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Iocmynuna 6 pedaxyuto 25.01.24 / Ooobpena nocne peyenzuposanus 08.04.24 / Ipunama x newamu 11.04.24

Annomayusn. VI3ydeHue pocta U PENpPOIYKTUBHOW CIOCOOHOCTH JIPEBECHBIX PACTCHUN B
HOBBIX YCJIOBUSIX MECTOOOMTAHUsI, CPAaBHUTEIbHAS OICHKA M OTOOP MOTOMCTB TOIMYJISIUI
CIOCOOCTBYIOT TOBBIMICHHIO 3()(EKTHBHOCTH CO31aBa€MbIX M3 3THUX PACTCHHN TUTAHTAIIHH.
HccrenoBanue MpoBEICHO C IIEIbI0 YCTAHOBICHHS BIUSHUS TeOrpadyUuecKoOro MpOUCXOXK-
JICHHSI MATCPUHCKUX HACAXKICHHUI COCHBI KEAPOBOI CHOMPCKOW HAa POCT M CEMEHOIICHHE e
CEMEHHOTO MTOTOMCTBA JITAHCKOTO (30Ha ONTUMyMa apeaia), JIEHUHOTOPCKOTO U SPIIEBCKOTO
9KOTUIOB. MaTepuHCKue HacaXAeHUs paciioyioskeHbl oT S0°12' ¢. 1. (IEeHUHOrOpCcKoe Mpouc-
xokaenue) 1o 61°00' ¢. mr. (sipreBckoe). OOBEKT UCCIICIOBAHUS — COCHA KEAPOBasi CHOMPCKAst
55-neTHero Bo3pacra, MPOM3pPACTAIOIAS HA IUIAHTAUU «METCOCTaHIMs» B TPUTOPOIHOM
30He T. KpacHosipcka. MI3MepeHbI BBICOTa, TMAMETp CTBOJIA U KPOHBI, €€ MPOTSHKCHHOCTb, JITH-
Ha XBOW, OMPEACICHBI MPOIOJDKUTEIIEHOCTD )KU3HUA XBOH, KOJIMYSCTBO MyTOBOK U BETBEH B
HUX, KOJINYECTBO MMOOETOB ¢ MHUKPOCTPOOWIIAMY U IIUIIIKAMU, MUKPOCTPOOHIIOB U INUIICK HA
nmoOere 1 Ha JiepeBe. YCTaHOBIICHO, YTO CPEJHUE BHICOTA JICPEBBEB U IMAMETP CTBOJIA PA3JIH-
yaroTcs o BapuanTam Ha 9,3 u 16,6 % coorBeTcTBeHHO. [ToTOMCTBO anTaiickoil NOMysSIUI
JTOCTOBEPHO MPEBBIIIACT IPYTUE MO ITUM MOKa3aTelisaM. [IpOTsHKeHHOCTh KPOHBI COCTABIISIET
88,4-92,7 % ot BBICOTHI jiepeBa, 00beM KpoHbI — 148,79—309,09 M3 B 3aBHCHMOCTH OT Bapu-
aHTa. XBOs Ha JICPCBE B JICHUHOTOPCKOM BapHaHTE COXpaHseTCs 10 3,4 rona, B ajdTaiickoM —
3,7 rona, sipueBckoMm — 4,7 rona. Ilo ceMeHHON MPOIYKTUBHOCTH TaKXe BBLAEISIETCS MOTOM-
CTBO aJITAlCKOrO MPOMCXOXKICHUSI. MEHBIIUM KOJIMYECTBOM INUINEK HA JICPEBE OTIMYACTCS
sIpIeBCKUI BapuaHT. OmpeesicHue MbUTBLIEBOM MPOAYKTHBHOCTH TOKA3aji0, YTO Ha JIepeBe
¢dopmupyrorcs o 14,5-23,1 mt. moderos ¢ Mukpoctpodmiamu. [IpeBbllieHHe 0 KOTUYe-

© Bparunosa H.I1., Marseesa P.H., Byroposa O.®., I'pumnosa M.B., 2024
CraTbs OITyOJIMKOBAaHA B OTKPBITOM JOCTYIIC U pacipocTpansercs Ha ycnoBwsx Jmnensun CC BY 4.0
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CTBY IHIIeK coctasisieT 10 299,0 % ot cpenHero 3HaueHus. JlepeBbsi OTCEISKTUPOBAHBI 110
CEeMEHHOMH U MBbUIBIEBOI NPOAYKTUBHOCTH U PEKOMEHIYIOTCS TSI COCTABJICHHSI CXEM CMellle-
HUSI TIPY CO3/IaHHUHM JIECOCEMEHHBIX IUIAHTALUH, TIPH 9TOM HCIIOJb30BaTh JIy4Ille HE TOJBKO
ObIcTpopacTylIye, ypoKaiHbIe epeBbsl, HO M DK3EMIUIIPHI-ONBIIUTENH, YTO OyAeT CIOCco0-
CTBOBATH MOBBIIICHUIO YPO)KaHHOCTH Ha JIECOCEMEHHBIX TUIAHTAIHSX.

Kntwouegvie cnosa: cocHa kenpoBasi cMOMpPCKast, U3BMEHUYHNBOCTD, reorpauuecKoe MporCXoXK-
JICHUE, TIONYJISIINS, TUIaHTaIHsl, ceMeHoenne, KpacHosipek

bnrazooapnocmu: ViccnenoBanue BBIIIOJIHEHO KOJUIEKTHBOM Hay4yHO Jaboparopun «Cernex-
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Abstract. The study of the growth and reproductive capacity of woody plants in new habitat
conditions, comparative assessment and selection of population progenies contribute to
increasing the efficiency of plantations created from these plants. The study has been
conducted in order to establish the influence of the geographical origin of the parent Siberian
cedar pine stands on the growth and seed production of its seed progeny of the Altai (area
optimum zone), Leninogorsk and Yartsevo ecotypes. The parent stands are located from
50°12" N (the Leninogorsk origin) to 61°00" N (the Yartsevo origin). The object of the study
has been a 55-year-old Siberian cedar pine growing on the “Meteostation” plantation in the
suburban area of Krasnoyarsk. The height, diameter of the stem and crown, the crown length
and the length of the needles have been measured. The lifespan of needles, the number of
whorls and branches in them, the number of shoots with microstrobilae and cones, as well
as microstrobilae and cones on the shoot and on the tree have been determined. It has been
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found that the average tree height and stem diameter differ between the variants by 9.3 and 16.6 %,
respectively. The Altai population progeny significantly exceeds others in these indicators.
The crown length is 88.4-92.7 % of the tree height, the crown volume is 148.79-309.09 m3,
depending on the variant. The needles on the tree in the Leninogorsk variant last for up to
3.4 years, in the Altai variant — for up to 3.7 years, in the Yartsevo variant — for up to 4.7 years.
In terms of seed productivity, the progeny of the Altai origin also stands out. The Yartsevo
variant is distinguished by a smaller number of cones on the tree. The determination of pollen
productivity has shown that 14.5-23.1 pcs. of shoots with microstrobilac are formed on
the tree. The excess in the number of cones amounts to 299.0 % of the average value.
The trees have been selected based on seed and pollen productivity and are recommended
for drawing up mixing schemes when creating forest seed plantations, while it is better to use
not only fast-growing, yielding trees, but also pollinating specimens, which will help increase
yields on forest seed plantations.
Keywords: Siberian cedar pine, variability, geographical origin, population, plantation,
seeding, Krasnoyarsk
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Beeoenue

HabGmronenue 3a pocToM U penpoIyKTUBHON CIIOCOOHOCTBIO IPEBECHBIX pac-
TEHHIA B HOBBIX YCIIOBUSX [TPOM3PACTAHUS, CPABHEHUE U OTOOD MOTOMCTB HOMYJISIIIUHA
MO3BOJISIIOT OBBICUTH 3P PEKTUBHOCTh CO3/IaBaEMBIX TUTaHTaUi. [IpoxyKTHBHOCTH
MTOTOMCTB IMEET BBICOKYIO 3aBUCHMOCTD OT MECTa MPOU3PACTaHHs ¥ TeHOTHITA MaTe-
PUHCKHX HacaxaeHuii [2—4, 6, 15, 16, 18, 19].

CpaBHEHHE TOTOMCTB U3 OTIAJICHHBIX MOMYJSLUUNA TOMOTAeT HE TOJIBKO BbIs-
BUTH BBICOKOIPOIYKTUBHBIC KIIMMATHUIIBI B apeaje, HO U Pa3MHOXKaTh IICHHBIE OTCe-
JIEKTUPOBaHHBIC JIepeBbsi. [ eorpaduueckue KylnbTyphbl — 9TO JIeCHAs! UCKYCCTBEHHAs
nmabopaTopusi, BHIMOIHAIONIAS POJIb TEHHOTO OaHKa B COXpAaHEHHH OMOIOTHYECKOTO
paszaoodpasust. OHM MTOKA3BIBAIOT BApHA0CIPHOCTD IPEBECHBIX PACTCHHI TEX reorpa-
(pU9IeCcKUX 30H, U3 KOTOPBIX OBUTH B3STHI 00Pa3Ilbl CEMSH KOHKPETHBIX TOIYIISAIHA 1
ocobeti [8, 13, 14, 20, 21].

[eorpaduyeckue KyabTypbl CIOCOOCTBYIOT YIYUIICHUIO KaueCTBa, SKOJIOTH-
YECKOr0 M CAHHWTAapHOTO COCTOSHHS CO3[aBaeMbIX JIPEeBOCTOEB. buomornueckas u
CeMeHHasl MIPOAYKTUBHOCTD KEIPOBBIX COCEH 3aBHCUT OT MX reorpadudeckoil mpu-
HajuiesxxkHoctH [11, 12, 17, 22]. McenenoBannuio pocTa B ypOyKaiHOCTH 3TOTO BHAA Ha
JIECOKYIIBTYPHBIX 00beKTax mocBsaiieHs! padoTel AWM. Upomaukosa [9], C.H. Benu-
ceBnya u ap. [5], M.H. Kazannesoii u M.M. Cnacubosoii [10] u mp.

A.U. UpomaukoBsiM [9], H.A. Babuuem u ap. [1] ObLIO yCTaHOBJIEHO, YTO
HAWIy4IIIM POCTOM XapaKTepU3yIOTCs MOTOMCTBA M3 ONTHMYyMa INPOU3pPACTaHUA
Brga. OTMEUEHO CYIIECTBEHHOE Pa3IMyue MEXAY MOMYISAIUsIMA KOHTPACTHBIX pe-
THOHOB (B 3aBUCHMOCTH OT JIECOPACTUTEILHON 30HBI U BHICOTHI Ha/I YPOBHEM MODSI)
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M0 POCTY pacTeHHH U (POPMUPOBAHMIO TEHEPATHBHBIX CTPYKTYp B reorpapuyeckux
kyabTypax [11]. [To nanaeim A.U. Upomaukosa [9], cocHa kenpoBast cubupcekas 00-
JaaeT 3HAYMUTEIbHON HOPMO# peakiuy Ha M3MEHEHHE YKOJOTHYECKUX (haKTOpOB,
MOJKET XOPOILO aIalTHPOBATHCS K YCIOBHUSIM ITPOU3PACTAHUS B IIPE/IEax apeaa.

Hcxozist U3 BBIIEU3I0KEHHOTO 0TOOP IK3EMILUIIPOB COCHBI KEAPOBOW CHOMPCKON
B KOHKPETHBIX SKOJIOTUYECKHX YCIIOBHSIX TI0 LIEJIEBOMY Ha3HAYEHHIO C MOCIEIYIONIINM HX
Pa3MHOXKEHHEM ]IS CO3/IaHHs JIECOCEMEHHBIX TUIAHTAIINK UMeeT OOJTBIIIOE 3HAYCHHUE.

Lenb vccnenoBanus — yCTAaHOBUTD BIMSTHHE T€OrpadUuecKoro mporcxoxkie-
HUA MAaTCPpUHCKUX HaCﬁ)KI[eHPII;‘I 13 30HBI OIITUMYMa U KOHTPACTHBIX TOYCK apcaja
COCHBI Ke/IpOBOW CHOMPCKOIl Ha POCT M PENPOAYKTHBHOE Pa3BUTHE CEMEHHOIO TO-
TOMCTBA 3TUX HACAXK/CHHUI B YCIOBHSX IPUTOPOIHOI 30HbI KpacHospeka.

Obvexmbl 1 Memoobl UCCIe008AHUSA

OOBEKTOM HCCIIEIOBAHNUS CTAIO0 CEMEHHOE TIOTOMCTBO CEBEPHOM (SIPLIEBCKOIA),
I0KHOM (JICHUHOTOPCKOM) M MPOU3pacTaloieil B ONTHUMAIBHBIX JJIsl COCHBI KeIpo-
BOM cHOMpCKO# ycnoBusX (anTaiickoil) momymsiuuid. K 10KHON MOMyNIsIru COCHBI
KEZPOBOW CHOMPCKON OTHOCHUTCS JICHWHOTOPCKOE HACAXICHUE, TPOMN3PACTAIOIIEE B
Kazaxcrane; k ceBepHoil — nonyisinus u3 Apueso KpacHosipckoro kpast. [lonynsuuun
pa3IMYaOTCs ¥ 110 BBICOTE HAJl ypOBHEM Mopsi (Tadm. 1).

TabOnuma 1
IIpoucxoxkaeHne MAaTEPUHCKUX MONYJISAIAN COCHBI KeAPOBOi cHOMPCKOH
The origin of parent populations of Siberian cedar pine

Teorpaduueckue Bhicora
Homynsaums IIpoucxoxaenue JlecHHYeCTBO KOOPAMHATBL __ |gay ypoBHEM

C. III. B. 1. MOps, M
Araticrii

AnTaiickas HTaHCVKHH Kapakokmuuckoe | 51°50" | 86°54' 700

Kpai

JlenuHoropckas Kazaxcran Jlennnoropckoe | 50°12" | 85°33’ 1700
KpacHnosipckuii

Apuesckas P ;‘p;‘g o Spuesckoe | 61°00" | 90°36’ 100

NzyueHo BimsiHUE reorpaduiyeckoro MPOUCXOKIICHUS CEMSIH Ha POCT S55-JeT-
HUX JIEPEBLEB COCHBI KEAPOBOI CHOMPCKOH. MccnenoBanme MpoBeaeHO B PUTOPOTHON
3oHe KpacHosipcka Ha manTauuu «MeTeocTaHIusy, PACION0KEHHON Ha TEPPUTOPUN
VY4eOHo-onbITHOTO Jiecxo3a CHOMPCKOTO TOCYAapCTBEHHOTO YHHUBEPCHTETa HAyKH H
TexHojorui um. akajgemuka M.®d. PemiernéBa. PacteHust pa3MeleHsl 1o cxeme Sx5 M.

IIpu cenekMOHHOM OLIEHKE JEPEBHEB YCTAHABIMBAIN BBICOTY, IUAMETP CTBO-
Jia 1 KPOHBI, IPOTSX)KEHHOCTDH HOCJIGZ[HCI\/'I, JJIMHY XBOU, IIPOAOKUTCIIBHOCTDL €€ JKU3-
HU, KOTMYE€CTBO MYTOBOK 1 BETBEH B HUX, KOJMUECTBO MOOETOB C MHUKPOCTPOOHIIAMH
Y IIWIITKaMHU, MEKPOCTPOOHIIOB | IIUIIEK HA 1o0ere W Ha jgepese. PamxupoBaHue
roKasareJyieil MpOBOIMIIN, OLICHUBASI JIyUIlINE pacTeHHs 0 Hanbobiiemy 6amty. [1o-
JydeHHbIE TaHHBIe 00pa0aThIBAIA CTATHUCTUIECKH.

Pesynomamut ucciedosanus u ux oocyscoenue

'YcTaHOBIIEHO, UTO CPETHSIS BBICOTA COCHBI KEAPOBOH CHOMPCKOii cocTaBisieT 14,0 m,
Bapbupys MO BapuaHtam oT 12,9 M (JIGHMHOTOpCKOEe MpOoHCXOXkIeHne) Ao 15,1 M
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(TTOTOMCTBO anTaicKoi momyisiiuu). BbicoTa TOTOMCTBa COCHBI KeIPOBOI cHOUp-
CKOM aTaiCKOM MOMYJIALMHU J0CTOBEPHO (t, > t,s) mpesbiuaet apyrue Ha 7,1-17,1 %
[7]. Iloka3zarens xapakTepu3yeTcss HU3KHM YPOBHEM BapbupoBaHus (Tadm. 2).
Tabmuma 2
BbicoTa u iMaMeTp CTBOJIOB COCHBI KeIPOBOi CHOMPCKOIl Pa3HOI0 NPOUCX0KIESHUS
The height and diameter of the stems of Siberian cedar pine trees of different origin

Ipoucxoxaenue M, +m CV,% | t,mpu t,;=2,02 | VYpOBeHb H3MEHUHBOCTH
Buvicoma, m
Anratickoe 15,1 0,18 5,3 -
Jlennnoropckoe 12,9 0,37 9,1 5,35 Hwuzkuit
SIpueBckoe 14,1 0,36 8,1 2,48
Jluamemp cmeona, cm
Anratickoe 33,7 0,95 12,6 —
JlennHoropckoe 28,9 1,38 15,0 2,87 Cpennnii
SIpueBckoe 32,5 1,92 18,7 0,56

Cpennuil nuameTp cTBoja Ha BbIcOTe 1,3 M y 55-leTHel COCHBI KeApo-
Boii cubupckoit cocrasnsier 31,7 cm. Jlnamerp cTBONAa B anlTaiickoM BapHaHTe,
UMEIONIMIA HambOoblllee 3HaYeHHe, CYUIECTBEHHO NPEBBIIIAET IMOKa3aTellb B Jie-
HUHOTOpPCKOM BapuaHTe. CpaBHEHHE PACTEHHMH alTaliCKOro M SpLEBCKOIO BapH-
AHTOB 10 JUaMETPy CTBOJIA IO t-KPUTEPHIO MOKA3aJl0 HECYIIECTBEHHOE Pa3jInyue
(t,> tos)- Koopduiment usmenanBocTn Gosiee BHICOKUH B SIPLIEBCKOM BapUAHTE.

Jlnamerp KpoHBI IepeBbEB pazinyacTcss MKy BapuanTamu Ha 22,8 % (Tabdum. 3).
Kpona Oonpiiero auamerpa copMupoBaiach y JEpEBbEB aJITAHCKOTO MPOHCXOXK-
nenust: Ha 11,9-38.9 % B cpaBHEHHMH C OCTaJbHBIMHM; HAUMEHBIIETO — Y MOTOMCTBA
SIPLUEBCKOM MOIYJIIALMY IIPU CPEIHEM U BBICOKOM YPOBHSX BapbUpOBaHUs. Bricokuit
YPOBEHb U3MEHUNBOCTHU XapaKTEPEH Ul AEPEBbEB spLeBCcKoro Bapuanta [7]. Kpo-
Ha y COCHBI KEIPOBOI CHOMPCKON HU3KOOMYIIEHHAS, B CPEAHEM €€ MPOTSHKEHHOCTh
coctasiseT 12,8 M — 88,4-92,7 % oT BICOTHI nepeBa. O0OBEM KPOHBI JCPEBHEB B Pa3-
HBIX BapHaHTax Bapbuposai oT 148,79 no 309,09 M3 ¢ pasHuLel MeXay KpaltHUMH
3HauUeHHsAMHU J10 2,1 pasa (cMm. pucyHok). HanGonbimii 00beM KpOHBI OTMEUEH Y Jie-
peBbEB anTaiickoro npoucxoxaenus. Ciradee Mo CpaBHEHUIO CO BCEMHU BapHaHTAMH
pa3BuTa KPOHA Y JAEPEBBEB SIPLIEBCKOTO TIPOUCXOKICHHS.

Tabnuna 3
JAuamMeTp U NPOTSZKEHHOCTHh KPOHBI COCHbI KeIPOBOii CHOMPCKOI PA3HOI0 MPOUCXOKACHUS
The diameter and length of the crown of Siberian cedar pine trees of different origin

IMpoucxoxaenue M, +m | CV,% | t,mpu t;;=2,02 | YpoBeHb H3MEHINBOCTH

Juamemp kponwvi, m

Anralickoe 7,5 0,21 12,3 — .
Cpemamii
Jlenunoropckoe 6,7 | 0,27 | 13,0 2,34
Spuesckoe 54 1042 | 244 4,47 Bricokuit
Tlpomsidicennocms KpoHbl, M
Aunratickoe 14,0 | 0,18 5,9 — Husknit
JleHmHOTOPCKOE 114 | 0,35 | 13,0 6,61 CpenHuii

Slpuesckoe 13,0 | 0,36 8,8 2,48 Huskuit
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350 309,09
] 2(5)2: Obbem KPOHBI COCHEI KeIpoBOil cu-
%200 | 200,86 OUpCKOif B 3aBHCHMOCTH OT IIPOHC-
5150 | 148,79 XOXKJICHUS CEMSTH
2100 The crown volume of Siberian cedar

pine trees depending on the origin
of the seeds

Anraiickoe Jlenunoropckoe Slpuesckoe

ITo xonnuecTBy )KMBBIX MYTOBOK Ha JIEPEBE YPOBHU BapbUPOBAHUS — CPEIHUN
u HU3KUH (Tadn. 4). KommdecTBo MyTOBOK C OXBOCHHBIMH ITOOEraMH COCTaBIISIET B
cpemHeM 26,2 IIT. TpU HauOOJIBIIEM TI0Ka3aTele y TOTOMCTBA SIPIEBCKON MOITYIISIIHH.
HocToBepHOoe paznuuue MO JAHHOMY I10Ka3aTesl0 MOATBEPKIAETCS t-KpUTEpUeM
TOJIKO MEX]TY 1€PEBbSIMHU SIPLEBCKOTO U aJITAHCKOTO MPOUCXOKICHUM.
Ta0Onuna 4

KosnmyecTBO MYTOBOK ¢ 0XBOCHHBIMH M00€raMu y COCHbI KeJJpOBOii CHOMPCKOii pa3HOro
MPOUCXOKIEHHS], IIIT.
The number of whorls with needled shoots in Siberian cedar pine trees of different origin, pcs.

IIponcxoxaenne M,, +m CV,% | t,npu tys= 2,02 | YpoBeHb H3MEHUNBOCTH
Anratickoe 24,7 0,67 12,5 2,52 N
Cpennnii
JlennHoropckoe 26,2 0,77 12,4 1,23
Slpuesckoe 27,8 1,03 11,7 - Huskuit

ITo xonuuecTBy BeTBEW B MyTOBKE MPU CPEAHEM 3HaUeHUU 4,7 IT. TUAUPYET
MIOTOMCTBO JICHUHOTOPCKOTO TPOUCXOKICHUS, HO JOCTOBEPHOCTh PA3IUUUI MEKIY
BapUaHTaMU HE TOATBEPKIACTCS CTATHCTUUECKH.

CpenHsis AJIMHA XBOU COCHBI KEJIPOBO# CHOMPCKON CpaBHUBAEMbIX BAPHAHTORB —
10,8 cm. bompineil nauHOW XBOWM OTIMYAIOTCS JEPEBBS aNTAHCKOTO MPOUCXOXKIIC-
HUS, CYIICCTBEHHO TPEBBIIAs MMOKA3aTeIh MOTOMCTBA JICHUHOTOPCKOM TIOIYIISIIAN

(t, > tys)- Y HEKOTOPBIX DK3EMIUISIPOB B aNTAHCKOM BAPHAHTE XBOS MMEET [UIHHY
13,2-14,7 cm (Tabm. 5).

Tabnuma 5
JuImHA ¥ NIPOJO/IAKUTENTbHOCTD "KU3HHU XBOM COCHBI Ke/IPOBOii cMOMPCKOI pa3HOro
MPOMCXOKICHUS
The length and lifespan of the needles of Siberian cedar pine trees of different origin
IMpoucxoxaenue M, +m CV,% |t mpu tys=2,02| YpoBeHb H3MEHUNBOCTH
Jlnuna xeou, cm
AnTaiickoe 11,7 0,30 11,6 — Huskuit
Jlernnoropckoe 10,1 0,37 15,5 3,36 C Ny
Apresckoe 10,7 | 0,50 14,8 1,71 DA
IIpoodonsicumensHocmy JHCUZHU XEOU, Tlem
Aunratickoe 3,7 0,29 35,9 2,20
JlernHoropckoe 3,4 0,26 31,8 2,98 Bricokuii
SprieBckoe 4,7 0,35 23,6 -

CpenHss IpomoIDKATETHFHOCTD KU3HH XBOHM COCHBI KEIPOBOI CHOMPCKOM B 3a-
BHCHMOCTH OT IPOUCXOXKACHHS paBHA 3,9 roxa [7]. HanOompImuit moka3aTelb BBISB-
JIEH Y JI€PEBBEB SIPLIEBCKOIO MpoucxoxkaeHus: Ha 27,0-38,2 % npeBpllacT 3HaYeHUS
JUIsSL ANTANCKOM U JICHUHOTOPCKOH (t,> t5) momysnsiuuii npu ko>hduuuenre usMeHyn-
BoctHu 23,6-35,9 %.
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PanxupoBaHue moTOMCTB MOMYJSIUMKA 110 CPAaBHUBAEMBIM IIOKA3aTENSIM B 3a-
BUCHUMOCTH OT IreorpaduIecKoro MporCXOkKIACHUsI IOKa3aJ0, YTO HanOOJIbIIeH CyM-
MOH paHIrOB OTIMYAETCS IOTOMCTBO aJITACKOM monmymisiuu. MeHblIee KOMUMYeCTBO
0aJIoB — y JIEpPEBHEB JICHUHOTOPCKOTO MPOUCXOKACHUS (TalI. 6).

Tabmuma 6
PanroBas oneHKa /iepeBbeB COCHbI KeIPOBOii CHOMPCKOi Pa3HOI0 NPOMCXOKIEHUS, 0a/LJIbI
The ranking assessment of Siberian cedar pine trees of different origin, points

Mponcxoxaenne | Boicora Huamerp | O6bem | Komnuectso | Anuna| [Ipomomkurens- |OOmuit
P A CTBOJIa KPOHBI BETBEH XBOU |HOCTD KM3HU XBOU| paHI'
Auraiickoe 3 3 3 2 3 2 16

JleHnHOTOpCKOE 1 1 2 3 1 1 9
SlpueBckoe 2 2 1 1 2 3 11

OTMedeHO HaJIM4He IePEeBhEB, PA3THMYAIOIINXCS TI0 TUTIAM Pa3BUTHA (KEHCKOE
1 MYXCKO€). YCTaHOBIIEHO, YTO Cpe/iHee KOTMYECTBO TTOOETOB C IIUIIKAaMH Ha JiepeBe
B 55-metHeM Bo3pacte — 14,4 mT. [ToTOMCTBO anTaiCKOTO TTPOUCXOKIECHUS CPOPMHU-
POBaJI0 HAUOOJBIIEE KOTMIECTBO TIOOECTOB ¢ IIMIITKAMH ¥ IITUIIICK Ha Aepene (Tadm. 7).
Memnsiieit ypoxkaitHOCTBIO (B 1,7 pa3a) XapaKTepU3yIOTCS ACPEBbs SPICBCKOTO Ba-
puanTa. KommgecTBo mmwmrek Ha mobere (B IMydKe) cOCTaBIsIeT 1—3 mT., pa3nuyasch
MeXly BapraHTaMH HeCyIecTBeHHO. CeMeHOCSINX IEPEBhEB B aJITACKOM BapHaH-
te 75 %, neHuHOropckom — 84 %, apueBckom — 89 %.

Tabauna 7
KosimyecTBO M06eroB ¢ NIUIIKAMHU Y COCHBI KeIPOBOii CMOMPCKOIi pa3HOro

MPOMCXOKIEHUS], IIT.
The number of shoots with cones in Siberian cedar pine trees of different origin, pcs.

[Ipoucxoxnenue MCp +m CV, % t, Ipu tys= 1,99 YpoBeHb UBMEHUYHUBOCTH
Anralickoe 17,4 1,56 81,6 —

JlennHoropckoe 14,6 1,45 64,2 1,31 BoIicOKUil
Spuesckoe 11,3 0,96 58,8 3,33

[Ipu ompeneneHny KOIMYECTBA MOOETOB ¢ MUKPOCTPOOUIIAMH BBISIBIICHO WX
HauOoIbIIIee KOJMYECTBO Y J€PEBbEB SPIIEBCKOTO Mpoucxoxaenus: B 1,1-1,6 paza
Oosplie, 4eM B JIGHHHOTOPCKOM M alTalicKoM BapuaHTax. GopMUpOBaHHE MHKPO-
cTpoOMIIOB Ha Mobere B cpeaHeM BapbpupyeT oT 10,3 1o 11,5 mT. 6e3 cymecTBEHHBIX
pasITuINil MeX Ty BapranTtamu (Tabi. §).

Tabaumna 8
O0pa3oBaHue MHKPOCTPOOUJIOB Y COCHBI KeAPOBOH CHOMPCKOIl Pa3HOT0 NPOUCXO0KICHHS
The formation of microstrobilae in Siberian cedar pine trees of different origin

MuxkpoctpoOusl Ha mobere MuxpocTpoOuIBI Ha 1epeBe
IIpoucxoxnenue
IIT. %* IIT. % *
Anratickoe 10,9 100 158,0 74,5
JlennHoropckoe 11,5 105,5 240,4 113,3
SpueBckoe 10,3 94,5 237.,9 112,2
Cpeonee 10,9 100 212,1 100

*3mech 1 B Ta0I. 9 — IO OTHOIICHUIO K CPETHEMY.

JlepeBbs OTCEJIEKTUPOBAHBI 10 2 TTOKa3aTelIsiM — CEMEHHOW U MbUIbIIEBOM MPo-
IyKTHBHOCTH (Tabm. 9). [y cocTaBiieHUsI CXeM CMENICHHUsS! BEIOpaHbBI CIIETYIONINE
SK3eMIUISIpBL: 2-57 anTaiickoro mpoucxoxaenus, 1-9, 1-25, 1-59, 1-61 — nenunorop-
CKOTO U 6-26 — SIPIIEBCKOTO.
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Tabnuma 9

OTceleKTHPOBAHHBIE MO KOJIMYECTBY HINIIEK H MUKPOCTPOOUJIOB HA IepeBe
JK3EeMILISAPBI COCHBI KeJIPOBOii cHONpCcKOii
The specimens of Siberian cedar pine selected by the number of cones
and microstrobilae on the tree

Homep KonmuectBo muriex Homep KosmiraecTBo MHKpOCTPOOIIIOB,
IIpoucxoxnenue
Jepesa — 0% Jepesa LI, 0%
2-48 115 330,4 2-28 877 554,7
2-71 95 273,0 2-30 499 315,6
2-74 94 270,1 2-74 340 215,1
2-47 86 247,1 2-33 389 246,0
Anraiickoe
2-57 85 2442 2-57 442 279,6
2-15 82 235,6 2-70 342 216,3
2-72 76 218,4 2-24 360 227,77
Cpeonee| 34,8 100 Cpeonee| 158,1 100
1-9 76 238.,5 1-31 1456 605,9
1-25 57 192,6 1-25 1012 421,1
1-23 54 182,4 1-26 448 186,4
1-61 54 1824 1-61 869 361,6
JlennHoropckoe
1-50 52 175,7 1-9 916 381,2
1-27 51 1723 1-10 850 353,7
1-59 48 162,2 1-59 1092 4544
Cpeonee| 29,6 100 Cpeonee | 240,3 100
6-26 83 399,0 6-26 352 152,2
6-75 47 226,0 6-106 539 226,6
6-38 42 201,9 6-95 586 246,3
6-31 36 173,1 6-103 481 202,2
Spuesckoe
6-73 34 163.,5 6-107 529 2224
6-70 32 153,8 6-27 290 121,9
6-58 30 144,2 6-96 289 121,5
Cpeonee| 20,8 100 Cpeonee| 237,9 100

HpI/IMe‘laHI/IeZ Cpez[Hee 3HA4YCHHUEC JaHO IO BCEM JICPCBBIAM C IIHMIITKAMU U MI/IKpOCTpO6I/IJ'IaMI/I.

3axnrouenue

YcraHOBJIEHO, YTO B TeorpapuuecKkux KyJabTypax MpUropopHoi 30HbI Kpac-
HOSIpCKa HauOOJNbIINE BBICOTY, JHAMETP CTBOJA, AMAMETP M MPOTSHKEHHOCTh Kpo-
HBI, JUTMHY XBOW MMEIOT COCHBI KE€APOBBIE CHOMPCKHE aNTalCKOTO TPOUCXOXKICHHS
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(30oHa onTHMyMa ais BUA). [IoTOMCTBO SIpIEBCKOTO (CEBEPHOT0) MPOUCXOXKICHHUS
OTJIMYAETCS] HANOOJBIIMMH JUTMHOW OOKOBBIX TTOOETOB, KOJMYECTBOM MYTOBOK C OX-
BOEHHBIMH MOOETaMH, MIPOIOJKUTEIHHOCTHIO JKU3HU XBOU. [10 KOJIHMUECTBY MHKpO-
CTPOOWIIOB JIEPEBBS JICHHHOTOPCKOTO M SIPIIEBCKOTO MTPOMCXOXKICHUH TIPEBOCXOIST
anTalCKUe BapUAHTHL.

OtcenexktupoBaHHble N0 1 U 2 MOKa3aTensaM AEPEBbS ABISIIOTCS HAWITYYILIUMU
JUISL COCTaBJIEHUSI CXEM CMEIIEHUS MPH CO3JJaHUM JIECOCEMEHHBIX MiaHTauui. [Ipu
3TOM B CIIHUCOK PEKOMEHIyEMbIX JIE€PEBHEB BKIIIOUEHBI HE TOJIBKO OBICTPOPACTYIIHE,
ypOXaifHbIe IePEBbsl, HO U dK3eMIUIIPHI-OMBUINTEIH, YTO Oy/IeT CiocoOCTBOBATS I10-
BBILICHUIO YPOKaHHOCTH Ha JIECOCEMEHHbIX IIAHTALUSX.
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Annomayusa. TlpoBereHa MHBEHTapu3alMsl 3€JEHBIX HacaxaeHUW mapka «[Baprenckuii»
Cogetckoro paiiona r. KpacHosipcka. Ilenp paboThl — OIICHKAa BUIOBOIO COCTaBa M KH3HCH-
HOT'O COCTOSIHUS JPEBECHON M KYCTapHUKOBOUW PAaCTUTEILHOCTH HA TEPPUTOPUU ITOTO MapKa.
HUccrnenoBanue BhimonHeHO B jietHUi nepuon 2020 r. Bumooe pasHooOpasue, sKU3HCHHOE
U CaHUTAPHOE COCTOSIHHE JIPEBECHO-KYCTAapPHUKOBOW PACTUTEIBLHOCTH OIIEHEHO METOA0M
CIUTONIHOTO nepeuera. MHIEKC )KU3HEHHOTO COCTOSIHUS 3€JIEHBIX HACAXKIIEHUH OINpEJeNIeH C
HCIIOJIB30BaHUEM OOIICTIPHHATOW METOAUKY BU3YyalIbHON OLICHKHU JAPEBECHON U KyCTApPHUKO-
BOM pacTUTEIBHOCTH. YCTaHOBIICHO, UTO B Iapke oduraet 38 Bu0B pactennii (1o 19 nepesb-
€B ¥ KYCTapHHUKOB), oTHOCsIMXCs K 30 ponam 17 cemeiicTB. PacTeHus pacrionoKeHbI B BHIIE
AJUICHHBIX U TPYIIIOBBIX MOCAIOK, COIUTEPOB, OOCKETOB, a TAKXKE BKIIFOUYCHBI B KHBBIC H3T0-
ponu. MHaeKchl COCTOSIHUSI HACAKIEHUM mapka cocTaBisitioT 1,93 aiis pacteHuid B cocTaBe
AJUICHHBIX U TPYIIIOBBIX MOCAJIOK, COJIUTEPOB, OOCKETOB, YTO COOTBETCTBYET OCIIA0JICHHOMY
WK CJIa00 MOBPEXKICHHOMY COCTOSHHIO; U 1,28 NJIsl pacTeHHiA )KUBBIX M3rOPOIEH — 310PO-
Boe HacaxeHue. [lo uroram uccienoBaHus OMpEENIeHbl CTPYKTypa HAcakJIEHUH Mapka,
€¢ 0COOCHHOCTH, BH/IbI, BHOCSIIUE B HEC OCHOBHOM BKJIAJ B KOJUYECTBEHHOM OTHOIICHHUHU.
BrusiBiieHsl Hanbosee ociabiIeHHBIC BUIBI U PUYHHA MX ociabieHus. V3 apeBecHBIX pac-
TEHHIA B TIApKe 0CIa0JIEHBI TOMOJb 0aTb3aMUYECKUN U BS3 MPU3ECMUCTBIN, YTO 00YCIOBICHO
BO3pacToM HacaxjcHud. OCIabICHHOS COCTOSIHUE JIMCTBEHHHUIIBI CHOMPCKON BBI3BAHO Mac-
COBBIM TIOPQKCHHUEM JIMCTBEHHHYHOW MOYKOBOW rayumuieil. CrenaH BbIBOJ 00 OTCYTCTBUU
CBOEBPEMEHHOI'0 yX0/Ia 32 PACTEHUSMM, YTO MOBJIEKIJIO YXYAIIEHUE KUZHEHHOTO COCTOSHUS
MHOTHUX BUI0B. Onpe/ieICHbI BUIIbI, HAOOJICEe YCTONUNBBIC K HEOIAronpusaTHbIM (hakTopam,
CBSI3aHHBIM C MPOM3PACTaHHEM B YCIOBHUSIX ropona. Ha ocHOBe aHanm3a MOJIy4eHHBIX pe-
3yJBTATOB CHOPMYIUPOBAHBI PEKOMEHIAINH TI0 YIYYIICHUIO COCTOSIHUS HACAKICHUHN TTapKa
«I'Bapaeckuin».

Kniouesvie cnosa: BU0BON COCTaB, YKOJIOTHUECKOE COCTOSIHUE HACAKIEHUH, MapK, TpeBec-
HO-KYCTapHHUKOBasl PACTUTEIHHOCTh, 03eJIEHEHHE TOpo/10B, KpacHosIpCK

© Kupuenko M.A., CkpunansiukoBa JI.H., [onuaposa U.A., 2024
Crarbs onmyOIMKOBaHa B OTKPBHITOM JOCTYIIE U PACIPOCTpaHseTcs Ha ycnosusax nuiensuun CC BY 4.0


https://www.webofscience.com/wos/author/record/AID-3849-2022
https://orcid.org/0000-0003-3824-1144
https://publons.com/researcher/AAF-7714-2019/
https://orcid.org/0000-0003-2294-497X
https://publons.com/researcher/3247355/irina-goncharova/
https://orcid.org/0000-0002-3495-9979

Lesnoy Zhurnal = Russian Forestry Journal. 2024. No. 6 21

bnazodapuocmu: Pabora BbIIIOJIHEHa B paMKax 0a30BOro mpoekra (yHIaMeHTaIbHbBIX HC-
cnenoBanunii Muctutyta neca um. B.H. Cykauésa CO PAH Ne FWES-2024-0028 «buopasHno-
obpasue necoB CHOUPH: IKOIOTO-THHAMUYECKHNA, TeHETHKO-CEJIEKIIMOHHBIN, (DU3UKO-XUMHU-
YECKHM U PECYPCHO-TEXHOJOTNUECKUN aCTIEKThD».

na yumupoeanusa: Kupuenko M.A., Cxkpunansiukosa JI.H., Tonuaposa N.A. Cocrosinue
apOopudops mapka «I 'Bapaerickuii» r. Kpacnosipcka // 3B. By30B. JlecH. xkypH. 2024. Ne 6.
C. 20-34. https://doi.org/10.37482/0536-1036-2024-6-20-34

Original article
The Condition of Arboriflora of the Gvardejskij Park of Krasnoyarsk

Maria A. Kirienko', Candidate of Biology, Research Scientist;

ResearcherID: AID-3849-2022, ORCID: https://orcid.org/0000-0003-3824-1144

Larisa N. Skripal’shchikova!, Candidate of Biology, Assoc. Prof.,

Senior Research Scientist; ResearcherlD: AAF-7714-2019

ORCID: https://orcid.org/0000-0003-2294-497X

Irina A. Goncharova'?=, Candidate of Biology, Research Scientist,

ResearcherID: AAF-6890-2019, ORCID: https://orcid.org/0000-0002-3495-9979

'Sukachev Institute of Forest of the Siberian Branch of the RAS — Division of Federal Rese-
arch Center “Krasnoyarsk Scientific Center of the Siberian Branch of the RAS”,
Akademgorodok, 50/28, Krasnoyarsk, 660036, Russian Federation; lma7878@mail.ru,
lara@ksc.krasn.ru, iagoncharova007@mail.ru™

2Krasnoyarsk Regional Museum of Local Lore, ul. Dubrovinskogo, 84, Krasnoyarsk, 660049,
Russian Federation; iagoncharova007@mail.ru™

Received on January 25, 2023 / Approved after reviewing on April 20, 2023 / Accepted on April 23, 2023

Abstract. An inventory of green spaces in the Gvardejskij Park of the Sovetskij District
of Krasnoyarsk has been carried out. The aim of the work has been to assess the species
composition and vital condition of woody and shrubby vegetation in the territory of this park.
The study was carried out in the summer of 2020. The species diversity, vital and sanitary
condition of the woody and shrubby vegetation has been assessed by the complete enumeration
method. The vitality index of green spaces has been determined using the generally accepted
method of visual assessment of woody and shrubby vegetation. It has been established that
the park is home to 38 plant species (19 trees and shrubs each) belonging to 30 genera of
17 families. The plants are arranged in the form of alley and group plantings, solitaires,
bosquets, and are also included in hedges. The vitality index of the park’s plantings is 1.93
for plants in the composition of alley and group plantings, solitaires and bosquets, which
corresponds to a weakened or slightly damaged condition, and 1.28 for hedge plants — a healthy
planting. Based on the results of the study, the structure of the park’s plantings, its features,
and the species that make the main quantitative contribution to it have been determined. The
most weakened species and the reason for their weakening have been identified. Of the woody
plants in the park, balsam poplar and Siberian elm are weakened, which is due to the age of the
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plantings. The weakened condition of Siberian larch is caused by massive infestation by larch
bud gall midge. The conclusion has been made about the lack of timely care for plants, which
has led to deterioration in the vital condition of many species. Species that are most resistant
to adverse factors associated with growing in urban conditions have been identified. Based on
the analysis of the results obtained, recommendations have been formulated to improve the
condition of the plantings of the Gvardejskij Park.

Keywords: species composition, ecological condition of plantings, park, woody and shrubby
vegetation, landscaping of cities, Krasnoyarsk

Acknowledgements: This work was carried out within the framework of the basic project
of fundamental research of Sukachev Institute of Forest of the Siberian Branch of the RAS
no. FWES-2024-0028 “Biodiversity of Siberian Forests: Ecological-Dynamic, Genetic-
Breeding, Physical-Chemical and Resource-Technological Aspects”.

For citation: Kirienko M.A., Skripal’shchikova L.N., Goncharova [.A. The Condition
of Arboriflora of the Gvardejskij Park of Krasnoyarsk. Lesnoy Zhurnal = Russian Forestry
Journal, 2024, no. 6, pp. 20-34. (In Russ.). https://doi.org/10.37482/0536-1036-2024-6-20-34

Bseoenue

O3esieHEeHHBIE TEPPUTOPUN KPYIHBIX MPOMBIIIICHHBIX FOPOJOB — OyJIbBaphl,
CKBEpBI, TapKH, CaJIbl, JIECOMAPKH, a TAK)KE 3eJIEHbIEe HACAKICHUS KHUIION U TPOMBITII-
JICHHOM 3aCTPOEK — HAXOAATCS B CIOKHBIX HKOJIOTHUECKUX YCIIOBHSX, MOCTOSHHO
HUCIIBITBIBAKOT BO3I[CI710TBHC BBICOKHX KOHHCHTpaHI/II\/'I BBIXJIOIIHBIX T'a30B OT aBTOTPaH-
CIIOpTa U BPEJHBIX BBIOPOCOB OT MPOMBIIIJICHHOCTH, [IOBBIILIEHHbBIE PEKPEALIMOHHBIE
Harpys3KH, pa3jIyHble TEMIEpaTypHbIe HHBEPCHU.

PactuTenpHBIl TOKPOB MApKOBBIX 30H ypOaHM3MPOBAHHBIX TEPPUTOPHUIl CO-
CTaBJISIET OCHOBY 3€JICHOTO KapKaca, BaXHEHILEH 3a/1aueil KOTOPOro sSIBJISIETCS ONITH-
MH3aLMs SKOJIOTHYECKUX YCIOBUHN U CO3/1aHUe OIaronpusTHON cpeibl Ul IpoKHBa-
HUS HaceneHus [14].

PactuTensHOCTh Ha 03€JEHEHHBIX TEPPUTOPUAX TOpoJa KaK >KUBOM KOM-
MTOHEHT TIPUPOJIBI TIOCTOSHHO TpaHCHOPMHUPYETCS B MPOCTPAHCTBE M BO BPEMEHH.
B nponecce pocta n pa3BuTHS ApeBECHBIE PACTEHHSI IIOCTENEHHO CTAPEIOT, TEPSIIOT
CBOM TIOJIC3HBIC KauecTBa, THOHYT [1].

OreHka BHIOBOTO Pa3HOOOpa3usi, )KU3HEHHBIX ()OPM U KU3HEHHOTO COCTOSI-
HUS 3€JICHBIX HACAXJCHHUH MO3BOJIMWIA Obl CHOPMHUPOBATH TPOCTPAHCTBEHHO-IICHO-
THYECKYIO CTPYKTYPY TOPOACKUX ITAPKOB, KOTOpast OBl 3((hEKTHBHO BBITTOJIHSIIA CPE-
n000pasyronue, OM03KOJIOTHYECKHE U CTETUICCKUE (QYHKIHH.

BOHpOCLI BIIMSAHUSA yCTOfI‘IPIBBIX 1 BBICOKOJICKOPATHUBHBIX 3CJICHBIX HaCaXXae-
HUH Ha popMHUPOBaHUE TOPOJCKOTO OOJIHKA, YCIOBHM KU3HN U APXUTEKTYPHO-TaH -
Hla(I)THOfI HNCHHOCTU HCTOPHUYCCKUX LCHTPOB KAaK MaJIbIX, TadK MW KPYIIHBIX Hace-
JIEHHBIX MYHKTOB MMOJHUMAIIMCh HEOHOKpaTHO [2, 4-6, 12, 13, 15, 19, 20, 22-32],
OZIHAKO palbOThI, MOCBALICHHBIE YKOJIOTHUYECKOMY COCTOSIHUIO 3€JICHBIX HaCaXICHUH
B I. Kpacnosipcke, manmouncnenust [7, 16, 17].

Ilens — oleHUTH BUIOBOM COCTaB, CAHUTAPHOE U JKU3HEHHOE COCTOSTHHUE JIpe-
BECHOM M KyCTapHHKOBOH pacTuUTeNbHOCTH B mapke «IBapuefickuit» CoBeTckoro
paifona r. KpacHosipcka. AKTyaJlbHOCTh MCCIIE€OBaHHUS OOYCIIOBIIEHa HEOOXOIUMO-
CTBIO IOAACPIKaHUS B KpaCHO}IpCKC OIITUMAJIBHBIX 3KOJIOTHYCCKHUX yCHOBI/Iﬁ ropona-
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CKOI Cpeabl 1 3CTETUYCCKOU MPUBJICKATCIIBHOCTU CaMUX HaC&)KI[eHI/II\/'I, KOTOpPBIC B
3HAYUTEIIPHOM CTEIICHHU 3aBUCAT OT BHUJIOBOTO COCTaBa PaCTUTECIBbHBIX COO6H_ICCTB "
X )KU3HCHHOTO COCTOSAHUSA.

Obwvexmul U Memoowvl UCCILe008AHUS

OOBeKTOM HCCIE0BaHHS TTOCTYKHUIM 3€JIeHbIe HACAKICHUS HA TEPPUTOPUHU
napka «I'Bapneiickuii», pacrnonoxenHoro B Coperckom paifone . KpacHosipcka —
COIJIACHO TOCYNapCTBEHHOMY JOKIaTy «O COCTOSHHN 1 OXpaHe OKPY KaIOIIel CpelIbl B
Kpacnosipckom kpae B 2019 roay», 0THOM U3 CAMBIX CJIOKHBIX B 9KOJIOTMYECKOM IUTaHEe
paifonoB ropona. Ilapk ocroBan B 1966 ., ero mormiaas cocrasiser 231 505 m2.

CaHuTapHOE COCTOSTHUE APEBOCTOEB OIICHHBAIOCH C MCIIOJIb30BaHHEM 00-
MIETPUHITON METOAUKY [3]. BIMOMHEH CIUTONTHOM JIE€COMaTOIOTHYECKUN IepeyeT
C pacmpe/ieJIeHuEM JAePeBhEB MO KaTETOPHSIM COCTOSHUA: 1-51 — 0e3 mpru3HaKOB OC-
nabyeHust; 2-s — ocliabJICHHbBIE WK C1a00 MOBPEXKICHHbBIC; 3-51 — CPEJIHE MOBpe-
KIECHHBIC; 4-51 — CHITBHO TTOBPEXKICHHBIC FIIM OTMHUpAIoNIne; S5-s1 — cyxocToit. [1pu
nepedere GUKCUPOBATH MOPAKESHHOCTH JIEPEBBEB OOJIC3HIMU U UHBIMH (haKTOpa-
mu. MHBEKITMOHHBIE 00JIE3HHN TUAarHOCTHPOBAIH M0 KOMITIEKCY MaKpPOIIPU3HAKOB:
crienududecKkre aHaTOMO-MOP(OIOTHUECKHE HAPYIICHUS Y IEPEBbEB, PETPOIYK-
THUBHBIE 00pa3oBaHHs BO30yIHUTENEH, — HCIONB3Ysl CIIPABOYHYIO JIUTEPATypy H
onpenenurenu [9, 18].

YcTaHOBIIGHUE MHJIEKCA )KU3HEHHOTO COCTOSIHUS 3€JICHBIX HACAXKJICHUH Mpo-
BEJICHO I10 OOIIepUHITON MeToauke [3, 21]:

I=ml+n2+n3+nd4+ns5..)ng,
IJIE 1,—715— YUCIIO PACTEHMH, IIT.; g — OOLIEE YMCII0 PACTEHUH, IIT.; 1-5 — Karero-
pUsl )KU3HEHHOTO COCTOSTHHSL.

CocTosiHUE HaCAXK/ICHHSI OTIPEICIICHO IO CIICAYIOLICH IIKaJIe: UHICKC YKU3HCH-
HOTO cocrostHMs paBeH 1,0-1,5 — 3moposoe; 1,6-2,5 — ocimabnenHoe (cmabo moBpe-
KACHHOE); 2,6—3,5 — CHIIbHO 0OCiTabiieHHOE (CHIIbHO TIOBpEeXKIeHHOE); 3,6—4,5 — yChI-
xaroiee; 4,6 u 6ojee — noruoIee.

Pesynomamul uccnedosarnus u ux oocyscoerue

[To pe3ynapTaTaM CIIJIOIIHOTO TepedeTa OBIIO0 YCTAHOBIEHO, YTO JIPEBEC-
HO-KyCTapHUKOBAsl pacTUTEIbHOCTh MapKa MpeacTaBieHa 38 BUIaMHU pacTeHUH
(19 nepeBreB u 19 xyctapuukoB), oTHOCSIIUMHUCST K 30 pomam 17 ceMelcTB U
MPOU3PACTAIONIUMH B BUJE AJUICHHBIX U IPYNIOBBIX MOCAJIOK, COJIUTEPOB, 0O-
CKETOB, a TAK)KE BXOIAIIMNMHU B COCTAB KUBBIX U3TOPOACH OOIEH MPOTIKEHHO-
cThi0 835 M.

Pe3ynbpraThl OLIEHKM COCTOSIHMA HacaKJIeHWM mapka «I'Bapaedckuil» mnpen-
craBieHsl B Tabn. 1 u 2. CpegHuie WHIEKCH JKH3HEHHOTO COCTOSIHHS PaBHSIOTCS
1,93 nns pacTeHui B COCTaBe aJUICHHBIX W TPYMIOBBIX MMOCAJOK, COJIUTEPOB, 00-
CKETOB, YTO COOTBETCTBYET OCIAOJICHHOMY WM CJIa00 IMOBPEKICHHOMY COCTOSI-
HUIO HacaxaeHus; u 1,28 st pacTeHuil B COCTaBE JKUBBIX HU3rOpoJied — 3TO 370-
poBoe Hacaxknaenue. CleayeT OTMETHTh, YTO BUIBI, MPOU3PACTAIONINE B COCTaBE
JKUBBIX W3rOpoJied M KypTHUH, UMEIOT TOJIBKO 1-F0 M 2-10 KaTEeropuH >KU3HEHHOIO
COCTOSIHUSI.
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TabGuuma 1

CocrosiHue HacaxaeHuii mapka «I'Bapaeiickuii» B cocTaBe aJUIeiiHBIX M TPYHNNOBBIX
NMOCA/I0K, COTUTEPOB, 00CKETOB
The condition of plants of the Gvardejskij Park in the composition
of alley and group plantings, solitaires and bosquets

Bug

Kusz-
HCHHas

¢dopma*

KaTel"OpI/I}I KHU3HCHHOI'O COCTOSAHUA

2

3

4

%

IIT.

%

IIIT.

%

IIT.

%

mT. | %

Bce-
rO,

Hn-
JIeKC

Bepesa nosuc-
nas (Betula
pendula Roth)

192

79,3

43

17,8

2,5

0,4

242

1,24

Bostpbiitauk
KpOBaBO-
KPAaCHBIi1

(Crataegus
sanguinea
Pall.)

50,0

50,0

1,50

Bss men-
KOJIMCTHBIA
(Ulmus pumila
L)

57

16,7

140

41,1

119

34,9

16

4,7

341

2,35

B3 wepmia-
Boli (U. glabra
Huds.)

90,0

10,0

10

1,10

I'pyma yccy-
puiickas (Pyrus
ussuriensis
Maxim.)

124

94,7

53

131

1,05

Enp cubupckas
(Picea obovata
Ledeb.)

63

71,6

19

21,6

1,1

88

1,48

Kien sicene-
JIUCTHBIN (Acer
negundo L.)

70

39,3

64

36,0

41

23,0

1,7

178

1,87

Jluna menko-
muctHas (Tilia
cordata Mill.)

29

76,3

21,1

2,6

38

1,26
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Ipooonsicenue maon. 1

Bun

Kusz-
HCHHast

tdhopma*

KaTerome JKU3HCHHOT'O COCTOSIHUA

2

3

4

%

IIT.

%

IIIT.

%

IIT.

%

IIT.

%

Bcee-
ro,

Wn-
JIeKC

JIncTBeHHMIIA
cubupckas
(Larix sibirica
Ledeb.)

91

19,1

209

43,8

165

34,6

11

2,3

0,2

477

221

PsiorHa
OOBIKHOBEH-
Has (Sorbus

aucuparia L.)

13

81,3

6,3

12,5

16

1,31

CocHa 00BIKHO-
BeHHast (Pinus
sylvestris L.)

34

50,0

32

47,1

2,9

68

1,53

CocHna cubup-
cKast

(P, sibirica Du
Tour)

62,5

37,5

1,38

Tomoins Gab-
3aMHIYeCKUN
(Populus
balsamiferaL.)

88

11,7

337

44,8

283

37,6

42

5,6

0,4

753

2,38

Tomoap Oemnblit
(P alba L.)

100

2,00

Yepemyxa BUp-

ruHckas (Padus

virginiana (L.)
Mill.)

100

3,00

UYepemyxa
Maaxka (Padus
maackii (Rupr.)
Kom.)

23

48,9

15

31,9

12,8

6,4

47

1,77

Yepemyxa
OOBIKHOBCHHAS
(P, avium Mill.)

25

61,0

13

31,7

4,9

2,4

41

1,49
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Ipooonsicenue maén. 1

Kateropus >KH3HEHHOTO COCTOSTHUS
Bce-
Hn-

Kusz-
2 3 4 5 ro,
JIeKC
IIT.

HEHHas
¢dopma*
mr. | % | wr | % |mr | % mT. | %

Bug
wrT. | %

Slonons smoHast
(Malus baccata Ji| 9,31 5 |1,7]20|6,7]| 300 | 1,86

(L.) Borkh.)

140 | 46,7 | 107 |35,7] 28

SceHb 00ObIK-
’2;‘;2;23? n |4 |ea6| 12 [185] 8 2 13.1] 1 |1.5] 65 | 1,58

excelsior L.)

12,3

Bapb6apuc
- | =1=-1=-1-11 12,00

OOBIKHOBCH-
HbIH (Berberis K | R
vulgaris L.)

Bepeckier
CBSIICHHBIN

(Euonymus K 5 183 1 16,7 — | — -1 6 |17
sacrosanctus

Koidz.)

By3una
OOBIKHOBCHHAsI K 4 |s71] 3 |429] - ]
(Sambucus
racemosa L.)

-1 7 |143

Bumns Boii-

nounas (Cera-
sus tomentosa -1 4 12,00
(Thunb.)

Loisel.)

4 (100 - | -

XKecrep
- -1=-1-1-1 4 |15

ClIA0UTEILHBII K 2 1500] 2 |s00] -
(Rhamnus
cathartica L.)

JKumonoctb
7 14120 — | — | — | — | 17 [2,29

OOBIKHOBEH- |y | 5 | jjg| g |47
Has (Lonicera
xylosteum L.)

WBa Jlene-
R e I 1 1,00

Oypa (Salix
ledebouriana K R B
Trautv.)
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Oxonuanue maon. 1

Kateropusi >KH3HEHHOTO COCTOSTHHS
Kuz- Bce-

Bun HEHHas 1 2 3 4 5 To,
popma* IIT.
wr. | % |[mr | % |wr | % |wr | % |wr| %

Wn-
JIEKC

WBa octpo-
nuctHas (Salix
acutifolia
Willd.)

I, K - | - 1 1250 3 (7500 — | = | —|—-1| 4 |25

Kanuna
OOBIKHOBEHHAS
(Viburnum
opulus L.)

K 1 [100] - - |- -1=-1-1-1-11 |L00

Kaparana
JIPEBOBU THAS
(Caragana K 6 (100 — | — | —-| = |—-|—-|—-1—-1 6 (1,00
arborescens
Lam.)

Jlox cepe-
OpHUCTBIi
(Elaeagnus
commutata
Bernh. ex
Rydb.)

K 31600 2 |400f — | - | —-|—-|—-|—-1] 5 [L40

Cupenb
BEHIepcKast
(Syringa
Jjosikaea
J. Jacq. ex
Reichenb.)

K [163|644| 72 (2855|1663 | 2 |08] — | — | 253|143

Cmopoaunna
30JI0THCTAs
(Ribes aureum
Pursh.)

K 3 15000 3 |500f — | - |—-|—-|—-|—-] 6 [|L50

Crnupes ropo-
varas (Spiraea K 15 (882 2 |18 — | = | = |—=|—-|—-1]17 |12
crenata L.)

Hmoeo™*| 1211 | 38,6 | 1112]35,4 692 | 22,0 | 87 2,8 | 39|12 |3141|1,93

*3nech u B Taom. 2: 1 — nepeBo, K — kycrapauk. **31ech u gajee i HHICKCA )KU3HCHHOTO
COCTOSIHHS — Cpe/IHEE.
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Tabnuna 2
CocrosiHue HacaxieHMii mapka «['Bapaeiickmii» B cocTaBe JKUBBIX M3ropo/eii M KypTHH
The condition of plants of the Gvardejskij Park
in the composition of hedges and clumps

Kareropus sxu3Hen-
Buj HKusnennas HOI'0 COCTOSHUS Nnnexc
(dopma
1 | 2
JKuevle uzeopoou, m
CMmoponauna 3omotuctas (Ribes aureum) K 55 111 1,67
Bst3 mesnkonuctabiit (Ulmus pumila) pl| 432 — 1,00
B3 mepmasstit (U. glabra) pl| 8 — 1,00
Kumonoctb oObikHOBeHHAs1 (Lonicera K 140 B 2,00
xylosteum)

Bumrnst Boitnounas (Cerasus tomentosa) K 6 - 1,00
Po3za komroueiias (Rosa spinosissima L.) K - 17 2,00
Poza urucras (R. acicularis Lindl.) K 5 — 1,00

Kwmunpauk Onectsmuit (Cotoneaster
lucidus Schltdl.) K 10 B 1,00
Cupenb BeHrepckas (Syringa josikaea) K - 51 2,00

Kypmunwot, m?
PaOuHHMK }‘.)5161./IHOJII/ICTHLII/I (Sorbaria K 16 B 1,00
sorbifolia (L.) A. Braun)

Po3a moprunucrtas (R. rugosa Thunb.) K 10 — 1,00
HUmoeo| 682 179 1,28

B cTpykType HacaxeHUi mapka HAHOONBIIMM KOJMYECTBOM CPEIU JICPEBb-
€B OTIMYAIOTCS TONONb Oanb3amudeckuit (27 %), muctBerHuna cudupckas (17 %),
Bsi3 MeNKONMUCTHBIN (12 %), si0noHs sirogqnas (11 %), 6epesa nosucnas (9 %). Hons
OCTaJIbHBIX JIEPEBBEB cocTaBisteT meHee 9 % (puc. 1).

T'pyma yecypuiickas ~ E/b CHOHpCKATL

B3 meprmaskiii CocHa ciGHpcKas .
KneH AceHemHCTHBII
B3 MenKomCTHBINT /
BoApBINIHAK KPOBABO-
§  — JIunaMenKoIuCTHad

KpacHEIH

SceHp
OOBIKHOBEHHBII

—]

\J’Iucmem—[p{ua CHOHMpCKad

Patuxa
00BIKHOBEHHAA

CocHa 0GBIKHOBEHHAA

SI07oHs AroHag |

Yepemyxa OObIKHOBEHHAA

\TOHOJ‘[B [\Euiais

Yepemyxa BUPTHHCKAL

LTOI‘[OJ‘IB Oallb3aMHYECKHI
Yepemyxa Maaka

Puc. 1. CtpykTypa npeBecHOl pacTUTEIbHOCTH Napka «[ Bapaeickuii»

Fig. 1. The structure of the woody vegetation of the Gvardejskij Park
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AHanuzupys XKU3HEHHOE COCTOSIHUE JICPEBBEB, MPOU3PACTAIOIIMX B IapKe,
CTOUT 0CO00 OTMETHTH JIMCTBEHHHILy CHOMPCKYIO. [lepeBbsi TaHHOTO APEBECHOTO
Buna Ha 80 % mopa’keHbI JINCTBEHHHYHON TTOYKOBOH Taymutieit (Dasineura rozhkovi
Mam. et Nik.) — KoOMapOBHIHBIM HACECKOMBIM CEMEWCTBA TaJUTUIl. 3a00JieBaHNE Xa-
paKkTepu3yercsi TeM, 4TO JIMYMHKA BPEAUTENS NPOHUKAET B TOUKY POCTa JHCTOBOH
MOYKH M BBI3BIBACT €€ HEHOPMaJbHOE Pa3BUTHE, BCIECACTBUE YEr0 U3 MOYEK BMECTO
37I0POBBIX TIOOETOB C XBOCH BBIPACTAIOT MATOJIOTHUECKHUE HOBOOOPA30BAHMSI — IaJlIbI.
Takue HapyLIICHUS IPUBOJIST K TOMY, UTO XBOSI CTAHOBUTCS HEAOPA3BUTOM, IPEXKICB-
PEMEHHO JKeNTEET M OMaJaeT, TOANYHBIE TPUPOCTHI KpailHe He3HAYUTEeNbHbIE THO0
OTCYTCTBYIOT, CTBOJI Je(OPMUPYETCs, BETBH YCBHIXalOT. Bee 3T0 MOXKET MPUBECTH K
ru0e JepeBbEB.

Cpenu nepeBbeB TONOMS 0aTb3aMHUYECKOTO U BA3a MEJIKOIMCTHOTO Mpeodia-
JAIOT K3eMIUBIPBI 2-i U 3-i KaTeropuii ;KM3HEHHOTO COCTOSIHUS, YTO B OOJbIICH
CTereHN 00yCIIOBICHO BO3PACTOM HACAXKJICHUN. 3HAYUTENbHAS YaCTh MMOCAIOK ITUX
nepeBbeB Obuta mpoBeneHa B 60—70-¢ IT. mpommioro Beka. Y JepeBbhEB yKa3aHHBIX
BUJOB OTMEUEHBI THUJIM, COKOTECUCHHE, PAKOBBIC 3a00JI€BaHMs, HATMUUE IIOOBBIX
TeJI AEPEBOPA3PYIIAIOIINX IPUOOB, IPUOKOBBIC MOPAXKEHHUs JINCThEB. MoOJI0ObIE K-
3eMIUISIPBI JaHHBIX APEBECHBIX BUIOB, MIOSBUBIINECS IIyTEM CaMOCEBa, OTIMYAIOTCS
37J0POBBIM JKU3HEHHBIM COCTOSTHHEM.

JlepeBbst sSI0I0HH ATOTHOM, MPOU3PACTAIOIINE B BUJIC )KUBOHW M3TOPOJIH, ITPEH-
MYIIECTBEHHO HAXOJSITCS B CPEAHE U CHIIBHO TIOBPEKICHHOM COCTOSSHUHU B OTIINYHE
OT aJUICHHBIX U IPYIIIOBBIX [10CAJOK JAaHHOIO BU1A, IPAKTUYECKH HE MMEIOIINX IIPH-
3HaKOB HoBpexaeHui. [IpuunHol ocnableHHOTO COCTOSHUS SIBISCTCS HENpaBUIIb-
Hasl 1 HeCBOeBpeMeHHasi (HOpMOBOYHAsI OOpE3Ka, a TAKKe BBICOKass KOHKYPEHLIUS C
TPaBSHUCTOH PACTUTEIBHOCTHIO.

Haunboniee ycTOMUMBBEIMH cpeld JepeBbEB BHUIAMH, MPOU3PACTAIONIMMH B
napke, sIBJISIIOTCS Oepesa moBHUCHast U rpyuia yccypuiickas: 80 u 95 % coorser-
CTBEHHO NPUXOAATCS Ha AOJIO AepeBbeB 0e3 npu3HakoB ocnabnenus. [lox ycroii-
YUBOCTBHIO IOHUMAETCSI CIIOCOOHOCTD PACTEHUI IPOTUBOCTOSTH BO3ACHCTBUIO KC-
TpeMaJbHBIX (PaKTOPOB cpelbl (MOYBEHHASI M BO3AYIIHAS 3aCyXa, 3aCOJICHUE TI0YB,
HU3KHE TEMIIepaTyphl, BO3JEHCTBHE 3arps3HSIONINX BEIIECTB, YHTOMOBPEANUTEIN
u (uronaroreHsr). BICOKYI0 yCTOMUMBOCTD JaHHBIX BUAOB OTMEUAIOT M JIPyTrHe
uccaenosarenu [10, 11]. Ocnabnennsie nepeBbs YKa3aHHBIX BUAOB — MOJIOJBIE TIO-
CaJKy nocieqHux Jet. IlpuunHa ux ocnabiaeHus — OTCyTCTBHE MO0 HEAOCTAaTOK
CBOECBPEMEHHBIX arpOTEXHUUYECKHX YXOJOB: IOJHMBOB, OKAIIMBAHWN, DPHIXJICHHUN
MPHUCTBOJILHBIX KPYTOB.

B cTpykType HacaxkaeHU mapka cpey pacTeHU C KU3HEHHON OPMOIi «Ky-
CTapHUK» HAUOOJIBIINK YIEIbHBIN BeC UMEeT CUpeHb BeHrepckas (76 %). Ha poiro
OCTAJIBHBIX BUAOB KyCTapHHUKOB npuxonutcs 24 % (puc. 2).

Cpenn KycTapHUKOB HanboJiee 0CIIa0JICHHON SBISETCS YKIMOJIOCTh OOBIKHO-
BeHHas. OcnallieHre BBI3BAHO MOPA’KCHUEM PACTEHHH MUKPOCKOIHMYECKUMHU HKTO-
napasuTHYeCKUMH rpubamu nopsiaka spusndosbix (Erysiphales), Bri3piBarommmun
3a0oneBaHre MYYHUCTOW POCOH; MOBPEKICHUEM JIMCTHEB YHTOMOBPEIUTEISIMHU, a
TaKke HEJ0CTATOYHOCTHIO arpOTEeXHUUYECKoro yxona. Kpome Toro, CTOUT OTMETUTH
HU3KUE TIOKA3aTEeH KHU3HEHHOTO COCTOSHHS Y BBl OCTPOJIMCTHOM, 00YCIIOBIICHHBIC
IpeAeIbHBIM BO3PACTOM PacTeHUH JaHHOro Buaa. OcTajbHbIE BUIbI KyCTapPHUKOB
HMEIOT ¢cJ1a00 MOBPEXXICHHOE COCTOSTHHE.
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Puc. 2. CtpykTypa KyCTapHHKOBOH paCTHTEIEHOCTHU B apke «I Bapaeickuiny

Fig. 2. The structure of the shrubby vegetation of the Gvardejskij Park

3a nocnenHue rojubl B mapke «[Bapaelickuii» ObUIM BBIMOJHEHBI MMOCAIKH
TaKuX BUJOB JICPEBBEB, KaK SICCHb OOBIKHOBCHHBIN, JTUIa MEJIKOJIHCTHAs, Oepesa
TIOBUCHIas, SOJIOHS ATOMHAs, dYepeMyxa Maaka, psOwHa OOBIKHOBEHHAs, TpyIla yc-
CypHiicKasi, YepeMyxa BUPTHHCKasl, COCHA OOBIKHOBEHHAs, COCHA CHOMPCKasi, eJb CH-
Oupckasi, IMCTBEHHHIIA CHOMPCKAs, a TAK)KE KyCTAPHUKOB: CMOPOHMHEI 30JI0TUCTOM,
CIHMpeH TopoAYaTol, OepeckiieTa CBSIIEHHOI0, CHPEHH BEHI'€PCKOI, JKocTepa ciaadu-
TEJILHOTO, YKUMOJIOCTH OOBIKHOBEHHOH, JI0Xa cepedpucToro, bapdaprca 0ObIKHOBEH-
HOTO, KaJIMHbI OOBIKHOBEHHOM.

B xoze oreHK# JaHHBIX MOJIOZIBIX TTOCAIOK OBUIO OTMEYEHO MX CHIIBHOE 3apacTa-
HUE TPaBSHUCTOW PACTUTEITLHOCTHIO, YTO CBUJIETENTLCTBYET 00 OTCYTCTBHH CBOEBPEMEH-
HOTO YXO/Ia ¥ TIOCITYKHJI0 OCHOBHOM TIPHYMHON CHYYKEHHS MX KM3HEHHOTO COCTOSTHUSI.

K coxanenuto, 00bInas 4acTh YIMOMSHYTBIX BHIOB MMEET KpailHe He3Ha-
YUTEIbHYI J0t0 (MeHee 1 %) B CTPyKType ACHAPOQIIOPHI Mapka, a HEKOTOpHIC
MIPOM3PACTAIOT B €IMHCTBEHHOM dK3eMIUIsipe. MHOTHE BH[IBI, TAKUE Kak OepecKieT
CBAIIECHHBINA, JT0X CepeOPHUCTHIN, KU3WIBHUK ONECTSIINMA, po3a MOPIIHHKUCTASI, PO3a
WTJIACTas U JAp., OTIUYAIOTCS BBICOKOW JEKOPAaTHBHOCTHIO W YCTOMUMUBOCTHIO, H UX
CJIeZIOBasIo OBl IIMPE BHEAPSATH B COCTAB HACAXKJICHHMIA Mapka [8].

Raxnouenue

HpeBecHo-KycTapHHUKOBasi paCTUTENLHOCTD Tapka «I BapAaeHcKuih npecTaBieHa
38 Bunmamu pacrennii (19 nepeBbeB u 19 kycrapankos) 30 pomoB 17 cemeticts. Pactenns
BXOJIAT B COCTaB aJJICHHBIX M TPYTITOBBIX ITOCAIOK, COIUTEPOB, OOCKETOB, 8 TAKIKE KHBBIX
H3ropojeH.

HauGonpmmm yaenbHbIM BECOM CPEIH JICPEBLEB B CTPYKTYpE NEHAPOQIOPHI
Mapka XapaKTepU3YIOTCS TOMONb Oalhb3aMHUYCCKHUH, JIMCTBCHHHUIIA CHOMPCKAs, BS3
MEJIKOJINCTHBIH, SOJOHS SroAHasA, Oepe3a moBucias. J{ons ocTanbHBIX JepeBbeB CO-
crasisieT MmeHee 9 %. Cpenn KycTapHUKOB HanOOJIBIIMN YIEJIbHBIH BEC UMEET CH-
pEeHb BEeHTepCKasi.
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Wupexcsl cocTosiHNS HacaXIeHUH Tapka paBHstoTcs 1,93 ans pacteHwuii B co-
CTaBe aJIJIEHMHBIX U TPYIIIOBBIX MOCAT0K, COTUTEPOB, OOCKETOB, YTO OTpakaeT ocia-
O1eHHOe WK c1abo TTOBPEXKICHHOE COCTOSTHNE HaCKACHUS; U 1,28 1y pacTeHnil B
COCTaBe KUBBIX M3TOPOJIEH — YCIIOBHO 3/T0POBOE HaCAKICHHE.

Cpenu nepeBbeB HanboIee 0cIabIeHHBIMU BUIaMU SIBIISTIOTCS TOTIOND Oalib3a-
MHUYECKUH U B3 PU3EMHUCTBIH, YTO 00YCIIOBIEHO BO3PACTOM HACAKICHUH, a TaKKe
JIMCTBEHHUIIA CUOMPCKAs, Ybe OCIa0JICHHOE COCTOSIHHE BEI3BAHO MACCOBBIM MTOpaske-
HUEM JIMCTBEHHUYHOM MOYKOBOM rayummieii. Haubosee yctoliunBbie BUbl — Oepesa
[OBHUCIIAs U IpyLIa yCCypUICKast.

Cpenn KycTapHUKOB HanboJiee 0CIIa0JICHHOHN SBIISETCS )KIMOJIOCTh OOBIKHO-
BeHHas1. OcnabieHne BEI3BaHO MOPAKEHUEM PACTEHUH MUKPOCKOITMYECKUMU IKTOTIa-
pasutnueckuMu rpubdamu nopsiaka 3pusudossix (Erysiphales), nmpoBounpyromummu
3a0oeBaHre MyYHHCTOW POCOM, a TaKKe MOBPEKICHUEM JINCTHEB SHTOMOBPEANTE-
JIIMU M HEZIOCTATOUYHOCTBIO arpOTeXHUUECKOro yxoaa. Huskue nokazarenu Kxu3HeH-
HOTO COCTOSIHMSI IMEET U MBa OCTPOJIMCTHAS, YTO 00YCIIOBIEHO MPEAETHHBIM BO3pac-
TOM SK3EMITISIPOB JaHHOTO BHa. OcTambHbIe BUIBI KYCTAPHUKOB XapaKTEPU3YIOTCS
c11a00 MTOBPEKICHHBIM COCTOSTHHEM.

Jlis yaydieHrs COCTOSHUS PEBECHO-KYCTapHUKOBOM PacTUTEILHOCTH Map-
Ka CIIelyeT PeKOMEH/I0BaTh:

peryasipHOE BBIITOJHEHHE WHBEHTApU3ALUU 3€JIEHbIX HACAKICHHH C IEJNIbI0
BBISIBIICHUS 9K3EMIUIIPOB PACTEHUH € KaTeropruel »KM3HEHHOTO COCTOSIHUS 3 U BBIIIIE
C UX TOCJEeAYIONIeH 3aMEeHOM;

paciMpeHre acCOpTUMEHTa JCHAPOQIIOpHl MapKa BUAAMHU, YCTOHYHBBIMHU K
MIPOMBILUIEHHOMY 3arpsi3HEHHIO M TIPH ATOM 00J1aJafoIMMH BBICOKUMH JAEKOPAaTHB-
HBIMHU CBOMCTBaMH.
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Annomayun. CerogHs cepbe3HON MPOOIEMOH SIBISETCS 3apacTaHUE IPeBECHO-KyCTapHHU-
KOBOW PacTHTENBHOCTHIO OBIBIIMX arpapHbIX 3eMenb. Llens nceneqoBanms — u3ydeHne BO3-
PacTHBIX N3MEHEHUH TaKCAIIMOHHBIX MOKa3aTesIeil IPEBOCTOEB 3aIEKHBIX 36MeJb. YUET Bpe-
MEHHOTO (haKTOpa MPY MOHUTOPHHTE OIOKETA YIIIEPOAA MTO3BOJISIET BBIIBUTD PsiJI IPOIIECCOB
JMHAMUKH ICTOHUPOBAHUS YIIIEPO/a, KOTOPbIE HEBO3MOKHO OIIEHUTH PH OJHOKPATHOM HC-
cienoBaHud. [lJis pemeHns 3ToH 3a1a4u MPOaHAIN3UPOBAHBI JAHHBIE TTOCTOSTHHBIX MTPOOHBIX
wromazei B 2011 1. ¢ moBTopHEIM 00MepoM B 2023 1. [IpoGHBIE TITOmany pacmoaokeHbl Ha
3ajexax Ha rpanune apeana KpacHosipckoit necocrenu. [IMHaMHKa Tporiecca 3apacTaHus |
Pa3BUTHS HACAKACHWH MOKa3aja, 9To 1Mo Mepe (POPMUPOBAHUS 3aleKel KpoMe JOMUHHPYIO-
X cocHel (Pinus sylvestris L.), 6epessl (Betula pendula Roth), ocunst (Populus tremula L.)
BCTpeyaroTcs mucTBeHHnna (Larix sibirica Ledeb.), ens (Picea obovata Ledeb.) u uBa (Salix
caprea L.). JlnHaMIYeCcKUi POIlecC COCHOBBIX 3alleKell YCTaHOBJEH 3a mepuon 15-27 mer
nocie 3abpaceiBaHus 3eMenb. CMeIIaHHbIe HACAKICHUS PA3IMIHOTO CYKIIECCHOHHOTO TPO-
ncxoxaerns nmenu Bozpact 10-30 set. Ha ygactkax HaONMIODamUCh pa3iIudHbIC MPOIECCHI
M3MEHEHHUS TYCTOTHI 3aJekel (3apacTaHue, H3pekuBaHne). JlecoBoccTaHOBICHHE 3aeKeit
TIPOUCXOIUT OT CTEHBI JIeca U MpH paccTosHIH 10 50 M npomomxaercs mocie 30 net. J{ist 3a-
Je’Kel XapaKTepHBI BCE BO3MOXKHBIE (JOPMBI 3apacTaHusl: KypTHHHAsI, OMOTpyIITaMy, CTIIOII-
Hasl, OAMHOYHBIE JepeBbs. CpeqHss KONMYECTBEHHAs OIEHKA MOKa3aja, 4To Hanbolsiee WH-
TEHCHUBHBIE U3MEHEHNUS BBICOTHI, THAMETPa, BHICOTHI Ha4ala KPOHBI, BEICOTHI MAKCHMaJIbHOTO
JIMaMeTpa KPOHBI M INAMETPOB KPOH NMPOMCXOAMIN HAa IPOOHON TUTOIIAM, TIe HaOIo1anach
MHUHHMaJIbHAs TyCTOTa, KOTOpas B AMHAMHUKE yMeHbIIamachk. Ha ydacTke ¢ MakcHMaibHOM
rycToToi MOp(dosorndeckne MoKa3zaTeln XapaKTepH30BaJINCh CPEIHUM HpHUpocTOM. Mu-
HUMaJIbHBIE M3MEHEHUs 3a(UKCHPOBaHbI HA TPOOHON IUIOMIAIH, TAE TYCTOTa 3HAYUTEIHHO
Bo3pocia 3a 12 ner. IHTEHCHBHOCTH pOCTa JEPEBHEB OAHOTO JHAMETPA B BHICOTY OOJbIIe
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B 2023 r. B cpaBHenuu ¢ 2011 r. BoaMokHO, Ha 3TO OKa3bIBal BIMSIHHE KOMIUIEKC BHEIIHUX
Y BHYTPEHHUX (DaKTOPOB, B T. 4. KIIMMATHUECKHE U3MEHEHHUs. [l OLIEHKH yIyIepotHO# mpo-
JYKTUBHOCTHU APEBOCTOEB 3asIexKel 11e1eco00pa3HO MPUMEHSTh PErPECCUOHHBIE YPAaBHEHMUS,
pa3paboTaHHbIE ISl KOHKPETHOW MECTHOCTH. Pe3ynmbrarhl MCCleJOBaHUS AMHAMUKH JICTIO-
HUPOBaHUS yIIIepoaa MOJOAHAKAMH Ha 3aJIeKHBIX 36MJIIX YKa3bIBAIOT Ha I1eJ1€CO00Pa3sHOCTh
HCIOJIB30BaHMsI TOCTArPAPHBIX 3€MeNb TS peasln3aliy JeCOKIMMAaTUUECKUX MTPOEKTOB.
Knroueswie cnosa: 3anexxHble 3eMIIM, TOCTarpapHble 3eMJIM, IMHAMUKA 3apacTaHusl, 3apacTa-
HUE 3aJIeXKHBIX 3€Mellb, TAKCAI[IOHHbIE IT0Ka3aTeIH, IPOJYKTUBHOCTh IPEBOCTOS
bnazooapnocmu: ViccnenoBanue mpoBOAMIOCH B paMKax roc3ajaHusi MUHUCTEpPCTBA Hay-
KM U BbICIIero oOpa3oBanusi Poccuiickoit denepanun uisi peain3any npoekTa «J/unamuka
BOCCTaHOBIICHHSI TACKHBIX JiecoB LlenTpanbHol CnOupH, HapyIEHHBIX YHTOMOBPEAUTEISIMID)
(Ne FEFE-2024-0029) koy1eKTHBOM Hay4HOM J1aboparopuu «JIecHBIX 3KocucTeM».
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Abstract. Today, the overgrowth of woody and shrubby vegetation on former agricultural
lands is a serious problem. The aim of this research has been to investigate age-related
changes in the forest inventory indicators of forest stands on abandoned farmlands. Taking
into account the temporal factor when monitoring the carbon budget allows identifying a
number of processes in the dynamics of carbon sequestration that cannot be estimated in a
single study. To address this issue, data from permanent sample plots have been analyzed in
2011 with repeated measurements in 2023. The sample plots are located on the abandoned
farmlands on the border of the Krasnoyarsk forest-steppe area. The dynamics of the process of
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overgrowth and development of plantations has shown that as the abandoned farmlands form,
in addition to the dominant Scots pine (Pinus sylvestris L.), silver birch (Betula pendula Roth)
and aspen (Populus tremula L.), Siberian larch (Larix sibirica Ledeb.), Siberian spruce (Picea
obovata Ledeb.) and goat willow (Salix caprea L.) are also found. The dynamic process of
pine abandoned farmlands has been established over a period of 15 to 27 years after land
abandonment. The mixed plantations of various successional origins have ranged in age from
10 to 30 years old. Various processes have been observed in the research plots in terms of
changes in the density of abandoned farmlands (overgrowth, thinning). The reforestation of
abandoned farmlands occurs from the forest border and at a distance of up to 50 m continues
after 30 years. The abandoned farmlands are characterized by various forms of overgrowth:
clumps, biogroups, complete and by single trees. The average quantitative assessment has
shown that that the most intense changes in height, diameter, height to the crown base, height
to the largest crown width, and crown diameters have occurred in the test area where the
minimum density has been observed, which has been decreasing dynamically. In the plot
with the maximum density, morphological indicators have been characterized by an average
increase. Minimal changes have been recorded in the sample plot where the density has
increased significantly over 12 years. The growth rate of trees of the same diameter in height
has been greater in 2023 compared to 2011. It is possible that this has been influenced by a
combination of external and internal factors, including climate change. To assess the carbon
productivity of forest stands growing on the abandoned farmlands, it is advisable to use
regression equations developed for a specific area. The results of the study of the dynamics
of carbon sequestration by young forests growing on the abandoned farmlands indicate the
feasibility of using postagrarian lands for the implementation of forest climate projects.
Keywords: abandoned farmlands, postagrarian lands, overgrowth dynamics, overgrowth of
the abandoned farmlands, forest inventory indicators, forest stand productivity
Acknowledgements: The research was carried out within the framework of the state assign-
ment of the Ministry of Science and Higher Education of the Russian Federation for the
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Beeoenue

B nacrosiiiiee BpeMsi cepbe3HOM MPOoOIeMOil SBJISETCs 3apacTaHre APEBECHO-Ky-
CTaPHHUKOBOW PACTHTEIHLHOCTBIO OBIBIINX arpapHbIX 3eMellb, KOTOPBIE TI0 OOJIbIIEH YacTr
B KOHIIE 90-X IT. OKa3aJIMCh HEBOCTPEOOBAHHBIMH JIJTsl BEJICHHS CETHCKOTO X035ICTBRA.

[To MHEHWMIO psiia aBTOPOB, MPOIIECCHI 3apacTaHus, JECOBOCCTAHOBICHUS FIME-
0T pa3HbIe CKOPOCTb M HUKIUYHOCTD [4, 8, 21-23]. Tak, E.A. JlomHuHa ¢ coaBT. [§]
Ha OCHOBE aHAJIM3a CIYTHUKOBBIX CHUMKOB YCTAaHOBUJIH, YTO 3apacTaHue mocTarpap-
HBIX TUIOLIAJCH TPOXOAUT HEOAHOPOAHO (TeTeporeHHo). EcTecTBeHHOE BO30OHOB-
JICHHE Ha 3aJie’Kax MaJlol TUIOIAAN OAHOBPEMEHHOE, a Ha OOJIBIINX TEPPUTOPHSIX —
UJET OT CTEeHBHI JIEca, CO BpEMEHEM IMOCTENIeHHO yAAssACh OT Hee. [Ipu3Haku arporeH-
HOTO BO3ICHCTBHSI HA 3AJICKHBIX 3eMIIIX coxpaHsroTcs a0 S50 et [19].

B wmccnenoBanny MporeccoB 3apacTaHusl MOCTArpapHBIX 3eMeNb OOJBIIYIO
POJIb UTPAET YYET CYKIIECCHMOHHOIO pa3BUTHsI pacTtuTenbHocTH [5—7, 11, 14]. Ilpu
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BBIpAIIMBAHUN BBICOKONPOAYKTHBHBIX JPEBECHBIX HACAKICHUN Ha OBIBIIUX CEJlb-
CKOXO3SMCTBEHHBIX TUIOLIAIMX HEOOXOAMMO MPHUHUMATh BO BHHUMaHHE psia (axTo-
POB: DKOJIOTO-JIECOBOACTBEHHBIE 0COOCHHOCTH APEBECHOM MOPOJIBI, IOYBEHHBIE YC-
JIOBUSL MecTonpou3pacTanus [7]; miomanb, IyCTOTy, BO3pacT U 3amac (uromaccsl
npeBecHON pactutenbHOCTH [14]. TakcanmoHHBIE TMOKazaTenw (GOPMHUPYIOLMIUXCS
JIPEBOCTOEB 3aBUCSAT OT YAAJICHHOCTU MaTepuHCKOro mosora [11].

B mpouecce ecTeCTBEHHOTO JIECOBOCCTAHOBJICHUS 3aJISKHBIX 3e€Mellb HEe0O-
XOOUMO YACTSITh BHUMAHHE COXPAHCHHMIO M OLIEHKE COCTOSHHS HACaXICHHHA 3THX
tepputopuii [1, 10, 12, 17]. 3HaunTeNnbHy0 poib B TAKOM MOHUTOPUHIE UTPAIOT Me-
TOZABI AUCTAHUMOHHOTO 30HAMpoBaHus [12]. Ilpu dopMupoBaHMN Haca)KACHUH Ha
3aJIeKHBIX 36MJISIX CYIECTBYET BBICOKAsi OMACHOCTD MATOTeHHBIX 3a0oneBanui [10]
U JIECHBIX TIoXkapoB [17].

[To mepe pocTa u pa3BUTHS HACAKACHUN HA TIOCTArpapHBIX TEPPUTOPHIX BCE
OCTpee CTaHOBUTCS TMpoOiieMa OIEHKH MPOAYKTUBHOCTH apeBoctoeB [1-3, 9, 25,
26]. JImst cOCHOBBIX MOJIOJHSIKOB 3aJIS)KHBIX 3€MeJb XapaKTepHa BBICOKas T'YCTOTa,
KOTOpasi OMpeeNsieT CTPYKTypy BCETO IPEBOCTOA. B CBSI3M C 3THM C II€NBI0 TOBHI-
[ICHUS] TPOJYKTUBHOCTH YUCTHIX COCHSKOB HEOOXOJMMO CBOEBPEMEHHO IPOBOIUTH
pyoxu yxona [1]. ITo marasiM JI.B. ToyGeBoii ¢ coaBT. [2], mocTarpapHbIe COCHOBBIC
HacakaeHusi, C(hOPMUPOBAHHBIC HA 3ajIeXKax Bo3pacToM Oojsiee 40 JeT, MHTEHCHBHO
pacTyT ¥ UMEIOT ONIM3KOe K HATUBHBIM HACAXKICHHUSIM Ka4eCTBO JPEBECUHBI.

BaxxHy1o (GyHKIIHIO 3aJI€KHBIE 36MITH MOTYT BBITTOJIHATH TIPH PEATN3AIIH JIe-
COKJIMMAaTHYECKHUX MPOCKTOB U 00ycTpoicTBe KapOoHOBBIX depm [18, 20, 24, 27].
A.A. PomanoBckast ¢ coaBT. [20] oTMedaroT, 4To 00IIas MIomaas HoCTarpapHbIX
3emens B Poccuiickoit @enepamnmu coctapiset 21,6 MIIH ra, Ipu ’TOM MaKCHMaJTb-
Hasl aKKyMYJISLUs yTIIepo/ia HaOMroaeTcsl B IICHTPAIBHBIX 00IaCTAX eBPOIeHCKOM
yactu Poccun, Ha tore Bocrounoit Cubupu u Jlaneaem Boctoke. C Touky 3peHus
CMSITUCHHSI KIIMMATHYECKUX M3MEHEHHH, 0 MHEHHIO psifia yUeHBIX, 9D (EKTUBHBI
cuctemsbl arpoisiecoBojctsa [31, 34]. [Ipu co3gaHuu kapOOHOBBIX (GepM HeoOXo-
JIUMO YUUTHIBATh Pl (PaKTOPOB, KOTOPHIE aKTyalIbHBI JIJIS TOCTATPAPHBIX 3€MEINb:
CBOIICTBO TEPPUTOPHUH, IIIIOAOPOANE 3eMIIH, (POTOCHHTETHIECKUN TTOTEHIHAT pac-
teHui [16].

AHam3 COCTOSHUS BOITPOCA TI03BOJISIET KOHCTAaTUPOBATh, YTO BPEMEHHOM (paK-
TOp SIBISAETCS] JOMUHHUPYIONIUM JJIsI TIPOIIECCOB JIECOBOCCTAHOBJICHHUS, COCTOSHHS |
pocTa hopMUPYIOIITIXCS Ha 3aJISKHBIX 3eMIISIX HaCOKICHUN. MIcXoms u3 3Toro, 1ebio
JTAHHOTO FICCIIEOBAHNS CTAJI0 M3y4YeHHE BO3PACTHBIX M3MEHEHNH (IMHAMHUKH) OroMe-
TPUYECKHX M YIJIEPOAHBIX IMOKa3aTeNeil JPEeBOCTOEB Ha TAKUX 3EMIISIX.

Obvexmbl 1 Memoovl UCCAe008AHUSA

[Ipoanam3upoBanbl AaHHBIE § MOCTOAHHBIX MpoOHBIX Twiomaneit (I1IT), pac-
TIOJIOKEHHBIX Ha 3ajekax Ha rpanune apeana KpacHosipckoit mecocrerm, B 2011 T
C MMOBTOPHBIM 0OMepoM B 2023 . Yuer BpeMeHHOTO (hakTopa B MPOIIECCe MOHUTOPHH-
ra OlomKeTa yriepoaa MO3BOJISIET BBISIBUTH P/l IIPOLIECCOB TMHAMHKHU JICTIOHUPOBAHHS
yIieposa, KOTopble ObUI0 ObI HEBOBMOYKHO TPOHAONIONATH B CITydae OJHOKPATHOTO HC-
cnenoBanust. O0Iee MpencTapieHne O pa3BUTHH HACAXKICHHUH J1aeT MX TaKCAlMOHHOE
ommcanne (tabm. 1). Jlmmammka mporecca pocta BbisBIeHa Ha 3 yuyactkax (I1T1-1-3).
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B ocHoBy uccnenoBanuit kak B 2011 1., Tak u B 2023 I. OJ0XKEHBI METOJUKA JICH-
TOYHOTO I[epeueTa U HU3MEPEHHE OCHOBHBIX MOP(DOIOTHYSCKUX IOKa3aTesei
VYETHBIX PACTYIIUX JIEPEBHEB IO CTYMNECHSIM TONIUHBL Kpome 3Toro, Ha Kaxmou
3 3 TPOOHBIX IUTOMIAAEH OTOOpaHBI MO 3 MOAENTBHBIX JepeBa IS OIECHKH (UTO-
MacChl OTJENBHBIX (DPaKiUii B COOTBETCTBHH C OOMIEHPUHATON MeToamkoit [15].

C HCcnonb30BaHUEM JAHHBIX U3MEPEHUM MOJAEIBHBIX JEPEBHEB MO CTYIEHSIM
TOJIIIUHBI BBHITIOTHEH CTATUCTUYCCKUM aHAU3 C OLICHKON TOUEUHBIX MEPUOTUYCCKIX
CpeaHUX apu(PMETHUYSCKUX IOKa3aTesei, XapaKTepu3yoX TUHAMUKY PacTyIIUX

nepeBneB (Tabm. 2).
A

b
l:lrlﬂ(:)zx - ‘l;tl]i4_” >

rae bI1,, bII, , — cpeqHue OMOMETpUYECKUE TIOKa3aTeIH IEPEBbEB TEKYIIIET0 BO3pac-

Ta U JIEPEBBLEB 11 JIET Ha3aJ.
TabOnuna 2

Cpennss nepuognyeckasi AMHAMUKA MOPGOI0rnuecKuX nokasaresei
MOJeJIbHBIX AepeBbeB cocHbI (2011-2023 rr.)
The average periodic dynamics of the morphological parameters
of model pine trees (2011-2023)

Beicora JluameTp KpoHBL, M
i Ton Huaverp, JepeBa, | Hauama kpoHsl, | M oKCAMATEHO=
croK oM II)VI ’ iy POHEL | 1y JuaMerpa C-10 3-B
KPOHBI, M

2011 | 8,0£0,90 | 6,4+0,33 | 2,8+0,16 3,840,226 | 2,5+0,38 | 2,5+0,39
2023 | 924121 |8,440,63 | 3,4+0,32 5,7£0,50 | 2,4+0,21 | 2,6+0,26

[I1-1
Ausa- |y g 1,31 121 1,50 0,96 1,04
MHKaA
2011 | 5,120,67 |3,940,18 | 1,6+0,15 2240,18 | 1,740,13 | 2,040,20
Ly | 2023 [ 107149 |9,6:0,70 | 4,9£043 6,740,61 | 3,5+1,02 | 2,5+0,21
Amsa- |5 1 2,46 3,06 3,05 2,06 1,25
MHUKa
2011 | 4,4+0,53 |3,3£0,29| 0,3+0,03 1240,13 | 1,3+0,08 | 1,2+0,07
s | 2023 [ 12,3122 | 9.84041 | 3,540,32 6,9+0,32 | 2,8+0,28 | 2,7+£0,26
Auma- |5 o) 2,97 11,67 575 2,15 2,25
MHKaA

IIpumeuanue: OueHka BBHIMOJIHEHA IPU YPOBHE JOBEpUTENBHON BeposiTHOCTH 95,4 %. Bee
3HAYEHMs] CTATHCTUKH J10CTOBEPHBI 110 KPUTEPHIO CTHIONCHTA, OCKOMBKY t,> t

Tabn*

W3meHeHust BBICOT JIEPEBBEB IO TMAMETPaM yCTaHABIMBAINCH HA OCHOBE perpec-
CHOHHOI'0 aHaJIM3a ¢ MPUMEHEHUEM 2-TTapaMETPUIECKOTO HETMHEWHOTO YpaBHEHHS:

3
H=13+ d j,
(a+bd

rjae H — BeIcOTa JiepeBa, M; d— tuameTp Jepesa Ha Beicote 1,3 M, cM; a, b — koaddu-
LIUEHTBI YPaBHCHUSL.
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Bribop metona oOyciosieH uccnenoBanusmu A.B. Jlebenesa [13], koTopblit
CUMTACT, YTO M3 METOJa MHOXeCTBa (DYHKIUH, OTPaKAIOIINX CBS3b BBICOT M JHa-
METpOB, HauboIbllee pacnpocrTpaneHue monyyrna ¢yHknus Nislund. O6paborka
MaTepuala BBITONHUIACh B TporpamMmax Excel m Statgraphics ¢ mcmonp3oBaHueM
MPOLEAYP CTATUCTUYECKOIO U HETMHEHHOT0 aHaIn3a.

Pesynomamul uccnedosarnus u ux oocysicoerue

JlaHHBIC O MUHAMEKE TIpOIlecca 3apacTaHusl W pa3BUTHS HacaxmeHuid (2011—
2023 1T.) ToKazaim, 9To 1o Mepe GOpPMUPOBAHUS 3aIekKeH KpoMe JOMHHHUPYIOIIHX CO-
cHbl (Pinus sylvestris L.), 6epessl (Betula pendula Roth), ocunst (Populus tremula L.)
MpHUCYTCTBYIOT JiucTBeHHUNA (Larix sibirica Ledeb.), enb (Picea obovata Ledeb.) u
uBa (Salix caprea L.). MOXXHO KOHCTaTUpOBaTh, YTO B MpoOIlecCce 3apacTaHus Gop-
MHUPYIOTCSI KaK YHCThIE COCHOBBIE, TaK W CMEIIAHHBIC HACAKCHMUS, Pa3InIHbIC TIO
COCTaBy U MpoucxoxaeHuro. JIpeBocron nmemnu Bo3pact ¢ 10 mo 30 sret. Ha ygactkax
¢ ¢uKCHpOBaHWEM M3MEHEHMI Toka3areneid B 2011 r. HacaxaeHHS XapaKTepru30Ba-
nuck Bo3pacTtoM 15 net, a B 2023 . — 27 net.

Ha nmpoOHbIX y4acTkax HaONIOmamuch pa3iuyHble MPOLECChl M3MEHEHHS Ty-
CTOTHI 3aJIeXxel (3apactanme, n3pekupanne). Ha III1-1 ryctoTa Bo3pocha (mporecc
3apacTaHWs), YTO BBIPA3WIOCH B HE3HAYWTEIFHOM YBEIMYCHWH CPEIHUX BBICOTHI
(6,0-8,8 M) u auamertpa (7,1-8,8 cm). IIpu sTOM cymMMma mIoImIaAei NONEPEeYHOro ce-
YEeHHUs yBeJIMUWIach Oosee yeM B 2 paza (24,79-50,37 m¥ra). Ha I1I1-2, 3 HaGmromna-
JIOCh CHMYKEHHE TYyCcTOTHI (M3pekuBanue). Ha I111-2 mpu qocTatoqHo BHICOKOM TyCcTOTE
(82409465 t./ra) abconroTHas MOIHOTA Bo3pocia 3a 12 ser moutu B 3 paza (17,00
50,37 m?/ra). Ha I1I1-3 npu Huskoit rycrore (1880-2154 mit./ra) cymma mioniaiei ce-
YeHN! JIepeBbeB yBeNn4YmIIach oomee 4yem B 15 pa3 (2,98-30,41 m?/ra), HO IpH 3TOM
He pocturia Makcumyma (50,37 m/ra).

Cocusiku xapakrepusytorces 1 kimaccom 6onutera. [Ipu HEOOBIION I'yCTOTE U
MPOTEKAaHUH MPOIlecca U3PEKUBAHNST MOJIOIHSIKN MOTYT gocTtrrarh 11 kiacca 6oHu-
Tera. JINCTBEHHBIE APEBOCTOM (OCpE3HAKH) Ha 3ajeKax C OIaronpusTHEIMH YCIOBH-
SIMH TIPOU3PACTaHUsI COOTBETCTBYIOT | Kitaccy OoHUTETA.

Tunonornyeckasi CTpPyKTypa MEHsUIaCh OT MEPTBOIIOKPOBHBIX MM BEHHHKOBO-
PasHOTPaBHBIX COCHSIKOB JI0 pa3HOTpaBHBIX. [Ipouecc 3apactaHust 3ajiexel mpouc-
XOJIUT OT CTEHHI Jieca U MpH paccTosHUM 10 50 M nponomkaercs mocie 30 ner. [ng
3aJieKel XapakTepHbl Bce (DOPMBI 3apacTaHus: KypTUHHAS, OMOTPYIIIaMHK, CIUIONI-
Hasl, OTMHOYHBIC IEPEBBSI.

DHJIOTEHHBIE W 9K30T€HHBIE YCIIOBHS OKa3bIBAIOT BIUSHIE Ha MOp(hoIornie-
CKYIO CTPYKTYPY MOJIOJTHSIKOB.

CpenHss KoIn4ecTBEHHAs OLICHKA MOKa3bIBaeT HanOoee HHTEHCUBHBIC H3Me-
HEHHS BBICOTHI, IMAMETPa, BEICOTHI Hayasia KPOHBI, BEICOTHI MAKCUMAaJILHOTO JHaMe-
Tpa KpoHbI U quameTpoB kpoH Ha [1I1-3, rne Habmromanack MUHUMalbHAS TYCTOTA,
KoTOpas B AuHamMuke ymeHnbinanach. Ha III1-2 rycrora siBnsiiack MakCUMaibHOM CO
CHIDKEHUEM B JMHAMUKE, TIPA STOM MOP(HOJIOTHIECKHE TTOKA3aTelll XapaKTepru30Ba-
JIUCh CPEAHHUM MPUPOCTOM. MHUHMMAaNbHBIE U3MeHeHHs 3adukcrpoBanbl Ha [111-1,
e TYCTOTa 3HaYMTEeNbHO Bo3pocia 3a 12 net. CpeHue nokazaTeay J0CTOBEPHBI IO
kputepuio CThIO/IEHTA.
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BuzyanbHOe W3MEHEHHE pacIpeiielicHUsl JCPEBbEB IO CTYMCHSIM TOJIIIUHBI
MPE/ICTaBICHO Ha puc. 1. BuaHo, 4To psifibl cTaHOBSTCS Ooliee pacTsIHYThIMH C Hada-
J1I0M (POPMHPOBAHHUS IepeBheB cienytomero moxonenus (I111-2, 3). B pe3ymnbrarte naxe
B YCJIOBUSIX CHIDKCHUS TYCTOTBI B OKHAX TTOJIOTa ITPOJIOJKACTCS 3apacTaHue.

35 1
30 A

Yacrora, 1IT.

CTyneHb TONIIMHBL, CM

Puc. 1. Jlunammka CTpPYKTyphl cO-

CHOBBIX MOJIOJHSKOB IO CTYICHSIM

tomuuHsl (2011-2023 rr): a — I1I1-1;
o — II1-2; ¢ — I1I1-3

Fig. 1. The dynamics of the structure

of young pine stands by diameter class

(2011-2023): a — SP-1; 6 — SP-2;
6 —SP-3

Yacrora, mT.

CTyl'leHh TOJILUHBI, CM

0

2023

Yacrora, wr.

4 A | @ 1 2
2 4 6 8 10 12 14 16 18 20 22 24 26 28
CTyneHb TOJIIHHBI, CM

8

I/IHTepeCHBIM C TOYKHU 3PpCHHUA OLUCHKU NUHAMHUKU 3apaCTaHUA ABJIACTCA U3Yy-
YeHHE 3apaHee U3BECTHOM 3aKOHOMEPHOCTH B COOTHOILCHHU BBICOT M JIMAMETPOB
JepeBbeB. B mociemHue Topl MOMYYWIA PAcpOCTPAHCHHE CMEIIaHHBIE MOJCIH
[28-30, 32, 33].

OrieHKa TMHAMUKH POCTa HA OCHOBE JIMHUU PErpeccHil BHIMTOIHSIACH C yUe-
TOM KJTACCHYECKUX MaTeMaTWYeCKUX MOJeJeH, UCTIONb3YEMbIX U BU3yaTH3alllu
Jrarpamm BeIcoT. Ha puic. 2 n300pakeHbl IMHAKA COOTHOIICHUS BHICOT U INAMETPOB
B pasHbIe BpeMeHHBIe oTpe3ku (2011 u 2023 ).
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Puc. 2. CooTHOmIIeHNE BBICOT M TUAMETPOB JICPEBHEB
COCHBI B ycIoBHAX 3anexeit (2011-2023 rr)

Fig. 2. The ratio of heights to diameters of pine trees growing
on the abandoned farmlands (2011-2023)

B 1abin. 3 mpencraBieHbl TEOPETUUESCKUE M SMIUPUUYCCKUE MOICIH, JIEMOH-
CTPUPYIONTHE Ha OCHOBE JAHHBIX O THAMETPaxX POCT BBICOT JEPEBHEB COCHBI HA 3a-
JIKHBIX 3eMJiax 3a nepuojg 2011-2023 rr.

Tabauna 3

PerpeccroHHble ypaBHEHHS BBICOT COCHBI M X OL[€HKA € Y4eTOM IHAMETPOB JiepeBbeB
U roja HadJII0IeHUI
The regression equations of pine tree heights and their estimation in relation
to the diameters of the trees and the year of observation

Yyactok Ton Ommpueckoe R2 m KIFy K,
YpaBHECHUEC

2011 H=1,3+(d/(0,608 +0,497d))* |77,6| 0,4 1,1

TII1-1 Cnabas
2023 H=1,3+(d/(0,863 +0,410d))* |[93,0| 0,5 2,6
2011 H=1,3+(d/(0,378 + 0,647d))* |57,3| 0,3 1,0

MI1-2 YmepeHHas
2023 H=1,3+(d/(0,713+0,411d))* | 88,7| 0,7 | 2,8
2011 H=1,3+(d/(1,350 + 0,483d))* |88,8| 0,3 2,1

TII1-3 Cnabas
2023 H=1,3+(d/(0,693 +0,427d))* |80,3| 0,6 | 2,5

[Mpumeuanue: R2 — koadduiuent mperepmunanuu, %; m — OCHOBHAs OIIMOKA, M; Ky -
koddunuent [apouna—Yorcona; K, — xoapduuuent aproxoppemtuun. Koadduimenrs:
ypaBHEHMI 3HauuMbl, MOCkoiabKy p < 0,05. Ilapamerpsl ypaBHEHHH MOIy4YeHbl C
UCTIONIb30BAaHNEM METOZA UTEPALH.

KoappunmenT nerepmunanmm ypaBHeHUH MeHswics oT 57,3 mo 99,0 %, T. e.
WX aJIeKBaTHOCTb JIOCTATOYHO BBICOKast — >50 %. OcHOBHas ommbOKa HE MpeBhICHIA
0,7 m. Koappuument Japouna—Yorcona — 1,0-2,8; 3T0 rOBOPUT O MOJIIOKHUTEILHON
aBTokoppersiuu. CBs3b MEX/y BHICOTAMH psijia c1ab0o-yMepeHHasi U He YKa3bIBaeT
Ha BJIMSHUE OTNEIBHOTO (pakTopa.

Crnemyer OTMETHTD, 4TO IIpu MakcuMaibHOU ryctote (I111-2) B 2011 1. HaGmio-
JTAETCsI DIMMMUHAIUS IEPEBHEB CTAPIINX PAHTOB.

Bo Bcex citydasix BbIcOTa JiepeBbeB OHOTO quamerpa B 2023 1. Gosnblie, 4eM
B 2011 . (ansa [I1-1 pazauma 2,5 m; mrst T1-2 — 2,8 m; qorst TIT1-3 — 2,2-4,0 m). IIpu
atoM Topko Ha I1I1-1 mabmiomanock yBenmmdaenue ryctotsl, Ha I1I1-2, 3 mioTHOCTH
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CHIDKaJach MPU MHTEHCUBHOM POCTE aOCOMIOTHON MOJTHOTHI. BO3MOXKHO, ckazaics
3aMENJICHHBIM POCT ONMHOYHBIX JCPEBHEB HA MEPBUYHOM HTAre Pa3BUTHS COCHS-
koB. Takum oOpas3om, ¢ ompeaeneHHON J0Jei BEPOSATHOCTH MOXKHO YTBEpPXKIaTh,
YTO HAa POCT MOJOIHSIKOB OKA3bIBAIOT 3HAYUMOE BIWSHUE W BHEIIHHWE (haKTOPHI, B
T. 4. KJIMMaTHYE€CKUE U3MEHEHHS.

st OIIeHKH yIepoAHON NPOAYKTUBHOCTH COCHOBBIX MOJIOJHSIKOB BBHIMOJTHEH
MOJICPEBHBIN pacueT yriepoa JUis Bcel Ha/I3eMHOY OMOMACCHI JIepeBa B KIJIOTpaMMax
abcomoTHO cyxoro Beca. C 3TOM IIEJIbI0 HCIIOJIb30BAIKCH PErPECCHOHHBIC MOJICIH,
TIpeNICTaBICHHBIC B «METOIUKE KOIMIECTBEHHOTO ONpeeICHIsI 00beMa MOTTIOMCHUN
MApPHUKOBBIX Ta30B», YTBEPKIIEHHOM nprkazoM Munnpupoasl Poccuu ot 27 mast 2022 .
Ne 371. B o61miem Buzie SMIMpUYEcKOe YpaBHEHHE JUIS IEPEBbEB COCHBI BBITVISITUT TaK:

C,=0,5%(0,0217a*H)*817,
rae 0,5 — ko3 punmeHT nmepecuera OMOMACCHI B YIIIEPOIHBIC €AUHHUIIBL.
Bropoe ypaBHeHHE TIOTy4YEHO ISl COCHOBBIX MOJIOJIHSIKOB, MIPOU3PACTAFOIIMX Ha
3aJIeKHBIX 3eMIIsIX Ha rpanuiie KpacHosipckoit tecoctenu (11 pa3psii mpomyKTHBHOCTH):
C,=0,5-0,3773(0,309d)>2s1.
Pesynbrarhl pacyeToB mpejicTaBiIeHb! B Ta0. 4.

TaOnuna 4
JlnHaMHKa yIJ1epoHoi NPOAYKTHBHOCTH COCHOBBIX MOJIOTHAKOB 3asexu (2011-2023 rr.)
The dynamics of carbon productivity of young
pine stands growing on the abandoned farmlands (2011-2023)

aneponHaﬂ MPOAYKTUBHOCTb COCHSIKOB,
VaacTox I PaccrosiHne TC - ra’!
cTo ox OT CTCHBI JIECa, M
C, G, Pazuuna, %
2011 20,22 33,43 +65,3
TIT1-1 2023 34,36 43,35 +26,2
25-55
IIpupocm, % +69,9 +29,7 -
TI1-2 2011 8,88 21,21 +138.5
2011 1,27 3,58 +181,9
I1I1-3 2023 100-105* 25,61 31,89 +24.,5
Ilpupocm, % +1916,5 +790,8 -

*buorpynma ¢ HoC/Ieay oM 3apacTaHHEM.

JlaHHBIE TOKa3bIBAIOT, YTO UCIIOJIB30BAHUE PETPECCUOHHBIX YPaBHEHHM, OTpa-
JKAIOIMX MECTHBIC YCIOBUS MPOU3PACTAHHS, TIO3BOJISIET 0OJIee TOUHO OLIEHUTH MPO-
QYKTHUBHOCTh KOHKPETHOTO y4yacTKa. Bo Bcex ciydasx sMIHpHYECKOe ypaBHEHHE
st pacyera C, B 3HAYUTENIBHON CTETICHH 3aHIKAET OLCHKY YIIICPOAHON NPOAYKTHB-
HOCTH COCHOBBIX MOJIOAHSKOB. DakTHyeckoe AEOHUPOBAHNE YIIEpoJa 3a MEepUoOL
2011-2023 rr. Bo3pocno wHa [1I1-1 B 1,3 pa3a, a va I[1I1-3 — B 8,9 paza. Ha III1-3 nep-
BoHavyasbHO (2011 1) mepeBws pocnu Ouorpynmamu, B 2023 T. BBISBICHO CIUIOIIHOE
3apacTaHue, YTo U 0ObSCHSET TaKOH WHTEHCHBHBIH POCT.
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Bbi6oowl

1. CocTaB YHCTBIX COCHOBBIX MOJIOJTHSIKOB Ha 3aJleXkKax C TOJaMH MPaKTHIECKU
HE MEHSETCS, MOSBIISIOTCS. B HEOOJIBIIIOM KOJIMYECTBE JACPEBbs JIMCTBEHHHUIIEL. J[pe-
BOCTOM JIOCTATOYHO Pa3HOOOPa3HBI [0 COCTABY M MMPOUCXOMKICHUIO.

2. JluHamMuiKka TYCTOTBI MOJIOJHSKOB pPa3HOHAIPABICHHA B 3aBUCUMOCTU OT
KOHKPETHBIX YCIOBHM (M3pE)KUBAHUE MTEPETYIIICHHBIX YIACTKOB; CIUIONTHOE 3apacTa-
HHE yYaCTKOB C OHOTPYIIITaMH).

3. BHe 3aBUCHMOCTH OT I'yCTOTBI MOJIONHSIKY 32 12 JIeT B 3HAUUTENILHOM CTENEHU
YBEIMYMIN a0COTIOTHYO MOMHOTY (B 3—15 pa3z), 4To TOBOPUT O MEPCHEKTHBHOCTH HC-
TMOJIb30BAHUS JAHHBIX TUIOLIAICH C LETIbIO PeaTn3alliy JICCOKITMMATHICCKUX MTPOSKTOB.

4. Ilpouecc 3apacTaHus 3ajlekeil MpoaoHKaeTcs, Ha YTO YKa3bIBaeT aHaU3
JMMHAMUKH CTPOCHUS MOJIOHSIKOB TIO JTHAMETDY.

5. IHTEeHCHBHOCTH pOCTa JIEPEBHEB OJHOTO TUAMETpa B BHICOTY OObIIe B
2023 r. B cpaBHeHuu ¢ 2011 . Bo3MOXXHO, Ha 3TO OKa3bIBA€T BIMUSHHE KOMILJIEKC
BHEIIHHUX ¥ BHYTPEHHUX (DaKTOPOB, B T. Y. KIIMMaTHUECKHE U3MEHEHHSI.

6. Mcnonb30BaHue perpecCUOHHBIX HETMHEHHBIX MOZIeTIeH MO3BOJISIET ONPEICTUTh
MIPUPOCTHBIC BBHICOTHI C YUETOM TMAMETPOB U BPEMEHHBIX U3MEHEHHI B POCTE IEPEBBEB.

7. Cpenusiss KOMHYECTBEHHAS OIICHKA IMOKa3ajia, 9To HamboJiee MHTCHCUBHBIC
WM3MEHEHHs BBICOTHI, AMAaMETpPa, BHICOTHI Ha4ajla KPOHBI, BBICOTHI MaKCHMAaJbHOTO
JramMeTpa KpoHbBI M IaMeTPOB KPOH MPOM30IILIN Ha IPOOHOH TIJI0IIa T, T/Ie HAOIIo-
JlajJach MUHUMAaJbHAs I'yCTOTa, KOTOpasi B JUHAMUKE YMEHbIIAJACh.

8. lnsa ompezeneHus yriepogHol MPOAYKTUBHOCTH APEBOCTOEB 3aJeKeH Iie-
JIECO00Pa3HO IPUMEHSITh MECTHBIC PETPECCHOHHBIC YPABHEHUS, KOTOPHIC ITO3BOJISIOT
0o0J1ee TOYHO OLICHUTh NHTEHCHBHOCTD JCTIOHUPOBAHUS YIIIEPOAa B CPABHEHUH C 00-
IEPOCCUUCKON METOIMKOM.

9. UccrnenoBanmne MUHAMHKH JETIOHUPOBAHMS yTIIEPO/ia MOJOMHAKAMA Ha 3a-
JISKHBIX 3€MIIIX yKa3bIBaeT Ha I1€JIeCO00Pa3HOCTh MCIOIB30BaHUS MOCTArPapHBIX
3eMellb JUIs peaau3alny JECOKIUMATUYECKIX MTPOCKTOB.
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Abstract. The quality of forest crops significantly depends on the characteristics of the planting
stock. To obtain high-quality conifer seedlings, the process of container cultivation is used
and optimized and a double-cropping mode is introduced. The aim of this study has been to
conduct a comparative analysis of one-year-old containerized seedlings of Pinus sylvestris L.
according to morphometric parameters under a double-cropping regime under short growing
season conditions at high latitudes. The experiment has been carried out in a forest nursery in
southern Karelia, Russia. The duration of the first rotation (1rot) has been 146 days, the second
one (2rot) — 91 days, the control one (Orot) — 132 days. The following parameters of seedlings have
been determined: seedling height (SH, cm), root length (cm), bud length (mm), root collar diameter
(RCD, mm), tree dry mass (TDM, g), shoot dry mass (SDM, g), root dry mass (RDM, g) and
needle dry mass. The integral quality indices have been assessed, such as: shoot : root dry mass
ratio (SRR) = SDM/RDM, sturdiness quotient (SQ) = SH(cm)/RCD(mm) and Dickson Quality
Index (DQI) = TDM/(SH + SRR). The lowest values of seedling dry mass have been revealed in
the 2rot variant. For all variants, the difference between the mean SQ and DQI values has been
statistically significant at the p < 0.05 level. SRR was the lowest in the 1rot seedlings. The high
correlation coefficients between the TDM and RCD for all variants confirm the high significance
of the latter index. The results indicate the need to adjust the time regime and use additional
agricultural practices to obtain high-quality planting stock.

Keywords: Pinus sylvestris L., seedling quality, morphometric parameters, quality index,
DQI, forest nursery, double-cropping
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Annomayun. KauecTBO JECHBIX KyJNbTYyp CYIIECTBEHHO 3aBUCHUT OT XapaKTEPUCTHK
MOCaZ0YHOT0 MaTepuana. /[ MogydyeHHs KadyeCTBEHHBIX CESHIIEB XBOWHBIX MOPOJ
HCTIONB3YETCSI M ONTUMHU3UPYETCS MPOIlecC KOHTCHHEPHOTO BhIpAIIMBAHUS, BHEAPICTCS €ro
JIByXpOTalMOHBIN pexkuM. L{enbio uccnenoBanus 6bU10 MPOBEICHNE CPAaBHUTEIBHOTO aHAIN3a
1-7eTHUX KOHTEHHEPHBIX CestHIEB Pinus sylvestris L. 1o MOpHOMETPUYCCKUM MapamMeTpam
MPU JIByXPOTAIIMOHHOM DEXHME BBIPAIIMBAHUSA B YCIOBUSAX KOPOTKOTO BETETallMOHHOTO
Meprosia B BBICOKMX IIMPOTaX. DKCIEPUMEHT MPOBOAMIN B JIECHOM MUTOMHHMKE Ha IOTE
Pecniyonuku Kapenuu. [IponomkuTensHOCTh 11 BapuanTa 1-it potauuu — 146 qHeid, 2-i —
91 nens, s KOHTpOIbHOTO — 132 nHA. Ompeaensny napaMeTphbl CEsTHIEB: BBICOTY, JTHHBI
KOPHS M MOYKH, JUAMETP Y KOPHEBOH HIEHKH, CyXyI0 MacCy BCETO CEsHIa, ero Haa3eMHOI
4acTH, KOpHs, XBoU. OIIEHNBAIN HHTETpajbHbIC TTOKA3aTeIN KadeCcTBa: COOTHOIICHHUE CyXOi
Macchl Ha/I3EMHOM 1 TO3eMHOM YacTeil; Koo HUIMEeHT BBIHOCIMBOCTH, PABHBIH OTHOIICHHIO

© Pobonen E.B., Yeprooposkuna H.IT., Paesckwuii b.B., 3aiiniesa M.1., Henaesa K.I'., 2024
CraTbs OITyOJIMKOBAaHA B OTKPBITOM JOCTYIIC U pacipocTpansercs Ha ycnoBwsx Jmnensun CC BY 4.0


https://www.webofscience.com/wos/author/record/1027144
https://orcid.org/0000-0001-7926-8672
https://www.webofscience.com/wos/author/record/K-6120-2018
https://orcid.org/0000-0002-9716-003X
https://www.webofscience.com/wos/author/record/K-6424-2018
https://orcid.org/0000-0002-1315-8937
https://www.webofscience.com/wos/author/record/P-2238-2015
https://orcid.org/0000-0003-4209-2815
https://www.webofscience.com/wos/author/record/34937441
https://orcid.org/0000-0002-3283-4451
mailto:er51@bk.ru
mailto:chernobrovkina50@bk.ru
mailto:2003bk@bk.ru

52 «H3BecTHs By30B. JlecHoii skypHay». 2024. Ne 6

BBICOTHI CESIHIIAa K €r0 JIMaMeTpy y KOPHEBOH ILEHKH, a Takke MHJIEKC KayecTBa J[MKCOHa.
Camble HH3KHE MaccChl CESIHIICB BBISIBICHBI B BapuaHTte 2-M portauuu. PasHuia cpeaHux
K02(h(HUIMEHTOB BHIHOCIMBOCTH U MHJIEKCOB KauecTBa J[MKCOHA MEXly BCEMH BapHaHTaMH
OblTa cTaTHCTHYECKN 3HAaYMMOIt Ha ypoBHe p < 0,05. CooTHOIIEHHE CYXO0# Macchl HaJ3eMHOM
U TI0/I3eMHO#1 YacTel 0Ka3ajloch cCaMbIM HU3KHM Y CestHIEeB 1-i poraumu. Beicokue koaddu-
LIUEHTBI KOPPEISLUHI MEKIY Maccoil cesHIa ¥ JUaMeTpOM KOPHEBOMW IIEHKH ISl BCEX Bapu-
AHTOB TTOJITBEPIKIAIOT 3HAYMMOCTh MOCIIEAHETO IToKa3aresl. Pe3yiabTarsl CBUACTEIBCTBYIOT O
HEOOXOAMMOCTH KOPPEKTUPOBKH BPEMEHHOTO PEXKUMa M MCIOJIB30BaHUSI JTOMOIHUTEIBHBIX
arpoIpUeMoB JUIs IOTyYeHHUs Ka4eCTBEHHOTO 0CaJ04YHOT0 MaTepHana.

Kniwouesvie cnosa: Pinus sylvestris L., xauecTBO cesHIEB, MOP(HOIOTHIECKUE MTPU3HAKH, UH-
Jekc kauecTsa, DQI, siecHOI MUTOMHUK, ABYXPOTAI[IOHHOE BBIPAIIMBaHNE
bnazooapnocmu: Pabora BBHINONHEHA 3a cYeT CPEACTB (eaepanpbHOro OKeTa IIo
roc3anannio Kapenbckoro nayunoro nientpa PAH (Mucturyt neca Kapenabckoro HayqHoro
nentpa PAH).

/s yumuposanus: Robonen E.V., Chernobrovkina N.P., Raevsky B.V., Zaitseva M.I.,
Nelaeva K.G. Double-Cropping of Pinus sylvestris L. Containerized Seedlings under Short
Growing Season Conditions at High Latitudes // U3B. By30B. JlecH. xypH. 2024. Ne 6.
C. 50-65. https://doi.org/10.37482/0536-1036-2024-6-50-65

Introduction

The quality of the created forest plantations, especially at an early growth
stage, significantly depends on the planting stock characteristics [7, 10, 16—18, 20,
21, 31, 38, 43]. Along with increased growth energy, seedlings must have increased
resistance to unfavorable environmental factors [41]. By using high-quality seedlings,
it is possible to improve establishment and growth, as well as reduce planting density
and thinning costs. The process of growing containerized planting stock is being
actively implemented and optimized [5, 24, 34].

In the Republic of Karelia, containerized seedlings have been produced for
more than three decades. To ensure successful seedling establishment in the field,
understanding the impact of nursery practices on seedling quality is essential [29].

The modern practices of coniferous seedlings cultivation involve double-
cropping containerized seedlings in a single year [9, 15]. First-rotation sowing is
carried out with an increase in the duration of daylight, in the second rotation — with
the maximum duration of daylight [15].

However, in Russian mid-boreal forest nurseries, multi-rotation cultivation
poses challenges due to the short growing season and possible asynchrony of
environmental factors (decrease in temperature and photoperiod duration) suppressing
the shoot growth and triggering the process of apical bud formation, as well as the
development of stress resistance [3, 8, 15, 27]. There is a risk that the seedlings will
be unprepared for the stress of planting and winter conditions.

For Karelia, which is experiencing a shortage of coniferous seedlings for
reforestation, the intensification of the cultivation process is an urgent issue. Before
the widespread introduction of double-rotation cultivation, it is necessary to conduct
production testing of this regime under conditions of a short growing season, obtain
data on the morphometric parameters of seedlings and, based on an analysis of
the results obtained, draw a conclusion on the possibility of introducing the tested
regime or the need to adapt it to these conditions. It is important to identify which
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indicators may not meet the standard ones in order to effectively look for ways to adapt
the method. The most commonly used morphometric standards for seedling quality are
dry mass and linear dimensions of the whole seedling and its organs [18, 21, 25, 35].
Integral indices are widely used to assess the quality of seedlings of woody plants of
various species: sturdiness quotient (SQ), shoot:root dry mass ratio (SRR) and Dickson
Quality Index (DQI) [2, 13].

The aim of this study has been to conduct a comparative analysis of one-
year-old containerized seedlings of Scots pine (Pinus sylvestris L.) according to
morphometric parameters under a double-cropping growing regime under conditions
of a short growing season at high latitudes.

Research Objects and Methods

The Experiment Design. Double-cropping cultivation of one-year-old containerized
seedlings Pinus sylvestris L. was carried out in a forest nursery (in the village of Vilga,
southern Karelia, Russia, 61°82'N, 34°16'E) during the 2020 growing season. Scots pine
seeds of quality class 1 (germination rate of at least 90 %) harvested in the Medvezhy-
egorsk central forestry (62°55' N) have been used. The seedlings have been grown in
Plantek 81F rigid plastic trays (81 cells per tray, 546 cells per m2, cell volume 85 cm?,
depth 10 cm). The containers have been filled with a substrate consisting of slightly
decomposed high-moor sphagnum peat, dolomite meal and a complex fertilizer as the
main additive. Two seeds have been sown in each cell. After germination, one plant per
cell has been randomly retained and the rest have been removed. The seedlings have
been grown in a greenhouse according to a standard protocol with foliar top-dressing
with complex fertilizers and regular watering. The electrical conductivity of the sub-
strate during cultivation has been maintained at the level of 1.5-1.8 mS/cm. Fungicides
have been used to prevent mold infection.

In the variants of the first (1rot) and second (2rot) rotations, sowing was carried
out on May 2 and June 26, respectively (Table 1). The control variant (Orot — no rotation
within the season) was sown on May 16. Containers with the 1rot seedlings were moved
from the greenhouse to the hardening plot on June 20. Containers with the 2rot seedlings
were placed in the greenhouse on June 26. On August 25, they were transferred to the
hardening plot (Table 1). The cultivation of Orot seedlings in the greenhouse and in the
hardening plot has been carried out according to a standard protocol [43].

Table 1

The experiment design for growing one-year-old containerized seedlings
of Scots pine (Pinus sylvestris L.)

BV May | June | July | Aug | Sept | GS Sum over season
GGD/OGD, days TGD, days | TGD’, % | GGD', %
Irot | 30/0 | 20/10 | 0/31 | 0/31 0/24 50/96 146 111 34.25
2rot | 0/0 5/0 31/0 | 25/6 | 0/24 61/30 91 69 67.03
Orot | 16/0 | 30/0 | 31/0 | 25/6 | 0/24 102/30 132 100 77.27

Note: EV — experiment variants; GGD (numerator) — greenhouse growing duration; OGD
(denominator) — open growing duration; GS — growing season; TGD — total growing duration;
TGD,’ = TGD/TGD,,-100; GGD," = GGD/ TGD; 100; i — experiment variant.

Orot
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The Morphometric Methods. On September 24, 30 seedlings have been
randomly selected from each variant when froming a sample for morphometric
measurements. A total of 90 Scots pine seedlings have been selected. Each
seedling has been divided into stem, needles, bud and root. The root system
of the seedlings was washed with tap water to remove all soil particles. The
height from the root collar to the base of the terminal bud (SH, cm), root
length (RL, cm), bud length (BL, mm) and root collar diameter (RCD, mm)
have been measured in seedlings. The wet masses of seedling organs have
been determined gravimetrically, the water content (%) in the organs has been
determined, and the dry masses have been calculated for: the tree (TDM, g),
the shoot (SDM, g), the root (RDM, g), the needles (NDM, g) and the buds
(BDM, g). To quantify the quality of seedlings, the integral indicators are: SRR =
= SDM/RDM, SQ = SH(cm)/RCD(mm) and DQI = TDM/(SH + SRR).

The Data Analysis. Morphometric parameters of one-year-old Pinus sylvestris L.
containerized seedlings have been characterized by the mean + standard deviation
(SD), as well as minimum and maximum values depending on the growing regime
variant: lrot, 2rot or Orot. The data has been analyzed using one-way ANOVA to
indentify differences in the mean parameters between the three growing regimes.
The Tukey test has been used for pair-wise comparisons (as a posteriori test) of
growing regimes. All probabilities were tested at a significance level of 0.05.
The variables have been tested for correlations using the Pearson correlation analysis.
The Pearson correlation coefficients calculated for each pair of morphometric parameters
are presented in correlation matrices according to the experiment variants. Paired
linear regression analysis has been used to examine the relationship between variables.
A higher coefficient of determination (R?) has been used to select the best regression
models. To study the relationship between the morphometric parameters of the
seedlings and the time mode of the growing regime, normalized values of the total
growing duration (TGD') and the greenhouse growing duration (GGD') have been
used (Table 1).

The variables have been tested for correlation with the morphometric para-
meters of the seedlings. To study the dependence of the morphometric parameters
of seedlings on the time mode of the growing regime, multiple regression models
have been constructed with two explanatory variables of the form: y, = a + f-TGD," +
+ B-GGD + .

Results and Discussion

The Morphometric Parameters of the Seedlings. The SH in the control (Orot)
variant has been significantly higher than that in the 1rot and 2rot variants (Table 2).
The SH did not differ significantly between the 1rot and 2rot (o = 0.05), amounting to
64 and 72 % of the control, respectively.

The RCD has been significantly smaller in the 2rot variant compared to that in
the lrot one.

The masses of both the whole seedling and its individual organs have been
significantly lower at the 2rot variant compared to the 1rot and Orot ones (a = 0.05).
The mass of seedlings and their individual organs, with the exception of the RDM,
has had similar values in the 1rot and Orot variants.
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Table 2

The morphometric parameters of one-year-old Pinus sylvestris L. containerized seedlings
(mean £ SD; minimum and maximum values) according to the experiment variants

RCD, BL, mm RL,

EV | Value | TDM,g | SDM, g | NDM, g | RDM, g | SH, cm
mm cm

Mean | 1.05a 0.54a 0.43a 0.51a 6.3a 1.94a 6.70a 139a
+SD | 0.08 0.05 0.05 0.04 0.6 0.08 0.50 11
Min | 0.75 0.33 1.60 0.01 4.0 0.25 0.33 100
Max | 1.54 0.83 2.40 0.06 9.0 0.71 0.77 200
Mean | 0.62b | 0.39b 0.31b | 0.23b 7.3a 1.70b | 4.50b 188b
+SD | 0.05 0.03 0.03 0.02 0.5 0.07 0.40 17

1rot

2rot
Min 0.42 0.23 1.40 0.01 53 0.17 0.13 110
Max 0.83 0.55 2.10 0.01 9.2 0.44 0.35 290
Mean | 0.91a 0.57a 0.43a 0.34c 10.4b 1.82ab | 5.50c 139a
+SD 0.16 0.10 0.08 0.07 1.1 0.21 0.70 19
Orot

Min | 0.44 0.24 1.20 0.01 3.0 0.14 0.16 95

Max | 1.67 1.07 2.60 0.02 7.0 0.76 0.60 245

F-value* | 27.31 11.49 10.22 | 57.57 | 39.77 5.03 22.51 | 15.42
p-level 0.000 | 0.00004 | 0.0001 | 0.0000 | 0.0000 | 0.009 | 0.0000 | 0.0000

Note: Here and in Table 4 different letters indicate a significant difference between the vari-
ants as assessed using the Tukey test (o = 0.05); df = 77.

The Pearson linear correlation analysis has been used between all the observed
variables (Table 3).

Table 3
The Pearson correlation coefficients between the morphometric parameters
of one-year-old Pinus sylvestris L. containerized seedlings
according to the experiment variants (p < 0.05)

TDM | sDM | SH | RCD | BDM | BL | NDM | RDM

Irot

SDM 0.894 1.000

SH 0.010 [ 0.182 | 1.000

RCD 0.719 0.659 | 0.196 | 1.000

BDM —=0.002 0.073 0.042 | -0.090 | 1.000

BL -0.370 | -0.303 | —0.011 [-0.075| 0.056 | 1.000

NDM 0.842 [OWGEN| 0.150 | 0.540 [-0.022]-0.366| 1.000

RDM 0.791 0.433 | —0.229 | 0.547 |-0.103|-0,332| 0.371 1.000

RL 0.172 0.081 | —=0.029 | 0.091 |-0.073|-0.156| 0.036 0.235
2rot

SDM 1.000

SH 0.226 0.299 1.000

RCD 0.552 0.562 | 0.298 | 1.000
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The end of Table 3
TDM SDM SH RCD BDM BL NDM RDM
BDM -0.245 | -0.153 | 0.103 |-0.121| 1.000
BL -0.240 | —0.177 | =0.067 | 0.009 | 0.153 | 1.000
NDM 0.148 | 0.535 |-0.155|-0.115| 1.000
RDM 0.825 0.574 0.046 | 0.383 |-0.326|-0.274| 0.557 1.000
RL -0.100 | -0.123 | =0.146 | -0.043 |-0.233 |-0.116 | -0.116 | -0.034
Orot
SDM 1.000
SH 0.618 0.554 1.000
RCD 0.874 0.827 0.800 | 1.000
BDM 0.039 —0.030 | 0.374 | 0.144 | 1.000
BL 0.498 0.469 0.882 | 0.798 | 0.232 | 1.000
0.357 | 0.696 |-0.112| 0.284 | 1.000
0.660 | 0.865 | 0.145 | 0.497 | 0.783 1.000
0.439 | 0.187 | 0.266 | 0.275 |-0.006 | 0.249

Note: Here and in Table 5 the significance of the correlation between the parameters measured
is indicated by the intensity of the coloring.

A strong correlation has been found between the following indicators: the

TDM, SDM, NDM and the RCD. No significant correlation between the bud dry
mass and the RL with other parameters has been found in all the experiment variants.
The correlation coefficients between the variables in the 1rot and 2rot variants have
been lower than in the Orot variant.

The Integral Quality Indices. For all analyzed variants, the difference in the average
SQ values has been statistically significant at the level of p < 0.05 and has amounted to
57 and 72 % of the control for the 1rot and 2rot variants, respectively (Table 4).

Table 4

The integral quality indices SQ, SRR, DQI of one-year-old Pinus sylvestris L.
containerized seedlings (mean + SD) according
to the experiment variants

SQ SRR DQI
Value
1rot 2rot Orot 1rot 2rot Orot 1rot 2rot Orot
Mean 3.3a 42b | 5,8¢c 1.1a 1.7b 1.7b | 0.23a | 0.10b | 0.12¢
+SD 86 1 0.9 0.3 0.3 0.3 0.06 | 0.02 | 0.05
F-value* 46.67 33.07 62.5
Note: df ="77.

The SRR of the 1rot seedlings has been more than one and a half times lower
than that of the seedlings of the other two variants. The SRR values have been equal
in the 2rot and Orot variants. The DQI values for all variants have had significant
differences and ranged from 0.10 to 0.23.
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A high correlation has been found between DQI and the following variables:
the TDM, SDM, NDM and RCD, and a significant correlation with the SH in the Orot
variant (Table 5).

Table 5

The Pearson correlation coefficients between the integral quality indices SQ, SRR, DQI
and the morphometric parameters of one-year-old Pinus sylvestris L.
containerized seedlings according to the experiment variants

SQ SRR DQI

Irot 2rot Orot Irot 2rot Orot Irot 2rot Orot
TDM | -0.287 | =0.124 | =0.507 | 0.279 | 0.031 | -0.065 | 0.748 | 0.829
SDM | -0.109 | =0.054 | =0.514 | 0.671 | 0.366 | 0.137 | 0.484 | 0.670

SH 0.893 | 0.831 | 0.163 | 0.403 | 0.284 | —0.207 | =0.586 | =0.266 | 0.517
RCD | -0.251 | =0.276 | =0.447 | 0.235 | 0.150 | -0.146 | 0.505 | 0.531 | 0.875
BDM | 0.071 | 0.186 | 0.240 | 0.146 | 0.174 | -0.307 | =0.094 | =0.330 | =0.015

BL | -0.008 | =0.049 | 0.012 | -=0.059 | 0.103 | -0.053 | =0.274 | —=0.140 | 0.452
NDM | -0.084 | =0.191 | -0.586 | 0.686 | 0.353 | 0.158 | 0.443 | 0.724

RDM | -0.429 | =0.203 | —0.446 | -0.356 | =0.518 | =0.377 | 0.843 | 0.855
RL | -0.043 | =0.117 | 0.309 | -0.065 | 0.070 | -0.521 | 0.197 | -0.017 | 0.063

In the 1rot and 2rot experiment variants, a significant correlation has been found
between the DQI values only with the following variables: the TDM, SDM, NDM and
the RCD. There has been no correlation between DQI and the SH in these variants.

The regression analysis has shown that the DQI value has been significantly and
positively correlated with the RCD only in the Orot variant (R2= 0.77; see Fig. below).

Olrot R*=10,2648
o2rot R*=0,2824

AOrot R2=0,7652

O lrot R2=10,7148
O2rot  R2=0,6898
1 aorot 2=0,0265 &

045 -
0,40 -
0,35 -
0,30 -

— 0,25 -

20,20 |
0,15 -
0,10 -
0,05 -
0,00

SQ
— N W kA~ N 9 0 O
1

1 12141618 2 22242628 0 50 100 150
RCD, mm SH, mm

Paired linear regression analysis of the ratios of integral quality indicators DQI and SQ
and morphometric variables (linear dimensions) of one-year-old containerized Pinus sylvestris L.
seedlings according to the experiment variants
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The Relationship between the Morphometric Parameters of the Seedlings and
Temporal Indicators of the Growing Regime. The dependence of the morphometric
parameters of the seedlings on the normalized temporal indicators of the growing
regime TGD'" and GGD’ has been studied.

The TDM, SDM, NDM, RDM, RCD, BL and the integral quality index DQI
have positively correlated with the total growing duration (TGD’). A strong positive
correlation with TGD’ has been observed for the TDM and RDM, as well as DQI
(Table 6).

Table 6

The Pearson correlation coefficients between the morphometric parameters
of one-year-old containerized Pinus sylvestris L. seedlings and the normalized temporal
indicators of the growing regime TGD' and GGD’, (p<0.05)

TDM | SDM | NDM | RDM SH RCD BL QS SRR DQI
TGD" | 0.643 | 0.450 | 0.447 | 0.730 | -0.097 | 0.330 | 0.579 |-0.260 | -0.517 | 0.680
GGD' |-0422|-0.141 | -0.190 |-0.646 | 0.645 |-0.264 |-0.496| 0.785 | 0.664 | -0.770

The SH, as well as the QS and SRR indicators have positively correlated with
the duration of the seedlings’ stay in the greenhouse (GGD'). The RDM and DQI
have shown a strong negative relationship with GGD’. The TDM, BL and RCD have
shown a moderate negative relationship with GGD'.

To study the dependence of the morphometric characteristics of seedlings
on the normalized total growing duration and the greenhouse growing, multiple
regression models have been constructed (Table 7).

Table 7

The parameters of the multiple regression models with two explanatory variables
of the form: y,= a + B,*TGD’,+ B,*GGD’;+ ¢, y — the morphometric parameters
of one-year-old containerized Pinus sylvestris L. seedlings

o B, B,

Coef | t-stat | p-value | Coef | t-stat | p-value | Coef | t-stat | p-value

TDM | 17.80 | 0.076 | 0.940 |9.590 |5.589 | 0.000 | -0.840 |-0.483 | 0.630 [0.415|27.31

RDM | 110.5 | 1.080 | 0.284 |4.434|5.911| 0.000 | 27723 |-3.574| 0.001 [0.599|57.57

SH |—44.63 2613 | 0.011 |{0.600|4.794| 0.000 | 1.223 | 9.620 | 0.000 [0.550(47.07

QS [-1.839 |2352| 0.021 |0.024 {4.203 | 0.000 | 0.072 | 12.36 | 0.000 |0.688|84.80

SRR | 1.111 |3.292 | 0.002 |-0004 [-1.743| 0.085 | 0.013 | 5.282 | 0.000 |0.462|33.06

DQI | 0.167 | 3.354 | 0.001 |0.001 [4.098| 0.000 |-0003 [—6.845| 0.000 |0.666 |76.67

The proportion of variance due to regression in the total variance of the “y”
indicator, characterized by the determination coefficient R2, exceeded 50 % (R2>0.5)
in the RDM, QS and DQI models, which allows them to be considered significant
(for o < 0.05).
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The Morphometric Parameters of the Seedlings. The morphometric parameters
of the seedlings and their organs at the end of the growing season have reflected
the growth activity depending on the conditions and duration of cultivation. Many
studies show that the seedling RCD, the shoot height, and the SRR strongly correlate
with the establishment rate during planting [10, 20].

A comparative analysis of the seedlings in our experiment has revealed
significant differences in the linear dimensions and biomass of plants depending on
the rotation regime. In terms of height, the seedlings of the 1rot and 2rot variants have
been significantly inferior to the Orot (control) variant, amounting to 64 and 72 %,
respectively. The RCD has been significantly lower in the 2rot variant compared
to the lrot one, but has not differed significantly from the Orot one. In terms of bud
length, the 2rot seedlings have also had the lowest value (83 % of the Orot variant); the
leader has been the 1rot variant (123 % of the Orot variant). In terms of the mass of both
the whole seedling and individual organs, the worst results have been obtained in the
2rot variant. There have been no significant differences in the TDM, SDM and NDM
between the 1rot and Orot variants. The RDM in the Irot variant has been 1.5 times
higher than in the Orot variant, and more than twice as high as in the 2rot variant.

Allometric models can be useful in practice for estimating the seedling mass
based on available linear dimension data. Models have been developed to predict
seedling biomass, including total biomass, aboveground and underground biomass
of tropical woody plant seedlings based on the RCD, SH, and wood density [37].
Understanding the existing correlations between morphometric parameters is
necessary to build similar models that will help develop better production methods
and ensure high quality seedlings [4].

The Pearson linear correlation analysis has been performed between all the
observed variables. There has been no significant correlation between the bud dry
mass and the RL with other indicators in all experiment variants, so they have been
excluded from further consideration. The bud length has shown an ambiguous
correlation with other indicators between the experiment variants. Thus, in the 1rot
and 2rot variants, its correlation with most indicators is weak negative, and in the Orot
variant it is strong or moderately positive.

Of greatest interest has been the identification of a correlation between the linear
dimensions of the above-ground part, which can be determined without damaging the
plant, and the values of the dry mass of the organs of the whole seedling. The SH
has shown a moderate positive relationship with the biomass indices only in the Orot
variant. The RCD, on the contrary, has shown a high and medium positive correlation
with the parameters of both the above-ground and underground parts of the seedlings
in all variants, with the exception of a weak negative correlation with the RDM in the
Irot variant. The 1rot and 2rot variants generally have lower correlation coefficients
between the variables.

The Integral Seedling Quality Indices. Morphometric parameters used to assess
the quality of seedlings should be studied comprehensively rather than individually.
If considered separately, there is a risk of selecting taller and weaker seedlings and
rejecting smaller and stronger ones that may have better establishment rates. In order
to minimize possible errors that may arise when using only one or two parameters,
the work has used integral seedling quality indices based on two or more of the most
significant morphometric parameters [1, 13, 14, 32, 35, 40].
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Many studies show that the seedling RCD, shoot height, SRR and other integral
indices strongly correlate with establishment and growth rates upon planting [10, 20].
The integral indices (SRR, SQ, and DQI) have been evaluated in this study for three
growing regimes. The best results for all three integral indices have been obtained in
the 1rot variant.

The SRR is considered an effective and reliable indicator for assessing the
quality of seedlings [4]. The seedlings with a very high SSR indicate a disproportionate
development of the above- and underground parts of the seedlings, which leads to
uneven water distribution in the plant and its poor establishment. Their initial growth
is inhibited after planting in the field [6, 36].

The low ratio of the dry mass of the above-ground part of the seedling to the dry
mass of the root (SSR) has been shown to be particularly important for establishment
upon planting under soil moisture deficiency conditions [20]. This can be explained by the
increased water and nutrient consumption provided by the larger root system compared
to the lower requirements of a smaller above-ground part. On the other hand, a very low
SSR may indicate insufficient shoot growth [28, 38]. The SSR ratio varies depending
on the plant species and age. In coniferous seedlings, this ratio usually exceeds 1.
The recommended SRR for many conifers grown in nurseries is within 2.5 [26].

The lowest SRR value in our experiment has been obtained in the 1rot variant.
In the seedlings of the 2rot and Orot variants, the values of this ratio have not differed
significantly, but have been noticeably higher than in the seedlings of the 1rot variant.
Our results show that the 1rot seedlings, characterized by a low ratio of aboveground
mass to root mass due to a more developed root system, have a higher chance of
establishing when transplanted to a forest cultivation area. The RCD of the stem at
the seedling stage can help predict future growth quality after transplantation, but
only in combination with SH does it provide information on whether the seedlings
are highly vigorous, vigorous or weak [10, 22, 28].

SQ is an important morphometric indicator of seedling quality [11, 12, 26, 28].
In our experiment, the lowest SQ value has been obtained in the lrot variant and
amounted to 57 % of the Orot variant. A lower SQ indicates a stronger and higher quality
plant. The SQ can be used to assess the survival and growth of seedlings [28]. In the 2rot
variant, the SQ has also been lower than in the Orot one (72 % of the Orot variant).

DQI takes into account several variables and can therefore provide important
information about the overall quality of seedlings [25, 28, 39]. It includes five
morphometric parameters (the TDM, SDM, RDM, SH and RCD) and serves as an
effective indicator of quality and is often used in seedling research. A higher DQI value
indicates a more desirable phenotype, stability and balance of biomass distribution in
seedlings [28]. The DQI values for all experiment variants had significant differences.
The best DQI value has been found in the 1rot variant; it has been two or more times
higher than in the 2rot and Orot variants.

The Regression Models of the Relationship between Seedling Quality
Coefficients and Morphometric Indicators. For the construction of regression models,
suitable variables have been identified using correlation analysis. For Dixon quality
index, a high positive correlation has been found with the following variables: TDM,
SDM, NDM, RDM, RCD, and a significant one with the SH in the Orot variant; a high
positive correlation with the TDM and RDM in the 1rot and 2rot experiment variants.
No correlation has been found between DQI and the SH.
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The high correlation of morphometric parameters and the calculated DQI in
the Orot variant has indicated a good balance of the seedling organs in terms of mass
and linear dimensions in this experiment variant.

Regression models have been constructed to identify the relationship between the
DQI and SQ quality indices and some morphometric parameters. A statistically significant
dependence of DQI on the TDM (0.95 > R2> 0.58) and RDM (0.88 > R2>(0.61) has been
shown in all experiment variants. The relationship between DQI and RCD has been found
only in the Orot variant (R2= (.77). A strong positive relationship between the SQ and SH
has been obtained in the 1rot (R2=0.71) and 2rot (R2= 0.67) variants.

Since the coefficients used here, primarily DQI, are considered good indicators
of seedling quality, allowing to predict field survival and further growth, as shown
by many studies [4, 10, 20], the absence of a strong or moderate correlation between
the linear dimensions of the shoot and these quality indices obviously does not allow
to use only non-damaging methods for a reliable assessment of seedling quality.
To obtain a more reliable assessment, it is also desirable to determine the biomass
of organs, as well as their physiological parameters.

The Morphometric Parameters of the Seedlings Depending on the Temporal
Growing Regime. Quantitative indicators of the biomass of a seedling and its organs
at the end of the growing season characterize growth activity and depend on the
conditions or duration of their cultivation. A comparative analysis of the morphometric
parameters of seedlings and their organs, carried out in this experiment, has made
it possible to reveal differences depending on both the total duration of cultivation
during the season and the duration of cultivation under different conditions: in a
greenhouse or in open ground.

The dependence of the morphometric parameters of seedlings on the norma-
lized temporal indicators of the growing regime TGD' and GGD' has been stud-
ied. Some linear dimensions and dry mass of the seedling and its individual organs,
as well as the DQI integral quality index, have positively correlated with TGD'.
In particular, the TDM, RDM and DQI have strongly positively correlated with TGD'
(R = 0.643, 0.730 and 0.680, respectively). A strong positive correlation has been
observed for the SH, QS and SRR with GGD' (R = 0.645, 0.785 and 0.664, respec-
tively). A strong negative relationship has been found between the RDM and DQI with
GGD' and a moderate negative one between the TDM, BL and RCD with GGD'.

Multiple regression models of the form: y, = a + B,-TGD, + B-GGD, +
+ &, with two explanatory variables have been constructed to study the de-
pendence of the morphometric parameters of seedlings on TGD' and GGD'.
The significance of the models for the RDM, SH, QS and DQI indices (for o < 0.05)
has been shown, since the proportion of variance due to the total variance of
the four studied indicators, characterized by the determination coefficient R2
has exceeded 50 % (R2 > 0.5).

The analysis of multiple regression models has shown that 60 % of the variations
in root mass, 55 % of the variations in SH, 69 % of the variation in QS and 67 % of the
variations in DQI have been explained by TGD’ and GGD'. The regression model for
the root mass indicates a positive relationship with TGD’ and a negative relationship
with GGD'. That is, the long stay of seedlings in the greenhouse significantly nega-
tively correlates with the mass of the roots. The SH, on the contrary, has depended
positively on both GGD’ and TGD', and to a greater extent on GGD'.
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DQI has depended positively on the TGD’ and negatively on the GGD'.
The results obtained show that in order to obtain high-quality planting stock with
a high DQI quality coefficient, a relative stay in the greenhouse in all experiment
variants is sufficient, however, the total duration of cultivation in the 2rot variant
should be increased.

The morphometric parameters of planting stock must be taken into account when
choosing the soil conditions of the site planned for planting. When planted in damp
areas characterized by well-developed surrounding herbaceous vegetation, seedlings
with a tall and massive above-ground part, with a large photosynthetic surface area,
have an advantage in a fierce competition for light. They can be recommended for
creating forest plantations in such areas. In our experiment, seedlings of the Orot
variant, having the greatest SH, but the worst SRR indicators, are better suited to
damp areas with conditions favorable for their growth.

On the contrary, the seedlings of smaller size, but having a small transpiring
surface area relative to the absorbing root system, with low SRR values, are more
easily established in areas exposed to water stress [17, 26]. The 1rot seedlings with
the lowest SRR value are better suited for dry areas with poor vegetation.

When choosing the edaphic conditions for a planting site, it is necessary to take
into account the morphometric parameters of seedlings grown under different growing
regimes in order to maximize their post-planting survival and further growth. Periods
of spring drought may become more frequent due to global warming, which must
be taken into account when improving methods for growing planting stock adapted
to conditions of water deficiency [30]. The selection of seedlings with the desired
genetic, morphometric and physiological parameters is necessary to maximize the
use of site resources [16, 23, 30, 33]. The phenotypic characteristics formed during
the cultivation of seedlings in forest nurseries ensure their preliminary adaptation to
the planting site.

Conclusions

A production test of the double-rotation cultivation of one-year-old Pinus
sylvestris L. containerized seedlings has been conducted in a forest nursery
under conditions of a short growing season at high latitudes. The morphometric
characteristics of seedlings have been obtained and analyzed, and the possibility of
introducing the tested regime into forest nursery practice without adaptation to these
climatic conditions has been assessed.

The absence of a significant correlation between the linear dimensions of the
above-ground part and DQI and other integral indices in two experiment variants
indicates the insufficiency of non-damaging assessment methods for obtaining
objective information on the quality of seedlings. For a more accurate assessment, it
is advisable to determine the mass of seedling organs and physiological parameters.

A comparative assessment of the of the morphometric parameters of pine
seedlings of three cultivation variants, including the use of integral quality indices,
has shown that in order to obtain high-quality standard planting stock in northern
latitudes, it is necessary to adapt the double-rotation cultivation regime by adjusting
the time regime and applying additional agricultural techniques.
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CaXXJeHUH, 0COOCHHO TPHU (HOPMHUPOBAHUH KECTKON ypOaHU3UPOBAHHOMN Cpeibl OOUTaHMs
YeNI0BEKa, MHULIUUPYET Pa3BUTHE TEOPETUUECKUX OCHOB CTYIEHYATONH MHTPOJYKIUH B Ce-
BEpHOM HampasiieHUH. Llens nccinenoBanns — 0000mMeHHEe PETHOHATBHBIX OCOOCHHOCTEH
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© baouu H.A., Kap6acnuxosa E.b., 3ansisckas O.C., Anexcanaposa 10.B., I'aesckuii H.I1., ITorkosa U.A., 2024
Cratbs ormyOIMKOBaHa B OTKPBITOM JOCTYIIE M pacrpocTpansercs Ha ycnopusx smensun CC BY 4.0


https://publons.com/researcher/G-7384-2019/
https://orcid.org/0000-0001-7463-2519
https://www.webofscience.com/wos/author/record/2227124
https://orcid.org/0000-0003-2850-9362
https://publons.com/researcher/AAY-4901-2020/
https://orcid.org/0000-0002-7520-6295
https://www.webofscience.com/wos/author/record/2225028
https://orcid.org/0000-0002-2802-1124
https://www.webofscience.com/wos/author/record/1982053
https://orcid.org/0000-0001-9511-004X
https://www.webofscience.com/wos/author/record/2510167
https://orcid.org/0000-0002-8180-5673

Lesnoy Zhurnal = Russian Forestry Journal. 2024. No. 6 67

UCTIBITAHUST BUJIOB JIEHAPO(IIOPHI B CEBEpHBIX HMIMpoTax Pycckoill paBHUHBI. Brinenens: 4
CTaJJU1 aKKJIuMaTu3alunu " 3 sramna HaTypaJIu3aluu. Pa3pa60TaH pAA KaJl, BHOCAIIUX
BKJIaa B COBEPIICHCTBOBAHNUE U ONITUMU3AIIUTIO HHTPOAYKIITHMOHHBIX HCHLITaHI/Iﬁ, OIICHKY Ca-
HUTAPHO-TUTUCHUYCCKUX U COUAJIBHBIX q)yHKHPIﬁ, BBITTOJITHACMBIX UHTPOAYIIUPOBAHHBIMU
BUAaMu JIeHApo(uIopel. borarcTBo BH10BOT0O pa3sHO00pas3ns HOBBIX ISl CEBEPHBIX YCIOBUH
pacTeHmil TOPOACKON IeHAPO(IOPH! ABISETCA XOPOIIeH CENeKINOHHON 0a30# IS Jaib-
HEWIIMX MHTPOLYKLHMOHHBIX UCIBITAHUN U HAyYHOW OCHOBOM MPOTHO3a YCIEIHOCTU CTY-
MIEHYATOH MHTPOAYKIIMH MHOTHX [IEHHBIX JIPEBECHBIX M KyCTAPHUKOBBIX BU/IOB B CEBEPHBIC
IIAPOTHI.

Knrouegwie cnoea: ctynenvaras MHTPOLYKIUS, HHTPOIYKIIMOHHBIE UCIIBITAHNUS, AEHAPOQIO-
pa, Moziens uHTponykuuu, EBponeiicknii CeBep, HHTPOIYKIHNS B CEBEPHBIX IIMPOTax, ypoa-
HU3UPOBaHHAs cpesia

[l yumuposanusn: badud H.A., Kapbacuukosa E.b., 3aneiBckas O.C., Anekcaniposa H0.B.,
laeBckuit H.II., ITonkoBa M.A. KonuenrtyanbHas MOJEIb WHTPOAYKIMH JEHIPOQIOPHI B
ceBepHbIX Imporax Pycckoit paBuuHbl // 13B. By30B. JlecH. xxypH. 2024. Ne 6. C. 66-77.
https://doi.org/10.37482/0536-1036-2024-6-66-77

Original article

The Conceptual Model of Dendroflora Introduction
in the Northern Latitudes of the Russian Plain

Nikolay A. Babich!, Doctor of Agriculture, Prof.; ResearcherID: G-7384-2019

ORCID: https://orcid.org/0000-0001-7463-2519

Elena B. Karbasnikova?, Doctor of Agriculture, Assoc. Prof.; ResearcherID: AAH-6250-2021
ORCID: https://orcid.org/0000-0003-2850-9362

Olga S. Zalyvskaya', Doctor of Agriculture, Assoc. Prof.; ResearcherID: AAY-4901-2020
ORCID: https://orcid.org/0000-0002-7520-6295

Yulia V. Aleksandrova™, Candidate of Agriculture; ResearcherID: AAH-4016-2021
ORCID: https://orcid.org/0000-0002-2802-1124

Nikolay P. Gaevskiy', Candidate of Agriculture, Assoc. Prof.; ResearcherID: AAK-5430-2020,
ORCID: https://orcid.org/0000-0001-9511-004X

Irina A. Popkova!, Candidate of Agriculture; ResearcherlD: AAE-1329-2022

ORCID: https://orcid.org/0000-0002-8180-5673

Northern (Arctic) Federal University named after M.V. Lomonosov, Naberezhnaya
Severnoy Dviny, 17, Arkhangelsk, 163002, Russian Federation; n.babich@narfu.ru,
o.zalyvskaya@narfu.ru, yu.aleksandrova@narfu.ru™, n.gaevsky@narfu.ru, i.olupkina@narfu.ru
2Vologda State Dairy Farming Academy named after N.V. Vereshchagin, ul. Shmidta, 2,
Molochnoe Village, Vologda, 160555, Russian Federation; helenl15@yandex.ru

Received on January 23, 2023 / Approved after reviewing on April 18, 2023 / Accepted on April 20, 2023

Abstract. The increasing of the socio-aesthetic significance of urban green spaces, especially
in the formation of a rigid urbanized human habitat, initiates the development of the
theoretical foundations of stepwise introduction in the northern direction. The aim of the
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research has been to generalize the regional features of the introduction of dendroflora
species in the conditions of the European North of Russia. The methodological basis has been
the works of specialists in the field of forest introduction, including Northern introducers
F.B.Orlov,P.M.Malakhovets, V.N.Nilov, N.A. Demidova, O.S. Zalyvskaya, E.B. Karbasnikova
et al. The results of the research have both theoretical and practical significance and are an
integral part of the general theory of step-by-step introduction in the northern direction.
In the process of many years of research and generalization of the experience of spontaneous
introduction, an original working hypothesis of the stepwise introduction of woody plants
in northern natural and climatic conditions has been formed and developed: for the urban
environment, the presence of a special microclimate (heat island) is generally recognized
and this microclimatic resource is sufficient for the successful naturalization of some species
of dendroflora despite the introduction stress. The results of the work of the oldest introduction
centres in the European North are briefly described. An algorithm and a regional strategy for the
development of research of the introduction process of dendroflora species in the conditions of
the North are presented. A conceptual scheme for the introduction testing of dendroflora species
in the conditions of the northern latitudes of the Russian Plain has been proposed. There are
4 stages of acclimatization and 3 stages of naturalization. A number of scales have been
developed that contribute to the improvement and optimization of introduction tests, and
the assessment of sanitary, hygienic and social functions performed by introduced species
of dendroflora. The richness of species diversity of urban dendroflora, new to northern
conditions, is a good breeding base for further introduction tests and a scientific basis for
predicting the success of the stepwise introduction of many valuable woody and shrub species
to northern latitudes.

Keywords: stepwise introduction, introduction tests, dendroflora, introductional model,
European North, introduction in the northern latitudes, urbanized environment

For citation: Babich N.A., Karbasnikova E.B., Zalyvskaya O.S., Aleksandrova Yu.V.,
Gaevskiy N.P.,, Popkova I.A. The Conceptual Model of Dendroflora Introduction

in the Northern Latitudes of the Russian Plain. Lesnoy Zhurnal = Russian Forestry Journal,
2024, no. 6, pp. 66—77. (In Russ.). https://doi.org/10.37482/0536-1036-2024-6-66-77

Bseoenue

Pa3BuTne TeopeTnyecKuX OCHOB CTYNEHYATOW WHTPOAYKIHMH OOyCIIOBIIE-
HO (hOPMHPOBAHMEM HKOCHUCTEM, 3aBUCSIIUX OT CTaOUIBHOCTH OKPY’KAIOIIEH
Cpelbl, a TaKXKE MOBBIIICHUEM XO035MCTBEHHOM 0CBOeHHOCTH pecypcos [10, 16,
25, 32].

PaboTel B 00acTu cOXpaHEHUs U YBEJIWYEHUSI OMOPa3HOOOpas3usl B LEIOM H
WHTPOAYKIUHN B YaCTHOCTH BEAYTCsl Ha Oa3ze OOTaHUYECKUX W JICHIPOJIOTHUECKUX
CaJI0B, HAyYHO-MCCIIEAOBATEILCKUX U OTPACIEBbIX MHCTUTYTOB M JIPYTUX YUPEK-
nenuii. Ha teppuroprm EBpormefickoro CeBepa, BKITIOUAIONMIECTO APXAHTEIBCKYIO U
Bomnoronckyro obnactu, Pecrry6nuky Komu, paboThl 10 HHTPOAYKIMH U aKKJIMMATH-
3alUH XO31HCTBEHHO-IICHHBIX PACTEHUI OCYILECTBISIOTCS Ha 0a3e OOTAaHUYECKUX U
JIEH/IPOJIOTMUYECKUX CaJIOB.

CrapeiimmM myHKTOM HHTpoayKiuu Ha EBpomneiickom CeBepe sBisieTCs A€H-
nponornyeckuii cax uM. U.M. CrpatonoBnua nipu CeBepHoM (ApkTHueckoM) e-
nepanbaoM yHuBepcuteTe (CADY) B 1. Apxanrenscke (64°33c. mr. 40°32°B. 1.).
C 1934 r. 3nech ucnbITaHbl 00pa3Ibl U3 Pa3HBIX TeorpaQUUecKUX PETHOHOB U CTPAH:
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EBpomna, Anraii, Cubups, Cpennsis Asus, Jlanpauii Bocrok, Kuraii, Sinonus, CeBep-
Has Amepuka. COBpeMEHHYIO KOJUICKITUIO casla COCTaBIsAOT 217 BUAOB pacTeHUN —
npencrasurteneit 20 cemelicts u 52 pomos [17, 22, 23].

B okpectHOCTAX I. Apxanrenscka B 1960 . oprann3oBaH 1€HIPOIOTrHUYECKUN
cast CeBepHOTo HayyHO-UCCIIE/IOBATEIBCKOTO MHCTUTYTA Jieca U jecoxumuu (64°33 c. 1.
39°40°B. n.). 3a mepuon WHTPOMYKIIMOHHBIX HCIBITAHUNA COOpaHa KOJUICKITUS W3
603 Bua0B, oTHOCAIUXCS K 75 ponam, 31 cemelicTBy [9].

LleHTpOoM MHTPOMYKIIMOHHBIX MCIIBITAHUH TIpeficTaBuTeNed aeHapoduopsl B Pe-
cryOrmke KoM siBisieTcst IeHIpOIOrHYeCKuiA cajt Heflaneko ot ¢. Beuibropr (62°12' ¢. 1.
54°09" B. 1.), OCHOBaHHBIM Ha 0a3e MUTOMHHUKA IUIOJOBO-STOJHBIX PACTCHUH B
1936 . 3a MHOrONIETHUI Tepuoj PabOThl COTPYAHHWKOB CajJa HCIBITAHO OKOJIO
3,5 TeIC. BUIOB pacTeHmid. K HacTosIeMy BpeMeHH! B IEHIpapuu coOpaHa KOJIJIEK-
uus u3 550 Takconos [18, 28]. B 1974 1. ocHoBan borannueckuii cag ChIKTBIBKap-
CKOTO rocyfaapcTBeHHOro yHuBepcutera (61°38' c. mr. 50°44' B. 1.). K HacTosmemy
BPEMEHU B KOJUICKIIUIO cajia BXoauT okoio 540 TakconoB u3 81 cemeiictra [21].

B Bomnoroackoii obsactu B 1999 1. Hauara pa®oTa 10 CO3JaHUIO JICHIPOJIO-
rugeckoro cana (59°16' ¢. m. 39°40' B. 1.) Ha 6a3e Bomoroackoii rocynapcTBEHHON
MOJIOUHOXO3sHCTBeHHON akamemuu uM. H.B. Bepemarmna. CoBpeMeHHas KOJI-
JIeKUsl cOCTOUT U3 260 BUIOB pacTeHUl, OTHOCAIIUXCSA K 85 ponam u 38 ceMeit-
ctBaMm [6].

borannueckue u nenaponorunueckue caanl EBpomnetickoro Cesepa Poccuu Be-
YT NEATEILHOCTH B CICTYIOMINX 00TaCTsIX:

COXpaHEHUE U MONOJHEHUE KOJJIEKIUN paCTEHUI — IIpeICTaBUTENEH pa3any-
HBIX Teorpaduaeckux neHapodaop;

coxpaHeHre reHO(OH/Ia PEIKNX U HCUE3aI0IINX BHOB a00pUTeHHON (DIIOpHI;

WICCJICIOBAHNS B OOJIACTH MHTPOMYKIIUH M aKKJIMMATH3aI[M HHOPAOHHBIX BUJIOB;

pa3paboTka PeKOMEHIAIIHI 110 03EJICHEHUIO HaCCIIEHHBIX MecT EBporneiickoro
Cegepa;

OpraHu3anus KyJIbTYPHO-TIPOCBETUTEIBCKONH PadOThl MO PacIpOCTPAHECHUIO
Hay4YHBIX 3HAHUH B 0OJIACTH PACTEHUEBOICTBA, SKOJIIOTHH, O3CIICHCHUS U (GOPMHUPO-
BaHUIO OEPEKHOTO OTHOIIEHUS K OKPYXKAIOIIeH cpeie.

WNHTpoayKunoHHbIE NCCIEIOBAHUS JPEBECHBIX U KyCTAPHUKOBBIX ITOPOJ MPO-
HCXOJIAT MO 3aKOHOMEPHBIM HAYYHBIM JTUHUSIM:

TIOUCK, CENEKINS U MHTPOAYKIIMOHHBIC HCHBITAHUS XO3SHCTBECHHO-I[CHHBIX
JIECHBIX TIOPOT;

WHTPOIYKITHOHHBIC UCITBITAHUS THUIICBBIX W JICKAPCTBEHHBIX BHUIOB JACHIPO-
¢itopsI;

HCCIeI0BaHUE aKKJIMMAaTU3alU U HaTypaIu3allii BEICOKOICKOPATUBHBIX Je-
PEBBEB M KYCTAapHUKOB B AaHTPOIIOTEHHOM cpejie.

Obvexmubl u Memoowbl UCCAEO08AHUA

K HacTosimemMy BpeMeHH cOPMUPOBAIICS YETKUI allTOPUTM U PErHOHAIIbLHAS
CTpaTeTus UCCIICA0BaHUI HHTPOAYKIIMOHHOTO TPOIIecca BUIOB ICHAPOQIOPHI B yC-
noBusx EBponeiickoro Ceepa (CM. pUCyHOK) [6].
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HHTpOayKIINS pacTeHHI — IeJIeHaNpPaBISHHOE HIIM CIIy4YaiiHOe BHEAPEHUE
KaKoT0-TM00 BHUJA NSHAPOMIOPHI 3a MPEACIHl €r0 eCTECTBEHHOTO apeaia

!

CT&III/II/I AKKJIMMaTHU3aluu

1. Bcxoapl morubaroT Ha CTaJu TPYHTOBOM BCXOXKECTH

II. CemeHa Bcxokue, HO CESTHIIBI TOTMOAIOT B MPOIIECCe UX
peipamuBanus. [lo ganaeiMm  B.H. Humnosa (1976),
HanOOJBIIHMHA OTIAJ HHTPOIYIICHTOB MPUXOAUTCA Ha 1-2-
JICTHUE PACTCHUS

III. CesiHub! (CaXkeHIBI) XOPOIIO MPIKUBAIOTCS, HO
pacTeHHe MEHSET KU3HEHHYI0 hopMy

IV. PacreHuss  coXpaHSIOT JKHU3HEHHYIO  (opmy,
XapaKTePHYIO IS ECTECTBCHHOTO apeala

Y

OTansl HaTypaIu3aluu

I. UuTpoayueHT nuBeTeT (MUKPOCIIOPOTeHE3 y XBOMHBIX), HO HE JaeT IUIOA0B
(MakpOCTPOOUIIOB Y XBOWHBIX) U CEMSTH

CemeHa HeBcxoxue (IIyCThIe)

II. Pactenue nBeret xopouio

HJ'IO,Z[LI 1 CEMCHA XOpOoUICro Ka4eCTtBa

III. WHTpOAYLEHT BCTYNWI B CTagdi0 <JIMYaHHUS» — HaOIomaercs
€CTECTBEHHOE BO30OHOBJIEHUE BUIA

I/ICXO)IHaH KOHIECTITYaJIbHasA CX€Ma MHTPOAYKIHOHHOTO UCIIBITAHWUA BUJI0OB JICH-
npodiopsl B yenoBusx Esporetickoro Cesepa

The initial conceptual scheme for the introduction testing of dendroflora species
in the conditions of the European North

3a OCHOBY CTpaTerud HaydyHO-OOOCHOBAHHOTO Pa3BUTHUS MHTPONYKIIH-
OHHBIX HCCJIEJJOBAHUM B PETHOHE MPHUHATHI OCHOBOIOJATAIONINE ITPOTpaMM-
uole Tpyasl yueHbix U.H. Enaruna [11], A.JL. Jlemmst [16], H.E. Bynsiruna [8],
B.H. Hunosa [25], U.U. dpo3nosa [10], T.b. Cpoausix [26], A.Il. LlapeBa [27],
S. Jochner et al. [33], [.J. Chaudhary et al. [31], A. Manangan et al. [34], a Taxxe
«MeTtoauka heHOTOTHYECKUX HaOmoaeHni B OoTanndecknx cagax CCCPy» [20]
n «IIporpamMMa MHTPOAYKIHUHU JIECHBIX MOpoJ B eBpomneickoir yactu CCCP no
2000 . m mamee» [24].

MHOTONIETHHE HCCIIEIOBaHUS M OOOOIIEHUE ONbITa CTHXWUHHOW HHTPOIYK-
uuu [2, 5, 7, 30] mo3Bonuau chopMyaHpOBaTh M Pa3BUTh OPUTHHAIBHYIO pabodyio
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TUMOTE3y CTYNEHYaTON MHTPOMYKIUH JPEBECHBIX PACTEHUH B CEBEPHBIX MPHUPOJ-
HO-KJIMMATUYECKUX YCIIOBHSX: MOCKOJIBKY HayYHBIM COOOIECTBOM OOIIETIPU3HAHO
HaJIn4Ke 0c000ro MUKPOKIMMaTa (OCTPOBOB TEILIa) B TOPOJCKOM Cpesie, TO CUNTaeM
(oxazaHo), YTO ITOr0 MUKPOKIMMATUYECKOTO pecypca JOCTAaTOYHO /ISl YCIEeITHON
HaTypaJu3alii HEKOTOPHIX BHJIOB ACHIPOQIIOPHI B YCIOBHUIX WHTPOMYKIIMOHHOTO
cTpecca.

Kpome Toro, paspaboTan psj mKan B BUe TaOIWI], BHOCSIUX BKJIAJ] B CO-
BEPILEHCTBOBAHUE U ONTUMH3ALMI0 MHTPOAYKLMOHHBIX HCIBITAaHUH, OLEHKY ca-
HUTAPHO-TUTUCHUYECKUX W COIMANBHBIX (DYHKIUH WHTPOAYIMPOBAHHBIX BHIIOB
neHapodIopsl. B 0CHOBY TaOIHII TOIOXKEHBI pe3yIbTaThl HAOMIOICHUH HaJl aKKJITMMa-
TU3aIKel BUIOB ACHAPOMIOPHI B CYpOBBIX PUPOIHBIX ycloBusix CeBepa ¢ yueTom
BPEMEHHOTO M TIPOCTPAHCTBEHHOTO (DAKTOPOB, KOTOPBHIMHU OTIPENEISAIOTCS U3MEHEHHS
B 9TOM TIpoLecCe.

K takum pa3paboTkaMm MOXHO OTHECTH:

METOJIMKY OIpEe/ICICHHsI JEKOPATHBHOCTH BHIOB JIeHIpodmopst [ 13];

HIKally HAaNpsHKEHHOCTH WHTPOJAYKIIMOHHOTO CTpecca BUAOB JIECHIPOQGIOPHI B
YCJIOBHSIX Ce€Bepa eBporeiickoi yactu Pycckoii paBHuHEI [4, 6];

LIKaJIy OLIEHKH CTENEeHH CXOJCTBAa TAaKCOHOMHMYECKOTO COCTaBa JI€HAPO-
tuop [6];

LIKaJly OLIEHKH IbIICyACP/KUBAIOIIECH criocOOHOCTH BUIOB OOsIphIIIHMKA [ 1].

Pesynomamul uccnedosarus u ux oocysxicoerue

Ha xadenpe nannmadTHON apXUTEKTYpBl H UCKYCCTBEHHBIX 1ecoB CADY
paspaboTraHa METOJUKa OINpPEACICHUS JCKOPATHBHOCTH BHJIOB JEHIAPOMIOPHI
[13]. B ee ocHoBy momnoxeno 10 mokazareneid, OTpakaroMIUX IEKOPATHBHOCTH
pacTeHus: apXUTEKTOHUKA KPOHBI, JIUTEIBHOCTh M CTENEHb LIBETEHMs, OKpa-
CKa I[BETKOB, UX BEIHWYHWHA, IPUBIEKATEIHHOCTh BHEIIHETO BH/A IJIOAOB, apo-
MaT LBETOB, IUIOAOB, JINCTHEB, MPOJOJIKUTEILHOCTh OOJIMCTBEHUS, TOBpPEXKAa-
€MOCTh, 3UMOCTOMKOCTh. JlaHHAs MeTOAMKa OLEHKH JEKOPAaTUBHOCTH HaIllJa
LIIMPOKOE NPHUMEHEHHE B paboTaXx POCCHMHCKHX HCCIeAOBaTeNeH, Hampumep
[15, 19].

JUIi OLEHKM YCHEIIHOCTH aKKJIMMAaTH3alud W HaTypalu3ald HHTPO-
JTyIIUPYEMOTO BHUJa MPEAJIOKEHA [IKajIa HAPSKEHHOCTH HHTPOIYKIIMOHHOTO CTpec-
ca (tabmn. 1), ocHOBaHHAsI HA OOUIMPHBIX MHOTOJETHUX UCCIIETOBAHUSIX MHTPOIYK-
LMY B YCIIOBUAX CeBepa eBponeickoil yactu Poccun.

Kosdoumuent XKakkapa MIUPOKO HUCHOJB3yeTCs B (HUTOICHOJIOTHUYE-
cKHUX uccienoBaHuax. OqHako, paboTast ¢ MHOTOYMCICHHBIMU JIUTEPATYPHBIMU
MCTOYHMKAMU, MBI HE BCTPETHJIM IIKAJIBI OLEHKH CTENEHU CXOJICTBA TaKCOHO-

MHYECKOTO cocTaBa aeHApoduiop. B urore Hamm pazpaboraHa Takas nIkaia
(Tabm. 2).
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TabGuuma 1

Ikaja HaNPSIKEeHHOCTH WHTPOAYKIMOHHOTO CTpecca BU/IOB JIEHAPOIopbI
B YCJIOBHSAX ceBepa eBporneiickoii yactu Pycckoii paBHuHBI [4, 6]
The scale of the intensity of introduction stress of dendroflora species
in the conditions of the north of the European part of the Russian Plain [4, 6]

ITpu3Haky CTENEHN HAMPSKEHHOCTH

XapakTepHble BU/IbI

OTtmegaercs monHas Onomerpa-
JIaLusi, pacTeHUsI MOrubarT

PakuTHUK ABYyLIBET-
KOBBIH, J)KUMOJIOCTh
30JI0THCTAS,
rpad 0OBIKHOBEHHBIN

JlepeBbsl MEHAIOT )KU3HEHHYIO
¢bopmy. O6Mep3aeT Best Hal-
3eMHas yacTb. He 1BeTyT u He
IJIOAOHOCAT. AlanTalluOHHAas
CTpecc-peaklysi HHTPOAYLIEHTOB
BBIPA)KEHA JIOCTATOYHO XOPOLIO

Bospelnuk anMa-
aTuHCKui, kieH Tpa-
YTBETTEPA, KalllTaH
KOHCKUH, (hop3unms
eBpolieickas

XapaKkTepHbl yMEHBIICHHE MOp-
(hoMeTprIecKuX MOKazaTeeH
XBOM (JTUCTHEB), BET€TaTUBHBIX
1 TeHEPaTHBHBIX MOYEK, MTEPEX0]T
pactenuii B III knacc BBICOTHL
OOMep3aroT 2-JIeTHUE TOOCT .
Pacrenus nsetyTt, HO ypokail
He GopMupyercs

ITuxra 6anp3amuue-
cKasi, Ty0 KpacHBIH,
MaJiMHa HyTKaHCKasl,
BUIIHS CaXaJHUHCKas,
(hop3unus npomMexy-
TOYHAas

Habnronaercst mepexon pacTeHUN
Bo Il xiTacc BEICOTHI, HE3HAYH-
TelnbHOE oOMep3anue |-IeTHHX
mo6eros. L[BeTeHKe U MII0/I0HO-
IIEHNE, KAYeCTBO TUIO0B
1 CeMsIH yIOBIICTBOPHUTEIIBHEIC.
Pactenus coxpassroT
JIEKOPATUBHOCTD

Bs3 rmagkuid,
KJIEH OCTPOJIMCTHBIN,
JIUTIA MEJIKOJTUCTHAS,

MaroHus naxy0o-
JIUCTHAS

CreneHb
bann Hanpsi-
cTpecca JKEHHOCTHU
cTpecca
1 IToporosas
2 Bricokas
3 Ymepen-
Hast
4 Huskas
5 OueHb
HH3Kast

Pactenus o0GnagaroT BeIpaykKeH-
HOM yCTOWYMBOCTBIO K BO3-
JIEHCTBHIO HHTPOLYKIIMOHHBIX
CTPECCOB, YCIEUIHO MPUKNBa-
I0TCSI, PacTyT M Pa3BUBAIOTCS,
BCTYNAIOT B PENPOTYKTUBHYO
(asy, COXpaHsIOT )KUZHEHHYIO
(bopmy, XapaKTepHYIO s
€CTECTBEHHOTI'0 apeasia Mpoms3-
pacTaHus, COOTBETCTBYIOT LIEITH
MHTPOLyKIINU

CocHa kenpoBas
cubupckas,
TOTOJNB Oanb3amMuye-
CKMI1, KaparaHa jpe-
BOBHJIHAsA, CUPCHb
BEHrepcKas,
pO3a MOPIIMHHUCTAS
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Ta6uuna 2

[IIkana oLeHKHU CTeNeHH CX0ICTBA TAKCOHOMUYECKOT0 cocTaBa AeHapodJiop [6]
The scale for assessing the degree of similarity of the taxonomic composition
of dendrofloras [6]

Koad-
I'pynma cxoncTBa (l)I/IIII/IeHT XapaKkTepHCTHKA CXOACTBA
Py a CXOJICTBA, P P A
K*
Ouens cnaboe. [Ipu yBenmueHNN YUCIEHHOCTH TAKCOHOB
I <025 JEeHAPO(IOp U YMEHBIICHUH KOJIMYECTBA TAKCOHOB, OOIINX
- JUISL CpaBHUBAEMBIX (I10p, KO3((HUIHMEHT CX0ACTBA TPUOIH-
skaercs K 0
1I 0,26-0,50 Cnaboe
1T 0,51-0,75 bnuskoe
Ouensb Ommskoe. [Ipu aGCOMIOTHOM paBEHCTBE YHCIIA TAKCO-
v 0,76-1,00 | HOB cpaBHUBAaEeMBbIX AeHAPOMIOP M YMCIIa OOIINX TAKCOHOB
i 2 itop koA UIMEHT CXOACTBA paBeH |

*[Ipn cpaBHEHMH CTENEHH CXOACTBA TAKCOHOMHUYECKOIO COCTaBa paccMaTpHBaEMbIX
genzapoduop ucnonb3oBaH koddduunuent XKakkapa, paccuntsiBaeMblii o Qopmyne K, =
=c/(a+b—c), tne a, b — 4NCIO TAKCOHOB B KAXKIOH M3 2 CpaBHUBAEMBIX (IOP; ¢ — YHCIIO
o0mmx st 2 GIop TaKCOHOB.

[Ipu BHEApEHWNH B TOPOJCKHME 3€JIEHBIC HACAKACHHUS HHTPOYINPOBAHHBIX BH-
JIOB JACHIPOMIOPHI U KOMIUIEKCHOW OIEHKH HEMAaOBa)KHO 3HATh WX TbUICyIEp-
JKUBAIONIYIO CIIOCOOHOCTh. Be3ycloBHO, MpU MPOYUX PaBHBIX MTOKA3aTENSIX UHTPO-
JIyKTOP OTAAeT MPEANOYTCHUE PACTCHUIO ¢ HAM0OJIee BEICOKOM TbUICYACPKUBAOIICH
criocoOHocThi0. [Ipenaraemast Hamu 1ikana (Tadi. 3) sBASETCS JAOMOMHSIOMICH |
YTOYHSIONIEH KAy ONCHKH MBIICYICPKUBAIOIICH CITOCOOHOCTH APEBECHBIX U KY-
crapauKoBBIX Iopox O.B. Uepnsimenko [29].

Tabnuna 3

[Ixana oueHKH nbLIeyIep:KUBaoLIeil criocoO0HOCTH BUIOB [1]
The scale for assessing the dust retention capacity of species [1]

O11IeHKA MTBUICYICPKUBAIOIICH CITOCOOHOCTH
Macca ynepkiuBaeMO# MbUTH, /M2
Crenenb bann
<1 Kpaitne Hr3kas 1
1,13 YmepeHnHas 2
3,1-5 Cpenmsist 3
5,1-7 Bricokas 4
>7 HawnGonee Bbicokas 5
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BorarcTBo BHIOBOTO pa3HOOOpa3usi HOBBIX JJIsi CEBEPHBIX YCIOBUI pacTeHUN
TOPOJICKOM JIEHAPOQIIOPHI SIBISETCS XOPOILEH CEIeKIIMOHHON 0a30i s JajibHEH-
IIUX WHTPOAYKUMOHHBIX MCIBITAHUN M HAYYHOH OCHOBOM MPOTHO3a YCHEIIHOCTU
CTYNEHYATON MHTPOAYKIMM MHOTHX LICHHBIX JIPEBECHBIX U KYCTapPHUKOBBIX BUJOB B
CEBEpHBIE IIUPOTHI.

[lepcriekTrBa MOCIETYIOMIET0 PA3BUTHS HHTPOAYKIIMA 3aKITIOYaeTcsi B 0000-
IICHUH HAKOIMBIIIETOCS OMBITA Ca/JI0BOJOB-TIOOUTENEH HA JBOPOBBIX TEPPUTOPHUIX
ropojia ¥ 3aropofHbIX ydacTkaxX. Kpome Toro, He00X0quMO YUUTHIBATh C(HOPMUPO-
BAaBILUNICS OMBIT 03€JICHEHUSI CTAPUHHBIX TOPOJIOB, B T. Y. M MAPKOB [2, 3, 12, 14].

Kapta npoaBmxeHuss MHTPOyIUPOBAHHBIX BUJIOB ACHIPO(IIOPHI B CEBEPHOM
HaIpaBJICHUU 3aKJIIOYACTCS B CIEAYIONIEM: |-€ MOKOJICHHE MHTPOAYIECHTOB BhHIpa-
LIUBAETCS B TOPOJICKUX 3€JICHBIX HACAKICHUSX OCTPOBOB TEIUIA C NATBHEHIIIIM MIPO-
JBIDKCHUEM 2-TO TOKOJICHUSI B 3€JICHYIO 30HY TOPOJOB C IMMOCTAHOBKOM OIIBITOB WX
KYJIETUBUPOBAHUS 110 TTPOU3BOJICTBEHHBIM TEXHOJIOTHSIM.

3axnrouenue

Peanuzanus KOMIUJIEKCHBIX MCCIEOBAaHUNA MHTPOLYKLUMHU PACTEHUN B CEBEP-
HbIE MUPOTHI Pycckoil paBHUHBI C ydacTHEM (PH3UOJIOTOB, IKOJIOTOB, TEHETUKOB H
JIPYTUX CHEIHaINCTOB IO3BOJUT 3HAYMTENILHO ONTHMHU3MPOBATh MpoIlecc odora-
IIeHusT OMOpa3HOOOpa3us MECTHON MEeHAPOMIOPEI OTCEIECKTHPOBAHHBIMI HanboIIee
XO3HCTBEHHO-TICHHBIMH M YCTOWYHBBIMU K CEBEPHBIM IMTPHPOTHO-KIMMATHICCKIM
YCIIOBHUSIM PErHOHA BHIAMH JIEPEBHEB U KyCTAPHUKOB.

Hapsiny ¢ mpoBeseHHEM TEOPETUYECKHX MHOTOIUIAHOBBIX HCCIIECOBAHHI
YCIEITHOCTH MHTPOAYKLMU BHJIOB AEHAPOQIIOPHI B CEBEPHBIX MPUPOTHO-KIMMaTHYe-
CKHUX YCJIOBUSIX BaYKHBIM HAIIPABJICHUEM Pa3BUTHSI HHTPOIYKIIMU CUATACM Pa3padOTKy
arpoTEXHUKHU BBIPALIMBAHUS [10CAJOYHOIO MaTepuaa X03siCTBEHHO-1IEHHBIX BUJIOB.

Cremyer npu3HaTh, YTO BOMPOCHI Pa3padOTKH, a sl HEKOTOPBIX MOPOJT — YTOU-
HEHMs, arpOTEXHUKH BBIPAIIUBAHUS TOCAJOYHOTO MaTepHaja MHTPOIYLIEHTOB SBIIS-
IOTCSl COBPEMEHHON HEOOXOJMMOCTBIO, 3aBEPIIAIOIINM ITAllOM HHTPOTYKIIMOHHBIX
WCTIBITAHWH HE OJHOTO JECATKAa 0CO00 IEHHBIX JPEBECHBIX W KYCTAPHHUKOBBIX TTOPO
Kak B OnonorndeckoM (oOorarenrne Omopa3HooOpas3us), TaKk U XO3SHCTBEHHOM IIa-
Hax. DTO HarpapJieHre UHTPOAYKIIMOHHBIX UCCIIEIOBAHMH 3aCTy>KHBAET CaMOTO TpH-
CTaJIbHOTO BHUMAHUS JIEH/IPOJIOTOB-MHTPOILYKTOPOB U SIBIISICTCS MPUOPUTETHBIM JUIS
MPUPOIHO-KIMMaTHUecKuX ycaoBuil EBponeiickoro Cesepa.
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Abstract. The article presents the results of a study of the structure of the wood of
mountain ash (Sorbus aucuparia L.) in the mountains of the North Caucasus. The
direction of adaptive changes occurring in the elements of the secondary xylem of the
plant at various heights, including extreme ones, is shown. The conclusions of a number
of studies have been confirmed that the basic reaction of mountain ash with an increase
in altitude and a decrease in growing capacity, as well as an increase in the intensity
of transpiration, is a decrease in plant size and a narrowing of the annual growth of the stem
in diameter. At the same time, a number of quantitative changes occur in the wood itself,
mainly aimed at optimizing the water-transporting function. With increasing altitude, as water
supply conditions become more stringent, maintaining normal water balance is achieved by
narrowing the diameters of vessels and increasing their number per unit area. The increase in
the total area of the pores occurs due to an increase in the number of narrow, single vessels.
The quantitative anatomical changes established during the study are adaptive in nature. In the
storage parenchyma of wood, there is an increase in the density and linear dimensions of the
rays. The volume of the radial parenchyma at a relatively constant average ply value occurs
due to an increase in the height of the cells composing the ray. It is noted that sufficient water
balance and enrichment of Sorbus aucuparia wood with living cells of the axial and radial
parenchyma increases the viability and plasticity of the entire organism, covers the energy
costs for reparation processes, and also stimulates the possibility of vegetative reproduction in
conditions unfavorable for seed renewal. A significant range of fluctuations in the quantitative
characteristics of mountain ash wood elements increases its adaptive capabilities, helping it to
occupy a variety of ecological niches in nature, as evidenced by the wide range of this species.
Keywords: mountain ash, wood, xylem, water-transporting tissue, annual ring, xylotomic
signs, adaptation, the North Caucasus
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Annomayus. TlpencraBneHbl pe3yabTaThl UCCICNOBAHUS CTPYKTYPHI JAPCBECHHBI PSIOMHBI
00BbIKHOBEHHOMU (Sorbus aucuparia L.) B ycnosusx rop Ceseproro Kaskasza. ITokazano Ha-
[paBJICHUE alaliTAlUOHHBIX U3MEHEHUI B 2JIEMEHTAX BTOPUYHOM KCUIJIEMbI PACTEHHUS Ha pa3-
JIMYHBIX, B T. Y. IPEIENIbHbIX, BbICOTaX. [loATBEpKAECHBI BBIBOABI Psiia UCCIEIOBAHUMA O TOM,
9T0 0a30BOU peakmuell psOUHBI C MOJBEMOM B TOPHI U CHIDKCHHEM DHEPTUH POCTA, a TAKKE
YBEJIMUYEHUEM UHTEHCUBHOCTH TPAHCIUPALNHU SIBIISETCS YMEHBIICHUE Pa3MEPOB PacTEHUS U
CHIKEHHE TOJI0BOrO MPHUPOCTa CTBOJA MO nuameTpy. OTHOBPEMEHHO C 3THUM B JIpeBECUHE
MIPOUCXOMUT PSIJT KONMICCTBEHHBIX N3MCHCHHUH, CBA3aHHBIX IIABHBIM 00pa30M C ONTHMH3a-
nueit BomonpoBosmed GyHKIuu. C BBICOTOH, IO Mepe YXKECTOYCHHUsS yCIOBUN BOJOCHAO-
JKCHHS, COXPaHEHUE HOPMAIILHOTO BOJHOTO 0allaHca JOCTUTACTCS CY)KCHHUEM COCYIIOB H yBe-
JIMYEHHEM MX 4YWcia Ha €AMHMILY IJIOLIAAM APEBECHUHBbI cTBoJa. Bo3spacTanue cymmapHOi
IJIOL[aM MPOCBETOB MPOUCXOAMUT 3@ CUET MOBBILIEHUS YUCIA Y3KMX OJMHOUYHBIX COCY/IOB.
‘YcTaHOBIIGHHBIE B XO/I€ UCCIICIOBAHUS KOJIMUYECTBEHHBIC aHATOMUYECKUE U3MEHEHUS HOCSAT
aJanTUBHBIN XapakTep. B 3amacaromield mapeHXume APEeBECHHbI YBEIUUUBAIOTCS T'YCTOTa U
JMUHEWHBIC pa3Mepsl iydeil. O0beM JTydeBOH MAapeHXHMBI TPH OTHOCHTEIBHO MOCTOSHHOU
cpellHed CIIOMHOCTH HapacTaeT 3a CYET YBEJIMYEHHUsl BBICOTHI CIAararoliux Jyd KieTok. Ot-
MEUEHO, YTO JTOCTATOYHBIA BOAHBIA OajaHCc M oOoramieHue APEBECHHBI Sorbus aucuparia
JKUBBIMH KJICTKaMHU aKCHAJIbHOM WM JY4CBOH MapCHXUMBI MOBBIMIAIOT KU3HECIIOCOOHOCTh U
[JIACTUYHOCTh BCETO OpPraHu3Ma, MOKPBIBAIOT YHEPreTUYECKUE 3aTpaThl Ha penapaluoOHHbIE
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MPOIIECCHI, a TAKKE CTUMYIUPYIOT BO3MOKHOCTh BETCTaTHBHOTO Pa3MHOXKCHHS B HEOIaro-
MPUATHBIX JJT1 CEMCHHOTO BO30OHOBJICHUS YCIOBHSIX. SHAUUTCIBHBIN TUANA30H (IIyKTyaluu
KOJIMYECTBEHHBIX TIPHU3HAKOB JIEMEHTOB JIPEBECUHBI PSIOUHBI MIOBBIIIAET €€ aJa THBHbIE BO3-
MOYKHOCTH, TIOMOTasi 3aHUMATh B IPUPOJIC Pa3HOOOPa3HBIC IKOJIOTUICCKHIE HUIITH, O YEM CBH-
JICTEIBCTBYET IIUPOKUI apeast 3TOro BHJIA.

Knrouesvie cnosa: psidvna oOBIKHOBCHHAS, IPCBCCHHA, KCHIJIEMa, BOIOMPOBO/IINAS TKAHb,
TOIMYHOC KOJIBII0, KCHJIOTOMHYCCKHUE Mpu3Haky, agantanus, CeepHbiii KaBkas

Jnsa yumuposanus: Umarov M. U., Chavchavadze E.S., Shchekalev R.V., Romanova V.O.,
Umarov R.M. Variability of Anatomical Characteristics of the Wood of Mountain Ash (Sorbus
aucuparia L.) in the Conditions of the North Caucasus // U3B. By30B. JlecH. xxypH. 2024. Ne 6.
C. 78-89. https://doi.org/10.37482/0536-1036-2024-6-78-89

Introduction

Adaptation of plants to a variety of environmental situations, including extreme
ones, represents one of the problems that ecological botany investigates. Mountain forests
occupy a significant place in the vegetation cover of Russia with woody plants constituting
the basis. The increasing frequency of natural disasters, such as forest fires, floods and
mudflows, has led to a reduction in forest areas, including in the mountainous regions
of our country. The Restoration of the affected areas and the creation of new artificial
stands require a well-founded approach, knowledge of the biological and environmental
characteristics of all the components included in the various layers of a mountain forest.
One of these components is mountain ash (Sorbus aucuparia L.).

Ecological and anatomical studies of woody plants in connection with their
altitude-based distribution provide significant clarity in solving these problems,
which makes it possible to understand the directions of their structural adaptation
to mountain conditions [33]. Such research is becoming increasingly relevant in our
time. The ecology of forest-forming species is one of the foundations of mountain
forestry, the development of which serves as a guarantee of effective and balanced
forestry activities [11, 12, 30].

Our study aims to investigate the quantitative xylotomic characteristics of
mountain ash in connection with the altitude above sea level in the mountains of the
North Caucasus.

Research Objects and Methods

In mountainous areas, with an increase in altitude above sea level, changes in
physical-geographical, phytocenotic, and edaphic conditions, and altitudinal zonality
of the climate manifests itself. It is believed that for every 100 m of elevation the
temperature decreases by slightly less than 0.5 °C. At the same time, the relative
humidity and the amount of precipitation increases, atmospheric pressure decreases,
and the ratio of direct and diffuse radiation, as well as the movement of air masses
and other factors change [4, 5, 9]. The listed characteristics change with altitude in an
interconnected manner, exerting a certain effect on the habitat conditions of plants.
On this basis, we consider altitude above sea level as a complex environmental factor.
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The species selected for our study has become mountain ash, a tree of 4 to
15 (20) m high with a stem diameter of up to 18-20 cm in diameter. In Russia, it is
a widespread species in the forests of the European part and the North Caucasus,
growing as undergrowth in coniferous and coniferous-deciduous forests. Mountain
ash is quite winter-hardy, drought-resistant and undemanding to soil resources [10].
In the mountains of the North Caucasus it is found everywhere from an altitude of
850 to 2,500 meters above sea level (hereinafter — masl), predominantly on northern
slopes [2, 8, 28, 29].

Mountain ash has a diffuse-porous type of wood with distinct annual rings.
Their border is represented by a narrow strip of radially flattened fibrous tracheids
and terminal parenchyma cells. The transition from spring to summerwood can be
both gradual and relatively abrupt. Vessels are all of the same type and numerous,
with their number and size slightly decreasing towards summerwood. In cross-
section, the pores of the vessels are of angular, round and oval shape, positioned
singly or, less often, in pairs and small groups of 3 to 4, their diameter varies within
15-50 um. The perforation plates are mostly simple, located on transverse, strongly
beveled or lateral walls. In pessimal habitat conditions, scalariform perforation plates
with a small number (1 to 3) of crossbars are found; reticulate perforation plates are
even less common.

Fibrous tracheids with fairly thickened walls make up the bulk of the wood. The
bordered pores on the walls of the tracheids are rounded; the apertures are elongated,
often slit-like, reaching the border limits, often intersecting.

The axial parenchyma is diffuse, more often metatracheal from scanty to
abundant. The rays are 2-to-3-rowed, homogeneous and slightly heterogeneous, in
cross section they are usually narrower than the vessels; meeting the latter, the rays
bend, bypassing them. On the tangential section, the rays are represented by two types
of cells: those elongated along the axis of the tree make up single-rowed rays or are
located at the edge of a three-rowed ray with smaller, rounded cells in the middle of it.
In a radial section, the cells that make up the central part of the rays are horizontally
elongated; the marginal cells are often slightly higher than the middle ones.

The material for our study has been collected in the western part of the North
Caucasus on the territory of the Tersky Ridge along the Kerigo, Tyualoy, Chanty-
Argun, and Sharo-Argun Rivers (Table 1). The samples of wood for analysis of
the anatomical structure have been collected from individual Sorbus aucuparia
specimens of up to 40 years of age. The collectors have observed the principle of the
equivalence of the ecological conditions of growth of individual plants (for example,
the comparability of slope exposure).

Individually growing specimens have been selected on the slopes of the
northern thumb mountains with approximately the same stem diameters, except for
the material collected at the upper limits of the forest belt. In tall plants, transverse
cuts have been taken at a height of 30 cm from the soil surface, and in low-growing
specimens at a height of 10 cm. This made it possible to obtain a sufficient amount
of material for further research (30 trees for each height). After measuring the width
of the annual rings, 2 to 4 segments (depending on the diameter of the disk) have
been cut out to study the linear dimensions of the structural elements of wood in the
definitive xylem zone.
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Table 1

The description of the research objects

Altitude, Slope

Habitat
masl exposure

The left flank of the Kerigo River gorge (lower reach) — the right
1,400 North tributary of the Chanty-Argun River.
Floodplain forest

The right flank of the Tyualoy River gorge — the left tributary
1,900 of the Kerigo River.

Mixed forest

Northwest

The vicinity of the Tebulo Pass (side ridge). The upper reach
2,450 of the Tyualoy River.
Birch crooked forest. The upper forest line

The upper reach of the Sharo-Argun River. The vicinity
2,480 North of the Kachu Pass (side ridge).
Rhododendron-birch forest. The upper forest line

Sections for quantitative anatomical analysis have been prepared using the
Reichert freezing microtome (Austria) in 3 projections: transverse, tangential and
radial. Xylotomic descriptions have been performed in accordance with generally
accepted methods [18, 19, 35].

The following parameters have been studied: the width of the annual ring,
the number of vessels per unit area in spring and summerwood, the diameter of the
vessels and the thickness of their walls, the number of axial parenchyma cells per unit
area and the number of rays per a millimeter of tangential section (total, single-rowed
and two- or three-rowed), the layering (height in cells) and the linear height of the
rays in um. The terminology of the International Association of Wood Anatomists
(IAWA) has been used [34].

The obtained data has been processed using the methods of correlation, factor
and variance analysis, etc. [7, 13, 16, 17, 26, 27]. The findings are significant at a 5 %
significance level.

Results and Discussion

In the secondary xylem of woody plants (coniferous and dicotyledonous
angiosperms), the most responsive element to any change in the environment is the width
of the annual ring [14, 24, 25, 30]. The vast majority of the obtained tree-ring chronologies
show a significant sensitivity to annual climate changes (sensitivity coefficient from 0.319
t0 0.586). The exceptions concern individual series of radial increment in samples collected
from a maximum altitude of more than 2,000 m. Spatial analysis of the synchronicity of
tree ring fluctuations along the mountain ash stem radius failed to reveal any significant
correlation between the chronologies at different altitudes. It has revealed a tendency
towards increasing restrictions on the freedom of fluctuations in increment with altitude,
which has been demonstrated by the dynamics of the increment index (see Figure). The
range of scatter of values by module has been: 2.14 for the altitude of 1,400 masl, 1.06
for 1,900 masl and 0.97 for 2,450 masl.
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It has been previously noted that the fluctuation in the width of annual rings
demonstrate a certain inertia due to the physiological mechanisms of the formation
of increment and its structural elements [1, 21]. The obtained chronologies show
the presence of a connection between the current year increment and the previous
period. The autocorrelation values with a one-year lag (r,) for the original tree-ring
chronologies vary in the range from 0.234 to 0.821 (the correlation ratio spreads from
weak to high). In this case, we can only talk about the trend of a correlation ratio (r,)
increase with the increase in altitude above sea level. The evaluation the autocorrelation
function with a time lag of more than one year has allowed us to judge the presence of
pronounced cyclical fluctuations of varying intensity. Due to the insignificant length
of the considered mountain ash increment series, the maximum time lag has been
taken to be 7 years (r,... 7). In our case, for both individual and aggregated increment
series, no clear markers of the presence of short-period increment cycles have been
identified based on the habitat altitude, since the first-order autocorrelation coefficient
turned out to be the highest.
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The dynamics of mountain ash increment index change at different altitudes

At high altitudes (of 2,450 to 2,480 masl), narrower rings are more common;
their boundaries are difficult to distinguish, since the summerwood is very thin-walled
and fairly narrow. A sharp narrowing of annual rings in some years is observed in
plants even in lower levels of habitats. At the upper forest line, individual or group
rings are often wedged out, in which case multiple or “false” rings are formed.

By analyzing the variability of the width of annual rings in a single time series,
we are essentially considering the dynamics of xylem production by the elementary
unit of cambium. In this case, when comparing different radii, endogenous variability
intervenes with the increment dynamics. The value of this indicator fluctuates on
average from 38 to 42 %. With the deterioration of soil and hydrological conditions,
using the example of gymnosperms of the taiga zone, a narrowing of the radial
increment values range has been noted. Trees become no longer capable of fully
materializing their abilities [23]. In our example, no significant differences have been
found in the magnitude of endogenous variability in diameter increment depending
on altitude above sea level. An excess of the value of individual variability within
individual locations over the level of geographic variability has been noted, which
seems logical [22].
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Many researchers have found out that woody plants most often respond to
any negative external influence in a non-specific manner, by developing narrow
annual rings [3, 15, 20, 31, 32]. The narrowing of the increments and the reduction
of the vascular pores in response to a more adverse environment (Table 2), in our
case expressed through an increase in altitude above sea level, should have led to
a reduction in the water-transporting tissue volume. However, at the same time, we
observe in a separate part a significant (when comparing a successive series of lower
altitudes: 1,400-2,450; 2,480 and 1,900-2,450; 2,480) an increase in the number of
vessels per 1 mm2. The total number of vessels per unit area in mountain ash wood
varies more at the upper habitat limit: 17-22 % at altitudes up to 1,900 masl and
24-28 % at an altitude of 2,450 masl.

Table 2
The size of the vessel pores in spring- and summerwood of Sorbus aucuparia (M £+ m)
Vessel pores
Altitude, | Annual ring Springwood Summerwood
masl width, mm
Quantity, Tangential Quantity, Tangential
pcs/mm? diameter, pum pcs/mm? diameter, pm
1,400 0.87 +0.07 293 +£23 350+ 1.75 172 £ 18 257+1.25
1,900 0.73 £0.06 380 £ 26 324+£1.54 252 +22 27.8+1.26
2,450 0.58 £0.05 664 + 26 22.8+1.08 259 £22 20.5+0.90
2,480 0.59+£0.05 597 + 35 22.8+1.15 299 + 24 19.1 £0.84

The density and diameter of the vessels are directly related to the rate of water
supply to the crown and, undoubtedly, the relationship between the number of vessels
and the narrowing of their diameters is the most logical response for maintaining the
total area of water-transporting routes and the normal water supply.

With an increase in the habitat altitude, the parenchymal elements, in contrast
to the water-transporting ones, experience only minor changes. No significant values
have been found in the dynamics of numerical parameters and linear dimensions of
individual axial and radial parenchyma elements.

The axial parenchyma is very labile. Its volume can vary greatly both within
a one annual ring and over the stem in height and radius. In our study, no patterns of
distribution of axial parenchyma depending on the age of the plant have been found
in Sorbus aucuparia wood. Within one annual increment, the axial parenchyma cells
can show different distribution patterns: most often they are concentrated in the
summerwood zone, but can be evenly scattered throughout the annual ring (diffuse
parenchyma) or form narrow strips of up to 4 cells at the outer increment border
(terminal parenchyma).

With an increase in the habitat altitude, an increase in the density of axial
parenchyma cells is noted in mountain-ash wood: 255+31 at 1,400 masl; 417+28
at 1,900 masl; 527+39 at 2,450 masl; 591£33 at 2,480 masl (7, > ¢, (2.04) when

act

comparing data at 1,400-1,900; 2,450; 2,480 and 1,900-2,450; 2,480). The range
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of variability at different altitudes varies from 18 to 39 %. The magnitude of variability
of the considered parameter does not correlate with the volume of parenchyma in the
annual ring.

Radial rays make up a significant part of the parenchyma volume. There
are no clearly defined patterns in their distribution and quantity. The number and
ratio of differently rowed rays remain to a certain extent constant values (Table 3).
In different habitats at different altitudes above sea level, the content and ratio
of differently rowed rays in wood is not the same. There is a tendency for the density
of rays to increase by 1 mm with an increase in altitude above sea level (the actual
Student’s t-test values do not exceed ¢, of 2.04), with the variability at different
altitudes from 26 to 30 %. Given a conditionally constant average value of two and
three-rowed rays, the number of single-rowed rays increases by 2 times with the
ascent into the mountains. And while at altitudes of 1,400 and 1,900 masl, two-rowed
rays prevail over single-rowed ones, at extreme altitudes single-rowed rays prevail.
Thus, the ratio of the considered groups of rays by rows, when moving towards the
upper habitat limit, tends towards the range of 1.0 to 1.1.

Table 3

The average values of the radial parenchyma parameters of Sorbus aucuparia

Number of rays, Ray height, mm

pes/mm Single-rowed Two-, Three-rowed
Altitude,
masl two
total single- three. | ratio Layering, Lmear Layering, Lmear
rowed rowed n-cells | height, mm n-cells height, mm

1,400 | 8506 | 32 | 53 |0.60|54+0.4(956+13.0|11.4+1.0|178.6+23.1

1,900 [10.2+0.8| 3.7 | 6.5 [0.57|53+04(|942+122|11.3+1.1|1753£25.2

2,450 |10.0+£0.8| 49 | 5.1 |096]|5.7+0.4]96.5+12.6|12.0+1.3|165.5+21.6

2,480 |10.7£09| 5.6 | 5.1 |1.10|/4.5+0.4|1009+16.1 | 11.6+1.1|200.8 +£28.9

The layering of rays (height in cells) is a highly variable parameter, yet
showing sufficient stability in rays of a specific row number, and thus, can be used as
an additional parameter in comparative anatomical studies [33]. In our material, no
significant changes in layering at different altitudes from 1,400 to 2,480 masl have
been detected. In single-rowed rays, the layering averages 4—6 cells (maximum 14),
and in two- and three-rowed rays, the average is 10—13 cells (maximum 33).

The linear height of single-rowed rays fluctuates within the range of 22 to
255 pum, and for two- and three-rowed rays, from 40 to 563 pum. Table 3 shows the
average values of the linear size of the rays by altitude. The differences in the average
ray height between the individuals of the same habitat are more pronounced than
those between the individuals from different locations at different altitudes above sea
level. No significant changes in this parameter have been noted with an increase in
the habitat altitude (correlation () 0.284 + 0.041; ¢ = 1.57).

Thus, the ray linear dimensions depend more on the height of the ray-
composing cells than on the layering. For example, the measurement results show
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that in depressed individuals at the upper habitat limits, the rays, especially the single-
rowed ones, contain higher cells. In this case, the correlation ratio is represented by
values of » = 0.892 + 0.053 with the measurement reliability of 7 = 10.44.

The specific volume of single-rowed and two- or three-rowed rays in
mountain-ash wood is 10 and 12 %, respectively. The studied material showed that in
the definitive xylem, two- and three-rowed rays most often occupy a larger volume.
In samples taken from the upper habitat limits, the volume of single-rowed rays
and their number are higher than in mountain ash wood from lower altitudes. No
noticeable difference has been found in the volume of wider rays due to changes in
the environmental factor under consideration.

A comparative anatomical analysis of the mountain ash wood taken from
different altitudes above sea level indicates that any changes in it with increasing
altitude are mainly quantitative in nature. The relationship between the characteristics
of water-transporting, mechanical and storage elements is the closer the harsher the
living conditions.

Table 4
The correlation (r) between the total number of rays and variously-rowed rays
in the wood of Sorbus aucuparia

Altitude, masl Quantity of rays Single-rowed Two-, three-rowed
1,400 Total +0.632 + 0.146 +0.557 £ 0.157
Single-rowed - -0.284 +0.181
1,900 Total +0.623 £ 0.148 +0.217 £0.184
Single-rowed — -0.601 +0.151
2450 Total +0.459 £ 0.168 +0.388 £0.174
Single-rowed - —0.644 £ 0.145
2,480 Total +0.700 + 0.135 +0.374 £0.175
Single-rowed - -0.516 £ 0.162

The total density of rays at different heights depends more on the number of
single-rowed than two- or three-rowed rays (Table 4). A comparison of the same
annual increments of water-transporting elements (vessels) and storage elements
(axial parenchyma cells) has not revealed any correlation them: springwood r =
=0.306 +0.180; t.= 1.70 < 1t,,,.; summerwood r = —0.091 + 0.162; ¢ = 0.56.

table>

Conclusion

The results of the study of the adaptation of Sorbus aucuparia wood to various,
including pessimal, habitat conditions due to the altitude above sea level in the
mountains of the North Caucasus have shown that:

1. The basic response of mountain ash to the ascent in the mountains and the
decrease in growth power, as well as to greater transpiration intensity, is a decrease in
the size of the plant and narrowing of the annual increment of the stem in diameter.
At the same time, the wood itself experiences a number of quantitative changes that are
mainly aimed at optimizing the water-transporting function. With increasing altitude,
as water supply conditions become more stringent, maintaining normal water balance
is achieved by narrowing the vessel diameters and increasing their number per unit
area. The increase in the total area of the pores occurs due to an increase in the
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number of narrow, single vessels. The anatomical changes quantitatively established
during the study are adaptive in nature.

2. In the storage parenchyma of wood, an increase in the density and linear
dimensions of the rays has been observed. The volume of the radial parenchyma with
arelatively constant average layering value occurs due to an increase in the height of
the ray-composing cells.

Fromthe above, it can be concluded that sufficient water balance and enrichment
of Sorbus aucuparia wood with the living axial and radial parenchyma cells
increases the viability and plasticity of the entire organism, covers the energy costs of
reparative processes, and also stimulates the possibility of vegetative reproduction in
conditions unfavourable for seed regeneration. A significant range of fluctuations in
the quantitative characteristics of mountain ash wood elements increases its adaptive
capabilities, helping it to occupy a variety of ecological niches in nature, as evidenced
by the wide distribution area of this species.
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HOM HampaBieHuu — 34° B. 1. (okpectHocTH T. [leTpo3aBomacka) u 130° B. 1. (OKpecTHOCTH
I. SIkyTcka). YCTaHOBJIEHO, UTO HE3aBHCHMO OT MECTa MPOM3PAacTaHus B 3SUMHE-BECEHHUH T1e-
PO CyMMapHBI€ JIMIHIBI ToYeK Oepe3bl MOBUCION XapaKTePU30BAINCH BRICOKHM COZEpIKa-
HUEM HCHACBIIICHHBIX JKUPHBIX KUCJIOT. B 10 )¢ BPEMS BBIABJICHBI CYIIECTBCHHBIC pa3Inunsd
10 COCTaBy MU COOTHOIIECHWUIO MOHO-, IU-, TPUCHOBBIX XUPHBIX KHUCJIOT, JUHAMHUKA KOTOPBIX
B 3HAYMTEIBHOM CTENEHM 3aBHCeNa Kak OT (pa3bl 3MMHE-BECEHHETO Pa3BUTHs PACTCHUH, TaK
U OT CTCIICHU KOHTHUHCHTAJIBHOCTH KJIMMarta. HOKaBaHO, 4TO B YCJIIOBUAX Kapem/m BO BpEMsA
BBIHY)KJICHHOTO TIOKOsI (STHBapb—MapT) B JIMIHAX IOYeK Oepe3bl MOBHUCION HAOMIOAaeTCs Mo-
BBIIIICHHOE COJICpPyKaHNe JMEHOBBIX, a K Ha4aly WX pacIyCKaHHs (ampeib—Mai) — TPHEHOBBIX
JKHPHBIX KHCIIOT, TOTJa KaK B SIKyTHH B 3UMHE-BECCHHUI MEPHO[ YCTOHNUYMBO MPeoOIaaaoT
MOHOCHOBBIE 1 NTUCHOBBIC KUPHBIC KUCJIOTHI. OJIHOBpeMeHHO C OTHUM BBISIBJICHA BBICOKAs aK-
THBHOCTb 06- U ®3-7ecarypa3 (OTBETCTBEHHBIX 3a CHHTE3 JIMHONEBOH C,g, U JIMHOJIEHOBOM
C g3 KUPHBIX KHCJIOT) B JIMIUJIAX Mo4eK Oepesbl MOBUCIION, npouspacratomeil B Kapenuu, a
®9-necarypasbl (karanusupymomieil cuHTe3 o1euHoBON C ¢ | JKUPHONW KUCIIOTBI) — B SIKyTHH.
BrickazaHO MpeAroaokeHre, YTo B YCIOBUSAX MHOTOJICTHEH MEP3JIOTHI CYIIECTBYET B3aUMOC-
BS3b MEXKILy SKCIPECCHell TeHOB, KOHTPOIHPYIONINX 00pa3oBaHue 09-aluI-TUIAIHON 1ecary-
pa3bl, 1 YCTOMUMBOCTBIO TKaHEH 3a4aTOYHBIX OPraHOB B IIEPUOJ UX BHYTPUIIOUEYHOI'O pa3BU-
THA K OTPULIATEIIbHBIM TEMIIEPATypaM HE TOJIBKO BO31yXa, HO 1 KOpHeO6I/ITaeMOFO CJIOS TIOYBBI.
I1o MaCHMUIO ABTOPOB, OCO6CHHOCTI/I, BBISIBJICHHBIC B COCTAaBE€ CYMMApPHBIX JIMITUAOB B ITOYKaAX
Oepe3sl MoBHCION B SIKyTHH 1o cpaBHeHHIO ¢ Kapenuneii, MOTyT paccMaTpuBaThesl Kak OMH
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13 JIOTIOJIHUTEIBHBIX MEXaHH3MOB, MMOBBIIIAONINX a1alITUBHBIN TOTEHIIMAN BHa B YCIOBHUSX
MHOTOJIETHEH Mep3JI0ThI ¥ MTO3BOJIMBILMIA MTpeICTaBUTENSIM poza Betula L. pacumputs apeai 10
CEBEPHOM rpaHuIIbl PACIPOCTPAHEHHS JPEBECHON PACTUTEIILHOCTH.

Knroueewie cnosa: Betula pendula Roth, ananranus, necarypa3ssl, >KUpHbIE KHCIIOTBI, CyM-
MapHsble nunuasl, Kapenus, Sxytus

bnazooapnocmu: ®unaHcoBoe oOecriedeHHE HCCIIEAOBaHMSI OCYIIECTBISUIOCH M3 CPEJICTB
(denepanibHOrO OrOmKeTa Poccuiickoit desiepanuyi Ha BBINOMHEHUE Troc3aianus Kapeb-
ckoro HayyHoro meHtpa PAH (Muctutyr neca KapHI[ PAH; Ne FMEN-2021-0018) u
Wucturyra Ononormdeckux npobOiem kpuomurozonsl CO PAH (Ne FWRS-2021-0024).
ABTOpBI BBIpaKAIOT DIyOOKyro OmaromapHocts B.B. ByOsikMHOI, BBICTYyNHBIICH WHUIIH-
aTopoM IIPOBEJICHUsT UcCieaoBaHui Oepessl B ycnoBusx Kapenun m Skytum, A.A. Tlepky,
A.T". Tlonomapesy, 1.B. Bacuibesoii, O.C. Cepedpsikosoii u H.E. TlerpoBoii 3a momoiis B
cOope pacTuTeapHOro Matepuana, a takxke 1.B. Mopo3oBoii 3a yactinunyto o6paboTKy nep-
BUYHBIX JIaHHBIX. AHAJIN3 JIMIIMIIOB BBINOJIHEH C HCTIOJIb30BAaHUEM KCIIEPUMEHTAILHOM 0a3bl
LIKIT «Ananutndeckas naboparopusi» Mucturyra neca KapHI[ PAH.
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Abstract. The dynamics of the fatty acid composition and activity of acyl-lipid desaturases contained
in the buds of silver birch Betula pendula Roth have been studied. The places of growth of this
tree are located in contrasting natural and climatic conditions: at the same latitude — 62° N, but
are separated from each other by more than 5 thousand km in the longitudinal direction —
34° E (the vicinity of Petrozavodsk) and 130° E (the vicinity of Yakutsk). It has been
found that, regardless of the place of growth, in the spring-winter period, the total lipids
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of the buds of silver birch have been characterized by a high content of unsaturated fatty
acids. At the same time, significant differences have been revealed in the composition of mono-,
di- and trienoic fatty acids, the dynamics of which have largely depended on both the
phase of winter-spring plant development and the degree of continentality of the climate.
It has been shown that in Karelia, during the exogenous dormancy period (January—March),
an increased content of dienoic fatty acids is observed in the lipids of the buds of silver birch,
and by the beginning of their breaking (April-May) — trienoic fatty acids, whereas in Yakutia
in the winter-spring period monoenoic and dienoic fatty acids steadily prevail. At the same
time, a high activity of ©6- and w3-desaturases (responsible for the synthesis of linoleic C,g,,
and C,y, fatty acids) has been detected in the lipids of the buds of silver birch growing in
Karelia, and w9-desaturase (catalyzing the synthesis of oleic C,, fatty acid) in Yakutia. It has
been suggested that in permafrost conditions there is a relationship between the expression of
genes controlling the formation of @9-acyl-lipid desaturase and the resistance of the tissues of
primordial organs during their intra-bud development to negative temperatures not only of the
air, but also of the root-inhabited soil layer. The authors believe that the features identified in
the composition of total lipids in the buds of silver birch in Yakutia compared to Karelia can
be considered as one of the additional mechanisms that increase the adaptive potential of the
species in permafrost conditions and allowing the representatives of the genus Betula L. to
expand their area to the northern limit of the distribution of woody vegetation.

Keywords: Betula pendula Roth, adaptation, desaturases, fatty acids, total lipids, Karelia, Yakutia
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Beseoenue

Cpeau MHOTOYHCTICHHBIX (DaKTOPOB BHELIHEH Cpe/ibl, OKa3bIBAIOIINX BIMSHHIE
Ha KM3HEJeATeIbHOCTh PACTeHUH, 1-€ MECTO 3aHMMAIOT KIIMMAaTHYeCKUE, OCHOBHBI-
MU U3 KOTOPBIX SIBIISIIOTCS TEMIIEparypa, CBET U BlIakHOCTh. Ho Temiieparypa, B OTIIH-
qUe OT IPYTUX, — IOCTOSTHHO JIEHCTBYIOMIMHA M BCEITPOHUKAIOIHNH (haKTOp, KOTOPHIN
YK€ B CHJTy DTOTO UMEET OTPOMHOE BIIMSHUE HA BCE CTOPOHBI KU3HENEATEIHHOCTH
opranu3moB [12, 32]. Pactenus, Beqyiye NpuKperIeHHbIH 00pa3 *KHU3HHU U HE CIIO-
cOOHbIE TOAJEP)KUBATh HAa MOCTOSIHHOM YPOBHE COOCTBEHHYIO TEMIIEpaTypy, 0CO-
OCHHO 3aBHCST OT AaHHOTO (hakTopa. IMEeHHO TemrepaTypHbIe YCIOBHS BO MHOTOM
OTIPE/ICIISIIOT TPAHUIIBI apeasioB AUKOPACTYIIMX M KYJIBTYPHBIX PACTCHUM, a TakkKe
(Haps Iy cO CBETOM) CPOKH Hadaja W/UiTH OKOHYAHHUS MX aKTUBHOM BETETAITUH B €CTe-
CTBEHHBIX YCI0BUAX. Kpome Toro, o Mepe MpoBIKEHHS Ha CEBEp TeMIleparypa Bce
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Ooree BBICTYMAET Kak (GaKTop, OrpaHNYMBAIOIINN BUIOBOE PasHOOOpa3ue pacTeHUH
Y BO3MOYKHOCTb BBIPAILIUBAHUS TEX WM MHBIX CEJIbCKOXO3HCTBEHHBIX KyIbTyp. He
SIBIISIIOTCS] ICKITIOYEHUEM U JIpeBecHbIe pacTeHus [31], KpoHa KOTOPBIX B OTIAMYNE OT
TPaBSHUCTHIX HE NMEET B 3UMHHI MIEPHOT 3aIUTHI B BUJIE CHEXHOTO TIOKPOBA.

OmHUM U3 OCHOBHBIX KOMITOHEHTOB JIECHBIX DKOCHCTEM OOpeabHOI 30HBIL, chop-
MHPOBABILIMXCS Ha TeppuTopru EBpasum, seistorcs Oenble Oepessl (pox Betula L., cexums
Albae). Onn 00pa3yroT YHCThIe HACAKIACHHUS MM BXOAST B COCTAB CMEIIaHHBIX JIECOB,
MOIHUMAIOTCSI BBICOKO B TOPBI, yYaCTBYIOT B (JOPMHUPOBAHUM CEBEPHOU U IOKHOM rpa-
HUII TIPOU3PACTAHNS APEBECHOM pacTUTEIbHOCTH. [loaTOMy mpencTapiseT OOMbIIoi
WHTEpEC BOMPOC O TOM, KaKWe MMEHHO 3aIlUTHO-TIPUCIIOCOONTENHHBIE MEXaHU3MBI
OTIPENIEIISIOT BHICOKMI alalTallMOHHbBIN NoTeHIra Buaa. OMH U3 HUX MOXKET OBITh
cBsizaH ¢ ocodeHHocTsmu sxupHokuciaoTHOro (JKK) cocrasa nmmunos [29, 35]. Taxk, ¢
ydacTreM crequduieckux (epMeHTOB (AIMI-TUIHIHBIX IecaTypas) IPOUCXOINT yBe-
JMYCHUE CTENICHU HEHACHIIIEHHOCTH JIMIHUJIOB, YTO BIICUET 32 COOOH Ooliee PhIXIIYIO
YIaKOBKY B JIMITUAHOM Onciioe MeMOpaH, yiaydinast yCiaoBUs WX (DYHKIIMOHUPOBAHUS
3a CYUCT IMOBBIMICHUS IIACTUIHOCTH U TeKydecTH [7, 27]. Kpome Toro, KK Bxomsr B
COCTaB HE TOJIBKO CTPYKTYPHBIX, HO U 3aMlaCHBIX JIMITUIOB, BBICTYTIAs B ONPE/ICIICHHBIX
Clly4yasx B KaueCTBE OCHOBHOTIO MCTOYHHMKA DHEPIUH Jisi oOecredeHns: MeTadonnye-
CKHUX IPOIIECCOB B XO/I€ pOCTA M Pa3BUTHUS PACTEHHH.

Lenb nanuoit padotsl — nzyuenue JKK-cocraBa n akTHBHOCTH Jiecarypas CyM-
MapHBIX JINITUAOB B IIOYKaxX Oepe3bl IOBUCIION B MIEPHO]T €€ 3MMHE-BECEHHETO Pa3BH-
THS B KOHTPACTHBIX 110 TIPUPOTHO-KINMATHYeCKUM yciaoBusaM Kapennn n SIkyTum.

Obvexmbl u Memoowbl UCCAEO08AHU

OO0nexTom m3yuenus Obutn 30—40-neTHUE JIepeBbs Oepesbl MoBUCION Betula
pendula Roth, mpouspactaromue Ha Tepputopun Pecnyonmuku Kapenuu n Pecrry-
omukn Caxa (SIkyTms). Mecta coopa o0pa3iioB pacmoiararoTcs Ha OJHOW IMHUPOTE —
62° c. 1., HO yJIaJeHbl Ipyr OT Apyra B JAOJITOTHOM HampasieHuu — 34° B. 4. I
okpectHocTel T. Ilerpo3zaBoacka u 130° B. 1. g okpecTHOCTEH I. SIKyTcka — 6o-
Jiee 4yeM Ha 5 ThIC. KM, YTO OIpPEAesieT 3HAYUTENbHBIC PA3IUYUs TEPPUTOPUM TIO
MIPUPOTHO-KIUMATHUECKUM YCIOBUsIM. Kapenus OTHOCUTCS K 30HE YMEPEHHO KOH-
THHEHTAJIFHOTO KJIMMaTa ¢ TePexXoaoM K MopckoMmy. CpemHssi TeMIieparypa sHBaps
coctasisteT ot —4 1o —13 °C, uronsg — ot +12 go +22 °C, ocaaku — oxoyno 500 MM B
rox (puc. 1). Knmumar LenTtpansHoii SIKyTHH — pe3Ko KOHTHHEHTANbHBIN. CpeaHss
TeMIieparypa sHBaps — ot —35 1o —50 °C, a B oTAeNbHbIE roAbl B pa3HbIX paloHax
pecnyonuku — 10 —60 °C u Huxe (3uMa 0e3 BO3BPATHBIX MOTEIUICHUH ), OIS — OT
+20 mo +36 °C. Cpennsisi qHEBHAs TemIlepaTypa BO3ayXa, mpeBblmaromas +5 °C,
YCTaHABIMBACTCS TOJIBKO K CEpPEeIUHE Masi, a HOYHBIC 3aMOPO3KH MPOAOIIKAOTCS JI0
KOHIIa MecsIla, B pPe3yJbTare CyTOYHBIE TIepenaabl TeMIIepaTypbl MOTYT JIOCTHTaTh
20 °C. I'opoBas cymma ocaakoB — 230-270 mM. J[oNOTHUTENBHBIM TUMUTUPYIOLIUM
(hakTOpOM IS paCTEHHI HAa TEPPUTOPUH SIKyTHH SBJISIETCS MHOTOJICTHSISI MEpP3JI0Ta
(kpuonnTo3oHa). KimmMaTnueckue nmokasaresiu B iepuoj] coopa 00pasIoB B II€JI0M HE
OTIUYAIIUCH OT CPEAHEMHOTOICTHHX.

Marepuanom I UCCIETOBAHUS CITY>KUIH TTOYKA IEPEBHEB, HECYIITUE TOIBKO
3a9aTOYHBIC OPTraHbl BETETATHBHBIX MOOCTOB (ayKCHOIACTHI MM OpaxmOIacThl, COOT-
BETCTBEHHO Y/UTMHEHHBIE MIIH YKOPOUSHHBIE TIOOETH) W/WIIA BMECTE C TeHEPaTHBHBIMH
(’KEHCKHE COIBETHs1), COOP KOTOPBIX MPOBOAMIN WHAMBHIYAIHHO C 3 (OJHUX M TEX
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e B Ka)KJIOM PETHOHE) IePEBbEB B 3MMHE-BECCHHUI IEPUOJ (C STHBApS 110 Maii), KOr-
118 )KU3HENIeSTeTIbHOCTD PACTEHHH (OT BEIHYKACHHOTO MIOKOS JI0 Hayasia paciyCKaHHs
MOYEK) HAMpsIMYIO 3aBUCENIa OT JCUCTBHS (PAKTOPOB BHEIHEH cpelbl U B MEPBYIO
ouepenb TeMIepaTyprl. B kaxmoit OMOIOrmuecKkoit mMoBTOPHOCTH (TIpo0e) Aemamoch
10 3—5 XMMUYECKUX TOBTOPHOCTEH.

20
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o A 1 1111
_L LIII I IH vV Vvl vl vill IX ﬂ IKII

-10

Temmnepatypa Bo3ayxa, °C
Y
S

OTlerpo3aBoiack O SIkyTck

Puc. 1. U3MeHeHne TeMIiepaTypbl Bo3ayXa (CpeJHIEe MHOTOJICTHHE TaHHBIC)
10 MecslaM B okpecTHoOCTAX I. Ilerpo3aBoncka u r. SIkyrcka

Fig. 1. The change in air temperature (long-term average data) by month
in the vicinity of Petrozavodsk and Yakutsk

st sxcTpakiuy TUnua0B u3 nodek (0,5 T cyXoi Macchl) HCIIONIB30BaId CMECh
xyiopodopma u Metanoia (2:1 o oobemy) ¢ qodaBieHueM Bojbl. MeTHIIOBbIC (u-
pet KK momyuanu B pesynbTare mepesTepupUKanuy JIUMHI0B METaHOJIOM B IIPH-
CYTCTBUU ALETWIXJIOPUAA U AHAJIU3UPOBAIM HA Ta30kKHUIKOCTHOM XpomaTorpade
«Xpomarsk — Kpucrann-5000 M.1» (Momkap-Ona, Poccus) ¢ HCIONB30BaHHEM
kanusipHoit konmoHkun HP-INNOWAX (50 m x 0,32 mm) npu Temneparypax (°C):
TepmocTara — 180 (u30Tepma), miIaMeHHO-MOHU3alMOHHOTO JeTekTopa — 240 u uc-
napuresst — 220, a Takke Ipu CKopocTu rasza-Hocutens (a3ot) — 50 mu/mun. KK
HACHTH(QHUIMPOBAIN CPAaBHEHHEM BpPEMEHHU yJEp)KUBaHUs co craHmapTHeiMu KK
(Supelko 37 component Fame Mix), a Takke COTIOCTaBICHUEM dKBUBAJICHTHOMN JJTH-
HBI LIEIIM SKCIEPUMEHTAIBHO MOJYyYEHHBIX KOMIOHEHTOB C W3BECTHBIMH JAHHBIMHU.
KomnuectBennoe onpenenenne XK npoBonwin MeToqoM BHYTPEHHETO CTaHAapTa
(MaprapuHOBas KHCIOTa). Beraucisinmu conepxanne nHanBuAyansHbIX KK, a Takxke
UX TPYII, 00bEIMHEHHBIX 10 YHCITY IBOWHBIX CBSI3€H B YITIEPOAHOMN 1IETIOYKE: HACHI-
IICHHBIE (JIBOIHBIE CBSA3M OTCYTCTBYIOT) M HEHACHIIIIEHHBIE (MOHO-, I1-, TPHEHOBBIE).

Kosdpunment nenacwimeaHocTH JKK (cOOTHOIICHIE HEHACKHIIICHHBIS/HACKI-
mennbie JKK) U/S (unsaturated/saturated) m mamekc nsoitHol cBszm DBI (double
bond index) paccuutsiBanu no Gopmynam [25]:

U/S =2U/ES;
DBI=XPn/100,

rae P, — nons i-it KK, %; n, — xonudectBo ABOIHBIX cBs3ei B i-if JKK.
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OO0 akTUBHOCTH 09-, ®6- U O3 -aUMI-TUITUAHBIX AecaTypas, KaTaIn3uPyOIUX
BBE/ICHUE JIBOMHBIX CBSI3CH B YIJIEpPOIHBIC LIEMH, KOCBEHHO CYAMJIHM 10 HHJCKCAM,
paccuuTaHHbIM Ha ocHoBaHMH conepxanus (% ot cymmbl JXKK) oTnenbHBIX KOMITO-
HeHToB KK tumna C,; no cienyrommm Gpopmymnam:

SDR=Cg; /(Cigo t Cg)s
ODR = (Cy,F Cig3) / (Cigy + Crgp T Ciga)s;
LDR =C\3 / (Cyg, + Cig3),
rame SDR, ODR, LDR — creapoun- (stearoyl-desaturase ratio), oneomn- (oleoyl-
desaturase ratio) u nuHonenn-aecarypasueie (linoleoyl-desaturase ratio) oTHOIICHHS
c00TBeTCTBEHHO; C ¢, Cs 15 Cig0y C g3 — COMEpIKAHNE CTEAPUHOBOM, OJIENHOBOM, JIU-
HojieBoM u nuHoIeHOBOM JKK cooTBercTBeHHO, %.

OTHOCHUTEIIBHOE COZIepKaHNE BOJBI B TIOYKAX Oepe3bl MOBHCIOW OICHHBAIU
MOCJIC BRICYITMBAHMS UX TKaHed npu Temneparype 105 °C 10 moCTOSIHHBIX 3HAYCHUIH
u Beruncisy 1o gopmyne: ((A — B) / A)-100 %, tae A, b — cbipast 1 aGCoOTHO Cy-
Xasl MacChl COOTBETCTBEHHO.

O06paboTKy JaHHBIX MPOBOIWIHN OOIICTIPUHATHEIME METOIAMHU C TPUBIICUCHU-
eMm craructrdeckoro nakera Microsoft Office Excel 2010. B crarpe ob6cyxkmarorcs
TOJILKO BEJIMYMHBI, KOTOPBIE SBISIFOTCSI CTATHCTUYECKH TOCTOBepHbIMH Tipu p < 0,05.

Pezynomamut ucciedosanust u ux oocyscoenue

HccnenoBanme mokasano, 9TO B CyMMAapHBIX JUIHAAX IMOYeK Oepe3sl Io-
BHCJIOW B 3WMHE-BECEHHHWH Tepuoj B YycioBusx Kapemuu comepxaioch OT
9 no 12 naceiuennsix 1 HeHachleHHbIX KK, a B ycnoBusix SAkytuu — ot 10 1o
16. VIx MmakcuMaJibHOE KOJMYECTBO OTMEUAIIN B MEPHUO]] BBIHYKACHHOTO TIOKOS (SIH-
Bapb—MapT), KOT/a TeMIeparypa Bo3ayxa ycroiunBo Obuta Himke 0 °C. C nosblie-
HUEM TeMiepatypsl B arpene uncio KK ymensmunocs 1o 11 He3aBucumo ot mecta
npom3pacTtanms Oepe3, a B Mae moctunio muaumyma (9 u 10 B Kapennn n Sxytnn
COOTBETCTBEHHO). 3HAUNTENbHBIE pa3inyusi 00Hapyx)eHbl B cooTHomeHnn JKK B 3a-
BUCHMOCTH OT MeCTa Npou3pacTaHus pacTeHuid W ¢a3pl ux pa3BuThia. Tak, cpean
HacelmeHHbIX KK B unuaax npeobnagana naneMuTHHOBas kuciora (C,q ), conep-
’KaHHe KOTOPOW YBEMYMBAJIOCh B TEUEHHE 3MMHE-BECEHHEro Mepuoja, HO B yCIIO-
Busix Kapenuu B mae ee ObL10 B 2—3 pasa Oosbliie 110 cpaBHeHuto ¢ SAxkyrueit (20,87
n 9,11 % ot cymmer KK, nmu 9,31 u 2,67 mr/t cootBercTBeHHO). CTeapmroBas KK
(C,4,,) B IEPHOJ BBIHYIEHHOT'O MTOKOSI PACTeHUI 3a()UKCUPOBaHa B CIIEIOBBIX KOJIH-
YecTBaxX HE3aBHCUMO OT MECTa IPOU3PacTaHHs IePEBa, HO B alpelie U Mae B yCIOBU-
ax Sxytun nannoit KK 6su10 2,7 % ot cymmsl XKK, uro moutu B 2 pasa Bblile, YeMm
B Kapenuu.

Henaceoimennsie JKK B numumax mouek 0epe3bl MOBHUCION XapaKTepU30BaINCh
HajmaueM 16 u 18 aToMOB yIiiepoaa ¢ pa3HbIM YHCIIOM JBOHHBIX CBSI3EH, TIPH 9TOM B
Kapennu npeobnaganu munonesas (C,g,) n muHonenosast (C,g,) XKK. B SkyTun nena-
coiennble JKK okazanuck Gonee pasHooOpa3sHbIME 3a cueT u3oMepoB C,, KOTOpbIE
YCTOHYMBO BOCHPOU3BOAMINCH B OMOJIOTHYECKUX TTOBTOPHOCTSIX, OJHAKO UX MICHTH-
¢ukaiys TpeOyeT MpoBeNIeHNs] CIIeNMalIbHBIX UCCIICOBAaHUMA. B 11eoM B ummgax mo-
yek Oepe3bl MOBUCIION Npeobnaiany HenachimenHbie KK, cyMMa KOTOpbIX BapbHPO-
Baa ot 75 1o 88 % B ycnoBusix Kapennu u ot 85 1o 91 % — B SIKyTum, CHUXKasICh OT
sTHBapsl (BBIHYK/ICHHBIN TIOKOH) K Malo (Ha49ajo paciyCKaHHs ITOYeK).
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YMmenblienne ypoBHs HeHachleHHbIX JKK 1 yBennueHnue copepikaHusi HaChI-
LICHHBIX B CyMMapHBIX JIUTIH/IaX OYEK Oepe3bl TOBHUCIION B TEUEHUE 3MMHE-BECCHHE-
o mepuoja oTpasuiock U Ha nokazarensx U/S u DBI. B wactHOCTH, TIepBbBIH U3 HUX
ObLI BhIIIE B ycoBuAX SIKyTuu (B 2 pa3a), a BTopoi, Hao0opoT, B Kapenuu (Ha 10 %)
(tabm. 1). [Ipr 5TOM HE3aBHCHMO OT MECTa MPOU3PACTAHHUSI B IEPUOJ] OT 3UMBI K BEC-
HE UX U3MEHEHUS] HOCHJIN MTPOTHUBOIIOIOKHYIO HanpaBieHHOCTh: U/S cHmxkancs (~ B
1,5 paza), a DBI — nemnoro nosbimancs (~ B 1,1 pasa), XoTs 1o 3Ha4CHUSIM OCTaBaJ-
cs B OoJiee y3KOM Jiuara3oHe 1o cpaBHeHuto ¢ U/S.

TabGuuma 1

Kosdppuunentsl HenachimenHocTu KK u unaeKchl 1BOIHHOI CBSI3U JIMIIH/I0B MOYEK

Oepe3bl NOBUCJIO0I, Mpou3pacTaoweii B ycnopuax Kapeaun u SIkytun, no mecsinam

The unsaturated coefficients of the fatty acids and the double bond indices of lipids
in the buds of silver birch growing in Karelia and Yakutia, by month

Mecto SlHBapp—(eBpaib Mapt Amnpenb Maii
Hpou3pacTaHuA u/S DBI u/S DBI u/S DBI u/S DBI
Kapenus 5,28 2,16 5,85 2,22 5,78 2,37 3,48 2,46
Sxytus 9,68 1,93 | 12,39 | 1,85 9,12 1,97 7,53 2,12

CyuiecTBeHHbIE pa3inyusi B CYMMapHBIX JIMIHIAX MMOYEK Oepe3bl MOBUCION
BBISIBJICHBI 110 COCTaBY MOHO-, TH-, TPHEHOBBIX JKK ¥ MX COOTHOIIEHWIO, KOTOpHIE
B 3HAYUTEIILHOM MEPEC 3aBUCCIIN KaK OT CTCIICHW KOHTUHCHTAJIbHOCTH KJIMMaATa, TaK
1 oT (a3l 3UMHE-BECEHHET0 pa3BUTHA pacTeHnid. Hanmpumep, B ycnoBusax Kapenuu
npeobnaianu aueHosbie (0T 26,5 no 48,5 %) u tpueHoBbie (24,9 mo 43,3 %) KK
(puc. 2, a), HO B TIEpPHOJT BRIHYKICHHOTO TTOKOS ITOYTH B 2 pa3a BbIIIE OblIa 0TS JHe-
HOBBIX, 3aT€M C HAa4YaJIOM COKOABHMKCHUA (KOHGH MapTa — Ha4aJio anpen;[) OHH IIOYTH
cpaBHTUCH ¢ TpreHoBbIMH JKK, a k Hayairy BereTanmu (Mail) TpHEHOBBIE TIPEBBICH-
nu tueHoBble B 1,6 pa3a. Coneprkanne MmoHoeHOBBIX KK B ycnosusax Kapenun ocra-
BaJIOCh OTHOCHUTEIHHO CTAOWIIBHBIM, XOTS C SHBapsS MO Maldl OTME4YeHa TECHICHITHS
k ux cHmwkenuro (¢ 11,3 10 7,9 %). B cocraBe cyMMapHBIX JIMIIUAIOB TIOYEK Oepe3bl
MTOBUCIION B ycnoBusax Skytuu mpeoOmanann MoHoeHoBbie (0T 30,5 mo 32,8 %) u
nuenossle (o1 36,4 1o 41,7 %) XK (puc. 2, 6). Oqnako B Mae UX COAEpKaHHE CHU-
3WJI0Ch, @ MOHOGHOBBIE (25,3 %) mouTu cpaBHAINCH ¢ TpueHOBBIMHE (23,4 %) JKK.
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Puc. 2. Copepxxanne MOHO-, 1u- U TpueHOBbIX JKK B CyMMapHBIX NHIUAAX MOYEK
Oepe3bI IIOBUCIION B 3MMHE-BECCHHUI nieproy B yerroBusix Kapenuu (a) u Sxytuu (6)

Fig. 2. The content of mono-, di- and trienoic fatty acids in the total lipids of silver
birch buds in the winter-spring period in Karelia («) and in Yakutia (6)
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Amnanus cocraBa JKK 1 UX JMHAMUKHM B OTACIBHBIX TPYyMIaxX MOKa3all ciey-
tomee. B ycnoBusx Kapenuu B nmepuon oTpuiiarenbHbIX TeMIeparyp (SHBapb—MapT)
B JIUMHUJAX Movek Oepesbl moBucion cpenu nueHoBbix JKK npeobnanana muHOIeE-
Bas (oxomo 47 %), a cpean TPUEHOBBIX — JTUHOJIEHOBas (okoio 24 %) (puc. 3, a).
[oBbimIeHHE TeMIEpaTypbl BO3Ayxa (anpesib—Mail) MOBJICKIO 3a COOON yBeJIMUCHHE
konmuectBa uHoneHoBoi JKK (10 42,3 %) Ha (poHe CHUKeHHUs JINHONEBOH (26,5 %).
OcnoBHo#t XKK cpenn MoHOEHOBBIX ObLI1a osienHOBast (6,7 %), 1011 KOTOPOH K BECHE
YMEHBIIWIACh B 2 pasa.
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Puc. 3. Coneprxanue onenHOBOM, TUHONIEBOW U JuHOAeHOBOW KK B numumax mouek
Oepe3bl MOBUCIION B 3MMHE-BECEHHUI neprol B ycioBusix Kapenuu (a) u Skytuu ()

Fig. 3. The content of oleic, linoleic and linolenic fatty acids in the lipids of silver birch
buds in the winter-spring period in Karelia (a) and in Yakutia (6)

B ycnoBusix SIkytun HaOmonanace uHasi KapTHHA. KOHLEHTpanys 0JenHOBOM
KK (oxomo 15 %) 3nech Obiia B 2 pa3a OoJblie 1o cpaBHeHuto ¢ Kapenueit, Takoe
MIPEBBINICHNE COXPAHIOCH B TEUCHUE BCETO Teproia ueeiieaoBanus (puc. 3, 6). Cpe-
1 aueHoBbIX JKK mpeobnanana TuHOIEBas, OIS KOTOPOH CHU3MIIACH ¢ (heBpas 1o
anpes (¢ 22,9 1o 19,6 %). Konmnuectso Tprenosbix JKK, npencTaBieHHbIX B OCHOB-
HOM JIMHOJICHOBOW, HA000POT, ¢ heBpaJst [0 MapT CYIIECTBEHHO YBEIMYHIOCH (¢ 8,3
1o 23,4 %), HO naxke B Mae MX ObUIO 3HAYMTEIHHO MeHbIIe, yeM B Kapenuu.

CpaBHHUTENBHBIN aHATN3 aKTUBHOCTH (9-aIlMII-IUITMAHON JlecaTypas3bl MOKa-
3a1, yTo nHAeKkc SDR Haxomwsics Ha JOBOJBHO BBICOKOM YPOBHE B JIMIKIAX TTOYEK
Oepe3bl TTOBHUCIION HE3aBUCHUMO OT MecTa ee Tpouspactanus (Tabdi. 2). B ycmosmsix
Kapenun ero 3nauenus BapsupoBanu ot 0,80 no 0,83 ¢ aHBaps mo ampesb, CHHXKa-
sicb 10 0,76 B mae. B flkytun nuHamuka Obiia cxomaHOH, HO uHAeke SDR okazancs
HEMHOTO0 BhllIe faxe B BeceHHM nepuon (0,85). [lo mepe 3uMHe-BeCEeHHET0 pa3BH-
TUS pacTeHui Habromanock yeennueHnue nuaexkca ODR, HO oH ObUT CyIIIECTBEHHO
Beimie B Kapemun (ot 0,91 mo 0,95), vem B AxyTtun (ot 0,68 1o 0,74). AKTUBHOCTH
®3-anuII-TUIHIHON JTecaTypas3bl B JIMMTUAAX MOYEeK Oepesbl TIOBUCION M0 Mepe UX
3MMHE-BECEHHETO Pa3BUTHS YBEIHUYWIACh B 2 pa3a, omHako 3HaueHuss LDR xapak-
TEepU30BaJINCh Kak HauMeHblIKe U BapbupoBaiu ot 0,34 1o 0,61 u ot 0,26 10 0,54 B
Kapenuu u SIkyTuu cooTBETCTBEHHO.

OcHOBHBIMH (haKTOpaMH OKpY>KaloIIeld cpepl, Ha KOTOpbIe pearupyroTr JiH-
CTBEHHBIE JIPEBECHBIE PACTEHHs, TIPUCTIOCAONNBAsICh K CE30HHBIM M3MEHEHHUSIM B TO-
JIUYHOM ITMIKIIE B BBICOKHX IIUPOTAX, SBISIOTCS TeMmeparypa u (ororepuon [15, 26].
ViMeHHO MMM B 3HAYNUTEBHOM CTETICHH OTIPEIEISIOTCS HAKOTIJICHHE 3allaCHbBIX MTUTa-
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TEJILHBIX BEIIECTB B TKAHSAX CTBOJIA, MPEKpaIlleHIe TMHEHHOTO U paAnalbHOTO POCTa,
JIUCTOIAJT ¥ TIEPEXOJ] B COCTOSIHUE TIOKOsI, HaOJIto1aeMbie oceHbto [ 18, 21, 34], a Haua-
JIO BETEeTALMM B BECEHHUH MEPHUOJ — IIaBHBIM 00pa3om temmeparypoit [17].

TabOnuma 2

PacueTHbIe HHAEKCHI, 0TPAKAIOIIHE U3MEeHeHHe aKTHBHOCTH ©9- (SDR), ®6- (ODR)
u ®3- (LDR) necarypas B iunuaax noyex 0epe3bl NOBUCJIOM, NPOU3pacTaloLei
B ycjaoBusax Kapenun u SIkytum, no mecsinam
The calculated indices reflecting the change in the activity of ®9- (SDR), ®6- (ODR)
and ®3- (LDR) desaturases in the lipids of the buds of silver birch growing
in Karelia and Yakutia, by month

SuBapp—QeBpaib Mapr Anpenb Mait
unexc
Kapenus | Sxyrus | Kapenus | Sxytus | Kapenus | Skyrus | Kapenus | SxyTtus
SDR 0,80 0,89 0,81 0,96 0,83 0,85 0,76 0,85
ODR 0,91 0,68 0,93 0,69 0,92 0,68 0,95 0,74
LDR 0,34 0,26 0,34 0,29 0,51 0,40 0,61 0,54

B nacrosmeit padore usydenne JKK-coctaBa u aKTUBHOCTH allWJI-JIAITUIHBIX
Jiecarypas CyMMapHBIX JIMITUOB, COJEPIKAIINUXCS B TIOYKaX Oepe3bl OBHUCIION, MPO-
BOJIMJIM B 3UMHE-BECEHHUH nepuoj]. Mecra ee npouspactanus — Kapenus u SIkyTus
pa3IUYaIoOTCs MO MOTOMHO-KIMMATHUECKUM YCJIOBHSAM, HO XapaKTePU3YIOTCS OIH-
HAKOBOH MPOAOIDKUTENHFHOCTRIO (poTomeprona. JIornyHO momarare, 9TO OKOHYaHHUE
Meprosia MOKOSI U BECEHHEE Pa3BUTHE M3YyUEHHBIX PACTEHUH 37€Ch ONPENEISIFOTCS
MMEHHO TeMIieparypoii. Hanmpumep, pacnyckaHnue rnodek u (hOpMUPOBAHHE JINCTOBOM
MOBEPXHOCTH y Oepe3bl MmoBUCIon B Kapenuu mpoucXOoIuT NPUMEPHO B CEpPEIUHE
Mas (puc. 4, a), a B SIkytun — B 6oinee mo3nHue cpoku (puc. 4, 0), 4To, CKopee Beero,
00yCITOBJIICHO PE3KUMHU CYTOUYHBIMH TIEpEeagaMy TEMITepaTyphl BO3IyXa B BECCHHUI
MIEPHOJI ¥ OTPHIIATENLHON TeMIIepaTypoil KOpHEOOUTAaeMOTO CIIOSI TIOYBHI, HAOIIoIae-
MBIX B YCJIOBUSAX MHOTOJIETHEH MEP3IIOTHI.

Kak yxe oTmMeuasnock, cpeii MeXaHHU3MOB aJIalTallul PACTEHHI K OTPHUIIATEIIh-
HBIM TeMIIepaTypaM Ba)kHasl POJb OTBOJUTCS YBEIMUCHHUIO YPOBHS HEHACKHIILIEHHOCTU
JKK-cocraBa JiunuioB B KJIETOUHBIX MeMOpaHax [7, 8, 33]. Hamu nmokasaHo, 4Tto He-
3aBHCUMO OT MecTa Ipouspactanus Oepesbl moBucion — B Kapennn nim SIkytun — B
JTUMHIaxX uX modek HeHachimeHable KK npeobiagaror Hal HACKIIIEHHBIMH, YTO TOBO-
PHUT O BEICOKOM TIOTEHITHAIIE YCTOMYMBOCTH MEPBBIX K OTPHUIIATEIHLHBIM TEMITepaTypam
HE TOJILKO B 3UMHUM, HO ¥ B BECEHHUH MEPHO]I BILIOTH JI0 HaYajia PacIlyCKaHUsI TOYEeK
(B mae). [Tpu 3TOM B yCIIOBUSIX SIKYTHH JTUITUJIBI TOYEK XapaKTEPU30BAIIUCH OOJIEE BhI-
COKMMH CyMMO# HeHachIeHHbIX KK 1, COOTBETCTBEHHO, KOA(D(MUIIMEHTOM UX HEHa-
ChIIIIeHHOCTH, HO mHAeKC DBI 31mechk okazancs Hmke. Bo3MokHO, 3TO 00yCIOBICHO
OOJBIIION KOHIICHTpAITUEeH B TUMHIaX MOHOSHOBEIX JKK M0 CpaBHEHHIO C TPUEHOBBI-
MH, a TAKXKE MMOHMKEHHBIM B 2 pa3a cofepxanueM nanbMutuHoBoi KK.

Hanuune B nununax aunoneoi KK, kotopast umeer 2 ABOMHbBIE CBSI3U B yITIE-
POIHOM TETH, TAKXKE SIBIIICTCS BAXKHBIM YCJIOBUEM JIIsi (POPMHUPOBAHUS TEKYyUECTH
MeMOpaH [7]. B nunuumax modek Oepe3bl MOBUCIION, MPOU3PACTAIONICH B BHICOKUX
LIMPOTAX, €€ MakcuManbHas KoHnenTpanus (47 u 23 % B Kapenuu u Skytnn coor-
BETCTBEHHO) OblIa 3ayMKCHpOBaHA B TIEPHOMA MEHCTBUS HanOoJiee HU3KUX OTpPHIIA-
TENBHBIX TEMIEpaTyp BO3yXa, KOTJa PACTCHHS HAXOIWINCh B COCTOSHUH BBIHYXK-
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JEHHOTO TIOKos1. [ToBBIIIEHHE TeMIepaTypbl B BECCHHUH MEPUOJ] MOBIEKIO 3a COOO0MH
cHmkenue ypoHs suHoneBoi KK (B 1,8 u 1,2 paza B ycnosusax Kapenuu u Skytun
COOTBETCTBEHHO) Ha (hOHE yBEIMUCHUS Cojiepkanus JinHojeHoBo# KK, mist curtesa
KOTOPOI TIepBast U3 Ha3BaHBIX SBIsETCS cyocTparoM. CiemyeT TakkKe OTMETHUTD, 9TO
B Kapenun poct nomu nmunonerosoit JXKK B numuaax modex Oepesbl MOBUCION TPo-
n3omen B 1-i gexane anpens, a B yCIOBUAX SIKyTHH — TOJIBKO B Hadaje Masi, Korja
CcpeqHecyTOUHas TeMIepaTrypa Bo3ayxa nepeinia yepe3 0 °C. bonbliee HakomeHue
aroit JKK k Hawanmy Bereranuu, 4T0 OCOOCHHO 3aMETHO MPOSIBUIIOCH B TIIMKOJIHITH-
Jax [5], MOXKET CBHJICTENBCTBOBATh B MOJIB3Y aKTUBHOTO (POPMUPOBAHUS MEMOpaH
XJIOPOIUTACTOB 3a4aTOYHBIX JINCTHEB B NIEPUOJ] WX BHYTPHUIIOYEYHOTO pa3BUTHA. Kax
npaBwiio, JmHoNeHoBass JKK CHMKaeT BA3KOCTH JIMITUAHOTO OMCIIOS THIIAKOWTHBIX
MeMOpaH, CIIoCOOCTBYSI TEM CaMbIM YCKOPEHHUIO 3JEKTPOHHOTO TPAHCIOPTA B XJIO-
pornacrax (Bkitouasi porocucrembr OCII u CI) [19]. Baxknas poiab B U3MEHEHUU
JKK-cocraBa TUIIUAOB OTBOAUTCS TAKKE aTTPArUPYIONIEH ClIOCOOHOCTH 3a4aTOUHbIX
JUCTHEB B TIEPUOJ] MX BHYTPUTIOUEYHOTO pa3sBUTHS [4, 20], MOCKOIBKY IKCTIOPTEPOM
(hoTOACCHMMUIIATOB JTNCTBA Oepe3bl CTAHOBUTCS TONBKO MpH pocTikeHnn 20 % ot ee
obmeit romanw [14].

AN

a 9]

Puc. 4. Bepeza moBucnas, npouspacratomas B Kapennn (a) u Sxytuu (6),
16.05.2023 .

Fig. 4. The silver birch trees growing in Karelia (a) and Yakutia (6),
16.05.2023

PerynupoBanue ¢u3nyecKkux CBOWCTB MeMOpaH OCYIISCTBIISACTCS PaCTH-
TEJIBHON KJIETKOM MOCPEICTBOM M3MEHEHHMs KOJUYECTBA JBOWHBIX CBsi3eH, 3a (op-
MHpPOBaHUE KOTOPBIX B JMNuaax oTBedaroT aecarypasbl KK (FAD — fatty acid
desaturase), oOecrieqnBarONINe MOSBICHUE TAKUX CBSI3CH B OMPEICICHHBIX ITOJIOMKE-
HUSX YTIEPOMIHBIX IIeTel, mpeoOdpa3oBbiBast TeM caMbIM HackimeHHble KK B HeHa-
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ceimieHHsle [2, 7]. Tlospnenue 2-i u 3-i ABOMHBIX cBs3el B HeHachleHHBIX KK ¢
18 yriepoaHbpIMH aToMaMy B XJIOPOTUIACTHBIX MEMOpaHax MPOHUCXOANT C Y4acTHEM
®6- (FADS 1 FAD6) u o3-ammn-munuasasix (FAD7 u FADS) necarypa3s [28, 30].

B 3umHe-BeceHHW# Tepno]] B CyMMapHBIX JIMMKAAX MOYEeK Oepe3bl MOBHC-
JI0i HAOIOMANN BHICOKYIO aKTHUBHOCTh ®9-1ecarypasbl (SDR), cHMkeHne KOTopoit
OTMEYaji TOJbKO K Haualdy pacIyCKaHUs Modek (B Mae), HO Ooliee BBICOKOW OHa
octaBajnach B Skytuu. [lo Bcelt BEpOSTHOCTH, B YCIOBHUSIX MHOTOJICTHEH MEP3IOTHI
B JIMIKJAX [TOYEK Oepe3bl MOBUCIION B3aUMOCBSI3b MEXKIY KCIIPECCHEl T'eHOB 9-
aUWI-IMIUAHON JecaTypasbl U YCTOWUMBOCTBIO TKAHEH K HM3KOW OTpULATEJIbHOMN
TeMIreparype BhIle 1o cpaBHeHuto ¢ Kapemmeit. [Ipeobnamanne MmonoeHoBBIX KK
B JIMIIUAAX B YCIOBHAX SIKYTHU MPEICTABISETCS 3aKOHOMEPHBIM, TIOCKOJIBKY, Haps-
Iy C IpyTUMU (PYHKIUSIMHU, OHH YYacCTBYIOT B Tiepe/iaye CUTHAIOB, PETYIUPYIOIINX
OoJiee MPOIOIDKUTEIBHBIC 37IeCh, 4eM B Kapenuu, npoueccel kietouHol auddepen-
uupoBku [10] 3a4aTOYHBIX OPraHOB BEreTaTHMBHBIX H/MIIM FCHEPATHBHBIX 11OOCTOB.
310 00YCIOBICHO TEM, YTO B YCIOBHSIX MHOTOJIETHEH MEP3JIOTHI 3aME/IJICHHOE OTTa-
VMBaHUE TIOYBHI CACPKUBAET HAYAJIO JIEATEIIbHOCTH KOPHEBOIM CHCTEMBI M BETETAIIH
pPacTeHHH B IICIIOM.

Amnanu3z ungexcoB ODR u LDR noxkasan, uto B ycnoBusix Kapenuu B munugax
Mo4YeK Oepesbl MOBUCIONH aKTUBHOCTh MO-aIWII-JIMIUIHON JiecaTypasbl 10 CpaBHe-
HUIO ¢ ®3 OblIa BhINIE B 2,7 pa3a B NIEPUOJ BBHIHYKACHHOTO MOKOS (SHBApPb—MapT).
BecHoii, ¢ HagamoM pacIyCKaHUS TIOYEK, DKCIIPECCHS TEHOB ®3-aIlyI-TUITHIHON
Jlecarypasbl, O4YEBUJIHO, YCUIIUIIACh, O YEM CBUJETEILCTBOBANIO MoBhIIeHHe LDR B
1,8 pa3za, a yposus nunoneHoBod KK — B 1,5 paza. B ycnoBusx SIkytuu 311 mo-
Ka3ared UMENH CXOIHYIO JWHAMHUKY, HO MX 3HAueHUs ObUIM 3aMeTHO Hmxke. PocT
AKTUBHOCTHU O3 -aIlI-IMnuaHbIX necarypas (LDR) HezaBucumo ot mecra nmpouspac-
TaHUs Oepe3 Havyaycs YK€ B alpesie, a B Mae M0 CPAaBHEHHUIO ¢ 3UMHUMH MECSIaMH
OHa BEIpOcya B 2 paza. YBenuueHue conepkans guHoiaeHoBol KK B panHeBeceH-
Hu ieprox (MapT) oOHAPYKEHO B CYMMapHBIX JTUMTHIAX XBOU €JIH CHONpPCKOi Picea
obovata B ycnoBusix Bocrounoit Cubupwu, 4to, 10 MHEHHUIO aBTOPOB [6], 00ycoB-
neHo ycuieHueM skcnpeccu reHoB FAD7 u FADS mnactunHolt o3-anun-aunui-
HOH JecaTypasbl, yYacTBYIOIICH B OMOCHHTE3€ JIMHOJCHOBOW KHUCIOTHI, Ha (hOoHE
MOBBIILICHHS TeMIeparypsl Bo3ayxa. Habmonaemoe B BeceHHUI niepuo (0COOEHHO
K Hadajly BereTallii) yMEHbIIeHne aoiu jJuHoiIeBoi KK B cymMMapHBIX mumugax
mo4yeK Oepesbl TOBUCIIOH, TTO-BUANMOMY, TaKkke 00yCIOBICHO CHIDKEHHEM aKTHBHO-
ctu reHa FADG6 B xsoporuractax 3a4aTOYHBIX JIMCTHEB B CBSI3U C U3MEHEHHEM TEeM-
neparypsl Bo3ayxa. BakHeimel aecarypa3oil B HE(OTOCHHTE3UPYIOIIUX TKaHSIX
BbICIINX pacTeHuil sipisiercss FAD2, kotopast Iokaau3oBaHa B SHIOIIA3MAaTHYECKOM
pPeTUKYITyMe U KaTaIu3upyeT oOpa3oBaHue 2-i ABOWHOHN CBsI3U B MOHOEHOBBIX JKK
[16]. N30upaTtenbHOCTh NEHCTBHUS JecaTypas, CKopee Bcero, 00yCiIoBIeHa 0COOCH-
HOCTSIMH ()OPMHUPOBAHHS MEMOpaH XJIOPOTIIACTOB 3a4aTOYHBIX JIUCTHEB B TIEPHOJ] X
BHYTPHUIIOYEYHOTO Pa3BUTHS B BECEHHHI NIEPUOJl, HANIPABICHHBIMI HA TTOBBIIICHUE
YCTOMYUBOCTH JUCTHEB K JCHCTBUIO PE3KUX MEPENaFoB CYTOUHBIX TeMIEpaTyp, KO-
TOpbIe B SIKyTHH HAOIIONAIOTCS 10 KOHIla Mas [8, 9, 22].

B menom mnosydyeHHbIE HAMHU PE3yNbTaThl XOPOILIO COINIACYIOTCS ¢ OOIIenpu-
HSITOW TOYKOW 3peHHsl O TOM, YTO HakoruieHue HeHachineHHbIX KK B cocTtase Jiu-
MMUAZ0B SIBISIETCA OAHWM W3 BAKHBIX MEXAaHN3MOB, 0O0ECIIEUMBAIONINX BBICOKYIO
YCTOMYMBOCTH PACTEHHI K OTPHUIIATEIBHBIM TeMiieparypam. OIHaKo OnpeieeHHbIe
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pas3iuuus BHISIBICHBI B JIUMHIAX ITOYEK Oepe3bl TOBHUCIION, TPOU3PACTAIOIICH HA O]~
HOHM IUPOTE, HO B KOHTPACTHBIX MPUPOTHO-KIMMATHICCKUX YCIOBUSIX, IMOCKOIb-
Ky W3y49aeMble TEPPUTOPUU YIAAICHBI APYT OT APyra B MOJTOTHOM HAIIPABJICHHM.
B gactHOCTH, B ycImoBuUAX SKyTHH, TAC B 3MMHUI ITEPHOJT HAOTIOMACTCS IKCTPEMAITh-
HO HHU3Kas TeMIleparypa BO31yXa, B CYMMapHBIX JIMITHIaX Oepe3bl MMOBUCION Cpean
HeHachIeHHbIX JKK nmpeobiagaroT olenHOBas ¥ JIMHOJIEBast, TOTa Kak B Kapemwn —
JIMHOJIEBAs W JIMHOJICHOBAsl. BO3MOXKHO, 3TO CBsI3aHO C TeM, uTO (ha30BBINA MEPEXO]
JHUIMUZOB OT TeJIe00Pa3HOTO COCTOSHUS K JKHIAKOKPUCTAJUIMYECKOMY TMPOUCXOIUT
IIpU TEMIIEPAType, HAIIPSIMYRO 3aBUCSILEH OT OBOJHEHHOCTH TKaHEW. Tak, y COCHbI
00BIKHOBEHHOU Pinus sylvestris L. B ycnmoBusx CHOHPH TpHU TOMYCTHUMOM ypOBHE
00e3BOKHBaHUS CTPYKTypa OMOMEMOpaH B KJIETKaX COXPAHSIETCS B YIIOPSIOYCHHOM
cocrosiann 10 —40 °C [1]. bepesa Takxke CrlocOOHA BBIXKHBATH, CYIIECTBEHHO CHUKAS
cojiepanue Bojibl B TKaHsX (10 80 %), Torna kKak, HarmpuMep, 03UMbIC 3JIaKu MEHEe
YCTOWYMBBI K ACUCTBHIO HU3KHUX TeMIleparyp npu ooe3BoxkuBanuu (He 6omee 50 %)
[13]. CornacHO HAIIUM JTAaHHBIM, B YCIOBUAX SIKYTUH B TIEPHO BRIHYKICHHOTO TI0-
KosI ((heBpab—anpelb) couepkaHue BOIBI B TMOYKaX Oepe3bl MOBUCIOW COCTABUIIO
gyTh Oosiee 30 %, a kK HaYary UX paciycKaHus (Maif) CyleCTBEHHO YBEIHMYMIOCH —
10 60 % u BrIIIIE.

OOBIYHO CHIDKEHHE COJICPIKAHUS BOJIBI B TKAHSAX MPOUCXOIUT B TIEPUO]] OCCH-
Hell TOJITOTOBKM JAPEBECHBIX PACTEHHH K TIIyOOKOMY IOKOIO, YTO CIIOCOOCTBYET
BO3HUKHOBEHHIO CHUTHANIA, MHIYNIHPYIOLIETO SKCHPECCHIO0 TEHOB, YYAaCTBYIOIIUX B
IPYTuX OMOXUMHUYECKHX MEXaHHM3MaX 3alluThl KieTok [23]. Hampumep, B yciaoBu-
X SIKyTHH B 3UMHHI [EPHOJ B IMOYKaX Oepe3bl MOBHUCIONW CHHTE3UPYIOTCS CTpec-
COBBIE OETKU-IETHIPUHBI, KOTOPbIE MPUHIUMAIOT YYaCTHE B OCMO- U KPHUO3AIIUTHBIX
MEXaHU3MaxX MpU HU3KOTEMIIEPATypHOH ajanTaiiy APEBECHBIX PACTCHUNU U MOTYT
MCIIOJIH30BATHCS JaKe B KAU€CTBE KOCBEHHBIX MAPKEPOB MOPO30yCTOMYUBOCTH pac-
tenuit [3, 9, 11, 24]. lo6aBuM, 4TO, COINIACHO MOJIYYCHHBIM HaMH JaHHBIM, YPO-
BeHb HeHachmeHHBIX JKK 1 mameke U/S B ycnmoBusax SIKyTnn ObUTH MaKCUMaTbHBI-
MmH (92,5 u 12,4 % coOTBETCTBEHHO) TOJIBKO B MapTe, KOrja TEMIIEpaTypa BO3oyXa
MOAHUMAJIACh 10 TeX 3HaueHHi (B cpenHeM okoso —20 °C), KOTOpble XapaKTepHBI
JUTSL eBPOTICHCKOM YacTH apeaja Oepe3bl TOBUCION B 3uMHMIA nepuoa. OueBUIHO,
gyT0 Ha JKK-cocTaB MUmuI0B BereTaTUBHBIX MTOYEK OEPE3bI OMPEACIISIONICe BIUSHIC
OKa3bIBAIOT MTOTOJHBIE YCIOBHSA, MTPEXKe Bcero Temmneparypa. [loaromy HezaBucumo
OT MecTa MPOU3PACTAHHS COIEPKaHUE JIMHOJICHOBOM KHCIOTH (Kak B aOCOMOTHBIX,
TaK U B OTHOCUTEIIFHBIX €MHUIIAX ) B [TOYKaX Oepe3bl MOBHUCIION TOIOKUATEIBHO KO-
pENUpYET C TeMIIepaTypor Bo3ayxa, a koddduumeHt xoppensnuu (o Ciupmeny) B
o0oux ciydasix coorBerctByeT 1 (mpu p < 0,95).

Saxnouenue

PesynbraTs! nccienoBaHys MO3BOJININ BEIIBUTH KaK CXOICTBO, TaK U pAJ pa3-
JUYMAN B KUPHOKHUCIOTHOM COCTaB€ M AKTUBHOCTH alWJI-IMINJHBIX JlecaTypas3 B
MoYKax Oepe3bl MOBUCIION, MeCTa MPOU3pacTaHUs KOTOPOH HAaXOAATCS B KOHTPACT-
HBIX 10 MPUPOAHO-KIMMaTHYecKUM ycioBusM Kapemuu u Slkytun. YcranomneHo,
YTO HE3aBUCUMO OT MECTa MPOMU3PACTAHMSI CYMMapHbIC JUIUAbI XaPAKTEPU3YOTCS
BBICOKMM COJICPKAHNEM HEHACBIIIEHHbBIX KHUPHBIX KUCIOT, YTO CIOCOOCTBYET ajal-
Talluu PaCTEeHUH K OTPHUIIATENILHBIM TEMIIEPAaTypaM B 3UMHE-BECEHHUN nepuos. B To
K€ BPEMS BBISBIICHBI CYIIECTBEHHBIEC PA3JIMYMs 110 COCTaBy U COOTHOLLIEHUIO MOHO-,
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II-, TPUCHOBBIX JKUPHBIX KUCIIOT, AMHAMHKA KOTOPBIX B 3HAYUTEIILHON CTEIICHH 3a-
BUCHT KaK OT (pa3bl 3MMHE-BECCHHETO Pa3BHTHUS PACTEHHM, TaK U OT CTEICHU KOH-
THUHCHTAJIBHOCTHU KJIMMarta. HOKa3aHO, YTO B YCIOBHUAX KapeJ'II/II/I B IIE€PHOJ BbIHYXK-
JIEHHOTO TIOKOS (SHBaph—MapT) B JIUMUIAX TOYEK Oepe3bl MOBUCION HaOIMIOmaeTCs
MOBBIILICHHOE COZIEPKaHNE AMEHOBBIX, a K Hadally UX pacilycKaHus (ampeiab—maii) —
TPHUEHOBBIX XHUPHBIX KHCJIOT, YTO CONPOBOXKAACTCSI CHIKEHHUEM HHJIEKCa HEHAChI-
LICHHOCTH KUPHBIX KHUCJIOT U yBEIMUECHHEM HHJEKca ABOMHOM cBsizu. B ycnmoBusix
SIKyTH# B 3MMHE-BECEHHHH MEPUOJ] yCTOHYMBO MPE00IalaloT MOHOCHOBBIC U IMEHO-
BBIC )XUPHBIC KHUCJIOTHI. OZ[HOBpeMeHHO C OTHM BBISIBJIE€HA BLICOKAs] aKTUBHOCTH MO-
n ®3-gecarypa3 (OTBETCTBEHHBIX 3a CHUHTE3 JUHONIEBOU C,, U auHOICHOBOU C¢,
KUPHBIX KMCJIOT) B JIMIIMAX [10YEK Oepe3bl HOBUCIION, TpouspacTaroweii B Kapenuu,
a w9-mecarypasbl (KaTalusupyroled cuHTe3 oaenHoBoM C,g, AKUPHBIX KUCIOT) —
B SIKkyTun. BrickazaHo npeanojaokeHune, 4To B yCIOBUSX MHOTOIETHEW MEP3JIOTHI CY-
LIECTBYET B3aUMOCBSI3b MEXK/Ty SKCIPECcCcHell FeHOB, KOHTPOJIMPYIOIINX 00pa3oBaHue
®9-alUI-TUIUAIHON JiecaTypasbl, U YCTOMYMBOCTBHIO TKAHEH 3a4aTOYHBIX OPraHoOB B
[EPUOA X BHYTPHUIIOUEYHOTO PA3BUTHSI K OTPULATEIbHBIM TEMIIEpaTypaM He TOJIb-
KO BO3/lyXa, HO U KOpHEoOHTaeMoro ciost nouBbl. Hekoropeie ocodbeHnocTu (peod-
JaJaHue MOHO- U JWEHOBBIX KUPHBIX KHUCIIOT, TIOBBILICHHBIH YPOBEHb aKTUBHOCTH
®9-aecaTypasbl U Ip.), BBISIBICHHBIC B COCTAaBE JIMITHJIOB B MOYKaxX Oepe3bl HOBUCIION
B YCJIOBUAX MHOTOJIETHEH MCEP3JIOThI, OYEBUIHO, OIIPEACTIAIOTCA I[eflCTBHCM nmpupoa-
HO-KJIMMaTH4YecKux (PakTopoB MecTa ee MPOU3PACTaHHs U MOTYT pacCMaTpHBaThCs
KaK OZIMH U3 JOIOJHUTEIbHBIX MEXaHU3MOB, IIOBBIIAIOLINX alalITUBHBIN OTCHIINAI
Oepesbl TOBUCIION K OTPULATEIIEHBIM TEMIIEPAaTypaM HE TOJBKO BO3IyXa, HO U KOp-
HEOOHMTAeMOro CJI0s IIOYBBI, TO3BOJIMBILNI NPeACTaBUTENsAM poaa Betula L. pacum-
PUTB apean A0 CEeBEPHOM IPaHMIBI PACTIPOCTPAHEHUSI JPEBECHON PAaCTUTEIHLHOCTH.
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Annomayua. 1lenpro Mccae0BaHUs SBISIETCS aHAIN3 KU3HEHHOIO COCTOSIHHS JIPEBECHBIX
pacTeHnii B ypOaHN3UPOBAHHOM Cpesie JUIs pelIeHns IpooiieM 03eIeHEHHNsT KPYITHOTO Topojia
(ma mpumepe T. XabapoBcka). Vcromp30BaHBl METOIBI T€000TAHNIECKOTO, JIECOTaKCAITMOHHO-
r0, (JIOPUCTUYECKOTO, MOMYIISIIMOHHOTO aHaju3a U MopdomeTpruieckoro noaxona. dopmu-
poBaHKe HacaxeHU XabapoBcka NPOLUIO MYTh OT CaJ0BO-TPHYCa eOHOTO THIA C HEMHO-
TOYKMCIICHHBIMH CaJIaMH U CKBEPaMH JI0 OOIIECTBEHHBIX 03€JICHEHHBIX MPpOocTpaHcTB. O0mast
IJI0IIA/(b O3€JEHEHHBIX TEPPUTOPUIL cocTaBiseT 17 127,9 ra ¢ nepcrnekTuBoi yBeIHMUeHUs
o3eneHeHns obmiero moib3oBaHusd kK 2030 . Ha 1435,9 ra. Mcmons3oBaHne OrpaHUYEeHHO-
IO aCCOPTUMEHTA JIPEBECHBIX MOPOJ] B MPOILLIOM IPHUBEIO K (POPMHUPOBAHUIO COBPEMEHHOTO
TOTIOJICBO-MJIBMOBOTO OOJTMKa HaCaKACHUH roposa. MaccoBble MOCAIKN TOTOJIEH U BSI30B B
1950—1960 rr. co3manu mpoodIeMy CPOUYHOTO CHOCA CTAPOBO3PACTHBIX HACAKICHUN B OOJIb-
KX o0beMax B Hacrosmiee BpeMs. OTMedaeTcs COKpallleHne 03eJIeHeHHBIX IUIO0MIaAeH B rap-
Kax, HEJOCTaTOUHBIN yXOA U, KaK CIEJCTBHE, CHIDKEHHE )KU3HEHHOTO COCTOSHUSI PACTEHHI.
CocraB nmennpoduopsl XabapoBcka BKIIOYaecT 59 BHIOB EepPeBbEB, 58 BHUIOB KYCTapHUKOB
W JTHaH, 9YTO MPHOIMKAETCS K TOKa3aTelo MPUPOIHOTO 6ropazHoobpasus. OTHOCUTEIHHOE
JKU3HEHHOE COCTOSIHUE APEBECHBIX HACAKACHUN M3MEHSIIOCh Ha PAa3HBIX TOPOJICKUX O0BEK-
Tax or 69 % (ocnmabnennslit apeBocToit) 10 94 % (3mOpoBBIN IpeBocToi). B cpennem mo
TOpoy A0JIs 3A0POBBIX JEPEBLEB cOCTaBIAET 57,6 %, NEPEBLEB B YAOBIETBOPUTEILHOM CO-
ctostHuu — 34,5 %, HeynoBneTBopuTensHOM — 7,9 %. Mcnonb3oBaHue MOMyISIIMOHHBIX Me-
TOJIOB MCCIIEJOBAHMS B PELICHUH MPOOJIEM O3EIEHEHHUS MMO3BOJIMT MPOBECTH MOAOOD BUIOB
JIMCTBEHHBIX U XBOWHBIX TIOPOJ], aIalITUPOBAHHBIX K CTpeccaM ypOaHU3aLUH, ¥ CO3aTh KO-
JIOTHYECKH YCTOWYHBBIE, SCTETUIECCKH NPHUBIEKATEIbHBIE U YKOHOMHUECKH Oosiee BBITOIHBIC
HacaXAeHus. Beicokoe pa3HooOpasne qpeBeCHBIX pacTeHUH oTMeuaeTcs B mapkax (89 BUaoB)
u Ha OynibBapax (77 BHJIOB), HU3KOE — Ha TOPOJCKHX IUToa X (9 BUAOB) M OCHOBHBIX ITpOE3-
Jax mo ropoxy (27 BumoB). O3eseHeHNE aBTOTPAHCIIOPTHON HHPPACTPYKTYPHI ITPEACTABICHO
55 Bupamu. O61aCTh TPUMEHEHHUS PE3YIBTATOB: MyHUIIMIIAIILHOE YIIPABICHHE, TNIAHUPOBa-
HHUE U Pa3BUTHE TOPOACKON TEPPUTOPHUHL.

Knrouegvie cnosa: o3encHeHne, HACAKICHUS OOIIETO MOIB30BAHNS, TOMYJISIINS, )KA3HECIIO-
COOHOCTh, M3MEHYMBOCTH, yCTOHYMBOCTb, BUTAJIUTETHAs CTPYKTYypa, ypOaHHW3MpPOBAaHHAsS
cpena, ypboaxocuctemsl, XabapoBck, J[aaTpHEBOCTOUHBIN (henepaIbHbIil OKPYT
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Abstract. The aim of the study has been to analyze the vitality of woody plants in an
urbanized environment to solve the problems of landscaping a large city (using the example
of Khabarovsk). The methods of geobotanical, forest inventory, floristic, population analysis
and morphometric approach have been used. The formation of plantations in Khabarovsk
has gone from a garden-homestead type with a few public gardens and squares to public
landscaped spaces. The total area of green spaces is 17,127.9 ha, with the prospect of
increasing the landscaping of public use areas by 1435.9 ha by 2030. The use of a limited
range of trees species in the past has led to the formation of a modern poplar-elm appearance
of the city’s plantations. Mass plantings of poplars and elms in the 1950s and 1960s have
created the problem of urgent demolition of old-growth plantations in large volumes
at present. There is a reduction in green areas in parks, insufficient care and, as a result,
a decrease in the vitality of plants. The composition of the dendroflora of Khabarovsk
includes 59 species of trees and 58 species of shrubs and lianas, which is close to the natural
biodiversity indicator. The relative vitality of tree plantations has varied at different urban
areas from 69 % (weakened forest stand) to 94 % (healthy forest stand). On average, the
proportion of healthy trees in the city is 57.6 %, of the tress in satisfactory condition — 34.5 %,
in unsatisfactory — 7.9 %. The use of population-based research methods in solving
landscaping problems will make it possible to select deciduous and coniferous species
adapted to the stresses of urbanization and create environmentally sustainable, aesthetically
attractive and economically more profitable plantations. A high diversity of woody plants is
observed in parks (89 species) and on boulevards (77 species), a low one — in city squares
(9 species) and main thoroughfares in the city (27 species). Landscaping of the motor transport
infrastructure is represented by 55 types. The field of the results application: municipal

management, as well as planning and development of urban areas.

Keywords: landscaping, public use plantations, population, viability, variability, stability,
vitality structure, urbanized environment, urboecosystems, Khabarovsk, the Far Eastern
Federal District
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Beeoenue

B pesynbrare crpemutensHOrO mporecca ypoanuzanuu Oonee 68 % Hacene-
Hus Ha ianere K 2050 r, mo mporaozam OOH, 6yayT cenutbes B roponax [41]. Ana-
JIOTHYHAasl TeHAEHIMs coxpansiercs u B Poccuiickoit dexepanun, rae, no JaHHBIM
Poccrara na 2019 1., 74,59 % rpaxknan npoxxuBano B ropoaax [17]. Yposens ypOanu-
3alliy B PETHOHAX HOBOTO OCBOEHHS, K KOTOPBIM MPUHAIISKUT J]anbHEBOCTOUHBIH
(benepalbHBIF OKPYT, CErofHs yxe npesbimaet 75 % [27]. YpOanu3zaius, sIBJISACH
IIPOTPECCUBHBIM (DAKTOM B JKU3HHM LIMBUIM3ALUY, TOPOXKAAET PAL IKOJIOTHUECKUX
po0ieM, HEKOTOpbIe U3 HUX BO3MOMKHO PEIINTh C TOMOIIBIO COBEPLICHCTBOBAHMS
CHCTEMBI 03€JICHeHHUSI TOpoJoB. [ 0poacKas pacTUTENBHOCTh OKa3bIBACT HEHOCPE-
CTBEHHOE BO3/ICHCTBHE HA yCTOIMUMBOE pa3BUTHE M KOM(MOPTHOCTH TOPOJCKON Cpelibl
Juts HaceseHust. CrcremMa OOIECTBEHHBIX 03€JI€HEHHBIX MPOCTPAHCTB, BKITIOYAOIIAs
03eJIeHeHUEe OOIIIero, OrPaHNYEHHOTO MOJIB30BaHMS U CIICIMATBHOTO HA3HAYCHHSI, SIB-
JISIETCSI BAXKHBIM KOMIIOHEHTOM I'PaJ0CTPOUTENBHOTO IIJIAHUPOBAHUS, IEMEHTOM 3€J1e-
HOW HHPPACTPYKTYPHI [6, 22, 33], TOCTaBIIMKOM SKOCUCTEMHBIX yciryT [29, 30, 38] u
(haKTOPOM ONTUMM3ALMHK HKOJIOTUUECKOH cperpbl [9]. YpOBeHb 03€JICHEHHOCTH TOpo-
CKOH TeppUTOPUH SIBIISIETCS OJHUM M3 MHIMKATOPOB €€ YCTOHUMBOro pazsutus [12] n
MoKasaresyieil KadecTBa XH3HU Jrofed. OCOOCHHOCTH OpraHu3anuu U (QYHKIUOHH-
pPOBaHHUS 03€JIEHEHHBIX MPOCTPAHCTB U TOBBIIIEHUE KU3HECTIOCOOHOCTH PacTeHUH
B TOPOMax IMPEACTABIAIOT MHTEpEC KakK I pocchuiickux [6, 9, 21, 25], Tak n mus
3apyoexHbix [31-37, 39, 40] nccnenopareneii.

KauecTBO cucteMpl 03e1eHEHHS ONPEACISIETCS COOTHOLICHUEM 3aCTPOCHHBIX
1 03€JIEHEHHBIX IUIOIIAJEH B TOPOJICKOM MPOCTPAHCTBE, HAJIMYMEM BCETO CIEKTpa
03CJICHEHHBIX OOBEKTOB, a TaK)KE YPOBHEM JKH3HECTOCOOHOCTH pacTeHuil. Pactu-
TENBbHBI KOMIIOHEHT YPOOIKOCHCTEM HCTIBITHIBAET Ha ceOe BO3ACHCTBHE CTPECCOo-
BbIX (pakTOpoB ypOanuzauuu. Ha ropoackux TeppuTopusx MOaAEp:KaHUE BbICOKON
KHU3HECIIOCOOHOCTH IPEBECHBIX PACTEHUH 0c000 3HAYMMO, TOCKOJIBKY OHH BBIIIOJ-
HSIIOT 3KOCHCTEMHBIE, CAaHUTAPHO-TMIMEHUYECKUE, 3CTETUYECKHE U COLUAIbHO-3-
KOHOMHYEcKre QyHKIMH. B HacTosiiee BpeMsi HEAOCTATOYHO M3yYeHO M3MEHEHHE
KU3HEHHOTO COCTOSTHUSI JPEBECHBIX MOPOJ Kak Mapamerpa, OTpakalollero OTBET-
HYIO PEaKkIuIo paCTUTEIHHOIO OpraHM3Ma Ha KOMIUIEKCHOE BO3/eHCTBHE (haKTOpPOB
ypOaHn3upoBaHHON cpenpbl. HayuHble n3bIcKaHUs B 3TOM HallpaBJICHUU IOKa3bIBa-
0T, 4TO MOMYJSILMOHHAS CTPYKTypa BUAOB ypOaHOMIOPEI SBISETCS BaXKHBIM MHIM-
KaTOpOM HX >KU3HEHHOTO COCTOSIHUSI M yCTOWUYNBOCTU. CHCTEMHBIE CPAaBHUTEIIbHBIC
HCCIIeIOBAHUS CTPYKTYPbI MOMYJISIIANA PACTEHUH 110 OCHOBHBIM YpOOIKOTONaM MOKa
€IMHUYHBI, U 3TO ONpeNeiseT 3aja4l Ha npeacTosnye roasl. [peanaraemslii nmoa-
XOJl TIO3BOJISIET KPUTHYECKH TEPECMOTPETh CYIIECTBYIONIUI acCCOPTUMEHT BH/IOB,
[IPUMEHSIEMBIX B 03€JIEHCHUU TOPOIOB, YBSI3aTh UCIIOIb30BAHUE OTAEIbHBIX BUIOB C
THUIIOM HaCaKACHUS U YCIOBUSMH IPOU3PACTAHUSL.

CHMKeHHEe JKU3HEHHOCTH Y PAcTEHHH MPOUCXOAUT M3-32 HU3KOTO KauecTBa
[IOYB U MOYBOTPYHTOB, OTPAaHMUYEHHOM IUIOMIAN MUTaHUS PACTECHWUH, 3arpsi3HEHMS
BO3/yXa, NEHCTBUA XUMHUYECKHX PEareHTOB, MEXaHMYECKHUX MOBPEXKJIEHUH M Io-
pakeHHsT OOJIC3HSIMHU U BPEIAMTEISIMHU, BEICOKUX PEKPEalMOHHBIX Harpy3ok [3, 11].
AnanTanuu pacTeHUH B TOPOICKOW Cpene SBISIOTCS BHUIOCICNH(DHUECKUMH, OHU
OCYILECTBIISIIOTCS 38 CUET BBICOKOM IUIACTUYHOCTH M M3MEHYMBOCTH MOP(OCTPYK-
TYPBI PACTUTEIILHOTO OPraHu3Ma, a TaKXKe NePeCTPONKH UX MOMYJISILUOHHON CTPYK-
TYpBI (pa3MEpHOM, BUTAJTUTETHOM, IPOCTPAHCTBEHHOM, TeHETHUECKOU 1 Ap.) [7, 14].
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[Tokaszatenu pocTa W pa3BUTHSI pacTEHHId, BUTAIUTETHASI CTPYKTYpa, CBSI3aHHAsS C
HEHOTHYECKIUMHU U 3KOJIOTHYECKUMH aCTIeKTaMH, Ka4eCTBO MOIMYJISINHN 1al0T 00beK-
THUBHYIO KapTUHY KM3HECTIOCOOHOCTH BHIOB B TOPOJICKOW CPEIe, YTO TO3BOJISET 1O~
n00paTh yCTOHYMBEIE M AKOJIOTUYECKH TUIACTUYHBIE BUIBI PACTEHHH [UIS TOPOACKOTO
3€JIEHOTO CTPOUTENbCTBA. Lleb paboThl — aHaIN3 )KU3HEHHOTO COCTOSIHUS APEBECHBIX
pacteHuii B ypOaHU3UPOBAHHOM Cpejie VISl PEeLIeHUs Ppo0eM 03eIeHEH s COBPEMEH-
HOT'O KpYIIHOTO Topofa (Ha npuMepe T. XabapoBcka).

Obvexmbl u Memoowbl UCCAEO0BAHUS

CocTosiHME 3€NeHBIX HACaKISHUH TOpola W YKM3HECTIOCOOHOCTH IpeBec-
HBIX PacTEeHUI H3ydyajid B XOA€ PAa3HOBPEMEHHBIX MAapIIPYTHBIX HCCICIOBAHUM.
K ananu3y mpuBiekanu Marepualibl HHBEHTAPH3AIUK, IPOBEICHHOW M0 CTaHIapT-
HOl MeToamke (MeToauka WHBEHTApU3AlUU TOPOACKUX 3EJICHBIX HACAKICHUU,
1997 1.) corpynaukamu MHCTUTYTa BOOHBIX M dKoJorndeckux mpoodmem J[BO PAH
(2002-2023 rr.). Mcmonp3oBansl (OHAOBBEIE MaTepHaNbl YIPaBICHHS IO OXpaHE
OKPY’KaIOIIEH cpellbl U MPUPOAHBIX PECYPCOB aJIMUHUCTpAIH T. XabapoBcka. [1pu-
MEHEHBI METO/IbI F€000TaHUYECKOT'0, JIECOTAKCAILIMOHHOTO, (DIIOPUCTHYECKOTO, MOITY-
JSIIMOHHOTO aHain3a U MOPPOMETPHUYECKOTO Moaxona. OTHOCUTEIbHOE JKU3HEHHOE
COCTOSIHME IPEBECHBIX HACAXKIICHUU ompenessutu mo metonuke B.A. Anekceesa [1].
Cocrosinue JepeBbeB OLEHUBAIN M0 Ka4€CTBEHHBIM XapaKTEPHCTHKaM: I'yCTOTa H
I[BET KPOHBI, OOMUCTBEHHOCTH (OXBOCHHOCTH), HATMYNE MEXaHMIECKHUX TTOBPEK/Ie-
HUH, CYXOBEPITMHHOCTD, MTPUCYTCTBHE YCHIXAIOIINX BETBEH B KPOHE, COOTBETCTBHE
rabuTyca pacTeHHs CTaHIapTHBIM XapaKTePUCTUKaM BUA.

[onynsumoHHYI0 CTPYKTYpY AOMHHHPYIOIIMX B O3€JE€HEHUH Iopoja pacTeHHi
M3y4aJld B COOTBETCTBUH C HANPaBICHUEM MOMY/ISIIHOHHO-OHTOTEHETHYECKUX HCCIIeo-
Banuii [7, 8, 28]. Mopdomerprdeckuii aHaIN3 TPOBOIIIIHA MO KOJIMYECTBEHHBIM T1apa-
MeTpam, KOTOphIe XapaKTEePHU30BAIN COCTOSTHIE 0CO0eH. JleTepMUHUPYIOMNiT KOMITIIEKC
Mop(hOMETPUIECKIX TIPU3HAKOB TS OPEACIICHAS BUTATUTETHON CTPYKTYPBI TTOITYIISIIIHIA
Ulmus pumila L. (BereTaTuBHOE OHTOI'€HETUYECKOE COCTOSIHIE) COCTABUIIM: [UTHHA TOJI0-
BOTO TIpHUpOCTa Mo0era, MIOMa/Ib JMCTOBOW TOBEPXHOCTH TOIOBOIO modera, gpuroMac-
ca JINCTHEB TOA0BOTO nodera. durtomaccy orpenersuii B a0COMOTHO CyXOM COCTOSIHHH,
B3BEIIMBAaHKUE TIPOBOIFIIH HA 31eKTPOHHBIX Becax HR—200. [l kayKaoro mpru3HaKa BbI-
YHCIICHBI CpeHee apu(hMETHICCKOE 3HAYCHNE 1 €T0 OIMIOKa, KO3(D(UITMEHT BapHaITHH.

KauecTBo momymsiunii paccuntsiBanu no gopmyne Q = ' (a + b), tne a, b —
J0J1s1 0coOell BBICIIETr0 M MPOMEXYTOYHOIO KJIaCCOB BUTAIUTETA COOTBETCTBEHHO
[7]. Knaccsl %n3HecnocoOHOCTH IepeBbeB (IKCIEPTHBIC OLICHKH) TIEPEBEIH B KJIAc-
CBhl BUTAJIUTETA JIPEBOCTOS: XOPOIIlee COCTOSHUE — d, YAOBJIETBOPUTENbHOE (Ocia-
OneHHoe) — b, HEYIOBIETBOPUTEIbHOE (yTHeTeHHOE) — ¢. [lo ypOBHIO BHUTamuTETa
BBIZICISUTN 3 TUTA TOMYJAINi: mporseraromue (Q > ¢), paBHOBecHBIC (O = ¢), ne-
npeccuBHble (O < ¢) [7, 8], re ¢ — monst ocobelt HU3MIETo Kacca BUTAIUTETA.

Co6op mansbIx ocymecTBsuid B 20182021 1. B ypOaHM3MPOBAaHHBIX KO-
TOIaX, XapaKTepU3YIOLUIMXCs Pa3HOM CTENEHbIO aHTPOIOIeHHOH TpaHchopMmanuy,
KOTOpBIE BKJIIOUAIM: HACaXIEHHsS MapKoB, OylIbBapoOB, MaruCTpajbHBIE MOCAIKH,
PacTUTEIBHOCTH BJOJb OCHOBHBIX, BHYTPUKBAPTAIBbHBIX YIIUII, IPUIOMOBOE O3€elie-
HeHue. /{5 aHanm3a )KU3HEHHOTO COCTOSHUSI XBOMHBIX paCTEHUM B TOPOJICKOM cpefie
B KaueCTBE KOHTPOJIS MCTIOIB30BAHBI PACTEHUS W3 (PUTOIEHO30B MPUTOPOTHOTO Jie-
comnapka. B xoxe mHBeHTapuzanuu 0bu10 00cienosaHo okoso 3000 nepesbes. Ilo-



110 «H3BecTHs By30B. JlecHoii skypHay». 2024. Ne 6

JIy4eHHBIC MaTE€PHasbl CTATHCTHYECKA 00pabOTaHBI C MCIONB30BAHUEM POTPAMM
Excel, Statistica u VIT, pa3zpaborannoii FO.A. 31001HBIM.

Pezynomamet uccnedosanust u ux oocyxcoenue

O3zenenenne XabapoBCcKa CIOXKHIOCH 32 165-eTHUI IIepro CTAHOBJICHHUS TOPO-
Jla ¥ IPOLLJIO MyTh OT CaJ0BO-NPHYCaeOHOrO THIIA C IMHEHHBIMH TTOCaJKaMH JCPEBb-
€B ¥ KyCTapHHUKOB Ha LIEHTPAIBHBIX YITUIIAX U BO3JIE OOIIECTBEHHBIX 3[aHII U HECKOITb-
KAMH 0OIIeCTBEHHBIMHE casiamu [4, 12, 19] 10 coBpeMeHHBIX MHOTO(YHKIIMOHATIBHBIX
OOILIECTBEHHBIX 03€JICHEHHBIX IIPOCTPAHCTB. CHCTEMa TOPOACKOTO 03€IEHEHMS, 3aJ10-
KECHHAasl B TPOLLIOM, COOTBETCTBOBAJIA NMPUPOAHO-KIMMATHYECKIM OCOOECHHOCTSIM
peruoHa, rpajioCTpOUTENFHBIM HOPMaM, COLIMAIBHBIM HOTPEOHOCTSAM M TPaIHLU-
OHHBIM YCTOSIM TOpOXKaH. 3a CPaBHUTEIHHO HEOOJBIIOW MEepuoa cHpopMHUpPOBaHBI
HacaXkJIeHus1 0OIIero, OrpaHMYEHHOrO MOJB30BaHMsI M CHEIMaIbHOIO Ha3HAuYEHHS.
K magamy XXI B. Obla co3gaHa CHCTEMa 3€JICHBIX HACAKICHHUN C BRICOKUMU TTOKA-
3aTelIsIMM 03€JICHEHHOCTH ropoja, o0Iasi II0Iaab 03€JICHEHUsI COCTaBIsAIa OKOJIO
4000 ra [10, 26]. HacaxmeHnus oOmiero U orpaHUYEHHOTO TIOIH30BAHUS BKITFOUAIIH
11 napkoB (104,6 ra), 1 cax (24,6 ra), 3 pouwm (41,1 ra), 1 nennpapwuii (11,4 ra),
3 nmuromuuka (283,89 ra), 5 cksepos (8,81 ra) u 2 GyabBapa (67,5 ra), KOTOpble ObUIH
00bEIMHEHBI HACAXKACHUSIMUA TOPOJICKOM TPaHCTIOPTHON MH(PPACTPYKTYPHI C MPUTO-
POIHBIMH JiecaMu. Ha 0gHOTO KUTENs MPUXOAUIOCh 10 18 M2 HaCAKIEHUH, B T. 1. B
00BeKTax 00MIero mobp30BaHusa — 10 9,5-10 m2 [23].

ACCOPTUMEHT MOPOJI, UCIOIb3yEMBIX HACEIICHUEM B 03€JICHEHNH, B OCHOBHOM CO-
CTOSUI M3 BUJIOB, KOTOPBIE TIPOU3PACTAIN B OKPECTHOCTSIX TOPOZAA, 1 HEMHOTOYHCIIEHHBIX
TIOPO/I, TPUBE3EHHBIX MEPECEICHIIaMHU € 3allaHON YacTH CTPaHbI (HalpuMep, IISTKOBHIA
oenast Morus alba L.). JIo HacTOsIIEr0 BPEMEHN Ha OKpaMHaX IMOCEICHHs COXPAHMUIOCh
JIUIIH HEOOMBIIOE KOJIMYECTBO YYACTKOB C €CTECTBEHHOM JIECHON PACTUTENFHOCTHIO pa3-
HOH CTa[uM JUTPECCHH, a OCHOBHAs YacTh 3€JIEHOTO (pOoHIa ropona MpencTaBieHa Hc-
KyCCTBEHHO CKOHCTPYMPOBAaHHBIMHM 3€JICHBIMHM HAaCAKICHUSAMH. AKTHBHO Ha4aBILIAsICS
YIUIOTHUTENIbHAS 3aCTPOMKA TEPPUTOPHU M PE3KOE yBEIMUEHHE MapKa aBTOMOOUIIEH He-
TaTUBHO CKa3aJIMCh Ha COCTOSHUH TOPOJICKOTO o3eneHeHus. Hemoctarok ¢punaancupoa-
HUst B 90-€ I'T. MPOIIIOro CTOIETHs TIPUBEIT K YKy BHYTPUKBApPTAILHOIO O3€JICHEHHS],
OKa3aJIMCh 3aIlyIIeHHBIMU HEKOTOpbIe Tiepu(epuiiHbIe TTapKU M TOPOICKON JICHApapHid
[25], Ha OTAENBHBIX yYacTKaX YJIHULl YHUUTOKEHBI IA30HBI, IOCTEIIEHHO UCYE3JIN pa3ze-
JIMTENBHBIC 03€ICHEHHBIC TT0JI0CHI HAa aBTOMArkCTPAIIX. 3aMETHO YXyIIIHIOCh KaueCTBO
HaCa)XJEHUI U3-32 OTCYTCTBHSI CHCTEMAaTHYECKOIO CBOEBPEMEHHOTIO YXO/a.

Kputnueckuii anann3 cuTyally B 03eJIEHEHUH U IPUBE/IEHUE B COOTBETCTBHE
C JICHCTBYIOIIMM 3aKOHOJATEIECTBOM HOPMAaTHBHO-TIPABOBBIX aKTOB B cepe Omaro-
YCTpOICTBA rOpO/ia 3aMETHO OXKHBHIIN 3eJIEHOE CTPOUTENhCcTBO B Hadaje 2000-x IT.
Bbutn cKOpPEeKTUPOBaHBI M YTBEPXKIEHBI 3aKOHOATEIbHBIE TOKYMEHTHI 10 OXPaHe,
COZIEP>KaHMIO M BOCIIPOM3BOACTBY 3€JI€HOTr0 (poH1a ropoAa, pa3paboTaHbl KOHLEIIHS
o3eneHenus [16] u nonrocpounas uesienas nporpamma «Pa3Butue o3eleHeHus Tep-
putopun ropona Xabaposcka Ha 2012-2020 rr.» [15]. Bo3oOHOBUIM caHUTapHEBIE
pyOKH, pyOKH yxona B JIPEBECHBIX TOCAAKaX, TPOBEIH HMHBEHTAPHU3AIMIO 3€JICHO-
ro GoHIa 1 MOCaaKH JepeBhEB U KYCTAPHUKOB, BOCCTAHOBWIIA pabOTy TOPOJCKOTO
[IUTOMHUKA, CYLIECTBEHHO YBEJIMYMB €T0 MPOM3BOAUTENIBHOCTH VI T'OPOACKHUX M
KpaeBbIX HyA. TeM He MeHee K mpoOsieMaM 3eJIEHOr0 CTPOUTENLCTBA, KOTOPhIE HE
PEILIEHBI 10 HACTOSIIEr0 BPEMEHH, OTHOCUTCSI COKPAILLIEHHE O3E€JIEHEHHOH ILI0IIA N
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MapKOB 32 CUET aKTUBHU3AIMK MX KOMMEpYECKOl NesTeapbHocTH. Habmronarores mo-
MBITKA BHEJPEHHS MHOTO(QYHKIIMOHAIBHON HaNpaBICHHOCTH paboThl HEOOIBIIUX
IO TUTOIAJM TOPOACKUX MAapKOB, YTO MPHUBOAUT K PE3KOMY COKPAIIEHHUIO O3€JICHEH-
HOM TUTOIaaN 00HeKTOB. OTMEUaETCs HETOCTATOK KPYITHBIX TI0 TUTOMIAAN TOPOJCKUX
MApKOB, JIETCKUX TAPKOB, CHEIHAIN3UPOBAHHBIX (CIIOPTUBHBIX) PAlOHHBIX ITApKOB
U CaJioB JJIs1 aKTUBHOW YacTH HACENEHHUsI, IPOJOKAETCs IPAKTUKA CO3[aHUs Iepe-
YIUIOTHEHHBIX JIPEBECHBIX MOCAJ0K, HE 3aBEPILIEH MPOIIECC CHOCA CTAPOBO3PACTHBIX
HaCaXICHUH, BBICOKA OIS OCIA0ICHHBIX U YTHETEHHBIX PACTCHHA.

OOm1as myommaab TOPOJICKMX 03eJIeHEHHBIX TeppUTOpril coctasiser 17 127,9 ra.
B cooTBeTcTBUM € MpOorpaMMoi cTpareruyeckoro pa3sutus ropoga a0 2025 1. 1 Ha iep-
CIIEKTHBY IUIOIIAb O3€JICHEHUs TUTaHupyeTcsl yBennuuth 10 18 530,5 ra [5]. B atom
MOKazarele, XapakTepu3ysch BaXKHON MPUPOAOOXPAHHOM, COLMATIBHOM U SKOHOMUYE-
CKOM POJISIMH, 3HAUUTENBHYIO IOJII0 UMEET 03eJIeHeHUE 00IIIero MOJIb30BaHusl, TUIOMIAb
KOTOpPOTO J0/bkHA ObITh yBenudeHa kK 2030 . Ha 1435,9 ra (ta6n. 1). [Ipoekt npen-
YCMaTpUBacT 3aJI0KCHUE YHUBCPCAJIbHBIX U CIICHUAIU3UPOBAHHBIX paﬁOHHBIX IapKoB,
KOTOpBIE OTCYTCTBYIOT B TOPOJI€ Ha TAaHHBI MOMEHT. COXpaHMBIIHECS yYaCTKH JIECHBIX
MacCHBOB, PACIOJIOKEHHBIE HA 3eMJIsIX MuHucTepcTBa 000poHBl PD 1 HeoCTyHEIE
B HACTOALIEE BpeMs Ul OTIbIXa IOpOKaH, YaCTUYHO MEPEAAI0T B MyHHUIMIMAIBHYIO
COOCTBEHHOCTB JJIsI paclIMpeHus IIIOMIaIeH CyIecTBYOLIHMX MapkoB (mapk Joma odu-
1epoB (IoTa) U OPraHU3aliK CIIOPTUBHBIX U MPUPOAHO-PEKPEAIMOHHBIX KOMILICKCOB
(IlIxoma ommmmmiickoro pesepsa Ha Boponexckux BbicoTax). K 2030 1. mmanupyercs
CO3/1aHKE JTYTOBBIX MAPKOB U THPONAPKOB Ha poccuiickoi yacTu bombioro Yecypuii-
CKOT'O OCTPOBA, OTHOCUTEIIHHO HEJITABHO BKITFOUYEHHOTO B 4epTy I. Xa0apoBcKa.

Ta6uuna 1

Knaccudukanus 3ejieHbIX HacaxkIeHHil 00111ero moj»b30BaHus B I. XabapoBcke®
The classification of public green spaces in the city of Khabarovsk

[Tnomane HacaKAEHMH, Tra
O3eneHeHHble 00bEKThI TTaHApyeMas

(akTuyeckast 710 2030 - umoeo

OO61eropoacKue mapku 207,5 565,5 773,0
Paitonnsie mapku - 164,1 164,1
CkBepsl 76,8 150,9 227,77
BynsBapsr 60,8 113,7 174,5

Habepexubie 12,0 69,1 81,1

Jerckue napku 1,8 15,8 17,6
Jleconapku - 232,6 232,6

IInomanyu ¥ MaMITHHUKH 39,4 1,9 41,3

Jlyromapku - 57,6 57,6

T'unponapku - 64,7 64,7
Bceeo 398,3 1435,9 1834,2

*VI3MeHEHUsT B TeHEPaJIbHBIN IUIaH ropojackoro okpyra «lopon Xabaposck». [Ipunoxenue
K perreHnto Xabapockoit ropozckoit ymst ot 21.04.2015 . Ne 97.

B nauane 90-X TT. IPOILIOTO CTOJNETHS ITOYTH BCE KPYITHBIE O3€IEHEHHbIE 00b-
€KThI Topojia ObUTM BKJIFOYEHBI B CETh 0CO00 OXPaHIEMbIX MPUPOIHBIX TEPPUTOPHIA
(OOIIT). Ceromus cets OOIIT ob6meit miomanesio 585,45 ra cocrout u3 OOIIT kpa-
eBOro 3HaueHus (5 oOwbekToB) muromanpio 212,43 ra m OOIIT MecTHOTrO 3HAYCHUS
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(24 obbekra) — 373,02 ra. B ropone HacunThiBaeTcs 14 mapKoBbIX 30H 0OLIEH MIIoIma-
nwio 178,27 ra, 1 mpuponHsnii mapk — 163,94 ra, 2 muromanka — 119,95 ra, 2 npupon-
HO-PEKpEaLMOHHbIX KOMIUIeKca — 65,61 ra, 4 nmamsitHuka npupoasl — 48,49 ra, 7 ckse-
poB, otHOcsmuxcst kK kareropun OOIIT, — 11,99 ra [13]. OGcnenoBaHe ropoaCcKux
OOIIT nokazano, 4To X OCHOBHAS YacTh ITPECTABICHA HCKYCCTBEHHBIMH HACAXK/Ie-
HUsAMU U TonbKO 11 oObekToB (295,00 ra) opraHM30BaHBI HA yYacTKaX C COXpaHUB-
muMuUcs pparMeHTaMu JyOHSIKOB, SICCHEBHHKOB, OCPE3HIKOB M CMEIIAHHBIX JIECOB
€CTECTBEHHOTO MPOHMCXOXKICHHS.

[Ipu o3eneHeHnH TOPOJOB BAXKHO COXpaHEHHE JIAHAMAPTHOTO U MOBBIIICHHUS
OMOJIOTHYECKOTO pa3HO00pa3ns JpeBECHO-KYCTapHUKOBBIX pacTeHuid. B pesynbrare
MHOTOJIETHUX Hay4HBIX nccienoBanuii [20, 24] crnenuanucramu JlanpHEBOCTOYHO-
T'O HayYHO-HCCIIE0BATENFCKOTO HHCTUTYTA JIECHOTO X03sICTBA PEKOMEHIOBAHO JIISI
3€JICHOT0 CTPOUTENHCTBA 16 BHIIOB XBOMHBIX M 60 BUIOB JIMCTBEHHBIX JICPEBLEB,
226 BUIOB KycTapHUKOB M jmaH [2]. [lo maHHBIM MHBEHTapH3alMM 3€JIeHBIX Ha-
CaXJIEHUH, aCCOPTUMEHT IOPOJ], MUCIOIb3YEMBIX B HACTOSINEE BpPEMs, BKIFOYACT
59 BUIOB iepeBbEB U 58 BUIOB KYCTapHHUKOB M JIMAH, YTO MPHUOIIKAETCS K IMOKa3a-
TEJTFO PUPOTHOTO OMOPa3HOOOPA3Hs OKPECTHBIX JecoB [12, 18].

[Ipy BBICOKMX TeMITaXx WHIYCTPHAIU3ALNKA CTPAHBI U MAacCOBOM JIOMOCTPOEHHH
B CEpeAMHE MPOIUIOro BeKa Ay OaroycTpoicTBa TOpoioB MOTpeOoBalicss HEAOPOTon
ObICTpOPACTYIIHI MOCAIOYHBIN MaTeprall B OompImmx o0bemax. B XabapoBcke OCHOBY
accoptuMenTa coctaBuin Tononst (Populus nigra L., P. balsamifera L., P. deltoids W.
Bartram ex Marshall) u Bsi3b1 (Ulmus pumila). )Kutenn MaccoBo HCTIONB30BAIH JJISI 03€-
JICHEHWUSI YITUI] TOpoa SICEHb MAaHBDKYPCKUi (Fraxinus mandshurica Rupr.), 6epesy 1mio-
cronucTHYIO (Betula platyphylla Sukacz.) n naypckyto (B. dahurica), i3 XBOHHBIX — COCHY
OOBIKHOBEHHYO (Pinus sylvestris L.), nuctennuity (Larix gmelinii (Rupr.) Kuzen) u enb
(Picea obovata Lebed.). B canax yaiiie Bcero BbIpaniBai siOnoH0 cuOupckyro (Malus
baccata (L.) Borkh.), abpukoc Manskypekuii (Prunus mandshurica (Maxim.) Koehne),
rpylry yccypuiickyro (Pyrus ussuriensis Maxim. ex Rupr.) u nip.

[IpuMeHeHHEe B TOCIHEIHEE JIECATHICTUE TPH PEKOHCTPYKIMH HACAKIACHUH
a0OPHUTeHHBIX ¥ HHTPOIYKIIMOHHBIX BUJIOB JAEPEBHEB U KyCTAPHUKOB ITOBBICHIIO OMO-
pasHooOpa3ue pacTeHHid B mapkax 10 89 BuaOB, a Ha OynabBapax — 1o 77. B Takux
HaCaXICHUSIX MOKHO BCTPETHUTH apajIlio BEICOKYIO (Aralia elata (Miq.) Seem.), my0
MoHTOJbCKUH (Quercus mongolica Fisch. ex Ledeb.), wibem ropustit (Ulmus glabra
Huds.), unem simonckwii (U. japonica (Render), Sarg.), maakuro amypckyto (Maackia
amurensis Rupr.), opex MaHbwKypckuit (Juglans mandshurica Maxim.), Gapxar
amypckuit (Phellodendron amurense Rupr.), cocHy xopelckywo (Pinus koraiensis
Sibold & Zucc.), cupens amypckyto (Syringa amurensis Rupr.), CeKypuHETy IOJTy-
KycTapHukoByw (Securinega suffruticosa (Pall.) Rehd.), 31eyTepoKOKK KOITHOUHit
(Eleutherococcus senticosus (Rupr. & Maxim.) Maxim.), menkoBuiry Oenyro, WIbM
rnankuii (U. laevis Pall.) u np. OTHOCHTENBHO OCTHBIA aCCOPTUMEHT PACTCHUU CO-
XpaHsIieTCsl BO BHYTPUKBAPTAIHHOM 03elicHeHUH (18 BUIOB IepeBhEB), IIe TOMUHHM-
pytot P. nigra, U. pumila, Fraxinus mandshurica n Acer negundo L., a momonHs-
0T pacTuTeNbHbIe Komno3unuu B. platyphylla, Malus baccata, penko BcTpedaeTcs
P, sylvestris.

KauecTBo 03€neHeHNsT Kak BayKHEUIIIas 4acTh 3€JIEHON WH(PPACTPYKTyphI OTpe-
JeNsieT MPUBJICKATENIbHBINA OOIMK ropofa M CKIaAblBaeTCsl HE TOJBbKO W3 IUIOMIANN 03e-
JICHEHHBIX 0OBEKTOB, HO M M3 KHU3HECIIOCOOHOCTH JICPEBbEB M KYCTAPHUKOB, BBIIIOJIHE-
HUSL IMH SKOJIOTUYECKUX, CAHUTAPHO-THTUEHUYECKHX, INIAHUPOBOYHBIX M SCTETHYECKHX
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¢ynkumit. [Tpu GopmupoBaHry MHOTO(YHKIIMOHAJIBHBIX O3€JICHEHHBIX TPOCTPAHCTB
XabapoBcKa HCIOTB30BaHIE YCTOWINBOTO aCCOPTIMEHTA IPEBECHO-KYCTAPHUKOBBIX pac-
TEHUI CTAHOBUTCSI MCKJIFOUUTEIILHO BAKHBIM KaK 10 OMOIKOJIOTHYECKUM IMapaMeTpaM,
TaK ¥ TI0 SKOHOMHYECKUM TTOKa3aTessiM. AHATN3 BBISBIJI, YTO OTHOCHTEIIHHOE KU3HEH-
HOE COCTOSIHUE JIPEBECHBIX HACAK/ICHUN MEHSCTCS Ha Pa3HBIX TOPOJCKUX OOBEKTaX OT
69 % (ocmabnennslii mpeBocToit) 10 94 % (3mopoBbIiA ApeBocToi) (Tadm. 2). B cpemnem
T10 TOPOY JOJIS 3MOPOBBIX JEPEBLEB coCTaBIsIET 57,6 %. K nepeBbsiM yI0BIETBOPUTEIb-
HOT'O COCTOSIHUSI ObLIO OTHECEHO 34,5 %, a HeYIOBICTBOPUTEIbHOTO — 7,9 Y.

Tab6auma 2

OneHKa )KU3HEHHOT0 COCTOSTHHSI IPeBeCHBIX HACAXK/IeHHUH B I. Xa0apoBcke
The assessment of the vitality of tree plantations in the city of Khabarovsk

HIncno BuAoB, . VHIIEKC OTHOCHTEIBHOTO Kareropus xs-
O3eneHeHHBIE 00BEKThI KycTaphi- | yomnenmoro cocrosmms, % | TEHHOTO COCTOS-
HepeBbs . 7% | Hus HacaxaeHWs
[Mapxwu 58 31 68,67 Ocnabnennoe
ITmomanu 6 3 86,69 3mopoBoe
B apTaJlbHbIE
HYTPHKBAPTAIIGHE! 23 22 73,43 Ocnabnennoe
YITUIIBI
BymeBapsr 39 38 93,78
310poBoe
ABTOMAarucTpanu 30 21 82,56
OcCHOBHBIE TTPOE3]IbI 20 7 74,92 OcnabieHHoe

B nenom BuIbI, JOMUHHpPYIOLIUE B 03eiieHeHUH ropona (Pinus nigra, Ulmus
pumila, Fraxinus mandschurica, Acer negundo), 60onee yCTOWIUBE U (HOPMUPYIOT
MO MPOLBETAIOIIETO THIIA, KOTOPBIE XOPOILO aJanTHPOBAHBI K YCIOBHUSIM yp-
Oanm3arun. U. pumila, F. mandschurica, A. negundo cTIOHTaHHO BO30OHOBIISIOTCS
B Pa3HBIX TOPOACKUX MecTooOuTaHusX. HeynosneTBoputenbHas cuTyauusi HaOJro-
JTAeTCsl BO BHYTPHUKBAPTAIBHBIX HACAKACHUSIX TOPOa, Ie TobKo 34,4 % nepeBbeB
SBJISIFOTCS 310pOBBIMH, a 50 % — ocnabnennsie (puc. 1). O0cienoBanne HacaKACHUH
Ha 2 IEHTPAITBHBIX OyabBapax, SBISIOMINXCS BU3UTHON KapTOYKOHW ropoja, mokasa-
110, 4To 96,5 % BCeX NepeBbEB OTHOCSTCS K PACTEHUSIM BBICOKOTO JKM3HEHHOTO CO-
crostHMS (370poBhIe). Ha Hamt B3msia, 3T0 00yCIIOBIICHO MTPOBEICHHON B HEIATIECKOM
MPOILIOM KPYIMHOMACIITAOHOW PEKOHCTPYKLMEH HACAKACHUH U CUCTEMaTH4eCKUM
YXOJIOM 32 HUMH. B TOpoIcKHX mapkax /J0Jis IepeBhEB BHICOKOH KU3HEHHOCTH OTHO-
cUTeNbHO HebombInas — 46,2 %, ocnabneHHbix — 32 %. TpebyeTcs mpuBIeUeHUE CUIT
1 (PMHAHCOBBIX CPENICTB K PEIICHUIO JAHHON TTPOOIIEMEI.

MaccoBbie mOCaIKd TOMOJIEHM W Bs30B, MpoBenaeHHble B 1950-1960 rr,
OTIPENCITMIIA COBPEMEHHBIN TOIOJICBO-MIIBMOBRIM 00NuK ropona. U. pumila — ay-
JKepOIHBIN BO (uiope pernona BuA [19], akTHBHO pacceNMBIIUICS U HATypalu3o-
BaBIIMHCSA HE TOJBKO B HAPYUIEHHBIX TOPOJCKHX, HO M B €CTECTBEHHBIX MECTO-
00UTaHUAX AaTBbHEBOCTOUHOTO peruoHa. U. pumila ycTOHMUMBO COXpaHAET CBOU
MO3WIIMKA Ha paHHUX CTagusAX OHTOreHe3a (BEreTaTMBHOE OHTOTEHETHYECKOe
COCTOSIHHE), MPOU3pacTas B Pa3HBIX TOPOACKUX dKoTomax. CHOHTaHHO CaMOBO3-
oOHoBIsTOIIMECsT oMy A U. pumila MOXXHO BCTPETHUTHh TOBCIOAY B MapKax, Ha
MYCTBIPSIX, TI0 00OYMHAM JIOPOT, BJOJIb TPaMBAiHBIX ITyTeH (B BUJE KYCTOBOH >KU3-
HeHHOU (hopMbI). BUTATMTETHBIA aHAIW3 ITOKa3al, YTO ONTHMAIGHBIMH U POCTa
U. pumila sBRSIOTCS yCIOBUS B HACAK/ICHUSX BHYTPHKBAPTAIGHOTO O3€ICHEHHS. 3/1eCh
JIOJIsl PACTEHU BBICLIETO KJlacca KU3HEHHOro coctosHus cocrasmsier 100 % (puc. 2).
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Ha ropozckux OynbpBapax Takxke MpeodiaaatoT pacTeHIS BRICOKOTO KTacca KI3HEHHOCTH
(63,6 %). Maexc kayecTBa MOMYNANNAN B 000X BapraHTax 3koToroB paseH 0,500.
B mapkax U. pumila coxpaHseT BBICOKHE 3HAYCHUS KU3HEHHOTO COCTOSHHS, XOTS
JIOJIsL PACTEHUM BBICIIETO KJlacca BUTajluTeTa cHikaercs 10 50,6 %, mpoMeKyTou-
Horo — J10 44,9 %, 31ech Takke (HOPMUPYIOTCS TOIMYJISILIMKA MTPOIBETAIOIIETO THUIIA
(0=0,478). CooTHOIICHNE PA3HBIX BUTATTUTETHBIX TPy HECKOJIBKO MAaeT B MOJIO-
JIOM COCTOSIHUH B Ttocankax U. pumila BIOTH OCHOBHBIX TOPOACKUX TPOE3IOB (YITH-
IIBI1): JTOJIST PACTEHHH BBICIIETO Kitacca Butamuteta — 34,9 %, uusmero — 32,1 %, a
Ka4eCTBO MOMyJSAuU yMeHbimaercs 10 0,308. AHanornyHas CuTyarus HabIromaeTcs
Uy pacTEHUH, IPOU3PACTAIOLIUX BOJIb aBTOMArUCTpaicHl.

Puc. 2. BuranuteTHble CHEKTPBI

nortynsiuid Ulmus pumila no rpa-

JMEHTY ypOaHM3MPOBAHHBIX IKOTO-

1oB B I. Xabaposcke, 2020-2021 rr.

(BereTaTI/IBHOG OHTOI'€CHECTHUYECCKOC

COCTOSTHHE)

Jloi KI1accoB, OTH. ef1.

Fig. 2. The vitality spectra of Ulmus
pumila populations according  to
the gradient of urbanized ecotopes
in the city of Khabarovsk, 2020-2021
(vegetative ontogenetic state)

B ozenenennn XabapoBcka BcCerna OTMEYAIICS HEOCTATOK XBOWHBIX MOPOJ
nepeBbeB. [loaToMy B mocieqHee AecATUIICTHE MPOBOAWINA UX MAacCOBBIE MOCAIKH
mo BceMy ropoxy. HamOombiiee umciio xBOWHBIX mopon (Pinus sylvestris, Larix
gmelinii, P. koraiensis, Picea ejzoensis (Sibold & Zucc.) Carriere, Abies nephrole-
pis (Trautv. ex Maxim.) Maxim.) oTMe4eHO B aJUIEHHBIX MOCaJKax Ha OyabBapax
4 B mapkax, coorBerctBeHHO 15,7 u 10,5 %. B o3eneHeHnn OCHOBHBIX IPOE3/I0B
[0 TOPOAY W BIOJb aBTOMarucTpaieil XBoiHble nepeBbsi (P sylvestris, L. gme-
linii) ucnonp3ytoT orpaHuueHHO — 5,2 U 4,8 % COOTBETCTBEHHO. B TO ke Bpems
HaOmroaeTcst npuMeHenue P, sylvestris B 03eJIGHEHUH aBTOTPACC U TOPOJCKHUX JIOPOT
C BBICOKOW HWHTEHCHUBHOCTHIO JIBIDKEHHSI aBTOTPAHCIIOPTA, TJ€ O3EJIEHUTEINbHBIN
3¢ eKT nocagok HU3KUH, MOCKOIBbKY PACTEHHUS IO MPHKUBAIOTCS U IOJIS OTMaAa
Ca)KEHIIEB U MOJIOJIBIX pacTeHuit joxoaut 10 60—70 %, a BBDKHUBIINE pACTEHUS MHOTO
0O0JIEIOT W BBINNISAIAT OCIIAOJNEHHBIMU WJIM YTHETEHHBIMH. HemocTaro4Ho XBOWHBIX
JIEpPEeBbEB B O3CJICHEHUM TPUIOMOBBIX YYaCTKOB M Ha Pa3ICIUTEIhHBIX TOI0CaX
HeOONbIINX BHYTPUKBAPTAIBHBIX YU — B cpeaneM 1,3 %.
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B nmocnennue rombl Ha MPUIOMOBBIX YYacTKaX aKTHBHO BBICAXKHBAIOT
L. gmelinii, P sylvestris. lIMeeTcs TONOXHUTEIbHBIN OIBIT BBIPANIUBAHUS
P. koraiensis Bropo/ickux mapkax, Ijie pacTeHHS paHO HAYHMHAIOT IO OHOCHUTD, HAITPH-
Mep, Co3lIaHbl HeOobIHe OnorpyIsl B mapke J(naamo. [lupe cranm ucmonb30Barh
P koraiensis B ckBepax. OTMe4eHB! JTUHEWHBIC MMOCAIKU BHJA B YIUYHOM O3eJe-
HEHHUH, TJ€ W3-3a 3ara30BaHHOCTH BO3/yXa M COJHEYHBIX OXKOTOB MOJIObIE Je-
peBbsI HOATO OOJCIOT W HE MMEIOT JAeKOpaTHBHOTO 3PdeKkTa. AHAIN3 OTHOCHTEIb-
HOTO JKU3HEHHOTO COCTOSIHHSI XBOMHBIX TIOPOJ B TOPOJCKOM O3€IICHEHHH ITOKa3al,
4yTo Hambosee yCTOMYMBOW MO TpaJueHTy ypOo3koTomoB sBusiercs: L. gmelinii. Ko-
3QUIMEHT OTHOCHTENBFHOTO JKU3HEHHOTO COCTOSHHUSI OBUT BBICOK M HM3MEHSUICS B
muarazone oT 80,5 % (B COMKHYTBIX (DHTOIIEHO3aX MPHUTOPOTHBIX JIECOTIAPKOB) JIO
90,0 % (ynm4aHOE O3eJICHEHHE), XapaKTepr3ys BCe HACAXKICHHS Kak 310poBble (Tad. 3).
HeckonbKko CHMKAETCSl OTHOCHTEIBHOE KU3HECHHOE COCTOSIHUE Y L. gmelinii B CKBe-
pax (88,6 %). IlonbiTku BeIpamuBanus P. sylvestris BIOIb TOPOJCKHAX aBTOMAarucTpa-
JIeil 1 OCHOBHBIX TIPOE37IOB TI0 TOPOJTY, 3arpy’KEHHBIX aBTOTPAHCIIOPTOM, HE UMEIOT
XOPOIIIETo pe3yibTara. B yIn4HOM 03eJIeHeHNH HH/IEKC OTHOCUTEIILHOTO YKHU3HEHHO-
TO COCTOSIHHS CHHXaeTcs J10 66,0 %, cBUIETEIbCTBYSI 00 OCIIA0JCHHOCTH HaCaXK/Ie-
HUH COCHBI OOBIKHOBEHHOW. ONITUMAaIbHBIMH YCIOBUSIMH JJIsl POCTa PACTCHUS SIBIISI-
torcst mpuropozansie (90,0 %), ropoackue (85,9 %) mapku U CKBEpHI, yAaleHHBIE OT
3arpy’kKeHHBIX aBTOTPaHCIOPTOM nepekpecTkoB (85,0 %). ITocaaxy XBOHHBIX AepEBbEB
HEOOXOMMO MPOBOIUTE C YYETOM M3MEHEHHsI MX OTHOCHTEIILHOTO KU3HEHHOTO COCTO-
SIHUSI B Pa3HBIX TOPOJCKUX YCIOBUSX. VMCIoNb30BaHUE ATUX BUJIOB JOJKHO OBITH
OTpPaHWYEHO MapKaMH, caJlaMH, POIIIAMH U JIECOTIapKaMH.

Tabauna 3

XapakTepucTHKa ;KU3HEHHOT0 COCTOSIHMS XBOHHBIX HACaKAeHUI
MO I'paiMeHTy yp0o3KoTONoB B I. XadapoBcke
(BereTaTHBHOE OHTOT€eHETHYECKOE COCTOSIHUE)

The characteristics of the vitality of coniferous plantations according
to the gradient of urboecotopes in the city of Khabarovsk (vegetative ontogenetic state)

Larix gmelinii Pinus sylvestris P. koraiensis
Wunexc Wunexc Wunexc
OTHOCH- OTHOCH- OTHOCH-

tenbHoro | Kareropus | tenpHoro | Kareropusi | tenbHoro | Kareropus
YpOOOKOTON | skp3HeH- | KUZHEHHOIO | JKM3HEH- | SKU3HEHHOTO | JKU3HEH- | YKHU3HEHHOIO

HOTO COCTOSIHUS HOTO COCTOSIHUS HOTO COCTOSIHUS
COCTOSIHUSI | HACQKICHUS | COCTOSIHMSI | HACAXK/ICHHS | COCTOSIHUS | HACaKIACHUS
Hacaxe- Hacaxe- Hacax/e-
aus, % HAs, % aus, %
Yiraroe 90,0 66,0 OcnabneHHoe 66,0 OcnabnenHoe
03eJICHCHHE
CxkBep 88,6 3 85,0 81,0
TOPOBOE
[Tpuro- 3n0poBoe 3mopoBoe
POIHBIIH 80,5 90,0 83,5
JIeComapK
Cemired- - - 75,0  |OcnabneHHoe - -
Has 30Ha
IMapx 95,7 310poBoe 85,9 310poBoe 91,2 3nopoBoe

IIpumeuanue: [Ipouepk — OTCyTCTBUE NaHHBIX.

Cucrema O03€JICHEHHUS! SIBISETCS YaCTbIO APXUTEKTYpPHO-IPaloCTPOUTEIBHON
MH(PACTPYKTYphl, OHA 00ecreYnBaeT OE30MaCHYI0 IKOIOTHUECKYI0 00CTAaHOBKY, CO3-
JaeT KoM(OpT U MOBBIIAET COLHANBHYIO MPUBJIEKATeIbHOCTh ropofa. dakrop o3e-
JICHEHMsI BXOJUT B I'PYyMNIly MHJMKATOPOB YCTOMYHMBOIO PA3BUTHUSI TOPOACKON CPEIBI.
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CoBpeMeHHbIE KOHIIETIIIMU O3€JIEHEHHsI TOpPOAOB HAIpaBJIeHbl HE TOJBKO Ha pac-
IMHUPEHUE O3CJICHCHHBIX nnomaaeﬁ A0 HOPMATHWBOB, IMOBBIIICHUC OHOJIOrMIECKOTO
pa3HooOpa3ust pacTeHU, HO M Ha MOJJIEPKAHUE YCTOMYMBOCTH BUJIOB PACTEHHN M
roponckux ¢uroneHo3oB. MopMUPOBAHUE HCKYCCTBEHHBIX 3€JICHBIX HACaXICHHUH
JOJDKHO ONHUPAThCS HAa CBEACHUsS 00 ajanTalud APEBECHO-KyCTAPHUKOBBIX pacTe-
HUH K ypOaHu3upoBanHoH cpene. CoxpaHeHHe B TOpoax 0e30MacHbIX 1 KOM(OPTHBIX
YCIIOBUM JUIsl *KU3HEAEATEIIbHOCTH YEJI0BEKA BO3MOXKHO IyTEM IOJIECPIKAHUS HA BbI-
COKOM YPOBHE JKU3HENIESTCIBHOCTH PACTCHUM, HAXOSIIIUXCS Ha YPOaHU3UPOBAHHBIX
TEPPUTOPHSX. BBICOKHMIT ypOBEHB KU3HECTIOCOOHOCTH IPEBECHO-KYCTAPHUKOBBIX pac-
TEHUH B TOPOACKUX MOCETICHUAX YIyUIIaeT dKOJIOTHYECKYI0, CAHUTaPHO-THIHEHUYe-
CKYI0 OOCTaHOBKY M KaueCTBO TOPOJCKON CPebl ISl HACEICHHSL.

Raxnouenue

PerpocriekTuBHBINA aHATU3 O3€JICHEHHUS TOPOJACKUX TEPPUTOPUH (HA MpUMe-
pe . XabapoBcKa) MO3BOJIMI BBISBUTH NMPUYWHBI HETATUBHBIX SBICHUH B 3€JICHOM
CTPOUTENBCTBE. VCIOMb30BaHNe OTPaHIMYEHHOTO aCCOPTUMEHTA JPEBECHBIX TTOPOJT
pUBENO K (GOPMUPOBAHUIO COBPEMEHHOIO TOIOJIEBO-WJIBMOBOIO OOJIMKa ropoja u
co31ao npobieMy CpOYHOTO CHOCA MEPEYMIIOTHEHHBIX CTAPOBO3PACTHBIX HACAXK/IE-
HUH B OonbIMX 00beMax B HacTosmieM. OTMeUaroTcs: AUCIPOTIOPIIUH U HEJJOCTAaTKH
B CHCTEME CYIIECTBYIOIIETO O3EJICHEHHS — COKpAIeHHE O3eJICHEHHBIX IUIOIIA/eH
00IIIeTo TMOTb30BaHMs, HEOCTATOYHBIN YXO U, KaK CIIE/ICTBHE, CHIDKEHUE KU3HEH-
HOTO COCTOSIHHS (BUTAJIUTETA) PACTEHUH.

CocraB aeHapoduopsl I. XabapoBcka BKIIFOYaeT 59 BUIOB JIEPEBbEB, 58 BU-
JIOB KYCTapHHUKOB U JIMaH, YTO MPHOIMKAETCsI K TIOKA3aTeI0 MPUPOIHOT0 OHOPa3HO-
o0pasusi. Hanbonpiiee 4nciao qpeBecHO-KyCTapHUKOBBIX PacTEHHI MTPOU3pacTaeT B
napkax (89 BunoB) u Ha OynbBapax (77 BHIOB), HU3KOE pa3HOOOpa3ne pacTeHuil xa-
PaKTEpHO IS TTAPaTHOTO O3€JICHEHWS TOPOJICKUX TuTomaae (9 BUI0B) 1 OCHOBHBIX
poe310B 1o ropoay (27 BumoB). Ha apromarucTpainisx u BHYTPUKBAPTAIbHBIX YITH-
nax npouspactaeT 51 u 55 BUAOB COOTBETCTBEHHO.

Jonst 310pOBBIX IEpEBbEB HA PAa3HBIX 03€JICHEHHBIX 00BEKTaX ropoia COCTaB-
nseT B cpenneM 57,6 %, ynoBIETBOPUTEIHLHOTO COCTOSTHUA — 34,5 %, HEYIOBIETBOPH-
TenbHOTO — 7,9 %. OTHOCHUTENbHOE KU3HEHHOE COCTOSIHHE JIPEBECHBIX HACAKACHHI
n3MeHsoch oT 69 % (ocmabmeHHbIi qpeBocToit) 10 94 % (3MOPOBBINA IPEBOCTOH) U
3aBHCEIIO OT YPOBHSI CTPECCOBOTO BO3ACHCTBHS YPOAHM3UPOBAHHOM CPEIbI M Ka4eCTBa
yxoza. B ropoackux napkax aepeBbsi BEICOKOM KM3HEHHOCTH COCTaBIIAOT 46,2 %, oc-
Ja0NeHHbIX pacTeHui — 32 %.

W3ydeHnne ajanTalMOHHBIX MEXAaHHW3MOB BHJIOB B TOPOJACKHX 3KOCHCTEMax
MTO3BOJISIET TIOAOOpaTh ACCOPTUMEHT PACTEHHUU C Y4eTOM WX MHIWBUIYaJIbHBIX pe-
Ak Ha CTPECChl YPOAHU3NPOBAHHON MPUPOTHON cpenbl. Cpeau XBOHHBIX TTOPOT
HanOoJee YCTOWIHBOH 110 TPaueHTy YpOOIKOTONOB siBisietrcs Larix gmelinii. Koad-
(DUIMEHT OTHOCHUTEIBHOIO XM3HEHHOI'O COCTOSHHMS HACAKIACHUU BHUJA ObUI BBICOK
u u3Mmensuicst B auanasone oT 80,5 % (B COMKHYTHIX (PUTOIEHO3aX MPHUTOPOTHBIX
necomnapkoB) 10 90,0 % (ynmuuHOE O3eleHEeHUE), XapaKTEepU3ysl BCE HACAKICHUS KaK
3n0poBble. OTHOCUTENBHOE KUIHEHHOE COCTOSHNE HacaKACHUN Pinus sylvestris u
P. koraiensis, pacrionoXeHHBIX BIOJIb TOPOJCKUX aBTOMAarucTpajei, — ociabieHHoe,
YTO JUKTYEeT HEOOXOJUMOCTh KOPPEKTHPOBKH acCOPTUMEHTA B CBSI3W C THUIIOM Ha-
CaKICHUHU M yCIOBHUAMH npouspacTtanus. [lomymsunoHHbI MOHUTOPHUHT B PELICHUN
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mpo0JIeM 03eJICHEHHUS TI03BOJIUT MOJI00PaTh APEBECHBIC MTOPOJIbI, aJAIITUPOBAHHBIC K
cTpeccaM ypOaHU3alMK, U CO3JaTh SKOJIOTHYECKH YCTOMUNBBIC, ICTETUUECKH TPU-
BJICKaTeIbHbIC U ()MHAHCOBO MEHEE 3aTpaTHbie HacaxicHus. [lomyueHHbIe B XOze
WICCIIEZIOBAaHUS CBEICHUS HEOOXOAMMO yYMTHIBATh NP TIAHUPOBAHWUU W PAa3BUTHH
0OIIIECTBEHHBIX 03€JICHEHHBIX MTPOCTPAHCTB.
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Annomayus. ViccieoBaHne BBITIONTHEHO B CAMBIX THIMYHBIX M HanOoOJIEe pacrpoCTpaHEeH-
HBIX U1 bonbimoro ComoBerkoro ocTpoBa HacaXXJEHUSIX — B YePHUIHBIX eJIbHUKaX. VICTomnb-
30BaHBI JIECOYCTPOUTEIbHBIC MaTepHalibl U JIaHHBIC, TTOMYYCHHbIE HA MPOOHBIX IUIOMAASX.
Ha nocnemnnx, a Taxoke B uX OypepHBIX 30HAX OBIIH 3aMEpPEHBI AUAMETPHI U BBHICOTH y 325
YUETHBIX JEPEBBEB M B3ATHI KEPHBI IS U3YUEHUSI BO3PACTHOM CTPYKTYpHI IPEBOCTOCB. B
COCTaBe YEPHUYHBIX EJIIFHUKOB YCTAHOBIEHO MPUCYTCTBHE BCEX JIECOOOPA3yIOIINX TOPOA
octpoBa. CpenHuil OPOAHBIA cocTaB orpaxkaercs Gopmyrnoit 6E2B1C10c. TIpeobmamator
(76 %) npesoctou ¢ monHOTOH 0,6—0,7, HO B TO K€ BpEMs 3HATUTEIBHYIO JIONIO COCTABIISIOT
1 HU3KOIIOJHOTHBIE HacaxaeHus — 21 %, mouTn oTcyTcTBYIOT BhIcokonoiaHoTHBIE. Ha Co-
JIOBKaX, COIIACHO apXUBHBIM JaHHBIM, CIUTONIHBIC PyOKH HE ITPOBOIMINCE, 38 HCKIIOUCHUEM
OTAENBHBIX BRIPYOOK B 20—30-¢ rr. XX B. mpu CymiecTBOBaHNH 3/1ech CONOBEIKOTO JIarepst
ocoboro HazHadeHHs. Bce 310, Ka3amoch Obl, JOMKHO CIIOCOOCTBOBATh COXPAHEHUIO BRICOKO-
BO3PACTHBIX JepeBheB. OMHAKO CPEAHUI BO3PACT SIOBBIX JPEBOCTOEB COCTABIAET 155 Jert, a
caMmble CTapble JOKUBAOT 110 250 JeT. DTOT BO3pacT MOKHO CUUTATh TPEAEIBHBIM /ISl yCII0-
Buit ConoBenkoro apxumnenara. [lokaszaHo, 4To Bce IPEBOCTON PAa3HOBO3PACTHBIE C PA3IIHY-
HBIM paclpesiesieHHeM JIEPEBbEB 10 KaccaM BO3pacTa. BCTpedaroTcst Y4epHUYHBIC ENbHUKH
CO 3HAYUTEIBHBIM MTPOMEXKYTKOM MEX/Y TTOKOJICHUSAMH JIEPEBBEB, a TAKXKE C UKINIHOCTHIO
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B MOSIBJICHUH MaKCHMAaJIbHOTO KOJMYECTBA JIEPEBLEB B ONPEACICHHBIEC TIEPUOIbI. BhIsBICHEI
CJICJTYIOIIME THIThI BO3PACTHOW CTPYKTYpPBI: aOCOIIOTHO-Pa3HOBO3PACTHBIEC, CTYNEHYATO-pa3-
HOBO3pACTHBIE U IUKJIMYHO-Pa3HOBO3pacTHEIC. [lepeBbs eiH, Kak OblJIO yCTaHOBIICHO, 10CTa-
TOYHO XOPOIIO PAcTyT IO AUAMETPY, HO POCT B BBICOTY 3aTOPMOYKEH, B pe3ysibTare popMHpy-
I0TCSI CHITBHOCOEKHCTBIE CTBOJIBL. B cpeiHeM MakcUMaIbHOW BBICOTHI — OKOJIO 20 M — JIepeBbst
nocruratot npu guamerpe 30—40 cm. OTHOCHTENBHAS BRICOTA COCTABISICT B cpeHeM 0,66 m/
cM — 3T0 67 % OT MoKazares MaTepUKOBBIX eJIbHUKOB. OHa HaXOQUTCSl B 00paTHOI 3aBHCH-
MOCTH OT JIMaMEeTpa: YeM OH BBIIIE, TEM HMKE OTHOCHTEIIbHAS BHICOTA.

Kniouegvie cnoga: enbHUKN YEpHUYHBIE, €IIOBBIN JPEBOCTON, TUAMETP JIPEBOCTOSI, BHICOTA
JPEBOCTOSI, BO3PACTHAsI CTPYKTypa JPEBOCTOsI, OTHOCHTENIbHASI BBICOTA B JIpeBOCTOE, bouib-
moit CosoBerkuii octpos, ConoBKU
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Abstract. The research has been carried out in the most typical and widespread plantations
for Bolshoy Solovetsky Island — in blueberry spruce forests. Forest management materials and
data obtained from sample plots have been used. In the latter, as well as in their buffer zones,
the diameters and heights of 325 registered trees have been measured and samples have been
taken to study the age structure of the stands. The presence of all forest-forming species of
the island has been established in the composition of blueberry spruce forests. The average
breed composition is reflected by the formula: 6S2B1P1As (6 spruce trees, 2 birch trees,
1 pine tree, and 1 aspen tree). The majority (76 %) of stands is of 0.6-0.7 density, but at the same
time, low-density stands also make up a significant proportion — 21 %, and high-density stands
are almost absent. According to archival data, there have been no clear-cuttings on the Solovetsky
Islands, with the exception of individual cuttings in the 1920s and 1930s when the Solovetsky
Special Purpose Camp existed there. All this, it would seem, has to contribute to the preservation
of old trees. However, the average age of spruce stands is 155 years, and the oldest live up to
250 years. This age can be considered the limit for the conditions of the Solovetsky Archipelago.
It has been shown that all the stands are of different ages with a different distribution of trees by
age classes. There are blueberry spruce forests with a significant gap between tree generations,
as well as with a cyclical appearance of the maximum number of trees in certain periods. The
following types of age structure have been identified: absolutely uneven-age, stepwise uneven-
age and cyclically uneven-age. Spruce trees have been found to grow quite well in diameter, but
growth in height is inhibited, resulting in the formation of highly tapering trunks. On average,
the trees reach their maximum height of about 20 m with a diameter of 3040 cm. The relative
height averages 0.66 m/cm — this is 67 % of the indicator of the mainland spruce forests. It is
inversely related to the diameter: the greater it is, the lower is the relative height.

Keywords: blueberry spruce forests, spruce stand, stand diameter, stand height, stand age
structure, relative height in the stand, Bolshoy Solovetsky Island, the Solovetsky Islands
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Beeoenue

ConoBenkuil apxuIienar Ha3blBaroT keMuykHHOI benoro Mopsi. OH u3BeCTeH B
OomblIel Mepe HCTOPUUECKIMU COOBITUSIMU, CBS3aHHBIMU C €ro ocBoeHHeM. CooBell-
Kue ocTposa sBisitoTcst 00bekToM Beemupnoro nacienust FOHECKO. B To ke Bpemst
MHTEPECHBI M BaXKHBI Jieca, (popmupyronme o0nuk apxunenara. OHA OTHECEHBI K 3a-
LIUTHBIM, UIMEIOLINM Hay4YHOE WM HcTopHueckoe 3HaueHue. Ha nanHoii Teppuropun
MIPOM3PACTAIOT U30JIMPOBAHHbIE MOMYJISAIMU JPEBECHBIX MOPOJ, T. K. OHA OT/eJIeHa OT
Mmareprka (OHexckuit m-oB) Ha 23 kM. Ha ¢opmupoBanue j1ecoB, ux OHOIOTHIECKOTO
pa3Ho00pa3us HaKIIA/IBIBAI OTIIEYATOK OECCUCTEMHbIC pyOKH, KinMaTnyeckue (ax-
TOPBI, CBA3aHHBIE C PACTIONIOKEHHUEM OCTPOBOB B berrom Mope, aHTpOIIOTeHHBIH rpecce —
MTOCEMIEHNE HCTOPUICCKIX U MPUPOTHBIX 0OBEKTOB TypucTaMu [23].

OpnHoli 3 Hanbosee 3HAYMMBIX APEBECHBIX MOPOJ sIBIsieTcs enb. MIMeHHO
Ha JI0JIF0 eJIbHUKOB MPUXOJUTCS OOJIbIIAsi 4YacTh HOKPBITOM JiecoM muiommamu Comno-
BELIKOTO apxumenara. B To xe BpeMsi 0COOEHHOCTH €IbHUKOB HA 3TOH TEPPUTOPHUU
M3y4YeHbl HEOCTaTOUYHO. B 4acTHOCTH, OcTaeTcss MaloUCCIIeIOBAHHON MX BO3PACT-
Has cTpykTypa. O 3HAUUTEIBHON POJIM BO3PACTHOM CTPYKTYPHI B )KM3HU M OHOIO-
rUYeckoi ycToiunBocTH ApeBoctoeB nucai emie 1.d. Moposos [13]. Bo3pacTthHas
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CTPYKTYpa B 3HAUUTEIILHOM CTEIICHU OIpeeisieT MOP(OIOrHIeCKOe CTPOCHHUE JIeC-
HBIX COOOIIIECTB U OTPAXKAET YCIOBUS M UCTOPUIO UX (POPMHUPOBAHUS U Pa3BUTHS [6].
HenocTtarouno n3ydeHbl KOPPEISITUBHEBIE POCTOBBIC MTPOIIECCHI, COOTHONIEHUE POCTa
10 TUAMETPy W BBICOTE, MX B3aNMOCBS3b B OCTPOBHBIX yCIOBHX [12].

Cgenenus o secax CoJOBELKOrO apxuIenara coAaepkarcs B aureparype [1,
5, 18]. OHE maneko He UCUEPIIBIBAIOT BCEX BOMPOCOB OCOOCHHOCTEW JPEBOCTOCB U
MIPUPOJIOTIONB30BaHMs [24].

Lesnb — BoIsSIBJICHHE OCOOCHHOCTEH YSPHUYHBIX eJIbHUKOB bosibiioro Cooser-
KOT'0O OCTpOBa.

Obwvexmbl u Memoobl UCCIE008AHUSL

UccnenoBanue npoBoauiiock Ha bonbiiom CoJIOBEIIKOM OCTPOBE, IJie ObLIH
3aJ10KEHBI HpO6HI)IC Ijiomaaun B pa3HbIX, HO TUIIUYHBIX JJId apXuIiejara o coCcTtany,
BO3pacTy M KjacCy OOHUTETa YePHHUHBIX eabHHKax (Tadi. 1). [lockoiabKy 3TO, Kak
MPaBUIIO, CMEIIaHHbBIC HACAKICHHS C IPEoOIaIaHieM elH, TO TIPUBEIICHBI XapaKTe-
PHUCTHKH M COMTYTCTBYIOIIUX MOPOI.

TabGuuma 1

TakcaunoHHAsi XapaKTePHCTHKA YePHUYHBIX eJIbHHKOB Bosibioro CostoBenkoro ocrpoa
The inventory characteristics of blueberry stands of Bolshoy Solovetsky Island

Cpennue [TonroTa
TI1 Cocrap JIUaMeTp, | BBICOTA, | aOCONIFOTHAS, | OTHOCH- Biizccia Bormrer 3;311/:51’
CM M m2/ra TCIbHAs
17,9 16,2 13,6 0,45 111
6 | 6E2B20c¢+C 15,2 17,2 49 0,18 i \Y 4
28,2 22,0 4,0 0,14 56
40,0 23,5 0,7 0,02 8
19,7 12,9 12,3 0,49 83
7 | 7E2B10C 15,4 - 4.4 - v \ -
17,1 - 1,5 - -
21,1 16,2 15,7 0,52 128
8 | 7TE10CIC1B 14,0 12,6 21 0,09 VII A 14
16,9 16,6 2,7 0,09 25
29.4 21,2 2,0 0,05 20
234 18,5 24,1 0,71 220
9 | 8EIB1OC 18,8 18,3 4.8 0,17 VI v 42
17,7 18,9 3,5 0,12 38
21,8 16,2 20,9 0,69 171
10 | 9E1B+OC 16,5 11,7 2,0 0,10 IX \ 12
16,3 14,8 0,9 0,03 7

[Ipumedanue: 3neck u B Tadm. 2 111 — mpoOHas TuTOmAIb.
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[Mpu 3axmazke NMpoOHBIX IMJIOMIAZCH PYKOBOJICTBOBAIUCH PaHEE OITyOIHKO-
BaHHBIMU pekoMeHmanusmu [ 1, 17]. 1 u3MepeHuid HConb30BaId TPATUITMOHHBIC
WHCTPYMEHTBI: MEPHYIO BUJIKY, BEICOTOMEp (Suunto), Bo3pacTHOU Oypas u ap. YcTa-
HOBJICHHE BBICOT W JIMAMETPOB MPOU3BOAMIIOCE Y 15—16 yUeTHBIX eNeil Ha Kaxmaou
MPOOHOH TUTOIIAH, a Takke B OydepHoii 30He y 245 nepeBbeB (BOKPYT MPOOHBIX
IUIOIIA/ICH), TAKMM 00pa3oM, BCero ObUIO 3aMepeHO 325 y4eTHBIX JEPEBLEB CIIH.
[Tox OydepHOit 30HON MOHUMAIH MPHUJIETAIOILYIO 110 IIEPUMETPY TPOOHOMH IIIOIAAN
YacTh U3y4aeMOro0 BbIJIeNa, Ha KOTOPOH MOTYT IIPOBOUTHCS U3MEPEHHst 0€3 BIUSHHUS
Ha JIaHHbIe CaMOW IPOOHOH MJIoIIa/IH.

Pesynomamul uccneoosanus u ux obcysxicoenue

Jleca ConoBenkoro apxurienara npeicTaBIeHbl B OCHOBHOM XBOWHBIMU Haca-
JKaeHusiMA. Ha 1107110 eoBBIX puxoauTcs Oosee Bcero — 42 % ero moKphITOH JecoM
wiornaau. I[IpeobnanaroT yepHuYHbIe eabHUKH — 89,2 % MOKPBITON €JIOBBIM JIECOM
miomanu [18]. [lo mopomHOMY COCTaBYy OHH OTIMYAIOTCS OT MaTePUKOBBIX IPEBO-
CTOEB CEBEpHOW TalTru ApXaHTeIbCKOW 00JIaCTH, HO He3HaYHTelNbHO. [10 maHHBIM
noclieAHero JgecoycrporcTsa (2003 r.), cpetHUI TOPOAHBIM cOCTaB OTpaxaercs Gop-
mynoi 6E2B1C10c. peobnanator (76 %) apesoctou (puc. 1) ¢ monuoroit 0,6-0,7,
3HAYUTENBHYIO JIOJIO COCTABIIAIOT U HU3KOMOJHOTHBIE — 21 %, MOYTH OTCYTCTBYIOT
BBICOKOITIOJTHOTHBIC. Hanmndre HU3KOTIOTHOTHBIX IPEBOCTOEB — OJHA M3 OCOOCHHO-
CTEH COJIOBEIKUX JIECOB. B TakuxX IpeBOCTOAX KPOHA OITyCKAETCS J0 3eMJIM U UMEET
MECTO BEreTaTMBHOE Pa3MHOXKEHHE, KOJia HIKHHE BETBH YKOPEHSIOTCS, YTO TOJ-
TBEPKJAIOT HAIIM HATYPHbIC HAOIIONCHUSI.

Puc. 1. Pacnpenenenue Imio- 80 1
M enpHuKoB bonbioro Co- 70 1
JIOBELKOTO OCTPOBA M0 MOJIHOTE 2 gg 1
W
Fig. 1. The distribution &40 |
of the area of spruce forests E 30 1
of Bolshoy Solovetsky Island 20 1
by density 10 - 4
0 \

0,3-0,5 0,6-0,7 0,8-0,9
OTHOCHUTENbHAs TTOTHOTA

Jnist Gonee eTaabHOTO UCCIEIOBaHMS €IIbHUKOB B XapaKTEPHBIX IO TOPOTHOMY
COCTaBy W MOJHOTE APEBOCTOSX OBUIM 3aJI0KEHBI MPOOHBIE TuIomaan (cM. Tadm. 1).
Ha ConoBkax, cortacHO apXUBHBIM JaHHBIM, CTUIOIIHBIE PyOKH MOYTH OTCYTCTBOBA-
Y, OTJeNIbHBIe BEIpYyOKH nipoBeieHsl B 20—30-e rT. XX B. BO BpeMs pa3BUTHS X035H-
ctBa CoJ10BenKOro jarepsi ocoooro HasHaueHus. [Ipu 3ToM cpeHuii BO3pacT eJI0BBIX
IpeBocToeB cocTaBisieT 155 net. Ecnu mocMoTpeTs Mo kiaccam Bo3pacTa, TO Hau-
Oosiee 3HauMMBbIe rpymibl apeBocroeB — 100-200 ner (31ech U Janee pedb HIET O
BO3pACTE TOJIBKO €ITH, IPYTHE TIOPOBI HE H3ydaInch) (puc. 2). BozHukaer mpobiema
MaJIOH MPEeCTaBIEHHOCTH BBICOKOBO3PACTHBIX JAPEBOCTOEB: WX MOYTH HET. M3BecT-
HBI JIMIIb HECKOJIBKO BBIEIOB ¢ ApeBocTosiMU OT 230 g0 250 netr. Takue enbHUKU
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HaxojsiTcs Ha bonbimom ConoBenikoM octpoBe B paiione 03. [logaebecHoe — 250 ner,
ceBepHee mbica Tonmctuk — 230 Jiet, a Takke 4yTh ceBepHee 03. XepT — 230 net. Cre-
JIOBATENIbHO, TIPOIOIHKUTEIHHOCTD KU3HU €1 B YCI0BUAX CONIOBEIIKOTO apXuIienara
omnpenengercs npuMmepHo 250 rogamu.

35 1

30 1 Puc. 2. Pacnipenenenue muionia-
£ 25 1 au enpHuKoB Bombiroro Coo-
=20 BEI[KOTO OCTPOBa TI0 BO3PACT-
E 15 HBIM TPyIIaM
=10 7 Fig. 2. The distribution of the area

> of spruce forests of Bolshoy

0 T T T T T T T ” Solovetsky Island by age groups

Bospacr, ner

bonee neranpHO paccMaTpuBas BO3PACTHYIO CTPYKTYPY UEPHUYHBIX €JIbHU-
koB Ha COJIOBKaxX, MOXXHO KOHCTaTHPOBaTh, YTO BCE TaKWE€ JPEBOCTOM SIBIISIOTCS
paszaoBo3pactHeiME. [1o manasiM M.U. ['ycesa [3], pazHOBO3pacTHBIE HACAKICHUS
COCTAaBIISIIOT Bcero 24 % OT HacaXAeHUN CEBEpHOM MON30HBI Taliru U Ha 65 % mio-
1a iy npeo0ajaroT yCIOBHO-pa3HOBO3pacTHhIE. Eciiu 0OpaTuThes K Kiaccu(uka-
uuu [.E. Komuna [6], TO MO)KHO OTMETHUTH Pa3HbIC BUJIBI BO3PACTHOMN CTPYKTYpBI:
9TO W a0COJIIOTHO-PA3HOBO3pACTHAS, U CTYNEHYATO-Pa3HOBO3PACTHAS, M IIMKINY-
HO-pa3HoBO3pacTHas (Tabm. 2). Ha mpobusx mromansx 8 u 10 cymecTByeT pa3phiB
B MOKOJICHUSX, IIOATOMY OHH, coracHo kmaccudukanuu [ E. KomuHa, oTHeceHbI
K CTYIEHYaTO-pa3HOBO3PACTHBIM, a Ha MPOOHOH TuTomanu 9 3auKCHpOBaHBI MaK-
cuMyMBbl B konndecTBe JiepeBbeB 61-80 n 101-140 net, cOOTBETCTBEHHO, JaHHBIE
JPEBOCTOM OTHOCSTCS K LMKIMYHO-PA3HOBO3pACTHBIM. Ha mpoOHBIX TuIOImassix
HaOIOAeTCsl pa3HbId BO3PACTHOM «pasiieT», MPENNoJOKHUTEIbHO, dTO CBI3aHO
¢ pyOkamMu, KOTOpBIE B MPOIUIOM MPOBOAMINCH Ha OCTpoBe. MI3MEHUHBOCTH enn
110 BO3pacTy Ha MPOOHBIX TUIOMIANAX Kojebnercs ot 16 mo 35 %, B cpenHeM co-
craBisieT 29 %. DTO BO MHOTOM COTJIaCyeTcCsl C JaHHBIMU IO JPYTHM PETHOHAM.
B wactHocTH, o enpHukaM CeBepa, s kotopsix .M. 'yceB npuBoaun uudps
22-44 % [3], u Kpaiinero Cesepa — 28 % [19]. B To e Bpems eCcTb U UHBIC CBE-
nenusi: b.A. CemenoB [15] mist IpUTYHIPOBBIX €JIBHUKOB 0003HaYaeT udpy Bo3-
pactHOU m3MeHUHBOCTH 48—50 %. MHATEepecHo, uTo B Ilewopckom OacceitHe moka-
3arenb cocTaBisieT Bcero 9—17 % [11].

B3aumocBs3b quaMeTpa 1 BBICOTHI ISl Pa3IMYHBIX JPEBECHBIX MTOPOJT ITUPOKO
n3BecTHa. Ha 3HaHUM 5TOH B3aMMOCBSI3U OCHOBBIBAETCS OOJIBIIMHCTBO JIECOTAKCAIH-
OHHBIX TaOJHIL ISl Pa3IMYHBIX PETHOHOB cTpaHbl. OHAKO CYIIECTBYIOT 0COOCHHO-
CTH I10 TTIOPOJIaM M PETHOHAM, TIO3TOMY BBISIBIEHUE TAKOH CBA3H IS OTJEIBHBIX ITOPOJT
Mo-TIpe’kHeMY aKkTyanbHo. HampumMep, B mociieiHre TO/IbI TOSBUITACH ITyOIUKAIINH 10
cocHsikam [2,4,7,10,16],6epe3oBsIM HacaxieHN:M [ 8, 9]. Bompoc akTyaieH 1 B 1iesioM
Ju1st aecoB mupa [20-22, 25-27]. JI1s1 enbHUKOB, KOTOPBIE Yallle BCETO SIBISIFOTCS pas-
HOBO3PACTHBIMH, 3TO TaKXXe 3HAYMMO, HO MPEJCTABISIET ONPEAEICHHBIE TPYIHOCTH.
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Ta6uuna 2

Bo3pacTHasi cTpyKTypa YepHUYHBIX eJIbHUKOB Bosbiioro CoJioBenikoro ocTpoBa
The age structure of blueberry spruce forests of Bolshoy Solovetsky Island

Hanuuue nepesben
. Koadpduuument
pasHoro Bo3pacra Cpennuii Bo3pacr,
111 Bo3spacthas cTpykTypa er HU3MEHYMBO-
Bospacr, | Kommuectso, cr, %
JeT %
6 AOGCOIIOTHO- 100-180 100 136,2+4,85 15,9
7 Pa3HOBO3PACTHLIC 40-140 100 80,0+5,77 32,3
CrymeHuaro- 61-100 35
+
8 Pa3HOBO3PACTHBIC 141-200 65 133,8+10,61 32,7
9 Lmeniio- 60-200 100 114,0+3,37 29,9
Pa3HOBO3PACTHEIE
CrymeHuaro- 81-160 53
+
10 Pa3HOBO3PACTHBIC 181-260 47 175,6+14,10 35,0

Ha 70, B 9acTHOCTH, YKa3bIBacT TOT (DaKT, YTO B TIOCIICTHEM CIIpaBOYHHKE [ 14] ecTh
MOAPOOHBIE TAOIHIIBI X014 POCTA TI0 COCHSIKAM — U 10 OOHUTETaM, U 0 THIaM Jieca,
U 10 MOJ30HaM Talru, a Mo eJbHUKaM Ta0nuil moytd Het (1 Tabmuna juis ofHO-
BO3PACTHBIX €IbHUKOB). IIpu 3ToM uepHMUHBIE enbHUKN HA boibmom ComoBenkom
OCTpPOBE CYIIECTBEHHO OTIMYAIOTCS OT MAaTEPUKOBBIX IO MHOTHM MapameTpam [18].
B cBsi3u ¢ 9TUM ObUT BBIMOIHEH aHAIM3 JJIS1 €I 10 OTACIBHBIM MPOOHBIM ILIOIIA-
JIIM U BBISICHEHO, YTO 3aKOHOMEPHOCTH Be3JIe OUeHb OJIM3KH, HECMOTpPS Ha HEKOTO-
pble OTIMYUS JAPEBOCTOEB IO COCTaBY, BO3PACTy W MOJHOTE. DTO A0 OCHOBaHUE
0000mHTh BCe MaHHBIC I YKa3aHHOTO BUAA IO MPOOHBIM IIomasiM (puc. 3, a).
B naHHbIC BKJIFOYCHBI M M3MEPCHUS, BHITIOJIHEHHBIC B OydepHOil 30He, TakuM o0pa-
30M, TIOJTYYCHBI CBEJICHHS B IIEJIOM JIJIs TUTIA Jieca — elIbHUKA YePHUYHOTO (puc. 3, 0).

25 4 30 -
20 4 al 3,0 LR .
20 4
15 1 zZ
£ g 154
3 S
310 S ‘00 !:-5
. $ ‘. y=-0,0145x*+1,1186x — 1,129 10 1 AL
5 4 ° R2=10,7752 5 ¢ y=-0,0072x%+0,7595x + 1,1282
R?=0,6566
0 T T T T . Y 0 T T T T T T ]
0 10 20 30 40 50 60 0 10 20 30 40 50 60 70
Juametp, cM Juamerp, cMm
a o

Puc. 3. B3aumocBs3b 1MaMeTpa 1 BBICOTHI JIepeBbeB €11 Ha bombiiom CosoBenkoM ocTpoBe:
a — 11s IPOOHBIX TUIOLIAJIeH; 6 — JUIs THIIA Jieca (eIbHUK YePHUYHBIN)

Fig. 3. The relationship between the diameter and height of spruce trees on Bolshoy
Solovetsky Island: a — for the sample plots; 6 — for the forest type (blueberry spruce forest)

Ha puc. 3 BuzieH pa30poc Todek Juisi OOJbIION U camMoi 00J1bIoi BhICOT (20 M)
pu auamerpe ot 30 cM m BhIE. B 1emom, mo maHHBIM 000MX TpadHKOB, BEICOTA
YBEIUYNBACTCS JIMIIB 10 quamerpa 830 cM, a 3aTeM MOoYTH HE MEHSIETCSI.
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Ba)kHbIM U HHTEPECHBIM SIBJISICTCS TTOKA3aTellb OTHOCUTEIHHON BBICOTHI B €J1b-
Hukax ConoBkoB. OH OTpa)kaeT, HACKOJIBKO YBEITUYHBACTCS BBHICOTA HA KAXKIIBIN CaH-
TUMETP AUAMETPA, T. €. TPOTIOPITUH POCTA ICPEBHEB, MIIH POCTOBBIE Koppersiuu. Kpome
9TOTO, OTHOCHTENbHAs BBICOTa KOCBEHHO XapaKTEepPH3YeT COEXKHCTOCTh JEPEBHEB —
KauecTBO CTBOJIOB. | pynmupoBaHue JIEpeBLEB €M O CTYTEHSIM BBICOTHI CBUICTEIb-
CTBYET O €r0 MOJYMHEHUN 3aKOHY HOPMAaJIbHOTO pacmtpenenenus (puc. 4). Hanbomnb-
1Iee KOJIMUECTBO JepeBbeB enu (63 %) uMeeT OTHOCUTENbHYIO BhIcOTy 0,5—0,7 M/cM.

25 ~
X
o 20 1
8 Puc. 4. KonmngectBo nepeBb-
2 s €B eIM C pa3HOl OTHOCH-
2 TENBHON BBICOTOM Ha Boib-
g2 10 - oM COJIOBEIIKOM OCTPOBE
Q
E Fig. 4. The number of spruce
é 3 trees with different relative
0 heights on Bolshoy Solo-

03 04 05 06 07 08 09 10 11 12 vetsky Island

OTHOCHTENILHAS BBICOTA, M/CM

CpenHsist OTHOCHTENNbHAS BbICOTA A5t enu paBHa 0,66+0,01 M/cM, 94TO TOBOPUT
00 yBenmu4eHuHu BbICOTHI Ha (0,66 M Ha Kbl caHTUMETp auamerpa. MHTepecHo,
YTO CpPE/IHEB3BEIIICHHAs BEJIMYHMHA Takxke coctapiseT 0,66 M/cM. B cBOIO ouepep,
OTHOCUTEJIbHAS BBICOTA B CEBEPHOU MOJ30HE TAlTM HA MAaTepUKe, COITIACHO pacue-
TaM IO MOJIEBOMY CIIPaBOYHUKY Takcatopa [14], pasusercs 0,98 m/cm. Takum 00-
pa3oM, OTHOCHUTENIbHAS BhIcOTa e Ha CoJoBKax — 67 % OTHOCHUTEIHEHON BBICOTHI
HacaX/JIeHU Ha MaTepUKe.

OTHOCHUTENBHAS BEICOTA B 3HAYUTEIIBHON CTETICHN 3aBUCHT OT THAMETpa, ¥ 3Ta
CBsI3b 00OpaTHAas: YeM BHIIIC AMAMETP, TEM MEHBIIIE OTHOCUTENIbHAS BbIcoTa (Tadm. 3).
KoadpummeHTs! KOppemnsaiuu 10CTaTOYHO BEICOKHE U JOCTOBEPHBI IIPH YPOBHE 3Ha-
gumoctu 0,05. Ha pa3HbIx mpoOHBIX MmIIommansx oHu koneomores oT —0,59 no —0,88.

Tabmauna 3

3aBHCHUMOCTH OTHOCHTEJILHOI BBICOTHI OT AHAMETPA AepeBbeB eIl
Ha boabmom CoJioBenikom ocTpose
The dependence of relative height on diameter of the spruce trees
on Bolshoy Solovetsky Island

[1I1 KoadpunmenT xoppemsiimn Omrnbka (KpPﬂZ;;%Bg;I:OC;gHTa)
6 —-0,88 0,06 14,6
7 0,77 0,10 7,7
9 -0,87 0,06 14,4

10 -0,59 0,09 6,6

3aBUCUMOCTH OTHOCUTEIHHOM BBICOTHI OT AMAMETPA MPOSIBIICTCS M HA OTICIIb-
HBIX MPOOHBIX IUIOIIA/IAX 110 AaHHBIM 15—16 y4eTHBIX IepPEeBbEB, U MIPH 000OIICHUH
B IIEJIOM TS TIPOOHBIX TUIomaaeH (puc. 5, a). [Ipu ucmonp30BaHUN TaHHBIX 3aMEPOB
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JUaMEeTPOB W BBICOT Ha MPOOHBIX IJIOMIASMX C YUETOM IoKaszareneit ans OydepHoit
30HBI MPOOHBIX TuIOMAAEH (325 y4eTHBIX JIepeBbEB) MONYYWIN 3aBHCUMOCTD JUIS
THTIA Jieca B 11esioM (puc. 5, 6). Bce 3To CBHIETENBCTBYET O TOM, UTO C YBEITUUYEHUEM
JaMeTpa JE€PEBbEB CKOPOCTb POCTA B BBICOTY PE3KO MAAAET BCIEACTBUE HEraTHB-
HOT'O BO3JCHCTBUS 3KOJIOTMUECKUX (DAKTOPOB B YCIOBUSAX APKTHUYECKUX OCTPOBOB.
To ecTb MOTyT 00Pa30BBIBATHCS JOCTATOYHO OOJBIIME IO TUAMETPY ACPEBbS, HO C
MOHW)KEHHOH BBICOTOM, Mpu3eMHCTbie. DOPMUPYIOTCSI CUITBHOCOEKUCTBIE IEPEBbS,
U YeM TOJIIIE CTBOJI, TEM CUIIbHEE COSKUCTOCTD.

14

o
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Puc. 5. 3aBUCUMOCTh OTHOCHUTENIBHON BBICOTHI OT AHaMeTpa JepeBbeB enu Ha bombmom Co-
JIOBEIIKOM OCTPOBE: @ — JUIsl IPOOHBIX IUIOIIA/IEH; 6 — AJIsl TUIIA Jieca (eTbHUK YEPHUYHBIH)

Fig. 5. The dependence of relative height on spruce tree diameter on Bolshoy Solovetsky Island:
a — for the sample areas; 6 — for the forest type (blueberry spruce forest)

Bw16000b1

1. Yepauunsie enpbHUKH boibmmoro CoNOBEIIKOTO OCTPOBa UMEIOT B COCTaBe
3HAYNUTENBHYIO IPUMECH Oepe3bl, OCHHBI U COCHBI.

2. [IpeobnamatoT CpeqHETIONHOTHBIE eIBHUKH, HO TaKKe 3HAYUTEIHHO KOJIH-
YEeCTBO HU3KOITOJIHOTHBIX JIPEBOCTOEB.

3. Bce uepnuunblie enbHUKH bonbmoro ColloBEIKOTO OCTPOBa SBISIFOTCS pas-
HOBO3PACTHBIMH. BcTpedaroTcst abCONMOTHO-pa3HOBO3PACTHEIE, CTYNEHYATO-Pa3HO-
BO3pACTHBIC, ITUKIMYHO-Pa3HOBO3PACTHBIE.

4. MakcumalibHast BBICOTA B U3YYEHHBIX €JIbHUKAaX — 0K0JI0 20 M, TaKOU BBICO-
ThI IepeBbsl focTUraroT npu auamerpe 30—40 cm.

5. OTHOCHTENbHAS BBICOTA COCTABISIET B cpenHeM 0,66 m/cm, 310 67 % OT 110-
Ka3areyst MAaTePUKOBBIX EIbHUKOB.

6. OTHOCHTENbHAS BRICOTA UMEET O0PaTHYIO 3aBUCUMOCTh OT JIaMeTpa: 4eM
OH BBIIIIE, TEM HIDKE OTHOCHTEIbHAS BhIcoTa. [Ipn nuamerpe 30 cM oTHOCHTEIHHAS
BBIcOTa paBHseTcs 0,6 m/cM.
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Abstract. The article is devoted to the problem of restoration of cut down forests in the forest
area of coniferous-broad-leaved (mixed) forests of the centre of the European part of Russia.
Due to the intensive use of forest resources, in order to rationally plan their restoration,
there is a need for systematic assessment of the natural and artificial restoration of the main
forest-forming species. For areas with a developed network of transport routes, the problem
of deterioration of the species composition of forests, as well their qualitative condition
as a result of prolonged and intensive forest exploitation is currently increasing. This has
determined the purpose of the study, which has been carried out through a field survey of
undergrowth and forest planations of forest-forming species according to the methodology
by A.V. Pobedinsky and the standard methodology for undergrowth inventory. Young stands
of natural (undergrowth) and artificial (created by planting) origin in coniferous-broad-leaved
(mixed) forests of the European part of Russia after clear-cutting of trees have become the
object of the study. An analysis of the structre of production and demand (according to the
survey data) has shown that preference is given to harvesting birch (40 % of the volume cut
down). The results of comparing the growth characteristics of the younger generation of tree
species, taking into account the age and density of their growth, has allowed us to conclude
that the undergrowth adapts easier and faster mainly to the growing conditions B,, B;, C;, C,,
A,, A, and occasionally B,, compared to forest plantations. In many cases, spruce plantations
created by planting in the bottom of a furrow are completely destroyed (get soaked) or remain
in a volume that does not provide satisfactory reforestation. Cases of exposure of the root
system of spruce plantations at the age of 22, which have been created by planting in the
dump, have been revealed. Based on experimental data, it has been established that productive
young stands of natural origin are successfully formed in the forest area of coniferous-broad-
leaved (mixed) forests of the Yaroslavl, Moscow and Nizhny Novgorod Regions. Criteria
for the inventory of undergrowth and young growth of soft-wooded broad-leaved species
have been proposed. Proposals have been developed to improve the efficiency of reforestation
measures in forest-growing conditions corresponding to the A,, B,, C,, as well as in the A, B,
and C, conditions. The positive effect of raspberries on self-seeding of the main forest-forming
species has been noted. The self-sown plants in such areas is 1.0—1.5 thousand pcs/ha.
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Annomayusn. Ctarbs 1MocBsIIeHa po0ieMe BOCCTAaHOBIICHNUS BBIPYOOK Ha TEPPUTOPUH JIEC-
HOTO paiioHa XBOWHO-IIMPOKOIHCTBEHHBIX (CMEIIaHHBIX) JIECOB IIEHTPA EBPOICHCKON YacTH
Poccun. BcenencTBre MHTEHCHBHOTO HCIIOIB30BAHUS JIECHBIX PECYpPCOB, B IEISX PALHO-
HAJIPHOTO TUIAHWPOBAHUS UX BO30OHOBJIEHUSI BO3HUKAET HEOOXOIMMOCTb CHCTEMAaTHIECKOH
OLICHKH €CTECTBEHHOTO M HMCKYCCTBEHHOTO BOCCTAHOBJIICHHSI OCHOBHBIX JIECOOOPa3yIOIINX
nopox. s pailoHOB ¢ pa3BUTON CEThIO TPAHCHOPTHBIX NYTEH B HACTOALLEE BpEMsl BO3pac-
TaeT mpodiemMa yXyAlIeHHsI TOPOJHOTO COCTaBa JIECOB, a TAKKE MX KaYeCTBEHHOTO COCTOS-
HUSI B pe3yJIbTare JUINTEIbHON 1 MHTCHCUBHOM JIECOAKCILTYaTaAH. JTO U ONPEICIHIO ETb
HCCIIeJOBaHMs, KOTOPOE IPOBOAMIOCH IYTEM IIOJIEBOTO 00CIEIOBAHUS MOAPOCTA M JIECHBIX
KYIBTYp JIeco00pa3yIomux mopos cormacHo Metoanke A.B. [loGenuHCckoro u cTaHIapTHOH
MeToauKe yuera noapocra. OOBEKTOM HCCIIEOBaHMS SBISIOTCS MOJIOAHSIKH €CTECTBEHHOTO
1 MCKYCCTBEHHOTO (CO3/1aHHE JIECHBIX KYJIBTYpP ITyTE€M HUX MOCAIKH) IIPOUCXOXKICHNS B XBOH-
HO-IIMPOKOJIMCTBEHHBIX (CMEIIaHHBIX) JIecax eBpoNencKoil yacTi Poccuy mociie CrjIomHbIX
PpyOOK. AHanM3 CTPyKTyphI IPOU3BOACTBA U CTIPOca (COMIACHO OIPOCHBIM JIAHHBIM ) TIOKa3all,
YTO IpEINoYTeHUE OTaeTcs 3aroToBke 6epessl (40 % ot BeIpybaemoro oobema). Pe3ynbrars
CpaBHEHUsI 0COOCHHOCTEH pocTa MOJIOOTO OKOJICHHST IPEBECHBIX MOPOJI C yUETOM BO3PacTa
1 TYCTOTBI MX IIPOM3pACTaHMs MO3BOJIIN CIENaTh BBIBO, YTO ITOAPOCT Jerde u ObIcTpee
ajanTUpyeTcs MPerMYIIECTBEHHO K YCJIOBHAM npouspacranus B,, B, C,, C,, A,, A,, enu-
HUYHO — B,, 10 CpaBHEHUIO C JIECHBIMH KyJIbTypaMH. Bo MHOTHX cilydasix CO3aHHBIE ITyTEM
MTOCAJIKH B JHO OOPO3IIBI KYJABTYPHI €N MOJIHOCTHIO MTOTHOAIOT (BBIMOKAIOT) MIIA OCTAIOTCS B
o0beMe, He 00eCIeUNBaIOIIEM YOBIETBOPUTEIBHOE JIECOBOCCTAHOBICHHE. BEIABIECHSBI CITy-
Yay OTOJICHWS B BO3pacTe 22 JIET KOPHEBOW CHCTEMBI KYJIBTYpP €11, KOTOpbIe OBIIIM CO3/IaHbI
MocaKoi B 0TBajJ. Ha OCHOBaHMM SKCIIEPUMEHTAIBHBIX JaHHBIX YCTAHOBJIEHO, YTO HA Tep-
PUTOPHH JIECHOTO paliOHa XBOWHO-ITHPOKOIMCTBEHHBIX (CMEIIaHHBIX) JIECOB SIpocIaBCKoi,
MockoBckoif 1 Hmxeroponckoit obmacteil ycrmenrHo popMUpYIOTCS TPOTYKTUBHBIE MOJO/-
HSIKM €CTECTBEHHOT'O NMPOHMCXOXKICHNUS. [IpeyioxkeHsl KpUTepun ydeTa MoApocTa U MOJIOJI-
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HSIKa MSATKOJUCTBEHHBIX JIPCBECHBIX MOPOJ. Pa3paboTaHbl peKOMEHIAIMH 1O MOBBIIICHUIO
3((heKTUBHOCTH MEPOIPUSITHUI 110 JIECOBOCCTAHOBJICHUIO B JIECOPACTUTEIBHBIX yCIOBUAX B,
B,, C,, C;, A,, A;. OTMe4€HO MOJOKUTENBHOE BIUSHUE MAJIMHBI HA CAMOCEB OCHOBHBIX Jle-
coobpasyromux mopoj. KomudecTBo camoceBa Ha Takux ydacTkax coctasisier 1,0—1,5 Toic.
IIT./Ta.

Knioueeswvie cnoea: nonpoct, MoJJIECOK, JECHbIE KYIBTYPhl, €CTECTBEHHbIE MOJIOIHIKHU, BO3-
OOHOBJICHHE, JIECOPACTUTEIILHBIC 0COOCHHOCTH, XBOHHO-ITUPOKOJIIMCTBCHHBIC Jieca

s yumuposanus: Savchenkova V.A., Vasilyev S.B., Nikitin V.F. Features of Restoration
of Coniferous-Broad-Leaved Forests // U3B. By30B. JlecH. xxypH. 2024. Ne 6. C. 133-146.
https://doi.org/10.37482/0536-1036-2024-6-133-146

Introduction

Today, as a result of natural changes and anthropogenic impact, a significant
area covered with coniferous-small-leaved (mixed) forests has formed in the territory
of the coniferous-broad-leaved forests of the European part of the Russian Federation
(Yaroslavl, Moscow, Nizhny Novgorod Regions).

Such a change of formations can be considered a transitional stage in the
restoration of indigenous forest types that were subjected to clear-cutting in the middle
of the 20th century using a technology that does not provide for the preservation
of undergrowth and young stands of the main stand-forming species. This process
has been observed throughout the entire territory of the commercial forests of the
European part of Russia. The only difference is the protective forests, untouched by
logging in the post-war period. Therefore, a significant volume of annual clear-cutting
within the established yield logging site is carried out in plantations dominated by
silver birch (Betula pendula Roth) (hereinafter referred to as birch) and common
aspen (Populus tremula L.) (hereinafter referred to as aspen). The second tier of
the plantation is formed by Norway spruce (Picea abies (L.) H. Karst.) (hereinafter
referred to as spruce). Downy birch (Betula pubescens Ehrh.) [24] is found on soils
with excess moisture.

For example, in the territory of the forest fund of the Yaroslavl Region,
the volume of mature and overmature birch wood is 573.3 million ha (38.14 %
of the volume of all tree species), and aspen — 222.2 million ha (14.78 %).
A characteristic feature for the forests of this region is the presence of forest thinners
in the plantation (in the second tier, uniform distribution of the predominant spruce
species has been noted) with a trunk diameter at a height of 1.3 mup to16 cm and viable
undergrowth (the predominant species is spruce distributed unevenly, by groups) in
an amount of more than 1.5 thousand pieces per 1 ha in satisfactory condition.

The problem of increasing demand for wood is related to population growth
and infrastructure development [25]. An analysis of the structure of production
and demand for wood in the study area, according to the survey data, has shown
that preference is given to harvesting birch (40 % of the volume cut down). Aspen
wood is commonly affected by stem rot, but due to the significant areas with its
predominance, the volume of harvesting amounts to 45 % of the total volume of
logging. Spruce wood is of poor quality, the effective volume cut is 10-12 %. Scots
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pine (Pinus sylvestris L.) grows mainly in forest areas belonging to the protective
forest category. Sometimes it is cut as part of a mixed plantation, with the volume
of harvesting typically accounting for 2—5 % of the total volume of the felled stand.

Analysis of statistical reporting data on the use of wood in the study area has
shown that pine (the yield of industrial wood is 80 %) and birch (the yield of industrial
wood is up to 90 %) have the highest productivity.

Currently, in the prevailing forest and economic conditions, birch is quite
consistent with economic goals. According to the approved Forestry Regulations,
which govern activities in the study area, birch is designated as a forest-forming
species. However, the Rules for reforestation, form, composition, procedure for
approving a reforestation project, grounds for refusing refusal to approve it, as well as
requirements for the format of the reforestation project in electronic form, approved
by Order of the Ministry of Natural Resources of the Russian Federation dated
12/29/2021 no. 1024, provide for signs that characterize viable undergrowth of only
coniferous and hardwood species. The conversion coefficient of small and medium-
sized undergrowth into large is determined without taking into account the distinctive
features of softwood species. Undergrowth is classified similarly for all tree species
according to height, density and distribution over area.

The plantation consists of various components, a change in even one of them
leads to a violation of the natural ecological balance. An important unit that makes
up a forest phytocenosis is the undergrowth, which reacts to new environmental
conditions, for example, after clear-cutting [15, 19, 20, 26].

The urgent task of the development of the forestry sector of Russia is to increase
forest productivity, preserve and restore forest biodiversity [2, 5, 16, 17, 19, 23, 28].
At the same time, it is important to establish a rational relationship between artificial
and natural reforestation [6, 7, 11, 18, 21, 26].

In this regard, the aim of the study is to assess the growth rates of natural
and artificial restoration of forest-forming species in the coniferous-broad-leaved
forest area of the central European part of Russia, as well as other components of the
plantation, to determine the most effective method of reforestation and the criteria for
softwood undergrowth inventory.

Research Objects and Methods

The object of the study is young stands of natural (undergrowth) and artificial
(created by planting) origin in coniferous-broad-leaved (mixed) forests of the
European part of Russia after clear-cutting of trees.

To achieve the aim, research has been conducted on forest plots with measures
taken to promote natural forest regeneration and forest plantations created according
to the methodology by A.V. Pobedinsky [13] and the standard methodology for
undergrowth inventory.

Plots of 10 m? have been laid out at the same distance from each other on the
tapes of the layout placed every 50 m. The number of plots has been determined
depending on the square of the forest site being surveyed (from 30 to 100 plots
in each site). A total of 378 cuttings have been surveyed, ranging in age from 1
to 22 years.

The height, diameter, density of undergrowth and forest plantations of forest-
forming species have been measured. Additionally, clear-cut areas up to 50 years old
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have been studied to determine the dynamics of the density of the younger generation
of the main forest-forming species. An assessment has been made of their distribution
over the area of the surveyed sites (according to their occurrence in the registration
sites), the completeness of their placement, the degree of soil mineralization and its
sodding.

The experimental data obtained have been systematized and combined into
homogeneous groups.

Taking into account the self-evident knowledge about the dependence of the
growth of forest crops and undergrowth on forest-growing conditions, the species
composition of the underwood [4] and living ground cover has been studied.

The density of tree species placement has been determined by the ratio of the
sum of the crown projection areas to the area of the site.

The living ground cover has been studied by the method of quadrat sampling
(of 1 m?). Within the sample, raunkiaers (1 x 1 m) have been laid out diagonally
at equal distances, on which the entire species composition has been recorded and
the coverage, occurrence, abundance, and viability have been determined. The
projective covering of a particular species and tier has been considered. The ratio of
the projection of the above-ground parts of plants to the total area of the sample plot,
taken as 100 %, has been visually taken into account.

In order to determine the difference between the experimental data obtained
and the entire general population, the non-sampling error has been calculated and the
confidence limits of relative values have been determined [10]. Taking into account
the sample size of the experimental data, the kurtosis index (e) has been calculated,
indicating the deviation of the distribution from the normal one [3].

To determine statistical relationships, correlation analysis has been carried
out as a method of processing statistical data. The correlation coefficients between
the density of the preserved undergrowth and young stands and the volume of tree
crowns, as well as the age of the clear-cut area, have been studied. The coefficient
of determination for the equation describing these relationships has been found
in order to determine the magnitude of the change in the resultant feature under
the influence of a factorial one (the closer its value is to one, the stronger the
dependence).

Results and Discussion

Grouped data on the age, height, diameter, and density of spruce, pine, birch,
and aspen undergrowth are presented in Table 1.

Table 1
The grouped data on the spruce, pine, birch and aspen undergrowth
Species Age, years Height, m Diameter, cm Placement density
5 0.8 0.5 0.6
6 1.0 0.8 0.6
7 1.4 0.9 0.7
Spruce
8 1.8 1.0 0.8
9 2.2 2.0 0.8
10 2.7 2.5 0.7
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The end of Table 1

Species Age, years Height, m Diameter, cm Placement density
15 33 3.0 0.7
Spruce
18 4.0 4.0 0.7
5 1.0 1.0 0.5
6 1.3 2.0 0.5
7 1.8 2.0 0.6
. 8 23 2.5 0.7
Pine
9 2.7 2.5 0.7
10 3.0 3.0 0.8
15 5.0 4.0 0.8
18 6.0 5.0 0.8
5 1.3 1.0 0.6
6 1.5 1.0 0.6
7 2.0 2.0 0.7
. 8 2.6 2.0 0.8
Birch
9 32 3.0 0.8
10 3.7 4.0 0.7
15 6.0 6.0 0.7
18 8.0 7.0 0.7
5 2.0 1.0 0.6
6 23 L5 0.7
7 2.6 2.0 0.7
8 3.0 2.0 0.8
Aspen
9 35 2.5 0.8
10 4.0 2.5 0.8
15 6.5 4.0 0.7
18 9.0 5.0 0.7

The growth and productivity of plantations depend on the forest vegetation
characteristics of the site where they grow [8, 9, 18]. Of all the inventory indicators
characterizing the productivity of the plantation and at the same time reflecting its
relationship with the quality of growing conditions, the height at a certain age is the
most important. The greater it is, the better the growing conditions and the higher the
productivity of the plantation.

During the study, it has been established that at the undergrowth stage,
the parameters characterizing the productivity of the stand at the same age have
significant differences in growth rates (from 0.6 to 49.0 cm in height and from 0.5 to
1.7 cm in diameter) and correspond to intermediate values between the 2nd (high) and
3rd (medium) quality classes.

The study found that natural young stands are formed from undergrowth of
different age, which contributes to the preservation of the forest environment within
the swaths. At the same time, undergrowth species are also developing with bird
cherry (Prunus padus L.), black alder (Alnus glutinosa (L.) Gaertn.), rowan (Sorbus
aucuparia L.) and goat willow (Salix caprea L.) predominating. Shrubs are actively
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growing such as red raspberry (Rubus idaeus L.), fly honeysuckle (Lonicera
xylosteum L.), black currant (Ribes nigrum L.) and alder buckthorn (Frangula
alnus Mill.). In the swaths, the living ground cover is represented by forest species
of herbaceous vegetation (up to 90 % of the projective covering). And only on
the trails do meadow species of herbaceous vegetation predominantly grow (70—
100 %). It should be noted that the condition of the trails varies not only in terms
of the projective covering of herbaceous vegetation, but also in the presence of tree
and shrub species.

It should also be noted that in the first year after clear-cutting, the undergrowth
and young stands of coniferous trees preserved in the swaths are exposed to the
effects of increased solar radiation due to the removal of the stand in one go, causing
a sharp change in environmental conditions. The study found that the undergrowth
and young stands left in the swaths, seemingly unviable at first glance, adapt within
2 years after clear-cutting. Subsequently, a forest area is formed from undergrowth
of different ages, passing into the stage of natural young growth at the age of 5
to 40 years. Its density increases due to the growth of new individuals. Fig. 1 shows
the relationship between the density of undergrowth and young stands of coniferous
tree species and the age of the cutting.
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Fig. 1 shows that the density of undergrowth of coniferous tree species
increases every year to the age of 23-25 years, gradually passing into the stage of
young growth. A negative kurtosis index indicates the heterogeneity of the plantation
and the absence of competition until the specified age. Then the density of the young
stands decreases and during the formation of an adult plantation, depending on the
forest vegetation characteristics of each plot and tree species, it stabilizes.

The results of inventory and measurements of undergrowth and young stands
of forest-forming species have shown that the density of softwood species exceeds
the density of coniferous by 1.6-2.5 times. The largest number of specimens per 1
ha has been noted at a height of up to 1.5 m. Later, as a result of natural thinning, the
density of birch and aspen forests decreases.

The relationship between the density of undergrowth and young stands and
the age of the cutting can be described by a square polynomial. The coefficient of
determination (R2 = 0.85) indicates that with a change in the age of the cutting, in
85 % of cases there will be a corresponding change in the density of undergrowth and
young stands of forest-forming species.

During the examination of forest areas, it has been established that large young
trees (age class 2) and groups of middle-aged trees (age classes 3—4), as well as



140 «H3BecTHs By30B. JlecHoii skypHay». 2024. Ne 6

seed trees, are preserved during the clear-cutting, the adaptation of the preserved
undergrowth is accelerated and the effectiveness of measures to promote natural
reforestation increases (Fig. 2).

1T

Fig. 2. The condition of undergrowth

and young stands in the swaths after clear-

cutting with partially preserved young trees
of age classes 1 and 2

The figure shows a viable young plantation that has recovered within 1-2 years
after clear-cutting. It has been established that natural young stands in the swaths
have a crown density from 0.4 to 0.7 already in the first year after clear-cutting.
In the future, its value increases. The forest herbaceous vegetation is preserved,
contributing to a faster restoration of the original forest type than in the areas with
artificially created forest plantations. The overgrowth with herbaceous vegetation in
the first years after its creation, caused by a sharp change in the ecological situation,
contributes to their strong suppression and often death.

It has been noted that in the forest plantation areas the projective covering of
the rush is 85-100 %. This indicates a high level of soil moisture. A characteristic
feature of the study area is a hill-and-plain relief. After cutting, a type of clear-
cut area is formed with a characteristic excessive moisture, a feature of which is
currently water stagnation. With excessive moisture, the process of waterlogging
develops. According to a preliminary assessment, which requires further research,
this is due to a decrease in the rate of water exchange in river systems, a decrease
in solid runoff, and a change in climatic conditions as a result of the creation of
a number of reservoirs on the rivers of the European part of the Russian Plain.
In addition, many rivers are characterized by snow feeding with a significant
proportion of rain and groundwater [22].

The analysis of the taxation characteristics of the studied forest areas and
experimental data have shown that mesohygrophilic and hygrophilic soils (B,, C;, B,,
C,) predominate over more than 60 % of the territory of the study area [14]. In many
cases, spruce plantations created by planting in the bottom of a furrow are completely
destroyed (get soaked) or remain in a volume barely exceeding the threshold value.
Their subsequent addition does not produce the desired effect. The most effective
way of to create, as shown by many years of practice, is planting into a dump (on
micro-elevations of the created furrows). The loss of seedlings has been noted within
the normal range, the number of viable seedlings is 2.0 thousand pieces per 1 ha or
more. However, in the course of the study, the facts have been established of the
exposure of the root system of spruce plantations by the age of 22 years as a result
of soil leaching from the micro-elevations (Fig. 3). This has a negative effect on the
condition of the plantations. Cracks form, rot develops, and wood marketability is
significantly reduced.
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Fig. 3. The 22-year-old spruce plantations
(planted in a furrow dump)

During the current stage of the study, an assessment of the state of forest
plantations has been carried out. Table 2 presents the grouped data on measurements
by age, height, diameter, and density of the spruce and pine plantations.

Table 2
The grouped data on growth rates of the spruce and pine plantations
Species Age, years Height, m Diameter, cm Placement density
5 0.7 0.5 0.6
6 0.9 0.8 0.6
7 1.1 0.9 0.7
Spruce 8 1.5 1.0 0.8
9 1.8 2.0 0.8
10 2.7 2.0 0.7
15 3.1 2.5 0.7
18 3.7 3.0 0.7
5 0.8 1.0 0.4
6 1.1 1.5 0.4
7 1.5 1.5 0.5
8 1.8 2.0 0.5
Pine
9 2.1 2.0 0.6
10 2.5 2.0 0.6
15 4.0 3.0 0.7
18 5.0 4.0 0.7

The analysis of the presented data has shown that the pine and spruce plantations
have a lower height than the undergrowth of these species. Based on a full-scale
survey of the cuttings, it has been revealed that the forest plantations created in the
study area are represented by the spruce species in almost 100 % of cases. At the
same time, the pine plantations take root and develop more efficiently than the spruce
ones, but are subject to mass destruction by wild ungulates [1, 12].
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Based on the measurements of the plantations and the young stands of natural
origin formed at the same time, a graph of the ratio of the height with the age of the
cutting has been plotted (Fig. 4).
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Fig. 4. The ratio of the height of pine and spruce plantations,
as well as the simultaneously formed pine, spruce, birch and aspen
undergrowth with the age of the cutting

The undergrowth adapts easier and faster mainly to the growing conditions
B,. B;, C,, C,, A,, A,, and occasionally B,. As can be seen in Fig. 4, the height of
deciduous stand-forming species exceeds the height of natural coniferous young
stands by 1.2-1.9 times, and that of coniferous species plantations — by 1.5—
2.8 times. This indicates that the undergrowth of coniferous species is negatively
affected by the deciduous to a lesser extent than the forest plantations. The formation
of a mixed stand with equal participation of both deciduous and coniferous species
is observed.

During the field study, it has been established that the density of aspen placement
is higher than that of the young birch trees and spruce and pine plantations (Fig. 5).
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Fig. 5. The ratio of the placement density of spruce

and pine plantations, as well as the formed birch and aspen
undergrowth with the age of the cutting

The advantage of aspen in terms of placement density and height relative
to the artificially created plantations contributes to the suppression of the latter.
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As a result, the areas of forest plantations require agrotechnical tending and timely
liberation cutting.

However, with an increase in the age of viable undergrowth, the density of
their placement begins to equalize.

In the young stands of natural origin, it has been established that aspen has no
significant advantage and does not suppress other forest-forming species (Fig. 6).
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Fig. 6. The ratio of the placement density of spruce, pine, birch
and aspen undergrowth with their age

Fig. 6 shows that the density of undergrowth of all tree species is close in
value. By the age of 10—12 years after cutting, it reaches its maximum level, and then
decreases and stabilizes at the level of 0.7. At the same time, the placement density of
coniferous undergrowth increases.

The study took into account the accompanying undergrowth species. They
perform an important silvicultural role and contribute to increasing the stability of
the younger generation of forest-forming species: they provide the necessary shading
from the intense influx of solar radiation (the optimal placement density or crown
density of 0.5-0.6) and prevent soil sodding by shading light-requiring meadow
herbaceous species. Their number per 1 ha during the years of adaptation of natural
young stands after clear-cutting does not exceed 1,000 pcs/ha.

It has been noted that the density of forest plantations increases due to the
natural renewal of forest-forming species in the rows and inter-row spaces.

The study has established a positive effect of raspberries on the degree of
preservation of the forest environment on the skidding trails (Fig. 7): the multi-
tier nature of the living ground cover is preserved — green mosses (Orthotrichums
sp., Leucodon sciuroides, Pylaisiella polyantha, Hylocomium splendens (Hedw.)
Bruchetal) grow at the lower tier with a 60 % projective covering, false lily
(Maianthemum bifolium (L.) F.W. Schmidt) and wood-sorrel (Oxalis acetosella L.)
with an even projective covering of up to 35 %; above them there is a tier of wood
horsetail Equisetum sylvaticum L. (15 %), addersmeat Stellaria holostea L. (10 %),
male fern Dryopteris filix-mas (L.) Schott (10 %), fireweed Epilobium angustifolium L.
(10-15 %), European blueberry Vaccinium myrtillus L. (distributed unevenly by
groups, with 40 % covering).
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Fig. 7. Skidding trail: a — overgrown with raspberry; b — formed living
ground cover of forest herbaceous plants formed on the skidding trail
under the raspberry canopy

Raspberries provide shading of the soil surface, inhibiting the development
of meadow herbaceous plants, and also prevents the burning out of forest species
of herbaceous vegetation, preventing the soil from sodding. This helps to accelerate
the formation of favourable conditions for the growth of self-seedlings in the areas
without undergrowth.

The amount of self-seeded plants in such plots is 1,000-1,500 pcs/ha. Self-
seeding is represented by 30 % spruce, 20 % pine, 25 % birch and 25 % aspen.
Its species composition and percentage ratio of the included species depend on the
growing plantation directly adjacent to the cutting.

Conclusion

In the coniferous-broad-leaved forest areas of the European part of Russia,
young stands of natural origin are formed in the cuttings with the preserved mixed
undergrowth, forming independent allotments with a completeness of 0.4—0.7. Large
undergrowth adapted in the first 2 years after clear-cutting in the swaths, shading the
lower tiers, prevents the regeneration of aspen and birch.

In the forest-growing conditions corresponding to A,, B,, C, and, if necessary,
in the conditions A, B;, C,, reforestation should be carried out by preserving the
undergrowth, leaving it in the swaths.

Taking into account the growth rates of pine and birch, in order to increase the
effectiveness of reforestation measures it is advisable:

to increase the percentage of pine participation in the creation of forest
plantations and implement their fencing;

in cuttings with a predominance of birch undergrowth, measures should be
taken to promote the natural forest regeneration with subsequent care of the plantation
in order to form merchantable birch wood.

Taking into account the demand for birch wood in the current economic
conditions, it can be argued that it is the main (target) tree species and to assess
the effectiveness of promoting natural reforestation, it must be taken into account
together with coniferous and hardwood forest-forming species.

On the basis of experimental data on the height of undergrowth of soft-
wooded undergrowth, it is advisable to distinguish three categories of its size: small —
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up to 1.5 m, medium — from 1.6 m to 3.0 m and large — over 3.1 m (up to a height not
exceeding 1/4 of the height of the trees in the main canopy). According to the density,
the undergrowth of soft-wooded species can be divided into four density categories:
sparse — up to 5,000, medium density — from 5,000 to 15,000, dense — from 15,000
to 20,000 and very dense — more than 20,000 plants per 1 ha.
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Annomayus. ]I SKCIUTyaTallMOHHBIX M 3alIMTHBIX JEeCHBIX MaccuBoB Poccuiickoit dene-
pauuy XapakTepHo O4YeHb OOJIBIIOE pa3HOOOpa3ue MPUPOIAHO-IIPOU3BOJACTBEHHBIX YCIOBHH,
BKJIIOYasl peibeHble U TOYBEHHO-TPYHTOBBIE. D(PPEKTUBHOCT pabOTHI JIECHBIX MAIMH B
Pa3IUYHBIX IPUPOAHO-IIPOU3BOACTBEHHBIX YCIOBUSAX BO MHOIOM 3aBUCUT OT MX IPOXOIHU-
MOCTH, KOTOpPasl BJIETCS OJHUM W3 BaKHEHWINUX JKCIUIyaTallMOHHBIX Mokaszareneil. IIpo-
THO3MPOBaHUIO OINOPHOM IIPOXOJUMOCTH JIECHBIX MALIMH I10Jl BO3ACHCTBUEM YCIOBHM JKC-
IJIyaTaluy IOCBSILEHO 3HAUUTEIBHOE KOJIUYECTBO TEOPETUYECKUX U HKCIEPUMEHTAIbHBIX
UCCJIEZIOBaHUH, BBITIOJIHEHHBIX OTEUECTBEHHBIMU U 3apyOS)KHBIMH YUYEHBIMH. AHaIU3 padboT
MIPE/IIECTBEHHUKOB MO3BOJISIET YTBEPKAATh, YTO M3BECTHBIE MPOTHO3HBIE MOJENH JTHO0 HE
YUUTHIBAIOT TAKOM Ba)KHBIN [10KA3aTEJIb JABMKUATEJIECH JIECHBIX MAlllMH, KaK L1ar rpyHTO3aLe-
T0B, JINOO HE PacKPBIBAIOT €ro BIMSHKE Ha CLICTUICHHE JIBH)KUTENSI ¢ ouBorpyHTOM. Hacro-
si1ast paboTa IMOCBsIIEHa TEOPETHUECKOMY PELISHHIO JaHHOTO Borpoca. [Ipeioxkens! yTou-
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HEHHUS K OLCHKE KO QHUIMEHTA CIETUICHHS JIBH)KUTENS JIECHOM MalIMHBI C TOYBOTPYHTOM.
Omnucan MeXaHW3M 3aTyXaHHsl KacaTeJbHBIX HANpsUKCHWH, BBI3BAHHBIX BO3JCHCTBHEM JIBH-
JKHUTEIIS JIECHOM MaIllMHbI, IPUYEM 3aTyXaHHEe OIUCHIBACTCS HETMHEHHBIMU 3aBUCUMOCTSIMHU.
Paccmorpena onenka koadduimenTa cuemienus, noiryyaeMas ¢ yueToM 1 0e3 ydera 3ary-
XaHUsI CJBHTOBBIX JieopMaluii BAONb IsITHA KOHTaKTa. Pacuersl mokasaiu, 4To 00a HTHX
BapUaHTa YHCIIOBOH OIEHKN KOO HIIMECHTA CIEIUICHHS COIIACYIOTCS M UX OTHOCHTEIIbHBIC
pas3nnuus HeBeJIMKY. BakKHBIM HIOAHCOM SIBJISIETCSI TO, YTO TI0 MEPE YBEJIMYEHUsI 1ara rpyH-
TO3aIlerna OIEHKH CIIeTUICHHs 0e3 yueTa 3aTyXaHHs MOHOTOHHO BO3pacTatoT. Takum oOpaszom,
JUIS LIIara TpyHTO3alena rnocjeaoBaia Obl IPOTHBOPEUNBAsE PEKOMEH IAINS O €r0 MaKCHMaJlb-
HO BO3MOXXHOM YBEJIWYEHHH. Pe3ysbTarsl, MOJy4eHHbIE ¢ UCIIOIb30BAHUEM IPE/IIaraeMbIX
(opMy, yUUTHIBAIOIINX 3aTyXaHHUE CBUTOBBIX Jle()OpMaliii B TIOYBOTPYHTE, ITO3BOJISIIOT BbI-
JICTIMThH JAMana3oHbl N3MEHEHHS 111ara, B KOTOPBIX OTMEYalOTCsl MaKCUMaJIbHbIE PacyeTHBIC 3Ha-
yeHwus cuerienus. Hanpumep, npu ko duimente oykcosanust 0,05 MakcumyM HaOironaeTcst
npu 1are B npenenax 0,15-0,25 m. Takum oOpa3zom, BBeJIeHHE B MareMaTHYECKYIO MOJIEIb
BBIP2YKEHMSI, YUUTHIBAIOIIETO 3aTyXaHUe, aeT BOBMOKHOCTh BBISIBUTH Ka4€CTBEHHO MHOM Xa-
paxTep (GYHKIHMHU CLETIIICHUS OT I1ara 1 OTMETHTh ONTUMAJIbHYIO 00JIaCTh €ro 3HAYCHUH.
Knrwouegvie cnosa: necHble MallvHBI, ONOPHAsl MPOXOJMMOCTb, CIABHIOBBIC jaehOpMaIyy,
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Abstract. The operational and protective forests of the Russian Federation are characterized
by a very wide variety of natural and industrial conditions, including relief and soil ones. The
efficiency of forestry machines in various natural and industrial conditions largely depends
on their cross-country ability, which is one of the most important performance indicators.
A significant amount of theoretical and experimental research by Russian and foreign
scientists has been devoted to forecasting the flotation of forestry machines under various
operating conditions. An analysis of the work of the predecessors suggests that the known
forecast models either do not take into account such an important indicator of forestry machine
propellers as the pitch of the grousers, or do not reveal its influence on the propeller adherence
to the soil. This work is devoted to the theoretical solution of this issue. Clarifications have
been proposed to the estimation of the coefficient of adhesion of the forestry machine
propeller to the soil. The mechanism of attenuation of tangential stresses caused by the action
of the forestry machine propeller has been described, where attenuation has been described by
nonlinear dependencies. An estimate of the coefficient of adhesion obtained with and without
taking into account the attenuation of shear deformations along the contact patch has been
considered. Calculations have shown that both of these options for numerical estimation of
the coefficient of adhesion are consistent and their relative differences are small. An important
detail is that as the pitch of the grousers increases, the adhesion estimates without taking into
account damping increase monotonically. Thus, for the pitch of the grousers there would be
a contradictory recommendation about its maximum possible increase. The results obtained
using the proposed formulas, taking into account the attenuation of shear deformations in
the soil, make it possible to identify the ranges of pitch variation in which the maximum
calculated values of adhesion are noted. For example, with a slip coefficient of 0.05, the
maximum is observed at a pitch within 0.15-0.25 m. Thus, the introduction of an expression
into the mathematical model that takes into account attenuation makes it possible to reveal a
qualitatively different nature of the adhesion function from the pitch of the grousers and mark
the optimal range of its values.

Keywords: forestry machines, flotation, shear deformations, attenuation of deformations,
grousers, coefficient of adhesion of the propeller, slip
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Beeoenue

OrmopHast MPOXOANUMOCTD SIBIISIETCS] BAKHEUITUM KpuUTepreM dPQPEKTUBHOCTH
paboTel MamMHBL 711 JECHBIX MalliH, B IOIABIISIONIEM OOJBITHHCTBE CIydaeB
(DYHKIIMOHMPYFOIIUX B CIIOKHBIX YCIOBHUSX SKCILTYaTaIlUH, TPOXOAUMOCTh HAITPSIMYEO
BIUSET HAa IMPOU3BOAUTEIBHOCTh, PACXOJl TOIUIMBA M BO3MOXXHOCTBH BBITOJHCHHS
MOCTaBJICHHON TEXHOJOTUUECKOM 3a1auun [6-9, 12].

[IpoxoaMMOCTh JIECHBIX MAIIIMH TAKKE HAPSMYFO CBsI3aHa ¢ X SKOJIOTHUECKOU
3 (PEKTUBHOCTHIO — CTEMIEHBIO TTOBPEKIACHUS IBIKUTEIISIME JICCHBIX TTOYBOTPYHTOB
W COCTOSTHHEM JIECHOH AKOCHCTEMBI TTOCIIC BO3ICHCTBHSI JICCHBIX MAIIIMH, BKJTFOUAs
CIOCOOHOCTH K €CTECTBEHHOMY JiecoBOoccTaHoBieHuo [2, 10, 11, 13].

Hcxonss w3 TOro, 4TO MOYBO-TPYHTOBBIE U peNbe(HBIC YCIOBHUS MOTYT
CYHICCTBCHHO Pa3JIM4yarhCs JaKe B MpeJesiaX OJHON JIECOCEKH, ¢ TOUKH 3PCHUS
OILICHKH BO3MOXXHOH MPOXOIUMOCTHU JICCHBIX MAIllMH Ha MPAKTUKE OCYIICCTRIISIOT
MIPEABAPUTEIHHOE TPACCHPOBAHUE CETH TPEICBOYHBIX BOJIOKOB M TEXHOJIOTHUECKIX
KOPHUIOPOB, KaK ITPH CIUTONIHBIX pyOKaX CIHeNbIX U epeCTONHBIX HaCAKICHUH, TaK U
IIpH BEIOOPOYHBIX pyOKax, BKIIto4Yas pyoku yxona [4, 14, 15, 24].

OrneHka ONOPHOW MPOXOIUMOCTH BBIMOJNHACTCS 1O KOA(DPUIMECHTY THATH,
MPEJICTABJISIONIEMY COO0H Pa3HOCTh KO3(D(PUIIMEHTOB CHEIICHUS U CONPOTUBIICHHUSI
nBwkeHuto. [lonoxurenbHoe 3HadeHHe KOA((GUIMEHTa TAIM O03HA4YaeT, dTo
MIPOXOANMOCTh MAaITUHBI obecreueHa. MI3BeCTHBI pa3InIHbIe MOMICTH, ITOTYICHHBIC
KaK TEOPETUIECKH, TaK H SKCIIEPUMEHTAIBHO, OITUCHIBAIOIIIE CBOICTBA TOYBOTPYHTA
Y TIO3BOJISIFOIIKE TIPOTHO3UPOBATH CIETUICHUE IBHIKUTENSI MAIIIMHEI C TIOYBOTPYHTOM
[3, 16, 18, 19, 23, 25, 26]. IIpu 3TOM OYTH HE MPEACTABICHBI MOJEIH, AAIOIINE
BO3MOYKHOCTB IMPOAHAIM3UPOBATh BIUSHUE TAKOTO MapaMeTpa JBHKUTENS, KaK IIar
IPYHTO3AIICIIOB, Ha CLCIUICHHUE.

Ilenmsto maHHOW paOOTHI SBIAETCS YTOYHCHHE TEOPETHUECKOTO OIHCAHUS
CIIETIHBIX CBOWMCTB JBW)XHTEIECH JIECHBIX MAIlMH W W3ydeHWE BIUSHUS IIara
IPYHTO3AIIETIOB Ha KOA(PPUIIMEHT CIETICHHS BUKHUTENS C TOYBOTPYHTOM.

OOBEKTOM JTAHHOTO TEOPETHYECKOTO MCCIICIOBAHUS SBISIETCS MOJICIb B3aUMO-
JICHCTBUSI IBUKHUTEIICH TPYHTO3AIICTIOB C PA3JIMYHBIM I1ArOM C JIECHBIM TIOYBOTPYHTOM.
[TpuMeHSUTUCH YHCIICHHBIE METO/IbI PELICHHUS YPABHEHHUN M alllPOKCUMAIIUH JaHHBIX.

Pesynomamer uccnedosanust u ux oocyxncoenue

C nOpakTUYECKOW TOYKM 3PEHHUS XOPOIIO 33apEKOMEHJ0OBAU  ce0s
MaTEeMaTHYECKUE MOJICIH, TIPOTHO3UPYIONIHE KOAD(UIIUCHT CUETUICHUS JBUKUTEIIS
C TIOYBOTPYHTOM, TOJIYICHHBIC WHTETPUPOBAHUECM BBIPAKCHUS IS KacaTeIbHOTO
HaIpsDKEHNs], BBI3BAHHOTO CIIBUTOM TTOYBOTPYHTA TPH MOCTYNATEFHOM JIBIKEHUH
mamuss [17, 21, 22].

Mopnenu crpositcss  crneayrommM  obpazom. [lo  cumemHBIM  cBoO¥cTBaM
[IOYBOTPYHTA M CPEJHEMY JIABJICHUIO JBWXKHUTEISI 110 MSITHY KOHTAKTa OMPEICISIFOT
COIPOTHUBJICHHUE CABUTY 0€3 ydera ocjabJiCHHsI MOYBOIPYHTA, BHI3BAHHOIO CPE30M
[20, 25]:

1, = ptgo + C,
IJie p — CpeiHee NIaBJICHHUE JBIDKUTEIS 110 MATHY KOHTAKTa; (0 — YIoJ BHYTPEHHETO
TpeHus rpyHTa; C — yIelbHOE CIEIUICHUE YaCTHIl TPYHTA.
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C ydeToM MOIY4YEHHOrO 3HAUCHUS T, OHPENENAIT JedopMaluio CABHUTA,
COOTBETCTBYIOIIYIO HAYaIly cpe3a MmoYBorpyHra [1]:

I7ie f, — War TPYHTO3aLeroB; £} — MOJyJIb C/ABHTa IOYBOIPYHTA.
B 3aBucuUMOCTM OT COOTHOIIEHMs CABUTOBOH nedopmanuu j u j,
paccunThiBaeTCS KOO GUIMEHT 0CIa0IeHHs CLIEITHBIX CBOMCTB mouBorpyHra [3, 19]:

£=1 —ﬂHeaviSide(j —Jo)s
[
rie Heaviside — emuanyHas GyHKIMS XEBHUCANIA, JOOTIPEICICHHAS B HYJIC,
Lk >0

Heaviside (k) = k<0
, K

K — apryMeHT eAMHUYHON (YHKLIUH.
B wrore c yderom ocnabineHHss TPyHTa MpU Pa3BUBAIOMIEMCS cCpe3e
OTpezeNnsieTcsl CONPOTUBIIEHUE ITOYBOIpyHTa caBUry [1]:

1, = ptgo + £ CHeaviside&,.

Pacnipenenenue kacaTenbHOTO HAMPSHKEHUS BIOJB MATHA KOHTaKTa 3aaeTCs
¢dopmymnoii [1, 5]

u  EJ
KosddunuenT crerienus mo onpeaesieHHIo NpeCTaBlseT coO0H OTHOIIe-
HHE CONPOTHBIICHHS IOYBOTPYHTA CABUTY U HArpy3KH, IPUBEICHHON K eIMHUIHOMY

JIBUKHUTENIO. [Ipy 3TOM cOpOTHBIEHNE HAXOAUTCS WHTETpHpOBaHUeM (YHKIIUU Ka-
CaTeNbHOrO HANPSDKEHUS BOJb MsITHA KOHTaKTa [1, 4]:

I
u:ﬁ:ib TdXx, (1)
woow
rje /' — cuia ClerieHusl; w — BeC MAIlllUHbI, IPUXOSAIINNACS HA SIMHUYHBIN JIBHXKU-
TeNb; b — IUpUHA MATHA KOHTAKTA; / — JJIMHA MSTHA KOHTAKTa; X — TOPU30OHTAIbHAS
KOOpJIMHATA.

B srom ypaBHeHWH T = T(X), IpHYeM I PEIICHHUS 3aJa9l HEOOXOIMMO
NPUHATh (YHKIMIO CIBUIOBOM JIedopMaIliy BIOJNb MATHA KOHTakta. CuuTaercs,
4ro jaedopManus CABUra JTHHEHHO 3aBUCHUT OT KOOPAMHATHI X M KO3 PHUIIMEHTA
OykcoBanus S [1, 16]:

Jj=358x. 2)

B nannom ciyyae uaTterpupoBanue (1) npu BapbMpOBaHUH f,, IPUBOIUT K
TOJIYYCHUIO 3aBUCUMOCTEH W(Z, ), MOHOTOHHO BO3PACTalOLIUX TIPH YBEIUYECHHUH 7, .
Taxum 06pa3zom, U3 pe3yabTaTOB TEOPETHUECKOTO MOACITUPOBAHUS CIEIYET, UTO YeM
Oosblie 7, TEM BBILIC OLEHKA MPOXOJUMOCTH MAllMHBL. B sKcrepuMeHTalbHBIX
MCCIIE/IOBAHUSAX HM3YYHTh BIMAHME [ HA | CIOXKHO, IOCKONIbKY, Kak MpaBuUilo,
YIPaBIATh €70 3HAYEHUEM Ha MPAKTUKE HE MPEICTABISIETCS BO3MOKHBIM.
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[IpenyioskuM HEKOTOPBIE YTOUHEHHS K TEOPETUUECKOM OlleHKe K03 duirenTa
CLICIIEHUS L.

W3BecTHO, YTO HAINpsKEHHS B MAacCHBE IMOYBOTPYHTA 3aTyXaroT, MPUYEM
3aTyXaHHE OIMCHIBACTCS HEIMHEHHBIMU 3aBHCUMOCTSMHU. ODTO OOCTOSITENIBCTBO
YUYTEHO, HalIpUMep, IIPH pacyeTe IIIyOrHbI KOJlen, 00pa3yIoLencs o4 BO3AeHCTBUEM
JBIDKUTEIS], BBEJCHUEM MONPABOYHOr0 KO PULMEHTA Ha 3aTyXaHUE HOPMaJIbHOTO
HaTpsDKEHUs 110 TTyOrHe MaccuBa nmouBorpyHra [ 1, 20]:

1
Iy
1+ 2

+(abj

A€ I — BCpTUKalbHasi KOOpAUHATA; d — K03(1)(1)I/II_II/I€HT, y‘lI/ITLIBaIOH.[I/Iﬁ reomMeTpu-
YCCKHEC MMapaMETphbI MATHA KOHTAKTAa U TOJJIIUHY I[e(bopMpreMoro CJIOA ITOYBO-

rpynra [1], b
a=0,64|1+—|,
H

H — MomHOCTh 1e(hopMUPYEMOTO CII0sl TOYBOTPYHTA.

B paccmarpuBaeMoM ciiydae BOCHOJIB3YEMCS CICAYIOUIMMH COOOPaKEHH-
simu. [lycth nedopmariusi ¢BUTa, BHI3BAHHOTO BO3JICHCTBHEM [-T0 TPYHTO3AIICTa,
omnpenessiercs mo Gopmysie

Ji =S¢ (x — it,, ) Heaviside (x - it,, ),

rae (;, — koapuLueHT 3aTyXaHus; i — UHAEKC, COOTBETCTBYIOLIUM HOPSIIKOBOMY
HOMEpY TPYHTO3aIlera, Y4acTBYIOIIETO B KOHTAKTE JBM)KUTENS C IOYBOTPYHTOM, H
OTCUYHUTHIBAEMBI BJIOJIb MATHA KOHTaKTa, i =0 ... N—1 (=0 mus 1-ro rpyHTO3aI1eNa,
i =N -1 nnsg nocnennero), N — 4UCI0 TPYHTO3AIICTIOB, YUYACTBYIOIIUX B KOHTAKTE
JBIDKUTEIS C TPYHTOM, 11€J1asi YacTh OTHOIIICHUS:

Nl

/
Beenem koaddumueHT 3aryxaHus s KacaTeNbHOTO HANPSDKEHUS 110
aHaJIOTHH CO CIy4aeM, PacCMOTPEHHBIM IPH W3yYCHHH TIIyOWHBI 00pasyromeics
KOJIEH:

1
G = . N\2
X —it,
1+ P
ab
s i-ro rpyHTO3a1ena 3anuieM:
x —it,
N p . . .
Ji= SﬁHeavmde (x - ltrp). (3)
T Y
ab
JIs1 TYCEHMYHOT'O IBMDKUTENSI MOXKEM NPHUHATH [ >> b, Torna:
y p
1
Ci = . 20
! X -1,
+

0,64b
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X -1t
Ji = S%Heaviside (x—it,). @
X —1
p

14|
0,64b

B dopmymnax (3), (4) eamanynast hyHKIHg XeBHcaiiia yauThIBaeT KOOPIUHA-
Ty i-I0 TpyHTO3aLena BIOJIb MATHA KOHTAKTA, T. €. KOOPAUHATY, COOTBETCTBYIOILYIO
Hayaly BO3ACHCTBUS i-T0 TPYHTO3allena Ha IOYBOTPYHT.

OyHKIMIO CIBUTOBOH AedopMmanmu Haiinem kKak cymmy naedopmanuii,
BBI3BAHHBIX KaXKJIbIM U3 TPYHTO3AIIETIOB, C YYETOM 3aTyXaHus:

N-1
J=> (5)
i=0

[pounmoctpupyem dopmyinsl (4), (5) rpaduxkamu. Ha puc. 1 mokaszano
M3MEHEHHUE CABUTOBOM Jie(hopMaIliK, BhI3BAHHON BO3JCHCTBHEM i-I'0 rpyHTO3alea
ABHIKUTEIISL, 110 KOOPAMHATE X BJIOJIb MATHA KOoHTaKTa. [Iprmep paccuuran mnpw /, =
=0,2032 m, b =0,61 ™, / = 3,81 M (Takue mapaMeTpbl COOTBETCTBYIOT TyCEHUYHOMY
nexuTento Mamuabl John Deere 959M), S = 0,2. IIpu Tex e UCXOMHBIX JTaHHBIX
CpPaBHUM pE3yJbTaThl pacdyera CABUroBO Aedopmanuu no moxenu (4), (5) u mo
nuHenHoi monenu (2) (puc. 2).

0,02 -
Puc. 1. Jlepopmanust cnpura, BeI3BaHHAS
i-M TpYHTO3alleloM, BIOJb ISITHA KOH- 0,015 1
takrta, i = {0; 1; 3; 7}

Fig. 1. The shear deformation caused 2 0,01 -
by the i-th grouser along the contact B
patch, i= {0, 1, 3, 7} 0,005 4
0 : : :
0 1 2 3
X, M
Puc. 2. Jlepopmanus caBura, paccuu-
TaHHAsl C y4eTOM U 0e3 ydeTa 3aTyXxaHHs 0.4 1 .
BIIOJIb MTATHA KOHTAKTa (371€Ch ¥ Ha puc. 3, P
4: MyHKTHpHAs JIMHUS — JTUHEHHAs QyHK- 0,3 1 /,/’
1ust (2); crutomrHast JuHUS — (QyHKIUS C Pt
3aryxanueM (4), (5)) Z02 4
Fig. 2. The shear deformation calculated /,//
with and without attenuation along 0.1 1 s
the contact patch (here and in Fig. 3, 4: g
the dotted line is the linear function (2); 0 0 ; ; 7

the solid line is the function with
attenuation (4), (5))

PaccMoTpuM BIMSIHME IIara rpyHTO3ALCIoB /,  Ha CLCIUICHHE JBIKHTEIS C
noyBorpyHToM. CpaBHUM OLIEHKH KOX(QHIMEHTa CLEIUICHHS I, MOJTy4YaeMble C
y4eToM U 0e3 ydera 3aTyXaHHs CABHTOBBIX JeQopMalryii j BIOJb MATHA KOHTAKTA.
[Tpumem ans niumroctpanmu cpeanee nasnenue p = 0,0724 Mlla, a Taxoke MmexaHnde-
ckue cBorictBa rpyHTa G, C, @ IO TadiHIIe.
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CnBuroBblie CBOHCTBA JIECHOI0 MOYBOTPYHTA 10 KATErOPUsIM NMPOYHOCTH
The shear properties of forest soil by strength categories

Kareropus C, MIla 0, ... G, MIla
I (mpouHsIit) 0,0252 16, 2,77
II (cpenHeit MPOYHOCTH) 0,0108 13,7 2,44
III (cnaGonecymimit) 0,0053 11,6 2,19

Ha puc. 3 npuBeneHbl pe3yibTarhl pacuera ko3(duimeHTa ClerieH!s | Ipu
BapbUPOBAHUH LUara /, ¥ pasingHoM Kod(uierTe OyKCOBaHUA S.

0,35 -

0.2 ; ; . ;
0,05 0,15 0,25 0,35 0,45
by M
a
0,35 1
03 | Puc. 3. KoadpdunueHT cremineHus B 3a-
BHUCHMOCTH OT IlIara IPyHTO3ALEINOB MpU
= ko3 dunmente OykcoBanms: a — 0,05;
0,25 - 6—0,10; 60,20
Fig. 3. The coefficient of adhesion,
depending on the pitch of the grousers,
0,2 : . . . . : C .
0,05 015 0.5 035 0.45 at the slip coefficient equal to: a — 0.05;
oM 6—0.10; 6 —-0.20
o
o
0,35 -
03 A
=
0,25 -
0.2 ; ; . :
0,05 0,15 0,25 0,35 0,45

Ly M
68
Pacuetnl IIOKa3bIBAIOT, YTO YHCJIIOBBIC OLICHKH KOB(I)(i)I/ILII/IeHTa CHCIUIEHHUA [L C
YUYETOM U 0e3 yueTa 3aTyXaHus CIIBUTOBOM I[e(l)OpMaHI/II/I B IICJIOM COTNIACYIOTCA U UX
OTHOCHUTCJILHBIC PA3JINUMA HEBCJIMKU. 3Ha‘I€HI/Iﬂ, TMMOJIYYCHHBIC IPH PA3JIMYHBIX MTPEA-

MMOChUIKaX K ONPEACICHUIO CABHUIOBBIX I[G(bOpM&HPIfI, BITOJIHE COITOCTaBHMEI. Baxk-
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HBIM PA3JIMYUEM SBISIETCS TO, YTO [0 MEPE YBEINYEHUS f,, OUEHKH L, TIONYYEHHBIE
0e3 yuera 3aTyXaHHs — C MCIOJIb30BaHHEM (OPMYIbI (2), MOHOTOHHO BO3PACTAIOT.
Taxnm o6pa3om, 1ist napameTpa £, Nociea0sana Obl PEKOMEH AN O MAKCUMAIbHO
BO3MOKHOM YBEJIMUCHHH.

Pesynbrarsl, momyueHHbIE ¢ UCTIONB30BaHUEM (hopmyi (4), (5), yIUTHIBAIOLITIX
3aTyXaHHe CABHMIOBBIX HeGOpMaluii B IOYBOTPYHTE, MO3BOJISIIOT BBIACIUTH JUaria-
30HBI U3MEHEHUS 7, , B KOTOPBIX OTMEYAIOTCS MAKCUMAIIbHBIE PACYCTHBIE 3HAYECHUS
w. Hanpumep, npu koaddunmente OykcoBanus S = 0,05 makcumym | HaOtogaercs
npu ¢, B npegenax 0,15-0,25 m (puc. 3, a). llpu S = 0,10 — Haxoaures B obnactu
t,,=0,20-0,30 M (puc. 3, 6). OTMETHM, YTO ITH PE3YIIBTATHI COIIACYIOTCS C LIArOM 7,
TYCEHHMII, KOTOPbIMU MTPOU3BOIUTENH OCHAIIAIOT TeXHUKY. [Ipu § = 0,20 makcumymy
p coorBeTcTBYET Wiar £, B mpeaenax 0,30-0,40 m (puc. 3, 6), XOTs ¢ NPAKTUYECKOH
TOYKH 3PEHHUSI CTOJb OOJBIION KOd(QQHIUEHT OyKCOBaHUS I TYCEHUYHOH Malllu-
HBI €/[Ba JI1 BO3MOKEH, TIOCKOJIBKY MTPU TAKOM 3HAYCHUH OXKHJIaeMa TIOTepsl OTIOPHON
npoxonuMocTH. TakuMm 00pa3om, BBEICHHE B MAaTEMaTHIECKYIO MOJIEITb BBIPaKCHUS,
YUUTBIBAIOILETO 3aTyXaHHE, [103BOJISIET BBISIBUTH KAYECTBEHHO MHOW XapakTep QyHK-
Uy () ¥ OTMETHTH ONTUMAIIbHYIO 00/1aCTh 3HAYCHMUIA £, .

Jo cux mop ko3p¢unmeHT S NpUHUMAICS Kak BXOJHOH HapaMmeTp MOJIEIH.
OpHako Ha MPAaKTUKE OH HE SIBJISCTCS yIpaBIsieMbIM MapaMeTpoM. PaccMorpum ¢u-
3MYECKYI0 cyTh Koadduuuenra. [To onpenenenuro,

v=(1-8)v,

e v — (hakTudecKast CKOpOCTh IIOCTYIAaTeIFHOTO JIBYKEHHUS MALIMHBI C yYETOM IIPO-
OYKCOBKH; V,, — CKOPOCTb MAIIMHBI, ABIKYIIEHCS MOCTYNaTeIbHO 0e3 OyKCOBaHMSI.

Taxkum o6pazom, koadduienT OykcoBaHust S MpenCcTaBsieT COOO0H 100 1MOo-
TEPU CKOPOCTH MALIHHBI.

C npyroii CTOPOHBI, Pe3yJIbTaThl PACUETOB IMOKA3bIBAIOT, YTO KOAPPUIMCH-
ThI S U | cBsA3aHBI. PaccunMTaem |l TIpH BapbUPOBAaHUU S C IOCTOSHHBIM IIATOM
t,, = 0,2032 m. 3Ha4eHUs OCTAIBHBIX IAPAMETPOB I'yCEHUIHOTO JIBUKUTEIS U TPYH-
Ta (lecHoit mouBorpyHT 1l Kareropuu mpoyHocTH) pekHue (puc. 4).

0,35 1

Puc. 4. KoapdunueHT cueruieHus mnpu
pa3immaHOM K03 duitmenTe OykcoBaHUS

Fig. 4. The coefficient of adhesion
at different slip coefficients

0 0,05 0,1 0,15 0,2

B paccunrannom npumepe mipu S = 0 o6e ouenku | = 0 (Ha puc. 4 obnacts
S < 0,01 me mokazana). MakcumanpHbIe | oTMedaroTcs pu S = 0,024 (u = 0,342)
B Cy4yae WCITONB30BaHMS JIMHEHHON MOAENH CIBHTOBOHM nedopmarmu (2) U mpH
§=10,038 (L= 10,331) B cmyuae npumenenus popmya (4), (5).

Kak 0bu10 0TMEUEHO, KpUTEPHEM OIOPHOM MPOXOAUMOCTH SIBIISIETCS MOJIOKH-
TENbHOE 3HAYEHHUE KOOQPUIMEHTA TATH ¢,
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¢, =n-9,>0,

rae @, — K03 HUIUESHT CONMPOTUBIICHUS TOCTYNATEILHOMY ABHKEHHUIO MAIINHEI.
Torga B IpUBECHHOM IIPUMEPE ONOPHAsi IPOXOAUMOCTb I'YyCEHUYHON Malu-
HbI oOecnieueHa BIJIOTH 10 ¢, < 0,331. [Ipu GosblieM CONPOTUBICHUH IBMKEHUIO
MIPOM30MAET cpe3 MOYBOIPYHTA, a IIyOHHA KOJICH YBEIMYHUTCS 3a CUET OyKCOBaHMS
MalluHbBl Ha MecTe. [Ipy MeHbIIeM CONPOTHBICHUU [BMKEHHIO, HAalpuUMep IpH
¢, = 0,3, mpoxoaumocTh obecrneunBaercs npu W > 0,3. Takum obpazom, kodddurm-
eHT OykcoBauus coctaBuT S =~ 0,014. Koaddurmuent OykcoBanust S MOXXHO paccMa-
TPUBATh KaK «MEpPy OTBETHOM peakLnu» IOYBOIPyHTA HA KAacaTeJIbHOE HAIIPSKEHNUE,
BBI3BAHHOE JBIKUTEJIEM, PEOIOJICBAIOLINM COIIPOTUBICHUE IBIKEHHUIO.

Raxnouenue

BeImonHeHHbIe pacyeThl TOKa3aliH, YTO YHCIOBBIC OICHKH Kod(hduImeHTa
CLICIUICHNS, IOJTyYSHHBIE C YIETOM M 03 yueTa 3aTyXaHusl CABUTOBOU Je(hopManuH,
COIIACYFOTCSI M X OTHOCHUTEINBHBIE pa3innyusi HeBelduKu. OHAKo Ba)KHO OTMETHUTD,
YTO 10 MEpe YBEJIMYCHUSI 11ara IPyHTO3alleNa OLEHKH CLeryIeHns: 0e3 yJyera 3aTyxa-
HUSI MOHOTOHHO BO3pacTaroT. Takum o0pa3zoM, 1Jisl iara TpyHTo3alena nocieaoBaia
OBl peKOMEH/IAIHs O er0 MaKCUMAaJIbHO BO3MOKHOM YBEIHYCHUH, YTO COMHHUTEIILHO
C TOUKHM 3peHus (PU3UKH mporecca.

Pe3ynbrarsl, HOy4eHHBIE C HCIIOJIB30BAaHUEM TIpeIaraeéMbIX (GopMys1, TpUHH-
MAaroLIMX BO BHUMaHUE 3aTyXaHHE CIBUTOBBIX JIe(OpMALUii B IIOYBOTPYHTE, MTO3BO-
JSIFOT BBIIGIMTH AMANa30HBl M3MEHEHHUS 11ara, B KOTOPBIX OTMEYAIOTCSI MaKCUMaJIb-
HBIC pacyeTHbIC 3HaUCHHs cueruieHns. Hanpumep, npu kospduunente OyKcoBaHHs
0,05 makcumym HaOsrOmaeTcs npu mare B npeaenax 0,15-0,25 m. Takum o0pazom,
BBEJICHUE B MAaTeMaTHYECKyI0 MOJIEIb BBIPAXKCHHUSI, YUUTHIBAIOIICTO 3aTyXaHHUE, 1M0-
3BOJISIET BBISIBUTH KaUCCTBEHHO MHOW XapakTep (YHKIUH CLEIUICHHUS OT Iara M oT-
METUTh ONITHMAIILHYIO 00JIaCTh €ro 3HAYeHHH.

B pesynbrare uccienoBaHus CHEIUICHUS ¢ y4eTOM OyKCOBaHHSI JBHKUTEIS
MOXXHO 3aKJIIOYHUTh, YTO JUIS YTOUHEHHUS OLICHKH OMOPHON MPOXOIUMOCTH JIECHBIX
MallluH NOTPeOyroTCs NanbHelnme pa3padoTku. Ciemayer pa3BUTh MO, YUUThI-
BaIOIINE KaK COMPOTHBIICHNE MTOYBOTPYHTA 00Pa30BaHMIO KOJIEH, TaK H COCTABIISIFO-
IIyI0 COTPOTHBIICHHS JBIKCHUIO, CBI3aHHYIO C JMIIKOCTBIO IPYHTA. TO 0COOCHHO
Ba)KHO JUIS TYCEHHYHBIX MAIINH — IUIOLIA/Ib IITHA KOHTAKTa I'yCEHHIIBI C TOYBOTPYH-
TOM 3aMEeTHO OOJIbIlIe, YeM KoJleca.

[lpu Hanuunu BepUPHUUIMPOBAHHBIX MOAEIEH, MPOTHO3UPYIOMIUX COINPOTHB-
JICHHUE JIBUKEHUIO, CTAaHET BOBMOXKHBIM MTPOBEICHHE TaTbHEHIIINX BEIYHUCITUTEIBHBIX
IKCIIEPUMEHTOB B 00JIACTH ONTHMHU3AIMH [TaPaMETPOB JIBHIKUTEIICH JICCHBIX MalllH
C Y4EeTOM TaKoro (hakTopa, KaK Iar rpyHTO3aleHoB.
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Abstract. Faced with the escalating crisis of global deforestation, including particularly
alarming rates in Sri Lanka, researchers have turned their attention to the potential of boron-
based preservatives for treating timber. The comprehensive study of the samples has revealed
a significant negative correlation between the treatability of timber under pressure and the total
area of vessels and wood density. Woods with fewer and smaller vessels are more receptive
to boron treatment, making them more suitable for preservation. The study also identified a
positive, though somewhat weak, correlation between treatability and the total ray area within
the wood, indicating that the internal structure of timber plays a crucial role in its preservation
potential. The timber during the research has been categorized based on the depth of boron
penetration, with categories ranging from fully penetrated to less than 5 mm. The findings
obtained suggest that boron preservatives offer a promising and sustainable alternative to
traditional timber treatment methods. By categorizing wood based on the treatability and
anatomical properties, we can optimize the treatment processes, thereby maximizing resource
utilization and minimizing waste. Thus boron-treated timber could become a cornerstone in
the fight against deforestation in future, providing a responsible and environmentally friendly
alternative to the untreated wood. In doing so, the research contributes significantly to the
preservation of our forests and the overall well-being of our planet, offering a promising
trajectory in sustainable forestry practices.
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Annomayus. Ha cerofHsIIHMIA IEHH OCTPO CTOMT MpobIeMa o0aTbHOr0 00€3JIECEHusI, eT0
TeMITbl 0c00eHHO TpeBokHBI Ha [lpu-Jlanke. DTuM 00y CIOBICHBI HCCIIEIOBAHMS TOTCHITHAIA
KOHCEPBAaHTOB Ha OCHOBE Oopa Iyt 00paboTKH JpeBecUHbI. BececToporHee u3ydeHne oopas-
I[0B BBISIBUJIO 3HAYMTEIILHYIO OTPULIATEIILHYIO KOPPEJISIIIUIO MEK/Ty IPOMUTHIBAEMOCTHIO JIpe-
BECHHBI TIOJT IABJICHUEM U OOIIIeH MJIO0IMAbI0 COCY/IOB, INIOTHOCTHIO JApeBeCcUHbI. J[peBecuHa
C MEHBIIMMHU KOJIUYECTBOM U 00BEMOM COCYJOB OKa3ajach 00jiee BOCIPHUMYHBON K 00pa-
60TKe OOPOM — U B CBSI3U C ITHM 00Jiee PUTOIHON [Tl KOHCepBaIuu. TakKe BBISBICHA XOTsI
U JIOCTATOYHO ¢J1a0ast, HO MOJIOKUTEIbHAS KOPPEIISIIIUS MEXK/TY TPOTUTHIBAEMOCTRIO U 00TIIEH
TUTOMIAJBIO JIyUel JPEBECUHBI, YKA3bIBAIOIIasi HA PEIIAIOILYIO0 POJIb BHYTPEHHEN CTPYKTYPBI
JIPEBECHHBI B COXPAHHOCTHU JIPEBECHUHBI B IIeJI0M. B X0Jie uccaenoBanus qpeBecuHa Karero-
PHU3UPOBaHA B 3aBUCHMOCTH OT TIIyOMHBI MPOHUKHOBEHHSI OOpa: OT MOJHOW /10 MEHEE 5 MM.
[MonyueHHbIE Pe3y/IBTAThl CBUIETEIBCTBYIOT O TOM, YTO OOPCO/IEpIKAIINE KOHCEPBAHTHI MPE/I-
CTaBJSIFOT COOOM MEPCHEKTHBHYIO U YCTONUUBYIO AbTEPHATHUBY TPAAUIHOHHBIM METOaM
00paboTku peBecunbl. KaTeropusanus qpeBeCHHbI [0 CTEIICHHU MPOMUTHIBAEMOCTH U aHATO-
MHUUYECKUM CBOUCTBAM OTKPBIBAET BO3MOXKHOCTD JIsl ONITHMHU3AIIUHU TIPOIECCOB 00pabOTKH ¢
MaKCUMAaJIbHBIM HCIIOb30BAHUEM PECYPCOB U MUHUMAIILHBIM KOJIMYECTBOM O0TX0/10B. Takum
o0Opasom, B OyayIeM aApeBecrHa, 00paboTaHHass 0OpOM, CIIOCOOHA CTaTh OCHOBOI B OOphOe
¢ obe3receHreM, IPEICTaBIIsIs COOO0M HAZIEKHYIO U DKOJIOTHUSCKH YUCTYIO AbTEPHATHURY He-
00paboranHoit fpeBecune. TeM caMbIM HCCIIEI0BAHUE BHOCHUT 3HAYMTEIILHBIN BKJIAJ B COXpa-
HEHUE JIECOB U 0011iee OI1aronoayvne iaHeThl, Mpeiaras MHOrOOOCIAONLYI0 TPACKTOPHIO
Pa3BUTHS YCTOWYHUBOTO JIECOBOJICTBA.
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Knrwouegvie crnosa: anarommyeckre 0cOOCHHOCTH, OOp, yepKaHHe XUMUKATOB, TNIOTHOCTB,
IIPOHUKHOBEHHE, KOHCEPBAHT, IIPOMKUTKA IT0J1 IABICHHEM, IPOITUTHIBAEMOCTb
brazooapnocmu: ABropbl BblpaxkaroT OnarogapHocts r-ny T. [Dkasnary, r-Hy Cypaxy Ilar-
XHpaHe, r-Hy AcaHke U r-Hy Humanre — 1abopaHTaM OT/ena UCCIeI0BaHUN, pa3BUTHS U 00y-
yeHus: [ocy1apCcTBEHHOM JIECHOM KOPIIOpAIMK — 3a TIOMOIIIb IIPU IPOBEJICHUN HCCIIEI0BAHUSL.
Oco0yto 01aronapHOCTh MPUHOCAT r-HY AMUIIC — COTPYAHUKY [0CyIapCTBEHHOM JIECHOU KOp-
ropaiuu B I. bocca — 3a TOMOIIIb B [OATOTOBKE 00Pa3IOB IPEBECHHBI M MX 00paboTKe 60pOoM.

/s yumuposanus: Bandara V., Alwis A., Bandara T., Muthumala C., Marikar F. Assessment
of the Boron Treatability Level of Lesser-Known Timber Species by the Impregnation
Method // 13B. By30B. JlecH. xypH. 2024. Ne 6. C. 160—174. https://doi.org/10.37482/0536-
1036-2024-6-160-174

Introduction

Timber, meaning “building material” in old English, is a specific type of
wood used in construction and engineering [5, 8]. It is highly valued for its low
heat transfer, strength, and lightness, but its high demand has led to shortages.
Traditionally, construction and wood products rely on natural timber, but this is
becoming increasingly scarce [1, 20]. The timber industry needs to find new types
of wood that do not come from natural forests, as natural forests are running out.
This can compromise safety and cause financial losses. The natural durability, design,
and protection measures applied to wood determine its lifespan [2, 10]. With proper
care, wooden objects like historical structures, instruments, and artifacts can last for
centuries.

Wooden elements like beams, cabinets, and flooring are widely used in
construction but are susceptible to decay from various factors like water, heat, and
microbes [6, 19]. Several factors can damage wood, including fungi, insects, bacteria,
marine animals, weather, wear and tear, and chemicals [3, 17]. Some of the insects
that harm wood include termites, carpenter bees, longhorn beetles, and ambrosia
beetles. Timber preservation involves treating wood with chemicals or other agents
to prevent or slow down its degradation by organisms or other factors [4, 14]. These
preservatives should be toxic only to specific target organisms (fungi, insects, etc.),
easily penetrate wood, remain stable over time, and not damage the wood itself.
Additionally, they should be affordable, readily available, and not increase wood
flammability. Depending on the intended use of the treated wood, additional properties
like odorlessness, colorlessness, and non-corrosiveness may be desirable. Three main
types of preservatives exist: oily, organic solvent-based, and water-soluble [11, 15].
Preservatives can be applied using non-pressure methods like brushing or dipping, or
through pressure processes.

There are two main ways to protect wood: treating it with chemicals
(preservation) or modifying its structure (modification). Preservatives have a long
history of success, extending the life of wood products and reducing costs by
minimizing repairs and replacements [7, 9]. They help protect wood from insects,
fungi, marine creatures, bacteria, fire, weathering, and harmful chemicals. Boron
protects wood from fungi, insects (like termites) and fire, making it a safe and effective
preservative for interior wooden products. Applied through pressure impregnation
using a 6 % boric acid equivalent solution, boron treatment offers reliable protection
[16, 18].
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Despite its sustainability credentials, timber faces challenges due to limited
resources of high-grade species and rising costs. Lesser-known timber presents a
potential alternative, however, difficulties in identification, lack of data on properties,
and poor grading hinder its wider adoption. Furthermore, these species are susceptible
to insect damage, necessitating the use of preservatives for their protection. In essence,
the utilization of lesser-known timber requires addressing identification issues,
enhancing property data, improving grading practices, and implementing effective
preservation strategies. This research successfully demonstrates the viability of using
boron treatment through the impregnation as a means to replace lesser-known timber
species, presenting a solution to the challenges associated with their treatment.

Research Objects and Methods

The study was conducted at the State Timber Corporation of Battaramulla
and the Timber Complex at Bossa since February 2023 until July 2023. In this
investigation, 20 lesser-known timber species (Table 1) have been selected that can
be used for construction and other purposes.

Table 1
Lesser-known timber species selected for the experiment
Common name Botanical name Family
Acacia Acacia mangium Fabaceae
Aladu Allaeanthus zeylanicus Moraceae
Arawkeriya Araucaria columnaris Araucariacea
Attikka Ficus racemosa Moraceae
Bora-Daminiya Grewia helicterifolia Malvaceae
Dunu-Madala Stereospermum personatum Bignoniaceae
Helamba Mitragyna parvifolia Rubiaceae
Katu-Boda Cullenia ceylanica Malvaceae
Kaha-Milla Vitex altissima Lamiaceae
Karaw Margaritaria indica Phyllanthaceae
Katu-Andara Dichrostachys cinerea Fabaceae
Kora-Kaha Memecylon umbellatum Melastomataceae
Kurumbettiya Syzygium rubicundum Myrtaceae
Maha-Kadol Rhizophora mucronata Rhizophoraceae
Maha-Nuga Ficus benghalensis Moraceae
Na-Imbul Harpullia arborea Sapindaceae
Path-Kela Bridelia moonii Phyllanthaceae
Pelan Bhesa ceylanica Centroplacaceae
Ruk-Aththana Alstonia scholaris Apocynaceae
Wana-Sapu Cananga odorata Annonaceae

Identification of the Wood Anatomy Using a Hand-Held Digital Microscope
with a Computer. Two sample blocks of the selected lesser-known timber species of
2x2x3 cm have been prepared and labelled. Authentication has been ensured in the
first stage by comparing the authentic timber samples. Cross-sectional timber samples
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have been identified using a hand-held digital microscope. Anatomical observations
have been made at 20 magnifications within 25 mm? areas using the photographs
taken with Micrometrics SE Premium 4 software. Paper cut into 25 mm? squares has
been used to determine 25 mm? areas. The identity of the wood has been confirmed
with the authentic timber sample data available from the State Timber Corporation,
Battaramulla.

Identification of the Wood Anatomy Using the Accu-Scope 3000 Series
Trinocular Microscope with a Camera. Two sample blocks of the selected species
of 2x2x3 c¢m have been taken to prepare the slides. The selected samples have been
soaked in water for two weeks before being prepared for slides. Using a microtome
(Model LEICA SM 2000R-SCHITTEN MIKROTOM), the specimens have been
taken from transverse, radial, and tangential sections of the samples in the range of
10-15 pum thickness.

Staining and Mounting. The wood sections have been dehydrated in 50 %
alcohol, then stained with safranin in 50 % alcohol to remove moisture and color.
Further dehydration involved washing in 70 and 90 % alcohol, followed by absolute
alcohol. After mixing with absolute alcohol and xylene, they have been kept in
absolute alcohol again. Finally, they have been kept in xylene and mounted on slides
using Canada balsam. After drying for 24 h, the prepared slides have been observed
under the microscope.

Anatomical Measurements. Under a 40x magnification light microscope,
anatomical measurements have been determined. The research division of the State
Timber Corporation has been used to obtain the anatomical photographs and their
measurements. Vessel diameter and vessels per 3.14 mm? have been measured in
the transverse sections, and ray height, ray width, and rays per 3.14 mm? have been
measured in the tangential sections of timber species using the prepared anatomy
photos. One set of slides from each species have been prepared and the measurements
have been taken for each sample. All the data of quantitative anatomical features have
been tabulated. Mean tangential vessel diameter: an average of 10 measurements has
been taken from the anatomical photos using Micrometrics SE Premium 4 software.
Mean ray height and ray width: an average of 10 measurements has been taken from
the anatomical photos using Micrometrics SE Premium 4 software.

The parameters have been calculated by:

Ray area = Width of ray x Height of ray; (D)
Total ray area = Ray area x Number of rays; 2)
Vessel area = n(Tangential vessel diameter / 2)2; 3)
Total vessel area = Vessel area x Number of vessels. 4)

Determination of the Wood Density. Two samples blocks of lesser-known
timber species of 2x2x2 c¢cm have been prepared, labeled, and cleaned to remove
saw dust, mud, or any other dirty particles. Wood density has been measured by a
densitometer and using the water displacement method (Archimedes’ law). The weight
of a water-filled beaker has been measured. A timber sample has been submerged in
water to a constant depth and the final weight of the beaker has been measured. The
timber samples have been oven-dried at 103 °C for 2 days until a constant weight has
been reached. After cooling in a desiccator, the dry weight of each sample has been
measured using an electronic balance (g).



Lesnoy Zhurnal = Russian Forestry Journal. 2024. No. 6 165

Calculating the Wood Density. Consistent procedure has been maintained for
each timber sample and density has been calculated by using the following equations:

Timber weight = Final beaker weight — Initial beaker weight; (5)
Density at 0 % moisture level = Oven dry weight of a timber sample /
/ Timber sample weight x Density of water (1,000 kg/m?); (6)
Density at 12 % moisture level =
= Density at 0 % moisture level x 112/ 100 kg/m3. 7

Boron Treatment through the Impregnation Method. The timber samples of
each species of 5x10%13 cm have been prepared and labeled for boron treatment.
Prior to treatment, the surfaces have been meticulously cleaned to remove sawdust
and any other contaminants. A moisture meter has been used to record the moisture
content of each sample at room temperature and 80 % relative humidity. Finally, the
samples have been weighed using a precision balance (A&D Weighing GF-3000) to
obtain their initial weights before boron treatment.

Boron Treatment through the Impregnation Process. Treatability has been
tested for the samples of lesser-known timber species having the thickness of 5 cm
and 10 cm and the length of 13 cm. Six replicates of each lesser-known timber species
have been tested with an 8 % borax and boric acid equivalent solution of boric acid
and borax in the ratio of 1 : 1.5 in a commercial treatment plant at Boossa Timber
Corporation. The treatment cylinder has had the length of 3 m and the diameter of
1.2 m. All the timber samples have been placed into the treatment cylinder with a full
load of sawn Pinus wood. The impregnation process steps have been as follows. The
timber sample has been placed into the treatment vessel and subjected to a vacuum
pressure of 635 mmHg for 20 min, removing air for deeper preservative penetration.
A heated (60 °C) boron preservative has then been added to the vessel, its warmth
facilitating smoother flow and better wood absorption. Next, the vessel has been
pressurized to 12 bar for 45 min, effectively forcing the preservative into the wood.
Removing excess preservative, a final 45-minute vacuum of 635 mmHg has ensured
complete extraction. Now, treated with the boron preservative, the timber sample has
been ready for its protected life.

Determination of the Chemical Retention. Retention is the amount of chemical
preservatives that are kept in a unit volume of wood, which is measured in kilograms
per cubic meter. Then the weight gain has been obtained and the chemical retention
calculated by following the equation:

Chemical Retention (kg/m?) = G-C -103/ V, (8)
where G — the amount of the solution absorbed by timber that is calculated by 7,-T;
T, — the weight of wood after the impregnation (g); 7, — the weight of wood before
the impregnation (g); C — the solution concentration as percentage; V' — the volume
of the sample (cm?).

Determination of Boron Penetrability. To uncover the penetration depth of
a preservative, a turmeric solution has been applied, revealing bright yellow areas.
Subsequently, treating these yellow zones with a salicylic acid solution triggers
a color shift: yellow turning to red signifies the presence of boron, indicating the
preservative’s penetration depth. This simple method provides a visual indicator of
the preservative’s effectiveness.
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Results and Discussion

Moisture Content. The moisture content of wood, expressed as a percentage of
its dry weight, reveals the actual amount of water it contains. Before undergoing any
treatment, wood typically requires its moisture content lowered to an acceptable range
of 10-25 %. As shown in Fig. 1, the average moisture content varied considerably
among the 20 different timber species analyzed. Interestingly, Harpullia arborea (Na-
Imbul) possessed the lowest average moisture content, while Rhizophora mucronata
(Maha-Kadol) exhibited the highest. This information highlights the diverse moisture
levels inherent in different wood species. Understanding the wood moisture content
is crucial for ensuring its long-term performance and durability. While managing
moisture content without boron treatment is possible, it requires careful consideration
of environmental factors and implementation of the appropriate control measures.
Boron treatment offers a valuable solution for regulating moisture content, providing
numerous benefits for wood preservation and enhancing its stability and resistance
to decay.

4'_!_._'_._! !_. [ ] e
9 11 13 15 17

19 21

Mean Moisture Content /o)

Fig. 1. The moisture content of timber samples

Fig. 1 shows that the moisture content ranges from 9 to 21 %. The mean
moisture content is 10 %.

Density. Wood density, the dry mass per unit volume, is a crucial property
that significantly influences various wood characteristics, including strength,
stability, durability, and fire resistance. While it exhibits inherent variation across
different species, it also changes dynamically throughout a tree’s developmental
stages. Wood density, the dry mass per unit volume, varies depending on the tree’s
stage of development and can be seen as a range for a specific timber species.
Fig. 2, calculated using densitometers and water displacement, shows the diverse
mean densities of lesser-known timber species, with Memecylon umbellatum (Kora-
Kaha) exhibiting the highest and Cananga odorata (Wana-Sapu) the lowest. This
information underscores wood density’s role in selecting suitable wood for specific
applications. Understanding the variation in wood density with tree development is
crucial for various applications. It allows for the selection of the appropriate wood
for specific uses, optimization of forest management practices, and development of
effective wood processing techniques [12].

200.0 400.0 600.0 800.0 1000.0 1200.0
Mean Density 12%MC (kg/m 3)

Fig. 2. The density of timber species
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Fig. 2 shows the Mean Dencity 12 % MC (kg/m?). The mean density is 12 %
and it is difficult to say whether the data is symmetrical or skewed. The range varies
from 9 to 21 % with a range of 12 %.

Development of the Classification Scale for Boron Retention. Highest boron
retention has been recorded from Cananga odorata (Wana-Sapu) and the lowest
boron retention has been recorded from Bridelia moonii (Path-Kela). Based on
the degree of treatability, 20 species of lesser-known timber have been chosen and
categorized into 4 groups: very difficult, moderately difficult, easy and very easy to
treat. Similar grading ratings for treatability have also been produced in a prior study.
It is preferable to create a categorization scale with 4 categories due to the simplicity
of chemical application and application method.

Chemical retention classification has been prepared as follows (classes):

1) boron retention less than 3.5 kg/m?® — very difficult to treat: Grewia
helicterifolia (Bora-Daminiya), Harpullia arborea (Na-Imbul), Bridelia moonii
(Path-Kela);

2) boron retention in between 3.5 and 7 kg/m? — moderately difficult to treat:
Acacia mangium (Acacia), Stereospermum personatum (Dunu-Madala), Vitex
altissima (Kaha-Milla), Margaritaria indica (Karaw), Dichrostachys cinerea (Katu-
Andara), Memecylon umbellatum (Kora-Kaha);

3) boron retention in between 7 and 15 kg/m3— easy to treat: Allaeanthus zey-
lanicus (Aladu), Syzygium rubicundum (Kurumbettiya), Rhizophora mucronata (Ma-
ha-Kadol), Bhesa ceylanica (Pelan);

4) boron retention higher than 15 kg/m3— very easy to treat: Araucaria colum-
naris (Arawkeriya), Ficus racemose (Attikka), Mitragyna parvifolia (Helamba), Cul-
lenia ceylanica (Katu-Boda), Ficus benghalensis (Maha-Nuga), Alstonia scholaris
(Ruk-Aththana), Cananga odorata (Wana-Sapu).

The following categories have been used to classify 20 species under study.

Relationship between the Boron Treatability and Density. Using the
densitometer and the water displacement method, density has been achieved and the
values compared. Those values have been nearly similar. Depending on the stage of a
tree growth, the density might change. Fig. 3 has shown that there has been a strong
negative relationship between the density and boron retention.

R Linear = 0.399
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Fig. 3. The relationship between the boron treatability and density
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Relationship between the Boron Treatability, Total Vessel Area and Total Ray
Area. Various types of wood have different numbers, positions and sizes of rays and
vessels. Table 2 has shown the Pearson correlation values and probability values of
boron retention with the total vessel area and total ray area.

Table 2
The anatomy measurements of lesser-known timber species
Vessels Rays
Common d’M €an | Number | Total area Mf:an Mean Number | Total area
name iameter 5 height width )
per per mnr per per mm
(pm), | o, (um?) (um), (pm), | 2, (um?)
N=10 N=10 N=10
Acacia 130.76 7 98400.97 | 208.28 14.20 26 | 76294.89
Aladu 104.86 4 38520.42 | 454.08 27.79 9 112508.12
Arawkeriya 0.00 0 0.00 341.10 21.44 7 48905.27
Attikka 101.55 4 30964.14 | 401.30 40.39 11 [185835.18

Bora-Daminiya | 69.50 36 | 136570.86| 345.55 21.08 23 |169344.43
Dunu-Madala 145.60 6 100787.20| 298.55 33.40 9 88927.64

Helamba 113.40 13 |128701.26| 534.81 31.62 7 113097.85
Kaha-Milla 128.25 5 61733.47 | 314.61 30.00 15 |138246.40
Karaw 87.11 18 104424.84| 956.40 43.40 6 264404.51
Katu-Andara 71.53 15 60167.33 | 545.78 26.34 17 |238027.44
Katu-Boda 150.33 4 73511.98 | 828.11 48.73 9 [346978.78
Kora-Kaha 30.12 63 44726.90 | 124.65 9.00 129 |144698.42
Kurumbettiya 88.95 10 61377.35 | 634.46 18.10 15 |175558.20
Maha-Kadol 54.47 19 | 44538.67 | 1362.57 51.43 4 |267809.50
Maha-Nuga 196.18 2 57781.83 | 644.77 63.93 9 [367583.10
Na-Imbul 125.36 1 15730.43 | 337.80 17.98 32 |195329.80
Path-Kela 100.31 14 |108270.27| 522.84 44.48 9 199966.40
Pelan 77.37 11 5242347 | 411.03 27.04 7 74320.16
Ruk-Aththana 136.10 6 88062.72 | 503.29 35.99 12 |213460.30
Wana-Sapu 218.07 2 83293.09 | 1281.45 55.85 3 ]205126.40

The relationship between the retention and total vessel area has been negative
(Fig. 4), while the relationship between the retention and total ray area has been
positive (Fig. 5).

Anatomical Measurements of Lesser-Known Timber Species Taken by
Micrometrics Premium 4 Software. The highest mean diameter of vessels has been
registered in Ficus benghalensis (Maha-Nuga), but there are only 2 vessels per mm?.
The lowest mean diameter of vessels has been registered in Memecylon umbellatum
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(Kora-Kaha) but it has the highest number of vessels per mm?2. Grewia helicterifolia
(Bora-Daminiya) has the highest mean total vessel area, whereas Harpullia arborea
(Na-Imbul) has the lowest mean total vessel area. Araucaria columnaris (Arawkeriya)
vessel area is zero. Because Arawkeriya is a softwood tree, it does not have vessels.
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Fig. 4. The relationship between the total vessel area and boron retention
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Fig. 5. The relationship between the total ray area and boron retention

Rhizophora mucronata (Maha-Kadol) has the highest mean height of rays,
but there are only 4 rays per mm2. The lowest mean height and width of rays has
been registered in Memecylon umbellatum (Kora-Kaha), but it has the hightest
number of rays per mm2. The highest mean width of rays has been registered in Ficus
benghalensis (Maha-Nuga), but there are only 9 rays per mm2. Ficus benghalensis
(Maha-Nuga) has the highest mean total ray area, whereas Araucaria columnaris
(Arawkeriya) has the lowest mean total ray area (Fig. 6).

The effectiveness of boron-based wood preservatives depends heavily on the
penetration depth of the boron compound into the wood structure. This penetration
determines the extent of protection against decay and other biological attacks. Currently,
no standardized classification system specifically exists for boron penetration in
wood. Developing a reliable and consistent classification scale for boron penetration
offers several advantages. Enhanced evaluation is a key factor and a standardized
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scale allows for objective and consistent assessment across different laboratories,
reducing subjectivity and ensuring data accuracy. Improved communication as a
common language for describing boron penetration facilitates communication and
collaboration between researchers, wood treatment professionals, and end users.
Treatment processes can be optimized by accurately measuring penetration depth
to achieve the desired level of protection while minimizing boron usage [13].
Table 3 explains the development of classification for penetration of boron. It is a

novel concept to the classification scale for penetration of boron.

Acacm mangium (Acacia)

Araucaria columnaris (Arawkeriya)

Ficus racemose (Attikka)

Grewm he!mfenfﬂiw (Bora-Daminiya)

Dichrostachys cinerea (Katu-Andm)

CuIIema ceyIc:rmca {Katl.l Bnda.}
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[ ]
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Ficus benghalensis (Maha-Nuga)
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Bridelia moonii (Path-Kela)

Bhesa ceylanica (Pelan)
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Fig. 6. The microscopic photos of lesser-known timber species (photographic

representation of anatomical

features of the transverse section (T.S)

in the left hand panel, the tangential longitudinal section (T.L.S) in the middle panel
and the radial longitudinal section (R.L.S) in the right hand panel)
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Table 3

The development of the classification scale for penetration of boron

Penetration category Timber species

Fully penetrated
Rhizophora mucronata (Maha-Kadol)

Allaeanthus zeylanicus (Aladu)
Araucaria columnaris (Arawkeriya)
Ficus racemose (Attikka)

NPy o Mitragyna parvifolia (Helamba)
"%@"’% N "o-: '% K 4 % Cullenia ceylanica (Katu-Boda)

i 5 “ Syzygium rubicundum (Kurumbettiya)
Ficus benghalensis (Maha-Nuga)
Bhesa ceylanica (Pelan)

Alstonia scholaris (Ruk-Aththana)
Cananga odorata (Wana-Sapu)

Partially penetrated
(penetrated more than 5 mm
but not fully) Acacia mangium (Acacia)

Stereospermum personatum (Dunu-Madala)
] Margaritaria indica (Karaw)

Vitex altissima (Kaha-Milla)

Dichrostachys cinerea (Katu-Andara)

oy, %, %, %‘4,%;%% Memecylon umbellatum (Kora-Kaha)
O%é '//q %'é

Penetrated less than 5 mm

Harpullia arborea (Na-Imbul)
Bridelia moonii (Path-Kela)
Grewia helicterifolia (Bora-Daminiya)

Effectively managing boron treatment in wood preservation requires reliable
methods for evaluating the retention and penetration of the boron compound within
the wood structure. This is crucial for ensuring the desired level of protection against
decay and other biological attacks. Currently, there is no standardized classification
scale specifically for boron retention and penetration in wood. The existing methods
rely on qualitative descriptions or semi-quantitative scales, which can be subjective
and lack precision. This can lead to inconsistencies in treatment evaluation and
hinder effective decision-making. In this study a 4 tier classification system has
been developed (Table 4). By addressing these considerations and engaging in
collaborative efforts, the development of a robust classification scale for boron
retention and penetration can significantly contribute to the advancement of wood
preservation technologies and ensure the long-term durability and performance
of wood products.
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Table 4

The development of the classification scale for retention and penetration of boron

Boron Abilit Boron
Class | retention Y Lesser-known timber species penetration
to treat
(kg/m?)
Less than Yery Grewia fzeltctertfolla (Bora-Daminiya) Penetrated less
01 35 difficult | Harpullia arborea (Na-Imbul) than 5 mm
’ totreat | Bridelia moonii (Path-Kela)
Acacia mangium (Acacia) Partially
Stereospermum personatum enetrated
Inbe- |Moderately | (Dunu-Madala ) (p enetrated
02 tween difficult | Vitex altissima (Kaha-Milla) P
o more than
3.5-7 totreat | Margaritaria indica (Karaw)
. . 5 mm but not
Dichrostachys cinerea (Katu-Andara) fully)
Memecylon umbellatum (Kora-Kaha) y
Allaeanthus zeylanicus (Aladu)
In be- . . .
03 tween Easy Syzygium rubicundum (Kurumbettiya)
to treat | Rhizophora mucronata (Maha-Kadol)
7-15 .
Bhesa ceylanica (Pelan)
Araucaria columnaris (Arawkeriya) Fully
Ficus racemose J([Alttik(ka)l b penetrated
. Mitragyna parvifolia (Helamba
04 tI}{l;ihf ; Vg};reez:y Cullenia ceylanica (Katu-Boda)
Ficus benghalensis (Maha-Nuga)
Alstonia scholaris (Ruk-Aththana)
Cananga odorata (Wana-Sapu)

Forest stands, defined as a group of trees with similar characteristics, exhibit
a complex interplay between tree age, growing conditions, density, and ultimately,
their homogeneity. The stands with a single age class and consistent growing
conditions, like fertile soil and ample water, tend to be more homogeneous.
However, the competition for resources in dense stands creates variations in their
size and health, reducing uniformity. Foresters can manipulate density through
thinning to promote a more even stand, but perfect homogeneity is not always
desirable. A balance between some variation, which fosters a resilient ecosystem,
and a degree of uniformity, which can be beneficial for timber production, is often
the target for sustainable forest management.

Conclusion

Lesser-known timber species have been categorized into four groups for boron
treatability known as class 01 — very difficult to treat (retention less than 3.5 kg/m?);
class 02 — moderately difficult to treat (retention in between 3.5 and 7 kg/m3); class
03 — easy to treat (retention in between 7 and 15 kg/m?); class 04 — very easy to treat
(retention higher than 15 kg/m?). According to the above classification seven lesser-
known timber species such as Araucaria columnaris (Arawkeriya), Ficus racemose
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(Attikka), Mitragyna parvifolia (Helamba), Cullenia ceylanica (Katu-Boda), Ficus
benghalensis (Maha-Nuga), Alstonia scholaris (Ruk-Aththana) and Cananga
odorata (Wana-Sapu) belong to class 03 — very easy to treat. Lesser-known timber
species have been categorized into three groups according to boron penetration level.
Those are fully penetrated, partially penetrated (penetrated more than 5 mm but not
fully) and penetrated less than 5 mm. Comparing the two classifications together,
species in class 01 belong to the group of those penetrated less than 5 mm, species
in class 02 belong to the group of partially penetrated ones, and species in classes 03
and 04 belong to the group of fully penetrated ones. The relationship between the
treatability and wood density has been a strong negative linear one. The relationship
between the treatability and total ray area has been positive, while the relationship
between the treatability and total vessel area has been negative. Both relationships
have been weak.
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Annomayus. PaboTocriocOOHOCTh JICHTOYHON MBI B 3HAYUTEIBHON CTETICHN ONpeesIeTcs
€€ yCTOWYINBOCTBIO H JI0JATOBEYHOCTHIO — BO3MOKHOCTBIO JUITMTENIFHO COXPAHSTh IKCILTyaTalu-
OHHBIE CBOWCTBA ITOJ1 BIAMSHUEM BHEIIHUX U BHYTPEHHHX (DAKTOPOB 10 HACTYIIICHHS TIPEEIIb-
HOT'O COCTOSTHHS, 3aKaHYMBAIOIIETOCS OTEPEH YCTOWINBOCTH M Pa3pyIICHUEM TIOJIOTHA MTHJIbL.
B mpomecce paboThI OIOTHO JEHTOYHOM MAIBI TOBEPTAcTCs CIOKHOMY BO3ICHCTBHIO CHIIO-
BBIX M TEMITEPaTypPHBIX (DAKTOPOB, KOTOPBIE M3MEHSIOT €€ HAIIPSHKEHHOE COCTosTHME. J{onroBeu-
HOCTb M YCTOIHUYMBOCTb JICHTOUHOM ITMJIBI 3aBUCAT OT BEIMYMHBI U XapaKTepa pacipeieleHus
CYMMapHBIX HalpsDKEHHH B HanOoJIee Harpy>KeHHOM ITOTIEPEYHOM CEUYeHNH 1oI0THaA. HTorosoe
HaIpsDKCHNE Ha YYacTKe TOJIOTHA, OTPEACIIIEMOM MONEPEIHBIM CEUCHNEM, CKIIA/IBIBACTCS M3
BHYTPEHHHX HaNPsDKEHUH 1 HANPSDKEHUH OT BHEIITHNX CHJT: HATSHKEHMS MTHJIBI, M3TH0a MOJIOTHA
Ha IMIKNBAX, JICHCTBUS LEHTPOOSKHBIX CHJI, BAJILIIEBAHUS MIOJIOTHA, HArPEBa MOJIOTHA, HAKIIOHA
IIKWBOB, CHJI PE3aHHS, IPOUNX HEYITCHHBIX HAIPsHKEHNH. MHOTOUHMCICHHBIMH HCCIIET0BAHNS-
MH YCTaHOBJIEHO, YTO pa3pyIlICHUE JIEHTOIHBIX ITHJI HOCUT YCTAIOCTHBIN XapakTep, 00yCIIOBIH-
BaeMblii B OCHOBHOM aKKyMYJISILIMEH HapsHKEHUH B IOJIOTHE IIWJIBI ITOJ] BO3JEHCTBUEM HIOCTO-
SIHHBIX CIJI HATSDKEHMS TIOJIOTHA M TIEPEMEHHOTO [UKIMIECKOTO HANPSDKEHHS N3ruoa 1mojaoTHa
Ha mKkuBax. OIHUM U3 HapaBJICHNI TTOBBIIIEHNS JOJITOBEYHOCTH JIEHTOYHOM MUIIBI SIBIISICTCS
YMEHBIICHNE aMIUIUTY/bl IUKIMUECKNX HAMPSHKCHUH N3rnoda B IMOJIOTHE CO3AaHUEM BHYTPEH-
HHX KOMIIEHCHUPYIOIINX KOHTPHAITPABJICHHBIX HANPSUKEHUH. B pe3ynbrare MpuBEeIEHHOTO B CTa-
ThE aHAJIN3a CIIOCOOOB CO3JaHMsI BHYTPEHHNX KOMIECHCHPYIOIINX HANPSHKEHUH B JICHTOUHOH
TIHJIE MEXaHMYECKUM MITN ATTUTEIBHBIM BBICOKOTEMITEPATYPHBIM BO3/ICHCTBUEM Ha BCE TOJIOTHO
MIHJIBI OTMEYEHO, YTO TaKHME TOIXObl OTPAHUIHNBAIOT JIOITOBEYHOCTh HHCTPYMEHTA, CHIKAIOT
TBEPAOCTh MaTepralia ¥ CTOWKOCTh peKyIeld KpoMKH 3y0a. [Ipemmoxeno popmupoBars moss
BHYTPEHHHMX OCTATOYHBIX KOMIIEHCHUPYIOIINX HAIPSHKCHUI B MOJIOTHE JICHTOYHOM MBI Te-
TI0(U3MIECKUM BO3/ICHCTBHEM, 3aKITIOUAFOIINMCS B CO3/IaHNH JIOKAJIBHBIX MOJICH OCTATOYHBIX
HaNpsDKeHUH B TIOJIOTHE IMHIIBI KPATKOBPEMEHHBIM (1—2 ¢) KOHIICHTPHPOBAHHBIM TETUIOBBIM
BO3/ICHCTBHEM Ha MaCCHB YEPEIYIONIMXCS MTOTIEPETHO PACIIONOKEHHBIX TI0 TTOJIOTHY MHJIBI MHU-
HHIIOIOCOBBIX yJaCTKOB.
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Abstract. The performance of a band saw is largely determined by stability and durability — the
ability to maintain operational properties for a long time under the influence of external and
internal factors until the onset of a limiting state, ending with loss of stability and destruction
of the saw blade. During operation, the band saw blade is subject to the complex effects of
force and temperature factors that change its stress state. The durability and stability of a
band saw depends on the magnitude and nature of the distribution of total stresses in the most
loaded cross-section of the blade. The final stress on the section of the blade, determined by
the cross section, is the sum of internal stresses and external forces: saw tension, bending of
the blade on the pulleys, centrifugal forces, blade rolling, blade heating, pulley tilt, cutting
forces, and other unaccounted stresses. Numerous studies have established that the destruction
of band saws is of a fatigue nature, caused mainly by the accumulation of stresses in the
saw blade under the influence of constant blade tension forces and alternating cyclic bending
stress of the blade on the pulleys. One of the ways to increase the durability of a band saw is to
reduce the amplitude of cyclic bending stresses in the blade by creating internal compensating
counter-directional stresses. As a result of the analysis given in the article of the methods
for creating internal compensating stresses in a band saw by mechanical or long-term high
temperature exposure to the entire saw blade, it has been noted that such approaches limit the
durability of the tool, reduce the hardness of the material and the durability of the cutting edge
of the saw tooth. It is proposed to form fields of internal residual compensating stresses in the
band saw blade by thermophysical effect, which consists in creating local fields of residual
stresses in the saw blade by a short-term (1-2 s) concentrated thermal action on an array of
alternating mini-strip sections located transversely along the saw blade.

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


https://www.webofscience.com/wos/author/record/758633
https://orcid.org/0000-0002-2583-3012
https://publons.com/researcher/ABE-7412-2020/
https://orcid.org/0000-0002-2008-7073
https://www.webofscience.com/wos/author/record/1456500
https://orcid.org/0000-0001-5731-7517
https://publons.com/researcher/A-5693-2019/
https://orcid.org/0000-0001-6210-5631
mailto:i.solovev@narfu.ru
mailto:e.sazanova@narfu.ru

Lesnoy Zhurnal = Russian Forestry Journal. 2024. No. 6 177

Keywords: band saw, mini-strip section, induction heating, thermoplastic stresses, durability,
stability

For citation: Melekhov V.1., Solovev LI., Sazanova E.V., Ponomareva N.G. Improving
the Performance of Band Saws by Local Thermophysical Effects on the Blade.
Lesnoy Zhurnal = Russian Forestry Journal, 2024, no. 6, pp. 175-183. (In Russ.).
https://doi.org/10.37482/0536-1036-2024-6-175-183

Beeoenue

Ha neHTOYHONMMIBHBIX CTAHKAaX PACKpPOHl IPEBECHBIX COPTUMEHTOB IPOU3-
BOJST IBMKYIICHCS TOHKOM CTaJbHON OECKOHEYHOH JICHTOH ¢ 3y0uaroll KpOMKOMA,
YCTaHOBJICHHOH Ha IKKBax. Pab0oTOCIIOCOOHOCTh JICHTOUHOW MUJIbI B 3HAYUTEITBHON
CTETICHH OTIpPE/IETSIeTCs] €€ YCTOMYMBOCTBIO M JIOJTOBEYHOCTHIO — CBOWCTBOM HH-
CTPYMEHTa JJIUTEIHHO COXPAaHITh PabOTOCTIOCOOHOCTH MO ACHCTBHEM BHEUTHUX H
BHYTPEHHUX (DaKTOPOB /10 HACTYIUICHUS TPEAETHHOTO COCTOSHUS, TIPUBOJIAIIETO K
MOTEpE YCTOMUMBOCTH U Pa3pyLICHUIO MOJOTHA MUJIBL.

[Ipu pabGoTe MOJOTHO JIEHTOYHOM MWJIBI IOJIBEPraeTCsl CIOXKHOMY BO3JCH-
CTBHIO CHJIOBBIX M TEMIEpaTypHbIX (aKTOPOB, HM3MEHSIOIIMX €€ HampsHKEHHOE
cocTosiHue. [|0JAroBeYHOCTh U YCTONYMBOCTH JIGHTOYHOM MHJIBI OTIPENEeNsIIOTCS Be-
JUYUHOW W XapakTepoM pacIipe/ieieHns] CyMMapHBIX HalpsDKeHUH B HanOoJjee Ha-
rpy>KEHHOM IMTONEPEYHOM CEUEHUU MOJI0THA. ITOroBO€E HANPS)KEHUE HA 3TOM YYaCTKe
MOJIOTHA CKJIAABIBACTCA M3 BHYTPEHHUX HANPSIKEHUN U HANPSKEHUH OT BHEIIHHUX
CHWJI: HAaTSDKEHUS ITUIIBI, U3rM0a MOJIOTHA HA MIKUBAX, JCUCTBUS [IECHTPOOSIKHBIX CHJI,
BaJIbIIEBAHNUS IOJIOTHA, HarpeBa IMOJOTHA, HAKJIOHA IIKUBOB, CHUJI PE3aHHUs, POUUX
HEYYTEHHBIX HarpspkeHuit [5, 14].

[IpoBeneHHBIMU paHEE UCCIEIOBAHUSIMH YCTAHOBIICHO, YTO pa3pyIICHUE JICH-
TOYHBIX MU HOCUT YCTaJOCTHBINA XapaKTep, ONpeAeieMbld B OCHOBHOM AKKyMYJIsl-
LYel HaNpsHKEHUH B MOJIOTHE MUJIBI IO BO3ICHCTBUEM OCTOSIHHBIX CHUIT HATSXKEHUS
MOJIOTHA ¥ MEPEMEHHOTO IMKINYECKOr0 HANpsDKEHHUS M3ru0a MOJOTHA Ha MIKHBAX.
BenuurHa MOCTOSHHBIX U IMKJIMYECKUX HaNpsKEHUH B 3aBUCUMOCTH OT Pa3MepoB
CEYeHUs MOJIOTHA, Ka4eCTBA U3TOTOBIICHUS U ITOJITOTOBKHU MHJIIBI MOXKET U3MEHSATHCS B
npenenax 50-100 u 180-300 MIIa cooTBeTcTBEHHO U B 1esIoM coctasisier 6075 %
OT O0IMX HaNpsDKEHUH, BO3HUKAIOIINX B TIOJIOTHE TIHITHI [ 5, 6, 8, 14].

CymMmapHast BeIMUMHA HAMPSKEHUH B IMOJOTHE MUJIbI HE TOJIKHA MPEBBIIIATH
npeaes yCTaJoCTHOM MPOYHOCTH MaTepHaia MoJoTHA, KOTOPBIN MpH KodpdHULreHTe
3amaca npoyHocT k = 2 cocranisietr 360-500 MIla [1-4].

Luknudeckre HampsHKeHUs U3ru0a B IMOJIOTHE ONPENENSIOTCS U3 COOTHOIIIE-
Hus [14] E S

or = D+s’

rae £ — MOIyNb yIPYTOCTH; § — TOJIIIWHA MUJBL; D — AMaMeTp IIKUBOB.

YMeHbIIIeHUE IUKIMYSCKUX HAMPSHKEHUH U3ru0a B MOJIOTHE MOXKET OBITh J10-
CTUTHYTO YBEJIMUYCHHEM JHaMeTpa IIKUBOB [, YMEHBIICHHEM TOJIIUHBI MOJOTHA
MUJIBI § WK TIPUMEHEHHUEM CTaJIeH C YIyUIICHHBIMUA XapaKTePUCTHUKAMM, YTO I103BO-
JISTET TIOBBICUTD JOJITOBEYHOCTD MTHIIBI [ 11].

Poct nnamerpa IMIKUBOB yBETHUUBACT METAITIOEMKOCTh U rabapuThl 000pyI0-
BaHUs. [Ipy yMEHBIIIEHUU TOJIIMHBI THJIBI § CHUYKAETCS )KECTKOCTh U YCTOMYUBOCTH
WHCTPYMCHTA.
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I®. IIpoxodres u .M. MBankun [13] pazpaboTanu KOHCTPYKLHUIO CTaHKA C
MWIOH, JBWKYIIEHCS MO KPUBOJMHEHHBIM OCCKOHTAKTHBIM adpOCTaTHYECKUM Ha-
MPABJISIFONIMM C OOJIBIIAM PayCOM KPHUBH3HBI, YTO MMO3BOJIMIIO 3HAYUTEIHLHO CHU-
3UTh HAIPSDKEHUS] U3ru0a B IOJIOTHE.

OnHUM M3 HampaBiICHUH MOBBILEHUS JOITOBEYHOCTH JIGHTOUHOM IHJIBI
SIBIISIETCS. YMEHBILECHHE aMIUIUTYAbl HUKINYECKUX HANpPSHKCHUH M3rnda B IOJIOTHE
CO3/IaHUEM BHYTPEHHUX KOMIICHCUPYIOIIUX KOHTPHANpPABJIEHHBIX HAIPSKEHUH.
A.®. [lyneBud u np. [7] NpeAToKUIN METONl CO3MaHUS TaKUX HAMPsDKCHUN B Ha-
PYXHBIX CITOSX JICHTOYHOHN MUJIBI 32 CUET MPEABAPUTEIHLHOTO YIIPYTOIIIACTHYECKOTO
neGopMUpOBaHUs MOM0THA. JIeHTOuHAas nujia 0OKaThIBACTCSl POJIMKAMHU Ha IIKHUBAX
C MEHBILIUM, YeM y paboyvero LIKUBA, AUAMETPOM C CO3JaHMEM MEXaHHMYECKUX Ha-
MPSDKEHUH OT M3rnba BO BHELIHMX CIIOSIX MOJIOTHA, MPEBBIIIAIONINX HPEeAet TeKyye-
CTH MaTrepuaa, 1 00pa30BaHUEM OCTATOUHBIX HANPSDKEHUH cokaTus. [1o10THO MBI
MIPUHUMAET OIpPEeeeHHBIN MEHBIIIUM IIIKHUBOM PaJilyC KPUBU3HBI, U TIPU YCTAHOBKE
MBI Ha pabovre MKUBBI CTAHKA OCTATOYHBIC HANPSHKCHUS CKATHS B TIOBEPXHOCT-
HBIX CJIOSIX TTOJIOTHA KOMIIEHCUPYIOT HAPSDKEHUS U3T10a B IIOJIOTHE, CHIDKAS PE3YJlb-
TUPYIOLIME HANPSKEHUS! U CIIOCOOCTBYS MOBBILMICHUIO JOITOBEYHOCTH Iuiibl. Of-
HOBPEMEHHO CJIelyeT YYHUThIBaTh, YTO MEXAaHUYECKOE KOHTAKTHOE BO3/ECHCTBUE Ha
MOJIOTHO MUJIBI POJTUKAMHU C TUIACTUYECKOW Aedopmanueil MeTasia MOXKET BbI3BaTh
MEXaHHYECKOe IMMOBPEKCHNE MOJIOTHA U OTPAHUYHUTh JJOJITOBEYHOCTh MHCTPYMEHTA.

B.®. ®onkun u B.B. I'epacumoB [15] mpemiokuiau MpOBOAXUTH MOATOTOB-
Ky HWJIbHBIX JIEHT METOJOM TEPMUYECKOH OOpaOOTKH IOJIOTEH B MPEABAPUTEIBHO
ynpyro 1e(opMUPOBAaHHOM COCTOSIHMM, UCCIIEIOBAIN TUIACTHYECKOE J1e(hOPMUPOBa-
HUe (MCKpUBJICHHE) MOJIOTEH JEHTOUHBIX MW B AWAla30Hax TEMIIEpaTyp U Bpeme-
HU 500-600 °C u 5-20 MuH cooTBeTCTBEHHO. [Ipn ycTaHOBKE JIEHTOUHOM MUJIBI Ha
LIKMBBI MOJyYEHHBIE TIOCIe 00paObOTKH BHYTPEHHUE HANPSIKEHHUS MO3BOJISIOT CHU-
3UTh aMIUTUTYLy MUKIMYECKUX HAMPSHKSHUH M3ru0a, 9TO MPHUBOAUT K MOBBIIICHHUIO
BBIHOCJIMBOCTH JICHTOYHBIX ITHJI U CIIOCOOCTBYET YBEIUUEHHIO UX JOJITOBEYHOCTH.

ABTOpaMH CTaTbU NPEATIOKEHO (POPMHUPOBATH MOJISI BHYyTPEHHUX OCTATOUYHBIX
KOMICHCUPYIOIINX HANpsDKeHUH B TMOJOTHE JIGHTOYHOW MUIIBI TEIo(U3nIecKuM
MeToAoM [9], 3aKIro4aromuMcs B CO3/1aHUH JIOKAJIbHBIX MOJIEH OCTAaTOYHBIX Harps-
YKEHWH B MOJIOTHE MUJIBI KPATKOBPEMEHHBIM (1—2 ¢) KOHIIEHTPHUPOBAHHBIM TEILIIOBBIM
BO3/ICHCTBHEM Ha TIOMIEPEYHO PACTIONOKEHHBIE TI0 TTOJIOTHY MUJIBI MHHUIIOIOCOBBIE
y4acTKH. DT0 oOecreynBaeT paBHOMEPHOE PACHPEACICHUE KOMIICHCUPYIOIINX Ha-
MPsDKEHUH B MaTepHrajie MHCTPYMEHTA 110 BCEMY MAacCHBY MUHMIIOJIOCOBOTO Y4acTKa,
OJTHOPOAHOCTh CTPYKTYPBI IOJIEN HAMPSIKEHUI.

Lens — 000cHOBaHME MpeATaracMoro METO/a MOBBIIEHHS pabOTOCIIOCOOHO-
CTH JICHTOYHOM ITHJIBL.

Obwvexmbl u Memoobl UCCIE008AHUSL

[Ipu moaroroke muibl (puc. 1) MOJOTHO YCIOBHO IONEICHO HA 3BEHbS [
JUTMHOW b MUHUIIOJIOCOBBIMHU yYaCTKaMH 2, COCAMHSIOIIUMU 3y0uaryro 3 v 3aJIHIO0
4 xpomku niibl. Takasi 3BeHbeBasl pa30MBKAa MOXKET OBITh YCIOBHO COTOCTaBJICHA
C MOJICJIbIO HIAPHUPHO-LIENTHON WM peMeHHON mnepeaaydu. [Ipu conmocTaBlieHUH C
[IApHUPHO-TICTTHOW Tepeadeil MOoNydYeHHBIe MMOCIe TEPMOOOPaOOTKN BHYTpPEHHHE
HaIpsDKEHMSI Ha TPaHUIE MEXIY 3BEHbSIMM M MUHHUIIOJIOCOBBIMU YYaCTKAMH MpU
YCTaHOBKE JICHTOYHOM IMTWJIBI Ha IIKUBHI (PUC. 2) BBIMOIHSIOT POJIb YCIOBHBIX HAHO-
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MOABMKHBIX IIAPHUPOB, 00ECTIEUNBAIOIIMX TOBOPOT 3BE€HA HA LIKMBAX HA YTOJ O U3~
ruda MoJoTHA, ONPEACIIeMOro JUaMETPOM IIIKKUBA R, a P CpaBHEHUH C PEMEHHON
repenayeil — poiib AUCKPETHOIO B3AUMOACHCTBUS MEXy 2JIEMEHTAPHBIMU TIOTIEpEY-
HBIMH OJOCOBBIMU yYaCTKAMH PEMHSI.

1 2 3

Puc. 1. YyacTox nmoJioTHa JEHTOYHOM ITHIIBI

Fig. 1. The section of a band saw blade

Puc. 2. I10/10THO JIE€HTOYHOM IHUJIBI HA IIKHBE

Fig. 2. The band saw blade on a pulley

TexHonorus MmoJroTOBKU JICHTOYHOW MWJIBI K pa0OTe OCHOBBIBACTCSI Ha Te-
wIoBoM criocobe [1, 5, 16] co3nanus BHYTPEHHUX KOMIICHCHUPYIOUINX HaNpsUKEHUN
B IOJIOTHE MHJIbI MOIIHBIM UMITYJIbCHBIM KPAaTKOBPEMEHHBIM MHIYKIIHOHHBIM TIPO-
TPEBOM TI0 BCEMY CEYEHHUIO U 00BEMY TOTIEPEYHO PACIIONOKEHHBIX MUHHITOIOCOBBIX
ydacTkoB. lIpy lokanbHOM HarpeBaHWHM MacCHBa MUHHIIOJIOCOBOTO Y4acTKa Ha €ro
TpaHUIle CO 3BEHOM TIOJIOTHA 00pa3yroTCs HOPMAJIbHbIE Pa3HOHAIPABICHHBIE TETLIO-
BbIE HAIPSKEHUS G, , PEBBILIAININE TIPEJIEN TEKYUECTH MATEPUANIA G, MOJIOTHA.
[Tpu 3TOM B MaccuBE MUHUIIOIOCOBOIO Y4aCTKa BO3SHUKAIOT BTOPUYHBIC TEPMOILIa-
cTudeckne ocratounbie aedopmaruu [1-4, 9, 12, 16-21], koTopsie 0b6ecTeunBarOT
(hopMupOBaHKE Ha TPAHUIIE MUHHUIIOJIOCOBOTO YYacTKa 2 CO 3B€HOM / MOJIOTHA TTHJIBI
BHYTPEHHHUX OCTAaTOYHbBIX TEPMOIIACTUYECKUX HANPSDKEHUN G, , TO3BOJISIOLINX Ya-
CTUYHO KOMITEHCHUPOBATh HAMPSIKEHUS N3rH0a B TIOJIOTHE U YBEITUYUTH €€ JI0JITOBEY-
HOCTb (puc. 3).

A A A4
5 VvV VoV vy
Puc. 3. Y4acTok MonoTHa JEHTOYHOI MUJIBI CO CleaaMu P / O
TEPMOIIIIACTHUECKON 00paboTKH N LA a4 i
Fig. 3. The band saw blade section with traces VY Vveyvy pd
of thermoplastic processing Grm / ;,N
A A A4 N 2=
BEARBEEERE
1 Grm lgﬁ
ST
j=3
&

KonnyecTBeHHass OllEHKa KOMIICHCHUPYIOIIUX OCTATOYHBIX TEPMOILIACTHYC-
CKHX HAIPsDKEHUU TIPH UMITYJIbCHOM HHIYKIIMOHHOM IIPOTPEBE MAacCHBA MHHHIIONO-
COBOTO yJacTKa IMOJIO0THA MIIBI BRITIOJTHEHA 110 MaTeMaTtndeckoi moaenu [10].
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CMonenupoBaH mporiecc (HOPMUPOBAHUS OCTATOYHBIX TEPMOIUIACTHUECKHIX
HANpsKEHU B MOJOTHE JIEHTOYHOM Muiibl. Marepuai MoJoTHA MWIbl — CTajlb WH-
CTpyMeHTajbHas JierupoBaHHas 90XD ¢ MEeXaHWYECKUMH XapaKTEPUCTHKAMH 10
TI'OCT 5950-2000: moxyms ynpyrocta E = 196,1 I'Tla; cpenunit kodddumment im-
He#Horo pacumpenus a(f) = 11-10-¢ 1/°C; npenen TeKy4ecTn G, ONPEENAETCS 10
3aBUCUMOCTH Tpe/ena TeKy4eCTH CTanu oT Temmneparypsl, Mlla.

TerioBass 00pabOTKa TOMEPEYHBIX MHHHITONIOCOBBIX YYaCTKOB U CO3/IaHUE
KOMIICHCUPYIOIINX HAMPSHUKCHUM B TPAHUYHOW 30HE CMEXHBIX yYacTKOB IOJIOTHA
TTAJTBI TIPOU3BOIATCS JTOKATHHBIM WHIYKITMOHHBIM HATPEBOM.

IIpu >TOM Ha rpaHWIE MHHHUIIOIOCOBOTO yUacTKa CO 3BEHOM ITPH HarpeBe ero
MaccuBa J10 250-600 °C u mocnemyroneM OBICTPOM OXJIAXKACHUN BO3SHHKAIOT HOP-
MaJlbHbI€ HAIIPABICHHBIE K TPAHUYHON 30HE CMEXHBIX YYACTKOB OCTAaTOUHbIE TEPMO-
IJIacTUYEeCKUe HanpspkeHus. [Ipu ObIcTpOM OXJIaXIEHUU MUHUIIOIOCOBOTO y4acTKa
TBEPAOCTh METaJlJIa HE MEHSCTCSI.

B MaccuBe MUHHUITOIOCOBOTO Y4acTKa, HArPETOTO 10 TEMIIEPATypHI £, 00pa3y-
FOTCSI TETUTOBBIC HapshKeHUs [17]

o(t) =—Ea(0)t.

Pesynomamut uccredosanus u ux oocyscoenue

3aBHCUMOCTH TEIUIOBBIX HAIPSKEHUH G (f) U IIpejiesia TEKy4eCTH G, ,(f) cTajnen
90X® mpuBeneHHI Ha puC. 4.

Go.2, G1, MIla

e . Puc. 4. TerutoBsle HaNPsKEHUS U
1200 | PR .

o L mpenen TeKkydectn craie 90XdD
1000 1 Gy -

.- B 3aBUCHMOCTH OT TEMIIEPaTyphl
wo | Gop (1) \’ - o e .
-
w b e Texyoern F}g. 4. The thermal stresses and
0 - yield strength of 90KhF steels
P2 : depending on temperature
200 [ Pid }
-
0 L= L L L N N i ;
0 100 200 300 400 500 600 700
t,°C

W3 ananm3sa 3aBucuMocTeit ciaeayet, 9To rpu ¢ = 250 °C u BhIIIe (30Ha mpeerna
TEKYYECTH Ha PHC. 4) TETIOBbIE HANPSHKEHUS G, IPEBBILIAOT IPEIET TEKYUECTH G,
it ctamu 90X, 9yTo cnocoOCTBYET (POPMHUPOBAHUIO KOMITEHCUPYOIIUX OCTATOY-
HBIX TEPMOILUIACTUYECKUX HAMPSIKECHUM.

Xapakrep pacnpeeraeH s HalpsDKeHUH n3rnba 6, ¥ KOMIEHCHPYIOLIHUX 0CTa-
TOYHBIX TEPMOIUIACTUUECKUX HAIPSKEHUH G, B IPAHUYHON 30HE TepMooOpadoTaH-
HOTO MHUHHUTIOJIOCOBOTO yYacTKa B IMIOATOTOBIICHHOM TIOJIOTHE UG, YCTAHOBICHHOM
Ha IIIKWBAX CTaHKa, IPUBEICH Ha puC. 5.

Pesynbrupytolniyie HanpsHKEHHS B MTOJIOTHE MBI OTIPENSISIFOTCS 110 PopmMylie

Gpeaz Gmr_ cSTmP
e G, — HanpsbKeHus n3ruba B nonotHe nuisl, MIla; 6 — koMIeHcupyromue Tep-
MoIulacTHueckue Hanpskenus, Mlla.

[uknudyeckue HanpspkeHHs U3ruda o, CUMMETPUYHO PAaCIpElesIeHbl OT-
HOCHUTEIFHO OCH CEYEHHs TOJOTHA MUIBI (PUC. 6, @) W M3MEHSIOTCS B TIpeesax
180-300 MIla B 3aBUCUMOCTH OT TOJIILKHBI MOJIOTHA U IUAMETPA IIKUBOB CTAHKA.
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BrerwHss
MOBEPXHOCTh

Puc. 5. Pacnpenenenue HanpsokeHni u3ruba u rrofotHa Gror

/r— _\ A
KOMIICHCHPYIOIMX OCTATOYHBIX TEPMOILIACTHYE- ; T\
CKUX HaIpsHKEHUH B TPAHUYHON 30HE TepMOOoOpa- / \ \
‘a <
60TaHHOTO MHHHUIIOJIOCOBOTO y4acTKa: / — 0Chb ce- \ N R Orm |\
YEHUSI [TOJIOTHA MTUITBI ya T «
X » Omm \ I
. C . 1 |
Fig. 5. The distribution of bending stresses \ | N
and compensating residual thermoplastic stresses /Y———
in the boundary zone of the heat-treated mini-strip ‘ BHyTp;th*‘
. . . MOBEPXHOCTH Gur
section: / — cross-sectional axis of the saw blade TMOJIOTHA
R/

Komnencupyrolye TepMonIacTHuecKue HalpsKeHus 6, (puc. 6, 0) pu Tem-
neparypax Harpesa 450—-600 °C cocrapnstor 250—400 MIla (puc. 4).
Pacnipenenenne pe3yasTUPYIOIIMX HANPSKEHUH G, OTHOCUTENBHO OCH Ce-

YEHUS MOJIOTHA B MOATOTOBICHHON MUJe, YCTAHOBICHHOW Ha IIKMBAaX CTaHKa, MpU
G,,.= 3000 MIla, o =250 MIla nokaszaHo Ha puc. 6, 6.

Opes , MTIla
Ousr, Mlla
Grm, MITa

180-300 50

0

0 0
K
180-300 250-400 550
a 9] 8

Puc. 6. Pacnipenenenne HanpspKeHUH B TPAaHUYHON 30HE TTOJIOCOBBIX YUACTKOB: & — CHMMETPUY-
HBIC HAIPSDKCHNS M3rH0a; 6 — KOMIIEHCHPYIOIINE TEPMOIIIACTHYECKIE; 8 — PE3YIIBTUPYIOIIHE

Fig. 6. The stress distribution in the boundary zone of the strip sections: ¢ — symmetrical
bending stresses; 6 — compensating thermoplastic; ¢ — resultant

Baxnouenue

Takum 00pa3oM, HOBBILIEHHE PAOOTOCTIOCOOHOCTH JICHTOYHBIX I MOXET
OBITb JOCTUTHYTO (POPMUPOBAHUEM KOMIICHCHPYIOIINX TEPMOIUIACTHYECKUX HaIlpsi-
JKEHUH B TOJIOTHE MyTeM KOHLEHTPHPOBAHHOTO HMITYJILCHOTO KPaTKOBPEMEHHOIO
WHAYKIIMOHHOTO HarpeBa MacCHBa YepeAyIOLIUXCS MONEePEeYyHO PaCIOIOKEHHBIX O
TIOJIOTHY TMHJIBI MHHUITOIOCOBBIX YYACTKOB.
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Annomayus. B Hacrosiniee BpeMs HaOMogaeTCs 3HAYUTENBHBIA HHTEpPEC K CHHTE3y ajspore-
Teil Ha OCHOBE MPUPOIHBIX MOIUMEpoB. [IpuMeHeHne OHooIMMepoB 00yCIOBICHO UX (H-
3UKO-XHUMHYECKIMH CBOWCTBaMH, IOCTYITHOCTBIO, HETOKCHYHOCTBIO, BO30OHOBIISIEMOCTHIO
CBIPBsI, HEOOXOAUMOTO IS UX MPOU3BOICTBA. TaKMMH XapaKTepUCTUKAMH M O0TAIal0T JIHT-
HOCYITB(OHATHI — CYIb()OIPON3BOAHBIC IIPHPOTHOTO OHONIONMMEpPa JINTHUHA, 00Pa3yIOIINecs
B pe3ynbrate cynbhuTHOH (OucynbdurHON) nenmuranduKanm apeBecruabl. Ocoboe BHIMA-
HHe, COYeTasi CBOMCTBA KaK OPraHMYEeCKUX, TaK U HEOPraHWMYECKHX KOMIIOHEHTOB, IIPHBIIC-
KaloT KOMITO3UIIMOHHEIE a’poreiibHbIe MaTepuaibl. BHenpeHne OHOIOIMMEpOB B MaTpPHILY
HAHOKOMITO3UTHBIX a’3porejiedl MOXKeT YIy4YIIUTh UX IOTpeOUTENbCKHe CBOWCTBA. Llemnbpio
JTaHHO paOOTHI SBIISETCS CHHTE3 a3poreiieil Ha OCHOBE JHOKCHIa KPEMHUS U JIMTHOCYIB(O-
HaTta HaTpus, 3y4eHHE reneo0pa3oBaHus B CHCTEME «IMTHOCYIb()OHAT HATPHUS — JUOKCHJ
KPEMHHS» M OLICHKA BIMSIHUS YCIIOBUIT CHHTE3a Ha (JOPMUPOBAHUE CTPYKTYPBI adPOTEIbHBIX
MaTepHalioB Ha X OCHOBE. 30JIb-TeJIb CHHTE30M IOTyYEeHBI THAPOTEIIH Ha OCHOBE KOMIIOHEH-
TOB Pa3IMYHON XMMHYECKOHN MPUPOJIBI JIMTHOCYIb(OHATA HATPHUS U JHOKCHIa KpeMHus. [1o-

© Bbposko O.C., Hewaesa M.E., Baxunos A.Jl., [Tanamapuyk M.A., Topmkosa H.A., bornanosuu H.I., 2024
Crarbsi oIy0OIMKOBaHA B OTKPBITOM JIOCTYIIE M pacipocTpaHnsercs Ha ycnosusx smuensun CC BY 4.0


https://www.webofscience.com/wos/author/record/1900180
https://orcid.org/0000-0002-1961-7831
https://www.webofscience.com/wos/author/record/AAL-7068-2020
https://orcid.org/0000-0002-6099-1358
https://www.webofscience.com/wos/author/record/1760227
https://orcid.org/0000-0003-2822-9192
https://www.webofscience.com/wos/author/record/1900256
https://orcid.org/0000-0002-2947-1370
https://www.webofscience.com/wos/author/record/568438
https://orcid.org/0000-0002-2036-2418
https://www.webofscience.com/wos/author/record/1415559
https://orcid.org/0000-0002-5374-2943
mailto:m.e.nechaeva@yandex.ru
mailto:ivahnov-tema@yandex.ru
mailto:irpalamarchuk@mail.ru
mailto:ivahnov-tema@yandex.ru

Lesnoy Zhurnal = Russian Forestry Journal. 2024. No. 6 185

Ka3aHo, YTO MPOYHbIEC YIPyrue renu GOpMUPYIOTCS MPU KOHIIEHTPAIWHU JUOKCHIA KPEMHHUS
cBbiie 175 r/in. YcTaHOBIEHO, YTO MOXU(HKALMS JMTHOCYIB(OHATOB HATPHUS JHOKCHIOM
KPEMHHUsI [TPUBOANT K arperanuy 4acTHI M YBEJIMUYCHHUIO MX pa3Mmepa. AdporeiibHble Mare-
pHajbl Ha OCHOBE JIMTHOCY/Ib(OHATA HATPUS U AMOKCHIA KPEMHHS, ITOJyUYEeHHBIE ITPU pas-
JIMYHBIX MOJIBHBIX COOTHOHIICHHSIX KOMIIOHEHTOB (MacCOBOH JIONH JIMTHOCYIb(OHATA B CH-
cTeMe), 00JajaroT Pa3BUTOI BHYTPEHHEH MOBEPXHOCTBIO, IIJIOIIA/Ib Y/IEIbHON ITOBEPXHOCTH
cocrasisier 250...452 m¥/r, o0mmit o6bem nop Bapbupyer ot 0,84 no 2,00 cm?/r. [Tokazano,
YTO INPH MOBBIIIEHUH MAaCCOBOW IOJIM JIMTHOCYNIb(OHATa B CUCTEME TEKCTYpHbIE XapakTe-
PHUCTHKH KOMITO3HMLIMOHHBIX a3POreIbHBIX MaTrepuasioB U3MEHSIOTCS: HAOIIONAeTCsl pOCT MX
yACIHHOM MOBEPXHOCTH U 00beMa 1mop. [Ipu comepikanuu B cucteme 6...25 % Iuraocyinbgo-
Hara HaTpHs yAeIbHAs NOBEPXHOCTh KOMIIO3UIIMOHHBIX asporenei pasasercs 250...325 M,
NIPU YBEIMUSHHUHU JIOJH JIMTHOCYNb(oHaTa HaTpust B cucreme 10 33...50 % — nmocruraer
357...452 m¥r. CHHTE3UpOBaHHBIC MaTEPHAJIbl MOKHO HCIIONIB30BaTh B KAUECTBE COPOCHTOB,
CEHCOPHBIX YCTPOHCTB, HOCUTEJIEH KaTaan3aTopoB.

Knrouegvie cnoga: 6vononuMep, JTUTHOCYJIb(GOHAT HATPUsl, JMOKCHJ KPEMHHUs, a’3porels,
TEKCTYPHBIE XapaKTePUCTUKU
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Abstract. Currently, there is considerable interest in the synthesis of aerogels based on
natural polymers. The use of biopolymers is due to their physical and chemical properties,
availability, non-toxicity, and the renewable nature of the raw materials needed for their
production. These characteristics are possessed by lignosulfonates — sulfonates of the
natural biopolymer lignin, formed as a result of sulfite (bisulfite) delignification of
wood. Composite acrogel materials attract special attention by combining the properties
of both organic and inorganic components. The incorporation of biopolymers into the
matrix of nanocomposite aerogels can improve their consumer properties. The aim
of this work has been the synthesis of aerogels based on silicon dioxide and sodium
lignosulfonate, the study of gelation in the “sodium lignosulfonate — silicon dioxide”
system and the assessment of the influence of synthesis conditions on the formation of the
structure of aerogel materials based on them. Hydrogels based on components of various
chemical natures of sodium lignosulfonate and silicon dioxide, have been obtained by
sol-gel synthesis. It has been shown that strong elastic gels are formed at silicon dioxide
concentrations above 175 g/l. It has been established that modification of sodium
lignosulfonates with silicon dioxide leads to particle aggregation and an increase in their
size. Aerogel materials based on sodium lignosulfonate and silicon dioxide, obtained at
different molar ratios of componets (the mass fraction of lignosulfonate in the system),
have a developed inner surface, the specific surface area is 250...452 m?/g, the total pore
volume varies from 0.84 to 2.00 cm?/g. It has been shown that with an increase in the
mass fraction of lignosulfonate in the system, the textural characteristics of synthesized
composite aerogel materials change: an increase in the specific surface area and pore
volume of the obtained materials is observed. With a sodium lignosulfonate content of
6...25 % in the system, the specific surface area of composite acrogels is 250...325 m?¥/g;
with an increase in the proportion of sodium lignosulfonate in the system to 33...50 %,
it reaches 357...452 m%/g. The synthesized materials can be used as sorbents, sensor
devices, and catalyst carriers.

Keywords: biopolymer, sodium lignosulfonate, silicon dioxide, aerogel, textural
characteristics
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Bseoenue

B nocnennaee Bpemst A1t CHHTE3a HOBBIX adpOTrelIbHBIX MaTepHalioB OOJBIINH-
CTBO HCCIICOBATENICH BCE Yallle UCIONB3YIoT omomomnmMeps [9, 12, 23]. IIpuunna-
MH TaKOTO MOBBIIIEHHOTO MHTEpeca K OMOTIOIMMEPaM SBISFOTCS WX JIOCTYITHOCTD H
HEBBICOKAsi CTOMMOCTb, a TAK)KE YHUKAIBbHBIE (PH3UKO-XUMHYECKHIE CBONUCTBA, KOTO-
peiMu OoHU obOnanarot [9, 10, 12, 14, 23]. DT cBoiicTBa 00YCIIOBICHBI XUMUYECKON
CTPYKTYpoOii OMOIIOTMMEPOB, BKITIOUas pa3HooOpasne GpyHKIMOHATIBHBIX TPYIIIL, OJla-
rozfapsi Y4eMy OHHM MOTYT JIETKO BCTYIAaTh B PEaKIMH KaK C OPTaHWYECKUMH, TaK U C
HeOopraHudecKuMHu coequHeHusMu [14]. K Takum OnomomumMepaM OTHOCUTCS U JIHT-
HuH [19, 21, 22, 24, 27]. IlpupomHbIil THTHHH — BechMa JIA0MIBHOE BEIECTBO, M3-3a
€r0 YHUKAIBHOUN CTPYKTYPBI (XaOTHYECKH Pa3BETBICHHOMN, CETYATOW MITU JIMHEHHON
B 3aBHCHMOCTH OT BUJIa PACTECHHII) U HAJTMYMSI XUMHUYECKUX CBSI3€H C yIIIeBOIAMH OH
MPaKTHYECKH HEPACTBOPHM, €TO TPYIHO BBIJCIUTH U3 PACTEHUS B MAJIOM3MEHEHHOM
BHJIE, TTO3TOMY JUIsSI CHHTE3a MaTepHaioB MOTYT OBITh MCIIONB30BaHBl TEXHUYECKHE
JIUTHUHBI — JJATHOCYIB(OHATHI, KOTOPBIE SABISIOTCSI BEICOKOMOJIEKYIISIPHBIMU COEIHU-
HEHUSAMH, 00pa3yIOIIMMHUCS W3 HATHBHOTO JINTHUHA B pe3yibTare cylbhuTHON (OU-
Cynb(UTHON) nenurnudukannu apesecunsl [1, 7, 8, 21, 24]. CnenyeT OTMETUTb, 4TO
13 BCEX BUIOB TEXHUYECKHUX JJUTHHHOB TOJIBKO JIMTHOCYIL(OHATHI BOZOPACTBOPUMBI
B IIMPOKOM Auana3oHe pH Omaronapst HAIMYHIO B UX CTPYKTYPE HOHOTEHHBIX CYJb-
¢orpymm [3, 4, 21]. [onudyHKIMOHATBHAS IPUPOJIA TUTHOCYIH()OHATOB, TOCTYII-
HOCTh M HEBBICOKAsI CTOMMOCTH OOYCIIOBIHMBAIOT MEPCIIEKTUBHOCTh NX MPUMEHEHHS
B Ka4eCTBE MPEKypcopa U CHHTE3a a3pOTreTbHBIX MaTEPHAaJIOB C BBICOKUM MOTEHITH-
aJIOM WCTIONIb30BaHUS B Pa3IMUHBIX 00NacTax [7, 8].

Jng momydeHUs] OpraHO-HEOPraHWYECKUX adporelieil 4acTo MCHONb3YeTCs
nuokcun kpemHus (SiO,) [16]. Beicokuii cipoc Ha KpEMHE3eM U €r0 OBCEMECTHOE
MpUMEHEHHNE CBA3aHBI ¢ PU3NKO-XUMUIECKUMH CBOMCTBAMHM JIAHHOTO COETMHEHUS
M B MEPBYIO O4Yepeab CIOCOOHOCTHIO K aKTUBHOMY TenieoOpa3oBaHnio. JlomorHu-
TEeIHHBIM MPEUMYIIECTBOM KpEMHE3eMa SBISETCS BO3MOXKHOCTh (pyHKIIMOHATH3A-
WU €TO TOBEPXHOCTH C IEJIbI0 M3MEHEHHS €€ XUMHUIECKUX U (PU3NIECKUX CBOWCTB
U paclIMpEeHHs TEM CaMbIM JHana3oHa UCIOJIb30BAHUS CHHTE3UPYEMbIX Ha €ro OC-
HOBe Marepuainos [11].

Coueras SiO, ¢ nmuraocynasdonarom Harpus (JICNa), MOXKHO CHHTE3HpPOBATh
HOBBIE adPOTEIbHBIE MaTepPHANbl C YHUKAJIHHBIMHU AMCIIEPCHOHHBIMHU, MOP(OIOTH-
YeCKUMHU U (PU3UKO-XUMHUIECKUMH cBOHCTBaMH. KOHKpeTHBIE 001acTH TPUMEHEHHS
MOJTy4aeMbIX MaTepHAIIOB OOYCIIOBICHBI X (PH3UKO-XUMHUYECKIMH CBOMCTBAMH, KO-
TOpBIE OINPEACISIOTCA KaK XapaKTepUCTUKAaMH MCXOAHBIX HMPEKYypCOpOB, TaK M HO-
BBIMHU XapaKTePUCTUKAMU, IPHOOPETCHHBIMU B IIpoliecce CHHTe3a MaTepuana [ 14].

HecmoTpst Ha 3HAUUTETHHOE KOMMUYECTBO HAYYHBIX MyONHKAIMA, TOCBSIIICH-
HBIX 0003HayeHHbIM oObekTaMm, cuctema JICNa—SiO, paccMoTpeHa Hay4dHBIM CO-
obmecTBoM BechMa orpanmdeHHO [14, 18, 25]. Hactosmas pabora sSBiseTCS TPO-
JTOJDKEHUEM HAIlIUX MCCIIENOBAHMA B 00JIACTH TIOTYYCHHUS HOBBIX KOMITO3UITHOHHBIX
asporenbHbIx MatepuaioB JICNa—SiO, [7, 8], MOCKOIBKY OCTaeTCsl elie MHOTO BO-
MPOCOB IO BBISICHEHUIO MEXaHW3Ma (JOPMHUPOBAHUS YKa3aHHOW CHUCTEMBI, B YaCTHO-
CTH 0COOEHHOCTEH B3aMMOJICHCTBHSI KOMIIOHCHTOB MPH MX PA3JIMYHON KOHIICHTpa-
U /IS OTIPENIENICHNsT ONTHMAJIBHBIX ITapaMeTpPOB resie00pa3oBaHUs W MOTYUCHHS
MaTEpHUAJIOB C ONPENEIEHHBIMU CTPYKTYPOU U CBOMCTBaMU.
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Llens paboTsl — u3yuenue reneodpaszosanus B cucreme SiO,—JICNa u onenka
BIIUSHUSI YCIIOBUM CUHTE3a Ha (POPMHUPOBAHUE CTPYKTYPhI a3POTeIbHBIX MaTepPHAaJIOB
Ha UX OCHOBE.

Obwvexmbl u Memoobl UCCIE008AHUSL

B kauectBe 00bekTOB HccnenoBaHus Obuin BeIOpaHbl: JICNa, moiydeH-
HBIA B pe3ynbTare CyIb(GUTHOW NenurHuUKanuu JapeBecuHbl enu Ha AO «[pyn-
ma “Mmum™» (1. Kopspkma), m SiO, xBamupukanmn OCY s momuHO(OpOB
(TY 6-09-4947-84). Conep:xanrne 0CHOBHOTO BeriecTBa — 99,99 %.

JICNa ObL11 O4HILEH OT HU3KOMOJIEKYJISIPHBIX IPUMECEH METOIOM yIbTpaduiib-
Tpauun Ha naboparopHoii ycraHoBke @M 02-1000 ¢ mepememnBanueM. YCIOBHS
nporecca: Temneparypa — 20+£2 °C, nasnenue B cucteme — 0,4 MIla, Tun memOpa-
HBI — onucynsponosas [1C-100 [2].

KonmaectBennoe ompesnenenue snemeHTHOTO coctaBa JICNa mpoBomuimm Ha
anemeHTHOM aHanm3arope EvroEA 3000 (xoudwuryparms [CNHS]). IIpomemypa 3a-
KJIIOYaJIach B BBICOKOTEMIIEPATypPHOM CXXHMIaHUM 00pa3lia B NPUCYTCTBUU KHUCIOPO-
Jla C MOCIENYIOIUM ra30XpoMarorpaMuecKuM pa3ieieHueM U JeTeKTHPOBaHUEM
MIPOAYKTOB CTOpaHMs NMPH MOMOIIM KaTapoMETPUUYECKOTO AeTeKTopa (TeMIeparypa
neun — 980 °C, gerextopa — 110 °C).

Omnpenencuue GyHKITHOHATBHBIX Tyt JICNa 0CcyecTBISsLIN 10 OOIIeTIPUHS -
TBIM MeToAMKaM [26]: heHOMbHBIC THAPOKCHITEHBIC TPYIIITHI YCTAHABINBAIN CIIEKTPO-
(oromerprueckuM Ag-MeTO0M, KapOOHUIIbHBIE TPYIIIB — METOAOM OKCUMHUPOBAHHUS,
KHCJIbIE ¥ KapOOKCHIIbHBIE TPYIIIBI — XeMOCOPOLIMOHHBIM METOJIOM, METOKCHUIIbHBIE
rpymmnsl — MeTonioM Leiizens—®Pubexa—1lIBanmnaxa, cynbhorpynisl — TATpUMETpHYE-
ckuM metonoM. Xapakrepucruka JICNa (% k adcooTHO cyxoit Macce):

Ha ocHoBaHMM JMaHHBIX AJIEMEHTHOTO M (pyHKIMOHAIbHOTO aHanmm3a JICNa
paccuuTana ero nomysmnupudeckas popmyna — CoH, .05 ;(OCH,), ¢S, 4, Takum
00pa3oM, YCJIOBHBIM MOJb GerunpornanoBoii eauauiibl JICNa cocrasun 251 atom-
HYIO €IUHUITY MacCCHI.

Cunte3 adporeneii mpoBoawId B 3 sTama. Ha 1-m sTane nmonyyanu rugporenn
B pe3yNbTaTe CMENIeHUs] KOJUTOMAHOTO pactBopa JICNa u menodHoro 3075 Kpem-
He3eMa MPHU Pa3IUdHbIX MOJBHBIX COOTHOILIEHUSX KOMIIOHEHTOB C IMOCIEAYIOLIUM
camkenueM pH cucrems ¢ 11,3...11,5 10 7,5...8,0 no6aBneHneM KOHIEHTPUPOBAH-
HOM CepHOM KUCTOTHI. ['enb co3peBalt B TeueHue 24 1. 3aTeM ImyTeM 3aMEeHBI BOIHOM
($a3bl B CTPYKType THApOTENied Ha OpraHMuYecKyro (aumeToH kBaaudukarmu YA,
99,5 %) OBLTIH TIPOU3BEACHBI JTHOTETH. 3aMEHY PAaCTBOPUTENS OCYIIECTBISUIA C TT0-
LIArOBbIM YBEIMYEHHEM KOHLeHTpauuu aneroHa oT 10 go 100 % B TeueHue cyTok.
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Ha 3axmiounTensHOM 3Tare Mojydaid adporesid BHICYIIMBAHHEM JIMOTENCH B TOKE
CO,, Haxonsuierocs B cBepxkpurudeckux ycnosusx (CK-cyiika) mpu temneparype
40 °C, napnenuu 10 MIla u ckopoctu noroka 1 mn CO,/mun (a1 cocrostaus CO, —
10 MIIa u 2 °C) ¢ ucnionp3zoBanueM yctranoBku MV-10ASFE (Waters, CIIIA).
MoJibHOE COOTHOILICHHE KOMIIOHEHTOB B PEAKLIMOHHONW CMECH PAaCCUUTHIBAIIM

o popmyne C;; o,

7 -

,
Chena
rae C — MOJIbHBIE KOHIICHTPAIM KOMIIOHEHTOB B CMECH.

Pacnipenenenune yacTuil 1o pasMepam B HCCIIELYyEMBIX PAacTBOPAaX M CMECAX
MIPOBOTHIIN METOIOM THHAMHUYIECKOTO paccesTHUs cBeTa Ha puoope Nanopartica SZ-
100S2 (Horiba, SAmorwns).

[TapameTpbl HOPUCTON CTPYKTYPBI CHHTE3UPOBAHHBIX MaTEPUAIIOB HA OCHOBE
JICNa u SiO, noxyueHbsl METOJIOM HU3KOTeMIIepaTypHOi agcopOiuu a3ota (77,4 K)
Ha aHanu3zarope yaenbHo# moBepxHocTH ASAP 2020 MP (Micromeritics, CLLA).
O0paloTKy MOIY4YEHHBIX HM30TEPM OCYIIECTBIISUIM C HCIOIb30BAaHHEM Pa3IMYHBIX
pacyeTHBIX METOMOB: pacueT YJeIbHOH HOBEPXHOCTH — mo Merony bpynayspa—
Ommera—Tennepa; ompefeneHue IUIOMIATMd  MOBEPXHOCTH  MHUKPOIOPHCTOIO
MaTepHaia U OLeHKY 00beMa MUKpPOIIOp B MPUCYTCTBHU Me3010p — t-plot MeToaoMm,
OLIEHKY pacmpe/eieHus] MUKPO- M Me30Mop Mo pasmepam — meronom Horvath—
Kawazoe.

Pezynomamot uccnedosanust u ux oocyzncoenie

[Ipu mosyueHUM HOBBIX a3POTENILHBIX MaTEpPHajoB B KayecTBe l-i cTaauu
MEPCIEKTUBHBIM MPEACTABISECTCS MPUMEHEHHE MPOCTOT0 W yAOoOHOro crocoba —
30IIb-TeJIb CUHTE3a, TIO3BOJISIONIETO, BAPbUPYS YCIOBUS Mpolecca, Momydarh Mare-
pHaITBl ¢ 33JaHHBIMH (PU3UKO-XUMHYECKIMHA U TTOTPEOUTEIHCKUME CBOMCTBaMU |5,
13,17, 20].

KoHneHTpanum u COOTHOIICHHS TPEKYPCOPOB B XOJ€ CHHTE3a OKa3bIBa-
I0T 3HAYUTENIbHOE BJIMsHUE Ha reieoOpazoBanue. [Ipomecc remeobpazoBanus
(«cTapeHus» Tems) SBISETCS 3aKIIOYUTEIBHBIM JTarmoM 30Jb-Tellb CHHTE3a,
OKa3bIBAIOIIUM CYUIECTBEHHOE BIIMAHHE HAa CTPYKTYPY, MOPUCTOCTb, IIOMIANb
MOBEPXHOCTH, pa3Mep MOp W OOBEMHYIO YCaAKy IOJIyd9aeMOro a’poreslbHOTO
Marepuana [6, 17]. B xoxe mpouiecca cTapeHUs TPOUCXOAUT MOCTENEHHOE T0-
BBIIIICHUE TIPOYHOCTH CTPYKTYPHI T'eJIsl M €ro YIPYroCTH BCIEACTBUE yBEITHYE-
HUS YMCIIa KOHTAKTOB MEXIy dactuiiamu. [Ipu 3ToM cTAruMBaercsi CTPYKTypHas
CeTKa rejisi, B pe3yJibTaTe 4ero OH CKUMAETCs, ero 00beM YMEHBbIIAETCS U BbIJe-
nsieTcsl n30BITOUHBINA 00beM qucriepcuoHHoi cpefsl [15]. BosmoxkHocTs hopmu-
POBaHUS MPOYHBIX YIPYTUX Tejedl B WCCIETyeMOU CUCTEME OIpEeaeNseTcsl KOH-
LeHTpalueil (cogep:kaHneM) OCHOBHOTO rejieo0pasyroniero komrnonenra — Si0,,
T. K. XapaKTepHOH 0COOSHHOCTHIO 30151 KpeMHEe3eMa SBIISIETCS €T0 CTIOCOOHOCTh K
resieo0pa3oBaHUIO U TIEPEX0ay OT CBOOOIHOIUCIIEPCHON CHCTEMBI (30J1b) K CBS3-
HOAUCIIEPCHOH (Teb).

IIpounocts u ynpyrocts reinss B cucteme JICNa—-SiO, moryT ObITBH
KOJIMYECTBEHHO OIEHEHBI 10 00bEeMY OTACNSIONIEHCA B pe3ylibTaTe CHHepe3nca
xuakoctu. KonnyectBo (00beM) BBIAEIAEMON JKHAKOCTH OMpPEACNSIeT TIIyOuHY
CHUHepe3uca.
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Ha puc. 1 npuBeneHsl 00beMbl cHHEPE3UCHOH kuakoctu i reneid JICNa—
Si0,, momyuennsix Ha ocHoBe JICNa ¢ xonnentpanueii 10...60 r/n u SiO, ¢ KoHLeH-
tpausvu 150, 175 n 200 /0. Baennuii Bun reneii Ha ocHoBe JICNa ¢ koHIIeHTpa-
nueii 40 r/n u SiO, ¢ korueHTpanueit 100...200 r/n npexncrasneH Ha puc. 2.

V, mn Puc. 1. OObem BbLienUBLICHCS
xuakoctn (V) mnpum  cuHepesuce
resst Ha ocHoBe JICNa (10...60 r/m)
n SiO, ¢ KOHLEHTpalusAMH, I/
1-150; 2—175; 3-200

21 Fig. 1. The volume of the released

1 liquid (V) during  syneresis

| o et 1 of a gel based on LSNa (10...60 g/I)

0 10 2'0 3‘0 470- = 570 6'0 and SiO, with concentrations, g/l:
Crrone 11 1-150;2-175;3-200

a 7] 6 2 0

Puc. 2. ®otorpaduu reneit Ha ocHoBe JICNa (40 r/1) u SiO, ¢ pa3IUYHBIMU KOHIICHTPALIUAMH,
r/n:a—100; 6 —125;6—150; 2—175; 0 — 200

Fig. 2. The photos of gels based on LSNa (40 g/I) and SiO, with different concentrations,
g/l:a—100; 6 — 125; 6 —150; 2 — 175; 0 — 200

B pesynbprare npoBeieHHOTO HCCIIEAOBAHUS YCTAHOBJICHO, YTO I'eJId Ha OCHO-
Be JICNa c ero xonuentpauueit 10...60 r/n n SiO, ¢ koHuentpauusmu 100, 125,
150 r/n popMupyroTcst XpynKHUMH, B HUX CJ1a00 MPOTEKaeT CHHEPE3HC, 00BEM BhIJIe-
JUBIIEHCS )kuaKkocTy He mpesbimaet 0,5 mi (puc. 1 u 2, a—6). OnHako npu yBenude-
Huu koHUeHTpauuu SiO, 1o 175 u 200 /1 nosyyaemble rejy XapakTepu3yTcs Kak
IUIOTHBIE, OHOPOAHBIE, HAOIIONACTCSl AKTUBHBIA CUHEPE3HC, BBIACISIETCS )KUAKOCTD
B oObeme 2,8...4,1 mi (puc. 1 u 2, ¢, 9). [IpouHOCTH resnst pacTeT 3a CUeT arperanuu
YacTHll, CPACTAHUS U YIUIOTHEHHS CTPYKTYphl. Takum 00pa3oM, TIIOTHBIE TeIH B CH-
creme JICNa-SiO, ¢popmupyrores npu koHueHtpauuu SiO, cbime 175 1/1.

OreHKa THAPOTUHAMUYICCKOTO pa3Mepa YaCTHIl B UCXOMHBIX pacTBopax JICNa
n SiO, n cMecu Ha X OCHOBE BBIIIOJIHEHA METOJOM JMHAMUYECKOI'O CBETOPACCEs-
Husi. Ha puc. 3 npencraBieHbl THCTOrpaMMBbl PAaCIpEeIesICHHsI YaCTHIL IO pa3MepaMm B
pactBopax SiO,, JICNa, a taxxe peakuuonHoi cmecu JICNa-Si0,.

KpuBas pacnpeneneHus yacTull o pazmepam B pactsope 301 SiO, (puc. 3, a)
yYHUMOJIaJbHa, JUAMETp YacTHIl cocTaBiseT 5...45 um. Pacnpenenenue vacTtuil mo
pasMepaM B KOJUIOMTHBIX PacTBOpAax JUTHOCYIH(GOHATOB OMMOmanbHO (puc. 3, 0):
HaOromaeTcsl 2 MUKa ¢ JacTHIaMu 10 | HM (COOCTBEHHO MaKPOMOJIEKYJIBI JINTHO-
cynbonara) u 6...171 HM (acconmaTsl MAKPOMOJIEKYIT JINTHOCYTb(OHATA), TPH 3TOM
00e ¢paxkunn nonuaucnepcusl. Momudukanus JICNa SiO, (puc. 3, 6) IpuBOAUT K
arperanyy 4acTHIl M YBEJIMYEHHIO X pa3Mepa. JnarpaMma pacnpeaeieHus YacTHIL
o pasmepam B cmecu JICNa—SiO, nmeer 2 0CHOBHBIX IHKa, IPU 9TOM 1-i Uk ¢ ya-
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cruriamu 110 4 HM, 2-i — 11...193 um. [IposBisieTcs Takxke cab0 BIPAKESHHBINH 3-i
UK C YacTUI[AMK OKOJI0 6 MKM. [losyueHHbIe pe3yJibTaThl YKa3bIBalOT HA (YOPMHUPO-
BaHME COBMECTHBIX accouuaroB B cMecsx JICNa-SiO,.

10 4 16 -

8
12 4
6

Yacrora, %
Yacrora, %
oo

0 1 4 13 45 152 514 1741 5901

0 1 4 13 45 152 514 1741 5901
Jluamerp, HM

Jlnamerp, HM

a 0
6
Puc. 3. Pacnpenenenue yacTui no pasmepam
s4 B pactBopax: a — SiO, (200 r/m); 6 — JICNa
g (50 r/m); 6 — cmecu JICNa-SiO,
25 Fig. 3. The distribution of particles by size
in the solutions: a — SiO, (200 g/1); 6 — LSNa
o (50 g/1); 6 — mixture of LSNa and SiO,

0 1 4 13 45 152 514 1741 5901
Jlnamerp, HM

6

CuHre3upoBaHbl adporenbHble MaTepuasl Ha ocHoBe JICNa u SiO, mpu pas-
JINYHBIX MOJIHBIX COOTHOIICHHUSX KOMIIOHEHTOB — Z (MOJIb/MOJIb), & TAKIKE UCXOTHON
koHneHTpannu JICNa 1 ero MaccoBo# AONH B CHCTEME U OI[CHEHBI UX TEKCTYpPHBIE
XapaKTepUCTUKH (CM. TaOIHITy).

TekcTypHBbIe XapaKTePUCTHKHU a3poreJieil HA 0CHOBE JTUTHOCY/Ib(OHATA HATPHSA
U KpeMHe3eMa

The textural characteristics of aerogels based on sodium lignosulfonate

and silica
VnenbHas
JICNa, r/n a y OGbem nop, cM/r Cpennsist
Z, Monb/| (MaccoBast IIOBCPXHOCTB, M™/T LIMpUHA
Moit o obmast Me30- 1 o0t MHKPOIIO Me30I10 Hop,
JICNa, %) B MaKpoIop B porop P HM

Aspozens JICNa—SiO,
2,0 50 (50) | 452+12 | 387+10 |2,00+0,10( 0,018+0,001 | 1,50+0,08 | 17,7+0,9
3,0 50 (33) 3579 | 278+7 |1,75+0,09| 0,037+0,002 | 1,23+0,06 | 19,6+1,0
4,0 |40,50(25) | 284+7 | 23246 |1,41+0,07|0,033+0,002 | 1,09+0,06 | 19,9+1,0
5,2 30(20) | 250+7 | 20245 ]0,84+0,02( 0,07+0,002 | 0,62+0,02 | 12,9 +0,4
7.8 20 (13) 32548 | 2717 [1,30+0,03| 0,120+0,003 | 1,20+0,03 | 18,7+0,5
15,6 10 (6) 300+9 | 240+7 |1,30+0,04| 0,110+0,004 | 1,20+0,04 | 16,4+0,5
Aspozenv na ocrose SiO,
— | 0@ | 2466 | 1173 [0,85+0,04] 0,005:0,001 | 0,56+0,03 | 13,8+0,7

HpI/IMe‘{aHI/IeZ B Ta6nnue IMPUBCIACHBI CPECAHUEC 3HAUCHUS + JOBCPUTCIIBHBIC T'paHUIIbI I10-
IpCIIHOCTH.
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ITokazano, uro mpu yBenuueHuud maccoBod nomu JICNa B cucreme JICNa—
SiO, u ymeHbIIeHUH Z TEKCTYpHBIE XapPAKTEPHUCTHKH a’3pOrelIbHBIX MaTepHaoB
M3MEHSIOTCS: B II€JIOM HAOIIOMAETCsl POCT YAEIHHON MOBEPXHOCTH M 00beMa Mop.
TexctypHble xapakrepuctuxu asporeseii JICNa—SiO, B cpaBHEHUH ¢ a3poreieM Ha
ocHoBe Si0O, ynydmaloTcs: yaelbHas MOBEPXHOCTH MoBbimaeTcs B 1,2—1,8 pasa, a
obbeM nop — B 1,7-2,4 paza. MO)KHO KOHCTaTHpOBaTh, 4To mpu copepkanuu JICNa
B cuctemMe 6...25 % ynenbHas MOBEPXHOCTh a’pOreNIbHBIX MAaTE€pPHaIOB COCTABISAET
250...325 m¥T, a oobem mop — 0,84...1,41 cm3/t. [Ipu Gosnbineit none JICNa B cu-
creme (33...50 %) ynenbHas MOBEPXHOCTh asporeiieil mocturaet 357...452 MYT, a
06wvem mop — 1,75...2,00 cm3/t. IIpu sTOM Bce cuHTE3nupoBanHbIe adporenu JICNa—
SiO, ABIAIOTCS ME30MOPUCTHIMHE MaTepHajaMy; 00beM ME30II0p OT 001ero oobema
nop cocrasisger 70...92 %. Hammyymmmy TeKCTYpHBIMH XapaKTepUCTUKAaMH 00J1a-
JIaeT a’porelib, MOJyYEeHHBIN NpU Z = 2, yJelibHas OBEPXHOCTh KOTOPOTO paBHIETCS
452+12 m2/r. OCHOBHOM BKJIAJ] B ILJIOIIA/(b YACIbHOW MTOBEPXHOCTU a3POresisi TAKKe
BHOCST ME30I0PbI, 00bEM KOTOPBIX cocTaBisieT 75 % oT 001ero oobema mnop, cpe-
Hsist mupuHa op — 17,7+0,9 um.

Raxnouenue

Wzydeno remeoOpa3oBaHne B CHCTEME «JIUTHOCYIb()OHAT HATPHUS — AHOKCH]L
KpEMHUS» U MOKa3aHO, YTO MPOYHBIC TeJId 00Pa3yIOTCs NP UCIIOIH30BAHNUN JTHOK-
CHUJIa KPeMHHUs ¢ KOHIIeHTparuen oomnee 175 r/1. YCTaHOBICHO, YTO B CMECSIX <«JIUT-
HOCYJIb()OHAT HATPUS — JUOKCHI KPEMHHUs» 00pa3yloTCs COBMECTHBIE acCOIUATHI,
pa3Mephl 9acTHUIl KOTOphIX cocTaisioT: 0,3...4 am, 11...193 M 1 oKk0JI0 6 MKM.

CuHTE3MpOBaHbI a’pOTeNbHbIE Marepualibl Ha OCHOBE IJMTHOCYJIb(oHATa Ha-
TpUSl U TUOKCHA KpeMHUs. [lomydeHHble KOMITO3UIIMOHHBIE a’pOrelbHBIE MaTepPHAIBI
001a1a0T pa3BUTON ME30MOpUCTON CTpyKTypol. [lmomans ynenbHON HMOBEPXHOCTH
aaporenef/i B 3aBHUCUMOCTHU OT AOJIH J'[I/II‘HOC}/J'[I)(l)OHaTa HaTpus B CUCTCME COCTABIIACT
250...452 m2/t, oOmmmit 00beM nop Bapbupyet ot 0,8 1o 2,0 M3/, pu 3tom 70...92 %
oT o0r1ero oobeMa Mop COCTABIAIOT ME3OMOPEL. B crcteme «IHUrHoCynb(poHaT HaTpust —
JIMOKCHT KPEMHHUs» TIOCIEAHNH SIBIISIETCS OCHOBHBIM Telleo0pa3oBaresieM, Toraa Kak
JIUTHOCYTh(DOHAT BBIMTOTHSET POIIb CTPYKTYpOOOpa3oBarells Mpyu CHHTE3€ MOPUCTHIX
MarepuanoB. CHHTE3 ME30TIOPUCTHIX MaTEPUAIIOB MPEICTABIISCT 3HAUUTEIIBHBIN UHTE-
PEC: UX MOPUCTBIC CTPYKTYPhI CO3aE0T OCHOBY JIJIsl ITOTYYCHUSI COPOSHTOB, HOCHTEIICH
KaTaJn3aTopoB H CEHCOPHBIX YCTPOMCTB.
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Annomayus. JlaHHAs CTAThsI TIOCBSIIICHA UCCIIEIOBAHNIO MEXaHU3Ma MPOKICHKH TapHOTO Kap-
ToHa. Kak moka3sIBaeT mpakTuka, Kineit AK/] (mucniepenst ankunkeTeHAnMeEpa) Ha Oymaronena-
TEIBHOM MAaIIFHE CO3PEBACT HE MOJHOCTBHIO M OKOHYATEIIbHAS MPOKIIEHKa B Oymare U KapTOHE
Ha Hakate He mocturaercs. CkopocTs B3anmmoneicTus kirest AKJL ¢ THapOKCHITEHBIMI TpyTIa-
MM HEJUTION03bI ¥ BOZIBI HEBBICOKA: B 3aBUCHMOCTH OT TEMIIEPaTyphl XpaHEeHHs OyMart mporecc
MOJKET 3aHAMaTh OT HECKOJIBKHMX YacOB J0 HECKOJBKMX CyTOK. Kak mpaBmio, uepes 2 Hemenu
MIPOM3BOAUTENh NMEET OKOHYATEIIBbHBINA PEe3yNbTaT NMPOKJICHKN B MaTepuaje, HO Yalle TOoToBast
TIPOIYKIIMS HE 33Iep>KUBACTCS HA CKII1aX JUTMTEIBHOE BPEMS, a OTIIPABIISACTCS K MOTPEOUTEIO
cpasy Tocye W3TOTOBJIEHS. [[Ji TOro 9ToOB! MPOrHO3UPOBATH OXKHUIAEMBIA YPOBEHB THAPO(HOO-
HBIX CBOWCTB TapHOTO KapTOHA IOCIE MOMHOTO co3peBanus kiest AK/I, Obu1 Mcnonb30BaH dKe-
MPECC-METOI OTIPE/IETICHNS BIIUTHIBAEMOCTH IIPH OTHOCTOPOHHEM cMadmBaHuu 1o Ko60y. Jlan-
HBII METOZ TperoiaraeT TepMUIeckyro o0paboTky mpu Temmeparype 10512 °C, mocne gero
peaxnust B3aumozercTBrs Bocka AKJI ¢ komrmoHeHTaMu OyMary 3aBepIiaeTcsi ¥ BIIUTHIBAEMOCTb
Oymaru Oorbirie He cHibKaeTcs. OJJHAKO B PeasIbHBIX YCIOBHAX XpaHEHHUS OyMard M KapTOHA pe-
3yNBTATHI, MOJyYEHHBIE SKCIPECC-METOAOM, HE BCETAa COOTBETCTBYIOT (DAaKTHUECKON BITHTHIBA-
€MOCTH. DTO CBSI3aHO C TEM, YTO B PEabHOCTH Oymara M KapTOH CO3PEBAIOT WHAYE, YeM MpH
TepMuIecKor oopadotke. [Tpu 3TOM Ha TIPaKTHKE WHOTIa BCTPEYAIOTCS CIEAYFOIIHE MPOOIEeMBI ¢
BINTHIBAEMOCTBIO y KOHEUHOTO MOTPEOUTENs: HE03peBaHne 1 nepe3pesanue kinest AK/, a Taroke
peBepeus mpokiterku. [1oaToMy Mpon3BOANTEIIO BAXKHO OLEHUTH, KAKUM 00pa3oM MPOHCXOINT
cospeBanue ket AKJl 1 Kak MOXHO ONTHMH3HPOBATh W CTAOMIM3UPOBATH 3TOT MPOLECC MPH
xpanenuu. [IpoBeneHHOE HayIHOE FCCIIEI0BAHIE HAPABICHO HA MPOTHO3MPOBAHHUE U PETYANPO-
BaHHE COBOKYITHOCTH PAacCMAaTPUBAEMBIX CBOMCTB TAPHOTO KapPTOHA M CAMOM Taphbl, KOTOPBIX OHH
JIOCTUTHYT MOCIIE OTTPY3KH HOTPEOUTENIO BCJIECTBUE JUTMTEIHHOTO MPOIIEcca CO3PEBAHMST KIles,
MPUMEHSIEMOTO UTSI TIPOKJICHKH, 3aBHCSIIIETO OT BBIOOPA XMMHYECKHX BCIIOMOTATENIBHBIX BE-
IIECTB M BAPUAHTOB MX A03npoBaHMs. OO0OCHOBaHA BOSMOXXHOCTB HCIIOIB30BAHMS SKCIPECC-Me-
TOJIa OTIpe/ieTIeH S TIOBEPXHOCTHON OTHOCTOPOHHEN BIUTHIBAEMOCTH Ul TIPOTHO3A Psijia HOPMH-
PYEMBIX (PH3UKO-MEXaHUIECKHX TIOKa3aTeNei Oyay e Tapbl.

Kniouesvie cnosea: Makynatrypa, TapHbId KapToH, Hpokieiika, kined AKJ, xumuueckue
BCIIOMOTaTEIbHBIE BEIIECTBA
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Abstract. This article is devoted to the study of the mechanism of containerboard sizing.
As practice shows, AKD glue (alkyl ketenedimer dispersion) does not fully mature on a
paper-making machine and the final sizing in paper and cardboard on the reel is not achieved.
The rate of interaction of AKD glue with the hydroxyl groups of cellulose and water is low
and, depending on the paper storage temperature, the process can take from several hours
to several days. As a rule, after 2 weeks the manufacturer has the final result of sizing in the
material, but more often the finished products do not remain in warehouses for a long time,
but are sent to the consumer immediately after manufacture. In order to predict the expected
level of hydrophobic properties of containerboard after the complete maturation of AKD
glue, an express method has been used to determine the absorbency with one-sided wetting
according to the Cobb method. This method involves heat treatment at a temperature of
105 £ 2 °C, after which the reaction of the AKD wax with the paper components is completed,
and the absorbency of the paper no longer decreases. However, in real conditions of paper and
cardboard storage, unfortunately, the results obtained by the express method do not always
correspond to the actual absorbency. This is due to the fact that in reality paper and cardboard
mature differently than during heat treatment. At the same time, in practice, the following
problems with the absorbency are sometimes encountered by the end consumer: under- and
over-maturation of AKD glue, as well as reversal of sizing. Therefore, it is important for
the manufacturer to evaluate how the maturation of AKD glue occurs and how this process
can be optimized and stabilized during storage. The conducted scientific research is aimed
at predicting and regulation of the set of considered properties of containerboard and the
container itself, which they will achieve after shipment to the consumer due to the long
maturation process of the glue used for sizing, depending on the choice of chemical auxiliaries
and their dosing options. The possibility of using an express method for determining the
surface one-sided absorbency to predict a number of normalized physical and mechanical
parameters of future containers is substantiated.

Keywords: waste paper, containerboard, sizing, AKD glue, chemical auxiliaries
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Beeoenue

B mmpokom cMbIciie 0] yITaKOBOYHBIMU MaTepHaliaMH IO/Ipa3yMeBaloT Oy-
Ma)KHBIE KOPOOKHU HJIM KOPOOKU U3 ro)prpoBaHHOTO KapToHA. OCOOCHHO BaXKHYIO
POJIb B JIOTUCTUKE U CKIIAJAMPOBAHUU MIPH XPAHEHUHU UTPArOT rodposiiuku. OHU OT-
BEYAIOT 32 3arpy3Ky, 3allIUTy U 3CTETHKY ITOMEINaeMOro B HUX ToBapa. biaronaps no-
CTYITHOCTH, HEOOJBIIOW Macce, OTHOCHUTEIHHO XOPOIIeH CTPYKTypHON MPOYHOCTH,
HU3KOW CTOMMOCTH ¥ BO3MOXKHOCTH BTOPUYHOM TepepadOTKH TOPPOSIINKH TTOITB3Y-
FOTCs1 OOJIBIIION TOMYSIPHOCTHIO M ITUPOKO MCIIOIB3YIOTCS BO BCEM MHpE.

W3BecTHO, 4TO Marepuan ToPpUpPOBaHHBIX KOPOOOK M3TOTOBJICH M3 OyMarw,
410 00YCJIOBIMBAET HEKOTOPBIC HEJAOCTATKU JaHHOW mpoxykiuu. [loMmumo Hecrio-
COOHOCTH COIPOTHBIIATHCS MPOKAJIBIBAHUIO OCTPHIMHU MPEIMETAMH, €CTh CIIE OJHH
HEIOCTATOK, 3aKIIOYAIOIINMCS B IIJIOXOM BJIArOCTOMKOCTH. B ce30H HOXKICH, eCcln
MTOMECTUTh OOBIYHBII He0OpaOOTaHHBIM TOPPOKAPTOH BO BIAXKHYIO CPENy, Yepes He-
CKOJIBKO JTHEH MOXXHO OOHAPYKUTh, 4TO MaTepHall CTal MATKUM U J1e(hOpMUpOBaICS
C MOoTepelt BHENTHEro BUa U rpy3onoabeMHoctu [9, 15, 20]. UtoOs! ynakoBka Moria
MPOTUBOCTOSTH BO3MOXKHOU BIIKHOU Cpejie BO BPeMsI XpaHSHHSI U TPAHCIIOPTUPOBa-
HUsI, Ha 3TAIe MPOU3BOACTBA TAKOU MPOAYKIIMHA HEOOXOIMMO UCTIOIB30BaTh MaTepra-
JIBI C HU3KWM BOJIOTIOTIIONIEHHEM. B MPOTHBHOM ciTy4ae MpOIyKITHs TAPHOTO KapTOHA
HE CMOXKET BBITIOJIHUTH CBOU (DYHKIIMH, YTO MPUBEAET K SKOHOMHYECKAM TMOTEPSIM
Jutst moTpedureneii [10-14].

Kpome Toro, cnocoOHOCTh TAPHOIO KApTOHA K BOJOMOIIONICHHIO OKa3bIBACT
0O0JIBIIIOE BIMSIHUE HA €0 MPUTOAHOCTH JIJISl HAHECEeHUs nieyatu. M3BecTHO, YTO HU3-
KO€ WJIM MOJIHOE OTCYTCTBUE BIIMTHIBAKOIINX CBOWCTB OY/IET BBI3bIBATH CTEKAHUE Kpa-
CKH C TIOBEPXHOCTH OyMaru M, HalpoOTUB, TPH HEOTPaHUICHHOM BIUTHIBAHUH Kpacka
MOYKET MTPOXOANTH Ha 0OpaTHyIo cTOpoHy Oymarw [2, 3, 18, 19, 21]. Takum oOpazom,
KaK BBICOKAsl, TAaK U HU3Kasl BIUTHIBAIOIIAS CITOCOOHOCTH AENa0T OyMary HeTpHuro/-
HOM JUISI IIeYaTH.

Jnst npunanust Oymare He0OXOAUMOTO YPOBHS THAPOPOOHOCTH B TEXHOJIO-
THYECKUHM UMK NPOU3BOACTBA BKIIOUAIOT NPOKJeKky B Macce. [Ton mpokneikoi
MTOHUMAIOT CTIOCOOHOCTh OyMaru CONMPOTUBIISATHCS CMadYUBAHUIO Pa3HOOOPA3HbI-
MH KUIKOCTAMH (BOJ0H, YepHUIIAMHE, KUCIIOTaMU, MIeJI0YaMU, MOJIOKOM, MacjIoM
U 7Ap.), OTIIHYAKIINMUCS MO0 (U3UKO-XUMUUYECKUM XapaKTePUCTUKAM W XUMH-
YECKUM CBOWCTBaM, BNUTHIBaTh uX [1]. OCHOBHAs 3aj1aua MPOKJICHKHU 3aKIIroda-
€TCsl B CHIDKCHHMH BIUTHIBAIOIIEH CIOCOOHOCTH, 00YCIOBICHHONW KaHJUISIPHBIM
CTPOCHHMEM BOJIOKHA OyMaru u THAPO(UIBHBIM XapaKTepOM BOJOKHUCTOW Mac-
CBHl, C y4eTOM TpeOOBaHUH, MPEABIBIIEMBIX K Kau€CTBY KOHEYHOTO MPOIYKTa
[5, 7, 17]. lloka3aTreneM NOCTUTHYTOIO YPOBHSI CHUKEHUS BIUTBIBAIOIIEH CIIO-
coOHOCTH OyMaru SIBIISIETCS CTEIEeHb MPOKJIEHKHU, KOTOpas yCTaHABIMBAETCS C
MOMOIIIBIO PA3JTMYHBIX METOJIOB UCIIBITAHUN U BBIPAKACTCS COOTBETCTBYIOIUMHU
BesimunHamu. [Iporiecc mpokiiekyu mpu3BaH 00eCHEYUBATh IS KaXJOTO KOH-
KPETHOTO BUJla OyMaru v KapToHa ONPEICIICHHYIO BIIUTHIBAIOIIYI0 CIIOCOOHOCTb,
OI[EHWBAEMYIO 3apaHee Ha dTale WCCIe0BaHNi 1 pa3padoTOK MU A0 (popMalib-
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HOTO MaccoBOTO MPOMU3BOJACTBA. Tak mosBuiicsa dKcrpecc-meton Ko6ba, ero pe-
3yJIBTAThl CYUTAIOTCS OTHOCUTEIHHO TOUHBIMH.

Meton Ko66a — 3T0 mcnbpITaHne, KOTOPOE OMPEEsieT Maccy BOJBI, ITO-
IJIOIEHHON MOBEPXHOCTHIO OyMaru, KaproHa Ujin roppupOBaHHOIO KapTOHA 32
onpeneseHHbIH nepuo BpeMeHu. Ero nenb — 01eHUTh BOJONOMIOIIAIOILY IO CIIO-
cobHocTh MaTepuana. Yem mensle 3HaueHne Ko60a, TeM MeHbIIe HCTIBITYEMbIT
Marepual BOUTHIBACT BOAY — cM. [0, 8, 16], a takske UTC 1-2015 «IIpoussonu-
CTBO IIEJUTIONO3BI, IPEBECHON Macchl, Oymaru, kaproHa». [IpumeHenune mertona
Ko66a mmeer G0sbIIOe MOJOKUTENHHOE 3HAYEHHWE NMPU BBHIOOPE YIMaKOBOYHBIX
MaTepHasoB U MPOBEPKE COOTBETCTBUS TOTOBON KapTOHHOM Tapsl TpeOOBaHUAM
BJIArOCTOHKOCTH.

Llenpio HACTOSILErO MCCIEAOBAHMS SBISACTCS CTAOMIM3ALUs TEXHOJIOTHU-
YECKUX U KCIUIyaTallMOHHBIX CBOWCTB TapHOTO KapTOHA B MPOILECCE XpaHEHUs
MOCPEJICTBOM PETYJIMPOBAHUSA TMOBEPXHOCTHON OJHOCTOPOHHEH BIUTHIBAEMO-
CTH U 2(Q(PEKTUBHOCTH CHUCTEMBI YIEp)KaHHS MEIKOTO BOJIOKHA B pe3yibTare
MPOKJIEHKH.

Obwvexkmbl 1 Memoobl UCCAEO008AHUSL

B kauecTBe 00BEKTOB HCCIIEIOBAHUS HCIIOIB30BATN POOBI OyMaKHOHW MacChl
Y MOZIeNTbHBIE 00PAa3IIbl TOTOBOM MPOAYKIMH (DIFOTHHTA U KapTOHA-JTaliHepa.

KoHuenTpanuio MakyiaaTrypHOil BOJIOKHUCTOM CYCIIEH3UH OIIEHUBAJIA B COOT-
BerctBuu ¢ ['OCT P 50068-92 (MCO 4119-78) «llomyhabprkaTsl BOJIOKHUCTHIE.
YCcKOpEeHHBIH METO] ONpeiesIeHHsI KOHIEHTPALUU MacChI».

Crenens oMona Macchbl onpeaessui Ha annapare lonmep—Puriepa B coot-
BercTBUM ¢ [OCT 14363.4-89 «llemtrono3a. MeTos] OATOTOBKY MPOO K PU3UKO-Me-
XaHUYECKUM HCITBITAHHSIM.

DNEeKTPOKNHETHYECKNE CBOMCTBA OyMa)KHOW MacChl yCTaHABJIHMBAIU 1O Me-
TOIMKaM TIpou3BonuTenss Miitek. BereacTBre BrIpaskeHHOTO TE€TEPOTeHHOTO Xapak-
Tepa cpelbl MEKTPOKMHETHUYECKHE CBOMCTBA OyMa)KHOM MacChl 3a4acTyr0 HENb3s
BBIPA3UTh TOJILKO OIHUM MapaMEeTPOM, TOITOMY HCIOIB3YIOT HECKOJIBKO XapaKTepH-
ctuk. Hanbonee pacnpocTpaHeHHBIMU SIBISFOTCS SIEKTPOKHMHETHYECKUH MOTEHIIHAI
(C-notentmain), 00pa3yrOIIUNACs IPH KOHTAKTE PACTUTEIbHBIX BOJOKOH C TOJISIPHBIMU
KUIKOCTSIMH, a Takxke KaTnoHHas motpedHocTh (KII) kak Mepa mpUCyTCTBUS HHTEP-
(hepupyromux BEIIECTB B BOJIOKHUCTOM mtoryadpukare [4].

st ouenku ruipoHoOHBIX CBOMCTB ONpEeAeIIsiId HOBEPXHOCTHYIO BIIUTHI-
BaeMOCTb BOJIbI IPH OAHOCTOPOHHEM CMaduBaHUK 10 MeToay Ko6b6a B cooTBet-
ctBuu ¢ 'OCT 12605-97 (MCO 535-91) «bymara u xapton. Metoj onpeaene-
HUS TOBEPXHOCTHOH BIUTHIBAEMOCTH BOJBI TIPH OJJTHOCTOPOHHEM CMayWBaHUH
(metom Ko606a)». YcTaHOBICHHE BITUTEIBAEMOCTH TP OMHOCTOPOHHEM CMadnBa-
Huu (aoTuHTra npoBoauau no metony Ko606,,, kaprona-naitnepa — Ko66,,. Kon-
TPOJIb OCYIIECTBIISLIA B IEHb NU3TOTOBJIEHUS J1a00paTOpHBIX 00pa3uos, cuycTs 3,
7,10 u 14 nueii.

KauecTtBo nmaboparopHbIx 00pa3ioB (QIIOTHHTa U KapTOHa-JIaifHepa OlleHUBA-
JI TI0 CIENYIOIUM (PU3HKO-MEXaHUYECKUM MOKa3aTelsIM: COMPOTHBICHHIO CKATHIO
Ha KOPOTKOM paccTtossHuu — B cootBeTcTBUU ¢ [OCT P MCO 9895-2013 «bymara
u KapToH. OnpeienieHre COMPOTHBIICHUS CXKATHIO. METO/I HCITBITAHNS Ha KOPOTKOM
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PacCTOSTHAN MEXKITY 3aKUMaMIy; COMPOTUBIICHHIO TNTIOCKOCTHOMY C3KaTHIO roppupo-
BaHHOTO 0o0Opasia — B coorBerctBuu ¢ [OCT P UCO 3035-2013 «Kapton rodppupo-
BaHHBII. MeTo/| onpe/ieNieHus CONPOTUBIICHHS TNIOCKOCTHOMY C)KaTHIO»; IPOYHOCTH
pu pactsokeHun — B coorBeTcTBUEM ¢ [OCT MCO 1924-1-96 «bymara n kapToH.
Onpenenenue NpOYHOCTH NMpH pacTskeHu. Yacts 1. Meton HarpyxeHus ¢ mocTo-
STHHOM CKOPOCTBIO»; COIPOTUBIEHUIO NMPOoJaBInBaHuio — B coorBeTcTBUM ¢ [OCT P
NCO 2759-2017 «Kapron. Metoz onpeneneHust CONPOTUBIEHNS IPOJIaBIUBAHUION.

Pezynomamut uccneoosanus u ux oocyscoenue

Ha 1-M sramne skcniepuMeHTa yCTaHOBWIIM BIUSIHUE TOUKU nofauu kiest AK/]
(mucnepcus aNKUIKETEHAUMEPA) Ha CTENEHb MPOKJICHKH TAPHOTO KapTOHA H €€ CTa-
OWJILHOCTB B TIpoliecce xpaHeHus. [y 3Toro paccmarpupaiu 3 BapuaHTa J03UPO-
BaHUS XUMUYECKHUX BcriomorarenbHbIX BemecTB (XBB): 1) ket AKJ[ — xpaxmai;
2) kpaxman — ke AK/L; 3) kpaxman — kneit AKJ] — kpaxman (tabm. 1).

Tabauma 1

IHoxa3arenn kadyecTBa OyMasKHOM MACCHI IOCJIE IPOKJICHKH
B 3aBHCHMOCTH OT BapHaHTa fo3upoBanns XBB
The quality indicators of paper pulp after sizing depending on the dosing option
of chemical auxiliaries

Bapuant no3upoBanus {-morennnai, KII,
XBB MB MT-3KB./]T
Be3 xumukaros -7,5 260
bymaoicnas macca ons useomosnenus chnromunea

1 5,8 160

2 —4,6 140

3 -5,6 120
Bymaosicnas macca ons useomosnenus kapmorna-nainepa

1 -5,3 140

2 —4.4 140

3 5,7 90

Conepxxanne XBB B koMNo3uIIMN KapTOHA-JIalfHEPA BBIIIE, YEM B KOMIIO3H-
UM (QIIOTUHTA.

CHWKeHHe KaTHOHHOW MOTPEOHOCTH MPU UCTIOIB30BaHUH XUMUYECKHX J100a-
BOK B KOMITO3HITHH MaKyJIaTypHOUM MacChl OOBSICHSICTCS HeUTpamu3aueil 9acTi aHu-
OHHBIX 3arpA3HEHNH, PUCYTCTBYIONINX B Macce, KATHOHHBIM KPaxXMaJlOM.

Pexomenmyemblit trana3oH {-MOTeHIIMATA MaKyJIaTypHOX MacChl HAXOAUTCS B
npenenax —6,0...—9,0 MB. 13 nanHbIX Tabn. 1 BUIHO, 94TO 2-i BAPHAHT HE COOTBET-
CTBYET PEKOMEH/IyEMOMY AHMAIa30HY.

Jlst onleHKH THAPOQPOOHBIX CBOWCTB TapHOTroO KapToHa (puc. 1) ObLIM HM3ro-
TOBJICHBI TaboparopHble 00pa3ipl ¢ Maccoit 1 M2 125 1. CreneHb moMosia cocTaBmia
35 °IIP. Dxcmpecc-MeTom OMpenecHUs] BIIMTHIBAEMOCTH 3aKJTIOUAeTCS B BBIACP-
KUBAHUHA OOpasllOB B CyIIWIBHOM Inkady B TeueHue 10 MUH Tpu TeMmmeparype
10542 °C ¢ nenbto co3peBanus kiest AKJL, a 3arem nomenieHny 00pasoB B 3KCUKATOP.
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Puc. 1. BnuTbiBaeMOCTb IIPH OAHOCTOPOHHEM CMAuUBaHHU 00PA3LIOB

¢moruHra (¢) ¥ KapToHa-naiiHepa (0) B mpolecce XpaHEHHs B

3aBHCHMOCTH OT BapHaHTa jo3upoBanus XBB: O —1; ©—-2; 0 -3

Fig. 1. The absorbency during one-sided wetting of fluting (a) and

linerboard (6) samples during storage depending on the dosing option
of chemical auxiliaries: @ —1; ©-2; 0 -3

ITokxasaHo, 4yTO MO BCeM BapuaHTaM J03upoBaHus XBB cymiecTBeHHOrO
HM3MEHEHUS XapaKTEPUCTUK TIPOKICCHHBIX 00pa3IoB (IIOTHHTA U KapTOHA-JIai-
Hepa B TeueHHne 14 mHEel He MPOU30MII0 — OTKIOHEHHUS B mpeaenax 0...14 r/m2.
B cBsi3u ¢ 3TUM paccMOTpHM MOKa3aTeldu ¢ TOYKH 3PEHUSI CTaOMIBHOCTH IPO-
Kielku. B Tabn. 2 npexncraBieHsl KO3(QQUIUEHTH Bapually MO0 BCEM HCIBITA-
HuaM. s monydeHnus kodpunueHTa Bapuauuy OBIITN B3STHI CPEHHUE MOKa3a-
TeNIM BIUTHIBAEMOCTH 10 KakKJ0MY IIEpUOaY UCTIBITaHu (10 14 nHel ¢ MOMeHTa
HU3TOTOBJICHHUS ).

HaubGonee crabuiabHYyIO0 MPOKJICHKY TapHOTO KapTOHA maeT 3-if BapwaHT
nosupoBanuss XBB, B koTopoM mpegycMoTpeHa 2-cTymeHYaras cxema Iojada
KpaxMmaja — IO-BHUIMMOMY, 2-s 4acThb KpaxMmaja UrpaeT poJib crabuimsaropa
NPOKJIEUKU.

Ha 2-m stane skcniepuMeHTa YCTAaHOBWIIHM BIUSHHE CHCTEMBI yICpIKaHHUSI
MEJIKOTO BOJIOKHA Ha CTETIEHb MPOKJIEHKH TAPHOTO KapTOHA U €€ CTa0MIHLHOCTD B
nporecce xpanenus (tabmn. 3). [t atoro pacemarpuBanu 2 oOpasma OymMakHOU
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Macchl: xojocToi (6e3 ucnonb3oBanus XBB ans yaepskaHus Meakoro BOJIOK-
Ha); C yIEpKUBAIOUIUMHU areHTaMH (C MCIOJIb30BaHHEM (DUKCUPYIOLIETO arcHTa
u Quokynsura). [Ipu no3upoBaHuu TpaguiuoHHbx XBB mis tapHoro kapro-
Ha WCIOJIB30BAM 2-CTYNICHUATYIO CXeMy Togadu (3-i BapmaHT), KoTopas Oblia
ompenesneHa Kak Haubosuee 3¢ dekTuBHAsA B X0[¢ 1-T0 3Tana 3KCHepuMeHTa.

TabGuuna 2

Koa¢pduuuent Bapuanum cpeaHeii BIMTbIBA€MOCTH
00pa3uoB (QIIOTHHIa U KapTOHA-JaliHepPa B 3aBUCMMOCTH
oT BapuaHTa go3uposanust XBB, %

The coefficient of variation of the average absorbency
of fluting and linerboard samples depending on the dosing
option of chemical auxiliaries, %

Bapuant P R
nosuposanus XBB o apTOH-yaitHep
5,6 7,0
6,2 7.7
3,9 6,3

Tabaumna 3
IMoka3aresin kayecTBa OyMaKHON Macchl ¢ HCMOJIB30BAHUEM
u 0e3 ucnoJb3oBanusa XBB
The quality indicators of paper pulp
with and without the use of chemical auxiliaries

Ofpaen T | rwsn | yaeprnn %
be3 xumukaToB -9.,5 220 90
Bymasicnas macca 0ns uzeomosnenusi ghniomunea
Xomoctou -6,5 210 93
C yaepUBaIOLUIUMHU areHTaMu -7,1 170 97

Bymasicnas macca ons useomosnenusn kapmoua-iaiinepa

Xomnocron -5,8 200 94

C ynep>XKuBaromyMHi areHTaMu —6,6 160 96

3a cueT cofepKaHHUsS B PETUCTPOBOM BOJIE OCTATOYHBIX XMMHKATOB KaTHOH-
Hasi MOTpeOHOCTh MaKyJaTypHOi Macchl cHU3MIach Ha 20 %, a yaep>kaHue BOJIOKHA
0CTaJoCh MpakTuiecku 0e3 n3MeHeHui. [locie BBeeHUS yACPKUBAIOIUX ar€HTOB
KaTHOHHAs MOTPeOHOCTh YMEHbIIMIACh Ha 23...25 %, ynep»aHue BOJIOKHA TTOBBICH-
JIOCh B cpemHeM Ha 7 Y%.

Jnnamuka cospeBanus kinest AKJ] qis maGopaTopHBIX 00pa3ioB (QIIOTHHTA U
KapTOHa-JaifHepa MpecTaBIeHa Ha puc. 2.

B Tabn. 4 cBenensl gaHHble KO3()(UIMEHTOB BapHaLlMH CPEIHUX 3HAYCHUH
BITUTHIBAEMOCTH TPH OJHOCTOPOHHEM CMauMBaHHU.
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Puc. 2. BinTsiBaeMoCTb P OTHOCTOPOHHEM CMauMBaHUU 00pa31oB
¢uotrHTa (@) W KapToHa-lakHepa (6) B Tpolecce XpaHEHUs:
©— xonoctoit o6pazerr; © — obpaser ¢ yIep>KUBAIOIIMMHI areHTaMu

Fig. 2. The absorbency during one-sided wetting of fluting (a) and
linerboard (6) samples during storage: © — blank sample; ©— sample
with retention agents

TabOnuua 4

Koa¢pdunuenTsl Bapuanuu cpeaHeil BIUTHIBAeMOCTH 00pa3uoB (JIIOTHHIa
U KapTOHa-JaliHepa ¢ MCMO0JIb30BAHUEM
U 0e3 UCMoJIL30BAHMSA YAePKUBAIOIIUX AT€HTOB, %o

The coefficients of variation of the average absorbency of fluting and linerboard
samples with and without the use of retention agents, %

O6paszen DnroTUHT Kapron-naituep
Xonoctoi 10,7 7,8
C ynepuBarolllUMHI areHTaMH1 5,9 3,5

B menom MOXXKHO OTMETHTB, UTO MOCJE BBEIACHUS B OymaxHyro maccy XBB
JUIS yAepKaHHUsI MEJIKOrO BOJIOKHA BIMTHIBAEMOCTh IIPHU OJHOCTOPOHHEM CMaunBa-
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HUH CTalla 3HaYUTeNbHO cTabuibHee. Koaddunuent Bapuanuu cpeqHux 3HaUCHUN
Kak A5 QIIFOTHHTA, TaK ¥ JUIs KapToHa-JTallHepa CHU3WIICS TIOUTH B 2 pasa.

Bo16000b1

1. ITokazaHo, 9TO ONTUMAIHHBIMH YCIOBHSIMH BBeneHUsT XBB B OymakHyt0
Maccy SIBISIETCsl 2-CTyIEeHYaTasl cxeMa nojauu Kpaxmasna: kpaxman — kied AKJ[ —
Kpaxmain. bymakHas Macca, MOATOTOBJICHHAs TPU TaKOM CIIOCOOE O3UPOBAHHS
XBB, nmeer ontumanbHble 3JIEKTPOKUHETHYECKHE MTOKa3aTelu, a o0pasmbl — cTa-
OMIBHOCTD NpOKIIeHKH 110 KoOoy.

2. IIpn Mcronb30BaHUM YACPKUBAIOIIUX areHTOB ((DUKCHPYIOIIETO arcHTa H
(bokynsaaTa) Tporiecc co3peanms kires AK/] 3HaunTensHO cTabmibHEe. DTO 00BsIC-
HSIETCS TEM, 4TO OOJbIIAst YacTh Kies (PUKCUPYETCsl MPEHUMYIIECTBEHHO HA MEITKOM
BOJIOKHE.

3. [IpumMeHeHne ynep)KUBAIOLUIMX AareHTOB M 2-CTyIeHYaTas cXema IMoAaqu
Kpaxmaia (kpaxman — kiedt AKJ] — kpaxmai) JONOTHUTEIHHO 00eCcednBaloT CTa-
OWMJIBHOCTD TOKAa3aTelNell KauecTBa KapTOHA, YTO TTOJITBEPIKIACTCS CHIKCHUEM KOJIe-
OaHMl cpeaHNX 3HAYCHUH IMOYTH B 2 pasa.

CIIMCOK JIUTEPATYPbI / REFERENCES

1. Axynos B.B., Epmaxos C.I Ilpou3BoactBo Oymaru u kaptoHa. [lepmb: Ilepm. roc.
TexH. yH-T, 2010. 432 c.

Akulov B.V., Ermakov S.G. Paper and Cardboard Production. Perm, Perm State
Technical University Publ., 2010. 432 p. (In Russ.).

2. Apmemvesa A.O., Topaszoosa B.B., /lepnosa E.B., /[ynexun JI.A. Ctabunuzanus
MIPOKJICHKH TapHOTO KapToHa // IIpobaeMbl MEXaHUKH LEIUTION03HO-OyMaKHBIX MaTepHalioB:
marepuansl VII Mexnynap. Hayd.-TexH. KoH]. um. npod. B.M. Komapoa. ApxaHrenbck:
CADY, 2023. C. 83-89.

Artemeva A.O., Gorazdova V.V., Dernova E.V., Dulkin D.A. Stabilization of Container
Board Sizing. The Issues in Mechanics of Pulp-and-Paper Materials: Proceedings of the
7th International Scientific and Technical Conference in Memory of Professor V.I. Komarov.
Arkhangelsk, Northern (Arctic) Federal University Publ., 2023, pp. 83-89. (In Russ.).

3. brunywosa O.H., [ynoxun /].A., Kosepnunckuu M.H. PazButue Teopun MexanHuzma
NIPOKJICHKH TecT-JlaiiHepa ITuMepaMu aikuikereHa // Xumus pactuT. ceipbs. 2008. Ne 1.
C. 131-138.

Blinushova O.1., Dulkin D.A., Koverninskij I.N. Development of the Theory of the
Mechanism of Sizing the Test-Liner with Alkyl Ketene Dimmers. Khimija Rastitel 'nogo
Syr’ja, 2008, no. 1, pp. 131-138. (In Russ.).

4. /lepnosa E.B., [opasoosa B.B., Iypves A.B., /lynoxun /I A., /lepnos A.H., Oxynosa E.O.
[TpakTuky™m 1o TexHosoruu Oymaru u kaproHa. Y. I. Ananu3 nonydaOpukaTtoB, XUMHUKaTOB U
OymakHOHM Macchl. Apxanrenbck: CADY, 2022. 88 c.

Dernova E.V., Gorazdova V.V., Gur’jev A.V., Dulkin D.A., Dernov A.I., Okulova E.O.
Practical Course on Paper and Cardboard Technology. Part I. Analysis of Semi-Finished
Products, Chemicals and Paper Pulp. Arkhangelsk, Northern (Arctic) Federal University
Publ., 2022. 88 p. (In Russ.).

5. Iymekun J.A., Cnupuoonosé B.A., Komaposé B.M. COBpEeMECHHOE COCTOSHUC
W TEPCIEKTHBBl HCIOJIb30BaHUS BTOPUYHOIO BOJIOKHA W3 MakyJaTypbl B MHPOBOH H
OTEYEeCTBEHHOW MHYCTpHH Oymaru. ApXaHrejabck: ApXaHr. roc. TexH. yH-T, 2007. 1118 c.



204 «H3BecTHs By30B. JlecHoii skypHay». 2024. Ne 6

Dulkin D.A., Spiridonov V.A., Komarov V.I. Current Status and Prospects for the Use
of Recycled Fiber from Waste Paper in the Global and Domestic Paper Industry. Arkhan-
gelsk, Arkhangelsk State Technical University Publ., 2007. 1118 p. (In Russ.).

6. Keuzep I1.M., Cumonosa E.HM. Texnomorust Oymaru u kaprona. CII16.: BILITD
CIIGI'YIITA, 2023. 92 c.

Kejser PM., Simonova E.l. Paper and Cardboard Technology. St. Petersburg,
Higher School of Technology and Energy of Saint Petersburg State University of Industrial
Technologies and Design, 2023. 92 p. (In Russ.).

7. Xoeancxuti B.B., /[yooevui B.K., Keuzep IIL.M. TlpuMeHeHUE XUMHUECKHX
BCIIOMOTATEJIBHBIX BEIICCTB B MPOM3BOACTBE Oymaru u kaprona. CI16.: CIIGI'TYPIIL, 2013.
Y.2.70c.

Khovanskij V.V., Dubovyj V.K., Kejzer P.M. Application of Chemical Auxiliaries in
the Production of Paper and Cardboard. St. Petersburg, Saint Petersburg State Technological
University of Plant Polymers, 2013, part 2. 70 p. (In Russ.).

8. Yepnas H.B., @netiwep B.JI., [luwaros E.I1., Anoproxosa M.B., Muciopos O.A.
W3syyenune cTabMIBbHOCTH THAPOGOOHOCTH U MPOYHOCTH OMBITHO-MPOMBIINUICHHBIX TAPTHi
Oymaru u kaptoHa // XuMusi 1 XUMUYECKasi TEXHOJIOTHs TepepabOTKH PACTUTETHHOTO CHIPhS:
MaTepHaibl JTOKJI. MeXIyHap. Hayd.-TexH. KOH(}., mocBsmnl. 100-IeTHIO CO JHS POXKICHUS
B.M. Pe3nuxoBa. Munck: benopyc. roc. Texnon. yH-T. 2018. C. 160—-166.

Chernaya N.V., Flejsher V.L., Shishakov E.P., Andryukhova M.V., Misyurov O.A.
Study of Stability, Hydrophobicity and Strength of Pilot-Industrial Batches of Paper and
Cardboard. Chemistry and Chemical Technology for Processing Plant Raw Materials: Pro-
ceedings of the Reports of the International Scientific and Technical Conference Dedicated to
the 100th Anniversary of the Birth of V.M. Reznikov. Minsk, Belarusian State Technological
University, 2018, pp. 160-166. (In Russ.).

9. Al-Sabagh A.M., Nasser N.M., El-Hamid T.M.A. Investigation of Kinetic and
Rheological Properties for the Demulsification Process. Egyptian Journal of Petroleum, 2013,
vol. 22, iss. 1, pp. 117-127. https://doi.org/10.1016/j.ejpe.2012.11.013

10. Brungardt C.L., Cast J.C. Alkenil-Substituted Sizing Agents for Precision Convert-
ing Grades of Fine Paper. TAPPI Papermakers Conference Proceedings. USA, Philadelphia
PA, 1996, pp. 297-308.

11. Chen Q., Ni Y., He Z. Substitution of High-Yield-Pulp for Hardwood Bleached
Kraft Pulp in Paper Production and Its Effect on Alkenyl Succinic Anhydride Sizing. BioRe-
sources, 2012, vol. 7, iss. 2, pp. 1462—1473. https://doi.org/10.15376/biores.7.2.1462-1473

12. Crouse B., Wimer D. Alkaline Sizing: an Overview. TAPPI Neutral / Alkaline
Short Course, 1990, pp. 5-39.

13. Derkach S.R. Rheology of Emulsions. Advances in Colloid and Interface Science,
2009, vol. 151, iss. 1-2, pp. 1-23. https://doi.org/10.1016/j.¢is.2009.07.001

14. Eklund E., Lindstrom T. Water Penetration and Internal Sizing. Paper Chemis-
try: An Introduction. Finland, Grankulla, DT Paper Science Publications, 1991, chapt. 7,
pp. 192-222.

15. Esser A., Blum R., Kuhn J., Leduc M. Neue Entwicklungen auf dem Gebiet der
Storstofibekdmpfung mit Polyvinylaminen. Wochenblatt fiir Papierfabrikation, 2004, no. 10,
pp- 535-539. (In Germ.).

16. Feng G.L., Liu Y.Z., Jiao W.Z., Na-Na Y.U., Wang D.Z. Preparation and Property
of Paraffin Wax Emulsion. China Surfactant Detergent & Cosmetics, 2011, iss. 06, pp. 31-34.
https://doi.org/10.13218/j.cnki.csdc.2011.06.011

17. Hensema E.R., Welch M.J., Broekhuisen G.J., Bates R. Sizing and Ink Jet
Printing of European Multi Purpose Office Paper. TAPPI Papermakers Conference
Proceedings, 1997.



https://doi.org/10.1016/j.ejpe.2012.11.013
https://doi.org/10.15376/biores.7.2.1462-1473
https://doi.org/10.1016/j.cis.2009.07.001
https://doi.org/10.13218/j.cnki.csdc.2011.06.011

Lesnoy Zhurnal = Russian Forestry Journal. 2024. No. 6 205

18. Huang L., Chen C., Gao S., Cui L., Wang S., Song X., Chen F., Liu J., Yu S.
Preparation and Characterization of a High Performance Emulsion Using a Polymeric Emul-
sifier and AKD. BioResources, 2018, vol. 13, iss. 2, pp. 4046—4057. https://doi.org/10.15376/
biores.13.2.4046-4057

19. Mattson R., Sterte J., Odberg L. Colloidal Stability of Alkyl Ketene Dimer (AKD)
Dispersions. Influence of Shear, Electrolyte Concentration, Poly-electrolytes and Surfactants.
The Science of Papermaking: Transactions of the XIIth Fundamental Research Symposium.
Oxford, 2001, pp. 393—413. https://doi.org/10.15376/frc.2001.1.393

20. Meixner M. New Internal Sizing Technology for Precision Converted Alkaline
Finer Paper. World Pulp&Paper Technology, 1996/97.

21. Yu L., Garnier G. Mechanism of Internal Sizing with Alkyl Ketene Dimers: the
Role of Vapour Deposition. The Fundamentals of Papermaking Materials: Transactions of
the XIth Fundamental Research Symposium. Cambridge, 1997, pp. 1021-1046. https://doi.
org/10.15376/frc.1997.2.1021

Kongpnuxm unmepecos: ABTopbl 3asBISIOT 00 OTCYTCTBHM KOH(IMKTA HHTEPECOB
Conflict of interests: The authors declare that there is no conflict of interests

Bxuiax aBTopoB: Bee aBTopbI B paBHOM J0J1€ y4acTBOBAJIM B HAITMCAHUY CTaThU
Authors’ Contribution: All authors contributed equally to the writing of the article


https://doi.org/10.15376/biores.13.2.4046-4057
https://doi.org/10.15376/biores.13.2.4046-4057
https://doi.org/10.15376/frc.2001.1.393
https://doi.org/10.15376/frc.1997.2.1021
https://doi.org/10.15376/frc.1997.2.1021

206 «H3BecTHs By30B. JlecHoii skypHay». 2024. Ne 6

P

A KPATKME COOBIIEHNA U OBMEH OIIBITOM

Kparkoe cooOmmenne
YK 630*416
DOI: 10.37482/0536-1036-2024-6-206-215

@ayTHOCTD €JIOBBIX IPEBOCTOEB CEeBEPO-TAEKHOI0 paiioHa
ApXxaHreJbCcKoii o0s1acTi

C.B. Konmeg *; 0-p c.-x. HayK, 00U., 2. HAYY. COMP.;

ResearcherlD: ABD-5497-2021, ORCID: https://orcid.org/0000-0002-5402-1953

C.A. Bacokun'!, acnupanum; ResearcherlD: AHB-7358-2022

ORCID: https://orcid.org/0000-0001-6160-5140

ICeBepublii  (ApkTHyeckuid) QenepanbHblii  yHHBepcureT uM. M.B. JlomoHocoBa,
Ha0. Ceepnoit Jlpunubl, 1. 17, . Apxanrensck, Poccus, 163002; s.koptev@narfu.ru™,
vaskin.s@edu.narfu.ru

2CeBepHBIN HAyYHO-MCCIIE0BATEIbCKIM HHCTUTYT JIECHOTO X03siicTBa, yia. HukuTosa, 1. 13,
. Apxanrenbck, Poceunst, 163062; s.koptev@narfu.ru™

Iocmynuna 6 peoaxyuto 16.10.23 / Odobpena nocie peyenzuposanus 26.12.23 / [punama k newamu 28.12.23

Annomayus. TlpuBeneHsl pe3ysbTarbl U3y4eHUs! payTHOCTH €JIIbHUKOB B CEBEPO-TACKHOM
paiione ApxaHrenbckoil oOiacTu. PayTHOCTh OKa3blBAaeT 3HAYUTEIHLHOE BIMsSHHE Ha ca-
HUTApHOE COCTOSHUE, TOBAPHOCTh M YCTOWYMBOCTH JIECHBIX HacaxjaeHHi. MccinenoBanue
nposouiock ¢ 2020 mo 2023 1. ¢ KCIIOIb30BAHUEM MaTEPUAIIOB, MOJIYUYSHHBIX Ha MTPOOHBIX
TUTOINA/SIX, 3QJI0KEHHBIX B CIIEJIBIX €JOBBIX HACAKACHUSIX, MOAAIBHBIX [0 OCHOBHBIM TaK-
CallMOHHBIM MapamerpaM. [lepea HayasoM IMONEBbIX PabOT ObUIM M3ydeHBI KapTrorpaduue-
ckue 6a3bl JaHHbIX. Pazmep mpoObl onpenesisicsi u»BMEHYMBOCTBIO TAKCAIIMOHHOTO JHaMeTpa
[JIABHOM MOPOJBI M TOYHOCTHIO OMbITa. Ha ka0 mpoOHOM TUIOIIA U MPOBOAMIIN MEPEUET
BCEX JEPEBBEB I10 MOPOJaM, AMaMETPy Ha BBICOTE 1,3 M B KOpe U 110 KaTEeTOPHsIM COCTOSHUS.
JUis Kaxmoro aepeBa OTMEYad HalIW4HMe MOPOKOB, BIUSIOMINX HA TOBAPHOCTH, IIOAOBBIX
Tel JepeBopaspyiatomux rpudos. s onpenenenus Bo3pacra JIepeBbeB Ha POOHOM 1110~
11311 OTOMpaI KePHBI Yy ek KopHs. JlJ1sl n3ydeHus: 3aKOHOMEPHOCTEH paciipoCTpaHeH st
(ayTHOCTH ¥ TIOJy4EHHUs] MaCCOBOTO Marepualia ObLIH 3aJI0)KEHbI CTATUCTHUECKHE YUETHbIC
IUIOLIAIKK Ha CBEXUX BbIpyOKax. [Ipu oOHapy)keHHH 'HUIIM Ha THE MPOBOIMIN U3MEpEHHE
JUaMeTpa THWIH, OTpeNeNain ee BUA, TUI U CTaauio. Bo3pacT mepeBbeB ycTaHABIUBAIU
[0 TOAWYHBIM KOJbIIAaM Ha MHAX. [IpM HanW4YuM THWINM BO3pAcT OMPEAEISUIH M0 KOppesis-
IIUOHHBIM CBSI35IM C AMAMETPOM MHs. 3aTeM ACPEBbs IPYNIUPOBAIN MO COOTBETCTBYIOIIUM
KJjaccaM Bo3pacra. B xoze uccienoBanusi ObUIM M3y4YeHbI U IIPOAHAIM3UPOBAHBI TIOKa3aTe-
11 (payTHOCTH B Pa3IMUHBIX JIECOPACTUTEIBHBIX YCIOBHSX. BBISIBICHO, YTO C yBEIUUCHUEM
KJlacca BO3pacTa BCTPEYaeMOCTh BCeX MOPOKOB Bo3pacTaeT. Hambomnee sBHas 3aBUCHMOCTh
3aukcupoBana st rHuiei. KonmuecTBo rHuiiei Bapbupyer B auanasone ot 5,1 10 29,0 % B
3aBUCHMOCTH OT THIIA JIECOPACTUTENBHBIX yCI0BHUil. Jlons THIIIEH CHIKAeTCs C yXyAle-
HUEM JIECOPACTUTEIbHBIX ycioBHH. CaMblif pacIpOoCTpaHEHHBIN epeBOpa3pyIIaAlONIuit
rpub — xopHeBas ryoka (Heterobasidion annosum (Fr.) Bref.). OTmeuaeTcst yBenndeHue
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Abstract. The results of studying the defectiveness of spruce forests in the northern taiga
zone of the Arkhangelsk Region are presented. Defectiveness has a significant impact on
the sanitary condition, marketability and sustainability of forest plantations. The study has
been conducted from 2020 to 2023 using materials obtained from sample plots laid in mature
spruce plantations, modal in terms of basic taxation parameters. Before starting the field work,
the cartographic databases have been studied. The sample size has been determined by the
variability of the taxational diameter of the main species and the experiment accuracy. In
each test area, all trees have been enumerated by species, diameter at a height of 1.3 m and
by condition categories. For each tree, the presence of defects affecting marketability and
fruit bodies of wood-destroying fungi has been noted. To determine the age of the trees in the
sample plot, core samples have been taken from the root collar. To study the patterns of the
defectiveness spread and obtain mass material, statistical survey sites have been laid on fresh
cuttings. When rot has been detected on the stump, the diameter of the rot has been measured
and its type and stage have been determined. The age of the trees has been determined by the
annual rings on the stumps. In the presence of rot, age has been determined by correlation with
the diameter of the stump. The trees have then been grouped by their respective age classes.
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In the course of the research, defectiveness indicators have been studied and analyzed in
various forest growth conditions. It has been revealed that with an increase in the age class,
the occurrence of all defects increases. The most obvious dependence has been recorded for
rots. The amount of rots varies from 5.1 to 29.0 %, depending on the type of forest growth
conditions. The proportion of rots decreases with the deterioration of forest conditions. The
most common wood-destroying fungus is the root sponge (Heterobasidion annosum (Fr.)
Bref.). There is an increase in the incidence of wood-destroying fungi in trees with increasing
diameter. The average stage of butt rot has been 2.8. The study of the defectiveness will
improve the accuracy of assessing the resource potential of coniferous plantations in the
Arkhangelsk Region.

Keywords: defectiveness, spruce plantations, wood-destroying fungi, wood defects, rot
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Bseoenue

Pesynbrarer u3ydeHus: payTHOCTH HACAKIACHUH OTpaskeHbl BO MHOTHX ITyOITH-
karusix [1-5, 7-10, 21]. I[1.B. BoponanoB oTme4aer, 4to ¢ Bo3pactoM (payTHOCTH Jie-
PEBBEB YBEINYHMBACTCA: €CIIM B PA3HOBO3PACTHOM HACaX/IEHUH CO CPETHUM BO3PAcTOM
170 et 3amac ayTtHoii yacTu coctaisiet 15 %, To B HacaxkaeHnn 230 JIeT OH TOXOIUT
10 27 %. Poct mopakeHHOCTH XBOMHBIX MOPOJ THHJISIMH C TTOBBIIIIEHHEM BO3pacTa
MTOATBEPKAAETCS U 3apyOekHbIMU nccnenoBanusmu [24—29]. I1o manaemv C.B. Kon-
TEBa, BCTPEYAEMOCTh THIJIEH B YEPHUYHOM H JIOJITOMOIITHOM €IbHHKAX BaphUPYET OT
28,6 o 35,3 % [8]. Ha ceBepe OuHIsSHAMH 3apaKEHHOCTh THWISIMU Y €ITH OOBIKHO-
BeHHO (Picea abies (L.) Karst.) nexxur B quana3one ot 16 10 46 % B mepecTORHBIX
HacaxaeHusx [27]. Jns ceBepHBIX paiionoB HopBeruu otmedeno, uto 25 % enu mo-
pakeHsI KOpHEBBIMH THIUISIME [22, 23]. [lo maHHBIM 3apyOeKHBIX HCCIICIOBaTEICH,
THHJTH OCJTA0JISIOT MEXaHUYECKYI0 YCTOWYHBOCTH CTBOJIOB JIEPEBBEB, UTO TPUBOTUT
K BETpOBaJaM H OypenomMaM. ITO MOKHO OTHECTH K BTOPUYHBIM (pakTOpaM rudesu
npeBoctoeB [24]. Takum 00pa3oM, BO3pACT M COCTOSHHUE JIPEBOCTOS, & TAKKE IKOJIO-
TMYECKUE YCIOBUS CYIIECTBEHHO BIMSIOT HA YCTOHYMBOCTD JIECHBIX SKOCHCTEM K 00-
JIE3HSM U BpeauTensaM. Ha 3To ykaselBaeTcs B pa3mUuHBIX HccienoBaHusax [18-20].
AHTPOTIOTEHHBIE BO3ICHCTBUS, TAKHE KaK 3arpsi3sHEHUE OKPYKAIOIIEH Cpeabl U pyoKH,
TaK)Ke MOTYT YXYIIIUTh COCTOSHHE JIECOB W IOBBICHTH UX YSI3BHMOCTH K OOJE3HIM
u BpeautersiM. OTMedaeTcsi HeTaTUBHOE aHTPOTIOIeHHOE BIUSHHUE Ha YCTOWYHBOCTD
pekpeaunoHHbIX enbHUKOB [ 11—13]. [ToTepu OT 3apakeHus qepeBbeB (HUTOBpEANTE-
JIAMH CKJIAJIBIBAIOTCSI U3 CHUKEHUS BBIXOJA JEIOBOM NPEBECUHBI, TEKYIIETO Jape-
BECHOTO MPUPOCTA B HACAKICHUH, YMCHBINICHUS 3aIUTHBIX (PYHKINU jeca [2]. B
LIEJIOM MOKHO CKa3aTh, YTO THOEIh JIECOB B CTAPOBO3PACTHBIX EJOBBIX IPEBOCTONX
SIBIISIETCSL PE3YABTATOM JUIMTEIFHOTO IMPOoIlecca, BKIIFOYAIOIIETO BO3/IeHCTBHE OHO-
TUYECKHUX U abnoTH4ecKuX GaktopoB. OmHAKO 115 O0Iee KOMIUIEKCHOTO yIpaBe-
HUS JICCHBIMH PECYpPCaMU U 3aIIUTOH JIECOB OT BPEAHBIX (DAKTOPOB, YTO MOXKET I10-
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MOYb COXPaHUTh YCTOWYMBOCTD JIECOB, HEOOXOIUMO MPOBOANUTH JOMOIHUTEIbHBIC
UCCIIe0BaHUS (ayTHOCTH.

B ceBepo-TaexxHOM paiioHe ApXaHTeIIbCKON 00JIaCTH Cpear HacaKICHUH BCexX
[IOPOJl CaMbIM PAaCHPOCTPAHEHHBIM THUIIOM JI€ca SIBJISICTCS YEPHUUHBIN eNbHUK. Ero
nonst cocraisier 35 %. Jlons monromontHoro u cparHoBoro enpHUKOB — 27 % [6,
21]. 1o nanueM Jlecnoro miuana 2018 r., miomaas XBOWHBIX JIECOB ApXaHIeIbCKOU
obnactu cokparuiach Ha 2,8 % mo cpaBHeHuto ¢ 2009 1. B To ke Bpems cpeqHuii
3amac HacaJICHUH Ha 3eMJISIX JIecHOro oHjaa yBennumics Ha 4 %, 4To CBSI3aHO C
POCTOM JOJH CTENBIX U IePECTONHBIX HacaxaeHuil [ 14, 17]. U3yuenue dayTHOCTH B
paiioHe, BBIOpaHHOM ISl HCCIIEIOBAHMS, UIPACT BasKHYIO posib. PayTHOCTh OKa3blBa-
€T 3HAYUTEJIbHOE BIMSIHUE HA CAHUTAPHOE COCTOSHHE, TOBAPHOCTh U YCTOHYMBOCTH
JecHbIX HacaxiaeHud. VccrnenoBanue (ayTHOCTH MO3BOJIUT MOBBICUTH TOYHOCTD
OLIGHKH PECYPCHOTO MOTEHIMaJa XBOMHBIX HAaCaXICHHH ApXaHTeIbCKON 00IacTH.

Obvexmubl u Memoowbl UCCAEO0BAHUS

Uccnenosanue npoBoaunock B nepuof ¢ 2020 no 2023 1. ¢ UCHOIb30BaHUEM
MaTepuasoB, MOJyYCHHbBIX Ha TPOOHBIX MJIOMIA/SX, 3aJI0KEHHBIX B CIIENIBIX €JIOBBIX
HacCaXJICHUSIX, MOJAJIBHBIX MO OCHOBHBIM TaKCAllMOHHBIM MapameTpaM. OCHOBOM
JUTSE IOI00pa MPOOHBIX TUIOIIAACH CTajIo U3y4YeHue Kaprorpaduueckux 0a3 TaHHBIX.
[TpoOusIe mromaau 3aknaapBany cormacHo OCT 56-69—-83 «[lnomaau npoOHbIe Jie-
COYCTpOMTENbHBIEeY. Pazmep npoObl 3aBHCEN OT M3MEHYMBOCTH TaKCALIMOHHOTO Ua-
MeTpa IJIaBHOM MOPOABI ¥ TOUHOCTH OIIBITA.

Ha xaxno# npoOHOH TuIomaan MpoBOAMIN MIEPEUET BCeX AEPEBLEB M0 TOPO-
JlaM, IMaMeTpy Ha BeIcoTe 1,3 M B KOpe M 10 KaTeropusM cocTosgHus. i KaXka0ro
JiepeBa OTMEUaJI HaJIn4YKe MOPOKOB, BIUSIOMINX Ha TOBAPHOCTb, MJIOJOBBIX TEI Jie-
peBopazpymaronux rpuoos (OCT 2140-81 «Buaumeie mopoku ApeBeCUHBD» ). s
OIpeJesieHNs BO3pacTa JepeBbeB Ha MPOOHOI IOy 0TOMpaau KepHbI y HIEHKH
kopHs OypaBoM Haglof.

Jliis u3yveHust 3aKkoHOMEPHOCTEeH pacpocTpaHeHus payTHOCTH U MOTYUECHUS
MaccOBOT0 MaTepualia ObUIN 3aJI0)KEHBI CTATUCTHYECKHUE YUETHBIE TUIONIAIK/ Ha CBe-
KHX BBIpyOKax. MecTo 3akiaJiku MpOOHBIX TUIOIAICH MOAOMUpaH 10 TaKCaloH-
HOMY OTHCAHHIO C YTOUHEHHEM JIECOPACTUTENbHBIX YCIOBUH B Harype. [lnomanku
20%20 M pacrmonaraayd paBHOMEPHO IO IHIOMATH BRIpYOOK. Ha 50 y4eTHBIX TI0-
HIaJKax MU3MEpsUT JUaMeTp M BBICOTY Kaxzaoro mHs. [Ipu oOHapykeHMM THWIN Ha
[THE TIPOBOAMIIN M3MEPEHHUE €€ JUuaMeTpa, ONpPEAeIsIM BUJ, TUII U CTaJUI0 THUJIU.
BospacT nepeBbeB ycTaHaBIMBAIHM MO0 TOAUMYHBIM KOJbLIaM Ha MHsX. [lpu Hanuaun
THUJTM BO3PAcT ONPEEIsIN 10 KOPPENSLUOHHBIM CBSI3SM C IHaMETpOM IHs. 3aTeM
JIepeBbsI TPYNIIUPOBAJIH 110 KJIaccaM BO3pacTa.

[Tomumo MarepuanoB, MOJyYEHHBIX ABTOPAMH, HCIOJIb30BAJIUCh MAaCCOBBIE
Marepuanbl yueta (aytHoctn ¢unmmana OBY «Pocnecosammray «LleHTp 3ammTer
neca ApxaHrenbckor oonactiy» [16].

Pezynomamut ucciedosanust u ux oocysicoenue

[Tpu n3yuernn GpayTHOCTH BaKHO YCTAHOBHUTH BCTPEUAEMOCTD TOTO FITH HHOTO
MOpPOKa, KOTOpast 3aBUCHT OT THIIA JIECOPACTUTENBHBIX YCIIOBUH. BhisBneHa 3aBucu-
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MOCTbB AJIs THHIIeH. BeTpeyaeMocTh OCTalIbHBIX MOPOKOB B 3HAYUTENBHON CTENEHU
Bapbupyer (puc. 1). Hacto mopoku GUKCUPYIOTCS Ha JEPEBBSIX OHOBPEMEHHO.

T

T'anm CyXOBEpIIHHHOCTH TpemuHs Cyx060K0CTh

_— = NN W
S v o W O

Hons, % ot obuiero yuncia
JIepeBbEB
W

BE wep. WE. gm. HE. cd.

Puc. 1. BerpeuaeMocTh (ayTHBIX J1€pEBbEB B CEBEPOTACIKHBIX
eNbHUKaX ApxaHreibckoil obmactu: uepandHbix (E. uep.); mon-
romomnbIX (E. 1m.); charnossix (E. cd.)

Fig. 1. The occurrence of defective trees in the northern taiga
spruce forests of the Arkhangelsk Region: blueberry (E. uep.);
long-moss (E. am.); sphagnum (E. cd.)

B uepHHMYHOM enbHHKE BCTpedaeMOCTh (ayTHBIX IepeBbEB cocTaBisieT 40,8 % ot
0011Iero yncia aepeBbeB: cyxo00kux — 0,5 %, ¢ TpermHaMu — 0,6 %, CyXOBEpIIMHHBIX —
16,7 %, ¢ tusimu — 29 %. B gonromoriiHoMm ejbHUKE (ayTHBIX jepeBbeB — 41,8 %,
3 HUX cyx000kux — 0,5 %; ¢ TpemuHamu — 1,0 %; cyxoBepmHHBIX — 18,2 %; ¢ THH-
nsimu — 22,1 %. B cdarnoBom enbauke 16,7 % daytabix nepesbes: 0,3 % CyXoOOKHX,
y 0,8 % ormeuens! TpeumHsl, 10,5 % cyxoBepmHHBIX, 1y 5,1 % ecTh rHUIN.

Ha crBonax enu 3aduKCcHpOBaHBI MOPO3HBIE, OOKOBBIE, HECKBO3HBIE, Pa3o0-
LIE/IIUECs TPEUIMHBL. B unciie BBISIBICHHBIX IIOPOKOB JI0JIS TPEIIUH HE3HAYUTEIbHA.
JlocTaroyHO 4acTo TPEUIMHBI U THHJIb TIPUCYTCTBYIOT OJJHOBpEeMeHHO. [loaToMy OT-
JIETEHOTO BIMSHUS Ha COPTHOCTH JIECOMAaTEPHAaIOB TPEIMHBI HE OKa3bIBatoT. Hanbo-
Jiee PelIko B OOCIIEIOBAaHHBIX €IbHUKAX BCTPEYAeTCs CyXOOOKOCTh. 3apuKcupoBaHa
BBICOKasl BCTPEUaEMOCThb CyXOBEPIIMHHOCTU. CyXOBEpIIMHHOCTL YacTo ObIBAaeT Of-
HOBPEMEHHO C THHJIBIO HA CHJIBHO OCJIAa0JICHHBIX M yChIXaloIIuX JiepeBbsix. Hanbo-
Jiee BEPOSITHOM MPUYMHON MOSIBJICHUSI CYyXOBEPIIMHHOCTH MOXKET OBITh M3MEHEHHUE
YPOBHSI TPYHTOBBIX BOJ MO/ BO3JEHCTBUEM IOYBEHHO-KIMMATHYECKUX (AKTOPOB.
CaMbIM Y9aCTOTHBIM TTOPOKOM SIBJISIIOTCSI KOPHEBHIE M CTBOJIOBBIC THWJIHM JI€PEBHEB
emn. C yXyaIIeHneM JIeCOpacTUTENbHBIX YCIIOBUI Ha 00CIeI0BaHHBIX TPOOax BCTpe-
4aeMOCTb JIEPEBOPA3PYILAIOMINX TPHOOB CHIKACTCH.

CornacHo HaleMy HCCIIEIOBAHUIO, C YBEIIMUEHHEM Kilacca BO3pacTa BCTpeya-
€MOCTh BCEX IMOPOKOB TOBbIIIaeTcsi. Hanbonee siBHast 3aBUCUMOCTD 3aIKCHPOBaHa
JUIsl THUJIEW. POCT mopa)eHHOCTH XBOWHBIX MOPOJ] THIJISIMU C BO3PACTOM TTO/ITBEPIK 1A~
eTcs U 3apyOe)KHBIME yaeHbIMHE [23, 24, 27]. CyX000KOCTh, TPEIIHHBI 3ahUKCUPOBa-
HBI C OMHAKOBOW YacTOTOH JJIsi JepeBhEB Pa3HOTO JUaMeTpa M Kilacca BO3pacTa.
Hepenxo MHOrME OPOKH NPUCYTCTBYIOT Ha AEPEBBSIX OJHOBPEMEHHO. [ TaBHBIM U3
[IOPOKOB, BIUSIONIMX Ha COPTHOCTD JIECOMATEPHAJIOB, SIBIISIOTCS THHJIH, BHI3BAaHHBIC
JepeBopa3pyialomuMu rpudamu. @ayTHOCTh CEBEPOTACIKHBIX CITBHUKOB CPEITHSIS:
KOJIMYECTBO (DayTHBIX JEPEBHEB B PA3HBIX THIAX JIECOPACTUTEIHHBIX YCIOBHH HE
mpessimnaet 40 %.
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W3 Bcex MOpOKOB ApeBECHHBI HAMOONbIIEE BIUSHUE HA BBIXOJ COPTUMEHTOB
OKa3bIBAIOT THWJIM, BBI3BAHHBIC JiepeBOpa3pyliaonuMu rpudamu. [lo Hammm naH-
HBIM, CAMBIMH YacTO BCTPEYAIONIMMUCS JepeBOPa3pylIalONMMUA TprOaMH eIbHU-
KOB CEBEpPOTACIKHOTO paiioHa ApPXaHTEIBCKON OOJACTH SBISIOTCS: KOpHEBas ryOka
(Heterobasidion annosum (Fr.) Bref.), BpI3pIBatoI1ast KOPpO3MOHHYIO IECTPYIO SIAPO-
BYIO THWJIb KOMIISL; enoBasi ryoka (Phellinus chrysoloma (Fr.) Donk), ctanoBsmmasics
IIPUYMHON KOPPO3UOHHOM MECTPON CUTOBHUHOM SIPOBOM I'HWIKA CTBOJIA; TPYTOBUK
IBetinutia (Polyporus Schweinitzii Fr.) — npuunHa JeCTPyKTUBHOW Oypoil Tpe-
IIUHOBATON THWJIM KOMJIST, OKaiiMJICHHBIN TpyTOBUK (Fomitopsis pinicola (Sw.Fr.)
P. Karst), mosiBieHne KOTOPOTo Ha JEPeBe BICUET 3a COOOU JTECTPYKTUBHYIO OypyIO
TPEIINHOBATYIO SPOBO-3200JIOHHYO THUIIB.

BunoBoii coctaB gepeBopaspylaominX rpuO0B UMEET 3aBUCUMOCTbD OT JIECO-
PacTUTENBHBIX YCIOBUI: C UX YXYALIEHHEM BCTPEYaEMOCTh JCPEBOPA3PYILAIOIINX
rpuOoB cHIKaeTcs (puc. 2).

20

—
w

Jonst, % ot o6iero yuciaa
JIEpEBLEB
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m Kopuesas ryokxa ® Enosas ryoka ® Tpyrosuk lsetinutua  OkaliMIECHHBINH TPYTOBHK
Puc. 2. BunoBoif coctaB nepeBopa3pymaromux rpudoB Mo TH-
maMm jeca
Fig. 2. The species composition of wood-destroying fungi by forest
types

B 4epHHYHOM ebHHUKE BCTPEYaEMOCTb ICPEBbEB, OPAYKEHHBIX THUJISIMH, COCTAaB-
nster 29,0 % ot obmiero umcna aepeBbeB (OKalMIICHHBIA TPYTOBUK — 2,4 %, TPyTOBHK
IBettauTiia — 4,7 %, enosas ryoka — 5,3 %, kopHeBas ryoka — 16,6 %). B qonromorrHom
eJbHUKE JiepeBbeB ¢ THWIIME — 22,1 % ot o0rmiero uucia (OKalMIICHHBIN TPYTOBUK —
1,9 %, tpyroBuk llIBeitnuTia — 2,5 %, enoas ryoka — 4,2 %, kopHeBas ryoka — 13,5 %).
B cdarnoBom enpHHKE 0N AepeBbEB ¢ THWIIMU paBHsiercst 5,1 % (enoas ryOka —
1,6 %, xopHeBasi ryoka — 3,5 %). I1o HammM qaHHbIM, HaHOOJIee PacIPOCTPAHEHHBIM Jie-
PpEeBOpa3pyLIAONIM IPUOOM SIBIISIETCST KOpHEBas ryOka. J{oiist mopakeHHBIX €10 JIepeBb-
€B BappHpyeT oT 3,5 mo 16,6 % ot obmero unca nepesbeB. [lomydaeHHbIe HAMU JaHHBIC
HE TIPOTUBOpEYAT pe3yibraraM Ipyrux ucciemoBareneit [8, 12]. s pa3Butus rHAICH
HanOoIee OIaroNpUATHBIMU SIBJISFOTCSI BRICOKOTIPOAYKTUBHBIE THITHI Jieca. Jorst kopHe-
BOH T'yOKU CHIKAeTCs C yXyAILICHUEM JIECOPACTHTENbHBIX YCIIOBHH. BbI3bIBasi rHUECHHE
KOpHEBOHM 4acTu, TpyToBUK LLIBeiiHUTIIA CTAHOBUTCSI MPHYMHOIN BETPOBAIOB JINOO He-
TaTUBHO BJIMSIET HAa COCTOSIHHME JIEPEBa, YTO BIIOCIICACTBUH MPUBOJHT K €ro 3aCeICHHIO
BpEIHBIMU HaCEKOMBIMU. EjtoBasi ryOka HAHOCHT 3HAUMTENBHBIN YPOH JPEBECHHE €IIH,
T. K. Pa3BUBAETCs B €€ CAMBIX [IEHHBIX YacTsX. bOJIe3Hb BIIeUeT MOYTH MOTHYIO MTOTEPI0
JIeTIOBO JIpeBECHHBI, 00pa3oBaHue Oypernoma, pexe — BeTpoBasia. OKalMIICHHBIH Tpy-
TOBHK YaCcTO BCTPEUACTCS Ha BETPOBAJILHBIX M OYpEeJIOMHBIX JIEPEBBSIX U B PSJIC CIIydacB
(uKCHpyeTCs Ha YCBIXAIOIINX U CYXOCTOWHBIX.
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Uccnenoparensimu I1.B. Boponanoseim, C.II. YckoBbiM, A.I. Momkane-
BBIM C COABT. OTMEUAETCS CBSA3b MEXK/Y YBEIMYEHUEM BCTPEUYAEMOCTHU FHUIEN U
MOBBIIIEHHEM KJlacca Bo3pacTa [2, 15, 21]. V cTapoBO3pacTHBIX JIepeBheB (PUK-
CUPYETCSl CHH)KEHUE YCTOMYMBOCTH K TTOPAXKEHUIO J€PEBOPA3PYIIAIONIUMHU TPU-

O6amu (Tadm. 1). a6 1
abnuma

Cpennsisi BcTpeuaeMOCTh THUJIEH 10 KjIaccaMm Bo3pacra, % oT o01uero
KOJIMY€CTBA JIepeBbeB

The average occurrence of rot by age classes, % of the total number of trees

Kracc Bospacta JIo71s1 IEPEBBEB IO KATETOPHSAM COCTOSHHUS Jlonst nepeBben
ACPEBLCE 310poBbIE TToBpesKIeHHbIE THUISAMH KIacca Bospacta
\'% 81,0 19,0 20,9
Vi 59.6 40,4 34,8
VII 57,1 429 6,8
IX 34,1 65,9 27,0
XI 50,0 50,0 3,9
XV 41,2 58,8 6,6
Cpeonee 53,8 46,2 100*
* CymmMma.

B HayuHBIX paboTax OTMEUaeTCsl YBEIHUYCHHUE MOPAKaeMOCTH JIEPEBOPA3PY-
HIaroIIUMU rpubamu fiepeBbeB ¢ Bo3pactanuem auamerpa (C.B. Konres [8], M. Thor
et al. [29]). Hamu 3adukcupoBaHo, 4TO JUaMETP JCPEBLEB OKa3bIBACT CHIILHOE BIIH-
STHAE Ha BCTPEUYaeMOCTh THIUICH (Tabi. 2).

TabGuuna 2

Ces3b BCTPEYAEMOCTH THUJIEH ¢ TOJIUHOM AE€peBbLEB
0 TUIIAM JI€COPACTUTEIbHBIX yCJ'lOBlrlﬁ

The relationship between the rot occurrence and the tree thickness
by types of forest growth conditions

[Ipenensl usmeHeHus
Omrbka . .
Twun enbHUKA ypaBHCHPIe CBA3U HE3aBUCUMOU IIEPEMEHHOU,
YpaBHEHUS oM
UepHuyHbIN y=-0,0230x2 + 1,8085x — 19,421 1,81 16...24
Jonromomasrit |y =0,0217 x2—0,6576x + 7,2374 2,66 16...28
CdarHoBbrif y=-0,0251x2+1,1008x — 10,166 4,40 16...28

HauGornee yacto rHiIu GUKCUPYIOTCS Y IEPEBBEB CO CPETHUM JTHAMETPOM OT
20 cMm u Goree.

B xBOHHBIX JIpeBOCTOSIX NMpUMEpHO 10 80 JieT BCTpedaroTcss THUWIM 1-i u
2-#1 craguii, a B Bo3pacte A0 190 net — 1, 2, 3 u 4-ii craaumii [15]. s Bcex BUIOB fie-
peBOpa3pymarInuX rpudoB B enbHIKaxX EBpornerickoro CeBepa XxapakTepHa CpeTHss
CTEIEHB ICKOMIIO3HIINH JPEeBeCUHBL. KOTMYECTBO BBISBICHHBIX THUJICH (KOPPO3HOH-
Has) Ha THAX (%) B COOTBETCTBHUHM CO CTAIMEH PA3JIOKEHHS CIIeTyollee:
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Bce BbIsIBIEHHBIE THUIIM HMEIOT KOPPO3HOHHBIN TUI rHUEHHsI. COrTacHO Ha-
IIMM JIaHHBIM, CPEIHSS CTaaus KOMJIEBOW rHWiIM coctaBwia 2,8. Hambonee wacto
BCTpedaroTcs 3-s1 u 4-s craauu THWIEH. B mocienHel craaum pa3BUTHS OONE3HU
O0OBIYHO YYACTBYIOT Pa3JIMYHBIC BHJIBI IEPEBOPA3PYIIAOIINX TPprHOOB [8].

Baxnouenue

B xone mpoBeneHns uccnenoBaHus ObUTH U3yUYeHBI TOKa3aTenn (payTHOCTH B
Pa3IMYHBIX JIECOPACTUTENBHBIX YCIOBUSAX B CEBEPO-TAaC)KHOM paiioHe ApXaHTelb-
CKOH oOnacTu. BISIBICHO, UTO ¢ yBEJIMUEHUEM KJIacca BO3pacTa BCTPEYaeMOCTh BCEX
MOPOKOB TMoOBbIIIaeTcst. Hanbonee siBHast 3aBUCUMOCTh 3a()MKCHUPOBAHA ISl THUJICH.
KonmuectBo rHuiei Bapsupyet ot 5,1 10 29,0 % B 3aBHCHMOCTH OT THIIA Jiecopac-
TUTENHHBIX YCIOBUHA. J[oNsl THUIICH CHMKAeTCs ¢ YXYAIICHUEM JIeCOPACTHTEILHBIX
ycnoBuii. CaMbIM pacpOCTpaHEHHBIM JIEPEBOPA3PYIIAIOIINM I'PHOOM SIBIISIETCS KOP-
HeBas ryoka (Heterobasidion annosum (Fr.) Bref.). OTmeuaercs yBenuueHue mopa-
JKAeMOCTH JIEPEBOPA3PYLIAIOUIMMU TPpHOaMH JIEpEeBBEB C BO3pAcTaHHEM JHaMETpa.
Cpenusist cTaausi KOMJIEBOW THUIM cocTaBuia 2,8. Haubonee yacto Berpeuatorcst 3-s
" 4-51 cTaiii THHUJIEH.

[Topoku IpeBeCHBIX CTBOJIOB YMEHBIIIAIOT BHIXOJI JACTIOBOM JIPEBECHHBI U COPT-
HOCTB JiecomarepraiioB. [IpaBuibHbINA yueT GpayTHOCTH HEOOXOAUM JIsl palliOHAIIH-
3aIliy UCTIONB30BaHUs JIECHOTO (DOH/IA.
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