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Annomauuﬂ. HpO&HaJ'II/IBI/IpOBaHBI 0COOEHHOCTH €CTECTBEHHOIO BO30OHOBICHUS YHCTHIX 10 COCTaBy

CIIENTBIX BBHICOKOTIONIHOTHBIX COCHOBBIX HacakIeHMid B mapke «l mieBckas poria» T. Tromenu. Uccneno-

BaHMsI TPOBE/ICHB! Ha JBYX 3aJOKeHHBIX MpoOHBIX Turomansax (I1I1): Ha mecHoM ydacTke ¢ akTHBHBIM

INOCCHICHUEM (HH-Z) " Ha JICCHOM Y4YacCTKe, BBI6paHHOM B Ka4€CTBC KOHTPOJIA C MHUHUMAJILHOU TIOCe-

maemocteio (II1-1). YcTaHoBiIEHO, YTO COCHSKM BO30OHOBJISIFOTCS B OCHOBHOM COCHOM, Oepe3oii, ocu-

HOM 1 k1eHoM. [Ipu aToM Ha KoHTpOobHOM yuacTke (I1I1-1) oTMeuaeTcst Hanmdaue moxpocTa ayda deperi-

4aToro B HE3HAYMTEIHLHOM KoimuecTBe. I1o O6H_I6My YHCITYy BCXOHOB HAa ABYX aHAJIU3UPYCMBIX JICCHBIX

y4acTkax npeobiaznaer cocHa. OOIee KoJInuecTBO MOIPOCTa KaXkKIO0H APEBECHON ITOPOIBI HAa PEeKpearu-

OHHO HapyIIEHHOM JIeCHOM y4acTke B 4,5-9,0 pa3za MeHbIIIe B CpPaBHEHNH C aHAJIOTMIHBIMH TTOKa3aTeNsIMHI

Ha KOHTPOJIbHOM YYacCTKe. OrmMmeuaercs 06]]_[215[ 3aKOHOMCPHOCTb CHUIKCHUA KOJIMYCCTBA JKU3HECIIOCOOHO-

O MOJPOCTa COCHBI B KaXKJIOW BBICOTHOM KaTErOpUHU Ha PEKPEAl[IOHHOM JIECHOM Y4acTKe B CPaBHEHUU

C TaKkOBBEIM Ha KOHTpoJie. [lo HOpMaTUBHBIM MMOKazaTesaM s 3anagHo-CHOMPCKOTO TIOATACKHOTO Jie-

COCTCIIHOI'O paﬁOHa, K KOTOPOMY OTHOCSATCA JICCHBIC HACAKIACHUS I1apKa «'nneBckas po1a» I. TIOMGHI/I,

Ha KOHTPOJIbHOM JICCHOM YYaCTKE IMPOLECC €CTCCTBECHHOT'O JIECCOBOCCTAHOBJIICHUS COCHOBLIX HaCaXICHUU

MOXHO OIICHHMBaTh KakK yCHGH.IHI:IfI. OtMeyaeMoe MOBBIICHHOE KOJIHYECTBO TMOBPEKACHHBIX 3K3EMILIA-

POB MIOAPOCTAa COCHBIL (I[O 50 % or 0611[61" 0 4YHrcCJia YYTCHHOI'O IOAPOCTa B Ka)K,I[Oﬁ BBICOTHOM Kareropuun

Ha PEKPealiOHHO HapYIIEHHOM JISCHOM Y4acTKe) U CHUKEHUE KOJIMUECTBa KU3HECIIOCOOHOIO IOpocTa

cocHHI (110 40-50 %) SBISAFOTCS OMHUM U3 TTOKa3aTeeil JerpagallioHHOTO MPoIecca COCHOBBIX HacaX/ie-

Hul. Jy1s1 coxpaHeHus1 COCHOBBIX HacaxaeHul napka «l miesckast pomay» B . TioMeHH U cofeiicTBUs ecTe-

CTBCHHOMY JICCOBOCCTAHOBUTCIIBHOMY MPOLICCCY MPEATIOKCH P JIECOXO3SICTBEHHBIX MepOHpI/IﬂTI/Iﬁ.

Knrouesnte cnosa: JIECOITApK, COCHOBBIC HACAKACHUA, PEKPCATMOHHOC BO3HCﬁCTBHC, €CTCCTBCHHOC

BO300HOBIIEHHE

Jlna yumuposanusn: Jlanuera A. B., 3anecos C. B., Hazaposa B. B. Oco6eHHOCTH €CTECTBEHHOTO

JIECOBO30OHOBIICHNS COCHOBBIX HACAKICHUN B yCIOBHSIX TOPOACKUX JIECOB Toposa TroMenu (Ha mpumMe-

pe napka «['miesckas pomar) // Jleca Poccuu u xo3stiictBo B Hux. 2025. Ne 2(93). C. 4-15.
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(ON THE EXAMPLE OF GILEVSKAYA GROVE PARK)
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Abstract. The analysis of the features of natural regeneration of pure in composition, ripe, high-
density pine plantations in Gilevskaya grove park in the city of Tyumen was performed. The research
was conducted on two laid out trial plots (TP): on a forest plot with active attendance (TP-2) and on
a forest plot selected as a control with minimal attendance (TP-1). It has been established that pine
forests are regenerated mainly by pine, birch, aspen and maple. At the same time, there is a presence
of pedunculate oak undergrowth in small quantities in the control plot (TP-1). By the total number
of seedlings, pine prevails in the two analyzed forest plots. The total number of each tree species
undergrowth in a recreational disturbed forest plot is 4,5-9,0 times less compared to similar indicators
in the control plot. A common pattern of decreasing the number of viable pine undergrowth in each
altitude category in the recreational forest plot compared to the control plot is noted. According to
the normative indicators for the West Siberian subtaiga forest-steppe region, which includes the forest
plantations of Gilevskaya grove park in the city of Tyumen, the process of natural reforestation of pine
plantations in the control forest plot can be assessed as successful. The noted increased number of
damaged pine undergrowth specimens (up to 50 % of the total number of registered undergrowth in each
altitude category in the recreationally disturbed forest plot) and a decrease in the number of viable pine
undergrowth (up to 40-50 %) is one of the indicators of the degradation process of pine plantations.
A number of forestry measures to preserve the pine plantations of Gilevskaya Grove park in Tyumen and
promote the natural reforestation process have been proposed.

Keywords: forest park, pine forests, recreational impact, natural regeneration

For citation: Dancheva A. V., Zalesov S. V., Nazarova V. V. Features of natural forest regeneration
of pine plantations in urban forests of the city of Tyumen (on the example of Gilevskaya grove park) //
Forests of Russia and economy in them. 2025. Ne 2(93). P. 4-15.

BBenenne

YcroitunBoe, parioHaNIbHOE, HEUCTONIMTEIhHOE
JICCONOJIL30BAHUE SBIISIETCS OCHOBOIL yCHEUIHOIro
IJTAHUPOBAHUS U YIIPABJICHUS JIECAMHU 3€JICHBIX JICCO-
MAPKOBBIX 30H B COBPEMEHHBIX YCJIOBHSX METaIrlONH-
coB u Ooubiux ropozos (beccuetHoB, beccuerHoBa,
2019; MapteiaoBa, 2021; Atkuna u np., 2021).

Nmetomie MeCTO TOPOJCKUE HACAKICHUS CO3/1a-
IOT Kapkac oOmieil cuctemMbl o3eneHenus. Mx crnenm-
¢udeckoil 0COOEHHOCTBIO SABISAETCS OMpeseeHHas

CTENeHb aJanTalii K PerHOHANbHBIM HeOIaromnpu-
ATHBIM (DaKTOpaM, B YaCTHOCTU K BO3ACHCTBUIO IIPO-
MBIIUIEHHBIX MOJIJTIOTAHTOB MECTHBIX MPENNPHUITHH.
B T0 k€ BpeMst npou3pacTaHue 1oj BO3AEHCTBUEM He-
0J1aronpUsITHBIX aHTPOIOTCHHBIX U MPUPOAHBIX (hak-
TOPOB TpeOyeT NPUHATHS aleKBATHBIX Mep Ul COXpa-
HEHUS! YCTOMYMBOCTH M JAEKOPATUBHOCTH T'OPOJICKUX
HacaxaeHui. [[pyrumu cioBamu, cuctema MpoBeje-
HUSl JIECOBOJCTBEHHBIX MEPOIPHUATHH B TOPOACKHX
HaCaXJICHUSIX JOJDKHA CYIIECTBEHHO OTJINYAThCS
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OT TaKOBOM B ecTeCTBEHHbIX HacaxaeHusx (Kasz-
O0anoBa, 2020; OO6ochoBanue..., 2021; ByHbKOBa,
Abpamenko, 2020). B cBs3u ¢ 3TUM MOHHUTOPUHTY
COCTOSIHUSI JIECHBIX HACAKICHUH JIECONAPKOBBIX 30H
yZeseTcs IEpBOCTENIEHHOE BHUMAaHHE.

B KpymHBIX TOpo/iax MapKy BBIMOJIHSIOT BaXKHBIC
coLMaJbHbBIC, SKOJOIMUECcKHe (DYHKIMH, a 3eJICHBIC
HacCaKJIECHUS SBISIOTCS OAHUM M3 BakKHEHIINX (ak-
TOpOoB KOM(OPTHOCTH TOpOACKOW cpenbl (Bumooit
cocTas..., 2019; Kapramosa, Xa3osa, 2021; 3ybape-
Ba u ap., 2021; Cksep..., 2022). T'opoackas cpena
CO BCEM KOMIUJIEKCOM HEraTWBHBIX (PaKTOPOB OKa-
3bIBACT MOILHOE CTPECCHpYIOllee BO3ACHCTBUE HA
BCE KOMITIOHEHTHI JIECHBIX HACAXKJEHUHN MapKOB, MPU
9TOM OJHUMH W3 TEPBBIX HA 3THU U3MEHEHHUs OTKIIN-
KalOTCsl HIDKHUE SIPYChl PACTUTEIBHOCTH, B TOM YHC-
JIe ¥ TIOJIPOCT.

Hecmotps Ha moctaTtoyHo opraHn3oBaHHOE Ona-
TOyCTPOMCTBO IapKa, OTABIXAIOIIME 4YacTo Iepe-
MEIIAIOTCS HE IO CIEeUalbHO 00OPYIOBAaHHOH J0-
POXXHO-TPOTIMTHOYHOW CETH, a HEMOCPEACTBEHHO IO
JIECHBIM Y4YacTKaM, TEM CaMbIM OKa3bIBas Harpys3Ky
Ha BCE KOMIIOHEHTHI HACa)JIeHUH, IpU 3TOM OJHUM
W3 TEPBBIX HCHBITHIBAIOT HETaTHBHBIC H3MEHCHHS
BCXOZBI U TIOAPOCT.

[locneanee OOBACHSETCS TEM, 4YTO, HECMOTPS
Ha TPOBOAMMBIC B JICCHBIX Mapkax paboTel To Oia-
TOYCTPOICTBY M CO3JlaHHE JOPOXKHO-TPONMHOYHON
CEeTH, PAJl OTIBIXAIOMIKX MepeMeniaeTcs 6eccucTeM-
HO, BBITANTHIBAs M TOBPEXKasi HUKHUE KOMITOHCH-
Thl HACAXKJEHUS, BKJIIOYAsi IIOAPOCT, BCXOIAbI U OA-
JIECOK.

OpHuM #3 3TanoB (pOPMUPOBAHUS TOITOBEUHBIX
JIECHBIX HACaKAEHUH, yCTOWYMBBIX K OCOOBIM yCJO-
BHUSM TOPOJICKOM Cpenbl, SABJISETCS YCIENIHOCTh MX
ecTecTBeHHOT0 Bo30OHOBneHus (bespykux u np.,
2020; TepentbeBa u 1p., 2023). ImMmeHHO ecTecTBEeH-
HO (opmupyloLIMecs HACAKACHHUSI UMEIOT OOJBIIYIO
[0 CPaBHEHHUIO C JIECHBIMH KYyJIbTypaMH YCTONYH-
BOCTb K Pa3JINYHOro poaa pakTopam aHTPOIOT€HHOTO
Y IPHUPOAHOTO XapakTepa.

Hns obecnieueHust d(pPEKTUBHOTO JECOBOCCTA-
HOBJICHUSI, TOUHEE HAKOIUICHHUS TOIPOCTa IS ITOCe-
JyIoIeil 3aMeHbl MaTepUHCKOTO APEBOCTOS, HEOO-
XO/IMMa CHCTEeMa JIECOBOACTBEHHBIX MEPOTPHUATHH,

KOTOpast AOJDKHa 633I/Ip0BaTI>CH Ha KOMIIJICKCHBIX

WCCIIeIOBAaHUSAX KOJIMYECTBA M KauecTBa IOAPOCTA,
a Tak)Ke MOHUTOPUHTE 32 ero cocrosiHreM (3apyOu-
Ha u np., 2021; EcrecTBeHHOE BO300HOBJIECHUE...,
2022).

OCOOCHHOCTH €CTECTBEHHOI'O JIECOBO300OHOBH-
TEJIBHOTO TPOIECCa COCHOBBIX HACAKICHUU IMapka
«'mneBckas powa» I. TIOMEHU Ha CETrOIHSIIHHI
JIEHb C TIPAKTHYECKOH TOYKH 3PEHUS MaJOU3YUYCHBI.
OTCYTCTBI/IC COBPEMCHHBIX JTaHHBIX B KOJIMYCCTBCH-
HOM W KauyeCTBEHHOW XapaKTEePUCTHKE BO300HOB-
JICHUS COCHOBBIX HACaKJeHUHU mnapka «luieBckas
pOIIa» BIICYET 32 COOOM MPUMEHEHUE HEAKTYaIbHBIX
MEPOTIPHUATHH 110 TIOIePKAHUIO CTAOMIIEHOCTH JIaH-
HBIX JICCOB, YTO B UTOI'C MOXKCT MNPUBECTU K UX AC-
rpajaiuu.

Lenp paboOThI — aHAIIN3 TaKCAIIMOHHBIX MTOKa3aTe-
JIeH TIOAPOCTA TOJ MOJIOTOM COCHOBBIX HACXKICHUN
B mapke «lmieBckas pomia» m pa3padoTka Ha ITOH
OCHOBE MPEUIOKEHUI TI0 CONEHCTBHIO JIECOBOCCTA-
HOBJICHHIO.

O0beKThI U METOAMKH HCCIeOBAHMUMI

OOBEKTOM UCCIICIOBAaHUM CIY)KWJIA COCHOBBIC
HaCaXJEHHs, MPOU3PACTAIOIINE B OTHOM U3 JIECHBIX
napkoB I. Tromenu. Ilapk HocuT HazBanue «l'mies-
CKasl POIIay» U MHOTHE TOJIbI SIBJISICTCS MECTOM OTIbIXA
HACEJIEHHUS TOPO/Ia, YTO OTPECIIsieT MHTEHCUBHBIE pe-
KpealioHHbIe Harpy3kd. B mapke mpeoOiagaroT co-
CHOBBIC HACAXJICHUSI, HA JTOJIIO KOTOPBIX MPUXOAUTCS
65 % TIOKPBITHIX JECHON PaCTUTEIHHOCTBHIO 3EMEb.
Bropoii necHolt popmarueit Ha TEPPUTOPUHN JIECHO-
ro mapka sIBISIIOTCS Oepe3Hsiku, 3anumaromme 30 %
OT TIOKPBITOM JIECHOW PACTUTENIbHOCTBIO ILIONIAIH.
Yka3aHHbIE Oepe30BbIe HACAKICHHS SIBISIOTCS IPO-
W3BOJIHBIMH, TOCKOJIBKY C(HOPMHUPOBAIKMCH Ha MECTE
KOPEHHBIX COCHOBBIX HACAKICHHM TIOCIIC TIPOBEICHIS
CILTOIITHOJIECOCEUHBIX PYOOK.

B mpornecce nccnenoBannii B COCHOBBIX Hacaxie-
HUSX YKa3aHHOTO paHee Mmapka ObIIO 3aJI0KEHO BE
III1, Ha Ka>knoi U3 KOTOPBIX B COOTBETCTBUHU C aIlpo-
OoupoBaHHbIME MeToaukamu ([lanueBa u ap., 2023),
B CBOIO OY€pe/ib, 3aJI0KEHO M0 20 yH9eTHBIX TUIOMIAI0K
pazMepoM 2x2 M.

[I1-1 cnoyxwuna KOHTpOJIEM, MOCKOJbKY Oblia
3aJokeHa B 1 KM OT Oepera peduku, TIe MpeuMyIie-
CTBEHHO KOHIIEHTPUPYIOTCS OTAbIXatomiue. pyrumu
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ciaoBamu, IIII-1 HaxonuTcs B CTOPOHE OT MECT OC-
HOBHOTO HAXOXICHHS HACEJICHUS, a TAKXXE B MaKCH-
MaJbHON yHaN€eHHOCTH OT OJaroyCTPOEHHBIX JOPO-
xkek. [1I1-2 pacmonaraercst HEMOCPECTBEHHO BOIU3U
¢ OeperoBoii yacThio peuku BoiHOBKY ¢ HaUOObIICH
aHTpomoreHHoi Harpyskoil (I'mneBckas poma, 2017;
Januesa u np., 2024a).

Cocusixu Ha [1I1 mpencraBaeHbl YUCTHIMU TIO CO-
CTaBy CHEIBIMU B TIEPECTONHBIMI BBEICOKOTIOTHOTHEI-
MU HacaxaeHusMu. llompoOHoe ommcaHue ykas3aH-
HBIX COCHOBBIX U O€PE30BbIX HACAKJICHHI IPUBEICHO
B paboTax, OImyOJIMKOBaHHBIX HaMu paHee (/lamdena
u j1p., 20240).

B mpouecce BoimonHenus pador wHa [IIT mpo-
M3BOMJICS y4eT KOJIMYECTBA BCXOMOB M IOIPOCTA.
[Ipu 3TOM TOCTETHUI pacTIpeeTsiICcs 10 BUAAM, KU3-
HEHHOMY COCTOSIHUIO, BBICOTE, YTO MO3BOJIUJIO MO3/-
Hee B KaMepaJIbHBIX YCIOBUSIX JIaTh KOJTHMYCCTBCHHYIO
M KaueCTBEHHYIO OIIEHKY HMEIOIIerocsl IOIpOCTa,
a TaKk)Ke YCTAaHOBUTH 00ECIIEYEHHOCTh MOAPOCTOM ITy-
TEeM CpaBHEHUS TOJTYUYEHHBIX JAHHBIX C TPeOOBaHMS-
MU JIEHCTBYIOIIEr0 HOPMAaTHBHO-TIPABOBOTO JOKYMEH-
ta (O0 yTBepxkaeHud.. ., 2021).

ITomumo noapocra, Ha I1IT npousBoaAMIIOCH OIHU-
CaHWe KUBOTO HAIIOYBEHHOTO MTOKPOBA M MOJJIECKA.

Pe3yabrarhl U HX 00CYKIEHHE

Ilo manHBIM Tabm. 1, HA KOHTPOJILHOM YYacTKe
(ITI1-1) BO30OHOBIEHUE TPEACTABICHO TAKUMH Ape-
BECHBIMH ITOPOJIaMH, KaK COCHA OOBIKHOBEHHAsI, KJICH
SICEHEJIMCTHBIN, SIOJIOHS JIECHAs, OCHHA U JTy0 Yeper-
YaThIN.

Marepuaiibl Ta0i. 1 CBUACTEIBCTBYIOT, YTO BCXO-
Il TIPEJICTABJICHBI COCHOM OOBIKHOBEHHOW (Pinus
sylvestris 1..) u KIIGHOM sICEHENHCTHBIM (Acer ne-
gundo L.). Ilpr 3TOM KOJUYECTBO BCXOJOB KaXKIOTO
W3 yKa3aHHBIX BUOB IpeBbIiaeT 2,0 ThIC. MIT./Ta, YTO
CBUJICTEIBCTBYET O MPOJOJDKCHUU IPOIECca JIeCo-
BOCCTaHOBJICHHSI.

B cocraBe moapocTa JOMUHUPYET COCHA, OTHAKO
HACTOPAXKUBACT TOT (DAKT, UTO CPE/IM MOAPOCTA COCHBI
OTCYTCTBYIOT KPYITHBIC K3EMILISPBI, B TO BPEMs KaKk
UMEETCsl KPYIHBIH IOIPOCT KJIeHa SCEHEIHCTHOTO,
OCHHBI U SIOJIOHH JICCHOU.

JlaHHBIC O KOJMYECTBE BCXOIOB M IMOAPOCTa Ha
[1I1-2 npuBenens! B TadmI. 2.

[I1-2 pacromoxena BOMU3U PEKPEAITMOHHBIX
00BEKTOB, YTO OIpeAesieT UHTEHCHBHYIO aHTPOIIO-
TeHHYI0 Harpy3Ky Ha BCE€ KOMITOHEHTHI COCHOBOTO
HacaKACHUs. YKa3aHHOE IMOATBEPXKIAETCS TEM, UTO
ecnu B KoHTponbHOM HacaxaeHuu (I111-1) xomuue-
CTBO IOIPOCTa COCHBI cocTarisier 11,6 Thic. miT./Ta,
TO IIPpUM HWHTCHCHUBHOH pEKpEeallMOHHOM Harpyske
(TII1-2) komMuecTBO YKa3aHHOTO MOAPOCTa HE MPEBbI-
maet 2,5 Teic. mT./ra. [Ipn 5TOM ClieayeT OTMETHTb,
YTO Ha KOHTposbHOM JiecHoM ydactke (IIII-1) B He-
Oonpiiom koimyectse (o 0,1 ThIc. mT./ra) BcTpeya-
€TCs KU3ZHECIIOCOOHBIN MOMPOCT Tyda YepenryaTroro,
MPEICTABICHHOTO MEJKOM BBICOTHOM Kareropueil.
Ha III1-2 mompocT 3TO#l IpeBEeCHON MOPOIBI OTCYT-
CTBYeT.

Ha IIII-1, B 30HE yCIOBHOIO KOHTPOJIS, HOAPOCT
OCHOBHOI1 JIecO00pa3yIoIie Mmoposbl (COCHBI) MPeJ-
CTaBJICH JBYMS BBICOTHBIMH KaTETOPHSIMH — MEIKUI
u cpegauii (puc. 1). Ilo xomudectBy mpeobnamaer
MOAPOCT, OTHOCSIIUICS K TPYNIE CPEIHUN, T. €. UME-
romuid BeIcoTy OoT 0,5 mo 1,5 m. Ero mpakrtmuaecku
B 1,8 pa3a Oosblie IO CPAaBHEHUIO C HOAPOCTOM BbI-
coroif 10 0,5 M. Ilpu yBenuyeHun pexpeanroHHON
Harpy3Ku KapTuHa pe3ko Mensercs u Ha III1-2 xko-
JMYECTBO MEJIKMX 3K3EMIUIIPOB HOApocTa B 3 pasa
Oosbliie, yem cpenHero (puc. 2).

OO0mmast 3aKOHOMEPHOCTh COOTHOIICHHSI TTOAPO-
CTa 10 KPyMHOCTH APYTHX APEBECHBIX MOPOX Ha pac-
cmarpuBaembix [II1 yxaspiBaeT Ha mpeobranaHue
MeJKoro 1Mo BbicoTe mompocta Ha IIII-1 (ycrmoBHO
KOHTPOJIb) B cpaBHeHnH ¢ I111-2 (30Ha akTHBHOTO TI0-
CEIICHUs), TJIe OTMEYAeTCs HauOoJIbIIee, OT O0IIEro
KOJIMYECTBA TOJPOCTa KAKIOW JIPEBECHOM IMOPOIHI,
KOJIMYECTBO CPEIHETO 110 BBICOTE IOAPOCTA.

[lo xomuuecTBY IKMU3HECTIOCOOHOTO TOAPOCTA,
HaOmomaemoro Ha KoHTponmbHOM yuactke (III1-1),
C y4eTOM HOPMAaTHBHBIX IIOKazaTesei i 3amagHo-
Cubupckoro moaraekHo-JIecocTenHoro paiiona (OO
YTBEp)KIACHUH. .., 2021), K KOTOPOMY OTHOCSTCS JieC-
Hble HacaxiaeHus: I TrioMeHH, MOXHO CyauTh 00
YCIIEIIHOCTH  JIECOBOCCTAHOBUTENBHOTO — Tpoliecca
COCHOBBIX HacaxJeHWM B mapke «luiieBckas poriay.
Ha pexpeanmonnom yvactke (I111-2) konmyecta xu3-
HECTOCOOHOTO MOAPOCTa COCHBI, HE MPEBBIIAIOIIETO
0,7 TeIC. mIT./ra, HEIOCTATOYHO, YTOOBI YTBEPXKIATh
00 YCHEIIHOCTH €CTECTBEHHOI'O JIECOBOCCTAHOBJICHHUSL.
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Tabnuya 1
Table 1
IToxazaTenau ecTeCTBEHHOIo jJecoBo300HoBIeHus Ha I1I1-1, Teic. mT./ra
Indicators of natural reforestation on PP-1, thousand units/ha
JpesecHas nopopa™**
Moxasarens Tree species
Indicator C Kn <6 Oc i
P AM Ap As o
Bcexonast
Young seedling 2.4 2.1 0.0 0.0 0.0
K /V* 0,0 2,9 0,0 0,0 0,0
0-10 em C/Un 0,0 0,0 0,0 0,0 0,0
cm
Hix / Nv 0,0 0,5 0,0 0,0 0,0
K/ V* 0,4 0,0 0,2 0,0 0,1
10-25 cm C/Un 0,0 0,0 0,0 0,0 0,0
cm
y— Hix / Nv 0,0 0,0 0,0 0,0 0,0
Small K/ V* 3,0 0,4 0,1 1,4 0,0
25-30 cm C/Un 0,2 0,1 0,0 0,1 0,0
cm
3 Hox / Nv 0,5 0,0 0,0 0,2 0,0
S K/ V* 3.4 33 03 1,4 0,1
8=
e Hroro C/Un 0,2 0,1 0,0 0,1 0,0
z B total
E'g Hix / Nv 0,5 0,5 0,0 0,2 0,0
> B
&% XK/ V* 6,1 0,1 0,1 1,5 0,0
X o _
= 2 0310 crun 02 0,0 0,0 0,1 0,0
]
e © Hox / Nv 0.9 0,0 0.1 03 0,0
m
K/ V* 0,2 0,2 0,1 0,2 0,0
Cpenuii 10-1,5m C/Un 0,1 0,0 0,0 0,0 0,0
Average m
Hix / Nv 0,0 0,1 0,1 0,1 0,0
K/ V* 6,3 03 0,2 1,7 0,0
Hroro C/Un 0,3 0,0 0,0 0,1 0,0
Total
Hix / Nv 0,9 0,1 0,2 0,4 0,0
CBbllLe K/v* 0,0 0,8 0,6 0,2 0,0
Kpynmbiid 1,5 M C/Un 0,0 0,1 0,1 0,0 0,0
Large More
1,5m Hx / Nv 0,0 0,0 03 03 0,0
Bcero
I ool 11,6 5.2 1,7 4.4 0,1

* Kareropun sxu3HeciocoOHoCTH TopocTa: JK — xkusHecrnocoOHbiit; C — COMHUTENBHBIN; Hik — He)KU3HECTIOCOOHBIH.
** JlpeBecusle mopoasl: C — cocHa 0ObIKHOBeHHAs1; Kit — KiteH siceHenmucTHBIi; 510 — s10mons necHast; Oc — ocuHa;
[ — ny06 uepenrqarorii.
* Categories of undergrowth viability: V — viability; Un — uncertain; Nv — no viability.
** Tree species: P — pine; AM — ash maple; Ap — forest apple tree; As — aspen; O — oak petiolate.
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Tabnuya 2
Table 2
KommaectBo nmoapocrta u Bcxonos Ha I111-2, Teic. miT./Ta
Number of undergrowth and seedlings per PP-2, thousand units/ha
JpeBecHas nopoga™**
okasarens Tree species
Indicator C B Kn q6
P B AM Ap
Bcexonsr
Young seedling 3,5 0.0 0.0 0.0
XK/V* 0,1 0,0 0,1 0,0
0-10 em C/Un 0,0 0,0 0,0 0,0
cm
Hox / Nv 0,0 0,0 0,0 0,0
K/V 1,0 0,0 0,0 0,0
1025 cm C/Un 0.1 0.0 0.1 0,0
cm
Me it Hox / Nv 0,4 0,0 0,1 0,0
Small K/V 0,2 0,0 0,0 0,0
25-30 em C/Un 0,0 0,0 0,0 0,0
cm
- Hx / Nv 0,1 0,0 0,1 0,0
S ) VAY 1,0 0,0 0,1 0,0
8=
S Hroro C/Un 0,1 0,0 0,1 0,0
5 ) total
E ot Hox / Nv 0,8 0,0 0,2 0,0
> E
[l K/V 0,4 0,0 0,1 0,2
K] o -
£ g 0310 C/Un 0,1 0.1 0.0 0,0
o
5 © Hx / Nv 0,1 0,0 0,0 0,0
M
XK/V 0,0 0,0 0,0 0,0
Cpemnuid 1,0-1,5m C/Un 0,0 0,0 0,0 0,0
Average m i i i i
Hox / Nv 0,0 0,1 0,0 0,0
XK/V 0,4 0,0 0,1 0,2
Hroro C/Un 0.1 0,1 0,0 0,0
total
Hox / Nv 0,1 0,1 0,0 0,0
CBbl1e X/v 0,0 0,0 0,1 0,0
Kpynmbiii 1,5 M C/Un 0,0 0,0 0,0 0,0
Large More
I,5m Hx / Nv 0,0 0,0 0,0 0,0
Bceero
In total 2,5 0,2 0,6 0,2

* Kareropuu xusHecrnocooHocty nozppocra: XK — xusHecnocoOnsiit; C — coMHUTENbHBIN; HK — HeKU3HECTIOCOOHBIH.
** JlpeBecHsie moposl: C — cocHa 00bIKHOBeHHAs; b — Oepesa; Kt — kiieH sceHenucTHbIN; 510 — si0I0Hs JiecHast.

* Categories of undergrowth viability: V — viability; Un — uncertain; Nv — no viability.
** Tree species: P — pine; B — Birch; AM — ash maple; Ap — forest apple tree.
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Puc. 1. Pacmpenenenue mogpocTa 1o BHICOTHBIM KaTETOPHUSIM B 3aBHCUMOCTH OT OOIIEro KOJINYECTBa MOIpOCTa
Ka)XJ0H npeBecHoi mopozs! Ha [1I1-1 (ycimoBHO KOHTPOIIH)
Fig. 1. Distribution of undergrowth by altitude categories depending on the total number of undergrowth
of each tree species on PP-1 (conditional control)
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Puc. 2. Pacpenenenne mogpocra 1o BHICOTHBIM KaTETOPHSAM B 3aBUCHMOCTH OT OOIIETr0 KOJIMYECTBA MOAPOCTa
Kax10# nqpeBecHoi mopoas! Ha [II1-1 (pexkpeaninoHHBIA yIacTOK)
Fig. 2. Distribution of undergrowth by altitude categories depending on the total number of undergrowth
of each tree species on PP-1 (recreational area)
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O1eHKa COOTHOILIEHUS OAPOCTA APEBECHBIX TI0-
poa no ero coctostnuto Ha kaxjaou [1I1 B 3aBucumo-
CTH OT OCHOBHOTO JEHCTBYIOIIEr0 aHTPOIIOTE€HHOTO
(akTOopa MOKa3bIBAET, YTO B 30HE YCIOBHOIO KOH-
Tponst (I1I1-1) Bo Bcex BBICOTHBIX KAaTErOpHUsX Mpe-
oOmanmaer >xu3HEcrnocoOHsIit moapoct (puc. 3). Ero
xosmmuectBo pocrturaer 60—-100 %. XKusuecrnocoO-
HBIM MTOIPOCT OCHOBHOU JI€COO0PAa3yroIIel OPOIbI
(cocHBI) BO BCEX aHATU3UPYEMBIX BHICOTHBIX KaTeTo-
pusix cocrasisieT 83—84 % oOriero yucia y4TeHHBIX
9K3EMIUISIPOB.

B ycioBHsAX MOBBIIIEHHONW AHTPONOINEHHOM Ha-
rpy3ku (Ha [111-2) HanOombIIas 9acTh KU3HECITIOCOO-
HOTO MOApOoCTa OOJBIIMHCTBA APEBECHBIX MOPOA, OT

. 1000
2
= 90,0
5 80,0
(654
° 70,0
2 60,0
3
3 50,0
=
< 40,0
30,0
20,0
i
00 ML A= [ :
> C Un
KV MEIIKHA HX Nv KV
small
WiGiocmn 82,9 49 122 84.0
Pine
B Kiren
Ashmaple 546 2.6 12,8 75,0
B S$ononsa
Apple tree 1009 0.0 0.0 50,0
B Ocuna 823 59 11,8 775
Aspen
aJly6
i 100,0 0,0 0,0 0,0

67 % y cocubl 10 100 % y xieHa u s1010HH, Mpen-
CTaBJICHA CPE/IHEH BBICOTHOM Kareropueit (puc. 4).

OCHOBHOH OTIIMYUTEIHHONH OCOOCHHOCTBIO MOJ-
pocta Ha IIII-1, BpImoOnHstOUIEH pOJIb KOHTPOIIA,
u II1-2, rae 3adukcupoBaHbl HHTEHCHBHBIE peKpea-
LIMOHHBIE HArpy3KH, sBisieTcs To, 4ro Ha I1I1-1 mox-
pPOCT IPEACTABIEH MPEUMYIECTBEHHO MEIKHMHU JK-
3eMIuIsipaMu (cM. puc. 3).

WHTeHCcHBHBIE peKpeannoHHbIE HArpy3Kd Ha
[I1-2 mpuBenu K HAKOIUICHHUIO HEKU3HECIIOCOOHOTO
nonpocTta (cM. puc. 4). [locnennee sBAsICTCS HAACK-
HBIM CBHJIETEIbCTBOM OTPHUIATEIBHON PONIN peKpea-
LIMOHHBIX Harpy30K Ha KOJMUYECTBEHHBIE U KAUECTBEH-
HbIE MTOKa3aTesu MoJIPOCTa.

! I_l =l -,-:- L
C C
cpemquuit - HOK Nv KV kpynHei  HXK Nv
average large

4,0 12,0 0,0 0,0 0,0
0,0 25,0 88,9 11,1 0,0
0,0 50,0 60,0 10,0 30,0
4,5 18,2 40,0 0,0 60,0
0,0 0,0 0,0 0,0 0,0

>

BricotHas kateropust moapocta Group of tree heights

Puc. 3. CooTHOLIEHHE MTOAPOCTA JPEBECHBIX MOPOA O KU3HECIIOCOOHOCTH
B Kak110if kareropuu kpymHocTH Ha [1I1-1 (koHTpOIIBH)
Fig. 3. The ratio of undergrowth of tree species by vitality in each size category on PP-1 (control)
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Konuuectso, % Quantity, %

[
C Un

MEJIKHAIA
small

HX Nv KV

BCocna

. 52,6 5,3 421 66,7
Pine

>

Bbepesa
Birch

B Kiren
Ash maple

0O S6nous
Apple tree

0,0 0,0 0,0 0,0

>

25,0 25,0 50,0 100

0,0 0,0 0,0 100,0

C

C
cpemumit - HOK Nv KV kpymueid - HXK Nv
average large
16,7 16,7 0,0 0,0 0,0
50,0 50,0 0,0 0,0 0,0
0,0 0,0 100 0,0 0,0
0,0 0,0 0,0 0,0 0,0

BsicoTHas kaTeropust nogpocta Group of tree heights

Puc. 4. Pacnpenenenne monpocta Ha I1I1-2 mo rpymmam >Ku3HECTTIOCOOHOCTH
Fig. 4. Distribution of undergrowth on PP-2 by life-ability groups

B mensx HakorieHUs: OAPOCTa COCHBI IMOJ IO-
JIOTOM COCHOBBIX HacaxJieHHil B napke «l mieBckas
poria»
CEIIaEMOCTH YYacCTKOB PEKpPEaHTaMH, YTO CHU3HUT

MOXHO PEKOMEHJI0OBATh OIPaHHUYCHHUE I10-

UHTCHCUBHOCTh HCTATUBHOTO AHTPOIIOICHHOI'O0 BO3-
nerictBusa. Kpome Toro, Ob110 OBI mENecooOpa3HBIM
IIPOBECTH YACTHYHYIO MUHEPAJIM3AIHIO [TOYBBI, & TaK-
e YIAJIUTh YTHETAIOUIUH MOIPOCT COCHBI OOBIKHO-
BEHHOH caMOCEB KIICHA SICCHEIIMCTHOTO.

BoiBoabI
1. B cocraBe moapocra Ha wuccinenyembix [T
MMEIOT MECTO COCHA OOBIKHOBEHHas, Oepe3a MOBHC-
J1asi, OCMHA, KJIeH SICEHETMCTHBIN 1 1y0 deperryarolil.
2. B cocTaBe BCXOMOB M TOAPOCTA TOMHHHPYET
cocHa o0bikHOBeHHas1. [Ipu sTom Ha [111-2, rie Bhimie

pEeKpealroHHas Harpy3Ka, KOJIM4eCTBO BCXOJIOB MPe-
CTaBJIEHO TOJIBKO 3TOW MOPOJOH, B TO BpeMs Kak Ha
TII-1 (KOHTPOIB) BCTPEUAIOTCS BCXOIBI COCHBI OOBIK-
HOBEHHOMH U KJIEHA SICEHEIUCTHOTO.

3. O0uiee KOJMYECTBO IMOAPOCTA KaXJIOH Jpe-
BECHOH TOPOJBI HAa PEKPEANMOHHO HApPyIIEHHOM
necHoM yuacTtke B 4,5-9,0 pa3a MeHblIe B cpaBHE-
HUAU C AHAJIOTHYHBIMH TIOKA3aTeNIIMU Ha KOHTPOJb-
HOM yYacTKe.

4. B cooTBeTCTBUM C JICHCTBYIOIIMM HOpPMAaTHB-
HBIM JIokyMeHToM (OO0 yTBepkaeHHuu. .., 2021), obec-
MEYCHHOCTh TOAPOCTOM Ha KOHTPOJBHON TPOOHOM
wiomamu (I111-1) oneHuBaercs kak ycmemrHas, a Ha
[1I1-2, rne HaOMHOMACTCSl HHTCHCUBHOE PEKpPEallioH-
HOE BO3JIEHCTBHUE Ha BCe KOMIIOHEHTHI COCHOBOTO Ha-
CaXJICHUsI, KaK HEJIOCTATOYHASI.
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5. K Hemocrarkam J1€COBOCCTaHOBHUTEIILHOTO MIPO- 6. B nensix coxpaneHus mapka He0OXOAMMO TPH-
I[ecca B COCHSIKax JIECHOTO mapka «l mieBckas poia»  MEHSTh MEphl JIECOBOACTBEHHOTO YXO/a HE TOJIBKO
CllelyeT OTHECTH OTCYTCTBHE KPYIHOTO MOAPOCTA CO-  3a APEBOCTOEM, HO U 3a MOAPOCTOM, CIIOCOOCTBYS €T0
cHbl. /lpyrumu cioBaMu, OAPOCT AAHHOM MOPOAbI HE  HAKOIUICHHWIO M IIOCTEHNCHHOMY II€PEXOAYy B IPEBO-
MOXKET B YCJIOBHSX Mapka COPMHUPOBATH BTOPOM IpyC  CTOM.

U B OyIyI1eM 3aMEHUTh MaTEPUHCKUIN IPEBOCTOM.
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CO30AHUE NPUMOCENKOBbIX KEAPOBHUKOB U KEOPOCAOB
HA TEPPUTOPWUU IOIPhl

Hpuna BaagumuposHa I[penenna

VYpanbckuii rocyaapcTBEeHHBIH JIeCOTeXHUUECKHH yHUBepcnuTeT, ExarepunOypr, Poccus
predeina@yandex.ru, https://orcid.org/0009-0003-68-06-8968

Annomanyus. llpoanann3npoBana 1oMab HaCaXICHHI C y4aCTHEM B COCTABE JIPEBOCTOEB COCHBI
KeIpOBOH CHOUPCKOM, H Keapa cuoupckoro (Pinus sibirica Du Tour.), B Tecax pa3IMIHBIX KaTeTOPUH
XaHTbI-MaHCHICKOro aBTOHOMHOTO OKpyra — FOrpel. OTMeuaercs, 4yTo MpH A0JIe CPEIHEBO3PACTHBIX
HacaxJieHni 58 % Ha nomo MonoHsAKoB 10 80 neT npuxoautcs juiib 4,0 % miomany KeApOBHUKOB.
AKXTyaJIbHOCTb TIPOOJIEMBI YBEJIMUEHUS MJIOMIAIN KEAPOBBIX HACAXKICHUN MOATBEPXKICHA peain3anneit
BEZIOMCTBEHHOM 11enieBoi mporpaMMel «Kenposeie neca KOrper». 3a mepuon neiicTBus mporpaMmsl Oi1a-
rofapsi YHTy3ua3My pabOTHHKOB JIECHHYECTB U MECTHOTO HACEITICHHUSI CO3JJaHbl COTHU TEKTapOB MPUIIO-
CEJIKOBBIX KEAPOBHUKOB U KEAPOCAIOB, KOTOPbIE CTAJIHM YKPAIICHUEM HACEJICHHBIX IIYHKTOB U MECTOM
OTAbIXa HACENICHHUA. Y UMTHIBAsl BaXKHYIO POJIb CO3JaHMS KEAPOCAIOB U MPHUIIOCETKOBBIX KEAPOBHUKOB
B JIeJie BOCITUTAHUS Y MOJIOZICKH JIFOOBH K POJHOM MpPUpPOJIEe U MaJOd pOAMHE, JaHHYIO paboTy HeoO-
XOOUMO MPOAOJKUTh U PACHPOCTPAHNUTH HAKOIUIEHHBIN OIBIT IO CO3JAHMIO NMOJOOHBIX OOBEKTOB Ha
HaceJICHHbIE ITYHKTHI TaeXHOM 30HbI CHOMpPH.

Knroueswie cnosa: xenp cubupckuii (Pinus sibirica Du Tour.), IpUITOCEIKOBBIC KSIPOBHUKHU, KEAPO-
caJibl, JIECHBIE KYJIBTYPBI, pyOKH yXoza

Hna yumuposanusa: lpeneuna . B. Co3nanne NpunocenKkoBbIX KeIPOBHUKOB M KEAPOCAI0B Ha
teppuropun FOrpst // Jleca Poccuu u xo3stiictBo B Hux. 2025. Ne 2(93). C. 16-25.

Original article

CREATION OF NEAR-SETTLEMENT CEDAR FOREST AND CEDAR GARDENS
ON THE TERRITORY OF YUGRA

Irina V. Predeina

Ural State Forest Engineering University, Yekaterinburg, Russia
predeina@yandex.ru, https://orcid.org/0009-0003-68-06-8968

Abstract. The area of plantings with the participation of Siberian stonepine or Siberian cedar (Pinus
sibirica Du Tour.) in forests of various categories of the Khanty-Mansiysk Autonomous District of Yugra

was analyzed. It is noted that with the share of middle aged plantations being 58 %, the share of young
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trees under 80 years old accounts for only 4,0 % of cedar forest area. The relevance of the problem
of cedar plantation area increasing is confirmed by the departmental target program “Cedar forests of
Yugra” implementation. During the period of the program, due to enthusiasm of forestry workers and the
local population, hundreds of hectares of near-settlement cedar forest and cedar gardens were created,
which became the decoration of settlements and a place of rest for the population. Considering the
important role of creation of cedar gardens and near-settlement cedar forests in the matter of educating
young people to love their native nature and small homeland, this work needs to be continued and the
accumulated experience in creating such facilities needs to be extended to settlements in the taiga zone

of Siberia.

Keywords: Siberian cedar (Pinus sibirica Du Tour.), near-settlement cedar forest, cedar gardens,

forest crops, thinning

For citation: Predeina 1. V. Creation of near-settlement cedar forest and cedar gardens on the
territory of Yugra // Forests of Russia and economy in them. 2025. Ne 2(93). P. 16-25.

BBenenue

OO01Ien3BeCcTHO, YTO COCHA CHOUPCKAsi, WA KeAp
cubupckuit (Pinus sibirica Du Tour.), sBnseTcs on-
HUM U3 HauOollee TEePCIEKTUBHBIX BUJIOB XBOWHBIX
Ha Tepputopuun Poccuiickoin @enepanuu. Hecnyuaii-
HO PYCCKHE TTepECEICHIIbI, OCBAMBAIOIINE CHOUPCKUE
MIPOCTOPBI, HA3BIBATH KeJp CUOUPCKUI XJIEOHBIM Jie-
peBoM. B ommuune OT Apyrux MECTHBIX BUAOB XBOM-
HBIX KeZIp CHOMPCKHIA TaBajl CheT0OHBIC CEMEHa, KOTO-
pBIE€ HEPEJIKO CIIacajy KUTENeW OT TOJIOJHONH CMEpTH
(Kopoctenes u ap., 2010). Kpome Toro, keapoBHUKHI
SBIISUTHCH W3ITIOO0JIEHHBIM MECTOM TPOKWBAHUS MHO-
TUX I[IEHHBIX XHBOTHBIX, B TOM YHCJIE COOOJIS, YTO
MO3BOJISLIIO KHUTEISIM BeCTH dPPEKTUBHBIN IPOMBICE.

IloHnMast LIEHHOCTh KEIPOBBIX HACAKICHUH, Ie-
PECEeIIeHIIbI CTapaluch He PyOuTh JiepeBbs Keupa 0e3
ocTpoit HeoOxonumocTH. HanpoTus, xurenu BeipyOa-
JU COIyTCTBYIOIINE KEAPY CHOMPCKOMY JIpeBECHBIE
BUJBI, OPMHPYST TEM CaMbIM MPAKTUYECKH YUCTHIC
kepoBHUKH. [1o371Hee yKa3aHHbIC HACAXKICHHS TIOTY-
YWIM Ha3BaHWE IMPHUIIOCEIKOBBIX KEAPOBHHUKOB, OIIH-
CaHHBIX BO MHOTHX JIUTEpaTypHbIX uctouHukax (ba-
preiesies, 2017; 1e6kos, 2014).

Pacronoxenne BOMWM3M HACENEHHBIX ITyHKTOB
CIOCOOCTBOBAJIO 3aIUTE MPUITOCEIKOBBIX KEIPOBHH-
KOB OT MokapoB. Kpome Toro, HaceneHne 4eTKO KOH-
TPOJMPOBAJIO XO3STMCTBO B HHUX, HE JOITyCKasl BbIMa-
ca CKoTa, cOopa OpexoB JI0 MX MOJHOTO CO3PEBaHUS,
WCIIOJIb30BaHUSI BapBapCKUX CIIOCOOOB cOopa opexa
U T.J. YKa3aHHOE CITOCOOCTBOBAJIO TOMY, YTO MHOTHE
MIPHUITOCETKOBBIC KEIPOBHUKH COXPAHMIKCH JIO HACTO-
AIIETO BPEMEHM Kak oOpaszel] BEACHHUS JIECHOTO XO-

3sTICTBA B KEAPOBBIX HACAK/ICHHSIX H TOTEHITHATEHBIX
KEeJPOBHHKAX.

DOpMUPOBAHHUIO TPUIIOCETKOBBIX KEIPOBHUKOB
BO MHOTOM CITOCOOCTBOBAJIO TakKe HAJIUYHE IO
MOJIOTOM JIPEBOCTOEB TIOAPOCTa COCHBI CHUOMPCKOMN
(O0ecnieueHHOCTS. .., 2024; Be3neHexHbIX, 3aJIeCOB,
2024).

K coxanenuto, miomanab BBICOKOIPOAYKTUB-
HBIX KEJPOBHUKOB B HACTOSAIIEE BPEMsI COKpAIAeTCs
(Cmomomnoros, 3amecos, 2002; 3amecoB u ap., 2014;
Cenpix, 2014; Ymxos, bex, 2014). ITocaennee 00b-
SICHSETCS 1ISJIBIM PSIZIOM OOBEKTUBHBIX M CyOBEKTHB-
HBIX TIPUYUH. B 9acTHOCTH, yBeNTWYEHNEM TUTOIIA TN
JIECHBIX TIOKAapOB, Pa3BUTHEM SMUGUTOTHIH BPEIHBIX
HAaCEKOMBIX, U3BSATHEM 3EMENb 0] CTPOUTEIHLCTBO
JTUHEWHBIX W TUIOMAJHBIX OOBEKTOB TPH OCBOCHHUU
CeBepa IpeANPUATHIMH, TOOBIBAIOIINMHE YTIEBOO-
POJHOE ChIpbe. 3anpeT pyOoK CIIEbIX U EPECTOMHBIX
HacaXJICHUH ¢ JI0JIel y4acTusi B COCTAaBE JPEBOCTOS
keapa cudupckoro 3 u Oonee eauHUIbl (OO yTBEpK-
IeHud. .., 2020) MOTOKUTEIBHBIX PE3yIbTaTOB B TIIA-
He YBeMYEeHHUs TUIOMIA I KEPOBHUKOB He fait. To ke
MOXKHO CKa3aTh U O MOMBITKAX COBEPUICHCTBOBAHUS
pyOOK crenbIx W mepecToWHbIX HacaxieHui (bes-
NEHEXHBIX U 1p., 2024). IpyruMu clIoBaMH, BECh-
Ma aKTyaJdbHOW cTaja 3ajavya YBEJIMUSHUS TUIOIIAU
KEJIPOBBIX HaCaXACHUH.

Ornmpasick Ha HICTOpUIECcKnit ombIT, ¢ 2007 T. Ieco-
BOJbI FOTpBI HauaM aKTHBHBIE PaOOTHI IO CO3IAaHHO
MIPUTIOCENIKOBBIX KEIPOBHUKOB M KeapocamnoB. Muu-
[IMaTHBa JIECOBOAOB OblIa TOEepKaHa TPaBUTENb-
CTBOM XaHTbI-MaHCHIICKOrO0 aBTOHOMHOTO OKpyra —
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IOrper (XMAO-IOrpel) u TpUHSATHEM BEIOMCTBEH-
HOM nenesoit mporpammsl «Kenpossie ieca FOrpe! Ha
2011-2013 rry.

B coorBercTBHM C yKa3aHHOM mporpammoil Bo-
Kpyr MHOTMX HaceleHHbIX IMYHKTOB XMAO-IOrpsr
ObUTM Ha4YaThl aKTHBHBIE PaOOTHI MO CO3JAHHUIO Ke-
JpOCaJioB U MPUIMOCEIKOBBIX KEAPOBHUKOB C IIPH-
BJIEYEHHEM MECTHOro HacesjeHMs. llpumnocenkoBbie
KEJPOBHUKU U KeIpocaasl (OPMHPOBAIUCH IBYMS
OCHOBHBIMH CIIOCOOAMHM: CO3IAHUEM JIECHBIX KYJb-
TYp Kezipa CHOMPCKOrO M MPOBEJCHUEM PYOOK yxoaa
B €CTECTBEHHBIX MOJIOJTHSAKAX C Yy9aCTHEM B COCTaBe
nmaaHoro Buaa (Oneit..., 2011; YBenudenwue..., 2011;
dopmuposanue..., 2021).

Ilenn, MmeToaMKA
H 00bEKTHI HCCJIeI0BAHUA

ens wmccnemoBaHus — aHAIN3 peaM3aIlddl Be-
JIOMCTBEHHOH I1e1eBOH mporpaMmel «Keapossie neca
Orpe1» MO pazmenam, KacaroUUMCS CO3IaHUs TIPUIIO-
CEJIKOBBIX KEIPOBHUKOB M KEIPOCAJIOB.

B mnpomecce wuccnemoBanmii ObUTH TTpOaHANIH-
3UPOBAaHbl MaTepHaNbl IO CO3JAHUIO TPHUIIOCETKO-

BBIX KEIPOBHHKOB M KEJpPOCAJOB HA TEPPUTOPHUU
XMAO-IOrps1. BeinonHeHo ux HatypHOe 00cCieno-
BaHHEC C MCIIOJIb30BAHUEM COBPEMEHHBIX METOIHMK
(OCT 56-69-83; JlanueBa u mp., 2023) u aHaNM30M
MIEPCIIEKTUBHOCTH MIPOJIOJIKCHHUSI HA4aToi padoThI.

B mporecce uccnenoBaHuii K MPUTIOCETKOBBIM
KEIPOBHUKAM HAMHU OTHOCHJIMCh HACAXJICHHS, B KO-
TOPBIX JIOMUHUPOBAHHE COCHBI CHOUPCKOHN OBLIO
obecreueHo pyOKkaMu yXofa.

K kempocagaM OTHOCHIIMCh YYACTKH KEIPOBBIX
HACaX/ICHUM, CO3JaHHBIX WM CO3/aBaeMbIX MOCAJI-
KOU JIECHBIX KYJIBTYP TI0 COOTBETCTBYIOILEH CXEMe.

Pe3yabTaThl M UX 00CyxKIeHHE

HccnenoBanust mokazaim, 4To KeJJpoBbIe Hacax ie-
HUS pactipocTpaHeHsl B JecHOM dorae XMAO-IOrpot
HEpPaBHOMEPHO KaK 110 KaTeropusiM JiecoB (Tad. 1), Tak
1 TI0 TpyImaM Bo3pacta (tadm. 2).

Jlons HacaxIeHWH C y4acTHeM Kelpa CHOMPCKO-
ro 6onee 3 enuHuI B (hopMysie cocTaBa JPEBOCTOCB
BBIIIIE BCETO B OPEXOBO-TIPOMBICIIOBBIX 30HAX, HO JIaXKe
B HUX OHA JINIIh HE3HAYNUTEIBHO MPEBBIIIAET OJIOBH-
Hy IUIOIIAIM JAHHOU KaTeropuu aecoB — 52,8 %.

Tabnuya 1
Table 1

Pacnipenenenue nnomanu kenpoBHUKOB XMAO-IOrps! o kareropusm jecos
Distribution of the area of the cedar forests of Khanty-Mansi Autonomous Okrug-Yugra

by forest categories

ITnomans C noneit yyactus kenpa
Kareropuu necos Square oounee 3 equnnil, %
Forest category THIC. Ta o With a cedar sh.are
thousand hectares ° of more than 3 units, %
3aluTHeIE Jeca:
Protective forests:
BOJOOXPaHHbIE 30HBI (BKIIIOYAs] HEPECTUITUILA) 264.8 6.3 213
water protection zones (including spawning grounds) ’ ’ ’
3aIIUTHBIE TOJOCHI JIECOB, PACIIOIKEHHBIE BIOIb JOPOT 105 0.2 12.8
protective forest strips located along roads ’ ’ ’
3€JIEHBIC 30HBI 125 03 208
green areas ’ ’ ’
OpEXOBO-ITPOMBICIIOBEIE 30HBI 1205 29 578
walnut and commercial areas ’ ’ ’
DKCIUTyaTalnoHHbIe Jieca 3582 355 14.6
Operational forests ’ ’ ’
PesepBHrble neca 2002 4.8 13.1
Reserve forests ’ ’ ’
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Tabnuya 2
Table 2

Pacrnipenenenue mionaan KeAPOBHUKOB 110 TPYIIIIaM Bo3pacTa, %

Distribution of the area of cedar forests by age groups, %

HacaxzaeHus ¢ ydacTueM Keapa CHOUpCKoro 6osee Tpex euHHI] B GopMyIie cocTaBa
Plantings with the participation of siberian cedar with more than three units

in the composition formula

JlecunuectBo
Forestry Momnoxusxu Cpente- Crernble Bt u
Youngsters Bospacmme IIpucnesaromue U TIepecTOMHbIE NepecToiHbIE
Migdl aged Helpers Ripe and Including
Ln. | . cage overpowered excessive
[Tonm3zona ceBepHoOif TaliTH
The Northern Taiga subzone
AraHnckoe
Aganskoe 1 1 63 30 5 0
Benosipckoe
Beloyarskoe 2 ! 69 22 6 0
bepesosckoe 1 | 65 20 13 0
Berezovskoe
HmxueBapToBckoe
Nizhnevartovskoe ! ! 60 30 8 0
OxTs0pbCKOe
Oktyabr'skoe 12 > 68 8 7 0
CamapoBckoe 7 2 59 24 3 0
Samarovskoe
CoBetckoe
Sovetskoe 8 2 45 27 18 1
Cypryrcroe 2 0 64 32 2 0
Surgutskoe
Hsaxcumosckoe
Nyaksimovskoe ! 2 31 30 36 32
Ilon3oHa cpenneit Taiiru
The Middle Taiga subzone
Konaunckoe
Kondinskoe 3 ! 4l 34 21 0
Hedretoranckoe
Nefteyuganskoe 2 ! 26 35 6 0
Vpaiickoe
Urajskoe 1 1 37 30 31 0
IOranckoe
Yuganskoe 3 1 66 19 11 1
ITo okpyry
By district 3 1 58 26 12 3

[Ipu 3TOM B JiecHOM (hOHJIE JOMUHHUPYIOT CPEIAHE-
BO3PACTHBIC KEAPOBBIC HACAKICHHUSI, a TOJIST MOJIOTHS-
KOB TOJIBKO B OJJHOM JiecHHUUYecTBe MpeBbimaet 10 %,
cocTasJsisi mo okpyry 4,0 %.

IIpuBeneHHbIC TaHHBIC HATIISIHO CBUICTCIIBCTBY-
0T 0 HEOOXOIMMOCTH YBEIHUYEHHS KaK JIOJH KeIpo-
BBIX HACAKJCHUH, TaK U JOJIH Kelpa B COCTaBE CyIIIe-
CTBYIOIINX KEAPOBHUKOB.

B cooTrBeTcTBUM ¢ BEJOMCTBEHHOW LIEIEBON MPO-
rpaMMoi B paboOTy IO CO3MAHUIO TIPUITOCETKOBBIX
KEIPOBHHUKOB U KEAPOCAT0B BKIOUUIUCH BCE JIECHU-
YEeCTBA C AKTUBHBIM NPUBICUCHUEM MECTHOTO Hace-
JICHHSL.

Ha momeHT o0cenoBanus IOMAAb TPHUITOCEITKO-
BBIX KEAPOBHHUKOB U KEIPOCATOB B MErnoHCKOM Jiec-
HUYecTBe coctaBmwina 161,7 ra. Ilpu 3TOM OCHOBHOE



20 Jleca Poccum 1 X038MCTBO B HUX

Ne 2 (93), 2025 1.

BHUMAaHHUE B JIECHHYECTBE YIENSUIOCH YXOOdy 3a Cy-
LIECTBYIOUIMMH TPUIIOCEIKOBBIMU  KEAPOBHUKAMH,
MMEIOIIMMH 3HAauYMTeNbHbIE TUTomaan. Tak, pacmoso-
KEHHBIH Ha TeppuUTOpUH OKTAOPHCKOrO y4acTKOBOIO
JiecHu4ecTBa MErnoHCKOro JeCHUYECTBA KEIPOBHUK
«lInmeunsrii MpIc» uMeeT Tuiomans 85 ra. K coxa-
nenuto, 20 eT Hazaa Ha TEPPUTOPUHU CYILECTBOBAB-
LIEr0 B T€ TOABI MPUIIOCEIKOBOTO KEAPOBHUKA C OJI-
HOMMEHHBIM Ha3BaHUEM TIPOIIIEIT IOXKap M KEAPOBHUK
Obul yHHUTOXXEH orHeM. JlecoBomamu MerHoHCKOro
JIECHUYECTBA YKA3aHHBIN ITPUIIOCEIIKOBbII KEIPOBHUK
OBLT BOCCTAHOBJICH U B HACTOSIIIEE BPEMS XapaKTepH-
3yetcs cocraBoM 4K4C2b. Yka3zaHHbI cocTaB ApeBO-
CTOsI CBHJICTEIILCTBYET O HEOOXOAUMOCTH MPOBEICHHUS
paboT 1Mo yxoiy 3a KeAPOBHUKOM, T.€. pyOOK yxoma,
HalpaBJCHHBIX HA YBEJIMUYCHHE JIOJIM COCHBI CHOMP-
CKOH B COCTaBe APEBOCTOS.

ITonb3yercs u3BECTHOCThEO BaTuHCKMII mpurio-
CEJIKOBBIM KEIPOBHHK, PACHOJIOKEHHBIM B KBapTa-
Jie 409 OKTI0pbCKOTO Y4aCTKOBOT'O JICCHUYECTBA B HE-
MTOCPEACTBEHHOW OIM30CTH OT CEIHCKOTO MOCEIICHUS
Bara. Pabots1 o yxomy, Tounee, popmupoBanuio Ba-
TUHCKOTO MTPUIOCEIKOBOTO KEIPOBHUKA BEJINCh MECT-
HBIM HACEJICHHEM ITyTeM YOOPKH 3aTEHSIOMINX COCHY
CHOMPCKYIO COINYTCTBYIOLIMX JIPEBECHBIX IOPOZ,
a ¢ 2007 1. Kk yka3aHHOW paboTe MOIKIIOYMIUCH pa-
OOTHUKH JICCHIYECTBA, YTO oOecedrmio hopMHupoBa-
HHUE MPAKTUIECKH YUCTHIX KEIPOBHUKOB Ha IIOIIAAN
20 ra. CocraB npeBocroeB 9K1b+Oc. IIpu sTom Ha-
CaXJICHUS XapaKTepPU3YyIOTCA CTaOMIFHBIMU BBICOKH-
MH YPOXKasiMH CEMSIH.

OnpIT paboTbl MermoHCcKOro JecHHYecTBa IO
(hopMUPOBaHHIO TPUITOCEIIKOBOTO KeApOBHHUKA «Ba-
THHCKUIDY OBUI 00OOIIEH HA COCTOSABIIEMCS 31ECh
27.06.2014 r. ceMuHape ¢ TpUIVIAlIEHUEM YYEHBIX
Y CHEIHMaJIMCTOB JIECHOTO XO34WCTBA M3 BCEX JIECHU-
yectB XMAO-IOrpsl.

3HAYUTENbHBIA MHTEpEC U HAyKW U MPaKTHUKU
npexacrasisier kenpocan um. 1. M. Hopkuna, co3naH-
HBI TIOCAJIKOW 3-JIETHUX CESHIIEB Kepa CHOMPCKOTO
B 2014 . na mnomanu 40,0 ra B kBaprane 255 Ox-
TAOPHCKOTO Y9aCTKOBOTO JIECHUYECTBa. B HacTosmee
BpeMs Osarofapsi HIPOBOAMMBIM arpOTEXHUYECKUM
1 JIECOBOAICTBEHHBIM yXO/1aM Ha y4acTKe pou3pacTa-
0T YUCTHIE KyIBTYPBI COCHBI cCHOMpCKOi. B TO e Bpe-
M 110 IPUYMHE MEAJICHHOTO POCTa COCHBI CHOUPCKOM

yKa3zaHHBbIC KYJIBTYPbl HYXIAIOTCS B MOHHUTOPUHTE
Y CBOCBPEMEHHOM IPOBEJICHUH PYOOK yXOja.

Kenpocanpr co3mansl Takke B Coprt-Eranckom
n IlokayeBckoM JecHHWYecTBaxX Ha Imromamu 15,0
u 1,7 ra coorBerctBeHHO. Kak u paHee yka3aHHbIC
KeApOCaNabl, JaHHBIC JIECHBIC KYJIBTYPHl HYKIAIOTCS
B IIPOBEJICHUN JIECOBOJCTBEHHBIX YXOJIOB BO M30€XKa-
HUE 3aDTYIICHUS COCHBI CHOMPCKON MSTKOIMCTBCHHBI-
MU TIOPOTaMHU.

[Ipu mpoeKkTHpOBaHUM W CO3JAaHUH KEAPOCAIOB
U TPUIIOCETKOBBIX KEIPOBHUKOB BO BCEX JICCHUYE-
CTBax MOAOWpANICS OCOOBI WHIMBUIAYATHHBIA TIOM-
xon. Tax, B mepuog ¢ 2001 mo 2008 rr. B OKTAOpbCKOM
JISCHUYECTBE OBUIO CcOo37aHo 15 kempocanoB oOiei
miomanaepio 28,95 ra, mpu 3TOM BCE yKa3aHHBIC Kel-
pocaibl OBLIH CO3/IaHBI TIOCANIKOW 3-JE€THUX CESHIEB
kezpa cubupckoro. [Tnomaap 6onpIIMHCTBA Keapoca-
JoB He TpeBbimana 1,0 ra, ¥ TOIBKO KeApocas B ypo-
yuie Kapbimkapckoe OOCKOTO y4acTKOBOTO JIECHH-
4ecTBa, BeIET 23 KBapTana 85, uMen 1iomans 16 ra.
Hecwmotpst Ha TO, UTO KEIPOCAIBI CO3IaBATUCE TTOCAT-
KOW COCHBI CHOMPCKOH, B OOJBIIIMHCTBE U3 HHUX B CO-
cTaBe (HOPMUPYIOIIUXCS MOJIOIHSIKOB TPUCYTCTBYET
enb cubupckas, Oepes3a, a B HEKOTOPBIX KEAPOCaaax
OCHHA. YKa3aHHOE CBUJETEIHCTBYET O HEOOXOIUMO-
CTH TIPOBEJICHUSI PETYJISIPHBIX pyOOK yXOjia ¢ LEeJbio
CHATHS KOHKYPEHIIMH CO CTOPOHBI COITyTCTBYIOIIHUX
COCHE CHOMPCKOH JIPEBECHBIX MTOPO/I.

B TO ke Bpems ONBIT peamu3aii IpoTrpamMMbl
«KenpoBeie meca HOTpe» mMokaszai, 9TO CO37AHHC
KEAPOCaIOB MOCAIKOW CESHIIEB COCHBI CHOMPCKOW —
BeCbMa TPYAOEMKOE M JJIUTEIHHOE MEpPOIMpPHUITHE.
Omno TpeOyeT moxdopa ydacTka He TTOKPBITHIX JIECHOM
PaCTUTENBHOCTHIO TUTOMIAJIEH, OYMCTKH X OT BaJieka
U MOTUOIINX JICPEBbEB, €CIU KEAPOCaJ CO3/IacTCsl Ha
rapu, — TOJATOTOBKY TIOYBKI, MMOCAIKK CESHIIEB, a 3a-
TEM HEOJJHOKPATHBIX CHCTEMATUYECKUX arpOTeXHUYE-
CKUX U JIECOBOJICTBEHHBIX yX010B. [lociiennee o0bsic-
HSCTCS AByMsI OCHOBHBIMHU IpUYUHAMH. BO-TIEpBBIX,
ME/IJICHHBIM POCTOM COCHBI CHOMPCKOW B MOJIOIOM
BO3pacCTe, UTO 3aTSITUBAET MEPUO]] BPEMCHU J0 CMEI-
KaHWsI KPOH BBICAKCHHBIX PACTCHHUN KaK B psJaX, TaKk
U MEXAY psaamu. Bo-BTOpBIX, UIS yCKOPEHUs ceMe-
HOILIEHUSI U (OPMHUPOBAHMS Y JICPEBBEB COCHBI CH-
OMpPCKOI KPOH CaIOBOTO THIIA CXeMa TMOCAIKH TIPe-
ycMarpuBaeT OOJBIIIE PACCTOSHUS KaK B psijiaX, TaK



Ne 2 (93), 2025 1.

JNeca Poccum 1 Xo38MCTBO B HUX 21

U MEXAY psJaMM, 4TO CIIOCOOCTBYET pa3pacTaHHIO
TPaBsIHUCTOM PACTUTENILHOCTH, a TAKKE IOSIBICHUIO
camMoceBa JPEBECHO-KYCTAPHUKOBOW pPacTHUTEIHHO-
ctu. [Ipu orcyTcTBUM arpoTeXHUYECKUX M JIECOBOJ-
CTBEHHBIX YXOJIOB BBICAKEHHBIE IK3EMILISIPbI COCHBI
CHOMPCKON MOTYT IIPOCTO MOTHOHYTH OT 3aTNTyIIICHIS,
a B JIy4llIeM ciydae 3aMeuIsioT cBoi mpupoct (Pop-
mupoBanue..., 2021). Kpome Toro, mpu oTcyTcTBHU
arpoOTEXHUYECKUX M JIECOBOJCTBEHHBIX YXOJOB PE3KO
BO3PACTaET PUCK NOPAKECHUSI COCHbI CHOMPCKON Xep-
Mecom cubupckum (Pineus cemvrae), 4To Takke MO-
JKEeT MPUBECTH K THOeIH KeApocaa.

Oco0o0 cnenyer OTMETHTb, YTO BCE CO3/1aBacMble
KEAPOCaJIbl HYXKJIAITCS B OpraHu3aiuu 3PPeKTUBHO-
ro IPOTUBONOXKAPHOIo ycrpoiicTa. Tak, eciu TpaBa
B MEXIYPSIbSX JIECHBIX KYJIbTYp KeApa CHOMPCKOTOo
He OyZeT BBIKAIIMBAThCS, TO PAHO BECHOM M MO3JHEN
OCEHBIO TIOCTIE BBICHIXaHMs OHA Oy/leT MpPEeACTaBIATh
Ype3BblUaiiHyI0 TOKapHyI0 onacHocTb. Kpome Toro,
KeApOoca/ibl aKTUBHO TOCELIAIOTCS HACEIEHHUEM, IIO-
CKOJIBKY PAacIoJIOKeHbI Ha HE3HAYUTEIBHOM PacCTO-
SHUM OT HACEJICHHBIX ITyHKTOB, a CJIEJOBAaTEJIbHO,
B HUX Bcerga OyayT MMETh MECTO IMOTEHIHAIbHBIC
WCTOYHUKH OTHSI.

[1aBHBIM HEOCTATKOM CO3JaHMUs KEAPOCa0B IO~
CaJKoOl 3-JIE€THUX CESIHIIEB SIBIISETCS JJINTENIBHBIN T1e-
PHOA 0 BCTYIUICHHUS YKa3aHHBIX KEIPOCAZ0B B (a3y
AKTHUBHOTO CeMeHOIeHMs. J|aHHbII HEZOCTaTOK, KaK
MoKa3aJl OIBIT, MOXHO JHMKBUIAUPOBATH MPHUBHUBKOM
Ha BBICAKEHHBIE 3K3EMIUTAPHI COCHBI CHOMPCKOHN de-
PEHKOB, CPE3aHHbIX C IUTFOCOBBIX B3POCIbIX AEPEBHEB
COCHBI CHOMPCKOH )KEHCKOM cekcyanu3auuu. [[puBus-
Ka 00€CIIeYHT MOSBICHNE MEPBBIX MIMIIEK YXKE depe3
2-3 rona, mpH 3TOM IO Mepe POCTa JEPEBLEB KOJIU-
YeCTBO LIMIICK OyJeT yBeIHMUNBATHCS. YKa3aHHOE Ha-
TIpaBJIeHNE YCKOPEHHsI CEMEHOIICHNsI COCHBI CHOUP-
CKOH B HacTosllee BpeMsl HAXOAUT paclpoCTpaHeHHE
U IpoeKTUpyercs B XaHTbl-MaHCUHCKOM aBTOHOM-
HOM OoKkpyTe — FOTpe (pucyHOK).

JUTMTENbHOCTh  BBIPAILMBAHUS KEIPOCAA0B M3
cestHIIeB 0OYyCJIOBHIIO BTOpPOE HANpaBliCHHE YBEIH-
YeHHs TUTOIIAIN KeAPOBHHWKOB. J[aHHOe Hampasie-
HUE OasupyeTcs Ha ONBITE CO3MAHMS IMPUIIOCEIKO-
BBIX KEJPOBHHKOB Ha OCHOBE MMEIOIINXCS JI€PEBHEB
M TIOApOCTa COCHBI cubmpckoi. [lepBoouepeaHbIMu
oObekTaMu (OPMUPOBAHUS KEAPOBHUKOB SBIISIIOTCS

MSATKOJIUCTBEHHBIE MOIIOTHSIKH, C(HOPMHUPOBABIIIHE-
csl Ha BBIPYOKax M rapsix ¢ HaJIMYMEM B UX COCTaBe
iy 1of mosioroM 1,5-2,0 ThIC. MIT./Ta K3EMILIIPOB
cocHbI cuOupckoil. Ha Takux ydacTkax MpOBOISTCS
B HECKOJIBKO MTPHEMOB PYOKH yXoJa, HampaBJCHHBIC
Ha MOCTEMEHHOE yBEJINYEHHE B COCTaBE COCHBI CH-
oupckoii. [Ipumepsl cozmanus KenpocaaoB pyokaMu
yXo0Jla OITMCaHbl B HAYYHOW JIUTEparype, rie JoKaza-
Ha BbICOKast d9()(PEeKTUBHOCTH X CO3TAHMS MPH Tpa-
BHJILHOM T0A00pE YYacTKOB W CHUCTEMATHYECKOM
npoBeaeHnn u3pexuBanuid (Ompit..., 2011). Oneit
co3nanus keapocana IlpuosepHblil O3BOISET clie-
JaTh BBIBOZ, YTO IPH PACIOJOKEHHH Keapocaja
Yy BOJHOTO HCTOYHUKA U CO3/IaHUU CETH JOPOT JaH-
HBIM Kepocal CTAHOBUTCS MECTOM OTJIbIXa Hacele-
HUS U 37I€Ch JIETYe BBITOIHATH () (HEKTHBHOE MTPOTH-
BOIOKapHOE YCTPOMCTBO.

JlepeBbsi COCHBI CHOMPCKOI KEHCKON CeKCyasr3aiun

Pine trees of Siberian female sexualization
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B mHacaxneHusax crapiiero Bo3pacra, Tae H0Js
Keqpa (COCHbI CUOMPCKOI) MeHee 3 elMHHUIl B (op-
MyJie cocTaBa, (OpPMHUPOBAHHE KEAPOCaTOB OCY-
HIECTBISETCS B TPOIECCe IMPOBENEHUs PyOOK Iie-
pedopmupoBaHus WM JTOOPOBOJILHO-BBIOOPOUHBIX
pyOOK CIIENBIX U TIEPECTONHBIX HacaXKaeHU. PyOoxu
BEIyTCS B 3UMHUW MEPHOA NMPU HAIWYUU CHEXHO-
ro TOKPOBa W MPOMEP3LICH MOYBHI C IEIBI0 MaKCH-
MaJBHOTO COXPAaHEHHsI TIOAPOCTA U JICPEBHEB COCHBI
cubupckoil. B pyOky HazHa4aroTcsi TpexIe BCETro
MePeCTOMHbIE NePEBbsl OCHHBI, KOTOPHIE HE TOJIBKO
YTHETAIOT JIEPeBbs Kelpa, HO W TPEJICTaBISIOT pe-
aJbHYIO OITACHOCTH JUIsSI TIOCETHTENIeH MPHIIOCEeI-
KOBOTO KEIpPOBHHMKA. YOOpKa OCHHBI NPU MEPBBIX
npreMax pyoKH MCKIIOYaeT 3apacTaHue TePPUTOPHH
KOPHEBBIMU OTIIPHICKAMH, TOCKOJIBKY H3-32 BBICO-
KOTO CBETOJIIOOMS TOSIBUBIIMECS KOPHEBBIE OTHPHI-
CKH TIOTHOAIOT, HE BBIIEPXKUBasi 3aTeHEHUsA. OTBIT
yYKa3aHHBIX PYyOOK OINKMCaH Ha TpUMepe Keapocasa
«Oranckuit» (YBenuuenwue..., 2011). Obcnenosa-
HHE€ y4YacCTKOB, MPOMIEHHBIX PyOKOH, TOKa3ajo, 4To
P JaJIbHEHIIEM ITPOBEICHUHN BBIIIIEYKa3aHHBIX PY-
00K BOKpPYT HAaceJleHHOTO MyHKTa OyayT c(hOopMHpO-
BaHBI PA3HOBO3PACTHBIC KESJIPOBHUKH.

[Ipu manupoBaHuu pabOT HEOOXOAMMO HCKITIO-
YUTh YYaCTKU C IMEPEyBIXHEHHBIMH MOYBAMH, I1O-
CKOJIbKY Ha HUX MPOM3PACTAIOT HACAKIICHHS HU3KUX
KJIacCOB OOHMTETA, KOTOPhIE HE 00ecreyar BBICOKHX
ypoXaeB opexa Aaxke MPH YCIOBHH YHCTOTO COCTaBa.
VYka3zaHHbIC y4aCTKU OCTABISIOTCS KaK pe3epB KOPMO-
BOI1 0a3bl TUKUX KUBOTHBIX.

HpeBecuna BeIpyOaeMbIx mpu (HOpMHUPOBAHUH
KEJPOCa/IOB JIEPEBHEB UCIIOIB3YETCSI MECTHBIM Hace-
JIEHWEM Ha TOTUIMBO, PEMOHT JIOMOB U JIPYTHE HYX-
ael. Kpome Toro, mneisecoobpa3Ho MCIONB30BAThH €€
IUTSL CO3MIAHUST MaNbIX apXUTeKTypHBIX popm (Using
the Wood..., 2018). Co3ganne mociaeaHux obdecre-
YHUT HE TOJIBKO OOJBIIYIO IPUBJICKATEIbHOCTH KEAPO-
CaJI0B ISt MECTHOTO HACEICHUsI, HO U MUHUMH3HUPY-
€T HeTaTUBHOE BO3/ICHCTBUE PEKPEAHTOB Ha JEPEBhs
U MoYBy Kenapocana. Tak, Mecta oTabixa, 000pyIo-
BaHHBIC C YYE€TOM KOHKPETHBIX YCIIOBHM, TO3BOJISI-
IOT CHHU3UTH OIMACHOCTh BO3HHKHOBEHHS I0KapOB
M0 MPUYUHE HEOCTOPOKHOTO OOpamieHusi ¢ OTHEM.
YioXeHHBIE TPOTyaphl oOecredaT MUHUMH3AIHIO
YIUIOTHEHUS TIOYBBI.

3acay)KMBaeT CcaMOro MPUCTAJIBHOIO BHUMAHUS
BOMPOC H3MEJIFYCHUSI HEBOCTPEOOBAHHOH HHU3KOTO-
BapHOH JIPEBECHHBI B HICTY C TIOCIEAYIOMIEH OTCHII-
KOM yKa3aHHOH 1Ienoi TOpOoKHO-TPOIMHOYHOM CeTH.
JlaHHOE MOKPBITHE SKOJIOTMYHO, JIETKO PEMOHTUPYET-
Csl M 110 CBOEH CyTH JOIOJHSET JICCHYIO HOACTHIIKY.
[Ipu meperHMBaHUM HWKHETO CJIOSI OHO oOoraiaer
no4By opranukoil. Oco0o cieayeT OTMETUTh, YTO T0-
KPBITHE W3 HICTIBI JesIaeT KOM(DOPTHRIM IIepeMeIIeHrne
PEKpEaHToOB 10 TEPPUTOPUHU KeIpocajaa, a IIaBHOE,
3aIlIUINAeT KOPHU JIEPEBbEB COCHBI CHOMPCKOM OT I0-
BPEXKICHHS 00yBBIO PEKPEaHTOB.

VYueOHble OeceKH U HABECHI 3aLUTAT OTIbIXAIO-
IIMX OT OCAJKOB, a8 CMOTPOBBIE TUIOMIAAKHU MPUBIEKYT
JIUIL, TIPETIIOYUTAIONINX CO3epIATEIbHBIN TypH3M.

[Ipu co3manum KeapocagoB LienecooOpasHo Tak-
K€ MpoAyMaTh MecTa JUld CTOSHKH aBTOTpaHCIopTa
¥ OCTaBIICHUS BEJIOCUTIENIOB. JlaHHBIE CTOSHKU JTOIK-
HBI BIIUCBIBATHCS B CXEMY JOPOKHOW CETH, MUHUMHU-
3UpYsl PUCK Che3/1a aBTOTPAHCIIOPTA C JOPOKHOIO I10-
KPBITHSI.

B HacTosimee Bpemsi mpeKkpacHble HPUIIOCE-
KOBBIE KEIPOBHUKU CO3JaHbl Ha 0a3ze CyLIeCTBY-
IONMX HACaXJAEHUH C y4acTHEM B COCTaBE COCHBI
cubupckoit B lOranckom, Kommmackom, Hedrero-
raHckoM, CaMapoBCKOM W JIpYyTHX JIECHUYECTBAX
XMAO-HOrpsr. Ilomaraem, 4To IpakTUKy CO3TaHUS
KEIpOCaa0B M NPHUIOCEIKOBBIX KEIPOBHHUKOB ClIe-
JyeT pacllUpUTh Ha BCIO TEPPUTOPUIO apeana co-

CHBI CHOMPCKOM.

BriBoabI

1. EcTecTBeHHO, 4TO CO3/JaHNE KePOCAIOB U IIPH-
MOCEJIKOBBIX KEAPOBHUKOB HE 00ECIICUUT KapIUHAIIb-
HOTO YBEJIMYEHUSI IUIOIMAAeH KeAPOBBIX HACAKACHUH.
OnHako peanu3aiys MPOrpaMMbl MPUBJIEYET K MPO-
Oneme BHIMaHWE HacelleHUs OKpyra 1 OyzeT crocob-
CTBOBATh JIIOOBH K POIHOMY KPal0 y MOJIOCKH.

2. BreipamBanue KeApOBBIX HACAKACHUN BOTU3N
HACEJICHHBIX IIYHKTOB YJIYYLIMT 3KOJIOTHYECKYIO 00-
CTaHOBKY, a IPU MOJACPKKE MHUIIMATHBBI KEAPOCa bl
U TIPUIIOCENIKOBBIC KEJIPOBHUKH OYIyT CO371aBaThbCst
U PaCIIUPATHCS BOKPYI BCEX HACEJICHHBIX IYHKTOB
TaexxHOU 30HBI CHOHPH.

3. ®opmMupoBaHHE KEAPOCATOB M MPUIOCEITKO-
BBIX KEIPOBHHUKOB MOXHO NPOMU3BOAMTH MOCATKON
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3-NeTHUX CESHIEB WM PEryISpHBIM IPOBEICHUEM 4. Ilpu co3maHUM  KeIpocagoB  HEOOXOTHMO
pyOOK yxona mim 100pOBOJIBHO-BEIOOPOYHBIX PyOOK — mpenycMmarpuBarh 3(QGEKTHBHOE MPOTHBOIOKAPHOE
CTEIIBIX U TIEPECTOMHBIX HACAKICHUH. YCTPOMCTBO BO M30CIKAHNUE WX YHUYTOKEHUS OT Jiec-

HBIX ITOXApOB.

CnucoK HCTOYHHKOB

bapvruesyes B. B. Kenmpoauku — miomoBsie caapl // JlecHot sxypran. 2017. Bem. 1-2. C. 35-55.

besoenexncnvix U. B., Iaspunenxo A. H., 3anrecoe C. B. BO3MOXHOCTb COBEPLICHCTBOBAHHS PYOOK CIIEJBIX
U MEPECTOMHBIX HACAK/ICHHI B MOTCHLMAIBHBIX KeIpoBHUKAX // BecTHuk MKeBCKOH rocymaapcTBEHHON
CeITbCKOX03MCTBeHHON akameMun. 2024, Ne 2 (78). C. 44-50. DOI: 10.48012/1817-5457 2024 2 44-50

besoenescnvix U. B., 3anecos C. B. ObecniedeHHOCTh TIOAPOCTOM COCHBI cubupckoit (Pinus sibirica Du Tour.)
CIIETIBIX U TIEPECTONHBIX MSTKOJIMCTBEHHBIX HacaXIeHNH 3araqHo-CHOMPCKOTO CeBEpO-TaCKHOTO PABHUH-
HOTO JIecHOTO paiioHa // XBoitHble OopeanbHoi 30861 2024. T. XLII, Ne 2. C. 7-11. DOI: 10.53374/1993-
0135-2024-2-7-11

Januesa A. B., 3anecos C. B., Ilonos A. C. JlecHo# 3Konorndecknii MOHUTOpHHT. ExarepunOypr : YIJITY,
2023. 148 c.

Hebros H. M. IlpuniocenkoBble KSAPOBHUKH tora 3anagHo-CuOupckoll paBHUHBL: HCTOPHS U COBPEMEHHOE CO-
CTOSIHHE, PEKOMEH/IAIIMH 110 YCTOHYMBOMY yIpaBieHuto (Ha mpumepe ToMckol obmactu). M. : BcemupHbIit
(honn auxoit mpupossl, 2014. 52 c.

3anecosé C. B., Cexepun E. M., Ilnamonoe E. [l. Ananu3 pacnpOCTpaHEHHUS] COCHBI KEIPOBOH CHOMPCKOM
Ha Teppuropun CeepanoBckoit obnactu // CoBpeMeHHbIe poOieMbl Haykn u oOpa3oBanus. 2014. Ne 5.
URL: www. science-education.ru/119-14907 (nara oopamenus: 11.07.2024).

Kopocmenes A. C., 3anecos C. B., [ooosanos I A. Henpesecnas npoaykuus jieca. ExkarepunOypr : Ypai. roc.
necorexH. yH-T, 2010. 480 c.

06 yrBepxaennu [IpaBni 3aroToBKH IpeBEeCUHBI 1 0COOEHHOCTEH 3ar0TOBKU IPEBECUHBI B IECHUIECTBAX, yKa-
3aHHBIX B cTarbe 23 Jlecnoro xomekca Poccuiickoit @enepanuu : yTB. nmpukazoM Munnpupoasl Poccun
ot 01.12.2020 . Ne 993. URL: https://docs.cntd.ru/document/573123735 (narta obparenus: 11.07.2024).

O0ecre4eHHOCTh TOAPOCTOM COCHBI cubupckoit (Pinus sibirica Du Tour.) crienbix v iepecTOWHBIX XBOWHBIX Ha-
CaXJICHUH MOI30HBI ceBepHOU Taiiru / M. B. bezoenesicnvix, K. A. bawezypos, A. H. I'aspunenxo, C. B. 3a-
secos // MexIyHapOIHbIi HaydHO-UCCenoBareabckuil sxypHai. 2024, Ne 3. DOI: 10.23670/ IRJ. 2024.
141.35

Omnbit co3nanus kenpocana «[Ipuosepnsiity / C. B. 3anecos, E. I1. [lnamonos, A. B. Hesonun [u np.] // Arpap-
HBI BecTHUK Ypaua. 2011. Ne 8 (87). C. 37-38.

OCT 56-69-83. Ilmomaan mpoOHBIE NecoycTpouTenbhable. Metox 3aknaaku. M. : [IBHTHnecxo3, 1984. 60 c.

Ceowix B. H. JlunamMyka paBHUHHBIX KeAPOBbIX JiecoB Cubupu. HoBocubupcek : Hayxka, 2014. 232 c.

Cmononocos E. I1., 3anecos C. B. DKOJI0TO-JIECOBOJACTBEHHBIC OCHOBBI OPTaHW3AIIMN M BEICHHUS XO3SUCTBA
B KEJPOBBIX Jiecax Ypaia u 3amanHo-CuOupckoil paBHUHBIL. ExarepwHOypr : Ypai. roc. JecOTeXH. yH-T,
2002. 186 c.

YBenuueHue oMM COCHBI CHOMPCKOM B COCTaBe IPEBOCTOECB Ha MpHMeEpe co3nanus keapocana « Oranckuiny /
C. B. 3anecos, E. I1. [Inamonos, A. B. Hesonun [u np.] // Arpapubiii BecTHEK Ypana. 2011. Ne 10(89).
C.23-27.

dopMupoBaHUe KEAPOBHUKOB pyOKamMH yxoJia Ha OBIBIINX CEILCKOX03sHCTBEHHBIX yronubsix / C. B. 3anecos,
JI. A. benos, A. C. Onnemaes [u np.] // W3Bectus By3oB. JlecHoit xypram. 2021. Ne 1. C. 9-19.
DOI: 10.37482/0536-1036-2021-1-9-19



24 JNeca Poccum 1 Xx03a14CTBO B HUX Ne 2 (93), 2025 r.

Yuowcos b. E., Bex U. A. Kenposslie neca 3anagHo-CuOUpPCKO paBHUHBL, X0351iicTBO B HUX. [lymkuno : BHU-
WJIM, 2014. 164 c.

Using the Wood from improvement felling for assembling small wooden structures / S. Zalesov, R. Damary,
Y. Vetoshkin [et al.] // Increasing the use of wood in the Global bio-economy : 11 th International Scientific
Conference Wood EMA. 2018. P. 369-373.

References

An increase in the proportion of Siberian pine in the composition of stands on the example of the creation
of the Yugansky cedar orchard / S. V. Zalesov, E. P. Platonov, A.V. Nevolin [et al.] // Agrarian Bulletin of the
Urals. 2011. Ne 10(89). P. 23-27. (In Russ.)

Baryshevtsev V. V. Cedar forests — fruit gardens // Forest Journal. 2017. Vol. 1-2. P. 35-55. (In Russ.)

Bezdenezhnykh I. V., Gavrilenko A. N., Zalesov S. V. The possibility of improving logging of ripe and overgrown
plantations in potential cedar forests // Bulletin of the Izhevsk State Agricultural Academy. 2024. Ne 2 (78).
P. 44-50. DOI: 10.48012/1817-5457 2024 2 44-50 (In Russ.)

Bezdenezhnykh 1. V., Zalesov S. V. Forest availability of Siberian pine (Pinus sibirica Du Tour.) in ripe and
overgrown soft-leaved plantations of the West Siberian North taiga lowland forest region // Conifers of the
boreal zone. 2024. Vol. XLII, Ne 2. P. 7-11. DOI: 10.53374/1993-0135-2024-2-7-11 (In Russ.)

Chizhov B. E., Bekh I. A. Cedar forests of the West Siberian plain, their management. Pushkino : VNIILM, 2014.
164 p.

Dancheva A.V., Zalesov S. V., Popov A. S. Forest ecological monitoring. Yekaterinburg : UGLTU, 2023. 148 p.

Debkov N. M. Near-village cedar forests of the south of the West Siberian Plain: history and current state,
recommendations for sustainable management (on the example of the Tomsk region). Moscow : World
Wildlife Fund, 2014. 52 p.

Formation of cedar forests by logging on former agricultural lands / S. V. Zalesov, L. A. Belov, A. S. Opletaev
[et al.] // Izvestiya vuzov. Lesnoy zhurnal. 2021. Ne 1. P. 9—19. DOI: 10.37482/0536-1036-2021-1-9-19
(In Russ.)

Korostelev A. S., Zalesov S. V., Godovalov G. A. Non-timber forest production. Yekaterinburg : Ural State Forest
Engineering Univ., 2010. 480 p.

On approval of the Rules for harvesting Wood and the specifics of Harvesting wood in forestry areas specified in
Article 23 of the Forest Code of the Russian Federation: Approved by Order Ne 993 of the Ministry of Natural
Resources of the Russian Federation dated 01.12.2020. URL: https://docs.cntd.ru/document/573123735
(mara obpamenus: 11.07.2024).

OST 56-69-83. Trial forest management areas. The mortgage method. Moscow : Tsbntileskhoz, 1984. 60 p.

Sedykh V. N. Dynamics of Siberian lowland cedar forests. Novosibirsk : Nauka Publ., 2014. 232 p.

Smolonogov E. P, Zalesov S. V. Ecological and forestry fundamentals of organization and management in cedar
forests of the Urals and the West Siberian plain. Yekaterinburg : Ural State Forest Engineering Univ., 2002.
186 p.

The abundance of young Siberian pine (Pinus sibirica Du Tour.) in ripe and over-ripe coniferous plantations
of the northern taiga subzone / I. V. Bezdenezhnykh, K. A. Bashegurov, A. N. Gavrilenko, S. V. Zalesov //
International Scientific Research Journal. 2024, Ne 3. DOI: 10.23670 / IRJ. 2024. 141.35 (In Russ.)

The experience of creating the Priozerny cedar orchard / S. V. Zalesov, E. P. Platonov, A.V. Nevolin [et al.] //
Agrarian Bulletin of the Urals. 2011. Ne 8 (87). P. 37-38. (In Russ.)

Zalesov S. V., Sekerin E. M., Platonov E. P. Analysis of the distribution of Siberian cedar pine in the Sverdlovsk
region // Modern problems of science and education. 2014. Ne 5. URL: www. science-education.ru/119-
14907 (accessed 11.07.2024). (In Russ.)



Ne 2 (93), 2025 r. JNeca Poccnm 1 x03AMCTBO B HUX 25

Using the Wood from improvement felling for assembling small wooden structures / S. Zalesov, R. Damary,
Y. Vetoshkin [et al.] // Increasing the use of wood in the Global bio-economy : 11 th International Scientific
Conference Wood EMA. 2018. P. 369-373.

Hugpopmayus 06 asmopax
U. B. Ilpedeuna — kanouoam cenbCKOX035UCMBEHHbIX HAVK.

Information about the authors
1. V. Predeina — Candidate of Agricultural Sciences.

Cmamuwsi nocmynuna 6 pedaxyuro 07.02.2025; npunsama k nyonuxayuu 24.02.2025.
The article was submitted 07.02.2025, accepted for publication 24.02.2025.




26 Neca Poccuun 1 X03AMCTBO B HUX Ne 2 (93), 2025 .

Jleca Poccun u xo3siicTBO B HEX. 2025. Ne 2 (93). C. 26-34.
Forests of Russia and economy in them. 2025. Ne 2 (93). P. 26-34.

Hayunas cratbs
YK 630.233
DOI: 10.51318/FRET.2025.93.2.003

BUOOBOE PA3SHOOBPA3MUE XXMBOIO HAMOYBEHHOI'O NMNOKPOBA
B COCHOBbIX HACAXOEHUAX MOBEPEXbA BEJIOIO MOPA

Aunena AnexcanaposHa Kopuruna', Cepreii BacuibeBu4 Tperbsikos?,
Aunpeii Asexceebny ITapamonos?

1.2 CeBepwblii (ApkTrueckuii) GpeaepanbHblii yauBepcutet uM. M. B. JlomoHOCOBa,
ApxaHnrensck, Poccus

2.3 CeBepHBIN HAyYHO-MCCIICIOBATEILCKII HHCTHTYT JIECHOTO XO3SHCTBA,
ApxaHnrensck, Poccus

! kovrigina96@inbox.ru

2 s.v.tretyakov@narfu.ru, http://orcid.org/0000-0001-5982-3114

3 a.paramonov(@sevniilh-arh.ru, https://orcid.org/0000-0002-0961-221X

Aunomauuﬂ. B cratne MMpeACTaBJICHBI PE3YJIbTAThI UCCIICAOBAHUA BUIOBOIO pa3Hoo6pa3HsI pacte-

HHI KUBOTO HAITOYBEHHOTO IIOKpPOBa, B TOM YHCJIC JICKAPCTBCHHBIX, B COCHOBBIX HACAXKACHUAX, ITPOU3-

pacratomux Ha nodepexxse bemoro mops B Ilpumopckom paiione Apxanrenbckoir oOnactu. [lepBbiit

YYacTOK pacroiaraercsi Ha OcTpoBe SIrpbl U MpeCTaBlieH CMEIIaHHBIM COCHOBO-0epE30BO-0CHHOBBIM

CpPEIHEBO3PACTHRIM HacaKICHWEM THIIA Jieca COCHSIK YepHHUHBIN. BeTpeuaeTcs 14 BUIOB pacTeHHUIA,

KOTOpbIe ObUIM 00beAMHEHBI 0 TpynnaM. B rpynne «KycrapHuukn) JOMUHAaHTHOM ABJsIETCSl OpyCHH-

Ka 0OBIKHOBeHHas Vaccinium vitis-idaea L., koapdunment Bcrpedaemoctu 0,65. JBa Apyrux yvacrka,

Ne 2 m Ne 3, Haxomstcs B HenocpeacTBeHHO# Omm3octu kK CHT «3emensrit 60p» u OTHOCATCS K MOJIOA-

HsikaM. Ha ydactke Ne 2 BcTpewaercs 18 BUaOB pacTeHni HallOYBEHHOTO MOKPOBa, Ha ydyacTke Ne 3 —

14 BUIOB. Tak kak OHH IMPUMBIKAIOT K NIE€CYAHbIM IIIAKaM, UX MOXKXHO OTHECTU K COCHsAKaM AIOHHBIM,

TIOBOJIEHO peIKUM B ycioBmsiX EBpomeiickoro CeBepa. Beramcnennsiii koaddumnment cxomncraa JKakka-

pa Il 9TUX Y4aCTKOB PABHACTCA 0,52 1 ITOKA3bIBACT BBICOKOC COBIIAACHUEC BUAOBOI'O COCTaBa. BHHOBOﬁ

COCTaB COCHsKa YCPHUYHOI'O U COCHSAKA AIOHHOTO 3HAYUTCIIBHO OTINYACTCH, KOB(b(l)I/IHI/ICHT CXOJACTBa

JKakxkapa coctasmser 0,16-0,18. [ HacakneHUH, MPUMBIKAIOMINX K HACCIICHHBIM ITYHKTaM U 9acTo

moceuiacMbIX HACCJICHUCM, XapaAKTCPHO, HAPAAY C JICCHBIMU, IIPUCYTCTBUC 3JIAKOB U APYTI'UX BUJ0OB COP-

HOM PaCTUTCILHOCTHU. B HCCJIICAYCMBIX HACAKACHHUAX BCTPCUAIOTCA TUIIUYHBIC IJIs H06Cpe)KLSI benoro

MODSI 1 OCTPOBHBIX TEPPUTOPHUI BUIBI, HATIpuUMep AepeH mBenckuii (Cornus suecica L.). [IpoBeneHHbIe

HCCJICAOBAaHUS MOBBIIAKOT TOYHOCTL OLUCHKHU BHUIOBOI'O COCTAaBa JXUBOI'O HAIIOYBCHHOT'O IMOKPOBAa CO-

CHOBBIX HaCaXJICHHIA, B TOM YHCJIE MMUIICBBIX U JICKAPCTBEHHBIX PECYpCOB Ha obepexbe bemoro mopsi.

Knrouesnie cnosa: KuBoi HaTIOUBEHHBIH ITOKPOB, JIEKAPCTBEHHBIE PACTEHHS, BUIOBOE pa3zHOOOpasme

Qunancuposanue: MyOIUKanus NOATOTOBIEHA 1o pesyinsrataMm HUWP, BbimonHeHHOHW B pamkax

rocynapctBeHHoro 3ananus O®bY «CeBHMMJIX» Ha mpoBeneHue NMpUKIaJHBIX HAyYHBIX MCCIIE0Ba-

HUU B cdepe mearenpbHocTH DeaepanbHOTO areHTCTBA JIECHOTO XO3SHCTBA (PETHCTPAITMOHHBIA HOMEp

tembl 123030700068-8).

© Kospuruna A. A., Tpersskos C. B., ITapamonos A. A., 2025



Ne 2 (93), 2025 r. JNleca Poccun 1 X03AMCTBO B HUX 27

Jna yumuposanus: Kospurnna A. A., Tpetpsko C. B., [lapamonoB A. A. BunmoBoe paznooOpasue
JKUBOTO HAIOUBEHHOTO MOKPOBA B COCHOBBIX HacaxJIeHUsX rmodepexnsi bemoro mops // Jleca Poccun
1 X03s1cTBO B HUX. 2025. Ne 2(93). C. 26-34.

Original article

SPECIES DIVERSITY OF LIVING GROUND COVER
IN PINE PLANTINGS OF THE WHITE SEA COAST
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Abstract. The article presents research results of species diversity in the living ground cover plants,
including medicinal ones in pine plantings, growing on the White Sea coast in the Primorsky district of
the Arkhangelsk region, Russia. The first research area is located on the island of Yagry and represented
by a mixed pine-birch-aspen middle-aged planting of the bilberry-pine forest type. There are 14 plant
species, which were combined into groups. In the group «Subshrubs» the dominant plant species is
cowberry (Vaccinium vitis-idaea L.), its occurrence coefficient is 0,65. Two other research areas Ne 2
and Ne 3 are located in close proximity to the GNP “Green Forest” settlement and belong to young
forests. There are 18 species of the ground cover plants on the research area Ne 2 and 14 species on the
research area Ne 3. Being adjacent to sandy beaches, they can be classified as dune pine forests, which
are quite rare in the conditions of the European North. The calculated Jaccard similarity coefficient for
these areas is 0,52 and shows a high coincidence of species composition. The species composition of
the bilberry pine forest and the dune pine forest differs significantly, the Jaccard similarity coefficient
is 0,16-0,18. Plantings adjacent to settlements and frequently visited by population are characterized
by the presence of cereals and other types of weeds along with forest species. The researched plantings
contain species typical to the White Sea coast and island territories, for example, Swedish Turf (Cornus
suecica L.). The conducted researches increase the species composition on the living ground cover of
pine plantings assessment accuracy, including food and medicinal resources on the White Sea coast.

Keywords: living ground cover, medicinal plants, species diversity
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the state assignment of the Federal Budgetary Institution «Northern Research Institute of Forestry» to
conduct applied scientific research in the field of activities of the Federal Forestry Agency (registration
number of the topic 123030700068-8).

For citation: Kovrigina A. A., Tretyakov S. V., Paramonov A. A. Species diversity of living ground
cover in pine plantings of the White Sea coast // Forests of Russia and economy in them. 2025. Ne 2(93).
P. 26-34.

BBeZleHI/Ie CTOB, TOXKC€ OTHOCUTCHA K JICKAPCTBECHHBLIM PACTCHUSIM.

CoCHOBBIE CEBEpO-TaCKHBIC HACAKICHUS OTNNYA-  Tak, B Ka4eCTBE IICHHOTO CHIPhS PacCMaTpUBAIOTCS
I0TCS BUIOBBIM Pa3HOOOpa3HeM )KUBOTO HAIIOYBEHHOTO ~ COCHOBBIE TOYKH, XBOs, JKUBHIA. K JTeKapCTBEHHBIM
nokpoBa (OKHII). CocHa, ¢ TOuKM 3peHHsI CHENHaNd-  PACTCHUSM OTHOCST TOJIECOYHBIC TIOPO/IbI, TAKHE KaK
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mumoBHUK. COCHOBBIE HAaCaXKJICHUS SBIIOTCS TIPU-
BIICKaTeIbHBIMH KaK WCTOYHUKHA PECypCOB JUIS TIO-
JIy4eHHsI LEHHBIX JieKapcTBeHHbIX pactenuit JKHIIL
OneHka pecypcHOTO TOTEHIMANa JIEKapCTBEHHBIX
pactenuit JKHII coCHOBBIX JiIeCOB SIBISIETCS BaKHOU
Y aKTyalbHOM 3ama4eii. OcoOeHHO Ha y4acTKax, pac-
MIOJIOKEHHBIX B MECTaX, IMMOTEHIMAIBHO YacTo TIO-
CellaeMbIX MECTHBIM HACeJICHHEM B JIETHEEe BpEeMs
(CoxomoB u fip., 1998; 'ammepman, ['pom, 1976; 310-
poBbe, 2023; Productivity zoning..., 2022; JlemugoBa
u ap., 2023).

JlJ1s1 OCHOBHBIX THITOB Jieca pa3paboTaHbl HOpMa-
TUBBI OIEHKH OHMOIIOTUYECKON MPOTYKTUBHOCTH OC-
HOBHBIX BHJIOB JIEKAPCTBEHHBIX, MHIIEBBIX PECYPCOB
YU TEXHHYECKOro chIpbs (JlecorakcalmoHHBIN crpa-
BOYHUK..., 1986; JlecoTakcauuoHHbI! CIPABOYHUK. . .,
2012; OO01ecoro3Hble HOPMATUBEI JIJIS TAKCAIIUHU Jie-
COB..., 1992; TakcallMOHHBIN CITPAaBOYHUK O JECHBIM
pecypcam Poccuu. .., 2018).

PazpaboTtanpl pexkoMeHIAIUH SKOHOMUYECKOH
OIIEHKH HAJIMYHBIX PECYpCOB T'pHOOB, STOM, Jeded-
HOTO W TEXHHYECKOTO CHIPhs ((IIOOOYHOTO TOJB30-
BaHUs») HA | ra W 3arOTOBIEHHBIX 32 | TOI Ha KOH-
KPETHOM yYacTKe JIeCHOTO (DOHMa W B KOHKPETHBIX
ycnoBusx (Meroanueckne peKOMEHAANU 10 IKOHO-
Muueckoil oueHke aecos, 2000; IloBblieHre NpoayK-
TUBHOCTH. .., 2022).

CocHOBBIE HacaXJICHWs, pacroyararoliuecs Ha
nobepexnse bemoro Mops, BUIOBOI cocTaB U 00MIIHE
pactenuit )KHII, a Taxxe BCTpeyaeMOCTb JIEKapCTBEH-
HBIX PaCTeHUH M3Y4YeHBI HeToCTaTouHO. O4YeHb BAYKHO
“MeTh OOBEKTHBHBIE JaHHBIE O BHJOBOM COCTaBe,
OOWJIMH, BCTPEUYAEMOCTH M XO3AWCTBEHHON 3HAYUMO-
ctu pactenuil JKHII kak mcTtoyHuka mnomydeHus Jje-

KapCTBCHHOI'O ChIPbA.

enn, 3apa4n, MeTOAMKA M 00bEKThI
HCCJIeI0BaHuS

Lenp paboThl — W3ydeHUE BUAOBOTO pa3zHOOOpa-
3ust JKHII B cOCHOBBIX HacaxIeHUSX Ha MOOEPEKbE
benoro mopsi.

B xauectBe 0OBEKTOB HCCIIEIOBAHUS OBUIM BbI-
OpaHBI COCHOBBIE HACAKICHHSA, PACIIONIOKEHHBIE Ha
oCcTpoBe STphl M Ha ydacTKaX, MPUMBIKAIOIINX K ca-

JIOBOMY HEKOMMEPUYECKOMY TOBapHIIECTBY (1aiiee
CHT) «3enenslii 60p» U MpOU3PACTAIONINX B HEMO-
CPEICTBEHHOI ONM30CTH K ITECYaHBIM TUISHKAM 110 Oe-
pery bemoro mopsi.

Bcest TeppuTopusi OTHOCHTCS K CEBEPO-TaS)KHOMY
JIECHOMY pailoHy eBpomneiickoii udactu Poccuiickoit
depepauuu.

COop mTONEBBIX MaTepHalioB OBLI IPOW3BEICH
B noJ1eBoii ce30H 2022 r. MccnenoBaHusi NpOBOJUIKCH
MyTeM 3aKJIaJIKX MPOOHBIX TUIOMIA/IEH B COOTBETCTBUHI
¢ OCT 56-69—-83 s nody4yeHusl TaKCallMOHHOM Xa-
PaKTEepUCTHKHU HACAXKICHUH.

JlpeBecHass pacTUTENLHOCTh Ha MPOOHOM IIIO-
IIaJId YYATHIBAJIACh METOJOM CIUIOIIHOTO TiepederTa.
[Ipu nepevere nepeBbst MOAPA3ILISINCH HA 3[0POBBIE
U TIOBPEXKICHHBIE, TaK KaK BCE U3ydaeMble HacaxJie-
HUSl UCTIBITHIBAIOT B OIPENEICHHON Mepe peKpearin-
OHHOE BO3/ICHCTBHE.

[TonOupanu ydacTku, B HaWMEHBIIEH CTEIeHU
TIOJIBEPIKEHHBIE PEKPEaIlMOHHON JIUTPECCHH, Harod-
BEHHBIN TIOKPOB — 0€3 SBHBIX NMPU3HAKOB YTHETEHUS,
0e3 TOpOKEK U TPOTL.

Ha npoOGHBIX TUTOImAasaX BEICOTOMEPOM M3MEPSITH
BBICOTHI U TUAMETPHI IO TOUHOH 1iKane y 15 nepesb-
€B Ka)KJI0W TIOPOJBI U IOCTPOCHUS TpaduKa BBICOT
Y YCTAHOBJICHUSI CPEITHEN BBICOTHI.

Juis onpenenieHust Bo3pacta y meiKu KOpHsS Opa-
JIM KepHBI BO3PACTHBIM OypaBOM W CUMTAIH KOIUYE-
CTBO TOAMYHBIX KOJIEI[ C MCIOJBh30BaHHWEM MpuOopa
MaxTax.

Jiis Bcex mpOOHBIX TUTOMAAeH ObUTA TIPOU3BEIe-
HBI pacueThl OCHOBHBIX TAaKCAIMOHHBIX IMOKa3aTelnei
1o OOIIeTPUHATON MeTouKe (Tadm. 1).

Uccnenosanne XKHII npoBogunu Ha reoboTaHn-
YECKHUX TUIONIAJIKaX, PABHOMEPHO PACIOJIOKEHHBIX
B Tpenenax npoOHoi twromaan. Ha kaxmoit mpo0-
HOU mIomaay 3axiaaasBain no 20 reo00TaHuYE CKUX
IJIOIIAI0K pa3MepoM 2 x2 M. Ha kaxaoil yueTHoM
TUIOMIA/IKE OIPENeIsiIN SIPyCHOCTh, OOMIINE BHIIOB,
CTENEeHb MPOEKTUBHOTO TOKPHITHS U KHU3HEHHOCTh
BunoB (JlecHas rtakcamus, 2023). [lns cpaBHEeHHS
BunoBoro cocrasa JKHII Ha nccnemyembix o0bekTax
BBIYHCIWIN Kod(duimeHT cxoacTra XKakkapa (Mak-
cuMoB, Kysnemnosa, 2013).
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Tabnuya 1
Table 1
TakcarimoHHasi XapakTEpUCTHUKA UCCIIEIyEMbIX COCHOBBIX HaCaXICHUMN
Ha mobepexbe benoro mopst [Ipumopckoro paiioHa ApXaHTelTbCKOH 00acTH
Taxation characteristics of the studied pine plantations on the coast
of the White Sea in the Primorsky District of the Arkhangelsk Region, Russia
IIpoGHas CocraB Cpemne TonuHoTa 3amac
TIoIIA b apesoctos | Ilopoma Average oTHOCMTeNbHAs | Ha I ra, M¥/ra
Study Stan(.i. Species MaMeTp, M BEICOTA, M | BO3ACT, JIeT Relat.lve Stock .
area Composition diameter, cm height, m age, years dencity per 1 ha, m*/ha
C
P 15,4 11,1 45 1,0 140

Ne 1 ocrpos b 7,8 9,7 22 0,3 31
Srper 7C1B20c¢ B
Ne 1 Yagry 7P1B2As Oc
Island As 15,9 11,9 23 0,2 32

Uroro

Total - - - 1,5 208
Ne 2 CHT (13, 8.1 5.4 25 0,6 31
«3eneHsrit
60p» 8C20JICA OJICA
Ne2“Green | 8P2AIGr | AIGr 44 47 15 0.2 8
Forest”

Uroro
settlement Total - - - 0,8 39
Ne 3 CHT ¢ 9,0 7,1 31 0.5 40
«3eneHblit P
60p» 10C
Ne 3 “Green 10P Wroro
Forest” Total - - - 0,5 40
settlement

Ilpumeuanue. C — cocna, b — 6epesa, Oc — ocuna, OJICA — onbxa cepasl.

Note: P —pine, B — birch, As — aspen, AlGr — grey alder.

PesyabraThl M ux 00cyxaeHue

Ha tepputopun necusix ywactko XXHII nocra-
TOYHO pa3HooOpa3eH. Beero BeisiBieHO 27 BUIOB pac-
TEHUM.

VYyacrok Ne 1 pacronaraercss Ha ocTpoBe SArpsl
B CMEIIAaHHOM COCHOBO-0€pe30BO-OCHHOBOM CpE/l-
HEBO3PACTHOM HACaKIACHUH THIIA JIeCa COCHAK dep-
HuuHBIH. Koadduumentsr BcTpeuaeMocTH O BUAAM
pactenuii Ha oobekTe Ne 1 ocTpoB Arpsl npuBeneHs
Ha puc. 1.

Kax BugHO U3 puc. 1, B COCHOBOM Hacax/I€HUU Ha
ocTpoBe Arpel BeisIBICHO 14 BUIIOB PacTeHHIA, KOTO-
prie ObUTH 00BETUHEHEI 110 TpyIaM. B mepBoii rpyT-
ne «KycTapHuukn» TOMHHAHTOM SIBISIETCS] OpYCHHKA
O0OBIKHOBEHHAs Vaccinium vitis-idaea L., ko3pdurim-
eHT Bctpedaemoctu 0,65 %.

Bo Bropoii rpymme «Mxwu/JlumaiHukuy B 00Jb-
mei crenmeHw BcTpedaeTcs TuieBposmyMm lllpedepa
Pleurozium schreberi (Brid.) Mitt. — 0,65 %.

Tperps rpynna «Pa3HOoTpaBbe» IpeacTaBIICHA
3nakamu Poaceae Barnhart (0,90 %). K gerBeproit
rpymnne «BepeckoBble» oTHOCUTCS O6aryabHHK O0JIOT-
HbIi Ledum palustre L. — 0,10 %, a x msaToil rpymnme
«KusunoBeie» — aepeH mBenckuit Cornus suecica L.
(0,05 %). Jlepen miBenckuii BCTpEYaeTCs Kak Ha
noOepexne bernoro Mopsi, Tak ¥ Ha OCTPOBHBIX TEP-
putopusix: octpoBe Arpel u CONOBELKOM apXu-
nenare.

Pa3menienne BUIOB pacTEHUI 11O TEPPUTOPHH 00-
CJIENYEMBIX YYACTKOB OLEHMBAETCS KakK ClydaiHoe,
JKU3HEHHOE cocTosiHue BUI0B xopouee (KoBpuruna,
Tpetpsikos, 2023).
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Bun pacrenus / Plant species

Bun pacrenusi / Plant species

Inespouuym Llpedepa Pleurozium schreberi (Brid.) Mitt.
Kykymkus nen 00bIKHOBEHHBIN Polytrichum commune Hedw.

Népen wsenckuii Cornus suecica L.

baryneauk 6onotHslit Ledum palustre L.

3naku Poaceae Barnhart

T'epanb necuas Geranium sylvaticum L.

Cenmuunuk eBponeiickuii 1rientalis europaea L.

Coaraym Sphagnum L.

T'unoxomuym Gnectswnii Hylocomium splendens (Hedw.) Schimp.
Maunym Toueunstit Mnium punctatum Hedw.

[nespounym lpedepa Pleurozium schreberi (Brid.) Mitt.
KykymkuH neH 00bIKHOBeHHSBIN Polytrichum commune Hedw.
Mopotuka Rubus chamaemorus L.

UYepHuka oOBIKHOBeHHAs Vaccinium myrtillus L.

T'onyOuka oObikHOBeHHAst Vaccinium uliginosum L.

bpycruka obsikHOBeHHAs Vaccinium vitis-idaea L.

. 0,05

— O,

= 0,05

— 015
03
0,1
03

. 0,65

P 0 45
0]

I () 35
I 0 45

>

I 0,65

>

0 0,2 0,4 0,6 0,8
Koadpduuuent Becrpeuaemoctu, % / Occurrence rate, %

Puc. 1. Koapunnent BcrpeqaemocTr, % 10 BUIaM pacTeHHH, Ha poOHoH momaan Ne 1 octpoB Srpst
Fig. 1. The coefficient of occurrence, % by plant species, on sample area Ne 1 Yagry Island

I'pymranka kpyrnomuctsas Pyrola rotundifolia L.
Wunurodepa kpacunsHas Indigofera tinctoria L.

Knesep nyrosoii Trifolium pretense L.

Komraups nanka nsynomHas Antennaria dioica (L.) Gaern
3naku Poaceae Barnhart

VikoBHUK 00bIKHOBeHHBIH Ophioglossum vulgatum L.
ThIcsuenuCcTHUK OOBIKHOBEHHBLIT Achillea millefolium L.
Ocot nonesoit Sonchus arvensis L.

MapbsiHHuk yrooit Melanpyrum pretence L.

Charunym Sphagnum L.

— () ]5
ee—— () 3
—— ()

>

>

—— (25
e |
— () |

— () 5

— () 5

—— ()3

m—— ()15

—— (25

| 0’55

Knanonus 6axpomuaras Cladonia fimbriata Fr. w1
YepHuka 0ObIkHOBEHHAs Vaccinium myrtillus L. w005
KittokBa oObIkHOBeHHast Vaccinium oxycoccos Pers. ()]

T'ony6uka oObikHOBeHHas Vaccinium uliginosum L.
Bonsnuka gepras Emperatrum nigrum L.
bpycHuka oObIkHOBEHHAs Vaccinium vitis-idaea L.

0

e —— () (5
e ——— ()
— () ]5
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Kos¢pduunent Becrpeuaemocrn, % / Occurrence rate, %

Puc. 2. Koa¢duunent BecrpedaeMoCTH 110 BUAaM pacTeHni Ha npooHoi miomaan Ne 2 CHT «3enenstii 6op»
Fig. 2. The coefficient of occurrence by plant species in the sample area Ne 2 “Green Forest” settlement

1,1
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Ha yuacTkax COCHOBBIX MOJIOAHSIKOB, MPHUMBIKa-
tox kK CHT «3enenbiit 00p», ObLIO 3aJI0KEHO JBE
MPOOHBIX TUTOIIA/IH.

Berpeuaemocts pacrteHuit Ha mpoOHOW TUTONIA-
a1 Ne 2 CHT «3enensiii Oop» npuBeneHa Ha puc. 2.
CocHOBOE HacaXJIeHHE WMEET HEOOIBIIYI0 MMPUMECHh
OJIbXU CEPOH.

Ha npoOno#t miomamu Ne 2 CHT «3enensbiit
O0op» BEIIBICHO 18 BHIOB pacTteHwil. JlomuHaHTa-
MH SIBISIOTCSI TONyOMKa OOBIKHOBeHHas Vaccinium
uliginosum L. (0,65 %), KyKyIIKUH JICH OOBIKHOBEH-
Helit Polytrichum commune Hedw. (0,55 %), 3maku
Poaceae Barnhart (1,0 %), naaurodepa kpacuibHas
Indigofera tinctoria L. (0,3 %) u rpymanka Kpyrio-
muctHast Purola rotundifolia L. (0,15 %).

Brruncnennsriii koaddunment XKakkapa 0,18 mo-
Ka3bIBaeT ciaaboe cXoaCcTBO B BUI0BOM coctase JKHIT
B COMKHYTOM HacaXJeHHH Ha y4dacTke Ne 1 u B Mo-
JIOAHSKE, TPOM3PACTAIOIIEM B HEMOCPEACTBEHHOM
OMM30CTH K MOpPIO Ha ydyacTke Ne 2.

Berpeuaemocts pacteHuit Ha mpoOHOW TUTOMIA-
mu Ne 3 CHT «3enensiii 60p» mpuBeieHa Ha puc. 3.

Brruncnenssiii ko3¢dunuent XKakkapa 0,16 mo-
Ka3bIBaeT ciaboe cxoncTBo B BUI0BOM coctase JKHIT
B COMKHYTOM HacaXIeHHMU Ha yuyacTke Ne 1 u B Mo-

JIOJHSIKE, TIPOM3PACTAIONIEM B HENOCPEICTBEHHON
OnmM30CcTH K MOpPIO Ha ydyacTke Ne 3.

CpaBHuBas BHJOBOE pa3HOOOpa3ue Ha ydJacT-
kax Ne 2 u Ne 3, xoTOopble IPUMBIKAIOT K ME€CUYAHBIM
TUSDKaM M UX MOYKHO OTHECTH K COCHSIKaM JIIOHHBIM,
JIOBOJILHO PENKUM B ycioBmsix EBpomneiickoro Cese-
pa Tumam Jieca, MO)KHO OTMETUTH BBICOKOE CXOJICTBO
B BHUJIOBOM COCTaBe. BbIUUCIICHHBIA KOAPPHUIIMESHT
cxozncrBa JKakkapa Ui 9THX YYacTKOB paBHSETCS
0,52 ¥ moKa3bIBaE€T BBICOKOE COBIIAJICHHE BHIOBOTO
cocCTaBa.

Ha npo0Onoii murommagu Ne 3 CHT «3enenstit 6op»
BEIsIBIIGHO 14 BUIOB pactenmid (puc. 3). B mepBoit
rpymne «KycrapHUukn» BCTpedaeTcs TOJNbKO BOASHU-
ka gepHast Empetrum nigrum L. (0,2 %). B ocranb-
HBIX TPyMIax B OONBIIEH CTENIEHH BCTPEYAIOTCS Kila-
nouust 6baxpomuarasi Cladonia fimbriata Fr. (0,4 %),
meBpo3uyM Llpedepa Pleurozium schreberi (Brid.)
Mitt. (0,4 %), 3maxu Poaceae Barnhart (0,95 %), uH-
nurodepa kpacunbHas Indigofera tinctoria L. (0,7 %)
W TpylaHka KpymionuctHas Purola rotundifolia L.
(0,1 %).

B xone msyuenus XXKHII B cocHOBBIX Hacaxie-
HUSAX Ha mobepekbe bemoro Mops ObIIIO BBISBICHO
7 BHJIOB JIEKApCTBEHHBIX pacTeHui (Taod. 2).

I'pymanka kpyraomucthas Pyrola rotundifolia L. s 0,1

Wnnurodepa xpacuwibHas Indigofera tinctoria L. Im—— 07

Kormauss mamka apynomHuas Antennaria dioica (L.) Gaern
XBou nonesout Lquisetum arvence L.

I1{aBens koHCcKui Rumex confertus Willd.

3naku Poaceae Barnhart

TeIcsiuennCTHUK OOBIKHOBEHHBII Achillea millefolium L.
Ocort nonesoit Sonchus arvensis L.

MapbsiHHUK yroBoit Melanpyrum pretence L.

Coaruym Sphagnum L.

Inespouuym llpe6epa Pleurozium schreberi (Brid.) Mitt.

KykyuikuH sieH 00bikHOBeHHBIN Polytrichum commune Hedw.

Buj pacrenus / Plant species

Knanonus 6axpomuaras Cladonia fimbriata Fr.

Bonsnuka uepnas Emperatrum nigrum L.
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Fig. 3. The coefficient of occurrence, % by plant species, in the sample area Ne 3 “Green Forest” settlement
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Tabnuya 2
Table 2

HeKapCTBGHHBIC pacTeHUs U UX 4aCTU, UCIIOJIB3YCMbIC B Ka4€CTBC JICKAPCTBECHHOI'O ChIPbA

Medicinal plants and their parts used as crude drug

Yactu pactenui,
Koadpunuent
it HCITOJIb3yeMbIC B KAYECTBE o
€KapCTBEHHBIC PACTCHUS BCTpEYaeMOCTH, %
A JIEKapPCTBEHHOTO CHIPbSI .
Medicinal plants Coefficient
Parts of plants used o
of occurrence, %
as crude drug

Bpycnuka oOsikHOBeHHas (Vaccinium vitis-idaea L.) Jluctes, aronsl 0.27
Common lingonberry Leaves, berries ’
Uepnuka oobikHOBeHHast (Vaccinium myrtillus L.) Slrompl, moOery, JINCThS 0.13
Common bilberry Berries, shoots, leaves ’
Barynbauk 6osoTHbI (Ledum palustre L.) TToGeru 0.03
Swamp ledum Shoots ’
KimtokBa 6onornas (Oxycoccus palustris Pers.) SAroms 0.03
Moorberry Berries ’
ThicsueTUCTHUK 00BIKHOBEHHBIH (Achillea millefolium L.) Tpasa 0.23
Common yarrow Grass ’
[{aBenb koHCKHi (Rumex confertus Willd.) Kopuu 0.08
Horse sorrel Roots ’
XBot nosieBoit (Equisetum arvense L.) Tpasa 0.05
Bottlebrush Grass ’

Kax BusHO 13 Ta0I. 2, B OOJbILCH CTEICHH B MTPHU-
OpPEeXHBIX COCHOBBIX HACAKICHUSIX BCTPEUYAIOTCSI
OpycHUKa OOBIKHOBEHHas Vaccinium vitis-idaea L.
(0,27 %) u THICSYETUCTHUK OOBIKHOBEHHBIN Achillea
millefolium L. (0,23 %).

BoIiBoABI
BuoBoii cocraB pacrenuii Ha nodepexne benoro
Mopst B [IpumopckoM paiioHe ApxaHTelabCKoi o0a-
CTHU B LIEJIOM JI0BOJILHO pa3HOOOpa3eH. 31ech BCTpeya-
IOTCS JIyTOBBIE PACTEHHS, MIPECTABICHHBIE 3TaKaMH,
a TaKKe TUIMYHBIC BHJBI Ul IOOEPEkKbsI CEBEPHBIX
MOpeH, HarpuMep JepeH HIBEICKUN U JIECHBIE pacTe-

HUs: yepHUKa U OpycHuka. [To Gepery Benoro mops
npu OJIM3KOM 3aJIeTaHWH TPYHTOBBIX BOJ| BCTpEdYa-
IOTCSI KJIIOKBa M roinyOuka. [Ipn 3ToM B COMKHYTBIX
COCHOBBIX HaCa)JIE€HHUSAX OCTPOBa Srpbl BUAOBOH CO-
cras JKHII omiinyaeTcst OT COCHSIKA JFOHHOTO, IPUMBI-
KAIOIIEr0 K OTKPBITHIM IE€CYaHBIM TEPPUTOPUSIM, TAE
(hopmupyetcst Gosiee OTHOPOIHBIA BHIIOBOI COCTaB.
Ha nByx yuactkax, npumsikaronux kK CHT «3enensrit
0op», BIOIb OeperoBoi JIMHWUU HaOmomaeTcs Kod(h-
¢unment XKakkapa 0,52. JlekapcTBeHHBIE pacTeHUS
B MOJIOABIX COCHOBBIX HACAKICHHUAX IPEICTABICHbI

B OCHOBHOM JICCHBIMH BHJaMH.
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MOOENM ONAMETPA CTBOJIA B 3ABUCUMOCTU OT BbICOTDI
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Annomayus. JlecHble TOJIOCH B 30HE OTBOJAA YKEJIE3HBIX JOPOT UTPAIOT BAKHYIO 3AIMTHYIO POJIb,

npeaorBpalias CHEXKXHBIC 3aHOCHI JKCJIC3HOJOPOKHBIX HYTef/i. Ota 3allluTHasd poJib BO MHOTOM OIIpEACIIsI-

eTcsl CTPYKTYpoit tecHoro nosiora. CoBpeMeHHbIE TEXHOJIOTUH JIUAAPHOTO 30HIUPOBAHMUS 00ECTIeUUBAIOT

KpyITHOMacITabHOe KapTorpadupoBaHre JIECOB C MOIyICHHEM TPEXMEPHON HHGOPMAIH O CTPYKType

JICCHOTI'O I10JI0ra, CTCICHU ACrpaanuu JECOB, Ha,[[3eMHOI>i (bHTOMaCCC, HCpBH‘lHOﬁ MOPOAYKIHHU U 61/10pa3—

HOooOpa3uio. JIngapHas TeXHOJIOTHsI HEMOCPEACTBEHHO He AaeT MH(OpPMAIHIo O HaJA3eMHOH (huromacce

JOC€PEBHEB, U OHA OCHMUBACTCA KOCBCHHO 110 JIUCTAHITMOHHO U3MEPACMBIM I1OKa3aTCIIAM, BOKHEUITMMU 13

KOTOPBIX ABJIAIOTCA BbICOTA AICPEBHEB U TUAMETP KPOHBEIL. HImeroTcst MHOTOUHCIICHHBIC MOICIN U Ta6J'II/ILILI

JJIA OLICHKHA (I)I/ITOMaCCI)I JACPCBLCB KaK 10 AUaMETPY CTBOJIA, TaK U 110 IBYM IIEPEMCHHLIM — BBICOTC ICPCBA

U TraMeTpy CTBOA. J{7Is1 MX COBMEICHUS ¢ JAHHBIMHE JIMJAPHOTO 30HIUPOBAHISI HE0OXonnMa pa3padoTka

MOHCHCﬁ 3aBUCUMOCTHU JUaMETpa CTBOJIA OT BBICOTHI A€PECBA U AUAMETPa KPOHBI. HCJ'H: Hamero ucciaeao-

BaHUS — 110 (PaKTHYECKUM JTaHHBIM MopdomeTpuu 280 nepeBbeB MATH APEBECHBIX OPO, MPOU3PACTAIO-

IUX B MyTE3alIUTHBIX JIECHBIX mojiocax CBepUTOBCKON JKENIe3HOW TOPOTH, TIOCTPOUTH ABYX(aKTOPHBIE

MOJCIIN 3aBUCUMOCTU AUAMETpPa CTBOJIa OT BBICOTHI ICPEBA U INAMETPAa KPOHBI U CPABHUTH MTOJTYYCHHBIC

MOJIEJIM C BCEOOIMMH MOJEIISIMU, pacCUUTaHHBIMU JIst iecoB EBpazun (Yconbies, 2016). [omyuennsie

Monenu oObsicHAIOT 71-91 % m3MeHunBocTH nuamerpa crBoia. CorTacHO MOJENSM TUaMeTp CTBOJNA

Y BCEX TOPOA MOJIOKUTCIILHO CBA3aH KaK C BBICOTOM ACPEBaA, TaK U C AUAMCTPOM KPOHBI. BKJ'IaI[BI BBICOTBI

ACpCBa U JuaMeTpa KpOHbI B 00BsICHEHNE U3MEHUNBOCTH AruaMeTpa CTBOJIa COCTaBUJIM COOTBECTCTBECHHO

44 n 56 %. CpaBHEHHUE TOMyYSHHBIX MOJIETEH ¢ BCEOOIMMH T JiecoB EBpaznu moka3ano mpu Ipodnx

PaBHBIX YCIOBHUIX HAJIMUYHUE CYIIECTBEHHBIX pa3IMIMi B TuaMeTpax cTBosa oT 64 1o —13 %, no-suanmo-

MY, BCIIE/ICTBUE CTIEU(PUIHON MOPHOCTPYKTYPhI HACAKIACHHI B 3alIUTHBIX JIECHBIX TOJIOCAX.

Knroueeuvie cnosa: cocHa, 6epesa, eib, TOTIOJb, TUCTBCHHUIIA, 3AIIUTHEIC JICCHBIC TTOJIOCHI, THAMETP

CTBOJIa, pCrp€CCUOHHBIC MOACIIN

Jlna yumupoesanusn: Ypasos I1. H., Yconsies B. A., Ypazosa A. ®. Monenu nuaMerpa CTBOJA B 3a-

BHCHUMOCTH OT BBICOTBI ICPE€BA U THaAMETpPa KPOH B 3AIIUTHBIX JICCHBIX ITOJI0OCax CBGpI{J’IOBCKOfI KCIIC3-
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Abstract. Forest belts in the railway protectional zone play an important role, preventing snow
drifts of railway tracks. This protective role is largely determined by the structure of the forest
canopy. Modern lidar sounding technologies provide large-scale mapping of forests to obtain three-
dimensional information about the structure of the forest canopy, the degree of forest degradation,
aboveground phytomass, primary production and biodiversity. Lidar technology does not directly
provide information about the aboveground phytomass of trees, and it is estimated indirectly by
remotely measured indicators, the most important of which are the tree height and the crown diameter.
There are numerous models and tables for estimating the tree phytomass both by stem diameter and
by two variables — tree height and stem diameter. To combine them with lidar sounding data, it is
necessary to develop models of the dependence of the stem diameter on the tree height and the crown
diameter. The purpose of our research: based on the actual data of the morphometry of 280 trees of
five tree species growing in the forest shelterbelts of the Sverdlovsk Railway, to construct two-factor
models of the dependence of the stem diameter on the tree height and the crown diameter and compare
the obtained models with generic models calculated for the forests of Eurasia (Usoltsev, 2016). The
obtained models explain 71-91 % of the variability of the stem diameter. According to the models, the
diameter of the stem in all species is positively related to both the tree height and the crown diameter.
The contributions of tree height and crown diameter to explain the variability of stem diameter were
44 and 56 %, respectively. Comparison of the obtained models with those universal for the forests
of Eurasia showed, all other parameters being equal, the presence of significant differences in stem
diameters from 64 to —13 %, apparently due to the specific morphostructure of forests in protective
forest belts.

Keywords: pine, birch, spruce, poplar, larch, protective forest belts, stem diameter, regression models

For citation: Urazov P. N., Usoltsev V. A., Urazova A. F. Stem diameter models depending on tree
height and crown diameter in protective forest belts of the Sverdlovsk railway // Forests of Russia and
economy in them. 2025. Ne 2(93). P. 35-44.

Brenenue C MOJTyYeHHEM TPEXMEPHOU HH(OPMALIH O CTPYKTY-

JlecHbIe OOCH B 30HE OTBO/A JKEJIE3HBIX JJOPOT
WUTPAOT BAXKHYIO 3allUTHYIO POJb, MPEIOTBparias
CHEXKHBIC 3aHOCHI KEJIE3HOMOPOKHBIX myTeH (OreH-
Ka..., 2024). Dra 3anmuTHas pojib BO MHOTOM OTIpee-
JSIETCS CTPYKTYpO# secHoro nojiora. COBpeMEeHHBIS
TEXHOJIOTHUH JIMAAPHOI'O 30HANPOBAHUSA OGCCHC“H/IBa-
0T KpynmHOMacmTabHoe KapTorpagupoBaHue JIECOB

pe JIECHOTO I0JIoTa, CTEIICHHU JIeTpadallui JIeCOB, Hall-
3eMHOI (puTomMacce, MEPBUYHON MPOTYKIIUK U OHO-
pazroobpasuro. O01mEeMupoBor ONOITNOMETPUYE CKHIA
aHaJM3 MO JIaHHOW Teme Ha ocHOBe 412 mybmuka-
WA, TPOMHIEKCUPOBAHHBIX B 0a3e JaHHBIX Scopus
3a mepuon 2004-2022 rr., mokasani, 4To 3a MOCHe-

HUE€ IITH JIET KOJIMYECTBO IMyOIMKammii HapacTajo



Ne 2 (93), 2025 1.

Jleca Poccuu 1 X03AMCTBO B HUX 37

B reomerpudeckoit mporpeccun (Forestry..., 2024).
Hcnonb30BaHKe JaHHBIX JUCTAHIIMOHHOTO 30HIUPO-
BaHUA C NPUMEHEHHEM METOJ0B HEWPOHHBIX CeTeu
MOKa3aJi0 O0HA/ICKUBAIOIINE PE3YIbTATHI 110 HJICH-
TU(UKAIMK TOPOJHOTO COCTaBa JISCHOTO II0JIOra
(Data..., 2023).

JlumapHass TEXHOJOTHS HEMOCPE/ICTBEHHO He
JaeT nH(OpMAaIUIo 0 HaJ[3eMHOM (UTOMacce JepeBb-
€B, U OHA OIICHUBAETCS KOCBEHHO IO JUCTAHIIMOHHO
M3MEpPSIeMBIM TIOKa3aTelsiM, BaXHEHITUMH W3 KOTO-
PBIX SIBIISIFOTCSL BBICOTA JICPEBBECB U JIUAMETP KPOHBI
(Estimation..., 2010; Allometric..., 2017; Reduced...
2023). Ha ocHOBe 0a3bl JaHHBIX O (pruTOMacce JepeBb-
eB JiecooOpasyroiux nopoj EBpazuu Obutu pa3pado-
TaHBI MOJICITH 3aBUCUMOCTH KaK (QpakIuii Haa3eMHON
¢urTomaccer (Ycomnbues, 2016; Yconbues, Llenopnei,
2021; Yconbues u ap., 2023; Ypasora u jap., 2024),
Tak u (uromaccel KopHeH (YcombieB u mp., 2022a)
OT BBICOTHI JIepeBa U TUaMeTpa KPOHBI, OObSICHSIONINE
W3MEHYHMBOCTh (PUTOMACCHI B JMara3oHaX COOTBET-
cTtBeHHO 73-98 u 78-96 %.

Kpome Toro, nmmapHas TEXHOJIOTHS IOMOTaeT
OTCIICKUBATh PEAKIMIO JKOCHUCTEM Ha HW3MCHCHHS
KJIMMaTa, IeTPanalnio JIECOB U M3MCHECHHS B 3eMJIe-
nmonb3oBannu (A universal..., 2012). CoBmernieHue
JIAHHBIX Ha36MHOTO ¥ BO3JYIIHOTO JIA3€PHOTO CKaHM-
POBaHUs TO3BOJISIET TIOBBICKTH TOYHOCTH OIICHOK JHa-
MeTpa KpOHBI U BBICOTHI jaepeBa (Non-destructive...,
2022). Ilocaeanue OsTh JET JUAAPHBIC TEXHOIOTHHI
MMOKA3bIBAIOT CIOCOOHOCTh HAMPSMYIO IMPEIOCTaB-
JSATh TOYHYIO HHPOPMAITUIO O BEPTHKAIBHBIX CTPYK-
Typax pacTUTEIbHOCTH B MIOOAJbHOM Macuitade
(Evaluation..., 2024).

JlIs DKOIIOTUYECKUX HCCIeOBaHMi Ha OCHOBE
JIUJIAPHBIX TEXHOJIOTUW B CBSI3U C M3MEHEHHEM KIIH-
MaTa HeoOxoamma WH(OpMamus O Ha3eMHOM pac-
TIPEJICIICHUH JIEPEBhEB HE TOJIBKO 10 (pruToMacce, HO
W o JauameTpy cTBoyioB jepeBbeB (Predicting...,
2018; Prediction..., 2019; An automated..., 2023).
W3BecTHa OBOJIBHO TECHAs CBSI3b JMAMETpa CTBOJA
¢ nuaMeTpoM Kponbl. Ha mpumepe enu BOCTOUHOIM
B Typunu ObUT BBHITIONHEH CPAaBHUTENBHBIN aHAJN3
HA3BaHHOW CBS3M IO CEMH pa3HbIM MozeinsMm. Hawm-
MEHBIIIYI O0OBSICHUTEIBLHYI CIIOCOOHOCTh MOKa3alia
JMHEHHAast 3aBUCUMOCTE (R? = 0,834), HanbOIBITYI0 —
HOJIMHOM TpeThero mopsiika (R? = 0,862), u npome-

JKYTOUHOE MECTO MO KOA(PPHULUUEHTY AeTCPMHUHALUH
3aHAJa aJNIOMeTpUUecKas (CTEreHHas) 3aBUCUMOCTh
(R* = 0,835) (S6nmez, 2009). TTo marepuanam Ga3sl
JaHHBIX O (QuTOMacce IEepeBBLEB JIECOOOPa3yIOMINX
nopoxa EBpaszum Oblmn paccunTabl BYX(aKTOPHBIC
aJUIOMETPUYECKHe 3aBUCHUMOCTH JMaMeTpa CTBOJA
OT BBICOTHI JIepeBa U JUaMeTpa KpoHbI A1l 26 1mopof,
MOKa3aBIIHE KOAPPUIIMCHTHI JICTSPMUHAIUY B JTUAIIa-
3oue OoT 0,802 mms mumer mo 0,983 st uBe (YCOmB-
1eB, 2016). AHamoru4HbIe pe3yIbTaThl OBLTH TOTyYe-
HBl Ha YPOBHE JiepeBa HOPBEKCKUMH M KHTAHCKHUMHU
uccnenosarensmu (Predicting..., 2018; Prediction...,
2019; An automated..., 2023) u Ha ypoBHE JApEBO-
ctost — anoHckumu yueHsiMu (Umemi, Inoue, 2024).
K HacrosimieMy BpEMEHHM HMEIOTCSI MHOTOYHC-
JICHHBIE MOJIEJIN U TAOIULbI JJIs1 OLIEHKH (PUTOMACCHI
JIEpeBbEB Kak 10 JuaMeTpy cTBosia (YcomnblieB U Ap.,
20226), Tak 1 MO IByM IIEPEMEHHBIM — BBICOTE JiepeBa
u nuameTpy crBoia (Yconbues, 2016). [{nst ux coBme-
HICHUS C JJAHHBIMU JIMJAPHOTO 30HAMPOBAHHS HEOO-
Xo/uma pa3paboTka Mozeneil 3aBUCHMOCTH TUaMeTpa
CTBOJIA OT BBICOTHI JIEpeBa U AUAMETPa KPOHHBI.

Ieanb, METOAUKA U 00bEKTHI
HCCJIeTOBAHUS

[lenp HamIero Mccie0BaHUs 3aKIF0YAIach B TOM,
YTOOBI:

— 10 (aKTUYECKUM IaHHBIM MOpP(OMETpUH Je-
PEBbEB TSTH APEBECHBIX MOPOI, MPOU3PACTAIOIINX
B MYTE3AIUTHBIX JIECHBIX TOJ0CAaX BIOJb KEIC3HOM
noporu B CBEpIIOBCKOM 00JIACTH, TIOCTPOUTH ABYX-
(hakTOpHBIE MOJIEIH 3aBHCUMOCTH JHaMeTpa CTBOJA
OT BBICOTHI JIepeBa U JUaMETPa KPOHBI,

— CpaBHUThH TOJYYEHHBIE MO C BCEOOIIH-
MU MOJCNISIMH, PacCUYUTaHHBIMU JJIs1 JIecOoB EBpazuu
(Ycombues, 2016).

s peanu3anyu MOCTaBICHHBIX 3aja4 ObLia 3a-
JIOXKEHA cepusl MPOOHBIX IUIOMIA/CH, TaKCallMOHHAS
XapaKTepUCTHKA KOTOPHIX ObLIa OITyOIMKOBaHA paHee
(Ouenka coorBeTcTBUS. .., 2024). Ha xaxmoii mpoO-
HOW TUTOIIA M OBLIM BBITIOIHEHBI 00Mepbl oT 10 10
15 MOnenpHBIX NEPEeBHEB, B TOM 4uCie 44 — COCHBI
0OBIKHOBEHHOM, 164 — Oepe3wr moBucioi, 40 — To-
noJst Oanp3amuueckoro, 17 — enu cubupckoit u 15 —
JIUCTBEHHUIIBI CHOMPCKOM. MeToanka oOMepoB H3JI0-
skeHa panee (O1leHKa COOTBETCTBHA. .., 2024).
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Pe3ynbrarbl u ux o0cyxkaenmne
ITo ucxoaHBIM JaHHBIM MOJENBHBIX JIEPEBHEB

paccyuTaHbl pErPECCUOHHBIE MOIEIHN
In(d)=ay + a,In(h) + a; In(Dy), (D

e d — TMaMeTp CTBOJIA Ha BBICOTE IPYIIH, CM;

D, — 1uaMeTp KpOHBI, M;

h — BBICOTA JIepEBa, M.

3HaueHWs MOITYYEHHBIX pacdeToM Kodddurmen-
TOB ay, a; ¥ a, B Monenu (1) mpuBeneHsr B Tabm. 1.
Koaddunuents ay, a; u a, B Mmoaenu (1) 3HauuMbl Ha
ypoBH:X 0T p < 0,05 mo p < 0,001.

CoorHotenne (HakKTUIECKUX U PACYETHBIX 3HAUE-
Huit In(d) (puc. 1) cBUIETENBCTBYET O PAaBHOMEPHO-
CTH OCTATOYHOW JIMCIIEPCUH M OTCYTCTBUH KOpPpEJIsi-
UM OCTATKOB.

Pesynbrarhl aHanu3a BKIAJ0B JUAMETpPa KPOHBI
U BBICOTHI JiepeBa B O0BSICHEHUE BapbUPOBAHUS JTHA-
MeTpa CTBOJIA Moka3aHbl B Tabn. 2. [eoMeTpuyeckas
3D-unrepnperarnus mozenei (1) gana Ha puc. 2.

[IpeacraiseTr WHTEpEC CPaBHUTH IOITYyYCHHBIC
MOJICTTH JTUaMETpPa CTBOJIOB B HACAKIACHHUSX 3aIlUT-

HBIX TI0JIOC C BCEOOIIMMH MOJENSIMH, PACCUUTAHHBI-
MU 110 0a3e JaHHBIX O (hUTOMACCE JCPEBHEB JIECOO-
Opazyromux noposa Espazuu (tadm. 3).
ComnocrasieHne MOJIeIIeH, MIPUBEIEHHBIX
B TaO. 1 u 3, moka3ao, 4To MPHU OJHUX U TEX KE 3Ha-
YEHUSAX BBICOT JICPEBHEB U AUAMETPOB KPOH THAMETP
CTBOJIa B 3aIIMTHBIX TI0J0CaxX OOJbIE 3HAYCHUH BCe-
o0mmx Mojenel y coceH Ha 46 %, y Oepe3 Ha 64 %,
y eneir Ha 3 %, y Tomoneit Ha 54 %, a y JTHUCTBEH-
HUII, HANpoTUB, MeHbIe Ha 13 %. Takum oOpazom,
pasnuuus JAMaMeTPOB CTBOJA IMPHU MPOYUX PABHBIX
YCIIOBHSIX B 3AIIUTHBIX JIECHBIX IOJIOCAX W PacCuh-
TaHHBIX 0 BCEOOMIMM MOJEJSAM BapbHUPYIOT OT 64
10 —13 %, 4to, MO-BUAUMOMY, OOYCJIOBJICHO CIICIIH-
(hraHOI MOPGhOCTPYKTYpOIl HACAKICHNUHN B 3AIIMUTHBIX
nojocax. BrpodeM, B 3apyOeKHOI JTUTEpaTrype ecTh
CBUJICTEIHCTBA TPAKTHUECKU COBMAJAIONINX 3HaYe-
HUW JraMeTpa CTBOJIA KaK ()YHKITUH BBICOTHI JIEpeBa
U InaMeTpa KPOHBI, PACCYUTHIBAEMBIX 10 JIOKATHHBIM

u BHeImHUM jnanHbM (Predicting..., 2018).

Tabnuya 1
Table 1
Xapaxrepuctuka mozesneit (1)
Characteristics of models (1)
Koappunmentst monenu (1)
g;sgléfsi The coefficients of the model (1) adjR2** QR
ap* ay In(h) aIn(Dy)
g.oCHa 0,7367 0,6229 0,5611 0,910 0,075
mne
E?p“a 0,3695 0,7641 0,4367 0,705 0,175
irch
EJ“’ ~0,1079 0,9620 0,3595 0,760 0,143
pruce
go"o“" 1,0762 0,3585 0,6916 0,770 0,128
oplar
JlucTBenHnIa -0,9393 1,2232 0,3156 0,747 0,088
Larch

* B cBoOOAHBII 4eH BBe/leHa rornpaBka Ha norapudmuposanue (Baskerville, 1972);
** adjR? — ko3 HHULHEHT JeTepMHUHALIMH, CKOPPEKTHPOBAHHBIN HA YHCIIO IEPEMEHHbIX;

**% SE — crangapTHas OMIMOKa ypaBHEHHUSI.

* Logarithm correction (Baskerville, 1972) was introduced into the free term;
** adjR? is the coefficient of determination adjusted for the number of variables;

*#%* SE is the standard error of the equation.
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Puc. 1. CooTHomeHne GakTHIECKUX M PaCUCTHHIX 110 Mozeny (1) 3HaueHmi

4.4

3aBHCHMOM TIEPEMEHHOM ISl COCHEI (&), 6epessl (0), enn (8), Tormomns (2) M TUCTBEHHUIIE (0)

Fig. 1. The ratio of the actual and calculated values of the dependent variable according

to the model (1) for pine (), birch (6), spruce (8), poplar (2) and larch (0)
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Tabnuya 2
Table 2

Bxiam He3aBHCHMBIX TTepeMeHHBIX Mojenu (1) B 00bscHeHne

N3MEHYNBOCTH 3aBUCUMBIX TIEPEMEHHBIX, %0
Contribution of the independent variables of the model (1) to the explanation

of the variability of dependent variables, %

3aBucuMas NepeMeHHas

TTopona Dependent variable
Species
In(h) In(Dy)
CocHa 3 s
Pine
Bepesa
Birch 60 40
Enp y )
Spruce
Tomonb
Poplar 36 64
JIucTBeHHUIA
Larch 65 35
B cpennem mo moponam
Average by breed 44.4£17,1 55,6+17,1
a
8

Puc. 2. 3aBuCHMOCTb AMaMETpa CTBOJA OT BBICOTHI IepeBa U JUaMeTpa KpOHbI cortacHo Monend (1):
Jutst coCcHEI (a), 6epessl (6), enu (8), TONOIS (2) ¥ JIUCTBEHHHIIBI (0)
Fig. 2. Dependence of stem diameter upon tree height and crown diameter according to model (1):
for pine (a), birch (0), spruce (s), poplar (2) and larch (0)
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Tabnuya 3
Table 3
XapakrepucTruka Mojenei (1), paccauTaHHBIX IO MaTepraiaM 0a3bl TaHHBIX 0 GUTOMACCE ACPEBHEB
necoobpazyroumx nopon Espasun (Yconsues, 2016)
Characteristics of models (1) calculated from the materials of the database on phytomass of trees
of forest-forming species of Eurasia (Usoltsev, 2016)

Koaddurmentsr mozmemnu (1)
Hopona The coefficients of the model (1) adiR,** Sk
Species "
ap* ay In(h) ay In(Dy)
}C).OCHa -0,1306 0,9550 0,2897 0,951 0,28
ine
Bepesa —0,7187 1,0228 0,3889 0,924 0,20
Birch
ISEJ“) 0,2564 1,0080 0,3336 0,956 0,20
pruce
}T)onom, 0,0151 0,5301 0,8411 0,905 0,15
oplar
JIucTBeHHHIIA -0,3209 0,9703 0,4407 0,926 0,22
Larch
BoiBoasl

Takum oOpa3oM, 1mo naHHbIM 280 MOIEIBHBIX
JIEPEBLEB, TTONYYCHHBIM IS TIATH APEBECHBIX TIOPOT
B 3aIUTHBIX JICCHBIX IoNIocax CBEPUIOBCKOMN Keles3-
HOM IOPOTH, PACCUMUTAHbI ATTIOMETPUICCKUE MOJICTH
3aBUCHMOCTH JHaMETpa CTBOJA Ha BBICOTE TPYIH OT
BEICOTHI JiepeBa M JUaMeTpa KPOHBI, OOBSICHSIONINE
71-91 % wusmenunBocTH nuamerpa ctBoja. Corac-
HO MOJIETISIM THaMeTp CTBOJIA Y BCEX MOPOJ TOJIOKH-
TEJBHO CBSI3aH KaK C BBICOTOW JiepeBa, TaK W C JHa-

METpPOM KpOHBI. BK1a/ipl BEICOTHI JIepeBa U JuamMeTpa
KpPOHBI B 00BSICHEHNE U3MEHUYNBOCTH THAMETPa CTBO-
Jla COCTaBMIIM COOTBETCTBEHHO 44 m 56 %. CpaBHe-
HHUE TOJY4YEeHHBIX MOJeNeil ¢ BCeoOIUMH ISl JIECOB
EBpasun mokasayio mpy mpoYnx paBHBIX YCIOBHUIX Ha-
JIUYHE CYIIECTBEHHBIX Pa3INuui B JaMeTpax CTBOJIA
ot 64 no —13 %, mo-BUAMMOMY, BCIECACTBHUE CIEIHU-
(braHOM MOP(HOCTPYKTYPHI HACAKICHUH B 3aIIUTHBIX
JIECHBIX TTOJIOCAX.
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®OPMUPOBAHUE NNECHOW PACTUTENIbHOCTU
HA SNEMEHTAX ME3OPEJNIbE®A B AONIMHE PEKU TOBOJ
B YCITOBUAX CEBEPHOI'O 3AYPAIDbA
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Annomayusa. B cratbe npecTaBiIeHbl pe3yIbTaThl UCCIEIOBAHNS BIUSHIS SJIEMEHTOB ME30peibe-
(ha, chopmupoBanHbIX pekoir Tobour, Ha JeCHBIE HACAXKISHHS, TIPOU3pacTalonye B ee gonnHe. Mccre-
JIOBAaHUS MPOBOJWINCH HA TEPPUTOPUN SITyTOPOBCKOTO M 3aBOJJOYKOBCKOTO JIECHUYECTB TIOMEHCKOMN
oOmactu. B mporecce ncciaenoBanys IpoBEIEH aHATTN3 MaTEePHUaJIOB JECOYCTPONCTBA 3a TIOCIEIHNH pe-
BH3MOHHBIN TIEPHOJ, JAHHBIX IUCTAHIIMOHHOTO 30HIUPOBAHIS 3eMITH U TOMOTpaIecKnuX KapT, Ha Oc-
HOBaHUM KOTOPOTO COCTABJIICHO ONKMCaHue JaHamadTa uccieayeMmon teppuropun. Iloctpoeno 3 mana-
mwaTHBIX TPOQUIIsL, MPOAHAIU3MPOBAHBI TaKCAl[MOHHBbIC omucaHus Oosiee 140 JecoTakCarMOHHBIX
BBIJIETIOB, TIEPECEKAEMBIX JaHHBIMHU MPOQUISIMHA. YCTaHOBJICHBI 3aKOHOMEPHOCTH TPOCTPAHCTBEHHOTO
pa3sMelIeHUs] U Pa3BUTHSI JIGCHBIX HACAXACHHUH Ha 3JIEeMEHTax Me3opesbeda B 3aBUCHMOCTH OT BBICO-
THI HaJl YPOBHEM MODS U PACCTOSHUS 10 OEperoBoil JIMHNUN. BBIABIEHO Hanmu4mMe CBA3M Me3openbeda
C THUIIAMU Jieca, COCTABOM M IPOM3BOAUTEIBHOCTBIO JIPEBOCTOEB. lccienoBanue BBITIOTHEHO BIIEp-
BbIC /U151 TONUHBI peku Tobon B ee HIKHEM TeueHHU. [lomydeHHble JaHHbIE TTO3BOJISIOT JIy4lle TOHATh
B3aMMOCBA3b Me3openbseda, chopmupoBanHoro ToOomoM, ¢ XapakTepoM JIECHOH pPacTHTEIHHOCTH,
a TaKk)Ke MOTYT SIBUTHCS (PYHTaMEHTOM JJisi oOecrieueHusl HaydHO 000CHOBAHHOTO TTOIX0/1a K MTPOEKTH-
POBAaHUIO MEPONPUATUH IO COXPAHEHMIO JIECOB, IPOU3PACTAIONINX B MTOMMe, Ha HaJIONMEHHOH! Teppa-
ce ¥ Ha IUTaKopax.

Knroueswie cnosa: mesopenped, peka Toboum, pednas nonnHa, oriMa, HaATIONMEHHAs Teppaca, IJa-
KOp, JIECHas! paCTUTEIbHOCTh

bnazooapnocmu: aBTOpBI BRIpaXXaroT O1arofapHOCTh aupekTopy CHOMpPCKON JIeCHOW ONMBITHON
cranuun BHUWJIM IlanynoBy EBrenuto CepreeBruuy 3a MOMOIIb B OPTaHU3ALMKU MOJIEBBIX HCCIIE-
JIOBaHUM.

/na yumuposanus: Ynraes B. U., Moposzos A. E. ®opMupoBaHue JIECHOW PACTUTSIHLHOCTH Ha
arieMeHTax Mesopenbeda B monuHe pekn Tobon B ycmoBusx Ceseproro 3aypanbs // Jleca Poccun
u x03s11cTBO B HUX. 2025. Ne 2(93). C. 45-53.
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FORMATION OF FOREST VEGETATION ON ELEMENTS
OF MESORELIEF IN THE TOBOL RIVER BOTTOM IN THE CONDITIONS

OF THE NORTHERN TRANS-URALS

Vladislav I. Chitaev!, Andrey E. Morozov>
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Abstract. The article presents the results of a research of the influence of mesorelief elements

formed by the Tobol River on forest vegetations growing in its bottom. The research was carried
out on the territory of the Yalutorovsky and Zavodoukovsky forest districts of the Tyumen region.
During the research, forest management materials for the last revision period, Earth remote sensing
data and topographic maps were analyzed, on the basis of which a description of the landscape of
the research area was compiled. Three landscape profiles were constructed, taxation descriptions
of more than 140 forest taxation units intersected by these profiles were analyzed. The patterns of
spatial distribution and development of forest vegetations on mesorelief elements depending on the
altitude above sea level and the distance to the shoreline have been established. A connection between
mesorelief and forest types, composition and productivity of forest stands was revealed. The research
was carried out for the first time for the Tobol River bottom in its downstream. The obtained data
allow us to better understand the relationship between the mesorelief formed by the Tobol and the
nature of forest vegetation, and can also serve as a basis for ensuring a scientifically sound approach
to the design of measures to preserve forests growing in the floodplain, on the terrace above floodplain
and on the flat interfluve.

Keywords: mesorelief, Tobol river, bottom, floodplain, terrace above floodplain, flat interfluve,
forest vegetation
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Brenenue KOTOPBI MOXET OIpPEACATh JeCHble (OpPMaLUH,

Ha xapakrtep jecHbIX HacaxJeHWUW, KaK U3BECT-
HO, BIIMSIET MHOXKECTBO BHEIIHUX (haKTOPOB, CpeIu
KOTOPBIX OTJAEJIBHO CJIEIYeT BBIICISTH pesibed B 1ie-
JIOM U ero oTaenbHble (opMbl. B necoBenenwnn mpu-
HSATO BBIICIATH TPU (POpMEI penbeda: Makpopenbed,
Me3openbed u Mukpopesnbed. Ilpu 3ToM B COOTBET-
CTBHUH C MX 9KOJIOTHIECKON MacIITAOHOCTRIO BISHUE
Ha Jieca pa3HbIX (popM penbeda mposBisieTcs ¢ onpe-
nenenHo crneuugukon (Jlyranckuii u ap., 2010).
OcoObIt MHTEPEC TPU ATOM TPEACTABIISICT N3YICHHEC
BIUSHUSI Ha JICCHYIO PacTHUTEIBHOCTh Me3openbeda,

THUIIBI JIeCa, COCTaB M IPOU3BOIUTEILHOCTh JIPEBO-
CTOEB.

W3BecTHO, 4TO Me3openbed B TOPHBIX CTpaHax
MPOSIBIISICTCS. TIPEXKJIC BCEr0 B KPYTHU3HE M DKCIIO3H-
M CKIIOHOB. Ha paBHUHAX K €ro 3IeMEHTaM MOXKHO
OTHECTHU PEYHbIC JIOJHMHBI, 3ala/IMHbI, OBParu, OAJKH,
CKJIOHOBBIC YYACTKH H IIp.

HccnenoBanus o BIMSHUIO penbeda Ha JISCHBIC
HACaXXJICHUsI IIPOBOIMIINCH Ha CEBEPO-3aIiajie CTPaHbI
(Anekcees, Hukudopos, 2014; I'pomiies, 1993, 2003,
2008), na rore Poccum (Typumn, KopobGosa, 2014)
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u B [loBomxkee (Mcaes, 2004). CBenenus o mposeje-
HUU MOJ0OHBIX UCCIICJOBAHUI HA TEPPUTOPUU pPed-
HBIX JOJHH pailoHa padOT B OTKPBITHIX MCTOUHUKAX

OTCYTCTBYIOT, 4YTO 06yCJ'IOBJ'II/IBa€T HX aKTYyaJIbHOCTb.

ean, 3apaua, MeTOAMKA
U 00beKThI UCCIIEI0BAHUSA

Lenbro maHHOM PabOTHI SBISICTCS U3YYCHUE BIIH-
STHFSI DJIEMEHTOB Me3openbeda momuHsl pexu ToOom
Ha (hOpMUpPOBAHUE JIECHOH PaCTUTEIHLHOCTH B YCIIO-
Busix CeBepHOro 3aypabsi.

B npouecce nccnenoBaHuii HCIOIB30BAINCH JaH-
HBIE JTUCTAHIIMOHHOTO 30HAWPOBAaHUS 3€MITH, TOIIO-
rpaduueckue KapThl, MaTepHalibl TOCYAapCTBEHHOTO
JIECHOTO peecTpa W JaHHBIE JIECOYCTPOICTBA; Mare-
puaitbl TpoOHKIX Iomanei. Mcnonp3oBamuch oodrie-
MPUHATHIE METOJbI, TPUMEHSIEMBIE B JICCOBOJCTBE
1 JIECHOW TaKCALUH.

WccnenoBannss TPOBOAMINCH Ha TEPPUTOPUN
SliryTopoBckoro 1 3aBOAOYKOBCKOTO MYHHIIMMAIIb-
HBIX paifoHoB TroMmeHcko#l oGmactu. CortacHO TIpH-
ka3y Munnpupoasl Poccuu ot 18.08.2014 . Ne 367
«O6 yrBepxkaeHuu [lepeuns iecopacTUTEIbHBIX 30H

Poccuiickoit ®enepanuu u [lepeuns necHbIX palioHOB
Poccuiickoii @enepauun» TeppuTOpHUs palioHa MC-
CJIeIOBaHUI OTHOCHUTCS K JIECOCTCITHOM 30HE, 3amal-
HO-CHOMPCKOMY TIOATAEKHO-JIECOCTEITHOMY PaioHY.
PaccmarpuBaemast HaMU 4acTh PEYHOM JTOJTUHBI OTHO-

CUTCS K HIDKHEMY TeueHHIo pekn ToOod.

Pe3ynbrarhl u ux oocyxaenue

B mpornecce uccnenoBanus ObLIO 3al0KEHO TPH
JMaHAMAPTHRIX TPOQUIST MECTHOCTH, Ha KOTOPBIX
npoBOAMICS cOOp UCXOAHBIX AaHHBIX. [Ipoduis Ne 1
nepecekaer 49 eCcOTaKCallMOHHBIX BBIAEIOB, IPO-
¢unp Ne 2 — 57 Beigenos, npoduinbs Ne 3 — 35 BoI-
nenoB. Bcero B mporecce wuccienoBaHuil  Obun
00paboTaHbl W TIPOAHATU3UPOBAHBI JAHHBIC JIECO-
BOJICTBEHHO-TAKCAlIMOHHBLIX omnucanuil 141 Beigena.
B Tabn. 1 B kauecTBe mpuMepa MpuBeAeH (PparMeHT
JIECOBOJICTBEHHO-TAKCAIIHOHHOM XapaKTEPUCTHKH
JIECHBIX HACAX/ICHUH, MPOU3PACTAIOIINX BIOJb JIAH/I-
mradytHOro mpoduis Ne 1.

Ha puc. 1-3 u3o6paxens! nanamadTHbIE TPOhU-
JIU MECTHOCTH, HaJIO)KEHHBIC Ha TIAHBI JIECOHACAMK]IC-

HUH HCCICAYCMBIX JICCHUYCCTB.

Tabnuya 1
Table 1
JIecoBOACTBEHHO-TAKCAIIMOHHAS XapaKTEPUCTUKA JIECHBIX HACAXKICHUI
Ha nangmapTHoM npoduie Ne 1 (3aBoIOyKOBCKOE IECHUYECTBO,
[MamyHCKOE yyacTKOBOE JIECHUYECTBO), (pparMeHT
Taxational characteristics of tree stands on the landscape profile Ne 1
(Zavodoukovsk forestry, Padun district forestry), fragment
IIpeobna- Paccrosiaue
Cocras .
naromas | Tunneca | Kiace Aodc. ot OeperoBoi
Kgapran | Beimen | Mesopenbed F 6 JIPEBOCTOS
Block | Stratum | Mesorelief nopoza orest OHHTETA Stand BEICOTA, M JUHIH, M
Dominant type Bonitet o Altitude, m | Distance from
composition .
breed shoreline, m
Teppaca b 10b
13 12 Terrace B Tb GM v 10B 63 11360
Teppaca b 0311 5B3B2J1+C
13 18 Terrace B SG 1 SB3B2L+P 65 11467
Teppaca b 031 5B3B2J1+C
31 2 Terrace B SG i 5B3B2L+P 63 11651
Teppaca b Tb 8b2b+C
3 3 Terrace B GM v 8B2B+P 63 11907
Teppaca b Tb 10b
31 4 Terrace B GM Va 10B 62 12018
Teppaca C Cod 8C2b
3 3 Terrace P SPH v 8P2B 64 12333
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Oxonuanue mabn. 1
The end of table 1
TIpeobna- C Paccrosiaue
ocras .
naromas | Tumneca | Kiace Abc. ot OeperoBoit
Kgapran | Beigen | Me3sopenbed F 6 JPEBOCTOS
Block | Stratum Moesoreliof nopozia orest OHHTETA Stand BBICOTA, M JIHHIH, M
Dominant type Bonitet composition Altitude, m | Distance from
breed P shoreline, m
Teppaca C Co 4C4C2b+b
32 ! Terrace P SPH v 4P4P2B+B 69 12301
Teppaca ocC PT 50c¢2B3JII1
32 2 Terrace As MH 1 5As2B3Lin 84 12561
[nakop C SIM 10C+Bb
32 4 Plakor P BM ! 10P+B 2 12609
ITnakop C SAIM 7C3b+0c¢
32 12 Plakor P BM la 7P3B+As 89 12130
[Tnaxop C SAIM 9C1b+0c¢
32 6 Plakor P BM ! 9PIB+As 92 13400
[Tnakop C SAIM 9C1b
32 13 Plakor P BM Ia oP1B 90 13539

Ipumeuanue. Th — TpaBsiHO-6010THBIH, O3JI — 0coK0BO-311aKoBEIH, CD — cdarnossrit, PT — pasHOTpaBHSII,
SITM — STOTHO-MIIUCTHIM.
Note. GM — grass-marsh, SG — sedge-grain, SPH— sphagnum, MH — mixed herb, BM — berry-mossy.

_—

' 1

Google Earth

Puc. 1. JlanmmadtHei npoduins Ne 1, COBMEIICHHBIH C IUTAHOM JICCOHACAXK ICHUIA
Fig. 1. Landscape profile Ne 1, combined with forest inventory map
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Puc. 2. JlanamadtHbi npoduib Ne 2, COBMEIIECHHBIH ¢ IIAHOM JIECOHACAK ICHHI
Fig. 2. Landscape profile Ne 2, combined with forest inventory map

Puc. 3. JlanmmadtaeI podnins Ne 3, COBMEIIEHHBIH ¢ TUTAHOM JIECOHACAKICHHHA
Fig. 3. Landscape profile Ne 3, combined with forest inventory map



50 Jleca Poccum 1 X038MCTBO B HUX

Ne 2 (93), 2025 1.

Crenyer OTMETUTb JAOCTaTOYHO XapaKTEPHYIO
B3aMMOCBS3b MEXKIy a0COIIOTHOM BBICOTOM, paccTosi-
HUEM OT OeperoBoil JTUHUHM peku ToOon, JeCHBIMHU
(hopMaLusIMH, COCTaBOM JIECHBIX HACaXIEHHM, KJlac-
camu OOHHTETa U TUIIAMH Jieca.

Ha mpezncraBneHHBIX pUCYHKaX TpaHHUIA MEXIY
TaKUM 3JIEMEHTaMHU Me3opeibeda, Kak moiiMa peku
W HaJamoHMeHHas Teppaca, 0003HadeHa HOMEpPOM 1,
CPaHMIIA MEXAY HaANOMMEHHON Teppacod M ILIaKo-
pom — HOoMepoM 2. K moiiMe oTHeceHa TeppUuTopus,
3araruiiBaeMasl MaBOJKOBBIMM Bojgamu (Mapiu-
HuH, 2001). MakcumanpHas MHAPUHA TONMBI B Me-
CTax 3aKjiIajgKy JIaHAma(THRIX npoduied gocTuraer
12200 m.

XapakTepHO, YTO JIeCHAas! PaCTUTENBbHOCTh 3aHU-
MaeT TePPUTOPUH, BBICOTA HAJ YPOBHEM MOPS KOTO-
pBIX mpeBblmaer 60 M, HUXKE 3TOM OTMETKH pacIio-
JlaraeTcsl MepUOIMIEeCKH 3aTOoIuIIeMasl YacTh PEeYHOU
JOJIMHBI, WM T0MMa. DJIeMeHTbl Me3opeibeda ¢ oT-
METKaMH BBICOT OT 60 10 65 M (B HaIeM ciiydyae HaJl-
MMOMMEHHBIE TEppPachl) MPEUMYIIECTBEHHO 3aHSTHI
OepesHsKaMi TpaBSHBIX JIHOO TPaBSIHO-OOJIOTHBIX
TUnoB jeca. CocHa MOXKET MPUCYTCTBOBATh B COCTa-
BE€ TAaKWX JIPEBOCTOEB YaIlle BCETO B BUJIE €AUHIUYHBIX
JIePEBBEB.

[IpakTuueckn Bce 31eMEHTH Me3opeibeda ¢ oT-
MeTKaMU bosiee 65 M 3aHATHI COCHsIKaMU. B 3aBucumo-
¢ty OT (hopM Me3opesbeda 3To 1100 PACIONOKEHHBIE
Ha MOWMEHHBIX TPUBax W Oyrpax, Tu00 Ha HaJIoH-
MEHHOW Teppace COCHIKH Pa3HOTPABHBIE C yIaCTHEM
B cocTaBe A0 5 eauHul] Oepesbl, 00 PacoIoKeH-
HbIE Ha IUIAKOpaxX COCHSIKH SITOJ{HO-MILKCTBIE C 10JIeH
B cocTaBe He Oojiee 3 euHUI] OEpe3Hl.

B nauOonee xapakTepHBIX [UId AAHHOTO THIA
nmammadTa Mecrax HamMH Obla 3alioKeHa CepHst
mpoOHEBIX TUIomanei. JlecoBOACTBEHHO-TAKCAIIMOH-
Hasl XapaKTepUCTHKA HACAXKAECHUHM NMPOOHBIX IUIOLIA-
Jeii mpeacTaBieHa B Tao. 2.

B pesynbprare uccneoBaHUI YCTAHOBIIEHO, YTO
B YCJIOBHSIX IJIaKOpa BIOJb JIAHAMA(THBIX Mpodu-
Jel Mpou3pacTaroT BBICOKONPOAYKTUBHBIE COCHSIKH
I xmacca GoHUTETA C TOCTATOYHO BHICOKMMH 3araca-
MH JPEBOCTOS M HAJMYUEM YIOBJIECTBOPUTEIHHOIO
€CTECTBEHHOI'0 JIECOBOCCTAHOBJIEHHUS COCHOM TOf
mosioroM. Ha snmemenTtax me3openbeda pedHOU a0-
JIMHBI JIECHAsI PACTUTEJILHOCTh IMPEACTABICHA ABYyMs

TUIIAMU: Jieca, PaclojOKEeHHbIC Ha MOWMEHHBIX OyT-
pax W TpHBax, W jeca, pacrojOXKeHHbIE Ha HaJION-
MeHHOH Teppace. IlepBblil TMN HacaxaeHUH Mpen-
CTaBJICH B OCHOBHOM Oepe3HSKaMu pPa3HOTPABHEI-
MU 00 OcoKOoBo-37makoBbIME Il kiacca OonmreTa
C OTHOCHTEJIFHO HEOOJBIIMMU 3amacaMu JAPEBOCTOS
U HEYAOBJICTBOPUTCIILHBIM C€CTCCTBCHHBIM JIECOBOC-
CTAHOBJICHMEM TIOJl ToJioroM. BTopoit Tum — 370,
KaK MPaBUIIO, COCHAKHM Pa3HOTPABHBIC MU MIIKACTO-
sropaukoBbie [-111 kiacca 6onutera (UuraeB u np.,
2024) ¢ yaoBIETBOPUTEIHHBIM €CTECTBEHHBIM JIECO-
BOCCTaHOBJICHUEM I10]1 [TOJIOTOM.

OueBHAHO, YTO TPOU3BOAUTEIHHOCTH APEBO-
CTOEB W THIIBI JIeca OTMPEACNAIOTCS IPEXIE BCETro
YPOBHEM 3aJieTaHusi MOYBEHHO-TPYHTOBBIX BOJ, BE-
POATHOCTBIO, YacTOTOM M MHTEHCHUBHOCTBLIO IIOATO-
IJICHUH U 3aTOINICHUM, a TaK)KE OYBEHHBIM MOKPO-
BOM T€X WJIHM HHBIX 3JIEMEHTOB Me3opeibeda peuHoit
JOJIMHBI, YTO IMOATBEPIKAACTCA NAaHHBIMU WU JPYyTHUX
uccuenoBarenet moitmer pekn  Tobon (MotopwuH,
Bykun, 2012; bykun, Motopusn, 2023). [lns Gonee
JIETaJbHOTO M3YyUYEHHUsI CBA3M IAapaMeTPOB JIECHOU
PaCTUTENBHOCTH C DIIEMEHTaMH Me3openbeda ped-
HOU monuHbl ToOo1a Tpedyercs mpoBeAeHHE AO0IOI-

HUTEJILHBIX UCCIJICTOBAHUN.

BriBoabI

[lo pesynbraraM NpPOBEAECHHOTO HCCIIEIOBAHUS
MOKHO KOHCTaTHpPOBaTh, YTO Me30penbed, chopmu-
poBaHHbIM monuHON peku ToOom, o00yciaoBIHMBaeT
MOPOJHBIN COCTaB, THUII JIeca U NMPOU3BOAUTEIHHOCTh
JIECHBIX HacaxJeHuil. Ha Tepputopuu pedyHon a0u-
HBbl MOXXHO BBIJICJIIUTH TPU BJIEMEHTa Me3openbeda,
pasnuyarmuxcs M0 YCJIOBHsIM (OPMUPOBAHHUS Jiec-
HOM pacTUTENIbHOCTH: MTOMMa, HaJATIOMMEHHas Teppaca
u makop. lupuna pedHoil moiMbl BappUpyeT B Me-
cTax 3aKiajku jJanamadTaeix npoduiei ot 5880 10
12200 m. [Ipu 3TOM Ha TEPPUTOPHH MTOUMBI POPMHU-
pOBaHME JICCHBIX HACAKICHUH HAOIIOAAETCS] TOJIBKO
Ha TpUBax M Oyrpax, BO3BBIMIAIOIIUXCS HaJ OOIUMH
oTMeTKamMu penbeda. Hawmbonpimas mpow3BoauTe h-
HOCThb JAPEBOCTOEB OTMeuaeTcsl Ha Iakopax. Iloi-
MEHHbBIC OyIpbl U TPHUBBI MIPEUMYIIECTBEHHO 3aHSTHI
Oepe3HsKaM1 pa3HOTPABHBIMH U OCOKOBO-3JIAKOBBIMHU
Il kmacca Gonutera. CocHOBBIE HacaxaeHus (op-
MUPYIOTCS B OCHOBHOM Ha JJIeMEHTax me3opeibeda
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C OTMETKaMH BbICOT Oosee 65 M. [Ipu 3Tom cocHa Ha- [lomryueHHble JaHHBIE JAalOT HOBOE IIPEICTaBIIC-
YUHAET JIOMHHUPOBATh B COCTABE JIPEBOCTOER, IIPOU3-  HHUE 00 0COOCHHOCTAX (POPMUPOBAHUS JIECHOU pacTh-
pacTaromux Ha Turakopax. Ha HaamoiiMeHHO# Teppa-  TENbHOCTH Ha dJIEMEHTaX MOMMEHHOTO Me3openbeda
ce JIeCHbIE HAaCaXKJICHUS IPEICTaBICHbl B OCHOBHOM  peku To0oll B ee HWKHEM TEUSHHH Ha TEPPUTOPUHU
CMEIIIaHHBIMU OepEe3HsSIKaMK C He3HAUUTeNbHOM jtosieli  CeBepHOro 3aypalibsi.

COCHBI B COCTaBe.
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CTPYKTYPA U COCTAB HACAXIOEHWM NAPKA UM. NABNTUKA MOPO30BA
B EKATEPUHBYPTE
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Annomayusa. C navana 2000-x ronoB B I. EkarepuHOypre MpoOUCXOIUT BOCCTAHOBICHHE MAPKOB.
B mporecce peKOHCTPYKLIMH 3a4acTyl0 OCHOBHOE BHMMaHHUE YENSIOT IUIAHHPOBOYHOMY PEIEHHUIO,
a TaK)Ke PEMOHTY WMJIM 3aMEHE MaJIbIX apXUTEKTYPHBIX (popM, 3a0bIBasi O PEKOHCTPYKIIMU HACAKICHHH.
OO0bexT ucciaenoBanus — napk um. Ilasmrka Mopo3oBa, pacrooXeHHbIH B TpaHuLax yaul benunckoro
u Jlynauapckoro. B 2009 r. pemenrem ropojckoii 1ymel ExkarepunOypra napky OblUT IPUCBOEH CTaTyc
0c000 oxpaHseMoi MpUpoaHON TeppuTopuu Poccnm mectHOTO 3HaueHus. B mapke um. [laBnnka Mo-
PO30Ba peKOHCTPYKLMs Oblia npoBesneHa Oosee 10 ner Ha3an: U3MEHEHA TOPOKHO-TPOIIMHOYHAS CETh,
LIEHTPaJIbHbIE [IBETOYHBIE KOMITO3UIIUH, CO3/1aHbI HOBBIE CIIOPTUBHBIE U IETCKHE TUTOMAAKU. buin yra-
JICHBI aBapHUIHbIE JePEBbs U BHICAKEHBI HOBBIE dK3eMIUIAPEI. Llesbio JanHo0i paboThI SBIIAETCS BBISB-
JICHHE M3MEHEHHUS XapaKTepUCTUK HacaxIeHul B napke uM. [laBinka Mopo3oBa B I. ExarepunOypre
3a nepuon ¢ 2011 go 2022 rr. [y 3TOro MCIoib30BaH METO] IOBTOPHO MOEPEBHON MHBEHTAPU3ALUY:
OTIpeIeIISUTUCh MOPPOMETPHUECKUE TTOKA3aTeH JePEBbEB H KATETOPHsI MX CAHUTAPHOTO COCTOSHUSI.
B nacrosimee Bpemst npouspactaer 2011 apeBecHbIX pacTeHHd. YCTaHOBIIEHO, uTo 3a 10 jeT yBenu-
YHJIOCh KOJTMUECTBO PACTEHUH B MOcajKax MPEeUMYIIECTBEHHO 33 CUET KyCTApHUKOB, HO COKPaTHIIOChH
KOJIMYECTBO JiepeBbeB. CpejiHsis TyCTOTa N0CaIOK IEPEBbeB YMEHBIIMIACH Ha 45 mT./ra. B Xo/e nHBeH-
TapHU3alUH BBISICHWIOCH, 4TO 25 % AepeBbeB UMEIOT 3HAYUTENIFHBIC OTKJIOHEHHSI OT HOPMBI, a TaKkKe
5 % peKoMeHJJI0BaHO 3aMEHUTh Ha OCHOBAHUHU HEYAOBJIETBOPUTEIHHOTO CAHUTAPHOTO COCTOSHMUSL.

Kniouegwle cnosa: ropoickoil napk, CTpyKkTypa, COCTaB HaCaKIEHUH, PEKOHCTPYKIIUS

Jna yumupoeanusa: Atkuna JI. ., AmepxanoBa A. II., XKykosa M. B. Ctpykrypa u coctaB Ha-
caxaeHni napka uM. [laBnuka MopozoBa B ExarepunOypre // Jleca Poccun u xo3s1iicTBo B HEX. 2025.
Ne 2(93). C. 54-61.
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STRUCTURE AND COMPOSITION OF PLANTINGS OF THE PARK
NAMED AFTER PAVLIK MOROZOV IN YEKATERINBURG
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Abstract. Since the beginning of the 2000s, parks have been restored in Yekaterinburg. In the

process of reconstruction, the main attention is often paid to the planning solution, as well as to the
repair or replacement of small architectural forms, forgetting about the reconstruction of plantings.
The research object is the park named after Pavlik Morozov, located within the boundaries of Belinsky
and Lunacharsky streets. In 2009, by a decision of the Yekaterinburg City Duma, the park was given
the status of a specially protected natural area of Russia of local significance. The reconstruction of the
park named after Pavlik Morozov was carried out more than 10 years ago: the road and path network,
central flower arrangements were changed, new sports and playgrounds were created. Emergency
trees were removed and new specimens were planted. The purpose of this research is to identify
changes in the characteristics of plantings in the park named after Pavlik Morozov in Yekaterinburg
for the period from 2011 to 2022. For this purpose, the method of repeated tree inventory was used:
morphometric indicators of trees and the category of their sanitary condition were determined.
Currently, there are 2011 woody plants growing. It was found that over 10 years the number of plants
in plantings has increased mainly due to shrubs, but the number of trees has decreased. The average
density of tree plantings decreased by 45 pcs/ha. During the inventory, it turned out that 25 % of the
trees have significant deviations from the norm, and 5 % are recommended to be replaced on the basis
of unsatisfactory sanitary condition.

Keywords: city park, structure, composition of plantings, reconstruction

For citation: Atkina L. 1., Amerkhanova A. P., Zhukova M. V. Structure and composition of
plantings of the park named after Pavlik Morozov in Yekaterinburg // Forests of Russia and economy
in them. 2025. Ne 2(93). P. 54-61.

Beenenue

OOBexThI TaHIma(THOW apXUTEKTYPHI SBISIOTCS
OTHUMH W3 TJIABHBIX COCTAaBISIONINX JFOOOTO TOpO-
na. braromaps 3THM 00BeKTaM HACEJIEHHBIC ITyHKTHI
CTaHOBATCS 0OoJiee 3eNeHBIMH, YIydIIaeTcs MHUKPO-
KITUMAT TEPPUTOPHH, MOSBISIOTCS MECTa I THXOTO
Y aKTHBHOTO OT/IbIXa JKUTENEH.

B ExarepunOypre Oonee 30 mapkoB, OCHOBHYIO
TUIOMIAIh KOTOPBIX 3aHWMAIOT JIPEBECHO-KYCTapHH-
KOBBIE HACAXKICHHS, KOTOPHIE HEMPEPBIBHO PACTYT,
M3MEHSIOTCS, TOJBEPTalOTCs pa3IMYHBIMH aHTPO-
MTOTEHHBIM W TIPUPOIHBIM (haKTOpaM, 4TO OOBSICHICT

HEOOXOAMMOCTh TIOCTOSHHOTO MOHHTOPWHTA JI€PEBb-
€B ¥ KyCTapHHUKOB.

[Tapk um. ITaBnuka Mopo3oBa — OAMH M3 ILICH-
TPaAJIBHBIX MApKOB TOPOAA, MPHUBJICKAIONAN MHOXKE-
CTBO TOCETHUTENEH pasnu4HbIX Bo3pacToB. B 2009 1.
perieHrueM TOpoACKor mymbl ExarepmuOypra mapky
OBLT TIPUCBOCH CTATyC 0CO0O OXPaHSIEMOU MPUPO-
HOH Tepputopun Poccun MecTHOro 3HaueHus, a BCKO-
pe pazpaboTaH MPOEKT MO PEKOHCTPYKIUU OOBEKTA.
C aroii narel mponuio 6onee 10 geT. AKTyaIbHOM SB-
JISeTCs 3a/1a4a MPOBEICHUS MOHUTOPHHTA HACAXKIE-

HUM: KaK KyCTaApHUKOB, TaK U J1I€PEBHEB.
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eab, 3a1aun, 00bEKTHI
U MeTOANKA MCCJIeJOBaAHUSA

Lenp manHOW paboThl — neTanpHOE 00CITenoBa-
HUE U3MEHEHHS COCTOSIHUSI HACAKACHUI B MapKe UM.
[TaBmuka Mopo3oBa B I. EkarepunOypre 3a 10-netHuit
nepuon, ¢ 2012 no 2022 rr.

Jist 3TOro MocCTaBIEHBl 3aJadd: W3yYUTh H3Me-
HEHHUE BHIOBOTO COCTaBa M CAHWTAPHOTO COCTOSHUS
JIEPEeBbEB W KYCTApHHUKOB TIapKa, a TAaK)Ke Pa3BUTHE
MIPOCTPAHCTBEHHOH CTPYKTYPHI.

Kimmvar B ExarepunOypre ymMepeHHO KOHTHHCH-
TaJbHbIA. /[peBecHbIe BUIbI, TPOU3PACTABIINE B MAp-
Ke, MPEUMYIIECTBEHHO MPEACTaBICHbl MHTPOLYLICH-
TaMH, KOTOpBIE XOpOIIO 3apeKOMEH/IOBaM ceOsi Ha
yIUIaX TOpo/a, U MECTHBIMHU BHJIaMHU.

[Tapx um. ITaBnuka Mopo3zoBa cozgan B 1936 1,
MPOIENT Yepe3 KOMILUICKCHYI0 PEKOHCTPYKIIHIO U 00-
HoBiieHue B 2012 1. OOBEKT pa3MerieH Ha KBajpa-
te ymun benunckoro, Jlynauapckoro, [lexaOpucTtoB
u Kyiiopimera. Co cTopoHs! yi. beauHCKoro nmpumsi-
kaeT Oomnbioi OymbBap (puc. 1).

Jnst BBISIBICHUS M3MEHEHMs Pa3BUTHUSI Hapka 3a
necsath ser (¢ 2011 mo 2022 rr.) ObuIM ITpOaHaNIU-

3UpOBAaHbl HAyYHBIE W KpaeBeqYecKHe IyOInKanuu
(PexpeannonHbIil oTeHMaIl. .., 2017; Utoru pekoH-
crpykmud..., 2018; Ilapk mmenn [laBnuka..., 2023;
Exarepun0ypr, 2002; UeGoraesa, 2023).

B 1990-e¢ u 2000-¢ mapk ObLT 3a0poIlieH, pa3py-
MIAJTUCh HACAXJEHUS, IOPOKHO-TPOIMHOYHAS CETh
u wiomaaku. B 2011 . anMunucrpanueit Exarepun-
Oypra Oblla HauyaTa PEKOHCTPYKLMH Mapka, KOTopas
MpUHEecTIa MaciTabHble M3MEeHeHus. B mapke mosBu-
JUCh JETCKHE W CIIOPTHUBHBIE IUIOMIAJIKH, TTOKPHITHE
JOpOKeK OBIJIO 3aMeHeHO Ha miuTouHoe. [lo meH-
TPaAJIbHOM OCH CO3[laHa KPyIHAs KOMITO3UIUS U3 Jie-
KOPATUBHBIX TPAaBSHHUCTHIX W KyCTapHUKOBBIX pacTte-
HUH, 0(OPMIICHHBIX KAMEHUCTBIMU POCCHITISIMHU.

B 2022 1. mpousBeneHa WHBEHTapH3aIus ¢ Tie-
pEUETOM JIepPEBhEB M KYCTapHUKOB, a TaKXkKe OIpesie-
JICHHEeM HMX caHuTapHoro coctosiHus (OO0 yTBepxje-
HUU..., 2020).

Pe3yabTaThl M HX 00CyxKAeHHE
Ha ocHoBe nmuTepaTypHBIX JAHHBIX U3BECTHO, UTO
Ha 2012 r. B mapke uMenock Bcero 1936 nepeBbes; 910
33 Buna, B ToM uncie 18 BUIOB AepeBbeB U 15 BUIOB

Puc. 1. ITapk um. ITaBnnka Mopososa (2022 1)
Fig. 1. Park named after Pavlik Morozov (2022)
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KycTapHukoB. llpeoOmamatormmMu BuamMu B Tap-
Ke OBbLIM TOIOJIb Oajb3aMUYCCKHM, SONOHS sSromHas
U KJIEH SICEHEJIUCTHBIM. Ha MOMEHT PEeKOHCTPYKIMU
2011 r. OonmpIIyI0 YacTh BCEX HACaXICHWUH COCTaB-
JSUTA CTapOBO3PACTHBIEC IEPEBbs, KOTOPhIC YKe yTpa-
THJIM CBOIO CTETHYECKYIO IIEHHOCTh M HAXOJWIINCH
B ociabneHHoM Buje. CpenHuil Oall CaHUTapHOTO
COCTOSIHUSI Y HACAKACHUH OBLIT OKOJIO 3.

ITocne pexoncTpykmun 2012 1. mapka um. [1aBmu-
ka Mopo30Ba KOJMYeCTBO BUIOB IPEBECHO-KYCTaPHH-
KOBBIX HACaXJCHUH HE M3MEHUIOCH, HO olliee Yuc-
JI0 HacaxaeHuil yeenmumiock 10 1950 mt. B mapke
TaKXKe Mpeo0IIaaaiy TOMoIb O0aIb3aMUIeCKUH, SOMOHS
ArOJ(HAsl U KJIEH SICEHENUCTHBIN. Ilocne pekoHCTpyK-
IIUU WX KOJIMYECTBO YMEHBIINIOCh Ha 271 pacTeHue.
B pesynbrare yBenmunioch KOJMHYECTBO KyCTaPHUKOB
Ha 30,9 %, HO YMEHBIIUIOCH KOJIMYECTBO JIECPCBHEB
Ha 31 %. IlmotHOCTE HepeBneB Ha 2012 1. cocTasis-
ma 200 mt./ra, a mociie peKOHCTPYKIIUU COKPATHIIACh

mo 138 mT./ra. B pesymprare peKOHCTPYKIMH Ha-
CaX/IEHUH U 3a CYET MOJIOJBIX IOCAJIOK CAHUTApPHOE
COCTOSIHHE YIYUIIIIOCH 10 2,6 6amra. OmHAaKo y To-
mmoJist 0ab3aMHUYECcKoro Bee Tak ke 4 Oamna (Pexpea-
LIMOHHBIN MTOTeHIMal. .., 2017).

ITocne mpoBeaenus mHBeHTapu3anuu 2022 mo-
Jy4eHsl cienyoume pe3yasrarel. B mapke um. Ilas-
nuka Mopo3zosa npouspactaet 2011 nepeBbeB u Ky-
CTapHHUKOB, KOTOpBIC NpPHHAIEKAT K 36 BHmaM,
B ToM uuciie 20 BUIOB JepeBbEeB U 16 BUIOB Kyc-
TapHHUKOB. [IpeoOnagaromuMu AepeBbsIMHU MO KOJIH-
YECTBY IK3eMIUIIPOB B mapke Ha 2022 T. SBISIOTCS
sA0JIOHS SIrOHAs, TONOJb OaJb3aMUYECKUI U KIICH
siceHenucTHhIN. [lo TeppuTopun oHu pacnpeeaeHs
HEpPaBHOMEPHO: OOJBIIAs YECTh JEPEBHEB HAXOIWT-
Cs B CEBEPHOM M LEHTPAJIBbHON yacTsax nmapka. B rox-
HOW 4acTH JepeBbsl pacroyokeHbl pexe. CpemHss
TUIOTHOCTH JIEPEBBEB B MapKe cocTasiseT 155 mr./ra
(Tabmuma).

Pacnipenenenue konmuuecTna AepeBbeB U KYCTaPHUKOB 110 BHIAM

U UX CAaHUTApPHOE COCTOSIHUE MO COCTOsIHUIO Ha 2022 T

Distribution of the number of trees and shrubs by species

and their sanitary condition as of 2022

Koi-Bo, Tlox Cpennuii 06ast
Ne n/m Bun IIT. yaaleHne | CaH. COCTOSHUS
Ne p/p Species Quantity, Under The average san
pcs deletion score. states
Jepesbs / Trees
1 Bepesa nosucnas (Betula Pendula Roth. Verrucosa Ehrh) 39 - 2
2 Bsi3 mnankuii (Ulmus leavis Pall.) 22 1 3
3 Slcenb nencwibBaHckuii (Fraxinus pennsilvanica Marsh.) 65 2 3
4 Scenb nannetHeid (Fraxinus lanceolate Borch.) 51 1 3
5 Slonous sronnas (Malus baccata (L.) Borkh.) 265 4 3
6 Knen sicenenuctslit (Acer negundo L.) 108 7 3
7 Yepemyxa Maaka (Padus maackii (Rupr.) Kom.) 14 - 3
8 Bsi3 mepruassiii (Ulmus glabra Mill.) 24 - 3
9 Tomnons Ganb3amuueckuit (Populus balsamifera L.) 177 2 4
10 | UBa cepebpucras (Salix alba L.) 1 - 3
11 Knen Tarapckuii (Acer tataricum L.) 3 1 3
12 | Bas npusemuctsiii (Ulmus pumila L.) 25 - 3
13 Eunb eBponeiickas (Picea abies (L.) Karst.) 5 - 2
14 | Jluna menkonuctHas (7ilia cordata Mill.) 46 1 1
15 | WBa nomkas (Salix fragilis L.) 8 - 3
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OxoHuanue mabnuyul

The end of table

Koi-Bo, IMon Cpennwuii 6amn

Ne n/n Bun IT. yHdaJIeHue | CaH. COCTOSHUSA

Ne p/p Species Quantity, Under The average san

pcs deletion score. states
16 | YUepemyxa oObikHOBeHHAs (Padus racemose (Lam.) Gilib) 14 - 3
17 | Tonone pyumucteiii (Populus suaveolens Fisch.) 1 - 2
18 | Enb konrouas (Picea pungens Engelm.) 9 - 3
19 | JlucrBennuua cubupckas (Larix sibirica Ldb.) 11 - 2
20 | Psbuna oOsikHOBeHHAs (Sorbus aucuparia L.) 38 - 3
o g o | o ;
Kycrapuuxku / Shroobs

1 Cupens Benrepckas (Syringa josikaea Jacq.) 67 10 3
2 Kaparana npesoBunnas (Caragana arborescens Lam.) 46 - 3
3 Wpra kpyrnonucthas (Amelanchier rotundifolia (Lam.) Dum.Cours.) 2 - 2
4 Crupes simoHckas (Spiraea japonica L. f.) 1 - 2
5 Cupenb o0bIkHOBeHHas (Syringa vulgaris L.) 55 - 3
6 Crupes 6enas (Spiraea alba Du Roi.) 3 - 1
7 Kusunbpauk onectsmii (Cotoneaster lucida Schlecht.) 176 - 2
8 Jepen o6bikHOBeHHbIH (Cornus alba L.) 1 - 4
9 Bysuna oOsikHOBeHHAsI (Sambucus racemosa L.) 2 - 4
10 | YUyOyurauk BeHneunslit (Philadelphus coronarius L.) 6 - 2
11 Bosipeintauk kpoBaBo-kpacHslii (Crataegus sanguinea Pall.) 73 5 4
12 | [Ty3bIperuioqHUK KaaTuHOMUCTHBIN (Physocarpus opulifolia L.) 1 - 4
13 | Bosipeirauk Makcumouya (Crataegus maximowiczii C. K. Schneid.) 2 - 4
14 | Kanuna oowikHoBeHHast (Viburnum opulus L.) 2 - 2
15 CwmopoauHa 3omnotuctas (Ribes aureum Pursh.) 1 - 1
16 | XKumonocts tarapckas (Lonicera tatarica L.) 30 - 1

B Xxome wWHBEHTapu3amWM BBIACHHIOCH, YTO MHOTOCTBONBE W T.1.) (puc. 2), a Takke 34 nepesa
398 3K3. (25 % ot obuiero uucna) uMer0T Kakue- (5 % or oOmiero 4uciaa) PeKOMEHAOBAHO YAAIHTh
100 OTKIIOHEHHSI OT HOPMBI (MOPO300OIHBIC TPEIIU- 1 3aMEHUTH HOBBIMH MOCAJIKAMH.

HbI, aBapUITHOE COCTOSTHUE, CUJIbHBIA HAKJIOH CTBOJIA,
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Puc. 2. [Topoku CTBOJIOB JIEPEBHEB PA3IMYHBIX BUIOB B apke uM. [laBnuka Mopo3osa
Fig. 2. Defects of tree trunks of various species in the park named after Pavlik Morozov

CpaBHHMB HCCIIEJOBaHUS TapKa B pa3HbIC TOIbI,
MOXKHO 3aMETHTh, YTO M3MEHUIIOCH KOJIUYECTBO JIe-
PEBBEB M HX JIOJIEBOE yYaCTHE B COCTABE HACAKICHUI
(puc. 3). Ho Bo Bce roas! npeodnanany BUABI JePEBb-
B, OTpaKCHHbIE Ha pUC. 3. J[0JIs 10 KOJIMYECTBY CTBO-

. — TOTIOJNb OaJIb3aMHYECKUN
Populus balsamifera L.

- — s10JI0HS ArOIHAS
Malus baccata (L.) Borkh.

— KJICH SICEHEJIMCTHBIN
Acer negundo L.

. — SICeHb JIAHIIETHBIN
Fraxinus lanceolate Borch.

. — sICE€Hb NTEHCUIIbBAHCKHI
Fraxinus pennsilvanica Marsh.

JI0B cocTaBisia ot 2 1o 30 %, Torna xaxk ocTajibHBIE
BUJBI NPHUCYTCTBOBAJIM €IUHUYHO — 1-5 3K3. Tpm
BHJIa COCTABIIIOT OCHOBY HACAKIACHUIN: TOTIOH OaTb-
3aMHYCCKUM, SOJOHS SrogHas, KJICH SICCHEIMCTHBIN

(puc. 4).

— BA3 LIEpIIaBbIi
Ulmus glabra Mill.

— psiOrHa OOBIKHOBEHHAS
Sorbus aucuparia L.

O Oepe3a moBucast
" Betula Pendula Roth. Verrucosa Ehrh

. — BSI3 TVIAJIKHAI
Ulmus leavis Pall.

Puc. 3. Jlunamuka U3MEHEHNUS JI0JIEBOTO YUaCTHsI OCHOBHBIX BH/IOB JIEPEBLEB BUIOB
B (opmupoBannn HacaxkaeHus ¢ 2016 (BHemHee konbio) 10 2022 . (BHYTpEeHHEE KOJIBIIO)
Fig. 3. Dynamics of changes in the share of the main tree species in the formation
of plantings from 2016 (outer ring) to 2022 (inner ring)
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Tomoab Oanbp3aMUYECKUI
Populus balsamifera L.

SI6mons aromguas
Malus baccata (L.) Borkh.

2022

Kiren scenenuctHbIN
Acer negundo L.

Puc. 4. JluHamMrka U3MEHEHHSI KOJIMYECTBA JIEPEBHEB MPEOOIIaatonX BUI0OB
Fig. 4. Dynamics of changes in the number of trees of the prevailing species

BriBon

CpaBHUB HWTOTH PEKOHCTPYKIIMH, OTpPaKCHHBIC
B pa3JIMYHBIX HAYYHBIX M KPACBEIUYECKUX CTaAThSX,
Y JaHHBIE, COOpaHHBIE AaBTOPOM, MOYKHO CJIENaTh
BBIBOJI, YTO TIOCTENCHHAs PEKOHCTPYKIHS JepEeBb-
€B TIPOMCXOJIUT, HO TPU 3TOM HE M3MEHSETCs 1peo0d-
JAJAOMUH BUAOBOM cocTaB HacaxaeHui. OCHOBY
JIpeBOCTOSl  (DOPMHUPYIOT TOIONE OaTbh3aMHYECKHIA,
SIOJIOHSI AITOJIHASL U KJICH SICEHEIMCTHBIM, KaK U MHOTO
net Hazaa. Obmee konmmuecTBO nepeBbeB ¢ 2012 mo
2016 rr. ymensumiioch ot 1124 no 774, vo B 2022 r.
yxke 3aduxcupoBaHoHO 867 3k3. OTMEUEHBI MOCTE-
MIEHHOE CHIKCHHE yJacCTHUs TOIOJS Oab3aMHYECKO-
ro — 125 9k3. 3a 10 JieT 1 BOCCTaHOBIIEHHUE KOJIUUECTBA
si0mouu siromHoi: 2012 — 274 sk3.; 2016 — 175 ks,

u B 2022 — 265 k3. Unet Takxke yaaneHue KieHa sice-
HemucTHOTO — 100 9K3. 3a TpH Toxa.

B napke no-npexHeMy HEJOCTaTOYHO XBOHHBIX
pactenuii: BeicaxkeHo 18 eneit (komrouast U eBpoOIeii-
CKasl) 3a TPHU Troja, IOITOMY 3UMHHI TNeH3aX HEBHI-
pasureneH. Pexomenmyem ynajieHHBIA TOMOMb Oalb-
3aMHYECKUN 3aMEHSTh Ha XBOWHBIE MOPOJIBI (€b,
COCHa, Ke/Ip), KOTOpble MPEeKPacHO PAacTyT U Pa3BHU-
BaloTCs Ha Tepputopun T. ExkarepunOypra.

B ntore MoxHO yTBEpKaTh, YTO MapK HykKAaeTcs
B KOPEHHOH PEKOHCTPYKIIUH C [ENbI0 (POPMUPOBAHUS
HE TOJIBKO YCTOMYMBBIX, HO U 3CTETHUECKH MPUBJIEKa-
TEJIbHBIX HACaKACHUH, AEKOPaTHUBHBIX B JI00OE Bpe-
Ms TOJIa.
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Annomayusa. Ctathbsi IOCBSIICHA UCCIEOBAHUIO TIOCAOK AyOa uepemrdaroro (Quercus robur L.)

B LeHTpasibHOH yacTu ExarepunOypra. J{is1 onpeaeneHus: BCTpeyaeMOCTH Ay0a 4eperryaToro paccMo-

TPEeHbBI BCE 00BEKTHI OOIIETr0 MOIb30BaHUS B LIECHTPAILHOM IIAHUPOBOYHOM palioHe ropoja. B pe3yiib-

Tare OGCJ’IGI{OB&HI/IH OBLIO YCTAHOBJICHO, YTO 34 NOCJICAHUC 33 roaa, KOS(i)(I)I/ILII/ICHT BCTPCUACMOCTH I10-

caJiok Ay0a yepemruaroro B LEHTpanbHOU yacTh EkatepuHOypra yBenmuuwmics u coctaBisieT 38,5 %.

HccnenoBanue u 3aMepbl OMOMETPUYECKUX MTOKa3aresel (BbICoTa, TnaMeTp CTBOJIA U KPOHBI) TPOU3BO-

JWJINCh HA CEMH 00BEKTax I.IeHTpaHBHOﬁ 4JacCTHU ropozia, Ha 4€ThIpEX U3 HUX U3y4YCHA JUHAMHKA I'OANY-

HOI'0 mprupocCTa 6I/IOMCTpI/I‘lGCKI/IX mokasareseii. Beero Ob110 HCCJICI0BAaHO 40 ACPCBLCB L[y6a qycpenma-

TOTO. YCTaHOBJIEHO, YTO BO3PACT TOPOACKUX MOCANOK My0a B MEHTPATHLHON YacTH Tropoja Koieomercs

ot 5 10 60 set. BeIsSBIIEHO, YTO XOPOIINH CPEAHHIA TOIOBOW MIPUPOCT HAOIIOMAETCS Y CAMBIX MOJIOJBIX

IoCaJaoK /:[y6a B BO3pacCTe ISITU JICT, PACTIOJIOKCHHBIX B 6HaFOHpI/I$lTHLIX YCJIOBHUAX, OH COCTABJISCT IO

BoicoTe 90 cM. Camble BHICOKHE MapamMeTpbl OMOMETPUYECKHUX TMOKa3arelei cpenu aepeBbeB S50 neT

H cTapuie Ha6J'IIOILaIOTCfI y I[Y6OB, KOTOPBIC TPOU3PACTAIOT CBO60,Z[HO, Ha Xopouio OCBGH.IeHHOﬁ MCCTHO-

ctu. Tak, cpeaHsisi MAKCUMallbHas BRICOTa OTMeYaeTcs y JyOoB B AeHApOIapke Ha yi. 8 mapta — 12,8 m,

a caMbIii OOJIBIIION AMAMETp KPOHKI y AyOOB B cKkBepe Ha mp. Jlenuna — 11, 22 m. CaHUTapHOE COCTOSTHUE

z[y6a gepeuraToro Ha HCHTPAJIbHBIX 00BeKTax ropozia MOXHO OXapaKTEpHU30BaATb KaK OCHaGHeHHOG,

HUCKITFOYCHUCM ABJIAIOTCSA MOJIOABIC TOCAAKU, ITPOU3PACTAIOIINEC B ITAPKE CTaAUOHA «,HI/IHEIMO». B uenom

TIOJTYICHHBIC JAHHBIE CBUICTEIBCTBYIOT O TOM, YTO PACTIPOCTPAHCHIE U aanTaIlis Jy0a deperrdaToro

B MCCTHBIX TOPOACKHUX YCIIOBUAX MPOUCXOAUT JOBOJIBHO YyCIICIITHO.

Knrueswie cnoesa: ,Z[y6 qepemanLIﬁ, 03CJICHCHUEC, CAHUTAPHOC COCTOSIHUC HaCﬁ)I(L[eHI/II)'I, HWHBCHTAa-

pusanys, 3€JICHBIC HACAXKICHUA

Jna yumuposanun: Cponusix T. b., CepebpsixoBa C. ., Bonocos U. A. Berpeuaemocts, poct

U cocTosiHUE Ty0a yepenruaroro Ha 00bekTax JanamadTHOH apxutekTypbl EkatepunOypra // Jleca Poc-

chu U X03s1cTBO B HUX. 2025. Ne 2(93). C. 62-69.
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Abstract. The article is devoted to the research of the plantings of pedunculate oak (Quercus
robur L.) in the central part of Yekaterinburg. To determine the occurrence of pedunculate oak, all
public facilities in the central planning area of the city were considered. As a result of the survey, it was
found that over the past 33 years, the occurrence rate of pedunculate oak plantings in the central part
of Yekaterinburg has increased and amounts to 38,5 %. The research and measurements of biometric
indicators (height, trunk diameter and crown diameter) were carried out at seven facilities in the central
part of the city, at four of them the dynamics of annual growth of biometric indicators were studied.
In total, 40 pedunculate oak trees were examined. It has been established that the age of urban oak
plantings in the central part of the city ranges from 5 to 60 years. It was revealed that a good average
annual increase is observed in the youngest oak plantings at the age of five years, located in favorable
conditions, it is 90 cm high. The highest biometric parameters among 50 years old and older trees are
observed in oaks that grow freely in well-lit areas. Thus, the average maximum height is observed for
oaks in the arboretum on 8 Marta Street — 12,8 m, and the largest crown diameter for oaks in the park on
Lenin Avenue — 11,22 m. The sanitary condition of pedunculate oak at the central facilities of the city
can be described as weakened, with the exception of young plantings growing in the park of Dynamo
stadium. In general, the data obtained indicate that the spread and adaptation of pedunculate oak in local

urban conditions is quite successful.

Keywords: pedunculate oak, landscaping, sanitary condition of plantings, inventory, green spaces

For citation: Srodnikh T.B., Serebryakova S.I., Volosov I.A. Occurrence, growth and condition

of pedunculate oak on the objects of landscape architecture of Yekaterinburg // Forests of Russia and

economy in them. 2025. Ne 2(93). P. 62—69.

Beenenne

CoBpeMeHHas TOpoAICcKas Cpeia XapaKTepu3yeTcst
BBICOKMM YPOBHEM aHTPOIIOT€HHOTO BO3ECHCTBUSA,
KOTOPOE€ CYLIECTBEHHO OTJIMYAETCSl OT MPUPOAHBIX
ycIoBUN 0OMTaHUSI OONBUIMHCTBA IPEBECHBIX MOPO.
OpHMM U3 BaXKHEHUIITNX aCIIEKTOB yCTOMYUBOTO Pa3BU-
THSI TOPOIOB SIBIISIETCS CO3/IaHUE U TTOJACPIKaHNe OHO-
Pa3sHOOOPA3HBIX 3€JICHBIX 30H, CIIOCOOHBIX KOMIICH-
CHpOBaTh HEraTMBHOE BO3/ICHCTBHE ypOaHHM3alMU Ha
OKPY’KAIOIIyI0 Cpely U 3I0pOBbe HaceneHus. B aToit
CBSI3U 0COOYIO aKTyallbHOCTh NMPHOOPETAET UCCIIEN0-
BaHHUE a/IaNTallMi K TOPOJCKHUM YCIOBHUSAM HHTPOIY-
LUPOBAHHBIX BUAOB JIEPEBHEB, UTPAIOIINX KIIFOUEBYIO

POJTb B YIIYUIIIEHUN YKOJIOTHIECKOW OOCTAHOBKH U TIO-
BBIIIIEHUH Ka4eCTBa KU3HU B TOPO/IAX.

OfHUM W3 TEPCIEKTUBHBIX AJIS MCIIOIb30BAHUS
B TOPOJICKOM O3€JICHEHUH SIBJISIETCS y0 ueperryaTsiii
(Quercus robur L.). DTOT BHI TPEICTABIAET COOOM
OJIHY M3 CaMbIX LIEHHBIX JPEBECHBIX MOPOA, UCIIOIb-
3yeMbIX B JaHAma(THOW apXuTeKType, Onaronmaps
CBOEH JTONTOBEYHOCTH, YCTOMUMBOCTH K HeOIarompu-
ATHBIM (PaKTOpaM OKPYKaIOLIeH Cpebl U AEKOPaTUB-
HBIM Ka4€CTBaM.

B mocnennme roxsl B ExarepunOypre Habmro-
JaeTcsl TeHACHLUS K YBEJIMYCHHUIO Yncia 1yOoB ye-

peurdarsix (Quercus robur L.), 9T0 MOXKHO CUUTATh



64 Jleca Poccum 1 X038MCTBO B HUX

Ne 2 (93), 2025 1.

TTOJIOKUTEIHHBIM IIarOM B TOBBIIIEHUH OHOpPa3HO-
oOpa3us rOpoJICKOro o3ejicHeHus. B nanHOl ropoj-
CKOM cpenie, BHE €CTECTBEHHOTO apeana, Ooiblioe
BIIUSIHUE HAa Pa3BHUTHE MyOOB OKa3bIBAIOT (DaKTOPHI
9KOJIOTUYECKHE, IIOPTOMY OCOOCHHO BaXKHO OLCHUTH
CITOCOOHOCTH HHTPOIYITMPOBAHHOTO BHAA aallTUPO-
BaThCS K 3TUM YCJIOBUSIM.

Iean, MmeToaMKA,
00beKThI UCCIIeJ0BAHUS

Lenpio JaHHOTO UCCIETOBAHUS SIBISICTCS OLEHKA
BCTPEYaEMOCTH, POCTa U COCTOSHHS Jy0a ueperrda-
toro (Quercus robur L.) pa3In4HOTO BO3pacTa B II€H-
TpanbHO# uactu T. ExarepunOypra. s noctimkenus
ITOCTaBJICHHOW METH OBUTH CPOPMYITHPOBAHBI CICTY-
FOIIUE 3a/1a9H.

1. M3yueHue HayudHBIX JUTEPATyPHBIX HMCTOYHU-
KOB TI0 T€ME MCCIIETOBaHMS.

2. UccrnenoBanne OOBEKTOB OOIIEro TOIH30Ba-
HUS IIEHTpadbHOU yacTu ExkarepunOypra Ha nmpeaMer
BCTPEYaeMOCTH JIepeBbEB 1y0a 1 onpesiesieHne BCTpe-

3. MzyueHue nocajok ayda yepernraaToro pasHoro
BO3pacTa Ha pa3HbIX 00beKTax B ycnoBusix Exarepun-
Oypra u ompenenenue MOpGOMETPUUECKAX XapaKTe-
PUCTHK U CAHUTAPHOTO COCTOSTHUS PACTEHHI.

4. Onpezenenne TONUYHBIX MPUPOCTOB IO OCHOB-
HBIM MOP(HOMETPUIECKUM TTOKA3aTEIISIM.

Jluis onipenienieHust BCTpe4aeMoCTH Ay0a uepenrda-
TOTO PACCMOTPEHBI 26 0OBEKTOB OOIIETO MOIH30BAHUS
HeHTpajgbHOTO paiiona . ExarepmuOypra. Koaddu-
IUEHT BCTPEYAEMOCTH B paccuuThIBaJICs 110 popmyre

B=100a/n,

IJe @ — KOJMYECTBO OOBEKTOB, HA KOTOPBIX JTAHHBIN
BUJ BCTPEYACTCS;

n — o0111ee KOINYeCTBO HCCIICIOBAHHBIX OOBEKTOB.

Jnst u3mepeHust MoppOMETPHUUECKUX NPU3HAKOB
U COCTOSIHUS BBIOpaHBI MOCAAKH Jy0a 4eperrdaToro
(Quercus robur L.) pa3HOTO BO3pacTa Ha HEKOTOPHIX
oObekTax B meHTpe ExarepuuOypra (Tadm. 1). Obcie-
JIOBaHUE M 3aMepbl Ha yeTbIpex o0bekrax Ne 1-4 mpo-
m3BoarTuCh B 2023 1 2024 rr. Tpu oObekta Ne 5, 6 u 7
ObLTH 00CIeTOBaHbI M 3aMepeHbl B 2024 1.

Y4aeMOCTH.
Tabnuya 1
Table 1
Pacnonoxenue o0beKTOB HccieoBaHus B I. EkarepuHOypre
Location of research facilities in Yekaterinburg
Pacnonoxxenue oobekTa OpuentupoBounslii |  Konnyectso
Ne ni/m (ampec) Tur mapkoBOro HaCaKJICHUS BO3pACT, JIeT JICPEBBEB, IIT.
Ne p/p Location of the object Type of park area Estimated age, Number of
(address) years trees, pieces
yn. Bacunus Epemuna, 12 —
1 napk craguona «JIuHamo» OIUHOYHBIE IK3EMILISIPBI 35 6
Vasily Eremin St. 12 — Single instances
Dynamo Stadium Park
OnIMHOYHBIE SK3EMILUISIPBI
Bbynbap Ha nip. Jlenuna VI
2 . B aJJIeHHON nocajke (1moJcanka) 6—-10 3
Boulevard on Lenin Avenue . . . .
Single specimens in alley planting
Tlepekpectok yi. KyiiObiera
3 u yi. Kpacnoapmeiickoit I'pynnoBas nocanka 30-35 3
The intersection of Kuibyshev St. Group planting
and Krasnoarmeyskaya St.
4 Ilp. HGHHHa 51 PstBaﬂ nocajKa 40-50 4
51 Lenin Avenue Ordinary planting
Ucropuueckuii cksep OJMHOYHBIC U TPYTIIOBBIC
5 R - 50-60 12
Historical square Single and group
6 Jennponapk Ha yi. [lepBomaiickoit PsanoBas nocanka 40 12
Arboretum on Pervomaiskaya St. Ordinary planting
7 Jenaponapk Ha yi. 8 mapra PsimoBas mocanka 60 12
Arboretum on 8 Marta st. Ordinary planting
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[Ipu yTouHeHnHu pacnonoxkeHus 00bEKTOB HCCIIe-
JIOBaHUsI UCIIOB30BAIMCH 00menocTynHbie [ MC-ma-
TEepHasbl, BKJIIOYas CIIyTHUKOBBIE (SIHIEKC-KapThl).
ITpoBoamnKch 3aMepbl JUaMeTpa CTBOJA Ha BHICOTE
1,3 M, tuameTpa kpoHs! B Hanpasienuu C-1O, BbicoTa
COTJIACHO OOMICTIPUHATON MeToauke (ATKWHA U Jp.,
2015). Bo3pact nepeBbeB yCTaHABIMBAJICS 0 UMEIO-
IIMMCS APXUBHBIM U JINTEPATYPHBIM JTaHHBIM.

JuameTp cTBONAa M3MEpsUICS Ha BBICOTE 1,3 M
WIN Yy IIeHKH KOpHsI (AJ71s1 MOJIOABIX PacTEHHUH) ¢ uc-
MOJIb30BAaHUEM M3MEPUTEIbHON PYIETKH U IITaHT€H-
UpPKyIs. BeicoTa nepeBbeB Obliia onpeneneHa ¢ Imo-
MOIIBI0 MOOMITEHOTO BhIcOTOMepa Two Point Height,
JUISL MOJIOABIX 3K3EMIUIAPOB MpPHUMEHsIAch pyJeTkKa.
J1s OIIEHKM CaHWTApHOTO COCTOSHUS JI€PEBBHEB HC-
MOJIb30BAJIACH IIKaJla KAaTerOpui CAHUTapHOIO CO-
crosiaust (Ilocranomnenue..., 2020). Crarucrude-
ckasg 00pa0oTKa NaHHBIX TPOU3BOIMIACH COIJIACHO
N. ®. Kopocrenesy (2011).

Pe3ynbTarhl U UX 00Cy:KIeHUE

B coctaB 00bekTOB 00IIer0 MoNb30BaHus [leH-
TpanbHOTO paiiona ExarepunOypra BxoauT 26 o0b-
ekToB: 8 mapkoB, 17 ckBepoB u 1 OymbBap (Mo3anes-
ckas, 2023).

y6 uepeurvarsrii (Quercus robur L.) BcTpeuaercs
Ha 10 oOBekTax OOIIEro MOJIb30BaHUS IEHTPATBHOM
yactu ExarepunOypra: B JIEHAPOIOrHYECKOM MapKe

(yn. 8 mapra), mapke um. 50-netust COBETCKO#H Bi1acTH,
napke UM. DHrenbca, napke crajguona «lunnamoy, JIn-
TepaTypHOM KBapraiie, cajie Baitnepa, ictopuueckom
ckBepe, ckBepe y Xpama Ha Kposu, ckBepe bynbpap-
Has JieHTa, OynpBape mo np. Jlenuna. Koagduuunent
BCcTpeyaemocTu coctaBui 38,5 %. Cmemyer oTme-
TUTb, YTO IIOKBapTaJIbHOE OOCIEIOBAHHE 3EJICHBIX
HacaKACHUHM NeHTpalbHOH dwacth ExarepunOypra,
npoBeneHHoe B 1991 1. cmenmanucrtamu boranmnde-
ckoro cana ¥YpO PAH, nokasano, 4To BCTpe4yaeMOCTh
ny0a yepenruaroro cocrapisiia Ha ToT nepuoj 14,3 %
(Cemxuna u ap., 1991). BerpedaeMocTs YBETUIMITACH
3HAYUTEIBHO.

ITo pe3ynbraraM Hay4HbIX UCCIIENOBAHUN, ITPOBE-
neHHblXx B 2023-2024 TT., TOSIBUJIACh BO3MOXKHOCTH
CpaBHHUTH IOKazarenu nyba uepemruaroro (Quercus
robur L.), mpouspacraromiero Ha 4 o0beKTax roposa,
3a mocueaaue a8a roga (tadm. 2 u 3).

Jlannble Tabi1. 2 TOKa3bIBAIOT, YTO MAKCUMAJIbHBIE
napaMeTpsl 1Mo BBICOTE, JUAMETPY CTBOJIA M JHaMe-
TPY KPOHBI OTMEUEHHI Y IEPEBHEB CTAPIIIETO BO3pacTa
Ha oObekTe Ne 4. HeckonbKko MEHbBIIHE MapaMeTpbl
y nepeBbeB 30-netHero Bo3pacra (00bekt Ne 3). Paz-
JIUYWS CTATUCTHYECKH JOCTOBEPHBI, 32 HCKITIOYCHUEM
nuameTpa KpoHbI (cM. Tabi. 3). M cambie HeOombITe
pasMepsl UMEIOT JiepeBbs Ha o0bekTax Ne 1 u Ne 2 co-

OTBCTCTBCHHO UX B03paCTHOﬁ KaTeropuu.

Tabnuya 2
Table 2
Cpennue bnoMeTpuieckne mokasarenu JayooB Ha ynunax ExarepunOypra B 2023 1.
Average biometric indicators of oak trees on the streets of Yekaterinburg in 2023
CpenHue nokasareinu
Average values
Ne ni/m O6TfeKT Beicora Juametp Juamerp CanurapHoe
Ne p/p Object JiepeBa, M CTBOJIA, CM KPOHBI, M COCTOsIHUE, OalI
Height Barrel Crown Sanitary
of the tree, m diameter, cm diameter, m condition, score
yi. Bacunus Epemuna, 12 B
U | Vasily Eremin st. 12 0,75+0,21 1,55£0,49 1,420,2
o | Mpocmexr Jenina 3,83+1,36 5.86+1,06 2,3440,59 22402
Lenin Avenue
Iepekpectok yia. KyiiObimiesa
u yn. Kpacnoapmerickoii
3 The intersection of Kuibyshev St. 10,33+0,16 30,66+2,16 8,63£0,47 2,0+0
and Krasnoarmeyskaya St.
4 | Up. Jlennna, 51 11,62+0,23 43,47+332 9,65+0,69 2,5+0,2
51 Lenin Avenue
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Tabnuya 3
Table 3

Kpurepwuii nocToBepHOCTH pa3Inunuii OCHOBHBIX ITapaMETPOB ACPEBhEB MyOa

B 2023 1. Ha o6bekTax Ne 3 u 4 mpu p = 0,95

Criterion for the reliability of differences in the main parameters of oak trees
in 2023 at facilities Ne 3 and 4 at p=10,95

Kpurepuii 10CTOBEpHOCTH pa3IUuMii ¢
J]\f; H;H HI(; Igliiz{gfb The criterion for the reliability
* PP of differences is “¢”
Bricora nepesa
! Height of the tree 6,45
2 Juametp cTBONA iepeBa 323
Tree trunk diameter ’
3 JluameTp KpOHBI JiepeBa 123
Diameter of the tree crown ’
4 CaH.mapHoe cocTosiHue 2.50
Sanitary condition

ITo manHbIM TaOd. 2 U 4 MBI MOKEM BBISICHHUTD,
KaKOBBI TOJIMYHBIC TIPUPOCTHI BCEX MAPaMETPOB U JI0-
CTOBCPHBLI JIM CTATUCTUYCCKU paA3JINIUA OTUX JaHHBIX
B 2023 1 2024 1. DTN HaHHBIE ITIOKAa3aHbI B TA0II. 5.

AHanu3 AaHHBIX Ta0d. 2 ¥ 4 U OIpe/eNieHUe TOo-
TUYHBIX W3MEHEHUN WM TPHUPOCTOB (CM. Tabm. 5)
MMOKa3aJId, 9TO MOJO/bIe pacTeHus nyda B BO3pacTe
1m0 5 net (o0bekT Ne 1) UMEIOT XOpOIlWE TOAUYHbBIC
pupocTHl 1Mo BeicoTe — 0,90 M (pazmudus 10CTOBEp-
HBI), 110 TuameTpy ctBona — 0,87 cM (HO pa3inmyus He-
JIOCTOBEpHBI). PacTenus Oornee crapiiero Bo3pacra —
10 10 ner (oO0bexT Ne 2), HOfCaKEHHBIC B PSIOBBIC
rmocaaku OyibBapa W HaxOJAIIMECs B 3aTEHEHUU Psi-
JIOM PaCIIOJIOKEHHBIX KPYITHBIX JICPEBLEB SICCHS ICH-
CHJIbBAHCKOTO, UMEIOT OUYCHb CJIa0bIii POCT MO BCEM
rmapamMeTpaMm (pa3Iudus HETOCTOBEPHBI) M CTaOMIIb-
HOC CaHUTapHOe cocrosiHue — 2,2 Oamna. Pacrenus
Ha oobekTax Ne 3 u Ne 4 (Bospact crapie 30 jeT) 3a
MIPOIIE AN TOJ] TPAKTHYECKN HE U3MEHHIIN CBOM T1a-
pameTphbl. JloCTOBEpHBIX pa3inuuii HE HAOIHOIACTCSI.

B 2024 1. 651710 06CTIeI0BAHO €I1Ie TPU TOPOICKHIX
oowekra: Ne 5, 6 u 7 (cm. Tabm. 4). CpaBHEHHE MOp-
(hoMeTprUeCcKHX IOKa3aTeleil JAepeBbEB B BO3pacTe
50 jet u crapiie CBUACTEIbCTBYET, YTO CaMbIe BBICO-
KHE ImapaMeTpsl (BBICOTa M JUAMETP CTBOJIA) HAOIIO-
JaroTcs y nepeBbeB B [leHapomapke Ha yi. 8§ mapra
U B ckBepe Ha 1p. Jlennna. CaMyro MOIIHYO KPOHY —
11,22+0,86 M umeroT epeBbs Ha TIp. JIeHHHa B CKBe-
pe nepexn 3ganuem Yp®Y. OHH CBOOOAHO pacmoio-

JKEHBI B PS/Iy ¥ HaXOASTCS Ha XOPOIIO OCBEIEHHON
ceBepHOi cropone ynulsl. [epesns B McTropuueckom
CKBEpe pacrojaraloTcsi B JAHIMA(PTHBIX TpyTnax
W, BUJMMO, M HE XBaTaeT ocBemeHHocTu. OHM nMe-
IOT BBICOTY JIa)K€ MEHbIIE, YeM 0oJiee MOJIONbIC Jie-
PEeBbsI Ha XOPOIIIO OCBEIICHHOM TEPEKPECTKE YIIUIL Ha
o0bexre Ne 3 (ceBepHas ctopoHa yi. KyiiOwiesa),
W CcaMblii MaJCHBbKHI JUaMeTp KPOHBI B CBOCH BO3-
pactuoii rpymme — 5,50+ 1,83 M. Paznuuus cratuctu-
YECKHe JIOCTOBEPHBHI.

[To manubiM cnienanuctoB (Konecnukos, 1974),
HAUOOJIBIIICH PHEPrHEH pOCTa B BBICOTY 00J1a/1aeT 1y0
yepemryarbld B Bo3pacte 5—20 net. Hamum anHbie He
MOJITBEPIK/IAIOT 3TU BBIBOJIbI. BO3MOXKHBIC TIPUYHHBI:
MaJasi BRIOOpKa IePEBLEB, a TAKXKE PACTIOIOXKCHIE Ha-
X 00BEKTOB BHE 30HBI €CTECTBEHHOTO apeaia 1yda
yeperryaroro. Ho Hamm JaHHBIE CBUICTEILCTBYIOT
0 BaKHOCTH (DaKTOpa OCBEIICHHOCTH JUIsd Tyba ue-
perrgaToro, ocobeHHO B Bo3pacte crapmre 30 JeT.
Biusinue akropa 3arps3HEHUsT OKPYKAIOIIEH Cpeibl
Ha pacTeHus ay0a IoKa He BBISBICHO.

CaHnTapHOE COCTOSHHE JIEPEBhEB Ha OOBEKTax
MPaKTUYECKU HE M3MEHWIOCh. B cpemnem coctosi-
HUE JICPEBbEB XapaKTEPU3YETCsl KaK OCJIabJIicHHOE,
T.€. 22,6 Oama, 3a UCKIIOYEHHEM CaMBIX MOJIOIBIX
pactenuii ny0a. YeyryOnsieT CHTyaluio TOBPEKICH-
HOCTB pacTeHUH Ty0a MOYTH HA BCEX U3ydaeMbIX 00b-
eKTaX, YHTOMOBPEIUTENSIMI W OOJE3HSMH, OTMEde-
HBI TJIsI, TaJutbl. MOJIO/IBIE MTOCATKU UMEIOT XOpOIlee
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Tabnuya 4
Table 4
Cpennue OnoMeTpudeCcKue moKa3areln JyOoB Ha TOPOACKUX 00bekTax ExarepurOypra B 2024 1.
Average biometric indicators of oak trees in Yekaterinburg city facilities in 2024

Cpennue moxaszarenn
Average indicators
Ne w/n O6bexT, Bospact Beicora Anavetp Hnavetp CanurapHoe
Ne p/ Object, age CTBOJIA, CM KPOHBI, M
PP ! & Acpesa, M The diameter The diameter | <°<TOH1® Gan
Height Sanitary
of the tree of the tree .\
of the tree, m condition, score
trunk, cm crown, m
yn. Bacunust Epemuna 12 —
| | mapx cramona [lunamo (5-6) 1,65 £0,29 2,42+0,52 0,99+0,17 1,4+0,2
Vasily Eremin St. 12 —
Dynamo Stadium Park (5-6)
BynbBap Ha npocnekte Jlenuna (6—10)
2| Boulevard on Lenin Avenue (6.10) 3,96+1,3 6,24+1,15 2,47+0,52 22402
IMepexpectok yi. KyiiObimesa
u yn. Kpacuoapwmeiickoii (30-35)
3 The intersection of Kuibyshev St. 1033+0,16 32,4222 8,03+0,96 2,0+0
and Krasnoarmeyskaya St. (30-35)
4 ?f’ﬂﬁ;“:ﬁ;sg 4%4,05_05)0) 11,62+0,23 4534+3.82 11,22+0,86 2.6+024
HUcropuueckuii cksep (50—60)
5 Historical square (50-60) 8,96+0,52 35,0+2,71 5,50+1,83 1,83+0,18
6 | Aenponapk ua yx. lepsomaiickoit (40) | 1) 5 4 g8 | 25044243 6.4+0.21 2,5+0,08
Arboretum on Pervomaiskaya St. (40) ’ ’ ’ ’ ’ ’ ’ ’
Jennponapk Ha yi. 8 mapta (60)
7 ‘Arboretum on 8 Marta st. (60) 12,8+0,51 43,3+£2,5 5,9+0,35 2,0£0,13
Tabnuya 5
Table 5

loguanbie M3MeHEHNs TapaMeTpoB 1y0oB Ha oObekTax Ne 1, 2, 3 u 4 mpu p=0,95

Annual changes in oak tree parameters at the sites Ne 1, 2, 3 and 4 at p=0,95

Tonnunbie u3MeHeHust Ha 00bekTax Ne 1,2, 3 u 4 u JOCTOBEPHOCTH

HIOI?%TGHB Annual changes at facilities No 1, 2, 3 and 4 and reliability
ndicator
1 2 3 4
BeicoTa nepesa, M ( OCT?);?C b1) 0,13 (HemocTOBEpHBI) Her paznnunit Her paznuunit
Height of the tree, m % (reliabﬁ:) (unreliable) No differences No differences
0,87 0,38 -0,60 1,87
JnameTp cTBOMNA epeBa, cM
Tree trunk diameter. om (HE0CTOBEPHBI) (HEemOCTOBEPHBI) (HEeIOCTOBEPHBI) (HE0CTOBEPHBI)
’ (unreliable) (unreliable) (unreliable) (unreliable)
0,13 (HemocTOBEPHHI) 1,74 147
JlnameTp KpoHEI iepeBa, M - ’ (unfeliable)p (HETOCTOBEPHEI) (HEIOCTOBEPHBI)
(unreliable) (unreliable)
CanurapHoe cocTosiHue, Oat Her paznuunii Her pa3nuuuii Her paznuuunii 1,57
(HemoCTOBEPHBDI)

Sanitary condition, score

No differences

No differences

No differences

(unreliable)
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CaHHMTApHOE COCTOSHUE. BO3MOXHO, 3TO CBf3aHO
¢ OJIArONPUSATHBIM PACIIOIIOKEHUEM TI0CAJIOK B MApKe
cTaguoHa «JlnHaMoy», Tyie HeT 3albLICHHOCTH U T0-
CaJIKM HAXOJSTCS HAa TEPPUTOPUH Ta30HA, OCBEINCH-
HOCTb cpeliHsisi. Bpenurenu Toxxe He 00HAPYKEHBI.

Ha Bcex obnekrax myba B Bo3pacte 30 jiet u crap-
1ie HaOMIOIAeTCs TUIOIOHOIICHHUE.

BroiBoabl

1. 3a nocnennue 30 J€T BCTPEUAEMOCTh MOCAI0K
nyba yeperruaroro Ha tepputopun ExarepunHOypra
3HAYUTENBHO YBEIIMUUIACh, 00 STOM CBHIICTEIHCTBY-
0T JJaHHBIE 10 LIEHTPAIbHOMY INIAHUPOBOYHOMY pai-
OHY TOpOJA.

2. MccrmenoBanusi TOMMYHOTO TPHPOCTa OnMome-
TPUUYECKHX TOKa3areieil yOOoB pa3HOro Bo3pacTa
CBUJICTEIBCTBYIOT O XOPOIIIEM POCTe JIyOOB B BO3pac-
T€ JIO TISITH JIET B OJIATONPHUSATHBIX YCIOBHSIX IPOU3-

pacTaHus.

3. lepeBbst myba B Bo3pacte a0 10 met He mpo-
JEMOHCTPHPOBAIN  YBEJIUYCHHS OHOMETPUYECKUX
rnokasareneii. Bo3MoKHO, 3TO CBsi3aHO C HeOaro-
NPUSTHBIMHU YCIIOBUSMH HPOM3PACTAHUSI — CHUJIbHAS
3aT€HEHHOCTh, 3ara30BaHHOCTb M 3allbUIEHHOCTh Ha
OymbBape.

4. llepeBbs nyba B Bo3pacte 30 5eT m crapiie
MPAKTUYECKN HE UMENIN yBEJIMYEeHHs MapaMeTpoB 3a
rog. IIpuuuHBl MMOKa HE YCTaHOBJIEHBI. BO3MOXHO,
BJIMSICT OPAKEHHOCTh pacTeHUH (pUTO- M PHTOMOBpE-
JUTEISIMU.

Taxum 00pazomM, MPEACTaBIEHHOE MCCIIEIOBAaHNE
MOATBEPKAAET JIOBOJIBHO YCIICIIHOE paclpocTpaHe-
Hue nyoOa uepernrdaroro (Quercus robur L.) paznuyHo-
TO BO3pacTa B TOpOACKHX ycioBusix ExarepmuOypra
M €0 aJlalTalHio K MECTHBIM IIPUPOAHBIM YCIOBHSIM.
OTO MOXKET UMETh 3HaYEHME JJIsl O3EJIEHEHUsI TOPOJI-
CKHX TEPPUTOPUN WM COXpaHEHHS OMOpa3HOOOpas3ms
B TOPOZCKOH cpere.
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BIMUAHUE BUONOIMMMYECKU AKTUBHbBIX AOBABOK
HA BCXOXECTb CEMAH
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Annomayus. B pabore mpeAnpHHSATA TMOMBITKA W3YyYCHHs BIUSHUS OUOIOTMYECKH AKTHBHBIX
100aBOK Ha BCXOXKECTh W WHTEHCHBHOCTH MPOPACTAHUS CEMSH TPaBIHUCTHIX PACTCHHWN Ha TpUMepe
copra kocMmen apaxupinepuctoit (Cosmos bipinnatus Cav.). JlanHOe OJHOJIETHEE PACTEHUE HPHU BBI-
COKOW JIEKOPAaTHBHOCTH XapaKTEPHU3yeTCsl JIUTEIbHBIM IIBETEHHEM, YTO OOYCIOBHJIO €ro HIMPOKOE
WCTIOJIh30BAHNE TIPH O3€JICHEHWH TOPOJIOB M JPYTHX HACENEHHBIX MyHKTOB. KocMmest BbiceBaeTcs Kak
HETIOCPEACTBEHHO B I'PYHT, TaK U BBIPALMBACTCS B BUIE paccaibl C LEJIbI0 YCKOPEHHS BCTYIUICHUS
B (hazy uBeTeHus. /i MOBBIICHNST BCXOKECTH CEMSIH M TOSIBIICHUS! IPY>KHBIX BCXOJOB HAMHU TIPOH3BE-
nleHa uxX o0paboTKa OMOJIOTHIECKN aKTUBHBIMA ToOaBKamu (durtoperymsaropamu). K mocimeaaum oTHO-
CHJIUCH PacTBOPBI U3 IPOPOCTKOB SPOBOM MILIEHHULIB; TPOPOCTKOB sipoBOi mimeHuus ¢ 0,5 %-HbIM pac-
TBOPOM (hOpPMaJIMHA; XBOH €T CUOMPCKOI; IPOPOCTKOB SIPOBOM MIICHUIIBI, XBOU enu cubupckoi (1:1)
¢ 0,5%-apIM pacTBOpOM (hopMalHa; TIPOPOCTKOB SPOBOI IMINEHUIBI M XBOW elu cuOupckoir (2:1)
¢ 0,5 %-upIM pacTBOpoM QopmanuHa. MccnenoBanust mokaszaid, 4TO NPUMEHEHHE BCEX YKa3aHHBIX
(UTOPETYIISITOPOB OKA3BIBACT MOJIOKHUTEILHOE BIUSIHAE Ha BCXOXKECTh CEMSIH M CKOPOCTh UX TIpopacTa-
Hus. Tak, mpu BCxoxkecTH ceMsiH Ha KoHTpore 88—90 % mocnenHss mpu 00paboTke GpuToperymnsaropa-
Mu coctaBistia 96,5-99,0 %. [lpu sToM MakcuMalibHasi BCXOKECTh 3a()MKCUPOBAaHA B TPEX U3 IIATH
BapHuaHTax onbITa. [lepron mpopacTaHus ceMsH COKpaTHICS ¢ 2—8 CyT Ha KOHTpoJie 10 2—5 cyT npu
npuMeHeHun ¢utoperyistopa. [lomydeHHbIe JaHHBIE CBUAETENBCTBYIOT O BBICOKOH 3(peKTuBHOCTH
WCTIOJIb30BAaHUS (PUTOPETYIISTOPOB.

Knrouegwie cnoea: ozenenenre, nocaouHblii MaTepHa, CEMeHa, BCXOKECTh, IEPHOJT TPOPACTaHUS,
(buTOpETYISITOPHI

Jna yumuposanusa: Jytait C. C. BiusiHue OMOJOrHYECKH aKTUBHBIX 100aBOK Ha BCXOXKECTh Ce-
MsiH // Jleca Poccuu u xo3stiicTBO B Hux. 2025, Ne 2(93). C. 70-77.
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ON SEED GERMINATION
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Abstract. The work attempts to study the influence of biologically active additives on the germination
and intensity of seed germination of herbaceous plants using the example of the Cosmos bipinnatus
variety (Cosmos bipinnatus Cav.). This annual plant, with its high decorative value, is characterized
by long flowering, which has led to its widespread use in landscaping cities and other settlements.
Cosmos is sown both directly into the soil and grown as seedlings in order to accelerate the entry into
the flowering phase. To increase seed germination and the appearance of friendly shoots, we treated
them with biologically active additives (phytoregulators). The latter included solutions from spring
wheat germinating seedling; spring wheat germinating seedling with 0,5 % formalin solution; Siberian
spruce needles; spring wheat germinating seedling, Siberian spruce needles (1:1) with 0,5 % formalin
solution; spring wheat germinating seedling and Siberian spruce needles (2:1) with 0,5 % formalin
solution. The researches have shown that the use of all the above phytoregulators has a positive effect
on seed germination and germination rate. Thus, with seed germination in the control of 88-90 %, the
latter was 96,5-99,0 % when treated with phytoregulators. At the same time, the maximum germination
was recorded in three of the five experimental variants. The seed germination period was reduced from
2-8 days in the control to 2—5 days when using the phytoregulator. The data obtained indicate the high

efficiency of using phytoregulators.

Keywords: landscaping, planting material, seeds, germination, germination period, phytoregulators

For citation: Lutai S. S. Influence of biologically active additives on seed germination // Forests of
Russia and economy in them. 2025. Ne 2(93). P. 70-77.

Brenenne

[lupokomaciitabHOE TIpoBeieHHe paboT Mo 03e-
JICHEHUIO, JIECOBOCCTAHOBICHUIO U JICCOPA3BEACHUIO
BBI3BIBAET HEOOXOAMMOCTh PaCIINPEHUS 00HEMOB BHI-
palMBaHUs MMOCaOYHOTO Marepuana. Kpome Toro,
OUEHb BAKHO IIPU BBIPALUBAHUU PACTCHUM U3 CEMSIH
UMETh JIPYXKHBIE BCXOIBI C KOPOTKUM ITEPHUOOM TIPO-
pactaHus, MOCKOJbKY yKa3aHHOE O0ECIIeYMBAET BBI-
paliMBaHue HECKOJIBLKUX POTAIMH 1T0CAI0YHOTO MaTe-
puralia Ha OJTHOM M TOM XK€ IUIOLIAU, YTO CHUKAET €ro
ce0eCTONMOCT.

Oco00 clieyeT OTMETHTD, YTO COKpAIlEHUE CpOoKa
BBIPAIIMBAHUS pPaccaabl OOCCIICUMBACT YBEITUUCHIEC
Mepruosia IBETCHHUS Yy TPABIHUCTBIX PACTEHHH, YTO
UMEET MEePBOCTEIICHHOE 3HAUCHUE NMPHU O3CJICHCHUH,
0c0oOCHHO B palioHaX ¢ KOPOTKUM BETETAIIMOHHBIM
TIEPUOJIOM.

[IpumeHsieMble B HacTOsLIEE BpPEMsl arpoOTEXHU-
KM BBIpAlIMBaHASA TOCAJOYHOTO Marepuala JajeKo
HE Bcerja 00ecIeurBaloT CO3aHne ONaronpUsTHBIX
SKOJIOTUYECKHUX YCJIOBUM JUIsl MPOPACTAHUS CEMSIH
M pocCTa BCXO/OB. B "acTHOCTH, MHOTHE TUTOMHHUKH
XapaKTEPU3YIOTCS HU3KUM TUIOJOPOIMEM ITOYB U HE-
6JIaFOHpI/I$ITHI)IMI/I JICCOPACTUTCIIBHBIMU  YCIIOBUAMUA
(Kau u mp., 2015; OmeraeB u ap., 2020), 94T0 BBI-
3BIBACT HEOOXOIUMOCTh BHECEHUS YIOOPEHUH, B TOM
YHUCJIe HeTPAAUIIMOHHEIX (3aecoB u ap., 2015; OnbiT
BBIpAIIUBaHus..., 2017; Paxumskanos u ap., 2020).

C 1enpr0 KOMIIGHCAIIUM HEIOCTATKOB arpoTEeXHU-
KM 3aBbIIHAIOTCA HOPMBI BbICEBa CCMSH. TToBwI1IEHNE
ko3 ureHTa HCITOTF30BaHMS CEMSTH M BBIXOJIa CTaH-
JTAPTHOTO ITOCAIOYHOTO Marepuaia C CAWHUIIBI TUIO-
I1aJTd MOXKET OBITh 00ECIICUCHO COBEPIIICHCTBOBAHUEM
arpoTEXHUYECKUX MEPOIIPHUATHH, 00eCTIeYMBAIOIINX
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YIpPaBICHUE BCXOKECTHIO M POCTOM BCXO/IOB. B 9act-
HOCTH, YKa3aHHOE MOXET OBbITh JOCTUTHYTO HCIIOJIb-
30BaHMEM COBPEMEHHBIX KOJIOTHYECKH Oe30MacHbIX
CPEICTB, B TOM YHCJIE CTUMYIISITOPOB POCTA, 3aIlHT-
HO-CTUMYJIUPYIOLINX cocTaBoB U T.J. ([leHTenbkuna
u ap., 2005).

CoBpeMeHHBII YPOBEHb OMOTEXHOIOT U MTO3BOJIS-
€T MOJIyYUTh BEICOKO3(PPEKTUBHBIE, (DU3HOIOTUICCKU
AKTHBHBIC M KOJOTMYECKHM Oe30MacHbIe Mpenaparsl,
KOTOpPBhIE MOTYT YCHEIIHO WCIIOJIb30BaThCs NP BBI-
palMBaHuU MoOcajodHoro Mmarepuana. [Ipumenenue
(PM3HOIOTHYECKU aKTUBHBIX BEIIECTB — PETYISITOPOB
pocTa SBIISIeTCS CPAaBHUTEILHO HOBBIM HallpaBJIeHHEM
B O3€JICHEHHHU M JIECOBOCCTAHOBJICHUH. B Hactosmiee
BpEMsl B Ka4eCTBE PEryJIATOPOB POCTa MPUMEHSIETCS
0O0JIBIIIOE KOJTMYECTBO PA3IMYHBIX XUMHUYECKUX COe-
JUHCHUW M apCeHaN MX C KaXK/bIM TOJOM IOIOJIHS-
ercs (Beps3unos, 1971; Hukemn, 1984; Bakymenko,
2004; Hukurenxko u ap., 2005).

Perynsitopsl pocta Kak MpH MPEANoCeBHOH 00-
paboOTKe CeMsiH, TaK U MPU OMPBICKUBAHUK BETECTHPY-
IOIUX PACTeHUH WCIIONB3YIOTCS B HE3HAUMTEIbHBIX
J103aX, 4TO JAaeT HEMaJIyI0 SKOHOMHIO CPEICTB U I0-
3BOJIIET MHHUMH3HPOBATh €e0ECTOMMOCTh BhIpa-
IIMBaHMUS TOCaJ0YHOr0 Marepuana (Perymsaropsr...,
1990; Jlyraii, Bopoobes, 2013; BopoObes u jp., 2019;
Kuranbaesa u ap., 2019).

[IpumeHeHne OMONIOTMYECKH AaKTUBHBIX JT00ABOK
IIPY BhIPAIIMBAHUY [TOCAJI0YHOTO MaTepraa CIepiKu-
BaeTCSI HEJOCTATKOM OOBEKTHBHBIX HAyYHO OOOCHO-
BaHHBIX JaHHBIX 00 MX 3(h(HEKTUBHOCTH, YTO U OMpe-

ACJIWIJIO HaIIpaBJICHUEC I/ICCHGILOB&HI/II\/'I.

b, 00beKTHI
M METOAMKH HUCCJIeT0BAHUI

Lens paboTel — ycTaHOBIEHHE YPPEKTUBHOCTH
BIUSHUS Pa3IUYHBIX BUIOB M 1103 (PUTOPETYIATOpa
Ha BCXOXKECTh U CKOPOCTH MPOPACTAHUS CEMSIH Tpa-
BSIHUCTBIX PACTCHHM Ha MPUMEpPE OIHOTO W3 COPTOB
kocMmen aBaxabinepuctoit (Cosmos bipinnatus Cav.).

Bribop kocMen IBaKIBIIEPUCTON OOYCIOBIICH
TEeM, 4TO €¢ copTa U (POPMBI aKTHBHO HCIIOJIB3YIOT-
Csl TIpY O3EJICHEHHH TOPOJIOB U JIPYTUX HACEICHHBIX
ITyHKTOB.

Bun npencrasnsier co60# TpaBsHHCTOE OJTHONET-
Hee pacteHue BbicoToil oT 0,8 mo 1,5 M ¢ uBeramu

JIUaMETPOM OT 8 10 12 ¢M KenToro, KpacHOro, 0ero-
r0, PO30BOTO U MyPIYPHOTO I[BETA, KaK Obl MapsIIu-
MU HaJl &KypHOH 3eleHpl0. PacTenne oTHOCHTENHHO
XOJIOAOCTOMKOE, CBETOIOONBO U MaJIOTPEOOBATEIILHO
K IJIOZOPOAMIO TMOYBHL. LIBeTeHue pacTteHus mpore-
KaeT ¢ MIOHS U JO CHJIBHBIX 3aMOPO3KOB (XeccaiioH,
1998).

Kocmest nBakapinepucTas pa3sMHOXKAETCS CeMe-
HaMH, KOTOPBIE COXPAHSIOT BCXOXKECTh B TEUYECHHE
5 net. BolcakuBaroT pacTeHusi Ha OOBEKTHI 03e/IeHe-
HUS TIOCEBOM B KOHIIE Masi MJIM BBIPAIMBAIOT pacca-
Iy C arpelis, 9TO 3HAYNTENbHO YBEIMYUBACT MEPUOT
LBETCHUSI.

CeMeHa KOCMeHM INpOJOJroBaThle, Kak MpaBUIIo,
TEMHO-KOPHUYHEBBIE, CEpOBaThle WU CEpPO-KENThIe
IIAHOM 7—12 MM.

st skcnepuMeHTa ObLIM BBIOpaHBI JIy4IlIUE T10
BHEIIHEMY BHJly ceMeHa 0e3 MOBPEeXICHUH.

B kadectBe (UTOPEryISITOPOB HCHONB30BAINCEH
clleyIolue OMOIOTHYECKN aKTHBHBIC T00aBKU:

— pacTBOp U3 MPOPOCTKOB SIPOBON MIIIEHHUIIBI;

— pacTBOp M3 NPOPOCTKOB SIPOBOI MIICHHUIIBI, Pa3-
0aBICHHBIN 5 %-HBIM pacTBOPOM (OpPMaJIMHA;

— PacTBOP U3 XBOU €JTM CHOUPCKOM;

— pacTBOp M3 IPOPOCTKOB SIPOBOW IILIEHHUIHI,
xBoM enu cubupckoit (1:1), pazbaBieHHbIH 5 %-HbIM
pacTBOpOM (popMaTHHA;

— pacTBOp M3 IPOPOCTKOB SIPOBOW IILIEHHUIIHI,
XBOM e cuOupckoit (2:1), pa3baBieHHBIH 5 %-HbIM
pacTBOopoM GopMarHa.

Just oneiToB oTOMpanock mo 200 ceMsiH KocMen
JIBaXKBIIEPUCTON. MI3BeCcTHO, UTO ceMeHa GopMupy-
IOTCA B TIPOLIeCCe KU3HEACATEIBHOCTH MaTEPHHCKO-
IO PacTeHHs B ONPEICIICHHBIX YCIOBUAX OKPYXKaro-
e cpeasl. B pesynbrare BO3AeHCTBUA IK30T€HHBIX
M DHJOTEHHBIX (PAKTOPOB B pa3IUYHBIC TEPUOJbI
KU3HU MaT€PUHCKHUX PACTEHUH CeMEeHa OTJINYAroTCs
JOpyT OT Jpyra 1o OWOJOTHYECKHM, T€HETHYECKHM
U (uToTHNHYECKUM TpHu3HakaMm (SAxymkuHa, Apre-
MoBa, 1985).

g moceBa MCHOIB30BAIUCH KPYITHBIE XOPOIIO
BBI3peBIIHe ceMeHa. OTOOp CeMsSH TPOU3BOIUICS
¢ ucnons3oBaHueM 3—4 %-HOro pacTBopa XJIOpHIa
Hatpust (30-50 r va 1 1 Bomel). CeMeHa momMenain
B JIaHHBIA PAcCTBOP HEOONBITUMH MAPTUSAMH C TTOCIHEe-

AYIOLIUM IIEPEMCIINBAHUCM.
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CemeHa HaMauMBAJIUCh B PACTBOPE B TEUECHHE
1-1,5 mun. BenubiBmue cemena ygansiuck. C oceB-
ITUX CEMSH aKKypaTHO CIUBAIH PACTBOP, a 3aTeM UX
JIBaXKbl IPOMBIBAJIA YUCTON BOIOM U HPOCYIINUBAIIN.
3arem kaxayro napturo u3 200 cemsiH 00padaThiBaIn
OITHUM W3 YKa3aHHBIX BHIIOB PACTBOPA (PUTOPETYIISTO-
pa B koHuenrpauusax 1; 0,1; 0,01; 0,001 u 0,0001 %.
KoHTponbHBIN BapHaHT CeMSH MPOCTO CMAYUBAICS
YHUCTOM BOJIOM.

B kaxaoM u3 BapuUaHTOB OIbITA CEMEHA IIPo-
CTO BJIABIMBAJIMCh B BEPXHUU CIIOW IPEIBAPUTEIILHO

B3PBIXJICHHOH MOYBBI.

Pe3yabTathl M ux 00CyxKaeHHE

Kaxngprit Bung ¢Quroperynstopa wu3ydaics IO
OJTMHAKOBOW CXeMe, ONMHCAHHON B METOIHKE pPadoT.
B kauecTBe mpuMmepa BIUSHUS HA BCXOXKECTh CEMSH
pacTBopa MPOPOCTKOB SIPOBOM MIIIEHUIIbI PA3HOU KOH-
[EHTPAIUN MOJKHO TIPUBECTH JaHHbBIE Ta0I. 1.

Marepuaiibl Taba. 1 HaMISAHO CBHUIETEIILCTBYIOT,
YTO BCE KOHIICHTPAIIMH PACTBOpa MPOPOCTKOB SIPO-
BOM MIIEHUIIHI OKA3bIBAIOT MOJIOKUTEIHHOE BIUSHHUE
Ha OOIIYI BCXOXECTh CeMsiH. Tak, ecii Ha KOHTPO-
JIe BCXOXKeCTh ceMsiH cocTaBisieT 89,0 %, TO B OIBI-
Tax, KOTJla UCIOJIb3yeTCsl YKa3aHHBIN (PUTOPETYIISITOP,

BCXOKECTh CeMsH BapbHpyercs oT 90,5 mo 99,0 %.
Jpyrumu crnoBamu, Tpu 00pabOTKE CEMSIH KOCMEH
PacTBOPOM MPOPOCTKOB SIPOBOM TMIIIEHUIIBI B KOHIICH-
tparmu 0,01 % pacxon ceMsiH MOXKET OBITH COKpAIIeH
Ha 11,2 %.

[Ipyn BBIpamMBaHWK TOCAJOYHOTO MaTepuaia
TPaBSHUCTBIX PACTCHHM, T.€. paccajbl, BAXXHOE 3Ha-
YeHHE MMEET IMOSBICHUE IPYKHBIX BCXOIOB CEMSH
u mepuon ux obmiero mpopacranus. [IpuBenennbie
naHHele (cM. Tabnm. 1) CBHIETEIhCTBYIOT, YTO IIe-
pUOJ MpOpacTaHUsl CEMSH Ha KOHTPOJIE COCTaBISAET
7 nHei.

[Ipu sTOM HWCTONB30BaHUE PACTBOPA MPOPOCTKOB
sipoBoii mieHuIsl B kKoHuentpamnuu 0,01 % coxparina-
€T CPOK TOSIBJICHUS BCXOZIOB, T. €. TPOPACTAaHUs CEMSH,
0 4eTbipex cyTok. Ocobo ciemyer OTMETHTh, YTO
B YKa3aHHOM BapuaHTe ombiTa 60 % ceMsH mpopac-
TaeT Ha BTOPHIE CYTKH IOCIIE TTOCEBA, B TO BPeMsI KaK
Ha KOHTPOJE Ha BTOpPHIE CYTKH MPOPACTaeT JIHIIh
10 % cemsH.

[Ipu wcronp3oBaHNM KOMOWHHUPOBAHHOTO (HUTO-
pETYISATOpa B COCTaBE MPOPOCTKOB SPOBOH TIIICHUITBI
u xBoM enu cubupckoit (1:1) ¢ pactBopom 5 % dop-
MaJIMHA ONTUMAIILHOM SBJSIETCS KOHIIEHTparms (Gu-

toperynsatopa 0,1 % (Tabm. 2).

Tabnuya 1
Table 1
[ToneBast BCXOKECTh CEMSH KOCMEH JIBAXKIBINIEPUCTON TP Pa3IMUHBIX KOHIICHTPAIIHSIX
pacTBopa MpopoCTKOB, MIT./%
Field germination of double-feathered cosmea seeds at various concentrations
of the seedling solution, pcs./%
o KonmmaecTBo BCXOMOB CITyCTsI IEPUOT, CYTOK Becero
New/m | Konnenrpauus, % Number of seedlings after a period, days CeMsiH
Ne p/p | Concentration, %
2 3 4 5 6 7 Total seeds

: : 11 31 64 126 178 181 181
5,5 15,5 32,0 63,0 89,0 90,5 100
5 o1 8 29 66 130 183 183 200
’ 4,0 14,5 33,0 65,0 91,5 91,5 100
3 001 60 100 198 198 198 198 200
’ 30,0 50,0 99,0 99,0 99,0 99,0 100
4 0.001 40 6 111 151 195 195 200
i 20,0 38,0 55,5 75,5 97,5 97,5 100
36 72 109 147 188 188 200
> 0,0001 18,0 36,0 54,5 73,5 94,0 94,0 100
6 Kommoon 10 29 59 126 166 178 200
pot 5,0 14,5 29,5 63,0 83,0 89,0 100
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Tabnuya 2
Table 2
[ToneBast BCXOKECTh CEMSIH KOCMEH JIBKIBIIIEPUCTON TPH PA3IMYHBIX KOHIIEHTPAIIUAX PACTBOPa
(buToperymsTopa U3 MPOPOCTKOB POBOM MINCHHUIIBI, XBOU el cnoupckoi (1:1)
u 0,5 %-Horo pactBopa ¢popmanuHa, mT./%
Field germination of double-feathered cosmea seeds at various concentrations
of a phytoregulator solution from spring wheat seedlings, Siberian spruce needles (1:1)
and 0,5 % formalin solution, pcs./%

KOJII/I‘IeCTBO BCXOOB CITYCTA IEPpUOA, CYT
Ne i/ KOHH@HTPa}lHﬂ, % Number of seedlings after a period, days Bcero cemsn
Ne p/p | Concentration, % Total seeds
2 3 4 5 6 7
1 1 15 40 T3 133 180 185 181
75 20,0 36,5 66,5 90,0 92,5 100
) 0.1 64 104 198 198 198 198 200
’ 32,0 52,0 99,0 99,0 99,0 99,0 100
3 0.01 40 8 115 157 189 195 200
’ 20,0 39,0 57,5 94,5 97,5 97,5 100
8 29 66 130 183 186 200
4 0,001 40 14,5 33,0 65,0 91,5 93,0 100
35 72 108 147 183 187 200
> 0,0001 17.5 36.0 54.0 735 91,5 3.5 100
6 KoHTDOIS 4 27 S8 119 162 176 200
p 2,0 13,5 29,0 59,5 81,0 88,0 100

Marepuanbsl Tabn. 2 CBUIETENBCTBYIOT, YTO HC-  pacTaHHs CEMsIH C CEMH JIO YeThIpeX CyTOK. [Ipu aTom
[10JIb30BaHNE KOMOHWHHPOBAHHOTO (UTOPETYIATOpPa  Ha BTOpBIE CYyTKU IpopactaeT 64 % Bcex BbICESHHBIX
oOecrieunBaeT OOINIYIO ITOJIEBYKD BCXOXECTh CEMSH  CEMSH.

92,5 10 99,0 % npu 88 % wHa xouTpose. Kpome Toro, D¢ heKTHBHOCTh MPUMEHEHHS JTyUIIUX KOHIICH-
HCIOJIb30BaHUE KOMOMHHMPOBAaHHOIO (UTOpEryias- Tpauuil GuToperyasitopa MOXKHO OLIEHHTH IO Mare-
Topa B go3e 0,1 % mo3BossleT COKpAaTUTh CPOK Mpo-  puajam Tadm. 3.

Tabauya 3
Table 3
O} PeKTHBHOCTD JIyUIINX KOHIEHTPAIUI (PUTOPETryISATOPOB HA BCXOXKECTh
Y MIEpUOJI POPACTAHUS CEMSAH KOCMEU JABAXKIBINIEPUCTON
The effectiveness of the best concentrations of phytoregulators on the germination
and germination period of the seeds of the double-feathered cosmea
OnrumanbHast ITeproxn npopacranus
Bun duroperymsitopa KOHIICHTpALust, % CEeMSIH, CYT Bcxoxects, %
Type of phytoregulator Optimal Seed germination Germination, %
concentration, % period, days
PacTBOp M3 MPOPOCTKOB SPOBOMA IMIIIEHUIIBI 0.01 )4 99
Solution of spring wheat seedlings ’
PacTBOp M3 npopocTkoB spoBoit muieHuIs ¢ 0,5 %-Hpim
pacTBopoM (popMannHa
A solution of spring wheat seedlings with 0,5 % formalin 0,01 4 »
solution
PacTBOp M3 XBOM €111 CHOUPCKO#
A solution of Siberian spruce needles 0,01 373 8
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Oxonyanue maon. 3
The end of table 3

Bun ¢uroperynsropa
Type of phytoregulator

KOHIIEHTparus, %

OnTumansHas Ilepunox mpopacranus
CeMsH, CyT
Seed germination

period, days

Bcexoxects, %
Optimal Germination, %

concentration, %

PacTBOp U3 MPOPOCTKOB SIPOBOMA MIIIEHHIIBI K XBOU ITH
cubupckoit (1:1) ¢ 0,5 %-HbIM pacTBopoM (hopMasTnHa
A solution of spring wheat seedlings and Siberian spruce
needles (1:1) with 0,5 % formalin solution

0,1 2-4 99

PacTBOp U3 MPOPOCTKOB SIPOBOMA MIIIEHHUIIBI K XBOU SITH
cubupckoit (2:1) ¢ 0,5 %-HbIM pacTBOpoM (hopMasTuHa
A solution of spring wheat seedlings and Siberian spruce
needles (2:1) with 0,5 % formalin solution

0,01 3-5 96,5

KonTtpons
Control

88-90

Marepuansl Taba. 3 HaIAJHO CBHIETEIbCTBYIOT
0 TOJOXUTEIHFHOM BJIHMSHUU (DUTOPETYISTOPOB Ha
HOSIBJICHUE JIPY’KHBIX BCXOIOB M OOIIYIO BCXOXECTh
CEMsIH, YTO CIIOCOOCTBYET YCKOPEHHUIO BhIpAIlMBaHUS
paccajpl. C y4eToM HU3KHUX ONTHMAJIbHBIX 103 (PUTO-
PETyJISTOPOB OHM MOTYT HAaHTH HIMPOKOE HMpPUMEHE-
HHE NIPH BBIPALIMBAHIH paccajibl, a TAKKe P MOCeBe
pacreHuii Ha GOPMHUPYEMBIC KITyMOBI U JIPyTHE 00BEK-
THI 03€JICHEHHSI.

BriBoaBI
1. CoBpeMEeHHbIE TEXHOJIOTUU BhIPALIUBAHUS I10-
CaJIOYHOr0 MaTepuajia 0a3upyroTCsi Ha MCIOIb30Ba-
HUU OMOJIOTHYCCKU aKTHBHBIX T00ABOK, MU (hUTOPE-

TYJISITOPOB.

2. Ucnonb3oBanue (hUTOPEryISTOPOB MO3BOJISET
YBEIIUYHUTh BCXOXKECTh ceMsH Ha 11 % u Tem cambiM
COKpAaTUTh UX PACXOA.

3.3a cyer WHCHOIB30BAHHUA (HUTOPETYIATOPOB
yCKOpsieTcs TIpopacTaHue CeMSH U MEepUo, 3a KOTO-
PBII IPOPACTAIOT BCE BCXOXKHE CEMEHA.

4. CokpallieHre CpoKa MPOpacTaHusl CeMsH IpU
BBIPAIIUBAHNN PACCA/IbI TIO3BOJISIET YBEJINYUTh NIEPU-
O[l LIBETCHHUS TPABSHUCTBIX PACTEHUN U, B YACTHOCTH,
COpTOB U (OPM KOCMEH JBAKABIIIEPUCTOH.

5. BaxXHOCTh MCIOJB30BaHUSA OMOJOTUYECKH aK-
THUBHBIX J00aBOK Mpu 00pabOTKe ceMsH B Ipolecce
BBIpAIIMBAHUSl TIOCAJOYHOTO Marepuana BbI3bIBACT
HEOOXOAMMOCTh NMPOAOIKEHHS MCCIIEOBAaHUN B JaH-
HOM HalPaBJICHUH.
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SOOEKTUBHOCTb PASMHOXEHUSA COPTOB CMOPOMHbI YEPHON
(RIBES NIGRUM L.) OQPEBECHEBLUMMW YEPEHKAMW
AnA ObOrALLEHUA NOANECKA

Adgexceit Cepreesunu Kiaunos'!, Anacracuss Hukonaesna MapkoBckas’®
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Annomanus. IpoananuzupoBana 3Q(PEeKTUBHOCTh Pa3MHOXKEHUS 9 COPTOB CMOPOJMHBI YepHOUH
OJPEBECHEBIIMMHU YEpPeHKaMH B ycioBusx I. ExarepunOypra. B skcnepumenTe ObIIM MCHOIBb30BaHbI
caenyromue copra: [Iunot, Cenedenckas, barupa, 3aragka, ®@opryHna, bypass nansHeBoctouHas, JIyH-
Has, Jlerckocenbckas, CnaBsHka. DKCIIEPUMEHTAIBHO YCTAHOBIIEHO, YTO JI0JIs1 YKOPEHUBIINXCS YepeH-
KoB Bapbupyetcs otT 23,1 no 65,0 %. [Ipu 3ToM JTydmiedl yKOpEeHSIEMOCTBIO XapaKTepU3yIOTCs copTa
Bypas nanpHeBocTouHast — 65,0 %, barupa — 61,4 % u CnaBsnka — 52,3 %. Xynmas yKopeHIeMOCTb
OIIPEBECHEBININX YePEHKOB 3aduKkcupoBana y coptoB [Tumor — 23,1 %, ®opryna — 28,5 % u Ceneuen-
ckast — 32,5 %. YkopeHUBIINECS YEPEHKH YK€ B MEPBBIN T0J] XapaKTEPU3YIOTCSl CPETHUM NTPUPOCTOM
no6eros ot 13,7 1o 30,4 cMm. Ilpu 3TOM MeXay YKOPEHSIEMOCTBIO U MPUPOCTOM NOOETOB B NIEPBBIN IO/
[IOCaJKHU HET NMPSMOJMHEHHON 3aBUCUMOCTH. Tak, copT bypas nanpHEBOCTOYHAs MMEET MAaKCHMallb-
HYIO YKOPEHSIEMOCTb HOOEroB MPY MUHMMAJIBHOM MX IPUPOCTE B MEPBBI roj Mocie Nocaaku. AHa-
JIM3 YKOPEHSEMOCTH, IPUPOCTa MOOETOB 10 BHICOTE U INAMETPY, KOJIMYECTBY KOPHEH MEepBOro MopsiaKa
Y IJIMHE KOPHEBOW CHCTEMBI TIO3BOJISIET OTHECTH K JIYUIIUM W PEKOMEHIO0BATh I pa3BeJIeHHs copTa
cMoponuHbl yepHoit Jlynnas, barupa, [lerckocenbckas. MccienoBanusi B JaHHOM HalpaBlICHUH Clle-
JOyeT MPOJOKUTH C LENbI0 YCTAHOBICHHUS YPOKAHHOCTH M YCTOMYMBOCTH K OOJIE3HSIM Pa3IMUHBIX
COPTOB CMOPOANHBI UEPHOM.

Knrwoueswle cnosa: necHble apky, IOIECOK, OMOIOTHUECKOE pa3sHOOOpas3nue, CMOPOIUHA YepHasi,
pa3MHOXEHHE, OIPEBECHEBIINE YEPEHKU

Jna yumuposanus: Knunos A. C., Mapkosckast A. H. D hexTHBHOCTD pa3MHOKEHHSI COPTOB CMO-
ponuHbI YepHO# (Ribes nigrum L.) ompeBecHEBIIUMH YepeHKaMu JUIsl oboramienns mojurecka // Jleca
Poccuu u xo3siicTBO B HuX. 2025. N 2(93). C. 78-87.
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THE EFFICIENCY OF PROPAGATION OF CURRANT VARIETIES BLACK
(RIBES NIGRUM L.) LIGNIFIED CUTTINGS FOR ENRICHING

THE UNDERGROWTH

Alexey S. Klinov!, Anastasia N. Markovskaya’

1.2 Ural State Forest Engineering University, Yekaterinburg, Russia
Lalexklinov2002@gmail.com, http://orcid.org/0000-0001-8229-4126
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Abstract. There was analyxed the effictency of 9 varietice of black currant propagation by using

lignified woody cuttings in the condition of Yekaterinburg. The following varietia were used in the
experiment: Pilot, Selichenskaga, Bagira, Zagadka, Fortuna, Brownfar Eastrern, Dalnevostochnaya,
Slaviyanka. It has been experimentally established that the propotion of rooted cutting varies from
23,1 to 65,0 %. At the same time, brown varietics. Dalnevostochnaya — 65,0 %, Bagira — 61,4 % and
Slaviyanka — 52,3 %. Are characterized by better rooting. The worst rooting rate are of lignified woody
cuttings were recorded in the sorts. Pilot — 23,1 %, Fortuna — 28,5 % and Selechenskya — 32,5 %.
Rooted cuttings already in the first year are characterized by an average growth of shoots from 13,7
to 30,4 sm. At the same time there is no linear relationship between rooting and shoot growth in the
first year of planting thus, the brown Dalnevostochnay variety has maximum rooting capacity of shoots
with minimal growth in the first year after planting analysis of rooting, growth of shoots in height and
diameter, by the number of first order roots and the length of the root system allows us to rank among
the best and recommend for breeding the blach currant the varieties Lunnaya, Bagira, Detskoselskaya.
Researches in this direction should be continued in order to establish the yield and descale resistance of

various currant varieties.

Keywords: forest parks, undergrowth, biologic diversity, black currant, breeding, lignified woody

current

For citation: Klinov A. S., Markovskaya A. N. The efficiency of propagation of currant varieties

black (Ribes nigrum L.) lignified cuttings for enriching the undergrowth // Forests of Russia and

economy in them. 2025. Ne 2(93). P. 78-87.

BBenenne

JlecHple mapku BOMM3M OOJBIIMHCTBA CTapbIX IO-
pOIIOB HpeI[CTaBJICHI)I €CTCCTBECHHbBIMU JICCHBIMU Ha-
CaXICHUAMH C DIIEMEHTaMH OJlaroycTpoiicTsa. Yare
BCErO ATO CIEIbIe, YHCThIE 10 COCTaBy W IPOCTHIE
mo (opMe HACaXJICHUS C HE3HAUYUTEIILHON IMpHUMe-
ChI0 K OCHOBHOM APYTHX NIpeBecHBIX mopox. Cyte-
CTBEHHOC HEraTUBHOE BO3JCHCTBHE HAa HACAXKICHHUS
JICCHBIX MAapKOB, MOMHUMO PEKPEAHTOB, OKa3bIBAIOT
MIPOMBINIJICHHBIC TTOJUTIOTAHTHI, YTO CKAa3bIBAcTCS Ha
COCTOSIHMH, YCTOWYMBOCTH U BHEIIHEM BHJIE JICPEBb-
eB (3anecoB u ap., 2017; Omnenxa ..., 2018; [Tomsxo-
Ba, MenanxomnuH, 2018; Kouepruna, 2023). I1o Toii xe
MPUYUHE B yTHETEHHOM COCTOSIHUW HAXOJSITCS APYTUe

KOMITOHEHTBI HACAKCHHUS, a CIIeI0BAaTEIbHO, B JIECO-
napkax oOeIHsETCs] BUIOBOW COCTaB NTHLl MU MEJIKUX
MJIEKONUTamuX. Kpome TOro, yrHeTEHHOCTb KOM-
MTOHEHTOB HACAXJIEHUI JIECHBIX IMapKOB MPHUBOIUT
K yTpaTe 3CTeTHYECKUX MOKa3aTelel, a cle10BaTelb-
HO, U peKpealioHHON NpUBJeKaTenbHOCTH. [Ipyrumu
CJIOBaMH, JIECHBIE MTAPKH HE PEIaloT 3aJ1auy CO3/IaHuUs
KOM(OPTHBIX YCIIOBUH CpPeibl ISl OTIbIXa HACEICHHUS
(3asecoB u ap., 2016; KunuimHo-KOMMyHaJIbHOE XO-
3sCTBO..., 2017; KonmbrueBa u mp., 2022; IloBsimie-
HUe..., 2023).

OpHMM U3 HampaBiCHUH HCIpaBICHUS CHUTYya-
LM SBJISIETCS BBEJIEHUE TIO MOJIOT IPEBOCTOEB MO/~
JIeCKa U3 ATOAHBIX KyCTapHHUKOB. Tak, B YaCTHOCTH,
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BBEJICHHE CMOPOJUHBI uepHou (Ribes nigrum L.)
MIOMOXKET CO3JaHUI0 MPUBJICKATEIbHBIX CTAIMI s
THE3/IOBAHMS MEIKHUX MTHII, a TAK)Ke KOPMOBOU 0a3bl
IITUI] 1 METIKAX MIiIeKonuTaromux. Kpome Toro, yBe-
JINYEHHUE BCTPEUYAEMOCTH KYCTapHUKOB OyIeT CIo-
coOCTBOBaTh CHIKEHHIO HETaTHBHOTO BO3ACHCTBUS
PEKpeaHTOB Ha IIOYBY, YIAYUYIICHUIO (U3HUECKUX
U XUMHYECKUX CBOMCTB IMOYBBI OJarojaps exeroj-
HOMY OIIany, pa3BUTHIO coOupaTenbcTBa U T. 1. (Ko-
pocteneB u ap., 2010; Merenes, 2020; Pacmupe-
Hue..., 2023; bynskoBa, 3anecos, 2024). Haubomnee
MEPCIEKTUBHO BBICAKUBAHHUE ATOAHBIX KyCTapHU-
KOB BJIOJIb JIMHHUH AJIEKTpOIEpeiad U 10 TpaHUIaM
C JAPYTHMH BUJAMH OTKPBITBIX MPOCTPAHCTB (IOJIsi-
HBI, CEILCKOXO3SUCTBEHHBIC YTOABS U T.1.). OqHAKO
JUTS. BBEJICHHSI TIO]T TIOJIOT JIPEBOCTOEB KYCTApHHKOB
HEOOXOAMM MOCa04HbIi Marepuan. ONbBIT BhIpaIIn-
BaHMsSI TTOCAOYHOTO MaTepHayia 3eJCHBIMH YepeHKa-
MU B paiioHe uccaenoBanuil nmeetcs (KiauHOB u np.,
2024). B T0 ke Bpemsi OOJIBIIIMHCTBO CaI0BOJIOB TIPHU-
BBIKJIHM BBIPAIIMBATH TTOCAJ0YHBII MaTepHall OfpeBec-
HEeBIIMMH YepeHkamu. K cokaneHunto, JaHHBIX O TIPH-
JKUBAEGMOCTH OJIPEBECHEBIIIUX YEPEHKOB Hauboliee
IIMPOKO PACTIPOCTPAHEHHBIX COPTOB CMOPOJIMHBI Yep-
HOH B paiioHE UCCIIEJOBAHUM HaMM HE HAWAEHO, 4TO
U OTIPEICIIIIIO HAMIPABICHUE HAIIUX MCCICIOBAHMA.

ey pabotel — ycTaHoBieHHE 3G(HEKTHBHOCTH
Pa3MHOXEHHS Pa3IUYHBIX COPTOB CMOPOIWHBI Yep-
HOU OJPEeBECHEBIITNMH YEPECHKAMHU.

3amadn uccieaoBaHmus

1. [TogoOpaTe  copTa  CMOpPOAWHBI  YEPHOUH
(R. nigrum L.), anantupoBaHHble K ycioBusaM CpesHe-
VYpanbCcKoro TaeKHOIo JECHOIO paiioHa.

2. [Ipoananu3upoBarh YKOPEHSIEMOCTh BBIOpaH-
HBIX COPTOB OJPEBECHEBIITUMHU YEPECHKAMHU.

3. YcranoBuTh HanOoIIEE MEPCIEKTUBHBIE COPTA T10

CHOCOGy Pa3sMHOXXCHHSA OAPCBCCHCBIINMMU YCPCHKAMU.

O0BbeKTHI U METOANKA HCCIeI0BAHUIA

OObeKTOM HCCIEOBAaHUN CIyKUIH 9 CcOpTOB
cMoponuHbl uepHoi. OToOpaHHBIE COpTa MPOILIH
npoBepky B Camy JIedeOHBIX KYyIbTyp WM. IPOd.
JI.!. BuropoBa mpu YpaiabCKOM TOCyJapCTBEHHOM
JIECOTEXHUYECKOM YHUBEPCUTETE U MOKa3ajil B yCJO-
Brsix CpemHe- YpalbCKOTO TaeKHOTO JIECHOTO paiioHa
(O6 ytBepxneHuH. .., 2014) BrICOKHE yCTOHYNBOCTD

K Oone3HsIM U ypoxxallHOCTh. B Xonme BbImonHeHus
paboT ObUTH 3aroTOBJICHBI OPEBECHEBIINE YCPEHKH
C LENbI0 YCTAHOBJIEHUS MX YKOPEHEHHUS B YCIOBHUSAX
Cpenne-YpanabCKOro TaeKHOIO JIECHOIO paioHa.
UccnenoBanus nposoawiuchk B T EkarepunOypre.
Hapeska uepeHKOB CMOpPOIUHBI YEPHOH MPOW3BOAN-
Jachk ¢ Maro4YHbIX KycToB B Camy JieueOHBIX KYyJIbTYp
um. ipod. JI. . Buroposa.

B xojze uccnenoBaHui aJisi Kaxa0ro copra ycra-
HaBIMBaJach YKOPEHSEMOCTb OAPEBECHEBIIMX Ye-
PEHKOB Kak BBIpaX€HHas B MpOIEHTaX JOJSI YKO-
PEHUBIINXCS IK3EMIUIIPOB K OOIIEMY KOJIHMYECTBY
BBUIO’KEHHBIX. KpoMe Toro, y Bcex yKOPEHHMBIIHXCS
YepEHKOB HM3MEpsUICS MPUPOCT OCHOBHOTO mobera,
JUAMETp CTBOJHUKA, KOJUYECTBO KOpHEH IepBOTO
MOPAJIKA U JUIMHA KOPHEBOW CHUCTEMBI C yCTaHOBIIE-
HUEM CpPEJHUX 3HAYCHUN YKa3aHHBIX IOKa3aTeleil
JUIST K&KIIOTO copTa. B memsix 0O0beKTUBHOM OICHKH
HEPCIEKTUBHOCTH COPTOB ObUI MCIIOIB30BaH METOJ
paHToB, MpH KOTOPOM COPTY, MMEIOIIEMY JIydllee
3HaYEHHUE BBINICYKA3aHHOTO MOKAa3aTelNsl, MpPUCBan-
BaJICS IIEPBBIM PAHT, a Xy/llee 3HaUeHHE — JIEBSATHIN.
CopT, XapaKTepu3yIOUIUiici MUHUMAJIbHBIM 3Haue-
HHUEM CYMMBI YCTaHOBJIEHHBIX PAHTOB TIO COBOKYII-
HOCTH NPU3HAKOB, XapaKTEPU30BaJICs KaK Hanboiee
MEePCIEeKTUBHBIMH.

B mpomiecce ykopeHEeHNsT YepEeHKOB BBITIOIHSIINCH
cienyomue padoThI:

— 3aroToBKa MOOETOB JJIsl YePEHKOBAHHUS;

— XpaHeHHe T00eroB;

— MOKpPBITHE KapKaca TEIUIMIBI MOJIUMEPHBIM Ma-
TEpHUAJIOM;

— TIOATOTOBKA MOYBEHHOTO CyOCTpaTa B TEIUIHIIE;

Hape3Ka YCPCHKOB;

rnocajka 4€pCHKOB;

YXO071 32 YKOPEHUBIIUMHUCS YePEHKaMU;

oIpeesieHHE MIPHKUBAEMOCTH U 3aMep MPUPO-
CTOB y YEPEHKOBBIX CaKEHIIEB.

OpnpeBecHeBIe 1MOOETH CMOPOAWHBI  YEPHOIT
ObuH 3aroroBneHbl 30 mapra 2023 1. 10 HaOyXaHUS
MOYEeK M MOMEIIEHbl HAa XpaHEeHUe B JIEJHUK /0 Te-
puoxa, OmarompuATHOTO Ais Tocaiku. Marepuan
XpaHWICSI B IaKeTax M3 MOJIMMEPHOTO MaTepuaja
B IUIOTHO 3aBSI3aHHBIX ITyYKaX B COCTOSHUM TITyOOKOTO
(hm3monornyeckoro mokost. K kaxxmomy mydxy mooe-
TOB NIPUKPEIUISIIACH 3TUKETKA C YKa3aHUEM COpTa.
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Ilepen mocankoii rpyHT B TerIHIle ObLT 00padoTaH
00e33apaKUBAIOLIMM CPEJCTBOM JUIsl MpPEAOTBpalle-
HUSI PA3MHOXKEHUSI U Pa3BUTHUS TATOTCHHBIX MUKPOOP-
raHn3MoB 1 rpu0oB. Pabounii pacteop (0,01 %) roro-
BUJICSI IIyTEM PAcCTBOPEHMs 5 I' IepMaHraHara Kajus
Ha 10 J1 BOIEL.

[locne u3bsTHSA MOOErOB M3 JIeAHUKA UX HOIPY-
JKalu B TIPECHYIO BOAY, a 3aT€éM OCTPBIM CEKaro-
pOM Hapes3anu 4YepeHKH UIMHOM He MeHee 7—8 CM.
[lepen BbIcagkoil Hape3aHHbIE YEPEHKU BBIICP)KUBA-
JIM B TIPECHOM BOJIE HA TIPOTSIKEHUU TPEX YACOB.

[Tocaaxy 4epeHKOB B TETUTUIIE TTPOBOIUIIN 110 CXe-
Me 5 X 10 cM. UepeHKH 3anTyOIIsiiIn B IIOYBY, OCTaBIISSA
Ha noBepxHOCTH 1-2 mouku. [Ipu 3TOM MOUBOTPYHT
B TEIUTHIIE OOMIBHO MIPOJIMBAJIHM BOAOH, TIOBTOPSS TIO-
nuBbl 1-2 pasa B AeHb U nocie nocaaku. [Ipu yxone
3a BBICAKCHHBIMM Y€PEHKAMU IPOU3BOIMINCH IPO-
TMIOJIKA ¥ TPOBETPHUBAHNE TETUTUIIHI B )KAPKYIO TTOTOTY.

BusyanbHoe mpeacTaBieHHME O BBICAKEHHBIX
B TEIJIUILY O/IPEBECHEBIINX YEPEHKaX MO3BOJISET IO-

JIyYUTb PUCYHOK.

Pe3yabTathl U ux 00cyxaeHHe

BrinonHeHHBIE HCCIIEI0BAHUS TTOKA3aJIH, YTO YKO-
PEHSIEMOCTh OJIPEBECHEBILINX YEPEHKOB CMOPOTUHBI
YepHOW pa3IMYHBIX COPTOB CYIIECTBEHHO pa3jinyaeT-
cs (Tabm. 1).

Marepuaibl Tabn. 1 CBHIETENBCTBYIOT, YTO JIy4-
HIMMHU TIOKA3aTesIMA YKOPEHSIEMOCTH XapaKTepH3y-
FOTCSl O/IPEBECHEBININE YEPEHKH CMOPOIUHBI YEPHOI
coptoB bypas manpHeBocTOuHas — 65 % u barupa —
61,4 %. Ilpu 3TOM YKOpEHSEMOCTh TOJBKO TpEX CO-
pToB mipeBbimaet S0 %, 4To He0OXOMIUMO YIUTHIBATH
TIPH 3arOTOBKE MTOOETOB ISl YePEHKOBaHUSI.

YKOpEeHUBIINECS YEPEHKH YKE B TEPBBIA TOJ
natot mooderu. Jlanasie o muuHE 106eroB, chopMUpPO-
BaBIINXCS B TOJl YKOPEHEHUS OJ[PEBECHEBINX 1TO0OE-
TOB, IPUBE/ICHBI B Ta0M. 2.

Kax cnexyer u3 marepuanos tabi. 2, AyMHA 1O-
0eroB CMOPOJIHMHBI YEPHOH B IOJl UX YKOPCHEHHS Xa-
pakTepusyeTcs CylIeCTBEHHBIM BapbUPOBaHUEM KaK
B TIpefiesiax OJTHOTO COpTa, Tak M Mo copTam. Mak-
CUMaJbHOUW CpelHel JIMHOHN IMOOETOB OTIWYaeTCs
copt Ceneuenckas — 30,4+13,15 cm. MunumManbHast
cpenHas JuMHA To0eroB 3aduKkcupoBana y copra by-
pasi JaIbHEBOCTOYHAS.

BolIcaxeHHbIE B TEILIULY OJPEBECHEBIINE YEPEHKU
CMOPOJMHBI YEPHOI
Lignified black currant cuttings planted in a greenhouse

Tabnuya 1
Table 1
VYKOPEHSIEMOCTh OJJPEBECHEBIINX YEPEHKOB
CMOPOJIUHBI YEPHOU Pa3TMYHBIX COPTOB
Rootability of lignified blackcurrant cuttings
of various varieties

Jlomnst ykopeHUBIINXCS
Copr YEpPEHKOB, %o
Variety Proportion of rooted
cuttings, %
[Tunor
Pilot 23,1
Cenedenckas
Selechenskaya 32,3
barupa 61,4
Bagira
3aranka
Zagadka 373
dopryHa
Fortuna 28,6
Bypast nainpHeBOCTOYHAs 65.0
Buraya dal’nevostochnaya ’
Jlynnas 47.1
Lunnaya
JleTckocenbckast 371
Detskosel’skaya ’
CrnaBstHKa
Slavyanka 52,3
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Tabnuya 2
Table 2
JlnrHa 100eroB CMOPOIMHBI YEPHOM Pa3HBIX COPTOB B TOJ] MX YKOPCHCHHS
The length of black currant shoots of different varieties in the year of their rooting
CpenHee 3HauCHHE 3Hauenus, cM Tourocts
Copr © OLIMBKOM. oM AcnmmeTpuy- Values, cm omeiTa, %
Vi P A ’1 HOCTh The accuracy
ariete Yte}fage value Asymmetry MPIHP{M?UILHOC MaKCI/II\{[aHbHOG of the
Wwith error, cm minimal maximum experience, %
Ir,[ilfgt‘” 27,5+6,15 0,89 13,3 50,4 10,2
Ceneuenciaz 30,4+13,15 0,67 0,5 75,3 19,8
Selechenskaya
Ez; o 28,246,46 0,38 1,0 67,0 11,3
3arajaka
Zagadka 22,6+£6,20 0,82 16,4 27,6 6,8
;Dc?rliuz:a 18,2+4,38 ~1,20 4.8 23,7 10,7
bypas nanpresocTounas 13,7+4,54 1,67 0,4 52,0 16,1
Buraya dal’nevostochnaya
Jynnas 2524825 023 12,1 36,9 13.8
Lunnaya
ﬂeTCKOCGHLCKaH
Detskosel’skaya 22,5+5,02 0,47 11,0 39,0 10,3
Crapsrika 19,6+4,05 0,89 8,7 40,3 10,0
Slavyanka

3HAYUTEIHHO MEHBIIMMH I10Ka3aTeNIIMU BapbU-
POBaHMsI XapaKTePU3YIOTCs 3HAYSHUS JUaMETPOB I10-
0eroB, c(OPMHUPOBABILUXCS B T0J] YKOPEHEHUS YepeH-

KOB CMOPOJIMHBI YepHOU (Tadi. 3).

Marepwuainsl Tabi. 3 CBHIETEILCTBYIOT, UTO 3HAUEC-
HUSI CPEJIHETO JIMaMeTpa moberos, chopMHpOBABIIHX-

Csl Ha OJIPEBECHEBIINX MOOErax CMOPOIAMHBI YEPHOU
B TOJ YKOPEHEHUs, pPa3jIn4aroTCsl HECYIECTBEHHO
u Bapbupytorcs ot 3,7 no 5,1 mm. IIpu aTom makcu-
MaJIbHBIM 3HAYCHHUEM CpEJHEro Jauamerpa Mmo0eros
xapakrepusyercsi copT I[lwior, a MUHMMaJIbHBIM —
copt bypas ganbHeBOCTOUHAS.

Tabnuya 3
Table 3
3HaueHUs JMAMETPOB MOOETOB Y YEPEHKOB CMOPOIUHBI YSPHOH B TOJl YKOPCHEHHUS
The values of the shoot diameters of black currant cuttings in the rooting year
Copr ¢ OIMOKO, MM p Values, mm h > 70
Variete Average value HOCTB The accuracy
R g Asymmetry MHUHHUMaAJIbHOC MaKCHUMaJIbHOE of the
with error, mm minimal maximum i 0
experience, %
Iusor 5,1:0,69 1,77 4,0 8,0 6.1
Pilot
Ceneuencras 4,7+1,25 -0,28 1,0 8,0 12,1
Selechenskaya
ga”?pa 4,6+0,59 0,77 2,0 9,0 6,3
agira
3arajka
Zagadka 4,3+0,65 0,53 1,5 7,5 73
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Oxonyanue maon. 3

The end of table 3
CpenHee 3HaUeHHE 3HaueHns, MM Tounocts,
Copr ¢ OLIHGKOM. MM Acummerpud- Values, mm omneiTa, %
Variet A ’1 HOCTb The accuracy
ariete .\iirage value Asymmetry MUHUMAJIbHOE MaKCUMaJIbHOE of the
Wwith error, mm minimal maximum experience, %
Popryna 42+048 -0,33 3,0 5,0 5.1
Fortuna
bypas AIBHEBOCTOHAA 3.740.39 0.32 2.0 6.0 52
Buraya dal’nevostochnaya
Tynuas 48+1,0 021 3.0 6.0 8.9
Lunnaya
JleTckocenbckast
Detskosel’skaya 4,2£0,52 0,37 3,0 6,0 5,7
CnapsHKa 4,5+0.,50 0,17 2,5 6,5 53
Slavyanka

Ilpu co3manwy MIaHTAUN WX TIOCAIKE CMOPO-
JIUHBI Y€PHOM TIOJ] TOJIOT PEBOCTOEB B JIECHBIX Map-

KaxX BaXHOC 3HAYCHUC HUMCECT Pa3BUTHUC KOPHCBLIX

CHUCTEM Y BBICAXKXCHHBIX OAPCBECHCBIINX YCPCHKOB.

¢dopmupyercst 3—5 kopHeii (Tabum. 4).

Brmmonaenasie HaMHU HUCCICIOBAaHUA IIOKa3alik, 4YTO

B CPpCAHEM HaA BBICAXKCHHBIX YCPCHKAX B I'0J MOCAAKH

Tabnuya 4
Table 4
CpenHee KOIMYeCTBO KOPHEH, (POPMHUPYIOIINKCS Ha OIPEBECHEBIIINX YEPEHKAX
CMOPOJIMHBI YEPHOU B IOJI OCAAKU
The average number of roots formed on lignified blackcurrant cuttings per planting year
ChelHEe 3HAUCHHE 3HaYCHMSI, MM Tounocth
pen N AcumMmeTpuy- Values, mm onbiTa, %
Copt ¢ OIIMOKO#, MM h
Variete Average value Hocth The accuracy
prage va e Asymmetry MHHHMAJIEHOE MaKCHMAIIbHOE of the
w ) minimal maximum experience, %

Mot 441,01 0,00 2 6 112
Pilot
CeneveHckas
Selechenskaya 3+1,17 0.98 1 8 15,9
barupa 440,52 1,07 2 8 6.9
Bagira
3arajka
Zagadka 4+0,55 0,36 2 4 6,7
®dopryHa
Fortuna 541,22 -0,09 2 7 11,5
Bypas ZlaJI},:HCBOCTO‘IHa}I 440,73 0.59 1 9 8.8
Buraya dal’nevostochnaya
Jlynnas 4+0,54 0,07 3 5 5.5
Lunnaya
JleTckocenbckas B
Detskosel’skaya 4+0,94 0,61 2 6 10,0
Cuapsnika 30,45 0.27 2 5 6.3

Slavyanka
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Crnenyer OTMETUTh, YTO BapbHPOBAHUE KOJIHMYE-
CTBa KOPHEH CpEeIU PACTEHUH OJHOIO COpTa Cyllle-
CTBEHHO BBIIlIE, YEM BapualUsl CPEIHUX 3HAYCHHU
JAHHOTO IapaMeTpa MeXIy OTIECIBHBIMH COPTAMH.
Tax, KOJIMYECTBO KOPHEN y ONPEBECHEBIINX YEPEHKOB

copra bypas nanbHeBOCTOYHAsi BapbUpyeTCs B IO
yKopeHeHus ot 1 10 9 mr.

ITomumo konmuecTBa KOpHEH, HaOMIOaeTcs Tak-
JKe BaphUPOBaHKE 3HAYCHUH MX JUTUHBI (Ta0II. 5).

Tabnuya 5
Table 5

TIpoTsiaeHHOCTh KOpHEN U Ca)KEHIIEB Pa3JIUYHBIX COPTOB

The length of the roots and seedlings of various varieties

Cpennee 3HaueHHE 3Hauenus, MM Tounocts

Copr C OmmGKoH, v | CHMMETPHE- Values, mm onbita, %
Variete Average value with A Hocetb The accuracy
symmetry MHUHUMAJIbHOE MaKCHUMaJIbHOE of the
e mm minimal maximum experience, %

Ir,[ilfgt‘” 17,1+4,83 0,17 6,2 28,4 12,5
CeneueHckas
Selechenskaya 22,8+8,87 0,83 5,5 49,0 14,4
Bagin 2204237 024 80 380 53
ngzﬁaa 19,7339 0,59 8.7 38,2 83
;Dc:)rI:uTI}ll:a 21,2+2,83 0,94 15,1 30,0 5.9
Bypast nanbHeBOCTOUHAS
Buraya dal’nevostochnaya 24,9+3,02 -0.24 8,3 41,3 5.9
EKE::; 26,3+8,47 0,19 10,2 43,7 13,6
ILGTCKOCGHBCKKH
Detskosel’skaya 26,7+4,84 0,81 15,4 45,6 8,3
ggi‘;’;’;ﬁ 24,4+4,50 0,81 9,5 48,4 8,9

Marepuainsl Tabi. 5 CBUAECTEILCTBYIOT, UTO MaK-
CHUMAaJIbHYIO CPEAHIONI0 IPOTSHKEHHOCTD KOPHEH nmMeer
copT Herckocennckas — 26,7+4,84 cM, a MUHUMATb-
Hyto copt ITmror — 17,1+4,83 cm.

[lockonbKy TOKa3zaTenu, XapaKTepHU3YIOLIUe
YKOPEHEHHUE OJ[PEBECHEBUINX YEPEHKOB CMOPOAMHBI
YEPHOW pa3JIMYHBIX COPTOB, CYUIECTBEHHO BapbH-
pYIOTCsl, HAMU MPEANPUHATA MTONBITKA PEHTHHIOBOM
OILIEHKHU YCIEIIHOCTH yKopeHeHus. [Ipu aToM coprty,
HUMCIOIIEMY JIYUYHIHMC 3HAYCHHA KOHKPETHOI'O ITOKa-
3arens, NPUCBAaMBAJICS NEPBBIM Oayl, a Xyamue —
JEBATHI € TMOCIEIYIOIIMM YCTAaHOBJIEHHEM Cpell-
Hero 0ajia 1Mo BCEM aHAIM3HPYEMBIM ITOKA3aTesIM

(Tabm. 6).

Marepuansl Tabn. 6 CBHAETENBCTBYIOT, YTO IIO
CpeAHEeMY PEeHTHHIOBOMY Oaiuly JyYIIMMHM ITOKa3are-
JSIMH YKOPEHSIEMOCTH XapakTepu3yloTcsi copta JIyH-
Has u barupa.

BriBoabI

1. HeoOxomnMoCTh yBETHYCHUS OMOJIOTHYIECKO-
TO pa3HOOOpa3usl JECHBIX MAPKOB BBI3BIBACT MOTPEO-
HOCTH BBIpAIIMBAHUS B HUX MOJJIECKA 32 CUET BHEIpE-
HUS TJI0J0BO-SITOMHBIX KYCTapHUKOB.

2. YBenmnueHne BHJIOBOTO COCTaBa IIOMJIECKA
B JICCHBIX Mapkax I. EkarepuHOypra cruep:xkuBaeTcs
OTCYTCTBHEM IOCAJOYHOTO Marepuaia, 4TO MOXKHO

00ecIeynTh YKOPEHEHUEM OJAPEBECHEBIINX YEPEHKOB.
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Tabnuya 6
Table
PeliTnHTOBBIE GBI COPTOB CMOPOIUHBI YUSPHOU TI0 HCCIEAYEMBIM TTOKA3aTEIIsIM
YCIEIHOCTH YKOPEHEHNS OIPEBECHEBIINX YEPEHKOB
Rating points of black currant varieties according to the studied indicators
of success in rooting lignified cuttings
IMokasarenu aJist yCTaHOBJICHHS Oajuia
Indicators for establishing a balance
Cpenuuii
JHomna Oarn
Copr Aunavetp KonnuectBo KOpPHEBOM peiiTanra
Variete VkopeHsie- OCHOBaHHs .,
JnuHa mobera KOpHEH CHCTEMBI Average
mocrk Escape length noGera Number of The length ti
Rootability Diameter of rating score
roots of the root
the shoot base
system
[Tumnor
Pilot 9 3 1 2 9 4.8
CeneueHckast
Selechenskaya 7 ! 3 8 3 4.8
barupa 2 2 4 2 6 32
Bagira
3arazka
Zagadka 5 5 6 2 8 5,2
®dopryHa
Fortuna 8 8 7 1 7 6,2
Bypas AIIbHEBOCTOHAs 1 9 9 ) 3 48
Buraya dal’nevostochnaya
JyHHas 4 4 2 2 2 2.8
Lunnaya
JleTckocenmbckast
Detskosel’skaya 6 6 7 2 1 4.4
CrnaBsiHKa
Slavyanka 3 7 5 8 4 54

3. CMmoponmHa yepHasi i yciioBuil T. Exare-
punOypra u ero okpectHocreil (Cpenne-Ypanbckuit
TaeKHBIN JIECHOU paiioH) siBIsieTcst aDOPUTeHHBIM BU-
JIOM, YTO II03BOJIET IPOU3BOIUTH €€ IIOCAJKHU B JIEC-
HBIX TapKax, a cJIeJOBaTeIbHO, U ONPEICIseT BEIOOD
JUTSL pa3MHOXKEHUSI.

4. B ycnoBusix CpenHe-YpaJbCKOTO TaeXHOTO
JIECHOTO palioHa XOPOLIO 3aPEKOMEHJI0BAIM ceOds 1o
MOKa3aTelo yCTOWYNBOCTH K OONE3HSIM M KIMMAaTH-
geckuM (QakTtopaM 9 COpPTOB CMOPOIWHBI UYEPHOU,
npomenmux ueneitanust B Caay J1e4eOHBIX KyJIbTYp
um. ipod. JI. . Buroposa.

5. ObcrmemoBanre ACBATH COPTOB CMOPOIHUHBI
yepHO# Ha 3PQPEKTHUBHOCTh YKOPEHEHHS OJIpEeBEC-
HEBIIIUX YEPEHKOB MOKAa3ajl0, YTO MO MHTETpaibHO-

My 0auly, yUUTBIBAIOLUIEMY YKOPEHSIEMOCTb, AJIUHY
W TOJIIMHY Yy OCHOBaHUSI MmoOeros, chopMHpOBaB-
IINXCS B TOJl YKOPEHEHUS, a TAK)Ke KOJIMYECTBO KOP-
HEW U JJIMHY KOPHEBOW CHCTEMBI, JIYUIIMMHU OKa3a-
nuck copra JIynHnas u barupa.

6. Ilpn pa3MHOXXEHHM COPTOB CMOPOAMHBI Hep-
HOW OZIpEBECHEBIINMH YEPEHKaMHU HEOOXOOUMO yUH-
TBIBaTh, YTO JIMIIL JBa copTa Bypas nanpHeBocTOUHAS
u CrnaBsiHKa UMEIOT YKOpeHsieMocTh BhIme 50 %, 9ro
BBI3bIBAET HEOOXOANMOCTD IOMCKA IPYTUX CIIOCOOOB
Pa3MHOXKEHUSI.

7. UccnenoBanus NEPCIEKTUBHOCTH COPTOB CMO-
POAMHBI YEPHOH CIIEAyeT MPOAODKUTh B LIENAX yCTa-
HOBJICHUSI MX YPOKaHHOCTH U YCTOHYMBOCTU K 00-

JIC3HSM.
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MPOBJIEMA NOBbILWEHUA NJ1IOAOPOAUA MOYB NECHbLIX MUTOMHUKOB
U NYTU EE PELLEHUA

JleB AntexceeBn4 CTapbITHH

VYpanbckuii rocyaapcTBEeHHBIH JIeCOTeXHUUECKHH yHUBepcuTeT, EkarepunOypr, Poccust
starygin@inbox.ru, https://orcid.org/0009-0009-6394-4117

Annomanyus. TlpoananuzupoBaHa 00eCIEUCHHOCTh MaKpO- U MHKPOIJIEMEHTaMH IOYB YEThIPEX
JIECHBIX NUTOMHHUKOB B CpemHe-YpalbCKOM TaeKHOM JIECHOM paiioHe. OTMedaeTcsi, 4YTo B pe3yJsibTa-
T€ BBIHOCA MTUTATENbHBIX 3JIEMEHTOB C [10CAJ0YHBIM MaTEpPHAJIOM II0UYBBI JIECHBIX TMTOMHUKOB OCIHBI
OCHOBHBIMH MaKpO- 1 MUKPOYJIEMEHTaMH M HYXKJAIOTCs BO BHECCHUH MHHEPAJIbHBIX U (MJIH) OpraHu-
YecKuxX yaoOpeHuid. OHAKO MOCIIEAHUE CTOSAT JOPOro, YTO MOBBIIIAET CE0ECTOMMOCTD MOCAJ0YHOTO
MaTeprana U CHUKAeT ero KOHKYPEHTOCIOCOOHOCTh. [IpobiaeMa OBBIIEHNUS IIIOA0POIHS JIECHBIX ITH-
TOMHHMKOB TIPH BBIPAI[BAHUY CESIHLIEB COCHBI OOBIKHOBEHHOU (Pinus sylvestris L.) n enu eBpomneii-
ckoit (oObikHOBEeHHON) (Picea abies (L.) Karst.) MoxkeT ObITH pelieHa BHECEHHEM OpPraHOMHUHEPATbHBIX
ymoOpeHuH, MPUTOTOBICHHBIX METOAOM a’3poOHO# TBepmoda3zHOUW (epMEeHTAnHu W3 OCCIOMCTHIOU-
HOTrO KypuHOro rnometa, 3016l Pedrunckoit [POC u orxomoB nepepaboTku apeBecuHbl. Mcmonb3o-
BaHHME YKa3aHHBIX OparaHOMHHEPAJIbHBIX YIOOPEHUH MO3BOISAET KOMIICHCHPOBATh U3bATHE U3 MOYBbI
MaKpoO- ¥ MHUKPO3JIEMEHTOB, YBEIUYUT BBIXOZ CTAHAAPTHOTO [I0CAJOYHOIO MaTepHuaja, a TaKkkKe ylyd-
HIMT KOJOTMYECKYI0 OOCTAHOBKY 3a CUET yTHWJIM3AalUH OTXOJO0B HPOMBIIIICHHOTO M CEIbCKOXO3SIi-
CTBEHHOTO NMPOU3BOJCTBA.

Knrwouegwvle cnosa: necHoll MUTOMHUK, TUIOAOPOIUE, MAKPO- U MUKPOJIEMEHTHI, CESHIIbI, OPraHo-
MUHEpaJibHbIE YA0O0peHNUs

Hna yumuposanun: Crapoirut JI. A. [Ipobiaema nmoBbIIEHUs! TUIOAOPOANS ITOYB JIECHBIX TUTOMHU-
KOB W TIyTH ee pemenus // Jleca Poccun n xo3stiicTBO B HuX. 2025. Ne 2(93). C. 88-95.

Original article

THE PROBLEM OF INCREASING SOIL FERTILITY IN FOREST NURSERIES
AND WAYS TO SOLVE IT

Lev A. Starygin

Ural State Forest Engineering University, Yekaterinburg, Russia
starygin@inbox.ru, https://orcid.org/0009-0009-6394-4117

Abstract. The provision of macro- and micro-fertilizers in the soils of four forest nurseries in the
Middle Ural taiga forest region was analyzed. It was noted that as a result of removal of nutrients
with planting material, the soils of forest nurseries are poor in essential microelements and require
the introduction of mineral and (or) organic fertilizers. However, the latter are expensive, which increases
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the cost of planting material and reduces its competitiveness. The problem of increasing the fertility of

forest nurseries when growing seedlings of Scots pine (Pinus sylvestris L.) and European spruce (Picea

abies (L.) Karst.) can be solved by adding organomineral fertilizers prepared by the method of aerobic

solid-phase fermentation from fresh chicken manure, ash from Reftinskaya SDPP and wood processing

waste. The use of these organomineral fertilizers allows to compensate for the removal of macro- and

microelements from the soil, increases the yield of standard planting material, and also improves the

environmental situation due to the utilization of industrial and agricultural waste.

Keywords: forest nursery, fertility, macro- and microelements, seedlings, organomineral fertilizers

For citation: Starygin L. A. The problem of increasing soil fertility in forest nurseries and ways to
solve it // Forests of Russia and economy in them. 2025. Ne 2(93). P. 88-95.

BBenenue

Benenue necHoro xo3siicTBa HEpa3phIBHO CBs3a-
HO C BOCCTAHOBJICHUEM BBIPYOOK, rapei, peIuH U Apy-
TUX HE MOKPBITHIX JIECHOW PACTUTEIILHOCTHIO 3€METb.,
B coorBercTBHU ¢ IEMCTBYIOIMM HOPMAaTUBHBIM J10-
kymeHToM (OO0 yTBepkaenud..., 2021) necoBoccra-
HOBJICHHE OCYIICCTBIISIETCSI TPEMS CIIOCOOaMU: ecTe-
CTBCHHBIM, HCKYCCTBCHHBIM H KOM6I/IHI/IpOBaHHI)IM.
He ymamsisi ecTecTBEHHOTO JI€COBOCCTAHOBJICHUS,
CJIeyeT OTMETHUTb, YTO C JIECOBOJCTBEHHOW CTOPOHBI
JIOBOJIBHO 4acTo Ooliee TMEePCTIEKTHBHBIMH SBIISIOTCS
WCKYCCTBEHHBII W KOMOMHHUPOBAaHHBIA CIIOCOOBI Jie-
coBoccraHoBieHus. [lpn aToM mMeercs B BUIY, YTO
MIPH UX MPOBEJICHUN B COYETAHUH C MTOCICIYIOITIMHI
PEryISIpHBIMH arpOTEXHUYECKUMH U JIECOBOJICTBEH-
HBIMHM yXOJaMH oOecrieunBaeTcs (popMupoBaHue
BBICOKOIIPOU3BOJIUTEIIBHBIX HACAXKJCHUH IIEJIEBOTO
mopogHoro cocraBa (3amecoB u ap., 2002; Dpeii-
Oepr u ap., 2012; dopmuposanue..., 2013; OnwIt.. .,
2017; PexynpruBanus..., 2018; Experiences..., 2020;
Bachurina et al., 2023; IleTpoB u mp., 2023). B To e
BpeMs IS ITMPOKOMACIITAOHOTO HMCKYCCTBEHHOTO
U KOMOWHHPOBAHHOTO JIECOBOCCTAHOBIICHHS He-
00XO/IMM KaueCTBEHHBIH I10CAIOYHBIN MaTepual.
[locnenuuii BeIpammBaeTcsl B JECHBIX TUTOMHUKAX
U CEJIEKIIMOHHO-CEMEHOBOAUECKUX IeHTpax. [Ipu
9TOM CESIHIIbI XBOWHBIX IMOPOJ BBIPALTUBAIOTCS C OT-
kpeitoii (OKC) u 3akpsitoit (3KC) xopHeBbIME CH-
cTeMaMHu.

B Hacrosimiee BpeMsi HaKOIUIEH 3HAYMUTENbHbBIN
OTBIT BBIpAIIMBAHMS TIOCaA0YHOTO MaTepuana (Pe-
KoMeHmanuu. .., 2001; Omreraes u mp., 2020; Brus-
HUe. .., 2021). OgHako 0CHOBHOU TTPOOIIEMOT SBIISCT-
Csl HU3KO€ IJIOA0PO/INE TTOYB B JIECHBIX MUTOMHHKAX.
EsxeronHo ¢ mocajo9HbIM MaTepraioM u3 MMTOMHUKA
BBIHOCHTCSl 3HAUWTENIbHAS Macca MUTATeIbHBIX dJIe-

MEHTOB, T.€. CHIKAeTCS €CTECTBEHHOE IUIONOPOIHE
MOYBEL. Tak, BEIHOC BOCTPEOOBAHHBIX JISI PACTEHUH
XUMHYECKHUX JJIEMEHTOB MPU TUITAHOBOM BBIXOJIE CE-
SIHIIEB COCHBI OOBIKHOBeHHOW (Pinus sylvestris L.)
2,5 MJIH IUT./Ta IPUMEPHO PaBeH TAKOBOMY IpH yOop-
K€ 3€pHOBBIX KyNIbTyp ypoxkaitHocTtblo 40-45 wm/ra.
[Tpu BeIpamuBanuy 3 roja CestHLEB €M Ha JIEPHOBO-
MOA30JIMCTON CYITIMHUCTOM MOYBE C UX BBIKOIKOW W3
MMUTOMHHKA BBIHOCHUTCA B Tiepecyere Ha 1 ra 57-63 kr
azora, 18-21 kr pocdopa, 23-24 xr kanus u 41-46 kr
kanbius (HacraBnenwue. .., 1991).

Oco060 ciemyeT OTMETHTh, YTO, TIOMUMO COJIEp-
YKAIIUXCS HETIOCPEICTBEHHO B TKAHAX CESTHIIEB XFMH-
YECKUX DIIEMEHTOB, Ha NX KOPHEBBIX CHCTEMaX TaKKe
ocTaeTcs 3HaYMTENbHas Macca Hanbosee Onomornye-
CKH aKTHBHBIX YacTHI] TOYBHEI. 110 310 mpuumnHe hak-
TUYECKUH BBIHOC NMUTATEIbHBIX BEIECTB M3 IOYBBI
3HAUUTEIBbHO Ooubuie. [Ipu BiakHOCTH IEpHOBO-TIO-
30JIUCTON CyrITUHUCTON TouBbI 20 % ¢ KaXKJ0To TeK-
Tapa MUTOMHHUKA OTUykaaercsd 13 T, mpu BIaKHOCTH
25 % — okono 23 T MOUBBI, C KOTOPOH BBIHOCUTCS
5-7 xr/ra obmero azora, 10—14 kr/ra BajoBoro oc-
¢dopa u 25 Kr/ra Kajausi, YTO HE MOXKET HE CKa3bIBaThCS
Ha BBIXOJIE KaYeCTBEHHOTO ITOCAJ0YHOTO Marepuaia
B OyymieM.

[IpoGnema MoBBIIEHNS TTOOPOIHSI TIOUB JIECHBIX
MMUTOMHUKOB MOXKET OBITh pellleHa BHECEHHWEM Opra-
HUYEeCKUX ymoOpeHwit. OmHAKO JaHHBIE yTOOpEHUS
JOPOTH M MX NMPUMEHEHHE CYLIECTBEHHO IOBBIIIACT
ce0eCcTOMMOCTh BBIPAIMBAEMOI0 MOCAJOYHOTO Ma-
Tepuana. Kpome Toro, n3-3a CokpalieHus MoroJoBbs
CKOTa OpraHuyuecKue yIoOpeHHs TPYIHOAOCTYITHEI.

3aMeHa OpraHUYeCcKuX yINoOpeHU MUHEpalbHbI-
MH HE pelIaeT npoodyieMy, MOCKOIbKY OHM HE CO371a-
10T OJIATONPUSTHYIO JJIsl PACTEHHH CTPYKTYPY TTOYBBI
Y HepeJIKO YXyAIaloT ee (U3NIeCKHue CBONCTBA.



90 Jleca Poccum 1 X038MCTBO B HUX

Ne 2 (93), 2025 1.

VYkazaHHOEe 00YCIIOBIMBACT HEOOXOAUMOCTh TO-
HCKa TyTCH MONYYCHUs JCHICBBIX YAO0OpEHHN [is
MIOBBIIICHUS TIIO0POIUS TTOYB JIECHBIX TUTOMHHKOB
Y YBEJIIMYCHHSI BBIXOJIa KAYECTBEHHOTO OCA0YHOTO
Matepuasia. K coxajaeHHI0, ONBIT YAyYIICHUS TOYB
JICCHBIX TUTOMHHUKOB OTPaHHYEH U HAYYHBIX PA0OT 110
JTAHHOMY BOIIPOCY OTHOCHUTEILHO HeMHoro (BiusHue
BHeceHwus..., 2014; 3anecos u mp., 2015; Kan u np.,
2015).

AKTYaJIbHOCTh YKa3aHHOI'O IIOATBEPIKIACTCSA CO-
BPEMCHHBIM  HEYJOBJICTBOPUTEIBHBIM  COCTOSIHUEM
JIECHBIX TMHUTOMHHKOB B CBepsioOBCKOH 001acTH
(OmneraeB u ap., 2020).

esb, 00bEKTHI
H MeTOANKA MCCJIeJOBAHUIH

Lens pabGoTel — ycTaHOBUTH 3()(HEKTUBHOCTD
MPUMEHEHUS] HETPAJUIIMOHHBIX YIOOpEHHI PU BbI-
paluBaHUM MOCAJOYHOTO MaTepHaia COCHBI OOBIK-
HOBEHHOM.

UccnenoBanus mpoBOAMIINCH B YETHIPEX JIecC-
HBIX IUTOMHHUKAX, PACIIOI0KEHHbBIX Ha TEPPUTOPUH
CpenHe-YpanbCKOTO TaeXHOTO JIECHOTO paioHa
(06 yrBepxaenuu..., 2014). Ilpu sTom B coOT-
BETCTBHM C JIECOPACTUTEIBHBIM PallOHUPOBAHHEM
b.Il. KonecHukoBa ¢ COaBTOpaMu JECHOM MUTOM-
HUK ['KY CO «Cyxonoxckoe 1€CHUYECTBO» pacio-
JIOKEH Ha TEPPUTOPUU OKPYTa COCHOBO-OEpE30BbIX
MpeJIECOCTEIHBIX JIECOB 3aypaibCKOM paBHUHHOMN
npoBUHIMH 3anagHo-CuOupCKOl paBHUHHOM JIeco-
pPacTUTENIBHOM 00JIACTH.

[Ba necubix muromHEKa Ne 1 m No 2 pacrmo-
noxensl Ha Tepputopun ['KY CO «bepesosckoe
JIECHUYECTBO», KOTOpas, KaK U TEPPUTOPHS JIECHO-
ro mutoMmHnka OOO «Kammua Ilapk», oTHOCHTCS
K FOKHO-TaCKHOMY OKPYTY, 3aypaibCKOH XOIMHCTO-
MIPEArOpHO TpoBUHIMK 3aragHo-CuOoupckoi pas-
HUHHOU JiecopacTuTeidbHOl obmactu (KoiecHukoB
u ap., 1974).

Haxoxxaenne B pa3HBIX JIECOPACTUTENBHBIX OKPY-
rax M MpOBUHLMUSAX OOYCIOBMIJIO TOT (aKT, YTO KIIH-
mat Ha Tepputopun I'KY CO «Cyxonoxckoe nec-
HUYECTBO» KOHTHHEHTAIbHBIA, a Ha TEPPUTOPHH
I'KY CO «bepezosckoe necunuectso» n OO0 «Ka-
nuHa [Tapk» ymMmepeHHO KOHTMHEHTalbHbINA. Paznuuus
IIPOSIBIISIIOTCS TAKXKE B XapaKTEPUCTHKE penbeda, Mo-
3aUYHOCTHU II0YB U 00ECIIeUeHHOCTH Biiaro. OQHako

yKa3zaHHBIC Pa3Inins, KaKk ObLIO OTMEYEHO paHee, 10-
3BOJIMIIM TEPPUTOPHUIO YKA3aHHBIX JIECHUYECTB OTHE-
CTHU B OJIUH JICCHOU pailoH.

B nutomuuke I'KY CO «Cyxonoxckoe JecHuue-
cTBOY», jecHoM mutomHuKe Ne 2 ['KY CO «bepezos-
CKoe JiecHu4ecTBO» U jiecHoM nurtoMHuke OO0 «Ka-
nuHa [lapk» BbIpamuBarOTCs CESHIBI COCHBI OOBIK-
HOBeHHOU (Pinus sylvestris L.), a B mutomanke Ne 1
I'KY CO «bepe3oBckoe JIGCHIYIECTBOY» — CESTHITBI SITH
eBporetickolt (Picea abies (L.) Karst).

B mpomecce nccnenoBanuii ObTH OTOOpaHBI 00-
pasIlbl IOYB B YETHIPEX JIECHBIX MUTOMHUKaX CpenHe-
VYpanbCKoro TaexKHOro JieCHOro pailona. Ompezene-
HUE COACPKAHUS MaKpO- U MHKDPOIJIEMEHTOB OBLIO
BBIIIOJTHEHO B CEepTU(UIMPOBAHHON Jaboparopun
ObYH «ArpoxumuenTp “CBepaaoBCKHNA».

Pe3yabrarnl U HX 00CYyKIEHHE
[TockosbKy, Kak OTMEYAIOCh PaHEe, C BHIBO3OM U3
MMUTOMHUKOB BBIPALIICHHOTO TOCAJI0YHOI0 MaTrepuasia
YTPauMBAETCsl 3HAYMTEIBHOE KOJIMYECTBO 3JICMEHTOB
MUTaHUA PACTEHUN, HAMHU B TPOLIECCE MCCIIEOBAHUM
MIPOAHAIM3UPOBAHO  COMEPKaHUE MaKpOAJIEMEHTOB
B TI0YBaX YETHIPEX JIECHBIX ITMTOMHHUKOB, PACTIONIOKEeH-
HbIX B CpeaHe-YpajabCKOM TaeKHOM JIECHOM pailoHe.
Pesynbrare! nccnenoBanuii mpuBeeHb! B Ta0M. 1.
JlJis OlleHKM KavecTBa MMOYB JISCHBIX TUTOMHHKOB
HAMHU OBLIM HCIIOJb30BaHBI PEKOMCHIAIUH, YyCTa-
HABJIMBAIOILIUEC ONTHMAJIbHBIC TPAHUIIBI COJCPIKAHUS
TE€X WM HHBIX MaKpOAJIEMEHTOB, & TAKKE KHUCIIOT-
HOCTH TIOYBBI. [|JIs BhIpAIIMBaHUs CESIHIIEB XBOMHBIX
MopoJT yKa3aHHbIMHM pekomeHnanusimu  (Hacrasie-
HUEe..., 1991) mpemnmararoTcsi CIeAyIOMNe 3HAYCHMUS:
pH — 5,0-55; comepxanue rymyca (OpraHHYECKOTO
BemectBa) — 2,5-3,0 %, momswmwxkHOTO docdopa —
oonee 150-200 mr/xr, oOMeHHOro Kajaus — Ooiee
170-220 mr/xr u azora oouiero — 6oiiee 80—100 Mr/kr.
CpaBHEeHHE yKa3aHHBIX ONTHMAJBHBIX 3HAUYCHUI
¢ (haKTUYEeCKUMH TI0Ka3aJl0, YTO MOYBBI BCEX 00CIe-
JIOBAHHBIX TMUTOMHHUKOB HYXXIAIOTCS BO BHECCHUU
MUHEPaJIbHBIX 1 (WJIN) OpPraHnYeCcKuX yaoopenuid. Tax,
B YAaCTHOCTH, ONTHUMAJIbHAsl KUCJIOTHOCTh IOYBBI 3a-
(buKCHpOBaHa TOJILKO B 0A3MCHOM JIECHOM ITUTOMHHUKE
I'KY CO «Cyx0m0XKCKO€e JIECHUIECTBO». B OCTaBHBIX
MUTOMHHUKAX IOYBBI XapaKTEPU3YHOTCS IMOBBIIICHHOMN
KHACJIOTHOCTBIO, YTO HE MOYKET HE CKa3aThCs Ha BBIXOJE
CTaHJAPTHOTO TT0CAI0YHOTO Marepurania.
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Tabnuya 1
Table 1
ConepxaHue MaKpo3JIEMEHTOB B ITOYBAX JICCHBIX TUTOMHUKOB
CpenHe-YpanbCcKoro TaeKHOTO JIECHOTO palioHa
The content of trace elements in the soils of forest nurseries
Middle Ural Taiga forest region
Macca Macea
TMO/IBUYKHBIX
. | TOIBHMKHBIX
Macca COEIMHEHUN o
o Opranu- COEIUHEHNN
Jlecnoit o0riero dbocdopa,
Kucnor- 4ecKoe KaJusi, MI/KT
MMUTOMHUK Hocts. pH BermecTso, % a3oTa, MI/Kr MI/KT Mass of
Forest CTb, P D Total Mass of .
Acidity, pH Organic . . mobile
nursery N nitrogen mobile .
matter, % potassium
mass, mg/kg | phosphorus
compounds,
compounds, ma/k
mg/kg gike
BripamuBanue cessHIIeB COCHBI OOBIKHOBEHHOM
Cultivation of seedlings of Scots pine
I'KY CO «Cyx0m0kKCKO€ JIECHUYECTBOY
GKU SO “Sukholozhskoye forestry” 33 L4 4.8 116,6 83
Ne 2 TKY CO «bepe3oBckoe JIeCHUYECTBOY
Ne 2 GKU SB “Berezovskoe forestry” 4.8 4,62 17.8 178,7 83
000 «Kanuna ITapx»
Kalina Park LLC 4.4 43,9 53,9 20,74 95
BripamuBanue cesHIIEB €J1d €eBpONEHCKOM
Growing seedlings of European spruce
Ne 1 TKY CO «bepe3oBckoe JIeCHUYECTBO»
Ne 1 GKU SB “Berezovskoe forestry” 3.9 2,27 6,7 25,1 78

Conepikanue Tymyca JIOCTUTAET PEKOMEHTyEMBbIX
BenmmunH B mutoMHuKe Ne 2 I'KY CO «bepesoBckoe
necandectBo» M mutoMHHKe OO0 «Kammna [Tapky.
Bricokast nonsg oOuiero a3ora B JIECHOM HUTOMHHKE
000 «Kanuna I[lapk» oObsiCHAETCS BHECEHHEM 3Ha-
YUTENbHBIX 103 Topda. OgHaKo, KaK clenyeT U3 Ma-
TepuasnoB Taln. 1, BHeceHHe Topda He PELIHIOo 3a1a-
4y oOecredyeHusl BBIPAIIMBAEMbIX CESHIEB APYTHMU
MakpoaseMeHTaMu. Tak, comepikaHue oOmero azora
B TI0YBaX BCEX YETHIpEX JIECHBIX TUTOMHUKOB OKa3a-
JIOCh 3HAYMTENILHO HIKE peKoMeHxyemoro. B wact-
HocTH, naxe B mutoMHuke OOO «Kammna Ilapky,
rme Obur BHeceH Topd, comepkaHue OOIIero asoTa
oKazanoch B 1,5 pasza HMXKe HHKHETrO Ipenesa, peKo-
MEHJIyeMOI'0 [yl BBIPALIMBAHUS CESHIEB XBOMHBIX
nopoj. OcoOeHHO TuToXas cUTyarus ¢ o0ecreueHHo-
CTBIO OOIIMM a30TOM CJIOXMJIach B 0a30BOM IHUTOM-
Huke ['KY «Cyxonoxckoe necHuuectso». B mou-
BaX YKa3aHHOTO TNHUTOMHHKA COJep)KaHUe OOIIero
azora He mpeBblmIaeT 4,8 MI/KI, B TO BpeMsi Kak CO-
IJJACHO PEKOMEHJIAIMSAM €ro JOJDKHO OBITh HE MEHee

80—-100 mr/kr, T.e. B 16,7-20,8 paza Gompme. Ecmu
Y4ecTb, YTO a30T IO HPaBy CUUTAETCS OCHOBHBIM
MaKpO3JIE€MEHTOM IIPU BBIPALMBAHUM I10CAI0YHO-
ro Marepuajia IpEBECHbIX PACTCHUH, TO CTAHOBUTCS
MOHATHON HEOOXOAMMOCTh HPHUHSTHS CPOYHBIX MeEp
10 TOBBILICHUIO B TIOUBE OOIIETro a30Ta.

BaXHBIM MaKpO3JIEMEHTOM [Uis  BBbIpallvBa-
HUSL TIOCAZOYHOIO Marepuaya sBJISEeTCS TOABHXK-
HBeIll pocop. OgHako B peKOMEHAYyeMbIX 0ObeMax
(150-200 mr/kr) oH 3aUKCHpPOBaH JHIIb B TTHTOM-
Huke Ne 2 TKY CO «bepe3oBckoe JIECHHUECTBOY.
Bo Bcex ocTanbHBIX JIECHBIX MIMTOMHHUKAX CESHIIBI Oy-
JIyT UCTIBITBIBAaTh JeunuT docdopa, 9T0 HE MOXKET
HE CKa3aThCsl Ha BBIXOJE CTAHAAPTHOTO [IOCAJ0YHOIO
Martepuana. Tak, B jmecHoM murtomHEKe OOO «Ka-
muHa llapk» conepxanme moxBmwkHOTO (ochopa
B 7,3-9,6 paza Hmwxke pexkomeHayemoro (Hacrasie-
HuE..., 1991).

Bce necHble TMTOMHUKH HCHBITHIBAIOT B CBOUX
noyBax HEIOCTAaTOK moAaBMkHOro kanus. Coxep-
JKaHHE JAaHHOTO MakKpodJieMeHTa ONM3KO BO BCEX
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00CIIeTOBaHHBIX JIECHBIX NMUTOMHUKaX W Oojee dem
B 2 pa3a HIKE peKOMEHIyeMOW HOPMBI.

[ToMuMO MaKpO3JIEMEHTOB, CESHIBI HYXKAAIOTCS
B MukposnemenTtax. Comep:kaHie OCHOBHBIX M3 HUX
B MOYBax 00CJICZIOBAHHBIX JIECHBIX MTUTOMHHUKOB TIPH-
BezieHo B Tal. 2.

Marepuaiibl Ta0i1. 2 CBUJIETESIILCTBYIOT, YTO JaH-
HBIC O COJICPKAHUU MHUKPODIIEMEHTOB CYIIECTBEHHO
BapbUPYIOTCS B pa3pe3e JIECHBIX NMUTOMHUKOB W Ha
a0COOTHOM OOJBIIMHCTBE M3 HUX HEOOXOJMMO BHE-
CEHHNE MUKPO3JIEMEHTOB.

B paiioHe HaxoeHUs JECHBIX TUTOMHUKOB pac-
nonoxkeHpl nitunedadpuku. Tak, Tompko B CBepi-
JIOBCKOM oOmactu gyHKImonupyet 13 nrunedadpuk,
KOTOpBIE MMPOU3BOAT exeroqHo 500 TeIC. T KypHHOTO
nometa, u3 koroporo 70 % mpuxomurcs Ha Oecrof-
crunounblii  ([ocymapcTBeHHBIH Joknan..., 2022).
YKka3zaHHBIM MOMET MMEET CJIEAYIOLINE IOKA3aTeu:
BinaxxHoctb — 75-80 %, pH — 4,6, conepxanue 00-
mero aszora — 5,3-5,8 % (Ha cyxoe BemecTBO), CO-
nepxkanne obmero docdopa — 2,3 %, comepxaHue
kamust — 21 % m oprarmueckoro BemectBa — 80 %.
VYkazaHHbBIN TOMET HE COACPKUT PAUOAKTUBHBIX dJIe-
MEHTOB H TSDKEIJIBIX METAJIOB, a TAK)KE YUCT B BETEPHU-
HapHOM OTHOIICHHUH.

WccnenoBanusi, BBITIOJHEHHBIE COTPYIHUKAMHU
VYpanabckoro TocygapcTBEHHOIO JIECOTEXHHYECKOTO

yauBepcutera (Ilomyyenue..., 2024), nokasanu, 4to

0eCIIOACTUIIOUHBII KypUHBIH ITOMET MOXET CTaTb
0a30BOll OCHOBOH JUIsI MPOM3BOACTBA OPraHOMHUHE-
paJIbHBIX yIOOpEeHUil, KOTOpbIe MPEICTABISAIOT COO0M
CMECh OpPraHUYEecKoro cyocrpara M MHHEPaJIbHBIX
J100aBOK.

[MockonbKy B KypHHOM HOMETE HEJOCTaTOK Ma-
KPO2JIEMCHTOB, 1JId YBCIMYCHHA HUX O0JIU B COCTaB
OpPraHOMHMHEPAILHOTO yI0OpeHus qo0aBisercs 307a
u3 3omootBanoB Pedrunckoit 'POC, pabortaromeit
Ha BBICOKO30JIbHOM KaME@HHOM yIiie DKHOaCTy3CKOTO
MECTOPOXKICHHS.

Ji1st mpon3BOACTBa OPraHOMHUHEPAJIbHBIX Y100pe-
HUH 13 0ECIIOACTUIIOUHOIO KypHUHOTO IIOMETA, 30JIbI
U JIPEBECHBIX OTXO/0B (ILeNa, OMMWIKHA) METOOM yCO-
BEPLICHCTBOBAHHOM TBeprodasHoit a’spodHoii dep-
MEHTAIlMM CO3J]aH0 HeoOXoAuMoe O00Opy/HIOBaHUE,
YTO B COYETAHHM C OTPOMHBIMH OOBEMaMH OTXOJIOB,
UCTIONIb3YEMBIMU AU MIPOM3BOACTBA  yNOOPEHUIA,
IMMO3BOJIACT HAACATHCA Ha OPpTraHU3aAlUIO UX TMTOJTYUYCHU A
B HEOOXOMMBIX 00beMax. [Ipon3BoguMbIe yI00peHHs
Oy/IyT coziepKarh Bce He0OOXOIMMbIE MAaKPO- U MUKPO-
JJIEMEHTHI B JJOCTYITHOM IJIst pacTeHUH hopme.

Oco00 creayeT OTMETHTh, YTO CMEIIUBAHUC KY-
PHHOTO IIOMETa C 30JI0M U OTXOaMH JPEBECUHBI 000-
ramaer cMech MUKposieMeHTamHu. [locnennee nosno-
JKUTEJIBHO CKa3bIBAaETCsI Ha Mpoleccax GpepMeHTanuy,
a 3aTeM MpOSIBISIETCS B YBEJIMYECHUHM BBIXOAA CTaH-
JapTHOTO TI0CaA0YHOT0 MaTepHaa.

Tabauya 2
Table 2
ConepkaHue MUKPO3JIEMEHTOB B ITOYBaX JICCHBIX MUTOMHHUKOB, MI/KT
The content of trace elements in the soils of forest nurseries, mg/kg
Conepxanue
JlecHOM NUTOMHMK Content
Forest nursery Memun Hwunka Mapranma Bpoma XKenesa Monu6-
(Cu) (Zn) (Mn) (B) (Fe) nena (Mo)
BeipaiiBanue CesiHIEB COCHBI OOBIKHOBEHHOM
Cultivation of seedlings of Scots pine
I'KY CO «CyxonoKckoe JeCHIIECTBO»
GKU SO “Sukholozhskoye forestry” 2,35 L7 45,65 0,42 87,11 0,35
Ne 2 TKY CO «bepe3oBckoe n1ecHIIECTBO
Ne 2 GKU SB “Berezovskoe forestry” 10,42 2,49 80,38 0,65 222,92 0,21
000 «Kanuna ITapx»
Kalina Park LLC 4,57 1,74 58,65 1,58 561,0 0,41
BelpamuBanue cesiHIEB €11 eBpONeHCKoi
Growing seedlings of European spruce
Ne 1 TKY CO «bepe3oBckoe 1eCHIIECTBO»
Ne 1 GKU SB “Berezovskoe forestry” 11,47 1,85 61,27 0,46 165,81 0,29
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Baxnoctb MOJYYCHHBIX NAaHHBIX IJI 5KOJIOTHHU
n JICCOBOCCTAHOBJICHHUS BbBI3bIBACT HeO6X0,Z[I/IMOCTL
MPOAOJIKCHUS I/ICCJIC,I[OBaHI/Iﬁ 110 1'[0)160py OIITUMAJIb-
HBIX CXEM CMCHICHHSA MHIPEANCHTOB, YCTAHOBJICHUIO
BHUIOB U 003 BHECCHUA OPraHOMUHEPAJIbHBIX yI[06pe-
HHUH B J€CHBIX MTUTOMHHUKAX.

BriBoabI

1. BripamuBanne mocagoqHoro MaTepraa B Jiec-
HBIX INTOMHUKAX CBA3aHO C BBIHOCOM 3HAYUTEIBLHOTO
KOJIMYECTBA BAXKHBIX ISl POCTa PACTEHUM XHMHUYE-
CKHX 2JIEMEHTOB.

2. IloreHnuaneHOE TUIONAOPOIUE JIECHBIX MUTOM-
HUKOB B CpenHe-YpallbCKOM TaeKHOM JIECHOM pai-
OHE 3HAYUTEJLHO HIKE€ HOPMAaTHUBHBIX 3HAYEHHUH 110
COJIEPKAHUIO MAKpO- U MUKPODJIEMEHTOB.

3. B nensix koMIeHcauy yTpaduBaeMoro Imiofo-
poanst HeoOXOANMO BHECCHUE OPTaHUYECKUX U MUHE-
panpHBIX yoOpeHuit. OHaKO X BBICOKasi CTOMMOCTD
HETaTHBHO CKa3bIBAETCS HA Ce0ECTOMMOCTH KOHEUHON
MPOAYKIKH, YTO OOYCJIOBIMBACT CHHKCHHE KOHKY-
PEHTOCIIOCOOHOCTH MOCA0YHOTO MaTepuara.

4. OnHMM W3 HaNpaBJICHWH MOBBIMIEHUS MPO-
JIyKTUBHOCTH TIOYB JIECHBIX TUTOMHUKOB U yBEJIHYE-
HUS BBIXO/Ia CTaHAApTHOTO IMOCAJ0YHOTO MaTepraia
ABJISICTCSI BHECEHHME OPIraHOMUHEPAJIbHBIX YyHO0-
peHuit.

5. YuuTblBasg Ba)XKHYIO pOJIb MOBBILIEHUS ILIO-
JOPOAUS TIOYB JIECHBIX NMUTOMHMKOB, HCCIIEIOBAHUS
B JJaHHOM HAIPaBJICHUU CJICAYET IPOAOIIKATh.
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MaTepuaoB, Kak KOPHLA, KyKypy3a, YepHOKOYaHHas! KallycTa, KyKypy3HbIH KpacUTeNb U KypKyMa, JJIs

M3MEHEHHUS 1[BETa JPEBECUHBI COCHBI OOBIKHOBEHHOU (Pinus sylvestris L.). [loBepxHocTH, 00padoTaH-
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Abstract. Dyes obtained from plants are used in various industrial fields such as textiles, leather,

food, cosmetics, and woodworking. This research focuses on the use of solutions obtained from
materials such as cinnamon, corn, black cabbage, corn dye, and turmeric for color modification of
Scots pine (Pinus sylvestris L.) wood. Surfaces treated with the solutions were compared with untreated
surfaces. According to the results, dispersion analyses for all color parameters obtained were found to
be statistically significant. The AE* values obtained were 63,52 for cinnamon, 31,95 for corn, 72,80 for
black cabbage, 67,79 for corn dye, and 50,91 for turmeric. A decrease was observed in all L* values,
while increases were noted in all b* and C* values. It was observed that the plant-based dyes used in the

research had a color-changing effect on the surface of wood materials.
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Introduction

There is a vast range of natural wood colors du e
to the potential variations in wood color both between
and within tree species. Nevertheless, the variety of
natural and commercially available colors does not
always align with customer demands (Application of
natural..., 2009).

One useful characteristic for identifying tree
species is their color. The color of some trees may
fade under the influence of sunlight, while others may
darken to some extent over time. However, each tree
has its unique color. For example, walnut is brown,
oak is dirty yellow, beech is pink, elm is reddish-
brown, and ash is white (Shanyva, Zorlu, 1980).

Wood’s natural appearance flaws, like uneven
color variations and dull tones, can be remedied
through treatments such as bleaching, staining, and
surface finishing, which improve its overall aesthetic
and decorative appeal. Additionally, the appearance of

lower-grade wood can be enhanced by mimicking the
color of more prized tree species (Hu et al., 2020).

Whether natural or dyed, items made from
unvarnished wood materials have low resistance to
external influences. This is because wood dyes used
on wooden surfaces do not form a protective layer;
they only alter the color and tone (Sonmez, 2005;
Yalynkylych and Syonmez, 2009).

A broad spectrum of natural dyes and stains,
providing colors like yellow, brown, blue, red, black,
and their blends, has traditionally been obtained from
plants. These dyes are extracted from almost all parts
of plants, including bark, roots, wood, leaves, fruits,
seeds, and flowers (Siva, 2007).

In addition to providing essential resources such
as fiber, food, shelter, and fuel, plants are also valuable
sources of natural dyes. These colors are produced
by the interaction of various organic and inorganic
compounds within the plants, which absorb light in
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the visible spectrum ranging from 400 to 800 nm
(Aggarwal, 2021).

This research investigates the application of
solutions derived from materials like black cabbage,
cinnamon, maize dye, corn, and turmeric to alter the
color of Scots pine (Pinus sylvestris L.) wood.

Materials and Methods
Scots pine (Pinus sylvestris L.) wood was chosen
as the subject of this study. Test specimens were
prepared in dimensions of 100 mm x 100 mm x 15 mm.
Subsequently, the samples were conditioned under
environmental conditions of 20+£2°C and 65 %
relative humidity, in accordance with ISO 554 (1976).
This
method, and due to the evaporation of the solvent

study used the solid-liquid extraction

in the extraction process, the temperature was not
increased above the boiling point of the solvent.
About 1 g of dried plants (Rubia tinctorium L,
barassica var. Acephala, zea mays, curcuma longa and
cinnamomum) were weighed respectively, taken in
the 250 ml beaker, and dissolved in 100 ml of solvent
(H,0). After heating the beaker at 70—80°C for 1h,
the extract was filtered, and stored and stored in liquid
form after cooling at room temperature, and used
for dyeing

Wood materials were dyed with natural dyes at
a material-to-liquor ration of 1:100. The dye bath
temperature was kept at 55-60°C for 1h. The pH
of the dye bath was set at different specified levels
ranging from 4-8. Potassium aluminium sulphate
(KAI(SO,), 12H,0), copper sulphate (CuSO,s H,0)
Acestic acid and sodium carbonate were employed

for adjustment of pH at such speciified levels.
Finally, dyed materials were washed with cold water
and dried in a shady, airy place.

Color changes were measured using the CS-10
(CHN Spec, China) device [CIE 10° standard observer;
CIE D65 light source, illumination system: 8/d
(8°/diffuse illumination)] (ASTM D 2244-3, 2007).
The total color differences were determined using the
formulas provided below.

The total color differences were calculated using
the following formulas.

2 2703
cx = [(a*y+ (0¥ ], (M)
° = arctan (b*/a*), 2)
AC * = (C *samp/e with varnished — *conlrol) 5 (3)
Aa * = (a *mmple with varnished —a control - (4)
AL * = (L *sample with varnished — control o (5)
Ab * = (b *sample with varnished _b *com‘ml) Py (6)
5 5 ) 0.5
A = [(8E%) = (A= (ac [, ()
2 2 2703
AE* = [(AL*)'+ (Aa®) + (80%)'] (8)

Table 1 contains the definitions of the other
parameters, while Table 2 (Lange, 1999) presents the
color change range according to Jirouz and Ljuljka
(1999).

Ten measurements were taken per test. Standard
deviations, maximum and minimum values, mean
values, homogeneity groups, variance analyses, and
percentage (%) change rates have been calculated
using a statistical program.

Table 1

Descriptions for Aa*, AL*, Ab* and AC* (Lange, 1999)

Parameter In negative case In positive case
AL* Darker than reference Lighter than reference
Ab* Bluer than reference More yellow than reference
AC* Matte, more blurred than reference Clearer, brighter than reference
Aa* Greener than reference Redder than reference
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Color change range according to Jirous and Ljuljka (1999)

Table 2

AE* Range Color Change Estimation AE* Range Color Change Estimation
<0,20 Unnoticeable 3,00-6,00 Very noticeable
0,20-0,50 Very slight 6,00-12,00 Intense
0,50-1,50 Light >12,00 Very intense
1,50-3,00 Noticeable

Results and Discussion

The analysis of variance results for all color

parameters are presented in Table 3. The plant material

type was found to be statistically significant for all

color parameters (Table 3).

Table 3
Analysis of variance results for color parameters
Test Source of Variance SS(;lurZers D;i‘f;sf Sl\c/; SZ?e Val;ue a<0,05
Herbal Ingredient Type 26389,441 5 5277,888 2164,472 0,000%*

I Error 131,675 54 2,438 - -
Total 142182,692 60 - - -
Corrected Total 26521,116 59 - - -
Herbal Ingredient Type 30370,254 5 6074,051 360,272 0,000*

. Error 910,420 54 16,860 - -

¢ Total 38801,699 60 - - -
Corrected Total 31280,674 59 - - -
Herbal Ingredient Type 17170,190 5 3434,038 242,720 0,000%*

. Error 764,001 54 14,148 - -

’ Total 171441,456 60 - - -
Corrected Total 17934,191 59 - - -
Herbal Ingredient Type 21145,170 5 4229,034 168,362 0,000*

o Error 1356,407 54 25,119 - -
Total 214918,991 60 - - -
Corrected Total 22501,577 59 - - -
Herbal Ingredient Type 27266,543 5 5453,309 618,986 0,000%*

. Error 475,744 54 8,810 — —

! Total 385891,833 60 - - -

Corrected Total 27742,287 59 - - -
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In a study conducted to change colors using in all L* values (63,59 % for maize dye, 57,72 %
different plant-based materials, the results of the for cinnamon, 40,35 % for corn, 79,74 % for black
measured color parameters are presented in Table 4.  cabbage, and 20,65 % for turmeric).

According to these results, decreases were observed

Table 4
Measurement results of color parameters
Test Inlgreégiaelnt Mean CI(I;? )ge gei?i%-/ Sg}gzgi 1;/[1:;; ]:/[n?;; COB{?; .lent
Type Group Variation

Control 77,95 - A* 1,09 76,29 79,90 1,39

Cinnamon 32,96 157,72 D 1,39 30,52 34,27 4,21

L Corn 46,50 140,35 C 0,40 45,94 47,02 0,87
Black Cabbage 15,79 179,74 F* 1,85 13,52 19,39 11,72

Maize Dye 28,38 163,59 E 1,00 25,88 29,12 3,52

Turmeric 61,85 120,65 B 2,63 57,14 64,66 4,26

Control 9,88 — C 0,34 9,57 10,77 3,47

Cinnamon 48,96 1395,55 A* 4,47 41,09 54,95 9,12

. Corn 12,48 126,32 C 0,16 12,28 12,78 1,30
¢ Black Cabbage -19,42 1296,56 E** 4,11 -23.,62 -12,00 21,17
Maize Dye -10,32 1204,45 D 5,96 —25,64 -3,90 =57,77

Turmeric 25,59 1159,01 B 5,35 20,46 36,17 20,91

Control 27,55 - E** 0,91 26,92 29,97 3,30

Cinnamon 49,52 179,75 C 3,64 45,72 57,16 7,35

b Corn 32,48 117,89 D 0,14 32,31 32,79 0,43
Black Cabbage 51,56 187,15 C 5,76 41,59 57,93 11,17

Maize Dye 69,15 1151,00 B 5,92 62,80 84,27 8,56

Turmeric 73,22 1165,77 A* 1,60 71,50 76,90 2,19

Control 29,27 - E** 0,97 28,59 31,85 3,31

Cinnamon 69,78 1138,40 B 3,33 65,26 73,37 4,77

o Corn 34,80 118,89 D 0,13 34,61 35,06 0,38
Black Cabbage 55,16 188,45 C 6,58 44,23 62,53 11,93

Maize Dye 73,06 1149,61 B 9,53 66,04 92,92 13,05

Turmeric 77,71 1165,49 A* 2,11 75,24 80,56 2,71

Control 70,27 - C 0,13 70,13 70,59 0,19

Cinnamon 45,36 135,45 D** 3,85 41,42 52,53 8,50

. Corn 68,48 12,55 C 1,65 63,86 69,29 2,40

! Black Cabbage 110,48 157,22 A* 2,80 105,12 113,68 2,54

Maize Dye 98,18 139,72 B 3,61 93,56 106,92 3,67

Turmeric 70,80 10,75 C 3,80 63,17 74,24 5,36

Number of Measurements: 10, *: Highest result, **: Lowest result.
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All b* values showed increases (17,89 % for corn,
79,75 % for cinnamon, 87,15 % for black cabbage,
151,00 % for maize dye, and 165,77 % for turmeric).
Increases were observed in all C* values (138,40 %
for cinnamon, 18,89 % for corn, 149,61 % for maize
dye, 88,45 % for black cabbage, and 165,49 % for
turmeric). The highest result for the L* value was
found in the control sample (77,95), while the lowest
results for the b* and C* values were observed in the
control group (27,55 and 29,27, respectively). For the
ho parameter, a decrease of 2,55 % was observed with
the corn solution, and a decrease of 35,45 % was noted
for cinnamon. On the other hand, increases of 57,22 %
for black cabbage, 39,72 % for maize dye, and 0,75 %

for turmeric were observed. In the a* parameters,
an increase of 159,01 % for turmeric, 395,55 %
for cinnamon, and 26,32 % for corn was observed,
while a decrease of 296,56 % for black cabbage and
204,45 % for maize dye was found (Table 4).

The results of the total color differences are
presented in Table 5. The AE* values recorded were
63,52 for cinnamon, 31,95 for corn, 72,80 for black
cabbage, 67,79 for maize dye, and 50,91 for turmeric,
indicating the extent of color change for each herbal
ingredient. The AH* parameter was determined as
19,21 for cinnamon, 27,67 for black cabbage, 0,74 for
corn, and 14,87 for maize dye (Table 5).

Table 5
Results of the total color differences

Herbal Ingredient Type AL* Aa* Ab* AC* AH*
Cinnamon -44.99 39,08 21,97 40,51 19,21
Corn -31,46 2,60 493 5,53 0,74
Black Cabbage —62,16 -29,30 24,01 25,88 27,67
Maize Dye —49,57 -20,20 41,59 43,78 14,87
Turmeric -16,11 15,70 45,67 48,44 -

. Color Change
sk
Herbal Ingredient Type AE (Jirous and Ljuljka 1999)
T“‘—--h:

Control 7 — 0 -
Cinnamon . 63,52 Very intense (>12,00)
Corn . 31,95 Very intense (>12,00)
Black Cabbage . 72,80 Very intense (>12,00)
Maize Dye . 67,79 Very intense (>12,00)
Turmeric . 50,91 Very intense (>12,00)
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All AL* values were determined to be negative
(darker than the reference). The Aa* values were
negative (more green than the reference) for the
Black cabbage and maize dye products, while they
were positive (more red than the reference) for the
cinnamon, corn, and turmeric products. The Ab* and
AC* values were found to be positive (respectively,
more yellow than the reference and clearer, brighter
than the reference). It was determined that all plant-
based products fell into the “very intense (>12,00)”
category according to the color criteria (Jirous and
Ljuljka, 1999) (Table 5).
study conducted by Atilgan (2009),
experimental samples from Scots pine, oriental beech,

In a

and pedunculate oak were used. Dye extracts [pine,
acorn, Anatolian chestnut, and yellow dock] were
applied to these wood samples. To ensure the adhesion
of these extracts to the wood surface and to fix the color
of the dye, mordants such as iron sulfate, aluminum
sulfate, and vinegar were used. Following this, color

measurements were taken, and surfaces of different
colors were obtained, as reported in the study.

Conclusions

The plant-based ingredients used have significantly
altered the color parameters of the wood. Cinnamon,
maize dye, and turmeric caused substantial changes
in the color parameters, while black cabbage and
corn resulted in contrasting effects on certain color
parameters. Each herbal ingredient induced unique
color changes, influencing the wood’s color in different
ways and allowing for a wide range of decorative and
aesthetic outcomes.

In the subsequent stages of this study, it is
recommended to investigate the effects of variables
such as application times, temperature, and
concentration of plant-based ingredients on wood in
more detail. Additionally, examining the impact of
these plant dyes on the durability of wood and the

long-term color changes would also be beneficial.
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Annomayuza. JIBI1 (mnmrta cpeHell MIOTHOCTH BOJIOKOHHAS ) — 9TO HHYKEHEPHBIN IPeBECHBIN MaTe-
puaJl, oJdy4aeMblil IyTeM COYeTaHHsl IPEBECHBIX BOJIOKOH, CMOJIBI U IPYTUX KIIEAIINX BEIIEeCTB, KOTO-
pBI€ 3aTeM CKMMAIOTCS TIO/ BBICOKUM JaBlIeHHEM, 4TOOBI c(hOpMUPOBATH TUIOTHYIO TIAJKYTO MIUTY. OH
LIMPOKO MCIIONb3YETCs B IPOU3BOACTBE MeOeiu, MKa(oB 1 HHTEPbEpOB Oarogapsi CBOeH yHUBEpCab-
HOCTH, TJIQJIKOH MOBEPXHOCTU U CIIOCOOHOCTH JIETKO pe3arhesi U (hopMoBarhesi. Boctounsiii Oyk — 310
MPOYHAs U ICTETUYECKHU MPUBJIeKaTeIbHas IPEBECHHA, UMEIOIIasi MHOKECTBO NMPOMBIIIUIEHHBIX U KOM-
MEpYECKUX NMpUMeHeHnH. BocTouHbIi OyK 3aHMMAaeT BaKHOE MECTO BO MHOTHMX OTPAacisiX, 0COOCHHO
Onaronaps cBoeil 00padaTeIBa€MOCTH, ICTETUYECKIM KauyeCTBaM M JI0JITOBEYHOCTH. B 3TOM HccnenoBa-
HUU ObUIH OTIpe/iesIeHbI pa3NuYHble (PU3NUECKHe U MEXaHHYEeCKHe CBOMCTBA 00PA3IIOB TUINTHI CpeHEH
mwiotHocTH (/IBII), mpon3BeieHHBIX U3 ApeBeCHHBI BocTOuHOTO Oyka (Fagus orientalis Lipsky). Uzy-
YEHHBIE CBOMCTBA BKJIIOYAIOT TONIIMHY, COACPKAHUE BJIarH, IUIOTHOCTh, YBEIWYCHUE TOJILUHBI (24 1),
BoJIoTIoroNeHue (24 9), Mpo4HOCTh Ha U3rHO, MOIYNb YIPYTOCTH, TPOYHOCTH HA PACTSKEHUE B Tep-
NEHIUKYJISIPHOM HalPaBJICHUH, TBEPAOCTh NOBEPXHOCTH M CONPOTUBIICHHE BBIACPTUBAHUIO LIYPYIIOB.
Pesynbrarsl ObUTH CpaBHEHBI C PA3TUYHBIMU CTAHAAPTHBIMH 3HAUCHUSMHU U OOCYK/ICHBI.

Knrouegwle cnoea: cpenneruioTHas IpeBeCHOBOJIOKHUCTAS TUIMTA, BOCTOUHBIN OyK, MEXaHHYECKHe
CBOICTBa, GU3NIECKUE CBOHCTBA

bnazooapnocmu: Bripaxaem onaropapHocts «Kactamony Duremxpu Ask A. C.», ero TupeKkTopy
1 MEHeKepaMm 3a MOIACPKKY.

Ana yumupoeanun: Viccnenoanue >PQPEKTUBHOCTH HPOU3BOICTBA APEBECHOBOJIOKHUCTBIX
T cpeaneit morHoctu (ABII) ¢ ucnons3oBaHueM ApeBeCUHBI BOCTOUHOTO Oyka (Fagus orientalis
Lipsky) / X. Tlekep, O. Yamnuben, M. D. Kapa [u np.] // Jleca Poccun u xo3siictBo B Hux. 2025.
Ne 2(93). C. 104-113.
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Abstract. MDF (medium density fiberboard) is an engineered wood product created by combining

wood fibers, resin, and other adhesives, which are then compressed under high pressure to form a dense,
smooth board. It is widely used in the production of furniture, cabinets, and interior design due to its
versatility, smooth surface, and ability to be easily cut and shaped. Oriental beech is a durable and
aesthetically pleasing wood with numerous industrial and commercial applications. Oriental beech
holds an important place in many industries, especially due to its workability, aesthetic qualities, and
durability. In this study, various physical and mechanical properties of medium density fiberboard (MDF)
samples produced from Oriental beech (Fagus orientalis Lipsky) wood were determined. The properties
examined include thickness, moisture content, density, thickness swelling (24 h), water uptake (24 h),
bending strength, elastic modulus, surface perpendicular tensile strength, surface hardness, and screw
withdrawal resistance. The results were compared with various standard values and discussed.

Keywords: medium density fiberboard, oriental beech, mechanical properties, physical properties
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Introduction

Wood, due to its unique properties, has been used
throughout history for construction, furniture, tools,
and decorative items. Denser wood types are typically
harder and stronger. The strength of wood varies
depending on several factors, including the direction
of the fibers. Wood is much stronger when cut along
the grain than when cut across it (Mohammed et al.,
2022; Majeed and Hussein, 2024).

The main properties of wood differ not only
among various tree species but also within the same
species. This results in difficulties in controlling
wood properties during different processing stages.

Furthermore, there are variations in the properties
of various wood-based composite materials such as
OSB, MDF, WPC boards, plywood, and GLULAM
(Properties of un-torrefied..., 2023).

Composite materials are widely used in industries
like aerospace and automotive due to their light weight
and high strength. However, traditional production
methods often lead to the use of substandard
structures that result in poor physical and mechanical
properties. Medium-density fiberboard (MDF) is a
natural wood composite panel made by using wood
fibers or additional lignocellulosic fibers combined
with binders under heat and pressure (Gul et al., 2017;
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Gul, 2021). Fiberboard, which is a homogeneous panel
made from lignocellulosic fibers bound together with
synthetic resins or other appropriate binding systems
under heat and pressure, is produced using defibrator
segments (Feasibility of incorporating..., 2012; Luo
etal., 2022).

MDEF is primarily used in industrial applications
such as building materials, furniture, acoustic panels,
and high-density fiberboard (HDF) laminated flooring
due to its good mechanical and economic properties.
Itis known for its high strength, ease of processing, and
durability in different weather conditions (Suchsland
and Woodson, 1986; Mechanical and water..., 2009).
The industry has defined specific marketing terms
based on the density of MDF: HDF (density >800 kg/
m?), lightweight MDF (density <650 kg/m?), and ultra-
lightweight MDF (density <550 kg/m?®) (Halvarsson,
2010).

Urea-formaldehyde (UF) resins are typically used
in the production of products where dimensional
stability and surface smoothness are critical, such as
particleboard and MDF. These resins can be formulated
to cure anywhere from room temperature to 150°C,
and their curing times and temperatures can be adjusted
accordingly. UF resins, often referred to as urea resins,
are more economical than phenol-formaldehyde resins
and are among the most commonly used adhesives for
composite wood products. Due to their naturally light
color, UF resins are particularly suitable for producing
decorative products (Youngquist, 1999).

Previous studies have explored the production of
MDF using different raw materials. Some examples
of these studies include the following:

Roffael et al. (Medium density fibreboard...,
1992) reported that MDF boards made from 16-year-
old poplar trees generally exhibited higher mechanical
strength and lower thickness swelling compared to
boards made from 5-year-old poplar of the same clone.

Yobp et al. (1993) conducted a study on the effects
of steam pressure treatments at different levels of
urea-formaldehyde resin on red maple wood chips.

Faraji (1998) used bagasse to produce MDF panels
at various steam temperatures (170—180 °C) and times
(5, 10 and 15 minutes). Zahedi (2000) examined MDF
panels made from waste licorice roots, with varying
steam and pressing times.

Chamlybel (2006) produced MDF panels using
yellow pine, forest rose, and oak fibers in various
proportions, concluding that forest rose could be used
as a raw material for MDF production.

Yousefi (2009) investigated the suitability of canola
straw for MDF production, evaluating variables such
as steaming time, resin content, and pressing time.
The results showed that MDFs made from canola
straw were of acceptable quality compared to other
non-wood plant materials.

Other studies have explored the use of walnut
shells (Pirayesh et al., 2012), banana stalks and
leaves (Physical and mechanical..., 2014), birch
wood (Chamlybel, 2020), and ironwood (Chamlybel
and Ajdyn, 2022) in MDF production. In particular,
Moreno-Anguiano et al. (Use of Agave durangensis...,
2022) demonstrated the potential of using Agave
durangensis Gentry in wood-based MDF panels up
to 30 % in composition. Habibi (2007) experimented
with producing MDF panels from reed, adjusting
steaming temperatures and durations.

However, through a literature review, it was found
that no MDF production has been conducted using
Eastern Beech (Fagus orientalis Lipsky). This study,
therefore, aims to explore the feasibility of producing
medium-density fiberboard (MDF) from Eastern
Beech wood and evaluate whether the resulting
product meets the standard test criteria.

Materials and Methods
Raw Material: the
orientalis L.) used in this study was supplied from the

beech wood (Fagus

Kastamonu Forestry Enterprise warehouses.
Adhesive: the urea formaldehyde resin used in
this study was produced at the Kastamonu Integrated
Adhesive Plant. The properties of the adhesive
are as follows: pH: 7,0-8,6, viscosity (25°C cps):
25-37 seconds, methylol groups: 12-15 %, urea-
formaldehyde molar ratio (U:F): 1,04, density (20 °C):
1,227 g/em?, solid content: 64+ 1%, gel time (100 °C)
(20 % (NH,4),S0,): 40-70 seconds, shelf life: 70 days,
and maximum free formaldehyde: 0,20 %.
Hardener: this material was obtained from a
special company in the Gebze region. Ammonium
sulfate (NH,4),SO,) was used as a catalyst during the
production of urea formaldehyde resin under heat.
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The properties of the 20 % ammonium sulfate solution
are as follows: density: 0,99 g/cm? and pH: 6,6.

Paraffin: the dirty white liquid paraffin (with
properties: solid content: 60 %, pH: 9—11, and density:
0,98 g/cm?) was supplied by Mercan Kimya A. S. from
Denizli Province.

The production parameters for the MDF panels
used in this study are shown in Table 1.

In this study, 100 % beech wood chips were fed
into the production process through the chip silo
discharge screw. The chips were screened in the Dyne
screen mechanical sieving system to sort them into
standard sizes according to production requirements.

The pre-steaming process for the chips was carried
out by applying steam at 145°C and 2,8 bar pressure
in the pre-cooking silo. After steaming, the chips were
transferred to the Asplund defibrator system via a
screw. In the Asplund defibrator, the cooking process
was carried out at 188 °C and 8,0 bar steam pressure

for 3,2 minutes. Prior to defibration, liquid paraffin
was applied to the steamed chips with the help of the
discharge screw.

The fiber production took place in the defibrator
segments. Urea formaldehyde resin and hardener were
added to the fibers via the blow line system. The fibers
were dried in a dryer to a moisture content of 12 %.
The dried fibers were homogenized in bunkers and
mixed using rakes. At the spreading station, the fibers
were formed into mats.

Cold pressing was applied to the mats under a
pressure of 120—150 kg/cm?. The continuous hot pressing
process for the mats was carried out under the following
parameters: press temperature 220°C, press time
165 seconds, press speed 330 mm/s, and press pressure
32 kp/cm? to produce MDF boards. The conditioning
process for the boards was performed in a star cooler.
Then, the produced boards were sized in a sizing unit
to dimensions of 18 x2120x 8430 mm (table 2).

Table 1
Production Parameters for MDF Panels
Raw Material Beech (Fagus orientalis L) (%) 100
Urea Formaldehyde mole ratio 1,04 (65 % solid) Resin solids based on dry fiber (%) 15,78
Liquid paraffin (60 %) Paraffin solids based on dry fiber (%) 0,62
Hardening solution (20 %) Hardeners solids based on dry fiber (%) 0,5
Constant pressing pressure kg/cm? 32
Constant pressing temperature °C 220
Constant pressing time seconds 165
Constant pressing speed mm/sec 330
Plate measurements mm 18 %2120 %8430
Table 2

Important Information Regarding MDF Production

Production Parameters Cﬁgl;mé);i;z Ilgrsgguigﬁlo?3
Sompelamp Contol bty —
Resin solids to dry fiber 15,78 % 99 kg/m?
Urea formaldehyde solids ratio 64+10 % -
Paraffin solids ratio to dry fiber 0,62 % 4,34 kg/m?
Hardener solids ratio to dry fiber 0,50 % 3,2 kg/m?
Plate dimensions 18x2120 %8430 mm
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The boards, which were produced over a period of
5 days, were conditioned in the stock area. Immediately
after conditioning, both the upper and lower surfaces
were sanded with different grit sandpapers (40, 80,
120 and 180 in sequence) to achieve boards with a
thickness of 18 mm. The storage of the test boards was
carried out using spacers on a smooth concrete surface
without airflow. The produced MDF boards were
conditioned according to the TS 642-ISO 554 (1997)
standard to a moisture content of 12 % (at 20£2°C
and 65+5 % relative humidity).

The applied test standards were as follows:
TS EN 326-1 (1999) for the selection, cutting,
inspection, and reporting of test results for board
samples; TS EN 324-1 (1999) for the determination
of board thickness measurement; TS EN 322 (1999)
for the determination of moisture content; TS EN 317
(1999) for the determination of swelling in water for
particleboards and fiberboards; TS EN 323 (1999)
for the determination of density of wood-based
particleboards and fiberboards; TS EN 325 (2012)
for the determination of the dimensions of test pieces

for wood-based panels; TS EN 310 (1999) for the
measurement of bending strength and modulus
of elasticity of boards; TS EN 319 (1999) for the
determination of perpendicular tensile strength of
boards; TS EN 320 (2011) for the determination of
screw withdrawal resistance from edges of boards;
and ASTM D 1037-12 (2020) for the measurement
of surface Janka hardness resistance of boards.

Results and Discussion

The determined moisture content, board thickness,
thickness swelling (24 h), board density, and water
absorption (24 h) results are presented in Table 3.
According to these results, the physical properties of
the boards were found to be: thickness of 17,79 mm,
density value of 795,69 kg/m?, moisture content of
4,99 %, thickness swelling (24 h) of 6,36 %, and
water absorption (24 h) of 26,26 %. When comparing
these results with the standard values, it is observed
that the board thickness, density, and moisture content
were determined to be above the desired values, thus
meeting the standards (Table 3).

Table 3
Results of the determined moisture content, board thickness, thickness swelling,
board density, and water absorption
Groups Thickness Moisture Density Thiscirellelirsll%;z n| Up t:lzzt(e; 4h)
Standard limit values for MDF TS EN 324-1 TS EN 322 TS EN 323 TS EN 317 TS EN 317
Number of Samples 18+£0,2 mm 4-11 % 650-800 kg/m? <12 % Maximum 40 %

1 17,74 5,23 786,93 6,31 26,82

2 17,78 5,05 801,38 6,36 24,94

3 17,82 5,07 807,33 6,23 23,90

4 17,81 5,03 791,22 6,18 23,91

5 17,80 4,80 800,52 6,13 25,34

6 17,74 4,94 788,88 6,87 31,57

7 17,74 5,03 791,78 6,22 26,70

8 17,85 5,03 796,23 6,67 27,41

9 17,84 4,80 784,44 6,51 25,79

10 17,82 4,94 808,15 6,35 26,24
Averages 17,79 4,99 795,69 6,38 26,26
Standard Deviation 0,04 0,13 8,38 0,23 2,21
Minimum Result 17,74 4,80 784,44 6,13 23,90
Maximum Result 17,85 5,23 808,15 6,87 31,57
Coefficient of Variation 0,24 2,63 1,05 3,66 8,41
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The determined bending strength, modulus
of elasticity, screw withdrawal resistance, surface
perpendicular tensile strength, and surface hardness
results are shown in Table 4.

According to the results in Table 4, the surface
perpendicular tensile strength was found to be
1,75 N/mm? the modulus
3907,41 N/mm? the bending strength was
42,53 N/mm?, the surface hardness was 2,82 N/mm?,

and the screw withdrawal resistance was 1660,40 N.

of elasticity was

Since all the mechanical measurement results were
above the desired values, it has been observed that the
standards are met.

Yobp et al. (1993) reported that the resin content
of MDF panels produced using red maple had a
significant effect on all panel properties. An increase
in resin content from 6 % to 12 % led to a 174 %
increase in internal bond strength, a 68 % increase
in modulus of rupture, and a 40 % increase in the

and water absorption properties were reduced by
113 % and 60 %, respectively.

(1998) demonstrated that
bending properties and internal bond strength for MDF

Faraji maximum
panels produced using bagasse were achieved at a
vaporization temperature of 170 °C and a vaporization
duration of 5 minutes. Moreover, it was noted that the
swelling values of thickness in water decreased as the
vaporization temperature and duration increased.
Yousefi (2009) reported that for MDF panels
produced using canola straw, all the tested mechanical
properties improved as the vaporization time
increased. MDF dimensional stability was enhanced
as the adhesive content increased, and IB values were
positively affected as the pressing time increased.
Zahedi (2000) found that MDF panels produced
from the waste of licorice roots, with a 20-minute
vaporization time, 7-minute pressing time, and
10 % resin content, exhibited the highest strength

modulus of elasticity. Additionally, thickness swelling  properties.
Table 4
Results of the determined bending strength, modulus of elasticity, screw withdrawal resistance,
surface perpendicular tensile strength, and surface hardness
Groups I;; 2?1;;}% I\}IE(I)ZSIEES Perizgzcc?ﬂar Hse:lrrdfr?Z; Wiflfcrlszal
Tensile Strength Resistance
Standard limit values for MDF TS EN 310 TS EN 310 TS EN 319 ASTM D 1037-12 TS EN 320
Number of Samples >20 N/mm? | >2200 N/mm? | > 0.55 N/mm? > 1 N/mm? > 1000 N
1 41,44 3789,16 1,73 2,86 1672
2 42,01 3846,85 1,96 2,83 1734
3 43,21 3945,48 1,80 3,00 1843
4 41,52 3874,73 1,48 2,64 1577
5 40,34 3742,65 1,63 2,70 1502
6 40,90 3936,84 1,87 3,08 1681
7 43,28 3978,64 1,72 2,69 1531
8 44,66 3990,28 1,55 2,65 1760
9 43,28 3983,74 1,95 2,70 1537
10 44,66 3985,68 1,77 3,04 1767
Averages 42,53 3907,41 1,75 2,82 1660,40
Standard Deviation 1,51 89,49 0,16 0,17 117,67
Minimum Result 40,34 3742,65 1,48 2,64 1502,00
Maximum Result 44,66 3990,28 1,96 3,08 1843,00
Coefficient of Variation 3,56 2,29 9,24 6,00 7,09
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In the study conducted by Chamlybel and Aydin
(2022) using ironwood, the density value of the
MDF panels was 0,694 g/cm?, the swelling values for
thickness after 2 and 24 h were 2,53 % and 6,01 %,
respectively, and the moisture content was 5,01 %.

Pirayesh et al. (2012) found that for MDF panels
produced using 100 % walnut shell particles, the
bending strength was 5,86 N/mm? the modulus
1152,33 N/mm?,
perpendicular tensile strength was 0,24 N/mm?, the

of elasticity was the surface
water absorption value was 32,84 %, and the swelling
in water was 10,15 %.

Rashid et al. (Physical and mechanical..., 2014)
compared two types of MDF panels produced from
banana stems and leaves with commercially available
boards. The densities were found to be 0,78 g/cm?,
0,74 g/cm?, and 0,72 g/cm?, bending strengths were
50,91 N/mm?, 45,30 N/mm?, and 40,65 N/mm?, and
the modulus of elasticity values were 3939 N/mm?,
3606 N/mm? and 3518 N/mm?, respectively. Habibi
(2007) reported that for MDF panels produced from

reed, increased vaporization time and temperature
led to a decrease in bending strength, modulus of
elasticity, and surface perpendicular tensile strength.
Furthermore, the dimensional stability results of the
MDF showed that after 2 and 24 h of immersion in
water, the thickness swelling decreased with higher
vaporization time and temperature.

Conclusions

As a result of the study, it was found that the
physical and mechanical properties of MDF boards
produced from Eastern beech (Fagus orientalis L.)
with a density of 795,69 kg/m?® meet all the relevant
standard criteria. According to the data in Table 2,
the MDF board produced from beech wood has
performed excellently. It is recommended to use
100 % beech wood in MDF production. These high-
performance MDF products could be recommended
as raw materials for the construction industry, the
furniture sector, and other project-based products in
special manufacturing.
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Armomauuﬂ. B crarne pPacCMOTPCHO COBECPUICHCTBOBAHUEC TCEXHOJOTHHU APCBECHOCTPYIKCUHBIX

TIJINT. L[CJ'H:IO I/ICCHCI[OBB.HI/Iﬁ SIBJISICTCS 000CHOBAHUE BO3MOKHOCTHU IMPUMCHCHUA TEPMOIIPOKAaTa BMECTO

nutndoanus. Ha camoli 3axirounTensHOM (hase mpon3BojacTBa 0€3B03BpaTHO TepsieTcs 0kojio 10 % or

o0beMa TOTOBOH NPOAYKLHUH, YTO KpaliHe HexenaTenabHo. [IpeioxkeHo ycTpolicTBO — TepMOIIpOKaT-

HBIH CTaHOK, HO3BOJ'I$IIOHH/II>1 MPOU3BOAUTD CINIA’)KMBAHUC U BbIPpABHUBAHUC HCTH IMOCJIC NPECCOBAHUA.

Bparienne nmpokaTHBIX BaIbKOB 00€CIIeUNT KpaTKOBpeMeHHBIH Harpes nosepxHocTu JCtll, moBbimie-

HHUC CTCIICHU OTBCPKACHHSA CBAZYIOIICTO M CINIA’KMBAHUC MPIKpOHepOBHOCTeﬁ. DKOHOMHSI OT 3aMEHBI

nundoBanus TepmornpokaroM coctaBut 10 % ot croumoctu 1 M® JICTIL, wm 800 py6. IIpu rogoBom

Boinycke B Hamrei crpane 10 mua m* JICTII peanu3aiiust JTaHHOTO TEXHUYECKOTO PEIICHHs 00eCTIeunT

sKoHOMHIO 8 Mipa pyO. IIpu 3amene mumdoBaHUsT TEPMONPOKATOM BO3MOXKHO HMCKIIIOUEHHE METKOM

¢pakuuu 0/0,5. ITnomans TOBEPXHOCTH MPH 3TOM CHHXKaeTcst Ha 25 %, BCIEACTBUE YEro pacxos CBs-

3YIOIIETO TaKKe MOYKET OBITh CHIDKEH Ha 25 % 6e3 ymenbmenus npoanoct JICtIl. Ynanenune menxoit

($pakuuy 13 HapYKHBIX CJIOEB peIlaeTcs NPOCTOH MEPeHaCTPONKON MHEBMOCEapaTopa, a UCIOoIb30-

BaThb OTU MCJIKHUC (bpaKum/I BO3MOXKHO IMPU U3rOTOBJICHUU TOIJIMBHBIX 6pI/IKCTOB.

Knrwouegvle cnoea: npeBecHOCTpyKeUHas IUIUTA, LIIM(OBaHUE, TEPMOIIPOKAT, CBs3yIollee, ppak-
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THERMAL ROLLING INSTEAD OF GRINDING WOOD

COMPOSITE MATERIALS
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Abstract. The article discusses improvements in the technology of chipboard. The purpose of the

research is the possibility justification of using thermal rolling instead of grinding. At the very final stage
of production, about 10 % of the volume of finished products is irretrievably lost, which is extremely
undesirable. A device is proposed — a thermal rolling machine that allows to perform smoothing and
leveling the surface of chipboard after pressing. The rotation of the rolling rollers will provide short-
term heating of the chipboard surface, increase the degree of curing of the binder and smoothing of
microroughness. The savings from replacing grinding with thermal rolling will amount to 10 % of the
cost of 1 m? of chipboard or 800 rubles. With an annual output of 10 million m* chipboard of these plates
in our country, the implementation of this technical solution will provide savings of 8 billion rubles.
When replacing grinding with thermal rolling, it is possible to exclude a fine fraction of 0/0,5. The
surface area is reduced by 25 %, as a result of which the consumption of the binder can also be reduced
by 25 % without reducing the strength of the chipboard. Removal of fine fraction from the outer layers is
solved by a simple reconfiguration of a pneumatic separator, and it is possible to use these fine fractions

in the manufacture of fuel briquettes.

Keywords: chipboard, grinding, thermal rolling, binder, fractional composition

For citation: Thermal rolling instead of grinding wood composite materials / D. O. Chernyshev,
A.A. Lukash, V. A. Romanov, K. V. Razrezov // Forests of Russia and economy in them. 2025. Ne 2(93).

P. 114-118.

Beenenne

Hpesecnoctpyxeunsie Tmthl (JCtIl), obmama-
IOIIME OIpEeJIEeHHBIMA TNPOYHOCTHBIMU IOKa3aTe-
JISIMH, TIUPOKO UCTIOIB3YIOTCA JUTsl IPOU3BOJCTBA Me-
oemu. JICTII obOnagaroT camMoOl HHM3KOH CTOMMOCTBIO
M0 CPAaBHEHHUIO C TAKOBOM JIPYTHX APEBECHBIX MarTe-
puasioB. OgHAKO MOCTOSHHBINA POCT IIEH HA HEPTro-
HOCHUTENM M YCHUJIMBAIOIIASICSl KOHKYPEHIMS AEaroT
BOIPOCHI CHWKEHHS MaTepHaOEMKOCTH MPOLYKIIUU
Bce Oormee u Oosee akTyaabHBIMH. C KaKIBIM TOIOM
TpeOOBaHMUsI K 3KOJIOIMYECKOW Oe30MacHOCTH 3TOH
npoaykuuu yxecrodatorcsi (Kantuesa u ap., 2017).
CHwkeHre BBIICTICHUST CBOOOTHOTO (opMaibIeruia
BO3MOJKHO JIOCTHYb YMEHBLICHUEM Pacxoa Kapoamu-
JI0(hOopMabAEIrHIHOTO CBSI3YIOLIETO.

Kak u3BecTHO, A1 MPOU3BOJICTBA IPEBECHOCTPY-
KEUHBIX TUTUT MCTIONB3YIOT YaCTHUIIBI IPEBECHHBI pa3-
HBIX pa3MepoB. Bo BHYTpPEHHHX CIIOAX HPUMEHSIOT
KpYTIHbIE YacTUIBl M NPUAAHUS IUIMUTaM Tpedye-
MBIX TMPOYHOCTHBIX TTOKa3aTeNell, B Hapy>KHBIX CIIO-
SX HCHOJB3YIOT MEJKHE YacTULBl U1 00eCIeUeHHS
TpeOyeMoil IIepOXOBAaTOCTH TMOBEPXHOCTU. YTOOBI
YCTpaHUTh TOBEPXHOCTHBIE 3arps3HEHHus, obecte-
9uTh TpeOyeMble MOKa3aTelH IIePOXOBATOCTH IIO-
BEPXHOCTH, IUIUTHI KanuOpyor u uumgyror. s
TUTAT TONIIMHON 15 MM TIpWITyCKH Ha IIIH(OBaHUE
coctaBisitoT 1,5 MM, T.e. 10 % roroBoil mpoaykuu
npeBpauamnT B NUM(OBAILHYIO MbLUIb. Kpome Toro,
JUTST Takol OOpaOOTKH HApy>KHBIX CIIOEB NPHUMEHS-
IOT CTaHKH C OOJIBIIMM PacXoJOM BICKTPOIHEPIHU
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JIPEBECHOCTPYKEUHOM IUIUTHI MOBBIIIACTCS TEMIIE-
parypa mo 200°C, 4T0 cOcoOCTBYET CINIa)KMBAHHIO

MHUKPOHEPOBHOCTEH. DTO OOBSICHACTCS CIIETYIOIINM.
CreneHp OTBepXKICHUS KapOamMHIO(pOpMaIbIeTU -

116
HBIX CBA3YIOIIUX TIIOCJIC IMPECCOBAHHA COCTaBJIACT

Ha BBIIIOJIHEHUE 3TOH, IO CYTH, HEHYXHOH onepanun
1 UCTIOJIB3YIOT JOPOTOCTOSIIYIO HTU(OBATBHYIO JICH-
Ty. [lnmuter pousBoasaT G6osee 50 JET, a TEXHOIOTHS
80—-84 %. Ilpu Bpamennn (pe3bl MPOUCKXOTUT Kpart-
koBpeMeHHbIH HarpeB noBepxHoctu JCtII no Bwico-
KHX TEMIIEpaTyp, YTO MOBBIIIAET CTEIIEHb OTBEPXK/Ie-
HUS CBSZYIOIIETO, a CHIIOBOE BO3JICHCTBHE (JIaBICHNE
Ha MOBEPXHOCTb CO CTOPOHBI (pe3bl) nedopMupyer
MHUKPOHEPOBHOCTH, T.€. INPOUCXOJUT CIVIa)KUBaHUE

HX U3TOTOBJICHUA NPAKTUYCCKHU HC NU3MCHAIAC.

eanb, 3apaua, MeTOAMKA
H 00bEeKTHI HCCJICA0BAHUS
Llenpto paboOTHI SBISETCS COBEPIICHCTBOBAHUE

MIOBEPXHOCTH.
CornacHo stomy criocoOy (Llammuu u mp., 2015)

texnosorun ms3rotopnenus JCtIl. 3amada wmccnemo-
BaHUH — 00O0CHOBaHHME BO3MOKHOCTH CHUIKEHHS Ma-
TEPUATBHBIX 3aTPaT IMPU H3TOTOBICHHUU JIPEBECHO-

MmoaacTCd MCEXKIAY BpallarOmIMMHCA B ABYX B3aWMMHO

CTPY’KEUHBIX IUTUT 33 CUET WCKIIOYEHHUS OMNeparuu
O06bekT uccnenoBanuii — cnocoosl 006padotku ACTII  apeBecHOCTpyKeuHas IIMTa B HEMPEPHIBHOM IHKIIC
NEePHEHIUKYIISIPHBIX HAlPaBJICHUSAX MHOT03aXOHbI-

numdoBaHus. MeToauka — aHaJIUTHYECKUH pacyer.
MocIie MpeccoBaHust. MaTepuarbl: JPEeBECHOCTPYKeU-
HBIE TUTATHI.
MU BHHTOBBIMU BaJIMKaMH, CHUMAIOIIUMH C TIOBEPX-
Pe3yabTarhl U UX 00CyKIeHHE HOCTH TPHUMYCK, C TOCIIEAYIONUM BbIpABHUBAHHEM
HOBEPXHOCTH ITUTHI IMTHHIPUYECKOW KPOMKOH STHX
BAJIMKOB MPH YII10BO# ckopoctu 300600 ¢! u Temrie-
parype Bana 250-300°C. OmgHako 3TOT €1Oco0 Cio-

’KEH B U3TOTOBICHHU 00OPY/IOBaHUS U B pean3allnH.
ABTOpamMH cTarbu pa3paboTaH Ooyiee MPOCTOM
crocod TepMOIPOKATHOTO YCTpoiicTBa. B Tepmonpo-
KaTHOM CTaHKE, COZIEp)KallleM CTaHWHY, BPAllaroIin-
€Csl IPOKaTHBIC W TMPWKUMHBIC BaJbl, TPKHUMHbBIC
BaJIbl BBIIOIHEHBI C YaCTOTOU Bpali€Hus, IMPEBOC-

CHikeHHne MEepoxXoBaTOCTU OCHOBAHO Ha YIIPYTOM

U IUIACTHYECKOM Je()OMUPOBAHMU W CPE3aHUU MHU-
KPOHEPOBHOCTEH KOHTAKTUPYIOIIUX TeJ MPH TPEHUH
(I'ne6oB, 2018). bes Harpepa B ApeBecrHe Mpeodaa-
10T ynpyrue nedopmarnun. [lostomy ans coxpaneHus
IIacTHIecKux nedopmarnuii mepen nedopmupyromieit
XOZSIIEH YacTOTy BPAIICHUS MMPOKATHBIX BAJOB, IS
o0ecrieueHus] HarpeBa M CIIIAXKUBAaHHS IMOBEPXHOCTU

00paboTKOIi JpeBeCHHY HAarPEBaIOT.
JpeBecHbIX MaTrepuanoB. Ha pucyHke noka3ana cxema

B uccnenosanusax (Lammun u ap., 2015) npen-
noxkerno nmtudosanue JCtIl 3ameHUTH TEpMOCHIIO-
BBIM BO3JIEHCTBHEM (TepMompokaroM). B pesymbrare

TPEHHS PEKYIIEro opraHa (Pppe3bl) Ha MOBEPXHOCTH
1 3 TepMONPOKATHOIO CTAHKA.
Bpararoruecs: nmpokaTHbeie Bajibl [ oOecrieunBa-
10T Tofladyy B 00pabOTKy MPEBECHBIX MarepuajioB 3.

1
IIpmxumHbIie Bajibl 2 BpallalOTCs C YaCTOTOW Bpalle-
HUS, TPEBOCXOJIAIIEH YaCTOTy BpAIll€HUs POKATHBIX

WJ/ BasioB /. TpeHue CKONbKEHHs NMPUKUMHBIX BaJOB 2
: 110 00pabaThIBAEMOM IOBEPXHOCTH JPEBECHBIX MaTe-
puasioB 3 00eCreunBaeT HarpeB U CIVIAKMBaHUE I10-

BEPXHOCTH JAPEBECHOIO MaTepUaa.
IMonoxurenbHelil >GPEKT pacCMOTPUM B CpaBHE-

HUH IPUMEHSIEMOTO B HacTOsIIee BpeMsl HIT(oBaHus

2

i
/
T
1
1
1
1
I
1

500

Cxema TCPMOIIPOKATHOT'O CTaHKaA:
1- IMMPOKATHBIC BAJIbIIbI, 2-— MMPUXKUMHBIC BaJIbIIbI,

3 — obOpabarbIBaeMblif MaTeprai
Thermal rolling machine diagram:
1 —rolling rollers, 2 — pressure rollers,
3 — processed material

r

JCTII mocne ux mpeccoBanus u Tepmorpokara. Co-
[JJACHO CYILECTBYIOLIEH TEXHOJOTHUU H3TOTOBICHUS
JIPEBECHOCTPY)KEUHBIX TUIAT NPU NUTU(OBAHUN TUTAT

TONMMKHON 15 MM nipurtyck Ha nutrdoBanue — 1,5 M,
yto cocraBisier 10 % ot tonumusl JCTIl, T.e. npu



Ne 2 (93), 2025 1.

Jleca Poccum 1 X035IMCTBO B HUX

117

nudoanun tepsercst 10 % oObema rotoBoil mpo-
aykiud. Croumocts 1 M2 — 8000 py6. DKoHOMUS
OT 3aMeHbl NITU(OBAHUS TEPMOIPOKATOM COCTABUT
10 % ot croumoctu 1 M* JICTII, nmu 800 py6. ITpu
roJ0BOM BhINyCcKe B Haime# crpane 10 mun m® JICTIT
peanuzanys JAaHHOTO TEXHWYECKOTO DEUIeHHs 00e-

CIICYUT SKOHOMHUIO:
10000000-800 = 8000000000 py6. = 8 MIpa PYo.

[lpumeneHne TepMonpoKara ITO3BOJIUT TaKKe
CHHM3HTBH HOPMBI pacxofia cBsizyromiero. Kak n3sectHo,
camble Menkne (pakiuu MPUMEHSIOT B HApPYXHBIX
CIIOSIX JUTS YMEHBIICHUS IIEPOXOBATOCTH MOBEPXHO-
ctu. [Ipu crnaxxuBaHUK HOBEPXHOCTH TEPMOIIPOKATOM
OTIaJaeT HeOOXOAUMOCTh NMPUMEHEHHUS B HapPyKHBIX
ciosix caMmbix Menkux ¢paxmuit 0/0,5. TTomoxuTens-
HOE BIIMSHHUE yAaJeHUS MEJKUX (pakuuil Ha pac-
XOJ[ CBSIBYIOIIET0 YCTAHOBICHO B HCCIICIOBAHUSIX
E.H. Becaunoii (2022). Ha ocHoBe 3THX HCCIemO-

BaHUH (hPaAKIIMOHHOTO COCTaBa CTPYKKH HAPYKHOTO
CJI051 OTIPEJICNICHBI YIeTIbHAsl TOBEPXHOCTH U IJIOMIATb
MTOBEPXHOCTH JAPEBECHBIX YACTHUIL (TabIHIIA).
YcTaHOBIIEHO, YTO IUIOMIA/Ib TTOBEPXHOCTH BCEX
YaCcTHUIl HapyXHOro ciosi coctaBut 100 m? (cMm. Tab-
JUITY). A TUTOIIAanb JPEBECHBIX YacTUIl 0e3 (paKinu
0,5/0 cocrasisieT 63,6 M%. Pacxoj CBSA3YIOIIETro 3aBU-
CHUT OT MOBEPXHOCTH JIPEBECHBIX YACTHUII, HA KOTOPHIE
ero HeoOxoaumo HanectH (PasuabkoB 1 ap., 2007).
Taxum oOpa3zoM, mpu 3aMeHe HUIM(OBAHUS Tep-
MOIIPOKAaTOM BO3MOXHO MCKJIFOUEHUE CAMOU MEJKOM
¢dpakuuu 0/0,5. Ilnomaas MOBEPXHOCTH TIPH STOM
cHmxkaetrcss Ha 25 %. CrnenoBarenbHO, pacxoj CBs-
JKYIOLIETO TaKke MOXKET OBbITh CHIKEH Ha 25 % 0e3
ymenbiieHust npounoctu JCtIl. Ymanenmne menmxoit
(pakIyu U3 Hapy>KHBIX CIIOEB PEIaeTcs MPOCTOH ITe-
PEHACTPOMKON IHEBMOCENAparopa, a HCIO0Jb30BaTh
OTH MeTKHe (PAKIIUH BO3ZMOXHO MPU H3TOTOBICHUH

TOIIJIMBHBIX 6pI/IK€TOB .

3aBUCHMOCTh YHCHBHOﬁ TOBEPXHOCTH U IIJIOMIAAN IMMOBECPXHOCTHU APECBECHBIX YaCTHUIL

OT (paKLIMOHHOTO COCTAaBA CTPY>KKH HAPYKHOTO CIIOSI

Dependence of the specific surface area and surface area of wood particles

on the fractional composition of the chips of the outer layer

DpaKIMOHHBIN VnenbHast MOBEPXHOCTb, Moma
Pa3mep cut, Mm cocras, % M%/KT HoB HXHHI ?; w2
Size, mm Fractional Specific surface area, OBCPXHOCTH, )
o 2 Surface area, m

composition, % m?/kg

5/3 0,1 9,8 0,01

32 0,9 16,9 0,2

2/1 35,2 45,0 17,2

1/0,5 41,0 104,0 46,2

0,5/0 12,8 266,0 374

BriBoaBI

1. [IpeanoskeHo yCTPONUCTBO — TEPMOMPOKATHBIN
CTaHOK, TO3BOJISTIOIINN TIPOU3BOAWTH CIIIA)KMBaHWE
Y BBIPABHUBAHHE TOBEPXHOCTH JPEBECHOCTPYKE-
HBIX IUIMT TIOCJie TpeccoBaHMdA. Bpamienue mpoxat-
HBIX BaJBKOB 00ECIEUNT KPATKOBPEMEHHBIH Harpen
MMOBEPXHOCTH, TOBBIIICHUE CTENEHH OTBEPIKICHUS
CBSI3YIOIIETO U CIVIa)KMBaHUE MUKPOHEPOBHOCTEH.

2. DKOHOMHS OT 3aMEHBI NUTH(OBAHUS TEPMO-
npokaroM coctaBuT 10 % ot croumoctu 1 M® mpe-
BeCHOCTpYKeuHbIX T, uin 800 py6. Ilpu romo-
BOM BBINIyCKE B Hareil ctpane 10 MaH M 9THX IIIMT

peanu3anus JAaHHOTO TEXHUYECKOTO pemeHus obec-
MEYUT SKOHOMHIO 8 MIIpT pyO.

3. llpn 3amene uUIM(OBAHUS TEPMOIPOKATOM
BO3MOXKHO HCKIJIOUeHHe Menkon ¢paknum 0/0,5.
[Inomane MOBEpXHOCTH MPH 3TOM CHUXKAETCA Ha
25 %, BCIIEICTBHUE YETO PACXO]] CBSDKYIOIIETO TaKKE
MOXeT ObITh yMeHbIEH Ha 25 % 0e3 yMeHbLIeHus
MPOYHOCTH IUTHT. YaJeHNue MEeIKOH (ppaKkuu U3 Ha-
PYKHBIX CIIOEB PEIIAETCS MPOCTOM MEPEHACTPOUKON
MMHEBMOCeIaparopa, a HCIOIb30BaTh ITH MEIKHUE
(bpakuuu BO3MOXKHO MPH W3TOTOBJICHUH TOIUIMBHBIX
OpHKETOB.
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Annomayus. B cratbe 000CHOBaHO IPUMEHEHHE OTPa0OTaHHOTO MAIIMHHOTO MAaCJIa JUISI CHIKCHHUS

BOZOIIOITIOIICHUA APCBECHBIX MAaTCPpUaIOB I UX MPECAOXPAHCHUA OT I"pI/I6HLIX nopameHHﬁ " nocieny-

IOILIETO 3arHMBaHus. B Hacrosiee BpEMs U3-3a 3arHUBAHUS (nopaxceHI/m FpI/I6aMI/I) MPEKACBPEMCHHO

pacxomyetcst cBbimie 30% OT MpUMEHSEMO B CTPOUTEIHFHONW OTPACii IPEBECHBIX MaTEPHAIIOB M M3/Ie-

JIAH. BCJ'IEILCTBI/IG 9TOT0 IPOAOJIZKUTCIIBHOCTD OKCINUTYATAIMOHHBIX CPOKOB IMTPOAYKIHH ACPEBAHHOTO JOMO-

CTpOCHUA, NCPCBIHHBIX COOpy)KeHHﬁ, JIMHUAMN DJICKTPUYCCKUX NEpeaay, Teﬂer’pa(bHLIX CTOJ'I60B, KCJIC3HO-

JIOPOXKHBIX AN yMeHbIIaercsi. I3BeCTHO, 4To O1aronpusTHOE Pa3BUTHE JIEPEBOPa3pyIAIOIINX TPUOOB

Ha6moz[aeT05{ TOJIBKO IIPpU CO3AaHUHN 6J'IaFOHpI/IHTHLIX YCJ'IOBI/Iﬁ — IIpn TTOBBIIICHHON BIIAXKHOCTH ApPCBECU-

Hbl. CHIDKCHHUE BOJOIIOITIOICHUA obecreuut YBCIIMYCHUEC JJTUTCIIbHOCTU HpOMLIHIJ'ICHHOfI OKCIUTyaTalun

JICPEBSHHBIX COOPY)KEHUI M JPEBECHBIX MaTepHalioB, YTO OOYCIIOBIUBACT aKTyaIbHOCTD HCCIIEyeMbIX

B CTarbC BOIIPOCOB. AKTyaJ'ILHBIMI/I SBJIIFOTCS TAKXKC BOIIPOCHI, CBA3AHHBIC C IMOBTOPHBIM HCIIOJIB30Ba-

HHUEM nepepa60TaHHOro MAIIMHHOI'O Macjia, TaK KaK B HACTOAIICC BpPEMSA HET 3(b(bCKTI/IBHOFO crioco0a

€0 OYHMCTKH. Hpez[nonceHo HCIIOJIB30BATh OTpa6OTaHHO€ MAalIMHHOE MacCJI0O B KaUY€CTBC MPOIMUTOYHOTO

BCHIICCTBA, KOTOPOC obecreyuT 3alIATy APEBCCHBIX MAaTC€prajioB U CHU3UT IIPOHUKHOBCHHUC BJIar B JIpPC-

BCCHUHY. ABTOpaMI/I OpEeAJIOKCH CII0co0 MIPONUTKHU APCBECUHBI MTPOIMUTOYHBIM BCIICCTBOM (OTpa6OTaHHLIM

MaIIMHHBIM MaciioMm). [IpenBapuTenbHbIi HarpeB IPEeBECUHBI OCYIIECTBISIETCS B MIPOIECCe CYIIKU JIpe-

BCCHUHEI B CYIHHHBHOﬁ KaMepe, a OoCJIC 3aBCPLUICHUA MPOLCCCa CYIIKU APCBECUHA TOMCIIACTCA B BAHHY

C XOJIOAHBIM ITPOITUTOYHBIM PACTBOPOM. yCTaHOBJ'ICHO, 4TO IIpU IPUMCHCHUUN JAHHOT'O cnoco6a, 3aKJIro4da-

OHICrocia B IpE€ABApHUTCIIbHOM HArpeBe JPpEBCCUHBI U HOCHGI[YIOHIeﬁ €€ BBIZICPIKKE B TCUECHNE CYTOK B XO-

JIOAHOM PacTBOpE OTpaGOTaHHOFO MalllMHHOI'O Macja, obecrieuynBaeTcs YBCIIMYCHUC CTCIICHU ITPONNUTKH

B 3,5 pasa u CHWKECHHUE BOAOMOMVIOLICHUS B 2,6 pa3a.

Knroueswvie cnosa: ApEeBECHHA, CTCIICHb MPOIIMTKHU, BOJOIOIIOIICHHE, OTpa6OTaHHOG MAaIImHHOC

MacJio, 3alrTa, 3arHiBaHuc
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Abstract. The article substantiates the application of used engine oil to reduce water absorption

of wood materials in order to protect them from fungal disease and subsequent decay. Currently, over
30 % of the wood materials used in the construction industry and about 20 % of the total volume of
harvested forest materials are spent on prematurely decommissioning of wood products mainly due to
decay (fungal disease). As a result, the operational life of wooden housing products, wooden structures,
electric tranmission lines, telegraph poles, and railroad ties is reduced. It is known that favorable
development of wood-destroying fungi is observed only under favorable conditions — with increased
wood moisture. Reducing water absorption will ensure an increase in the duration of industrial operation
of wooden structures and wood materials, which determines the relevance of the issues studied in the
article. Issues related to the reuse of recycled machine oil are also relevant, since there is currently
no effective method for its purification. It is proposed to use waste machine oil as an impregnating
agent, which will provide protection for wood materials and reduce moisture penetration into wood.
The authors proposed a method for impregnating wood with an impregnating agent (waste engine oil),
according to which the wood is preheated during the drying process in a drying chamber, and after the
drying process is complete, the wood is placed in a bath with a cold impregnating solution. It was found
that when using this method, which consists of preheating the wood and then keeping it for 24 hours
in a cold solution of waste machine oil, the degree of impregnation increases by 3,5 times and water
absorption decreases by 2,6 times.

Keywords: wood, degree of impregnation, water absorption, waste engine oil, protection, rotting

For citation: About the possibility of application used waste engine oil for wood impregnation /
D. O. Chernyshev, A. A. Lukash, V. A. Romanov, A. A. Pykin // Forests of Russia and economy in them.
2025. Ne 2(93). P. 119-124.

BBenenmne

W3BecTHO, 9TO TIpU OOECIeYeHnH HEOOXOIUMOM
CTEIEHU MPONMUTKHU MPOLYKUHS TEPEBIHHOIO JTOMO-
CTPOCHUS, JIEPEBSIHHBIC COOPY)KCHHS, JTUHUU DJICK-
Tporepenad, TenerpadHble CTOIOBI, KEIe3HOJOPOK-
HblE IIIAJbl, JPEBECUHA OTKPBITBIX COOPYKEHHUI
CIY)KUAT B TPHU pasa UIUTEIbHEH, YeM HETpOIUTaH-
Hasi aHTucenTukamu. CpoOK 3KCIUTyaTaluu 3aKpbl-
TBIX COOPYXXEHUN U3 JPEBECUHBI YBEIUUYUBAETCS 10

MIATH-TIIECTH pa3. | pubHOe mopaskeHne (3arHUBaHUE)

JIPEBECUHBI TIPOUCXOANT, €CJIM OHA HAXOAUTCS B YCIIO-
BUSIX, OJTarONPUATHBIX AJIsl PA3BUTHS IPHOOB: IIPH TEM-
neparype ot 0 1o +48°C 1 OTHOCHUTENBHOM BIIAKHO-
ctu apesecursl oT 20 mo 120 %. CaenctBueM 3TOTO
ABJISETCS 3HAYNUTEIBHOE CHIDKCHHE IPOYHOCTH Ipe-
BECHHBI U JPEBECHBIX MaTepuasioB. Ecnu apeBecnHa
HAXONTCS B ONAronpusATHBIX YCIOBHUAX JJIST Pa3BUTHS
rpu0OB, TO IPH IKCIUTyaTALUH B TEUCHUE IBYX MECS-
LIEB e¢ MPOYHOCTh MOKET OBITh CHW)KEHA B /IBA pasa.
CnenoBareibHO, OMHUM W3 YCJIOBUH TpENOXpaHEHUs
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JPEBECUHBI OT 3arHUBAHMS SIBJISIOTCS] CHUIKEHHE MPO-
HUKHOBEHHS BJIard B JPEBECHHY (BOIOMOIIOLICHHUE)
U TMPONHTKA JIPEBECUHBI AHTHCENTHYCCKUMH Bellle-
CTBaMH, KOTOpast 00ECIIEUNT 3aILUTY IPEBECHBIX Ma-
TEpPHUAJIOB OT THUEHHUS, a TAKXKE IKCIUTyaTalluIo Jpe-
BECHBIX M3JICITUI B YCIIOBHSIX, HEOMArOMPUATHBIX IS
pasBUTHsL TPUOOB, T.€. MPENOXPAHEHHE APEBECHHBI
OT YPE3MEPHOTO YBIAXKHEHHUS.

B macno no6aistrorcss aHTH()PUKIIMOHHBIE TIPH-
CaJIKu /Il yMEHBLICHUSI TPEHUSI, K TOMY K€ MaclsiHast
JKUJKOCTh B JABHUrarene paboTaeT B AKCTPEMalbHBIX
YCIOBUSIX (TIPY TOBBIIICHHOM JIABIICHUM M BBICOKOM
Temriieparype). B Takux ycnoBust orpaboTaHHOE Maciio
JBUraresiell aBroMoOmiieil (orpaboTka) mpuoOperaer
CBOWCTBA, TTO3BOJISAIONIHE PIMEHSTH €€ IS 3aIIUTHOM
00paboTKH JpeBEeCHHbI OT 3arHUBAHUS (aHTHCENTHYE-
CKHE CBOMCTBA) M YMEHBIATh IPOHUKHOBEHHE BIIaru
B JIpeBEeCHHY (BOIOOTTAIKHMBAIOIINE CBOiicTBa). OTpa-
OboranHOe Macio auratencii aBromoOmie (OM/IA)
TepsieT CBOM MOTPEOUTENBCKUE CBOWCTBA B IIPOLIECCE
SKCIUTyaTalluy, a nepepadoTka 3arpyaHena. [Ipumep-
HO TepepadaThIBaeTCsa OT YETBEPTH A0 TPETH OOIIEro
Bhimycka. OcraBmasicss yacte OMJIA Hampasisercs
Ha CKUTaHWe, a B Xy/IIEM clydae cOpachIBaeTcs, 3a-
TPSI3HSISL OKPYIKAIOILYIO cpefy (IIOuBY, BOJOEMBI U ar-
moctepy). Oaun mutp OMIA, okazaBierocs B HOuBe,
3arpsi3HSET OT CTa JI0 THICSIYM KyOOMETPOB TPYHTOBBIX
BoJ (10 40 % Tutomany BOIOEMOB TTOKPHITA TUIEHKOM
OM/IA pa3nu4HOM TONIIUHEI).

M3BectHbl cniocoObl ounctkn OMJIA st obe-
CIIEYCHUSI BO3MOXKHOCTH ITOBTOPHOI'O €r0 HCIOJIB30-
BaHus. Tak, Hampumep, HpemIaraeTcsi MPOU3BOIUTh
ounctky OMJIA oT 3arps3HEHHIA THAPOKCUIOM aM-
MOHHSI C PacTBOpeHHbIM kapOamuiom (Pesymbrars
uccnenoBanuii..., 2023). B uccnenoBanusx Beidop-
HOBa U J1p. (2023) npenaraeTcsi MPOU3BOAUTH OUHCT-
Ky oT 3arpsi3HeHuidt OMJIA MarHUTHBIM 1OJIEM, a ApY-
X HMCCIEAOBAaHMAX — YyabTpa3BykoMm (BribopHoBa
u zp., 2021).

Jliist

cBoricte OMJIA xunkue (pakiuud BOABI M TOILJIMBA

BOCCTAHOBJIEHHST  OKCIUTyaTallHOHHBIX
npejuiaraeTcst yaaiasTh CleluaibHbIM YCTPOMCTBOM,
Co3MaroIuM 1eHTpobexkuyio cuiay (Mcmons3oBanne
a¢dexkra..., 2020). Takum o6pa3om, criocoda, mO3Bo-
JISTFOIIIETO YCTPAHATh BCE 3aTPSA3HEHUS M TIPOU3BOIUTH
y/laJieHHe BJIard, B HacTosiiee Bpems HeT. [Toatomy

AKTyaJIbHbIMU SIBJISIFOTCSI  BOIIPOCHI  3KOJIOTMUYECKOM
0e30I1aCHOCTH, HAlpaBJICHHbIC HA YTUJIM3AIMIO MU

MoBTOpHOE Hcmonab3oBanne OMJIA.

Menn, 3axa4ya, MeTONNKA
H 00bEKThI HCCJIe0BAHUS
Lenpro paboOThI ABISETCS 0OOOCHOBAHHME BO3MOXK-
HOCTH WCIIOJIb30BaHUsI OTPaOOTaHHOTO MAITUHHOTO
Macjia B KaueCTBE AHTHCENTHKA, CHUYKAIOIIEro BO-
JIOTIOTIIONIEHUE JIPEBECHBIX MaTepUasoB. 3ajada Hc-
CleoBaHUN — pa3paboTka HOBOTO 3((PEKTHBHOTO
crocoba MPOMUTKHA JPEBECHBIX MaTepHasioB. MeTo-
JINKA: WCCIIeIOBAaHUE BOOIOTIIONIEHHS ITPOBOIMIOCH
B cootBercTBUU ¢ ['OCT 16483.20. Bogomnornomienue
npeBecuHbl AW, %, onpenensiock o Gopmyiie

AW = 100(m2 — ml)/ml,

rae m, — Macca o0pasia JpeBECHHBI TIOCIe MOTPYyKe-
HUS B BOJY, T;

m; — Macca obpa3lia JPEeBECUHBI O TOIPYKEHHS
B BOJLY, I.

OOBEKT UccaenoBaHNi — 00pa3Ilbl JPEBECUHBI CO-
cHbI pazmepom 100%100%20 MM 1 oTpaboTaHHOE Ma-
HNIMHHOE MOTOPHOE Maclo JBUTaTelleil aBToMOoOMiIeH
(OMJA).

Pesyabratel u uX o0cy:KIeHne

CpoK TIpOMBIIUIEHHON AKCIUTyaTalllii JIpPEeBECH-
HBl WIN JAPEBECHBIX MAarTepHajoB, NMPONHUTAHHBIX aH-
THUCENTUYECKUMH BEIIeCTBaMM, OT TpeX 10 IATH pa3
MIPEBOCXOIUT CPOK TPOMBIIICHHOW 3KCIUTyaTalluu
JpeBECHHbl HE NPONMTAHHOW AHTHCENTHUKAMH Jpe-
Becunbl (Crenuna, JleBunckuii, 2007). CBon mpaBui
CIT154.13330.2022 « CHUIT31-01-2003. 3manwst ;Kviisie
MHOTOKBapTHpHbIe» (¢ m3MeHeHusiMu Ne 1, 2) mpemy-
CMaTpuBaeT MpeIOXpaHeHHue OT YBIAXHEHUS U OWo-
MOBPEK/ICHNI 00paOOTKON XUMHYECKIMH BEIIECTBAMH.

[ mpemoxpaHeHMsT JpPEBECHHBI OT OWOJIOru-
YECKUX MOBPEKIECHUN TNPUMEHSIOTCS aHTHCENTUKH,
KOTOpBIE TOAPA3JENAIOTCS Ha BOJOPACTBOPHMBIE
U MaclIsHUCThIe. BomopacTBopuMbIE aHTHCENTHKU
(¢ropucThiii 1 KpeMHE(DTOPUCTHIN HATPUHN) SIBISIOT-
cst 6e3BpenHbpiMi. OHM HE UMEIOT 3araxa U Mo3ToMY
NPUMEHSIIOTCS. Ul 00pabOTKU JIpEeBECHUHBI B 3aKPbl-
TBIX MMOMEUIEHUAX, T7I€ HAXOATCS JIIOAH, @ TaKKe HeT

OIMaCHOCTHU yHAaJICHUSA aHTHUCCITHUKOB IIPpU IMOMMaJJaHUN
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Biaru (CrenuHa, JleBuackuit, 2007). OmHAKO HMH T1e-
JIECOOOPa3HO MPOU3BOJUTH TOJIBKO TOBEPXHOCTHYIO
3aIIUTHYI0 00pabOTKYy JPEBECUHBI WMIH IPEBECHBIX
MaTepHUaIOB, TaK KaK TAKWe aHTUCENTHKHU ITPOHUKAIOT
B IIyOMHY HE3HAYUTEIIBHO.

AHTHCENITUKY, W3TOTAaBIMBAEMbIC M3 OpraHude-
CKHX Macell, — MacJITHUCThIE aHTHCENITUKU — HE SB-
JIIIOTCSI BOOPACTBOPUMBIMU. OHU CHIIBHO TOKCUYHBI
JUTSL IEPEBOPA3PYIIAIONINX TPHOOB, UMEIOT CHIILHBIN
HEMPUATHBINA 3armax ¥ BPEIHBI I 3[0POBbS JIFOICH.
O0paboTaHHbIE MACISTHUCTBIMH aHTUCEIITUKAMU KOH-
CTPYKIIMH U3 JPEBECHHBI UMEIOT CPOK MPOMBIIIICH-
HOM dKCIUTyaTanuu Ooliee NIECATH JIET, TOTa Kak 0e3
MPOMUTKU TAKUMH aHTUCETITUKAMH CTHUBAIOT B TEUe-
HHE JBYX-TPEX JIET.

Jns yerienHoi 00paboTKK MacIsiHbIe aHTHCENTH-
KH JIOJDKHBI ObITh HU3KOBSI3KUMH, JICIICBBIMU, JIOCTYTI-
HBIMH ¥ TIPOU3BOIUTHCS B OOJIBITNX KOIMYIECTBAxX. Ta-
KHMH DKCIUTyaTallMOHHBIMH XapaKTePUCTUKAMH IS
WCIIOJIb30BaHUSl B KAaueCTBE AHTUCEIITUKOB OOajaer
OMJIA, koTopo€ MPpemnoXpaHseT APEBECUHY OT YBIIaXK-
HEHHWS W OHMOJIOTHYECKHX ToBpexkaeHuil. Orpaborka
oOpasyercsi B pe3ysibTaTe 3KCIUIyaTallid JBHUraresiei
BHYTPEHHETO CropaHusi. MacisiHast >KHIKOCTh B JIBU-
rarelnie padoTaeT B IKCTPEMAIILHBIX YCIIOBHUAX TIPH TI0-
BBIIIICHHOM JIaBJICHUU U BBICOKOH Temmeparype. B atux
YCIIOBUSIX TIPOMYKT TPHOOpPETaeT HOBHIC CBOMCTBA,
ITO3BOJIAIONIME UCIIONB30BaTh €ro B Ka4eCTBE 3allUT-
HOI 00pabOTKK JAPEBECHHBI OT THUCHUS, a TAKKE JJIs
TIPUIAHUS IPEBECUHE HEOOXOAUMBIX TSI TUTEITHHOMN
AKCILTyaTalliy BOJOOTTAIKUBAIOIINX CBOMCTB. Takum
00pa3oM, JI0Ka3aHO, YTO MOCJIE HAJIJICHKAIIEH OYMCTKU
OT BPEIHBIX MPUMECEH B CICIHAIBHBIX yCTaHOBKAX
0TpaboTKa MOXKET MPUMEHSTHCS JJIs 3alllUTHOH MPO-
MUTKH 7151 CTPOUTEIHHOU IPEBECUHBL.

[IpenmymectBa npumenernss OM/IA B kadecTBe
AHTHCENTUKA JUIS 3al[UTHON IPOIUTKU JIPEBECHHBI
CIEIYIONIHE:

— OMJIA He sBnsieTcst AeUITUTHON U IMEET HU3-
KYIO CTOUMOCTB;

— OM/IA xopouio mpenoxpaHsieT APEeBECUHY OT
BJIaTMl ¥ 3aTHUBAHWSI;

— 0TpaboTKa TITyOOKO TPONHUTHIBAET JPEBECUHY
U HE paspyliaercs Moja JCHCTBUEM yibTpaduoera
COJIHEYHBIX JIy4eid;

— Texnounorus nponutku OMJIA npocra.

st noBTopHOro ucnonb3zoBanust OM/A nomxHbI
ObITh Ipon3BeaeHsl (DarkymmH, 2019):

— MEXaHW4YeCcKas OYMCTKA OT TPA3H M METaJIH-
YECKOM CTPYKKU TBepAbIX (pakuuii, oOpasyromux
ocanok. JKHJIKOCTh JOJKHA OTCTOSITHCS B TEUEHHUE
10—12 mueit, a 3aTeM TBepabIe PPAKITUHU JOTHKHBI OBITH
OT/EJICHBI;

— npu xuMuuyeckoi ouuctke B OMJIA n0mKHBI
OBITH BHECEHBI KOAryIHpyIOIIne areHTsl Tumna (ocda-
Ta HaTPUsl, XJIOPUCTOTO LMHKA MM KHUIKOTO CTEKIa,
KOTOpbIe OYIyT CBSI3BIBaTh PACTBOPCHHBIC MPUCAIKU
TSKEIIBIX METaJUIOB C 00pa30BaHNEM 0CaJIKa;

— rocJie J0OaBIeHUs KOAryJIsTHTa COCTaB AOJKEH
OBITH TIIATEIHHO OYMIIEH C MPUMEHEHUEM MTECOYHBIX
(bMIABTPOB MIIM HETKAHOTO CHHTETUYECKOTO ITOJIOTHA.

3amuTa OT THUEHUS COCTOUT B TOM, YTO HCKJIIO-
YalTCA YCJIOBHS, HEOOXOIUMBIC IJIsl Pa3MHOKEHUS
JiepeBopaspymarnux rpu0oB. Hannane TOKCHYHBIX
BelIeCTB B oTpaboTanHOM MammHHOM Macie (Cep-
reeB U 1p., 2022) obecnieyuT 3alIUTy JPEBECHHBI
OT TPUOHBIX TOpakeHni (rHueHus). CTepuan3amus
OPEBECHHBl NPOUCXOAUT M B IPOLECCE BBICOKO-
TeMmIneparypHoil cymku. IIporpeB apeBecuHbl pu
temrieparype Boimie 80°C mpuUBOAUT K THOENn Bcex
HNPUCYTCTBYIOIMX B HEH CHOP JOMOBBIX I'PHOHBIX
MOPaKCHUI.

Yamre Bcero 00paboTKa IpeBECHHBI aHTHCCTITHKA-
MH 00€CIeUMBAET TOJBKO NPONUTKY Ha HE3HAUYNTEIIb-
Hylo TiyOuHy. sl yBEIWYEHUs CTETEHH MPOMHUTKU
aBTOpaMH pa3paboTaH Crocod MPOMUTKHU PEBECHHBI
OM/JIA, aHaNOTHYHBIH CHOCOOY TOPSYE-XOJIOTHBIX
BaHH, pazpadorannomy Ceprosckum I1.C.

Kak wu3BecTHO, IpenBapuTENbHBIA HAarpeB Jpe-
BECHHBI 00€CIICUNBACT YIaJIEHHE BO3/LyXa U3 KIIETOK
u nop. Ilocnenyroiee nomerieHne npeaBapuTeIbHO
HArpeTol JIPeBECHHBI B BaHHY C XOJOIHBIM IIPOIIH-
TOYHBIM PacTBOPOM OOYCIIOBIUBAET OBICTPOE OXJIAXK-
JIEHHE IPEBECUHBI M BIUTHIBAHUE B HEE MPOMUTOYHO-
ro pactBopa. s coBepIIEHCTBOBAHMS TEXHOJIOTUU
NPONUTKU JPEBECUHbI MPEAIaraeTcs npeaBapuTesib-
HBIH HarpeB ApPEBECHUHBI MPOU3BOAUTH B IpOLECCE
CYIIKH JPEBECHHBI, a M0 3aBEepPIICHUH IMpOoIecca Io-
MeIlaTh MTadeb C BBICYLICHHONW IPEBECUHON B BaH-
HY C XOJIOAHBIM PaCTBOPOM.

[IpomomKUTENFHOCTh BBIAEPKKHA B BaHHE C XO-

JIOAHBIM IIPOIMUTOYHBIM PACTBOPOM 3aBUCHUT OT BUJA
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Y BSI3KOCTH MPOMUTOYHOTO PacTBOPA, pa3MEPOB U TI0-
OBl APEBECUHBI U JIp.

YcTaHOBIIEHO, YUTO TIPH MPEABAPUTETHHOM Harpe-
B€ JIPEBECHHBI U TOCJIEIYIOIIEH ee BBIICPKKE B Te-
YEHUE CYTOK B XOJOAHOM PAacTBOPE OTPabOTAaHHOTO
MAIIMHHOTO Macja CTENEHb MPOIUTKU YBEIWYNIIACh

B 3,5 pasa, a BOAONONIOIIEHHE CHU3UIOCH B 2,6 pasa.

BriBoabI
1. O6ocHOBaHa BO3MOKHOCTh IIPUMEHEHHS OTpa-
0OOTaHHOI0 MAITMHHOIO Macja B KAYeCTBE aHTHUCEITH-

2. IlpennosxkeH croco0 MPOMUTKH JIPEBECHHBI
O0TpabOTaHHBIM MAIIMHHBIM MAaciiOM, MO0 KOTOPOMY
MpeIBapUTEIBHBIN HATPEB JPEBECUHBI OCYIIECTBIIS-
€TCSl B MPOIECCe CYIIKU JPEBECHHBI B CYIIMIBHON
KaMmepe, a MoCJe ero 3aBeplIeHus JIpeBeCcrHHa IoMe-
niaercs B BaHHY C XOJOJHBIM HPOTHMTOYHBIM pac-
TBOPOM.

3. Mcnomnp30BaHue NpeioKeHHOTo criocoda mpo-
MUTKHA JIPEBECHHBI OTPabOTAaHHBIM MacjoM aBTOMa-
IIMH 00ECIIEYNBACT yBEIUYCHUE CTENEHHU MPOMUTKU

1 CHUXKCHHEC BOAOIIOITIOIICHMA.

Ka, CHUKATOIIETO BOJOIIOTIIONICHUE TPEBECHUHEI.
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NMPOU3BOACTBEHHbIE UCTBITAHUA TEXHONOI MU CYLLKKN
AOPEBECWHbI BEPE3bl BECCTYMNEHYATbIMU PEXXUMAMU

A. T. TopoxoBcknii!, E. E. llnmkuna?, A. C. Aradonos?,
T. C. Opununuxosa‘, . B. CoxoJios®

15 Vpanbckuii rocyIapCTBEHHBIHN JIeCOTeXHUIECKHiA yHuBepcnuTeT Exatepunbypr, Poccnst

ABTOp, OTBETCTBEHHBIN 3a mepenncky: Aprem CepreeBnd AradoHOB,
agafonovas@m.usfeu.ru

AnHomayus. Y4eHbIe-CYITUIBIINKHN BCE Yallle 00paIialoT CBOe BHUMaHUE Ha BOTIPOCHI CYIIIKH JIpe-
BECHHBI PA3IIMUHBIX JTMCTBEHHBIX MOPOJ. JTO CBSA3aHO KaK C OTPACIEBBIMU MOTPEOHOCTSIMU JIecomepe-
pabaThIBaIOIIe POMBIIIJICHHOCTH (MCTOIIEHHE 3a[1aCOB XBOWHOW JIPEBECHHBI), TAK U C OTCYTCTBUEM
3¢ (HEeKTUBHBIX TEXHOJOTHH MepepadOTKN JIUCTBEHHOW JIpeBecHHbl. Cpeu MpOYuX JTUCTBEHHBIX MOPOJ]
Oepesa mpuBJeKaeT 0co00e BHUMAaHUE M3-32 OTPOMHBIX 3aMacoB U (U3MKO-MEXaHMYECKHX TOKa3are-
neit. B mocieaHue o1 T0BOJIBHO MIMPOKOE MPUMEHEHNE TTOTyYNIIN TaK Ha3bIBaeMble OeCCTyeHUaThIe
PEXHUMBI CYIITKH Pa3IMYHBIX MTOPOJ] JPEBECHHBI, HO JUIsl Oepe3bl JAHHBIA THIT PeKUMOB HE TIPUMEHSII-
cs. [Iposenennnie B YIJITY TeopeTnudeckue UCCIEAOBaHUS CYIIKA OEpe30BhIX MHJIOMaTepUaioB Oec-
CTYTNIEHYATBIMU PEKUMAMHU TTIO3BOJIMIIN HAJIEATHCS Ha OJIaronpHusTHBIE pe3yabTaThl NCIIBITAHUHN JaHHOM
TEXHOIIOTUH B YCIOBHUSAX PEATbHOTO IMPOU3BOICTBA, KOTOPBIC M OBLIN MPOBEJICHBI B YCIOBUSIX MTPOU3BO/I-
ctBa B CBep/utoBcKoi obnacTh. beimyn ncnosb3oBansl gecocymmibable kamepsl MGR-50 (PexeBckoii
necripomxo3 T. Pex) n YPAJI-30 (OOO «HUKPEC . [lepBoypanbck). brarogapst mpoBeIeHHBIM dKC-
MIEPUMEHTAM ITOJTy9eHBI yIa4HbIe PE3YIIBTaThl TPOMBIIUICHHOW IPOBEPKH. BO-TIepBBIX, JOCTUTHYTO pe-
aIbHOE CHUKEHHE MPOJIOJDKUTEILHOCTH CYIIKM U Opaka MmpH ee mpoBeneHuH. Bo-BTopbIx, 6eccTyneH-
YaThIi PEKUM MO3BOJISET MOBHIIIATH KAY€CTBO CYIITKH 32 CUET rapaHTHPOBAHHOTO COOITIOIEHNS IOy CKa
Ha KOHEYHYIO BIXXHOCTb JPEBECHUHBI C OOJIBIINM 3aracoM. HopMaTHBHBIE PEKUMBI CYIITKU TIPEIIPHSI-
THI MO3BOJISIIOT TIOJYYUTh KOHEUHBIE BHYTPEHHUE HAIIPSKEHUSI ITPU CyLIKe He Bbiule II kareropun kade-
CTBa, XOTS JUTsI CHIDKEHUS BETTMUMHBI HAMPSHKEHUH MPUMEHSETCs BIarorersioodpadorka. B 1o xe Bpems
IIPY PUMEHEHNN OEeCCTYIeHYaThIX PEKUMOB BIIATOTEINIO00pab0TKa HE IPUMEHSETCs, HO BHYTPEHHHUE
HAIPsKCHUS ITPU CYHIKE CYIIECTBECHHO MCHBLIIC U COOTBETCTBYHOT B OCHOBHOM I KaTeropuun Ka4€CTBa.

Kntouegwle cnosa: TeXHOIOTHS CYIIKH, OECCTyNIeHUAThIE PEKUMBI, peBeCHHA Oepe3bl

Jna yumupoeanus: I1pon3BonCTBEHHBIE UCTIHITAHHS TEXHOIIOTHHU CYIIKH JIPEBECHHBI Oepe3bl Oec-
crynendarsiMu peskumamu / A.T. Topoxosckwit, E. E. [llnmxkuna, A. C. Aradonos [u ap.] // Jleca Poc-
CUH ¥ X03sHcTBO B HUX. 2025. Ne 2(93). C. 125-132.

© TI'opoxosckwmii A. I, Hlumkuna E. E., Aragonos A. C., Opunnnaukosa T. C., Coxkosnos U. B., 2025
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PRODUCTION TESTS OF BIRCH WOOD DRYING TECHNOLOGY

WITH STEPLESS MODES

Alexander G. Gorokhovsky!, Elena E. Shishkina?, Artem S. Agafonov?,

Tatiana S. Ovchinnikova*, Ilya V. Sokolov®
1= Ural State Forest University, Yekaterinburg, Russia

Corresponding author: Artem S. Agafonov,
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Abstract. Drying scientists increasingly turn their attention to the issues of drying wood of various

hardwoods. This is due to both the industry needs of wood processing industry (depletion of softwood
stocks) so the lack of effective technologies for recycling hardwood. Among other hardwoods birch
attracts special attention due to its huge reserves of wood and physical and mechanical properties.
In recent years, so-called stepless drying modes of various wood have become been widely used,
but this type of mode has not been used for birch. Theoretical studies of drying birch lumber by
stepless modes carried out at USFEU allowed us to hope for favorable test results of this technology
in real production conditions. These experiments were carried out under production conditions in the
Sverdlovsk region. The wood drying chambers MGR-50 (Rezhevsky forestry enterprise, Rezh) and
URAL-30 (LLC NIKRES, Pervouralsk) were used. Due to the conducted experiments, successful
results of industrial testing were obtained. Firstly, a real reduction in drying time and rejection during
its implementation has been achieved. Secondly, the stepless drying mode allows you to improve
drying quality due to guaranteed compliance with the tolerance to the final moisture wood moisture
tolerance with a large margin. Standard drying modes of enterprises make it possible to obtain final
internal stresses during drying not higher the II quality category, although moisture and heat treatment
is used to reduce the magnitude of stresses. At the same time, when using stepless modes, moisture and
heat treatment is not used, but the internal stresses during drying are significantly less and correspond
mainly to the I quality category.

Keywords: drying technology, stepless drying mode, birch wood

For citation: Production tests of birch wood drying technology with stepless modes / A.G. Go-
rokhovsky, E.E. Shishkina, A.S. Agafonov [et al.] // Forests of Russia and economy in them. 2025.
Ne 2(93). P. 125-132.

BBeaenue

UccnenoBatenn  HEOTHOKpPAaTHO  0Opalaiuch
K mpoOieme cymku apeBecuHbl 0epesnl (KpacyxuHa,
1988; Cymxa marepuanos..., 1968; Ilerpu, 1963).
W n71st 3T0TO €CTh HECKOJIBKO MPUYHKH.

C omHOH CTOPOHBI, 3amachl JPEBECHHBI Oepe3bl
B Poccun nonctunre orpomusr — okono 10 % Bcex 3a-
MaCOB JIPEBECUHBI B cTpaHe. B To ke Bpemst 3aroroBka
ee TIOCTOSTHHO TMaJIaeT BCIIEACTBUE HEJOCTAaTOYHO d(-
(heKTHBHOM TEXHOJIOTHH €€ MepepadboTKH.

C npyroii cTopoHBI, Oepe3a SBISETCS] TPYIHOCOX-

HYyIIEH MOpoaoH, TpeOyIomen It ee CYIIKH MpuMe-

HEHUSI CIICLHAIbHBIX PeKUMOB. [losiBUBIIMECS B 110-
CIIeTHUE TONbl TaK Ha3bIBaeMble OECCTyneHdYaThe
PeXHUMBI Uil CYyIIKA Oepe3bl HE MPUMEHSIIHCH, XOTS
U OTJIMYHO IOKa3aau ce0sl MpH CYIIKE IPEBECHHBI
npyrux nopon (Iumxkuna, 2016; CaBuna, 2020; Cra-
posa, 2018).

B VITJITY npoBeaeHbl UCCIEI0BAHUS CYIIIKHU Ape-
BECHHBI Oepe3bl OeccTyleHYaTbIMi pesknMamu (Ara-
¢onos, 2024) B n1Ba Tana:

— BBIYMCIIUTCIIbHBIA DKCIICPUMEHT C IOCICIYIO-
e ontumuzanueit (I'opoxosckuit u np., 2024) (Teo-
peTHYECKHE UCCIICIOBAHMS);
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— MPOMBIIIJICHHBIE HCIBITAHUS B YCIOBHUSX pe-
aJBHOTO MPOU3BOJCTBA (IKCIIEPUMEHTANILHEBIE HUCCIie-
JTIOBaHUA).

Bormpockl nipoBeieHusT BEIYUCIUTEIBHOTO JKCIIe-
PUMEHTa yKe paccMOTpeHbl B padote ['opoxoBckoro
u 7p. (2024), mpu 3TOM HCIIONB30BaHbI TIOAXO/bI HE-
KOTOPBIX 3apyOexHbIX aBTOpoB (Mass Diffusivity...,
2018; Optimization and Simulation..., 2011; One-
Dimensional Numerical..., 2015; Moises, Pereira,
2014; Nakagawa et al., 2018; Obataya, Higashihara,
2017). BropoMy BompocCy JlaHHOW pabOThI U TOCBS-
HIeHA HACTOSIIIAS CTAThSI.

eab, MmeToqUKA
U 00BEKThI HCCJIeI0BAHUS

Les1bt0 MPOMBIILITIEHHBIX UCIIBITAHUN pa3paboTaH-
HOU TEXHOJIOTHH CYILIKH O€pe30BbIX MUIOMAaTepPHaIOB
OeccTymneHYaTbIMHA PeXUMaMU ObLTO TTOATBEPIKICHUE
ee BBICOKOH 3(h(heKTUBHOCTH.

Jliis tocTKeHMs YKa3aHHOM 1esii ObLII0 Heo0Xo-
JTUMO PEIIUTH CIEeTYIOINe 3a1a4H.

1. IlonTBEpAUTH peanbHOE CHUKEHUE TIPOJOIKH-
TEIBHOCTH CYIIKH 10 CPAaBHEHHIO C TAKOBOW MPH HOP-

MAaTUBHBIX PEKUMaAx.

2. OnpenenuTb MOPSAAOK BEIMYMHBI CHUXKECHHS
Opaka B mpolecce CylKH OeCCTyNeHYaThIMH PEXKH-
MaMH.

3. OmnpenenuTh KaueCTBEHHBIE TOKA3aTEeIIN MUIIO-
MaTeprasoB, BBICYIICHHBIX CYIIECTBYIOIIUMH U Oec-
CTYIICHYATBIMU PEKUMAMHU.

4. OnpenennuTh SKOHOMHUYECKYIO 3PPEKTUBHOCTH
OecCTyneHYaThIX PEKUMOB.

OnbITHBIE CYIIKH MPOBOAMINCH HA JIBYX THIIaX
kamep: MGR-50 u YPAJI-30, TexHuueckue xapakre-
PHCTUKH KOTOPBIX MpUBEACHBI B padore AradoHoBa
(2024). Be16op xamep o0yCIIOBIICH CIICTYIOIIAMHE CO-
00pakeHUSIMU:

— JIaHHBIC THIIBI KaMep AOCTaTOYHO MIMPOKO pac-
MpocTpaHeHsl B Ypano-CHOnpcKoM pernoHe;

— KaMepbl MPEACTABISAIOT Pa3jInYHble CETMEHTHI
TUIOB JiecocymmbHbIX Kamep. Eciin MGR-50 coBpe-
MEHHasl, TOJHOCTBIO aBTOMATU3WPOBAaHHAS Kamepa,
o0ecrieunBaomias BBICOKOKAYECTBEHHYIO CYIIKY, TO
YPAJI-30 — 3T0 yke JOCTAaTOUHO yCTapeBIas kKaMepa
CO CPE/IHUM Ka4eCTBOM CYIIIKH.

XapakTepuCTHUKa YCIOBUM MPOBEICHUS IKCIIEPHU-
MEHTa IpUBecHa B Ta0M. 1.

Tabnuya 1
Table 1
VYcnoBust NpoBEIEHUSI MPOMBIIIEHHBIX SKCIIEPUMEHTOB
Conditions for conducting industrial experiments
3HaueHus1 IapameTpa 1JIs Kamep
IMapametp Parameter values for cameras
Ne Parameter VPAJI-30
MGR-50 URAL-30
1 Ilopona npeBecuHsl bepesa bepesa
Wood Birch Birch
Tonmmua, MM
Thickness, mm >0 >0
Pa3mepsl ruiomarepruanos Inpuna, MM g
2 Type Dimensions of sawn timber | Width, mm 110-130 150
JnuHa, M
Length, m 5,0 5,0
3 Buj nunomarepuanos OO6pe3sHbie OO6pe3Hbie
Type of sawn timber Edged Edged
HauanpHas BmaxHOCTH ApeBecUHBL, %
4 | Initial humidity of wood, % 30-40 =30
KoHeuHast BITaKHOCTB APEBECUHEL, % .
> | Final humidity of wood, % 8,0;:10,0 10
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The end of table 1
3HavyeHus napaMmerpa st Kamep
N Iapametp Parameter values for cameras
¢ Parameter YPAJI-30
MGR-50 URAL-30
CtpyKTypa pexuma:
TPEIPUSTHS
6 JKCIIEPUMEHTAIBHBIN ITo HTJ 6eccrynenvarsiii | ITo HTI 6eccrynenyarsrii
Mode structure: To NTD stepless To NTD stepless
businessespe
experimental
7 Kontpons Bnaxxuoctu (TOCT 16588-91) OJeKTpOHHBIH BIaromep OJEeKTPOHHBIN BiIaromep
Humidity control (GOST 16588-91) Electronic moisture meter | Electronic moisture meter
] KonTpons ocTaroyHpIx HanpsHKeHUH PTM 1985 PTM 1985
Residual stress control RTM 1985 RTM 1985
9 Temmneparypa TEIUIOHOCUTENSI Ha BXoAE B mradeis, °C 95 95
Temperature of the coolant at the inlet to the stack, °C
10 BTO B HopmaTtuBHOM pexuMe Ectp Ectp
WTO in the normative regime There is There is
Pe3yabTarhl ncciaen0BaHuin
U UX o0cy:KIeHne
Pe3ynbTaThl ONBITHBIX CYLIEK B JIECOCYIIMIbHBIX
kamepax MGR-50 u YPAJI-30 cooTBeTCTBEHHO IpHU-
BEJECHBI B Ta0I. 2 1 3.
Tabnuya 2
Table 2

XapaKTepuCTHKa OTBITHBIX CymeK B kamepe MGR-5

Characteristics of experimental dryers in kamepe the MGR-5 chamber

Pesynbrarel cymmku =

Drying results =
Tpebyemas Cobronenue o | 3
N BIAXKHOCTh Cpemiee Daxrirte- (J:H Z([:Ka S| &%
i 1 JI0IycK, % Konednas KBaJIpaThye- el N }1] o 5 g £
n/m Pexum cymiku Required BIIAXHOCTD, o 0Ty CK Congp iance o2 =
Ne Drying mode humidity % OTKJIOHEHHUE Ha B with t.he = 5 = g
p/p and Final Meane HOCTB security Q| EZ
tolerance, % | humidity, square Actual clearance | &=

% degiation humidity -

tolerance x

CornacHo
HOPMAaTHBHO-
TEXHUYECKOU
1 ﬁ;"gﬁf:;::;}'; 8+2 83 1,28 +2,56 Not observed |+ I
Kamepy
According to BAT
per drying chamber
beccrynenuarsiit Cobmonaercs
2 YIUITY 842 8,1 0,95 +1,9 Obse?ved - -1
Stepless USFEU
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The end of table 2
Pesynprare! cymku =
Drying results =
o
Tpebyemas Darre. Cobrmonerie 0 5 §
Ne Bna)KHOCT(]; Koneunas Cpennee CKHI A0y CKa g £ 3
wn | Pexumcymxn | HROHy_CK’dA’ pnassocty, | \PAAPATHC | L Compliance | O g | g3
Ne Drying mode hl‘;gllﬁiriiy % CKoe HA BIAK- with the m 5 % E
p/p and Final OTKI\J/IIZ:I?:H‘? HOCTh security m z 8
tolerance. % | humidity, Actual clearance © &=
) square - >
% S humidity =
deviation @
tolerance
beccrynenuarsiit Cobmonaeres
3 YIITY 8+2 8,2 0,66 +1,32 Observed - I
Stepless USFEU
beccrynenuarsrit
4 VIITY 8:+2 8,2 0,76 +1,52 C‘gg;‘;fj:g"" - I
Stepless USFEU
CormacHo
HOPMATHUBHO-
TEXHUYECKOI
5 JIOKYMEHTAIlHH 1042 10.1 0.63 11,26 Cobmonaercst n o
Ha CYIIWJIbHYIO Observed
Kamepy
According to BAT
for drying chamber
beccrynenuarsrit
6 VIITY 10+2 9.7 0.5 1,0 Cobmonacres | I
Stepless USFEU
beccrynenuarsrit Cobmonaeres
7 YIITY 10£2 9,6 0,42 +0,85 Obsei*lved - I
Stepless USFEU
Tabnuya 3
Table 3
XapaKkTepHuCTHKa OIBITHBIX CyIeK B kamepe Y PAJI-30
Characteristics of experimental dryers in the URAL-30 chamber
Beccrynen- C Cpenuue
JaThIid Tpebyemas DAL YCIIOBHEIE
Pesxum 6-B PEKUM Ne Iponomxu- KOHEYHast Komeamas BHYTpEHHHE
Mode 6-B YIITY CYIIKH TEABHOCTR BIIXKHOCTh, % BADKHOCTR HaIpsOKCHHS
Stepless mode | Drying CYHIKH, 1 Required 1(&1-[0 cyun;iaM)l Average
USFEU number Drylﬁlogu?me’ final f&iﬁgi na conditional
IMTapameTpst humidity, % (by dl’yil?é) internal
Parameters fe 7, le "o stresses
Hauanbnbie
Initialdata 57 14 63 16 1 177
Koneunsie
Endpoints 77 4,5 6 6 2 152
Hopwarussas 3 159 10+3 9.842,7 i
HPOJIOKUTEIBHOCTh 4 148
cymku 187 -
Standard drying 5 151
time 187 h T 154
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AHanu3 TOJXYYCHHBIX PE3yJIBTAaTOB IOKA3bIBAET,
4TO 3aJa4u, NNOCTAaBJIICHHLIC IICPEA MPOBCACHUEM HC-
CJICIOBaHMs, BBIITOJTHCHBI.

1. IloaTBepkIeHO peaNbHOE CHIKEHHE IMPOIOII-
JKUTCJIbHOCTU CYIIKH GCCCTyHCH‘-IaTI)IM PEKUMOM 110
CpPaBHEHUIO C TAaKOBOU TIpH pexume 6-B Ha 18,5 %.

2. IIpoBeneHHbIE BHIOOPKH BBICYHICHHBIX JTOCOK
MoKa3alli CHWKeHHe Opaka Ha 6—6,5 % mns Oeccry-
NEHYAaThIX PEKUMOB.

3. KauecTBO Ccymiku B ciy4yae NMpHMEHEHHUs Oec-
CTYIEHYATBIX PEKUMOB BBIIIC (MEHBIIE BHYTPEHHHE
HaIpsKCHUA U JOITYCK Ha KOHCUHYIO BJIaXXHOCTD JIpEC-
BECHHBI ITPH CYIIIKE).

4. AHann3 TEXHMKO-DKOHOMHYECKHX IT0Ka3are-

JIell KaMep B cilydae MPUMEHEHHS OecCTylneHYaThIX

pexumoB (Aradonos, 2024) mokasai CynieCTBEHHOE
noBbIlIeHne 3P PEKTUBHOCTH Mpolecca CYIIKH.

BriBoabI

1. Ilpou3BOICTBEHHBIE HWCHBITaHUS pa3paboTaH-
HOW TEXHOJIOTHH CYIIKH OEpE30BBIX MUIIOMATEPHAIIOB
OeccTyneHYaTbIMU PEKUMaMU [TOATBEPIUIIN €€ BBICO-
Ky 9 $EKTHUBHOCTB.

2. Pacuer mokaspIBaeT, YTO MPH TOIOBOM O0beMe
CYIIKH Oepe30BbIX MHJIOMaTeprUaioB mopsjaka 2200 m?
(ronoBas npousBoauTenbHOCTH KaMepsl MGR-50 Ha
IoMaTepuaie TONIUHON Oonee 50 MM) yciaoBHAs
9KOHOMHMS OT CHIKEHHSI C€OECTOMMOCTH COCTAaBIISIET
0Ko0J10 4 MIH py0.
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Annomayusn. VlHTepec K co3laHuI0 OMOIUIACTHMKOB Ha OCHOBE XMMHUYECKH MOIU(DUIIUPOBAHHON

LEJUIFOJIO3BI YBECIIMYNUBACTCA. O,I[HI/IM 13 NEPCIHECKTUBHBIX HaHpaBJ'IeHI/Iﬁ ABJIICTCA UCITIOJIB30BAHUEC CIIOXK-

HBIX 3(1)I/IpOB OCJIIKOJI03bI B KAY€CTBEC BO300HOBIIIEMOTO ChIpbA IJId MMPOU3BOACTBA 6I/IOpa3HaFaCMBIX

KOMITO3UIIMOHHBIX MaTCpraJIOB. OZ[I/IH u3 Hanbosee PacpoCTPaHCHHBIX B IPOMBIINIJICHHOCTHU CJIOKHBIX

3(hHUPOB MEITION03HI — areTat MeynTono3sl (All). B manHoi cratbe paccMaTpuBaeTCs MPOIIECC PEaKIINH

KHCJIOTHOT'O T'MAPOJIn3a aneTrara HeJUIt0JI03bI. B paMKax UCCIICAOBAHUA ObLI MIPOBCACH KUCJIOTHEIN TH-

JPOJIN3 TPUAIIETATa IEJUTIONO03BI C TIENIbI0 H3YUEHUS U3MECHEHHUS XUMUYECKOTO CTPOCHUS MIPOIYKTOB pe-

aKIUU U UX QU3UKO-XUMHUIECKUX CBOMCTB. CTpOoeHHE MPOAYKTOB TUAPOIN3a OTIPEACIISIIA C TIOMOIIHIO

METOda HK—(i)pre—CHeKTpOCKOHI/II/I, TaK)Ke OBLIN OIIPEACJICHBI BA3KOCTb W IMOKA3aTCJib MPCIOMIICHUSA

1 %-HOTO pacTBOpa MPOIYKTOB pEaklMu B alleTOHE. Pe3ynpraTel MpoBeIeHHBIX UCCIIE0BAaHUM CBUE-

TEJIBCTBYIOT O BO3SMOXXHOCTH PETYIMPOBAHWS IJIMHBI LICTIN ari€Tara HeJIJIF0JI03bI METOAOM €10 KMCJIIOTHO-

To ruapoJjin3a. I[J'IH OIITUMH3al U Iporecca H€O6XOI[I/IMO OIPEACINUTb MOJICKYJISIPHYTIO MacCy IPOAYKTOB

peakuu. Kpome Toro, BCiieACTBUE MPOTEKAaHHUS TTOOOUHBIX MPOIIECCOB, CBA3aHHBIX C dTepUPHKALUCH

HEe3aMeIIeHHBIX THAPOKCHIBHBIX TPYMI C YKCYCHOW KHCIOTOW B TPUCYTCTBHUU CEPHOM KHCIIOTHI, Ha-

6J'IIO}_'[3..]'IOCL YBCIMYCHUC CTCIICHU allCTUIIMPOBAHUA TUAPOJIN3aTOB 110 CPABHECHUIO C TAKOBBIM B UCXO/-

HoM All. Tak kak BbICOKOE cofepkaHHe (CTeNneHb 3aMelleHns Oonee 2,5) aneTaTHbIX TPyl sBISeTCs

MIPETIATCTBHEM ISl ISHCTBUSA (PEPMEHTOB, CITOCOOHBIX Pa3pyIIaTh HEJLTION03Y U €€ 3(pUpHI, TO TTOBBIIIIE-

HUC CTCICHU AlICTUIIMPOBAHUA B MPOLCCCC THUAPOIN3a NPCACTABIIACTCA HCIKCIIATCIIbHBIM. BCJ'IC,Z[CTBI/IG

ATOTO B JaJbHEHIIIEM PEKOMEHIYETCsI POBOIUTE peakiuio ruaponusa All B cpeze amerona.

Knwueeswte cnosa: anerar 1eIII0I03bl, KUCIOTHBIN rusiponus, UK-crnekrpockonus, AeCTpyKIIus,

BA3KOCTH IOKA34aTCJIb IIPCIIOMIICHUSL
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Abstract. Interest in the creation of bioplastics based on chemically modified cellulose is increasing.
One of the promising directions is the use of cellulose esters as a renewable raw material for the
production of biodegradable composite materials. One of the most common cellulose esters in industry
is cellulose acetate. This article discusses the process of acid hydrolysis reaction of cellulose acetate.
As part of the research, acid hydrolysis of cellulose triacetate was carried out in order to study changes
in the chemical structure of the reaction products and their physicochemical properties. The structure
of the hydrolysis products was determined using IR Fourier spectroscopy; the viscosity and refractive
index of a 1 % solution of the reaction products in acetone were also determined. The results of the
conducted research indicate the possibility of regulating the chain length of cellulose acetate by its acid
hydrolysis. To optimize the process, it is necessary to determine the molecular weight of the reaction
products. In addition, due to the occurrence of side processes associated with the esterification of
unsubstituted hydroxyl groups with acetic acid in the presence of sulfuric acid, an increase in the degree
of acetylation of the hydrolysates was observed compared to the original CA. Since the high content
(degree of substitution over 2,5) of acetate groups is an obstacle to the action of enzymes capable of
destroying cellulose and its esters, an increase in the degree of acetylation in the hydrolysis process
seems undesirable. As a result, it is recommended to carry out the CA hydrolysis reaction in an acetone
medium in the future.

Keywords: cellulose acetate, acid hydrolysis, IR spectroscopy, destruction, viscosity, refractive index

For citation: Research of the process of acid hydrolysis of cellulose acetate / K. A. Usova,
R. R. Avalev, L. N. Prytkov, A. E. Shkuro // Forests of Russia and economy in them. 2025. Ne 2(93).
P. 133-140.

Beenenne

B Hactosimee BpeMs aKTHBHO HM3y4aroTCsl CIO-
cOOBI MOMYYEHUS LEJUTIONO03bI U3 OBICTPOPACTYIIMX
pacTeHni, Taknx Kak OamOyk, OOpIIEBHK M TPOCT-
HHK, a TaK)Ke M3 JIPyTUX BUIOB JIMTHOLEIUTIONIO3HOTO
celpbst (Marepuansl..., 2020; Marepuanst..., 2024).
WuTepec k co3aHMI0 OMOTIIACTUKOB HA OCHOBE XH-
MHYECKH MOAM(MUINPOBAHHON IEIUTIONO3BI PACTET
(Levi, Gurkovskaya, 1967). [lepcieKTHBHBIM Harpas-
JICHUEM SIBIISCTCS HCIIOIb30BAHUE CIOKHBIX d(HPOB

LEJUTION03bI B KAY€CTBE BO3OOHOBIISIEMOTO CBHIPHSI JIS
MIPOU3BOJICTBA OHOpA3IaraeMpIX KOMITO3UITHOHHBIX
MarepuasioB. OgHUM W3 HauOojee paclpoCTpaHeH-
HBIX B TIPOMBIIIJICHHOCTH CJIOXHBIX 3(UPOB LI~
JIIOJIO3HI SIBISICTCS alleTaT MeIToNo36! (puc. 1).

ALl — 32TO SKOJOTMYECKH YHCTBIA, OMOCOBMECTH-
MbIH ¥ OMOpasnaraembliii Marepuan. OH MPUMEHSIETCS
B TIPOW3BOJACTBE IUTACTMacC (ITPOJIOB), CHTAPETHBIX
(UITBTPOB, MOTYNPOHULIAEMBIX MEMOpaH (puc. 2) ¥ Ku-
Ho(oToreHku. [lnactMacchl MPOU3BOIST HA OCHOBE
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Puc. 1. CrpykrypHas ¢popMyna 1 BHEIIHNAIN B alleTaTa IEeJUTI0I03b]
Fig. 1. Structural formula and appearance of cellulose acetate

Puc. 2. ®dororpadus COM-meMOpaHsbl, OTYUYECHHOH U3 aleTara HeJUIIoI03bI
Fig. 2. SEM-photograph of a membrane prepared from cellulose acetate

All co cTeneHbio aneTUINpPOBaHUS mopsiaka 2,1-2,5
(WIxypo u mp., 2023). KoMImo3uTe! U3 miacTHQHUIIHPO-
BaHHOTO ALl 00BIYHO TepMomacTuuHbl. B nx cocras
BXOIAT MJIacTH(PUKATOPHI, CTAOMIN3aTOPBI, KpacuTe-
JI¥, HANOJIHUTENU W Jpyrue creuuanbHble 100aBKH.
B kauecTBe HamonHuTeNned MOTIYT HCIOJb30BaThCS
pa3IrYHBIe OTXObI CETECKOTO XO3SHCTBA U JIECOTIPO-
MbinuieHHoro komruiekca (Ilkypo u mp., 2023). Ha-
pUMep, ApeBecHas MyKa, HCIIOJIb3yeMasl B KauecTBE
HATIOJTHUTEIS, YAyd4IlaeT MeXaHWYeCKHe CBOMCTBa,
a M3MEJBUYEHHOE CEHO JIYTOBBIX TPaB CHOCOOCTBYET
OBICTpOMY OHOpa3IoKeHUI0 Marepuasia. KoMmo3utsl
Ha ocHOBe ALl MpUMEeHSAIOTCA B CTPOUTENBCTBE, aBTO-

MOOWMIIEHOH TPOMBIUICHHOCTH, TIPOU3BOACTBE MeOe-
JI ¥ KOHCTPYKIIMOHHBIX MaTepPHAIIOB.

[ToMuMoO TOTO, YTO KOMITO3UTHI Ha OCHOBEe AlJ
JICMOHCTPHUPYIOT BBICOKUH YPOBEHb (PH3UKO-MEXaHH-
YECKUX CBOMCTB, OHH Takke 00Ja7al0T 3HAYUTCIIb-
HBIM TIOTEHIIMAJIOM K Pa3JIOKECHUIO B €CTECTBEHHBIX
YCJIOBHSIX TIOJ] IEHCTBHEM OHOJOTHICCKUX (aKTOPOB
(Cong, 2015; Erceg et al., 2023). CrkopocTs UX pa3-
JIOXKECHUSI MOXKHO B IIUPOKUX TpEieiaX PeryJupoBarh,
M3MEHSS KOMIIOHEHTHBIN COCTaB Marepualia M CTe-
MeHb 3aMENICHUs] THIPOKCUIBHBIX TPYII Ha aleTar-
HBIC B 1IeTsIX 11eutroi1o3bl (Ach, 1993; Glukhikh et al.,
2020).



136 Jleca Poccum 1 X0351IMCTBO B HUX

Ne 2 (93), 2025 1.

Tem He MeHee oOpasLbl anerara LEJUTIOIO03bI
U KOMIIO3UTOB Ha €r0 OCHOBE JIEMOHCTPUPYIOT Oosee
HU3KYI0 CKOPOCTb OHOpa3JIOKEHUS I10 CPAaBHEHUIO
C aHaJIOraMH, TaKMMHU Kak monunaktuna. g ycko-
penust npouecca Ouoperpaganuu All mpemaraercs
YMEHBIIUTh €r0 MOJEKYJSIPHYIO MacCy IyTeM KHC-
JIOTHOTO THUAPOIN3a, KOTOPBIA pa3pyllaeT IITHKO3U-
HBIE CBSI3U B LEIAX LEIUTHIIO3bL. Perynuposanue au-
HbI nenu All sBisercs NOMOTHUTENBFHBIM CIIOCOOOM
KOHTPOJISI CKOPOCTH OHMOPA3NI0KEHHUs MaTepraa.

B pamxkax uccienoBanusi ObUI TPOBEACH KUCIIOT-
HBIM rugaponn3 All ¢ nenpio M3ydeHHWs] M3MEHEHUS
XUMHUYECKOTO CTPOEHUS NMPOLYKTOB PEAKIUU U HX

(PMBHKO-XMMHUYECKHUX CBOHCTB.

esab, 00beKTHI
M METOAMKA UCCJICAOBAHUN

B kxauecTBe MCXOMHOTO CHIPHS ISl TUAPOIIN3a UC-
IOJIb30BaNN areTar 1esntono3sl (All) mponsBojacTea
OAO «Anerar Xumponokuo» (TY 6-05-943-75).
HemocpenctBerno kuciaoTHbIN ruaponn3 ALl mpoBo-
JIAITA TI0 CTIeNTyFollel MeTouKe. B Tpexropiyro kpy-
[JIOIOHHYIO KOJIOY, 000pYy/IOBaHHYIO MEIIAIKOW, Tep-
MOMETPOM U OOPATHBIM XOJIOJHIIEHIUKOM, TTIOMECTHIIH
75 T aleTUIIEITION03bl CO CTETIEHbI0 alleTHIINPOBa-
Hus 2,41. 3arem nobGaBuiu 650 T IenSHON YKCYCHOM
KHUCJIOTHI U TTOCTABIIIN KOJIOY Ha BomsHyto OaHto. [1o-
CJIe TIOJTHOTO PAacTBOPEHUS alleTHIIIIEIUIION03bI OblIa
B3siTa nepBast npoda (ALl-1). B konOy modasmim 1 mu
KOHIICHTPHUPOBAHHOM CEpHOU KUCIOTHL. Yepes 60 MuH
(AL1-2), 120 mun (ALL-3) u 180 mun (ALl-4) ocie
N00aBIeHUsT KUCIOTHI OBUTH B3STHI €IIE TPU MPOOBHI.
I'maponuzat m3 3THX MpoO OBUT BHICAXKEH B JWUCTHII-
JINPOBAHHOM BOAE U OCTaBieH Ha 48 4. 3areM ero
OT(UIBTPOBBIBANIM 4epe3 BOpoHKY Broxmepa mo Tex
1op, TMOKa YHHBEPCAJIbHBIN WHAMKATOP HE IOKa3all
HelTpanpHyto peakiuro. [locie 3Toro mpomxyKThl TH-
JpoJu3a ObUTH BBICYLICHBI 10 TIOCTOSHHOM MacChl IIpH
temrieparype 105+2°C, u3MensueHbl U OTIPABICHEI
Ha aHaJu3.

N3yyeHne uU3MEHEHUN XUMHUYECKOIO COCTaBa
poaykToB ruzaponmn3a All B Xome peakiuu mpoBoO-
JIIOCH C WCIIOJIb30BAaHUEM MeToja HH(paKpacHOH
CIIEKTPOCKOIIMM Ha J1adopaTopHOM HH(pPaKpacHOM
¢dypre-criektpomeTpe Mapku @CM-2203. Dot criek-
TPOMETP TpeTHa3HAYCH ISl POBEJCHHS Ka4eCTBEH-

HBIX U KOJMYECTBEHHBIX UCCIIEIOBAHMMA, TPEOYIOIINX
BBICOKOM pasperatonieil cnocodHocTu. 3menenue
(hM3UKO-XMMHUECKUX XapaKTEPUCTHK THAPOIN3ATOB
KOHTPOJIHMPOBAIIOCH ITyTeM U3MEPEHUS BSI3KOCTH H TI0-
Kazaress npenomiaeHus ux 1 %-HbIX pacTBOPOB B alle-
TOHE. BSI3KOCTh pacTBOPOB OMPEEIIACH C TIOMOIIHIO
POTAIMOHHOTO BHCKO3MMeTpa lenmuepa, a mokasa-
TeJIb MPETIOMIICHUS — C IPIMEHEHHEM J1a00opaTopHOTO
pedpakromerpa mapku BIOBASE BK-AII.

Pe3yabTaThl M UX 00CyxKAeHHE

UK-dypre-ciexkTpsl TpOAYKTOB KUCIOTHOTO TH-
nponusa ALl npuBenensl Ha puc. 3. Ilnomans nuka
B obmactu 1239 cm! B ipontecce ruaponusa Al cHu-
’KaeTcsl, YTO CBHUJICTEIIBCTBYET 00 YMEHBIIICHUH KO-
JUYECTBA MPOCTHIX YIPUPHBIX CBA3EH (TITMKO3HTHBIX )
B COCTaBE THUIIPOJIM3ATOB B Mpolecce peakuuu. Jle-
CTPYKIIHIO TIETIeH IEIITI0N03bI TAaK)KE MTOATBEPIKIAI0T
pe3Koe CHIKeHHe BsA3KocTH pacTBopa All B ykcyc-
HOM KHCJIOTE U POCT PACTBOPUMOCTU KOHEUHOTO
npoaykra B Boze. [locnennee momoxeHne o0ycioBe-
HO BBIJICIICHHEM OOJIBIIOTO YHCa HU3KOMOIIEKYJISAp-
HBIX BOAOPACTBOPUMBIX OJIMTOCAXapUAOB B Mpoliecce
peakmuu. M3-3a OOJBINIOTO KOJIWYECTBA PACTBOPH-
MBIX TIPOJYKTOB pEaKIUX KUCIOTHOTO ruapou3a All
BBIXOJl MPOAYKTa TOCIe 3 4 THAPOIU3a COCTaBUI
64,8 mac. %.

B nenom ciextper 06pasiioB ucxomHoro ALl u mpo-
JTyKTOB €T0 KUCIOTHOTO TUPOIN3a XapaKTePU3YIOTCS
MIPAKTUICCKU OJMHAKOBBIMU YaCTOTAMH MTOTIIOIICHHSI.
[ToaTomy 1t aHANHM3a XUMUYECKUX MTPOIECCOB, MPO-
TEKAIOIIUX B MPOIECCE TUAPOIIN3a, HEOOXOIUMO YUH-
THIBaTh MHTEHCHUBHOCTH (TUIOMIA/b) XapaKTePUCTHYIC-
CKHX ITUKOB (Ta0HIIa).

B mponecce ruaponuza ALl Habmronaercst CHUXe-
HH€ II0IIaaM muka B obmactu 1239 cM!, 9T0 yKasbI-
BaeT Ha YMEHBIIIEHHE KOJMIECTBA MPOCTHIX IPUPHBIX
cBs3ell (IIMKO3UIHBIX) B COCTaBE THAPOIU3aToB. [e-
CTPYKITHS TIETICH TEIUTI0N03BI TAK)KE IMTOATBEPKITACTCS
PE3KHM CHIKEHHEM BA3KOCTH pacTBopa ALl B ykcyc-
HOH KHCIIOTE (KOHCTAaTUPYEMBIM O PE3KOMY YBEIH-
YEHHWIO YacTOTHl pabOThl MEIIAJIKH) W yBEINYCHUEM
pPacTBOPHMOCTH KOHEYHOTO MPOAYKTa B BOAE. DTO
CBSI3aHO C BBIJICJICHUEM OOJIBIIIOTO KOJIMYESCTBA HU3KO-
MOJICKYIISIPHBIX BOJIOPACTBOPUMBIX OJIMTOCAXapHUIOB
B IIPOIIECCE PEaKIINH.
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Puc. 3. UK-cnextpsr ALl u IpOoIyKTOB €ro THAPOIH3A:
All-1 — mpo6a B3sATa MOCiIe pacTBOopeHus arnerara; AL[-2 — mocie 60 MuH THAPOITU3a;
AIl-3 — mocne 120 muH, All-4 — ocne 180 MuH
Fig. 3. IR spectra of AC and its hydrolysis products:
AC-1 — sample taken after dissolution of acetate; AC-2 — after 60 minutes of hydrolysis;
AC-3 — after 120 minutes, AC-4 — after 180 minutes
XapakTepuCTUUECKUE YACTOThI OMIOIIEHUS U IIOIAAUCOOTBETCTBYIOIINX ITUKOB
Characteristic absorption frequencies and the area of the corresponding peaks
Yacrora MakcuMyMa WnTepnperanus OTHoCHTETbHAs TIIOMIAAb MTHKA JUIs 00pasua
N nuKa, o (rpyrma/kiacc) Relative peak area for a sample
¢ Frequency peak Interpretation All-1 AL-2 AlLL-3 All-4
height, cm™ (group/class) AC-1 AC-2 AC-3 AC-4
C-0-C
1 1239 BaJI. aCUM. (TIPOCT. S(PUPEI) 13,6 - 12,3 11,6
val. asym. (simple ethers)
C=0
2 1749 BaJI. (CIIOXKH. 2UPBI) 15,1 32,6 25,9 27,8
val. (complex ether)
C-H
3 2930 KOMO. (aJIbJIeTUIbl) 7,9 2,3 9,1 1,8
comb. (aldehydes)
O-H
4 3460 BaJI. (CITUPTHI) 41,6 41,9 243 28,5
val. (alcohols)




138

Jleca Poccum 1 X0351IMCTBO B HUX

Ne 2 (93), 2025 1.

B 10 *e BpeMs, XOTS KOJIMYECTBO INTMKO3UJIHBIX
CBsi3el yMEHbIIAaeTCsl, IJIOLA/]b MUKOB, YKa3bIBaIO-
X Ha HAJTWYHAE THUAPOKCHIBHBIX TPYMIT B THIPO-
nu3zarax (3460 cm!), Takke cHmkaercs. Ilpu 3TOM
IJIOMIA/(b TMKOB, XapaKTEPHBIX ISl COEIUHEHUH, CO-
JepKaImnX KapOOKCHIIbHBIE U CIIOKHOA(UPHBIE TPYTI-
el (1749 cm!), yBenununBaercs. Takue HW3MEHCHHUS
B MHTEHCHBHOCTH MNOIJIOLIEHUSI B paccMaTpuBaeMOi
00JTacTH CIieKTpa MOTYT OBITh BBI3BAHBI PEAKIIUAMU
aTepru(UKaui He3aMelIeHHBIX W HOBOOOpa3oBaH-
HBIX THJIPOKCWIBHBIX TPYI B IpOIlEcCe pacmaja
IJIMKO3UJAHON CBSI3M C YKCYCHOM KHCJIOTOHM, KOTOpas

110

SBIISIETCS CPeAoN Juid peakuuu ruaponnsa. CepHas
KHCJIOTa B ATOM Cllydae BBICTYNAeT B KaueCcTBE Ka-
Tagn3aropa pPeaknuu OHTepUPHUKAINHA. YBETUUYCHHE
CTETICHW AalleTWIMPOBAHUS TPOAYKTOB THAPOIH3A
HE)KeJaTeNbHO, MOCKOJIBbKY MPH BBICOKHUX CTENEHSX
3aMEIIeHHs] KUCIOTHBIE OCTaTKH YKCYCHOM KHCIIOTHI
CO3JIaI0OT TPEMSATCTBUS s PEePMEHTOB, CIIOCOOCTBY-
rouux pasnoxkenuto All. [lostromy npezncrasnsercs
11eJ1eCO00pa3HBIM MPOBOANTE PEAKINI0 KHCIOTHOTO

ruaponusa All B cpeze aneToHa.
Bszkocts 1 %-nHoro pactBopa All, ocaxnen-
HOTO W3 PEaKIMOHHOW CMecH, B alleTOHE CHUKACT-
cs B mporiecce peakuuu (puc. 4), 4ro

100

Bsi3koctb pactBopa, cll3
Viscosity of the solution, sDr
O
(a5

(o]
(el

CITY’KMT TIONTBEPKACHUEM YMEHbILIEHUS
MonekyisipHoii Maccel ALl B mporecce
rugponusa. Tak, U3BECTHO, YTO, HAIpH-
Mep, IPU CHIKEHUH CTEIIEHH MOJIUMEpH-
3aruu BropuaHoro ALl B 2 pa3a BS3KOCTh
€ro pacTBOpoB CHIDKaercss B 6—10 pa3
(ILnmoBckas, 2010).

IToxazarens npenomienust 1 %-Horo

pactBopa ALl yBenuunBaercs B mporec-

0 60 120

HpOZ[OJI)KI/ITeJ'IBHOCTB peaKHI/II/I, MUH
Reaction time, min

180  ce ruaponuza (puc. 5). Haubonee peskoe
CHIDKEHHE BSI3KOCTH XapaKTEPHO IS
HavajbHOrO mepuoma (mepBbix 60 MUH
peakiun). MI3BeCTHO, YTO BBEICHHE alle-

Puc. 4. 3aBucumocts Bsazkoctu 1 %-noro pactBopa All B alieTone

OT MPOAOKUTEIBHOCTH PEAKIIUH THAPOIH3a
Fig. 4. Dependence of viscosity of 1 % solution of AC in acetone

on duration of hydrolysis reaction

TATHBIX prHH B COCTaB HOJII/IcaxapI/I)IOB
NPUBOJUT K YBEJIMYCHHUIO HUX IOKa3a-
CnenoBaTeibHO,

TCJIL  MPCIIOMJICHUSA.

IMMOJIYYCHHBIC PE3YJIbTAThl TaKXKE CBHUJIC-

1,3630

1,3625

1,3620

1,3615

Refractive index

1,3610

Tlokazarens npenomieHus

1,3605

13600 b

TEJIBCTBYIOT O POCTE CTENEHU alleTUJIH-
pOBaHUs MPOYKTOB T'HJIPOJIN3A 110 CPaB-
HEHMIO ¢ TakoBOM B ucxomuoM AlLl. Jlis
JaJbHEHIIe oNnTUMU3alUU Ipouecca
KHCIOTHOTO ruapoin3a All Heooxonumo
ONPENCIIUTh MOJIEKYJISIPHYIO Maccy Ipo-
JIyKTOB PEaKIIUH.

BriBoabI

0 60 120

IIpOmOIKUTENBHOCTD PEAKIINU, MUH
Reaction time, min

Puc. 5. 3aBucumocts mokazatens npenomieHus 1 %-Horo pactopa ALJ
B alleTOHE OT MPOJOKUTEILHOCTH PEaKIMU THIPOIU3a
Fig. 5. Dependence of the refractive index of 1 % solution of AC
in acetone on the duration of the hydrolysis reaction

180 [MonyueHHbIe Pe3yNbTaThl CBHICTEIh-
CTBYIOT O BO3MOXKHOCTH PETYJIHUPOBaHUS
muvHBL 1enu ALl MeTtozom ero Kuciaor-
HOTO THIpPOJIN3a B TOMOTCHHOW Cpe/e.
OpHaKo BCIENCTBHE MPOTEKaHUS O00U-
HBIX IPOIIECCOB, CBSI3aHHBIX ¢ ATEpUDU-

Kauneﬁ HE3aMCIICHHbIX THAPOKCUIBHBIX
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TPYIII ¢ YKCYCHOW KHCJIOTOW B MPUCYTCTBUHM CEPHOW  CTBUEM IS JeHCcTBHUS (PepMEHTOB (IIEIUTFONa3 U CTe-
KHCJIOThI, HAONIOJAJIOCh YBEJIMUCHUE CTCIEHHW aile-  Pa3), TO MOBBIIICHUE CTEIICHH alleTHIIUPOBAHUS B ITPO-
THJUPOBAHUS THAPOIN3ATOB 10 CPABHEHUIO C TaKO-  II€CCE THAPOIU3a MPEACTABISICTCS HEXKEIATCITHHBIM.
Boi B ucxongHoMm All. Tak kak BeIcOKoe comep:kaHue BcieacTBue 3Toro B JHajbHEHIIEM PEKOMEHIYETCs
(C3 Oouee 2,5) aneraTHbIX TPYII SIBJISICTCS MPENAT-  IPOBOJUTH peakiiuto ruaposinia All B cpene aneroHa.
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Annomauus. Hacrosias crarhsi NMOCBSIICHA H3YyYCHUIO (DU3MKO-MEXaHMYCCKHX CBOWMCTB Kapja-
HOJICOZIEpYKAIeH SMOKCHUIHOW MaTpHIbl, (POPMHUPYEMOM TTOCPEACTBOM PEAKIIUH OTBEP)KIACHUS MEXKIY
AMOKCHJIHOW CMOJION M KapJaHOJICO/IepIKaIlUM OCHOBaHHEeM MaHHnXa — (peHaJIkaMUHOM. AKTyallbHOCTh
UCCIIeIOBaHMsI 00YCIIOBJICHA MTOTPEOHOCTHIO B CO3/ITAHUU SKOJIOTMIECKH YUCTHIX MAaTEPHAJIOB C BEICOKUMH
SKCILTyaTallMOHHBIMU XapaKTEPUCTUKAMU. YHUKAJIbHBIE CBOMCTBA KapAaHOJICOAEpKAIIeH 3MOKCUIHON
MAaTpHIIbI, TAKHE KaK HU3Kask TOKCHYHOCTbh, OTIMYHAS aJ[re3Usl K Pa3HOOOpa3HBIM MTOBEPXHOCTSIM, TTOBBI-
IIICHHAsI XUMUYECKasi YCTOWYMBOCTh M CIIOCOOHOCTh K OTBEPIKIICHHIO TIPU MMOHMKEHHBIX TeMIIeparypax,
JIEJIat0T 3TOT MaTepuall NEPCHEKTUBHBIM JJISl UCIOJIb30BAaHUS B PA3IMUYHBIX IPOMBIIICHHBIX CEKTOpax,
TPEOYIOIINX MOJJOOHBIX KaueCTB. DKOJIOrHYecKasi 3SHAUMMOCTh Kap/IaHOJICOIepIKaIleld STIOKCHTHON MaTpu-
16l YCHJTUBAETCs O1arojiapst NCMOIb30BaHUIO Kap/IaHOIa, U3BIEKaeMOro U3 CKOPITYIIbl OPEXOB KEIIbI0, UTO
COIJIACYETCsI ¢ COBPEMEHHBIMU TPEHIAMHU YCTOMYMBOTO Pa3BUTHSI U MUHUMM3ALIMA HETATUBHOI'O BIUSTHUS
Ha rpupoay. B xone 0030pa nurepaTypbl pacCMOTPEHBI MTPEUMYIIECTBA KapIaHOJICOACPKAIINX OCHOBA-
Hul MaHHUXa OTHOCUTEIBHO TPAJAUIIMOHHBIX OTBEPIUTENICH SMOKCUIHBIX CMOIT; TPOJEMOHCTPUPOBAHO
MHOTO00pa3ne aMHHOB | aJIbJIETHIOB, IPUMEHSIEMBIX TSl cCHHTe3a (peHamkaMiHOB. Ha ocHOBe pe3yrnbra-
TOB aHaIIU3a JIMTePaTypPHOTo 0030pa I CUHTEe3a (heHaTKaMUHA ObLTH BHIOPAHBI CHIPhEBBIE KOMITOHEHTHI
UCXOSI U3 UX JOCTYIHOCTH, SKOHOMHUYHOCTH M TEXHOJOTHUECKUX Mpeumytiects. [Ipennokennas MeTo-
JIMKa CHHTe3a (peHankamMmHa 0a3npyeTcs Ha paHee HaKOTUIEHHOM aBTOPaMH OITBITE U ITO3BOJISIET ITOMyYaTh
(heHaNIKAMHUHBI B COOTBETCTBHH C YCTAaHOBJICHHBIMH IPOSKTHRIMU HOpMaMu. [lomyueHHbIe pe3ylbTarThl
AHAJIN30B, CIICKTPOMETPHUH CUHTE3UPOBAHHOTO (PEHATKAMUHA CBHJICTEIILCTBYIOT O COOTBETCTBUU Tapa-
METPOB IOTy9€HHOTO MPOAYKTA MPOESKTHBIM HOPMaM | TIOATBEPKIAI0T 00pa3oBaHue (heHaTKaMHHOBBIX
CTPYKTYp. JlOMOTHUTEIHHO OMPOOOBaHA METOUKA OIMPECIICHUS] aMUH-TIPOTOH SKBHBAJICHTHOTO Beca
MeTo/IoM UG depeHIInaNbHON CKaHupyolel kamopumerpuu. [lokazaHa BO3MOXKHOCTh YCIICITHOIO U3-
TOTOBJICHHS Kap/JAaHOJICOAEPIKAIIEH IMMOKCUIHON MaTPHIIBI, a TaKKe U3ydeHBl (DU3MKO-MEXaHUIECKUE
CBOICTBA KapJlaHOJICOIEPKAIllel STIOKCUIHON MaTpULlbl U YCTAHOBIICHO, YTO OHA MPUTOAHA JJIsl IPOU3-

BOACTBA APCBCCHO-KOMITO3UTHBIX MATCPUAJIOB C YIYUIICHHBIMHA CBOMCTBaMHU.

© Tecnenko A. 1O., Humios O. @., I'myxux B. B., Ensros O. C., 2025
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Abstract. This article is devoted to the research of the physical and mechanical properties of
a cardanol-containing epoxy matrix formed by a curing reaction between an epoxy resin and a cardanol
containing Mannich base — phenalkamine. The relevance of this research is driven by the need for
environmentally friendly materials with high performance characteristics. The unique properties of the
cardanol-containing epoxy matrix, such as low toxicity, excellent adhesion to various surfaces, increased
chemical resistance, and the ability to cure at lower temperatures, make it promising for use in industrial
sectors that requiring such qualities. The environmental significance of the cardanol-containing epoxy
matrix is enhanced by the use of cardanol extracted from cashew nut shells, which aligns with modern
trends in sustainable development and minimizing negative impacts on nature. In reviewing the
literature, we have examined the advantages of Mannich bases containing cardanol over traditional
epoxy hardeners, the variety of amines and aldehydes used in phenalkamine synthesis is demonstrated.
Based on the results of the literature review analysis, raw materials were selected for phenalkamine
synthesis based on their availability, cost-effectiveness, and technological advantages. The proposed
method for synthesizing phenalkamine is based on the experience previously gained by the authors and
allows obtaining phenalkamines according to established design standards. The obtained analytical and
spectroscopic data of the synthesized phenalkamine indicate that the resulting product parameters meet
design standards and confirm the formation of phenalkamine structures. Additionally, a method for
determining amine-proton equivalent weight using differential scanning calorimetry has been tested.
The possibility of successful manufacture of a cardanol-containing epoxy matrix has been demonstrated,
as well as its physical and mechanical properties have been studied and it has been determined that the
cardanol-containing epoxy matrix is suitable for producing wood-composite materials with improved
properties.
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BBenenue

Kapmanoncozmepxamiass  SHOKCHIHAs — MaTpuIa
(KOM) sBrisieTcsi pe3yabTaToM peakliu OTBEepIKJIe-
HUSI, IPOTEKAOIIEH MEX Iy AMOKCHIHOH cMonoit (DC)
U KapAaHOJCOJEepXKalliM OCHOBaHMEeM MaHHUXa —
thenankamuaoMm (D) (puc. 1). brmaromaps denanka-
MUHY, BXOISIIEMY B COCTaB SIIOKCHIHON MaTpHIIbI,
nocyeHsIsl 00JIalaeT PsZIOM CBOWCTB, BBILACIISIFOIIUX
ee Ha (oHEe IPYIUX SMOKCHIHBIX MaTpHL], MOJYy4YCH-
HBIX C HCIIOJIB30BaHUEM TPAIUIMOHHBIX aMHHHBIX
oTBepauTeNed (MOTUITUIICHITOIMAMUHOB, aMHHO(e-
HOJIOB U JIp.).

deHanKkaMUHBl KaK OTBEPAUTETN SIOKCHIHBIX
CMOJI BTIEpBbIE ObLIN pa3paboTaHbl KOMIAaHNuEH «3M»

B 1970-x rogax. MHTepec K Takoro poaa OTBepAU-

!

NS
D

Qg

TeNsM OOYCIIOBJICH TEM, YTO OJHHUM M3 CHIPhEBBIX
KOMIIOHEHTOB JUIsl CUHTEe3a (PeHATKaMHHOB SIBIISICTCS
CBIPbE PACTHUTENILHOTO MPOMCXOKICHUSI — KapAaHoJ,
KOTOPBIM MOJYYaloT JUCTHUIAIMEH J1eKapOOKCH-
JMPOBAHHON YKHJKOCTH CKOPIIYIbI OPEXOB KEIIbIO.
Takke KapmaHoJcolepaiiye OCHOBaHHS MaHHHXa
00JIaIA0T PSIIOM MTPEUMYIIECTB 110 CPABHEHHIO C Tpa-
JUIIMOHHO HMCIONB3YEMbIMUA OTBEPAMTENSIMU JIIOK-
CUJIHBIX CMOJI, HallpUMep, TAKUMH KaK BO3MOXKHOCTh
HCTIOJIb30BAHUST KOMITO3UIIMHA, HE COJCPXKAIIMX pac-
TBOpHUTEJICH; HU3Kasi TOKCHYHOCTD; BBICOKAsl a/re3Hst
K Pa3iM4YHBIM TOBEPXHOCTSIM; BBICOKAs XMMUYECKast
CTOMKOCTB, CIIOCOOHOCTh OTBEPXKJATh OSMOKCHIHBIC
KOMITO3UIIMM TIPU HU3KKUX Temmeparypax (~0...—5°C)
u ap. (Parambath, 2017; ITaken, 1962).

x

Puc. 1. ®parMeHT CTpyKTYpHOH (HOPMYITBI KapIaHOICOACPKAIICH STIOKCHIHOW MaTPHIIBI
Fig. 1. Fragment of the structural formula of a cardanol-containing epoxy matrix
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OTnenbHO CTOUT OTMETHTH, YTO KapAAaHOJ Mpen-
craBiseT co0oit cmech derhipex C;s aik(-eH)WIpo-
W3BOHBIX (heHOMa, ConmepKaluXx ayK(-eH)UIbHBIN
3aMECTUTENIb B METAIOJIOKEHUH OTHOCUTEIBHO TH-
JIpOoKCHIIbHOM rpymmsl, puc. 2 (umos, 2022).
ManHnxa

Kapnanonconepxaniue OCHOBaHUSA

MOJIy4aroT IIYTEM KOHACHCAIWUU aMHWHOB pastquﬁ

OH
1

OH
2

OH
3

OH
4

CTPYKTYpHI, (opmanbjaerujaa ¥ KapaaHona. Bwioop
KOMITOHEHTOB J|JIsI CHHTE3a (DeHATKAMHHOB OIPEICIIsi-
€TCs HaHpaBHeHI/IeM nux HaHBHCﬁHIeFO HUCITIOJIB30BAHUA
u chepoit mpumenenus: (IlepcrieKTHBHBIC CBS3YIO-
uue. .., 2020; Tecnenko u ap., 2024).

T A

Puc. 2. CtpykrypHbie (hOpMYIIbI BXOJSIIMX B COCTaB KapJaHOIa COSIUHCHUIA:
1 — 3-nenragermundenorn; 2 — 3-(8'(Z)-nenranenennn)penorn; 3 — 3-(8'(Z),11'(Z)-nenranexanuernin)eHon;
4 —-3-(8'(2),11'(Z),14'-nenTanexaTprueHI)peHOI
Fig. 2. Structural formulas of compounds contained in cardanol:
1 — 3-pentadecylphenol; 2 — 3-(8°(Z)-pentadecenyl)phenol; 3 — 3-(8°(Z),11’(Z)-pentadeca-dienyl)phenol;
4 —-3-(8(2),11°(2),14’-pentadecatrienyl)phenol

ennb, 3axa4u, MeTOANKA
U 00bEKT HCCJIeI0BAHUS
Lenpro gaHHO# PaOOTHI SIBJISETCS UCCIICIOBAHUE
(hM3UKO-MEXaHNIECKUX CBOWCTB KapIaHOJICOAepKa-
1IeH 3MOKCUTHON MaTpPHUIIBL.
3ama4n, MOCTAaBIECHHBIC JJIST TOCTHUKCHHUS TSN
* cuHTe3 (heHaIKaMHHA, W3ydeHHe ero IMoKa3a-
TEICH;
* HCCJICJIOBAaHUE CTPYKTYpPbI (heHaJIKaMUHA CIICK-
TpanbubiMu MeToamu MK u SIMP, noarBepxnenue
o0Opa3oBaHus ()eHAIIKAMUHOBBIX CTPYKTYD;

* ONpENeNICHUE AaMHUH-TIPOTOH ASKBUBAJICHTHOTO
Beca CHHTE3UPOBAHHOTO (DeHATIKaMHHA;

* M3y4YeHUE (PUIUKO-TEXHOIOTHUECKUX CBOMCTB
paboueit cmecu OC: D;

* W3TOTOBJICHHWE JINCTOB KapJaHOJICOAEpIKaIlei
SMOKCUAHON MaTPHULIBI;

* uccienoBanre (PU3MKO-MEXaHUYECKUX CBOMCTB
KapJIaHOJICOJIEPIKAIlle SMOKCUAHON MaTpHUIIbI.

OOBEKTOM HCCIC/IOBAHUS SIBISFOTCS (DU3UKO-Me-
XaHUYECKHE CBOMCTBA Kap/aHOJICOJEpXkKalehd 3MOK-
CHUJIHOW MaTpHIIbI.
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B pabote mist onmucanus moydeHHOTO (eHaKa-
MHHA U €r0 CMECEN C DIOKCUIHON CMOJION OBUIN MC-
TIOJTb30BAHBI CIIEAYIONINE CTaHIaPThI:

TV 20.59.59-1686-55778270-2018 ¢ uzm. 1 «Ort-
BEPAMUTENHN AMOKCUTHBIX CMOJ Mapok «Kapmamuny;

T'OCT P 57779 «Cwmomst denonbubIe. Onpenerne-
HUE BpEeMEHH refieo0pa30BaHus Ha MOJMMEpPU3aIlliOH-
HOM IIJIUTKEY;

I'OCT P 55135 «Ilmactmaccer. uddepenimans-
HO ckaHupytomias kanmopumerpus (JJCK). Y. 2: Onpe-
JIeJICHUE TeMIIepaTypbl CTCKIOBAHUS.

dusznyeckue CBOMCTBA KapJaHoJcoepxKalen
STIOKCUIHON MAaTPHIBl OINPENEISUTH 110 CIEAYHOIUM
CTaH/AapTaM:

T'OCT 9621, m. 3.2 «/IpeBecuna cimoucTas Kiee-
Hasy; TOCT 3916.1, ISO 8302:1991 «Temmon3oms-
nus. OnpezeneHue TEPMUYECKOTO COMPOTHBICHUS
Y COOTBETCTBYIOIINX XapPaKTEPUCTUK IPHU CTAITHOHAP-
HOM TETJTIOBOM PEKHME»;

T'OCT 4650 «Ilnactmaccel. MeToasl ompenene-
HUS BopomnoromeHns» (3a 24 4, mpu 23+2 °C);

I'OCT 24621 «Ilnactmaccel 1 300HUT. Otipenerne-
HUE TBEPAOCTHU MPH BAABIKUBAHUU C MIOMOIIBIO TIOPO-
MeTpa (TBepaocTh 1mo lopy)».

MexaHW4YecKre CBOMCTBA OMPENEISsIN TI0 CIIeIy-
IOLIUM CTaHAapTaMm:

T'OCT 4651 «ITnactMaccel. MeToa UCIIBITAHUS Ha
CKATUE;

I'OCT P 56785 «Komno3utsl noinuMepHsie. Me-
TOJ] UCTIBITAHUS Ha PACTSIKEHNE TUIOCKUX 00pa3IoBy;

T'OCT P 56805 «Komno3utsl nonumepHsie. MeTo-
Il OTIPENIETICHUS MEXaHUUECKUX XapaKTEPUCTUK MPHU
n3rudey;

T'OCT 56799 «Komno3utsl nonuMepHsie. Meton
OTPEICICHUS] MEXAaHUYECKUX XapPAKTEPUCTUK MPHU
cIBUTE Ha 00pasmax ¢ V-00pa3HBIMH HAIPEe3aMm»;

T'OCT 4647 «Ilnactmaccel. Meton onpezaeneHus
yrapHo# Ba3kocTu no Hlapmny.

[TomryueHHbIif MacCMB NAaHHBIX OBIT IPOAHANH-
3UpOBAaH HAa HAJIMYHE BHIOPOCOB W TOCIEIHHE ObLIN
UCKJTFOUEHBI. /1)1 pabOThI HCIIOJIL30BAIUCH YCPEIHEH-
HBIC 3HAUCHUS N3yTaeMbIX CBOUCTB.

Taxoke B paboTe HaMU OBLTH HCITONIE30BaHbI Clie-
JIYFOIIUE TIPUOOPBHI:

* ua(pakpacHsrii criekrpodoTometp IR Prestige-21
¢ mpeobpazoBanneM Oypre, SHIMADZU (SAnonus);

* nu¢pdepeHInaIbHO CKAHUPYIOLINH KaJOpUMETP
DSC 823e/700, MettlerToledo (LLIBeituapus);

* TepMorpaBuMeTpuuecknii  ananuzatop TGA/
SDTA851e/SP1100, MettlerToledo (I1IBeiimapusi);

* CIIEKTPOMETP  SIIEPHOTO MAarHUTHOTO  PE30-
Hanca SMP-¢pypre-ciekrpomerp AVANCE NEO
(600 MI'/151 MI'm st 13C), Bruker BioSpin AG,
[Iseinapus;

» termtomep  Lambda-Meter EP500e,

C HU30JHMPOBAHHBIM  HArpeBaTCIIbHBIM

pudop
3IIEMEHTOM
Lambda-Messtechnik Gmbh, ['epmanmus;

* VHUBepcallbHasl pa3pbiBHas MamuHa I[nspekt
BlueTable 20kN, Hegewald & Peschke Mess- und
Pruftechnik GmbH (I'epmanmus).

Pesyabrarbl u ux oocyxaenue

Jlumepamypuoiii 0630p. Jjis BIOOpa KOMIIOHEH-
TOB M YCJIOBUH CHHTE3a (DeHaTKaMHHa HaMU OBLT TTPO-
BeZieH Kparkuii 0030p muteparypsl (Tollens, 1903;
Mannich, Braun, 1920; bnuk u ap., 1948; laynr-
MaH u np., 1979; Kynues, Mamenos, 1981; Ramasri
Synthesis..., 1990; Bucherle et al., 1967; Beno, 1959;
Rao, Pathak, 2006; Sandeep et al., 2006; Bimlesh
Lochab et al., 2010; Preparation..., 2012; Polyols...,
2012; New aramatic amin..., 2014; Yuan Liu et al.,
2014; Kathalewar, Sabnis, 2015; mat. Ne 3208859,
1965; a.c. Ne 338094, 1976; a.c. Ne 883016, 1981;
maT. Ne 6262148, 1960; mar. Ne 8293132, 2012;
mat. Ne 2019197359, 2019), u3 KOTOpOro clemayer,
YTO JUISl CHHTE3a (PeHAJIKAMHUHOB Ha OCHOBE Kapja-
HOJIa UCIIONB3YIOTCS Pa3NYHbIe aMUHBI (JIMHEWHbIE
STUJIICHAMHHBI, [IUKIMYECKUE dTUICHAMHHBI, apOMa-
TUYECKHUE aMUHBI, 3TAHOJAMUHBI U JIP.), & B KAYECTBE
ajmpAeTna HIMPOKO WCIONb3yeTcst (opMabIaeru]
B BHJIC BOJIHBIX PAacCTBOPOB Pa3lIMYHOW KOHIICHTpA-
MK U B BUJE Mapadopmaapaeruia.

CTOHUT OTMETHTh, YTO CPEIX HCCIeoBaTeNell He
CYIIECTBYET €JIMHOTO TOAX0/1a K CIIOCO0y cuHTe3a (e-
HAJKaMHHOB, HO 0O0JIbIIIAst YACTh UCIOJB3YET MOIXO0]
in situ, CyTh KOTOPOTO 3aKIIOYaeTcsi B 00pa30BaHUU
B 00bEeMe pPEaKIMOHHONW MacChl UMHHHEBOTO HOHA,
KOTOPBIN BCTYIIACT B PEAKIIMIO 3JIEKTPOPUIBHOIO 3a-
MEIIeHUS B apOMaTHIECKOM ITUKJIE KapJaHoa ¢ o0pa-
30BaHMEM OCHOBaHUSI MaHHMXa.

Jns monmyuenust (enankamMuHa (HaMMEHOBAHHE

no npoekty — «Kapnamun J») B kauecTBe CHIPHEBBIX
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KOMIIOHEHTOB — aMUHa U aJIbJeTHAa — HAMH ObUIN BbI-
OpaHbl STHICHIUAMUH 1 (OopMalbIeTru B BUe napa-
(dhopmanbieruaa COOTBETCTBEHHO.

Bb160p 1aHHBIX COETMHEHUH B KaueCTBE KOMIIO-
HEHTOB CHHTE3a OOYCJIOBJIECH HX IIUPOKOH JOCTYII-
HOCTBIO B Halllell CTpaHe, HU3KOW IIEHOW M HEKOTO-
PBIMU IPYTHMH OCOOCHHOCTSIMHM IIpoliecca CHUHTE3a
(enankamuHa. B yacTHOCTH, TeMIepaTypa KUIICHHUS
STUJICHJAMAMUHA TIPU HOPMAaJbHOM aTrMoC(epHOM
nmaBinenun coctasisieT 117-119°C, grTo mo3BoiseT
yAaJluTh HE BCTYNUBLIMH B PEakUUIo aMHH B Ooee
«MSTKHUX» TEXHOJIOTUYECKUX YCIOBHSAX, a HCIIONb-
30BaHMe mapadopMalbleruia C KOHIEHTpaluen
OCHOBHOTIO BemiecTBa ~ 96,0-98,0 % mo3BojsieT Ha-
MPaBUTh NMPOTEKAHUE PEAKIIMHA B CTOPOHY 00pa3zoBa-
HUS LIEJIEBOIO COEANHEHUS — (PeHaIKaMHHA — 3 CUET
YMEHBLICHHS KOJTMYECTBA BOIHOM (ha3bl B peaKINOH-
HOH Macce.

Meroauka CUHTE3a, MpEJIOKEHHass HaMH, Oblia
chopMHpOBaHa UCXOJISl U3 OMBITA, TOTYYEHHOTO B pe-
3yabTaTe BBIMOMHEHHS Mpeasiaynmx pador (Tecmen-
Ko u J1p., 2017; Tecnenko u ap., 2020a,0) u poeKT-
HBIX HOPM CHUHTE3HMpyeMoro ¢eHankamuHa (tadm. 1).
MoJibHOE COOTHOIICHHE KapAaHo : dTHICHIUAMUH :
(hopmanbprern; BHIOMpANH TakK, YTOOBI IOKa3aTeln
«/luHamuueckasi BS3KOCTB» W «AMHHHOE YHCIIO»
TOTOBOTO MPOJIYKTA MOCTE YAaJICHHs BOJBI M HE BCTY-
MUBILETO B PEaKkHio aMHHa ObUIM B AMAna3oHe Mpo-
EKTHBIX HOpM (Tabm. 1).

Cunmes ¢henankamuna, uzyuenue e2o noxasa-
menei. J{ns cuHTe3a (eHaIKaMHHA HMCIOJIb30BAIH
YETHIPEXTOPIYI0 KOJIOy, CHAaOKCHHYIO BEpXHEIPH-
BOJIHOH MeEIIaIKOW, TEPMOMETPOM W TETUIOOOMEH-
HUKOM, CITIOCOOHBIM paboTaTh Kak B «IIPSMOMY, TaK
U B «OOpaTHOM» peXUMaxX, W BOJOKOJIBIIEBOW Ba-
KYYMHBIHI Hacoc.

B peakrop 3arpyxanu 1,0 Moib KapaHosa, 3aTeM
2,0 monsa stuneraunamuHa. Comep)KHMMOE peakTopa
MepeMeNINBaIIM U Harpesanu 1o temneparypsl 80 °C.
3aTeM B peakMOHHYIO Maccy MOPLUHUOHHO BHOCHWIIN
2,0 momsa opmanbaernna B tedenue 120 MHH Tak,
YTOOBI TEMIIepaTypa peaKIIMOHHON MacChl HE MPEBBI-
mrana 100°C. Tlocne noGaBieHus] BCEro KOJIMYECTBA
(hopmanprernga peaknuoOHHYI0 MacCy pa3orpeBajii
10 110-115°C u BbIAEp:KUBAIM NPU AAHHOU TEMIIE-
parype B Tedenne 60 MHH. 3aTeM U3 MOJy4YeHHOH pe-
aKIIMOHHOM MAacChI IMOJT BAKyyMOM yIaJISUIH BOLLY U HE
BCTYIIUBIIHMKA B peaknuio amuH. [locie 3aBepmieHus
npoliecca BaKyyMHOH CYIIKH HOMTy4eHHbIH (eHanka-
MuH oxnaxaanu a0 25-30°C u ciuBamu B Tapy Xpa-
HEHHs TOTOBOTO TIpoaykTa. [lokazarenu momydeHHOTO
(heHamkamMuHa MpeICTaBICHbI B Ta0IM. 1.

Hccnedosanue cmpykmypol enarkamuna cnex-
mpanvHuimu memooamu UK u AMP, noomeepocoenue
obpaszosanus ¢henarkamunogvlx cmpykmyp. llomy-
YEHHBI HAMU (PeHANTKaMUH OBUT TaKKe OXapaKTepH-
30BaH C MOMOIIBIO CIIEKTPAIbHBIX METOJOB aHAllN3a
(UK, SIMP 'H, SIMP 13C).

Tabnuya 1
Table 1
[Nokazarenu kadectBa heHankamuna (Kapnamun J1)
Quality indicators of phenalkamine Cardamine D
No Iloxasarens IIpoextupyemas HopMa Kapnamun J]
- Indicator Design standard Cardamine D
OpHOpoaHAs TPO3PAYHAsT KUIKOCTh
1 BuemHuit BU 0e3 MEXaHMYECKUX BKITIOUCHUI CooTBeTCTBYET
Apperance Homogeneous transparent liquid without Meets
mechanical inclusions
Junamuaeckast BI3KocTsh, ipu 25 °C, mlla-c .
2 Dynamic viscosity at 25 °C, mPa-s 20003000 2431
Awmmunnoe uncio, MrKOH/r
3 Amine value, mgKOH/g 350-400 371
4 Maccosas monst Boasl, %, He 6oee 20 0.2
Water content, % by mass, not more than > >
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B
(puc. 3) ObLTH BBIACICHBI XapaKTEPUCTHYECKHUE IO-

noixydeHHom UWK-cmekrpe ¢enamkamuna
Jocel momtomeHus (Tabn. 2). AHanu3 XapakTepu-
CTMYECKHUX I0JI0C MOIVIOLICHHs IT03BOJISIET TOBOPHUTH
0 TPOTEKaHWU peaKkuuun MaHHHMXa M 00pa3oBaHHU
(enankamMuHa.

[lo pesynbraTaM 3aperuCTPUPOBAHHBIX CIIEKTPOB
SIMP 'H, "*C MOXHO OJHO3HAYHO YTBEPXKIATh O MPH-
COCJIMHEHHUH JTUJICHINAMHHOBOTO ()parMeHTa K MO-
Jekyse kapaadona. Tak, B ciektpe SIMP 'H 1o cpas-
HEHHIO C UCXOIHBIM CHEKTPOM KaplaHoyia B 00JacTh
3,83-2,42 wm. . 3apeructpupoBansl curaaasl NCH,
METHJICHOBBIX IPOTOHOB. [Ipryem ananus uHTErpah-
HOW MHTEHCHBHOCTH YKa3bIBa€T Ha MPUCOCAMHCHHE
nByx ¢parmenroB —CH,~NH(CH,)-NH—- k omHo#t
MOJIEKyJIe KapAaHoja: B 00JIACTH apoOMaTHYECKUX KO-
JieO0aHui HAOJIOIAETCsl TOJBKO JIBA apOMaTHYECKHX

MPOTOHA, TOTAA KaK B CHIBHOM II0JIE CyMMapHO J0-
MOJIHUTEIILHO HAOMIONA0TCsI 12 METHUIICHOBBIX IPOTO-
HOB (puc. 4).

B criekrpe SIMP BC (curnanst CH u CH; Hanpag-
nensl BHU3, curHaisl C u CH, — BBepx) Mo cpaBHe-
HUIO C WCXOAHBIM CIICKTPOM KapJaHojia B 0OJacTH
76—41 M. 1. Takke HAOMIOOAOTCS CUTHAIIBI YIIIEPOIOB
METHJICHOBBIX rpymi (puc. 5).

OIHO3HAYHO ONPENENIUTh CTPYKTYpy (HeHai-
KamuHa 1o crekrpam AMP He mnpexacraBisercs
BO3MOXXHBIM I10 TPUYHUHE OOpPa30BaHUS HECKOJb-
KUX MPOAYKTOB B pe3yibTaTe CHHTE3a, B TOM YHCIIE
U BO3MOXHBIX JIOMOJHUTENBHBIX IPOIYKTOB OIH-
roMepu3anuu, H0O MOKHO HPEANOI0KUTh, YTO CHH-
TE3UPOBAHHBIN (CHAJIKAMUH HWMEET CICTYIONTyI0

CTPYKTYpYy (puc. 6).

i I
ssesssoss e et SR o S = e L o
: 3 R
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T T i T T T T T T T T i T T ) § T I T T T T i T T T T I T
1750 1500 1250 1000 750 500
l/em

Puc. 3. UK-criexrp ¢penankamuna (Kapmgamun J{) B aquamazone 400-4000 cv!
Fig. 3. IR spectrum of phenalkamine (Cardamine D) in the range of 400—4000 cm™!
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Tabnuya 2
Table 2
Jannsie UK-ciekrpockonuu denankamuna (Kapmamun 1)
IR spectroscopy data of phenalkamine (Cardamine D)
[Monoxenune muka, cM ' Ipymma
Peak position, cm! Group
3290 Baut. koneOanust —OH rpynn
val. Oscillations —OH groups
3007 BaJ1. kosiebanust =C—H B aJix(-eH)MIbHOM 3aMecTUTeNe
val. oscillations =C—H in the alk(-en)il substituent
2924 BaJI. acuM. konebanus —CH2-rpymnmn
val. asym. oscillations —CH2-groups
2852 Baj. cuM. konebanust —CH2-rpymm
val. sym. oscillations —CH2-groups
1616 BaJI. KOJICOAHUsI apOMATHYECKOTO KOJIbIIa
val. oscillations of the aromatic ring
1581 BaJl. konebanus —NHx-rpynn
val. oscillations -NHx-groups
1456 ned. kojaeOaHus: apOMaTHYECKOTO KOJIbI[a
def. oscillations of the aromatic ring
1394 Baut. koneOauust —N—C-rpym
val. oscillations —-N—C-groups
1340 ned. xonebanuss C—H-rpynn
def. oscillations C—H-groups
1276 ned. konebanus —OH-rpymm
def. oscillations —OH-groups
1116 Baut. konebauust —N—C-rpym
val. oscillations —-N—C-groups
910 CH nennockoe konebanue, konnesas HRC=CH,
CH is a non-planar oscillation, terminal HC=CH,
813 ned. konebanus —NH,-rpymmn
def. oscillations -NH,-groups
725 Masr. konebanus —CH,-rpynit B ank(-eH)WIbHOM 3aMeCTHTeIIe
pend. oscillations of —CH,-groups in alk(-en)strong substitution
646 KosIeOaHusI YIIICPOJHOTO CKENIETa B alTKaHaX
oscillations of the carbon skeleton in alkanes
Onpedenenue aAMUH-NPOMOH  IKEUBATIEHIMHO20 EEW — >TIOKCUIHBIN SKBUBAJICHTHBIN BEC 3IOK-

geca cunmesuposannozo genarkamuna. OIHAM U3
BaXHBIX TTApPaMETPOB aMHUHHBIX oTBepauteneii (AO)
SMOKCHIHBIX CMOJI SIBJISIETCS aMHUH-TIPOTOH 3KBHBa-
nentHeld Bec (AHEW, 1/9kB), KOTOpBII MO3BOJISIET
paccuuTarh cTexuomerpuyeckoe cootHomenue OC :
aMUHBIN OTBEPIUTEN!

_ 1004HEW
EEW

X (D)
rae X — Macca aMHHHOTO OTBEpAUTEIIS, TPeOyroIasics
J1st orBepokieHust 100 T 3MOKCUIHOM CMOJIBI, T

AHEW — aMMH-IDOTOH 9KBHBAJIEHTHBIN BEC aMHH-
HOTO OTBEPIUTEIISI, T/9KB;

CHUJIHOHM CMOJIBbI B3SITOM JIJISl OTBEPIKICHUS, I/9KB.

CyIecTBYIOT pa3UYHbIE TOAXOABI W METOJbI
(A study..., 2019; Combined analytical techniques...,
2007; Jeftrey Gotro, 2014) mist ompeneneHusi aMuH-
MPOTOH-3KBUBAJIEHTHOTO Beca orBepauTens. OCHOB-
HOW ToaXoj Oasupyercs Ha 3HAHUU CTPYKTYPHOM
(hopMyJIbI  HCITOJIB3YEMOT0 aAMUHHOIO OTBEPAMTEIS
U peanu3yeTcs 1mo Gpopmyie

M

AHEW =—, ()
n

rae M — MoJeKyispHas Macca OTBEPIUTENs, T/MOIIb;
71 — KOJIMYECTBO MPOTOHOB, HAXOASIIUXCS IPH Mep-

BHUYHBIX, BTOPUYHBIX aMUHOT'PYIIIIaX OTBEPAUTEIIA.
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Puc. 6. [Ipenmnonaraemast ctpykrypa penankamuna (Kapmamun J1)
Fig. 6. Presumed structure of phenalkamine (Cardamine D)

B orcyTrcTBUM nocTOBEpHOI MH(pOpPMaLNH O CTpoe-
HUM CHHTE3MPOBAHHOTO HaMU ()eHaNKaMHHa ObLIO pe-
IIEHO HCIIOJIb30BaTh MOIXOJI, OMUPAIOIIUICS Ha Onpe-
JeJICHUE TeMIIepaTypbl CTEKJIOBaHUSI OTBEPKACHHON
KOMITO3ULIUK METOJOM TU(depeHInaIbHON CKaHUpY-
romeit kasopumetpun (JICK).

CyTp MeToJa 3aKJII0YACTCS B U3MEPEHUH M3MEHe-
HUS TEMJIOBOTO MOTOKa KaK (YHKIMU TEMIIEPaTyphbl,
a XapaKTePUCTHUYECKUE TEMIIEPaTyphl CTEKIOBAHHMS
OTIPEIENSIOT MO MOJYYEHHOW KPUBOW, CKOPOCThH Ha-
rpea — 20°C/muH. 3a Temmeparypy CTEKJIOBaHHMS
orBepkaeHHo cmecu Ne 1-7 (T,,,) TPUHUMAIOCH
ycpenHenHoe 3Hauenue (7, ), HallIeHHOE JUIA Tpex
OTBEPXKJICHHBIX 00pa30B OAMHAKOBOIO COCTABA.

PacueT creXxMoMeTpUYECKOro COOTHOIICHUS JIJIsI
cmecelt No 1-7 onpenensua o gopmyne (1) ucxons
W3 TIPEeNronaraeMoil CTPYKTYpbl CHHTE3MPOBAHHOTO
Hamu (enamkammuHa (cMm. puc. 6). CoracHo mpen-
JIOKEHHOH CcTpyKType (cM. puc. 6 u dopmyny (2))
aMHMH-TIDOTOH JKBUBAJICHTHBIH Bec (eHaTKaMHHA
(Kapnamun 1) cocrasnseT = 91 1/3kB.

Jnist HaXO>KAECHUS! aMUH-TIPOTOH 3KBHBAJIEHTHOIO
Beca CHHTE3UPOBAaHHOTO (heHalkaMHHa ObLIH MPUTO-

TOBJIEHBI cMecH Ne 1—7 3MOKCUIHO-THAHOBOM CMOJIBI
(YD-128, EEW=184...190 1/3kB) ¢ ucciemnyeMbiM de-
HaJIKAMHHOM, KOJTMYECTBO (eHATKaMUHA JJIST KaXKIOH
cMecH OBLJIO PAacCUUTaHO B COOTBETCTBUH C (popmy-
ot (1) u mpenrnonaraeMbIM aMHH-ITPOTOH PKBUBAJICHT-
HBIM BecoM (eHamkamuHa <~ 91 r/3kB. [ momydenus
OOBEKTHUBHBIX PE3YJbTATOB TPHUTOTOBIEHHBIE CMECH
OXBATBHIBAIOT JAMANA30H AMUH-IIPOTOH SKBUBAJICHTHOTO
Beca ot 70 mo 100 r/2kB (Tabdm. 3).

[Hony4ennsie cmecu Ne 17 ObLIH 3aMUTH B KY-
Oudeckue (GopMbBl 0OBEMOM 5 CM>, KOTOpBIE 3aTeM
onutH oTBepikieHb! ipu 20 °C B Teuenne 24 4 1 OTHO-
CUTENBHOU BIAXHOCTH Bo3ayxa 65+5 %. 3areM mo-
JIy4EHHBIE 00pa3iibl KOHJAUIMOHUPOBAIUCH B TCUCHUE
7 mueii ipu Temneparype 20-25 °C 1 OTHOCHTEITEHOM
BJIQXXKHOCTHU BO3ayXa 65+5 %.

Jlasiee Jyist TOTy4YEeHHBIX 00pa310B ObUIH HAWICHBI
TeMITepaTypsl CTEKIIOBAHUS, PE3YIIBTATHI IIPEICTABIIC-
HBI B Ta071. 3 1 Ha puc. 7.

Kak BugHO w3 Tabn. 3 u puc. 7, Temmepary-
pa CTEeKJIOBaHUS OTBEPXKICHHBIX CMeceil Bo3pac-
we = 57°C,
AHEW=90...95 r/7kB), a 3aTeM HaUMHAET CHUKATHCS,

TacT A0 OIPCACIICHHOTO 3HAYCHUA (Tcp
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Tabnuya 3
Table 3
3aBUCUMOCTE TEMIIEPATYPhI CTEKIIOBAHUS OTBEpKIAeHHOM cMecu Ne 1—7 OT ee cocTaBa
Dependence of the glass transition temperature of the cured mixture Ne 1-7 on its composition
AHEW, Cocras, mac. .
Ne cmecu /5K 3C:
MIXt];lre AHEW, Composition, p. w. Tog1, °C Tg2, °C Thg3, °C Tep.mg> °C
numoer g/eq ER:Ph
1 70 100:37,4 52,98 52,69 52,77 52,81
2 75 100:40,1 54,41 54,09 54,24 54,25
3 80 100:42,8 54,77 54,49 54,73 54,66
4 85 100:45,5 55,49 55,25 55,39 55,38
5 90 100:48,1 57,19 56,81 56,79 56,93
6 95 100:50,8 56,72 56,63 56,92 56,76
7 100 100:53,5 55,96 55,77 56,14 55,96
57.50
- LG
# .,
56.50
56.00 .
55.50 &+

Tav.mg,°C
o
o

............ Y
54.50 et
K
54,00 .
53.50
53.00 "\ =0,0127x5 - 0,2854x° +2.4763x* - 10,424x> +22,006x* - 20.709x + 59.737
R2=1
52.50
1 2 3 4 5 6 7

Homep cmecu Mixture number

Puc. 7. 3aBucuMOCTb TeMIepaTyphl CTEKIOBaHUS OTBEpkAeHHON cmecu Ne 1—7 oT ee cocTtaBa
Fig. 7. Dependence of the glass transition temperature of the cured mixture Ne 1-7 on its composition

JIaHHBIA (AaKT OOBSICHSIETCS TEM, YTO INPU aAMHUH-
MIPOTOH PKBUBAJEHTHOM Bece 90-95 r/3kB HaXOOUT-
Cs HMCTUHHOE CTEXHOMETPHYECKOEC COOTHOLICHHE
JUIst faHHOM mapsl komrnoHeHToB (YD-128 : Kapna-
muH J[=100 : 48,1...50,8 mac.4.).

Juns paneHeimed paOGoThl OBUIO BBIOpAHO pa-
6ouee coorHomeHne OC:d, KOTOpOe COCTABUIO
100:50 mac.d., 9T0 COOTBETCTBYET aMHUH-TIPOTOH JK-
BUBaJICHTHOMY BeCY, paBHOMY 93,5 1/9KB.

OTILCHI)HO CTOUT OTMETUTH, YTO OTKJIIOHCHHEC
aMHUH-TIPOTOH OYKBHUBAJICHTHOTO Beca (HAWICHHOTO
C TMOMOINBI0 TEMIEPATyphl CTEKJIOBAHHS) OT MPE-
rnojlaraeMoro (UCXOsl U3 MPEJIOKCHHON CTPYKTYPbI
(enankamuHa, cM. puc. 6) coctaBwio 2,67 %, 4to
MOATBEPKAACT UCTUHHOCTh W3HAYAIBHBIX MPEIIONO0-
JKEHHI, CBI3aHHBIX CO CTPOCHUEM CHHTE3UPOBAHHOTO

(heHamkaMmHa.
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H3yuenue usuxo-mexnonocuueckux coucme pa-
ooueii cmecu OC: @. Jlns BeIOOpa peKUMa COBMECT-
HOH mepepaboTku padoueit cmecu DC: D ¢ mpesec-
HBIM MaTepualioM, HALICJIIET0 OTpaskeHHue B padboTe
(Tecnenxo u np., 2024), Hamu ObUIK OTIpeENICHBI Ta-
KHe TIoKa3aTeln cMecH, kKak «IlmotaocTs mpu 25 °Cy,
kotopasi coctaBmna 1015 kr/m*; «/lnHamMuueckast Bsi3-
KoCTh» U «Bpems reneoOpazoBaHusy CMECH IIPU pas-
JIMYHBIX TEMIIEPaTypax, Pe3yJbTaTbl MPEICTABICHBI
B Tal. 4.

Uszeomosnenue nucmos kapoauoncooepiicauyeli
9NOKCUOHOU Mampuybl. J1st u3ydeHus PU3UKO-MeXa-
HUYECKUX CBOMCTB KapJlaHOJCOJepKallel AIOKCH/I-
HOM MaTpulbl, COCTOSIIECH U3 AMOKCUAHO-AHUAHOBON
cmonbl (YD-128) n denankamuna (Kapmamun /1),
B3STHIX B pabodeM COOTHOIICHWH, OBLIM M3TOTOBIIE-
HBI II9Th JTUCTOB KapaHOJICOIEPKaIIeld SMOKCUTHON
Matpuisl (puc. 8).

Tabnuya 4
Table 4

TemneparypHasi 3aBUCHMOCTb TEXHOJIOTHUECKUX CBOWCTB pabouell cMecn

Temperature dependence of the technological properties of the working mixture

Temmepatypa, °C Bpewmst reneodpazoBaHus, MUH JluHamugeckast BI3KOCTh, MI1a-c
Temperature, °C Gelation time, min Dynamic viscosity, MPa-s

20 180 8860

25 120 5016

30 91* 2812

35 73%* 1963

40 58%* 1559

50 40 792

65 19%* 726

75 10 643

100 3 265*

125 1,5 169*

150 0,5 116*

* JlaHHBIC BBIYMCIICHBI [IyTEM allpOKCHMAINH OJTyYCHHBIX 3HaYeHui, R? = 0,98...0,99.
* The data were calculated by approximating the obtained values, R* = 0,98...0,99.

Puc. 8. JIuctel kapaaHoicoaepKaiei 3MOKCUIHON MaTPHUIIBI
Fig. 8. Sheets of cardanol-containing epoxy matrix
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Jluctel OBIIM HOMy4YEHBI CIEOYIOLIMM 00pa3oMm.
CHauasia Obl1a MPUTOTOBIICHA paboyvast CMECh, TEMIIe-
parypa KOMIIOHEHTOB T€pe/l CMEIIeHHEM KOMITOHEH-
TOB U TeMIlepaTypa pabouel cMecH NMOoCie CMEIICHHS
koMmroHeHToB coctaBmwia 20°C. 3aTeM MONy4YeHHYIO
CMECh pasiWIi B CHJIMKOHOBBIE (DOPMBI 00BEMOM
625 cm?®, orBepxkaenue nposoawin mnpu 20°C B Te-
yeHue 24 4 U OTHOCUTEJIBHOW BIIAXXHOCTH BO3AyXa
65+5 %. [loroM morydeHHbIE TUCTHI KOHTUITHOHUPO-
BaJIUCh B TeueHUEe 7 AHeH npu temneparype 20-25°C
Y OTHOCUTEIHHOU BIAXKHOCTH BO3yXa 65+5 %.

Hzyuenue @usuxo-mexanuueckux Ceoucme Kap-
Odaroncoodepoicaujels SNOKCUOHot mampuywl. [l omm-
CaHMs MOJTYYEHHOH SMOKCHAHONW MaTpHIBI OBUT CHAT
mpoHIb TEPMOTPABUMETPHUECKON KPHUBOM OTBEPIK-
JIEHHOH paboueii cmecH (puc. 9).

AHanu3 KpHUBOW TEpPMOIPaBUMETPUYECKOIO aHa-
JIM3a T0Ka3aJl HAIMYHE OJJHOM CTYIEeHH YObUTH MacChl,
HauuHaromencs npu temneparype 250 °C, u nuka 3To-
ro mporecca npu 380°C. [JaHHbIN TpoIecC SIBISETCS

TEPMUYECKUM PA3JI0KEHHEM OTBEP)KACHHOM KOMIIO-
3ULUH U XapaKTepU3yeT TEPMOCTOMKOCTh MOITy4EHHOMN
KapAaHOJICOZIepKaILel STIOKCUAHON MaTPULIbL.

[TomyuyeHHble JUCTHI KapAaHOJCOAEP KAlLel 3I0-
KCHJHOM Marpuipl ObLIM M3y4eHBl HAMH B COOTBET-
CTBHH CO CTaHJapTaMH, yKa3aHHBIMH paHee. B Tadm. 5
MPEJCTABICHBl PE3YJIBTaThl ONpeleieHUsT (PU3MKO-
MEXAHUUYECKUX CBOMCTB KapIaHOJICOIEpKalLeH 3II0-
KCH/IHOW MaTpPUIIHl B CPABHEHUH C TAKOBBIMH 3ITOKCH/I-
HOM MaTpuLbl, TOJYYEHHOH C UCIIONb30BaHUEM B Kaue-
CTBE aMHHHOTO OTBEpAWTENS MOJUATUIICHIIONMaMHUHA
(IT2ITA) (Kosases u ap., 2023).

AHaNM3 TMOMYYCHHBIX  (HU3UKO-MEXaHUICSCKHX
CBOMCTB (CM. Tabi. 5) mokasal, 4To KapAaHOJICO/ep-
Kalgas SIOKCUAHAas Marpula, IojIydCHHas U3 CUHTEC-
3MPOBAHHOTO HaMH (eHaJKaMuHa, 00JagaeT MOBbI-
IEHHBIMU IMPOYHOCTHBIMHU CBOMCTBAMHU U MEHBIIUM
BOJOIIOIVIOIICHUEM B CPaBHCHHWU C TAKOBBIMU 3I10-
KCUJIHOW MATPHIIBI, TONYYSHHOW C MCIOIb30BAHHEM

TPagUIIMOHHOTO CBs3yromero [1DITA.
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Puc. 9. IIpodunb KprBOi TepMOTrpaBUMETPUUECKOTO aHATIH3a
KapAaHOJICO/IEP KIS SITOKCUIHON MaTPHIIbI
Fig. 9. Thermogravimetric analysis curve profile
of cardanol-containing epoxy matrix
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Tabnuya 5
Table 5
DU3UKO-MEXAaHUYECKHE CBOMCTBA Kap/laHOJICOJEPKAllleil ATOKCUIHON MaTpUIIbI
Physico-mechanical properties of cardanol-containing epoxy matrix
3HaueHue U1 SNOKCUTHONW MaTpHUIIbI
Value for epoxy matrix
CBoiicTBO
Property OTBepKICHHOM OTBepKICHHOM
(beHanKaMHHOM TIOJTAA TUIICHITOITHAMHHOM
Cured with phenalkamine Cured with polyethylenepolyamine

II10THOCTB, KI/M?
Density, kg/m? 1060 1096
Boponornmomenne, %, npu 23+2°C 3a 24 94 03 13
Water absorption, %, at 23+2 °C for 24 hours ’ >
TermnonpoBoaHOCTH, BT M/K
Thermal conductivity, W-m/K 0,217 0,215
Teepnocts o Ulopy
Shore hardness 20 93
Paspymaronee HanpsbxeHue npu cxxarun, MIla 772 390
Compressive strength, MPa ’ ’
Pazpymatomiee HanpsbxeHue npu usrutde, MlIla 31 15
Bending strength, MPa ’ ’
Pazpymatoniee Hanpsixenue npu pactskenuu, MIla 54.0 24.0
Tensile strength, MPa ’ ’
Pazpymatoniee Hanpsxenne npu casure, MIla 30.2 23.0
Shear strength, MPa ’ ’
Vnapuast Bszkoctb 1o [apmu, kJx/m> 305 95
Charpy impact toughness, kJ/m?

BriBoabl

B pesynbrare nponenanHoi paboThI:

* [I0Ka3aHa BO3MOXKHOCTh CHHTE3a (peHaIKaMHUHa
13 BBIOPAHHBIX CHIPHEBBIX KOMIIOHEHTOB IO MPEJIO-
YKEHHOU TEXHOJIOTHH, MTOKa3aTeIN KOTOPOTO COOTBET-
CTBYIOT IIPOEKTHBIM HOpPMaM;

* CIICKTPaJbHBIMU METOJIaMHU aHalln3a MOKa3aHo,
YTO B MPOAYKTE PEaKINU MPUCYTCTBYIOT (peHATKAMHU-
HOBBIE CTPYKTYPHI;

® [I0Ka3aHO, YTO ONMPOOOBaHHAS METOAHMKA OIpe-
JICJICHUS] aMUH-TIPOTOH DKBHUBAJIEHTHOTO Beca C WC-

MOJIb30BaHUEM  TU(PPEPEHINAIBHO CKaHUPYIOLIEH
KaJOPUMETPUM MOXKET OBITh HCIOJIB30BaHA JUIS
HaxXOXKACHUA CTEXMOMETPUUYECKOTO COOTHOILIEHUS
OC : aMUHHBINA OTBEP/IUTEID;

* [I0Ka3aHa BO3MOXXHOCTb TOJY4YEHHs KapIaHOJ-
coJiepXkalled SMOKCUAHONM MaTpHIbl, MPOYHOCTHBIE
1 DKCIUTyaTal[MOHHbIE CBOMCTBA KOTOPOH IPEBOCXO-
JAT aHAJIOTWYHBIE CBOMCTBA SMOKCHIHOW MaTpPHUIBL,

MOJy4eHHOH ¢ ncnoab3oBanueM [1OITA.
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PA3PABOTKA TEXHONOIMMMu nony4vyeHna CUHBUOTUKA
HA OCHOBE NMPUPOAHbIX KAPOTUHOUOOB U BUODPITABOHOUOB

FOnust BacuiibeBna Ipu6', Anarosmii Auapeesuy llero.ies’
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Annomayusa. B nanHOW cTaThe MpencTaBieHa pa3padOTKa TEXHOJOTHH IOJIYYECHUS CHHOMOTH-
Ka Ha OCHOBE MPHUPOJHBIX KApOTHHOHMIOB M OnoduaBoHounoB. HoBblil cuHOMOTHYECKUI Tpenapat
SIBIISIETCS] AKTUBHBIM OMOTEHHBIM CTUMYIISITOPOM JUIsl OPTaHU3Ma MPH Pa3lInYHbIX 3a00JIeBaHUSX TTH-
IEBAPUTEIBHON CHCTEMBI YeJIOBEKa, UMEET BBICOKYIO JKH3HECIIOCOOHOCTh M aHTarOHHCTHYECKYIO
AKTUBHOCTb B OTHOIICHWH MAaTOreHHOW MUKpOoQuIopkl. Llenbio qanHO# paboThl SBIsIETCS COBEPILCH-
CTBOBAaHHE COCTaBa M TEXHOJOTHH TOJXYYCHUS CHHOMOTHYECKOTO Ipernapara Ha OCHOBE OHOMAacchl
Oaxrepmii Bacillus Subtilis m nmumoduasHOTO OMOOPTAHMYECKOTO KOMITIEKCA TUIOAOB OONEMUXH.
TexHONMOrHYeCKUi MpoLecc BKIIOYAET CIeNyIOIINe CTAAHH: MPUTOTOBICHUE 3aCEBHOTO MarepHala
KynbTypbl Bacillus Subtilis, KynbTuBUpOBaHHE MUKPOOHON OnomMacchl B Onopeakrope. [locienyroriee
CTyIIEHHE OMOMACCHI ITyTEM Celapanuy MO3BOJISET TMONyYUTh KOHIEHTPAT, B KOTOPHIA JOOABISIOT
YIIIEKUCIOTHBIN SKCTPAKT MI0A0B 00aenuxu. [1oaydeHHy 0 ®KHUIKYIO PELEeNTypHYIO Maccy Pa3inBaloT
BO (DJIaKOHBI U MTOMENIAIOT B THOMWIBHYIO YCTAHOBKY JUIS YIQJICHHUS BOJABI B YCIOBUSX OTPHIIATEIIb-
HBIX TEMIIEpaTyp U MHEPTHOU ra3oBoii cpeabl. KomMepueckuM mpemnaparom sBisieTcsi TBepaast Ono-
Macca Oakrepuit Bacillus Subtilis, conepxaiasi B KayecTBe OMOCTUMYIISTOPA POCTA YIIEKUCIOTHBIN
9KCTpakT obyenuxu. PazpaboTaHHas TEXHOJOTHMYECKas JMHUS PEKOMEHIYETCsl JIIsi BHEJIPCHHUS Ha
XUMHUKO-(papMareBTHIeckux npeanpusatusx Poccun. B manHoit paboTe mpencTaBIeHO MOIOKUTEIb-
HOE BIHUSHHUE YIIIEKHCIOTHOTO SKCTPAKTa IIIOA0B OOJIEMUXU HA POCT Ouomaccel Gaktepuit Bacillus
Subtilis B mabopaTropHOM IKCIIEPUMEHTE. B MpOBEIEHHOM HCCIICIOBAHUH ONITHMHU3HPOBAHBI YCIOBUS
rporiecca Moy4eHusl CHHOMOTHYECKOTO TIpernapara Ha 0CHOBe Onomacchl Oaxrepuit Bacillus Subtilis.
BrnepBrie B TpOM3BOACTBE CHHOMOTHKA HCIOJIB30BaH OMOCTUMYIMHPYIOLIHH 3P ¢deKT TunoduiabHo-
ro OMOOPraHMYECKOI0 KOMILJICKCA TUI0I0B OOJICIUXU Ha PocT OuomMaccel Oakrepuit Bacillus Subtilis
B YCJIOBHSIX IIIyOMHHOTO a’poOHOTO KyJIbTUBHpOBaHUS. Pa3zpaboTaHHas TEXHOJOrHMYECKas cXxema
¢ ogOopoM 000pyIOBaHUS ISl MTOJTyUYEHUSI CAHOMOTHKA KOJIOTHUYECKH Oe30macHa.

Kniwoueeswie cnosa: cnaOMOTUKY, TPOOUOTHKH, IPEOUOTHUKH, OMOCTIOPHH, YIIIEKUCIIOTHBINA SKCTPAKT
TUIOZIOB OOJICTIMXH, SKCTParHpOBaHUE

Jna yumupoeanus: lput 10. B., lllerones A. A. PazpaboTka TEXHOIOTHH MOTyYeHNs] CHHOMOTHKA
Ha OCHOBE IPHUPOIHBIX KapOTHHOUIO0B 1 OnoduiaBoHou 0B // Jleca Poccun u xo3siicTtBo B Hux. 2025.
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Abstract. This article presents the development of a technology for obtaining synbiotics based on
natural carotenoids and bioflavonoids. The new synbiotic preparation is an active biogenic stimulant
for the body in various diseases of the human digestive system, has high viability and antagonistic
activity against pathogenic microflora. The purpose of this research is to improve the composition
and technology of obtaining a synbiotic preparation based on the biomass of Bacillus Subtilis
bacteria and the lipophilic bioorganic complex of sea buckthorn fruits. The technological process
includes the following stages: preparation of Bacillus Subtilis culture seed, cultivation of microbial
biomass in a bioreactor. The subsequent thickening of biomass by separation makes it possible to
obtain a concentrate to which carbon dioxide extract of sea buckthorn fruits is added. The resulting
liquid formulation is poured into vials and placed in a freeze-drying unit to remove water at subzero
temperatures and an inert gas environment. A commercial preparation is a solid biomass of Bacillus
Subtilis bacteria containing carbonic acid extract of sea buckthorn as a biostimulator of growth.
The developed technological line is recommended for implementation at chemical and pharmaceutical
enterprises in Russia. This research presents the positive effect of carbonic acid extract of sea
buckthorn fruits on the growth of the biomass of Bacillus Subtilis bacteria in a laboratory experiment.
In the conducted research, the conditions of the process of obtaining a synbiotic preparation based
on the biomass of Bacillus Subtilis bacteria were optimized. For the first time in the production of
a synbiotic, the biostimulating effect of the lipophilic bioorganic complex of sea buckthorn fruits on
the growth of the biomass of Bacillus Subtilis bacteria under conditions of deep aerobic cultivation
was used. A technological scheme with the selection of equipment for obtaining an environmentally
friendly synbiotic has been developed.

Keywords: synbiotics, probiotics, prebiotics, biosporin, carbonic acid extract of sea buckthorn fruits,
extraction

For citation: Prib Yu. V., Shchegolev A. A. Development of a technology for obtaining synbiotics
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Beenenne

Cy1ecTByeT ycToluMBasi TEHACHILIUSA POCTa UHTE-
peca Bpadel M MalMeHTOB K HCIIOIb30BaHUIO JIeKap-
CTBEHHBIX CPEJICTB, CO3/IaHHBIX HAa OCHOBE JIEKAPCTBEH-
HOTO PACTUTENIIBHOTO, @ HE CHUHTETHUYECKOTO ChIPbs
(lukopacTymue JekapcTBeHHble pacTeHud..., 2014).
OnHOBPEMEHHO C 3TUM B JICCHOM XO3siicTBe Poccuu
OonbIlIOe BHUMAHHME YACNSETCS BONPOCY HHTCHCH-
(GUKaK HKCIONB30BAHUS PECYPCOB JTUKOPACTYIIUX

MUINEBBIX U JIeKapcTBeHHbIX pactenuit (Ilanun, 2022).
B crpane cymecTByloT OonblINE PeCypchl, KOTOpPbIE
MOKa HE BOBJICUCHBI B X0O3HCTBEeHHBIH 000poT (Bosip-
ckuit u zip., 2021).

Pa3paboTka mpenapaToB Ha OCHOBE HE IPOCTO
HaTypaJbHOTO PACTUTENIBHOIO CHIPbA, & JUKOPACTY-
LIUX JIECHBIX JIEKAPCTBEHHBIX PECYPCOB OJTHOBPEMEH-
HO pemnIaeT 3aJady pa3BUTHA MHOIOLEIEBOTO JIECO-
MOJIb30BaHMSI.
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Llenb nanHOTO HCCIENOBAaHUsS — pa3paboTaTh TeX-
HOJIOTHIO TOJYYEHHsI CMHOMOTHYECKOro Iperapara
Ha OCHOBe Omomaccwl Oaktepwit Bacillus Subtilis,
(hopMupyrOIIUXCS Ha OMOOPTraHUYECKUX II0JaX 00-
JICTIMXH.

B macrosimee Bpemsi WHTEHCHBHO pa3BHUBAETCS
TaKoe HarpasJieHHe OMOTEXHOJIOTHH, KaK pa3padoTKa
1 UCTIONIb30BaHUE B MEIMIIMHCKOM MPAKTUKE CUHOMO-
tukoB (Packuna, 2018). CunOMOTHKN — GaKTepHab-
HBIE Ipenaparbl NONMM(YHKIHOHAIBHOIO COCTaBa,
BKJIOYAlOIIKMEe B ce0sl KOMOWHAIMIO MPOOMOTHKOB
1 ipeOrOoTHKOB. [ [poOnOTHKY — )KUBBIE HENAaTOTCHHBIE
MHUKPOOPTraHU3MbI, KOTOPbIE B OpraHU3ME YeJIOBEeKa
BOCCTAHABIMBAIOT MHUKPOOHOIICHO3bI M OKa3bIBAIOT
0310poBUTENbHBINA 3¢ ekt [Ipeduornkn — Ouoio-
IMYECKH AKTHBHBIE BEILIECTBA MM OMOOPraHUYEeCKHe
KOMILJIEKCBI, KOTOPBIE CTUMYJIUPYIOT POCT U pa3BUTHE
npo6unotukoB (KaiiOsrmesa, Hukonos, 2019).

Obnenuxa sBISETCS CAAOBOHN KyJIBTYPOU U KO-
pacTyIIMM IUIOJIOBBIM PacTEHHEM, UMEIOIIUM 3HaYH-
TenpHOE pacnpoctpanenne B Poccun (Ilanun, 2022).
JlaHHBIN BUI MOXKET SIBISITHCA NMEPCHEKTUBHBIM IIpe-

OMOTHKOM.

O0beKTBI H METOAbI UCCJICTOBAHHSI
Haubonee W3BECTHBIM M3 CYIICCTBYIOIIMX CHH-
OMOTHKOB Ha OCHOBE OOJIeTIMXH siBiisieTcsl «buocrio-
pHH», CO3/aHHbBIN Ha Oa3e mramma Oakrepunt Bacillus
Subtilis (Jlutycos, 1998; 2003). B tabn. 1 npuBeneHs
ero moxasareiu KadectBa. Bacillus Subtilis, nin ceH-
Hasl MMajgoyka, — BUJ TPaMITOJIOKHUTEIBHBIX CIIOPOoOpa-
3YIOIIUX a3pOOHBIX OaKTepHil, MpeICTaBUTENICH pojia
Bacillus. OH sBISCTCS aHTarOHKWCTOM ITaTOTEHHBIX
Y YCIIOBHO-TIATOT€HHBIX MHUKPOOPTaHU3MOB, TAKHX KaK
CaJIbMOHEJIIa, CTAPIIIOKOKKH, CTPEIITOKOKKH, a TaKKe

MIPOAYIIEHTOM prOO(IaBUHA U AaHTHONOTHKOB.

Tabnuya 1
Table 1

[Mokazarenu kadecTBa KOMMepUECKoro mpemnapara «buocropuny

Ha OCHOBe mTamma Bacillus Subtilis

The quality indicators of the commercial medication “Biosporin”
based on the Bacillus Subtilis

Ilokazarens
Indicator

Berinyckaemas cepust
mpenapara
The manufactured series
of the medication

TpeboBanus OC
Requirements FS

Buemnuii Bua
Appearance

Ilopucras macca
OT CBETJIO-JKEJITOTO
710 OeXKeBOro IBeTa
Porous mass from
light yellow to beige color

[Topucras macca
CBETJIO-CEepOro I1BeTa
The porous mass
is light gray in color

KonnuecTBo KU3HECTIOCOOHBIX OAIIUILT B 03¢, MIIP/:

The number of viable bacilli in a dose, billion: (1-8)10° (5,1+0,7)10°
— B. Subtilis
Kucnornocts, en. PH
Acidity, units PH 6,510 6,20,3
Maccosas gons Biaaru, %
Mass fraction of moisture, % 3.5 24204
KoHTamuHaIMsI TOCTOPOHHUMHU OaKTEPUSIMH He nomyckaercs OTtcyTcTBYeT
Contamination by foreign bacteria Not allowed Absent
AHTaroHUCTUYECKAsT aKTUBHOCTh
(30Ha YTHETEHHUSI POCTA TECTUPYEMOM KYJIBTYPbI), MM:
Antagonistic activity
(growth inhibition zone of the tested culture), mm:
— Shigella sonne 10, He menee / at least 12+1
— Salmonella typhimurium 10, He meHee / at least 12+1
— Staphylococcus 15, He meHee / at least 28+3
— Candida allicains 12, He meHee / at least 27+3
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OOBEKTBl HCCNENOBaHUS — OHOOPraHUYECKHIA
KOMIUIEKC IUIOJIOB OOJICNTUXH, cojepxaiiuii ouodia-
BOHOW/JIBI U KAPOTHHOMIBI. KauecTBO ChIpbsi KOHTPO-
JUPOBAIM B COOTBETCTBHH C HOPMATHBHBIMHU TPeOO-
BaHuAMHU (hapmakoneliHol crtarbu BOC 42-2452-94
(O6 yTBepkneHud. .., 2023).

B nmanHoM wccrnenoBanud Obuta pa3paboTaHa
CTPYKTypHasi cXeMma TMOJydeHHsI Ipernapara nmpeduo-
THKa «BakTHCYOTHIT TLTIOCY, COAEPIKAIIETO KOMILIEKC
KapOTHHOUIOB ¥ OHO(IABOHOUIOB U SBISIONMIETOCS
aHaJIoTOM KOMMepUecKoro mnpemnapara «buocnopun.
JlaHHBIN TIperapar sBIISeTCS aKTHBHBIM OHOTCHHBIM
CTUMYJISITOPOM JIJIsl OpraHu3Ma MpU Pa3IUYHBIX 3a-
0oJIeBaHMSAX MHIICBAPUTEIILHONW CHCTEMBbI YEIOBEKa,
MUMEET BBICOKYIO KH3HECITOCOOHOCTh U aHTArOHWCTH-
YECKYI0 aKTHBHOCTh B OTHOIICHHH MATOrCHHON MU-

KpO(IIOpHI.

Pe3yabTaThl M HX 00CyxaeHHE
Ha puc. 1 npuBenena cTpyKkTypHast cxema nosyde-
HUS IPeOMOTHKA, COIEPIKAIIETO KOMIUIEKC KapOTHHO-

U10B ¥ OnoiaBOHOMIOB. BiusiHUE YIIIEKUCIOTHOTO
HKCTPAKTa IIIOJI0B OONENMUXHU Ha POCT OMomacchl Oak-
tepwuii Bacillus Subtilis mokazano Ha puc. 2.

B Tabn. 2 comepkarcs CBeAEHHS O COCTaBe CHH-
Ouotnueckoro npenapara «bakTHCYOTHI TLUTIOCY, Pa3-
paboTaHHAast HAMU CTPYKTYypHAsi CXeMa ero MOoJTydeHHsI
Hpe/CTaBIeHa Ha puc. 3.

LleneBbIM MPOIYKTOM SIBISIETCSI CHHOMOTHYECKHUIH
npenapar «bakTucyoTmin tutrocy. Ilporece momyde-
HHA TIperapara BKJIIOYAeT CIEAYIOIIUe CTaIHu: MpH-
TOTOBJICHHE 3aCEBHOTO MaTepuaia KyasTypsl Bacillus
Subtilis, KymbTHBUPOBaHHEC MHKPOOHOW OHMOMACCHI
B OMOpeaxTope.

[Mocnenyromiee crymeHne OMOMacchl MyTeM ce-
napanyy MO3BOJISIET MONYYUTh KOHIICHTPAT, B KOTO-
pBIil T0OABISIOT YIIICKUCIOTHBIN SKCTPAKT ILIOAOB
obnenuxu. [lomydeHHYI0O >KHIKYIO PELENTYPHYIO
Maccy pasiuBaroT BO (UIAKOHBI U ITOMEIIAIOT B JIUO-
(GUIBHYIO YCTAHOBKY JUIS YAAJICHUS BOJBI B YCIOBH-
X OTPUIATEIBHBIX TEMIIEPATyP U HHEPTHOM Ta30BOM
Cpelbl.

ITnoxst oOmenmxu Sea buckthorn fruits

CyOnuManyoHHas cylka
L Freeze drying )
N\

Na2x Kpuonpobenue Nar
EE— Cryodrobing EE—
\ J

CO ) Cco
| BKCTpaergBaHHe 2
L Extraction
| J/

JIuno(uibHbL i KOMILIEKC
KapOTHHOWIOB U
O6uroQIaBOHOUIOB

Lipophilic complex of
carotenoids and
bioflavonoids

Puc. 1. CrpykTypHas cxema HOITy4eHUs MPeOnOTHKA, COACPIKAIIIETO KOMITIICKC
KapOTHHOH/IOB U OHO(IABOHOMIOB
Fig. 1. Shows a block diagram of the production of a probiotic containing a complex
of carotenoids and bioflavonoids
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Konuenrpamus 107 </
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IMpononKuTeILHOCTD, 4
Duration, h

=== Y TIEKUCIOTHBIA IKCTPAKT OOJICTUXH
Carbonic acid extract of sea buckthorn

~=KoHTposb
Control

Puc. 2. BnustHHEe YIIIEKHCIOTHOTO SKCTPAKTa IIOAOB OOJEMXH HA POCT OMOMAacCh OaKTepHit
Fig. 2. The effect of carbonic acid extract of sea buckthorn fruits on the biomass growth of bacteria

Tabnuya 2
Table 2

CocraB cuaOnoTHKa «bakTHCYOTHIT TTIOCH

The composition of the synbiotic «Bactisubtil plus»

Ilokazarens
Indicator

Copnepxanue, %
Content, %

Buemnuit Bux
Appearance

TabneTka CBETIIO-XKEITOrO I[BETA B CTEKISTHHOM (MJIaKOHE
A light yellow tablet in a glass bottle

ConeprkaHue BOIbI
Water content

He Goitee 3
No more than 3

Kynerypa 6axrepuit B. Subtilis
Bacterial culture B. Subtilis

He menee 96,5
Minimal 96,5

JInoduIbHbIA KOMIUIEKC KAPOTUHOUI0B U OMO(IaBOHOUI0B
Lipophilic complex of carotenoids and bioflavonoids

He menee 0,5
Minimal 0,5
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AmmynbHas CIIOpoBast KyJIbTypa -
Bacillis Subtilis PHUTOTOBJICHUE 3aCEBHOTO
A 1 re culture § o g

mp01'1 e' SPo ) u u L Preparation of seed material
of Bacillis Subtilis

. . A 4
CrepubHbli Bo3ayx Sterile air v
CrepuyibHas NUTATEIbHAS CPENia | KynsTisnposanne MUKPOOHOI
Sterile nutrient medium BHeER ‘
YTIEKUCIBIN SKCTPAKT O0JICTUXH Cultivation of microbial
Carbohydrate Sea Buckthorn Mass
Extract t=25...30°C
Kynberypanenas sxuakocts Cultural liquid
[ CemapupoBanue Separation ] > pyrar fugate

KonnentpupoBanHas MukpoOHas 6momacca B.Subtilis
Concentrated microbial biomass of B.Subtilis

Po3nuB Bo ¢akon
Bottling in vials

A 4

CyOnmmManoHHas CyIka
Freeze drying

VYkymnopka (h1akOHOB H yITaKOBKA
Bottle capping and packaging

«bakTrcyOTHI TUTFOCY
«Baktisubtil Plus»

Puc. 3. CrpykrypHas cxema IOJy4eHUs] CHHOMOTHYECKOTO mpenapara « BakTHCYOTHII TUTHOC)
Fig. 3. Block diagram of the preparation of the synbiotic drug “Bactisubtil plus”
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TexHonmornueckast cxema IOJyYeHHS CHHOHO-
THKa C MOJ00POM O0OpYJAOBaHUS IPEICTABJICHA HA
puc. 4. B 3acenoit dhepmenrarop @1 na 20 11 BBOIAT
CTEPWIbHBIM BOJHBIN PAacTBOP IMUTATEILHON Cpelbl
1 unoUIbHBIA SKCTpakT obnenuxu. M3 3aceBHOro
ouopeakropa @1 mpu JOCTIKEHWN KOHIICHTPAIHH
kiaetok mopsiaka 10 mupa (10°) kimetok B 1 M pac-
TBOPa KYJIBTYPAIbHYI JKUAKOCTb II€PEKAYUBAIOT
B TIPOMBINUIEHHBIH Onopeakrop emkocThio 100 .

MukpoOHyro Maccy u3 ¢epmentaropa ®2 mopator
LHEHTPOOEKHBIM HACOCOM B Cemaparop, Ijie Mporcxo-
JIAT CTYIICHUE OMOMACCHI.

[Ton ne¥icTBreM LEHTPOOEKHBIX CHIJI OHA OTBO-
JIUTCSI B HAKOIUTEJIbHYIO €EMKOCTb. BONIHBIN pacTBOp
MUATaTebHON cpeasl oTBomuTcs B D2, M3 Hakomu-
TEThHONH €MKOCTH KOHIIGHTPHpPOBaHHAs Onomacca
MoJIaeTCs Ha YCTAHOBKY JIO3UPOBAHUS BO ()IAKOHBI

eMKOCTBhIO 10 Mit.
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Puc. 4. TexHomorudeckas cxema MOIy4EeHUS CHHOMOTHKA

Obopydosanue: @1 — pepmentarop 3aceBHOU; @2 — depmentaTop pabounit; C — cenaparop; V/[ — ycTaHOBKa JO3UPOBOYHAS;
V3C — ynbrpa3BykoBoii crepmnszarop; ¥YC — ycTaHOBKa CyOnMMannoHHON cymku; K — xomnpeccop; HI[; 4 — HacOC HEHTPOOEKHBII;
A® — anmapat (HacoBOYHBIN; B3 — BEHTHIIb 3alIOPHBINA; £ — EMKOCTh 3aCEBHOM KYJIBTYpBI; £ — eMKOCTh aMMHUAYHON BOJIBL; £3 — EMKOCTh
MUTATEeNBHON cpeabl; £4— eMKOCTh MHKPOOHOH OroMacchl; 5 — eMKOCTh OMOCTUMYIISATOPA; Eg— €eMKOCTB ¢ MEIIAJIKOW ISl IPUTOTOBIIE-
nust JKPM; E;7 — eMKOCTh KOHLIEHTPUPOBAaHHONH MUKPOOHON MacChl.

Iomoxku: 1 — 3aceBHast KynsTypa Bacillus Subtilis; 2 — ammuadnast Boja; 3 — MUTaTeNbHAs cpefa; 4, 6 — KyJIbTypanbHas )KUIKOCTB;
5 — MUKpOOHast Guomacca; 7 — KOHIIGHTPHPOBaHHasi OMomacca; 8§ — OMOCTUMYIISITOP; 9 — XKHIKas penentypHas Macca; /() — KOHLIEHTPH-
poBaHHast MUKpOOHast Macca; /] — kacceTsl ¢ uiakoHamu; /2 — KacceTsl ¢ urakoHaMu; /3 — TOTOBBIH MPOIYKT; B2 — BO3IyX CTEPHIBHBII;
T5 — Boma ropsiuast mogaromnias; B3 — Boma MoAroToBieHHast; 76 — Boga 000poTHas

Fig. 4. Technological scheme for obtaining synbiotic

Equipment: @1 — seeding fermenter; @2 — fermenter worker; C — separator; V// — the dosing unit; ¥3C — ultrasonic sterilizer;
VC — freeze drying unit; K — the compressor; HL]; 4 — the centrifugal pump; A® — filling machine; B3 — shut-off valve; E| — seeding crop
capacity; E, — capacity of ammonia water; £3 — nutrient medium capacity; £, — Microbial biomass capacity; £5 — biostimulator capacity;
E¢ — a container with a stirrer for cooking LFM; £ — the capacity of the concentrated microbial mass.

Streams: 1 — sowing culture of Bacillus Subtilis; 2 — ammonia water; 3 — nutrient medium; 4, 6 — cultural liquid; 5 — microbial
biomass; 7 — concentrated biomass; § — biostimulator; 9 — liquid formulation mass; /0 — concentrated microbial mass; // — cassettes
with vials; /2 — cassettes with vials; /3 — the finished product; B2 — the air is sterile; 75 — hot supply water; B3 — prepared water;
T6 — recycled water
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[Momy4eHHsle KacceTsl ¢ (hIaKOHAMH ITOMEIA0T
B YCTaHOBKY CyONMMAIIMOHHON CYIIKH. 3aMOpa)KHBa-
foT pu —20°C B ycloBHWsIX IIyOOKOro Bakyyma. Ba-
KyyMHBIE HacOCHI JJaHHOH YCT@HOBKH OOE€CIICYHBAIOT
ocrarounoe ganeHue B armmapare 0,01 xr/cm? (atm).
IIporecc cyOnmumanmoHHON cymku gyuTest 4 4. Xia-
JIareHToM siBisieTcs a3otr. CyOnmuMupoBaHHas Onomacca
npencrasisier co0oil TabneTky Bo (akone. Kaccersl
¢ (akoHamu ToyaroT Ha (PacOBOYHBIN ammapar, B Ko-
TOPOM IPOUCXOAUT CTEpHJIbHAS YKYNOpKa (HIaKOHOB
MpOOKaMH.

BoiBOABI
B mpoBeIeHHOM HCCIICIOBAaHUU ONTHMHU3UPOBa-
HBI YCJIOBHS TIpoIiecca MOMyYeHUS] CHHOMOTHYECKOTO
npenapara Ha OCHOBe Ouomaccel Oaktepuit Bacillus
Subtilis.
TEXHOJIOTHYECKasi CXeMa ¢ MoI00poM 000pyIOBaHUS

Pazpaborana sxomormuecku Oe3omacHas

JUTSL TIONyYEHHUs] CHHOMOTHKA. BriepBbie B Mpon3BOa-
CTBE CHHOMOTHUKA HCIIOIH30BaH OUOCTUMYIUPYOLIHN
3¢ dexT TUMTOPUITEHOTO OMOOPTAHUYECKOTO KOMIIIICK-
ca IUIOAOB OOJEeNUXHM Ha PoCT Ouomacchl OakTepwid
Bacillus Subtilis B ycIoBUSAX TIIyOMHHOTO a3pOOHOTO

KYJIBbTUBUPOBAHUS.
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BACUNUN AHOPEEBWUY A3APEHOK
K 80-NETHEMY IOBUIIELO

VASILY ANDREEVICH AZARENOK
ON THE 80th ANNIVERSARY

Bacunuii AuapeeBud A3zapeHok — nerictButenbHbli uied PAEH,

TpencenaTeslb YpalIbCKOTO OTACNICHUs CeKIN HayK o Jece PAEH,

JIOKTOP CEIbCKOXO3SIMCTBEHHBIX HayK, podeccop Kadeapsl TEXHOIOTHN

1 000pyIOBaHHMS JIECO3ar0TOBUTENBHOTO rpon3BosicTea YIJITY

Bacummit  Amgpeesnu  pommncs 21 ampens
1945 roma. JKenatr, uMeeT NBYX B3pOCIBIX CBIHO-
BeW M TpexX BHY4YEK. MeCTo pOXKICHHUSI — . 3ayieche
Jlenenbckoro paiiona Burebckoit obmactu beno-
pycckoit CCP, mosiBWICS Ha CBET B CEMbE CEIBCKHUX
yumureneir. Orenm — AsapeHok Amnzapedt Kapmosuu
(1914-1962 rr.) — oxonumn lopomokckuii paddak
(Burebckas obmacts) B 1935-1936 1T 1o crienuaib-
Hoctu «llemarormka». A mambliie MPOJOIKIUT yueOy

B OpH.IaHCKOM neaarorut4ye€CKoM MHCTUTYTE, TAC MOy -

YUJI CIEUUAIBHOCTh «YUHTeNb ucTopun». B mocne-
JytolieM padoTan yuauTeneMm B 8-JIeTHEH IIKoJIe B Jie-
peBHe 3opHuna (Jlemenmbckuit paioH), TIAE MTPOIIEIT
IIyTh OT YYUTEINA 10 AUPEKTOpa MKoabl. MaTh — TyxTo
Xpucruna lopodeeBna (1922—-1991 rr.) — okoHunna
B mtoHe 1941 r. Jlemennsckoe memxyummmie. C WO
1944 mo 1977 rr. paborana yduTeneM HadalbHBIX
knaccoB B IloncBmxkckoit 8-nmetHed mkoine. B aToit
mkojie B.A. A3apeHOK OKOHYIII 7 KJIacCOB, a 3aTeM
ObL1 orpeziesieH B JIenenbCeKyo IKOMy-HHTEPHAT.
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B 1963 1. 3akoHum JleneabCKyo CpeAHIO0 IIKO-
Jy-UHTEPHAT M MOCTYNHJ B Xa0apoBCKUH MOIHUTEX-
HUYECKUIl MHCTUTYT IO CHeNHaIbHOCTH «JlecomH-
KeHepHoe neno». B 1968 1. mo ero okoHYaHWH OBLI
HaIlpaBJICH B LEJIEBYI0 ACIHUPAHTYpPy B YPaJIbCKUI
necorexandecknii mHCTUTYT (YJITU), THIE B 1973 Tn.
3aLIUTIII KaHIUIATCKYI0 TUCCEPTALMIO (HAYIHBIH py-
koBomuteb — npodeccop C.U. Paxmanor). C 1971
mo 1975 rr. paboran crapiiuM IpernoaaBaTesieM Ka-
(henpel MexaHM3aWHU Jiecopa3padoTok XabapoBCKO-
ro HOJUTEXHUYECKOr0 MHCTHTYTa U B 1975 1. Obln
npurnaimied B YJITU Ha J0MKHOCTH CTaplIero mpe-
nogasaTessi Kageapel TEXHOJIOIMH M 00OpYHOBaHMS
JIECONIPOMBILIUIEHHOTO TMpon3BoacTBa. B 1976 1. emy
MIPHCBOEHO YUYeHOE 3BaHME JIOIEHTa, a B 2002 1. — y4e-
HOE 3BaHHE Ipodeccopa.

AzapeHok B.A. Havanm 3aHuUMarbcsd BOIPOCAMHU
pa3paboOTKM W BHEAPEHUS TMPHUPOIOMONOOHBIX TEX-
HOJIOTMH M OpraHM3aluHd TPyAa Ha JIECOCEUHBIX pa-
Oorax B 1978 . B KauecTBe CTapUIEro HayYHOIO CO-
TpyaHHUKa oTpacieBoii nadoparopun YJITU «Texnuka
1 TEXHOJIOTHH JIeCO3aroToBok». Ha ocHoBanuu mo-
JYYEeHHBIX PpE3YyJIbTaTOB IPHU IMPOBEICHUH OMBITHO-
MIPOMBITINICHHBIX HECIUIOMIHBIX PYOOK OBUIO paspa-
6orano [lonoxxeHue o jecoceyHbIx paboTax B Jie-
cax | rpynmer VYpana. [lanHoe I[lonoxenue ObLIO
YTBEPXKICHO JIECOXO3ANWCTBEHHBIMH M JIECO3aroTo-
BUTENIBHBIME OpraHaMu yrpasieHus: CBepIuIOBCKOH
u [lepmckoit oOnacrteil U ObLUIO PEKOMEHIOBAHO JIJIsi
MIPAKTHYECKOTO TIPUMEHEHHS.

C 1982 mno 1987 rr. Bacunuit AunpeeBuu pabo-
TajJ HauyaJbHUKOM HAy4HO-HCCIIE0BATENbCKOW 4acTH
VIITH, a ¢ 1988 mo 2006 T. — mpopeKTOpOM TI0 yIed-
HO¥1 pabote By3a.

B 1998 . 8 YIJITA Obu1 0Opa3oBaH MHKyOaTop
MIPOTPECCUBHBIX JKOJIOTUYECKH O€30MacHBIX W pe-
cypcocOeperaronmx TEXHOJIOT U JIECHOTO XO3SHCTBRa,
JIECO3arOTOBOK U IEPEepadOTKU JAPEBECHHBI, OTKPbI-
THE KOTOPOTO MOIePKaJI PYyKOBOJCTBO yIIPaBICHUH
necHoro xossiiictBa CBepuioBckol, YensOuHckon
u KypraHnckoii odnacrei.

B 1999 r. mpu HenmocpencTBEHHOM YYacTHUH
B. A. AzapeHka coBMecTHO ¢ Accouuanuend Mexuay-
HapOJHBIX aBTOMOOWJIBHBIX MEepeBO3YMKOB Poccum
B YpalbCKOM TOCYJApCTBEHHOW JIECOTEXHUYECKOMN
akagemun (YIJITA) Obut opraHn30BaH U 3apeTUCTPHU-

POBaH B rOCYIapCTBEHHBIX CTPYKTypax YueOHO-KOH-
CYJIBTaTUBHBIM LIEHTP AcCCOLHMAIMKN MEXTyHapOIHBIX
aBTOMOOMITBHBIX TiepeBozunkoB (YKL ACMAIID),
KOTOPBIH CTaJl BEIYLIUM y4eOHO-METOJUUECKUM LICH-
TPOM B YpalIbCKOM (eepanbHOM OKpYTe MO TOAro-
TOBKE M TIOBBIINIEHUIO KBAIN(UKAIIUN CHEIIMATNCTOB
U BOIUTENEH Ul MEXIYyHapOIHBIX aBTOMOOMIIBHBIX
MEPEBO30K.

C uronst 2006 o oxta6ps 2011 1. B. A. A3apenok
ObUI PEKTOPOM YPaJIbCKOTO TOCYAapCTBEHHOTO JIECO-
texHuyeckoro ynusepcutera (YIJITY), a no3xe ne-
pelen Ha JOHKHOCTh COBETHUKA pekropa u B 2012 T
3aIUTHII TOKTOPCKYIO nuccepranuto. CerogHs oH —
npodeccop Kaenpbl TEXHOJIOTUH U 000pYIOBaHUS
necornpomsbiuienHoro npoussoactea (TOJII) B yan-
BEpCHUTETE.

[ox pyxoBoncTBOM A3apenka B. A. Obuim co3na-
HBI (uInaigsl YpalbCKOTO TOCYAapCTBEHHOTO JIECO-
TEeXHUUYECKOro yHuepcurera B CoBeTCKOM (XaHTbI-
MaHcuiickuii aBTOHOMHBIH OKpyr TiomeHckol oOna-
cti), Kymeivkape (Komu-Ilepmsiikuii aBTOHOMHBIHN
okpyr Ilepmckoii oOmacTn).

B 1999 r. 3a ocoOble 3aciayru B YKpEIUICHUH
MHUpa, APYKOBI, COTPYIHUYECTBA U B3aUMOTIOHUMa-
HUSI MEXJIy HApOJaMU U JIOCTUTHYTBIE PE3yIbTaThl
B yueOHOH u HayyHOH pabote Bacunmii AnnpeeBuy
OpuT HarpakaeH opaeHoM [lpyxOwl. MeeT 3BaHMs
«OtnuuHuk HaponHoro rmnpocseweHuss PCOCPy,
«IToueTHBIli pPabOTHUK BBICHIETO NPOPECCHOHATD-
HOTO OOpa3oBanus Poccuiickoit enepannmy», «llo-
YETHBI PaOOTHUK HAayKu M TexHUku PDy», «I[lodet-
HBI JokTOp Hayk Poccuiickoit Axamemun Ecte-
CTBO3HAHUS».

B 2007 r. mo ununuaruse B. A. A3zapeHnka B co-
orBercTBUU ¢ «lIporpammoii co3maHus W pa3BH-
THS TeXHOmapkoB B (CBepasioBCKO oOmacTu» mpu
nopjepx ke pykoBoncTBa CBepIUIOBCKOH o00macTH,
Ypanbckoro coro3a JI€CONMPOMBINUIEHHUKOB M Hayd-
HOW OOIIECTBEHHOCTH B YHUBEPCHUTETE OBLIT CO3[aH
VYpanbckuil necHOU TexHonapk. TexHonmapk cTan uH-
HOBAIIMOHHOM IIJIONIAJKOM JJjI JISCHOTO KOMILIEKca
VYpansckoro (eaepanpaoro okpyra (Yp®PO). B pam-
kax yHuBepcureta B 2008 1. Ha 6a3ze kadeapsr TOJIIL
OBUT OTKPBIT YUEOHBIH LIEHTP MO MOATOTOBKE OIEPaTo-
pOB xapBecTopa u (popBapaepa COBMECTHO ¢ (PHHCKOMH
thupmoii IToncce.
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B 2025 r. ucnonusiercs 50 ner ¢ Havana Tpyno-
BOM JesTenbHOCTH Bacunus AHapeeBHYa B BBIC-
meMm yuebHom 3aBenernn YJITU-YIJITA-YIIITY.
3a 9TO BpeMs MM IOJTrOTOBIICHO U BHIITYIIEHO OoJiee
180 Hay4HBIX TPYIOB — cTareld, MoHorpaduii, aBrop-
CKHX CBUCTEIHCTB M y4eOHBIX Tocobmii. OOmacTh
€ro Hay4YHBIX HHTEPECOB — HKOJIOTHYECKUE TIPOOIEMbI
Jiecomnonb3oBanus. Takoe e Ha3BaHUE HMMEET aKa-
JeMudeckas jJabopaTopus, OpraHW30BaHHas B BYy3e
¢ yyactueMm uHcTUTyTOB YpO PAH, HayuHbIM pyko-
BOIUTETIEM KOTOpOH siBnsieTcss Bacunuii AnnpeeBud.
B pamkax 3ol 1abopaTopuu ¢ YIaCTHEM HU3BECTHBIX
yuenbix Jlyranckoro H. A., 3anecosa C. B., Yconbue-
Ba B. A., Jlusmmua H. B., I'epua 3. ®@. u Mexpenie-
Ba A. B. Ob1TH pa3paboTaHbl 0CHOBHBIC JICCOBOJICTBEH-
HO-TEXHOJIOTUYECKHE MapaMeTphbl MPUPOIOIIAIAIINX
TEXHOJIOTUH Jiecomnoiip3oBanud 11t YPDO. B 2004 .
3a cepuro paboT B 00JIACTH HKOJOTHICCKUX TIPOOIEM
JIECOTIONIb30BaHMs JTabopaTopusi Oblla YIOCTOEHa 30-
noror Mmenanu Bceepoccuiickoil BbicTaBku «JIecHOU
xomrutexke 2004 romy.

B 2010-2011 rr. yHHBEepCUTET BBICTYIAJ OpraHu-
3aropom III-IV EBpo-A3uarckoro JecomnpoMbIIIICH-

HOTO (hopyMa, B paMKaxX KOTOPOTO TPOIILIH HayJIHHIE

AREIZRSSHRAIHUBERXZSEDREFUL

The Cooporatlon Agreeme~t Signing Ceremony of Shengvang |nst|tute
of Chemigf

MEPOIPHUATHUS ¢ MEXKIYHAPOIHBIM ydacTHEM 110 Gop-
MHUPOBAaHHUIO PETHOHAIIBHOTO JIECHOTO Ki1acTepa U Iep-
CIIEKTHBAM Pa3BUTHUS JIECHOTO KOMILIEKCA.

JanpHeiiniee pa3BUTHE MOIYYHIN U MEXKTyHAPOI-
HBIE CBSI3U YHHBEPCUTETA, 0COOCHHO C TPO(PUIBHBIMU
yauBepcuteramu Kuras. IIpu 5Tom ObLTH 3aKITIOUEHBI
JIOTOBOPBI O COTPYIHHUYECTBE B YUeOHOH M HAaydHOH
pabote ¢ CeBepo-BOCTOUHBIM YHUBEPCUTETOM JIECHO-
ro xo3siictBa (T. Xapbwun) 1 XWMHUKO-TEXHOJIOTHYE-
ckuM yHHuBepcuteToM (T. ILI3HbsH).

CBon (yHoameHTalbHBIC HAay4YHbIE 3HAHHS
B. A. AzapeHok nepefaeT cTyAeHTaM, MarucTpaHTam
W aclMpaHTaM B NPEMNOIaBacMbIX UM AWCIMIUIMHAX:
WHHOBAIIMOHHBIE TEXHOJOTMU 3aroTOBKU JIPEBECH-
HBI; JKOJIOTHUS JIECONPOMBIIIICHHOTO TPOU3BOJICTBA;
OLIEHKA BO3ACHCTBMS TEXHOJIOTHH 3arOTOBKH JpeBe-
CHHBI Ha OKPYXXAIOIIYI0 Cpely; CIIOCOOBI CHIKEHHUS
TEXHOI'€HHOI'O BO3/IEHCTBUS HA JIECHYIO CPELy; Jeco-
SKCILTyaTalusl.

OTO HaNLo OTpaKEHHE B MHOTOYHCICHHBIX
YIeOHO-METOAMYECKUX paboTax, B TOM YHCIIE OTHOM
y4eOHHUKE U TpeX YUeOHBIX Moco0msix ¢ Tpudom YMO
B 00JIACTH JIECHOTO Jejia, YEeThIpeX Y4YEeOHBIX MOCO-

6usx ¢ rpupom MunoOpazoBanus PO.
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B 1999 r. B Poccuiickoii ®enepaunun Obuia co-
3naHa dexepanbHas HaAMOHAIBHO-KYJIBTYpPHas aB-
ToHOMHsI OenmopycoB Poccum (DHKA), B xotopyto
Ha CEroAHALIHUN MOMEHT BXozsaT Oonee 80 Gemopyc-
CKUX OpPraHW3allii U3 Pa3IMYHbIX PETHOHOB CTPAHBI.
C 2000 r. Bacunuii AHIpeeBUY SIBISETCS OTHUM W3
OCHOBaTelNell W mpencenareneM benopycckodl Haumu-
OHAJIBHO-KYJIBTYPHOU aBTOHOMUM «benopycer VYpa-
na — bemyp». HKA «bemyp» npuHuMaeT ydactue
B KYJBTYPHO-TIPOCBETUTEIILCKON AEATENILHOCTH; Op-
raHW3alH TOP>KECTBEHHBIX COOBITHIA, TTOCBAIICHHBIX
HoroBopy o cosmanuu Coro3Horo rocymapcrtsa PO
u Pecniyonuku benapycs (PB); npoBenennn Meponpu-
SITUH 110 aKTMBU3ALUH KYJIBTYPHBIX 1 9KOHOMHUYECKHX
cBs3eit Mmexxny Pecrryonmkoit bemapycs n Cepaios-

ckoil obmactbro. Unenamu HKA «bemyp» sBisior-
cs Oenopycel u3 ExarepunOypra, Pesmbi, MpOuTa,
Kamencka-Ypanbckoro, [lepBoypanbcka u Ipyrux ro-
ponoB CBepanoBCKOii 00macTy.

B 2024 r. mpoBeaeH psag  MEpONpPUATHIA, TOCBS-
meHHsx 80-metnro ocBobokIeHuss bemapycu ot He-
menko-amucTckux 3axBarunkos: HKA  «bemyp»
COBMECTHO C [ eHepaIbHBIM KOHCYJIBCTBOM OPraHHU30-
BaJIU TOPKECTBEHHBIN MTpueM Ko J[HI0 HE3aBUCUMOCTH
benapycu 3 wuromns, Bpyumin menanu «80 roj BbI3Ba-
nenHst Pacy6uiki benapych an HaMmerka-(anibiciikix
3aXOIHIKaYy» BeTepaHaM, ydacTHUKaM orepanun «ba-
rpathony; 29 urons — B Cosere BeTepaHoB CBepIOB-
CKOH oOsiacT OBIBIIMM Y3HUKaM Jiareped u JeTsM
BOMHBI.

BEIOEC Bl Y PAJTA

Ilo3opaensem Bacunua Anopeesuua Azapenka

c 1oouneem! Kenaem Kpenkozo 300poewvsa, cuacmus,

Onazononyuusn u 0anbHeUWUX MEOPUECKUX ycnexoa!

Tepy D0yapo Dedoposuu,
0-p MexXHUYeCKUx Hayx,
npogheccop kagpedpvr TOJITT



