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BekoBble HUKJIBI PAAHAJIBHOIO PUPOCTA U )KU3HEHHOI'0 COCTOSIHUS
Ay0a dyepemryaroro B y0OpaBax 10:KHOM JiecOCTeNnH

H.®. Kanauna, kano. éuon. nayk; ResearcherID: L-9480-2013

ORCID: https.//orcid.org/0000-0001-5999-700X

Hucturyt necosenenust PAH, yin. Coserckas, a. 21, /o Yenenckoe, MockoBckast 00:1., Poc-
cust, 143030; kaplina@inbox.ru

Ilocmynuna 6 pedakyuio 30.08.23 / Odobpena nocie peyensuposanus 23.11.23 / Ipunama x nevamu 25.11.23

Annomayusa. PaguanbHbli IPUPOCT CTBOJIA CTAPOBO3PACTHBIX JEPEBbEB AyDa depenryaTo-
ro MOXET ObITh UCTOYHMKOM MH(OpMaIKK 00 UX POCTE U Pa3BUTHU HA 3aKIIOYUTEIHHOM
JTarne KU3HU U O NMOTEHIIMaje OJIroBeYHOCTH. [lenp uccnenoBanus — oreHKa )KU3HEHHOTO
COCTOsSIHUSI y0a B OHTOreHE3e Ha OCHOBE aHalM3a BEKOBOH IUKJINYHOCTH PaAHaIbHOTO
npupocra crBosia. OObEKThI — IPYIIIIBI IEPEBbEB, PA3IHMUYAIOIINXCS 110 JMHAMUKE Pa3BUTHS
KpoHbl, B 90- u 270-neTHuX HaropHsix U 130- u 230-1eTHUX OWMEHHBIX 1yOpaBax Teep-
MaHOBCKOT0 o1bITHOTO JiecHnuectBa PAH. [IpupocTsl n3MepeHs o n300paxeHusIM KepHOB
CTBOJIa, OTCKAaHUPOBAHHBIX Mpu paspemrenuu 1200 dpi. dKusHeHHOe cocTosiHUIE Ay0a Xapak-
TEePU30BaAJIN IO IPUPOCTY PaHHEH APEBECUHBI U €T0 CBA3H C Pa3BUTHEM KPOHBL. BhineneHs
BEKOBBIC LIUKJIBI PAAHaIbLHOTO IPUPOCTaA, O0YCIIOBICHHBIC PA3BUTHEM U CAMOM3PEKHBAHU-
eM ipeBocToeB. B HaropHbIx 1yOpaBax, BO300HOBHBIIMXCS Ha BEIPYOKax, 1-51 BETBb IIMKJIA —
HUCXOJIAIIasA, B MOMMEHHBIX, HAYABIIUX POCT MOA MOJIOroM, — Bocxofsmas. IlepBas BeTBb
BEKOBOTO IIMKJIa MPOIOJKAeTCs A0 Bo3pacta ayba 150-170 met, 2-s — go 200-250 rner.
Koa¢pdunmenTs! Bapualuy paguaibHOrO IPUPOCTA PAaHHEH U MO3IHEH JpeBECUHBI H3MEHSI-
I0TCSA B IIpeienax cOOTBeTCTBEHHO 15-37 u 34-75 % u B 3HaUUTENBHON Mepe 3aBHUCST OT Be-
KOBOH ITUKINYHOCTH. [TorydyeHHbIe pe3ynbTaTsl CBUACTEIBCTBYIOT O IPUOPUTETE PA3BUTHS
KPOHBI HaJl pOCTOM CTBOJIa B JMHAMMKE BEKOBOTO IMKJIA. Tak, HA HUCXOAAIIUX BETBIX LU-
KJIOB OTHOCHUTEJIBHOE CHIKEHHUE ITPUPOCTA MO3AHEH APEBECUHBI 3HAYUTEIBHO OONbIIE, YeM
panHeii — B 1,2-3,8 pa3a, a Ha BOCXOSIINX €r0 OTHOCUTENILHOE YBEJIMUEHHUE BBIIIE TOIHKO B
1,0-1,7 pa3za. Ilpu nepexoze ot 1-i ko 2-if BeTBU BEKOBOTO ITMKJIA CPEIHHUHI IPUPOCT paHHEH
JIPEBECUHBI B TPEBOCXOAAIIEM KOJTMYECTBE CIIy4aeB YBEINYHMIICSA, & COOTHOIICHHUE CPEHEr0
HIpUpPOCTa MO3IHEHU U PaHHEH APEBECUHBl CHU3UIIOCh. B BEKOBOM LIMKJIE MAKCUMAJIbHOE U3-
MEHEHHEe NMPUPOCTa paHHEH IpeBecHHBI paBHseTCs mupuHe 1 paga cocynoB. CoBpeMeHHOE
KM3HEHHOE COCTOSIHME M3yUYCHHBIX CTApOBO3PACTHBIX JAYOOB OLIEHEHO KaK YJOBJIETBOPH-
TeJbHOE. B yCIOBUSIX MEHBIIEro MOPaXXeHUsI THUIISIMH JIOJITOBEYHOCTH Jy0a 4epenrdaToro
Mor1a Obl OBITH 3HAUYUTEIIBHO BBIIIIC.

Knrouegwie cnosa: ny6d uepenryarblid, MpUPOCT PaHHEH JPEBECHHBI, MPUPOCT MO3IHEH Jipe-
BECHHBI, IPUPOCT CTBOJIA, BEKOBAsI LIUKIMYHOCTh, PA3BUTHE KPOHBI, )KU3HEHHOE COCTOSIHUE,
JIOJITOBEYHOCTh

© Kammna H.®., 2025
Crarbst OITyOIMKOBaHA B OTKPBITOM JIOCTYIIE U pacnpocTpanseTcs Ha ycnosusx nunensuun CC BY 4.0
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Secular Cycles of Radial Increment and Vitality of English Oak
in the Oak Groves of the Southern Forest-Steppe
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Abstract. Radial increment of the stem of old-growth English oak trees can be a source of
information about their growth and development at the final stage of life and longevity poten-
tial. The aim of the study has been to assess the vitality of oak during ontogenesis based on
the analysis of the secular cyclicity of the radial stem increment. The objects have been groups
of trees differing in crown development dynamics in 90- and 270-year-old upland and 130- and
230-year-old floodplain oak groves of the Tellerman Experimental Forestry of the RAS. The
increments have been measured from the images of stem core samples scanned at 1200 dpi.
The vitality of the oak has been assessed by the early wood increment and its relationship with
the crown development. The secular cycles of radial increment caused by the development
and self-thinning of stands have been identified. In upland oak groves that have regenerated in
clearings, the first branch of the cycle is descending, in floodplain oak groves that have begun
to grow under the canopy, it is ascending. The first branch of the secular cycle continues until
the age of the oak tree is 150—170 years, the second — up to 200-250 years. The coefficients
of variation of the early and late wood radial increment vary within the range of 15-37 and
34-75 %, respectively, and largely depend on secular cyclicity. The results obtained indicate
the priority of crown development over stem growth in the dynamics of the secular cycle.
Thus, on the descending branches of the cycles, the relative decrease in the late wood in-
crement is significantly greater than that of the early wood — by 1.2-3.8 times, while on
the ascending branches its relative increase is only 1.0-1.7 times higher. During the transition
from the Ist to the 2nd branch of the secular cycle, the average early wood increment has
increased in the overwhelming majority of cases, while the ratio of the average late and early
wood increment has decreased. In a secular cycle, the maximum variation in the early wood
increment has been equal to the width of a row of vessels. The current vitality of the studied
old-growth oak trees has been assessed as satisfactory. Under conditions of lesser rot damage,
the longevity of the English oak could have been much higher.

Keywords: English oak, early wood increment, late wood increment, stem increment, secular
cyclicity, crown development, vitality, longevity

For citation: Kaplina N.F. Secular Cycles of Radial Increment and Vitality of English Oak
in the Oak Groves of the Southern Forest-Steppe. Lesnoy Zhurnal = Russian Forestry Journal,
2025, no. 2, pp. 9-23. (In Russ.). https://doi.org/10.37482/0536-1036-2025-2-9-23
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Beeoenue

CrapoBo3pacTHBIE JIECOCTEIHBIC TyOpaBbl — YHUKAJIbHBIC MAMSITHUKA IPUPO-
JIbl, COXpaHUBLIMECS ONlarofapsi CEMEHHOMY MPOUCXOKACHUIO, OJIaroNpUsTHBIM Jie-
COpACTHTEIHHBIM YCIIOBUSIM U OXPAaHHOMY pexxuMy. B HacTosiiee BpeMsi OHH CHIILHO
0CIJTabJieHB! ¥ IOCTHIIIH MPENEIHHOTO BO3pacTa cymecTBoBanus [12].

Nzydenue pocra u pazBuTus TyOpaB OOBIYHO OTPAaHMYMBAETCS BO3PACTOM
crenoctTu. Mexay TeM aHaju3 paJaualbHOTO MPUPOCTA CTAPOBO3PACTHBIX JIEPEBHEB
MO3BOJISIET M3YYHUTh POCT U Pa3BHUTHE Jy0a 4eperrdyaroro Ha 3aKIIFOUYNTEIIEHOM dTarle
OHTOTEHE3a M OI[EHHUTH MOTEHITHAI €T0 JTOJITOBEYHOCTH.

JII/IHaMI/IKa KU3HCHHOCTU JICPEBHEB ITOMUMO KPATKOBPEMCHHBIX BKIIFOYACT U
JoJroBpeMeHHble u3MeHeHus [1, 16]. B npenpinyineli pabote 000CHOBaHO Ipe/-
CTaBJICHHE O JKU3HEHHOM COCTOSTHHM JIepeBa Kak COBOKYIHOCTHU JIOJITO-, CPEAHE- U
KpPaTKOBPEMEHHOW COCTABISIONINX (110 JJIUTETLHOCTH BOCCTAHOBIICHUS CKEJIETHBIX
ocell KpOHBI, OCEeH BETBIICHUS, OOMUCTBEHHBIX 1T0OETOB). VIX MHAMKATOpaMH CITyKatT
COOTBETCTBYIOIIUE ITUKIIBI IpUpOcTa panHel npesecuns! (PIl) crBona [7] — mokaza-
TeJIs, OTPaXKAIOIIEro pa3BUTHE KPOHBI 1y0da [5].

Lens mccnenoBaHus — OIEHKA KU3HEHHOTO COCTOSHHSA Jy0a Yepernrdaroro Ha
Pa3NMUYHBIX ATarax €ro OHTOreHe3a Ha OCHOBE aHAJIN3a BEKOBOW MUKIMYHOCTH PajIv-
anbHOTO TpupocTta P/ mo3nneit (I1/1) apeBecuHbl cTBOMIA B CTAPOBO3PACTHBIX U OoJiee
MOJIO/IBIX HArOPHBIX U MOMMEHHBIX AyOpaBax Ha FOXKHOM rpaHwmIle Jiecoctenu Poccum.

Obwvexmul u Memoowvl UCCILe008AHUS

HUccnenoBanue nposeaeHo B AyOpasax TesiepMaHOBCKOTO OIMBITHOTO JICCHU-
9YeCcTBa, PACIIOIOKEHHOTO Ha I0KHOM rpanuLe ecoctenu Poccun.

HaropHbie CHBITEBO-0COKOBBIE AyOpaBbl IPEUMYIIECTBEHHO CEMEHHOTO TIPO-
UCXOXKICHUST cPOPMUPOBAHBI 1yOOM To3HEH GpeHoGopMel, | knacca OoHuTeTa:

cTapoBo3pacTHas JyOpaBa eCTECTBEHHOIO NpPOUCXOkIeHHst (KB. 15,
51°21'3" c. m1. 41°57'49" B. n.). I3y4eHHbIe nepeBbs 1y0a OTHOCSTCS K OJHOMY IT0-
KOJICHHIO, BO30OHOBHBIIIEMYCst okoito 1750 r;

KyIBTYpBI 1y0a 90-1eTHero Bo3pacTa, co3manubeie B 1932 1. moceBoM Ha BBI-
pyOxe (kB. 6, 51°20'53" c. m1. 41°58'35" B. 11.).

[oliMeHHBIE JIaHABIIIEBO-EKEBUYHbBIE AyOpaBbl €CTECTBEHHOTO, MPEHMYILe-
CTBEHHO CEMEHHOTO MPOUCXOXICHUsI C(HOPMHUPOBaHbI TyOoM paHHer (eHo]OopMEI,
II xkmacca Oonwmrera:

crapoBo3pactHas qyopasa (51°20'00” c. m1. 41°59'01" B. n1.). MccnenoBannbie
JIepeBbsl OTHOCSTCS K OAHOMY ITOKOJIEHHIO, BO30OHOBHUBIIEMYcst 0koji0 1790 r.;

nyopaBa 130-meTHero Bo3pacrta, Bo3oOHOBHBIIAsics okomo 1890 r. (xB. 47,
51°19"28" c. m1. 41°58'23" B. 1.).

Ucxonnrie Bpemenusbie psaasl npupocta PII u I1/] u ero 7—60-1eTHSS TUKITNY-
HocTh B 90-neTHeit HaropHoit u 130-1eTHei noiiMeHHoH TyOpaBax OnucaHsl B [6, 7).

B crapoBo3pacTHBIX nyOpaBax OTOOpaHBI KepHBI O3 THHJICH, BKITFOYAIOIINE
MIPUPOCTHI OT KaMOWS 0 CEP/IIIEBUHBI CTBOJIA HA BRICOTE 1,3 M: B HaropHoit 270-1eT-
Helt nyOpase y 9 nepeBbeB jy0a II-11I knaccoB pocra u pazsutus o Kpadry, B noii-
MmenHoi 230-nernet — y 3 ayoos Il knacca. B 90-netneit naropuoii u 130-netHeit
NOWMEHHOM yOpaBax MCHOIB30BAJIM PaHEE MOITyUYCHHbIE JaHHBIC IO pajiuabHOMY
npupocty 3 rpynn aepesneB (1o 10 nepeBbeB B rpymme) coorBercTBeHHO [-11, 111 1
IV knaccos.
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KepHBI B CBIPOpACTYIIEM COCTOSIHUHM JIMOO MOCTIEe BBIIEPKUBAHUS B BOJIC HE
MeHee 1 "aca (10 MOCTOSHHBIX Pa3MEpPOB PaAMaIbHOTO NPHUpPOCTa) 00paboTaHbI
JIC3BUEM M OTCKaHHUPOBaHbI Iipu pasperineHun 1200 dpi (pasmep mukcens = 0,02 Mm).
upuHy OpUPOCTOB U3MEPSUIM C MOMOIIBI0 KOMIIBbIOTEpHON mporpammbl GetData
Graph Digitizer 2.24. IlepekpecTHOe AaTUPOBAHUE MPOBOJWIA BH3YaJIbHO IIO
npupocty [1]], mockonbKy uisi 00BEKTOB UCCIEIOBAHUS XapaKTepHA €ro BBICOKas
CHHXPOHHOCTB y J€PEBbEB BCEX KIJIACCOB POCTA U Pa3BUTHS, BHINAJACHUS FOAMYHBIX
KoJIell He 3a()UKCHPOBAHO.

Jlyis BBIYMCIIEHUI MCIOJIB30BaIM MporpaMMHubie makeTsl Excel u Statistica.
Paznuuust 1peBocToeB U TPy IEPEBLEB 110 IapaMeTpaM BEKOBOTO LIUKJIA OLIEHUBAIIH
C TIOMOIIIBIO JMCTIEPCHOHHOTO aHalln3a Ha ypoBHe o = 0,05.

JKuznennoe cocrosinue 1yba B BEKOBOW AMHAMUKE ONPEIEIISUIN 10 Pa3BUTHIO
KpoHbl. OTMe4anu 3 THMa pa3BUTHS KPOHBI B COOTBETCTBUH C OPUTHHAIBHON
METOANKOH 8], koTopble naeHTHGUIIpoBaIn 1o mupuHe npupocrta P/ [5]: nepeBbs
JYYILIEero Pa3BUTHUs — PACKUANUCTOrO TUMA KPoHb! (P) — MMEIOT mupuHy roANYHOrO
konbiia PJ] Gonee 0,8 mm; nmepeBbst 30HTHKOBHAHOTO Thma (3) — 0,4-0,8 mwm;
y3kokpoHHOTO THma (Y) — 10 0,4 MM.

Pesynomamer ucciedosanus u ux oocysicoenue

[pupoct I1]] BHOCHT Hau®oNMBIINI BKJIa1 B pOCT CTBOJA JIEPEBa, B TO BPEMs
kak rpupoct Pl 00ycnoBnmBaeT pa3BUTHE KPOHBL. VICXOMHBIE BpEMEHHBIE PSJIBI Pa3-
Butus PJI u [1]] ctapoBO3pacTHBIX JIepeBbEB Jiy0a Mpe/icTaBICHbI Ha puc. 1.
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Puc. 1. Bpemennsie psasl paguansaoro npupocta PJI (a, 6) u I1/1 (6, 2) nepeBbeB
B CTapOBO3PACTHBIX HATOPHOU (@, 6) U MONMEHHOI (8, 2) TyOpaBax
Fig. 1. The time series of early wood (a, 6) and late wood (6, ) radial increment
in old-growth upland (a, 6) and floodplain (s, ) oak groves

B 270-netnelt nyopase nuHamuka paguansHoro npupocta P u [1]] Bximtodaet
2 MakCUMyMa U MUHUMYM M€y HUMH ITPOAOIDKUTEILHOCTBIO TI0 HECKONIBKO 10-11e-
tuit. [lepBoiii MakcuMym Oonee BelpakeH B mpupocte I1J1. Ilocienyromee moutu
100-neTHee CHMKEHHE MPUPOCTa 3aKOHOMEPHO JUIS JepeBbEB (BO3PACTHOH TPEHN)
BCJIEACTBUE KaK allMKaJIBHOIO JTOMHHHUPOBAHMS BO BpeMsl OBICTPOrO pocTa, Tak U
KOHKYPEHTHBIX OTHomIeHuH. i ;1y0a Ha OTKPBITOM MECTE CBOMCTBCH MEHEE BbI-
paxkeHHbIH Bo3pacTHOU TpeHA [22]. Kpome Toro, MHOroJ€THEE CHUKEHUE MTPUPOCTa
OUYEBMJIHO YCHUIIWIIOCH ¢ cepeinHbl XIX B. B CBSI3U € MOBBIIIEHUEM CyXOCTH KJIMMATa
[10], maccoBoe ormupanue 1yopas ¢ 90-x rr. XIX B. mpogomkanock okoio 20 et
[2]. Bropoit MmakcumyMm Oostee BeIpakeH B ipupocte P 1 00ycioBnen 3aBepiieHnemM
pocTa 1o BhICOTE M Pa3BUTHEM KpOH B pa3pexkeHHoM mosore. [lepron maccoBoro
ycbixaHus ny0a ¢ koHIa 60-x . XX B. HE TIpepBall BEKOBYIO TWHAMHUKY IPUPOCTA,
HO, BO3MOXKHO, OCJIA0MJI €T0.

B noitmennom npeBocTtoe 1-if MakcUMyM OTMeUY€eH Tonbko B npupocte [1/1, u
OH 3HAYUTEIILHO MEHEe MPOIOJDKUTEIBHBIN, YeM B HAaTOPHOU MyOpaBe. YBenmueHne
npupocta Pl u [1/1 Haunnaercs nocie 90-neTHero Bo3pacra, IpuueM OHO OoJiee BbI-
paxXeHo 0 CPaBHEHHIO CO 2-M MaKCHMYMOM B HATOPHOM ITyOpase.
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Paznuuusi BeKOBOM JAMHAMHMKH NPHPOCTA HATOPHBIX M MOWMEHHBIX ayOpaB
OOBSICHSIFOTCS YCJIIOBUSIMU MX HAdaJbHOTO pocTa. HaropHeie npeBocTton BO300OHOB-
JISTUCH Ha BBIpYOKax [14], MOWMEHHBIE — TIOJ] TTOJIOTOM TPEIBIAYIIETO TTOKOJICHUS
ny6Oa [3]. M3BecTHO, 4TO JUIMHHOBOJHOBBIE KOJIEOAHUsI MPUPOCTA MOTYT OTpaXkaTh
KoJieOaHus MJIOTHOCTH JIPEBOCTOEB, BHI3BAaHHBIE KaK €CTECTBEHHBIMHU MPHYMHAMH,
B T. 4. CMEHOH MoOKoJieHu#, Tak u pyOkamu [3, 15, 18, 19, 21, 22]. OueBugHO, YTO
MIPUYUHAMH BBISBIIEHHBIX BEKOBBIX IIUKJIOB B IyOpaBax SBISIOTCS a) XapakTep pocTa
Y Pa3BUTHS — OBICTPBIM POCT 1O BHICOTE Ha |-i BETBM IIMKIJIA, CHI)KEHHE €T0 NHTEH-
CHUBHOCTH B CEpEIMHE U 3aBEpILECHHE Ha 2-i BETBU U 0) KOHKYpPEHTHBIE OTHOLICHUS U
CaMOM3PEKUBAHUE B IOKOJICHUSIX U MEXy HUMU.

B 270-netHeli HaropHO# TyOpaBe BBIACICHO 3 TPpyNIlbl AepeBbeB (puc. 1, a, 0):
C TIPUPOCTOM B mepBhIe 80 JIET )KUZHU BBIIIEC CPETHETO (TEMHO-3€JICHBIC IMHUH ), CPEII-
HUM (CBETJIO-3€JICHbIC) M HWKE CperHero (KopuuHeBble MTuHHUN). B 230-eTHeli moii-
MEHHOH JTyOpaBe JepeBbsi 00bETMHEHBI B OJTHY TPYIITy. XapakTepUCTHKU TPYIIT MPH-
Be/IeHBI B Ta0OI. 1, Tpynmbl 0003HAYEHBI 110 MEPBBIM OyKBaM THUTIOB Pa3BUTHS KPOH B
9KCTpEMyMax BEKOBOTI'O IIMKJIa. BpeMeHHbIe psiibl IpUPOCTa MOTyYalll Kak CpeJHHE MO
JIEpEeBbSIM, TUAMETP CTBOJA €3 KOPBI — KaK YABOSHHYIO CyMMY TOJMYHBIX TIPUPOCTOB.

Tabnaumna 1
XapakTepuCcTUKH U3YYeHHBIX IPYII AepeBbeB 1y0a
The characteristics of the studied oak tree groups
JTyGpassi Bo3pacr, I'pynna UYucno nepeBbeB Cpenuuii inamerp 63 KOpbL, €M

JeT JICpeBLCB B Ipynmne B Bo3pacre 80 et | B 2014-2017 .
P-3-3 2 44 84
270 3-3-3 3 27 78
3-V-3 4 19 60

Haropusie
P-P 10 42 42
90 P-3 10 32 32
3-vy 10 23 23
230 3-P-P 3 35 87
. P3-P 10 35 52
[TolimenHbie

130 3-3 10 27 39
V-3 10 22 33

B cambix crapeix u Oonee MoompIX AyOpaBax CpemHHE IUaMeTphl CTBOJA B
rpyMIax JepeBbeB CXOJHOTO pa3BUTHs B 80-11eTHEM Bo3pacTe J0BOJIbHO Omusky. B 230- 1
130-1eTHUX MMOMMEHHBIX JyOpaBax, HAYABIIIUX POCT ITOJT TIOJIOTOM ITPEXKHETO TTOKOJICHHS,
CpeIHUE TUaMETPhl TPYIIT OBICTPOrO Pa3BUTHSI HUKE, YeM B HAropHbIx qyoOpasax. Ilo-
CIIEAyIONIee YBETMUCHUE PaTHAIFHOTO TIPUPOCTA B BEKOBOM ITHKIIE B 230-1eTHEH MOii-
MEHHOH AyOpaBe TO3BOJIMIIO YAY4IIIUTh Pa3BUTHE KPOH JIEPEBLEB B HEW U CPaBHATHCS T10
JaMeTpy CTBOJIA C TPYINOii 270-IeTHUX HArOPHBIX JIEPEBLEB HAMOOIIBILIETO AUaMETPa.

AHann3 BpeMEeHHBIX PSA0B IPHUPOCTa MPOBOAMIIN HAYWHAS C BO3pAcTa JIepeBa,
B KOTOpOM cocyabl P/l u ee mpupocT yBenInuMBaIOTCS O Pa3MEPOB, XapaKTEPHBIX
JUIsL 3perioll npeBecuHbl [17]. DTOT BO3pacT B JaHHOW paboTe MPHHAT PaBHBIM
30 rogam B HaropHbIX U 40 rogam — B TOWMEHHBIX TyOpaBax.

B crapoBo3pacTHBIX JyOpaBax TpelBapUTENBbHYIO OIEHKY IapaMeTpoB
BeKoBoOro 1ukia npupocrta PJI u I1J] momydanu no ypaBHEHUIO
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y=a+bx+AsinM,

rlie ¥y — paJuaibHBId TPUPOCT; X — KaJCHAAPHBIA rof;, a U b — ko3 duImeHTs
JTUHEHHOro TpeHaa; 4, ¢ u T — aMIUIMTyAa, HavyajdbHas (aza U Mepuoja BEKOBOTO
LUKJIa COOTBETCTBEHHO.

KOS(l)(l)I/IHI/ICHT b OKkazajcs CTaTUCTUYECKH 3HAYMMBIM B OOJIBIIHMHCTBE CJIy4acsB,
ATO OTpaKaeT, M0 HAIleMy MHEHUWIO, HEe HAIMYWE TPCHIA, a Pa3Indre MapamMeTpoB
BETBEH BEKOBOT'O IIMKJIA, YTO OOYCIIOBJICHO pa3HUIICH HX (PAKTOPOB M MEXaHU3MOB.
C ICJIBKO aHaJIn3a 3TUuxX Bapnaunﬁ armpoKCuMaluto BEKOBOI1 JAUHAMUKHU IPOBOAWUIIN
0e3 HCTOIB30BaHUs TPEHIA, TOTyYas MapaMeTPhl KaX 01 BETBU IUKJIA OTACIHHO MO
YPaBHEHUIO on (x _ C)
y=y,+Asin — 7

T1I€ , — PaAMANIBHBII IPUPOCT IPH HYJIEBOW CHHYCOHE (paBHA CPEAHEMY IIPUPOCTY
BETBU IIMKJIA).

[TapameTpsl BeTBel BEKOBOTO ITUKJIA B CTAPOBO3PACTHHIX JTyOpaBax OICHHBA-
JIU Ha TTIePEKPHIBAIOIINXCS OTPE3KaxX BPEMEHHBIX PSAI0B, BKIFOUAONTIX 00JACTH MaK-
CUMyMa W MUHHMYMa IMKIJIA, [UTHHY OTPE3KOB HAXOIWIH, YBEIHYUBAs WX A0 TOITY-
YeHHS CTAaTHCTUYECKH 3HAYMMBIX MapaMeTpoB IHKIA. [ yTouHeHHs mapaMeTpoB
Ha KOHIIaX BPEMEHHOTO PAJia B YPaBHEHHE BKIIOYAIH 2-10 CHHYCOHUAY C TEPHOIOM,
CIICYIONTUM TI0 TPOJOIKUTEIIEHOCTH TTOC)Ie BEeKOBOTO (0Koj10 30—-60 ser).

B maropnoii 90-netneit u noiimennoit 130-neTHel myOpaBax BEKOBOM ITUKII
npeacTaBieH | BEeTBbIO, MPUYEM MHHHMYM IPHUPOCTa B HAarOPHOW M MakCUMyM B
MOMMEHHOM, BO3MOKHO, €Ille He JTOCTUTHYTHI (puc. 2). [lapameTpsl BEKOBOTO IHK-
Jla MpHUpOCTa B OTHX AyOpaBax OLIEHUBAIM Ul MHTEpBaja BEPOSTHBIX 3HAYCHUH
Mepuoa IUKJIa.

1,2 3 — 270 ner, P-3-3 —270 ner, 3-Y-3
—270 ner, 3-3-3 —90 ner, P-P

—90 ser, P-3
90 ner, 3-Y

0,04
1750 1800 1850 1900 1950 2000 ()]750 1800 1850 1900 1950 2000

T'on T'on
a o
12 2
=
=04 ———
e = —230 5ter, 3-P-P —130 5ier, 3-P e’
0 —130 ner, P3-P 130 ner, V-3
1800 1850 1900 1950 2000 1800 1850 1900 1950 2000
Ton Tox
6 Z

Puc. 2. BexoBble nukiis! paguansHoro mnpupocta P (a, ¢) u 11 (6, 2) rpymmt nepeBbeB
B HaropHbIX (a, 6) ¥ TIOHMEHHEIX (6, 2) ZyOpaBax

Fig. 2. The secular cycles of early wood (a, 6) and late wood (6, ¢) radial increment
in upland (a, 6) and floodplain (s, 2) oak groves

Koaddunuentsl Bapuanuy pagnaibHOTO MPUPOCTA M BEKOBBIX MUKIOB P/ n
[1/] nmpencraBieHs! B Ta0JI. 2, TapaMeTPhl BETBEH ITUKIIOB — B Ta0II. 3.
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TabGuuna 2

Ko3a¢dunuentsl Bapuanuu npupocta 1 BekoBoi uukanytoctu PJI u I
The coefficients of variation of early wood and late wood increment
and secular cyclicity

CV, %
Bospact, | BeTrBb BekoBOro I'pynna Bexosas
I[yﬁp aBbl JIET [UKJIa, IT. JIEPEBbLEB Hpnpo cr HOUKJIIMIHOCTH
PI I PI 111
H P-3-3 26 75 21 64
ucxonsuas,
1781-1920% 3-3-3 18 48 5 28
270 3-¥-3 25 58 11 38
B P-3-3 20 50 7 20
OCXOIs11Ias,
Haropnsre 18812018 3-3-3 19 45 10 8
3-Y-3 37 64 33 51
H P-P 15 34 7 17
ucxonsuas,
90 1962-2014 P-3 21 43 16 27
3-V 29 51 25 39
Bocxonsmas,
1831-1960 27 50 20 17
230 Hucxonsimas 3-p-p
’ 21 61 12 37
[MoiimMeHHbIE 1891-2017
B P3-P 22 50 15 20
OCXOIsI1Iasd,
130 19312016 3-3 22 48 11 15
V-3 28 51 19 24

* AHATU3UPYEMBIIT OTPE30K BPEMEHHOTO psijia.

[epBast BeTBb BEKOBOIO IMKJIA MPUXOAUTCS Ha Bo3pacT nyda mo 150-170 mer,
Ha €ro MOJIONOE M CPETHEBO3PACTHOE TEHEPATHUBHOE OHTOTCHETHIECKOE COCTOSHUS [4],
2-1 — Ha Bo3pact A0 200-250 neT, Ha CPeTHEBO3PACTHOE U CTAPOE TEHEPATUBHOE CO-
ctosHust. [lepBble BETBY IMKJIa B HATOPHBIX TyOpaBax HUCXOMAIIHE, B TOWMEHHBIX JIIS
npupocta PJI — Bocxoasiuue, it [T — B ocHoBHOM Bocxoasiue. B npenenax skoromna
1-e BeTBM BEKOBOI'O IMKJIA CXOJHBI B CTAPOBO3PACTHBIX M 00JIee MONOIBIX TyOpaBax.

ACHHXPOHHOCTb JMHAMHKHU TIPHPOCTA B KAJICHAAPHBIC TOJIBI HAOIIOACTCS KaK
MEXIy CTapOBO3PACTHBIMU HArOpHOM M MOHMEHHOH JyOpaBamu, TaKk U B UX Ipeaenax
MEKIY CTapOBO3PACTHBIMH U OOJIee MOJIOIBIMH JyOpaBamH, MOATBEPK/Iast SHAOTCHHOCTb
BEKOBOH IMKIMYHOCTH. DTO OCOOCHHO XOPOIIO 3aMETHO B MONMEHHBIX yOpaBax,
TJIe BEKOBBIE KOJEOAHUS B 2 JPEBOCTOSX HAXOJATCS MPAKTUYECKH B TMPOTHBO]A3E.

B 270-neTHeit nyOpaBe TpymIibl 1EPEBHEB PA3HOTO POCTA U PA3BUTHSI CXOIHBI
no ¢asaM MaKCHMYMOB M MHHHMMYMOB BEKOBOTO LHMKJIa INPHPOCTA, OTpaxkas
WCTOPHUIO Pa3BUTHs APEBOCTOS B IENOM. Pa3nuyusi 3THX TPYyNI 1O MapaMeTpam
BEKOBOTO IIMKJIA XapaKTEPU3YIOT MX CTPAaTerWu POCTa: JAEPEBbS OBICTPOrO POCTa
(P-3-3) 3aTem pe3ko CHMKAIOT MPUPOCT U Pa3BUTHE KPOHBI OT PACKUAUCTOTO THIIA
K 30HTHKOBHJIHOMY, cpeaHero pocta (3—3-3) Hambosee CTaOMIBHBI MO MPUPOCTY
W Pa3BUTHUIO KPOHBI B TEUEHHUE BCEH XHM3HHM, 3aMeIJIeHHOr0 pocTa (3—Y-3) mocne
200-reTHero0 BO3pacTa OOHAPYKUBAIOT CIOCOOHOCTH K YBEIWYCHHIO MPHUPOCTA U
W3MEHEHHUIO KPOHBI OT Y3KOKPOHHOTO TUIA JI0 30HTHKOBUAHOTO. B Gomee MoioapIx
TyOpaBax IpyIITbI IEPEBHEB PA3TMYHOTO PA3BUTHSI CHHXPOHHBI B BEKOBOH TMHAMUKE,
YTO MOXKET 6I)ITI) CJICACTBUEM HX OAHOPOAHOCTH, B YAaCTHOCTH B HaFOpHOﬁ 9TO
CBSI3aHO C UCKYCCTBEHHBIM MTPOUCXOKIeHHEeM. Kak v Mpu4rHbBI BEKOBBIX KOJIeOaHUH,
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pa3inuuns BEKOBOU AMHAMUKH U3YyYEHHBIX JIyOpaB v IPYIII JCPEBbEB OMPEACISIOTCS
SHJIOTEHHBIMH (DaKTOpaMU — XapaKTepoM BO30OHOBIICHHS, HAYaJbHOW TYCTOTOM
HACaXICHUS, TETEPOTCHHOCTHIO TI0 TIPOUCXOKICHUIO U BO3PACTY.

Koahpunmentsr Bapuanun paguansHoro npupocta PJI u I1]] usmensitorcs B
MIMPOKKX TpeieNnax — cooTBeTcTBeHHO 15-37 u 34-75 %. [IpumepHo B 2 pa3a MeHbIIas
BapHaTUBHOCTH TprpocTta PJ] oOycrioBieHa ero BayKHOCTBIO AJIsi 00CCTICUeHUsI KPOHBI
BJIArod W NHTATEIbHBIMU BELIECTBAMH, T. €. JUIl BbDKUBaHUA AepeBa. CV BEKOBBIX
LHMKIIMYECKUX cocTapisitonmx npupocra PJ[ u T[] Taioke HaxomdTcss B IIUPOKHUX
pejienax, COOTBETCTBEHHO 5—33 u 8—64 %, B 3HAYUTEIILHOU Mepe OOBSICHSSI N3MEHYH-
BoCTh ipupocTta. Koaddurmentsr koppemsmu Mesxxy CV npupocta u CV ero BekoBoit
uukmmaaoctd — 0,93 mis P u 0,85 ms T1/1. Ilpu CV BekoBOI HUKIMYHOCTH PaBHOM
0 pacuernsiii CV npupocta MuHNMaNeH U coctasisieT 12 % anst PIl u 30 % ams 11

TabGuuna 3

IMapameTpsbl BeTBell BeKOBbIX HUKJIOB npupocta P u I1J]
The parameters of the branches of secular early wood and late wood increment cycles

Tpymna |y C oo A 1 C o A
aepemsen | U | pupocr | | ner | npupocro | i
Haeopnas oyopasa, 270 nem (Hucxoosawas eemew, 1781-1920" 22.)
P-3-3 1824* 0,664 0,18¢ 2028 1,402 1,102
3-3-3 138 0,54 0,04 1702 0,98¢e 0,37¢
3-Y-3 1712 0,40f 0,06¢ 199a 0,614 0,304
Hazopnas oyopasa, 270 nem (6ocxooswas eemew, 1881-2018 22.)
P-3-3 126° 0,48 0,05¢ 118> 0,43f 0,11f
3-3-3 266° 0,624 0,09t 2442 0,704 0,12f
3-Y-3 1512 0,51 0,244 130° 0,614 0,43¢
Hazopnas oyopasa, 90 nem (nucxoosuas éemesn, 1962-2014 2e.)
P-P 0,89¢+0,05 | 0,20:+£0,05 1,502+0,20 0,48<+0,20
P-3 120£20* | 0,66¢+0,03 | 0,20:+£0,03 | 150+20 1,202+£0,10 0,54+0,02
3-Vy 0,42t£0,04 | 0,21+0,04 0,800+0,10 0,51%+0,02
Totimennas dybpasa, 230 nem (8ocxooawas eemsw, 1831-1960 22.)
3PP | 181+ [ 08¢ | 023 [ 1266 | 1200 | 030
Hotimennas oybpasa, 230 nem (hucxoosiwas éemeanv, 1891-2017 22.)
3PP | 1200 [ 093 | ole | 1310 | 1,00 | 056"
Totimennas oybpasa, 130 nem (socxooawas eemsw, 1931-2016 22.)
P3-P 0,80<4+0,30¢ | 0,19+0,02 1,202+0,10 0,20:£0,05
3-3 150£20 | 0,52¢+0,02 | 0,10%0,02 | 100+20 0,96+0,04 0,14+0,03
y-3 0,40t0,01 | 0,11%0,01 0,86°+0,03¢ 0,17¢+0,03

* AHATU3UPYEMBIIT OTPE30K BpeMEeHHOTo pafa. **Ecnu B 0003HaYeHUH BETMYNH HET OIMHAKOBBIX OYKB,
pasnuuue MeXay HUMH 3HauuMmo Ha ypoBHe 0,05. CpaBHeHHE MPOBEAEHO MO KaXIOMY Hapamerpy
IIUKJIa, COBMECTHO JIJIsl BCEX 00BEKTOB Uccie0BaHus U coBMecTHO st PIT u 11, ***dukcupoBaHHbie
CpPEIHUE ¥ IPAHUYHEIC 3HAUCHHUSL.

[leprox 1-i1 BeTBM BekoBoro mwmkina mpupocrta P/ u IIJ] (tabn. 3) B
CTapOBO3PAaCTHOM HAropHoi ayOpaBe HaxomuTcs B auamazoHe 138-202 ropa,
3HAYHUMBIX pa3J'IH‘lHﬁ HE 06Hapy>1<eH0. HpI/I 9TOM MAaKCUMYM U CHUIKCHUC IIPHUPOCTA
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[1/] maumHaroTcst B cpeareM Ha 12 met panswine, yeM it PJI. B rpymnme cpemnero
pocra yeHnsuienue npupocta P/l npexkpatunocs npexzae, 4eM B APYTUX, IPUMEPHO
Ha 20 seT. Y cTapoBO3pacTHRIX MOWMEHHBIX ayOpaB 7 mpupocta P/l Haxoaurcs B
TOM >K€ JMamna3oHe, YTO U y HaropHeix, a Jis I1J] mokaszarens 3Ha4MMO MEHBbIIIE,
MIOCKOJIBKY Ha BOCXOJsIIeNd BeTBH mpupocT IIJ] AOoCTUr MHHMMyMa HEMHOTO
Mo3Xe, a MakcuMyMa Ha 16 set panbine no cpasHeHuto ¢ PJ[. He uckmoueno, uro
B 00Jiee MOJIOJIBIX HAaropHOW W MOWMEHHOH jayOpaBax 7' 1-ii BETBU MEHBIIE, YeM B
CTapOBO3PACTHBIX, YUYUTHIBAS, YTO Pa3BUTHE CTAPOBO3PACTHBIX IyOpaB MPOXOIUIIO B
KIIMMaTHUYECKUX YCIOBHUAX MAJIOT0 JIEAHUKOBOI'O IIEPUO/IA.

BTopble BETBH BEKOBBIX LIUKIIOB MPEACTABICHBI TOJIBKO B CTAPOBO3PACTHBIX
nyOpaBax. B Haropnoii nyopase nepuon 2-it Betu P/l u [1/] B rpynmax OsicTporo
M 3aMeJUIEHHOTO pOCTa MeHbIle, 4eM 1-if (3Haummo juisa npupocta [1/1 2 rpynm u
npupocta P/l rpymnmel OpicTporo pocta). B rpymme cpemHero pocta, HampOTHUB,
nepuox 2-i BerBu nukia PJ[ u [1/] 3naunmo OGosbiie, yem 1-ii. Bo Becex rpymmax
HaropHo# ITyOpaBBl MakCHMyM M CHIDKeHHE Tpupocta [1J[ HacTymaer 3HaYMMO
panbiie, yem PJl, B cpennem npumepHo Ha 30 net. B moiiMeHHO# ayOpaBe mepron
2-i1 BeTBU BekoBoro uukia npupocra PJ[ u IIJ] cxoneH ¢ mepuoaoM B HAarOpHOM.
Bonee pannue makcumyM u ymeHbinenue npupocta I1]1 o cpaaenuro ¢ P/I B 06oux
CTapOBO3PACTHBIX AyOpaBax OTPaXaioT MOJACPKaHUE CTAOMIBHOCTH Pa3BUTHUS
KPOHBI 32 CUET pOCTa CTBOJIA.

Ha 1-11 BeTBH BexkoBoro nukia y, P/l u I1J] 3Ha4MMo paznuyaercs B rpynax oT
OBICTPOrO 10 3aMEAJICHHOT'0 POCTA, KAK B HATOPHBIX, TAK U B IIOMMEHHBIX 1yOpaBax.
Bo Bcex u3ydeHHBIX IpyNmax AepeBbeB y, npupocrta 111 3Haynmo Beime, yem P/I.
CootHomenue y, npupocta IIJI m PJI, oTpaxaromiee XapakTep paclpeneiacHHs
PECYPCOB MEKIY POCTOM CTBOJIA U Pa3BUTHEM KPOHBI, Y BCEX I'PYIII IEPEBHEB JIEKUT
B nipezenax 1,4-2,2 u B cpeilHEM CXO/IHO B U3yUYCHHBIX TyOpaBax.

Ha 2-it BeTBH BEeKOBOTO IMKJIa B CTAPOBO3PACTHON HAropHOM JyOpaBe rpyIIsI
JIepeBbeB COMM3UINCH MO MapaMmerpy y,, 3HauuMMo yBeianuuBmiuch 1o P/l B rpymmax
CpeIHero W 3aMeaneHHoro pocra u no IIJ[ B rpymme cpeaHero pocra M 3HaYHMO
camsuBmmck o PJ] u TIJ1 B rpynme OwicTporo pocra. B pesynbrare Ha 2-if BeTBU
BekoBoro nukina y, I11 1 P/l Bo Becex rpymnmax AepeBbEB COOTBETCTBYET CPEIHEMY B
JIPEBOCTOE, Pa3BUTHE X KPOH MOXKHO OTHECTH K 30HTUKOBHIHOMY THITY. COOTHOIIIEHNE
¥, mpupocta I1J] u PJI mo cpaBHeHuto ¢ 1-i BeTBBIO LUKIA CHU3MWIOCH — 10 0,9-1,2.
B crapoBo3pacTHoii noiiMeHHol nyOpase y, npupocta I1JI n P/l He nm3meHusnocsh
3HA4YMMO, HO UX COOTHOIIEHHE TaKKe YMEHBIIMIOCh — 110 1,1. MokHO mosaratk, 4to
9TO CIIEICTBHE BO3PACTHON 3aKOHOMEPHOCTH JIEPEBBEB M JIPEBOCTOEB: 3aMEUICHUS
pocTa CTBOJIa M TIepepaclpeiefieHns] pecCypcoB Ha pa3BUTHE KPOHBI C YCHIICHHEM
JTaHHBIX TPOLIECCOB B YCJIIOBHUAX CHM)KEHHS COMKHYTOCTH rosiora. Ha puc. 3 npuseieHbl
M300paskeHMs KEPHOB CTBOJIA IEPEBHEB pa3HOTO Bo3pacTta B iepuoy 1981-2000 rr.: mpu
cxonHoM mipupocte P nmpupoct I1J] crapoBo3pacTHBIX AepeBbEB 3HAUNTEIBHO HIKE,
4yeM OoJiee MOJIO/IBIX, KaK B HATOPHOM, Tak M B TIOMEHHO TyOpaBax.
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Puc. 3. OTckannpoBaHHbIE H300PAKEHUS KEPHOB CTBOJIOB CTAPOBO3PACTHHIX (d, 8) U Ooee
MOJIOJBIX IepeBhEB (0, 2) B HATOPHEIX (@, 6) M TIOHMEHHBIX (8, 2) xyopaBax B 1981-2000 rr.
Fig. 3. The scanned images of stem core samples of old-growth (a, 6) and younger (6, 2)
trees in upland (a, 6) and floodplain (s, 2) oak groves in 1981-2000

MakcumanesHble aMITUTYAbI TpupocTa P/I Bo Bcex yOpaBax CXOJHBI, COCTaB-
s Ha 1-#1 BeTBUM BekoBoro 1mukia 0,18—-0,23 mm, Ha 2-i1 — 0,16—-0,24. DT BeTUIHHEI
Omm3ku K mupuHe 1 psga cocynoB PII, oHM CBUAETENBCTBYIOT O CMEHE THIIA Pa3BH-
THSI KPOHBI TIPH U3MEHEHUH npupocta PI[: oT MakcuMyMa 10 MUHIMYyMa ITUKIIa — 00
YXYILIEHUH, OT MUHUMYMa /10 MakCcUMyMa — 00 YJIy4YIIEHUH, YTO OTPaKeHO B 000-
3Ha4E€HUU IPyMI JiepeBbeB. M3Menenune npupocta PJ[ Ha HUCXOAAIIMX U BOCXOASIINX
BETBSIX IUKJIa OTPAaHUIHUBACTCS IMUPUHOH 1 psima cocynoB PII. AMIIUTYIBI TpHpoCTa
11 B GonpIIMHCTBE Cy4yaeB 3HAYMMO OOJIbIlIe HA HUCXOAALINX BETBSAX LIUKIIOB.

OTHOCHTENbHOE U3MEHEHHE MPUPOCTa B BEKOBOM TUHAMMKE, XapaKTepuzye-
MO€ COOTHOLIEHHEM A/y,, BapbUpyeT B IHPOKOM auanaszone. [Ipu atom A/y, mpupo-
cra I1J] Bcex M3y4eHHbIX TPyl JePEBLEB U BETBEH BEKOBOI'O LIMKJIA PABHO UJIH O0JIb-
ure, uem P/I. Ha 1-ii BeTBu BekoBoro nukmna B 270- u 90-1eTHUX HaropHbIX 1yOpaBax
OHO OOJIBIIIE COOTBETCTBEHHO B cpenHeM B 3,8 u 1,2 pasza, B 230- u 130-1eTHuX
MOMMEHHBIX OHO COOTBETCTBEHHO paBHO W Ooubiie B 1,3 pa3a. Ha 2-it BeTBu 1ukia
Aly, npupocta I1J] npeBocxonut nokasarens a1 Pl B cTapoBO3pacTHOM HAropHoi
nyopase B 1,7 paza, B moitMmeHHOM — B 3,5 pa3a. To ecTh Ha HUCXOZSIINX BETBSIX Be-
KOBBIX LIMKJIOB OTHOCHUTENbHOE CHIDKeHHE npupocta [1J] 3HaunTenbHO Oosnblie 1o
cpasHenuto ¢ P/] —B 1,2-3,8 pa3a, a Ha Bocxoaaumx BeTBsIx yBenuuenue [1/] npeBbI-
maeT nmokasarens st P/ tonbko B 1,0—1,7 pa3a. OueBuaHO, TAKUM 00pa30oM MOIICP-
JKUBAETCS CTAOMIBHOCTD PA3BUTHSI KPOHBI 33 CYET POCTA CTBOJIA.

B rpynnax HauMeHee pa3BUTHIX JI€pPEBLEB Ha 1-ii BETBM BEKOBOTO IIUKJIA /IS
270-eTHEN HarOpHO TyOpaBbl OTMEUYEHA CYIIIECTBEHHO MEHBIIIas aMIUTHTY/a MTPH-
pocta P/I, ueM B 90-netHeil — npuMepHo B 4 pa3za u ueM B 130-1eTHel! moiiMeHHON —
B 2 pa3a. Takxe y yrHeTeHHBIX JepeBbeB B 270-neTHeil nyopaBe 3ahuKCUPOBAHO
MeHb1ee cootHowenue y, IIJIu P/ - 1,5, rorna kak B 90-nerneit —2,7, 130-netneit —
2,2. BeposiTHO, 3TH pa3iandus OOBICHSIIOTCA CTpaTerrueil BEDKUBaHUS YITHETCHHBIX
JIEPEeBbEB B Mepuoj ObICTPOro pocTa ApeBOCTos. B crapoBo3pacTHO# HaropHoi
nyOpaBe WX COXpaHEHHE O0ECIMeYMBAIOCh CTAOMIBHOCTBIO PA3BUTHS KPOHBI IIPU
OTrPaHUYCHHOM POCTE CTBOJIA, YTO XaPaKTEPHO JUIsl HUXKHEH 4acTH MoJiora IpH J10-
CTAaTOYHOM OCBellleHHU. B 90-J1eTHHX KyNbTypax B yCJIOBUAX BBICOKOH I'yCTOTHI yT-
HETEHHBIE JIEPEBbs PA3BUBAINCH NMPEUMYIIECTBEHHO B BBICOTY, 3a CUET Pa3BUTHA
KkpoHbl. B 130-neTHeli moliMeHHOH yOpaBe IrycToTa IepBOHaYaIbHO Obljia BEJINKa,
a 3aTeM CYIIECTBEHHO CHU3WIJIACh Mocie ychixanus nyoa B 40—-60-x rr.

B mccienoBanuy HUCXOAALIETO BO3PACTHOIO TPEHA PajlalIbHOIO MPUPOCTa
B HaropHeIx ayopasax [11] cootromenune npupocros [1J] u P/l paBroe 0,4 mpunATO
3a KOHTPOJIbHOE, HHKE KOTOPOT'O MOBBIIIAETCSI BEPOSTHOCTh OTMUpaHus ayba. Hau-
MEHbIIIee 3HAYCHUE ITOTO ITOKa3aTessl B BEKOBOI quHaMUKe (0ko0 0,6) HabmromaeTcs
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B MMHHMYMax IIUKJIOB B CTApOBO3pPACTHHIX JyOpasax. Kak mokazaHo B JaHHOI cTa-
The, B Psijie CllydaeB cooTHoleHue npupoctoB I1J] u PIl He MOKET UCIIONIb30BATHCA
KaK MHIUKATOP KU3HEHHOTO COCTOSHUS, TIOCKOJIBKY 3aBUCHUT OT JIPYTUX (aKTOpPOB.
Tak, B 00;1aCTH MaKCHMyMOB BEKOBBIX IMKIJIOB TpupocT 1/l HaunHaeT cHMXaThes
panbine, yem PJ[, B pesynsrare ymenspmaetcs cootHomenue [1J] n P/, 9to oObsc-
HSIeTCS CTa0MIU3alMed pa3BUTHSL KPOHBI 3a CUET pocTa cTBoia. B rpynmax ot Obl-
CTPOTO JI0 3aMEIJICHHOTO POCTa 3TO COOTHOIIEHNE majaeT B 270-1eTHell HaropHo
nyOpaBe, HO yBenwuuBaeTcs B 90-etHeit HaropHoi u 130-1eTHel moiiMeHHOW ay-
OpaBax, B 3aBHCUMOCTH OT CTpaTerHu pocTa JiepeBbeB. [Ipu nepexoae ot 1-if ko 2-i
BETBU BEKOBOIO IIMKJIA 3a()UKCUPOBAHO 3HAUMMOE NOBbILIeHNE ), P/l pu cHmxeHun
cootHouteHus y, I1J1 u PII B ¢BsA3H ¢ BO3pacTHBIMU 3aKOHOMEPHOCTSIMU.

[pupoct P/] sBnsiercst Hanboiee HaACKHBIM HHINKATOPOM TOITOBPEMEHHOTO
KU3HEHHOTO COCTOSIHUS Ay0a, XapaKTepu3ysl COCTOSTHIE CKEeJIETHBIX BETBEH U €ro 13-
MEHEHHSI, 0COOEHHO NPH CMEHE TUIIOB PA3BUTHsI KPOHBI (II€pEeCeueHUH IPUPOCTOM
P/1 3nauenuii 0,4 u 0,8 mm). [Ipupoct I1J] oTpaxaeT moTeHIUAN KU3HEHHOTO CO-
CTOSTHUSI KaK BO3MOXXHOCTH CTaOMJIM3AIMK Pa3BUTHUS KPOHBI Oarojiapsi CHUKEHUIO
pocra ctBosia. Te ke BBIBOZBI CAENaHbl IPU aHAIN3€¢ BHYTPUBEKOBONW LUKIMYHOCTH
B 90-netHeit Haropuoit n 130-netHell noiiMeHHo# nyOpaBax [7]. B aTux myOpaBax
PUCK YCBIXaHHS Ay0a MOBBIIIAETCS IPY MHOTOJIETHEM YMEHBIIEHHH TPUPOCTA TIO3/1-
Hel npeBecunsl 10 0,5 MM, yTO HaOJII0ATOCH B MUHUMYMaX BHYTPUBEKOBBIX [IUKJIOB
y Ay0a co CpeHUM U HUXKE CPEIHEro pa3BUTHEM. Y M3YyUEHHBIX CTApPOBO3PACTHBIX
rpym fepeBbeB nmpupoctT 1] B BeKoBo# nnHAMUKE CHIKAJICS B MUHUMYMax ITUKIa
o <0,5 mm. [lociienare BekoBble MUHUMYMBI WM ONW3KHE K HUM TpuUpocThl [1]]
MOoCTUrHYTHI ipuMepHo ¢ 1980 1. B 230-neTHel moiimeHHol nyopase, ¢ 1990 1. — B
270-netueit Haropaoit u ¢ 2000 1. — B 90-71eTHEH HATOPHOM.

[IpenenbHbIii Bo3pacT gy0a CEMEHHOTO MPOUCXOXKACHUS B HacaxAeHUsIX LleH-
TpaJbHOH JIECOCTENH B OJIarONpPHUSTHBIX JIECOPACTUTEIBHBIX YCIOBHUIX OLICHUBACTCS
B 250-300 meT, a oTmensHO cTosAmuX AepeBbeB — 350—400 yieT; B KOHIIE KU3HA IS
Ity0a xapakTepHbI O0JIE3HU CTBOJIA WIIM OTMHPAHUE 3HAYUTEILHOW YaCTH KPOHBI [ 12].
B cTapoBO3pacTHBIX €CTECTBEHHBIX CO00MIECTBaX OObIIAst YacTh AEPEBHEB MMOTH-
0aeT B cTapOM I'€HEPAaTHMBHOM COCTOSHUM, HE JIOXKHBAasl 10 CUHWIBHOTO, UX OTHAJ
yckopsieTcs Oose3HsiMA U BeTpoBanamu [4]. JlepeBbs morndaioT He M3-3a TCHETH-
YEeCKH 3alporpaMMHUPOBAHHOTO CTAPEHUS MX MEPUCTEM, a, BEpOsSTHEE, M0 MPUYNHE
BHeIIHero BozaencTus [20].

B naropubix gyopaBax 120—-140- u 220-240-neTHero Bo3pacta, pacroiokKeH-
HBIX BOJIM3HM 00BEKTOB HAILIErO MCCIICIOBAHMS, 10 THUJICH B 00beME CTBOJIA COCTaBH-
Ja cooTBeTcTBEHHO 3 U 40 %, uTO 0C1a0MII0 MPOYHOCTH CTBOJIOB B CTAPOBO3PACTHOM
JPEBOCTOE W BBI3BaJIO OypesioMbl 1 BeTpoBaiibl [13]. B cTapoBO3pacTHBIX HArOpHBIX
TyOpaBax HaOMIOMAIOCh CHIDKEHHE YUCIIa CTBOJIOB ay0a: 3a 1-1o0 monoBuHy XX B. TIpu-
MepHO B 2 pa3a — ¢ 100-170 mo 45-60 ra’', 3a 2-10 B 3 pa3a — no 15-20 ra! [14].
Uzyuennoe 270-netHee Hacaxxaenne no yueram 1983-2009 rr. Opi10 B Hanbonee xo-
POIIEM COCTOSIHUM CpPEeH CTapOBO3PACTHBIX HAropHbIX AyOpaB. Okono 80 % KMBBIX
JICPEBBLEB y0a OTHOCHIIUCH K 1-i1 1 2-i kKareropusiM coctosiaus, ¢ 1993 o 20082011
IT. ycoxuio okoino 10 %, uncio my6oB cansminock ¢ 11,6 go 10,5 ra™! [9]. BepositHo, 10
350-400-neTHero Bo3pacTa 37ech I0KUBYT JIMIIb CAMHUYHBIC AEPEBbs qy0a.

Bwmecre ¢ TeM, kak 1moka3zaHO B HaIlleM MCCIIEIOBAaHUH, KU3HEHHOE COCTOSIHHE
00CJIeI0BaHHBIX CTAPOBO3PACTHBIX AyOOB MOKHO OLIEHUTB 110 TapaMeTpaM paguaiib-
HOTO MPUPOCTa KaK BIOJHE yIOBIEeTBOpUTENbHOE. B 1-if monoBuHe XX B. mpupocT
P/l B HaropHeIX U OWMEHHBIX JyOpaBax MOBBICHIICH, T. €. Pa3BUTHE KPOH U HKH3-
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HEHHOE cocTosiHue ny0a ynyurmiauch. Ko 2-it momopune XX — Hauany XXI B. aTH
[I0Ka3aTeI HaXOIWINCh B 00JIaCTH BEKOBOI'O MAaKCUMyMa JINOO CHIKAJINCH 0e3 U3-
MEHEHUS TUMa pa3BUTHA KPOHBL. 230-1eTHHe TyObl ClIOCOOHBI JaBaTh CEMEHHOE I10-
TOMCTBO TaKOTO kK€ KaueCTBa, YTO U B BO3pacTe crejoctu [9]. 3aBUCHMOCTH MeXay
MOpakeHHWEM THUJISIMH CTBOJIA M COCTOSTHHEM KPOHBI He 0O0HapyxeHo [13]. OueBn-
HO, 10 100—150-neTHero Bo3pacta ayOpaB >KU3HEHHOE COCTOSIHUE U BEIKUBAEMOCTh
JIEPEBLEB JTUMUTHPYIOTCS PA3BUTUEM KPOHBI, 3aT€M, ITOCIIE Pa3pekuBaHHS T10JIOTa, —
B OoJIbLICH CTENeHN OONE3HAMH CTBOJIA U KPOHBL. B yCIIOBHSIX MEHBLIETO OPasKeHUS
THAJISIMU JIOJITOBEYHOCTD Ay0a MorIia Obl OBITH 3HAUYUTEIHHO BHIIIIE.

Bw160061

1. BoijiesicHHbIC BEKOBBIC KOJICOaHHUs BbI3BaHbI POCTOM M Pa3BUTHEM jy0a B
YCIIOBHSIX KOHKYPEHIIUU U CaMOU3PeKUBaHus. Pa3nuus nmapamMeTpoB BEKOBOH U~
HaMUKH U3yYEeHHBIX TyOpaB M TPYMI AEPEBHEB TAKKE OMPENESIOTCS dHIOTEHHBI-
MU (paKTOpaMu — XapaKTePOM BO30OOHOBIICHUS M HA4aJIbHOM I'yCTOTOM HACAXKICHHUS,
TeTePOTEHHOCTHIO 110 TIPOUCXOKICHUIO U BO3PACTY.

2. B HaropHbIX yOpaBax, BO30OHOBHBIIUXCS Ha BBIPYOKax, 1-s BETBb IIUKIIA —
HUCXOJSIIIAsl, B TOMMEHHBIX IyOpaBax, HAuaBIIMX POCT ITO]] ITOJIOTOM, — BOCXO/ISIIAS.
B crapoBo3pacTHEIX 1 601€e MOOABIX TyOpaBax 1-¢ BETBU IUKJIA CXOMHBI, OTpaXkas
BO3pacTHOM TpeH . [lepBas BETBb BEKOBOTO ITUKJIA IPUPOCTA MPUXOAUTCS Ha BO3PACT
nmy6a o 150-170 ner, 2-s1 — mo 200-250 ner.

3. CV pagnansaoro npupocta P/l u I1]] BappupyeT B MHUPOKUX Mpenesaax — co-
oTBeTCTBEHHO 15-37 11 34—75 %, BEKOBBIX ITUKJIOB — COOTBETCTBEHHO 5—33 1 8—64 %,
B 3HAYUTEIHHON Mepe OOBSICHSIS H3MEHIMBOCTH IIPUPOCTA.

4. Ha HUCXOASAIINX BETBSIX BEKOBBIX ITUKJIOB OTHOCHUTEIBHOE CHU)KECHUE TTPH-
pocta I1]] 3HaunTensHO O60mbIIe, YeM PI — B 2—4 pasa, a Ha BOCXOISIIIAX BETBAX €TO
OTHOCHUTEIIFHOE YBEIWUYEHHE MPEBHIIIaeT nokaszarenu ais P/I ronsko B 1,0-1,7 pasa.
O4eBUIHO, TaKUM O00Pa30M MOJIEP)KUBAETCS CTAOMIBLHOCTD PA3BHTHS KPOHBI 3a
cYeT pocTa cTBoja. B BekoBOM I1TuKJIe TpupocT Pl M3MEHsIICS MAaKCUMYM Ha ITUPHHY
1 psima cocynoB, a THIT pa3BUTHS KPOHBI — HA CMEKHBIN THII.

5. Ipupoct PJI siBnsercss Hale)KHBIM MHIUKATOPOM JIOJITOBPEMEHHOTO KHU3-
HEHHOT'O COCTOSIHUS Jy0a, B TO BpeMs kak npupoct [1]] xapakrepusyer noreHuan
€ro CTa0MIIbHOCTH.

6. Ilpu mepexoze ot 1-if kKo 2-if BETBU BEKOBOTO LIMKJIa cpefHuil npupoct P/] B
OOJIBITMHCTBE CITy4aeB YBEIMUMBACTCS, 2 COOTHOIICHUE cpefHuX npupoctoB [1/] n
PJ1 cHmkxaercs, 9T0 MOKHO pacCMaTpHUBATh KaK BO3PACTHYIO 3aKOHOMEPHOCTD — TIe-
pepacnpeeieHle pecypcoB C poCTa CTBOJIA HA Pa3BUTUE KPOHEI.

7. )Kv3HEHHOE COCTOSIHHE M3YYE€HHBIX CTapOBO3PACTHBIX JIepeBbeB Jyda Imo
mapamMeTpaM paJualbHOTO MPUPOCTA MOKHO OIEHUTH KaK YIOBICTBOPUTEIHHOE.
[Ipu MeHBIIEM TOpaKEHUH THWISMHU JIOJITOBEYHOCTH Ay0a Yepenrdyaroro Moria Obl
OBITH OIIYTUMO OOJBIIIE.
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Annomayus. Ilokazatenn Ka4ecTBa MBUIBIBI ABJSIOTCSA BAKHEHIINMU XapaKTePUCTHKAMHU
Pa3BHUTHA MYXXCKUX T€HEPATUBHBIX CTPYKTYp. i1 BUI0B poaa Pinus L. 6onbiioe 3HaueHne
MMeeT KOJIMYeCTBEHHAsI OLIEHKA PE3yIbTAaTUBHOCTH Pa3BUTHSI MYKCKOM T'€HepaTUBHOM cde-
PBL, T. K. IEPBBIE, HAaNOOIEe BaKHbIE, ITAIbl (POPMUPOBAHUS CEMSIH UMEIOT IPAMYIO CBSI3b
¢ 00BeMOM IPOAYLUPYEMOH HACakKICHUAMHU IBLIBIBI M YPOBHEM €€ JKH3HECIIOCOOHOCTH.
HccnenoBanue MpOBOAMIN B HMPUPOIHBIX MOMyisAuusax P brutia var. pityusa I'opHOTO
Kpeima. Jlyist c6opa oOpa3iioB MBUIBIEI M H3YUCHHS €€ KauecTBa ObUTH 3aJ105KEeHBI TPOOHBIE
IUIOIIAAX 1O 4 THUIICOMETPHYECKUM MPOQMISAM B 3alaHONW Y4acTH FOYKHOTO MaKpOCKIIOHA
riaBHOM TpaAasl KpeIMckux rop Ha Mbice Aiis, B ypounmax As3pma, baTwinMman u B
BocTO4YHOU — Ha I. Kapayn-O0a u B ypouurne Hosbiii CBer. Ha mpoOHBIX MIOMIAAsSX C
10 MoIeTBHBIX IepEBhEB COOMPAITH MBUIBITY B IEPUOJI €€ CBOOOTHOTO BhUIETA. Y CTAHOBIIECHO,
4yTOo MbUIbIA P. brutia var. pityusa, mpou3pacTarolie B 3anagHoi 9acTu ropaoro Kpeima,
uMeer OoJiee BBICOKOE Ka4eCTBO B CPABHEHHUH C IIBUIBLION IEPEBbEB BOCTOYHBIX TEPPUTOPHIA.
B BocTOUHOH yacTh Takke HaONIOMAETCS YBEIMYCHHE KOJTUYECTBA aHOMAlWK pasmepa U
(OpMBI IBUTBLIEBOTO 3€pHA, YTO CBS3aHO C YXY/IICHHEM TEMIIEPaTypHOTo PEeXHMa B TIEPHOJT
MHUKpocnoporenesa. Vi3ydeHne cBOMCTB MbUIBLIEI ¢ HCTIOIh30BaHHEM METO/1a IPOPALTHBAHI
Ha WCKYCCTBEHHOW NMHUTATEIBHON Cpelie BBIIBUIIO CHIDKEHHE YPOBHS KHU3HECIOCOOHOCTH
MBUIBIBI TI0O CPABHEHUIO C pe3yJlbTaTaMH aleTOKAPMUHOBOTO TECTHPOBAHMS, Pa3IUUHI
coctaBmiu 4-9 %. [Ipu 3ToM Hanboee BEICOKUN yPOBEHB IIPOPACTAHUS IBIIBIBI OTMEUCH
JUISL HACaXKICHUH BEepXHEH 4acTH MacCHBa — CpejIHee 3HaueHHe cocTaBmiio 89,9+2.5 %, nus
LIEHTPaJIbHON U HUXKHEH JacTeil oHO paBHsIOCH 88,1427 u 87,943,5 % COOTBETCTBEHHO.
CoBMecTHOE TIPUMEHEHHE 2 CIOCOOOB OICHKH YKU3HECHOCOOHOCTH MBLIBIIBI TO3BOJIHIIO
MIPE/VIOKUTH HOBBI MIOKA3aTellb €€ KauecTBa — MHJIEKC Pean3alui MYKCKOTo raMeTopuTa
Ha CTaguM MPOpacTaHdsd TBUIBIBL. [IpH MOMOIIM AAHHOTO IMOAXOJA YCTAaHOBIEHO, YTO
HamboJee HU3KUI HHIIEKC CBOMCTBEH HACAKACHUAM LIEHTPAJIHLHON YacTH JECHOTO MacCHBa
ypouumia Aszpma — 0,911.

Knroueswte cnosa: Pinus brutia var. pityusa (Steven) Silba, npupoHbIe MOMyYJISIMH, TUIbIIA,
KH3HECIIOCOOHOCTB, MBUIBICBBIC TPYOKH, aHOMAJIUH (DOPMBI, AHOMAJIHH pa3Mepa
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Abstract. Pollen quality indicators are the most important characteristics of the development
of male generative structures. For species of the genus Pinus L., a quantitative assessment of
the effectiveness of the development of the male generative sphere is of great importance, since
the first, most important stages of seed formation are directly related to the volume of pollen
produced by plantings and the level of its viability. The research has been carried out in natural
populations of P. brutia var. pityusa of the Mountainous Crimea. To collect pollen samples
and study its quality, test plots have been laid for 4 hypsometric profiles in the western part of
the southern macroslope of the main ridge of the Crimean Mountains on Cape Aya, in the
Ayazma and Batiliman Mountain Areas and in the eastern part — on Karaul-Oba Mount and in
the Novyj Svet Mountain Area. Pollen has been collected from 10 model trees in the test plots
during its free flight period. It has been established that the pollen of P. brutia var. pityusa, which
grows in the western part of the mountainous Crimea, has a higher quality compared to the pol-
len of trees in the eastern territories. In the eastern part, there is also an increase in the number
of anomalies in the size and shape of pollen grains, which is associated with deterioration in
the temperature regime during the period of microsporogenesis. The study of pollen proper-
ties using the germination method on an artificial nutrient medium has revealed a decrease in
the level of viability of pollen compared to the results of acetocarmine testing; the differences
have been 4-9 %. Meanwhile, the highest level of pollen germination has been observed in the
plantations of the upper part of the tract — the average value has been 89.9 2.5 %, for the central
and lower parts it has been 88.1£2.7 and 87.9 £ 3.5 %, respectively. The combined use of 2 meth-
ods to assess the viability of pollen made it possible to propose a new indicator of its quality —
the index of realization of the male gametophyte at the stage of pollen germination. This ap-
proach has allowed us to establish that the lowest index is characteristic of the plantations of
the central part of the forest tract of the Ayazma Mountain Area — 0.911.

This is an open access article distributed under the CC BY 4.0 license
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Beeoenue

B unciio BaXHBIX 3a7a4 OXpaHbl U BOCIPOU3BOJCTBA PEIKUX U MCUE3AIOIINX
BHJIOB PAaCTEHHI BXOIAT M3Y4YEHHE IMPOIIECCOB MX PEMPOMYKIIUH, OLEHKA BIMSHHS
(axTOpOB BHEIIHEH Cpe/ibl Ha COCTOSTHHE M YPOBEHb Pa3BUTHUS TC€HEPATHBHON ce-
pol [26, 28]. Pemienne 1aHHBIX BOMPOCOB 00ECIIEUUT BO3MOKHOCTH (DOPMHUPOBAHUS
METOJOJIOIMYECKUX MOAXOA0B M MPAKTHUECKUX PEKOMEHIAIMKA B 00JacTH COBEp-
LIEHCTBOBAHMS CUCTEMbI IIOAIECPIKaHMsI OMO3KOIOIHIECKOrO TOTEHIINAA U COXPaHe-
HUS YUCICHHOCTH BHJIOB PACTEHMI, KOTOPBIE B HACTOSIIEE BPEMS XapaKTepU3YIOTCS
KPUTUYECKHM CHIKCHHEM CEMEHHOTO BO30OHOBIECHHUS, COKPALIEHUEM TEPPUTOPHU
€CTECTBEHHOI'0 [TPOU3PACTAHUSI.

[Ipuponnsie Hacaxaenus Pinus brutia var. pityusa (Steven) pacrpocTpaHEeHBI
B BOCTOUHOH M 3amagHoi gacTsax [opuoro Kpeima. P. brutia var. pityusa 3aHeceHa
B Kpacnyto kaury Poccuiickoit @enepaunn n Pecriyonuku KpbiM kak pelmKTOBBIN
BUJ, KPBIMCKO-HOBOPOCCHUHCKUH SHAEMHK, HAXOMSIIMICS MO/ yrpo30i MCUE3HOBE-
HuA [5]. B HacTosmee Bpems Ipo0iIeMbl OXpaHbl P. brutia var. pityusa B 3HAIUTEITb-
HOU CTENEeHU YCYTryOJsIFoTCsl TIyOOKoH Tpancdopmaryeit ycrnoBuil mpouspactaHus B
MECTaxX €€ €CTECTBEHHOIO PacHpOCTPAHEHHUS B CBSA3M C IMOCTOSHHO BO3PACTAIOLINM
YPOBHEM HEOPraHU30BAaHHOW peKpealny.

[Toxa3zareny KauecTBa NbLIbLIBI SBJISIOTCS BAXKHEHIINMHU XapaKTePUCTUKAMU
Pa3BUTHS MY)KCKHX T€HEpPATUBHBIX CTPYKTYp. s BumoB pona Pinus L. Gonpiroe
3HaYeHHe UMeeT KOJUYECTBEHHas OIeHKa Pe3yJbTaTHBHOCTH PA3BUTHS MYKCKOM
reHepaTuBHOM cdeprl, T. K. MepBble, Hanboee BaKHbIE, dTambl (GOPMHUPOBAHUS
CEMSIH HampsIMylO CBA3aHbI C 00BEMOM HPOLYLHPYEMONH HACAKICHHUSIMH IBLIBIIbI
¥ ypOBHEM ee Ku3HecmocooHoctu [3, 7, 19, 25]. YenemHoCTh hOpMUPOBAHUS U
pa3BUTHE TBUIBLIBI 00YCIOBINBAIOT YPOBEHb €€ JKU3HECIIOCOOHOCTH U JAMHAMUKY
pocTa MBUIBLEBBIX TPYOOK, UYTO, B CBOIO OYepe/ib, MO3BOJSCT aHAIU3UPOBATh pe-
3yJABTaTUBHOCTD PA3BUTHSI MY>KCKUX PENPOSYKTUBHBIX CTPYKTYD B CBSI3U C BHJIO-
BBIMH OTJIMUHSIMH U CTIETTU(UKON yCIIOBH mpouspactanus [21, 29]. borsmmHCTBO
WCCIICZIOBAHUH, MOCBANICHHBIX W3yUYEHUIO )KM3HECTIOCOOHOCTH TBUIBLIBI XBOWHBIX
pactenutii in vitro, npoBeneHo no Pinus sylvestris L. P. brutia var. pityusa uzydeHa
B MCHbILECH CTENEHH, HEMHOTOUMCIICHHBI PA0OTHI O OLIEHKE M3MEHUYHUBOCTH KH3-
HECIOCOOHOCTH €€ MBUIbIBI B 3aBUCUMOCTH OT AMHAMUKH YCJIOBUI IPOU3PACTAHUS
(2, 11, 23, 24].

Llenbto uccienoBaHus CTalIN XapaKTepUCTHKA Ka4eCcTBA MbUIbLIBI IPHUPOAHBIX
noynsauuii P. brutia var. pityusa I'opnoro KpeiMa, aHann3 BIUSHUS yCIOBUH TPOU3-
pacTaHysl Ha yPOBEHb KU3HECIIOCOOHOCTH, [UIMHY MbUIbLIEBBIX TPYOOK U KOJINYECTBO
HapyleHnd Mop(horeHesa MbUIBLIEBOIO 3epHA.
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Obvexmubl u Memoowbl UCCAEO08AHUS

HccnenoBanue MpoBOAMIKM B MPUPOAHBIX MOMYISMAX P brutia var. pityusa
I'oproro Kpsima. /Iyt c6opa 0OpasioB MbUIbLBI M U3YUYEHUs €€ KauecTBa C UCIIONb-
30BaHMEM METOJIOB JIECHOM Takcanuu [ 1] mo 4 THTICOMETPHYECKIM POQHISM ObLITH
3aJI0keHbI MPOOHBIE TTomanu. OOBEKTHI pacnoiaragiuch B 3aMagHoN YacTH I0KHOTO
MaKpOCKJIOHA TJIaBHOU Tpsasl KpbIMCKHX TOp: Ha MbIce Aifsl, B ypouniax Asi3bMa
u barunuman; B BoctouHoii: Ha T. Kapay:n-O6a u B ypouuiie Hosbiii Ceet (puc. 1).
B ypounme As3pMa BhICOTa MPOOHBIX TUIOMNIAJICH HAJ YPOBHEM MOPSI COCTaBISET
50, 180, u 290 M, B barunumane — 50 u 120 M, Ha 1. Kapayn-O6a — 40, 70 u 120 M, B
ypountie Hoseiii CBet — 50 1 100 M. Bce npoGHbIe miioma m MMeIH I0ro-BOCTOUHYIO
9KCTO3HIINIO ¢ KPYTU3HOU cCKIoHOB 10°—15°.

Puc. 1. Kapra-cxema pacronoxeHust IPOOHBIX IUIOMIAJIEH B IPUPOIHBIX
nonyssiusx P, brutia var. pityusa Topaoro Kpsima

Fig. 1. The schematic map of the location of test plots in natural populations
of P. brutia var. pityusa in the Mountainous Crimea

Ha xaxxoii mpoOHO# 1omaau BeiOpano 10 MoJeNbHBIX JiepeBbeB. B koHIle
anpens 2022 1. B IepHOJ BBUIETA MBUTBIBI €€ COOMPANT ¢ MOJIENIEHBIX JEPEBHEB I10-
CPEICTBOM CTPSIXWBAHUS MUKPOCTPOOUIIOB B MPOCTEPHIIN30BaHHBIE OIOKCHL. Bo Bpe-
Ml IIPOBENIEHHS JIAOOPATOPHBIX MCCICJOBAHHN MBUIBIYy XPaHUIN B 9KCUKATOpE Hall
XJIOpPUCTBIM KanblimeM mipu Temreparype 5 °C [14]. )KuzHecrmocoOHOCTh MBUTBIIBI
onpenensuin o 3.I1. [aymieBoii myTeM okpalliMBaHUs 00pPa3IlOB alleTOKAPMHUHOM.
OkpalieHHbIe MBUTBIIEBBIC 3epHA MOACYUTHIBAIN B 10 MONSAX 3pEHUsS MPH ITOMOIIIH
mudposoro mukpockorna Bresser LCD Micro Smp. [loTeHnmanbHO KU3HECTIOCO0-
HBIE MBUIBIEBBIE 3€pHA NHTEHCUBHO OKPAIIMBAIOTCA aneTokapMuHoM. CTepuibHas
MIBUTBITA HE OKpammuBaeTcs. Ha mpopariuBanie mbIIbITy CTABUITH Uyepes3 5—6 mHel mo-
cie cOopa B BUCSYCH Karlie MHUTATSIILHOU cpenbl — 5%-it pacTBOp caxapossl [14].
Jns xaxmoro oOpasma Ha 6-i IeHb MPOpaIIUBAHUS OMPEACIISUTA Ka4eCTBO IBUIBITBI
[4, 14]. Ku3HecrnocoOHBIMU CYMTAIH TTBUIBIEBBIE 3epHA, 00pa3yolue TpyOKH, 1ITu-
Ha KOTOPBIX IpEBHIIIAaa BBICOTY Tella MbUIBLIEBOTO 3epHa. C Kax10ro MOJEIBHOTO
nepeBa y 30 IBUIBIEBBIX 3€PEH U3MEPSITH UIMHY TBUIBIEBBIX TPYOOK ¢ TOYHOCTHIO
10 1 MkM. MukpousmMepeHus: MpoBOJWIN € UCIONB30BAaHUEM KOMIBIOTEPHON Mpo-
rpaMMbl AmScop, KOTopast TI03BOJIIET MaCIITaA0OMPOBATh N3ydaeMble OOBEKTHI C BbI-
COKHM pa3pelieHneM 1 (PUKCHpoBaTh M(POBbIC CHUMKH B OTIIENIbHBIX (aiinax. [Tpn
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OIICHKE BIUSTHUS KJIMMAaTHUYECKHUX (DAKTOPOB HA PA3BUTUE MYKCKUX PEIPOYKTHBHBIX
cTpyktyp P. brutia var. pityusa IpuMeHsUIIA TaHHbIE MeTeOoCTaHIul I. CeBacToIOoINb 1
. Cynak. KonnaecTBeHHbIE pe3yabTaThl HAOMIOMEHNH 00padaThIBaii METOTAMH Ba-
pUALMOHHON CTaTUCTUKU [9].

Pesynomamul ucciedosarnus u ux oocysicoenue

Jns ompeneneHuss *KU3HECTIOCOOHOCTH MBUIBILIBI Yallle BCETO HCIIOIB3YIOT
OKpaIllUBaHKE alleTOKAPMUHOM H €€ MPOpaIMBaHKE B JIAOOPATOPHBIX YCIOBUIX Ha
HMCKYCCTBEHHOU MUTATENBbHOHN cpeae. CauTaeTcs, 9T0 TOUHEe BTOPOH CII0c00, KOTO-
PBIH JaeT BO3MOKHOCTh aHAJTM3UPOBATH POCT MBUILLEBBIX TPYOOK U MOCIEIYIONIUE
STambl Pa3BUTHA MYKCKOro ramerodura [6, 17, 20]. OqHako MeTOm OKpaITNBaHHS
MO3BOJISIET C MEHBIIMMU 3aTpaTaMH BPEMEHHU U TPYy/Aa OLIEHNBATh KAY€CTBO TBUIBIIBI.
OxkpanvBaHue aleTOKapMUHOM TIBUTBIEI P. brutia var. pityusa HacaXJIeHUH ypodu-
ma Asi3bMa 1MoKa3ajao HauOOoBIIYIO IS IEHTPATbHONW YacTH MacCHBa JIECOB HA BbI-
core 180 M Hax yp. M. )KHU3HECTIOCOOHOCTh — Cpe/iHee KOIMYECTBO MPOKPAIIEHHBIX
MBUTBIEBBIX 3epeH cocTaBmio 96,7+1,5 %. B HmkHEM U cpenHeM mosice oHa OblIa
IPUMEPHO oAuHaKoBa. [IpopamyBanue Ha UCKYCCTBEHHOH NMUTATEIBHONU CPEJE BbI-
SIBIJIO HEKOTOPOE CHIDKEHHE KU3HECITOCOOHOCTH TBUIBIIBI IO CPABHEHHIO C PE3yIib-
TaTaMH areTOKapMHUHOBOTO TECTUPOBAHMUS, pa3nuuns coctaBuin 4-9 %. [lpu stom
JydIiee MpopacTaHue MbUIBIIEI HAOIOIANIOCh Y HACAKICHHUI BEpXHEH 9acTH MacCH-
Ba JiecoB P. brutia var. pityusa, cpeqHee 3HaYCHUE IS HUX COCTaBUiIo 89,9425 %,
JUTSI TICHTPAJIBHOM U HW)KHEW yacTeil mokasarenb Obut 88,1+2,7 u 87,9+£3,5 % coor-
BETCTBEHHO (CM. TaOIHILy).

IMoka3aTenn kayecTBa NBLIBIBI MPHUPOIHBIX MOMYJISAIMIT
P. brutia var. pityusa I'opnoro Kpsima
The pollen quality indicators of natural populations of P. brutia var. pityusa
in the Mountainous Crimea

Boicota nan | OKpalleHHas MbUIbLA, %o ITpopocmias JlmHa meuIbLeBOr
YPOBHEM MOPS, nbUIBIA, Yo TpyOKH, MKM
M Mim | CV Mim | vV Mim | CV
Aszvma

50 94,0+2,2 6,8 87,9+3,5 10,7 148,0+13,9 19,2

180 96,7+1,5 4,7 88,1+2,7 10,6 143,1+8,2 13,4

290 94,1422 7,2 89,9425 7,8 129,2+47.8 15,0
bamunuman

50 96,2+1,6 5,3 92,2+1,9 5,6 160,3+13,2 21,3

120 97,9+1,1 3.4 93,342,1 5,8 139,5+13.,9 22,7
Kapayn-Oba

40 81,245,9 15,5 70,4+4,2 13,1 118,4+11,8 23,1

70 80,1£3,2 12,8 73,94+3,9 12,4 89,3+9,8 25,2

120 81,3+5,9 22,9 69,9+4,7 14,9 124,2+12,1 26,8
Hoegwiti Ceem

50 87,5+£2,6 8,8 65,8+4,8 14,5 84,3+5,6 24,0

100 86,7+4,1 14,8 73,6443 13,8 96,5+6,4 26,7

OkpalrBaHue aleTOKapPMUHOM MO3BOJISIET OLICHUTH MBUIBLIEBBIC 3€pHA MO
TEeKyIIeMy COCTOSHUIO Pa3BHTHS MYXcKoro ramertodwura. [lpm mpopammBanuu
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HE BCE M3 HUX PEAIU3YIOT CBOM JKM3HEHHBIN NOTEHIMAJ. Pe3yibrarel Xapakrepu-
CTHKH TBUIBLIBI PACCMATPUBAEMBIMH CIIOCO0AMH J1al0T BO3MOXXKHOCTh YCTAHOBHTH
YPOBEHb peann3aiii My>KCKOTO ramMeTo(uTa Ha CTaJuu MPOPACTAHUS MBLUIHIIEBO-
ro 3epHa. B naHHOM ciydae ’KM3HECTIOCOOHOCTH MBUIBIBI, OMpEAeIeHHasT OKpa-
LIMBaHUEM, SIBJISETCS MOKA3aTeIeM KOIMYECTBA MBUIBIEBBIX 36PEH, MPOSABIAIOIUX
(YHKIMOHATLHOCTh Ha YPOBHE OMOXMMHUYECKHUX MPOIECCOB KU3HEACSITSILHOCTH.
Jonst nmpopociieid mblIbIbl 0TpaxaeT 3(h(HEKTUBHOCT MOCIEIYIOIEro dTana pe-
MPOJYKTHUBHOTO LIMKJA, KOIJa B IPOLECCE MIPOPACTAHUS PEATU3YETCS JIMIIb 4acTh
MOTEHIHAJIBHO JKU3HECTIOCOOHOM bbbl CTENeHb peaqu3anul My»KCKOTO rame-
ToUTa HA JAHHOH CTAIUK MOXHO OIPEIENINTh, UCIOb3Ys CIEAYIOUIYI0 GOpPMYITy:

1. =WV,
rae /. — MHIEKC pealn3aliy My>KCKOro raMeTo(uTa Ha CTaliuy NPOpacTaHUs MblIb-

upl, W, V — %u3HeCcnoCcOOHOCTh MBUIBILI MO JaHHBIM MPOPAIUBAHUS U OKPAIUBa-
HUSI COOTBETCTBEHHO.

Ecnu Bce mpokpallieHHbIe MBUTBIEBBIE 3¢pHA MPOSBIISIIOT KU3HECTIOCOOHOCTD
IpU NPOpALIMBAaHUU HAa THTATENILHON Ccpele, MHAEKC paBeH 1, T. e. HaOmromaercs
MaKCHMaJIbHOE MPOpAcTaHUE MOTEHIMAIbHO KU3HECTIOCOOHOH MbUIbIBL. B cinydae
CHIDKCHHS YHCIIa IPOPOCLINX 3€PEH B CPABHEHUH C MPOKPALICHHBIMH IbIIbIIEBEIMU
3epHaMHU WH/IEKC YMEHBIIAETCS, XapaKTepu3ysl ypOBEHb pealli3alliy My>KCKHX rame-
To(huTOB Ha ATaIe Hauana GOPMUPOBAHNUS TTBUIBLEBBIX TPYOOK.

C ncnonb30BaHNEM JaHHOTO MOAXO0/1A BEISIBICHO, UTO HanboJiee HU3KUH ypo-
BEHb peaM3aliy MY)KCKOTO raMeTo(uTa Ha CTAINH TPOPACTAHHS LTI CBOM-
CTBEH HacaxaeHusM P. brutia var. pityusa 1eHTpaJbHOW 4aCcTH JIECHOTO MaccHBa
ypounia Asi3pma, 17 KoTopbix nuaekc coctasui 0,911 (puc. 2).

0,9

~
0,8 1
0,7 T T T T T T T I T
90 50 120 40 70 50 100

50 180 2

As3pma Barnnnman Kapayn-Oba Hosgiit Cer

Puc. 2. YpoBeHb peanu3zannyi My»XCKOTo raMeTo(uTa B IPUPOTHBIX
nonyJsiuusix P, brutia var. pityusa Ha cTajuy IPOPacTaHUs MbIIbIIBI
Jus teppuropunt I'opaoro Kpeima
Fig. 2. The level of realization of the male gametophyte in natural
populations of P. brutia var. pityusa at the stage of pollen germination
for the territory of the Mountainous Crimea

MoXHO c/ienaTh MPEANOIOKEeHHE O POPMUPOBAHUU B CPEIHEM TOSICE YPOUH-
ma Asi3bMa B BECEHHUE MeCSIbl Han0oliee CTaOMIIBHBIX TOTOTHBIX YCIOBUN. 371€Ch B
MCHBIIICH CTETIEHN CKa3bIBACTCS JACHCTBHUE XOJOIHBIX MOPCKUX TYMAHOB, ITOCTYyIIA-
IOIIUX C TOBEPXHOCTHU OCTHIBIIIETO 33 3UMY MOPSI, TAK)KE CPAaBHUTEIIHHO HEBBICOK TIe-
pera THEBHBIX M HOYHBIX TEMITEPATyp. DTO B IIEJIOM CHHKACT CTEIIEHb HETaTUBHOTO
BHEIITHETO BO3/ICHCTBUS MOTOAHBIX YCIOBHI Ha PA3BUTHE MY>KCKOTO raMeTo(puTa U
YBEITMYHMBACT BEPOATHOCTD IOTyUeHHUs (YHKITHOHAIBHO )KU3HECIIOCOOHO MBLITBIIHI,
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YTO U XapaKTepU3yeTCs] BHICOKUM MOKAa3aTeJIeM €€ OKpalIuBaHUs alleTOKapPMHUHOM.
B OnaronpusTHBIX YCIOBHAX NMPH YMECHBLICHUH AABICHHS €CTECTBEHHOIO O0TOOpa
9acTh MPOKPAIIEHHBIX MBIIBIEBBIX 3€PEH UMEET HU3KUI KM3HEHHBIN MOTEHIHAT,
OHHM He CIIOCOOHBI y4acTBOBATH B TOCIEAYIOMINX dTaNax PenpoAyKTUBHOTO [IUKJIA.
[To3ToMy aneTOKapMUHOBBIM TE€CT Kau€CTBA MbUIbLIEI JUILIb YACTUYHO OTPAXKAET €€
JKA3HEHHbIE CBOMcTBa. IlapannenbHoe mpopaniuBaHUE IBUIbILI HA MMUTATEIBHOU
cpele MOo3BOJISIECT OLEHUBATh YPOBEHb AMMHUHAIIMM MY>KCKOTO raMmeTouTa Ha CTa-
JINW TIPOpacTaHus.

B BepxHeM nosice, HECMOTPs HAa CHUYKEHME, 10 JAHHBIM OKpalllMBaHUs alleTo-
KapMHUHOM, ’KH3HECIIOCOOHOCTH ITbIIbLIbI, YPOBEHb €€ IIPOPACTAHUS HA MUTATEIbHON
cpeze ObUT BBIIIE B CPABHEHHH C HACAKACHUSIMH LIEHTPAJIbHON YacTH MaccuBa Jie-
coB P. brutia var. pityusa ypounima Aszbma. OueBUIHO, 3/1eCh B OOJbINEH CTENCHH
MIPOSIBIISIETCS JIEHCTBHE MOTOIHBIX YCIOBHUI, CBA3aHHBIX C I'PAJHMEHTOM JTHEBHBIX M
HOYHBIX TEMIIEpaTyp, KOTOPBIH B TOPHOH MECTHOCTH YBEIHYUBAETCA C MOABEMOM
HaJl YPOBHEM MOpPs. YXYIIIEHHE YCIOBUM IO TEMIIEPaTyPHOMY PEXHUMY IHOBBIIIAET
JIeMCTBUE €CTECTBEHHOTO 0TOOPa Ha TIEPBBIX ATANaX pa3BUTHI MYKCKOTO raMeTou-
Ta ¥ BEPOSTHOCTH (POPMUPOBAHUS (PyHKIMOHAIBHO MTOJHOLCHHON MBUIBLBI, KOTOPAst
croco0OHa yCIeUIHO popacTarh Ha MUTATEeIbHOMN cpefie, YTO OTPaXKaETCsl HHIACKCOM
1, B BepxHeM mosice HacaxIeHuid P. brutia var. pityusa ypouniia AsizbMa OH YBEJH-
9UIICs, COCTaBUB B cpearem 0,955,

B HmwxHeM mosice HaOIIOOANIOCh CHU)KEHHE >KM3HECTIOCOOHOCTH MBUIBLIBI,
KakK 10 JaHHBIM OKpAIIUBaHMs, TaK U [0 JAHHBIM IIPOPALIUBAHUI, YTO CBA3AHO C
YXyJIIICHHEeM OOIIero COCTOSIHHS IPEBOCTOCB P brutia var. pityusa npuOpexHON
30HBI B PE3yJIbTaTe HETaTHBHOTO BO3/ACHCTBUS MHTCHCHUBHOH HEOPraHM30BAaHHON
pekpeauuu [15]. ITpu 3TOM HHAEKC /. NBUIBLEL JPEBOCTOEB HA JaHHBIX TEPPUTOPU-
X OBLI CPAaBHUTEIBHO BBICOKUM, 3TO XapaKTEPU3YyET ONPeaesICHHbIC BO3SMOKHOCTH
peanmn3anny MYy>KCKOTO raMeTo(uTa Ha CTaJu{ MPOpacTaHUs MBUIBIEBOTO 3epHA.
P brutia var. pityusa sBnsercs TEIUIONIOOMBBIM NPEACTABUTEIEM aBTOXTOHHON
¢dnoper Kpeiva. [IpubpeskHas 30Ha IO KIUMaTHYSCKUM (akTopaMm OlarompusiTHA
JUTSL TIPOM3pacTaHusl JaHHOTO BHUJA B YCIOBHAX okHOTO Oepera Kpeima. [Toato-
MY OTPULATEIbHOE BHELIHEE BIUSHUE HAa CIOPOQHUT, CBI3aHHOE C PeKpeallMOHHON
JIeATEeIbHOCTHIO: HAPYyIIEHNE MMOYBEHHOIO MOKPOBA, YCHJIEHNWE dPO3HOHHBIX MPO-
eccoB, (PU3NUYECKOE MOBPEKACHUE PACTEHUH — IOKa €Ie HE CHIXKAET BO3MOXK-
HOCTH Pa3BUTHS MYKCKHUX PEIPOLYKTHBHBIX CTPYKTYp. B HIDKHEM mosice mbuibLia
P. brutia var. pityusa popmupyeTr HauboJiee JJIMHHBIC MBUIBIICBBIC TPYOKU B Jpe-
BOCTOsIX ypouuiua AsizbMa — B cpenHeM 148,0 mxm. C yBeJIMYEHHUEM BBICOTHI HaJl
YPOBHEM MOPS MOKa3areib CHUKACTCs, KodpPuimenT koppensuuu r =—0,951. Be-
POSITHO, 3TO CBSI3aHO C U3MEHEHHEM KIIMMaTUYeCKUX ycaoBuid. [is roskHOTO Oepera
Kprima ¢ nmogpemom 1o Bbicote Ha 110 M Haj yp. M. cpeHerogoBas TeMieparypa
ymensbtaercs Ha 1 °C [8]. Mexay HUKHUMHU U BEpXHUMH ydacTKaMH MaccHBa Jie-
coB P. brutia var. pityusa ypounia Asi3bMa IpaJleHT CPEeIHET0JOBON TeMIIepary-
poi cocrapiisger 2—3 °C. D10 oTpaxkaeTcsl Ha Pa3BUTHU MYXKCKOTO TaMeTo(uTa, ¢
YXyALICHUEM KIMMAaTHYECKUX YCIOBHH BO3pacTaloT (yHKLHOHAIBHBIC 3aTPaThl Ha
MpeajanTannio, YT0 CHIKAET SHEPTeTUYECKIE BO3MOKHOCTH MBUTBIIBI TPH (pOpMH-
POBaHUU MBUIBLIEBBIX TPYOOK [13, 22].

VYpounme barunuman mo KIMMaTHYeCKUM YCIOBHSM SBIsieTcs Haubosee
OJaronpusATHBIM MECTOM ISl pouspacTtanust P. brutia var. pityusa. bonpmast BbI-
coTa CKaJbHOro MaccuBa — 10 630 M Hajx yp. M., 3aKpBIBAIOIIETO TEPPUTOPHUIO C
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ceBepa, OmpesielisieT MOBBIIICHHE TeMIepaTypHOTO (OHA M CITIa)KMBaHUE €ro ce-
30HHOU JUHAMUKH. B ypoumie coBmectHo ¢ P. brutia var. pityusa npouspacta-
et Arbutus andrachne L. — TemonroOuBOe BEYHO3EJIEHOE PACTEHHE, MpEACTa-
BUTENb CPEAN3EMHOMOPCKOM (IIOpBI, KOTOPBIM B ApYyrux HacaxaeHusx P brutia
var. pityusa I'opaoro Kpeima He BcTpeuaetcs. [loBeimenne temmneparypaoro GoHa
Tak)Ke CBSI3aHO C MpeoOiialaHneM B CTPYKType NaHamadTa ypouniia batunuman
CKJIOHOB K’KHOM dKCHO3UIUH — 92 %, TONBKO 8 % MMEIOT I0r0-BOCTOYHYIO OPHEH-
tanuto. BecHoit 2022 1. Hanboiee paHHHUI BBUIET IbLILIBI OTMEYAJICS HA JaHHOM
o0bekTe uccienoBanus. bonee Terblil KIMMar Havyalla BEreTallMOHHOTO MEPHOAa
00yCJIOBHMJI TIOBBIIMIEHUE KadecTBa MBUILIEI P brutia var. pityusa. Habmomanock
yBEJIMYEHHE MTOKa3zaTeslell ee OKpallMBaHus U MPOPACTaHUs HAa MUTATEIbHOM cpe-
ne. Cpennue 3HadeHus uHzaekca /. Ha Beicote 50 u 120 M Hag yp. M. O6butn 0,958
1 0,953 COOTBETCTBEHHO, UTO TOBOPUT O POCTE peau3alli MY)KCKOTO raMeTopu-
Ta Ha CTaJuM NpOpacTaHus NbUIbLbI. CpenHss IJIMHA MbUIBLIEBBIX TPYOOK B HUXK-
HeM Tosice HacaxaeHuit P. brutia var. pityusa ypouutia coctasmuia 160,3 MkMm — Ha
8,3 % Oonbllle B CPABHEHUH C aHAJIOTHYHBIM TOKa3aTesneM ypouniia Asi3bMa, 4To
TaKke OTpakaeT MOJIOKUTEIHLHOE BIHSHIE TIOBBIIICHHUS CpeTHEH TeMIlepaTyphl Ha
(dbopMHUpoOBaHHE U Pa3BUTHE MYKCKOTO ramerodura P. brutia var. pityusa B yCIOBH-
X roxHOTO Oepera Kprima.

B BocTOUHOI WacTu TeppUTOpHU Tpouspactanus P. brutia var. pityusa B
I'oprom KpsiMy KauecTBO NMBUIBIEI 3aMETHO CHIDKAaeTcs. Ee cpeanss ku3Hecno-
cobHOCTh P. brutia var. pityusa Ha 1. Kapaymn-O6a, onpeneneHHas OKpamnBaHHEM,
He npesbimaia 82 %, cpeqHee KOJIMYECTBO MPOPOCHIeH MbUIbIBI U3MEHSIOCH B
npenenax 70—74 %. Unnexcel /. 1 1auHA NBUIBLEBBIX TPYOOK TaKKe YMEHBLIH-
JIMCh, YTO CBUAETENHCTBYET 00 YXYAIICHHM MOTEHLHANIa peaju3aliid MYKCKO-
ro ramerodura P. brutia var. pityusa Ha cTaiud NpopacTaHus U GOpMHUPOBAHUS
MBUTBIIEBEIX TPYOOK.

B ypounme HoBelii CBeT mpu HEKOTOPOM YBEJIWYEHHH JOJIHM OKpalleHHON
MBUTBIBI HAOIOAIOCH CHIDKEHHE aKTUBHOCTHU €€ MPOpacTaHusl Ha WCKYyCCTBEHHOM
nurarespHoil cpene. MHaeKces! / ¥ ITMHA MBUIBLEBBIX TPYOOK ObLIM CaMbIMU HU3KH-
MU B CpaBHEHUH C IPYTUMHU TEPPUTOPHUSIMH TIpou3pacTanus P. brutia var. pityusa B
T'opaom KpbiMy. 3HaunTenbHOE CHIDKEHHE YPOBHS MPOPACTAHUS MBUIBIBI U YMEHbB-
LICHUE JUTMHBI MBUIBLEBBIX TPYOOK Ul HIDKHEH yacTu HacaxineHud P. brutia var.
pityusa ypounma Hoserii CBeT MOXKeT OBITH CBSI3aHO C HETAaTHBHBIM BO3/IEHCTBHUEM
MOJUTIOTAHTOB, OCTYMAIOIINX CIO/Ia C BOCXOAIINMHU BO3/LyIIHBIMU TIOTOKAMH OT aB-
TomMobuIpHON Tpacchl Cymak — HoBerit CBeT, pacronoKeHHOH B HETIOCPEICTBEHHOM
OJIM30CTH OT JIECHOTO MacchBa. A3p0O30JIM aBTOMOOMIIBHBIX BBIXJIONOB, COJIEPIKAIIIHE
TSDKEJbIE METaJIbl M JPYIe TEXHOTCHHBIC 3arpsS3HUTENH, OKa3bIBAlOT WHTHOUPY-
folee eiicTBHe Ha MpOpacTaHWe MBUIBIBI U (HOPMUPOBAHHE MBUIBIIEBBIX TPYOOK
P brutia var. pityusa, 94T0 0TMEUYaeTCs B HEKOTOPBHIX MCCIICHAOBAHUSX, CBSI3aHHBIX
C M3yYEHUEM BO3JIEHCTBHS TOJUTIOTAHTOB HAa IMPOIECCHl PEMPOIYKIINH JIECHBIX Ha-
caxxaenuit [20, 22].

OpanM 3 (HaKTOPOB CHIDKEHUS KadecTBa MbUIBILI P brutia var. pityusa B
BOCTOYHOM paiioHe MPOM3PACTAHMS SBIAETCA YXYAIICHHE YCIOBUH 110 TEIJIOBOMY
pexxuMy B nepuon ee ¢popmupoBanusi. [1o MHEHHIO HEKOTOPBIX MCCIIEAOBaTENeH,
(hopMupoBaHTE MUKPOCTIOP C MPEIMEHOTHIECKOTO Pa3BUTHS CIIOPOTEHHOW TKAaHH,
BKJIIOYast MeH03 ¥ MHTEp(a3zy MUKPOCIIOP, A0 NEPBOTO MPOTATIIUATBHOTO JICICHUS
HanOoJee ysI3BUMO K JAeHCTBUIO HU3KUX Temneparyp [12, 13, 16, 18, 27]. Pe3kue
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TeMIepaTypHble KoJeOaHus TI0 CTETIEHN OTPHULATEILHOTO BO3ICHCTBUS HA Pa3BU-
THE MYXCKHUX TeHEPATHBHBIX CTPYKTYpP COMOCTABUMBI C BIUSHHEM CEPOCOACpIKA-
[IMX MOJUTFOTAHTOB, KOJIMYECTBO HAPYIICHUH B Meii03e B pe3yJibTare HeraTuBHOTO
neiicTBus TemnepatypHoro ¢gaxropa moxer gocturars 30 % [10]. Mukpocnopo-
TeHe3 B MPUPOAHBIX monyisiusax P. brutia var. pityusa T'oproro Kpeima mpoxo-
TUT B |-l monoBHHE BECHBI. 3HAYMTENBHBIN Mepernaj TeMIepaTyp B 3TO BpeMs,
UX CHH)KCHHUE JIO OTPHUIIATEIIbHBIX, OKa3bIBAIOT AKTHBHOE BO3/ICHCTBUE HA KAYECTRO
MBUTBITEL. B paiione uccienoBanms B Hadane BecHbI 2022 T. HAOII0AaI0Ch 2 PE3KUX
noxoJonanus (puc. 3).
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Puc. 3. Cpennecyrounsle TeMnepaTypsl B MapTe 2022 1. B paliloHE IPOBEECHUS
HCCIIEI0BaHUS

Fig. 3. The average daily temperatures in March 2022 in the study area

Bo Bpewmst 1-ro moxonoganus cpeHecyTouHbIe TeMieparypsl B CeBacTonoib-
CKOM paitone cHI3WIHCH ¢ 2 °C 9 mapra 10 —4 °C 11 Mapra v JOCTHTIIN MOTOKHUTEITb-
HBIX 3HaueHuil 14 mapra. B CymakckoM paiioHe MOXOJOAaHUe Hadaloch Ha 2 JHS
pasbiiie, yeM B CeBacTorosje, U NpoaobkKaiock 10 15 mapra, mpu 3TOM JeMcTBUE
Hu3kux Temmneparyp (—4 °C) Obuto Oosee MTENbHBIM. BTOpoe cHmkeHHne Temie-
paryp Hadauoch 4epe3 JeHb Nocie 3aBepiieHus 1-ro. OTpunaresibHble 3HAYCHUs Ha-
Omronanych B T€UEHHE 3 CYTOK, B BOCTOUYHOM paiioHe OHM OKa3ajiwch Ha 2 °C HIDKe.
Cronb 3HAUMTENbHBIE U3MEHEHUSI OTOJHBIX YCIOBUH 3aMETHO MOBIHSUIA HA KH3-
HECTIIOCOOHOCTh MbUIBLBI U JUIMHY IBIIBLEBBIX TPYOOK P. brutia var. pityusa, TaKxe
OTIpE/ICNTUB YBEIMYCHUE OTKJIOHEHUH OT HOPMBI pa3mepa U popMBbl TIBUIBLIEBOTO 3€p-
Ha. Hapymenus MuKkocrioporenesa nposBisUTUCh B BuAe (OPMHUPOBAHHS OYEHb MEJI-
KHX ¥ KPYITHBIX TIBUTBLIEBBIX 3€PEH, aHOMAIBHOTO KOJIMYECTBA JIETATEIbHBIX MEIITKOB!
UX TOJHOM peAayKUuu nin oopaszosanus 1, 3 u 4 (puc. 4).

CrarucTruyeckas OLEHKa aHOMAJIMM Pa3BUTHUS INbUIbLBI BBIIBHUIIA, YTO B 3a-
najHoM yactu npouspacranust P. brutia var. pityusa B [opaom KpeiMy ux 3ameTHO
MEHbIIIE B CPAaBHEHUH € BOCTOUHOM (pHc. 5). CyMMapHast CpeAHss 105 aHOMaJIbHON
TIBUTBIIBI TS 3aIaAHBIX TeppUTOpHil cocTaBmia 2,9 %, 1 BocTouHbIX — 4,6 %. Cxo-
pee BCero, 5TO ONpeneNsaeTcs pa3inuueM KIMMaTHYeCKUX YCIOBHU B nepuoxn ¢op-
MHPOBAHWUS TBUIBIEI, B BOCTOYHOM paiioHe OHM MeHee OmarompusTHeie [2]. Habmio-
JaeTcsl TAaK)Ke HEKOTOpasi TEHICHIINSI CHIKEHHSI KOJIMUECTBA OTKIIOHEHUH B Pa3BUTHH
IBUIBLBI C TOJBEMOM I10 BBICOTE HAJl yPOBHEM MOPSsI, UTO CBSA3AHO C aJanTauneil Mu-
KpOCIIOpOTeHe3a B BEPXHEH YacTh HaCaKACHUH K 0oJiee )KECTKUM KIMMaTH4eCKUM
YCIIOBHSIM NPOU3PACTAHUS U PE3KUM IIEpEnagaM TeMIepaTyphl.
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Puc. 4. Hapymennst popMupoOBaHuUS MbLIBLBI B IPUPOIHBIX MOMYJISINAX
P, brutia var. pityusa Toproro Kpsima
Fig. 4. The violations of pollen formation in natural populations
of P. brutia var. pityusa in the Mountainous Crimea
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Puc. 5. Jlons aHoMaJIbHOM MBUIBIEI B MPUPOJIHBIX MOMYJISLIHIX
P. brutia var. pityusa Topraoro Kpsima

Fig. 5. The proportion of abnormal pollen in natural populations
of P. brutia var. pityusa in the Mountainous Crimea

JlumuTHpyroee neiicTBUE TEMIEpaTypHOro pexuma Ha (opMupoBaHue
bUIBLEL P, brutia var. pityusa Taxke MposIBISIETCS B TOM, YTO Ha OTKPBITBIX MBICOBBIX
TEPPUTOPHSAX, TA€ TIOBBIAETCS KOHTPACT MOTOJHBIX YCIOBHM, KOJUYECTBO
aHOMaJIMI Pa3BHUTHUS NBUIBLIEBOIO 3epHA YBEIMYHMBAeTCs. B Hambombiei creneHn
JaHHas crenuduka reorpa)uueckoro MOJIOKEHHUs MPOSBISETCS B HACAKICHUAX
r. Kapayn-O6a, B ux cpeaneii yactu (Ha BeicoTe 70 M HaJ yp. M.) T0JS HAPYIICHHUH
pasmepa u (opMbI MBUIBLEBOTO 3epHa P. brutia var. pityusa coctaBuna 7,6 %. Ha
BbicoTe 40 1 120 M Hajx yp. M. JaHHBIA TIOKa3aTeNh ObIJI COOTBETCTBEHHO 5,2 11 3,2 %.

Baxnouenue

B 3anmagnoit yactu npouspactanusi P. brutia var. pityusa B Topaom Kpeimy
KaueCTBO IbLIbLEI 00JIE€e BBHICOKOE B CPABHEHHMHM C IIBLIBLION E€PEBbEB BOCTOYHBIX
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Tepputopuil. B Hacaxnenusx P. brutia var. pityusa ypouuia batunnman xu3-
HecnocoOHOCTh MBUIBIBI BapbupoBaia B mpenenax 92-98 %, anuHa neuible-
BBIX TpyOok — 140—160 mxm. Ha 1. Kapayn-Ob6a cpemHss )XKH3HECTIOCOOHOCTH
MBUTBIBI HE NpeBbimnana 82 %, cpeHss JUIMHA MBUIBIEBBIX TPYOOK — 125 MKM.
B ypouunime HoBeiit CBeT npu HEKOTOPOM YBEJIUUYEHUU TOJIU OKPALIEHHOM MbLIb-
bl HaOTI0IaIOCHh CHUI)KEHUE aKTUBHOCTU €€ MPOpACTaHUS HAa MCKYCCTBEHHOU
MUTATEIBLHOU Cpejie.

W3yuyeHue CBOMCTB MbUIbLIBI METOJIOM MPOPALIMBAHNS HA UCKYCCTBEHHOW MHU-
TaTeNIbHOW CpeJie BBISBUIO HEKOTOPOE YMEHBIIICHUE YPOBHS €€ dKU3HECIIOCOOHOCTH
10 CPABHEHUIO C pe3yIbTaTaMH alleTOKAPMHUHOBOTO TECTUPOBAHUS, PA3INYHs COCTa-
Buiu 4-9 %. Hcnonp3oBanue 2 CrocoOOB aHANM3a KU3HECTOCOOHOCTH MBUIBIIBL:
OKpaIllMBaHKE alleTOKAPMHHOM H TMPOpAIlMBaHUE HA MCKYCCTBEHHOH MHUTATEIbHON
cpelie — MO3BOJISAET OLCHUBATH YPOBEHb 3JIMMHHAILIMN MY)KCKOTO TaMeTo(huTa Ha CTa-
JIAY IPOpacTaHusl MbUIBLEBOTO 3€PHA.

Craructudeckasi OI[eHKa aHOMAaJM Pa3BUTHS TBUIBLEI BBITBMIIA, YTO B 3a-
najHoOM yactu npouspacranust P. brutia var. pityusa B [opaom KpeiMy ux 3ameTHO
MEHbLIE B CPABHEHHU C BOCTOUHOU. CyMMapHbIi CpEeIHUN MOKA3aTelb aHOMaJIbHOU
TBUTBITBL JJIS 3aMaIHBIX TEPPUTOPHI cocTaBui 2,9 %, mist BOcTOUHBIX — 4,6 %, 9TO
CBSI3aHO C PA3JINYMEM KIMMATHYECKUX YCIOBHUU B Tepuo] (POPMUPOBAHUS ITBLIBIIEI,
B BOCTOYHOM paifoHe OHU MeHee OmaromnpusTHbie. JIMMuUTHpYyIOiee TeHCTBHE TEM-
MEPaTypPHOTO peKuMa Ha (POPMHUPOBAHUE U Pa3BUTHUE MbUIBLBI P. brutia var. pityusa
YCHIIMBAETCS HA OTKPBITBIX MBICOBBIX TEPPUTOPUSX, TII€ TMOBBIIIAETCS KOHTPACT TI0-
TOJIHBIX YCIIOBHM.
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Annomayus. B HacTosIee BpeMsl KaUeCTBEHHBIN COCTaB HKCILTyaTallUOHHBIX JIECHBIX Mac-
CUBOB BO3pacTa CIENOCTH U NOAXOIAMINX K HEMY YacTO SIBISIETCS HEYIOBJICTBOPUTEIBHBIM.
Bo MHOTOM 3TO CBSI3aHO C OTCYTCTBHEM PYOOK yXO/1a MJIM UX HETIPaBUIIBHBIM IIPOBE/ICHHUEM.
[Tpon3BOAUTEIFHOCTD JIECOCEUHBIX paboT IpH pyOKax yxoja Maia, nolydaeMas JpeBeCHHa
B OOJIBIIMHCTBE CITy4acB OKa3bIBaCTCsl HEBOCTpeOOBaHHON. MexaHu3anusi pyooK yxo/a Hey-
JI00Ha ¢ MPOM3BOICTBEHHOM TOUYKH 3pCHHUS 1 SKOHOMUYECKH HeBbIroiHa. Bmecte ¢ Tem B Poc-
cuiickoit denepanuu eCTh IPUMEpPhI BHEPEHHUS MTEPEI0BBIX 3apYOS)KHBIX IPAKTHK OCYIIECT-
BJIeHHs PyOOK yXO/1a MalIMHHBIM CIHOCOOOM C MCIIOJIb30BaHHWEM XapBecTepa M (opBajepa.
[Tpumenenwne sToro crocoda MO3BOISIET KPATHO MOBBICUTH TPOM3BOAUTEIBHOCTD. YIICIbHbIC
3aTparsl (p/M?) 371ech OOJIbIIIE 3aTPaT Ha CILIOIIHBIC PyOKH CHEJBIX U IIEPECTOMHBIX Hacaxk/1e-
HUH, OJTHAKO 3a4acTyl0 MEHbIIE, YeM NpHU paboTe BaNIBIIMKOB Jeca. Emie GonbIie MoBbICHTH
3 (PEeKTHBHOCTH PabOTHl MAIIMHHBIX JIECO3aTOTOBUTEIBHBIX KOMIUIEKCOB IPU ITPOBEICHUH
PyOOK yX0/1a BOBMOXKHO 32 CYET aBTOMATH3alMK 0TOOpa JIepeBheB B pyOKy. B ocHOBY Takoro
0TO0pa HEOOXOIMMO MOJIOKHUTH TNIABHYIO 33/1a4y JJAHHOTO BUIa pyOOK — OJTydeHne Hanodosee
ONTUMAJIBHBIX MO Pa3MEPHO-Kaue€CTBECHHBIM IMPU3HAKAM HACaXKICHUIN K BO3PACTy UX CIENO-
CTH. DTO CTAHOBHUTCSI BO3MOXKHBIM IIPH yUeTe KOHKYPEHTHOI OOpBHOBI IPEBECHBIX PACTCHUH
B HACaXJICHWU JI0 M IOCJe MpoBeAeHus pyOoK yxona. B crarbe BBereHa mareMaruuecKast
MOCTAaHOBKA 3a/1a4M Ha3HAYCHUS JAEPEBbEB B PYOKY B OJHOPOIAHOM HacaxaeHuu. [lokazaHo,
YTO YMCIIO BAPHAHTOB PELICHUS PACTET SKCIIOHEHIIMANBHO. Peasm3oBan anropurM, 6asupyro-
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CIIy4alHbIM PEe3yJIbTaTOM, a TAKXKE C yAAJICHUEM JIepeBa, HMEIOILETo CaMoro OJIM3KOro cocena
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Abstract. Currently, the qualitative composition of merchantable forests of maturity age
and approaching it is often unsatisfactory. This is largely due to the lack of improvement
thinning or its improper carrying out. The productivity of logging operations during im-
provement thinning is low, and the resulting timber in most cases turns out to be unclaimed.
Mechanization of improvement thinning is inconvenient from a production point of view
and economically unprofitable. At the same time, in the Russian Federation there are ex-
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amples of the implementation of advanced foreign practices of improvement thinning by
machine using a harvester and a forwarder. The use of this method allows for a multi-
ple increase in productivity. The unit costs (rub/m?) in this case are higher than the costs
of clear cutting of mature and overmature plantations, but often lower than when felling
forests. It is possible to further increase the efficiency of machine logging complexes during
improvement thinning operations by automating the selection of trees for logging. The ba-
sis for such selection should be the main objective of this type of logging — obtaining
the most optimal size and quality characteristics of plantations by the age of their matu-
rity. This becomes possible when taking into account the competition of woody plants in
the plantation before and after improvement thinning. The article introduces a mathematical
formulation of the problem of assigning trees for logging in a homogeneous plantation. It is
shown that the number of possible solutions is growing exponentially. An algorithm based
on the greedy method is implemented, and an experimental comparison of this method with
a random result, as well as with the removal of a tree with the closest neighbour among all
trees, is performed. Testing the algorithm on experimental data has shown that it is more
effective than the other two.

Keywords: improvement thinning, selection of trees for logging, mathematical modeling,
greedy algorithm, complete weighted graph, optimization criteria
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Beeoenue

[Iporecc pocra u pa3BUTHS APEBOCTOSI PErYIMPYETCS KOHKYPEHTHBIMH OTHO-
MICHUSMH B TOmyisiiid. [1o KOHKypeHIuei moapa3yMeBaioT B T. 4. B3aUMOJICHCTBHA
Mex 1y opranu3mamu. OHa MOXKET ObITh BHYTPUBUIOBAsI M MEKBUJIOBAs, AKTUBHAS U
naccuBHas [11, 17]. B mporecce Takoit 00ps0bI 1epeBbs B HACAKICHUN PA3ICISIFOTCS
Ha Kiacchl — kimaccel Kpadra.

Pactenust B MHAMBUAYaTbHOM Pa3BUTHH KOHKYPHUPYIOT MEXay COOOH B oc-
HOBHOM 3a PeCypChl OKpY’KaloIIe Cpepl, TAKWe KaK CBET, BJlara M 3JIEMEHTHI M0Y-
BEHHOTO nuTaHus. CBET BCEra MPUCYTCTBYET B )KHU3HHU PACTCHHIA, TOJIBKO B Pa3HOM
CTETICHH U MOXKET PeryJupoBaTbCs B MPOIECCE POCTA HACAKICHHS ITyTeM HM3MEeHe-
HUsl ero rycrotrhl. [lmomoponue moYBbI, KaKk MPaBHUIO, OTHOCHTEIHHO IMOCTOSIHHO.
JlecHple TTOYBBEI B OCHOBHOM 6e)Z[HBIe 1 KHCJIBIC, U KOJIMYCCTBO NJOCTYHIHBIX IJISI UC-
MTOJTb30BAHMS PACTEHUSMH JIEMEHTOB B HHUX OrpaHu4eHo [6]. [loaTroMy KoHKypeH-
[y 3a MOYBCHHBIC PECYPChI 6OJ'I€C HaIpsKCHHAsA U 3aBUCUT OT IUIOLIAAU IMUTAHUA
Kaxmoro pacteHus [8, 9, 16, 22]. C 1ecoxo3s1iCTBEHHON TOYKH 3pEHUS HEOOXOIUMO
3HaTh MEXaHU3MBI MEXKBUJIOBBIX ¥ BHYTPUBUIOBBIX B3aMMOOTHOIICHHM, JUHAMUKY
HX pa3BUTHUA. I/I3B€CTHO, 4YTO BHYTPHUBUAOBAasA KOHKYPCHIIUA OCTPEC, YEM MECKBUIO0-
Bas. YIpaBJeHHE MPOILECCOM M3PEKUBAHHS TIO3BONIIET CPOPMUPOBATh HACAKICHHS
C 3a/IaHHBIMH XapaKTEPUCTHKAMH, TAKUMH KaK COCTaB, MOJHOTA, 3aIac, a TIaBHOE,
TOBapHas CTpyKTypa [1-5].
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PyOxu yxo/a mo3BoJIsiFOT 3aMEHUTh €CTECTBEHHBIH OTOOP HCKYCCTBEHHBIM I10-
CPEIICTBOM OCYIIIECTBICHHUS YEeJIOBEKOM O0TOOpa JIepeBheB B PyOKy. M 31ech BaKHBI
KpUTEpHUU Ha3HA4YeHUs JepPEeBbEB B pyOKy U Ha JopamuBanue: knacc Kpadra, canu-
TapHOE COCTOSHUE JiepeBa, HAWYHNE W OTCYTCTBHE MEXaHUIECKUX J1e(heKTOB, TPH-
Ha/JISKHOCTH K LIeIeBOH apeBecHOl nopoae [18-21]. Obs3aTenbHO yUNTHIBATh TaK-
e PacIiooKeHNE IePEBHEB OTHOCUTENBHO ApYT Apyra. KOHKypeHTHBIE OTHOILICHHS
MeJIy JIepPEeBbsIMH OJTHOTO BH/IA, KaK OBLIO CKAa3aHO BBIIIE, 3aBUCST OT TUIOIIAIH MTUTAa-
Hust. OTcro/1a BBITEKAET HECKOIBKO BOIIPOCOB C TOUKH 3PEHUST (PUTOLEHOTHYECKOTO
1 TIPAKTUYECKOTO JIECOBOICTBEHHOTO MOMX0MO0B [3, 7, 28]: 0 BIUSHUN COCETHUX JIe-
PEBBEB JIPYT Ha JApyra, 0 MeXxaHu3Max ux AuddepeHIraniy Ha TOCIOICTBYIOIUE 1
OTCTAIOIIHE, O PACTIOIOKEHUH OTHOCUTEIBHO OCTaJIBHBIX C YUETOM ONTUMAIbHOCTH
TOBapHOW U OMOJIOTHYECKOH CTPYKTYPBHI.

C TOouKM 3peHHs KOHKYPEHTHBIX OTHOIIEHHI OCTaBISEMBIX Ha JOpAIlNBaHUE
MoCJIe TIPOBEIEHUST pyOOK yXo/a JIepeBheB HanOosIee panroHAIBHBIM, TIPA TIPOYNX
PaBHBIX YCIIOBUSAX, SBJSETCS MPETyCMOTPEHUE MEKAY HUIMH MaKCUMaJIbHO BO3MOXK-
HOTO PAaCCTOSHUS.

B nHacrosiiee Bpemsi 10CTaTOYHO paclpOCTpaHEHHAs! MpakTHKa B JIECHOM
X035IMCTBE — COCTABIIEHHE MOJEPEBHOTO IJIaHA HACAKIEHUS C YKa3aHHEM KOOp-
JIMHAT PACcTYIINX AEPEBhEB U HX HEKOTOPHIX XapaKTePUCTHK (TOPOa, TMaMeTphl),
4yTO0 AenaeTcs npu nomoinu TexHosorun LIDAR. B 3aBucuMoctu oT 00beMOB
M3MepeHui, TpeOyeMoll TOYHOCTH W MPOU3ZBOAUTEIFHOCTH TaKHWE JTaHHBIE MOX-
HO MOJIYYUTh MOCPEACTBOM JIa3ePHOTO CKAHUPOBAHUS: HA3€MHOTO, MOOUIILHOTO,
BO3JIYLITHOTO.

[Ipu Ha3zeMHOM Na3epHOM CKaHWpOBaHUH (puc. 1, @) onepaTop ckaHepa JIBH-
JKeTCs 110 BU3YalbHO HAMEUEHHBIM MapauIeIbHBIM X0aM, PACCTOSHUE MEXKITY KOTO-
pbiMu 10—15 M. MeTos1 HamoMUHAET TEXHOJIOTHIO CIUJIONIHOIO MIepedeTa JIepeBbheB Ha
Jecoceke, Ho uMeeT B 2—3 pasa 00JIbLIYI0 IPOU3BOAUTEIBHOCTE — 5—7,5 Ta 32 CMeHY,
a mHOTAA U 1o 15 ra. [lpm peanm3anuu TaHHOTO METOJa HE TPEOYEeTCs IMOCTOSTHHBIN
criyTHUKOBBIM GNSS-curnan. Taxxke 3T0 METOJ MO3BOJISIET MOAYYUTh MaKCHMAallb-
HYI0 TOYHOCTh. OJIHAKO HEKOTOpHIEC 3aTPYIHEHHUS MOTYT NPEACTaBIATh MOAPOCT U
MTOJITECOK.

[Tpr MOOMIBHOM Ja3epHOM CKaHWPOBAaHHUM HCIIOJIB3YETCS MOOMIIbHAS CTaH-
s, OOBETUHSIONIAA JIa3epHBIA CKaHep, MHEPIMAIBHYIO CHCTEMY W IPHEMHHUK
GNSS-curnana. Cranuust MOXET IepeMeIIaTbes, HapuMep, Ha HeOOIbIIOM KoJec-
HOM WJIM TYCEHUYHOM BE37IEXOJTHOM CPEACTBE, TakoM Kak MUHH-TpakTop [10]. Cmo-
c00 XapaKTepHu3yeTCs 3HAYUTEINBHO OOJBINEH MPON3BOAUTEIHHOCTHIO TT0 CPABHEHUTO
C Ha3eMHbIM CKaHHUPOBAaHHEM, HO AT MEHBIIYI0 TOYHOCTH (CIOKHO ONPEAETUThH
InaMeTp JePEeBhEB), a TaKXkKe TpeOyeT OTKpBITOro Heba st koppekTHoro GNSS-mo-
3ULIMOHUPOBAHUS.

Boznymroe nazepHoe ckanupoBanue (puc. 1, 6) MaKCUMaIbHO TPOU3BOIH-
TEJIbHO, HO OOJIaZlaeT MEHBIIeW TOYHOCTHIO (KPHBH3HA CTBOJIOB OOYCIIOBIHBAET
OIIMOKY MPH OTIpeIeIEHNH UX KoOopAnHar). Takke mpu ero peaau3aluy cieayeT yuu-
THIBaTh HOPMATHBHBIE ACTIEKTHI HCITOJIb30BAHMS OCCIIMIIOTHBIX JIETaTeNIFHBIX arapa-
TOB. BOJBIINM JOCTOMHCTBOM METO/A SIBIISIETCS BO3MOYKHOCTH ONpeiesieHHst 00beMa
KpPOHBI, YTO B JajbHEHIIEM MO3BOJHUT MPOTHO3UPOBATH TPYAOEMKOCTh IO OYUCTKE
JIECOCEKH, a TAK)KEe MPUHUMATh PEIICHHE O aTbHEUIIeM d3PPEKTHBHOM TPHUMEHEHUT
MopyOOUYHBIX ocTaTKoB [23, 24].
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Puc. 1. [lonepeBHas cbeMka HacaxaeHUs rpu nomoinu rexuonoruu LIDAR:
a — Ha3eMHOE CKaHUPOBaHKE; O — BO3YIIHOE

Fig. 1. The tree-by-tree survey of a plantation using the LIDAR technology:
a — ground scanning; 6 — aerial

PaccmoTpennble BapuaHThI MONEPEBHON CHEMKHU MPHU MOMOIIM TEXHOJIOTUHU
LIDAR paroT BO3BMOKHOCTb HOJIYYUTh JAHHBIE O KOOPAUHATAX JEPEBbLEB U UX XapakK-
TEPUCTUKAX B yke cHopMUpOBaBIIeMcs HacaxaeHuH. [Ipy co3aHuu MCKYCCTBEH-
HBIX HACAKICHHUMW, B T. Y. JIECHBIX TUIAHTAIMH, HEKOTOPhIE OTECUECTBEHHBIC U 3apy-
OCXKHBIE JIECONONIb30BaTe)n ycTaHaBIuBaloT GPS-MeTkn KaXJ0ro pa3MeneHHOro
Ha TEPPUTOPHUU CesiHIIA (CaXKEHI[A) C 3aKPBITOM KOPHEBOM CHCTEMOU MPHU MAITHHHOM
crrocobe mocaaku (puc. 2) [13, 26, 29, 30].

Naw-.0x40

€ ASTA

\ J/

Puc. 2. Cxema pa3MemieHus ocagouyHOro MaTepraia Ha MOHUTOPE KOMIIBIOTEpa
M0CaJIOYHON MAaIIUHBI

Fig. 2. The layout of the planting material on the computer monitor
of the planting machine
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IIpakTuka MOAEpEeBHON J1a3€pHOM CBEMKH, WM IOJYYEHUS KOOPAWHATHOMN
KapThl IOCAJKH, TO3BOJISET JOCTUTHYTh MHOTHX IIeJIed HU(PPOBHU3ALUH JIECHOTO XO-
3sifcTBa [12, 14, 15], B T. 4. YaCTUYHO aBTOMATH3MPOBATH MPOIIECC OTOOpPA IEPEBh-
eB B pyOKy C 3a/laHHeM U 3arpy3Koi B OOPTOBON KOMIIBIOTEP JIECO3arOTOBUTEIBLHON
MaIllMHbl KOOPIMHAT BHIOMpaeMbIX AepeBbeB. B nmanbpHelinieM mpearnonaraercs uc-
MOJIb30BaTh MPOrpaMMy Ha COBPEMEHHON JIeCO3arOTOBUTENILHOM TEXHHMKE. JTO Cy-
[IECTBEHHO MOBBICUT 3()(HEKTUBHOCTH PyOOK yXO/1a, C TOYKH 3PEHHUS KaK JOCTHKE-
HUS ONTHMYyMa COCTaBa IPEBOCTOSI OCIIE PYOKH, TaK M PEHTA0ETbHOCTH MapIIPyTOB
JIBUKEHHUS JIECO3arOTOBUTENBHON MAalllMHBl U TPAHCIIOPTHOTO OCBOEHUS JIECOCEKHU
(pacrmonoXeHus TPEJIEBOUHBIX BOJIOKOB U TEXHOJIOTMYECKUX KOPUAOPOB).

Jnst aTOoro HE0OX0MMMO 000CHOBATh AJITOPUTMBI U pa3paboTaTh MOACTH IS
pacdera ONTHMaJIBHOIO PACCTOSIHUS MEKAY JEPEBbSIMU B 3aBUCUMOCTH OT HX Xapak-
TEPUCTUK, TAaKUX KaK pa3MelleHHe B JAPEBOCTOE, AMAMETp, MMopoja. 3Has JUaMETp
JiepeBa, BCETia MOYKHO BBIYHCIIUTE a0COIIOTHYIO TIOJIHOTY HACAXKICHHS U HHTCHCUB-
HOCTB PyOKH.

Llens maHHOTO 3Tama MCCiIeOBaHMN — MaTeMaTH4yeckas IOCTaHOBKA 3a/1a4H,
000CHOBaHNE HAMITYYIIIETO aJlTOPUTMa OTOOpPa JepeBhEB B PyOKY.

Obvexmom uccnedosanus CTa MaTepuallbl MOJEPEBHON ChbEMKH MPU ITOMO-
i texHonoruu LIDAR necroro maccuBa B Peciyonuke Tarapcran BOnmm3u 1. HaOe-
pexxHble YelHbl.

Pesynomamul uccnedosarus u ux oocyxicoenue

[lepeiinem k GpopmManbHON OCTaHOBKE 3a1aun. byaeM cuurare, 4To ecocexka
MpeCcTaBIsIeT co00M 3aMKHYTBI MHOTOYronbHUK P 6e3 apip. [lycte mmeercs n
JIepeBbEB U TPeOyeTCsl OCTaBUTD MOCIIE BEIOOPOUHOH pyOKH m u3 HUX (m < n). [epe-
BbsI CMOJZIEJIMPYEM IIPU ITIOMOILHU KPYTOB, LIEJTMKOM HaXOIINXCS B MHOIOYTOJIbHUKE
P. Kpyru nanee 6ynem Ha3bIBaTh JepeBbiMu. Kakaoe n1epeBo UMeeT paauyc r,.

PaccmoTpum momnHbli B3BemeHHsl rpadp G = (V, E), tne V = {v,..., v,},
BEPLIMHBL V; € /' COOTBETCTBYIOT ACPEBbsIM, a pebpa €; € E — napawm nepesbes v,
u v,. [TonHoTa rpada o3HayaeT, 4To BCE BEPIIMHBI MOMIAPHO COEMMHEHBI MEXKTY COOOH
pebpamu. Bec w; pebpa e; paBeH paccTOSHUIO MEXKY COOTBETCTBYIOIIMMH KOHIIAM
pebpa nepeBbIMU:

w; :d(v,.,vj)—r,. —r,

e d(v,, v;) — PacCTOSIHUE MEKTY LIEHTPAMH KPYTOB, KOTOPBIM COOTBETCTBYIOT BEP-
WIMHBI V, U Vj; T, 7, — PAJHYChI JIEPEBEB [ U .

Tpebyercs BIOpars oaMHOKecTBO Bepi V' < V', cocrosiuee u3 m snemen-
TOB, COOTBETCTBYIOIIMX OCTABJICHHBIM IIOCJIC BHIOOPOUHOI pyOKu nepeBbsiM. O003Ha-
unm kak G' = (V', E') noarpad, nopoxaennsii muoxectsom V', tne £’ < E — muoxe-
cTBO pedep rpada G, COSNUHSIONINX BEPITMHBI TIOMHOXKECTBA V.

JInst perieHns] UCXOMHOM 3a/laul MOXKHO HCIIONB30BaTh Pa3NIMUHbIC KPHUTEPHU
onTuMu3auK. MBI IipejiiaraeéM MakCHMH3UPOBATh CyMMY BecoB pebep B mozrpade G

> w; — max.
e[j eE'

DTO YIOBIETBOPSCT TPEOOBAHUIO MAKCHMHU3AIUM CYMMAPHOTO PAaCCTOSHHS

MEXy IICHTPaMH OCTABIIUXCSI JICPEBHEB.
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Bcero ecth |
n!

m
C m!(n—m)!
BapUaHTOB BBIOOPA 71 TIOJIMHOKECTB BEPIIIUH IS (JOPMHUPOBAHHS MHOXKeCTBA V', 4TO
BJIEYET SKCIIOHEHIINATBHYIO CIIOKHOCTD PEIICHHUS TaHHOW 337]a91 METOJIOM TTOITHOTO
nepedopa. UToObI 3TOro He JieNaTh W YCKOPHUTDH MPOIECC PEIIeHHs, MPeaaraeTcs
CJIEAYIOLIUHN KaIHbII SBPUCTUYECKUN AT OPUTM.

JKaouwtil aneopumm 011 pewenus 3a0a4u NOUCKA UHOYYUPOBAHHO20 pagda ¢
MAKCUMANLHOU CYMMOU 8eco eepuiun. YKaaHble arOPUTMBI SIBISIOTCS MOMYJIIPHBIM
METO/IOM DEIIeHHs Pa3UYHbIX 3a/1ad, B T. 4. Ha rpadax, HarmpuMep, I MoIaep-
JKaHWsl OpUeHTaluK pedep AuHamuueckoro rpada [25, 27], morcka MUHUMAIBHOTO
OCTOBHOTO zepeBa [31] uim pacyera cxeM TPAHCIOPTHBIX MapIIPYTOB Ha BBIPYOKe
[29]. Omummem anropuT™ >KaTHOTO METOMA JUTSI TAHHOM 3a1a4u.

B pamkax skafHOTO MEeTO/1a MOJKHO IOJICYMTATh CYMMY BECOB pedep BCEX Bep-
IIVH ¥ YIATSITh Ha K&KIOM IIare BEpIINHY, CyMMa BECOB HHIIMACHTHBIX pedep KOTo-
POl MMHMMAJIbHA.

[Ipumep mocTpoeHNs anropuTMa BBITISANT TakK:

Bxow: G=(V,E), 1, > v, [V
Boixoa: V' u Z

CcyMMa BecoB Bcex pedep rpada G COOTBETCTBEHHO
Begin
1. While [V'| # |V do
2. IHMumanu3upoBaTh MHOXKECTBO BecoB W, W= |E|
3. MuunumanusuposaTt MHOXecTBO W, : W, = |V]|, rae Kaxablil dyeMeHT

WiEWWW,- — MHOXXECTBO OCTaBIIUXCS B rpade BepUIMH U

i
COOTBETCTBYET CYMMAapHOMY BECY OTIEIBHON BEPIIUHBI W; = Zwif’ w; € W
=1

4. Ynanute u3 V Bepumny v', a1 KOTOpoit w,, = min (W), 1 Bce MHUUACHTHbIE
el pebpa.

End

JKaaHblil aropuT™ KOHEYEH, T. K. OH JIeJacT OIpaHMYEHHOE YUCIIO UTeparui
|V]—|V'|. BpeMeHHYIO CII0OKHOCTH aJITOPUTMa MOXKHO ouleHUTh Kak O(|V]-|V]). dns ka-
K101 BepIIUHBI TpeOyeTcsl HallTH CyMMY PacCTOSHUN IO BCEX OCTAJbHBIX BEPIIUH.
DTa omeparus TakKe IMeeT BpeMeHHYT0 cloKHOCTE O(|V]-|V]). Ymanenne BepImmHbI
u3 rpada 1 0OHOBIEHHE CYMM paccTossHui 3anuMaeT O(|V]), moToMy 4TO HYXXEH He
TIEPECYET BCEX CYMM, & TOJILKO BBIYNTAHUE U3 KAKION PACCTOAHUIA W, PACCTOSHUS W,
JI0 yAaJsieMOU BEPILUHEI j.

Anpobayus pabomsl ancopumma Ha OAHHLIX nepedemuol edomocmu. Jis
npoBepku 3pdekTuBHOCTH padoThl anropuTMa OBLIM HCIOJNB30BAHBI JJAaHHBIC Iie-
pedeTHON BEAOMOCTH I OTHOPOIHOTO HacaXieHWs B mpuropone HabepekHbix
YenHoB (puc. 3). [Tox omHOpOIHBIM HacaK/IEHHUEM 371€Ch TIOHUMAeTCs HacaX/IeHue,
COCTOsIIEE U3 OJHOM MOPOABI WK C puMechio apyroi menbiie 10 %. CocraB Ha-
caxaenus — 10JIn+Ki, Bo3pact — 30 net, 6onutet — [. Kaxknioe nepeBo B BEIOMOCTH
MpEeACTaBIsIET COO0H Mapy KOOpAUHAT (X, ) B METpax B MECTHOH cHcTeMe KOOpIIH-
Hat 17151 Habepexxupix YeaHOB ¢ ykazaHHEM ero AuaMeTrpa B MeTpax. [IpoBoanioch
CpaBHEHNE yaJeHHs JepeBa C HAUMEHBIINM OOIIMM PAcCTOSHHUEM CO CITyYalHBIM
PE3YNBTAaTOM W C yJAJIEHHEM OJHOTO JepeBa W3 IMapbl CaMbIX OJM3KHX JIEPEBBEB.
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B nocneHeM citydae BRIpyOKe IMOIIEkKAIO JEPEBO C MEHbBILEH CyMMOW PaccCTOsSHHAN

J0 BCCX OCTAJIbHBIX JICPCBLCB.

Ne Townm XM AT ITopoaa aepeBa Jaametp D, M
1 482139554 2323853,05 nMIa 0,25
2 482137,96 232385775 nMIa 0,40
3 482140,336 2323857,165 JMIa 0,25
4 482138238 2323861,457 nMnIa 0,40
5 48214411 2323854,802 nMna 0,30
6 482144 424 232385775 2K 0,14
7 482143,52 2323860,03 2K 0,13
] 482146,158 2323861,843 nMna 0,40
9 482144815 2323870,337 nMIa 0,50
10 482142,006 2323868,766 nMna 0.35
11 482141,191 2323868,92 nMna 0,25
12 482137513 2323873,953 nMOoa 0,40

Puc. 3. Ilpumep pe3yabTaToB MOAEPEBHON ChEMKH, UCTIONB3YEMbIX TPH MOACTUPOBAHUHT

Fig. 3. An example of tree survey results used in modeling

Bri6opka coneprkana 1000 nepereB. Ha xaxgoi urepanun GopMupoBaiach
BbIOOpKa 13 100 ciryvaifHbIX gepeBbeB. BriOop M000r0 epeBa OblI paBHOBEPOSTEH.
U3 100 nepeBbeB OMHUM M3 OMUCAHHBIX CIIOCOOOB B 1-i cepru dKCIIEPIMEHTOB y/a-
ssmick 10 v Bo 2-1 — 20 (cM. Tabnuity). [TomydeHHbIi pe3yssraT (CyMmma Beex momnap-

HBIX PAcCTOSHUI) COXpAaHsUICS, M MPOM3BOJMIICS HOBBIM 3aIlyCcK ajropurma. Bcero
66110 BhITTONTHEHO 1000 3amycKOB Ka)10i 3BPUCTHKH.

CratucTH4ecKkne XapaKTepHCTHKH Pe3y/IbTaTOB YKCIEePUMEHTOB
The statistical characteristics of the experimental results

CpenHekBaipaTHIHOE
OTKJIOHEHHE CyMMapHOTO
PacCTOSIHUS MEX]ly BCEMU

CyMMapHOE PacCTOSTHHE MEK/LY

Bun 9BPUCTUKH BCEMHU IIapaMH BEPUINH

cpeanee MEIHUaHHOC TapamMu BEpUINH
Ipu 10 yoansemvix Oepesbsix
YKanueiii MeTos 314 096,35 313 930,03 14 395,35
CrydaliHbIi METOJT 297 170,26 297 319,13 14 673,41
Merton ommkaiiniero cocena | 282 666,67 282 469,88 14 743,44
Ipu 20 yoansemvix depesbsix
JKagupiii MeTox 261 387,42 262 066,41 11 441,08
CrydaliHbIi METOJT 234 610,57 235 346,60 12 284,21
Merton ommkaiiniero cocena | 219 042,78 219 132,16 12 114,11

YKamuerii MeTo B cpeHEeM MoKasan pesyasTar Ha 5,3, 10,0, 10,0 u 16,0 % my4-
1Ie CIy4aifHOro METo/Ia M METOJIa CIIyJaiHoro cocezia mpu 10 ynanseMbIX JepeBbsixX
" TEX K€ METOHOB IIpU 20 YAQTACMBIX JEPEBBAX COOTBETCTBEHHO. EcTtb ocHOBaHus
oJIaraTh, 4YTO MPH YBEIIMYCHUN YMCIIA TIOJICKAIIUX PYOKe JIePEBHEB Pa3pPhIB MEKTY
IBPUCTUKAMHU OyIET pacTH.

Bo Bcex ciydasix MeIMaHHOE 3HAYCHHE OTIMYAIOCh OT CPEeIHEro He Oosee
gem Ha 0,4 %, 9TO TOBOPHUT O CTAOMILHOCTH PE3YJIbTATOB U OTCYTCTBUH BHIOPOCOB.
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JnarpamMmma pacrpeneneHus 4acTOT BBIXOIHBIX TaHHBIX 115 10 yanseMbIX 1epeBhEB
MIPH WCTIOJI30BaHUU KaJIHOTO METO/a 1Moka3ana Ha puc. 4. [lo ocu abciucc oTkia-
JIBIBAIOTCSL OKPYIVIEHHBIE JI0 THICAY CYMMBbI MOMAPHBIX PACCTOSTHUNA MEXIY JIEpPEBbsi-
MHU I10 UTOraM pabOTHI OHOM UTepaluu aropurma. [1o ocu opauHAT pacmnonaraeTcs
4acToTa JAaHHOI'O PE3yJIbTaTa.
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Puc. 4. Fpa(bHK JaCTOT CyMMBI paCCTOfIHI/II/I MCKAY BCEMU ACPCBbAMUA UIA KAAHOTO METOJA

Fig. 4. The frequency curve of the sum of distances between all trees for the greedy method

Raxnrouenue

Paccmorpena mpobiema mOBBITIICHUS 3(PGEKTUBHOCTH PabOTHI MAaITHHHBIX
JISCO3aroTOBUTEIBHBIX KOMIUIEKCOB MIPH MPOBEIICHUH PYOOK yXoJa 3a JIECOM ITyTeM
aBTOMAaTH3alliu O0TOOpa JIepeBbeB B pyOKy. [l aBTOMaTH3aIK MCIIOIB30BaHA I10-
JepeBHast cheMKa mpu moMoriu TexHonorun LIDAR wunu u3BecTHBIE KOOPIUHATHI
Ka)KJI0T0 JepeBa HACAXACHHUSI, IOTYUYEHHBIE [IPU €T0 UCKYCCTBEHHOM BOCCTaHOBIIE-
Huu. Ha3HaueHue nepeBbeB B pyOKy TaKMM CIIOCOOOM IMO3BOJIUT ONTHMHU3UPOBATH
pa3MeIIeHUE CETH TPEIEBOYHBIX BOJIOKOB (TEXHOJOTMYSCKUX KOPHUIOPOB) HA COBpE-
MEHHOM JTarle TEXHUIECKOTO Pa3BUTHS, a B JAIbHEHIIIEM MTPUMEHSATH O€CTIUIIOTHYIO
TEXHUKY JIJIsl IPOBEJICHHS paCCMaTPUBAEMOTr0o BUjia padoT.

brina BBeneHa Maremarvueckas mocTaHOBKa 3aaauu. Ilpu pacuere paccros-
HUAW MEXIYy NEePEBbIMH YUUTBIBAICA WX paauyc. [lokazaHo, 9TO YHMCIO BapUAHTOB
peLIeHUs PacTeT SKCIOHEHIMAIbHO. Pealn30Ban aliropuTM, OCHOBAHHBIN Ha Kal-
HOM METOJIE, U MPOBEACHO IKCIEPUMEHTAIBHOE CPABHEHUE METOAA CO CIIyHYAHHBIM
pe3ysbTaToM, a TakKe C yJaJeHHEM JiepeBa, MMEIOIIEro caMoro OJNM3Koro cocena
Cpemu BceX JiepeBbeB. ATpo0danys aJropuTMa Ha SKCIIEpUMEHTABHBIX JaHHBIX BbI-
SIBUJIA, YTO JKaIHBIA MEeTO 3P PEKTHUBHEES ABYX IPYTHUX.

JlanHast 3a/1aua B Takoi IoctaHoBKe (popMynupyercst BriepBbie. Kpurepwuii on-
THUMAaJTbHOCTH SIBJISICTCS MHTETPAIEHBIM U OTICHUBACT KU3HEHHOE MTPOCTPAHCTBO Je-
peBbeB B 1iesioM. PelieHne 3a1a4u ¢ UCIOJIb30BaHUEM 0003HAYCHHOTO KPUTEPHS HE
MTO3BOJISIET OCTABUTH JAEPEBBS Ha KAKOM-TO HEOONIBIIIOM Y9acTKe, CPYOHB BCE OCTalhb-
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Hble. OIHAKO Y HETO €CTh W HEeNOCTAaTKU. TeOpeTHYEeCKU pPEelIeHUs, ONTUMAaTbHBIC
10 3TOMY KPUTEPHUIO, MOTYT COJIEP’KaTh HEOObIIINE IIOTHBIE CKOIICHUS JIEPEBHEB,
3HAYUTENIBHO yAAJICHHBIE OT IpyTruX. Bo n3bexaHue Takoi CUTYaIiy CIICOBAJIO OBl
HaXOIUTb PEIICHHUS], B KOTOPBIX JEPEBBS «PAaBHOMEPHO» YAAJICHBI APYT OT Apyra, HO
MaTeMaTHYeCKH TaKOoW KPUTEpHil (popMymrpyercs CIoKHee.

B nmanpHEeMIIMX MCCIENOBAHUAX IJIAHUPYETCS PacCMOTPETh APYrUe KpUTe-
PHUH ONTUMAILHOCTH JUTSA JAHHOH 3a7a4H, TAaKWe KaK MAaKCUMHU3AIUs MUHUMAJIHHOTO
pacCTossHrg MEXY IapaMu ACPEBbEB, MUHUMU3AUA IEPECCUCHNA 30H UX BIIMAHUA
JIpYT Ha Apyra, a TAaKXKe pa3IeJICHUE MHOXKECTBA JEPEBHEB HA KJIACTEPHI U IPUMEHE-
HUE Pa3HBIX KPUTEPUEB IS pa3IMYaonInXcs KiactepoB. [loMrnMo 3TOTO0, B TEKYIIEH
MMOCTAHOBKE 3aJlau HC YUYHUTLIBAJIWCH IMOPOJAbI JEPCBLEB, XOTsA, KaK 6I)IJ'IO CKa3aHO
BEIIIIE, MEXBHJIOBasi O0pb0a UMeeT 3HAYUTEIHHOE BIMSHHE Ha MPUPOCT JICPEBHEB.
OTOT PakTop TaKKE TUIAHUPYETCS YUECTh B JIajbHEHIIIEM.
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Annomayusa. Viccnenosana tpancdopmarus gecos FOxxuHoro Ypana 3a 25-neTHuit nepu-
0]l C MPUMEHEHNEM TeOMH()OPMAIMOHHBIX CHCTEM W METOAOB JUCTAHIIMOHHOTO 30H/IH-
poBanus. OmpeeeH HOPMaJIM30BaHHbIN Pa3HOCTHBINA BereTalinoHHBINH nHaeke (NDVI —
Normalized Difference Vegetation Index), koTopblif oTpa)caeT BIUsSHUE TAKUX (HAaKTOPOB,
KaK coziep KaHne XJIopoQuiia, MiIonaab MOBEPXHOCTH JUCTHEB, INIOTHOCTh M CTPYKTYpa
pactutensHOCTH. VHAEGKC BBIYHMCICH Ha OCHOBE JAEMIN(POBaHMS Pa3HOBPEMEHHBIX KOC-
Mudecknx cHuMKoOB (1995, 2013 u 2020 rr.) co cnyTHukoB Pleiades-1A, Landsat-5 u -8 ¢
HCIIONIb30BaHuEM MporpaMMHoro nakera ArcGIS g co3gaHust kKapTsl paCTUTEIBHOCTH,
oTpaxkaromeil 3Hauenust NDVI, u perpocnekTuBHOro aHanusa ee coctoaHus. HalineHHnbie
3HAYEHUs] UMEIOT TECHYIO KOPPEISIIUOHHYIO CBS3b C MOKA3aTEIsIMU KU3HEHHOIO COCTO-
STHHS, TIOJYYCHHBIMH HaTypHBIM MeTonoM (koad¢urnuent xoppensuun — 0,69). Pacuer
nuaexca NDVI, renepupoBanne kapt auamnasona (UKCUpoBaHHBIX 3HadeHHH NDVI u
KOMOWHAIMSI KaHAJOB «MCKYCCTBEHHBIE IIBETa» I10 TOAaM IO3BOJIIIN BBIJCINUTH JIECHBIC
YYaCTKH C ONITHUMAJIBHBIMH ITOJIHOTOM, BO3PACTHBIM M CAHUTAPHBIM COCTOSTHUEM (TEMHBIH
OKpac) M y4acTKH, HYXJaIOIIHecs: B JiecoBoccTaHOBIEeHUN. CpaBHEHNE paclpeeeHHs
Tepputopuu o kinaccam NDVI 3a 1995-2020 rr. TOBOPUT O CyIIE€CTBEHHOM U3MEHEHUU
MJIOMAU OTAEIBHBIX KIaCCOB, KOTOPbIE CTPYNIHUPOBAHEI B 11 KJIacCOB M MPEICTABIEHBI
3HaueHussMu oT —0,14 1o +0,91. K 2020 r. npeBocxoasias 4acTb UCCIEAYEMOr0 y4acTKa
cTajia OTHOCHThCSA K Ooiee BeicokuM kitaccaM NDVI —9 u 10 u cocraBuia 98 %, 4To cBuU-
JIETEIbCTBYET O BO3PACTHOM OJJHOPOAHOCTH HACAXKAECHHI U MOBBIIIEHUH IPOJYKTUBHOCTU
necoB ¢ 1995 1. Hacaxnenus, nmetomue Oosbnine uHaekcsl NDVI, xapakrepusyrorcs
YBEJIIMUCHHBIM 10 CPAaBHEHUIO C JPYTMMH JIPEBOCTOSIMH HAKOIUICHHEM JpPEBECHOH Ono-
Mmaccel. Teppuropun xinaccoB 1-9 (NDVI 0-0,8) neMoHCTpHUPYIOT 3HAUNTEIBHOE COKpa-
IICHNE TUIONIAAN M CXOXKYIO TMHAMUKY, a Teppuropun kiaccoB 10—11 (NDVI 0,8-1,0) —
OIYTUMYIO MOJIOKUTEIbHYI0 AUHAMUKY. Pe3yabpTarsl Mcce0BaHUs NOATBEPKAAIOT Mpa-
BHIBHOCTB BbIOOpa nHAekca NDVI u3 n3BeCTHBIX HHJEKCOB PACTUTEIBHOCTH JUISI OLIEHKH
TpaHC(HOpPMAIMK THIIOB MOACTHIIAIONIEH MOBEPXHOCTH HM3y4aeMOTo ydacTka 3a 25 JerT.
Taxum 00pa3oM, ITOT UHAEKC SBISETCS 00bEKTUBHBIM MHIUKATOPOM COCTOSIHHSI JIECHBIX
sKocHcTeM. MeTonbl e prUpOBaHns MPOCTPAHCTBEHHBIX M300pakeHUIT MOTYT OBITH
HCITOJIB30BaHBI I ONPEAeICHUS IOIIAIN JIECOMOKPBITBIX 3€MeIb U 3HAYUTENIBHO MOBBI-
cUTh 3QPEKTUBHOCTD YIPABICHUS JIECHBIMUA PECYPCaMH.
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Abstract. The transformation of forests in the Southern Urals over a 25-year period has
been studied using geoinformation systems and remote sensing methods. The Normalized
Difference Vegetation Index (NDVI) has been determined, which reflects the influence of
such factors as chlorophyll content, leaf surface area, vegetation density and structure.
The index has been calculated based on the interpretation of multi-temporal satellite images
(1995, 2013 and 2020) from the Pleiades-1A, Landsat-5 and -8 satellites using the ArcGIS
software package to create a vegetation map reflecting NDVI values and a retrospective
analysis of the condition of forest vegetation. The values found have a close correlation
with the vitality indicators obtained by the field method (the correlation coefficient is 0.69).
The calculation of the NDVI index, the generation of maps of the range of fixed NDVI
values and the combination of “artificial colours” channels by year has made it possible
to identify forest areas with optimal density, age and sanitary condition (dark colour) and
areas in need of reforestation. A comparison of the distribution of territory by NDVI class-
es for 1995-2020 indicates a significant change in the area of individual classes, which
are grouped into 11 classes and are represented by values from —0.14 to +0.91. By 2020,
the superior part of the study area has begun to belong to higher NDVI classes — 9
and 10, and has amounted to 98 %, which indicates the age uniformity of plantations and
an increase in forest productivity since 1995. Plantations with higher NDVI indices are
characterized by an increased accumulation of woody biomass compared to other for-
est stands. The territories of classes 1-9 (NDVI 0-0.8) demonstrate a significant reduc-
tion in area and similar dynamics, while the territories of grades 10—11 (NDVI 0.8-1.0)
demonstrate noticeable positive dynamics. The results of the study confirm the correctness
of choosing the NDVI index from the known vegetation indices for assessing the transfor-
mation of the underlying surface types of the study area over 25 years. Thus, this index is
an objective indicator of the assessment of the condition of forest ecosystems. Spatial image
interpretation methods can be used to determine the area of forested lands and significantly
improve the efficiency of forest resource management.
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Beeoenue

ITo muenuto M. Ciesielski et al. [7], meca BaKHBI HE TOJIBKO KaK MCTOYHHK
JIPEBECHOTO CHIPBS, OHU BBITIONHIIOT MHOTOYHCIICHHBIE HKOJIOTHYeCKHe (yHKIINH,
BO3/ICHCTBYIOT Ha Ka4€CTBO KM3HHU YEJIOBEKa, B T. 4. Yepe3 HAKOIUICHHE yIiepoia
B Ha3eMHOH ApeBecHO Omomacce, BRIOpPOC KOTOPOro B atMoc(epy BeldeT K Hera-
THUBHBIM TOCJICICTBUSM U3MCHEHMs KJIMMaTa. B CBsI3M ¢ YeM COBEpIIEHCTBOBAaHUE
WHCTPYMEHTOB MOHHUTOPHHTA JIECOB, TPUMEHEHHE TIePETOBhIX TEXHOJIOTHI PEmIaroT
OJTHOBPEMEHHO 3aJa4H KaK JIECOXO3SHUCTBEHHOTO YIPABICHUS, TaK ¥ ITOBBIIICHUS
YCTOMUMBOCTH ITHX MPUPOTHBIX CUCTEM. TakuM 00pazom, 3PPEKTUBHOCTD JICCHOM
MOJIUTUKHU U yCTPAaHEHHE MOCIECTBUI HEPEryIupyeMoro UCIoiIb30BaHUs JIECOB BO
MHOTOM 00€CIICUMBAIOTCS 0OBEKTUBHON METOI0JIOTHEH MOHUTOPHUHTA SKOCHCTEM.

Jlnst mommydenust Hanboiee TOYHBIX MTOKa3aTeiel COCTOSHUS JIECOB Ha 0OJb-
IMX TUIOINASX TPEeOYIOTCS TPyAOEMKHE Ha3eMHbBIC JIECOTaKCAIIHOHHBIC HCCIIENO-
BaHUs. YUUTBIBAasS CKOPOCTh U3MCHECHHS JIECHBIX SKOCHCTEM U BpeMsi, HEOOX0IUMOE
JUTSE UX HA3€MHOTO MOHHWTOPHHTA, I1€JIeCO00pa3HO HCIOIB30BaTh AMCTAHIIMOHHOE
3ornpoBanue (/13), koropoe, mo muenuto J. Féret et al. [8], V. Pechanec et al. [18],
MMEET Ba)KHbIE MPEUMYIIECTBA — CKOPOCTh, MHOTOKPATHAs ITOBTOPSIEMOCTb, HIHPH-
Ha oxBara, HepaspyiueHue jeca. T. Loboda et al. [15], D.A. Kyp6anos u np. [1],
A.C.Yepenanos u E.I". [Ipy>xununa E.I". [3] ormeuarot, yto npumenenue /(3 B uccie-
JTOBaHWU JIECOB CTAHOBHTCS BCE 3HAUMMee TPY HAIWYUH OOJBIIOTO 00beMa TaHHBIX
Y HEOOXOMMOCTH MX MPOCTPAHCTBEHHOTO OTOOPaXKEHUS JUISl PEIICHHsS Pa3IMIHbIX
TEOPETHUYECKHX M MPAKTHUECKUX MPOOJIEM, B T. 4. IPU MOHUTOPUHIE PACTHUTEIHHOTO
MTOKPOBA, OIEHKE BIMSHUS KIMMaTa Ha Jieca W MPOIECCOB JIETPaJallii U OITyCThI-
HUBaHUS TEPPUTOPUH, MOKAPHOH OMACHOCTH JIECHBIX 3€MeNb; MHOTro(aKkTopHas,
KOMIUIEKCHAsI OI[EHKA PAaHXHUPOBAHHBIX BO BPEMEHH M MPOCTPAHCTBE IMOKa3aresei
TpaHC(OPMHUPOBAHUS FKOJIOTHU MTPUPOIHBIX JIAHAIIAPTOB PEATU3yeTCs C UCTIOJIb30-
BaHHMEM JIOCTH)KEHHI 0011l kKapTorpaduu, reOnHPOPMAIIMOHHBIX TEXHOIOTHH, INC-
TaHIIMOHHOTO 30HIMPOBAHNS, MATEMATHKO-TEMATHIECKOTO MOJIEITMPOBAHUSI.

OCHOBHBIE TEXHHYECKHE CBOWCTBA KOCMHYECKUX CITyTHHKOB, paOOTArOIINX
C WCIIOJIb30BAaHUEM BOJIH 3JICKTPOMArHUTHOTO U3JIYUYCHHS PA3JIMYHON JJTMHBI, JAr0T
cHuMKH Jutst I3 3emMiiu, MpoBeICHHUSI HEIPEPHIBHOTO MOHUTOPHUHTA MTPUPOIHBIX CH-
CTEM W TIONYYEHHs aKTyallbHBIX ITOKa3aTellell MX COCTOSHHUS C BBICOKOH MpOCTpaH-
CTBEHHOH W BpPEMEHHOH aeranm3arueid [2]. BoaMoxxHOCTH TeonH(pOpPMAIIMOHHBIX
cuctem (I'MC) B 1ecoBoacTBE OAPOOHO OTPAXKEHBI B pab0Tax POCCUHCKUX H 3apy-
OCKHBIX yueHbIX. BO MHOI'MX cTpaHax MUpa IIUPOKO MCIONB3YIOTCS Pa3HOBPEMEH-
HBIE CHIMKH CO CITyTHHUKOB JUIS OTCJIEKMBAHUS W3MEHEHUH B OKpY’KaloIleH cpere,
BBI3BAaHHBIX U3MEHEHHEM KJIMMaTa M JAEITEIbHOCTHIO YeOBeKa. JTOT METO Halllel
NpUMEHEHHUEe, B 4aCTHOCTH, B uccienoBanusx J. Hepinstall-Cymerman et al. [10] n
H.-H. Nguyen et al. [17]. AHanu3 JaHHBIX CIIyTHHMKOBOW CBEMKH I103BOJIUII
H.L. Wiggins et al. [24] BBIABIATS, U3MEHEHHUS OONBITUX IUIOMIACH, OCYIIICCTBUTE
WX OICHKY W Banmuaanuto. OnpeaenuTh B IEPCIeKTHBE BOSHUKHOBEHNE MHOTHX KO-
JIOTUYECKUX PUCKOB BO3MO)KHO Ha OCHOBE COCTABIICHHUS KapT C BETeTAllMOHHBIMU
nugexcaMu. N. Yasmin u coaBT. [26] moKka3ail, 4To MHAEKCH BEreTalllMK CII0COOHBI
OTpaXkaTh yXyAIIEHNE COCTOSHUS JIECHOW PaCTUTENIbHOCTH, BRI3BAHHOE Pa3HOOOPa3-
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HeIMU (pakTOopamu [22], B UuClie KOTOPBIX peKpealysi, pa3pacTaHue ropoJICKoi WH-
(bpacTpyKTyphl, 9p03Us TIOYB, SHTOMO- U (putoBpenutenu u T. 1. P.T. Wolter et al. [25]
JIAJTH OTIpeJieNieHne BereTannoHHoOMY HHiekcy NDVI, Ha3BaB ero «3eeHbIM» HHICK-
COM JUJIsI OLIEHKU (DOTOCHHTETHYECKU aKTUBHOUM MacChl JIECHOU pactutenbHocTy. [Ipu
9TOM aBTOPBI MOJUEPKHYIIA BAKHOCTh ATOTO MHACKCA KaK IIEPEMEHHOM, 00ecTieunBa-
OIIEH OTHOCUTENBHYIO MTPOCTOTY pacyeTa PerpecCuy YaCTHUHBIX HANMEHBIIINX KBa-
nparoB (PLSR — Partial Least Squares Regression), korzia 3a 0CHOBY OepeTcst 4ncIio-
Basl Ol[CHKA TUTIA MOJCTHIIAtONIel moBepxHoCcTH. A.A. Wani et al. [23] orMeuaroT, 4To
npuMenenue uaaexca NDVI nmeeT noreHunan st IOHUMaHUsl UBMEHYMBOCTH Jieca
MTOCPENICTBOM YCTAHOBJICHUS B3aMMOCBSI3CH MEXIY €ro OMOPU3NICCKIME TapamMe-
Tpamu [ 19], BKiIFO4ast BEICOTY, TYCTOTY KPOHBI, COMKHYTOCTB JIEPEBHEB U CAHUTAPHOE
cocrosiHue. JloCTYITHOCTh JaHHBIX CIIyTHUKOB Landsat ¢ JOCTaTOYHBIM CHEKTPailhb-
HBIM pa3pelieHueM JelaroT UX MPUBICKATCILHBIMU ISl KAPTUPOBAHUS XapaKTepu-
CTHK JIECOB B MECTHOM, PETHOHATIHFHOM HIIH JaKe TII00aIbHOM MaciTabax. [loatomy
MIPECTABIISETCS IOTUYHBIM, YTO MCIIOF30BaHKE CHEKTPAIBHBIX JAaHHBIX MO3BOJIUT
ONTUMHU3HUPOBATh MOHUTOPUHT COCTOSTHHUSI JIECOB IO CPAaBHEHHUIO C OObEMHBIMU Ha-
3eMHBIMU UCCIICIOBAHUSIMH.

Lens paboThI — OIIEHKA U3MEHEHUSI COCTOSHUS JIecoB KOkHOTO Ypana Ha oc-
HOBE TIPUMEHEHHSI METOIOB T€OMH(POPMAIIMOHHBIX CHCTEM W TUCTAHIIMOHHOTO 30H-
JIUPOBAHUSL.

3anaun:

1) nemudpprupoBaHrue pa3HOBPEMEHHBIX CHUMKOB C KOCMHUYECKHMX CITyTHHKOB
Pleiades n Landsat pa3HOTO TIOKOJICHHS,

2) KapTUPOBAHHUE PACTUTEIHLHOTO MMOKPOBA JICCHBIX HACAXK/CHHUH C UCTIOIH30-
BaHueM uHjaekca NDVI;

3) BBISIBJICHUE TpaHC(HOPMAIIMH COCTOSHHS JECHOTO OOBEKTa 3a 25-JIeTHUi
TepHuo.

Obwvexmul 1 Memoobl UCCLe008AHUS

B paboTe mpuMeHsITHUCE JIeCOBOICTBEHHO-TaKCAITMOHHBIe MeToAwI U [ IC-Tex-
Honoruw. [TpoOHbIe romam 3anoxkeHs! B coorBeTcTBUHN ¢ OCT 56-69—83 «I Lmomaam
npoOHBIe JIecoycTpouTenbHble. MeTon 3akiaakuny. OObEKT UccIeJOBaHUS — YHCTHIC
W CMEIIaHHBIC [0 COCTAaBY HACAXIeHUs U3 MucTBeHHBIX (7Tilia cordata Mill., Betula
pendula Roth., Acer platanoides L., Populus tremula L., Ulmus glabra Huds., Salix
caprea L., Quercus robur L., P. balsamifera L.) u xBo#tabIX iopox (Picea abies L.,
Pinus sylvestris L.), orHeceHHbIX K JlecocTenHol necopacTureiabHol 30He Jleco-
crenHoMy paiiony EBpomneiickoil yactu Poccutickoit ®enepaunu. [IpoTsmkeHHOCTH
TEPPUTOPHH C CeBepa Ha for — 98 KM, ¢ BOCTOKa Ha 3aman — 95 kM (puc. 1).

MecTHOCTh paBHUHHAS, IPE00IaaeT peibed C MOJIOTUMHU CKIIOHAMH KPYTH3-
Hoit 10 10°. MarnutHoe ckioHenue — 12,7°. Boicora Hag ypoBaem Mopst — ot 109 no
230 m. Tum nouB — cepsole gecHble. KycTapHUYKY, STOTHUKH, JTUIIAHHUKH, MXU OT-
CYTCTBYIOT, UTO SIBJISIETCS] XapaKTEPHBIM JUTs JIECOCTETTHOM JIecopacTUTENLHOM 30HBI.
Tum meca — CHBITBEBBIN M 3JJaKOBO-OCOKOBBIH (Ta0I. 1).

MOHUTOPHHT COCTOSIHUSI HACAKICHHUN W BBISBICHHE PETPOCIICKTHBHBIX W3-
MEHEHHUH BBITIOJIHEHBI C Hcnojb3oBanueM TexHojoruii [ MC u metonos /I3 s mo-
Jy4YeHHs] Pa3HOBPEMEHHBIX CITyTHUKOBBIX CHMMKOB Pleiades-1A (2013), Landsat-5
(1995) u Landsat-8 (2020). [Tmomans ogroro nukcens, M2 Landsat-5 (1995 1.) — 900;
Pleiades-1A (2013 ) — 0,25; Landsat-8 (2020 r.) — 100.

Hamm wcronp30BaH  KOCMHUYECKHH CHHMOK — BBICOKOTO — paspelieHusi Co
cnytHuka Pleiades-1A: ID camvka — DS PHRI1A 201306250736306 SE1 PX
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EO057N54 0220 02977, nara cbemku — 25.06.2013 1., yros OTKIOHEHHS OT Haaupa —

22,1°, obmagHOCTh MO ciieHe — 4 %, Tomaas MOKPBITHS — 25 KM2, pa3pelicHue —

0,5 M (puc. 2).
. ‘ A

Puc. 1. Kocmuueckuii cHuMOK Yiry- Puc. 2. KocMudeckuii CHUIMOK
TensKcKoro y4acTKoBOTO JIECHHUYECTBA HCCIIEJOBAHHOTO HACAXK/ICHHS CO CITyTHHKA
Wrnuackoro ecanuectsa Pecrryommku Pleiades-1A, 2013 .

Bamkoprocran

Fig. 2. The satellite image of the studied
Fig. 1. The satellite image of the Ulu-Telyak  plantation from the Pleiades-1A satellite,
District Forestry of the Iglinsky Forestry 2013
of the Republic of Bashkortostan
Tabnuna 1

JlecoBOACTBEHHO-TAKCAIIMOHHBIE MMOKa3aTe U Ui miomaau 81 ra keaprasa 311
Vay-Tensikekoro y4acTkoBoro jJecundecrsa Urinunckoro gecuuvecrna, 2020 r.
The silvicultural and inventory indicators for an area of 81 ha of quarter 311
of the Ulu-Telyak District Forestry of the Iglinsky Forestry, 2020

Buuen | oo | Coenan PO B L | Momona | T e e
I | 1.6 | 10Jm+B+A, | 8 | 3 | CH | 06 | 260 | 420
2 | 18 | @maBlA+Me | 9 | 3 | CH | 05 | 180 | 320
3 4.4 6JIn 2]1 2b 75 3 CH 0,5 190 840
4 23 81B2b 20 4 KT 0,9 70 160
5 2,1 6JIn, 11B2/1, 70 3 CH 0,5 180 380
6 1,2 6JIn, 11B2/T, 70 3 CH 0,5 180 220
7 0.7 aneKi-][JP(I)I;IIZﬂpeﬂaq B B - B B B

5,5 70l 2611, 80 3 [ cH | 05 | 220 | 1210

2.3 4Km2B2JIn2B 20 3 CH 0,8 60 140
10 0,7 3nekg)lgi2ﬂpeﬂaq B B B B h B
11 2,0 5JIn,3/1,10C1b 85 3 3JI0C 0,5 220 440
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Oxonuanue maon. 1

Boien | o | Coeran | BORT BONE [ momora | F |
12 1,5 95118 65 2 CH 0,7 190 290
13 1,4 60c2B2JIn 5 2 CH 0,6 10 10
14 0,8 951U1B 65 2 CH 0,7 190 150
15 8,8 |7B20cl [ +JIut+B 65 2 CH 0,6 160 1410
16 0,4 IIporanuna - — — — - -
17 2,5 S5Jn 3B1B1/, 70 3 CH 0,4 150 380
18 0,2 CeHoKoC - - - - - -
19 0,5 3J1e1<§312}11£ﬂpe}1aq B - a - B B
20 2,0 862B 65 2 CH 0,6 140 280
21 2,2 6JIn, 2Kn1/1,1B 80 CH 0,6 210 460
22 0,2 3ne1<£>1311{12ﬂpe)1aq B - a - B B
23 2,3 70, 31 +B+b 80 3 CH 0,4 150 350
24 34 100c¢ 20 3 CH 0,9 80 270
25 0,9 JIunus cBs3U — - - - - —
26 2,3 70c¢2Knlb 18 3 CH 0,9 50 120
27 1,8 7o, 21,16 90 3 CH 0,6 230 410
28 3,7 6JIn 410, 80 3 CH 0,3 110 410
29 0,9 Jlunus cBsa3u - - - - - -
30 5,0 7l 31, 80 3 CH 0,4 150 750
31 0,9 5B3E2T 25 2 CH 0,5 40 40
32 2,5 70c¢3b 25 2 CH 0,7 90 230
33 3,0 6540c¢ 25 2 |3JI0C| 0,7 80 240
34 4,0 JI/x 5C30c¢2b 23 2 |3JI0OC| 0,5 70 280
35 2,1 Jl/x TE2T1b 17 1 |3JI0OC| 0,9 70 150
36 1,8 Jl/k SE3B1]11B 26 3 |3JI0C| 04 40 70
37 1,0 6b4E 17 3 |3JI0C| 04 20 20
s o2 [ | 11T ] ]
I e e I e e e

ITpumeuanne: CH — cubiTheBblif; KT — kpanusHO-TaBonroBsif; 3JIOC — 31akoBO-0COKOBBII.

[IpumeneHsI Takke cyTHUKOBBIE JaHHble 1995 1 2020 1. B kKauecTBE HCXOAHBIX
MarepuanoB ¢ 0oee HU3KUM pa3pelieHHeM, KOTOpbIe B CBOOOIHOM JOCTYIIE IPENo-
craniensl [eonoruueckoit ciryxooi CLLA. M300pakeHust 00padbaThiBaIUCh ¢ TTIOMO-
mpio mporpamMmuoro npoxaykra ArcGis 10.5. ITonmkcenbHO paccYWTaHbI TUTOMIAAH
s Kaxaoro kinacca NDVI, ¢ ucnonb3oBaHMEM KaldbKyJISATOpa pacTpa MPOBEAEHO
KapTupoBaHue n3oopaxkennii nuaexkca NDVI u nomyyeHsl KapTbl TUIIOB pacCTUTENb-
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Horo nokpoBa (tadi. 2). Jlis pacnpenenenus kaxaoro kiacca NDVI no mmomaau
00BEKTa UCCIIeIOBaHUS UCIIONIb30BaH HHCTPyMeHT «llepexnaccuduranms.

TabGuuna 2

Tumnsl pacTUTEILHOIO MOKPOBA 00bEKTa Hccae10BaHus 0 BeauunHe NDVI
U OLICHKA COCTOSIHUS PACTHTEIBHOCTH*
The vegetation cover types of the study object by NDVI value
and vegetation condition assessment

Tun noxcrunaroleil NoBepxXHOCTU OTpa)KeHHeUB cropa oM 06HacuT 1 3nagenue NDVI
KpacHOM nH(ppaKpacHoit
PacturenbHOCTH (ApeBOCTOM, MOMI-
POCT, TIOAJIECOK) B COCTOSIHUHU: 0,10 0,50 0,71-1,00
OYCHB XOPOIIEM
XOpOoIIeM 0,10 0,50 0,66-0,70
YIOBJIETBOPUTEIHHOM 0,10 0,50 0,61-0,65
OYCHD TUIOXOM, YTHETEHHOM 0,10 0,50 0,51-0,60
PaszpexeHHast pacTUTENLHOCTh 0,10 0,30 0,31-0,50
HenokpsiTas 1ecoM TeppuTOpHs 0,25 0,30 0-0,30
O06mayHOCTh 0,25 0,25 0
CHEXHBIH ITOKPOB WIIN HAJIEIh 0,38 0,35 -0,05
Bojnast moBepxHOCTh 0,02 0,01 -0,25
[ToxperTne (actanst/mpyroe) 0,30 0,10 —-0,50

*C ncrnosp30BaHMEM JaHHBIX caiita http://gis-lab.info/qa/ndvi.html.

NDVI nporue paccuntars, T. K. OH HAXOAUTCS B IIUPOKOM U3MEHSIOLIEMCS TTPO-
MEXKYTKE 3HaYCHUH, UIMEET CaMyI0 BBICOKYIO UyBCTBUTEIBHOCTH K THITYy TIOYBEHHOTO
MOKPOBa ¥ MEHEE BOCIPHUUMYHUB K MTOYBEHHOMY M aTMOC(epHOMY (oHAM, HCKITIoUe-
HHUeM sBiseTcs OemHast (paspexeHHas) pactutenbHocTh. NDVI paccuntbiBaetcest Kak
(NIR-RED) / (NIR+RED), rme NIR, RED — orpaxxenne B OmmkHell mHppakpacHOM
(0,71-1,00 mxm) u kpacuoii (0,60-0,70 MKM) 00JacTSIX CHEKTpa COOTBETCTBEHHO.
CornacHo 3T0¥ (opmyrte, WIOTHOCTh pactuterabHOCTH (NDVI) B KOHKpeTHOH ToUKe
M300paXKEHUsT paBHA Pa3HUIE WHTEHCHBHOCTH OTPAKEHHOTO CBETa B KPACHOM W WH-
(pakpacHOM Iuana3oHax, JCJCHHONW Ha CyMMY 3TUX MHTEHCHBHOCTEW. Brrumcienue
NDVI ocHoBano Ha 2 HamboJee CTaOMIBHBIX (HE3aBUCHMBIX OT JAPYTHX (DAKTOPOB)
Y4aCTKax CHEKTPAIbHON KPUBOM OTPAXKEHHsI COCYIUCTBIX pacTeHuid. DoToCHHTETHYE-
CKHU aKTHBHAS JICATEILHOCTH COMPOBOXK/IAETCS HU3KUM OTPaKEHUEM B KPACHOM CITCK-
Tpe U BBICOKUM — B HH(pakpacHoM. OmnpenenieHne pa3iaudnii MexX1y caMbIMA HU3KH-
MU U HarOoJiee BEICOKUMH TOKa3aTeIsIMU OTPaKaTeIbHON CIOCOOHOCTH YBEITMYHBACT
TOYHOCTB 3aMEPOB, yMEHBIIIas BO3CHCTBUE OT/IEIbHBIX ()aKTOPOB, HATIPUMED, CBA3aH-
HBIX C HEOJMHAKOBOW OCBEIICHHOCTHIO M300pasKeHUs], TYMAHHOCTBIO, 00IaYHOCTBIO,
arMoc(epHBIM ITOTTIONIEHUEeM M3ITydeHus U Ap. [Ipu xapakreprucTrke pacTUTETbHOCTH
nugexe NDVI o6srano umeer 3aagenust ot 0,2 1o 0,8, Torga Kak B 1[€JI0M HAXOIUTCS B
YHUCJIOBOM HHTEpBasie oT —1 1o 1.

Pezynomamul ucciedosanust u ux oocysncoenue

CpaBHeHME 3 KOCMUYECKHUX CHUMKOB Pa3HbIX BPEMEHHBIX IepHosoB 3a 1995,
2013, 2020 rr., NOKPBIBAIOIIUX HCCIACAYEMYIO TEPPUTOPUIO, MO3BOJIUIO MPOBECTU
aHaJIN3 COBPEMEHHOTO COCTOSHUS PACTUTENBHOCTH U BBISBUTH PETPOCHEKTHBHYIO
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muaamMuky NDVI. Pacnpenenenue miomanan odbekra mo kiaccam NDVI 3a 1995—
2020 rr. TOBOPUT O CYLIECTBEHHOM M3MEHEHUHU PAa3MEpPOB TEPPUTOPHUI OTAEIBHBIX
KJIACCOB, KOTOpPBIE CrpyNmUpoBaHbl B 11 KiaccoB W TpPEACTaBICHBI 3HAYCHHUSIMH
ot —0,14 o +0,91 (tabn. 3). K 2020 r. 60nbIIas 4acTh H3y4aeMOro ydyacTka cTajia
OTHOCUTBHCS K Ooitee BricOKkUM KiraccaM NDVI — 9 u 10 — u cocraBuia 98 %, dro
CBUJIETETILCTBYET O BO3PACTHON OHOPOIHOCTH HACAKICHUN U MOBBIIIIEHUN TTPOYK-
TUBHOCTH JiecoB ¢ 1995 1. Hacaxxnenus, numeromue 6onee Beicokne NDVI, xapax-
TEPU3YIOTCS HAKOIJICHWEM IPEBOCXOASIIEro o0beMa JipeBecHOW Ouomacchl. Tep-
putopun kinaccoB 1-9 (NDVI 0-0,8) neMOHCTpUPYIOT 3HAYUTEIBHOE COKpAIICHUE
TJIOMAN M CXOXKYIO JWHAMUEKY, a Teppuropun kimaccoB 10—11 (NDVI 0,81-1,0) —
OIILyTHMBIE MTOJIOKHUTEIbHBIE CIBUTH.

TabOnuna 3

JlnHaMMKa MUI0IIAAN THIIOB JIECHOTO MOKPOBA /ISl H3y4aeMoil TepPPUTOPUH
3a 25 J1eT Ha OCHOBeE JelN(POBAHHUST KOCMOCHUMKOB
The dynamics of the area of forest cover types for the study area over 25 years
based on the interpretation of satellite images

M3menenus 3a rogpbl

NDVI [lnomaz o rozaM, ra 19952013 2013-2020 - 19952020
Kiacc| auarnasol | 1995 2013 2020 ra % ra % ra %
1 0,14 | 0,09 | 0,01 0,01 | 0,08 |-99,97| 0 100 | 0,08 |-88,89
2 0-0,10 0,63 0,02 0,02 -0,61 |-96,39 0 0 -0,61 |-96,83
3 10,11-0,20| 2,52 0,11 0,22 2,41 [-95,59| 0,11 | 97,75 | -2,30 |-91,27
4 10,21-0,30| 6,66 1,11 0,48 -5,55 | -83,30 | 0,63 |-56,84 | —6,18 |-92,79
5 10,31-0,40| 8,73 2,38 0,70 -6,35 |-72,76 | —1,68 |-70,56 | —8,03 |-91,98
6 [0,41-0,50| 17,01 4,14 2,43 | -12,87 | -75,65| —-1,71 |-41,34 | 14,58 | -85,71
7 10,51-0,60| 57,51 7,18 6,00 | —50,33 | -87,52 | 1,18 |-16,42 | 51,51 |-89,57
8 10,61-0,70| 964,20 | 14,79 9,93 | -949,47 | -98,47 | —4,86 | —32,87 | -954,33 | -98,97
9 10,71-0,80 925,02 | 125,62 | 111,05 |-799,40 | -86,42 | —14,57 | -11,60 |-813,97 | -87,99
10 |0,81-0,90 0 1813,96 |1851,92| 1813,96| 100 | 37,96 | 2,09 |1851,92| 100
11 0,91 0 13,38 0 13,38 100 | -13,38 | —100 0 100

Hmoeo [1982,43| 1982,70 (1982,76

Cy1ecTBeHHOE M3MeHeHHe Iomiaau Beex kiaccoB NDVI u nepexos iecHbIX
TeppuTOpHii ¢ 8-T0 Ha Oostee BricokHe Kitacchl (9 u 10) cBUAETENHCTBYET 00 yBETHUe-
HUU (OTOCUHTETUYCCKON aKTUBHOCTH JICCHBIX HACAKIACHUN 00BEKTa, 4TO 00YCIIOB-
JICHO POCTOM KPOHBI AE€PEBbEB, HAKOIUICHHEM JPEBECHON OMOMACCHI C BO3PACTOM H
SBJISIETCS TTOJIOKUTENIBHBIM (DAKTOPOM JJIS1 JAHHBIX JIECOB, HAXOAALIMXCS B 30HE ITUe-
JIOBOIYECKUX MACEK U OTHOCALIMXCS K HEKTapHBIM JIMITHAKAM (JIMIa MEJIKOJIUCTHAs
HekTapHast). OOLIen3BeCTHO, YTO HEKTAPONPOLYKTUBHOCTb JIMITHSIKOB HANpsIMYyIO
cBsizaHa ¢ (DOTOCHHTETHYECKOW aKTHBHOCTBHIO JiepeBbeB. OHAKO IOMUHHPOBAHHE
HacaxaeHui 9-ro u 10-ro xkiaccoB NDVI, k koTopbIM B OosibLIel CTENeHH OTHOCSAT-
Csl IPEBOCTOM CIIENBIX M TIEPECTOWHBIX TPYIIT BO3pPAcTa, TOBOPUT O HEOOXOAUMOCTH
MPOBEJCHUSI 3arOTOBUTEIBHBIX PYOOK M MOCIEAYIOIINX JIECOBOCCTAHOBUTEIBHBIX
MEpOIPUATUM Ha 3HAYUTEIIHLHOM TUIOLIATH.

[IpoBeaeHo kapTupoBaHUEe TUIIOB TOKPOBA JIECHOTO y4acTka (puc. 3, a). CHUM-
KM Takke ObUin 00paboTaHbl C MCIOJIb30BAHMEM KOMOMHALMU KaHAJOB «HCKYC-
CTBEHHBIE [[BeTa» (puc. 3, 6). Pacuer NDVI Ha 0CHOBE CHUMKOB KaK HU3KOTO, TaK U



ISSN 0536-1036 «HM3BecTus By30B. JlecHoii skypHam». 2025, Ne 2 59

BBICOKOTO paspelieHusi mo3BosisieT 3Q(HEeKTUBHO POBOJAUTH KOMIUICKCHBIN aHAN3
JIECHBIX TeppUTOpUi. [IoMHUMO BBIAENAIOMINXCS HEMOKPBITBHIX JIECOM U HEJIECHBIX
3eMellb, YETKO OMpPENENAIOTCA YYaCTKH BBICOKOMPOAYKTHBHBIX JIMIIOBBIX JIPEBO-
CTOEB, PE3KO OTIHMYAIOIINECS Ha HHIESKCUPOBAaHHOM M300paskeHUH 0ojiee TEMHBIM
okpacoM. [lo cBemioMy OKpacy y4yacTKOB (KEATHIH LBET) MOXHO MPOCIEANUTH MO-
3aMKy 3apacTaroliuX BeIpyOOK, rapeit u ap. [lo cpaBHenuio co ciumkom 2013 1. k
2020 r. MOSABWIINCH YYacCTKU C Pa3peKCHHOH JPEeBECHOW PACTUTEIHHOCTHIO (CHH-
JKEHHEe TOJHOTBHI) U YYAaCTKH C OTKPBITBIM THIIOM TOACTHJIAIONIEH TMOBEPXHOCTH
(IMHUM BMeKTporepenad, JUHUU CBSI3M), YTO IOATBEPIKIACTCS COMOCTaBICHHEM
JAHHBIX KApTUPOBAHMS C JICCOBOACTBEHHO-TAKCAL[MOHHBIMU [TOKA3aTEIsIMH HCCIe-
JIOBaHHBIX BBIJIETIOB.

Puc. 3. Junamuka ungekca NDVI Ha jecHbBIX 3eMIIsX (@) 1 KOMOMHAIUS KAHAJIOB
«HCKYCCTBEHHBIE 11BeTa» (6) 1o rojam (ciaeBa — cHUMKH 1995 1., osydeHHbIe CO CITyTHHUKA
Landsat-5; B uentpe — 2013 ., Pleiades-1A; cripaBa — 2020 r., Landsat-8)

Fig. 3. The dynamics of the NDVI index on forest lands () and the combination
of “artificial colours” channels (6) by year (on the left — images from 1995 taken
from the Landsat-5 satellite; in the centre — 2013, Pleiades-1A; on the right — 2020, Landsat-8)

AHaJOruyuHbIe Pe3yabTaThl IPYTUX WCCIEIOBAaHUIN MOJYEPKUBAIOT MOTEHIIH-
aJl 3aperuCTPUPOBAHHBIX MCTOPHUYECKHUX JAHHBIX CITyTHHKOBBIX CHUMKOB Landsat,
KOTOpBIE TIPEIOCTABIIAIOT SKCTPAOPAUHAPHYIO BO3MOXKHOCTH I HAOMIONCHUS 3a
TpaHcopmanmeii tecos [5], npu 3Tom, o cBeaenusim Li et al. [13], na nocrosep-
HOCTh pacdera mHAekca NDVI n ero kimaccudukanmuyu MUCTIONb3yeMble TTOKOJICHHS
cnyTHHKOB — Landsat-5 nnu -8 — He BIHUSIOT.

AHamM3 KOCMHYECKUX CHHUMKOB M OOIIMPHOTO apXWBa ITO3BOJSET HEMpe-
PBIBHO OTCJICKMBATh M3MEHEHUs B JIECHOM MOKpoBe. Harra pabora geMoHCTpUpy-
eT OOJBIION MOTEHIIMAN TPUMEHEHUS cepuil cHUMKOB Landsat pazHoro BpemeHH
JUTSL OIIEHKHW COCTOSTHUS JIECHBIX MaccHBOB HO»HO-YpanbCKOro pernoHa, B T. 9. C
npeobiaaHueM HEKTapHBIX JIMITHIKOB, SIBISIIOIIUXCS OCHOBHOW MEIOHOCHOH Oa-
301 muesnoBojacTBa. Metoabl /I3, TUC-TexHONIOrMM B TOCIEIHUE TOAbl aKTUBHO
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BHEJPSIIOTCS B UCCIIEOBAHUS PA3JIMYHBIX 110 TTOPOJHOMY COCTaBY, BO3pacTy, Mpo-
JIyKTUBHOCTH, KIITUMATHIECKUM YCIOBHUSAM IKOCHCTEM, HE UCKIIOUCHHEM SBIISTIOTCS
Tponnueckue OuorieHo3sl [4, 5, 21], BocTouHO-eBpomeiickue yieca [6, 8, 9, 12].
JlaHHBIE MeTOABI arPOOMPOBAHBI I WACHTH(PUKAIINH JICCHBIX TeppuTopwit [11],
B T. u. B Kanane [23], ctpanax Bocroka [13, 14, 16] u 1. n. C Hauana 90-x rr. mpo-
nutoro crosietust nHaeke NDVI mupoko npuMeHsercst Ipu MOHUTOPUHIE COCTOSI-
HUS PaCTUTENBHOCTH (BKIt0Uas JiecHyto [20]), BBISIBICHHH OHOIOTUYECKUX, (hHU3H-
YECKHX MapaMeTpoB (PUTOIICHO30B [ 18] 1 OlleHKe aHTPOMOTEHHOTO BO3/ICHCTBUS HA
IpUpOIHEBIE 00BEKTHI [21].

M. Hill et al. [11] moguepkHyIH, YTO KOJIMUYECTBO AaHAJTMTHYECKUX METOIOB C
HCIOJBb30BAHMEM I0KAa3aTeNlell MHTEpBaIbHbIX 3HaueHUH NDVI oueHp Belnko, OHU
MOTYT OBITh TTOJIE3HBI B OOJBIIIOM CIIEKTPE MCCIIEAOBAaHNM, BKITIOUasi OIICHKY BereTa-
[MOHHBIX TEH/ICHIINI B PA3BUTUH PACTCHUH, HATIPUMED, TIPH H3yUCHUH MX (PEHOJIOTHH.

Saxnouenue

Ha ocHoBe nemmdpoBanus pa3HOBPEMEHHBIX KOCMUYECKUX CHUMKOB (1995,
2013 u 2020 rr.) co cmyrHukoB Pleiades-1A, Landsat-5 u -8, reHepupoBaHus KapT
PAaCTUTENIBHOCTH C OTPAKEHUEM HHTEpBajbHbIX 3HaueHUil NDVI BbinmonaHeH mo-
HUTOPHUHT JIECHOH PAacTUTEIBHOCTH 3a 25 yieT. BrljeneHsl iecHple yJ4acTKH C OTI-
TAMaJIbHOW HEKTapOIPOAYKTHBHOCTHIO (TEMHBIN OKpac) M pa3peKeHHbIC YIaCTKH,
HYKJIAIOIIUECS B IECOBOCCTAHOBICHHUH. Pe3ybTaThl HCCIIEIOBAHUS TOATBEPKIAAOT
MPaBWIHLHOCTHh BHIOOPA HOPMAIM30BAHHOTO OTHOCHTEIHHOTO UHIEKCA PACTUTENb-
Hoctd NDVI nis oneHkn tpaHchopMmanuu THIIOB MOICTHIIAIONICH TTOBEPXHOCTH
o0bekTa 3a 25 jet. ITOT MHACKC SBISETCS 00bEKTHBHBIM MHIMKATOPOM IIPOIIECCOB,
MIPOUCXOMSAIINX B JIECHBIX dKocucTeMax. [Ipumenenue nemmdprupoBaHus KOCMHU-
YeCKUX CHUMKOB IIPH aHAJIM3€ JIECHBIX YYACTKOB 3HAYUTENIBHO yiydmraeT ¢ ¢hek-
THBHOCTPH YIIPaBJICHUS JECHBIMH pecypcamMu. Ha oCHOBE CITyTHHUKOBBIX CHUMKOB
Landsat, monmy4eHHBIX B pa3Hble MEPHOABl BPEMEHH, MOXXHO HJICHTH(DHUIIMPOBATH
JIECHBIE IUIOLIAAM M BBIIBUTH OCHOBHBIE TEHJEHIIMM H3MEHEHMS HX COCTOSHHUS.
MeToauka AUCTAHIIMOHHOTO 30HJIMPOBAHUS 3€MIIM MO3BOJISIET OCYIIECTBISTh He-
MIPEPBIBHBI MOHHUTOPHHT PA3IMYHBIX XaPAKTEPUCTUK OOJBIIUX JIECHBIX IKOCH-
CTEM, 4TO CIIOCOOCTBYET OTCIECKMBAHHIO aKTyallbHBIX M3MEHEHUI Ha OOMIMPHBIX
TEPPUTOPHSIX U IMPUHATHIO MEP TI0 YIYUIICHHIO KX KOMITJIEKCHOU MPOyKTUBHOCTH
U YCTOMYHMBOCTH.
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Annomayun. OIHUM W3 BOKHEHITNX MOKA3aTeNIeH COCTOSHIUSI JIepeBa SBISETCS ero (huTo-
Macca. Ee npsMbre m3mepenus (¢ pyOKo#, CYIIKOW W B3BEIIMBAHUEM) OYCHB TPYA03aTPAaTHBI
1 UMEIOT PA3JIMYHYIO CTETIeHb HaIe)KHOCTH. HanMmeHee 10CTOBEPHBI ITaHHBIE 110 (pUTOMAaccam
KOpHE (0COOCHHO ISl IEPEBHEB CTAPIIUX BO3PACTOB, ITIE MPSIMBIE PACKOTIKH KOPHEBOH CH-
CTeMBI TPEOYIOT 3HAYUTEIBHBIX YCUIIHIA). DTO 00YCIOBIMBACT HEOOXOAMMOCTh Pa3pabdOTKH
Mojeneit pacuera puromace (GpakIuii Mo JOCTaTOYHO MPOCTO U HAJISKHO M3MEPSIeMbIM TaK-
CAIlOHHBIM XapaKTepUCTHKaM. B cTaTbe /Ui onmucaHus KOHCTPYKLIUH JA€peBa MpeiaraeTcs
HCTIOJIB30BaTh MOJICITb CBOOOTHOM KOHKYPEHIIMH MTPH PACIIPEICICHIH PECYPCOB, TOCTYITHBIX
JIEPEBY B MPOIECCE POCTA, MEKIY €ro (PpakiusaMu (CTBOJI, KOPHH, BETBH, JIUCThS WA XBOS).
Mozenb MO3BOJISIET pacCcuUTaTh COOTHOLICHUSI MeXay ¢uromaccamu (pakuuit. Ha ocHoBe
ATHX PacdeTOB 00OCHOBBIBACTCS METO OIICHKH (pruToMacc KopHed. [IpoaHann3upoBaHbl pas-
JIMYHS TApaMeTpOB MOJIeNIel pacrpeenieHus ppaxiuii o puromacce ist pa3HbIX APEBECHBIX
TTOPOJ ¥ Pa3JIMYHBIX 30H MPOU3pacTaHus. J{Js mMpoBepKH KOPPEKTHOCTH MOJICITH HCITOIB30Ba-
HbI TaHHbIe 13 6a361 B.A. Ycomnbresa (2016) o ¢puromaccam dpakiuit nepeBbes (6617 3amm-
ceil) B JIeCHBIX HacaxkJeHUsX EBpa3uu. Berunciennble paHroBble pacnpezaeneHus st 95 %
JIEPEBbEB PA3IMIHBIX MTOPOJ PA3HOTO BO3PACTa, MPOU3PACTAIONINX B HEOAMHAKOBEIX Teorpa-
(bUUECKUX YCIOBHSX, UMEIOT KOI(pPUIMEHT aAeTepMuHanuu Oosbiie 0,96, cienoBareibHoO,
JTAaHHAsT MOJIEJIb HOCUT OOINMI XapaKkTep M XOPOIIO OIFCHIBAET COOTHOIICHUS MEKIY (PH-
ToMaccamu (hpakiuii qepeBbeB. [IpemmaraeMblil MOIX0 CYIIECTBCHHO YIIPOINACT MOJICBBIC
M3MEPEHUs, OTHAKO TPEOYyeT MPEeIBapUTEIILHON OLICHKU TTapaMEeTPOB YPAaBHCHHUS BO3PACTHOM
TUHAMPKHA JUTS OTACTHHON TOPOBI B KOHKPETHBIX KIIMMATHIECKHUX 30HaX. [IpoBeneHHbIE IO
JmaHHbIM 0a3bl B.A. YconbiieBa pacueTsl kKoddduireHTa KOHKYPEHIUH sl COCHBI OOBIKHO-
BeHHOH Pinus sylvestris L. B Cubupu Ha Tepputopusx Tomckoit 1 HoBocnbupckoit odmacTeid,
Aurraiickoro 1 KpacHosipckoro kpaeB MOKa3bIBaIOT OJIIM30CTh IMapaMeTpoOB MOJENHU IS Jie-
PEBBEB OHOW MOPOJBI, MIPOU3PACTAIOIINX B PA3IMYHBIX YCIOBUAX. Vcmomp30BaHue pa3pa-
060TaHHOI MOJIENTH MO3BOJISIET OICHUTH (PUTOMACCHI JiepeBa (BKIIoUas puroMaccy KOpHEH) 1Mo
TaKUM JICTKO M3MEPSIeMbIM ITOKa3aTesIsiM, KaK BBICOTA JiepeBa U auamMeTp ctBodja. [Ipemiara-
©TCsl MOIXOM JUIS OTIpeesieH s (PUTOMACCH KOPHEH, IPH KOTOPOM BMECTO MPOBEACHUSI UX
PacKOIOK MCHOJIB3YIOTCS JIAaHHBIE O (pUTOMAaccax HaJA3eMHBIX (DpakIHii aepesa.
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Abstract. One of the most important indicators of the condition of a tree is its phytomass. Its
direct measurements (with cutting, drying and weighing) are very labour-intensive and have
varying degrees of reliability. The data on root phytomass are the least reliable (especially
for older trees, where direct excavation of the root system requires considerable effort). This
necessitates the development of models for calculating the phytomass of fractions based on
fairly simple reliably measured inventory characteristics. The article suggests using a free
competition model to describe the structure of a tree when distributing resources available
to the tree during growth between its fractions (stem, roots, branches, leaves or needles).
The model allows calculating the ratios between the phytomasses of fractions. Based on these
calculations, a method for estimating root phytomass has been substantiated. The differences
in the parameters of the models for the distribution of fractions by phytomass for differ-
ent tree species and different growth zones have been analyzed. To verify the correctness of
the proposed model, data from the database by V.A. Usol’tsev (2016) on the phytomass of
tree fractions (6,617 records) in Eurasian forest plantations have been used. The calculated
rank distributions for 95 % of trees of various species of different ages growing in different
geographical conditions have a coefficient of determination greater than 0.96, therefore, this

This is an open access article distributed under the CC BY 4.0 license
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model is of a general nature and describes well the relationships between the phytomass frac-
tions of trees. The proposed approach significantly simplifies field measurements, but requires
a preliminary assessment of the parameters of the equation of age dynamics for a particu-
lar species in specific climatic zones. Calculations of the competition coefficient for Scots
pine (Pinus sylvestris L.) in Siberia in the territories of the Tomsk and Novosibirsk Regions,
the Altai and Krasnoyarsk Territories based on the data from the database by V.A. Usoltsev
show the proximity of the model parameters for trees of the same species growing in different
conditions. The use of the developed model makes it possible to estimate the tree phytomass
(including root phytomass) using such easily measurable indicators as tree height and stem
diameter. An approach has been proposed for determining the phytomass of roots, in which,
instead of excavating them, data on the phytomasses of the above-ground fractions of the tree
are used.

Keywords: forest plantations, assessment of the condition of forest plantations, phytomass,
tree fractions, rank distribution
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Bseoenue

duromacca ABISETCS OJTHUM U3 OCHOBHBIX II0KA3aTeJIeH COCTOSHHUS IPEBECHBIX
pacTeHUd W CHOPMHUPOBAHHBIX WMH HacaxkaeHWd. [Ipm 3TOM JUIsI MOHUMAaHUS
MPOLIECCOB POCTa JEPEBHEB W JACTIOHUPOBAHUS HMHU YIJepoAa BaXKHO HMETh
nHpopMaruio o puTomMacce Gpakiuii 1epeBbEB (CTBOJIOB, KOPHEH, BETBEH U TUCTHEB
WM XBOW) M U3MECHEHHHM UX COOTHOIICHUS C BO3PACTOM JEpEBa WM HACAKICHUS
[1, 2,4, 5,9, 14, 18-21, 25, 27, 28]. Jlns oueHkn (UTOMACCHI MPOU3BOIATCS €€
psIMbIC U3MEPEHHUs1 — pyOKa JepeBbEB, CYIIIKA U B3BeNIMBaHUE GuToMace (Gpakiiuii.
O/HaKO CTEIEeHb HAJICKHOCTH TAaKUX U3MEPEHUH JUTs (DpaKIHii JepeBa pa3udacTcs.
HanmMenee noctoBepHBI JaHHBIEC TTO0 UTOMAaccaM KopHEH (0COOCHHO I JePEBBHEB
CTapIIUX TPYII BO3pACTa, 3[Ch MPSMBIE PACKOMKH KOPHEBOW CHUCTEMBI TPeOyIOT
3HAYUTENBHBIX ycwinid). TpyaoeMKoCTh O0O3HAYEHHBIX OICHOK CTUMYJIUPYET
pa3paboTKy crocoboB pacueTa puromace Gpaxiuii o A0CTATOYHO MPOCTO U TOUHO
(UKCUpYEeMBIM TaKCAIIMOHHBIM XapaKTEPHCTUKAaM — BBICOTE JIEpeBa U JTUAMETPY
cTBoa. [leficTBuTeNbHO, (huTOMacca KOpHEH, OTpaxaromias yCTOHIHBOCTh JIepeBa K
BETPOBOMY BO3JICHCTBHUIO, JOIKHA OBITh CBsI3aHA C €r0 BRICOTOH U TuameTpoM. Taxxke
¢uTOMacca cTBoOIa, OIIEHNBAaEeMasi 110 BBICOTE M TUAMETPY, TOJDKHA KOPPEITUPOBATh U
¢ (UTOMACCOM JINCTHEB (XBOM ), XapaKTEPU3YIOIICH (POTOCUHTETUYCCKYIO AKTUBHOCTh
JIPEBECHBIX PACTEHUI W HAKOTUIEHHE (PUTOMACCHI.

OpHaKO MPOCTHIX COOTHOILCHUI Mex 1y (puromMaccaMu IEPEeBbEB, MOTOOHBIX

amnomerpudecknM ypasuernsvm H = al) B, CBSI3bIBAIOLINM JUAMETPBI CTBOJIOB D
u BoicoThl H nepeBbeB [10] (a, p — KodpdUIMEHTH ypaBHEHUS), 10 HACTOSIIIETO
BpeMeHH He HaiieHo. [1oaToMy JuTst OLleHKH CBsizel MexIy puromaccor (paximii
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0OBIYHO UCTIONB3YIOTCSI PETPECCHOHHbBIC YPaBHEHHS, TaK HAa3bIBa€Mble KOHBEPCHOH-
Hble K03 GumeHTs! [0, 23, 24]. Ho eciin cymiecTBYIOT TECOPETHUECKUE MOCIH, 00b-
SICHSIIOIIINE, TTOYEMY 3aBHCUMOCTh MEX]y THAMETPOM CTBOJIA JIEPEBA M €r0 BBICOTOM
JOJKHA OBITH astomerpudeckoit [10], To TeopeTnyeckinx 000CHOBaHMHN TS pacueTa
KOHBEPCHOHHBIX KOY(PPHUITHESHTOB HE MTPEIITOKEHO.

Lenbio nccieoBanus sBIETCS pa3paboTka METOIOB pacueTa COOTHOIICHHUH
Mexy (hutomaccamu (pakImii IepeBa ¢ UCIIOIb30BAHUEM MOJIEIIH PaHTOBOTO pac-
npenenenus LHunda—Ilapero [7, 12, 15-17, 29]. Ha 6a3e 3Toro moaxoaa mpeajiaraet-
cs1 MeToJ] OLleHKH (puTomMace (pakuuii (B 4aCTHOCTH, PUTOMACCHI KOPHEH JIePEBLEB)
0 JTAHHBIM O (puTOMacce cTBoya (T. €. (AaKTUICCKH TI0 BBICOTE W JUAMETPY Aepe-
Ba). Kpome Toro, onricaHHble COOTHOILICHHS TIO3BOJISIIOT IPOBEPUTDH HAIE)KHOCTH 0a3
JTAHHBIX.

Obwvexmul 1 Memoowvl UCCILe008AHUS

Jlnst aHanu3a ucnosb3oBaHa 0aza naHHBIX [22]. B a1y 0a3y BKIIHOUEHBI JjaH-
HBIC M3MEPECHHM, MPOBENCHHBIX pasIHnIHBIMU aBTopaMu (6osee 100) Ha TeppuTOprn
EBpasuu, rje npouspactaroT HacaxJIeHUs nopsiaka 63 pa3IUYHbIX BUJOB JIEPEBHEB.
Kaxxnas 3amuce B 0asze BKIIOYAET TaHHBIC

0 TIOPOJIE JIEPEBa, MECTOTIONIOKECHHUIO U reorpauyeckiuM KoopInHaTaMm;

BO3PACTY, BEICOTE, TUAMETPY U 00BEMY CTBOJIA;

ryCTOTE HACAXKJICHUIA;

o01ieit putomacce u PpakIMOHHOMY COCTaBY (PUTOMACCHI JiepeBa: hUuTOMac-
caM cTBoJIa (C KOpOit 1 6e3 KOpbI), BETBEH, JTUCTHEB (XBOH ), KOPHEH;

MIPOUCXOXKICHUIO JIepeBa (€CTECTBEHHOE MIIM UCKYCCTBEHHOE).

Bcero B 6aze 6617 3amuceit, s 1527 u3 HUX TPUBEICHBI TaHHBIC TI0 BCEM
(paKIusiM IEpeBbEB, a 7Sl OCTAIBHBIX — TOIBKO MO HAA3EMHBIM.

Takum 00pa3oM, TpEACTAaBICHHBIC CBEICHHS MOXKHO pPacCMaTpuBaTh Kak
0a3y JMaHHBIX, BKIIOYAIONIYI0 XapaKTEPUCTUKH JePeBhEeB Pa3HBIX IMOPOJ, BO3pac-
TOB U MecTooOuTannii. Takas 0a3a JaHHBIX O3BOJISET MMOMNBITATHCS HAWTH OOIIME
3aKOHOMEPHOCTH TPOIIECCOB paclpe/eeHusl (PUTOMACCHI IEPEBbEB MO (hpaKIUsIM
B XOJI€ pOCTa.

VY nepeBa cymecTByIOT 4 OCHOBHBIC (DYHKLIIMOHAIBHBIC CTPYKTYPHI ((ppaxumn),
o0ecreunBaroIIre ero CymecTBOBaHNEe KakK IeJ0ro. ITO KOPHHU, CTBOJ, BETBU U JIH-
cThst (XBOs). Mcue3HOBEHNE MM YMEHBIIEHHE MacChl XOTsl Obl OMHON M3 (paximii
MOYKET IPUBECTH K YXYAIICHHIO COCTOSHUS JIepeBa U AaxKe K ero rudenu. ['youresns-
Ha U ype3MepHasi rurneptTpodus 1000 u3 Gppakiinii — BEICOKOE IEPEBO ¢ pa3poCiicii-
Csl KPOHOM IpH MallbIX JHaMeTpe CTBOJA U uTOMacce KOpHEH HEM30eKHO CTaHET
JIETKOH «100BI4ei» BeTpa. CIUIITIKOM OOJIBIIFEC KOPHH, 3aIIHINAs, C OJHOW CTOPOHBI,
JIEpEBO OT BETPOBBIX BO3IEHCTBUI, C APYTrOil — OTOMPAIOT pecypc, HEOOXOAUMBIN Ha
CHHTE3 JINCTHhEB, U CAMHU CTPATAIOT OT HEJIOCTATKA ITOCTYIIAIOIINX M3 KPOHBI TIPOTYK-
TOB (hoTOCHHTE3a ISl TOJICPKAHHS KU3HEACATEILHOCTH KOpHS. Takum oOpaszom,
JIEPEBO CIIOCOOHO BBDKUTH TOJBKO B CIIydae, KOrJa ero ppakiuy He MOIydaroT Ofl-
HOCTOPOHHETO Pa3BUTHSA B YIIEpO APYTUM, U TIOATOMY JI€PEBY HYKHBI (hPAKITHH BCEX
TUIIOB U B OTIPENIEIICHHON MPOMOPIIUH.

Jlnst onrcaHus oNTHMaIbHONW KOHCTPYKIIMH JIepeBa pAaCCMOTPHUM MOJIENb CBO-
00/IHO KOHKYPEHIIMH IIPU pacrpeelIeHUH PECYPCOB, JOCTYITHBIX IEPEBY B MPOILEC-
ce pocta. Bocronszyemcs ypasaenuem Lunda—Ilapero [12, 29]:
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M) = M(1)/i®, (1)
i€ { — paHr KOMIIOHEHTHI (T. €. € HOMEp B ps1y, HAUMHAIOIIEMCS] C MAKCUMaJIbHOTO
3HadeHus puromaccel ppakuun M(1), koTopomy npucsauBaercs par 1); M(1) — pu-
Tomacca 1-i mo panry rpynmsl (0OBIMHO CTBOM); b — KOd(PPHUIMEHT KOHKYPEHIIUU
¢bpakuuii 3a hpuTOMaccy, HaXOAUTCS KaK TAHTEHC yIJia HAKJIOHA PSMOM.

Cayuaii, korga b — oo, 03Ha4YaeT, YTO MPAKTUUECKHU BCsl uTOMacca OTHOCUTCS
K 1-ii o panry ¢paxuun; b — 0 COOTBETCTBYET CUTYyallMM IPUMEPHO PABHOTO pac-
npeneneHus Becei urtomaccesl Mexay ¢ppakuusMu. M3 (1) MOXKHO TOTy4YHTh ypaBHe-
HUE JUIs Bcel (huToMacchl iepeBa B Bo3pacte A:

M(A)=3" M A)=M(,4) 3 i, @)

i=1

U3 (2) ciemyet, 4To HE MOKET OBITH OJTHO3HAYHOU CBSI3U MEKIY BHICOTOU H 1
nuametrpoM D nepeBa, onpezaenstonumu putomaccy M(1, A) cTBoa, U cyMMapHOi
¢uTomaccoii nepesa M(A), T. k. pyHKIMU M(A) Ipu OTHOM M TOM K€ 3HaUeHUH H
u D moryT ObITh pa3nuunbiMu. OnHako, 3Has GyHkuuio bH(A4) u puroMaccy cTBoIA
JiepeBa B BO3pacTe A, MOXXHO BEIYUCIUTD (pUTOMACCH (Ppakuii 1 o01Iyto puroMaccy
nepesa. [l oneHkH (hpuTOMacChl CTBOJIA HEOOXOAMMO pacmojararh HH(opMaImei o
BBICOTE, AUAMETpe NepeBa, popme cTBojia (XapaKTepru3yeMOr BHIOBBIM YHCIIOM) U
yAETbHOM Macce ApeBecHHbl. Takum 00pa3om, ucromnb3ys (1) u (2), MOXKHO MOJOUTH
K pacdety ¢uromacc ppaxiuuii Jepesa, HyKHbI TOJIBKO €ro BBICOTa M IUaMETp CTBOJIA.

Hackomnpko Tounbl Mojens (1) u mpousBoaHast o Hee Mozenb (2)? Ecmu Tod-
HOCTH BBICOKAsl, COOTHOIICHHUs (hUTOMACC JIEpEeBhEB B 0a3e AAHHBIX JOIDKHBI COOT-
BeTcTBOBaTh Mojenu (1). B cirydae MHOrouncieHHBIX OTKIOHEHHH oT (1) Momensb
HEKOpPEKTHa.

B nacrosmieit padore s 0a3bl JaHHBIX [22] poBeneH aHanu3 HHPOPMAIUN
o guromMaccam (paKIHii ¢ TOYKH 3PEHHS UX COTJIACHS C PAHTOBBIM pacrpesiesieH -
eM (1) u onmcaHbl MPUMEPBI pacueToB GuTomMace Gppakiuii gepera Mo ero BbICOTE U
JMaMeTpy CTBOJA.

Jlnst ompeneneHus CymeCTBOBaHUS CBsizel Mexay (uTomaccamu (hpaxiuii,
XapaKTepru3yeMbIX MOJIENBI0 CBOOOTHON KOHKYPEHIUH, I KaXKI0M 3aricy BHIOH-
paIuCh IaHHBIE 10 HA/I3eMHBIM (DPAKIIMSM, 3TH JJAHHBIC PAHKHUPOBAIHCH U BEIYUCIIS-
nuch kodddunuents! ypasHenus (1). Koapduunentsr paccMaTpuBaiuch Ajs Tpyn-
IIbI 3anuceil B 0ase, 47151 KOTOPBIX ObLTN CBeeHHs O puToMaccax Bcex ppakuuid. [is
BCEX 3amuceil B 6a3e N3bIMaINCh PUTOMACCHI KOPHEH M PACCUUTHIBAINCH ITAPAMETPHI
PAHTOBBIX PETPECCHOHHBIX YPAaBHEHHUH B JIBOMHBIX JIOTapU(DMHUUECKUX KOOPAUHATAX
C TIPEATOJIOKEHUEM, UTO PAaHTH KOPHEH MOTYT ObITh paBHBI 2 WK 3:

In M(i) = In M(1) = b1n . 3)

Jnst wiotrocTpanuu Ha puc. 1 mpejcTapiieHa B JBOMHBIX JIorapu(MUYECKUX
KOOpAMHATaX 3aBUCUMOCTD (3) I COCHBI OOBIKHOBEHHOM.

[Ipu perpeccHOHHOM aHajIM3€ JAHHBIX B ABOMHBIX JIOTapU(MHUUECKUX KOOP-
JUHATaX MPOUCXOAUT UX CMEIIEHHE, CBSI3aHHOE ¢ MHUHUMH3AalKEll CyMMBbl HEBSI30K
HE MEXIy 3HAYCHUSIMH QruToMacc U3 0a3bl U 3HAUCHUSMHU U3 PErPECCHOHHBIX ypaB-
HEHMH, a MEXy JiorapupMaMu STHX BeTUUMH. PacueTsl B JaHHOM Cilydae BO3MOXK-
HO KOppeKTHpoBarh [26]. OgHaKo MpH OLIEHKE OMMOOK paHee ObLIO HalWAEHO, 4TO
pacxoXxaeHue Mpu pacdyere 0e3 NPUHATHS BO BHUMAHUE MUHUMHU3ALMN HEBSI3KHU JIO-
rapuMOB JIJIsl AMANa30Ha JJAHHBIX 110 (uTOMaccaM (Ppakiuii COOTBETCTBYET PacXo-
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KICHHUIO B TTapaMeTpax perpecCHu MO COTHIM AOJSIM 3HaYeHUH [7], Takue pa3iudus
MOKHO HE YYUTHIBATh.

LoM(i) = —1,91 Ini + 4,4455
R>= 0,994

0 02 04 06 08 1,0 12 14 L6
Lni

Puc. 1. TunmuHsIi BUI paHTOBOTO pacnpeaeneHus puromace Gpakuii repesa
Pinus sylvestris L., 55 net, FOxnas Kapemus (62°13' c. m. 34°10' B. 11.) [22]

Fig. 1. A typical view of the rank distribution of phytomass fractions
of a Pinus sylvestris L. tree, 55 years old, South Karelia (62°13' N, 34°10' E) [22]

CoOTBETCTBHE JAHHBIX MOJCIU PAHTOBOTO PACTIPENCICHUs] XapaKTepr30Ba-
J10Ch 110 K03 punmenty nerepmunaruu R2. s 4 creneneit cBo00abI KO3PPHUIIUESHT
3HayuM Ha yposHe p = 0,95 npu R2 > 0,9025 [8].

Pezynomamut ucciedosanust u ux oocyxncoenue

Jlnst Bcex 6617 3anuceii B 6a3e B.A. YcosbiieBa ObUIH BEIYUCIICHBI KOG GUITH-
eHTHI JeTepMuHanuu R2 (puc. 2) u KodPUIMEHTH a U b paHTOBBIX YPaBHEHHUN IS
Ha/I3eMHBIX (hpakiuii 1epesa.

s
§ 82 Puc. 2. Koahpunnentsr nerepmu-
£ 071 HallMU PaHTOBBIX paclpeieaeHuil
‘g gg (pakuii 1epeBbeB O3 TaHHBIX O
% 8431 (I)ITITOMaCCG KOpHCI/I. [22]

5 021 Fig. 2. The coefficients

2 0 of determination of rank distribu-
El 0 tions of tree fractions without data

50 o0 92 (]);24 we - B8 L00 on root phytomass [22]

Kak BumHO U3 puc. 2, mist 95 % nepeBbeB pa3iMdHBIX MOPOJ M BO3pAcTa,
MPOM3PACTAIONINX B HEOAWHAKOBBIX Teorpaduueckux yciaoBusxX, kKodadduuueHt ne-
TepMuHAIUH TipeBocxoauT 0,96, T. €. BRIYHCIICHHBIE PAHTOBEIE PACIIPE/IEIICHHUS XOPO-
10 COTTIACYIOTCS ¢ MOMIENbIo (3) M 3Ta MOMENh MPUTOIHA JUIsI OTIFICAHUS COOTHOIIIS-
HUH Mexy puToMaccamu ppakiuii IepeBheB JFOOBIX TOPOJ] B Pa3HBIX BO3pacTax H
MIPOM3PACTAIOIINX B PA3TUIHBIX YCIOBHIX. MOKHO CcKa3aTh, YTO MOAECIHb (3) HOCHUT
o0muit xapakrep.

[IpumepHO mst 5 % AaHHBIX B 6a3e KOAPPUIMEHTHI IeTePMUHAIINH MEHbBIIIS
0,96. Ckopee Bcero, 3T0 CBS3aHO JIMOO C OMIMOKAMU U3MEPEHHIA, JINOO C OTKIIOHEHH-
SIMH TIPOLIECCOB POCTA JIEPEBBEB OT MpeuIaraeMoil Moaenu. Eciu npudnHoi Mambix
3Ha4YeHUH R2 SIBISAIOTCS HECOOTBETCTBHS MOCTYJIMPYEMbIM B MOJICIIH IIPOIIECCaM Po-
CTa, TO TMOCJIEJHEE JIOJKHO OBITh CBSI3aHO C OCOOCHHOCTSIMHU JIEPEBBEB (IIOPOJIOH,
BO3pAcCTOM M MECTOOOMTaHNEM). AHAIH3 JEPEBHEB C OTKIOHSIONUMHUCS OT MOJIEITH
XapaKTePUCTUKAMH IToKa3ai, 4to u3 315 nepesnes (4,8 % ot obuiero uncna) y 81 %
Bo3pact He npesbiman 50 net. Takum o0pa3om, B IEpHO HAYaIHLHOTO POCTA JIepeBa
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BEPOSITHBI HEKOTOPBIE OTKJIOHEHUS OT MOZEIH 1 MPH JaTbHEHIITNX pacyeTax dTH Jie-
PEBBS HE cJIe/10BasI0 Obl HCIIOIB30BATh.

B tabmn. 1 mpencTaBieHbl 101 JepeBbEeB Pa3HbIX TIOPOJ, IS KOTOPBIX K03 du-
[IUCHTHI ACTCPMUHAIINN OBLUTH CTAaTUCTUICCKU 3HAYUMBI 111 ypoBHS p = 0,95. [ons
JIEPEBBEB C HE3HAUMMBIMU KO3(PPHUIIMCHTAMH XapaKTEPU3YeT PACXOXKICHHUE TaHHBIX
B 0ase ¢ MOIIEIbI0 CBOOOAHON KOHKYPEHITHH.

Tab6uuma 1

PacxoxaeHne JaHHBIX B 0a3e ¢ MOAeJIbIO VI JepeBbeB Pa3THYHBIX MOPO]
The discrepancy between data in the database and the model for trees
of different species

ITopona Yucno 3amceii B 6asze R2>0,96 R2< 0,96
Larix 247 0,976 0,024
Abies sibirica L. 81 0,889 0,111
Betula 1144 0,969 0,031
Pinus sylvestris L. 2507 0,973 0,027
Picea obobata L. 337 0,730 0,270

0,30+
0254
0,20
0,15+
0,10
0,05+

Jomnst JE€PEBBEB OT obmrero uncaa

(=]
I

0,80 085 090 092 094 096 098 1,00
RZ
Puc. 3. KoadduimeHTs! qeTepMUAHALIMN IJIs1 PAHTOBBIX paCHpeaeICHUI
(dpakuuii 1epeBbEB ¢ NaHHBIME 10 (pruTOMacce KopHei [22]

Fig. 3. The coefficients of determination for rank distributions of tree fractions
with root phytomass data [22]

W3 puc. 3 cnexyer, yTo momis aepeBbeB ¢ R2> 0,95 B maHHOM ciTydae COCTaB-
nsiet 70 %, 4TO CyIIEeCTBEHHO MEHBIIIE JOJIH ACPEBLEB C aHAJOTHYHBIM KOA(PUIH-
€HTOM JJIs TPYTIITBI IEPEBBEB, ISl KOTOPBIX IPH pacueTe paHTOBOTO pacIpeieNieHus
HCTIOJIB30BAIUCH TOJIBKO HaJ3eMHbIe (pakiuu. Takoe pa3nuune MOXKHO OOBSICHUTh
TEM, 4TO OIIMOKa B ONpeAclcHUH (UTOMACCH KOPHEH MOXET OBITh CYIICCTBECH-
HO Oosbilie omMOOK B OmpeaeneHnn (ruromMacc Han3eMHBIX (pakuuid. B cBsa3m ¢
3THM B KauecTBE MpHMepa pPacCMOTPHUM JaHHBIE [0 pachpeneneHuto 4 ¢pakuuii
(buTOMacChHl OTIETFHON COCHBI B JIecax ApxaHTelbckoi oomactu [11]. Ecimu BecTn
pacder 1o rmokasareisiM Bcex (pakiuit nepesa, To R2= 0,94. [1pu stom duromacca
KOpHEH, paBHast 64 kr, umeeT panr 3. OHaKO €CIu paccMaTpUBaTh TOIbKO HA13E€M-
Hble Qpakuuu, To R2=0,996 (puc. 4), a pacuetnas puromacca Kopue — 157 xr, uto
B OOJIBLIEH CTENEHU cornacyercs ¢ HeoOOXOAMMOCTBIO MOAJePKaTh YCTOWIMBOCTD
nepeBa ¢ Maccoit cTBoiia moutH 800 KT U ero TuaMeTpoM Ha BBICOTE Tpyau 48 cMm.

Jliist nepeBbeB ¢ 0003HaYEHHOM B 0a3¢e JaHHBIX (PUTOMACCON KOPHEW TUCTOrpaM-
Ma pacrpe/ieNieHus 1Mo Kod3(h(UIMEeHTY TeTepPMUHAIIMH B COOTBETCTBUHU C pAaHTaMH He-
CKOJIBKO OTJIMYAETCSI OT TUCTOTPAMMBI JIsl IEPEBhEB 0€3 TaKUX JaHHBIX (puC. 4).
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7 i */

6 4 a2
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= 37 LnM(i) = 2,336 Ini + 6,678

2 1 R2=0,996
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Lni
Puc. 4. PanroBoe pacnpenenenne pUTOMacChl COCHBI IO PPaKIUsIM:
1 — ¢puTomacca HagzeMHBIX (hpakmmii [11]; 2 — puromacca xopHei [11];
3 — (puTomacca KopHEl 0 MOIETBHBIM JaHHBIM
Fig. 4. The rank distribution of pine phytomass by fractions: / — phytomass
of above-ground fractions [11]; 2 — root phytomass; 3 — root phytomass
based on model data

3Hast 110 JaHHBIM 0 (puTOMaccax HaJA3eMHbBIX (DPAKIUI TapaMeTpbl YpaBHEHUN
PaHroBOTO pacmpeeNeHus s AepeBbeB 0e3 cBeIeHni o puroMacce KOpHeH, MOXK-
HO OIICHUTH 3TU (PUTOMACCHI, TPE/TIONOKHB, YTO UX paHr paBeH 2. Torma ¢utomacca
KOPHEHN BBIYMCISAETCS U3 BbIpaKEHUs In M (2) =a-bln2.

Kak cnenyer u3 (1) u (3), anst ouenku puroMacc Gppakmuii Mo TaHHBIM O pa3-
Mepax CTBOJIa HE0OX0IMMO 3HATh KOA(h(DUIIMEHT KOHKYPEeHIINH. Beero B 6a3e maHHBIX
ObuTO BRIOpaHO 128 nepeBweB Larix cajanderi Mayr., L. decidua Mill., L. gmelinii
(Rupr.) Rupr., L. leptolepis Gord., L. olgensis A. Henry., L. sukaczewii N. Dyl. lns
ATUX BHUIIOB B Bo3pacte oT 5 70 260 neT b ¢ BO3pacTOM YBEITUYHBACTCS. JTa CBS3b
XOPOIIIO ONMCKHIBaeTCs ypaBHeHHEeM Muxasnnc—MeHTeH:

b — bmaxA , (4)
0+4

rae b, 1 O — k03 UIHUEHTHL

1 TUCTBEHHMII BBIUMCICHMS JAOT CIEAYIOIMEe 3HAueHHWs IapaMeTpoB:
b= 3,02 Q= 17,84. Ilpu pacuerax HCIOJIb30BAaHA OILMS IOUCK DPELICHUS
Excel. AHaoruuHo ObUIM BBINOJHEHBI PAcyeThl Uil COCHBbI OOBIKHOBEHHOW Pinus
sylvestris L. na Cpennem VYpane: b, = 3,71; O =14,48. Jlannble B 6a3e MO3BOJIAIOT
CPaBHUTH W 3aBUCUMOCTb MeXIy b u A 1ia cocHbl OOBIKHOBEHHOW B CuOupn Ha
teppuTopusix Tomckoit 1 HoBocubupckoit obnacreid, Anraiickoro u Kpacaosipckoro
kpaeB (Bcero 247 nepeBbeB). B stom ciyuae b = 3,39; O = 14,14 (puc. 5).
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Puc. 5. CBsi3b Bo3pacta 1 KO3 PHUIHEHTa KOHKYPEHIIMH PAHTOBOTO pacIpeaeIeHHs
(buToMacchl: @ — Ui TUCTBEHHUIL PAa3HBIX BUIOB; 6 — ISl COCHBI OOBIKHOBEHHOM
Ha CpenHeM Ypaie; ¢ — U1l cocHbI 00bIKHOBeHHON B Cnbupu (/ — pacuer 1o (3)
Ha OCHOBE JIaHHBIX U3 0a3bl [22]; 2 — pacdeTs 1o (4))
Fig. 5. The relationship between age and competition coefficient of the rank distribution
of phytomass: a — for larches of different species; 6 — for Scots Pine in the Middle Urals;
6 — for Scots pine in Siberia (/ — calculation by (3) based on data from the database [22];
2 — calculations by (4))

K coxaneHuto, BBIYUCIUTD ISt HEKOTOPBIX TEPPUTOPHIA TApaMETPhbl YPABHEHHUSI
st kod(duimenta KOHKYPEHIIMH 10 CBEACHHUSIM 0a3bl 3aTPYAHHTEIILHO B CBSI3H
C HEXBaTKOW JIOKaJbHON MH(OPMAIMK MO ACPEBbSIM Pa3HBIX BO3PACTOB U MOPO],
OJTHAKO KOA(PPUITHEHTHI ypaBHEHHUS (4) TS OTACIBHBIX MOPOJI, PEICTABICHHBIX B
aHAIM3UPYEeMOi 0a3e JaHHBIX, OLCHUTH pealibHO (Tadu. 2).

Tabnuma 2

IMapameTpnbl ypaBHeHus (4) 1151 H3MeHeHHI KO3 UIMEeHTa KOHKYPeHIMH
¢ BO3pAacTOM JepeBa 1Jisl 0TAeJbHbIX MTOPO/
The parameters of equation (4) for changes in the competition coefficient with tree age
for individual species

Topona Yucno 3anuceit b Q, Bo3pacT, Hess3ka B pacuere
B 0aze max JeT Ha OJTHO JI€PEBO
Betula alba L. 1084 2,59 7,64 0,131

Quercus robur L. 98 2,63 7,75 0,129
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Oxonuanue maon. 2

Topona LIHCI;O g:;zncen b Q, BJ(;;EaCT, Hﬁ:?ﬁ; I:)ez;c;e;e
Populus tremula L. 424 3,07 11,67 0,137
Larix sibirica L. 108 2,89 13,29 0,172
L. sukaczewii N. Dyl. 58 2,89 27,53 0,105
Pinus sylvestris L. 1945 2,65 13,06 0,162
P. sibirica Du Tour. 160 2,41 39,28 0,255
Picea obovata L. 336 1,58 41,99 0,087

Kax BugHO 13 Ta0II. 2, TOYHOCTH aNMIPOKCHMAIIHH, OTICHEHHAS 110 CpeIHEH He-
BSI3KE MEX/Ty HATYPHBIMU M MOJICTIHHBIMU JTAHHBIMH, JIJIS IEPEBBEB BCEX MOPOJT OITH3-
ka. [y GonmbIIMHCTBA MOpoN (3a UCKIoueHueM P. obovata) mapamerp b, Onn3ok.
[Mapamerp Q, XapakTepu3yIONUil BO3pACT HACAXKJEHHS, B KOTOPOM Kod(hduImeHT
KOHKypeHIMH b = b . /2 MUHUMaNeH AJsl AEpeBbEB JIUCTBEHHBIX MOPOJ, a Ul
XBOMHBIX TIOPOJT MOKET nocturaTh 40 Jsier.

Ecmn ypaBHeHnus, csa3piBaromue b u 4, BupocnenupuIHbl 1 HE 3aBUCAT OT
pa3MepoB JiepeBa U TEPPUTOPHH IPOU3PACTAHHUS, TO 1S pacuera puromacce ppakiuit
JIepeBa 10 JIAHHBIM O €TI0 BBICOTE M JMAMETPY MOYKHO MPEIJIOKHUTh CIICIYIOIIYHO
Hponeaypy:

1. M3mepsiercs BbICOTa M AWAaMETp JepeBa U paccuuThiBaeTcsl uromacca

creona M(1) no seipascennto M (1) = my, f % H (tne f— Bugosoe umcio) [13].

Jlnist OLEHKH TIOTHOCTH (DUTOMACCHI /M, MOKHO HCIONB30BaTh CYIIECTBYHONINE
TaOJIMIBI UM TPOM3BECTH C MOMOIIBIO BECOB MPSIMbIC W3MEPEHHSI MAacChl KepHa
(UKCHUPOBAHHOM JUIMHBI (B 9TOM CIydae IMOJIyYUM IUIOTHOCTh JIPEBECHHBI B CHIPOM
Buzie). [l OICHKH BUIOBOTO YMCIIA TAKIKE MOYKHO HCIIONB30BATh TAOMUIIbI [3].

2. OmpenensieTcs BO3pacT JAepeBa, U M0 ypaBHEHUIO (4) Ui TaHHOW MOPOJIbI
BBIYUCIISIETCS b.

3. o ypaBHenwuto (3) HaxoasaTCst puromMacchl Gppakiuii, MPU 3TOM JICIACTCS
MIPEIIOJI0KEHHE, YTO PAHT (PUTOMACCHI KOPHEH paBeH 2, paHr ()UTOMACChI BETBEH —
3 u panr puToMacce XBou — 4.

Saxnouenue

[IpuBeneHHbIE pacueTsl MOATBEPAKAAIOT KOPPEKTHOCTH MPEIOKEHHOTO TO/-
X0Jla K ONKCAHUI0 COOTHOIEHUH (hutomacc (pakiuii faepesa. [loaxos mo3BossieT
OLIEHUTH (huTOMacCy (BKIIFOYasi (GPUTOMACCY KOPHEH) 10 TaKHM JIETKO H3MEpSIeMbIM
TaKCaIlMOHHBIM TTOKa3aTeNsIM, KaK BBICOTA JIEpEeBa U TUAMETP €ro CTBOJIA Ha BBICOTE
1,3 m. Mcrionp30Banue MOMIENH pacIipe/ieNIeHns pecypca 1aeT BO3MOKHOCTD OTpeie-
JUTH UTOMAcCy KOpHEH, He MPOBO/S UX PACKOIIOK U MCIIOJIb3YsI JaHHBIE O (PUTOMAC-
cax HaJI3eMHbIX (h)pakuuil 1epesa.

OnucaHHBIE METO/ CYHIECTBEHHO YIPOIIACT WU3MEPEHHs, OJHAKO TpeldyeT
MPEABAPUTEIEHOTO YCTAHOBICHHS KOAQPHIIMEHTa KOHKYPEHIH — TapamMeTpa ypas-
HEHUS BO3PACTHOW TUHAMWKH — JUIS OTNIEIBHOIN TIOPOABI B KOHKPETHBIX KIMMAaTH-
YeCcKuX 30HaX. Pacyersl ko uirienTa KOHKYPEeHIINN MTOKa3bIBalOT OJIU30CTh Mapa-
METPOB ypaBHEHUs JUIsl IEPEBBEB OHOM MOPOJIBI, TIPOU3PACTAIOLINX B PAINIHBIX
ycnoBusix. [lpeanaraeMplii HOAXO/ TakKe MOXKET ObITh MPUMEHEH 15l TPOBEPKH Ha-
JIEKHOCTH JAHHBIX TI0 puTOoMaccam (pakiuii JepeBbeB B 0azax JaHHBIX. [Ipu 3Haun-
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TEJIbHBIX OTKJIOHEHUsX OT pacnpezaencHus L{unda—Ilapero mosyueHHble Moka3aTeau
HEOOXOAMMO HCIION30BaTh C MPEAETFHON OCTOPOKHOCTHIO.
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Annomayusa. ViccnenoBaHbl OCHOBHBIE MOJXOABI K OPraHM3allid MOHUTOPHMHIA MOXKapo-
OTACHBIX CHUTYallMi Ha PETHOHAJIBHOM YpPOBHE M IPOOJIEMBbI, BOZHHKAIOIINE TPH TEXHUYE-
CKOM OOECIICUeHNH TaKOro MOHHTOpHHTA. Llenbio paboThl sBIseTCs M3yUCHHE JTMHAMHKH
N3MEHEHHMS TTOXKAPHOM ONMAacHOCTH B JIecax Ha TeppUTOpHN Yamyprckoi Pecriyonuku. Bapeu-
pOBaHNE KOMIUICKCHOTO MTOKa3aTessl MOKapHOW OMacHOCTH, HAOJIIOaeMOro HE3aBHCUMO OT
CTPYKTYpPbI TaKCAIIMOHHBIX BBIIEIOB, PACCMAaTPUBACTCS HApsAy C JAHHBIMU O (PaKTHYECKUX
noxapax 2011-2023 rr. B cBs31 €O 3HaUUTEIBHON MPOTKEHHOCTBIO TEPPUTOPUH YIMYPTUU
MPEIOIaraeTcs pa3iuyie KOMIUIEKCHOTO MOKa3aTensl ¢ M3MEHEHUEM JOJITOThI TN HIHPOTHL,
PaccUUTaHHOIO Ul MAaKCHMAJIbHOTO KOJIMYECTBA TOYECK HAOIIOAECHUs OfHOBpeMeHHO. Pa3-
paboTaHo MPHUIIOKEHKE, C TOMOIIBI0 KOTOPOTO PEeaTH30BaHbl cOOp, OTOOpayKEHUE JTAaHHBIX U
pacyeT KOMILIEKCHOTO MOKa3aTelsl MOKapHOU onacHOCTH 1o 210 HaceaeHHbIM ITyHKTaM B Te-
yeHue 94 nueii netnero nepuona 2023 r. IlpunoxeHne N03BOISAET OLIEHUTh KaK CTaTUYECKUE
JITaHHBIE T10 TIO’KapaM B IPOIIUIOM B BHJIE «ITy3bIPHKOBOI) BU3yallU3alluy, TaK U KOJICOAHUS
KOMIUIEKCHOTO TIOKa3aTellsl B TEUCHHE MOXKapOOIacHOro ce30Ha. B kauecTBe MOrofHOro cep-
Buca ncnonb3osancs OpenWeather, 6ubnroreka kaprorpaguyeckux nanusix — Openlayers.
OTAMYUTENBHBIMA OCOOCHHOCTSIMU CO3JIAaHHOTO TNPHIIOKEHHUSI CTalld: a) OTOOpakeHHe Ha-
NIPaBJICHHS BETPa U KJlacca IOYKapHOH OMacHOCTH B TOYKaX HAOJIOICHNUS C TOMOIIBIO [IBETO-
BBIX MapKepoB; 0) MCIIOIb30BaHUE PACTPOBON KaPTHI-TIOUIOKKH PErHOHA ISl ONIPEACIICHHS
MOTEHIMATIBbHOH CBA3U CI0XKUBIIETOCA KJ1acca MOXKapHO! OMACHOCTH C XapaKTePOM y4acTKOB
necHoro ¢gonna. Kak nokasano uccienoBanue, B npenesiax KakKaoro n3 25 MyHHIUITAIbHBIX
o0pazoBaHuii pernoHa (hpaKTHIECKUH KOMITJIEKCHBIH ITOKa3aTeb MOYKET 3HAUMTEIEHO MEHSTh-
cs1. Pe3ynbraTsl MHOrOIHEBHOTO MOHUTOPHHTA MO3BOIMIN YCTAHOBUTD CUIBHYIO KOPPETSLH-
onHy1o cBsi3b (0,88) Mex 1ty mokaszareneM u JOITOTOH JJIsl HACEIEHHBIX yHKTOB YIMYPTCKOH
Pecny6nuku, ciabyro (0,31) — Mexay mokasareneM W mupotoi. [lokazano, 4yto OOJbIast
YacTh MOKapOoB 3a anpesib—OKTAOpb NpUXoaAnTcs Ha Maii — 33,8 % oT o0miero uncia ciryyacs
B 2011-2023 rr. Pe3ysbTarsl HCCIeA0BaHUS MOTYT OBITH MOJIC3HBI JJIsl pa3pabOTKU U TIPOBe-
JICHUSI MEPONPUSTHH IO NPETYTPEXKICHNIO JIECHBIX MT0YKAPOB U CHIKEHHIO yIepOa OT HUX,
a TaKoKe A7 yTOUHEHMs WK BalWJalluy 30H NOTEHIIMAIbHBIX BO3TOPaHUil HA OCHOBE COBpE-
MEHHBIX MOAXO/0B.

Knrouesuvie cnosa: necuoit oKap, AMHaMUKa U3MCHCHUS, KOMILTIEKCHBIH ITOKa3aTelb ToxKap-
HOHU OINaCHOCTH, CE30H, OTCIICI)KNBAHUC IMOTOAHBIX JAHHBIX, HAIIPABJICHUEC BETPA
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Abstract. The main approaches to the organization of monitoring of fire hazardous situations
at the regional level and the problems arising in the technical support of such monitoring have
been investigated. The aim of this work has been to study the dynamics of changes in fire
hazard in forests on the territory of the Udmurt Republic. The variation in the comprehensive
fire hazard indicator, observed regardless of the structure of survey plots, has been considered
along with data on actual fires in 2011-2023. Due to the significant extent of the territory
of Udmurtia, it has been assumed that the comprehensive indicator differs with a change
in longitude or latitude, calculated for the maximum number of observation points simul-
taneously. An application has been developed that collects and displays data and calculates
a comprehensive fire hazard indicator for 210 localities over 94 days of the summer period of
2023. The application allows one to evaluate both static data on fires in the past in the form of
a “bubble” visualization, and fluctuations in the comprehensive indicator during the fire sea-
son. OpenWeather has been used as a weather service, and OpenLayers — as a map data
library. The distinctive features of the created application have been: a) displaying the wind
direction and fire hazard class at observation points using color markers; b) using a raster map
of the region to determine the potential connection between the current fire hazard class and
the nature of the forest fund plots. As the study has shown, within each of the 25 municipal-
ities of the region, the actual comprehensive indicator can vary significantly. The results of
multi-day monitoring have made it possible to establish a strong correlation (0.88) between
the indicator and longitude for populated areas of the Udmurt Republic, and a weak correla-
tion (0.31) between the indicator and latitude. It has been shown that the majority of fires in
April-October occur in May — 33.8 % of the total number of cases that have occurred during
the period of 2011-2023. The results of the study can be useful for the development and im-
plementation of measures to prevent forest fires and reduce damage from them, as well as for
clarifying or validating potential fire zones based on modern approaches.

Keywords: forest fire, dynamics of change, comprehensive fire hazard indicator, season,
weather data tracking, wind direction
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Beeoenue

JlecHple TIOXaphl UTPAIOT PEIIAIONIYI0 POIh B TpaHchopMaIuy JaHamadTa,
CMEHE pAaCTUTEIBHOCTH, NErpajalliid IMOYB M KauyecTBE Bo3ayxa. lloBwimeHue
TOYHOCTU OLEHKH MOKAPHOTO PUCKA BAXKHO IJISL MPEIYNPEHKACHUS U CHIKCHUS
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HETaTHBHBIX TOCIIE/ICTBUI IOXKapa Ha JIECHYI0 9KOCHUCTEMY, T. K. B NEPCIEKTHBE
MO3BOJIUT TUIAHUPOBATH YIIPABISIONICE BO3JICHCTBHE Ha TMOSBICHHE BO3TOpPAHHMA
NPUHATBIME crioco0amu. J[J1si perHoHALHOTO YPOBHSI pa3paboTKa METOJHMUYECKUX
MOAXOMI0B, 00ecneyrBaloIIMX 000CHOBAHUE YIPABICHYECKUX PEIICHUH MO Mpeay-
MIPEXKACHAIO JIECHBIX MOXKAPOB SBISIETCA aKTyaJlbHOW 3a7a4eil, BapUaHThl PEIIeHHS
KOTOpOI>'I PACKpPLBIBAIOTCA B pPa3JIMYHBIX HAYYHBIX HCTOYHHKAX. OcHOBHBIE HarpaB-
JIeHWsI TpeACKa3aHMs JIECOTIOKAPHBIX YPE3BBIYaHBIX CHUTYAIlMi TpPEICTaBICHBI
10.B. Ilompe3oBsiM [6]. Tak, mpu omepaTMBHOM HaONIOCHUH 3a MOXKAPHOW Omac-
HOCTBIO B JiecaxX HMCIIOJB3YIOT JaHHbIE CITyTHUKOBOTO MOHUTOpPHMHra, oOpadarbiBae-
MbIe B TeOMH(GOPMAIIMOHHBIX cUcTeMax. V3BecTHBI, HampuMep, orepaTuBHAs KapTa
noxxapoB HUM asporkocmuueckoro monutopunra (http://aerocosmos.info/emergen-
cy_search/), kapTorpapupoBaHue IPOIICHHBIX OTHEM TUIOIIAJIEH, TTOIePKUBAEMOe
HNuctutyToM KOcMuueckux nuccienoBanuit 3emiu (http://iki-z.ru/default.aspx?1d=3),
ratdopma Ui ONepaTUBHOIO CIYTHUKOBOTO MOHUTOPHHIA MOKapoB «CKaHIKCH
(http://pro.fires.ru) u np. [lomydennsie yepe3 nHOOPMAIMOHHEIE CEPBUCH CBOEBpE-
MEHHBIC JJaHHBIE O BO3JCHCTBUHU OTHS Ha MPUPOIHBIC YKOCHCTEMBI CIOCOOCTBYIOT
3¢ deKTUBHONW OXpaHE JIECOB OT IMOXKAPOB, OIEHKE HKOJOTMYECKUX TOCIIEICTBUH.
APPOKOCMHUYECKUN MOHUTOPHHT PE3yJAbTaTUBEH IS IJIAHUPOBAHUS MPAKTUYECKOM
JIESITEIIbHOCTH TIOXKAPHBIX, TIOCKOJIBLKY TTO3BOJISIET OPUEHTUPOBATHCS Ha (DAKTUYESCKUE
CJIydad MECT JIOKaJIH3alluy OTHSI.

C mpyroii CTOpOHBI, B HacTOsIIEE BpeMs B COOTBETCTBHH C MpHKa3oMm Pocrec-
x03a oT 05.07.2011 Ne 287 «O06 yTBepkaeHNH KIacCu(UKAITIN TPUPOTHON TIoXKAap-
HOW OMAacCHOCTH JIECOB M KJIACCU(PHUKALNH MOKAPHOH OMAacHOCTH B JiecaX B 3aBHUCH-
MOCTH OT yCJIOBHH roroasl» (3aper. B Muntocte PO 17.08.2011 Ne 21649) noxapnas
OIMacCHOCTh B Jiecax KJIAcCH(DUIUPYETCsl B 3aBUCUMOCTH OT YCJIOBHUH moroel. JlaH-
HBI MOJXOA JaeT BO3MOXKHOCTH IUIAHUPOBATH MPEAYNPEKIAIONINE MEPOIIPUSTHSL.
B cyonexrax Poccutickoit @eneparinu MOTYT pa3padaThIBaThCsl peTHOHANBHEIC KTac-
Chbl HO)KapHOﬁ OIMaCHOCTH B JIECax MO YCJIOBHAM IOTOAbI, OIPEACTIAIOIINEC METOAUKY
pacueTa KOMIUIEKCHOTO ToKa3aress rmoxkapHoit onacHoctu (KII), rpanuip! kinaccos
MOXKapHOH ONMACHOCTH, METOJIUKY ydeTa ocajakoB. MccienoBaHus, MOCBSICHHBIC
pa3paboTKe IIKaIbl PErHOHATBHBIX KIaCCOB MOKAPHOW OMAcCHOCTH, MOAPOOHO pac-
cMoTpensl A.B. Bomokutuno#t ¢ xomuteramu [4]. Kaxnprit pernon obmagaeT WHIN-
BUAYaJIbHBIMH OCOOCHHOCTSIMH C TOYKH 3PEHHUSI THIIOB JICCOB U JIECHBIX YYaCTKOB,
pactpeseneHns COepIKAIINXCA B HUX JIECHBIX TOPIOYMX MaTepHalioB W BJaru, Ju-
HaMHKH U3MEHEHUSI YCIIOBUH, CITOCOOCTBYIOMNX (HOPMHUPOBAHHIO JIECHBIX MTOKAPOB.
W3ydenne Takux WHAMBHUIyaTbHBIX OCOOCHHOCTEH I KaXKJIOTO PErHoHa SBISETCS
BaYXHBIM 3TAIlOM NPOTHO3MPOBAHUS JIECHBIX MOKapoB. KOMOMHHUPOBAaHHBIN aHAIIN3
YKa3aHHBIX MOAXOJ0B, PEaJU30BaHHBI B paMKaX OIHOW CHCTEMBI, COAEPKUT OO0IIb-
10 TIOTEHIIMAN JIJIsl HAYKH U TPAKTHUKH.

Lenbp paboThl — OlEHKAa OCOOCHHOCTEW MUHAMHMKH H3MEHEHHUS IMOKApHOU
OTIACHOCTH B Jiecax YnMyprtckoit PecryOnuku. [logoOHbIe vicceqoBanust IS JaH-
HOH TEPPUTOPHUM JO 3TOTO BPEMEHH HE NPOBOJMINCH, XOTSI B HAYUYHOH IEPUOAUKE
MOYKHO BCTPETUTH OTIEJIbHbBIC HCCIIEJOBAHMUS JIECONOKAPHBIX PUCKOB B PEerHoHax
Ha OCHOBE HAaKOIUJIEHHBIX JaHHBIX O Bosropanusx: H.H. bpynuimHckuii ¢ xomse-
ramu [2], C.H. Bosikos ¢ kouteramu [3], K.JK. Paumbexkos [7], C.C. Tumodeesa ¢
Kosuieramu [9].

3a py0exkoM pernoHaabHbIC MCCIICIOBAHUS TAKKE HEPEIKH, 10 OOJIbIICH Ya-
CTH OHM MOCBALICHBI MOCTPOCHHUIO MOJIENICH OLIEHKH MOKapOOMacHbIX 30H Ha Tep-
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PUTOPHSIX HAa OCHOBE KIFOUEBBIX IMOKa3aTeJiel, MPOMUCAHHBIX B PaMKaX COOTBET-
CTBYIOILIMX METOAMK, Hampumep, KaHalIckoll METOOMKH, MOXpPOOHO pa3oOpaHHON
B.D. Lawson et al. [16]. B oTnenpHBIX HCTOYHUKAX PUMEHSIETCS KapTUPOBAaHUE Be-
POSITHOCTH JIECHBIX MOKapOB B JJECHOM MACCHBE C MCIIOJIB30BaHHEM METOJa UCKYC-
CTBEHHOH HEHpPOHHOH ceTn — st O6acceitna Bepxuero Cetixana B Typruu B padote
S. Onur et al. [23], ceBepo-BocToka [Topryramuu B padote Y. Safi et al. [22]. JIecHbie
MoXapbl 00yCIIOBIMBAIOTCSI MHOTMMH (PaKTOPaMH — HE TOJIBKO reorpaguyecKuMy u
METEOPOJIOrHYECKUMHU TIPUYMHAMHU. BONBIIYI0 pojihb B BOSHUKHOBEHUH JIECHBIX I10-
JKapoB UTPAIOT U TEXHOT'CHHBIE (DAKTOPBI, 3aBUCSIIIE OT COLUATBLHO-3KOHOMUYECKUX
ycioBuid. B nccnemoBanuu V. Seving [24] cTaBUTCS 3a/mada cOCTaBICHUS KapThl 30H
MOYXKAPOOIACHOCTHU C TIOMOIILI0 HA0Opa JaHHBIX, BKJIFOUAIONIEro 11 aHTpOmOreHHbIX
(hakTOpOB, MPUPONIHEINA (aKTOp U Temreparypy. B pamkax paboTsl [24] pernoHaib-
HBI€ JIeCHBIE yIpasiaeHus Typiuu OblIH pa3aeneHsl Ha 4 Kiactepa ¢ 0ToOpakeHHeM
UX Ha KapTe: 30Ha SKCTPEMaIbHOTO PUCKA, BRICOKOTO, YMEPEHHOTO U HU3KOTO. Takoi
[IOAXO]! TI03BOJISIET CPABHUTH Pa3HbIE PaliOHBI 110 CTEIIEHU I10KapHOI'0 PUCKA BHYTPU
OTAETBHON TEPPUTOPHATHHON EANHUIIBI.

OreHka KOppessiUM JIECHBIX MOXKapOB C Pa3IMYHBIMU reorpapuuecKuMy U
MOTOHBIMU (DAKTOPAMU C IaTbHEHIIUM IPUMEHEHUEM Pe3yJIbTaToB MPU KapTHPOBA-
HUU BEPOSATHOCTH JIECHBIX TIOKapoB MpuBoauTCs B padore [23]. Ha ocHoBe Koppe-
nsimuun [Iupcona ycTaHOBIIEHO, YTO 0COOCHHOCTH JTaHamadTa (BRICOTa Hal YPOBHEM
MOpsi), JPEBECHBII TTOKPOB U TEMIIEpaTypa CUIBHO KOPPETUPYIOT ¢ BO3ZMOKHOCTBIO
Bo3ropaHuii B jecy. B momooHOM mccienoBanmu Li Xiaowei et al. [17] mpuBene-
HBI PE3YJBTAThl POTHO3UPOBAHUS TIOKAPHOM omacHOCTH st 4 pernoHoB Kutas Bo
B3aMMOCBS3H C reorpapuyecKuMy KOOpIMHATAMH, BPEMEHEM CYTOK C yYETOM 3Ha-
YUTEIHHOTO auana3ona. [lokazaHo, HampuMep, YTO MPOCTPAHCTBEHHOE ITOJIOKEHHE
OKa3bIBAaCT CYIIECTBEHHOE BIMSHUE BO BCEX U3YUCHHBIX PETHOHAX.

B uccnenosanuu D. Alves et al. [11] yTouHSIOTCS pe3yabTaThl MpeacKa3zaHus
nokapHoii ornacHocTH Ha rpanune [lopryranuu u Mcnannu Ha ocHoBe kak KII, Tak u
CTaTUCTUYECKHUX JaHHBIX O KOJIMYECTBE I10KAPOB U IUIOIIAAN BHITOPEBILUX TEPPUTO-
puit B 2005-2013 rr. MexxpernoHaabHble pa3inyus YaCTUYHO OOBSICHSIOTCS pa3HU-
LEH B MECTHBIX MOTOAHBIX U PACTUTEIIBHBIX YCIOBUSX.

B uccnegoBannu M.M. Maombi et al. [18] coBMecTHOE HUCTIOIB30BaHHE TIO-
JIEBBIX W CIYTHUKOBBIX JaHHBIX O MOTOJE MO3BOJWIIO ONPEACIUTH €KETHEBHYIO
OIACHOCTb JICCHBIX IO’KAPOB B TUIIMYHOM JIECY YMEPEHHOTO I05Ica Ha CEBEPO-BOC-
Toke Kurast ocenbto. Pe3ynbrarsl paboThl MPUBENTU K MPEANOI0KEHUIO O HEOOXO-
JUMOCTH YBEJMUYEHHUS! KOJIMYECTBA METCOCTAHIUI B MOXKAPOOIACHBIX PETHOHAX.
YCTaHOBIICHO, YTO CEBEPO-BOCTOUHAS YaCTh CTPAHBI C JICCHBIM TOKpoBOM 41,6 %
UMeeT HauOOoNbIIYI0 TEPPUTOPHIO, TOCTPAJABIIYIO OT PACIIPOCTPAHEHHUS OTHSI.

Kpome ycraHoBieHHs: TeppUTOPUATIBHBIX OCOOCHHOCTEN B 00JIACTH JIECOIIO-
JKapHBIX YPE3BBIYAHHBIX CUTYalWH, MOIXOAOM JUIsl IPOTHO3UPOBAHUS JIECHBIX I10-
JKapoB SIBIISIETCS HAKOIUICHUE CTAaTUCTUYECKOW MH(OPMALIMM U COBEPILICHCTBOBAHHUE
cnoco0oB ee 00pPadOTKH C Y4eTOM MHOTOYHCIICHHBIX (DaKTOPOB, ONMpPEAEIISFOIINX
JieconokapHyro o0ctaHoBKy. CraTucTiueckast HHQOpMAaLus O JECHBIX NOXKapax Cy-
LIECTBYET KaK JJsl pErMOHAJIBHOrO ypoBHA Poccuu, Tak u i 3apyOeKHBIX CTpaH,
HarpuMep, B TOI0BBIX oT4yeTax EBporieiickoil ”HPOPMAIIMOHHONM CHCTEMBI O JIECHBIX
rokapax, OJIMH U3 KOTOPBIX omybnukoBaH J. San-Miguel-Ayanz et al. [15]. Otu ot-
YeThl cofepkar MH(POpPMaIuio 00 IBOJIOIHUH JIECHBIX M0KapOB, HAHECEHHOM HMH
yuiepoe, moxkapHoi o0ctaHoBke. B [15] moka3zaHo, 4To OOJNBIIMHCTBO BECEHHUX T10-
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’KapOB BO3HHUKJIO M3-32 aHTPOIMOTEHHOTO BO3/IECHUCTBUS, a TAK)KE B Pe3ysbTare mnepe-
HOCa TIOXKApOB € 3eMellb IPYTUX Kareropuid. B getHuii nepuosa, XoTa 1 HabmoaaIuch
MaKCHUMaJIbHBIE TEMIIEPATyphl, IPUIMHONH OCHOBHOM YacTH MOXKApOB CTAJIN YeIIOBe-
yeckuid (JaKTop U Irpo30Basi aKTUBHOCTE. OCEHBIO BO3TOPaHUs 00YCIOBIEHBI TOIBKO
aHTPOIIOreHHbIM (akTopoM. Takast nH(pOpMaLUs CBUIETENBCTBYET O TOM, YTO METe-
OpOJIOTHYECKHE TTOKa3aTesld He BCeria OINpeeNsiioT BO3MOKHOCTh BO3ZHUKHOBEHHS
MoXapa, CyIIECTBYIOT U JIPyTrue MPUYUHBI — 0COOCHHOCTH THIPOJIOTHUECKON CETH,
JIOPOXKHBIX ITyTEeH, UCTOYHUKN BO3TOPAaHUM, MTOCEIAEMOCTh YeIOBEKOM, (hDEeHOJIOTH-
YECKOE€ COCTOSIHUE PACTUTEIBHOCTH U JIp.

Craructuueckas MH(OpMauus Mo moxkapam JOJDKHA OTPa)XaTbCsl B paMKax
€IMHOM CHUCTEMBI MOAJECPKKU NPUHATHS pelieHuil. Takue cuctemMbl MOTYT IOMOYb
ONTUMM3HUPOBATh PACHPEACICHUE OTPAaHUYEHHBIX PECYpCOB, OLECHHMBATH IOXKAap-
HBIH PUCK C YYETOM COIMaIbHO-DKOHOMHYECKHUX U MOTOMHBIX (PAaKTOPOB B paMKax
KOMIUJIEKCHOTO MOHHUTOPHHIA C MTOMOIIbI0 MH(OPMALMOHHBIX CHCTEM, OMHMCAHHBIX
E. Chuvieco et al. [13]. OrpaandeHreM CyIIeCTBYIOIINX CHCTEM SIBISICTCS HETOCTa-
TOYHO MPOpabOoTaHHasi METO/IMKA YCTaHOBKH CBSI3€H KakK C KJIacCOM MOKapHOM orac-
Hoctu 1o KII, Tak ¥ co CTpyKTypoil TaKCAalMOHHBIX BBIIEIIOB.

CymecTBytolie pernoHaIbHbIe HCCIIeI0OBAHNS MTOYKapHOI OMTaCHOCTH pa3Ho-
00pa3Hbl U HaNpaBJCHbI HA BBISIBICHUE OCOOCHHOCTEH LMK Pa3BUTHUS JIECHBIX I10-
KapOB, XapaKTEPHOTO /I KOHKPETHOW MECTHOCTH.

B paMkax naHHOro McClie0OBaHUs, BIIEPBbIE MPOBEAECHHOTO A YIAMYpPTCKON
PecnyOnuku, npeamonaraercst yCTaHOBUTb:

B3anMocBs3b Mexay KII (MeTeoponornueckum nokasareneM) 1 reorpaguue-
CKUMH KOOPAMHATAMHU;

ocobenHoctH koiebanuii KI1 B mpegenax MyHHIIMTIATIBHOTO 00pa30BaHMUS;

XapaKkTep pachpeAcsieHus] IMOXKapoB Mo Tepputopun 3a mnepuon (2011-—
2023 rT.), 7151 KOTOPOTO €CTh NOCTYITHAS HHPOPMAITHSI.

[Nony4eHHbIe pe3yabTaThl MOTYT JIedb B OCHOBY 00Jiee TOUHOTO POTHO3UPO-
BaHMS JIECHBIX IIOXKAPOB, 0a3UPYIOLIETOCs Ha UCIOIb30BaHUN COBPEMEHHBIX MOAXO0-
JIOB, U CTaHYT BKJIAJIOM B OILIEHKY TOKapHOW OMACHOCTH I10 YCJIOBHSAM ITOTOJBI Ha
PErHOHAIILHOM YPOBHE, a Takke OyayT CHOCOOCTBOBATH MPHUHSATHIO PEILICHUH JUIS
pa3zpaboTku d(H(PEKTUBHBIX 3aNTUTHBIX MEPONPHSTHH, B T. 4. MPO(UIAKTHICCKOTO
XapakTepa, yTOUHITh 0COOCHHOCTH (POPMHUPOBAHUS JIECOTIOKAPHOW 0OCTAaHOBKH Ha
TeppuTOpHH YIMypTcKoi PecnyOnmukn Ha OCHOBE KOMMEpPYECKHX KapTorpaduue-
CKHX JIaHHBIX U CEPBHCOB TOTO/IBI.

Jiis moCTHKEeHUS TOCTaBICHHOM LeNTM He00X0IuMO pa3paboTaTb HHCTPYMEH-
Tapyui 17151 MOHUTOPHUHTA JAHHBIX C MCIOJIH30BAHNEM JOCTYITHBIX ITOTOAHBIX CEPBU-
COB M KapTorpaduyeckux NaHHBIX, cOOpaTh WHPOPMALHIO 38 JOCTATOYHO MPOIOJI-
KUTEJIbHBIA NEPUOJ, BBIIOJHUTH aHAJIU3 HOIYUYEHHBIX JaHHBIX B COBOKYIHOCTH C
3a()MKCHPOBAaHHBIMH CIy4asMU NOXapHOH omacHoctu. Kpome Toro, pemraercs 3a-
nada Busyanuzaunu kak KII ¢ ydeTtom ero 3HadeHust ¥ HanpaBlICHHUs BETPa, Tak U
KOJIMYECTBA BO3HUKIIMX roxapoB 3a 2011-2023 rr. Ha ocHOBe Kaprorpaduieckon
OMOMMOTEKH pEeruoHa.

ba30oBbIM 1OAXO/IOM JJ1s1 OIIEHKH MOYXKapHOM OMacHOCTH Ha Tepputopuu Poc-
cuu sBnsiercs pacueT KII, koTopelii ycTaHaBIMBaeTCs 1151 MECTHOCTH C HEU3MEHHOM
COBOKYITHOCTBIO ITOTOIHBIX JAHHBIX JJISl pacdera rnokasareiis. B 3aBucuMocty ot ero
3HAYEHUs OTpeNeNsieTCs KIace MOYKapHOW OMacHOCTH B Jiecax W perlaMeHTHPYeT-
cs1 pabora neconoxapHbix ciyx0. s Berancienus KII neoOxonumsl ciegyroniye
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JIaHHBIE: TeMIIepaTypa Bo3ayxa, Touka pochl (°C), ckopocTh BeTpa (M/c) Ha 13 4 o
MECTHOMY BPEMEHH WJIM, B COOTBETCTBUM C NpukazoM Pocnecxosa ot 05.07.2011
No 287, mo cocrostHmio Ha 12—14 9, a TaK)Ke KOJIMYECTBO BBIMTABIINX OCAIKOB 32 TIpe-
JBIAYIINE CYTKH (MM).

OrpanuueHne JaHHOTO IIOAXO0Ja 3aKJII0YAaeTCs B TOM, YTO pacyeThl HE y4H-
THIBAIOT MUPOJIOTHYECKHE OCOOCHHOCTH TaKCAllMOHHBIX BBIJICIIOB U JMHAMUKY WX
n3MeHeHust Ha MectHOCTH. [Ipu nanHom KII B siecy mo ycinoBusiM OTOABI U KOH-
KpPETHOH cuJjie BeTpa MPOTHO3 JyYIlle OCYIIECTBIATh UCXOAS U3 XapaKTepa ydacT-
KOB JIECHOTO (hOH/Ia.

OdYeBUIHO, YTO MTOKAP MOKET BOSHUKHYTH U Npu HU3KoM KII. Kpome Toro, B
paMKax OJJHOTO M TOro e MmyHuuunaasHoro okpyra KII, ckopee Bcero, Oyner 3Hauu-
TEJIBHO OTJIMYAThCS B CBSA3U C KOJIEOAHUSIMH TEMIIEPATyP, U3MEHECHUEM HalPaBIICHUS
BeTpa. Hackonpko 3HaUUTENbHA OKAXKETCS pa3HuUlla, HapuMep, B Tipeaesax MyHHUIHI-
NaJILHOTO 00pa30BaHUsl, MPEACTABIACT UHTEPEC, T. K. AMHAMHKA MOTOIBI COBMECT-
HO ¢ ApyruMu (akTopaMH HEOAMHAKOBBI MEXXIY HACEJICHHBIMHU ITyHKTaMU BHYTPHU
MYHUIMNATHTETa. B utore, 1uis Toro 4roObl COCTaBUTH 0oOlIee MpeACTaBlIeHHE MO
M0KapPHOI OITACHOCTHU MECTHOCTH, HY>KHO UMETb BEIOOPKY KaK MO>KHO 00Jiee MHOTHX
To4yeK HabmoneHus. B mpeaenax Takux TOUeK MCIONb3yeMbIE B pacueTax MeTeopo-
JIOTMYECKHE TapaMeTphbl IPUMEPHO PaBHBIC U ONPEACISAIOTCS OCOOCHHOCTSIMH KOH-
KpPETHOTO TTOTOJTHOTO CEPBHCA.

VYomyprckas Pecrybnuka npeacrasisieT cOOOH A0CTaTOYHO OOLIMPHBIA peru-
oH. Koopaunarsi: 55°12'-58°38' c. m1. 51°10'-54°26' B. 1. [IpoTsHKEHHOCTH TEPPUTO-
pHH C ceBepa Ha ror cocTaisieT 297,5 kM; ¢ 3anaaa Ha BocToK — 200 kM. O0mas 1u-
Ha rpanuil paBHa 1800 km [10]. PecriyOnuka He oTiudaeTcst OOMBIIMM KOTHYECTBOM
JIECHBIX II0KapoB, KpoMme Toro, naHHele KII 3a mpomennunii nepuoa npy BbIIOIHE-
HUH UCCIIeIOBaHUs HENOCTYNHBL. B ¢Bs3u ¢ aTuM 1mkany nmo metonuke H.I1. Kypoar-
ckoro (1963), ynmomsHyTo# B [4], HA OCHOBE COOTHOIICHUS MEXKIY €KCITHEBHBIMU
nokasarenem B.I. HecrepoBa v KOIMYECTBOM BO3HHUKAOIIUX IOKAPOB IIOCTPOUTH
3aTpynHUTeabHO. OfHAKO pa3padoTKa TAaKOW ILIKANbl JUIl PErMOHAa HAa OCHOBAaHWMU
MIPEUIOKEHHBIX B JIaHHOM CTaThe METOJIOB M ITOJIXOJI0B BO3MOYKHA B MEPCIIEKTHUBE.
Pacnpenenenue u ananu3 4acToThl nmoxkapos 3a 2011-2023 rr. OynyT mpeacTaBieHbl
B IIOCJIEAYIOIINX Pa3zesax U MO3BOJIAT C(POPMUPOBATH IOHUMAHUE O PA3IUYUH B I110-
JKapHOH ONTaCHOCTH B LI€JIOM Ha TEPPUTOPUH YIMYPTHH.

Obvexmubl u Memoowbl UCCAEO08AHUA

Jls1 BBIOOpa METOMOB MCCIEIOBAHUS BBITIOIHEH aHATUTHICCKUN 0030p padoT
B M3y4aeMOi 0OJacTH M CYLIECTBYIOLIMX MOAXOMOB K OIICHKE MOXKapHOH OIacHO-
ctu B yecax Poccum u 3apyoOexns. OObEKTOM NTaHHOTO MCCIEAOBAHUS CTaja JTUHA-
muka m3menenus KII B paspese pernonoB Yamyprckoit PecryOnuku, HaOmonaemas
B KOHTEKCTE ITU(PPOBOI Teorpapuueckoil KapThl pernoHa B TeueHne 94 cytok. [lms
Borancienus KII ncnonp3oBaiack METOMKA, yUUTHIBAIOIIAS KOJTMUECTBO BBIMABIINX
0CaJIKOB B 3aBUCHMOCTH OT €ro (pakTHueckoro 3HaueHus [8].

Kak mpaBuiio, 11st 1oATOBpeMEHHOTO HAOMIOACHUS 32 MTOYKAPHOH OMaCHOCTHIO
W TPUHSTHS CBOCBPEMEHHBIX YNPABICHYECKUX PELICHUI BHEAPSIOT MH(GOpPMALU-
OHHBIE CHUCTeMBI. [IprMepamu TakuX CUCTEM, B OCHOBY KOTOPBIX ITOJIOYKEHA Ta WIIH
WHast TEOpUsl IPOTHO3UPOBAHMS HITH METO/IbI COOpa TaHHBIX, MOYKHO Ha3BaTh PabOTHI
A.I1. 3Bepesa ¢ xomeroii [5], E. Chuvieco et al. [13] u R. Mavsar et al. [19]. B nan-



82 «H3BecTns By30B. JlecHoii skypHam». 2025, Ne2 ISSN 0536-1036

HOU cTaThe ObLI MPUHAT TaKOH ke BEKTOp UccieqoBaHui. J{J1s1 0TOOpaskeHnsT KapThl
1 cOopa JaHHBIX MPEJIOKEHO MPOrPaMMHOE IPUIIOKEHHE.

[lonzanaum nccienoBanus, CBSI3aHHBIE C peain3alreil METOI0B, CIIEIYIOIIHE:

BbIOOp mocTynHbIX APl (mporpammHubie HHTEpPQENCH MPUIOKEHHIA) AT OT-
CJIeKMBAHMsI MacCcHBa IMOTOAHBIX JaHHBIX HAa TEPPUTOPUN YaMypTckoi PecryOnukuy;

yCTaHOBJICHHE (QYHKIIMOHATBLHOCTH NMpHIoKeHHs 1o MoHuTopuHTy KII, Kak B
LIEJIOM, TaK U €r0 MOJYJIEH;

MTOJITOTOBKA PeeCcTpa HACEIEHHBIX ITyHKTOB, BXOAAIINX B COCTaB MyHUIIUTIAb-
HBIX 00pa30BaHUI PErHOHA, 10 KPUTEPHIO JOCTYITHOCTH JaHHBIX B KOHKPETHOM CEp-
BHCE TIOTOJIBI;

COOCTBEHHO pa3padoTKa MPHIOKEHHsSI ¢ BBIOOPOM [I1a0JI0HA MPOSKTUPOBAHUS,
€ro OTJIAJKOM U TECTUPOBAHUEM C 1IEJIbIO OLICHKH KauecTBa cOOpa JaHHbBIX U BBIUUC-
nenus KIIT;

aHaJIN3 JAaHHBIX U MOATOTOBKA 3aKJIFOYEHUS.

Mounutopunr nuaamuku KII ocymiecTBisuics Ha OCHOBE €KEIHEBHO COOM-
paemMoro MaccuBa JaHHBIX MTOTO/Ibl, HCTOYHUKOM KOTOPBIX MOTYT OBITH pa3lU4HbIC
norofHbie ciykO0bI. [Ipodeccuonansupie APl cepBrCcOB mOT0IbI, KakK MpaBuIo, 3a-
KPBITHI 1711 CBOOOHOTO JOCTYIA, YTO HAKJIaJAbIBa€T OrpaHUYEHUE HAa MIPOEKTHPO-
BaHHE CUCTEM MOHMUTOPHMHIA IOXApHON OMACHOCTU B 3aBUCUMOCTH OT IOTOJHBIX
YCIIOBHM TSI HCCIIEIOBATENbCKUX 1eiel. OTHAaKO CyIIeCTBYIOT TOTOHBIE CEPBU-
CBI, KOTOpbIE MPENOCTABIAIOT AaHHBIE, AocTaTouHble ans pacuera KII, mobomy
nojab3oBarento. [1o3roMmy MeTonsl paboThl OCHOBAaHBI HA IPUMEHEHUH OTKPBITOTO
MPOrpaMMHOI0 OOecreyeHus, aKTyaJJbHOCTh KOTOPOTO HaXOJUTCS Ha BBICOKOM
YPOBHE, U B OTJENBHBIX CIydasX BO3MOXHO MPUMEHEHNE JaHHOTO MPOrPaMMHOTIO
obecrieueHus Mpu pa3pabOTKe CHCTEM MOACPKKH MPUHATHS PEIIeHuH B o0racTh
JIECHBIX MOXapoB, Hampumep, [21]. [ng oToOpaskeHHs CTENEHU MOKapOOIacHO-
CTH PErMOHOB OOBIYHO NPHUMEHsAETCs rpaduueckas KiacTepu3alus MO HaHHBIM
reorpapuueckiux MH(GOPMAIMOHHBIX CHCTEM. B mpeicraBisieMoM HcCeIOBaHUN
HCHOJIb30BAIUCH OTKPBIThIE OMOIMOTeKH — KapTorpadudeckas OpenLayers v6.0 u
cepsuc noroael OpenWeather (https://openweathermap.org/). OnepupoBaHue HH-
¢dopmanueii kaprorpapuueckoit 6ubnmorekn OpenlLayers cOBMECTHO ¢ IpyruMu
HHCTPYMEHTaMH TIeOnH(OPMALMOHHBIX TEXHOJOTHI ILIMPOKO PACIPOCTPAHEHO.
Tak, oHa HCMONB3yeTCsl MPU OTOOpaKEHUH aKTyalbHOH MHpOpManuu 00 odarax
U XapaKTepUCTHUKAX TEePPUTOPUM B 0fHOM U3 mpoBuHIUNA MHnone3uu [12]. Taxxe
OpenLayers APl npumensieTcsi eBporelickoid ”HPOPMAIMOHHOW CUCTEMOH 0 Jec-
Heix noxapax (EFFIS), sBnstomeiicss MOAYNbHONH CHUCTEMOW TOJACPKKHA TPHHS-
THS PEIICHUH MOCPEACTBOM OTCIICKUBAHUS JICCHBIX MTOKapOB B KOHTHHEHTAJILHOM
macitade. Cuctema B pexXHMe peaibHOTO BPEMEHH MPEA0CTaBIsIET MHOTOMEpPHBIE
JaHHBIE O JIECHBIX MOXapax CIIy>KOaM rpaKAaHCKON 3aILUThl U ITOKAPOTYIICHUS B
EBpone, CeBepHoit Appuke u Ha bmmxnaem Boctoke [20].

[Toromusrii cepuc OpenWeather uMeeT BO3MOXXHOCTH OTOOpaKEHHSI Mac-
CUBa IMOTOJHBIX JAHHBIX JJIs BBIOpaHHOTO MyHKTa HabOmrogenus. Kpome toro, y
cepBHca CylecTByeT (QYHKIMS MPEJOCTaBICHHUS WHAEKCAa MOXAPHOW OMAacHOCTH
Fire Weather Index API [14, 16]. DToT uHACKC pa3paboTaH I OMEHKHA TEKyIIeh
Y IPOTHO3HOH MOXKapHOH onacHocTu. Takum oOpazom, OpenWeather siBisiercs Ha-
JEKHBIM UCTOYHUKOM MH(popmMarun. C UCTIONb30BaHUEM JAAHHBIX 3TOTO CEpBHCA B
JAHHOM CTaThe BO3MOKHOCTH MOHMTOPHHIA MOXAPHOW OMAaCHOCTH OBUIM pacIlu-
peHbl Oarogaps y4eTy HanpaBlIeHHH BETpa, YTO MO3BOJISIET OLEHUBATH OKAPHYIO
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00CTaHOBKY C NMPHUHSITHEM BO BHUMaHHME TOTO, HA KaKOW CTOpPOHE HaxXOIUTCS Ha-
OmromaeMplil pailoH — HAaBETPEHHON MITH MO/IBETPEeHHOM. Kak yTBepKaaeT NCTOYHUK
[15], 3agacTyro moXKaphsl CIydaroTCs B pe3ylbTaTe MepeHoca AeHCTBYIONUX MokKa-
POB C COCEITHUX 3eMeb.

C nomousio cepuca OpenWeather onpezesnena JOCTYTHOCTb OTOIHBIX 1aH-
HBIX i1 210 HACEJNCHHBIX MyHKTOB, BXOJIIUX B COCTAaB 25 MYHUIIMIIAIbHBIX 00-
paszoBanuil YnMmyptckoit Pecrybnuku — oT 5 10 12 HaceneHHBIX IMMyHKTOB HAa OJHO
obpazoBaHue.

QOyHKIINOHATFHOCTD MPUIOKEHUS, TOCTATOYHAS JIJISl PEIICHUS ITOCTaBICHHBIX
3aJ1a4, 3aKJIF0YAIIACh B CIEAYIONIEM:

0TOOpaXkeHUE TPAHUI] PErHOHA B IIEJIOM U MYHUIMIIAILHBIX 00pa30BaHUA, B
T. 4. JJIs1 BBIOPAHHOM MOJIb30BaTeIeM YacTH PETHOHA;

BBIBe/IEHUE TeorpaduuecKkoil KapThl PETHOHA C YKa3aHUEM BHJIOB PACTUTEINb-
HOCTH, JPEBECHBIX TIOPOI, 3a00JI0UECHHOCTH U TIP.;

Berancienne Kl ¢ mpencraBnenrieM B BHE IIBETHBIX MapKEPOB B 3aBHCHMO-
CTH OT €ro 3HaueHHsI M HalpaBJeHUs BETpa B HAOIIOJACMOM HACEJICHHOM IYHKTE.
[Bet mapkepoB ycranasnusaics B coorBerctBuu ¢ ['OCT P 22.1.09-99 «bUC. Mo-
HUTOPUWHT W MPOTHO3UPOBAHKE JIECHBIX MTOXKapoBy (puc. 1);

CpPaBHHUTEIBHOE OTOOpaKEHHE B BUIE CTOJOYATHIX JAMATPAMM BBIYHCIICHHBIX
3aaueHnit KII mist HaceIeHHBIX IyHKTOB, 00Pa3yIOMHUX BEIOPAHHBIN MMOIH30BaTEIIEM
MYHHIIUTIATBHBIN OKPYT;

MpeIoCTaBIeHNE KPATKOM aHAJTUTUYECKON CIPaBKHU O JIECOMOXKapHOU orac-
HOCTH B pEermoHe — MakCuMallbHOe/MIUHUMalbHOe 3HaueHus KII, komuaectBo ciry-
YaeB BBINIAJICHUS 0CAJIKOB, MpUBEAMUX K oOHyneHuto KII B HaceneHHBIX MyHKTaX
peruoHa;

BBIFPYy3Ka JaHHBIX B (popmare .json AJsl MOCIEIYIOIEro aHaau3a.

B xaugecTtBe 0011ero mabdaoHa HCITOIB30BaH I1a0JI0OH TpoekTHpoBaHus MV VM:
mozenb (Model) — npencrasnenne (View) — monens npencrasienus (ViewModel).
OcHOBHas II€Th JAHHOTO MIA0JOHA 3aKIII0YAETCs B paselieHuH NPUIOKEHUs Ha 3
HE3aBHCHUMBIX OJIOKA C COOTBETCTBYIONICH (YHKIIMOHAJILHOCTBIO. [lepBbIi cClloit
MPEACTaBISET COOOH JIOTHKY OOpalleHus ¢ TaHHBIMHM, HEOOXOIUMBIMH AJIST PadOTHI
MIPWIIOKCHUS, 1 02301 MTaHHBIX (B HAIIEM CiTydae 3To maMsATh Opay3epa IndexedDb).
Bropoii 610k — rpaduueckuit uaTepdeiic (orodpaxkaemas KapTa, KHOIKH, CToiI04a-
ThIE TUATPaMMBI | TIp.), SIBISACH IIOAMMCYNKOM» Ha COOBITHE M3MEHEHUS 3HAaYCHU I
CBOWCTB, UCTOYHHK JIAHHBIX O KOTOPBIX — MOJIENIb TPEJICTABICHHS, OH B3aUMOJICH-
CTBYET C MOCIENHEN MyTeM 3anpocoB. Mozens NpeCcTaBIeHHs — CBA3YIOLIEE 3BEHO
MEXIy TIEPBBIM U BTOPBIM OJiokamu. bosee moapoOHoe onrcanne TaHHOTO I1a0IoHa
C TOYKH 3pEHUS TIPOrPaMMUPOBAHUS BBIXOJUT 32 MPEJIEIbl JAHHOU CTaThU U MOXKET
OBITh HAWJICHO B CIIEIMAIBHON INTEpaTypeE.

Omenka kauecTBa cOopa JaHHBIX MOKazana, uro Berumcienue KIT ams Bcex
HACEJICHHBIX ITYHKTOB OCYIIeCTBIsieTcs: 0e3 cOoeB. Ha ararme TecTupoBaHus peria-
JIach 3a/1a9a 10 yCTAHOBIICHUIO JTHA, KOTOPBIN MPUHUMAJICS 33 HAYaJIbHYIO TOYKY Ha-
omronenuii. Coop KII MokHO mMpoBOAUTE cpasy, HO ero HabIoJaeMoe 3HaUCHHE HE
COOTBETCTBYET «HUCTHHHOMY», CBOHCTBEHHOMY TaHHOMY IOTOTHOMY cepBucy. [lo-
9TOMy HaOIoaeMoe 3HaueHHe MPUHUMANIOCHh B KaueCTBE HCTUHHOTO B J€HB, KOT/Ia
B JJAHHOM HaCEJIEHHOM IYHKTe Mpon3onuio «ooHyneHue» KII B cBs3u ¢ BeIaBIImMu
ocagkamu. Copoc KII B 3aBUCHMOCTH OT KOJTUYECTBA OCAAKOB 3a MOCieaane 24 4
noapo6Ho omucan JI.M. Ceepnoroii [8].
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Puc. 1. Oro6pakenne mapkepos KII Ha kapre npunoxkenus Ha 26.08.2023 .

Fig. 1. The display of markers of the comprehensive fire hazard indicator
on the application map as of 26.08.2023

KII Beraucisiics o opmyse:

KIT=> KT (T -1t),
1
e n — nopﬂz[KOBLn‘/'I HOMEp JHA HaOJIIONEH NS, Kv - Koa(pq)nuHeHT, qu/ITLIBaIOLuI/II‘/'I
CKOpOCTh BeTpa; 7, t — TeMIieparypa Bo3ayXa U TOUKH pOCbl COOTBETCTBEHHO.

ExenHeBHBIM cOOpOM JaHHBIX M PAcuye€TOM YCTAaHOBIECHO, 4TO I 95,2 %
HaOJI0MaeMbIX HAaCeJICHHBIX MyHKTOB JeHb oTcuera KII HacTynun yepe3 12 gueil.
To ectp Ha 13-e cyTku HabmoneHuit copoc 3uauenunit KII yxxe mpoumzomen ms
BCEX MYHUIMIAJIBbHBIX 00pa30BaHMM, 32 UCKIIOUEHUEM JBYX, U JaHHbIC OBLIM IO-
TOBBI JUIsl HAKOIUIEHUS M nocienyouiero ananusa. [Ipumep pocta KII u ciyuaes
ero cOpoca 3a neproa HaOMIOIEHUs MpelcTaBieH Ha puc. 2 s . Mxescka. I'pa-
(UK nonyyeH B pe3yabraTe 00padOTKU AaHHBIX, BBITPYKEHHBIX U3 MPEAIaraeMoro
MPHIOKEHHUS.
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B uneansHoM ciydae mpennonaraiock, 4yro mapkepsl KIT OyayT oTHOCHThCS
K TOYKaM MECTHOCTH, Ha KOTOPOH 0003HAYEeHBI BHJIBI PACTUTEIHLHOCTH, OTJEIBHO —
JPEBECHBIX MOPOJI, HAJTMYME/OTCYyTCTBUE 0ONOT, TOPDSIHUKOB | T. 1. OJHAKO TaKast
peanu3anys OrpaHMYeHa OTCYTCTBUEM IMOTOIHBIX JAHHBIX JIsl TOYEK HAOMIOAEHUs,
MMEIOIINX COOTBETCTBYIOIINE T€OKOOPAUHATHI. [IprieMIemMpIM BapHaHTOM pEIIeHHS
JAHHOM MPOOJIEMBI CTAJIO «HAIOKEHUE» PACTPOBOM KapThl HA UCXOAHBIN CIIOW LU}-
poBoii kaptel B OpenLayers. J[aHHBIN OIXOA HOCUT 3KCIEPUMEHTAJIbHBIN Xapak-
Tep U B EPCHEKTHUBE MOXKET CTaTh OCHOBOM /s aHanmu3a B3aumocss3u KI1, ciyyaes
BO3TOPaHUH M MMUPOJIOTHYECKUX CBOMCTB PACTUTEIIHPHOCTH Ha MECTHOCTH B MYHHIIH-
MaJTbHBIX 00Pa30BaHUAX PETHOHA.

K coxxanenuro, B MccIeI0BaHUN HE yAaJIOCh CPAaBHUTh «UCTUHHOE» 3HAYEHHE
KII ¢ momygaembim ¢ momomsio OpenWeather. Eciin Ob1 moromHbie TaHHBIE 3ampa-
HIMBAKCH IPYTUM CHOCOOOM, HampumMep, dyepe3 kommepueckue Gismeteo API nnn
API Snnexc.Iloromsl, To cymmecTBoBasia Obl BEPOSTHOCTD OTIMYHS PE3YTBTUPYIOIINX
JTAaHHBIX MEX Iy co00¥. OmHaKO OBLIO IPUHSITO MPEIIONOKEHUE, YTO COOP TaHHBIX B
OJIHO BpeMsI B T€UEHHE MHOTOJHEBHOTO MepHoaa HaOIIOAEHUH U MOCPEICTBOM OJHO-
T'O TIOTO/THOTO CEpPBHCA TIO3BOJIHT MOMYyYUTh TIOKA3aTENH, C JOCTATOYHOW TOYHOCTBIO
YJOBJIETBOPSIOIINE €I UCCIIETOBaHMS.

Pezynomamot uccnedosanust u ux oocyzncoenie

C moMoIpio CrenuanbHo pa3padoTaHHOTO WHCTPYMEHTA JIJIsi MHOTOJTHEBHO-
ro HaOmonenust 3a KII na teppuropun Yamyprckoit PecyOnukn ObliM ycTaHOB-
JIEHbl OCOOEHHOCTH €r0 M3MEHEHUS B PA3JIUYHBIX MYHUIUNAIbHBIX 00pa30BaHMSIX.
Bo-mepBbIX, ObIJIO 00HAPY)KEHO, YTO B Tpeeiax MYyHHIUNAIbLHOTO 00pa3oBaHMs
n3menenue KII BapuatuBHO, pa3HMLA MEXKIY 3HAYCHUSIMH B HACEICHHBIX MyHKTaX
noxoaut o 100 %. Ilpumep mpencrasieH Ha puc. 3. B ckoOkax sl HACEICHHBIX
MYHKTOB yKa3aHO KOJIM4YeCTBO pa3 «cOpoca» KII BeieacTBue 10cTaTouHOTrO KOJIHYe-
CTBA BBINABIINX OCAJIKOB.

OTcrona creayet, 4To Ui YBEIUYSHHsI TOUHOCTH KapThl IOKapHOW OTMacHO-
CTH B PETHOHE HY)XHO YUMUTHIBATh OOJIbIIEE KOJIUYECTBO AAHHBIX, KOTOPHIE MOTYT
OBITH MOJYYEHBI ¢ MPO(eCcCHOHAIBHBIX KOMMEPUECKHUX CEPBUCOB MOTOBI 1 00pa-
00TaHbl MOCPEICTBOM COBPEMEHHBIX MOAX0M0B. [0 JaHHBIM TEppUTOPHATBHOTO
oprana OeaepanbHON CIYKOBI TOCYITAPCTBEHHOW CTAaTUCTHKHU 1O YAMYpPTCKOi Pe-
cnyOnuke HacuuThIBaeTcs 1955 cenbCcKUX HAcEeNEHHBIX MYHKTOB (110 AaHHBIM Ha
1 ssuBaps 2022 1.).
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Puc. 3. Ilpumep nm3menenns KI1 B mpexenax 3aBbsIIOBCKOTO paiioHa Y IMypPTCKON
Pecny6mmkn Ha 05.08.2023: TTogmmusanoso (13), ITuporoso (13), 3aBssumoso (12), Hosas
Kasmacka (13), Mxesck (13), Bapakcuno (13), Axmyp (14), JTiok (15), Xoxpsku (15),
[Ma6epauno (13), Utammac (15), Aryn (15), Kusuk (16)

Fig. 3. An example of a change in the comprehensive fire hazard indicator
within the Zavyalovsky District of the Udmurt Republic as of 05.08.2023: Podshivalovo (13),
Pirogovo (13), Zavyalovo (12), Novaya Kazmaska (13), Izhevsk (13), Varaksino (13), Yakshur
(14), Lyuk (15), Kokhryakhi (15), Shaberdino (13), Italmas (15), Yagul (15), Kiyaik (16)

Bnepsbie ycranosiieH xapakrep nuameHeHnust KII B peruone 1o OTHOIIEHUIO K
€ro NpoTSHKEHHOCTH, KaK 10 MIMPOTe, TaK 1o jgonrore. CtarucTuyeckas o0paboTka
JMAaHHBIX ocymiecTBisiack B MS Excel. HeoOxoauMo ObLTO MOTYyYUTHh OTBET Ha BO-
MPOC O HAIMYUAU KOPPEISIHA MEX/Y JOJTOTOW/ITMPOTON TyHKTOB HAONIONCHHS U
KII. IToctpoens! auarpamMmmsbl paccesiaus 2 BuaoB: «gonrora—KID» u «mmpora—KID».
KoaddutmeHnT koppensuun BEMUCISUICS 110 (hopMysie BRIOOPOIHOTO K03 dHUITeHTa
koppessiuuu [Iupcona.

Huarpamma paccestaust KII mist monroTsl 3a MccienoBaHHBIN HHTEPBAI Bpe-
MeHHU TipesicTaBieHa Ha puc. 4. [To ocu OY pacnionoxkens! cyMMbl HakorieHHbIX KT
nepes uX OOHyJICHUEM ISl KaKAO0TO HaceJIeHHOro myHKTa (ciaaraemblie cymm KIT sB-
JISTIOTCSI TUKaMu 110 puc. 2). [To ocu OX oToOpakeHBI MO3UIINNA KOOPIAMHAT TOJITOTHI
HACEJICHHBIX ITyHKTOB B MOpsAKe yObIBaHHS. TO €CTh, YeM HHIKE 3HaU€HHE JOJNTOTHI,
TeM OOJIbIIIe TTOPSIKOBEIN HOMEp HACEJIeHHOTO ITyHKTa B peituHre 3 210 HaumeHo-
Banuii. [lepen BerunciieHneM KO3 GUIIMEHTa KOPPEIISIMH U3 BBIOOPKHU ObLIN yjiasie-
HBI 4 BRIOpOCA — B pacyeT MOMaiH ToJIbKo 206 HaCeIEHHBIX ITyHKTOB.

YcranoBieHo, uto ko3(dunrent xoppemsuuu [lupcona nns manuex puc. 4
paseH 0,88. B ciyuae ucnonb30BaHus JIMHEHHONW MHTEPHOALMM 3aBUCUMOCTh U3-
MeHeHus1 cymMmmapHbiX 3HaueHni K11 Mo)kHO omucaTh JIUHEWHBIM ypaBHEHUEM THIIA
kx +b.

[TomoOHBIe maru BeUUCIEHUH KOA(hGUIMEHTa TSl IMUPOTHl JA0T 3HAYCHHE
0,31. B cootBerctBUu co mkanoit Yennoka, npencrasiennon y C.C. bonmapuyka ¢
KoJuteroi [1], Ans mepBOro citydas Cuia CBA3H BBICOKAs, /ISl BTOPOTO — HU3KasL.

Jlamee cucTeMaTH3MPOBAaHO CE30HHOE paclpeselieHne JIECHBIX IT0KapoB
(puc. 5), U3 KOTOPOTO CIEAYET, YTO MAKCHMAIbHOE KOJTHMYECTBO IOKAPOB MPUXOIUT-
cs Ha Mail.
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Puc. 4. JInarpamma paccestanst HakorsieHHbIX 3HaueHnit KI1 mo mepe yObiBanus
MIMPOTHI HACEIIEHHOTO MyHKTa Y IMypTCcKOoi PecryOnnkn

Fig. 4. The scatter diagram of accumulated comprehensive fire hazard indicator
values as the latitude of a locality in the Udmurt Republic decreases
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Puc. 5. Ce3oHHOE pacripesienieHue JIECHBIX TT0XapoB 110 YIMypTckoi Pecrryomke
32 2011-2023 rr. ( https:/minpriroda-udm.ru/lesnye-pozhary.html)
Fig. 5. The seasonal distribution of forest fires in the Udmurt Republic for 2011-2023
(https://minpriroda-udm.ru/lesnye-pozhary.html)

AHanu3 ciydyaeB BO3HUKHOBEHUS JIECHBIX MoxkapoB 3a 2011-2023 rr. mo3Bo-
JIUJ BBISIBUTH OCHOBHBIE 30HBI aKKyMYJSILIMM BO3ropaHuil B Yamyprtckoi Pecmy-
OnuKe B BUJE BU3yallbHBIX dKPaHHBIX ()OPM B MPUBSI3KE K KapTe MeCTHOCTU. Pa3-
paboTaHHOE MPUIIOKEHUE O0TOOPA3NIIO JaHHbBIE PUC. 5 HEMOCPEACTBEHHO Ha KapTe
uccienyemoro cyobexra. Takas BU3yaln3alus B IPUBA3KE K MYHUIMIAJIbHBIM
00pa30BaHUsIM MOMOTAET JIydlle MOHATh OOIIYI0 KapTUHY paclpeleieHus MmoxKa-
POB, a B Cllydyae HAJU4Ms JAAHHBIX 110 IPUYMHAM MOXapOB OyIeT COCOOCTBOBAThH
pa3paborke 3pPeKTUBHBIX MEp MUHUMH3AIMHN MOXAPHBIX PUCKOB B secax. [Ipu
0TOOpaskeHUH paclpelleIeHns JIECHBIX MOKapoB Ha KapTe (pHuc. 6), HampuMep, 3a
Maii, CIIeAyeT, YTO KIII0YEBOE COCPELOTOUYCHHE JIECHBIX IOXKapOB HAOIIOJaeTCs B
BOCTOYHOH M I0T0-BOCTOYHON YaCTAX PECIYOJIUKH, HE OTIMYAIOMINXCA OONBIIMMU
IUIOIIASIMU JIECOB.


https://minpriroda-udm.ru/lesnye-pozhary.html
https://minpriroda-udm.ru/lesnye-pozhary.html
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Puc. 6. Pacnipenenenue IeCHBIX MOXKapoB B Y AMypTCKoi Pecmy6muke Mo MyHHIIMTATBHBIM
oOpaszoBanusaM 3a Maii nepuonaa 2011-2023 rr.

Fig. 6. The distribution of forest fires in the Udmurt Republic by municipalities in May
for the period of 2011-2023

Baxnouenue

ITpoananu3upoBaH KOMILIEKCHBIN IIOKA3aTENb I1OKAPHON OIACHOCTH Ul TEp-
putopun YaMmyprckoil PecrryOnuku. MHTEpBan HaOMONEHNS, peaa30BaHHbBIA C TIO-
MOIIBIO CHPOEKTHPOBAHHOTO TMPUJIOKEHHs, oxBaruBImi nepuon ¢ 30.05.2023 mo
01.09.2023, cocraBmit 94 gus. ICTOYHHMKOM MacCHBOB IOTOAHBIX JaHHBIX J1st 210 Ha-
CEJICHHBIX TIYHKTOB, YUACTBYIOIMX B pacuere, ctan oHnaiH cepsuc OpenWeather, B
KayecTBe KapTorpaduyeckoi OnOmuorexu ucnoib3oBaica OpenLayers v6. B padote
npeciieioBaach 1eib u3ydeHus tuHamuky u3Menenus K11 o reppuropuu pervosa.

Hcnonp3oBana MeTOAMKA, B KOTOPOH 3aJI0KEHO, YTO KOMIUIEKCHBIN ITOKa3a-
TEJIb OKaPHOH OMAacHOCTH cOpackIBaeTcs, T. €. IPUHUMAET HyJIeBOE 3HAUCHUE, KOT-
Jla 33 MPEBIAYIIIe CYyTKH TMPOMIET ONpeieIeHHOe KOIINYeCTBO 0CaaKkoB. Yem 0oib-
11I€ KOMITJICKCHBIN MOKa3aTelib, TEM OOJIbIIee KOJTMUECTBO OCAAKOB JOJIKHO BBINACTD.
Tem He MeHee, 3T Oosee KECTKUE YCIOBHsI OOHYJICHHUS 10 CPABHEHUIO C IIPUKA30M
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Pocnecxosa ot 05.07.2011 Ne 287 B pe3ynbrare BHITIOTHEHHBIX UCCICIOBAHIN MOKa-
3aJIM, 4YTO U3MEHEHHE KOMIUIEKCHOTO MTOKa3aTesisi IOKapHOH OMacHOCTH HAOII0AaeT-
cs o gosrore Yamyprckoil PecryOnuku. MIHBIMU clioBaMu, B FO’KHBIX IIMPOTaX Ie-
pen cOpocoM KOMIICKCHBIN IOKa3aTelb UIMEET OoJIblIee 3HAYEHUE, YEM B CEBEPHBIX.
[Ipennonoxenue, KOTOPOE CelyeT U3 ATOr0 HAONIOACHNUS, 3aKIII0YaeTCs B TOM, YTO
MpsiMasi, ONMCHIBAIONIAS JTMHEHHYI0 MHTEPHOSIMIO JaHHBIX U3MEHEHHH, U3 roja B
rox OyZeT UMETh pa3Hbli YIrojl HaKJIOHA.

Taroke OBUIO BBISIBIICHO, YTO B Ipeiesiax KaxkI0ro U3 25 MyHHIIUIIATBHBIX 00-
pa3oBaHMN pecIyONUKN BapHalys KOMILIEKCHOTO MOKa3aTessl 3HaunTellbHa U OTpe-
JACIACTCA KOJIMYECTBOM BbIINIaAar0IMUX OCaJKOB, TGMHCpaTypOI\/'I, a B IICJIOM AUHaMU-
KOW MOTrofibl, He MOAUMHSIONIEHCA aAMUHACTPATUBHO-TEPPUTOPHUATIBHOMY JEJIEHUIO.

PeTpocnieKTUBHBIN aHAJIN3 KOJINYECTBA CIY4aeB JIECHBIX MOXKApOB MO3BOJINII
YCTaHOBUTH, YTO OOJIBIIEE YHCIO MOKAPOB B TIEPHOJ] C arpests Mo OKTSIOPh MPHUXO-
nutcs Ha Maid — 33,8 % Bcex Bo3ropanwuii 3a 2011-2023 rr., a HCTOYHUKH BO3rOpa-
HUH MpHHAAJIEKAT K MyHUIMIIATBHBIM 00pa30BaHUsIM, LIEHTPOM KOTOPBIX SBIISIFOTCS
KpynHble Topoza. 1loaToMy, BO3MOXXHO, OCHOBHBIE IPUYHHBI [I0XKAPOB OyayT 00Y-
CJIOBJICHBI AHTPOIIOI€HHBIM (DAKTOPOM.

Kaprorpaguueckass uHTepnpeTanus MpoaHaIM3UpPOBAHHBIX TaHHBIX H IO[-
X0, MCTIONIb30BaHHBIN B paboTte Ui ux cOopa, B MEPCIEKTUBE C MPHUBA3KOM K Kap-
T€ PaCTUTEIBHOCTH PETUOHA MO3BONMIN Obl OLECHUTH BEPOSITHOCTH BOZHUKHOBEHHS
JIECHOTO TIO)Kapa Kak B cBsi3u co 3HaueHueM KII, Tak u ¢ yuyeToM muposiorudeckux
ONUCaHui TAaKCAIIMOHHBIX BBIACJIOB W IMPUYMH, BbI3BABIIMX IIOXKAPbl B ITPOLIJIOM.
[Tpu exxeroqHpIX HAOMIOAEHUSIX 32 KOMIIEKCHBIM MOKa3aTelleM U HAIMYWU aKTyallb-
HOW KapThl PACTUTENBHOCTH PEATU30BaTh MOTOOHBIH METO HCCIICOBAHMUS BO3MOXK-
HO [uis J1r00oro pernona Poccuu. Kpome TOro, COBOKYITHOCTb pe3y/bTaToB, IONY-
YCHHBIX MPU ITOMOIIN TEXHOJIOT U ACTCKTUPOBAHUS TEMIICPATYPHBIX aHoMaJini 1o
JAHHBIM CITyTHHKOBBIX NMPHOOPOB, BBISBIAIOUIMX (PAKThl ACHCTBHTEIBHOIO BO3IO-
paHus, 1 pacueTHBIX MOAXOIO0B CTAaHYT OCHOBOW TCOPUH MOCTPOCHHUS MPOTHO3ZHBIX
Mozened BozropaHusi. OAHAKO MPU ATOM KOMIUIEKCHBIN ITOKa3aTellb JOJKEH COOT-
BETCTBOBATH MECTONOJIIOKEHHUIO odara. MToru uccieqoBaHust MOI'yT ClIOCOOCTBOBATh
pa3paboTKe U MPOBEACHUIO MEPOIPUATHI TI0 MPEIYTPEKACHHUIO JIECHBIX TIOXKAPOB
CHIDKEHHIO yIepOa OT HUX B paMKax oOIIeld crucTeMbl HaOMIOAEHUsI 1 KOHTPOJIS Ha
PErHOHAIILHOM YPOBHE.
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Annomayun. DPPEKTUBHBIM TTOIXOOM K M3YUCHHIO (PAKTOPOB PACIPOCTPAHEHHS JIECOO-
Opasyromux BuoB KaBkasa B ycioBusax oporpaduieckoii TpyaAHOIOCTYITHOCTH TOPHBIX TEp-
PUTOpHH SBJISETCSA COYETAaHNE HCIIOIb30BAHUS TCONH(DOPMAIIMOHHBIX CHCTEM U TEOPHH KO-
JIOTHYECKON HHIIH B MoJelsax pactpeneneHus SDM. [IHMCKyCCHOHHBIMH OCTAIOTCS MHOTHE
ACTIEKTHl JAHHOTO IOAXO/a, B T. 4. BEIOOP IKOIOTHUECKUX MPEIUKTOPOB, KOIIMHEAPHOCTD
mepeMeHHbIX, 3(dekT macmrTaba HCCIeayeMoil TeppUTOpuH, (popMann3amus B MOJICIIX
O6noTnueckux (HaKTOpOB M PACCEITUTENHFHON CrIocOOHOCTH BHIOB. Llenb cTaTbil — BBIIBUTH
3aKOHOMEPHOCTH MPOCTPAHCTBEHHOTO DPACHPENENCHNsI COCHOBBIX JiecoB KaBkasza (Pinus
sylvestris L.) B 3aBUCHIMOCTH OT IUTOMIAIN aHATU3UpyeMo# Tepputopuu. s dopmanmsa-
A OMOTHYECKOTro (haKTopa pPACTIIPOCTPAHEHUSI COCHSKOB IPEUIONKEH METOJ] BKIIOUCHHS
KapT paclpeeNieHIsI BepOATHOCTEH 00HapyKEHUS BUIOB-KOHKYPEHTOB (Oepe3oBHBIe jIeca u3
Betula pendula Roth u B. litwinowii Doluch.) 8 SDM-monens P. sylvestris B kadecTBe OH0-
THYECKHX cJi0eB. DaKkTop pacceTnTeTbHON CIOCOOHOCTH COCHBI (IOCTYITHOCTH TEPPUTOPHIA)
(opMan30BaH Yepe3 pacCcTOSHUE OT ONTHUMAIBHBIX MECTOOOMTAaHUH BHAa (YYaCTKOB C TIO-
porom mpurogaocTH 0,8), Ha KOTOPHIX BEPOSATHOCTH €r0 OOHAPYKEHHSI COXPAHSIETCS BEIIIC
0,5. CpaBHUTETHHBII aHATH3 Pa3HEIX HAOOPOB A0MOTHUYECKUX MPETUKTOPOB C YICTOM MYIb-
TUKOJUIMHEAPHBIX TIEPEMEHHBIX U 0€3 HEro BBISIBHI IMTPEUMYILECTBA MOJICIH, TOTyIEeHHOW Ha
ocHoBe Habopa ganHEIX ENVIREM (Environmental Rasters for Ecological Modeling), orpa-
auaenHoro VIF-tectom (Variance Inflation Factor). Ha moxamsaOM ypoBHe (LleHTpambHBII
KaBka3) OCHOBHBIM IPEIUKTOPOM PACIIOIOKEHUSI COCHOBBIX JIECOB BBICTYIAET TOCTYITHOCTD
Tepputopuii — 0—3 KM OT ONTUMAIBHBIX MECTOOONTAaHUH (BKJIAA B MOJEIH — OKOJIO 72 %).
Ha pernonansaom ypoBHe (KaBka3 B 11e1oM) 00JIbIIIoe 3HaYEHIE HMEET MEKBHI0BAsT KOHKY-
peHIust (BKIax B MOziesib — 0koJ0 37 %). HanmeHee 3Ha9MMBI B PaCIIPOCTPAHEHUH COCHOBBIX
JIECOB OCHOBHBIC a0MOTHYECKUE (PaKTOPHI (Oporpadusi MECTHOCTH U TEMITEPATyPHO-BOIHBIN
PEKHM CaMOT0 CyXOT0 KBapTaJa), JOJIEBOE yJacTHE KOTOPHIX B UTOTOBBIX MOJIENISIX HE IIPEBHI-
maet 16 %. [{ns Buia ycTaHOBIEHO MOTEHIMAIBHO IIUPOKOE pacipocTpaHeHne Ha KaBkase
B paifoHax ¢ Pa3HOOOpPa3HBIMH KIMMATHYECKUMHU M OpPOrpapUuecKUMHU yCIOBUAMH (OKOIO
21 TIc. KM?2). LIeHTp KaBKa3CKOTO apeajia COCHBI mporHo3upyercs Ha LlenTpamsHoM KaBkasze
(96 % 1uTOTIa I OTITUMATBHBIX MECTOOOUTAHUI).

Kniouesvie cnosa: Pinus sylvestris, MOOENTUpPOBaHUE pacnpoCTpaHeHus, KoHIenus BAM,
MIPOCTpaHCTBEHHBIN MaciiTad, Maxent, KaBka3
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TeMe «3aKOHOMEPHOCTH MPOCTPAHCTBEHHO-BPEMEHHOW JTUHAMUKH JYTOBBIX U JIECHBIX JKO-
CHCTEM B yCIIOBUSX TOPHBIX TeppUTOpHil (poccuiickuit 3anaausiil u LlenTpansHenii KaBkas)y.
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Abstract. An effective approach to studying the factors of distribution of forest-forming
species of the Caucasus in conditions of orographic inaccessibility of mountainous areas is
a combination of the use of geoinformation systems and the theory of ecological niche in
SDM distribution models. Many aspects of this approach remain controversial, including
the choice of ecological predictors, the collinearity of variables, the scale effect of the study
area, the formalization of biotic factors and the dispersal capacity of species in models.
The aim of this study has been to identify patterns of spatial distribution of pine
(Pinus sylvestris L.) forests of the Caucasus depending on the area of the analyzed territory. To
formalize the biotic factor of pine forest distribution, a method has been proposed for includ-
ing probability distribution maps of the detection of competing species (birch (Betula pendu-
la Roth and B. litwinowii Doluch.) forests) in the SDM model of P. sylvestris as biotic layers.
The factor of pine dispersal capacity (accessibility of territories) has been formalized
through the distance from the optimal habitats of the species (areas with a sustainability
threshold of 0.8), where the probability of its detection remains above 0.5. A comparative
analysis of different sets of abiotic predictors with and without multicollinear variables
have revealed the advantages of the model based on the ENVIREM (Environmental Ras-
ters for Ecological Modeling) dataset limited by the VIF (Variance Inflation Factor) test.
At the local level (Central Caucasus), the main predictor of the location of pine forests is
the accessibility of territories of 0—3 km from optimal habitats (the contribution to the mod-
el is about 72 %). At the regional level (Caucasus as a whole), interspecific competition is of
great importance (the contribution to the model is about 37 %). The least significant factors
in the distribution of pine forests are the main abiotic factors (orography of the area and
the temperature and water regime of the driest quarter), the equity particlpation of which in
the final models does not exceed 16 %. The species has been found to have a potentially
wide distribution in the Caucasus in areas with diverse climatic and orographic conditions
(about 21 thousand km?). The centre of the Caucasian pine range is predicted to be in
the Central Caucasus (96 % of the optimal habitat area).

Keywords: Pinus sylvestris, distribution modelling, BAM concept, spatial scale, Maxent,
the Caucasus
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Beeoenue

HecMmotpst Ha oTHOCHTETHHO HEOONBIIYIO M (PparMEHTHPOBAHHYIO TIIOMIA/Ib,
neca KaBka3a numeroT BaxHelilee 3HaueHHe B 00€CIIEUeHNH YCTOMUYNBOCTH TOPHBIX
TEPPUTOPHIA: UTPAIOT CPETOOOPA3YIOIIYI0 M CPEIO3alIUTHYIO POJH, CIIOCOOCTBY-
0T TOJJICPaHHI0 OMOPa3HOOOPa3Us, UCIIOIB3YIOTCS KaK peKpealMoHHbIe 00bEKTHI,
[IpY TPOM3BOJCTBE HEIPEBECHBIX M JPEBECHBIX PECYpPCOB U T. . MeXay TeM 3Ha-
YUTENbHAs YacTh TOPHBIX JIECHBIX dKocrucTeM KaBkaza moaBepikeHa YHUYITOKEHHIO
MIpHU 3arOTOBKE JIECOMATEPUAJIOB, CTPOUTENLCTBE JOPOKHOM M TypUCTUUECKON UH-
(bpacTpyKTyp, B CBSI3U CO BCITBIIIIKAMH YUCIEHHOCTH BpEINTENEH, OaKTepHaTbHBIMU
3a00JIeBaHMAMHA U KJIMMaTHYeCKUMH n3MeHenusivu [1, 2, 4, 7, 10, 12]. BoisBnenue
3aKOHOMEPHOCTEH MPOCTPAHCTBEHHOT'O paclpeesieHHs IIaBHbBIX JIeCO00Pa3yomuX
BrJ0B KaBka3a M OCHOBHBIX KOJOTHYECKHX MPEANKTOPOB MX PACIIPOCTPAHEHUS B
JIOKaJbHOM M PErHOHAIBbHOM MacmTabax siBisieTcst QyHAaMEHTaIbHOHN 3ajgadeld u
CIocoOCTBYeT pa3paboTKe CTpaTeTruii 1 METOAOB PAIMOHAIBHOTO MCTIOIH30BAHUS H
OXPaHBI JIECHBIX KOCHCTEM.

CHoXXHOCTh TPOBEJEHUS MOMOOHBIX pabdOT IMOCPEICTBOM TPaJIUIUOHHBIX
HA3EMHBIX HCCJICIOBAHUN B YCIOBHSAX TOPHBIX TEPPUTOPHI CBsi3aHA C oporpadu-
YECKOH TPYAHONOCTYMHOCTBIO JaHAMA(PTOB U (ParMEeHTHPOBAHHOCTHIO JIECOB,
OTIPEACIIIONTUMI HEAOCTATOK 00bEKTUBHOM MH(pOpMAIHK 00 WX MPOCTPAHCTBEH-
HO-BpEMEHHOU nuHamuKe. Pemenne qanHol mpo0ieMbl BO3MOXKHO C MTPHUBIICUCHU-
€M METOJ/IOB MPOCTPAHCTBEHHOTO aHAJIN3a, ITO3BOJISIFOIIETO0 ¢ MEHBITUMHU TPYyA03a-
TparaMd M BBICOKOH 3()()EKTHBHOCTHIO BBISIBHTH 3aKOHOMEPHOCTH JIOKaJTH3AIHH
npeBoctoeB. OIHUM M3 MEPCHEKTHBHBIX MOIXOA0B SBISCTCS COYETAHUE UCIOIb-
30BaHUA TEXHOJOTHH, CBA3aHHBIX C MIPUMEHEHHEM TeOMH(POPMAIIHOHHBIX CHCTEM
('MC) n Teopun 3KOJIOTMYECKON HMIIM B MOJENSAX pacnpeaeneHus Buaos SDM
(Species distribution models). Ilpu ocymiecTBIeHHH COOTHECEHUS TAHHBIX O KO-
JUYECTBE BUJIOB B NMPHPOJE (TOYEK MPHUCYTCTBHS/OTCYTCTBHUS) U XapaKTEPUCTUK
MecTooOuTaHul (reorpauueckue CIOW IKOJIOTHYECKOW HMH(POpPMAIUU) HAa OCHO-
BE MAITUHHOTO 00y4YeHUs [24] 3TOT METOJ CTAJI MOIIIHBIM HHCTPYMEHTOM aHAJIM3a
(haKkTOPOB MPOCTPAHCTBEHHOM JIOKAIN3alMU U KapTOrpapupOBaHUs MOTCHIIUAb-
HOTO pacrpoCTpaHEHUs BHUJIOB.

Hecmotps Ha aktuBHOE paszButne SDM-MomenupoBaHus, OCTAIOTCS JUCKYC-
CHOHHBIMH MHOTHE KOHIENTYallbHbIe U METOINYECKUE BOIPOCHI, CPEIIU KOTOPBIX
BBIOOP ONTHMAaJIBLHBIX HA0OPOB IKOJIOTUYECKUX TPEAUKTOPOB, MpodiieMa KOJTHHE-
ApPHOCTU TEPEMEHHBIX, 3aBUCHMOCTH PE3ylbTaTOB MOJIECIMPOBAHUS OT MacIiTada
WCCIIEyeMOW TePPHUTOPUH, OIEHKA W y4eT B MOJENSIX OMOTHYeCKHX (haKTOpOB H
paccenuTensHON criocoOHoCTH BUOB. [IprHUMas BO BHUMaHne MHOTooOpasue 6a3
JIAHHBIX TI0 OKPYXKAOIIEH Cpelie U HEPaBHOMEPHOCTh PacIpe/elieHus] METeOCTaH-
Ui, 3a/a4y BBIOOpa aHAIU3UPYEMBIX JKOJOTHMYECKHX TMEPEMEHHBIX MPAaBOMEPHO
MpU3HATh HETPUBUAIBbHOW. Brlienenue Hanboiee moaxoAsx HabopoB IKOJIOTHYE-
CKHX TIPEANKTOPOB IEIeCO00Pa3HO I KOHKPETHBIX 00BEKTOB U TEPPUTOPHH C TI0-
CJICAYIOIINM aHAJIM30M KayecTBa Moenel U OMOJOrHYECKOrO CMBICIIA TIOTYyYEeHHBIX
PE3YIBTATOB.
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Hcnonp3oBanne B aHaIM3e KOPPETUPOBAHHBIX MPETUKTOPOB, [0 MHEHUIO OfI-
HUX aBTOPOB [38], MOXKET MPUBECTH K OLIMOOYHBIM PE3yJbTaTaM, B TO BpEeMs Kak
JIpyTHe MCCIeN0oBaTeNH CUNTAIOT d((EKT yCTpaHEHUS KOJUTMHEAPHBIX MEePEMEHHBIX
HE3HAuYNTENbHBIM [23] WM fa)ke HeKeJaTelbHbIM BBHUAY BO3MOXHOIO YNaJeHHS
BaXHBIX TapaMeTpoB cpenbl [17]. Pemaromeit B maHHOM BoIpoce, Ha HAIl B3TJISI,
SIBIISIETCS DKCIIEPTHAs OLIEHKA Pe3yJbTaTOB MOJIEIMPOBAHNS, TIOIYYEHHBIX C HCIIOIb-
30BaHUEM IIOJTHOTO U OTPAaHUYEHHOT0 HA0Opa MePEeMEHHBIX.

3aKOHOMEPHOCTH BIUSHHS SKOJIOTHYECKHUX (PaKTOPOB, YCTAHOBJICHHBIE B XO/I€
KPYITHOMACIITaOHbIX HCCIICIOBAHNH, MOTYT HE IOATBEPKAATHCS IPH U3YUCHUH IPO-
CTPAaHCTBEHHOI'O pacIpeleieHnsl BUIOB B KOHKpeTHOW MecTHocTU. COmacHo OT-
JeNbHBIM cooOmieHus M [31], 3HaYMMOCTh a0MOTHYECKUX NPEAUKTOPOB PACIOIOKE-
HUS OMOJIOTHYECKHUX 00BEKTOB U MX PACCEIUTENbHON CIIOCOOHOCTH BBIILIE B pa3pese
KPYITHBIX TEPPUTOPHAIIBHBIX €IUHMII (PErHOH, KOHTHHEHT), MPU 3TOM B MECTHBIX
uccnenoBaHusX Oojiee BaKHBI MEKBUIOBBIC B3auMoAecTBHUs. OHAKO B yCIOBHUSIX
TOPHBIX TEPPUTOPUI C MHOTOUUCICHHBIMU OporpaduueckuMu 0apbepamu JUIsl pac-
CeJIeHHs BUJO0B 3aKOHOMEPHOCTH BIUSHUS MaciiTaba TEpPUTOPUU HA PE3YNIbTaThl
MOZETTMPOBAHUS MOTYT OTJIMYATHCS OT N3BECTHBIX.

SDM-Moneny B OCHOBHOM BKITIOUAIOT TOJIBKO a0MOTHYECKHUE MPEIUKTOPHI B
pamMKax Tak Ha3bIBAeMOTO OMOKIIMMaTH4YecKoro MojienupoBanus (bioclimate envelope
modelling). B 1o e Bpemsi, y4uTBIBasi pojib OMOTHYECKUX B3aWMOJICHCTBHI B pac-
NpeAeJICHUU BUAOB, X NPUHATHE BO BHUMAaHHUE NPU aHAJIM3€ HEOOXOIUMO IS T10-
IydeHus] OMOIOTHYECKH 3HAYMMBIX pe3ybTaToB [33]. Dopmanuzaius OHOTHYECKIX
(haKTOpOB B MOJCISIX PAcIpOCTPaHEHUsI BHJIOB B HACTOSIIIEE BPEMS SIBISICTCS BaXK-
HOW MeTofnueckoil 3amaueii. CiioxkHasi oporpaduueckas KoHGUTypanus paiioHa uc-
CJIEIOBAaHMUS TaK)Ke OOYCIIOBINBAET BO3MOKHOCTh BEAYIIEH POJIH B IPOCTPAHCTBEH-
HOM pacrnpe/ielieHIH OMOJIOTHYECKUX 0OBEKTOB (haKTopa TOCTYIHOCTH TEPPUTOPHIA,
XapaKTEPU3YIOILET0 PACCEINTENbHYIO CIIOCOOHOCTh BUIOB.

PaboTbl MO0 MOAENMPOBAaHUIO paclpeaesieHus] TOpHBIX JiecoB KaBkaza MeTo-
JaMM TPOCTPAHCTBEHHOIO aHaIM3a KpaliHe HEMHOTOYMCIICHHbI. B OCHOBHOM OHH
nocBsmensl ['C-xapTupoBaHHIO JIECHOTO MOKPOBA MIJIM OTJENBHBIX BHUIOB B KOH-
KpeTHbIX peruoHax [7, 13, 16, 29, 37], penko na Kapkase B nienom [20]. OTcyTcTBYeET
YEeTKOE IIOHUMAaHNE 3aKOHOMEPHOCTEH U 3KOJIOIMUYECKUX IIPEAUKTOPOB paclpesese-
HUSI OCHOBHBIX JIECOOOPa3yIOLIHX MOPOJ] B PETHOHE.

JlanHOE HCcneoBaHUE KacaeTcs MOAEIMPOBAHMS MPOCTPAHCTBEHHOTO pac-
npeneneHus Ha KaBkaze cocHbl OOBIKHOBeHHOW Pinus sylvestris L. — ogHOro M3
OCHOBHBIX JIECOOOPa3yIOIINX BHUOB, UMEIOLIETO OOJNBIIOE PECYpCHOE 3HAUYCHHE U
MIPUPOJOOXPAHHYIO IEHHOCTh. OOBEKT MOJENUPOBAHUS — MOHOJOMHUHAHTHBIE CO-
CHOBBIE JPEBOCTOHM, MPEACTABISIONINE COOOH yCTOHYMBBIE KIMMAaKCOBBIE COOOIIe-
CTBa, MHIMKATOPbl ONTHMAJIBHBIX MecTooOuTanuit P. sylvestris. Vcnonb3oBaHue
MPUCYTCTBHS MOAOOHBIX IIEHO30B B Ka4e€CTBE MOJICIIMPYEMOTO COOBITHSI B TIHKCEINE
AQHAJTU3UPYEMON TEPPUTOPHH YBEINYUBACT BEPOSTHOCTH OOHAPYKEHHsI BU/IA HA MIPO-
THOBUPYEMBIX YYacTKax B XOJI¢ TIOJIeBOH Bepru(UKany.

lens wuccnenoBaHuss — BBIIBUTH 3aKOHOMEPHOCTH TPOCTPAHCTBEHHOIO
pacnpeneneHus COCHOBBIX JiecoB KaBkasa B 3aBHCHMOCTH OT MacluTaba aHaiu-
3UpyeMOU TeppuTOpuu. 3agauu: 1) onpeneauTh aOMOTUYSCKHUE TPEIUKTOPBI IS
MOJIEJINPOBAHUS MOTEHIHAJIBHOIO PAcHpOCTPaHEHUs] COCHOBBIX jecoB KaBkasza;
2) BBISIBUTH XapakTep BIHSHUS a0MOTHYECKHX, OMOTHYECKUX (PaKTOPOB U CIOCO0-
HOoCTH P. sylvestris K paccelIeHUIO Ha JIOKaJH3alHI0 COCHAKOB B MecTHOM (Llen-
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TpaibHbld KaBka3) W permoHasbHOM (KaBKAa3CKHH 3KOpernoH) maciurabax. ['u-
nore3bl: 1) OuoTnueckue (GaxkTopel U crocoOHOCTh P. sylvestris K pacceleHulo
SBIISIFOTCSl B2YKHBIMHM TIPEAMKTOPAMHU paclpelie]ieHusT COCHOBBIX JiecoB KaBkasa;
2) mpoCTpaHCTBEHHBIH MacTad BO MHOTOM ONpEeIisieT 3aKOHOMEPHOCTH BO3/CH-
CTBUS 3KOJIOTHYECKUX (PaKTOPOB Ha JIOKAJIN3ALUIO COCHBI B YCJIOBHUSX TOPHBIX TEP-
pUTOpHA.

Obvexmbl u Memoowbl UCCAEO08AHU

W3ydena ropuas tepputopus miomaasio 390 Teic. KM2, TIPOJIETAIoNas MEX Iy
A3zoBckuM, UepHbIM MOpSIME Ha ceBepo-3amnajie u 10 Kacrnuiickoro Mops Ha BOCTOKE,
ot Kymo-MaHbruckol BaJInHBI HAa ceBepe U 10 TpaHun Apmenu, 1 py3un n Azep-
Oaitkana ¢ Mpanom u Typuueli Ha rore (puc. 1) U OTHOCAIIASICS K KaBKa3CKOMY
JKOPETHOHY.

Poccutiickas @enepanus
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Puc. 1. Pacnionoxenne n xapra-cxema paiiona uccienosanus (1, 2, 3 — 3ananHbli,
HenTpanpuenii u Bocrounsrit Kapka3 (vactu CeBepHoro KaBkasza) cOOTBeTCTBEHHO; 4, 5, 6 —
3amagnoe, LlenTpansHoe 1 BocTouHoe 3akaBKa3he COOTBETCTBEHHO)

Fig. 1. The location and schematic map of the study area (1, 2, 3 — Western, Central
and Eastern Caucasus (parts of the North Caucasus), respectively; 4, 5, 6 — Western, Central
and Eastern Transcaucasia, respectively)

JlaHHas TeppUTOPHSI BKIIOUACT PSAJl OCHOBHBIX KIIMMAaTO-0porpaduieckux 00-
nmacteit B rpanunax Poccuiickoit deneparuu, [py3un, AzepOaiimkana 1 ApMEHHN:
[MpenxaBkazbe (Kybano-Ilpuazosckas m Tepcko-Kymckas Huzmennoctu, CraBpo-
nonbeKkast u Tepcko-CyHXKeHCKast BO3BBIINIEHHOCTH, TOpbl MHUHEPAIOBOICKOH TpyT-
nel), bompmioit KaBkaz (3amamusiii, Llentpanbubiii, Boctounslit), 3akaBKa3cKyio
nenpeccuto (Kypa-Apakcunckast n Konxunckas Hu3MeHHOCTH), Manbiii KaBkasz u
3akaBka3zckoe ([)kaBaxeTcko-ApMsIHCKOE) Harophe [8]. MeCTHOCTh OTIIMYaeTcs pas-
HOOOpa3ueM MPUPOAHO-KIMMATHYEeCKUX ycaoBuil. Knnmar npearopuii-cpenneropuii
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Bonbmoro KaBkaza — KOHTHHEHTaIBHBIN ¢ TeruibiM JieToM (Dfb, cormacHo kiaccu-
¢uxaunn Kénmena—Ieiirepa), BICOKOTOPUH — KOHTMHEHTAJIBHBIA C MPOXJIAJHBIM
netom (Dfc) n anermiickuit (ET) [36]. B otnenbubix paiionax 3amagHoro Kaskasa,
3anmagHoro 3akaBKasbs, a Takke Kolxuackodl HM3MEHHOCTH M ceBepo-3amanga Ky-
pa-ApaKkCHMHCKON HHM3MEHHOCTH TPEBAIMPYET BIAXHBINH cyOTpormyeckuii (Cfa) u
okeannueckuii (Cfb) xinumar. B ropax Manoro KaBkaza u 3akaBka3cKOTO Haropbs
mpeobiaiaeT KOHTUHEHTAIBHBIN KiuMar ¢ TeruibiM jietoM (Dfb). B cBsi3u ¢ HapacTa-
HueM st Kapkasa o0rieii cyXocTH B I0T0-BOCTOUYHOM HaIpaBJICHHH IOT0-BOCTOK 3a-
KaBKa3CKOro Haropbsi 1 Kypa-ApakCHHCKOM HU3MEHHOCTH MPEACTABIISETCS XOJIOM-
HBIM TTonryapuaaeiM (BSk) [35]. OcHoBHBIE JIecO00pa3yromie mopoasl KaBKa3CKOTO
akoperuona — Fagus orientalis Lipsky, Carpinus betulus L., P. sylvestris, Betula L.
spp. (B. pendula Roth, B. litwinowii Doluch., B. pubescens Ehrh.), Quercus L. spp.
(Q. robur L., Q. petraca (Matt.) Liebl., Q. iberica Steven ex M. Bieb. u np.), a Taxxke
Picea orientalis (L.) Peterm. u Abies nordmanniana (Steven) Spach na 3amane bosb-
moro KaBkaza, Juniperus excelsa M. Bieb., J. foetidissima Willd. u J. oxycedrus L.
B 3aKaBKa3CKOM Harophbe.

LenTpansabiit KaBka3z — okomo 20,5 Thic. KM? — 3aHMMaeT HamboJee BBICO-
koropuyto 4actb bompmoro Kaskaza (200-5642 m nHan yp. Mm.). Knnmar ropssix
pailoHOB 3TOH TEPPUTOPUHU — KOHTHHEHTAIBHBIN ¢ TipoxiaaHblil JetoM (Dfc) u ams-
nuiickuii (ET) ¢ Bo3pacTaromeld KOHTHHEHTAIBHOCTBIO M CYXOCTBIO Ha TpalueHTe
BBICOTBHI. CpeaHEerojoBoe KOJIMYECTBO OCAIKOB 311ech okoso 900 MM, cpeqHecyTou-
Has Temneparypa — ot 12,6 °C B utone 10 —6,7 °C B gexabpe (IaHHbIE METEOCTaHITNN
c. Tepckoin, 2150 M Hajg yp. M., BepxoBbsi bakcanckoro yinenbst, Kabapauno-bai-
kapckas Pecrryonmka). Ha LlenTpansHom KaBkasze cocpenoToueHbl 0CHOBHBIE COCHO-
BbIC MacCUBBI P. sylvestris kKaBKa3cKoro skoperuona [9, 12], uto 00ycaoBUIO BEIOOD
JaHHOW TEPPUTOPHH B KadeCTBE JIOKAIBHOIO pailoHa MccieqoBaHHs. MacCuBbl U3
B. pendula n B. litwinowii B 3TOif MECTHOCTH B OCHOBHOM 00pa3yIOT BEpXHHI1 Jiec-
HOU MOSIC, pacCTIPOCTPAHSISICh TAK)KE MHTPA30HAIBHO Ha JIABUHHBIX U CENICBBIX KOHY-
cax BbIHOca Ha rpaguenTte BeicoT 1600-2800 M Hax yp. M. JlpeBoctou F. orientalis u
C. betulus cocTaBnAIOT Jieca MPEATOPUIl U CPETHETOPHIA.

MogenupoBaHue MPOCTPAHCTBEHHOTO pactipesenieHuss P sylvestris mpoBo-
AT B paMKaxX KOHICTIINH dKoorndeckux Hum BAM [32, 33]. JlanHas KOHIIETI-
Usl paccMaTpuBaeT 3 TPYIIBl (PaKTOPOB, ONPEACISIONINX PacCpPelOTOUYCHHE BH-
IIOB: OMOTHYECKUEe AeTepMUHAHTHI (B-(hakTop, biotic), abnoTHIeCKHE MPETUKTOPEI
(A-dakrop, abiotic) u crmoCOOHOCTh BUJIOB K PACCEIICHUIO, MK (AKTOP JAOCTYITHO-
ctu Teppurtopuit, (M-dakrop, movement). Konnernmus BAM no3Bonser n3ydarb
BIUSHUE TIEPEUUCICHHBIX TUIIOB (DAaKTOPOB IO OTAENbHOCTH (TTocTpoeHne A-, BA-
n BAM-Moperneit) 1 HHTErpUpOBaTh MOJIEIH TeOTrpapuuecKoro pacupeaesieHus oT-
NeTLHBIX BUAOB B MOAeH n3ydaeMoro oonsekra [32]. CooTBeTCTBEHHO, Ha 1-M 3Ta-
e MCCIIEJOBAHUS MBI MMOCTPOMIIN A-MOJIENIN MPOCTPAHCTBEHHOTO paclpeeleHus
P. sylvestris Ha OCHOBE TOJTHKO a0MOTHYECKUX MTePEMEHHBIX.

Hamr momxox k popManuzanuu onotndeckoro gaxkropa B BA-Moensx 3akito-
YaJcsl B UCIOJIb30BAHMH B KaueCTBE OMOTHYECKHX CJIOEB 3apaHee CO3JaHHBIX KapT
pacmpeseneHnst BepOATHOCTEH OOHApYyXeHHS MOHOIOMHHAHTHBIX OEpe3HSKOB W3
B. pendula v B. litwinowii. T0 0CHOBHBIE BHIBI-KOHKYPEHTHI P. sylvestris B KaBKa3-
ckoM akoperunoHe [35]. OcHOBHAs 30Ha IPOCTPAHCTBEHHOTO MEepecedyeHus 3 Mmopol
MPOXOJIUT IO BEPXHEMY JIECHOMY I0ACY; O0ph0a MEXITy HUMH IPOSIBISETCS TAKKe
Ha BBIPYOKax, BETPOBAIAX, IPH CMEHE COCHOBBIMH JIeCaMi O€pe30BhIX IPEBOCTOCR B
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XOJIe IEMYTAIIMOHHOM CYKIIECCUU Ha JIABUHHBIX U CEJIEBBIX KOHYCaX BBIHOCA U T. TI.
Hns ygera B BAM-mozensx Qakrtopa mnepemenieHus, reorpadgudeckn 0003Havaro-
IIeTO JOCTYIHBIE JIJIsl PACCEJIEHUSI COCHBI PEerHMOHBI, PACCUNUTHIBAIIN PACCTOSHUE OT
ONTUMAJBHBIX MECTOOOUTAHUI COCHBI (y4acTKOB ¢ moporom mpuromnoctu 0,8),
Ha KOTOPBIX BEPOSITHOCTH OOHapyxeHus P. sylvestris coxpansuachk Beime 0,5 [35].
[TonyueHHbI pacTp pacCTOAHUI KCIIOIB30BAIM B KAU€CTBE CJIOS JUJIsl MIOCTPOCHUS
BAM-moneneii.

OcCHOBHBIE JIOYIIEHHUST MOJIEIeH: pacceuTeIbHasi CIIOCOOHOCTh Bua ((ak-
TOp TIEPEMEIICHUS) PACCMAaTPHUBACTCSl HE KaK OMOJIOTHYECKast XapaKTepUCTHKA BH/IA,
a C MO3UINH JTOCTYMTHOCTH TePPUTOPHH ((HhparMeHTUPOBAHHOCTH M M30JMPOBAHHO-
CTH MIPUTOIHBIX JIJIS 3aCEJICHHSI YUACTKOB); HE YYUTHIBACTCS aHTPOIIOTEHHBIN (PaKTOP
nokanuzanuu ecoB KaBkasa.

Touku npucyrctBus P. sylvestris, B. pendula n B. litwinowii na KaBkaze mo-
nmydeHsl B xone dkcrnequimii 2012-2022 1. u u3 [mobansHOr0o MHGOPMAIIMOHHOTO
¢dhonma mo 6mopaznoodpazuto GBIF [26] (Tabm. 1). JlaHHBIE O BCTpEYaeMOCTH BHIIOB
OT(UIBTPOBAHBI JIUIsI HCKITIOUCHUS 3alTUCEH BHE €CTECTBEHHOTO apeala M MpoCcTpaH-
CTBEHHO Pa3peXeHbI MOCIe MPOBEPKH Ha HATMYUE TyOnukaToB 10 1 Touku Ha 1 kM2
syeiiku ceTku (pyHkuus clean duplicate B Oubnmoreke ntbox B R). Beero B ananms
BKJIFOUEHO 226 TOYEK MPUCYTCTBHUS.

TabGuuna 1

JlaHHBIE 0 BCTPe4YaeMOCTH BH/I0B, HCIOJb30BAHHbIE B HCCI€JOBAHUU
The data on the occurrence of species used in the study

Bux DO GBIE | BT A | mue e | 5 g
Pinus sylvestris |10.15468/dl.ymbrx9| 147 108 15 123
Betula litwinowii |10.15468/dl.wny9k8| 70 52 6 58
B. pendula 10.15468/dl.ezr54q | 86 32 13 45

Hmoeo| 303 192 34 226

s cpaBHUTENBHOIO aHalu3a NpeJuKTopoB (Ha mpumepe LlentpanbHOro
Kamkaza) ncmons3oBanm 2 HabOpa SKOJIOTHUSCKUX TEPEMEHHBIX: 1) OMOKIMMAa-
tryeckue xapakrepuctuku BioClim 6a3er WorldClim2 [42] u nanHble mudpoBoi
mogenu penbeda SRTM [39]; 2) knmumarnueckue U Tonorpaduyeckue nepemMeH-
ueie ENVIREM (ENVIronmental Rasters for Ecological Modeling — naGop cioes
OKpYXaloIIei cpebl s dKoJorudeckoro moxaenuposanus) [25, 40]. [Ipu or6o-
pe MepEeMEHHBIX aHAIU3UPOBAIN TAK)KE PE3yJbTaThl MOAEIUPOBAHUS C UCIIOIb30-
BaHHMEM IONHBIX HabopoB mpeaukTopoB (Mogenmun ENVIREM u BioClim+SRTM)
1 HaOOpOB TOCIIE YCTPAHEHUS BBICOKO KOPPEIMPYIONIMX MEPEeMEHHBIX (MOJENN
ENVIREM_VIF u BioClim+SRTM_VIF). B nociennem ciayvae aJist OrpaHUYeHHUs
nepeMeHHbIX npumensiu trect VIF (Variance Inflation Factor — dakrop nndusiunn
nucnepcur) B R ¢ moporom VIF < 5 (mapaMeTpsl He KOPPEIUPYIOT UIH YMEPEHHO
KOPPENHUPYIOT MEXKTY CO0O0i).

Pazpemenne MOMydeHHBIX CIIOCB IS perHOHANBHBIX SDM-mopemenr —
1 km/miuke. Ciiou JUIst TIOCTPOCHUS! JIOKAJIbHBIX Mojieniell oope3ansl o Macke Llen-
tpasnbHOro KaBkasa (maker R dismo [27]) 1 moHmxkeHbI B pasperieHun 10 30 M/mukc.
METOI0M OMKYOHUYECKON HHTEPIONISLUH CIUIAaHAMHU.
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B xauecTBe OCHOBHOTO MHCTPYMEHTa MOJEJIMPOBAHUS HCIOJIH30BAaHA IPO-
rpamma Maxent ver. 3.4.3 [18] B makete R dismo [28] kak onun u3 Haubonee 3 dek-
THUBHBIX, MPOCTHIX M HAJEKHBIX METOJIOB MOJEIIMPOBAHUS 110 TOYKAM MPUCYTCTBUS
[34]. Ilpumensinu HacTpoiiku nporpammbl: 10 000 GOHOBBIX TOYEK; 5 perIMKaLUi
npu 20 % TOoueK MPUCYTCTBHS B KaueCTBE TECTOBOM BBHIOOPKHU; THIbI QyHKIMH L,
H, Q, LQ u LQH; nuanazon mHoxuTtens perymspuszanuu 0,5-2,0 ¢ marom 0,5; mak-
cumyM urepanuii — 500. Ontumansaeie Monenu u3 20 s Kaxkaoro Habopa mpe-
mukropoB (BioClim+SRTM u ENVIREM) onpenenenst B nakere ENMeval B R ¢
UCIIOJIb30BaHNEM HHPOpMaMOHHOTO KpuTepusi Akauke AICc [15], pa3HULIBI MEXIY
AlCc u ero munumanbubM 3HaueHueM deltaAlCc, nenpepriBHOrO MHIekca boiica
CBI [19], a Taxke mIOIIAAN MO ONEPAUOHHON KPUBOW MPUEMHHKA IO JAAHHBIM
ooyuenus AUCtrain. itoroBeie mogenu ¢ HanOoasmmmu CBI 1 AUCtrain (rutomans
O] OTIEPAI[MOHHON KPUBOW NMPUEMHHKA MO JAAHHBIM OOY4YEeHHS) U HAMMEHBIINMH
AlICc u deltaAlCc npencraBiensl B Ta01. 2.

TabGuumna 2

IIpornocruueckas 3pGpeKTHBHOCTL H HACTPOHKH ONTHMAIBHBIX MozeJieli Maxent
JJ1s1 2 HAGOPOB IKOJIOTMYECKHX MepeMeHHbIX
The predictive performance and settings of optimal Maxent models for 2 sets
of environmental variables

Habop nepemennbIx AlCc DeltaAICc | CBI | AUCtrain | Tum ¢pyskmum | RM
BioClim+SRTM 1245,8 0 0,96 0,99 LQ 0,5
ENVIREM 2168,5 0 1,00 0,99 LQH 0,5

[Mpumeuanne: RM, regularization multiplier — MHOXHTENb perysipU3aLiH.

BaxxHOCTh MpeAUKTOPOB OLICHUBAIU MO WX MPOLEHTHOMY BKJIaay B MOAEIH
Maxent u ko3 durnmenTy nepmyranun. J{mamnazoHpl ONTUMAIbHBIX 3HAYSHHUN TIe-
PEMEHHBIX TMOJYICHBI U3 KPUBBIX OTKJIHKA. J[JI JydIImX MECTOOOWTAaHWA HCIIONb-
30Balii BBICOKHMA TOPOT MPHUTOAHOCTH 0,8, TO3BOJSIOMNNA CHU3UTH BEPOSTHOCTH
JIO)KHOTIONIOXKUTENILHBIX pe3ynbTatoB. s moTeHIuanbHbIX MecTooOuTanuii — 0,5.
[Iporroctudeckue KapThl pactupeneieHus P. sylvestris co3aaBaiy ¢ TIOMOIIBIO ITKa-
JIbl BEpOSITHOCTH BeTpeuaemocTd Bua ot 0 1o 1 B uBeroBoit rpanaunn Maxent. s
ATOTO BRIXOAHBIE (haiiisl Maxent ObutH ipeoOpa3oBansl B (paitel netCDF ¢ Busyanm-
3anueit B makere tMap B R.

Pesynomamul uccnedosarnus u ux oocysicoenue

Buibop nepemennvix oxpyorcaioweii cpedwi. Cornacuo 3naueHusim AUC, mo-
nenmu BioClim+SRTM u BioClim+SRTM_VIF noka3anu BBICOKYIO MPOTHOCTH-
YeCKyr HalexHocTh (Tadm. 3). Brian e menee 10-20 % B mocTpoeHHe MOHETH
BioClim+SRTM BHOCAT 6 epeMeHHBIX, U3 KOTOPBIX Hamboyiee BecoMbl biol3 (ko-
JUIECTBO OCATKOB CAaMOTO BIAYKHOTO Mecsia) u biol (cpemHeromonas TeMeparypa).
3navyeHus biol3 B ONTUMAIBHBIX MECTOOOUTAHUSX COCHBI B IIEJIOM COOTBETCTBYIOT
JIMaIa3oHy CpeAHeMecsiuHbIX ocakoB Ha bonbmiom KaBkaze B Hanboee BIaKHBIH
BeceHHe-seTHu nepuof (90-120 MM ¢ mMas o utonb). MHTEpperanust npuroaHo-
CTH MeCTOOOMTaHUI COCHBI IO rapameTpy biol ¢ quamazonom —5 ... +3 °C BbI3BIBaET
3aTpyaHEeHHE.
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Tabnuma 3

Bxaan nepemennbix BioClim u SRTM B monesin Maxent mpocTpaHCTBEHHOIO
pacnpenesiennsi cOCHOBBIX JiecoB Ha LlenTpaasnom KaBkase
The contribution of BioClim and SRTM variables to the Maxent models of spatial
distribution of pine forests in the Central Caucasus

BioClim+SRTM BioClim+SRTM_VIF
[epemennas | PC, % | PI, % | 3nauenue* || [lepemennas | PC, % | PI, % | 3nauenue* VIF
Biol3, Mmm 21,4 2.3 115-120 ||Biol5, % 50,1 70,5 23-25 2,44
Biol, °C 19,7 | 154 | -5...+3 ||Bio09, °C 413 | 254 -7...3 2,73
Biol19, Mmm 12,1 0 180-190 | Slope, ° 6,7 3.4 3-10 2,55
Biol5, % 11,2 | 68,7 23-25 || Aspect, °© 23 0,6 0; 350 1,00
Biol4, mm 10,9 1,8 50-55 |- — — — —
Biol8, mm 10,1 0,5 330-340 |- — — — —

Slope, ° 2,6 0,1 15-25 |- - - - -
Aspect, © 1,1 0,1 0;350 ||— - — - —
Bio9, °C 0 0 —7..-3 |- - - - -
AUC+SD 0,99+0,002 AUC+SD 0,98+0,007

IMpumeuanne: PC, percent contribution — mpoLeHTHEIN BKJIAJ] IEpeMEHHON B MOCTpoeHHe Mozeneif; PI,
permutation impotance — ko3 duireHT nepmytanun. *J{nanazon onTuMaabHBIX 3HAYCHUH TapaMeTpOB
(0,8 — mopor NMpUroAHOCTH) U3 KPUBBIX OTKJIMKA. Biol4 — konuuecTBO 0caakoB B Hanbosee Cyxoi Me-
csr; biol8 1 bio19 — konuyecTBO 0CaKOB B HanOOIeE TEIUIBIN U XOJIOMHBIN KBapTaJlbl COOTBETCTBCHHO;
biol5 — cezoHHOCTB OCcanKOB; bio9 — cpenHssA TemIeparypa HanOoIee Cyxoro KkBapraia; Slope — yKiIoH;
Aspect — akcrio3us ckiona. [lepemennsie BioClim npusenenst no [35]. AUCSD — miomans nox
OIepanMOHHON KPUBOH IIPHEMHUKa+CTaHIapTHOE OTKIOHEHHE.

WuTeprniperanus mpuroqHOCTH MECTOOOUTAaHUI COCHBI O mapaMeTrpy biol ¢
nmuara3oHoM —5 ... +3 °C Be3bBaeT 3arpynHenue. Ha Kaska3ze ycroitumBbie oTpuria-
TEJbHBIE 3HAaYEHUSI CPETHETOI0BOM TeMIiepaTypbl oTMeueHs! Boiie 2300-2500 M Hax
yp. M. [8], T. €. y BepxHell BEICOTHOW TpaHUIbl (PaKTHYECKOTO PACIpOCTPaHEHHS CO-
CHOBBIX JIeCOB. J[Mana3oH onTUMalbHBIX 3HaueHu bio 18 xapakrepusyer P. sylvestris
KaK OTHOCHUTEJIBHO 3aCyX0yCTOWYHMBBIM BUJI, YTO MOJTBEPKIAAIOT IUTEPATYPHBIC 1aH-
Hele [41]. UHTepnpeTanmsi BIUSHUS TpeaukTopoB biol4 u biol9, xapakrepnsyio-
HIMX KOJMYECTBO OCAIKOB B HANOOJIEEe XONOAHbIN EPUOA, YUUTHIBAsA 3UMHHUNA MOKOH
P, sylvestris, BbI3bIBaeT 3aTpyJHEHHE.

Tect VIF orpannunn uncno npeaukropos B moxenu BioClim+SRTM_VIF
1o 4. [Mapamerpsl biol3, biol u biol9 ObLIM UCKITIOUEHBI U3 aHAJIU3a KaK MYJIBTH-
KOJUTMHEapHble (Pe3K0 YBETWYMBAIOININE AWCIIepcHio oneHkn). CornmacHo Monenu
BioClim+SRTM_VIF, HanOomnpliniee 3HaUeHUE IS PACIPOCTPAHEHUS MOHOIOMU-
HaHTHBIX cOCHsKOB Ha LlenTpansHom KaBkasze mMeeT ce30HHOCTH ocaakoB biol5 ¢
Y3KHM JIMana30HOM ONTUMANIbHBIX 3Ha4eHud 23-25 %. BrnusHue manHoro Qaxto-
pa, BEpPOSITHO, OBIJIO «CITIAKEHO» 3a CUET KOPPEIALMH C YIAJICHHBIMH M3 aHaIH3a
npeaukTopamu. [Tpu 3ToM B 00eux Moensx ajist biol5 cBOWCTBEH KpaiiHe BHICOKHIA
KOA(GUIMEHT TIEPMYTAIIUH, OTPAXKAFOIINH 3aBUCUMOCTh TOYHOCTH MOJIENEH OT M3-
MEHEHHs KOHKPETHOH IepeMEHHOH B BEIOOPKE TPEHUPOBOYHBIX TOUEK. BTOPHIM MO
3HAYUMOCTH NPEAUKTOPOM MOEIH sIBIseTCs mapamerp bio9, Bo3aeiicTBHEe KOTOPOTO
B IIOJIHOM MOZENH Takke ObLIO 3aMacKupoBaHO. B o0enx mozensix Tonorpadguue-
CKHE MEPEMEHHBIC KPYTH3HBI U DKCIO3HULUH CKJIOHOB BHECIU HAUMEHBIINN BKIIA.
IMpu srom moxenbs BioClim+SRTM mnporHozupyer BepoSTHOCTb OOHApY:KEHHUs
P, sylvestris 6onee 80 % Ha MOKaTBIX U CpEeAHE KPYTHIX CKIOHAX (MO Kiraccupuka-
[IUU YKIIOHA TIOBEPXHOCTH B Topax [6]), monenb BioClim+SRTM_VIF — Ha momorux
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ckiionax. O0e MOJICNIU MPEICKA3bIBAIOT JIOKAJIM3AIMI0 ONTHMAIbHBIX MECTOOOUTa-
HUH BUA B CEBEPHBIX YACTAX.

Takum o6pazom, morHas Mozaenb BioClim+SRTM otinudaercst 0OIBITAM HrHC-
JIOM TNpeuKkTopoB ¢ BkiagoM 10-20 %, HanuuueM TpyJHO MHTEPNPETUPYEMBIX Ia-
paMeTpoB B Psy CIydaeB HECOOTBETCTBUS ONTHUMAJbHBIX 3HAYCHUH NEPEMEHHBIX
(haKTHYECKOM JTOKaJIH3allii COCHOBBIX JIECOB, a TAKXKE CIIAKMBAHUEM BIIMSIHUS BbI-
COKO 3HaYMMOTO (coritacHO Koa(duIeHTy nepmytanun) akropa biol5, uro cBume-
TEJIBCTBYET HE B MOJIb3Y €€ BhIOOpa /IS NajJbHEHIIero aHaIn3a.

Monenu ENVIREM u ENVIREM VIF, cornmacuo 3nauenusim AUC, Takxke
MTOKa3aJId BEICOKYIO HAJICKHOCTE TIPOTHO3a (TaoI. 4).

Tab6iuuna 4

Bkuan nepemennbix ENVIREM B mozesnu Maxent npocTpaHCTBEHHOIO
pacrnpe/eseHns1 COCHOBBIX JiecoB Ha llenTpaibHom KaBkase
The contribution of ENVIREM variables to the Maxent models of spatial distribution
of pine forests in the Central Caucasus

ENVIREM ENVIREM VIF

Ilepemennas PC, % | PI, % | 3nauenue | Ilepemennas |PC, % | PL, % | 3nauenne | VIF
TRI 36,8 | 18,0 [250-280 | TRI 45,5 | 13,8 [200-290 | 4,02
Continentality 242 | 14,8 | 17-18 |PETDriest | gy gl aq7 | 21235 |40

Quarter

PETDriestQuarter | 21,1 | 35,0 | 21-35 | EmbergerQ 9,2 | 37,2 | 110-115 | 4,35
Ariditylndex- PETColdest- 491
Thorni]hwaite 12,6 | 0.1 0-2 Quarter 0.5 1 43 0-15
EmbergerQ 46 |30,8 [110-115]— - - - -
PETColdestQuarter| 0 0,1 14-15 |- — - — -
AUC*SD 0,99+0,003 AUCESD 0,99+0,003

Ipumeuanue: TRI — unnexe HepoBuoctu penbeda; PETDriestQuarter u PETColdestQuarter — cpen-
HEeMeCsIYHasl IOTEHIUAJIbHAs dBAOTPAHCIMPAIMS CaMBIX 3aCyIIIMBOTO M XOJOJHOTO KBapTalOB CO-
OTBETCTBEHHO, MM/Mec.; continentality — pa3HHIIa CPETHUX TEMIIEPATyp CaMBIX TEIUIOTO M XOJOJHOTO
mecsies, °C; embergerQ — runtoBuotepmudeckuii koadounuent Imoeprepa; ariditylndex Thornthwaite —
unjexc 3acyuuocty TopuTseiita. [lepemennsie ENVIREM npusenensi o [40].

O0e MojieM OTIIMYAIOTCSl BBICOKMM BKJIAJIOM TOIMOTPa(UUECKOro MpeIuKTopa
TRI, KOMTMYECTBEHHO XapaKTEPU3YIOIIETo JOKAJIbHYI0 PACWICHEHHOCTH (HEOAHOPOI-
HOCTB) penmbeda. 3naueHune TRI Bo3pacTaer ¢ yBemudeHHEeM KPyTH3HBI CKIIoHA [36],
Koppenupys ¢ napamerpom Slope u3 Habopa ganHbix SRTM. Ilpu 3ToM ontumaltb-
HBIl uana3zoH 3HaueHuil TRI B MectooOuranusix P. sylvestris COOTBETCTBYET yMe-
peHHO KpyThiM ckiioHaMm (moderately rugged mo knmaccudukanuu [36]), uyro TouHee
OTpaKaeT peallbHYyI0 JIOKau3amuio cocHSIKOB lleHTpamsHoro KaBkaza. Beicoxwii
BKJaa B moctpoeHue odeux moxeier ENVIREM Buocur takke PETDriestQuarter
C ONTHUMAaJbHBIMU 3HAUCHUSIMH B MHTEpBaJe JOBOJIBLHO HM3KHX BeNWYMH. JaHHBIN
rmapamMeTp 3aBHCHT OT KOJNMYECTBAa OCAJKOB M TEMIIEpaTyphl BO3IyXa, KOPPEIUPYS
¢ mepeMeHHbIMU bio9 u biol4 u3 nHabopa BioClim. Muaekc 3acyuumBoctu Top-
HTBEWTa U KOHTUHEHTAJILHOCTh KIIMMaTa co BkiagoM 6ornee 10 % B TIONHYIO MO/EIb
ENVIREM ynanens! n3 mopean ENVIREM VIF kak BbICOKO KoJulMHeapHsle. [Ipu
9TOM ONTUMAJbHBIC 3HAYCHHUSI MHIEKca TOPHTBEHTa COOTBETCTBYIOT CyOTYMHIHO-
My TUIy kimMara (rmo kinaccudukammu [30]), 3Ha4eHns mapaMmerpa continentality —
YMEPEHHO BBIPA)KEHHOMY KOHTHHEHTAJIbHOMY KJIMMaTY, YTO B IIEJIOM XapaKTepHO IS
ropHBIX paiioHoB LlerTpamsHoro Kakasza. OTcedeHne TaHHBIX IEPEMEHHBIX B MOCIH
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ENVIREM_VIF npuBeno k yBelnu4YeHUIO BKIJIaa mapamerpa embergerQ ¢ BBICOKHM
ko3¢ dureHToM nepMyTanuy B 00enx Moaessix. OnTuManbHbIe 3HAYCHUsS! 3TOTO rapa-
MeTpa i1l MecTooOuTaHmi P, sylvestris COOTBETCTBYIOT CyOTyMUIHOMY THITY KJIIMAaTa
(mo xnaccudukanuu [22]), aHaJIOTMIHOMY COTTIacHO MHIeKcy TopHTBeliTa.

Takum 00pa3zoM, HECMOTPSI Ha COBIAJICHUE OTACIBHBIX MPenukTopoB (Slope n
TRI, bio9 u PETDriestQuarter), mogenu BioClim+SRTM omimuaroTcst ot Mojeneit
ENVIREM mno Habopy OCHOBHBIX 3Ha4MMBIX TiepeMeHHbIX. s monenelr ENVIREM
XapaKTEePHO MEHBIIIEE YHCIIO0 TIPEAUKTOPOB cO BKiIaaoM Bhimre 10 %, a Takke OTHOCH-
TEJIbHO HECJIOXKHAsl MHTEpIpEeTalys TapaMeTpoB 10 CYIIECTBYIOIMM IKanaM [22, 30,
36]. Bbiie Taxke CTENEHb COOTBETCTBUSI ONTUMAJIbHBIX 3HAUCHUH [IPEANKTOPOB IIPH-
POIHO-KIIMMATHYECKUM YCIIOBUSIM B MECTOOOUTaHUSIX P. sylvestris, B T. 4. AJIsl TOTO-
rpaduueckoro nmapamerpa TRI. Kimmarugeckne npeaukropsl ENVIREM, takne xak
embergerQ ¥ apaMeTpbl YBANIOTPAHCIIMPAIIH, HAMIPSMYIO CBSI3aHbI C (PH3HOIOTHYE-
CKUMH H KOJIOTUYECKUMU MPOLIECCaMi B PACTUTEILHOM TTOKPOBE B AP (EeKTUBHBI st
MIPOTHO3UPOBAHUS pacIpeneieHnss onojormuecknx o0bekToB [14, 40]. Kpome Toro,
HEKOTOpbIe MapaMeTpbl OOBEUHSIOT B 3HAYUTEILHOM CTEIICHW KOPPEINpOBaHHEBIC B
TOPHBIX YCJIOBUSIX [IEPEMEHHBIE, 3aBUCHMBIC OT MHTEIPAIbHOTO (hakTOpa BBICOTHI HAZ
ypoBHeM mopsi: TRI (BeicoTa Hax ypoBHEM MOpsi M KpYTH3HA CKIOHOB), embergerQ
(Temmeparypa u 3Banorpancnupanus), ariditylndexThornthwaite (ocagku u 3Barmo-
TpaHcnmpanys). Mx ucnonszoBanue B SDM-Moziensix, Ha HaIll B3I, BHOCHT BKIIaJ]
B peleHue mpoOieMbl OONBIION KOJUTMHEAPHOCTH AKOJIOTHUECKHUX MEPEMEHHBIX IS
ropHbIX TeppuTopuil. IlepeunciienHble npenMyIecTBa BO MHOTOM OHPENEISIOT Lie-
JIecO00pa3HOCTh MPUMEHEHHUS JJAHHOTO HA0Opa MPEIMKTOPOB B IIEIAX MOCTPOCHUS
BAM-Mozeneil mpocTpaHCTBEHHOTO PACIPEIEICHUS] COCHOBBIX JIECOB.

IIpenmymecrsom ENVIREM VIF no cpaBaenuto ¢ ENVIREM siBiisieTcst MEHb-
[Iee YMCIIO0 aHATU3UPYEMBIX [TPEAUKTOPOB C OOJIBIINM BKJIA/IOM, a TAKKE YCTPAaHCHHE
BBICOKO Koppenupyronmx mepeMeHHbIx ariditylndexThornthwaite u continentality,
MaCKHUPYIOUIMX BIUsSHUE TpenukTopa embergerQ. [locnenHuii uMeeT 3HaUUTEIIbHBIN
K03 UIMEHT TepMyTalru B 00eUX MOJEIIX, @ TAKKE MOXKET JIOTMYECKH 3aMEHUTh
nHekc TopHTBeNTa MpU XapaKTepUCTUKE TUTA KJIMMaTa B pailoHe UCCieI0BaHus.

3axonomeprnocmu noxanuzayuy cocHoswix aecog Kasxkasa 6 3agucumocmu om
macwmaba uccneoyemol meppumopuu. Bee Monenn npocTpaHCTBEHHON JIOKAJIM-
3allMd MOHOJIOMMHAHTHBIX COCHOBBIX JpeBOCTOEeB Ha KaBka3ze Moka3ajiu BBICOKYIO
MPOTHOCTHYECKYIO TOYHOCTH cornacHo 3HaueHusM AUC (tadm. 5).

TabGuuna 5

BxJj1a1 0CHOBHBIX KOJIOTHYECKHX NepeMeHHBIX B MoAeau Maxent JIOKaau3auuu
Pinus sylvestris na KaBkaze
The contribution of key environmental variables to the Maxent model
of Pinus sylvestris localization in the Caucasus

A-MoJenb BA-monens BAM-Mmonenb
PC,%|PI,%|3HaquMe PC,%lPI, %| 3nauenne (PC, %| PI,%| 3HaueHne
Lenmpanvuwii Kasras
TRI 45,5 1 13,8 1200-300| 24,6 [19,7|260,0-290| 5,7 | 30,6 | 260,0-290

[lepemennas

PETDriestQuarter, 1) ¢ | 447 | 21235 | 34.8 [52.5| 21.0-35 | 8.8 |48.8| 22.0-35
MM/MEeC.
EmbergerQ 92 [372110-115] 1,7 [ 6,2 ]110,0-115] 0,2 | 0,6 | 110,0-115

Betula litwinowii - - - 31,2 | 2,2 0,8-1 7,7 | 3,0 0,8-1
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Oxonyanue maon. 5

Tlepementas A-mozenb BA-moznens BAM-monenb
PC, % | P1, % |3nauenue | PC, % |PI, %| 3nauenue [PC, %|PI, % | 3nauenue
B. pendula - — - 48 | 0,1 0,8-1 5,51 0,5 0,8-1
BH;;:?;AHOCT" - | - - - | - ~ |78 f121| 03
AUC£SD 0,99+0,003 0,99+0,002 0,99+0,002
Kaexas

TRI 66,7 | 42,4 | 80-550 | 19,9 | 4,6 | 350-550 | 15,9 22,7 | 80-600
PETDriestQuarter, 155 113,1] 1520 | 04 20| 1520 |01 | 06| 1520
MM/MecC.
Betula litwinowii - - - 253 |17,1] 0,2-1 [26,9]| 6,9 0,2-1
B. pendula — — — 32,2 1389| 0,2-1 10,4104 0,3-1
potoCTe = = =] = [395270] 0-10
AUC+SD 0,97+0,003 0,98+0,002 0,98+0,002

[Mpumeuanue: Berpeuaemocts Betula litwinowii v B. pendula — BepOsITHOCTh OOHAPYKEHHUS BUIOB Oepe3
HA y4acTKaxX C IOPOrOM IPHUTOAHOCTH cpesl ooutanust 0,8 st Pinus sylvestris; IONBHXHOCTD BU/IA —
paccTosiHue OT ONTUMAJbHBIX MECTOOOUTAHUI COCHBI, Ha KOTOPBIX BEPOSTHOCTH OOHAPYKEHHS BHIA
coxpansiiach Boie 0,5.

CornacHO JNIOKaJbHOW A-MOJENH, OCHOBHBIMH aOWOTHYECKUMH TPEIUKTO-
pamu pacrpoctpaHeHuss cocHOBbIX JiecoB sisitoTcss TRI m PETDriestQuarter, B
MeHbIIel cTerneHn — embergerQQ. 3HaYeHUsS! AHHBIX MMapaMeTPOB XapaKTEPHU3YIOT
ONTUMAaJIbHBIE MecToOOuTaHus P, sylvestris Ha yMEPEHHO KPYTBIX CKIOHAX B YCIIO-
BUSIX CyOTyMHUAHOTO KiuMara. [Ipu 3ToM miomanb onTUMaIbHBIX MECTOOOUTaHUN
COCHOBBIX JpeBocToeB Ha IlenTpansrnom KaBkase cocraBnser 83 % oT TakoBoil B
rpaHMLIaX BCEro KaBKa3CKOro ’KopernoHa (tadm. 6). KonnentpupoBaHnue ontumaib-
HBIX MecTtooOuTtanuit P. sylvestris na llenTpaipHom KaBkaze moaTBep:aeHO maH-
HBIMH Ha3e€MHBIX HAOIIOACHUH U pe3yabraraMu KaprorpadupoBaHus jiecos [9, 12].
OrTa 3aKOHOMEPHOCTh MOXKET OBITh CBSI3aHA C JIOKaJIM3alUeld B yKa3aHHOM paioHE
COCHOBBIX JIPEBOCTOEB B MEXKIICITHUKOBYIO 3TIOXY U MX MOCTEIIEHHBIM pacceeHHEeM
13 BBICOKOTOPHBIX Pe(hyruyMOB, O HAJIMYUU KOTOPBIX 3/1ECh MUIIYT MCCICIOBATEIN
[3, 13]. OnpeneneHHoe 3Ha4eHHE MIPU STOM MOXKET MMETh BBICOKMH YpOBEHb TOp-
HO-MEXaHUYECKOW HW30JSIIMHU, NPENATCTBYIOINN OBICTPOMY pPAacCEeNCHHIO COCHBI.
B monp3y mocnenHero CBUACTENLCTBYIOT Pe3ylIbTaThl TeHOreorpaduIeckoro aHam-
3a, TIoKazaBime obocobnenue nonyssiuuii P, sylvestris u3 [lpuans0pyces n Kapaua-
eBo-Uepkeccun Ha ypoBHE reorpaduaeckux pac [9].

TabGiuuma 6

Inomaau NPUroaAHBIX U ONTHMAJBLHBIX MECTOOOMTAHHUI COCHOBBIX JiecoB KaBka3a
coriacHo moaeasaM Maxent
The areas of suitable and optimal habitats of pine forests of the Caucasus according
to Maxent models

TeppuTopus, ThIC. KM?

Pervon MIPUTOTHAS onTUMabHas

A-monens | BA-mogens | BAM-monens | A-moaens | BA-monens | BAM-Monens

entpanbHblit
Kagka3

Kaska3 41,3 30,9 21,1 9,3 8,9 5,5

19,5 18,8 17,6 7,7 6,9 5,3
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Ha pernonanbHOM ypoBHE MOTEHIIMAIBHOE PACIpPOCTPaHEHHE COCHOBBIX Jie-
COB, COTJIACHO A-MOJIEJIH, B OCHOBHOM OIIPEAEIIICTCS TOMorpadhuIecKuM (GpakTopoM
TRIHa GoHE OTHOCUTEIBHO HU3KOTO BKJIa KIIMMAaTHIECKUX TpeAUKTopoB. [IpusTom
OonTUMaNIbHBIE MecTooOouTanus P. sylvestris na KaBkase B IeIOM XapaKTEePU3YIOTCS
IIPOKUM Arana3oHoM 3HaueHUH TRI (CKIOHBI OT MOYTH POBHBIX JI0 CHIIBHO KPYTHIX
o kiaccupukanuu [36]) B paliloHaX ¢ HEBBICOKOH CPEIHEMECSYHOW MOTCHIIUATb-
HOH 3BaroTpaHcnupanueil cyxoro kpapraia. IHIMpokuil 1uana3oH 3KOJIOrMYeCKON
TONIEPAHTHOCTU P. sylvestris K OCHOBHBIM (paKTOpaM CpeIbl U OTHOCUTENbHAs He-
3aBHCHMOCTb BHJIa OT KJIMMATHYECKHX MapaMeTpOB MOATBEP)KJECHBI TakXKe paHee
MIPOBEICHHBIMH UCCIICIOBAaHUSIMHU COCHSKOB B Pecryonuke [larectan [5]. OTmeueHa
3acyXxoycTonauBOCTh P. sylvestris B Typruu [41] 1 TOnepaHTHOCTh BU/Ia K U30BITOY-
HOMY yBiakHeHHIo Ha FOxxnom Ypane [11].

COOTBETCTBEHHO BBIABICHHBIM 3HAYEHHSAM BEIYIIUX MPETUKTOPOB OCHOB-
HBIE MacCUBBI COCHOBBIX JiecoB LleHTpanpHOTO KaBkaza mporHo3upyroTcst o rop-
HBIM YIIEJIbSIM B MEHEE BJIaroo0eCredeHHbIX 3ala/IHbIX palloHax Ha CKJIOHAX pa3HoM
skcriosuninu [maBHOTO KaBkazckoro m bokoBoro xpedToB (puc. 2, a). [Ipenckazanne
pacnpoCTpaHEHHsI COCHOBBIX IPEBOCTOEB Ha KO’KHBIX CKJIIOHAX, NHTEHCHUBHO HCIIOJIb-
3yeMBIX paHee I0]] TOpHBIE MAacTOMIIA, TOATBEPKIACTCS HAOII0IaeMBIM B HACTOSIIIEE
BpEMsI aKTUBHBIM 3aCEJICHHEM 3THUX TEPPUTOPHU TorpocToM P. sylvestris B yCIOBUSIX
PE3KOro CHMKEHUS TTOT0JIOBBSI BBIIIACAEMOI0 CKOTA.
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Puc. 2. Kaptel noreHnmansHoro pacupocrpanenus Pinus sylvestris Ha LleHTpanbHOM
Kagkasze cormacao A-moznen (a), BA-monenu (6) 1 BAM-monenn (8). 0,1-1 — BeposTHOCTB
oOHapy>XeHHs BU/IA

Fig. 2. The maps of potential distribution of Pinus sylvestris in the Central Caucasus
according to the A-model (a), BA-model (6) and BAM-model (s). 0.1-1 is the probability
of the species occurrence
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Mecta, ontTumanbHble s P. sylvestris na KaBkase, IIMPOKO TPEACTABICHBI B
CPEAHETrOPhSIX-BBICOKOTOPHAX BCETO YKOPETUOHA C Pa3HOOOPA3HBIMU KITMMATHYECKHU-
MH U oporpadUIeCcKIUMH YCIOBHSAMH (pHC. 3, @).
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Puc. 3. KapTsl moTeHIIMAIBHOTO pactpocTpanenust Pinus sylvestris na KaBkasze coraacHo
A-monenu (a), BA-monenu (6) u BAM-monenu (8)

Fig. 3. The maps of potential distribution of Pinus sylvestris in the Caucasus according
to the A-model (), BA-model (6) and BAM-model (s)

CornacHo nokanbHON BA-mozeny, 60mbpiioe 3HaueHHe B TIPOCTPAHCTBEHHOM
pacrpeieIcHH COCHOBBIX JIECOB UMEET KOHKYPEHIIUSI CO CTOPOHBI B. [itwinowii co
BKI1azioM oxoio 31 %. Teppuropuu, onTUMAalbHBIE U IPOU3PACTAHHUS COCHOBBIX
necos Ha Llentpansnom KaBkasze, Takxke ¢ Beicokoil BepositTHocThIO (0,8—1,0) MmoryT
OBITH 3aHATHI TOPHBIMU OEPE3HAKAMHU.

B. litwinowii n B. pendula 9acto o0pa3yroT CMeIaHHBIC IPEBOCTOHN BEpXHE-
ro ecHoro nosca rop Kaskasa, Huxe KOTOPOTrO pacroyioKeH M0sI¢ MOHOAOMUHAHT-
HBIX COCHOBBIX MJTH 0€PE30BO-COCHOBBIX HaCAKAEHUH. B TO jke Bpems Onorndeckne
MPEIUKTOPHI JIOKANbHOH BA-Mozmeny xapakTepu3yloTcsi HU3KUM KO3 UITHEHTOM
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nepMyTanuu, a 3HauuMocth abnornueckux ¢akropoB (TRI u PETDriestQuarter)
B PacIpoCTpaHEHUHU COCHBI B JIOKaJbHOU BA-Moenu ocTaeTcst 10CTaTOYHO BBICO-
koit. Kak cBeTomoOuBswIil Bun P. sylvestris n3deraeT KOHKYPEHITMH OJiaromapsi pac-
MOJIOKEHUIO B3POCIBIX JIEPEBbEB B BEPXHEM spyce Jieca, UCKI0Yas MOJaBlIeHHE
€O CTOpOHBI npyrux BuaoB [21, 27]. IlnoHepHBI XapaKTep COCHBI MO3BOJISIET €
3aKpenuThCs Ha paHHEH CTaJAuM CYKIECCHUHU C MOCIEAYIOINM 3aHITHEM BEPXHETO
sapyca npeBoctoeB [21]. Tak, B TUXTOBO-OYKOBBIX Jiecax Ha ceBepo-3amnaze Typruu
COCHA JIEMOHCTPHUPYET CIydailHOE paclpenesieHHe W MPOCTPAHCTBEHHYIO acco-
[UAIUI0 C JPYTHMH BUJAMH, YTO CBUACTEILCTBYET 00 OTCYTCTBUH BBIPAKEHHO-
ro yraeraromiero dQexra co CTOPOHBI COMYTCTBYIOMUX BUAOB [21]. B cHmKeHnn
KOHKYpeHUUHu P. sylvestris ¢ IpyriMH BUJAaMHU, BEPOSTHO, UMEET 3HAYCHHUE TaKKe
€e JKOJIOTHYEeCKasl TUIACTHYHOCTh U CIIOCOOHOCTh 3aHMMAaTh OTHOCHTEIBHO MAajio
MPUTOIHBIE MECTOOOUTAHUSI.

OnTuManbHbIe 3HAUCHUsT A0MOTHYECKUX TIEPEMEHHBIX B JIOKalIbHON BA-MoO-
JIeJIM B 1IE€JIOM COXPaHSAIOTCS, 3a UCKIIIOUeHUEM jauana3oHa 3Hadyenuil TRI, HuxHsA
rpaHulia KOTOPOTO MOoJ BIMSHUEM (akTopa KOHKYpEHIIMH CMECTHIach B 001acTh
YMEPEHHO KPYTHIX CKIOHOB (110 [36]). CoOTBETCTBEHHO, MPOTHO3UpYEMas JIOKAIb-
HO# BA-MOJIE/IbI0 IIOIMIA/h ONITUMAJIBHBIX MECTOOOUTaHUH P, sylvestris cokpaTu-
nack Ha 10,4 % — MOCTAaTOYHO PaBHOMEPHO B MPEKHUX MECTaX JIOKAIH3AIlUU BUIA
(puc. 2, 6).

C yBenuueHUEM aHAIU3UPYEMOU TEPPUTOPUH 10 PETUOHATHHOTO YPOBHS BIIU-
STHHE KIIMMaTHYECKUX B Oporpaduueckux (pakTopoB YCTyIaeT CyMMapHOMY BO3/IEH-
CTBUIO MEXBHJI0BOH KOHKYypeHLUHU. C Apyroil CTOPOHBI, BEPOSITHOCTh OOHAPYKEHUS
B. pendula u B. litwinowii B MeCTOOOUTaHUSX, ONITUMAIILHBIX ISl COCHBI, BAPHHPYET
B mupokux npenenax — ot 0,2 go 1,0. 3Haummoe BO3AEHCTBHE Ha paclpeaeseHIe
P, sylvestris, cornmacHo pernonaiabHoit BA-monenu, coxpansier napametp TRI, Hik-
HUE 3HAYCHHSI KOTOPOTO TEPENnIN B 00IaCTh YMEPEHHO KPYTHIX CKIOHOB Ha 0OIb-
mux BbicoTax. Ilmomans onTtumanbHbIX MecTooOWTaHMM cocHbl Ha KaBkaze moa
BIIHMSTHHEM (haKTOpa MEKBHIOBOW KOHKYPEHIIMH YMEHBIIHIACHh HA 4 %, TUTOIIA b 10-
TEHIIUATLHO MPUTOIHBIX MecTooouTanmii — Ha 25 % (puc. 3, 0).

CriocobHOCTh P sylvestris k pacceneHuto, Win (akTop ITOCTYITHOCTH TEPPH-
TOpUH, UTPACT OONBIIYIO POJIbh B PACIIPOCTPAHEHUH BHIA COTIIacCHO 00erM BAM-Mo-
JISNISIM, OJTHAKO B JIOKAJIbHOM MAacIITa0e BIMSHUE JAHHOTO MPEAMKTOPA 3HAYUTEIBHO
BhIme (Bkiag okono 72 %). TRI u MexxBuaOBast KOHKYPEHIIUS COXPAHSIOT 3HAYUMOE
BIIMSTHHE HA paclpe/ielieHue COCHOBBIX JIECOB B PErHOHAILHOM Mactitabe. [TomBrk-
HOCTBH COCHBI Ha JIOKAJIbHOM ypOBHE orpanndeHa 0—3 KM OT ONTHMAaIbHBIX MECTOOOH-
TaHWH, B peTHOHAIBHOM MacinTade JaHHBIH mokazaTtens gocturaet 0—10 kM. JlaHHbIe
pe3yNBTaThl COOTBETCTBYIOT NMPHUBEACHHBIM CBEECHUSAM O HU3KOM CKOPOCTH paccerne-
aus P. sylvestris [9]. OtHOCHTENT HO BA-MOmenu 1urtomans ONTHMANBHBIX TS BHIA
tepputopuii Ha Llentpansnom KaBkasze ymensimmiach Ha 23 %, cocTaBuB 5,3 ThIC. KM2,
YTO HEMHOTHM MEHBIIIE pazMepa JIy4IIuX MecTooOnTaHui cocHbl Ha KaBkasze.

BrIsiBIeHHBIE 3aKOHOMEPHOCTH MPOTHBOPEUYAT TEOPHH O MPeoOIaTaHuy POJIH
OMOKITMMATHYECKUX MEPEMEHHBIX U (hakTopa MOOWIFHOCTHA B KPYITHOMACIITAOHBIX
MOJIEJIAX PACIPOCTPAHEHHS BUAOB M OONIbIIEMY 3HAYCHHIO MEKBHIOBBIX B3aWMO-
JeicTBU Ha ToKanbHOM ypoBHe [31]. Ha Ham B3misiz, 3T HECOOTBETCTBHUSI CBSI3aHBI
co crennu(UKoi MCCIeIOBaHUN B TOpax, I7Ie PACCETICHUIO BUAOB B IEPBYIO OYepeb
MIPENATCTBYET JIOKaJIbHAsl TOPHO-MEXaHU4ecKast N30SI
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3axnouenue

Monenu ENVIREM npocTpaHCTBEHHOTO paclpeseieHus: COCHOBBIX Jie-
coB llenTpanpHoro KaBkaza BeirogHo oTiauuatorcsi oT mozeneit BioClim+SRTM
MEHBIIINM YHUCIIOM 3HAYUMBIX MPEIUKTOPOB co BkiIazoMm Oonee 10 %, HecnoxHOM
WHTEpIpeTanueil IepeMeHHBIX 110 CYIIECTBYIOIUM IMIKaJlaM, COOTBETCTBHEM OTI-
TUMAaJbHBIX 3HAYCHUN TPETUKTOPOB MPUPOJHO-KINMATHICCKAM YCIOBHUSIM paiio-
Ha WCCIEJ0OBaHUS U (PAKTHUECKOMY PaCIpeelIeHHI0 COCHSIKOB, a TaKKe BBHICOKHM
BKJIAJIOM TOIIOTPa(UUECKOTro apaMmeTpa, 4To COOTBETCTBYET JIOTUKE UCCIICIOBAHUS B
ropax. YcTpaHeHue MyJbTUKOJIJIMHEAPHBIX IEPEMEHHBIX € IToMolilbio Tecta VIF npu-
BEJIO K BBIJICIICHUIO MEHBIIIETO YHCIIa 3HAYMMBIX MPEIUKTOPOB 0€3 YCIOKHEHUS UH-
TEePIPETUPYEMOCTHU pe3yibTaToB. CooTBeTCTBEHHO, HAbOp mepemeHHbIXx ENVIREM,
0TOOpaHHKIX ¢ ncnoiab3oBaHneM Tecta VIF, Oput Ha3BaH HanOoIee TIOAXOASIIUM IS
MOJIETTUPOBAHUSA pacpocTpaHeHus: cocHskoB KaBkasza.

OCHOBHBIMH a0MOTHYECKUMH TPEANKTOPAMHU JIOKATU3AI[UH COCHOBBIX JIe-
coB llenrpanproro KaBkasa siBisitorcst uHieke HepoBHOcTH penbeda TRI u cpen-
HEMECSIYHAsT TMOTCHIIMAIBbHASI DBAlOTPAHCIHPAIIAS CaMOTO CYXOTO KBapTala
PETDriestQuarter, onTuManbHbIE 3HAYEHUS KOTOPHIX COOTBETCTBYIOT JIOCTAaTOY-
HO 3aCYIUIMBBIM y4acTKaM YMEPEHHO KPYThIX CKJIOHOB. BKiiaj JaHHBIX (haKTOPOB
ocTaetcs BBICOKUM B BA-monemn (oxomo 59 %) ¢ ydetom ¢akTopa KOHKYpPEHITHH
CO CTOPOHBI TOPHBIX Oepe3HsikoB (mpumepHO 36 %). B nokamsHOU BAM-Monenu
HanOoJiee BRIpAXKEHO BIUSHUE (DaKTOpa MOCTYMHOCTH Tepputopuit (72 %), omHAKO
JUTSE a0MOTHYECKHX TPEUKTOPOB COXPAHSETCS BEICOKUH KOAPPHUIMESHT TIepMYTalluu
(3149 %). B pernonaipHOM MaciiTade J0Jisi OCHOBHBIX a0MOTHUYECKUX (PAKTOPOB
(TRI u PETDriestQuarter) B BA-monenu He mpebitaet 20 %. bomnbiee 3HaueHne
JUISL pacIpOCTpaHEHHUsI COCHOBBIX JiecoB Ha KaBkasze B I1eIOM MMEET MEKBHUAOBAS
koHKypeHuus (57,5 %). Bxman dakropa AOCTYITHOCTH TEPPUTOPHUIl B MTOCTPOECHHE
peruonansHoii BAM-monenu (39 %) B 2 pa3za MEHbIIE IO CPAaBHEHHIO C JIOKAJb-
HoOU Mozenbto. Takum 00pa3oM, ¢ yBeTMUEHUEM aHaJIH3UPYEeMOH TEPPUTOPHH 3Ha-
YeHne a0MOTHYECKHX MEePEeMEHHBIX U (pakTopa MOABMIKHOCTH B PACIPOCTPAHEHHUH
P sylvestris na KaBka3e cHMKaeTcCsi, BO3pacTaeT pojb MEXKBHIOBBIX B3aUMOJICH-
cTBuii. Ha nokambHOM ypoOBHE, HalpOTHB, MECTOTIOIOKEHHE COCHOBBIX JIECOB B
OOJIBIIICH CTENIEHH OIpeNeNseTCss OMOKIMMATHYECKIMH TTapaMeTpaMu B JOCTYITHO-
CTBIO TEPPUTOPHUI, UTO B IICJIOM JIOTUIHO, YUUTHIBAsI BRICOKUH YPOBEHH JIOKAIBHON
TOPHO-MEXaHUYECKON M3OJISAIIHH.

PacnpocTpanenue oCHOBHBIX MaccHUBOB cOCHsAKOB llentpanpHoro KaBkaza
CIIPOTHO3WPOBAHO IO TOPHBIM CKIIOHAM YIIENWi B HanOoliee 3aCyNITNBBIX 3amaj-
HbIX paiioHax. Ha KaBka3e B 11e710M moTeHIMaNbHBIE MecTOOOUTaHus P. sylvestris
ITUPOKO TIPEACTABICHBI B TOPHBIX paiiOHaX C pa3HOOOPA3HBIMHU KINMATHICCKUMU
u oporpaduveckumu ycioBusiMu. [lpu 3tom, cormacao BAM-mopensam, muiomnanb
ONTUMAIILHBIX MeCTOOOUTaHui Buaa Ha LleaTpanpHom KaBkasze cocTaBiseT OKOJIO
96 % oT TakOBO IJI BCEro 3KOperuoHa. PacmnonoxeHue 31eCh OCHOBBI KABKa3CKO-
rO apeajia COCHbI MOXET OBITh OOYCJIOBIICHO JIOKaJIU3alueld Ha JaHHOW TEPPUTO-
PUH MEXIIETHUKOBBIX peQyruyMOB BH/Ia U MEIJIEHHBIM pacCcelleHueM COCHBI U3-3a
TOPHO-MEXaHHYECKON M30MsAIuu (OJBMKHOCTh BUAA — 0—3 KM OT ONTHMAaJIbHBIX
YYaCTKOB).
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Annomayus. OnHMCaHO COCTOSTHUE M DKOJOTO-IIEHOTHYECKas (TapleiuispHas) CTpyKTypa
pouu, chopMUPOBAHHOM COCHOM MOTpeOaNbHOM, UK MOTHIBLHOH (Pinus % funebris Kom.),
B [Ipumopckom kpae (Yccypuiickuii paiioH). Takue poiy — ocTaToqHbIe ()parMeHTHI PEIHK-
TOBOI COCHOBOM (hopManny YHUKaJILHOW HE TOJBKO JUIs Kpasi, HOo u aist Poccun. Ouu npu-
YPOUYCHBI K CyXHM CKJIOHAaM IOXKHBIX SKCHO3HMIHUH, NOABEPKEHHBIX 00JIee YaCThIM JIECHBIM
Mo’Kapam, 4eM JpyTrue 3KOTOMIbI. DTO CO3/AAET pealbHyI0 YIPo3y NOTHOIO UCUE3HOBEHHUS pe-
JIMKTOBBIX COCHSKOB. IIpoOiiema coxpaHeHust popMaIiy COrIacyercsi ¢ He0OXOAMMOCThIO
U3y4YCHHS MTPOCTPAHCTBEHHON (Maple/UIspHO) CTPYKTYPbl 1 MOHHUTOPHHTA COCTOSTHHSI CO-
CHOBBIX IIeHO30B. Ha ckiioHe B polie 3ai0keHa MpoOHas IIIoNa b, Ha KOTOPOH JeTalb-
HO OINHMCaHBI M 3aKapTHpoBaHbl B Macimtade 1:100 Bce sipychbl pacTHTENBHOTO MOKPOBA, C
MOCJIETYIONUM TTOIIapHBIM CPaBHEHHEM KapTOCXEM M BBIJICJICHHUEM Mapleiul (B TPaKTOB-
ke H.B. [Ipunca). JleranbHble HaOmoneHus 3a pouieid Bexytes ¢ 1992 . DkerpeMaibHbIe
YCIIOBHSI TIPOM3pAcTaHusi 00yCIOBWIM HU3KHH YpOBEHb BHIOBOro OorarcrBa Bcex coo00-
IIECTB Ha U3yUYEHHOM U COCEAHMX CKJIOHaX. COCTaB BHJOB HI)KHUX SIPyCOB B COCHOBOI
polie U nyOHsKE, CMCHUBIIEM COCHSIK, OJMHAKOB M INPEJCTaBICH KCepOUTHOH (Iopoii.
B momnecke 06oux THIOB Jieca MPUCYTCTBYIOT 2 BUAA, B TpaBsiHOM sipyce — 19. B 2003 1.
B poluie ObIIO BBLICICHO 5 mapueiul: 3 ¢ JOMHHHUPOBAHHUEM COCHBI (COCHOBAsl OCOKOBas,
COCHOBasI PEJKOIIOKPOBHAs, COCHOBAsI C [yOOM pa3HOTPAaBHO-OCOKOBasi) U 2 C JOMHHHUPO-
BaHMeM j1y0a (ayOoBast ¢ cocHOH (kcepoduTHas) u 1yOoBasi MApbTHHUKOBO-0COK0Bast). Oc-
HOBA POIIY — COCHOBAsI OCOKOBAs Mapliesijaa ¢ MaTepUHCKUM JIpeBocToeM. B Hell Hauancs
pacnaja ApeBOCTOs, XOTS OH €llle He JOCTUT mepecToiiHoro Bo3pacta. K 2019 r. ocranocs
4 mapuenssl: U3-3a Nepexo/a MNoApoCcTa COCHBI B KATETOPUIO APEBOCTOS TIOIAb COCHOBOI
PEAKOIOKPOBHON MapleIbl paclpeieayiach MeXly CMEeKHbIMU NaplueiaMu. Hanuuune B
«tyOOBBIX» Maplesiax JepeBhEB W MOIPOCTa COCHBI XOPOUIETO )KU3HEHHOTO COCTOSHHS
MO3BOJISIET IPEAINONIOKHUTE CMEHY B 9THX Hapleiax Jayba cocHoi B 0003pumMomM Oymymiem,
IPU YCIOBUU OTCYTCTBHSI IOXKAPOB.

Knrwouegvie cnosa: Pinus % funebris, Quercus mongolica, cocHOBas polla, Jerpaganus co-
CHSIKOB, MapleJijia, SKOJOTHUeCKUI MOHUTOPUHT, [IpuMopckuil kpai
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Abstract. The condition and ecological-cenotic (parcel) structure of a grove formed by
the Japanese pine (Pinus % funebris Kom.) in the Primorski Territory (Ussuri District) are
described. Such groves are the residual fragments of a relict pine formation unique not only
for the Region, but also for Russia. They are confined to the dry slopes with southern expo-
sures, which are subject to more frequent forest fires than other ecotopes. This creates a real
threat of complete extinction of the relict pine forests. The problem of preserving the forma-
tion is consistent with the need to study the spatial (parcel) structure and monitor the state of
pine cenoses. A sample plot has been laid out on the slope in the grove, where all the layers
of vegetation cover have been described in detail and mapped at a scale of 1:100, followed
by a pairwise comparison of schematic maps and allocation of parcels (as interpreted by
N.V. Dylis). Detailed observations of the grove have been conducted since 1992. Extreme
growing conditions have resulted in a low level of species richness of all communities on
the studied and adjacent slopes. The composition of species in the lower layers of the pine
grove and the oak forest that has replaced the pine one is the same and is represented by xe-
rophytic flora. There are 2 species growing in the undergrowth of both forest types and 19 in
the herbaceous layer. In 2003, 5 parcels have been identified in the grove: 3 with pine domi-
nance (pine sedge one, pine sparsely-covered one, pine with oak forb-sedge one) and 2 with
oak dominance (oak with pine (xerophytic) one and oak cow wheat-sedge one). The basis of
the grove is a pine sedge parcel with the parent tree stand. The stand began to disintegrate in
it, although it has not yet reached a mature age. By 2019, there have remained 4 parcels: due to
the transition of pine undergrowth to the stand category, the area of the pine sparsely-covered
parcel has distributed between adjacent parcels. The presence of trees of pine undergrowth in
good vital condition in the “oak” parcels of trees or pine undergrowth allows us to assume a re-
placement of oak with pine in these parcels in the foreseeable future, provided there are no fires.

Keywords: Pinus x funebris, Quercus mongolica, pine grove, degradation of pine forests,
parcel, ecological monitoring, the Primorski Territory
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Beeoenue

Jleca ITpumopckoro kpas BKIIOYeHbI BeeMUpHBIM (POHIOM AMKOI MPUPOIBI B
CITUCOK 0CO00 IIEHHBIX TPUPOTHBIX 00HEKTOB IITaHEThI. HaChIIIIeHHBIE pETMKTOBBIMH
Y 9HJCMHYHBIMU BHJIaMH, OHM HE B COCTOSIHUU MPOTHUBOCTOSTH aHTPOIOTCHHOMY
npeccy. B coorBercTBuM ¢ TiaBHOM crparerneii KoHBeHLIMH O OMOIIOTHUECKOM
paszHoobpasun [29] UCKIIOUNTETHHO OONBIIIOE 3HAYCHUE UMEIOT COXpaHEHHE U BOC-
CTAHOBJICHHE BHJIOBOI'O M SKOCHCTEMHOIO OMOpa3HOOOpa3usi TaKUX JIECOB KaK OC-
HOBBI CO3/IaHUs OJIarONMPHUSATHON cpenbl OONTaHus YeloBeKa. B mepByto ouepeap 3To
OTHOCHUTCSI K COCHOBOH popmaruu.

B nauane ocBoenus kpas B XIX B. COCHsIKM ObUIM OAHOM W3 IIaBHBIX (opMa-
nuid. Kanuran kopiryca JecHUYHX JiecHOTO BenomcTBa A.D. bynumies [2] ormewait,
4TO COCHOBBIE Jieca B [IpuMopbe MpeBOCXOASAT MO BBICOTE JIMCTBEHHBIE M 3aHUMAIOT
HAaCTOJILKO OOIITMPHBIE IIOMIAIHN, YTO CBECTH JaHHBIE IPEBOCTON HEBO3MOXKHO. B 1-i
MIOJIOBUHE TMPOIIJIOTO BEKA COCHSKH MpouspacTtanu Ha momany 10 300 teic. ra [10,
25], HO B pe3yJbTaTe XO3SIMICTBEHHOU NEATEIBLHOCTU U CBSI3aHHBIX C HEU MOXKAPOB
OHHM TTOYTH MTOBCEMECTHO HcUe3nr. Ha CKITOHaxX F0JKHBIX DKCIIO3UIINI COCHOBEIE Jieca
cMeHWIHCh nyOHsikamu u3 Quercus mongolica Fisch. ex Ledeb., Ha paBHuHAX ObLIN
YHHUUYTOXEHBI TIOJIHOCTHIO. B HacTosmee Bpems cocHoBas (hopmarus B [Ipumopckom
Kpae camasi MaJICHbKasi — 3aHUMaeT Bcero 3,9 ThiC. ra, uto coctaisieT He oonee 0,04 %
OT JIECONOKPHITOH Iiomaau cyoperuona [16].

I'maBHBIE NecooOpasyronue BUbI (POPMAIMH: COCHA TyCTOLBETKOBast (Pinus
densiflora Siebold et Zucc.) u cocHa MorunbHas, uian norpedansuas (P X funebris
Kom.), — momamopdustit tubpun P. sylvestris L. u P. densiflora [1]. O6a Buna mpen-
CTaBIISIIOT HEMOPAJbHYIO (JIOPY M OTHOCATCS K JKOJOTMYECKOMY THUITY PEJIUKTOB
FOKHO-MaHBIKYPCKUX KcepohuToB [22]. OHM OIM3KH KaK MO OMOJOTHYECKUM, TaK
U TI0 DKOJIOTHYECKUM CBOMCTBaM: MCKIIIOUUTEILHO CBETOJIIOOWBBI, HETPEOOBATEIb-
HBI K TUIOJOPOJMIO ¥ BIIAYKHOCTH TIOYB, XOJIOJIOCTOMKH U, KaK CIEACTBHE, 3aHUMa-
FOT CXOIHBIE MECTOOOUTAHHS — CyXHe WHCOJIMPYEMbIE CKIIOHBI FO’KHBIX IKCIIO3UIINH.
Ha rpanmuiie COmprKOCHOBEHUS apeajoB 3TH COCHBI BU3yalbHO TPYJIHO Pa3IHUUTh.
[Ipunumas BO BHUMaHUE pe3yabTarbl u3yueHus coceH Ilpumopss B.M. YpycoBbim
[20-22], buomopdomoruueckux [14, 17] u kapuonoruyeckux [7, 8] ucciemoBanui,
CYHTaeM, YTO Ha TEPPUTOPHH Kpasi B OCHOBHOM mpom3pactaeT P. X funebris Kom.

B otporax Bocrouno-Manpwkypckux rop u rop Ipxkesansckoro (FOxHbIf
CHXOT3-AIlMHB) COCHSIKM TPEJCTaBICHBI HEOONBIIMMHU POIIAMUA U OJWHOYHBIMH
JIEPEBBSIMH C PACCTOSTHIEM MEXTy HUMH B HECKOJBKO JECATKOB KuiiomeTpoB. Oba
BUjia COCHBI B 80-¢ IT. MPOIUIOro Beka ObLIM OTHECEHBI K ucuesaromum [24]. Bo
n30ekaHue moHou notepu ee opmanuu B [IpuMopckoM kpae HE0OXOIUMO BBISIBUTH
3aKOHOMEPHOCTH CYKIIECCHH B COCHOBBIX JIeCaX, Ha4aB C y4eTa BCEX TPYMIHPOBOK
BUa [22] ¥ M3yYeHHS UX DKOJIOTO-IIEHOTHUYECKOH (MapIeUIIPHON ) CTPYKTYpBL. AHAIN3
CTPYKTYpHI (HUTOICHO3a KaK pe3ysbraTa (yHKIIMOHHPOBAHUSI COOOIIECTBA JaeT
mddepeHIMpoBaHHYIO XapaKTEPUCTUKY €ro OpraHH3aliy U TOKa3blBaeT 3HAYCHHUE
KaKIOT0 KOMITOHEHTa B JIeCOOOpa3oBaTeab-HOM Tporecce [5, 7, 26, 28, 30, 32]. Mo-
HUTOPHHTOBBIC UCCIIC/IOBAHHS B COCHOBBIX POIIAX MO3BOJISIIOT OTBETUTH HA MHOTHE
BOITPOCHI, KAaCAOIIHeCs COXPAHEHHS U BOCCTaHOBIICHUSI OMOPa3HOOOpa3usi COCHSIKOB.

Lenp Hame#l pabOThI — U3YYUTH HKOJIOTO-LIIEHOTUYECKYIO (MapUeUIIPHYIO)
CTpyKTYpy TuUnu4Hoi s FOxkHoro IlpuMopbs pelMKTOBOW COCHOBOW POIIHM C
y4eTOM TpaHcopManuu ee GUToIeHo3a 3a 16 er.
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Obvexmubl u Memoowbl UCCAEO08AHUS

Paiton uccienoBaHus HaxOQUTCA B IOT0-3allaJHOM 4acTH YCCYpHUMCKOTO aj-
MUHUCTPATHBHOTO paliOHa Ha CKJIIOHAX 3araaHbix oTporoB rop llpxesansckoro. 1o
Ooranuko-reorpadudeckoMmy paionuporanuto b.I1. Konecaukosa [9] aTa Tepputo-
pHsl OTHOCHUTCSI K FO’KHOMW TO/I30HE CMEIIAHHBIX XBOWHO-IIIMPOKOIUCTBEHHBIX JIECOB
FOKHOM (parut KeIPOBHUKOB C MIMXTOMU IETBHOIMCTHON 6aCCEHHOB PEK, BIATAFOIIIHX
B 3amuB [lerpa Benuxoro. JI.11. Hazumona [ 13] BkiIrounia ee B 30HY CMEIIAHHBIX IIIH-
POKOIMCTBEHHO-XBOMHBIX JIECOB C AYyOOM JabHEBOCTOYHOTO MYCCOHHO-KOHTHHEH-
TaJBHOTO CeKTopa. B maHHOM palioHe B CMEKHBIX OacceliHax Oe3bIMSIHHBIX PyYbeB,
BITaJaroImux B p. VIBHs4Ka (TipaBoOepekHBIN MPUTOK p. KoMapoBka), pacroararorcs
necHbie yroans [opHoTaexxHoi craniuu um. B.JI. Komapoga.

[Ipuponusie ycnoBusi pailoHa HCCIIEAOBaHUS PEMPE3EHTATHBHBI JJIsI BCETO
toxHOTO [IpuMopsst. OHK onpenensroTcs MpeodiaanneM TOPHOTO pebeda MpH OT-
HOCHTENIFHO HEOOMNBINOW BBICOTE HAJ YPOBHEM MOps (MaKCHMaJbHbIE OTMETKH HE
6osee 700 M) 1 BIUsTHUEM TerToro TeueHus Kypocrno. Kimumar MycCOHHO-KOHTHHEH-
TaJbHBIA C MOPO3HON CyXO# 3UMOi1 (Temreparypsl ssHBaps — ot —25 10 —40 °C) u te-
TUIBIM BJIQKHBIM JIeToM (Temneparypsl utoiisi — oT +20 °C) [4]. Cpeanerogosas cymma
TEMIIEpaTyp 3a MEePHo C TeMIlepaTypamMu Bo3ayxa Beime +5 °C cocTaBiseT OKOJIo
3000 °C; cpenHeroaoBoe KonudecTBo ocaakoB — 650—700 MM rox!. OCOOCHHOCThIO
KJTUMara clie/lyeT Ha3BaTh BECEHHHUE U MMO3HEOCEHHHE 3aCyXH, COTPOBOXKIAIOIIHECS
OOHIMPHBIMU JIECHBIMU MOXapaMu, 0COOCHHO Pa3pyLIMTEIbHBIMA Ha KPYTHIX FOXK-
HBIX CKJIOHAX.

30HaJbHBIE TIOUBBI — Oypble JiecHbIE. MM npucymm ciiabokucias peakiys, Bbl-
COKasl CTETIEHb HACHIIIEHHOCTH OCHOBAHMSAMU 1 MHTEHCHBHAs MUHEpaJIN3alysl pacTu-
TENBHBIX OcTarkoB — 70 70 % TOAWYHOTO OIMaja; MOIIHOCTh TOACTHIIKA PaBHIETCS
1-3 cM. B 3aBUCHMOCTH OT 3KCMO3UIIMOHHON MPUYPOYEHHOCTH CBOWCTBA TIOUBBI CHJITh-
HO BapbHUPYIOT, YTO TPOSBISIETCS B MPOAYKTHBHOCTH JIECHBIX COOOIIECTB. 3amachkl
JIPEBOCTOEB B YEPHOMMXTOBO-IIUPOKOJIMCTBEHHBIX JIeCaX B HIDKHMX M CPEOHUX da-
CTAX CEBEPHBIX CKIOHOB (Oypble TOpPHO-JICCHBIEC TIOYBBI HA CIa0O0CKETIECTHBIX CYIJIMH-
kax) gocturarot 1000 m3-Ta! [3], a BO BTOPHYHBIX Jiecax IKHBIX CKIIOHOB (TPyOOCKe-
JIeTHBIE KaMEHHCTBIe Oypble TOpHO-JIECHBIE MOUBhI) He Tpesbimarot 100 m3-Ta! [10].

30HaNBHBIE THITHI JIeCa — CMENIAHHBIE XBOWHO-IINPOKOJINCTBEHHBIE C BBICO-
KHAM Pa3HO00pa3reM TEeIIONIO0OUBBIX PETUKTOBBIX BUOB. Ha Oonbliei Tepputopun
Kpasi KOpEHHBIE Jieca CMEHWINCh BTOPHYHBIMU Pa3HOH CTEIIEHN HAPYIIICHHOCTH.

OOBeKT HccnenoBaHus — €ANHCTBEHHAS B Jlecax | OpHOTaeXHOM CTaHIIMK COCHO-
Bas poia. OHa Mpou3pacTaeT Ha I’KHOM CKJIOHE IPUMEPHO B 8 KM K CEBEPO-BOCTOKY OT
roc. ['opHOTaekHOE (KOOPIMHATHI CEBEPO-BOCTOUHOTO yIiia—43°42" ¢. mr. m 132°11'B. 1.;
abcomoTHast Beicota — 195 M Hax yp. M.). PaccrosiHue oT BomopasienbHON JTMHUU IO
nofgHoxkus ckiona — 120—130 m. TTokarocts Bogopaszaena cocrapisieT 3—5°. B Bepxueit
YaCTH YKJIOH BapbupyeT oT 15° 1o 25-27°, Ha oTAeNbHBIX y4acTkax — 10 50°.

CocenHue CKIIOHBI I’KHOW SKCIO3UIUM 3aHSTHI BTOPUYHBIMU CYyXHMH J1yO-
HSKaMHU: OCOKOBBIMH — Ha BOJIOpa3ziesiaX, 1 MapbIHHUKOBO-OCOKOBBIM — B BEpXHEH
94acTH CKJIOHOB. [lyOHSIKM BOCCTaHOBHIIMCH Ha MECTE, TIe paHee Mpou3pacTaiu co-
CHSIKH, YTO TIOATBEPIKIAETCS HISHTHYHOCTHIO pelbe(ha MECTOOOUTAHHIA U TTOTHBIM
CXOJICTBOM BHJIOB-CIIyTHUKOB J1y0a u cocHbl [15]. [TouBa, 1 B COCHsIKax, U B TyOHS-
Kax, XapaKTepHU3yeTcs KaK APECBSIHO-IIEOHUCTAs], TyMYyCOBBIH TOPU30HT OTCYTCTBYET
nm MaomoInrHbeli. Kitacc 6onurera — V.
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Pomia npencrapiieHa 4MCTON KypTHHOM COCHBI, 3aHUMAIOILIEH y4acTOK BOJO-
paszena u MpUBOI0PA3IEIBbHOM MOJIOCH C KPYTHIM YKIIOHOM, HEOOJIBIIIMMU COCHOBBI-
MU IPYyMIaMA U OTACIbHBIMHU JCPEBbIMU COCHBI, PACTYIIUMHU B CMEKHOM JTyOHSIKE.
C ceBepHOU CTOPOHBI KYPTUHA IIPUMBIKAET K YACTOMY JYOHSIKY MapbSHHUKOBO-0CO-
KOBOMY C TIO/TIECKOM 13 Jtectienienibl (Lespedeza bicolor Turcz.). IIpoTsikeHHOCTH co-
CHOBO POIIH ¢ BOCTOKA Ha 3amaa — 60 M, ¢ ceBepa Ha 1or — oT 20 10 40 M. [Lnomans —
0,15 ra, B mocienuue 30 jeT 2T0 3HaYeHHE HE U3MEHIWIOCH. B 1992 1. ObLI0 BBINOII-
HEHO TITa30MEPHOE OMUCAHKE U OIPEIEIICH BO3PACT IPEBOCTOS POIIIH.

J1J1s1 HeHOMOMyY ISIMK COCHBI XapaKTepeH OO0JbIION pa3dpoc AnaMeTpoB CTBO-
J0B — OT 6 110 40 cM, 00yCITOBIICHHBIN KaK pa3HUIICH B BO3pacTe, TaK U HEOIAronmpu-
SATHBIMM YCIIOBUSIMH NPOU3pacTaHus. BONBIIMHCTBO COCEH, pacTyIUX HHUKE BOAO-
pa3aenbHON TIOJI0CHI, MOJIOXKE IO CPAaBHEHHIO C APEBOCTOEM KYPTHHEI.

Bo3o0HOBIIEHNE Ha CKIIOHE HEY/IOBIETBOPUTEILHOE, 32 HCKIIOUCHHEM «OKHAY)
C I0T0-3aMa/IHOM CTOPOHBI KypTHHBI COCHBI, 00pa30BaBIIETOCS B pe3y/IbTaTe BhIBaIa
OJTHOTO M3 OITyIIEYHBIX AepeBbeB. llommecok penkwii, pacrpeneneH HepaBHOMEp-
HO, B OCHOBHOM B CpEJIHEH W HWXHeW 4acTsax ckioHa. OH o0pa3oBaH €IMHUYHBI-
MU TPYNIUPOBKaMU popoaeHapona (Rhododendron mucronulatum Turcz.) BbICO-
toit 0,7-1,0 M ¥ OIMHOYHBIMHU TOJIYCYXUMH OCOOSIMU Jiectieielibl. TpaBsHbIN sSpycC
paspekeH, B HEM pacTyT Kcepo(uTHbIC BUIBI OCOK U pa3HOTpaBbs. B KypTuHe co-
CHBI OOBIYHBI 0COKHU HU3eHbKas (Carex nanella Ohvi) u Xapkesuua (C. charkeviczii
A.E. Kozhevnikov), B 1yOHsIKEe ¥ Cpeli MOJIOIIBIX COCEH — 0COKa HU3EHbKAs, MapbsH-
HUK pO30BEIH (Melampyrum roseum Maxim.), oBCsSHUIIA OBeUbs (Festuca ovina L.),
cMoJieBka kopeiickas (Silene koreana Kom.), noseiau noxmaras (Artemisia pannosa
Krasch.) u moberonocHas (4. stolonifera (Maxim.) Kom.) u mp.

HccnenoBanue mpoBOAMIIOCH HAa MOCTOSHHBIX MpoOHBIX mmiomazsx (I1I1IT),
3aJIOKEHHBIX Ha CMEXHBIX CKIIOHax B cooTBeTcTBUU ¢ OCT 56-69-83 «Ilnomann
poOHBIE JTlecoycTponuTenbHble. Meton 3akmankm». Pasmep IIIII ¢ cocHoBoOM poreit
40 x 70 m. Ona 3anoxena B 2003 1. B Hee Boluid Bce OKpPY>KaIOIIUE POILY HIEHOIE-
MEHTHI (TTapIeuIbl) COO0IIecTBa, BKIIIOYast (hparMeHThl AyOHSKa C IePEBbIMH COCHBI.
B ron 3aknanku 1eTansHO OMMCAHBI MECTOTIONOKEHUE U KOJIOTHYECKHE YCIIOBHS POIIH,
BBISIBJICH €€ MOJHBIN ¢nopuctuueckuii coctas. B 2019 r. TIIIIT Obuta nmepeonucana.

TakcanmmoOHHO-JIECOBOACTBEHHOE M T'e00OTAaHMYECKOE ONMCAHWSA BBITIOTHE-
HBI cornacHo MetoaudeckuM ykazanusim B.H. Cyxkauesa [19] u A.W. Ytkuna [23].
JnameTpsl 1epeBbeB U3MEPSINCh MEPHOW BHIIKOW, WHOT/A IITAHTEHIUPKYJEM, Ha
BbIcOTE 1,3 M OT OCHOBaHHS cTBOJNIA ¢ TOYHOCTHIO 10 0,1 cM. BricoTer ompenens-
Jnuck KuHOMEeTpoM Suunto PM-5 ¢ Tounocteio 10 0,1 M. ¥V BbIBaJICHHBIX 1EPEBHEB
(PUKCUPOBAINCH TUAMETP, BBICOTA M JUIMHA OOKOBBIX MPHUPOCTOB MOOETOB (KOHIIBI
CKeleTHhIX BerBell). [lomyueHHble NaHHBIE OOpa0OTaHBI CTAHJAPTHBIMHU METOJA-
MH BapHaIlMOHHON CTaTUCTUKH C MPUMEHEeHHeM IporpaMmbl Microsoft Excel. Ilpu
nepeyueTe JPEeBOCTOs OTMEYAIUCH KU3HEHHOE COCTOSIHUE U OCOOCHHOCTH KaXKJIO0TO
nepeBa (00uphl KOPBI, MOPO30OOHMHEI 1 JIp.). TakcallmOHHBIE TTOKA3aTeNN PACCUUTHI-
BaJIMCh TI0 PETHOHAIBLHBIM HOpMaTHBaM [ 18] ¢ mocnemyronmm nepecyerom Ha 1 ra.
Onucanue NoApocTa NPOBOIUIOCH Ha 3 IIIOMIAAKaX BEIUIMHON OT 9 10 16 M2. Y Mo-
JIOABIX JIEPEBEI] OIPEIEIIINCh BO3PACT U )KU3HEHHOE COCTOSIHHUE, YCTaHABINBAJIACh
BBICOTa, IPUPOCT BEPXYLIEYHOTO MoOera 3a MOCICAHNUHN TOfI.

Bonpiioe BHIMaHNE yAETSIIOCH TPABIHOMY APYCY, UyTKO pearupyromemMy Ha
CMEHY BHYTPHULEHOTHYECKHX yCcIOBUH. DUKCHPOBAINCH BUAOBOW COCTaB, rabUTycC,
obwuwme 1o mikane lpyne u MpoeKTUBHOE MMOKPHITHE TPAB.
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B kauyecTBe MIaBHOTO IIEHO3JIEMEHTA BhIOpaHa Maplieiijia — 3JIeMEHTapHas U
HeJleMMast €IMHUIA TOPU30HTAIBHOTO pacwiieHeHus onoreorienosa. [lo onpenene-
auto H.B. /{putnca [6], mapreisl JOIDKHEI OBITh OJJHOPOIHBIMHE IO BUIOBOMY COCTa-
BY, IPUYPOYCHHOCTH K IKOTONAM, crienn(ruke B3auMOCBSI3eH U MaTepuaIbHO-3HEP-
TeTUYECKOTO OOMEHa MEKy KOMITOHeHTaMU. /)i BBIIeTIeHHS MTapIiesll IPUMEHSIICS
METOJI KapTUPOBaHUsI BCEX SPYCcOB (urorieHo3a B Maciutade 1 : 100 ¢ mocueayronmm
HAJIO)KEHUEM KapTOCXeM M CPaBHUTEIBHBIM aHAINM30M SPYCOB C YYETOM YCIOBHM
obutanmst. OMHOBPEMEHHO C KAPTUPOBAHUEM W JICTATLHBIM OMHUCAHUEM PACTHTEIb-
HOTO TIOKPOBA MapIIeill XapaKTEPU30BaICS MUKpPOpEIbed.

Pezynomamot uccnedosanust u ux oocyzncoenie

B pactutenbHOM MOKpoOBE Ha CKIIOHE ¢ cOCHOBOHM pomieit B 2003 1. 4yeTko
BBIJICTISUTHCH S TIAPIEII, B T. 4. 3 C TOCTIOJICTBOM COCHBI: COCHOBAs OCOKOBasi, COCHOBAS
PEIKOTIOKPOBHASI, COCHOBASI C TyOOM pasHOTPABHO-OCOKOBAS, M 2 ¢ Mpeo0IalaHueM
ny06a — my0oBasi MaphsIHHUKOBO-OCOKOBAasl U Jy0OBasi ¢ COCHOM (kcepodurHas) [12].
K 2019 r. ux yucno cokparuioch /10 4. Bce cocHOBBIE mapuesuibl pacrnojaraiiuch
psoM ApyT ¢ apyrom (puc. 1), 3aHuMast BOJOpas/en U CIyCKasiCh BHU3 110 CKJIOHY JI0
BbICOTHI 40 M Hax yp. M.
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Puc. 1. [1apuensipHasi CTpyKTypa COCHOBOM poly ¢ paznuuei B 16 set: a — 2003 r;

6 —2019 1. (1 — myGoBast MapbTHHHKOBO-0COKOBas mapueimia (I MpH-oc); 2 — cCOCHOBast
ocoxkoBas (C oc); 3 — cocHoBas penkoniokpoBHast (C pi); 4 — cocHoOBas ¢ 1yoomM
pasHotpaBHo-ocokoBast (C ¢ /] pr-oc); 5 — nybosas ¢ cocHoit keepoduthas (/] ¢ C keep))
Fig. 1. The parcel structure of a pine grove with a difference of 16 years: a —2003; 6 — 2019
(Parcels: 1 — oak cow wheat-sedge parcel; 2 — pine sedge; 3 — pine sparsely-covered;

4 — pine with oak forb-sedge, 5 — oak with pine xerophytic)

B 1992 r. na cknone HacunThIBasoch 73 B3pocibix cocHbl. K 2019 r. 14 u3 Hux
BbITIao, 20 COCeH Mepemnnio U3 MOAPOCTa B KATETOPHIO IPEBOCTOA.

Camast OomblIas U3 COCHOBBIX Maple/l — COCHOBAask OCOKOBasl Ha IJIOCKOU
BEpUIMHE BOJOpPA3Zeia U y3KOM IpHuBoaopa3aeibHoi nojoce. [Ipu atom k 2019 1.
OHa elie yBenn4miach B 1,4 pasa o cpaBHeHuro ¢ yuerom 2003 r. (tadu. 1).

OCHOBY napIiesuIbl COCTaBIIeT KypTHHA COCHBI. BenmnynHa U KOHTYPHI KypTH-
HBI 32 16 €T He n3MeHmIHch. Pa3Menienne qpeBoCcTosl paBHOMEPHOE, COMKHYTOCTh
KPOH 3a nepuoj HaOmoneHuit Obiia 6nuska k 1,0. J1i1s1 epeBbeB THIMYHBI CyKOBaThIe
IIIPOKHUE KPOHBI ¢ 2—3 MIOCKUMHU BepinHamMu. HibkHUe CKelIeTHbIE BETBH Y MHOTHX
KpoH HauuHatoTcs ¢ 1,0-1,5 M oT ocHOBaHUs CTBOJIA.




118 «H3BecTns By30B. JlecHoii skypHam». 2025, Ne2 ISSN 0536-1036

TabGuuma 1

Inomanu mapuesa B 2003 u 2019 rr., %
The parcel areas in 2003 and 2019, %

IMapuemna*
Obrex Tromaz, u? Fon O wmpr-oc | Coc | Cpn |Cc Hpr-oc| [ c Ckecep
2003 45,5 21,0 | 12,1 10,4 10,9
T 2800 2019 452 29,9 — 13,6 11,3
CocHoBas 1535 2003 — 38,5 | 223 19,2 20,1
poria 2019 — 54,5 — 24,8 20,7

* YcnoBHbIE 0003HaUEHHS — CM. pHC. 1.

B 1992 . Bo3pacT niepeBbeB B KypTHHE BapbHpoBall oT 44 10 68 JieT, AuaMeTpsl
cTBOJIOB — OT 16 110 38 cM. 19 Gonee Monobix (16—26 jieT) TOHKOMEPHBIX JICPEBBEB C
JUaMeTpaMH CTBOJIOB 7—12 cM poCiy MO OMYLIKEe KypTHHBI U 3a €€ MpeeiaMH.

B 2003 r. 60/1bIIMHCTBO AEPEBBHEB BBIMVISCIN 340POBBIMH (PHUC. 2), HO MHOTHE
YK€ UMEJIU PU3HAKH, CBUJETEIbCTBYIOIINE O HEOIaronoIy4HOM COCTOSIHUS IPEBO-
CTOSI: TIOXKapHBIE MTOJICYIITUHBI, JIETHBIE OTBEPCTHS CTBOJIOBBIX BPEIUTENICH B HIKHEH
YacTH CTBOJIOB, BBIOJIOBI IATIIOB. Y KPYIHBIX JIEPEBHEB BCTPEUAIHCH JTyOOIEPEHBI
JTUKAX KaOaHOB.

K 2019 r. B KypTUHE HE3HAYUTEIBHO YBEIMUYMUIUCH PA3MEpPbl JEPEBHEB U HA
15 % camsmics 3amac. B mporecce camon3peXuBaHNs W BO3EHCTBHA HEOIAronpu-
ATHBIX ()aKTOPOB YHCIIO JepeBbeB CoKpaTmiioch Ha 32,1 % (Tadm. 2).

TabGuumna 2

TakcanoHHbIE MOKA3aTeJH KYPTHHBI
The inventory parameters of the clump

Yucno nepesb- | CpemHue ¢ ommOKoi Cymma anac | Comi
Bospacr, | €B, IUT.- Ta”! | 14 pacTyIUX JepPeBbeEB | mormazeit Y
Ton . coucHs JIpEBECH- |  TOCTh
pacrty- JaMeTp, 3
HBI, M KpOH
X CyXHX oM BBICOTA, M | 0o 0B, M2 > p

1992 [17]| 56 53 0 [24,0£1,02]10,5£0,92| 2,612 19,6 1,0
2019 78 36 9 126,9+1,23|11,4+1,43| 2,056 16,5 0,8

B Hacrosiiiee Bpems B KypTHHE NpeoOnafaroT GpayTHbIE AEPEBbsI C CyXHUMH CKe-
JICTHBIMU BETBSIMH B Pa3peKEHHbIX KpoHax (puc. 3). KuBble BETBU COCPEOTOUCHEI B
BEPXHEH 4acTH KPOH U BIIOJIb OCBELICHHOI CTOPOHBI cTBOJNA. Exkeronnslii npupoct 60-
KOBBIX IT00ETOB cocTaBsieT Bcero 5—7 (10) e, mpu cpemxneM 3HadeHnH 6,57+0,65 cM.

Bo306HOBIEHNE B ONMCBHIBAEMOH NapIeslie HEYAO0BIETBOPUTEIBHOE, 38 UCKITIO-
YEHHEM OKOH, 0Opa30BaBLIMXCSI HA MECTE BBIIIABIIUX IEPEBbEB. B OKHAX eAMHUYHEI
0co0u TopocTa COCHBI BBICOTOM 10 0,4 M 1 camoceB (2—3 2k3.-M 2). [1o kpato maprien-
JIbI BCTPEUAETCS YaXJIblii CaMOCERB Jy0a U OTMHOUHBIE JICPEBIIa OCHUHBI BBICOTOM 710 2 M.

Apyc noanecka He BeIpaxeH. 13 KyCTapHUKOB €IMHUYHBI TIOJIYCYXHE DK3EM-
TUISPBI JIecTieielbl U popoaeHapona BeicoToi 0,7—1,0 M. TpaBsHsiii spyc ¢pparmeH-
TapHBIN (TPOEKTHBHOE MOKpBITHE — He Oonee 50 %). Ero o0pa3yioT HeMHOTO4nCIIeH-
HBIE KCEPOQUTHBIC BUIBI: OCOKM HU3EHbKast M XapKeBHUa, BepeTeHHUK (Atractylodes
ovata (Thunb.) DC), xurarasus (Kitagawia terebinthacea (Fisch. ex Spreng.)
M. Pimen.), monsiHb jJOXMarasi, CMOJIEBKa. bimke K Kparo Mapuesuibl MOsIBISETCS
MapbsiHHUK. DOH 00pa3yloT 0COKOBasi U OCOKOBAs PEAKONOKPOBHAS MUKPOTPYIIITH-
POBKHM IIepeMEKarOIHUECs] ¢ MEPTBOIIOKPOBHBIMH YUaCTKaMHU.
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Puc. 2. ITapuenna cocHoBast Puc. 3. ITapuenna cocHoBast

ocokoBas B 2003 . ocokoBas B2019 1.
Fig. 2. The pine sedge parcel Fig. 3. The pine sedge parcel
in 2003 in 2019

CocHoBas peakonokpoBHas napiesia Beinenena B 2003 r. 3a 10 net 1o 3T0-
IO OHA y)K€ 3aHMMajia 2 y4acTKa ¢ KPYIHOMEPHBIM IoapocToM. JlepeBlLa B KOJIH-
gectBe 1200-1600 3Kx3.-Ta”! pocnu Ha paccTostHUU 1-2 M pyT oT Apyra. bombmmmii
(parMeHT mapuesuIbl, BeMuInHoi okoso 250 m2, pacronarancs Ha 20-25 M HIDKe
BO/IOpa3zena, MpUMbIKast K KypTHHE COCHBI C 3anaja. Menpmuii pparment (91 m2)
BKJIMHUBAJICS MEXJIy COCHOBOM C JyOOM pa3HOTPABHO-OCOKOBOW U JyOOBOI C CO-
CHOI1 KcepoUTHOM MapIiesyiaMu ¢ BOCTOYHOUW CTOPOHBI OT KypTHHBI (cM. puc 1, a).
Ha Hewm cpenu noapocTa BCTpeyaauch eTMHUYHbIE TOHKOMEPHBIE J1I€PEBbsS COCHBI
u nyo6a.

BricoTa cambIX KpymHBIX 3K3eMIULsIpoB B mapiemie B 2003 1. mocrurana
3,5 M, cpeaHu TeKymui npupocT no Beicote — 30—40 cM, TuaMeTp He MpeBbIIIal
5 cm. Ilocne cMbIkaHUS KPOH B Haplellie HaualoCh CaMOM3PEKUBAHNE; YCOXJIN
MOYTH BCE HIDKHUE BETBU. B cepeuHe MUHYBIIETO IECSATHIICTHS 3HAYUTEIbHAsS
4acTh MOJPOCTa ObllIa YHUUYTOXKEHA moxkapoM. B 2003 1. B mapriense HacYUTHIBA-
sock 39 cocen.

B cBA3u ¢ nepexoaoM MOJIOAOro MOKOJIEHHA COCHBI B KaTETOPHIO IPEBOCTOS
[IPOM30LLIO CIMSIHUE (PPArMEHTOB 3TON MapLEIbl CO CMEKHBIMU IapleiulaMy, 3a-
HUMAIOUIMMHU CXOIHBIC DKOTOIBI M OONaJAl0MIMMHU OJMHAKOBBIM COCTaBOM M IPO-
EKTHBHBIM IOKPBITHEM BUIOB-KCEPO(MUTOB B HWXKHHUX sipycax. Ilepsblil, Oomboi
(parMeHT, BoIlIe) B COCHOBYIO OCOKOBYIO MapIieslly, BTOPOil — B COCHOBYIO ¢ yOoM
pa3HOTpaBHO-0COKOBYIO. B kareropuu moxpocra k 2019 r. octanocs He 6onee 1/2 ot
npexxHero uncna. CpeHre TaKCarMoOHHBIE ITOKa3aTe MOJIOAOTO APEBOCTOS B ATOT
roz OBUIH €lIe OILyTUMO MEHBIIMMH, YeM B TEX MaplLeiiax, B KOTOPbIe OHH BOLLIH
(Tabn. 3), HO IO BceM TMpHW3HAKAM B JMaJdbHEHIIEM 3HAUYCHHUS OBICTPO CPaBHSIIOTCSI.
ITonnecok B peAKONIOKPOBHOM COCHOBOM Maplesuie OTCyTcTByeT. DOH Ha OBEPXHO-
CTH CO3/IaeT XBOMHBII OMaj, 110 KOTOPOMY, KaK U B IPEAbLAYILIECH napiesuie, my4KaMmu
paccessHHO pacTyT OCOKH, OBCSIHUIIA U KCePO(DUTHOE pa3HOTPaBbE.
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TaOnuma 3

TakcanuoHHbIE MOKa3aTeJIH APEBOCTOSA COCHBI B IMapieJ/jjaax COCHOBOI1 poiu, 2019 r.

Is, 2019

.

In pine grove parce

The inventory parameters of the pine stand
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CocHoBast ¢ 1y6oM pa3Ho-
TPaBHO-OCOKOBasi Iapueiuia B
2003 ., KaK ¥ OCOKOBasi PEAKO-
MOKPOBHAs, pacroyiarajach Ha
2 yyactkax. OnuH U3 (parmen-
TOB, Oojiee KPYIHBIH, MPUMBIKAI
C BOCTOKa K COCHOBOM OCOKOBOM
napuemie. Jpyroit coyckaics no
CKJIOHY HMXE BOCTOYHOTO (ppar-
MEHTa COCHOBOH pEIKONOKPOB-
Hoil mapueibl. K 2019 r. 3a cuer
CIIMSIHUA C TIOCIIEHEN NapLelsIon
Pa3sHOTPaBHO-OCOKOBAsA, KaK U
COCHOBasl OCOKOBasi, cTaja Hee-
JUMOH, 3aHKUMas nojyiocy 710 40 M
(cm. puc. 1).

OcHoBa mapuemisl — Ta-
KM€ K€ KpyIHbIE JepeBbs, KaK B
COCHOBOW KypTHHE, HO COMKHY-
TOCTb KPOH M3HAUaJIbHO MEHBIIIE.
IIpy 3TOM XapakTepHO HaIU4HE
JIepeBbeB Kak 0ojee MOJIOIBIX
[0 CPaBHEHMIO C KypTHHOM, Tak
U CTapblX C pacrlpoCcTepThIMU
HIDKHUMM BeTBSIMU. bonbmimh-
CTBO JIEPEBHEB HCIBITHIBAIOT YT-
HETEHUE, HO CyXOCTOs HET. Y He-
CKOJIBKHX COCEH Ha BOAOpaszeie
CHEroM CJIOMaHbI BEPIIMHBI, YTO
CTaJIO MPUYMHON 00pa3oBaHUs y
nepeBbeB 2—3 BepiuuH. J{7s HeKo-
TOPBIX JEpPEBbEB OOBIYHBI Kaba-
HbY JIyOO#E€PHUHBI U UCKPUBIICHUS
HIKHEH vactu ctBonoB. Ilon ca-
MBIM TOJICTBIM HHXXHHUM JI€PEBOM
B 2019 r. oOHapyxeHO OromIe-
oOpa3Hoe yriyOieHne ¢ BbIXOAa-
MU Ha TMOBEPXHOCTh LITHYPOBH/I-
HBIX KOpHEH — JIe)KKa KabaHa UK
JIpyroro 3Bepsl.

VY ny0Ga, pacTymiero B npu-
MECH K COCHe, IIpeolIiafaroT je-
PEBbsI C KOPSIBBIMH CTBOJIAMH U
0OMIIPHON KOPHEBOHM IMOPOCIBIO.
KpoHbl y HHMX pa3peKeHHBIE, C
YacTBIMH CMEHAMU BEpUIMH, He-
PENKO C YCOXIIMMH CKEJETHBIMHU
BETBSIMH, HO CyXHX JICPEBLEB HET.
Cpennuit nnamerp ay6a B 1992 1.
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Obut paBeH 7,2+1,6 cMm, B 2019 1. — 10,7+0,61 cm, cpeansist Beicota — 5,1+£0,62 u
6,8+0,86 M cOOTBETCTBEHHO. B HIDKHEH yacTu mapuesibl TOJIIMHA CTBOJIOB A0CTU-
rasia 16 u 18 cM COOTBETCTBEHHO (ITOPOCIIb 1y0a).

Bo300HOBIEHNE TPEACTABIEHO B OCHOBHOM CAMOCEBOM U BCXOaMH COCHBI U
nopocibpio 1ydoa. OHO o0uIIbHEE, YeM B IpyTUX Mapleiax, IOTOMY YTO OCBEIICHHE
MIOJIIIOJIONOBOTO MPOCTPAHCTBA B 3TOM Haplesuie Jydue. B Hell y:ke MOXKHO Bblle-
JIUTH SpYC MOAJIECKa, B KOTOPOM pacTyT Jiecneena U poaoieHAPOH.

Bonee Bricokoii cOMKHYTOCTBIO — 0,2—0,3, OTVINYAIOTCSl KyCTaPHUKH B HMXK-
Hell yacTu mapuesuibl. PomomeHapoH 3neck 00pasyeT HeOONbIINEe KOMIIAKTHBIC
KypTuHKU. TpaBsiHbIl sipyc Oosiee pa3BUT, YeM B OCTAJIBHBIX «COCHOBBIX» MapLe-
nax. OOuiee MPOEKTUBHOE MOKPBITHE TpaB cocTaBisieT B cpegHem 60—70 %. Kak
U BE3/i€ 0 CKJIOHY, IOMUHUPYET OCOKa HU3CHbKas; OOBIYHBI OCOKM XapKeBHYa U
nmmHHOKIROBas (Carex longirostrata C.A. Mey.), MapbsiHHUK. B nanHoO# napiieiie
BBISIBJIEHO CaMO€ BBICOKOE pa3HOOOpa3ue BUIOBOIO cocraBa Tpas: asHus Ilamma-
ca (Ajania pallasiana (Fisch. ex Bess) Poljak.), BepeTrenHnuk, reo3nanka Kuraickas
(Dianthus chinensis L.), npuc onnonsetkoBsiii (Iris uniflora Pall. ex Link), kura-
raBusl, JarnJyarka 3eMJISIHUKOBUAHas (Potentilla fragarioides L.), monbiab mobero-
HOCHas M CMOJIEBKA KOpeuckasi.

Jy6oBasi ¢ cocHoii KcepoduTHas napuena pacnonaraeTcs AByMs GpparmMeHra-
MU Ha BBIYKJION MMOBEPXHOCTH C YKIOHOM 710 45°. 3UMOii BETpOM C HEe MOTHOCTHIO
CIyBaeTCsl CHEI, B JIpyTrUe CE30HbI CKAaTBIBACTCSl BHHU3 BCs OmaBIuas opranuka. s
MapueuTbl THITHYHBI MUHEPAIN30BaHHBIC YYaCTKHU. Takue yCIOBHs Cpebl OOUTaHUs
OTHOCATCS K DKCTPEMAJIbHBIM M OOBIYHBI AJIS1 I0KHBIX CKIOHOB. OCOOCHHOCTD map-
LEJJTBl — KPYIHbIE eTMHUYHBIE COCHBI (puc. 4). OHM 3HAYUTEIHHO CTapIle OCTajb-
HBIX JIEPEBBEB POIIHU, U Y HUX OT OCHOBAHUS IPOCTHPAIOTCS TOJICTBIE BETBU-CTBOJIBI,
HarpasJIeHHbIE CTPOTO K cBeTy. DopMUpOBaHUE TAKHX BETBEH HAOIIOIAETCS Y COCHBI
U B KyJIbType (puc. 5), 4TO MO3BOJISIET CUMTATh 3TOT IIPU3HAK 3BOJIIOLHOHHO 3aKpe-

IJICHHBIM JJIA BUAA.

R

Puc. 4. OnuHO4HO cTosiIIasi COCHA B yOOBOit Puc. 5. Annest MOTHIIBHON COCHEI B

C COCHOH KCepo(hUTHOM mapresie neHapapun ['opHOTaeKHOM cTaHIIUU
Fig. 4. A solitary pine tree in an oak with pine Fig. 5. The Japanese pine alley
xerophytic parcel in the arboretum of the Mountain Taiga Station

JepeBbst B mapuemie pacTyT Juilb o rpaHuue. CocHbl 10 KM3HEHHOCTH
MPEBOCXOJIAT JepeBbsl Ty0a, pacTyIlue psaoM. Y TEpBBIX MPSIMbIC CTBOJBI, TyCTast
SPKO-3€JICHasl XBOSI, BBIIIE MMPUPOCT MOOETOB; OHU OTIIMYAIOTCSI XOPOIIHM TIJI0I0HO-
nreHueM. st 1y6a xapakTepHbl TOHKOMEPHBIE U KPUBBIE CTBOJIbI, OOMIIME YCOXILIUX
BETBEH B KPOHAX, I'yCcTas IPUKOPHEBAs IIOPOCITb.
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[Moapoct B «kcepoduTHOM» mapuensie OTCYyTCTBYET. B mojanecke eqMHUYHBL
0co0u Jecneaensl 1 pOIOJCHIPOHA ¢ MHOTOYMCICHHBIMU TOPYKAMU OTMEPIINX I10-
6eroB. TpaBsiHBIN sIpyc AMCKPETHBIN, MPOSKTHBHOE MMOKPBHITHE HE TPEBbIMaeT 5 %.
B Hem npeobnanaioT ocoku. Bee TpaBbl pacTyT HEOONBIIMMH ITyyKamMH (TBO3JIUKA,
KHTaraBus, BEPETEHHHUK, UPUC W JIp.) WM 00pa3yloT PO3ETKH (CMOJIEBKA, TTOJIGIH
noxmarasi). TO4UHO TakoH ke 0OJINK y KCepOPUTHBIX MapIell B CyXuX AyOHSKaX.

JIyOoBas MapbsSHHUKOBO-OCOKOBAs MapIieiuia — OCHOBHAs Iapiiejuia OJHOU-
MEHHOTO TyOHsKa, OKPY>KAIOIIETO COCHOBYIO POIILY U 3aHIMAIOIIETO CKIOHBI C BBICO-
KOMHCOJIUpyeMbIMH dKoToniamu [11]. JIpeBocToli B 3Toi napiesuie Ooliee pa3pexcH
10 CPaBHEHUIO C PEBOCTOEM Ha BOJIOpa3Ziesie M B COCHOBBIX Mapiiemiax. [Ipeobmna-
JIAIOT KPUBOCTBOJIbHBIC JIEPEBbsl BHICOTON He Oosiee 7 M ¢ 2—3 crBosamu (puc. 6).
KpoHbI packuaucTelie, 9acTo «pa3opBaHHBIC», C MHOKECTBOM CyXUX CydbeB. OObIU-
HBI TaK)Ke HEOOJBIITNE JEPEBHS — 710 4 M, C TUIOCKUMHU 2KyPHBIMU KPOHAMHU U «100-
KaMu» U3 nopociau. OfHU U3 HUX — CTapble, CUIBHO YTHETEHHBIE, PACTYT OOBIYHO
PSAAOM C OONBIIMMH JIEPEBBSIMH WJIM HA BBIXOJAaX MEJIKO3eMa; APYTHE — ropasio Mo-
noxe. CyxocToli B maprieiie enuauyeH. [Ipeodnamaronuii Bo3pact ayda Ha CKIIOHE —
79 net. DTO JIOKA3BIBACT, YTO COCHOBAsS poIla M JyOHSK BOCCTAHOBWIINCH ITOCIIE T10-
’Kapa B OJJHO BPEeMsL.

PR

Puc. 6. /ly6oBast MapbsTHHHKOBO-OCOKOBAs
napuesia

Fig. 6. The oak cow wheat-sedge parcel

[MompocTt ay0a npencraBieH KOPHEBLIMU OTIIPHICKAMU BBICOTOM He Oosee 0,6 M
U eIMHUYHBIM caMOCeBOM 5—7 jieT. [Ins mapueisibl CBOMCTBEHHBI OAMHOYHBIC JIE-
peBIla COCHBI Pa3HOM BBICOTHI, HO He Ooisiee 1,7 M. HekoTropbie U3 HUX yKe UMEIOT
HUKHUE BETBU, HAPABJICHHBIC HA IOT U PaBHbBIC IO BEIMYMHE INIABHOMY CTBOJIHKY.

W3 xycTapHHUKOB, KaKk W BE3/I€ 1O CKIOHY, PaCTyT POMOICHIAPOH OCTPOKOHEU-
HBIU ¥ Jecreaena aByiBeTHas. O0a BUa CUIIbHO YTHETSHBI, HO C IIEPEX0JI0M BHHU3 TI0
CKJIOHY Y HUX TIOBBIIIAETCS] OOMMCTBEHHE W YBEINIHBAETCS TIPUPOCT TTOOETOB, POIO-
JICHJIPOH 00pa3yeT IPYIIUPOBKH. TPaBSHBIA SIPYC pa3pekeH — MPOSKTUBHOE MOKPHI-
tue cocraBisieT 50 %. B HeM HJOMHHUPYIOT T€ K€ BUJIbI, YTO U B COCHOBOH C J[yOOM
Pa3HOTPABHO-OCOKOBOH MapIiellie: 0COKA HU3EHbKAs U MAPhIHHUK PO30BBIN; OOBIIHBI
OCOKM XapKeBUYA U JUTMHHOKIIIOBAs, OBCSHHIA OBEYbsl. OTICIbHBIME OCOOSIMU U He-
OOBIIMMH KyPTHHKAMH PACTYT MTOJIBIHN, CMOJICBKA, BEPETCHHUK, HPHUC, TBO3IUKA U JIP.
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HutepecHo, uro B CeBepo-Boctounom Kutae n Kopee cmeHa COCHOBBIX JIECOB
IyOHSIKAMU CBsi3aHa HE TOJILKO C JIECHBIMH OXKapaMu, HO U C BHEJPEHUEM J1y0a B
HEHapYIIEHHBIC COCHIKU. [Ipn HAIMYIUHU T'yCTOTO MOMJIECKa ITOT MPOIECC yCHINBa-
€TCsl TOCJIe TOro, KaK JYOOBBI MOAPOCT MOJHUMETCS HaJ KyCTapHUKamu [27], HO
BO300HOBIIEHUIO Ty0a MPETATCTBYIOT BBICOKAs TYCTOTA TO/JIECKa M MOIIIHAS JIECHAS
MIOJICTUJIKA TTOJ] MAaTePUHCKUMU JiepeBbsiMu [31]. B momnecke AByX Ha3BaHHBIX CTpaH
pacTyT Te JKe BUJIBI, UTO U B COCHSKaX  IyOHsKax [Ipumopss: necrenena 1BynBeT-
Has ¥ POAOACHIPOH OCTPOKOHEUHBIH.

Raxnrouenue

B Ilpumopckom kpae k koHIy XX B. OT HEKOT/Ja CIUTOIIHBIX MAaCCUBOB I'OCIOA-
CTBYIOLIEH COCHOBOM (hOpMAIMU OCTAIHNCh Pa3pO3HEHHBIE POIIN U OTACIBHBIC KypTH-
HBI COCHBI B OKPY’KEHHH BTOPUYHBIX HU3KOOOHUTETHBIX {yOHSKOB Ha CKJIOHAX FO’KHBIX
akcrnozuimid. CoolIIecTBa COCHbI MOTHITBHOM ¥ CMEHHBIIIME WX Ha FOXKHBIX CKJIIOHAX
rOp APEBOCTOM J1y0a MOHTOJIBCKOTO XapaKTEPH3YIOTCSl OIMHAKOBBIM COCTaBOM KCEpO-
MopdHO# (IIopsl B HIKHEX sIpycax. B morecke mpou3pacTaror 2 BHIA: Jiecleaena u
POIOACH/IPOH, B TPABSIHOM sipyce — 19 BUIIOB, Cpei KOTOPBIX JTOMHHUPYIOT CYyXOITIO-
OUBBIEC OCOKH U MapbsIHHUK; OOBIYHBI OBCSHULIA, TIOJIBIHY JIOXMaTasi U MOOETOHOCHAS U
JIpyTue KCepOPHTHI.

B pesynbrare nccienoBanuii, BeIogHEHHBIX ¢ 1992 1o 2019 IT. B 1€CHBIX yTro-
Ibsix [OpHOTAaEeXKHOM CTaHLUM, PENPE3EHTATUBHBIX 110 YCIOBUSAM NPOU3PACTAHUS U
XapaKTEePUCTHKAM JIECHOTO IOKPOBa JUIsl 10’KHOH yacTu [IpuMopckoro Kpasi, BBIsIBIIE-
HO BBICOKOE CXOJICTBO HapLEUIIPHOI CTPYKTYpbl pouy U3 Pinus x funebris Kom. ¢
napueIUIIpHON CTPYKTYpOH TyOHSIKOB, TPOU3PACTAIOIINX B aHAJIOTHYHBIX YCIOBHSIX.

[Ipu ocTpoil meproaNYECcKOl CyXOCTH W HU3KOM IUIOJOPOIMH MAJTOMOIIHBIX
[10YB IIapLeJUIbl, KAK COCHSKOB, TaK U JlyOHSIKOB, CTPOIO IIPUYPOUEHBI K KOHKPETHBIM
9KOTOIaM B Ipeziesax CKiIoHa. [lapuesisl OTMHAKOBBIX 9KOTOIIOB PA3IUUYAOTCS B OC-
HOBHOM COCTaBOM U COCTOSTHHEM IPEBOCTOSL.

B nenornueckoit crpykrype pomu B 2003 . ObLIO BBIAENCHO S5 Mapleln:
3 ¢ JIOMHUHHpPOBAHUEM COCHBI (COCHOBAasi OCOKOBAas, COCHOBAas PEIAKOIOKPOBHAsI U
COCHOBas ¢ JyOOM Pa3HOTPABHO-OCOKOBAs) M 2 ¢ IOMUHHPOBaHHEM ay0a (JyOoBas
MapbsHHUKOBO-OCOKOBasi M yOoBasi ¢ cocHOM kcepoduTHas). [lapuensl ¢ xoMuHu-
poBaHueM ay0a («IyOOBBIC») BKIIFOUECHBI B COCHOBYIO POIIY M3-3a HAJMUYHS B HUX
MOJIOZIBIX JIEPEBLEB MJIHM MOAPOCTA COCHBI, YKAa3bIBAIOIIMX HA BO3MOKHOCTH CMEHBI
ny0a cocHo B (hUTOIIEHO3aX B 0003PUMOM OYIYIIIEM.

SInapo coCHOBOM POILK COCTABISET YUCTASI KypTUHA MAaTEPUHCKOTO JPEBOCTOS
Ha BOJOpa3/esie, BbIJCICHHAS B COCHOBYIO OCOKOBYIO MapLeuly ¢ YEeTKUM MepHUMe-
TPOM U BBICOKOCOMKHYTBIM KPOHOBBIM I10J10r0M. HECKOJIBKO IepeBbEB COCHBI B 3TOM
MECTE YLEJIeNN BO BpeMsl JaBHETo NOKapa M, CTaB HCTOYHUKOM OOCEMEHEHHS Tep-
PHUTOPHH, CIIOCOOCTBOBAIM 00Pa30BaHUIO KyPTHHBI, a 3aTE€M M OCTAJIbHBIX MapLelll
pouru. C 1992 1. HabrOMASTCsl MEUICHHBIH paciiaji KypTHHBI, B TO BpeMs Kak 0oJiee
MOJIO/I0€ MTOKOJICHUE COCHBI B COCHOBOH PEIKONIOKPOBHOW M COCHOBOH ¢ yOOM map-
HeJUIax OTIIMYAeTCs 3HAYUTENFHO JIYUIINM, YeM y 1y0a, )KH3HEHHBIM COCTOSTHHEM.

K 2019 r. cocHOBast peAKONOKPOBHAs MapIiesia, MpeacTaBlIeHHas: KypTHHAMU
KPYITHOMEPHOI'O IOIPOCTa, B PE3yNbTaTe €CTECTBEHHOTO CaMOM3PEKUBAHUS U IIe-
pexona mozxpocTa 3a 16 JIeT B KaTeropuio APeBOCTOS YACTHYHO Pa3elniiach MEXILy
COCHOBOI OCOKOBOH 1 COCHOBOM C [yOOM pa3HOTPaBHO-OCOKOBOH MapLeIaMH.
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VYcraHoBIEHa XapakTepHas MOpdoIornueckasi 0COOCHHOCTb COCHBI — y MHO-
T'HX JIEPEBbECB B OCHOBAHUH CTBOJIA B MOJIOJIOM BO3pacTe HaYMHAET (hOPMHUPOBATHCS
CKEJIETHAsl BETBb, 10 BEIIMYMHE HE3HAYUTEIHHO YCTYIMAIOIIasi OCHOBHOMY CTBOIY.
OHa CHJIbHO HAaKJIOHEHA K MOBEPXHOCTH U BBITSHYTA [0 HANPABICHUIO K MTOAHOKHUIO
CKJIOHA.

Mausie pa3Mepsl, cinabast BO300OHOBUTENbHASI CIOCOOHOCTh U PEryJsipHast 1mo-
BTOPSIEMOCTBH [IOXKAPOB CO3AI0T YIPO3Y MOTHOTO HCUE3HOBEHHS COCHSIKOB B PETHOHE
U 00YCIJIOBIIMBAIOT HEOOXOAMMOCTh y4eTa OCTaBILHMXCSl COCHOBBIX COOOILECTB U Ha-
3€MHOTO MOHUTOPHHI'A IIGHOTHYECKOM CTPYKTYPhI COCHSKOB Ha KJIFOUEBBIX Y4acTKaX
C LETIbI0 M3yUYCHHS JIECOOOPa30BaTeIbHOIO MPOIIecca U Pa3pabOTKH TEXHOIOTUH pe-
MHTpORyKIMH cocHbI B FOxHOM IIprumopse.
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Annomayus. IIpuBeeHbl XapakTeprcTHKa JiecHoTo donma Pecnybnmkn bamkoprocran, ero
TUTOIIA b, PACUCTHAS JIECOCEKA M KadeCTBEHHBIEC MoKazarenn. OTMEUEHO YBEINYEHHE JTOIH
MSTKOJIMCTBEHHBIX ITOPOJ B COCTABE JIECHOTO (DOH/A U CHIKEHUE BBIXOJIa JIEJIOBOH APEBECH-
HBI B pe3yJibTare BEIPYOKN BEICOKOOOHUTETHBIX COCHSIKOB. OOOCHOBaHA aKTyaIbHOCTh pa3Me-
IIEHUS B PETMOHE MPEAIIPUATHS 110 TIepepadOTKEe HEBOCTPEOOBAHHOTO HU3KOKAYECTBEHHOTO
npeecHOro cbipbst — OO0 «Kponommnan OCby», KpynHEHIIEr0o MUPOBOTO MPOU3BOAUTENS
JIPEBECHBIX TUINT. PaccMaTpuBaroTCsi BOIPOCH 000CHOBAHHS COPTUMEHTAIMN JIPEBECHHBI
MIPUHSTHS COPTUMEHTHOTO IIaHa P KCILUTyaTallly apeH/IyeMbIX JIECHBIX yJaCTKOB Ha MPH-
Mepe Ha3BaHHOTO HpennpusTus. PacdeTsl cOpTUMEHTHOTO IiaHa (OamaHca pacKpsKEBKH)
BBITTOJTHEHBI MCXO/ISl M3 YCIOBHSI CIEHHUANM3aMN Ha TPOU3BO/CTBE LIEJIEBBIX COPTUMEHTOB,
TIOJTB3YTOIIMXCST BBICOKUM CITPOCOM Ha PBIHKE, 1 MAKCHMAJILHOTO 00ECTICUeHHUS CHIPhEM CO0-
CTBEHHOTO Tpou3BoacTBa. COpTUMEHTAIS KPYIVIBIX JIECOMATEPHAIOB OIPE/IeNieHa C TIOMO-
IIBIO CO3/IaHHOW B YPaJIbCKOM T'OCYJapCTBEHHOM JIECOTEXHHYECKOM YHHBEPCUTETE METO/H-
KI pacueTa pecypcoB COPTUMEHTOB. B OCHOBY METOAMKH TOJIOKEHA PACKPsIKEBKa OONBIINX
BBIOOPOK XJIBICTOB JINCTBEHHBIX W XBOWHBIX 1MOPOA. BEIOOPKH XJIBICTOB (pOPMHUPOBAIUCH HA
HIDKHHUX CKJIQJIaX JIECO3arOTOBUTEIBHBIX TPEINPHsITHI bamkopTocTana, 1 MX pacKpspKeBKa
OCYIIECTBIIAIACH C YUETOM CYIIECTBYIOINX TEXHUUECKUX TPEOOBAHNH K TPOM3BOJICTBY KPY-
ITIBIX JIECOMATEpPHaIoB. B 0CHOBE METOANKN JIe)KAT ypaBHEHHS PErPECCUH, XapaKTEPH3YIOIINE
CBSI3b KO((PHUINEHTOB MaKCUMAJIBHOTO BBIXO/Ia COPTHMEHTOB B 3aBHCUMOCTH OT CPEIHErO
JIMaMeTpa XJIBICTOB ITPU UX CHENNAIN3NPOBAHHON pacKpsKeBKe, KOTOpPBIE OBLTH arpoOnupoBa-
Hbl B ycnoBusix npennpusaruii [1J10 «banuecnipom». [Ipu onpenenennu copToBoi CTPYKTYpPbI
¢anepHoro O6peBHa 13 Oepe3bl U XBOWHOTO MIOBOYHHUKA U3 COCHBI TAK)KE MCIIOIb30BAIIICH
YpaBHEHUSI PETPECCHH, TTOKa3bIBAIONINE CBSI3b COPTOBOM CTPYKTYPBI M CPEIAHEr0 JHaMeTpa
PacKpsDKEBBIBAEMBIX XJIBICTOB. Takum 00pa3oMm, BBISIBICHA TpeOyeMas COPTHUMEHTAIHS Kpy-
IVIBIX JIECOMATEPHAIIOB U 0OBEMBI IIETIEBBIX COPTUMEHTOB ((paHepHOE OPEBHO M TMIOBOYHUK )
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Abstract. The article presents the characteristics of the forest fund of the Republic of Bash-
kortostan, its area, estimated cutting area and quality indicators. An increase in the share of
softwood species in the forest fund and a decrease in the yield of industrial wood as a result of
the felling of high-quality pine forests have been noted. The relevance of placing in the region
an enterprise for processing unclaimed low-quality wood raw materials, Kronoshpan OSB
LLC, the world’s largest manufacturer of wood boards, has been substantiated. The issues of
substantiation of wood grading and the adoption of a bucking program during exploitation
of leased forest plots have been considered using the example of the enterprise mentioned.
The calculations of the bucking program (bucking balance) have been carried out based on
the condition of specialization in the production of target grades that are in high demand in
the market, and maximum provision of raw materials from our own production. Roundwood
grading has been determined using the methodology for calculating assortment resources
developed at the Ural State Forestry Engineering University. The methodology is based on
bucking large samples of full-length logs of deciduous and coniferous species. The samples
of full-length logs have been formed in the lower warehouses of Bashkortostan logging en-
terprises, and their bucking has been carried out taking into account the existing technical
requirements for the production of roundwood. The methodology is based on regression equa-
tions characterizing the relationship between the ratios of the maximum yield of assortments
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depending on the average diameter of full-length logs during their specialized bucking, which
have been tested in the conditions of the enterprises of the Bashlesprom plant. When deter-
mining the varietal structure of birch plywood logs and pine sawlogs, regression equations
have also been used to show the relationship between the varietal structure and the average
diameter of the bucked full-length logs. Thus, the required assortment of roundwood and
the volumes of target grades (plywood logs and sawlogs) of only grades 1 and 2 have been
identified for their possible use by specialized enterprises, and the volumes of wood process-
ing for Kronoshpan OSB LLC have been determined.

Keywords: wood grading, bucking, assortment resources, maximum yield ratio, log varietal
structure, bucking balance
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Bseoenue

Jleca B PecniyOnuke bamkoprocran 3anumarot 6,3 miH ra (44 % Tteppuro-
pun). OCHOBHBIMH JI€COO0PA3YIOMKUMHU MTOPOIAMH SIBISIFOTCST Oepesa (27,6 % mo-
KpBITOI JiecoM Tutomman), muna (21,9 %), ocuna (16,5 %), cocna (15,3 %). OOmmii
3amac yiecoB omenuBaetcs B 708,4 muH M3, u3 kotopeix 472,0 muH M3 (66,6 %)
COCTAaBJISIIOT MSATKOJIMCTBEHHBIE MOpobl. Pacuernas mecoceka — 10,5 MutH M3, B T. 4.
1o XBOWHOMY KomrmoHeHTy — 1,3 muH M3 (11,9 %), o nucrBeHHOMY — 9,3 MIIH M?
(88,1 %). B Hacrosiee BpeMsi BRICOKOOOHUTETHBIE COCHOBBIE HACAXK/IEHUS PECITY-
OMKH, Aaronre OOJBIIYIO YacTh MMJIOBOYHNKA, OKA3aIUCh MIOYTH MOJTHOCTBIO BbI-
PYOJICHHBIMU U COXPAHWIKChH JIMIIb B yAAJICHHBIX TOPHBIX JiecaX. BeIxoj nemoBoit
JipeBecruHbl yMeHbImuics 10 60 %. 3amac jxe crenbIX U MepecTOMHBIX 0epe30BBIX
JIECOB — OCHOBHOT'O UCTOUHHUKA (haHepHOTO OpeBHa npeBbIimaeT 98,6 M M3 (54,5 %
obmrero 3amaca moponbl). B To ke BpeMs dhaHepHOE MPOU3BOACTBO PECITYOIMKU
TonbKO Ha 1/3 obecmeumBaercss coOCTBEHHBIMU pecypcamu. [IpuumHa Kpoercs B
OOJIBIIIOM KOJTUYECTBE TOPOKOB APEBECHHBI MECTHOW Oepe3bl. DTHM OOBSICHICTCS
HU3KHH BBIX0J (paHepHOTro OpeBHA: TSl IPEBOCTOEB CEMEHHOTO MTPOUCXOMKICHUS —
33 %, BeretaruBHOro — 25 % [2, 4, 5]. Xonauar «KpoHomman» ABIseTCS KpyM-
HEHIITMM MUPOBBIM MTPOU3BOIUTENEM JAPEBECHBIX TINT. «KpoHOomman» padoTaer B
pszne peruonoB Poccun. Tak, npennpustue OOO «Kponommnan OCb» B . Yda B
Hacrosmee BpeMs mpou3BoautT 700 Teic. M2 mmutT OCH (MHOTOCIONHHAS TUIATA U3
MIPECCOBaHHON U CKJIEEHHOH ApeBecHOW cTpykKkH) U 850 ThIc. M2 ApEBECHOCTPY-
JKEUHBIX TUTHT eXeronHo. [IpoayKius npeanpusaTis peaanusyeTcss Ha BHYTPEHHEM
pbiHKe (TIOpsiika 2/3), IpU 3TOM OHO SIBJSIETCS KPYIHEHIIMM SKCIIOPTEPOM Ha Tep-
putopuu Pecny6nuku bamxkoprocras.

Obvexmbl u Memoowbl UCCAEO0BAHU

OOBeKTOM HccieioBaHus, KoTopoe Obuto mpoBeaeHo B 2021-2023 rr., cra-
JU JIECHBIC YYacTKH, AapeH/IOBaHHBIC JI€CO3arOTOBUTENBHBIM MPEANPUITHEM
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000 «Kponomman OCb» nans obecriedeHusi ChIpbeM INPOU3BOACTBA JIPEBECHBIX
wInT. B HacTosmee Bpemst B apeH/ie HaXoAsTCs TUIOIIAA1, OTHOCSIIUECs K 9 IecHu-
gecTBaM pecyommku (tabm. 1) [1].

Tabauna 1

O01mast TAKCAIMOHHAS XapaAKTePHCTHKA JIeCHUYECTB,
yuyacTku kotopbIx apenaoBansl OO0 «Kponomman OCh»
The general inventory characteristics of forestries, the areas of which are leased

by Kronoshpan OSB LL.C
Secnmseerso |10 | e O cora ape-| wamerp. | 6nens | sanae. | CPOAS
TeIC. Ta TBIC. M3 BOCTOS, M cM XJbIcTa, M3 | M3/Ta flosHoTa
TyiiMa3uHCKOE 26,8 99,2 22 28 0,6 170 0,6
Y pumckoe 3,3 15,6 20 30 0,6 170 0,6
Wrnunckoe 12,1 73,7 22 26 0,6 200 0,7
ApXaHrenbcKoe 324 112,2 20 32 0,7 140 0,6
ladyputiickoe 12,7 48,3 20 30 0,6 140 0,6
Hypumanosckoe | 15,3 35,2 20 30 0,6 160 0,6
Kapaungensckoe 7,1 38,9 20 25 0,5 160 0,6
CamnaBartckoe 24.4 49,7 19 24 0,4 150 0,7
Benoxkaratickoe 24,7 86,0 20 25 0,5 150 0,7
Umoeo| 158,8 558,7 20,5 28 0,6 159 0,6

bananc packpseBKH XJIBICTOB pa3padaTbIBacTCs C y4E€TOM II€PEUHs TUIIOpa3-
MEpOB (IJTMHA) 10 KaKAOMY COPTUMEHTY M KOMMEPYECKOTO 3arpoca NoTpeduTenei.
Kak mpaBuio, ¢ 1enplo yNpoIIEHUs] TEXHOJIOTHYECKOIo Ipolecca MPOU3BOICTBA
YHCIIO0 TUIIOPa3MEPOB T10 KaKJJIOMy COPTUMEHTY He mpeBbimaeT 2—3 [3, 611, 15-19,
21, 23, 24].

PacueT pecypcoB COPTUMEHTOB onmupacTcs Ha HH(HOPMAITHIO O TaKCAIlHOH-
HBIX XapaKTepHUCTHKAX APEBECHBIX HACAXKJEHUH bemokaTalicKoro JeCHMYECTBA U
[peBapuTelbHble TPEOOBAaHUS 3aKa3uuKa 110 COpTUMEHTauuu. Pacuersl pecyp-
COB COPTHMEHTOB U COPTUMEHTHBIN IJIaH BHITMOJIHEHBI C IPUHATHEM BO BHUMaHHE
pacnpenesieHusi 00beMOB JIECO3aroTOBOK IO BHAAaM PYOOK (CIUIOIIHBIE M BBIOO-
poYHBIC) B pa3pe3e JIeCHbIX yuacTKoB: KapibixanoBckoro, Ctapobenokaraickoro,
HosoOenokaraiickoro, Ypraauackoro. M3yueHue miaHOBOTO 3a1aHus TPOU3BO/-
CTBa 00bEMOB COPTHUMEHTOB AJIsl YKAa3aHHOTO JIECHMYECTBA M MPEANOIaraeMblx
YCJIOBHUH palMOHAJIBHOTO UCIIOJIb30BAHUS JI€JI0BOH IPEBECHUHBI TO3BOJIUIIO MPE-
JIOKUTh BapHaHT COPTUMEHTAUuu. McxoqHble JaHHBIC U1 PAcyeTOB IOJIYUYCHBI
Ha OCHOBaHMHM JiecHOTo miaHa PecnyOnuku bamkoproctan Ha 2019-2028 rr. u
MJIAHOB OCBOEHUS JIECOB.

B nonHoM o0beMe pacueThl BBIOIHEHbI 151 YCIIOBUH CIIOIIHBIX U BBIOOPOY-
HBIX pYOOK B 9KCILTyaTHPyEeMBIX ApeBOCTOsX benokaraiickoro gecHnuectBa. TexHo-
JIOTMYECKUH pacdyeT NOTEHLHAILHOTO BBIXOAA (PECYypcOB) COPTUMEHTOB IpU Belle-
HUH JIECO3arOTOBOK B YCJIOBHSIX JICCHHYECTBA M OalaHC PACKPSDKEBKH JPEBECHUHBI
ocyuiecTsieH no meronuke [10, 12, 14, 20, 22].

TakcannoHHBIE TaHHBIE TIO APEBECHBIM TOpoAaM (TIpY CIUIONMIHBIX pyOKax)
NpeACTaBICHBI B Ta0M. 2.
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Tabnuna 2

TakcanuOHHAS XapaKTEPUCTHKA IPEBECHHBI VISl PACKPAKEBKH
NPH CIUIOIIHBIX py0Kax

The inventory characteristics of wood for bucking during clear cuttings

Jpesecnas Cpenuuit BbIX0J1 1€10BO# TpeBECUHbI O6bem Pazpsan

nopoza JHaMeTp, CM M3 % PACKPSIKEBKH, M3 BBICOT
CocHa 26 81 88,04 92 3
bepesa 26 5305 35,63 14890 3
OcuHa 24 9837 34,90 28186 3
JIuna 26 13098 32,00 40931 4
Enb 24 182 82,90 220 4
Onbxa cepast 24 24 29,13 81 2

Bcezo 28527 33,80 84400

B cootBeTcTBUM ¢ MeTOAMKOM pacueToB [14] 1y onpenesneHus pecypcoB BbI-

MUJIMBAEMBIX COPTHMEHTOB HCIIOJIb3yeM (HopMydTy:

D,..= 0B, (EK,+ LK) -0,000001,

rie O,— 00beM pacKpsDKEBKH 7-if OPOJIbI IPU U3BECTHBIX D (CpetHuii nameTp, cMm)
v [ (paspsijl BBICOT, ThIC. M3); B, — BBIXOJ J€JIOBON JAPEBECUHBI P PACKPIKEBKE
XJIBICTOB, %; E — 101 1eJI0BOM IPEBECHHBI, MOIyIaeMON U3 HU3KOKa4eCTBEHHBIX
0epe30BbIX XJIbICTOB, %; K 1 K, — K03()(hUINEHTHI MAKCUMAIBHOTO BBIXOJA i-T'O CO-
PTHMEHTa U3 IPEBOCTOEB [1-TO pa3psa BHICOT IPU BHIOOPOYHOM CpPEIHEM AUaMETpPe
COOTBETCTBEHHO U3 3/I0POBBIX M HU3KOKaYECTBEHHBIX XJIBICTOB, %; L — OIS 1eIT0BOM
JIPEBECHHBI U3 310POBBIX XJIBICTOB.

[IporeHTHBII cOCTaB COPTOBOW CTPYKTYpHI (haHEepHOTO OpeBHA BBIYMCIEH C
NpUMEHEHUEM cleaytomux Gopmya ajist 3—4-ro pa3psa0B BbICOT OTAENBHO ISl 3/10-
POBBIX U HU3KOKAYE€CTBEHHBIX XJIBICTOB:

13 3JI0POBBIX XJIBICTOB

st 1-ro copra: §™*0 = 0,024D% —1,332D + 65, 695;
mis 2-ro: §°*+0 = —0,017D* +1,296D + 4,125;
N3 HU3KOKAQYE€CTBCHHBIX XJIBICTOB
mst 1-ro copra: S0 = 0,018D? —1,023D + 48, 788;
s 2-ro: §*74Y = 0,001D* - 0,145D + 33,11.

O06beM (M?) 1e710BOM IPEeBECHHBI U3 XITBICTOB #~i TIOPOJIBI [1-TO pa3psiia BBICOT
paccuuThIBacTCs 10 Popmylie

W, = 0,010,

uqru’

rae O, — o0beM 3araca r-i HOpOJbl U-ro paspsijia BBICOT B JIECOCEYHOM (OHIE, M7
q,, — BBIXOJl JIENIOBBIX KPYIJIBIX JIECOMATEPUATIOB U3 HACAXKIECHUHA F-ii MOPOIbI [L-TO
paspsiia BBICOT B JiecocedHoM (oHe, %o.

Kak npaBuio, pacdersl BHITOIHIIOTCS MO0 COBOKYIMHOCTH Pa3psI0B BBICOT 7-i
MOPOJBI, @ TAKIKE OTAEIBHO 10 XBOMHBIM M JIUCTBEHHBIM ITOPOIaM.

XJIBICTBI, IOCTYNAOIUE HA PACKPSIKEBKY, UMEIOT ONPECIICHHBII TOBAPHBIN
noreHunan. O003HaYMM 310POBBIC XJIBICTBI KaK @ = 2 M HU3KOKAYECTBEHHBIC — () = 3.
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Honst (%) nenoBoit ApeBecUHbI, MoJdydyaeMas U3 HU3KOKaueCTBEHHBIX Oepe3o-
BBIX XJIBICTOB, OlpeAessiercs mo gpopmyne [5]:

D
EP =1,67D, —1,33q, + 98,4, ®)

e D, — CpeiHuii IMaMeTp HACAXIEHHs |-TO Pa3psiia BBICOT, CM; ¢, — BBIXOJL JI€JI0-
BOW JIpEBECHHBI U3 Oepe3bl [1-TO pa3psijia BBICOT I10 JIECOTAKCAIIMOHHOMN OleHKe, Y.

Torna mosns (%) NeNoBOI APEBECUHBI U3 3[I0OPOBBIX XJIBICTOB B 00IIIeM 00beMe
JIEJIOBO IPEBECHHBI COCTABUT

D _ D
k“ —IOO—EH.

Terneps MOXKHO ONpeieNuTh 00bEeMHBIH BBIXOJ (haHepHOro OpesHa (%) 1O

(dopmyrnam
W =W + W=,

=2 -6 =2,D,
w2 =10 ZQ”quk”Kf :

neM

=3 -6 =3,D
w3 =10 ZQHqHEHK:f ,

peM

rae W e=2, W =3 — 00beMHBIN BbIXOJ (haHepHOTro OpeBHA M3 3A0POBBIX M HU3KOKaue-
CTBEHHBIX XJIBICTOB COOTBETCTBEHHO, M3; , — 00beM 3anaca Oepesbl [-TO paspsa
BBICOT B JIECOCEYHOM (OHJIE, M3; g, — BBIXOJ JIEIOBBIX KPYIJIBIX JIECOMATEPHANOB
3 DKCILTYaTUPYEMBbIX OEPE30BbIX HACAK/IEHUH; £, M A, — J10JIs I€T0BOH IPEBECUHbI
COOTBETCTBEHHO M3 HU3KOKAYECTBEHHBIX M 370POBBIX OEPE30BBIX XJIBICTOB B 00IIEM
00beMe JIENIOBOM JIPEBECHHBL; K:’:LD , K;P=3’D — KO3()ULMEHT MAKCHMAIILHOTO BbI-
xoza aHepHOTo OpeBHA U3 3J0POBBIX H HU3KOKAYECTBEHHBIX XJIBICTOB [1-TO pa3psaa

BBICOT IpH cpeaneM auametpe D (%), coorBercTBeHHO [13].

Pezynomamut uccnedosanust u ux oocyxcoenue

Pecypchl COPTHMEHTOB INpH BBIITOJHEHUH CIUIONMIHBIX PYOOK M CTPYKTypa
COPTHMEHTHOTO IUIaHa IPUBEACHBI B Ta0JI. 3.

Tabnuna 3

Pecypchl cOpTHMEHTOB NPH CINIOIIHBIX py0Kax
The assortment resources for clear cuttings

. | O6beM mo paspsigam BbICOT, | [ToTeHIIMATBHBIIH
Haumenosanwue coprumenTa, | O0beM 1enoBoii A BBIXOZ
3
JJINHa, M JAPCBECHUHBI, M 3 4 D o %

[InnoBoYHUK XBOMHEIH, 4, 6 69,6 154,1 - 2240 | 84,95
HI/IJ‘{OBO‘EHI/IK SKCITOPTHBIH 663 139.2 _ 2055 |78.03
XBOWHBIH, 6
5H71'15aHLH06 OpeBHO XBOITHOE, 263.4 14.8 27.4 _ 03 16,05
Pynmonroree xBoitHoe, 4, 6 15,5 28,4 - 439 16,67
Pynuuanas croiika XBoitHast 473 1222 _ 169.5 | 6436
(o cneundukanyn)
TIH0BOMHIK THCTBEHHbIT 229584 |7731,0{10056,0 | 19,1 | 17 805,1 | 77,55
(ocuHa, numa, onkxa), 3, 4
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Oxonuanue maon. 3

. | O6beM mo pazpsigam BbIcOT, | [ToTeHIMATBHBII
HaunmenoBanne coprumenta, | O6beM neioBoi A3 BBIXOZ
JUIHHA, M JIPEBECHUHBI, M> 3 7 > " Y
(V]
[T110BOYHUK JTMCTBEHHBIN
(6epesa), 3, 4 3856,0 3856,3 | 72,69
TapHoe OpeBHO JTUCTBEHHOE 53053 2582 4 _ _ 25824 | 48.68
(6epesa), 2, 4 » ) ) )
®daneproe OpeBHO (Oepesa), 2536.0 _ _ 2536.0 | 47.80
1,6, 3,2 ’ ’ ’
D 229584 | 1194,0 | 2240,0 | 2,3 | 34363 | 14,97
(ocuHa, nwia, obxa), 5
[ToaToBapHUK JTUCTBEHHbBIN 726.2 0 _ 726.2 13.69
(6epesa), 5 ’ ’ i
banancel sxcnopTHbIE _
110 TOCT 2229676, 2 3104,7 0 3104,7 | 58,52
Bananchl 1UIst IEIUIFOIIO36L,
VPCAHASHAUCHHOM JUIA 5305,3 1850,2 0 - | 18502 |34,87
XUMHYECKON TIepepadoTKH
(6epesa), 2
Banance! st cynbgarHoi,
CyIb(OUTHOM 1IEIUTIOIIO3bI 27758 0 _ 27758 | 5138
1 XUMHUYECKOH IpEBECHOU > ’ ?
macchl (Oepesa), 2
Criyeunoe Gpeso (ocuHa, 5336,0 | 6476,4 | 13,4 | 118258 |51,50
nma, oibxa), 1,7, 3,4
Cruseuroe Gpesro (ocura, 47340 | 5264,0 | 12,7 | 10010,7 | 43,60
JIUIA, 0JIbXa), 5
Kaenounoe opesro (ocuma, | 93 9584 | 34175 | 39592 | 102 | 7387,0 | 32,18
JIMTa, 0JbXa), 3,1
Banaschl 1UIs IEIUIF0I036L,
VPCAHASHATCHHOM 1A 3605,0 | 3591,0 | 5,4 | 7201,0 |31,37
XUMHYECKOH TepepadboTKi
(ocuHa, Juma, oabpxa), 2

Bananc packpspkeBKH XJIBICTOB M IpejjiaragMasi CTPYKTypa COPTUMEHTAIIUU
KPYTJIBIX JIecOMaTepHalioB OyIeT BRITIIAAETH cleaytommmM oOpa3om (Tadm. 4).

Tabnuna 4

CTpyKTypa COPTHMEHTHOIO MJIaHA NMPH CIVIOIIHBIX PyOKax

The bucking program structure for clear cuttings

Hammenoanwme 06“T)eM, M3 . Conep(—) Juamertp, | lnuna, Copr | @opmysna pacuera
COPTUMCHTA TOIOBOU | CyTOYHBIN JKaHuE, % CcM M
[MunoBouHUK
XBOMHBII 224 0,89 0,27 >14 4,6 14 | O e R o o
Bbanance! xBoii- 0. =V B
HbIE 39 0,16 0,05 6...24 4 2,3 o xo Aca. X8
®danepHoe Opes- B
Ho (6epesa) 2536 10,14 3,00 >16 3,2 1,2 04s=Rys
[InnoBouHuk 0 R "
JIMCTBEHHBIN 19125 | 114,65 | 33,96 >14 3,4 | 14 | F s _ﬂuﬁﬁ
THIL 0C 3.6
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Oxonyanue maon. 4

HaumeHoBaHue Obwem, M Conep- | lnamerp, | [lmana, Copr | ®opmyina pacuera
COpTHMEHTa TOOBOT | CyTOUHBI |KaHUE, Yo M M P PRYIED

banascs - 6602 | 37,32 | 11,06 | 6..24 | 4 | 2,3 -
CTBCHHBIC
Mroro AenoRolt | »g 557 | 163,18 | 4833 | - - - -
JIPEBECUHBI
Texnonoruie- 145969 | 5112 | 1514 | 26 4 | be -
CKOE ChIpbe copra
ApoBa TOMIME- | 39 904 | 12331 | 36,62 >6 2 | bes -
HBIC copTa
JToro ApOBAKOI | 5573 | 17442 | 51,67 | - - | - -
JIPEBECUHBI
Beero 84 400 | 337,60 | 100 - - - -
OTXO0/BI packpsi- 1321 13.50 4.00 _ _ _ —
KEBKH ’ ’

IMpumeuanue: R — pecypchbl COPTHMEHTOB; ITHIL. XB — MAJIOBOYHKMK XBONHBIN; 0ai1. XB, Gal. JIB — OaIaHChI
XBOWHBIC M JINCTBCHHBIC COOTBETCTBEHHO; JICIT. XB, JIEJL. JIB — ICJIOBAst XBOMHAS U JINCTBEHHAS JIPEBECHHA
COOTBETCTBEHHO; (. 6 — haHepHOE OpeBHO (Oepe3a); MWL JIB — MIJIOBOYHUK JIMCTBCHHBIN; MU, O, THIL.
0C — MAJIOBOYHUK JIMCTBEHHBIN 13 6epe3bl B OCHHBI COOTBETCTBEHHO.

TakcaunoHHast XapaKTepPUCTHKA JIPEBECHHBI, MOCTYMAIOUIeH HA PACKPSIKEBKY
MIpH BEIOOPOYHBIX pyOKax ImpuBeeHa B Ta0I. 5.

Tab6nuna 5

TakcalMoHHAs XapaKTePUCTUKA JPeBECHHBI VISl PACKPSKEBKH
NMpPH BHIOOPOYHBIX PyOKaX
The inventory characteristics of wood during selective cutting

JpeBecHas mopoza HI/EI;/TQI;I:I%M Bmx;)}:[ JICTIOBOM Ilpe;)eCI/IHLI, O0BeM pal\(j[I;piDKeBKI/I, I;i?ggf
CocHa 24 253,32 72,20 351 3
bepesa 26 407,10 40,70 1000 3
OcuHa 26 22,60 33,23 68 3
Jluna 24 94,34 32,60 117 4
Enp 24 39,00 39,40 99 4
Bceeo| 816,00 49,93 1635 —

BeImosiHEHHBIE pacdeTsl PecypcoB COPTHMEHTOB OT BBIOOPOYHBIX PYOOK
MIpHUBEIEHBI B Ta0I. 6.

Tabnumna 6
Pecypchbl cOpTUMEHTOB NPU BHIGOPOYHBIX pyOKax, M3
The assortment resources for selective cuttings, m?
O6beM O06bem 1o paspsaam [NoTeHnnanbHbIN
HaumeHoBanue copTUMEHTa | J1€JI0BOH Ape- BBICOT, M’ BBIXOJL (pecypc)
BECHHBI, M? 3 4 2 M3 %

[I110BOYHUK XBOMHBII 213,50 | 30,93 - 244,43 83,62
HHTOBOTHMUK SKCMIOPTHbIT 292 196,00 | 2596 | - | 222,03 | 76,96
XBOMHBIN
[mampHOE OPEeBHO XBOMHBIIH 41,38 5,69 - 47,08 16,10
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Oxonyanue maon. 6

O6beM O0BeM 1o paspsaam [TorenumanbHbIH
HanmeHoBaHue COpTHMEHTa | J€JI0BOIT Ape- BBICOT, M’ BBIXOZ (pecype)
BECHHBI, M3 3 4 2 M3 %
Pynnonrorse xBoliHOE 48,36 5,79 - 54,16 18,53
Pynnuunas croiika 202
XBoitHas (1o 147,40 | 25,14 - 172,58 59,04
crienuQuKaIym)
IIn10BOYHUK JTUCTBEHHBIN 1 17 1 8,00 73’00 _ 90’72 77,58
(ocuna, numna)
IInn0BOYHUK JIMCTBEHHBIH 297’00 _ _ 297,05 72’97
(6epesa)
Taproe OpeBHO 407
nucTBenHoe (6epesa) 191,60 a a 191,65 | 47,08
®aneproe O6peBHO (bepesa) 198,00 - - 198,30 48,71
[MoxToBapHUK TUCTBEHHBIN 117 274 | 16,15 _ 18,89 16,16
(ocwHa, nHMa, 0JIbXa)
[TonTOBapHUK TUCTBCHHBIH 56.40 _ _ 56.40 13.85
(6epe3a)
BanmaHchI SKCITOPTHEIE 110 _ _
TOCT 22296-76 (Gepesa) 407 239,70 239,74 | 58,89
Banmance! st cynbdaTHOM,
CYIb(HUTHOH LEITION03bI 204.00 _ _ 204.08 5013
U XUMHUYECKOM IpeBECHON ’ ’ ’
Macchol (bepesa)
CrnmueuHoe OpeBHO (OcHHa, 10,88 | 36.87 _ 49.13 42,02
JUTa, 0JIbXa) — JJIUHA 5 M
Bbamance! 11 11eIIro10356!1,
TPEAHAHAICHHON I 827 | 2544 | - 33,72 | 28,83
XMUMHUYECKOH repepaboTku
(ocuHa, yura, 0J1bXa) 117
Banancs! st cynbdarHOH,
CYNb(OUTHOH [EJUTIONO3BI
¥ XUMUYECKOH ApeBec- 8,64 | 43,82 - 52,46 44,86
HOHM Macchl (OcuHa, JTUTa,
0JTbXa)

CopTuMeHTalus APEBECHHBI M OAJlaHC PACKPSDKEBKH OT BEIOOPOYHBIX PYOOK
MpUBeIeHBI B Ta0I. 7.

Tabnuma 7
CTpyKTYpa COPTUMEHTHOIO IJIaHA MPU BLIOOPOYHBIX pyOKax
The structure of the bucking program for selective cuttings
HaumenoBanue coptumenrta VO6beM’ M = Conepxanue, %
Toa0BOU CYTOYHBIN
ITnnoBOYHUK XBOWHBIH 244 0,98 14,95
bamancer xBoitHbIS 48 0,19 2,93
®daneproe OpeBHO (Oepesa) 198 0,79 12,13
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Oxonvanue maon. 7

HanmenoBanue copruMeHTa ?6LeM’ il » Conepxanue, %
ToaoBOU CyTO‘IHbII/I
IT1I0BOYHMK JTUCTBEHHBIN 189 0,76 11,59
bamance! mucTBeHHBIC 136 0,55 8,33
Uroro nenoBoii 1peBecHHbI 816 3,27 49,93
TexHOIOrH4eCcKoe ChIphe 324 1,30 19,84
JIpoBa TONTMBHBIE 494 1,98 30,23
HToro mpoBsHO# IpeBECHHBI 819 3,27 50,07
Bcero 1635 6,54 100
OTXO/bI PACKPSIKEBKHI 65 0,26 4,00

B Ta0:1. 8 nana o0111ast XapaKTePUCTHKA JOJICBOT0 Y4acTHsI 00bEMOB IPEBECHHBI,
3aroTaBIMBacMON Ha KaXKJIOM M3 Y4acTKOB, B 00IIEM OObeMe MPOU3BOJCTBA IS
Benokaralickoro JieCHU4eCTBA.

Tabnuna 8

JloneBoe yuacTHe JpeBeCHHbI, 3ar0TABJINBAEMOIi HA JIECHBIX YYaCTKAaX,
B Io/I0BOM 00beMe Npou3BoAcTBa BeslokaTaiickoro JiecHu4ecTBa
The share of wood harvested in forest areas in the annual production volume
of the Belokataysky forestry

JlecHoit yuacrox T'ogoBoit 06beM, M3 Jounst, %
Kapisrxanosckoe 7360 0,0855
Crapobesokaraiickoe 37821 0,4396
HosobOenokararickoe 15462 0,1797
Ypranuackoe 25392 0,2951

Hmoeo 86 035 1

B paspese JiecHBIX y4acTKOB C ydeToM TaOi. 7 pacyeTHass COPTUMEHTHas
CTPYKTypa MPUMET BUJ, MPEACTABICHHBIN B Ta0M. 9.

Tabnuna 9

PacueTHasi COpPTUMEHTHAsl CTPYKTYpPa B pa3pe3e JIECHBIX Y4aCTKOB
benokaraiickoro JiecHuuecTBa, M3
The estimated assortment structure in the context of forest areas
of the Belokataysky forestry, m?

T'omosoii 06beM pyOku Kapubl- | Crapobe- | Hoso-

Haumenoanue i | 6 Vpranus-
CcopTHMeHTa BLIGOpOH- CIDIOII- Vitoro XaHOB- JIOKaTau- e{lOKa- CKOE
HBIC HBIC CKOC CKO¢ TauCKOEC

[In10BOYHMK XBOMHBIN 244 224 468 40 205 84 137,9
Banancel XBOMHBIE 48 39 88 8 39 16 26,1
®anepHoe GpesHO 198 | 2536 | 2734 | 234 1202 491 | 8070
(6epesa)
E;IQOBO“H“K MCTBCH- | 189 128 66328 853| 2468 | 12684 | 5185 | 85155

Bajancel 1MCTBEHHBIE 136 9331 | 9467 810 4162 1701 27941

Hrtoro nenosoi ape- 816 |40794 |41610| 3560 | 18292 | 7478 |12280,7
BCCHUHBI




138 «H3BecTns By30B. JlecHoii skypHam». 2025, Ne2 ISSN 0536-1036

Oxonyanue maon. 9

T'onosoii 06bem pyOku Kapunbl- | Crapobe- | Hoso-
HaumenoBanue i |6 Ypranuu-
COpTHMEHTa BLI60p0‘-I- CHJ‘IOH_I- U XaHOB- JIOKaTau- eJ}oxa- cKoe
HBIE HBIE TOTO CKOC CKO¢C TAUCKOC
Texnonoruseckoe 324 |12779(13 104| 1121 5760 | 2355 | 38674
ChIpbe
J[poBa TOILIMBHBIE 494 [30827[31321] 2679 | 13769 | 5629 | 92439
Hroro apossnoi Ape- | ¢1g |43 606 |44 425| 3800 | 19529 | 7984 | 131113
BCCHUHBI
Bcero 1635 [84400[86035| 7360 | 37821 | 15462 [25392,0
OTX0AB!I pacCKpKEBKU 65 3376 | 3441 294 1513 618 1015,6

Busyanuzaius cTpyKTypbl COPTUMEHTHOTO TIaHa 1o benokaralickoMy JieCHU-
YeCcTBY B pa3zpe3e pyOOK MpHUBEACHA Ha PUCYHKE.

60
501

40 = [TIOBOYHHUK XBOWHBIN
= GaJIaHChI XBOHHBIE
301 (hanepHoe OGpeBHO

EIMUJIOBOYHHUK
JINCTBEHHBIN

20 u GaJIaHChI JIMCTBEHHBIC

JIPOBsIHAsH APEBECHHA

CoziepkaHre COPTUMEHTOB, %

101 B OTXO/IbI PACKPSKEBKH

CIUIOLIHAs pyOKa BBIOOpOYHas pyOKa

CTpyKTypa COpTUMEHTHOTO Iu1aHa benmokaraiickoro JecHHYeCTBa

The structure of the bucking problem of the Belokataysky forestry

ITo ycnoBusiMm (GOpMUPOBAaHUS COPTUMEHTALIMK M pacdyera OajlaHca pacKps-
JKEBKU XJIBICTOB C YUYETOM MPEJIOKEHHH 3aKa3zurka ObLT c()OPMUPOBAH BapHUaHT
coptuMeHTHOTO TuTaHa (tabm. 10). OTiMmyueM JaHHOTO BapHaHTa OT IUIAaHA COPTH-
MEHTAIIUU, TTPUBEICHHOTO BHIIIE (CM. Ta0i. 4, 7) sABIsSETCS CTPEMIICHHUE MPEIOCTa-
BUTH MPOU3BOICTBY HEOOX0muMoOe chipbe. OTHAKO HalJIeH KOMIIPOMHUCCHBIN BApUAHT
HCIIOJIb30BaHUA APCBECHBIX PECYPCOB C IMPUHATUEM BO BHUMAHNE BbIYJICHCHUA 06'5-
€MOB BBICOKOKa4€CTBEHHOM JIPEBECUHBI JUISI €€ PeaTU3alluu JPYyTrUMH TPOU3BOJICTBA-
MH B 00€CITeYeHIs] OCHOBHOTO TUTUTHOTO TIPOM3BoACTBa B yeaoBusax OO0 «KpoHo-
uian OCby. [pu onpe/iesieHnu cOpToBOM CTPYKTYpPBI (haHEepHOTO OpeBHA U3 Oepe3bl
Y JTJUCTBEHHOI'O MUJIOBOYHMKA MPUMEHSIACh MeToAuKa [13].

Tabnuna 10

Bapuant coprumentanuu s besiokaraiickoro JiecHu4ecTBa
An assortment option for the Belokataysky forestry

HaumenoBanne I'omoBoit 00BEM Copepxanue,
5 o [Ipumeuanue
COpPTHUMEHTA IIPOM3BOJCTBA, M %
[TunoBouHUK
XBOMHBIN 468 0,5 Pecypc
OCHHOBBIN 754 0,9 OcTatok 0T pecypca
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Oxonyanue maon. 10

HaumenoBanue T'omoBoit 00beM Copepxanue, N
3 0 pUMEIaHue
COPTUMEHTA IIPOMU3BOJACTBA, M %

JIUTIOBBIN 2025 2,3 1, 2 copt (20 %) ot pecypca
®danepHoe OpeBHO

u3 6epessl 2536 2,94 Pecypc, crumontabie pyOKu

U3 OCHHEL 4734 5.5 Pecypc cnimueynoro kpsoxa

TP CIUTOIIHBIX pyOKax

Wroro nenosoii npese- 10517 122 7
CHHBI
Texnonornyeckoe 73 597 85.6 3
CBIpbE
Wroro BbInyck Aen0BOM 84 114 97.8 _
JIPEBECUHBI
JlpoBa TOTIMBHEIE 1921 2,2 [TotpebHOCTS (TI1aH)
Bcero 86 035 100 —
OTXOABI PaCKPSKEBKH 3441 4 —

B kauectBe mpumepa B Tabn. 11 mokazaHbl pe3yibTaThl pacueTa COPTOBOU
CTPYKTYpHI (haHepHOTO OpeBHA MPH PaCKPsHKEBKE OEPE30BBIX XJIBICTOB 3-TO paspsiaa
BBICOT CIIEAYIONIEH TOBapHOCTH: 3amac — 14 890 M3; BEIXOJ IE€TOBOM IPEBECUHBI —

35,6 %; cpennuil nuaMeTp HacaxkaeHui — 26,0 cm.

Tab6uuna 11

Pe3ysbTaThl pacuera coproBoii CTPYKTYpHhI (haHepHOro 6peBHa (Oepe3a)
The results of the calculation of the varietal structure of plywood logs (birch)

PacCUnTLIBAEMBIE 3HAYCHUS s 310POBBIX W3 HM3KOKAYCCTBECHHBIX
XJIBICTOB XJIBICTOB

Jlonst menoBoro ceIpbs, %o 58,54 41,46
Koadumment makcumanbHOTO BhIX0ona GaHep- 52.79 4145
HOTO OpeBHA, %o
OO0BeMHBII BBIXOA (haHepHOTO OpeBHA, M3 1600 1134
JloneBoe y9acTue Ui APEBECHHBI
1-ro copra, % 38,5 30,4
2-ro copta, % 23,8 32,4
OOBEMHBIN COCTaB IS JPEBECHHBI
1-ro copra, M? 616 345
2-ro copra, M’ 381 367

[TosicHeHus K UTOTOBBIM COPTUMEHTAIINH 1 OaJIaHCY PACKPSIKEBKH IPEBECUHBI
B YCIIOBHSIX benokaTaiicKoro JeCHHYECTBA, COMNIACOBAHHBIM C TIPEATIPUATHEM:
1) O0beM TEXHOJIOTHYECKOTO CHIPbsI ONPENENICH C YY4eTOM XBOWHBIX U JIU-

CTBEHHBIX 0aJIaHCOB.

2) [Inanupyemslit 00beM (haHepHOTO OpeBHA M3 OCHHBI B3SIT PaBHBIM pecypcy
CIIUYEYHOT0 OpeBHA JTMHOH 5 M, T. €. 4734 M3, mpu4eM TOJIBKO OT CIUIOIIHBIX PyOOK.

3) Ilpoextnpyemblii 00beM MWJIOBOYHWKA M3 OCHHBI NPUHAT paBHBIM 25 %
(3-1 copT) OT pa3HUIIBI MEXIY PECYPCOM MMIOBOYHHKA W TUIAHOBBIM 3aaHueM (haHep-
HOro OpeBHa, T. €. OCHHOBBIN MIoBoUHUK: (7731 + 18) —4734 = 3015, 1. e. 3015 - 0,25 =
=754 M?. OcTanbHON 00BEM JIPEBECHHBI IIEPEBE/ICH B TEXHOIOTHYECKOE ChIPEE.

4) 3amiaHupoBaHHBIH OO0BEM IUJIIOBOYHMKA W3 JIMIBI TPUHAT B 00B-
eMe Bcel apeBecuHbl 1-ro u 2-ro coptoB (20 %) ot obmiero pecypca, T. €.
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(10056 + 73) - 0,2 = 2025 m3. OcTaBuIniics MHUJIOBOYHUK PACCMATPUBAETCS KaK TEX-
HOJIOTMYECKOE CBIPhE.

5) Crnenyer oOpaTuTh BHMMaHHE Ha pecypc (aHepHOro OpeBHa W3 OGepesbl
(2536 M), 4TO HEJOCTATOYHO MPH TUIAHOBBIX 00BbeMax Mmpou3BoacTBa 8309 m3.

6) Bo3moxxeH BapuaHT, KOrzna MWJIOBOYHHUK M3 MSTKOIHMCTBEHHBIX HOPOX HE
BBIMTMWJIMBACTCS, T. €. TOT 00BEM JIPEBECUHBI IEPEBOIM B TEXHOJIIOTHUECKOE CHIPBE.

Raxnrouenue

Hcnonb3oBanue pa3pabOTaHHBIX B YPaJIbCKOM I'OCYIapCTBEHHOM JIECOTEXHU-
YEeCKOM YHHUBEPCHTETE METOIMK pacyeTa PecypcoB KPYIIbIX JIECOMaTepHaioB U MX
COPTOBOI CTPYKTYpbI, @ TAKKe MPOrPAMMHOIO OOECIIEUEHNUS IO3BOJISIET OLIEHUTh 3KC-
TUTyaTUpyeMbIe JIECHBIC IPEBOCTOM U BBISIBUTH IMOTEHIHATbHBIE 00bEMBI COPTUMEHTOB
LIEJICBOTO Ha3HAYCHHS.

Ha ocHoBe mpenmonaraeMoro BBIXOJIa HENEBBIX COPTUMEHTOB COCTaBIIAETCS
IUIaH PACKPSDKEBKU XJIBICTOB (COPTUMEHTHBIN IUIaH MPEANPHUSTHS) C yYETOM JeH-
CTBYIOILMX MPHUOPUTETOB WX C LEIbIO MIPUHATHS PELICHHUs O IPOCKTUPOBAHUY Lie-
XOB I10 NepepadoTKe APEBECHUHBI.

Hs OO0 «Kponommar OCB» ObutH BEISBIEHBI 00BEMBI COOCTBEHHOTO pe-
cypca ¢aHepHoro OpeBHa (13 Oepe3bl, OCHHbI), MUJIOBOUYHUKA XBOHHOIO, JINCTBCH-
HOTO TIPH 3KCITyaTalli APEBOCTOEB apeHIyeMbIX JECHBIX y4acTKoB. Kpome Toro,
YCTaHOBJIEHBI TPeOyeMble 00BEMBI 3aKyIIKH JIPEBECHOIO ChIPbsl Ul O0ECIeueHUs
OCHOBHOTO ITPOM3BO/ICTBA.
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Annomayus. TlepekpecTHOKIEEHas IPEBECHHA — OIMH W3 MEPCIIEKTHBHBIX CTPOUTEIBHBIX
MmarepuaioB. CyIiecTByromas 0Te4eCTBEHHAs HOPMaTUBHO-TEXHUYECKasl 0a3a He periiaMeH-
TUPYET Hepas3pyIIaroNi KOHTPOJIb KAauyecTBa, a Takke 00CIeIoBaHWE W MOHUTOPHHI TEX-
HUYECKOTO COCTOSIHUSI IUIMT M3 TaKOW APEBECHHBI, MPU 3TOM PE3YJIbTaThl MPAKTHYECKOTO
MIPUMEHEHHS] OCHOBHBIX METO/IOB HEPA3PYILAIOIIETO KOHTPOJIIS ISl 3THX IIeJIel OTpaHUueHHO
NIPE/ICTaBIICHBI B HAYYHOW JuTeparype. Llenb paboThl 3akirodaeTcst B OLEHKE BO3ZMOKHOCTH
1 TOYHOCTH BBISBJIICHHS CKPBITHIX JIE(PEKTOB B IUINTAX U3 NEPEKPECTHOKICCHOH JPEBECHHBI
AKyCTHYECKHM METOJIOM M M3MEpPEHHEM CONPOTHUBICHHUS CBEpJICHHIO. VccienoBanue mpo-
BOMWIN Ha oOpas3max it pazmepoM 100x100 MM, pa3HOW TOIIUHBI, U3TOTOBICHHBIX H3
JpeBecuHbl cocHbI (Pinus sylvestris L.). CKpbITBIMU 1e()eKTaMU SIBISIFOTCS TIOJIOCTH BHYTPH
IUIUT, TTOPaKEHHOCTh THHUJIBIO 3arOTOBOK TSI CJIOSI, yYaCTKH C OTCYTCTBHEM KIICEBOH Ipo-
CIIOMKH. AKYCTHUECKHH Hepa3pyLIaloNi KOHTPOIb OCYIIECTBIISUI BEIOCHMETPHYECKUM
METOJIOM C MCIIOJIb30BaHHEM YIBTPa3ByKOBBIX mpubopos «Ilymbcap 2.2» u Pundit PL-200.
Jlist ostydeHust mpoQuiIsi CONPOTHBIICHUS CBEPIICHUIO 0 TOJIIMHE TUINTHI IPUMEHSUTH MO-
ounbHOe ycrpoiictBo IML-RESI PD 400 co cranmapTHBIMA TOHKUMH OypOBBIMHU CBEpIIAMH
C AMaMeTpoM pexylueit yactu 3 MM. B pabote npesncTaBieHsl pe3ynbTaThl 30HAIBHOTO aKy-
CTHYECKOTO CKaHMPOBAHUS IUTUT M3 NEPEKPECTHOKIIECHON NPEBECHHBI B BHUJIE KOHTYPHBIX
rpaduKoB, Ha KOTOPBIX OTPAXKEHBI CKOPOCTH YJIBTPa3BYKOBOTO CHT'HAJA 110 BCEH IIOCKOCTH
TUINTHI, @ TaKXKe TPO(UIIN CONPOTHUBIICHHSI CBEPIICHHUIO B MECTaxX 3aJI0)KEHHBIX JleekroB. Ha
OCHOBaHMHM TONApHOTO cpaBHEeHUs MeauaH 1o U-kpureputo MaHHa—YUTHH M 3aKOHOB pac-
Mpee’eHU CKOPOCTEH YyIbTPa3ByKOBOIO CUTHaja JJsl AT ToamuHoi 120 u 200 mm, o
kpureputo Konmoropoa—CmupHoBa (Juist rmnT 120 MM) YCTaHOBJIEHO OTCYTCTBHE CTaTUCTH-
YEeCKH 3HAYUMBIX Pa3InIuid Mex 1ty BeIOopkamu. CKOpoCTh yIbTpa3BykoBoi BostHBI 1400 m/c
SIBIISIETCSI TPAHIMYHBIM 3HAaYCHUEM, XapaKTEepU3YIOIINM HaJIM4IHe BHYTPEHHETO0 1e()eKTa B IIIH-
Te. bbu10 1MoKazaHo, 9TO METO N3MEPEHNS CONPOTHBIICHUS CBEPIICHHUIO HE JAET BOZMOKHOCTH
BBISIBUTBH IIPUCYTCTBHE HIIM OTCYTCTBUE KJIEEBOIO IIBA B UCCIEOBAHHBIX IUINTaX. 30HAIBHOE
CKaHWPOBAHUE BEIOCHMETPHUUECKHUM METOJOM M OIIPEJEIICHUE CONPOTHUBICHHS CBEPICHHIO
MIO3BOJISIFOT BU3YaJIbHO TPEJCTABUTH HAIMYNE BHYTPEHHUX Ne(EKTOB B BHJE MPpOopMIeH co-
TIPOTUBIICHUS] CBEPIICHUIO U KOHTYPHBIX I'Pa)KOB CKOPOCTEH.
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Abstract. Cross-laminated timber is one of the promising construction materials. The exist-
ing domestic regulatory and technical framework does not regulate non-destructive testing,
as well as examination and monitoring of the technical condition of cross-laminated timber
panels, while the results of the practical application of the basic methods of non-destruc-
tive testing for these purposes are limitedly presented in the scientific literature. The aim
of the research has been to assess the possibility and accuracy of detecting hidden defects
in cross-laminated timber panels using the acoustic method and measuring the drilling re-
sistance. The research has been conducted on samples of 100x100 mm panels of different
thickness, made of pine wood (Pinus sylvestris L.). Hidden defects include cavities inside
the panels, rot in the billets for the layer, and areas with no adhesive layer. Acoustic non-de-
structive testing has been carried out by the velocimetric method using ultrasonic devices “Pul-
sar 2.2” and Pundit PL-200. To obtain the drilling resistance profile across the panel thickness,
an IML-RESI PD 400 mobile device has been used with standard thin drill bits with a cutting
diameter of 3 mm. The paper presents the results of zonal acoustic scanning of cross-lami-
nated timber panels in the form of contour graphs, which reflect the ultrasonic signal speeds
along the entire plane of the panel, as well as drilling resistance profiles in places of inherent
defects. Based on a pairwise comparison of the medians using the Mann-Whitney U-test and
the laws of velocity distributions of the ultrasonic signal for panels with a thickness of 120
and 200 mm, according to the Kolmogorov-Smirnov test (for panels measuring 120 mm),
the absence of statistically significant differences between the samples has been established.
The ultrasonic wave velocity of 1,400 m/s has been the boundary value characterizing
the presence of an internal defect in the panel. It has been shown that the method of measur-
ing drilling resistance does not allow detecting the presence or absence of an adhesive line in
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the studied panels. Zonal scanning using the velocimetric method and determination of drill-
ing resistance make it possible to visually represent the presence of internal defects in the
form of drilling resistance profiles and contour velocity graphs.

Keywords: acoustic non-destructive testing, defect detection, quality, examination, cross-lam-
inated timber, resistograph, drilling resistance
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Beeoenue

B Poccuu u 3a pyOexom pacTeT NpUMEHEHHE IUTUT U3 MePEeKPECTHOKICCHOM
npesecunsl (JI1K) B kauecTBe HECYIIUX M OTpa)KIAIONUX KOHCTPYKLIUN 3AaHUN U
coopyxeHuil. FIX akTHBHOE BHEZPEHUE B CTPOUTEIHHON OTpaciu 00yCIOBICHO BO3-
MOYKHOCTBIO IIMPOKOTO MCTOIH30BaHMUS, B T. 4. KOMOWHUPOBAHHS C IPYTHMH CTPO-
WTEIBHBIMHA MaTepuasiaMu. B Hamieli crpaHe TpeOoBaHUs K KadyecTBY Marepuala H
o0miye TeXxHuYecKue TpeOOBaHuUs, TAKKE KaK TeOMETPUUECKUE Pa3Mepbl, KOTUYECTBO
CJI0€B, MPOYHOCTHBIE U YIIPYTHE XapaKTEPUCTUKH, a TaK)Ke MOKa3aTesd MOBEPXHO-
ctu u npaBuia npuema mwiuT u3 JIIK ycranamuBaer [OCT P 56706-2022 «Ilmu-
ThI U3 TIEPEKPECTHOKIIECHOH ApeBecuHbl. O0IIHe TEXHNYECKre yCIoBHs». Bmecre ¢
TEeM JaHHBII CTaHAApT HE PErJIaMEHTHPYET METOIBl KOHTPOJS CKPBITHIX Ie(eKTOB
B TUTUTaX, KOTOPbIE MOTYT 3HAYMMO BIUATH Ha MPOYHOCTHBIE U DKCILTyaTallMOHHBIE
CBOMCTBa KJIEEHBIX JEPEBIHHBIX KOHCTPYKIIHI.

AKycTHYecKHe MeTO/Ibl HEPa3pYIIAIOIET0 KOHTPOJIS IPUMEHUMBI JIJIs YCTaHOB-
JICHUS Y9aCTKOB C OTCJIIOCHHSIMH WJIM OTCYTCTBHEM KJIEEBOM MPOCIOWKH B KIEEHBIX JIe-
PEBSIHHBIX 3JIeMeHTax KOHCTpyKuuii [9, 11]. [Ipu aTOM pe3ynsraTsl H3MepeHHit aKycTu-
yeckux xapakrepuctuk JITK MoryT ObITh IpeicTaBIeHbI B BU/I€ KOHTYPHBIX TPa(HKOB
C BBIZIETICHHEM Oe3/1e(DeKTHBIX YYaCTKOB ILTUT, IMEIOIIHX BHICOKYIO CKOPOCTh aKyCTH-
YeCKOI'0 CHTHaja 10 CPABHEHHUIO C yJacTKaMH 0e3 KJIeeBOW MPOCIONKH, CepALIEBHHON
i cyukami [ 18]. B mporecce npousBoactsa JAIIK mmn ux skcruryaranuu qpeBecuHa
B TTUTE MOKET OBITh IMOpakeHa AePEeBOpa3pyIIAIONINMHU IPHOaMH, B 3TOM CITy4yae CKO-
POCTB TTPOXOKICHHUS aKyCTHIECKOTO CUTHAIA Takxke cHIbkaeres [1, 16, 17, 25].

Uccnenosanus [10, 12, 21, 27, 28] nocBsiieHbl ONPEICICHUIO YIPYTHX Xa-
pakrepuctuk T u3 JI1K ¢ nienbro oneHkn nx Ka4ecTBa U HECYIIel CIOCOOHOCTH.
Monynb ynpyrocTy u CIBUTa MOTYT OBbITh YCTAHOBJIEHBI C IOMOIIBIO PE30HAHCHOTO
aKyCTHYECKOTO METO/1a, OCHOBAHHOTO Ha BO30Y>KACHUH BBIHYKJCHHBIX YIPYTHX KO-
neGaHuil B TUIMTE WM €€ YaCTH W MX MOCJeayIoneM ananuse. JlanHbIi MeTo Tpy/I-
HOOCYIIECTBUM IS TUTHT, SBJISIOMIMXCS YacThIO 3AaHUS WM KOHCTPYKITHH, BBHILY
HAJIMYUS MTPOIOJIEHBIX U IMONEPEYHBIX CBA3EH DJIEMEHTOB KOHCTPYKIIMH, BITHSIOIINX
Ha pe3yabTaThl u3MepeHui [27].

C uenbio o0cnenoBaHrs 1 MOHUTOPUHTA JIEMEHTOB JICPEBSIHHBIX KOHCTPYK-
[IU{A aKTHBHO TIPUMEHSETCSI M3MEPEHUE COMPOTHUBIICHUS CBEpIeHUIO [2, 6, 7, 13, 14,
19, 23, 26], ocHOBaHHOE Ha (hUKCAIIMH YHEPTOCHIOBEIX MTApaMETPOB MIPoIiecca CBep-
JIEHWsI IPEBECUHBI TOHKUMHU OypoBBIMHU cBepiiaMu [5]. CompoTHBIIEHNE IPEBECHHBI


https://rscf.ru/en/project/23-16-00220/

146 «H3BecTns By30B. JlecHoii skypHam». 2025, Ne2 ISSN 0536-1036

CBEPJICHUIO BBICOKO CBA3aHO C IUIOTHOCTHIO M MEXaHUYECKHMM CBOMCTBAMHU JpeEBE-
cunsbl [7, 15, 20, 22, 26].

[Tnuter u3 AIIK sSBAsiIOTCS OTHOCUTENBHO HOBBIM CTPOUTEIBHBIM MaTepua-
JIOM, a IPUMEHEHHUE COBPEMEHHBIX METOJOB HEpa3pyIIAIOLIEr0 KOHTPOJIS XapaKTe-
PUCTUK U BHYTPEHHEIO COCTOSIHUSL IPEBECUHBI B IUIMTaX HE PEIIAMEHTHPOBAHBI U
anpoOUPOBaHBI JIMIITL YACTHYHO [3, 4]. B CBSI3U ¢ 3THM I1eJIbIO JJAHHOM paboThI cTajia
OIIEHKa BO3MO)KHOCTH ¥ TOYHOCTH BBISIBJICHUS CKPBITHIX AePekToB B rumnTax u3 JI1K
BEJIOCUMETPUUYECKUM aKyCTUYECKUM METOJOM M METOJIOM U3MEPEHUS] CONPOTHUBIIE-
HUSI CBEPJICHHUIO.

Obvexmbl u Memoowvl UCCAEO08AHU

s m3rotopnenus wnt u3 JIK npuMensmu nunomarepuan u3 ApeBECUHBI CO-
cHbI (Pinus sylvestris L.) kaMmepHO# CyIIKi HOMAHATBHBIM pazMepoM 2 100x85x44 mm
u BaxxHocThio 10—12 %. M3 nunomarepuana mosydeHs! 3aroToBKy HOHM 1050 MM
U B JAbHEHIIEM OTKaJIuOpOBaHbI 10 Pa3MepoB B mornepedyHoM cedeHud 40x80 M.
Ha cnenyromem sTane npousBeny COPTUPOBKY 3aroTOBOK 110 KadecTsy. [l BHew-
HUX CJIOEB IJTUT OTOMpaIN 3aTOTOBKU 0€3 MOPOKOB TaHTE€HIIMAIBLHOTO paciuia, a Jis
BHYTPEHHHUX — 3arOTOBKHU CJIOS TAHT€HIIMAIBHOTO PACHHIIA CO 3A0POBBIMHU CyUKaAMH.
beno msroromneno 2 mutel pazmepamu 1000x1000%120 u 1000%1000%200 MM,
C00TBETCTBEHHO 3- U S-cnoitabie o [OCT P 567062022 ¢ nedexramu B HEHTpaIIb-
HOM ciioe. JIJIs KaKIo# TUTHTHI pa3paboTaHbl CXeMBI IIEHTPANTBHBIX ClIoeB (puc. 1)
CO CIeAYIOMUMH JedeKTaMU: MOJIOCTH (YaCTHYHOE OTCYTCTBHE 3arOTOBKH CJIOS)
80x80x40 u 675%30%x40 MM B IJIUTE; CJIOHM, BBIIOJIHEHHBIA U3 3arOTOBKH, IOpa-
KEHHOH MecCTpoil THUJIBIO, pa3Mephl MOPAKEHHOTO y4acTKa B TOTOBOM H3ZICITUU —
1000x80(160) MMm; HenpokJieeHHBIH yaacToK 80% 160 MM MEKIY CMEKHBIMU CIIOSIMU
IUTHL. BE160p MeheKToB OB 00YCIIOBICH BRICOKOM BEPOSTHOCTHIO UX TIOSBICHUS B
YCIJIOBHUSIX peanbHOTO MPOMU3BOCTBA, a TAKXKE X 3HAUMMOTO BIUSHUS HA MPOYHOCT-
HbI€ XapaKTEPUCTUKU TUIUT [24].

) 000 mm ) ) 7000 rmm
200m || N
Al §/ 7 | 60| §/
JoHa de3 RIS 3 /]
degexmob (3d0p0bse ] NS N
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Puc. 1. Cxema pacnionoxenust 1e(peKkToB B IECHTPAIBHOM CJIO€ IITUTHI
13 IePEKPECTHOKIICEHON IPEBECHHBL: a — 3-CIIOWHAs; 6 — 5-ClIoiHas

Fig. 1. The layout of defects in the central layer of a cross-laminated timber panel:
a — 3-layer; 6 — 5-layer
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Jns cknenBaHus CI0€B IIUT MEXTy COOON MPUMEHSITH OTHOKOMITOHEHTHBIH
noiunypetanoBblil kel Kleiberit PUR Adhesive 501.0 (Kleiberit SE & Co, Baiin-
rapreH, ['epmanust). [IpeccoBanue OCyIIECTBISUTM B THIPABIMYECKOM TIpecce Vario
Press 30T-120/1 (Foshan City Vario Machinery Co., Ltd., ®omauns, ['yanayn, Kurait)
npu Temneparype 23 °C, gasnenun 0,98 Mlla (10 kr/cm?) u Beiepskke 90 MuH.

Jns  ompeneneHus BIAXHOCTH IUTUT MCHOJB30Baidu  Biaromep MI'4/]
(OO0 «CKBb Crpottnpubopy, Yensounck, Poccus). M3amepenne npou3Boauiv B pe-
KHUMe CKaHupoBaHUs. CPelTHIO BIQKHOCTh YCTAHABIMBAIIHN 110 2 BHEITHUM CIIOSIM.

30HAIBHOE YIBTPa3BYKOBOE CKAHMPOBAHME IUIMT BBITIOJHSUIA BEJIOCHMETPHYC-
CKMM aKyCTHYECKHM METOIOM, OCHOBAHHBIM HA OIIPENIEJICHUH BPEMEHH IPOXOKICHUS
YIBTPa3BYKOBOTO CUTHAJA C ITOCIIEIYIOIIUM PAcIeTOM CKOPOCTH aKyCTHUECKOTO CHTHAJIA
[8]. U3my4arensb ¥ MPUEMHHK PACIIOiarajii Apyr HAIPOTHB JPyra MEXIy B3aUMHO I1a-
paJUIeNTbHBIMHU JIMIEBBIMU TUIOCKOCTSIMHU TUTUTHI (pUC. 2, a). VI3MepeHne ocyIecTBIIsN
MOCPENICTBOM CyXOT0 aKyCTHUECKOro KoHTakTa. CeTka u3MepeHuil uMena Buj 25%25 ¢
00IMM KOJMYEeCTBOM M3MepeHuit 625 mitT., marom 40 MM MEXITy CMEKHBIMU H3MEpe-
HUSIMH U TIepeKphIBalia IIomaas B 92 % minTel. Bpemst mpoxoxaeHus yabTpa3ByKOBOH
MPOZOIBHOM BOJHBI (PMKCHPOBAIM B aBTOMATHUECKOM PEXUME IO NeperHeMy (poHTY
CHT'HAJIa C TIOMOIIBIO YJBTPa3BYKOBBIX MpuOopoB «Ilynscap 2.2» (OOO HIIIT «Mu-
Teprpudop», Yensounck, Poceust) u Proceq Pundit PL-200 (Proceq SA, IIseprenoax,
[Iseiiapust) ¢ HOMHHAIBHOM YacToToi Tipeodpazosarenst 60 n 54 k[ 11 cooTBETCTBEHHO.

Puc. 2. [IpoBeneHne n3MepeHuii mpu HepazpyaroneM KOHTPOJIE BHYTPEHHETO COCTOSTHHS
TUIUT U3 TIEPEKPECTHOKIIEEHOM IPEBECHHBI: ¢ — BEJIOCUMETPUYECKUM aKyCTHYECKUM
METOZIOM C HUCIIOJIb30BaHHEM YJIBTpa3BykoBoro rpubdopa Proceq Pundit PL-200; 6 — meTomom
(uKcanyy conpoTHBIeHUs cBepiieHnto ycrpoiicteoM IML-RESI PD 400
Fig. 2. Carrying out measurements during non-destructive testing of the internal condition
of cross-laminated timber panels: @ — by the velocimetric acoustic method using the Proceq Pundit
PL-200 ultrasonic device; 6 — by fixing drilling resistance using the IML-RESI PD 400 device

Jns xouTpons BHyTpeHHero cocrosaus it u3 JAIK metomom m3mepenus
COIPOTHBJIECHUS cBepieHuto npumensn npubdop IML-RESI PD 400 (IML System
GmbH, Bucnox, ['epmanns) co cTaHAapTHBIM CBEPIIOM, HMEIOLITUM JHAMETP XBOCTO-
BUKa 1,5 MM 1 pexyiei yacti — 3 MM. Vcronbp30Baiu MOCTOSHHYIO 4acTOTY Bpallle-
HUS TOHKOTO OypoBoro cBepia 2500 mun ! 1 ckopocTs omauun 1,5 m/mMuH. ITpocBep-
JIMBaHUE MPOU3BOIMIN NEPIIEHANKYIISIPHO JIMLEBOW MOBEPXHOCTH IJIUTHI B MECTAX
3aJIOKEHHBIX AedekToB (puc. 2, 6). B pesynbrare npocBepianBaHust ObLIM MOTY4EHBI



148 «H3BecTns By30B. JlecHoii skypHam». 2025, Ne2 ISSN 0536-1036

MPOQHITN U3MEHEHHSI CONIPOTHUBIICHHSI CBEPIICHHUIO, OTPAKAIOIINE YCHITHSI, HEOOXO/HU-
MBIE JUIS CBEpJICHHS ApeBeCHHbl. Ha 0CHOBaHMM CONMPOTUBIICHUSI CBEPIICHUIO OLICHH-
BaJlach IUTOTHOCTH IPEBECHUHBI M HAIMYUE B HEHl BHYTpeHHUX nedexros [2, 20, 23].

JlaHHbBIe, TMOJIyYEeHHBIC TMPH 30HAJIBHOM CKAHUPOBAaHUM YIIBTPa3ByKOBBIMH
puOOpaMu ¥ U3MEPEHUH COMTPOTHBIIEHHS CBEPIIEHUIO, COXPAHSINCH U 00padaThIBa-
JIMCh C UCTIONIb30BaHUEM nporpammHoro odecrieueHust PD-Tools PRO (IML System
GmbH, Bucnox, ['epmanus), Microsoft Excel (Microsoft Corp., Penmonn, Bammnr-
toH, CIIIA) u SigmaPlot 14.0 (Systat Software Inc., Car-Xoce, Kamudopuus, CILIA)
C JOBEpPUTEIBHOU BEPOSITHOCTHIO 95 %.

Pezynomamot uccnedosanuss u ux oocyxcoenue

CpenHsag BIaXHOCTH ApeBecuHbl B miuutax u3 /11K Bapsuposana ot 5,7 go
8,1 % (cpennee 3HaueHHE — 6,9 %), 4YTO COOTBETCTBYET BIAKHOCTH TIPU KOHIHIIH-
OHHMPOBAHMHU JIPEBECHHBI B KOMHATHO-CYXHMX YCIOBHUSX (Temrieparypa BO3Ayxa —
20 °C, otHOCHUTENbHAS BIaXKHOCT — 40 %).

Pe3ynbprarhl 30HaNBHOIO YyABTPa3ByKOBOTO CKAHUPOBAHUS 3-CJIOMHOM U 5-CI0ii-
noit mut u3 JIIK npencraBieHs! Ha puc. 3, a CTATUCTUYCCKUE XaPaKTEPUCTUKU CKO-
pocTeli MPOXOXkKICHHUS YIBTPa3BYKOBOTO CUTHAJIA Yepe3 ILTUTHI — B TaOJHIIE.
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Puc. 3. KortypHsle rpaduku CKOPOCTH yABTPa3BYKOBOTO CHTHAJIA, TOTYYCHHEIC
¢ momombko pudopos «Ilynbcap 2.2» (cmea) u Pundit PL-200 (cmipaBa) mmst ot
13 TIEPEKPECTHOKICEHON IPEBECHHEBL: d — 3-CIIOWHOW; O — 5-CIOHHON
Fig. 3. The contour graphs of ultrasonic signal velocity obtained using the “Pulsar 2.2 (left)
and Pundit PL-200 (right) devices for cross-laminated timber panels: a — 3-layer; 6 — 5-layer

[Tony4eHnHble BEIOOPKH CKOPOCTEH paclpoCTpaHEHUs yIbTPa3ByKOBOTO CHT-
HaJIa He NOAYMHAINCH HOPMAJIBHOMY 3aKOHY PACHpPEAEICHUs CIydalHbIX BEIUIMH



ISSN 0536-1036 «HM3BecTus By30B. JlecHoii skypHam». 2025, Ne 2 149

(A,, E.,). Ha ocHoBanuu nonapHoro cpaBHeHus: Meauad no U-kpureputo MaHHa—
VYHUTHU U 3aKOHOB PaclpeAeiICHUH CKOPOCTEH yIbTPa3ByKOBOIO CUTHaIA, 3a(pUKCH-
poBanHoro npudopamu «Ilymbcap 2.2» u Pundit PL-200 mns momat tommuao#i 120
n 200 mm, u no xkpurepuro Kommoroposa—CmupHOBa /i IUIAT TonuHON 120 MM
YCTaHOBJIEHO OTCYTCTBHE CTATUCTUYECKH 3HAYMMBIX PA3IMUUi MEXIy BbIOOpPKaMU.
3TO MOATBEPIKAAET PABHYIO TOYHOCTD JIBYX HUCIIOIB30BaHHBIX TPHOOPOB. BusyansHo
rpauKy pacipeaeeHns: CKOPOCTEH yAbTPa3ByKOBBIX CUTHAJIOB CXOXKH U IAIOT OJTU-
HaKOBYIO HH()OPMALIUIO O HATTMYUH JIC)EKTOB B TUIUTAX.

Bapuale1bHOCTB CKOPOCTH YJILTPA3BYKOBOI0 CUTHAJIA B IJIMTAX
M3 MePEeKPEeCTHOKICCHOMH JpeBeCHHbI, M/¢
The variability of ultrasonic signal velocity in cross-laminated timber panels, m/s

Hcnonb3yemslii ynbT- | Tonmuna
YEMBIH . M=m X | X S cvV | A E
Ppa3ByKOBOH NPHOOpP | ITUTHI, MM min max X o or

120 | 1839,346,5 | 1217 | 2277 | 163,0| 8,86 | —9,88 | 10,37
200 | 1731,3+7,8 | 1213 | 2081 [ 194,2|11,21| -8,32 | 1,56
120 | 1825,7+6,7 | 945 |2272]168,4| 9,22 |-10,78 | 14,04
200 | 1729,1£7,9 | 1026 | 2103 | 198,5|11,48|-10,47 | 2,68

IIpumeuanne: M+m — cpegnee 3HaueHue U ero omuodka; X, , X - — MHHUMaJIbHOE ¥ MaKCHMAaJbHOE
3HAYEHHs COOTBETCTBEHHO; S, — cTaHAapTHOE oTKiIoHeHne; CV — koaddunmenT Bapuarun; A — CTaH-
JlapTU30BaHHas acCUMMeETpHs; E . — cTaHIapTU3HMPOBaHHBIN KCIIecc.

[ynbcap 2.2

Pundit PL-200

PerpeccronHbIii aHanm3 ToKazal yMepeHHy0 B3auMocBs3b (R2= 0,61 u

R2=0,48) Mex1y CKOpOCTSMH YJIBTPa3BYKOBOTO CHUTHAa MPUMEHSEMBIX TPHOOPOB
(puc. 4).
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Puc. 4. B3anMoCBsI3b MeX/ly CKOPOCTBIO YIBTPa3BYKOBOTO CHUTHAJIA, TIOJyYEHHOTO
¢ nomowipio nmpu6opos «Ilymscap 2.2» (V) u Pundit PL-200 (V) mnst romar
13 TIEPEKPECTHOKIIEEHOH JIPEBECHHBI: d — 3-cioitHas; 6 — 5-cioitHas (R? — koaddunment
nerepmunaimu; SEE — cranpaprHas onmoka anmpoxkcumarn; JJW — noBepuTeabHbINH
WHTEpBaJI, MOJIENb U ee KOA((OUIIMEHTHI 3HAYMMBI)
Fig. 4. The relationship between the speed of the ultrasonic signal obtained using
the “Pulsar 2.2” (V) and Pundit PL-200 (V) devices for cross-laminated timber panels:
a — 3-layer; 6 — 5-layer (R? — coefficient of determination; SEE — standard error
of the estimate; /I — confidence interval, the model and its coefficients are significant)

B 3-crnoliHoli miinTe HAOMIONASTCSI OTCYTCTBHE JS(PEKTOB IMPU CKOPOCTH aKy-
crudeckoro curHana ot 1400 mo 2200 m/c. [Ipu 5TOM Ha ydacTKax IUTHTHI, TIe ObLTH
3aJI0KEHBI JIS()EKThI BCEX TPEX BUJOB, CKOPOCTh YIBTPA3BYKOBOI'O CHTHAJIA CHUYKA-



150 «H3BecTns By30B. JlecHoii skypHam». 2025, Ne2 ISSN 0536-1036

ercs nipu ee Bapuaiuu oT 1000 1o 1400 m/c. B 5-ciioiiHOM miinTe TeHACHIIUS YMEHbB-
LIEHHs CKOPOCTH YJIBTPAa3BYKOBOI'O CHUTHAjJa B MECTax C BHYTPEHHEH MOJIOCTBIO H
OTCYTCTBHEM KJIEEBOW MPOCHONWKHU cxoxas. I[Ipu 3ToM He oTMeuaeTcsi 4eTKask 30Ha
MaJeHNsl CKOPOCTH B IUTUTE, TA€ B LIEHTPAIbHOM CJIO€ MCIONb30BaJINCh 3arOTOBKH,
MOpa)KEHHBIE MECTPON THHUIIBIO. BEPOATHO, 3TO CBA3aHO € TEM, YTO AOJS IMUPHUHEI
3arOTOBKH CJI0S, TOPaKEHHOW THUWJIbIO, B 5-CIIOWHOW TUIMTE 3HAYUTEIbHO MEHBIIE
10 CPABHEHHUIO C 3-CIIOMHOM, YTO HE3HAYUTEIBHO BIUSAET Ha CKOPOCTh MPOXOKIECHUS
YABTPa3BYKOBOTO cUTHaA. Pe3ynbsraTsl ybTpa3ByKOBOTO 30HAJILHOTO CKAHUPOBAHUS
COMIACYIOTCS C paHee MMOJyuYeHHBIMU JaHHBIMU |8, 18].

CTOUT OTMETUTH, YTO IO CKOPOCTH AKyCTHYECKOIO CHUT'HAIAa MOKHO OIperie-
JIUTB TOJILKO BEpOSITHOE HajnuKe Aedekra.

Pe3ynbraTsl npuMEHEHNs METO/Ia U3MEPEHHSI COTIPOTUBIIEHUS CBEPIICHUIO 3- 1
5-CIIOWHOM IUTHT MPEACTABICHBI Ha pUC. 5. JlaHHBIE TPOQHITH MTOTyYeHBI Ha y4acTKax
0e3 BHYTPEHHUX J1e(EKTOB /, C HOIOCTHIO B LIEHTPAIBLHOM CJI0€ IUIUTHI 2 U HA Y4acT-
Ke 3, rae B HEHTPAIbHOM CJ10€ ObljIa UCII0Ib30BaHa 3ar0TOBKA C IECTPON THUIIBIO.
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—2
—a 3
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a
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Tonumuua, MM

0

Puc. 5. TIpodunu compoTHBICHHS CBEPICHHUIO TUTHT U3 TIEPEKPECTHOKICCHON IPEBECHHBIL:
a — 3-CIOMHOM; 6 — 5-cnoiHoMI
Fig. 5. The drilling resistance profiles of cross-laminated timber panels: a — 3-layer; 6 — 5-layer

Ha npoduisx conpoTHBICHUS CBEPIICHUIO [T 3- U S-cioiHoi mmt u3 JAIK
3a(pMKCHPOBAHO CHW)KCHUE IOKa3arelis B IEHTPAIbHOM cioe. Tak, Juis ydacTka
TUTATHI 0e3 1eeKTOB MPOHIIb HE MMEET Pe3KNX M3MEHEHUH BETMYMHBI, OHA TOJh-
KO BapbuUPYET B 3aBUCUMOCTH OT IIPOXOXKJCHUS CBEPJIa YEPE3 PAHHIOK U IO3IHIOK
JIPEBECHHY TI0 BCEW IIMPUHE M3/EJHs, YTO TOBOPUT 00 OTCyTCTBUHU AedexToB. Ha
Mpo¢uiIe ¢ MOJIOCThI0 OTYETIIMBO 3aMETHO T1a/IEHUE COIIPOTUBIICHHUS CBEPIICHHUIO JI0



ISSN 0536-1036 «HM3BecTus By30B. JlecHoii skypHam». 2025, Ne 2 151

0, 9TO CBUIETENBCTBYET O HANWYMHU NoJocTH. Ha npoduie ¢ 3aroToBkoi, mopaxeH-
HOU THWJIBIO, HAOJIOJaeTCsl yMEHbLICHUE MoKa3areiis B cpenHeM Ha 30 %, uTo oTpa-
JKaeT TIOHIKEHHYIO TUIOTHOCTh IPEBECHUHBI HAa TaHHOM ydacTke [2, 13, 23, 24], e
COOTBETCTBYIOIIYIO MJIOTHOCTH JIPEBECHHBI COCHBI, YKa3blBas Ha MPUCYTCTBUE THU-
Ju. Hanuuue u oTCyTCTBUE KIIEEBOW NPOCIOUKU MexAy ciaosiMu munthl u3 AIIK He
OTpakaJloch Ha BCEeX MPOQMISIX COMPOTHUBICHUS CBEPIICHUIO. DTO CBSI3aHO C paspe-
HIaroUIeld CoCOOHOCTBIO TAHHOTO METOIa UCCIICAOBAHNH, TONIMHON KJIEEBOTO 1I1Ba
1 eTo MPOYHOCTHIO, OTPAaHIYMBAs IPUMEHEHNE METO/Ia JJIs1 YKa3aHHBIX IeNeH.

Raxnrouenue

Benocumerpuueckuii akyCTHUECKUH METON C HCIOJIb30BAHUEM YIBTPa3BYKO-
BbIX HpI/IGOpOB 1 MCTO USMCPCHUA COITPOTUBJICHUA CBEPJICHNUIO MOT'YT OBITH PCKOMCH-
JIOBaHbl B Ka4eCTBE OCHOBHBIX JJISI OLICHKH BHYTPEHHHUX AC(EKTOB B IUIMTAX U3 Iie-
PEKPECTHOKIIEEHOM IPEBECUHBI, ITPU 3TOM aKyCTHUECKUH METOJ] ITO3BOJISIET BBISBIIATD
BO3MOYKHBIE MECTa PacloIoKeHHs Ae(DEeKTOB, a CBEpJICHHE TOHKUMH OypOBBIMH CBEp-
J1aMu — (PaKTHYECKHE pa3Mepbl, TPaHULIbl Pa3MELIeHUs U TUIIbI ieekToB. BMecTe ¢ Tem
METOJ U3MEPCHUS COITPOTUBIICHUSA CBEPJICHUIO HE JaCT BO3MOKHOCTb YCTAHOBUTH Ha-
JIMYME WM OTCYTCTBUE KJIEEBOTO LIBA B IJIUTAX U3 NEPEKPECTHOKICEHON IPEBECHHBI.
30HaANBPHOE CKAHUPOBAHUE BEITOCUMETPUIECKIM METOJIOM 1 YCTAaHOBIICHUE COIIPOTHB-
JICHUSI CBEPIICHUIO MO3BOJISIIOT HAIVISAHO MPEJCTaBUTh HAJIWYME BHYTPEHHUX Ae(eK-
TOB B BUJIE TPOQUIIEH COPOTUBIIEHHS CBEPIICHUIO U KOHTYPHBIX I'Pa()UKOB CKOPOCTEH.

WHpopMaTHBHOCTh BEIOCHMETPHUYECKOIO aKyCTHUYECKOTO METO/a BBILIC
JUTSL TITUT MEHBIIEH TONIIMHBI, a TPAHUYHON CKOPOCTBIO YJIBTPa3ByKOBOM BOJIHBI,
XapaKTEePU3YIOIIeH HAINYNE BHYTPEHHETO Me]eKkTa, MOXKET SBIATHCS CKOPOCTH B

1400 m/c.
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Abstract. The article presents the results of a comparative analysis of the production of forest
products in the world at the present stage. International trade and production of forest products
demonstrates consistent growth. Global export volumes are showing steady annual growth
rate of 1.8 % compared to the preceding decade. Forecasts indicate that this upward trend is
expected to continue, with even stronger growth expected in 2030. In 2022, global forest pro-
duction remained generally stable compared to the previous year. Nevertheless, a decline was
recorded in some product categories, primarily due to a decrease in production and exports
from Russia. The year 2023 has become just as difficult for the global timber industry com-
plex. Despite the stability of the balance of supply and demand for forest products on the world
market, there are obvious changes that will become development trends. The analysis shows
that forest-rich donor countries (Brazil, Canada, Russia) export timber and lumber to recipient
countries with high domestic demand for timber (China, India, the Middle East and Central
Asia). Consequently, a state’s forest resource stock should not be considered as the sole indi-
cator of the success and progress of its forestry sector. Several major forest product producing
countries, despite lacking access to their own timber reserves, have a developed woodworking
industry, which is renowned for producing high-quality products from imported raw materials.
Such a strategy of competition in the timber market has been adopted in some Asian countries.
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products, dynamics of forest products production
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Annomayus. TlpencraBieHbl pe3ynbTaThl CPABHUTEIBHOTO aHANIN3a MIPOU3BOJCTBA JICCHOM
MPONYKIIMHA B MUpPE Ha COBPEMEHHOM dTare. MexXIyHapoxHasi TOPTOBIIS U BBITYCK JICCHOM
MIPOILYKITH IEMOHCTPUPYIOT YCTOWUIHMBBIN POCT: 00BEMBI MUPOBOTO SKCTIIOPTA €KETOIHO yBE-
muauBaioTcs Ha 1,8 % 1Mo cpaBHEHHIO ¢ MPEABIIYITIM AecaTriaeTneM. [IporHo3sl yKa3bIBaroT
HAa TO, 9TO 3Ta TeHIeHIHs coxpaHuTcs v B 2030 1. poct Oyzer erie 6onee yBepeHHbIM. B 2022 1.
MHPOBOH 00BEM H3TOTOBJICHHS JIECHON MPOAYKITMH B I[EJIOM OCTABaJICS HAa CTAOMILHOM yPOB-
HE 0 CPAaBHEHMIO C MPEBIAYIINM TrofioM. TeM He MeHee B HEKOTOPBIX KaTeropusax ObLT 3a-
(UKCHPOBaH CHaj, 9TO B IEPBYIO OUYEPEh CBSI3aHO C yMEHBIIEHHEM 00BEMOB ITPON3BOJICTBA B
Poccun n sxciopra u3 Hammen crpanbl. 2023 T cTai TaKUM K€ TPYAHBIM JIJIsI MEPOBOTO JIECHO-
ro komrutekca. I1pu Beelt crabumpHOCTH 6aaHca cripoca U MPEeIIOKEHIS JIECHOW TPOTYKIINT
Ha MHPOBOM PBIHKE OYE€BUIHBI H3MEHEHHS, KOTOPbIE CTaHyT TEHACHIIMSMH pPa3BUTHs. AHAIH3
MTOKa3bIBAeT, UTO Oorarhie JiecaMu cTpaHbl-noHOpHI (bpasunus, Kanana, Poccnst) axcoptu-
PYIOT IPEBECUHY U MTHIIOMATEPHAIIBI B CTPAHBI-TIONYYaTelI! C BRICOKUM BHYTPEHHHUM CITPOCOM
Ha apesecuny (Kurait, Muaws, brmkanit Boctok n Lentpansaas Asust). CiemoBaTensHO, 3a-
TIACHI JIECHBIX PECYpPCOB B TOCYIapCTBE HEBEPHO PacCMaTPHBATh KaK €IMHCTBEHHBIN MOKa3a-
TeJb yCIexa | IIporpecca ero JIECHOTo cekropa. HeckompKko KpymHBIX CTpaH-IIPOM3BOAUTEICH
JIECHOH MPOAYKITIH, HECMOTPS HA OTCYTCTBHE OCTYIa K COOCTBEHHBIM 3aIIacaM JIPeBECHUHBI,
0071a/1a10T Pa3BUTON JIepeBO0OpadATHIBAIOIICH MPOMBINIICHHOCTBIO, KOTOpPAsi CITABUTCS BBI-
COKOKa4eCTBEHHON MPOIYKINEH N3 UMIIOPTHOTO CHIphs. Takast cTpaTerusl KOHKYPEHIIMH Ha
PBIHKE IpEeBECHUHBI ObLTA IPUHSATA B HEKOTOPBIX CTPaHaX A3HH.

Kniouegvie cnoea: necHoil KOMIIIIEKC, MUPOBOE IIPOU3BOACTBO JIECHOH MPOAYKIHH, SIKCIOPT
JIECHOM NPOAYKIMY, JUHAMMKA IPOU3BOJCTBA JIECHON NPOLYKLUU

bnazooapuocmu: Viccnenosanue BbinoidHeHO 3a cuet rpanta PH® (mpoekt Ne 24-28-01250).

na yumuposanua: Sushko O.P., Efimova M.V. Analysis of the Timber Industry Com-
plex of Forest-Rich Countries // W3B. By30B. JlecH. xypH. 2025. Ne 2. C. 154-171.
https://doi.org/10.37482/0536-1036-2025-2-154-171

Projections from the global timber industry complex development model in-
dicate a sustained rise in both the production and consumption of forest products
until the year 2050. This positive forecast is also confirmed by the fact that, despite
the halt in development or stagnation in some industries over the past decade, the tim-
ber industry complex has been and remains stable. Moreover, it is showing rapid recov-
ery after economic crises. The world forecasts of leading analytical institutions also
present prospects for the production of new types of forest products, which indicates
the existing potential [9, 15-17, 21, 25]. Positive trends and development forecasts
are largely due to population growth and human well-being, which is especially no-
ticeable for developing countries. The growth in the volume and quality of consump-
tion leads to a change in the structure of forest product consumption.

Over the past few decades, a discernible change in global demand for forest
products has emerged, with Southeast Asia and South America experiencing particu-
larly noticeable shifts which are intrinsically linked to significant changes in lifestyles
and a considerable enhancement in both the variety and caliber of consumer prod-
© Cymiko O.I1., Epumosa M.B., 2025
Crarbst OITyOIMKOBaHA B OTKPBITOM JIOCTYIIE U pacnpocTpanseTcs Ha ycnosusx nunensuun CC BY 4.0
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ucts and services. Economic growth, characterized by rising national and individual
incomes, strengthens consumer purchasing power. Population growth drives an in-
crease in demand for products and services. Data from Oxford Economics indicates
that global population has been growing at an average annual rate of 1.2 % between
2008 and 2022. Over this period, the economy experienced an average yearly growth
in GDP per capita of 1.5 %. Projections from Oxford Economics suggest a slightly
higher average annual growth rate of 1.8 % for individual income between 2019 and
2028 [15, 16, 19, 20].

Due to the significant size and value of Russia’s forested areas, numerous re-
search projects are actively investigating the functioning of these intricate ecosys-
tems [29, 36-46]. E.D. Ivantsova has examined Canada’s experience in organizing
the timber industry complex and have identified differences in operational conditions
compared to Russia [22]. N.V. Lukina [27, 28], D.I. Ushkalova [47] and other re-
searchers [48—51] are studying the diverse aspects of the state of forest ecosystems.
A study by V.V. Tsvirkov, L.I. Kasko and M.N. Karashchuk, devoted to the analysis
of forestry management systems in North America, the European Union and the CIS
countries, has revealed the absence of centralized management structures in most of
the studied countries [46]. Research by Russian and foreign scientists confirms that
the effectiveness of the development of timber industry complex is largely due to
the introduction of an intensive model of forest management, which is successfully
applied in countries with large amounts of forest resources. Researcher N.E. Anton-
ova has conducted a study examining the forestry practices of prominent forest-man-
aging nations, including Canada, the United States, Finland, Sweden, Japan, and
Germany [2]. Researchers E.I. Shchastyantseva and L.A. Suvorova have examined
Finland’s and Sweden’s practices in forest resource management. Based on the stud-
ied experience, a model of forest management has been created for the development
of timber industry complex of the Kirov Region [40]. M.A. Bulgakova and P.V. Sa-
molysov have conducted a research on timber industry complex management meth-
ods in Canada and have developed strategies for forest management They have high-
lighted the forest policy tools employed and identified different types of forest users
that influence the establishment of a sustainable forestry framework [1, 8]. The work
by D.N. Savenya examines the forest policies of prominent foreign countries such as
Canada, USA, Finland, and Sweden [37]. These nations, including Russia, Canada,
the United States, Germany, and Brazil, share commonalities in their governmental
systems [11, 23, 24, 34, 35]. N.M. Shmatkov and E.G. Kulikova have investigated
the international forest policy [41]. S. O. Medvedev, Y.F. Chupina, T.G. Ryabova and
M.A. Zyryanov have presented foreign experience in the development of timber pro-
cessing enterprises [29]. Foreign researchers have been actively discussing climate
change and adaptation of forests to changes in recent years [3, 6, 32]. A significant
part of the world’s scientific works and programs are devoted to forest biodiversity
[7-9, 26, 30, 31, 33].

According to leading analytical agencies, for the period since 1990 till 2020,
forest areas on the planet have been decreasing. Thus, the reduction over 30 years
has been from 32.5 to 30.8 %. But at the same time, there is a positive point: since
2010 till 2020, the average rate of forest loss has been slightly lower and amounted to
4.7 mln ha per year. Thus, over the past decade, there has been a significant decrease
in the forest area — by 40 % compared to the previous decade. This amounts to 7.8 min
ha annually. It should be emphasized that the degree of forest degradation varies
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significantly depending on the region and country (Fig. 1). Thus, China is increas-
ing forest areas due to the successful implementation of the national program. On
the contrary, countries such as Brazil and New Zealand are contributing to deforesta-
tion with large-scale logging. The maximum absolute forest growth over the recent
period has been observed in Asia, Oceania and Europe. For a considerable period,
Russia has been experiencing a continuous decrease in forested regions. The reduc-
tion of forest resources predominantly takes place in areas housing major timber
companies. Therefore, the forested area in central and northwestern Russia has de-
creased significantly. There is also a low productivity of logging in the richly wooded
regions of Russia, being the North, as well as West and East Siberia. More than 62 %
of the planet’s forest resources are located in 5 countries (Fig. 2).
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Fig. 1. The global forest area for 2022

Half of the forests and forest resources are located in the northern part of
the planet (Russia, Canada, America, Sweden, Finland) [9, 10]. The second half is
located in the southern forest belt covering 3 zones: Southeast Asia, the Amazon
River area and the Congo River basin. The main tropical forest resources are
concentrated in Brazil, China, Congo, Australia, Indonesia, Sudan and India. Eurasia
possesses a significant portion of the world’s forests, accounting for almost 40 %,
and is distinguished by its high-quality wood species diversity. Conversely, Australia
exhibits a relatively low level of forest coverage. South America leads globally in
terms of forest cover density, measured as the proportion of land area covered by
forests.
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Fig. 2. The change in forest area by macroregions (mln ha/year)

5 countries collectively contain over 50 % of the world’s forests. Russia has
the most extensive forest coverage with Brazil, Canada, the United States, and China
following closely behind, each possessing significant forested areas. 7 countries
(Fig. 1) account for more than 62 % of the world’s forests [9, 10, 14, 16].
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It is important to understand that the availability of forest resources does
not guarantee countries innovative development of the timber industry complex
and competitiveness in the global market. Furthermore, it is important to consider
the global trends in the forest products market. One of them is related to
the stabilization of the production of traditional timber, which is due to the life cycle.
The second trend is determined by the constant increase in the consumption of forest
products due to the growth of the world’s population. These trends are the drivers
of changes in the global forest products market, which is undergoing transformation
under the influence of technological progress and environmental programs.
The global timber market has undergone significant changes in volume and
composition of product segments over a prolonged period. At the same time,
the production technology and the quality characteristics of forest products are being
improved. The international timber market is undergoing a gradual transformation
driven by the integration of novel biotechnologies and the development of
innovative forest-derived products such as nanocellulose and composite materials.
Another important activator of the global development of the timber market was
the introduction of anti-Russian sanctions in 2022, which radically changed trade
flows [3-5]. The Russian timber industry complex has been forced to form new
external supply channels for forest products. At the same time, the supply of export
forest products to Asia and the CIS countries has increased significantly. In the context
of the withdrawal of foreign companies from the Russian timber market, the domestic
sector is experiencing significant transformations. This process is associated with
a number of challenges, in particular, the growth of transport, logistics and customs
costs. Additional difficulties are caused by insufficient transport infrastructure to
ensure uninterrupted supplies. Nevertheless, the expansion of the Asian market has
created favorable conditions for an increase in Russian timber exports. Concurrently,
the evolving landscape of export-import logistics in Asia has resulted in a scarcity of
timber resources within the European market. However, despite efforts to diversify
exports, enterprises are having difficulty establishing links with foreign buyers, as
many of them are afraid of falling under secondary sanctions. This leads to a decrease
in supply volumes and, as a result, a decrease in income from trade. In addition,
the domestic market is also under pressure due to falling export volumes. A decrease
in demand for wood from the outside creates an oversupply within the country, which
in turn leads to a drop in prices. These changes have a negative impact on the financial
condition of companies operating in the forest industry and threaten jobs in regions
that depend on the forest industry.

The interplay of contrasting trends will reshape competitive dynamics within
the global forestry sector, ultimately leading to the emergence of a novel international
framework for forest management both globally and regionally. With increasing trade
restrictions, the geographical structure of forest product trade flows is changing.
Markets that have previously been secondary are starting to gain importance. China,
as well as East Asian and African countries have become new centers of attention for
Russia. The changes will continue and will have a significant impact on the dynamics
and structure of the global timber market, creating new opportunities and challenges
for both the states and private enterprises seeking to adapt to new conditions. One
of the key aspects of these changes will be not only the redistribution of resources,
but also the formation of new principles of sustainable forest management.
The states, in an effort to protect their forest wealth, may introduce stricter rules,
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which in turn will entail the need for adaptation for businesses. Private enterprises,
aware of the environmental risks, can begin to introduce innovative technologies that
help minimize the negative impact on the environment. Cooperation between public
and private initiatives will play an important role in this process, which will create
effective models for managing forest resources. The development of carbon credits,
support programs for sustainable forest management practices and international
agreements on forest protection will be the main tools contributing to an effective
response to new challenges.

To ascertain the diverse trajectories of global forestry development in recent
times and derive insights into the production and export of conventional forest
products, a comprehensive analysis has been deemed necessary. It should be noted
that over the last 5-year period, the global production of forest products has generally
been stable (Table 1), compared with a longer period when there was an increase in
production (Table 2, fig. 3). While the production of most types of forest products in
2022 remained at the same level compared to the previous year, there was a decrease
in some types due to a reduction in Russian production and exports, as noted above.
Over the last period, world exports, by analogy with production, has been gradually
growing (about 1.5-1.8 % per year) [15].
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Industrial roundwood mmm 2018.5
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Fig. 3. Production, export and import of forest products in the world for 2022, min ton [18]

Over the past 5 years, global logging volumes have increased slightly,
amounting to 4,050 mIn m? compared to 3,950 mln m? previously, but it is important
to consider this increase in the context of long-term historical trends (Fig. 4). In 2021,
the top loggers were the USA (11 %), India and China (9 % each), Brazil (6.8 %),
Russia (5.5 %), and Canada (3.4 %). The leading exporters of industrial wood on
the global market differ from the top producers. New Zealand (15 %), Czech Republic
(12 %), Russia (11 %), Germany (8 %), USA (6 %), and Canada (5 %) maintain
the main export positions for industrial wood.
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Fig. 4. Production and export of roundwood in kind [18]



160 «H3BecTns By30B. JlecHoii skypHam». 2025, Ne2 ISSN 0536-1036

Analysis of international trade data reveals that the production of forest prod-
ucts is heavily geared towards exports. Lumber exports constitute a significant por-
tion, representing one-third of total national production. Additionally, a substantial
proportion, ranging from 25 to 35 %, of slab wood and plywood produced by these
countries are supplied to the global market. Similar shares of pulp, paper and card-
board produced are also supplied to the global market. Consequently, the leading
countries producing forest products depend on the conjuncture of the global timber
market. The global economic and political transformations taking place in various
countries have, to one degree or another, an impact on the parameters of the equilibri-
um of the global forest products market. The sanctions regime introduced in 2022 due
to the difficult geopolitical situation significantly affects the volume of production
and price dynamics of timber. Instability in the global socio-economic environment
creates uncertainty about the results of production activities and foreign economic
transactions with forest products on the global market in the period from 2022 to
2024 (Table 1). At the same time, despite minor changes in global production vol-
umes of forest products, there is a decrease in exports of many of its types. In 2022,
exports of round and business timber decreased by 23 and 25 %, respectively, com-
pared to the previous period. Lumber exports fell by 10 % in 2022. A slightly smaller
decrease in exports occurred for plywood and slab materials — by 5-8 %. There is
also a decrease in exports of paper and cardboard — by 4 %. In 2023 a decrease in
production and exports is observed for all types of forest products.

Table 1
Global production and export of forest products [18]
Produc- Yalue of Imports, Value of Exports, Share of
Products tion imports, thsnd . exports, thsnd _ exports from
$ mln | natural units $ min natural units | production, %
Roundwood, miln m3
2023 3,885.7 15.2 108.2 13.2 103.4 2.6
2022 3,983.3 19.3 124.1 15.4 116.2 2.9
Change in
2022/g2021 (%) 100.4 92.4 83.9 90.2 77.2 -0.9
Wood fuel, min m?
2023 1,961.1 0.6 5.5 0.7 6.8 0.34
2022 1,967.3 0.6 5.5 0.7 7.6 0.39
Change in
2022/%021 (%) 101.0 135.4 102.1 121.7 102.6 +0.01
Industrial roundwood, miln m3
2023 1,924.6 14.5 102.6 12.5 96.6 4.9
2022 2,016.0 18.7 118.6 14.7 108.6 5.4
Change in 99.9 91.5 83.2 89.0 75.8 -1.5
2022/2021 (%)
Wood chips, particles and residues, min m’
2023 252,403.0 | 6,895.0 | 55,278.0 5,603.0 67,436.0 26.7
2022 509.7 8.3 69.9 6.5 83.1 16.3
Change in
2022/%021 (%) 99.7 142.7 102.7 130.4 103.5 -0.6
Sawnwood, min m?
2023 | 4446 | 383 | 1272 37.7 5.9 13
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End of Tuble 1
Produc- Yalue of Imports, Value of Exports, Share of
Products tion imports, thsnd . exports, thsnd A exports from
$ min | natural units $ min natural units | production, %

2022 481.3 52.5 137.3 51.5 143.1 29.7
Change in

2022/%021 (%) 97.3 96.2 91.8 95.7 89.7 -0.6

Wood-based panels, min m?

2023 354.1 40.1 85.1 394 89.1 25.3
2022 3753 45.3 92.9 45.4 94.1 25.1
Change in

2022/%021 (%) 94.7 104.8 91.5 103.4 94.7 -0.7

Fibreboard, thsnd m?

2023 113.2 11.2 22.7 11.1 24.7 21.2
2022 117.8 12.9 27.9 12.7 28.5 117.8
Change in

2022/%021 %) 93.2 108.9 91.5 109.0 93.9 +0.2

Pulp for paper, min tons

2023 194.7 45.8 65.3 39.5 65.6 33.8
2022 198.6 50.5 62.7 42.8 64.1 323
Change in

2022/%021 (%) 105.5 123.8 102.7 115.3 102.1 -1.0

Wood pulp, min tons

2023 192.6 51.5 71.3 44.5 71.6 373
2022 195.8 55.9 68.2 47.8 69.5 35.5
Change in

2022/%021 (%) 103.4 121.8 101.5 115.2 101.6 -0.7

Paper and paperboard, min tons

2023 400.8 106.1 104.1 102.0 103.6 25.7
2022 414.1 121.8 111.5 119.1 111.4 26.9
Change in

50025031 ool 920 117.7 97.6 114.3 96.4 0.7

Globally, lumber production has remained relatively stable over the last
5 years, fluctuating between 485 and 510 mln m3. Concurrently, exports have ranged
from 155 to 200 mln m? (Table 2). Canada dominates the export market, accounting
for 28 % of total exports. Following Canada are Sweden (12 %), Germany (11 %),
Finland (9 %), and the United States (6 %). The global production of wood slab ma-
terials is steadily increasing from 2017 to 2022, with the current volume exceeding
400 million m3. China accounts for over 45 % of the total production, followed by
the USA (9 %) and Russia (4 %). In 2022, the volume of wood slab exports surpassed
100 m?, with China leading the way (14 %), followed by Canada (8 %), Germany and
Thailand (7 % each), Russia (6 %), and Brazil (4.5 %). Europe and the CIS countries
continue to have a trade surplus in wood slabs, while North America faces a deficit.

The growth in the production of forest products is restrained by a decrease
in the production of pulp and paper and cardboard products. Since 2017, there has
been a downward trend in global pulp production, with the exception of a short-term
increase in 2021 caused by the easing of pandemic restrictions. In 2022, produc-
tion volumes may reach less than 190 million tons. The United States accounts for
a quarter of the total pulp volume, making it the largest producer. Other leading pulp
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producers include Brazil (12 %), China (10 %), Canada (7.5 %), Sweden (6 %), and
Finland (6 %). Approximately one-third of the pulp produced is sold on the global
market, which is heavily concentrated. 3 countries (Brazil, Canada, and the United
States) account for 50 % of the market, with Brazil supplying a quarter of the ex-
port pulp, Canada contributing 12.8 %, and the United States providing 11 %. Other
significant exporters include Indonesia (8.1 %), Finland (6.7 %), Chile (6 %), and
Sweden (6 %). The expansion of global pulp production is ongoing as new bleached
hardwood kraft pulp production facilities are being built and commissioned in Asia
and South America. However, these facilities are encountering internal challenges
and external resistance from traditional producers and exporters.

The paper and cardboard industry experienced a downturn beginning in 2017,
with the exception of a rebound in 2021 following the COVID-19 pandemic. The re-
duction in the use of forest products can be linked to the increasing reliance on digital
technologies within the society. Global production of paper and cardboard amount-
ed to 405 million tons last year. At the same time, China accounts for a third of
the volume of paper and cardboard production. Japan and Germany are in the second
and third places with the shares of 5.7 % and 5.4 %, respectively. India has a smaller
share — 4 %. Approximately 30 % of the paper and cardboard produced is exported
to the international market. The leading exporters are Germany (13 %), the USA
(9 %), Sweden (8.1 %), Finland (7.3 %), Canada (5.5 %), China (5 %), and Indonesia
(4.5 %). Russia exports around 3 % of paper and cardboard.

Table 2
Production of forest products [18]
Round- Industrial | Sawlogs and ‘Z;(.)dl chip Sé Sawn- Fibre- | Pulp for Paper and
Country Year wood,  [round-wood, | veneer logs, partic des an wood, board, paper, Eape;—
thsnd m? thsnd m?3 thsnd m?3 {ﬁs' ues, thsnd m3 | thsnd m3 | thsnd tons 0ard,
snd m? thsnd tons
2000 31,181 24,407 11,442 18,045 4,093 0,621 1,028 2,836
2010 30,414 25,561 12,155 16,273 5,079 0,598 1,304 3,203
. 2020 33,354 29,481 12,569 17,435 4377 0,530 1,395 3,061
Australia 2022 29898 | 25983 | 10,660 | 15314 | 4350 | 0595 | 1399 | 3,013
2022 share
in global 0.75 1.29 0.93 3.00 0.90 0.50 0.70 0.73
production, %
2000 235,402 102,994 49,290 0 21,300 1,001 7,341 7,116
2010 235,432 128,400 50,574 18,782 17,450 | 3,416 | 14,164 | 9,978
2020 276,865 154,720 57,782 30,928 10,002 | 6,230 | 21,016 | 10,184
Brazil 2022 303,898 170,681 61,245 30,928 10,001 5,480 | 25,032 | 11,040
2022 share
in global 7.63 8.47 5.36 6.07 2.08 4.65 12.61 2.67
production, %
2000 201,845 198,918 166,654 85,646 | 50,465 1,833 | 26,495 | 20,921
2010 142,013 138,802 112,540 84,137 | 38,667 | 0,884 | 18,576 | 12,755
2020 142,452 141,068 123,568 | 223,569 | 40,394 1,290 | 13,960 | 8,665
Canada 2022 145,297 143,811 126,474 | 224,631 | 37,257 1,277 | 13,620 | 8,994
2022 share
in global 3.65 7.13 11.07 441 7.74 1.08 6.86 2.17
production, %
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End of Table 2
Round- Industrial | Sawlogs and WO(.)d chips, Sawn- Fibre- | Pulp for Paper and
particles and paper-
Country Year wood,  [round-wood, | veneer logs, residucs wood, board, paper, board
thsnd m? thsnd m? thsnd m? > | thsndm?® | thsnd m® |thsnd tons ’
thsnd m? thsnd tons

2000 323,646 | 96,019 53,221 11,985 | 6,675 5,181 | 14,855 | 35,184
2010 350,633 | 161,810 | 74,417 | 108,735 | 37,231 | 42,499 | 20,420 | 96,545
2020 324,851 | 167,863 82,534 | 148,381 | 77,468 | 62,300 | 20,557 | 117,150

China 2022 318,605 | 167,347 82,018 148,381 | 79,558 | 54,560 | 27,100 | 128,370
2022 share
in global 8.00 8.30 7.18 29.11 16.53 46.30 13.65 31.00

production, %
2000 158,101 145,575 96,896 3,800 20,000 | 0,890 5,752 5,310

2010 175,499 | 161,595 | 107,559 | 15,500 | 28,870 | 1,710 | 7,346 5,606

Russian 2020 218303 | 203,194 | 136,198 | 24278 | 41797 | 3,581 | 8865 | 9,527
Federa- 2022 197,191 | 182,082 | 122,047 | 2139 | 38,000 | 3,706 | 8869 | 9,293
tion 2022 share

in global 4.95 9.03 10.68 420 790 | 314 | 447 | 224

production, %
2000 466,549 | 420,619 | 242,608 | 86,273 | 91,076 | 6,990 | 57,178 | 86,252

2010 376,572 | 336,135 | 148,119 | 53,748 | 60,013 | 8,195 | 50,251 | 75,773
United 2020 429700 | 369,175 | 180,237 | 57,501 | 79,134 | 6,058 | 49,903 | 66,239
States of 2022 458,774 | 382,544 | 186,157 | 62,262 | 81,676 | 6,058 | 46,657 | 65257
America 5077 hare
in global 11.52 18.97 16.30 12.22 1697 | 5.14 235 15.76
production, %

2000 3,482,411 | 1,687,166 | 1,051,456 | 329,970 | 384,037 | 34,141 | 183,496 | 324,606

2010 3,587,131 | 1,723,129 | 953,559 | 474,635 | 375,102 | 87,668 | 184,937 | 392,378
2020 3,910,124 | 1,983,576 | 1,126,496 | 498,753 | 479,970 | 122,123 | 191,470 | 400,126
2022 3,983,336 | 2,016,041 | 1,142,343 | 509,716 | 481,256 | 117,846 | 198,571 | 414,094

World

The analysis of the production and export of forest products shows signifi-
cant regional and country differences. Despite the availability of significant forest
resources in a number of exporting countries, such as Brazil, Canada and Russia,
the production capacities for processing wood raw materials are limited. In this re-
gard, these countries are forced to export unprocessed wood and lumber to countries
with high domestic demand for forest products. Thus, a flow of forestry raw materials
is formed from exporting countries to importing countries with increasing industrial
processing of wood (China, India, the Middle East and Central Asia).

Anyway, logging and timber trade in the world continues to be a significant
process, despite innovations and new technologies. For 50 years, the volume of log-
ging has increased by 1.5 times, and exports by 4 times. Logging and export volumes
have remained stable over the past few years.

The ecological and social importance of the timber industry complex does not
yet contribute to improving its position in the global economy and industrial produc-
tion. Despite this, the contribution of the complex to the global economy, according
to the UN, is gradually increasing. Thus, in 2015, the direct contribution amounted to
more than $ 663 bn. However, this amount represents only a small portion of the overall
global income. When considering the total economic impact (direct, indirect, induced),
the forestry sector’s contribution amounted to $1.5 tn in 2015, which is a significant
figure compared to the global national income for the same year.

$111.5 tn is a small value. Pulp and paper production accounts for the larg-
est contribution to the production of benefit of the timber industry complex (30 %).
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The remaining branches of the complex account for from 20 to 25 %. The UN states
that developed countries have the largest contribution to the gross income from
the timber industry complex. Forest ecosystems make a significant contribution to
the global economy. This impact is most pronounced in Asian nations, especially
those in East Asia, which account for half of the total economic benefits derived from
forests worldwide. European nations play a significant role in the global forestry sec-
tor, constituting a considerable 27 % of its economic activity. America’s contribution
is more modest, at around 17 %. Both developing and developed nations demonstrate
high levels of proficiency in logging practices. Despite Russia having significant for-
est resources, its share in the global timber industry complex is only 3 %, and its
contribution to GDP is less than 1 %.

Thus, the states with extensive forest resources have a long-term advantage
over timber-importing countries. Sustainable forestry practices are essential for main-
taining a prominent global standing. While China possesses fewer forest resources
than Russia, its strategic approach to timber industry has yielded considerable suc-
cess. This strategy, aimed at increasing wood imports and developing environmental-
ly friendly logging methods, has allowed China to achieve significant growth rates in
the production of various forest products [15, 16].

The trend determinant of the constant growth in demand for wood in con-
nection with the construction of factories has led to an increase in own natural
logging and the operation of plantation plantings, which has allowed by 2010 to
increase logging to 96 mln m?, which is almost 70 % of the demand for wood.
Today, China accounts for a quarter of the world’s wood supplies, and it primarily
imports high-quality large-sized wood [3—7]. The Chinese government’s strategic
approach and deliberate policy initiatives have led to significant success in de-
veloping their forest ecosystem. A significant share of the funds allocated from
the national budget for forestry is directed to the centralized financing of state for-
estry enterprises, scientific research and development designed to ensure sustain-
able forest management, conservation and reproduction. It should be emphasized
that a significant part of government spending in China is directed to the implemen-
tation of forest restoration programs. Large-scale integrated environmental projects
are being implemented in the country, covering all aspects of the use of forest
resources. These projects provide for the protection of natural habitats, the manda-
tory restoration of deforested areas and the creation of effective commercial forest
belts in regions specializing in the woodworking industry. Through these concerted
efforts, China has efficiently replenished its forest reserves and expanded its forest
coverage at a rapid pace. Consequently, China has emerged as a leader globally in
terms of forest resource growth rates. Moreover, the judicious siting of primary and
ancillary production facilities proximal to consumer hubs enables minimization of
logistical expenses. In addition, the rational placement of main and auxiliary pro-
duction facilities near the consumption centers allows minimizing logistical costs.
In the north-east of China, processing facilities are being established in border ar-
eas with Russia. As a result of an effective policy and strategy for the development
of the timber industry complex, China has increased production of medium and
deep processing products by 2023. Thus, sawnwood production has increased 12-
fold since 2000 by 2023. Over the same period, the production of fibreboard has
increased 10-fold, paper and cardboard — 4-fold, and pulp — twice. Russia handles
the initial stages of wood processing, subsequently exporting the raw materials to
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various Chinese manufacturing facilities for further refinement. As a result, Chi-
na’s forestry industry outperforms Russia in the production of numerous wood-
based products. In addition, a significant difference should be noted in the growth
rates of pulp and paper production in China and Russia (Fig. 5, 6). Forecasts for
the development of China’s industry demonstrate a much more optimistic scenario
compared to both Russian forecasts and trends observed in other leading countries
of the timber industry. And this is against the background of the fact that the vol-
ume of China’s own timber harvesting is much smaller. Russia’s timber industry
continues to focus on the production of lower quality wood products, with limited
progress in advanced wood processing techniques. This stagnation is characterized
by insufficient investment and a lack of development in large-scale factory infra-
structure or the implementation of new production capabilities.
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Fig. 5. The pulp-production trends in Russia and China [18]
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The construction crisis in China, marked by falling demand for real estate and
reduced investment, may have an indirect impact on exports of timber products from
Russia. Firstly, a decrease in the demand for building materials and raw materials
from Chinese developers will lead to a decrease in purchases of Russian products,
including wood. This may cause a drop in prices for these goods, which will nega-
tively affect the incomes of Russian exporters. Secondly, a reduction in construction
volumes in China may slow down the dynamics of the country’s economy, which, in
turn, will reduce the overall demand for Russian energy resources, especially oil and
gas. Close connectivity and dependence on the Chinese market may encourage Rus-
sia to seek new export destinations by developing economic ties with other countries,
which may lead to a more diverse export structure and less vulnerability.

Finland specializes in manufacturing of a wide range of wood products such
as lumber and paper, which makes it an important supplier in the global market.
The Finnish timber industry complex constitutes about 5.7 % of the country’s gross
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output. Forest products with 20 % revenue dominate Finland’s exports. The volume
of wood harvesting in Finland is up to 45 mln m? annually. The timber industry com-
plex plays a significant role in Finland’s economy, constituting nearly one-fifth of its
total industrial output. To effectively manage this vital industry, the Finnish govern-
ment has collaborated with private enterprises to establish a specialized cluster mod-
el. Today, Finland has modern and competitive deep wood processing plants. During
the construction of timber enterprises, the introduction of innovative waste-free de-
velopments, the creation of lean production and the use of biotechnologies has been
a mandatory requirement. The continuous modernization of timber industry complex
in Finland has been carried out with the simultaneous improvement of logging and
the expansion of transport infrastructure [10—13]. The closure of plywood factories in
Finland has become a serious challenge for the country’s economy, having a ripple ef-
fect on many industries and communities. This process is also associated with global
changes in demand for wood materials and increasing competition from international
manufacturers. Additional factors contributing to the closure have been environmen-
tal initiatives and the transition to sustainable production methods. Finland, as one of
the leading countries in the field of forestry, is trying to adapt to new realities, striving
to produce more environmentally friendly products. However, despite the positive
intentions, the consequences for jobs and the economic well-being of the small towns
where these factories are located have a devastating effect.

Forests cover half of Canada’s land, making timber industry a key player in
the country’s economy. The timber industry complex contributes 2.7 % to its GDP.
Forestry management in Canada falls under the authority of the Ministry of Natu-
ral Resources, with the Forest Service responsible for coordinating forest policy at
the national level. In Canada, the forest cluster is supported at all levels of manage-
ment. The National Council for Development and Research coordinates strategies
for the development of the forestry sector. The implementation of cluster policy at
the regional level is entrusted to municipal authorities. The Canadian Government
supports priority areas for the development of the forestry sector, such as attracting
investments, shaping foreign economic policy and promoting Canadian forest prod-
ucts on the world market [11].

Forest certification in Finland and Canada also plays a huge role in the man-
agement of the timber industry complex. Both countries have implemented strict
standards and criteria to help their forests conserve biodiversity and ecosystem
services. In Finland, where forests cover more than 75 % of the country’s ter-
ritory, certification contributes not only to environmental protection, but also to
the maintenance of the local economy, responding to the needs of both producers
and consumers of environmentally friendly products. Canada, with its vast forest
lands, also demonstrates an example of successful application of certification stan-
dards, strengthening its position on the international stage as a responsible player
in the global forestry sector. Thus, forest certification in these countries is not just
a formality, but an important tool that helps to build a balance between economic
development and nature protection, which is of critical importance in the context
of global climate change.

The Swedish timber industry complex also has optimal development. Despite
the fact that there are no large-scale forest resources, unlike in Russia and Canada,
the country has introduced an effective model for the development of the timber in-
dustry complex, which has ensured its leading position in the economy. In Sweden,
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there is a legislative rule for reforestation, which states that the volume of reforesta-
tion must exceed logging. The share of the Swedish forestry sector in the country’s
economy is 10 %, and the volume of timber exports exceeds 15 % [9, 10]. Together
with reforestation activities, in Sweden, a certification system for forests and forest
products has been implemented.

In the United States, the forest sector has gone through a long period of trans-
formation, which has brought both positive and negative results [9, 10]. Despite
the difficulties, this reform has made it possible to develop a paradigm for the sustain-
able use of forest resources, characterized by minimal environmental risks. The fun-
damentals of the American forestry industry are based on a multifaceted, multi-level
system and various forms of forest ownership. In particular, protected areas are under
the jurisdiction of government agencies, while forests used for industrial purposes are
privately owned. The US timber industry complex generates a 6 % revenue of GDP.
The United States harvests approximately 440 mln m? of timber annually from a forest-
ed area covering 4.5 min ha. This represents 6 % of the global timber harvest volume.
The USA is the leader in the export of waste paper (34 %) and wood pellets (25 %).

At the same time, the efficiency of development of the forest sector cannot be
correlated with the form of ownership of forest resources, which varies significant-
ly across countries, but nevertheless does not reduce development potential. Thus,
in Canada, the province or federal government owns most forests. In Sweden and
Finland, private individuals own most forests. Private ownership of forests is also
used in the United States. In China, forests are publicly owned, with the exception of
collective ownership. The timber industry complex of these countries is developing
innovatively thanks to 2 approaches to optimization. The initial strategy involves
the establishment of clusters that foster innovation in utilization of forest resources
through the development of cutting-edge technologies. This endeavor is facilitated
by collaborative efforts between territorial associations, trade unions representing
enterprises, government agencies, and institutional investors. Through this integrated
approach, production processes are streamlined.

The structure of the global timber market is gradually changing, which is as-
sociated with different activators. Such drivers are an increase in the quantitative and
qualitative increase in the consumption of forest products, the emergence of more
equipment that is productive and technologies, the introduction of new energy-saving
and waste-free technologies, as well as the development of innovative types of forest
products. The Russian timber industry complex has been forced to form new external
supply channels for forest products. At the same time, exports of timber products to
Asia and the CIS countries have increased significantly.

An analysis of the practice of international timber trade demonstrates that
the availability of significant forest resources in the country is not a sufficient condi-
tion for effective forestry management and the development of a full cycle of wood
processing into competitive products. It is important to note that the state, which is
actively developing the logging industry, manages, despite the lack of wood raw ma-
terials on the domestic market, to create effective wood processing enterprises. These
industries specialize in designing premium-quality goods by utilizing imported raw
materials. This enables them to engage successfully in both regional and international
trade, leading to a rise in imported goods and an expansion of their own production
capacities. A similar competitive approach has been implemented in the countries
of the Asian geographical region (China and Vietnam), which has served as a prec-
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edent for potential imitation. The effective functioning of the global forest system
requires coordinated environmental management and planning of the use of forest re-
sources. This will contribute to the conservation of forests around the world. No less
important is the rational and integrated production of final forest products, meeting
the growing global needs.

It is important to take into account many factors, such as the level of infra-
structure development, the availability of modern recycling technologies, a working
management system and compliance with environmental standards. Investments in
scientific research and education also play a significant role in improving the effi-
ciency of the timber industry complex and increasing the added value of products.
At the same time, the centers of value-added education are shifting precisely to coun-
tries where the creation of timber processing facilities is ensured. When choosing
the path for the development of timber industry complexes, national security should
also be taken into account, since the foreign policy of the countries supplying raw
materials (duties, export restrictions, etc.) can significantly affect the stability of
the operation of timber processing complexes. Here, a rational combination is needed
not only in the provision of timber and raw materials (for Russia, the import of raw
materials is of no interest), but also in the volumes of products exported and domes-
tic consumption in order to avoid dependence on the external economic conjuncture
of prices and demand. In addition, international agreements and standards aimed at
combating illegal deforestation and environmental degradation are becoming in-
creasingly relevant. Countries seeking to integrate into global markets must adapt
their practices to these requirements, which will not only preserve natural resources,
but also increase their competitiveness in the global arena.

The results of global timber production and the export-import balance of trade
flows depend on a variety of general economic and political factors, as well as in-
tra-industry ones. The latter include the state of the infrastructure, the availability of
modern recycling technologies, as well as the management system and compliance
with environmental standards. Investments in scientific research and education also
play a significant role in improving the efficiency of timber industry complex and
increasing the added value of products. The global production of the main types of
products in future until 2025-2026 is going to change slightly: roundwood — 4,000—
4,050 mln m3, business wood — 2,050 mln m3, lumber — 4,900 mln m3, cellulose —
no more than 200 mln tons, paper and cardboard — 420—430 mlIn tons. There is a
change in trade flows and the centers of value-added education are going to contin-
ue to shift to countries where the creation of timber processing facilities is ensured.
When choosing the path for development, forest-rich countries are also going to take
into account national security, since the foreign policy of the countries supplying
raw materials (duties, export restrictions, etc.) can significantly affect the stability
of timber processing complexes. Here, a rational combination is needed not only in
the provision of timber and raw materials (for Russia, the import of raw materials is
of no interest), but also in the volumes of products exported and domestic consump-
tion in order to avoid dependence on the external economic conjuncture of prices and
demand. In addition, international agreements and standards aimed at combating ille-
gal deforestation and environmental degradation are becoming increasingly relevant.
Countries seeking to integrate into global markets must adapt their practices to these
requirements, which will not only preserve natural resources, but also increase their
competitiveness in the global arena.
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Abstract. Laminate flooring products are among the essential construction and building
materials not only because of their aesthetics, but also their ability to provide energy sav-
ing, sound insulation, prevent surface scratches, and minimize maintenance such as peri-
odic varnishing in the case of solid wood flooring, etc. Even though the laminate flooring
products are scratch-resistant and easy to install, they must meet the standard requirements.
Therefore, optimizing the production parameters of laminate flooring products is of inter-
est in research and development to obtain cost-effective products that not only compete in
the market but also represent scientific communities’ studies. In this sense, production pa-
rameters such as paper properties, core material type and properties, resin utilization, press-
ing conditions (pressure, duration, and temperature), etc. come to the forefront. From this
point of view, the effect of décor (105, 115, and 125 g/m?) and overlay (90 and 95 g/m?) pa-
per mass on the surface abrasion (SA), abrasion resistance (AR), impact resistance (IR) and
cure properties of laminate floor products which have been industrially produced has been
figured out. According to the results, SA, AR, IR, and cure values ranged from 3,600—4,800
revolutions, 4.5-5.0, 110—130 N, and class 5, respectively. According to BS-EN 13329 and
BS-EN 14323, products meet the requirements. However, the effect of paper masses on
properties has been found to be unstable due to oscillations and no changes observed. In
the literature, there are scarcely any studies that figure out these parameters and the authors
think that the results of this study may provide valuable data for the comparison.

Keywords: laminate floor, overlay paper, décor paper, high-density fiberboard
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Annomayus. JJaMMHUPOBaHHBIE HAMOJIBHBIC TIOKPBITHS BXOJISIT B YUCIIO 0A30BBIX CTPOH-
TEJIBHBIX MAaTePHAJIOB HE TOJIBKO M3-3a CBOCH ACTETHYHOCTH, HO U OJlarojapsi BO3MOXHOCTH
C MIX TIOMOIIBI0 00eCIeYnTh IHEprocOepekeHue, 3ByKOM30ISIINIO0, TIPEIOTBPATUTH LapaIii-
HBI Ha TOBEPXHOCTH U MUHUMH3HPOBATH YXO/I, TAKOI KaK MepHOJUECcKast JaKMPOBKa B CITy-
Yae ¢ HaIrloJIbHBIMH MIOKPBITHSIMU M3 MaccuBa JiepeBa u ap. HecMoTps Ha To, 4TO TaMHHUPO-
BaHHbIC HAMOJIbHBIC MOKPBITUS yCTOWYHBEI K lIapariiHaM M IIPOCTHI B YKIIAKE, OHH JIOJKHBI
COOTBETCTBOBaTh CTaHAAPTHBIM TpeOoBaHUsAM. [103TOMYy onTHMHU3aIUs TapamMeTpoB IMpo-
M3BOJICTBA JJAMMHUPOBAHHBIX HANOJBHBIX MOKPBITHH MPEACTABISIET HHTEPEC /ISl HAyYHBIX
UCCIIIOBAaHNN M pa3padOTOK, HAIEJCHHBIX Ha TOJyYEeHHE YKOHOMHYECKH I(PPEKTHBHOM
MIPOJYKIIMH, KOTOPasi HE TOJIBKO KOHKYPEHTHOCIIOCOOHA Ha PBIHKE, HO M PEIPE3EHTYET pe-
3yJbTaThl ACATEIBHOCTH HAYYHBIX COOONIECTB. B 9TOM cMbICie HA MEPBBIH IUIaH BBHIXOAST
CIIeAyIOIINE TapaMeTphl: cBOMcTBa Oymaru, THII M XapaKTepUCTHKH MaTepuasa cepile-
BUHBI, UCIIOJIb30BAHNE CMOJIbI, YCIIOBHS NPECCOBaHMS (AaBICHUE, MPOJOIKUTEIBHOCTD,
Temrieparypa) u T. 1. OnpesiesieHo BIUsHUE Macchl AekoparuBHo# (105, 115 u 125 r/m?)
n mokpoBHO# (90 u 95 r/m2) Gymar Ha HCTUPAEMOCTh TOBEPXHOCTH, YCTOWYMBOCTh K HCTH-
paHUIo, YIapOIpPOYHOCTh U M3HOCOCTOMKOCTh JJAMUHATHBIX HAMOJIBHBIX MOKPBITHHA, TPOU3-
BE/ICHHBIX NPOMBIIIJICHHBIM CIIOCOO0OM. Pe3ynbrarsl nccieoBanus NpoJjeMOHCTPUPOBAIIH,
YTO TOKa3aTelu BapbupoBaiu B mpenenax 3600—4800 06., 4,5-5,0, 110-130 H u kmacca
5 coorBercTBeHHO. [Iponykums orBewaer TpeOoBaHusiM crangaptoB BS-EN 13329 u
BS-EN 14323. Onnako 6bu10 00Hapy»XeHO, 4TO BIMSHUE Macchl OymMaru Ha CBOWCTBa He-
cTaOWIBHO: HAOMIONATMCH KoJleOaHusl moKa3aTesiel Wil OTCyTCTBUE n3MeHeHni. B nmntepa-
Type HOYTH HET CBEJCHMUH 00 yKa3zaHHBIX IapaMeTpax, M03TOMY Pe3yJIbTaThl 3TOW paboTh
MOTYT TIPE/ICTABIISATH IICHHBIC JaHHBIC /ISl CPABHEHUSI.

Knirouesuvie cnosa: J'IaMPIHPIpOBaHHHﬁ I0JI, IOKPOBHAA 6yMara, JACKOPATUBHAA 6yMara, Ape-
BECHOBOJIOKHHUCTAS IJIUTA BHICOKOH IJIOTHOCTH
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Introduction

Laminate floor products, composed of balance paper, core, décor paper,
and overlay, are generally manufactured with wood and wood-based materials.
The purpose of each layer is different such as providing aesthetic appearance (décor
paper), surface wearing protection (overlay), a stable main structure (high-density
fiberboar (HDF), core), and balancing the opposing layers against wrapping (bal-
ance paper).

The market share of laminate products in flooring applications increases day
by day due to their advantages against traditional flooring products such as solid
wood parquets. This increase also brings some challenges in wood-based engineered
product manufacturing sector. Furthermore, up-to-date standards may require some
advancements for these products. On the other hand, cracking, brightness, staining,
tone, and level difference are some of the major problems encountered in laminate
flooring applications [8]. As a result, manufacturers invest in research and devel-
opment activities, and researchers report on their studies. However, when the liter-
ature has been reviewed, the limited number of studies that evaluate the influence
of these layers’ properties on laminate flooring products has been discovered, and
the following are some of the recent studies [1, 3, 9, 10, 12, 14, 17, 19, 21, 22].
The surface roughness of laminate flooring product (melamine resin-saturated paper
overlay) has been determined by Kalaycioglu and Hiziroglu [11]. Nemli [15] has
evaluated the influence of surface coating types (varnish and overlaying materials)
on the abrasion resistance of particleboards. However, the influence of overlay paper
on the laminate floor product properties has scarcely been evaluated. Kara et al. [12,
13] have figured out the effect of overlay paper on laminate floor properties. Apart
from overlay paper, the fact is that the influence of décor paper on laminate floor
products is uncertain, but Istek et al. [7] have evaluated this issue using particleboard.
Therefore, this study is aimed to figure out the influence of overlay and décor paper
properties on laminate floor properties.

Research Objects and Methods

The core of the laminate flooring, HDF, has been produced using 75 and
25 % fiber mixture of Oriental spruce (Picea orientalis L.) and Oriental beech (Fa-
gus orientalis L.), respectively. The refining process has been performed using An-
dritz AG 2008 (Graz, Austria). The fiber mixture has been sequentially blended with
11.8 % wt. kg/m*® urea formaldehyde (UF) resin, 0.9 % wt. kg/m* hardener
(AL(SO,),), and 1.19 % wt. kg/m? liquid paraffin. The moisture level of fiber has
been set to 12.8 %. The mat has been pre-pressed and hot-pressed by Siempelkamp
(Krefeld, Germany) press at a speed of 820 mm/s and temperature of 220 °C for 70 s.
The boards with the density of 885 kg/m?*and the dimensions of 7.4%2,097%7,365 mm
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have been produced. Following the cooling stage, the boards have been stored for
5 days at a temperature of 20 °C and relative humidity of 65 %. Then, the boards
have been sequentially sanded using 60-, 80-, 100-, and 140-grit sandpapers to obtain
7.440.1 mm thickness.

Table 1
The resin properties during the impregnation process

Properties UF resin MF resin
Solid Matter (%) 50 54
Density (g/cm?) 1.22 1.25
Mol ratio (g/mol) 1.65 1.55
Viscosity (cP) 20-50 25-50
pH 7-9 8.8-9.8
Jelling time (s) 20-35 -
Discharging time (s) 10-20 10-20
Water tolerance — 1/1-1/2.5

The UF and melamine formaldehyde (MF) resin properties are presented in Ta-
ble 1. The impregnation details of decor, overlay, and balance papers are presented in
Table 2. Chemicals (hardener, antibacterial agents, etc.) have been applied to overlay
and décor paper resins. The total jelling time of the overlay, décor paper, gravure unit,
and balance paper resins (300 kg for each) have been 4.35, 4.50, 4.20, and 3.30 min,
respectively.

Table 2
The impregnation process
1 Wash 1. Oven| 1. Oven 2 Wash 2. Oven | 2. Oven I;arllj;r Pqper
Paper type (g/m?) temp |fan speed temp  [fan speed mass | MOIStUTe | Corun-
UF (%) dum
o 0 o I Al20s
C | RPM |MF(%)| °C | RPM | gh* | % | oo
40 105
(A1-A2-A3-
A4)* 115
Decor 50 100 | 110 | 850 100 135 850 115 6.0£0.2| -
(B1-B2-B3-
B4)* 125
18 - - - 100 130 | 850 | 90 |6.9-7.2| 12
Overlay
22 (Control) | — — - 100 130 | 850 | 95 [6.9-7.1| 12
Balance 50 - - - 100 145 800 | 115 |6.8-7.1] —

*Product types. RPM — revolutions per minute.

Wembhoner Press (Herford, Germany) has been used for hot-pressing at the tem-
peratures of 202 °C (top plate) and 204 °C (bottom plate). The pressure and duration
of pressing have been 38 kg/cm? and 14.8 s, respectively. Following manufacturing,
the products have been acclimatized for 5 days at a temperature of 20 °C and rela-
tive humidity of 65 %. After conditioning, surface abrasion (AC3 >2000 revolutions,
BS-EN 13329:2023 [4]), scratch resistance (AC3 > 3.5 N, BS-EN 14323:2021[5]),
small ball (AC3 > 10 mm, BS-EN 13329:2023[4]), and cure properties of the A and
B product types (Table 3) have been determined.
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Table 3

The experimental design of products

Decor paper Overlay paper
Product type ; ;
Raw mass (g/m?) | Final mass (g/m?) | Mass (g/m?) | Final mass (g/m?)

Al 105
A2 40 115 18 %0
A3 105
Ad TG 22 (control) 95
Bl 115
B2 0 125 18 %0
B3 5 115

22 (control) 95
B4 125

Abrasion Resistance. The 10x10cm-sized samples have been prepared for
the abrasion test. The centre has been drilled in each of them. As seen in Fig. 1, Taber
5155 abraser (Taber Industries, North Tonawanda, NY, USA) has been used for ac-
celerated wear testing to determine abrasion resistance. Taber abrasive wheels cov-
ered with 100-grit sandpaper have been applied to each sample surface. The sample
surface has been controlled every 100 turns. At the end of 200 tours, the sandpapers
have been replaced with the new ones. Abrasion resistance (AR) has been determined
using Eq. 1.

g _URP +2FRP)

where AR is the abrasion resistance (revolutions); /RP and FRP are the initial and full
removal of the pattern, respectively.

. (M

Fig. 1. The abrasion test

Scratch Resistance. Erichsen Scratch Hardness Tester 413 (Erichsen GmbH&
Co.Kg. Hemer, Germany) has been used to determine scratch resistance. As can be
seen in Fig. 2, the 10x10cm samples with a hole in the centre have been mounted
on a rotating table, and load (from 3 to 6 by 0.5 N increments) has been applied to
the surface by a diamond tip attached to the load arm till scratch has become contin-
uous. The test has been finished and the load determined when continuous scratches
(1 mm gaps between the scratch lines) have been observed.
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Fig. 2. The scratch resistance test

Small Ball Test. As can be seen in Fig. 3, a small ball impact tester mounted on
the sample surface has been used to determine the impact resistance of laminate floor
products. The thimble has been increased by 0.5 N increments to determine the max-
imum force at which no damage has occurred on the surface while the ball has been
released. Following each drop, the surface has been checked and marked to ensure
the presence of the damage.

Fig. 3. The small ball test (AC3 > 10 mm, BS-EN 13329+A1 [4])

Cure Test. The curing performance of the samples has been evaluated using
37 % hydrochloric acid (HCI) and Rhodamine B. A drop of the solution has been
distilled to the surface, left for five minutes, and then cleaned. The coloration (pink
tones) of the surface has been observed. It has been desired that the surface had
no visible pink color (Fig. 4) on the surface which corresponds to the 5" degree.
An increase in pink color tones on the surface leads to the 15t degree which is not
acceptable.
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Fig. 4. The cure test samples

Results and Discussion

The surface abrasion range of the products has varied from 3400 to 4800 revo-
lutions, and the means ranged from 3600 to 4733 revolutions, as can be seen in Table 4
and Fig. 5, respectively. According to BS-EN 13329 [4], all product types meet
the abrasion class (AC) 3 and values are in harmony with Kara et al. [12, 13].

Table 4
The test results
SA AR IR, Small Ball Cure
(AC3 >2000 rev.) (AC3>3.5N) (AC3 > 10 mm)
Products | (BS-EN 13329 [4]) | (BS-EN 14323 [5]) | (BS-EN 13329 [4]) (1-2-3-4-5)
Left |Center | Right | Left | Center | Right Center Left | Center | Right
Al 3,400 4,800 | 4,400 | 5 5 4.5 110 5 5 5
A2 14,800|4,800| 4,600 | 4.5 | 4.5 5 130 5 5 5
A3 4,300]|4,600| 3,600 | 45| 4.5 | 4.5 120 5 5 5
A4 14,000|4,200| 4,400 | 5 4.5 120 5 5 5
B1 4,200 (4,200 | 3,600 | 5 110 5 5 5
B2 |4,400|4,800| 4,400 | 5 120 5 5 5
B3 4,000 |4,400 | 4,000 | 5 4.5 4.5 120 5 5 5
B4 |3,600]3,600| 3,600 |45 | 45 | 4.5 110 5 5 5

The averages and changes in surface abrasion are illustrated in Fig. 5. For
A type products, when the final mass of the décor paper has increased from 105 to
115 g/m?, 12.7 % (Alvs A2) and 0.8 % (A3 vs. A4) increases in surface abrasion have
been observed for 90 and 95 g/m? overlay final mass groups, respectively. Therefore,
the advance in surface abrasion has almost been zeroized when the overlay final mass
has increased from 90 to 95 g/m?. For B type products, a 13.3 % increase (B1 vs B2)
and 12.9 % decrease (B3 vs. B4) have been observed within the 90 and 95 g/m? overlay
paper groups, respectively, when the décor paper final mass has increased from 115
to 125 g/m?. Within the same décor paper final mass, an increase in the overlay paper
final mass (90 to 95 g/m?) has caused —0.8 % (A1l vs. A3),-11.3 % (A2 vs. A4),3.3 %
(B1 vs. B3), and —20.6 % (B2 vs. B4) alterations in surface abrasion. When compar-
ing the product types in the same décor and overlay paper masses, surface abrasion of
the B1 and B3 have been 15.5 and 1.6 % lower than A2 and A4, respectively. As can
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be seen in Table 2, the impregnation process parameters have been the same. Howev-
er, even if the 1.6 % difference can be neglected, the reason for the 15.5 % difference
has not been normal and is associated with 2 essential differences between the A and
B types of products such as 10 g/m? excess of the décor paper raw mass and the fiber
types.

4900 -

4733

4700 -
4500 4
43004
4100 4

3900 -

Surface abrasion (Rev.)

3700 -

3500

Al A2 A3 A4 Bl B2 B3 B4
Product types

Fig. 5. The surface abrasion alterations

The averages and changes in abrasion resistance are illustrated in Fig. 6. For A
type products, AR 3.4 % has decreased (A1 vs. A2) and 7.4 % has increased (A3 vs. A4)
when the décor paper final mass has increased from 105 to 115 g/m? while the overlay
paper final mass has been 90 and 95 g/m?, respectively. Also, a 6.9% decrease (A1l vs.
A3) and a 3.6 % increase have been observed when the overlay paper final mass has in-
creased from 90 to 95 g/m? while the décor paper final mass has been 105 and 115 g/m?,
respectively. However, as can be seen in Table 4, AR of A1 and A4 are equal, and im-
proving the décor and overlay papers’ final masses has not provided any improvement.
For B type products, an increase in the overlay paper final mass has caused adverse
effects (—6.7 % for B1 vs. B3 at 115 g/m? and —10 % for B2 vs. B4 at 125 g/m?).
AR has not changed and has decreased by 3.6% when the décor paper final mass has
increased from 115 to 125 g/m? for the 90 and 95 g/m? overlay paper final mass, re-
spectively. When A and B type products are compared considering the same décor and
overlay paper masses (115 and 90 g/m? for décor and overlay, respectively), a 7.1 % in-
crease (A2 vs. B1) and a 3.4 % decrease (A4 vs. B3) have been observed in AR. There-
fore, a stable improvement in terms of paper mass has not been generally achieved.
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Bardak et al. [2] have evaluated the influence of décor paper grammage (80.15
to 130.03 g/m?) on AR of particleboards and have stated that an increase in mass
provides advancement in AR. An increase in density with an increase in mass which
decreases the pore amount of the décor paper by impregnation to holes is attributed
to the AR improvements as Bardak et al. [2] have expressed.

Nemli et al. [16] have stated that when the grammage of the melamine paper,
used to cover particleboards, increases from 70 to 100 g/m? significant improve-
ments are observed on modulus of rupture (MOR), modulus of elasticity (MOE), and
thickness swell (TS) (24h). Remarkable increases in density as seen in Bardak et al.
[2] are assumed as one of the main factors that cause improvements in the properties.

It has also been reported that abrasion has decreased with an increase in the over-
lay paper final mass at 23 g/m? corundum amount. But when the corundum amount has
increased to 28 g/m?, a more than 4 % decrease has been reported by Kara et al. [12].
In this study, oscillations are the fact instead of general increase or decrease behaviors.

The averages and changes in impact resistance (IR) are presented in Table 4.
For A type products, IR has increased by 18.2 % (A1 vs. A2) and has not changed (A3
vs. A4) when the décor paper final mass has increased from 105 to 115 g/m? while
the overlay paper final mass has been 90 and 95 g/m?, respectively. Furthermore, IR
has increased by 9.1 % (Al vs. A3) and has decreased by 7.7 % (A2 vs. A4) when
the overlay paper final mass has increased from 90 to 95 g/m? while the décor paper
final mass has been 105 and 115 g/m?, respectively. For B type products, an increase
in the overlay paper final mass has provided a 9.1 % improvement for B1 vs B3 at
115 g/m? and a —8.3 % worsening for B2 vs B4 at 125 g/m?). The same improvement
and worsening are valid when the décor paper final mass has increased from 115 to
125 g/m? for the 90 and 95 g/m? overlay paper final mass groups (B1 vs B2 and B3
vs B4), respectively. When A and B type products have been compared considering
the same décor and overlay paper masses (115 g/m? and 90 g/m? for the décor and
overlay ones, respectively), A4 and B3 have not presented numerical difference while
a—15.4 % decrease has been observed for A2 vs. B1.

Kara et al. [13] have noted 20 to 25.25 N IR of the laminate flooring which
has been determined by a large diameter ball test. In the literature, there are scarcely
any studies for the comparison. However, the results of this study fit the standard
requirements.

As can be seen in Table 4, no numerical differences have been observed in cure
properties within and between the groups. As for IR, the results of this study have not
been sufficient compared to the literature due to the lack of reported values. It may be
thought that the discussion of the results is insufficient. However, when the literature
is reviewed, laminate floor properties evaluated in this study are limited to a few
studies that have already been mentioned. Therefore, industrially produced laminate
floor products should be further studied for detailed evaluation.

Siradag [20] has stated that extending the storage duration can reduce (up to
15 % after 2 years of conditioning) the free formaldehyde amount of laminate floor-
ings. However, the influence of such a storing time on the physical and mechani-
cal properties of laminate flooring with HDF core has not been reported. However,
Camlibel and Aydin [6] have reported that 3 days of conditioning before the tests has
provided around 1 and 1.4 % increases in MOE and surface soundness of the particle-
boards while a 3.5 % decrease in water absorption (WA). However, neither short nor
long periods of storage influence on the properties have been the aim of this study.
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It has been expressed that laminate flooring is sometimes considered as infe-
rior to natural flooring materials, even though many of its qualities are objectively
superior [18]. Besides the outstanding physical and mechanical performance, per-
ceptual salience is one of the prominent features of the laminate floorings as an
aesthetic product.

In this study, production variables have been limited, and consistent chang-
es in the features have not been observed. Therefore, further experimental designs
(3—5 grammage groups for each layer) should be evaluated to better understand
the influence of the final grammage of the décor and overlay paper on the product
features.

Conclusion

The influence of the décor and overlay paper final mass on abrasion, impact,
and cure properties of laminate floor products produced in industrial conditions
has been figured out. Considering the standards, products meet the requirements of
the commercial market. However, at this stage, behavioral stability of the influence
of paper mass on the properties is not the fact when overall results are taken into
consideration.
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Annomayus. B HacTosIee BpeMst COCTOSIHHE TIPOOIEMBI HCTIONB30BaHHS JPEBECHBIX OTXOIOB
SIBIISICTCS. KPUTUIESCKIM, TI0CKOJIBKY TPaJUIIMOHHBIC CITOCOOBI HX IepepaboTKu He 00eCTIedr-
BaIOT YKOHOMHYECKH OOOCHOBAaHHOTO BOBIICUCHHS B IPOMBIIIICHHOE MPOU3BOJCTBO BCETO
o0beMa oTX0moB. i permeHus 3ToH mpoOIeMbl HEOOXOAMMO HANTH METOIBI IepepadOTKH
JIPEBECHBIX OTXOJIOB, CIIOCOOHBIC YBEIUYUTH JONIO M3MEIBICHHOW JPEBECHHEI, MCIIONb3Y-
MO B MPOU3BOJICTBE BOCTPEOOBAHHOW MPOMYKIIMHA C BBEICOKOH HOOABOYHOW CTOMMOCTHIO.
[enbro HacTOAIIEH pAOOTHI SBISCTCS H3YICHUE BIHSIHUS CONCPKAHUS AKTHBUPOBAHHBIX JIpe-
BECHBIX YaCTHII, H3MEIBUYCHHBIX THAPOIUHAMUICCKIM CIIOCOO0M, Ha (PH3UKO-MEXaHHICCKUE
CBOMCTBA IPEBECHO-NIOJUMEPHBIX KOMIIO3UTOB HAa OCHOBE JiMalleTaTa Lesuitono3sl. [lomumep-
HYI0 MaTpully B BHJI€ JUalleTara LEJUIIOJ03bl U IPEBECHBIM HAMOJHUTENb MOTyYald B Ja-
Ooparopun W3 THAPOIUHAMAYCCKH aKTHBHPOBAHHBIX OMMIOK Oepesbl. OOpasmbl KOMIIO3H-
TOB JIJIS1 UCIIBITAHUSI MEXAaHUYECKUX CBOMCTB MPOU3BOIMIM METOAOM JIMThS MOA JAaBICHUEM
C WCTOJIb30BaHHEM BEPTUKATBHON JIUTHEBOI MaITHMHEBI. AHAIH3 MOP(OIOTUU OBEPXHOCTEH
KOMITO3UTOB IOCJI€ UCHBITAHUI OCYLIECTBISUIA MPHU MOMOLIM 3JIEKTPOHHON MHUKPOCKOIIUH.
TepMHUIECKYIO AECTPYKIUIO 00pa3IOB qUaleTaTa IeJUTFOI036I U KOMITO3UTOB OLICHIBAIN Me-
TOJIOM TEPMOIPABUMETPUUECKOTr0 aHanMu3a. HeHarnomHeHHblid [uaneTar LeuItoI03bl oKa3al
MHUHIMAaJIbHOE BoomoniomeHue (0koio 4 %). BomocToiikocTs 00pa3ioB KOMIIO3UTOB CHH-
’Kajach MpH NOBBILIEHUH COAECPaHUs HAIIOJHUTENS B JUAlleTaTe LEUII0I03bl. YBEIUUEHUE
KOJIMYECTBA JIPEBECHOIO HAMOJIHUTENS B cocTaBe KoMrno3uuuu A0 20 % IpUBOAUT K POCTY
rpezesna NPOYHOCTH MPHU PACTHKEHUH U Moayist ynpyroctu 1o 23,0 MIla u 1,22 T'Tla co-
OTBETCTBEHHO. JlanbHeillee nopbiieHne coaepkanus HanonHurenst ¢ 30 go 70 % cHuka-
JI0 3TH JBa nokasaress. [lpu yBenuuenuu copepxanusi Hanoianurens ¢ 10 no 70 % npenen
MpoYHOCTH Ipu m3rnode manan ¢ 34,4 no 13,6 MIla. Poct nonm npeBecHOTO HATIOTHHUTEINS B
COCTaBE KOMIIO3MTA BIIEYET CHUIKEHHUE [TIOTEPHU €0 MACChl ITPU BBICOKOW Temmneparype. [ uupo-
TUHAMIYECCKH 00pabOoTaHHBIC NPEBECHBIC YaCTHIIBI MOTYT OBITH UCIIOIE30BaHEI B TIPOU3BO/I-
CTBE KOMITO3UITUOHHBIX MAaTEpUAIOB HA OCHOBE JHAIeTaTa ISIUTFONIO3EI IPU WX JT00aBICHUT
B komm4ectBe oT 20 10 30 %.
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Abstract. Currently, the state of the problem of wood waste use is critical, since tradi-
tional methods of its processing do not provide economically justified involvement of
the entire volume of waste in industrial production. To solve this problem, it is necessary
to find methods for processing wood waste that increase the share of crushed wood used
in the production of high-value-added products in demand. The aim of this work has been
to study the effect of the content of activated wood particles crushed by a hydrodynamic
method on the physical and mechanical properties of wood-polymer composites based on
cellulose diacetate. A polymer matrix in the form of cellulose diacetate and wood filler has
been obtained in the laboratory from hydrodynamically activated birch sawdust. Composite
samples for testing mechanical properties have been produced by injection molding us-
ing a vertical injection molding machine. The morphology of the composite surfaces after
the tests has been analyzed using electron microscopy. Thermal degradation of cellulose dia-
cetate samples and composites has been assessed using thermogravimetric analysis. Unfilled
cellulose diacetate has shown minimal water absorption (about 4 %). The water resistance
of the composite samples has decreased with increasing filler content in cellulose diacetate.
An increase in the amount of wood filler in the composition to 20 % leads to an increase
in the tensile strength and modulus of elasticity to 23.0 MPa and 1.22 GPa, respectively.

This is an open access article distributed under the CC BY 4.0 license
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A further increase in the filler content from 30 to 70 % has reduced these two indicators.
With an increase in the filler content from 10 to 70 %, the flexural strength has dropped
from 34.4 to 13.6 MPa. An increase in the proportion of wood filler in the composite com-
position leads to a decrease in its mass loss at high temperatures. Hydrodynamically treated
wood particles can be used in the production of composite materials based on cellulose
diacetate when added in amounts from 20 to 30 %.

Keywords: wood-polymer composite, hydrodynamic activation, birch sawdust, cellulose ace-
tate, physical and mechanical properties
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Beeoenue

CnenoBaHue 4esioBeYeCTBA KOHIEMIIMHM YCTOHYMBOTO Pa3BUTHUA 3KOHOMHKHU
00yCJIOBIICHO HEOOXOAMMOCTBIO PEIISHHUS IKOJIOTUYECKUX MPOOIeM, B T. Y. BbI3BaH-
HBIX IIPUMEHEHHUEM TIOJTUMEPOB M3 HCKOTIAeMOTO CHIPhs [ 16, 28]. CuHTEeTHYEeCKHE TI0-
JMMEpHI Ha 0CHOBE HEPTENPOIYKTOB OUEHb MEIJICHHO Pa3pyILIaoTCsl B OKPYKAIOIIECH
cpene, STOT IPOIecC MOXKET 3aHUMAaTh COTHH JIeT. B pe3ynbrare MHOTOYHCIICHHBIE
TUTACTHKOBBIE OTXOJIbI YK€ HAKOIMINCH B 3eMIle, OKeaHax U atMocdepe. Hayunsie
WCCIIEZIOBAHUS, TIPOBE/ICHHBIE 3a MTOCICAHHE ECATHUIICTHS, TIO3BOJIMIIN HAUTH pele-
HUE TaHHOH MPOOJIEMBI — TPUMEHSTE B IIOBCETHEBHOM KU3HH DKOJIOTHIECKH YUCTHIC
OMonoIMMepshl, Takue Kak monuMoiniouHasi kuciora (PLA), momurunpokcuOyTupar
(PHB), momuruapokcuankanoarsl (PHA) u amerar nemmonossl (CA), u co3maBaTh
MOJIUMEPHBIE KOMITO3UTHI, HE HAHOCSAIINE BPE OKpYXkKarolllel cpeie U MoaJIexalue
nepepaboTKe Win yruiau3anuu [35].

AleTaT LeJITIoN03b! MPECTaBIsIeT cO00i OMopasnaraeMblil moauMep, Moy-
YaeMbIil U3 BO30OHOBIIIEMBIX HICTOYHMKOB, HAITPHUMEP U3 IPEBECHHBI HITH XJIOITKOBO-
TO BOJIOKHA, ITyT€M YaCTHYHOTO alleTUIMPOBAHUS IIEIUTIONIO3BI. AIIETaT HEJITIONIO3bI
MpH KOMITIOCTHPOBAHUH HE BBICIISECT OMACHBIX TPOIYKTOB Pa3IOKECHHUS, a TAKKE 00-
Jla/1aeT BBICOKUMHU MEXaHHUYECKUMHU CBOHCTBAMH.

Cpenu OuopasiiaraeMbix IMOJMMEPOB aleTar LEeJUII0I03bl Hanboee MIMPOKO
WCTIOJIB3YETCS MPU M3TOTOBJICHUH OMOIIIACTHKOB, YITAKOBOYHBIX MaTe€pPHasoB, B OHO-
MeIMIMHE, B MeMOpaHHbIX puibsrpax u ap. [20, 25]. B 3aBucuMocTy OT CTENeHH 3a-
MEIIEHUS BBIIEISIOT TPUALETaT LEeJUT003bl — oT 60 10 61,5 % cBsI3aHHOM yKCYyCHOU
KHCJIOTHI M BTOPUYHBIH arierar (quanerar — JIALL), conepkammuii ot 54 10 56 % 31oii
KUCHOTHI [1].

Crenenp 3aMenIeHHs] OKa3bIBa€T BIMSHUE Ha CBOICTBA arerara IeJUTFONIO3BI.
Tak, B pabdore [14] oTmeuaeTcs, YTO MOBBINICHNUE CTCTICHHU AIlCTHIIMPOBAHUS IICII-
mono3sl ¢ 1,81 10 2,41 npuBOAUT K YBEIMUEHUIO IJIOTHOCTH U TBEPAOCTH ITPOJIOB, &
TaKkKe K CHIDKEHHIO X BOAOTOTIONIEHHS U CTETICHN OMOPAa3IOKEeHHS.

N. Spani¢ ¢ coasropamu [46] Hcciie10BaM CBOICTBA GHOKOMITO3HTOB HA OCHOBE
areTara IeJITIoNI0361. B kKauecTBe ChIphs IS TOTyYeHHs TaHHOTO MaTepralia | HaroJ-
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HUTEJsI OBUTH MCIIOB30BaHbI JIpeBeCHHA OOl UBBI U YUEPHOW OJNbXH, H3MEIbUCHHAS
1o pazmepoB vacTuil ot 0,5 10 1 MM. ABTOPBI YCTAHOBHIIU PA3HUILY MEXK/TY MPOYHO-
CTBIO TIPY PACTSKEHUH B 3aBICHMOCTH OT MTOPOJIBI APEBECHHBI: TIOKA3aTeNb JUIs arle-
TaTa [eJUTIOI03bI U3 YepHOH obxu cocraBui 58,7 MIla, u3 Oenoii ussl — 64,1 MIla.
Yyenple CBA3BIBAIOT TAKOW PE3YNBTAT CO CTEMEHBIO 3aMEeIleHHs], KoTopasi pa3indHa
JUTSI U3y4aeMbIX alleTaToB LEJITI0NI03b! (areTaT u3 0enoi UBBI HMeIT CTEeTeHb 3amellle-
Hus 2,32, a u3 4epHoii onbxu — 2,73).

ABTOpBI HccienoBanns [44] BRIIBIIN, YTO MAKCUMaJIbHBIE MTPE/IeN TPOYHOCTH
npu pactsbkenun 65 Mlla u monyne FOwnra 2,5 I'la noctrxuMbl npu 100aBIeHAN
5 % TeIUTIONO03HBIX HAaHOBOJIOKOH, BBIIEJICHHBIX M3 PHCOBOM COJOMBI B MaTpHIly Ha
OCHOBE alleTara IeJUTI0I03bI.

Liu u ap. [31] uzyuanu croco0 moirydeHus KOMIIO3UTOB Ha OCHOBE arerara
LIEJUTIONO03bI (CTENeHb 3aMenieHus — 2,45) ¢ 100aBIieHUEM BOJIOKOH MUCKaHTyca Me-
TOAOM 2-3TanmHO# dKCTpy3uu. [IpeanokeHHbI croco0 Mo3BOIMII TOIYYUTh KOMIIO-
3UT ¢ MPOYHOCTHIO Ha pa3peiB 64 Mlla u momynem npu pactspkenun 4,7 I'Tla mpu
25 % Mexanndeck (GUOPUIUTMPOBAHHBIX BOJIOKOH MUCKAHTYCa B COCTAaBE.

UHCTHII aneTaT MeJUTIONO03HI SBISETCS XPyIKAM MaTePHAIOM H HYKIaeTCs
B MOAH(UKAIUU, HATPUMED, C TOMOUIBIO MIACTH(PUKATOPOB U APMHUPYIOIIHUX Ya-
crun [22].

HarypanbHble pacTuTenbHbIE BOJOKHA M3 BO30OHOBISIEMOTO CHIpbS 00Maaa-
0T PSZIOM MPEUMYINECTB, TAKUX KaK YIIy4IlIeHHas OMOpasiiaraéMoCTh, HEBBICOKAS
CTOUMOCTbD, YCTOMYUBOCTh K MCTHPAHUIO, XOPOIIas yAeldbHas MPOYHOCTh, HU3KAS
TUIOTHOCTSH U T. 7. BBeieHne B mouMepHyIo MaTpHIly TBEP/IbIX TUCIIEPCHBIX U BO-
JIOKHHUCTBIX HATYPaJIbHBIX PACTUTEIHHBIX YaCTHUI] OCYIIECTBISIETCS C IEIbI0 N3MEHe-
HUSL PU3UKO-XUMHUYECKUX, MEXaHUYCCKUX, TEPMHUUECKHUX, QPUKIIMOHHBIX M IPOYUX
CBOMCTB MaTepHaioB, XOTs, KaK MPaBUIIO, OCHOBHOM 3a/iaueii SIBISCTCS YIy4dllCHUE
(hM3UKO-MeXaHUIECKUX CBOKUCTB [7, 36].

JIpeBecuHa Halia MHUPOKOE IPUMEHEHNE KaK HAIOJIHUTENb B APEBECHO-TIO-
JIUMEPHBIX KOMITO3UTAaX, TOCKOIBKY CHIPHEM MOTYT CIIYXKHTh OTXOJIBI AepeBoobOpa-
OarpIBarolel MPOMBIIIUIEHHOCTH, YTO JelaeT JaHHBIM BUJ HAIOJIHUTENS CpaBHH-
TENbHO AelieBbIM. Hapsny ¢ 3TuM, ApeBeCHbIN HAOJHUTENb YIy4YlIaeT CBOIMCTBA
KOMTIO3UTOB [ 17]. ABTOpHI padoT [4, 11, 15] oTMedaroT, 9TO yBETHUICHUE COMECpIKa-
HUSI B KOMIIO3UIIUU IPEBECHBIX YACTHUII MMOBBIIIAET MOAYJNb YIIPYTOCTU MPU CKATUU
[15], mpu cTaTmdaeckom m3rude [11], a Takke TBEpAOCTh M MPOYHOCTH MPU PACTS-
keHuu [4].

HccnenoBanusi MeXxaHUYECKUX CBOMCTB KOMIIO3UTOB HA OCHOBE IMOJIUTHIIPOK-
cubytupara ¢ 100aBJIeHHEM IPEeBECHOI MyKH 6epe3sl Mapky 180 mo3BOIHIN CAEIaTh
BBIBOJI O TOM, YTO conepkanue Hanonuutens 40 % gaeT KOMIO3UT C BHICOKUMU Me-
XaHUYECKHMM CBOMCTBAMU: MPOYHOCTD MPHU pacTsbkeHuu — 23 Mlla; Mmoxynb yripy-
roctu — 2,36 I'Tla [2].

CoBpeMeHHBIE TeH/ISHIIUU B 00JaCTH U3TOTOBIIEHUS MOJIUMEPHBIX KOMITO3H-
TOB MPHUBEIH K pa3pabOTKe MOJHOCTBHIO MEJUIIOJI03HBIX KOMITO3UTOB. Llemtronosa
BBITIONTHSCT (PYHKIIMM KaK MaTPHUIlbI, TAK U BCTPOCHHOTO BOJIOKHUCTOTO HAIIOJTHH-
tens [17, 46].

dopma HaMONHHUTENS SBISETCS OIHUM W3 HauOoliee BaKHBIX (AaKTOPOB,
BIIMSAIONIMX Ha MEXaHUYECKHUE CBOICTBA APEBECHO-MOIMMEPHOr0 Kommnosura [33].
ITo pe3ynbTaTam HEJAaBHUX HCCIIEJOBAHHMM COOOIIANOCH, YTO JAPEBECHO-TIOIUMED-
HbIE KOMITO3UTHI, COACPIKAIINUE APEBECHBIC YACTULIBI C BOJIOKHUCTON CTPYKTYpoi



ISSN 0536-1036 «HM3BecTus By30B. JlecHoii skypHam». 2025, Ne 2 187

Ha MOBEPXHOCTH, MOJIYYeHHON B PE3yIbTaTe MEXaHHMUECKOTO N3MENbUeHNsI UMEIOT
Jy4IIde MEXaHUUYEeCKHE CBOMCTBA, YEM aHAJIOTUYHbIN MaTepuai 0e3 BOJTOKHUCTBIX
CTPYKTYD [26, 42].

B psge pabor ormeuaercsi, 4TO MOKPOE HU3MEJIBUCHUE IPEBECHON MYKH
3HAUUTENBHO YIy4YIlaeT XapaKTePUCTHKU JPEBECHO-TIOJUMEPHBIX KOMIIO3H-
ToB. BrniaxxHoe n3menpueHue JpeBECHON MYKH MOXKET MPUBECTH K pa3pylICHUIO
CTPYKTYPBI KIICTOYHBIX CTCHOK C OTCIOeHHEM (GUOPHII Ha MOBEPXHOCTIX Ape-
BECHBIX YaCTHIl. DTO MOJOKHUTEIHHO CKa3bIBAETCS HA MPOYHOCTH IPHU PaCTIKE-
HUM, YAapHOH BA3KOCTH M YCTAJIOCTHOM OJATOBEYHOCTH MOJTYy4aeMbIX KOMIIO3H-
ToB [19, 26].

[Tpu uccnenoBanuy 0TOCIEHHON CYyab(PATHOHN LEUTIONO03bI U3 XBOWHBIX TOPOA
JIPEBECUHBI, U3TOTOBJICHHOW METOJIOM MOKPOT'0 pa3Mosia B apoBoid MeapHuLe [40],
MIPOYHOCTH MPU PACTSHKEHHHM KOMIIO3MTA Ha OCHOBE IMOJMJIAKTHIA ObUla HanOOJb-
el B ciaydae MaKCUMaJIbHOM MPOAOIKUTENBHOCTH Pa3sMoIa, YTO COOTBETCTBYET
HaMMEHBILIUM pa3MepaM apMHUPYOLIUX yacTull. Mokpoe u3MesbueHue APEBECHHEI B
BaJIKOBOW MEJIBHHUIIE OMUCAHO B pabore [24].

Takum 06pa3om, MOKpPOE H3MEJIFICHUE SIBIISIETCS] IEPCIEKTUBHBIM HalpasJie-
HUEM TOATOTOBKHU APEBECHOTO HANOJHUTENS JJIsi KOMITO3UIIMOHHBIX MaTepuajoB Ha
OCHOBE OMOIOINMEPOB.

[IpoBeneHHbIe paHee uccienoBaHUs [3] CBHAECTEILCTBYIOT O MOJIYYCHUU
B Mpolecce TUAPOANHAMUYECKOH 00pabOTKH APEBECHBIX YaCTHII, IAHUCIEPTHPO-
BAaHHBIX [0 COCTOSIHMSI BOJIOKHHCTOIO MaTepuana ¢ (GuOpUIUIMPOBAHHBIMU IIO-
BEPXHOCTSAMM, IPUTOAHBIX JUISl CO3/TaHNUSI KOMIIO3UIIMOHHBIX MaTepHuanoB. Takum
00pazom, 1eJIbI0 HAacTOosIed paboThl ABJIAETCS MU3yUYEHUE BIMSHUS COIACPKaHUs
AKTUBHUPOBAHHBIX IPEBECHBIX YACTHUIl, M3MEIBYCHHBIX THAPOIUHAMUYECKUM CIIO-
cobom, Ha PUBHKO-MEXaHUYECKHE CBOMNCTBA IPEBECHO-TIOTUMEPHBIX KOMIIO3HUTOB
Ha ocHoBe JIAILI.

Obwvexmul U Memoowvl UCCLE008AHUSA

B kadecTBe OCHOBHOTO CHIPHSI JUISL BBIICICHHUS IEIUIIONO3bI W TIONYYCHUS
HATIOJTHUTEIS WCIIOB30BANIN OTMIIKK JPEBECHHBI Oepe3bl, OCTaBIINECs MOCIe pac-
MUJIOBKH KPYIJIBIX JIECOMATepHajoB Ha JICHTOYHOMWIBHOM cTanke MJ3210 (OO0
«Cubdopecty, . KpacHospCK), pa3Mep OMIIIOK — MEHEE 2 MM.

Mertonuka nosyueHus nonuMepHoi Marpuilsl — JIALl n3 ruaponuHamMuyecku
aKTUBHUPOBAHHBIX ONMUJIOK Oepe3bl (puc. 1, a) ¢ comepKaHHeM CBSI3aHHOW YKCYCHOM
kucioTel 54,1-58,0 % ocHOBaHA HA ANCTHIMPOBAHUH ICIIIIONO36I C MPUMEHECHUEM
B KauecTBE KaTajau3aTopa cepHoOil KucioThl [6]. Llemmtonos3a misi aueTuIupoBaHus
ObUTa W3TOTOBJIEHA A30THOKHUCIBIM METOAOM W3 THAPOJUHAMHYECKH aKTHBHPO-
BaHHBIX OMWIOK Oepe3bl. AleTninpoBanue 1emnono3sl 10 JALL ocymecTBisim ¢
WCTIOJIh30BaHNEM KeTeHa KaK aleTHIMPYIONIET0 areHTa B 3aKPBITOH PEaKIMOHHOM
YCTaHOBKE C KeTEHOBOH JIaMIIOi. AIIeTUIIMPYIOINI areHT JAeUCTBYET Ha MOJITOTOB-
JICHHYIO CMECh U3 ILIEJUIIONIO03bl, aKTUBUPOBAHHOM JIEASHON YKCYCHOM KHCIIOTOM, B
cpene 6eH301a U KaTaIu3aropa — CEpHOUM KUCITOTHI. ANIETUIINPOBAaHNE THIOCH 3—4 1
MpU MEepPEMELINBAHNN.

[To oxoHYaHMH TIpoIIeCcCa alleTHIIMPOBAHMS TTOTYYEHHBIA MPOAYKT YACTUIHO
ABIISICTCS. CYAb(POALETATOM, BCICACTBHE YETO MPOBOJWIM HEWTpaNIM3alMI0 KaTa-
JU3aTopa B PEAKIMOHHOW CMECH W CTaOWIHM3AIUIo JUIS yAaleHus cylbdorpymm.
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CTaOMIM3UPOBAHHYI0 PEAKIMOHHYIO Maccy (DHIBTPOBAaId U OTTOHSJIM OCTATKH
oenzona u3 JAILL

[TonroToBka apEeBECHOTO HAMOIHHUTENS (MUCTIEpCHBIX uactuil) (puc. 1, 0)
BKJIIOUAJIa TUAPOAMHAMUUYECKYIO aKTHBAIMIO OMUIOK B TeueHue 25 muH [18] ¢ mo-
cienyromei TMoQIFHON CYIITKON 1 N3MeIIeHreM [6].

Puc. 1. BHenHui BUA: @ — qUaneTar He/UTFOI03bl; O — APCBECHBIN HATIOJIHUTEIb

Fig. 1. The appearance: a — cellulose diacetate; 6 — wood filler

Hszeomosnenue opesecro-nonumeprnoeo komnosuma. Ilepen mpuroToBIEHU-
€M KOMIIO3MTa ApPEBECHBbIC YacTULBI U NopouKkooOpasubid JJALl BeicymmBanu 10
MTOCTOSTHHOM Macchl Ipu Temneparype 95 + 5 °C. YMmeHbIIeHre TeMIiepaTryphl CyIIl-
ku HIKe 100 °C cBs3aHO ¢ HCKITIoYeHnEeM pucka pasznoxerus ALl mpu Temmepa-
Type Bbie 100 °C.

O0pasms! u3 guctoro JJAILl n 6MOKOMITO3UTHI OBLTA TTPUTOTOBIICHBI TSI HC-
MBITAHUH METOZIOM JINThs Oe3 AaBiieHus B pacTBoputensb (aneton). JJALL 20+ 0,02 T
pacTBOpPSIIM B CTEKIISTHHOM J1abOpaTOpHOM CTakaHe, B KOTOPBIA M00aBIISIN
101 + 0,1 mu anerona jgo nomydenust 20%-ro pacrsopa. i pactBopenus ALl
Y JUCTIEPTUPOBAHUS YaCTHI] HAITOJHUTENS UCTIOIB30BaIl BEPXHEIPUBOIHYIO Me-
manky US-2000A.

[IpuroroBnenHsle cMecH pa3iuMBajiM B CTeKIsiHHbIE yamiku [lerpu. Kommo-
3UTHI TOTOBWJIM ITyT€M J00aBIEHUS PA3IMYHOTO KOJMYECTBA HAMIONHHUTENS K YXKe
pactBopennomy JIAILl u momemienust cmeceit B wamiku [letpu [21, 27, 29]. [Tomyde-
HUE MOHOIIUTHBIX 00pa3IloB KOMITO3UTOB C COJIEPKAHUEM JIPEBECHBIX YacTHIl Oojiee
70 % HEBO3MOXXHO IO MPUYMHE HEMOCTaTKa cBs3yromero. PactBopennsiii JALL u
KOMITO3UTHBIE CMECH OCTaBIISJIM B yallkax [leTpu nmpu koMHaTHOI Temmeparype 10
MTOJTHOTO MCTIAPEHHSI PACTBOPUTEINS B TedeHue 3 cyT. KOHTpoIs OMHOTHI HCTTapeHns
PacTBOPUTENS OCYIIECTBIISIIA BECOBBIM METOIOM.

[TomyueHnHbIE TakuM 00pa3oM MaTepuaibl TPEIBAPHUTEIHHO H3MeIbua-
mu B MenbHHIe Biolomix 800G (BioloMix, Kwuraii). O0pa3ibsl KOMIO3UTOB
JUISL UCIIBITAHNUS MEXaHUYECKUX CBOMCTB B (popMe MPSAMOYTOJIbHOM MOJOCKH MO
I'OCT 4648-2014 (ISO 178:2010) u 2-ctoponneii nonatku mo 'OCT 11262-2017
(ISO 527-2:2012) usroraBiauBaiu C HCIOJIb30BAaHUEM BEPTUKAIBHOU JTUTHEBOU
mamuHbl BORX-40 (Shenzhen Borx Technology Co., Ltd., Kurait) ¢ mocneny-
IOIUM OXJIAXKJICHHEM 10 KOMHAaTHOW Temreparypbl. Pazmepsl 00pa3ios B ¢op-
M€ 2-CTOPOHHEH JIOMaTKu COCTaBIsIA 0Koyo 80 X 5 X 4 MM, NPSIMOYTOJIbHBIX —
80 x 10 x 4 mm.

Bce oOpasipl kongunuoHupoBaiu npu temneparype 20 °C U oTHOCHTENb-
HOH BraxxHOCTH 65 % B mpomomkeHue 1 Hemenn mepen KaKIbIM HCIIBITAaHUEM.
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Coneprxanue Biaru B o0pasiax kommno3utos coctasisuio 0,5 £ 0,05 %. YenoHoe
0003HaYeHNEe 00pa3I[0B KOMIIO3UTA B 3aBUCHMOCTH OT KOJMYECTBA JIPEBECHBIX Ya-
crur 10, 20, 30, 40, 50, 60 u 70 % — W10, W20, W30, W40, W50, W60 u W70
COOTBETCTBEHHO.

Mexanuyeckue ceoticmea OpegecHO-nOIUMEPHO20 KOMNO3UmMd. AHaIN3 MOp-
(oornu MOBEPXHOCTEH TONEPEUHOT0 CeYeHHs 00pa3I0B KOMITIO3UTOB ITOCIIE UCIIbI-
TaHUH Ha PaCcTsHKEHHUE H U3THO ITPOBOIMIH C TIOMOIIBI0 CKAHUPYIOIIETO 3IEKTPOHHO-
ro mukpockona (SEM) (Hitachi TM4000Plus, SInonust). st 00pa3ioB KOMIIO3UTOB
HE MpeAyCMaTpUBAIN JIOTOJHUTENbHYI0 TpoOonoarotoBky. Kommosursl Obuin 3a-
KpEIUIeHBI Ha aJTFOMIHHMEBBIX 3armymkax. HaOmonenne ocymecTBIsUM P YCKOPSI-
IOIIeM HampsbkeHuu 15 kB.

Bononornomenne onpeneneso B coorBerctBuu ¢ ['OCT 4650-2014 (ISO
62:2008).

[IpouHocTh 00pa3LOB Ha pacTsHKEHHE M MOAYAb YHPYrocTd (UKCHpOBa-
W C TOMOIINBI0 YHUBEpCcaNbHONW ucmbITaTenbHOM MamuHbl (Y TC-110MH-30-0Y,
Testsystems, Poccust) mpu moCTOsIHHOI CKOPOCTH NIEpEMELICHHUS TPaBEPChl 2 MM/MHH
B cootrBercTtBuU ¢ ['OCT 11262-2017. Onpenenenre MpoYHOCTH 00pPa3IIOB KOMITO-
3UTOB Ha M3TUO M MOIYJISI YIPYTOCTH TIPH U3THOE TIPOBOJIUIIN CO CKOPOCTBIO MCITBITA-
Hus S mm/muH o [OCT 4648-2014.

TepmorpaBuMeTpUYECKOE MCCIEAOBAHUE BBIMTOJHSIA C MOMOINBIO MpHOOpa
STA 449 F1 Jupiter (Netzsch, ['epmanusi) B KOpyHAOBBIX THIVISIX B HHTEPBAJIE TEMIIC-
paryp ot 30 0 900 °C co ckopocThio Harpesa 10 °C/MHH B TOTOKE aproHa (CKOpPOCTh
MOTOKA 3aIUTHOTO U MPOAYBOYHOTO Ta30B — 20 u 50 MJI/MUH COOTBETCTBEHHO). [lyis
WCIBITAHUH HCIIONIb30BaH 00pa3iel Maccoir 12 + 0,3 mr. O0paboTka pe3yabTaToB
M3MEPEHUH BBIMOJIHEHA C IMOMOIIBIO makera nporpamm Netzsch Proteus Thermal
Analysis 5.1.0, mocTaBiseMoro ¢ mpuoopoMm.

Pezynomamot uccnedosanuss u ux oocyscoenue

Biustnue conmepikaHusi APEBECHBIX YACTHI], aKTUBUPOBAHHBIX T'HIPOJMHA-
MUYeCKOi 00paboOTKON, Ha TOBEPXHOCTH MOMEPEYHOT0 cedeHHsT 00pasia KOMIIOo-
3UTa MMOCJIC UCMBITAHNHN Ha N3TU0 U pacTsDKEeHHE uccienoBairu meronom SEM. Ha
puc. 2 npexncrasinensl SEM-mMukpodoTorpadguu mnoBepXHOCTH pa3pyLICHUS KOM-
M03UTa — HEHANOJIHEHHOTO U HAIlOJHEHHOI'O JPEBECHBIMH YaCTHUL[AMHU.

SEM-n300paskeHrsl MMOKa3bIBAIOT, YTO APEBECHBIC YaCTHLBI OBUTH XOPOIIO
JIUCTIEPTHPOBAHBI B TIOJMMeEpe MaTpullbl B oopasnax W10-W40, uto mo3BosnseT a0-
CTUYb OJHOPOTHOCTH KOMIO3uTa. Ha puc. 2, 6—0 BUIHBI IPEBECHBIC YaCTUIIBI, MHO-
r'He U3 KOTOPBIX pa3pylIeHbl y TOBEPXHOCTH 0Opa3na. Ha moBepxHoCTH paspyuieHus
puc. 2, 6— 6oJee YeTKO pa3IudIuMbl OTACITbHBIC PACCIOCHUS CTCHOK KIIETOK BJIOJb
ApPMUPYIOLIUX SJIEMEHTOB ((PUOPUILI), MPOU3OILIEIIINE BCICACTBUE aHU30TPOIHU
(U3UKO-MEXaHUYECKUX CBOICTB APEBECHHBI.

YcTaHOBIIEHHBIN XapakTep pa3pylIeHUs COTIacyeTcsl C pe3yabraTaMu paboTh
[43], B KOTOPOI1 aBTOPHI YKa3bIBAIOT Ha YJIyUIlIEHHE MEXaHUUECKUX CBOWCTB ApeBec-
HO-TIOJTMMEPHOTO KOMITO3WTa Ha OCHOBE MOJIMJIAKTH/IA TIPH T00aBICHUN JIPEBECHBIX
yacTull. B cTaree comepkuTcs yTBEpXkKAEHHE, YTO MOPQOIOTHSI IOBEPXHOCTH pas-
PYLIEHHUS] KOMIIO3UTA CBUIETEIBCTBYET CKOPEE O Pa3pbIBE BOJIOKHA, YEM O €TO BBITS-
TUBaHUH, ITO SBJISETCS J0KA3aTeIbCTBOM COBMECTHUMOCTH MOJIMMEPHON MaTpPUIIbl U
JPEBECHOTO HATIOJIHUTEIIS, @ TAKXKE aATe3UH MEXKY HUMU.
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Puc. 2. MukpodoTtorpadun monepeqHoro ceueHus: 00pas3IoB: ¢ — THAIETAT LEJUTIONI03bL;
6 —W10; 6 — W20; 2 — W30; 0 — W40; e — W50; arc — W60; 3 — W70
Fig. 2. The micrographs of the cross-section of the samples: a — cellulose diacetate;
6—W10; 6 —W20; 2—W30; 0 — W40; e — W50; orc — W60; 3 — W70
CoracHO TMOJIyYEHHBIM —pEe3yJbTaTam,

THIPOIMHAMUYECKH 00palboTaH-
HbIC JPEBECHBIC YaCTHIBI UTPAIOT BAXKHYIO POJIb B ()OPMHUPOBAHUU MEXaHHYECKUX

CBOWCTB KOMIIO3HTa, OCYIICCTBIISIS Mepejady HalpsDKEHUH Ha MOJTUMEPHYIO MaTpH-
y. [Iporiece puOpHIITUpOBaHUs HAMOTHUTENS [6] B X0Jle THAPOAMHAMHYECKOH 00-

pa6OTKI/I CHOCO6CTByeT IIOBBIIICHHUIO CTCIICHU Me)K(I)a3HOl" 0 B3aHUMOJICHCTBUS MEKOY
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Matpureit JJALl u apeBecHsiMu gactumiamu [26, 33]. [Ipu nobasnenuu 20 % Haron-
HUTEIIS TIpe/iesl MPOYHOCTH MPU PACTSDKEHUH YBEIIMYHIICS B CPABHEHUU C HEHAIION-
nenusM JIALL. Kpome Toro, B pabote [37] ObUTO BBIABHHYTO TPEATIONIOKEHHIE, YTO
ruipo(OOHBIN JTUTHUH, TPUCYTCTBYIOIIUN B IPEBECHBIX YaCcTHUIAX, 00yCIOBIUBACT
aIre3nOHHOE B3aUMOJICHCTBIE C OMOTIOTMMEPHON MaTPHIICH.

B oOpasiax W50—W70 1o mMepe yBETUYEHHUsSI COACPIKAHUS HAIMOJIHUTEIS B
KOMITO3UTE HaOII0/1aach arfioMepanus JPEeBEeCHbIX YacTHIl U, KaK CIeJCTBHE, 00pa-
30BaHHE ITyCTOT B CTPYKType Marepuaia. [Ipu 3ToM IpOdIHOCTHBIE CBOMCTBA KOMIIO-
3UTOB PE3KO CHIDKAIOTCS [2].

Brusiaue xommdecTBa APEeBECHBIX YAaCTHI] B KOMIIO3UTE Ha BOIOTIOIJIONICHNE
00pa3ioB nokaszaHo Ha puc. 3. Henanonuennsiii 1ALl umMen MUHUMaIBHOE BOJIOIIO-
romienne (oxoio 4 %). BogocToikocTh 00pa3iioB KOMIIO3UTOB 3HAYUTEIFHO CHIYKA-
Jack Tpu pocte comepskanust Hamonuutens B JJALL. [lpu yBenwmueHuu comaepskanus
HanoauTens ¢ 50 1o 70 % BOIOMOTIIONIEHUE KOMITIO3UTOB MOBBICHIOCH OCOOCHHO
pesko — ¢ 8,3 10 11 %. DT0 MO)KHO OOBSCHUTH OTPHUIIATEIHHBIM BIUSHHEM THIIPO-
(PUITBHBIX CBOWCTB JIPEBECHHBI, & TAKXKe 00pa30BaHUEM MUKPOIIOJIOCTEH B KOMITO3H-
Tax (puc. 2, e-3).

14 ~ ® Bononornomenue [ 1400

i B [ToTHOCTE 1200

LI
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Bononornorenue, %
IlmoTHOCTD, KI/M

200

JALL 10 20 30 40 50 60 70

ConeprkaHue PEBECHBIX YacTHIL, %o

Puc. 3. Biusinue copiepkanust IPEBECHBIX YACTHUIl B KOMIIO3UTE HA BOJOIIOIIOIICHHE U
IUIOTHOCTH 00pa3IoB

Fig. 3. The effect of wood particle content in the composite on water absorption and density
of the samples

Ha puc. 4, a oTpaxkeHO BIUSHUE COAEPKAHUS APEBECHBIX YaCTHIl Ha TIPEel
MIPOYHOCTH TIPHU PACTSHKECHUH KOMITO3UTOB. DTOT MOKA3aTEh U MOMYJIb YIPYTOCTH
Henanonuenunoro ALl pasustores 19,5 Mlla u 1,29 I'Tla cootBercTBeHHO. BBene-
HHUe B cocTaB kommo3uTa 10 % mpeBecHBIX 9acTHI] CIOCOOCTBYET HE3HAYUTETEHOMY
CHIDKEHUIO Ha3BAHHBIX 3HAUCHUN B CPAaBHEHUU C TTOKa3aTessiMu ucxonuoro AL [2].
VYBenn4yeHne KOIMYeCcTBa JIPEBECHOTO HAMIOTHUTENS B cOcTaBe Kommo3unuu 10 20 %
MTO3BOJISIET TIOBBICUTD MPEEIT IPOYHOCTH MIPH PACTSHKEHUN U MOAYJNb YIIPYTOCTH JI0
23,0 MIIau 1,22 I'Tla cooTBeTcTBeHHO. [lanbHeilunii pocT coaepKaHusl HAOJIHUTE-
151 ¢ 30 mo 70 % cHIpKaN mpesen mpoYHoCTH Tipu pacTshkennu (6,20 Mlla) u momyns
ynpyroctu (0,22 I'Tla). ITo cpaBaenuro ¢ HenanonueHHbIM JIALL Gosee HU3Kas mpoy-
HOCTb IIPH PACTSHKEHUH KOMIIO3UTOB C BRICOKHM COJIEPYKAaHHEM HATIOJTHUTENSI MOYKET
OBbITh OOBsICHEHA CHIKeHHEM KonmuecTBa JJALL, KOTOpBIiA BBICTYIAN B KAYECTBE CBSI-
3YIOMIETO /ISl HAITOJIHUTEIIST B KOMIIO3HTE.
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Puc. 4. Bnusiaue conep:kaHus IPeBECHBIX YaCTHI[ HA TPOYHOCTH KOMITO3UTOB!
a — TIpHU pacTsHKEHNUU; O — IIPU U3rHoe

Fig. 4. The effect of wood particle content on the strength of composites:
a —under tension; 6 — under bending

Ha SEM-u3o0paxeHnn Ha TOBEPXHOCTH H3J0Ma 00pasiia KOMIIO3UTAa
HaOJIF0/1aTu BOJIOKHUCTBIC AJIEMEHTHI KIETOYHOW CTCHKH JPEBECHBIX YaCTHIL,
BEPOSTHO, BCIIEJICTBUE aIT€3UOHHON CBSI3M Mex Ay Hamonautenem u JJAll-ma-
TpULEH.

SIBneHMEe MeXaHWYECKOW OMOKUPOBKU OOBSCHSAET aJle3Wr0, KOTIJa MaTpHIla
IIPOHUKAET B IMOPLI, OTBEPCTUA U IIECTIU WU APYTUE€ HEPOBHOCTHU OCHOBBI U MEXa-
HUYeCKH (UKCHpyeTcs Ha Hell. MexaHudeckasi OJIOKMPOBKA MPOUCXOIUT MEXKY
MaTpHUIICH U IMIepOXOBATON MOBEPXHOCTHIO HAaTypadbHOTrO BosiokHa [30]. Ecim mo-
BEPXHOCTH 6OJICC mepoxoBaras, TO yYBCIUMUYUBACTCA IJIOHIAAb CBA3BIBAHUA MEKIAY
MaTpHIIEH W HAMOIHUTEIEM, a 3HAYUT, TIOBBIIIACTCS MPOYHOCTH CBA3U B 001acTH
pasnena das [23, 32].

Ha puc. 4, 6 mokazaHO BIUSHHUE COICP)KAHUS JPEBECHBIX YACTHI[ HA Tpe-
JIeJT TIPOYHOCTH TP M3ruOe KomMmo3uToB. [Ipemen mpodHoCTH NpH M3THOE U MO-
IyJlb YIPYTOCTH HEHAIlOJHEHHBIX JPEBECHBIMH YaCTHLAMH OOpa3LOB COCTABHIIH
51,3 MlIla u 2,55 I'Tla coorBeTcTBeHHO. [IpH yBennueHuu coneprkaHusi HaOJIHUTENS
¢ 10 mo 70 % mpenen npouHoctH npu u3rude cHuzmics ¢ 34,4 no 13,6 Mlla [15].
O0pasupbl ¢ conepxanueM JapeBecHbIX yacTul] 70 % oOiagaiym caMbIM HU3KUM 3Ha-
yennem (13,6 Mlla).
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Ha puc. 5 npuBeneHsl TepMmorpaBuMerpudeckie 1 auddepeHnuanbHeie Tep-
morpasumerpuueckue kpusble (T u ATI) uccnenoBanHbIx 00pa3oB HEHAIOIHEH-
Horo JIAILL 1 koMIIO3UIMH C pa3IUYHBIM COJIEP)KAaHUEM JIPEBECHBIX YACTHII.
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Puc. 5. TepMorpaBuMeTpuyeCKrUe KpUBbIE JUALIETATA LEIUIIOI03bl U KOMIIO3UTOB C
Pa3NAYHBIM CONepKaHUeM JpeBecHbIX acTuil: a — 115 6 — AT

Fig. 5. The thermogravimetric curves of cellulose diacetate and composites with different
wood particle content: @ — thermogravimetric curve; 6 — differential thermogravimetric curve

Ha rpaduke TI' (puc. 5, a) B TemneparypHom uHTepBaie 1o 160 °C m3me-
HeHHe Macchl 00pa3loB n3 HeHarnonHeHHOTo JIALL mpoucxoauT 3a cHeT McrapeHus
COpOMPOBAHHO BOJIBI C YACTHYHBIM HA4aJIOM IIPOLIeccoB Aerpanamyu. C TemMmnepary-
por 170-180 °C macca cHMXKAETCS 3a CUET NErpajallii ¢ pa3IeicHIeM Ha HECKOb-
KO TemmeparypHbix uHTepBanoB. [Ipu 160-250 °C menneHHO pas3maraeTcs amerar
HEJUTION036I B OBICTPO — CyNb(O3aMelIeHHbIE alleTaThl, 00pa30BaHHbIE B PE3yIbTaTe
JIeHCTBHS KaTanu3aropa (CepHOM KHMCIIOTHI) Ha IIEJUTION03Y B XO/I€ CHHTE3a arerara
EJUTIONO03bI, KOTOPBIE He OBUTH IMTOJTHOCTHIO yAaJIEHBI Ha 3Tane HelTpanu3amnuu [6, 9].

B nmnamazone temneparyp 250-330 °C camkeHre Macchl 00pasia CBS3aHO C
pa3jIoKEHUEM alreTara eJUII03bl ¢ (POPMUPOBAHMEM OCHOBHOM JIOJU KapOOHMIIb-
HBIX ¥ KapOOKCHJIBHBIX TPYII B MPOAYKTax AecTpykmun. CyMMapHO OCHOBHOMY
pasnoxkeHuto arerara 1esuttoao3sl mpu 160-330 °C cootBercTByeT moreps 5S0-60 %
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OT Bceil Macchl UCXOAHOTO aneTara. [Ipu nanbHeleM yBelnueHH TeMIIEpaTypsl B
nuanazone 330—440 °C npoucxonuT YMEHbBIIEHUE MAacChl 3a CUET ACTpalallii U pa3-
JIOXKEHUST OPTAaHNYECKUX KUCIIOT U allbJICTHIOB, oOpa3oBaBIuxcs panee [13].

Ha puc. 5, 6 mux ATI npu Temneparype 10 160 °C cooTBeTCTBYeT HCAPEHHIO
Biaru [12]. Jlerpamamus arerara IeJIII0NI03bI HAUMHACTCS B MHTEPBAJIE TeMIepaTyp
150-180 °C ¢ pasnoxenus Cyiib(ho3aMeIICHHBIX 3BEHBEB 11U, CHUKAFOIIUX TEPMO-
CTaOMIBHOCTD arierata [41].

JlanpbHelmass aerpananus anerara HEeJUTI0NI03bl COMPOBOXKIACTCS aKTHBHBIM
o0Opa3oBaHreM KapOOHHIIBHBIX M KapOOKCUJIBHBIX TPYII B UHTEPBAJIC TEMIEPATyp
220-280 °C [5].

YBeNM4YeHne CKOPOCTH MOTEPH MacChl 00pasiia npu Temneparypax 330—440 °C
CBSI3aHO C pa3JIOKEHHWEM NPOIYKTOB AETPajJlalliyl arerara IMeJUIF0I03bl (KHUCIIOTHI,
aNmpACTUIBI U JIP.) U IeTpafanneil HCXOMHOU meutrono3sl [13].

Tepmuueckas cTaOUIBLHOCTH APEBECHO-MTOJUMEPHBIX KOMIIO3UTOB OCHOBA-
Ha Ha TEPMHYECKOH JECTPYKIIUU TJIaBHBIX KOMIOHEHTOB JPEBECHOTO BEIIECTBA
HaIlOJIHUTENS B BUJE TeMHULEIII0N03bI, 1euTto03bl U JuriuHa [38]. Tepmude-
cKas CTaOMIBHOCTHh TEMHIICILTION03 B mHTepBajie Ttemmeparyp 200-300 °C cuu-
kKaeTcst u3-3a UX aMOpGHOU CTpPYKTyphl [47]. Jns TepMUUeCKOTO pa3ioKeHus
LEJUII0I03bl HeoOxoanma teMieparypa oT =350 °C u3-3a KpUCTAIIIMYECKON MpH-
ponbl 3Toro chipbs [45]. CTpyKTypa IUTHUHA HE MTOX0XKa Ha CTPYKTYPY IEILTION0-
3bl M TEMULEIUIION03bl. TepMuueckoe pa3ioKeHHWE JIUTHUHA HAYUHACTCS MpHU
300-500 °C [39].

TepMomecTpyKIHs BceX CTPYKTYPHBIX KOMITOHEHTOB MOJMMepa MaTPHUIbl U
JIPEBECUHHOTO BEIIECTBA HAITOJHUTENS B aTMOCc(epe aproHa B OTIHYHE OT OKHC-
JUTEIBHON cpepl mpoucxoauT npu temmeparype 10 440 °C. Taxxe O6b110 3ame-
YEHO, YTO yBEINYEHUE KOJIUYECTBA APEBECHOIO HANIOJHUTEIN B COCTABE KOMIIO-
3UTa MPHUBOJUT K CHUKEHHUIO MOTEPH €ro MAacChl NMPU BBICOKOW TEMIIepaType —
oHa coctaBuia 84,4 % (uucterit AL u 79,8 £ 1,7 % (W10-W70), uTo MOXKeT
CBHJIETEIILCTBOBATH 00 yIy4YIIEHHH TEPMOCTaOUIBLHOCTH 32 CUeT J00aBICHHS Ha-
TTOJTHUTEIS.

Jlerpaganys KOMIIO3UTa MPOXOANIIA B HECKONBKO cTaaui (puc. 5, 0). IlepBblit
K Ha KpuBoil T MOXHO OOBSICHUTH UCTIAPEHUEM BOJBI, CONEPIKAIICHCS B KOM-
MO3MTE, C €T0 MOCIEAYIOIUM pa3pyieHueM. [lpu nodaBneHnn ApeBECHBIX YacTHI] B
xommo3uT AT -mukn Ha Tpaduke cMeIainch BIPaBo MO OCH Temreparyp. Makcu-
MajbpHas TeMIepaTtypa coctaBisier 225, 232, 264, 267,270 u 280 °C nns W10, W20,
W30, W40, W50, W60, W70 coorBerctBenno. Casur nuka T mo ocu Temneparyp
MoKa3an yay4lIeHne TePMUYECKON CTaOMIBHOCTH KOMITO3MTA, HAITOJHEHHOTO JIpe-
BECHBIMU YaCTHUIIAMU, BEPOSITHO, 3a CUET YIIIEPOJHOTO OCTATKa, KOTOPBINA BHICTYIAET
B KaQu€CTBE M30JUPYIOIIETO CJI04, MPENITCTBYOUIErO JajdbHENIlel TepMUYECKON Jie-
rpaganuu KkoMmmosura [34].

B xone paboter [10] ObUT BBITOSHEH CPaBHHUTENBHBIN aHAINA3 TEPMUYECKHX
XapaKTePUCTUK HATYypaTbHBIX M TOABEPKCHHBIX THAPOJUHAMHUYICCKON aKTHUBAIIUU
JIPEBECHBIX YacTHUIl. ABTOPBHI IMPUILIN K BBIBOMY, YTO THAPOJUHAMUYECCKAS aKTUBA-
Ul He M3MEHAET CTPYKTYPY HOJIMMEPHON KOMIIO3HWIINK APEBECHOTO BEIIECTBA, HO
OKa3bIBaeT 3aMETHOE BIMSHHUE Ha ero Mopdonoro-anaroMmuueckoe crpoenue. Kom-
MO3UTHI, HATIOJIHEHHbIE ApeBeCHbIMU yacTuaMu ot 50 10 70 %, B Xoa€ UCTIbITAHUN
MOKa3aJIM MOX0KHE PE3yNbTaThI 110 TIOTepe MacChl, CBONCTBEHHBIE JIIsI HATYPaJIbHOM
JIpeBeCUHHI [§].
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Ceonnbie nannbie TI™ aHanu3a npencTaBieHbl B TAOIHIIE.

Pe3y1bTaT TepMOrpaBuMeTPHYECKOr0 aHAIN3a 00pa31oB
The result of thermogravimetric analysis of the samples

T ATT 30JIbHBIH OCTATOK MOCTIC
Obpazent T, I, I, T, Har;;ngggi 8’6goazua
JALL 183 293 388 198 15,6
W10 203 323 413 228 17,3
W20 218 333 448 343 18,7
W30 233 343 553 263 22,2
W40 248 353 518 358 20,6
W50 283 358 523 363 21,5
W60 288 358 503 358 20,9
W70 293 358 473 358 19.9

ITpumeuanue: T, ,;— TeMIEpaTypa, IIp1U KOTOPOi JocTUraercs noreps Macesl oopasua 10, 50 u 75 %
OT €ro HCXOAHOU Macchl COOTBETCTBEeHHO, °C; 7, — Temmeparypa MakcuMmyma Ha kpusoit ITT, °C.

max

Bwi60o0w1

1. DuU3HKO-MEXaHUYECKHE CBOMCTBA KOMIIO3UTOB 3aBUCAT OT COACPIKAHUS
JIPEBECHBIX YaCTHUI, U3MEIBICHHBIX TUPOIUHAMHUECKUM CIIOCOO0M.

2. I[Ipenen MpoYHOCTH MPHU PACTHKEHUH KOMITO3UTA CYIIECTBEHHO HE N3MEHSI-
ercs npu godasinennu 10 % HarmomIHUTENS B CPaBHEHUU C HEHAIIOJIHEHHBIM JTHaleTa-
TOM IEJUTFOJIO3BI.

3. Buecenue 20 % ApeBeCHOTO HATIOJIHUTENSI B COCTaB KOMIIO3HLIUH CIIOCO0-
CTBYET YBEIUYCHHUIO MPOUYHOCTH, OMHAKO JATBHEHIIUN POCT COACPKAHUS HAIIOJIHU-
TeJIsl OTPUIIATEIIEHO CKA3hIBACTCS HA TIPOYHOCTH TIPH PACTSHKCHHH.

4. Manoucronbs3yeMble MSITKHE OTXOJIbI JIECOMMIBHBIX U JAepeBONepepadarThi-
BaIOIIUX MPOU3BOJICTB B BUJIC OMIJIOK MOTYT OBITh BOBJICUEHBI B IIOJIyYCHHUE alleTaTa
LEJUTIONIO3bI U KOMIIO3UITMOHHBIX MaTEPHUAIOB HA €T0 OCHOBE.

5. T'unponuHamuueckn 0OpabOTaHHBIC JAPEBECHBIC YACTHIIBI 11€JIECO00Pa3HO
HCITOJIB30BATh MPU U3TOTOBJICHUH KOMIIO3UITHOHHBIX MaTeprajIoB Ha OCHOBE JHAIle-
TaTa [eJUTIOI03bI TP UX J00aBineHnn B Koaudectse oT 20 1o 30 %.
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Annomauyus. Kenp xopetickuii (Pinus koraiénsis) sBnsieTCs IICHHBIM JIECOOOPa3yONINM Jpe-
BECHBIM BHJIOM, KOTOPBIH BBIPAIIMBAIOT HE TOIBKO B apeaile, HO U B YCIOBHUAX HHTPOLYKIIUH.
Hamre mcciieoBaHye HampaBiIeHO HA COMOCTABICHUE M3MEHUYMBOCTH ITOKA3aTeIeH MIMIIEK
u ceMeHHOTO motoMcTBa aepea KO-9, otobpaHHOTO TIO ypOoskalfHOCTH Ha IuraHTarmm «M3-
BECTKOBAs», PACMOJIOKEHHON Ha TeppuTopun KapayiapHOro necHrdecTBa Y4eOHO-ONBITHOTO
necxo3a CnOMpPCKOro rocyapcTBEHHOTO YHUBEPCUTETa HAYKHW M TEXHOJIOTHH M. aKaJeMHUKa
M.®. Pemmretnéa (mpuropoaHast 30Ha . KpacHosipka). CemeHa keqpa ObIIH 3ar0TOBJICHEI OCe-
HBI0 1965 1. B Hacaxnennn [Ipumopckoro kpas (Tymo-Bakckoe mecHndectso; 46° 54' c. 1.
134°12' B. 1., 200 m mHag yp. m.; III xiracc 6onuTeTa, IV Kitacc Bo3pacra). Cxema mocajku Ha
TanTamu — 5X5 M. JlepeBo B Bo3pacte 3 1 rox o6pasosaio nepsbie mmmiki. C 1999 mo 2013 rr.
ux copmupoBanocs 80 mIT., IPH CpeTHEM 3HaUCHUH B JAHHOM BapuaHTe — 23 mt. [IpeBsimre-
Hue coctaBuio 247,8 %. B 2020 . Ha o6cnenoBanHOM fepeBe 0bu10 46 mmmiek. Hanbombee
KOJIMYECTBO BCXOJOB MOSIBIJIOCH M3 8 IMIMIIEK, TTOKA3aTEIN KOTOPBIX B3SITHI JUIS COMOCTaB-
nerns. JnuHa mmmek ¢ gepeBa Ne 24 cocraBmma 16 cm, Ne 3 — 12 cm. [QmaMeTp mumex
BapbupoBai ot 7,5 cm (mmmka Ne 21) mo 9,7 cm (Ne 24). Mexay IIMHOW U AHAMETPOM IITH-
IIeK yCTaHOBJICHA YMepeHHast TecHoTa cBs3H (1 = 0,488). Cpemusis BEICOTa |-JIETHHX CESHIICB
Kezipa KopeicKoro paBHsIIach 3,8 cM, mpu HauOombIIeM Tokasatene 4,4 cM (IOTOMCTBO W3
ke Ne 45). YpoBeHb H3MEHYHBOCTH MO KOJMWYECTBY U JITTHE TIEPBUYHON XBOU BBICOKHH.
[To xoim4YecTBy MEPBUYHON XBOW BBIICISCTCS MOTOMCTBO M3 UK Ne 44, mmmHe — Ne 3;
0 KOJIMUECTBY CeMsinoiel — Taroke u3 mmmke Ne 44 (13,3 mrt.), mo ammae — Ne 24 (3,3 cwm).
3HaunTeNbHast TECHOTA CBSI3M YCTAHOBJIEHA MEXK/Ty JJIMHOW NMEPBUYHON XBOM U CEMsIOIEH,
BBICOTOM 1-JIETHUX CESHIIEB M KOJMYECTBOM CEMSIIONEH, NIMHOM MINIIEK M BBICOTOM 1-1eT-
HUX CEsIHIEB. B 2-1eTHeM Bo3pacTe HanOobIIas BEICOTA U TTHHA XBOH OBIITM Y IOTOMCTBA U3
mumky — Ne 44. YeraHOBIIEHA 3HAUUTENNbHASI TECHOTA CBSI3H ISl BBICOTHI 2-JIETHUX CESHIICB
1 JUIMHBI XBOU. [[ByXJIETHUE CESTHIIBI, HANOOIbIIIEE KOMTMUECTBO KOTOPBIX MOIYYEHO U3 KPYI-
HBIX IIUIIEK, OBUI OTCEIEKTHPOBAHEI MO BBICOTE.

Kniouesvie cnoesa: xenp KOpEeHCKUi, IMAIIKH, CESTHITBI, K3MEHYUBOCTh, POCT, HHTPOTYKITUS

bnazooapnocmu: ViccnenoBanue BBIONHEHO B paMkax roc3ananus Ne FEFE-2024-0013 mo
3aka3y MUHHCTEpCTBA HAYKH U BbICILIEro oOpa3oBanus PO kosuiekTHBOM Hay4HOH jJaboparo-
pun «Cenexnys IpeBECHbBIX PacTeHU» 1o TeMe «CelleKIIMOHHO-TeHETHUECKUE 0CHOBBI (op-
© Ilomora C.B., MarseeBa P.H., 2025
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Abstract. Korean pine (Pinus koraiénsis) is a valuable forest-forming tree species that is
grown not only in its natural habitat, but also in the conditions of introduction. Our study
has been aimed at comparing the variability of cone and seed progeny parameters of
the KO-9 tree, selected for its yield on the “Izvestkovaya” Plantation, located on the terri-
tory of the Karaul’noe Forestry of the Educational and Experimental Forestry Enterprise of
the Reshetnev Siberian State University of Science and Technology (suburban area of the city
of Krasnoyarsk). Korean pine seeds were harvested in the autumn of 1965 in a plantation in
the Primorsky Territory (the Tudo-Vakskoe Forestry; 46° 54’ N, 134° 12’ E, 200 m above sea
level; I1I quality class, IV age class). Planting pattern on a 5x5 m plantation. The tree formed
its first cones at the age of 31. From 1999 to 2013, 80 cones were formed, with an average
value of 23 pcs. in this variant. The excess has been 247.8 %. In 2020, there were 46 cones on
the examined tree. The largest number of shoots has appeared from 8 cones, the parameters of
which have been taken for comparison. The cones from tree no. 24 have been 16 cm long, from
no. 3 — 12 cm long. The diameter of cones has varied from 7.5 ¢cm (cone no. 21) to 9.7 cm
(no. 24). A moderate correlation has been found between the length and diameter of cones
(r = 0.488). The average height of 1-year-old Korean pine seedlings has been 3.8 cm, with
the highest value being 4.4 cm (the progeny from cone no. 45). The level of variability in
the number and length of primary needles has been high. In terms of the number of primary
needles, the offspring from cone no. 44 is distinguished, in terms of the length — from no. 3; in
terms of the number of cotyledons — also from cone no. 44 (13.3 pcs.), in terms of the length —
from no. 24 (3.3 cm). A significant correlation has been established between the length of
primary needles and cotyledons, as well as between the length of cones and the height of
1-year-old seedlings. At the age of 2, the greatest height and length of the needles have been in
the progeny from cone no. 44. A significant correlation has been established between
the height of 2-year-old seedlings and the length of the needles. Two-year-old seedlings,
the largest number of which has been obtained from large cones, have been selected by height.
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Beeoenue

Apean kenpa kopeiickoro B Poccun Haxonutcst Ha J{ansnem Bocroke, K rory ot
p. Bypeu u cpennero TeueHus p. AMyp. IT0 OIUH U3 OCHOBHBIX JIECOOOPA3YIOIINX BH-
JIOB XBOMHO-IIIMPOKOJIMCTBEHHBIX JIeCOB. Keap Kopelickuii mpou3pacTaeT B YCIOBHIX
MYCCOHHOIO KJMMara. B CBsS3u ¢ TeM, 4TO BUJl OTJIMYAETCS XO3SMCTBEHHOW LIEHHO-
CTBIO, OH MPEJICTABIIACT UHTEPEC IS BBIPAILIMBAHUS U B YCIOBUSAX UHTPOAYKIUH. Pa3-
BeJIEHUEM Kezipa Kopehckoro B yciioBusax IlogMockoBbs 3aHuMarotcs B IBaHTeeBCKOM
nuToMHuKe, B [1aBHOM OoTannueckom cany um. H.B. [{urmna (I'bC PAH) u np. [4-7].

[Toxazarenu pocta ¥ CEeMEHOIICHHUS Kepa KOPEHCKOTO SBISIOTCS BAKHEHIITIMU
MIPH aJIalTallid K HOBBIM YCIOBUSM. OMBITHI IO BHIPAIMBAHUIO 3TOTO BHJA CBHUJIC-
TEJIBbCTBYIOT, UTO KEApP KOPEHUCKUH U 3a MpenenaMy apeana MOXKHO HCIIONb30BaTh Kak
OpEXOIUTONHOE U IeKopaTuBHOE 1epeso [1, 8, 9, 12, 15, 20, 21].

H.IT. bparunoBoii u ap. [2, 3] yCTaHOBIEHO, YTO KEAP KOPEUCKUN OTINYACTCS
XOPOIITUM POCTOM, HO 00J1a1aeT HAMMEHBIITNMHU aIalTHBHBIMUA CIIOCOOHOCTSIMH K TIO-
HIUKCHHBIM TeMIIepaTypaM B yCIOBHSIX MPUTOPOIHOMN 30HKI T. KpacHosipcka mo cpas-
HEHHIO C MECTHBIM BUIOM — KezipoM cuOupckum. C.B. JleBunbiM [13] oTMedeHO, 4TO
KeZp KOPEHCKUI MMEeT JyUIie POCT U Pa3BUTHE IPH COBMECTHOM MPOU3PACTAHUH C
KEJIPOM CHOUPCKHUM Ha TeppuTopun BopoHexckoii oonactu.

I'B. KysnernoBoii [11] BersiBneHo, uto B EpMakoBckom necandectse KpacHosip-
CKOT'0 Kpast KeJIp KOPSUCKUH IMOYTH HE YCTYIAET 110 MPUPOCTY KeIIPy CHOUPCKOMY.

Ectb myOnmukanuu mo ornpeneneHnio N3MEHUYMBOCTH IIUIIIEK Kepa KOpercKo-
ro. Tak, P. Kobasicu, H.B. Beromrie [10], mpoBozst ucciemoBaHust Kenpa KOpercKoro
B HACQKICHUSIX Xa0apOBCKOTO Kpasi, yCTAHOBHJIM, YTO BaAPhbUPOBAHKE JUTUHBI IIUAIICK
HAXO/IUTCS HA HU3KOM H CPE/THEM YPOBHSX, AWaMeTpa — Ha HU3KOM.

A M. INactyxosoii, P.H. MarBeesoii [ 18] ObUI0 MOKa3aHO, YTO y JICPEBLEB JIaH-
HOTO BUja B 47-JIETHEM BO3pacTe, MPOM3PACTAIONINX Ha JIECOCEMEHHOH TUIaHTaIH
MIPY UX pa3MelieHny 5X5 M, JUTMHA MUIIKK BapsupyeT ot 10,1 1o 13,6 cMm, ntuamerp —
ot 6,1 10 7,9 cm.

H.®. OpunnnankoBoii, A.H. I puaneBoii [17] oTMedeHa BBICOKas BHYTPUBHIOBAS
M3MEHYHMBOCTD 7-JT€THUX U S-ICTHUX CESTHIIEB KeJpa KOPEHCKOTO M0 BBICOTE U JUaME-
TPY B 3aBUCHIMOCTH OT TeoTpa(uIecKkoro mpoucxokaeHus cemsH. [1o BeIcoTe ypoBeHb
M3MEHYMBOCTH cocTaBsul 15 u 17 %, nuameTpy y ocHOBaHHs cTBoNa — 25 u 29 %,
npupocty nodera — 28-36 %.

Llenpro mccIenoBaHus CTAJIO YCTAHOBIICHUE M3MEHUNBOCTH TTOKa3aTeNeii CesH-
LIEB KeJ[pa KOPEUCKOro B 3aBUCUMOCTH OT pa3mMepoB Lmiek ¢ aepesa KO-9 u mposene-
HHUE 0TOOpa OBICTPOPACTYIIHNX SK3EMIUIIPOB B 2-JIETHEM BO3paCTeE.

Obvexmul 1 Memoobl UCCLe008AHUS

OObexTaMu uccieoBaHus ObUTH IIWIIKH, |-J€THHE W 2-JICTHUE CESIHLBI OT
yposkaitHoro kezapa xopeiickoro KO-9, KoTopslif omingancss paHHAM PETpOAyKTHB-
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HBbIM Pa3BUTHEM W HAHOOJBIIMM KOJMYECTBOM IIMIICK B TMEPBbIC TOJIbI CEMEHOIIIE-
Hus. OH nmpomspacTaeT Ha Tepputopun KapaynbsHoro iecHUu4YecTBa Y 49e0HO-OIBITHO-
ro secxo3a CHOMPCKOTO TOCYIapCTBEHHOTO YHUBEPCUTETA HAYKH M TEXHOJIOTUH UM.
akagemuka M.®D. Pemernéra (nmpuropoynas 3oHa r. KpacHosipka). CeMeHa COCHBI Ke-
IIPOBOI KOPEHCKOW OBLITM 3ar0TOBIICHBI OCEHBIO 1965 T. B Hacaxaennu [IprMopckoro
kpas (Tymo-Bakckoe necuuyectBo; 46° 54' ¢. mr. 134° 12' B. 1., 200 M Ha® yp. M.;
III kmacc 6onuteTa, IV Kimacc Bo3pacra). Cxema MocajKM Ha TUTAHTAIUH — 5X5 M.
B Bo3zpacte 31 rog y mepesa mosBuuch nepBbie mmmku. C 1999 mo 2013 rr mx
cthopmupoBanock 80 1IT., TpH CpeTHEM 3HAYCHUU B JJAHHOM BapuaHTe 23 IIT. IPEBhI-
menne coctasmio 247,8 % [16].

B 2020 r. ¢ manHOTO NepeBa ObLIM 3aroToBiIeHbI 46 muek. Hanbonpiiee konu-
YEeCTBO BCXO/IOB OBLIO M3 § MIMIIEK, TOKAa3aTeIN KOTOPBIX B3SATHI ISl COITOCTABIICHUS.

VY mumiek u3Mepsun JUIMHY U auameTp. Onpenesisuii BhICOTY, KOJMUSCTBO U
JUTHHY TIEPBUYHON XBOH, CEMSI0JCH Y 1-JIETHUX CESHIIEB, a TAKKE MPUPOCT, IYUIKO-
BYIO XBOIO, KOJIMYECTBO U JJIMHY BEPXYIIECUHBIX MTOYEK, AHAMETP CTBOIHKA Yy 2-JIeT-
HHUX cestHIIeB. MI3aMeHUnBOCTh Moka3aresei oreHuBanu mo mkajie C.A. Mamaesa [14].
TecHOTY KOppernsIMOHHBIX CBs3ei ycTaHapmuBanu mo tadmuie O.H. Pdamaneesa,
A.C. CmonbsiHoBa [19]. JlanHbie 00pabOTaHbl CTATUCTUYECKH C UCIIOJIB30BAHUEM
nporpammel Microsoft Elxel.

Pezynomamul ucciedosanust u ux oocysncoenue

[Moka3zarenu muriek ¢ nepesa KO-9, u3 ceMsiH KOTOPBIX ObLUIN BHIPAIICHBI CE-
STHITBI, TIpuBeieHb! B Ta0m. 1. [lumku Ne 24, 26 n 31 umenu npeBbIIeHUe IO JITHHE
Ha 13,8; 10,2 1 6,7 % coorBeTcTBeHHO U KU Ne 24 u 45 — o quametpy — Ha 9,0
u 6,7 % CcOOTBETCTBEHHO. MexX Iy JUIMHON U IHaMETPOM IIUIIEK YCTaHOBJICHA yMe-

penHas TecHoTa cBsi3u 1 = 0,488.
Tab6nuna 1

Ioka3aTenu mMIEeK Keapa KOPeicKoro
The parameters of Korean pine cones

JlnvHa munmku Jlnamerp muniku
Howep i cM Y%k X, cM % kX,
3 12,0 85,3 8,5 95,5
21 12,5 88,9 7,5 84,3
22 14,5 103,1 9,0 101,1
24 15,5 110,2 9,7 109,0
26 15,0 106,7 9,0 101,1
31 16,0 113,8 9,0 101,1
44 13,0 92,4 9,0 101,1
45 14,0 99,6 9,5 106,7
Cpeonee 14,1 100,0 8,9 100,0

[Toces cemsta mposeaen 10.06.2021 . CpemgHsis BeIcOTa |-IETHUX CESHIIEB Ke-
JIpa KOpeuckoro coctaBmia 3,8 cM. bombliiel BRICOTOM OTIINYAITUCH CESTHITBI U3 CEMSTH
mumrek Ne 3, 21, 26 u 45 (Tabn. 2). YpoBeHb H3MEHUHNBOCTH CESTHIICB ITO BBICOTE
BapbUPOBAJl OT HU3KOTO 10 BhICOKOTO. CesHibl u3 mmmek Ne 22, 24, 31, 44 umenu
MEHBIIIYIO BBICOTY, YTO MOATBEPIKAAIOCH CTATUCTHYECKH (t,> ts).
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Tabnuna 2

HN3MeHYNBOCTDH BHICOTHI 1-JI€THUX CesIHLEB KeJpa Kopeiickoro, cM
The variability of height of 1-year-old Korean pine seedlings, cm

Howep Max | Min | X +3 +m V,% | P,% |t, nput;=2,04 Yposei

ITHITKA M3MEHYHBOCTH
3 52 | 34|40 052013 | 13,0 | 3.3 1,70 Cpennuit
21 55 125]140 1086|022 21,6 | 5,6 1,35 Bhicokuii
22 53 |20 37 1095|025 | 257 | 6,6 2,24
24 48 12,71 36 1064|019 | 179 | 52 2,98 Cpennuit
26 49 120139 1084 1022 | 214 | 55 1,73 Bricokwnii
31 40 125] 331045 |0,12 | 13,6 | 3.8 4,78 Cpennuit
44 45 (30 37 043 | 011 | 11,7 | 3,0 3,13 Huskuii
45 56 [30] 44 0751019 | 170 | 44 - Cpennuit

Cpeonee | 3,8

KonmuecTBo nepBUYHOM XBOM BapbUpOBaJo OT 2 10 14 MmIT. pu cpeHeM 3Ha-
yernu 8,1 mT. (Tabn. 3). Ee HanbombIee KOMMYECTBO OBLIO Y CESHIICB M3 MIUIIKH
No 44, J1oCTOBEpHOCTH Pa3 UM TOATBEPIKIACTCS IS CeTHIIeB U3 muImek Ne 3, 26
1 31. Y moroMcTBa OCTaJBHBIX IIUIICK Pa3IMYUC MO KOJMUSCTBY TIEPBUYHON XBOH
CTaTHCTUYECKH He JI0KkazaHo. OTMeueH BHICOKHH YPOBEHh H3MEHYMBOCTH TI0 JaHHO-
My nokazarento — 21,7-37,4 %.

Tabnuma 3

H3MeHYNBOCTH KOJINYECTBA MEPBUYHON XBOH Y CeSTHIIEB Kepa KOPecKoro, 1T,
The variability in the number of primary needles in Korean pine seedlings, pcs.

Homep | e I Min | X_ | %5 | +m | V,% | P.% |t mput,=2,04| POBCHE
MIUTITKA °p ® 05 M3MEHYHBOCTH

3 11 4 7,3 | 2,02 | 0,52 | 27,6 7,1 2,72

21 13 5 831231 | 0,60 | 27,8 7,2 1,26

22 12 2 7,7 | 2,88 | 0,74 | 374 9,7 1,76

24 13 6 8,8 | 2,15 | 0,62 | 244 7,0 0,62 BhIcoKHii

26 10 3 6,7 | 2,02 | 0,52 | 30,1 7,8 3,53

31 12 4 7,1 | 2,40 | 0,66 | 33,7 9,4 2,61

44 14 7 93 | 2,02 | 052 | 21,7 5,6 —

45 13 6 9,2 2,02 | 052 | 21,9 5,7 0,14

Cpeonee | 8,1

MaxkcumanbHasi IJTMHATIEPBUYHON XBOU COCTaBIIsuIa 1,8 CM IS CesTHIA M3 ITUIITKU
Ne 44. HauGonbimas cpefHss JJIMHA IEPBUYHON XBOW 3a(UKCUPOBaHA y CESHIICB U3
muimky Ne 3. Bee cestHIbI U3 CPaBHUBAEMBIX IIMIIEK UMEIOT BHICOKUN YPOBEHb U3-

MEHYUBOCTH TIO JUTHHE TIEPBUIHON XBOH (Ta0I. 4).
Tabauua 4

HN3MeHYMBOCTD JJMHBI IEPBUYHON XBOU Y CesiHLEB KeJpa Kopeiickoro, cM
The variability of length of primary needles in Korean pine seedlings, cm

Homep |y | Min | X £ | +m | V,% | P,% |t, nput,=2,04 Yposenb
HTHIITKA °p ‘1) 05 HM3MEHYUBOCTH
3 1,7 10,7 | 1,2 | 0,29 | 0,07 | 24,0 | 6,2 —
21 1,6 | 0,5 | 1,0 | 0,32 | 0,08 | 31,7 8,2 1,81 Bicokuii
22 1,51 0,7 | 1,1 | 0,23 | 0,06 | 21,0 5,4 1,05
24 1,6 | 0,6 | 1,1 | 0,31 | 0,09 | 27,9 8,1 0,86
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Oxonuanue maon. 4

Homep | oo | Min | x 45 | #m | V,% | P,% |t, nput,=2,04 YpoBeHb
HITUIITKA °p b 05 HM3MEHYUBOCTH
26 1,51 0,5 | 1,0 | 029 | 0,07 | 28,8 7,4 1,90
31 ,5103 (1,1 036 | 0,10 | 32,7 9,1 0,80 Buicokuii
44 1,8 10,7 | 1,1 | 0,32 | 0,08 | 28,8 7,4 0,90
45 1,3 105 | 1,0 0,23 | 0,06 | 23,1 6,0 2,10
Cpeonee | 1,1

Cemsiioneit y cestHiieB u3 mmimku Ne 44 Gosbliie, YeM y CEesTHIICB U3 IIUIIKU
Ne 45, uro noxreepkaaercs craructudeck (t, = 2,61). B ocranbHbIx ciydasx pas-
JINYUST HEIOCTOBEPHBI (Ta0I. 5).

Tabnuua 5

HN3MeHYNBOCTH KOJINYECTBA ceMsi10J1el y cesiHIeB KeApa KopeiicKoro, IIT.
The variability in the number of cotyledons in Korean pine seedlings, pcs.

Homep | \pox | Min | X, | %5 | +m | V.% | P,% |t, nput,=204| YPOBCHE
IUIITKA P N3MCHYHNBOCTH

3 15 10 | 12,9 | 1,44 | 0,37 | 11,2 | 2,9 0,84

21 |14 [ 10 [125] 1,15 [ 030 | 92 | 24 1,90

22 14 11 12,7 | 0,86 | 0,22 6,8 1,8 1,61

24 |14 [ 1 [132]092 [ 027 | 7.0 |20 0,25 —

26 14 12 | 13,0 | 0,58 | 0,15 4.4 1,1 0,90

31 |14 | 11 [126]09 [ 025 | 7.1 |20 1,80

44 15 11 13,3 | 1,15 | 0,30 8,7 | 2,2 -

45 |14 [ 10 [122] 1,15 [ 030 | 94 | 24 2,61

Cpeodnee | 12,8

Cpennsist anuHa cemsioiiel coctapisa 3,2 cM. YPOBEHb U3MEHUMBOCTH Ba-
PBUPOBAI OT HU3KOTO J0 BBICOKOTO (Tabi. 6). Y MOTOMCTBa CPABHUBACMBIX IIHIICK
pasiuIus 110 UIMHE CeMSII0JICH CTaTHCTUIECKN HeJ0CTOBEPHBI (t, < tys).

Tabnumna 6

M3MeHYMBOCTH JUIMHBI CEMSII0JIel Y CesTHIIEB Kepa KopeiicKoro, cM
The variability of the cotyledon length in Korean pine seedlings, cm

Homep | e I Min | X | 5 | =m | V,% | P,% |t mput,—=2,04| POBCHE

MIUIIKH P ¢ - U3MEHYHUBOCTH
3 |42 (20 3.1 063016205 53 1,00 Boicokuit
21 |36 |25 32 [032]008] 99 | 26 0,71 Huskuit
22 |40 20 32 [058]0,05] 18,0 | 4,7 0,53 c )
24 | 38 | 25 | 33 | 040 0,12 | 12,1 | 3.5 - eI
26 |38 | 1,7 ] 30 |061]016]202] 52 1,55 Boicokuii
31 | 42 |26 ] 33 | 048] 0,13 | 145 | 40 0,00 Cpemnii
44 |35 26| 3,1 |026]007] 84 | 22 1,50 iy
45 |35 28132 [020]005] 63 | 1,6 0,79

Cpeonee | 3,2

CpaBHEHHE BBICOTHI CESHIICB, IEPBUYHON XBOW M CEMSIOJCH TOKa3ajao, YT
cestHUbI U3 IHIKU Ne 45 XapakTepru30Bajich HAMOOJIBIIMMU BbICOTOM (Ha 15,8 %) n
KOJIMYECTBOM TepBUYHOM xBou (Ha 13,5 %), Ne 44 — konmmdecTBOM NMEPBUYHON XBOH
(na 14,8 %), Ne 3 — ee nnunoit (Ha 9,1 %).
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YcTaHOBIIEHA 3HAUUTENbHAS TECHOTA CBSI3U MEXKY JUIMHOM NIEPBUYHON XBOU U
mmrHOM cemsoiet (0,628), BBICOTOH 1-JIETHHX CESHIEB U KOJTUYSCTBOM CEMSIIONCH
(0,615), nmuHOM mUIIKY 1 BBICOTOH 1-netHux cesHies (0,536).

JByxneTHue cestHIbl U3 ceMsH muiiek Ne 24 u 26 umenu Boicoty Ha 14,9 u
7,5 % OombIie cpeqHe COOTBETCTBEHHO (Tadi. 7). XBos XapaKTepH30Bajach Ipe-
BBIIIICHUEM TI0 JUIMHE y cesHIeB u3 muiiek Ne 3 u 24, HauGosnbliiee KOJIHMYECTBO
BEPXYILEYHBIX TOYCK OBLIO y cesHIeB U3 HIIKH Ne 44. YeTaHOBIIEHO, YTO 2-JIETHUM
CesIHIIaM Ke/Ipa KOPEHWCKOTO CBOMCTBEH yPOBEHb N3MEHUUBOCTH 10 BBHICOTE U JIITHHE
XBOU HU3KHUM U CPEIHUN, KOTUUECTBY BEPXYIICUHBIX MOUYECK — CPEIHUN U BHICOKHI.

YcTaHOBIIEHA 3HAYUTENIbHAS TECHOTA CBSI3U MEXAY BBICOTOM 2-JIETHUX CESIH-
ueB u umHo# xBou (r = 0,537).

Tabnuma 7

HN3MeH4YnBoOCTH NOKa3aTelieil 2-JIeTHUX CesTHIEB Ke/Ipa KOpelcKoro
The variability of parameters of 2-year-old Korean pine seedlings

Eﬂf{i Max | Min | X, | #5 | #m | V.% | P,% | t, mput,=2,04 m};‘;ﬂ’;‘;ﬂo"cm
Buvicoma cesinya, cm
3 7,6 | 6,7 | 7,1 0,26 | 0,07 | 3,7 | 0,9 3,04
21 751 64| 69 |032] 008 | 46 | 1,2 3,94 it
22 62 56| 59 |017 0,04 |29 | 0,8 9,41
24 84 | 63 7,7 1064|019 | 84 | 24 —
26 | 98|56 72 | 121031168/ 4,3 1,37 Cpennnit
31 6,5 54| 60 |033|009]|55] 1,5 8,21 N
Huzkuit

44 76 | 62| 69 | 040 | 0,10 | 58 | 1,5 3,75
45 82 | 44 | 62 1,10 | 0,28 | 17,7 | 4,6 4,43 Cpennuit

Cpeonee| 6,7

Jlnuna xeou, cm

3 48 | 42| 46 | 0,17 | 0,04 | 3,8 | 1,0 1,35
21 45138 | 42 |020 0,05 | 48 | 1,2 3,97 Huszkwmii
22 40 (28| 35 1035009 |99 | 26 7,76
24 551391 48 | 049 | 0,14 | 10,2 3,0 - Cpennuit
26 451(135| 40 |0290,07 1| 72| 1,9 5,00
31 4,5 | 3,5 39 10301008 | 7,7 | 2,1 5,48 Huzkuii
44 42 | 33 35 10261007 | 74| 19 8,30
45 50| 32| 40 | 052 0,13 [ 13,0] 3,3 4,10 Cpenuuii

Cpeonee | 4,1

Konuuecmeo sepxywieunvix nouex, wm.

3 3 1 1,7 |1 0,58 | 0,15 | 33,9| 88 1,90 Bricokuii
21 3 1 1,9 | 0,58 | 0,15 ]30,3| 7,8 0,95
22 2 1 1,6 | 0,29 | 0,07 | 18,0 | 4,7 3,01 Cpennuii
24 3 1 1,8 | 0,61 | 0,18 |34,1| 9,8 1,30 Bricokuit
26 2 1 1,6 | 0,29 | 0,07 | 18,0 | 4,7 3,01 Cpennuit
31 2 1 1,3 | 0,30 | 0,08 |23,0] 6,4 4,69
44 3 1 2,1 0,58 | 0,15 | 27,4 | 7,1 - Bericokuit
45 2 1 1,1 0,29 | 0,07 | 26,2 | 6,8 6,01

Cpeonee| 1,6
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Cpenu 2-1eTHHUX CESHIICB PAa3HBIX CEMEH OBLIN OTCEIEKTUPOBAHBI OTICIHHBIC
AK3EMIUISPHI ¢ HanOOJbIIel BEICOTOH (Tabi. §). X mpeBbIlIeHue 1Mo TaHHOMY ITOKa-
3aTeNio Ha/l CPeTHUM 3HaYeHHeM cocTaBuiio 14,9-46,3 %. Haubomnbiee KommaecTBO
OBICTPOPACTYIIMX CESTHIIEB OTMEUEHO y TOTOMCTBA U3 MKy Ne 24, uMeroInei npe-
BocxozcTBO 1o anuHe Ha 10,2 %, auamerpy Ha — 9,0 % B cpaBHEHHMH CO CPEIHHM
MOKAa3aTeJIeM TI0 OTIBITY.

Tabnuma 8
OTce/leKTHPOBAHHBIE MO BHICOTE CESTHIIBI KeIPa CHOHPCKOTo
The Siberian stone pine seedlings selected by height

Homep Howmep Beicora Homep | Howmep Beicora
HIWIITKH CeiAHLa CcM % HIUIITKKA CCAHLIa CM %

1 8,4 |1254 3 8,4 1254

4 8,0 1194 4 8,1 [120,9

5 82 1224 26 6 8,0 | 1194

24 6 7,9 |117,9 8 7,8 [116,4

7 7,7 | 114,9 9 9,8 |146,3

9 7,9 |117,9 45 1 7,7 11149

10 8,1 1120,9 3 8,2 |122,4

11 8,0 1194 Cpeonee| 6,7 |100,0

3axnouenue

YcraHOBIeHa M3MEHYMBOCTD HIMLICK, 1-IETHUX M 2-JIETHUX CESHIEB Keapa
Kopeiickoro ot nepea KO-9. CesHIlbI, BRIPOCIIHE U3 CEMSH Pa3HbIX HIUIIEK OJTHOTO
JepeBa, OTJIMYAIOTCS MO pocTy. KoppensunoHHBIH aHamu3 MOATBEPAWI HaJIHMYUE
3HAYUTENBHBIX CBA3EH MEXTy HEKOTOPBIMH MOKAa3aTeIsIMH INUIIEK, |-JIETHUX U
2-JIETHAX CCAHIICB. I[BYXJ'ICTHI/IC CCAHIBI OTCCJICKTUPOBAHbBI 11O HWHTCHCUBHOCTU
pocrta. Hanbomnbiee KoMm4ecTBo OBICTPOPACTYILUX CESIHIIEB OBLIO y TIOTOMCTBA M3
LIUIIKYA C MPEBOCXOAUIMMHU JITTMHON U JUAMETPOM.
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Annomayusn. TlpuBeneHsl pe3ynbTaThl M3YUEHHUS IUHAMUKU Tae)KHO-TYHIPOBBIX JIECHBIX
9KOCHCTEM APXaHIeJIbCKOI 00IacTH Ha OCHOBE MaTepHAJIOB AUCTAHIIMOHHOTO 30HANPOBAHUS
3eMild U NPUMEHEHHUs] KJIacCU(PUKAIMU W300paKEHUH C UCIOJIb30BAHUEM alTrOpPUTMa CIly-
qaitHoro neca (Random Forest). I3meHeHue 101 JIECHBIX, HEJIECHBIX U HE MTOKPBITHIX JIECOM
IJI0MIA/IeH B pailoHe MCCleIoBaHUs OTMEUEHO B JIecHOM peectpe. [To utoram paboThl mokasa-
HO 3HAYHUTEIBHOE YBETHUCHHNE TeppuTOprH j1ecoB ¢ 2016 mo 2023 rr. —Ha 10,28 % 3a cuert co-
KpaIlleHHsI He MOKPBITHIX JIECOM IUIOMIAAeH U HeJIECHBIX 3eMelb. JTa JHHaMUKa 00yCIoBIeHa
MPOIeCCaMU YCTICITHOTO €CTECTBEHHOTO BOCCTAHOBIICHHS JIECOB, @ TAKXKE MX ITPOIBHKECHUEM
Ha CEeBep C 3aXBaTOM IUIOIIAAEH B CBSI3U C M3MEHEHHEM KinMaTa. OIleHKa TOYHOCTH aBTOMa-
TU3UPOBAHHOM KIIACCU(HKAIMH CITYTHUKOBBIX H300pa)KEHUI C UCIIOIIB30BAaHUEM aJITOPUTMA
CIIy4aifHOTO Jieca MyTeM CPaBHEHUS C STAJIOHHBIMU JaHHBIMU C IPUMEHEHHEM TaKUX KpUTE-
pHeB, Kak 00I1as TOYHOCTh U Kodddunuent Kamrma (cTerneHb COOTBETCTBHSI OLCHOK MOJICIIN
(haKTHYECKUM JaHHBIM), TOATBEPANIA HAJACKHOCTH TMOIYUYEHHBIX Pe3ylbTaToB. B KauecTBe
STAJIOHHBIX MTOKa3aTeIel Opaiu MaTepHralIbl TAKCAIIMOHHBIX MTOBBIACIBHBIX 0a3 JaHHBIX, JaH-
HBIX NTPOOHBIX TUTONIAIeH — CTAI[MOHAPHBIX U TOCYAapCTBEHHOW MHBEHTApHU3aLUH JecoB. [le-
eI HauaIoM MOJIEBBIX PabOoT OBLIM M3yUeHbI KapTorpadudyeckue 6a3pl TaHHBIX U TO00paHbI
npo6ueie wiomaau. C omopoil Ha SKCIEePUMEHTAIbHBIE JTAHHBIC TI0 HCCIeTyeMOMY palioHy
CO3/1aHO OOJIBIIOE KOJIMYECTBO MOJUTOHOB, OTPAXKAIOIINX pa3HOOOpa3ue JeCHBIX HacakKae-
HUI M HENeCHBIX TEPPUTOPHM, JJsi OOYYEHUs aJrOpuTMa KIACCU(PHMKAIMU CITyTHUKOBBIX
n3o0pakernii. OOpabOTKa CHUMKOB, BKJIIOUAs IIOMIPABKH, MO3aHKYy, TEOMPOCKIINIO U BO3BPAT,
BBIMOJTHSIACH C Hcnoab3oBanueM SNAP (Sentinel Application Platform) — mporpammsi ¢ o1-
KPBITBIM HCXOTHBIM KozmoM. [IpoananusupoBansl 100 Touek B pa3iIHUYHBIX JIECOPACTHTENb-
HBIX YCIIOBHSX B paiioHe uccienoBaHus. V3ydueHne JUHaMUKH JIECHBIX HKOCUCTEM Ha OCHOBE
MarepuagoB JTUCTAHIIMOHHOTO 30HMPOBAHMUS 3eMIIM U NPUMEHEHUE Kiaccu(uKaiuu n3o0-
paKeHHI C HMCHOJB30BAaHHEM ANTOPUTMA CIy4aifHOTO Jieca MO3BOJAT MOBBICHTH TOYHOCTH
OIIEHKH PECYPCHOTO M 3KOJOTMYECKOTO MOTSHIINAIOB HACAKICHUH CEeBEpO-TACKHBIX U MPH-
TYHIPOBBIX JICCOB APXaHTeIbCKOM 00JIaCTH.

Knioueevte cnoea: nuHamMyKa JIECHBIX 3KOCHCTEM, CEBEPO-TaeKHbIE Jieca, NMPHUTYHIPOBbIC
Jjieca, TMCTaHIIMOHHOE 30H/IMPOBaHKe, aJITOPUTM CIIy4aiHOTO Jeca
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B chepe pestenbHocTH DesepalibHOrO areHTCTBa JISCHOTO XO3sicTBa (PerucTpanuoHHbIH
HoMmep Tembl: 123022800118—4).
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Abstract. The article presents the results of studying the dynamics of taiga-tundra forest eco-
systems in the Arkhangelsk Region based on the Earth remote sensing data and the applica-
tion of image classification using the Random Forest algorithm. The change in the proportion
of forested, non-forested and unforested areas in the study area is noted in the forest register.
The results of the study show a significant increase in forest area between 2016 and 2023 (by
10.28 %) due to a reduction in non-forested areas and unstocked forest lands. This dynamics
is due to the processes of successful natural restoration of non-forest covered areas, as well
as their advancement northward taking-up lands due to climate change. The evaluation of
the accuracy of automated classification of satellite images using the Random Forest algo-
rithm by comparing them with reference data using criteria such as overall accuracy and
the Kappa coefficient (the degree of correspondence between the model estimates and the actu-
al data) has confirmed the reliability of the results obtained. The benchmarks have been taken
from inventory databases, stationary sample plot data and the state forest inventory data. Be-
fore starting field work, cartographic databases have been studied and sample plots have been
selected. Based on experimental data for the study area, a large number of polygons have been
created, reflecting the diversity of forest stands and non-forest areas, to train the algorithm for
classifying satellite images. Image processing, including corrections, mosaics, geoprojection
and return, has been performed using SNAP (Sentinel Application Platform), an open source
program. 100 points in various forest vegetation conditions in the study area have been an-
alyzed. Studying the dynamics of forest ecosystems based on the Earth remote sensing data
and the application of image classification using the Random Forest algorithm will improve
the accuracy of assessing the resource and environmental potential of northern taiga and tun-
dra forests of the Arkhangelsk Region.

Keywords: dynamics of forest ecosystems, northern taiga forests, tundra forests, remote sens-
ing, Random Forest algorithm
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Beeoenue

Jleca sBnstroTcs OmHMM W3 HamOOIlee BaYKHBIX BO30OHOBISIEMBIX MPUPOTHBIX
peCypcoB, HCTOUYHHKOM IPOM3BOJCTBEHHOTO CBHIPhS, MPOAYKTOB MUTAHUS, a TAKKE
crocoOCTBYIOT Onopa3HooOpasuto. COCTOSIHUE JIECOB CUUTAIOT WHAMKATOPOM YPOB-
HS pa3BUTHS dKOocUCTeMHI [5, 21]. BripyOka nepeBbeB, KIIMMAaTHUECKUE N3MEHEHUS —
HanOoJee pacupoCTpaHEHHbIE HCTOYHUKH CYLIECTBEHHBIX TpaHCHOPMAIU B JIECHOM
MTOKPOBE, KOTOPHIE HAOIIOMAIOTCS B HACTOSIIICE BpeMs B MHpoBOoM MactTade [8]. Oc-
HOBHas PUYMHA COKpaIeHHs OMOPa3HO00pasusi, CIBUTOB B II00ATEHOM YIIIEPOJHOM
LMKJIE CBA3aHA C U3MEHEHUSIMU B 3emiienoib3oBanuu [ 10, 27]. Knumar ceBepHOH Taii-
TH U IPUTYHJIPOBBIX JIECOB XapaKTEPU3YeTCsl SKCTPEMAIILHO XOIOTHON 3UMOM, KOPOT-
KAM U OTHOCHUTEIBHO MPOXJIaJHbIM JIeToM. CeBepo-TacKHbIC M NPUTYHAPOBBIC Jieca
UTPArOT OOJBIYIO POJIb B PETYIMPOBAHMH TIOOATHHOTO KJIMMATa, 3allnIlas MaTepH-
KOBYIO YacTb OT CEBEPHBIX BETPOB, a TAKXKE BHOCST 3HAYUTENILHBIN BKJIa]l B yIJIEPO/I-
HBII OanaHc. DT Jieca BCIEICTBHE MajIoi AIKOHOMHYECKOH JTOCTYITHOCTH U BBICOKHX
3aIIUTHBIX KaTEropHi TakXkKe SIBISIFOTCS Pe3epByapoM OMOJIIOTHYECKOTO Pa3Ho00pasus,
MIPEACTABIIIOT COOOH YHUKAILHYIO U ITI00aJIbHO IIEHHYIO 9KOCHUCTEMY, HEOTHEMIIEMYO
9acTh MpUpoAHOH cpeap! Poccun [1]. Ilomydenue To9HON U TOCTOSTHHO OOHOBIISIEMOM
nH(opMay 00 U3MEHEHUSIX IO JIECHOTO MOKPOBA BAYXKHO IS YCTOHYUBOTO
yrpaBlieHus JIeCHbIMHU dKocucteMamu [16, 20, 23]. TlosroMy Bo3HHKaeT HeoOXOmu-
MOCTb PETYJISIPHOTO MOHUTOPHHTA JIECHBIX TEPPUTOPUI C aHAJIM30M MX W3MEHEHUH U
CO3JIaHHsI KOMITJIEKCHOW ¥ TOYHOW TMHAMHYECKOU 0a3bl TAHHBIX O HUX.

HcTOUHNKOM TakMX JaHHBIX MOTYT CITYXKHTh TIOJIEBBIE JIECOYCTPOUTEIBHBIE pa-
0O0TBI, CTalMOHAPHBIE UCCIIEAOBAHMS JICCHBIX SKOCHUCTEM, OTHAKO B 3TOM CIIydae H3-
MEHEHHS B Jiecax (PUKCHPYIOTCS TIEPHOANYECKH M Ha JOKAIFHOM YPOBHE, MOJOOHBIE
MEPOTPHSITHUS TaKXKe SBJISIOTCS OUeHb JJOPOTOCTOSAIIMMU U TPYTOeMKUMHU [6, 14].

JlucTaHIIMOHHOE 30HAMPOBAHUE — XOPOIIUNA UHCTPYMEHT MOHUTOPUHTA H3-
MEHEHHUI B JICCHOM IMOKPOBE, MOCKOJIBKY MO3BOJISICT OBICTPO U 3(PPEKTUBHO OIle-
HUBaTh JIMHAMHKY JIECOB, KaK Ha PErHOHAIILHOM, TaK M Ha TIIOOAJIBHOM YPOBHSIX,
gepes omnpeeeHHbIe TPOMEKYTKH BpeMeHH [12]. 3To g1aeT BO3MOXHOCTh YIUTHI-
BaTh U3MEHEHHSI JIECHBIX 9KOCUCTEM TPU pa3paboTKe aJanTalOHHBIX MEp U IIJ1aHa
JIECOXO3STUCTBEHHBIX MEpONPUATHN. JIMCTaHIIMOHHBIE METOABl paJMKaIBHO Ipe-
oOpa3zoBanu KoHIENIUIO cOopa mHGOPMAIUN O JEeCHBIX 00beKTax, GopMyIHpys
aJIeKBaTHOE MPEJICTaBIIEHUE O MPOCTPAHCTBEHHOW IWHAMUKE BPEMEHHBIX TPaHC-
(dhopmaruii B TecHBIX dkocucTeMax [11]. MeTombl AMCTaHIIMOHHOTO 30HIHPOBAHMS
C WCIOJb30BAHUEM MYJIBTUCIIEKTPAIBHBIX CIyTHUKOBBIX H300pa)KCHUH HAILIH
IMPOKOE MPUMEHEHNe, OB MPU3HAHBI HAJIEKHBIM CIIOCOOOM OIIEHKH TUHAMUKH
PacTHTEIBHOTO MOKPOBA, 3¢MJICTIONF30BAHMS U €€ OTPaKEHUS Ha KapTax Onaronapst
BBICOKOH TOYHOCTH C TTO3UIIUH MPOCTPAHCTBEHHOTO, CIIEKTPAIILHOTO U BPEMEHHOTO
paspemrenwii [4, 13, 19].
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JInist XapaKTepUCTUKH MPOLIECCOB B JIecaX C IMOMOIIBIO METOIOB JAWCTAHIIHOH-
HOTO 30H/IMPOBaHMS CYIIECTBYET HECKOJIBKO IMOIXOJIOB, KOTOPHIC BKIIIOUAIOT B ceOs
oTpefieNieHre Pa3udnii B pa3HOBPEMEHHBIX M300pPaKEHUSAX, X PETPECCHUIO, aHAIN3
HaIpaBJIeHUsT U3MEHEHWH, CpaBHEHHUE TIOKa3aTeliell pacTUTENbHOTO TMOKpPOBa, Bere-
TaTHBHBIX MHJICKCOB PACTUTEILHOCTH, COIOCTABICHUE IMEPSYHCIICHHBIX JAHHBIX TO-
ciie Kiaccu(UKaInK, KOra U300pakeH s, OTHOCSIIMECS K Pa3HBIM JlaTaM, OTHOCST
7100 K HabIrIOaeMbIM, JIHOO K HEYIIPABIAEMbIM, a 3aTeM CPaBHUBAIOT PE3YJIBTAThI IS
2 CHUMKOB C YCTaHOBJICHHEM JIOJIM M3MEHEHHH KOMITOHEHTOB [28]. MeToms! Ki1acch-
(uKamM KOCMHYECKUX H300paKeHNH BKITFOYAIOT HEHAIPABICHHYO U HAIIPABICHHYIO
KI1accU(UKAIIIH, KOTOPBIE TIOIPA3CIISIOTCS Ha SIBICHHS M KaTErOPHH Yepe3 3HAHUE UX
MECTOTIOJIOKCHUS HJTH CBEJICHHSI 00 MX CIICKTPAJILHBIX OTpaykeHusix [17].

VYenex 11000 kaccu(UKauy CIy THUKOBBIX CHUMKOB, FapaHTHUPYIOIIUH 10-
JIYUYCHHUE HAJIC)KHBIX PE3YyJIbTaTOB, 3aBUCUT OT Pa3IMYHBIX @aKTOpOB, OCHOBHBIM U3
KOTOPBIX SIBIISIETCSI BEIOOP TTOIXOMAIICH TIPOIieAyphI Kitaccudurartiu [22]. Yipais-
eMble KJaccu(PUKaTOphl MIUPOKO HUCIOIB3YIOTCS, TIOCKOIBKY B JIAHHOM ClIydae OHU
Oosiee MOIIHBIE U TOYHBIE [7]. YnpaBisemas kiaccuuKanuys BKIFOYACT B ceOsl Psi
aJTOPUTMOB, B T. 4. QITOPUTMbI BEIYUCIICHUS OTIOPHBIX BEKTOPOB, HEUPOHHBIC CETU U
anroputMm ciay4daiiHoro neca (Random Forest) [3].

Llenp paboOTBl — OIEHWUTH COCTOSHWE W JTUHAMHKY CEBEPO-TACKHBIX U
MIPUTYHIPOBBIX JIECOB CYXOITYTHOH TEPPUTOPUN APKTHKU ApXaHTEILCKOH 00JIacTh
C UCTIOJIP30BAHNEM AIITOPUTMA CIIY9aliHOTO Jieca JUI CITyTHUKOBBIX CHUMKOB.

Obwvexmul 1 Memoowvl UCCILe008AHUS

Paiion mccienoBaHus pacoioKeH Ha TEPPUTOPUN ApPXaHIeNbCKOM 001acTu
Ha TPaHUIIEe CeBEPO-TACKHBIX U IPUTYHAPOBBIX JeCOB (puc. 1).

Puc. 1. Paiion uccnenoBanus Ha TEPPUTOPUN APXaHTEIHCKON 00JIacTH

Fig. 1. The study area in the territory of the Arkhangelsk Region

Uccnenosanue npoBoauiocs ¢ 2016 mo 2023 rr. ¢ UCMONb30BAHUEM JAHHBIX
MACTAHIIMOHHOTO 30HAMPOBAHUS 3€MJIM, MATEPHAJIOB, TOTYYEHHBIX Ha MPOOHBIX
TUTOMIAJISAX, U3 TAKCAIIMOHHBIX MOBBIJCIBHBIX 0a3 JaHHBIX U Ha TMPOOHBIX TUIOMIAJSTX
TOCYIapCTBCHHON WHBEHTAPU3AIINN JICCOB.

B3saTel manHble co cnyTHUKa Sentinel-2. DTu naHHble 00€CNEYUBAIOT
3HAYUTEIbHOE YIy4YIIeHHE CHEKTPaIbHOTO MOKPBITUA, NPOCTPAHCTBEHHO-
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ro pa3penieHust 1 BPEMEHHON YacTOTHI 110 CPaBHEHUIO C NaHHBIMHU CITyTHHKA
Landsat. Sentinel-2 npexncraBisieT 0coOblil MHTEpEC IJs KapTUPOBAaHUS pac-
THTEIBHOCTH HM3-3a HAJIMUMs 2 HOBBIX IMOJOC B CIEKTPE KPAaCHOTO CIEKTpa:
705 u 740 am [13].

s 2 mepuonos (2016 u 2023 rT.) OBLTH 3arpy>KEHBI TI0 2 CIIEHBI HCCIIETyeMOH
TEPPUTOPHUH, KOTOpBIE MomajgatoT B Auanazon R064 T38WMS u R064 T38WMT.
PaccmoTpenbl n300pakeHHs 3a JETHUE MECSIbl, YTOOBI N30eKaTh BIUSHUS 00Jad-
HOCTH ¥ CHU3UTh 9aCTOTY OIITHOOK.

O0paboTka, BKIIIOUas MONPABKH, MO3aHKYy, T€ONPOEKLHUIO U BO3BPAT, BBINOJI-
Hsachk ¢ ucnonb3oBanneM SNAP (Sentinel Application Platform) — mporpaMmer ¢
OTKPBITBIM HCXOJHBIM KOJIOM, pa3zpaboTaHHOi EBpomeldcKuM KOCMHYECKHM areHT-
ctBoM (ESA) miist u3ydeHust CITyTHUKOBBIX JJAHHBIX, B T. 4. TaHHBIX Sentinel-2.

CryTHUKOBBIE H300pakeHHUs1 ObLTH CIIPOCIIMPOBAHBI B COOTBETCTBHUH C MIPOCK-
moHHOH cuctemoit UTM—zone—N38, mogudumpoBanHoii cuctemoit Mepkaropa u
BO3BpAIIEHBI COTYIACHO MUPOBOI reorpadudaeckoii cucreme koopauHat WGS—1984.
N3o0paxenue nepexinacCuPpUINPOBAHO AJISI BCEX CIEKTPaIbHBIX JUAla30HOB C HC-
MOJTb30BaHMEM MHCTPYMEHTA TMIOBTOPHOM BBIOOPKH TIO CIIEKTPY, T. K. aJTOPUTM CITy-
qaitHoro yieca B SNAP TpeOyeT Takoi mporeayphl AJis JOCTHKCHHS OJHOPOIHOCTH
XapaKTePUCTHUK M UX TOTOBHOCTH K 00pabOTKe U aHAIIU3Y.

[Mpn n3yveHnr AMHAMHKH JICCHBIX SKOCUCTEM BaYKHO YCTAHOBHUTH TEHJICHITHIO
nepexosia HeJECHBIX M He MOKPBITHIX JECOM IUIONIAACH B JIECHBIC M MOKPBITHIE Jie-
COM, a Tak)Ke 00paTHYIO TeHICHIINIO, KOTOPHIE 3aBUCST OT THIIA JIECOPACTHTEIHHBIX
YCIIOBHH, TTOJTHOTHI PeaIn3aliy JeCOX03HCTBEHHBIX MEPOIIPUSATHH U UX aJIalTalluH
K KIIMMaTU4eCKUM U3MEHEHUSIM.

Knaccudukanus cryTHUKOBBIX M300paXCHUH SBJISICTCS BaYKHEHIIIUM 3JICMEH-
TOM B 00JIaCTH AMCTAHIMOHHOTO 30HJMPOBAaHUS M HAOIIOACHUS 32 TIOBEPXHOCTHIO
3emnu. Hamu ncnonp3oBaHa yrpaBnsieMast KiiacCH(UKAIWs, B YaCTHOCTH — aJro-
PHUTM CITy4aifHOTO Jieca Kak 3(pQEeKTUBHBIA HHCTPYMEHT OBICTPOH M TOYHOU KIIacCH-
¢ukamun naHHbX [3, 15].

ITo cpaBHenuto ¢ apyrumu anropurMmamu kinaccuduxanuu: CART (Classifi-
cation and Regression Trees — nepeBo pemrenuii), SVM (Support Vector Machine —
Meton omopHBIX BekTopoB), KNN (k-Nearest Neighbors — merom Ommxaimmx
coceneil) m MLC (Maximum Likelihood Classification — yueT aucnepcuu U KoBa-
pHAaIyH KJIAcCOB) — 3TOT METOJI TIOKa3all JIydIlIie Pe3yJIbTaThl IT0 UTOTaM MHOTHX HC-
cienoBanuit [25, 29] u npencrasiser co00i KOHTPOINPYEMBIN HeTTapaMeTpUIECKH
croco0 Kraccu(pUKaIuy ¢ UCIOIB30BaHUEM MAITMHHOTO 00y4YeHus. Ero cyTh 3akiro-
YaeTcsl B CO3/IaHUM JICPEBLEB PEIICHU, T/Ie KaXkI0€ JIEPEBO OIIEHUBAET KIIacC, K KO-
TOPOMY MPHUHAIJICKHUT OTIACIBHBIN MHUKCENb CIYTHHUKOBOTO M300pakeHus [15, 26].
CrocoOHOCTH 3TOTO aNTropuTMa 00padaThIBaTh OONBIITHE HAOOPHI JAHHBIX U 00BEIN-
HSITh MHOYKECTBO CIIEKTPAIBHBIX, IPOCTPAHCTBEHHBIX U BPEMEHHBIX XapaKTePUCTUK
JIeJTaeT €ro XOPOIIUM WHCTPYMEHTOM IS OOHAPYKEHHS J1aKe He3HAYUTEIbHBIX U3-
MEHEHUI B JiecHbIX 3kocucTemax [18, 24, 30]. OueHKy TOYHOCTH KilacCH(DUKAIMN
MPOBOAWIN C MCOJb30BaHMEeM Koddduuuenta Kamma, oTpakaromero crerneHb co-
OTBETCTBUS KIacCH(UIIMPOBAHHBIX JAHHBIX (DaKTHIECKUM W HAXOMSIIETrocs B Ipe-
nenax ot 0 1o 1 [9].

B nannoit paboTte nccienyemas TeppuTOpHst Obla pa3/iesieHa Ha 2 KaTeropuu:
B 1-10 BOIIUIM TIOKPBITHIE JIECOM ILIONIA]IH, BO 2-F0 — HE TIOKPBITHIC M HEJIECHBIC 3eM-
JIM, B T. 4. BOZOEMBI, 00JI0Ta, IIOCTPONKH U CEIbCKOXO3SICTBEHHBIE YTObSI.



ISSN 0536-1036 «HM3BecTus By30B. JlecHoii skypHam». 2025, Ne 2 215

Pezynomamut uccnedosanus u ux oocyxcoenue

C nomoinkro moxyiist Spatial Analyst B cucreme Arc GIS meromom cinyyaitHoi
rereparmu co3aano 100 To4ex OIeHKH TOYHOCTH KiacCuuKaimu (puc. 2).

7 AL
, f&

KM

Puc. 2. KnaccudukannoHHble KapThl ¢ KOHTPOJIBHBIMUA TOYKAMHU:
a — CIIyTHHKOBOE M300pakeHue; 6 — KIIacCU(pUKAIIMOHHAS KapTa

Fig. 2. The classification maps with control points: a — satellite image; 6 — classification map

Ha puc. 3 nokazana xiaccudukaius nzo0paxxeHni co cnyTHruka Sentinel-2 3a
HCCIIeIOBAHHBIC TO/IbI C HCIIOJIB30BAHUEM AIITOPUTMA CIIy4aifHOTO jieca. Pe3ynbraThl
KJIaCCI/I(i)I/IKaHI/II/I 1 aHAJIN3a JUHAMUWKH ITO3BOJIMIIN BBIABHUTH, UTO 34 8 mer IMpoOU30LIIIN
M3MEHEHHUS B COOTHOIICHHUH JICCHBIX M HEJIECHBIX TIOIIAICH.
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Puc. 3. Kimaccugukaiyst CriyTHUKOBBIX H300paKEHUH C MCIONB30BaHHEM aJITOPUTMA

ciydaitHoro Jieca: a — 2023 n; 6 — 2016 .

Fig. 3. The classification of satellite images using the Random Forest algorithm:
a—2023;6-2016

B Tabnuiie oTpakeHO MPOICHTHOE COOTHOIICHHE Ka)JIOH KaTeropuu 3a
nepuon uccienoBanus. [lokpeitas necom miomaas B 2016 r. cocraBuna 54,27 % ot
M3y4eHHOU TeppuTopun, a B 2023 1. nocturia 64,55 %, HEJIECCHBIX WITH HE TTIOKPBITHIX
secoMm momanei B 2016 r. 0b110 45,73 %, a B 2023 1. — 35,45 %.
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N3meHenne miomaaei kjaaccupUUUPOBaAHHBIX KaTeropuid, %,
3a Mepuoj HccIeIOBAHUS
The change in the areas of classified categories, %, over the study period

Tox ITnomane 3emennb
TTOKPBITBIX JIECOM | HE TOKPBITHIX JIECOM / HEJIECHBIX
2016 54,27 45,73
2023 64,55 35,45
W3meneHue 10,28 -10,28

DTOT pe3yabTaT CorIacyeTcs ¢ JaHHBIMHU TOCYJapCTBEHHOTO JIECHOTO peecTpa,
COMIAaCHO KOTOPOMY ILIOIIA b JIECOB ApXaHreiibckoi obmactu Ha 2021 1. o cpaBHe-
Huto ¢ HadasoM 2007 r. yBenmumiiack Ha 1375,5 Toic. ra [2].

Pocr necHpix miomazeii 00bACHIETCs MPOBEICHUEM JIECOBOCCTAHOBHTEIILHBIX
paboT, HaITPaBJICHHBIX HA MOMJICPKKY €CTECTBEHHOTO BO30OHOBIICHUS, 1 U3MEHEHU-
SIMHU KITUMaTa, KOTOpPbIE B HAMOObLICH CTEIICHHU MTPOSIBIISIOTCS B CEBEPHBIX MIMPOTAaX.

3TO MOATBEPKAALT, YTO AJITOPUTM CllydaiiHOro jieca 3((eKTHUBEH MpH aHa-
JIM3€ CIyTHUKOBBIX CHHUMKOB OJyiarofapsi BbICOKOW TOYHOCTH KJIACCU(MKALMM WH-
¢dopmanuy, criocoOHOCTH 00padaThIBaTh CIIOXKHBIE JaHHBIE OOJIBIIMX OOBEMOB, a
TaKXKe CIPaBISITHCS C OTCYTCTBYIOIMIMMH MM UCKaKCHHBIMHU TOKa3aTessiMU. AJro-
PHUTM TaKXKe NPOSBIIET FTMOKOCTh IpU padoTe C Pa3INYHBIMU TUIIAMH CIEKTPAJIbHBIX
JaHHBIX ¥ TI03BOJISIET HHTEPIPETUPOBATh PE3YJAbTAThl YePe3 BHIYUCICHUE BaXKHOCTH
MEPEMEHHBIX, YTO MOBBIIIACT TOYHOCTh ONPE/ICICHUS N3MEHEHUH.

Saxnouenue

B mocnennue necsATuieTHs JOCTUTHYT 3HAYMTENBHBIN Mporpecc B 00nacTH
KJIacCU(UKAIINHU CITyTHUKOBBIX W300paXCHU, B OCHOBHOM OJIaro/iapst MOSBICHHUIO U
WCTIOJIH30BAHMUIO B ATOH cdepe MepeoBhIX alrOpUTMOB. Tak, alrOpUTM CITy4aiiHOTO
Jieca ToKa3aJl U3MEHEHMs JIECHBIX M HEJECHBIX IUIOIIaJiell B palloHe ceBepo-Taek-
HBIX M IIPUTYHIPOBBIX JIECOB.

BbIsiBIeHO yBeIMUYCHHE MOKPBITON JIECOM IUIOLIAAN B M3y4acMOM paioHe ¢
2016 mo 2023 1. mpu BBICOKOW TOYHOCTH KJIACCH(PHUKALUK AJIST BCEX HCIIOIb3YEMbIX
WHAMKATOPOB. DTO MOATBEPKIAET BO3MOKHOCTh HCITOIB30BAHMS HA3BAHHOTO aJTo-
pUTMa B MacIITaOHBIX UCCIEIOBAHUIX ANHAMUKH JIECHBIX KOCHUCTEM.

Takue MONOKUTETbHBIC N3MEHEHUSI PACIIPOCTPAHEHUSI JIECOB MOXKHO OOBsIC-
HUTH YPPEKTHBHBIMH MEPOTPUATHSIMH TI0 BOCCTAHOBJICHHIO JIPEBOCTOEB, KIMMAaTH-
YECKMMHU CIBHTaMHM, CIIOCOOCTBYIOIIMMH PACIIMPEHHUIO apeaja JIECOB B CEBEPHOM
HampaBiIeHNH.
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