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[IpemtokeHa UMHUTAIIMOHHAS MOJICIb POCTA COCHOBBIX JIPEBOCTOEB, IMO3BOJISIONIAS B YCIOBUSX KOHKYPEHIMH 3a
JOCTYIHBIM pecypc paccuuTarb NPUPOCT [0 AMAMETPY CTBOJIA Ul KaKIOIo JepeBa Ha MOJAEIMPYEMOM YUacTKe,
a TaKKe IPOU3BOAHBIE TAKCALMOHHBIE NIOKA3ATENIN: I'YCTOTY, [IOJIHOTY, 3allac CTBOJIOBOM JPEBECUHBI, U OTCIEAUTH
JUHAMHUKY BCEX 3THX IIOKa3aTesel ¢ [aroM B OJMH I'0Jl C y4€TOM B3aUMHOI'O PacIOIOKEHHsI IEPEBLEB B APEBOCTOE,
UX pa3MepoB H KOIMUYECTBO JOCTYITHOTO pecypca Ui KaxkI0ro AepeBa. Beprukanys Moaeu BEIIOTHEHA C HCIIOTb-
30BaHHEM MATEPUAIOB MHOTOJIETHHUX MCCIICIOBAHIN HA TIOCTOSIHHBIX MPOOHBIX TUIOMIATSX, 3aJI0KCHHBIX B MOJIOHS-
Kax, CpEIIHEBO3PACTHBIX U CIIEJBIX APEBOCTOAX. PAacCMOTPEHO HECKOIBKO CLIEHAPUEB POCTA COCHOBBIX JIPEBOCTOEB,
M3y4YeHO BIMSHHE PyOOK Ha CPeTHHUN THAMETP CTBOJIA M IPUPOCT 110 JHAMETPY; CPEIHUIN TOI0BOM IPUPOCT; TYCTOTY
JPEBOCTOST; 3a11ac CTBOJIOBO IpeBeCHHEL. [IpemmokeHHast UMHUTAIOHHAS MOJIEINb SIBISICTCS () (hEeKTUBHBIM HHCTPY-
MEHTOM H3y4Y€HHsI POCTa APEBOCTOEB U CIYKUT aJIbTEPHATUBON TPYIOEMKHM HATYPHBIM HCCIIEAOBAaHUSIM, KOTOpPbIE
3aTPyJHUTEIBHO PEAIN30BaTh HA JUIMTENIBHBIX BPEMEHHBIX HHTEpBaiax. MonenupoBaHue O3BOMISIET U3YUYHUTh BIIH-
SIHUE PyOOK B Jecax pas3IHMYHOTO IIEJICBOTO Ha3HadeHus. [lyTeM BapbHpOBaHMS MHTCHCUBHOCTH M ICPHOTUIHOCTH
PYOOK IIpH MOAEIMPOBAHNHT HA OCHOBE aHAIN3a THHAMUKI OCHOBHBIX TAKCAIIMOHHBIX ITOKa3aTele MOKHO BBIOpAaTh
CHCTEMY MEpOTIPHATHH 10 YXOIy 3a JeCcaMH, 00eCIICUNBAIONTYI0 HAanOoJIee TMOMHYI0 peai3annio 3a1ad 0 HHTEH-

CHUBHOMY JICCOBBIPAIIUBAHUIO.

KutioueBbIe CJ10Ba: COCHSIKU, KOHKYPEeHYUS, PYOKU YX00a, OOCHYNHbLI pecypc, 001acnb OOMUHUPOBAHUSL.

DOI: 10.15372/SJFS20220305

BBEJIEHUWE

B noBbIieHNN yCTOWYUBOCTH U IPOYKTUBHO-
CTH COCHOBBIX HAaC&KJICHHUH Ba)KHAsl POJIb NMPHHA-
JeKUT pyOKaM yxoJa 3a JIecoM, OCHOBHAs 3ajava
KOTOPBIX COCTOUT B obOecriedueHun Oosiee 3dpdek-
TUBHOTO HCIOJIb30BaHMS JIECOBOCCTAHOBUTEIHHO-
r0, IPOAYKUMOHHOTO U PECYPCHO-3KOJIOTUYECKOrO
MOTEHIMaNa JEeCHbIX sKocucTteM. OHU Harpasiie-
HBI Ha (POPMUPOBAHUE XO3AWCTBEHHO-IICHHBIX Ha-
CaXJIEHUH OT MOMEHTA CMBIKaHHsI MOJIOTHSKOB 10
Bo3pacrta crnenoctu. [lo muennto A. A. Onyunna
(Yuensle.. ., 2022), pyOku yxoma MOTYT J1aTh Topas-
710 OONBIIUI MPUPOCT HA YYACTKE Jieca, YeM Moca/l-
Ka HOBOTO Jieca, ¥ MPH JOKHOM YXOJ/i€ BO3MOXKHO
MOJTyYeHHE JIOTOJIHUTENILHOTO MPUPOCTa B 00beme
1o 14 m*/(ra - ron). Cucremarnueckue pyoKu yxoza
B BBICOKOIIOJTHOTHBIX OJHOBO3PACTHBIX COCHOBBIX
JIPEBOCTOSX yBEIUUUBAIOT 710 S0 % X0351CTBEHHBIN
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3 deKT 3a CueT MCMOJb30BaHUS MOTEHIUAIBHOTO
ornana (by3eikun u ap., 2002).

[TornMaHue BIUSHUS TYCTOTHI U pa3peKUBAHUS
Ha MPOLIECC POCTA AEPEBLEB B YCIOBUAX KOHKYPEH-
MU 32 PECYPCHI SABJISIETCS BaXHOU 3ana4yeil. B psne
paboT BBICKA3bIBACTCSI MPEATNONIOKEHUE, YTO CY-
IIECTBYIOT ONTUMAaJIbHBIE I'yCTOTA U IOJHOTA JApe-
BOCTOSl. CUMTAETCS, YTO MAKCUMAJIBHBIM MPUPOCT
nocturaetrcst npu nonHore Huwxke 1.0 (Assmann,
1961; IlonskoB, 1973; Anranaiituc u ap., 1986;
Kyspmuues, 2013). PerynupoBarb NpoyKTUBHOCTb
HACaXJIEHUI MOXHO BBIOOPOYHBIMH M TIOCTEIICH-
HBIMU pyOKaMHu. DTO TaKKe MO3BOJISIET COKPATUTh
000pOT pyOKH U MOJyYUTh 3HAYUTEIbHBIE JIECOBOI-
CTBEHHBIH W X03sSUCTBeHHBIN 3 dexTrl. Kpurepuit
ONITUMHU3AINN CTPYKTYPHI IPEBOCTOEB ONPEICIIseT-
Csl TIPEK/Ie BCEro €ro IeJIeBbIM HazHaueHueM. Pyo-
KU yXO0/1a B JIecax HKCIUTyaTallMOHHOTO Ha3HAYEHUs,
kak cuntaet 3. 5. Harumor (2000), mOJKHEI K BO3-
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pacTy crenocTu c(hOpMHUPOBATH APEBOCTOM C TaKH-
MH TIOJTHOTOH M 3aracoM, KOTOPbIE MPUOTUKAIOTCS
110 TapaMeTpaM K HOPMaJIbHOMY JIPEBOCTOIO.

BrisiBeHne 3akoHOMEpPHOCTEH pocrta nepe-
BBCB — HETMPEMEHHBIN 3TaIl PEIICHUS 3aJ1aun 00ec-
MEeYCHUST ONTUMANBHBIX YCIIOBUN POCTa C HCIOJNb-
30BaHUEM CHCTEMbI JIECOXO3SMCTBEHHBIX MEPO-
npusTAii. MeToapl aHanW3a AAHHBIX B 3THUX MC-
CJICJIOBAaHUSAX HMECIOT IITUPOKUN CIIEKTP M YacTo
BKJIFOUAIOT MOJCIIUPOBAHUE JUHAMUKHA POCTa Jpe-
BoctoeB (Pasun, 1981; Anranaiituc u ap., 1986;
Grabarnik, Sarkka, 2009; O’Rourke, Kelly, 2015).
Takue Mojenu mpeaHa3HAYECHbI, TPEKAE BCETO,
JUTSL BBISIBIIEHUST 3aKOHOMEPHOCTEH pocTa 1Mo BBICO-
Te, 3aMacy W JuaMeTpy CTBOJIa C yUYE€TOM BO3pacTta
JIPEeBOCTOEB U UX I'ycTOThI. [Iporiecchl pocta Hanps-
MYIO 3aBUCST OT KOJIMYECTBA JIOCTYITHOTO pecypca
MU OT TOTO, KaK 3TOT pecypc OyleT pacrnpeaciisiTh-
Cs MEXJIy KOHKYpPHUPYIOIIUMHU ocoOsiMu. MHorue
HCCTIEIOBAaTe B KaueCTBE OIEHKH JIOCTYITHOTO
pecypca HCIoNb3yIOT IIomaab pocra aepesa. Cy-
IIECTBYET 3HAYUTEIBHBIA HA0Op METOJIOB €€ pacye-
ta (ITonsikoB, 1973; Harumos, 2000; Baiic, 2005;
Uepnos u ap., 2012).

[lenb paGoTHl — BBISIBUTH 3aKOHOMEPHOCTH PO-
CTa COCHOBBIX JIPEBOCTOECB METOJIOM HMMHTAI[UOH-
HOTO MOJICIMPOBAHUS PA3IMYHBIX CIICHAPUEB JIECO-
BOJICTBEHHOT'O yXO/1a.

MATEPHAJIBI © METO/IbI
HCCJEJOBAHUN

OObeKkTOM I/ICCHG,[[OBaHI/Iﬁ CIIY>XXWJIIX MOJIOOHA-
KH, CPCAHCBO3PACTHLIC U CIICJIBIC, YUCTLIC IIO CO-
CTaBy COCHOBBLIC OIHOBO3PACTHLIC HACAKICHUA

KpacHosipckoit octpoBHOU jecoctenu. C ydeTom
Teopetnueckux Tnonokenui Ttakcamuu (OCT...,
1983) B 01HOBO3PACTHBIX COCHOBBIX HACAXKJICHUSIX
I-1I xmacca 6oHUTETa OBUTH 32T0KEHBI TIOCTOSTHHBIE
poOHbIE MI0MAAH (TIIT), Ha KOTOPBIX MPOBOAUIIHUCH
PYOKU U BBINOJHSIUCH IEPUOANYECKHUE 00CIIE0Ba-
Hus (Onyuun u ap., 2011; UBanos u ap., 2017). Oc-
HOBHBIC TAKCAIIMOHHBIE XapaKTEPUCTHKH MPOOHBIX
TUTOINIA/IeH PUBEACHBI B Ta0IHIIE.

B MononHsIKax eCTeCTBEHHOTO MPOUCXOKACHUS
ObLTH 3asOKeHbI i1 pazmepom 20 X 20 M, Ha KOTO-
PBIX TPOBENH PYOKH yXO/ia ¢ HHTEHCHUBHOCTBIO T10
YHUCITy CTBOJIOB OT 93 110 57 % ¥ BBINOJIHEH CIUIONI-
HOM IIepeveT C M3MEPEHUEM BBICOT JIEPEBbEB U JTHa-
METPOB CTBOJIOB Y IIeiiku KopHs. Ha kaxkmou mm oT-
Oupaiiu Mo 5 MOJIEBbHBIX JIEPEBHEB.

B cpenneBo3pacTHOM COCHSIKE 3€JI€HOMOIITHOM
I kmacca OoHuTETa OBUTN 3aJI0XKEHBI TPH IIIT pa3Me-
pom 0.15 ra, HaxoxasMeCcs B OAHOM TaKCallMOHHOM
BBIJIETIC, U OTHEJICHHBIE IPYT OT JApyra OydepHoit
30HOM.

Cnenbie COCHOBBIE JIpeBOCTOU B Bo3pacte 105—
110 ner Ha mm MpeaCTaBIE€Hbl COCHSKAMHU pPa3HO-
TPaBHO-3€JICHOMOIITHOM TPYMIBI TUTIOB Jieca. [Ipo6-
HBIC TUTOIIAIN 3aKJIaILIBAJIUCH B MPEETax OIHOTO
TaKCallMOHHOTO BbIJIeIa HA y4acTKaxX C Pa3HOW MH-
TEHCUBHOCTHIO BBIOOpOUYHOU pyOKH mo 3amacy. Ha
I MPOBOAMIUCH CIUIOIIHOW MEpedeT, HyMeparus
JIEPEBHEB U UX KAPTHPOBAHHE.

Texymuid nepuoguvecKuii MpUpPOCT U3ydalics
0 3amnacy (B M’/Ta), KOTOPBIN OMPEIeIIsuICs 0 Ana-
METpYy — CyMMe TUTOIAAH TOTIEPEYHBIX CEYCHUH, 1O
BBICOTE, @ TAKXKE 1O COOTHOIICHUSAM STHX IMOKa3a-
Tenei — BuaoBbM unciaM (Haymenko, 1948; JIBo-
peukwnii, 1964; Jluena u np., 1977; Anranaiituc,

OCHOBHbBIE TAKCALIMOHHBIC ITOKAa3aTeJIN APCBOCTOCB HA HpO6HI)IX IIomansax

HOM*ep Bospacr, I'ycrora, Cpennuii Cpennss Cymma moniaien Homuora 3anac, w'/ra
T JeT mT./Ta JUaMeTp, CM BBICOTA, M ceveHus, M*/ra
1 13 2900 8.0 6.2 14.7 - 51.6
2 13 9450 54 54 21.7 — 73.4
3 13 16830 4.2 5.6 22.9 - 83.2
4x 13 34200 33 5.5 28.9 — 109.3
5 47 2420 15.8 19.0 47.4 1.4 415
6 47 2073 17.1 19.6 50.5 1.5 456
7 47 2367 16.2 19.2 49.0 1.4 431
8k 47 2640 15.4 18.4 48.9 1.3 433
9 120 528 322 28.4 42.9 1.2 462
10 110 301 32.7 25.2 253 0.7 261
11 110 226 32.8 23.1 19.2 0.5 198
12k 120 384 38.8 25.5 454 1.0 523

* [IpoOHBbIe momaayu ¢ HOMEPOM, UMEIOIIUM HHIIEKC «K», SBIISIFOTCS KOHTPOJIEM.
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1986). Kpome Toro, asisi cpeiHeBO3PACTHBIX U CIie-
JBIX HACaXJEHUN MEeTOAaMM JEHIPOXPOHOJIOTUU
AQHAJIM3MPOBAIINCH KEPHBI, B3SIThIE HE MEHEE YEM y
15 nepeBbeB C MIT U IPEICTABICHHBIE BCEMHU CTYyTIe-
HSMHU TOJNIIUHBL. J[OMOTHUTETHHO Ha T 6 BBINOJ-
HEH MaccoBbIi OTOOp KepHOB, oxBaruBwui 81 %
OT OOIIEro KOJIMYEeCTBa JIEPEBHEB HCCIIEIYyEeMOTO
y4JacTKa.

JlaHHBIE TIO TPOEKTUBHOMY MOKPBITHIO KpPOH
aHAJIM3UPOBAIMCh MO MarepuajgamM KpymHoMac-
mMTa0HOH ChEMKH, CACTAaHHOM ¢ TOMOIIBIO KBAIPO-
xorrrepa DJI Phantom 3 Pro, ¢ mcmonb3oBannem
metonoB [ MC-texHonoruii B nporpamMmme ArcMap.

AHanu3 pa3InyHbIX ClIEHapHeB pyOOK U U3yye-
HUE UX BIMSHUA HA POCT COCHOBBIX JIPEBOCTOEB
BBINIOJTHEHBI METOJIOM HMHUTALMOHHOIO MOJEIIHN-
pPOBaHHUsI C WCMOJB30BAHUEM OPHUTHHAIBHON IPO-
rpaMMbl, peanu3oBaHHOM Ha si3bike Object Pascal
B Delphi.

PE3VJIBTATBI 1 UX OBCYXKJIEHHUE

Brusaue Bo3neiicTBus pyOOK Ha pOCT JICPEBHEB
U TPOIYKTUBHOCTH JIPEBOCTOEB HCCJIENOBAIUCH C
MOMOIIBI0 METOAa MMHUTAIMOHHOIO MOJEINPOBa-
Husi. C 3TOM 11eNIbI0 UCTIOB30BaIach MOJIEIbh POCTa
JIEPEBLEB, KOTOPAsi pacCUMThIBAIA XaPAKTEPUCTUKU
JIEPEBLEB HA MCCIEAYEMbIX y4acTKaxX ¢ MepUOry-
HOCTBIO B OJIMH roj. IMuTaimonHas MoJeib pocra
OCHOBaHa Ha y4deTe KOHKYPEHLUH 3a JOCTYITHBIN
pecypce. ns onvcanus pocra AepeBa Mo JUaMeTpy
CTBOJIa WCIOIB30BAJIOCH CIEAYIOIIee OalaHCHOE
ypaBHEHUE!

AD =k | P* =k, (D/ D, ] (1)

rae P — noctynHselid aist nepesa pecypc; D — Teky-
LM AUamMeTp cTBoiia Ha Beicote 1.3 m; D — Mak-
CHMAaJIbHBIM TMaMeTp CTBOJIA IS IaHHBIX YCIOBHMA
npouspactanus; k, u k, — koapdurmentsr; o u f —
napaMeTphl.

OOBIUHO OIIEHKY JIOCTYITHOTO pecypca JaroT 1Mo
wiomaan pocta. Cpenu UCIOIb3YIOINX ITOJTUTOHBI
pocta Hanbomnee pacrpoctpaner meron F. K. Stohr
(1963). Ilonuronsl B HeM (OPMHUPYIOTCS C YUETOM
JMaMETPOB CTBOJIOB OMMKAWIIMX COCElel TaKUM
00pa3zoM, yTOOBI TpaHHIIa MEXKTy 3TUMH COCEISIMU
MIPOXOJIMIIA JTajbllie OT OoJiee KPYIMHOTO JepeBa U
Omke K TOHKOMY TPOTOPIMOHAIBHO JHaMeTpam
ux cTBOJIOB. Cienyer OTMETUTb, YTO y ITOr0 Me-
TOJa U aHAJIOTUYHBIX €My €CTb psiJ HEJOCTaTKOB.
Bo-nepBbIx, Ha MOJIUTOHBI pa30MBaETCs BCS TEPpPU-
TOpUSI, KOTJa J1a)Ke MPOTaJIMHBI MOTYT OBITH OTHE-
CEeHBl K IUIOWIAAN pocTa aepeBa. Bo-BTOphIX, MpHu
pa3zeneHuy 30H BIUSHHUSA MEXIY JE€pPEBbSIMHU, pa3-
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Puc. 1. ITnomazns pocra mo meroxy F. K. Stohr (1963) (a)
1 00NacTh JOMHHUPOBAHHS (0).

JTUYAIONUMHUCS TI0 JMaMETpaM CTBOJIOB, MEHBIIIEE
JIEPEBO C IKOJIOTUYECKON TOUKHU 3PEHHS OTUYKIIAET
0T OOJIBILIETO HEMPONOPIMOHATIBHO O0JIbILION (par-
MEHT IUIOLIa/Id pOCTa. DTO HECOOTBETCTBHUE MPOSIB-
JsIeTCs TeM O4YeBHJIHEE, YeM OOJblle pa3HUIA JAna-
METPOB CTBOJIOB KOHKYPEHTOB.

B nacrosmeil pabore B KauyecTBE OLIEHKU KO-
JMYECTBa JIOCTYITHOTO pecypca HCIOIb3yeTCs
momaas obnactu goMuEMpoBanus (S.;) (bopu-
COB # JIp., 2019). Meton o0nacteit JOMUHUPOBAHUS
CBOOOICH OT YKa3aHHBIX BBIIIE HEJAOCTATKOB. B 00-
nactu nomuaupoBanus (OJ]) ocoOb oka3bIBaeT 10-
MUHUPYIOIIEE BIMSHUE B OCBOCHHH pecypca. [Ipu
3TOM MPEAINOoJIAraeTcs, YTo OHO IMPSIMO MPOIMOPIH-
OHAJBHO pa3Mepy OcoO0M M 0OpaTHO MPOMOPIHO-
HAJIBHO KBaJIPaTy pacCTOSHUS OT Hee. [ paduaeckuit
pUMep, WLTIOCTPUPYIOMINUN pa3Tudusi B HOpMUPO-
BaHUM 00NacTeil BAMSHUS Ui ONvKalmumx coce-
Jieil pa3HoOro quameTpa CTBoJIa, IPUBEACH Ha puc. 1.

Pasmepbl kpyroB Ha pUCYHKE MPOIMOPIIHOHAIB-
HbI IUaMeTpaM CTBOJIOB Ha BbicoTe 1.3 M (d, 5).

B 01HOBO3pAaCTHBIX COCHOBBIX HAaCaXJIEHUSIX
NPOAaHAJIM3UPOBAHBI JIaHHBIE, MOJYYECHHBIC HA TIIL.
[IpoBeneHHBI aHAMW3 MOKa3al HAIWYUE TECHOU
CBSI3M MEXKJy TUAMETPaMHU CTBOJIOB, a TaKXKe MpH-
POCTOM 110 UAMETPY C pasmMepoM . Jlist usyde-
HUS 3aBUCUMOCTH d, 5 OT S, MCTIOJB30BAJIUCE JIaH-
HBIC 110 HAaCAXKJEHUSIM B Bo3pacte 37 neT (mm 5-7).
Takoii BbI00p 00yCIIOBIIEH TE€M, UTO TUAMETpP CTBO-
Ja OTpa)kaeT KyMYJIATHUBHBIN 3PQeKT pocra aepe-
Ba B 3aBUCHMOCTH OT JOCTYITHOTO JUIS €r0 pocCTa
pecypca, KOTOpPBIA MPAKTHUECKH HE MEHSUICS 10
37-neTHero BO3pacTa, IMOCKOJIBKY Ha JTUX III HE
IPOBOAUIOCH pyOOK. C MOMOIIBIO PErPECCUOHHOTO
aHaJIM3a BBISBJICHA CIEAYIOIas 3aBUCUMOCTh JlMa-
METpa CTBOJIA OT S :

d,=5.63+1.94xS,: RR=079.  (2)

Peakuus nepeBbeB Ha pyOKy M3ydasiach 10 -
HaMHUKE TOJUYHOTO paJHajbHOrO MPHUPOCTa CTBO-
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PanmanbHBI IPUPOCT, MM/TOZ

1983

1984
1985 1
1986
1987
1988
1989
1990
1991+
1992
1993 1
1994

1995

1996
1997 1
2001+
2002
2003
2004
2005
2006
2007
2008
2009 -

Ton

Puc. 2. PaguansHbli PUPOCT HA KOHTPOJIBHOM y4acTKe (/) M ydacTKe, TpOoiIeHHOM

pyoxotii (2).

JI0B. {7151 ATOTO MCHOJB30BAIIMCH AAHHbBIC M 5—7,
Ha KOTOPBIX TMPOBOAMINCH PyOKu B 37- u 47-net-
HEM BO3pacTe ¢ MHTCHCUBHOCTBIO PyOKH I10 3aracy
15 1 29 % coorBeTcTBEHHO. B Ccriennix HacaXaeHu-
X Ha NI 9 UHTEHCUBHOCTH PyOKH, POBEICHHOMN B
Bo3pacte 105 net, coctaBuna 20 %, na i 10 ans
nepeBbeB B Bo3pacte 110 met — 35 %, a va nm 11
B Bo3pacte 110 net —50 %.

Ha puc. 2 npuBeieHbI JaHHBIE 110 PaIUAIEHOMY
MIPUPOCTY: JUISI MOZETBHOTO JIEPEBa B OTCYTCTBHUE
9K30T€HHBIX BO3JCUCTBUN (KOHTPOJIb) W JJISL Jie-
peBa Ha 1 6, y KOTOPOro B pe3ynbTrare pyoku S,
yBenuumiach Ha 1.5 M?. B TedeHUM HECKOJIbKHX
JeT mociie pyOKH, HauMHas CO CIEAYIOIIEro roja,
MIPOUCXOUT YBEIMUCHHE MPHUPOCTA 110 TUAMETDY.
[Ipu u3y4eHuu mpupocTa Mo AUaMeTpPy BBISIBIICHO,
YTO OH 3aBUCHUT OT YBEIMYCHHUS ILIOUIAN O0JIACTH
nomuHupoBaHus (dS) mocne pyoku. [Ipu 3HaueHNN
dS> 1.5 m? paanansHbli mpupocT yBenuamics ¢ 0.9
1o 1.7 mm/rox, ipu 1.5 > dS > 0.5 m> — ¢ 0.7 o
1.3 mm/ron, a st dS' < 0.5 M2 — ¢ 0.6 70 0.9 mm/Top.

KonnuecTBo pecypca, TOCTYHMHOTO A KasKao-
TO JIepeBa B JPEBOCTOE, BIUSET HE TOJIBKO HA POCT
M0 JMaMEeTpPy CTBOJA, HO U Ha BCE JPYrHe KOMIIO-
HEHTHI JiepeBa. DTO XOPOIIO 3aMETHO Ha MpHUMepe
kpoH (O’Hara, 1988). B HacakIeHUsIX ¢ BBICOKOM
I'YCTOTOH Xopolo mnpossisercs auddepeHunanys
0 CTENICHH Pa3BUTOCTH KPOH, €€ MPOTSHKEHHOCTH
cTereHn oxBoeHus. Jlake B OAHOBO3PACTHOM JIpe-
BOCTOE MOXKHO BCTPETUTH JEPEBbsI BCEX KIACCOB
no Kpadty. DHIOreHHBIE U 9K30TeHHBIE (DAKTOPHI
OKAa3bIBAIOT BJIMSIHUE HE TOJBKO HA JIUAMETP CTBO-
Ja ¥ ero MpHUpoCT, HO U Ha (HOpPMHUPOBAHUE KPOH,
MO3TOMY OXKHIAEeMO, UYTO PYOKH yXoJa MPHUBOIAT K
M3MEHEHHUSM B (popMe KPOH U IUIOIIAAN UX MPOEK-
LIUM BCJICJCTBHE YBEIHUYEHHs JOCTYITHOTO pecyp-
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ca W ymyuuieHus ycnoBuid pocra (Borisov, Ivanov,
2019).

Jlns u3ydeHus BIUSHHUS KOJIMYECTBA OCTYII-
HOTO pecypca Ha (hOpMHPOBAHUE KPOH HCIIOJIB30-
BAJIMCh ChEMKA, CJICIaHHAsl C IIOMOIIBIO0 OECITHIIOT-
Horo netartenbHoro anmapara (BITJIA), u nannbie
KapTupoBaHus mil. Ilmomanu mpoekiuii KpoH S,
U COMKHYTOCTb MOJIOra OIpPEIESUINCh METOI0M
GIS-texHonoruii ¢ MCHOIL30BAaHUEM IPOTPAMMBI
ArcMap. Ha puc. 3 npuBeneH ¢pparMeHT UCCIIEIy-
€MOro y4acTKa, Ha KOTOPOM ITOKa3aHO pa3MeIleHHe
JIepEBBEB, PACIIOIOKEHNE KPOH OTHOCUTENBHO TO-
noxeHus cTBosioB U rpanuiel O, JluameTpsl Kpy-
TOB MPONOPLUUOHAIBHBI 3HAUEHUSM d, 5.

Puc. 3. ®parmeHT nm 6 cpeHEBO3PACTHOTO COCHOBOTO
JIPEBOCTOSI.

1 — KOHTYPHBI KpOH; 2 — TPaHMIBI 00IacTeil TOMHHHPOBAHYS,
3 — MONOKEHUE CTBOJIOB JIEPEBBEB.
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[IpoBeneHHbIN perpecCMOHHBIN aHalU3 M03BO-
JWI TIONYYUTh YPAaBHEHHE, OIMCHIBAIOLIEE CBS3b
MexIy S, 1 Sop:

S, = 0.655+0.345 x S5 R =0.84.

WccnenoBanus mokasanu, 4To B yCIOBUSX KOH-
KypEHIMH 32 JOCTYIHbIA pecype S, TECHO CBA3a-
Ha ¢ TEMIIaMH POCTa JepeBa, U €€ UCII0JIb30BaHHUE B
Ka4eCTBE OLIEHKH JOCTYITHOTO pecypca P B ypaBHe-
Hun 1 ob6ocHoBano. HemocpencTBeHHO camMa UMU-
TallMOHHAs MOJCNIb peain3oBana Ha si3bike Object
Pascal B Delphi. B pamkax 3Toii mporpaMMbl Ipou3-
BOJIUTCS T€HEepaLus yJacTKa JPEBOCTOS C 3aJaHHbI-
MU TTapaMeTpaMH, COOTBETCTBYIOIIMMHU XapaKTePH-
CTHKaM Hu3y4aemoro o0bekra. [IockonbKy nepeBbs
Ha y4YacTKe UMEIOT Pa3JInyMsl B TEMIIaX poCTa, Mpo-
UCXOIUT OTMma, npoBosTcs pyoku u O/l nepebeB
MEHSIOTCS, TO TepepacdyeT 3HAYCHUU TUaMETPOB
CTBOJIOB U COOTBETCTBYIOIICH STUM JEPEBBSIM S
MPOBOJWIIMCH C UHTEPBAJIOM B ouH Tof. [Ipupoct
M0 AMAMETPY BBIYMCISIICS B COOTBETCTBUH C ypaB-
HeHueM 1. Meronuka W ajaropuTMbl BBIYHUCIICHMS
3HAYEHUN SO)1 U IUIomaau cBodoxHoro pocra (S)),
HEOOXOIMMBIX SISt MOJISITUPOBAHNS, OITMCAHBI B pa-
6ore A. H. bopucosa u coasr. (2019). Ha xaxnom
mare MOJEJIMPOBaHUsl JaHHbIE MO XapaKTEepPUCTHU-
KaM Ka)JI0T0 IepeBa, BKIIIOUasi 3HaAYEHUs S, 3aHO-
CHJTUCH B 0a3y TaHHBIX, HCTIONB3Ys KOTOPYIO aHAJIH-
TUYECKUH OJOK MPOrpaMMBbI MO3BOJIIET TPOBECTH
CTaTUCTUYECKUI aHAJIU3 MO JI0O0MY BpPEMEHHOMY
nuarnasony. ['paduyeckuii 610k mporpaMMsbl mpen-
HAa3HAueH JUIs BU3YaIU3allK JaHHbBIX 110 JUHAMUKE
TeX WJIM WHBIX XapaKTePUCTHK, & TAKXKe TO3BOJISIET
BBIBOAMTD B Ipa)nIeCcKOM BUJIE CXEMY pa3MEIICHHS
JIEPEBbEB Ha YYaCTKE M COOTBETCTBYIOIME UM Ipa-
Hunsl O/,

[Ipy UMUTAIIMOHHOM MOACTUPOBAHUN POCTA
BepHU(UKAIHS MOJENIN OCYIECTBISIIaCh HA OCHOBE
JTAaHHBIX, TIOJTYYCHHBIX Ha MPOOHBIX TUIOMAnAX. Pa3-
MEep MOJEIUPYEeMOro yyactka coctapiisut 40 x 40 m
Ha MECTHOCTH. B mpouecce MonennpoBaHus reHe-
PUPOBAINCH UCXOJHBIC PEATTU3ALMHU CO CIYYaHBIM
pa3MeIlIeHUeM JIEPEBbEB, TYCTOTa MPU 3TOM COOT-
BETCTBOBAJIA TYCTOTE Ha I B 33JJaHHOM BO3pacTe,
a pacnpeziesieHue CTBOJIOB MO CTYHEHSIM TOJIIMHBI
COOTBETCTBOBAJIO XapakTepucTukam mm. [lapa-
METpPbI MOJENIU NOAOUpAIUCh Takue, 4ToObl POCT
ocobell M OTmaj MPOXOAMIM TaK e, KaK ¥ Ha M.
MeTonoM MMHUTAMOHHOTO MOAETUPOBAHUS ITyTEM
BapbUPOBAHUS BEIOMPAJINCH 3HAYEHUS TaPaMETPOB,
IPH KOTOPBIX MPHUPOCT B MOJEITH COOTBETCTBOBAJ
JTAaHHBIM HAaTYPHBIX UCCIIEIOBAHUHN Ha MI1. 3HaUE€HUE
MacmrabHoro ko3ddunuenra k, 6panoch Takum,
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9TOOBI COBMAAANl CPEAHETO0OBON TPHPOCT Jepe-
BbEB B MOJIEJIM U Ha III.

J1J1s YUCTBIX 110 COCTAaBY COCHOBBIX HACAKICHUIA
C HCHOJIb30BaHUEM IPEUIOKEHHON MOJEIH TOJTy-
YyeHa JAMHAMUKa T'yCTOThl HACaXJEHUs, TOAUYHOIO
NpUpOCTa MO JUAMETPy CTBOJIA, AUAMETpa CTBOJIA
Ha BbicoTe 1.3 M U 3amaca CTBOJIOBOM JAPEBECHHBI.
Jlng cpaBHEHMsI MCIIOJB30BaHbl AAHHBIE JUIS T1OJI-
HBIX JIPEBOCTOEB B 3THX K€ YCIOBUAX MECTOOOUTA-
aus (ILBuaenko u ap., 2008).

Ha puc. 4 nanHble 1151 HOpMaJIBHOIO APEBOCTOS
MPEICTaBIECHbl KPUBBIMU .

KpuBbie 2 moka3bIBalOT AMHAMHUKY yKa3aHHBIX
HoKa3aresneil, MOJTy4YeHHBIX HpPU MOJAEIMPOBAHUU
B CIly4ae, Korjua S,; B MNPOLECCE POCTa COCTABIIA-
et 30 % or S, nepesa. Ilokazano (bopucos u ap.,
2019), uto B 3TOM ciydae nepeBbsi 3PPEKTUBHO UC-
HOJIB3YIOT JOCTYIHBIN pecypc, UMEIOT XOPOILo pas-
BUTYIO KPOHY M YCTOMUYMBBIA POCT MO JUAMETPY U
o0bemy crBona. Takue 3HaueHus S, obecneynsa-
0T KOMIIPOMUCC MEX/ly YBEJIIMYEHUEM NPUPOCTa I10
0o0beMy CTBOJIA 3a CUET JOCTYITHOTO pecypca U poc-
TOM 3amaca JpeBOCTOsS 3a CUeT OOJbIICH T'yCTOTHI.
KpuBsie 3 oTHOCATCS K CIIEHAPHIO CUCTEMBI PyOOK
yXoza 3a JiecoM, Korga ¢ Boszpacta 40 jer rycrora
JpeBocTos yepes Kaxple 20 JeT CHIKaeTcs 10 3Ha-
ueHui, obecrneunsaronmx Sq; B pasmepe 30 % or S,.

PaccmarpuBasi paHHble, NpUBOAMMBIE B Taod-
JUIAX XoJa poOCTa HOPMAJbHBIX JIPEBOCTOEB,
ClIelyeT OTMETUTh, YTO JPEBOCTOM MOXKET COOT-
BETCTBOBAThH I1OKA3aTENISIM, NMPUBEACHHBIM B 3THUX
Ta0IMLAX, TOJIBKO B HEKOTOPBIN MEPUOJ] CBOETO Po-
cra. B. B. Ky3smuuer (2013) ormeuarn, uro: «ape-
BOCTOM C PaBHOM Ha OIPEIENCHHOM JTalle pocTa
MOJIHOTOM 1O TUIOLIAAH CEUEHUs], HO C pa3HOM UcTo-
pueil pa3BUTHs, MOTYT B IajibHEHILIEM MOKa3aTh He-
CpaBHUMBIH X071 pocTay. Takum 06pazom, X0z pocTa
HOPMAJIBHOTO JPEBOCTOS PACCMATPUBAETCS 37€EChH
KaK IpUMep HEKOTOPOTro abCTPaKTHOTO JIPEBOCTOS,
U UCHOJB3YeTCs JUIsl CPAaBHEHUS ¢ HUM JUHAMHKH
pocTa MOAENBHBIX psiioB. B 3TOM ke kimroue pac-
CMaTpUBaEeTCs MOJENBbHBIN BapuaHt 2 (puc. 4, a),
B KOTOPOM I10JIPa3yMEBAETCs, YTO IMOCTOSHHO IMOJI-
JIEPIKUBAETCS TYCTOTA, 00ECTIeUMBatONIas S B pas-
mepe 30 % or S; nepesa.

[Ipy cpaBHEeHWM AWHAMUKH BapuaHTa 2, BH-
UM, 4TO B Bo3pacTe 20 JIeT TycToTa XOTSl U HUXKE
B 2.3 pa3a, yeM B HOPMaJIbHOM JPEBOCTOE, HO B
40 5iet, mpu MEHBIIEH I'yCTOTE B MOJIENH, MX 3aI1aChl
NPAaKTUYECKH CPABHSIIUCH. DTO OOBSICHSACTCS TEM,
410 B nepuon ot 20 10 40 j1eT oueHb BEJINKA KOHKY-
peHLus, U npu 6os1ee BBICOKOH I'yCTOTE 3TO NPHUBO-
JIUT K CYIIECTBEHHOMY OCIIa0JICHUIO B 1IEJIOM Jiepe-
BbEB HEOOJIBIIIOTO THAMETPa U KPYTIHBIX 0CO0eH, H,

CUBUPCKUM JIECHOM XYPHAJL Ne 3. 2022
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I'ycrora, wit./ra

IIpupoct no nuamerpy,
MM/TOJ1

Juamerp cTBoJIa, CM

3arac, M/ra
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Bospacr, ner

—_——— ) —_—3

Puc. 4. Mopnens pocta AepeBbEB MPU PA3IHUHBIX CLHEHAPHSIX PETyIUPOBAHUS I'yCTOTHI

JIPEBOCTOCB.

KaK CJIEICTBUE, CHWKEHUIO NPUPOCTA MO AUAMET-
py. IlpupocT mo auameTpy B MOJENTH MpEeBbIIIAI
TaKOBOH I HOPMaJIbHOTO ApeBocTos (puc. 4, 6) B
TeueHue Bcero nepuona ot 20-1eTHero Bo3pacra 10
90 net. [lanee B 9TOM clieHapuu 3amac JPEeBOCTOS
M0 MOJIENIU MOCTOSTHHO YBEJIMYMBAETCS BILIOTH J0
817 m*/ra B Bo3pacrte 120 et mpotus 596 st HOp-
MaJIbHOTO JIPEBOCTOS.

CUBUPCKUI JIECHOU YKYPHAJL Ne 3. 2022

Cuenapuii Bapuanrta 3 mpeycMaTpuBaeT Mmpo-
BezieHue pyook kaxkzapie 20 set, HaunHas ¢ 40-neT-
HEero Bo3pacTa. HTEHCUBHOCTb pa3peKUBaAHUS
JPEBOCTOsI AeaeTcs Takol, 4To0bI mocie pyOKu B
pesyibTaTe IepepacipesieneHus JIOCTYITHOIO pe-
cypca MexJly OCTaBIIUMUCS AE€PEBbIMU 00€CIIeUn-
Banach S, B pasmepe 30 % or S,. [Mocne xaxmoii
pyOKH TpPHPOCT MO AMAMETPy YyBEIMUYHMBAjJCA Ha
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1-2 MM/TOJ1, CHIKAsICh K MOMEHTY CJIeyIoIIeH pyo-
KM JI0 YPOBHS IPUPOCTA B HOPMAJILHOM JIPEBOCTOE.
WuTencuBHOCTh pyOOK cocTasisuia ot 27 10 49 %
TI0 3amacy, 4T0 B a0COTIOTHBIX 3HAUEHUSX J1aBajio OT
169 o 288 m*/ra. ITpu sToM K Bo3pacty 120 ser 3a-
ac CTBOJIOBOM JPEBECHHBI B BapuaHTax | u 3 mpax-
THYeCKH coBmajan (puc. 4, 2). Cienyer OTMETHTb,
YTO CpeaHui quameTp cTBoaa B 120 et cocTasiisn
JUIs HOPMaJIbHOTO ApeBocTos 38.5 cM, a s Mojie-
au (BapuaHt 3) —42.8 cm.

MeHsis B cLieHapHsX pyOOK X IEPHOTUYHOCTD U
WHTEHCUBHOCTH Ha PA3HBIX dTarax pocTa JIEPEBhEB,
MOKHO MOJI00paTh CUCTEMY PyOOK yXofa 3a JIECOM,
00eCrneynBaroIyI0 K BO3pPACTy CIEIOCTH HE TOIBKO
3a7laHHbIe XapaKTEPUCTUKHU JIPEBOCTOS, HO U HAanOo-
nee 3hQPEKTHBHOE HCIIONB30BaHUE JTOCTYITHBIX pPe-
CYPCOB Ha MPOTSHKEHUH BCETO MEPUOAA POCTA.

3AK/IIOYEHHUE

Hcnonp30Banne CHCTEMBI JI€COXO03SIMCTBEHHBIX
MEPONPUATHN MO3BOJSIET CYIECTBEHHO BIUATH Ha
(hopMHpoBaHUEe APEBOCTOEB HA PA3IMYHBIX 3TANax
ero pa3BuTHs. PerynmupoBaHue rycToThbl IpeBOCTOS
CHUKAET KOHKYPEHTHBIE OTHOIICHUS JI0 YPOBHS,
MpU KOTOPOM HE TPOUCXOIUT 3aMe/JIEHUE TEMIIOB
pocTa JIepeBbeB. XOTs MPHU IMOBBILIEHHONW TI'yCTOTE
MPOYKTUBHOCTD JPEBOCTOSI MOXKET OBITh BHICOKOM,
HO 3TOMY COIMYTCTBYET IMOHWXCHHAsI MPOU3BOIH-
TEBHOCTh COCTABIISIONIMX HACaXXIECHHE OCOOEH.
B cnydae HEOOXOAUMOCTH TONYYCHHS JIETOBOU
JIPEBECUHBI KPYITHBIX Pa3MEPOB I'yCTOTY JPEBOCTOS
CJIelyeT CHUXKATh, YBEJIMUMBAsI YPOBEHb JI0CTYITHO-
ro pecypca. B necax BogooxpaHHOTO Ha3HA4YCHMS,
pPEKpearmoHHbIX U Jp. BO3HUKAIOT aHAJIOTHYHBIC
npo0OaemMbl, TPeOYIOIIME MOUCKA KOMIIPOMHUCCHOTO
penrenus. 3ydeHue BIUsHUS pyOOK, UX HHTCHCHB-
HOCTH M TIEPUOIUYHOCTH Ha POCT JPEBOCTOEB Ha
OCHOBE HATYPHBIX MCCIIEJIOBaHUHN CBSI3aHO C 0OJIb-
IOW TPYAOEMKOCTBIO 3TUX pabOT U HEOOXOAUMO-
CTBIO TIPOBE/ICHUS UCCIICIOBAaHUI Ha OOJBIINX Bpe-
MEHHBIX MHTEpPBaJaX.

[Ipu pemenun Takux 3ajay HE3aMEHUMbIM MH-
CTPYMEHTOM SBJISIFOTCSI METOABl MOJIEIUPOBAHMUS.
[IpenyioxkeHHass WMHUTAIMOHHAS MOJETL POCTa
JICPEeBBEB HMCTIONB3YET IUIOMIAIL O0JIacTH JTOMH-
HUPOBaHMS B Ka4eCTBE OIEHKH pecypca, HeoOXo-
JIUMOTO JIJI 3TOTO. AHAJIN3 JIaHHBIX, MOJTYYECHHBIX
Ha TOCTOSIHHBIX TPOOHBIX TUIOMIASMX, 3aJ0XKCH-
HBIX B OJTHOBO3PACTHBIX COCHOBBIX MOJIOHSIKAX,
CPEIHEBO3PACTHBIX U CIIENBIX JPEBOCTOSIX, MOKa-
3aJ TECHYIO CBSI3b pPa3MEpPOB KPOH M MPUPOCTA IO
JIMaMeTpy CTBOJIA JEPEBhEB C IJIOMIALI0 00JIacTH
JIOMHUHHUPOBAHUS. DTO CBUACTEIBCTBYET O TOM, YTO
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TUTOMIA T 0OJIACTH JIOMUHHPOBAHHUS MOKET 000CHO-
BAaHHO TPUMEHATHCS KaK OIEHKa JOCTYIHOTO IS
JepeBa pecypca. [[ns Bepudukanmy MoJeau Hc-
MOJI30BAJIUCH JIAHHBIE MHOTOJIETHUX HAONIOEHUN
Ha TIOCTOSTHHBIX MTPOOHBIX TuTomaasx. Mmuramnmon-
HO€ MOJICTIMPOBAHME ISl OTHOBO3PACTHBIX COCHO-
BBIX HACAXJIEHUI MO3BOJUIIO ¢ Bo3pacta oT 20 1o
120 neT ¢ UHTEpBAJIOM B OIUH TOJ] IPOCIEAUTH JIH-
HaMUKY T'yCTOTBI JIPEBOCTOSI, TUaMeTpa CTBOJIOB U
€XKETOIHOTO MPHUPOCTA, a TAaK)Ke 3armaca CTBOJIOBOM
JpeBecuHbl. He MeHee ChIphEeBBIX BaKHBI SKOJIOTH-
yeckre (pyHKIMM Jeca (JICTOHUPOBAHUE YITIEpoa,
BOJIOOXPaHHbIC, MOYBO3AIIMTHBIE U Ap.). B cBsi3u
C OTUM KpPHUTEPHH ONTHMAJIBHOCTH TIPU BBHIOOpE
XO3AMCTBEHHBIX MEPONPUSATHI OyJeT 3aBUCETh OT
[EJICBOTO Ha3HaueHus Jieca. MMuUTanMOHHOE MO-
JIeTMPOBaHNE TIO3BOJISIET PACCMOTPETh Pa3IUYHbIC
CIieHapuu pyOOK, pa3Myaroniiecs: Kak MX MHTEH-
CHUBHOCTBHIO Ha pa3HBIX JTanax (OpMUPOBAHUS
JIPEBOCTOSI, TaK U TEPUOJUIHOCTHIO MPOBEICHUS
ATUX MEpOnpUATUNA. Takoil MOAX0HA MO3BOJSET AJIS
000N KaTerOpHH JIECOB BBIOPATh CHCTEMY JIECO-
BOJICTBEHHOT'0 yX0/la, 00eCIednBalolIyI0 Hanboee
MOJIHYIO PeaM3aIUIo 3aJ1ad 110 MHTEHCUBHOMY Jie-
COBBIPAIIIUBAHUIO.

Hccnedosanue 6blnoiHeHo 6 pamkax npoexkma
«Passumue nayuno-odopazosamenvrnoco Ilenmpa
MOHUMOPUHEA KIUMAMUYECKU AKMUBHBIX 8eUeCmE
(Yenepoo 6 sxocucmemax: monumopune) 6 pamrax
DedepanvHoll  HAYYHO-MEXHUYECKOU NpOcpaAMMbl
6 obracmu sKonocuveckozco pazeumusi Poccuti-
cxou Dedepayuu u KIUMAMULECKUX USMEHEHUL Ha
2021-2030 2000b1».
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SIMULATION MODELING OF THE GROWTH OF PINE STANDS

A. N. Borisov, V. V. Ivanov
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Akademgorodok, 50/28, Krasnoyarsk, 660036 Russian Federation

E-mail: alnik_borisov@mail.ru, viktor-forest1 954@yandex.ru

A simulation model of the growth of pine stands is proposed. The model, taking into account the competition for
the available resource, allows to calculate the increase in trunk diameter for each tree in the simulated area, as well
as to derive the taxation characteristics: stand density, completeness, stock of stem wood and make monitoring the
dynamics of all these indicators in increments of one year. The model takes into account the relative location of trees
in the tree stand, their size and the amount of available resource for each tree. The verification of the model was
carried out using the materials of long-term research on permanent research plots of young, middle-aged and ripe
stands. Several scenarios for the growing of pine stands are considered. The influence of cutting on the dynamics of
a number of taxation characteristics is studied. These are the average diameter the average diameter of the trunk and
the increase in diameter, the value of the average annual increase; the density of the stand; the stock of stem wood.
The proposed simulation model is an effective tool for studying the growing of stands and serves as an alternative to
time-consuming field studies, which are difficult to implement over long time intervals. Modeling allows studying
the impact of logging in forests for various destinations. It is possible to choose such a system of forest care activities
using the analysis of the dynamics of the main taxation indicators, which provides the most complete implementation
of the tasks of intensive reforestation by varying the intensity and frequency of cutting during modeling.
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