOYHUN MPUPOCTU 3a 3aMacoM, € MOXiJAHUMH, TOOTO TAaKUMH,
10 PO3PaxXOBYIOThCS Ha MiJCTaBi MeBHUX (DYHKIIH Ta 3akoHOMipHOCTeH. [Iporec oT-
pUMaHHS JaHUX € JJOPOTMM Ta 3aTpaTHUM. ToMy Oy)ke 4acTo, BUXOASYM i3 TOUHOCTI
PO3paxyHKy MOXiJHHUX ITOKa3HHUKIB, BUKOPUCTOBYIOTH KOPEIISILINHHY 3aIeXHICTh MK
KIJIBKICHUMH Ta SIKICHUMH O3Hakamu. Tak, JUls BU3HA4YCHHs 3aracy HacalDKCHHs He
MOTPiOHO 3aMipsTH BHCOTU BCIX JepeB Ha MOCHTiIHIM AISHIN, ale JOCTaTHbO MaTh
BHCOTH JIepeB KiJIbKOX KpaiHiX 1 HeHTpalbHUX CTYIMEeHIB TOBUIMHU. Jlani MOXXHA BH-
KOPHCTOBYBAaTH MOJEJI 3B'sI3Ky MiX JiaMeTpoM i Bucotoro [5-7]. Bucotu pernru ne-
peB, sIKi HaJleXaTh JIO Li€l TOCTiAHOI TITHKU, MOXKHA OTPUMATH aHATITUYHHUM CIIO-
coboM i3 QyHKIiOHANBHOT 3ajexHOCTi. OKpiM [BOTO, IIUPOKE 3aCTOCYBaHHS MAIOTh
MoJIeNT JUIsi 3HaXO/KEeHHsI CTaporo BHIOBOrO Yuclia cTOBOypa JepeBa, 00'eMy CTOB-
Oypa Ta 3aracy JiepeBocTaHy, 3HaX0PKeHHS TOMIHAHTHOI BUCOTH JIepeBOCTaHy TOLIO.

VY nmocnimkeHHI 7Sl OLIHIOBAHHS 3aJIe)KHOCTI BUCOTHU BiJI JiaMeTpa BUKOPHUC-
taHo HH3KY Mojeneit [8]: ['omnepua, ["ocdenbna, TOricTHUHY, MOHOMOJICKYJIISIPHY,
tdon bepranadmi, Yamnman-Pixapca, JleBakosiua, Kopda, siki MaroTh ckiiaiHy Heli-
HiliHy cTpyKTYpY (Tabdm. 1).

Taon. 1. OcnoeHi pieHAHNA pochly

HazBa piBHSHHS PiBHsIHHS pocTy HasBa piBHSHHS PiBHsIHHS pocTy
lNocdensa IV y= _r ¢on bepranadi y=a (1 —ce™ )3
b+t/a
Tomrepir y=ae™" Yanman-Pixapc y=a(l-e™” )L
Jlorictnuna d JleBakosiu 111 ey
=" =q
Y l+ce™ Y b+t
MonoMmonekyasipHa y=a (l— ce’h’) Kopd y=ae’"

Jlnst omiHKM mapameTpiB Mopened a, b, ¢ BUKOPHCTaHO METOJ HaiMEeHIINX
kBajpariB [9], 3acTocyBaHHS SIKOTO BUMarae po3B'si3aHHSI CHUCTEMH HENiHIHHUX piB-
HstHb. [1in yac po3B'si3aHHS CHUCTEMHU HeNiHIMHUX PiBHSHb TPaJUIIMHO CIIOYATKy 3HA-
XOJATh MHOXKHHY MTOYATKOBUX HabmkeHb. Ha moyaTkoBOMy eTari MpoBOASATH iTepa-
il Oyab-KUM 3 METOJIiB CITyCKY, | TAKUM YHHOM OTPUMYIOTH 3aI0BiIbHE MOYaTKOBE
HabmwkeHHs. TTOTIM yTOYHEHHSI PO3B'A3KY 3HAXOIATH 3a JIOMOMOIOK METOIy
Herotona.
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JInst 3HAXO/PKeHHS! MHOKMHM TIOYaTKOBUX HAOIMXKeHb y POOOTI 3aCTOCOBAHO
MeTon nudepeHuianpHoi eomolii [10], sikuii € HOBITHIM CTOXaCTHMYHUM METOJIOM
npsaMoro momyky. Moro izest 6epe mouatox y po6oti "CHMITIEKC METO AT MiHiMi-
3auii pynxuii" M. Henaepa i P. Miza 1965 p. [11]. Biu npocTuii y peanizarii, He BH-
KOPUCTOBY€ 3HAYEHHs MOXiAHUX (PYHKIIT, Mae MBUIAKY 301KHICTh, & TAKOX MPETEH-
JIy€ Ha yHiBepcaslbHicTh. AJie, 3 iHIIOrO OOKY, OyAb-sIKMH YHiBEpCaIbHUH METO[
PO3B'si3aHHS 3a[a4 ONTHMI3allil Mae Heloiku. sl 3HAXOKEHHS apaMeTpiB Moie-
Jel poCTy JIOBENOCs 3aCTOCYBAaTH TaKOXX KJIACHMYHUIT METOJ 3HAXOKEHHs MOYaTKO-
BOr0 HaOMWDKeHHS came JJIsl 3aJaHoro Tuiy 3ajgad. Jlns mBuamoi podoTH 3Haxo-
JOKEHHS TOYaTKOBOTO HAOMMIKEHHs BpaxoBaHO (i3W4yHMI 3MiCT apamMeTpiB Mojeseit
Ta TXHi MexXi. 301KHICTh KIITACHYHUX METO/IIB ONTUMI3allii 3a0e3MeuyeThes T0CTaTHHO
BIAJIMM 3HAXOJKEHHSM I104aTKOBOIO HaOJIMKEHHS.

Y poborti Ui yTOYHEHHS [10YaTKOBOro HaOJIMXKeHHs 3acTocoBaHo Meto[ Jle-
BeHOepra-Mapksapara [12] (MmogudikoBanuii Mmeton Hptorona). Lle anantuBHuii Me-
TOJ, y SKOMY MapaMeTpy OL[HIOIThCS Ha OCHOBI BEIMUHUHU HEB'SI3KH — CyMHU KBaJpa-
TiB BiIXWJIEHh METOJly HaiMEHIIMX KBaJpaTiB. 3a 3MEHIIECHHS MapaMeTpa BelHYHHa
KPOKY aJrOpUTMy 30iraetbcs 10 BeJIMYMHH KpoKy MeToay HelotoHa-I'ayca, a 3a
30inbieHHss anroputMm JleBeHOepra-MapkBapara crae MOMIOHMM [0 METOXY
HaAWLIBUALIOrO ciycKy. LI 0co0iMBICTb Aa€e 3MOTy IIBHULIE TIPOXOIUTH SIp MiHIMI3Y-
10901 yHKIII.

PesyabTaTn mociaigkennsi. MeToau onTuMizarii, sIKi OMFCaHO BUILE, peai-
30BaHi B cepenoBuili MS Access Ha MOBi porpamyBantst Visual Basic for Applicati-
ons. Y poOOTi BUKOpHCTaHO JlaHi CTaTHCTHYHOI iHBeHTapu3auii CracbKoro JiCHHII-
tBa JI1 "BpommniBceke JII™ IBano-®paHKiBCEKOT 001, SIKi OIPAI[bOBAHO Ta BHECEHO
1o po3pobuieHoi 6a3u manux "JlicoBi ekocucremu" [13-15]. [ns oGuncienHs napa-
MeTpiB MoJeneii ctBopeHo ¢dopmy "Mmoneni" (puc. 1), OKpiM IIbOTO, € MOXKIHUBICTD
¢inpTpyBaHHs BUOIpKHU 3a UISHKOIO (IPOOHMMHU IUIOLIaMK) 1 TOpooto aepesa. Pe-

3yJIbTAT pOOOTH aJITOPUTMIB MpecTaBisie Tpadik GpyHKIIT HeMiHIHHOT MoerTi.
padix.
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Puc. 1. Memoou 6iobopy oanux i 6usHa4eHHA napamempie MamemMamudHux mooeeii

OUHAMIKU OepesocmaHie
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[pwu 3amycky popmu "mMomeni" iHiniani3yoThes cnucku "ainsHKU" i "mopoau
nepeB" IUITXOM BUKOHAHHS 3aIUTIB 10 0a3n TaHUX:

e SELECT kon, Bua_jepeBa FROM nopona jiepeea WHERE xox in (select nopona
from nmepeBa where Bucora aepesa > 0 and miametp naepeBa > 0 group by mopoma)
ORDER BY Buj_aepesa;

e SELECT nomep_inBeHTapuzalii, Homep npoOHoi momi FROM nepesa WHERE
Bucora_jiepeBa>0 AND niamerp nepesa>0 GROUP BY Homep inBeHTapu3ailil, HO-
mep_mipobHoi_turomi ORDER BY Homep iHBeHTapu3alii, HoMep MpoOHOI ILIONIi.
Ha puc. 2. BimoOpakeHO CIIMICKH IUISTHOK (MPOOHUX TUIOLT) 1 MTOPif IepeB, sKi

€ KpuTepisMH 3ailicHeHHs BHOipku. [lepen THM, sk BUKOHATH ONTHMIi3alilo, HaTHC-
HyBIIW Ha Kiasinry "OOuucnuTr", MOTPiOHO BBECTH MapaMeTpH METOIiB i BUOpaTH
mogenb. Ha puc. 3 1 5 300paxeHo enementu dopmu st HacTpoiiku Metonis. [Ticis
BUKOHAHHS 00YMCIIEHb HABOJAThCS KoediuieHTn getepminanii R? mjis KOXKHOTO Me-
TOJly ONTHMIi3allil, SIKi BKa3ylOTh, HACKIJIBKA OTPHUMAaHI CIOCTEPEKEHHs MiATBEPIKY-
IOTh MOJIEJIb.

Ainarkn: Deselect
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Puc. 3. [lapamempu memooie onmumizauyii

Puc. 2. Cnucku euoopy

Moaens

MNapameTpu Mmogeni
P P C rochensa IV " thon Bepranadni

a [36,3764146142893 & omnepu " Yanman-Pixapac

b |3,66280227870958 " MoricTiiHa " Nesakosid 111
g |D,09835671696297 " MoHoMonekynapHa @ Kopd

Puc. 4. Obyucneni napamempu euopanoi mooeni Puc. 5. Bubip mooeni

Pe3ynpTaToM BHKOHAHHS HPOrpaMM Ha PUC. 4 € TAKOX YHUCIOBI IapaMeTpu
00paHOi MOJielTi, Ha OCHOBI KX MOXXe OyTH 1moOyznoBaHuil rpadik (puc. 6) i ski Oy-
JyTh CIyTYBaTH JUIsl TOJAJIBIINX OOUKCIICHb Ta aHAIIi3Y.
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Puc. 6. I'paghix mooeni i macue oanux

OTtxe, po3pobieHa ¢opma Jae MOXKIHBICTE BHOOPY MOJeli, 3HAXOKESHHS
YHCJIOBUX ITapaMeTpiB Iiel MOJeNi, a TaKOX IPEACTaBUTH pe3yJbTaTh rpadidHo sK
JUTSL OKpeMoi JIJISTHKH 3a ITOPOJaMH, Tak i JUIsl IIJIOro MacuBy i3 BpaXyBaHHSM HOPO-
I IepeB.

BucroBkH. Po3pobnieHi MeTonn BU3HAUSHHS ITapaMeTpiB MaTeMaTHIHAX MO-
Jieriell 3aJIe)KHOCTI BUCOTH JepeBa BiJ Horo miameTpa Ta IX IMporpamMHa peaiisawis €
e(peKTUBHUMH Ul BHOOPY onTHMainbHOI Monerni. Came BUKOPHCTAaHHS MaTeMaTHd-
HHUX MOJelie, sIki BpaXOBYIOTh PeriOHalbHy CIenudiKy JTiCOBUX HAcalKeHb, JacTb
3MOTY MiJIBUIIUTH TOYHICTH OL[IHIOBAaHHS 3amaciB i CTOKIB BYIJICLFO Y JIICOBHUX KO-
cucTeMax Ul MiATPUMaHHS NPUHHSTTS pillleHb y Taly3i JIICOBOrO rocrofapcTBa Ta
HPUPOIOOXOPOHHOI TisIBHOCTI, 30KpeMa, ISl IIaHyBaHHS JOBIOTEPMiHOBUX €KOJIO-
TYHUX, eKOHOMIYHHX Ta MPHUPOJOOXOPOHHHX MPOrpaM sIK Ha JOKaJbHOMY, TaK i Ha
perioHabHOMY PiBHSIX, 110, BOJHOYAC, 3a0€3I1eUNTh eKOJIOTIUHy CTifKiCTh perioHy.
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Tokap O.E., Koszen A.H., Koponv M.H., I[ynak A.H. MeTtoasl mosry4eHust
napamMeTpoB MaTeMaTH4eCKOH Mo/JeJId JUHAMHKH IPeBOCTOEB

Pa3paboTaHbl METO/BI MOJYYEHHUS TapaMETPOB MaTeMaTHYeCKHX MOJelell JMHAMUKA
JIPEBOCTOSI OCHOBHBIX TAaKCAI[MOHHBIX IOKa3aTesel, a Takxke (yHKIMU 3aBUCUMOCTH BBICOTHI
JepeBa OT ero amamerpa. JlIs ONEHKH MapaMeTpoB MOJEIeH HCIOIB30BaH METOJ HAUMEHb-
mUX KBaaparoB. [Ipn HAXOXICHHN MHOXKECTBA HAYaJIbHBIX MPHOTIKEHUN [IPIMEHCH METOJ
uddepeHnnanbHo sBosronHd. Il HAX0XKICHHS TapaMeTPOB MOJIeNIeil pocTa UCIIOJIb30BaH
TaKKe KJIACCHYECKUH METO/l HaXOXK/ICHUs Ha4aIbHOTO HPUOIKCHHUS KIMEHHO JUIS 3a[aHHOTO
THIA 3afad. J{Is yCKOpeHMs! HaXOXICHHUs HadaJlbHOrO HPUONKCHHS YYTeH (U3MYCCKHit
CMBICIT TAPAMETPOB MOJIEIIEH U X Hpeesbl. [l yTOYHeHHs] HA9aIbHOTO IIPUOIIMKCHHS IPH-
MmeHeH Metox JleBenOepr-Mapksapara. [Ipe/sioxeHHbIe METO/IbI ONTHMU3ALNE PEali30BaHbl
B cpene MS Access Ha si3bike mporpammupoBanust Visual Basic for Applications. Takxke co3-
naHa (opma a7t BBIOOpa MmapamMeTpoB alropuTMOB. ECTh BO3MOXKHOCTD (DMIIBTPAIUU BBIOOP-
KM [0 y9acTKy U THILY IPEBECHHBL.

Kntouessie crosa: ipeBocToil, MaTeMaTHIECKHUE MOJICIIH, [TAPAMETPhI MOJIEIIeH, METOIbI
ONTHMHU3AIMH.

Tokar O.Ye., Kozel AM., Korol M.M., Cunjak A.M. Some Methods for De-
termining the Parameters of Mathematical Models of Forest Growth

Some methods for determining the parameters of mathematical models of forest stand
dynamics by main forest inventory indices, and a tree height function of tree diameter are de-
veloped. A least square method is applied for the parameter estimations. A differential evolu-
tion method is used for obtaining a set of initial values of the parameters. For estimation of
the parameters of forest growth models a classic method of initial set identification that is spe-
cific for such model types is used. For minimizing the time of the initial set identification
physical meaning of the parameters and their limits are taken into account. For more precise
identification of the initial set the Levenberg-Marquardt algorithm is applied. The proposed
optimization methods are programmed in Visual Basic for Applications in the MS Access en-
vironment. An interface for choosing of the algorithm parameters and selection of the input
data by location or tree species is developed.

Keywords: forest stand, mathematical model, model parameters, optimization methods.
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