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'Poccuiicko-BbeTHaMCKMI TPONMUYECKUN HAYYHO-HCCIENOBAaTENbCKUM U TEXHOJIOTMYECKHH
ueHrp, [Ipumopckoe otnenenue, JdenaprameHt mo skosnoruu , yi. Hryen Txven Txyar, n. 30,
Hsrqanr, Conmanuctrnaeckas Pecrryonnka Beeraam, 57127; e-mail: tronghuan1369@yahoo.com
2Cankr-IlerepOyprckuii ropHbIil yHHBepcuTeT, 21-s1 muaus BacmiseBckoro octposa, 1. 2,
Cankr-IlerepOypr, Poccus, 199106; e-mail: vfkedr@mail.ru

3UuctutyT mpobiiem sxonorun u sBomornn uM. A.H. Cesepuiosa PAH, Jlennnckuii npocrr.,
1. 33, Mockaa, Poccus, 119071

Opurnnansnas ctarss / [locmynuna 6 pedakyuio 25.02.20 / Ipunama x newamu 14.05.20

Annomayus. B nocnenHee BpeMs O] BIUSHUEM OCO3HAHUS HKOJIOTMYECKOH POIM U IKO-
HOMHYECKOTO 3HAYCHUS MAHTPOBBIX (BEUHO3EJCHBIX) JIECOB, MPOU3PACTAIONINX B IPHIINB-
HO-OTIMBHON ITOJIOCE MOPCKOTO moOepeskpsi BreTHama, mMX IuIomaas Havdaiad yBEITHIUBATH
MyTeM CO3/aHMsI UCKYCCTBEHHBIX MOCANOK pacTeHnii. Hanbonee 0OIIMPHBI 110 TEPPUTOPUH
3allIMTHBIE MaHTPoBbIe Jieca. OHU CIIOCOOHBI MPEOTBPAIATh CMBIB MOYBBI M YHHUYTOXKECHUE
6eperoBoil TMHUYM NPUIMBAMHU U OTIMBAMH, OCTIAOIATH pa3pyIInTeNIbHbIC IEHCTBUS YparaHoB
n myHamu. OHAKO POJIb MAHTPOBBIX JIECOB B ITOYBOOOPA30BATEILHOM IMPOIIECCE CIIE Clla-
00 m3yueHa. B Takux jecax Ha HETO BIMSIET MHOXXECTBO (DAaKTOPOB: JApeBecHasi paCTHTEIb-
HOCTb, NPWINBHBIC COJICHBIE BOJbI, aTMOC(EPHBIC OCAJIKU M TropHble CTOKH. CrocOOHOCTH
MOYBBI COXPAHSATh BOAY, OMOT€HHbIC AJIEMEHTHI, MOHBI U PsiJl APYTHX (HU3MKO-XUMHYECKUX
CBOMCTB IOYBBI TECHO CBSI3aHBbl C €€ I'PAHYJIOMETPUUECKUM COCTaBOM. MHOIOJIETHUH MO-
HUTOPHHT TPAHYJIOMETPHUYECKOTO COCTaBa M KOHIICHTPAIIMN OMOTCHHBIX 3JIEMEHTOB B ITOYBE
MaHIpOBBIX JiecOB B paiioHe Jlam baii 3anuBa HstuaHr mo3BOJIMII HAM BBIJEIHUTH JIBE IPYIIIBI
MIOYBEHHBIX PA3HOCTEH: THUMWYHAS JATTEPUTOBAs TOYBA B €CTECTBEHHBIX MAHIPOBBIX JIECax
u B mocaakax pmzodop 2004 . u cabo pa3BHUTas JIATTEPUTOBAs B KyJIBTYypHBIX IieHO03aX 2007,
2013 rr. 1 Ha muTopany. [1ouBBI 3THX rPyNN OTIMYAIOTCS TPAHYIOMETPHYECKUM COCTABOM B 3a-
BUCHUMOCTH OT BpeMeHH (opMHUpoBaHus japeBoctoeB. OO0Iee cojepkanne rpaBusi, aleBpoInTa
W uia B mo4Bax 1-i rpynmsl Beille, yeM B nouBax 2-il. KoHieHTpamuyn OHOreHHBIX JIEMEHTOB
(comep:xanme ocdopa 1 a30Ta) B MOYBE MAHTPOBBIX JIECOB JIOBOJILHO BBICOKHE, HO TIOCTEIICHHO
CHIDKAIOIINECS OT MOYBBI €CTECTBEHHBIX MAHTPOBBIX JIECOB JI0 JINTOpaH. B nersix a(dexruBHOM

JlauHast cTaThs OMyOMMKOBaHa B PEKUME OTKPBITOTO ZOCTYIA U PACIPOCTpaHseTcs Ha yeaoBusx Juuen3un Creative Commons
«Attribution» («Atpubymus») 4.0 Beemupras (CC BY 4.0) « ABTOpSI 3asBIISIIOT 00 OTCYTCTBUH KOH(IINKTA HHTEPECOB
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00pBOBI C BOTHOM IpO3HUCii MOYB U YIYUIICHUS UX (U3UKO-XUMHUUCCKUX CBOWCTB PEKOMCHTY-
€TCsI IPOMIOJKUTH CO3/IaHUE UCKYCCTBEHHBIX MaHIPOBBIX JICCOB Ha Oeperax 3anuBa HsuaHr B
npouHiMyu Kxanbxoa BreTHama.

Jna yumuposanusn: ®an Your Xyan, Kosszun B.D., 3Bonapéra C.C., Hryen Txu Xaii
Txanb, Hryen Txu Jlan. ®u3nko-xuMu4eckre CBOMCTBA IOYB MaHTPOBBIX JiecoB BreTHama //
U3B. By30B. JlecH. xypH. 2021. Ne 5. C. 9-21. DOI: 10.37482/0536-1036-2021-5-9-21
bnazooapuocms: ABTOpBI BRIpaXKAOT OnaromapHOCTh [IpumMopckoMy otaencHuto Poccuii-
CKO-BbeTHaMCKOTro TpONMU4ecKoro HayYHO-MUCCIIEA0BATENBLCKOTO U TEXHOJIIOTHYECKOTO LIEHTPa
3a BCECTOPOHHIOID HAYYHYIO MOAJIEPKKY B paMKax mpoekra «konan 3.1.15».

Kntouesvie crosa: 3anus HsiuaHI, MOYBBI MAaHTPOBBIX JIECOB, IPaHyIOMETPUYECKUI COCTaB,
cozepskaHue OMOTCHHBIX JIEMEHTOB, Iocaxka pu3opop.

PHYSICAL AND CHEMICAL SOIL PROPERTIES
OF MANGROVE FORESTS IN VIETNAM

Phan Trong Huan', Candidate of Agriculture; ResearcherID: ABA-6501-2020

ORCID: https.//orcid.org/0000-0002-0471-0443

Vasiliy F. Kovyazin?, Doctor of Biology, Prof.; ResearcherID: Y-5917-2018

ORCID: https.//orcid.org/0000-0002-3118-8515

Sofya S. Zvonareva’, Candidate of Biology, ResearcherID: E-8159-2019

ORCID: hitps.//orcid.org/0000-0002-0372-9919

Nguyen Thi Hai Thanh', Junior Research Scientist; ResearcherID: AAX-4866-2021
ORCID: hitps.//orcid.org/0000-0001-7716-6859

Nguyen Thi Lan’, Candidate of Biology, ResearcherID: ABA-6990-2020

ORCID: https.//orcid.org/0000-0001-5869-3936

'Russian-Vietnamese Tropical Research and Technology Center, Coastal Branch, Department
of Ecology, Nguyen Thien Thuat st., 30, Nha Trang, Khanh Hoa Province, 57127, Socialist
Republic of Vietnam; e-mail: tronghuan1369@yahoo.com

2Saint Petersburg Mining University, Vasilyevsky Ostrov, 21 liniya, 2, Saint Petersburg,
199106, Russian Federation; e-mail: vfkedr@mail.ru

3A.N. Severtsov Institute of Ecology and Evolution of the Russian Academy of Sciences,
Leninskiy prosp., 33, Moscow, 119071, Russian Federation

Original article / Received on February 25, 2020 / Accepted on May 14, 2020

Abstract. Recently the area of mangrove (evergreen) forests growing along the coast of
Vietnam has been significantly increased by artificial afforestation under the recognition of
their ecological role and economic importance. Protection mangrove forests are the largest
among all mangrove forests in Vietnam. They act as a belt to prevent coastal roads from
erosion and damage due to tides, storms, and tsunamis. However, their role in coastal
soil formation is still poorly studied. Soil formation in mangrove forests is influenced by
many factors including the following: woody vegetation, tidal saltwater, precipitation, and
mountain runoff. The ability of soil to retain water, nutrients, ions, and some other physical
and chemical properties is closely related to the soil texture. Long-term monitoring of the soil
texture and the content of nutrients in the soil of mangrove forests in the Dam Bay area of
the Nha Trang Bay allowed us to distinguish 2 groups of soil phases: typical laterite soil in
natural mangrove forests and in rhizophore plantings of 2004 and poorly developed laterite
soil in cultural cenoses of 2007 and 2013 and in the littoral zone. These two groups have
differences in the soil texture depending on the time of stand formation. The total amount of
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gravel, aleurite, and silt in the first group of soils is higher than that in the second group. The
concentrations of nutrients (phosphorus and nitrogen content) in the soil of mangrove forests
is quite high, though it gradually decreases from the soil of natural mangrove forests to the
littoral zone. In order to effectively prevent erosion of soils and improve their physical and
chemical properties, artificial mangrove forests should continuously be grown along the coast
lines of the Nha Trang Bay in the Khanh Hoa province, Vietnam.

For citation: Phan T.H., Kovyazin V.F., Zvonareva S.S., Nguyen T.H.T., Nguyen T.L. Physical
and Chemical Soil Properties of Mangrove Forests in Vietnam. Lesnoy Zhurnal [Russian
Forestry Journal], 2021, no. 5, pp. 9-21. DOI: 10.37482/0536-1036-2021-5-9-21
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was carried out as part of the project “Ecolan 3.1.15” of the RussianVietnamese Tropical Center.

Keywords: Nha Trang Bay, soils of mangrove forests, soil texture, content of nutrients,
rhizophore planting.

Beeoenue

MaHrpoBble Jieca, MOPCKHE TPaBbl U KOPAJUIOBBIC PU(BI 4aCTO MPOU3PACTAIOT
B OJIHOM COOOIIECTBE U BIUSIOT IPYT HA Ipyra. MaHTPOBBIC jieca UMEIOT BBICOKYIO
COMKHYTOCTE (8—15 M). OHHE 3a7epKUBAIOT aTMOC(HEpPHBIC OCAIKH U 3arPSI3HAIONINE
BEIIECTBA, IPOHHUKAOIIINE 110 TOBEPXHOCTH MMOUYBHI B 3anuB Hstuanr. Mopckue Tpa-
BBI CO3/IAF0T JIOMIOJHUTEIBHBIA Oaphep IS WA U TPS3H, MPEACTABISIONINX YIPO3y
kopasutoBbiM pudam. Kopasiossie pudbl, B CBOIO 04epe/ib, 3alUINAIOT TPABOCTON U
MaHTPOBEIE Jieca OT CHJIBHBIX OKEAHCKHX BOJH. TO €CTh MaHTPOBBIE Jieca BMECTE C
TpaBaM¥ ¥ KOPAJUIOBEIME prdaMu 00pa3yroT eHbBIN Oapbep, KOTOPBIA «3aKPhIBACT)
MpUOpPEKHBIC PAHOHBI CTPAHBI OT HEOIATOMIPUATHBIX TPUPOIHBIX SBICHUH.

Hcropuueckoil poauHoii MaHTPOBBIX JiecoB cuntaeTcs FOro-Bocrounas Aszus,
OJTHAKO OHM BCTPEYAIOTCS TakXke B 3amagHoi Amepuke ¥ Ha appUKaHCKOM KOHTH-
HeHrte. He MeHee u3BecTHbI MaHrpoBhie jieca ABctpanuu U Hosol 3enanauu. [hino-
manp Takux JecoB B FOro-Bocrounoii Asumn mocturaer 63,2x105,0 ra, yto cocras-
nsiet 34,9 % ot oO1eit ruomaau JecoB Matepuka [5]. Pacnpeaenenne MaHTpOBBIX
necos B lOro-BocTtounoii A3un npuBeneHo Ha puc. 1.

HecMmotps Ha morpaHn9YHOE pacnoIOKeHNE MAHTPOBBIE JIeca SBISIFOTCS CIOXK-
HOM SKOCHCTEMOM, UMEIOIIEH SKOJIOTHYECKOe U AKOHOMHYECKoe 3HadeHue [7, 8, 10].
Benuka ux ponb u B mouBooOpazoBanuu [7]. OHM CIIOCOOHBI MPEIOTBPAIIATH CMBIB
TpyHTa U YHHUTOXCHUE OCpETOBBIX JTUHUI MPWIMBAMHU U oTinBaMu. KopHeBble cu-
CTEMBI MAHTPOBBIX JIECOB 33/IEPIKUBAIOT CTOK aTMOC(EPHBIX 0CAKOB M YKPETUISIOT
MIOYBY, TEM CaMbIM CHWKasl €€ 9po3nto. MaHTpoBEIe Jieca OCIAONSIOT pa3pyIIUTEh-
HbIE IEHCTBUS yparaHoB U LIyHAMU, MOCTOSIHHOM 3PO3UU. YCTAHOBIEHO, YTO TaKue
Jieca 3alUIIAOT MMOYBY OT CTHXHUHBIX OencTBHil Ooinee 3PeKTUBHO, 4eM UCKYC-
CTBEHHEIE cOopykeHus [3, 4, 14].

MaHrpoBeie jeca 00ycClaBIWBAaIOT HAaKOIUICHWE Wia W IecCKa C OCTar-
KaMU JIUCThEB, BETBEH M CTBOJIOB JIEPEBHEB, CIOCOOCTBYS OOpa30OBaHUIO
MOYBHl. B HUX 4acCTO OTCYTCTBYET MOACTUIIKA, BEIMBIBAEMasi OTIMBAMHU U CE30H-
HBIMH TTaBOJIKAMH.
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Puc. 1. Pacnpenenenne ManrpoBbix JiecoB B FOro-Bocrounoii Azun [5]

Fig. 1. Map of Southeast Asian mangrove areas [5]

I'panymomeTpudecknii COCTaB OYBBI MAHTPOBBIX JIECOB SIBIISIETCS BAKHOH (H-
3M4eCKOil XapakrepucTukoid. C HUM CBsI3aHBI CIIOCOOHOCTH COXPaHEHMsI BOABI, KOH-
LEHTpay OMOTEHHBIX 3JIEMEHTOB, HOHOB U Jipyrue ocodenHocTH [6, 11]. Tlo rpany-
JIOMETPUYECKOMY COCTaBY MOYBBI MAHTPOBBIE Jieca MOXKHO Kitaccuuipposars [12, 15,
17, 19]. Pactenns Ha pa3HBIX THIIAX ITOYB HEOAMHAKOBHI IO TAKCAITMOHHBIM MTOKAa3aTe-
JISIM, KOTOpPBIE TIO3BOJISIOT IIPOBECTH 30HUPOBAHNE JICCHON TeppHTOpHH. Ha THITHYHBIX
JaTTepuToBbIX NouBax FOro-Bocrounoi A3zum Xopouio pa3BUBAIOTCS MPEACTABUTEIH
cemeiictBa pusodopossie (Rhizophoraceae) — Rhizophora mucronata w Avicennia
marina. HekoTopble BUIBI pacTeHUH, Takue Kak Rhizophorastylosa, xopomo ce0st qyB-
CTBYIOT Ha TIeCKaX U JIa)ke Ha KOPAJIOBBIX OCTPOBAX, CyOCTpar MOYB KOTOPBIX COCTO-
UT U3 KOPAIOBOTO MyCOpa, PAKOBHH U ()parMEHTOB N3BECTKOBBIX BOJOpOCIEH BHIA
Aragones n np. Ha xopayuioBsix mwpkax OuimnmuH, Kak U3BECTHO U3 [5], U BIOJIB
KaHaJIOB BCTpeyaroTcst BUIbl Rhizophoramangl, Bruguierasexangula, Sonneratiaalba
u Cerioptagal, nipaBna Sonneratiaalba daiie mpouspactaeT B OTKPBHITBIX 3aJMBaX, a
Xylocarpusgranatum, Lumnitzeraracemosau, Aegicerascjrniculatum anantupoBaIuCh
B/IOJIb OEPEroB BHYTPEHHUX BOJIOEMOB.

ITpn n3yyeHnn COXpaHHOCTH, BOCCTAHOBJICHHUS U YCTOWYNBOTO PA3BUTHS DKO-
CHCTEM MaHTPOBBIX JIECOB HEOOXOMMO HCCIIEI0BATh (PU3NKO-XMMHUUECKHIE CBOWCTBA
MI0YB, OT Ka4eCTBA KOTOPBIX 3aBUCUT COCTOSTHUE U TEMIIbI POCTa PACTCHHH.

Heunb uccnenoBannii — u3ydeHne GU3NKO-XUMUIECKUX CBOMCTB ITOYB MAaHTPO-
BBIX JIECOB HA MOPCKOM ToOepekbe BreTHama.

Obwvexmbl u Memoobl UCCIE008AHUS

OO0BEeKTOM HCCIIeIOBAaHNM CITYKIIT MAaHTPOBBIH JieC B paiione Jlam baii, Bmos 3a-
nmuBaHstaanrsonmm3ur. Hauanr. 3tornecHoiiMmaccuBumeeTcBoronctopuio. Buauane X X B.
3[1eCh POU3PACTaN €CTECTBEHHBI MAHTPOBBIii Jiec, HO B 90-e I'T. HOTpeOOBaIOCH MECTO
IUIsL CTPOUTEJILCTBA IIPUCTAHHU. Jlec BBIpyOUIM, COXPAHUB JIMLIb YacTh: Y3KYIO [0J0CY
mupuHoi 1 0M. BiociieacTBHH A KONIOrnYeCcKas CHTyalus BpailoHE HCCIETOBAHNU yXy/I-
mMsack, ¥ aMUHUCTpanus NpoBHHIMH KxaHbxoa npuHsia pemeHie GopMUpoBaTh
HACKYCCTBEHHBIE MAHIPOBBIE Jieca B palioHe /{am bali u Ha mpuieraroie TeppuTOpUH.
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PaGoter Hauamuce B 2004 1. u mpomomxkanuch a0 nekabpst 2019 r. Beicaxusa-
JIUCh PACTCHHS, XapaKTEPU3YIOIIHECS Pa3HbIMU CIIOCOOAMH OIBLICHHS, OTHOCS-
mMecs K AByM ceMmeicTBaMm: pusodopossie (Rhizophoraceae) — onbuigiomasics Be-
TpoM Rhizophorastylosa, ntunamu n 6aboukamu Bruguierasexangula; akaHTOBbIE
(Acanthactae) — Avicennia marina w Aegicerascjrniculatum, ONBUISIONINECS IMYe-
namu. [lo mepudeprn MaHTPOBBIX JIECOB BCTPEUAIOTCS MPEACTABUTEIH TaKUX Ce-
MEHCTB, KaK MajbBoBbIe (Malvaceae), monouaitabie (Euphorbiaceae), nepOeHHUKO-
Bbie (Lythraceae), nepBousetHbie (Primulaceae) n muptoBbie (Myrtaceae).

B xapakTepHbIX MecTax JIecOpacTHTENLHBIX ycioBuid B 20062019 rr. 6panuch
00pasIibl MOYBBI: B €CTECTBEHHBIX MAaHIPOBBIX JieCaX, B UCKYCCTBEHHBIX MOCAJIKaX
2004, 2007 u 2013 rr., a TaK)Ke B IUTOPAJIH, PACTIOIOKEHHON BOIM3H MOCanoK [4].

Pa3mep "actu rpaHyTOMETPHYECKOTO CIIOS TIOYBHI SIBJSIETCS HamOoJee Bak-
HOHM XapaKTEPUCTHKOH OOJOMOYHBIX OCAIOYHBIX OTIOKEHWHA B MaHTPOBBIX Jiecax
Brernama. B moneBBIX yCIOBHSX ISl yCTAHOBIICHUS pa3Mepa TpaHysl 00JI0MOYHBIX
0CaJOYHBIX NMOPOA UcHodab30Banack mikaia Yacrepa K. Bentsopra [16, 18]. OH Bu-
nomsMeHun mKkany Moxana A. ViyieHa u JOMOTHII mKany YumbsiMa Kpym6epHa.
Pa3smep rpanyn (quamerpsl yacTuil) BeHTBOPT yKka3biBaeT B IPOCTHIX HEIBIX YUCIIAX
B BUJI€ IIKaJIbl, Ha3BaHHOH DU, koTOpast mpeAcTaBiIsIeT BIYUCICHHOE 110 CIIeHalb-
HOMY ypaBHEHHUIO MHJUIMMETPOBOE YHCJIO YaCTHLBI B OTPULATEIBHBIA alIrOPUTM C
ocHoBaHueM 2 (Tadm. 1).

Tabmnuna 1

IIxana ®U BenrBopra u Ha3BaHus (PpPaKLUil 0CATOYHBIX IIOPOJ

1,9- 0,9— 0,49-0,25 | 0,249-0,124 | 0,125-0,063 | <0,063
>4 MM 4-2 Mmm
1,0 Mmm 0,5 MM MM MM MM MM
Tanbka | Tpasuii I'py6srit | Kpymasnii | Cpenamii | Menkuit Toukuit | AneBpo-
TTeCOK TIECOK TIECOK TIECOK TTECOK JUT

[ecok mpencTaBieH MecUaHuKOM, WII — MEJKO3EPHHUCTHIM aJIeBPOJITOM, TJIHHA —
aprusututoM. ChopMHUPOBaHBI TPAHYJIbI U3 KPYITHO-, CPEIHE- U TOHKOOOJIOMOYHBIX
oTnokeHui. OOpa3Ibl MOYBHI BRICYIITHBAIN B JIAOOPATOPHBIX YCIOBUAX U TIPOCEUBA-
1 yepe3 cuto MamuHbl AS200 ¢ momortibo BUOpopuBoia. Maccy npocessHHOM 1o-
YBBI ONPEACIISITH TIPH TTOMOIITH JTa00paTOPHBIX BeCcoB ¢ TouHOCTHIO M0 0,01 1. 3aTtem
PaCCUUTHIBAIM COJICPIKAHUE TPaHYJIOMETpUUeCKuX (pakiuil. J{omo KaKaoh U3 HUX
BBIpaYKaJIM B TIPOIIEHTAX OT MACChI CYyXOH TTOYBHI:

G
L 100,
Gy

A:

rne A— nons dpakmuu, %o; G/. — Macca ¢pakuuy, r; G, — obmas Macca npoosl, T.

Knaccuduxkanus dpakiuii mo pasmepaMm U X HAMMEHOBAHUSI COOTBETCTBOBAIIN
mrkasne Benrsopra. KonmdecTBo 0611ero azora B moyBe HAXOAMIH 110 MeToy MoxaHa
Keenpaans [13]. Onpenenenne noaBuxHOro (Gocgopa BHIMOTHEHO B BBITSKKE Kup-
caHoBa o Metoxy Jlenmxe, B Mogudukanuu Tpyora u Meiiepa [9].

Pesynbrarhl PU3HKO-XMMHUYECKOTO aHaIKM3a MO KKIOMY ITOYBCHHOMY pa3pe-
3y JIECHOTO y4acTKa B JAJIbHEHIIeM ObLIH OOBEIMHEHBI B CAMT ISl TIPOBENICHUS JHC-
nepcuoHHoro ananmsa (ANOVA) v XapaKTepUCTHKH pa3In4uii CBOHCTB IOYBBI, CO-
OpaHHOI B €CTECTBEHHBIX U MCKYCCTBEHHBIX MaHIPOBBIX JIECaX, a TAKXKE Ha JINTOPAJIU
(6e3 pacTUTENBHOCTH), PACHOJIOKEHHOW psimoM ¢ Tocankamu. [lpw 3TomM  OBIT
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HCIIOJIB30BaH MCTO CKOHB3HHKﬁiCpeﬂH€ﬁ JJIA TIPOTHO3UPOBAHUSA U3MCHCHUSA I'paHy-
JIOMETPHUYCCKOT'O COCTaBa IMOYB MAHTPOBLIX JIECOB, IMPOU3PACTAIOIIUX B PA3JIMYHBIX

JIECOPACTUTEIBHBIX YCIOBHUAX. AHAIN3 Pe3yabTaTOB MCCIEIOBAHHIA TIPOBEIEH C HC-
MOJTb30BaHMeM TporpamMmsl Excel.

Pesynomamut uccredosarus u ux oocyscoenue

I'panynomeTrpuyeckuii coctaB MOYBbI, KOTOPBIMA HCCIEAOBAIN B Pa3HbIE OB
B MaHTPOBBIX JIECAaX C Pa3IMYHBIMU JECOPACTUTEIBHBIMH YCIOBUSMH, TIPEACTABIICH
B Tabin. 2—6 u Ha puc. 2.
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Puc. 2. JluraMuka 1o roaM rpaHyJIOMETPHUECKOTO COCTaBa ITOYBBI MAHTPOBEIX JIECOB, c(hop-
MHpPOBaHHBIX €CTECTBCHHBIM ITyTeM (a), mocagkamu 2004 (6), 2007 (8), 2013 1T (¢) 1 Ha
muTopanu 6e3 pacteHui (0)

Fig. 2. Dynamics by years of soil texture of mangrove forests formed naturally (a),
by plantings in 2004 (6), 2007 (8), 2013 (¢) and in the littoral zone without plants (0)
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TaGuuna 2

FpaHyJIOMETpI/l'-IeCKI/Iﬁ COCTaB MOYBbI €CTECTBCHHBLIX MAHTI'POBLIX JICCOB

Jons bpakun, %
T'on A | 422w 1,9- 0,9- 0,49— 0,249— 0,125—
1,0mm | 0,5mm | 0,25 MM | 0,124 mm | 0,063 mm
2006 7,69 10,17 9,81 6,75 6,48 15,31 2431 19,48
2007 | 4,33 4,73 8,12 6,74 6,74 17,97 35,14 16,23
2008 2,62 3,98 6,97 8,59 7,43 11,85 36,71 21,85
2009 0,25 2,02 4,82 5,43 6,38 14,95 37,46 28,69
2010 | 0,75 2,94 7,78 8,73 6,47 12,45 41,51 19,37

<0,063 mm

2011 | 791 15,39 1991 | 13,88 7,28 10,69 17,35 7,59
2012 | 1,91 10,16 17,72 | 14,60 9,96 12,11 19,81 13,73
2014 | 6,21 17,71 24,31 | 16,84 9,43 9,39 8,76 7,35

2017 | 3,52 9,71 18,22 | 14,42 9,95 13,63 17,57 12,98
2018 | 6,02 11,00 18,65 | 15,22 9,63 9,65 13,52 16,31
2019 | 5,77 12,52 13,21 | 12,92 | 11,22 12,70 20,30 11,36

Tab6auna 3

I'panysiomeTpH4ecKuii cOCTAB NOYBbI MAHITPOBLIX JIECOB, BhICA:xKeHHBIX B 2004 1.

Jons dpakium, %
Ton _ _ _ _ _
>AMM | 42 My 1,10’9MM 0?5’9MM 0,02,‘5‘91\4M 0?1,329MM O,OO,égsMM <0,063 My
2006 5,39 16,56 25,65 14,81 8,64 9,01 11,51 8,43
2007 6,53 12,54 22,51 15,47 9,65 9,52 16,21 7,57
2008 5,95 21,64 33,83 10,26 3,25 3,56 12,01 9,50
2009 5,64 19,06 25,13 13,02 6,29 9,39 12,14 9,33
2010 1,12 6,96 23,84 15,94 8,46 13,09 18,29 12,30
2011 4,54 9,02 25,09 20,18 11,70 9,59 11,28 8,60
2012 491 14,65 17,64 13,34 10,71 10,14 14,71 13,91
2014 4,45 15,54 25,24 15,16 7,81 8,90 9,76 13,15
2017 6,75 21,40 25,48 13,13 6,48 6,36 8,09 12,33
2018 3,49 7,02 15,32 14,72 7,27 7,28 10,41 34,50
2019 2,16 9,55 18,48 13,11 12,47 10,71 10,82 22,70

W3 npuBeneHHbIX B TaOn. 2—6 AaHHBIX BUJHO, YTO B MaHTPOBBIX jecax Jlam
bast mecuanble MOYBBI 3aHUMAIOT OOJIBIIYIO JIONIFO: B €CTECTBEHHBIX MAHIPOBBIX Jie-
cax — 70,70 %, B mocankax 2004 r. — 67,53 %, 2007 r. — 85,57 %, 2013 1. — 83,59 %
U B JTUTOPAJIH, PACTIOIOKECHHON PSIIOM C mocaakamu, — 86,94 %.

Hamu mpoBeneH AuciepCHOHHBIA aHATN3 BIUSIHUS BO3PAacTa MAaHTPOBBIX Jie-
COB Ha TPaHyJIOMETPUIECCKUN COCTAB MTOYBHI. BBISABIIEHO, UTO CYIIECTBYIOT CTATUCTU-
YECKHE Pa3INUHUs MEKY MUCCIICOBAHHBIMU TPYIIIIAMHU TIOYB IO COACPIKAHUIO TIECKa
B HHUX: BCE MHOT000pasme MoYB MOJCICHO Ha ABe Tpynmbl. K 1-if MoXHO OTHECTH
MTOYBBI €CTECTBEHHBIX MAHTPOBBIX JIECOB M MOCcaaAKH MaHTpoB 2004 1., KO 2-i — MOYBHI
MMOCaJOK MAaHTPOBBIX JIECOB, 3ayokeHHBIX B 2007, 2013 rT., n muropamu. Kaxmas
TpymIa MOYB 110 COAEPKAHUIO TIECUYAHBIX (DpaKIUi XapaKTepPU3yeTCs] CTaTHCTHYC-
ckuM paznuureM. CojiepkaHne TiecuaHbIX (ppakiuii B mouBe 1-if rpymibl HUXKE 10
CPaBHEHHUIO C TIOYBOH 2-1 TpymIbI.
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Tab6uuna 4

rpaHy.]'lOMeTpH‘leCKﬂﬁ COCTAaB MOYBbI MAHI'POBLIX JIECOB, BLICA’KCHHBIX B 2007 r.

Jons ¢pakiun, %

B i Rl P o s e vio I s X
2006 0 7,89 36,39 | 33,53 13,65 5,19 3,35 0
2007 | 7,38 | 25,35 | 27,56 | 12,40 9,95 10,96 6,40 0
2008 | 1,46 6,12 19,03 | 20,26 15,97 18,79 16,19 2,18
2009 | 0,91 10,19 | 22,19 | 19,03 15,35 19,25 10,75 2,33
2010 | 0,44 3,82 13,44 | 20,05 19,09 2435 18,81 0
2011 | 1,02 3,74 12,83 | 20,18 18,42 19,36 20,61 3,84
2012 | 1,85 5,71 17,23 | 26,75 19,97 12,99 12,14 3,36
2014 | 1,20 7,46 23,46 | 29,50 16,94 8,90 741 5,13
2017 | 1,66 8,05 24,8 28,53 15,79 8,77 7,29 5,11
2018 | 1,73 4,72 14,56 | 14,13 9,81 11,85 21,10 22,10
2019 | 2,17 8,20 24,62 | 23,88 13,35 9,84 14,31 3,63

TabOnuna 5

I'panysiomeTpr4ecKkuii cOCTAB MOYBbI MAHTPOBBIX JIECOB, BhICAKEHHBIX B 2013 .

Jons dpakium, %

Ton 19— 0,9 0,49~ 0,249 0,125—
ZAmM | A2M | | 0.5 MM | 025 wm | 0,124 Mw | 0,063 ww | 0003 MM
2011 | 1,88 | 7,70 | 22,65 | 27,32 | 16,78 10,36 9,42 3,90
2012 | 0,58 | 2,39 18,41 | 35,61 | 26,79 11,34 4,88 0

2014 | 2,14 2,10 10,58 20,64 16,90 17,16 17,23 13,25

2017 | 2,76 2,89 14,93 24,87 14,37 12,88 12,37 14,93

2018 | 1,42 6,11 17,73 15,17 10,03 9,01 15,31 25,22
2019 | 2,30 3,62 24,23 27,38 16,07 10,09 11,04 5,27
Tabnumna 6

I'panyjioMeTpuyecKHii cOCTaB MOYB JUTOPAIM 0e3 pacTeHui

Jons ¢ppakuun, %
Ton 19- | 09- | 049 | 0249~ | 0,125
ZAMM | A2 L 0.5 Mm | 0.25 v | 0,124 mw | 0,063 wu | 0003 MM
2006 0 7,89 36,39 | 33,53 13,65 5,19 3,35 0
2007 7,38 25,35 27,56 12,40 9,95 10,96 6,40 0
2011 1,88 7,70 22,65 | 27,32 16,78 10,36 9,42 3,90
2012 0,58 2,39 18,41 35,61 26,79 11,34 4,88 0
2019 2,38 5,11 22,13 32,08 20,26 10,82 6,49 0,74
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[To coxep:xaHnio TpaBus MOYBBI TOKE MOYKHO PA3/IENIUTh HA JIBE I'PYMIIBI: CO-
Jepkanue (pakiuu TpaBus B IOUBE -1 TpyNIIbI BhIlIE, 4eM BO 2-ii. [ paBus B moyBe
€CTEeCTBEeHHBIX MaHTPOBEIX JiecoB 13,39 %, B mocaake 2004 1. — 18,62 %, 2007 1. —
10,10 %, 2013 . — 5,98 %, B muropanu — 12,13 %. Takoli ke pe3ynpTaT s ajleB-
poIMTa M WA B NOYBAX MOKAa3bIBAE€T JUCIEPCUOHHBIA aHanu3. CpenHee 3HaUeHUE
COJIEpXKaHMsI 3TUX MOPOJ B MOYBE - TPyMNIBI BHINIE O CPAaBHEHUIO CO 2-H: A0
aJIeBPOJIUTA U WJIa B [TIOYBE €CTECTBEHHBIX MAaHTPOBBIX JecoB cocTasiseT 15,90 %,
B mocanakax 2004 r. — 13,84 %, 2007 r. — 6,09 %, 2013 r. — 10,43 %, Ha nUTOpaNH —
0,93 %.

MeTtoz ckonb3siieil cpenHel m03BOJINI CIIPOTHO3UPOBATh U3MEHEHUE TPaHy-
JIOMETPUUYECKOTO COCTaBa MOYBBI MAHTPOBBIX JIECOB C YYETOM OCAJOYHBIX MOPO.
Pesynprarsl npuBeaeHs! B Taom. 7.

Ta6numa 7

IIporuo3upoBanue conep:kaHusi GpaKimii 0caIOYHBIX MOPOJ B MOYBE MAHIPOBBIX

JiecoB
Copneprxanue pa3inyHbIX (paKiui
B mouBe, %
MecTo B3sTHS 00pa3iia MOYBBI [Topona
(baxTHyeckoe [IPOrHO3UpyEeMOe
CpejiHee 3HAYEHHE 3HaYEHNE

I'paBuit 13,39 16,91

EcrecTBeHHBII MaHTPOBBIi JIEC ITecok 70,70 69,88
ANEBpONUT U U 15,90 12,35

I'paBuit 18,62 17,98

ITocanku manrpos 2004 r. TTecox 67,53 61,75
ATNEBpONUT U U 13,84 20,67

I'paBuit 10,10 8,55

ITocanku manrpos 2007 r. TTecox 85,57 82,21
ATEBpOIUT U UIT 6,09 13,87

I'paBuit 5,98 6,37

ITocanku manrpo 2013 . Tlecok 83,59 78,03
ATEBpONUT W U 10,43 15,25

I'paBuit 12,13 6,68

Jluropans 6e3 pacTUTENFHOCTH ITecox 86,94 91,78
AJEBpOJIHT U U 0,93 1,55

ITo pesynpraram HCCIEIOBaHUI MOXKHO 3aKJIFOYHUTh, YTO I'paHyJIOMETpUYe-
CKHUI COCTaB ITOYB B €CTECTBEHHBIX MAHIPOBBIX Ji€cax U B ocajkax mMaHrpos 2004 r.
ocTaHeTrcs cxokuM B Tederne 10-20 net. AHanmornvHas kapTiuHa Oy/neT HaOIoaThCs
y o4YB 0oJjiee MO3IHUX MMOCA0K MAaHTPOBBIX JIECOB U B JIMTOPAJIH.

[TouBBI €CTECTBEHHBIX MAHIPOBBIX JIECOB (DOPMUPYIOTCS 10| BIUSTHUEM JPEBEC-
HOM PacTUTEILHOCTH, MOPCKUX MPHIIUBOB, OCAIKOB U BOJI, CTCKAIOIINX C KOHTHHEHTA.
C yBennYeHHEM BO3pacTa MAHTPOBBIX IPEBOCTOCB OTMEUAETCS TOBBIIIICHHOE COEP-
YKaHUE B IMOYBE aJIeBPOJIMTA U Wia. AHAIU3bI, TpoBeeHHbIe B MapTe 2018 1., mokazanu
PE3KUI pOCT CoAep KaHUs 3TUX MOPOJ B ouBax 1nocaaok 2004 . u ecTeCTBEHHBIX MaH-
TPOBBIX JISCOB. DTO CBS3aHO, [0 HALIEMy MHEHHUIO, C JIeicTBUEeM TalyHa «/Jampny,
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KOTOpBIH mpoien B npoBuHImMK Kxanbxoa B HOosOpe 2017 1. ComepkaHue aneBpo-
JIUTa U Wja B €CTECTBEHHBIX MAHTPOBBIX JIECaX BO3POCIO B MEHBIIEH CTENEHH I10
cpaBHeHuto ¢ nocaakamu 2004 1., YTO CBHIAETENBCTBYET O CITIOCOOHOCTH MaHTPOBOTO
JPEBOCTOSI IPOTUBOCTOSITH BOAHOM 3PO3UH ITOUBHI.

O06mas Ouomacca MaHIPOBBIX PACTEHHI JOCTATOYHO BEJIMKA, OHA IIOYTH BIBOE
MIPEBOCXOIUT OroMaccy (HOPMHPYIOIICHCS IO/ CaBaHHON PACTUTEIBHOCTH H COCTAB-
nsiet 1273 w/ra. [pu aTom Ha kopHH ipuxoanTcsi oT 11 1040 %. Onasmime nucths o0a-
JIat0T BBICOKO# 3051bHOCTRIO (10 10 %). B cocTaBe 305161 KpoMe OMOTEHHBIX 3JIEMEHTOB
BCTPEYAOTCSI OKCHIBI CEPBL, KAJIbIINS, altoMuHus, Kanusi: SO,, CaO,MgO,A1,0,,K, 0.
B onane conepKuUTCS JOBOJIEHO MHOT0 230T4, YTO CO3/1AET OJIarONpUATHBIC YCIIOBHS IS
rymycoHakoruieHus [2]. [lo qanabim uccnenoBanuii B.J[. Myxwu, Ha nryoune 0-19 cm
B MaHTPOBOU c1ab0opa3BUTON 1mouBe Jois obmiero azota pasHa 0,09 %, a B MaHrpo-
Boii TunmyHOM mouse — 0,15 %. Yposenb (hocopa B MaHTPOBBIX MOYBAX CHIILHO
Bapbupyer [1].

B 2019 r. 06pasip! moYBBl OTOMPAMCH HE TOJBKO ISl OIIEHKH TPaHyJIOMETPH-
YECKOTO COCTaBa, HO W JIJIS aHalln3a COACpKaHWs OMOTCHHBIX JJIEMEHTOB (Tall. 8 u
puc. 3). CpaBHuBas Hamwm JaHHBIE C pe3yabraramu B.J[. Myxu, MOXXHO OTMETHTH
Oomnbioe comepkanue Gocdopa U a30Ta B MOYBAX MAaHIPOBLIX JIECOB B paiione [lam
Baii. O0miee copepxanue pochopa Takke CHIBLHO BapbUPYET M3-32 Pa3HULBI TOYBEH-
HBIX YCJIOBUIl: B €CTECTBEHHBIX MAaHTPOBBIX Jiecax oHO cocTtaniseT 13,07 %, a B mouse
mocagok 2004 . — 10,04 %. B cmabopa3BuToii 1MouBe HaCaKICHUH, 3aJI0KEHHBIX B
2007 u 2013 rr, yuyactue a3ora coorBercTBeHHO 9,04 u 7,38 %, camast HU3Kasg ero
nost B atopai (6,35 %). OOiuii a30T MOCTETIEHHO CHIYKAETCS OT ITIOYBBI €CTECTBEH-
HBIX MaHIPOBBIX JIECOB JI0 TUTOpanu: 22,68 % — I €CTECTBEHHBIX MAHTPOBBIX JIECOB,
18,29 % — nisa nocanok 2004 r., 15,17 % —2007 ., 12,67 % —2013 . u 11,23 % — nns
nutopanu. IlomydeHHble B pa3HbIe TOABI PE3YNIbTAThl HCCIIEIOBAHNI OMOTEHHBIX JTe-
MEHTOB B [10YB€ MaHIPOBBIX JIECOB IPUBEAEHBI B Ta0J. 8 U Ha puc. 3.

250 1

150 A

=4—(001ee copepkaHue

100 - docdopa

=~ O0wee copepxanue
asora

Cozepkanune GHOTEHHBIX JIEMEHTOB,
MKT/T

0 . . . . ,
B B r hi

Mecro c6opa o4BbI

>

Puc. 3. Conepxkanue OMOTEHHBIX DJIEMEHTOB B IOYBE MaHIPO-
BBIX JICCOB: B ecTecTBeHHOM mojoce (A); B mocankax 2004 (b);
2007 (B); 2013 rr. (I'); B auropanu (/1)

Fig. 3. The content of nutrients in the soil of mangrove forests: in
the natural forest belt (A); in the plantings of 2004 (b); 2007 (B);
2013 (I'); in the littoral zone (JI)
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Tabnauma 8

KO]-[].[eHTpal.ll/lﬂ OMOreHHBIX 3JIEMEHTOB B MOYBAaX MaHI'POBBIX JIECOB

Dochop A3zoT
MecTo B3sITHS TOYBBI No pazpesa
MKT/T % MKT/T %
JI.1.1 150,3 15,03 251,0 25,10
J1.2.1 142.8 14,28 227,0 22,70
Ecrectaennie J71.3.1 136,8 13,68 227.9 22,79
MaHIPOBBIC JIeca
J1.4.1 92,7 9,27 201,4 20,14
Cpeonee | 130,70 13,07 226,80 22,68
J.1.2 74,2 7,42 1254 12,45
J1.2.2 110,8 11,08 205,1 20,51
TTocanxu
J1.3.2 120,9 12,09 212,7 21,27
MaHrpoB 2004 .
J1.4.2 95,5 9,55 188.,3 18,83
Cpeonee | 100,40 10,04 182,90 18,29
JIL.1.3 63,9 6,39 105,4 10,54
J1.2.3 112,7 11,27 196,1 19,61
TTocagxu
J1.3.3 116,5 11,65 184,0 18,40
MaHrpoB 2007 r.
J1.4.3 68,6 6,86 121,1 12,10
Cpeonee 90,40 9,04 151,70 15,17
.14 56,4 5,64 104,3 10,43
124 62,0 6,20 101,1 10,11
TTocagku
J134 109,0 10,90 189.,6 18,96
MaHrpoB 2013 .
J1.4.4 67,6 6,76 111,6 11,16
Cpeonee 73,80 7,38 126,70 12,67
JI.1.5 39,5 3,95 70,2 7,02
J1.2.5 61,1 6,11 114,2 11,42
Jluropanp J1.3.5 96,2 9,62 159.,3 15,93
J1.4.5 57,3 5,73 105.4 10,54
Cpeonee 63,53 6,35 112,28 11,23
Bbi600v1

1. UccnenoBanust OYB MaHTPOBBIX JIECOB (€CTECTBEHHBIE U MCKYCCTBEHHBIC
nocaaku 2004, 2007 u 2013 rT.), npouspacraromux B npoBuHImu Jlam bait Boet-
Hama, TI0Ka3alli, 4TO Jieca UTPAIOT 3HAYUTENBHYIO POJIb B TIOYBOOOPA30BaHUU U 3a-
HIMIIAKOT TPUOPEIKHBIC PaiOHBI CTPAHBI OT HEOIATOMPHUATHBIX PUPOIHBIX YCIOBUH,
B T. 4. OT BOAHOI 3po3un. [louBo0OpazoBaTe bHbIN MPOIECC MPOUCKOIUT TTO]T BIIHSI-
HHEM MaHTPOBOU PACTUTEIHHOCTH, MOPCKUX MPUJIMBOB, a TAKXKE MPECHBIX 0CAIKOB
Y BOJI, CTEKAIOIINX C TOP U XOJIMOB.

2. I'panynomMeTpruYecKuil COCTaB TMOYB MAHTPOBBIX JIECOB pa3IUYaeTCs B 3a-
BHCHUMOCTH OT BpeMeHH (DOpPMHUPOBaHUs IPEBOCTOEB M YCIOBUHA X MPOM3PACTAHUSI.
J10CTOBEPHOCTD CTATUCTHYECKOTO Pa3IMYKs TIO3BOJIHIIA KIIACCU(UIIMPOBATH ITOYBBI 110
TPaHyTIOMETPUIECKOMY COCTaBY, pa3eiiuB UX Ha JBE TPYIIIBI: TUITUYHBIC IATTEPUTO-
BBIC IMOYBHI (€CTCCTBEHHBIC HacaxaeHus W mocanku 2004 1) u cimabo pa3BUTHIC
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narreputoBbie ouBkl (ocanku 2007 u 2013 rr.). O0e rpymIibl OTIUYAOTCS 10 3ep-
HHUCTOCTH (KPYITHOCTH) (PpaKITHid.

3. OO01ee copepkaHue rpaBus, aJICBPOJIUTA U WJIA B IOUBAX 1-if TPYIIIBI BBIIIIE,
YeM B MMOYBaxX 2-il, T. K. MpoOIlecC MOYBOOOPa30BaHNs B MCKYCCTBEHHBIX TOCAIKaX
MaHTPOB MPOUCXOJUT MEAJICHHEE [0 CPABHEHUIO CO CTAPBIMU €CTECTBEHHBIMU Jpe-
BocTosiMu. [1ouBBI 1-if TPyMIITBI comepkar mecka U TIIMHBI OOJbIIe, YeM TOUBBI 2-1.
Coneprkanue (hpakIuii 0calouYHBIX MOPO] B IOYBAX 00EUX TPYIIIL, TPEIOI0KHUTETb-
HO, coxpaHuTcs B TeueHue 10—20 Jyiet, moka MCKyCCTBEHHBIC NPEBECHBIE IIEHO3EI HE
JOCTUTHYT BBICOKOM COMKHYTOCTH II0OJIOTa U CPEIHEBO3PACTHON CTPYKTYPHL.

4. BolsiBJIeHA TCHICHIUS K CHHIKCHHUIO COZCPKAHUS OMOT€HHBIX 3JIEMEHTOB OT
II0YB €CTECTBEHHBIX MaHTPOBBIX JIECOB K UX MOCAJKaM U JIO JIUTOPAIIH.

5. B mensx crabwimzaniy 3KOJIOTHYECKO 00CTaHOBKH, d3PPEKTUBHON OOph-
OBl ¢ BOAHOM Apo3uel 1 yaydlieHus: PU3NKO-XUMUIECKIX CBOHCTB MTOYB PEKOMEH/TY-
eTCsl MIPOAOIDKUTH CO3/IaHNE HCKYCCTBEHHBIX MAaHIPOBBIX JIECOB Ha Oeperax 3ajinBa
Hstuanr B paiione Jlam bait BreTHama.
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Annomayus. ViccnenoBaHust BBITOJHEHB! HA OTBAJIaX BCKPBIIIHBIX TIOPOJ U OTXO/I0B 00oTa-
HIeHUsT OCHBIX Py MECTOPOXKACHHS XpHU30TmiI-acOecta. COracHo cxeMe JIeCOPACTUTEILHO-
TO paiilOHNPOBAHUSI, TEPPUTOPHIO MPOBEACHHUS PAOOT OTHECIH K OKPYTY IPEICCOCTEITHBIX
COCHOBO-0€pe30BbIX JIECOB 3aypajibCKOil paBHUHHON NMpoBHHIMHU 3amnaHo-CHOMpCKoi pas-
HUHHOU JIECOPACTUTEIBHON 00nacTh. 3akia pIBali y4eTHbIE TUIOMIAIKH Ha Teppacax oTBa-
JIa TI0 XO/IOBBIM JIMHUAM. Ha Kask/10ii yueTHOM ruioma ke moacYuThiBaiu nojapoct. Ero pac-
HPEeIIsUIN 110 KaTETOPHUSIM )KU3HECTIOCOOHOCTH, KPYITHOCTH (MEJIKUH, CpeTHUN, KPYITHBII) 1
YKM3HEHHOH (hopMme (IepeBo, KyCT, CT/IaHell). YCTaHOBJIeHa 00eCIeYeHHOCTh MOAPOCTOM YKa-
3aHHOI'0O BUJla HAPYIICHHBIX 3€MEJIb U TaHbl PCKOMCHAAIINU 110 ITPOBEACHUIO MepOHpHHTHﬁ,
HalpasJIeHHBIX Ha YCKOPEHHE Tpoliecca JiecoBoccTanoBneHus. IlogpocT Ha oTBanax mpen-
CTaBJIeH COCHOW OOBIKHOBEHHOH (Pinus sylvestris L.), 6epe3oit moBucnoit (Betula pendula
Roth.), Tomonem apoxantim (ocuHoi) (Populas tremula L.) u uBo# xo3weii (Salix caprea L.).
[Ipu 5 TOM TOMHHUPYIOT COCHA OOBIKHOBEHHAS U Oepe3a moBucias. Crieruduyaeckoii 0co0eH-
HOCTBIO ()OPMHUPYIOIIETOCS MOJIOIHSIKA SIBIISIETCS] BBICOKAsI TSI COCHBI OOBIKHOBEHHOM CTe-
JIOILEHCS M KyCTapHUKOBOH (POPMBI. YKa3aHHBIE IK3eMIUIIPbI 3a(MKCUPOBAHBI CPE/IN MEITKO-
TO U CpeHero noapocta. VIMEHHO MOAPOCT JaHHBIX IPYIIT BBICOT CTAHOBUTCS OTIAJIOM, HE
nepexosist B Kareropuio kpymHoro. ITociennee oOycioBirBaeT HEOOXOIMMOCTh YCKOPEHUS
TIepeBO/Ia OTBAJIOB B TIOKPBITYIO JIECHON PacTUTEILHOCTBIO TUIONIA (b, YBEINYEHHS JOJIH TIIH-
HUCTBIX YaCTHI] B BEpXHEM SO-CaHTI/IMETpOBOM CJIOC OTBaJla WJIN NOKPBITHA €TI0 TOBEPXHOCTHU
CJIOEM HETPATUIIMOHHBIX yIOOPCHHH, B YaCTHOCTH OCAJIKOB CTOUHBIX BOJ. JIeCOX03sHCTBEH-
HOE HaIpaBJIeHHEe PEKYJIBTUBAIIMN OTBAJIOB Ha MECTOPOXKICHUH XPU3OTHII-acOecTa SBIsSeTCs
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Abstract. The studies were carried out on the dumps of overburden rocks and tailings of poor ores
of the chrysotile asbestos deposit. According to the scheme of forest site zoning, the studying area
belongs to the pre-forest steppe district of pine and birch forests of the Zabaikal’ye plain province
ofthe West Siberian plain forest site area. The survey sites were laid out on the terraces of the dump
along the running lines. Undergrowth was counted at each survey site. It was classified by viability,
size (small, medium, large), and life form (tree, bush, scrub). The provision with undergrowth of
the indicated type of disturbed soils was defined and recommendations for measures aimed at
accelerating the process of reforestation were given. Undergrowth on the dumps is represented
by Scots pine (Pinus sylvestris L.), silver birch (Betula pendula Roth.), aspen (Populus tremula L.),
and goat willow (Salix caprea L.). Scots pine and silver birch are the dominant species in the
undergrowth composition. Large share of Scots pine of scrub and bush form is the specific feature
of the developing young growth. These specimens were found among small- and medium-sized
undergrowth. It is the undergrowth of these heights that becomes an annual attrition without passing
into the large-sized category. The latter is the main reason for faster conversion of the dumps into
forest-covered area, for increasing the share of clay particles in the upper 50 cm thick dump
layer, or for coating the dump surface by non-traditional fertilizers, in particular sewage sludge.
It was noted that silvicultural trend in the dump reclamation on the chrysotile asbestos deposit
is the most preferable. Scots pine should be preferred as the primary species for reclamation
planning.
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Beseoenue

JloObIua TONE3HBIX MCKOMAEMBIX M HMX IepepadOTKa HEpa3phIBHO CBSI3aHBI
C M3BATUEM 3eMEIIb JIJIsl pa3MEIICHUS 0TBAJIOB BCKPBILTHBIX MTOPOJ] M OTXOJIOB 00OTa-
meHust 6enueix pya [16, 17, 19]. Ilocne 3aBepiiieHus: CKIaTUPOBAHUS OTBAJIBI MIPE/-
CTaBJISIIOT COOOU PYKOTBOPHBIE COOPYXKEHUS PA3TUIHON BEIMUYMHBI, YXYIIIAIONTHE
CYIIECTBYIOIIMNA MPUPONHBIA TaHAMADT W HEPEIKO MPEICTABIAIONINE YTPO3y IS
npupoasl ¥ HaceneHus [8, 13, 18, 23, 24]. dopma, BbICOTa U CTENIEHb OMIACHOCTHU JIs1
OKpY’KaroIler cpepl OyyT CYIIECTBEHHO Pa3iindaThCsl B 3aBUCUMOCTH OT MEXaHH-
YECKOT0 U XMMHYECKOI'O COCTaBa COIEPKUMOro oTBaIoB. [locnennee oOyciaBiuBa-
€T CIIOKHOCTH MPOBEACHUS PEKYIBTUBAIIMOHHBIX pa0OT, TOCKOIBKY OHU MPETyCcMa-
TPUBAIOT YUET MOTEHITNATHHOTO THIOIOPOIUS 3€MENTb, XUMUUECKOTO COCTaBa TIOYB U
MPUPOAHO-DKOHOMUYECKUX YCIOBHM KOHKpETHOro peruoHa [4, 15, 20, 21].

B Hay4HO# nuTepaType MIMPOKO OCBEIIEH OIBIT PEKYJIbTHBAIIMOHHBIX PadoT
KaK B Halllell CTpaHe, Tak u 3a ee npeaenamu [11, 22, 25, 27, 28]. Ocoboe BHUMaHUE
IIPU DTOM YJIEJIEHO pe3ylbTaraM TakuxX padoT U MeToJaM UX oueHkH [12, 14, 26].

Ha VYpane, ye MHOTO JIET SBJISIIOIIEMCS IOCTaBUIMKOM CaMbIX Pa3IUYHBIX T10-
JIE3HBIX MCKOMIAEMBIX, HAKOIIJICH 3HAYUTEIHHBIN OIBIT PEKYTHTHBAIIMH HAPYIIEHHBIX
3eMenb, cM. Harpumep [2, 3, 7]. OqHako B HayqHOH TUTepaType KpaitHe Maio pador,
MTOCBSIIICHHBIX PEKYIBTUBAIIUN OTBAJIOB BCKPBIIIHBIX TIOPOJ U OTXOJI0B 00OTaIICHHS
OCIHBIX Pyl Ha MECTOPOXKICHHSIX Xpu3oTwi-acOecrta. [locnennee B codeTaHUM CO
3HAYUTEIBHBIMU 00beMaMU JOOBIYM Ha Ypalie JJaHHBIX MUHEPAIBHBIX PyI 00yCIIO-
BHJIO HAMPABJICHUE HAINUX MCCIICIOBAHMM.

Llenpro nccenoBaHuil CTAN aHAN3 YCIEITHOCTH €CTECTBEHHOTO 3apacTaHus
JIPEBECHOM PAaCTUTEIILHOCTHIO OTBAJIOB BCKPBIITHBIX TIOPOA U OTXO/IOB OOOTAIICHHS
OeIHBIX Pyl HA MECTOPOXKICHUU XPU30THI-acOecTa U pa3padoTKa Ha 3TOW OCHOBE
MPEATIOKEHUHN TI0 YCKOPEHUIO MPoliecca €CTECTBEHHON peKyIbTUBAIUH.

Obwvexmbl u Memoobl UCCIE008AHUSL

HccnenoBanusi mpoBeAEHBI HA TEPPUTOPUH OKPYTa NPEATICCOCTENHBIX COCHO-
BO-0Epe30BbIX JIECOB 3aypalibCKOMl paBHMHHOW NpoBHHIMH 3anaaHo-Cudupckoit
PaBHMHHOH JiecopacTUTEIbHOM obnacTh [6].

OObeKTOM H3yUCHUS SIBISICTCS IPEBECHASI PACTUTENHLHOCTD, €CTECTBEHHO chop-
mupoBaBmascs Ha oTBase Ne 3 (Bocrounslit oTBan) ba)KeHOBCKOTO MeCTOPOXKIC-
Husl xpusotui-acOecta. OTBan 00pa3oBaiiCsi B PE3ysbTare CyXOro CKIIaIUpOBaHMS
BCKPBILIHBIX MOPOJ ¥ OTXOJ0B oOoramieHus 0equbIx pya. OH nMeer miomaas 188 ra
U TIpEeJICTaBIsIeT COOOH TpeXypoBHEBBIH moauroH. Cxema pacrnosioxenus: Bocrouno-
ro OTBaJla MpUBEJeHAa Ha puc. 1.

OtBan nHagan popmuposarbcs B 1951 1, a ero orceinka 3aBepumiack B 1979 1.
[Ipu obmem o6veme 453,1 MITH T OTBaJl COXEPKUT 36,1 MITH T BCKPBIIIHBIX TTOPOI,
53,0 MutH T 0TX0OB OOorameHus u 38,8 MITH T OeAHBIX acOecToCOAepPIKAITUX PYI.
Teppuxon orBana umeer 3 ypoBHs (sipyca). [lepBblil ypoBeHb HAXOAUTCS HA BBICOTE
45-50 M, BTOpoit — 70—75 M u TpeTuii, BepxHuil — Ha BeicoTe 105—110 M oT moBepx-
HOCTH TIOYBBI.
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Puc. 1. Cxema pacnonokerns orsaia Ne 3 (BocTouHslit oTBam)
Fig. 1. Layout of dump No. 3 (Vostochny dump)

CogmepxumMoe oTBaja MPEACTABICHO OOJOMKaMU: MEepUIOTUTOB — 45 %,
cepneHTUHUTOB — 40 %, nyHutoB — 7 %, rabopo — 5 %, nuoputos — 1 % u ru-
HUCTBIMH TIOpoJaMu — 2 %. YKa3aHHBIE MOPOJIBI UMEIOT YCTOWYHUBOE COCTOSHHE
U XapaKTePHU3yITCs CIEAYIONIEH KPYMHOCThIO KYCKOB, CJIATAIOIIUX OTBAJ: Me-
mee 5 cm — 25 %, 5-10 cm — 31 %, 11-20 cm — 28 %, 21-50 cMm — 6 % u Oonee
50 cm — 11 %.

Oco0o0 criemyer OTMETHTD, 9TO B COAEPIKAIINXCSA B OTBaje IMOPOJAX MPAKTH-
YECKH HET OMACHBIX (B DKOJOTHYECKOM IIaHE) XUMUYECKUX DIIEMEHTOB, TAKUX KaK
MeJib, IIUHK, CBHHEI, cepa, prop, Oop, ceneH.

OnpezeneHne KOJIMUSCTBEHHBIX U KAYECTBEHHBIX IMOKA3aTeIIeH MOIPOCTa MPo-
M3BOJIMJIM Ha OCHOBAaHUH OOIIEU3BECTHBIX anpoOupoBaHHbIX MeTouK [9, 10]. B oc-
HOBY HCCJICIOBaHUH MOJIOKEH METOJT YUCTHBIX TUIOMIA0K Pa3MepoM 2X2 M, KOTOPbIE
3aKJIaIbIBAJIMCH Ha 3apaHee 0003HAYCHHBIX TPAHCEKTaX 4epe3 paBHBIE PACCTOSHUS.
TpaHCekTsl pacnonaraiy napaienbHO IpyT APYTY Ha KaXKIOM U3 yPOBHEH oTBaja
Ha paccrostaun 15, 100, 200 u 300 M ot ero kpas (oTkoca). Ha kaxxmoi TpaHcekTe
BbIIENICHO 110 20 YYETHBIX IIOMA0K.

[Ipu nepeyeTe MoApOCTa HA IKCIEPUMEHTAIBHBIX IUIOIIAJKAX €ro pacipe-
JIEJISUTA TI0 BUaM, KaTerOPHsIM XU3HECTIOCOOHOCTH U TpyIaM BBICOTHL: 10 0,5 M
—menkuii; 0,5-1,5 M — cpennuii; Boie 1,5 M — kpynsbiid. [lonydyenHble nokas3arenu
nepecuynThBaIM Ha 1 ra. JOmoJHUTENBHO yCTaHABIMBAIHA KOJIMYECTBO MOIPOCTA
B IepecyeTe Ha KpynHbId. [Ipu 3TOM MOJIydYeHHOE YHCIIO MEJIKOTO TMOAPOCTa yM-
HOkau Ha ko3ddurmuent 0,5; cpennero — Ha 0,8; kpynHoro — Ha 1,0. [To maHHBIM
0 TYCTOTE OTPEACIISIIN COCTaB MOAPOCTa, a BRIPAXKEHHOE B MPOIEHTAX OTHOIIIe-
HUE KOJIMYECTBA YYETHBIX IUIOIIAJI0K C HATMYMEM KOHKPETHOTO JPEBECHOIO BUA
MoJ[pocTa K 00IIeMy KOJIMYECTBY 3aJIOKEHHBIX IJIOMAIO0K CBUAETEIHCTBOBAJIO
0 BCTPEYaeMOCTH BHUJIA.

Kpome Toro, Bce jKnM3HECTIOCOOHBIE SK3EMILUISPHI MOJPOCTA COCHBI OOBIKHO-
BeHHOU (Pinus sylvestris 1..) OTHOCHIN K OJHOW U3 TPeX >KU3HECIOCOOHBIX (OopM.
dopmMma «IepeBo» MPEACTABISIET COO0H IK3EMITTIPHI HOPMATHHOTO Pa3BUTHSA (pHUC. 2,
@); KyCT — C HECKOJIbKUMU CTBOJIUKaMU (pUC. 2, 6); CTENIOMIASACST — C HAKIIOHCHHBIMH
K TIOBEPXHOCTH CyOCTpara CTBOJIMKAMHU (pHC. 2, 8).
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Puc. 2. [TogpocT GpopmbI: @ — IepeBo, HITH HOP-
MaJIbHOE Pa3BUTHE; O — KyCT; 8 — CTEIIOIAsICS

Fig. 2. Undergrowth forms: a — tree, or nor-
mal development; 6 — bush; ¢ — scrub

CpaBHEHHE JAaHHBIX O COCTABE U I'yCTOTE MOIPOCTA C JECHCTBYIOIIMMH HOPMa-
TUBHBIMH JOKyMeHTaMU [ 10] mo3BoMII0 onpeaeuTh 00eCIeueHHOCTh TIOAPOCTOM U
HaMETHUTh ITyTH YCKOPEHUS Mpoliecca €CTECTBEHHOIO 3apacTaHUs OTBAJIOB JIpeBeC-
HOH pacTUTEIbHOCTBIO.

Pesynomamut ucciedosanus u ux oocyscoenue

BrInonHeHHBIE HAMU UCCIIEIOBAHUS TIOKA3aJH, YTO MTOJIPOCT, POPMUPYIOIITHI-
Csl Ha OTBaJIaX MECTOPOXKICHHI XPU30THUII-ac0eCTa, MPEIICTABICH YEThIPhMsI BUIAMHU:
cocHa 0ObIKHOBEHHAs1, Oepe3a nosucias (Betula pendula Roth.), Tomons npoxkarimii
(ocuna) (Populus tremula L.) n uBa k0365 (Salix caprea L.).

CocraB 1moapocTa, ero rycToTa i BCTPEe4aeMOCTh 3aBUCST HE TOJIBKO OT YPOBHS
0TBaJja, HO U OT PacCTOSHUS JI0 ero oTkoca (kpas) (tadm. 1).

Marepuaiibl Ta01. 1 CBHIIETEIILCTBYIOT O TOM, YTO Ha OOJIBIITMHCTBE TPAHCEKT
I'YCTOTa MOJIPOCTa B TIepecueTe Ha KPYIHBIA 3HAYUTEIHHO MPEBBIIIACT TOKA3aTelH,
HeoOXOAMMEIE JIJIS TIepeBo/ia HAPYIICHHBIX 3eMeIb B TIOKPHITYIO JIECHON pacTUTEIh-
HocThio Tomans [10]. Ilpu 3TOM B cocTraBe moapocTa JOMUHUPYIOT COCHA OOBIK-
HOBeHHast 1 Oepesa MOBHCIIasl, TYCTOTa KOTOPBIX B IepecyeTe Ha KPYMHBIH MOgpOCT
BapbHUpyeTcs 1o TpaHcekTam ot 3,7 10 20,7 u ot 4,1 o 14,1 Thic. mT./ra COOTBET-
CTBEHHO. XY/IIINE YCIOBUS JUIsl HAKOTUICHUS TIOAPOCTA TIPU 3TOM CO3JIAIOTCS Y KPOM-
K# oTKOCa (puc. 3).

Oco00 cieayeT OTMETUTH BEICOKHE MOKa3aTeIl BCTPEUaeMOCTH TIOIPOCTa Kak
COCHBI, TaK U Oepe3bl. JJIsi COCHBI ATOT MOKa3areib COCTABISIET MO TpaHCEKTaM 47...
... 77 %, nnst 6epessl — 40...86 %.
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Ta6uuna 1

XapakTepucTHKA )KU3HECIOCOOHBIX IK3EMILIAPOB MOAPOCTA HA 0TBAJIAX BCKPBIIIHBIX
TOPOJI ¥ OTX0/10B 0G0raleHus1 GeTHBIX Py MECTOPOKIEHUsI XPU30THI-acOecTa

Cocras KonnuecTso moapocTa 1o rpynmnam BhICOT,
Paccrosmme MOAPOCTa TEIC. IIT./Ta Berpeuaemocts,
JI0 OTKOCA, 0
M B riepepactcere MEJIKUH | CpeAHUN | KPYIHBIN | UTOrO B MEpeCteTe Ha %
Ha KPYIIHbIN KPYHHBIN
Ilepswiii yposens
5,9C 10,0 1,7 0 11,7 6,4 50
15 3,96 4,0 2,7 0 6,7 4,1 50
0,2UB 0 0,3 0 0,3 0,2 3
Hmoeo| 10,4 4,7 0 19,0 10,7
6,8b 14,7 73 0 22,0 13,2 77
100 2,9C 3,0 4,3 0,7 8,0 5,6 47
0,30c¢ 0,7 0,3 0 1,0 0,6 7
HUmozo| 184 11,9 0,7 [31,0 19.4
6,5b 16,0 4,0 0,3 1203 11,5 67
200 2,4C 33 33 0 6,6 4,3 53
1,10c¢ 0 2,3 0 2,3 1,9 13
Hmozo| 19,3 9,6 0,3 1293 17,7
4,6b 6,0 3,6 1,7 11,3 7,6 53
300 3,7C 7,0 2,6 0,3 9,9 6,0 67
1,70c 4,0 1,0 0 5,0 2,8 33
HUmozo 17,0 7,2 2,0 26,2 16,4
Bmopoii yposenn
5,0C 13,0 0,7 0 13,7 7,0 73
15 4,76 12,0 0 0,7 12,7 6,7 53
0,3UB 1,0 0 0 1,0 0,5 10
Hmoeo| 26,0 0,7 0,7 27,4 14,2
4,8b 9,0 1,3 0,3 10,6 5,9 63
100 4,0C 4,7 2,3 0,7 7,7 4,8 47
1,20c¢ 2,0 0,7 0 2,7 1,5 20
Hmoeo| 15,7 4,3 1,0 21,0 12,2
5,8C 31,3 1,3 4,0 36,6 20,7 63
4,0b 17,7 53 1,0 24,0 14,1 86
200 0,10c¢ 0 0,3 0 0,3 0,3 3
0,118 0 0,3 0 0,3 0,2 3
Hmoeo| 49,0 7,2 5,0 61,2 35,3
Tpemuii yposens
5,2b 53 1,3 0,3 6,9 4,0 43
15 4,8C 4,7 1,3 0,3 6,3 3,7 63
Umoeo| 10,0 2,6 6,6 13,2 7,7
5,4C 9,3 4,0 0 13,3 7,8 73
4,2b 3,0 5,0 0,7 8,7 6,2 40
100 0,30c¢ 0,3 0,3 0 0,6 0,4 7
0,11B 0,3 0 0 0,3 0,2 3
Hmoeo| 12,9 9.3 0,7 22,9 14,6
6,2C 17,3 0,7 0,3 18,3 9,5 77
3,5b 0,7 3,7 2,0 6,4 5,3 40
200 0,20c¢ 0 0 0,3 0,3 0,3 3
0,118 0,3 0 0 0,3 0,2 3
Hmoeo| 18,3 4,4 2,6 25,3 15,3
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B To ke Bpems, HECMOTpsI Ha 3aBeplICHHE OTCHIIKK OTBaja 39 et Hazas,
KOJINYECTBO KPYIMHOTO TOJpocTa COCHbI He mpesbimaer 4,0, a 6epessl 2,0 ThIC.
mr./ra. [Ipu 3TOM yka3aHHOe MaKCHMaJbHOE KOJIWYECTBO MOAPOCTa 3a(hUKCHPO-
BaHO B 200 M OT KPOMKH OTBajia, a Ha OOJIBIIMHCTBE TPAHCEKT KPYMHBIA MOAPOCT
COCHBI U Oepe3bl TUO0 OTCYTCTBYET, 100 ero rycrora He mpesbimaeT 0,7 ThIC.
mt./ra. [IpyunHa 3aKkinro4aeTcsi B MHTEHCUBHOM OTIIaJ[€ MEJIKOTO U CPEIHETO TO-
pocra (Tabu. 2).

Jlanubie Tabn. 2 MOKA3bIBAIOT, YTO B OTHA[ MEPEXOIUT IPEHMYIIECTBEHHO
MOAPOCT COCHBL. J[pyruMu ciioBamu, Ha OTBaJie MPOUCXOAUT CMEHA reHepaluii Me-
KOTO M CPE/IHEro MoApocTa, a He (YOPMHUPOBAHKIE MOJIOTHSIKOB.

JXKecTkuMH J€COpaCcTUTENBHBIMU YCIOBUAMH OOBSICHACTCS NPHCYTCTBHE HA
OTBaJIe MOPOCTA COCHBI OOBIKHOBEHHOM Pa3HBIX JKU3HEHHBIX GopM (Tabd. 3).

Xyamue ycinoBust i GOPMUPOBAHUS OIPOCTa COCHBI OOBIKHOBEHHOM, KaK
BHJTHO 3 Ta01. 3, HAOMrOMAOTCS y O0TKOca oTBaya. C yBEeIMUEHUEM KPYITHOCTU MO-
JIOJHSIKA BO3PACTAET JOJIsl K3EMIUISIPOB HOPMaIbHOU (OpMBI — JepeBo. B yacTHO-
CTH, YKa3aHHYIO (hOPMY HMEIOT BCE IK3EMIULIPBI KPYITHOTO MOAPOcTa. B TO *ke Bpems
3HAUUTENbHASL OISl MEJIKOTO M CPEIHEro moAapocTa (GopM CTEIoImeicst 1 KyCTOBOH
MO3BOJISIET MPOTHO3MPOBATh MHTEHCUBHBIN OTHAI.
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Tabnuna 2
I'n6esns moapocTa Ha 0TBAJIe BCKPBIIIHBIX MOPOJ
H 0TXO/I0B 00oramieHust 0eHBIX Pyl MeCTOPOKICHHs XPU30THI-acOecTa
Cocras KommuectBo moru6urero noapocra Mo rpymnmam
Paccrosane rorudmnrero BHICOT, THIC. INIT./Ta
Berpeuae-
JI0 OTKOCA, noapocra ooTh. Y%
M B MepecyeTe MEJIKHH cpenHui HTOTO B riepectere '
Ha KPyIHbIN Ha KPYIHBII
Ilepesuiii yposens
15 10,0C 9,3 0 9,3 4,7 50
100 10,0C 7,0 1,0 8,0 4,3 57
8,5C 8,7 0,3 9,0 4,6 60
200 1,50c¢ 0 1,0 1,0 0,8 10
Umoeo| 8,7 1,3 10,0 5,4
0,3b 0,3 0 0,3 0,2 3
9,2C 9,0 1,0 10,0 53 50
300
0,51B 0 0,3 0,3 0,2 3
Umoeo| 9,3 1,3 10,6 5,7
Bmopoii yposens
8,7C 1,7 0,3 2,0 1,1 20
15 1,3b 0,3 0 0,3 0,2 3
HUmoeo| 2,0 0,3 23 1,3
100 10,0C 15,0 0,7 15,7 8,0 90
9,4C 22,3 0 223 11,1 67
0,4b 1,0 0 1,0 0,5 10
200
0,20c¢ 0,3 0 0,3 0,2 3
HUmoeo| 23,6 0 23,6 11,8
Tpemuii yposens
15 10,0C 5,0 0 5,0 2,5 37
100 10,0C 6,0 0 6,0 3,0 37
8,9C 8,7 0 8,7 43 50
200 1,1b 0 0,7 0,7 0,6 6
Hmoeo| 8,7 0,7 9.4 4,9

N3BectHO [1], 9TO MOAPOCT MIPH CHCTEMATUIECKOM OOBEIaHUH €TO JKHBOTHBI-
MU miproOpeTaeT ¢popmy Kycta. Ha oTBamax HBOTHBIE HE MACYTCs, TOITOMY TIPEI-
oJIaraeM, 4To IK3EMIUISIPBI TOPOCTa POPM CTENFOIIEHCS W KYyCTOBOM UMEIOT TaKHe
OuepTaHUS U3-3a KECTKUX JIECOPACTUTEIbHBIX YCIOBUU.
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Tabnuna 3
Pacnpenesienne nmoapocTa cocHbI 00LIKHOBEHHOI 10 KU3HEHHbIM opmaM, %o
Paccrosiiie Menxkuii nogpoct Cpennuit nogpoct Ii?};gﬁifl
Ao oToca, M Jlepeso Kyct Cremomasicst | Jlepeso Kycr |Cremomascs| J[lepeso
Ilepswiii yposens
15 12,8 154 71,8 61,2 26,3 12,5 0
100 20,0 5,0 75,0 68,0 26,2 5,8 0
200 66,7 2,0 31,3 73,2 10,2 16,6 100
300 66,6 16,7 16,7 86,7 9,4 3,9 100
Bmopoii yposens
15 35,9 18,4 45,7 73,2 15,6 11,2 0
100 69,4 22,1 8,5 74,2 19,9 5,9 100
200 72,3 18,3 9,4 83,1 10,7 6,2 100
Tpemuii yposens
15 22,4 15,3 62,3 82,0 9,8 8,2 100
100 25,3 15,8 58,9 84,3 11,8 3,9 0
200 71,2 8,7 20,1 78,2 20,6 1,2 100

BrinonHenHbie HAMU paHee UCCIICIOBAHMS MTOKA3aIU, YTO YCKOPUTDH MPOIece
3apacTaHds OTBAJOB Ha MECTOPOKIECHUSIX XPU30THI-acOecTa MOXKHO YBEIHUEHHUEM
10 50 % no7u IIMHUCTBIX YaCTHI] B BEPXHEM CIIO€ OTBaJIa MPU TEXHUUYECKOM ITare
PEKyIBTUBAIINY WIIM HaHECEHHWEM Ha MOBEPXHOCTh OTBaJla HETPAIUIIMOHHBIX YIO-
OpeHuii, B 4aCTHOCTH OCaJIKa CTOYHBIX BOJ [5].

Buvisoowl

1. Ha oTBanax BCKpBILIHBIX MOPOA U OTXOJ0B oOorarmieHus acoecTocoaepKa-
X Py €CTECTBEHHO (hOPMHUPYETCS MOAPOCT COCHBI OOBIKHOBEHHOH, Oepe3bl Io-
BHUCIIOH, OCHHBI M UBBI KO3beH. [Ipu 3TOM B €ro cocraBe JOMUHUPYIOT COCHA OOBIK-
HOBEHHAs U Oepesa MoBUCasl.

2. Ha Bcex ypoBHsX OTBajia 0011as TycTOTa MOAPOCTa SIBJISETCS BEICOKOH. O
HaKO IMPOIECC HAKOTUIEHHUS! KPYITHOTO TIOAPOCTA CUIIBHO PACTIHYT BO BpEMEHH HM3-3a
OTIIaJa MEJIKOTO U CPEJHETO MOAPOCTA.

3. XKectkue gecopacTHTENbHBIE YCIOBUS, CKIIaIbIBAIOIIMECS Ha OTBale, 00y-
CJIOBMJIM BBICOKYIO JIOJIIO CPEIU MEJIKOTO M CPEIHEr0 MOJIpOCTa IK3EMIUISIPOB COCHBI
OOBIKHOBEHHOM CTEIIOIEICS U KyCTOBOW (DOPMBI.

4. Xynumune yciaoBus Uil HAKOIUIEHHsI IOAPOCTA Ha BCEX YPOBHSX CKJIaJbIBa-
10TCs1 BOJIM3U OTKOCA OTBaJA.

5. B paiioHe uccnenoBaHuii JIeCOX031CTBEHHOE HAIIPABIEHUE PEKYIBTHBALIUI
SIBIISIETCSl HanOoJee MPUEeMIIEMBIM.

6. YCKOpHTD Mpoliecc €CTeCTBEHHON PeKyIbTUBAIIH OTBAJIOB HA MECTOPOXKIe-
HUSAX XPU30THII-acOecTa MOXKHO YBEITHUEHHEM JOJIH TIIMHUCTBIX YacTHUI] B BEPXHEM
CJIO€ OTBaJa WJIM HAHECEHHEM Ha €ro IMOBEPXHOCTb HETPAJUIMOHHBIX YIOOPEHHH,
HalpuMep 0Casika CTOYHBIX BOJ.
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Annomauyus. V13-3a OTHOCUTEIBHO JIMTEILHOTO PA3BUTHS M OOJIBILION MTPOJOIDKUTEIILHOCTH
YKM3HU JIECOOOpa3yIoINX BUOB 3HAYNTEIbHAS YaCTh BIBOJIOB O TMHAMHKE HACAKICHHI OC-
HOBaHa Ha JJaHHBbIX, CO6paHHBIX KOCBCHHBIMU METOAAMH CPABHUTCIIbHOTO U3YUYCHU s, aHAIU3a
CO00IIEeCTB, COCTABIAIONINX THIOTETHYECKH BPEMEHHBIE WIIH TIPOCTPAHCTBEHHBIE CYKIIECCH-
OHHBIC PAIBI, U HY)KIaeTCsS B MPOBEPKE U yTouHeHHH. Hambonee 1OCTOBEPHBIC CBEACHUS O
JTUHAMUKE JIPEBOCTOEB MOTYT OBITH IONyYEHBI Ha CTAIIMOHAPHBIX 00BEKTaX — ITOCTOSTHHBIX
poOHBIX TuTomaasix. IlpencraBiensl pe3ynbTaTsl aHaIM3a MaTepHaloB MHOTOJIETHETO MO-
nuropunra (1968-2012 rr.) cocHoBoro (Pinus sylvestris L.) npeBocTosi B HU3KOTOPHOH YacTH
Boctounoro CasiHa Ha FO)KHOM CKJIOHE KpyTH3HOW 7—8°. VCmonb30BaH METON MepUOrye-
CKHX 3aMEPOB MOP(POMETPHUECKHX IIOKa3aTeIICi 3aKapTHPOBAHHBIX Ha ITOCTOSIHHOM MPOOHOMH
Iomaay nepesbeB. [loka3aHo, 4To cymMMa IIIOMIa el Ce9eHus CTBOJIOB ICPEBHEB HA BHICOTE
1,3 M 1 3amacel IpeBeCHHBI Ha HIKHEM, IIEHTPAILHOM H BEPXHEM PABHOBEIUKHAX y4acTKax
MPOOHOI! TUTOIIAAN 32 BECh IEPHOJ HAOMIONEHHH OTIHYaiuch He Oonee ueM Ha 10 %. B 10
K€ BPEMsI HEOTHOPOTHOCTH HKOJIOTMYECKHUX YCIOBHH, MMEIOIAsi MECTO JJayKe Ha HEOOIbIIOM
OTpE3Ke MOJIOTOr0 CKIIOHA, CKa3bIBAETCS HA MHTEHCUBHOCTH CAMOU3PEKMBAHHS HACAKIICHUSL.
Vixe B 42-neTHEM PEBOCTOE OTHOIICHNE TyCTOTHI Ha HIDKHEM, [IEHTPAIHHOM U BEpXHEM ydacT-
Kax coctapisuio 1:1,5:2,1. Pa3Huria B rycToTe IpeBOCTOS 1O CKIIOHY CO BPEMEHEM ITOCTETIEHHO
CHIDKAJIAch, HO M BO BPEMsI €T0 TIOCIIEIHET0 ydeTa ocTaBanach okoio 30 %. 3a roms! HaOmrOme-
HUI Ha HIOKHEM Y4acTKe COXPaHMUIoch 53 % coceH, Ha HEeHTpaabHOM — 47 %, Ha BEpXHEM —
Bcero 32 %. BeruncineHHslit cpeJHUN BO3pacT yCOXIINX JePEBhEB MOKa3all, YTO BO BCEX IPYTI-
Nax eCTECTBEHHBIX CTYIEHEH TOJIIMHBI HaOIoaanock 0oiee paHHee OTMUPAaHUE COCEH BHU-
3y CKJIOHA C MOCTENEHHBIM YBEIWYCHHEM BO3pPAcTa YCHIXaHHS BBEPX IO CKIOHY. JlepeBbs
¢ OONBIIMM JMaMeTpoM CTBOJA (TIEPBBIN yueT) morndanu mnosaHee. Bee 3To MpUBOAUIO K
TepecTPOiKe TOPU3OHTANBHOW CTPYKTYPHI HACAXKACHUS, CHIKCHUIO CPEIHETo AHaMeTpa U
cpenHero o0bema JIepeBhEB BBEPX 110 CKIIOHY. XapaKTepHbIH U TOPHBIX JIECOB KIIMHAIBHBIN
THIT pa3MeIICHHs IePEBbEB, BIUSIONINA HA UX MOP(OIOrHYecKre NoKa3aresn, He0OX0IMMO
YUYUTBIBATh NIPHU UCCIICAOBAHNU U MOACTIUPOBAHNUU JICCHBIX OKOCUCTEM, a TAKXKC IIPU MTPOBCAC-
HUHU JIECOXO3SMCTBEHHBIX MEPOIIPUSITHH.

Jna yumuposanusn: OpunHHHKOBa H.D. OcoOeHHOCTH MNPOCTPaHCTBEHHO-BPEMEHHON
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Abstract. Due to relatively long development and long life of forest-forming species most
of the conclusions on stand dynamics are based on the data collected by indirect methods
of comparative research and analysis of cenosis forming theoretically temporal and spatial
succession sequences and need to be verified and clarified. The most reliable results on the
stand dynamics can be received on stationary objects such as permanent sample areas. The
article presents the analysis results of long-term monitoring (1968-2012) of a pine (Pinus
sylvestris L.) stand in low-mountain Eastern Sayan on the south slope with a steepness of
7-8°. The intermittent test of morphometric indicators of trees mapped on the permanent
sample area was used. It is shown that the sum of tree trunk cross-section areas at breast
height (1.3 m) varied by no more than 10 % with timber reserves on the lower, central and
upper equal sites of the sample area during the entire observation period. At the same time
heterogeneity of ecological conditions, taking place even on a small section of a smooth
slope, influences the plantation self-thinning intensity. In the 42-year-old stand density ratio
at lower, central and upper sites was 1:1.5:2.1. Stand density difference along the slope had
been decreasing gradually over time, although it remained around 30 % at the time of the last
observation. Over the years of observation, 53, 47, and 32 % of pines on the lower, central,
and upper sites, respectively, have survived. The calculated average age of the died trees
showed that in all groups of natural diameter classes, there was an earlier die-off of pines at
the bottom of the slope with an increase in dying age up to the slope. Trees with larger trunk
diameter (first telling) died later. All this led to a rearrangement of the horizontal structure
of the plantation, a decrease in the average diameter and average volume of trees up to the
slope. Typical for mountain forests clinal tree distribution, which affects their morphological
indicators, is important to consider when studying and modeling forest ecosystems, as well as
when implementing forest management measures.
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Beeoenue

PanmonansHOE N€COMONB30BaHIE W YAyUIIeHHE KaueCTBEHHOTO COCTaBa Je-
COB JIOJDKHBI 0a3MPOBAThCS HA 3HAHUH OTIPEIENSIOIINX MPOTYKTHBHOCTH JPEBOCTOCB
1 BCIO (PUTOIEHOTHUYECKYIO CTPYKTYPY JIECHBIX 3KOCHCTEM 3aKOHOMEpHOCTed (op-
MHPOBAHUS U CTPOCHUS €CTECTBEHHBIX HacaxaeHuil [6, 7, 14, 20, 24]. CnoxHOCTh
BOIIPOCA COCTOUT B TOM, YTO, IPUCIIOCAOINBASICH K YCIOBUSIM CPEIbl, IEPEBbs COOT-
BETCTBCHHO TEHOTHUITMIECKUM OCOOCHHOCTSIM, pa3MepaM U COCTOSTHUIO BEIpabaThIBa-
0T cTIeNU(UIECKUI THIT POCTa, OT KOTOPOTO 3aBUCAT BHYTPHUBHI0BAS M3MEHUNBOCTD
u nmupdepennuanus [6, 9, 16, 24], dopmupyromas B KaKJI0M JIPEBECHOM IIEHO3E
CBOIO MPOCTPAHCTBEHHYIO CTPYKTYypy [18-20].

71t m3yueHus MpoCTPAHCTBEHHON CTPYKTYPBI APEBOCTOEB UCIIONB3YIOTCS Pas-
JWYHBIC METOMNHI 2, 3, 5, 6, 12, 13, 21-23, 26, 27 u ap.]. CTaTUCTHYECKH COTOCTAB-
JIAIOTCS (paKTHUECKOE pacrpenenenrne ocober B GopMHUpPyEMBbIX HMH COOOIIIECTBAX U
oKuJaemMoe ciydaitHoe pacnpeneseHue. [IpuHaTo BeIIEAATh 3 TUIIA pa3MEeLIEHus Jie-
PEeBBEB: cy4aiiHOe, paBHOMEpHOE (PETyIspHOE, pa3pekeHHOE) U TPYMIIOBOE (arpe-
TUPOBAHHOE, KOHTATHO3HOE).

W3ydeHne ropu3oHTaIbHON CTPYKTYPBI JPEBOCTOEB MO3BOJISET yIIIyOUTh 3HA-
HUS 0 OMOJIOTMYECKON YCTOMYMBOCTH JICCOB, YCOBEPIICHCTBOBATh METOIAMKH Hayd-
HBIX MUCCIIEZI0BAaHUI M TIOBBICUTD d(h(HEKTHUBHOCTh METO/IOB JIECHOH TaKCalllH, ydeTa
1 OIEHKH €CTeCTBEHHOTO BO30OHOBJICHHS APEBECHBIX IIEHO30B, pa3paboTarh Teo-
pHI0, METO/IBI PYOOK yXOJIa U IIIaBHOTO TOJIb30BaHus [2, 3, 6, 7, 17, 24].

lopHble neca OTIMYAIOTCS OT PaBHUHHBIX. 3a CYET Pa3HOOOPa3HOCTH, KOH-
TPACTHOCTH M MO3aWYHOCTH YCIIOBHM MTPOM3PACTAHUS B TOPaxX OMOTEOIEHO3HI C pa3-
HOM CTPYKTYpO#l TeppHTOpHaiIbHO cONMKEHbI [27], B TO BpeMs Kak Takue IpeBo-
CTOW Ha paBHUHE PACIIONIOKEHBI 3a THICSYH KIJIOMETPOB APyYT OT npyra [ 14]. Otcroma
BBITEKaeT HEOOXOJMMOCTh y4eTa IPH PEUICHHH HCCIIEIOBATEIbCKUX U MTPHUKIIATHBIX
3a/1au creru(uKy MPUPOIHOTO Pa3HO00pa3us TOPHBIX JIECOB, B TIEPBYIO OYEPE/Ib UX
TOPHU30HTAIBHON CTPYKTYphI KaK OCHOBHOTO 31u(prkaTopa OuoreoreHo30B. [Ipuyem
BJIIMSIHUE BBICOTHO-KIMMATHYECKHUX TIOSICOB M IKCIO3MIIMK CKJIOHA Ha JIECOPACTH-
TeJbHBIC YCIIOBUs oOmenpu3Hano [9, 14, 17], a Bo3melicTBHE caMOTO CKJIOHA HA Jpe-
BOCTOHN MPAaKTUYECKU HE YUUTHIBACTCSI.

W3-32 OTHOCHTENBHO JUTUTETHHOTO PA3BUTHS M 3HAUNTEIIEHOUN POIOIKATETh-
HOCTH KHM3HH JEPEBHEB OOJILIIIMHCTBO BHIBOJOB O JIMHAMHKE JIECHON PaCTHTEIHHO-
CTH OCHOBaHbI HA CBEJCHUSAX, COOPAHHBIX KOCBEHHBIMHU METOJIAMH CPABHUTEIILHOTO
M3y4eHUs, aHaJlu3a COOOIIECTB, COCTABIAIONIMX TMIIOTETUYECKH BPEMEHHBIE WIIH
MIPOCTPAHCTBEHHBIE CYKIIECCHOHHBIC PSABI, M HYXKIAIOTCS B IPOBEPKE W yTOUHEHUH
[6]. Camble 1OCTOBEPHBIE TAHHBIE O JUHAMUKE PACTUTEIBHOCTH MOJIYYalOT Ha CTa-
[IMOHAPHBIX 00BEKTaX — MOCTOSHHBIX MPOOHBIX IIIOMIAJIAX, YUCIO KOTOPHIX Orpa-
HUYCHO. /TUTeNnbHBIX PsiIOB HAONIOACHUN, (PAaKTHUECKUX CBEIICHUI OTHOCHUTEIILHO
Mmalio [2, 3, 6, 14].

Ananu3 MHOTONETHUX JaHHBIX (19762008 rT.) MpOCTPaHCTBEHHON CTPYKTY-
PBI TIPOM3BOAHOTO OCHHOBOTO JIPEBOCTOSI M TMHAMUKH BO30OHOBHUTEIBLHOTO TpoIiecca
B 3anagHom Casire [10] mokasan, 4To Ha MOCTOSTHHOW MpoOHO# turomann (30x40 m)
MIpU KPYTU3HE CKJIOHA MEHee 5° pa3iauune B paclpeesieHuU U pOoCcTe APEeBECHOU pac-
TUTEIBHOCTH CTaTUCTUUYECKU JOCTOBEpHO [11].

Lenp HacTosimiel paboThl — HA (PAKTHUSCKOM Marepuajie JUIUTEIbHBIX CTa-
[IMOHAPHBIX HAOIIOACHUH 32 JICCHOW PAacTUTEIHHOCTHIO BBISBUTH BIUSHUE CKIOHA
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Ha POCT U MPOCTPAHCTBEHHO-BPEMEHHYIO CTPYKTYPY APEBOCTOs. 3ajiadya — Mpocie-
JUTH POCT U OUHAMUKY CTPYKTYpPBI €CTECTBEHHOI'O COCHSKA, OTMETHUTH HEPaBHO-
MEPHOCTh 3THX IOKa3aTeliel M0 CKJIOHY Ha CPaBHUTEIBHO HEOOJBIINX ILIOMIAISX.
CunTaeM HYXKHBIM 00OpaTUTh BHUMaHHUE HCCIIeIOBaTeNIel TOPHBIX JIECOB Ha HEOOXO-
JIUMOCTh U3YUYCHHUS U yueTa PACCMOTPEHHOTO SIBJICHUSI.

Obwvexmul 1 Memoowvl UCCLe008AHUS

HccnenoBanus NpOBOJMINCH HA IOCTOSTHHOM MPOOHOM MII0IIAAH, 3aJI0KEHHOH
B 1968 1. Ha TeppuTopun KapaynbHoro y4eOHO-OMBITHOTO JiecHu4ecTBa CHOMPCKOTO
TEXHOJIOI'MYECKOro MHCTUTYTA. [IpoOHast miommane paconokeHa ¢ KoKHOW CTOPOHBI
(yxmon 7—-8°) B Hu3KkoropHoi yactu Bocrounoro Casina (56°01 c. mr., 92°39' B. 1.) B
€CTECTBEHHOM OIHOBO3PAaCTHOM COCHSIKE pa3HOTpaBHOM I kiacca Gonurera. [1pu 3a-
KJIaJIKe TIPOOBI BCE IEPEBhs OBLTH IIPOHYMEPOBAHBI M 3aKapTHPOBaHLL. B 1968, 1972,
1977, 1984, 1990 1 1997 rT. y KaK10T0 SK3EMILIsIpa MEPHON BUJIKOW B HAIPaBJIEHUAX
C-1O u 3-B 3amepsuin muaMeTp cTBojia Ha ypoBHE 1,3 M OT 3eMJIH, a ¢ TIOMOIMIBIO
BBICOTOMEPA-3KJIMUMETPa U 0a3MCHON MEPHOM JICHTHI — BBICOTY. 3a BECh IIEPHUO[ Ha-
OroACHUI TOBPEXICHUN APEBOCTOS 110 MPUYUHE BO3ICHCTBUS IPUPOJHBIX WIIN aH-
TPONOTEHHBIX (PAaKTOPOB HE OOHAPYKEHO.

B 2011 r. anig npoBeneHUs NaabHEHIIEro MOHUTOPUHTA PE3YyNbTaThl HHBEHTA-
pu3anuu npooHoi rromanu 3a 1968—1997 rr. 6butn nepeanbl aBTOpY AaHHOHM CTaThH.
B 2012 r. cpennmii AuaMeTp AepeBa OMPEeAesuId U3MEPEHHUEM OKPY>KHOCTH CTBOJA
Ha pacctossuu 1,3 m ot 3emiu pynerkoilt EXECUTIVE, a BbicoTy — na3epHbIM BbI-
coromepoM FORESTRY 550.

[TockombKy TIpH 3aKiIagKe TOCTOSHHOW MPOOHOM TUTOIIAaN CeTKa KOOPAMHAT
Obl1a OpueHTUpOBaHa Mo HampasieHuto C—1O, a He TI0 CKJIOHY MECTHOCTH, TIPUHSI-
TO PELICHUE O NIEPEKaPTUPOBKE JEPEBHEB IIOCPEACTBOM YBS3bIBAHUS ONHOM U3 OCEH
KOOpAMHAT C HallpaBJICHUEM CKJIOHA. J[JI OATOTOBKHM K KapTHPOBAHHIO MPUMEPHO
Yyepe3 CepefHy MPOOHON TUTONIAAN BIOJb CKIOHA MPOJIOKUIN BU3HP U B 00€ CTO-
POHBI OT HETO HAMETHJIN NIEPICHIUKYISIPHYIO JIMHUIO. Takum 006pa3om, oIydeHHbIE
BU3UPHI YBS3aHBI ¢ penbedoM MecTHOCTH. OT MecrTa nepeceueHus MPsIMBIX ¢ WH-
TEpBaJIOM 5 M YCTaHOBHWJIM KOJIbSI IBYX Pa3MEpOB, [UISl JIydllIeld OpUEHTALUH 4yepe-
Iyd uX. MecTonoiaokeHne APyrux OMOPHBIX JINHUH, MPOJIOKEHHBIX 10 IPOCBETaM B
00e CTOPOHBI OT BU3UPA BIOJb CKJIOHA, ONPEACISUITN METOIOM 3aceueK U3 2—3 Touek
nazepubiMu gansHoMepamu INFINITER 80 u DLE 70. Ha Bcex OmOpHBIX JTHHHSIX
TaKKE YCTAHOBMIIN KOJIbSI C MHTEPBAJIOM 5 M.

PaccrosiHre 10 nepeBbeB, HAXOMAIIMXCS B ONPEAETICHHOHN Iojoce, MU3MEpSIn
JTAJIBHOMEPOM OT JIBYX KOJIbEB, PACIIONATAIOIINXCS 10 IOTPAHUYHBIM ONOPHBIM JINHU-
SIM, ¥ 3aHOCHJTH B CIIEIMAJIbHYIO BEZIOMOCTb. MeCTONON0KEeHUE 1€PEBBEB, OTMEUEHHBIX
Ha kapTocxeme 1968 1. u orcyreTByromux B 2012 1., onpenensuiy 1mo mHIM Wi (B Ka-
MepaJbHBIN IEPHO) METOIOM TIO/I00MS BRIMOMHEHHBIX B Maciitabe 1:100 xaprocxem
1968 1 2012 rr. ITo otMeueHHbIM B 2012 I. 0CHOBaHUSIM CTBOJIOB IPUHSUIM TOUKY Hayasa
KOOPJIMHAT, OTHOCUTEIHFHO KOTOPOH YCTAHOBMIIA KOOPIUHATHI KAKIO0TO0 Aepena (puc. 1).

Jnst onpeneneHys TUIa pa3MEILeHNs IePeBbEB HAa OCHOBE IJIAHOB MX KapTH-
POBaHUS UCIOJb30BAIN KPUTEPUH OTHOCHUTEIBHON JUCIIEPCUU, XaPaKTEPU3YIOILHMA
OTKJIOHEHHE OT CIIy4allHOTO pacmlpeesieHus MPH 3aJaHHOM pa3Mepe yUeTHBIX IUIO-
maaok. [Ipu3HakoM cCiyyailHOro pacupeleieHHus] PACTEHUU SBIIETCS PaBEHCTBO
cpeanelt rycrotsl (N) u aucnepcuu (62), To ecTh 62/N = 1; Ipu paBHOMEPHOM THIIE
6%/N < 1, a ipu rpynmoBoM pazmeniennu 62/N > 1 [12].
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Puc. 1. [Inan-cxema pazmelleHus 1€peBbEB U Pa3METKU Ha MOCTO-

SIHHOM TpoOHOM Tutomaan, M: 1 — nepeBws, pactymue B 2012 15

2 — ornag B 1968-2012 rr.; 3 — onopHble TOYKU; 4 — TpaHUIIbI
yyacTka miomaasio 0,2 ra

Fig. 1. Schematic diagram of trees distribution and marking on the
permanent sample area, m: 1 — alive trees in 2012; 2 — dead trees in
1968-2012; 3 — reference points; 4 — 0.2 ha site borders

Jist Kaskaoro Aepesa Mo AUaMETPy PacCUUTHIBAIM TUIONIAlb TIONEPEYHOro ce-
YEeHHUs CTBOJIA, a M0 €ro BeicoTe mpu nomoun Tadmuusl M.M. Opiosa [1] onpene-
JISUTH «yCJTIOBHBINY Kiacc 6oHuTeTa. CpeqHuli OOHUTET JPEBOCTOST BBIYMCISUTN Kak
YacTHOE OT JICJICHUS] CYMMBI ITPOU3BENICHUN IJIOMIAel ceUeHUs! IePEBhEB M UX yC-
JIOBHBIX OOHUTETOB Ha CyMMY IUIOLIA/El CeYeHHs.

O0mwem cTBOMa AepeBa HaxoAwau o Ghopmyne: V = gHf, Tine g — tuiomans mo-
MIEPEYHOr0 CEYeHUs CTBOJA Ha BbicoTe 1,3 M, M%; H — BbICOTa CTBONA (Iepesa), M;
f— Bunosoe uucno. /s nepesseB cocusl f= 0,40 + 1,4H!, s TUCTBEHHULIBI f =
=0,37 + 1,95H", nns 6epeswt f= 0,394 + 1,15H" [4]. BeruuciieHue TakcaliiOHHBIX
rokasaresieii mpoOHON TUIOIIA/M 110 BCEM ydeTaM IPOBOIMIIN MPHU TOMOIIH 00IIe-
IIPUHATHIX B JIECHOM TaKCallMM METOAMK C MOJIy4E€HHEM CPEIHEB3BELICHHON ILIONIa-
JI TIONIEPEYHOr0 CEYEHUs ¥ BBICOTHI Jepena [1].

J1st noHMMaHus polLiecca CaMOM3PEKUBAHMS IPEBOCTOSI YCTAHABIMBAIIH CBSI3b
COXPaHHOCTH U POCTa AepeBa ¢ paHroM ectecTBeHHOH cTynenu Toimunsl (ECT), pac-
CUMTBHIBACMBIM ITyTEM JICTICHUSI TMaMETpa KaxKJI0T0 SK3EMIUIsIpa Ha CPETHUN AUaMeTp
JaHHOM 1opoab! Ha mpode [1]. dns ynoOcTsa n3noxenns marepuaia ECT Obutn 00b-
enuHeHsI B 3 Tpymbl: Torkue (10 0,8), cpemaue (0,9-1,1) u xpymabie (1,2 u 6omee).

Cpennuii Bo3pacT repexofia IepeBbeB B CyXOCTON HAXOIMIIM KaK 4acTHOE OT Jie-
JICHHUSI CyMMBbI IPOU3BEICHHUI KOIMYECTBA YCOXIINX JEPEBHEB B MEXKYUETHBIN NEPUO U
CPEIHET0 BO3pacTa IPEBOCTOS B CEPEAMHE ITOTO MEPHOA Ha CYMMY YCOXIIHUX JICPEBHEB.
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3anac JpeBeCHHBI ONPEIesUIN CyMMHPOBaHHEM O00BEMOB CTBOJIOB. Bcee ocranbHbIe
MOpdoMeTpUIECKHE apaMeTphbl PACCUMTBHIBAIIM KaK CpeHeapUPMETHIECKHE.

Bcro nadopmanuio o mpodHoit mromaayu ¢ OyMakHBIX HOCUTENEH TepeHOCH-
T B DIICKTPOHHYIO 0a3y maHHBIX [15]. Pe3ympraThl 3KCIEpUMEHTOB 00padaThIBaIH
¢ nomoliukio nporpammsl MS Excel n nomyudanu crarucruueckue napamerpsl. Jo-
CTOBEPHOCTh JaHHBIX Ha ypoBHE 3HaunMocTH o = 0,05 [8]. 13-3a Manoit nmpeacras-
JICHHOCTHU B JIPEBOCTOE JIMCTBEHHUIBI U Oepe3bl JOCTOBEPHOCTh 3HAUYCHUHN IS HUX
HE OIpeeIIsIu.

Pezynomamor uccnedosanuss u ux oocysxcoenue

[TompoOHbIil aHAN3 AMHAMUKH POCTOBBIX IMPOIIECCOB B APEBOCTOE HA paccMa-
TpUBaeMOI TOCTOSIHHOM TpOoOHOHU Tomaau 3a nepuog 1968—1997 rr. npuseneH B
MoHorpaduu A.A. Baiica [2]. B 1968 1. 6110 yuteno 851 mepeBo, B T. 4. KUBBIX —
742 w ornasmux — 109 mt. Cocras »xxuBoro sipyca — 90C8J12b, cyxocTos u Banexa —
90C10JI.

B 2012 1. naxxe Bu3yasibHOE 00CIEOBaHUE YKa3bIBaJO0 HA HEOIHOPOIHOCTH
TaKCallMOHHBIX MTOKa3aTeseil ApeBocTos o TeppuTopun. OCOOEHHO HAIVISIHO Pa3iiu-
YHe MPOCIIeKUBAJIOCh B HUKHEH (TI0 CKIIOHY) 9acTh poOHO# momaan. O6padoTka
JTAHHBIX TOJEBBIX MCCICAOBAHUN BBISIBUIIA PA3HUILY (COXpaHsIACh B TCUCHUE BCe-
rO TIepruojia MOHUTOPHUHTA) TaKCAIIMOHHBIX TOKa3aTesiei PeBOCTOEB B 3TOW YaCTH
poOsl (0,05 ra) u Ha ocranpHOU ee Tepputopuu (0,25 ra). B 1968 1. rycrora ape-
BOCTOSI BHM3Y CKJIOHA cocTaBisuia 1,4 ThIC. IIT./Ta, a HA OCTAJIbHON YacTH HPOObI —
2,7 Thic. wT./Ta. Pa3anna ryctotsl aqpeBoctos — 48 %. K 2012 1. u3-3a HecxoacTBa B
TEeMITaX €CTeCTBEHHOTO U3PEKUBAaHUS, OHA CHU3MIACH 110 18,2 %. Cpeanue BBICOTHI
JIPEBOCTOEB Ha ATUX YACTSAX MPOOBI OBLIM TPAKTHIECCKH PAaBHEL: B TIEPBHIN yueT — 13,8
u 13,9 M, B nocnennuii — 24,7 u 25,5 M. CunpHee pa3iuyaiuch CPEIHUE JUAMETPhI —
16,8 1 13,0 cm B 1968 1.5 28,7 1 25,1 cm B 2012 I. COOTBETCTBEHHO.

OO0pamiaer Ha ce0s BHUMaHHWE MaJIOYHCICHHOCTh JIepeBbEB B mepudepwii-
HOU YacTH MpoObI (cM. pHc. 1). DTO He CBSA3aHO CO CHHIKCHUEM T'YCTOTHI IPEBOCTOS,
a o0BscHsEeTCs TeM, 4To B 2012 I yIUTHIBAIN TONBKO 3aKapTUpOBaHHBIE B 1968 T. ne-
PEBBS U HE YUUTHIBAJIM 3K3EMIUTSAPHI, OKa3aBIIHECs B TIPeieliaX MOCTOSHHON TPOOHOM
TUTOINA/IX TIOCTIE MEPEOPHEHTAINN CETKH KoopanHat. Ha ocHOBaHMM 3TOTO OBLIO TIPH-
HSTO pEIIEHHEe UCIIONIL30BaTh IIEPBUYHBIA MaTepUal TOIBKO YaCTH MMOCTOSHHON MPO0-
HOW TUTOIIAAN, TIPEICTABICHHON MPSIMOYTOIBHUKOM ¢ KoopanHaramu yrioB X10Y'10,
X10Y50, X60Y50, X60Y10. O6mmit pazmep BKiIrodaromeit B cedst 100 smemenTap-
HBIX TUIOIIAI0K 4% 5 M Tepputopun — 0,2 ra. DieMeHTapHbIe II0MAAKA 00beIMHEHBI B
10 JIEHTOYHBIX TPAHCEKT BIOJb U MOTEpPEK CKiIoHa (Tadi. 1). Ha HUX B mepBbIil yder
3aukcuposano 601 gepeBo, B TOM YUCIIE YCOXIIUX COCEH — 73 IT.

TakcanmoHHast XapaKTEPUCTHKA IPEBOCTOS HAa BBIJICIIEHHOM YJacTKe MPEICTaB-
nena B Ta0in. 2. BugHo, 9T0 B cocTaBe HacaxIeHHs NMpeodialaeT COCHa, ee A0S 110
YKCITy CTBOJIOB 3a 44 rona HaOmroneHui cHu3mwiach ¢ 89 1o 85 %, a Jois JIMCTBEH-
HUIB! Bo3pocia Ha 4 %. Ilo 3amacy cTBOJIOBOI JpEeBECHHBI 32 BpeMsl MOHHTOPHHIA
NPOLEHT JABYX STHX BUAOB IMpakTHYecku He MeHsuics. Otmeueno manoe (1-2 %),
HO cTa0mIbHOE yyacTre Oepesnl. OTIam HaOIoaaICs CPEI BCEX MMOPOJ, B TOM THCIIS
JIUCTBEHHUIIBI U Oepe3nl — He Oonee 13 %.
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TabGuuma 1

Marpuua pacnpeaesieHusi IepeBbeB M0 YJIeMEHTAPHBIM ILUIOIIA/IKAM HA MOCTOSTHHOI
npooHoi niaomaau B 1968 r.

Koopaunarer, | X10— | X15— | X20— | X25— | X30—| X35—| X40- | X45— | X50—| X55- | Cymma,
M X15 | X20 | X25 | X30 | X35 | X40 | X45 | X50 | X55 | X60 | mr
'Y46-Y50 12 11 14 12 13 11 8 12 6 11 110
Y42-Y46 6 6 9 9 7 6 6 9 4 4 66
Y38-Y42 7 9 8 6 7 9 6 5 6 8 71
'Y34-Y38 8 8 3 10 9 5 4 5 11 6 69
Y30-Y34 3 7 3 9 5 10 8 3 8 5 61
Y26-Y30 5 9 3 10 3 7 4 7 3 6 57
Y22-Y26 4 6 3 7 5 3 3 9 5 7 52
Y18-Y22 4 5 4 2 4 2 6 6 5 7 45
Y14-Y18 6 8 1 6 2 2 2 8 1 3 39
Y10-Y14 2 2 2 2 3 2 3 7 2 6 31
CyMMa, mT. 57 71 50 73 | 58 | 57 | 50 71 51 63 601
Tabnuma 2

JluHAMHKa TAKCALMOHHBIX MAPAMETPOB IPEBOCTOS HA MOCTOSAHHOI MPOOHOIT MiIomaau

CpenHue moxasarenu
Ton I'ycrora, CocraB Hﬂomalfb 3amac, Cocran
ydera | ThIC. IUT./Ta |10 TycToTe, % | BO3PACT, | IMaMETp, | BbICOTA, COHCHHH, |\ 3/ra 110 saracy,
’ ner cM M M %

264 | 89C9I2B 130 | 13.8 | 353 |243.1

1968 1 136 100C 42 67 | 75 | 13 | 57 | 0%C612b
215 | 88C10J12B 157 | 184 | 416 |363.1

771 049 | 9scomsp | ! 80 | 118 | 3.0 | 183 | 02C6/12b
1.63 | 86C12J12B 190 | 223 | 462 |473.0

19901 0’5y | oacamap | ®* | 107 | 152 | a8 | 355 | J2CO/2b
148 | 85CI3J12B 209 | 235 | 506 |5432

19971 015 | s7camios | 7V | 113 | 154 | 16 | 117 | 22C7b
115 | 85C13J12B 247 | 254 | 551 |6316

20120 5533 I sgcimb | 90 | Ta4 | 190 | 53 | 478 | 22C7b

HpHMeanHe: B uncaurene — xxuBbIe ACPCBbs; B 3HAMCHATCIIC — OTHAA.

OO0mue TakcallMOHHBIE XapaKTEPUCTUKU IPEBOCTOSI HE OTPAXKaIOT €ro ropu-
30HTAJIBHYIO CTPYKTYPY, M3yUY€HHE KOTOPOW TO3BOJSET BBISBUTH: CTCIEHb PABHO-
MEpPHOCTH pa3MELICHUs JepeBbeB Ha MPOOHOM IMJIOMIAH; BapHAaLUIO 3araca JpeBe-
CUHBI Ha Pa3HBIX YYacTKax; €CTECTBEHHOE M3PEKMBAaHHE HACAKACHUS, MEHSIOIIEe
ero T'yCTOTY M 3arac; BIMSHUE CKJIOHA Ha 3TH Moka3aTtenu. [lyig paccMOTpeHHs Iu-
HaMMKH €CTECTBEHHOI'O U3PEKHUBAHUS IPEBOCTOSI C YBEJIMUEHUEM BO3pPAcTa U U3Me-
HEHMs 00beMa CTBOJIOBOM APEBECHHBI POBEIH CTATUCTHUECKYIO 00pabOTKy MaTpHIl
TYCTOTBI JIEPEBBEB U 3amaca JPEBECHHBI HA BBIJICJIICHHBIX JICHTOUHBIX TPAHCEKTaX.
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W3 tabn. 3 BuIHO, YTO CpejHME rycTora W 3amac (M) B mpenenax TpaHCEK-
ThI MEHSIOTCS C BO3pacToM jpeBocTost. CTaHapTHBIE OTKIOHEHUS (G), YKa3bIBalo-
e Ha pa30pOCaHHOCTh 3HAYCHUN PSIOB pACTIpEACTICHHs YUCia AEPEBBEB U CyM-
Mbl 0OBEMOB HX CTBOJIOB Ha Y4acTKaX, PaclojOKEHHbBIX BIOJIb U MOIEPEK CKIIOHA,
VMMeJH CYIIeCTBEHHBIE Pa3Iyusl: BIOJb CKJIOHA B 2,3-2,5 pa3a (B mociIeHUH yaeT—

B 1,8 pa3a) meHbllle, 4eM B paCIONIOKEHHBIX MTONEPEK.

Tabnauma 3

I[I/IHaMl/IKa TYCTOTHI M 3a1aca 1 UX CTATUCTUICCKHUX nokasarejieid B 3aBUHCUMOCTH
OT paCcnoJIOKCHUsI IPEBOCTOHA HA CKJIOHE

I'ycrora 3amnac
o (0* c (1)
Ton N, mr., 1O CKJIOHY M, v 10 CKJIOHY
B TPaHCEKTE B TPAHCEKTE
BIOTTH Tonepex BIIOTTH Tonepex
1968] 60,1 923 (20,59)21,69 (8,76)| 497  |0,64 (24,69)| 0,49 (32,06)
1977] 528 [7.51(22,23)] 18,68 (894)| 757 |0,99 (24.44) 0,81 (29,54)
1990 431 [5.82(2342)] 13,68 9.96) 10,14 |18 (22.22)] 1.26 (25.44)
1997] 326 [3.103327)]7.49 (13,77 1110 [1,60 22,03)] 138 (25.42)
2012|295 [2.76(33.81)]4.99 (18,68)| 13,56 | 1,57 (23,30)| 1,74 (24,72)

*Kpurepunii CTpioneHTa, TaOMUYHOE 3HaYeHHE ¢ TpU ypoBHE 3HauuMocTu 0,01 u gncie crene-
Hel cBoOonb! 9 cocrasisier 2,82.

MOXHO TIPEIOIOKHUTh, YTO PA3NIUYUE CTATUCTHYECKOTO TMOKAa3aTelsl TyCTOTHI
JIPEBOCTOSI B TPAHCEKTaX, PACIIOJIOKEHHBIX BAOJb M TIOMEPEK CKIIOHA, 0OYyCIOBICHO
BIIMSIHUEM penbeda Ha pa3MelleHHe IePeBbEeB Ha NPOOHOH IJIOIAIH, KaK paHee ObUIo
BBISIBJICHO B CTPYKTYPE OCMHOBOTO JAPEBOCTOA B YepHEBOM Tosice 3amaiHoro Casna [11].

Craructrdeckass o0paboTka MaTpHIlbl pacnpeneneHus aepesbeB mo 100 are-
MEHTapHBIM IUIoIIaaKaM B 1968 . (cM. Tabm. 1) mokasana: npu CpelHEeM YHCIe Jie-
peBbeB 6,01 mT. Ha TUTOMmAAKe Muctepcus cocrapiser 8,9. Tak kak 6%N > 1, Tum pas-
MEILECHUS JepeBbeB — rpynmnoBoil. OHAKO TaHHBIC pacueToOB, IPUBEACHHbIE B Ta0I. 4,
CBUJICTEILCTBYIOT O TOM, YTO Ha OJHOW M TOU K& MPOOHO¥ IUIOMIAAH, PACIIOIOKEH-
HOW Ha CKJIOHE, OJWH M TOT YK€ METO]| ONPE/ICICHHUS THUIA Pa3MEIICHUs JIEPEBbEB
MOJKET J1aTh IPOTUBOPEUYMBBIEC PE3YJIBTAThl: YCTONYUBBIM IPYIIIOBOM TUI — I10 J1aH-
HbIM 10 JIGHTOYHBIX TPAHCEKT, BHITSHYTHIX MONEPEK CKIOHA, U PABHOMEPHBINA — IO
JaHHbIM 10 TpaHCEeKT, MIYIIMX BAOJb CKJIOHA. THIT MPOCTPaHCTBEHHOTO Pa3MeEIeHHS
JCPEBHEB IPU OAMHAKOBBIX YCIOBHUAX OTPAXKACT CIIOKHBIC B3AMMOOTHOIICHUSA MEXK-
Iy oco0simu B HacaxeHuu [16, 18, 19, 21, 25].

MOKHO MPEITOIOKHTE, YTO CKIIOH — MOIIIHBIHA aONOTHYECKUH (haKTop Cpebl —
BJIHSISL HA TIepepacIipeieieHne aTMOCEePHBIX 0CaIKOB, BOJHBIN M TETUIOBOW PEXKH-
MbI IMOYBBI, €€ NEPEMCUICHUEC, ABUKCHNUEC NMUTATCIbHBIX BCIICCTB, OKA3bIBACT CYLIC-
CTBEHHOE BO3/ICHCTBUE HA MPOCTPAHCTBEHHYIO CTPYKTYPY APEBOCTOS, MMOCTETIEHHO
Y HaIpaBJICHHO M3MEHSIET IUIOTHOCTh nomymsauun. OHa, B CBOIO OYepeab, BIUSICT Ha
poct pactenuii, ux 6nomaccy. J{ns rakux ycnosuit B.C. Mnatos u JI.A. Kupuxkosa [5]
MCTIOJIB3YIOT TEPMUH «KIMHAIBFHOE Pa3MEIeHHIEY.
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Tabununa 4

Tun pPasMelicHUuA J€PEBLEB BEPXHEIro sipyca Ha MOCTOSIHHOM l'lpOﬁHOﬁ mJjiomaau
nonmepexk u BA0Jb CKJI0HA

Cpeninii TpaHCEKTHI IIOIEPEK CKIIOHA TpaHCeKThI BIOJIb CKIOHA
BO3pacT
ApEBOC-| - N, Tun N, Tun
TOS ’ +m* o2 o%/N > | +#m | o2 |c?/N]|
> | pasMemieHus | IIT. pasMereHus
et

42 60,1 | 6,86 |470,5| 7,83 | I'pynmosoit |60,1|2,92| 85,2 |1,42| I'pynnosoii

binsko

51 52,8 | 591 |348,9| 6,61 | I'pynmosoii |52,8|2,37|56,4|1,07 .
K CIy4aiiHOMY

64 43,1 | 4,33 |187,1| 4,34 | Tpynnosoit |43,1| 1,84 | 33,9 (0,79|PaBHOMEpHBII

71 32,6 | 2,37 | 56,1 | 1,72 | T'pynnosoii |32,6|0,98| 9,6 |0,29|PaBHOMepHBII

86 29,5 | 1,58 | 24,9 | 0,84 |PaBHomepHbsIii| 29,5 | 0,87 | 7,6 |0,26/PaBHOMEpHbII

*+m — omMOKa CPEeIHEH TYCTOTHL.

Jiist mpoBepKH TUTIOTE3BI MPoOa OblIa pa3duTa Ha 3 BRITSHYTHIX B0 CKJIOHA
PaBHBIX MO TwIomAAN y4yacTka. O0paboTKa JaHHBIX MMOKa3ala, YTo YK€ K INEepHOay
3aKJIAJIKW TTOCTOSSHHOW MPOOHOM TUIOINAAM APEBOCTOM MPEACTABIISLI COO0M HEOAHO-
POJHOE TI0 TYCTOTE HacaxaeHue (puc. 2, a).

T'ycToTa, TEIC. IIT./TA
[3%)

40 50 60 70 80 90 40 60 80 100
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*l n]l &I
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Puc. 2. lunamuka rycToTH (@), CpeqHero aquaMeTpa (6) m oobemMa CTBosa (6) IPEBOCTOS HA
Pa3HBIX y9acTKaxX MOCTOSHHON MPOOHON IJIOMIaAN 0 CKIOHY: | — HipkHMA; I — HeHTpaTbHBIH;
III — BepxHMit

Fig. 2. Dynamics of density (a), mean diameter (6), and trunk volume (s) of the stand on dif-
ferent sites of the permanent sample area along the slope: I — lower; 11 — central; III — upper
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Ecnu rycroty npeBOCTOS Ha HIYKHEM 110 CKIIOHY YYacTKe MPOOHOM TUIOIIaIn
MPUHATH 32 SAMHUITY, TO Ha MEHTPAITHHOM Y9aCTKe ATOT MOKa3aTelb B 42-J1eTHEM
JipeBocToe cocTapisa 1,5, a Ha BepxHeM — 2,1. PazHuna B ryctore no CKJIOHY Ha-
OJroganack U B OCIEAYIONINE TObl: HAa EHTPAIbHOM y4acTKe B Bo3pacTe 51 roga —
1,6; 864 uB 71 rom — 1,4; a Ha BepXHEM — COOTBETCTBEHHO, 2,1, 1,7 m 1,5. B 2012 1,
HECMOTpsI Ha 001Iiee CHIDKEHUE TYCTOTHI IPEBOCTOS B 2,3 pa3a, pa3indue 1Mo dTOMY
MOKAa3aTeI0 BJOJb CKJIOHA y HI)KHETO M JIPYTHUX YYacTKOB XOTS M COKpPATHIIOCH,
HO ocTaBanoch okoio 30 %.

[ToBbIIeHHAs TYCTOTA Ha IIEHTPAILHOM U BEPXHEM y9acTKaX B HAaMOObIIEH
CTETCHN CKa3allaCh Ha pOCTE JIEPEBHEB B TOJIMHY. DTO pa3lindre HaOII0NAI0Ch
Ha mpoTsoxeHnn modth 30 seT. M Toapko K ocieqHeMy y4eTy, Korjaa rycToTa Jpe-
BOCTOEB Ha LIEHTPAIHbHOM U BEPXHEM y4acTKaX BBIPOBHSIIACH, CPEHHUE JTHAMETPHI
CTalnu MUMETh ONM3KHe 3HaueHus (puc. 2, 6). BnusHue ckioHa oTpaxkaaoch W Ha
cpemHeM oObeMe cTBoa Aepena (puc. 2, g). B 42-meTHeM ApeBOCTOE ITOT IMOKa3a-
Teb Ha HIDKHEM y4dacTke ObuT Ha 40 %, a Ha BepXHEM B 2 pa3a BHIIIE, YeM Ha IeH-
TpajgbHOM. C yBeJIMYEHHEM BO3pacTa JPEBOCTOsS JaHHOE pa3jiindue CTIIaKUBAJIOCh
1o 20-26 %.

AHanm3 AMHAMHUKHA MOP(OIIOTO-TaKCAIMOHHBIX TIPU3HAKOB XBOHHBIX TIOPO]I IT0-
KazaJl, 4To HanOOoJbIIIee Pa3Inire MO CKIOHY B POCTE JIEPeBbEB HAOMIONAIOCH B MO-
JIOJOM BO3pacTe. Y COCHBI IMaMETp CPEeIHEro JepeBa B 42 rojga Ha ydacTKax BBEpX
o ckjioHy cocrapmsin 16,0; 13,4; 11,5 cm, a y nuctBennuusl — 14,8; 11,8; 9,0 cm.
K nocnennemy yuety B 86-1eTHEM JPEBOCTOE CPEAHUIN THAMETP COCHBI JOCTHUT Ha
HIKHEM ydJacTke 27,7 ¢M, a Ha IIEHTPaJIbHOM M BEPXHEM MPAKTHUECKH CPaBHSIICS —
24,7 u 24,5 cM. Y NUCTBEHHHUIIBI 110 CPEAHEMY NUAMETPY OTIMYNE MEXKIY y4acTKa-
MU coxpaHsuiochk — 22,2; 20,7; 15,6 cm. [IpumedarenpHO, 9TO, HECMOTPS HAa HEOI-
HOPOJHOCTh HACAXKJEHHH IO TYCTOTE W CPETHUM MOP(OIOTHYECKAM TOKa3aTeNsIM
JIEPEBBEB B PA3HBIX YACTAX CKJIOHA, PA3IUUUs IO CYMME IUIOIIAIeH CEUCHUH CTBOJIOB
JIepeBbEB Ha BBICOTE 1,3 M UM 3amacy ApeBEeCHHBI Ha BCEX y4acTKaX COCTABHIIM HE
6omee 10 %.

Kak BumHO U3 puc. 3, 6ombine Beero aepeBbeB cocHbl ¢ ECT no 0,8, Ha koTo-
psie B 1968 r. mpuxoamiiocs 6omnee 44 % YMCIEHHOCTH 3TOTO BH/a Ha Mpode, pociio
Ha BepxHeM yuactke (27,5 %). Bce cocHbl, oTHOCSIUECS K IpyIlle TOHKUX, K I10-
CJIETHEMY YYETy B HIDKHEH M LEHTPajJbHOW YacTsaxX Tepputopuu norudmu. XKuszHe-
CIOCOOHOCTH KPYITHBIX JIepeBheB Konebanach ot 85,4 mo 95,0 %.

Ha Bcex ywacTkax y 4acTH JepeBbeB HaONIOAIOCh OCIalIIeHHE pocTa B
TOJNIIUHY, OHU CHAauajia MepPexXOAId B HUKHUE €CTECTBEHHBIC CTYTECHU TOJNIIUHBI,
a 3aTeM W Torudanu. DTO MPUBOAMIO K MEPECTPONKE TOPH30HTAIBHON CTPYKTYPHI
npesoctos. K 2012 r. Ha HI>KHEM ydacTKe ocTtanoch 53 % nepeBbeB COCHBI, Ha 1ICH-
tpasibHoM — 47 %, Ha BepxHeM — Bcero 32 % (Tali. 5).

Jloms1 coXpaHUBIIEHCS IMCTBEHHUITEI HA MPOOHOH TIIOMIAIN CYIIECTBEHHO
Ooxb1ie, yeM cocHbl, — 71 %. [Ipu 5TOM Ha HHKHEM ydacTKe OHa cocTaisna 89 %,
a Ha IEHTpPaJIbHOM M BepxHeM — 65 m 63 %. Yceixanu, Kak MpaBUiio, TOHKUE
JIePEBBA.
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Puc. 3. /IlunamMuKa KOJTMYECTBA COCHBI

Ha HkHeM (I), menTpamsroM (II) u

BepxHeM (III) ygacTkax moOCTOSHHOM

MIPOOHOI TITOMIAIN IO CKIOHY B pas-

HBIX TPYIIax €CTCCTBEHHBIX CTyIIe-

Hel TONMMHBL: 1 — TOHKHE; 2 — cpel-
HUe; 3 — KpyIHbIe

Fig. 3. Dynamics of the number of

pines on the lower (I), central (II),

and upper (III) sites of the permanent

sample area on the slope in different

groups of natural diameter classes:
1 — thin; 2 — medium; 3 — large

Tabnuma 5

BunsiHue paHra ecTeCTBeHHBIX CTYNeEHel TOJIIHHBI COCHBI HA ee COXPAHHOCTh
U cpeHMI1 BO3pacT rude/iu iepeBbeB HA Pa3HBIX Y4aCTKAaX MOCTOSTHHON NPOOHO
TJIOIIAIH MO CKJIOHY

ECT B 1968 1.
VYuacrok Bceero
TOHKHC cpeanue KpYIIHbIC
Coxpannocmo na 2012 2., %
Huoxumit 53 0 41,2 85,4
HenTpanbHblit 47 0 61,4 95,0
Bepxuuit 32 4,7 64,3 92,6
Bes mpoba 41 2.9 57,8 90,4
Cpeonuii 6o3pacm noz2ubuwiux oepegves, em

Huoxnmi - 52,6 62,2 57,9
enTpanbHbIit - 56,1 66,8 69,2
Bepxuuit - 56,3 72,6 78,5
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Crnenyer OTMETUTh, B TEUCHUE BCETO Nepro/ia HAOIIOICHHUI YCIIOBHBINM OOHH-
TET JPEBOCTOs B HIDKHEH YacTu ckiioHa Obul Ha 0,2—0,1 enuHuUIbl OOHUTETA BHBIIIE,
geM B cpenuelt, u Ha 0,4—0,1 Gonpie, 9eM B BEpXHEH.

Raxnrouenue

AHanu3 MarepuaJoB MHOTOJIETHEI0 MOHHUTOPHHIA OTHOBO3PACTHOTO COCHO-
BOTO JIPEBOCTOSI HA MOCTOSHHOW MPOOHOW IIIOMIAIHN, PACTIOIOKEHHOW C IOKHOU
CTOPOHBI B HU3KOTOpHOU yact Bocrounoro CasiHa, ToKasal, YTO HEOJUHAKOBOCTD
SKOJIOTHYECKUX YCIIOBHI Ha CKIIOHE, MMEIOIasi MECTO JIa)kKe Ha HEOOJIBIIIOM €ro OT-
pe3ke, B MEPBYIO OYepe/lb BIUSCT HA HHTEHCUBHOCTh CAMOU3PEKUBAHUS APEBOCTOS
10 CKJIOHY.

bonee cunbHas KOHKYpPEHLUSI PACTEHHUM B JIyUIIUX YCIIOBUSAX IPOSIBISETCS B
OoJbIIei CKOPOCTH OTIa/ia OTCTABIINX B pOCTE JepeBbeB. Ha pa3HbIX ydacTkax of-
HOBO3PACTHOTO COCHSKA, YTO TIOKa3aJi JaHHBIE O CPETHEM BO3PACTE YCOXIIHMX DK-
3eMITISIPOB, IEPEBBS] OTMUPAIOT PAHBIIE BHU3Y CKIIOHA U TTO3/IHEE BBEPX MO CKIIOHY.
DTO MPUBOIUT K MOCTEIIEHHOMY W HAIPaBIEHHOMY TOBBIIICHUIO T'yCTOTHI JPEBO-
CTOSI, CHHYKCHHUIO CPETHETO TMaMeTpa ¥ CpeaHero oobeMa CTBOJIOB BBEPX IO CKIIOHY.

3a cueT ecTecTBeHHOH IU(pPepeHInaMd POCTa COCHBI TIPU Pa3HON TyCTOTe
Ha CKJIOHE CyMMa IUTOIIAJei CeueHHsI CTBOJIOB M 3aIlachl JIPEBECHHBI OTIIMYAIOTCS
He 6omee ueM Ha 10 % B pa3HbIX yacTax Tepputopur. C pasBUTHEM JPEBOCTOS TPO-
WCXOIWT TIEPEeCTPONKa €ro MPOCTPAaHCTBEHHOUW CTPYKTYpHI. lIpu 00IIeM CHIKeHUH
TYCTOTHI B 2,3 pa3a pa3Iu4us [0 dTOMY IMTOKA3aTel0 CIIIAKHBAIOTCSA, HO OCTAOTCS
oxou1o 30 % Ha yJacTKax 10 CKJIOHY.

KnunanbHoe pa3melneHue M HEPaBHOMEPHBI pPOCT JEPEBbEB Ha CKIOHAX
H€O6XO]II/IMO YUUTBIBATG NIPHU UCCIICAOBAHWUN JICCHBIX 3KOCHUCTEM, MOJACIMPOBAHUU
Y MPOBEJICHUH JIECOXO3SIICTBEHHBIX MEPOTIPUATHH.
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Annomayusn. ]I TOPOIOB OJHUM W3 KITIOYEBBIX ITOKa3zaTele KOM(POPTHOCTH U COOTBET-
CTBHSI CAHUTAPHBIM HOPMaM BBICTYIIACT 3alBUICHHOCTh arMocdeprl. Hacaxmenus u3 mpen-
cTaBuTenei poma tomosb (Populus 1..) cTaHOBSTCS HAAESKHBIM CPEICTBOM ONTHMH3AIUU
JlaHHOTO Tokasarens. MccienoBana »3(peKTHBHOCTh PUMEHEHUS Pa3NuHbIX BHJIOB TOIO-
JIel B TOPOACKUX TOCa/Kax ¢ y4eToM An(depeHraniuy y4acTKOB KPOHBI [0 CIIOCOOHOCTH
OCaKIATh MBI HA MOBEPXHOCTU JUCTOBOTO ammapara. OOBEKT McciaeoBaHUS — 8 BUIOB
W3 pasHBIX CEKIWH poia TOIONb, HanOOoJIee YacTO BCTPEUAIOIINECS B TOPOACKHX MOCAIKAX
W IpyTUX MCKYCCTBEHHBIX HACAXKICHISIX Ha Tepputopuu Hrmkxeropoxckoit obmactu. Ydre-
HO BIIMSIHME Ha JMCIIEPCHUIO MbIIe3aAepKUBAIOIIEH CIIOCOOHOCTH TPEX HE3aBHCHMBIX APYT
OT Jipyra (akTopoB: BUIOCICIM(PUIHOCTH TOMONCH (8 rpagainuii); yCIoBUH OCBEIICHHOCTH
KPOHBI, ONPEJEIIEMbIX €€ OpUEHTAalNell OTHOCUTENBHO CTOPOH CBETA; BHICOTHBIX XapaKTe-
PHUCTHK paCIIOIIOKCHUS sIpyca KpoHbI. CMBIBBI TBUTH TIPOU3BOAMIN cO 100 THCThEB Ka)XI0ro
BHJIA TONOJISI TIPH WX (PUKCUPOBAHHOH IUT0Mmaan. Hanbompinee KoTHdecTBO MBUTH B JINCTOBBIX
CMBIBaX OTMEUYEHO Yy TUITMYHOTO TOIOoJs 6enoro (257,60+5,05 Mr), a HanMeHsbIee — y TOIOJSA
yepHoro ocokops (117,69+3,65 mr) u Tonosist utanbsiackoro (105,69+2,90 mr). OnHodakTop-
HBI TUCTIEPCUOHHBIN aHAIN3 MOATBEPAMI CYIECTBEHHOCTb PA3IMUUil MEXIy BUJAMM I10
BCEM IOKa3aTelsIM IblIe3a/lep KUBaroneid criocooHoctu. TpexdakTopHbIi ANCTIEPCHOHHBIH
aHaIM3 JI0Ka3aJl BIUSHUE MECT PACIIONOKEHUS JIFCTOBOI MOBEPXHOCTH B YACTSAX KPOHBI Ha
3¢ PEKTHBHOCTh OCaXICHUS THUIA MPEACTaBUTEIIMHU Pa3HBIX BUAOB. Hamboiee BaxxHOI B
pacripeeneHiy MbUTH, OCEBIICH Ha JICTOBOI MOBEPXHOCTH MOOETOB B Pa3HBIX YaCTIX KPO-
HBI, OKa3ajach BUOBas MPUHAICKHOCTE aepeBbeB — 37,65+0,51 %. Dddekr or yciaoBuit
OCBEIIEHHOCTH KPOHBI Takxke xopomo ouytum — 20,45+0,28 %. BnusiHue BBICOTHI sipyca
KpOoHBI ObUTO 3aMeTHO Menblie — 7,19+0,21 %. Ilepeunciiennble (GakTOpbl Majo CBSI3aHEI
MeXay coOoi, MX B3anMO/IeHiCTBIE HEe HTpaeT 3HAYNTEIbHON ponu: 6,67+4,54 %, F,2 = 1,47,
JoctoBepHo Ha 5 %-M yposHe (F; = 1,41) n nenoctoBepno — Ha 1 %-m (F, = 1,61).
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Abstract. One of the key parameters of comfort and compliance with sanitary standards for
cities is dustiness of atmosphere. Plantings of representatives of the Poplar genus (Populus L.)
become a reliable means of optimizing this parameter. We have studied the effectiveness of
using different types of poplars in urban plantings, taking into account the differentiation of
crown sections by the ability to deposit dust on the surface of the leaf apparatus. The object
of research is 8 species from different sections of the poplar genus, typically found in urban
plantings of the Nizhny Novgorod region. We considered the influence of three independently
of one another factors on the dispersion of dust holding capacity: species-specificity of poplars
(8 gradations); lighting conditions of crown due to its orientation relative to the cardinal
directions (4 gradations); height characteristics of the crown tier location (3 gradations). Dust
was washed off from 100 leaves of each poplar species with their fixed area. The highest
amount of dust in the flushes was observed for silver poplar (257.60+5.05 mg), and the lowest
— for black poplar (117.69+3.65 mg) and Populus nigra var. itdlica (105.69+2.90 mg). One-
way ANOVA confirmed the significance of differences between the species for all parameters
of dust holding capacity. Three-way ANOVA showed the influence of leaf surface locations in
different parts of the crown on the efficiency of dust deposition by representatives of different
species. Species appeared to be the most important in the distribution of dust deposited on the
leaf surface of shoots in different parts of the crown; the share of its influence was 37.65+0.51 %.
The effect of crown lighting conditions was also well measurable; its share was equal to
20.45+0.28 %. The influence of the crown tier height was noticeably less; its share reached
7.19£0.21 %. The listed factors are little related to each other, and their interaction generated
a negligible effect: 6.67+4.54 %, F,2 = 1.47, significance is reliable at 5 % level (F,; = 1.41)
and unreliable at 1 % level (F,, = 1.61).

For citation: Besschetnova N.N., Besschetnov P.V. Differentiation of Dust Holding Capacity
of Poplar Crowns. Lesnoy Zhurnal [Russian Forestry Journal], 2021, no. 5, pp. 48—64. DOI:
10.37482/0536-1036-2021-5-48-64

Keywords: poplar, dust holding capacity, leaf morphology, density of leaf arrangement, crown
zoning.

Beeoenue

[TpoGsiemMBbl SKOJOTHK BO MHOTHX COBPEMEHHBIX POCCHUICKHX ropoiax B Ha-
CTOSIIIEE BPEMsI CTOST OCOOCHHO OCTPO, OMPENesis MOTPEOHOCTh B MPUHITHU 0€3-
oTJIarareJIbHBIX MEp MO CTA0WIN3alliy M TPUBEICHUIO K HOPMATUBHBIM CAHHUTAp-
HO-TUTMEHUYECKUX Mokasareneil [4, 20, 25, 31]. DtoMy Hemano NpU4YuH, KOTOPbIE,
nMesi OOBEKTUBHBINA U CyOBEKTHBHBIN XapakTep, MPHOOpEN Ha CETOAHSIIHUN JCHb
ro0anbHbIe MaciuTaosl [23, 31, 57, 64]. OqHUM U3 BaXKHEHIITUX TApaMETPOB TOPO/I-
CKOU Cpe/Ibl BBICTYITAET 3allbIJICHHOCTh BO3YIITHOTO OacceliHa, TeM Ooliee uTo ypoOa-
HU3UPOBAHHBIC TEPPUTOPUH TIOKA €ITle HE M30aBICHBI B 0003PUMON MTEPCTICKTUBE
He OyayT n30aBIICHBI OT MHOTOYHCIICHHBIX HCTOYHUKOB TTBUTH [2, 4-6, 20, 23, 36, 38].
[IpennpruHUMAarOTCS YCHIIHS TI0 CHH)KEHHUIO 3allbNIEHHOCTH BO3AYIIHOTO OacceliHa,
OTHparKoIINecs Ha TEXHUYECKHEe, TEXHOJIOTHUSCKHUEe, OPTaHU3aIMOHHBIC U JIOTUCTH-
yeckue pemeHus. OgHako ux 3QpQPeKTUBHOCTh MOKa HEAOCTATOUYHO BBICOKa [26, 27,
30, 31, 33].
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Ha atom (poHE HaIe)KHBIM CPEIICTBOM PELICHHS YKa3aHHBIX 3a/1a4 BBICTYTAIOT
HACaXKJICHUS U3 JICPCBbEB U KyCTAPHUKOB, CIIOCOOHBIE AKKYMYJIMPOBaTh Ha CBOCH JIU-
CTOBO¥ MOBEPXHOCTH 3HAYUTEIIBHOE KOJUYECTBO MbLUICBBIX YaCTHIl. DPHEKTUBHOCTD
MIPUMEHEHUS! W PAIOHATBHOCTh WCIOJIB30BAHNS TAKUX HACAXKICHWUN KaK CPEICTB
CHIDKEHUS 3allbIICHHOCTH B TOPOJIaX BO MHOTOM OMPEIEIISETCs] KOPPEKTHBIM BHIOO-
POM BHJIOB IS BKJIFOUSHHS MX B COCTaB MOMOOHBIX MOCaaokK [2, 4—6, 12, 14, 20,
23, 36-38]. JlocTaTo4HO MEPCIEKTUBHBIMU B KOHTEKCTE IMOCTABICHHBIX 33]1a4 MPE/-
CTaBJISIIOTCS TOTIOJISA, IMIMPOKO PACIIPOCTPAHECHHEIE 110 BCEMY CEBEPHOMY MOTYIIAPHIO
[39, 41, 43, 46, 48, 52, 66] u moBcemecTHO BcTpedaromnuecs: B Hmwkeropoackom Ilo-
BOJDKBE KaK a0OpUTEHHBIE BUJIBI €CTECTBEHHBIX JIECOB W MHJIPOAYIIEHTHI B COCTaBE
pa3HO00pa3HbIX 1o (hopMe M BBHIMTOTHAEMBIM (YHKIIUSIM UCKYCCTBEHHBIX HacaxJie-
Huii [1, 3, 10-14, 29, 34]. BMecTe ¢ TeM cBeIcHHI O CPaBHUTEIILHOU OIIEHKE 3P PeK-
TUBHOCTU MPUMEHEHUS TOMOJEH ISl peanu3aluid UMU CaHUTAPHO-TUTHUEHUYECKIX
GbyHKIMA, B 9acTH oOecredeHus MbLIe3a/[ePKUBAONICH CIIOCOOHOCTH, HEMHOTO,
a mis Hmkeropoackoit 001acTi OHA U BOBCE OTCYTCTBYIOT.

Lenp uccrnenoBanmii — omnpenenenne >hHEeKTHBHOCTH TPUMEHEHHS Pa3IInyd-
HBIX BHJIOB TOTOJIEH B TOPOACKHX MOCaKax ¢ yueroM auddepeHnranum yqacTkon
KPOHBI 110 CIIOCOOHOCTH OCaX/1aTh IbLIb HAa MIOBEPXHOCTH JIMCTOBOTO armapara.

Obwvexmbl u Memoobl UCCIE008AHUSL

OOBEKTOM HCCIIeIOBaHUH BBICTYAN PETPOYKTUBHO 3pEIble IePEBbsS § BU-
JIOB 13 pa3HbIX CEKLUH poaa Tonomb (Populus L.), Hanbosee yacTo BCTpevarommecs B
TOPOJCKHX MOCaAKaxX M IPyTUX NCKYCCTBEHHBIX HACAKICHUSX Ha TeppuTopun Hioke-
ropojckoii oonactu [10—14, 29]: Torons Oenblii mupamuganbubliit (Populus alba L.,
- piramidalis); Tonons depHBIA, WU 0COKOPE (Populus nigra L.); TOmoms KuTaii-
ckuit (Populus Simonii Carr.); Tonons 6emnsiid, Tunmuaaas Gopma (Populus alba L.);
TOTIONb NaBPONMHUCTHRIN (Populus laurifolia Ledeb.); Tomons 4epHBIN MHpaMUIaiib-
HBIW, WM UTaNbIHCKUH (Populus nigra, var. italica Miinchh.); Tonons Ganpzamuue-
ckuii (Populus balsamifera L.); ocuna, wnu tomons apoxatnuid (Populus tremula L.).
OHM TIpe/ICTABISUIA CIIENYIONUE TAKCOHOMHUYECKUE TMOAPA3/ICICHUS] PO/ia: CEKIIHs
YepHbIe, WIH NEIBTOBHHBIE TOTONsA (Aigeiros), — TOIONb YEpPHBIA, TOIOJb WTa-
JBSTHCKUH; CEKITNS HACTOSIINE, WiIH Oenble Tonoms (Populus), — Tonoas OeIbIi TH-
pamMuIaIbHBIN, TOTONb OCIBI TUITUYHBIN, OCHHA; CEKIUs 0aThb3aMHUYECKHE TOIOIS
(Tacamahaca) — TONONL KUTAMCKHIA, TONOIbH Oab3aMHUECKUN, TOTIONb JaBPOJIUCT-
HbIA. MecTO MpoBEAEHU UCCIEA0BAaHUN BXOAUT B PallOH XBOWHO-IIMPOKOJIUCTBEH-
HBIX (CMEIIaHHBIX) JIECOB eBpomeiickoil actn Poccuiickoit Penepannu, KOTOPHIi
OTHECEH K TPEThbEM JIeCOPACTUTENIbHOM 30HE — 30HE XBOMWHO-IIMPOKOJIMCTBEHHBIX
JIECOB.

MeTononorn4eckoil  OCHOBOM IMOCTPOEHHs padoumX METOOMK BBICTYIIATH
[JIaBHbIE aCMEKThl BCEOOIETo M OOIEHAYYHBIX METOMIOB, & TaKKe BaKHEHIIHME Tpe-
OoBaHMsI K OpraHW3alld OIbITA: THIMYHOCTb, MPUTOAHOCTH, LEIECO0OPa3HOCTh
W HAJISKHOCTb, COOJNIOJICHHE TMPUHIMIA CMHCTBEHHOTO JIOTHMYECKOTO Ppas3iiiyHs
W paHJIOMI3HPOBAHHOTO pa3MeEIIeHIsI 0OBEKTOB B AKCIIEPHUMEHTAIEHOM Tione [19, 32,
49, 58, 61, 67]. DnuMuHAIMS BIMSHUS HEOPraHM30BAHHBIX BHEIIHUX (PAKTOPOB J0-
CTUTAJIaCh OJIHOBPEMEHHBIM OTOOPOM OMOJIOTMYECKHX MPOO Y BCEX AEPEBBEB, BKIIIO-
YEHHBIX B CXEMY OIIbITa, IPUBJICYCHUEM JJISI TOTO TOJIBKO OJIHOBO3PACTHBIX PAaCTEHUH,
MIPOM3PACTAIONINX B PABHBIX IKOJOTHUECKUX YCIOBHIX M XapaKTEPU3YFOIIUXCSI O~
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HAKOBBIM (DEHOJIOTHUECKUM COCTOsSTHUEM. HopMasibHO pa3BuThIe OOIHCTBEHHBIC I10-
Oeru oroupanuch TuhGHEepeHINPOBAHHO — KaK THIIMYHBIC JJIs PA3IMUHBIX YUYACTKOB
KpoHBI. OOpasmpl ¢ IpU3HAKAMU TOBPEXKIACHUS OMOTHYCCKUMH U aOMOTHYECCKUMU
(hakTopamMu OTOPAKOBBIBAIHCH.

Kpome npu3HakoB HEMOCPEACTBEHHOTO y4eTa (MPSIMBIX MPU3HAKOB) MPUHH-
MaJii BO BHUMaHHUE MTPOU3BOHBIC MPU3HAKK (MHICKCHI, KOA(PPHUIIMEHTBI, YICIbHbIC
Y OTHOCHUTEIbHBIC BEJIMYUHBI U T. 1.), HarOoee MHPOPMAaTHBHO OMHCHIBAIOIINE JTH-
HEHHbBIE U YJCNIbHBIC MapaMeTPhl, MACCY U POpPMY, a TaKkKe (PU3UOJIOTHUECKOE U Ca-
HUATApPHOE COCTOSTHUE M3Y9YaeMBbIX YacTel U OPTaHOB JCPEBHEB. ITHU JTAHHBIC IIIUPOKO
WCTIOJB3YIOT B OMOIOTHYECKUX U JIECOBOICTBEHHBIX UCCIIEIOBAHUSAX JUTS TIOTYYCHHS
3HAYCHUH MapamMeTpOB, HEJAOCTYITHBIX JIJIsl HEITOCPEACTBEHHOTO OMOMETPUPOBAHUS,
1 OIICHOK Pa3HOOOPA3HBIX KAYECTBEHHBIX MOKA3aTEICH B KOJTMIESCTBEHHOM BBIpasKe-
Huu [7-9, 15-17, 28]. O603HaueHHOE BBIIIE OTHOCUTCS U K TomosiM [42, 44, 54, 55,
59, 60, 63, 65], B 4aCTHOCTH TIO3BOJISIET aACKBATHO OMKCATh MPONOPUUU U (hopMy
JUCTOBBIX TUTACTHHOK, XapakTep WX pasmemnieHus Ha crebme [18, 40, 45], omnpene-
JIUTh YCTBUYHYIO IJIOTHOCTH U YAETIBHYIO IJI0Iaas [56]. BHUMaHue K MHOTOUHUCIICH-
HBIM XapaKTePUCTUKAM JUCTOBOTO alrapara TOMOJIeH COXpaHsIETCs y HAC B CTpaHe
[18, 21, 22, 35, 36] u 3a pyOexom [42, 44, 45, 47, 50, 51, 54-56, 59, 60, 63]. Pa3pa-
00TKe METOIMYECKOTO ariiapara H3y4eHus IbLIe3a/IePKUBAIOIIeH CIIOCOOHOCTH JIpe-
BECHBIX U KYCTAPHHUKOBBIX MOPOJ] MOCBAIICHO HEMAJIO MCCICIOBAHUN OTEUCCTBEH-
HBIX CIIEIIHAIUCTOB [2, 4, 20, 23, 36], B TOM 4rclie B OTHOIICHUH Tomofiet [11, 24].

[TocTpoeHwue ombiTa MO ONPEIEIICHUIO MMBLIE3a IePIKUBAIOIICH CITOCOOHOCTH U
(OPMUPYIOIIUX €€ XapaKTEPUCTUK U3yuaeMbIX BHJIOB TOIOJICH MpeIoiarajio opra-
Hu3anuio 1- u 3-pakTopHBIX (TIpH HE3aBUCHUMBIX (DakTOpax) AUCTICPCHOHHBIX KOM-
TUIEKCOB. B OpraHM3ainoHHO-METOIUYECKON CXeMe YYTEHO BIUSHHE Ha WTOTOBBIH
MoKa3areiah — JUCIIEPCUIO TBUIC3aACPKUBAIONIEH CIIOCOOHOCTH — TPEX HE3aBUCHU-
MBIX JIpyT OT Jpyra ()akTopoB ombITa: (hakTopa A — BHAOCHEIU(PHUIHOCTH TOMOJEH
(Bcero BbLIENICHO 8 rpajaiuii); B — pasnuuuii B yCIOBHSIX OCBEIEHHOCTH KPOHBI,
00yCIIOBJICHHBIX €€ OPUEHTAINECH OTHOCHUTEIHLHO CTOPOH CBETA: CEBEP, IOT, BOCTOK,
3amaf (T. e. 4 rpaganmn); paxropa C — pa3iauyuuii B BRICOTHBIX XapaKTEPUCTHKAX pac-
MOJIOKEHUS SIpyca KPOHBI OTHOCUTEJIBHO MOBEPXHOCTH TOYBHI (BEPXHUH, CPETHUM,
HWKHHIN ), KOTOPbIC BIMSIOT KaK HA YCJIOBHS OCBEIICHHOCTH, TaK U HA XapaKTepH-
CTUKHU TIOABMKHOCTH BO3YITHBIX ITOTOKOB, MEPEHOCSIINX TbUIEBAThIC YacTUIIBI (3
rpagamnun). OcTaToyHas TUCHICPCUS] aHAIM3UPYEMOTO JTUCTIEPCHOHHOTO KOMILICKCA
(paxTop Z) BBI3BIBAETCS CIIyYallHBIMH HE YYUTHIBAEMBIMH B OIBITE (pakTOpamu, Kak
MPaBHIIO0, MUKPOPA3HOCTSIMH 3KOJIIOTHYECKOTO (hOHA M HEeH30eKHON HEOJHOPOIHO-
CTBIO IHJIOTCHHBIX yclIoBHi (popMupoBaHusi MeTamepoB. OHa paccMaTpUBaeTCsl Kak
pa3iuyus B 3HAYCHUSAX TOTO WIJIM WHOTO TMpH3HAKa, (PUKCHPYEMBbIE Y TECTHPYEMBIX
MEPBUYHBIX €TUHUI] BEIOOPKH (TI. €. B.), JJIsl AUCIIEPCHOHHOTO KOMILIEKCA B IIEJIOM.

[Tockonbky Kaxaplii U3 8 BUAOB Tomose ObUT mpenctaBieH 10 ydeTHBIMU
NIEPEBBSAMH, C KaXKIOTO M3 KOTOPBIX OTOMPANOCh 1Mo 12 MOIENBHBIX BETBEH, UTOTO-
BOE YHCIIO TI. €. B. 10 KaXKJIOMY MpH3HaKy cocTaBmio 960. B nucrepcnoHHBIX KOM-
TIeKcax o0pasibl ObUTH crpynnupoBaHbl B 80 MOJEPEBHBIX 3HAYEHHUH CIIESTYFOIINX
MPHU3HAKOB: cyMMapHas miomanb 100 y4eTHBIX JIMCThEB; Macca MbUTH Ha 1 M2 JH-
CTOBOM TTOBEPXHOCTH; TUIOIIAIb JIMCTOBOM IMMOBEPXHOCTH Ha 1 mobere; Macca TbLTH
Ha JIUCThsIX | TIo0era; KoIM4ecTBO OOMUCTBEHHBIX TTOOETOB Ha | iepeBe; KOIMMYECTBO
JUCTHhEB Ha | JepeBe; IUIOMmaab JIMCTOBOM MOBEpXHOCTH | JepeBa; Macca IbUIH Ha
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1 nepese; JuMHA OOJIMCTBEHHOTO MOOETa; KOJUYECTBO JIMCTHEB HA 1 OOJIUCTBEHHOM
rmo0ere; IIOTHOCTE OOIMCTBEHHUS ITOOETOB.

Penpe3eHTaTHBHOCTE BBIOOPKH JINCThEB 0OECIIeUNBaAIACh METOIUKON UX OT-
6opa. Kpona kaxmoro skzeMiuisipa Oblia pasferneHa Ha CerMEHTHI OTHOCHTEIHHO
CTOPOH CBETA, YTO YUUTHIBAJIO HEOIWHAKOBBIC YCIOBHUS OCBEUICHHOCTH Pa3HbIX €€
YYaCTKOB; KaXKIIbIii CErMEHT — Ha TPH SIpyca: BEpPXHUH, CPEIHUN U HUKHUN — AJIs
ydeTa pa3JInuuii B yCIOBHSIX OCBEIIEHHOCTH, TEMIIEPATYPhl, Ta3000MeHa (B HUKHUX
sipycax OOJIbIIE YITIEKUCIOThI, Xy/AINA ra3000MeH). B KOHEYHOM HTOTE BBIIEICHO
12 gacTeil B mpenenax OJHOTO y4eTHOTo pacTeHus. M3 kaxmoil yacTh oTOMpaIoch
10 MOEeNTbHOM BeTBH. CO Cpe3aHHBIX MOJCIIBHBIX BETBEH COOMpaH BCE JTUCThS, KCe-
poxonusiME (PUKCUPOBAJHM MX JIMHEHHBIC TTapaMeTpbl ¥ podriu. KoHTYpEI ICTheB
MEPEHOCWIIA Ha MIJLTUMETPOBYIO OyMary v pacCUUTHIBAIIH IIJIOIAIU JIMCTOBBIX ILIa-
CTUHOK, TIOCJIC YeTO HaXOAWIN CPEIHION0 TUIOIIAAb OMHON JIUCTOBOM MIACTUHKH IS
MOJIETTFHOM BETBU KaXKIOTO BUAA. Ha ciemyrorem 3Tare BRIYUCISIIN TUTOMA b JIH-
CTOBOM IMOBEPXHOCTU Ka)KJIOM 4acTU KPOHBI KaK CyMMY ILIOIIAJeH BCEX BETBEH B
ee mpenenaax U MHTETrPpalIbHbIN MTOKa3aTeNlb OTACIBHOIO YUETHOTO IEPEBA KaK CYMMY
3HAYECHUH 10 CEKTOpaM U sipycaM. DTO ObLJIO OCYIIECTBICHO ITyTeM IpPEABAPUTEIb-
HOTO IOJICYETa BETBEH 110 CEKTOpaM M IpycaM KPOHBI B OC3JIMCTBEHHOM COCTOSIHUU.
KonuuecTBo BeTBEl MO KaXK0M YacCTH KPOHBI YMHOXAJIOCh Ha TUIOMIAAb JTUCTOBOU
IIOBEPXHOCTU MOJIEIIbHON BETBH, COOTBETCTBYIOLIEH 3TOM 4acTU KPOHBI.

CMBIBBI C JIHCTBEB IPEBECHO-KYCTAPHUKOBBIX TTOPOJI, B3STHIX LIS UCCIIE0Ba-
HUS1, IPOU3BOIMIIN B clieaytonieM nopsake. C KaKa0ro BU/a TOTONEH ObII0 cOOpaHo
100 nuCTOBBIX MIACTUH, TIO 25 JIMCTHEB C KAXKIOH CTOPOHBI cBeTa. B maboparopun
TOTOBWJIM MO 3 CTakaHa Ui KaXJAOro aHaiausupyemoro Buaa. [locymy mpombiBanu
B JUCTHJUTUPOBAHHOMN BOJE, BBHICYIIMBAIN U B3BCIIMBAIA HA aHAIIUTUYECKUX BECax
¢ tounocthio 10 0,001 . EMkxocty 3amonasmy 150 M1 JUCTHIITUPOBAHHOHN BOIBI, B
KOTOPOM MTOOYEPETHO MPOMBIBAIN JIUCTHS MPOOBI MO BHJIAM, OJIWH JINCT OTMBIBAJIH
OT TIBUTK B TpeX Bojax. [locne mpoMbIBKH 00pa3lioB CTaKaHbl CTABUIIHM B BBITSIKHOW
mkad /Ui BRITIAPUBAHUS KHUJIKOCTH Ha MECYaHO! OaHe W 10 3aBepIICHUH Ipoliecca
MOBTOPHO B3BemmmBaiu. KonruecTBo nbuiy, oceBieii Ha 100 TUCTHSIX KaXI0T0 BUA,
pAaCCUMTHIBATIN KaK Pa3HUILy MACcChl CTaKaHa MOCJIC BEITIAPUBAHIS BOJBI U MACCHI YH-
croro crakana. [lo miomaau 100 TUCTHEEB U Macce MBUTH, 3aACPKAHHOM HX TTOBEPX-
HOCTBIO, BBITIONHSIIN TIEpecyeT MacChl MbIIH Ha 1 M2 TMCTOBOM MOBEPXHOCTH KPOHBI
Ka)X7I0r0 BHaa Tomoseil. LlenmecooOpa3sHOCTs MPUBIEYEHNST TAKOTO METOIUIECKOTO
WHCTpyMEHTapwus BIoiHe o0ocHOBaHa [53]. HaxoxmeHue onucaTenbHbIX CTaTUCTHK
U BBINOJIHEHUE JUCTIEPCUOHHOTO aHAIN3a MPOBEACHO C YUETOM CYIIECTBYIOLIUX TEO-
peTrueckux pa3padorok [19, 49, 62, 68]. BeruucieHus peaan30BaHbl B AIEKTPOHHBIX
tabmuiax Excel.

Pesynomamer uccnedosanusi u ux oocyxncoenue

CpennecraTucTiueckast Macca cMbIBa ¢ roBepxHocTH 100 JUCTOBBIX IUIACTH-
HOK y HpEICTaBUTENEH pa3iuyHbIX BHIOB TOMOJEH OKa3ajlach HEOJHMHAKOBOH (pHC.
1, a). Haubosplee KOIMYECTBO IBUIM B JIMCTOBBIX CMbIBaX OTMEUEHO y TUIMYHO-
ro tonosisi Oenoro, 257,60+5,05 Mr, a HauMeHbILIEe — Y TOMOJSI YEPHOTO OCOKOPS,
117,69+3,65 mr, 1 Tonois uranbsackoro, 105,69+2,90 mr. JlocTaTo4HO OOJIBITNE 3HA-
YeHHs TI0Ka3aJl TONoNb Oanb3amudeckuid, 223,9043,70 mr. O0001IeHHOE CpeaHee TIPH
9TOM cocTaBmio 166,454+5,92 mr. Haubonbmas onieHKa IpeBOCXOHIa HAUMEHBIITYIO
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B 2,44 pa3za, unu Ha 152,21 mr. [IpuroM 4TO MIMEHHO JaHHBIN BaJOBBIM MOKa3aTeNlb
OIpenessieT B KOHEYHOM HUTOTe IIbUIE3aJePKUBAIOILYI0 CIIOCOOHOCTD JIMCTOBOTO all-
napara, 3aBHCAIIYIO U OT IUIOLIaI JUCTOBBIX IUIacTHH (puc. 1, 6). B aTom cinyuae
XapaKTEPUCTHKH OOJiee BEIPOBHEHBI, U OCHOBHAS YaCTh UCCIIEyEMbIX TOTIOJICH NMe-

€T OIIeHKH, ONM3KHe K 0000meHHOMY cpeqHeMy (000011, ¢p.), KOTOpOe COCTaBUIIO
2687,81+75,53 cm2.
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Puc. 1. [ToTrennuan mpiie3aaep>KUBarOIIei CIOCOOHOCTH TOTIONEH: @ — Macca CMbI-
Ba C MMOBEPXHOCTH JIMCTOBBIX IUIACTUHOK; 6 — CyMMapHasl IUIOIIA b TTOBEPXHOCTH
JINCTOBBIX IJIACTHUHOK, C KOTOPBIX CMBITHI YaCTULIBI U

Fig. 1. The dust holding capacity potential of poplars: a — the mass of flush from
the surface of the leaf blades; 6 — the total surface area of the leaf blades, from
which dust particles were flushed

Camoe Oosibllioe cpejiHEee 3HAYEeHHE y Tomojs Oayib3amuueckoro, 3707,95+
+115,17 cm?, a meHbliee — y ocunbl, 2687,81+26,53 cm?. Paznmia cocraBiser
1,85 paza, mim 1704,96 cm2. IlomyunB oueHKH, Ha3BaHHBIC BbIE (puc. 1 a, 0), Mbl
CMOIJIH OIIPEACIUTh MAacCy IMbUM Ha 1 M2 IJIOIIAM JINCTOBON MMOBEPXHOCTH (pHC. 2).

VhenpHBI  TIOKa3aTenb — MbUIC33JACPKUBAIOICH  CIIOCOOHOCTH  pacte-
HUU TaKke BeChbMa HEOIHOPOJEH B BHJIOBOM acmekre (puc. 2, a). Ero Hanboib-
mee cpeanee 3Hadenwe (,79+0,04 /M2 OTMEUEHO Yy THIIMYHOTO TOIOJS OEioro,
a HaMMEHBIIIee — Y TPEICTABUTENCH CEKITUN YEPHBIX TOIOJIEH, TOIOIIS YePHOTO 0CO-
KOpsT U TOTONSI MTambsHCKoro, 0,524+0,02 /M2 m 0,50£0,01 /M2 COOTBETCTBEHHO.
Taxwne omnenku chopMupoBaIy MpeBocxoncTBo B 1,59 paza, uimu Ha 0,29 /M2 O600-
mieHHoe cpennee gocturio 0,62+0,01 r/m2.



54 «H3BecTHs By30B. JlecHoii skypHai». 2021. Ne § ISSN 0536-1036

0,8 1
=
= 0,6 -
=
=
g 0,4 -
g
] 0,2
=
Bual Bun2 Bug3 Bung4 Bun5S Bun6 Bun7 Buan8 0606w
cp.
Bun tonons
a
40 1
30
-
=
5 20
8
=
10 -

Bugl Bug2 Bua3 Bug4 Bua5 Bux6 Bug7 Bua8 O0606m.
cp.

Bupn ronons

o

Puc. 2. KonuuecTBo mbuid, OceBLIEH Ha JIMCTOBOM armapare TomoJiel: a — macca
BTN HA | M2 TUCTOBBIX TUTACTHHOK; O — MBIIC3aIePIKUBAIOIIAs CIIOCOOHOCTS JIH-
CTOBBIX INIACTHHOK Ha OTJIEJIBHOM I100€eTe

Fig. 2. The amount of dust deposited on the poplar leaf apparatus: @ — the mass of
dust per 1 m? of the area of the leaf blades; 6 — the dust-holding capacity of the leaf
blades on an individual shoot

B koHEeYHOM HTOTE CIOXKUINCH MPEANOCHUIKH AJIS ONPENEIICHUs MbuIe3anep-
KUBAIOLIEH CIIOCOOHOCTH OIHOTO YCpeAHEHHOTo mobdera (puc. 2, 6). Okazanocs,
YTO ATOT IOKa3areyib B HAaHOOJBIIEH CTENICHH MPOSBUIICS Y TOIOJSI JIABPOIUCTHOTO
30,51%1,41 mr. IIpu sTOM HamMeHbIIIee cpeqHee 3HadeHue, 5,81+0,17 MT, oTMeueH-
HOE Y TOIOJISI UTAJIBSIHCKOT0, YCTYIalIo epBoMy B 5,25 pasa, wiu Ha 24,70 mr. O6006-
LIEHHOE CPeAHEe B IPYIIE UCCIESTOBAaHHBIX BUIOB nocTurio 14,54+0,91 mr.

OnHo(akTOpHBIA AUCHIEPCHOHHBIA aHaN3 TOATBEPAWI CYIIECTBEHHOCTD
pasnuuuii MeXIy CpaBHMBAEMbIMM BHJIAMM TOIOJIEH IO XapaKTepUCTHUKaM IIO-
TEHUMAIBHOW MblIe3anepxkuBatonield cnocooHocty (tadmn. 1). Ha 310 yka3wiBaror
omnbITHBIE KpuTepun Duiiepa, KOTOPbIE MO BCEM aHAJIM3HPYEMBbIM MpH3HAKaM (u-
3MOJIOTUYECKOTO COCTOSIHUSI PACTEHHUH 3HAYUTEIBHO MPEBOCXOMIAT COOTBETCTBYIO-
[Ue KPUTUIECKUE 3HAYCHUA Kak Ha 5 %-M, Tak ¥ Ha 1 %-M YPOBHSX 3HAUUMOCTH.
Hanpuwmep, mo macce cmbiBa co 100 TUCTOBBIX TIIACTHHOK 3a(UKCHPOBAHO HAMOOIb-
mee 3Hadenue: F = 204,03 npu F; = 2,14 n F; = 2,87; no mnomaan 100 mucToBBIX
IUIACTHHOK, C TIOBEPXHOCTU KOTOPBIX ObLI OCYIIECTBIIEH CMbIB IIBUIEBBIX YacTHll, F A =
= 39,02 npu Tex ke KPUTHUECKUX 3HAYCHUSX.
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Ta6uuna 1

CyuiecTBEHHOCTD PA3JIMYMil MEXKIY MPEACTABUTEIAMH PO TOMOJIb
10 MOTEHIMAJIBHOI NbLIe3a/IePKUBAKOIIE CIOCOGHOCTH

Kpurepuii Jons BiusiHES BakTopa Kprrepun pasmsiii
[Ipuznak duiepa o [Inoxunckomy 1o CHenekopy
Fon h2 +gh2 h2 1gh2 HCP, Dy

1 204,03 0,9520 0,0047 | 0,9531 | 0,0046 10,761 16,525
2 39,02 0,7914 0,0203 | 0,7917 | 0,0202 | 286,185 439,476
3 12,89 0,5562 0,0431 | 0,5432 | 0,0444 0,078 0,119
4 68,09 0,8688 0,0128 | 0,8703 | 0,0126 42,991 66,018
5 122,81 0,9227 0,0075 | 0,9241 | 0,0074 2,106 3,234
6 49,81 0,8288 0,0166 | 0,8300 | 0,0165 225,124 345,708
7 28,78 0,7367 0,0256 | 0,7353 | 0,0257 | 2147,820 | 3298,270
8 12,06 0,5689 0,0472 | 0,5514 | 0,0491 7,700 11,825
9 20,22 0,6628 0,0328 | 0,6577 | 0,0333 3,879 5,957

IMpumeuanue: F , — onbiTHOe 3HaueHue kputepus Puiepa; h? — 101 BIMAHUSA OpraHU30-
BaHHOIO (hakTopa; £ s">— ommbKa JOIM BAMAHUA opraHu3oBaHHoro ¢axropa; HCP, — Hau-
MEHBIIas CyNIeCTBEHHAs Pa3HOCTh Ha 5 %-M ypoBHE 3Ha4MMOCTH; D, — Kpurepuit Teroku Ha
5 %-M ypoBHE 3HaUNMOCTH; IIpu3HaK | —macca cMbiBa co 100 THCTOBBIX INIACTHHOK; 2 — TLIO-
maab noBepxHocTh 100 JUCTOBBIX TNIACTHHOK; 3 — Macca MbUTK Ha | M2 JTMCTOBOM MOBEPXHO-
CTH; 4 — TUTOMIA Ik TUCTOBOM MOBEPXHOCTH | modera; 5 — mblie3aaepiKuBaroliias CrioCoOOHOCTh
1 mobera; 6 — KONMMYECTBO OOJUCTBEHHBIX MOOCTOB Ha 1 JiepeBe; 7 — KOJIMYECTBO JIUCTHEB HA
1 nepese; 8 — oAb JUCTOBOM MOBEPXHOCTH 1 nepeBa; 9 — macca nblid Ha 1 epese.

ITo ocrampHBEIM ImoKa3areiisiM, paCCMOTPCHHBIM B UCCIICAOBAHNHN, PACUCTHBIC
F-xputepun Takke yBepeHHO MPEBBIIIATN CBOU IIOPOTOBBIE 3HAYSHHS Kak Ha 5 %-M,
Tak 1 Ha | %-M ypOBHSX 3HAYUMOCTH. YOEIUTEIbHBIE IMOATBEPKICHHUS HATHIUSL
y OOBEKTOB HCCIIEIYyeMOTO KOMILIEKCA CYIISCTBEHHBIX Pa3lIUYUi, MOJyYCHHBIC Ha
JAaHHOM J>Taric pa6OTI)I, IMMO3BOJIWJIN MTPOAOJIKHUTDH ILI/ICHCI)CI/IOHHBII\/'I aHaJIn3 U BbIYHUC-
JIMTH OLCHKHU JOJIM BJIUAHHWA OPraHU30BaHHBIX q)aKTOpOB WM MEKXBUAOBBIX pasJin-
YUU TOTIONIEH.

[Ipu ucnonp3oBanny B pacyerax anroputma [InoxmHckoro Hanbosee BhICOKas
JTOTISL BITUSTHUS BHIOCTIENIN(DUIHOCTH Ha (hOpMHUPOBaHHE (PEHOTUITHUSCKHUX Pa3THIUi
MEX]1y IPEJCTaBUTEIISIMI CPABHUBAEMbBIX BUIOB ObLlIa YCTAHOBIICHA IO MaCCE CMbIBA
co 100 muCTOBBIX IACTHHOK, h2+sh2 = 95,20+0,47 %. ConocTaBUMO BBICOKHMU OKa-
3aJIUCh AHAJIOTHYHBIC OIICHKH I10 IbLIC3aJICPKUBAIOIICH CIIOCOOHOCTH JINCTOBOTO
ammapara 1 mobera, h2+sh2 = 92 27+0,75 %. HanmeHbITUMHU U3 YUCIa paccMaTprBae-
MBIX CTaJTM OIICHKH MacCHI TIBITH Ha | M2 IMCTOBOM MTOBEPXHOCTH, h2tsh2 = 55,62+4,31
%. B ciydae puBniedeHns K BEIYUCICHUTO BETMIHH d(eKTa BIUSHAS MEXBUIOBBIX pa3-
TYHi pacdeTHoro anroputMa CHeeKopa B IETI0M ObLT ITOTy4YeH aHAIOTHIHBIN pe3yilb-
Tar. [ Ipr 5TOM OIIEeHKH OKa3hIBAINCH J]aXKe HECKOIIBKO BBIIIIE, YEM IT0 TIEPBOMY aJITOPUTMY:
TT0 Macce CMBIBA ¢ TIOBEpXHOCTH 100 JIMCTOBBIX TWIACTUHOK OBLT JOCTUTHYT HAOONBITIHIA
pesymbrar, htsh? = 95,31+0,46 %. [1o macce mbim Ha 1 M2 TICTOBOI TIOBEPXHOCTH Pe3yJIb-
TaT, KaK U B TIEPBOM BapHaHTE PACUCTOB, OKa3aJICsl HAUMEHBINM, h2+sh2 = 54,32+4 44 %,
B 11e710M 3TH JaHHBIE TIOMTBEPKIAFOT BEICOKHH YPOBEHD HACIICICTBEHHON O0YCIIOBICHHO-
CTH BUIOCTICII(DMYHOCTH TOTIONIEH B TIJIaHE TIPOSIBIICHUSI IMH TIOTEHIHAIIA TIBUTe3aIepyKH-
BAIOIIIEH CITOCOOHOCTH.
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Boruncnenue 3HaueHW KPUTEPHUEB CYIIECTBEHHOCTH Pa3UuUil — HAUMEHb-
meit cymecrsennoi pasnoctu (HCP) u D-kputepust Teroku (Tadm. 2) — mO3BOJIIO
YCTaHOBUTH MOTCHIHAJIBHYIO MbUIC3aJePKUBAIOIIYIO CIIOCOOHOCTD, PACXOXKICHHS
B 3HAUEHHAX KOTOPOU MOTYT OBITh OTHECEHBI K KATETOPHUHU CYIIECTBEHHBIX, IS pa3-
JMYHBIX BUJIOB TononeH (puc. 1, 2). IlpakTuyecku 1o BceM yKa3aHHBIM [TPU3HAKaM B
MIOTIAPHOM COTIOCTABJIEHNH 3HAUYEHUH pa3nuuud Ha 5 %-M ypOBHE 3HaYUMOCTH Ipe-
BbIany BeauunHbl kak HCP, Tak u D-kputepus Trioku.

TpexhakTopHBIi AUCIEPCHOHHBIA aHATU3 BBISIBUII XapakTep BIUSHHS MECT
pacronoKeHUs! JIUCTOBOW MMOBEPXHOCTH B PA3IMYHBIX YAcTSAX KPOHBI Ha 3PQEKTHB-
HOCTb OC@KJEHUSI IbIIN. Pe3ynbTarsl JJ11 MacChl IbUIM, OCEBIIEH Ha JMCTOBOM IO-
BEPXHOCTH MOOETOB B Pa3HbIX YaCTSIX KPOHBI YUYETHOTO AEPEBa, M IUIOLIAIH IbLIe-
OCayK/IatolIel TTOBEPXHOCTH JIMCTOBOTO amiapara B IPUBEACHBI B Ta0I. 2.

TabOnuma 2

Biansinne MecTOMO10:KeHHST Y4yacTKa KPOHbI TOIOJIEH HAa OcaKIeHHe MbLIH

Josst BausiHus hakTopa

;I[/II,I(;TH(;HCPI;I; Kpurepnii dumepa o [lnoxuHcKkoMy o CHenexkopy
(baxrop) | F Fooor e | oz [Fe | m | xe | P
Macca nvinu, ocesuwieli Ha TUCMOBOT NOBEPXHOCHIU NOOE208 YHemHO20 0epesd

A 165,74 | 2,02/2,07 | 0,3765 | 0,0051 |74,54| 0,4558 | 0,0044 | 103,39
B 210,01 | 2,61/3,80 | 0,2045 | 0,0028 {74,03| 0,2892 | 0,0025 | 117,16
C 110,76 | 3,00/4,62 | 0,0719 | 0,0021 (33,46| 0,1012 | 0,0021 | 48,66
AXBxC 4,89 | 1,41/1,61 | 0,0667 | 0,0454 | 1,47 | 0,0431 | 0,0465 | 0,9263
AB 5,12 | 1,58/1,89 | 0,0349 | 0,0235 | 1,49 | 0,0152 | 0,0239 | 0,6356
AC 1,54 | 1,70/2,09 | 0,0070 | 0,0161 | 0,44 | 0,0020 | 0,0486 | 0,0412
BC 2,84 |2,10/2,82 | 0,0055 | 0,0069 | 0,80 | 0,0204 | 0,8893 | 0,0229
ABXACxBC| 1,41 | 1,41/1,61 | 0,0192 | 0,0477 | 0,40 | 0,0004 | 0,0486 | 0,0078
4 2,84 - 0,2804 | 0,7196 | 0,39 | 0,1107 | 0,8893 | 0,1245
Inowaow nvlneocasicoaroweli NOBEPXHOCMIU TUCIOB020 ANNAPAMA YUEMHO20 depesd
A 129,87 | 2,02/2,07 | 0,3492 | 0,0053 [66,23| 0,4401 | 0,0045 | 97,02
B 171,32 | 2,61/3,80 | 0,1974 | 0,0028 |{70,84| 0,2908 | 0,0025 | 118,10
C 90,95 | 3,00/4,62 | 0,0699 | 0,0022 |32,45| 0,1024 | 0,0021 | 49,28
AxBxC 3,20 | 1,41/1,61 | 0,0517 | 0,0461 | 1,12 | 0,0301 | 0,0471 | 0,6381
AB 4,39 | 1,58/1,89 | 0,0354 | 0,0234 | 1,51 | 0,0154 | 0,0239 | 0,6441
AC 0,84 | 1,70/2,09 | 0,0045 | 0,0161 | 0,28 - - —
BC 1,98 | 2,10/2,82 | 0,0046 | 0,0069 | 0,66 - - —
ABXACxBC| 045 | 1,41/1,61 | 0,0072 | 0,0483 | 0,15 - - -
4 1,98 - 0,3319 | 0,6681 | 0,50 | 0,1366 | 0,8634 | 0,1582

[Mpumeuanue: AXBxC — cymmapHusbiii a¢gdexr Biausuus paxropos A, B, C; AB, AC, BC —
3¢ GeKT B3auMOICHCTBHIS COOTBETCTBYIOMIMX (hakTopoB; ABXACXBC — BiusiHUE COBMECTHO-
TO MapHoTro B3auMoxeiicTBus paxropos; F ., — Tabnmmynoe 3HayeHne kpurepus dumepa Ha
5 %-mu 1 %-M ypoBHsX 3HaunMocTH; F"2— kputepnii @umiepa gomu BIUSHUS (aKTOpa KakK
otHomeHne h? ks,

ITo mMacce mbuIH, OCeBIIeH Ha TUCTOBOM MOBEPXHOCTH MTOOETOB, BIMSHHIE KaXK-
JIOTO OTHEJIBHOTO OPraHW30BAHHOIO (haKTOpa OKa3aloCh BBICOKOCYILIECTBEHHBIM,
Ha 4YTO YKa3bIBACT BCJIMYUHA COOTBCTCTBYIOIIUX UM ONBITHBIX KPUTCPHUCB q)nmepa,
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BO MHOTO pa3 IPEBBIIIAONIAs YCTAHOBIEHHBIE /U1 HUX TaONWYHBbIE 3HAYEHUS Kak
Ha 5 %-M, Tak 1 Ha 1 %-M ypoBHsIX 3HAYUMOCTH (Tab:. 2). JlocToOBEpHBIM OBLIO CO-
BMECTHOE BIIMSTHUE BCEX TPeX OpraHn30BaHHbIX (PpakTopoB (AxBXC). OnbITHBIH KpH-
tepuii @umepa (F , = 4,89) 3nech npessicui TabauuHoe 3HaueHue Ha 5 %-M (F =
=1,41)u 1 %-m (F,, = 1,61) ypoBHSX 3HAUUMOCTH.

Oddexr coBmecTHOoro BiausiHus (akropoB A n B Takxke oxazaiucs gocrto-
BEPHBIM — BBI3bIBAE€MbI€ €0 ACHCTBUEM pa3JINyus SBISUINCH CYLIECTBEHHBIMHU:
(F,, = 5,12) — u npessicuia TabnuuHoe 3HaueHue Ha 5 %-M (Fy; = 1,58) u 1 %-m
(F,,; = 1,89) yposusx 3naunmoctu. @akropsl B u C npu ux B3auMoAecTBUM Jajin
a¢¢eKT: pa3nuyus, BHI3BAaHHBIC MU, OKa3aJIHCh CYIIECTBEHHBIMH, YTO MOJITBEP-
JINJ pacdeTHbIN kputepuid dumiepa, COCTaBUBIINI B 3TOM ciiydae 2,84 u MpeBbI-
cuBIui TabauuHoe 3HadeHue Ha 5 %-m (F; = 2,10) u 1 %-m (F,, = 2,82) ypos-
HSAX 3HaUuUMOCTH. OcTallbHblEe OpPTraHHW30BaHHBIC (AKTOPBHl BHIWMOTO BIUSHUS
He okazanu. Ux xpurepun Ouriepa ObIIIM MEHBIIIE COOTBETCTBYIONTUX TaOIHYHBIX
3HAYEHUH.

HauOonbiee BnusiHUEe Ha nposeicHue (peHoTunuyeckoi auddepeHnmanumn
MEXK]ly pa3HbIMHU BUJaMH TOIOJIEH 110 Macce MbUIK, OCEBIIEH Ha JIMCTOBOM MOBEPX-
HOCTH 1T0OETOB B Pa3HbIX YACTAX KPOH YUETHBIX JIEPEBbEB, OKa3aia X BUA0BAs NPH-
Ha/IISKHOCTH. B 3TOM cityuae B pacueTax no anroputmy [Inoxunckoro goins hakropa
cocrasmia 37,65+0,51 % mpu mocroBepHoit onerke (Fh2 = 74,54). Beraucnenus mo
anroputMy CHeZekopa Jajii HECKOJIBKO OOJIBIINI U TaK)KE TOCTOBEPHBIN PE3ysbTar:
45,58+0,44 % npu ouenxe Fh2 =103,39.

Bo3snelictBue ycioBUl OCBELIEHHOCTH y4acTKa KPOHBI, CBA3aHHBIX C OPUEH-
Tanyeld OTHOCUTEIBHO CTOPOH CBETA, XOPOILIO OLIYyTUMO. B pacuerax mo anropur-
My IlnoxuHckoro mons atoro ¢akropa cocraBmia 20,45+0,28 % npu goctoBepHOH
onenke (F12 = 74,03). Berancnenns no anroputMmy CHeIeKopa, Kak ¥ B IPEAbIAYIIEM
ciydae, 1ajli HEHaMHOTO OOJIBIIIUI M TaKKe IOCTOBEPHBIN pesynbrar: 45,58+0,44 %
npu oueHke Fh2 = 117,16. BnustHue BBICOTHI, 3aHUMaeMOH SIPyCOM KPOHBI, OBLIO 3a-
METHO MEHBIIIE U CTATUCTHYECKH JOCTOBEPHO: B pacueTax 1o anroputmy Ilnoxun-
cKoro Joist BiustHUS coctasmina 7,19+0,21 % npu mocroBepHoii onenke (F'2 = 33,46).
B Bbruncienusax no anropurMmy CHenekopa, Kak M B MPEIbIIYIIUX CIIydasx, MOJTy-
YeH He3HAYUTEIHHO OONBIINI U Takke JoCcTOBepHBIN pesynbrar: 10,12+0,21 % mpu
onenke F2 =48,66.

[lepeuncnennbie (GakTOpbl Majo CBsI3aHbl MEXAy co0OH, UX COBMeECT-
HOE BIHSHHUE TPHU B3aUMOJCHCTBUHU CTe€HEPUPOBAIO HEOUyTUMBIH addext. Hc-
M0JIb30BaHUE anropuTMa [II0XMHCKOTr0 MO3BONIHIIO OLIEHUTH TOJIIO0 BIUSHUS KakK
6,67+4,54 %, ouenka F"2 = 1,47 nocroepHa Ha 5 %-M ypoBHe 3HaunMocTH (F,
= 1,41) u HenoctoepHa Ha 1 %-Mm (F,, = 1,61). B BrlunciIeHUsAX 0 aIrOpUTMY
CHenexopa MOJy4yeH €lle MEHbIINI U HEOCTOBEPHBIN pe3ynbTat: 4,31+4,65 %
npu ouenke "2 = (0,92. JleficTBue OCTalbHBIX OPraHU30BAaHHBIX (HaKTOPOB BO
B3aUMOJICHCTBUU Maslod(PPEKTUBHO U Yalle HexocToBepHo (Tadin. 2). Ocrarou-
Has AUCIEPCHs], BIUSHUE KOTOPOW CBA3BIBAIOT MPEUMYIIECTBEHHO C MECTPOTON
skosiornyeckoro (ona, odecneunnano 28,04 % (mo [lmoxuuckomy) u 11,07 %
(mo Cuenexopy).

[Teineocaxnaroniasi CIoCOOHOCTH BO MHOTOM 3aBUCHT OT XapaKTEPUCTHUK JIU-
CTOBOTO aImapara, B YaCTHOCTH OT CTPYKTYPbI €r0 MOBEPXHOCTH, KOTOPask B Pa3HbIX
4acTAX KPOHBI JIOCTATOYHO Bujocnenupuuna (tadi. 2). [Ipu 3ToM obIiue TeH eH-
IIUH, YCTAHOBJICHHBIE IS TIbITIe3a1eP KUBAIOIIEH CTOCOOHOCTH, B OCHOBHBIX YepTax
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COXpaHWINCH. BiusiHne opraHn30BaHHBIX (AKTOPOB, Pa3aelbHOE U BO B3aUMOJICH-
CTBHH, BBI3bIBAIIO BO3HMKHOBEHHE CYNIECTBEHHBIX Pa3InUMid MEXIYy paccMarpH-
BaeMbIMH TOTOJISIMU. HamOonpias Joms TakkKe MPUXOAUTCS Ha BHIOCTIEIM(pHY-
HOCTh Tomounen (34,92+0,53 %); HecKonmbKo MeHbBITHI 2(PPEeKT cBiI3aH ¢ pa3HUIIEH
B OpPHEHTAIINH KPOHBI 10 cTopoHaM cBeta (19,74+0,28 %) u emie MeHbIIUH — ¢ pa3-
HUIIEH B YPOBHE pacroyiokeHus no sipycam (9,99+0,22 %). DddexT napHoro B3au-
MOJICHCTBHSI OPraHU30BaHHBIX (PAaKTOPOB MPEUMYIIECTBEHHO HECYILIECTBCHEH U He-
nmoctoBepeH. Octarounas qucnepcus nocturia 33,19 %.

B 3axitoueHre MOXXHO OTMETHTb, YTO IMUPOKO PaCcIpOCTPaHEHHbIC HA TePpPH-
Topun Hrokeropoackoit o0acTy TOMOIMS, IPECTABIISIONINE CEKITNH OeNbIX, YePHBIX
n 0amb3aMUYECKUX, B 3HAYUTEIBHONH Mepe MudepeHIIMpOBaHbl IO CIIOCOOHOCTH
3aJep>KUBaTh MbUIb CBOUM JIMCTOBBIM allllaparoM, YTO 00YCJIOBIEHO OCOOCHHOCTSI-
MU CTPOCHHS KPOHBI, ClienU(UKOH MOPQOIOTHH JINCTa U MHAMBUIYAILHBIM XapaK-
TEpOM OOJMCTBEHHS TTOOETOB. YKa3aHHbIC (CHOTUITHUYECKUE PA3IHUUS MPOSIBHINCH
Ha MEKBHJIOBOM W BHYTPUBUIOBOM ypOBHsIX. [locTpoeHue onpiTa 10 METOIUIECKOM
cxeMe, MUHIMH3HUPYIOIIEH BIUSHUE TIECTPOTHI SKOJIOTHIECKOro (hoHa Ha pe3ylbTa-
ThI y4€Ta TECTUPYEMbIX TPU3HAKOB, MIO3BOJIMIIO MTPU3HATH YKAa3aHHBIC Pa3IMyus Ha-
CJIC/ICTBEHHO 00YCIIOBJICHHBIMH H CBSI3aHHBIMHU C BUAOCHEIN(UIHOCTHIO H3y4aeMbIX
pactenuil. J[MciepCMOHHBIN aHAIU3 MOATBEPANII JAHHOE 3aKIIOYEHHUE.

MOXHO yTBEepKIarh, 4TO CIEU(HUKA BHIOB TOTIOJIEH, IPUHAUICKAIIUX CEK-
IHASIM OCJTBIX, YePHBIX U 0aTh3aMHUECKUX, TI0 CITOCOOHOCTH 3aJepKUBATh KPOHAMU
eLUTH TpedyeT muddepeHITupOBaHHOTO MOIX0a K COCTABICHUIO aCCOPTUMEHTA BU-
JI0B, BBOJMMBIX B COCTaB TOPOJCKHX HACAXKICHHH HA TEPPUTOPHUAX, XapaKTEPU3y-
IOLIMXCS Pa3IMYHON CTETNEHBI0 M CTPYKTYpPOW 3ambUICHHOCTH BO3AYLIHOH CpPEBI.
B sTOM KOHTEKcTe CBelEeHHS O TMOTEHIMAJEe MbLIe33aAepP KUBAIOIIEH CIIOCOOHOCTH
JIUCTOBOTO armapara TOMOJIeH, MoydeHHbIe HaMH, BO MHOTOM COIJIACYIOTCS C pa-
Hee HaKOIUIEeHHBIMU cBeieHusIMU [10—14] 1 co B3MIAIaMu IPYTHX OTEUYECTBEHHBIX
CIIeIIMaUCTOB [24].

Buvisoowl

1. [Tpute3aaepKMBaroIas CrrocOOHOCTE JIMCTOBOTO allliapara IpeacTaBuTeNeh
Pa3HbIX BUJIOB U CEKLUU TOIMOJIEH XapaKTEPU3YETCs] U3MEHUMBOCTBIO Ha MEKBHJIO-
BOM U BHYTPUBHUAOBOM YPOBHsX. BaxkHel111e xapakTepuCTUKU JIUCTOBOTO anmnapara
U KPOHBI TOMOJIEH, KOTOPbIE B KOHEUHOM UTOTE OMPEACIAIOT UX IbLIe3aAePKUBAIO-
IIYI0 CIIOCOOHOCTD, ICTEPMUHUPOBAHBI TCHOTUITUYECKH.

2. BnusiHue MEXBHIOBBIX pa3iuduii Ha ()CHOTUIHYECKHUE MPOSBICHUS IIPH-
3HAKOB, IETEPMUHHUPYIOIMINX TTHUIE3aIePKUBAIOIIYI0 CITOCOOHOCTD TOTIOJIEH, BEChMa
3HAYUTEIHHO U HAMOOJBIIIETO YPOBHS IOCTHTAET 10 Macce cMbiBa co 100 JTHCTOBBIX
IJTACTUHOK M TO TUIE3aIePKUBAIOIICH CIIOCOOHOCTH JMCTOBOTO ariapara OJHOTO
nobera. HacnencrBeHHas 00yCIOBICHHOCTh CHEIIM(DHUKK MCCISIOBAHHBIX BUIOB TO-
TIOJICH 110 UX CIIOCOOHOCTH YAECPKUBATh MBLJICBATHIC YACTHUIIBI TOBEPXHOCTHIO CBOMX
JIUCTHEB CIIY)KUT OCHOBaHHEM jisi 1u((HEepeHIIMPOBAHHOTO MOAX0/1a K POpMUPOBa-
HHUIO ACCOPTUMEHTA MbLIE3aEPKUBAIOIINX HACAXKICHUH.

3. MakcuMallbHYIO TIhLIE3a/IePKUBAIOIIYI0 CIIOCOOHOCTH OT/IEIBHOTO JIEpPEeBa,
BBIP2XCHHYIO KaK B aOCOJIFOTHBIX, TAK U B OTHOCUTEIILHBIX BEITHMYMHAX, MPOJCMOH-
CTPUPOBAJIH: TOIOJIb 0ATb3aMUYECKHI, TOMOJb OCJIbIM MUPAMUIAIBHBIN U TUITUYHAS
(dhopma Tomosis OEJI0r0 — OHM PAacCMATPUBAIOTCS KaK HauOoJee MPeANOUTUTEIbHBIC
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KOMITOHEHTBI B COCTaBe 0OBEKTOB FOPOJICKOTO O3EJICHEHUSI U MOT'YT OBITh PEKOMEH-
JIOBaHbI [ BBEJICHUS] B aCCOPTUMEHT 3€JI€HbIX HacaxkaeHuil Huxeropouckoro Ilo-
BOJIKbSI 1 MacCOBOTO MPOM3BOJICTBA MOCAJOYHOI0 MaTepuania.
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Annomayus. TlpencTaBieHbl pe3ylbTaThl MCCICAOBAaHUI BHIOBOTO pPa3HOOOpasust M Jie-
KOpPAaTUBHBIX OCOOCHHOCTEH HacaXICHUU TI. XaHOs. AKTYalbHOCTh pabOThl 00OCHOBaHA
HEBBITIOTHEHUEM HOPM O3€JICHEHHsI B TOPOJIE B COOTBETCTBHU C OOIIEMHPOBBIMH PEKOMEH-
marmsmu.  CocTaBieH oOmuil gropucTrdecknii crmcok. 3adukcupoBano 304 Buma (B T. d.
pa3sHOBHIHOCTH U (OPMBI), OTHOCSAIHUXCSA K 253 pomam u 104 cemeiictBam. Bemymmie ce-
MelictBa — Fabaceae, Arecaceae, Asteraceae, Apocynaceae, Bignoniaceae, Meliaceae,
Verbenaceae, Myrtaceae, Moraceae, Caesalpiniaceae. 1o 4uciy pojaoB U BUJIOB IPeoO-
nanaer Fabaceae, 3a HuMm cienyer Moraceae. Hanbomnblliee BUOBOE pa3HOOOpasue OT-
MeueHo cpenu nepeBbeB (151 Bum — 49,67 % ot obmiero yucna). B KonumuecTBEHHOM OT-
HOIIICHUN caMasi 3HAYWTENIbHAs JIONA y4acThs y TaKWX BHUJOB JIEPEBBEB, Kak: Peltophorum
pterocarpum, Delonix regia, Khaya senegalensis, Chukrasia tabularis, Ceiba pentandra,
Pterocarpus macrocarpus, Hopea odorata, Dracontomelon mangiferum, Alstonia scho-
laris, Lagerstroemia speciosa, Terminalia mantaly. TlpeBamupyrT BEYHO3CIICHBIC BUJIBI
pacTeHuii, B MEHbIIIEM KOJIMYECTBE BCTpedaroTcs jucronaaneie. M3 151 Buma nepeBbeB
70 oTHeceHbl K JAeKOpaTHBHBIM. KyCTapHUKHM M TPaBbl 110 KOJIWYECTBY BUJIOB YCTYHAIOT Jie-
peBbsM (110 58 BraoB — 19,08 %). MenbIme Bcero maasMOBBIX «aepeBbeB» — 11 BumoB (3,62 %).
OmnpeneneHsl JeKOPAaTUBHBIC TPHU3HAKH OCHOBHBIX BUIOB. COCTABIICH CIIHCOK ACPEBHEB, IME-
IOIINX TPH U OoJiee JEKOPATUBHBIX MPU3HAKA, KyCTAPHUKOB M TPaB ¢ IBYMs U Ooiee. [laHb
PEKOMEH/TallMH MCII0JIb30BATh BXOASIIHE B 3TOT MEPEUCHb PACTCHUS JUIs CO3AaHUs YHUKAb-
HOT'O TOPOJICKOTO Teii3axa B pa3Hble CE30HbI rojia.

/s yumupoesanusn: Hryen Txu Uen, Jlanr Ban Xa, [Tapunosa T.A. BunoBoe pazHooOpasue
U JIeKOpaTHBHBIE 0COOCHHOCTH pacTeHHWH B 03eJeHeHnH ropona Xanoii // V3B. By3oB. JlecH.
xypH. 2021. Ne 5. C. 65-75. DOI: 10.37482/0536-1036-2021-5-65-75

Kniouegvie cnosa: Xanoi, o3eneHeHHe, pacTUTENIbHbIE HACAXK]ICHHUS, BUI0OBOE pa3HOOOpasue,
JIEKOpaTUBHbIE 0COOCHHOCTH, )KU3HEHHAas (hopMa, CHCTEeMaTH4eCcKuil ananus, ouomopdoro-
TMYECKUH aHAIU3.
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Abstract. The article presents the results of studies on species diversity and decorative
features of plantations in Hanoi. The relevance of this research is justified by the failure to
meet the standards of landscaping in the city in accordance with global recommendations and
standards. The dendroflora of central Hanoi has 304 species (including varieties and forms)
belonging to 253 genera and 104 families. The leading families are Fabaceae, Arecaceae,
Asteraceae, Apocynaceae, Bignoniaceae, Meliaceae, Verbenaceae, Myrtaceae, Moraceae,
Caesalpiniaceae, Rosaceae, and Magnoliaceae. The Fabaceae family predominates by the
the number of genera and species; and is followed by the Moraceae family. The greatest
species diversity is observed among trees (151 species —49.67 % of the total number). The
most commonly used species in the urban gardening are Peltophorum pterocarpum, Delonix
regia, Khaya senegalensis, Chukrasia tabularis, Ceiba pentandra, Pterocarpus macrocarpus,
Hopea odorata, Dracontomelon mangiferum, Alstonia scholaris, Lagerstroemia speciosa,
and Terminalia mantaly. Evergreen species predominate among plantations of Hanoi; while
deciduous (including shrubs and trees) have a smaller proportion. Of 151 species of trees,
70 are classified as decorative. Shrubs and herbs are inferior to trees by the number of species (58
species each—19.08 %). Palm trees are the least numerous — 11 species (3.62 %). The decorative
features of the main species have been determined. A list of trees with 3 or more decorative
features, shrubs and herbs with 2 or more decorative features was compiled. In order to create
a unique urban landscape in different seasons of the year it is recommended to use the species
included in this list.

For citation: Nguyen Thi Yen, Dang Van Ha, Parinova T.A. Species Diversity and Decorative
Features of Plants Used in Landscaping of Hanoi. Lesnoy Zhurnal [Russian Forestry Journal],
2021, no. 5, pp. 65-75. DOI: 10.37482/0536-1036-2021-5-65-75

Keywords: Hanoi, landscaping, plantings, species diversity, decorative features, life form,
systematic analysis, biomorphological analysis.

Beeoenue

bropazHooOpasue — CIIOKHOE KOMIUIEKCHOE TIOHSTHE, BKITIOYarolee B cels
Ka4eCTBEHHBIC U KOIMYECTBEHHBIC XapaKTEPUCTHKHU Ha TPEX Pa3HBIX OpraHU3aIlOH-
HBIX YPOBHSIX: TEHETHUECKOM, BUJIOBOM, 3KOCUCTEeMHOM. OHO UTPAET BaXKHYIO POJIb
B CYIIIECTBOBAHUH 3€JICHBIX HACAK/ICHHI, CHUKAsl PUCKHU, CBS3aHHBIC C paCIPOCTaHEe-
HUEM BpeANTENeH 1 pa3BUTHEM (DUTOMATAIOTHH, C HI3MEHEHNEM KJINMaTa, ¥ B [EIOM

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International
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MOBBIIIAET YCTOMYMBOCTh PACTCHUN, KAUECTBO BBIMOJHCHUS HUMH JKOCHCTEMHBIX
¢byuxmwmii [11, 12, 14, 16].

BBuy mmmpoxoro crekTpa 3KOCHCTEMHBIX (DYHKIIHI BUIOBOE pa3HOOOpasue Ha-
CaXJCHUH B TOPOJaX MHpa CTajJo OOBEKTOM MPUCTAIHLHOTO BHUMAaHUS y4YeHbIX [12,
15, 17, 18]. [eranuzanus vuccieaoBaHui A pa3HbIX PETMOHOB MHpa pasinyHa. J{id
BbeTHama sTa TEMa 0CTAaETCsl MAJIOU3y4YEHHONW. XaHOU — a/IMUHUCTPATUBHAS, KYJIBTYp-
Hasi U SKOHOMHUYECKAsi CTOJUILA ATOM cTpaHbl. Ero HaceiaeHue COCTaBisieT IPUMEPHO
8 MIIH yelt., romaas — 3324,92 km?2. B HacTosiiiee Bpemsi B XaHOE OJTMH U3 CAMBIX BBICO-
KHUX YPOBHEH 3arps3HEHUS BO3IyXa M0 CPABHEHHUIO C MHOTUMU IPYTUMU ropoaamMu [2],
MO3TOMY aKTyaJeH BOIPOC U3YUCHHUST COCTOSHISI 3€ICHBIX HACAKICHUN U UX MPOTEK-
IMOHHBIX GyHKIUHA. HopMa o3elieHeHsI, yCTaHOBJICHHAs BceMupHO# opranmu3anueit
3paBOOXpaHeHUs], paBHa 50 M? 3eJICHBIX HACAKACHUN HA OTHOTO kKUTens. [lmoxumu no
YCIIOBHSIM O3€JICHEHHSI CUMTAIOTCS TOPOJIA, TIIE PACTUTEIBHOCTD 3aHnMaeT MeHee 10 %
mwiomianu, xopormmu — 40-60 % [1]. ns XaHos 3TOT moKas3arenb B CPEIHEM PaBeH
2 M2 (BKJTIOYAs TPABSIHUCTYIO pacTUTENbHOCTH) [13]. Tonpko B mocnenHee BpeMs uc-
CJIEIOBATENI HAYWHAIOT YACNATH OOJIbIlIe BHUMAHUS M3YYCHUIO BUIOBOOTO Pa3HOO-
Opazus TOPOJICKUX HAaCAXKIEHUI XaHOS U YBEITUYCHHUIO UX TUIomau [4—7].

Lenp HacTOsIEel pabOThI — MU3YYCHUE BUIOBOTO Pa3HOOOPA3us 3CJICHBIX Ha-
caxJieHu# cTosuibl BbeTHama I. XaHOs U OlleHKA JICKOPATUBHBIX OCOOCHHOCTEH BhI-
SIBJICHHBIX BHJIOB.

Obvexmbl u Memoowbl UCCAEO08AHU

OObeKkTaMy UCCIeIOBAHUI SBISIFOTCS 3eJICHbIe HAaCa)KACHUS LIEHTPaJIbHOHN Ya-
ctu T. XaHos. [Ipeamer — BUI0BO# coctaB 1 OMOMOP(OIOTHYECKUE OCOOCHHOCTH
BHJIOB pAaCTEHUH, NX IEKOPATUBHEIC MPHU3HAKU. PaboTsI mpoBommin B Teuenne 2017—
2019 rr. myTemM MapuIpyTHOTO 0OCIIeZIOBAaHUS B TIpe/iesiaX CEeMUTEOHON YacTH ropoja
Ha OCHOBE JIMHEWHBIX MapHIpyTOB. B Kax10M HacakJIeHUHM BEIH IMOJCYET BUJIOB U
OTIPE/IeIISUIA UX JIEKOPATUBHHBIE 0COOCHHOCTH. BUABI pa3nesnsuim no yKpymHEeHHBIM
TpyTIaM KU3HEHHBIX (popM (ZIepeBo, MaTbMOBOE «JIEPEBO», KyCTApHUK, TpaBa, JH-
ana). Ilo [3] omeHuBamu cremyronme AEKOPAaTHBHBIE MPU3HAKU: BEUHO3EICHOCTH/
JIMCTOINAAHOCTD, OKPACTKY JIMCTHEB M IUIOJAO0B, ()OPMY CTBOJA U KPOHBI, KPACOTy H
apomat 1BeTOB. M cronb30BaHbl cHCTEMaTHYECKUI U OHOMOP(OIOrHUECKUIT METO/IBI
aHam3a.

JlaTnHCKMe Ha3BaHWS BHIOB PUBOJISATCS B COOTBETCTBUH C OITyOIMKOBAHHBI-
Mu cruckamu [8, 10] u srmekTpoHHON OOoTaHWYeCcKo 0a30i JTaHHBIX, COEpIKaIICH
TaKCOHOMHUYECKYI0O WH(POPMAIMIO O PAaCTEHUSIX, B OCHOBHOM M3 HEOTPOIHYECKOH
9K030HHI [19]. ABTOpCKHii 3HaK B HANMEHOBAHMSIX YIIYIIICH ICJICHAIIPABICHHO.

JI7ist crcTeMaTu3aIiy JaHHbIX M OTIEHKH KH3HEHHBIX (DOPM PacTeHNH HCIIONH30BaIN
pabotsl JlemapraMenTa HayKn ¥ TEXHUKH T. XaHos [9].

Pesynomamul uccnedosarnus u ux oocyscoerue
Hamm wccremoBanus mMoKasajid, YTO OCHOBY 3€JEHBIX HACAKICHUH IEHTpa

. XaHOsI COCTaBJISAIOT MOKphITOCeMeHHbIe pacTeHus (97 % 3mech u manee ot od1e-
T'O KOJIMYECTBA), CPEIM KOTOPBIX MpeodianatoT nBynoibHbe (87 %). HacuuteiBaercs
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304 Buga nepeBbEB, KYCTAPHUKOB, JTUAaH U TPaB (BKIIOYAsl PA3HOBUAHOCTH), OTHOCS-
mmxes K 253 ponam u 104 cemeiictam (tabm. 1, 2). [Tpomopiuu ¢priopsl COCTABISIOT
1:2,43:2,92, 1. ¢. Ha | ceMelCTBO B CpeIHEM TTPUXOTUTCS OKOJIO 2 POJIOB M 3 BUIIOB.

TabGuuma 1

Cucremaruyeckasi CTPyKTypa ¢uiopsbl 3ejieHbIX HacaKIeHui I. XaHost

Taxconsl nero praos Hucro cetfaizli(;s,
T. % ot olmiero yncia POJIOB, IIT. IIT.
Pinophyta 10 3 7 5
Magnoliophyta: 294 97 246 99
Magnoliopsida 264 87 217 85
Liliopsida 30 10 29 14
Bcezo 304 100 253 104
Tabauna 2
Benymue cemeiicTBa (pJ10opbI 3eJIeHBIX HAcAXKAeHUI I. XaHO0s1
CemelicTBO Hucno Buzos, % ot obmiero yucia Hucio % oT obmIero yucia
IT. poaoB, HIT.
Fabaceae 27 8,88 18 7,11
Moraceae 19 6,25 5 1,98
Arecaceae 12 3,95 12 4,74
Asteraceae 11 3,62 11 435
Myrtaceae 11 3,62 6 2,37
Apocynaceae 10 3,29 11 4,35
Bignoniaceae 10 3,29 9 3,56
Magnoliaceae 10 3,29 4 1,58
Meliaceae 9 2,96 9 3,56
Verbenaceae 7 2,30 7 2,77
OcTraJibHbBIC 178 58,58 161 63,68
Bcezo 304 100 253 100

Benymue cemeiictBa — Fabaceae, Moraceae, Arecaceae, Asteraceae, Myrtaceae,
Apocynaceae, Bignoniaceae, Magnoliaceae, Meliaceae, Verbenaceae. B xaxaom u3
HUX 7 u Ooyiee BUIOB, OObEAMHEHHBIX B 5 u Oosee ponoB (cM. tabi. 1). Fabaceae
mpeobiasaeT Kak 1Mo YUCIy POAOB, TaK W 1Mo duciy BuaoB (18 pomoB m 27 BuIOB
- 7,11 u 8,88 % cooTrBeTcTBeHHO). Ha BTOpOM MecCTEe MO KOTUYECTBY HCIOJB3Yye-
MBIX B O3€JICHEHUHU BUJIOB HaXOAUTCs ceMelcTBO Moraceae — 19 BUa0OB U 5 poJioB.
N3 104 BblmeleHHBIX CEMENCTB B 28 BXOAUT OoJiee 3 BHOOB, B OCTalbHBIE — 1-2
(cM. pUCYHOK).

B xone 6rmomopdororuueckoro aHaau3a ObUIO BBIICICHO 5 KPYIHBIX KaTero-
puit )xu3HEHHBIX (hopMm (Tadm. 3). HanbompIiee BUmoBOE pasHOOOpa3ne XapakTepHO
st nepebeB (151 Bun—49,67 %). Onnako u3 151 Buia tonbko 70 OTHECEHBI HAMU K
nekopaTUBHBIM. OHU TIEJICHAIPABICHHO BBICAKCHBI JIJIST O3CJICHEHUS, B TO BPEMST KaK
OCTaJbHBIC SBISIOTCS AUKOPACTYIIMMM WM BBICAKCHHBIMU HaceJleHueM. Bropoe
MECTO 10 BUJOBOMY Pa3HOOOPA3UI0 3aHUMAIOT KYCTAPHUKH U TPaBbl — 10 58 BUIOB
(19,08 %). Mensb1e Bcero mansMm — 11 Bugos (3,62 %).
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Hexotopsle pacnpocTpaHeHHbIE BUIBI B 3€JIEHBIX HACAKICHHUAX I. XaHOS: ¢ — IEPEeBbs

(Erythrina fusca, Saraca indica); 6 — naneMbl (Roystonea regia, Phoenix dactylifera); ¢ —

KycTapHUKH (Bougainvillea spectabilis, Aglaia duperreana); e — nuaus (Pyrostegia venusta,
Combretum indicum); 0 — TpaBsl (Zoysia japonoca, Arachis pintoi)

Some common species in green spaces of Hanoi: a — trees (Erythrina fusca, Saraca indica);

6 — palms (Roystonea regia, Phoenix dactylifera); ¢ — shrubs (Bougainvillea spectabilis,

Aglaia duperreana); 2 — lianas (Pyrostegia venusta, Combretum indicum), 0 — herbs (Zoysia
Jjaponoca, Arachis pintoi)



70 «H3BecTHs By30B. JlecHoii skypHai». 2021. Ne § ISSN 0536-1036

Tabnuma 3

/KuszHenHnble popMbI BHI0B 3eJIEHBIX Hacax/IeHuli I. XaHos

JKwusuennas popma Yucno BunoB % ot obmiero yncia
JlepeBo 151 49,67
Kycrapuuk 58 19,08
TpaBa 58 19,08
JInana 26 8,22
TTanema 11 3,62
Bcero 304 100

T kaxaoW U3 5 KU3HEHHBIX (OPM MPOBEACHO C YYETOM JCKOPATUBHO-
cTu Oosiee POOHOE pa3leieHue BUJOB 10 OMOMOP(OIOTHYECKUM OCOOCHHOCTSIM.
Uucmo BUAOB B KaxJIoi rpymme ykazaHo B TaOim. 4. OmuH W TOT XK€ BHJ
B IIpe/IesIax OHOM KUZHEHHON (POPMBI MOXKET XapaKTepHU30BATHCS HECKOJIIBKUMHU Ta-
KHMH O0COOSHHOCTSIMH.

Tab6uuna 4

Buomopdonornyeckne 0co00eHHOCTH BUAOB B COCTaBe 3eJIeHbIX HACAKIEHUH I. XaHOs

Kuznennast JlexopaTtuBHbIe OMOMOP(OIOrHIECKHEe Ypiei1o BIIOB % ot o01ero

¢dopma 0COOCHHOCTH 10 BIIO qycia
Beunozenenoe 117 77,48
Jluctomagnoe 34 22,52
Kpacussle iBeTh 37 24,50

Hepeso Kpacuas ¢popma (IIpsIMOCTBOJILHOCTD) 14 9,27
Kpacusas kpona 14 9,27

KpacuBbie kopHU 9 5,96

KpacuBas oxpacka JTUCTbEB 4 2,61
Beunosenensrit 51 87,93
JIucromaagHbIin 7 12,07
Kpacussie 1iBeTsI 30 51,72

Kycrapaux
Kpacusas ¢popma (TIpsSMOCTBOITBHOCTE ) 10 17,24
Kpacusas kpona 11 18,97
Kpacusas okpacka 1ucTheB 7 12,07
KpacuBas okxpacka TuCTbEB 12 20,69
Tpasa
Kpacusble uBeTsl 46 79,31
Kpacussle BeTsl 20 76,92
JInana

KpacuBas oxpacka 1ucTbeB 3 11,54

Bcezo 304 100

HpI/IMC‘laHI/ICZ ITanbMEI B HaHHOﬁ Ta6J'[I/IIIe BKJIFOUCHBI B I'PYIITY «ACPEBb.

W3 151 Buga aepeBveB 117 oTHOCSTCS K BeuHo3eneHbM (77,48 %) u 34 —
K JucTonagHbM (22,52 %), T. €. Ha Kaxple 3 BHJIa BEUHO3EJCHBIX JCPEBbEB MPH-
xonutcs 1 BuA nuctomaaHbix. Ha BHIOBOM ypoBHE mpeoOnafaroT BEYHO3EJIEHbIC
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nepeBbsi. [t o3eneHeHUsT B HAacTosIIIee BPEeMs Yalle MCIOJIB3YIOT JepPEeBbs ¢ Kpa-
cuBbiMU 11BeTamu (37 BumoB — 24,5 % 3aech u ganee ot 151 Buma), moToM AepeBbs
¢ kpacuBoii hopmoit (14 BumoB — 9,27 %), ¢ kpacuBeIMU KOpHSIMH (9 BUIOB — 5,96 %),
C KpacuBoil okpackoil smcTbeB (4 Buga — 2,61 %). Takum oOpaszom, pacrpeneneHue
BUJOB B TOPOJACKUX 3€JICHBIX HACAKICHHUAX MO OMOMOP(OIOrHIECKUM XapaKTepH-
CTHKaM Pa3HOPOJHO. B KOMMUECTBEHHOM OTHONICHUH HauOOJIbIlee Y4acTHe IPUHU-
MAaloT TaKue JEPeBbs, Kak Peltophorum pterocarpum, Delonix regia, Khaya sene-
galensis, Chukrasia tabularis, Ceiba pentandra, Pterocarpus macrocarpus, Hopea
odorata, Dracontomelon mangiferum, Alstonia scholaris, Lagerstroemia speciosa,
Terminalia mantaly.

JIyist KyCTapHUKOB COOTHOIIICHHE MEXJIy BEUHO3CIICHBIMH M JIMCTOIA/IHBI-
mu Bugamu cocraBmsier 51 (87,93 % 3meck m manmee ot 58 Bumos): 7 (12,07 %)

Y 03HAYaeT, YTO Ha KaxkJble 7 BEYHO3EJCHBIX BHJIOB NPUXOAUTCS | JIMCTONMaIHBIN.

Kak u cpenu nepeBbeB, Cpein KyCTaApPHUKOB OOJIbIIE BHOB C KPACUBBIMHU LIBETAMHU
(30 — 51,72 %). Ha BTOpOM MecTe KycTapHHKHU ¢ KpacuBbiMH KpoHamu (11 — 18,97 %),
3a HIMH KYCTapHUKH ¢ KpacuBoii ¢opmoii (10 — 17,24 %), u HakoHeII, ¢ KpacHBOM
okpackoit muctbeB (7 — 12,07 %). Haubonee 4acTo MCmosib3yeMbIMU B O3€JICHECHUN
ropoja SIBISIIOTCS TaKue BUABI KyCTApHUKOB, Kak: [xora coccinea, Aglaia duperrea-
na, Lagerstroemia indica, Codiaeum variegatum, Gardenia jasminoides, Euphorbia
pulcherrima, Duranta erecta, Jasminum sambac, Murraya paniculata, Mussaenda
frondosa, Acalypha wilkesiana, Juniperus chinensis.

Bunos nuan ¢ kpacuBbiMu 1isetamu — 20, 3o 76,92 % ot 26 BUIOB, C Kpacu-
BOi1 okpackoii smctheB — 3 (11,54 %). AHaJIOrMYHO, TPaB C KPACUBBIMHU L[BETAMH —
46 (79,31 % ot 58 BUmOB), ¢ KpacuBON OKpackoil guctheB — 12 (20,69 %). Yame B
o3erieHeHun ucnonb3yoT Campsis radicans, Bougainvillea spectabilis, Pyrostegia
venusta, Combretum indicum, Clerodendrum thomsoniae, Wisteria sinensis, Ficus
pumila, Tristellateia australasiae, Cosmos bipinnatus, Zinnia elegans, Calendula
officinalis, Catharanthus roseus, Petunia hybrida, Impatiens walleriana, Viola
tricolor, Antirrhinum majus, Tagetes erecta, Chlorophytum elatum, Melampodium
divaricatum, Plectranthus scutellarioides, Salvia splendens, Portulaca grandiflora.

Taxum 00pa3oM, B X0/ie KOTMYECTBEHHOTO aHalIn3a pacipeiesIeHUs KU3HEH-
HBIX (OpM M aHaNMHM3a JIEKOPATUBHBIX OMOMOP(HOIOTHYECKUX 0COOEHHOCTEH OBIIO0
YCTAHOBIICHO, YTO B HACAXKIEHHUAX I. XaHOs MPeo0IajaloT BEUHO3EIeHBIe TTOKPHI-
TOCEMEHHbIE PACTEHUS C KPACUBBIMU LIBETaMH, a JIOJISl TUCTONAIHBIX HEOOIbIIas.
Pacnpenenenue BHIOB pacTeHHH 1O OMOMOPQOIOTHMYECKUM OCOOCHHOCTSM B
JTAHHOM HCCJICJIOBAHUU UMEET OTACIbHOE 3HAaUeHHE, T. K. OJIHA U3 TIIaBHBIX IIeJei
o3eJyieHeHUs T. XaHOs — 3TO CO3JJaHUE €CTECTBEHHOTO 3aTCHEHHSI 33 CUET KPYITHBIX
JIEKOPATUBHBIX JIEPEBHEB U OJIHOBPEMEHHO YBEIHMYCHHE IUIONIAJH 3EJICHBIX Ha-
CaXJIEHUH C IEKOPaTUBHBIMU ONOMOP(OIOTHYECKUMHU 0COOSHHOCTSIMH, YTO B KOM-
TUIeKce padoTaeT Ha YIIydlIeHHE TOPOICKON Cpeibl, TIOBBIIIEHUE €€ ICTETUICCKUX
Ka4eCTB ¥ TAPMOHM3AIMIO apXUTEKTYPHl TOpPOAa W MOTpeOHOCTEeH demoBeka. [lpu
(hopMUpOBaHNH HACAXKJICHHWH YUYUTHIBACTCS COUETAHWE BEYHO3EIEHBIX W JIUCTO-
MaJHbIX PACTeHUH, KOTOPOE CO3[aeT YHUKAIbHBIN Mel3aKk B pa3Hble CE30HBI T0/a,
obecrieunBasi KOMPOPT ¥ MPUHOCS ICTETUYECKOE YIOBIETBOPEHHE KaK JKUTEISIM
CTOJUIIBI, TAK M TYPHCTAM.
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Buomopdornoruueckne XxapakTepuUCTUKA HEKOTOPBIX BHUJIOB, IIIMPOKO UCTIONb-
3yeMbIX B 03€JICHCHUH I. XaHOs, IPUBEACHBI B Tabiuiax. B Ta0m. 5 npencraBieHs
BHJIBI IEPEBLEB U3 O0IIETO (DIOPUCTUIECKOTO CIHCKA ¢ 3 1 Ooyiee TeKOPAaTUBHBIMU
MIpU3HAKaM¥ OJTHOBpPEeMEeHHO. B Tali. 6 mepeunciieHsl BUIbI KyCTAPHUKOB U TPaB U3
o011ero (UIOPUCTHUYECKOTO CIKCKA ¢ 2 WK 3 ACKOPaTHBHBIMU MPpU3HaAKaMu. VIMeHHO
BH/IbI, XapaKTEPHU3YIOLIUECS KOMILJICKCOM JICKOPATHBHBIX MPU3HAKOB, PEKOMEHIYIOT-
Csl HAMH K HCITOJIb30BAHMIO B 03€JICHEHUH KaK COXPAHSAIONINE BHEIIHIOI MPUBJIeKa-
TENBHOCTH B Pa3HbIE CE30HBI TO/A.

Tab6uuua 5

JexopaTtuBHble 0HOMOpP(doI0orHYecKne 0COOEHHOCTH HEKOTOPBIX BU/IOB JI¢PeBbeB

. XaHost
ma | Beme | dnero | Kpremen| g | Ko Areuer
JIUCTHEB

reca catechu x* X X X
Barringtonia acutangula X X X X
Bauhinia purpurea X X X
Cananga odorata X X x X
Cassia siamea X X X
\Dalbergia tokiensis X X X X
Delonixregia x x x
Erythrina fusca X X x
Ficus elastic X x X
Lagerstroemia speciosa X X X X
Michelia alba X X X x
\Parashorea chinensis x X
\Peltophorum y "
pterocarpum
\Plumeria rubra x X X x
Saraca dives X X x
Sterculia lanceolata X X x
BB;;(F)(; W3 TPUBEACHHBIX 10 6 15 5 13 4
JIpyrue Bubt 23 9 22 2 6 0

Bcezo 33 15 37 7 19 4

*31echk 1 B Ta0J. 6 MPU3HAK, IPUCYINN TaHHOMY BHUJLY.
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Tabauma 6

JlexopaTuBHbIe OMOMop(dosornyeckue 0cO0EHHOCTH HEKOTOPBIX KYCTAPHHKOB

M TPaB I. XaHosl

Bun

Kpacusas
hopma

Kpacuas
OKpacka
JIICTBEB

Kpacuseie
I[BETHI

Apomat
I[BETOB

\Acalypha hispida

\Adenium obesum

\Aglaia duperreana

\Anthurium andreanun

\Beloperone guttata

\Bougainvillea spectabilis

\Brunfelsia uniflora

Camellia amplexicaulis

Campis radicans

Cestrum nocturnum

Chlorophytum elatum

Codiaeum variegatum

Crinum asiaticum

Cupphera hyssopiflia

\Duranta erecta

Ficus pumila

Gardenia jasminoides

\Hibiscus rosasiensis

\Ixora finlaysoniana

\Ixora species

Jaxminum sambac

Lagerstroemia indica

\Murraya paniculata

Ochna atropurpurea

Osmanthus ordorant

\Poisettia pulcherrima

\IRhododendron indicium

\Rhododendron simsii

Spathiphyllum patinii

Strelitzia reginae

Syzygium campanulatum

Tabernaemontana coronaria

Vriesea splendens
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Raxnouenue

N3 304 BugoB (Bkmtodgast GoOpMBI M Pa3HOBUIHOCTH) JIEPEBHEB, KYCTAPHUKOB,
JIMaH U TpaB, oTHOcAUXCs K 253 poaam u 104 cemeiicTBam, B 3€JI€HBIX HacaxKIe-
HUAX T. XaHOS Ha OCHOBE MPOBEACHHBIX HUCCICAOBAHUN PEKOMEHYEM HCIIOJIb30BATh
16 BUI0B AEKOPAaTUBHBIX JIepeBbeB U 33 BHJAa KYCTAPHUKOB M TPaB. DTU PacTEHUS
COYETAIOT B CBOMX OMOMOP(OIOrHUECKUX 0COOCHHOCTSX OoJiee IBYX JIEKOPATHBHBIX
npu3HakoB. O3eneHeHne I. XaHos JaHHBIMU BUJaMH HanOoJiee ONTHMAIbHO B KOH-
TEKCTE Ce30HHBIX KIMMaTHIECKUX W JaHIMIa()THBIX H3MEHEHHN.
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Annomayusn. VI3ydeH KOMIIIEKC MTOKa3aTeled MOYB IO JIECHBIMH mojocamu. OObekramu
WCCIICIOBAaHUN SIBJISUTNCH CTapoOBO3pacTHBIE (65—68 mer) mpubajodHBIe W IMOJE3AIIUTHBIC
necHele HacaxaeHuss KamenHoit Crenu. Pe3ynbTarsl MO3BONISIOT OLIEHUTh TPEHIBI H3MEHE-
HUSI XapaKTEPUCTHK TIOYB 3a JUINTEIBHBIA NEPHO. 3aI0KEHBI KIIFOUEBBIE YUaCTKN Pa3MEpPOM
100x100 ™ ¢ ucronp30BaHNEM PETYISIPHON ceTKu ompodoBanus. [llar onmpobosanms — 15-25 m.
YCTaHOBICHO MONOKHUTEIBFHOE BIMSHHUE IOJC3AIIUTHBIX JIECHBIX TTOJIOC HA CBOWCTBA 4ep-
HO3eMOB. OTMEUEHO yBETMUEHHE MOITHOCTH TyMyCOBOTO TOpH30HTA C¢ 42,3 cM (mamHsg Ha
CKJIOHE) 110 72,6£5,1 cM (o ecom). MakcuMallbHBIC 3HAYCHUS XapaKTEePHBI IS YepHO3e-
MOB BOJIOpa3/ICIbHBIX YIacTKOB: 59,6+2.4 cM (mamrast) u 85,6+3,9 cm (;1ecHas momoca). Maxk-
CHMAJIbHYIO TTyOMHY BCKHIIAHUSI UMEIOT YEPHO3EMBbI BBIIICIOYCHHBIC 33 CUET aKTHBU3AINN
MIPOIIECCOB MUTPALINH KapOOHATOB B HIDKEIIEKAIIME TOYBEHHbBIE TOPU30HTHI. HanMeHbIIyto —
300TypOUPOBAHHBIE ITyTEM MEXAHHYECKOTO IEPeHOca M TEPEMEIINBAHUS aKKyMYJISTHB-
HO-KapOoHaTHOTO Topm30HTa. OOHapyX)eHa 00IIas TEHACHINS K CHIDKEHHUIO TITyOWHBI BCKH-
TIaHMS TT0] JIECHBIM [IeHO030M. Hanbombie ryMyCcHpOBaHHOCTBIO OTIIMYAIOTCS BOAOPA3/IEIib-
HbIe yuacTku: 7,14+0,24 % (mamns) u 8,56+0,18 % (mecHast momoca). [Ipubanodnas necHas
T10JI0Ca CHIDKAET PUCK Pa3BUTHS 3PO3MOHHBIX IpoleccoB. Ha MaxoTHBIX y4acTKax B 30HE €€
BIIMSTHUS YIAJIOCh COXPAHUTD JOCTATOYHO MOIIHBII I'yMYCOBBIN MPO(HIL C BEICOKUM COJIEP-
JKaHWeM opraHmdeckoro Bemiectsa: 7,03+0,27 % (mon mecom) u 6,10+0,10 % (na mamrme).
ITocaaxa jecHBIX MoOJTOC 00yCIaBNIMBAEcT M3MEHEHHE XapaKTepa pacTUTEIbHOCTH. BiusHue
KHCJIBIX TIPOAYKTOB Paclaja MOACTHIKK C(hOPMUPOBAIO MOYBEHHBIE TOPU3OHTHI CO CPEIHE-
KHCJION peaxIiel cpesl B TyMyCOBOH Toimie. B coctaBe 00MEHHO-ITOTIONMICHHBIX KATHOHOB,
HECMOTPsI Ha JINANPYIOIIEE MON0KEHUE KaIbIUsl, OTMEYECHO MOBBIIIEHHOE CO/IEPKaHIE Mar-
Hust. JIecHbIE TIOJIOCHI B CBA3M C M3MEHSIOMMMHUCS KIMMAaTHIECKUMH yCIOBHSMH ITpHOOpe-
TalOT B MOCJIEAHUE AECATHICTHSI 0COOYI0 3HAYMMOCTh. B cTenmHbIx pernonax Poccun takue
HACAXK/ICHUS SBJIAIOTCS MOIHBIM ITOYBOOXPAHHBIM (PAKTOPOM, CIIOCOOCTBYIOIINM CTAOMIN3a-
LIUH 1 TIOBBIIICHHUIO MOYBEHHOTO IuTopopoans. Heo6xoanma aktuBu3anust paboT 10 mocajke
HCKYCCTBEHHBIX JIECHBIX PEBOCTOEB B CTEIHBIX pernoHax Poccum.
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Abstract. A set of parameters of soils under forest belts was studied. The objects of research
were old-growth (65—68 yrs) ravine and shelterbelt forest plantations of the Kamennaya Steppe.
The results allow assessing the trends of changes in soil characteristics over a long period of
time. Key plots of 100x100 m were laid out using a regular sampling grid. The sampling
interval is 15-25 m. A positive effect of forest shelterbelts on the properties of chernozems
was found. There is an increase in thickness of the humus horizon from 42.3 ¢cm (arable land
on the slope) to 72.6£5.1 cm (under forest). The maximum values are typical for chernozems
of watershed areas: 59.6+2.4 cm (arable land) and 85.6+3.9 c¢cm (forest belt). Chernozems
leached due to the activation of migration processes of carbonates into the underlying soil
horizons have the maximum depth of soil effervescence. Chernozems zooturbated due to
mechanical transport and mixing of accumulative-carbonate horizon have the lowest depth of
soil effervescence. A general trend to decrease the depth of soil effervescence under the forest
cenosis was found. The highest humus content is observed in watershed areas: 7.14+0.24 %
(arable land) and 8.56+0.18 % (forest belt). A ravine forest belt reduces the risk of erosion
processes. A fairly strong humus profile with a high content of organic matter: 7.03+0.27%
(under forest) and 6.10+0.10% (on arable land), was possible to preserve on arable lands in
the zone of the belt’s influence. The planting of forest belts causes a change in the nature
of vegetation. The influence of acidic products of litter decomposition formed soil horizons
with a moderately acidic reaction of the environment in the humus layer. Despite the leading
position of calcium, an increased content of magnesium was found in the composition of
exchange-absorbed cations. Forest belts have become especially important in recent decades
due to changing climatic conditions. In the steppe regions of Russia, such plantations are a
powerful soil conservation factor that helps stabilize and increase soil fertility. It is necessary
to intensify the planting of artificial forest stands in the steppe regions of Russia.
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Beseoenue

OcHOBHBIM (haKTOPOM U3MEHEHHSI XapaKTEPUCTHK MOYB U IOYBEHHOTO MTOKPO-
Ba CTEMHBIX pernoHoB Poccun B mocieiHue cToaeTHs CTalo MHTEHCUBHOE aHTPOIIO-
TeHHOE BO3JEHCTBHE, MHOTHE BOIPOCHI KOTOPOTO HMIMPOKO OOCYKIAIOTCsl B COBpE-
MEHHOW Hay4HOI muteparype [2, 4, 13, 16, 20, 25-28, 30].

B pesysibrare WHTEHCUBHON aHTPOIIOTEHHOW AESTENBLHOCTH C(HOPMUPOBAHEI
COBpPEMEHHBIE arpoJieCOKYIbTYpHbIC NaHImadThl. X KIFOUeBBIMH KOMIIOHCHTaMH
MOKHO Ha3BaTh JecHbIe ojockl (JIIT), urparomue cymmecTBeHHYIO pOJIb B CTAOMIN3a-
1 mwronopoaus. O61as mIomans Takux HacakaeHni B LlenTpansaom YepHo3eMbe
B HacCTOsIIIIee BpeMs cocTaBisieT 488,2 ThIC. Ta, B TOM 4rciie B BopoHexckoii o6macT —
172,8 toIc. Ta [23]. PykoTBOpHBIHA JTecOKynbTYpHBIA manmmadpT Kamennoit Cremnn,
3anoxeHHbIi B.B. Jloky4aeBbim, SBIs€TCS YHUKATHHBIM HAYYHBIM 00BEKTOM, TI03BO-
JISFOILIMM BECTH ITUTENIbHBIA MOHUTOPHHT [15, 21].

HeoOxoaumo mpoBeieHNe KOMITIEKCHBIX HUCCIIEAOBAaHUI 0CcOOeHHOCTEH (op-
MHUPOBaHUS CTPYKTYPbl UCKYCCTBEHHO CO3JJaHHOTO HACAXKJICHHS M BIUSHUS JICCHBIX
M0JI0C Ha mpouecchl moyBooOpaszoBanus [14, 19, 24, 28]. B HayuHbIX myOauKanusax
MHOTO BHHMaHUS YJEIs€TCS TYMyCOBOMY COCTOSIHUIO UYEPHO3EMOB KaK OJHOMY U3
BeAyIuX (akTopoB Itogopoaus mous [6, 18, 29]. Xapakrep naMeHeHUs pacTUTEIb-
HOCTH OKa3bIBAET CYIIECTBEHHOE BIMSIHHME Ha COJIEp)KaHUE OpPraHUYECKOro yIiieposa
U OTIPENeIsIeTCs: 0COOCHHOCTSIMY UCIIONb30BaHus yroauii [5, 7, 8, 17, 27, 32].

Lenp HacTosimiel paboOThl — MCCIIEIOBAHNE CBOMCTB YEPHO3EMOB OTIEIBHBIX
KOMITOHEHTOB JIECOKYJIBTYPHOTO arpojan/madra npu pasHOM XapaKkTepe HCI0b30-
BaHUS Y€PHO3EMOB BOJIOPA3/IENIOB U CKIOHOB. J{JIs1 TOCTHKEHHS TOCTABICHHOHN LIEIH
pemanich CIeayIone 3a/1aun: OIIeHKa N3MEHEHHUSI MOIITHOCTH TeHETHIECKHIX TOpH-
30HTOB IIOJ BIHSIHEEM TproOanmounsix JII1; BeIsIBICHHE 0COOCHHOCTEH TYMyCOBOTO
COCTOSIHHSL 4YEepHO3EMOB; HM3yYeHHE HM3MEHEHHH (hM3NKO-XUMHYECKOTO COCTOSHUS
TOYB.

Obvexkmbl 1 Memoobl UCCAE008AHUA

HccnenoBanusi NpoBEAEHBI B arpojecoKylpTypHoM Janamadre Kamen-
Has Cremb. O0wbexTOM ciyxkuiau crapoBospactbie JIIT Ne 133, 140 u mpunera-
[IOIMe K HHUM [axXOTHBIE YYAaCTKH IIOJIEBOTO 3EPHONAPONPOINAIIHOTO CEBO00O-
pora. B JIIT Ne 133 BriOpanbl ABa yuyacTka (Ha Bomopaszene u Ha ckione), B JIII
Ne 140 — opun. [lamHs Taxke BKIFOUasa JiBa 00bEKTa UCCIICIOBaHMI — Ha BOJOpa3-
nene u ckione. [lonesamuraas JIIT Ne 133 mocaxena B 1950 1. Ee pasmep 2070%27 m.
Cocras apeBoctos Ha Bogopaszene: 1-i spyc — SJA2B62K 1(B+51,); 2-if sipyc — SK 5.
Ha cxnone: 1-it spyc — 562K 2J11B; 2-ii apyc — 7K 3/I. Pacnonoxenue — ¢ 3amna-
Jla Ha BOCTOK. B 3TOM jxe HampaBleHHH OTMeuaeTcss OO YKJIOH MECTHOCTH
¢ mepenagoM BeIcOoT 10 50—60 m. [Ipubamounast JIIT Ne 140 mocaxena B 1953 1. u
uMeer cnepyroumii cocras: 1-i sipyc — 9b1/1; 2-ii sapyc — 6/134,1b [3]. Pacnonoxena
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nonepek ckioHa, neprneHaukynsapHo JIII Ne 133 u npumbikaeT K Hel ¢ BOCTOYHOM
CTOpOHBI. /[ OIIEHKHM W3MEHEHHUs TOYBEHHBIX CBOWCTB MCIIOIL30BAaH METO| 3a-
KJIaJJKK KJIIOUEBBIX YYACTKOB C PETYJISIPHON CETKOW TOYEK ONMpoOOBaHMS: Ha MaxoT-
HOM y4actke pazmepoMm 100x100 M ¢ marom 25 M KOJIMYECTBO TOYEK OMPOOOBAHMS
20. Ha puc. 1 mpencraBiena cxema oTOopa mpo0 Ha CKIOHOBOM YYacTKE: HOMeE-
pa Touek ompoboBanust 1-15 orHocsarcs x JIIT Ne 133; 16-20, 25, 26, 35, 40, 41 —
K JIIT Ne 140; ocranbHbIe — K Y9aCTKy TAITHU. AHAJOTHYHO ATOMY B3SITHI IIOYBEHHBIE
po0OsI Ha Bomopaszaene. Jlis JIIT B cBs3M ¢ MX HE3HAUYNTEITLHOM ITUPUHOM IIar ormpo0o-
BaHUs OBLT MHOM —15%25 M, ipu pa3zmepe kimodeBoro ydactka 100x30 M KomdecTBo
Touek ompodoBarms 15 u 10 mr. mrst JIIT Ne 133 u 140 coorBercTBeHHO. Paccros-
HUSL U3MEPSUIM € OMOUIbI0 METAJUIMYECKUX MEPHBIX JIEHT IMHOHM 100 M. J{s TouHoi
OpHUEHTAINH TOYEK ONMPOOOBaHUS MPSAMBIE YIIIBI HA MECTHOCTH 3aKJIQIBIBAIIN C TIOMO-
IIBIO TPEX MEPHBIX JICHT (ETHIIETCKHIA TPEYTOJIBHUK CO CTOPOHAMH KpaTHbIMU 3:4:5).
Ha puc. 2 npuBenena cxema u3MeHeHus BoicoT Bonb JIIT Ne 133 u 140.

necHasn nonoca
Net33
5 4 3 2 1
< 3 o + +
Puc. 1. Cxema pacrionoxeHus w1 6 7 8 9 10
Touek O0TOOpa MOYBEHHBIX * ° ° "
npo0 Ha CKIIOHE o | 1 12 13 14 15
Fig. 1. Layout of soil sampling
points on the slope 0 21 22 23 Cad 25 16
necHasn nonocy
80 Ne140
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OmnpoOoBaHue MPOBOAMIA PYIHBIM OypoM 10 TryOuHbl 200 ¢M ¢ omucaHueM
MOIITHOCTH TOPH30HTOB M OTOOPOM IOYBEHHBIX TP00. brlma co3mana 6a3a maHHBIX,
BKITIOYAFOIIAs B ce0s1 MHPOPMAIIHIO O KOOPIMHATAX MPOHYMEPOBAHHBIX TOYEK OTPO-
OoBaHUs, HA3BaHWU MTOYBBI, MOP(HOMETPHUECKUX MTOKa3aTelnsx. Ha ocHOBe aTux nmaH-
HBIX MPOBEJICH CTaTUCTUYCCKUI aHaJIM3 BHIOOPOK IMOYBEHHBIX CBOMCTB: MOIIHOCTH
TEMHOI'yMycoBoro ropusonra A(AU) (mns naxotHsix a”anoros 4 (PU)) n obOueit
momHocTH PU+AU, TiiyOWHBI HIDKHEW TpaHWIBI MEPEXOAHOTO Topu3oHTa A+AB.
Taxoke BBIJIEIICHBI TOPU30HTHI C aKTHBHOM MPOPAOOTKOH 3eMIIEPOIOIIIUMH JKUBOTHBI-
MU, TIIyOMHA BEpXHEH I'PaHUIbl CILIONTHOTO BCKHITAHUS, MOIIHOCTh TIIMHUCTO-WJI-
JIIOBUAJILHOTO TOPHU30HTA B/, BBILIEIIOUECHHOTO JICHCTBHEM KapOOHATOB, IMOKA3aTelIu
FYMYCHOTO COCTOSIHMSI TOYB M Kaue€CTBEHHBIH COCTaB ryMmyca, T'MIPOJINTHYECKAs
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KUCIIOTHOCTB, pH BOIHO# M CONEBOM BBITSIKEK, COCTaB OOMEHHBIX KaTHOHOB — Ca u
Mg BBI/I)Iy aKTUBHOU ACATCIIBHOCTU 3C€MJICPOIOIIHNX KMBOTHBIX BBIACIAINCH TOpH-
30HTHI 300TypOaIHH.

I25m

200m

aiin HacTpoin...  BelamcmuTe

From Pos: 17062.709, 118119.861

250m 500m 730m 25 1872m

ot Nwvmaperin. | CubardFil ogoeres., | B :

Puc. 2. 3MeHeHHe BBICOT BIOJb CKIIOHA 110 Tipodrutro JIIT Ne 133

Fig. 2. Change in elevation along the slope lengthwise the profile of
the forest belt No. 133

UccnenoBanusi, HaONIOACHUS W aHAIW3bl MPOBOAWIM CIEAYIOIIMMH METO-
namu: Tymyc — o meroay M.B. Tiopuna B momudukaunu B.H. Cumakosa (I'OCT
26213-91); pH conesoii (B 1,0 5. KCl) 1 BOTHOH BBITSKEK — MOTEHIMOMETPUYECKH
(F'OCT 26483-85); runponutudeckasi kucaotHocTs — 1o Kanmeny (I'OCT 26212
91); oomennbie Ca u Mg — TPUIIOHOMETPUYECKHU; BHITSCHEHHE OOMEHHBIX KaTHO-
HoB Ca u Mg XJIOpUCTBIM HaTpHeM — 10 MeTojuke [louBeHHOro MHCTUTYTA; Kade-
CTBEHHBIH COCTaB ryMyca — 1o Metoy TropuHa B Mogudukanun B.B. [Tonomapesoii
u T.A. ITmotaukoBoii [10].

Pesynomamut uccredosarus u ux oocyscoenue

OnHO¥ 13 OCHOBHBIX XapaKTEPUCTHK TIOYBEHHOTO MTOKPOBA SIBIIAIOTCS MOPQOIIO-
TMYECKUE CBOICTBA, JAIOIIHe BAKHYIO HHPOPMAIIUIO 00 N3MEHEHUH MOIIHOCTH TeHETH-
YEeCKUX TOPU30HTOB TIO]T BIMSHUEM MIPUPOHBIX ¥ aHTPOIIOTeHHBIX (DaKTOpoB. AHAIHU3U-
PYyeMbIe yJaCTKH XOTs ¥ ObLIH CXOXKH 110 JUANAa30HY MOITHOCTH MIOYBEHHBIX TOPH30HTOB,
HMeTH HeKOTOphIe pazmmuns. Kak u cienoBano oxxuaarhb, Ooee BhICOKas MOIITHOCTB T1a-
XOTHOTO ¥ TyMYCOBOT'O TOPU30HTOB XapaKTepHa I IOYB JIECHBIX HAaCaXIeHnH (Taou. 1).
CpeHue 3Ha4YEHHS KaK Ha BOJOpa3Jielie, TaK U Ha CKIIOHE OKa3aiuch ommsku — 35,1+0,6
n 35,2+1,9 cm coorBerctBeHHO (JIIT Ne 133). Ilpu 3TOM MUHMMAaNBHBIE TIOKAa3aTENN Ha
CKJIOHE paBHUTUCH 18 cM, MakcumanbHbIe — 47 cM. Ha mmakopHo# 9actu pazopoc ObIT
HamHoro Menblue — 30...39 cMm. bornee BbicOKast MOLITHOCTh FTOPU30HTA B IEPBOM CIIydae
00YyCJIOBJICHA aKTUBHOM JIEATSIILHOCTHIO 3€MJICPOIOIINX YKUBOTHBIX, KOTOPBIE XOPOIIO
Pa3BHBAIOTCS HA TEIIIBIX OOPAIIICHHBIX K COJTHITY yJaCTKaX.

Ha maxoTHBIX yroabsax, HECMOTPS Ha Pa3INYHYI0 YPO3HUOHHYIO OMMACHOCThH Ha
HUX, MOUIHOCTb TOPU30HTOB MMeEJIA IPAKTUYECKU paBHbIC 3HaueHUs — 26,4+1,2 cMm
(Bomopazmen) u 27,5+1,6 cm (ckion). [Ipu sTom murEMyM coctaBui 21 u 12 cwm,
MakcuMyM — 32 1 38 cM cooTBeTcTBEHHO. CX0XKECTh Cpe/IHMX TIOKa3aTesel cBsa3aHa ¢
00pa30BaHUEM B PE3YJIbTATE CIKETOHBIX 00Pa0OTOK IMOYBHI (BCIIAIIIKA) OHOPOIHOTO
TOMOTE€HHOTO CJIOSI.
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Tabnuna 1
MourHOCTh TeHeTHYEeCKHX TOPH30HTOB, CM
R R R
JITT Ne 133, ckiioH 35,2+1,9 61,8+3,1 83,1£2,7 73,6+4,5
JITT Ne 140, ckmon 30,2+2,1 72,6+5,1 - 55,04+5,2
[MammHs, ckioH 27,5+1,6 53,3%1,8 80,3+4.,4 57,7£5,1
JITT Ne 133, Bogopaszzaen 35,1+£0,6 85,6+3,9 95,0+1,3 64,7+5,2
[Mamns, Bomopasmen 26,4+1,2 59,6+2,4 77,3+£5,7 62,7+4.9

[Tpumedanue: {1 arpOreHHBIX MMOYB TEMHOT'YMYCOBBIH TOPH30HT COCTOUT U3 PU+AU, nns
JIECHBIX — TOIBKO 13 AU.

B JIIT Ne 140, pacrniono)xeHHOW MOMNepeK 3pOAMPOBAHHOTO CKIIOHA, CPEeIHsSA
MOIITHOCTh TEMHOTYMYCOBOTO TOpH30HTa paBHsUTach 30,2421 cM, MEHIMYM — 23 cM,
makcuMyM — 40 cm. [Ipu 3TOM OHa yBenMuMBaIach 0 Mepe yAajIeHus OT OILyIIECYHON
YaCTH JIECHOH MOJIOCHI.

HawuGonee cymiecTBeHHbIE pa3inuusi OTMEUAIOTCS IPH OLEHKE MOIHOCTH FyMYy-
COBOTO cJ1051 AB B 11€710M. BOJBIIMHCTBO MOYB COOTBETCTBYIOT CPEAHEMOIIHBIM BUIaM.
Tonwko mox JIIT Ne 133 Ha Bomopas/ene ux MOXKHO OTHECTH K MOIIHBIM — 85,6+3,9 cMm.
Wnrepecen daxt yBenandenus o cpaBHenuro ¢ JIIT Ne 133 momHocTr ropusonta AB
rox JITT Ne 140 na ckiione — 72,6+5,1 cm. Pasmnune cocrasisier 10,8 cM. Pacnonoske-
aue JIIT Ne 140 nonepek ckitoHa criocoOCTBOBAIIO CHIKEHUIO SPO3UOHHBIX TIPOIIECCOB
Y MPEIOTBPAILECHUIO CMbIBA MOYBBL. OO 3TOM MOXKHO CYIHUTH MO YBEIMUYECHHUIO OOLIeH
MOIIHOCTH T'YMYCOBOTO TOPHU30HTA IO MEpe MPUOIKEHHS K onyIuke (puc. 3).
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PaccrostHue, m

Puc. 3. I3MeHeHne MOIIHOCTH T'yMYyCOBOTO TOPU30HTA O] BIMSHNEM MTpHOanoy-
HOU MOYBOOXpaHHOM mojockl: 1 — ropusont AU(PU+AU); 2 — ropusont AUb;
MIPSIMOYTOJIFHUKOM (TyHKTHpHast TUHUA) oTMedeHa JIIT Ne 140

Fig. 3. Change in thickness of the humus horizon under the influence of the ravine
soil-saving belt: 1 — horizon AU (PU+AU); 2 — horizon AUb; forest belt No. 140
is marked by the rectangle (dashed line)
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B pesynbrare pa3BuTHS 3PO3HOHHBIX IMPOLECCOB T'yMYCOBBIM TOPH30HT Ta-
XOTHOTO Y9acTKa, PACIIONIOKCHHOTO Ha CKIIOHE, ObUT MUHUMAThHBIM: 53,34+1,8 cMm.
Haumenpmme nokaszarean cOCTaBHIM 35 cM, MakcuManbHble — 70 cM. Mennana Ha
OJIHOM YPOBHE CO CPEJHUM 3HAUEHUEM — 55 cM.

[TouBbI 00CNETOBAaHHBIX YYaCTKOB MMEIOT HEKOTOPBIC PAa3NIU4Hs 1O TITyOWHE
BEpXHEW TpaHMIBl MOSBICHUS KapOoHaTOB Kanbius (muHus Bekumanus ot HCI).
Hanmvenpmras rmyOnna Bckumnanus orMedeHa y mous JIIT Ne 140 B cBs3u ¢ OobIion
JI0JIeH B MX COCTaBe YepHO3EeMa 300TypOMPOBAHHOTO U 33 CYET MEePEeMEIINBAHUS Ma-
TepHuaa TyMyCOBOTO M aKKyMYJIITHBHO-KapOOHATHOTO TOPU30HTOB. CpeaHss TIryon-
Ha Bckunanus — 55,0+5,2 cm, Bapuanus — 40,0...90,0 cM. CMexHOpaCHOI0KEHHBIN
3PONMPOBAHHBIA YYaCTOK TAIlHU MMeJ OJM3Kue mokasarenu — 57,7+5,1. Onnako
W3-3a TIECTPOTHI TIOYB, HAJTUYHSI 300TypOUPOBAHHBIX M BBIMIEIOUCHHBIX YEPHO3EMOB
1yOnHa Bckunanus BapsupyeT ot 2 10 100 cm.

ITomx JIIT Ne 133 xapOoHATHI TOSBIAIOTCS B 00Jiee TIIYOOKHMX ITOYBEHHBIX TO-
pusoHTax. Ha BomopasaensHOM ydacTke ITyOMHa BCKHITAHWS OTMEYEHA Ha YPOBHE
64,7£5,2 cM, HA CKJIIOHE YBeIUYUBaETCS a0 73,6+4,5 cM. DTO CBSA3aHO C HATUIUEM
B COCTaBE ITOYBEHHBIX KOMOMHAIMHA OOJBITION OJTH YePHO3EMOB BhIICITOYCHHBIX.

W3ydeHne TyMyCHOTO COCTOSIHUSI YEPHO3EMOB CBHJICTCIILCTBYET O JIOBOJIb-
HO BBICOKOM CONIEP)KaHHH OPTaHWYCCKHUX BEIICCTB B ATHX MouBax. Kak u ciemosa-
JI0O OXHJIaTh, MAaKCHMaJbHO BBICOKAsl KOHIIEHTpAIUsl TaKMX BEIIECTB XapaKTepHa
JUIS TIOYB BOAOpPAa3NeibHBIX ydacTKoB. B ueprozemax JIIT Ne 133 ona cocraBuia
8,56+0,18 % (MmurEMyM — 7,32 %, makcumyMm — 9,86 %). MennaHHoe 3HaueHUE —
8,55 %. Koadduument BappupoBanus — 8,30 % (tadum. 2).

TabOnuma 2

KauecTBeHHblii cocTaB rymyca B ciaoe 0-20 cm

VYuacTok T'ymyce, % | Copr.,% Crk.,% Chk.,% | Crk.:Cox. CuHo., %

JIIT Ne 133, ckmon |7,42+0,18 | 3,04+0,18 | 2,37+0,16 | 0,67+0,05 |3,53+0,33 | 1,26/31,2
JIIT Ne 140, cxmon |7,03+0,27(2,71+0,13 | 1,87+0,12 | 0,84+0,05 |2,22+0,21| 1,36/33,4
JITT Ne 133, mamss,

CKJIOH
JIIT Ne
133,Bon0pazaen
JIIT Ne 133, namss,
BOJIOpAa3en

6,100,101 2,50+0,05 | 1,79+0,05 | 0,71+0,08 |2,52+0,23 | 1,03/29,3

8,56+0,18 | 3,39+0,11 | 2,54+0,11 | 0,85+0,02 |2,98+0,16| 1,57/31,8

7,14+0,24 | 3,23+0,08 | 2,53+0,08 | 0,70+0,03 |3,61+0,21| 0,91/22,0

[Mpumeuanue: Copr. — cyMMa 'yMHHOBBIX U (yJIbBOKHCIOT; CIK. — YIJIEPO/] T'YMHHOBBIX KHC-
not; Cox. — ymepon dynbBokucior; CHO. — YIIEpo/ HETHPOIM3yeMOro ocrarka (TyMHHA)
0T 00IIEro colepKaHus MOABIKHOTO yriepoaa (Coor.).

Ha cMexHOM ydacTke MaxOTHOHM ITOYBBI IUTAKOpa YEPHO3EMBbI OBLIN MEHEe Ty-
MycupoBanbl. CpenHee conep:xanue rymyca B cioe 020 cm cocrasuno 7,14+0,24 %
(MuHUMYM — 6,4 %, MmakcumyM — 9,14 %). Meauana — 7,02 %, kKo3ppuLneHT BapbH-
posanus — 10,8 %. MokKHO KOHCTaTupoBaTh, YTO MOYTH yepe3 70 jer mocne mocasu-
ku JII1 paszHuma rymycupoBaHHOCTH depHO3eMOoB mamHu u JIII cocraBmma 1,42 %
(Ipu paBHBIX yCIOBUSIX HA MOMEHT [TOCAIKU JPEBECHBIX KYIBTYpP). ITO 00bsACHSIETCS
BJIMSHUEM aHTpONOreHHoro (akropa. Exeromnele morepum Ha JeryMuHUKanuio
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namHu paBHstoTcs 0,02 %. Takue 1aHHBIE COMIACYIOTCS C MOMyYEHHBIMU paHee [22].
CymectByer MHeHHe, 4To B mouBax JII1 copeprkanue rymyca MOCTOSIHHO MJIH MEHSI-
eTcsl He3HauuTenbHo [11].

B depHoO3emax CKJIOHOB cojep:kaHue opraHuueckoro emiectsa moxa JIII
B cpenHeM cocrtasiser 7,42+0,18 % (JIIT Ne 133) u 7,03+0,27 % (JIT Ne 140).
Ha mamae otMedeno MuHUMAaIbHOE copepkanue rymyca — 6,10+£0,10 %. [Ipu stom
€ro eKerogHsle motepu Takke Obuty Omm3km k 0,02 % (kak u Ha BoAOpaszelne).
Taxnm o6pazom, mpudanounas JIIT Ne 140 cymiecTBeHHBEIM 00pa3oM CHHU3HIIA DPO3HU-
OHHBIE MTPOIIECCHI U CIIOCOOCTBOBAJIA COXPaHEHUIO Tymyca. [Ipu cpenHem ero comep-
xanuu nox JIIT Ne 140 7,03 % na ynanenuu 10 50 M OT oITylIku (BBEpX IO CKJIOHY)
KOJIMYECTBO OPraHMYECKOTO BelecTa Obu10 Ha ypoBHE 6,50 %. U numb Ha ynane-
HuU cBbime 70 M cHIkaock 110 5,90 %.

B uccnenoBaHHBIX YePHO3EMHBIX MTOYBaX JECHBIX 1IeH030B KamenHoii Crenun
TryMyC UMEeT, KaK MpaBUiIo, TYMaTHBIH cOCTaB. [ yMHUHOBBIE KUCIIOTHI JOMUHUPYIOT
Hax QynbBokucioramu. boiee Boicokoe oTHomeHne Crk./Chk. XapakTepHO Uis
yepHo3emoB o JIIT Ne 133: 3,53+0,33 (cxiion) u 2,98+0,16 (Bogopaszuen). [lamnus
BOJIOPA3JENFHOrO YYacTKa TaKKe XapaKTepH30Balach BBICOKUM 3HAYEHHUEM ITOTO
nokazarens — 3,61+0,21. MunumansHoe cootHoineHue Crk./Cdk. OTMEUYCHO B
yepHo3eMmax ckiioHa Ha mamrHe u JITT Ne 140: 2,52+0,23 1 2,22+0,21 COOTBETCTBEHHO.
B oToll CBS3M MOXXHO OTMETHTH, YTO XapakTep HM3MEHEHHs ObLI HMICHTHYCH
0coOeHHOCTSIM TyMycoBoro coctosiaust. Cambie Bbicokne Crk./Cox. ObUTM y TIOUB
C MaKCHUMallbHBIM 3HaueHHEeM cojiepkaHus rymyca. OOmmeid 3aKOHOMEPHOCTBIO
SIBIISIETCS] BBICOKAs CTETIEHb TYMH(HKAIIMA OPTaHWYECKOTo BemecTBa mouB. [loms
TYMHUHOBBIX KHCIIOT OT obmero Copr. cocrasiser 45.,9... 61,3 %.

OnHOH W3 TPUYMH BBICOKOTO COMEPIKAaHUS TYMHHOBBIX KHCIIOT MOXKET CITy-
KUTh PEaKIus Cpeibl YepHO3eMOB. M3menenne pH BOMHOW BHITSIKKHA B HEHTpailb-
HYFO WJIH IEIOYHYI0 CTOPOHY MPHUBOJUT K HAKOTICHHIO TYMYCOBBIX BEIIIECTB, PEH-
MYIIECTBEHHO TymMaTHOro tumna [12]. B cBoto ouepenp nosbllieHHass KapOOHATHOCTD
YEPHO3EMOB BBI3bIBACT CHHTE3 T'yMaTOB Kaibiwus [1].

AHanu3 cofiepKaHus T'yMUHA MMO3BOJISICT BBISIBUTH OJIHY OOIIYHO 3aKOHOMEp-
HOCTh: YMEHBIIICHHE €T0 JIOJH Ha MaXOTHBIX y4acTkax. MUHUMAILHOE KOJIHYECTBO
XapaKkTepHO JyIs nanrHu Bojopasaeiios — 0,91 % B coctaBe 00IIEro couepikanus op-
raHUYeCcKoro BemecTra (oTHocuTenpHas goist 22,00 %). Ha spoaupoBanHoii mamiHe
rymuna 1,03 %, oTHocuTenbHAS A0 ToBBImaeTces 10 29,30 %. MakcumManbHO BBI-
COKHM COJIEpKaHUEM ITOTO BEIIEeCTBA XapaKkTepu3oBayics uepHo3eM moxa JIIT Ne 133
BozmopaszaenbHoro ydactka — 1,57 % (31,80 % otHOcuTensHBIX). Ha cximone Crym.
HecKoinbko Hike — 1,26 u 1,36 % g JIIT Ne 133 u 140 coorBercTBeHHO. I10BBI-
IIEHHOE COJlep)KaHhe TYMHHA CBA3aHO C TOCTYTJICHHEM OOJBIIEeT0 KOJIMYEeCTBa JH-
CTOBOTO OI1a/Ia ¥ XapaKTepOM I'yMyco00pa30BaTEIbHOTO MPOIIECcCa — OH OTIIHYAeTCS
OT MPUCYIINX MaxoTHBIM yroabsaM. [1o muernro U. Kerens-Knabuepa [31], rymuH B
MOYBAaX ITOJT IECOM COCTOUT U3 MOy PA3TIOKHUBIINXCS PACTUTEIBHBIX OCTATKOB, TYMHU-
HOBBIE KUCJIOTHI SBJISIOTCS IPOILYKTOM OKHUCJICHHS TYMUHA.

3aKOHOMEPHOCTH H3MEHEHHUS! KaueCTBEHHOI'O COCTaBa TIyMmyca BepXHe-
rO CJIOS TMOYBBI HAILIM OTPa)KEHUE M B TYMYCOBOM COCTOSIHUH BCETO TOYBEHHOTO
npodiss. YCTaHOBJICHO 0ojiee BBICOKOE CoepikaHue rymyca B uepHo3emax JIII.
Ha Bonopasnensrom yaactie JITT Ne 133 xonmaectBo rymyca m3MeHsuioch ot 8,56+0,18 %
(8 cinoe mouBel 0-20 cm) mo 4,97+0,22 % na miyomne 50-70 cm (tadm. 3).
Ha cmexHO pacrionokeHHOM YepHO3eMe MAITHA A0CONFOTHBIEC 3HAYSHUE OBLITA HUKE —
ot 7,14+0,24 % (cnoit 0-20 cm) o 4,05+0,80 % (50-70 cm).
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I'ymycHoe cocTosiHUE 1TO4B, %

Tabnuma 3

Cori mousskl,| JIIT Ne 133, TI Ne 140 JITT Ne 133, marmas,|  JITT Ne 133, [JITT Ne 133, mamnus,
cM CKJIOH CKIIOH BOZIOpa3es BOZIOpa3ies
0-20 7,42+0,18 | 7,03%0,27 6,09+0,10 8,56+0,18 7,14+0,24
20-30 6,88+0,17 | 6,58+0,42 5,64+0,10 8,13+0,18 6,58+0,14
30-50 4,94+0,42 | 5,38+0,20 3,72+0,14 6,49+0,25 5,71+0,37
50-70 2,60+£0,36 | 3,46+0,28 2,1740,18 4,97+0,22 4,05+0,80

CKJIOHOBBIC TTOYBBI XapaKTePU30BAIMCh MEHBIINM COZCpKaHueM Tymyca. Ero
MUHUMAJIBHOE KOJIMUECTBO OTMEUCHO HA MaXxoTHOM yuactke — 6,09+0,10... 2,17+0,18 %
o npoduiro mousbl. [Tog MoIOTOM IpeBeCHBIX KYJIBTYp, B HUKHUX TOPH30HTAX, —
2,60+0,36...3,46+0,28 %.

B xapakrepe n3MeHeHUS TPOPHUILHOTO COMAEpXKaHHUS TyMyca HEOOXOTUMO
OTMETHUTh HEKOTOpBIE 0COOEHHOCTH. J[JIs MIaKOPHBIX Yrofuid CBOWCTBEHEH Oolee
MEJICHHBIH TPEH]I €T0 CHUXKCHHS OT BEPXHUX K HIDKHUM MTOYBEHHBIM FOPH30HTAM.
Paznuna mexny cnosimu 0-20 u 50-70 cm cocraBuna 72,2—76,2 %. Ha ckI10HOBBIX
anieMeHTax peibeda pasnuuus gocturanu 180,6—185,3 %. ckrouenuem crana JIIT
Ne 140, pacnionoxenHas monepek ckioHa. OHa sSBISETCS CBOCOOPa3HBIM OapbepoM,
CIEeP KUBAOIIUM 3PO3HUOHHBIE Tpoliecchl. [lo ee BIUSHUEM YBEITHMUHUBACTCS MOIII-
HOCTh TYMYCOBOTO TOPH30HTa M B KOHEUHOM HTOTE CofiepKaHue rymyca. Ha rimyoune
50-70 cM ero konu4ecTBO cocTaBuio 3,46 %, uro Ha 0,86—1,29 % BrIIIE IO OTHOIIE-
HUIo K ckiony u mamtae JIIT Ne 133. JIpeBecHbIe KynbTYphl 00€CIIEUHBAIOT OOTBITHIA
00beM PaCTUTECIBHBIX OCTAaTKOB B BUAC JIMCTOBOI'O Ollajga, MUTpalUiO0 I'YMYCOBBIX
BEIIECTB IO TIOYBEHHOMY MPOGMITIO ¥ OJABMKHOCTH TyMyca. ['ymycoBbIit mpohnib
B OTOM CBSI3M MPUOOPETAET OTIIMYUTENLHBIC YEPThI, HECBOWCTBEHHBIE TAXOTHBIM YTO-
IbsiM. B uepHO3eMax manrHu CHIKEHHE COIepIKaHusl ryMmyca 00yCIOBICHO YCUIICHU-
€M MPOIIECCOB MUHEPAIHM3AINY TYMYCa U PACTUTEIILHBIX OCTATKOB M3-3a CIKETOTHON
00pabOTKH MOYBBI ¢ 00OPOTOM ILIACTA.

BaxxapimMu KOMIIOHCHTaMH, XapaKTCPpU3YHOIINMHU COCTOAHUC TOYBEHHOM
Cpelbl, SBISAIOTCA (U3UKO- XMMHYECKHE IMoKa3arenu riogoponus. [locpeactBom
aHaju3a HamOoJee 3aMEeTHBIE pPazNu4us B THIpOIUTHYecKor kucimorHocth (Hr)
BBISIBIICHBI B TYMYCOBO-aKKyMyIsTHBHOM ropu3oHTe (0—70 cm). B Himkenexamumx
MoYBEeHHBIX TOpu30HTax (70—200 cM) 3aMETHBIX M JOCTOBEPHBIX PACXOXKJICHUI HE
ycranoBieHo. Hr BappupoBana B ocHoBHOM B mHTepBaie 0,2—0,3 cMoinb (9KB)/KT
MMOYBHI (Tabm. 4).

Bonee Bpicokme 3HaueHuss Hr mius rymMycoBO-akKyMyISITHBHOTO TOPHU30HTA
HaOIIFOJAI0TCSl Y YepHO3EeMOB JIECHBIX 11eH030B. Ha BomopasnebHOM ydacTKe O
JIIT Ne 133 Hr usmensinace o npoduito ot 4,26+£0,06 1o 1,96+0,47 cmoinb (9kB)/
kT, Ha ckione JIIT Ne 133 — ot 4,91+0,84 no 2,55+0,35 cmonb (3kB)/kr. Ha cMex-
HBIX TTAXOTHBIX YyepHo3eMax — ot 1,88+0,28 mo 0,93+0,59 u ot 2,26+0,20 no 0,23+
+0,04 cmoab (9KB)/KT cOOTBETCTBeHHO. CTONH CYIIECTBEHHOE pa3indne oOBsICHS-
€TCS XapaKTepOM IMOCTYIAOIINX Ha TIOBEPXHOCTD MOYBHI OPTAHMYECKUX OCTATKOB.
B necHOM 11€eHO3€ TUCTOBOM OMaJ CIIOCOOCTBYET M3MEHEHHIO TEUCHUS IIOYBEHHBIX
MIPOIIECCOB M MOJKUCICHUIO YSPHO3EMOB (BIIUSHUE MTPOJAYKTOB pacmaia).
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Ta6uuna 4

I'uapoanTyeckass KHCJIOTHOCTb, CMOJIb (IKB)/KT

Cnoit moussr,| JIIT Ne 133, JIIT Ne 140, JIIT Ne 133, JIIT Ne 133, [JITT Ne 133, mamHs,

CM CKJIOH CKJIOH ITaIIHsA, CKJIOH BOZIOpasaeci BOZIOpasacn
0-20 3,7941,12 | 226£029 | 226+020 | 4,26+0,06 1,88+0,28
20-30 491+0,84 | 2,4440,66 | 2,53+0,10 | 4,44+0,31 2,0140,20
30-50 425+036 | 1,62+0,80 | 0,70£0,06 | 3,51+0,44 1,80+0,17
50-70 2,5540,35 | 0,9240,70 | 0023+0,04 | 1,96+0,47 0,93+0,59
70-100 | 034+0,06 | 023£0,01 | 0,23+0,05 | 0,44+0,06 0,23+0,01
100-120 | 0,2440,02 | 0,29+0,06 | 0,23£0,03 | 0,23+0,01 0,23+0,01
120-150 | 0,2340,02 | 0,29+0,06 | 0,23£0,02 | 0,23+0,01 0,23+0,01
150-170 | 0,2140,02 | 0,29+0,06 | 0,23+0,02 | 0,23+0,01 0,23+0,01
170-200 | 0,2540,02 | 0,23+0,01 | 0,11£0,01 | 0,23%0,01 0,23+0,01

AKTyanbHasi KHCIIOTHOCTh YEPHO3EMOB MMeJia 0COOCHHOCTH, OIpe/eIieMbIe
XapaKTepOM HCIIONB30BaHUS YTOAUI U MPOU3pACTAIONICH Ha HIX PACTUTEIBLHOCTHIO.
Amnanu3 nokaszateneid pH BOJHON BBITSDKKH MTO3BOJIHII OTMETHTH JIBA OCHOBHBIX MO-
MEHTa: BCE IMOYBBl XapaKTEPU3YIOTCA HEUTpalbHON peakuuel cpeabl ¢ NOBEPXHO-
CTH, PEAKIIHsI IEPEXOIUT B IICJIOYHYIO B KapOOHATHO-aKKYMYJISITUBHOM TOPU30HTE;
pasziuueH xapakTep npo(uILHOr0 U3MEHEHUS aKTyajlbHON KHCIOTHOCTH. B BepxHem
cioe noussl 020 cMm 3HaueHune pH Boa BappupOBaIoO B HE3HAYUTEIHHBIX MIPEesax —
6,69+0,09...7,30+0,09 (Tadm. 5). B yepHO3eMax JIECHBIX IIEHO30B B HIDKEICKAIINX
MOYBEHHBIX Topr3oHTaX (20-50 cM) MPOHMCXOIUT CMEIICHWE KUCIOTHOCTH ITOYBBI
1o 6,47...6,70 en. pH, uro HauGonee 3aMeTHO Ha ckiIoHOBOM yuactke JIIT Ne 133,
Y 4epHO3eMOB TAITHHA ATa 3aKOHOMEPHOCTh HE BBIPAKCHA. YBEIMUEHUE KHUCIOTHO-
CTH JIECHBIX ITOYB 00YCIIOBIIEHO BO3CHCTBHEM KHCIBIX TPOIYKTOB pacraja JIEeCHOH
MOACTHIKY. Ha maxoTHBIX 3eMIIsIX, HECMOTPsI Ha TPUMEHEHHE MUHEPAIbHBIX YIIO-
OpeHMii, CMELICHHSI PEeaKIMU CPellbl YePHO3EMOB HAMU HE OTMEYEHO. B 3TOM OTHO-
IICHUU POJIb JICCHOM MOJICTUIIKK OblIa BRIpaXKeHa 00JI€€ OTUYCTIIMRBO.

B xapOoHaTHBIX TOPU30HTAX TOYBHI 3HAYCHUS AKTYyaTbHOW KUCIIOTHOCTH OBLTH
CYIIIECTBEHHO CIIBUHYTHI B IIEJIOYHYIO CTOPOHY. Ha miryOuHe HuXe TyMyCOBOTO CIIOS
PpH BoaHOM BBITSKKH U3MEHSIICS B Tpeaenax ot 7,86 go 8,72. [lpuunnoit ctano noj-
TATUBAHUE K TOBEPXHOCTHU CPEAHEMHHEPATN30BAHHBIX T'PYHTOBBIX BOJ, YTO MOJ-
TBEPKJIAIOT MMPOBEJICHHBIE HAMHU HCCenoBaHus [22].

Amnanu3 oka3zarenei pH coneBoii BBITSKKH (Talur. 5) yKa3bIBaeT Ha U3MEHe-
HUE KUCJIOTHOCTH YEPHO3EMOB IOJI JICCHBIM I[EHO30M JI0 CpEIHe- U CITabO0KHUCIION
CTEMEHU 10 CylIecTByoIel kinaccupukanuu [9]. Takue 0COOCHHOCTH OTMEUEHBI
mont JIIT Ne 133 mo Bceif ToIe ryMyCcoBO-aKKyMYJISITHBHOTO TOPU30HTA. B HuKe-
JeXamnx KapOOHATHO-aKKYMYJISITUBHBIX TOPU30HTaX 3aUKCHPOBAH PE3KUI CKa-
YOK CMEIICHHS PEaKIMK CPeJIbl B MIEIOYHYI0 cTOpoHy. [lo BceM oObekTam uccie-
noBaHuil Ha youne 70-200 cm pH cosneBoil BRITSKKH BapbUpOBall B HHTEPBAJC
7,32...7,84.
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Tabnuma 5

3HavyeHusn pe€aKIuu Cpeabl

Croii moussr, | JIIT Ne 133, JIIT Ne 140, JIIT Ne 133, JITT Ne 133, |JIIT Ne 133, namss,
cM CKJIOH CKJIOH TAILHS, CKJIOH | BOIOpa3nel BOJOpA3aeN

Pty
0-20 7,01£0,20 7,06+0,07 7,02+0,09 6,69+0,09 7,30+0,09
20-30 6,50+0,12 6,93+0,11 6,83+0,11 6,55+0,07 7,24+0,12
30-50 6,47+0,06 7,31+0,24 7,69+0,11 6,70+0,09 7,23+0,12
50-70 6,83+0,14 7,72+0,32 8,34+0,14 7,30+£0,21 7,68+0,41
70-100 7,86+0,19 8,16+0,08 8,50+0,14 8,04+0,14 8,31+0,03
100-120 8,29+0,08 8,34+0,03 8,72+0,18 8,40+0,04 8,33+0,05
120-150 8,40+0,01 8,46+0,06 8,42+0,12 8,42+0,05 8,44+0,03
150-170 8,41+0,05 8,45+0,05 8,57+0,11 8,41+0,10 8,33+0,03
170-200 8,47+0,07 8,43+0,06 8,65+0,12 8,49+0,15 8,43+0,16

PHyq
0-20 6,15+0,20 6,45+0,12 6,25+0,11 6,13+0,12 6,62+0,14
20-30 5,61+0,18 6,33+0,25 5,90+0,12 5,87+0,09 6,54+0,14
30-50 5,41+0,12 6,74+0,42 7,14£0,10 | 5,88+0,14 6,34+0,09
50-70 5,62+0,25 7,03+0,48 7,52+0,23 6,45+0,28 6,46+0,46
70-100 7,32+0,06 7,47+0,09 7,59+0,18 7,34+0,06 7,47+0,01
100-120 7,46+0,05 7,53£0,04 7,63£0,14 | 7,51+0,02 7,50+0,01
120-150 7,51£0,04 7,56+0,04 7,61£0,18 7,56+0,02 7,45+0,06
150-170 7,52+0,04 7,56+0,06 7,68+0,11 7,58+0,02 7,514+0,04
170-200 7,48+0,02 7,54+0,06 7,84+0,15 7,61+0,03 7,50+0,02

BaxHoii 4acThO (PM3UKO-XMMHUYECKUX ITOKA3aTelei MOYB SIBISETCS COCTaB
O0OMEHHBIX KaTHOHOB uepH03eMOoB. Cozeprkanue ooMeHHOro Ca I0cTUTano Hanbob-
IeTO 3HAYEHHs B BEPXHUX TOPU30HTAX 4epHO3eMOB. Kakux-mu0o SBHBIX pa3imnyuii
YCTaHOBUTH HE YAAIOCh. MOXHO JIMIIL OTMETUTH CIa00BBIPAKEHHYIO TCHICHIIUIO K
yBenmaenuto konndectsa Ca mox JIII. HexoTopoe ero CHIKEeHHEe B MaXOTHBIX MTOYBAX
CBSI3aHO C €KETOIHBIM OTIYKJCHHEM C TIOJISI 3€PHOBOI M BETETAaTUBHOM YacTH ypo-
xas (mox mosoroM JIIT ocraercst IMCTOBOM Omajl OOrarhiif 30JbHBIMU DJIEMEHTAMH).
[IpodpunpHOE pacmpenencaue obMmenHoro Ca XapaKTepHU30BAIOCHh IOCTETICHHBIM
YMEHBIIICHHEM B T'yMYCOBO-aKKyMYJISITHBHOM TOPH30HTE, IIPH TIepexo/ie B KapOoHaT-
HBIE TOPU30HTHI OHO OBLIO ele 0oJiee 3aMEeTHO.

bonwmiee comepskanne 0OMeHHOTO Mg OTMEUEHO B TTOYBAX JICCHBIX IICHO30B.
OCO0OEHHO OTUETIMBO JaHHAs 3aKOHOMEPHOCTh MPOCIIEKUBACTCS Ha BOJOpa3ere.
Bricokoe cooTHOIIEHHE OOMEHHOTO KalblMs K MarHUi0 3a(UKCUpOBaHO Ha BcexX
yJacTkaxX. B BepXHHUX ropu3oHTax Bapuarus cocraBmia 4,61...6,40 (Tabm. 6). B xap-
OOHATHBIX TOPU30HTAaX, OCOOCHHO B 3POJUPOBAHHBIX MMOYBaX, copepxkanue Mg 3a-
METHO YBEIIMYNBAIOCH.
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CocTaB 00MeHHBIX KATHOHOB, CMOJIb (3KB)/KI'

Tabauma 6

Crnoti moussl,| JIIT Ne 133, JIIT Ne 140,  |JIIT Ne 133, mamas,|  JIIT Ne 133, [JIIT Ne 133, marss,)
cM CKIIOH CKJIOH CKIIOH BOZIOpA3/e BOZIOpa3ziel
Ca
0-20 26,9+1,52 29,5+1,30 28,04+0,92 27,4+0,89 24,8+1,21
20-30 25,0+1,88 26,1+0,50 25,6+0,63 29,1£1,73 26,5+0,89
30-50 23,1+1,84 | 28,4+1,45 27,5+0,69 26,34+0,68 24,2+1,20
50-70 22,9+1,43 26,3+1,88 26,8+0,59 26,4+0,82 23,8+1,78
70-100 22,5¢1,00 | 22,442.,81 21,3+0,39 26,1+1,10 23,0+1,20
100-120 | 20,4+0,06 19,4+1,64 20,0+0,32 20,8+0,50 20,8+0,13
120-150 | 20,2+1,28 17,2+0,94 16,1+0,98 19,4+1,08 20,8+0,35
150-170 | 17,4+1,24 17,9£1,66 12,0+0,45 18,4+1,46 20,6+0,52
170-200 | 18,4+2,33 17,4+2,15 8,5+0,22 17,2+1,50 19,6£1,15
Mg
0-20 5,2+0,47 4,6+0,37 4,7+0,43 6,3+0,16 4,1+0,09
20-30 5,0+0,64 4,8+0,34 5,1£0,56 6,3+0,47 5,1£0,29
30-50 4,6+£0,59 4,1+0,79 4,7+0,36 4,9+0,32 4,0+0,15
50-70 4,1+0,53 4,0+0,42 4,6+0,29 4,0+0,24 3,6+0,35
70-100 4,2+0,46 4,2+0,43 10,5+0,65 4,5+0,25 4,1+0,91
100-120 4,4+0,51 6,4+1,37 12,6+£0,95 4,9+0,34 3,94+0,35
120-150 5,8+0,46 6,9+1,38 12,040,889 6,94+0,49 5,1£0,49
150-170 5,4+0,56 8,4+1,61 8,2+0,54 9,4+0,63 5,8+0,35
170-200 5,94+0,68 8,4+1,18 5,3+0,16 10,0+0,48 5,6£0,76
Buisoowt

1. UnTeHcuBHBIE pabOTHI 1O CO3/IaHUIO JIECHBIX TOYBOOXPAHHBIX HACAKIACHUN

B CTEIHBIX PETHOHAX €BpoIeiCcKoi yacTu Poccuu, mpoBeieHHbIE BO BTOPOM MOJIO-
BHHE MPOIIOTO CTOJIETHS, TIOKA3aIH, YTO UCKYCCTBEHHBIE JIECHBIE TIOJIOCHI MTOJIOKH-
TEJIHO BIUSIIOT HA MOP(OJIOrHYeCKHEe MPU3HAKK YePHO3EMHBIX MTOYB, CIIOCOOCTBYIOT
MOBBIILICHHUIO MOIIHOCTH I'€HETUYECKUX TOPU30HTOB U coaepskaHus rymyca. Heooxo-
MO JajbHelnee NpoBeJeHne paboT No 001eCeHHI0 COBPEMEHHBIX arpoianamad-
TOB M MEPONPHUATUH, HAIIPABICHHBIX HA COXPAaHEHNE UMEIOIINXCS JIECHBIX MOJIOC.

2.V ($pakuMOHHOIO COCTaBa ryMyca YepHO3EMOB €CTh CBOM OCOOECHHOCTH,
CBSI3aHHBIE C XapaKTEPOM HCIIOIb30BaHUS YTOAUN. DTH IOYBbI UMEIOT I'YMaTHbIH THIT
ryMyca, 4TO CBSI3aHO C BBHICOKOM KapOOHATHOCTBIO M 0Opa3oBaHUEM TymaTa Kallb-
nus. B depHO3eMax JIECHBIX HACAXKACHUN T'yMYCOBBIE BEIECTBA XapaKTEPU3YIOTCA
MUTrpanuei B 6omnee riryOOKHe clor MOYBEHHOTO Mpoduiisi. AOCOTIOTHBIC BEIIMUUHBI
(pakuuii TyMUHOBBIX KHCIIOT H (DyJIBBOKHUCIIOT, & TAK)KE T'YMHHA YEPHO3EMOB JIECHBIX
I10JIOC MPEBBIIIAIOT JIAHHBIE NTOKA3aTENH JUUIS [T0UB MAXOTHBIX yroaui. [Ipuuem mak-
CHUMAaJIbHBIE 3HAYCHUS XapaKTEPHBI AJI BOJOPA3ACIbHBIX Y4aCTKOB.
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3. BnusiHue JIeCHBIX MOJIOC HA MOKA3aTeNId PEaKIUU CPEAbl OTMEYAETCS TOIBKO
B T'YMYCOBO-aKKyMYJISITHBHOM TOpU30HTE 110 ryonHbl 50—70 cM. ['maponurndeckas
KHCJIOTHOCTh YE€PHO3EMOB TI0]] JIECHOH Mojocoi joxomuia 110 4,91 cMonb (3KB)/KT,
Ha TIalTHe He MpeBbImana 2,5 cMoib (9kB)/KT. ['yMycoBBIH TTpOdHITE TI0M JIECHBIMU
[I0JI0CAMH XapaKTEPHU3YETCs CpeliHe- U CIIa00KUCIION peakuueil cpepl.

4.V 4epHO3eMOB, HCIIOJIb30BaBIINXCS HEOANHAKOBO, HE YAalloCh OOHAPYKUTh
CYIIECTBEHHOM Pa3HHUIIBI B COCTaBE OOMEHHO-TIOMIOIICHHBIX KaTHOHOB. OTMeuaeTcs
TEHJICHITUS TTOBBIIICHUS JOTU OOMEHHOTO KaJBIIHS TOf JIECHBIM IieHO30M. Hapsimy
C 3THUM 3HAYUTCJIbHA OO0JISI MAarHUs B Kap6OHaTHOM TOPU30HTE.
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Abstract. Public opinion has become increasingly critical of current logging methods and
technologies, and there is a demand for standards to guide the operations of environmentally
impactful industries. For many years, numerous researchers have studied the impact of log-
ging on forest soils, revealing that there is a high risk of damaging forest soil during forest
operations and terrain transport. Here we analyse and review a total of 105 publications in this
area. This large body of work demonstrates the scientific interest that this field has attracted.
Despite this, important areas of uncertainty concerning the impact of forest harvesting still
remain. In particular, changes in soil conditions can affect soil properties in ways that are not
well understood, with possible impacts on the physical, chemical, and biological properties
of soils as well as the structure of the soil cover. While it is difficult to fully eliminate the
negative impact of forest operations on forest soils, their adverse environmental consequences
should be minimised because soil plays a vital role in tree regeneration and helps determine
the productivity of future forest stands. Some of the most frequently cited measures and ef-
fective technological solutions to minimize damage to forest soils involve taking terrain and
different technical solutions into account when organising logging operations. Potentially
helpful technical solutions include selecting machines and mechanisms suitable for the site
conditions, using larger and/or low-pressure tyres, using tyre pressure control, using anti-skid
tracks, using track belts, meliorating wet areas, and using logging machinery incorporating
global positioning systems and geographic information systems. Planning measures that can
help minimize soil damage include choosing a suitable wood harvesting system and technol-
ogy, accounting for seasonal factors when planning logging operations, planning networks
of roads and trails in advance, leaving wood residues or mats on soil surface, training for-
est specialists, and reducing the number of machine passes over skid trails and strip roads.
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Despite active interest in applying sparing methods of wood harvesting, uptake of measures
designed to reduce negative impacts on forest soils after logging has been limited. This may
be due to a lack of scientific and technical information and the high cost of implementing best
management practices. Moreover, economic factors and production plans may require wood
harvesting throughout the year, irrespective of conditions.
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Annomayus. OTHOLIEHHE OOLIECTBEHHOCTH K BOIIPOCY 3KOJIOTHYHOCTH JIECO3arOTOBHUTEb-
HBIX METOJOB M TEXHOJOTHH 3arOTOBKHM APEBECHHBI CTAHOBUTCS BCE 0oliee KPUTHYHBIM.
Anammz 105 myOnukaruif, BKIIOYEHHBIX B JaHHBIH 0030p, MOKA3bIBACT, YTO MOJOOHBIE HIC-
CJICIOBAHUS BBI3BIBAIOT MHTEPEC Y YUCHBIX BCETO MHpA. 3a JUINTEIBHBIA IIepUON H3ydeHHs
0003HaYCHHON MPOOIEMBI HAKOMTMIIOCh MHOTO PaboT O BIHSHUM PyOOK Jieca Ha JICCHBIE T0-
yBbl. OIHAKO, KaK OTMEYAIOT CHELHAINCThI, 3TH 3HAHUS eIlie He SABISIOTCS MONHBIMU. Ha BbI-
pyOKax BCIEACTBHE ABIKCHHUS MAIIMH BO BPEMs BBIIOJIHEHHS TEXHOJIOTHYECKUX OIlepanunii
HOSIBIISIIOTCS Pa3JIMYHbIe TOBPEXKICHUS TpyHTA. M3MEHEHHS yCIOBHI MOYBOOOPA30OBAHUS B
TOHM WJIM MHOM CTENIeHN OTpPaKaloTCs Ha BCEX CBOMCTBAX IMOYBBL (PU3MUYECKUX, XUMUUCCKHX
1 OMOJIOTHYECKHX — a TaKKe Ha CTPYKType IOYBEHHOI'O IOKpOBa. I10JHOCTBIO MCKIFOUUTH
BO3/ICHCTBHE JIECO3arOTOBUTENILHOW TEXHHKM Ha JIECHBIC IIOYBBI HEBO3MOXKHO, HO CBECTH
K MUHUMYMY HeoOxoanmo. Hambomee gacTo ykassiBaemble U 3()()EeKTHBHBIC TEXHOIOTHYEC-
CKHE pELICHHs [0 OrPaHHYCHHIO HeTaTHBHBIX MOCIEACTBUII MPOXoaa JICCHOH TEeXHUKH 3TO:
MIPOBE/ICHHUE JIECO3arOTOBUTENBHBIX Pa0d0OT C Y4eTOM MPHUPOAHBIX (HhaKTOPOB; BEIOOpP CHCTE-
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MBI 3aTOTOBKH JIPEBECHHBI; TUIAHUPOBAHUE CE30HA JIECO3ar0TOBOK, METOIOB JIECOCEUHBIX Pa-
00T, TEXHOJIOTHYECKOW CETH; OCTABJIEHHE MOPYOOUYHBIX OCTATKOB HA MOBEPXHOCTH TOYBBI;
JIONIOJIHUTENBEHOE 00y4YeHHUE CIIEHAINCTOB, PadOTAIOMINX B JIECY; TOI00pP CUCTEMBbl MAIIUH
1 MEXaHHM3MOB; CHIDKCHHE KOJIMYECTBA MPOE3/I0B TEXHUKU TI0 TEXHOJIOTHYECKUM BOJIOKAM;
WCIIONIb30BAaHKE IIUH OOJBIIEro pa3Mepa U HU3KOTO JIaBJICHUS, CUCTEMbI YIIPaBJICHHUS 1aBJie-
HUEM B IIMHAX; MPUMEHEHHE LeNeil MPOTHBOCKOIBKEHUS, TYCCHUYHBIX JICHT; ITPOBEICHUE
METHOopalK BIaKHBIX y4acTKoB; yctaHoBKka cucteM GPS u GIS B necozaroroButenbHOM
TexHHKe. HecMOTpst Ha akTHUBHBIA MHTEpEC K INAJISAIIAM METOJaM 3aroTOBKH JPEBECHHBI,
Mepbl, HalpaBJICHHbIC Ha COXPAaHEHHUE JIECHBIX MOYB MOCIE OCYIIECTBICHHS JIECO3ar0TOBHU-
TENBHBIX Pa0OT, NPUHATHI B HEJOCTAaTOYHOM oObeMe. [IpuunHaMu MOryT OBITH HETIOIHOTA
Hay4YHO-TEXHHYECKOW MH(OPMAIK 1 BBICOKAsI CTOMMOCTH BHEIPEHUSI IIEPEI0BOI MPAKTUKH
ynpasienus. Kpome Toro, skoHoMuueckre GpakTopbl ¥ MPOU3BOACTBEHHBIE TUIAHBI TPEOYIOT
3arOTOBKH JIPEBECHHBI B TEYCHHE BCETO rojia U HE NPUHHUMAIOT B pacyeT HeOJIaronpHsTHHIE
TIOTOJTHBIC YCIIOBHSI.
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Introduction

Forestry management and forest operations have become controversial due to
fundamental differences in the ways different segments of society view forest resourc-
es. Public attitudes towards forest management and logging technologies have become
more critical, and there is a growing demand for environmentally impactful industries
to act in accordance with the standards of organisations such as the Forest Steward-
ship Council (FSC) or Programme for the Endorsement of Forest Certification (PEFC).
It is therefore important to account for environmental concerns during logging activ-
ities, not least those relating to effects on soil and water [15]. Forest soils are vital for
ecosystem productivity and the sustainability of ecosystem services [10, 41, 98].

The use of heavy logging machines (e.g. harvesters, fellers, skidders, and for-
warders) during logging operations presents a high risk of damaging the soil surface.
The masses of forest machines range from 5—40 t [24, 46], and these masses exert
direct pressure on the soil surface in contact with the machine. Soil surface damage
occurs when the specific pressure of the active system of machines exceeds the soil’s
load-bearing capacity. According to Cambi et al. [15], the use of powerful and heavy
machines in forestry has increased exponentially in recent decades. Additionally, not
all machines used in logging operations meet environmental requirements; most log-
ging enterprises in Russia today have out-dated fleets of logging machines [73].

The impact of logging on the properties of forest soils has been studied for
many years. Despite this, both Russian scientists [19, 82] and researchers from other
countries [15, 63] have noted that our understanding of the impact of logging on soils
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is incomplete for two reasons: the technology and techniques of logging operations
are changing and the impact of logging operations is being affected by climate change
and abnormal weather conditions [87].

Sustainable forest management and ways of reducing the impact of logging
have attracted growing interest in recent years, prompting efforts to develop sparing
(nature-saving) methods of logging, design new logging machines, and revise the
technological processes used in forestry [37].

While the impact of logging equipment on forest soils cannot be completely
eliminated, there are ways to limit it [63]. Accordingly, various solutions have been
proposed to limit or minimise the impact of logging machinery on forest ecosystems.
Successful implementation of any solution will require deep knowledge and under-
standing of several topics relevant to logging activities and their impact (including
forest soil science, plant physiology, forest ecology, silviculture, and machines and
mechanisms) in order to calibrate measures based on the durability of the forest en-
vironment and its susceptibility to damage. Decisions about what logging equipment
and technology to use should be based on detailed knowledge of the soil properties in
the forest to be logged and an assessment of environmental risks.

This article reviews the literature on preventing or limiting negative impacts
of mechanised logging on soil in order to provide guidance on minimising the
negative impact of logging machinery on soil and thereby promote sustainable forest
management.

Prerequisites for reducing the impact of logging on the soils

The historical progress of logging technology can be divided into four stages.
This section briefly reviews the equipment and methods used during logging opera-
tions in each stage as well as their impact on forest soils [97].

The first stage (from the 15th to the early 20th century) is associated with the
exploitation of the European North of Russia [99], during which key forestry activ-
ities included salt-making, the production of charcoal and tar, and household wood
harvesting. Throughout this period, logging was done exclusively by hand in winter,
and wood removal (skidding) was done by horse-drawn transport over short distanc-
es. Axes and saws were the main tools for felling trees, and logging was performed
according to a simple selective strategy without territorial restrictions. The combina-
tion of winter logging and horse skidding helped to preserve the forest environment
and minimise adverse impacts on the soil.

The second stage (1930-1970) is associated with the early development of
the logging industry and the introduction of mechanized skidders such as the S-60,
KT-12, S-80, TL-3, TDT-4, and TT-4 models [97]. Forced-selective and narrow-cut
logging strategies were replaced by the cut block approach. Haphazard skidding over
huge cutting areas contributed to changes in breed composition and worsened the en-
vironmental conditions of the resulting cuttings. In the Nordic countries (particularly
in Sweden), forestry machines were introduced on a large scale in the 1960s [26].
Since then, soil damage has become a significant problem worldwide [23]. Machines
such as agricultural tractors were used for many tasks during logging operations, in-
cluding harvesting and hauling wood. However, they were often unsuitable for these
purposes [102].
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During the third stage (which began in 1970), heavy machines for do-
mestic production were introduced. The appearance of machines such as feller-
bunchers (e.g. the Timberjack 850, LP-19), the VTM-4 felling-skidding machine and
the LP-18 and LT-154 lockless skidders increased labour productivity but also caused
significant damage to the top soil. When developing LP-19 cutting areas, skid trails
were not defined in advance, trees were skidded forward, and the cutting areas were
completely covered by skid trails because of the limited reach of the machine’s hy-
draulic manipulator [86]. The resulting environmental damage clearly demonstrated
the challenges of preserving the forest environment during logging. The machines
used in most cases did not meet environmental requirements and exerted specific
pressures significantly greater than 50 kPa on the soil [37].

Pobedinskiy [79] and Gusev et al. [37] noted that in some cases, the changes in
the forest environment caused by logging operations using forest machines are more
significant than those associated with forest removal.

The fourth stage is the present and near future. New systems of machines for
logging (harvesters and forwarders) have been introduced and begun replacing fell-
ing and bunching machines, but this has not been a positive change in terms of soil
conservation [24, 97]. One way to overcome the problems caused by forest machines
is to use smaller and more manoeuvrable tractors and multi-operation (combined)
machines. In modern forestry there are specialised machines for almost all activities,
including soil preparation, sowing, planting, care felling, thinning, and transporta-
tion. Modern machines are small and better suited for tasks such as thinning than
those that were available in the early years of mechanisation [102]. In addition, new
state-of-the-art machines and information tools are being introduced that can help
reduce negative impacts on soils and increase the efficiency of logging machines.

Changes in soil properties after logging operations

Harvesting operations cause various forms of damage to the soil, including
compaction, soil mixing, and the formation of turned-over, bared, and loosened sites.
Such damage can lead to changes in biogeochemical cycles [15] and the development
of hydrological shortcuts [86].

Changes in soil formation conditions affect all soil properties to some degree
(table 1), including physical, chemical, and biological properties as well as the struc-
ture of the soil cover [19, 76, 80, 103, 105]. Many authors [2, 5, 11] have noted that
compaction caused by forest operations is a major cause of soil degradation.

Changes in physical properties

The main effect of logging operations on soils is compaction, which
can be quantified by measuring the soil’s bulk density or hardness (resist-
ance to penetration). It is believed that soil compaction caused by logging is
most severe at a depth of 10 c¢cm, with less pronounced effects at 20 cm and
30 cm [2]. For example, noticeable changes in physical properties are ob-
served at portages to depths of 50-60 cm and at landing sites to a depth of 90 cm
[20, 45]. Changes in the density of the soil and the associated effects on air, heat, and
water regimes affect soil organisms and plants and can also have negative effects on
the ecological state of soils and future forest productivity [15, 52, 68].
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Table 1
Effects of logging operations on the soil cover

Type and direction
of the impact

Authors

Structure of the soil cover

Mixing and
removing horizons

~#

Kozlowski, 1999 [52]; Melekhov, 2003 [69]; Dymov, Lapteva, 2006
[20]

Rut formation

Lo

Jansson, Johansson, 1998 [45]; Lacey, Ryan, 2000 [56]; Eliasson,
2005 [24]; Dymov, Lapteva, 2006 [20]; Eliasson, Wisterlund, 2007
[25]; Gerasimov, Katarov, 2010 [33]; Katarov et al., 2013 [50];
Marchi et al., 2014 [64]; Cambi et al., 2015 [15]; Goltsev et al., 2011
[35]; Sirén et al., 2019 [87]; Garren et al., 2019 [31]; Ilintsev et al.,
2020 [42]

Physical properties of the soils

Compaction | <>

Seryyetal., 1991 [86]; Jansson, Johansson, 1998 [45]; Kozlowski, 1999
[52]; Brais, 2001 [11]; Susnjar et al., 2006 [93]; Dymov, Lapteva, 2006
[20]; Akay etal.,2007 [2]; Magnusson, 2009 [62]; Gerasimov, Katarov,
2010 [33]; Frey etal., 2009 [30]; Bagheri etal., 2011 [5]; Goltsev et al.,
2011 [35]; Pobedinskiy, 2013 [79]; Bottinelli et al., 2014 [9]; Cambi
etal., 2015 [15]; Ilintsev et al., 2020 [42]; Mariotti et al., 2020 [66]

Water-air regime
| &

Seryy et al., 1991 [86]; Wronski, Murphy, 1994 [104]; Kozlowski,
1999 [52]; McNabb et al., 2001 [68]; Magnusson, 2009 [62]; Han
et al., 2006 [38]; Dymov, Lapteva, 2006 [20]; Cambi et al., 2015 [15]

Thermal condition
T(—)

Arnup, 1998 [4]; Dymov, Startsev, 2016 [22]

Chemical properties of the soils

Nutritional
regime and
biogeochemical
cycles | <

Worrell, Hampson 1997 [103]; Zetterberg, 2013 [105]; Naghdi et al.
2016 [75]; Modry, Hubeny, 2003 [71]; Hume et al, 2017 [41]; Cambi
et al., 2017 [16]; Ilintsev et al., 2018 [43]; Ilintsev et al., 2020 [42]

Balance and
composition of
organic matter | <>

Fedchenko, 1962 [27]; Varfolomeev, 1964 [100]; Fedorets, Bakhmet,
2003 [29]; McLaughlin, Phillips, 2006 [67]; Dymov, Lapteva, 2006
[20]; Sah, Ilvesniemi, 2007 [84]; Vedrova et al., 2010 [101]; Osman,
2013 [76]; Dymov, Milanovskii, 2014 [21]; Dymov, 2017 [19];
Dolgaya, Bakhmet, 2021 [18]

Soil acidity | <

Seryy et al, 1991 [86]; Brandtberg, Olsson, 2012 [12]; Dymov,
Milanovskii, 2014 [21]; Achat et al., 2015 [1]; Ilintsev et al., 2018 [43]

Biological properties of the soils

Composition and
activity of soil
organisms | <>

Seryy et al., 1991 [86]; Li et al., 2004 [60]; Battigelli et al., 2004 [6];
Mariani et al., 2006 [65]; Frey et al., 2009 [30]; Beylich et al., 2010
[7]; Blasi et al., 2013 [8]; Bottinelli et al., 2014 [9]; Cambi et al.,
2015 [15]; Dymov, Startsev, 2016 [22]

Regeneration conditions

Seed germination

Sokolovskaya et al., 1977 [88]; Seryy et al., 1991 [86]; Dymov,
Lapteva, 2006 [20]; Susnjar et al. 2006 [93]; Karpechko, 2008 [48];

and plant growth Gebauer et al., 2012 [32]; Hattori et al., 2013 [39]; Fedorenchik et
O al.,2013 [28]; Cambietal.,2017 [16]; Solgi et al., 2019 [90]; Ilintsev
etal., 2020 [42]
Note: Decline — | ; unknown — ~; improvement — 1; recovery over time — «; persistent dis-

turbances — #.
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For example, a common cause of poor plant growth is a reduction in the levels
of plant-available nutrients [9, 15, 30]. Increasing the bulk density of the soil reduces
its pore size, water permeability, and gas exchange rates, which in turn reduces the
available moisture content. All these factors affect root system formation and plant
growth [66, 93].

An increase in the soil’s water content implies a decrease in the friction forc-
es between the soil particles, which reduces the load-bearing capacity of the soil
[38, 68]. Studies by various authors have shown that restriction of nutrient and water
access affects the germination rate, root mass, root length, and main stem height of
plants [16, 48, 66, 89]. The negative effects of compaction of the upper soil horizons
on root biomass have been observed over a 15-year period [48].

Soil compaction also changes the water-physical properties of the soil in clear-
ings with heavy podzolic loamy and clay soils [79]. The compaction characteristics
of a soil depend on its particle size, humidity, and organic matter content; some are
stable, while others are less stable. Sandy loam and sandy soils are less compacted
by logging machinery. The negative effect of soil bulk density depends on the soil’s
particle size distribution: the greater the abundance of large particles, the worse the
impact of high bulk density on plant growth.

Studies on tree seedlings [86] show that the main mass of the roots of eight-year-
old crops on skid trails is located at depths of up to 10 cm, and up to 14 cm in cutting
strips. Additionally, spruce seedlings growing in the cutting strips have significantly
more fine roots than those in the strips, and spruce seedlings growing on compacted
soil exhibit reduced height and diameter growth as well as canopy development when
compared to peers grown on non-compacted soil. The available data indicate that the
compaction of sandy soils to densities of up to 1.5 g/cm? during logging has a positive
effect on the survival of seedlings following both sowing and planting. However, pine
and spruce seedlings planted on compacted loamy soils exhibit low survival rates and
poor growth, indicating a need to improve the physical properties of such soils by
loosening before regeneration. Melekhov [69] notes that in some cases compaction
and mixing of the soil’s organic and mineral components can be very important for im-
proving the growth of young plants. Loosening of fresh soils without compaction can
reduce the capillary lift. Additionally, Dymov and Lapteva [20] conclude that remov-
ing the plant cover and the forest floor horizon reduces seed germination by 15-28 %
because it disrupts the main organogenic horizon in podzolic soils, where significant
reserves of energy and plant nutrition elements accumulate.

According to Sokolovskaya et al. [88], the germination of spruce seeds in
loamy soils is clearly hindered when the soil density exceeds 1.45 g/cm?. The optimal
soil bulk density for successful spruce growth was 1.15-1.28 g/cm?; compaction to
densities of 1.30—1.34 g/cm? and above reduced the growth rates of young seedlings.
Similarly, Seryy et al. [86] found that the optimal bulk density for seedling growth is
1.0-1.3 g/cm? and depends on the soil’s particle size. For comparative purposes, the
upper soil horizons (0-25 cm) on landing sites and main skid trails are compacted to
1.7-1.87 g/cm3. These bulk soil densities significantly exceed the critical compaction
level of 1.4 g/cm?3; above this threshold, the soil’s ability to self-heal and recover its
original density is weakened or completely lost. However, as reported by Kuznetsova
and Danilova [53] each soil type has a distinct critical compaction threshold. Hattori
et al. [39] also note that changes in soil bulk density can increase seedling mortality,
while Fedorenchik et al. [28] found that root growth stops when the soil bulk density
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exceeds 1.89 g/cm? for oak, 1.84 g/cm? for larch, 1.80 g/cm? for birch, 1.72 g/cm? for
pine, 1.61 g/cm? for spruce, and 1.55 g/cm? for linden.

For blueberry-type spruce forests on loamy soils, the porosity of soil aeration
at depths of 5-30 cm on technological portages can be as low as 1-2 % [86]. For com-
parative purposes, the average aeration porosity for loamy mineral soil is 25 % [76].
When the aeration porosity decreases to 15 %, root growth decreases [34]. As a rule,
tree roots need an oxygen concentration above 10 % [52, 76]. Therefore, soil com-
paction can hinder natural tree renewal after logging. If a decrease in total porosity is
accompanied by an increase in the volume humidity, moisture will accumulate over
the entire profile of the affected soil. When the water content exceeds 75—-80 % of the
total moisture capacity, waterlogging processes begin. Soil compaction can thus lead
to reduced aeration and increased waterlogging, both of which are associated with
unsatisfactory reforestation [86].

Compaction and rutting have also been reported to change the thermal regimes
of soils after felling [4]. Changes in the temperature regime affect the dynamics of nu-
trients and organic matter and carbon dioxide emissions. Dymov and Startsev [22] note
that soils are heated to greater depths after felling than they are in established young
forests. As a result, the sum of temperatures for the two soil types differed by over 5 °C
and the sum of active temperatures differed by more than 10 °C over a six-year period.

Studies on wet and moist powdery loams after the passage of Ponsse ELK and
John Deere 1410 machines in the Republic of Karelia and the Tver region of Russia show
that strong compaction of the soil occurs during the first few machine passes. The authors
note that the density of the surface layer (0—5 cm) of the soil increased in all studied cases
even though the applied CTL (cut-to-length) systems comply with the environmental re-
quirements concerning soil compaction for this type of soil (1.4 g/cm?) [33, 35].

A meta-analysis conducted by Mariotti et al. [66] confirmed that soil compac-
tion during forest operations is a problem for forest regeneration.

Rut formation. Logging operations often cause compaction of the soil together
with significant rutting. Pressure exerted through wheels and tracks often causes both
vertical and horizontal displacement of the upper horizons, especially in soils with
excessive or temporarily excessive moisture. The ruts are bounded by bulges, which
tend to be more pronounced after wheeled vehicles than after tracked vehicles due to
the smaller contact area [45, 64]. Therefore, the use of tracked tractors in conditions of
high humidity is preferable from the point of view of soil protection. However, some
studies on soil compaction and rutting caused by tracked and wheeled vehicles have
yielded contradictory results [15]. This may be due to differences in natural and tech-
nological conditions. The soil’s susceptibility to rutting depends on the soil structure,
the density of addition, and weather changes that affect the soil’s moisture content
[87]. Above the soil’s critical moisture content, machine stress leads to rut formation.

The intensity of traffic (number of passes) is the main factor controlling rut
depth [24, 25]. In flat areas, ruts and other depressions are often sediment collectors
and are filled with water for long periods, leading to gleying and local anaerobiosis
[20]. This dramatically worsens the growing conditions of the forest’s younger gener-
ation [32]. Our research shows that the amount of undergrowth in ruts is several times
lower than in cutting strips [42].

On sites with even a slight slope, ruts direct surface runoff and are deepened
by water erosion. The projected erosion rate depends mainly on the steepness and
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length of the slope and the inadequacy of coverage on the skid trails [31]. The risk of
erosion increases with the degree of soil compaction because compaction increases
the amount of water in the topmost soil horizon (0—10 cm) [62]. The environmental
consequences of ruts can thus be significant, to the degree that the number and depth
of ruts have been proposed as rough indicators of reduced productivity in an area [56]
and of hydrological regime disruption.

The ruts formed by the passage of modern logging machines can be over 0.5 m
deep [96]. Current sorting methods therefore do not satisfy the environmental re-
quirements for thinning logging with respect to rut formation because the require-
ments state that track depths should be below 0.15 m. The problem is especially
severe on wet soils, where ruts can be up to 0.67 m deep [33, 35].

Studies by Ilintsev et al. [42] on rut formation showed that during summer har-
vesting on temporarily moist soils at sites with insufficient retention of logging resi-
dues, the depth of ruts reached 60—70 cm. Furthermore, a relationship was established
between the quantity of logging residues and the rut depth. Observations at cuttings
of different ages (from 1 to 15 years) showed that deep ruts smoothen out over time
but do not completely disappear.

The formation of ruts during logging operations indicates that the weight of
the loaded machinery exceeds the soil’s load-bearing capacity. Therefore, further
research is needed on the effects of using wheels and tracks and strengthening skid
trails with logging residues to enable adaptation of logging methods to suit different
environmental conditions.

Changes in chemical properties. Logging can disrupt the upper soil horizons,
leading to increased mineralisation and leaching of some nutrients (phosphorus, po-
tassium, etc.), usually lasting 2—5 years. Changes in the soil’s nutrient regime may
occur subsequently because this process is reversible and associated with changes in
vegetation [43, 103].

The influence of logging machines on soil chemical properties is more pro-
nounced in organogenic horizons than mineral ones [18], and changes have been
observed up to 30—40 cm deep in the soil profile [29].

Logging changes both the composition of the soil organic matter and its distri-
bution within the soil profile [18, 21, 27, 29, 100]. The role of the soil block (litter and
humus) in the total reserves of organic carbon increases in fresh cuttings, where car-
bon replenishment over time is greatly reduced by a sharp reduction in litter fall onto
the soil’s surface [101]. For example, Fedchenko [27] and Varfolomeev [100] found
that the content of organic carbon in the illuvial horizon in 1-11-year-old clearings
was greater than in the soil of the stands untouched by logging. The authors attribute
this change to accelerated litter decomposition and humification resulting from the
cuttings’ high humidity, which facilitates the movement of humus substances down
the profile. The direction and intensity of the soil-forming process change significant-
ly after final felling of spruce forests on drained podzolic soils with deep carbonates.
This was related to the change in plant cover, the microbiological decomposition of
acidic forest litter and logging residues, the formation of mobile acidic products such
as fulvic acids during humification, and the increased movement of substances along
the soil profile due to increased humidity.

McLaughlin and Phillips [67] found that the C and N contents of cuttings 17 years
after logging are identical to those of unfelled stands. The organic matter content of
forest soils is usually 1-5 % of the dry mass and decreases with depth. Under natural
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conditions, the content of organic matter in soils is stable, but this may change when
the balance of forest ecosystems is disturbed [76].

Changes in the qualitative composition of humus in cuttings were also high-
lighted in an analysis of soils at landing sites by Dymov and Lapteva [20], who ob-
served a sharp increase in the proportion of humic acids (ha, represented mainly by
the GF-1 fraction) in the humic substances (hs). This was reflected in an increase in
the C,,:C,, ratio in the upper half-metre of the profile to 1.0-2.1.

Dymov and Milanovskii [21] subsequently showed that this transformation of
organic matter mainly involves the formation of hydrophilic components in the litter.
Reactive hydrophilic humification products cause acid hydrolysis of minerals and ac-
cumulation of Fe-Al organic compounds in the upper mineral horizons of the profile.
In later stages, after 30—40 years, there is an increase in the density of the litter layer
and a decrease in the acidity, thickness and mass fraction of organic carbon compared
to the podzolic soils of the indigenous spruce stands.

Studies on the impact of various logging methods on the nitrogen content of
sandy illuvial-ferruginous podzols formed on binomial sediments revealed that se-
lective cutting changes the nature of the dynamics of mobile nitrogen in the soil
and increases the intensity of formation of its mineral and labile organic forms [29].
During clear-cutting, the intensive formation of mineral forms of nitrogen leads to
their loss from ecosystems due to their removal outside the soil profile. To prevent
nitrogen depletion in soils after continuous logging, reforestation measures must be
implemented within five years.

Hogbom et al. [40] and Sah and Ilvesniemi [84] note that after clear logging in
boreal forests, the abundance of NH,* containing the nitrogen isotope '*N increases in
the upper organogenic horizon. This change is associated with increased nitrification.
Additionally, the differences between the upper and lower horizons of the soil be-
come smaller than in untouched plantings and the NO,—N content of the groundwater
at a depth of 25 cm increase relative to controls.

In cutting areas in boreal forests, the content of mobile forms of phosphorus in
the upper soil horizons decreases significantly but that of mobile potassium remains
fairly stable [43]. Studies conducted in Iran [75] show that after summer skidding on
the skid trails, there is a decrease in phosphorus and potassium that depends on the
skidding tractor’s number of passes and the slope of the terrain. The mobility of phos-
phorus is determined by the acidic reaction of the medium [57]. Similar results were
obtained during winter logging in the forests of the Czech Republic [71].

As noted by Zetterberg et al. [105], the presence and abundance of various
chemical elements in the soils of clear cuts where logging residues are left differ from
those at sites where logging residues are collected. Removal of all logging residues
after clear and selective felling can reduce the productivity and vitality of the remain-
ing trees and lead to acidification of the soil and surface water [1, 86]. This is due to
the removal of nutrients and buffers in the tops of trees, branches and needles [44].
However, long-term studies over 10 years have shown that differences in soil acidity
between different harvesting options may become unreliable, indicating that the differ-
ences are not constant [ 12]. During the process of soil recovery, its acidity decreases.

A meta-analysis conducted by Hume et al. [41], based on 808 observations
from 49 studies showed that harvesting, on average, has little effect on C stocks.
Harvesting initially reduced mineral N reserves in the soil, while C, N and P concen-
trations on the forest floor decreased but those in the soil increased or remained at the
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same level. The concentrations of C, N, and P on the forest floor increased, depending
on the intensity of harvesting and were more pronounced in coniferous stands than in
broad-leaved and mixed forests. Over time, the concentration of C and N decreased.
The dynamics of P recovery after wood harvesting remain unclear due to a lack of
research. The authors highlight the important effects of the intensity of harvesting and
the duration of the logging turnover on the long-term availability of nutrients in the
soil. The lag in the recovery of phosphorus concentrations after logging may indicate
the separation of the phosphorus cycle from the carbon and nitrogen cycle, which is
an issue in need of further studies.

Changes in biological properties. Many researchers [15, 60] confirm signifi-
cant changes in biological variables due to soil compaction, and that the response of
soil micro, meso, and macroorganisms may be different.

Battigelli et al. [6] found that logging with heavy soil compaction also reduces
the total soil mesofauna, up to 93 % relative to unfelled forests. For example, there
are decreases in the abundance and activity of earthworms and in the biodiversity and
abundance of microarthropods [8, 9]. Soil compaction significantly reduces microbi-
al biomass and microbial activity [30] due to negative changes in total porosity, pore
size and bond distribution [104].

The biological activity of soils is determined by their particle size distribution
and soil bulk density of addition [86]. For example, the biological activity of the
surface layer of sandy soil is very high and tends to increase with increasing com-
paction. In loamy soil, the opposite trend is observed with a decrease in activity with
increasing soil density. A sharp deterioration in the microbiological activity of soils
compacted during logging may indicate a deterioration in their forest-growing prop-
erties and a decrease in the assimilation of nutrients by plants and the rate of their
involvement in the biological cycle.

Dymov and Startsev [22], note that in fresh cuttings, an increase in daily tem-
peratures and waterlogging of the soil leads to a decrease in the number of ecological
and trophic groups of microorganisms and the functional activity of the microbiota.
Shifting light in the soil due to wood harvesting can lead to short-term growth in
microarthropods’ abundance. Ongoing changes caused by logging also reduce bio-
logically determined processes in the soil, such as respiration [7, 65].

All these biological changes in the soils cause the recovery processes in the
cutting areas.

Recovery of soil properties. Studies by various authors [15, 36, 71, 72, 82]
show that the duration of the period after logging is of great importance for analysing
soil cover recovery processes.

Recovery is evident for several decades after logging, and irreversible damage
occurs in some cases [36, 51]. It should be taken into account that the rate of recovery
of different soil properties will be different [10, 15]. Recovery depends on the degree
of initial compaction, implying that the choice of logging machinery and technology
used can control the recovery dynamics [78].

Furthermore, the level of recovery seems to depend on the thickness of the soil.
For example, 3—4 years after compaction, Goutal et al. [36] found structural recovery
in the upper soil layer (0—10 cm) on soils of light grain size composition and partial
recovery in the next layer (10-20 cm) in more clay soil.

The results show that partial restoration of disturbed heavy clay soil occurred
24 and 30 years after logging, and the surface horizon of the soil within the track did
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not differ from the undisturbed control soil. However, the results show that even 30 years
is not enough to restore the soil completely. In addition, if it takes more than 30 years to
restore the compacted soil of the skid trails, the area covered with skid trails should be
considered unproductive soil for tree renewal unless tillage is carried out [17].

Recent results by Mohieddinnea et al. [72] show a trend of recovery over time
and the dynamics of recovery from the surface to deeper layers. The predicted dura-
tion of full recovery was about 54 and 70 years for Luvisol and Podzol, respectively.
The authors also noted that sandy neutral soils could recover in less than 20 years,
which is facilitated by the soil’s biological activity.

Soil restoration is first enhanced by contrasting climatic conditions, such as
moistening-drying and freezing-thawing [95]. Thus, the rate of restoration of the
original properties varies from different factors. For example, the soil’s original prop-
erties and the degree of exposure, which is observed in both Russian and foreign
studies.

However, data on soil cover recovery processes after logging, especially over
a long period, is currently insufficient. It is necessary to trace the course and period of
recovery of both the properties and the structure of different soils in typological terms,
which will allow us to talk about the prospects for the preservation and recovery of
forest ecosystems.

Methods of minimising damage and protecting forest soils

Factors affecting the degree of damage to forest soils. Factors that affect the
degree of damage to the soil’s surface during logging operations can be divided into
natural and technological factors (fig.). The level of disturbance is determined by
natural factors including the soil type [61, 85], the terrain and direction of movement
[47], soil moisture [38, 68], the organic matter content [15], soil texture, the propor-
tion of skeleton and sand particles in the soil, soil bulk density and porosity, and the
thickness of the humus accumulation layer [4], the slope, and the season [90].

The severity of the damage depends on technological factors that mostly relate
to the forest machines; they include the driving force [15, 24], the mass of the vehicle,
the load per axle/wheel/track contact area of the vehicle with the soil, the tire pressure
[13, 15, 45], the number of passes made by machines [38], the characteristics of the
additional equipment, the organisation of the skidding process [64], speed, and wheel
slip [24].

For example, the extent to which the forest floor and soil are disturbed de-
pends on the skidding method, skidding machines, and soil conditions. On flat or
slightly sloping terrain, wheeled vehicles are generally preferred due to their higher
productivity [15, 91]. Therefore, skidding operations should be rationally designed
to account for factors that affect logging costs and productivity as well as the major
factors affecting soil compaction [70].

The main methods of regulating and reducing damage to the soil cover during
logging operations should include all forest management stages, from planning and the
choice of technologies for use in the cutting area to the environmental training of personnel.

Accounting for natural factors when planning logging operations. Preliminary
planning of logging operations in each cutting area is important. When assessing
the potential impact of logging operations on the forest environment, it is necessary
to consider all of the factors that may affect the degree of damage to the soil cover.
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Factors controlling the degree and scale of impact on the soil during logging
operations

Publicly available topographic and space maps, digital models of the terrain (surface)
of high spatial resolution (https:/www.pgc.umn.edu/data/arcticdem/), and forest
management and field materials for determining terrain conditions should be used when
drawing the harvest site planning map and planning the road and skid trail network.

Selection of the wood harvesting system. Three different wood harvest-
ing systems may be used: full-tree (FT), tree-length (TL) and cut-to-length (CTL)
[49]. Each system has its own characteristics that depend on the natural and pro-
duction conditions, the technology used, and the share of manual operations in the
overall process [34]. Globally, two systems are dominant — TL (‘Canadian’) and
CTL (‘Scandinavian’). All wood harvesting systems used in Russia have different nega-
tive effects on the forest environment [96]. All systems have almost identical effects on
light soils, sandy soils, or sandy loam. However, sandy and sandy loam soils are much
less common in Russian forests than medium and heavy soils (loam and clay). On such
soils, FT and TL systems cause significant soil compaction but do not tend to form deep
ruts. Katarov et al. [50] has argued that practices for implementing the CTL system on wet
and moist soils should be modified to reduce rut depths in the most common forest soils.

Planning the logging season. The degree of damage to the soil depends on
the season in which logging is done and the current weather conditions. The impact
of logging machines will be lowest in winter [93], when the soil is frozen and its
load-bearing capacity is therefore at a maximum. The depth of frozen soil primarily
depends on the number of days with temperatures below 0 °C, the thickness of the
snow cover, the water content of the soil and the thickness of individual horizons
[83]. Soil damage may occur in winter if only the upper soil horizons have only fro-
zen or if the soil’s temperature changes during the day, causing it to thaw.

The forest industry in Russia and the Nordic countries [87] has already faced
problems due to abnormally warm winters without severe frosts [58]. Climate fluc-
tuations resulting in land surface temperature anomalies are causing increasingly
mild winters with unstable weather, leading to soil thawing and limited snow cover,
both of which increase the risk of soil disturbance. Climate change and weather conditions
should therefore be taken into account when organising wood harvesting: it is important
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to be aware of when the soil will be wet, dry, frozen, or covered with snow, and to
adapt one’s plans accordingly.

Planning the technology of logging operations. Optimal skidding (transportation)
of wood with minimal impact on the soil cover requires proper planning of the density
of the forest road network, including skid trails, strip roads, landing sites, and production
and household sites. The technology used in logging operations depends on the size of
the cutting areas, the wood harvesting system and the types of cutting to be performed.
Three distinct classes of machines can be used in logging operations: narrow-, medium-
and wide-range [96]. The area occupied by skid trails when using narrow-, medium, and
wide-range machines is 15-25, 1015, and 3—6 %, respectively.

Negative impacts on soil due to logging can be further limited by combining a
mechanised CTL system with manual felling using chainsaws and manual transport
(forwarder) loading, both of which reduce the number of skid trails in logging areas
[15]. Such combined systems have no restrictions and can be implemented using
medium-range (wide-range) logging technologies when performing selective logging
such as thinning or gradual logging. Timber landing sites, production facilities, and
machinery parking areas should be located on well-drained soil.

Planning of the trail network. There are standard schemes for placing skid
trails on the cutting area that are used in diverse natural and climatic contexts. The
criteria governing the layouts of skid trails are the terrain, soil conditions, wetlands,
the presence of temporary and permanent watercourses, the position of the targeted
stands within the cutting area, and the landing method. It is also necessary to consid-
er forestry requirements and current regulatory rules, and to ensure that the average
skidding distance of tracked tractors does not exceed 300 m. When skidding with
wheeled tractors the skidding distance can be increased up to 500 m, or even to 1000 m
in some cases [3]. The locations of landing sites, non-operational areas, key biotopes,
and key stand elements in the cutting area should be taken into account in order to
minimise the negative impact of logging.

Leaving logging residues on the soils surface to strengthen the upper soil ho-
rizons. Numerous studies have show that reinforcing skid trails with logging residues
(brash mats and corduroy bridges) significantly reduces changes in soil properties
such as bulk density, porosity, and rutting when compared to unreinforced skid trails
and also significantly increases the soil’s load-bearing capacity [25].

Studies [54] showed that the peak load on the soil was reduced significantly by
using more than 10 kg per 1 m? of brush mats compared to when the brush mats were
not used. It is recommended to leave at least 15-20 kg/m=2 of brash mats on soils with
low load-bearing capacities. While the brash mats lose some of their load-sharing ca-
pacity with each machine pass, they remain effective after up to 12 forwarder passes.

Ilintsev et al. [42] showed that cutting strips usually contain additional logging
residues that could be laid on skid trails. The distribution and abundance of these
residues may depend on the composition, stock, and density of the stand [55].

The properties of the coverage material also significantly affect soil compac-
tion: branches and tops reduce compaction more effectively than chips and sawdust
[2]. Other authors recommend covering skid trails with sawmills or pallets [77].

In the Nordic countries, there is considerable interest in using logging residues
to produce bioenergy. If this waste is used to generate energy, it cannot be used to
strengthen skid trails [24] because materials used for strengthening are often con-
taminated with soil and become unsuitable for further use. Wood used to construct
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wooden strip roads and temporary bridges or to strengthen skid roads is also
unsuitable for the pulp and sawmilling industry [92]. Temporary bridges and
strip roads made of pulpwood can be built to enable the movement of machines
over crossings of temporary watercourses and on soils with low load-bearing
capacities. For further reinforcement, residual wood can be placed on top of the
temporary bridge.

Training of specialists working in the forest. Sirén et al. [87] note that
effective use of the various thematic maps and additional planning tools that are
available requires knowledge of the soil properties at the sites of interest and
how they are affected by logging activities. The experience and knowledge of
foresters and machine operators is thus important in the planning of logging op-
erations. In particular, accurate knowledge of the location and volume of the var-
ious wood grades and the soil’s load-bearing capacity is needed. Using this data
can help forwarder operators to identify optimal driving tactics and minimise
the number of passes through areas with low load-bearing capacities. Therefore,
operators, foresters, and engineers should be offered additional training on the
environmental aspects of forest management and ways of reducing negative im-
pacts on the soil, stand, and undergrowth. Work programmes for training new
specialists should also cover modern scientifically-based practical and techno-
logical solutions.

Selection of machine systems and mechanisms. A wide range of machines for
forest management has been introduced in recent years. Therefore, the choice of ma-
chine systems is a key step when designing technological process for logging oper-
ations in specific natural and climatic conditions [81]. A machine system includes
machines designed to perform specific sequences of technological operations such as
felling, delimbing, bucking, skidding, sorting, and landing [28].

The different load-bearing capacities of different soils must be accounted for
when selecting machine systems [77] (table 2).

Some machines are more suitable than others for specific soils with different
load-bearing capacities. The period of wood harvesting must also be considered be-
cause large temporary fluctuations in the soil’s bearing capacity can be expected, es-
pecially in sensitive areas. For example, peat soil can withstand a pressure of 80 kPa
in dry summers but only 20 kPa in wet conditions. The nominal pressure exerted by a
machine is highly dependent on its tire size and the overall vehicle configuration [77].

Reducing the number of vehicle passes over the skid trails. The number of
vehicle passes significantly affects the degree and scale of soil damage. Most studies
[33, 38, 50] show that soil compaction is highest during the first few machine passes,
and that the soil bulk density and depth of compaction increase more slowly with
subsequent passes. Therefore, to reduce negative impacts on the soil, it is important to
design and structure logging operations so as to optimise the passage and movement
of machinery.

Use of larger tires. Increasing the tire width of an 8-wheeled 22-ton forwarder
from 600 to 800 mm reduces its track depth by about 50 % [15]. While increasing the
wheel diameter and the tires’ width effectively reduces the pressure on the soil, this
approach has some limitations. For example, wide tires require a lot of space, which
may be undesirable when thinning young trees [104].
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Controlling the tive pressure. Manufacturers specify appropriate minimum, optimal,
and maximum permissible internal air pressures for the different tires that they offer [81].
This enables the use of tire pressure control systems that allow the tire pressure to be
adjusted to suit specific working conditions, which can improve traction and mobility and
increase access during rainy seasons [15]. On secondary skid trails where there are fewer
driveways than on main skid trails, the use of a forwarder with low-pressure tires can limit
soil compaction to a degree [24]. To further reduce the risk of compaction, low-pressure
tires are usually paired with anti-skid tracks, which are used for extended periods.

The use of snow chains. The use of chains on the front wheels reduces the
load when the wheels slip, thereby reducing soil damage and increasing the vehicle’s
mobility [94].

The use of track belts. When organising the work of wheeled vehicles in heavy
soil conditions, various measures can be taken to increase the cross-country ability of
vehicles and reduce their negative impact on the soil. The most effective and common
such measures are reducing the tires’ internal pressure and installing removable tracks
[81].

Fitting long rectangular tracks (track belts) significantly increases the machine’s
contact area with the soil, allowing its mass to be distributed over a larger support
area. This reduces the pressure on the soil by a factor of 1.5 to 2. Although track
belts increase the weight on the trailer by 10-12 %, they can reduce the track depth
(by 30—40 %) and the degree of soil compaction when compared even to fairly wide
(700 mm) and soft tires [33]. This is probably due to reduction of the relative
coefficient of rolling resistance [13].

Anti-skid tracks are also used to increase traction, load capacity, cross-country
ability, speed, stability, and operator comfort, especially in hard-to-reach areas and
on wet (moist) soils [14, 81]. In a machine with a 6x6 wheel configuration, track
belts will typically cover the wheels of the rear truck, whereas with an 8x8 config-
uration, track belts would be used on the front and rear pairs of wheels [74]. Using
track setups adapted to specific wheel configurations and tire sizes allows machines
to perform well and achieve high productivity under diverse natural and industrial
conditions while also minimizing their environmental impact. For example, the use
of track belts on the rear trolley of a 3-axle forwarder reduced its nominal pressure
to 50-60 kPa, and using track belts on the front and rear bogies of a 4-axle forwarder
reduced its nominal pressure to 40-50 kPa [77].

It should be noted however that the use of wider tires and anti-skid tracks is
not always sufficient to avoid damage to the soil surface; even if all of the currently
available technical solutions are applied, it can be difficult to completely prevent soil
damage. As pointed out by Cambi et al. [15], the technological equipment available
today is simply not good enough.

Conducting melioration in wet areas. Melioration during site preparation can
help remove excess moisture and thereby increase the soil’s bearing capacity. For
example, shallow-groove melioration reduces high local groundwater levels and im-
proves aeration of the upper soil horizons [59]. The main limitations of mechanical
site preparation methods are the high cost of work and the potential consequences of
repeated machine movements.

Use of global positioning systems (GPS) and geographic information systems
(GIS). Logging management involves equipping modern logging machinery with
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navigation components (GPS) and GIS to provide accurate information on the vehicle’s
location in relation to bodies of water, swampy areas, and so on. Detailed operational
planning using technologies such as real-time mapping can help technicians avoid
wet and lowered areas and thereby reduce potential soil damage.

Conclusion

This paper has summarised the results of studies on how different types of
mechanised logging can affect the forest environment and soil to varying degrees
by changing the soil’s physical, chemical, and biological properties and by causing
mechanical damage (rutting). The process of soil rehabilitation after logging
operations may take many decades, and some damage is irreparable. Therefore,
given the strong influence of soils on forest productivity, it is essential to conserve
and protect forest soils in order to ensure the successful renewal and productivity of
future forests. The soil must be maintained in a healthy state to ensure environmental
stability and the preservation of forest flora and fauna.

Despite the high interest in sparing methods of wood harvesting, current
measures for preserving forest soils after logging operations are insufficient. Based
on this review of field management practices for reducing adverse impacts on
soils and soil cover, it can be concluded that there are effective ways to reduce the
negative impact of logging activities. While there are no regulatory requirements to
reduce negative impacts on soils during logging, voluntary forest certification could
potentially serve a similar purpose. Efforts to reduce soil damage are also hindered by
the limitations of the current scientific and technical knowledge base and the high cost
of implementing best management practices. Furthermore, economic factors including
production plans, the growing demand for forest products, the cost of harvesting
wood, and the need to pay taxes and rent, all require the continuous harvesting of
wood throughout the year even when weather conditions are unfavourable.

Therefore, major goals for future research in this area should be to clarify
the impact of logging machinery and equipment on soils, identify optimal processes
and measures for promoting the rehabilitation of soil cover and the best times for
implementing such processes and measures, and develop guidelines, regulatory
documents and accessible large-scale soil maps to support scientifically sound forest
management that takes climate change into account and aims to reduce the negative
impact of logging machinery on soil cover.
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Annomayus. IlpuMenseMble B HACTOAIIEE BPEMs MOJOCHOE JICCOBOCCTAHOBIICHHE HA BbI-
pyOKax W yjaneHne mHeH MyTeM KOpUCBAHUSI UMEIOT sl CYIIECTBEHHBIX HEJOCTaTKOB TEX-
HOJIOTHYECKOTO, HKOJIOTMYECKOTO M 3KOHOMHYECKOTO XapakKTepa: BHIHOC T'yMyCHPOBAHHOTO
CJIOS TIOYBBI 3a TIPEJEIbl PACUUIAEMBIX T10JIOC, YIUIOTHEHNE M CHIDKCHHE €€ MOPHCTOCTH;
o0OpazoBaHKe MOAIMHEBBIX SIM U UX JIOKAJBHOE 3a00JIaUMBaHKE; 3aXJIaMIIEHHe HepacuHIae-
MBIX KYJIUC MEKTy MOJI0CaMHU MOPYOOUHBIMU OCTATKAMHU 1 BHIKOPUYEBAHHBIMY ITHAMH; HU3KAsI
MIPOM3BOIUTEIFHOCTh KOPUEBATIBHBIX MAIINH M BEICOKAsl YHEPTOEMKOCTH TIpoliecca KopUeBa-
HUSI TTHEH; MpeKpalnieHne arpoTeXHUYECKHX YXOOB uepe3 2-3 roja mocie MOCaaKh M He-
BO3MOYXHOCTb TIPOBE/ICHHS OCBETICHUSI KYJIBTYp M3-32 MX HEPOXOANMOCTH JIsl TPAKTOPHBIX
arperatoB; HU3KHH YPOBEHb WCITOIB30BAHMUS CHJIBI TSTH CIICIMATBHBIX JICCHBIX TPAKTOPOB
U MX HEJZOCTATOYHAs MOIIHOCTH JUIA KopueBaHWs nHei. [IpeaMeToM mcciemoBaHus cTaHoO-
BSITCSI TEXHOJIOTHSI, MAIIMHBI ¥ OPY/ANS JIECOBOCCTAHOBIICHHS Ha BeIpyOKax. Llens — obecrre-
YEeHHE KOMITJIEKCHON MEeXaHM3aIluN TEXHOJIOTHYECKOTO MPOIECcca JIECOBOCCTAHOBICHHUS JIIS
TIOBBIIICHUS TTPOU3BOIUTEILHOCTH PadOT, CHIKEHUSI SHEPTO- U MaTepPHATOEMKOCTH TEXHO-
JIOTHH 1 CO3/IaHME YCIOBUH /IS 9 (EKTUBHOTO MCIIONb30BAHMUS MAIIMH W OPYAMH B arperare
C 9HEPrOHACHIIIEHHBIMHA TPAKTOPAMHU TATOBO-3HEPTeTHUECKONW KOHIICTIIINH, WCKITIOYAIOIINX
BpEIHOE BO3JICHCTBHE Ha SKOJIOTHIO TMOYBHI M pacTeHWH. PesymbratamMm IOCTHXXKEHHS TO-
CTaBJICHHBIX [EJIM U 3371a4 SIBISIOTCS 0OOCHOBAHHUE JIECOBOACTBEHHO-IKOIOTHUECKOH, TeX-
HUYECKOW M 3KOHOMHUYECKOW 11e1eco00pa3sHOCTH NPUMEHEHNS TEXHOJIOTHH, OCHOBAaHHOM Ha
CIUIOITHOW PacYMCTKE BBIPYOOK OT MOPYOOUHBIX OCTATKOB, BAJIEKHNKA U ITOPOCIIN KyCTapHU-
KOBOW PAaCTHTEIFHOCTH ITyTEM MX U3MEIBUCHNST MOOMIBHBIMHI MYJIbUEPAMHU; YAAJICHUE ITHEH
Ha BBIpyOKax IMOCPEACTBOM HX ApoOieHus Ha TiryouHe 10 0,15...0,20 M MOepHU3HPOBAaHHOM
MammmHOH MVYTI-4A ¢ pa3bpachiBaHHEM IIETHI 0 JIECOKYIFTYPHOU TUIOMIAIN U TTOCIEIyI0-
Ie CIUIONTHOM 00paboTKOH MOYBEI O0OpOHOIT ArickoBOi knaBumrHONW bJIK-2.5. TIpu mosImre-
HUH TIPOU3BOIUTEIEHOCTH MPAKTHUECKH MCKITIOYAIOTCS BPEAHBIE BO3JCHCTBHS Ha IKOJIIOTHIO
TIOYBBI M PacTeHUH, a N3MeNBYEHHAs IpeBecHast Onomacca, IepeMeInaHHas ¢ IIoYBOH, Tpe-
BpallaeTcs B OpraHudecKoe yaoOpeHue. YCTpaHeHne MEXaHHIeCKUX MPETSTCTBUH, KaKUMH
SIBJISTFOTCSI TIOPYOOUYHBIE OCTATKH, BAJICKHUK M ITHH, MO3BOJISIET 3PPEKTUBHO HCIONB30BATH
SHEPrOHACHIIIEHHBIE TPAKTOPHI 32 CUET COBMEIICHNS TEXHOJIOTUIYECKNX ONEPAINii M BBIITOII-
HEeHHUS WX 3a OIMH IIPOXOJl arperara, yBeIIMUeHHs IIUPUHBI 3aXBaTa U pabovYnX CKOPOCTEH.
Cosnarorest ycinoBus st 9QQEKTUBHOM pabOTHI JIECOXO3IHCTBEHHBIX MAIIWUH W OPYyAMH Ha
TPAKTOPHO-MOTOPHOH TSTE JUTS 3aIIUTHI JIeca OT BpeIUTeNei, O0se3Hel 1 MoXkKapoB, a TAKKe
JUTSL MEXaHHU3ALUH PAa3IHIHBIX BUIOB PYOOK yXO7a.
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Abstract. Currently applied partial reforestation in cuttings and removal of stumps by uprooting
have a number of significant technological, environmental and economic disadvantages. These
are removal of the humus layer of soil outside the cleared strips, compaction and reduction
of soil porosity; formation of understump holes and their local waterlogging; littering of non-
cleared belts of trees between strips with felling debris and uprooted stumps; low productivity
of uprooting machines and high energy consumption of stump uprooting; termination of
agrotechnical tending after 2-3 years after planting and impossibility of cleaning stands
due to their obstruction for tractor units; low level of traction force of special forest tractors
and their insufficient power for uprooting stumps. Technology, machines and tools for
reforestation in cuttings become the subjects of the research. The aim of the research is to
provide a comprehensive mechanization of the reforestation process in order to improve work
productivity, reduce energy and material consumption of the technology and create conditions
for the effective use of machines and tools in combination with energy-efficient tractors of
the traction-energy concept, ensuring the elimination of harmful effects on soil and plants
ecology. The results of achieving the set aim and objectives are substantiation of forestry and
ecological, technical, and economic feasibility of using the technology based on the complete
clearing of cuttings from felling residues, dead wood and coppice of shrub vegetation by
their crushing using mobile mulchers; removal of stumps in cuttings through crushing them
at a depth of 0.15-0.20 m by an upgraded MUP-4A machine with scattering chips over the
planting area and subsequent continuous tillage with a disk harrow BDK-2.5. Harmful effects
on the ecology of soil and plants are practically eliminated with an increase in productivity,
and the grinded woody biomass mixed with the soil turns into an organic fertilizer. The
elimination of mechanical obstacles such as felling residues, fallen trees and stumps makes
it possible to effectively use energy-efficient tractors by combining technological operations
and performing them in one pass of the unit, as well as increasing the working width and
operating speeds. Conditions for efficient operation of forestry machines and tools on tractor-
motor traction to protect the forest from pests, diseases, and fires, and for mechanization of
various types of thinning are being created.
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Beeoenue

B nocnennee BpeMs Bce yalle BEICKA3bIBAETCSI MHEHHE O HEOOXOAMMOCTHU BOC-
CTaHOBJICHUS MPOW3BOJCTBA TEXHHUKH U JIECHOTO XO3SWCTBA, MIPOCKTUPOBAHUE U
pa3paboTKa KOTOpOi ObUIM MpeKpalieHbl B Tofbl nepecTpoiiku. OqHako BO30OHOB-
JIATh TPOU3BOACTBO 3HAYUTETHLHOW YacTH MAalllMH, OPYAMH W JIECOXO3SIMCTBEHHBIX
tpaktopoB JIXT-55A u JIXT-4 Bpsia nu 1ienecooOpa3Ho, MOCKOIBKY 9Ta TEXHUKA 32
MOCTIETHIOI0 YETBEPTh BEKA yCTapesa U He COOTBETCTBYET COBPEMEHHBIM 3a/iadyaM U
TpeOOBaHHSIM.

JlecHoMy XO3SHCTBY HEOOXOAWMBI TEXHOJOTUHU M CIICLHAJIbHBIC JICCHbIE Ma-
HIMHBI, paboTaloure 0 NPUHIMIY «MEHbIIE 3a1a4 — OOJbIlIe OTAaYn» Ha OCHOBE
HNIMPOKOMACHITA0OHOTO UCIIONB30BaHUS HAYYHO-TEXHHMYECKUX OTKPBITHH. Ycrex Mo-
KeT OBITh TOCTUTHYT HE TOJBKO 32 CYET TEXHUKH, HO U B HE MEHBINEH CTENEHH 3a
CYET TEXHOJIOTHH.

JeiicTBytommas B Halllel CTpaHe TEXHOJOTHsI JIECOBOCCTAHOBICHHSI OCHOBAaHA
Ha YaCTMYHOM pacyucTke BBIPYOOK OT MOPYOOYHBIX OCTATKOB, BaJE)KHHMKA W MHEH
B BUJIE€ TMOJIOC MUPHUHOM 2,5...3,0 M C OCTaBIE€HHEM MEXIYy HUMHU HEPACUUILEHHBIX
KyJauC Takoi sxe mupuHb [16]. Kymucs! 3amomHsS0TCsS JONOIHUTEIHHO APEBECHOM
Maccoil BMECTE C ITOYBOM, HAXO/ISIICICS Ha MHAX, UHTEHCUBHO 3apacTaloT OPOCIIbIO
OCHHBI, O€pe3bl, OJIbXH U APYTUX MATKOIUCTBEHHBIX OPOI, TEM CaMbIM HCKJIIOUas I1e-
peMelleHIe MalIMHHO-TPAKTOPHBIX arperaros 1o JaHHOM Tepputopuu. B pesynbrare
yepe3 2-3 roja NpeKpariatoTcsl arpOTEXHUUECKUE YXO/Ibl U HE TIPOBOJUTCS OCBETIIE-
HUE JIECHBIX KYJBTYp, YTO OTPULIATENIbHO CKa3bIBaeTcs Ha UX coxpanHocTu. [lonocHas
pacumcTKa He T03BOJIsIeT IPUMEHSATh MHOTOPSTHBIE (MHOTOMAIIMHHBIE) arperarsl Ipu
[IOATOTOBKE IIOYBBI, TIOCAJKE M arpOTEXHUIECKUX YXOAaX. DTO CACPIKUBAET UCIIONb30-
BaHME COBPEMEHHBIX TPAKTOPOB TATOBO-IHEPI€THUECKON KOHIICMIINH, T. €. SHEProHa-
CBILIECHHBIX, KOTOPbIE CTAJIM YHEPreTHUeCKol 0a30il CebCKOro X03HCTBA U JOJDKHBI
YaCTUYHO 3aMEHUTh N3BECTHBIE JIECOXO3HCTBEHHBIE TPAKTOPHI [6, 7].

VYerex B JIECOBOCCTAHOBICHUH MOXKET OBITh JOCTUTHYT MYTEM TPUMCHEHHUS
TEXHOJIOTUH CIUIONIHOW PAaCYUCTKU BHIPYOOK M CIUTOIIHOW 0OpaOOTKH MOYBHI, TIpe-
BpALLeHUs] JPEBECHON MacChl, OCTAIOLIEHCS MTOCIIE JIECO3ar0TOBOK, B ILEIY, a 3aTeM
B opranuyveckoe ynoopenue [10] mocie cmemenus ee ¢ mouBoil. COBpeMeHHbIE Ha-
YYHO-TEXHUYECKHE TOCTHKECHUS B 00IAaCTH Pa3BUTHsI TEXHUKU MO3BOJISIOT YAAISATH
MTHH c1I0c00aMH, KOTOpbIe B CPABHEHUH C KOPUYEBAaHHEM 3HAYUTEILHO MEHEE SHEPIo-
eMKH, 00Jiee POU3BOAUTEIBHBI M COXPAHSIOT IKOJIOTHIO IPUPOIHOM cpebl [9].

Lensro HACTOSIIEH PaOOTHI SBISETCS CHHKCHHIE BPEIHOTO BO3ICUCTBHS TEX-
HOJIOTMU M TE€XHUKH Ha IIOYBY, 3HEPrO- U MaTepUaIOEMKOCTH; ITOBBILICHUE TEXHU-
KO-3KOHOMUYECKHX MOKa3aTeJIel mporLecca JIeCOBOCCTAHOBIICHHUS 3a CUET COBEPIIICH-
CTBOBaHMS TEXHOJIOTHHM W Pa3pa0OTKHU MEPCHEKTHBHBIX MAIIWH, arperaTupyeMbIx ¢
9HEPrOHACHIIIEHHBIMU TPAKTOPaMH, O3BOJISIOIIMMHU COBMEIATh TEXHOJIOTHYECKHE
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OTIEpallH ¥ BHIMOJIHSTH MX 32 OIMH [IPOXO]I arperata, yBeJIMUnBaTh IIUPUHY 3aXBaTa
1 paboune CKOpOCTH, IPUMEHSITh KOMOMHHPOBAaHHbBIE MAIMHBI C pA0OYMMH OpraHa-
MH TTAaCCUBHOTO M aKTUBHOTO IeicTBHs [5, 9].

Obwexmbl u Memoobl UCCAE008AHUSL

MexaHu3aiusi Kak 4acTh TEXHOJIOTHH JIECOBOCCTAHOBJIICHHSI B TOJBI CBOETO
WHTEHCUBHOTO Pa3BUTHSA OTPAHMYMBAIACh M OIEHHBAIACH YBEIWYCHUEM IPOU3BO-
nutenbHocTd Ha 20-30 %, HAACKHOCTU U JOJITOBEUHOCTH KOHCTPYKLMM MAalllWH
U OPYIHH, COOTBETCTBUEM Kaue€CTBEHHBIX IMOKa3aTeseil padOThl arpOTEXHUYECKUM
TpeOOBAaHUSIM W TOBHIIICHHEM SKOHOMHYECKOH 3pdextuBHOCTH. OTICHKA TTPOU3BO-
JIWIIACh 110 pa3paOOTaHHBIM U YTBEPXKICHHBIM CTaHAapTaM U MeTonukaM. JlecoBon-
CTBEHHO-arpOTEXHUYECKAs YacTh TEXHOJOTUH MPAKTUYCCKH HE MEHSJIACh, a OImpe-
JIeNsAIach OMHUM BOTIPOCOM — HE KOpUYeBaTh ITHHU, & €CIIM KOpYeBaTh, TO CKOJBKO.
OHepreTryeckas 0a3a JIECHOTO X03SICTBA — 3TO BCETO JIUIIIb 2—3 MapKH TAKEIbIX, HO
c1abbIX IO MOITHOCTH T'yCEHUYHBIX TPAKTOPOB, UTO SIBUIOCH TOPMO30M B Pa3BUTHHU
CPElICTB MEXaHU3aLMU U TEXHOJOTUU B LiejaoM [11].

[Ipu pa3paboTke HOBOW TEXHUKH HE YIEISUIOCHh JOKHOTO BHUMAHUS €€ KO-
JIOTHYECKOMY BO3ICHCTBHUIO Ha TIPUPOTHYIO CPEY, B IEPBYIO OUEPEIb HA TTOYBY, TIPH
BBITIOJTHEHUHU TaKUX TEXHOJOTHIECKUX OMepaInii, Kak yJlaleHne mopyoodHbIX 0CTaT-
KOB, BaJIC)KHUKA U ITHEH, MOJITOTOBKA MIOYBHI Ha BEIpyOKax. Bo BpeMst TaHHBIX BUJIOB
paboT MPOUCXOAAT Ype3MEPHOE YIUIOTHEHHUE MOYBBI, Pa3pylIeHHE €€ CTPYKTYPHl U
CHIDKEHUE TUIOIOPO/IUs, 0OHAKEHNE HIKHUX OSCCTPYKTYPHBIX TOPU30HTOB, BEIHOC
rymyca 3a mpeJelibl Cpe/ibl OOUTaHUSI JIECHBIX KYJBTYD, JIOKAJIbHOE 3a00JIaunBaHUC
Ha MeCTe MOJITHEBBIX M U Ap. CyIIecTBYIOT pa3IndHbIe Ty TH YMEHBIIICHUS HETaTHB-
HOT'O BO3ACHCTBUS HA HKOJIOTHUIO MOYB: CHUYKEHHUE KOIMUYECTBA MPOXOAOB MO OTHOMY
CIIe/ly, a TAaK)KE COKpaIlleHUE IIIOIIA i BBIPYOKH U YACIbHOIO JIaBJICHHS Ha IOYBY;
WCKITIOYEHUE CKOJBKEHUS JBIKUTENICH TPAKTOPOB; COBMEIICHHE TEXHOIOTHYECKUX
oreparyii ¥ UX BBIMIOJIHEHUE 33 CUET PabOTHI JBUTATEIS M Baja 0TOOpa MOIHOCTH
(BOM) TtpakTopa, HMCHOJIB30BAHUE COBPEMEHHBIX 3HEPrOHACHIIIEHHBIX TPaKTOPOB
TATOBO-2HEpreTHUecKoi KoHtenuu [10]. OTo u sBIseTcs 3amadeid MpOoBeISHHBIX
KCCJIC/IOBaHUH, KOTOPhIE MOTYT OBITh B JalbHEHILIEM MPUHSTHI 32 OCHOBY METOIHUK
KOMIUICKCHOH OIIEHKH HOBBIX CPEICTB MEXaHHW3aluu. Mcxoms u3 3Toro, B Ka4ecTBe
00beKTa M3yUEeHHUS IPUHSITH 00€ COCTABIISIONINE TEXHOIOTHH JIECOBOCCTAHOBICHHUS
Ha BBIPYOKaX — JIECOBOJICTBEHHO-arPOTEXHUYECKAsl U TEXHUYECKasl.

Pezynomamul uccnedosanust u ux oocyscoenue

B 40—60-¢ rr. mpomuIoro cToeTHs BOCCTAHOBJICHHE Jieca Ha BBIPYOKaX MPOU3-
BOJMJIOCH MO TEXHOJOTUM CIUIOIIHOW KOPYEBKM MHEN U CILIOIIHOW MOATOTOBKH MO-
uyBbl. [Ipumensmucey kopueBatenmn K-1A u K-2A, xopueBarens-cobuparens J[-210T,
kopHeBbluechiBarenb BK-1.7. BolkopueBaHHbIE MHU M KOPHH CKJIAJUPOBAIUCH B
BaJIbl 110 TMIEPUMETPY BBIPYOKH WJIM HEMOCPEACTBEHHO HA €€ PACUHUIICHHOW YacTH.
3areM ClIeoBaI CIUTONIHAS BCIAIIKa KyCTapHUKOBO-00I0THEIM TuTyTOM [1KB-2-54
U JBYXKpaTHOE JHCKOBaHUE TsDKENON nuckoBoit Ooponoi bJIT-2.2. IlopyOounbie
OCTaTKH, ITHU U KOPHU, CABUHYTHIC B BaJIbl, BRIBO3WIN HA TPAHCIIOPTHBIX CPEACTBAX.
Tak Tepputopusi BBEIpyOKH INpeBpaliaiach B CBOETO pojia CEITbCKOXO3AHCTBEHHOE
ToJie, Ha KOTOPOM B T€UCHHE JIBYX JIET BHIPAIIUBAJIHN TPABBI, OBEC U 0aXYEBBIC KYIIb-
TYpBbI, 00OTaIas No4YBy a30TUCTHIMU YIOOPCHUSIMHU U OPraHUYCCKHUMH BEIICCTBAMHU.
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[TomoOHast moATOTOBKA IUIOMIA M 0OECIIeunBalia BEICOKHH YPOBEHb MOCIEAYIO-
IIMX TEXHOJIOTUYECKHX OTepanuii (mocajka jieca, arpoOTeXHIYECKUH 1 JIECOBOJICTBEH-
HBIM yXOJIbI, 3alllUTa jeca OT BpeauTenel, 0oie3Hel u mokapa) ¥ MEXaHU3alrIo pa-
00T, MPOBOJMMBIX B T€UEHHE BCEH KM3HU KYJBTYDP BIUIOThH J0 OCYIIECTBICHHS PYOOK
[TAaBHOTO TIOJIb30BaHus. ['ycTOTa 3aK/IaAbIBAEMBIX KYJBTYP MPH MIHPHUHE MEKITYPSIUH
2,5 m u mare mocagku 0,75 u 1,00 m cocrasmsa 5300...4000 mt./ra, 9T0 HAXOIUTCS
B IIpeJieNiaX, YCTaHOBJICHHBIX HOPMAaTUBHBIMH AokyMeHTaMu, 3500...6000 mr./ra [21].

OnHako u3-3a OONBIIMX MaTEpPUATBbHO-ICHEKHBIX W TPYIOBBIX 3aTpaT Ha
PaCUUCTKY BBIPYOOK, OTCYTCTBHS COBITA U TTyOOKOH TIepepaOOTKH BBIKOPYEBAHHBIX
MTHE, BaJIbl KOTOPBIX ITOCTENEHHO MPEBPAIIAINCh B Pe3epBaThl BpeauTenel u 0osies-
HEH He TOJIBKO JIECHBIX, HO U CENbCKOXO3SMCTBEHHBIX KYJIBTYp Ha MPUJIETAIOIIUX I10-
TSX W SIBIISUTMCH MCTOYHUKAMHU TIOBBIIIEHHOW MOKAPHOH OMacHOCTH, B Hadase 70-X IT.
ObUT OCYIIECTBIICH MIEpeX0]] Ha YaCTUYHYIO MOJIOCHYIO PacuucTKy BhIpyOok. [lnprna
TIOJI0C M OCTABIISIEMBIX MEXKIY HUIMH HEPAaCUUIIIaeMbIX KYITUC COCTaBsIa o 2,5-3,0 M,
T. €. HIMPUHA MEXAYpAauil Obla, COOTBETCTBEHHO, 5—6 M, U KOJIMYECTBO BbICAKHBA-
€MBIX CESHLIEB OKAa3aJIOCh B 2—3 pa3a MEHbIIIe HOPMAaTUBHBIX 3HAUYEHU.

Jlnst mprMeHeHus 3TOM TEXHOJIOTHH ObITH pa3paboTaHbl MAITUHBI M OPYIHS,
o0ecreunBaroye KOMIJICKCHYI0 MEXaHH3alUIO JIECOBOCCTAHOBIICHHS U JIeCOpa3Be-
IeHUs Ha 0a3e JIeCOX03sHCTBEHHBIX TPAKTOPOB TAT0BOM KoHmenmmn JIXT-55, JIXT-4
n JIXT-100, a Taxke psiga TPaKTOPOB-TAraueit oOIIero M CeabCKOXO3sHCTBEHHOTO
HazHaueHus (T-100MI'C, T-130, AT-75M, AT-75b, MT3-80/82, T-150K). OcHoB-
HBIM DHEPreTHYECKHM CPEACTBOM B YCIOBHUSIX PA0OTHI Ha BBIPYOKax SIBISIETCS TPaK-
Top JIXT-55.

[lepexon Ha TONOCHYIO PAacYHCTKY BBIPYOOK CHMIKAeT 3aTparhl TOJIBKO Ha
BBIIIOJIHEHUE OJHOM TEXHOJIOTMYECKOW OIEPALUU: KOJIWYECTBO YAAISEMBIX ITHEH
yMeHbIaeTcs B 2—2,5 paza. OHaKO BO CTOJIBKO JK€ pa3 CHU)KAETCS TIepBOHAYAIbHAS
MIOJTHOTA HACAXKACHUH, CIIeIOBATEIbHO, MPAKTUYECKN UCKITIOYaeTCs TOTydeHne Tpo-
MEKYTOYHOTO SKOHOMHYECKOT0 3 dekra oT pydok yxoxa.

[TopyGouHbIEe OCTaTKM, BaJeKHUK U KOPUIyeMble ITHA C PACUMIIIEHHBIX TOJIOC
yaaJIdoTea B Kyauchl. Kyaucsl HHTEHCUBHO 3apacTaroT MOPOCIbI0 MATKOIMCTBEH-
HBIX OPOJ U YK€ Ha 2-3-1 O]l CTAHOBATCS TPAKTOPOHENpoxoauMbIMU. [1o 3Toit npu-
YHHE Ha 3-M rofly CTAHOBHUTCS HEBO3MOKHBIM ITPOBOIUTH arPOTEXHUYECKUE YXObI U
OCYLIECTBIISATh OCBETIIEHNE. DTH ONEPALUU MPOBOASITCS YaCTUYHO C MOMOILBIO pyd-
HBIX MOTOWHCTPYMEHTOB.

Pacunmaemsle mosnocsl mocie yaaneHus MHEW W 3apaBHUBAHUS HEKOTOPBIX
MIOJIITHEBBIX SIM TIPECTABIIAIOT CO00H KOPHITOOOpA3HOE MOHIKEHUE B ITONEPETHOM
cedenuu mryounou 0,1...0,2 M. OOHa)KCHHBIC HUKHHE TTOYBCHHBIC TOPU30HTHI TIO]T
neficTBreM arMOC(epHBIX OCaJIKOB JIETKO W OBICTPO 3aruiblBaloT. Boma crekaer, 3a-
MIOJTHSET MUKPOTIOHIKEHUS, ¥ TIPOMCXOIUT JIOKAIbHOE 3a00/1aunBaHue.

B pesynbrate Bcex STHX HEONAronpHATHBIX YCIOBHH, CKJIQABIBAIOLIMXCS B
MOYBE M HaJ| TIOYBOH, YaCTh KyJIbTYp HAXOJUTCS B YTHETEHHOM COCTOSIHUH, BBIMOKA-
et 1 norubaet. COXpaHHOCTh XBOWHBIX KYJIBTYp He npeBbimact 53 % [16], a KkynbTyp
ny6a — 18-23 % [2].

ArperatupoBaHHe CIEeUANbHbBIX JECHBIX MAIlUH Pa3HOTO Ha3HAYCHMS U pas-
HOTO TSroBOro compoTusieHus (kopuesarenn KM-1A, MPII-2A u OPB-1.5; muy-
ru [IKJI-70, ITTJI-1, ITJIM-1.3A u ITJIM-1.5; neconocagounsie Mamuasl MJIY-1A,
CIHTI-1A, JIMA-81K u np.; kynsruBatops! KJIBb-1.7 u K/IC-1.8) ¢ oqauM u Tem xe
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TpaktopoM JIXT-55 nemaer ero npumenenune HeadpdekruBHbM. Koaddunment 3a-
IPY3KH B 3TOM citydae cocramisieT Beero juiib 0,10-0,46 (tadn. 1). B To e Bpems
MOIITHOCTb JIBUTATENS JAHHOTO TPAKTOpa HEOCTATOuHA JIJIsl KOpUEBaHHS MTHEH na-
MeTpom Oomee 25...35 cm [3].

Tabnuna 1

Ioka3aresin ncnoab30BaHus CUJIbI TSATM TpakTopa JIXT-55 B s1ecoBoccTanoB/IeHUH

Pabouas | Cua Tsiru (Conporusienue| Koaddurment
Bun pabot Opynue CKOPOCTb,| TPAKTOPA, opyaus, HCTIONTb30BAHUSA
KM/4 kH kH CUJIBI TSTH TPAKTOPA|
Hapeska
JIBYXOTBAJTbHBIX [Tyt ITKJI-70 4.7 32,0 12,6 0,40
60po3a
Obpasosame |y oy 5 3.6 45,8 21,0 0,46
MUKPOITIOBBILLIEHUI
Caxanka MJIY-1A 1,8 56,0 11,5 0,20
ITocanka
Caxanka CJIT-1A 1,8 56,0 13,5 0,24
AFpOTVeXHquC_ Kynsrusarop KJIb-1.7| 4,7 32,0 3,0 0,10
KHUH yXoJ

Takum 00pa3oM, B J1€COX03HCTBEHHOM IIPOU3BOJICTBE CIOKMIACH IIPOOIEM-
Hasi CUTYalusl, U3 KOTOPOI BO3MOXHBI HECKOJIBKO BBIXOOB. IlepBoe HampasineHune —
HMMETh IIUPOKUHI TUNAXK CHEIHANbHbBIX JIECHBIX TPakTopoB kiacca 0,9; 1,4; 2; 3 u 4;
5; 51 9, a takke camoxonHoe maccu 0,6, CTENEHb 3arpy3Ku KakJI0To U3 KOTOPBIX
nomwkHa ObiTh He Hike 0,85. Bropoe — moBbImars paboune cKOpOCTH U pabodyro
IIMPUHY 3aXBaTa MAIIMHHO-TPAKTOPHBIX arperaTtoB C MCIOJIb30BAaHNEM HABECHBIX U
rUAPOQULINPOBAHHBIX IPULIEIHBIX CLIEHOK.

Peanusanust mepBoro HarpasiIeHHs 32 CUET pa3pabOTKU U CEPUIHOTO MPOU3BOI-
CTBA IMOJIHOMACIITA0HOTO THIAXKa TPAKTOPOB-TAradeil JeCOX03sMCTBEHHOTO Ha3Haue-
HUsI HelenecooOpas3Ha, MOTOMY 4TO He OyaeT oOecriedeHa UX rofosas 3arpyska. Uto
kacaetcst TecHbIX TpakTopoB JIXT-55, JIXT-4 u JIXT-100, To UX BBITYCK MIPEKPAIIICH.
[ToaTomy sHEpreTryeckas 6a3a JIECHOTO X035HCTBA B HACTOSAIIEE BPeMs U B OymyIieM
MOKET OBITh IPEJICTABIICHA COBPEMEHHBIMH TPAKTOPAMH TATOBO-IHEPI€THUECKON KOH-
LMY, CTABIIMMU OCHOBOM Pa3BUTHsI MEXaHU3ALIUHU CEJILCKOTO Xo3siiicTBa [18].

Koa¢pduumeHT 3HEproHachIeHHOCTH TPAaKTOPOB TATOBO-IHEPTETHUYECKOM
KOHIICTIIIUU COCTABJISCT JUIsl T'yCeHUYHbIX 2,12...2,61 u konecHbix 1,5...1,75 kB1/kH
[17]. DHEproHachIIIEHHOCTh TYCEHUYHBIX TpakTopoB-Tsradeit JIXT-55 u AT-75M
paBua 0,5 u 1,05 kB1/kH COOTBETCTBEHHO, T. €. MEHBIIIC B 2 pa3a.

B tpakTopax TAroBo-3HepreTHUeCcKoil KOHIEIUH B OTJIMYUE OT TPAKTOPOB-TS-
rayeii MOLIHOCTb IBHUTATeNs PEaln3yeTcsl He TOJIBKO uYepe3 ABMKHUTENH, CO3JaBas
3THM CaMbIM CHJIY TSTH, HO U 4epe3 ycTpoiicTBa 0TOOpa MOLIHOCTH [T MEXaHHYe-
CKOTO HJTH TUAPABINYECKOI0 MPUBOJA pab0uNX OpraHOB aKTHBHOTO THTIA. DHEProHa-
CBILIIEHHOCTh TPAKTOpa TATOBO-IHEPIeTUYECKON KOHIIETIINN MO3BOJISET BHITOIHATh
OZJHOBPEMEHHO HECKOJIBKO TEXHOJIOTMUECKUX ONEpalyil 3a OAMH MPOXOi MAallWH-
HO-TPAaKTOPHOIO arperara, yBeJlIH4uBaTh pabodue CKOPOCTH, MPOU3BOIUTEIBHOCTD
B KpaTHOE YUCIIO Pa3, UCIOJIb3Yysl MHOTOPSJHbBIC U IINPOKO3aXBaTHbIC arperaTbl, 3a-
MEHsS [IpU 3TOM 2—3 TpakTopa MeHbIero kinacca taru [1]. [Ipaktudeckuii nuuTepec
JUIS JIECHOTO XO3SIHCTBA IMPEJICTaBIAIOT TaKhe MapKH dHEPrOHACHIIIEHHBIX TPAaKTO-
poB, kak MT3-622, MT3-311M, MT3-1221, MT3-952.2, MT3-320.4, u psij qpyrHx.
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Takske 0CTalOTCsl BOCTPEOOBAaHHBIMHU M BBIITyCKaeMbl€ 3aBOIAMH IMPOKO U3BECTHBIC
MT3-80/82 u rycennunsiit «Arpomant 90 TI». DHEproHachIEeHHOCTh 3TUX TPAKTO-
poB 1,54...1,90 (tabu. 2).

Tab6aumna 2

JHEProHachIEeHHOCTH TPAKTOPOB 0011ero Ha3HaYeHHs: MUHCKOI0 TPAKTOPHOI0 3aB0J1A

Iloxasarens MT3-320.4| MT3-622 |MT3-1220 MT3-952.2[MT3-1221| MT3-80

MomnocTs asurarens, KBt 26,5 46,0 82,3 66,0 96,0 59,0
OKCIUTyaTallHOHHBIN BEC
Tpakropa, kH
Koaddurment
JYHEPTOHACHIIEHHOCTH, 1,54 1,90 1,80 1,61 1,61 1,87
kB1/kH

17,2 24,1 46,0 41,0 53,0 31,6

OTH TPAKTOPBI MOTYT OBITH TSATOBO-IHEPIETHUECKUMM CPEICTBAMH ISl BbI-
MOJTHEHUSI CJIEAYIOIIMX BUIOB Pa0OT: PaCUMCTKA BBIPYOOK OT MOPYOOUHBIX OCTATKOB,
MOJITOTOBKA MOYBBI, TIOCAKA U TIOCEB, arpOTEXHUYECKHUI U JIECOBOACTBEHHBIN YXO-
JIbI, ONIPBICKUBAHKE M ONbUIMBAHUE HACAKICHHI, TPOKJIAKa IPOTUBOMOKAPHBIX MU-
HEPaTN30BAHHBIX MOJIOC, TYIICHHE HU30BBIX JIECHBIX TIOKapOB. YHUBEPCAIHHO-TIPO-
namaeie Tpaktopel RSM 320, RSM 340, RSM 370 u RSM 400, BeImyckaembie
3aBogoM «Pocrcenpmann, MOTYyT OBITH IPUMEHEHBI ISl YIAJICHHUs KaK HaJ3eMHON
YacTH [THEH, TaK U BMECTE ¢ KOPHSIMH Ha ITyOHHE, 4To 00eCIeurnBaeT BEICOKOE Kaue-
CTBO IOJITOTOBKH MOYBBI, TOCAJIKH JIECHBIX KYJIBTYP U YXOZAa 3a HUMU; IS TYLIEHUS
HA3eMHBIX JIECHBIX TOKapOB MMOYBOTPYHTOM. MOITHOCTh JABHTaTeseil STUX TPaKTO-
poB 243,6...292,0 kBT, ko3 duruenT suepronaceieHaoctd — 1,97...2,15 kB1/xH.

OnHako PHEProHACHIIIEHHbBIE TPAKTOPHI HE BIMCHIBAIOTCA B TEXHOJIOTHUIO I10-
JIOCHOW pacyMCTKU BBIPYOOK M B CYLIECTBYIOILIME KOMILJIEKCHl MAIIMH. Takue Tpak-
TOpbl 3(P(PEKTUBHBI B TEXHOJOTHAX, Pa3pabOTaHHBIX Ui OTKPBITHIX IUIOMIANEH,
CBOOOJIHBIX OT MEXaHWYECKHX IMPEISTCTBUN M 00ECIIEUNBAIOIINX BBICOKYIO MaHEB-
PEHHOCTH MHMPOKO3aXBAaTHBIX MAIIMHHO-TPAKTOPHBIX arperaTos.

ITonoOHbIe yCIOBYS B JIECOBOCCTAHOBIICHUH MOTYT OBbITh CO3AaHbI B BAPHAHTE
CIUIOIIHOM PacyUCTKH BBIPYOOK, HO B OTIMYME OT paHee NPUMEHSEMOH B JIECHOM
XO03sIiCTBE TEXHOIOTHH OyayT 6a3MpOBaThCs Ha COBEPILIEHHO HOBBIX HAYYHO-TEXHH-
YECKHUX JOCTHKEHHAX, 00€CIIeUNBAIOIINX KOMITJICKCHYI0 MEXaHN3aIUI0 JIECOBOCCTa-
HOBJICHUS 1 BEJIEHUS XO341CTBA B JIECY, a TAK)K€ MMUHUMHU3ALIUIO SHEPTOPECYPCHBIX
3aTpar; COXPaHSIIONINX SKOJIOTHIO TPHUPOTHON CPENbI B MIPOLIECCE YAaIEHHUS Opy0od-
HBIX OCTATKOB, ITHEH M MOATOTOBKHU IOYBBI; OBBILAOIINX 3(PEKTUBHOCTD UCIIONb-
30BaHUS MALIMHHO-TPAKTOPHBIX arperaTros.

OcHOBHOI cnoco0 yhaneHHs MHEH — MEXaHWYEeCKHH, OCYILECTBISICMBI B
HaCTOsIIIee BpeMsl KOpueBaTeJIbHbIMU MAIIMHAMHU (KOpueBaTeIsIMH M KOpueBaTes-
MHU-COOUpATEIsIMU) PHIYaKHOTO THIIA. B 0cHOBE 3TOT0 crioco0a JeKUT NPUHIIKIT BbI-
TATHBAHNSA TTHS U3 MTOYBBI IyTEM CTAaTHCTUYECKOTO M JUHAMUYECKOTO BO3AECHCTBUH,
[IPUIOKEHHBIX K ITHIO B HAKJIOHHOM, TOPU30HTAJILHOM M BEPTHKAJIbHOM HalpasJie-
Husx [25, 27]. B yacTHOCTH, IIHUPOKO M3BECTHBIE KOpUeBaibHble MaMHbl KM-1A
u MPII-2A paGoTaroT no npuHUMITY HAKIOHHOTO PUJIOKEHUS CHIIBI K TTHIO [24, 26].

KopueBka mHeil BecbMa TpPyAOEMKHUH, 3HEPrO€MKH W MaJONpPOU3BOAM-
TEJIBHBIN TPOLECC, COCTOSIMMKA M3 HECKOJNBKHMX OMNEepaluil: MOIXOJ MAaIIUHBI K
MTHIO, 3amnTyOJieHue paboduero opraHa B IIOYBY, BBITATHBAHUE IMHS (OJHOBPEMEHHO
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B BEPTHKAJILHOW M TOPU30HTAIBHON TUIOCKOCTSIX ), TPEJICBKA BEIKOPYCBAHHOTO ITHS K
MECTY BBIBO3KH ITHEH MOABEMHO-TPAHCTIOPTHBIMU CPEACTBAMH, BO3BPAT U YCTAHOBKA
MAaITUHBI B HCXOTHOE TIOJIOKEHHUE IS TPOAOKSHUS PAOOTHI.

Ha ycunwe m3BnedeHus MHA U3 TIOYBBI BIHUAET OONBIITOE KOJIHMYECTBO (haKToO-
POB: TIOpo/a JiepeBa, pa3Mep IHs, popMa u mapaMeTpbl KOPHEBOW CHCTEMBI, HAJTHUNe
KOPHEBBIX JIAIl, THII, BIAXXHOCTh U TUIOTHOCTH TOYBHI U Jip. [Ipy BBHITATUBAaHUY TTHS B
€ro KOPHSIX CO3[AI0TCS HAMPSKCHUSI PACTSKCHISI, UX BEJIMYUHA BO3PACTACT IO MEpe
YBEJIMYCHHS CUJT BO3JICHCTBHS pabouero opraHa KOpueBaIbHOM MaIIUHBI 70 TIpeiesia
MIPOYHOCTH, MPEBHIIICHIE KOTOPOTO MPUBOIUT K Pa3phIBY KOPHEH, W, TAaKUM 00pa-
30M, X BEPXHAS 4acTh TEPAET KOHTAKT CO CPEIOi CBOET0 OOUTAHUSI.

ITau auametpom 34...41 cm u3BnekaroTcs U3 nouBsl ycunuem 87,5...120 kH u
oonee. JlnurenpHOCTH Tporiecca kopueBku MHs gocturaet 20—30 mun [14]. [Tau qu-
ameTpom Oojiee 25 cM, 0COOEHHO TaKUX MOPOJ KaK JAy0, KIEH OCTPOJIMCTHBIN U Jp.,
KOPYYIOT C HECKOJIBKUX 3aXO0JI0B, MAHEBPUPYS BOKPYT THs a0 14 pas. [lpu xaxmgom
3axo/ie IHUKJI pabovero mpouecca KOpIeBaTbHOW MAITUHBI TIOBTOPSIETCS, TIPOU3BOMS
TaKUM 00pa30M MOCTETIEHHBI 0OPHIB KOpHEH 10 NepuMeTpy MHs [22]. D10 sBIsSeTCS
[JIaBHOW MPUYMHON HU3KOW MPOW3BOAUTEIBHOCTH KOPYEBATEINS, KOTOpPas C Y4ETOM
TPEJNEBKU U 3aIOJHEHUS MOAMHEBBIX SIM MOYBOrpyHTOM cocTaBiseT 0,15-0,22 ra B
cmeny wiu 12-20 nHelt B yac cmeHHoro Bpemen# [13]. C nenpio yMeHbIIEHHs CO-
TIPOTUBIICHUS TTHS KOPUYEBAHWIO W TIOBBIMICHUS MPOW3BOAUTEIHFHOCTH KOpUEBATEIIS
TIpeIIOKEHa TIpeIBapuTeIbHAs TToape3ka Kopaer [20]. OmHako 3T0 HE permraeT mpo-
Onemy, a eimre OOJbIle yCIOXKHIET paboTy, IOCKOJIBKY YBEIHUMUBACTCS KOIMYECTBO
ornepauuid U TEXHUKH.

B cTpanax EBpomnsl 1 AMepHuKHU MpHU yXo[ax 3a TOPOJCKUMH MapKaMUu U B 3€-
JIGHOM CTPOUTENIbCTBE IMPUMEHSIOT U3METBIUTENN MTHEH HAa MECTE X HAXOXKICHHUS B
rouBe. Paboure opranbl UCITOIB3YyEeMOM B 3TOM CITydac MAIIFHBI MPEACTABIISIOT CO-
6oit muckoByto ¢pesy [31, 34] mubo Gapaban Ha TOPU3OHTAIBHOM OcH BpameHus [30,
32] ¢ 3aKkperuieHHbIMHA Ha HUX pe3laMu. DTH pado4re OpraHbl, BPaIasch C OKPYXK-
HO¥ ckopocThio 40...100 m/c, U3MeNBUaloT MHU MyTeM (pe3epoBaHHs MOMEPEK BO-
JIOKOH, TIpeBpalas ux B MEJKYH CTpyxKKy. OJIHAKO y JaHHOTO Crocoda eCTh P
HEI0CTATKOB: 0O0JIbIIIast YHEPrOEMKOCTh Tpoiiecca (hpe3epoBaHusi, ObICTPOE 3aTyILie-
HUE Pe3I0B TP KOHTAKTE C MOYBOTPYHTOM, TIOCTIOWHOE (hpe3epoBaHIE CBEPXy-BHHU3,
YTO TPUBOJIUT K MHOTOKPATHBIM YEITHOYHBIM TIEPEMEIICHUSIM |, CIEeIOBATEIBHO, K
CHIDKEHUIO TIPOU3BOJIUTEIHLHOCTH.

[Ipu nmpumMeHEeHUH APYTUX yCTPOWCTB, JCUCTBYIONIUX IO CIIOCOOY BBITSATH-
BaHUSI MMHEHU, T. €. KaK U OOBIYHBIC KOPUEBATENIN PHIYAKHOTO THIA, HO C BBEJICHUEM
BuOparuu [28, 33], ycwine BeIIeprUBaHus MOXKET CHU3UTHCS Ha 30 %. OxHako BH-
Oparusi MPUBOANT K YBEIHMUEHHUIO JKECTKOCTH KOHCTPYKIIMH, MacChl MallIMHBI U JI0-
MTOJTHUTEIFHBIM CYIIECTBEHHBIM 3aTparaM IO YCTPaHEHHUIO BPEIHOTO BO3JCHCTBHS
Ha oreparopa.

OCOOCHHOCTBIO JPEBECUHBI B OTJIHYNE, HATPUMEP, OT METAJUIA SBISCTCS pa3-
JIUYUE ee Mpefeia MPOYHOCTH B 3aBUCUMOCTH OT HAMpaBICHUS NEHCTBUS MpHIIara-
€MBIX CHJI OTHOCHUTEIIPHO BOJIOKOH — BJIOJb WX Tomiepek. [Ipu pacTsskeHUH BHOIH
BOJIOKOH, YTO UMEET MECTO B pabOTe KOpUEBAIBHBIX MAIIIH, TIPeIe IPOYHOCTH Ta-
KHX TIOPOJI, KaK JINCTBEHHHUIIA, COCHA, €JIb, Ty0, Oepesa u ocuHa, paBeH 125,0; 103,5;
108,0; 138.,8; 168,0 u 125,56 kH coorBercTBeHHO. [Ipu pacTskeHUH MONEpeK BO-
JIOKOH B paJivajbHOM/TaHICHIIMAILHOM HarmpamieHusx — 5,6/5,2; 5,4/3,5; 5,0/3,2;
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8,0/6,5; 11,1/6,5 n 7,4/4,6 xH cOOTBETCTBEHHO, T. €. MEHBIIIE, YEM TIPU PACTIKCHUN
B 25-40 pa3 [23].

YnaneHue MHEW KOPYCBAIBHBIMU MAIIMHAMH COTIPOBOXKIACTCS PSIOM Hera-
THBHBIX ()aKTOPOB IKOJIOTHUECKOTO Xapakrepa [24]: MuHepam3aIus U pa3pyicHue
CTPYKTYPBI ITOYBEHHBIX CJIOEB, ITOJHOE Y/aJIeHHe T'yMyCOBOTO TOpH30HTa ¢ 32 % Tuoria-
T BBIPYOKH, CHIDKEHHE BIIBOE — Ha 15 % u oOHaxkeHue ropu3oHTa — Ha 6,6 %. O6pasy-
FOTCsI TIOATHEBBIC MBI IIyOHHOH oT 25-30 cM 10 70-90 cMm, 3amojHEHHE KOTOPBIX
MTOYBOTPYHTOM C MPHJICTAIONTNX K HUM y9aCTKOB MPOU3BOAUTCS TEMU K€ KOpUeBaTe-
JISIMA WITH OyITbT03epaMu. ITO BEMIET K eIe O0IbIIIel HepaBHOMEPHOCTH pacIpeese-
Hus Tymyca [27, 29]. B mponecce OykcoBaHUS ABMKATENEH KOpUYEBaIbHBIX MAIIUH,
KOTJIa COTIPOTHBJICHHE ITHS KOPYEBAHHIO MPEBHINIACT TOJKAIOIIEE YCHUIINE TPAKTOPa,
MIPOUCXOAUT UHTCHCUBHOE KOJICOOPA30BaHUE, UYTO YBEIUYHMBACT KOJIMYCCTBO IbLIC-
BarbIX yactuil [19].

TexHOMOTHS CIUIONTHOW PACUUCTKH BBIPYOOK MOXKET OBITH IKOIOTHUCCKU
0e30macHON M YKOHOMHUYECKH BBITOMHOHN B CIydae ymajJeHUs THEH MONHOCTHIO MITH
TONBKO MX HAJA3€MHOW YacTH padOYMMHU OpraHaMHU aKTHBHOTO JIEHCTBHS, MPOM3BO-
IAmUMA (pe3epoBaHKe, BHICBEPIUBAHKIE U IPOOJICHHE 33 CYST YHEPTHUU JIBUTATEIS
TpakTopa, nepenaBaeMoii uepe3 BOM unu rugponpuson. Bo Bpems ynanenus nus
TPaKTOP MO CPABHEHHUIO C KOPUEBATHLHBIMHU MAITHHAMU HAXOJUTCS B CTOSTHOYHOM TT0-
JOKeHUHU. Ero ABMKUTENN HE UCIIONB3YIOTCS IS CO3MIaHUS TONKAIOMIETO YCHIIHS C
eI BBIIEPTUBAHUS ITHS U3 TIOYBHI, a SBISIFOTCSI CPEICTBOM TIEPEIBIKEHHS MEXKTY
OCTaHOBKaMH.

Haubonee mepcnieKTHBHBIN BapHaHT — JPOOJICHHUE TTHEW pa0OYrM OpPTaHOM,
JIEUCTBYIOIIMM Ha JAPEBECHHY BAOJb BOJOKOH B TAHTCHIIMAJIHLHOM HAIPABICHUM.
DToT crnocod 1Mo CpaBHEHUIO ¢ (hpe3epOBaHUEM U BBHICBEPIUBAHHEM MEHEE DHEPro-
eMKuil 1 6osiee PON3BOIUTENBHBINA. J[aHHBINA CrTOCOO peajn30BaH B KOHCTPYKIIUN
MalIuHbI Ju1sl yaajaeHus nHeil MYTI-4.

Mammna MYTI-4 — ato arperar, cocrosmii u3 Tpakropa T/IT-55 (JIXT-55A)
Y pa3MeNIeHHOTO BIepean padovero 000pyI0BaHusl, BKIIFOYAOIIETO POTOP-U3MEITh-
YUTEIb B BUJIE YCEUCHHOTO KOHYCA, CTPEIBI UTMHOU 4 M, THIPOLMIUHIPOB IIOBOPOTA
CTpENbl B TOPU30HTAIBHON M BEPTHKAIBHOU TUIOCKOCTSAX. Ha croiikax poropa-m3-
MEJIBUUTEINS PACTIONOKEHBI CKAJIBIBAIONINE HOXH, 110 OKPYKHOCTH HIKHETO OCHO-
BaHMS — Mojape3arolue pesipl. [IpuBoa poropa-usmensuuTens ot nepeagsero BOM
TpaKTOpa MPOU3BOJAUTCS Yepe3 KapIaHHYIO Tepeiady, pa3MelieHHYI0 B TpyOe cTpe-
JIbl, 1 KOHUYECKUHN PETYKTOP.

Pabouwii iporiecc IpoOaeHus OCYIISCTBIISETCS, KOT/Ia TPAKTOP HAXOJAUTCS B
CTOSTHOYHOM TIOJIOKEHUH. [Ipu BpameHun poTropa-u3MeIBIUTeNs ¢ OKPY>KHOM CKO-
poctbio 10 40 M/c 1 IepeMenIeHNH eT0 B TOPU30HTAIBHOM TNTIOCKOCTH HaJI TIOBEPX-
HOCTBIO 3eMJIM TIPOHCXOISAT OTHOBPEMEHHO ITOIpe3aHue ITHS Pe3laMy U IPOOIeHIe
HOXKaMHU IO JTUHUSM HAaUMEHBIIErO COMPOTUBICHUS B TaHICHIIMAIBHOM HaIpaBlie-
HUWU, T. €. BIIOJIb BOJIOKOH, Ha JIPEBECHBIC ()PAKIIMU B BUJIC IIICITbI, OTOPAChIBAEMO Ha
paccrosiaue 70 30 M.

B 3aBucumocTu ot nmamerpa, (pU3NIECKOro COCTOSHHS ITHS, MTapaMeTpPoB U
(hopMEBI ero KOMJIEBOM YacTu omepatop MamuHbl MYII-4 peryaupyeT cKopocThb TO-
JIad¥ ¥ 4acTOTY BpalleHus poTopa-uzMenpuntelns. [locie okondanus npoOneHus mHs
CTpENly C POTOPOM-U3MEIBIUTENIEM MEPEBOISAT B TPAHCIIOPTHOE MOJIOKEHUE U OCY-
IIECTBIISIOT TIEPee3] K CICAYIOMEeMY ITHIO WU TPYIIE MHEH.
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WcnbiTanusi, MpOBECHHBIC HA JICCHBIX BBIPYOKaX B 30HE CMEIIAHHBIX JIECOB,
nokaszanu, yto MammHa MYII-4 ynanger Hag3eMHyI0 4acTh MTHEH OCHHBI, Oepe3bl U
cocHbl quamerpoM 28...37 cm 3a 20...26 c; 1yba CEMEHHOIO MPOUCXOXKICHHUS Tra-
meTtpoM 30...42 cm —3a 17...32 ¢, a 1BOMYATKU U TPOUYATKHU MOPOCIEBOIO MPOUC-
XOXKJIEHUS — B HECKOJIbKO npueMoB 3a 55...70 c. IIpousBoaurensHocts MVYII-4 no
CpaBHEHUIO ¢ KopueBaibHOU MainHoi KM-1A Beie B 7-10 pa3z [12, 15].

Bwmecte ¢ TeM ObUIM BBISIBIICHBI HEKOTOPBIC HEIOCTATKK: BUOPAIUS MIPU APO-
OJICHWU TTHEH TBEPIOJMCTBEHHBIX MOPOJ; TPYAHOCTH B HaBEACHUM pabodero opra-
Ha OTHOCHTEIBHO THS W, KaK CIEACTBHE, HEKad4eCTBEHHOE JPOOJIeHNE MMHEH C yBe-
JITYEHHUEM YacTOThl MAHEBPUPOBAHHS BCETO arperara B IEJIOM; arperaTUpoOBaHHE C
TYCEHUYHBIM TPAaKTOPOM YCTapeBIeH MapKw;, OrpaHUYCHHOCTh B IMPHUMEHEHUH 10
1yOuHe OpoOsieHHs M3-32 HEAOCTATOYHOM M3HOCOCTOMKOCTH PE3LOB B YCIIOBHUSIX
abpa3uBHOI1 cpensbi [8, 10].

BoapIMMHCTBO OTMEUEHHBIX HEAOCTATKOB YCTPAHCHBI B MOJICPHU3UPOBAHHOM
obpasme mamwHBl MY TI-4A (puc. 1): yBeTUYIEHO KOTHUECTBO TOAPE3aI0ONTHX HOKEH;
CKaJIBIBAIOIINE HOKU Pa3MEIeHBI TT0 BHUHTOBOW JJMHUU U UMEIOT AYTO00pa3HyIo pe-
KyIIyI0 KpoMKy [12]. Mexanuueckuil mpuBOJ, 3aMEHEH Ha TUAPABINYCCKUIA, BME-
CTO CTpPEJIbI MOCTOSTHHOMN IJTUHBI YCTAHOBJICH THAPOMAHUITYISTOP TEIECKOMMUECKOTO
tumna JIB-210 (Maiikorckuii MalmmHOCTPOUTENBHBIN 3aBOM), JUTHHA CTPEIBI KOTO-
poro mepemeHHa — 2,7...5,4 M, 94TO YBEITUYHBACT KOJUYCCTBO yHAISIEMBIX ITHEH C
OITHOM pabouel MO3WIMK arperara B MpeaesiaX MOJIOCH IMMUPHUHOHN, OTpaHMYCHHOMN
HU3MEHSIEMBIM BBIJIETOM CTpPEIbI U yIiioM noBopota B 170°. Mamuna MVYII-4A arpe-
rarupyercs ¢ kojaecHeIMU Tpakrtopamu JIT3-60, MT3-622 knacca 0,9. MomHOCTS,
notpedisiemMast Ha IpoOJieHue MmHeH, cocTaniser 9...12 kBT.

Puc. 1. MoaepHU3HpPOBaHHbIIT
obpazern mamuHbl MYTI-4A

i Fig. 1. Upgraded model of the
MUP-4A machine

C uenbo ApoOeHrs He TOJIbKO HAI3eMHOW YacTH IMHEW, HO M HaXOMSIIEHCs
B nouse Ha ryoune 0,15...0,20 M, 1 CHIKCHHS U3HOCA PEXKYIIUX U CKAJIBIBAOIIAX
HOXei pa3zpaborana Maiuna [4] (puc. 2), COCTOsIILAS U3 IBYX MOJYJICH: OUUCTUTEIISI
OT TIOYBHI 5 ¥ U3METBIUTEIIS ITHEH /, COSAMHEHHBIX CO CTPEION THAPOMAHUITYIISITOPA
8 Ha pame 2. B cocTaB yrpaBiieHHs arperatoM BXOIAT THAPOLMIIMHIP MTOBOPOTa paMbl
3, THAPOIITUHIIP TIEPEMEIICHUS U3MEITFIUTEIIS B 3aBUCIMOCTH OT AMaMeTpa IHew 15,
TUAPOMOTOPHI IPUBOAA U3MEIBUUTENS 9 U CEKIMHA OUUCTUTENS 4 Yepe3 LCTHYIO T1e-
penaudy /I u mapuupsl ['yka 6. PacxoxaeHue U CXOXJICHUE CEKIMH OYHCTHUTENS B
3aBUCUMOCTH OT JUaMETpa MHEH MPOU3BOAUTCS THAPOIMIMHIPOM /5, KECTKO COe-
JTUHEHHBIM C paMoii 2 uepe3 IByXIuleune poraaru /3 mapHupamu /2 v TOBOIKOW /4.
M3MmenpunTenb COEIMHEH ¢ paMOi ¢ BO3MOXKHOCTBIO IEPEMEIICHUSI B BEPTUKAJIbHON



ISSN 0536-1036 «H3BecTns By30B. JlecHoii skypHas». 2021, Ne § 127

IUIOCKOCTH THUAPOIMINHAPOM /() 10 MOMEHTa €ro yCTaHOBKH, Korja padouas Iio-
BEPXHOCThH 3alMET MOJIOKEHUE, apauIeIbHOE TOBEPXHOCTH ITHS, T. €. YCTAHOBUTCS
BEPTUKAIHHO. BBIJIET CTpessl M3MEHSETCS TUAPOIMIHHAPOM /.

1

Puc. 2. [IByxMoaynbHas MalllMHA A7 YAAJICHUS THEeH: a — BUJI CBEpXyY; O — BUJ COOKY

Fig. 2. Two-module machine for removing stumps: a — top view; 6 — side view

O0a Momysst yCTaHOBJICHBI HA paMe B BUJIE KaUaroILerocst KOpOMbIciia, Ha KOH-
ax KOTOpPOro pa3MelIeHbl MOy, padoTatomue nooyepenno. CHavaza O4UCTHTENb
yAaJsieT MOYBOTPYHT BOKPYT IHs B paguyce 10 0,9 M Ha rmyoune no 0,2 M, a 3aTeMm
MIPUXOJUT B IEHCTBUE U3METBUUTENb.

Couyeranue B OJHON KOHCTPYKIIMU PAOOYHX OPraHOB JUISI OYMCTKH ITHEH OT I10-
4BbI, 00Pa30BaHUs IJIOIIAAKU-YyIIyOJIeHNsI BOKPYT IIHEH U 3aTeM UX APOOJIEeHUs CHU-
JKaeT JIEHE)KHBIE 3aTpaThl, TPYI0- U MaTEpUATIOEMKOCTh MpoLecca yAaIeHUs THEW U
oOecnieunBaeT 3PPEKTUBHOE UCTIONB30BAHUE YHEPTETHUECKIX PECYPCOB.

[Nocne ynaneHust mHed Ha BCed KyJNBTHBUPYEMOH IUIOIIAIH Ha TIyOMHE 5—7 cM
MIPOM3BOJIUTCS CIUIOIIHOE HW3MEJBYEHHE TOPYOOYHBIX OCTAaTKOB, BaJIEKHHUKA.
B ciyuae obHapy)keHus1 OCTaBIIEICS YaCTH MTHS IPUMEHSIETCS MOOMILHBIA MYIbUep
BERTY EFX/DT (Mramus), arperatupyemsiid ¢ TpaktopoM MT3-1221. IIponcxomut
WHTEHCHBHOE NEPEMEIINBAHNE IIENbI C BEPXHUM ciioeM nousbl. Illnpuna 3axBara
Mynpyepa 2,3 M, paboune CKOpOCTH — 10 5 KM/4.

B kommuiekce ¢ MOACPHU3MPOBAHHOW MAIIMHOW JUIsL APOOJICHUS MHEU
MVII-4A BERTY EFX/DT paboraer 6opona nuckoBas kiaBumrHas BJAK-2.5
(puc. 3), cupoexkTupoBaHHas B BOpOHEKCKOM TOCYIapCTBEHHOM JIECOTEXHHUYE-
CKOM YHUBEPCHUTETE.

I'my6una crutomnoit o0padotku moussl 15...17 cM. OcraBuimecs B 3emJe ya-
CTH TTHEH M UX KOpHEH He OKa3bIBAIOT OTPULIATEILHOTO BIUSHIS Ha Ka4eCTBO paboTEHI.
JIByXKpaTHOCTH BO B3aUMHOIIEPIEHIUKYIISIPHBIX TPOXOJax arperara NpUBOJUT K IO~
JABJICHUIO KOPHEOTIPBICKOBOH CIIOCOOHOCTH OCHHBI M K 00Pa30BaHMIO CIIOSI XOPOILIO
Pa3pBIXJIEHHON TTOYBbI, B TOM YHCJIE W HaJl OCTaBIICHCS B 3eMJIe 4acThio MHA. To-
IIFHA Pa3pBIXJIIEHHOTO CJI0S MPH PacojoKeHnH mHel Ha rryoune 1o 0,15...0,20 M
C Y4eTOM BCITyIIEHHOCTHU TOCJIE CIUIONIHOM OCHOBHOH 0OpaOOTKM JOCTaTouHa JUIst
OecCTIpensITCTBEHHOTO AEMCTBUS JIECOMOCAN0YHBIX MAIlMH W KyJIBTUBATOPOB MpHU
OCYUIECTBIIEHUH YXOJIOB B JIECHBIX KYJIbTypax.
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Puc. 3. Bopona auckoBasi KiaBHILIHAS
BAK-2.5

Fig. 3. Key-actuated disk harrow
BDK-2.5

TakuMm o0paszoMm, moxepHusupoBanHas MmammHa MYII-4A, mynsaep BERTY
EFX/DT u 60opona nuckosas kiasumHas bJIK-2.5 npespamiaror BeIpyOKy B MMOBEpX-
HOCTb, Ha KOTOPOU HET MPEMATCTBUMA. ITO CO3ACT YCIOBUS ISl MEXaHU3UPOBAHHOU
MTOCaIKA PACTCHHUM MPSMOIUHEHHBIMHI U TIAPAJICIBHBIMU PSIaMU C 3aJaHHON IITH-
PUHON MEXAYPSIUN U JaeT BO3MOXKHOCTH BBITTONHATH PaOOTHI MIMPOKO3aXBaTHHIMHU
Y MHOTOPSIIHBIMH arperaTramMmu Ha TIOBBIIICHHBIX CKOPOCTSIX, 3 ()EKTUBHO HCII0IB30-
BaTh COBPEMEHHBIE S3HEPIOHACHIILIEHHBIE KOJIECHBIE TPAKTOPBI PA3HBIX 110 MOILHOCTH
U CUJIE TATU MOJENCH.

HoBas TexHosorus no yaeiabHON METaII0EMKOCTH U YAEIbHON 3HEProeMKo-
ctu (Tabmn. 3) B 6,6 1 1,9 paza cooTBeTcTBeHHO A (heKTUBHEE ACHCTBYIOMEH TEXHO-
soruu (Tabm. 4) W TperonaracT MEHbIee KOJIHMYECTBO ornepanuid. Vckirouarorcs
CIBUT U TPEJICBKA IMHEH B CTOPOHY, OUNCTKA MX OT MOYBHI U 3apaBHUBAHUE MOJIITHE-
BBIX 5IM, COOp ¥ TpeneBKa MOPYOOYHBIX OCTAaTKOB M BaJIe)KHUKA B BaJIbI, TIOCIIEIYTO-
IIMe MOTPy3Ka M TPAHCIIOPTUPOBAHUE KX 3a IPEeNbl BBIPYOOK. 3aMeHa KOPYEBKH
MMHeW Ha X APOOJICHUE CHMKACT YHEPTOEMKOCTh TIpoliecca MoYTH B 3,5 pasa, a Me-
TaJJIOEMKOCTh — B 12 pas.

Tabauma 3

CyuiecTBYOLIAS MOJOCHASI TEXHOJIOTHS JIECOBOCCTAHOBJIEHHS (IIUPHHA M0JI0C — 2,5 M;
IHMPHHA KYJIHC — 2,5 M; IIHPHHA MeXKAYPAIHii — S M)

N Arperar G, | N, w, G/W, | N/W,
cpan TpakTop | Mmammma kr | kBr| ra/cmeny| kr/ra | kBr/ra
Pacuncrica BripyOox ot JIXT-55 | TIC-2.4 |10900| 46 | 2,38 | 4500 | 19,4

NOPYOOYHBIX OCTATKOB
KopueBanue muel, ciBUru
UX B KyJlHchl, 3apaBHuBanue | JIXT-55 | KM-1A 1050046 | 0,21 |50000]| 218,0
TIOAITHEBBIX SIM

Hape3ska 1ByXOTBaJIbHBIX

JIXT-55 | IIKJI-70 | 9800 | 46 | 11,50 | 852 4,0

60po31
ITocanka KynbTyp JIXT-55 | MJIV-1A| 9750 | 46 | 4,30 | 2035 | 10,6
ATpOTEeXHUYECKUN yXOJ, JIXT-55 | KJIb-1,7 | 9700 | 46 | 15,10 642 3,0

HUmoeo - — - - - 58029 | 255

[Ipumeuanue: G — macca arperara; N — MOIIHOCTb JIBUTaTeNs TpakTopa; W — mpou3BOAU-
TeNbHOCTh arperara; G/W — ynenbHas METaUIOEMKOCTh TEXHOJOTHYECKOH Orepanum;
N/W — ynenbHasi 3HEProeMKOCTh OIICpAIIHH.
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Ta6uuna 4

IIpennaraemasi TEXHOJIOTHS JIECOBOCCTAHOBJIEHM (IIMPUHA MeKAYPAANI — 2,5 M)

o Arperar G, N, W, G/W,| N/W,
nepanus
Tpakrop | Mammua | Cuenka | n KT kBt |ra/cmena | kr/ra | kBt/ra

Jpobnenue
et Ha MT3-1220 [MYII-4A|  — | - |5100| 823 | 126 |4048| 653
DIyOuHY 10
0,15...0,20 m
M3menbuenue Mynsuep
nopyoounsix | MT3-1221 | BERTY - — [ 5460 | 96,0 | 2,40 |2275| 40,0
OCTaTKOB EFX/DT
CrutomHas
obpaboTka
ITOYBEI. MT3-1220 BJK-2.5 - 5500 | 82.3 8,40 | 654 | 9,8
I'mybuna B
00paboTkn
17 cm. MT3-1220 BIK-2.5 - 53001 82,3 8,40 | 654 | 9.8
JIByXKpaTHBII
MIPOXO]
Hocaza ATPOMAIL- |y v 1A CH-75 | 3 7450 | 66,0 | 8,60 | 832 7.7
KyJBTYP 90TI
ATPOTEXHUC-| \ rp 1990 | K126 | CH-35M | 3 | 5400 | 82.3 | 15.00 | 360 | 5.5
CKHil yXo/

HUmoeo - - - - - - - 88231 138,1

[Ipumedanue: n — koauuecTBO MamuH B arperare; CH-75 — noiyHaBecHast ruipoGUIupoBaH-
Has ClLelKa.

Raxnrouenue

CruioniHas pacyucTKa BBIPYOOK OT MHEW IyTeM JPOOJICHUS MX Ha MEJIKUE
q)paKHI/II/I 110 JIMHUAM HAaMMCHBIIETO COIMPOTUBJICHUS, T. €. BAOJIb BOJIOKOH B TaAHT'CH-
[IMATBHOM HaIlpaBlieHWH, Ha Tiryoune 70 15...20 cM ¢ pa3OpacbiBaHHEM IIETHI 1O
MTOBEPXHOCTH TIOYBHI U TIOCIIEAYIONIEe CIUTONIHOE U3MENTbUeHHEe TOPyOOUHBIX OCTaT-
KOB ¥ BaJIC)KHUKA MOOWMIILHBIMU MYJTBYEPAMH JIENAI0T BO3ZMOXHBIM: OCYIIIECTBICHHE
Ha BBICOKOM arpoJieCOKYJIbTYPHOM YPOBHE CIUIONIHON 00paOOTKH MOYBBI, TOCAJIKH,
arpoTeXHUYECKUX YXOJIOB, OCBETICHHUS U APYTHX BUAOB PyOOK yXo/a; MpUMEHEHHE
COBPEMCHHBIX CEJILCKOXO03SMCTBEHHBIX OHCPrOHACBIIICHHBIX TPAaKTOPOB TATOBO-
SHEPreTUYECKON KOHILIEINH C 3arpy3kor ux He Hmxke 75...85 % 3a cueT coBmerie-
HUS TEXHOJOTHYECKHUX OTEPalrii ¥ BHITOTHEHUS UX KOMOWHUPOBAHHBIMHI HaBECHBI-
MU ¥ TOJlyHaBECHBIMH MAIlIMHAMU 32 OJIMH MPOXOJ M Ha MOBBIIICHHBIX CKOPOCTSX;
WCIOJIb30BAHNE MHOTOMAIITMHHBIX (MHOTOPSTHBIX) arperaTtoB W MOJIYHABECHBIX T'H-
npogurupoBanubix cuenok tuma CH-75, CH-35M u np. DT BBIBOIBI MOITBEPK-
JCHBbI HAay4YHO-UCCJICAOBATCIIbCKUMU W  OIBITHO-KOHCTPYKTOPCKUMU pa60TaM1/1,
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MIPOBEJCHHBIMM Y4YE€HBIMH BOpOHEKCKOro rocylnapCTBEHHOIO JIECOTEXHHYECKOTO
yHuBepcutera uM. I.d. Mopo3osa. Pe3ynbrarsl, IOJIy4eHHbIE 110 MOJEPHU3UPOBAH-
Hoii mamae MYTI-4A, moOmisHbiM MynsaepamM BERTY EFX/DT, pazpaboTanHbIM
OopoHe AUCKOBOH KiaBurHOH bJIK-2.5, ounimaromieit 1 n3MesIaromieli THU Ha TITyOnHe
15...20 cM KOMOMHHPOBAaHHOW MaIMHE, JIECOTIOCAIOYHBIM MallIMHAM, Pa00TaoIEMy
Ha MOBBIIIEHHBIX CKOPOCTIX KOMOMHUPOBAHHOMY KYJIBTHBATOPY, HOATBEPKAAIOT 1ie-
JIeCO00pa3HOCTh U 3PPEKTHBHOCTH MEPEX0jia Ha CIUIONIHOE OCBOCHHE MO JICCHBIC
KYJBTYPBI HE TOJILKO BBIPYOOK, HO U TOpeNbHUKOB. OCHOBHBIM HallPaBICHHEM Jajlb-
HEHIINX WCCIE0BaHUH MOKHBI OBITH pa3paboTKa, MPOMBIIIIEHHOE MTPON3BOICTBO
1 IPUMEHEHHE KOMOMHUPOBAHHBIX MAIIMH M arperaroB, NPUBOJUMBIX B ACHCTBHE
MOIIHOCTBIO JIBUTATENIel TPaKTOPOB TATOBO-IHEPTETHYECKON KOHIIENUH, Peau-
3yeMOil OHOBPEMEHHO Yepe3 MX IBMKUTEIN U 000pyloBaHHE OTOOpa W mepenavyu
MomHocTH. CIIJIONIHOE OCBOCHUE BBIPYOOK M MPEBpAILEHHE UX B CBOETO POJia MoJie
MTO3BOJISIET OTKA3aThCs OT Pa3pabOTKU U MPOM3BOICTBA CHEIMATBHBIX JIECHBIX TpaK-
TOPOB, T. K. 31€Ch BIIOJIHE NTPHUEMIIEMBI COBPEMEHHBIE CEIbCKOX031CTBEHHBIE TPAK-
TOPBI TATOBO-PHEPIeTUUECKOM KOHIIETIINHU, THIIaX KOTOPBIX JOCTATOYEH HE TOJIBKO
IUIs JIECOBOCCTAHOBJICHHUSI HAa BBIPYOKax 1 TOpPEeNbHUKAX, HO U Ul cOOpa JIECHBIX ce-
MsH, TPOM3BOACTBA MOCAJO0YHOTO MarepHuajia B MUTOMHUKAX, 3alllUTHI Jieca OT Bpe-
JUTENeH, 00Ie3Hel U MoXKapoB. B MoIb3y 3aMMCTBOBAHUS TPAKTOPOB CEIHCKOXO3STi-
CTBEHHOT'O HA3HAYCHUS Pa3InYHOTO KJlacca TSATH B KAUECTBE SHEPreTUUECKON 0a3bl
JUTS JIECHOTO XO35MCTBA TOBOPUT U TO, YTO TAaHHBIE TPAKTOPHI SBIAIOTCS KOJIECHBIMH,
a 3TO JEJIaeT UX MAHEBPEHHBIMH, BHICOKOCKOPOCTHBIMU M HE3aBHUCHMBIMH B IUIaHE
nepedpOCKH € OAHOTO MecTa PaboThl Ha Apyroe. OHU TaKKe XapaKTepU3yIOTCsl HHU3-
KHMM yAEJIbHBIM JaBJI€HHUEM Ha MOYBY, BHICOKOW MPOXOAMMOCTBIO.
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Annomayusn. Be10op 3QPEKTUBHBIX METOIOB M yCTPOWCTB ISl TOBEPXHOCTHOTO YIPOYHE-
HUSI IEPEBOPEXKYIINX HHCTPYMEHTOB 3aTPY/IHEH M3-3a Pa3HOOOpa3ms nX KOHCTPYKIMH U yc-
JIOBHH KCIUTyaTaIlld. B ¢Bs3M ¢ 9THM pa3paboTka TaKUX yCTPOHCTB CTAHOBUTCS aKTyaIbHON
3agadeil. [lo maHHBIM JTUTEpaTYpHl, OMHUM U3 3()(HEKTUBHBIX CIOCOOOB MOBBIMICHHUS CPOKA
CITy OBl ZieTasieil MallinH ¥ HHCTPYMEHTA SIBIISIETCS 3JIEKTPOMCKPOBOE YIIPOUHEHHUE, UITH HIIEK-
TPOMCKPOBOE JIETUPOBaHME. I HEro NMPHUMEHSIOTCS TPOMBIIUICHHBIE 3JIEKTPOUCKPOBBIE
yctanoBku Tna «9OW» 1 «OnmuTpoH» ¢ pydHsIME BuOparopamu. OIHAKO WX MCIIONB30Ba-
HHE CYIIECTBEHHO YBEIMUUBACT TPYAOEMKOCTh U BpeMst yripouHeHus. Kpome Toro, kauecTBo
TIOBEPXHOCTH TOCJIE YNPOYHEHHUSI 3TUM CIIOCOOOM YacTO OBIBAET HEYHOBICTBOPHTEIBHBIM.
C menpi0 yMEHBIICHHS TPYJOEMKOCTH 3JIEKTPOMCKPOBOTO YIPOYHEHHS pa3paboTaHbl pas-
JIMYHBIE MEXaHU3HPOBaHHBIE YCTaHOBKU. OIHAKO MOOOHBIE YCTAHOBKY IPETHA3HAUCHBI IS
YIPOYHEHMSI KOHKPETHBIX JeTaled W HE MO3BOJISIOT YHPOYHSATh MHCTPYMEHTBHI PA3INIHBIX
KOHCTPYKIMH, B TOM YHCIIE U IepeBopexyue. KauecTBo MOBEPXHOCTH MOCIE YIPOTHEHHS
Ha MEXaHM3MPOBAHHBIX YCTAHOBKAX HE BCEINA YJOBIETBOpsET moTpedutens. st ymyudre-
HUSI CBOMCTB TOBEPXHOCTH TIOCIJIE JNIEKTPOMCKPOBOTO YIPOYHEHHUS 3a49aCTyI0 HCIIOIB3YIOT
JIONIOJTHUTENBHYI0 00pab0TKy METOAAMH TTOBEPXHOCTHOTO IJIACTHYECKOTO AehopMupoBanus,
TaKUMH KaK OOKaThIBAHUE W pacKaTbIBAHHE POJMKAMHU U IMIAPUKAMM, a TAKKE aIMa3HOE BBI-
maxuBaHne. KauecTBO MOBEPXHOCTH MOCIE JOMOJIHUTENEHONH 00paO0TKN STUMH METOAMH
CYIIECTBEHHO TMOBBIMIAETCS, OAHAKO BO3PACTAIOT TPYIOEMKOCTh U C€0ECTOMMOCTH TIpoIecca
ynpouHeHust. st yBenn4eHuss H3HOCOCTOMKOCTH JieTaneil MallliH ¥ MHCTPYMEHTA IeNeco-
00pa3HO CHMXEHHE BBICOTHBIX ITapaMETPOB IIEPOXOBATOCTH, MOBBINICHNE MUKPOTBEPIOCTH,
(hopMUpOBaHHE OCTATOUHBIX HANPSDKEHUI CHKAaTHsl, 9TO 00ECIICUMBACTCS METOIaMU MTOBEPX-
HOCTHOTO IDTacTHYecKoro aedopmupoBanns. OTCIoAa BBHITEKAeT HEOOXOIMMOCTh TIPUMEHE-
HUSI JJIEKTPONCKPOBOTO YIIPOYHEHHS OJJHOBPEMEHHO C MOBEPXHOCTHBIM IIIACTHYECKHUM JIe-
¢dopmuposanueM. VccinenoBaHbl KOHCTPYKIUS M OCOOGHHOCTH HMCIOJIB30BAHHSI yCTPOHCTBA
JUIsl YIIPOUHEHHS UHCTPYMEHTA. YCTPONUCTBO NMPUMEHSUIM JUIsl YIIPOUHEHMsI HOXKEN peiicMmy-
COBOTO CTaHKA, YTO ITO3BOJIMJIO TIOBBICUTH X cTOHKOCTh Ha 100 %. ITo cpaBHEHUIO C HIeK-
TPOMCKPOBBIM YIPOYHEHHEM PYYHBIM BHOPATOPOM OHO CHHMIKAET IIEPOXOBATOCTH YIIPOUHEH-
HOW TIOBEPXHOCTH U YBEJIIMYMBAET KaYeCTBO 0OPaOOTKH 3arOTOBOK. YCTAaHOBIJICHBI PEKHMBI
YIpOYHEHHs, O1arofapst KOTOPHIM BO3MOXKHO 3()(EKTUBHO YIPOUHSTD JIEPEBOPEKYIIHE HH-
CTPYMCHTBHI.
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Abstract. Choosing effective methods and devices for surface hardening of wood-cutting
tools is problematic due to the variety of their designs and operating conditions. In this regard,
the development of such devices becomes an urgent task. According to the literature, one of
the effective methods for increasing the service life of machine parts and tools is electrospark
hardening or electrospark alloying. Industrial electrospark installations such as “EFI”
(electrophysical measurements) and “Elitron” with manual vibrators are used for electrospark
hardening. However, using manual vibrators significantly increases the labour intensity and
hardening time. Moreover, the surface quality after hardening with manual vibrators is often
unsatisfactory. Various mechanized installations have been developed in order to reduce the
labour intensity of electrospark hardening. Nevertheless, these installations are designed to
harden specific parts and do not allow hardening tools of various designs, including wood-
cutting tools. The surface quality after hardening in mechanized installations does not always
satisfy the customer. Further surface plastic deformation treatments, such as rolling and
unrolling with rollers and balls, as well as diamond burnishing, are often used to improve the
surface quality after electrospark hardening. The surface quality after additional processing by
these methods boosts, although the labour intensity and cost of the hardening process increase.
To increase the wear resistance of machine parts and tools, it is reasonable to reduce the height
parameters of roughness, increase microhardness, and form the residual compressive stresses,
which is ensured by the methods of surface plastic deformation. In this regard, it becomes
necessary to use electrospark hardening simultaneously with surface plastic deformation. The
work presents the design and features of using the device for hardening. The device was used
to strengthen the thicknesser machine knives, which made it possible to almost double their
durability. Applying this device, in comparison with using the electrospark hardening with
a manual vibrator, reduces the roughness of the hardened surface and improves the surface
quality of the processed workpieces. The modes of hardening have been installed, making it
possible to effectively harden wood-cutting tools.

For citation: Buglacv A.M. Device for Wood-Cutting Tool Hardening. Lesnoy Zhurnal [Russian
Forestry Journal], 2021, no. 5, pp. 134-141. DOI: 10.37482/0536-1036-2021-5-134-141

Keywords: electrospark hardening, wood-cutting tool, roughness, hardening modes, durability
of wood-cutting tools, device for wood-cutting tool hardening.
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Beeoenue

JlepeBopexymiie HHCTPYMEHTHI, TaKue KaK CTPOTajbHBIE HOXH, HOXHU Peii-
CMYCOBBIX U ()YyTOBAJIBHBIX CTAaHKOB, (hpe3bl, pabOTAIOT B JIOBOJIBHO CIOXKHBIX YCIIO-
BHSX: BBICOKHE CKOPOCTH PE3aHHs U yIapHbIE HAarpy3KH, BOBMOKHOCTD TOTIaJaHHs
a0pa3vBHBIX YACTHII B 30HY PE3aHUs — YTO NMPUBOAMT K UX OBICTPOMY 3aTYIUICHHUIO
[1-4, 11, 17-20, 25-29]. B cBsi3u ¢ 3TUM TIpo0IeMa MOBBIIICHUS] CTORKOCTH JTAHHBIX
WHCTPYMEHTOB TPeOyeT YCTaHOBICHHS METOJIOB UX YITPOUHECHHUSI.

OpnanM U3 3PPEKTUBHBIX METOJIOB MOBBIIICHHS CTOWKOCTH JIEPEBOPEKYIIIHX
MHCTPYMEHTOB SIBJIAETCS JIEKTPOHUCKPOBOE YNPOYHEHHE C HCIOJIb30BAHHUEM IpO-
MBIIUIEHHBIX yCTaHOBOK «DDW» u «Dmutpon» ¢ pydnsiM BuOparopoM. OmHako
ATOT METOJI MMEET CYIIECTBEHHBIH HEJNOCTATOK — 3HAYUTENBHYIO IIEPOXOBATOCTh
YIPOYHEHHOH MOBEpXHOCTH, Ra 2,5 MKM u Gosee, 4TO OTPHLATENBHO CKa3bIBACTCS
Ha CTOWKOCTH HHCTPYMEHTOB M KaueCcTBe 00paboTaHHBIX aeraneit [5-16, 21, 22, 30].

[IpumeneHrne MexaHU3UPOBAHHBIX YCTAHOBOK MPH 3IEKTPOUCKPOBOM yIIPOUYHE-
HUH HE BCETJa BOBMOKHO M3-32 0COOCHHOCTEH KOHCTPYKIMH YIPOUHSEMBIX AeTalel
MAIIIH 1 JepEBOPESKYIIEro HHCTpyMeHTa [23]. KauecTBo M M3HOCOCTOMKOCTE TTOBEPX-
HOCTeH nocie 00paboTKK Ha MEXaHU3UPOBAaHHBIX YCTAHOBKAX OCTAETCSI IPUMEPHO Ta-
KHM K€, KaK ¥ TI0CJIE DJIEKTPOUCKPOBOTO YIIPOYHEHHSI C PyYHBIM BHOPATOPOM.

JononanTensHas 00paboTKa MoCIie MEKTPOMUCKPOBOTO YIIPOUYHEHHS METOJAMHA
MTOBEPXHOCTHOTO TIACTUYECKOTO0 JiehopMupoBaHsl (0OKaTEIBAHUE, paCKaThIBAHUE, all-
Ma3HOE BBIMIAKMBAHKE) TPUBOIUT K TOBBIIICHUIO TPYAOEMKOCTH U C€0ECTOMMOCTH
yrnpodyHeHus [24], TOPTOMY BO3HHKAET HEOOXOIUMOCTh Pa3pabOTKU M MUCCIISIOBAHUS
METOJIOB U YCTPOWCTB ISl YIIPOUHEHUS JIEPEBOPEKYIIETO HHCTPYMEHTA.

Obwvexmbl u Memoobl UCCIE008AHUSL

PazpaboraHo ycTpoiicTBO Ui YyIPOUHEHHsI IEPEBOPEKYIIETO HHCTPYMEHTA,
[IO3BOJISIOIIEE YMEHBIIUTH IIEPOXOBATOCTh YNPOYHEHHBIX MOBEpXHOCTEH Ra 10
0,16-0,32 MKkMm.

YcTpoicTBO (CM. PUCYHOK) TIPEICTABISET COOOM MUCK-3IEKTPOa [, M3rOTOB-
JICHHBIN U3 JICTHPYIOIIEr0 MaTepraia, U IUCK 2, Ha KOTOPOM 3aKPETUICHBI POIHKH 3.
JIMCK-31eKTPO/T M TUCK, U30JIMPOBAHHBIE IPYT OT APYyTa MPOKIAJKOH 4, yCTAaHOBJICHBI
Ha AIIACTUYHOM BTYJIKE 5 M CKPETICHBI O0JITaMK 6, H30JIUPOBAHHBIMH OT JHCKa-3JICK-
Tpoza, a Takxke raikamu 7. ONBITHBIM IIyTEM YCTaHOBJICHBI OIITUMAIIbHBIE pa3Mephl
ponnkoB: auametp — 10—20 MM, paguyc pabodeii gacTu — 2—4 MM, BETHMYNHA BbUIETA
pomukoB — 3—5 mMm. Pagmyc paGoueil qacTu qucKa-3IieKTpoa mesecooOpa3HoO BhIMOI-
HATH PaBHBIM paJinyCy pabouell 4acTu pOIUKOB, CKOPOCTh BPAICHUS MHCTPYMEHTA
8-30 m/c.

[TonmokuTenpHbIN MOTIOC UCTOYHUKA MUTAHUS TOJKIIIOUAIOT Yepe3 NPy UHY §
Y MIETKY 9 K MOBEPXHOCTH JIMCKA-3JIeKTPo/ia (aHOM), OTPHUIIATEIbHbII — K 00padaThI-
BaeMoi getayn (KaTomy).

DopMHpOBaHHE TTOKPHITHS OCYIIECTBIISIOT CICSAYIOIINM 00pa3oM: HHCTPYMEHT
3aKPEIUISIOT Ha BaJTy CIICIMAIBHOTO TIPHBOJIA WM CEPUITHOTO CTaHKa (HanpuMep dpesep-
HOT0), TTOJICOEIUHSIOT K ICTOYHUKY ITUTAHMUS ¥ BKITFOYAIOT IPUBOJT BpaIlieH s Aucka. [Ipu
BpaIlleHUM MHCTPYMEHTA BBICTYMAIONMN HaJ TOBEPXHOCTBIO JMCKA-3JIEKTPOsia POSTHK
Pa3MBIKaeT IeMb «aHoa—Karomy. [ Ipr 3ToM BEICBOOOXKTaeTCS pa3ps, COMPOBOKIAIOIINI-
Csl IEPEHOCOM MaTepualia JIFicka Ha TIOBEPXHOCTh JIETAlH, M MPOUCXOHT TIOCIEyToIee
MIOBEPXHOCTHOE TUIACTHYECKOE Je(hOpMUpOBaHNE HE3ACTHIBILIETO ITOKPHITUS POIAKOM.
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Cxema YCTpoﬁCTBa JUTA YIIPOYHEHUS ACPEBOPECIKYLICTO NHCTPYMECHTA

Diagram of a device for hardening wood-cutting tools

[lon nelicTBHEM >IAaCTUYHOM BTYJIKHU MOCJE BBIXOJA POJIUKA U3 KOHTAKTA C JETAIbIO
BOCCTAHABIIMBACTCS KOHTAKT C HEM AMCKA-31EKTPOAA U 3aMBIKACTCS LEb «aHOA—Ka-
Toa». B mpouecce 3aMbIKaHUsI IPOMCXOIUT HOBBIM MCKPOBOH paspsii, oOecreunBa-
IOLIUI MEPEeHOC Ha MOBEPXHOCTH JIETaIM HOBOHM MOPLMH JIETHPYIOLIETro Marepuara,
COTIPOBOXKIAIOIIMNCS BBITNIAXKUBAHHEM HAaHECEHHOTO CJIOS POJIMKOM IIPH TPOXOKIe-
HUU TOKa 4YE€pe3 ydyacTOK KOHTakTa. JIBMKEHHE MOoJauu JAETald OTHOCUTENIBHO HH-
CTPYMEHTA MPOU3BOJAT BPYUHYIO I MEXaHUYECKH OT IMPUBOAA CTAHKA.

OnucaHHOE YCTPONCTBO MCIOJNB30BaIM Ui YNPOUHEHUS CTaHJAPTHBIX
HOXKEH pEeHCMyCOBOTO CTaHKa, HM3TOTOBIEHHBIX u3 cramu X6B®d, mo ux 3an-
HEW TOBEPXHOCTH, Ha pacctosHue 10-15 MM, HauMHas OT peXyHEH KpPOM-
KM, C WCIOJBb30BaHUEM OHIIEKTPOMCKPOBON YCTaHOBKH «IJIUTPOH 22A» H TO-
pusoHTaIbHO-(ppe3epHoro cranka OP82II. VcmelTaHWe HOXEH BBITIONHSIN Ha
peiicmycoBom ctanke CP6-7 mpu 00pabOoTKe COCHOBBIX 3arOTOBOK B TeUeHHE 8 4.
Ha HOXEBOI1 Ban ycTaHAaBIMBaJIM YIIPOYHEHHBIH U HEYNIPOUHEHHBIH HOXH, 4TO I10-
3BOJISIIO TECTHPOBATh MX B OJMHAKOBBIX YCIOBHUAX. MI3HOC HOXKEHl ompenensiu mo
M3MEHEHMIO PAINyCa PEXKYyIIeH KpOMKH Ap U IIMPUHBI Ad, 3aMEPEHHBIX JI0 U MOCIIe
ucnbpITaHuil. Pamnyc pexyiel KpOMKH HAXOIWIH C TIOMOIIBI0 HHCTPYMEHTAIBHOTO
MHUKPOCKOIIA 10 €€ OTIEYaTKy Ha CBUHIIOBOM IUIACTUHE, IIUPUHY HOXKA — HA OIITHYE-
ckoM muHoMepe M3B-2.
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Pesynomamot uccredosanus u ux oocyscoenue

HcnpiTanus mokaszajid, 4To 3Ha4yeHUue Ap HEYNPOUHEHHBIX HOXKEU COCTaBUIIO
48-54 MKM, a yIpoyHEHHbIX — 27-32 MKM, Aa paBHa 86—92 MKM y HEYIPOUHEHHBIX
1 47-63 MKM y YIPOUHEHHBIX HOKEH. DTH JaHHBIE CBUJIETENBCTBYIOT O CHU)KEHUU
M3HOCA HOXKEH peHCcMyCOBOIO CTaHKa MOCje YHPOYHEHHsI C TOMOIIbIO ONHMCAHHOIO
ycTpoiictBa. JlanbHeias sKcIulyaralus YIPOYHEHHBIX HOXEH IoKaszaia, 4To MX
CTOMKOCTB COCTaBJISIET B CpeAHEM 16 1, B TO BpeMst KaK HEYTIPOYHEHHBIX — TOJBKO § d.

ONEeKTPOUCKPOBOE YIPOUHEHHE HOXKEH PelicMyCOBOIO CTaHKa C Py4HBIM BH-
OpaTopoM TaKKe MO3BOJIAET YBEIMUUTD UX CPOK CIIy>KObI 10 16 4, onHako Ha 0Opabdo-
TaHHBIX MOBEPXHOCTSIX 3arOTOBOK BHU3yalbHO MOKHO HaOmionaTh pucku. [Ipuannoii
UX TOSIBICHUS, KaK OBbUIO YCTaHOBJICHO, SIBJISIFOTCSI BBICTYIIBI-ILIEPOXOBATOCTH, CHOP-
MHPOBABIINECS MTOCIE YIPOYHEHUS HOXKEN IIEKTPOUCKPOBBIM METOZIOM C ITOMOIIIBIO
pyuHOTO BHOparopa.

AHam3 pe3ylbTaToB UCCIIEI0BAHUM TO3BOJIMII YCTAHOBUTh PEXKHMMBI YIIPOUHE-
Hus: HanpspkeHue — 28-32 B; pabounit Tok — 0,9-1,0 A; ckopocTh mofgayun — 4—5 m/c;
YHCII0 MPOXOA0B — 4—5; CKOPOCTh BpallleHHs! AIEKTpoga-nHcTpyMeHnTa — 8—30 m/c;
MaTepuasl JucKa-anekrpona — TBepabii cma BK60OM, BK6, BK8; marepuan ne-
(hopmMupyromux poauKoB — TBepasli crutaB BK20, BK25.

Raxnouenue

[ToBepxHOCTHOE YIIPOYHEHHE AECPEBOPEKYIIUX UHCTPYMEHTOB SIBISIETCS d(¢-
(eKTHBHBIM CIIOCOOOM TOBBIMICHHS X CpOKa CITy:kKObl. OHAKO 1eTIeco00pa3HOCTh
MIPUMEHEHUS TOTO MIIM UHOTO METO/Ia MIOBEPXHOCTHOTO YIIPOYHEHHS BO MHOTOM 3a-
BUCHUT OT KOHCTPYKLIMM HHCTPYMEHTA, TEXHOJIOTUH €TI0 U3TOTOBJICHUS], YCIOBUH JKC-
Iutyataiuu. B cBsi3u ¢ 3TUM BO3HHMKAET HEOOXOJUMOCTb AAaJbHEHIINX UCCIEJOBAHUN
C LEeIbI0 Pa3pabOTKK M COBEPIICHCTBOBAHMUS METOIOB IIOBEPXHOCTHOTO YIIPOUHEHHS,
000PYIOBaHHS U YCTPOHCTB [Uis 9 (HEKTUBHOTO MPUMEHEHHUS STHX METO0B. Pe3yib-
TaThl UCCIICAOBAHUN MOTYT OBITh MCIIOIB30BaHbI Ha MPOU3BOJCTBE /ISl OBBIIICHHS
CTOHKOCTH JIEPEBOPEIKYIIEr0 MHCTPYMEHTA U CO3TIaHNUS OAHKOB TaHHBIX ISl BEIOOpPA
METO/la YIPOUYHEHHUS IEPEBOPEKYILETO HHCTPYMEHTA C YUETOM YCIOBUH 3KCILTyaTa-
LUH.
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Annomayusa. IlpoaHann3upoBaHbl IPEUMYIIECTBA U HEJOCTATKU JIEHTOUHONMWIBHBIX CTaH-
KOB. BBIIBIIEHA CBSI3b HEAOCTATKOB C TAKUM MapaMeTPOM, KaK YCHIINE HATSKEHUS JICHTOUHON
nunsl. Ee ucnonb3oBaHue B Ka4€CTBE PEXKYIIETO HHCTPYMEHTA IMPUBOJAUT K MOHUKEHUIO MO-
MIEPEYHOM JKECTKOCTH H YCTOWYMBOCTH PEXKYIIETO yUacTKa Ha pabouell BETBU. DTO CTAHOBHT-
CSl IPUYMHON KOJIeOaHUs IIUPHUHBI pe3a, CHIKECHUS T€OMETPHUYECKON TOYHOCTH IHIOMare-
pHAJIOB ¥ pOCTa IMIEPOXOBATOCTH OOKOBBIX TTOBEPXHOCTEH mpormiia. OmnpeneneHsl 0CHOBHBIC
BHJIbI MEXaHU3MOB HATSKHBIX YCTPOWCTB, YCUJIMBAIOLIMX HATSLKEHUE W TOAAEP KUBAIOIINX
€ro cTabMJIBHOCTH BO BpeMsl paboThI, ONHMCAHbI PACHPOCTPAHEHHBIE HEMOCTATKH KOHCTPYK-
uuH. MacioHanoNHeHHbIE TUIACTUHYAThIE METaIMYeCKHe aMOpPTH3aTOpbl-AeMI(epsl Mo-
T'yT OBITh WCIIOJB30BAHBI JJIsI CO3JIaHUSI KOMITAKTHBIX M MaJOMHEPLHOHHBIX JIeMI(epHBIX
YCTPOMCTB ISl ICHTOUHOIMJIBHBIX CTAHKOB C JIFOOBIMUA OCHOBHBIMU MEXaHM3MaMHU HaTsKe-
HUS TWIBHOM JeHThl. VccienoBaHo BIMSHUE YCTPOMCTBA HAa YPOBEHb AMHAMUUYECKHX KOJIe-
OaHUI CUITBI HATSHKEHUS, BBI3BAHHBIX UCKYCCTBCHHBIM SKCIICHTPUCHTETOM HATSKHOTO IIKH-
Ba. OneHKy 3(QEeKTUBHOCTH OCYIIECTBIISUIN ITyTEM KOMIIBIOTEPHOTO OCHMIIIOrpadupoBaHust
CUTHaJIa IaTuYUKa yCUIINS HATSHKEHHS U TTOCIIeTyIONIel KOMITBIOTEpHON 00pabOTKH MOTy4eH-
HBIX OCHMILIOrpamMM. J{efiCTBEeHHOCTh IPUMEHEHUsI eMII(EPHBIX YCTPOHCTB OATBEPIKIAACT-
Csl KaUeCTBOM IIJICHUS, KOTOPOE XapaKkTepusyercs 0ojiee HU3KUM yPOBHEM IIEPOXOBATOCTH
OOKOBBIX MOBEPXHOCTEH pe3a MpH OJHOBPEMEHHOM COKPAIICHWH Pa3HOTONIIMHHOCTH 3a-
TOTOBKH. PaccMOTpeHBl METO/IbI YCTPaHEHUs HEJOCTATKOB € IMOMOILIBIO Pa3InYHBIX BUJOB
HaTSDKHBIX YCTPOWCTB M OIeHEHA d((EKTUBHOCTH MCIOIB30BAHUS AEMII(QEPHBIX YCTPONUCTB
C MacJIOHANOJIHEHHBIMU IACTHHYATBIMU aMopTH3aTtopamiu. [IpuBeneHa MeToauka ucciaeno-
BaHMUS M TTAPAMETPhI SKCIIEPUMEHTANBHON yCTaHOBKHU. ClieTanbl BBIBOABI 00 9 (EKTUBHOCTH
MIPUMEHEHHS IeMII(EPHBIX yCTPOMICTB.
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Abstract. The article analyses strengths and weaknesses of bandsaw machines. While
analysing we have found the relationship between the weaknesses and the tension of a band
saw. Its use as a cutting tool leads to a decrease in the lateral rigidity and stability of the
cutting section on the pulling chain. This leads to fluctuations in the cutting width, a decrease
in the geometric accuracy of sawn timber and an increase in the roughness of the side surfaces
of a kirf. The main types of tensioning unit mechanisms, which strengthen the tension and
maintain its stability during operation, are defined, and common design flaws are described.
Oil-filled metal plate dampers promote space-saving and low-inertia dampers for bandsaw
machines with any basic saw blade tensioning mechanisms. The influence of the device on
the level of dynamic fluctuations of the tensile force caused by the artificial eccentricity of the
tension pulley was studied. The efficiency was evaluated by computer oscillography of the
tensile load sensor signal and subsequent computer processing of the obtained oscillograms.
The effectiveness of using damper devices is confirmed by the quality of sawing, which is
characterized by a lower level of roughness of the lateral surfaces of the cut while reducing
the variation in thickness of a workpiece. Methods of eliminating flaws with different types
of tensioning units are reviewed, and the effectiveness of using oil-filled plate dampers is
evaluated. The article presents the research technique and parameters of the experimental unit
as well as the conclusions on the effectiveness of damping devices.

For citation: Alekseev A.E., Dumanskij [.O., Prokhorov A.V. Plate Dampers in the Tensioning
Units of Bandsaw Machines. Lesnoy Zhurnal [Russian Forestry Journal], 2021, no. 5,
pp. 142-149. DOI: 10.37482/0536-1036-2021-5-142-149

Keywords: bandsaw machine, tension system, dampers, tensile load.
Beeoenue

B coBpeMeHHBIX TEXHOJIOTUSAX JICCOMUIICHUS U IePeBO0OPAOOTKY IUPOKO HC-
MOJIB3YIOTCS JieHTOuHONMMIbHbIE cTaHku (JIIIC). DTo cBA3aHO ¢ MX CYIIECTBCHHBIMH
MIPEUMYIIIECTBAMHU 10 CPABHEHHUIO C IPYTUMH BHIAMHU JICCOIUIBHOTO 000y 10BaHUSI.
K Takum npenmyiiecTBaM MOXXHO OTHECTH BBICOKYIO ITPOU3BOIUTEIILHOCTD, MaIYIO
MIIPUHY TPOTHIIA, BOSMOKHOCTh Pa3/Ie]K! IPEBECHHBI PA3INYHBIX (B T. 9. U OOJb-
IIMX) TIOTIEPEYHBIX Pa3MepPOB, CIIOCOOHOCTh OOECTIeUMBATh KPHBOJIMHEHHBIE PE3HI,
HU3KHA YPOBEHb BUOPAIIMOHHBIX BO3JCHCTBHI U T. 1. [1, 3, 15, 16]. OnHako Hapsy
¢ HeocniopuMbIMu nipeumytiectBamu JIIIC 06nanaroT u psijioM Cephe3HbIX HEJ0CTAT-
koB. OHH CBSI3aHBI MIPEXK]IE BCETO C 0coOeHHOCTAMH pabouero oprana JIIIC — neH-
TOYHOM TvUTHI [2, 6, 17, 18]. Mcnonp30Banne ee B KAYSCTBE PEKYIIETO HHCTPYMEHTA
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4acTo MPUBOANUT K OTHOCUTEIBHO HU3KOH MONEPEUHOM &KECTKOCTH U, KaK CJIEJICTBUE,
K MOHM)KEHHOH YCTOMYMBOCTH PEXKYIIEro ydyacTKa Ha paboueill BeTBH. M3-3a 3TOTO
KoJIeONeTCs IUpUHA Pe3a, CHIKACTCS TeOMEeTPHUECKasi TOYHOCTh MUJIOMaTepHajioB
1 00pabaTbIBaeMBIX 3aTOTOBOK, a TAK)KE PACTET IIEPOXOBATOCTH OOKOBBIX TIOBEPXHO-
CTEH IpOmnuIa.

Amnanu3z nponecca pesanus JIIIC nokaseiBaeT, 4To Ha3BaHHbIE HENOCTAaTKU
B 3HAUUTEJIBHOW CTENEHU OMPENENSIOTCS YCHINEM HATSKEHHs JIGHTOUHOM MHJIBI,
CTaOMIIBHOCTBIO 3TOTO YCHJIUS BO BpeMsi pabOThl M AMHAMUKONH BOCCTAHOBJICHHUS
YCWJIMSI TTOCTIe BO3MYILIAIOIINX BO3ACHCTBHUI, BBI3BAHHBIX M3MEHEHHUSIMHM YCJIOBHM
pe3aHus: MepeMeHHONW TBEPAOCTbIO JPEBECHUHBI, HATMYMEM CYUYKOBBIX yYaCTKOB
U OKOJIOCYYKOBBIX 30H, BapHalMeil BIaXHOCTH M CIOUCTOCTH PacCIUINBAEMOM
JIPEBECUHBI.

OYHKINIO CO3JaHMsl YCUIIMsI HaTSKEHUs MUIBHON JIEHTHI W MOJAEp KaHUsS
ero crabmibHocTH B JITIC BBIMONHSET MexaHU3M HarshkeHUsl. CIIoCOOHOCTh Mexa-
HU3Ma HaTSDKEHUS ONEpaTHUBHO pearrupoBaTh HA U3MEHEHHME YCIOBMH pe3aHus, T. €.
Ha U3MEHEHHE YCHUJIHUS HATSHKEHUS, ONPEENseTCs] €ro TUIOM M KOHCTPYKTHBHBIMU
ocobennoctsimu [11, 13]. B JIIIC ncnons3yroT pa3iauyHble BUABI TAKUX yCTPOICTB
[1, 3]: MexaHHuYeCKHE, ppIYaKHO-TPY30BbI€, IPYKUHHBIE, THIPABINYECKHE U ITHEB-
MaTHYeCKUe. AHAIU3 UX TUHAMUYECKUX XapaKTepUCTHK [4, 6] moKa3bIBacT, 4TO BCE
MEPEYNCIICHHbIC MEXaHU3Mbl HE 00ECTeYMBAIOT HEOOXOAMMOTO OBICTPOACHCTBUS,
a 3HAYUT W HEOOXOAMMOW peakiMu Ha KojeOaHWs YCHIIUS HaTsDKEHHS B Ipolecce
pe3anus. JTo cBsA3aHO OO C OTCYTCTBUEM JIEMI(UPYIOMINX CIIOCOOHOCTEH KOH-
CTPYKLIMU MEXaHH3Ma HATSDKCHHS (MEXaHHYECKUE U PBIYaKHO-TPY30BbIe), THOO0 CO
3HAUUTETHLHBIMA HEMOAPECCOPEHHBIME MaccaMH (TIPY>KWHHBIE), JHOO C BBICOKOH
WHEPIHOHHOCTBIO CUCTEMBI PETYINPOBAHMS U CTaOMIM3ALMN YCHINS HATSDKCHHS
(runpaBinueckue U mHeBMarnyeckue) [ 1, 3].

OpHMM M3 palMOHAJIBHBIX METOAOB YCTPAaHEHHWS OTMEUEHHBIX BBIIIE HE-
JIOCTATKOB HATSKHBIX MEXAaHHU3MOB pa3IMYHBIX THUIIOB SIBISETCS JOOCHAIEHHUE
JIIIC nemmgepHbIM YCTPOWCTBOM, KOTOPOE YCTaHABIMBAETCS Ha XOJOCTOM BeT-
BU muiibHOM JieHTHI [1, 10, 14, 19]. OHO COCTOUT U3 CHEUHUATBHBIX OMOP CKOJb-
KEHMs, WIM POJUKOBBIX KapETOK, CO3JAIOLINX JOIMOJHUTEIBLHOE IMOIEePEedyHOe OT-
KJIOHEHWE MHJIBHOM JIEHTBI OT MPSIMOJIMHEWHOTO TIOJIOKECHUS M TaKUM 00pazoM
BIMSIONMINX HA YCUJIME HaTSKEHUs JICHTHI, IPUYEM CTENEHb BIUSHUS MPOMOPLHO-
HaJbHA BEJIMYMHE OTKIOHEHUs. Pan aBropos [4, 7, 12] npennararoT MCMOIb30BaTh
B Ka4yecTBE MPHUBOJIOB JJISI MOJOOHBIX YCTPOHCTB aJaiTUBHBIC THAPO- U MHEBMOCH-
CTEMBI, YIpaBJsieMble CUTHAJIaMU JIATYNKOB YCHUJIUS HATSKEHUs, OTHAKO TaKHUE CH-
CTEMBI JIOCTaTOYHO CIIOKHBI, JOPOTOCTOSIIN U Masi03()(hEeKTHBHBI BBULY CBOCH HHEP-
LUOHHOCTH, 0COOCHHO €CITM OHU MTPUMEHSIFOTCS ISl TOPAOOTKH yKe CYIECTBYIOIINX
u sxcmryatupyeMsix JITIC.

W3BecTHBI MaclOHANOJIHEHHBIE IMJIACTHHYAThle METAIIMYECKHE aMOpTH3a-
TopbI-geMidepsl [S], TO3BOJISIOMINE CO3/1aTh MPOCTHIC KOMIAKTHBIE M TOITOMY
MaJOMHEepUUOHHbIe AeMIiipepHbie ycrpoiictBa g JIIIC, kotopbie MoryT OBITH
MPUMEHEHBI KaK B MPOEKTHUPYEMBIX KOHCTPYKIHAX, TaK U B YXKE CYIIECTBYIOIINX
JIIC ¢ a100bIMH OCHOBHBIMHM MEXaHW3MaMH HATsDKEHUS! MUIIBHOW JIeHTHI. Llenbio
JTaHHOU paboTHI SABISETCS OLeHKA Y(PPEKTUBHOCTH AeMIT(EPHBIX YCTPOUCTB ¢ Mac-
JIOHATMIOJTHEHHBIMH TUIACTUHYATBIMU aMOPTU3aTOpaMuU-AeMIlpepaMy B Ka4eCTBE CH-
JIOBBIX DJIEMEHTOB.
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Obwvexmul U Memoowvl UCCILe008AHUS

OreHKY 3 (EKTUBHOCTH MTPUMEHEHHUS IIACTHHYIATHIX aMOPTH3aTOPOB-IEMIT-
¢depoB B nemrdepHom ycrpoiictee JIIIC ocymiecTBisin Ha SKCIEPUMEHTATBHON
YCTaHOBKe, CO3/JaHHOI Ha 0a3e JIEHTOYHOMWIBHOTO CTaHKa Mapku «CTaHmapT»
(I'epmanns) ¢ muamerpom mKuBOB 1000 MM ¥ pBIYa)KHO-TPY30BOM CHCTEMOU Ha-
TsOKeHHs. B kauecTBe pexyIero MHCTpyMEHTa HCIOIb30BAJIN JIEHTOUHYIO MUY
¢ monepeyHpM cederneM 1,0x85 MM, marom 3y0seB 40 MM 1 yIIMpeHHEM Ha CTO-
pony 0,5 mM. B ocHOBHOI MeXaHN3M HaTsKEHHs BMOHTHpOBAJINM TEH30METpHUe-
CKHI JaTYUK YCHIIHS, CUTHAJ C KOTOPOTO Yepe3 aHaloro-nndpoBoi mpeoOpa3oBa-
Teb NepegaBajcs Ha KOMIIBIOTEP, MCIONb3YEMBI B KaUeCTBE PETUCTPUPYIOLIETO
npubopa. Curnan o0padarsiBaid ¥ aHAIU3UPOBaIK. Ha X0ocToi BETBH MUIILHON
JICHTHl YCTAaHABIMBAIH JOIMOIHUTENBHBIN JeMI(epHbId MeXaHU3M, COCTOSIIUI
13 TPaBEpPCHl C POJUKAMH, MOJIPECCOPEHHON MACIOHANIOJHEHHBIM IUIACTHHYATHIM
aMOPTHU3aTOPOM-IeMITpepoM, 3aKpeIJICHHBIM Ha TepeMelIaeMoil XOJAOBBIM BHUH-
TOM IUIOIIAAKE. JTO MepeMelIeHrue 00ecreurnBaio HaCTPOHKY BEITMYHMHBI OOKOBO-
ro OT)KMMa MWIbHOH JIeHTH B auanaszoHe 0...50 mM. Bepxuwmii (HaTsKHOM) MIKKB
YCTaHOBKH JI000OPYIOBAIH MTPUCIIOCOOICHHEM, JAFOIINM BO3MOKHOCTD TIOJTYUYSHUS
BBICOKOTOUHOTO 3KCIIEHTPUCUTETA BHEIIHEH IUIUHAPUIECKON MOBEPXHOCTH OTHO-
CUTEJIBHO OCH BpalieHus B quanasone 0...0,5 mM. Perynupyemblil SKCLHEHTPUCUTET
MO3BOJISLT KICKYCCTBEHHO M3MEHSTh HEPaBHOMEPHOCTD YCHIIUS HATSKEHHS MUJIbHON
JICHTHI JUI SKCIIEPUMEHTAITLHOTO N3y4eHns d(h(heKTUBHOCTH AeMI(pUPOBAHUS ITOM
HEPaBHOMEPHOCTH.

DKCIEPUMEHTANIBHYIO OIEHKY 3(PPEKTUBHOCTH JIeMII(pEepHOro ycTpoicTBa
OCYIIECTBIISUIH B JiBa 3Tara. Ha mepBom aTamne uccienoBaiy BIUSHUAE YCTPOUCTBA
Ha ypOBEHb [MHAMMYECKHMX KOIECOaHMI CHJIbI HaTsKeHUs AN, ., BbI3BaHHBIX HC-
KYCCTBEHHBIM 3KCIEHTPUCUTETOM HaTsHKHOTO MIKuBa Ar, paBHbiM 0,2 u 0,3 MMm.
OddexTuBHOCTE neMIUPOBAHUSA OLICHMBAIU CPaBHEHUEM Konebanuii AN .
IpH BKIIKOYEHHOM JeMI(pepHOM ycTpoiicTse u 6e3 Hero. Cpennee 3Hadenue AN,
OTIpENIETISTN IyTEeM KOMIThIOTEPHOW 00paOOTKH OCIMILIOTPAMM CHUTHaja JaT4H-
Ka ycunus. MccrnenoBanusi cTaOMIBHOCTH YCUJIUS HATSIKEHUS B NMUJIBHOM JIGHTE
[POBOAMIM TPHU CTATUYECKUX HANPSDKEHUSAX HATSDKEHUA G, PaBHBIX 85 n
110 MITa, npu ckopocTu pe3anust 30 M/c 1 HAYaIBHBIX YCHIHSIX OOKOBOTO OTKHMA
3 u 6 kH.

Ha Bropom sTame npoBOauiIN HcCieaoBaHus d3PPEKTUBHOCTH AEeMII(EPHOTo
YCTpOICTBa B YCIOBUSAX PeaIbHOTO TEXHOJOTHUYECKOTo Mporiecca muienus. Pacmu-
JIUBAHMIO TTOJIBEPTaId COCHOBBIC 3aTOTOBKU C CyYKOBBIMH 30HAMH U BBICOTOH TPO-
nuna 150 mm, anunoit 1200 MM, cpeaneit BiaxkHocThio 10 % mpu ckopocTH mogadu
20 m/muH. OnieHKY 3(h()EKTUBHOCTH OCYIIECTBILUIA TaK JKe, KaK M Ha IIEPBOM dTaIre,
T. €. IyTeM KOMIBIOTEPHOTO OCUMIIIOrpagupOBaHus CUTHAIA TaTYMKa yCUIHS HaTs-
KEHHSA W TIOCIIEAYIONeH KOMIBIOTEPHONH 0O0paOOTKM MONyYEHHBIX OCIHIIIOIPaMM.
[TomMuMO 3TOTO, UCTIONB3YST TEOPETHUECKYI0 METOIUKY pacueTa HampsHKeHHOTO CO-
CTOSTHUSI MUJIBHOM JICHTHI KaK Mepe/iauu ¢ THOKoH cBsi3bio [8, 9, 20], Ha BTOpOM 3Tare
OTIpe/IeTIsUTN KOJIeOaHUs HallpsDKEHUH B MaTepHalie MAIBHOM JICHTHI, 8 TAK)KE CTETICHb
MOHIKCHHS KOO (UITMCHTA 3armaca MPOYHOCTH MIPU ITUX KoJeOaHusIX 0e3 JeMIQu-
POBaHUSA U C JEMII(PUPOBAHUEM.
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Pesynomamot uccredosanus u ux oocyscoenue

[InaHuMeTpuUeCKUil KOMIBIOTEPHBIA AHAIN3 OCLMIIOrpaMM YCHIIMS HaTs-
JKEHHMs, TTOJyYEHHBIX Ha MEPBOM 3Tare 3KCIEepUMEHTa IIPH MoKa3aTessaX dKCIEHTPH-
cutera HarspkHoro mkuBa 0,2 u 0,3 MM U JIByX HayaJbHBIX YPOBHSIX HANPSHKEHUI
B muibHOM jeHte (85 u 110 MIla), mokas3piBaeT CyIIECTBEHHOE MOJIOXKUTEIBHOE
BIIMSHHE NEMII(EPHOTO yCTPOMCTBA Ha IMHAMUYecKue Konebanusa AN, (puc. 1, 2).
Tak, mpu HavanbHOM HamnpsbkeHUH 6,= 85 MIla u ypoBHe ycuins yIpyroro oT:kuma
4 xH »tu xonebanust mpu Hanuuuu nemidepa cocrapuin 64 H no cpaBuenuto ¢ 98 H
0e3 nemMIQepHoro yCTpOHCTBa. YBEIHUeHNE YCUIIHs yIIPYyroro oT:kuma J0 6 kH mpu-
BeJo K pocty 3 dexra gemnpuposanus. B aTom ciydae xkonedaHus ycuinns HaTsKe-
HUS CHIDKaIMCh 10 53 H.

Puc. 1. OcimmorpaMma AuHAMHYE-
CKMX KOJIEOAQHWH CHIIBI HaTSHKEHUS
AN THIBHON IIeHTHI TpU HAmps-
KeHun 6, = 85 Mlla mns skcuen-
W tpucuTera Ar = 0,2 MM: a — 06e3
a JIEMIIPHUPYIOIETO yCTPOUCTBA; 6 —
C IeMI(HUPYIONTIM yCTPOHCTBOM

Fig. 1. Oscillogram of dynam-
W‘“\.-JW ic fluctuations of tensile force
AN of a saw blade at tension
6 o, = 85 MPa for eccentricity
Ar=0.2 mm: a — no damping device;
6 — with a damping device

Puc. 2. Ocumwinorpamma auHa-
MHUYECKHUX KOJICOAHUH CHIIBI Ha-
TsokeHUsT AN NHUIBHOW JIEHTHl TpU
HanpspkeHun o, = 85 Mlla s
skcueHTpucurera Ar = 0,3 mm: a —
6e3 nemrdupyromero ycTpoucTsa;
6 — ¢ TeMI(pUPYIOIINM YCTPOHCTBOM

Fig. 2. Oscillogram of dynamic fluc-
tuations of tensile force AN of a saw
blade at tension 6, = 85 MPa for ec-
centricity Ar = 0.3 mm: @ — no damp-
o ing device; 6 — with a damping device

K nexotopomy pocty addexra nemndupoBanus BeACT U yBEJIMUCHUE HAaYallb-
HOT'O YPOBHS HANPSKEHUM B TUIBHOM JieHTe 6, 10 110 MIla (puc. 3). Ilpu sTom AN,
camkaercs 10 48 H o cpaBuenuto ¢ 109 H 6e3 nemmnipuposanusi.

OneHka N3MEHEHHS HAIIPSDKEHHOT'O COCTOSIHUS MMMJIBHON JIGHTHI 110 METOAU-
ke [8, 9] npu ucnonb3zoBaHUU AeMI(PEPHOTO YCTPOMCTBA TaKKe MOATBEPKAACT
MOJIOKUTENBHOE BIUSHUE IeMII(PUPOBAHHUS.
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Puc. 3. Ocunnnorpamma TuHaMuye-

CKUX KOJEOaHUH CHJIBI HaTSDKEHUS

AN TNunBHOM IeHTHl TpU  Hamps-

xeHun 6, = 110 MIla nas skcuen-

tpucurera Ar = 0,3 mm: a — 6e3

JeMI(UPYIOIIEro ycTpoicTa; 6 —
¢ IeMII(pHUPYIOIIUM yCTPOHCTBOM

Fig. 3. Oscillogram of dynamic fluc- a

tuations of tensile force AN of a saw W WM I .,

blade at tension 6, = 110 MPa for ec-
centricity Ar = 0.3 mm: a — no damp- 7]
ing device; 6 — with a damping device

B cnygae memmndupoBaHus KoyieOaHUS HAMPSKEHUH B JICHTE YMEHBIIAIOTCS 10
2,6 % mno cpaBHeHuto ¢ 22 % 0e3 Hero. Takyro e TEHICHIIMIO HAOIIOMAIU U Ha
YPOBHE OTHOCHTEIILHOTO CHIDKEHHs Ko3(duiineHTa 3amnaca npoYHOCTH MPHU yBEIU-
YEHUH 3KCLEHTPUCUTETA HATSKHOTO 1KKBa 10 0,3 MM, uto B 8,3 pa3za MeHbLIE 11O
CPaBHEHHUIO C MEXaHU3MOM HaTshkeHus Oe3 aemiiupoBanus. [lomoOHOE 3ameieHIEe
SKBHBAJICHTHO TIOBHIIIEHHUIO JOJITOBEYHOCTH JICHTOYHBIX MU 10 1,5-2 pa3 mpu sKc-
rryaranuu JITIC, o6opynoBaHHBIX JeMIIEepHBIM YCTPOWCTBOM.

AHamM3 OCHIIJIOTPAMM yCHIINS HATSHKEHUS B PEKUME PEaTbHOTO TIJICHHUS,
MOJTyYEHHBIX Ha BTOPOM 3Tarle KCIIEPUMEHTA, TI03BOJISIET CAENaTh 3aKIIF0YeHNE, YTO
B TIpoIIecce Bpe3aHus POCT ycuius HatsbkeHus gocturaet 1050 H 6e3 nemnduposa-
Hus 1o cpaBHeHuto ¢ 830 H mpu Hanmmuun nemmndupyromero Mmexanusma. [Ipu stom
MOCJENYIONIEe 3aTyXaHUe BCIUIECKA YCUIINUS HATSDKEHUS OT BPE3aHUs MPU HAIUYUU
nemripepa Hactymaet gepes 90—110 MM pe3a IpOTHUB OTCYTCTBHS TAKOTO 3aTyXaHUS
Ha BCeH /umHe pe3a 0e3 MeMI(pUPOBaHHS, YTO TOBOPUT O CYIIECTBEHHOM 3PQeKTe
MOBBIIICHNS YCTOWYMBOCTH U MONEPEUHO KeCTKOCTH MUJIBHOM JIEHTHI Ha pabodeM
yuactke. [loxoxee moBeneHre MexaHN3Ma HATSHKEHHUS TIPOSIBIIIETCS M IPU PACTIIIN-
BaHUU CYYKOBBIX U OKOJIOCYYKOBBIX 30H.

DPPEKTHBHOCTS TPUMEHEHHSI JeMIIPEPHBIX YCTPONCTB MOATBEPKIAACTCS PO-
CTOM KaueCTBa IMUJICHUs], KOTOPOE XapaKTepU3yeTcs 3HAYUTEILHO 00Iee HU3KUM YPOB-
HEM IIIePOXOBATOCTH OOKOBBIX TTOBEPXHOCTEH pe3a Mpu OMHOBpeMeHHOM (110 1,4 pasa)
CHI)KEHUH Pa3HOTOJIIMHHOCTH 3aTOTOBKH.

Boi600b1

1. Ilpumenenue eMIpUPOBaHUS ¢ PIYaKHO-TPY30BOI CUCTEMON HATSKEHHUS
JICHTOYHBIX MW 00€CIeYnBaeT 3HAUNTEIbHOE YMEHBIICHHE TUHAMUYECKUX Harpy-
30K B MEXaHU3ME Pe3aHHUs JEHTOYHOMMIBHBIX CTAHKOB U CO3/[aeT MPEAIOCHUIKH JIs
MTOBBIIIICHUS JOITOBEYHOCTH HHCTPYMEHTA.

2. BBeznenue B cucteMy HaTshKEHUs JeMII(EpHOTO YCTPOUCTBA Ha 6a3e HU3KO-
YaCTOTHOTO TUIACTHHYATOrO MACIIOHATIONIHEHHOTO aMOpTU3aropa-aemidepa crocoo-
CTBYET CTaOMJIM3ALMU CUJIbI HATSKEHUS.

3. lemmnupyroiiee yCTpoWcTBO B 30HE XOJIOCTON BeTBH MOXkeT 3(hekTuBHO
CHIJKATh BIMSHME BO3MYIIAOUINX (PaKTOPOB HA JMHAMHUKY MEXaHU3Ma PE3aHMUsl JICH-
TOYHOIMJIBHBIX CTAHKOB.
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4. C 3ame[yIeHHEeM OTHOCHTEIBHOTO CHI)KEHHS KO3 QHIMEHTa 3amaca mpoy-
HOCTH TOBBIIICHUE JOJITOBEYHOCTH JICHTOUHBIX MWJI MPU MCIIOIb30BAHUH AEMIPH-
poBanus gocturaer 1,5-2 pa3 Mo cpaBHEHHIO C IPUMEHEHHEM PBHIYaKHO-TPY30BOI
CHUCTEMBI HATSDKCHMSI 0e3 TeMITpupoBaHUS.
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Annomayusn. ®epMeHTATUBHBIM METOJIOM OIPEJIENICHO KOJMYECTBO Kpaxmalia B pa3InuHbIX
oOpasiax roppokapToHa: B 00Opasiie, IPOU3BEIACHHOM U3 MEPBUYHBIX MOTy(haOpHKaTOB, U B
rodpokaprone u3 100 %-it makynarypsl. [Ipu pepmeHTaTnBHOI AeCTPyKIMU Kpaxmaia He-
00XOJJIMO HM3BJICYCHUE €TO U3 CTPYKTYpPhI KAPTOHA, a MPOILECChI CXKATHS U OPOTOBEHUS 11e1-
JIIOJIO3HBIX BOJIOKOH YMEHBIIAIOT JIOCTYMHOCTh Kpaxmaja Juisi dKcTpakiuu. depMeHTaTnB-
Hast 00paboTka TpeOyeT MPUMEHEHHs] KOMILUIEKCHOTO aMIJIONIMTHYECKOTO Mpernapara ¢ Iejibio
HOJIHOTO THJIPOJIM3a KpaxMalia J0 TIF0K03bl. MeXaHHYeCKHMMHU METOJIaMH, TAKUMHU KaK Pa3Bo-
JIOKHEHHE B BOJIE U JIECTPYKIIHS B CPEJIe KHKOTO a30Ta, yIAI0Ch OMPEAEIUTh COOTBETCTBEH-
HO 70 u 84 % xpaxmaa, 100aBJIEHHOIO Ha CTaJHK MIPOU3BOJCTBA TO(YpPOKAPTOHA, TTOTyUCH-
HOTO M3 MepBUYHBIX Moydadprkaros. [Jjist Gosee moiHOro n3BIeYeHus Kpaxmaa Heooxoanma
OKCTpaKIus IMEIOYHBIMU pearcHTaMu. BrinonneH aHanu3 BIUSTHUS IHeHO‘IHOfI 06pa6OTKI/I Ha
XapaKTEPUCTUKH BOJIOKOH MaKyJIaTypHbIX (hpakimid, momydeHHbIX Ha CyXOHCKOM LEJUTION03-
HO-OyMaykHOM KkoMmOuHare. [Ipoucxomut HaOyxXaHHe BOJIOKOH B IIENIOYH, YTO HPHBOIMUT K
YBECIMYCHUIO HIMPUHBI BOJIOKHA U €T0 YKOPOYCHUIO, a TAKKE CHMKCHUC KPUCTAJIIMYHOCTH —
HOJIOKUTEIBHAS TTPEANIOCHUIKA JUIsl OoJiee MOJTHOTO M3BJIeUeHHs KpaxMaiia. JJaHHbIe IpoLecChl
MpOoXOaAT UHTCHCUBHEES Y KOpOTKOBOJ'IOKHHCTOﬁ q)paKI_II/II/I 10 CpaBHCHUIO C JJIMHHOBOJIOKHU-
ctoit. [To crannaptroii metoauke SCAN-P 91:09 SCAN-W 13:09 He yaanoch onpenenuTh BECh
Kpaxmal, J0OaBJIeHHBI Ha CTaMK MTPOU3BOACTBA TO(YPOKAPTOHA U3 EPBUYHBIX MOIy(hadpu-
karoB. Taxke 0OpaboTKa 10 JaHHON METOMKE BEAET K IECTPYKIHH YaCTUIHO THIPOJIM30BaH-
HOTO KpaxMauia. Hauboee mostHoro u3BieueHus Kpaxmaia u3 roppoKapToHa yaaioch I0CTHYb
B pE3YJIbTAaTe MPOBEACHUA BYX OTallOB menquoﬁ OKCTpAaKUIHU IpH CICAYIOIUX YCIOBUAX!:
5 %-#t pactBop NaOH, temneparypa — 20 °C, npoJ0KUTETHHOCTh KKIO0N KCTPAKIMU — 2 4.
B rodpokaproHe, IpoM3BEAEHHOM M3 MEPBUYHBIX MOTYy()aOpUKaTOB C M3BECTHBIM PACXOIOM
KpaxmaJa, IIpH JaHHBIX YCIOBHSIX 00pabOTKH yIaoch ONPEAEINTh Bech kKpaxmai (22,8 Kr/tT),
B ropokaprone, caemanHoM u3 100 %-ii MakynaTypsl, COAep)KaHHE Kpaxmaya COCTaBHIIO
48,2 xr/T.

Jna yumuposanusn: Xaapiko N.A., Hopoxxunos E.B., Uyxuun JI.I. Biusuue npeasapureis-
HOH MMOJIrOTOBKH KapTOHA Ha OIpe/ieieHue Kpaxmaia (pepMeHTaTUBHBIM MeTosioM // V3B, By-
30B. JlecH. xypH. 2021. Ne 5. C. 150-162. DOI: 10.37482/0536-1036-2021-5-150-162
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HIMX PacTeHHii: GOopMUpOBaHHE, MOPPOIIOTHS U QYHKITHI.

bnazooapnocms: PaboThl ¢ MpUMEHEHUEM JIEKTPOHHOM MHUKPOCKONUHN M PEHTTCHOCTPYK-
TYPHOTO aHajJM3a OCYLIECTBIEHBI C HUcroib3oBanueM obopynosanus LIKIT HO «Apkruka»
(CADY), c npumenenuem ananuzaropa L&W Fiber Tester — o6opynosanus UTL]| «Cospe-
MEHHBIC TEXHOJIOTHH TiepepadoTku ouopecypcor Cerepay (CADY).

Knioueswie crosa: rodhpokapToH, Kpaxmal, ONpeaeIeHie Kpaxmaa, aMUIIoIuTHYeCKHe dep-
MEHTEHI, Pa3BOJIOKHEHHE, MaKyIaTypa.
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Abstract. We determined the amount of starch by the enzymatic method in different samples
of corrugated cardboard, including the sample produced of primary semi-finished products
and corrugated cardboard made of 100 % waste paper. For starch enzymatic degradation, it is
necessary to extract it from the corrugated board structure, since the processes of compression
and keratinization of pulp fibers reduce the availability of starch for extraction. Enzymatic
treatment requires the use of a complex amylolytic preparation for complete hydrolysis of
starch to glucose. We were able to determine, respectively, 70 and 84 % of starch obtained
from primary semi-finished products by mechanical methods, such as defibrillation in water
and degradation in a liquid nitrogen medium, and added at the production stage of corrugated
cardboard. It was shown that extraction with alkaline agents was necessary for more complete
extraction of starch from corrugated cardboard. The influence of alkaline treatment on the
characteristics of fibers of waste paper fractions obtained at the Sukhonsky Cardboard and
Paper Mill has been analyzed. The fibers swell in alkali, resulting in an increase in fiber width
and its shortening, as well as a decrease in crystallinity, which can be a positive opportunity
for more complete starch extraction. Fiber swelling and crystallinity reduction are more
intensive for the short fiber fraction compared to the long fiber fraction. When determining
starch in corrugated cardboard using the standard method SCAN-P 91:09 SCAN-W 13:09 it
was not possible to detect all the starch added at the production stage of corrugated cardboard
from primary semi-finished products. Also the processing conditions of this methodology lead
to degradation of the partially hydrolyzed starch. The most complete extraction of starch from
corrugated cardboard was achieved by two stages of alkaline extraction under the following
conditions: 5 % NaOH, temperature of 20 °C, the duration of each extraction —2 h. Under these
processing conditions it was possible to determine all the starch (22.8 kg/t) in the corrugated
cardboard produced of primary semi-finished products with known consumption of starch;
the starch content in the corrugated cardboard produced of 100 % waste paper was 48.2 kg/t.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International
(CC BY 4.0) license * The authors declare that there is no conflict of interest


https://publons.com/researcher/N-1537-2017/
https://orcid.org/0000-0001-7128-1688
https://publons.com/researcher/O-9738-2015/
https://orcid.org/0000-0003-3642-3307
https://publons.com/researcher/O-9487-2015/
https://orcid.org/0000-0003-3250-8469
mailto:i.hadiko@narfu.ru

152 «H3BecTus By30B. JlecHoi :xxypHaa». 2021. Ne 5 ISSN 0536-1036

For citation: Khadyko I.A., Novozhilov E.V., Chukhchin D.G. Influence of Cardboard
Pretreatment on the Determination of Starch Content by the Enzymatic Method. Lesnoy
Zhurnal [Russian Forestry Journal], 2021, no. 5, pp. 150-162. DOI: 10.37482/0536-1036-
2021-5-150-162

Funding: The reported study was funded by the Russian Foundation for Basic Research within
the framework of the research project No. 20-04-00457 “Pits in the Anatomical Elements of
the Xylem of Higher Plants: Formation, Morphology and Functions”.

Acknowledgements: The studies with the use of electron microscopy and X-ray structure
analysis were carried out using the equipment of the Core Facility Center “Arktika”, NArFU.
The studies with the use of L&W Fiber Tester were carried out using the equipment of the
Innovative facilities Engineering and Innovation Center “Advanced Northern Bioresources
Processing Technologies”, NArFU.

Keywords: corrugated cardboard, starch, starch determination, amylolytic enzymes,
defibrillation, waste paper.

Beseoenue

Heo0xomuMocTh CHIKEHHUST ce0eCTOMMOCTH KapTOHHOOYMaKHOM TPOAYKLIUH
BEJIET K 3HAYMTEIILHOMY YBEJIWYCHHUIO JIONH HMCIOIb30BAaHHUS BTOPHUYHOTO BOJOKHA
IIPU MIPOM3BOJCTBE KapToHa u Oymaru. [Ipu 5ToM caM roppoKapToH U eCcTh OJMH U3
OCHOBHBIX UCTOYHHKOB BTOPUIHOTO CHIPhS Ha OyMakHBIX (adbpukax [1].

Hnst cknenBaHus roQpUPOBAHHBIX M IJIOCKHUX CJIOEB KapTOHA HCIIOIb3YIOT
Kpaxmall ¥ ero IpOHU3BOIHBIC, KOTOPBIE UIPAIOT BaXKHYIO POJIb MPH JaJIbHEHIICH Tie-
pepaboTke kapToHa. Pa3nuuHbie BUIBI M TPOM3BOAHBIC Kpaxmaia TakKe MPUMEHS-
FOTCS [Tl IOBEPXHOCTHOM MPOKJICHKU B yBETHMUCHUSI IPOYHOCTH OyMaru v KapToHa.

IIpu BTOpHUHOI MepepaboTKe MaKYIIaTyphl ComepKalruecs B HEH KpaxMaso-
IIPOLYKTHI YIAJISIOTCSI HE MOJIHOCTHIO, HEKOTOPAsk X 4acTh OCTAETCS HA MOBEPXHO-
CTH ¥ BHYTPH LEJUTIOJIO3HBIX BOJIOKOH. DTO MPUBOIMT K aKKyMYJSIIMM Kpaxmaja B
00OPOTHOI BOJIE, YTO CTAHOBUTCS IPUYMHOM MOBBIILICHHS YPOBHS XUMHUYECKOTO T10-
TpeOJICHUsT KUCIOPO/ia CTOYHBIMU BOJIaMU nipennpusitus [3, 11].

B paborte [ 14] ObL1 onMicaH 3KCIIEPUMEHT, HATJISIHO TIOKA3bIBAIOIIHI HAKOTLIE-
HHUE Kpaxmala IIpu BTOpUYHON nepepaborke. Ha mepBom sTame u3 1emnono3sl, He
cozeprKalleil Kpaxmal, U3roTOBWIN OyMmary ¢ 100aBIeHHEM MPOKJICIOIIETO areHTa 1
1 % xaTHOHHOTO Kpaxmaia. 3areM Oymary moJBeprajiy pa3BOJOKHEHHIO, TOITyUYeH-
HOE€ BOJIOKHO BHOBb HCIIOJIB30BAJIU JJISI POU3BOJICTBA OyMaru ¢ 100aBIeHUEM MpPO-
kJeroniero areHra u 1 % xarnoHHoro kpaxmana. [locne 7-ro nuxiia B 6ymare ObLIO
ompeneneno 2,5 % Kpaxmana.

OcTtaTouHBIN Kpaxmall, COOEP KALIMNACS B MaKyJIaType, OKa3blBaeT OTPHLIATEIIb-
HOE BIIMSIHUE HA MEXaHUYECKYIO IPOYHOCTh OYMa)KHOTO JIMCTA, U yaJIeHUe Kpaxma-
Ja 3HAYUTENFHO YIy4dllaeT MPOYHOCTHBIE XapaKTEePUCTUKU OyMa)KHOM MPOAYKIMH
[2,4,6,7,19].

VYnanenue npuMeceii, B T. 4. OTpab0OTaHHOTO KPaxMaIbHOTO CBA3YIOIIETO, BAKHO
JUTS TIOAITOTOBKY MaKyJIaTypHOH MacChl K BTOPUYHON TepepadoTke Ha OyMaxHbIX (ha-
Opukax. [Ipu pocmycke rodpomakynarypbl 1 pazmMoiie KpaxMaJonpOLyKThl YACTUYHO
PacTBOPSIIOTCS MM TUCTICPTUPYIOTCS B BOTHOM cpefie OyMa)KHOM Macchl, HO OCHOBHAsI
HX YacTh OCTAETCS acCOLMUPOBAHHON C BOJOKHOM M HE yajisieTcs MpH (HIBTPALUH
[5]. Oporosenue, cxxatve U ycaaka HEJUTIONO3HBIX BOJIOKOH MPH CyIIKe rodpokapro-
Ha CTMOCOOCTBYIOT y/Iep’KaHHMIO KOMITOHEHTOB KJleHicTepa B MOPHUCTON CTPYKType JIMCTA.
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IIpu ero mpousBoAcCTBE B MPOLECCE CYHIKHM YacTh IMOp LEJIIIOJIO3HBIX BOJOKOH
HEOOpaTUMO 3aKpHIBAETCS, & KOMIIOHEHTHI, CIIOCOOHBIE TPOHUKHYTH Yepe3 HUX, OKa-
3BIBAIOTCS 3alEPThIMU B CTEHKE BOJIOKHA. [Ipy 3TOM MEHSIOTCS MX MEXaHUYECKHE U
copOupyrolie CBOHCTBa, BCIEACTBUE YEr0 BOSHUKAIOT CIIOKHOCTH MPH TOBTOPHON
nepepaboTKe Takux BOJOKOH [8, 15, 18]. depmeHTaTnBHAsS 00pabOTKa MO3BOJSET
WHTEHCU(PHULIUPOBATH MPOLECC MEPEXoAa KpaxMalbHbIX KOMIOHEHTOB CBS3YIOILIETO
ropoKapToHa U3 MaKyJIaTypHOW Macchl B BOAHYIO CPEy.

Jnst pazpa®otku 3pPeKTUBHBIX METOJI0B OOPHOBI C OTPAOOTAHHBIMH KpaxMa-
JIOTIPOYKTaMH HEOOXOANMBI METOJIBI ONPE/ICIICHUS Kpaxmaia B IPOAYKIUHU U TEXHO-
JIOTUYECKHUX MOTOKAX.

Kpaxman B Oymare MoxkHO orpenenuts 1o Metoauke TAPPI T 419 om-11[17].
Omna npenmnonaraeT pa3BoJIOKHEHHE OyMaru M yJajleHue KpaxMana U3 IMOJy4YeHHOTO
BOJIOKHA CHayalla Ha KHILIIeH BOISHON OaHe, 3aTeM PacTBOPOM COJSHOW KHUCIIOTHI
koHueHTpauuei 6 H. nmpu 20 °C. Kpaxman B pacTBOpe HaXOIAT MOJOMETPHUECKUM
MetoaoM. Crioco0 nMeeT psizi CylIecTBEHHBIX HEIOCTaTKOB. Mo MoXeT BCTynars B
PEaKIMIO C OCTATOYHBIM JINTHUHOM, CHJIbHOE BIMSHUE HA PE3yJIbTaThl aHAIn3a OyayT
OKa3bIBaTh MYTHOCTb PAacTBOpA, CTENEHb JECTPYKLUU M TUI Kpaxmala, MOCKOJIbKY
M0 JTAaHHOW METOANKE MOKHO ONPEACIUTh TOJIBKO MPUPOIHBINA, OKUCICHHBIN U (ep-
MEHTaTHBHO 00paOOTaHHBIN Kpaxmall.

Karnonnsiii kpaxman B Oymare, Jlake B MPUCYTCTBUM APYTHX THIIOB Kpaxmaia,
MOKHO YCTaHOBUTH METOJIOM MHPOIM3HOM Tra3oBoil Xpomarto-macc-criekrpomerpun. Co-
JiepykaHue Kpaxmasia HaXo/IT pacyeToM MPOAYKTOB MUPOIN3a KaTHOHHOM rpymiis! [12].

[lepcneKTHBHBIMU METOAAMH OIPECICHUsI Kpaxmala B pa3iIMyHbIX Cpeaax u
00beKTax SIBISIOTCS METO/bI, OCHOBAaHHbBIE Ha JEHCTBUU (DEPMEHTOB aMHJIONUTHYE-
ckoro tumna [9, 16]. Ilpu nocnegoBareIbHOM JEHCTBUU O- U ITIOKOAMUIIA3, Kpaxmall
MO’KHO TIOJTHOCTBIO THAPOIU30BATH JI0 TIFOKO3bI, KOTOPYIO ONPENENSIOT pa3iIudHbI-
MU criocobamu. J[s yBenudeHus: [oCTyITHOCTH Kpaxmala JeicTBUI0 PepMEeHTOB He-
o0xonMa ero mpeaBapuTenbHas oopadoTka.

B cootBetcTBUU co crannaptHoi Metogukoit SCAN-P 91:09 SCAN-W 13:09
[16] (nanee — metonuka SCAN) kapToH cHadana nofasepratot AerictBuio KOH mpu
BBICOKOH TemIeparype, Iociie 4ero mpoBoAsiT (epMEeHTAaTUBHYI0 00pabOTKy U ompe-
JIEJISIOT TUIFOKO3Y B pacTBOPE.

Ha xadenpe Ouonoruu, sxonorun u ouorexHonoruu CeBepHOro (Apkrude-
cKoro) QeaepanpHOroO yHUBEpCUTETa ObUIa pa3paboTana METOIUKA TS OTIPECTICHUS
Kpaxmaina B Oymare u kaptoHe (manee — meroguka CADY) [10]. Ha nepBom stame
MIPOBOJIAT UX Pa3BOJIOKHEHHUE. Jlanee OCyLIeCTBISAIOT KCTPAKIIMIO KpaxMaja pacTBo-
pom NaOH c koHneHnTpamnueii 5 %, 3aTeM HEHTpaIn3auio Meaoud U pepMeHTaTHUB-
Hyl0 00paboTky. Takke pazpaboTaH BapHaHT METOAMKH Uil OOOPOTHOH BOABI, HE
BKJTFOYAFOIIUH IIEIOYHY0 00pa0OTKYy.

[Ipn MexaHMYECKOM pa3BOJIOKHEHUHM KapTOHa CTPYKTypa BOJIOKOH OCTaeTCs
LEJIO, U Kpaxmall, COpOMPOBaHHBIA Ha TIOBEPXHOCTH BOJIOKOH, B OCHOBHOM MOJKET
0CTaBaThCsl Ha BOJIOKHE U HE IepeXOauTh B Boay. st Oosee TiryOoKoro pa3pyeHus
CTPYKTYpPBI IPUMEHUMO MEXaHUUECKOE pa3pyllIeHne BOJIOKOH B xKHJIKOM azote [13].

Lenpio paboThl OBIIIO TPOBEPHUTH AOCTYIMHOCTh Kpaxmala KapToHa sl JeH-
CTBHSI aMUJIONIUTHYECKUX (DEPMEHTOB TIOCIE IMPEABAPUTEILHOTO MEXaHHYECKOTO
pa3pylIeHus: CTPYKTYpbl KAPTOHA U TPUMEHEHUS! XUMUUECKHUX PEareHTOB JJIs U3BJIe-
YEHUS Kpaxmasa.
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Obvexmbl 1 Memoobl UCCIE008AHUS

Xapaxmepucmuka o6pazyoe kapmona. Jns McbITaHUNA ObLT BBIOpAH Tpex-
CIIONHBIA TO(QPOKAPTOH APXaHIEIbCKOTO ILEJUTIOJI03HO-OyMaXHOr0 KOMOHMHATa
mapku T-23 (Kabapaunckuii) maccoit 450 r/m? (nanee — kapron ALIBK). Kapron
MPOU3BEJCH U3 KapToHa KpadT-naitHepa u roppoOyMaru, CbIpbeM AJisi KOTOPBIX
CIy’)KWJIM TIepBHYHBbIE monydadpukarel (HeOeneHast cynbdarHas XBOWHas Mei-
JIF0JI03a ¥ JINCTBEHHAs HEUTpalbHO-CYIb(GUTHAS MOJyIeiono3a). Oba Buaa 1mo-
myhabpuKaTOB M3TOTOBIICHBI Oe3 Jdo0aBlieHHS KpaxMmana. Pacxom kpaxMmalIbHOTO
CBSI3YIOILETO, B3STOIO JAJISI CKIEHBAHUS CJIOEB To(poKapToHa, ObLI OIpEeneseH 1o
JaHHBIM NPOM3BOACTBA. PacueTHOE KOMMYECTBO Kpaxmana COCTaBWIIO 22,5 Kr Ha
1 T roppokaproHna.

HcnpiTaHusaM TOABEPIVIM TaKKE TPEXCIONHHBIA roppokapTron bpsiHckoi Oy-
MaXHOH (haOpUKH, M3TOTOBJICHHBIN N3 BTOPUYHOTO BOJIOKHA (n1asee — kapToH bbd).
[Ipu mpou3BOACTBE JAHHOTO KapTOHA PACXOZ KPaxXMaJIbHOTO CBS3YIOILEIO IO J1aH-
HbIM (paOpuKH cOCTaBMII 15 KI/T TOBapHOTO MPOIYKTA.

Jnsi aHanw3a MCHONB30BaHbl JUIMHHOBOJIOKHUCTAS W KOPOTKOBOJIOKHHCTAS
¢pakunu (IBO u KBD cooTBeTcTBEeHHO), OTOOpaHHBIE U3 TPOU3BOACTBEHHOTO I10-
Toka CyXOHCKOTO IIeJITI0I03HO-0yMaKHOTO KOMOHWHATA.

Xapaxmepucmuka gepmenmnuvix npenapamog. Ha cragun depmeHTaTUBHON
00pabOTKH C LIETbI0 THAPOIN3a KpaxMalla A0 IIIOKO3bI HCIIOJIb30BAIIM KOMMEPUECKHE
aMMJIONIUTUYECKUE TIpenapaThl Mpou3BoAcTBa koMnanuu Novozymes A/S (Hanus).
WX xapakTeprcTUKHM npeAcTaBiieHbl B Ta0. 1. O0a npenapara sBIsIFOTCS BHICOKOKOH-
nenTpupoanHeiMU, BAN 480 L conepxut a-amunasy, Saczyme — IIt0OKkoaMuiasy, a
TaK)Ke KUCITYIO O.-aMHJIa3y JUIsl TIOJIHOTO 3aBEPIIEHUS IPOoIIecca THIPOIH3a.

TabOnauma 1
XapakTepucTuka ¢epMEHTHBIX IPENAPATOB
DepMeHTHBIH Knace AKTHBHOCTb [Iponyuent Huanasou paboTsl pepmenTa
npenapar (epmenra (depmenra (epmenra Temreparypa, °C pH
BAN4SOL| Awmnaza | 480 KNU/g Bacillus 3075 | 3,0-6,0
amyloliquefaciens
Saczyme |Imroxoamunaza | 750 AGU/g | Aspergillus niger 30-70 4,0-6,0

[pumeuanue: Enunnna KNU (Kilo Novo Unit alpha-amylase) — konudectBo epmenTa, Ko-
Topoe B cTanaapTHbIX ycnoBusx (pH —7,1; 37 °C) pacierisier 5,26 T kpaxmasa B 9; €JHHHULA
AGU (Amyloglucosidase Unit) — konmuecTBo (hepMeHTa, KOTOPOE B CTAHAAPTHHIX YCIOBHU-
sax (pH — 5,0; 37 °C; xoHUeHTpanus MaibTo3sl — 10 I/J1; MPONOIKUTEIBHOCTD THAPOIN3A —
30 mMuH) pacmerisieT | MKMOITb MaJibTO3bl B MHH.

Mexanuueckoe paseonoknenue obpasyos kapmona. OOpaslibl KapTOHA pas-
pe3alii Ha KBaJpaTHbIE KyCOUKH pa3MepoM mpuMepHo 5x5 mm. B teuenue 60 mun
Hape3aHHbIE KyCOUYKH 3aMadlBaJid B JTUCTUJUIMPOBAHHOW BOJE MPHU KOHIEHTPAIUH
2 %, Temneparype 20 °C u mepruoanuecKkoM rmepeMernuBanuu. Jlamee cmeck qucmep-
THPOBAII TPEXKpaTHO 1o | MuH Ha Mukcepe (hupmbl Waring momHoCThIO 330 BT.
[Tony4yeHHYI0 BOJIOKHHCTYIO Maccy 0O0€3BOKMBalM Ha BOpoHKe BroxHepa ¢ TKaHbIM
XJI0Im9aTo0yMakHBIM (PrtbTpoM. OOGE3BOKCHHYIO MAacCy pa30aBIsLTA TACTHILIAPO-
BaHHOI BOJOH 10 KOHLEHTpauuu BoiokHa 2 %. [loixydeHHylo cycrieH3uio u Gpuib-
TpaT UCHOIB30BAJIN JUISI AHAIIU3A.



ISSN 0536-1036 «H3BecTns By30B. JlecHoii skypHas». 2021, Ne § 155

Kpuomexanuueckas oopabomka. HaBecky roppokaproHa Maccoi 3 r 3amMauu-
Baj B 50 MJI IUCTHUILIMPOBAHHOM BOJIBI ¥ OCTABJISUTH Ha | 4 Jij1st HaOyxaHwusl. PyuHytro
MEJIBHUILY TIOKPBIBAJIU TEIUIOM30JSIIIMOHHBIM MaTePHAJIOM | TIepe]] €€ padounM BbI-
XOJIOM 3aKpEIUIUTH TIACTUKOBYIO €MKOCTh. MeNbHUITY 3alOTHSITN KUAKAM a30TOM
Ha Y4 paboyero o0beMa M TMOAEPKUBAINA YPOBEHB 3TOTO ra3a Ha MPOTHKCHUN BCe-
ro sKcrepuMenTa. KapToH BMecTe ¢ 3aMOYHOM BOJIOW NMEPEHOCUIIH B MEIILHUILY, TIC
MIPOUCXOAMIIA UX 3aMOPO3Ka. 3aMOPOKEHHBIIN KapTOH U JIeJ] IPOIYCKaIK Yepe3 Meb-
HUILY, 3aTE€M OHH TOTAIaJIi B IUTACTUKOBYIO EMKOCTD Iepe]l pad0unM BBIXOJIOM MEJIhb-
HuUIBL. [lanee yepe3 MeTbHUILY TPOITYCKaIN JOMOTHUTENHHO S0 M1 BoJbl. MenbHUITY
OCTABIISIJIH JIJIST UCTIAPEHUS KHUJIKOTO a30Ta, a TaKkKe I HarpeBa pa3MoJIOTOro Kap-
TOHA ¥ BOJIbI 10 Temneparypbl 20 °C. OcTaTku KapTOHA B MEIHHUIIE BHIMBIBAIHU J0-
noJHUTEIbHBIMU 50 MJT BOZIBI. B UTOTE B MPUEMHON €MKOCTH TOTYYalld CyCIICH3UIO
BOJIOKOH KOHIIeHTparuei 2 %.

DepmenmamusHbvlll 2UOPOaU3 8010KHUCIOU cycnen3uu. B 50 M1 BOIOKHHUCTOM
cycnen3un mpodarmsum 2,5 cm® 1 M aneratroro 6ydepa ¢ pH 5,0, BHOCHITH 0-aMu-
mazy BAN 480L (0,1 cm® na 100 cM? cycrieH3un) W BbIIEpKuMBaiIu 1 9 mpu mepe-
MermmBaHuu 1 Temmeparype 60 °C, mociie 3Toro BBOAWIM ITFOKOAMHUIIa3y Saczyme
(0,1 cm?® Ha 100 cM? cycrieH3UM) U OCTAaBIISUTH €IlIe Ha | 4 TIpu Toi Jxe TeMIeparype
U niepeMeninBanny. Ha TkaHHOM rIbTpe OTACISUIM U TPOMBIBAIN BOJIOKHO. Duib-
TpaT KOJMYECTBEHHO MEPEHOCHIH B MEPHYIO KosOy BMecTuMocThio 200 cM? u pas-
0aBJIsTM BOJIOM /10 METKU. B mojydeHHOM (QuiIbTpare ONpeaessuid KOHICHTPAIIUIO
TJTFOKO3BI M PACCUHMTHIBAIIN COZIepKaHme Kpaxmara (X, Kr/T) 1o ciemyromeit hopmyse:

X=(DCV-0,9) /m,
rae D — paszbasienue; C — KOHIIGHTpAIMS TIIFOKO3bI, KI/M?; V' — UCXOAHBIH 00beM
cycnensuu, M?; 0,9 — ko3 purmeHT nepepacueTa MIOKO3bI B KpaxMaJr; 71 —a0dCOJIFOTHO
cyxasi Macca MCXOIHOW HaBECKH KapTOHa, T.

Ilpucomoenenue pacmeopa Kpaxmana u noiyyeHue pacmeopos OIu20caxa-
puoos. JInst mpUTroTOBIEHNS OCHOBHOTO CTaHJApPTHOTO PAacTBOpa Kpaxmaja ¢ KOH-
neHTparmeit 10 /1 B 10 M1 Bozbl pa3MeIuBaiiy A0 MOTydeHHs OJHOPOIHON CMecH
1 r HATUBHOTO KpaxMaJia, 3aTeM 3TOT PACTBOP MEJJICHHO BIUBAJIH, IEPEMEIINBAs, B
80 mur Bogsl Temmeparyporr 100 °C u kunsitunu 2...3 muH. PacTtBOp mpormyckanu
gepe3 TUIOTHBIA 00€330ICHHBIN (DHITBTP, TPYOKIBI IIPOMBIBAIIN TOPSIYEH BOIOH, OXJ1a-
xpamm g0 20 °C u noBogunu Bogo 1o 100 mi. 'otoBuim pabouuii pacTBOp Kpax-
Masa ¢ koHuentpamuei 0,1 /51, 1715 4ero B MEpHYyI0 Koji0y BMecTUMOCThi0 1000 Mt
romermany 10 M1 OCHOBHOTO pacTBopa ¢ KoHIeHTpanuel 10 1/ 1 JOBOAMIIH 10 MET-
KH JTUCTHJUTMPOBAHHOW BOMON. [[is mosydeHus: pacTBopa OJUTrocaxapHjioB MPUTO-
TOBJICHHBIN paboumii pacTBop Kpaxmaia oopadarsiBasn pepmentrom BAN 480L Ha
BOJIsIHOM Oane mpu Temneparype 60 °C B TeueHwue 2 4.

Memoouxa SCAN-P 91:09 SCAN-W 13:09. Meroauka npeiHa3Ha4YeHa s
orpe/eNieHHs COIepKaHus Kpaxmala B Oymare, KapTOHE U TEXHOJIOTHYECKUX BOJAX.
OcHoBaHa Ha KPaTKOBPEMEHHOW BBICOKOTEMIIEPATYPHOI IMIeN0uHOoN 00paboTKe Hc-
ciexyeMoro o0pasiia B IeJsiX U3BJICUCHHS KpaxMaia U YBEJIIMYCHHS €ro JOCTYITHO-
CTH JUIs IeHCTBUS (PEPMEHTOB, IOCIISIYIOIIEM TIOJTHOM ()EPMEHTATUBHOM I'HJIPOJIA3E
Kpaxmaja ¥ OnpeAelieHIH KOHIIEHTPAIMH 00pa3yIolIeiicst B pe3yabraTe 3TOTO TITo-
k03bl. Pa3BosiokHeHne 00pa3ioB kapToHa u Oymaru He npoBoisT. Crioco0 omucaH B
[16]. B cOOTBETCTBUHU C PEKOMEHIALIUSAMHU, COACPKAITUMUCS B JAHHOM HCTOYHHKE,
YPOBEHb Kpaxmasia JijIsl €T0 OTpeeIICHNsS B II0OBIX oOpa3iiax OyMaru u KapToHa JA0J-
JKeH OBITh HE MeHee | KI/T, IJIs TEXHOJIOTHUECKUX BOI — IIPEBBIMIATh 5 MT/IL.
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Memoouxa CADY s onpedenenus kpaxmana. MeTop OCHOBaH Ha JIByX4aco-
BOH IIEOYHON 00paboTKe HMCCleayeMoro odpasia mpyu HOPMAalbHON TeMmIeparype
JUTSL U3BJICUCHUS KpaxMalia U YBEIHMUYSHUSI €r0 JOCTYITHOCTH JICHCTBUIO (DEepMEHTOB,
MTOCJIEAYIONIEM TIOTHOM (hepMEHTATHBHOM THAPOIIN3E KpaxMaa v ONpeeleHIH KOH-
LIEHTPAIUU TJIFOKO3bI, 00pa3yrolieiics B pe3yibrare rujapoiusa. O0pasipl Oymaru u
KapTOHa MPeIBAPUTEIHHO PA3BOIIOKHSIOT, KPaxMall OIPEIENSIOT Kak B BOJIOKHUCTOM
Macce, Tak U B ¢puibTpare. TekeT U 0COOEHHOCTH METOUKH TipescTaBiieHbl B [10].

Onpedenenue konyenmpayuu 2noxko3si. KOHIEHTPAIUIO TITFOKO3bI B THAPOIIN-
3aTax ONpeaessulid ITIOKO300KCHAa3HO-TIEPOKCHIa3HBIM METOAOM Ha IITIOKO3UMETPE
«3Ou3uckan-Yasrpa» (000 «Jlaboraity, Poccust). s mpoBeneHus u3MepeHuit pa-
0ounii pacTBOp MpH HEOOXOAMMOCTH TIPEABAPUTEIHLHO Pa30aBISIIH IO OPUSHTHPO-
BOYHOH KOHIIEHTPAIUU TIIOKO3bI 2 /1. [Iprbop mo3BossieT onpenensirs NIKo3y B
pactBopax npu ee konueHTpauuu 0,9...5,4 r/n.

Onexmponnas mukpockonus. Vlccaemyembie o0pasiibl BBICYITUBAIN METOIOM
nmuoduipHON cymiku Ha ammapate Labconco Freezone. [l ymydmieHust kauecTsa
CHUMKOB 00pa3IloB UX MMOKPHIBAIN CIIOEM 30JI0TO-T1AJIaNEeBON CMECH TOJIIIMHOM 710
5 HM ¢ nomMonIsio HambuuTenbHO yeranoBku Q 150 T ES (Quorum). Mccnenosa-
HUS TIPOBOAMIIU C IPUMEHEHHEM 3JIEKTPOHHOTO CKaHMPYIOIIero Mukpockona ZEISS
«SIGMA VP».

Penmeenocmpyxmypuoiti ananuz. CreneHb KPUCTAUIMYHOCTH (PpaKiuii Ma-
KyJaTypHOW MacChl OMpEAeTsUId Ha PEHTreHOBCKOM mudpakromerpe XRD-6000
Shimadzu npu cieayronux napamerpax: yrou usmepenus O 10...70°; ckopocTb u3-
Mepenus — 0,5° B muH; HanpspkeHne — 50 kB; Tok — 30 MA; ckopoCTh BpameHus 00-
pasua — 30 06./mMuH. O0pas3iisl Ppakiuii IpeccoBaid B TabIeTKH Maccol 1 r (mpecc
10 1), mepen mpeccoBaHUEM IOIMOTHHUTEIHLHO HE W3MeNbdaind. [IpoaHanm3npoBaHbI
BO3YIIHO-cyXue 00pa3mpl. [Ipr n3MepeHusx MCIoIb30BaId HEOTPAXKAIOMINN Aep-
JKaTelb Uit 00pas3oB. KomndgecTBo ToUek MpHu pacdeTe KPUCTALNTHIHOCTH — 25 1 7.

Onpedenenue Oauusbl U wupunsvl 6010koH. CTPYKTypHO-MOp(doIornyeckue
XapaKTEPUCTUKN BOJIOKOH YCTaHABIMBAIHM Ha aBTOMAaTWYeCKoM aHanmu3atope L&W
Fiber Tester.

Pezynomamul uccnedosanust u ux oocyscoenue

Ha pucynke npeacrasnens! cHuMkH kaptoHa ALIBK, moaseprayToro kxpuome-
XaHUYEeCKOH 00paboTKe, a TakKe MEXaHNIECKOMY Pa3BOJIOKHEHHIO B BOJIE, ITOTyYeH-
HBIE C TOMOIIBIO AIEKTPOHHOTO MUKPOCKOTIA.

Ha cHnMKax a, 6 BUIHO COXpaHEeHHE BOJIOKHAMH TOCIIEe PA3BOJIOKHEHWSI B BOJIC
LEJIOCTHOCTH, MPHUCYTCTBUE Ha WX MOBEPXHOCTH KpaxMalbHOTO cBs3yromiero. Ha
(dhoTorpadusax g, 2 MOXKHO HAOIIONATE, YTO pa3pyIICHNE BOJIOKOH MPH KPHOMEXaAHHU-
YecKoi 00paboTKe UAET KaK B OMEPEYHOM, TaK M MPOIOIBHOM HAlPaBICHUSX.

O06paboTaHHBIA KapTOH M (PIIIETPAT IMOCIIE MEXAaHHMYECKOTO Pa3BOJIOKHEHUS
noaseprainu GpepMeHTaTUBHON 00padoTke B 1 1uKi O3 mpeaBapuTeIbHON IKCTPAK-
MU peareHTaMu. KomndecTBo ompeaeieHHoro Kpaxmaa MpeacTaBieHo B Tao. 2.

[IpeaBapurenbHOE pa3BOJIOKHEHHE KAPTOHA, a TAKXKE €ro KpHOMeXaHHYecKast
JIC3UHTETPAIMs HE MO3BOJISTIOT OMPEICIUTh BCE KOJTMUECTBO KpaxMala, ColeprKaiie-
ecsi B oOpasiie KapToHa M3 NMepBUYHBIX Nosryadpukaros. Takum oOpas3om, yxke Ha
MEPBOM IIMKJIE IPOU3BOICTBA TO(PPOKAPTOHA MOCTIE CKICHKH JICTOB YaCTh Kpaxmal-
COZIEPIKAILETO CBA3YIOIIET0 MPOHUKAET B CTPYKTYPY BOJIOKOH. CTOHUT yUUTHIBATH, UTO
Kpaxmall pacrpe/esieTcss HepaBHOMEPHO 110 BOJIOKHAM M IPOHHUKAET B BOJIOKHA, Ha-
XOoosamuecs B 30HE CKIICUBAaHUS.
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dororpadun KapToHa MOCIEe MEXaHMYECKOTO Pa3BOJIOKHEHHS B BOIE (@, 6) M KpUOMEXaHUYe-
cKoll 00paboTKH (8, 2)

Photos of cardboard after mechanical defibrillation in water (a, 6) and cryomechanical treat-
ment (6, &)

Tabauna 2
Onpenenenne Kpaxmajia B roppoxaprone
KommuecTBo Kpaxmaja, KT/T
Meron 06paboTku
Kapron AIIBK Kapron Bb®
Kpunomexannueckas 19,0+0,8 32,0+1,0
Mexaandyeckoe pa3BOJIOKHEHHE B BOJE:
BOJIOKHHCTas Macca 9,7+0,5 21,4+0,7
pacTBop 6,2+0,3 6,8+0,2
Bceeo 15,9+0,8 28,2409

Obpaszen; kaptoHa bb® Ob11 moaHOCTHIO M3 MakynaTypsl. [l kapToHO-OY-
Ma)KHOW MPOAYKIMH, U3TOTOBICHHOM € J0OABICHUEM MaKyJIaTyphbl, HESICHBIM OCTa-
€TCS1 KOJIMYECTBO BTOPUYHBIX BOJIOKOH B KOMITO3HUITHH, YUCIIO TPEABIAYIIHNX [IUKIIOB
nepepaboTKH, YPOBEHb COACP)KAHMsI Kpaxmaia, JOOAaBICHHOIO M OCTaBLIEIOCS B
Macce MaKyJaaryphbl.

[Tpu xproMexaHuyeckoil 00paboTKe Onaroxaps OONbIIEMY Pa3pyLICHUIO BO-
JIOKOH IO CPABHEHHUIO C MEXAHNYECKUM Pa3BOJIOKHEHUEM IS IEHCTBUS aMUJIOIUTHU-
YeCKHX (PEPMEHTOB CTAHOBHUTCS JOCTYITHO JAOTIOJIHUTEIBHOE KOJIMYECTBO Kpaxmara,
BCJIC/ICTBHC YETro KprOMEXaHWdeckasi 00padoTKa TO3BOMIIIA OonpeaennTs Ha 12...16 %
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OoJbllie KpaxMalia, 4YeM B Cllydae IpeBapUTEIILHOTO Pa3BOJIOKHEHUs B Bozae. s
OIPENICIICHUS COJICPIKAHMSI KpaxMalia B KapTOHE HEOOXOIUMO MPUMEHEHNUE XUMUYe-
CKHX PEareHTOB, 00€CTICUNBAIOIINX IKCTPAKITHIO KpaxMalia U3 CTPYKTYPHI BOJIOKOH.

Bomokna MakymaTypHOH Macchl TOIBEPTaloTCs HEOOPATHMBIM H3MEHEHH-
SIM TIO X0y TiepepabOTKH, YTO M3MEHSET U XapaKTePUCTUKH BOJIOKOH B CPaBHEHUHU
C TIEPBUYHBIM BOJIOKHOM. MaKynaTypHy Maccy TpeOyeTcs (ppakiimoHUpOBaTh C Iie-
JIBIO TIOBBILICHUS KauyecTBa ee moAroToBku. [lomyuarot, kak mpasuio, [IB® u KBO.
B niepBbIe onaaroT AJIUHHBIC XBOWHBIC CY/Ib(haT-1eIIIF0I03HbIC BOJIOKHA, OTIIMYa0-
mruecs OONbINEH IMHON M HU3KOH CTENeHBIO IoMoJa. Paspymennsie cymbdar-1en-
JIFOJIO3HBIE BOJIOKHA M KOPOTKHE BOJIOKHA JIMCTBEHHOW HEHTPaIbHO-CYIb(OUTHON TI0-
JynesuToi036l popmupyror KBO.

UYrtoObl U3BIIEYb KpaxXMaJl U3 BOJIOKHA MAKCUMAJIBHO TIOJIHO, HEOOXOAMMO TPO-
BecTn 00pabOTKy pacTBopoM Iienoun. Ee mpumeHeHue oOyCIIOBICHO TEM, 4YTO B
IICJIOYU BOJIOKHO HAOyXaeT, «PacKphIBACTCS», KpaxMall, COJACPKAIIUICS B BOJIOKHE,
MIEPEXOIUT B PACTBOP MPAKTHUECKH 0e3 pa3pyIIeHHs.

Jus menounoi sxerpakiuu (LL[O) kpaxmana ucnonp3oBanu pactBop NaOH
KOHIIeHTpauuen 5 %. Brixoa BOJIOKHA MOCIE MIETOYHON SKCTPAKIUU COCTABUII AJIs
JAB® 83,0 %, mist KBD — 81,8 %. Pesynwrare! ucnsiTanuii Ha npudope FiberTester
BoyiokoH (pakiuit  JIB® u KB® no u nmocne skcrpakiuu pactsopom NaOH mpen-
CTaBJICHBI B TAOII. 3.

Tabauma 3
Xapakrepucruka Bo10KkoH IB® u KB
Opaxkiys Cranusa Cpenusist JUIMHA, MM Cpenssas mupruHa, MKM
O 1,55 28,0
B Ho LT
TTocne 11O 1,42 30,0
O 1,21 27,1
KB® Ho 111 , )
ITocne IO 1,13 28,8

Boiokna B IS (01505 Ha6yX21IOT, YTO MPUBOAUT K YBCIIMUCHUIO HIMPHUHBI BOJIOK-
Ha U ero HEKOTOpoMy ykopodeHuto. OcobeHHO cuiibHO HalOyxaroT BoiokHa KB®, o
YeM CBUJICTEILCTBYIOT OOJiee 3HAYNUTEILHBIC M3MEHCHHUS XapaKTEPUCTHUK STHX BOJIO-
KOH I10 CPaBHEHHIO C XapaKTePUCTHKaMH BOJIOKOH J[BD.

Bonokna KB® o6nanator 6osbiiieii KpUCTAJUIMYHOCTBIO 110 CPABHEHUIO C BO-
nokuamu JIB® (tabm. 4).

TabOnuna 4
Onpegenenne KPHCTALNIMYHOCTH BOJTOKHUCTBIX (ppakumii
Opaxnus Oo6paboTka Kpucrammnanocts, % (audpakromerp)
- 57,3
KB®
oo 53,4
- 54,7
AB®
oo 53,1

BI)ICYHII/IBaHI/Ie MMpUBOAUT K YBCIWYCHHUIO 3HA4YCHUSA KPUCTATNIMYHOCTHU
(hpakumii MaKyJIaTypHOW MacChl, UTO CBS3aHO C yCAJKOH M OPOTOBECHHUEM BOJOKOH.
CrereHb KPUCTAJUTMIHOCTH (PPAKIUI IMOCTe MEeI0IHOW 00paboTKH CTaja MEHBIIIS.
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3710 00YCJIOBICHO ACHCTBUEM IIEJIOYU: BOJOKHA HAOyXalOT B IIMPUHY, CTEICHb
YHOPSAOYEHHOCTH yYMeHbIaeTcss. KoMIMOHEHTH Kpaxmaia Takke 00JiajaloT Kpu-
cTamMuHOCThI0. CIieoBaTeNbHO, MOXET HaONIOAaThCsl OMpeJejeHHasl CTETEeHb
YIOPSAI0OYEHHOCTH aMUJIO3BI TIPH YTIAKOBKE Kpaxmala B CTPYKTYpe OpOTOBEBIIETO
BOJIOKHA.

Onpedenenue kpaxmana 6 cogppoxapmore no memoouxe SCAN. ITockonbky
HaM u3BecTHO, uTo kapToH AI[BK mpousBeneH u3 nepBHYHBIX MONTyPaOpPHKATOB,
pacxoj KpaxmMaJia Ha IPOU3BOJICTBE, paBHbIH 22,5 Kr/T, Bo3bMeM 32 100 % coneprxkaHus
KpaxmaJja B JaHHOM KapTOHE.

B mepBoii cepun ONBITOB aHAJIN3 MPOBOAMIM B COOTBETCTBUU C METOIUKOH
SCAN (tabm. 5, cepus onbiToB 1). B kapTone ALIBK onpenenwimm 60 % kpaxmaina ot
JI00aBJICHHOTO Ha MPOU3BOJACTBE. TakuM 00pa3oM, HE BECh Kpaxmajl ObLI W3BJICUCH
MPY MIETOYHON IKCTPaKIUH.

B xaprone bb® onpeneneno B 2 pa3a 0ombliie Kpaxmaia, 4eM ObIIO J00aBICHO
MIPH €T0 TPOU3BOJCTBE. MOXKHO TIPEAIONararh, 4To MaKyjarypa, U3 KOTOpOi mpous3-
BE/ICH KapTOH, cofepikKajia 3HAYUTEIbHOE KOJIMYECTBO Kpaxmalia, KOTOpPbI ocTaics
Ha BOJIOKHE C MPEBIYLINX HHUKIOB MPOon3BoACTBA. OpOroBeHHE HENTIOIO3HBIX BO-
JIOKOH TIPETATCTBYET YAAJIEHUIO KPaxMaJIOMPOIYKTOB U3 BTOPHYHBIX BOJIOKOH. Ma-
KyJaTtypa, ChbIpbe ISl TIPOMBIIIJICHHBIX 00pa3IoB KapTOHA, COACPKUT HEM3BECTHOE
KOJIMYECTBO Kpaxmala, N3-3a Uero BOZHUKAIOT MPOOJIEMBI aHAIIM3a YPOBHSI KpaxMaia
1 OLICHKH TOYHOCTH €T0 ONpE/ICICHUS.

[TockonbKy 3a OIUH LUK MIETOYHON SKCTPAKLUUKM W3BJIECYb BECh KpaxMal He
MOJTYYMIOCH, ObllIa TIPOBEACHA BTOPAsi CEPHsl ONBITOB, B KOTOPOH OCYIIECTBHIIH JIBE
MTOCJIEeIOBATENIbHBIE SKCTPAKIIMK IIEJIOYBI0 B COOTBETCTBUU ¢ MeTomukorn SCAN
(Tabm. 5, cepust ombITOB 2). J[OTOTHUTENBEHBIN MUK 00paOOTKH ITO3BOIMII U3BIICYH
emte 3,3 xr/tT kpaxmana u3 kaproHa ALIBK u 8,3 xr/T u3 kaprona bb®.

Tabauna 5

Onpegenenue kpaxMaia B roppoxkaprone no meroquxe SCAN

KommuectBo kpaxmana, Kr/T
Cepusi OIBITOB
Kapron ALIBK Kapron bBb®
1 13,4+0,4 30,7+0,7
2 16,7+0,5 39,0+0,8

YacTh KpaxMaabHOTO CBSI3YIOLIETO, HCIIOIb30BAHHOTO JJIsl CKIICUBAHHS CIIOCB
ropoKapToHa, YIAI0Ch OMPEIEIIUTh 3a CUET €ro JIOCTYITHOCTH JIIsl OKcTpakiuu. Ho
yKe TOCJe TepPBOro IMKIIA MPOU3BOJCTBA, KPaXMall, BEPOSITHO, OKA3aJCs «yIMaKo-
BaH» BHYTPH CTPYKTYPBI KJICTOUHBIX CTEHOK M3-3a MPOIIeCcca CIKATHSI U YCAIKHU BOJIO-
KOH TIPH BBICYIIIMBaHUU.

lenoynast 00paboOTKa HE O3BOJIUIIA TIOJHOCTBIO U3BJIEYb Kpaxmall. B kapro-
He ALIBK ymamocs onpenenuts Tonsko 74 % Kpaxmaia, T0OABICHHOTO HA CTaIuU
npon3BozicTBa. OTCYTCTBUE CTaIUM PAa3BOJIOKHEHUS W KOPOTKAs MPOJIOJKUTEIh-
HOCTh CTaJMU IIEIIOYHON IKCTPAKIMU MPHUBOAAT K TOMY, YTO CTPYKTypa KapTOHA
MPAKTHYECKU COXPAHEHA, JOCTYII MIEJTOYHOTO pearcHTa K BOJIOKHAM BHYTPH JIUCTA
1 BHYTPb CaMHX BOJIOKOH 3aTpyAHeH. sl yCKOpeHHs ¥ MHTEHCH(UKAIIMK MPOLEeC-
ca 3KCTPaKIUHU, a TaKXKe H3BJICUCHHS Kpaxmajia M3 HEKOTOPHIX KOMIIO3MTOB IPH-
MEHSIFOT Temreparypy 95 °C, 4ro Takke COKpamaer MpoJoDKUTEILHOCTh 00pa-
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0oTku. Mcmone3yroT TepMocTaOMIIbHBIE aMHIa3bl, a JJIsl SKCTPAKIUU Kpaxmaia u3
KapTOHA — BBICOKOTEMIIEPATYpPHYIO IIEIOYHYI0 00pa0OTKY, KOTOpasi MOKET MPHUBO-
JIUTh K JIECTPYKIIMNA KOMITOHEHTOB YaCTHYHO pa3pylIeHHOTo Kpaxmala.

Uto0BI yOemuThCs, 9T0 00padoTka 1mo Mertoauke SCAN TPUBOIUT K IECTPYK-
UM [POLYKTOB HEMOJHOrO T'MIPOJM3a KpaxMmalsa, ObUI HPOBEICH KOHTPOJIbHBIN
skcriepuMeHT. C MOMOLIBIO Mpernapara o-aMHjasbl MOJYYHIIM PacTBOP YaCTHYHO
paspyuieHHoro kpaxmana. [lepyto npoOy oOpabaThiBaiy B IISIOYHON CPEE MO Me-
toauke SCAN c nocienyromei HelTpain3annei esouu, BTOPYIo MPpoOy KUIMISTHIH
JUTS MHaKTHBanu (pepmenTa. /lanee oCymiecTBISIN MOTHBINA (pepMEHTAaTUBHBIN TH-
JPOJIM3, YCTaHABJIMBAJIM KOHIIEHTPALMK IVIFOKO3bl U Kpaxmaja B pacTtBope. B mep-
BOM npo0e, ¢ TPOBEACHHON 1IEII0OYHOI 00padOTKOI, ObUIO OMpeesieHO TONbKO 22 %
Kpaxmalia OT Kpaxmajia, OlpeIeIeHHOIO BO BTOPOM Mpode, T. €. 3HAUYUTEbHAs OIS
YaCTUYHO TUAPOIM30BAHHOTO KpaxMala IoJIBEpIiIach JECTPYKINU U HE MOXKET ObITh
oOHapy’KeHa JIAHHBIM METOJIOM.

Onpeoenenue kpaxmana 6 2ogppoxkapmone no memoouxe CADY. Ilockombky
YCIIOBUS IMIEJI0YHON 00paboTku mo metonnke SCAN He MO3BONIAIOT OOHAPYKUTh
BECh KpaxMaJl, HaMH ObUIO IPEIIOKEHO N3MEHHUTD YCIOBHS IIEIOYHON 00paboTKH, a
TaKKe BBECTH CTAJHIO Pa3BOJOKHEHHS KapTOHA i 00eCedeHus JOCTyIa LIeT0YH
KO BCEM BOJIOKHAM HcclielyeMbIX 00pasios. KonmndecTBo Kpaxmaia B o0pas3iax Kap-
TOHA PACCUUTHIBAIN KaK CyMMY KOJIMYECTB Kpaxmalia, OMpeesIeHHBIX B Pa3BOJIOK-
HEHHOM Macce u guibTpare. Il B BOJIOKHE, U B BOAE KpaxMasl HaXOIWIN 110 METOJHUKE
CADY (tabx. 6). JlanHble MO ompeneneHuto kpaxmana B kaprone ALIBK ¢ mpume-
HEHHMEM 3TOro Meroaa OblM mpencTasieHbl B padore [10]. B tabn. 6 0600meHs!
pesyabrarsl o kaptonam ALIBK u Bb®.

Tabnuma 6

Omnpenesnenne KpaxmMasa B ro)poKapToHe Mocjie pa3BoJOKHEHHSs

KonugectBo kpaxmana, Kr/T
Craznus onpeneneHus
Kapron AIIBK Kapron Bb®
B Bosokse, I uuki skcTpakuuu 15,8+0,7 35,5+0,6
B Bonokue, Il uuki sxkcTpakuuu 0,2+0,1 6,1+0,3
B Bome 6,8+0,3 6,6+0,3
Cymma 22,8+0,6 48,2+0,7

[Ipu pa3Bonokuennn oopa3nos kapronoB ALIBK u Bb® B Bony nepenuio npu-
MEpPHO paBHOE KOJIMYECTBO KpaxmaJia, Py STOM ero olIiee coaepkaHue B KapTOHE
BB® Gonee uem B 2 pasa Beime, yeM B kaptoHe AIIBK. Takum oOpazom, MOXHO
cJienarb BbIBOJI, YTO KpaxMall B coctaBe kaproHa bb®d meHnee goctyneH ais Mexa-
HUYECKOTO yHaJIeHHs TP Pa3BOJIOKHEHUH, TOCKOJIBKY CyIIECTBEHHAs €ro J0Js Ha-
XOJIUTCSI BHYTPU CTPYKTYPHI BOJIOKOH, HAKOMUBIIMX KpaxMajl MPeAbIAYIIHX IUKIOB
MIPOM3BO/ICTBA.

[Tpu omHOM 1HKIIE HIETOYHOM 00paboTKu 1o Metoauke CADY (tadm. 6, I muki
aKcTpakmuu) OpwTo ompeneneno 70 % kpaxmana, 70OABIEHHOTO HA CTaIUU IMPOU3-
BOJICTBa, B KapToHe bbB® — 74 % ot o0mmiero konnyecTsa Kpaxmaia, HAHIEHHOTO B
X0lle JKcriepuMeHTa. [IpoMbIToe BOIIOKHO MOCTEe TIEPBOW MIENOYHOM SKCTPAKITUH
MOIBEPINIM BTOPOM IIENIOYHON 00pabOTKe C TeMH ke ycioBHsMH. B oOpasue xap-
toHa AIIBK nomomauTtensHo ObuT M3BneueH 1 % kpaxmaina oT 0OIIero KOJUYecTBa,
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B oOpasiie kapToHa bb® — 13 % ot o01iero HalifiecHHOTO KoydecTBa. Takum oOpa-
30M, Kpaxmall, COAEpKallMICs BO BTOPUUHBIX BOJIOKHAX, MEHEE JIOCTYIIEH IS 1e-
JIOYHOM 3KCTPaAKILIMH.

B kaprone ALIBK mo metonnke CADY ¢ nByMs CTaIvsIME IIEITOYHON SKCTPAK-
un yaanock onpenesmTh 100 % xpaxmana, J00aBIeHHOTO Ha CTaJIUH POU3BOJICTBA.
B xaprone bb® — 48,2 kr/T kxpaxmana, uto Ha 19 % OGomnbire, yem o metonuke SCAN.

3axnouenue

[MaBHOW CIOXHOCTBIO ONpENEICHNUs KpaxMalia B KapTOHE U Oymare siBJsieT-
Cs ero TPyAHOAOCTYIHOCTH ISl KCTPAKIMK B pacTBop. [lopuctas cTpykrypa 1en-
JIFOJIO3HBIX BOJIOKOH, UX CXKATHE M OPOTOBEHUE MPU CYIIKE CTAHOBATCS OCHOBHBIMU
MIPUYHUHAMHA 3aKPETUICHIS] KPaXMaIOTPOYKTOB B CTPYKType BOJIOKHA. M cronp3oBa-
HUE TaKUX METOOB, KaK Pa3BOJIOKHEHNE HITH Pa3pyIIeHNE BOJIOKOH B )KHIKOM a30Te,
SIBIISIETCS] HEIOCTATOYHBIM JIJIs [IEPEBOJIa KpaxMala B PacTBOP: yAaeTcs OMpPEIeIuTh
TonbKO 70 1 84 % COOTBETCTBEHHO OT KOJIMYECTBA Kpaxmaia, J0OaBIEHHOTO Ha CTa-
JIMH TIPOU3BOZCTBA /sl TO(hpOKapTOHA M3 MEPBUYHBIX Moinydadprkaro. Heodxomnu-
MO TIPUMEHEHHE ITEIOYHBIX PEAareHTOB.

[lemounas skcTpakius mo cranmaptaoir metomgmke SCAN-P 91:09 SCAN-
W 13:09 He TONbKO HETOCTATOUHA JUIsl SKCTPAKLIMKM BCEro Kpaxmaia, HO U BEIET K
JECTPYKIUHU YACTUUHO TUAPOIU3OBAHHOIO KpaxMaja, XOTs OH TAKXKE UMEET BIUSIHUE
Ha TEXHOJIOTUYECKHE TapaMeTpbl OyMaxHbIX (adpuk. s kaprona ALIBK no nan-
HOI METOMKE YAAJI0Ch ONpeneauTsh 74 % Kpaxmana.

[IpakTrdaeckn Bech Kpaxmali, KOTOPBIA COMEPIKUTCS B TOppokapToHe U 100aB-
JISTICS] Ha CTaINH ITPOU3BOCTBA, MOYKHO OIIPEIETUTh 1o MeToauke CADY, Brirouaro-
el B ce0s CTalnio Pa3BOJIOKHEHUS, JIBE CTAINU SKCTpaKIu kKpaxmaia (5 %-it pac-
tBop NaOH, 2 4, 20 °C), HeliTpanuzanuto, GepMEeHTaTUBHBIA IUIPOIU3 10 [IIIOKO3bI
U OTPECIICHUE TIIOKO3BI.
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Annomayus. MunenuaiabHble TPHOB Rhizopus oryzae XOpOIIO N3BECTHBI CBOEH CIIOCOOHO-
CTBIO THAPOJIN30BATD TTOIUCAXAPHIBI PACTUTEIFHOTO TPONUCXOXKACHHS. DTH IPUOBI IHPOKO
UCTIONB3YIOT /ISl IPOM3BOZACTBA PA3IMYHBIX MPOAYKTOB, TAKUX KaK OPraHHMYECKHE KHCIOTHI
(MomouHast KMcI0Ta, (hymapoBasi KHCIIOTA), STAHOJI M THIPOIUTHIECKHE (epMEHTHI (TIFOKO-
aMMJIIa3bl, MOJINTATAKTYpOHAa3bl). [l CHHTE3a SK30IPOAYKTOB R. oryzae HEOOXOIUMBI pa3-
JIMYHbIE HCTOYHHKH yIyIeposia, Oorartele 5- n 6-yreponHsIMe caxapami. [1pu mponsBoacTse
MOJIOYHOHM KHCIIOTHI MHUKPOOHOJIOTHYECKHM METOJOM B MPOMBIIIJICHHBIX MacuITadax MpH-
MEHSIOT JOPOTOCTOSIIEE PACTUTEIHHOE CaxapocCoJepiKallee ChIPbE, a 3TO CYIIECTBEHHO
YBEIMUYMBACT KOHEUHYIO CTOMMOCTH MPOAYKTa. B crarbe mokaszaHo, 9TO B KadecTBE allbTep-
HATUBHOTO MCTOYHHMKA YIJIEPOAA JUIl MUKPOOMOJIOTHYECKOTO CHHTE3a MOJIOYHOW KHCIIOTHI
MOKHO HCTIOJIB30BATh O0JIee IeIIeBbIe CyONPOAYKThI IEIITI0I03HO-0yMa)XHOTO TPOU3BO/ICTBA —
cynbdurHble menoka. OHU coep)kar OONIBIIOEe KOIMYECTBO YIIIEBOJOB — ITPOIYKTOB HETION-
HOTO TH/POJIH3a IEJUTIONO3bI — TeMUIIEIUTION03, MOHO- W ONWTOMEpHBIX caxapoB. CocTas
CYTb(UTHBIX IIETOKOB ITO3BOJISIET PACCMATPHBATh MX B Ka9€CTBE MOTEHIMAIBHOTO CyOcTpara
JUIS CHHTE3a MOJIOYHOM KHCIOTHI MHKPOOHOJIOTMYECKNM METOAOM. M3ydeHa 3aBHCHMOCTD
BBIXO/J]a MOJIOYHOHM KHCIJIOTBI OT COCTaBa MUTATEIBHONW Cpe/bl Ha OCHOBE CyIb(UTHOTO Ire-
JIOKa W MeTofa KYJIETHBHpOBaHUS Tpuba R. oryzae F-1030. B xadecTBe MOMOTHUTEIHHBIX
HCTOYHMKOB a30Ta u Qocdopa B nurarenbHyio cpexy sHocwmm (NH,),SO, u KH,PO,. Uc-
TIOJTb30BAHBI [IBa cr1oco0a KyJIFTHBUPOBAHMS: OTHEMHO-/I0JIMBHBIHN, KOT/Ia TI0 Mepe HcuepIia-
HUSI PEyIUPYIONINX CaxapoB MOJHOCTHIO 3aMEHSIIN MUTATEIBHYIO CPey; MepUOANIECKUi,
B 9TOM CITydae HeI0OCTAaTOK PEAyINPYIONINX caxapoB B Cpejie KOMITEHCHPOBAIIH 100aBIeHUEM
YIapeHHOTO CyIb(QUTHOTO mIeoka. [lockoibKy muTaTenbHas cpesa Ha OCHOBE CYIb(HUTHOTO
IIEJT0Ka COJAEPIKUT TPOIYKTHI HETOIHOTO THJIPOJIHM3a [EJITION03bl U KCHIIAHBI, ONPEACIISIIH
KCHJIaHA3HYIO W TEIUTIONIa3HYI0 aKTUBHOCTE Tpuba R. oryzae F-103(0, 9To TO3BOIHIIO CYIUTh
00 3 heKTHBHOCTH YCBOCHHS UM COZICPIKAIINXCS B IUTATEIIFHOM Cpe/ie YIIICBO/IOB. YCTaHOB-
JICHO, YTO JUIS TIOJyYEeHUs! OOJIBIIETO BBIXOAA MOJIOYHOW KHCIIOTHI KyJIBTHBHPOBAHUE TpHOa
R. oryzae F-103(0) Ha IUTaTeIFHON cpelle U3 CYAB(PHUTHOTO IIENIOKa IefiecooOpa3Hee MPOBo-
JIITH OTBEMHO-IOJIMBHBIM CITOCOOOM, ITPH 3TOM J00aBIICHHE MUHEPAIBHBIX HCTOYHUKOB a30-
Ta 1 pocopa MPaKTUIECKH HE BINSAECT HA KOHEUHBIN BBIXOJI MOJIOYHON KHCIOTEHI.
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Abstract. The filamentous fungi Rhizopus oryzae are well known for their ability to hydrolyze
plant polysaccharides. Representatives of this species are widely used for the production of
various products, such as organic acids (lactic acid, fumaric acid), ethanol, and hydrolytic
enzymes (glucoamylases, polygalacturonases). Various carbon sources such as pentose and
hexose sugars are used for the synthesis of R. oryzae exoproducts. Expensive plant sugar-
containing raw materials are used in the lactic acid production by the microbiological
method, which significantly increases the final cost of the product. The article demonstrates
the possibility of using cheaper by-products of pulp and paper production such as sulphite
liquors as an alternative source of carbon for microbiological synthesis of lactic acid. Sulphite
liquors contain a large amount of carbohydrates — products of incomplete hydrolysis of
cellulose such as hemicelluloses, mono- and oligomeric sugars. The composition of sulfite
liquors allows us to consider them as a potential substrate for the synthesis of lactic acid
by using different microorganisms. The paper considers the dependence of the lactic acid
yield on the composition of the nutrient medium based on sulfite liquor and the cultivation
method of the fungus R. oryzae F-1030. As additional sources of nitrogen and phosphorus,
(NH,),SO, and KH,PO, were introduced to the nutrient medium. The fungus R. oryzae
F-1030 was cultivated by two methods: the semicontinuous culture method, when the nutrient
medium was completely replaced after depletion of the reducing sugars in it; the batch culture
method, when the lack of reducing sugars in the medium was compensated by the addition
of concentrated sulfite liquor. Since the nutrient medium based on sulfite liquor contains the
products of incomplete cellulose hydrolysis and xylans, the xylanase and cellulase activities
of the fungus R. oryzae F-1030 were measured in order to determine its absorption degree of
carbohydrates, contained in the nutrient medium. It was found that it is more expedient to use
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the semicontinuous method for the fungus R. oryzae F-1030 cultivation on a nutrient medium
based on sulfite liquor in order to obtain more synthesized lactic acid. The addition of mineral
sources of nitrogen and phosphorus has practically no effect on the final yield of lactic acid.
For citation: Mingazova L.A., Kryakunova E.V., Kanarskaya Z.A., Kanarsky A.V. Applying
Sulfite Liquors as a Nutrient Medium for Cultivation of Lactic Acid Producer Rhizopus
oryzae F-1030. Lesnoy Zhurnal [Russian Forestry Journal], 2021, no. 5, pp. 163-173.
DOI: 10.37482/0536-1036-2021-5-163-173
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Beeoenue

MosodHas, Win 2-TUAPOKCHUIIPOTIAHOBAST KUCIIOTA, OTKPBITAs IIBEJACKUM XH-
mukoM K.B. Illeene B 1780 1., ssBnsieTcst HauboIee MUPOKO BCTPEUAFOTIEHCS THAPOK-
cukapOoHOBO# kucioroi [13]. B HacrTosiiiee BpeMst U3BECTHBI 2 crioco0a CHUHTE3a
MOJIOYHOH KHCIIOTBI: XUMHUYECKUH U MHUKPOOHOIOTHIeCcKiid. OpraHndecKuii CHHTE3
MOJIOYHOM KHCJIOTBI OCYLIECTBIISIETCS Ha OCHOBE PA3IMYHBIX IPEIIIECTBEHHUKOB
(ameranpaerun, yKCycHas KUCIIOTa, alleTOHUTPWI H 1p.) OpHako moirydaemasi mpu
OpPraHUYECKOM CHHTE3€ MOJIOYHAsI KUCIIOTA SIBJISIETCS palleMUUECKOM, coieprKalleil B
PaBHOM KOJIMYECTBE MpaBbIe U JIEBbIE H30MEPHI MOJIOYHOMN KUCIIOTHI, YTO 3aTPYIAHSIET
MPUMEHEHUE CUHTETUYECKON MOJIOYHOU KUCIIOTHI [21].

MukpoOuonornueckuii (pepMEeHTaTUBHBIN) CIOCOO CHHTE3a MOJIOYHOW KHC-
JIOTBI OCHOBAaH Ha COpaXWBaHWW caxapocoiepkammux cybctparoB [14] m mMmeer
MPEeUMYIIeCTBa M0 CPaBHEHHIO ¢ CHHTETHYECKHM CHOCOOOM, MOCKOJBKY JaeT Ha
BBIXOZIE MOJIOUHYIO KHCIJIOTY C OoJiee BBICOKOW CTEPEOXHMHYECKOM YMUCTOTOH. Mo-
JIOYHAs KUCJIOTA, OJTy4YeHHass MUKPOOHOJIOTHYECKU, HAXOIUT IINPOKOE IPUMEHEHHUE
B THIICBOM MPOMBIIUIEHHOCTH, YTO O0YCIOBICHO YHUKAIbHBIMU CBOMCTBAMH 3TOU
KHCJIOTBI, II03BOJISIFOILIMMH MCII0Ib30BaTh €€ B KAUECTBE apOMaTnu3aTopa, OKUCIUTEIIS
1 uHruouTOpa pocra dakrepuii [2]. B kocMeTnueckoi MpOMBIIIIEHHOCTH MOJIOYHYIO
KHCJIOTY IPUMEHSIOT JUTS CO3/IaHUs YHUKAIBHON CTPYKTYPHI YBIQKHAIOINX KPEMOB
[11, 28, 29]. MoaudunmupoBaHHas moin-L-MoI09HasT KHCIOTa TTO3BOJISET U3TOTaB-
JIMBATh MPOTE3bl, COXPAHSIONINE HEOOXOANMYIO MTPOYHOCTh B OpPraHU3ME YeIOBEKa
B TEUEHHE [UINTEIBLHOTO BpeMeHH [6]. Iisl KOpMIIEHHS! CeNTbCKOX03HCTBEHHBIX JKHU-
BOTHBIX CYIIECTBYIOT IPEMUKCHI, CTUMYJIHPYIOIINE POCT, KOTOPBIE COIEPKaT MOJIOY-
HYI0 Kucioty [7].

B nactosiee Bpemsi HaOmomaeTcss TEHACHIMS K yBETMUEHHIO 0OBEMOB HC-
MIOJI30BAHMSI MOJIOYHOM KUCJIOTHI B TeXHHUECKuX meisx [9, 23]. IlepcrnekTHBHBIM
SBIISIETCS €€ MPUMEHEHNE B IPOM3BOACTBE Omormonmmepos [15, 17, 20], B Tom grcie
CTPOUTENBHBIX MaTepuaios [19, 24].

ITorpeGHOCTH MHMPOBOIO PbIHKA B MOJIOYHOW KHCJIOTE YIOBJIETBOPSIOT IIpe-
MMYIIECTBEHHO KOMIIAHUH, KOTOPbIE MPOU3BOISAT TOT MPOAYKT MUKPOOHOIOTHYE-
CKHUM CHHTE30M. B KauecTBe MpojyleHTOB MOJOYHON KHUCIOTHI UCTIONIB3YIOT pa3HO-
oOpa3Hbie BUABI OakTepwii, TpUOOB U Ipoxokei [8, 10, 22, 25].
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CoBepILeHCTBOBAHME TEXHOIOTUH MUKPOONOJIOTHYECKOTO CHHTE3a MOJIOYHOM
KHCJIOTbI 00YCJIOB/IEHO HEOOXOANMOCTBIO CHUIKEHHSI C€0€CTOMMOCTH IIPOU3BOACTBA.
B HacTosmee Bpems U1 MOTyUYEHHsI MOJIOYHOM KUCIIOTHI HIMPOKO MPUMEHSIOT TaKUe
JOPOTOCTOSIINE CaxapocoepiKaline cyocTparsl, Kak Kaprodeib, KyKypy3a, SUMeHb,
MeJacca, caxapHblii CHpON U T. II., YTO NPHBOAUT K 3HAUYUTEIHLHOMY YBEIMUYCHHIO
cebecronMocT nponykTa [27]. B 3Toi CBsI3U MOMCK JOCTYIHBIX U JICIIEBHIX ChI-
PBEBBIX NCTOUYHHUKOB U1 CHHTE3a MOJIOUYHON KUCJIOTHI aKkTyalleH. B kauecTBe Takoro
CBIPbEBOTO MCTOYHUKA MOXKET paccMaTpuBaThCs CyAb(QUTHBIN LIETIOK, MOTyYaeMbli
IIPH TIPOW3BOICTBE IEIUTIONIO3BI CYITb(PHUTHBIM CIIOCOOOM, COAEPIKAIIUI TPOIYKTHI
YaCTUYHOTO THAPOJIN3a LEIJUIION03bl U KCUIaHbl. D(GEKTUBHOCTD KyIbTHBUPOBAHUS
MOJIOYHOM KHCIIOTHI Ha MUTATENbHBIX Cpeiax, CoJAepKalluX OJTMTOMEPHBIE YIJIEBO/IbI,
Oyzer onpenensiTbes PepMEHTATUBHON aKTUBHOCTBIO IIPOYLIEHTA MOJIOYHOM KUCIIO-
TBI — MULIEJIMAJILHOTO Tpuba Rhizopus oryzae F-1030, a Takke COCTaBOM IUTATEIb-
HOM CpeJibl U CII0COO0M KyJIbTHBHPOBAHNS.

Lenb paboTsI — ONMpEnenuTh 3aBUCUMOCTD BBIX0/1a MOJIOYHOM KHCIIOTHI OT CO-
CTaBa MHUTATEIBHOM CPe/ibl HA OCHOBE CYJIL(UTHOTO IIIEJIOKa U CrI0co0a KyJIbTUBUPO-
BaHus rpuda R. oryzae F-103(). 3anaun — yCTaHOBUTH HEIITIONA3HYIO U KCHIIAHA3ZHYTO
aKTHBHOCTb Ipuba R. oryzae F-1030) npu KylnbTUBUPOBaHHH, €TO CIIOCOOHOCTh YTH-
JIM3UPOBATh OJIUTOMEPHBIE YIJIEBOABI C IOCIEAYIOIINM CUHTE30M MOJIOYHOW KHCJIO-
TBI; BBISIBUTH 3aBUCUMOCTH BBIXOJd MOJIOYHOH KHCIIOTBI OT MUHEPAIbHBIX HCTOUHH-
KOB a3oTa u Qocopa; OLEHUTh BIUSIHUEC OTHEMHO-JIOJHMBHOTO U MEPUOAMYECKOTO
CH0cO00B KyJIbTUBUPOBAHMS Ha BBIXOJ MOJIOYHON KHCIIOTHI.

Obvexmbl u Memoovl UCCAe008aHUS

Hltamm R. oryzae F-1030, TpogyleHT MOJIOYHON KHCIOTHI, ObLT MOJTYYEH U3
Bcepoccniickoit KOMIEKIIMA TMPOMBIIIICHHBIX MHKPOOPTaHU3MOB. KynsTypy rpuba
BbIpaIlMBaJIM Ha KapTo(eIbHO-TIIIOKO3HOM arape npu Temmeparype 28...30 °C B Te-
yenue 7 nueit. CoctaB kaprodenbHoro arapa: 200 © METKOU3MEIBUCHHBIX KITyOHEH
kaptodens, 20 T mmoko3sl, 20 T arapa, 1000 cM? Bonbl. Micrionbs30Banu nuTaTenbHbIC
Cpelbl, MPUTOTOBJICHHBIC U3 CYJIb(UTHOTO IeoKa, npenocTarieHHoro OAO «Bei-
Ooprckas IeIITIoI03ay.

Cynb(UTHBIA ILIEJOK OYMINATH U TOTOBHJIM JJIsl BRIPALIMBAHUS MHUKPOOpPTa-
HU3MOB I10 CTaHIAPTHOM cXeMe, PeKOMEHIOBAaHHOW B MPOMBIIUIEHHOCTH JIJISl KyJIb-
TUBHUPOBAHUS Ipoxokei [12]. buoxumuueckas moAroToBKa MUTATEIbHBIX CPE BKITIO-
yaJia clelyIoIINe CTaiH: yIaBIuBaHHE MEJIKOTO IIEJUTIOJIO3HOTO BOJIOKHA; yAalleHHe
JIETYYHX BEMIECTB M3 IIEJIOKa TIOCPEICTBOM MPOIYBKH TOPSYUM BO3ITYXOM; JIOBEJIEC-
uHue pH 10 6,0 U3BeCTKOBBIM MOJIOKOM; Jto0aBieHue 8—9 r/am? cynbdhara aMMOHHUS
u 0,3-0,5 v/am3 ogHo3amemennoro (ocdara kamms. [locme 3aBepiieHUs MpenBa-
pUTENBHON MOATOTOBKM MUTaTenbHas cpeaa coaepxana 10...11 % cyxux BemiecTs,
28,7 r/n penyuupyromux Bemiects 1 umena pH 5,8.

Crepunu3aiyio MUTaTeIbHBIX CPE MPOBOIIIIN aBTOKIIABUPOBAHUEM TIPU TEM-
neparype 115 °C B reuenne 60 mun. Beipamusanue R. oryzae F-1030 ocyiecTBIsLn
BHECEHHEM YaCTH MUIIETNS B TUTATEIBHYIO CPEAy U MOCIEYIOINM KyJIbTHBUPOBA-
HueM npu temmeparype 28+2 °C u HenpepbIBHOM NEepeMeIIBaHnu. B KynbTypais-
HOM KHAKOCTH KOHTponupoBanmu pH, temmeparypy, comep’kaHhe pemaylupyroInx
BEIIECTB, KOHIIEHTPAIIUIO MOJIOYHON KUCIIOTHI.
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KynsruBupoBanue rpuba npoBoAUiIH B 4 CTaIuK, OKOHYAHHE KKION CTaIuH
OTIpe/IEeTISUIN TI0 TOJTHOMY MCTOIICHUIO PEeIylHPYIONNX (BOCCTaHABIMBAIOIINX) Be-
IIECTB B MUTATEIBHON cpene. [IpomomkuTenbHOCTS 1-it craguu coctapmsuia 14+0,5 .,
2-ti — 1242 gH., 3-¥1 — 1243 nH., 4-i1 — 10+£3 gm.

Hcnonw3oBansl 2 criocoda KynbTuBUpoBaHus R. oryzae F-1030: oTbeMHO-10-
JUBHOM M nepuoanyeckuid. [Ipn oTbeMHO-T0TUBHOM c1IOCOOE KyIBTHBHPOBAHHS 110
Mepe HcuepIiaHus pelylUupyIOIuX caxapoB B Cpe/ie MOTHOCTHIO OTOUPAH KYJbTY-
pPaJbHYIO JKHIKOCTh W JOJUBAIN AHAJIOTHYHBI O0OBEM CTEPUILHOW MHUTATEIHHOU
cpensl. K momoBuHe 00pa3oB B Ha4alie KyJbTHBHPOBAHWS M MPHU KaXKIIOW CMEHE
Cpenbl JoOaBISITH Cylb(haT aMMOHHS M OTHO3aMeIIeHHbIN (hochaT Kams it 00ib-
mero o0oTrameHus cpesl a30ToM U pocdopom. B xozxe mporecca Ky mbTHBUPOBAHHS
rpuba nNepuoAnYEecKUM CIocoOOM BHOCHIIM MTPOCTHIE caxapa B COCTaBe YHapEeHHOTO
cynb(uUTHOTO 1Ie0Ka. [To okoH4aHuu 4-ii CTaJuK MPOBOAMIIM OCAXKICHUE CHHTE3H-
POBaHHOM MOJIOYHOM KUCIIOTHI BHECEHHEM B KYJIBTYPAIbHYIO KHUJIKOCTh CTEPUIIHHOMN
ramreHoi u3Bectn s moseaeHws pH 1o 7,5. K monoBuHE necneayeMbIx o0Opa3IioB B
Hadase KyJbTHBUPOBAHUS TAKKe JT00ABISIH CYIIb(aT aMMOHHUS U OJJHO3aMEIICHHBIH
docdar xamust.

Usmepenne pH mpoBomunu ¢ momompio saboparopHoro pH-merpa
pH-150MU B kaxa0¥ KOHTPOJIBHOUM TOYKE JI0 OTOOpa MPOOKI U MOCIIE JTOBEIACHUS
pH cpenst no 3nauenus 7,5. Conmepxanue penynupyiounmx Bemiects (PB) B mu-
TaTeTbHOW cpelle W KYJIbTYPadbHOH JKUIKOCTH OMPEACISUTH 10 MeTomuke [3];
KCWJIAHA3HYI0 AaKTUBHOCTb R. oryzae F-1030 — mno craHAapTHOW METOAMKE
(I'OCT P 55302-2012), ocHOBaHHOH Ha KOJIMYECTBEHHOM ONPEACICHUH PerylH-
pyroumx (BOCCTaHaBIMBAIOIINX) CaXapOB, 00Pa3yIOIINXCS B Pe3yNbTare JeHCTBHS
(depMeHTa KCumaHa3bl Ha KcwiaH [18]; memtronasHyro aktuBHOCTh — o [OCT
P 55293-2012, uepes onpeneneHne peaynIupyONIAX caxapoB, 00pa3yOnuXCs Mo
nercTBreM (epMEeHTa IeJUTIoNa3bl Ha cyOcTpaT HAaTPUEBOW COMM KapOOKCHMETHII-
uesuIono3sl [16]; conepkaHue MOJIOYHON KUCIOTHI B KyJIbTYyPaJIbHOM KUIKOCTH —
CIEKTPOPOTOMETPUYECKIM METOIOM [1].

W3BneueHne MONOYHON KUCIOThI U3 KYJIBTYPalbHOU KUIKOCTU OCYIIECTBIIS-
JIM TIEPEBOJIOM €€ B JIAKTAT KaJIbILIUs MTPU JOOABICHUH I'allICHOW U3BECTH U TOBEICHUH
pH mo 10,0. O6pa3oBaBIIHiiCs JIAKTAT KAJTBITUS OTACIISUTA IEHTPUDYTHPOBAHUEM.

Ocayiok nmakrara Kaiplus TACTIEPTHPOBAIN B IUCTHIIMPOBAHHON BOJE U JI0-
Boauiu pH KOHLIEHTpUPOBAHHON cepHOU Kuciaotoit mo 1,5...2,5. BeimaBmmil cyinb-
(ar KanbLUus OTHENSIN UEHTPUPYTUPOBAHNEM, & COACPIKAILYIO MOJIOYHYIO KUCIIOTY
Ha/I0CAIOYHYIO KHUKOCTh JOTIOJIHUTEIBHO OYHIIAIHN OT THIca (PMIBTPOBAaHUEM Ye-
pe3 OymaxkHbIi GuIbTp. MaTeMaTndeckyro oOpabOTKy MOJyYSHHBIX JKCIIEPHMEH-
TaIBHBIX PE3YALTATOB IIPOBOIMIIHN C HCIIONH30BaHUEM IporpaMMbl Microsoft Excel.

Pesynomamul uccneoosanus u ux oocysxicoenue

BBICOKYI0 CKOPOCTH POCTa MUKPOOPTaHM3MOB TOJIE3HBIX META0O0IUTOB OIpe-
JleNseT HajJudue B TMUTATEIbHOW cpelle JOCTAaTOYHOTO KOJIMYECTBA COEAMHEHUI
yIiiepoja u a30Ta, a TaKKe MUHEPAJIbHBIX BEIIECTB, cofepkamux (ocdop, Kauuii,
HaTtpuil U T. 1. [TuTarenbHble cpenbl, NCHONb3yEeMble IS KyJIbTUBUPOBAHUS MUKPO-
OpPraHu3MOB, JOJKHBI OBITh COATaHCUPOBAHBI IO COCTABY, N30TOHUYHBI 110 KOHLICH-
TpalyM pacTBOPEHHBIX BELIECTB M ONTHUMabHBI 110 YpoBHIO pH. 1o okoH4aHuu Ka-
K10 cTaJ iy KyJbTUBUPOBAaHUS KOHTposMpoBaiu pH cpenbl (CM. pUCYHOK a).
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the batch culture method with (3) and
without (4) addition of (NH,),SO, and
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Kak BuHO U3 TaHHBIX, IPECTABIEHHBIX HA PUCYHKE d, XapaKTep U3MEHEHUs
pH nuTaTenbHBIX cpell Ha OCHOBE CYJIB(MUTHOTO MIENIOKAa HE 3aBUCUT OT MPUMEHSsIe-
MOTO crioco0a KyIsTUBUpOBaHUs R. oryzae F-1030. B teuenne nepBeix 14 cyT. (1-1
cTamusl) ONTUMATBHBIA A1 pocta Tpuda pH = 5,8+0,5 He M3MeHseTCs, 3aTeM Ipo-
MCXOIUT HE3HAYMTENbHOE MofuenadnBanue cpeasl g0 pH = 7,5+0,3 (BbI3BaHHOE,
BEposiTHEE BCero, (POPMUPOBAHUEM JIAKTaTa KaJlbLHsl), B pe3yJbTaTe peakius oopa-
3yIOIIEHCS MOJOYHON KUCIOTHI C KallbIIMEM, U30BITOYHOE COAEPIKaHHE KOTOPOTo B
pacTBOpe COXpaHSIeTCs Ha MPOTSHKEHUH CIeAyIomuX 25 cyT. (2-51 u 3-51 ctagun), mpo-
JIOJKAeTCsl 10 MCUEPIIbIBAHNS KaTHOHOB Kablus B cpeze. [locnenyromee cHnxeHne
pH cpenbl 00bsiCHSIEM HAKOIUIEHMEM MOJIOYHOM KHCIIOTHI, aKTUBHO CHHTE3UPYEMOH
rpuboM R. oryzae F-1030. Pacxoxxaenus B 3HaueHusAX pH cpenbl Habmonamm ToIbKo
Ha 35-i1 nenp (4-5 ctaaus), KOraa HadYMHAJICS npouecc crapenus rpuba. [pu nepuo-
JIMYECKOM CTIOco0€e KyJIBTHBUPOBAaHUS OoJsiee BhIpaKeHHOE CHMKeHue pH Ha koHeu-
HBIX JTamax KyJbTHBHPOBAHUS, OYEBHIIHO, CBSI3aHO C MCTOIIEHHEM HMEIOIIUXCS B
Cpene MUHEpaJIbHBIX COJICH, B YaCTHOCTH COeIMHEHuH a3ora u (ocdopa, U HaKo-
[UIGHUEM MOJIOYHOW KHMCJIOTHI. [Ipr OTheMHO-10IMBHOM crIOCO0E KYJIBTHBUPOBAHMUS
cHikeHrue pH Obl1o MeHee BBIPaKEHO, T. K. B Hauasle KaKJOW CTaJuy MPOBOAWIN
MOJTHYIO 3aMEHY NMUTATEeIbHON CPEeIbl.

B kxauecTBe UCTOYHMKA yIiepoja HU3IINE TPUOBI HCIIONB3YIOT B TIEPBYIO OYe-
penpb MpOoCThie YIIEBOABI — T€KCO3bI M TIEHTO3BI. | PHOBI aCCHMMIIMPYIOT a30T KakK U3
OpPraHNYEeCKUX, TaK M U3 HEOPraHWYECKUX COCIMHEHUH, TAaKUX Kak OEJIKH, aMHUHO-
KHCJIOTBI, COJTM aMMOHMS, HUTPAThI U T. A. [ KoMIleHcaluy BO3MOXKHOTO Aeduura
MUCTOYHHMKOB (pocopa U a30Ta B MUTATEIBHBIC CPEbl JOOABISUTH CYAb(AaT aMMOHHUS
W OfHO3aMelIeHHbIH ocdar kanusi.

Kak BuaHO M3 pUCyHKa 6, B HAYaJbHBIA MEpUOA KyJITHBUPOBAHUS ITPOUCXO-
JIAT 3aKOHOMEPHOE CHIKEeHUE cozepkanusi PB B muTarenbHOM cpejie, CBSI3aHHOE ¢
accuMmIIAIIe ux rpudbom R. oryzae F-1030 B kadecTBe ucTouHMKa yriepona. Of-
HaKo MPHUMEpPHO co 2-ii ctanuu coaepkanue PB pactet, uto Oosee BeIpakeHO Mpu
OTBEMHO-A0JIMBHOM CIIOCO0E KYJITHUBUPOBAHUSI.

MHorre MUKpPOCKOITUYECKUe IpuObl, BKII0Yast R. oryzae, UMEIOT (pepMeHTEHI,
CIIOCOOHBIE THPOIN30BaTh IIEJUII0I03Y M TeMHUIeIuTonosy. Llemtonasa npeacrapis-
eT co00i KOMIUIEKC (DEPMEHTOB, KOTOPbIE MOT'YT OCYILECTBIISITh THAPOIN3 ININKO3HU -
HBIX CBSI3€H B Pa3lMYHBIX JMTHOLEIUTIONO3HBIX cyOcTparax. Llemmronasel geist Ha
3 ocHOBHBIX Kjacca: 3H10-1,4-B-D-rmokanasa, sk30-1,4-p-mmrokanasza u B-D-rimro-
ko3muzasa. Keunmansl — camblil pacipoCTpaHEHHbIN Kilacc reMuuesuioios. Keunana-
3a TUIPONM3YeT cBsizu P-1,4 B OCHOBHOI Ileny KcuilaHa ¢ 00pa30BaHHEM KOPOTKUX
OJIUTOMEPOB, THJIPOIHU3YIOIINXCS ¢ 00pa30BaHNEM OTAEIBHBIX SIUHHI] KCUIO03BI TIO
neiictBueM B-kcuno3uaassl. [ pruObl 3HAUNTEIBHO YBEITMUUBAIOT CUHTE3 LIEJUTIONA3 U
KCHJIaHa3 NPH HAJIMYHH B Cpee ceun(UUIeCcKUX BEeLIeCTB-UHIYKTOPOB, KaK IPaBH-
JI0, SIBJISTFOIIMXCS TPOLYKTaMHU HEMOIHOTO THApoIn3a cyocTparta [5, 26].

Kaxk Bu1HO U3 TaHHBIX, PE/ICTaBICHHBIX HA PUCYHKAX 6 U 2, B TeueHue 1-i cragun
KyJNTUBUpOBaHUs TpuO R. oryzae F-1030 obnamaetr HanOOIbIEH aKTUBHOCTBIO 11EI-
JIFONTA3HBIX M KCMJTaHA3HBIX (DEPMEHTOB, T. K. B CPEIe HAXOAUTCS OOJBIIOE KOJTHYECTBO
JOCTYIHBIX [UISl pacLIeIUIeHHs: CyOCTpaToB — OJIMTOMEPOB LIEJUII0I03b] U Kerio3bl. Ha
Oornee MO3AHUX CTAAUSX HAOIIOAACTCS 3aKOHOMEPHOE CHIDKEHHE (DepMEHTaTHBHON
AaKTUBHOCTH TpuOa, Ooiee BBIPaKCHHOE IPU MEPUOANYECKOM CIIOCO0Ee KyJIBTHBH-
POBaHMsL, YTO CBA3aHO C MCTOIIEHUEM IMUTATENbHOM cpenbl. B ciiydae mpuMeneHus
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OTHEMHO-0JIMBHOTO CII0CO0a KyITbTUBHPOBAHMS CHMKCHNE aKTUBHOCTH IIEJUTIONA3
W KCHJIaHa3 Tprda He TaK CHIBHO MPOSIBIISICTCS, TIOTOMY YTO Ha KaXKI0H CTaIuH Mpo-
WCXOJHUT TTOJTHOE OOHOBJICHHE MMUTATENEHOW CPEIbl M AOCTYITHBIE [T PACIICTIIICHHS
(hepmenTamu rpuba cyocTpaTsl He ucTomarorces. [locternennoe cHmwkenne GpepMeH-
TaTUBHOW aKTUBHOCTH I'pr0a B JaHHOM CIIy4yae, BEPOSITHO, CBSI3aHO C €r0 CTAPEHUEM.

XapakTtep U3MEHEHUs epPMEHTAaTUBHON aKTUBHOCTHU Tpuda R. oryzae F-1030
coIacyercsi ¢ HEKOTOPBIM POCTOM coziepxaHust PB B nurarenbHOW cpene, HauuHas
C cepenuHsl 1-i cTaany KyJIbTUBHPOBAHUSA, KOTJIA MTOCIIE UCTOIICHNS UMEIOLNXCS B
M3HAYaJIFHOW TUTATENbHOM Cpefie MPOCTHIX caxapoB MPOUCXOIUT 00pa3oBaHHE HO-
BBIX 3a CYET paCILICIJICHUs] OJIMTOMEPOB LEJUIION03bl M KCUII03bl (DEPMEHTHBIMH CH-
cTeMaMu Tpuoa.

OCHOBHBIM ITPOLYKTOM, CUHTE3UPYEMBIM rpudoM R. oryzae F-1030, siBnsercs
MoJIouHas Kuciora. s ee cuHTe3a rpud MCIONB3yeT pa3IuuHble UCTOYHUKHU yTiie-
pona, borarbie TEKCO3HBIMH M TIEHTO3HBIMHU CaxapaMH, TaKHE KaK pa3IHYHbIC BUJIbI
Kpaxmaja, THAPOJIM3ATHl IPEBECHHBI, KCHJI03a U T. 1. [27].

Ha pucyHke 0 nokaszaHo, 4To Ha NPOTSHKEHUM NEPBbIX 3 cTaAuN KyIbTHUBHPO-
BaHMsI IPOUCXOAUT ITOCTEIEHHOE YBEIMYCHUE KOJIMYECTBA CUHTE3UPYEMO rpudoM
R. oryzae F-1030 mono4Ho# KucioThl. [Ipy 3TOM OTHEMHO-IOJIMBHOM CIIOCO0 HE J1aeT
MMOCTENCHHOTO CHIYKEHUS KOHIIEHTPAIIMY MOJIOYHOH KUCIOTHI, BBIACISIEMOH TpHOOM
B KYJIbTYpJIbHYIO JKUAKOCTh, B OTIUYUE OT MEPUOHUECcKOro criocoba. Crabummu3a-
[IAST KOJTUIECTBA CHHTE3UPYEMOU TPUOOM MOJIOYHONW KHUCIOTHI Ha KOHEYHOH CTaInun
KyJABTUBUPOBAHUSI IIPU MCIIOIb30BAHUN OTHEMHO-IOJIMBHOTO CIIOco0a 00bACHSIETCS
HaJW4YUEM B MUTATEIBHOW Cpelle JOCTATOYHOIO KOJIMYECTBA CaxapoB JUIsl CHHTE3a
MOJIOYHOW KHCIIOTHI AaXKe CTAPCIOIIUMH KJIETKaMH rpuoa.

CyMMapHBIH BBIX0 OMOMACCHI TPUOa U MOJIOYHOHN KHUCJIOTHI IO OKOHYAaHUU 4
CTaauii KyJIBTHBUPOBAHUA TPEACTaBJIeH B Ta0nuIe. 3aBeplieHne KyJIbTHBHPOBAHNUS
nocie 4-il crauu CBA3aHO C 3aMEIJIEHUEM CKOPOCTH yTuinu3auuu PB u cunresa mo-
JIOYHON KUCIOTHI TprOOM R. oryzae F-1030, 3T0 0OBSICHAETCS €T0 CTApEHUEM.

HroroBslii BLIX0J OMOMAacChl 1 MOJIOYHOI KHCJIOTHI B 3aBHCHMOCTH OT CIIOC00a
KyJIbTUBHpOBaHus rpuda R. oryzae F-1030

Crioco0 KyJIbTUBUPOBAaHUS * nyaﬂr?;\?y aces, Bbi(ifnhg;);?‘;:(m KOHHEI:IZ?I?;T x;;?qmﬁ
1 9,1£0,5 40,8+2,0 6,5+0,5
2 6,9+0,5 32,8+2,0 5,9+0,5
3 9,2+0,5 29,5+£2,0 3,0£0,5
4 9,6£0,5 33,5+£2,0 3,0£0,5

*[ludpa cooTBETCTBYET HOMEPY Ha PUCYHKE.

[Ipu 0TBEMHO-JONUBHOM CIIOCO0E KYJIBTHUBUPOBAHHUS, YTO OTPAXKAIOT IaHHbIE
Ta0IMLBI, HAOIIOAAIN OONBLIMK BBIXOJ MOJIOYHOW KHCIIOTHI, YeM IPU HCIOIb30Ba-
HUM NEPUOANYECKOTO criocoba. JlodaBieHne B MUTaTeNIbHYIO Cpeay Cyibhara aMmMo-
HUS 1 OIHO3aMeIIeHHOTo (ocdara Kaaus Mpu OTbEMHO-I0JUBHOM CIIOCO0€ KyJIBTH-
BHPOBAHUs MPUBENO K Jy4lleMy ycBoeHuto PB u GosbineMmy mpupocty 6Momacchl.
OpHaKo 3HAYMTENIHOTO YBETMYEHHUS! KOHEYHON KOHIIEHTPAIIMA MOJIOYHOM KHUCIOTHI
HE Ipoucxoauiio. B ciyyae npuMeHeHHs NepHOIUUECKOro crocoda KyJlbTHBHPOBa-
HUSl CYIIECTBCHHBIX OTJIMYMH B IPUPOCTE OMOMACCHI M BBIXOJE MOJIOYHOH KUCIIOTHI
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B 3aBUCHMOCTH OT HaJIM4Us B MUTATEIbHOU Cpelie JOMOTHUTEIbHBIX COJIEN HE BbIS-
BUJIH.

Takum oOpa3zom, JJist KyJIbTUBUpOBaHUs rpuda R. oryzae F-103(0 Ha nutarenb-
HOH cpezie Ha OCHOBE CYJIb(UTHOIO IIEI0Ka 1ieJIeco00pa3Hee UCIOIb30BaTh OThEM-
HO-I0JIMBHOH CIIOCO0, TP 3TOM J00aBJICHUE Cyab(ara aMMOHHS U OJHO3aMEILEHHO-
ro ¢ocdara Kanus He BIUSET Ha KOHEUHBIN BBIXOJ MOJIOUHON KUCIOTHI. [Tomyyennsie
Pe3yNbTaTh IOTIONHSIOT paHee OMyOlIMKOBaHHbIE aBTOpaMH [4].

Boi600b1

OnpezeneHo Hanuuue y rpuda Rhizopus oryzae F-1030 Neiurona3Hoi u KCH-
JIAaHa3HOW aKTUBHOCTEH, CBSI3aHHBIX C ()epPMEHTATUBHBIM T'HJIPOIU30M HMEIOIINXCS B
[IUTATEJIbHOM Cpesie Ha OCHOBE CYJIb(UTHOIO LIEJI0KA TEMHULIEIIII0NI03 U YBEJINYECHH-
€M KOHLIEHTPALHUU JOCTYIHBIX Ul I'prla pelylnupyomuX BeIEeCTB.

BHecenue B cocTaB nuTaTeabHON cpenbl cynb(para aMMOHUS M OHO3aMELICH-
Horo (ocdara kanus He BIUSIET Ha KOHEUHBIH BBIXOJ MOJIOYHON KUCTOTHL. [luTarens-
HYIO cpety o0oraiaid MUHEpalTbHBIMH HCTOYHHKaMHU azota U ¢ocdopa, yro mocra-
TOYHO JIJISl TIOJZCPIKAHMsI (PH3HOJIOTHUECKON aKTUBHOCTH Tpuba R. oryzae F-1030
Ha BBICOKOM ypoBHE. lIpy OTBEMHO-JOJIMBHOM CIOCOOE KyJIBTHMBHUPOBAaHMS IpHOa
R. oryzae F-1030 BbIXOn MOJIOYHOM KUCIIOTHI BBIIIE, YEM IIPU IEPUOTUUCCKOM.
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Abstract. Mechanical properties are crucial in assessing the paper quality. Deformation and
strength properties of paper are determined by the strength and stiffness of the interfiber and
intermolecular hydrogen bonds. The contribution ratio of interfiber and intermolecular hy-
drogen bonds to the strength of paper can be changed by adjusting the degree of its anisot-
ropy. The article presents the results on a study of the deformation properties of laborato-
ry anisotropic paper samples from kraft bleached softwood pulp with a beating degree of
30 °SR. The samples had basic weight of 90 g/m? and the degree of stiffness anisotropy 7S/,;p/cp
of 1.75-4.08. They were made by using Techpap SAS automatic dynamic handsheet former
(Grenoble, France), with varying forming parameters — diameter of the nozzle, motion speed
of the forming wire, and injecting speed of pulp. Deformation properties were determined by
tensile test and processing of the stress-strain dependence (c—¢). The outcomes have shown
that, an increase of the fiber orientation degree in paper structure by changing the forming
parameters caused a change in the nature of the paper deformation under tension. Increasing
the fiber orientation degree in the structure of paper made it possible to increase the strength
by 55 %, tensile stiffness by 63 % in the machine direction, while reducing the extensibility by
10 %. In the cross direction, it was possible to decrease tensile stiffness by 33 %, strength
by 55 %, and increase the extensibility by 5 %. Anisotropy of tensile strength was
1.73-6.00. The greatest effect was obtained for the elasticity modulus in the pre-failure zone E,
(2.8-38.6). It means that, fiber orientation had a key importance when large deformations
in the samples took place. The established quantitative regularities allowed optimizing the
values of the deformation and strength properties of paper, and their ratio in the machine di-
rection and cross direction due to the variation of the forming parameters.

For citation: Rech D., Potasheva A.N., Kazakov Ya.V. Regulating the Deformation Properties
of Paper by Varying the Degree of Its Anisotropy. Lesnoy Zhurnal [Russian Forestry Journal],
2021, no. 5, pp. 174-184. DOI: 10.37482/0536-1036-2021-5-174-184

Keywords: forming, FDA, fiber orientation, anisotropy, stiffness, strength.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International
(CC BY 4.0) license * The authors declare that there is no conflict of interest


https://publons.com/researcher/AAP-9396-2021/
https://orcid.org/0000-0002-8216-3844
https://publons.com/researcher/J-4634-2012/
https://orcid.org/0000-0001-8505-5841

ISSN 0536-1036 «H3BecTns By30B. JlecHoii skypHas». 2021, Ne § 175

PETYJIUPOBAHUE JE®OPMAIIMOHHBIX CBOMCTB BYMATH
IIYTEM BAPBUPOBAHUSA CTEIIEHU EE AHU30TPOIINU

. Péul, nayu. comp.

A.H. Ilomawesa?, acnupaum; ResearcherID: AAP-9396-2021

ORCID: hittps://orcid.org/0000-0002-8216-3844

A.B. Kazakoé?, 0-p mexn. nayk, npogh.; ResearcherID: J-4634-2012

ORCID: hitps://orcid.org/0000-0001-8505-5841

"Techpap SAS, a/s 251, Cenekc 9, . ['peno6ns, @pannus, 38044;

e-mail: didier.rech@techpap.com

2CeBepHblii (ApkTiueckuit) demepansHblii yaEBepcuTeT M. M.B. JlomonocoBa, Ha0. Ce-
BepHoil J[Buuel, n. 17, . Apxanrensck, Poccus, 163002; e-mail: a.romanova@narfu.ru;
j-kazakov@narfu.ru

OpurunanabHas crarbs / [locmynuna é peoaxyuio 20.03.20 / Ipunsma k newamu 08.06.20

Annomayus. Mexanndeckre CBOMCTBA SIBISIOTCSA KITIOYEBBIMH IPHU OIIEHKE KadecTBa Oy-
Maru u OomnpeaAciaroTCd NPOUYHOCTBIO U KECTKOCTHIO MEKBOJIOKOHHBIX U MEKMOJICKYJIAPHBIX
BOZIOPOJHBIX CBsA3eH. Britax pa3HBIX BUIOB CBsI3el B MPOYHOCTH 00pa3iia BO3MOKHO MEHSTh
peryJiupoBaHHEM CTEIEeHH aHm3oTpornuu Oymaru. McciemoBaHbel nedopManMmoOHHBIE CBOW-
cTBa J1abOpaTOPHBIX AaHU30TPOIHBIX 00PA3IOB OyMaru u3 OCICHOW XBOMHHOI LIEITHOI03bI IIPH
creriean nomosna 30 °IIP, macce 90 r/mM?, co CTENEHbIO aHU30TPOIUH KECTKOCTH 1ST, 1 cp
(oTHOILIEHUE MHAEKCOB JKECTKOCTU Ipu pactskenuu, 751, x TSI.,) 1,75...4,08. O6pasibl
OBLIM M3TOTOBJICHBI HA JMHAMHUYCCKOM JHCTOOTIMBHOM ammapare TechPap SAS (1. I'pero0sb,
@DpaHnus) Ipu MEPEeMEHHBIX TapaMeTpax OTIHBA: CKOPOCTH CETKH, CKOPOCTH CTPYH, THaMe-
Tpe GopcyHkH. JlehopManoOHHBIC U TPOYHOCTHBIE CBOWCTBA ONPE/ICNICHbI UCIIBITAHUEM Ha
pacTsbKeHHUe ¢ TI0JTyYeHHEeM 3aBUCHMOCTH «HanpsbkeHne—aedopmarus». [lokazano, 4ro ye-
JMYECHNE CTENEHN OPHEHTALMH BOJIOKHA 3a CUET BapPbUPOBAHHS ITAPAMETPOB OTIIMBA JAETAET
MIPOYHOCTH B MAIIMHHOM HarpasjeHuH Oonbire Ha 55 %, )KeCTKOCTh NP PACTSHKEHUN — Ha
63 %, cHmwkaeT pacTspkuMocTh Ha 10 %; B momepeyHOM HanpaBlICHHHM BO3MOXHO YMEHb-
IIEHNE KECTKOCTU IpH pacTsvkeHHH Ha 33 %, mpoyHocTtn — Ha 55 %, yBenmuueHne pacts-
JKUMOCTH Ha 5 %. AHM30TpONUs IPOYHOCTH NPH pacTsbkeHuH coctasuia 1,73...6,00. Hau-
Ooubimii A dexT nomyueH asst MOLyIIsl yIPYroCTH B 00JacTH npenpaspymenus — 2,8...38,6,
T. €. OPHEHTAITH BOJIOKHA UMEET KIII0YeBOE 3HAYCHHE MTPH OOIBIINX e(hOopManniX 00pa3IoB.
YcTaHOBICHHBIE KOJTMYECTBEHHBIE 3aKOHOMEPHOCTH MTO3BOJISIIOT ONTHMHU3UPOBATH BEITMUMHEI
I[e(bOpMaLII/IOHHI)IX 1 IMMPOYHOCTHBIX nokasarenei 6yMar1/1 1 UX COOTHOLIICHUC B MAIlIMHHOM U
MIOTIEPEYHOM HaIPaBJICHHUAX 32 CYET BAPbUPOBAHUS [TapaMETPOB OTIIMBA.

/na yumupoeanus: Rech D., Potasheva A.N., Kazakov Ya.V. Regulating the Deformation
Properties of Paper by Varying the Degree of Its Anisotropy // 13B. By308B. JlecH. xypH. 2021.
Ne 5. C. 174-184. DOI: 10.37482/0536-1036-2021-5-174-184

Kniouesvie crosa: (bOpMOBaHI/Ie, Z[I/IHaMI/I‘ICCKI/Iﬁ JINCTOOTIIMBHBIA ariapar, OpucHTalus BOJIO-
KOH, aHHU30TPOIIN, ’KECTKOCTh, IPOYHOCTD.

Introduction

Strength and deformation characteristics are key markers to evaluate the quality
of pulp and paper products. Achieving the requested level of consumer properties for
these materials is closely related to the process of forming their structure. Thus, the
prediction of the deformation behavior of paper and cardboard at the stage of modeling
their structure has a particular scientific, economic and practical interest [4].

JlaHHast cTaThst OMyOINKOBAHA B PEKMME OTKPBITOTO JOCTYIA W PAacpOCTpaHseTcs Ha yenoBusix juuensun Creative Commons
«Attribution» («Atpubyrmsi») 4.0 Beemuprast (CC BY 4.0) « ABTOpSI 3a5BISIOT 00 OTCYTCTBUHM KOH(IINKTA HHTEPECOB
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Paper is a material of anisotropic, discrete fibrous net-like structure [1, 10].
The strength of structure is formed by hydrogen bonds (HB). The deformation and
strength properties of paper are determined by the strength and stiffness of interfiber
and intermolecular HB. Intermolecular bonds determine the intrinsic strength of
fibers. The intensity of interfiber bonds is regulated by beating the plant fibers at
the stage of refining. The contribution ratio of interfiber and intermolecular HB to
the strength of a paper sample can be changed through adjusting the degree of paper
anisotropy [5, 7].

The modern scientific approach and the latest engineering technologies make
it possible to model the structure of pulp and paper materials, to test and analyze
their properties at a stage of laboratory research. Moreover, they give a chance to
obtain anisotropic laboratory samples with characteristics like or similar to those of
final products of papermaking and cardboard machines (PM and CM, respectively).
As aresult, it was found that the degree of anisotropy of the sample has a significant
effect on the paper mechanical properties. However, for each study using laboratory
equipment, it is necessary to select its own conditions for making samples in order to
achieve compliance of properties with industrial paper [3, 17, 20, 21].

Techpap SAS laboratory equipment (France), operating in the Laboratory of
modeling and researching compositions of paper and cardboard of the Innovative
Facilities Engineering and Innovation Center “Advanced Northern Bioresources
Processing Technologies™ based at the Northern (Arctic) Federal University named
after M.V. Lomonosov (NArFU), provides an opportunity to implement stage by
stage the full range of activities to study anisotropic paper and cardboard samples.
The complex enables to bring the properties of laboratory samples closer to those of
real products [18, 21].

Theanisotropy ofthe paper structure determines the anisotropy of its deformation
and strength properties [1, 4, 11]. The direction of the preferred fibers orientation in
the sample largely determines its response to the application of an external load [8].
The difference in the properties of such specimens is most clearly determined by the
shape of the stress-strain curves [4, 6]. When modeling the structure and properties
of a fibrous material based on discrete fibers, taking into account anisotropy is a
necessary condition for obtaining adequate results [2, 13, 19]. The correspondence
of the stress-strain dependence of the model sample with the experimental data is the
most frequent proof of the efficiency of the proposed modeling method [2, 13].

The aim of this work is to establish quantitative regularities that connect the
parameters of the paper forming on the dynamic sheet former and the degree of
anisotropy of laboratory paper samples, which make it possible to control the values
of their deformation and strength properties, including optimizing the ratio of these
values in the machine direction (MD) and cross direction (CD).

Research objects and methods

Techpap SAS laboratory equipment includes the automatic dynamic handsheet
former (FDA) (fig. 1), laboratory press (fig. 2) and dryer (fig. 3). The complex closely
simulates the work of industrial paper machines and produces rectangular sheets with
dimensions up to 25%90 cm with the motion speed of the forming wire from 700 to
1300 m/min. It allows researchers to obtain anisotropic paper and cardboard samples
and maximize their properties to those of the products of PM and CM.
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The rectangular form of handsheets has great advantages when carrying
out analyses under production conditions as well as research developments. Such
handsheets can be calendered and coated. Their size allows making a big number of
tests for a one sheet. In addition, it is possible to produce multi-layer handsheets and
handsheets with a large range of basis weight [5, 7].

Fig. 1. The elements of the FDA, Techpap SAS: a — forming device and its control panel; b —
cylindrical jar with the forming wire inside before testing; ¢ — finished wet web of a handsheet
on the wire

Fig. 3. Drying the sheet by means of
a temperature controlled laboratory
dryer

Fig. 2. Pressing the handsheet by means
of a pneumatic single-drum press

The principle of dynamic sheet forming is as follows. The main part of the FDA
is a cylindrical jar rotating around a vertical axis (fig. 4). The jar has a perforated wall.
Water enters into the jar centrifugally through the nozzle and forms a vertical water
wall when the rotation speed is over 700 rpm. The water wall covers the perforated
wall and moves along with it [15].

The forming wire is installed on the inner side of the perforated wall before
testing. Together they are covered with the water wall of 5 mm thick. The injector
nozzle is fixed on a delivery tube at a certain angle. The nozzle sweeps vertically
up and down evenly distributing a diluted fibrous mass onto the water wall under
pressure. The fibers go through the water wall to the wire forming a layer of fibrous
mass. It takes place until a given basis weight is reached.

Upon completion of fiber injection water is removed from the jar. The layer
of a wet fibrous mass remains on the wire. As the jar stops its rotating, the handsheet
is taken out from the jar together with the wire. To separate a wet handsheet from
the forming wire they are covered by filter paper and rolled with a roller on top.
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Fig. 4. Structural units of the FDA

forming device: / — sweeping flat

jet nozzle; 2 — forming jar; 3 —

perforated cylinder; 4 — forming
wire; 5 — water wall

The handsheet undergoes pressing and drying between layers of filter paper.
It provides to form a handsheet similar to a sheet obtained by an industrial method.
Moreover, adjusting the ratio of the speed of nozzle and of wire motion makes it
possible to obtain laboratory handsheets with varying degree of anisotropy.

To model the anisotropic macrostructure of paper samples we varied the forming
parameters of the FDA such as circumferential motion speed of the forming wire, the
pressure of fibrous mass injection on the wire through the nozzle by changing the speed
of the feeding pump, and the diameter of the nozzle. Thus, we adjusted the degree of
paper anisotropy by changing the ratio of jet and wire speed.

An additional factor was the duration of the forming process that was increasing
due to a smaller diameter of the nozzle. Consequently, fibers near the forming wire
were subjected to a supplementary orientation in MD.

Preliminary experiments have shown [7] that in order to increase the degree
of anisotropy, it is necessary to increase the rotation speed of the forming drum and
reduce the pressure in the pump feeding the pulp to the wire. Reducing the diameter
of the nozzle orifice also increases the jet speed. However, the final result depends
on the furnish composition and the basic weight of the samples. And they must be
specified in each individual case.

The forming parameters we used to make laboratory paper samples from kraft
softwood bleached pulp with a beating degree of 30 °SR are given in table 1. The
values of the FDA process parameters were chosen close to the average and extreme
allowable according to the technical characteristics of the FDA. A total of 6 paper
samples were made and analyzed. This made it possible to obtain a series of paper
samples with different properties. The obtained handsheets had weight of 90 g/m?,
dimensions of 25%90 cm and different degree of anisotropy.

In order to evaluate deformation properties of laboratory paper samples we
carried out the uniaxial tensile tests and mathematically processed the obtained
“stress-strain” dependence (o—¢) [10, 12]. The test with a uniaxial static loading was
conducted by means of the laboratory test complex at a loading rate of 5 cm/min.
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Table 1

The parameters of the FDA used for modeling the structure of laboratory handsheets

Parameter value for modes
Regulated parameter
R1 R2 R3 R4 RS R6

The rotation speed of
the forming wire of the 800 800 950 1000 1200 1350
FDA v, m/min
The pump revolution
feeds the mass onto the 1400 1400 1200 900 600 300
wire p, rpm
Nozzle grade d (size, 2504 2510 2510 2506 2504 2504
mm) (1.0%1.0) | (2.0x1.8) | (2.0x1.8) | (1.8x1.2) [ (1.0%1.0) | (1.0%1.0)

The complex includes the vertical tensile testing machine “TEST SYSTEM
101 and personal computer (PC) that are used according to the method [12] by
applying the software [9]. To carry out the test we cut the paper samples into strips
with a width of 1.5 cm. Distance between jaws of tensile tester was 10.0 cm.

Research results and discussion

On mill paper machines, in order to change the degree of paper anisotropy, the
ratio of jet/wire speeds is changed. An increase in the lag of the pulp jet speed from
the wire speed (efflux) leads to an increase in the degree of fiber orientation and an
increase in anisotropy. Filtration begins as soon as the paper pulp comes into contact
with the wire, and the duration of the drain is several seconds.

On the applied dynamic sheet former, the pulp is first pumped onto the moving
wire for several minutes. And then quickly, in a few seconds, water is removed after the
command of the operator. Thus, the laboratory conditions of formation are still different
from the industrial ones, although they make it possible to obtain anisotropic samples.

A quantitative estimation of anisotropy degree was performed by several
methods [1, 11]. The most popular characteristic is stiffness anisotropy 7SI, (the
ratio of the tensile stiffness, 7:S1,,, by 7'SI.,) measured by the ultrasonic method using
the L&W TSO tester [14].

The variation of the forming modes presented in table 1 gave us a chance to
obtain samples with 7SI, ., values from 1.75 to 4.08 (table 2). In fact, for white
paper grades produced by PM, 7SI, ., values are usually from 2.3 to 3.0. Thus, we
obtained samples with a greater range of 7SI, ., values. Hence, we managed the
task to make samples with different degree of anisotropy.

Additionally, the degree of fiber orientation A was determined in accordance
with the method [8, 16] (table 2). The A values ranged from 0.51 to 0.65 and, as we
can see, correlated well with the 7S/, ., values.

The physical characteristics of the obtained paper samples such as thickness
o um, density p, g/cm3, and porosity, mL/min, were determined (table 2). It has been
found that the forming conditions also affected the density of the fibrous structure
while forming on the wire. The extreme values of the degree of anisotropy caused a
decrease of thickness and an increase of density, not exceeding 8 %.
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Table 2
Deformation properties of the obtained anisotropic paper samples
Forming mode
Characteristic Units Direction
R1 R2 R3 R4 RS R6
Thickness, & pm 115 114 122 121 118 112
Density, p g/cm? 0.743 | 0.740 | 0.719 | 0.717 | 0.737 | 0.752
Porosity mL/min 134 173 143 166 149 168
Degree
of fiber - 0.511 | 0.533 | 0.601 | 0.615 | 0.636 | 0.650

orientation, A

Tensi MD 13.60 | 16.08 | 18.41 | 19.03 | 19.73 | 19.95
ensile Nmv/kg
stiffness CD 7.75 7.84 5.59 5.27 5.01 4.88

index (7SI) _ |MD/CD| 175 | 2.05 | 329 | 361 | 393 | 408
MD | 11750 | 14200 | 16900 | 17300 | 18100 | 17750
1 m
Breaking CD 6850 | 7450 | 4100 | 3600 | 3200 | 3050
length, L
— |MDIECD| 172 | 191 | 412 | 481 | 566 | 582
i MD | 6260 | 7380 | 8210 | 8600 | 9230 | 9800
nitial MPa

modulus of cD | 3280 | 3572 | 2430 | 2190 | 2070 | 2120
elasticity, E, — |MDICD | 191 | 207 | 338 | 393 | 446 | 462
. MD 175 | 204 | 257 | 252 | 262 | 250
Tensile en- J/m?
ergy absorp- CD 169 187 126 115 97 92
tion (TEA) — |mpoiep | 104 | 109 | 204 | 219 | 270 | 272

MD 16.65 | 20.69 | 20.23 | 21.68 | 24.42 | 2592
CD 8.24 8.00 6.65 6.08 5.82 5.09
- MD/CD | 2.02 2.59 3.04 3.57 4.20 5.09

Limit of MPa
elasticity, o,

MD 0.27 0.28 0.25 0.26 0.27 0.27

Limit of %
elastic defor- cp | 026 | 027 | 023 | 028 | 020 | 029
mation, &, - MD/CD | 1.19 | 1.04 | 1.09 | 093 | 093 | 093
p MD | 872 | 1041 | 1167 | 1224 | 13256 | 1352
—at- a

?t.ress at cD | 505 | 553 | 303 | 260 | 233 | 225

ailure, o,
_ |Mpep | 173 | 188 | 386 | 470 | 568 | 6.00
y MD | 283 | 266 | 274 | 268 | 262 | 257
?t?lam'“" ’ CD | 442 | 439 | 466 | 458 | 450 | 437

ailure, €,

- CD/MD | 1.56 1.65 1.70 1.71 1.72 1.70

Modulus of MD 1620 | 2050 | 2350 | 2700 | 2880 | 3090

theela;rtéclleiﬁe CD | 570 | 610 | 190 | 140 | 110 | 80

zone, E, - MD/CD | 2.84 336 | 1237 | 19.29 | 26.18 | 38.63
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Fig. 5. The stress-strain curves for paper samples from kraft softwood bleached pulp: a — MD;
b — CD; 1-6 — modes of the forming process (table 1)

In order to evaluate deformation properties of laboratory paper samples we
carried out the uniaxial tensile tests and mathematically processed the obtained
“stress-strain” dependence (c—¢), see fig. 5 [6, 12].

Fig. 5 shows the following: in the MD, with rose the degree of anisotropy, the
curves o— went higher (strength increased) and had a greater steepness (stiffness
increases), but their length decreased (elongation decreased). The curve for a sample
with a 7SI, value of less than 2 is quite different from the others — it goes much
lower. For the rest of the samples, the change in the course of the curve corresponds
to the change in the degree of anisotropy.

In the CD, on the contrary, as the degree of anisotropy rose, the curves went
lower and had their longer length. Accordingly, the strength and rigidity decreased,
elongation increased. Here, too, for the sample with 751, ., values of 1.75 and 2.05,
they are quite different from the others — the curves are much higher than the others.
For the rest of the samples, a change in the course of the curve corresponds to a
change in the degree of anisotropy.

Thus, the change in the nature of the paper deformation under tension was
clearly demonstrated. It was reflected in the values of the deformation and strength
characteristics (table 2).

In this case, anisotropy of the tensile strength (1.73—6.00) was significantly higher
than of the 7S/ stiffness measured by the ultrasonic method (1.75-4.08). The greatest
effect was obtained for the elasticity modulus in the pre-failure zone E, (2.8-38.6).
The fiber orientation had its key importance with large deformations of the samples.
The smallest influence was on the anisotropy of the elastic strain limit (0.93—1.19).

With an increase in the degree of anisotropy, in the machine direction the
breaking length of the paper increases by 51 % (from 11750 m for samples with low
anisotropy, to 17550 m for samples with high anisotropy). Elastic modulus increases
by 56 % (from 6260 to 9800 MPa), tensile energy absorption (7EA) — by 43 % (from
175 to 250 J/m?). The elastic limit increases by 56 % (from 16.6 to 25.9 MPa). The
limit of elastic deformation practically does not change and is 0.26—0.27 %. Strain at
fracture is reduced by 9 % (from 2.83 to 2.57 %).
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Fig. 6. Deformation and strength properties versus degree of anisotropy for hand-made sam-
ples: a — MD; b — CD; [ — TSI, 2 — tensile strength; 3 — TEA; 4 — modulus of elasticity in the
pre-failure zone E,, MPa

In the CD, the breaking length of the paper reduced by 55 % (from 6800 m
for samples with low anisotropy, to 3050 m for samples with high anisotropy). The
elastic modulus decreased by 35 % (from 3280 to 2120 MPa), TEA — by 46 % (from
169 to 92 J/m?). The elastic limit reduced by 38 % (from 8.2 to 5.1 MPa). The limit
of elastic deformation practically does not change and is 0.26—0.29 %. The strain at
fracture increases by 5 %, having a maximum of 4.66 % at a TS/, of 3.29, and
then decreases to 4.37 %.

Fig. 6 shows the relative change in the main deformation characteristics of
the samples depending on the degree of anisotropy according to 7SI, Values
for samples with minimal anisotropy are taken as 100 %. As it is shown in fig. 6,
when the degree of stiffness anisotropy — 7.SI,,,,, r0se, the stiffness and strength
characteristics of the samples increased in the MD and decreased in the CD.

Dependencies shown in fig. 6 are non-linear. For the 7S/ value, which
characterizes the elasticity and stiffness of the material, the rigidity (curve 1), and
the breaking length, which characterizes the strength (curve 2), the increase in
characteristics in MD and their decrease in the CD slows down in specimens with
high anisotropy. This is explained by the predominant contribution of the fibers
themselves to the mechanical behavior of the sample in the MD and interfiber
bonds in the transverse direction. With a strong orientation of the fibers, close to
orthotropy, the influence of the degree of anisotropy decreases. At a low degree of
fiber orientation, on the contrary, it is of key importance.

The change in the value of the TEA (curve 3), which characterizes the dynamic
strength of the sample, is determined by the simultaneous change in strength and
elongation. Therefore, in the MD, the stabilization of its value is observed at high
anisotropy, and the decrease in the CD, is observed.

Conclusion

When optimizing the forming mode, it is necessary to take into account the
simultaneous and multidirectional change of the paper properties in the MD and CD.

By increasing the degree of fiber orientation in the structure of paper from kraft
softwood pulp, it is possible to increase the strength by 55 %, tensile stiffness by 63 %
while reducing the extensibility by 10 % in the MD. Dynamic strength, as measured
by the TEA failure performance, increased by almost 50 %.
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In the CD, on the contrary, by increasing the degree of fiber orientation, it is
possible to decrease the tensile stiffness by 33 %, decrease the strength by 55 %, and
increase the extensibility by 5 %.

Due to the variation of the forming parameters, the established quantitative
regulations allow optimizing the values of the deformation and strength properties of
paper and their ratio in the MD and CD.
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Abstract. There are a number of applied methods for determining morphometric parameters,
including the area of leaf blades of woody plants: millimeter graph paper method, method of
direct measurements, punching method, and planimetric method. The analysis and practical
application of the methods in the test mode revealed their shortcomings related to inaccuracy
of measurements, experiment duration, and equipment inaccessibility. Many researchers
have successfully acquired digitized images. However, capturing the parameters of the
considered structure from the monitor screen is often impossible due to the low availability
of morphometric programs and their high cost. The purpose of the work is to evaluate the
effectiveness of existing methods for determining the area of leaf blades on the example of the
birch genus (Betula L.) trees and to accumulate the algorithm for determining morphometric
parameters of birch leaf blades in the Adobe Photoshop software package. We have developed
a method for determining morphometric parameters of leaf blades of woody plants using the
Adobe Photoshop software package. The research subject is the leaf blades of birch trees.
This method requires: blank A4 sheets; a ruler with an angle of 90°; transparent adhesive tape
(scotch tape); and a scanner. We draw a reference square of random (but fixed) dimensions
in a random corner of each sheet, step by 10 mm from its borders, on a blank A4 sheet using
a ruler with an angle of 90°. The square is placed strictly parallel to the sheet borders. Then,
leaf blades of the desired wood species are attached to the sheet with scotch tape. Using
the scanner, we convert the workpiece into electronic form and upload the image to Adobe
Photoshop. In order to receive morphometric parameters, you can use the following program
tools: “ruler”, “magic wand”, “magnetic lasso tool”. At the same time, it is possible to
automatically select the borders of the studied object, which helps to avoid subjective errors.
The resulting measurements are displayed in pixels and then converted to the required units.
The obtained data is verified using the reference square. Verification showed that the method
accuracy is more than 99.9 %. The proposed method allows to perform fast and accurate
measurements of morphometric parameters of leaf blades, without requiring the purchase of
expensive equipment, which makes it available to any researcher who faces with the task of
measuring the surface of leaf blades of woody plants.
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Annomayusn. CyiiecTByeT psii METOJMK ONpeAeieHuss MOPHOMETPHUSCKUX MTOKA3aTelNeH,
B T. 4. IUIOIIAAH JIMCTOBBIX TUIACTHH IPEBECHBIX PACTCHHMIl: METOJ HAHECEHUS] KOHTYPOB
JIMCTHEB Ha MIJTUMETPOBYIO OyMary, METOI TpOMEPOB, METOT BBICEUEK, MITAHMMETPHUYCCKU it
MeToJ. MeTompl MpOaHATM3UPOBAaHBI W TPUMCHEHbI B TECTOBOM pEKHME. BBISBICHBI
UX HENOCTATKH, CBA3aHHBIC C HETOYHOCTHIO H3MEPEHHil, MPOMODKHTEIBHOCTHIO OIBITA,
HEIOCTYITHOCTBI0 00opyznoBaHusi. Ilpobnema moiydeHHs onu(POBAHHOTO HM300paKEHUs
YCIEUIHO PELIASTCSl MHOTHMH HCCIISI0BATEISIMH, HO CHITHE MAapaMETPOB PacCMaTpUBAEMOTO
00BEKTa C DKpaHa MOHHUTOpPA YACTO HEBO3MOXHO MO NPHUYMHE MAaloil JOCTYIHOCTH
MOpPHOMETPUYECKAX MPOrpaMM M KX BBICOKOHW cTOMMOCTH. Lleab paboThl — OLICHUTH
3 (HEKTUBHOCT CYIIECTBYIONIMX METOIOB OMPE/CICHHs IUIOMIAAN JTUCTOBBIX IUIACTHH Ha
npumMepe 6epesbt (Betula L.) n akkyMyIupOBaTh AITOPUTM OMPEICICHUSI MOPHOMETPUIECKUX
MOKa3aTeJeH IUCTOBBIX MIacTuH B makete nporpamm Adobe Photoshop. Hamu paspaborana
METO/IMKA OMPEACICHUS] MOP(POMETPHICSCKUX MOKa3aTeNneil JTHUCTOBBIX IIACTHH JAPEBECHBIX
mopoj ¢ uctonb3opanuem Adobe Photoshop. [Ipeamer rcciaeioBaHus — TUCTOBBIC ITACTHHBI
JepeBbeB poza Oepesa. [y mpUMEHEHHs JTaHHOH METOMMKH HMCIOIb30BaHbI YUCTBIC JTHUCTHI
¢dopmara A4, nuHeiika ¢ yrmiom 90°, mpo3pauHasi Kieikasi JeHTa (CKOT4), cKaHep. B mpo-
W3BOJILHOM YLy Ka)KIOTO JINCTA Ha PAcCTOSHHUHU MO 10 MM OT €ro TpaHMI] U CTPOro mapai-
JIETIBHO MM TIPY MTOMOIIH JTMHEHKH ObLT BEIYEPUCH MOBEPOUYHBIN KBAAPAT MPOCTHIX Pa3MEpOB.
CkorueM Ha Oymare 3aKperusUIH JIUCTOBBIC TLIACTHUHBI. [Ipy MOMOIIYM CKaHepa MePEeHOCHIN
3aroTOBKY B JJIEKTPOHHBIN BUJ M 3arpyxaiu u3oopaxenue B Adobe Photoshop. /s momy-
YeHHss MOP(HOMETPUUECKHX TMapaMeTPOB MOKHO HCIONB30BaTh CICAYIONIIHE HHCTPYMEHTHI
JIAHHOW MPOrPaMMBI: «IHHEIKay, «BOJIICOHAs MANOYKa», «KMArHUTHOE Jaccoy. [Ipu 3Tom
€CTh BO3MOXKHOCTh aBTOMATHYECKOTO BBIICIICHHUSI IPAHHUIl UCCIEAYEeMOro 00beKTa, YTO IMO-
3BOJISICT U30ekKATh CyOBCKTHBHBIX OILICHOK. Pe3ynbTrarel 0TOOpaKeHbI B UKCENSX, a MOCIe UX
MEPEBOAAT B HEOOXOAMMBIC IMHUIIBI H3MepeHHUs. [IpH MOMOLIN TAIOHHOTO KBapara mpo-
W3BOJIST MPOBEPKY MOJTYYEHHBIX JaHHBIX. To4HOCTH cocraBisieT 6oiee 99,9 %. Ipennarae-
MBIil METOJI MTO3BOJISIET OBICTPO U Oe3 OUIMOOK OMPEeiaTh MOPPOMETPHICCKHIE MapaMeTpPhI
JIMCTOBBIX IUIACTHH, MPH 3TOM HE HY)XHO JOPOTOCTOSIIEr0 OOOPYMOBaHHUS, YTO OeacT
METO/I AOCTYIHBIM ISl JTF0OOOTO HCCIeIOBATeNs, TIeped KOTOPbIM CTOHT 3a7avya U3MEepeHHs
MOBEPXHOCTH JINCTOBOM MIACTHHBI APEBECHBIX PACTCHHI.

/s yumuposanusn: Babaev R.N. Application of the Adobe Photoshop Software Package
in Leaf Blade Area Measurement of Woody Plants // 13B. By30B. JlecH. xypH. 2021. Ne 5.
C. 185-191. DOLI: 10.37482/0536-1036-2021-5-185-191

Kniouegvie cnosa: Adobe Photoshop, Gepe3a nosucinas, MopdoMeTpryecKre napameTpsl,
TUTONIA/b JTUCTOBBIX MIACTHH.
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Introduction

Due to a wide range of useful features and properties, representatives of the
birch genus (Betula L.) are constantly within the field of view of foresters, botanists,
and environmentalists [2-6, 9, 11, 13, 19, 20]. When carrying out scientific work
associated with the determination of the biological potential of trees belonging to
this genus, and when introducing them, a necessary condition for substantiating the
prospects for their practical use is the study of morphometric parameters of leaves
and the determination of the assimilation apparatus strength. The scientific value of
these parameters is related to the determination of photosynthetic potential and net
productivity of photosynthesis, which is the basis for productivity assessment [7, 8,
15]. The current methods of finding morphometric parameters of the leaf surface are
rather cumbersome, not accurate and in some cases their disadvantage is due to the
research duration. However, a large volume of tests requires speed and high accuracy
of analysis.

The purpose of the work is to evaluate the effectiveness of existing methods for
determining the area of leaf blades using the example of birch trees and to accumulate
the algorithm for determining morphometric parameters of birch leaf blades in the
Adobe Photoshop software package.

Research objects and methods

The research objects were existing methods for determining the area of leaf
blades and the proposed method using the Adobe Photoshop software package.
Currently, several methods for determining the surface area of leaf blades of woody
plants are most commonly used. They are discussed below in descending order from
the most used in practice to the least.

Millimeter graph paper method (hereinafter referred to as Method 1). During
its implementation, a birch leaf blade was circled along its edges. Then, the area was
counted based on the 1x1 mm cells inside the contour. This method for determining
the leaf blade area is fairly objective and quite accurate; however, it is a very laborious
and time-consuming process that is not suitable for measuring a large number of
leaves.

Method of direct measurements (hereinafter — Method 2) [10, 18]. After
determining the area of a number of leaf blades by Method 1, their length (L) and
maximum width (W) were measured. Then, the circled contours of the leaf blades
were described by a simple geometric shape — a rectangle. The average filling factor
of the rectangle was 0.7 for the studied birch species. Leaf area (S) was calculated by
the following equation:

S=LW-0.7.

This method has a high error due to the scatter of the filling coefficient of a
simple geometric shape relative to each leaf blade, and the constant determination
of the coefficient in the absence of the performed Method 1 makes Method 2
unreasonably laborious. In our case, the deviation with respect to Method 1 was up to
28 % providing its unsuitability for accurate studies.

Punching method (hereinafter — Method 3) [12, 18]. In order to carry out
measurements by this method, we used undamaged leaves, which were previously
measured by the first and the second methods; their wet mass (M,) was determined. It



188 «H3BecTus By30B. JlecHoi :xxypHaa». 2021. Ne 5 ISSN 0536-1036

was important that the leaves did not dry out. Punches of a certain diameter were cut

from each leaf with a cork drill, 5-10 pcs per one leaf. They were cut so that the sample

included both the leaf laminae proper and its central veins. Then, we determined the

mass (M) of all punches. The leaf area was determined by the following equation:
§=M,anD*M,,

where S — leaf blade area, mm?; M,— mass of leaves in a sample, g; ¢ — number of

punches, pcs; D — drill diameter, mm; M, — mass of a punch, g.

The main and critical drawback of this method is that the leaf veins falling into
the punches significantly increase the value of M, as a result the deviation from the
results received by Method 1 was up to 31 %.

Planimetric method [8, 14]. According to its description, the harvested leaves
are weighed and placed on the moving belt of an electronic device — planimeter. For
example, PLANIX planimeters allow to quickly and accurately measure line lengths,
calculate areas, coordinates, angles, arcs, and circle radii. Measurements can be taken
in millimeters, centimeters, meters, kilometers, and hectares. This method is quite
accurate, however it requires expensive equipment for implementation.

A method for determining the morphometric parameters of leaf blades of
woody plants using the Adobe Photoshop software package (hereinafter — Adobe
Photoshop Method). Adobe Photoshop is a multifunctional graphic editor developed
and distributed by Adobe Systems. It mainly works with bitmap images; however,
it has some vector tools as well [16, 17]. The proposed method is developed taking
into account the shortcomings of existing methods for determining the area of a
tree leaf blade and accumulates the possibility for determining other morphometric
parameters. The research method was based on the principles of a single logical
difference, suitability and expediency of experience [1].

In order to implement the method, we used the following equipment, software,
and materials: Kyocera ECOSYS M3540DN scanner; Acculab Vicon VIC-300d3
electronic scales with accuracy up to 0.001 g; ruler with angle of 90°; since the
scanner we have chosen for the study has a maximum paper size of A4, blank
sheets of this size will be required; transparent adhesive tape (scotch tape); Adobe
Photoshop (2020 trial version); freshly cut normally developed silver birch (Betula
pendula Roth.) shoots with typical leafing out and undamaged foliage after achieving
the size and shape peculiar to the species.

The course of the work is shown below.

The reference square of random, but strictly fixed sizes (test object) is drawn
on a blank A4 sheet by means of a ruler with an angle of 90° in a random corner, step
by 10 mm from its borders. The square is drawn strictly parallel to the borders of the
sheet. We have chosen dimensions of 25x25 mm. Thus, we know for sure its height,
width, and area — 625 mm?2.

Separate the leaf blades with a whole petiole from the shoot. Each leaf blade
with a petiole is weighed on electronic scales Acculab Vicon VIC-300d3 and attached
to the prepared sheet of paper with the square using transparent thin scotch tape. Next
to each attached leaf blade record the measurement values of its mass. In our case,
7 leaf blades with a petiole can be freely placed on one sheet of A4 paper.

Using the Kyocera ECOSYS M3540DN laser multifunctional device (scanner),
A4 sheets with attached samples are scanned. Scan quality is set to 200 dpi. Then,
open the resulting image in Adobe Photoshop.
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After opening the file, select the tab “Image Size”. Check the image settings
in the window that appears. Its dimensions should coincide with the size of the A4
size — 297x210 mm. The next step is to convert the resolution of 200 ppi to pixels/cm
for simplicity of measurement. The resulting value is 78.74 pixels/cm. To convert
that into millimeters divide that by 10 and get 7.874 pixels/mm. Thus, there will be
7.874-7.874 = 62 pixels/mm?2. If the scan resolution is different from that suggested in
the method, it is necessary to independently determine the number of pixels per mm
and mma?in the specified way.

The next step can be done in two ways.

Variant 1. In order to define leaf blade parameters on the toolbar (on the left
side of the screen), select the magnetic lasso tool. Clamp the left mouse button and
encircle the leaf blade carefully along the contour. After closing the encircling, the
program highlights the leaf blade as a separate contour.

Variant 2. Use the Quick Selection tool on the toolbar (on the left side of the
screen) to define the leaf blade parameters. Point the tool to the leaf blade and click
on it. The program will automatically highlight the desired contour.

Important. In this method, it is necessary to cancel the selection each time the
individual leaf blade data is received; otherwise subsequent values are calculated on
an ascending total.

After selecting the image using one of the ways, go to the menu: “image —
analysis — record measurements”. The resulting measurements are displayed in pixels
per inch at the bottom of the screen.

In order to convert values from pixels per inch to pixels per mm and mm?, use
the appropriate algorithm specified in the paragraph “After opening...”.

In order to measure the parameters of a petiole, use the ruler tool from the
menu “image — analysis — ruler tool”. Clamp the left mouse button and measure the
desired length/width. The resulting values are displayed in pixels at the top of the
screen — the “L,” parameter. Then, convert to mm in accordance with the paragraph
“After opening...”.

In order to verify the test accuracy apply this method on the reference square,
the metric parameters of which are already known. When checking the obtained
dimensions on the reference square, the following data is obtained: length — 24.98 mm,;
width — 25.00 mm; and area — 624.5 mm?2. Therefore, the error is less than 0.1 %.

Research results and discussion

When determining the area of leaf blades by various methods, the obtained
values differed from each other (see the table below).

The research has revealed that with respect to the existing methods for
determining the area of leaf blades, Method 1 is the most accurate. However, this
method is very labor-intensive, which is unprofitable in determining the area of a
large number of objects.

The method for determining morphometric parameters using the Adobe
Photoshop software package is quite reasonable, since it allows to determine many
parameters of leaf blades (length, width, and area) at once, almost eliminating the
factor of human error.

Moreover, the proposed method allows to archive the obtained primary data in
the computer memory and process it when most convenient.
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Results of determining the leaf blade areas by various methods

Method 2 Method 3 Ad""&:&fgs}“’p
No. | Method 1 deviation deviation deviation
m? from m? from mm? from
Method 1, Method 1, Method 1,
% % %
1 1262 1734 +27 970 -30 1269 +1
2 1332 1704 +22 1799 +26 1323 -1
3 1319 1730 +24 1459 +10 1332 +1
4 1223 1486 +18 974 -26 1219 0
5 1201 1496 +20 1609 +25 1192 -1
6 1264 1559 +19 980 -29 1254 -1
7 1106 1485 +26 1603 +31 1113 +1
Conclusion

The existing methods for determining the leaf blade area have many
shortcomings including the purchase of expensive equipment. The Adobe Photoshop
software package allows any researcher to quickly and accurately measure the
morphometric parameters of leaf blades.
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Annomayus. VIHTeHCM(UKANMs JECHOTO XO34HCTBAa NpEANonaraeT INPUMCHEHHE
COBPEMEHHBIX METOZOB BOCHPOM3BOJCTBA JIECOB, K KOTOPBIM OTHOCHTCS HCIIOJIb30BAHHE
ITOCaJOYHOTO MaTepHralia ¢ 3aKphITON KOPHEBOI cucteMoit. Llenpro manHo# paboTHI SBIsIETCS
OLICHKA NIPM>KUBAEMOCTH U JIMHEHHOT'O POCTA CESIHIIEB €11 € 3aKPBhITOM KOPHEBOW CUCTEMOM B
3aBUCHMOCTH OT PAcIOJI0KEHHS MECTa MOCATKH U IPOBEJECHHBIX arPOTEXHUIECKUX YXOHOB.
HccrienoBanms OCyIIeCTBICHBI Ha SKCIIEpUMEHTANEHOM 00BhekTe B ToMckoM paiione Tomckoit
oOmacTi. YCTaHOBJIEHO, YTO BO MHOTHX OpHKeTax HaxonurTcs He 1 cesHer, a 2—4 mT., U
MI03TOMY Ha JIECOKYJIBTYPHYIO IUIOLIAJb BBICA)KUBACTCS MIPUMEPHO TAKOE K€ KOJIHMYECTBO
CESHLEB, KAK W MPU KIACCUYECKOH IOCa/IKe MaTepuana ¢ OTKPHITOH KOPHEBOM CHUCTEMOH.
BeisiBneno, uro Beicota 30-35 % cesiHIIEB HE COOTBETCTBYET HOPMATUBHBIM 3HAUEHHSM, UTO
OTMEYaoch, KaK MPaBUJIO, B TeX OpHKeTax, rae ObIJI0 HECKOJIIBKO pacTeHHi. 1o maHHBIM
OCCHHEH WHBEHTapH3allMk OT BBICOTHI KyJIbTYyp BapHaHTOB «IIIACT» U «HEOOpaboTaHHAs
MI0YBa» JOCTOBEPHO OTIMYAETCS BHICOTA KYJBTYP, CO3JaHHBIX BHICAKMBAHUEM CESHIIEB B THO
6opo3ms! (Tect Kpackema—Y ommmca, p = 0,0001 > 0,05). ITo npupocTy B BEICOTY BBIIEISIOTCS
BapHaHTHl «OOK IIacTa» M «00po3/1a», UMEIOLINE JIyUIIie MOKa3aTeH, TAKKe JOCTOBEPHO
OTJIMYAIOIIHeCS OT BapHaHTOB «IUIacT» W «HeoOpaboTaHHas mouBa» (TecT Kpackema—
Yommca, p = 0,0001 > 0,05). IlpmwxkuBaemocts HIkKe 85 % OTMedeHa B TOCAAKax Ha
HEoOpabOTaHHYIO IOYBY, B JTHO OOPO3/BI H B IIIACT C IIPOBEACHHBIMHU arpOTEXHUIECKUMHU YXO-
JaMu. 3a HCKITIOUEHNEM TIOCaIKH B OOK ITACTa, 3-KPaTHBIE yXO/bl CHU3HIHN IPIKABAEMOCTD
KynbTyp. Takum oOpa3zom, HanboJee yIauHbIM SIBJISETCS CII0CO0 IMOocaaky B OOK IacTa.
Jna yumuposanua: J1e6xoB H.M. OTbIT co3qaHus JIECHBIX KYNBTYp ITOCAA0YHBIM MaTepH-
aJIOM C 3aKpBITON KOpHEBOU cuctemoii // M3B. By30B. JlecH. xypH. 2021. Ne 5. C. 192-200.
DOI: 10.37482/0536-1036-2021-5-192-200

Knrouesvie cnosa: enp cnbupcekas, JIECHBIE KYIbTYPBL, IPIDKABACMOCTD CESHIICB, JIMHEHHBIHA
POCT CesTHIIEB, [T0CAI0YHbIM MaTepual ¢ 3aKPbITBIMU KOPHSIMH, TOMCKast 00/1acTb.
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Abstract. Intensification of forestry requires the use of modern methods of reforestation,
which include the introduction of container planting material. The purpose of this work is to
evaluate the survival rate and linear growth of spruce container seedlings depending on the
planting site location and the agrotechnical tending. The studies were carried out at the test site
located in the Tomsk district of the Tomsk region. It was found that many planting containers
store not 1 seedling, but 2—4 pcs and therefore approximately the same quantity of seedlings
as in the traditional planting of container planting material. It was revealed that the height
of 30-35 % of seedlings fails to fulfill the standard values, which was observed, as a rule,
in the planting containers with several plants. According to the autumn inventory data, the
height of plantations created by planting seedlings in the furrow bottom (Kruskal-Wallis test,
p=0.0001 > 0.05) reliably differs from the height of plantations of “mound” and “untreated
soil” options. In terms of height growth, the options “mound side” and “furrow” have the
best performance, also significantly different from the options “mound” and “untreated
soil” (Kruskal-Wallis test, p = 0.0001 > 0.05). Survival rate below 85 % was observed in
the plantings of the following options: “untreated soil”, “furrow bottom”, and “mound” with
agrotechnical tending. The 3-fold tending decreased the survival rate of plantations except
for planting in the mound side. Thus, the most successful option of planting is planting in the
mound side.

For citation: Debkov N.M. Experience in the Creation of Forest Plantations Using Container
Seedlings. Lesnoy Zhurnal [Russian Forestry Journal], 2021, no. 5, pp. 192-200. DOI:
10.37482/0536-1036-2021-5-192-200

Keywords: Siberian spruce, forest plantations, survival rate of seedlings, linear growth of
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Beeoenue

Ha coBpemeHHOM 3Tare pa3BUTHS JIECOX03sIICTBEHHOTO MTPOU3BOCTBA CaMO
obcyxaaemon nmpooieMoii B Poccuu siBiisieTcst HHTEHCU(UKAIUS JISCHOTO XO035HCTBA
1 Jeconoiab30BaHus [3]. BoNbIIMHCTBO 3KCIIEPTOB CUUTAIOT HanboJee MpuemMiIeMoi
CKaH/IMHABCKYIO MOJICTh JIECOYMPABICHHUS, B KOTOPOHl OCHOBHOE MECTO 3aHUMAaeT
BOCTIPOHM3BOJICTBO JIECOB 3a CUET (POPMHUPOBAHUSA KyIBTYP ITOCATOYHBIM MaTEPHAIOM
¢ 3akpeiToii kopHeBoit cuctemoit (3KC) [1, 2]. JeiicTByromme HOPMAaTHUBBI
BOCITPOU3BO/ICTBA JIECOB [ 7] MpeaycMaTpUBAIOT CO3aHIe HACAKACHUM CaKeHIIaMU C
3KC e menee uem Ha 20 % mutomaau GpoHaa T1ecoBoCcCTaHOBICHHUS, HaunHas ¢ 2022 1.
B mmanax Pocnmecxosa k 2030 r. MOBBICHTH JOJIO JIECHBIX KYJIbTYp W3 MaTepHalia
¢ 3KC nmo 45 %. B 310i1 cBsI3u MOCIEIHIE HECKOJBKO JIET JIECOPOMBINIICHHBIE
koMIranuu Tomckol obmacTu MaccoBo 3akymnaroT cesHIsl ¢ 3KC. OgHako nepBbie
pe3yIbTaThl CO3AaHUS OAOOHBIX JIECHBIX KYIBTYp HE 00HAIE)KUBAIOT: OYeHb HU3KAs
MPKUBAEMOCTD HIH JIAYKE MacCOBasi THOECITb.

OTHOCHUTEIIBHO HEZIABHO B HaIlIeH CTpaHe ObLIN CO3/IaHbI JICCHBIE CEJICKI[MOHHO-
cemenoBomdeckue eHTpsl (JICCL). Enuncreennsiit B Cubupu JICCL] 6501 IOCTpO-
eH B ¢. boopoBka Anraiickoro kpas (2012 r.). OmbIT co31aHUs SKCIICPUMEHTATBHBIX
U MPOU3BOACTBEHHBIX KYJIbTYpP HMEETCS TOJBKO B TAaEXKHOU 30HE €BPOINEHCKOU
YacTH CTpaHhl [5, 6, 8], MOATOMY LIENbIO HCCIEAOBAHMS CTaja SKCIEPUMEHTAaIbHas
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OLIEHKa TPMKUBAEMOCTH U JHHEHHOTro pocrta cestaieB enu ¢ 3KC B 3aBucuMocTH
OT PAaCIOJIOKEHHS TTOCAOYHOI0 MECTa M arpOTEXHHYECKHX yXO0J0B B TOMCKOM
o0J1acTu.

Obwexmbl u Memoobl UCCAE008AHUSL

MecTo 3aknagku dKCIEpUMEHTa HaxoAauTcs B TomMckom paiioHe Tomckoit
oOsactu, mmpora 56°38'00", noarora 85°13'07". OOpaboTKa TMOYBBI BHIIOJHEHA
TpakTopoM MT3-82 ¢ 3-KOpITyCHBIM IIIIYTOM CEIbCKOXO03SHUCTBEHHOTO HAa3HAUCHUS
B ceHtssOpe 2018 r. JlecokynpTypHas miomanb IpeaCcTaBiseT co00il 3a0porIeHHoe
(oxomo 10 ;eT) cenmbCcKOXO3AiCTBEHHOE (KapTOoQelbHOe) TOoJe C Cepoi JIECHOM,
CpeAHe- U TKEIOCYIIIMHUCTON MOYBOM, MOAXOAAIICH JUIsl POU3PACTaHUs JIECHOM
PaCTHTEIBHOCTH, 0COOSHHO JUIsl €JTU, IIOCKOJIbKY paHee (okojio 50 jieT Ha3am) 3/1ech
pacronaraicst ebHHK ¢ IPUMechIo Kepa. OOIiee MPOeKTHBHOE MOKPBITHE TPABAMH
paBuo 100 %, MOMHHUPYIOT MSTIWK JyroBo# (Poa pratensis), TIBIpel MOM3ydnit
(Elytrigia repens), 6onak metnHuctoit (Cirsium arvense), OMyBaHYHK JEKapCTBEH-
ubli (Taraxacum officinale), uBan-vaii y3konuctuolil (Chamaenerion angustifolium),
nwkMa oObikHOBeHHas! (Tanacetum vulgare), TIONBIHD OOBIKHOBEHHAs1 (Artemisia
vulgaris).

[Mocanka ocyiecTBIsUIaCh MMOJ JIOMHK (MMHUTAIMSl TIOCAJOYHOTO KOJa),
IUaMeTp KOTOpPOrO WMEN pa3Mep, COOTBETCTBYIOIIMHA pa3Mmepy OpHKeTOB.
CriennanibHas mocanouHast TpyOa («Pottiputki») B Tomckoii 001acTi, Kak ¥ BO MHO-
TUX JIPYTHX PETHOHAX, ITPH CO3/IaHUU ITPOU3BOJCTBEHHBIX KYJIbTYP HE UCIIOIb3YETCS
IO MPUYXHE JIOPOTOBU3HBI U CII0KHOCTH MPUMEHEHUS Ha TIIMHUCTBIX (C TOBBIIIICHHOM
IUIOTHOCTBIO) TIOYBaxX. 3aKlajKa OAKCIEPUMEHTa IPOU3BOJIUIIACH cpa3y Iocie
00pabOTKH ITOYBEI.

Cocrosaue cesHieB ¢ 3KC Ha MOMEHT WX TTOCTYIDICHHUS XapaKTEPH30BAIOCh
KaK YIOBIETBOPHUTEIbHOE, T. €. TIOCAJ0YHBI MaTeprall OblT )KU3HECITOCOOHBIH, HO
oTMeuanach Jexpomauusi xBou. Ero mepeBo3ka ocylecTBIsIach B JEPEBSHHBIX
smuKax Ha pacctosaue okoiio 500 kM B Teuenue 1 nusa. B manpHeimeM CesHIBI
¢ 3KC TpaHCnoOpTHPOBAIMCH HEMTOCPEICTBEHHO apeHIaTOPaMHy Ha JIECOKYIIbTYPHBIC
TIOMIA/TN JIJIS TIOCAIKH.

CxeMbI TTOCaJIKH: 2 BapHaHTa «B JHO 00po31bl» (Hanboiee pacpocTpaneHHas
rmocajika), 2 BapuaHTa «B IIacT», 1 BapuaHT «110 HeoOpaboTaHHOM mouBey, | Bapu-
aHT «B 00K miactay. llar mocaaku cocrasisut 0,5 M. Kaxxaplii BApUaHT COCTOS U3
50 wT., T. e. Bcero nocaxkeHo 300 O6pukeroB. [1o JONOIHUTEIFHOMY BapHaHTY B THO
00pO3/bI U B TUIACT CJICAHO JIJISl OLICHKU MPHKUBAEMOCTH U COCTOSIHUSI KYJIBTYp C
3KC 6e3 nmpoBeaeHUs arpOTEXHUIECKUX YXOIOB.

[Tocanka B mTacT 1Mo cpaBHEHUIO ¢ HauboJIee PacTpOCTPAHEHHOW CXeMOH B THO
00p03bI UMEET NPEUMYIIECTBO B BUIE MEHBLIETO KOJINYECTBA YXOO0B 3a c4eT 0ojee
BBICOKOTO PACIIOJIOKEHHUS CESTHLEB, POCT K€ WX JOJDKEH OBITh Jydlle BCIEICTBHE
TOrO, YTO KOPHEBAas CHCTEMa HaXOJIUTCS HE B YIUIOTHEHHOM HJUIIOBUAIBHOM
ropu3oHTe, a B Ooliee IUIOJOPOJHOM M phIxiioM. [locaska Mo HeciaeKaBIIUMCS
miacTaM HE PEeKOMEHIIOBaHa, HO KYyJbTYPHl Caaiiid B TEPBBIH IJIacT, T. €. TOT,
KOTOPBI 000paunBaeTCs HE Ha JISPHUHY, a HA MUHEPAIBHYIO YacTh IIOYBBI, U, KPOME
TOT0, OJ] BEICOKOTpaBbeM (1,52 M) 1o BceMy MO0 pacTyT MXH, 3HAUUT BIaKHOCTb
Ha ypoBHE MOYBBI HOpMaibHas. [locajka B OOK I1acTa JHIIEHa HEJOCTAaTKOB 000MX
Ha3BaHHBIX crocoOoB. Co3faHue KyJbTyp M0 HeoOpaOOTaHHOW MOYBE OMHCAHO B
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Hay4YHOU JIUTEepaType, €CTh MOJOKUTENIBHBIE OT3bIBHI [9]. ArpOTEXHUUYECKUE YXOIbI
BBITIOJTHSTUCH MOTOKYCTOpe30M Newton B CepeiiHe UIOHS, HIOJIS U aBTyCTa.

Meramyeckoil JIMHEWKOW H3MEPSIIUCh BBICOTA M IPUPOCT € TOUYHOCTHIO
0 1 MM, ITAaHTEHIUPKYJIEM — IMaMETP CTBOJIa Y KOpHEBOH Iieiiku. KamepanbHas
00paboTKa SKCHEPUMEHTAIBHOIO MaTepuaja HPOM3BOJAMIACH B IPOrpamMMme
STATISTICA 10 ¢ ucnonp3oBaHMEM CTaHAAPTHBIX ONMCATENBHBIX CTaTHCTHK,
HenapaMeTpUYeCKUX KPUTEpPHEB OLEHKH JOCTOBEPHOCTH pPa3HOCTH JUIS JIBYX
(tect Manna—YuTtHu) u Heckoimbkux (TecT Kpackena—Yomnuca) HE3aBHCHMBIX
MIePEeMEHHBIX.

Pesynomamul uccneoosanus u ux oocyscoenue

[epBuyuHas (BeceHHsIs) MHBEHTapU3alHs [M0Ka3ana, YTO BO MHOTHX OpHKeTax
Haxonuics He 1 cesHen, a 2—4 mt. (puc. 1). Yame Bcero 0bUI0 2 3K3eMILIIpa, peike
3, ¥ TOJTBKO B HECKOJIBKUX Opukerax 1mo 4 mT. B menom B 300 OpukeTax okazaioch
584 cestHiia, T. €. TOYTH B 2 pa3a 00JIbIIIe, YeM eTHHUI YITaKoBKH. C y4eTOM HOpMAaTHBOB
[0 TYCTOTE NPH BBHIIOJHEHUH JIECOBOCIIPOM3BOJCTBEHHBIX Meponpustuii [7] Ha
JIECOKYJIbTYPHYIO TIOLIA b BEICAXKMBAIOT MPUMEPHO TaKOE K€ KOJINYECTBO CESHIIEB,
KaK U IIpU KJIACCUYECKOH MOCAJIKE MaTepHalla ¢ OTKPBITON KOpHEBOM cuctemoi. I1o
WTOTaM OCEHHEW MHBEHTapH3aIly YCTAaHOBIIEHO, 4TO B 69 % moca104HbIX MECT pac-
TeT ofuH cesHerl, B 25 % — nBa, B 6 % — tpu u B 0,5 % — geTbipe. To ecTh oTmaz ment

B OCHOBHOM 34 CUYCT OJJMHOYHBIX CCAHIICB.
0,4 % 6,5 %

Puc. 1. McxonHoe 4ncio CeIHIEB B OJHOM

Opukere m4

2029,
. . . . ’ #3 mr
Fig. 1. The initial number of seedlings in one = 5 i
. = Z IIT.
container 72.9% -

Cpennsist BeicoTa maptun paBHa 11,25 cm ¢ xonebanuem 3...34 cm (puc. 2).
IIpu stom okono 30-35 % cesHIeB HUKE HOPMBI, HO 3TO B OCHOBHOM <JTHIITHUE)
€JIH, KOTOPBIE OTCTAIOT OT JIUJIEpa 10 POCTY.

26,8 %

14,5 % 14,3 %

0,0 % 0,6% 02% 02%

2-4 4-6 6-8 810 10-12 12-14 14-16 16-18 18-20 20-22 34
Beicora, cm

Puc. 2. cxonHoe pacipeneneHle nocajoqHOro
matepuaina ¢ 3KC o BeicoTe

Fig. 2. The initial distribution of the container planting
material by height
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CornacHo pesynapTaTaM HWHBEHTapuszauuu (puc. 3), 10 Hayajga pocTa
BEPXYUICUHON IOYKH YK€ HAONIONAIOTCS pasiuddsi B JKMU3HECHOCOOHOCTH
nocagounoro Marepuana ¢ 3KC, 00yclIoBIeHHBIC PACTIOIOKEHUEM TTOCATOTHOTO
MecTa. Enu, BEICa)KEHHBIE TIO ITHY 00po31, ORI XKHU3HEecTIocOOHBI Ha 82 %, B
0ok tutacta — Ha 71 %, B muract — Ha 65 %, XyKe BCETo BBITIISIICNIH CESTHIBI Ha
HeoOpaboTanHOl mouBe — 35 % xu3HecrnocoOHbIX. OTHAKO OCEHHSISI MHBEHTAPH-
3aIusl M0Ka3alia, 4To TOJIBKO CESHIIbI, TOCaXXEHHBIC B THO OOPO3/bl, MOATBEPAUIH
JTaHHBIE M0 KU3HECMTOCOOHOCTH, yCTaHOBJIEHHbIE BECEHHUM y4eToM. B BapuanTax
«IracT» M «0OK TIIacTa» OKOJIO TOJIOBHMHBI YCHIXAIOUIUX CESHIEB OTPAaBUIIUCH
U jand 1mooOer. boiwmie Bcero BOCCTAHOBWIOCH CESHIIEB Ha HeoOpaboTaHHOU
nouse (okoio 60-70 %). B menom B mepBylo 3uUMY IIOCIE MOCAIKU MOTHOJIO
3—7 % cesiHLIEB, M TOJIBKO B BapuaHTE ¢ HE0OOpabOTaHHOM TOYBOH ATOT [MOKA3aTelb
coctaBui 20 %, T. €. 37eCh MO0 BECHE KYJBbTYpHl ykKe TpeOOBajIOCh JOTOIHSTS.
K ocenn npuxnBaeMoCTh OMyCTHJIACh HUKE HOPMATHBHOM B BapHaHTaX «ILIacT
n «b60po3aa», B KOTOPBIX IPOBOAMIIUCEH 3-KpaTHble yxoabl. IIpmwxnuBaemMocTs Ha
ypoBHE 85 % HaOmopaeTcs y CestHIeB, TOCAXXEHHBIX B OOK IJIacTa ¢ yX0JaMHu, B
IJ1acT U 10 AHY 00po3/bl 0€3 yXO00B.
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Puc. 3. Cocrosiuue nmocagounoro marepuana ¢ 3KC Ha Hawano mas
2019 r. B 3aBUCUMOCTHU OT MECTa MOCAAKH U MPUKUBAEMOCTD IO COCTO-
SIHUIO Ha KOHeI[ OKTs10ps 2019 .

Fig. 3. The state of the container planting material as of early May 2019
depending on the planting site location and the survival rate as of the
end of October 2019

CesHIIBI, TMOCaXEHHBbIE B 00po3Jle C yXOJOM, IO HTOraM OCCHHEH
WHBEHTAPHU3AIMH OKa3aJIMCh BHIIIE U TOJIIE, YeM CesHIIbI 0e3 yxona. Ho mpupoct
y TEepBBIX OBUT HECKONbKO HIKe. CTaTUCTHYECKWH aHaIW3 MOATBEPAMII, YTO
MEXAY HHUMH CYIIECTBYIOT pa3jiMyuusi MO BBICOTE M auamerpy (Tect MaHHa—
Yutau, p =0,0012 < 0,05 u p =0,0027 < 0,05 COOTBETCTBEHHO), HO 10 IPUPOCTY
B BBICOTY pa3nuuil He BbIABIEHO (TecT ManHa—YwutHu, p = 0,4881 > 0,0). Ana-
13 ¢ noMmolbio Tecta Kpackena—Yosuinca nokasani, 4TO MO JJAHHBIM BECEHHEU
WHBEHTAPU3AIlMd UMEHHO BAapHWaHT, B KOTOPOM CESHIIBI BHICA)XEHBI B OOPO3Ty
C YXOJIOM, MMeJ JOCTOBEPHBIE pa3IH4Ms C JIPYTMMH BapHAHTaAMHU IO BBICOTE
(p =0,0001 — 0,0482 > 0,05) (cM. TabauIy).
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Buomerpuueckue napamerpsol Kyabtyp ¢ 3KC

BapuanT nocaaku T?;E:;::;;EIH N M+tm Lim S z (6)Y
Bricota, cm* 80 | 12,9+0,3 | 7,0-19,0 9,5 3,1 24
BricoTta, cm 16,3£0,5 | 7,2-249 | 19,3 | 44 27

Bopo3sna ¢ yxonom
[pupoct, cMm 66 | 6,6£0,4 | 0,0-12,7 9,0 3,0 46
Huametp, MM 2,1+£0,1 0,5-3,5 0,5 0,7 33
BricoTta, cm* 79 | 10,1£0,3 | 5,0-16,0 6,7 2,6 25
Boposna Bricora, cM 14,1£0,5 | 5,6-28,5 | 18,7 | 4,3 31
0e3 yxona IIpupoct, cm 76 | 7,1£0,3 | 1,0-18,3 9,2 3,0 43
Huamerp, MM 1,7+0,1 0,8-3,1 0,3 0,6 35
Bricora, cm* 86 | 11,3+0,3 | 5,0-19,0 8,0 2,8 25
BricoTta, cMm 13,0£0,5 | 5,6-21,9 | 13,1 | 3,6 28

[Inact ¢ yxogom

[Ipupoct, cm 60 | 3,8+0,2 0,3-9,0 3,7 1,9 51
Huametp, MM 2,1+0,1 1,0-3,2 0,2 0,5 23
Bricora, cm* 75 1 10,6£0,3 | 3,0-16,0 8,8 3,0 28
Bricora, cm 13,7£0,6 | 3,6-25,6 | 24,4 | 49 36

ITnacr 6e3 yxona
[Ipupoct, cm 66 | 4,6£0,3 | 0,5-10,8 5,1 23 49
Huametp, MM 1,9+0,1 0,5-3,8 0,4 0,7 35
BricoTta, cm* 82 110,9+0,3 | 7,0-21,0 6,9 2,6 24
Boxk miacTa BricoTa, cm 14,7£0,4 | 7,6-21,5 13,2 | 3,6 25
C yX040M IIpupoct, cm 70 | 6,5£0,3 | 1,0-15,6 7,1 2,7 41
Huametp, Mm 2,5+0,1 1,5-4,5 0,4 0,6 26
Beicora, cM* 94 | 11,6+0,4 | 3,5-34,0 | 12,4 | 3,5 30
Heo6paboTannast Bricorta, cm 13,6£0,5 | 6,7-21,5 | 11,5 | 34 25
110YBa C yX0J40M IIpupoct, cm 48 | 3,8+0,2 1,1-8,0 2,8 1,7 44
Huametp, Mm 1,9+0,1 1,0-3,0 0,2 0,5 24

[Tpumeuanne: * — m3MepeHns BHIMOMHEHB! BecHOH 2019 1., ocTanbHBIC JaHHBIC MTONYYCHBI
ocerpto 2019 1.; N — umucino usMmepenuit; M+m — cpeaHee 3HaueHHE C OMIMOKOM; Lim —
MHUHHAMaJIbHOE ¥ MaKCHUMaJIbHOE 3HAueHus; S — AUCIEpCHUs; 6 — CpeHee KBaJApaTHYecKoe
otkioHenue; CV — koaPpUIIMEHT Bapralnu.

Pasznuuus B OMOMETpUYECKUX TIOKA3aTENAX Y KYJIbTYP, TOCAKECHHBIX B TUIACT C
YXOJI0M U 0€3 HET0, UMEIOTCS TOJIBKO 110 uaMeTpy (Tect ManHa—Yurthu, p = 0,0363<
< 0,05). [1o BICOTE M JTMHEWHOMY IIPUPOCTY Pa3INUnii HE BRISABIEHO (TecT MaHHa—
Yutan, p = 0,2880 > 0,05 u p = 0,0545 > 0,05 coorBeTcTBeHHO). OTHAKO BU3YaIHHO
OMpeJIeNICHO, YTO B BapraHTe 0e3 yX0/1a BbIcOTa ObLIa HYDKE, a cTana Bbiie. [Ipupoct
TaK)Ke HEHaMHOT0, HO BHIIIIC.

[lo nmaHHBIM OCEHHEH WHBEHTAPU3AIUM JIOCTOBEPHO OTJIMYACTCS BBICOTA
KYyJbTYpP, CO3JaHHBIX BI)ICElJlKOﬁ Marcpuajia B JHO 60pO3JII)I, OT BBICOTEI BapUaHTa B
miacT 6e3 00padoTku mouBkI (TecT Kpackena—Yommuca, p=0,0001 > 0,05). [Tputom,
YTO B Hayaje 3KCIEPUMEHTAa UMEHHO BapHaHT C MOCAAKOH B JIHO OOpPO3J]bI MMeEN
JIOCTOBEPHO CaMYyK HHM3KYIO CPEIHIOIO BBICOTY. [10 MPHPOCTY YETKO BBIACIAIOTCS
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BapHaHTHI C BBICAJKON Marepuaiia B OOK IUiacTa U B OOpO3y, HMEIOIIUE JIy4IITHe
[IOKa3aTely, TOCTOBEPHO HE OTIMYAIONINecs MEXIy co00il, HO JOCTOBEpHO OTIIH-
Yarommecs OT BapHaHTOB «IUIACT» U «HeoOpaboTaHHas mouBa» (Tect Kpackema—
Yommuca, p = 0,0001 > 0,05). Pa3zauma B mpupocTe cocTaBmiia MouTH ABa pasa (6,5—
6,6 u 3,8 cm). [lo nuameTpy cpeay OCTaNbHBIX OJHO3HAYHO BBHIJENISETCS BapHAHT
«0ok tutacta» (tect Kpackena—Yommuca, p = 0,0001 > 0,05): nuametp nepeBbeB B
HEM 2,5 MM, B OCTalIbHBIX BapuaHTax — 1,9-2,1 Mm.

Kax BUHO U3 MOTyYEeHHBIX Pe3yJIbTaTOB, HANOOJIEE HU3KUE TIPUKUBAEMOCTh
U OMOMETpPHYECKHME IOKAa3aTeld XapaKTepHbI Ui BapuaHTa «HeoOpaboTaHHAs
mouBa». [lomoOHBIE BHIBOABI paHee OBLTH CHETaHBl B YCIOBUSAX ApXaHTeIhCKOM
obmactu. [4] u ©unnsanun [13]. Ha aydmyro nprkuBaeMOCThb MOCAJIKH B ILIACT
0bU10 yKazaHo B 003ope P.®. Carron [20], BIOCIEACTBUH 3TH BBIBOZBI TIOATBEPIK-
JICHBI Ha mocajakax e oObikHOBeHHOM B IlIBenmu [12] u JlarBuu [10]. B Hamem
ClIydae JIydInas MPWKABAeMOCTh IMMOJTy4YeHa B BapHaHTaxX C BBICAIKOW CESHIICB B
0opo3ay u B OOK MIIacTa ¢ yXoJlaMH, B Tu1acT 6e3 yxoaa. ITo MO3BOJISAET 3aKIIOYUTh,
YTO YXOZbl CHOCOOCTBOBAJIM MUCCYIICHUIO TIOYBBI M TEM CaMbIM YBEJIUYMIU OTIA]
JepeBbEB, Beb UIMEHHO BoJa [19] onmpexnensier npuxuBaemMocTb. sl ycTpaHeHuUs
ATOTO0 OCHOBHOT'O HEJIOCTATKA MOCAJKH B TUIACT NPEIAraeTCs METO/I 3arTyOJICHHOM
rocanku [18], KOTOpEIN B dKCIIEpUMEHTE, TIpoBeneHHOM B LleHTpansHo# DUHIIIH-
JIUH, TI0KA3aJl, 9YTO TIIyOOKas IMocajika yJaydlIaeT POCT CESHIEB el OOBIKHOBEHHOM
U B CyXUX YCJIOBUSX JIa€T UM MPEHUMYILNECTBO. YUYUThIBAS JTUHAMUKY 3aJICPHCHUS,
pPSAN YYEHBIX TpeJularaloT HadyMHATh yXOJbl B YCIOBHSX CBEXEH BHIPYOKH Ha
3-5-i ron, a Ha MPOLUIOTOAHHUX BBIPYOKax — co 2-ro roxa [8]. B Hamem ciydae
MPUYMHA, M0 KOTOPOW MBI HE PEKOMEHAYEM MPOBOAHUTH YXOIBI B TOJ MOCAIKH
(mpu BeceHHe) M Ha cleAyromuil rof (P OCCHHEH), 3aKII0YaeTCsS B TOM, 4YTO
MIPaKTHKAaMHU JIECHOTO XO3SHCTBAa OTMEUYEHA CIIOCOOHOCTH €M CHOMPCKOUW XOPOIIIO
MIEPEHOCUTh 3ariylieHue TPaBSIHUCTBIM MOKPOBOM. DTO €IWHCTBEHHAs IOpPOa,
KOTOpasi CIOCOOHA CaMOCTOSITCJIbHO BBIMTH W3-TIOJT BJIMSHUS TpaB. BusyanbHas
OIIEHKa 3apacTaHUs HAa HAIIMX OOBEKTaX IOKa3aja: B IEPBBI BEreTAllMOHHBIN
MIEPHOJ] TPaBbl B 0OPO3/ie MOYTH HE Pa3BUBAIOTCH, a 1O IUIACTaM UX I'yCTOTa BIBOC
MEHbIIIE, YeM B ()OHOBBIX YCIIOBHSX.

Henb3s He otMeTuts, yto ceauiibl ¢ 3KC uMeroT onpeaeneHHblid AKU3HEHHBIN
pecypc M 3a4acTyl0 y MPAKTUYECKH YCOXIIETO CesHIla BEpXyIIeUHas IMOYKa
TporaeTrcst B pocT. ITo 00yCIIOBICHO HaJHM4ueM TOP(SIHOro cyOcTpara, KOTOPHIH
CIOCOOCTBYET XOPOIIEH MPUKUBACMOCTH M 00ECIICUNBAeT MHTCHCUBHOE Pa3BUTHE
[15]. OmHako TIpoBeICHHBIC CPABHHUTEIbHBIC HCCIeqoBaHuUs [16] moka3anu, 9To B
JNEHCTBUTEILHOCTH MPEUMYIIecTBa mocajoyHoro matepuaia ¢ 3KC nposBisroTcs
TOJILKO B TIEPBBIC TOJbI, B JajbHEHIIEM pa3jvuus C KyJbTypaMH, CO3JaHHBIMH
ITOCAIOYHBIM MAaTEPHAIIOM C OTKPBITHIMH KOPHSIMH, OTCYTCTBYIOT.

OTMeTHM, 4YTO HEJaBHsIS TMONBITKA OPraHOB TOCYIApCTBEHHON BJIACTH
3aMpeTHTh OCEHHIOI IOCAAKy HE WMeeT HayyHoro obOocHoBaHus. CrienuanbHO
IIPOBE/ICHHBIC CPABHUTEIIBHBIC HUCCIICAOBAaHUS BBISBUJIM, YTO BECCHHSS IOCAJKa
nmaet Oosee Hu3kue mpupoctsl [11, 17]. B ycnoBusix TaexHon 30HbI Cubupu oHa
BOOOIIIE TPYJHO OCYIIECTBHMA TI0 TIPOM3BOJICTBEHHBIM NPUYHHAM (HEOCTYITHOCTh
JIECOKYJNBTYPHBIX IUIOMIAACH, TEpeyBIAKHCHHOCTh TMOYBOTPYHTOB U T. I.).
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B menoM no0yi0 TEXHOJNOTHIO HEOOXOAWMO A0padaThiBaTh IMOJ KOHKYPEHTHBIN
1ecoo0pa3yomuil BU, MO PErHOHaIbHbIE KIMMAaTUYECKHE U JIECOPACTUTEIIbHbIC
ycnoBus [14].

Baxnouenue

DKCTepUMeHTa bHasl OlEHKa MPKABAEMOCTH OJHOJETHHUX CESHIIEB eln
C 3aKpBITOW KOPHEBOH CHCTEMOW TOKa3asia, YTO JaHHBIM IMOKa3aTeNb 3aBHCUT HE
TOJIBKO OT PAcIONIOKEHHUs OCaJOYHOTO MECTa, HO M OT arpOTEXHUYECKUX YXOIO0B.
He pexomenayercs mnocagka B aBTOMOP(HBIX YCIOBUSX Npou3pacTaHusi 0e3
00paboTku mouBbl. Hanbosiee pacrpocTpaHeHHasi Mocajka B JHO OOpO3/bl JacT
HOPMAaTHBHYIO TPYKMBAEMOCTh, TaK kK€, KaKk M TMOCajKa B IUIACT, HO 0€3 yXOJ0B
BBHJIy TI€PECHIXaHUS TUIACTOB M, MTO-BHIUMOMY, M3IUIITHEH WHCOJSAIMH. Tpexkpar-
HBIC YXOJbl CHU3WIH TPHUKHBAEMOCTh KYyJbTYp, UCKIFOUYCHHUEM CTalla MOCajKa B
0ok miacra. OueHka JUHEHHOTO POCTa JIECHBIX KYJBTYp, KOTOPBIM yKa3bIBaeT Ha
YCOCUIHOCTD UX aJallTallui K HOBbIM YCJIOBUAM CPEbl, CBUACTCIBCTBYET O TOM, UTO
MIPUPOCT CESHIIEB, MOCAKEHHBIX B O0po3/e u B OOK Iuiacta, B 2 pas3a BbIIIE, YeM
B OCTAJILHBIX BapuaHTaX. TakuM oOpa3oMm, HanOoJiee yIagyHbIM CITOCOOOM ITOCAIKU
SIBIIIETCS TTOCa/IKa B OOK IacTa.
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OpuruHaibHas ctatbs / [locmynuna 6 peoaxyuio 26.02.20 / Ipunsma k newamu 14.05.20

Annomayun. OnHON W3 Hamboiee pacIpOCTPAaHEHHBIX B Jiecax PoccWW IMOMIECOYHBIX
MOpOZ, HMEIOIIMX HE TOJBKO BaKHOE JIECOBOJCTBEHHOE 3HAUCHHWE, HO U IIMPOKO
UCTIONB3YIOIINXCS B XO3SIMCTBEHHOH AEATEIBHOCTH, SIBISIETCS MOXKKEBEIBHHK OOBIKHO-
BeHHBIN (Juniperus communis L.). Ero M3y4eHUIO TMOCBSIIEHB MHOTOUYHCIICHHBIE PabOTHI
OTEYECTBEHHBIX U 3apYOEKHBIX aBTOPOB. B cTaThe MpUBEIEHBI pE3yIbTaThl FTe000TAHMIECKNX
U JIECOBOJICTBEHHO-TAKCAI[MOHHBIX HCCIICIOBAHUN YHUKAJIBHOTO Yy4YacTKa COCHOBOTO
Hacaxxaenus (Kupuimosckwii p-H Bomoroackoit 00:1.), BO BTOpOM sipyce KOTOPOTO TIPOU3-
pactaeT npeBoBHIHAs (popMa MOXIKEBEIbHHKA OOBIKHOBEHHOTO. [IpEBOCTOH OIIEHEH Kak
BBICOKOITOJTHOTHBIN (0OTHOCHTENbHAs TTosTHOTA — 0,85) M HU3KOOOHUTETHBIN (Kacc OoHUTEeTa —
V-1V). Oburwmii 3amac cTBOJIOBOI ApeBeCHHBI Ha ydacTke — 280 M3/ra, B T. 4. 3amac Jpe-
BECHHBl MOXOKeBENbHHKA — 28 M3/ra. CpemHWl OHaMeTp CTBOJOB MOMOKEBEIBHHKA —
14 cMm, cpemusis Beicota — 11 M 1 Bo3pacT — 180 seT. DTO B HECKOIBKO pa3 MPEBHIIIAET €ro
MOKa3aTenu B JPYTHX JecaX. 3HAYUTEIbHOE KOIMYECTBO 3K3EMIUIIPOB MOXIKEBEIbHHKA
(50 mT./ra) HAXOOWUTCS B CTaOUHM YCHIXaHUS WM YK€ TOTHOJIO W TPEACTaBIIeT CcOoOO0it
CYXOCTOH pa3HbIX JieT. KOoIMuecTBO MEIKOro M CPEHEro MOAPOCTa MOXKKEBEIbHHKA —
1,5 TeIC. IT./Ta, WM 62,5 % OT 4ncna pacTylIMX 3K3eMIUIIpoB. Berpedaercs: Taxoke 1mon-
POCT enn eBpOTEHCKOH, Oepesbl MyIMUCTON W OJbXH depHOU. IloapocT omeHMBaeTcs Kak
MepCreKTHBHBIN. [logpocT cOCHBI OOBIKHOBEHHOH OTCYTCTBYET. B HAaImOUBEHHOM ITOKPOBE
JIOMUHHUPYIOT 3eJIeHble U c(harHOBbIE MXH, a TAaKXKe KyCTapHWUKH ceMeicTB Ericaceae n
Vacciniaceae. V3yuenne momoOHBIX 00BEKTOB, KpaiHE PEKO BCTPEUAIOLIUXCS HE TOJBKO
Ha ceBepe eBporelckoi gacTi Poccru, HO M MOBCEMECTHO, UMEET OOIBIIOE MPAKTUIECKOE
3HAUEHHE, a TAKXKE BAKHO JJIsI IOHUMaHHs OMOJIOTHH €CTECTBEHHO IPON3PACTAIOMIETO 3/1€Ch
€AMHCTBEHHOTO TpeCTaBUTeNs cemelicTBa Cupressaceae. JIpeBOBUIHBIN MOXGKEBEIbHUK B
COCHOBOM HAaCaXICHUU COXPAHWUJIICS U JOCTHUT Pa3MEPOB HE CBOMCTBEHHBIX JTAHHOMY BUY H3-
3a TPYJHOOCTYITHOCTU TEPPUTOPHH, OTCYTCTBHSI ITOKapoB U pyOok seca. [TogoOHbIe yyacTkH
HEOOXOANMO BBISBIISATH, OPATh 10J1 OXpAaHy M BECTH HA HUX CTAllHOHAPHBIEC UCCIIEIOBAHN.
/na yumuposanua: Esnoxumo M.B., JloOpemma A.Il., Apmeea H.A. JlpeBoBHaHas
¢dopma mMoxckeBenbHUKA (Juniperus communis L.) B necax Bomoroackoi obmactu // M3B.
By30B. JlecH. xypH. 2021. Ne 5. C.201-209. DOI: 10.37482/0536-1036-2021-5-201-209

Knrwouesvie crosa: cOCHOBOE HACaKACHHE, MOMOKEBEIBHUK OOBIKHOBEHHBIH, NPEBOBHIHAS
¢dopma, Kupnnmosckuit paiion, Bonoroackast o6macts.
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Abstract. Common juniper (Juniperus communis L.) is one of the most widespread undergrowth
species in the forests of Russia. It has not only important silvicultural significance but is
also widely used in economic activities. Numerous works of Russian and foreign authors
are devoted to its study. The article shows the results of geobotanical and forest inventory
studies of a unique area of pine plantation in the Kirillovskiy district of the Vologda region. In
the second understorey of which tree-form common juniper grows. The stand was classified
as high-density (relative fullness — 0.85) and low quality (quality class — V-IV). The total
stock of trunk wood on the site is 280 m?/ha, including the stock of juniper wood — 28 m3/ha.
The average diameter of juniper trunks is 14 cm, the average height is 11 m and the age is
180 yrs. This is several times higher than its usual parameters in other forests. A significant
number of specimens of juniper (50 pcs/ha) are in the stage of drying out or have already
died and represent dead wood of different years. The number of small and medium-sized
Jjuniper undergrowth is 1.5 ths pcs/ha or 62.5 % of the growing. Undergrowth of European
spruce, downy birch and black alder is also found. The existing undergrowth is assessed as
promising, but Scots pine undergrowth is missing. The ground cover is dominated by green
and sphagnum mosses as well as shrubs of the Ericaceae and Vacciniaceae families. The
study of such objects, extremely rare not only in the north of the European part of Russia, but
also everywhere, is of great practical importance. It is also important for understanding the
biology of the only representative of the Cupressaceae family that naturally grows here. The
tree-form juniper in the pine plantation has survived and reached a size not typical for this
species due to the inaccessibility of the site, the lack of fires and forest felling. Such forest
areas should be identified, protected, and subjected to stationary research.

For citation: Evdokimov 1.V., Dobrynin A.P., Armeeva N.A. Tree Form of Juniper (Juniperus
communis L.) in the Forests of the Vologda Region. Lesnoy Zhurnal [Russian Forestry
Journal], 2021, no. 5, pp. 201-209. DOI: 10.37482/0536-1036-2021-5-201-209

Keywords: pine plantation, common juniper, tree-form, Kirillovskiy district, Vologda region.
Beeoenue

MoxKeBEeTbHUK OO0BIKHOBEHHBIN (Juniperus communis L.) pacnpocTpaHeH
oueHb MUPOKOo. OH BCTpEUYaeTCs HE TONHKO TOJ MTOJOTOM Jieca KaK IMOJJIECOTHAS
TTOpo/1a, HO ¥ Ha OTKPBITHIX MECTOOOUTAHUSAX, 3aHUMAS TOCTYITHBIC YKOJIOTHUECKHE
HUIIN TPAKTHYECKH Ha BCel TeppuTOopuu | 0NapKTWKH, B T. 4. MO BCEH JIECHOM
3one Poccuu [1, 7, 10, 16, 18, 19, 21]. Ognako ¢ cepeaunbl XX B., BO3MOXKHO,
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W3-32 M3MEHEHHUs KJMMaTa, 3arps3HeHus aTMocqepbl, BBHIpYOKH Jieca, BbINa-
ca CKOTa M T. II. BCTPEUAEMOCTb MECT MPOU3PACTAHHS MOXOKEBEIbHUKA PE3KO
cokparuiack. OCOOEHHO 3TO NPOSBUIOCH B OTHOIIEHUH €0 IPEBOBUIHOMN (POPMBL.
OCHOBHOH NPUYMHON CHMIKEHUS YHUCICHHOCTH JIPEBOBHUIHOIO MOXOKEBEJIbHUKA
Ha eBporelickoM ceBepe Poccun Obuia ero BeIpYOKa ISl XO3SIMCTBEHHBIX HYXKIT
MECTHBIM HACEJICHHUEM.

OK3eMIULSIPbl MOXOKEBEJIbHUKA OOBIKHOBEHHOI'O MOTYT IOCTUIaTh BBICOTHI
17-18 M u tuametpa 28-30cm [1, 7, 10, 15]. MakcumanbHas IpOAOTIKUTEIBHOCTh
JKU3HU MOXOKEBEIbHUKA OOBIKHOBEHHOTO B YCIOBHUSIX PaBHHHHOHM TalUTH OOBIYHO
He npesbimaet 300400 net. KpymHBIX pa3MepoB OH JOCTHTAeT PEIKO ¥ JIHIIb
B MCKJIIOUUTEJIBHO OJIaroNpUATHBIX YCIOBUSX. PsoM aBTOpOB BbIAEIEHO
HECKOJIBKO, B T. 4. U [PEBOBHIHBIX, (OPM MOKKEBEIbHIKA OOBIKHOBEHHOTO [1, 2,
4,12, 15,17, 22].

Lenp wuccnegoBaHuii — pgaTth reoOOTAHUYECKYH0 U JIECOBOJICTBEHHO-
TaKCAIlMOHHYIO OIIEHKY COCHOBOTO HACa)JICHHUs, BO BTOPOM sSpyce KOTOPO-
ro TIpou3pacTaeT APeBOBHUIHAS (opMa MOXIKEBEIbHHKA OOBIKHOBEHHOTO, AJIS
COXpaHEGHMsI JPEBOCTOSI M NPHUIAHUS Y4YacTKy cTaryca 0co00 oXpaHseMon
npupoanoit repputopun (OOIIT).

Obvexmbl U Memoobl UCCLE006AHUS

Jlerom 2019 1. Ha Tepputopun KopoTeukoro y4acTKOBOI'O JIECHUYECTBA
Kupunnosckoro necxosa (kB. 84, Boif. 23) Bonoroackoit o0mactu 0611 HCCIETOBAH
JiecHOH MaccuB (reorpaduyeckue koopauHarel: 60°23'10" c. ur. u 38°49'22" B. 1.)
CO 3HAYMTEIBHBIM y4acTHEM BO BTOPOM SpPYycE IPEBOBHIHOTO MOMKECBEJIbHUKA.
MaccuB BBITSIHYJICS y3KOM ITOJIOCOH 110 JIeBOMY Oepery p. ElToMbl B MecTe BiaieHus
B Hee p. ChIUYEHBIM HEINOCPEJCTBEHHO BIOJb ype3a BOJbI Ha MEPHOIUYECKH
MOJATOTIIEMBIX TOP(SHBIX MOUYBaX. TakWe Y4acTKH Jieca, B COCTaBE KOTOPBIX
MPUCYTCTBYIOT HEOOBIYHO BBICOKHE MOKKEBEJIBHHUKH B (pOpME JEPEBBEB, Yallle
BCETO MMEIOT MOCIJIETOXAPHOE MPOUCXOKIECHNE W TPHUYPOUCHBI K JIOKAIUSIM C
BBICOKOU TPO(HOCTHIO TOYB M BpEMEHHBIM U30BITOYHBIM YBIIAXKHEHHEM. [lo MHEHUTO
b.Jl. Epmonuna [5], nogoOHble yHUKATIbHBIE YYaCTKH MOJJICKAT OXPaHE U JTOJIKHBI
OwITh BKITIOUEHBI B equHbIi peectp OOIIT ceBepo-BocToka EBpomsr.

Bomnpocel anatomuu, Mopdoyiorud, (HHU3UOJIOTHH, PA3MHOXKCHUS U
OHTOT€HE3a MOXOKEBEIIbHUKA MOAPOOHO M3JI0KEHBI B psiie pab0T OTEUeCTBEHHBIX
n 3apybexssx astopoB [1, 3, 10, 13, 15, 16, 18-20]. Hamu wuccremoBanus
KacaroTcs JINIIb Te0O0TAHUKH, JIECOBOJCTBEHHBIX, TAKCAIIMOHHBIX 0COOECHHOCTEH
1 JIECOBO300OHOBIICHHUS.

[Ipu npoBeaeHNN TaKCAIIMOHHBIX PaOOT ObUI MCIIOJIB30BaH METOJ YTIIOBBIX
mpo0 (kpyroBeIxX miomiaaei) [11]. JlnamMerp cTBOIOB M3MEPSIN MEPHOU BIIKOH
Ha BeIcoTe 1,3 M OT mIeiku kopHs, BbicoTy — BeicoToMepoM SUUNTO. Ilonunoty
HacakJIeHUs ompeAessiiin npudopoM butrepnuxa, 3amac gpeBecHON MOPOIBI — IO
dbopmyiie

M=fGH,
rjae M — 3amac CTBOJIOBOHM JApeBecHHBI, M3/Ta; f — BUAoBOe 4ucio; G — cymma
TIoIIaAel ceueHns, M%/ra; H — cpeHss BHICOTA, M.
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KonuuectBo mogpocta Beruucisuin metogoMm B.@. Prinkosa [8], T. €. myTeM
3aKIaaKH (CIydaiiHBIM 00pa3oM) MPOOHBIX KPYTOBBIX INIOMIAIOK paguycoM 2,53 M
(20 M?) 1 nanpHeHIIero MoACYeTa JEPEBbEB C YUYETOM MOPOJBI U KpymHOCTH. [lpn
9TOM HCTIOIH30BATH (OPMYITY

N =500n/k,

rae N — KOJIM4ecTBO MOAPOCTa, MIT./Ta; 7 — KOJIMYECTBO IOAPOCTA HA K YUETHBIX
IUIOINA/AKAX, IT.; K — YMCIIO0 YYETHBIX TUIOIIAI0K, IIT.

I'eoOoTaHNueCKHE HCCIEIOBAHUS NIPOBOIWIN C HCIIOJIb30BAHUEM HHIEKCOB
0o0WIIUST — MPOEKTUBHOrO MOKpbITUsi bpayn-bnanke [12, 14]: » — Bun BcTpeuaeTcs
€MHUYHO; + — IIPOEKTUBHOE MOKPBITHE HE TpeBbimaeT 1 %; 1 — 1-5 %; 2 — 5-25 %j;
3 —25-50 %; 4 — 50-75 %; 5 — 75-100 %. Jlns yrouHeHust 00TAaHUYECKUX Ha3BaHUN
BCTPEUYEHHBIX PAaCTEHUI MPUMEHSITN OIpeienuTent [6, 9].

Pesynomamer uccredosarus u ux oocysxcoenue

HccnenoBanHoe HacaXICHUE IPECTABIISIET COOO0M IBYX BSIPYCHBIN APEBOCTOH
¢ mpeoOIagaHeM B IEPBOM SIPyCe COCHBI 0OBIKHOBEHHOU MEPECTOMHOTO BO3pacTa.
Brtopoti sipyc 00pa3yroT ofibxa uepHasi ¥ MOXKKEBEIbHUK OOBIKHOBEHHBIH, a TaK-
)K€ HE3HAYUTEIHLHOE KOJTUISCTBO €M €BPOIMEHCKON U Oepe3nl mymucToi. CTBOIBI
MOYKEBEJIbHUKA MOKPBITHl OTCIAUBAIOLICHCS KOPOH, MHOTHUE U3 HUX HaXOASITCS
B CTAIUM YCHIXaHUsA. Bo3pacT MOMOKEBEIbHUKA, KAK U COCHBI, COCTABISET OKOJIO
180 net. Enp, Oepe3a u obxa HIMEIOT OoJiee Mo31Hee TPOUCXOK/ISHUE.

[Momiecok nmpecTaBiIeH peIKMMH KyCTaMHU KpYIIHHBI ToMKO#. Oco00 xoueTcs
BBIZICJIUTH CTaTyC MOJIOJIBIX AK3EMIUIIPOB MOYKKEBEITHHIKA, OOBIYHO OTHOCSAIITUXCS
K TIOJIJIECKY: B YCIIOBUSIX JaHHOT'O MECTOOOHMTAHHS HE WCKIFOUYEHA BO3MOXKHOCTH
TIOSIBJICHUST MOXOKCBEIIPHUKA B HIDKHEM SIpyCe JPEBOCTOS MO MPUYWHE paciiazia
BEpPXHETO spyca, ero BBIPYOKH, THOENH B pe3yibTaTe MOJITOIUICHUS WA JIPYTUX
MPUYHUH, YTO YK€ CIyYaloCh B MpouioM. MIcXoast U3 3TOr0 Mbl OTHECIH MOJIObIC
3K3EMILISIPbl MOYKKEBEJIbHUKA K [TOJPOCTY, HEMHOTOUUCIEHHOMY U BKJIIOYAIOIIEMY
KpOMe MOKKEBEJIbHUKA HOBOE TIOKOJICHUE €JIH, OJIbXU U Oepe3bl.

TopdsHO-TIIeeBBIC TOYBHI BEPXOBOTO THIIA U TOBEPXHOCTHOE PACTIONOKEHNE
CPYHTOBBIX BOJI OMPEACIMIN BUJOBOM COCTAB HAIIOUBEHHOI'O OKPOBA, B KOTOPOM
npeo0JaaloT pa3jiuvHble MXU M KyCTapHU4YKd. B Tabn. 1 mpuBeleH cocras
pacTUTENIBHOM IPYNIUPOBKHU Il MECTA MPOBEICHUS UCCIEIOBAHUM.

TaGnuna 1

Bunosoii coctaB PACTUTEJIBbHOCTH MAaCCHBA JIECA € YHACTHEM MOKKEBEJIbHUKA

Wnpexc
Spyc Pacrenue MPOEKTUBHOTO
MOKPBITHSA
HpesecHo- CocHa 0ObIKHOBEHHAs (Pinus sylvestris) 4
KyCTapHUKOBBIA | Enip eponeiickas (Picea abies)
Bepesa nmymmcrtas (Betula pubescens) +
Onbxa uepHas (Alnus glutinosa) 1
MosxKeBeTbHUK OOBIKHOBEHHBIHN (Juniperus communis) 1
Kpynmna nomkas (Frangula alnus) +
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Oxonyanue maon. 1

HNuanekc
Spyc Pacrenune MIPOEKTUBHOT'O
MIOKPBITHUS

TpassHo- Baryneauk 6onotHsI (Ledum palustre) 2
KyCTapHUYKOBBIN | Yepnuka (Vaccinium myrtillus)

Bpycuuxka (Vaccinium vitis-idaea)

N[O (W

Tonybuka (Vaccinium uliginosum)

BonoTHblit Mupt 00bikHOBeHHBIH (Chamaedaphne caly-
culata)

—_—

Bepeck obsikHOBeHHBIH (Calluna vulgaris)

[Ton6en obbIkHOBEHHBIN (Andromeda polifolia)

Mopomka (Rubus chamaemorus)

Jlangpim Maiicknit (Convallaria majalis)

Cenmuunuk eBponeiickuii (Trientalis europaea)

Maitauk nBynuctHeiid (Majanthemum bifolium)

Kucnuia oosikaoBeHHas (Oxalis acetosella)

Ocoxka octpas (Carex acuta)

Bacunuctauk Bogocoopusiii (Thalictrum aquilegifoliun)

Beiinuk secHoit (Calamagrostis arundinacea)

MoxoBo- Coarnym I'mprensona (Sphagnum girgensohnii)

JHIIAHHAKOBBINA | [Tnespoumym IlIpe6epa (Pleurozium schreberi)

o LSl I N e e o I R o o N R

Juxpanym metnoBuaHbIN (Dicranum scoparium)

Putunnanensdyc Tpexrpannstit (Rhytidiadelphus tri-
quetrus)

+

+

I'unoxomuywm 6nectsammii (Hylocomium splendens)

Kimumanmywm npesosunnasiit (Climacium dendroides) +

[Moautpuxym MOXIKEeBEIbHUKONOI00HBIN (Polytrichum
juniperinum)

B HanouBeHHOM MOKpOBE NMpeobIaaaroT c(harHOBBIC U 3eTIEHBIC MXH, a TAKKE
KyCTapHHYKH U3 ceMeNCTB Ericaceae n Vacciniaceae. Tun necano B.H. CykaueBy —
COCHSIK YEepHMYHBIN BIaXHBIM. [TOBEpXHOCTH TMOYBHI MOJBEPKEHA BO3JEHCTBUIO
MepPUOANYECKUX MMOATOIUIEHUH U OYeHb HEPOBHAs, BCJIEICTBHUE YETO B pacipe/ere-
HUUW PACTHTEIHFHOCTH OpOCAETCS B IVIa3a HEKOTOPAsi MO3AMIHOCTb.

[ToxpocT pacmpeneneH mo miomand HepaBHoMepHo. [IpeoOnagaer onbxa
YepHass ¥ MOXKEBEIBbHUK, KOTOPBHIM MPH HAIUYUHA KAKUX-TO HCKIIOUHTEIHHBIX
YCIIOBHIA MOXET 00pazoBaTh BTOPOH sipyc apeBoctos. Exbp u Oepesa B moapocte
UTPAIOT MEHEE 3aMETHYIO poJib (Tadu. 2).

Nmeromuiicss moapocT OLIEHUBAETCS KaK NepcneKTUBHBIN. [1ogpocT cocHbI
orcyTcTBYeT. 1IpuunHOi 3TOro, MO-BUAUMOMY, SIBJIIETCS HE TOJBKO 3aTEHEHHE CO
CTOPOHBI BEPXHErO sipyca, HO MEPUOAUYECKOE UIUTEIbHOE MOATOIUIEHUE BOJAMU
p. EdoMbl 1 ee MPUTOKOB, a TAKXKE MJIOTHBIN TPaBIHO-KYCTAPHUYKOBBI U MOXOBO-
JUIIAaRHUKOBBIN sipyc. [lepcnekTrBa TpaHchopMaIiu NOAPOCTa MOXIKEBEIbHUKA BO
BTOPOM ApyC APEBOCTOSI HEOUEBH/THA.
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TabGuuna 2

EcTecTBeHHOE BO300OHOBJIEHHE APEBECHBIX MMOPO/I IO/ IOJI0IroM Jieca

KonmuectBo noapocta, Teic. mr./ra/ %

Bunosoii coctas = - =
METKHI CpEHHUIA, KPYIHBIH,
nojpocta
AP (10 0,5 M) | (0,5-1,5m) | (Gonee 1,5m) | 2660
Enb eBponeiickast - - 0,25/20 0,25/7
Ospxa gepHas - 1,0/ 50 0,50/40 1,50 /40
Bepesa mymmcras - - 0,50/ 40 0,50/13
Mosmenerbiic 0,5/100 | 1,0/50 - 1,50 / 40
OOBIKHOBCHHBIH
HUmozo | 0,5/100 2,0/ 100 1,25/100 | 3,75/100

[lo Hamemy MHEHHIO, ONAronmpUATHOE BIMSIHUE HAa POCT MOXOKEBEIBHUKA
JUIUTENILHOE BpEMs OKa3bIBAJIM OKpY’KaloOLMEe HAacaXJEHHUE MacChl BOJBI, KOTOpbIE
CHIDKAJIM OTpULIATENIbHOE BO3ZIEHCTBHE TTOXOJI0/IaHNH, 3aMOPO3KOB, PE3KHUX TEpernaioB
TeMIIepaTypbl, yBETUIHBAIIH MPOIODKUTETHHOCT BET€TAIIMOHHOTO TIEPHO/IA, CO3/1aBAIIH
YCIIOBHS VISl YCIIEIIHOTO IIOJOHOILIEHHS 1 €CTECTBEHHOI'O BO300OHOBIEHU. B 1THX xe
MecTax, IOMUMO YKa3aHHBIX IIOPOJI, HHOTIa BCTpeuaeTcsl B3 IIA/IKUIA, HAXO/sCh Ha ce-
BepHOH rpanune cBoero apeaia. ITo p. Cose u CBuap, a Taxke 1o 03. Boxxe naHHbIM
BUJI, BEPOATHO, 3aX0UT B coceqHni KOHOIICKM paifoH ApXaHreabCKOH 00acTu.

B tabn. 3 npuBeneHsl pe3yabTaThl TAKCAIIMOHHBIX UCCIIEA0BAaHU, TPOBECH-
HBIX B COCHOBOM HAaCa)KJCHHHU C YYaCTHEM JIPEBOBUIHOW (OPMBI MOKKEBEIBHUKA,
COXPAHUBIIErOCs 10 HAIUUX JAHEH B CBS3U C TPYAHONOCTYIHOCTHIO HACaKICHUS:
01mM30cTh K p. MozsIoHe ¢ Maccoi IpOTOK U 3a00104CHHBIMU OeperaMu JesIatoT NpH-
MBIKalOIME K Hel Jeca HenocsiraeMbIMU. Ha OTAENbHBIX CTBONAX COCEH 3aMETHBI
ClIe/Ibl MOACOYKH, paHee 3/eCh MPOBOAMBIICHCS. MIMEIOTCS U MPHU3HAKH BBIPYOKH
CTBOJIOB MOXCKEBEJIBbHUKA, OUEBUIHO, JUIS U3TOTOBJIEHUS MEJIKUX MOJENIOK I IS
JIPYTUX HAPOJHBIX MPOMBICIOB. 3HAYUTEIbHAS JIONIS CTBOJIOB MOXOKEBEJIbHHUKA Ha-
XOOUTCS B CTAIMU YCBIXaHMS WJIM YK€ IOrHOJa W IPEACTaBiIseT cO0OH CyXOCTOH
pas3HbIX JeT. UNcIo CyXOCTOMHBIX M BaJICKHBIX AK3EMIULIPOB MOXKIKEBEIbHUKA Ha
ydacTtke cocraisiet S0 mT./ra, wim 62,5 % OT 4ncia pacTyiux.

Tabnuma 3
TakcauHOHHBIE MOKA3aTeJIM HCCJIEeAYeMOro JeCHOT0 MacCHBa
Cpennme Bumosoe | Ywmcno Cymma . 3anac .
HpeBeCHaS{ THCIIO CTBOIOB, mIonaacu CTBOJIOBOH
nopoja JIMaMETP, BBICOTA, ) T./Ta CCUCHHA, | IPCBCCHHEL,
oM M m2/ra M3/ra
CocHa 0OBIKHOBEHHAS 36 22 0,49 206 21 227
Enb eBponeiickas 16 15 0,53 12 1 8
Onbxa yepHas 12 12 0,47 44 2 11
Bbepesa nymmucras 13 12 0,51 19 1 6
Moickenembiiii 14 11 0,50 81 5 28
OOBIKHOBEHHBIH
HUmoeo - - — 362 30 280
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Takum o00pa3oM, ABYXBSIPYCHBIM JpeBocToi (Bo3pacT cocHbl 180 Ier),
CJeIyeT OILEHUTh KaK BBICOKOTIOJHOTHBIN (OTHOcuTenbHas moiHota — 0,85) u
H3KonpoaykTuBHEIA (V—IV Gonurer). CoctaB mo spycam: mepBwiid sipyc — 10C,
BTOpO#t sipyc — 5,2Mox2,10m1,5E1,2b. O6mmuit cocraB mHacaxknmenus — 8,1C1,-
0Mox0,40110,3E0,25. MokxeBenTbHIUK OOBIKHOBEHHBIH MMEET CPEeIHUI JauaMeTp
14 cmM, cpeanroro BeicoTy 11 M 1 Bo3pact 180 JieT, 4TO MpEBBIIAET B HECKOJIBKO Pa3
OOBIUHBIC €r0 [MOKA3aTeNd B JIPYIHX JiecaX. B JiecoycTpouTenbHBIX MaTepraliax Io
KupunminoBckoMy necxo3y 0 JpPEBOBHIHOM MOKKEBEIbHHKE JAHHBIX, K COXaje-
HUIO, HET.

Raxnrouenue

CoxpaHUBILHUIICS MacCUB COCHOBOTO JieCa C y4acTHEM JPEBOBHIHON (opMbl
MOJKKEBEJIIbHUKA OOBIKHOBEHHOTO Ha TeppuTtopun KupmiioBckoro paiioHa
Bosoroackoii 061acTu HHTEPECEH B IIEPBYIO OYEPEb C TOUKH 3PEHUSI BO3ZMOXKHOCTH
n3yueHus Ouosoruu 3toro Buzaa. [1o HameMy MHEHUIO, B HCCIIEAYEMOM HacaxXICHUN
MOYOKEBEJIIBHUK OOBIKHOBEHHBIH CMOT JIOCTHYb Pa3MEpOB, HE CBOMCTBEHHBIX
JAaHHOMY BHJy, MO0 HECKOJBbKHM IMPHYMHAM: OTCYTCTBHE HOXapoB U PyOOK Jeca
JUIUTEIbHOE BpeMsi; TPYHOJOCTYITHOCTh y4acTKa; OJaronpusTHbIE SKOJIOIMYECKUe
YCJOBMSL JUIsl pOCTa U PAa3BUTUSA. MaJIOBEPOSTHO T€HETUYECKOE OTIMYME AAHHOIO
MOYOKEBEJIbHUKA OT MOXKEBEJIbHUKOB, PACTYIINX [TOOIN30CTH B UHBIX YCIOBUAX U
HMMEIONINX MEHBIIUI pa3Mep.

[TogoOHbIe y4acTKu jeca B HACTOSIIEE BPEMs BCTPEUaroTCsl Ou4eHb peako. OHu
JIOJI’KHBI BBISIBIISITHCA, BKIFOUATHCS B €IMHBIN PEECTp perMOHaIbHBIX U BCEPOCCUHCKHUX
0c000 OXpaHseMbIX IPUPOAHBIX TEPPUTOPUH U CIYKUTh OObEKTAMH JIJIsl IPOBEICHHUS
JUTUTEIBHBIX CTAIIHOHAPHBIX UCCIEAOBAHUI HAa TOCTOSTHHBIX MTPOOHBIX TUIOIMIAAX.
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