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AnHotanus. Ha ocHOBe 0a3 JaHHBIX JIECOPACTUTENLHBIX MAaTEPUANIOB MIPOAHATH3UPOBAHBI TAKCAIIMOHHBIC
MOKa3aTeIy HaCKISHHA, MPOU3PACTAIONINX HA TEPPUTOPHH KapOOHOBOTO HAYYHO-HCCIIENOBATENHCKOTO TI0-
JIUTOHA, PACIOJIOKEHHOTO B YpalibCcKoM y4eOHO-ombITHOM Jecxose (YYOJI) Ypaibckoro rocynapcTBeHHOTO
necotexundeckoro yauepcurera (YIJITY). OTmedaercs, 9T0 OCHOBHBIMH JISCHEIMU (OpMAITUSIMU HA TTOJIH-
TOHE SIBISIIOTCS] COCHSIKU W Oepe3Hsiku. Jons HacaXIeHn# ¢ TOMUHUPOBAHMEM B COCTaBE APEBOCTOEB JIPYTHX
nopoga-yiecoodpaszoareneii HeBenuka. [loMuMo cocHbl 0OBIKHOBEHHOH (Pinus sylvestris L.) u 6epe3bl HOBUCION
(Betula pendula Roth.), npyrue BuabI MPOU3paCcTaOT, KaK MPaBUIIO, B IPUMECH ¢ yKazaHHbIMH. Cpenu Jipe-
BOCTOEB MPeo0IIafjafoT CPEIHETIONHOTHRIE CIIeNble W TepeCTOWHBIE HaCAKICHHUSA. BOJIBIIMHCTBO JPEBOCTOEB
XapaKTepU3yeTcsl OTHOCUTENILHO BBICOKMMU KilaccaMu OoHuTeTa. HacaxaeHus, mpouspacraromye Ha TEpPUTO-
PHH MOJIMTOHA, OTHOCSTCS K 13 THIaM Jieca, 4To CBHIECTEIbCTBYET O PA3HOOOpA3UH JIECOPACTUTEIBHBIX YCIIO-
BUU. B 11e710M MO)KHO OTMETHUTB, YTO BUIOBOE Pa3HOOOpa3ue IPeBECHBIX MOPOJI U JIECOPACTUTENLHBIX YCIOBUI
Ha KapOOHOBOM HayuyHo-uccienoBarensckoM nomrone Y YOJI YIJITY obecrnieunBaeT BOBMOXKHOCTD U3yUEHUS
LIMPOKOTO CIIEKTPa BOIPOCOB ICIOHUPOBAaHNUS YIIEPOAA JIECHBIMU 3KOCHCTEMAMU B YCIIOBUAX ITOI30HBI FOKHOM
Taiiru Ypana.

KioueBble ci10Ba: U3MEHEHUE KIIMMAaTa, MaPHUKOBBIE I'a3bl, JCIOHUPOBAHUE YIIIepoaa, POTOCHHTE3, KapOo-
HOBBII HAyYHO-UCCIIEA0BATENBCKUIM TIOJTUTOH, [TO/1I30HA FO’KHOM Talry.

®unancupoBanue. Pabora BeirmonHeHa py (prHAHCOBOH Mo/IepKKe MUHICTEPCTBA HAYKU U BBICIIIETO 00pa-
30BaHusl PO B pamkax rocOromkerHoit TeMbl «FEUZ-2021-0014».

© 3amecos C.B., ®omun B. B., [Tmatonos E. I1., Tomosanos I. A., bamerypos K. A., Cypaes I1. H., 2021
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POLYGON «URAL-CARBON» (SEVERKA)
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Abstract. The taxation indicators of plantations growing on the territory of the carbonic research polygon located
in the Ural educational experimental forest enterorize (UEEF) of the Ural State Forest Engineering University were
analyzed on the base of the forestry materials database. It is noted that the main forest formations on the polygons
are pine and birch forest stands. The share of stands with other species of forest formers dominating in composition
of forest stands is small. In addition to scots pine (Pinus sylvestris L.) and silver birch (Betula pendula Roth.),
other species usually grow in admixtures with the specified. Among the stands mature and over mature stands
of average density prevails. Most of the stands are characterized by relatively high bonitet classes. Plantations
growing on the territory of the polygon belong to 13 types of forest, which indicates a variety of forest growing
conditions. In general, it can be noted that the species diversity of tree species and forest growing conditions at the
carboniferous research sity (UEEF) provides an opportunity to study a wide range of problems of carbon deposing
forest ecosystems in conditions of the Southern Taiga subzone in the Urals.

Keywords: changing of the climate, greenhouse gases, carbon depositing, photo synthesis, carbon research

polygon, subzone of the southern taiga.

Beenenue
HabGmroparomuecss H3MEHEHUS
KJIMMaTa TPUBOIAT K CTUXUAHBIM
OCNCTBUSIM, CO3/1aBas PEabHYIO
YTPO3y KU3HH U 3T0POBBIO JIFOICH.
OnHoli W3 NPUYUH HU3MEHEHUs
KJIMMaTa SIBJISICTCS HEepPaIlMOHATb-
HOE WCIOJL30BaHUE TPHPOIHBIX
PECYpCOB, UTO MPUBOAMT K yBEIH-
YCHHMIO JOJIM TAPHUKOBBIX TI'a30B
B cocraBe atMOC(hepHOro BO3IY-
xa. B To ke BpeMs YIJICKUCIBIH
ra3 — OIMH U3 HanboJee MpeacTaB-
JICHHBIX TIAPHUKOBBIX T'a30B — aK-
THBHO TIOIJIOINAETCS 3CICHBIMH
pacTeHusMu B mporecce (hoTo-
cunTe3a. [Ipu 3TOM OOJIBITMHCTBO
JISCOBOJICTBEHHBIX ~ MEPOIPUSITHIA

pPECHACAYIOT LEelb yBEIUYEHUS
KOHIIEHTPALIMK YITIEKUCIOTO rasa
B KpPOHAaxX JI€pPEBBEB ISl YCKOpe-
HUS TIPOIeccOB (OTOCHHTE3a W,
KaK CJIEICTBHE ATOTO, MTOBBIILICHUS
MNPOAYKTUBHOCTH JiecoB [ 1, 2].

B nayuHoii iuteparype nocien-
HUX JIET BCE YallE 3ByYUT MIPEAJIO-
KEHHE 0 HEOOXOOUMOCTH HCIIONb-
30BaHHUs 3€JICHBIX HACAKICHUN JJIs
JETIOHUPOBAaHMsl YITIEKUCIIOTO ra3a
B KJIETKaxX pacTEeHUH B BUIE Oopra-
HU4ecKoro BeuiecTBa. OfHaKo Mpu
KaXyIeicss MpOCTOTE BOIpPOCa O
MOJIOKUTEIBHOM ~ BIMSHUM  JIpe-
BECHBIX PACTCHMI Ha COKpAlLlCHHUE
JOJH YTJIEKHUCIIOTO ra3a B COCTaBe
aTMOC(epHOro BO3AyXa OTBET HE

Tak npoct. [locnennee oObsCHsET-
Cs TeM, YTO HapsAy C MPOLECCOM
(hoTOCHHTE3a B JIECHBIX 3KOCHUCTE-
Max MPOTEKAET MPOLECC JIbIXaHUs
pacTeHuii, mpu KOTOPOM BbIJIe-
nserca yraekucnsli ra3. Kpome
TOrO, TPOUCXOAUT PA3JIOKEHHUE
PaCTHTENBHOTO OTIA/Ja W JIECHOW
MOJICTHIIKY, T. €. OKUCIICHUS, YTO
TaK e 00yCJIOBJIMBAET BBIICIICHUE
B aTMoc(epy yIIeKncIoro rasa.
JlecHble HacaxIeHHS — ATO, KaK
MPaBUII0, MHOTOKOMIIOHEHTHBIE CO-
obmecTBa. [Ipu 3TOM KaKmblii w3
KOMIIOHCHTOB BKJIFOYAET pa3jiny-
HO€ KOJIMYECTBO BHJIOB, ITO-Pa3HO-
My YYacCTBYIOIINX B HAKOTUICHHH H
Pa3I0KESHUU OPTaHUIECKON MACCHI,
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T. €. B JCTIOHHUPOBaHWH YIIEPOAA.
VYkazaHHO€ CBHIETEIBCTBYET O
HEOOXOIMMOCTH TPOBEICHUS KOM-
TUIEKCHBIX MCCIIEIOBaHU 110 yCTa-
HOBJICHHIO KOJIMYECTBEHHBIX TTOKa-
3aTeNieil NENOHUPOBaHUs yIiieposa
JIECHBIMH JKOCHCTEMaMH C JIPEBO-
CTOSIMH Pa3JITIHOTO COCTaBa, BO3-
pacra u CTpOCHHUSI.

IIpoBenenne wuccnenoBaHuii B
paMKax JIECOKIIMMATHYECKUX IIPO-
€KTOB BO3MOKHO TIPEK/IE BCEro Ha
HAy4YHBIX IIOJIMI'OHax C IIpUBJICYEC-
HUEM CIENHAINCTOB Pa3IHYHBIX
HarpasiieHuid. [10100HbBIN TIOMTOH
B 2021 1. ObLI CO3/1aH HA TEPPHUTO-
puH YpalrbCKOTO Y4eOHO-OMBITHOTO
necxo3a (YYOJI) Ypanbckoro rocy-
JTAPCTBEHHOTO  JIECOTEXHUYECKOTO
yausepcurera (YIJITY) B paiione
cT. CeBepka B 30 km ot 1. Ekare-
puHOypra.

b, 00bEKTHI

U METOANKA HCcIeJ0BaHMIT

Llenpro HammMX uCCICIOBaHMUI
SIBIISLVICS aHAJIN3 TAKCALIMOHHBIX T10-
KazareJiell HacaXXJeHUi, mpou3pac-
TAIONIMX B TPaHUIAX KapOOHOBOTO
HAyYHO-HUCCIIEIOBATEILCKOIO  T10-
murona YIJITY «Ypan — Kap6om»
(CeBepxa).

B ocHoBy wuccienoBanmii 1mono-
KEH METOJ aHajm3a 0a3 JaHHBIX
JIECOYCTPOUTENFHBIX ~MaTepHallOB
C UCHOJB30BAHUEM CIICHHATBHBIX
porpamMM, O0OECIICUNBAIOIINX CO-
PTUPOBKY JI€COTAKCAIIHOHHBIX BbI-
JIEJIOB TIO 3aJIaHHBIM TOKa3aTessiM
(3, 4].

OOBEKTOM HCCIIeIOBaHUIA CITy-
JKWIH HAaCKICHUS, TPOU3PACTAIO-
e Ha TePPUTOPUH KapOOHOBOTO
nomuroHa  YIJITY. Teppuropus
noymrona, kak u YYOJI VIJITY,
COIJIACHO CXEME JIeCOPACTUTEIHHO-

ro paifonupoBanus b. I1. KonecHu-
KOBa C COaBTOpaMHu [5], oTHOCHUTCSA
K IOKHO-Ta€XKHOMY OKpyry 3a-
YPAJIBCKOM XOJIMHUCTO-TIPEATOPHOMN
npoBuHIMH  3amagHo-CuOupckoi
PaBHUHHOMN JIeCOPaCTUTENbHON
obnmactu. B coorBerctBUM C naeli-
CTBYIOUIMMH HOPMAaTHBHBIMH J10-
KyMEHTaMH KapOOHOBBII TOJIMTOH
YIJITY Bxomut B Cpemne-Ypais-
CKU TaeXHBIN JECHON paiioH [6].
B 10 e Bpems BBITSHYyTas C 3ara-
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Jla Ha BOCTOK (hopMa yKazaHHOTO
JIECHOTO paiioHa O00YyCIOBIMBACT
pasHoobOpasue JIecOpacTUTEIBHBIX
YCIOBUH M, KaK CIEICTBHE 3TOTO,
pasnuuue B TaKCAIIMOHHBIX MMOKa3a-
tensix HacaxneHuil. I A. T'onosa-
JIOB € cOaBTOpaMH |7, 8] Ipemioxu-
mu pazaenutbh CpenHe-YpanbCKHii
TAaeXHbI JIECHOW palloH Ha TpH
nojipaifoHa, dYTO  OOecIe4YrnBaeT
0oMBIYI0 OOBEKTUBHOCTH IIPU Be-

JIEHUW JISCHOTO X03stiicTBa (puc. 1).

CeBepo-YpasibCKuii TaesKHbIIl paiioH

CpenHe-YpaJjbCKuii TaexKHbIN paiion

TOPHBIN TIOAPAOH

I:I TOPHBIN NoApaiion

3ananHo-Cubupckuit
PaBHUHHBINA NOAPalioH

NN

7

3ananHo-Cubupckuit
PaBHUHHBIN NoApaiioH

[ ]

Bocrouno-EBponelickuii
PaBHUHHBIA TOAPAoH

[ ]

Puc. 1. JlecHsle paiioHs! Ha TeppuTopun CBepToBCcKoi odnacty [8]
Fig. 1. Forest areas on the territory of the Sverdlovsk region [8]



Cpenne-YpanbCKuid  TaeKHBIHN
JIECHOM pallOH BKIKOYAET 4YacThb
tepputopun Ilpenypanbs, Hemo-
CPEACTBEHHO YpallbCKUE TOpbl U
3aypanse. HecmoTpss Ha TO, 4TO
Cpennuii Ypan xapakrepusyercs
MUHMMAJIBHBIMU 110 CPaBHEHHIO
¢ CesepubpiM U OxHBIM VYpanom
BBICOTaMH, YpaJIbCKHE TOPHI B 3Ha-
YUTEIBHOM CTENeHH OrpaHuYu-
BalOT NIEPEHOC BO3MYLIHBIX Macc
C 3amaja, 4To HEe MOXKET HE CKa-
3aTbCs HAa PACHpPEAEICHUU Ocal-
koB. llocnenHee mposBisgeTrcs H

14

KaTteropuu semens

B pacrmpeJielIieHIH JIPEBECHON pac-
turenbHOoCTH. Ecimu [lpenypanbe
XapaxkTepu3yeTcss JOMHHUPOBAHU-
€M €JIOBBIX HacaxKieHull, To B 3a-
ypanbe abCONOTHO IOMUHHPYIOT
COCHSIKH.

CormlacHO cxeMe JIECHBIX paiio-
HoB CBepII0BCKOI 001acTH, Ipea-
noxeHHo I. A. TonoBanoBeM
¢ coaBropamu [8], TeppuTOpHUs
kapOoHoBoro mnojuroHa YIJITY
OTHOCHTCSI K TOPHOMY NOJpPaHOHY
CpenHe-YpanbCkoro  TaexXHOIO
JIECHOTO palioHa.

Hacaxgenus (npeobnapaowan nopona) =3 cenokoc

[] 6epeaa
Bl ens
[ cocha

[ 1 npyrue kateropuu semens

0 250

500 750

Pe3ynbTarhl u 00cy:KaeHne

Kak mokazamm BBINOJHEHHBIC
HCCIIeIOBaHMUs, 00IIasi IJIoMab
KapOOHOBOTO  HAy4YHO-HCCIIEIO-
Bareiabckoro mnomurona YIJITY
cocraBiusier 457,0 ra (puc. 2).
IIpu sTOM Ha AOdIO 3€Menb, MO-
KpBITBIX JIECHOH pacTHUTEBHO-
cteio, mpuxonutcs 408,7 ra, win
89,4 % oT o0IIeH IIJIOIIAIN ITOIH-
roHa (taom. 1).

He mnoxpeiThie N€CHOW pacTu-
TETHHOCTHIO 3€MJIH TTPEICTABIICHBI
BBIpYOKaMU U HECOMKHYBIIMMHUCS

1000m

L EE—  SSS—

Puc. 2. Kaprocxema kapOoHoBoro noimrosa «Ypan-Kapoom» (Cesepka)
YYOJI YIJITY CeBepckoe y4acTKOBOE JIECHUYECTBO
Fig. 2. Schematic map of the carbonic polygon «Ural-Carbon» (Severka)
UUOL UGLTU Severskoye uchastkovoye lesnichestvo
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Tabmnuua 1
Table 1
Pacnpenenenue rromaay kapOOHOBOTO Hay4dHO-UCCIe0BaTenbckoro momurona YIJITY
10 KaTeropusM 3eMeJlb
Distribution of the area of the UGFTU carbon research polygon by land categories
[Inomane
Kareropus 3emens square
land category ra %
ha %
OO011as IIoIaab 3eMeb JIECHOTO GoHIa
Total area of forest land 4570 100,0
JlecHble 3eMiIi — BCETO
Forest lands — total 4229 92,5
TTOKpBITHIE JIECOM — BCETO
Covered with forest — total 408,7 89,4
B ToM umcIIe IeCHbIC KYJABTYPBI
. 15,9 3,5
Including forest crops
He noxkpsITeIE IECOM — BCETO 142 31
Not covered with forest — total > i
B TOM 9ncIte: HECOMKHYBIIHECS JIECHBIE KYJIBTYPBI 138 3.0
Including: unclosed forest cultures ’ ’
DOH/I 1ECOBOCCTAHOBJIEHUS — BCETO 04 0.1
Reforestation Fund — total K i
B TOM YHCJIC: BBIPYOKH
including: felling 04 0.1
Henecnbie 3emiu — Bcero
Non-forest land — total 34,1 75
B TOM YHCJIE: CEHOKOCKI
including: hayfields 141 31
BOEI 0,4 0,1
water ’ s
JIOPOTH, IPOCEKH
roads, glades 9 2,0
Pa3pbiBBI IPOTUBOIIOKAPHBIE
Fire breaks 1.9 0.4
[Ipoune 3emmu
Other lands 8,7 19

JISCHBIMU KYJIBTYpaMH, a HeJec-
HBIC 3eMJIM — CEHOKOCaMH, JI0pPO-
ramMu, TMPOCEKaMH, MPOTUBOIO-
JKapHBIMH pa3pbiBamu. [Ipu 3tom
JIOJISI HEJIECHBIX 3eMeNb B OOIIeit
IO KapOOHOBOTO TOJUTOHA
cocTaBiseT 7,5 %.

Ha nonurone npouspacraror Kak
€CTEeCTBEHHBIE, TaK M MCKYyCCTBEH-
Hble HacaxneHus. OmHako 10is
WCKYCCTBEHHBIX HAaCaXICHUN He
npesbIaet 3,5 %.

B nokperToii necHoil pactu-
TEJIbHOCTHIO IJIOLIAAN IOMUHUPY-

10T cocHoBbie — 250,7 ra (61,3 %)
u Oepe3oBeie — 108,8 (26,6 %)
HacaxaeHus (tadn. 2). Ha momio

elbHUKOB mpuxonutcs 49,2 ra
(12,0 %).



Ne 3 (78), 2021 r.

Jleca Poccuu u xo35s1icmeo 8 HuUx 9

Tabnuua 2
Table 2

Pacnpenenenue mOKPBITHIX JIECHOM PACTUTEILHOCTRIO 3eMeNb kKapOoHoBoro nonurona YIJITY

110 1peo0JIaIaroIMM TIOPOJIaM U Kilaccam Bo3pacta, ra/%
Distribution of carboniferous forested lands polygon UGFTU

by prevailing species and age classes, ha/%

Ipeobiaaromias mopoaa ApeBOCTOsI

Kiacc Bospacta Prevailing tree species HWroro

Class age CocHa Enp Bepesa Total
Pine Spruce Birch

| 15,9 10,8 0,6 27,3
6,3 22,0 0,6 6,7
) 26 69 0.0 0.5
1,0 14,0 0,0 2.3

3 18,6 0,0 0,0 18,6
7,4 0,0 0,0 4,6

4 44 .7 0.0 10,1
1,8 11,6 0,0 2,5

5 36,9 38 0,0 40,7
14,7 7,7 0,0 10,0

6 145,0 0,0 199 1649
10,7 0,0 29,7 16,9

7 26,9 9.8 32,3 69,0
10,7 19,9 29,7 16,9

3 0,0 5.1 29,1 34,2
0,0 10,4 26,7 8,4

9 04 71 19.8 27,3
0,2 14,4 18,2 6,7
10 0.0 0.0 64 64
0,0 0,0 5,9 1,6
1 0.0 0.0 0.7 0.7
0,0 0,0 0,6 0,2

Bcero 250,7 49,2 108.8 408,7
Total 100 100 100 100

Marepuasbl Tabm. 2 CBHIACTENb-
CTBYIOT, YTO €CJIM CPEIAH COCHSKOB
Npeo0IaaaloT HACAKICHHS 6 Ki1ac-
ca Bo3pacra — 57,8 %, To cpenu Oe-
pe3nsakoB cenpmoro — 29,7 %. Ipu
3TOM BO3PACT COCHSIKOB U EIbHUKOB
HE TpeBbIIIaeT 9 Ki1acca, B TO BpeMs

KaK UMEIOT MECTO OCpE3HSIKH JIaxKe
11 xmacca Bo3pacra. Ocobo cie-
JlyeT OTMETUTh, YTO Ha IOJHUTOHE
peo0JIaIatoT Cresble HACAKIICHHS
MIpY KpaliHe HE3HAYUTEIILHOMN J01e
MOJIOTHSKOB U CPEIHEBO3PACTHBIX
HaCaKJICHUMU.

Hecmotps Ha mnpeoOnananue
Ha TEPPUTOPUU TIOJIMIOHA CIICNIBIX
HACAXKJCHUM, COCTABISIIONIME HX
JPEBOCTOM XapaKTEpU3YIOTCsl OT-
HOCHUTEJIFHO BBICOKHMMH KIIACCaMH
oonutera (Tadm. 3).
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Ta6numa 3
Table 3

Pacnipenenenue Haca)kAeHUH, MPOU3PACTAIOIIMX HAa TEPPUTOPUH KapOoHoBoro nonurona YIJITY

110 Kjaccam OonuteTa, ra/%

Distribution of plantations growing on the territory of the Carboniferous UGFTU

landfill by bonitet classes, ha/%

[peobnanaromas Kiaccer OoHHTETA

opoJia APEBOCTOs Bonitet classes Wtoro
Predominant Total

tree species 1 T 11T v \% Va Vo6
Cocna 3,1 1455 88,2 3,0 0.0 7.8 3,1 250,7
Pine 1,2 58,0 35,2 1,2 ’ 3,1 1,2 100,0
Enp 43,7 33 22 49,2
Spruce 0.0 0.0 88.8 6.7 45 0.0 0.0 100,0
Bepesa 523 50,3 29 33 108.8
Birch 00 1 481 | 262 | 27 3.0 0.0 0.0 100,0
Bcero 3,1 197,8 182,2 9,2 5.5 7.8 3,1 408,7
Total 0,8 48,4 44,6 2,3 1,3 1,9 0,8 100,0

Marepuanel Tabn. 3 CBUIETENb-
CTBYIOT, YTO CPEIHUH KJIacC OOHU-
TeTa COCHOBBIX HacaxkaeHuit II, 5;
enoBeix — 11, 2; 6epeszoBrix — 11, 6.
Jpyrumu ciioBamu, BCe MpoU3pac-
TalolMe Ha KapOOHOBOM ITOJIMIO-

HE HACaXIEHHUS XapaKTepPH3YIOTCS
ONMM3KOM  TIPOM3BONUTEIHLHOCTBIO.
Honga HacakIeHWd HU3LIMX Kilac-
coB Oonutera (IV-V0) He mpeBbI-
maet 6,3 %.

OTHOCHTENIbHAS TIOJHOTA JIpe-
BOCTOEB, TPOU3PACTAIONINX HA I10-
murone, Bappupyetcs ot 0,3 mo 1,0
(Tabm. 4).

Taomuua 4
Table 4

Pacnpenenenue HacaxaeHU, MPOU3PACTAIOIINX HA TEPPUTOPUU

kapOonoBoro nonurona YIJITY, mo rpyniiaM 0oTHOCHTENBHOM TOMTHOTEI, Ta/%

Distribution of plantations growing on the territory of the Carboniferous polygon UGFTU

by groups of relative completeness, ha/%

I'pyrma Hpeo6nanapmax TOPOJIa IPEBOCTOs
TIOJTHOTEI Prevailing tree species Wroro
Group CocHa Enb Bepesa Total
completeness Pine Spruce Birch
1 2 3 4 5
0,3 0.0 0.0 3.0 3.0
> 0,0 0,0 0,3 0,7
22 03 18 43
0,4 0,9 0,6 0,2 1,1
0.5 113 7,0 9,0 273
> 4,5 14,2 0,8 6,7
0.6 70,5 14,6 12,7 97.8
’ 28,1 29,7 1,2 239
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Oxonuanue maobn. 4

The end of table 4
1 2 3 4 5
0.7 118.7 212 46,8 186.7
’ 473 43,1 4,3 45,7
0.8 24.4 21 353 62,0
’ 9,7 4,3 33 15,2
09 16,6 0.0 0.0 16,6
> 6,6 0,0 0,0 4,1
1.0 7.0 4.0 0.0 11,0
g 2.8 8,1 0,0 2,7
Bcero 250,7 49,2 108.8 408.7
Total 100 100,0 100 100
Ananusupys matepuaiiel Tabn.4,  cpeanenonnotHeie  (0,6-0,7) —  nmensroTcs YCIOBHUSMHU IPOU3PAC-

MOXXHO OTMETHUTB, YTO Ha ITOJITUTIOHE
npon3pacTaroT MPEUMYIICCTBEHHO
CpCAHCIIOIHOTHBIC HaCaXICHUA.
Ha Hu3komomHOTHBIC ApEBOCTOU

(0,3-0,5) mpuxomutcst 8,4 %, Ha

69,6 % W Ha BBICOKOIIOJIHOTHBIC
(0,8-1,0) — 22,0 %.

Pazauunss B  OTHOCHUTCILHOM
MOJIHOTE JPEBOCTOEB U B MPOU3-

BOAUTCIIBHOCTU BO MHOI'OM OIIpC-

TaHus. BEIMOIHEHHBIM aHaIH3
MOKa3all, YTO Ha TEPPUTOPUU IIO-
JUTOHA TIPOU3PACTAIOT HACaXKJe-

HUs 12 TUTOB Jieca (Tadir. 5).

Tabmuua 5
Table 5
Pacnpenenenue HacaxXaeHUH, MPOU3PACTAIOIINX HA TEPPUTOPUHU
kapOonoBoro nonurona YIJITY, mo Tunam neca, ra/%
Distribution of plantations growing on the territory
of the Carboniferous polygon UGFTU by forest types, ha/%
[Tpeobnanarorias mopoja IpeBOCTOst
Tum neca* Prevailing tree species HWrtoro
Forest type * Cocna Enb Bepesa Total
Pine Spruce Birch
1 2 3 4 5
0,0 0,0 2,2 2,2
BOCD 6j6 626 26 63
0,0 9,1 0.9 10,0
—_ _ i Ly —_—
EMII 0.0 18,5 0.8 24
40,1 6.4 0,0 46,5
—_— —_— —_ —_—
EC3AT 16,0 13,0 0.0 11.4
6.5 13,1 382 57.8
ECTP 2.6 26.6 35.1 14.1
0.0 17 0.0 1.7
ET3M 0,0 3,5 0,0 0,4
0.0 0.0 9.9 9.9
CEBTP 0,0 0,0 9,1 2,4
26 3,5 33 114
CEOCD 1.0 1.2 3.0 2.8
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Oxonuanue mabn. 5

The end of table 5
1 2 3 4 5
10,9 0,0 0,0 10,9
CKC 43 0,0 0,0 2,7
0.4 0.0 0.0 04
CJIbP 0,2 0,0 0,0 0,1
3.5 0,0 23.0 26,5
CPTP 0.0 0.0 0,0 0.0
0,0 0,0 3.0 3.0
et Al et Al = =
CT 0.0 0.0 28 0.7
csr 186,7 13,4 28,3 228.4
74,5 27,2 26,0 55,9
Beero 250,7 49,2 108,8 408,7
100,0 100,0 100,0 100,0
*BOCD — Gepesnsik ocokoBo-cdaraoBsiii; EMII — enpauk mimucteiit; EC3ST — enbHUK-COCHSK 3€ICHOMOIIHO-STOTHHUKOBBII;
ECTP — enbHuk-cocHsik TpaBsiHOil; ET3M — enpHuk TpaBsHO-3eneHOMOMIHbIH; CEBTP — cocHsk-enbHUK BEHHUKOBO-TpaBsHOI;
CEOC® — cocHusik-enbHHK 0cokoBO-carnoBsiil; CKC® — cocHsix KycTapHHUKOBO-c(arnoBblif; CJIBP — cocnsik nummaitHuKoBo-
Opycumunblit; CPTP — cocnsik pasnorpasuslit; CTJII — cocHsk TpaBsHO-TUIHAKOBEIH; CSI” — COCHSK STOTHUKOBBIH.

Marepuanbl Tabn. 5 cBHIETENb-
CTBYIOT, UTO B IIOKPBITOM JIECHOU
PacTUTETHPHOCTHIO TUTOMIAMN  J0-
MHUHHUPYIOT HACaXICHHUS COCHSKa
sroqaukoBoro. Ilocneanue mpen-
CTaBJICHBI KaK KOPEHHBIMH COCHSI-
kamu 186,7 ra (48,7 %), Tak u mipo-
W3BOIHBIME OepesHskaMu — 28,3 ra
(6,9 %) n empauKamu — 13,4 Ta
(3,3 %).

3HAUNTENTbHO MEHBIAs  IUIO0-
aap TPUXOAWUTCS Ha HaCaK[Ie-
HUSl €IBbHUKA-COCHAKA TPaBSIHOTO
(57,8 ra) u HA HAcAXKIECHUS CIHHU-
Ka-COCHSIKA 3€JIEHOMOIITHO-SITOTHH-
KoBOTO (46,5 ra). B manHpIX THIAX
Jileca KOPEHHBIMH TIOPOJIaMH SIBIISI-
FOTCS €JTb U COCHA, Ha HACAXKIICHHS
¢ mpeo0nagaHeM KOTOPBIX B CO-
cTaBe JpeBocTos mpuxomutcs: 4,8
u 11,4 % COOTBETCTBEHHO.

B pesynsrare HempomyMaHHBIX
JIECOBOJICTBEHHBIX ~ MEPONPUATHI
B psJie CIy4aeB Ha MOJHUTOHE TIPO-
M30111a

HCXKCIIaTCJIbHasd CMCHa

KOPEHHBIX XBONHBIX HaCa)IECHHUU
Ha TPOW3BOMHBIC MSTKOJIHUCTBCH-
Hble. HaumOornee WHTCHCHMBHO He-
JKeNaTeNbHash CMeHa Mopof Ipo-
HCXOIWIN B  COCHSIKE-CIIbHUKE
BEUHUKOBO-TPABSIHOM, T[I€ Ha JIOJII0
MPOM3BOJIHBIX OCPE3HSIKOB  IPH-
xomutcst 100 %, 1 B cocHske pas-
HOTPaBHOM, IJI€¢ Ha JONI0 IMPOU3-
BOJHBIX OCPE3HSKOB IPHUXOIUTCS
23,0 ra (86,8 %) momanu, 3aHAToN
JTaHHBIM THIIOM JIeca.

B uneinoM MOXHO KOHCTaTrupo-
Barb, 4YTO TEPPUTOPHUS KapOOHO-
BOTO HAay4YHO-HCCIIEIOBATEIHCKOTO
nonurona YIJITY xapakrepusyer-
Cs1 3HAYNUTEIBHBIM pa3HOOOpazueM
JIECOPACTUTENbHBIX YCIOBHM, 4TO
MO3BOJISICT TUIAHUPOBATH IIUPOKO-
MacITaOHbIe KOMILUIEKCHBIE HCCIe-
JIOBAHUSA TIO0 M3YUYCHHIO BO3MOXK-
HOCTH JICTIOHMPOBAHUS YIIIEpPO/aa
JIECHBIMU HACQXKJICHUSMU DPA3JIUU-
HOIO COCTaBa, BO3pacTa WM THIIA
Jieca.

BoiBoabI

1.Tlpu oOmel momam Kap-
OOHOBOTO HAY4YHO-HCCIICIOBATEIIb-
ckoro noymrona YIJITY 457,0 ra
Ha JIOJTFO TTOKPBITHIX JIECHOM PacTH-
TEJILHOCTBIO 3EMEJb TPUXOIUTCS
89,4, He MOKpHITEIX — 3,1 W Hene-
CHBIX 3eMenb — 7,5 %.

2. Ha j0mr0 COCHSIKOB B TIO-
KPBITOM JIECHOM pacTUTENbHO-
CThIO IIOIIAAu mpuxoautcs 61,3,
O6epesHsikoB — 26,6, €TbHUKOB —
12,1 %.

3. Cpennuii kiaacc 6GoHHMTETA CO-
cusiko 11, 5, enpankoB — 111, 2, Ge-
pesusikoB — 11, 6.

4. Cpenu cocHsIKOB mpeoOnana-
0T HacaxaeHus 6 Kjacca Bo3pac-
ta — 145,0 ra (10,7 %), a cpenu Ge-
pesusikoB 7 — 32,3 ra (29,7 %).

5.Ha momurone mpeoOnagaroT
CPETHETIONHOTHRIE — HACaKICHWS.
Jlons HacaKACHHWH C OTHOCHTEIIb-
Hoi nonHoroii 0,6-0,7 cocraBiseT
69,6 %.
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6. TeppuTOopHs OJIUTOHA XapaK-
TEpU3YETCsl 3HAYUTEIBHBIM pa3-
HOOOpa3neM  JIeCOPaCTUTEIHHBIX
YCJIOBUM, YTO MOATBEPKIAAETCS
HaJIMYWeM HacaxAacHUW 12 TUIoB

Jieca. HpI/I OTOM Ha IOJIMI'OHE UMEC-

IOT MECTO KaK KOPEHHBIE XBOMHBIE
THUIIBI JIeca, TaK WM IPOU3BOIHBIC
MSTKOJIMICTBEHHBIE.

7. MHOTOOOpa3ne THIIOB Jieca
U JOMUHHPYIOLIMX B IOXKHOHM 1on-
30HE TaWTW JIECHBIX QopMaruii
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O6YCHOBHI/IBEIIOT BO3MOXHOCTH
H3YYCHUA IIHMPOKOTO CIICKTpa BO-
IpOCOB MO ACTIOHMPOBAHHUIO YIJIC-

pora JecHbIME (HOPMAIIUSMH.
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O NPOBNEMATUKE KBAITUMETPUYECKUX UCCNELOBAHUIA
BUOMACCHI JIECOB EBPA3UN

HBan Crenanouy Llenopaeii', Biagumup AnapeeBnd Ycoibues?

2 Boranndeckuii can Ypansckoro otaencuus PAH, EkarepunOypr, Poccus,

2 VpalibCKHii TOCYIapCTBEHHBIH JIecOTeXHUYeCKUil yHuBepcuTeT, ExarepunOypr, Poccust
livan.tsepordey@yandex.ru, http://orcid.org/0000-0002-4747-5017
2Usoltsev50@mail.ru, http://orcid.org/0000-0003-4587-8952

Annoranus. Hapacratonme karactpoduieckue clieHapiH MOCIeACTBUH IT00aIbHOTO TOTETUICHUS OTIpeie-
JSIIOT aKTyaJIbHOCTh OLIEHKH YITIEPOAJICTIOHUPYIOLIEH CIIOCOOHOCTHU MJIaHETapHON pacTUTENbHOCTH. [lo3ToMy
HCCIIeIOBaHUE CTPYKTYPbI M KBAIMMETPHH OMOMACCHI JPEBECHBIX U KyCTAPHUKOBBIX PACTEHUH UMEET BaKHOE
3Hadenune. [Ipoanann3npoBaHo HECKOIBKO METOI0B HEPA3PYIIAIOIIETO KOHTPOJIS IPEBECHHBI, KaXIbIil U3 KOTO-
PBIX HMEET CBOM OIPaHUYCHUS, U IPEACTaBICHHbIM KPaTKUH UX aHAIN3 MOXET CIIOCOOCTBOBATH BHIOOPY Bapu-
aHTa, HauboJee MPUTOJHOTO AJISl TOTO MIIM MHOTO METO/a Hepa3pyLIaloniero KOHTpois. Jlan aHamm3 cocTosHUs
npoOIeMbl KBATMMETPHUYECKON OLEHKH (PUTOMACCHI JEPEBHEB KaK CBHIPhS B MPOMBIIUICHHOM HPOH3BOJICTBE,
TaKk M B CENEKIHOHHBIX Nporpammax. Iloka3aHbl BO3MOXXHOCTH KBaJMMETPUYECKON OLIEHKH TPEBECHHBI IIy-
TEM Ja3epHOro 30HAMpPOBaHMA. BopToBOE M HazeMHOE Jla3epHOE CKAHHUPOBAHHE JIAET C BBICOKOH TOYHOCTHIO
XapaKTepUCTHKU CTPYKTYPBI JepeBa M JIPEBOCTOSA, KOTOPHIE CBSI3aHBI C MJIOTHOCTHIO ApeBecHuHbl. PazpaboTka
KaprorpaduuecKux MPOAYKTOB MO reorpagMuecKuM IpaieHTaM B COUYETaHUH C BO3MOKHOCTSIMU TUCTAHLIOH-
HOTO 30H/IMPOBAaHMS JIOKAJIbHBIX CTPYKTYPHBIX MOKa3aTesieil JPeBOCTOEeB 00eCIeurnBaeT MOAACPIKKY MEITKOMAcC-
mrabHOTO KapTorpadpupoBaHus MIIOTHOCTH APEBECHHBI. JlaHa XapaKTepHCTHKA BIEPBbIE COCTABIEHHON 0a3bl
JaHHBIX 0 KBAJIMMETPUH OHMOMACCHI JIECO00Pa3yIOLINX OPOJ LEHTPaIbHOM EBpasuu 1 HoKa3aHbl IEPCHEKTHBEI
€€ MCIIOJIb30BaHMs.

KuroueBble c1oBa: Hepa3pyIIAIOUIi KOHTPOJIb KadecTBa APEBECHHBI, TNIOTHOCTh JAPEBECHUHBI, TPaXEHTHAS
CTPYKTypa, yroJl MUKPOBOJIOKOH, PETPECCHOHHBIN aHAJIN3, JTA3EPHOE 30HUPOBAHMHE.

© Henopaeit U. C., Yeonsiues B. A., 2021



16 Jleca Poccuu u xo3s1icmeo 8 HuUXx Ne 3 (78), 2021 r.

Analytical review
ON THE PROBLEMS OF STUDYING FOREST BIOMASS QUALIMETRY IN EURASIA
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Abstract: The increasing catastrophic scenarios of the consequences of global warming determine the
relevance of the assessment of the carbon-depositing ability of planetary vegetation. Therefore, the study of
the structure and qualimetry of the biomass of woody and shrubby plants is important. Several methods of non-
destructive testing of wood are analyzed, each of which has its own limitations, and the presented brief analysis
of them can contribute to the choice of the option most suitable for a particular method of non-destructive testing.
The analysis of the state of the problem of the qualimetric assessment of the tree phytomass as raw materials in
industrial production and in breeding programs is given. The possibilities of qualimetric assessment of wood
by laser sensing are shown. Airborne and ground-based laser scanning provides high-accuracy characteristics
of the structure of the tree and the stand, which are related to the density of the wood. The development of
cartographic products based on geographical gradients, combined with remote sensing capabilities of local
structural indicators of stands, provides support for small-scale mapping of wood density. The characteristic
of the first compiled database on the qualimetry of the biomass of forest-forming species of central Eurasia is

given and the prospects for its use are shown.
Keywords: non-destructive control of wood quality, wood density, tracheal structure, angle of microfibres,

regression analysis, laser sensing

BBenenue

B wuccnemoBanusx Ouosoruye-
CKOW TIPOXYKTHBHOCTH JIECOB U MX
peakiui Ha HM3MEHEHUE KIMMara
HEOOXOMMO 3HAHHE 3aKOHOMEp-
HOCTEH JUHAMUKH HE TOJIBKO KOJIH-
YCCTBCHHBIX, HO M Ka4eCTBCHHBIX
XapaKTEPUCTHK, BapbUPYIOIINX
C BO3PAcTOM, DKOJIOTHICCKUMHU H
npyrumu gakropamu. Konmmdyectso
MyONUKanuii Mo KBaJuMeTpun ¢Gu-
TOMACCHI JIECOB B ITOCJICTHUE TOMIBI
HEYKJIOHHO HapacTaeT, COBEpIICH-
CTBYIOTCSI METOJIbI U QJITOPUTMBI €€
OIIEHKH, aHAJIA3a U MOJICTTHPOBAHHS
B TeorpaUuecKux TIpaJueHTax.
B ycloBHSIX 9KCIIOHEHIMAIBHO Ha-
pacraroriero o0beMa WHPOPMAIIH
HEOOXOIMMO BBIWICHATh U 000CHO-

BbIBaTh ICPCIICKTUBHBIC HAIIpaBJIC-

HUS, HaydHbIC OPUEHTUPbI-MASKH,
YCKOPSIIOIIME NpOorpecc B TOM WU
WHOW OOJIAaCTH 3HAHWH TIPH MHUHH-
MU3AIHX TTOTEPh OT AyOIUPOBAHHUS
n CJICAOBaHUA TpPIBHElJH;HOfI METO-

JTOJIOTHH TIPOO ¥ OIIHNOOK.

O MeTonax Hepa3pymIAOLIEro
KOHTPOJISI KA4eCTBA /IpeBeCHHbI
[IporHosupyembie  M3MEHEHHS
KiiuMara, BbI3BAHHBIC BI)I6pOCEl-
MH TIAPHUKOBBIX Ta30B, U3MCHSIOT
naHAmA(THBIE U OKOJOTUYECKHUE
ycCioBus, YBEJIMYNBAIOT HECTa-
OWJIBHOCTh BO MHOTHX 3KOCHCTE-
Max ¥ TOBBIMAKT MIOOATBHYIO
poms necHoro mokposa [1]. B ycio-
BUSIX HETMPEPHIBHO BO3paCTArONICH
OonocgepHOl pPOJU JIECOB CTaHO-

BUTCS BCE OOJIe€ aKTyaTbHOM OICH-

Ka MX OMOJIOTHYECKOH TMPOTYKTUB-
HOCTU M YIIEPOJACTIOHUPYIOIIEH
cnocobHocTH. [Ipn n3ydyenun o6no-
JIOTUYECKOM TMPOXYKTUBHOCTH JIe-
COB U pa3pabOTKe HOPMATHUBOB yUe-
Ta BCEX KOMIIOHEHTOB OHOMACCEHI
HEOOXOIMMO 3HATh 3aKOHOMEPHO-
CTU NJUHAMHKHU HE TOJIBKO KOJIMYEC-
CTBEHHBIX, HO M KQUYECTBEHHBIX MX
XapaKTePUCTHK,  HM3MEHSIOMINXCS
C BO3pacTOM, DKOJIOITMYECCKUMHU U
JIpyruMH (hakTopaMu. ITO MPexKIe
BCETO IUIOTHOCTh M BIAKHOCTB
OMOMAacCHI IEPEBHEB.

Jlnst onTHMAlbHOTO HCTIONB30-
BaHUSl HAlIMX JIECHBIX PECypcoB
HEOOXOAMMBI JETAJIbHBIE 3HAHUSA
00 M3MCHEHUSIX KBAJTUMETpHUUC-
CKHX TOKa3arenei JecHOH Ornomac-

Cbl U HUX BIHWJIHHH HAa CTOHMMOCTH
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KOHEYHOro mpoaykra. Hampumep,
pe3ynbTaThl  MCCIENOBaHMUS —KBa-
JMMETPUH CTBOJIOB TOHKOMEPHBIX
JIPEBOCTOEB COCHBI KEITOW B Ce-
BEpHBIX paiioHax ImTara Apu3oHa
(CHIA) mo3Bonmiu CyIIeCTBEHHO
MOBBICUTh HX IOTPEOUTEIBHYIO
ctonMocTh [2]. CoBpeMEHHEIE Me-
TOAWKY HEpa3pyLIaromel OLEHKH
OTKPBIBAIOT BO3MOKHOCTH JIJISI 3HA-
YUTENBHOTO YDIyOIIEHHWsST HAIINX
3HAHMH O JIECHBIX pecypcax BIIOTh
JI0 uX OWOaKyCTHUKH, HalpuMep
«TIOJICTYIIIMBAHUs» 3BYKOB, H37a-
BacMBIX KOpOeaMU B IMOBPEKACH-
HBIX JiepeBbsix [3]. OmHako mrobast
TEXHUKA UMEET CBOM OIPaHUICHUS,
M BOXHO CyMETh BBIOpaTh TEXHU-
Ky, HauboJsee MPUroAHyIO sl TOTO
WJIM UHOTO IpUMeHeHUs [4].
Hcnone3oBaHnne  BO3PacTHOTO
OypaBa JjIsl B3ATHUSI KEPHOB JIpeBe-
CHHBI y PacTyIIUX JIEPEBHEB MOITY-
YHUJIO pa3BUTHE B [epMaHuu B ce-
penune XIX crometus [5]. Meton
MMEI [ETIbI0 OTIpe/ieTICHHEe IPUPO-
cTa cTBOJIa 0€3 ero CIUIIMBaHUS H
MOJTYYHIT ITUPOKOE pacrpocTpaHe-
HUE B JIEHIApOXpoHojoruu [6, 7],
a co3gaHue Oe3BMHTOBOTO OypaBa
pacmmpuiio BO3MOXXHOCTH  €T0
npumeHeHust [8]. B3arble kepHbI
4acTO MCHOJB3YIOTCA AN OIpere-
neHnst 0a3UCHOW IIOTHOCTH JApe-
BecuHBbl. OJJHAKO OHU JAFOT JIUIIb
JIOKaJbHbIE 3HAYEHHS IUIOTHOCTH,
B TO BpeMs Kak BHYTPH CTBOJIA
JTAHHOTO JIepeBa MOXKHO HaOIIro-
JlaTh €€ 3HAYMTEIbHOE BapbUpPO-
Baane [9]. Ha sTom mpuHIMIIE,
MPUHIIAIIE MEXaHUYEeCKOTO BHE-
JIPEHUsI TOTO WJIM HMHOTO TecTepa
B JPEBECHHY pACTYIIETO CTBOJA,
U CErolHs OCHOBaHBI HEKOTOpHIE
METO/Bl HEpa3pyIIAlomero KoH-

TPOJIS IPEBECHHBI.

TpagumoHHBIE METOABI OIICH-
KA Ka4eCTBEHHBIX XapaKTEPUCTUK
pacTymiero jaepesa,
TaKuX Kak e€ MIOTHOCTh, YOl MU-

JIPEBECHHBI

KPOBOJIOKOH IEJITFONIO3EI M MOJTYJTH
YIOPYTOCTH U Pa3pbiBa, SBIISIOTCS
HanOoJiee BAKHBIMH MEXaHHYe-
CKUMH XapaKTePUCTUKAMU JPEBe-
cunbl [10] u HamOoJiee 3HAYMMBI
MIpU CENEeKIWU JEePEBhEB, HAIPaB-
JICHHOW Ha YJIy4IICHUE KadyecTBa
KoHeuHoro mpoxnykra [11]. Ognako
TPaIUIMOHHBIE W3MEPEHUsI ITHX
XapaKTEPUCTHK SIBISIOTCS  JIHOO
JIOPOTOCTOSIIITUMH, JTHOO  pas3py-
HIAIOIIMMA O0BEKT, U HeoOXoauma
pa3paboTka METOJOB  OBICTPOro
CKaHMPOBaHMS PACTYIIUX JCPEBb-
eB [12]. [IpexxHue nporpaMmsl ce-
JICKIIMH JPEBECHBIX BUJIOB OBLIH
OpPUEHTUPOBAHBI TOJBLKO HAa YBeE-
JMYEHUE TPUPOCTa U TIPUBOIMIH
K COKpAILEHHIO 000pOoTa pyOKH s
IUTAaHTAIMOHHBIX KyNbTyp. Takoe
CHIDKEHHE 000poTa pyOKH IPUBEIIO
K TOMY, YTO JICPEBbsl CTAJId UMETh
MOBBIIICHHYIO JIOJIF0 FOBCHUJIbHOM
JIpEBECUHBI, oOnamaromield Oomnee
HU3KOH IIJIOTHOCTEIO, OOJIee BBICO-
KHAH yIJIOM MHKpPOBOJIOKOH H OoJjiee
HU3KAM MOJYJEM YIPYTOCTH, YTO
MPUBENIO K CHIDKCHHUIO CTOMMOCTH
KOHEYHBIX TIPOIyKTOB [13].

K Hepaszpymaronmm oTHOCHTCS
nuioauH-MeTo [14] Kak oauH U3
HauboIIee MPOCTHIX U TOCTYITHBIX.
OH BoCTpeOOBaH B CENIEKIIMOHHBIX
nporpaMmax, 0JJHako 0TOOp MO Mo-
Ka3aTelro MIOTHOCTH, TTOIy9aeMO-
My TMHJIOAWH-TECTEPOM, OKa3aycs
3 QEeKTUBHBIM HE JAJIsI BCEX JApe-
BECHBIX BHJIOB, & HM3MEHYHBOCTH
IUIOTHOCTH, OOBSCHSAEMash JTHM
METOJ/IOM, BapbHpYyeT B JHANa30HE
ot 27 1o 92 %. KsasmmmeTpus me-
TOJIOM COTPOTUBJICHHUS OYpPCHHIO
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JIpeBecHHbl Ha 0a3e pe3ucTorpa-
(da [15], kak Ooyiee YyBCTBUTEIb-
HOTO TIpuOOpa TI0 CpPaBHEHUIO
C TWJIOAWH-TECTEPOM, TaKXKEe Ha-
[ia MUPOKoe MPUMEHEHHE B Cce-
JIEKIIMOHHBIX IPOrpaMMax, HO 00a
METO/Ia OCHOBaHBI Ha JIOKAJILHOM
30H/IMPOBAHUH, U €TI0 IKCTPATIOSI-
1IUs1 Ha BCE IEPEBO JaeT CMEILEHHUE
ouneHok. Ilpumenenme puruo-
MeTp-KOHCTpyKuuu [16] numeHo
HeJI0CTaTKa, MPUCYIIEro ABYM BbI-
HIeyNOMSHYTHIM MeToaM. OTHaKo
METO/I OKa3aJCs CIUIIKOM TPYJIO-
E€MKHUM M MCKJIIOYAIOIUM BO3MOXK-
HOCTH BBINIOJTHEHUS MHOKECTBEH-
HBIX 3aMEpOB TMpPH peann3aluu
CEJICKLIMOHHBIX IIporpamm [17].
AKYCTHUECKMH METOJ] OLIEHKHU
TUTOTHOCTH JPEBECUHBI U MOMYIIS
[18]

CTBUTCJIbHBIM K HAJIW4YUIO I10PO-

yOpyrocTu SBISIETCSL  YyB-

KOB JIPEBECHHBI M TIO3BOJISIET CHATH
IOBYX
YCTaHOBOK CEeJIeKLIMHU, HallpaBJeH-

MIPOTHBOPEYHE IEJIeBBIX
HBIX OJHOBPEMEHHO Ha MOBBIIIE-
HHUE CKOPOCTH POCTa U MJIOTHOCTH
APCBCCUHBI. PaILI/IaIII/IOHHBIC METO-
el [19] ycrmenmHo perucTpupyroT
BHYTPHUKOJIBIIEBYIO TUIOTHOCTh, HO
TPeOyIOT TMPHUMEHEHHUSI JIOPOTOro
obopymoBanus.  I[IpeumymiecTBo
TEXHOJOTUM OymkHero uHpa-
KpacHoro criektpa [4] mepen Bce-
MH OCTaIBbHBIMA METOJaMHU CO-
CTOUT B BO3MOXXHOCTH OLICHHUBAaTb
XUMUIO APCBECCUHBI U BBIXO[ LICII-
JIIOJIO3bI, HO OHA HE JlaeT NpsIMOit
OLIEHKM M TpelyeT creunuanbHON
kanuOpoBku. M3mepenume Owuo-
MOTEHINAIOB PACTCHUH SIBISET-
Cs BaXXHOM XapaKTEpUCTHKON HX
(DU3HOJIOTUYECKOTO  COCTOSIHHMS,
a OMOTOKM pacTeHUi H JIF0O0H op-
TaHUYECKOW MacChl COCTaBIISIOT

OCHOBY MI/IKp06HLIX TOIIJIMBHBIX
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3JIEMEHTOB, COYETAIOUINX MOIyde-
HHUE DJIEKTPOIHEPIHMH M OYHUCTKY
cyOcTpaTtoB or 3arpsizHeHuit [20].
Takum 00pazom, J1r00ast TEXHUKA
HMEET CBOM OTPaHUYCHUS, U Ipe.-
CTaBJICHHBIM KpaTKui €€ aHaiu3
MOXET CIIOCOOCTBOBAaTh BBIOOPY
BapHaHTa, HauOoyee IPHUTOIHOTO
JUIS TOTO MM MHOTO METO/Ia Hepas-
PYIIAIOIETO KOHTPOJIS.

Cocrosinue npooaemMsbl
KBAJIMMETPHYECKUX
HCCJIeIOBAHUI OoMacchl JIeCOB

B ocHOBy necHod Takcanuu
Kak HayKH MepBOHaYalbHO ObLIa
3aJIO)KeHa CTepeoMeTpHYecKast Ta-
pamurmMa OIeHKH o0beMa CTBOJA
KaKk Tella BpalleHHs IJHHUM cOe-
ra BOKpyr ero ocu. C mepexomoM
K BECOBOH OIIGHKE OHMOJIOTUYECKOM
MPOAYKTUBHOCTH U YIVIEPOJJIETIO-
HUPYIOIIEH CrnocOOHOCTH JIECOB
COJZICpIKaHUE  KBAIMMETPHUUECKUX
XapakTepUCTHK HW3MEHWIOCh: Ha-
Py C OIEHKOH Cy4YKOBaToCTH,
HAJIMYKS THUJIH, KPUBU3HBI U CBU-
JIEBAaTOCTH CTBOJIOB ~ aKTyaJIbHOU
cTala OleHKA IUIOTHOCTH U IPYTUX
KBaJIMMETPUYCCKHUX JJAHHBIX B KOM-
MMoHeHTax omomaccel [21-23].

Haunbonee BaxxHBIMH KBaJMMe-
TPUYECKUMU CBOWCTBAMHU JIPEBECHU-
HBI TIPY MCIIOJIH30BAaHUH B IIEJTHHOM
BUJIE U B UEIUTFOJIO3HO-0yMa)KHOM
MPOU3BOJICTBE  SIBISIIOTCSA  IUIOT-
HOCTb, YTOJl MHUKPOBOJIOKOH, OIS
paHHE! IpeBEeCHHBI, pa3Mep Tpa-
XEHJl, COACp)KaHWE LEIUTIONO3bI H
Momynb ympyrocta [24]. M3 Hux
HanOoJiee BaKHBIM IOKa3aTeeM
sBisieTcss  Oa3ucHas  (yCJIOBHAs)
TUIOTHOCTH JIPEBECHHEI, B TOW WM
WHOW CTETIEHW KOPPEIHpYIoIIas
C OCTAJILHBIMU KBAJIUMETPUUCCKHU-

MU TIoKazarersiMu [25].

basucHast mimoTHOCTR TIpU3HAET-
cs1 HauOonee 3HAYMMBIM KBaJIMME-
TPUYECKUM CBOMCTBOM JPEBECHHBI
1 SBIISETCS (DYHKIEH TpaxenTHON

CTPYKTYPBIL.
pa3Mep M pacloIoKEHHE Tpaxeusl

V XBOHHBIX BHJIOB

OIIPEAEISAIOT CBOICTBA APEBECHHBI
¥ Ka4ecTBO 1eIuTiono3bl. Mopgoio-
THsl TpaxewuJl omnpenersier (uznye-
CKHE CBOWCTBA NPEBECHUHBI U BIIU-
S€T Ha ee THOKOCTb, INIACTUIHOCTD
U yCcTOH4YMBOCTb. basucHas 1uior-
HOCTb IIPU3HAHA OJHOMN U3 BaXKHEM-
IIMX COCTaBJAIOLUINX MeEXaHUYe-
CKOHM yCTOWYHMBOCTH K Jie(opMarvu
MoJ,  JCHCTBHEM  MPUIOKEHHOU
Harpy3ky, KoTopas OIpenenseT-
CA pa3MepoM KIIETKH U TOJIIUHOU
ee creHkH. OHa HUrpaeTr BaKHYIO
pOJb B yIpaBICHUH JIECaMH, B IKO-
JIOTMH COOOIIECTB M OILIEHKE pPEru-
OHAIBHBIX YDJICPOAHBIX IMKIIOB
[26]. Cornacuo I. Dmmmoty [27],
TUIOTHOCTh JIPEBECHHBI OTpa’KaeT
KOMTUIEKCHBIH 3(h(heKT HECKOIbKUX
POCTOBBIX U (PU3HUOIOTHUECKHX I1e-
pPEMEHHBIX, OOBEMUHEHHBIX JTOM
OTHOCHTEJIFHO JIETKO HM3MepsieMOn
XapaKTEePUCTUKON IPEBECHHBI.
OueBUAHO, YTO Ka4eCcTBO H
KOJIMYECTBO JAPEBECHHBI HE MO-
TyT paccMaTpuBaThCsl Kak He3a-
BUCHMBIE (DAKTOPBL. YiIydlleHHe
KayecTBa JPEBECHHBI CTalo He-
OTHEMJIEMOM YacThiO OOJBIINH-
CTBa CEJIEKLHOHHBIX IIPOrpamMM, H
IUIOTHOCTD JIPEBECHHBI  SIBJIACTCS
ueaJbHbIM OOBEKTOM JUId TeHe-
[28].
Cpenu  Bcex IpoaHaIM3MpPOBaH-

TUYECKHUX OKCIICPUMEHTOB

HBIX KOMIIOHCHTOB PaHHEBECCHHUE
KOJbIIa BBEISBUIIM CAMBIM BBICOKHU
M CTaOWIBbHBIA I€HETHYECKHUIA KOH-
TPOJIb, HE MOKa3aB HEONaronpHsT-
HOM NeHETUYECKON KOppeJsiry 10
OTHOILICHUIO K JPYTUM KOMIIOHECH-
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tam. [1o3ToMy IIIOTHOCTE paHHEBE-
CEHHHX KOJIell PEeKOMEHI0BaHa Kak
HanOoJee TOAXOAIINI TPU3HAK
JUTSL BKJTFOYCHUS B OyIyIIHE CEIeK-
IIUOHHBIE ITpOTrpaMMeI [29].
leorpadmyecku u QrutoreHeTH-
YeCKH O0YyCJIOBICHHOE BapbHUpOBa-
HHE TUIOTHOCTH JPEBECHUHBI OBLIO
paccMOTpeHO B paMKax €e 3BO-
JIFOIIMOHHOM 3KOJIOTMU C UCIOJb-
30BaHMEM 0a3bl JaHHBIX KaK JUIs
TOJIOCEMEHHBIX, TaK M ISl TIOKPHI-
TOCEMEHHBIX pacteHui. llocTtpo-
€HO (WIOTEHETHUYECKOE «CYIIep-
JIEPEBO», TIO3BOJIMBIIEE TMPOBECTH
aHaliu3 pa3iuuil B (UIOTCHE3e
CeMEHHBIX pacteHui. [eorpaduue-
CKHE ¥ TOMYJSIIMOHHBIE Pa3InIUs
B TUIOTHOCTH JIPEBECHHBI OKa3a-
JIMCh 3HAYMTENILHO HUXKE B YMEPCH-
HBIX [IMPOTaX M BBICOKOTOPHBIX
coo0IecTBax, Tne mpeodrangaiu
TOJIOCEMEHHBIE, [0 CPaBHEHHIO
C TAKOBBIMH B TPOIIMYECKUX HU3UH-
HBIX COOOIIECTBaX, TJIe Mpeodiaia-
7 IoKpbIToceMenHble. [locnennee
MIPEAToNaraeT yBeJIUYEHHUE III0T-
HOCTH JIPEBECUHBI B 3aBUCHMOCTHU
OT IIUPOTHI B BBICOTHI MECTHOCTH.
TeM cambIM TOATBEp)KACHA WS
0 TOM, YTO KaK OMOTHYECKHE, TaK
1 abmoTmueckne (HaKTOphl MTPAFOT
BOKHYIO POJTb B DBOJIFOIMHU IIOTHO-
CTH JIPEBECHHBI, @ TAKXKE B KOHTPO-
Jie HabJFO]aeMOTO CPEeTHETO 3Have-
HUS TIPU3HAKA U €r0 TUCIIEPCUU TI0
reorpaduyeckum rpagueHtam [30].
BoproBoe u HazemHOe Jazep-
HOE CKaHMUpPOBaHHE OOECIICYMBACT
IIMPOKUN CIEKTP XapaKTePUCTHUK
JIPEBOCTOEB LIS LIEJIeH MOMIEIpO-
BaHMA. DTO OBUIO MPOIEMOHCTPH-
pPOBaHO C MpEACKa3aHWEM CBOMCTB
JIPEBECHBIX BOJIOKOH Ha YpPOBHE
MPOOHBIX TUIOIIA/ICH C HCIIOTB30Ba-
HUEM JaHHBIX Kak 0optoBoro [31],
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TaK W HA3€MHOI'0 JIa3€pHOTO 30H-
[32].
ClIydyac 6BIJ'II/I BBIABJIICHBI 3HA4YU-

JIUPOBAHUS B mnocnennem
TENIbHbIC KOPPEISIIMK TUIOTHOCTH
C W3MEHYHBOCTHIO BEPTHKAJIHHOTO
npoduis momora. Bkiax JaHHBIX
HAa3eMHOT0 JIa3epHOTO 30HIUPOBA-
HUS B OIIEHKY TIOTHOCTH JIPEBECH-
HBI y eJI1 4YepHOM cocTaBui1 47 % ee
obmeit qucriepcuu [33]. Hazemnoe
Jla3epHOE CKAHMPOBAHME JIAET C BBI-
COKOHM TOYHOCTBIO XapaKTEePUCTHKH
CTPYKTYpBI JepeBa W JIPEBOCTOS,
KOTOpBIE CBSI3aHBI C IUIOTHOCTHIO
[34].

CTAaTUCTUYECCKUX CBSI3CH MCXKIY

JPEBECHUHBI YcraHoBneHnue
CTPYKTYPHBIMH ~ XapaKT€pPHUCTHKA-
MU, TOJYYECHHBIMU ITyTEM Ha3eM-
HOTO JIa3epPHOTO CKaHHPOBAHUS H
Ha3eMHOI0 OIPEAEICHHs IUIOTHO-
CTH JPEBECHUHBI, SBUJIOCH BayKHBIM
[1aroM B OIIPE/ICNICHUH CTPYKTYp-
HBIX TTOKa3aTeneil, KOTOphle MOTYT
OBITH HCIIOJB30BaHBl ISl KapTo-
rpaduu MIOTHOCTH JPEeBECHUHBI Ha
KPYIHBIX JaHmmadTax myTem 0op-
TOBOTO JIa3€PHOTO 30HIMPOBAHUSI.
Pazpabotka  kaprorpaduuecknx
NPOAYKTOB MO TeorpaduuecKkum
rpagieHTaM B COYETaHUH C BO3-
MOXKHOCTSIMA ~ JIMCTAHIIMOHHOTO
30HIMPOBAHUS JIOKAJIBHBIX CTPYK-
TYypHBIX II0Ka3aTellell JPEBOCTOEB
o0ecIieunBaceT MONEPKKY MEIIKO-
MacmTabHOTO KapTorpadgupoBaHus
IJIOTHOCTH ApeBeCcHHBI [32].

Ba3a jaHHBIX 0 KBAJIMUMETPUH
OHOMACCHI JIECOB HEHTPAJILHOI
EBpa3zun

CreneHb  JAOCTUTHYTOTO  MPO-
rpecca B M3y4eHHH OMOJIOTHYECKOM
MPOJYKTUBHOCTH JIECOB, B TOM YHC-
Jie ee KBAJTMMETPHUYECCKON COCTAaB-
JISIIOIICH, ompezensercs (akroso-
THYECKAM COCTOSIHUEM BOIPOCa,

T. €. 00eCIIeYCHHOCThIO (haKTHUe-
CKHMHU JaHHBIMH O KBaJHMETPH-
YECKUX XapaKTepUCTUKaX (uro-
MacChl TI0 TIOJHBIM BHIOBOMY H
JKOJIOTUYECKOMY crekTpam. Jlis
BaJIMJIAIIMM B3aUMOCBS3EH KBaJIH-
METPUUYECKUX TIoKazareyen ape-
BECHHBI C JAHHBIMH JHCTaHIIM-
OHHOTO 30HJMPOBAHUS JIECOB HA
OOJIBIIUX IUIOMIAISIX HEOOXOMUMEI
0a3pl  UCXOAHBIX  (HAaKTUYECKUX
JIAaHHBIX O KBAJIUMETPHUH JEPEBH-
€B, TONyYEHHBIX TTYTEM TPaTUIIH-
OHHOM Ha3eMHOM Takcamuu. Ta-
Kasi 0a3a MaHHBIX C(OPMHUPOBaHA
HaMU JUIS JIECOOOPa3YIOUINX JIpe-
BECHBIX BHUJOB LIEHTpaJbHOU EB-
pasum [35]. OHa COCTOUT U3 ABYX
pasznenos. B mepBom pazzierne mpe-
CTaBJICHBI SMIMPUYCCKUC JAHHBIC
0 cbere CTBOJIOB B KOope H 0€3 KOpbI,
CBSI3aHHBIE KaK C TAaKCAIMOHHBIMH
MOKA3aTesIMU JIEPEBHEB U JPEBO-
CTOEB, TaK M C JIOKAJIbHBIMU KBa-
JTUMETPUYECKIMHU  TTOKa3aTelsIMHU,
M3MEPEHHBIMH Ha Pa3HbIX OTHOCH-
TEILHBIX BBICOTaX CTBOJIOB. Bo BTO-
pOM pazzienie colepKarcsi CpeHue
KBATUMETPUYECKUE  TIOKa3aTeNu
JIEPEBHEB B COUCTAHUH C TEMH XKE
COITyTCTBYIOIIMMHU JaHHBIMH, YTO
U B MepBOM paszene. B o6oux pas-
Jleax TPHUBOMATCS ITaHHBIE O CO-
JIEpKaHUU CyXOro BEIIEeCTBA B JIU-
CTBe (XBO€) U BETBAX JICPEBBEB.
Mpb1 BCTymaeM B HOBYIO 3Dy, Xa-
PaKTEepPH3YIOIIYIOCS — TI00ATbHBIM
CTPEMJICHHEM K TOCTIKEHHIO KO-
HOMHMYECKOM, COIMATLHOM U DKOJIO-
TUYECKOM YyCTOMYMBOCTH, B KOTO-
pOil oL JPEBECUHBI CTAHOBUTCS
Bce 0Oojee 3aMeTHOH, 0COOEHHO
(dhopmupyromiercs
ounoskoHomuku [36]. IlnoTHOCTH
HapsTy
C KOJIMYCCTBEHHBIMH TIOKa3aTeIs-

B  KOHTCKCTC

KOMIIOHEHTOB OMOMACCEHI
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MU OMOMAacChl M YHCTOH IEpBUY-
HOU MPOIYKIIMU BXOIUT B TIOHSTHE
OHMONIOTHYECKOH TPOAYKTHBHOCTH
JICCHOTO TIOKPOBa TUIAHEThI Kak
«HanboJIee HAICKHOTO MCTOYHHKA
MIPOTIUTAHHUS BCE BO3PACTAOIIETO
Hacenenus» [37, c. 110]. B cBa3u
¢ mpoOJIeMOl M3MEHEHHUST KIIMMara
KOJTMYECTBEHHBIE U KBATMMETPHYE-
CKUE ITOKA3aTeI JIECHOI OMOMAacChl
CTaJli HEOOXOVMBI JJIsi KOPPEKT-
HOW OLIEHKH YTJIEPOJHOTO IIHKIIA
B 3eMHO#1 6uocdepe [38]. Chopmu-
poBaHHast 6a3a JaHHBIX MTPEIOCTaB-
JSIeT BO3MOXKHOCTh KapTHPOBAHWUS
U BBIABICHUS 3aKOHOMEPHOCTEH
M3MEHEHUS KBAIMMETPHUUECKHUX I10-
Kazarejed B KIMMAaTH4eCKHX Tpa-
JueHTax EBpasum u MOXET OBITh
BOCTpeOOBaHAa B OymymieM Jieco-
YCTPOWCTBE, OLEHKE YIIEPOIHOTO
MyJia JIECOB U MEPCICKTUBHBIX CE-

JICKIIMOHHBIX IIporpaMMax Poccun.

BoiBoabI
1. J1st onTUManbHOTO HCIONb-
30BaHUSl HAIIUX JIECHBIX pecyp-
COB  HEOOXOOUMBI  JeTajbHBIC
3HAHUS 00 M3MEHEHHUSIX KBaJMMe-
TPUYECKUX TIOKa3aTelield JeCcHOU
Oromacchl U MX BIMSHUH Ha CTO-
UMOCTBh KOHETHOTO TpOIyKTa. JIto-
0asi TEeXHHWKAa Hepa3pyIIAIIeTo
KOHTPOJIS TIPEBECUHBI UMEET CBOU
OTpaHWYCHWS, ¥ TIPEICTABICHHBIN
KpaTKHii e€ aHaIIu3 MOXKET CIIOCO0-
CTBOBaTh BBHIOOPY BapuaHTa, HaW-
0oJiee TPUTOTHOTO IJIST TOTO WA
MHOTO METOJa HEepa3pyIlaoIlero
KOHTPOJIA.
2. ba3ucHasg IUIOTHOCTh IIPHU-
HanbOoJee

3HaCTCA 3HAaYUMBbIM

KBAJIUMETPUYECKUM  CBOWCTBOM
JPEeBECUHBI U sABJsIeTCs PyHKUUEH
TpaxeuaHON CTPYKTypBl. Yiydlie-

HUC Kau€CTBa APCBCCHHBI CTAJIO
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HEOTHEMJIEMOH YacThIO OOJIBIITNH-
CTBAa CEJIEKLHOHHBIX IIPOrpam,
U TUIOTHOCTH JIPEBECUHBI SBISIETCA
nJacaJbHbIM 06’LCKTOM JJIA TCHETHU-
YECKHUX IKCIEPUMEHTOB.

3. boproBoe u HazeMHoe na3ep-
HO€ CKaHMpOBaHHE OOECIeUrBaET
LIMPOKUH CIEKTP XapaKTepUCTHUK
JIPEBOCTOEB IS 1ieNIel MOAEIUpo-
BaHus. HazemHoe masepHoe cka-
HUPOBAHHUE AT C BBICOKOH TOYHO-

Jleca Poccuu u xo3s1icmeo 8 HUX

JepeBa W JPEBOCTOs, KOTOPHIE
CBSI3aHBI C IUIOTHOCTBIO JPEBECH-
Hbel. Pa3paborka kaprorpaduue-
CKUX TPOIYKTOB IO reorpaduue-
CKHUM TpaJMeHTaM B COYCTAHUH
C BO3MOXHOCTSIMH  JIUCTaHIH-
OHHOTO 30HJMPOBaHUS JIOKAJb-
HBIX CTPYKTYPHBIX TOKa3aTeleH
IpeBocToeB olecreunBaeT MoJ-
JIEPKKY MEITKOMACIITaOHOTO Kap-
TorpadupoBaHus MIIOTHOCTH Jpe-

BCCHUHBI.
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4. ChopmupoBanHas 0aza maH-
HBIX TPEAOCTABISIET BOZMOXXHOCTh
KapTUPOBAaHUS U BBISBICHUS 3a-
KOHOMEPHOCTEH HW3MEHEHHUs KBa-
JTUMETPUIECKIX roKa3areJei
B KIMMAaTMYECKUX TpaJueHTax
ueHtpanbHoil EBpasuu U MOXeT
OBITh BOCTpeOOBaHa B OymymieMm
JIECOYCTPONCTBE, OLIEHKE YITIepOI-
HOTO TyJia JIECOB W TIEPCIIEKTHB-
HBIX CEJICKI[MOHHBIX IpOrpaMMax

Poccun.

CTBIO XapaKTEPUCTHUKHU CTPYKTYPHI

CnHcoK HCTOYHHUKOB

1. Malavasi U. C., Davis A. S., Malavasi M. M. Estimating water in living woody stems — a review // Cerne.
2016. Vol. 22. No. 4. P. 415-422. DOI: 10.1590/01047760201622032169

2. Ruggirello M. Nondestructive testing of ponderosa pine wood quality influence of stand and tree-level
variables on acoustic velocity and wood density / Submitted to the Faculty of the Northern Arizona
University School of Forestry in partial fulfillment of the requirements for the degree of Master of Forestry,
2017. 36 p.

3. Allison R. B. Development of bioacoustic nondestructive testing instruments for early detection of bark
beetle infestation / Wang X., Senalik C. A., Ross R. J. (eds.). Proceedings: 20th International Nondestructive
Testing and Evaluation of Wood Symposium. General Technical Report FPL-GTR-249. Madison, WI:
U.S. Department of Agriculture, Forest Service, Forest Products Laboratory, 2017. P. 264-269.

4. Non-destructive evaluation techniques and what they tell us about wood property variation / L. Schimleck,
J. Dahlen, L. A. Apiolaza, G. Downes, G. Emms et al. // Forests. 2019. Vol. 10. P. 728. DOI:10.3390/f10090728.

5. Pressler M. R. Der forstliche Zuwachsbohrer neuester Construction und dessen praktische Bedeutung und
Anwendung fiir die forstliche Forschungs-, Taxations-, Pflege- und Nutzungs-Technik // Tharander Jahrbuch.
1866. Vol. 17. No. 3. P. 113-2009.

6. Metomsr neaapoxponosorun / C. I. Illustos, E. A. Baranos, A. B. Kupnsuos, B. b. Kpyros, B. C. Mazena
u ap. Y. 1. OcuHoBbl nerapoxpoHonorud. CO60p U NolydeHne JpeBecHO-KombLeBol nHpopMannu. KpacHospek :
KpacI'V, 2000. 80 c.

7. Schweingruber E. H. Dendrodkologische Holzanatomie: Anatomische Grundlagen der Dendrochronologie.
Berne : Paul Haupt Verlag, 2001. 472 p.

8. AnvetoB A. H. CoBepiiieHCTBOBaHHE KOHCTPYKIUH OypaBa JUisi W3BJICUCHUS! KEPHOB APEBECUHBI U3 PacTy-
X JEPEBBEB PA3IUIHBIX MTOPO: aBToped. IuC. ... KaH. TexH. HayK: 05.21.01 / AnmveroB Armpeti HukomaeBud.
Vomkap-Oma: MapI'TV, 2001. 24 c.

9. Zobel B. 1., Jett J. B. Genetic controls in wood formation // Genetics of Wood Production. Berlin : Springer-
Verlag, 1995. P. 26-49.

10. Microwave testing of moist and oven-dry wood to evaluate grain angle, density, moisture content and the
dielectric constant of spruce from 8 GHz to 12 GHz / A. Aichholzer, C. Schuberth, H. Mayer, H. Arthaber //
European Journal of Wood and Wood Products. 2018. Vol. 76. P. 89—103. DOI: 10.1007/s00107-017-1203-x.

11. Developing breeding objectives for radiata pine structural wood production 1. Bioeconomic model and
economic weights / M. Ivkovi¢, H. X. Wu, T. A. McRae, M. B. Powell // Canadian Journal of Forest Research.
2006. Vol. 36. P. 2920-2931. DOI:10.1139/X06-161.



Ne 3 (78), 2021 r. Jleca Poccuu u xo3s1icmeo 8 HuUx 21

12. Inheritance and genetic gain in wood stiffness in radiata pine assessed acoustically in young standing
trees / A. C. Matheson, W. J. Gapare, J. Ilic, H. X. Wu // Silvae Genetica. 2008. Vol. 57. No. 2. P. 56-64.
DOI: 10.1515/sg-2008-0009.

13. Fundova I. In situ wood quality assessment in interior spruce // Thesis submitted in partial fulfillment of the
requirements for the degree of Master of Science in the Faculty of graduate studies (Forestry). The University of
British Columbia (Vancouver), 2012. 80 p.

14. Hansen C. P. Application of the pilodyn in forest tree improvement / DFSC Series of Technical Notes.
TNS5S5. Danida Forest Seed Centre, Humlebaek, Denmark, 2000. 11 p.

15. JlaBpoB M. @. CoBeplleHCTBOBAaHHE METOAA OLICHKH KaueCTBa JIPEBECHHBI JIMUCTBEHHULIBI, IPOU3PACTAIO-
nied B KIMMaTHUeCKUX YCIOBUsIX SKyTnu : aBroped. muc. ... kauu. texH. Hayk: 05.21.05 / JlaBpoB Muxaun ®py-
mentbeBud. ExarepunOypr: YIJITY, 2015. 15 c.

16. Mamdy C. Contribution a I’étude du module d’¢élasticité de troncs d’arbres sur pied; utilisation en amelioration
génétique des arbres forestiers // Rapport DEA Matiére condensée et diluée, ESEM Orléans, INRA Orléans,
1995. 47 p.

17. A new experimental device for rapid measurement of the trunk equivalent modulus of elasticity on standing
trees / J. Launay, P. Rozenberg, L. Paques, J.-M. Dewitte / Annals of Forest Science. 2000. Vol. 57. P. 351-359.
DOI: 10.1051/forest:2000126.

18. Bucur V. Acoustics of wood. 2nd ed. New York : Springer-Verlag, 2006. 393 p.

19. Cumonenko A. A. MeTonbl W cpencTBa TaMOKEHHOTO KOHTPOJS IDIOTHOCTH APEBECHHBI aBTOped.
JC. ... KaHJ. TexH. Hayk: 05.11.13 / Cumonenko AnTtoH AHaronseBud. CankT-IletepOypr : HanmonanbsHbIl MUuHE-
panbHO-ChIpbeBOil yHUBEpcuTeT «lopHbIY», 2014. 20 c.

20. Compost in plant microbial fuel cell for bioelectricity generation / M. A. Mogsud, J. Yoshitake, Q. S. Bushra,
M. Hyodo, K. Omine et al. // Waste Management. 2015. Vol. 36. P. 63—69. DOI: 10.1016/j.wasman.2014.11.004.

21. Iomy6ospunor O. U. [TnotHOCTE ApeBecuHbl. M. : JlecH. mpom-cTh, 1976. 160 c.

22. Menexos B. U., baouu H. A., Kopuaros C. A. KayecTBo JpeBeCHHBI COCHBI B KYJIbTYpax. APXaHIEIIbCK :
Uzn-Bo AI'TY, 2003. 110 c.

23. Ixaobik-Kaparaiickuit 0op / JI. I1. Ab6pamosa, JI. Y. Atkuna, E. A. XKyuxkos, C. B. 3anecos, H. A. Jlyran-
ckuii u ap. ExarepunOypr : YIJITY, 2005. 213 c.

24. Lutz J. How growth rate affects properties of softwood veneer // Forest Products Journal. 1964. Vol. 14.
P. 97-102.

25. Hergjarvi H. Variation of basic density and Brinell hardness within mature Finnish Betula pendula and
B. pubescens stems // Wood and Fiber Science: Journal of the Society of Wood Science and Technology. 2004.
Vol. 36. No. 2. P. 216-227.

26. Fearnside P. M. Wood density for estimating forest biomass in Brazilian Amazonia // Forest Ecology and
Management. 1997. Vol. 90. No. 1. P. 59-87. DOI: 10.1016/S0378-1127(96)03840-6.

27. Elliott G. K. Wood density in conifers // Technical Communication. No. 8. Commonwealth Forestry Bureau,
Oxford, England, 1970. 44 p.

28. Genetic architecture of wood properties based on association analysis and co-expression networks in white
spruce / M. Lamara, E. Raherison, P. Lenz, J. Beaulieu, J. Bousquet et al. / New Phytologist. 2015. Vol. 210.
No. 1. P. 240-255. DOI: 10.1111/nph.13762.

29. Louzada J. L. Genetic correlations between wood density components in Pinus pinaster Ait. // Annals of
Forest Science. 2003. Vol. 60. P. 285-294. DOI: 10.1051/forest:2003020.

30. Swenson N. G., Enquist B. J. Ecological and evolutionary determinants of a key plant functional trait: wood
density and its community — wide variation across latitude and elevation // American Journal of Botany. 2007.
Vol. 94. No. 3. P. 451-459. DOI: 10.3732/ajb.94.3.451.



22 Jleca Poccuu u xo3s1icmeo 8 HuUXx Ne 3 (78), 2021 r.

31. Predicting wood quantity and quality attributes of balsam fir and black spruce using airborne laser scanner
data / J. E. Luther, R. Skinner, R. A. Fournier, O. R. van Lier, W. W. Bowers et al. // Forestry. 2014. Vol. 87.
P. 313-326. DOLI: 10.1093/forestry/cpt039.

32. Predicting wood fiber attributes using local-scale metrics from terrestrial LIDAR data: A case study of
Newfoundland conifer species / D. Blanchette, R. A. Fournier, J. E. Luther, J.-F. C6té // Forest Ecology and
Management. 2015. Vol. 347. P. 116-129. DOI: 10.1016/j.foreco.2015.03.013.

33. Modeling black spruce wood fiber attributes with terrestrial laser scanning / G. Giroud, R. Schneider,
R. A. Fournier, J. E. Luther, O. Martin-Ducup // Canadian Journal of Forest Research. 2019. Vol. 49. No. 6.
P. 661-669. DOI:10.1139/CJFR-2018-0342.

34. Assessment of standing wood and fiber quality using ground and airborne laser scanning: a review /
M. van Leeuwen, T. Hilker, N. C. Coops, G. Frazer, M. A. Wulder et al. // Forest Ecology and Management. 2011.
Vol. 261. P. 1467—-1478. DOI: 10.1016/j.foreco.2011.01.032.

35. YeombiieB B. A., Lenopaei U. C. KpanuMeTpusi (PUTOMACCHI JIECHBIX JCPEBBHEB: IIIOTHOCTh U CONIEpIKa-
HHUE CyXOro BelecTBa. — ExarepuHOypr : YpalbCKUii TOCYIapCTBEHHBIN JIECOTEXHUIECKHUN yHUBEpCHUTET ; bora-
HUYECKUH cajy Ypanbckoro otaenenus Poccuiickoit akagemun Hayk, 2020. 1 anekrpon. ont. quck (CD-ROM).
ISBN 978-5-94984-768-8. — URL.: https://elar.usfeu.ru/bitstream/123456789/10022/1/Usolcev_20.pdf

36. Differences in growth and wood density in clones and provenance hybrid clones of Norway spruce /
E. Levkoev, A. Kilpeldinen, K. Luostarinen, P. Pulkkinen, L. Mehtitalo et al. / Canadian Journal of Forest
Research. 2017. Vol. 47. No. 3. P. 389-399. DOI: 10.1139/cjfr-2016-0285.

37. HroBunsko I1., Tanr M. buocdepa u mecto B Heit yenoseka. M.: [Iporpecc, 1968. 255 c.

38. Wood density reduced while wood volume growth accelerated in Central European forests since 1870 /
H. Pretzsch, P. Biber, G. Schiitze, J. Kemmerer, E. Uhl // Forest Ecology and Management. 2018. Vol. 429.
P. 589-616. DOLI: 10.1016/j.foreco.2018.07.045.

References

1. Malavasi U. C., Davis A. S., Malavasi M. M. Estimating water in living woody stems — a review // Cerne.
2016. Vol. 22. No. 4. P. 415-422. DOI: 10.1590/01047760201622032169

2. Ruggirello M. Nondestructive testing of ponderosa pine wood quality influence of stand and tree-level
variables on acoustic velocity and wood density / Submitted to the Faculty of the Northern Arizona University
School of Forestry in partial fulfillment of the requirements for the degree of Master of Forestry, 2017. 36 p.

3. Allison R. B. Development of bioacoustic nondestructive testing instruments for early detection of bark beetle
infestation / Wang X., Senalik C. A., Ross R. J. (eds.). Proceedings: 20th International Nondestructive Testing and
Evaluation of Wood Symposium. General Technical Report FPL-GTR-249. Madison, WI: U.S. Department of
Agriculture, Forest Service, Forest Products Laboratory, 2017. P. 264-269.

4. Non-destructive evaluation techniques and what they tell us about wood property variation / L. Schimleck,
J. Dahlen, L. A. Apiolaza, G. Downes, G. Emms et al. // Forests. 2019. Vol. 10. P. 728. DOI:10.3390/f10090728.

5. Pressler M. R. Der forstliche Zuwachsbohrer neuester Construction und dessen praktische Bedeutung und
Anwendung fiir die forstliche Forschungs-, Taxations-, Pflege- und Nutzungs-Technik // Tharander Jahrbuch.
1866. Vol. 17. No. 3. P. 113-209.

6. Methods of dendrochronology / S. G. Shiyatov, E. A. Vaganov, A.V. Kirdyanov, V. B. Kruglov, V. S. Mazepa,
M. M. Naurzbaev, R. M. Khantemirov. Part 1. Fundamentals of dendrochronology. Collecting and receiving
tree-ring information. Krasnoyarsk: KrasGU, 2000. 80 p.

7. Schweingruber E. H. Dendrodkologische Holzanatomie: Anatomische Grundlagen der Dendrochrono-
logie. Berne : Paul Haupt Verlag, 2001. 472 p.

8. Almetov A. N. Improving the design of the drill for extracting wood cores from growing trees of various
species: PhD Thesis: 05.21.05 / Andrey Almetov. loshkar-Ola: MarGTU, 2001. 24 p.



Ne 3 (78), 2021 r. Jleca Poccuu u xo3s1icmeo 8 HuUx 23

9. Zobel B. I., Jett J. B. Genetic controls in wood formation // Genetics of Wood Production. Berlin : Springer-
Verlag, 1995. P. 26-49.

10. Microwave testing of moist and oven-dry wood to evaluate grain angle, density, moisture content and the
dielectric constant of spruce from 8 GHz to 12 GHz / A. Aichholzer, C. Schuberth, H. Mayer, H. Arthaber //
European Journal of Wood and Wood Products. 2018. Vol. 76. P. 89—103. DOI: 10.1007/s00107-017-1203-x.

11. Developing breeding objectives for radiata pine structural wood production I. Bioeconomic model and
economic weights / M. Ivkovi¢, H. X. Wu, T. A. McRae, M. B. Powell // Canadian Journal of Forest Research.
2006. Vol. 36. P. 2920-2931. DOI:10.1139/X06-161.

12. Inheritance and genetic gain in wood stiffness in radiata pine assessed acoustically in young standing
trees / A. C. Matheson, W. J. Gapare, J. Ilic, H. X. Wu // Silvae Genetica. 2008. Vol. 57. No. 2. P. 56-64.
DOI: 10.1515/5g-2008-0009.

13. Fundova I. In situ wood quality assessment in interior spruce // Thesis submitted in partial fulfillment of the
requirements for the degree of Master of Science in the Faculty of graduate studies (Forestry). The University of
British Columbia (Vancouver), 2012. 80 p.

14. Hansen C. P. Application of the pilodyn in forest tree improvement // DFSC Series of Technical Notes.
TNS5S5. Danida Forest Seed Centre, Humlebaek, Denmark, 2000. 11 p.

15. Lavrov M. F. Improving the method for assessing the quality of larch wood growing in the climatic conditions
of Yakutia: PhD. Thesis: 05.21.05 / Mikhail Lavrov. Yekaterinburg : UGLTU, 2015. 15 p.

16. Mamdy C. Contribution a 1’é¢tude du module d’¢lasticité de troncs d’arbres sur pied; utilisation en
amelioration génétique des arbres forestiers / Rapport DEA Matiére condensée et diluée, ESEM Orléans,
INRA Orléans, 1995. 47 p.

17. A new experimental device for rapid measurement of the trunk equivalent modulus of elasticity on
standing trees / J. Launay, P. Rozenberg, L. Paques, J.-M. Dewitte // Annals of Forest Science. 2000. Vol. 57.
P. 351-359. DOI: 10.1051/forest:2000126.

18. Bucur V. Acoustics of wood. 2nd ed. New York : Springer-Verlag, 2006. 393 p.

19. Simonenko A. A. Methods and means of customs control of wood density: PhD. Thesis: 05.11.13 / Anton
Simonenko. Saint Petersburg: National Mineral Resource University «Gorny», 2014. 20 p.

20. Compost in plant microbial fuel cell for bioelectricity generation / M. A. Mogsud, J. Yoshitake, Q. S. Bushra,
M. Hyodo, K. Omine et al. / Waste Management. 2015. Vol. 36. P. 63—-69. DOI: 10.1016/j.wasman.2014.11.004.

21. Poluboyarinov O. 1. Wood density. M. : Lesnaya Promyshlennost’, 1976. 160 p.

22. Melekhov V. 1., Babich N. A., Korchagov S. A. The quality of pine wood in plantations. Arkhangelsk :
AGTU Publ., 2003. 110 p.

23. Dzhabyk-Karagay Forest / L. P. Abramova, L. I. Atkina, E. A. Zhuchkov, S. V. Zalesov, N. A. Luganskiy
et al. Yekaterinburg : UGLTU, 2005. 213 p.

24. Lutz J. How growth rate affects properties of softwood veneer // Forest Products Journal. 1964. Vol. 14.
P. 97-102.

25. Herdjarvi H. Variation of basic density and Brinell hardness within mature Finnish Betula pendula and
B. pubescens stems // Wood and Fiber Science: Journal of the Society of Wood Science and Technology.
2004. Vol. 36. No. 2. P. 216-227.

26. Fearnside P. M. Wood density for estimating forest biomass in Brazilian Amazonia // Forest Ecology and
Management. 1997. Vol. 90. No. 1. P. 59-87. DOI: 10.1016/S0378-1127(96)03840-6.

27. Elliott G. K. Wood density in conifers // Technical Communication. No. 8. Commonwealth Forestry Bureau,
Oxford, England, 1970. 44 p.

28. Genetic architecture of wood properties based on association analysis and co-expression networks
in white spruce / M. Lamara, E. Raherison, P. Lenz, J. Beaulieu, J. Bousquet et al. / New Phytologist. 2015.
Vol. 210. No. 1. P. 240-255. DOI: 10.1111/nph.13762.



24 Jleca Poccuu u xo3s1icmeo 8 HuUXx Ne 3 (78), 2021 r.

29. Louzada J. L. Genetic correlations between wood density components in Pinus pinaster Ait. // Annals of
Forest Science. 2003. Vol. 60. P. 285-294. DOI: 10.1051/forest:2003020.

30. Swenson N. G., Enquist B. J. Ecological and evolutionary determinants of a key plant functional trait: wood
density and its community — wide variation across latitude and elevation // American Journal of Botany. 2007.
Vol. 94. No. 3. P. 451-459. DOI: 10.3732/ajb.94.3.451.

31. Predicting wood quantity and quality attributes of balsam fir and black spruce using airborne laser scanner
data / J. E. Luther, R. Skinner, R. A. Fournier, O. R. van Lier, W. W. Bowers et al. // Forestry. 2014. Vol. 87.
P. 313-326. DOI: 10.1093/forestry/cpt039.

32. Predicting wood fiber attributes using local-scale metrics from terrestrial LIDAR data: A case study of
Newfoundland conifer species / D. Blanchette, R. A. Fournier, J. E. Luther, J.-F. C6té // Forest Ecology and
Management. 2015. Vol. 347. P. 116-129. DOI: 10.1016/j.foreco.2015.03.013.

33. Modeling black spruce wood fiber attributes with terrestrial laser scanning / G. Giroud, R. Schneider,
R. A. Fournier, J. E. Luther, O. Martin-Ducup // Canadian Journal of Forest Research. 2019. Vol. 49. No. 6.
P. 661-669. DOI:10.1139/CJFR-2018-0342.

34. Assessment of standing wood and fiber quality using ground and airborne laser scanning: a review /
M. van Leeuwen, T. Hilker, N. C. Coops, G. Frazer, M. A. Wulder et al. // Forest Ecology and Management.
2011. Vol. 261. P. 1467-1478. DOI: 10.1016/j.foreco.2011.01.032.

35. Usoltsev V. A., Tsepordey 1. S. Qualimetry of forest tree biomass : density and dry matter content:
monograph. Ural State Forest Engineering University, Botanical Garden of Ural Branch of RAS.
Yekaterinburg, 2020. (CD-ROM). ISBN 978-5-94984-768-8. URL: https://elar.usfeu.ru/bitstream/123456789/
10022/1/Usolcev_20.pdf

36. Differences in growth and wood density in clones and provenance hybrid clones of Norway spruce /
E. Levkoev, A. Kilpeldinen, K. Luostarinen, P. Pulkkinen, L. Mehtitalo et al. / Canadian Journal of Forest
Research. 2017. Vol. 47. No. 3. P. 389-399. DOI: 10.1139/cjfr-2016-0285.

37. Duvigneaud P., Tanghe M. Ecosystemes et biosphere. Moscow : «Progress», 1968. 255 p.

38. Wood density reduced while wood volume growth accelerated in Central European forests since 1870 /
H. Pretzsch, P. Biber, G. Schiitze, J. Kemmerer, E. Uhl // Forest Ecology and Management. 2018. Vol. 429.
P. 589-616. DOI: 10.1016/j.foreco.2018.07.045.

Hugpopmayus 06 asmopax
U. C. lJenapoeii — nayunwlil COmpyOHUK;

B. A. Yconvyes — 0okmop cenbckoxo3aticmeeHHbIX HAYK, npogeccop.

Information about the authors
1. S. Tsepordey — scientific researcher;

V. A. Usoltsev — doctor of agricultural sciences, professor.

Cmamuws nocmynuna 6 peoaxyuio 06.09.2021; npunama k nyonuxayuu 10.09.2021.

The article was submitted 06.09.2021; accepted for publication 10.09.2021.

Peyensenm: Tepexoe I I, doxmop cenbckoxossiicmeennvix Hayk, npogpeccop, @®I'HOY nayxu «bomanuue-
ckuti cao» YpO PAH.

Reviewer: Terekhov G. G., Doctor of Agricultural Sciences, Professor, Federal State Budgetary Educational
Institution of Science «Botanical Gardeny, Ural Branch of the Russian Academy of Sciences.




Ne 3 (78), 2021 r. Jleca Poccuu u xo3s1icmeo 8 HuUx 25

Jleca Poccun u xo3siictBo B HuX. 2021. Ne 3. C. 25-29.
Forests of Russia and economy in them. 2021. Ne 3. P. 25-29.

Hayunas crarbs
YK 630*181
doi: 10.51318/FRET.2021.39.80.003

OKOHOMUYECKAA 3PPEKTUBHOCTb BbIBOPOYHbLIX PYBOK

O.abra Muxaiijsosna bBa6akosa', FOus Hukosaesna bBesruna?,
Amnacracust Buransesna Jlanresa®

123 Vpanbckuii rocy1apcTBEHHBIN JIECOTEXHUUECKH yHUBepcuTeT, EkarepunOypr, Poccus
!o.babakova@list.ru, https://orcid.org/0000-0001-7624-2522

2bezginayun@m.usfeu.ru, https://orcid.org/0000-0003-3384-2792
3nastya.lapteva.2014@mail.ru, https://orcid.org/0000-0001-9861-3355

AnHotanus. Benenue BEIOOPOUHBIX PyOOK MO3BOJISIET 3arOTaBIMBATh CIEIYIO M IEPECTOMHYIO JPEBECHHY
B Pa3HOBO3PACTHBIX APeBOCTOsIX. OCYILECTBIEHHE BBIOOPOYHBIX PYOOK CHOCOOCTBYET CO3IAHMIO YCJIOBHUH IUIs
YCKOpPEHHsI BOCCTAHOBJIEHHUS 3allaCcOB JPEBECHHBI, COXPAHEHMs CTPYKTYpbl APEBOCTOS, a TAKKE COXpPaHEHUS
3alIMTHBIX W UHBIX (QYHKIMI Jieca. Ha3HaueHne MHTEHCHBHOCTH MPOBE/ICHHST BHIOOPOYHBIX PYOOK 3aBUCHUT OT
MPUPOAHO-TIPOU3BOACTBEHHBIX (DaKTOPOB. ABTOPHI CTaThbH HOMBITAJINCH OTBETUTH HA BOIPOC, KAKOH MHTCHCHUB-
HOCTH JI0JDKHA OBITH BEIOOpOUYHAst pyOKa, YTOOBI €€ OBUTO BHITOAHO BECTH JI€CO3arOTOBUTEIBHBIM MPEANPHUSTHSIM.
C TOuUKHM 3peHHs JeCO3aroTOBUTENS KJIFOYEBBIM TIOKA3aTeIeM BBIOJHEHHUS BHIOOPOYHBIX PyOOK sBIsieTCs cebe-
CTOMMOCTh IIPOBEACHMS PYOKH, BIMSIOIIAs B JaJIbHEHIIEM Ha CTOMMOCTD IOMydaeMoil npoxykiuu. CHIKeHHe
WHTEHCUBHOCTU BBIOOPKHU JPEBECHHBI BJICUET 32 COOOH CHMKEHHE MPOM3BOIUTEIHLHOCTH HA OTACIBHBIX Iepe-
Jienax paboT J1eco3aroToBUTENbHBIX Opuraj. [IpoBeneHHbIe pacyeThl MOKa3aiH, YTO CHH)KEHHE MHTEHCHBHOCTH
BBIOOPOYHO pyOKH Ha 10 % NPUBOOUT K CHMXKEHHIO IPOU3BOAUTEIBHOCTH JIECO3arOTOBUTEIBHBIX OpHUraz Ha
18-20 %. HTEeHCHBHOCTH BEIOOPKH MIPH MPOBEACHUH BEIOOPOUHBIX PyOOK BIHSET Ha HX SKOHOMUYECKYIO AP dek-
TUBHOCTH. CHIKEHHE MPON3BOJUTENFHOCTH JIECO3aTOTOBUTENFHBIX OpHTa BIeYeT 3a OO0 yBennueHne cede-
CTOMMOCTH BBIIIOJTHEHHSI BHIOOPOUHBIX pyOoK. CebecTouMOoCTh 3aroTOBKH 00€3IMUEHHOT0 KyOOMeTpa APEBECHHBI
NPY CHIPKEHUH MHTEHCUBHOCTHU BBIOOPKH Ha 10 % yBenuuuBaercs Ha 5—13 %, a 00beM yesbHBIX KalUTalbHBIX
BJIOKCHU MPH ATOM yBenmanBaeTcst Ha 17-33 %. B pesynbrare mpoBeIeHHBIX UCCIICIOBAHMA OBLT CIIETaH BHIBOI,
YTO HAMMEHBIIEH HHTEHCUBHOCTHIO BBIOOPOYHBIX PyOOK, KOTOpask HE TOBJICYET CHXKEHUS IPOM3BOIUTEILHOCTH
Tpy/a Ha JIeCO3aroTOBKax M yBEIWYEeHHs ce0eCTOMMOCTH POAYKIINH, SBISIETCS HHTEeHCHBHOCTH 40 % 1o 3anacy
JIPEBOCTOS M BBIIIIE.

KuaroueBsbie ciioBa: BEIOOpOUYHAs pyOKa, SKOHOMUYECKast 3 EKTUBHOCTh, Ce0ECTOMMOCTh PadOT MPH BBIOO-
pouHO# pyOKe.

© babaxosa O. M., besruna 1O. H., JlanteBa A. B., 2021
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Abstract. Selective felling allows harvesting ripe and overmature wood of different-age plantations.
Selective felling contributes to the creation of conditions for the accelerated restoration of timber reserves, the
preservation of the structure of plantations, as well as the preservation of the protective and other functions of
the forest. The purpose of the intensity of selective felling depends on the natural factors of production. The
authors of the article tried to answer the question of what intensity selective felling should be in order for it to
be profitable for logging enterprises. From the logger’s point of view, the main indicator of selective felling is
the cost of felling, which further affects the cost of the resulting product. A decrease in the intensity of wood
sampling lead to decreasing in productivity at different stages of the work of logging crews. A Calculations have
shown that a 10 % of decreasing in the intensity of selective felling leads to decreasing in the productivity of
logging teams by 18-20 %. The intensity of sampling during selective felling affects their economic efficiency.
A decrease in the productivity of logging crews entails an increase in the cost of selective felling. The cost of
harvesting a cubic meter of wood with a decrease in the sampling rate by 10 % increases by 5—13 %, and the
volume of specific capital investments increases by 17-33 %. As a result of the research it was concluded that
the lowest intensity of selective felling, which did not entail a decrease in labor productivity during harvesting
and an increase in the cost of products, is 40 % in terms of growing stock and higher.

Keywords: selective felling, economic efficiency, cost of work at selective felling.

Beenenue 06aeMoro o0beMa JIEUTCS Ha TPyII-
el [5]:

1) ouens cmabast — 10 %;

2) cmabas — 11-20 %;

3) ymepennas — 21-30 %;

Oyner Haunbolee SKOHOMHYECKU
Bribopounbie pyOKH MPOBOJISAT- BBIT'OJIHOM IIPENIIPUATHIO HA 3Talle
Cs1 B IIEJISIX CBOCBPEMEHHOM BBIOOP- MPOBE/ICHHUS JIECOCCUHBIX paboT.
KU CTEJIbIX U IePECTONHBIX JICPEBb-
B, JUIA CO3JAHUSA OIarOmPHITHBIX Ieab, MeTOTHKA

YCJIOBUM JJI1 JAJIbHEHIIEro BOC- 4) ymepernoBbicokas — 31-40 %; U 00bEKTHI UCCJICJOBAHUS
5) Boicokast — 41-50 %;

6) oueHb BbIcokas — 51-70 %.

CTAHOBJICHUS 3allaCOB APCBCCHUHBI, I_ICJ'ILIO pa6OTBI OBLIO Orpeacic-

COXpaHEHUs CTPYKTYpBl pa3HOBO3- HHE HHTEHCUBHOCTH pyOKH, Han0bo-

PacTHBIX JIEPEBbEB, UX YCTOWYMBO- B nmaHHO# craree paccMOTpUM  Jiee SKOHOMHYECKH 3(PPEeKTHBHOU

CTH, a4 TAKXKC MOBBINICHHUC MMPOAYK- BONPOCHI 3aroToBKM APCBCCHUHBI JJIA 3arOTOBKU JPCBCCUHBL BBIOO-

THBHOCTH JICCOB M HX 3alIUTHBIX

1 uHBIX QyHKImi [1-3].
Ha3nauenue Toil wnu MHON HH-
TEHCUBHOCTH BBIOOPOYHBIX PYOOK
3aBHCUT OT TPUPOTHO-TIPOU3BOJI-
CTBEHHBIX (DaKTOPOB U ONpesens-
eTcd TPOLEHTHBIM OTHOIICHUEM
OT KOJMYECTBA 3aroTaBIUBAEMOMN
npesecunsl [4]. [Ipu BEIOOpOUHBIX

pyOKax HWHTEHCHUBHOCTH OT BBIPY-

Ha JIECOCEUHBIX padoTax MpH pas-
JUYHBIX WHTEHCHUBHOCTAX PYOOK
U ompeneinuM Cce0eCTOMMOCTh

BEJICHUS BBIOOPOYHBIX  PYOOK.
AHanmm3 dSKOHOMUYECKOW 3dek-
THBHOCTH BEIICHHUS JIECO3arOTOBH-
TEJIBHBIX PA0OT HEOOXOAUM ISt
TOr0, YTOOBI OLICHUTh M MPHHSITH
pelieHne O TOM, Kakas HHTEH-

CHUBHOCTHh BBIpyOaemMbIXx 00BEMOB

POYHBIMH pyOKaMH.

CebecTonMOCTh  BEIOOPOYHBIX
pyOOK SIBISICTCSI HEMaJIOBaXKHOM
COCTaBISIIONICH Ha JIECO3aroTo-
BUTENbHBIX paborax. [lpu pac-
yere Cce0eCTOMMOCTH OHa JaeT
CTOMMOCTHYIO OLCHKY TEKYIIUX
3aTpar JaHHOTO TPEINpPUATHS Ha
3aroTOBKY JIPEBECHHBI W TIOCIIe-

JyIoIiee TPOM3BOJACTBO TOTOBOM
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MPOAYKINHU, pealu3yeMon mpea-
mpusitueM. CebecTOMMOCTh  BBI-
OOpOYHBIX PYOOK BKIIIOYAET KaIlM-
TaJbHbIC BIOXKECHUS MPEATPHATHS,
pacder CTOUMOCTH CBHIPhEBBIX H
MaTepuanbHBIX PECypcoB, 3apa-
OOTHYIO IUIATy TIEpCOHAIa, aMOp-
TU3AI[MOHHBIC ~OTYHCIICHUS, OT-
YHCJICHUS Ha COLMANIbHBIE HYK/IbI,
MpOYNE JCHEXKHBIE pacdeThl [6].

Bri6opounsie pyOku nogpasyme-
BAIOT BBIPYOKY CIIENBIX M IEPECTOM-
HBIX JIEPEBBECB B PA3HOBO3PACTHBIX
HacaJeHusix. Bpems nukna pa-
00T Ha BaJKe IIEPEBbEB, OOpe3Ke
Cy4beB M BEpILMH, a TaK)Ke Habope
TPETIOEMON MaYKH TPH 3TOM yBe-
mynBaercsi. C LeNblo BBISBICHHS
3aBUCHMOCTH U3MEHEHHUSI BPEMEHH
[UKJIA TPOU3BOJMMBIX pPadoT oOT
BU/Ia pyOOK ObLiIa pacCMOTpEHa Jie-
CO3aroToBUTENbHAsT OpUTasa B Co-
CTaBe BaJbIIMKa ¢ OCH30MOTOPHOM
MO, 00pe3urka cy4ybeB ¢ OCH30-
MOTOPHOM IWJIOH M TPEIEBOYHOIO

TpakTOpa C YOKEPHOU OCHACTKOM.

PesyabTarel nccjienoBaHust

[Tpn BeneHHM BBIOOPOYHBIX PY-
OOK BaJbIIMK BBIHYKIEH COBEp-
niath OoJiee JUTUTENbHBIC TIePEXO/IbI
MEXTy NMOUISKAIIMH PyOKe aepe-
BbsiMu. Kak cnencrue, Habop Tpe-

JIFOEMOM TIaYKH Takxke Oymer Oomee
JUTATENTBHBIH, TaK KaK YOKEPOBIINK
Oyzer coBeplath 00JEe JUIUTEIhb-
HBIE IT0 BPEMEHH 1 PACCTOSHHIO Tie-
PeXOnbl MEXKAY TOBAJICHHBIMU JIe-
peBbsiMH. OOpe3dyHK CydbeB TOXKe
Oymer comepiiarhk 0ojee ITHTEITh-
HBIE IEPEXOIbI OT OJHOTO ITOBAJICH-
HOTO JiepeBa K Apyromy. zmenenue
BpPEMEHH IMKJIA BHITIOTHAEMBIX pa-
00T U, KaK CIIeICTBUE, POU3BOIH-
TEJIBHOCTH  JIECO3arOTOBUTEIIBHOM
OpuTazpl paccMaTPUBAIOCH HCXOS
U3 Pa3IUYHBIX WHTEHCHUBHOCTEH
BBIOOPOYHBIX PYOOK M pa3IMYHBIX
cpeaHnX OOBEMOB 3aroTaBIIHBae-
MBIX XJIBICTOB. BBIOOpOUHBIE pyOKH
OTJIMYAIOTCS OT CIUIOIIHBIX PYOOK
TEM, YTO MPH BaJIKe YOUPAIOTCS He
BCE paCTyLIMEe AEPEBbs, a TOJBKO
T€, KOTOPBIE IOCTUIJIH CIIENIOTO HITH
MEPEeCTONHOTO BO3pacTa W MOJIe-
JKaT BBIpyOKe Kak HamOosee IeH-
HBIE TIPH TPOU3BOJCTBE T'OTOBOH
npoaykuuu [7-10].

Pe3ynbrarel pacueToB MpoH3BO-
JUTENILHOCTHA  JIECO3arOTOBUTEIb-
HBIX Opuraj npuBeneHs! B Ta0I. 1.

AHanu3 npoBeICHHBIX PacyeToB
MOKa3aJl, YTO MPOU3BOIUTEIILHOCTD
paboT JIeCO3aroTOBUTENBHBIX OpH-
raj mpd Mepexofe OT CIUIOMIHBIX
pyOOK K BBIOOPOYHBIM (C WHTEH-
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CUBHOCTBHIO BBIOOPKM TIO 3aracy
70 %) cHmKaeTcs B CpemHEM Ha
18-20 %. Ilpn nanpHeimeM cHU-
JKCHUH MHTEHCHUBHOCTH BBIOOPOUY-
HoW pyOkw ¢ mrarom 10 % mponzBo-
JUTEIBHOCTh OyJIET CHUXKAThCS Ha
12-20 % Ha KaXabpId IIar CHUXKE-
HUSI HTHTEHCUBHOCTH.

C 11eTIb 10 BBISIBIICHUS] SKOHOMUYE-
cKoi 3(p(HeKTUBHOCTH MPUMEHEHUS
BBIOOPOYHBIX PYOOK paziIHYHBIX
WHTCHCUBHOCTEH OBLI TPOBEICH
pacyer CceOECTOMMOCTH 3aroTOB-
KA OHOTO KyOOMeTpa JpeBECHHEI.
PaccmarpuBanuchk Tpu mokazarens
OLIEHKM JSKOHOMHYECKOH 3ddek-
TUBHOCTH  JIECO3aTOTOBUTEIHHBIX
paboT: KamuTajbHBIC BIIOXKCHUS,
Y/CIbHBIC KaIUTAJIbHBIC BIOKCHUSI
U cebecTOMMOCTh TPOM3BOJICTBA
enuHuIb mponykimu. K kanurans-
HBIM BJIOKEHHSIM OTHOCSITCS 3aTpa-
THI Ha IPHOOpETEHNE, CoJep KaHue
U O3KCIUTyaTanuio 00O0pYIOBaHUS
U KOMIUICKTYIOIINX, HEOOXOIH-
MBIX JUIS BEIIEHHS JIeCO3arOTOBOK.
B cebGecToMMOCTb J1€C03aroTOBOK
BXOIWJIM 3aTparbl Ha 3apabOTHYIO
wiaty paboumnx, apeHaHas IuiaTa,
MaTepUabHO-ChIPbEBBIC  3aTPAThl,
aMOPTH3AI[MOHHBIC  OTYHCIICHHUS
U Tpourie (pUHAHCOBBIE PACXOJBI.

YHCHBHLIC KallnTaJIbHBIC BIIOKCHUS

Ta6muma 1
Table 1

IIpon3BoAMTENBLHOCTE JIECO3arOTOBUTENIBHBIX OpHUrasl py BHIOOPOUHBIX PyOKax

Productivity of logging crews during selective logging

. CMeHHast MPOM3BOAUTEIBHOCTD, MY/CM, IPH HHTCHCHBHOCTH PYOOK, %
Cpennuit 06beMm xbicTa, M* Replaceable capacity, m*/cm, at the intensity of logging, %
Average whip volume, m?

100 70 60 50 40 30
0,4 220,51 178,75 161,17 142,7 121,28 97,03
0,35 215,71 173,32 156,3 137,36 116,25 92,54
0,3 201,3 161,5 145,53 127,84 108,1 86
0,25 184,88 148,16 133,43 117,15 99,01 78,71
0,2 165,76 132,77 119,55 104,94 88,67 70,47




28 Jleca Poccuu u xo351icmeo 8 HUxX

MOKAa3bIBAIOT (PMHAHCOBBIC 3aTpa-
TBl JIECO3aTOTOBHUTENBHBIX Mpes-
NpUATHH Ha 3aroTOBKY OIHOTO
o0e3nueHHoro Kybomerpa Jpe-
BECHHBI. Pe3ynbTaTsl pacdyeToB
MoKa3aTesiell SKOHOMUYECKOH 3(-
(EeKTMBHOCTH BBIOOPOYHBIX PYOOK

pastquﬁ HHTCHCUBHOCTH CBCIC-

CpaBHeHHE TIOKa3aTeIed IKoO-
HOMHYECKOH 3((HEKTUBHOCTH TIpH
pa3IMYHBIX WHTEHCHBHOCTSX BBI-
OOpOUHBIX PYOOK IMOKA3BIBAET, YTO
ce0eCTOMMOCTh €TUHHIIBI 3ar0TaB-
JMBAEMOT0 Jieca TPU HMHTCHCHUB-
Hoctu 30 % 1o 3amacy OoJibliie Ha
99,8 py0./M*, 4eM npu HHTCHCUBHO-
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YeM TpU HHTEHCHBHOCTH PYyOOK
B 70 %. 3HaueHUs ymeIbHBIX Ka-
NUTAJIBHBIX BIOXKEHUH TP UHTEH-
cuBHocTH pyOku 30 % B 1Ba pasa
BBIIIIE, YeM IPH HHTEHCUBHOCTH
70 %. DTOT MOKa3aTeNb yBEINYH-
BaeTcsa Ha 14-25 % Ha Kaxable

10 % cHMmKEHNS WHTEHCUBHOCTHU

HBI B Ta0I. 2. ctr 40 %, n Ha 190,2 py0./M® BbIllie,  pyOKH.
Tabmuua 2
Table 2
OrieHKa YKOHOMIYECKOH d(PPEKTHBHOCTH BEICHUS BHIOOPOTHOMN PYOKH
Assessment of the economic efficiency of selective logging
NHTeHCUBHOCTD PYOOK, %
IToxazarenu Sq)q)eKTI/IBHOCTI/I Intensity of 10gging’ %
Performance indicators
30 40 50 60 70
KarmmranbHeie BIOXKEHHS, THIC. PYO.
Capital investments, thousand rub. 147450 147450 147450 147450 147450
3
CeQeCTOHMOCTL CITMHUIIbI npo;;[yxunn, pyo./m 850.8 788.1 751,03 711,05 660.6
Unit cost of production, rub./m
3
yl[BJIF)HLIC KaITHTabHbIC BJIO)K@HI/I;I,3 pyo./m 983.0 73725 589.5 4915 4213
Specific capital investments, rub./m

BoiBoabI
ITpoBeneHHbIE pacueThbl U aHAIU3
MIOJIYYEHHBIX PE3YJITAaTOB NTOKa3all,
YTO TMPOU3BOAUTEIBHOCTH OpHTan
IpU YMEHBUIEHUH UHTEHCUBHOCTHU

BBIOOPDOYHOW pYOKH CHIKAeTCH.
[Tpu BEIOOPOUHBIX pyOKax paziny-
HOM MHTEHCHBHOCTH AKOHOMHYE-
cku 3(EeKTUBHOM OKa3aiack pyoka
neca UHTEHCUBHOCTHIO 70 %. BbI-

CnMcoK HCTOYHUKOB

0OpoUHbIE PyOKH HHTEHCUBHOCTBIO
ke 40 % 51eco3aroToBUTENbHBIM
OPEINPUSITUSIM SKOHOMHYIECKU He-
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NCTOLLUUTENbHbIA XAPAKTEP JIECOMONb30BAHUA
HA APEHOOBAHHOM YYACTKE UPBUTCKOIO JIECHUYECTBA

Adexcanap Baagumuposuu Cycios!, Baueciaas ITaBioBny CKknapuHoB?

12 VpanbCckuil rocy1apCTBEHHBIH JIeCOTeXHUYeCKni yHuBepcuteT, Exatepun0ypr, Poccust
189028716686(@mail.ru, https://orcid.org/189028716686@mail.ru
2 skpslavik@gmail.com

AnHoTanus. VcTomurensHoe IKCTEHCUBHOE JIECOTONIB30BAaHUE HA apEHIOBAHHOM YYacTKE — aKTyallbHas
npobnema JecHoro xo3siicTBa. CoBpeMeHHasl PaKTHKa MOKA3bIBACT, YTO JIECOMOIb30BaTeNb, PYKOBOJICTBYSCh
SKOHOMHUYECKUMH TTOKA3aTesIMHU C ENbI0 TOTydeHHus OOoIbINei MpuObUIH, HE BEIET 3arOTOBKY B MaJOIPO-
JIYKTUBHBIX HACAXKIEHUSAX, 4 OCBAUBACT BHICOKONPOMYKTUBHBIC HACAXKACHUS C BBICOKMMHM 3amacamMu Ha 1 ra.
Takast cutyarusi MPUBOIUT K HEBBITTOJHEHUIO MEPOIPHUATHN 1O BOCIIPOU3BOJICTBY JIECOB B MOJHOM 00BEME
U K UCTOLICHUIO JIeCOB. MeToabl ONpeeneH sl PACYUETHBIX JIECOCEK HE OTBEYAIOT MPUHLIMIIAM HENPEPBIBHO-
CTH ¥ HEUCTOUIUTEIHHOCTH Ha JIECHBIX yyacTkaX. CpOK HCIOIB30BaHMS IKCIUTYaTallMOHHOTO (POHA 3a4acTyrO
HE COOTBETCTBYET CPOKaM JIOTOBOpPA apeHIbl. B JOKyMEHTax JECHOTO TUIAHUPOBAHUS HEOOXOIUMO TPUBOIUTH
JNIMHAMUKY 3arOTOBKHU JIPEBECHHBI U U3MEHEHHMSI BO3PACTHOM CTPYKTYpPbl HAaCaXXIECHUN Ha CPOK apeHpl. DoH
JISCOBOCCTAHOBJICHHSI MPEBBIIACT 10 TUIOIIAIH SKETOIHBIA 00beM BHIPYOOK M3-32 OCBOCHHS BBICOKOOOHUTET-
HBIX HacaxaeHuid. OUH U3 CII0CO00B TS TIepexoaa K MHTCHCUBHON MOJIEITH JIECOTIOIB30BAHUS — 3TO BHECEHUE
M3MEHEHHUM B OPraHU3alUI0 PacyeTa JIECOMOIb30BAHMS Ha aPEHIOBAHHBIX JIECHBIX Y4aCcTKaX.

KuioueBble ¢ji0Ba: pacyeTHas JECOCEKa, UCTOIIUTEIBHOE JIECOMOIb30BAHNE, apEHIOBAHHBINA yUaCTOK, JKC-
TEHCUBHAS M MHTCHCUBHAS 3aTOTOBKA, (POH]I JIECOBOCCTAHOBJICHHMS, JICCOCEUHBIN (DOHT
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DEPLATION CHARACTER OF FOREST MANAGMENT
IN THE LEASED LAND OF THE IRBIT FORESTRY
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Abstract. The depletion of extensive forest use on a leased plot is an actual problem of forestry. Modern

practice shows that the forest user, guided by economic indicators in order to obtain more profit, does not
harvest in low-productive plantations, but develops highly productive plantations with high reserves per 1 ha.
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This situation leads to the failure to implement measures for the reproduction of forests in full and to the

depletion of forests. The methods for determining the calculated cutting areas do not meet the principles of

continuity and sustainability in forest areas. The term of use of the operating fund often does not correspond to

the terms of the lease agreement. In the forest planning documents, it is necessary to give the dynamics of wood

harvesting and changes in the age structure of plantings for the lease period. The reforestation fund exceeds the

annual volume of deforestation by area due to the development of high-priority plantations. One of the ways to

switch to an intensive model of forest management is to make changes to the organization of the calculation of

forest use on the designated forest areas.

Keywords: Depletion forest management, leased land, intensive harvestering, extensive and intensive

harvesting, reforestation fund, felling fund.

BBenenue

B coBpeMEHHBIX YCIOBHSIX CH-
TyaIusi ICTOIICHUS JIECHBIX pecyp-
coB TpebyeT 0CO00ro BHUMAHWUSL.
HeobOxomumocTh  mepecMoTpa
W3MEHEHUSI METOJI0B HCUHCIICHHS
PacUYETHBIX JIECOCEK C YYETOM JKO-
HOMHYECKHX TTOKa3areyiell U B Tep-
CIIEKTHBE JUIA TIepexo/ia Ha MHTEH-
CHUBHYIO MOJICTIb JISCOTOIb30BAHHS
obcyxmaercs yxe 6omnee 10 et

B nHacrosiiee BpeMsi 0CHOBHBIM
JIUIIOM, OCYIICCTBIISIONINM 3aro-
TOBKY AOPEBECHUHBI, ABIACTCA apCH-
narop. ExeromHsrii 00beM H3BATHS
JIPEBECUHBI OINPEJICIICH B JIOTOBOPE
apeHasl. IIpm 3TOM OTCyTCTBYET
METOJIMKa WCUYUCIICHHUS PaCUETHOM
JIECOCEKM Ha apCeHJI0OBaHHBIX JIeC-
HBIX YYacTKax, IOJHOE OCBOEHHE
KOTOPOH MOXKET MPHUBECTU K HUCTO-
LICHHIO JIECHBIX PECYPCOB.

IIpu nmepenave jiecoB B apeHay
OOJIbIIIOE 3HAYCHUE JIOJDKHO YIe-
JSTHCSI TIPOTHO3MPOBAHUIO  00B-
€MOB 3aroTOBKM M BO3pacTHOU
CTPYKType HACaXJICHWH Ha CPOK
apeH bl Ui 00CCIICUEHUsI HEUCTO-
IIATEIHFHOTO JIECOTIOTBb30BAHNSI.

Heas n meTonnka pador
ens paboThl — pacyeT MoAeTH
HEHCTOLUTEIIFHOTO M HENpPEPhIB-
HOTO JIECOTIONIb30BaHUS  JIECHOTO
y4acTka, B3sITOrO B apeHIy Ha Tep-

putopun HpOutckoro necHuue-
CTBA.

Hamm uccnenoBanus mpoBonu-
JIMCh B TPaHHLIAX JIECHOTO y4yacTKa
rromaapio 3351 ra Ha TeppUTOpHH
Wpburckoro necHmuectBa Cep-
noBckoid obmactu. Cpok apeHmabl
JIECHOTO y4acTka — 49 Jert.

Jst  BBINOJIHEHMS TIOCTABJICH-
HOH 1enu HeoOXOOMMO OICHHUTD
3 PEKTUBHOCTh BEACHHUS JIECHOTO
XO3MCTBA 32 PEBU3UOHHBIA MEpu-
on. Hamu Obun mpoBeneH aHain3
XO3STUCTBEHHOM IEATSIIBHOCTH Ha
TEPPUTOPUH JIECHOTO Y4YacTKa 3a
nepuoz ¢ 2011 mo 2020 rr. s aT0-
ro Oblia cocTapieHa 0a3a Takcaru-
OHHOTO onricaHus B popmare Excel
C BHECEHHBIMU M3MEHECHHUAMH, TaK-
e ObUIN UCTIOIBb30BAHBI OTUYETHI 110
UCTIONIb30BAHHUIO, BOCTIPOM3BOJICTBY
JIECOB, IIPOEKT OCBOEHHS JIECOB,
JIECHBIE JIEKJIapaLlUHL.

TepmMuH  «HeNpeppIBHOE  He-
WCTOIMTENbHOE  JIECOMOJIb30Ba-
HHE» B DKCIUIyaTal[OHHBIX Jecax
onpenensercd Kak BO3MOKHOCTb
WCTIOJIb30BAHUS JIECHBIX PECYpPCOB
C TIOCTOSTHHOW BBICOKOH 3(dek-
TUBHOCTBIO Ha MPOTSDKEHUH 3aJaH-
HOTO TIPOMEXYTKa BpeMEHH (WiIH
Oeckoneuno) [1]. B Hamewm ciydae
MIPOMEXYTOK OIPENETIEH CPOKOM
apernsl B 49 net. Ilpu stomM 1o
OKOHYaHHMHU 3aJaHHOTIO IPOMEXKYT-

Ka BPEMEHH JieC He JOIDKeH (Qu3u-
YECKH WCYE3HYTh Ha 3aHMMAaEMbIX
TUTOIASAX.

Jns  ompeneneHus xapaxTepa
WCTOIIUTEIHHOCTH JIECOB MBI BEI-
YUCISUTU ¥ TIPOTHO3UPOBAIIM HA 3a-
JIaBacMBbli [IEPHOJT BPEMEHH pa3Mep
«pacyeTHOM JIECOCEKI JIS CTLIOI-
HBIX PYOOK CIIEJIBIX M ITEPECTONHBIX
JIECHBIX HACAXJICHWH B TpaHMIAX
apeH/IOBAHHOTO JIECHOTO Y4YacTKa.
Jng aToro mcmnonb3oBadM paspa-
OOTaHHBIN TPYIIONW aBTOPOB HO-
BBl TIOAXOA W TIPOTPaMMy ISt
UCYHCIICHNsI 00beMa TOIb30BaHHUs
JIECOM JIJIs1 OKCIUTYaTallMOHHBIX Jie-
COB Ha OCHOBE IMHTAIMOHHOMN MO-
JIeNI1 TUHAMUKHA BCEW BO3PAcTHOM
CTPYKTYpBl HacaXJeHWH — OT Ha-
YaJNbHBIX KIIACCOB BO3pacTa («Mo-
JIOAHSKW») J0 CTapLIMX KJIACCOB
(«cmenple W mepecTorHBIE») [2].
[Iporpamma TO3BOJISIET MOEIH-
pOBaTh HM3MEHEHUS COOTHOLIEHMS
TUTOMIA I BO3PACTHBIX TPYIIN Ha-
CaXJICHUS W BBIYHUCIATH HA JTOU
OCHOBE 00BEMBI M TUIOLIAU U3b-
ATHS JIECHBIX PECYpCOB H TIPO-
BOJIUTh aHAIU3 HENPEPHIBHOTO W
HEHUCTOIIUTENBHOTO  JIECOTIONb-
30BaHUSl Ha MPOTSDKEHUH BCETO
nepuoga nporHosa. Ilporpamma
HamucaHa Ha s3bike JavaScript u
pa3MmernieHa B OTKPBITOM JOCTYTIE
B cetu UnTepner [3].
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Ha ocHOBaHMM TOMyYEHHBIX
BO3PACTHBIX CTPYKTYpP MbI OTIpE/Ie-
JSUTH CPOK 3arOTOBKH JPEBECHHBI
rpaMUeCKUM CII0COOOM U TOA0H-
pajy ONTUMAJbHBIE OOBEMBI IS
OTPE/ICNICHNsT HEHCTONUTEILHOTO

HCIIOJIB30BaHUA JICCOB.

Pe3yabrarhl ucciieoBaHuii
H 00Cy:KaeHue

Ha uccnenyemom necHoM ydact-
Ke Mpeo0iaiaeT MITKOJIUCTBEHHOE
xo3siicTso II u 111 kmaccos 6onuTe-
Ta. J{oi1s1 XBOMHOTO XO3SMCTBaA CO-
crapiseT meHee 30 %. 3HaunTeb-
HYI0 YacTh COCTaBIISIIOT CIIEIBIC
W TiepecToliHble Oepe3oBbIE Haca-
sKnenust. Exxeronnelii 00beM 3aro-
TOBKH COTJIACHO JIOTOBOPY apCHIIbI
cocTapiser 13 TIC. M°, M3 KOTOPBIX
4 TpIC. M — XBOMHOE XO3AKCTBO,
9 TBIC. M® — MATKOIIUCTBEHHOE. J[an-
HbIEe 00BEMBI OIPENEICHBI COTyIac-
HO mpukazy denepanbHOro areHT-
cTBa JiecHoro xossiicrea N 191

CocHa

0 4 8 1216 20 24 28 32 36 40 44 48 52 56

Il Cnenble v nepecToitHble, ra
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«O06 ytBepxkaenun [opsiaka ucuuc-
JICHUsI pacueTHOW Iecocekm» [4].

MpbI cMoaenHpOoBaIi H3MEHEHHE
BO3PACTHOM CTPYKTYpbl HacaxKie-
HUM TIpH 3a/laHHBIX Oo0BeMax 3a-
TOTOBKU. JlaHHBIE NpeICTaBICHBI
Ha puc. 1. Pacuer mokasbiBaet, 4To
MOJTHOE HWCTOINEHHE 3allacoB CIie-
JBIX U MEPECTOMHBIX HACAXKICHUMI
mpousoiner depe3 57 neT mo co-
CHOBOM XO3CeKIWHU U uepe3 37 jer
1o Oepe30Boi. XO03sHMCTBEHHAs Jie-
ATENTLHOCTh COMVIACHO TIPHHSTOM
pacyeTHOW JIECOCEKe WMEET 3KC-
TEHCUBHBIN XapakTep U IPUBEACT K
MOJIHOMY WCTOIICHHIO JIECHBIX pe-
CYPCOB Ha y4acTKe K KOHILYy apeH]I-
HBIX OTHOILICHUM.

CormacHo JIEHCTBYyIOIIEMY 3a-
KOHOJIATENTbCTBY, ~apeHIarop ca-
MOCTOSITEJIFHO OIpeNesieT MecTa
Ot0op
HAaCaXJICHUM MPOU3BOOUTCS IO

OCYILIECTBICHHS  PYOOK.

MHOTUM (haKTOpam: TPaHCHOPTHOM
JOCTYITHOCTH, COCTOSIHHIO JOPOX-

M MonogHsaKu, ra
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HOU CETH, PACCTOSIHUIO U CIOCO0Y
BBIBO3KH, 3amacy Ha 1 ra, mopoa-
HOMY COCTaBY, TOBApPHOCTH JIPEBO-
CTOsI, CE30HY 3arOoTOBKH, 3aTparam
Ha JIECOBOCCTAHOBJICHUE, SKOHOMU-
yeckoit nenecoodpasnoctu [5]. Co-
BOKYITHOCTh (DaKTOPOB TO3BOJISICT
OIIEHUTH I1EIeCO00Pa3HOCTh BKITFO-
YCHUS HACAKJICHUN B PYOKY.

IloneBbie M3BICKAHUS ITOKA3BI-
BalOT, UYTO HACaXJICHUS KJIacCOB
oonurera 3, 4 ¥ 5 B IOJABISAIOIIEM
OOJIBILIMHCTBE  SIBIIAFOTCSA  HEJNO-
CTYIHBIMH JIECAMH U WX 3aT'OTOBKa
HE ocylIecTBiseTcs. TeM HE MeHee
OHU BKJTFOUEHBI B PACUET JICCOIIOb-
30BaHus. OObeM 3aroToBKU JIpe-
BECHHBI 110 KjaccaM OOHHTETa 3a
10 et mokasax Ha puc. 2.

AHamn3 JaHHBIX ITOKa3bIBaeT
OTCYTCTBHE 3arOTOBKH JIPEBECHUHBI
B HacaKJaeHusx 3, 4 u 5 KiaccoB
oonnrera. MaKTUYECKN 3aroTOBKa
OCYIIECTBIISICTCS B HACAKICHUSIX

1-2 ximaccoB 6onurera. OueBHIHO,

bepesa

0 3 6 9 12 1518 21 24 27 30 33 36

W CpegHeBO3pacTHble, ra

Puc. 1. Bo3zpactHas cTpyKTypa npHu NPUHATON pacueTHOU JIECOCEeKe
Fig. 1. Age structure at the accepted estimated cutting area
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Puc. 2. Pacnpenenenue 0GbeMOB 3arOTOBICHHON IPEBECUHBI II0 KIIaccaM OOHUTETa
Fig. 2. Distribution of volumes of harvested wood according to the class of bonitet

apeHaTop, PyKOBOJACTBYSICh SKOHO-
MHYECKIMH ITOKA3aTEISIMH C LIEIIbI0
noxyyeHus: Oonpluei npuobLIN, HE
BEllET 3aroTOBKY B MaJIONPOAYK-
THBHBIX HACQK/ICHUSX, 2 OCBAHBACT
BBICOKOIIPOAYKTHUBHBIE — HacaxJe-
HUSI C BBICOKMMH 3amacamu Ha 1 ra.
Takast cuTyarmsi MOXKET TIPHBECTH,

BO-TICPBLIX, K HCBBIIIOJIHCHUIO MC-

60

50

4

o

3

Mnowaap, ra
L=]
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1

o

o

2011 2012

W BoipyOKK

PONPHUSITHI IO BOCIPOU3BOICTBY
JIECOB B ITOJIHOM OOBLEME, BO-BTO-
PbIX, K UCTOIICHHIO JIECOB.
OO0BEMEBL  JTIECOBOCCTAHOBJIEHUS
PacCUNTHIBAIOTCSA HUCXOIS U3 CPeJ-
HUX 00BEMOB 3arOTOBKH COTIACHO
MPOEKTY OCBOEHHS JiecoB. Bcmen-
CTBHE 3arOTOBKH JPEBECHHBI TIpe-

HUMYIICCTBCHHO B BBICOKOIIPOAYK-

2014 2015 201s

2017

TUBHBIX HACAKICHUIX C BHICOKUMHU
3anacamu Ha 1 Ta exeroaHbIi GoH I
JIECOBOCCTaHOBIICHHUS MEHbIIIE
CIIPOEKTUPOBAHHOTO. JTO TMPHUBO-
AT K JePUIUTY IUIOMAacH BbI-
pyOok. JlaHHBIE TIO COOTHOIIICHHIO
BBIDYOOK M 0OBEMOB JIeCOBOCCTA-
HOBJICHHS ITPE/ICTABIICHBI Ha pHC. 3.

JanHblii rpaguk MOKa3bIBaeT, YTO

2013

2018 2019 2020

M /1ecOBOCCTAHOBNGHME

Puc. 3. CooTHoleHHe TIoaAeii BEIpyOOK U €KEroIHOT0 00beMa 0 JIECOBOCCTAHOBIICHHIO
Fig. 3. The ratio of the area of felling and the annual volume of reforestation
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umetonierocs (oHaa JecoBoccTa-
HOBJICHUS HE XBaTaeT Ul IIpOBe-
JIeHHUsE padoT B TIOJIHOM 00beMe COo-
[JIACHO JIOTOBOPY apEH/IBL.

B cOBpeMEHHBIX YCIOBUSIX JUIS
o0ecriedeHus] MPUHLMIIOB HeEmpe-
PBIBHOCTH M HCUCTOIIUTEIBbHOCTH
JeCOB Ha apeHIOBAHHBIX YydacT-
KaxX Mbl BUJIUM HECKOJBKO MYTEH.
Bo-niepBbiX, HEOOXOAMMOCThH CO-
CTaBJICHHS W BBITIONHEHUS apeH-
JaTOpOM Ha PEBU3HMOHHBIN IEpu-
0]l Hay4YHO 00OCHOBaHHOTO IIJIaHa
pyOOK C BOBJIEUCHHEM B 3arOTOB-
Ky BCEX HACaKICHUU C ydyeToM
JIECOBOJICTBEHHBIX ~ TpeOOBaHHUH.
Jns aToro HeoOXoaMMO TpoOBeie-
HUE MEPUOANYECKOTO JIECOyCTPOii-
CTBa.

Bo-BroppIx, HEOOXOAMMO H3Me-
HSTh METOIMKHM pacueTa 3aroToB-
KU JIPEBECHHBI Ha apeH/I0BaHHOM
ydacTke. B 0CHOBe TOJKHBI JTeKaTh
TaKUe METOIbl pacyera, KOTOpHIC
TO3BOJIMJIM OBl K KOHITy apeHIHBIX

OTHOLIEHUH Nepeaarh JIECHOU yya-
CTOK T'OCYAapCTBY C OTHOCHUTEIBHO
HOpMAaJIbHBIM pacnpe/iefieHueM Ha-
CaXJACHWI IO TPYyMIaM BO3pacTa,
rae Oymer IenecooOpa3sHO BECTH
3ar0TOBKY APCBECHHBI.

CymIecTBYIOIAM JIECHBIM 3aKO-
HOZIATEJIbCTBOM [JaHHBIE MYTH HE
npenycMoTpeHsl. B Hameil pabore
MBI TIPOBEJM PACUEThl B COOTBET-
CTBHUHU CO CIIOXKUBIIEHCS CHUTyaLu-
eil ¥ Mmokazaym, K 4eMy 3TO MOXKET
npuBecTH. Tak Kkak pyOka ocyIiecT-
BIISIETCS. B BHICOKOOOHUTETHBIX Ha-
CaKACHHSA, TO pacyeT HeOOXOAMMO
CJIeNIaTh TOJBKO JUIS HUX.

JL1s1 ucKITIoueHust U3 pacuera Jie-
COTIONB30BaHMSI  MaJIOIPOTYKTUB-
HBIX HACAXKACHUH MBI BbIICIHIH
JONIOJIHUTENIHO ~ XO3SIICTBEHHbIE
CEKIIMU B OEPE30BBIX HACAKICHUIX
¢ y4eToM Kkiacca Oonurera. Takoe
pasaenieHue MO3BOJIMT (PaKTHUECKH
OLICHUTh OOBEMBI U TIEPUOJ 3aro-
TOBKH.

CocHa
100% 100%
90% 90%
80% 80%
70% 70%
60% 60%
50% 50%
40% 40%
30% 30%
20% 20%
10% 10%
0% 0%
0 3 6 9121518212427303336394245485154 0o 2 4

Npucnesaroune, ra M Cneavie i NepacToliHbIE, 13
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CMonenmpoBaHHasE BO3pacTHas

CTpYKTypa
XBOI‘/‘IHLIX nu MAT'KOJINCTBCHHBIX

BBICOKOOOHHMTETHBIX

HAaCAKIEHUU TNpeICTaBiIcHA Ha
puc. 4. Ileprion 3arotoBku B cO-
CHOBBIX HAaCaKACHUSIX COCTABISET
54 rona, a B 6epe3oBbix 1-2 Kitacca
OoHuTeTa — 21 TOI ¢ MOMEHTA TIPO-
Beaenus Takcauuu B 2016 1, T. e.
B 2037 . OCHOBHAS YacCTh AKCILTY-
aTaMoOHHOTO ()OHAA 3aKOHUYHUTCA.
[Ipu 5TOM JTOTOBOP apeHIIbI 3aKaH-
yuBaercs B 2060 . K cepemune
apeH/IHBIX OTHOIICHUH 3aroToBKa
JpeBecuHbI Oy/eT y)ke Heleseco-
o0Opa3Ha 1 yOBITOYHOE JIECHOE XO-
3SUCTBO MOXKET MEPEeHTH B yIpas-
JIEHUE roCylapCTBOM.

s ompeneneHuss HEUCTOLIM-
TEIBHOTO HENPEPBIBHOIO JIECO-
[0JIb30BaHU B  COBPEMEHHBIX
YCIIOBUSIX Ha apeH/IOBaHHBIX Jiec-
HBIX YydYacTKaXx Mbl Npeajaracm
HOBbIE METOIUKU OIPEIENICHUS
pacyeTHOH JIECOCEKH C Y4YETOM

Bepesa

¢ 10 12 14 1s 18 20

W CpeaHeB03pacTHBIE, Fa

Puc. 4. Bo3pacTHast CTpyKTypa IpH (haKTHIECKOH pacueTHO iecoceke
Fig. 4. Age structure at the actual estimated cutting area
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SKOHOMUYECKON I1eJIeCO00pa3HO-
CTH 3aroTOBKH JPEBECHHBI, aHa-
Jin3a XO3SMCTBEHHOW JeATeNbHO-
CTH M BO3MOXKHOCTH BBITTOJIHEHUS
MEpPOMPHUATHI TIO0 JIECOBOCCTAHOB-
JICHUIO.

HenpepbIBHOCTE  JIECOIIOIIB30-
BaHUS MBI ONPEACISIIN C YIETOM
BO3MOXXHOCTH OECKOHEYHO JIOJITO-
'O MIeprOo/a 3aTOTOBKY IPEBECHUHEI.
MBI HCXOUIIN U3 TOTO, YTO K KOH-
1y CpPOKa apeH[bl JIECOIMOJIb30Ba-
Tellb JOJKEH TMepenarh JEeCHOH
YYaCTOK TOCYAapCTBY C HAJIMIHEM
AKCIUTyaTalMOHHOTO (POHAA, B KO-
TopoM OblTa OBI IenecooOpa3Ha
3aroTOBKa JPEBECHHBI.

Mei nomoOpaiii Takod BapHaHT
pacdeToB, KOTOPBIN MO3BOIMI ObI
Ha BECh CPOK apeHIbl pyOUTH OIIH-
HAKOBBIE 00hEMBI C HEUCTOIIUTEIb-
HBIM 3KCILIyaTallMOHHBIM (DOHIOM.
Jns1 3TOrO B ACHCTBYIOLLYIO METO-
JIUKY OIpEAeNICHUS PaCUCTHBIX

JICCOCCK MbI BHCCIN H3MCHCHMHA.

CocHa 1-2 boHuter

100%

70%
60%
50%
40%
30%
20%
10%

0%

0 5101520253035404550556065707580
® Cnenvie u nepecToinbie, ra B MNpucnesaoume, ra
Monoataxu, ra

Cpenrenoapacribie, ra

B ocHoBe ObLia B3siTa MHTErPAb-
Has Jiecoceka. B ee dopmyie Mbr
n3MeHWIM KodpduuneHtsl. Pac-
YeThl IPOBOAWIINA OTAECIHBHO JUIs
COCHOBBIX M OEpe30BBIX HacaXk-
JICHH.

dopmyna asst COCHOBBIX U Oepe-
30BbIX HACAKICHHM:

LuemTS = (0303 (SM + Scp) + 09065Scp +
+ O’1Snp + 0319Snep+cnen) 0301

O6o3HaueHus1, MPUHATHIE B Gop-
Myie:
L yers — HEUCTOILIUTEIIbHASL paCUET-
Has JIecoceKa;
Steptenen — IVIOLIAMb CHENBIX JTECHBIX
HaCaXJICHUM;
S,y — IUIOWA[b IPUCIIEBAOIINX
JICCHBIX HACAKICHHI;
Sy — TIOAJb KIIACCOB BO3pacTa
CPEeTHEBO3PACTHRIX JICCHBIX Ha-
Ca)KJICHMI;
S,, — IUIOIIAIb MOJIOIHIKOB.
Pacuernas

JIECOCCKa, KOTO-

pad Obl OTBeuaia IMpUuHIUIIaM

100%

40%
30%
20%
10%

roga 0%
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HCPEPBIBHOCTU u HCHUCTOLIHN-
TENPHOCTH HAa AapeHIyeMOM Jiec-
HOM y4YacTKe, JOJDKHA COCTaBIISTh
3 Teic. M’ 3amaca MO XBOWHOMY
XO3SIMCTBY M 3,2 TBIC. M® IO MSITKO-
nucTBeHHOMY. CMonenupoBaHHas
BO3pacTHasi CTPYKTypa MPH JaHHBIX
pacderax nokasaHa Ha puc. 5.
Paccuntannble Hamu 0ObEMBI
MEHBIIIE, YeM B JIOTOBOpPE apeH/bI,
Ha 8702 m°. Ho mipu 5TOM OHHM TI0-
3BOJISIIOT ~ MCIIOJIB30BaTh  JIECHOM
YUYacTOK C IIeJbI0 3arOTOBKH JIpe-
BECHHBI HE TOJHKO Ha BECh CPOK
apeHbl, HO U OSCKOHEYHO IOJITO.
CyMMapHBIii 3KOHOMHUYECKHUH J10-
XOJI TIPH HOBBIX METOJaX pacueTa

oKugaeTcs OOJIbIIIE.

3akiroueHue
B coBpeMeHHBIX yCIOBUSX TpU
JIECOIIOIB30BAHU U CIIOKHIIACh

yHUKaJIbHAs —cutyauus. OcHOB-

HbIM JIMIIOM, OCYUIICCTBIIAIOIINM

3aroTOBKY JPEBECUHBI, SABIAETCA

bepe3a 1-2 6onurer

roga

0 4 8121620242832364044485256606468

u Cnenvie n nepecroiHsie, ra M Mpucnesaowme, ra
CpepHeno3pacTHbie, ra

MonoaHAKw, ra

Puc. 5. Bo3pacTHas cTpyKTypa py HEUCTOIIUTEIbHON pacyeTHOM Jiecoceke
Fig. 5. Age structure with an inexhaustible estimated cutting area
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apenaarop. IIpu 3ToM oTCyTCTBYET
YeTKkass METOAWKa pacyera exe-
TOTHBIX OOBEMOB 3arOTOBKH Ha
JICCHBIX Y4YaCTKaxX. B HOKYMCHTaxX
JIECHOTO TUTAHUPOBAHUS HE TPHBO-
JIATCSL AMHAMUKA 3aroTOBKU JApe-
BCCHHBI U U3MCHCHUSA BOSp&CTHOﬁ

CTPYKTYpPBI
00CTOSITENBCTBA MOTYT MPUBECTH K

HacaxaeHud. Takue
MPEKICBPEMEHHOMY  HCTOIIECHHUIO
JIECHBIX PECYPCOB.

Ha uccnenyemom Hamu jecHOM
Y4acTKE 3aroTOBKa OCYIIECTBIISICT-
Csl TIPEUMYIIECTBEHHO B BBICOKO-
OOHHMTETHBIX HACaXICHUAX. Ma-

JIONMPOAYKTUBHBIC HACAXKICHUA HE

BOBJICKAIOTCS B PyOKy. DTO MPUBO-
JIUT K HEAOCTATKY €XKErOAHBIX 00b-
€MOB MEpONPUATHH O JIECOBOC-
CTaHOBJICHHIO Ha BBIPYOKax.

CymecTByromiee 3aKOHOAATEIb-
CTBO IIO3BOJISIET apeHAATopy, pPY-
KOBOJICTBYSICh 9KOHOMHUYECKOH Iie-
JIecO00pa3HOCThIO, TIpeHeOperarh
TEOPETHIECKUMH OCHOBAMH JIECO-
BOJICTBA.

Pa3paboranHas HAMH UMUTaLU-
OHHas MOJeJb AMHAMUKHU BO3PacT-
HOM CTPYKTYpbl HACAXACHUH IIO-
Ka3aJla MCTOLIMTENbHBIN XapakTep
JIecononb3oBanus.  PakTHYECKH

3arOTOBKY JIPEBECHHBI MOKHO OCY-

CnHcoK HCTOYHHUKOB

Ne 3 (78), 2021 r.

MIECTBIIATE 21 TOM IO INCTBCHHOMY
XO34UCTBY U 54 rofa mo XBOHHOMY
XO3SICTBY.

OnHnM 13 crtocoboB [T oectie-
YEeHUSI PUHITUTIOB HEMIPEPBIBHOCTH
U HEHCTOUIUTEIbHOCTH HCIIOJNB30-
BaHUS JIECOB SIBIISIETCS pa3paboTKa
HOBBIX METOJIOB pacyera JIECOCEK
Ha apeHJIOBaHHBIX JIECHBIX y4acT-
Kax.

PazpaboranHass HaMH MeETOIWKA
MO3BOJIIET OOECTIEYUTh 3arOTOBKY
JIPEBECHHBI B MEHBIINX OObhEeMax
M0 CPaBHEHMIO C YKA3aHHOU B JI0-
TOBOpE apeH/ibl, HO OECKOHEYHO
JIOJITHI TIEpHO]I.
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OCOBEHHOCTW ECTECTBEHHOI'O NECOBO30OBHOBINEHWUA TAPU
YPAUCKOIO JIECHUYECTBA XMAO

Aunekceii Anatoabesud Hocos!, Anacracust Bacuibesna Jlanuepa?

12TocymapcTBeHHBIH arpapHsblii yausepcuter CeBepHoro 3aypaibs, Tiomens, Poccust
'nosov.aa@mti.gausz.ru
2a.dancheva@mail.ru, https://orcid.org/0000-0002-5230-7288

AHHoTanus. [IpuBeneHsl NTaHHBIE MCCIEIOBAaHUM €CTECTBEHHOTO JIECOBO30OHOBIEHHS TapH B YCIOBHUSX
3amaqHO-CHOMPCKOTO CPEeAHETae)KHOTO PABHUHHOTO JIECHOTO pailoHa TaeKHOW JIECOPACTUTENLHOW 30HBI (Ha
mpuMepe YpaiCKoro JIECHUYECTBA, PACIOI0KEHHOIO B FOr0-3araHoi yacTu XaHThl-MaHCUICKOTO aBTOHOM-
HOTO OKpyra — KOrpe! Ha Tepputoprn KOHIMHCKOTO aIMHHUCTPATUBHOTO paiioHa). OIeHKa JIeCOBO30OHOBIIE-
HUS MPOBEJEHA M0 METOJY YUETHBIX JIEHT, 3aJI0KeHHbIX Ha pacctostHuu 50 u 100 M ot cTeHsl neca. JlaHHbie
HCCIIENOBAaHUHN MTOKA3aIN HEIIPEPHIBHOCTH JICCOBOCCTAHOBUTEILHOTO Mpoliecca Ha Tapu. OTMedaeTcs HalIuyue
BCXOJIOB, CAMOCEBA U TIOAPOCTA BEICOTHBIX KaTETOPHHA «MENKUI, «CPETHUN U «KPYITHBIN». JlecoBO30OHOBITE-
HUE Tapyu MPOUCXOAMT IByMs JIPEBECHBIMU MTOPOJAMH — COCHOM U Oepe3oil. [lo cymiecTByommmM HopMaTuBam
BO300HOBJICHUE COCHBI OIICHMBAETCS Kak xopoiiee. [1o Kom4ecTBy BCXOA0B | MOAPOCTa MpeodiagaeT CoCHa.
ITpu ynanenuu ot creHsl Jeca Ha 100 M MPOUCXOAUT YMEHBIIIEHUE KOJTUYECTBA BCXOJIOB U MOJIPOCTA BCEX KaTe-
ropuil KpyImHOCTH B 2—3 pa3a B CPAaBHEHUU C aHAJOTMYHBIMU MOKA3aTeIIMU Ha pacCTossHUU S0 M OT CTEHBI Jieca
HE3aBUCUMO OT BHJa I[pCBCCHOﬁ IMOPOAbI. Bo Bcex BBICOTHBIX KaTeropuAax OoTMe4acTCsa Hpeo6nanaHHe KHU3HEC-
crocobHoro moapocTta cocHel — A0 90-100 %, 9To sSBIsIeTCS OCHOBHBIM TOKA3aTelIeM YCIIENTHOCTH JIECOBOC-
CTaHOBJICHHS UCCIIEYEeMOH rapy Ha TaHHOM J3Tare pa3BUTHs. bepe3a B OONBIIMHCTBE Cy4aeB MpeCcTaBicHa
COMHUTCIIbHBIMU 110 )KI/I3HCCHOCO6HOCTI/I OK3EMILIApaMu. B kxauecTBe J1eCOX031CTBEHHBIX MGpOHpHHTI/Iﬁ MOXK-
HO TIPEUIOKUATH TPOBEIEHNE MOHUTOPHUHTA 32 COCTOSTHIEM ITOPOCTA M YXOAHBIE MEPOTIPUATHS 32 TTOIPOCTOM.

KuroueBsble ciioBa: rapb, €CTECTBEHHOE JIECOBO300OHOBIICHHUE, APEBECHBIC TTOPOIBL, TIOKA3aTENN TTOIPOCTA.

Scientific article

FEATURES OF REFORESTATION OF BURNED AREAS IN THE URAISK FORESTRY
DEPARTMENT OF THE KHANTY-MANSI AUTONOMOUS AREA

Alexey Anatolyevich Nosov!, Anastasia Vasilyevna Dancheva?,

2Northern Trans-Ural State Agricultural University, Tyumen, Russia
'nosov.aa@mti.gausz.ru
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Annotation. The results of features formations of post-fire pine undergrowth on burnt area of the middle
taiga zone of Western Siberia (for example, Uraisk forestry department) in location of the Khanty-Mansi
Autonomous Area. Undergrowth was studied on tapes laid out parallel to the forest edges at a distance of 50
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and 100. According to studies it is observed of reafforestation continuity of burned areas. The presence of

sprouting and undergrowth of the high- elevation categories «small», «medium» and «large» is noted.

The burned areas reforestation with two tree species — pine and birch proceed. According to current specification,

the pine natural regeneration is assessed as «normal». The amount of pine undergrowth is greater than the amount

of birch undergrowth. To be at 100 m from forest edges the number of seedlings and undergrowth decreases

by 2-3 times in comparison with the same indicators at 50 m from the forest edges. There is a predominance

of vital pine undergrowth — up to 90-100 %. This is evidence of the successful reforestation of burned areas at

this stage of development.

Keywords: burnt area, natural reafforestation, tree species, undergrowth indicators.

BBenenue

[Ipomniecc ectecTBEHHOro BO3-
OOHOBJIEHMSI B Jlecax — Ba)KHEH-
MU TIOKa3areib  3BOIIOIUM,
TECHO CBSA3aHHBIA C 3TallaMH HX
dbopmupoBanus [1-3]. Omaum u3
HanOoJee aKTyaJbHBIX BOIPOCOB
B COBPEMEHHOM BEICHUU JIECHOTO
XO3STCTBA SIBISIETCS M3YyYEHHE T10-
CIICTIOKAPHON JMHAMHUKH JIECOB.
OTO CcBA3aHO C HEOOXOIMMOCTBIO
COCTaBJIEHUS] TIPOTHO3a 0OCOOEH-
HOCTEHN J1ec000pa3oBaTENLHOTO
Mpolecca Ha rapsx B Pa3IUYIHBIX
JIECOPACTUTENBHBIX YCIIOBHUSAX U MO-
JISIIUPOBAHUS U3yUCHHS JTUHAMHKH
JIECHOTO TIOKPOBA ITOCJIE OTHEBOT'O
BozzaeiicTeus [4, 5]. [Iporecc ecte-
CTBEHHOTO JICCOBO30OHOBJICHUSI Ha
«CBEKUX» TapsAX OTPAKAET CTEIICHb
aJlanTaiui K pe3ko W3MEHHUBIINM-
Csl JIECOPACTUTEIBHBIM YCIOBUSIM,
a TaKk¥Ke cTaOUITBHOCTB JIECHOM IKO-
CHUCTEMBI B CJIOKHBIIAXCS aHTPO-
MOTEHHBIX YCIOBUSIX [6]. M3yuenue
MPOIIECCOB E€CTECTBEHHOTO JIECO-
BO300OHOBIICHUSI W (HOPMHUPOBAHHS
MOJIO/THSIKOB Ha Tapsx UMeeT 00Jb-
I0€ TPAKTUIECKOE 3HAUYCHUE IS
CBOEBPEMEHHOTO TIPOBEICHUS He-
00XOIUMBIX JIECOBOJICTBEHHBIX Me-
pompusitaii [7-10]. Iepromuaecku
MTOBTOPSIFOIIIUECS JIECHBIE TIOXKapBI
SIBJISIFOTCS. OJJHMM W3 Ba)KHEHININX
9KOJIOTHYECKHX (PaKTOPOB, OKa3bl-

BAIOIMX TpaHC(HOpMHUPYIOLIEE BO3-

JIeicTBUE Ha CTPYKTYpY, PyHKINH,
JAWMHAMHKY U 3BOJIOLHIO BCEX KOM-
TTOHEHTOB JIECHBIX dKOcucTeM [11].
CKOpOoCTh U TOTEHIMAJbHAS BO3-
MOXXHOCTh BOCCTAHOBJICHUS Jieca
TMOCTIe TT0Kapa 3aBUCST OT BPEMEHH
noXkapa, €ro BHUJa, WHTCHCHBHO-
CTH, THIIA Jieca U Ipyrux (GakTopos
[12,13].

Tak, uccnemoBaHusl, TPOBEICH-
HbIC B COCHJKaxX YCPpHUYHBIX M
OpycHWYHBIX JleHUHTpaIckol 00-
JIACTH, TIOKA3aJIH, YTO €CTECTBCHHOE
MX BO300OHOBJICHHE MOCJIE HU30BBIX
MOKAPOB TMPOUCXOAUT YCIIEITHO Ha
mwromama g0 0,3 ra. KommuecTBo
JKU3HECIIOCOOHOTO TMOIPOCTa CO-
crasiseT 3,5-12,0 Teic. 1IT./Ta, YTO
SIBIISICTCSL JIOCTATOYHBIM YCIIOBUEM
JUIS. €CTECTBEHHOTO BOCCTaHOBJIC-
HUS TICHOTIOMY/ISIIIAN TIOCTIE TTOXKa-
pa[14].

HccnenoBanus, NpOBEAECHHBIE
Ha rapsx B JJEHTOUHBIX Oopax [Ipu-
UPTHIIBS, CBUACTEILCTBYIOT 00
OCOOCHHOCTSIX WX JIECOBO300HOB-
JIeHWs1, 3aKITIOYAIONNXCst B Oonee
MO3THEM, YeM B Tae)KHOW 30HE,
€CTECTBEHHOM H3PEKHUBAHUH CO-
CHOBBIX MOJIOHSKOB, (OPMHUPY-
IONMXCS Ha Tapsax; MPOUCXOIUT
3TO TIPH TYCTOTE TOIpOcTa Oojee
3,6 ThIC. 2K3/Ta [15, 16].

Nzyuenne ocoOeHHOCTEW T10-
CJICTIO’KAPHOTO BO30OOHOBIICHUS JIHI-
CTBEHHUYHUKOB B YCIOBHSIX Cpel-

HEl TaWru II0Ka3ajio, 4To IIOCIe
TTOYKApOB CIIA00H CHIIBI KOJIMIECTBO
MOAPOCTA JTUCTBEHHUIIBI yBEITHYH-
BAEeTCs MO CPABHEHMIO C €ro JOIMO-
JKapHBIM KoJIM4decTBOM. [Ipm 3TOoM
MOPOIHBIA  COCTaB  IOCIENOXKAap-
HOTO TIOAPOCTA MOJHOCTHIO COOT-
BETCTBYET COCTaBy POMUTEIIHCKOTO
npesoctos [17]. YcranoBneHo, 4To
CUJIbHBIE TOXaphl B OOJIBIIIMHCTBE
CIIy4aeB TYOWTENBHBI ISl CEBEp-
HBIX JIECHBIX 3KOCHCTEM; clialObie
U CpeIIHUE TI0 CHJIE TOXKAPhI MOTYT
UMETH TTO3UTHBHOE HKOJIOTHUIECKOE
3HaYCHHUE.

[To manuBIM psiga aBTopoB [18],
Ha rapsx B YCJIOBHSIX JIECOCTEITH
B CYXHX JIECOPaCTUTEJbHBIX YCIIO-
BUAX (HOPMUPYIOTCS CMEIIIaHHBIC
COCHOBO-0EpE30BBIC  MOJIOTHSKH.
IIpucyrcTBue B cocTaBe GopMupy-
FOIIUXCS TIOCIJICTIOKAPHBIX MOJIOJ-
HSKOB ITOIPOCTa Oepe3bl MMOIOKH-
TEJBHO BIUSIET HA POCT U Pa3BUTHE
TJIAaBHOM MTOPOJIBI-IecO0Opa3oBare-
1. [locnenytomiee perymupoBaHue
TYCTOTHI PyOKaMH yX0J1a O3BOJIHT
MPENOTBPATUTh OTIIA] JIEPEBHEB,
00ecreunT MaKCHUMaJbHBIH Cpea-
HUU TPUPOCT IO BBHICOTE U JAMA-
METPY,
3aTelId  KU3HCHHOTO COCTOSTHHS
(hopmupyrOmUXCcs
[13,19].

Wccnenosanus

a TaKXXC BBICOKHC IIOKa-

MOJIOJHAKOB

JIECOBO300HO-
BUTEJILHOTO TIpoliecca B JyOpaBax
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BopoHeskckoi 001acTi CBHIACTENb-
CTBYIOT O TIOJIOKHUTEITHFHOM BO3/IEHi-
CTBUM THUPOTEHHOTO (pakTopa Ha
BEreTaTMBHOE BO30OHOBIICHHE 1y0a
yeperryaroro. Ilpu stom oTmeua-
ercs 0coOeHHOCTb Oojee WHTEH-
CHBHOI ITOPOCIIEBOM CIIOCOOHOCTH
JAHHBIX HACAKICHUH B XY/IIINX
JIeCOpaCTUTENbHBIX ycraoBusx [20].

Takum 00pa3oM, BOMpOC ecTe-
CTBEHHOTO  JIECOBO30OHOBIICHHS
W JIECOBOCCTAHOBJICHHSA JIECHBIX
YUYaCTKOB, TPOUJCHHBIX JIECHBIMH
MOXKapaMu, SIBJISIETCSl AKTyaJIbHOU
TEMOM HCCIeTOBaHUNA Ha Cerof-
HSIIIHUN JIEHb HA BCEW TEPPUTOPHU
P® u 3a ee npeaenamu, NOCKOIbKY
oT crenuduku JIeCOBO300HOBH-
TENBHBIX MPOIECCOB Ha paccma-
TPUBAEMBIX TEPPUTOPUAX 3aBUCST
KaueCTBCHHBIC M KOJIMYCCTBEHHBIX
MoKasaTejau OyayIHX JISCHBIX Ha-
CaXKICHUI.

O0beKTHI
U METObI UCCIIeT0BAHUS

BriepBrie ObUTM TIPOBEACHBI HC-
CIIEZIOBaHUSI OCOOEHHOCTEH J1eco-
BO300HOBIICHHS Tapel B YpalcKoM
JIECHUYECTBE, DACIOJIOKEHHOM B
FOro-3anagHoi yactu XaHTel-Man-
CUIICKOTO aBTOHOMHOTO  OKpyTa
— IOrps1 Ha Tepputopuu Konaun-
CKOTO aJIMHHHUCTPAaTHBHOTO paiioHa
(pucyHOK).

Jleca necHuuYecTBa OTHECEHBI
K 3anmamgHo-CuOHUpCcKOMYy CpeiHe-
Tae)KHOMY PpaBHHUHHOMY JIECHO-
My pailoHy TaeKHOH JiecopacTH-
TenpbHON 30HBI [21]. [lo maHHBIM
necHoro (¢oHAA, MO COCTOSHHIO
Ha 01.01.2020 . obmas momanb
‘Ypaiickoro JieCHU4eCTBa COCTaBIIs-
et 534 259 ra.

Ha moxkpeiTyro necom momiaas
npuxonutrcs 57,5 % Bcell Teppu-
Topuu JiecHumdecTBa. OCHOBHBIMH

TiomeHckan obnacte

Ne 3 (78), 2021 r.

JIECOOOPA3YIOIIUMH  JIPEBECHBIMU
nopojamMu B YpailckoM JiecHUYe-
CTBE SIBJISIFOTCSI COCHa U Oepesa. 1o
IUIOIIAAN TMPEeO0Iaal0T XBOMHBIC
Haca)xaeHus — 110 61,5 % ot obmei
MOKPBITON JiecoM Tuiomanu. U3
XBOWHBIX TIOPOJ MpeoOsasaeT co-
cHa — 10 86 % IMIomaau XBOMHBIX
HacaxxeHuil. Ha nomo xexpa u enu
npuxomures 10,0 u 3,0 % coorser-
CTBeHHO. HacaykieHus UXTHI U JTH-
CTBEHHHUIIBI HE NpeBbImaroT 1 % ot
001Ie# TIIoMTA N XBOHHBIX JIECOB.
W3 nucTBeHHBIX MOpOJ MPeod-
nanmaetr oepe3a — 90 % ot oOmieit
TUTOIIAAN MSTKOJIMCTBEHHBIX Ha-
caxnenuil. Taxxe BcTpedaroTcs
OCHHOBBIC HACAXIIEHUS, IUIONIAb
KOTOpBIX He TpeBbiaeT 10 %.
OOBEKTOM HUCCIIEIOBAHUIA SIBIIS-
Jach raps miomiaaeio 4,0 ra B KBap-
tane 451 Beimene 92 VYpaiickoro
necHuuecTBa XaHTbl-MaHcuiicko-

yedx wwnddOHIeaN

Pacnonoxxenne Ypaiickoro necHudecTBa (0003Ha4€HO TOIYOBIM IBETOM) Ha Tepputopun XMAO
Location of the Urayskoye forestry (marked in blue) on the Khanty-Mansi Autonomous Okrug
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ro aBTOHOMHOTO Okpyra — HOrpsr
(XMAO). [Toxkap ObuT 0OHAPYKEH
25.04.2010 . Bun noxapa — Hu30-
BOM ycToWuuBBIA. Meponpustus,
MPOBEEHHBIE JUIS TYIIEHHS: 3a-
JIMBKa BOJOW, 3achIlIKa TIPYHTOM,
pacuncTKa BajexkHuka. Ha Teppu-
TOPUH Tapu TPOXOIUT €CTECTBEH-
HOE JIECOBOCCTAHOBJIEHHE.

IIpu npoBeneHun uecneoBaHui
JIECOBOCCTAHOBJICHUS TapH UCTIOIb-
30Bajlach CTaHJapTHas METOAMKa
[22], 3aKmrodaromascs B CICIyO-
meM: Ha pacctosauu 50 u 100 m ot
CTEHBI Jieca ObLTH 3aJI0KEHBI YUET-

JIeHTe 3aKaapiBaInch 10 ydeTHBIX
IUIOIIAIOK TuTommaasio 2x2 m> Ha
KaXJIOW YYeTHOH IuIom@anke ObuI
NpoBe/ieH TMOACYET BO30OHOBIIE-
HUSA (BCXOABI U TTOIPOCT) OTACTHHO
mo mopoxaM. B xome wuccnenosa-
HUI MOIPOCT ObLIT pacHpeeNieH o
BBICOTHBIM KaTeropusiM: MEITKHA
(00,5 ™), cpemumii (0,5-1,0 ™),
kpynHbii (ceime 1,0 m). Kaxmo-
My OSK3eMIULIpy Tonpocra Obia
JlaHa OIIEHKA €ro JKU3HECIIOCOOHO-
cti. JKU3HECOCOOHOCTh TMOIPO-
CTa Ompeersiach BU3YAIbLHO IO
CJICAYIOIIUM KPUTEPHSIM: JKU3HE-
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pOBBIN Ha BUJ, 0€3 TOXKEITCHUN U
Oose3neit; comantenbHbi (C) — Ha
JUCTBE (XBOE) HWMEIOTCS TIOXKEII-
TEHHS, TOBPSKJICHHBIA CTBOJIKK,
o0befaHue IJUCTBHI W TIPH3HAKA
ocCnaleHus] COCTOSTHHUS PacTEHUS,
HexxnszHecnocoonsii (HXX) — 3a-
COXIINH (TTOTHOIIHIA).

Bospact nozgpocra ornpeaensiics

I10 KOJIMYECTBY MYTOBOK.

Pesyabrarsl uccjie10BaHusA

[TonyyeHHble JlaHHBIE TIO TEpe-
YeTy BCXOJOB M ITOIPOCTA Ha y4deT-
HbIX IUIOLIAJKaX IPEJICTaBIEHBI

Hble JIeHTBL. Ha kaxmoi yderHoit  cmocoOHsri (JK) — momHOCTRIO 3710- B TaoOm. 1.
Tabmuma 1
Table 1
JlaHHbIE nepeueTa NoapOCcTa Ha YUETHBIX JIEHTAX HA TApU B YPalCKOM JIECHUYECTBE
Data on undergrowth indicators on burnt area in Urayskoye forestry
Pacnpenenenne moapocTa mo rpymnmaM BEICOT, CM
Distribution of undergrowth by height groups, cm
Ne Bcexomsr Menkwmit Cpennuit KpynHsrit
y“eT'J}m‘)m' Apesecras . (10 0,5 M) (0,5-1,0 m) (cBbitue 1,0 m)
o nopoyia ;
Shoots, Shallow Medium Large
account Tree breed cs (up to 0,5 m) (0,5-1,0 m) (over 1,0 m)
platform. pes. plo, = 2
XK C HX XK C HX XK C HX
L D NV L D NV L D NV
Paccrosiane 50 M OT cTeHbI Jieca
Distance 50 m from the forest wall
. C 11 3 - - 3 - - 5 - -
b 5 - 1 - 3 - - 1 - -
C 14 1 - - 6 - - 7 - -
2
b 5 - - - 4 - - 1 - -
C 10 2 - - - - - 8 - -
3
b 3 1 - - 1 - - 1 - -
C 6 3 - - 3 - - - - -
4
b 1 - - - 1 - - - - -
C 9 3 - - 2 - - 4 - -
5
B 3 2 - - 1 - - - - -
C 7 - - - 4 - - 3 - -
6
B 1 - 1 - - - - - - -
C 12 - - - 7 - - 5 - -
7
b 5 - - - 2 - - 3 - -
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Oxonuanue maon. 1
The end of table 1
PacripezienieHune moapocTa mo rpyIiam BbICOT, CM
Distribution of undergrowth by height groups, cm
Ne Bcexonel Menxkuii Cpenuuit KpynHbrit
y“eT'J\gnom' Hﬁ?i"?" . (10 0,5 M) (0,5-1,0 m) (cBbitue 1,0 M)
acco_unt Treepbfee d Shoots, Shallow Medium Large
platform pcs. (up to 0,5 m) (0,5-1,0 m) (over 1,0 m)
XK C HX XK C HX XK C HX
L D NV L D NV L D NV
C 8 2 - - 4 - - 2 - -
8
B 1 - 1 - - - - - - -
9 C 10 5 - - 3 - - 2 - -
10 C 7 2 - - 4 - - 1 - -
Beero 18 2 3 - 48 - - 8 - -
Aggregate
Paccrostaue 100 M ot cTeHsl ieca
Distance 100 m from the forest wall
. C 7 - - - 2 - - 5 - -
b 1 1 - - - - - - - -
2 C 10 - - - 5 - - 5 - -
3 C 6 2 - - 4 - - - - -
4 C 8 1 - - 5 - - 2 - -
5 C 11 4 - - 3 - - 4 - -
C 9 - - - 4 - - 5 - -
6
b 4 - 1 - 3 - - - - -
C 10 1 - - 7 - - 2 - -
7
B 2 - - - 2 - - - - -
8 C 5 1 - - 3 - - 1 - -
9 C 4 - - - 2 - - 2 - -
10 C 8 2 - - 3 - - 3 - -
Beero 85 12 1 | 4 - 29 | - -
Aggregate

[pumeuanne. XK — sxusHecnocodnsi, C — comauTenbHbIi, HXX — Hexm3HECIOCOOHBIH.
Note. L — viable, D — doubtful, NV — not viable.

HaHHI)Ie, IIpEeACTaBJICHHBIC
B Tabn. 1, ObUIM CrpYyNIIUPOBAHBI
M0 KOJIWYECTBEHHBIM U Ka4eCTBEH-
HBIM TTOKa3aTeNsiM TOAPOCTa Kax-
JIOW BBICOTHOM KaTreropuul u pac-
CUHUTaHBl WX CpEIHUC 3HAYCHHUS,
KOTOpBIC yKa3aHbl B Ta0II. 2.

[lo mammBIM Tabn. 2 wuccremye-
Masi rapb BO30OHOBIISIETCSI JIBYMS

JIPEBECHBIMHU TIOPOJIAMH — COCHOM

1 Oepe3oil, Mpu 3TOM BO BCEX BBI-
COTHBIX KaTeropusx mpeodnanaer
MOAPOCT COCHBI.

Bcexoap! npencraBieHsl IpeBec-
HBIMH [IOPOAAMHU — COCHOM U Oepe-
30i. [lo o0memMy MX KOJIHYECTBY
npeoOmamaer cocHa — B 4-10 pa3
B CPaBHEHMHU C aHAJOTMYHBIM I10-
kazateneMm Oepesbl. OTMmeuaeTcs

CHMKCHHUEC KOJIMYECTBA BCXOJ0B

C yJlaJIeHUEM OT CTeHbI Jieca. Tak,
ecau Ha paccrossHud 50 M KoJiM-
YECTBO BCXOJIOB COCHBI M Oepe3bl
coctaisuio 23,5 u 6,0 TeIC. IT./Ta
COOTBETCTBEHHO, TO Ha PacCTOs-
aun 100 M — 19,5 u 1,8 TeIC. IIT./TA,
T. €. B 1,2-3 paza McHbIIIE.
AHanornyHasi CHTyanus Ha-
OJTroaeTCs Py aHaJIU3e MOAPOCTa
KaXXJI01 BBICOTHOM Kateropuu. Tax,
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Tabmmura 2
Table 2

Cpe)lHee KOJIMYECTBEHHEIE M KAYECTBEHHEIE IOKA3aTeIN €CTECTBEHHOIO BO30OHOBIICHHUS T apu, ThIC. IT./Ta

Mean values of natural reafforestations indicators of burnt area, thousand pieces/ha

KomnmuecTBo nmonpocta Ha 1 ra, ThIC. HIT.
Distribution of undergrowth by height groups, cm
[Topo- Menxkwuii Cpennuit Kpynsbrii Bcero
ga | X (10 0,5 ) (0,5-1,0 m) (cesme 1,0 M) In total
Tree cs ’ Shallow Medium Large
breed pes. (up to 0,5 m) (0,5-1,0 m) (over 1,0 m)
XK C H | Uroro | XK C | HX | Uroro | XK C | HX | Uroro | XK C | HK
L D | NV |Intotal | L D | NV |Intotal | L D | NV |Intotal | L D | NV
Paccrostane 50 M OT cTeHbI eca
Distance 50 m from the forest wall
23,5 5,2 - - 5,5 9,0 - - 9,0 9,2 - - 92 |235| - -
6,0 0,8 | 0,7 - 1,6 3,0 - - 3,0 LS - - 1,5 52|07 -
Paccrostrme 100 M oT cTeHsI Jieca
Distance 100 m from the forest wall
19,5 2,8 - - 2,8 9,5 - - 9,5 72 - - 72 19,5 - -
b 1,8 03 | 0,2 - 0,5 1,2 - - 1,2 - - - - 1,51 0.2 -

[pumeuanne. XK — xu3HecnocoOHsI moapoct, C — coMHUTENBHBIH noapocT, HXK — He)xxn3HecrnocoOHBIiH MOAPOCT.
Note. L — viable, D — doubtful, NV — not viable.

Ha paccTostHUM 50 M OT CTEHBI Jieca
KOJIMYECTBO MEJIKOTO  IOJPOCTa
(mo 0,5 M) cocHBI U Oepe3bl cocTa-
BUIO 5,5 u 1,6 ThIC. IUT./Ta COOT-
BETCTBEHHO, 4YTO B 2 U 3 pa3a 00Jib-
me, geM Ha paccrosaud 100 M ot
cteHbl Jieca. CTOUT OTMETHTB, YTO
KOJIMYECTBO CPEJIHEr0 M KPYIHO-
ro MmojapocTa CocHel B 1,5-2 paza
MPEBHINIACT TAKOBOE B KAaTETOPHH
«MEJIKHID) HE3aBUCUMO OT PaCcCTOsI-
HUS OT CTEHBI Jieca.

Ha GonbIuHCTBE YYEeTHBIX TLTO-
IaJIOK MPUCYTCTBYET TOJBKO MKH3-
HECTIOCOOHBIH MOAPOCT COCHBI — JI0
99 %, 4TO MO3BOJISIET CACNATH IPE-
BapUTENbHBIN BBIBOJ 00 YCIIEIIHO-
CTH POCTa COCHOBOTO ITOJJPOCTa Ha
JTAHHOM JTarle Pa3BUTHSI.

Hpyras cutyarusi HaOIromaeTCs
MpA aHaJM3e JKU3HECTIOCOOHOCTH
noapocta Oepé€3pl. B kareropmsix
«cpen-
HUI» MpeoliagaeT COMHUTEIbHBIH

KPYIHOCTH «MEJIKAI» U

M0 COCTOSTHHIO TIOIPOCT Oepe3bl —
10 80-90 % ot obuiero ero konu-
YeCTBa.

C yBenWuYeHHEM PaCCTOSHUS
OT CTEHBI Jieca OTMEYaeTCs Pe3-
Koe cHmxeHue (B 2,5-3 pasza) Ko-
JIMYECTBA IOJpOCTa Oepes3bl, a Ha
paccrostanu 100 M OT CTEHEHI Jeca
KPYITHBIN TIOPOCT O6epe3bl MOTHO-
CTBIO OTCYTCTBYeT. JlaHHBIN (axT
MOXET SIBJISITHCS TIOATBEPIKICHUECM
¢11a00# KOHKYPEHITHH ITOIpocTa Oe-
pE3bl B OOphOE 3a CyIeCTBOBaHUE
B CPaBHEHUH C IMOIPOCTOM COCHBI
Ha HUCCIIEAYEMOM Tapu U BEpOST-
HOM OTCYTCTBHH IPOIECCA CMEHBI
mopoja B OyayIieM, uYTo SIBISCTCS
B2XHBIM MOMEHTOM B JIECOBOCCTa-
HOBJICHUU HM3y4aeMOro JICCHOTO
y4acTKa.

Cpennuii Bo3pacT noapocra co-
CHBI COCTaBIISICT 6—8 JIET, a Konrude-
CTBO JKH3HECIIOCOOHOTO MOIPOCTa
COCHBI B pPacCMaTpUBAEMBIX Tpex

BBICOTHBIX KaTeropusax Ha paccTos-
Hu# 50 M OT CTEHBI Jieca COCTaBIIs-
er B cpeqeM 5,0-9,0 Teic. miT./ra
u Ha paccrosHuu 100 m — 3,0-
7,0 thICc. TIT./Ta (cM. Tabm. 2). Ilo
mkane Hecrepoa [22] necoBo300-
HOBJIEHHE Tapy COCHOM OLIEHUBAET-
cs Kak xoporee. Bo3zoOHOBIEHHE
Oepe3bl OLICHMBAETCS B CpEIHEM
Kak TJI0XOe.

Jlns aHanuza BO3MOXHBIX CIIO-
CO0OB JIECOBOCCTAHOBJICHUS B 3a-
BUCHUMOCTH OT KOJMYECTBA KH3-
HECTIOCOOHOTO TIOIPOCTa TIABHBIX
JPEBECHBIX TIOPOA Ha HCCIIELyeMOit
rapu HCHOJIb30BaIM  JIEUCTBYIO-
1€ HOPMATHBBI, Pa3pabOTaHHbIE
JUIl OTAEJIBHBIX PErHOHOB M JIe-
COpacTUTEIbHBIX 30H MO TpyIIaM
THUIIOB JIECa U JIECOPACTUTEJILHBIM
ycnoBusiM [23]. Tlo maHHBIM TIpO-
BE/ICHHBIX HCCIIEIOBAHUI, KOJIHYe-
CTBO JKHU3HECIIOCOOHOTO MOAPOCTA
cocHbl Ha paccrosHud 50 u 100 M
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OT CTeHbI Jieca MpEeBBIIIaeT HOp-
MaTHBHBIE TIOKa3aTenn B 3—4 pasa,
YTO SIBJISETCS] AOCTATOYHBIM YCIIO-
BHEM JUIs TIpollecca €CTECTBEH-
HOT'O JIECOBOCCTAHOBJICHUS U3yYa-
eMOli rapy Ha JaHHOM 3Tare pocTa
W Pa3BUTHSI MOJIOIOTO TOKOJICHHS
neca. JlomomHUTENbHBIE MEPBI 110
JIECOBOCCTAHOBUTENBHBIM  Pado-
TaM Ha HM3y4aeMOM YyYacTKe He
HY)XHBL. B mampHeimem HeoOxo-
OUMO TIPOBOIUTH MOHUTOPHHT
COCTOSIHHSI TIOJPOCTa M OCYIIECT-
BJISITh YXOIOHBIE MEPONPUSTHS 32

moaApOCTOM.

BriBoabI
1. JlecoBozoOHOBNIEHHE ~ Tapu

IIPOUCXOAMUT JIByMsl JAPEBECHBIMU

MOpoJjaMH — COCHOH W Oepe3oil.
Ilo KommuecTBY BCXOHOB U IOA-
pocta mpeobOnamaer cocHa. llpu
yIOQJICHUH OT CTeHBI Jieca Ha 100 M
MPOUCXOIUT YMEHBIICHHE KOJIMYe-
CTBa BCXOJIOB M TOAPOCTa BO BCEX
KaTeropusix KpymHoCTH B 2—3 pa3a
B CPAaBHCHUM C aHAJIOTMYHBIMH I10-
Ka3aressiMH Ha paccTosHIK 50 M OT
CTEHBI Jieca HE3aBUCHMO OT BHA
IpeBecHol mopoasl. HecmoTps Ha
CHIDKEHHE KOJIMYeCTBa MOJpPOCTa
Ha paccrossauu 100 M OT CTEHBI
jieca, J1eCOBO300HOBIEHHUE T'apH T10
mkane HecrepoBa xapakrepuzyer-
s KaK Xopotiee.

2.Bo Bcex BBICOTHBIX KaTero-
pHsAX OTMedaercsi IpeodiagaHue
’KM3HECIIOCOOHOTO IOApOCTa CO-

CnMcoK HCTOYHHUKOB
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cHbI — 710 90—-100 %, uTo sBISETCS
OCHOBHBIM ITOKa3aTelieM  yCIell-
HOCTH JIECOBOCCTAHOBJICHUS HC-
CJIEyeMO# rapy Ha JaHHOM 3Tarie
pasButHs. bepe3a B OONBIIMHCTBE
CJIy4acB TIPEJICTABIICHA COMHH-
TEIBHBIM TI0 KM3HECIIOCOOHOCTH
MIOAPOCTOM.

3. B kadecTBe 1eCOX035HCTBEH-
HBIX MEPOIPUATHHA MOKHO MpPE-
JIOXKHUTH MPOBEJCHHE MOHHTOPHH-
ra 3a COCTOSTHUEM I10J[pOCTa.

4. JIns 6oree IeTaabHOTO aHAIH-
3a W MOJy4YEeHUs IOCTOBEPHBIX JIaH-
HBIX JIECOBOCCTAHOBIIEHUS JIECHBIX
YYACTKOB HCCIIEyeMOro paiioHa,
MIPOMJICHHBIX JICCHBIMU TTOXKapaMH,
HEOOXOMMO TIPOAOJIKHUTh HCCIIC-
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BUIbl KOPOEOB POJA IPS, NPEACTAB/SAIOLIME ONMACHOCTb
0N POCCUACKMUX NIECOB
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AnnHoranus. Ha ocHOBe JuTeparypHBIX MaTepHalioB M PE3yJIbTaTOB COOCTBEHHBIX HCCIEIOBaHUIN aBTOPOB
MpoaHaIM3upOBaHbl Kopoeabl pona Ips. OTmeuaercs, 4To B MUPOBOH (payHe 3aperucTpupoBaHo 37 BUIOB KOPO-
€710B JaHHOTO pojia, B TOM YHCJI€ BOCEMb paclpOCTpaHeHo Ha TeppuTopun Poccutickoit @enepanuu. Kopoeabt
JTAHHOTO POJIa MIOBPEKAAIOT (PII03My M KaMOWid, KaK TIPaBUJIO, ¥ OCIAOJICHHBIX U OTMHPAIOINX JepeBbeB. He-
PEAKO OHHU 3aCEISIOT IOBAJICHHBIE BETPOM JIEPEBbS U HEOKOPEHHYIO JIECOIPOAYKIUIO. B TO k€ BpeMs B 3KCTpe-
MaJIbHBIE 110 TIOTOJTHBIM YCIIOBHSIM TOJIBI VUTH MOCTIE CTHXHUHBIX OeJcTBUH (3acyXa, IITOPMOBOW BETEp | Jp.)
YHCIEHHOCTh KOPOEJOB PE3KO BO3PACTACT, U OHM MPUBOASIT K THOETN HE TOIBKO OTIENbHBIC KU3HECITOCOOHBIE
JIepeBbsl, HO U apeBocTon. Kpome Toro, Kopoes! SBISIOTCS MEPEHOCYMKAMHU CIIOp IPUOOB, MPUBOISAIINX K Jie-
CTPYKLMU IpeBecHHBI. B paboTe mpuBeaeH nepeueHs BUIOB KOPOENOB poaa Ips, 1aHo onrcanue OMOIOTHH HE-
KOTOPBIX BUIOB U PEKOMEHAAINH 110 HEAOMYIICHHUIO UX PACIPOCTPaHEHU 3a IPeIeibl €CTECTBEHHOIO apeaia.

KiroueBble ciioBa: xopoensl, Ips, Ononoruueckne 0COOCHHOCTH, BUbI, KAPAHTHH, BPEAOHOCHOCTb.
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BARK BEETLE SPECIES OF IPS GENUS POSING A THREAT TO RUSSIAN FORESTS
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Abstract. Bark beetles of the Ips genus were analyzed on the barks of literature materials and the results of
the authors own research. It is noted that 37 species of bark beetles of this genus have been recorded in the wored
fauna, including 8 common on the territory of the Russian Federation. Bark beetles of this genus damage their
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cambium, as a rule in weakened and dying trees. Often they inhabit trees felled by the wind and forest product

uncovered with bark. However, in extreme weather years or after natural disasters (drought, storm, wind and

other) number of bark beetles increases shar ply and they this results in the death not only individual viable

trees, but also the whole stand. In addition, bark beetles are carriers of fungal spores, leading to the destruction

of wood. The work provides a list of bark beetles species of Ips genus, the description of the biology of some

species is given, as well as recommendations for preventing their spreading outside the natural range.

Keywords: bark beetles, Ips, biological features, species, quarantine, harmfulness.
Funding. The work was carried out within the framework of the theme FEUG — 2020 — 0013 «Environmental

aspects of rational nature managementy.

BBenenue
Hsmenenue KJIMMaTHUY€CKHX
yCIIoBUH, HaONIOAAOIIEeCs B IO-
CIICMHAE IECATUIICTHS, TIPUBOIHUT
K SIUQUTOTHSIM BpPEIHBIX JIeC-
HBIX OpraHu3MoOB M, KaK CJCI-
CTBHE DTOr0, K THOCIHM IICHHBIX
IpeBoCcTOEB. B wactHOCTH, B €lno-
BeIX Jecax Poccuiickoit dDene-
pamuu  HaOIIOmaeTcs  MaccoBOE

pa3MHOXEHHE CTBOJIOBBIX Bpe-
mureneii. K mociaemHuM MOXKHO
OTHECTH Kopoena turorpada (Ips
typographus L.), xopoena nBOMi-
wuka (Ips duplicatus L.), rpaBepa
(Pityogenes chalcographus L.), my-
6oenoB nymmcroro (Polygraphus
polygraphus L.) u G0IbIIOTO €J10-
Boro (Dendtroctonus micans Kug.),
CJIOBBIX ycadyell — TeTponunyM-0ie-
cramuit (Tetropium castaneum L.)
n maroBorpynoro (7. fuscum F.),
YEepHOTo €J0BOr0 ycada — Majoro
(Monochamus sutor L.) u 00ib-
moro (M. wurussovi Fisch.), emo-
Boi1 cmanieBkH (Pissodes harcyniae
Hrbst.) u mp. [1].

B nayuHoii nuTeparype NpHUBO-
JIATCSI TAaHHBIE O MacCOBOM YCbI-
XaHUM EJIOBBIX JIDEBOCTOEB BO
MHOTHX PETHMOHaX Hallled CTpaHBI
u 3a ee mpenenamu [2, 3, 4]. Oc-
HOBHOW IIPUYMHOMN YCBIXaHUS €JI0-
BBIX HACaXIEHW MHOTHE aBTO-
pBl CUHMTAIOT KOpoena-turnorpada
(I. typograhus L.) [2, 5]. Ycroiun-

BOCTh HACaXICHWH MPOTHUB YyKa-
3aHHOTO BpEIUTENS 3aBHCUT OT
cOCTaBa JpeBocTod [6], Tuma Jeca
[7], pa3mepa nmepeBbeB [8] u ux ce-
JeKUMOHHOHN (opMmel [9], a Taxke
JpyTHX IIOKa3areneld. Y4eHbIMU
pa3paboTaH psia peKOMEHJAINH 110
MUHHMU3AIUH yIep0a OT CTBOJIO-
BBIX BpeaMTenel, omHako 3hdex-
TUBHBIX CIIOCOOOB 3aIlUTHI €JI0-
BBIX HACaXICHUHU OT MOBPEKACHUS
CTBOJIOBBIMH BPEIUTEIISIMU, B YACT-
HOCTH OT Kopoena-tumnorpada, 10
HACTOSIIIETO BpeMeHH He pa3pabo-
tano [1, 10].

[Ipobnema 3ammMTHl HacakIe-
HUH yCYTyOJISeTCS TEM, UTO B CBSA3H
C MIEPEMEILICHUEM JIECHON IIPOAYK-
MU PE3KO BO3PACTaeT OMAcHOCTh
MepeHoca BPEAHBIX HACEKOMBIX U3
JIPYTUX PETHOHOB, B YaCTHOCTH U3
Cesepnoii Amepuku. Ilpu sToMm
WHOpPaMOHHBIE BUABI HEPEAKO SIB-
JISTFIOTCSI TIEPEHOCUYMKAMU OTTACHBIX
0oJjie3Hei, 9To MPUBOIUT K TIOpa-
>KEHUIO THIISIMH JIPEBECUHBI 3ace-
JIEHHBIX KOPOETAMH JIEPEBHEB.

Henpro Hammx uccieIoBaHUN
SIBIIICTCS] YCTAHOBIICHUE HanOoee
omacHbIX 115 JiecoB Poccuiickoit
®epepanuu kopoenos pozaa Ips.

O0beKTHI
U MeTOAMKA HCCJIe0BaHUT
OObeKTOM HCCIIEAOBaHUN CITy-
KUIM Kopoensl pona Ips, ecte-

CTBEHHO TPOXXHBAIOIIME B Jiecax
Poccwuiickoit @eneparun u Cesep-
HOoll Amepuku. Ha ocHoBe mute-
paTypHBIX U BEJOMCTBEHHBIX Ma-
TCPUAJIOB MNPEANpHHATAa IOIbITKA
aHayM3a KopoeaoB poaa Ips u ycra-
HOBJICHHE OIACHOCTH WX 3aHOca
Ha Tepputopuro Poccuiickoi dene-
pammn.

Pe3yabTaThl u 00Cy:K1eHHE

B mHactosimee Bpemss B Mu-
(bayne
HO 37 BUIOB KOpoemoB poxa Ips:
I. acuminatus (Cyllenhal, 1827),
I. amitinus (Eichhoff, 1872), I. apa-

poBoi 3aperucTpUpOBa-

che (Lanier, 1991), 1. avulsus
(Eichhoff, 1868), 1. bonanseai
(Hopkins, 1905), 1.  borealis
(Swaine, 1911), 1. calligraphus

(Germar, 1824), 1. cembrae (Heer,
1836), 1. chinensis (Kononov,
1966), 1. confuses (LeConte, 1876),
I. cribricollis (Eichhoff, 1869),
I. duplicatus (Sahlberg, 1836),
I. emarginatus (Le Conte, 1876),
I. grandicollis (Eichhoff, 1868),
I. hauseri (Reitter, 1894), I. hoppingi
(Lanier, 1970), 1. hunteri (Swaine,
1917), 1. integer (Eichhoff, 1869),
L. knausi (Swaine, 1915), 1. lecontei
(S Waine, 1924), L
(Stebbing, 1909), 1. montanus
(Eichhoff, 1881), I. nitidus (Eggers,
1933), L
1970),

longifolia

paraconfusus (Lanier,
I. perroti (Swaine, 1915),
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I. perturbatus (Eichhoff, 1869),
L. pilifrons (Swaine, 1912), 1. pini
(Say, 1826), I. plastographus
(LeConte, 1868), 1. schmutzenho-
feri (Holzschuh, 1988), I. sexden-
tatus (Boerner, 1767), 1. shangrila
(Cognato and Sun, 2007), L. steb-
lingi (Strohmeyer, 1908), 1. subelon-
gatus (Motshulsky, 1860), I. tridens
(Mannerheim, 1852), I. typogra-
phus (Linnaeus, 1758), 1. woodi
(Thatcher, 1965).

Bce xopoenbl JaHHOTO poja 1o-
BpeXaaloT (iaodmMy U KamOui w,
KaKk TpaBWJIO, HE HAHOCSIT BpeAa
KH3HECIIOCOOHBIM JIEPEBbSIM, pa3-
BUBASICh HA YCBIXAIONIUX U CHIILHO
ocmabnennsix [11, 12]. B To xe
BpEMs B OKCTPEMAJIBHBIC II0 I10-
TOHBIM YCJIOBUSIM TOJBI B TIEPUOJT
MaccoOBOTO Pa3MHOKEHHUSI HEKO-
TOopble BUAbl pona Ips mpuBopsT
K YCBIXaHHIO BIIOJHE >XHU3HECIO-
COOHBIX I€PEBbHEB.

W3 nepedncineHHBIX paHee BU-
JIOB KopoenoB pona Ips Ha Tep-
putopun Poccuiickoit  Denepa-
UM BCTpedYaeTrcsi BOCEMb: Ips

typographus — kopoea-turorpad;
I. acuminatus — BepUIMHHBIN KO-
poex; 1. amitinus — MHOTOXOIOBBIi
kopoen; I. subelongatus — 6oib-
IIOM  JIUCTBEHHUYHBIH  KOpOEH;
I. cembrae—3anagHo-eBpoIeHCcKHiA
kopoen; I. duplicatus — kopoen-
JIBOMHUK, I. hauseri — ropHBIi Kup-
ru3ckuii kopoen, 1. sexdentatus —
Ty CTU3YOBIN Kopoen (cTeHorpad).

Bpen, HanocuMBbIH yKa3zaHHBIMU
KOpOeJaMH, BeChbMa 3HAuUTEIICH.
Kak yxe ormeuanoch paHee, eno-
BbIC HACAKICHUS psila CyOBEKTOB
Poccuiickoit  ®@enepauuu  cyuie-
CTBEHHO CTPaJalOT OT MAacCOBBIX
BCTIBIILIEK YHMCIEHHOCTH KOpoena-
tunorpaga. 3aQUKCHPOBAHBI CITy-
yan THOETH KeIpPOBBIX Hacaxe-
HUI, BBI3BaHHBIE BCITBIIIIKAMH MHO-
TOXOZI0BOTO KOpoe/a.

B xauectBe mnpuMepa MOXKHO
NPUBECTH ONHMCAHUE JBYX BHIIOB
KopoeZoB poza Ips, BeTpeuaronmx-
¢4 Ha Tepputopun Poccuiickoii Pe-
JIepaLUH.

Kopoen-turiorpady (I. typogra-
phus Linnaeus, 1758) TemHO-KO-

Puc. 1. Buemnwuii Bua kopoena-tumorpada (1. typographus Linnalus, 1758)
Fig. 1. Appearance of the bark beetle-typographer (I. typographus Linnalus, 1758)
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PUYHEBBIN BOJIOCUCTBIM KYK JUIH-
HoMt 4,2-5,5 MM (puc. 1).

JleT XykoB HauMHaeTcs B Mae
Ipu TeMIeparype Bo3ayxa 15—
20°C. OOBIYHO OH COBHAIaeT CO
BpPEMEHEM PacITyCKaHHsI MOUeK Oe-
pe3bl. JKyKu TpoJieNnbIBaoT CIIOXK-
HbIE XOJIbl B HWXXHEH U cpelHen
YacTsX CTBOJIA MO KOpOH enu.
BBepx u BHU3 0T OpayHOW Kame-
PBI CAMKH BBITPBI3AIOT B TIPOJIOIh-
HOM HANpaBJICHUU OOBIYHO TpHU
MPSMBIX MAaTOYHBIX XOJa THHOU
10-15 cM Kaxnaplii U IIUPUHOU
2 MM.

Pa3Butne JMYMHOK  MPOJOI-
kaercs 60-70 nmHEH, M B KOHIIE
UIOHS — Hayaje HIONS TOSBIISIIOT-
Csl MOJIOZIBIC KyKH. B OTIENbHBIX
CIlydasix MOJOIbIe CaMKH OTKJIa-
JIBIBAIOT SiLIA B MIOJIE-aBTyCTE, YTO
0OYCIIOBIIUBAET Pa3BUTHE BTOPOTO
nokoneHusi. Kpome 2 OCHOBHBIX
MIOKOJICHHH, ObIBaeT 2—3 cecTpuH-
ckux TmokoneHus. Kopoembl-tutio-
rpadpl MIHPOKO PACIPOCTPAHEHBI
Ha Teppuropusix Poccuiickont @e-
neparmu U Pecnyonuku benapyce.
OHM 3aCeNAI0T MPEUMYIIECTBEHHO
OCTa0JeHHbIE CpPEJHEBO3PACTHBIC
u Ooree cTapbie €IOBBIE HACAXKIe-
Hust. [lockonbky kopoen-turorpad
3acensieT TaKkKe cpyOlieHHbIE Aepe-
BbSI, OH JIETKO MIEPEMEIaeTcs ¢ He-
OKOPEHHOM JIeCOMPOAYyKLHUEH.

OueHp NOX0X Ha KOpoena-TUIo-
rpada xopoen-mBoitauk (Ips dupli-
catus Sahlbery, 1836), omHako oH
HECKOJIbKO MEHBIIIE B pa3Mepax.
Ero gmuna 3,5-4,0 mMm. BremHuii
BUJ KOpO€Aa-ABOMHUKA MNPUBEACH
Ha puc. 2.

Jler xykoB Kopoena-TBONHUKA
HAauYMHAEeTCd B Mae U OTCTaeT OT
BbUICTa Kopoeaa-turorpada Ha
1-2 nenenu. Hepenko ykazaHHBIE
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JIBa BHJA 3aCEIISIOT OJHU U TE XKE
nepeBbsi. OmHAKO XOABI KOpoena-
JIBOVHUKA OOBIYHO BBIIIIE TaKOBBIX
y Kopoena-Turnorpada.

Kopoen-nBoitauk Oonee cBeto-
TMoOuBKIA BU, yeM tunorpad. Ox
HEpEeJKO 3acelsieT MOJIOAbIe U3pe-
KCHHBIE HACAKJCHUS M TOHKOMEp-
HBIE JIEPEeBbs, OCTABISIEMBIE MTOCTIC
CIUIONIHOJIECOCEUHBIX PyOOK. Kak
1 KOopoeA-THIorpad, Kopoea-aBoii-
HHUK MOXKET ePEMeEILaThCs ¢ HEOKO-
PEHHOM JIECONTPOAYKIIUEH.

Kopoens! pona Ips 3acenstor Ha-
CaKJCHUS HE TOJBKO HA TEPPUTO-
puu Poccuiickoit @enepanuu, HO U
B JIPYTHX YacTsIX cBeTa. B gacTHO-
cTH, B 3amanHoil yactu CeBepHOM
Awmepukn, Kanmage m Ha ceBepe
Mekcukl pacnpoCTPAHEH BBIEM-
yarelii Kopoen — Ips emarginatus
(LeConte, 1876). Yka3zaHHBII BHIT
KOpOe/ia 3acelsieT XBOMHbBIE pacTe-
Hus pona Pinus, ocobeHHo moBpe-
XKJICHHBIE JIECHBIMH TIOKapamH,
XBOCTPBIZYIIUMHU  BPEIUTEISIMH,
TpUOHBIMH U OaKTepHAIbHBIMH
Oonesnsmu. BeicTpoMy yBennde-
HUIO YHCJIEHHOCTH CIIOCOOCTBYET
pe3koe HM3MEHEHHE THAPOJIOTH-
YEeCKOTO pEeXXHMMa, BBI3BIBAIOIINE
CTpPECC y 1ePEBbEB COCHBI.

Buemnuii BUI camKd Kopoena
TIpUBEJICH HA pHC. 3.

Kopoen 3acenser nepeBbsi paH-
HEl BECHOH, KOTAa BO3AyX IMpo-
TpeBaeTcs, a Ha 3eMJIe eIIe JIEKHT
cher. Camen mocensercsi MepBbIM
W TIPOTPBI3aET X0 B Kope, 1o0upa-
sICh 10 3a00oHU. bpaunas kame-
pa UMeeT HenpaBWIBHYIO (QopMmy
W PpaCIOJIOKEHA BO BHYTPEHHEM
cloe KOpBl C 3aTparuBaHUEM 3a-
Oomonn. CamMKu NpUIETAIOT Ha
naxydyue BCHICCTBA, BBIACIISACMbBIC
aTaKoOBaHHBIM JIEPEBOM, H TIO TIPO-

JIeJTaHHBIM CaMIIaMH XOAaM TIpo-
HUKAIOT B OpavHbIe KamMephl.
[Tocne cnapuBaHusi caMKu KOpO-
€/I0B TMPOTPHI3AI0T MATOYHBIC XOJIbI
BIIOJIb CTBOJIA JiepeBa. J[nnHa kax-
JIOTO MaTOYHOTO XOAa, OTXOASILLE-
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ro ot Opaunoii kamepsl, 0,6—1,2 M.
Sliina OTKITaBIBAIOTCS B OOKOBEIC
rajeped MOOJUHOYKE WM TpyIa-
MU. JIMUUHKA MHUTAIOTCS, MPOTPHI-

3as XOAbl B CTOPOHBLI OT MAaTO4YHOI'O

xozaa.

Puc. 2. Buemrnuii Bua kopoena-nsoiiauka (Ips duplicatus Sahlberg, 1836)
Fig. 2. Appearance of the twin bark beetle (Ips duplicatus Sahlberg, 1836)

Puc. 3. Buemnuit Bug camku kopoena Ips emarginatus (LeConte, 1876)
Fig. 3. Appearance of the female bark beetle Ips emarginatus (LeConte, 1876)
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Marounsie xombl kopoena Ips
emarginatus (LeConte, 1876) cBo-
OomHBI OT OYpOBOI MYKH, KOTOpast

HapyKy
BXOTHOC€ OTBEPCTHC. HOCJ’IC,I[HCG

BBIOpachIBaeTCs yepe3
TIO3BOJISIET JIETKO OMPENENSITh 3ace-
JICHHBIE IEPEBbSL.

B ceBepHoil wacTu apeana BUI
UMeeT 2 TeHepalyy B TOJl, a B FOXK-
HOM CO3J@a€T HECKOJIBKO JIETHUX
MOKOJICHWH CO 3HAYUTENBbHBIM WX
TIEPEKPHITHEM.

OrpanuueHHBIA 00BEM CTaTHU
HE TTO3BOJISIET JIaTh OIMUCAHUE BCEX
BHUJOB KopoenoB poaa Ips. Onnako
ClIeZlyeT OTMETUTh, UTO MX H3yue-
HUE HEOOXOMMMO IJI1 pa3padoTKH
MEPOIPHUSITUHN TI0 OTPAHHYCHHUIO UX
yucieHHoctd. Kpome Toro, nan-
HBIE O Pa3BUTHU JIMYMHOK KOpOe-
JIOB, BPEMEHH JIeTa HACEKOMbBIX H
JIPyTUX OCOOEHHOCTSAX OHMOIOTHH
HEOOXOOMMBI i1 OO€eCIICUEHUS
KapaHTHHHBIX MEp C IENbI0 HEeMlOo-

Jleca Poccuu u xo3s1icmeo 8 HUX

MyIIEHNS. WX PAacIpOCTPaHEHUs 3a
npezelibl eCTECTBEHHOTO apeana.

BoiBoabI

1. B mupoBoii ¢uope 3adukcu-
poBaHO 37 BHJOB KOpPOEIOB poja
Ips, Ha Teppuropun PP BcTpeua-
IOTCS 8 BHIIOB.

2. bONBIIMHCTBO BUIOB THpe-
crapureneit pojga Ips 3acensror
ocnalOleHHble ¥ IOBPEXJCHHBIC
nepeBbsi. OJHAKO B 3KCTpeMalib-
HBIE TI0 TTOTOAHBIM YCIIOBHSIM TOJIBI
WIN TOCJIE CTUXUNHBIX OCICTBUIA
(ILITOPMOBBIX BETPOB) YUCIEHHOCTh
KODOEIOB  CHJIFHO  BO3pAacTaer,
Y OHHM 3aCeIISIOT KHU3HECIIOCOOHBIC
JIepeBbsi, BBI3bIBAas MX YCBIXaHHE.

3. ITockonbky Kopoensl pona Ips
MIPO’KUBAIOT HE TOJBKO Ha TEppH-
Topuu PD, HO U B Apyrux crpaHax,
HEOOXOINM >KECTKUH KapaHTHHHBINA
KOHTPOJIb 3a JIECONPOAYKIHENH BO
n30eKaHue X PacCeICHHS.

CnMcoK HCTOYHHUKOB
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4. I mecoB Poccwmiickont dege-
panyu 3HAYUTEIBHYI OIACHOCTH
MPEACTABIIAIOT  CEeBepOAMEPUKaH-
CKHE BUBI, TPOKUBAIOIINE B OTH3-
KHX KOJIOTHYECKUX YCITOBHSIX.

5. [lomumo ocnabneHus epeBb-
€B W JOBEICHUS MX JI0 YCHIXaHWUS,
OOJIBIIIMHCTBO BUJIOB poja Ips cro-
COOCTBYET IMEpeHoCy Crop TPHOOB,
MIPEXIIE BCETO NIECTPYKTOPOB Jpe-
BECHUHBI.

6. [Ipu HAIMUUK KOPOEIOB poaa
Ips HEeoOxommMMo TpoBeneHUE Me-
POTIPUSTHIA 10 PETYIUPOBAHUIO
UX YHUCJIIEHHOCTH, B YaCTHOCTHU
pa3BemmBaHne  QeppaMOHOBHIX
JIOBYIIIEK, PACKJIaJKa JIOBUUX Jie-
PEBBEB U JIp.

7. HeoOxonuMo cBOeBpEeMEHHOE
yJaJIecHue OCIa0JICHHBIX U OTMHU-
paroIIuX JAEPEBLEB MOCIIE JICCHBIX
MOXKapOB, CTHXUHHBIX O€ICTBHI
U T. 1. B IEJISX HEJOMYyIIEHUS pa3-

MHOXEHHUS KOPOEJIOB.
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UCCNEAOBAHUE NMPUMEHEHUA MOTOPHbIX N1 C ANEKTPONMPMBOAOM
B TEXHONOIrMYECKOM NMPOLECCE MHTEHCUBHOIO BEOEHUSA NECHOIO XO3AUCTBA
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AnHoTtanus. [IpoBeneHb! SKCIIEpUMEHTaIbHBIE UCCICIOBAHUS OLIEHKH MPOU3BOANTEIBHOCTH YHUCTOTO MHUJIE-
HUS B 3MMHHI TIEpUOA B YCIOBUIX yueOHO-ombITHOTO jtecxo3a YIJITY B moc. CeBepka. [Ipon3BoguTensHOCTD
YHUCTOTO MWJICHUS ONPENEssIach B IPOLECCE PACKPSIKEBKU OCHHOBBIX 00PA3IOB € MOMOLIBIO aKKYMYJIITOPHOH
mwiel STIHL MSA 220 co ceemubIM akkymyasitopoM AP 300S. B cooTBeTcTBUM € TUIAHMPOBAaHUEM JKCIIEPH-
MeHTa ObLIM MOJTyYeHBbI JAHHBIE O CPEJHEM BPEMEHH MPONMIIA 7., ¢ DUKcaluel cpejHero auameTpa nponuia D,
ITocne 06pabOTKM pe3ysIbTaToB 3KCIEPUMEHTa ObUIM HaMIEHbI 3HAYEHUS CPENHEN IPOU3BOAUTEILHOCTH YHCTOTO
mwienus /1, B xadecTBe ucrounrka nutanus npumensicsa akkymyastop AP 300S. B pesynerare pacuetoB amst
OecriepeOoitHOM paboTHI U 7-4yacoBOM paboueli cMeHe paboueMy MmoTpedyeTcs 4 3apsHKCHHBIX aKKyMYJISITOpa.
Jlst 6onee ahhekTHBHOM pabOTHI IIpeAIaraeTCs HCIOIL30BaTh COBPEMEHHBIC PAHIICBBIC AKKYMYJISITOPEI, KOTOPHIE
YCTaHABJIMBAIOTCS B CIIEUAIbHOM OPTONEIMYECKOM JKUIIETE C HAIUIEYHON M MOSICHOM (MKcalueil Ha CIIMHE pa-
OotHrKa. Ha ocHOBe pe3ynbraToB COOCTBEHHBIX HCCIICIOBAHUI aBTOPaMH MPEAJIOKEH albTePHATUBHBIH HCTOYHUK
3MEKTPUIECKOIO TOKA B YCJIOBHUSIX JIECHOI'O MAaCTEPCKOTO yuacTKa. B kauecTBe IpHOPUTETHBIX U1 YCIOBUM Ypaia
MO>KHO PEKOMEH/IOBAaTh COJTHEYHbIE TIaHEIH WIIH TEPMOTeHEepaTopbl, padoTarolre Ha ocHOBe npuHiuma [lensrhe.
Haubonee 3¢ eKTHBHBIM 3apsiTHBIM YCTPOUCTBOM JIJIsl BOCCTAHOBIICHHS paO00TOCIIOCOOHOCTH aKKYMYJISITOPHBIX
Oarapeil MOXKEeT OBITh PEKOMEHIOBAHA SHEPreTUYECKasi TEIUIOBasi KOJIOHHA, OCHAIIICHHAs JICKTPOHHBIMU TEPMO-
reHepaTopaMu.

KiroueBble ciaoBa: snekTporwia, OEH3MHOMOTOPHAS MHJIa, aKKyMYJISITOpHAs! M, TPOU3BOJUTEIBHOCTD
YUCTOrO TUJICHUS,, MOILIHOCTb, PACKPSDKEBKA, AKKyMYJSTOp, PYOKHM yXoAa, aJlbTepHATHBHBIE HCTOYHHMKH
SHEPTUU.
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INVESTIGATION OF THE USE OF MOTOR SAWS WITH AN ELECTRIC DRIVE
IN THE TECHNOLOGICAL PROCESS OF INTENSIVE FORESTRY

Andrey V. Mehrentsev', Alina F. Urazova?, Sergey M. Krysanov?
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Annotation. Experimental studies of the evaluation of the productivity of clean sawing in the winter period in
the conditions of the educational and experimental forestry of UGLTU in the village were carried out. Severka.
The performance of clean sawing was determined during the bucking of aspen samples using a STIHL MSA 220
battery saw with a removable AP 300S battery. In accordance with the planning of the experiment, data were
obtained on the average time of cutting tsr with the fixation of the average diameter of the cut Dsr. After processing
the results of the experiment, the values of the average productivity of pure sawn Ppp were obtained. The AP 300S
battery was used as a power source. As a result of calculations, for uninterrupted operation during a 7-hour work
shift, the worker will need 4 charged batteries. For more efficient work, it is proposed to use modern backpack
batteries, which are installed in a special orthopedic vest with shoulder and waist fixation on the employee’s back.
Based on the results of their own research, the authors proposed an alternative source of electric current in the
conditions of a forest workshop site. As a priority for the conditions of the Urals, we can recommend solar panels or
thermal generators operating on the basis of the Peltier principle. An energy heat column equipped with electronic

thermogenerators can be recommended as the most effective charger for restoring the operability of batteries.

Keywords: electric saw, gasoline-powered saw, battery saw, clean sawing performance, power, bucking, battery,

care cabins, alternative energy sources.

Funding. The research was carried out with the financial support of the Ministry of Science and Higher
Education within the framework of the scientific project «k FEUG-2020-0013».

Beenenue

[Tepuon 30—40-x romoB xapakre-
PEH HCKJIIOUUTEIbHOM WHTEHCUB-
HOCTBIO OITBITHBIX paboT T0 co3/a-
HUIO TIEPEHOCHBIX MEXaHUYECKUX
LEMHBIX MW, U PE3yJIbTaTOM STOU
paboTHI SBIJIOCH CO3MIaHUE BCKOPE
nocie Benukoit OteyecTBEeHHOM
BOIHBI HOBOW MOJEIH 3JIEKTPOIU-
aer [THUMMD BAKOIIII. Bymay«am
MIOYTH BIBOE JIETYe CBOUX IMpeIIe-
crBennuil, iia BAKOIII ¢ 1946t
HaxOIUT IIUPOKOE TPUMEHEHHE
B JIECHOW MpoMbiluieHHoCTH. Of-
HOBPEMEHHO B JIeC TOCTYMAIOT
MEPENBWKHBIE  3JIEKTPOCTAHIIMK
I15C-12-50 HOpManbHOM YacTOTHI
Toka (50 I'm) momHOCTRIO 12 KBT.

OnHako HapsAy CO 3HAYUTEITHLHBIM
CHIDKEHHEM OOIIero Beca 3JeK-
tponmna BAKOIIII umena neno-
CTaTOYHYIO0 pabouyIo JJIMHY IINHBI
(500 MM) 1 MaITytO MOIITHOCTB JIBH-
rarens — 1,3 kBt

[TonmMHHYI0 TEXHUYECKYIO pe-
BOJIIOIIMIO B MeEXaHM3allMM Baj-
KU Jieca U PacKpsDKEBKH XJIBICTOB
npomsBena mwia [[HUMMD-KS.
B Heit ObIT IpUIMEHEH AIIEKTPOIBH-
raresib MOBBIIIEHHOH YacTOThI TOKA
(200 I'mr). Bmecto 3000 o6opoToB
B MHHYTY Ball JJIEKTPOIBHUTATEIIS
pazBuBast 12000 06opoToB, 4YTO M
MO3BOJIJIO CHU3UTh BEC JBUIaTe-
51 6osiee 4YeM BIBOE, HE YMEHBIIINB
rpu 3ToM ero mMorHocTH (1,3 kBT).

MaccoBoe NpUMEHEHHE B JIECO-
3arOTOBUTEIHHOM  TIPOM3BOJICTBE
SNIEKTPOIMI TIOKA3aJI0 UX CyIIe-
CTBEHHBIE IPEUMYIIIECTBA 110 CpaB-
HEHHUIO ¢ OEH30MOTOPHBIMHU TIHJIa-
mu. bomee mpocras KOHCTpYKIuMs
TIO3BOJISJIA TIOJIB30BAThCS ANEKTPO-
WHCTpYMEHTaMH pabOTHUKAM C He-
BBICOKOUM KBaJU(HUKALIUEH, yMEHb-
HICHHBIAIITYM U BUOPAITUS YTy YIIIAITH
ycioBust pabotrel. B 70-x Tomax
nporwioro croierus B CCCP Obut
OCBOCH BBIIYCK OOJiee COBEpIICH-
HOM anekTporiel D114-3, kotopas
B OCHOBHOM HCIOJIb30BaJIach ISl
PAcKpsDKEBKH XJIBICTOB HAa HUXK-
HUX JIECHBIX ckianax [1]. Ha meco-
CEUHBIX PadOTax K TOMY BpEMEHHU
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IIOBCEMCCTHO HCIIOJIB30BaJIMCh

OEH30MOTOPHBIE  HWHCTPYMEHTHI.
[lo Mepe BHEOpEHUS B TEXHOIIOTH-
YECKHI MPOIIECC PACKPSDKEBKU Ha
HIDKHUX CKJIQIaX TIOJyaBTOMATH-
YECKMX PACKPSDKEBOYHBIX JIMHUH
chepa NPUMEHEHHUS DIICKTPOIUII
eme Oosee Cy3nWinach A0 TPEATpH-
STHH C MaJlbiM TOJOBBIM TPY300-
6opotom He Gomee 30-50 ThIC. M>.
Onekrponmia IITY-3 paborana ot
nBUTaTels ¢ yactoTor Toka 400 I,
YTO TI03BOJISUIO TIOBBICUTH €0 MOIII-
HOCTB 0€3 YBETHMICHHNS MacCHI.

TexHudeckne  XapakTepUCTH-
KA  DJISKTPONMJI  IPEJCTABICHBI
B Tabm. 1.

B nanpneiimem HaydHble opra-
HU3AlMU M OTJCNIbHbIC M300peTa-
TEJH, WCIONB3Ysl AIIEKTPOIBHTa-
TEJIM MOBBIIICHHON YacTOTHI TOKa,
co3Mand  psii KOHCTPYKUUH 00-
JIETYEHHBIX DJIEKTPOIIII, KOTOpPEIE

B MAacCOBO€ IPOU3BOJCTBO BHE-
JIPEHBI HE OBIIIN B CBSI3U C OTPaHU-
YEHHOU 30HON MX MPUMEHEHUS 3a
CYeT HEOOXOIUMOCTH KaOeJIbHOMU
CHCTEMBI /IS TIepeiaqn HampsKe-
HUSl OT TpeoOpa3oBarenst Harpsi-
JKEHUS U DJIEKTPOCETH.

OHeprus, BBIpa0aThIBacMast
JIBUTATEJIEM IIEMHOM MHJIIBI, pacXo-
IyeTCs Ha MWICHHUE, MPEONOJICHIE
TPEeHUsI TIIBFHON IIeT O HampaB-
JSIOUIYI0 IIUHY U CONpPOTHBIIE-
HUE, BO3HUKAIOIIEE TpU TMepera-
4ye BpalleHHs OT Bajla JBUTaTelNs
K Bemyuied 3Be3mouke. [Ipuuem
MUHUMAJIFHOC HATSDKEHUE ITHITh-
HOW IIeNW, PaBHOE MOHTAKHOMY
HaTsSHKCHUIO, OyneT B Touke cOe-
TaHUS €€ C BEMyIIEH 3BE3IOYKH.
COOTBETCTBEHHO, MaKCHMaJIbHOE
HaTSHKCHUE 1enH OyleT B TOYKE €
HaOeTaHus Ha BEIYIITYIO 3BE3I0UKY.
Ero Benmuuna onpenenurcs [2]:
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L =P, + P, +2,08mlgl, 1+
+0,08Z,,

e P, — ycwme pesanwsa, H; P~
yeue orxuma, H; P,=(0,7...1,0)P,
B 3aBUCHMOCTH OT OCTPOTHI PEKY-
X 3JICMCHTOB THJILHOW IICTIH;
1 — K03(h(HULMEHT TPEeHUs THIIBHON
nenu o muHy (1 = 0,20...0,25);
m;, — Macca 1 mor. M IIenu, KT,
g — yCKOpeHue CBOOOJHOTO majie-
Hus, M/c?; [, — IIMHA THILHOM
IMUHBI TI0 OCSAM  3BE3/I0YEK, M;
Z,— MOHTa)KHOC HATsDKEHHUE TTHJIhb-
Ho¥ nenu, H.

MonrHOCTh IBHTATENS TPUBOIA
LIETTHOM MHJTBI

Z v
— max
N, =—F%—,

M.
IIe Vv — CKOpOCTh pe3aHus, M/C;
n, — KII]JI nepenaun ot Bajia JBH-
raressi K Beayliei 3Be310UKe MUb-
HOTO armapara.

Tabmuma 1
Table 1
TexHuyeckne XapaKTepUCTUKU IEKTPOITUIT
Technical characteristics of electric saws
Twrt 37eKTpOoITHITEI
Type of electric saw
[okazarens IIIK-3
Indicator [IHAUMD K-5 BAKOIIII AJITU AIY-3
TSNIIME K-5 WAKOPP EPK-3 EPH-3
ALTI
MouHocTh ABUraress, KBt
Engine power, kW 1.4 1.6 12 3.0
Bec b1, kr
Saw weight, kg 9,5 20,4 8,5 95
Beicora npornmiia (max), MM
Cutting height (max), mm 930 500 500 470
TIpOM3BOMUTENFHOCTD YUCTOTO MHIICHHS, CM/C
Productivity of clean sawing, cm?/s 38 33 33 80
Yacrora Toka, 'y
Current frequency, Hz 200 >0 200 400
CkopocTb pe3aHusi, M/c
Cutting speed, m/s >3 >0 6,2 1,5
upuna nponuia, MM 7 8 6
Cutting width, mm
Hlar 3BeHBEB LETTH, MM
Chain link pitch, mm 15 20 15 15
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YcTraHoBoyHass MONIIHOCTH JIBH-
rareiast JIEKTPOMOTOPHOM — IMJIBI
MOXXET OBbITh BEIOpaHa MEHbLICH Be-
JIMYHHBI C YYETOM €ro0 Meperpy3ou-
HOW CIIOCOOHOCTH. DJIEKTPOIBUTA-
TENIb MPOBEPSETCS Ha MEPErpy3Ky

o opmyiie
N
N,z2——"—,
1,6...2,0
rme N, — MOIIHOCTh JBHUTATENs

C Y4eTOM JOIyCTUMOH INeperpys-
ku, BT.

TakuMm o0pazom, TpH TPOUUX
PaBHBIX YCJIOBHSAX SHEPro3arparhl
Ha THWICHHE MpPU HCIIOIb30BAHUH
MOTOPHBIX HHCTPYMEHTOB OIIpe-
JIENAIOTCSL  MCXOAS U3 CKOPOCTH
pe3aHus M Teperpy3ouHo Cro-
coboHoctn naBurarens. OTCyTCTBHE
(PUKIMOHHON LEHTPOOEKHOM
MYQTBI B KOHCTPYKIHH JIEKTPOITU-
JIbI TI0 CPAaBHEHUIO C NPUBOIOM OT
JABC olecrnieynBaeT CTaOMIBHYIO
CKOPOCTh PE3aHUS HE3aBUCHMO OT
YCIIOBUM NMWIEHHS MO CPAaBHEHHIO
C TaKOBOH y OEH30MOTOPHOM IHJIBL.
OTOT mapameTp, Hapsay ¢ eperpy-
304YHOM CHOCOOHOCTBIO 3JIEKTPO-
JIBUTATeNs, O3BOJISIET 00ECIEUNTh
Ooree BBICOKYIO 3HEProd(peKTHB-
HOCTb TIPH TWJICHWH JAPEBECHHBI
JIEKTPONUION.

B HacTosmee BpeMs Ha pPbIH-
ke 00OpyIOBaHMS [UIsI MEXaHH-
3MPOBaHHOTO BEACHUS JIECOXO-
3IUCTBEHHBIX pPa0OT IOSIBHIKCH
nepBble  NpodeccHoHaNbHbIE aK-
KyMYJISITOpHBIE ANIEKTPOTHIIBI,

CIIOCOOHBIE  COCTaBUTh  KOHKY-
PEHIMI0 OSH30MOTOPHBIM ITHJIAM

Npy  BBHIMOJTHEHUH PyOOK yXxozaa

B  MOJIOTHSKAX. OJICKTPOIIFIIEI,
OCHAILICHHbBIE COBPEMEHHBIMU
JIMTUMMOHHBIMU  aKKyMYJISITOpa-

Mu paccuuTadbl Ha 1200 MOHBIX

LIMKJIOB 3apsAfa U pa3psiaa, uyTo Ipu
npoecCHOHANBHOM — HMCHOJIB30Ba-
HUM OOCCIICUUT CPOK CIYXKObI HE
MeHee 2,5 JeT.

[IpenmymiecTBa  aKKyMYJISITOP-
HBIX TIHIL:

— OTCYTCTBHE Ha pabodeM Me-
CTE BBIXJIOIIHBIX Ta30B, YTO OCO-
OEHHO BaXXHO MpH paboTe B 3UM-
Hee BpeMsl rofa, Koraa Tpelyercs
OYHCTKa pabovero Mecra OT CHera
C CO3JIaHMEM Yy CTBOJIa JIepeBa MpH-
SAMKa, B KOTOPOM KOHLIEHTPALU
BBIXJIONTHBIX Ta30B OT OCH3OMMIIBI
CO3/IaeT BPE/IHBIE YCIOBHS PAOOTHI;

— HeOOJIBIIION BEC;

— OBICTPBIi 3aITycK B paboTy MpH
MOCTOSIHHON CKOPOCTH PE3aHus;

— HU3KHE YPOBHM IIyMa M BU-
Opauuy, CBOWCTBEHHBIC JIBUrare-
JISIM BHYTPEHHETO CTOpaHUs;

—JNEKTPONMJIa HE HYXIaeTcs
B 3allpaBKe JOPOTOCTOSIINM TOI-
JIMBOM.

B nonHolt Mepe 3TH nmpeumyiie-
CTBa TPOSIBISIIOTCSI TPU MIPABUIIb-
HOW OpraHM3aliy TPOU3BOJICTBEH-
HOTO TIpolecca U COOIIOAECHHH
OTIPE/ICTICHHBIX PETIAMEHTOB.

K 0coGeHHOCTSIM aKKyMyJIsSTOp-
HBIX IWJI CJeIyeT OTHECTH Halu-
yre OeCIIETOYHOrO JJIEKTPOMOTO-
pa, kotopsiit umeeT Bbicokuid KIT]]
1 HeTpeOoBaTelleH K 00CTyXHBa-
HUIO, a TaK)Ke OE3MHCTPYMEHTAIIb-
HO€ HATSHKCHUE DPEXYIIeH IeIH.
MoiuHble nuibl 41 pyOoK yxona,
OYHCTKH CTBOJIAa OT CY4YbEB W pac-
KPSDKEBKH  XJIBICTOB OCHAIAIOTCS
IIMHOW A7MHOU 35 cM U pexyiien
LENbIO C I1aroM 3yObeB TPU BOCH-
MBIX JIOiMa.

Lenbto pabOTHI ABISIINCH OLICH-
Ka IPOM3BOJUTEIBHOCTH YHCTOTO
IWICHUS] IIPH PACKPSDKEBKE AKKY-
MYJIATOPHOM MWION u pa3paboTka
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NPEUIOKCHUH TI0  MPUMCHEHHIO
3G GEKTUBHBIX  aJBTCPHATUBHBIX

HNCTOYHHUKOB SHEPIrUu.

OobexT

U METOIMKA MCCJIeJOBAHUM

[ OUeHKH TPOU3BOIUTEIb-
HOCTH YHCTOTO MWJICHUS OBUIH
MPOBEICHBI  AKCTIEPUMEHTAIFHBIC
UCCIIeIOBaHUsI, AJIs1 KOTOPBIX ObLIa
UCIOJb30BaHA  AKKyMYJISTOpHas
mwra STIHL MSA 220 co cpem-
HbIM akkymyinsatopoM AP 300S
sHeproemMkocThio 281 BT-u u Be-
com 1,8 xr [3]. Texundyeckne xa-
PaKTEPHCTUKHU UCCIIEAYEMOM dIEeK-
TPOIMIIBI IPE/ICTABICHBI B TA0M. 2.

Pe3ynbTarhl Hccae10BaHusA
U UX 00CY:KIeHne
HccnemoBanust ~ TpOBOAMIINCH
B 3uMHu nepuon 2021 r. B ycio-
BUSAX y4EOHO-OIBITHOTO JIeCX03a
VIIJITY B moc. Cesepka. Temme-
parypa OKpyXalollero BO3AyXa
cocrapisia —12 °C. IIpomsBomu-
TEJIBHOCTh YHACTOTO MUJICHUS OTpe-
JIeTIsUTach B MPOIIECCE PACKPSIKEBKH
OCHHOBBEIX 00pa3sioB. B cooTset-
CTBHHM C IUIAHHUPOBAaHHEM 3KCIIe-
PUMCHTAa 6I)IJ'II/I IMMOJIY4YCHbI JAaHHBIC
O CpeHEeM BPEMEHHM NpOIHiIa f,,
¢ (ukcanmelt cpeqHero auameTpa
nporuna D,,. Ilocne oOpaborku
PE3YNBTATOB IKCIIEPUMEHTA OBLIH
MOJTy4YEeHBI 3HAYCHHS CPEAHEN TIpO-
HU3BOAUTCIBHOCTH YUCTOI'O ITHJIC-
Hus I1,,. Pe3ynbraThel npencranie-

HBI B TA01. 3.

Takum o0pazom, B pe3ynbTare
MIPOOHBIX PACKPSHKEBOK OBLIA TI0-
JMy4eHa CPeIHss BEeIMYMHA ITPOU3-
BOJUTCIIBHOCTH YHCTOI'O ITHJICHUA
Ha yposHe 40,3 cm?/c. DTa Benmuun-
Ha COOTBETCTBYET CMEHHOU IPOH3-
BOAUTEILHOCTH TIPH PACKPSIKEBKE
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Tabnuua 2
Table 2

TexHHueckas XapakTePUCTHKA HCCIIETyEMOTO HHCTPYMEHTA
Technical characteristics of the instrument under study

[TapameTpor
Parameters

STIHL MSA 220
STIHL MSA 220

CkopocTb pe3aHust, M/c
Cutting speed, m/sec

23,3

[upuna nponwia, MM
Cutting width, mm

Beicora nponmna (max), MM
Cutting height (max), mm

400

Homunansnoe nanpsoxenne B
Rated voltage V

36

Macca sl 6€3 aKKyMyJsTopa, Kr
Saw weight without battery, kg

1,8

Bpewmst paboThl co cbeMHBIM akkymyssitopom AP 300 S, muH
Working time with removable battery AP 300 S, min

Ho 37

Bpewmst paboThI ¢ paHIIEBbIM aKKYMYJISTOPOM, MUH
Working time with a satchel battery, min

Jo 290

Tum akkymymsitopa
Battery Type

JIMTHHMOHHBIN

Removable battery capacity, Ah

EMKOCTb CbEMHOI'0 aKKyMYyJISITOpa, Au

Capacity of backpack battery, Ah

Emkocts panmeBoro akkymymnaropa, Ad

311

Macca CheMHOTO aKKyMYJISITOpa, KI'
Weight of battery capacity, Ah

1,2

Macca paHIIEBOrO aKKyMyJIsITOpa, KT
Weight of backpack battery, Ah

6,9

Ta6muma 3
Table 3

HCCJ’IGZLOB&HI/IC MMPOU3BOAUTCIIBHOCTHU YUCTOI'O MMUJICHUSL

Investigation of the performance of clean sawing

Cpennuii qraMeTp

Cpennee BpeMst

[IpouzBoguTETHEHOCTD

[POIHIIA, CM HPOIHIA, C YUCTOTO TUJICHHS, CM*/C
The average diameter Average cutting Productivity of pure
of the cut, cm time, s sawing, cm?/c
10 2,4 32,7
20 18,2 49,8
30 242 38,8

51 ky0. M B cMeHy Npu 7-4acoBOM
paboueii cmeHe.

Kak Ob110 yKa3zaHo BbIlIE, B Ka-
YeCcTBE WCTOYHUKA IMUTAHWS TPU-
MeHsuicst akkymyisitop AP 300S
sHeproeMkocteio 281 BTy, uTO
COOTBETCTBYET

BpeMEeHH  pabo-

Thl HA OJHOM 3apsdaac, 1o JaHHBIM
xommannu STIHL, 56 mumH. s
OecriepeOoiiHoi paboThl Tipu 7-ya-
COBOH paboueil cMmeHe pabouemy
norpedyercsi 4 3apsHKEHHBIX aKKy-
Mmynsitopa. B o0eneHHbIH mepepriB
Oyzner

paboTHHKY  HEOOXOIMMO

3aMEHUTHh KOMIUIEKT pPa3psDKeH-
HBIX aKkkymyssTopos. s Goiee
a¢exTuBHONM paboThl Mpeasara-
€TCsl MCIOJIB30BaTh COBPEMEHHBIE
paHLEeBbIE aKKYMYJISTOPBI, KOTO-
pble YCTaHABIHMBAIOTCS B CICIH-

AJIbHOM OPTONCIAUYCCKOM KHUIIETC



60 Jleca Poccuu u xo351icmeo 8 HUxX

C HaIJICYHOW W TMOsICHOW (huKca-
nueit Ha cnimHe pabortHmKa. Ilnma
CBSI3BIBACTCSI C  AKKyMYJISTOPOM
crielagbHbIM KaOeneM. PaHieBble
akkymynaropsl thunma AR 3000L
HUMEIOT 3HeproeMkocth 1520 Br-u
pu Macce 9,5 K. 3apsina paHIeBo-
T0 aKKyMyJsITOpa TOCTAaTOYHO JUIS
paboTHI B TeUeHHE 7-4acoBOi pabo-
Yyeil CMEHBL.
Boccranoenenne  paborocmo-
COOHOCTH aKKyMyJSTOpOB, 00e-
CIICYHMBAIOINX IMUTAHKUE, TIPOU3BO-
JIUTCS CTIENINATILHBIMU 3apsITHBIMH
yCTpoOiicTBaMu, pabOTAOIUMHU OT
cetu 220 B u obecrneunBaroniu-
MU TIOJNHBIA 3apsif TIPH HaTpsKe-
Huu 36 B 3a 60 MUH 119 CHEMHBIX
akkymymsaropoB tuna AP300S wu
3a 250400 mMuH 11 paHUEBBIX
aKKyMyJIsTOpoB. B ycloBusix
BBITIOJTHEHUSA JIECOXO035IUCTBEH-
HBIX paboT mpoliieMa MCTOYHHKA
JNEKTPUUECKOH DHEPrUU B JIECy
pemanach IMyTeM OCHAIICHHUs Tie-
PENBIKHBIMU DJIEKTPOCTAHIHSIMH

JICCO3aroTOBUTCIIBHBIX  Y4YaCTKOB

Iencpauma
VICKTPOHHO-UPOMIHMX Nap
C NOIrAoUICHMCM )H(.'pl‘l"l

PexomGunaims
AMPOK 1 NICKTPOHOS
C RLIEICHMEM INEPIIH

Menit
NPOBOAMMK

BBHJly UX OTJaJCHHOCTH OT CTa-
[MOHAPHBIX MCTOYHHKOB IHEPTHU
U JIMHUHA aekTponepenad. Eine
B JIOBOCHHOE BpeMs psAJIOM Ma-
MIMHOCTPOUTENBHBIX  TPEATIPHSI-
TN OBUIO OCBOEHO IMPOU3BOJICTBO
MEPEBIKHBIX  DJIEKTPOCTAHIINN
MomHocThio 40—60 kBT, KOTOpHBIE
YCTaHABJIUBAJIKUCh Ha IIACCH TyCe-
HUYHBIX TpakTopoB. [loBwImeHne
3p(GEKTUBHOCTH  MPOU3BOACTBA
JJICKTPOIHEPTUU B YCJIOBUAX Ma-
CTEPCKOTO y9YacTKa PEeIIanoch 3a
CYeT OTKa3a OT JKUIKOTO TOILIMBA
MyTeM TIPUMEHCHHS Ta30reHepa-
TOPHBIX MOTOP-TEHEpPaTopoB, pa-
OoTaromMX Ha TBEPAOM JIpPEeBeEC-
HOM TOIUTUBE, KOTOPOrO BCErnia
B M30bITKE. B MOBOCHHEIN TIepHon
Tonpk0 Ha OHEXKCKOM MAaIIHHO-
CTPOUTEIILHOM 3aBOJIEe OBLIO TPO-
n3BeneHo 6onee 1000 MOOMITBHBIX
ra3oreHepaTopHbIX  yYCTAHOBOK.
C nukBupanued neduuura >Kui-
koro TomuBa B 50-60-x rogax
MPOIUIOT0 Beka paboThl 1O CO-

BCPIICHCTBOBAHUIO ra3orcHepa-
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TOPHBIX YCTAaHOBOK OBLIH TIpeKpa-
uieHsl [4].

B Hacrodiiee Bpemst A peiie-
HUS TIPOOIEMBI WCTOYHHMKA O3JIEK-
TPUUYECKOTO TOKA B YCJIOBHSAX JieC-
HOTO MacCTEepPCKOTO y4acTKa MOYKHO
paccMOTpeTh Tak Ha3bIBaeMEbIe
aJbTepHATUBHBIC UCTOUYHUKH. B Ka-
YeCTBE NMPHOPUTETHBIX JUIA YCIO-
BUI Ypaja MOXXKHO PEKOMEHI0BATh
COJIHEYHBIE TMAaHEIN WM TepMore-
HepaTopsl, paboTaroye Ha OCHOBE
npunuuna Ilenstee [5]. Ilpunim-
NUajbHas cxeMa Mpe/CTaBlieHa Ha
puc. 1.

[Mpryem ecnu comHeuHblE Oa-
Tapen He O00ecnevynBaloT MOCTO-
SHHOW 3apsAAKH  aKKyMYJISITOPOB
B CWIy TPUPOTHBIX TPHYHH, TO
3JIEKTPOHHBIE  TEPMOTEHEPATOPBI,
YCTaHOBJICHHBIE HA TOpAYeH TO-
BEPXHOCTH, HAIllpUMep APOBSIHOU
MeYH, MOTYT padoTaTh B YCIOBHSX
JIECHOTO MaCTEPCKOTO yJ4acTKa Kpy-
IJIOCYTOYHO U HE3aBUCHMO OT CE€30-
Ha, MCIOJIb3Ys B KaUeCTBE TOTLIMBA

necocednbsle  otxompl. [Ipmmepom

| [ MNormomenme Temwia

yyy;

p-1Hn

!

n-=THI

. Buacacume Tenna

TIEE

111t

Ilepexon » cocToRmme
¢ Goanmedt smepricit
CONPOROAIACTCH
DOrNOWCHIEM TEIa

Iepexoa » cocrosmme
¢ McHsch sscpruch
CONPOBOAIACTCR
BLICICHHEM TelL1a

Kepamuuecxan
DO IO XA

Pagnarop

B

Hanpanacume Toxa

Puc.1. [IpuHnunuaneHas cxema 3apsiHOrO YCTpOicTBa

Fig. 1. Schematic diagram of the charger
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CepUHHOro arperara Jyisi 3apsii-
KA aKKyMYJIATOPOB MOXET ObITh
paccmorpeHa neub «HmUrnpka
[6], cocTaB 3apsIHOTO yCTPOKCTBA
MPEJCTABIICH Ha puUC. 2.

I'naBHbIH

HCOOCTAaTOK  JJICK-

TPOHHBIX TEPMOIE€HEPATopoB —

®

Huskuii KIT/1, B ycrmoBusx 1ecHOTO
MacTEepPCKOr0 y4yacTKa HUBEJIUPY-
eTCsl OOMIIEeM JPEBECHOTO TOILIH-
Ba. Ha ocHOBe omnucaHHOH BblllIe
eyl MOXET OBITh INpelUIoKeHa
KOHCTPYKLHUS YHUBEpPCAITbHON

9HEPreTUYEeCKOM TEII0BOM KOJIOH-

Puc. 2. CocraB 3apsitTHOTO yCTPOUCTBA:
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HBI, paboTaomieil Ha JAPEBECHOM
TOIUIMBE W OCHAIIECHHOW aKTHB-
HOM TEIJIOBOW IMJIMHIPUYECKON
MOBEPXHOCTHIO JUISI pa3sMEIICHUS
AJIEKTPOHHBIX TEPMOTCHEPATOPOB.

noTpeburtenn
NOCTOAHHOMD TOKa

1 — 3HEpromneys ¢ TEPMOreHePaToOpoM; 2 — KOHTPOIUIED; 3 — MHBEPTOP; 4 — OaTapelHbIi OII0K

Fig. 2. The composition of the charger:

1 — an energy furnace with a thermogenerator; 2 — a controller; 3 — an inverter; 4 — a battery pack

BriBoabI

1. IlpumeHeHue AEeKTPOITIIT IS
BBIIIOJIHEHHUSI ~ TEXHOJIOTMYECKOTO
Ipoliecca BEAECHUS JECHOTO XO035i-
CTBa TIO3BOJISIET B COBPEMEHHBIX
YCIOBUSIX CHHU3UTH HEraTHBHbIC
¢axropsl (mryMm, BUOpaumsi), nei-
CTBYyIOIIME HA pabOTHHUKA, a TaKXKe
OTKa3aTbcs OT JOPOTOro >KUIKOTO
TOTUTUBA.

2. llpoBeneHHbIE TEOPETHIECKIIE
1 3KCIEPHMEHTAJIBHBIE HCCIIeI0Ba-
HUS TOKA3aJIM, YTO JOCTAaTOYHBIH

YpPOBEHb MPOU3BOAUTEIBHOCTH
tpyna — 40,3 cm?/c, KOTOpBIii MO-
JKET OBITh JIOCTHUTHYT TIPH TIPO-
(eccuoHaIbHOM — MCIHOJB30BaHUN
SNEKTPONMII Ha pyOKax yxona B
TOHKOMEPHBIX HacaxaeHusx. [Ipo-
W3BOAUTEIBHOCTh YHCTOTO IHJIE-
HUSl 3JIEKTPONMIIBI COOTBETCTBYET
MAcTIOPTHOMY ~ 3HAUEHHIO  ATOTO
napameTpa At Oenzonunsl «Kpo-
Ha-202». [lanbHelee coBepleH-
CTBOBaHME OJJIEKTPONMI U aKKy-

MYJIATOPHBIX CHUCTEM  IIO3BOJIACT

CnHcoK HCTOYHHUKOB

clieiaTh BBIBOJ O MEPCIEKTHBE HX
NPUMECHEHUS! JUT CHIDKCHHUS yTiie-
POOHBIX CTOKOB B JICCHOM XO3STH-
CTBe.

3. Haubomnee 3 eKTUBHBIM
3apsAHBIM YCTPOMCTBOM JUISI BOC-
CTAHOBIICHHsI PAOOTOCIIOCOOHOCTH
AKKyMYJISITOPHBIX Oartapeil Moxer
OBITh PEKOMEHI0BaHA SHEPreTude-
CKasl TeIIOBasi KOJIOHHA, OCHAIIICH-
Hasl JICKTPOHHBIMH TEPMOTCHEpa-
TOpamH, pabOTAIOIIMMH HA OCHOBE
npuHnuna [lensTbe.
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UCCNEOOBAHUE CTABUIIbHOCTWU BETYNIMHA METOJOM ONMPEAENEHUA
ANEKTPOKMHETUYECKOIO NOTEHLUWUANA

AHacracus Asekcanaposua 3axaposal, lennaauii UBanosny Majbues?
b

12 Vpanbckuii rocy1apcTBEHHBIN JIeCOTeXHUUECKHi yHUBepcuTeT, ExarepunOypr, Poccus
'anastasiya zaharova 97@list.ru
mgi@elem.ru, http://orcid.org/0000-0002-0750-0070

Annoramus. VccrnenoBaHue cTaOWIBHOCTH OETYyIMHA METOMOM OIPEENICHUs] AIEKTPOKHHETUIECKOTO
noreHiana. Ha cerogHsmHuil JeHb OCTYIMH MHTEPECCH B OOJACTH MEIUIUHBI, KOCMETHKH W IHUIICBON
MPOMBIIINIEHHOCTH, Bellb OH OOJIaZlaeT OTPOMHBIM CIIEKTPOM OHMOJIOTHYECKHX AeWcTBHU. M3 HEro MoXKHO
MOJTyYUTh TPOU3BOJHBIE, KOTOPHIE, B CBOKD OYepellb, UMEIOT OIPEEIEHHOE XOPOIIO BBIPAXKEHHOE JIEWCTBUE
M WCIOJIb3YIOTCS JUIsl MPOU3BOJICTBA Pa3IMUHBIX MEIUKaMEHTOB. M 4ToObl MHTCHCH(DUIMPOBATH MPOIECC
OYUCTKH U (UIBTPOBAHUS OETyIMHA IS SKOHOMUW BPEMEHHU W 3aTpaT Ha YHEPTHI0, HEOOXOANMO Y3HATh €ro
3apsij] KOJUTOMTHOW YaCTHUIIBl M CTAOMIBHOCTh B BOJHOM pacTBope. s 3Toro ObIJIO MPOBENIEHO OIpe/eieHue
AJIEKTPOKMHETHYECKOTO ToTeHInana. Halinen £-noreHruan OeTyauHa B BOJHOM PacTBOPE, KOTOPBIH MOKa3all,
YTO C yBENIMYCHHWEM KOHIIEHTPAIIMH BOJHOTO PAcTBOpa OETylNHWHA BEPOATHOCTb Pa3pyIICHHS TUCTIEPCHU U
BO3MOXXHOCTh 00pa30BaHUs XJIONbEB MPH J00ABICHUU KOATryIsHTa WK (IOTYIsSHTA MOBBIatoTCs. OnpeneneH
3apsijl MOBEPXHOCTH KOJIJIOUTHON YaCTHUIIbl OCTYIINHA.

KuroueBrble cioBa: OeTynnH, OHOIOTHYECKA aKTHBHOE BEIIECTBO, {-MIOTEHIIHAN, SIEKTPOKHHETHIECKAHN T0-
TEHIUAL

Scientific article
STUDY OF BETULIN STABILITY BY ELECTROKINETIC POTENTIAL DETERMINATION

Anastasia Alexandrovna Zakharova!, Gennady Ivanovich Maltsev?

12 Ural State Forestry Engineering University, Yekaterinburg, Russia
'anastasiya zaharova 97@list.ru
mgi@elem.ru, http://orcid.org/0000-0002-0750-0070

Abstract. Investigation of the stability of betulin by the method of determining the electrokinetic potential.
Today betulin is interesting in the field of medicine, cosmetics and food industry, because it has a huge range
of biological actions. From it, you can get derivatives, which in turn have a certain well-defined effect and are
used for the production of various medicines. In order to intensify the process of cleaning and filtering betulin
to save time and energy costs, we need to know its colloidal particle charge and stability in an aqueous solution.
To do this, we conducted a method for determining the electrokinetic potential. we determined the zeta potential
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of betulin in an aqueous solution, which showed that with an increase in the concentration of betulin in water,

the probability of destruction of the dispersion and the possibility of flocculation when adding a coagulant or

flogulant increases. We determined the surface charge of a colloidal betulin particle.

Keywords: Betulin, biologically active substance, &-potential, electrokinetic potential.

Beenenue

Berynmun mpowsBomsaT W3 Bepx-
HEH YacTh KOpbI Pa3IYHBIX BUJIOB
Oepessl.

Berynun (GerynmuHon, Oepeso-
Bas kam¢opa, JyneHauon, 3f-ru-
npokcu-20(29)-nymaen-28-om) —
KPUCTAIIMYECKOE OpPTaHHYECKOe
BEIIECTBO, Oenoe >XuponopobHoe
BEIIECTBO, 3aIlOJHSIONIEE TI0JIO0-
CTH KJIETOK MPOOKOBOW TKaHW Ha
cTBOMax Oepé3bl M MpUIaroLIee ei
Oenyro okpacky [1].

berymua — 310 meHTanWKIH-
YECKUN TPUTEPIEHOBBIA  CIIUPT
Cs,Hs0O, mymanoBoro psina (puc. 1).
Ero conepxanue Bo BHEIIIHEN KOpe
Oenoii Oepeswl Betula pendula L.
cocrasngeT otT 10 no 35 % u 3aBu-
CHUT OT YCJIOBHH pon3pacTaHus Oe-
pesbl, ee Bo3pacTa, BpeMeHu coopa
KOPBI U T. 1.

UwncTeii OETynMH TIpencTaBis-
eT co0Ol MOpPOIIOK Oeyoro IBeTa,
0e3 3amaxa, co CIadbIM BSKYIIUM

BKycoM. beTyinuH ycToiuuB K Jeil-

HO

CTBHIO KHCJIOpOJa U COJHEYHOIO
LIBETa, HETOKCHYEH, Oe30maceH s
YyeJ0BeKa, HEPacTBOpUM B Boze [2].
Lenb nanHOl pabOTHI — OIpese-
JIeHWEe 3HaKa 3apsaa KOJJIOWIHOM
YacTUIIBl, a TaKXe BBIYHCIICHUE
BEIMYMHBI MOTEHIMAajla, BO3HUKA-
IOIIETO Ha TPAHUIE CKOJIBKEHUS.
st aTOrO OBLTO TIPOBENICHO Ompe-
JIeleHNe  AJIeKTPOKMHETHYECKOTO
MOTEHIIHAIIA.
DNEKTPOKUHETUUECKUNA TOTEH-
nuan (S-MoTeHIMaN) CHIBHO 3a-
BHUCHUT OT TIPHPOABI TOBEPXHOCTH
KOHTakTHpylomux ¢asz. B astom
OTHOIIEHUH MOXXHO BBIAEIHTH JBa
KpaifHNX TIOJIOKEHUS: aKTHBHBIE U
MHEPTHBIE NMOBEpXHOCTH [3]. AK-
TUBHBIE MMOBEPXHOCTH HMEIOT IIO-
JIMAIEKTPOIIUTH — TIOTUMEPBI, CO-
JiepKalie HOHOTE€HHBIE TPYIIIHI,
CTeNeHb JUCCOLMAIMKA KOTOPBIX U
OTIpeieNisieT 3apsii TOBEPXHOCTH.
K Bemectsam, UMEOINM MOBEPX-
HOCTH ¢ MOHOTCHHBIMH TPYIITaMH,

MOXXHO OTHECTH W MHOI'ME€ HEOp-

CH,

Puc. 1. CrpykrypHas popmyna GeTynnHa
Fig. 1. The structural formula of betulin

TaHUYCCKHUE OKCHUIBI. Ha Takux
MOBEPXHOCTSIX ¢-TMOTEHIUANl  MO-
JKET JIOCTUTATh BBICOKUX 3HAYCHUIA
(100 MB u 6onee). MueprHBIE TT0-
BEPXHOCTH JIUIICHBI HOHOTCHHBIX
TPy, 3apsJi HAa HUX BO3HUKACT
B pesynbrare crenuduieckoit aji-

copOrun [4].

Iennb, 3axa4ya, MeTOAMKA
U 00bEKThI UCCJIeJOBAHUS

Lenp wuccnemoBaHusi 3aKirOya-
Jach B W3YYCHUU CTa0MILHOCTH
KOJUTOUZHON CHUCTEMBI OeTylrHa.
Jist aTOr0 OBUIO HEOOXOIUMO ITPO-
BECTH OMNpPEICIICHHE 3JIEKTPOKHUHE-
TUYECKOTO IIOTEHIMAala pacTBOpa.

Jns mpuUroTtoBIEHUS] BIEKTPO-
XUMHAYECKUX KITFOUYEH B3BEIINBACT-
cs 0,75 r arap-arapa U BIMBaeTCs
25 mi Bombl. 3areM pacTBOp Ha-
TPEBalOT, HE JOBOAS 10 KHUITCHUS.
IIpu mnepememmBanuu arap-arap
pacTBopsieTcs, IOCle Yero 3achl-
maercs 2,5 T XJIOPUCTOTO Kajws,
CMECh TIIATEILHO IepeMEeInBa-
€TCsI U 3aJIMBACTCS B IUIACTUKOBBIC
kmoun Ha 2/3 obwema. Ilepen pa-
00TOI1 CBepXy B KJIFOYM 3aJIMBaeT-
CSl pacTBOp CJIEIYIOIIETO COCTaBa:
Ha 500 ma — 15 r CuSO, (6e3Boa-
Horo), 50 M H,SO, (p =1,83 r/em?),
50 M1 cnupTa 3THUIOBOTO.

B cocraB ycraHoBKuU st onpe-
JICJICHUST 3JIEKTPUYECKOTO IOTEH-
[[aja BXOJAAT: MCTOYHHK TOCTO-
STHHOTO TOKa, sSYeWKa JJIsl OIpe/ie-
JeHust £-TIOTEHIMAIa, HAITOJIHEH-
Hasl aHAIM3UPYEMBIM DPAaCTBOPOM,
U poBO
ckom (CO BCTPOCHHOW Kamepou

BOJIBTMETpP, MHUKPO-
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W Tiepefaucii M300pakeHHWs Ha
MOHUTOpP KOoMITbIOTepa). st mpo-
BEACHUS aHain3a HeoOXOAUMO
caenarb 3 mpoOsl pactBopa 0,01,
0,05 m 0,1 mMonb, COCTOSIIEIO W3
JTUCTUITIMPOBAHHON BOABI U OeTy-
nuHa. Tak kak OeTylnnH HepacTBO-
pUM B BOfE, AU Ha4alla pacTBOP
B KOJOE MEepeMelInBaoT NpH IO-
MOIIM YJIBTPA3BYKOBOIO IIepeMe-
LIMBAIOLIEr0 YCTPOMCTBA B Tede-
nue 10-15 c.

Jns mpoBeneHust SKCriepuMeHTa
coOmpaercss YCTaHOBKa, H300pa-
JKEHHas Ha puc. 2.

s Hadanma paboOThl Ha ycCTa-
HOBKE HACTPaWBalOT MHKPOCKOTI,
c(hoKycupoBaB HW300paKeHUsI Ha
KOJUIOMJHBIX YaCTHIaX. I/I3Mep;1-
IOT BBICOTY KBapIIeBOM KIOBETHI
W yCTaHaBIUBAIOT ()OKyC Ha pac-

cToAHUU 1/5 BBICOTBHI OT JHA WA

KPBIIIKA KIOBETHI C LIEJIBI0 YMEHb-
IICHUS BJIMSHUS TIPUCTCHHBIX M
CTPYHHBIX S(QEKTOB B IOTOKE.
B sueliky 3anuBaroT UCCIIENYEMYIO
KOJUIOMJTHYIO CHCTEMY M YCTaHaB-
JIMBAIOT 3JIEKTPOXUMHUUYECKHE KITIO-
yi. BaxkHbIM (akTopoMm sIBIISIET-
Csl OTCYTCTBHE IIy3BIpeH BO3IyXa
B MPOCTPAaHCTBE MEXKIY KIIOYaMH
U pacTBOpPOM. B KitouM 3anuBaroT
SJIEKTPOJIUT M OIYCKAIOT MEIHbIC
MpOBOJA JUTS MOAAYM HaIpsHKECHHS
OT HWCTOYHHUKA ITOCTOSHHOTO TOKa
(10-50 B). IlmarnHOBBIC KOHTAKTHI
coenuHsIoT ¢ BoasTMeTpoM. [ocie
MO/IAYM HATPSDKEHUST U BKITFOUCHHS
KaMepbl MHKPOCKOIA JIBVKCHUS
YacTHIl B ANIEKTPUIECKOM II0JIE 3a-
nuceiBatorcss B nporpamme Ulead
VideoStudio 7 SEVCD B otnemns-
Hble BHACO]aibl. M300paxeHus

00pabaTsIBatOTCSI.
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Pacuer {-moTtenmmana mpowus-
BomuTCs 1O (opmyine CMOITyXOB-
CKOTO:

&= uSkn—<—,
E,EUT

e & — E-nmoTeHnuan yacTuil, MB;
[ — BSI3KOCTBH CpeIbl TIPU TeMIIepa-
Type NpoBeeHUs onbITa, [1a;
Sy — nnuHa 1-1 KIeTKH;
1 — KOJIMYECTBO KJIETOK;
Le — paccrosiHuE MEXAY 3IEKTPO-
namu cpaBHenus (60 - 107 m);
&y — IAIEKTpUIEcKasi TOCTOSTHHAS
8,85 10712 O/m;
&) — IUdIeKTpUYecKas MpoHUIae-
MOCTh CpEbl TIPU JTaHHOW TeMIIe-
patype;
u — HanpsbkeHue, B;

T — BpeMs IBUKCHUA YaCTHIIBI, C.

Puc. 2. YerpoiicTBo 1718 onpeneneHus ¢-1oTeHnuana:
1 — xommsloTep, 2 — mukpockon Optics Digital Lab, 3 — kitoun, 4 — nudpoBoil BoasTMeTp, 5 — snekrpodoperudeckas sueiika

Fig. 2. Device for determining the &-potential:

1 — computer, 2 — optics Digital Lab microscope, 3 — keys, 4 — digital voltmeter, 5 — electrophoretic cell
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Pe3ynbTaThl 1 UX 00Cy:KIeHUE
ITo dopmyrne BerumcsgeM ¢-MOTEHIMAN OETy/IMHA B CyCIICH3MH IIPU pa3-
JIMYHBIX KOHIEHTPALIUAX:

1) 0,01 monv/n:

-3
E=1-10"-2-10"- 720 10 =113,6 uB;
8,82-107°-80-24-0,0624
2) 0,05 monv/n:
-3
£=1107-3-10"" 720 10 =76,6 uB;
8,82-107°-80-53-0,0628
3) 0,1 monv/n:
-3
E=1-10"-4-10"- 60-10 =23,7 mB.

8,82-107%-80-226-0,0634
Ha puc. 3 nmpusenen rpaduk onpenencHus 3HAUCHUS ¢-TIOTeHITMAa Oe-
TYJIUHA B CYCIICH3HMHU MPH PA3IUYHBIX KOHIICHTPAIHSIX.

120
113,6

(=]
(=]

60

40 |

Suate Hus e Ta-nore wigHana, MB

23,7

0,01 0,05 0.1
Coaep:xanne OeTy1iIHA B BOIHOM PACTBOPE, MOIb/1

Puc. 3. I'paduk onpenenenuns 3HaueHus ¢ -NOTEHIMANA OSTYIIMHA B CYCIIEH3UH
IIPU Pa3IMYHBIX KOHIIEHTPALUIX

Fig. 3. Graph of the determination of the value of the & -potential of betulin
in the suspension at different concentration
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[aniee mpuBeieHa Tabnwuiia, TIe
[0 3HAYEHUIO ¢-TIOTEHIMaia MOXK-
HO ONPEIEIUTh CTAOWIEHOE TTOBE-
JICHHE KOJUIOM/IA.

S-TOTEHNMAN  SIBIISIETCS  BasK-
HBIM TIOKa3aTelleM CTaOMILHOCTH
KOJUIOUJHBIX nucnepcuil. Ilo rpa-
(UKy BHIHO, YTO TIPH MAaJICHBKOM
COZICPKaHUH OETyIMHA B BOJHOM
pacTBope cTaOMIIBHOCTh €T0 COXpa-
HSCTCS M MOXET CONPOTHBISATHCS
arperamuy, a ¢ yBeJIHYCHUEM KOH-
LEHTPAIUU 3HAYCHUE DIICKTPOKH-
HETHYECKOTO MMOTEHI[HANIa BOIHOTO
pactBopa OeTy/lMHa yMEHbBIIACTCS.
JlaHHI)Ie 3HAUYCHHUS HaM JOKa3bI-
BAIOT, YTO JHUCIIEPCUS MOXKET pa3-
PYUIHTBCS U MOTYT 00pa30oBaThCs
XJIOMbsI, ¥ PAcTBOP MOXKET JIEIKO
TIOJIATHCS KOATYJISIMN WK (DITOKY-
JISLUN.

TaK)Ke 110 HOJ'IyT-IeHHLIM BUICO
JIBIDKCHUSI YaCTHI[ OCTylMHA Ha
KOMIBIOTEpE OBUIO 3aMEYEHO, YTO
OHU JIBUTAlOTCS B CTOPOHY TIOJIO-
JKUTEITBHOTO 3apsia, 9TO JIOKA3aJIo
HaM, YTO 3311 KOJUIOMTHOM YaCTH-
161 OCTYJIMHA OTPHUITATEITBHEIH.

CTabHIbHOCTE MOBEICHHS KOJUTOW/IA B 3aBUCHMOCTH OT DJICKTPOKHHETUYECKOTO MOTEHIIHAIA
The stability of the colloid behavior depends on the electrokinetic potential

3HaveHune MEKTPOKHHETHIECKOTO MOTeHIHaNa, MB
The value of the electrokinetic potential, mV

CTabunpHOCT TTOBEICHNUS KOJIOUA
Stability of colloid behavior

Or0go+5

BoicTpast KoaryIsiust Wik GIOKYISIHs
Fast coagulation or flocculation

Or+ 10 10 £30

Havapmascs HecTaOMIEHOCTD
The instability that has begun

‘YMmepeHHast CTaOUIIBHOCTh

Or:£ 30 10+ 40 Moderate stability
Xoporiiasi cTaOMILHOCTD
O+ 40 10+ 60 Good stability
> 61 OTtuyHas cTaOMIIBHOCTh

Excellent stability
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BruiBoabl
1. B xone paboth ObLTO 3aMede-
HO, YTO YaCTHUIIbI OSTYJIMHA OTPHUIIA-
TEJBHO 3aPSKCHBI.
2. 1lpy CHUKEHUU HIEKTPOKU-
HETUYECKOTO TOTEHI[MATa YaCTHUIIL
yMeHBITIaeTCsl  (aKkTop DIIEKTPO-

cTaruyeckoi yctoitunBoct. Kpu-
TUYECKOM BEJIMUYMHOM, MPHU KOTO-
pOH anekTpocTaTuueckuil (akTop
nepecTaeT AeHCTBOBATD, SIBISETCA
30 mB. Ilpu noctwkeHuH HTOM
BEJIMYMHBI OCTYIHH MOXET JIETKO
KOaryJIupoBaTh.

CnMcoK HCTOYHHUKOB
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3. BeisgsBuiid, 9T0 CTAOMIIBHOCTH
KOJUTOWIHON AMCIIepCHH OeTyTnHa
YMEHBIIIAETCST MPH OOJBIIOM CO-
JiepKaHuu OeTylMHA B CYCIICH3UH,
3TO TIO3BOJIUT TIPUMEHSTH KOary-
JSHTHL B JaJbHEHUIINX UCCIIEA0BA-

HUAX.
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UCCNEAOBAHUE TEPMOOANMHAMUYECKUX XAPAKTEPUCTUK U3BNEYEHUA
WOHOB ME[M U3 BOAHbIX PACTBOPOB C NPUMEHEHUEM AKTUBHOIO YA

Wabpap Kacumouy I'muayaun’, Bnagumup Bacuiabesuu KOpuenko?,
Anéna IlaBnoBHa JlexneBa’

123 Ypasbckuil rocyIapcTBEHHBIN JIECOTEXHUUECKUI yHuBepcuteT, EkarepunOypr, Poccus
'tradeek(@mail.ru, https://orcid.org/0000-0003-3249-3228

2yurchenkovv(@m.usfeu.ru, https://orcid.org/0000-0001-8290-3606
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AHHoTanus. V3y4yeHne TepMOIMHAMHUYECKUX U KMHETHYECKUX XapaKTEePUCTUK 1Mo3BousieT Ooiee 3 dek-
TUBHO MCIOJb30BATh YIIEPOJHBIE aJCOPOCHTHI B TEXHOJIOTUYECKUX MpOIeccax, YeM MOIAepKUBACTCS TeX-
HOJIOTHSI UX HCIIOJIb30BAaHUS HAa ONTHMajbHOM ypoBHe. B pabore m3yuanack ancopOLMOHHAsE aKTUBHOCTb
YIJIEPOAHBIX HAHOMOPHUCTHIX MAaTepHalioB, PACCUUTHIBAIIUCH KHHETHUECKHE XapaKTEPUCTUKU IMpoluecca af-
copOIUHU, TEPMOAMHAMMUYECKHE XapaKTepUCTHUKU (dHeprus [ubO6ca, sHTanbIMs, KOHCTAHTa aacopOLun)
ascopOLMK HOHOB MEAM HA aKTUBHBIX YIVISIX, IOIY4YEHHBIX Ha YCTAHOBKAX (MOLYyJIbHAsI MUPOIU3HASL PETOPT-
Has ycraHoBka) U YBII (ymieBsbkurarenpHasi nedb). YCTaHOBICHO, YTO HpOLEcC UAET CaMONPOM3BOIBHO,
XapakTep afcopOIMOHHOTO B3aUMOACHCTBHUS IK30TePMHUUECKHUN. ACOPOIIMOHHBIC PAaBHOBECHE JOCTUTACTCS
MEHBIIE YeM 3a 15 MuH.

KroueBble ci10Ba: akTUBHBII yroib, TEpMOANHAMUKA, Heprus | mO0ca, SHTAIBINS, KOHCTAHTa PABHOBECHS,
copOLMoHHast 0OMEHHAs! eMKOCTb.

Scientific article

INVESTIGATION OF THE THERMODYNAMIC CHARACTERISTICS OF THE EXTRACTION
OF COPPER IONS FROM AQUEOUS SOLUTIONS USING ACTIVATED CARBON

Ildar K. Gindullin!, Vladimir V. Yurchenko?, Alyona P. Lezhneva®

123 Ural state forestry engineering university, Yekaterinburg, Russia
'tradeek@mail.ru, https://orcid.org/0000-0003-3249-3228
2navijoy@inbox.ru, https://orcid.org/0000-0001-8290-3606

3 navijoy@inbox.ru

Abstract. The study of thermodynamic and kinetic characteristics allows more efficient use of carbon
adsorbents in technological processes. Thus, keeping their use at an optimal level. The adsorption activity of
carbon nanoporous materials was studied, the kinetic characteristics of the adsorption process, thermodynamic
characteristics (Gibbs energy, enthalpy, adsorption constant) of copper adsorption on activated carbons obtained

© Twanynun U. K., FOpuenko B. B., Jlexnesa A. I1., 2021
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at MPRP and CK installations were calculated in this work. It was found that the process is spontaneous (G <0).

The nature of the adsorption behavior is exothermic. Adsorption equilibrium is achieved in less than 15 minutes.

Keywords: activated carbon, thermodynamics, Gibbs energy, enthalpy, equilibrium constant, sorption exchange

capacity.
BBenenue
VYrneponHble HAHOTIOPHCTHIC
Marepuagbl  HAXOmAT  IIMPOKOE

MIPUMEHEHNE B IPOMBIIUICHHOCTH
Onaromapst TOMy, 9TO 00JIaIatoT Psi-
JIOM TIOJIE3HBIX CBOMCTB: Pa3BUTOM
YIIEJIbHOM TOBEPXHOCTBIO, CEJIEK-
THBHOCTBIO, XHMHYCCKOH WHEPT-
HocThio [1-3]. Ha cerognsmamii
JIEHb BBICOKHE TEXHOIOTUYECKHUE
rapamMeTpsl HaOIIOIAIOTCS Y aKTHB-
HBIX yIJIEH.

s Gosnee 3¢ ¢heKTUBHOTO MpH-
MEHEHHUS! YIJIEPOJHBIX COPOEHTOB
HEOOXOMMO HM3Y4YHTh MX COPOIH-
OHHBIC CBOHCTBA, ONPEICIUTD TEpP-
MOJIMTHAMHUYECKUE XapaKTEPHCTH-
KH TpOIEcca, TaKue Kak SHEprus
I'u60ca,
paBHOBecus [4-6].

OHTAJIbIINA, KOHCTAaHTa

B pabote uccrenosaim tepmo-
JUHAMHUYECKHE XapaKTECPUCTUKU
copOLIMM MIOHOB MEIW W3 BOITHBIX
pacTBOpPOB Ha AaKTUBHBIX YIISX.
brimu  mpoananu3upoBaHbl aacop-
OLIMOHHBIE 3aKOHOMEPHOCTH TpPHU

Pa3IU4YHBIX TEMIIEpATYpax.

MeToanka ucciaea0BaHua

st

IMOHHBIX XapaKTepUCTUK Opanu

UCCIICIOBaHUS  aJIcopO-
0,5 T copbeHTa, momenIaau B Kooy
BMECTUMOCTELIO 250 M1, 100aBiIs-
mu 100 M MOIENTBHOTO pacTBOpa
C M3BECTHOM HAyalbHOM KOHICH-
Tpauuenl pachpeaesnsieMoro Bellle-
CTBa, 3aKPBIBAJIN TPOOKON M CTaBH-
JIM Ha amrmapare JJisl BCTPSIXUBAHUSI.

11 yCTaHOBIJIEHUSI PaBHOBECUS
gepe3 Kakple 3 MHH CHAUMAJIH 1O
OITHOH TPoOE U TPOBEPSIIN KOHEU-

HYIO KOHIIeHTpauuto. OMBIT IPOBO-
JIATA JIO TEeX TOp, TMOKAa KOHeYHas
KOHIICHTPAIlUsl HE CTaHET IOCTO-
STHHO1.

3areM CTpomin TpaduK 3aBHCH-
MOCTH W3MCHEHUS KOHIICHTpAIMU
OMPE/IENIAEMOr0 BEIIECTBA OT Bpe-
MEHU KOHTaKTa (ha3.

Jiis mocTpoeHusT M30TEpM  aji-
COpOIIMM HCIONB30BAIA PACTBOPHI
C Pa3NMYHBIMU KOHIICHTPAIUSIMH
ot 0,09 mo 0,47 MMmoab/1. B xax-
JIbIii U3 PacTBOPOB JI00ABIISIA Ha-
BECKy ajicopbOenra. PacTtBop ¢ Ha-
BECKOW CTAaBWJIM Ha armapar Jyis
BCTpAXHMBAaHUA W TCPEMCIINBAJIN
B COOTBETCTBHH C YCTAHOBJICHHOM
MPOJIOJKUTEIIBHOCTRI) ~ KOHTAKTa
(cM. BbIIIIE).

PaBHOBECHYI0  KOHIIEHTPAIIHIO
onpeaensuid Ha (POTOKOJIOPUMETPE
mo 'OCT 4388-72 «Bonma nurke-
Basy.

AJCOPOIMIO PACCYUTHIBAIIN IO
cemyromuM GopMyIIaM.

PaccuntbiBamu C,,, 1 Ko3(pdu-
IUEeHT afacopormu [

Cusm = C}-zau - Cpuaa

e C,,, — U3BJICYEHHAs! KOHIIEHTpA-
IMsL PACTBOPA, MOJIE/ M,

2
K [ mone/ m

CH(I‘{
pacTBOpa, MOJTB/IM’;

HavaJIbHAasl KOHULCHTpALUA

C,us — PABHOBECHASI KOHIIEHTPALNs
pacTBOpa, MOJIb/IM?;

Cuss Vp-pa
Maoe

r= ,
I'— xoapurnent ancopormm;
V

»pa — OOBEM pacTBOpA, B3SATOIO
JUISL QaHAIIN3a, I,

M5 — MACCA YIS, B3SITOTO /AJIS aHa-
nu3a, T.

B pesynbrare nony4eHHbIX JaH-
HBIX CTPOWJIN U30TEPMY afcopOLn
(puc. 1) B xoopauHarax C,., (I).

Jlanee paccuuThIBaIM 3HEPTUIO
I'mb6ca Mo ypaBHEHHIO W30TEPMBI

Bant-Todda:
AG=-RTlogK,

rme AG — sueprus ['m66ca,
JIx/Monb;

R — yHuBepcanpHas rasoBas IO-
crostaHast, [1x/(Mois-K);

T — Temnieparypa, K;

K — xoncTanTa ancopOuuu.

Jlanee cTpousii 3aBUCUMOCTH
B koopaunatax AG — T, ompene-
JIAJIOCh ypaBHEHUE MpAMON BUIA
y=ax + b, tne a =AS, b =AH
(puc. 2).

P C, monefn

Puc. 1. Uzorepma ancop6imu JIsHrmMropa
Fig. 1. Langmuir adsorption isotherm
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Pe3yabrarsl
H UX 00Cy:KIeHue
Jns ananu3a Opanu akTHBHBIN
yTOJIb, PA3IMYHOTO KadecTBa: 1 —
oOpaszer; yris, TMOJTyYeHHBIH Ha
MIIPY  (MonynbHas
NUPOJIN3HAS PETOPTHASI yCTAHOB-

YCTaHOBKE

Ka), 2 — oOpasel| ymis, MoJy4YeH-
HBIH Ha ycraHoBke YBII (yrieBsi-
JKUTaTeIbHAs TIeYb).

OpHuM U3 nokaszaresneil, omnpene-
JsioIuX  3Q(HEKTUBHOCTh PabOThI
000pyI0BaHMsl, SIBISIETCA CKOPOCTH
nporecca. [loatomy Oblia ompe-
JIeJIeHa 3aBHCHUMOCTB  aJICOPOLINH
MeId Ha aKTUBHOM YIJIE OT TIpO-
JIOJDKUTEIPHOCTH KOHTaKTa  (as.
Ha puc. 3 mokazana 3aBUCUMOCTH
VIAETHHOTO KOJWYeCcTBa COpOUpo-
BaHHOI Me/IU OT MPOJIOKUTEITBHO-
CTH €ro KOHTAKTa C yIJIeM.

YcTaHOBIIEHO, YTO anCcOpOITHOH-
HO€ PaBHOBECHE JJOCTUTaeTcs CITy-
ctst 12 muH uig yoia 1-ro oOpasua
u 15 MuH ans yms 2-ro obpasia —
MPOLIECC BBIXOIUT Ha IOCTOSHHBIC
3HAUEHHUs €MKOCTH yIIed. JTo ro-
BOPHUT O TOM, YTO B CHCTEME HACTY-
MUJIO BpeMsl COPOLIMOHHOTO PaBHO-
BeCHSI.

OpHuM W3 mokazaTenei, Bus-
IOIIMX HA COPOIMOHHBIE CBOMCTBA
yIisi, siBsieTcst temneparypa. Ilo-
3TOMY OBLIH OIIpEIeIICHbI 3aBHCH-

AG JIxx/Moms

LK

Puc. 2. U3orepma Baut-Topda
Fig. 2. Vant-Hoff isotherm

MOCTH aJICOpPOIMK MEAU OT PaBHO-
BECHOW KOHIICHTpPAIIMH HCCIeIy-
€MOr0 pacTBopa IMpU Pa3IHYHBIX
TeMIleparypax, KOTOpbIe MOKa3aHbI
Ha puc. 4-5.

st o6pasnoB yrost Ne 1 u Ne 2
HaOmonaeTcst S-00pa3HbIid Xapak-
Tep W30TECPMBI aACOPOITHH, H|TO
MOXET CBHUJCTEILCTBOBATh O IIO-
JIUMOJIEKYJISIPHOM ancopOrmu. st
OTIpeeTICHUsST KOHCTaHT — aJcopo-
U 00palaThIBaM IOMyYCHHBIC
3aBUCHMOCTH C TIOMOIIBIO TEOPHH
ancopOruu Jlearmiopa. [l mecie-
JIOBaHUsI PE3YJILTaTOB aJCcOPOIUK
W30TEPMY Pa3/IeNvIIM Ha 2 ydacTKa.
IlepBblii y4acCTOK COOTBETCTBYET
MEepBOH CTaMu IpoLecca, BTOPOH
Y4acTOK — BTOPOM CTaJ My NpoLec-
ca (puc. 6, 7).

Jnst 2-ro oOpasua yris ObLIO
BBISIBJICHO IIOBBIIICHHE EMKOCTH
YISl TIPH YBEJNIMYCHUM TeMIlepa-
Typel. [lo Hamemy MHEHHIO, Ta-
KO€ TIOBEJCHUE CBI3aHO C TEM,
YTO MpOIiece acOPOIUK B TAHHOM
ciydae JUMUTHpyeTcst nuddysu-
OHHOH 00JacThIO.

Jlns monmydveHus Ooliee MONHBIX
XapaKTePUCTHK MpPOoLecca CTPOMITH
m3zorepmbl BanT-Todda m u3 Hux
onpenensuii AH, AG (Tabnura).

Paccuntansl W3MEHEHHUs O3H-

TaIbIIUA TIPA BCEX aICcOpOITH-

AG JIx/Momns
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OHHBIX Tmporeccax. JlaHHbIE TMO-
Ka3bIBAIOT HAa HK30TEPMUUCCKHUH
xapakrtep npouecca (AH>0). Pac-
CUMTAHHBIC 3HAYCHUS DHEPIHU
T'mb6ca mias Bcex 0Opas3IoB yIIIs
B IIPOIIECCe COPOIIMU TAKIKE MEHbB-
nie HyJls, YTO CBHJCTEIbCTBYET
0 CaMONPON3BOJIBHOM XapakTepe
NpOTEKaHHs Mpolecca.

B ancopbumonHoM mporecce
MOXKHO BBIICJIUTH, KpOME CO0-
CTBEHHO  aJcopOuuH,  CTaauIo
nepeHoca BeiecTsa — AU dy3un
MOJIEKYJT aJcopOTHBa. YCTaHOBIIE-
HHUE aICOPOLIMOHHOTO PaBHOBECHS
B HEMOCPEICTBCHHOW Onm3ocTH
K IIOBEPXHOCTH aficopOeHTa Tpedy-
€T HE3HAYMTEJIBHOTO BPEMEHH MO
CPaBHEHHIO C TAKOBBIM B ITpoIiecce
muddysun. [losTomMy 111 KHHETH-
YEeCKOTO MOAXONa MEXaHM3M JHU(]-
(hy3un uMeeT 0OJIbIIOE 3HAUCHHE.

AncopOuiss Ha yIISIX HIIET TI0
CIICITYIOIIM CTaIHsIM:

1) muddyzus copbara k moBepx-
HOCTH a/ICOpOEHTa;

2) nupdysus copbara BHYTpH
MOBEPXHOCTHOTO CIIOSI K TIOBEpPX-
HOCTH aJIcCOpOeHTa;

3) muddysus copbara BHYTpH
MOPBI K aJICOPOIIMOHHOMY TICHTDY.

BHyTtpr mopsl copbar Moxer
nepeMeIarsCsi, MOTOMY YTO HMMe-

eTcs. U30BITOUHAS TTOBEPXHOCTHAA

TK

Puc. 3. 3aBucUMOCTb BEJIMUUHBI aICOPOIIUU
OT BpEeMEHU KOHTaKTa (a3

Fig. 3. Dependence of the adsorption value
on the contact time of the phases
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0 0.05 0.1 0.15 0.2
CpaB, MMONB/I

3215 K " 312 K + 2851 K

Puc. 4. 3aBUCMMOCTb BEUYMHBI aJICOPOIMU OT PABHOBECHOW KOHIICHTPAIIUU
IIPY pa3TUYHbBIX TEMITEpaTypax IJisl aKTHBHOTO yris oOpasua Ne 1
Fig. 4. Dependence of the adsorption value on the equilibrium concentration
at different temperatures for sample Ne 1, for activated carbon
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Puc. 5. 3aBUCHMOCTB BEJTMYMHBI /ICOPOIMU OT PABHOBECHOH KOHIICHTPALINH
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PacueTHble TepMOnIMHAMUYECKHE XapaKTEPUCTUKN COPOIIMY HOHOB MEIH

Ha cOpOeHTe, MOTy4YeHHOM 13 1-r0 1 2-T0 00pa3ioB yrist

Calculated thermodynamic characteristics of the sorption of copper ions

on the sorbent obtained from the 1st and 2nd coal samples

T,K K AG, JTx AH, JTx/mMoinb
1-i1 oOpazen
285,1 135297 -27992,41
312 140252 -30935,6 8119,4
321,5 194964 —32763,5
2-it obOpaszery
3235 300,745 —13798,9
312 502,687 —-16236,2 27787
291 946,268 —18546,7

sreprus. Auddys3us Kk moBepxHO-
CTHOMY CIIOI0 ¥ B TIOBEPXHOCTHOM
cioe — uncTo auhy3nOHHBIE TIPO-
neccol. Ckopee BCEro, ¢ yBeIHye-
HHEM TEMIIEPaTypbl 3TH TPOIECCHI
yckopsitorcst. OHM U SIBIISIIOTCSL B
HalleM cily4yae JUMHTUPYIOMIUMH
(mpomtecc wmaeT B OUQPY3HOHHOMH
o0macTy).

BobiBoabI
B nanHo#i pabore Obuim u3yde-

Hbl TEPMOAWMHAMHNYCCKUEC XapakK-

TEPUCTHKH TIPOLIECCa W3BJICUCHUSI
MEJIM 13 BOIHBIX PACTBOPOB Ha aK-
TUBHBIX YINIAX, TMOMYYCHHBIX MPH
Pa3IMYHBIX TEXHOJIOTMYCCKHUX IIa-
pamMerpax.

IMpu ananuse ancopOIUOHHOTO
W3BJICUCHUS MEIM M3 BOJIHBIX pac-
TBOPOB aKTUBHBIMH YIUISIMH YCTa-
HOBJICHO, YTO TIPOIECC HOCHT 3K30-
TepMuueckuii xapakrep (AH > 0).
Pacuersr sueprum ['m606ca mokasbl-
BAIOT, YTO MPOIIECC UACT CAMOIPO-
u3BoNbHO (AG < 0).

CnHcoK HCTOYHHUKOB

Bpems moctmxkeHust ancopOiu-
OHHOTO PaBHOBECHSI HE MPEBbIIIa-
et 15 muH mns oboux 00pasoB
YITIEH.

[To pesynbraram gaHHOM PabOTHI
yIJIEPOAHBIE HAHOIOPUCTBIE Ma-
TepHaJIbl MOKHO PEKOMEH/IOBATh
JUIsl TIPUMEHEHHS B TIporieccax co-
POLIMOHHOTO M3BICYCHHUS TSKEIBIX
METAJUIOB U3 CTOYHBIX BOJI, & TAKIKE

B IIponeccax OCBETICHUA.
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OBOCHOBAHME BbIBOPA MOAENN NMPOLIECCOPA ANA KONKU APOB
B PA3NNYHbIX NECO3ArOTOBUTENbHbIX PETMOHAX POCCUUCKOW ®EQEPALIUM

Munena Baraguvmuposna Kuaknx', bopuc EBrugeeBny Menbmnkon?

12 Ypanbckuii rocyIapCTBEHHBII JIECOTEXHHYECKHU yHUBepcuTeT, EkarepunOypr, Poccust
! zhidkikhmv(@m.usfeu.ru, https://orcid.org/0000-0002-1676-3403
2menshikovbe@m.usfeu.ru, https://orcid.org/0000-0003-3186-3725

Annoranus. B peanusix XXI Beka apoBa SBISIOTCS KOHKYPEHTOCIIOCOOHBIM TOIUTMBOM, HE YCTYMAIOIIMM IO
TEIoTe cropaHusi Topdy, CIaHmaMm, a Mo HEKOTOPHIM JPYTHM CBOMCTBAM, TAKUM KaK 30JIbHOCTB, CONEPKAHUE
CepHhI U JIp., IPeBeCHHA SBISCTCS JIYYIINM M3 BCEX BHJIOB TBEPJOTO TOIUIMBA. B mocienHne roapsl HabmromaeTcs
YBEJIMUEHHE CIpoca Ha KOPOTKOMEpHbIE KOJIOThIE JApoBa Ha BHYTpeHHeM pbiHKe Poccuu. Kpome Toro, maHHbIi
BUJI JIECHOH MPOMYKIMH CTAHOBHUTCS IKCIIOPTHBIM TOBapoM. B paboTe mpencTaBieHs! pe3yasTaThl HCCIIETOBAHMUS
pacripeqieNieHrs IpOB 110 CTYIISHSIM TOJIIMHBI B 3aBUCUMOCTH OT cpeHero oobéma xubicta. B Poccuiickoii dene-
paruu 310 ToHKoMepHbIe 10 0,3 M3 apeBoctou cpeaneit kpymHoctr 0,3—0,7 M*, TOJICTOMEPHBIE IPEBOCTOM CBBIIIE
0,7 M. BbutH paccuuTaHbl TPOIEHTHI PACTIPEICICHHS APOBSHOM APEBECHUHBI M0 TOJIIIMHAM B 3aBHCHMOCTH OT
cpemHero o0bEMa XITbICTa. B peBOCTOAX pa3muuHON KPYITHOMEPHOCTH pacIipeie]IieHre JPOB MO0 TPYIIaM TuaMe-
TPOB 3HAYUTENBHO OTINYaeTcs. PaccMoTpeHa 3aBUCHMOCTD TOJIIUHBI JPEBOCTOSI OT MECTa €ro Mponu3pacTaHMus.
Ha npennpusatusx Poccuiickoit @enepanyu mmpoko MpUMEHsIoTCsT GuHCKHE Tporieccopsl Mapku PALAPOWER
U cioBeHcKue npoueccopsl Mapku RCA, Takxke HCIonb3yroTcs oTedecTBEHHbIE poueccopbl Mapku JPC. Pesynb-
TaThl KCCIICIOBAHUS UMEIOT MPAKTUYECKOE 3HAYEHHE M MOTYT OBITh HCIIONIB30BaHbI I BEIOOpa MoJieNield mporec-
COpPOB B Pa3IMYHbIX JIECO3arOTOBUTENBbHBIX perrnoHax Poccuiickoit deneparu. Kpome Toro, 3Tv JaHHBIE MOXKHO
MPUMEHSTD B Pacu€Te MPOM3BOIUTEIILHOCTH paboT 10 IPOU3BOACTBY APOB.

KuaroueBble c10Ba: ApOBSHOE JONTOTHE, PEBOCTON PA3IMYHON KPYITHOMEPHOCTH, PacHpeseleHue JPOoB 1o
CTYICHSM TOJIIINHBI, TPOIECCOPHL.

Scientific article

JUSTIFICATION OF THE CHOICE OF THE PROCESSOR FOUR FUEL WOOD MODEL
FOR DIFFERENT FOREST REGIONS OF THE RUSSIAN FEDERATION

Milena Vladimirovna Zhidkikh!, Boris Yevtifeevich Menshikov?

12 Ural state forestry engineering university, Yekaterinburg, Russia
! zhidkikhmv(@m.usfeu.ru, https://orcid.org/0000-0002-1676-3403
2menshikovbe@m.usfeu.ru, https://orcid.org/0000-0003-3186-3725

Abstract. Firewood is a competitive fuel in the realities of the XXI century, not inferior in terms of heat of
combustion to peat, shale, and in some other properties, such as ash content, sulfur content, etc., wood is the best
of all types of solid fuel. In recent years, there has been an increase in demand for short-sized chopped firewood
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in the domestic market of Russia. In addition, this type of forest products becomes an export commodity. The

paper presents the results of a study of the distribution of firewood by thickness steps depending on the average

volume of the whip. In the Russian Federation, these are thin-dimensional stands of up to 0,3 m?, medium —

sized stands of 0,3-0,7 m?, thick-dimensional stands of over 0,7 m®. The percentages of the distribution of

woodwood by thickness were calculated depending on the average volume of the whip. In stands of various

sizes, the distribution of firewood by diameter groups differs significantly. The dependence of the thickness of

the stand on the place of its growth is considered. Processors of various brands that differ in the parameter of

processing raw materials are studied. Finnish processors of the PALAPOWER brand and Slovenian processors

of the RCA brand are widely used at enterprises of the Russian Federation, domestic processors of the DRS

brand are also used. The results of the study are of practical importance and can be used to select processor

models in various logging regions of the Russian Federation. In addition, these data can be used to calculate the

productivity of work on the production of firewood.

Keywords: Wood longevity, forest stands of various sizes, distribution of firewood in steps of thickness,

Processors.

BBenenue

3HaueHNe NIPeBECHHBI KakK TOII-
miBa B XXI Beke HE TOJIBKO HE
YMEHBIIIAETCS, a BO3pACTaeT, MPH-
9YeM 3TO KacaeTcs He TOJBKO CTpaH
TPEThEro MHpa, HO U MPOMBIIII-
JIEHHO Pa3BUTHIX perruoHoB [1, 2].
JlaHHas TEHACHIMS CBA3aHA C Lie-
JeiM  psitoM  (hakTopoB. [lpexne
BCETO, JPEBECHMHA  OTHOCHTCS
K €CTECTBEHHO BO300HOBIIIEMOMY
U TPEACTaBICHHOMY B OOJBIINX
00BEMax JKOJIOTHIECKH UYHUCTOMY
WCTOYHHKY »Hepruu. J[lpoBa sB-
JSI0TCA ~ KOHKYPEHTOCIIOCOOHBIM
TOTUTHBOM, HE YCTYIAIONIUM II0
TEIUIOTE CTOpaHusl Topdy ¥ CiiaH-
nam. ITo HekOTOpBIM IPYyTHM CBOM-
CTBaM, TaKHMM KakK 30JIbHOCTb, CO-
Jiep>KaHue cepbl U JAp., APEBECUHA
SIBIISIETCS JIYYIITUM M3 BCEX CyIIle-
CTBYIOIIMX BHIOB TBEPIOTO TOTLIH-
Ba [3]. Kaxapie 45 M* apeBecHOro
TOILIMBA YKBUBAJICHTHBI | T Ma3yTa
i 1000 M3 raza. OueHs BaKHBIM
(hakTOpOM SIBIISIETCS U TO, UTO JIpe-
BECHHA — 3TO CIUHCTBEHHBIH BH]I
TOILINBA, €CTECTBEHHO BO300HOB-
JISEMBIM B OOJIBIIMX O00BEMAX, B TO
BpEeMsI KaK 3arachl TOPIOYUX HCKO-

MMa€MbIX OI'paHUYCHBI. BOJ'[I)IHYIO

MOMYJISPHOCTh ~ MOJYYMJIO  TIpH-
MEHEHHE TOIUIMBHBIX OpHKETOB.
B EBpomne ucnone3yercsa nopsiaka
10 MJIH T TaKkoro TOIUIMBA €Xe-
rogao [3, 4]. Kpome HUX, KOpOT-
KOMEpPHBIE KOJIOTBIE JIpOBA TOJb-
3yIOTCSl BCe OOJBIIUM CIPOCOM
B KayecTBE TOIUIMBA IS pa3jivy-
HBIX OBITOBBIX LIEJICH HE TOJIBKO Ha
BHyTpeHHeM pbiHKe Poccuu. Ilo-
CTEIIEHHO OHU CTAHOBSTCSA OIHUM
13 BUJIOB 3KCITOPTHON MPOTYKINH.
B EBporie cinoxuics u pa3BuBacT-
Cs1 PBIHOK APOB KaMEPHOH CYIIKH,
KaK KaMMHHOTO TOIIMBA, [I09TOMY
JTAaHHOE HaIpaBJieHHE IepepadoT-
KA JPEBECHOTO ChIphbsi Bce Oojee
HIMPOKO pa3BuBaeTcs B benapycu,
Ha YKpauwHe, cTpaHax bantum [4].
Texymuil ypoBeHb LEH U Kypce
poccuiickoro pyoisl AenaroT JKC-
MOPT TaKOW MPOAYKLIUHU JTOBOIHHO
BBITOAHBIM On3HecoM. CoBpeMeH-
HOe 000pyJIOBaHHE TO3BOJISIET Ha-
JIAUTH TPOU3BOJICTBO IPOB B MPO-
MBILIJICHHBIX MaciuTadax, npuyeM
TEXHOJIOTUM WX  H3TOTOBJIECHHUS
TpeOyIOT MEHBIINX WHBECTHUIUH,
HE TOBOpPSI yXe 00 anbTepHaTHB-
HBIX TEXHOJIOTHSIX TepepaboTKu

JIpeBECUHBI. B CBs3M ¢ 3TUM M0ITY-

YCHUC KOpOTKOMepHI)IX KOJIOTBIX
JIPOB Ha TPEINPUATUSAX JIECHOTO
komiiekca Poccuiickoit  Dene-
pam/m SABJIIACTCA OOHHUM H3 Hep-
CIEKTUBHBIX HAMpaBICHUH TIPO-
PI3BOILCTBCHHOI>'I JACATCIbHOCTH,

MO3BOJISIIONIMX ~ BBIYCKaTh  BCE
Ooree BOCTPEOOBAaHHYIO B CHITY
LEJIOT0 Psiia MPUYHH MPOLYKIIHIO.
Oco0eHHO aKTyaJahbHO IPOMBIIII-
JICHHOE TPOM3BOJCTBO JIAHHOTO
BUJAa TIPOAYKUUH IJISI MPEIIpHs-
THUH, TATOTEIOMUX K KPYIHBIM pe-
THOHAJIBHBIM LIEHTpaM — MOCKOB-
ckoif, JleHuHrpaackoit obmactsam,
KypOPTHBIM IIeHTpaM tora Poccun,

VYpana u Cubupmu.

Lean, 00beKThI

U METOIMKA MCCJIeJOBAHUM

Lenp wuccnemoBanus — 000CHO-
BaHWEC BHIOOpAa MOIEIHM TIPOIIEC-
copa M €ro CMEHHOM MNpPOU3BOAM-
TCJIBHOCTU B PA3JIMYHBIX PErUOHAxX
Poccuiickoit ®@enepanuu. s eé
JIOCTH)KEHUST OBLIM  TTOCTABJICHBI
CIIEAYIOIINE 3aJa4H.

1. UccnenoBarh  pacnpenene-
HUE JPOB MO CTYNEHSIM TOJIIUHBI
B JIPEBOCTOSAX Pa3IU4YHON KPYIIHO-
MEPHOCTH.
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2. Onpenenutb BpeMsl IUKIA
JUTSL TIPOM3BO/ICTBA KOPOTKOMEPHO
KOJIOTBIX JPOB pa3iM4YHBIX Ha-
METPOB M IPOU3BOJUTEIHLHOCTh
pu niepepaboTKe APOB Pa3IHMIHON
TOJIIIUHBL.

[poBsiHOE NOJNTOTBE KaK ChIPHE
JUTA  TIOMYYEHUS] KOPOTKOMEPHBIX
KOJIOTBIX JIPOB OTIMYAeTCS OO0Jb-
IIMM  pa3HOOOpa3reM XapakTepu-
CTHIK, OJHON W3 IJIaBHBIX, BIIHSIO-
IIMX Ha BBIOOP 000pYyIOBaHMS IS
pasnenku M PAcKONKH JIOJTOTHS,
sBisiercst nuametp [S]. Tlapametpbl
JIPOB 3aBHUCAT OT TOJIIUHBI JAPEBO-
crost, B Poccuiickoii ®enepanmu
3TO 3 KaTeropuHu:

— ToHKoMepHbIe 10 0,3 M*: Myp-
MaHCKasi 00nacTh, ApXaHTenbcKas
obmacts, Pecrryommka Komm, Pec-
nyonuka Kapenus, Bomoronckas
oOnactb, JIeHUHrpajckas 00JIacTh;
Kpy1-
noctu 0,3-0,7 m*: CsepayoBckas

— IPEBOCTOM  CpeaHel

70,
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40—

30—

JlnameTrpsbl,cm
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o

Vaur0.8x:*
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obnacts, [lepmcknii kpaii, TromeH-
ckast o6mactb, KupoBckast o0nmacTs,
Hosroponckas obnacts, Pecmy-
omuka Yamyprus, KemepoBckas
obmacts, KocTtpomckas o0macTs,
Tomckas

obnactp, PecmyOnuka

Bamxoproctan, CaxanuHckass 00-

J1acTh;
— TOJICTOMEpHBIE  JIPEBOCTOM
ceoime 0,7 ™’ KpacHosipckwuii

Kpaii 1 pKyTckas o0imacTb.

B npeBocTosix pasnudHON KpyTi-
HOMEPHOCTH paclpe/iesieHHe JpOoB
[0 TpylmaM JIUaMeTpoB 3HAYU-
TenpHO ominyaercd. Ha pucynke
rpapuk  QyHKIMH
pacnpezeneHusi APOB MO CTYIEHIM

MIpECTaBICH

TOJNIIMHBI B 3aBUCIMOCTH OT CPEJ-
HEro 00bEMa XJIbICTA.

Pe3yabrathl M 00cy:KaeHHE
Hcxons U3 npuBENEHHOrO rpa-
¢uka, OBUIM pacCUHUTaHBI IPO-

LOCHTBI pacipCaACiICHUA ):[pOB)IHOf/i

NVxn0.5Mm°

Vxn0.6m°
L Vxa0.7x3

V0.2

Vxa0.4m°

10 20 30 40 50 60 70 80 90 100

ﬂpoucu'moc pacIipe/ICJICHHE JIPOB

Pacrnipeznenenue IpoB MO CTYNEHSM TONIIWHBI B 3aBUCUMOCTH
oT cpeniHero oObEMa xJbicTa [6]
Distribution of firewood in steps of thickness, depending
on the average volume of the whip [6]
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JPEBECHUHBI 10 TONIIMHE B 3aBHCH-
MOCTH OT CpPEIHEro o0BhEMa XITbI-
cra. Pesynbrarel mpencTaBieHBI
B Tabm. 1.

s mepepaboTKu  POBSIHOTO
JOJTOThSI M TONYYeHUS! KOPOTKO-
MEPHO KOJIOTBIX JIPOB HCIONB3YIOT-
Cs TIPOLIECCOPHI PA3TMYHBIX MapOK.
Ha mpennpusitusix Poccuiickoit
Oezepalii  IMUPOKO TIPHMEHSIOT-
csi (UHCKHE MPOIECCOPhl MapKh
PALAPOWER wu cnoBenckue mpo-
neccopsl Mapku RCA, Taxxke mpu-
MEHSIFOTCSL OTEUECTBEHHBIE TIPO-
neccopsl Mapku [IPC. Paznuunsie
MOJICNIM OTIIMYAIOTCS TapaMeTpoOM
nepepaboTku  ChIpbsid. B Tabm. 2
NpE/CTaBIEHbl MapaMeTphl TaKUX
TIPOIIECCOPOB.

Kak BugHo u3 Tabi. 2, B TOHKO-
MEpHBIX APEBOCTOSIX UISl XJIBICTOB
¢ oopémom 0,2 u 0,3 M MOXHO
WCTIONIF30BaTh TIPOLIECCOPHI C Tie-
pepadarbIBaeMBbIM - THAMETPOM /10
38 cm. K takum mporneccopam oT-
Hocarcst RCA wmomens 380 cio-
BEHCKOIO TPOM3BOICTBA, MapKH
PalaxKS monens 35 TR/OND ¢un-
CKOTO TIPOM3BOICTBA WM MAapKd
JPC monens 400 (Poccus). [lns
JIPEBOCTOEB CPENHEN KPYNHOCTH
¢ 00béMmoM xubicta 0,4, 0,5 1 0,6 M°
MOXKHO HCIIOJIb30BaTh MPOLIECCO-
pBl ¢ TmepepabarbiBaeMbIM JIMaMe-
TpoM 110 48 cm. K Takmm oTHOCSTCS
¢unckue npoueccopsl Mapku RCA
mozaens 480 JOY u cioBeHckHe
mporeccopsl Mapku Powermonens
100sTR. B
MEpPHBIX JIPEBOCTOCB C OOBEMOM

YCIOBHAX KpPYIHO-

xmeicta 0,7 u 0,8 M® 9acTh CHIPhS
(80 %) cnenmyer mepepabaTbiBaTh
Ha Tporeccopax wmapku RCA
Momemn  480JOY ¢ mmamerpom
nepepabotkn 48 cm, a 20 % —
Ha OoJiee MOIIHBIX IPOIECCOpax
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Tabnuua 1
Table 1

PacnipesiesieHuie IpOBSIHON IPEBECHUHBI MO TOJIIIMHAM B 3aBUCHMOCTH OT CPETHEro 00bEMa XJIbicTa
Distribution of firewood by thickness, depending on the average volume of the whip

. } Pacnipenesnenue 1poBsiHOM ipeBecHHBI, % (10 00BEMY) 1O TPYNIaM TOJIIIUHBI, CM
Cpenuuit 00bEM XJtbICTa, M’ Firewood distribution, % (by volume), by groups of thickness, cm
Average whip volume, m?
Ho 13 14-24 26-38 40-48 48 u 6onee
ToHnkomepHBIE 0.2 25 50 22 3 B
Thin log 0,3 23 41 26 9 1
0,4 20 37 29 11 3
Cpez[Heﬁ. KPYIHOCTH 0.5 19 30 31 15 5
Medium log ’
0,6 18 29 24 19 10
ToncromepHsie 0,7 17 26 21 21 15
Thick log 0.8 15 20 20 25 20
Tabnuua 2
Table 2
XapakTepucTHKa MPOLECCOPOB
Characteristics of processors
KonnuecTBo yacteii o rpynnam TOJNIIMHBL, CM
Mapxa nponeccopa Number of parts by groups of thickness, cm Max nmamerp, cm
Brand processor Max diameter, cm
o 13 14-24 26-38 40-48
Power 70 s TR
(OunIAHNS) 2 4 - - 25
Palax KS 35 TR/OND 5 4 6 _ 35
(OunmsHANS)
RCA380
(CnoBenust) 2 4 6 a 38
Power 100 s TR > 4 6 ] 40
(DunnsSIHANSA)
RCA 400JOY
(CnoBenus) 2 4 6 8 40
JPC-400
(Poccns) 2 4 6 8 40
RCA 400 JOY
(CnoBenus) 2 4 6 8 43
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C JuaMeTpoM repepaboTKu 10
100 cM mm Ha APYTUX BUAAX 000-
PYIIOBaHUS — KOJIYHAX.

3akioueHue
[lomyueHHble pe3ysiabTaThl HC-
CJICIOBAHUSI 110 PACIIPEICICHUIO
JIPOBSHOTO JOJITOThS [0 TPYyIIIaM

Jleca Poccuu u xo3s1icmeo 8 HUX

JUaMETPOB B JPEBOCTOSAX pa3iny-
HOW KpPYNHOMEPHOCTH HEOOXOIu-
MBI Ul PalMOHAIBHOTO BBIOOpA
Mojeel npoueccopoB, paboTato-
IIMX B YCJIOBHMSIX Pa3IMYHBIX Jie-
C03aroTOBUTEIBHBIX PETHOHOB
Poccuiickoit @enepannn. lanHsie

MOX>XHO HCIIOJIB30BaTh U B paC‘IéTC

CnMcoK HCTOYHHUKOB
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IMPOU3BOAUTEIBHOCTH, ITPU IUIaHU-
poBaHHH PaboOT MO MPOU3BOJICTBY
KOPOTKOMEPHBIX KOJIOTBIX JIPOB
C y4€TOM BBIOPAHHOTO IMPOIECCO-
pa ¥ mapaMeTpoB CBIPbS JJIs MPO-
W3BOJICTBA MPOYKIIHU.

1. Jlemanuxwii A. B., Ilporac II. A. CpaBHutensHbIM aHamu3 3(h(HEKTHBHOCTH MPOM3BOACTBA TOITUIMBHOU

IIETIBI U3 IPOB, OTXOJIOB JIECO3aroTOBOK U iepeBoodpabdotku // Tp. BI'TY. DxoHomuka u ynpasienue. 2010. Ne 7.

C. 127-132.

2. JIroos B. K., ITonos A. H., Mromnep O. JI. UccnenoBanne 3pEeKTHBHOCTH CKUTAHUS IPOB B CTATBHBIX

BOJIOTpeHHBIX KoTIax // BectHuk Uepenogerl. roc. yH-Ta. 2013. Ne 2-2 (48). C. 16-21.

3. llenokoB . M. HemHoro ciioB B 3amuty apoB // DHeprocoepexenue u Bogonoaroropka. 2011. Ne 4 (66).

C. 15-17.

4. Bnusaue (I)I/ISI/I‘IGCKI/IX napaMeTpoB MOJICHBEB KaAMUHHBIX APOB HA INIOTHOCTH UX YKIIAJKWU B YIIAKOBKY /

M. [laBunanc, A. Casenbes, C. E. Apuko [u ap.] // Tp. BI'TY. Cepus 1: JlecHoe X034HCTBO, IPUPOIOTIOIH30Ba-

HUE U TIepepaboTka BO30OHOBISIEMBIX pecypcoB. 2019. Ne 2 (222). C. 204-208.
5.TOCT 3243-88. [posa. Texuuueckue ycnosus. Firewood. Specifications. URL: http://docs.cntd.ru/

document/1200014999

6. PasMepHO-KadeCTBEHHAS XapaKTEPUCTHKA COPTUMEHTOB : yue0. mocobue / B. B. Uamees, B. B. O0BunIIes,

b. E. Menbummkos, E. B. I'aea. ExarepunOypr : Ypai. roc. necorexs. yH-T, 2002. 102 c.
7. EBponeiickuii crangapt EN 14961-1: 2010 Solidbiofuels Fuelspecification sandclasses. URL: http://docs.

cntd.ru/document/1200119853

References

1. Lednitsky A. V., Protas P. A. Comparative analysis of the efficiency of fuel chips production from firewood,
logging and woodworking waste // Trudy BSTU. No. 7. Economics and Management. 2010. Ne. 7. P. 127-132.

2. Lyubov V. K., Popov A. N., Muller O. D. Investigation of the efficiency of burning firewood in steel hot-water
boilers // Bulletin of the Cherepovets State University. 2013. Ne 2-2 (48). P. 16-21.
3. Shchelokov Ya. M. A few words in defense of firewood // Energy saving and water treatment. 2011. Ne 4 (66).

P. 15-17.

4. The influence of physical parameters of fireplace logs on the density of their packing / M. Davidans,
A. Savelyev, S. E. Ariko [et al.] // Trudy BSTU. Series 1: Forestry, environmental management and processing
of renewable resources. 2019. Ne 2 (222). P. 204-208.

5. GOST 3243-88 Firewood. Technical conditions. Firewood. Specifications. URL: http://docs.cntd.ru/

document/1200014999

6. Dimensional and qualitative characteristics of sortings : Textbook, Series: fundamentals of designing timber
industries. A systematic approach. / Chameev V. V., Accusantsev V. V., Menshikov B. E., Gaeva E. V. Yekaterinburg :
Ural State Forestry Engineering. Un-t, 2002. 102 p.

7. European standard EN 14961-1:2010 Solidbiofuels Fuelspecification sandclasses. URL: http:// docs.cntd.ru/

document/1200119853



Ne 3 (78), 2021 r. Jleca Poccuu u xo3s1icmeo 8 Hux 79

Hugpopmayusa 06 aemopax
M. B. 2KuOxux — macucmpanm;
b. E. Menvuuros — kanouoam mexHuyeckux Hayx, npogeccop.

Information about the authors
M. V. Zhidkikh - undergraduate student;
B. E. Menshikov - candidate of technical sciences, professor.

Cmamwst nocmynuia 6 peoakyuro 23.06.2020; npunsama k nyoruxayuu 27.08.2021.

The article was submitted 23.06.2020, accepted for publication 27.08.2021.

Peyenzenm: Kooxcesnuxos A. 1., dokmop cenvckoxossaiicmaennsix Hayk, ooyenm, @I'BOY nayku «bomanu-
yeckutl cady YpO PAH.

Reviewer: Doctor of Agricultural Sciences, Associate Professor, Federal State Budgetary Educational

Institution of Science «Botanical Gardeny, Ural Branch of the Russian Academy of Sciences.







