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Annomayus. HexoHTponupyeMoe pa3BUTHE HEKeIaTeIbHON PACTUTEIBHOCTH TP UCKYCCTBEH-
HOM JIECOBOCCTAHOBJIEHHH CHIDKAET NPHKUBAEMOCTb U TEMIIBI POCTA KYIBTYP, @ B HEKOTOPBIX
CIIyJasix CTaHOBHTCS NMPUYMHON MX rubenu. [IpuMmeHeHne 1ecoBOCCTaHOBUTEIBHON TEXHUKH
YacTO KpaiHe 3aTpyIHEHO, II03TOMY CaMbIM IEPCHEKTUBHBIM BapHAHTOM pPEIICHHS JaHHOH
poOJIeMbl SIBIISIETCSI CO3AAaHUE KYJBTYP €M CeSIHLIAMH C 3aKpBITOW KOPHEBOW CHCTEMOM
C MPUMEHEHHEM PYYHBIX MOCAJ0YHBIX OPYIUH 0e3 MpeaBapuTeIbHON MeXaHN4ecKoil ooOpa-
00TKM 1oYBEI. J{UTeNbHAS 3aIIMTa KyJABTYP OT HEeXKeJaTelIbHOM pacTUTEIFHOCTH o0ecTiedn-
BAETCs UCTIONB30BAaHNEM COBPEMEHHBIX repOUIIHIIOB, 3apPETUCTPUPOBAHHBIX JUIS TPUMEHEHHS
B JIecHOM xo3aiicTBe Poccuiickoil @enepanyu. [IpuBoasTCcs pesynbraThl OCYILECTBISABLIIMXCS
B JlenuHrpasickoii 00nmacTn 3-IEeTHUX TOJEBBIX SKCIIEPUMEHTOB O MPUMEHEHHIO T'epONIINIOB
U UX CMecedl Il OrpaHUYEHMs] KOHKYPEHLUH CO CTOPOHBI HEXKEIATeIbHONU PAaCTUTEIbHOCTU
B IIEPBbIE TO/IBI MTOCIIE TIOCAAKN KYIBTYp el eBpornelickoit (Picea abies (L.) Karst.). Ycranos-
JieHa BBICOKAsl 3((QEKTHBHOCT NIPUMEHEHHUS TepOHIUIOB IS JIOJITOBPEMEHHOTO TTOIABICHUS
TPaBSIHUCTON M JIPEBECHO-KYCTapHUKOBOM pacTHTerabHOCTH. CMecH repOMIuIoB payHan, BP
(360 r/n rmuocara kucaotsl), ankop-85, BT (750 r/kr kanueBoit comu cynb(poMeTypoH-MeTH-
na) u apcenan HoBbIH, BK (250 1/;1 mMaszanmpa) cliepsKHBalli pa3BUTHE TPABSIHUCTHIX COPHSIKOB
B TEUCHHE MHMHUMYM 2 BEIeTAlIOHHBIX CE30HOB. Takke H3Y4EeHbI MPOLECCHI 3apacTaHUs
KYJIBTYP €JIM HEeXeJIaTeJIbHOW PacTUTEIILHOCTBIO ITOCIIe ONPBICKUBAHUS TepOUIIIaMH, pPeak-
LUl Ca)KEHIIEB HA NMPHMEHEHHE XUMHUYECKUX IPernaparoB, MOKA3aTelIn COCTOSHUS U POCTa
XBOMHBIX. AHaJIM3 MOJIYYEHHBIX JAHHBIX JJ0Ka3aJl BO3MOKHOCTh OOBEAMHEHUS INpeaBapH-
TEIBHOH 3alIUTHON XHUMHUYECKOH 00pabOTKH repOMIIIIaMy 1 ITOCA/IKU CESTHIIEB 3a | TEXHOJIOTH-
4ecKUi IpHeM WU NPOBEICHNE TOCAIKU CESHIEB B TEUCHHE HECKOIBKUX MECSLEB MOCNIE XH-
MHYECKOH 00padOTKH, YTO CYIIECTBEHHO CHI)KAET PUCK ITOBPEK/ICHHUSI CAKSHIIEB TepOUIIMIaMH.
[prKkuBaeMOCTb KyJbTYp, CO3JaHHBIX MOCAIKON 1-2-IETHUMH CesHIIAMH C 3aKPBITOH KOpHe-
BOH cucTeMoii, cocrasisiia 93-98 % rmpu OMOMETPUYECKUX MTOKA3aTENsIX, TO3BOJISIONINX SITH

ABTOpBI 3asBILIIOT 00 oTcyTcTBHH KoH(HKTa nHTepecoB / The authors declare that there is no conflict of interest
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YCHEIIHO KOHKYpPHPOBAaTh C HEXEJNATEIbHOI PaCTUTEIbHOCThIO. PazpaboTanublil MeTos obecrie-
YHBAET PE3KOE CHM)KEHHE TPYJOBBIX U JEHEKHBIX 3aTpaT Ha JIECOBOCCTAHOBIICHHE 110 CPaBHE-
HUIO C TPAAULIMOHHBIMU TEXHOJIOTUAMU, TPECAYCMATPUBAIOIIIUMUA IPEABAPUTCIIbHYIO MEXaHNYC-
CKYIO 00pabOTKY MOYBBI U MOCIIEYIOIIHE arpOTEXHHYECKUE YXO/bI 32 KYJIbTYpaMHu.

Jna yumuposanus: EropoB A.B., IloctaukoB A.M., byonoB A.A., IlaBnroyenkosa JI.H.,
[Mapromuua A.H. BelpamyBanue KyJibTyp €M C IPUMEHEHHEM COBPEMEHHBIX IepOHIINI0B,
He TpeOyloliee NPOBEICHHs arpoTeXHUYEeCKUX yxo10B // U3B. By30B. JlecH. xypH. 2021. No 3.
C. 9-23. DOI: 10.37482/0536-1036-2021-3-9-23

Qunancuposanue: DVHAHCUPOBAHWE MCCIIEOBAHUS OCYLIECTBISUIOCH DeepalibHbIM areHT-
CTBOM JIECHOTO XO3sICTBA 110 rocynapcreHHoMy 3a1aHni0 OBY « CIIoHMITX» Ne 053-00003-17 TP,
YTBEPKJICHHOMY MpHKa3oM oT 26.12.2016 Ne 552.

Kniouegvie cnosa: necHble KylbTypbl, 10CAJIKa, €Jlb, CESHIbI, FePOUIINIBI, CMECH TepOnIn-
JIOB, XUMHUYIECKas 00paboTKa.

Beeoenue

B TaexHoii 30HE 1 30HE XBOMHO-IIMPOKOIMUCTBEHHBIX JIECOB €EBPOIECHCKON YacTh
Poccun B mpon3BOIUTETBHBIX JIECOPACTUTETBHBIX YCIOBUSX OCHOBHBIM JTUMUTHPYIO-
WM (haKTOpPOM pocTa M pa3BUTHS XBOMHBIX MOPOJI, B TOM YHCIIE €11 €BPOMEHCKOH, B
MIEPBBIE TOJIbI MOCJIE MOCAKHU SIBISIETCS MOIIHASL HEXeaTeIbHAasi TPABIHUCTAs paCTH-
TEJILHOCTh W BEr€TaTUBHOE BO300OHOBIICHHE JIMCTBEHHBIX mopoy [1, 5, 8, 11, 14]. Oxn-
HOM M3 OCHOBHBIX MPUYMH HU3KOTO KAYECTBA WM THOCIH KYJIETYP CTAHOBUTCS HEIO-
CTaTOYHOE KOJIMYECTBO M HECBOEBPEMEHHOE MTpoBeieHre yXoaoB. [loatomy TpeOyercs
HauOOJIbIlIee UX YUCIO U UHTCHCUBHOCTH [4, 7, 9, 10]. K MoMeHTYy mocaiku cesHIIeB
CIUTOIITHBIE BBIPYOKH ¥ JIpyTHE JIECOKYIBTYPHBIE TUIOMIAAN YaCTO OKa3bIBAIOTCS YXKe
MOKPBITBIMU HEXEJIATENbHON pacTUTEIbHOCTHIO. [Ipu 3TOM yIOBIETBOPUTEIHLHOTO
BOCCTAHOBJICHHSI XBOMHBIX MOPOJT 03 MPOBECHUS MEp 0 YCTPAHCHHUIO MJIA OTPaHU-
YEHHUIO COPHOU pacTUTEIbHOCTU HE MPOUCXOIUT. B psne citydaes, B TOM YUCIIE [TOCIIE
BETPOBAJIOB, IPUMEHEHHE JI€COBOCCTAHOBUTEILHOM TEXHUKHU, B YACTHOCTH TPAKTOPOB
C IIyramMu ¥ Qpesamu Jyiss MEXaHUYCCKOW 00paOOTKH ITOYBBI IO/ MOCAIKY KYJIBTYP
WA JJI CONEHCTBHS €CTECTBCHHOMY BO30OHOBJICHHIO XBOMHBIX TOPOM, KpalHe 3a-
TPYAHEHO WJIM HEBO3MOXHO. Hambornee mepCrieKTUBHBIN BapuaHT pelieHus mpooire-
MBI — CO3JJaHHE KYJIBTYP €JI1 €BPOIEHUCKON CESTHIIAMHU C 3aKPbITON KOPHEBOU CHCTEMON
(3KC) mpu moMoIM pyvHBIX MOCAOYHBIX OPYIUi 0e3 MpeaBapuTebHON MeXaHnJe-
CKOI1 00pa0OTKH MOYBBI U C OJJHOBPEMEHHBIM JITTUTEIIBHBIM 00CCIICUCHUEM UX 3aIHThI
OT IIUPOKOTO CIIEKTPa HEKETATEITBHON PAaCTUTEIHLHOCTH ITyTEM MPUMEHEHUS COBpE-
MEHHBIX DKOJIOTHUECKH O€30IMMacHBIX TepOUIHIOB, 3apPETHCTPUPOBAHHBIX IS ITPOU3-
BOJICTBEHHOT'O MCIIOJIb30BaHUS B JIeCHOM X03s1iicTBe Poccuiickoit @enepanuu. Ceronns
U B 0003pUMOM OyIyIIeM XUMHUYECKUN METOT SIBJISICTCSI HAnOOoJIee POU3BOIUTEIBHBIM
n 3P PexTuBHBM [2, 3]. OO0 3TOM CBHIETENBCTBYET U OIIBIT BEJICHHUS JIECHOTO XO35iCTBa
B pa3BUTHIX 3apyOexHbIx cTpanax — Kanane, CILIA, Asctpanuu u ap. [20].

B 6mmkaiimie 5—10 neT B eBporetickoit uactu Poccuiickoit Demeparinu Iranm-
pYETCsl pe3Koe yBEIMUEHUE TUIOLAAEH JIECHBIX KYJIBTYP, CO3aBAEMbIX [10CAJOYHBIM
marepuasiom ¢ 3KC. Ero BbICOKasi CTOMMOCTb, a TaKKe€ OTHOCHTEIILHO HEOOJIBIINE
pasMepsl (BBICOTa, MUAMETP y IICHKH KOPHS, 00BEeM KOPHE3aKPBIBAIOIIETO KOMA)
00yCJIOBIMBAIOT HEOOXOMUMOCTh 3(D(DEKTUBHOM 3alUTHI CO3/IaBAEMBIX KYJIBTYp OT
HETaTUBHOTO BIIMSIHUS HEXKEJIATEIbHON PACTHTEIBHOCTH, YTO OCOOCHHO aKTyallbHO
B MMPOU3BOIUTEIHHBIX JIECOPACTUTEILHBIX YCIOBUSIX.
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B Hacrosmee Bpems B Poccun pasperieHs! A NPUMEHEHHsS B JIECHOM XO-
3HCTBE TepOMIMIbI Ha OCHOBE IISITH JICHCTBYIOMIMX BEIIECTB: mmdocara, MMa-
3anmpa, Cylb(hOMETypOH-METHIa, TPUOCHYpOH-MeTWina W ranokcudorn-P-merua,
a IIpy XMMUYECKoH 00padoTKe IUIoImaaei o mocaaxy KyJabTyp — TOJIbKO TPEX U3 HUX
(rmudpocara, nmazarmpa u cyinbpomerypon-metrina) [12]. M3BecTHO, 4TO B cOo3MaHun
BBICOKOTIPOAYKTHBHBIX JIECHBIX HACaKACHUI BaXXKHYIO pOJb WIPAET PEryJHUpOBaHHUE
JKMBOTO HAIllOYBEHHOT'O MOKPOBA, B TOM YHCIIC MPU TTOMOIIH TepOHLIUIIOB, ajJbTepHa-
TUBBI KOTOPBIM B Ommkaiiiem Oynayiiem Het [13, 19]. Tlpu cpaBHEHHUU pa3IUYHBIX
METOJIOB MTOATOTOBKH TUTOMIAIel 1Mo/ ocaaKy apeBecHbIx mopos B CLIA Owio ycra-
HOBJICHO, YTO XMMHUYECKHH MeTo/ o0ecIieurBaeT Hanbosee BEICOKY IO IPHKUBAEMOCTh
pacTeHuil B TEYEHHE MEPBBIX MATHU JIET nocie nocaaku [15—18]. Taxke Ha OCHOBaHUU
MHOTOJIETHUX MCCIIEJOBAaHUH OTMEYAETCs CYLIECTBEHHOE YBEIUUEHHE TPOAYKTHBHO-
CTH IJIAaHTAIMH pa3JInUHBIX APEBECHBIX IOPOJI B CTpaHaXx, Iie MpHU yXO/Ie 3a JIECOM IIH-
poKo mpuMeHsitoTes: XuMuieckne metoasl — B CeBepHoit Ameprike (CLUA u Kanaze),
IOxn0# Amepuke u FOxHO0M Adprke, ABctpanmnu u HoBoit 3emanaum [20].

Jnst xuMudeckoi 00pabOTKY IUIOIIAAEH IO JIECHBIE KYJIBTYPBI B Pa3HBIX CTpa-
Hax B OCHOBHOM HCIIOJB3YIOTCS OOLIEUCTPEOUTEIbHBIC TePOULIUIIbL, TAKHE KaK IUQO-
car (payHjarn), umMaszanup (apceHa, 4ommep), CyJIbPOoMEeTypOH-METUI (0yCT, aHKOp-85),
METCYNb()YPOH-METHI (3JUTal ), TeKCA3UHOH (BEJIIap), a TaKKe Pa3IMUHbIC CMECH Ha UX
ocHoge [16, 18].

Lenp uccnenoBanus — pa3paboTka Maro3aTpaTHoro u dH(GEKTUBHOTO METOma
BBIpAIIMBAHUS KyJIbTYp €1 0e3 MPOBEACHUS arpOTEXHUYECKUX YXOJ0B C PHUMEHE-
HUEM COBPEMEHHBIX TepOMLMA0B Ha 3eMJISIX JIECHOTO (DOHIA B MPOM3BOAUTEIBHBIX
JIECOPACTUTEIBHBIX YCIOBHSIX.

Obvexmbl u Memoowbl UCCAEO0BAHUS

[Tonesie skcniepumMenThl npoBoaManCch B 2017-2019 rr. B I'arunnckoM paiio-
He Jlennnrpanckoit oonactu, B banruiicko-benozepckoM TaekHOM paiioHe TacKHON
30HBI. bb110 BBIMONHEHO 4 ombITa. [I[pUMEHsUIIHCH TepOUIIUIBL, 3aPETHCTPUPOBAHHBIC
B P® s BemeHUs ecHOTO X03s5iiCcTBA. BapruaHTh X UCTIONB30BAaHUS U IaThl 00pa-
00TOK MaHbl HIOKE. [IpemBapuTeIbHOM MOATOTOBKH TOYBBI HE MMPOBOAMIOCE. [IoBTOP-
HOCTb OIBITOB 3-KpaTHasi.

[Ipu 3akaiKe ONMBITOB PYKOBOACTBOBAINCH «METOIMUECKUMH YKA3aHUSIMU 110
PErUCTPALOHHBIM HCHIBITAHUSAM TepOULIUAOB B CEILCKOM XO3sHCTBE» [6]. buono-
rudeckast 3Q(EKTUBHOCTD JEHCTBUS TepOUINAOB HA TPABSIHUCTYIO PACTUTEIBHOCTh
OTIpe/IeTIsIach MPOEKTUBHO-KOJIMYECTBEHHBIM METOAOM TI0 CHMKEHUIO, B %, TIPOEK-
THUBHOT'O IOKPBITHUSI OYBBI TPABIHUCTHIMU BUJAMH 110 OTHOLIEHHUIO K KOHTPOJIIO (6€3
00paboTKH), 71 YeTO 3aKIIAABIBAMCh BPEMEHHBIC YUETHBIE TIOMAnu. DPPEeKTHB-
HOCTb ACUCTBHS XMMHUYECKHUX IPENapaTroB HA HeKellaTelbHbIE JTUCTBEHHBIE peBeC-
HBIE TIOPOJIBI B IEPBBIN O/ TOCIEe 00paObOTKH OLIEHUBAIACH 0 OTMUPAHUIO JIUCTHEB,
Ha BTOPOI1 roj1 — M0 OTMUPAHHUIO CTBOJIOB, B % OT UX OOIIEro KOJIU4ecTBa.

[Tocanka ocymectBisuiachk moxa Mmed Konecosa 1-2-JleTHUM MOCaI0IHBIM MaTe-
puasiom enu eBporetickoii (Picea abies (L.) Karst.) ¢ 3KC. CesHITBI BBIpaIMBaIicCh
B Kaccerax Plantek-81 ¢ TopdsHBIM cyOcTpaToM 00BeMOM KOPHE3aKPHIBAIOIIIETO KOMa
85 cm?. Ilpu yuerax onpenensuiach MPUKUBAEMOCTh CAXKEHLEB, OTMEUYAIOCh HAJIMUUE
BHEIIHUX MPU3HAKOB MOBPEXICHUNH repOuuuaaMu. buomerpudeckue mnokaszarein
caxxeHueB enu ¢uxcupoBanuck B 2019 . Craructuueckas oOpadOTKa MOTYyYEHHBIX
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JaHHBIX POBOJMIIACH 10 CTAHIAPTHON METOJMKE C ONpeeTIeHHEM CPEIHUX 3HAYCHUH
U JOBEPUTEIIbHBIX UHTEPBAJIOB IIpu ypoBHe 3HauuMocty 0,05 (X £ tS ).

OmerT 1 6611 3an0ken 15 utonst 2017 . Ha ydactke miomansio 1800 M2, 3a-
pocIeM TpaBSHUCTOH B JPEeBECHO-KYCTapHUKOBOM paCTHTEIHHOCTHIO. CpemHss BbI-
coTa TPaBSHUCTHIX pacTeHuit coctaBisuia 20...30 oM, (as3sl pa3BUTHS — KyIIEHUE,
poserka. XuMudeckas 00paboTka Obljia IpoBeAeHa MoJI0caMy UpHHOH 1,5 M ¢ pac-
CTOSIHHEM MEXIy MX ocsiMu 3 M. B Teuenue 3 yacoB mocie 00paOOTKH BhICaKEHBI
KyJBTYPBI CTAaHJIAPTHBIMH |-JIETHUMH cessHIamu (riepBasi poraims). Ha KoHTpomb-
HOM IIJIOMIaIN TIOCAIKy HE TIPOBOIIIIH.

OmnpiT 2 6601 3ast0keH 23 utonst 2017 1. Ha yvacTke momaapio 2400 M2, 3a-
pociieM HeXenaTelbHONH TPaBsHUCTOH M JIPEBECHO-KYCTApHHUKOBOM pPACTHTEIILHO-
creio. Ee cpennsist Beicota — 80...110 cM, a3el pa3BuTHsS — LBETEHHE, TUIOIOHOILIE-
HUe. XUMHuIecKkas 00padoTKa MpoBOAMIIaCk OI0caMu upuHoi 1,5 M. Uepes 36 nneit
nocie xumuueckoid 00padotku (28 arycra 2017 1) BBICaKEHBI CESIHIIBI €1 Pa3HOTO
Bo3pacrta (moceB 2016 u 2017 rr.,, mepBast poranus). [lar mocagkun — 60 cm. Yepes
10 mec. mociie mpumeHeHns repOoutaoB (10 mas 2018 1) TOMOHATEIEHO OBLTH BBICA-
JKEeHBI 2-11eTHHE cesHIIbl enu (moces 2017 r., mepBas porarus). [llar mocanku — 60 cm.
B xoHTpONBbHOM BapuaHTe MOCAAKY HE TPOBOIMIIH.

Omnpit 3 ObL1 3am0keH 22 Mast 2018 . Ha yyacTke 420 M2, 3apociieM TPaBSHUCTHI-
MU pacteHussMu. VX cpennsist Beicota cocrapisuia 20...30 cM, (asbl pa3BuTHs — Kyliie-
HUe, po3eTKa. B TeueHue 2 4 mocie OnphICKUBAHUS BBICA)KEHBI CTAHAPTHBIC CESHIIBI
emu (rroceB 2017 r., mepsas porarws). Lllar mocamku — 30 cM. Ha KOHTpOIBbHOI TITOIIIA-
Il Taroke ObIa IpOBe/IeHa M0CcaIKa MaTepraa.

OmnbiT 4 66T 3ast0keH 17 uronsg 2018 . Ha yvactke miomiaasio 300 m2, 3a-
pocuieM TpaBSHUCTOM PacTUTEIBHOCTBIO cpeaHeid BoicoToit 80...110 cm, dhassr pas-
BUTHUSA — I[BETCHUE, TI0AOHOIICHHE. Uepes 44 mHs mocae NpUMEHEHUS TepOUIIuI0B
(29 aBrycra) O6bUIH BBICAXKEHBI 2-TIeTHHE cestHIIbI enn (moceB 2017 ., mepBas poTta-
). Hlar mocanku — 30 cM. B KOHTpOJIEHOM BapHaHTE MOCAIKY HE ITPOBOIMIIH.

[louBa Ha Bcex ydacTkax ObUIa JIPEHUPOBAHHAS JAECPHOBO-TIOA30IHICTAS JIETKOCY-
DIMHHUCTAs, conepkanue rymyca — 2,8; 4,4; 2.8; 4,4 % B onbiTax 1—4 COOTBETCTBEHHO.
Tun ycnoBuii npouspactanust 11 ciay4daeB 1 u 3 — yepHUYHBIN, 2 U 4 — KUCIUYHBIIA.

B onpitax 1, 2 1 4 K MOMEHTY XUMHUYECKON 00pab0TKH mipeodnagaiy OMHOI0b-
HBIE PAaCTEHHS, B OMBITE 3 — ABYAOJbHBIE. J[BY/IOTbHBIE pacTeHHs OBUIM TIpeCTaBIIe-
Hbl B OCHOBHOM BEpOHHKOHU JiekapcTBeHHOH (Veronica officinalis L.), GoprieBHKOM
cubupckum (Heracleum sibiricum L.), nBaH-4aem y3konuctHeIM (Chamaenerion an-
gustifolium (L.) Scop.), 6onskom pasnonuctabiM (Cirsium heterophyllum (L.) Hill),
CHBITBIO OOBIKHOBEHHOI (Aegopodium podagraria L.), kynbipem jecHbIM (Anthriscus
sylvestris (L.) Hoffm.), nynaukom necHbm (Angelica sylvestris L.), BepOeiiHUKOM
OOBIKHOBEHHEIM (Lysimachia vulgaris L.), MegyHutiel nekapcTBeHHon (Pulmonaria
officinalis L.), 3eMisTHIKOM OOBIKHOBEHHOW (Fragaria vesca L.), 38epoboeM TpojbI-
psiBneHHbIM (Hypericum perforatum L.), nanapinem maiickuM (Convallaria majalis L.),
Buamu rpymanku (Pyrola spp. L.), namuarkoii npsimocrosiueit (kanran) (Potentilla
erecta L.), kneBepom siyroBbiM (Trifolium pratense L.), MaHX eTKO# OOBIKHOBEHHOM (A[-
chemilla vulgaris L.), ropomkom MeimubeM (Vicia cracca L.), Bumamu SCTpeOUHKH
(Hieracium spp.). OmHOZONBHBIC BUIBI OBLTH TPEACTABICHBI MPEHMYIIICCTBEHHO BH-
nmamu BeriHuka (Calamagrostis spp.), OBCUKOM W3BHIUCTBIM (Avenella flexuosa (L.)
Drejer), uryukoii nepaucroit (Deschampsia caespitosa (L.) Beauv.), noneBuiei TOHKOH
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(Agrostis capillaries L.), 6opom pazBecuctbiM (Milium effusum L.), TMCOXBOCTOM J1y-
roBeIM (Alopecurus pratensis L.), exoit coopHoii (Dactylis glomerata L.). Y3 npesec-
HBIX PACTEHHUH B OMbITax 1 U 2 MPUCYTCTBOBAIN BUIBI UBHI (Salix spp.), ocuna (Populus
tremula L.), Bums1 6epe3sl (Betula spp.) u onbxa cepas (Alnus incana (L.) Moeuch.).

Pesynomamul uccnedosarnus u ux oocysicoerue

[TpoBeneHHbIe B X0z€ ONbITA | yUeThI MOKa3aJId, YTO B TEUEHHUE IIEPBOIO U BTOPO-
IO BEreTalOHHbIX CE30HOB 3P ()EKTUBHOCTH MTOJABICHNS HEXKENIaTeIbHON TPaBTHUCTON
PacTUTEIBHOCTH OYEHb BBICOKA M JJOCTUTAJIa B HEKOTOPBIX BapuanTax 100 % (Tabm. 1,
puc. 1). HauGomnplnyto neiicTBEHHOCTh MPOAEMOHCTPUPOBATIN CMECH TepOUIIIOB Ba-
puanToB 1-3; Gonee HU3KYIO — BapuanTa 4, 0cOOCHHO Ha BTOPOM roj] Ioclie 00padoTKH.
B TeueHne TpeTbero BereTallMOHHOTO CE30HA BO BCEX BApUAHTAX IIPOUCXOIMIIO PE3KOE
YBEINYEHHUE NPOSKTUBHOIO MOKPBITHS TIOYBBI TPABIHUCTHIMU PACTEHUSIMH, B PE3YIIbTa-
T€ YETO TOT NOKA3aTelb MPAKTUUECKU CPABHSIICS C NTOKA3aTeIEM B KOHTPOJIE.

Ta6uuna 1

I dekTHBHOCTD AeiiCTBHS repOMIIIOB HA HEKeJIATEIbHYI0 TPABIHUCTYIO
pacTuTteqbHOCTH (onbIT 1, 00padoTka 15.06.2017)

IIpoexTHBHOE MOKPHITHE MTOYBBI TPABSIHUCTHIMU
Bapuanr omsita Hara pacteHusIMH, Y%o/€ro CHIDKEHHE, % K KOHTPOJIO
ydeTa
ob1ee OIHOIOJIbHBIE JIBYIOJIbHBIE
15.09.2017 1/99 0/100 1/98
1 Paynnam, 4 a/ra+ 755 00518 24/71 6/32 18/63
+ ankop-85, 50 r/ra
21.08.2019 87/-2 22/45 65/—44
5 p i 15.09.2017 0/100 0/100 0/100
. Paynnan, 4 n/ra +
+ anxop-85, 100 r/ral 27.08.2018 13/84 3/91 10/80
21.08.2019 87/-2 20/50 67/-49
3 p . 15.09.2017 0/100 0/100 0/100
. Paynnamn, 4 /ra +
+ anxop-85, 150 r/ra 27.08.2018 11/87 2/94 9/82
21.08.2019 90/-6 13/68 77/-71
15.09.2017 8/90 1/97 7/86
4. Paynpam, 6 n/ra 27.08.2018 45/46 10/71 35/29
21.08.2019 92/-8 40/0 52/-16
15.09.2017 84/— 35/— 49/—
5. Konrpors 27.08.2018 83/— 34/— 49/
(6e3 00paboTKM)
21.08.2019 85/— 40/— 45/—

Yuerbl COCTOSIHUSI CaYKEHLIEB €M TIOKA3aJIM, YTO OHU NPAKTHYECKU HE OBPEXKIAIINCh
repOMIIaMd B OOJBINMHCTBE BAPHUAHTOB OIMHITA. KocMeTHdeckwe TMOBPEKICHMS, OTME-
YeHHBIE B 107l 00pabOTKM BO BCEX BAapUAHTAX, UCUE3AIM B TEUECHHE BTOPOTO CE30HA, K KOH-
1y kotoporo 6onee 90 % MomonbIX efnei ObIIO OTHECEHO K KATETOPHH «3I0POBbIE» (PHC. 2).
Jong orMepmmx mo pasHbIM NMPUYMHAM CaKeHLIeB He mpeBblmana 5 %. buomer-
pUUecKue ToKazaTeny, 3apUKCHUPOBAaHHBIE B KOHIIE TPETHEr0 IOCIEe XHMHUe-
CKOM 00pal0oTKM Ce30Ha, CBUAETEILCTBOBAJIM, YTO BO BCEX BapUaHTaxX OIbITA
Ca)KEHIIbl JOCTUTaJIM HEOOXOAMMBIX Ul YCHEIIHONW KOHKYPEHLMH C HEeXelaTellb-
HOW PACTHTENBHOCTBIO MapaMeTpoB 0€3 MPOBEACHHSI arpOTEXHHUUYECKUX YXOJOB.
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Puc. 1. DddexTuBHOCTS neiicTBUS CcMecH repOuIu-

JOB payHpam, 4 s/ra + ankop-85, 100 r/ra (omsIT 1,

obOpabotka m mocaaka Kymeryp 15.06.2017, doto
19.07.2017)

Fig. 1. The effectiveness of the herbicide mixture

Roundup, 4 L/ha + Anchor-85, 100 g/ha (experiment

1, the chemical treatment spruce planting carried out

on 15.06.17, the photograph taken on 15.06.17, photo
19.07.17)

Puc. 2. Kyneryps! enu B onbiTe 1 Ha clemyromuii Tox

rocsie 00paboTKH cMechio payHaan, 4 ji/ra + aHkop-85,

100 r/ra (oOpabotka u mocanaka Kyisryp 15.06.2017,
¢doto 05.06.2018)

Fig. 2. The spruce plantation the year following

the treatment with the mixture Roundup, 4 L/ha +

Anchor-85, 100 g/ha (experiment 1, the chemical treat-

ment and spruce planting carried out on 15.06.17, the
photograph taken on 05.06.18)

MuHHMaJIbHBIE TOKA3aTE N IPUPOCTa B BBICOTY OTMEUCHBI B BAPUAHTE 3, YTO MOKHO
OOBSICHUTH MHTMOMPYIOLIMM BO3/ICHCTBHEM TepOUIHIa aHKOP-85 B MakCUMabHON
HOpMe TIpuMeHeHus (Tadi. 2).
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Ta6uuna 2

Bimsinue o0paboTkH repoMIHAAMH Ha POCT Ca’KEHIeB eJIH
(onbIT 1, 00padoTka 15.06.2017, yuer 21.08.2019)

B JmameTp caxxeHua, | Bricora caxkeHna, ITpupocTt B BBICOTY, CM
APUAHT OIIbITa
MM M 2018 1. 2019 .

1. Paynnan, 4 n/ra + 9.2+ 042 441207 | 8.0+£076 | 195+ 1,78

+ ankop-85, 50 r/ra
2. Paynpam, 4 n/ra +

T anop-85, 100 r/ra 9,0+0,38 46,4+226 82+0,71 | 21,3+1,92
3. Paynnar, 4 j/ra +

+ ankop-85, 150 r/ra 8,3+0,38 43,1+2,10 7,6 0,74 | 18,0+ 1,70
4. Paynpam, 6 n/ra 7,8+ 0,40 452+ 2,18 8,6£0,77 | 19,1 £1,82

D¢ dexkTHBHOCTh TIONABIEHUS JINCTBEHHBIX JPEBECHBIX TIOPOJI yXKEe Yepe3 Me-
CsII] TIOCJIe XUMHYECKOH 00pabOTKM ObLIa OUCHb BHICOKOW BO BCEX BapUAHTaX OIBITA:
B HauOOJbIIEH cTeneHyn noBpexaaiack oepesa (83...90 %), B MeHblIeH — OocHUHA
1 BHUJBI UBHI (65...79 %). K KOHIly IepBOrO BEreTaliMOHHOTO CEe30Ha apOOPHIIUIHOE
JICHCTBUE MpenaparoB 3HAYUTEIBHO YCUIIMIIOCh — BO BCEX BapHaHTaX ombiTa 3 ¢dek-
TUBHOCTH TONABJICHUS JMCTBEHHBIX Topoxa cocTarBisuia 85...100 %. B Teuenue cre-
JIYIOIIMX JBYyX BETETAlIMOHHBIX CE30HOB OHA ellle OoJiee Bo3pacraia U AOCTHTala Jst
oepesbl 1 ocuHbl 100 %, st uBbl — 95...100 %. BoccraHoBNEHNMS TUCTBEHHBIX TOPOJT
OT KOPHEBBIX CHCTEM HE HaOmonanocs (tabam. 3).

Tabnuma 3

¢ dexTUBHOCTD AeiicTBUS repOMIMI0B HA HEXKeJATeJIbHYIO PEBECHYI0
pacturtesbHOCTH (onbIT 1, 00padoTka 15.06.2017)

OTMHpaHue JHCTHEB (ICPEBBEB),

BapuanT onbita Jlara y4era % OT 00LLIEr0 KONIHYeCTBa
uBa (BUJIBI) OCHHA Oepesa

19.07.2017 65 70 86

1. Paynpan, 4 n/ra + 15.09.2017 88 90 100
+ ankop-85, 50 r/ra 26.06.2018 97 100 100
21.08.2019 100 100 100

19.07.2017 69 69 90

i;{?:pﬂag‘; ‘161(/;:/:3 15.09.2017 91 93 100
’ 26.06.2018 100 100 100
21.08.2019 100 100 100

19.07.2017 68 65 83

3. Paymnan, 4 /ra + 15.09.2017 85 88 100
+ ankop-85, 150 r/ra 26.06.2018 99 100 100
21.08.2019 100 100 100

19.07.2017 72 79 94

4. Paynpar, 6 /ra 15.09.2017 93 96 100
26.06.2018 95 100 100

21.08.2019 95 100 100
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B ormbiTe 2 cHIKEHHE 3aCOPEHHOCTH JACISIHOK B €0 BapuaHTax 1 u 2, rae npu-
MEHSUTUCh CMECH TepOMLIUIOB, COCTABIISIIO K KOHILY TIEPBOTO BET€TAIIMOHHOTO CE30-
Ha 92...94 %, BTOpOoro BereraninoHHoOro cesoxa—77...80 %, B TO BpeMs Kak B Bapu-
aHTe 3, IIe UCTIOIB30BAJICS TOJBKO payH/al, 9TH MMOoKa3aTeIn ObLIH COOTBETCTBEHHO 90
u 31 % (Tabmn. 4). K KoHITy TpeThero BereTallmOHHOTO CE30HA MPOSKTUBHOE MTOKPHITHE
MOYBBI TPABSIHUCTHIMH PACTEHHUSIMH CYIIIECTBEHHO BO3POCIIO BO BCEX BApPUAHTAX OIIbITA,
B OCHOBHOM 34 CYeT HHTEHCUBHOTO Pa3pacTaHus ABYOJIbHBIX BUOB PAaCTECHHUI, U JIUIITH
HE3HAYUTEIIHHO YCTYIIAJIO STOMY MOKa3aTellio B KOHTPOJIE.

TabGuuua 4

¢ PexkTUBHOCTD AeiicTBUSA repOMINI0B HA HEeXKeJIATeJbHYI0 TPABAHUCTYIO
PacCTUTEJBHOCTD (OMBIT 2, 06padoTka 23.07.2017)

IIpoexTuBHOE MOKPBITHE C
HUXCHHUEC HpOeKT]/IBHOFO
ITOYBEI TpaBﬂHHCTLIMI/I HOKpLITI/Iﬂ % K KOHTpOJ'IIO
BapuanT onbita Hara pactenuaMi, % '
y4dera
obmee| OMHO" ABY= | oGmero| OAHO- ABy-
JOJIBHBIMHU | TOJIBHBIMHA JOJIBHBIMH | IOJIbBHBIMH
Lp 6 n/ra + 28.08.2017| 8 1 7 92 98 87
A 150 i 127:08.2018] 20 2 18 77 |95 64
=02, 26.08.2019| 81 12 69 15 72 -33
2. Paynpam, 6 n/ra + 28.08.2017| 6 0 6 94 100 89
+ anKop-85, 150 /ra+(27.08.2018| 18 1 17 80 97 66
+apcenan, 0,5 n/ra  {26.08.2019| 79 9 70 17 79 -35
28.08.2017| 10 2 8 90 95 85
3. Paynpnar, 6 ji/ra 27.08.2018| 61 30 31 31 21 38
26.08.2019| 93 41 52 2 5 0
4K 28.08.2017| 98 43 55 - — —
(6e30:6T§;g§mn) 27.08.2018| 88 38 50 - - -
26.08.2019| 95 43 52 - - -

B otom ompiTe TepOuIUabl Takke d3(PGEKTUBHO TOACHCTBOBAIM Ha
HeXXeJlaTeIbHbIe JTHCTBEHHBIC IPEeBECHBIC MOpoAbI (Tabn. 5). Yke B KoHIE miep-
BOTO BETETAIIMOHHOTO CE30HA OBLIO OTMEYCHO OTMHUPAHUE JHMCTHEB Yy OCHHBI W
onmbxu Ha 88...98 %, y BumoB uBbl — Ha 85...88 %, y Oepessr — Ha 100 %.

TabOnuna 5

S¢¢PpeKTHBHOCTH AeiicTBUSA TepONIHI0B HA HeKeJIATeJHLHYIO IPeBeCHYI0
PacCTUTEJBHOCTD (OMBIT 2, 06padoTka 23.07.2017)

OTMHupaHue JTNCTHEB (JIePEBLEB),

Bapuanr ombita Hara % OT OOLIEro KOIMYeCTBa
yaera uBa (Buabel) | ocmHa | Oepesa olbXa cepast

| Paviinan. 6 a/ra - 15.09.2017 85 96 100 88
v aHKyopr 25 150 vra 26.06.2018 97 100 [ 100 100
’ 26.08.2019 100 100 100 100

2. Paynnan, 6 n/ra + 15.09.2017 100 100 100 100
+ amkop-85, 150 r/ra +| 26.06.2018 100 100 100 100
+ apcenai, 0,5 n/ra 26.08.2019 100 100 100 100
15.09.2017 88 98 100 92

3. Paynnam, 6 n/ra 26.06.2018 98 100 100 100
26.08.2019 99 100 100 100
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B Teuenue nByX ciemayroMIMX BETETAIIMOHHBIX CE30HOB MPOUCXOAMIO AaibHEHIIee YCH-
JICHUE JICHCTBUS TepOUIMIOB BO BCEX BapHaHTaxX oOIbiTa M K KOHILy ce3oHa 2019 1.
MIPOM30IILIO TTOJTHOE OTMUPAHUE BCEX JIMCTBEHHBIX Mopos. Tonbko B BapuaHTe 3 coxpa-
HUINCHh SIUHUYHBIC SK3EMIUISIPHI UBBI C CHIBHBIMHU MTOBPEXKICHUSIMU. BoccTaHOBICHNS
JIUCTBEHHBIX TTOPOJT OT KOPHEBBIX CUCTEM HE HAOMIONATIOCH.

Ha mpotsbkeHnn OBYX BETeTAIIMOHHBIX CE30HOB HE MMENH TTOBPEKICHUA BO
Bcex BapuaHTax ombita 90...98 % 2-meTHUX CaXEHIEB eNd. 1-JIeTHHe HeCcTaHIapT-
HBIC CeSHIIBI, BRICA)KCHHBIE Ha YaCTH OMBITHBIX AITHOK 28 aBrycTa 2017 T, Xapakre-
PH30BAJIUCH IIOXOW MPIKUBAEMOCTHIO BO BCEX BapHaHTaX, IIPUUYEM JIOJISI OTMEPIITUX
Ca)KEHIIEB BO3pacTaya B TEUCHHE BCETO Teproia HAOIIOMEHHH U COCTABIISIA K KOHITY
BTOPOT'0 BEr€TallMOHHOIO ce30Ha 22...46 % B 3aBUCUMOCTH OT BapUAHTA.

OpHosneTHUE CTaHIApPTHBIE CEAHLbI, BhicakeHHble 10 mas 2018 r., mokazanu
BBICOKYIO IIPHKHUBAEMOCTH K KOHILY BTOPOTO BET€TallHOHHOTO Ce30HA B BapuaHTax |
n 2 (96...98 %), a B Bapuante 3 — TosbKO 87 %, UTO OOBSICHIETCS] OTPULIATEIbHBIM
BO3JICHCTBUEM TPABSIHUCTON PACTUTEIHHOCTH, HAuaBIICH MHTCHCUBHOE BOCCTAHOB-
JieHne mocie 00paboTku payHaanom (tadm. 6).

Tabmuma 6
BimmsiHue 00paboTKH repoMIUAAMH HA POCT CA’KEHIIEB eJIH
(onbIT 2, 00padoTka 23.07.2017)
HOE;)SE f:f[zm Huamertp Bricora Ipupocr B BBICOTY, CM
BapI/IaHT OIlbITa - Ca)keHIa, CaxecHua,
mMarepuala, MM M
JlaTa MocanKu 2018 . 2019,

OnHoneTHUH,
78082017 |4-8%+0.32(20,5+1,52 | 4,4+0,40 | 7,6+0,72

1. Paynpam, 6 nn/ra + JIByxneTHuii,

+ anxop-85, 150 t/ra | 28.08.2017 | 8047 39,0291 18,6075 164+ 1,41

OJtHOJIETHHH,
10.05.2018 8,4+0,47|40,8+3,02|9,2+0,80 [17,4+1,61

OnHoneTHUH,
38.082017  |>2%0,36]22,0+1,614,6+0,42 | 860,86

2. Paynparm, 6 n/ra +

+ ankop-85, 150 r/ra + %Bg’ageggf‘;d 8,4+0.49| 402+2,92 | 95+087 |17,1 1,54
+ apcenain, 0,5 n/ra O

OJIHOJICTHHH,
10.05.2018 9,6+0,49|47,9+3,12 |10,4+0,91(23,6 = 1,86

OJTHOJICTHHH,

28082017 |49 +0.35| 18,7+ 1,50 |3,20,34 | 7340,82

JByxiyieTHuUH,
3. Paynnar, 6 i/ra 18082017 7,4+0,42(357+2,52|83+0,75 |13,1 £1,21

OnHONETHHH,

10052018 |81 £0.47|39.4£2,90 | 89+0,74 | 15,7+ 1,41

B ombiTe 2 onHONeTH:AS enb, BhicaxkeHHas 28 aBrycra 2017 1., mpoeMOHCTpH-
poBaia HU3KUE M0Ka3aTeIn pocTa. DTO HOATBEPKAAET OeCIepCeKTUBHOCTD CO3aHUs
JIECHBIX KYJIBTYP MEJIKUMH HECTaHJapTHBIMHU Ca’K€HIIaMM JIa)kKe TIPY UCTIONIb30BaHUHU
XMMHMYECKOTO METOJIa MO/IaBlIeHNs HeKesaTenbHol pacTutenabHocTu. [Ipu nmocaaxe
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B TOT K€ CPOK KYJBTYpbI, CO3/IaHHbIC CTAHJIAPTHBIM 2-JICTHUM IT0CaJJ0OYHBIM MaTepH-
aJIoM, TIPOJIEMOHCTPUPOBAIIN BBICOKHUE ITOKA3aTEII POCTA BO BCEX BAPUAHTAX OIIBITA.
)Iance 1-neraue CTaHJAAPTHBIC CCAHIBI, UCIIOJIB30BAHHBIC HAa YaCTU OIIBITHBIX ACJIA-
HOK 10 mast 2018 1., TI0 MOKa3aTenssM pocTa IPEBOCXOAMIN 2-JIETHUE CESHIIBI, BhICA-
keHHble 28 aBrycra 2017 . Bo Bcex BapuaHTax ombITa (Tadm. 6).

B ombite 3 B o7 00paboTku 3pPEeKTUBHOCTH MOJABICHUS TPABSIHUCTOMU PACTH-
TenapHOCTH cocTarisiia 70...82 %, npuyeM B HAaHOOJIbIIIeH CTEIIEHH TepOUIINIbI CHU-
JKaJIM 3aCOPEHHOCTh OHOMONBHBIMU pacTeHusMu — 110 100 % B BapmanTax ombita 1
u 2 (tabm. 7). K Haguamy BTOpOTo BEreTallMOHHOTO CE30HA B OTHX BapHaHTaX COXPaHs-
JIUCh BBICOKHE TIOKa3aTenu 3()(PEeKTUBHOCTH, a K KOHILy TIPOMCXOINIIO IMTOCTENICHHOE
CHIDKEHUE. B 11e710M 32 cYeT COXpaHUBIIUXCS JABYJOIBHBIX BUJOB B TCYCHUE BTOPOTO
BEreTallMOHHOTO Ce30Ha APPEKTUBHOCTD JICHCTBHsI TepOUIIUI0B B BapraHTax 1 u 2
He nipeBbimana 74 %.

Tabuuna 7

¢ PeKTUBHOCTD AeiicTBUS TePONIINIOB HA HEXKEJIATEIHLHYH TPABIHUCTYIO
pacTuTeJLHOCTH (onbIT 3, 00padoTka 22.05.2018)

ITpOeKTHBHOE MOKPBITHE MOYBBI TPABSHUCTHIMU
Bapuant onsita Hara pacteHusIMH, % / ero CHIKeHHe, % K KOHTPOITIO
ydera
obuiee OJIHOZOJILHBIMH JIBYZIOJIBHBIMU
27.08.2018 17/82 0/100 17/55
1. Paynnam, 4 n/ra +
+ anxop-85, 50 r/ra 18.06.2019 50/47 0/100 50/17
26.08.2019 86/13 6/84 80/-33
27.08.2018 10/89 0/100 10/74
2. Paynnam, 4 n/ra +
+ amxop-85, 100 r/ra 18.06.2019 25/74 0/100 25/58
26.08.2019 65/33 4/89 61/-1
27.08.2018 28/70 4/93 24/37
3. Paynpyar, 6 ni/ra 18.06.2019 70/21 5/86 65/-17
26.08.2019 81/17 6/84 75/-25
27.08.2018 94/ 56/— 38/
4. KonTposns
(6¢3 06paboTicu) 18.06.2019 95/— 35/ 60/—
26.08.2019 97/— 37/ 60/—

HawnbGonee au3kue nmokazarenu 3¢p¢GeKTHBHOCTHA HAOMIOAAINCH B BApHUAHTE 3,
TJie MPUMEHSUICS payH/Ian B HOpMe 6 Ji/Ta: qaxe B o1 00padoTku 3¢ (heKTHBHOCTH
MOJAaBJICHUSI TPABSIHUCTHIX pacTeHUi cocTaBisia Tonbko 70 %, a B ciemyroniem
BEreTallMOHHOM CE30HE TPOM30LUIO CYIIECTBEHHOE YBEIMYCHUE 0NN ABYIONb-
HBIX BUJIOB B COCTaBE€ Tpan[HPICTOfI PACTUTECIIBHOCTH, ITPEBBICUBIICEC aHAJIOT'MYHBIC
MIOKa3aTeNy B KOHTpoJIe. B 3TOM ombITe HE OTMEUEHO CYIIECTBEHHBIX Pa3JInunil B
pocTe IepeBbEB €M B ONBITHBIX BapuaHTax (Tadin. 8). BMecre ¢ Tem nmoiy4deHHbIe
MOKa3aTes POCTa SBISIOTCS JOBOJBHO BBICOKMMH JUIS BTOPOTO Toja MOcie IMo-
CaJIKM KyJbTYp, CO3/1aBAEMbIX OTHOCHUTEIIBHO HEKPYIIHBIMU CEsHIIAMU. B KOHTpoIIE,
TIIe CeSHIIBI OBIITN BRICAXKCHBI O3 TIPEABAPUTEIIFHON XUMHUUECKOW 00paboTKH, OT-
MEUeHBI Topa3/io Oojiee HU3KHUE ITOKa3aTeIn pocTa JAepeBbeB enu. Tak, HanmpumMep,
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TEKYIIUI IPUPOCT B BBICOTY 3a MOCJICHUN TOJl ObLIT MEHBIIIE MPAKTUYECKH B 2 pa-
3a, a pa3HHUIA B CpenHe BbicoTe mpeBbimana 10 cm. O4eBUIHO, YTO MOCAIKa
C MPeIBapUTEILHON XUMHUIECKOW 00pabOTKOM TaeT 3HAYUTEIHHOE TTPEUMYIIIECCTBO
B YCJIOBHSX IIJISl POCTa M Pa3BUTHUS KYJIBTYp €U MO0 CPaBHEHHIO C MOCAIKOW 0e3

00paboTKH.
Tabnuma 8§

Biusinne 00padoTku repOMIIMAAMHU HA POCT CasKEHIEB eJlU
(ombIT 3, 00padoTka 22.05.2018, yuer 26.08.2019)

BapHant ombira Juametp caxenna, | Breicora caxkernna, | [Ipupoct B BeicoTy 2019 1,
MM CM CM

1. Paynpnan, 4 n/ra +

+ anxop-85, 50 r/ra 8,2+ 0,38 38,3 +2,64 17,2 + 1,64

2. Paynpam, 4 n/ra +

+ anxop-85, 100 r/ra 8,0+0,32 37,5+2,52 16,4+ 1,42

3. Paynnam, 6 n/ra 7,4+ 0,32 38,3+£2,76 16,9 £ 1,58

4. Konrpou 6,9+ 0,34 27,5+2,39 0,1+ 1,54

(6e3 00paboTKM)

B ombiTe 4 B KOHIIE IEPBOrO BEreTallMOHHOTO ce30Ha 3(p(hEeKTUBHOCTH MOaB-
JICHHS TPABSIHUCTOW pacTuTenbHocTh cocrasisiia 98...100 %. Ha cnenyromuii mo-
cie 00pabOTKH ToJ] 3TOT MOKA3aTeNb OCTEIIEHHO CHIDKAJICS U K KOHILy Ce30Ha ObLI
B BapuaHTax onbiTa 1 n 2 coorBeTcTBeHHO 81 11 98 %, a B BapraHTe 3 HE MpeBbIIIal
26 %. Takum 00pa3om, 00pabOTKa OTHUM payHAaroM He oOecrieunBaia JoIrocpoy-
HO¥ 3aIUTHI TOCAJ0K OT HEXKEIATeIbHOM TPAaBIHUCTON pacTUTEIHHOCTH (Tabi. 9).

Ta6uuma 9

¢ PeKTHBHOCTD AeiicTBUSA repONIHI0B HA HEeKEIATEeJbHYI0 TPABIHHCTYI0
pacTUTeJLHOCTD (OnbIT 4, 00padoTka 17.07.2018)

HpOCKTI/IBHOG TIOKPBITHE TOYBLI TPABAHUCTBIMHA
BapHaHT onbta ﬁ{iTTz pactenusMu, % / €ro CHIKeHUe, % K KOHTPOIIO
Oﬁmee OJHOA0JIbHBIMHA JABY1O0JIbHBIMH
19.09.2018 0/100 0/100 0/100
1. Paynnam, 4 n/ra +
+ anxop-85, 150 r/ra 18.06.2019 2/98 1/98 1/98
21.08.2019 18/81 4/90 14/71
2. Paymnan, 4 i/ra + 19.09.2018 0/100 0/100 0/100
+ ankop-85, 100 r/ra + 18.06.2019 2/98 1/98 1/98
*apeenan, 0,5 si/ra 21.08.2019 16/84 5/87 11/77
19.09.2018 2/98 1/98 1/98
3. Paynyar, 6 si/ra 18.06.2019 70/26 42/-42 28/58
21.08.2019 85/12 55/-41 30/38
19.09.2018 96/ 40/~ 56/—
4. KouTposs
(63 oGpaboTkH) 18.06.2019 95/ 34/- 61/
21.08.2019 97/ 39/- 58/—
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CocrosiHue KylbTyp €My Ha MPOTSHKEHWH BCEro TMepuosa HaOMoneHui ObLIo
YIOBJIETBOPUTEIBHBIM M B KOHIIE BTOPOI'O BETETAllMOHHOIO CE30HA MPHKMBAEMOCTb
BO BCEX BapHaHTax ombITa cocTasisiia 93...95 %. IlapameTpsl pocTa KyasTyp cylule-
CTBEHHO HE pa3In4ajfch, OHAKO ObLTH HECKOIBKO HI)KE B BAPHAHTE C IPUMEHEHH-
eM ofgHoro payHaama (tabm. 10).

Tab6uuna 10

BiansiHue 00padoTKH repoMIUAAMH HA POCT CAKEHIIEB eJIH
(onbIT 4, 00padoTka 17.07.2018, yuer 21.08.2019)

Bapuant onbira Jnamerp caxxenua, | Bwicora caxxenna, | Ilpupoct B BeicoTy 2019 1,
MM CM CM

1. Paynnan, 4 n/ra +

+ anxop-85, 50 r/ra 54+£0,24 32,0+2,01 10,3+ 0,83

2. Paynpan, 4 n/ra +

+ ankop-85, 100 r/ra + 5,6 £0,23 32,3+1,96 10,9 £ 0,74

+ apcenai, 0.5 ii/ra

3. Paynnan, 6 i/ra 5,2+0,25 31,4+2,04 9,5 +0,69

3axnouernue

1. AHanm3 nuTepatypbl M pe3yJbTaThl TIPOBEICHHBIX MCCIIEIOBAHNHN TTOKA3aIH,
YTO HanOoJee MEePCICKTUBHBIM BapUAHTOM pEIICHHS TIPOOJIEMBI 3apacTaHus KyJIbTYp
HEKEJIATEIbHON PACTUTEILHOCTHIO SIBJISCTCS TIPOBE/ICHHUE TPEIBAPUTEIILHON XHUMHUYC-
CKOM 00pabOTKH JICCOKYIBTYPHOU TUTOIIAAN OAKOBBIMH CMECSIMH TEPOUITUIOB C ITH-
TENBHBIM 3aIIUTHBIM 3(PQEKTOM U TOCIENyoas Mocaaka CesHIieB 0e3 mpoBeACHUS
JOpOTOCTOSIIIEH MEXaHUUEeCKOH 00pabOTKH TIOYBEI.

2. YCTaHOBJIEHO, YTO MPUMEHEHHE B IEPBOM IOJIOBUHE BEreTAI[MOHHOTO
nepuoaa (Mali—Hroib) 2-KOMIIOHEHTHBIX (payHpaan, 4 si/ra + ankop-85, 100 r/ra)
1 3-KOMIIOHEHTHBIX (payHpart, 4 1/ra + aakop-85, 100 r/ra + apcenamn, 0,5 m/ra) cme-
cell repOUIUAIOB oOecreunBaeT B TeueHue 1,5-2 BereTallMOHHBIX CE30HOB BBICOKYIO
3¢ (EeKTUBHOCTD MOJIABJICHUS IIIMPOKOTO CIIEKTPA HEXKeaTeIbHON TPaBIHUCTOMN pac-
TUTEJILHOCTH U JIMCTBEHHBIX APEBECHBIX MOpo. PayHan (6 j1/ra) BeI3bIBaI OBICTPOE
OTMHUpPaHWE TPABIHUCTON PACTUTEIHLHOCTH, HO YK€ B KOHIIE TIEPBOTO BEreTAIlMOHHO-
T'O Ce30Ha MPOUCXOIUIIO €€ YaCTHYHOE BOCCTAHOBIICHHUE 3 CUET JIBYHAOJIBHBIX BH/OB
TpaB, a BO BTOPOM Ce30HE 3((EKTUBHOCTD €r0 PE3KO CHUKAJIACH.

3. Tokcudeckoe BO3ICHCTBHE TePOUITUIOB HAa CAXKCHIIBI 1M OBLIIO OTMEUCHO
TOJBKO TIPY BBEACHUH B COCTAB CMECH TEPCUCTEHTHOTO TepOHIHIa aHKOP-85 B Max-
cumaibHOU HopMe (150 1/ra) m mocajke cesHIEB B JeHb 00paboTku. Bo Bcex mpyrux
BapHUaHTAaX OIBITOB MPUMEHEHUE TePOUIIH/IOB HE OKa3bIBAJIO OTPUIATEIILHOTO BIIASHHUSI
Ha POCT caxkeHIIEeB. [IpMKUBaeMOCTh KYJIBTYP, CO3IaHHBIX MOCAKON CTaHIapTHBIMU
1-2-meTHUMH CESHIIAMH C 3aKPBITON KOPHEBOM CHCTEMOM, cocTapisia 93...98 %.

4. B pesynbrare npenBapuTeIbHON XUMHUYECKOH 00pabOTKH CaXKEeHIIbI TOCTH-
rarT TaKUX OMOMETPUYECKUX TOKA3aTeNCH, MPU KOTOPBIX HE MOHAJI00UTCS TPOBEJIe-
HUE TIOCIICAYIOIINX arpOTEXHUUYECKUX YXOIOB ISl YCIICIIIHOTO POCTa KYJIBTYP.
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Abstract. Uncontrolled development of unfavorable vegetation during artificial reforestation
reduces survival and growth rates of planted trees, and in some cases causes their death.
The use of reforestation equipment is often extremely difficult, therefore the most promising
solutions are those involving creation of spruce plantations using seedlings with closed roots
and manual planting tools without preliminary mechanical tillage. Long-term protection of
plantations from undesirable vegetation is ensured by the use of modern herbicides registered
for use in the forest sector in the Russian Federation. The article presents the results of 3-year
field experiments on the use of herbicides and their mixtures to supress undesirable vegetation
in the first years after planting European spruce (Picea abies (L.) Karst.) in the Leningrad
region. High efficiency of herbicides for long-term suppression of shrubs, and herbaceous and
woody plants was found. A mixture of herbicides Roundup, WS (360 g/L glyphosate acid),
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Anchor-85, WDG (750 g/kg sulfometuron-methyl potassium salt) and Arsenal, WC (250 g/L
imazapyr) inhibited the development of herbaceous weeds for at least two growing seasons.
The processes of undesirable vegetation development after spraying plantations with herbi-
cides, the reaction of seedlings to the use of chemicals, indicators of conditions and growth of
conifers were also studied. Analysis of the obtained data proved the possibility of combining
a protective chemical pretreatment with herbicides and planting seedlings in a single techno-
logical procedure or planting seedlings within a few months after chemical treatment, which
significantly reduces the risk of damage to seedlings by herbicides. The survival rate of plan-
tations created by planting one- or two-year-old seedlings with closed roots was 93-98 %; and
the biometric indicators were such that spruce plants could successfully compete with unde-
sirable vegetation. The application of the developed method ensures a substantial reduction in
labor and other reforestation costs compared to traditional technologies involving preliminary
mechanical tillage and subsequent agrotechnical weeding of plantations.
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Annomayusn. CormacHo MexayHapomaHOH mporpaMMe OOTaHMYECKHUX CaaoB, B KOJI-
JEKIUM HWHCTUTyTa coxpaHserca okoiao 500 BHIOB APEBECHBIX PACTEHHH — Mpen-
craBuTened 6 peruoHoB 3emnd. JleHApapuil pacHoNoKeH B CyXOCTEIHOH 30HE pec-
nyonukun. B Hem mnpowuspactaror 44 Buja AepeBbEB, KyCTapHHKOB M JIMaH Pa3HOIO
cTaryca peAakocTH. MHOTHME W3 HHX SBISIFOTCS KPACHBOIBETYLIMMH, I[1O3TOMY MOTYT
HCIONB30BaTbesl Al o3eneHeHus.. Llenmp paboTel — mMOABEAEHHE HTOTOB HMHTPOMYK-
UM pEeIKUX W MCUE3AI0MINX PacTeHWH Ui JajbHEWIIero NMPUMEHEHHUs B OJ1aroycTpoi-
CTBE CEIUTEOHBIX TEPPUTOPUI cTemHOW 30HBI Xakacuu. OOBEKTHI HCCIENOBAHHS —
21 BUJ PEAKUX pacTeHHil neHapapus HHCTUTyTa. ONpenesii CpOKH HACTYIUICHUs (eHO-
Joruueckux (a3, pUT™M pocTa ¥ pa3BUTHSA, 3MIMOCTOHKOCTh BUJIOB, CPOKH H IIPOIOIKUTEIb-
HOCTB IIBETEHUSI, CIIOCOOBI pasMHOXKeHuUs. Kax/IoMy pacTeHHIO NPpHUCBaNBaIN HHTPOLYKIHU-
OHHBIN 0aJlT ¥ PacCUMTBIBAIN MEPCIEKTUBHOCTD. CpeHMil BO3PACT PEIKMX PACTEHHUI COCTABMII
40,7 ner. Bce u3y4yaemMblie 00pasiibl SIBISIOTCS. PAHO OTpacTarommMu (2—3-51 aekaja amnpeds,
-1 nexana mast). 72 % BHUJIOB B HOBBIX YCJIOBHSIX BBIPAIIMBAHUS ITPOXOASAT MOIHBIN KU3HEH-
HbIUA IUKJL, 19 % — 1BeTyT, HO He I10A0HOCAT, 9 % — He 11BeTyT. [1o cpokam 1BeTenust 53 % peakux
KyCTapHHMKOB SIBIISIIOTCSI paHOLBETYIIMMH (Maii). HanOoubimii nepuos nBeTeHns BhISBICH
y 19 % BuaoB. OcHOBHBIE (eHONOrHYecKHe (Ga3bl MPOXOAST B CTAOUIbHBIE CPOKH, HEBbI-
COKHE 3HaueHHsI KBaIpaTHUECKOTO OTKIOHEHUS 3TO MOATBepkAatoT. st 28 % n3yuaembIx
BHJIOB XapakTepeH camoceB. B ycioBusx aenapapus 42 % pa3MHOXKAIOTCSI KaK CEMEHAMH,
TaK U BereTatuBHO; 33 % — BeretaTuBHO U 23 % — ceMeHaMu. IHTPOAYKIIMOHHBIN 0asLT 0~
Ka3bIBAeT CTENECHb aJaNTalUN PACTCHH K HOBBIM ycnoBusaM. [1o 10 BunoB umerot 5-if u 4-i
6amner (95,2 %), Menispermum dahuricum, KOTOPBIN KaKABIH rof oOMep3aeT 10 ypOBHSA
o4BHI, — 3-# 6ayn. Ha ocHOBe aHanmm3a rnoka3zaresiel )KH3HEeCIIOCOOHOCTH N3ydaeMbIX pac-
TEHWH YCTaHaBIMBAIM UX IEPCIIEKTUBHOCTh. HenepcnekTuBHbIMU oKa3anuchk 4 % BHUIOB,
MeHee nepcrnekTuBHbIMU — 20 %. MHOroneTHre Hccie0BaHus OMOJIOTHYeCKUX 0COOCHHO-
CTEH pelKHUX APEBECHBIX PACTEHHUI MOKAa3alH, 4TO BIOJIHE nepcnekTuBHbIe (38 %) n mep-
cnexktuBHbIE (38 %) 13 HUX MOTYT HCHOJIB30BAThCS B OJIaroycTpoiicTBe ceIUTeOHbIX TEPPH-
topuii Xakacuu. [IpoBoauTcst BHEpEHHE B IPONU3BOJCTBO HOBBIX BUIOB: Deutzia glabrata,
Armeniaca mandshurica, Prinsepia sinensis, Spiraea trilobata, Rosa spinosissima — st
OZIMHOYHBIX U TPYIIIOBBIX ITOCAIOK.

Jna yumuposanusn: I'opneesa I H. YenemtHOCTh HHTPOAYKIMH PEAKUX PACTEHUH B €HIpA-
pun Xaxacuu // U3B. By3oB. JlecH. xypH. 2021. Ne 3. C. 24-36. DOI: 10.37482/0536-1036-
2021-3-24-36

Kurouesvie cnosa: peaxue W WCUE3AONINE PACTEHUS, WHTPOAYKIHA, ACHApApUi, CTEIMHAs
30Ha, XaKkacus, PEHOJIOTHS, POCT, 3MMOCTOHKOCTh, Pa3MHOKEHHE.

ABtop 3asBisieT 00 orcyTeTBuM KOHBUKTa nHTepecoB / The author declares that there is no conflict of interest


https://publons.com/researcher/AAH-2491-2021/
https://orcid.org/0000-0002-9225-3659

ISSN 0536-1036 «H3BecTns By30B. JlecHoii skypHas». 2021. Ne 3 25

Bseoenue

Macmtab ¥ HTHTEeHCHBHOCTh BMEIIATEIbCTBA YEJIOBEKA B 9KOCHCTEMBI TIPHUBO-
JIT K CYIIECTBEHHOM Aerpaganiu U (parMeHTalnyd MPUPOIHBIX MECTOOOWTaHWUH,
4TO, HApALy C I00AJbHBIMH M3MEHEHUSIMH KJIMMara, CIIOCOOCTBYET PE3KOil rmorepe
Ouonorumyeckoro pasnoodpasus [2]. B HacTositiee Bpemst TOIbKO 5 % BUIOB COCYIH-
CTBIX PaCTCHHI MPOTECTUPOBAHO HA MOJIE3HOCTH I Jtoaeit [20], MHOTHE e BUIBI,
BO3MOXKHO, MTOTEHIIMATBHO SIBIISOIIAECS MTUIIEBBIMU, JICKAPCTBEHHBIMU WIJIM TEXHU-
YeCKUMH, MOTYT OBITh TIOTEPSHBI IO BBHISBICHHUS WX TOJE3HBIX CBOMCTB. BBeneHue
pacTeHuil B KyJlbTypy 4epe3 KOJUIEKIIMKM OOTaHWMYECKHUX CaJIOB He 0003HAYaeT CHU-
JKAIOIYIOCS ITI00aNBHYIO POJIb IaHHBIX BUJIOB B 00ECIICUCHNH MTUILIEBOH, YKOJIOTHYE-
CKO#, METUIIMHCKOM 1 NHO# Oe3omacuoctu [13].

CymiecTByeT MHEHHE, uTO O0oph0a 3a CoXpaHeHHE OHOpa3HOOOpa3Us MOXKET
OBITH IPOUTPaHA, TaK KaK (paKTOPbI, MPUBOIAIINE K €T0 IerpaJaini, 001ee MOIIHbIE,
YeM YCUJIUS, NPEAIPUHUMAEMbIE JJIs 3aIUThl NpUpoAbl [21]. 3HAYUTENbHYIO POJIb
B 3TOM IIPOIIECCE UTPAIOT U3MEHSIONINECS YCIOBUS OKPYKAIOIIEH Cpepl — U3MeHe-
HUe knuMmara. HecMoTpst Ha HeyBepeHHBIE IPOTHO3bI O €0 BIUSHUU HAa KOJUJICKIMN
B TEKYILEM CTOJICTHH, OOTaHHMYECKUE CaJbl JOJKHBI OBITh TOTOBHI K Pa3HBIM BapH-
aHTaMm pa3BuTusa coObiTuid. B . [lyonune B utone 2010 1. mpuHAT HOBBII BapuaHT
MesxayHapoaHON TPOTPpaMMBbl O0TAaHUIECKUX CaJIOB TI0 COXPAHEHHIO pacTeHuH [ 18],
KOTOPBIN CITOCOOCTBYET BhIMTONHEHMTO [ ToOanpHOM cTparernu [ 19]. Ecnu uameHenns
KJIUMara JIeHCTBUTEIHHO OYyT HMETh MECTO B ONMKAWIINE ACCATUICTHS, TO HEH3-
OeXHBIM CTaHeT KaracTpoduueckoe odeqHenne onopasnoodpasus [17].

[To mocnenHUM JTaHHBIM B OOTAaHMYECKUX cajiax copepkutcs 1414 BUIoB cu-
oupckoit dioper w3 115 cemeticTs, uto cocrapmsaeT moutu 31 % Beex pactermiit Cu-
oupu. Cpeau 3TOr0 Kom4ecTBa 56 BUIOB BHeceHO B KpacHyro kaury Poccuiickoit
®enepanuu u okono 500 — B perunonanbHbie Kpacusie kauru Cubupu [3]. SBnsercs
AKTyaJIbHBIM U3YYCHUE COCTOSHHS PEIKUX U MCUE3AIOMINX PACTEHHUM, HAXOAAIMXCS
B JICHApapusIX U OOTaHWYECKHX canax. Hexoropwle penkue BUIBI HMEIOT OONbLIMIA
KYJIBTYPHBIN apeai, ueM npupoHbli [16]. VIX npuMeHeHue B 03eJIeHEHUH U Oaro-
YCTpPOMCTBE MO3BOJISET PA3HOOOPA3UTh CYIIECTBYIOINI aCCOPTUMEHT.

Less nccnemoBaHus — MOABEACHUE UTOTOB YCIIEITHOCTH MHTPOILYKIIMN PEIKIX
Y MCYE3Ar0IIUX APEBECHBIX PACTEHUH, MPOU3PACTAIONINX B JICHAPAPUH, IS TabHEH-
IIEro MCIIOIb30BaHMS B 03€JICHEHUN HACEJICHHBIX MyHKTOB CTEITHOM 30HbBI XaKacHH.

Obvexmul 1 Memoowvl UCCILe008AHUS

OO0beKkTaMu HCCIeIOBaHNS SBISIOTCS JIPEBECHBIE PACTEHHUS Pa3HOIO CTaryca
penKocTH, COOpaHHBIC B KOJUIEKIMH Hay4HO-HCCIe10BaTebCcKOTO MHCTUTYTA arpap-
HBIX ITpo0JsieM Xakacuu. Kareropuu craryca peIkOCTH BUIOB OIIPEICIISIIN 110 IIKaJe,
pa3paborannoii 1y Kpacuoit kauru P® [5]. Jlenapapuii iomaasio 1,1 ra 3akia-
neiBad B 1975 1. KonmndaecTBo 9K3eMIUTBIPOB KK I0TO peAKOro Buaa oT 4 (Amygdalus
pedunculata, Juniperus rigida, Betula raddeana) no 15 u 6oree.

Ha 2000 r. B Kom1ieKIMU IPEBECHBIX PACTCHUIA KOJIMUYECTBO PEIKHUX M HUCUE3a-
ronx, 3aneceHHbix B Kpacusie kauru CCCP u PCOCP, 6b1u10 okoso 100 Bunos [9].
B nacrosiiee Bpemst ux HacuuThiBaeTcs 44: 18 BUIOB APEBECHBIX U 5 peAKUX Tpa-
BSHUCTBIX TMOHOB, BXofsamux B Kpachuyro kuury Poccuiickoit @enepanuu; 22 pen-
kux Buga Cubupu [12] u 4, Bxomsimx B Kpacayto kuury PecnyOnuku Xakacuu [6].
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U3 44 penxux BUIOB Ha MapiIpyTe HaOmoneHuid HaxoquTces 21: 6 BHIOB 1epeBbEB
(28,6 %, Armeniaca mandshurica (Maxim.) Skvorts, Betula maximowicziana Reg.,
Betula raddeana Trautv., Juniperus rigida Sieb.et Zucc., Tilia sibirica L., Tilia cor-
data Mill.); 13 BugoB kyctapuukoB (61,9 %, Amygdalus pedunculata Pall, Cotone-
aster alaunicus Golits., Cotoneaster lucidus Schlecht., Deutzia glabrata Kom., Eu-
onymus nana Bieb., Euonymus sacrosanct Koidz., Juniperus sargentii (A.Henry)
W.C.Chenget L.K. Fu, Juniperus sabina Sieb.et Zucc., Myricaria bracteata Royle,
Prinsepia sinensis (Oliv.) Bean., Rosa spinosissima L., Sorbocotoneaster pozdnja-
kovii Pojark., Spiraea trilobata L.); nee nuaunst (9,5 %, Aristolochia manshuriensis
Kom., Menispermum dahuricum L.).

JeHnpapuii pacroioxeH B cTenHoi yactu Pecriyonuky Xakacust Ha BTOpOH
HaJAMoOWMeHHOH Teppace p. AbGakaH, B 13 kM oT ctonumel — . Abakana. Knmmar
PEe3KO KOHTHHEHTANIbHBIH, ¢ OOJNBIINM KoJieOaHHEeM CYTOYHBIX TeMIIepaTyp, BO3-
BpaTHBIMH 3aMOPO3KaMH B BECCHHUH MIEPUOJI, pPAHHUMHU OCCHHUMU 3aMOPO3KaMHU
(mo =5 °C). 3umbl Mopo3HKIe (cpenHss Temneparypa saBaps —21 °C), riryOuHa
CHEXXHOTO IOKpOBa B JIeHApapuu coctasiser 15—17 cMm, B oTAeNbHbIE OBl —
710 5 cM, BCIIEICTBHE YEero MPOUCXOIUT CUIBHOE MIPOMEpP3aHHUe MOYBHI (10 3 M).
CpenHeronoBoe Koau4ecTBO ocagkoB gocturaet 320 mm. JKapkue qHU mpuxo-
natcst Ha uiodb (no +38 °C) mpu OTHOCHUTENBHOW BIaXXHOCTH Bo3ayxa 5—7 %.
Becna xopoTkas, B Mae IYIOT CHJIBHBIE BeTpa-cyxoBeu — 10 25-30 m/c. Ocensn
JUTMHHAsI, Terulast, 4acTo cyxas. [louBbl TeMHO-KalITaHOBBIE, KapOOHATHBHIE,
¢ HeONMarompusITHBIMU AJI POCTa PacTeHUH (PU3UKO-XMMHYECKUMH CBOHUCTBAMHU
U IIEJIOYHOH peakIel MouBeHHOTo pacTBopa [4]. OpolieHne npon3BOIUTCS BO-
JIOTIPOBOJIHOM BOJIOM.

3a 1peBeCHBIMHU PACTEHUSMH OCYIIECTBISUINCH (PEHOIOTMYECKIE HAOMIONEHUS
[11] c uaTepBanoM B 3—4 IHS IO OCHOBHBIM (pa3aM pa3BUTHS: HAYaJIO PacIlyCKaHHsI
BETeTaTUBHBIX U TE€HEPATUBHBIX MOYEK; MOSBICHHE TIEPBOTO CBOOOIHOTO JINCTA; Ha-
YaJio ¥ KOHEIl IBeTeHHs; OKOHYaHHE POCTa MOOEroB; CO3pEBaHUE CEMSH; MOSBICHUE
OCEHHEW OKpACKH JINCTHEB; Ha4aJIo M KOHell iucTonaza. Ha ocHoBe aHanm3a mokasa-
TeJel JKU3HECTIOCOOHOCTH JJPEBECHBIX PACTCHUH MPOBOAMIIACH UHTETpaJIbHASI OIICH-
ka ux nepcrnektuBHocTH [10]. Illkana crenenn oxpeBecHeHus: mo6eros (1-1eTHHUX)
cienytomas: | — Be3peBaeT momHocTho Ha 100 % mmnHer — 20 6anmos; 11 — BezpeBa-
et Ha 75 % — 15 6amnos; 11l — Be3peBaer Ha 50 % — 10 Gamtos; IV — He BEI3peBaeT
Ha 25 % — 5 6amoB; V — He Bbi3peBaeT — 1 Oayn. [llkana oleHKH 3UMOCTOMKOCTH:
I — pactenue He ooMep3aet — 25 Gannos; 11 — oOMep3aeT yacTh OHONIETHETO ToOera
— 15 6amnos; 11l — ogHONeTHHE MOOETH OOMEp3aroT HeauKoM — 15 6ammos; [V — 00-
Mep3aroT crapblie mobern — 10 6ammoB; V — oOMep3aeT 10 YpOBHS CHeTa — 5 0ajlioB;
VI —pacrenue oomMep3aet 10 KOpHEBOi 1ieliku — 3 0aiia; VII — pacteHue BeiMep3aeT
uesnmkoM — 1 6amn. OueHka coxpaHeHusi raburyca: I — coxpansiercss — 10 6amos;
II — BoccranasiuBaercs — 5 6aios; 111 — He BoccranasiauBaeTcsa — 1 0ainr. ITooerooo-
pasoBarenbHas CIIOCOOHOCTh OIICHUBAETCS TI0 3-CTyNEHYATON mkaje: | — BeIcoKas —
5 6ainos; Il — cpennss — 3 Oamna; [11 — Huskas — 1 Gayn. OreHKa MPUPOCTA: SIKETO-
HBII — 5 0aJUTOB; HEeXKETOIHbIN — 2 Oauia. ['eHeparuBHOE pa3BuTHe: | — MIOMOHOCUT
U JTaeT BCXOXKUE ceMeHa — 25 Oaios; Il — miomoHoCHT, HO ceMeHa He BBI3PEBAOT —
20 O0aymos; III — nBeret, HO He IOAOHOCUT — 15 OayioB; IV — He uBeTeT — 1 OaI.
Bo3moxkHbIe crtocoObl pa3MHOKEHHST: Hannure camocesa — 10 6amios; 11 — ciocobom
nocesa — 7 6ayuioB; [ — ectecTBeHHOE BereTaTuBHOE pa3MHOXKeHHE — 5; [V — nckyc-
CTBeHHO — 3 Oamna; [V — He pazmHOXkaetcs — 1 Oamr.
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Craructuueckas 00paboTka (peHOIIOTHYECKUX JTaHHBIX NpuBezcHa 3a 10 jet-
Hui nepuon [1], IuCnepCHOHHBIN aHaIW3 U BapUALMOHHASI CTATUCTHUKA BBIMOTHEHBI
C IpUMCEHEHHEM TakeTa mporpamm [14]. JlatmHCKME Ha3BaHUS yKa3aHBI B COOTBET-
cTBUHU cO cBoAKoU UepenaHona [15].

Pesynomamot uccnedosanust u ux oocyxncoenue

Cpennuii Bo3pacT peakux pacTeHuil nenapapus nocturaet 40,7 jet, 94To cBU-
JIETENLCTBYET 00 WX BBICOKOH aJalTUBHOCTH B HOBBIX YCIOBHUSIX MPOM3PACTAHUS.
BonpmmncTBO (72 %) IPOXOIUT MOTHBINA IIUKIT PA3BUTHSI K POPMUPYET CEMEHA pa3HO-
ro kauectsa. MckiroueHneM sBisitoTcs yetbipe Buma (19 %): Amygdalus pedunculata,
Aristolochia manshuriensis, Juniperus rigida, Juniperus sargentii — OHU IIBETYT, HO
He maroT ceMsH. JIBa Buna — Juniperus sabina v Menispermum dahuricum (9 %) — ue
LBETYT. Y MEPBOTo, MPOU3PACTAIOIIETO B TOPHBIX palloOHaX XaKacHH, 3TO, BO3MOXKHO,
00yCJIOBJICHO CyXOCTBIO BO3IyXa B BECEHHUH MEPHUOJT U CUIILHBIMHU BETPAMH, CITOCO0-
CTBYIOIIMMH OBICTPOMY MCCYIICHHUIO MBUIBILI. BTOpOW B yCIOBHSX IEHApapHs HE
LBETET: €ro CUJIBHO 3aTEHSIOT U JIMIIAIOT MUTAHUS COCEAHUE Pa3POCLINECS JEPEBbS —
B 0OJIee OTKPBITBIX MECTaX C JIydIIMM OPOIICHHEM OH JOCTHTAeT BBICOTHI 10 2,5-3,0 M,
AKTHBHO Pa3pacTasich KOPHEBBIMH OTIPBICKAMH, I[BETET U IUIOJOHOCHUT. JlepeBbs
B JIeH/Ipapuu 0OBIYHO HMXKE, & KYCTAPHUKH BHIIIE U IIUPE, YEM B IPUPOAHBIX YCIIO-
BHsIX (Tabm. 1).

Hannune camoceBa CBUIETEIBCTBYET O TIOJHOW aJlaTalliy BU/Ia B HOBBIX JUIS
HETO YCJIOBHAX Mpou3pacranus. Eciu pacTeHue npoXOoauT MOTHBIA UK Pa3BUTHS,
y Hero (popmupyroTcst GpepTHibHas MBUTBIA, TOJTHOIIEHHBIE CEMEHa, TO, KaK IpaBu-
10, mosiBiiAeTcss camoceB. OH HaOmomaeTcss y 6 U3 paccMaTpUBAaeMbIX BHJIOB: Ar-
meniaca mandshurica, Cotoneaster lucidus, Deutzia glabrata, Prinsepia sinensis,
Tilia sibirica, Tilia cordata. Y mepBBIX ABYX CaMOCEB OBLT HETIOCPEIACTBEHHO IO
MaTEepUHCKUM PACTEHUEM MJIM HEJJAJIEKO OT Hero. Y TPEThero, B CBS3U C 3aTCHEHHEM
1 OONBIION KOHKYpEHIIHEH 3a BOMY, B JICHAPAPHHU 3TO sBIeHHE peako. OQHAKO MpH
nepeHeceHnu B 0oJiee OIaronpusITHBIC YCIOBUS Ha CIEAYIOIINHI o1 IocIe co3peBa-
HUSl U OCBHITIAHWSI CEMSIH BOKPYT' KYCTOB TIOSIBJISIETCS MacCOBBIH CaMOCEB, KOTOPHIi
0JarornorydHo mepe3nMoBbIBaeT. Ha BTOpO# rof MOJOIbIe paCTeHUS MPEICTABISIOT
c000i pa3BeTBICHHBIC KYCTUKH ¢ 3—4 moberamu 10 20—25 cM BbicoTO#. OHU OBICTPO
pacTyT.

B ycnosuax nennppapust 38 % BHIOB Pa3sMHOXKAIOTCS KaK CEMEHaMH, TakK U
BereratuBHO; 38 % — BereratnBHO M 24 % — CEMEeHaMHU.

B sK010TMUECKOM OTHOLICHUH K KCepoduTaM U Me30(uTaM OTHECEHO I10 5 BU-
1oB (24 %), k rurpodutam — 4 %. OcranpHabie BUABI (48 %) ABISIOTCS IEPEXOTHBIMH,
YTO JIaeT UM BO3MOXKHOCTB MPUCTIOCAOIMBATHCS K CIIOKHBIM KIIMMATHUECKUM YCIIO-
BUSIM PETHOHA.

OCHOBHBIM JTUMHUTHPYIOMIAM (HaKTOPOM HOPMAIBHOTO POCTa M Pa3BUTHA
M3y4aeMBbIX PACTCHUU SIBISIETCS HEIOCTaTOYHas 3UMOCTOMKOCTh. PaccmarpuBae-
MBbI€ BUJIBI B IPUPOJHBIX yclIoBUsAxX Xakacuu umeroT | u 11 6amiel mo aToMy Kpute-
puto (tabm. 1).
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Tabnuna 1
XapakTepucTHKa peJKHX pacTeHUi JeHApapusi HHCTUTYTa
Dxo- Jlna- 1a-
Cra- - Beicora B et Hamu- | Cnoco0 | Tpo- | 3umo-
Hazpanue TyC Igz: ast JeHapapuu / P uye pasm- IOyK- CTOM-
pacTeHus pefiko- | ook BBICOTA B KTy' camo- HO- OU- | KOCTb,
CcTH rp}g‘[ pupoje cra, ceBa JKCHUSI | OHHBIM | Oait
T M 6asn
Amygdalus . 3-3.5 B
pedunculata 3 K ,0 3,0 B () 4 11
Aristolochia 1 r 10 6,0 _ _ B 4 I
manshuriensis - (1)
Armeniaca , 8.0
mandshurica 3r Mk 13,0-15,0 5,0 + C.B 3 HI
Betula maxi- . 12,0
mowicziana 1 M 25,0-30,0 40 B C 4 I
Betula . 13.0
raddeana 30 Mg 10,0 3.5 B C 4 I
Cotoneqster 3q K 1.6 2.5 B C,B 5 I
alaunicus - (1)
Cotoneaster . 2.0 C,B
lucidus 3a K 2,0-3,0 2.3 * (9) > I
Deutzia . 2.0 2,5~ C,B .
glabrara | 2% | M | 2530 |30 | Y| @ 4 |
Euonymus . 0,2-0.3 B
nana 1 Kao | 05710 | - (0) 4 | HI
Euonymus - 1.6 2— C,B
sacrosancta 2 Mic 10 2,0 2,5 B (1) ) I
Juniperus . 0.8 B
sabina 2 K 1.0 3.0 _ (4) 4 !
Juniperus . 5.5-6.0 B B
rigida 2 Kv 15080 | 20 (1) 4 I
Juniperus | 3| gy 20 35 | - B 4 I
sargentii - (9)
Menispermum - B
dahuricum 2 M _ _ _ (0) > VI
Myricaria s 1.5 C,B
bracteata 2 Mr 10 2,0 1.2 - (q) 5 I
Pr.insep.ia 2" M 2,024 2.5 4 C 5 I
sinensis 1,5-2.5
Rosa spino- 1.5-2.0 C,B
sissima 2 K 0,6-1,5 0.5 B (0) 3 I
Sorbocotone-
. . v 4,2-4.5 1,5- B
aster kl;?j;inja_ 3a* Mk 3.0 2.0 - (n) 4 I
Spiraea - 10 1,0 C,B
trilobata 2 Korr 10 1,0 0.6 — (1) 5 I
Tilia sibirica 2% M 6.0 3,0 + C 5 I
30,0 3,5
Tilia cordata 2% M %Q 23’50_ + C 4 I
[Ipumeuanue: Cratyc penkoctu: * — BuJ BHeceH B KpacHyro kaury Poccuiickoii denepanun;
** — pacTeHHe BXOIUT B CBOAKY «Penkme m mcuesaromme BUABI Gpruopsl Cubupm»; " — Bug

BHeceH B Kpacnyto kuury Pecniyonmiku Xaxacust. O6o3nauenusi: M — me3odursl, K — kcepo-
¢wutsl, I' — rurpodutsr, Mk — Mme3okcepodutsl, Km — kcepome3oputsr, Mr — Me30rurpoursl,
Kur — xceponerpodputsr; C — cemMeHHON, B — BereTatuBHBIN (4 — YepeHKH, O — OTIPBICKH,
I — TIPUBUBKA).
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[ Ganom xapakrepusyrorcs 66,6 % BUAOB, OHU XOPOILIO EPEHOCAT HU3KUE TEMIIC-
parypst. 11 6am1 nprcBoer 14,3 % BUAOB, y HUX KaXKABIH T 00MEP3ar0T KOHIIEI TTOOETOB
(Amygdalus pedunculata, Aristolochia manshuriensis, Myricaria bracteata). Ilepexonsbie
6amel (I — 1) xapaxreprs! Taxke mist 14,3 % BHIOB, KOTOPBIE B OTAETIBHBIE 3MMBI MOTYT
HE3HAYUTENBHO oOMep3arh M ONaromnoixyqHo BOCCTaHABIMBAThCs (Armeniaca mandshu-
rica, Deutzia glabrata, Euonymus nana). [lodern Menispermum dahuricum KaxxapIit To1
MOJTHOCTBEO 0OMEp3at0T 0 KOPHEBOM LICHKH, BECHOW oTpacTatoT 3aHoBO (VI Oarm).

OrmpeienieHne puTMa pa3BUTHSI UMEET OOIBINOE 3HAUCHUE JUTS XapaKTEPUCTHKA
CTETIeHH 3UMOCTOMKOCTH MHTPOIYIIMPOBAHHBIX PAaCTEHHH. YCTAHOBIIEHO, YTO PaHHHUE
HaYauo0 ¥ OKOHYAHHE BEreTalluy SIBJSIFOTCS HAJISKHBIMU MPU3HAKAMH OTHOCHUTEIBHO
BBICOKOI 3UMOCTOHKOCTH JAPEBECHBIX pacTeHuii [7]. Bce 00beKThI HccieoBaHus IMe-
IOT PaHHUE CPOKHU OTpacTaHusl — 2—3-5 MeKaabl arpens, 1-s1 aekaga mas. Hanbombimeit
BapraOeTbHOCTBIO OTIIMYAeTCS HAdallo PACITyCKaHUs BETeTaTHBHBIX M TCHEPATHBHBIX
MOYEK, HAa KOTOPOE CUIILHOE BIMSHUE OKAa3bIBAIOT aOMOTHYECKUE (PaKTOphl. Y OT/AEINb-
HBIX BUIOB (Euonymus nana) BRICOKasi I3MEHYMBOCTh OTMEYEHA B HACTYTIIEHUH (Da3bl
okxoH4aHus pocta 1moderos (30,7 %), 4To CBSI3aHO C YCIOBHAMH BET€TAIIMOHHOTO CE30-
Ha. [lpu HacTymneHnn niepuona JoXkei (aBrycT) MPOUCXOIUT BO30OHOBJIICHHE POCTA
(Tabm. 2). ®a3pl HaYaa ¥ KOHIIA [IBETCHUS SIBIISIOTCS BOKHBIMU JUIS XapaKTCPUCTUKU
OWoNIOTHYM BUJA, CBUJICTETHCTBYIOT 00 aIaTUBHON PEaKIMK PACTeHUS K HOBBIM yCIIO-
BUSIM. B TO 7Ke BpeMsi OHTOTCHETHUECKHI acTIeKT [IBETEHHs 0cOOM OOYCIIOBIICH TeHe-
TUYECKOM MporpaMMoi BUAa U B MaJIOM CTENEHU 3aBUCUT OT yclIoBHM rona [8]. 3to
TOATBEPKIACTCS HU3KUMH M CPEJTHUMH 3HaUCHUSIMU KOd(QUIMeHTa Bapraliy Hadaja
Y KOHIIA ITBETEHHS PaCCMaTPHBAEMbIX PACTEHHI.

B ycnoBusix cTenHo# 30HBI KyCTaAPHUKH Pa3/iesieHbI TI0 CPOKaM IIBETCHUS Ha JIBE
rpymnmsl: 1BeTeHne B 1-3-i nexamax mas (54 % BumoB); 1BeTeHue B 1-2-i mekamax
utons (46 %). Amygdalus pedunculata, Euonymus sacrosancta, Juniperus rigida, Prin-
sepia sinensis, Sorbocotoneaster pozdnjakovii, Myricaria bracteata, Spiraea trilobata
cthopmupoBanu 1-1o rpymmy. 2-s oobeaunmna Cotoneaster alaunicus, Cotoneaster lu-
cidus, Deutzia glabrata, Euonymus nana, Juniperus sargentii, Rosa spinosissima.

HauOonbmmii neprnof BeTeHUs yCTAaHOBIICH Y Rosa spinosissima, Aristolochia
manshuriensis, Sorbocotoneaster pozdnjakovii n Euonymus sacrosancta (44£3, 2043,
18+2 nHelt coOTBETCTBEHHO). Aristolochia manshuriensis n Euonymus sacrosancta
3alBETAIOT MPHUMEPHO B OJMHAKOBBIE CPOKH (Tadim. 2). B 3TOT mepwox mpoxianHo,
MMOYBEHHOH BJIATX JIOCTATOYHO ISl IPOXOXKIEHUS JaHHOH (heHO]a3bl, HO AYIOT CUITh-
HBIE MCCYIIAOIIIE BETPA, UTO SBISCTCS OTPUIIATEILHBIM (PAKTOPOM JIJIsI 3aBSI3bIBAHUS
ceMsiH y Aristolochia manshuriensis. B ycnoBusx neHapapus 3TOT BHJI HE TUIOJJOHO-
cut. Y Euonymus sacrosancta ceMeHa 3aBs3bIBaIOTCs eXeronHo. Y Sorbocotoneaster
pozdnjakovii ceMeHa 3aBS3bIBAIOTCS, HO, B CBSI3U C THOPUIHBIM TPOUCXOKICHHEM,
UMEIOT KpaiiHe HU3KYIO BCXOXecTh. [1oydeH oluH cestHel U3 CeMsSH COOCTBEHHON
PENPOIYKITHH, KOTOPBIA Ha 7-M TO/Iy 3alBell ¥ CPOPMHPOBAI TLIOIBI.

Haumenbinuii nepuoj IBETEHUs XapakrepeH s Betula maximowicziana,
Juniperus sargentii, Cotoneaster lucidus w Amygdalus pedunculata. Ilocnenanii 3a-
uBeraet B | exane Masi, MOKPBIBAsCh MPOCTHIMU HEKHO-PO30BBIMH IIBETKAMH €IIIC
IO TIOJTHOTO PacIyCKaHWs JIUCThEB. 110 MHTEHCUBHOCTH I[BETEHHUS OH 3HAYHUTEIHHO
yCTymaeT JpyriuM BUAaM MHUHJIAIsS, HO Oosee 3acyxoycToiuuB. [Inononomenue cia-
60e (3—5 mIoa0B Ha KyCT), MOCIEAHNE 5 JIEeT TUIObI He 3aBA3BIBAINCH, BO3MOXKHO,
B CBSI3U C BO3pacTtoM. Betula maximowicziana w Betula raddeana B ycnoBusix Bo3-
MOYKHBIX BO3BPATHBIX 3aMOPO3KOB M CHJIbHBIX MCCYIIAIOMIMX BETPOB B MEPHO] L[BE-
TEHHS TIOJTHOLIGHHBIX CEMSIH HE 3aBS3bIBAIOT, CAMOCEBA B ICHAPAPUH HET.
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Cpennuii meprof BereTalyu AJisl APEBECHBIX PACTCHUH B PUPOAHBIX YCIOBUAX
Xaxacud, Kak mpaBuiio, 165 nHeil. bosee mpogonKUTENbHBIM IEPHOJOM BEreTalllH
xapakrepusytorcst Cotoneaster alaunicus n Prinsepia sinensis, y HIX BOBpeMs 3aBep-
1aeTcsi POCT MOOETOB, MOATOMY 0OMep3aHuii He HaOmonaeTcs (Tadm. 2). Y Takux Beu-
HO3EJICHbIX PAaCTeHUH, Kak Juniperus sabina, Juniperus sargentii, Juniperus rigida n
Euonymus nana, KOHeI| BeTeTalliy OTMEYAETCS C YCTAHOBICHHEM YCTOWYHBBIX OTPH-
[aTeIFHBIX TEMITEPaTyp.

[Toxazarenu (heHOTOTHYECKOW aTHMTUIHOCTH CBHIETENBCTBYIOT 00 ONITHMYyMe
YCIIOBHH, B KOTOPBIX PEIKHME BUBI HAXOMATCS, T. K. BCE 3HAUEHUS CTPEMSITCS K HYJTIO
WU paBHBI eMy (HE 3aBHCHMO + WU —, Tabn. 2). Bce xapakrepusyembie apeBec-
HbIe pacTeHns HaxonsaTcs B BepxHed (+0) nnm B HKHEH (—0) momoBuHe oOmacTH
HOPMBI, WJIM ONITUMYyMeE JUIsl peasn3anuu (HeHonornaeckux (asz pocra u pa3BHTHSL.
Lukibl pa3BUTHS COOTBETCTBYIOT BEr€TAIIMOHHOMY TEPHOY MECTa MHTPOIYKIIUH.
JIumb yclioBHS BEreTallMOHHOTO CE€30HA PAa3HBIX JIET M YCJIOBHS BBIPAIIMBAHUS KOP-
PEKTHPYIOT €KETOAHBIE CPOKH MPOXOXKICHHS PeHonorndeckux ¢as. ¥ OoibImHCTBa
PEIKUX BUIOB [TOKA3aTeNN KBapaTHYeCKOr0 OTKIIOHEHHSI UMEIOT OUeHb HU3KUE 3Ha-
YEHUSI, YTO CBUACTEIBCTBYET O CTAOMIBHOCTH HACTYIICHNSI (PEHONOTHUECKUX (as3.

VYuuThIBas MOKa3aTeIH 3UMOCTOHKOCTH, OCOOCHHOCTH PUTMa Pa3BUTHS, Ha-
JMYHE CaMOCeBa M CIIOCOOBI Pa3MHOKECHUS, N3y4aeMbIM BHaM IPUCBAUBAIN HHTPO-
IyKIHOHHBIA Oamn (tabm. 1). Takue Bunel, kak Armeniaca mandshurica, Cotone-
aster lucidus, Cotoneaster alaunicus, Euonymus sacrosancta, Myricaria bracteata,
Prinsepia sinensis, Rosa spinosissima, Spiraea trilobata, Tilia sibirica, Tilia cordata
(47,6 %), umerot 5-it 6amn. OHM pa3BUBAIOTCS HOPMAIBHO, BITOJTHE 3MMOCTOMKH U 3a-
BSI3bIBAIOT IIOJIHOLIEHHBIE ceMeHa. HTpoayKoHHbIH 6ait 4 uMerot Takxke 47,6 %
BHJIOB. DTO pacTEHUs, MPOXOAIINE TIOTHBIN IWKI Pa3BUTHSA, HO TOAMEP3aIOIIHe
B OT/IEJIbHBIE TO/IBI WM HE (DOPMHUPYIOIINE MOTHOIIEHHBIE CEMEHa MIIM BOOOIIE WX
He obpasytomtue (Amygdalus pedunculata, Aristolochia manshuriensis, Deutzia gla-
brata, Euonymus nana, Juniperus sabina, Juniperus rigida, Juniperus sargentii, Bet-
ula maximowicziana, Betula raddeana, Sorbocotoneaster pozdnjakovii). Menisper-
mum dahuricum umeet 3-ii 0aJUT UHTPOLYKIUH, T. K. 0OMep3aeT KaXK bl TO/I.

Ha ocHoBe aHanmu3a mokazaresnell )KH3HECIOCOOHOCTH JIPEBECHBIX PACTCHUI
yCTaHaBIUBAJIHU UX MEPCHEKTUBHOCTH ( B Oajiax/cymmapHo, Taoi. 3).

Brnonne nepcnextuBHbiMu (I 6amn) siistorest 38,1 % penkux v nCUe3aronmx
pacrenuii geHapapusi. OHE IPOXOIAT MOTHBIM UK PA3BUTHSI, 3MMOCTONKH, LIBETYT,
orMedeH camoceB. M3 Hux 25 % — nepesws (Tilia sibirica, Tilia cordata) u 75 % —
kycrapauku (Cotoneaster alaunicus, Cotoneaster lucidus, Euonymus sacrosancta,
Prinsepia sinensis, Sorbocotoneaster pozdnjakovii, Rosa spinosissima).

[TepcriekruBrbIME (11 Oamr) sBnstoTcs Takxke 38,1 %: nepeBbst — 12,5 % (Ar-
meniaca mandshurica); kycrapauku — 75,0 % (Amygdalus pedunculata, Euonymus
nana, Juniperus sargentii, Myricaria bracteata, Spiraea trilobata, Deutzia glabrata),
muanbl — 12,5 % (Aristolochia manshuriensis). Jlannas Tpymnmna pacteHuii 00beTu-
HSIET BHUJBI, U TIOTHOIICHHOTO POCTAa M Pa3BUTHUS KOTOPHIX HEOOXOAMMO CO3/1aBaTh
CrelMaIbHBIE YCIIOBHsI (TIOCajiKa B 3aBETPEHHBIC MECTA, MOJHUB). BOJIBITMHCTBO U3
HUX BBICOKO JICKOPATHBHBI, TIOATOMY IPEACTABISIOT MHTEPEC Uil MCIOIb30BaHHS
npu OaroycTporcTBe HACEICHHBIX TEPPUTOPHIA.

K menee nepcniexktuBubiM (111 6amm) orHocsares 19,0 % Bungos. Oto 2 Buaa Oe-
pe3 — Betula maximowicziana, Betula raddeana v 2 Buna xyctapHukoB — Juniperus
sabina, Juniperus rigida. [lpuMeHeHne TaHHBIX PACTEHUH MTPEyCMaTPUBAET BEreTa-
TUBHOE Pa3MHOKEHHUE B CBSI3U C OTCYTCTBHEM CEMSH.
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Tabnauma 3

OIIEHKa NMEePCHEKTUBHOCTHU PEAKUX IPEBECHBIX paCTeHI/lﬁ AeHApapusi UHCTUTYTa, o0aJ

CreneHb Cox- l'[g 6aero_— Ha- | Penpo- Crg:l ep-
H oxnpe- 3umo- | paHe- 0opaso Tane TTyK- co P
a3BaHHE N BATEIlb- pas- | cmek-
BEC- CTOU- HUC HpI/I- TUBHAasL
paCTeHI/lﬂ Henus KOCTh I 6I/I- Has _ I 6- MHO- THUB-
¢ 0¢ a CI0Cco0- poc croco Ke- HOCTb
HO6CFOB TyCa HOCTD Ta HOCTH aus
Amygdalus I
pedunculata 15 20 10 > > 20 3 78
Aristolochia 15 20 | 10 10 5 15 s | 1
manshuriensis 80
Armeniaca I
mandshurica 20 20 10 5 3 20 10 90
Beula 15 20 | 10 5 5 15 ; | U
maximowicziana 73
Betula 1T
raddeana 15 20 10 5 5 15 3 7
Cotoneaster 20 | 25 | 10 5 5 35 | 10| 1L
alaunicus 100
Cotoneaster 1
Iucidus 20 25 10 5 5 25 10 100
Deutzia 1I
elabrata 15 15 10 10 5 25 10 90
Euonymus nana 15 20 10 10 5 15 5 E%)
Euonymus 20 20 | 10 10 5 25 7 I
sacrosancta 87
Juniperus I
sabina 15 25 10 5 5 1 3 64
Juniperus I
rigida 20 20 10 1 5 15 3 74
Juniperus 20 25 | 10 5 5 15 3 | I
sargentii 83
Prinsepia 20 | 25 | 10 5 5 35 | 10| 1L
Sinensis 100
Sorbocotone- I
aster pozdnja- 20 25 10 5 5 25 7 97
kovii
Menispermum VI
dahuricum ! > 10 10 > 1 > 37
Myricaria brac- | 20 | 10 10 5 25 o | I
teata 90
Rosa. 20 25 | 10 5 5 25 7 I
spinosissima 97
Spiraea I
trilobata 15 20 10 > > 2 7 87
Tilia sibirica 20 25 | 10 5 5 25 10 1(1)0
Tilia cordata 15 25 | 10 5 5 25 10| g
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K nenmepcnektuBHbIM oTHOcUTCA Menispermum dahuricum. OgHako Ipu
MOJJIEPYKAHUU HEOOXOIUMBIX JUUIsl HETO YCJIOBHH TPOU3pACTaHUsI OH MOXKET [[BECTH
1 (GOpMHUPOBATH TIOITHOICHHBIE CEMEHA.

[Ipu nondope crioco0OB pasMHOKEHUS Ul PEKOMEHAYEMBIX BUAOB YCTaHOB-
JIEHO, YTO pacTeHus |-i Ipymiibl pa3MHOXKAIOTCS CEMEHaMM M BereTaruBHO. Bo 2-if
rpynrme cemena (GopMupyroT auiib 37,5 %, ocTanbHble MOTYT pa3MHOXKAThCS YePEH-
KOBaHHUEM.

Raxnouenue

B pesynbrare MHOTOJIETHUX MCCIIENOBAHHNA PEIKUX JPEBECHBIX BU/IOB BBISB-
JICHBI UX OUOJOTMYECKHE OCOOCHHOCTH, KOTOPBIE MO3BOJISIOT MPUMEHSTH JaHHBIC
pacTeHus Juisl 6JaroyCTpouCTBa CEUTEOHBIX TeppUTOpHil. M3 BIIOJIHE MEPCIIEKTHB-
HBIX BHIIOB BHEAPSIIOTCS B IPOU3BOACTBO Deutzia glabrata, Prinsepia sinensis, Rosa
Spinosissima, iX MOYXXHO HUCITOJIB30BATh IS TPYIIIOBBIX TIOCATOK U CO3TaHUSI JKUBBIX
n3ropoaeid. M3 mepcnekTuBHBIX — Armeniaca mandshurica, Spiraea trilobata — nnst
OJIMHOYHBIX M TPYIIOBBIX MOCAJI0K. DTH BUABI 3HAYUTEIHHO PACIIUPAT ACCOPTUMEHT
PACTeHHH, YTO MPHUIACT ONPEICICHHBIN KOJIOPUT IMapKaM U CKBepaM IOpOJIOB U Cell
CTCITHOM U JIECOCTCITHOM 30H XaKacHH.
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Abstract. According to the International Agenda for Botanic Gardens in Conservation about
500 species of woody plants, which represent six regions of the world, are conserved in the
collection of the Research Institute of Agricultural Problems of Khakassia. The arboretum is
located in the dry steppe zone of the Republic of Khakassia. There are 44 species of trees,
shrubs and lianas of different rarity. Many of them are beautifully flowering, and therefore
can be used for landscaping. The aim of the work is summing up the introduction of rare and
endangered plants for their further usage in the improvement of residential areas of the Khakasia
steppe zone. The research objects are 21 species of rare plants of the arboretum of the Institute.
The periods of phenological stages of species, their growth and development rhythm, winter
hardiness, period and duration of flowering, and ways of reproduction were determined. As a
result, an introduction point was given to each plant and its perspectivity was estimated. The
average age of rare plants was 40.7 years. All studied plants are early growing (from April 10
to May 10). In new growing conditions 72 % of species pass through a full life cycle, 19 % flower,
but do not bear fruit, 9 % do not flower. According to the flowering period, 53 % of rare shrubs
are early flowering (May). The longest flowering period was found in 19 % of species. The
main phenological stages of plants occur during the stable periods, the low level of standard
deviation confirms it. Self-seeding is typical for 28 % of the studied species. In the arboretum
conditions 42 % reproduce both by seeds and vegetatively; 33 % — vegetatively and 23 % —
by seeds. The introduction point shows the degree of adaptation to the new environment. As
a result, 10 species have 5 and 4 points (96 %), Menispermum dahuricum, which annually
freezes to the soil level, has 3 points. Perspectivity of the studied plants was identified based
on the analysis of their viability parameters: 4 % of species turned to be non-perspective while
20 % are less perspective. Long-term studies of the biological features of rare woody plants
indicate that rather perspective (38 %) and perspective (38 %) of the plants can be used in the
improvement of residential areas of Khakasia. New species are introduced into the production
for single and group planting: Deutzia glabrata, Armeniaca mandshurica, Prinsepia sinensis,
Spiraea trilobata, and Rosa spinosissima.

For citation: Gordeeva G.N. Effectiveness of Introduction of Rare Plants in the Arboretum
of Khakassia. Lesnoy Zhurnal [Russian Forestry Journal], 2021, no. 3, pp. 24-36. DOI:
10.37482/0536-1036-2021-3-24-36

Hocrtynuna 14.04.20 / Received on April 14, 2020


https://www.bgci.org/resources/bgci-tools-and-resources/international-agenda-for-botanic-gardens/
https://www.bgci.org/resources/bgci-tools-and-resources/international-agenda-for-botanic-gardens/
https://www.bgci.org/files/Dublin2010/papers/Oldfield-Sara.pdf
https://doi.org/10.4324/9781315071688
https://publons.com/researcher/AAH-2491-2021/
https://orcid.org/0000-0002-9225-3659

ISSN 0536-1036 «HW3BecTus By30B. JlecHoi xxypHaa». 2021. Ne 3 37

VK 581.55+581.524.34
DOI: 10.37482/0536-1036-2021-3-37-48
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Abstract. Haphazard use of pastures has become one of the factors of disturbance of their natural
vegetation. Therefore, forest reclamation works were carried out and significant areas of strip
plantations of shrubs were created in the Caspian Sea region in the mid-20th century. In the arid
zone of Russia, one of the most important tasks in the field of scientific provision of protective
afforestation is the improvement of methods and techniques of arrangement, increasing longevity
and environmental, agricultural, and utilitarian efficiency of plantations. This study aims to
determine the long-term impact of afforestation on the functioning of pasture ecosystems. The
influence of tree and shrub layer on biodiversity and productivity of vegetation cover of pastures
was also studied. The research objects are plantations growing on the reclaimed pastures.
The research is based on the materials of biomonitoring and field experiments using standard
methods of forest inventory and geobotanical survey. Rectangular-shaped test plots of 0.25-0.30 ha
were laid out for the study of forest plots. Test plots were used for a detailed description of the
location, soil composition, time, method, and technology of plantation development, as well as
a comprehensive assessment of the growth and longevity of tree and shrub crops. Data from key
plots were used to study the successional processes of vegetation cover. The research results
have shown that deep plowing preparation of soil to obtain high results in rooting, preservation,
and growth of shrub species has an advantage over other soil preparation technologies in the
semi-desert zone. It was found that the shrub layer up to 45 years old retains its productive
and generative abilities. Pasture protection belts from Haloxylon aphyllum and reclamation and
fodder plantations from Krascheninnikovia ceratoides and Calligonum aphyllum have a high
cenosis potential and stability. In this case study, in semi-arid regions, afforestation with shrubs
is the best way to improve and restore pastures.

For citation: Rybashlykova L.P., Lepesko V.V. Assessment of Natural and Forest Reclaimed
Forage Lands in Semi-Desert Conditions in Southern Russia. Lesnoy Zhurnal [Russian
Forestry Journal], 2021, no. 3, pp. 37-48. DOI: 10.37482/0536-1036-2021-3-37-48

Keywords: arid zone, brown soils, forest pastures, geobotanical descriptions, multi-layered
structure of phytocenoses, reclaimed forage lands, semi-desert.

Introduction

Further development of sheep breeding within pastures of the arid zone is
impossible without strengthening the forage base, which is based on the rational use
of reclaimed and natural forage lands. Vegetation cover is closely related to natural
conditions and the economic use of the territory. Natural semi-desert pastures in the
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region are characterized by low yields (0.15-0.35 t/ha) [6, 15] and sharp differences in
forage reserves by year and season [17], which restrains the rate of animal husbandry
development.

Uncontrolled cattle grazing leads to the reduction and disappearance of
valuable forage plants from the grass plantations (Kochia prostrata L., Agropyron
fragile Roth., Camphorosma lessisingii Litv. and other species), destruction of the
fertile soil layer, and development of land degradation [18, 20].

Asarule, low-value forage annual plants and pasture perennial weeds (Peganum
harmala L., Euphorbia virgate Waldst. & Kit, Anabasis aphylla L.) settle in places
where primary vegetation is destroyed, which leads to a reduction in forage reserves
in pastures [13]. To prevent further deterioration of pastures, restore their natural
productivity, and improve the quality of forage on pastures of the semi-desert zone,
a set of measures is required to create systems of pasture protection and reclamation-
forage plantations from the most valuable in terms of protective and forage function
shrub and tree species [5, 11, 16].

Protective plantings create a more favorable zone for cattle grazing on pastures,
the organization of grazing and load regulation is simplified [8].

Livestock keeping conditions are improving on forested pastures as forest
plantations protect animals from heat, sun, dust storms, cold winds, and blizzards [4, 14].

Linear continuous strip plantations protect the pasture area from strong winds,
which is important in cold weather conditions, since a decrease in wind speed moves
the border of adverse cold from —4 to 0 °C, for example, from 4 m/s to 0 m/s [9].
However, in summer when it is calm, sheep are oppressed by overheating at an air
temperature of 22-27 °C, and the oppression is noted at a higher temperature (25-29 °C)
with a wind speed of 4 m/s.

The creation of savanna and diffusor-screen plantations diversifies the ecology
of pasture spaces by forming zones with different air exchange intensities, light
conditions, and temperatures in the habitat of grazing animals [9].

The research purpose was to determine the stability and current state of tree
and shrub plantations and assess their ecological and reclamation impact on pastures
in semi-desert conditions.

The study of the functioning of reclaimed pasture and forest-pasture
ecosystems is of theoretical and practical importance in optimal and, especially,
extreme conditions of the arid zone [7, 19].

Modern phytocenoses of natural pastures of the Astrakhan semi-desert develop
according to the wormwood-ephemeral type. They are degraded and phytocenotically
incomplete. Ecological niches of highly nutritious plants are occupied by low-
value (analogous) species, which indicates the duration of the impact of adverse
environmental factors.

Studies conducted within the territory of the studied region revealed forest
pastures that have retained their functional purpose and have existed for about 50 years,
which made it possible to assess the long-term reclamation effect.

Materials and methods

The studied territory belongs to the Caspian subprovince and the North
Turanian province of the Afro-Asian desert region according to phytogeographical
zoning, and, in geomorphological terms, it is a marine plain of Late Khvalyn age,
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modified by the Baer knolls and Aeolian landforms, such as ridges, barkhans and
semi-fixed dunes [10]. See the figure.

The proximity of the Caspian sea and the intersection of sandy areas from
North-West to South-East by the Volga river has no noticeable mitigating effect.
Total annual precipitation is 100200 mm. Mainly, low-snowy winters prevail, the
thickness of the snow cover does not exceed 10-15 cm. The continental climate
is manifested in the amplitudes of summer, winter, and annual temperatures. The
maximum temperature is +42 °C. The minimum relative humidity during the growing
season of plants is reduced to 10 %. Evaporation is very high (950-1100 mm) and
exceeds atmospheric precipitation by 5—7 times. The average number of days with
dry winds is 113 with a probability of 100 % according to the data of the Kharabali
hydrometeorological station.

Location of the study area

¥

'Republic of
~ Kalmykia -

The assessment of successive changes was carried out within pasture areas of
the arid zone, where phytoreclamation and forest reclamation works were performed
in 1975-1980. The research objects are plantations growing on the reclaimed pastures.
The Priselskiy pasture plot covers an area of 306 ha. Pasture protection strips consist
of Haloxylon aphyllum Minkw. (106 ha, seedling planting in 1978), reclamation-
forage strips of Krascheninnikovia ceratoides L. and Calligonum aphyllum Pall.
(200 ha, seedling planting in 1978). The terrain is a hilly plain that belongs to typical
brown sandy loam soils. The plant association is ephemeral, with Artemisia lerchiana
Weber ex Stechm. growing singly.

The Sokolovskiy pasture plot (213 ha) is represented by a hilly plain. It has a
network of pasture protection strips with an area of 103 ha planted in 1976 and an
area of 110 ha of pasture plantations of 1978. The soil is brown desert-steppe saline
sandy loam and light loam in a complex with solonetz of 10 %.

The strips are 3-row, located across the prevailing winds. The width of the
aisle is 4 m. The plant association is multi-herbaceous (Barbarea vulgaris R. Br.,
Poa bulbosa L., Elytrigia repens L., Artemisia arenaria DC., solitary A. lerchiana).

The Railway pasture plot (390 ha) is defined by a flat inter-mound depression.
Planting on an area of 60 ha was carried out by the forest reclamation station in 1977,
pasture protection strips — 100 ha, and pasturable strips — 230 ha. The soil is brown,
sandy loam. Ground water is not revealed at a depth of 5 m. Pasture protection strips
are 3-row with a 4-meter aisle. The soil is prepared according to the deep plowing
method. The main plant species is Haloxylon aphyllum. Three pasture strips of
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Krascheninnikovia ceratoides were planted into an inter-band space of 150-meter
wide in 1980. The plant association varies from montley grass to white wormwood.

The Roadside pasture plot covers an area of 430 ha (100 ha in 1979 and 330 ha
in 1981). The forest pastures were created on the Baer knolls, the soil is brown
saline, sandy loam of II and III forest-reclamation category (FRC) and light loam in
combination with solonetz of 10 %. The spaces between the strips are 30 m. The plant
association is wormwood-cereal (bluegrass).

The Cordon pasture plot consists of 8 pasture protection strips (100 ha). The
strips are 3-row; the width of the aisles is 4 m. The planting was carried out in
1977. Deep plowing was used for forest pasture strips. The inter-strip spaces are
30 m. First, the pasture protection strips of Haloxylon aphyllum were laid out, and
after 2 years the reclamation and forage strips of Krascheninnikovia ceratoides
and Calligonum aphyllum were laid out. Standard seedlings and planting machines
SLCh-1 and SSN-1 were used for planting. The terrain is a slightly hilly plain. The
soil is brown and sandy. Areas of wind-drifted sand are found in places along the
strips. The ground water was not detected at a depth of 4 m. The plant association is
ephemeral (Avena fatua L., Anisantha tectorum L., Poa bulbosa, solitary Artemisia
lerchiana).

Soil tillage for planting protective plantations on pasture plots was carried out
according to the following options: continuous deep plowing to a depth of 40—45 cm;
partial deep plowing in order to form rows to a depth of 40—45 cm using the deep-cut
ploughing machine KPG-250, followed by plowing the aisles to a depth of 22-25 cm
in the spring and summer period; regular solid plowing to a depth of 22-25 cm.

Field work on the study of successional processes, geobotanical description
and accounting of vegetation productivity was carried out during geobotanical
surveys, according to generally accepted methods and instructions [2]. Data from
key plots were used to assess succession. Each plot was characterized by a detailed
description of 4 sample plots (size 100 m2) by plant species diversity and indicators
of its changes (number of species, life forms, structure of above-ground phytomass
of herbaceous layer). An assessment of tree and shrub layer was based on taxonomic
and morphological evaluation in the field conditions on 5 trial plots of rectangular
shape, 0.25-0.30 ha, where the average height, diameter, nature of preservation of
species, % of flowering and fruiting specimens were recorded [1]. Classification
of plantations according to the value of state indices is as follows: healthy 1-1.5;
weakened 1.6-2.5; severely weakened 2.6-3.5; dying 3.6-4.5; dead more than 4.6.

The nomenclature of vascular plant species is based on the Cherepanov’s
summary [12].

Results and discussion

Monitoring of the current state of forest pastures on brown semi-desert soils
and analysis of dynamics of successions of vegetation cover allows us to identify
promising technologies restoration of degraded pastures, on the example of objects
where the integrity and multi-layered structure of phytocenoses has been preserved.

High results of survival rate, integrity and growth of shrub species in all options
of the experiment were obtained as a result of careful compliance with the technology
of forest planting in the semi-desert zone, however, the undisputed advantages remain
for the deep plowing preparation of soil [3]. The study results are presented in table 1.
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Table 1

Survival rate (%) of shrubs in pasture reclamation plantations, Priselskiy pasture plot

Soil tillage method

Plant species assortment Deep plowing Flat-cut Conventional

1978 | 1979 | 1980 | 1978 | 1979 | 1980 | 1978 | 1979 | 1980

Haloxylon aphyllum 96.4 | 385|892 924 | 672 | 701|911 | 654 -

Krascheninnikovia

. 99.0 | 86.5 | 953 (994 | 94.0 | 97.2 | 97.0 | 94.2 —
ceratoides

Calligonum aphyllum | 95.0 | 97.3 | 97.1 | 97.0 | 95.8 - 193.0|9%.1 -

Note: Planting was not carried out in the columns with a dash.

The low survival rate of Haloxylon aphyllum is explained by drying of the
planting material during the deep plowing in 1979. Good indicators of survival rate
of shrubs were also noted in other areas of the region in these years.

The results of 3-year observations of phytomass growth of shrub species
showed that the maximum increase was observed in Krascheninnikovia ceratoides
and Haloxylon aphyllum in pasture reclamation plantations in the second year of
life. Haloxylon aphyllum can accumulate 0.7-0.9 t/ha of dry mass with moderate
grazing (60 % increase), and Krascheninnikovia ceratoides can accumulate
0.8-1.0 t/ha, respectively. The yield of grassy vegetation was taken into account in inter-
strip spaces and open semi-desert, along with the determination of shrub phytomass.

The yield of air-dry grass mass was 0.69, 0.52 and 0.37 t/ha on the pasture
protected by forest strips on the Priselskiy pasture plot in 1978, 1979 and 1980,
respectively, and on an open pasture (control plot) it was 2—3 times less: 0.38,
0.28 and 0.19 t/ha. Productivity was 0.61 t/ha in the system of pasture protective
strips over a nine-year observation period (1978-1986), control — 0.36 t/ha.
The increase in the yield of grasses under the protection of forest strips on
the pasture plots was: by 0.17 t/ha — Cordon; by 0.21 t/ha — Sokolovskiy; by
0.11 t/ha — Railway.

After 2 years, the reclaimed plots (Priselskiy, Sokolovskiy, Railway and Roadside)
were put into use after planting pasture protective strips. An intensive grazing of small
cattle began in the amount of 1.5 ths heads during the growing season in disregard of
enclosure pasturing. This had a negative impact on the growth of pasture grasses, and
after 2 years, the yield of ephemeral plants was in control higher than in the inter-strip
space of the Priselskiy pasture plot, since it was adjacent to the lands of the state forest
fund. Cattle broke up the Haloxylon aphyllum plantings.

An analysis of the state of forest pastures revealed a change in the previous
multi-layered structure, which lost the functional purpose of the following plots:
Priselskiy in 1995, Sokolovskiy and Railway in 2000.

The Roadside and Cordon plots perform their functions due to their remoteness
from populated areas (table 2).
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Table 2
The state of shrub vegetation in pasture-protective and reclamation-forage plantations,
2003
Spring
moistening of
soil, cm
Pasture . Age, | Average | Preservation, Ecological
plot Species yrs | height, m % I.n the state
Inthe | inter-
strip strip
space
Cordon | Haloxylon 153 15 540,05 53 65 | 57 2.0
aphyllum
Haloxylon |~ 1 5 80,02 68 71 63 1.8
aphyllum
Roadside | Kraschenin-
nikovia 22 | 0.7+0.04 73 73 68 1.5
ceratoides

An assessment of successional changes over a 30-year period (2013 surveys)
of the study area showed the state of the forest pastures (table 3).

Wormwood-cereals (bluegrass) associations are formed in the conditions of
the Astrakhan semi-desert on pasture lands with a very low yield ofabout 0.3—0.4 t/ha
in May, and after gazing and burning of vegetation in August — 0.06—0.2 t/ha.
This is due to the vegetation cover degradation, which cannot be restored due
to increased pasture load, low autumn moisture reserves in soil and increased
temperature during the growing season. Biodiversity is very low on the plots
(8-19 species).

Studies have shown that the Roadside and Cordon plots have great biodiversity,
and they preserve the tree and shrub layer after 35 years. Saxaul strips were preserved
by 30 % on the Roadside plot; their average height is 2.2 m. Within the Cordon plot,
the average height of Haloxylon aphyllum is 2.4 m, the preservation is 45 % (table 4).

The observations have shown that an increase in phytomass yield in the
forest-agrarian ecosystems that are being formed can compensate the loss of annual
productivity in 10-15 years after forest reclamation due to desertification, and
provide an increase in fertility of reclaimed landscapes with full environmentally safe
implementation of the agricultural resource potential of the territories in the future.

A monitoring of forest pastures gave the following results in terms of the state
of plantings and the yield of grasses (table 5, 6).

The yield of grasses is greater than in spring period and is 0.75 t/ha in May
within the Cordon plot, and 0.80 t/ha on the Roadside plot (table 5). The composition
is Artemisia lerchiana (about 82 %) and Poa bulbosa (10 %). The yield of herbs does
not increase at the end of August due to the lack of rainfall during the growing season
(more weed poisonous herbs appear).

The best growth conditions for grassy ve getation are formed in the 30 m
wide inter-strip space between pasture protective strips due to the best microclimatic
characteristics. The yield of natural pasture vegetation was higher by 0.22—0.27 t/ha
in both the spring and autumn periods by years.
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Table 3
Agroecological state of forest pastures of the Astrakhan semi-desert, 2013
Analysis of current state
FRC, State
Pasture Year of terrain, Number . of tree
plot succession soil, of Composition of Yield, t/ha and
salinization | SPS¢'¢S: phytomass, % shrub
1.5-2m pes layer
II and
III FRC, Shrubs (Kraschenin-
wavy, nikovia ceratoides) — Tree
Priscls- sandy 1 %; cereals —20 %; layer
Ki 36 loam 8 Artemisia lerchiana— | 0.26+0.06 | died
Y and light 19 %; motley grass — in
loam, 45 %; Anabasis, etc. 1995
slightly -15%
solonetz
T u 11
FRC,
wavy, Shrubs (Kraschenin-
salty, nikovia ceratoides) — Tree
Sokolov- sandy 1 %; cereals — 29 %; layer
oki 36 loam and 9 Artemisia arenaria — | 0.25+0.05 | died
y light loam 10 %; Artemisia in
in a com- lerchiana — 10 %; 2000
plex with montley grass — 50 %
solonetz
(10 %)
1T m T Shrubs (Kraschenin- Tree
FRC, nikovia ceratoides) — layer
0/. _ 0/.
Railway | 35 wavy, jo | 3Vescereals—30%: | 30,006 | died
brown Artemisia lerchiana — i
sandy 27 %; montley 2000
loam grass — 40 %
1T u I
FRC, Shrubs (Kraschenin-
wavy, ovi ides) — Good
sandy nikovia ceratoides) and
Road- 10 %; cereals — 30 %; | 0.59+0.16 .
. 34 loam 19 o ; satis-
side . Artemisia lerchiana —
and light o). fac-
30 %; montley grass —
loam, 30 % tory
slightly ’
solonetz
Iivlzll\}}(/:, Cereals — 50 %) Satis-
Cordon 36 brown 14 Arteml;wc.z lerchlzana — | 0.47£0.09 Fac-
sandy 20 %; montley fory
loam grass —30 %

Note: Classification of arid pastures. I FRC: desertified pastures with fine and medium barkhan
sands and strongly eroded soils. II FRC: pastures on overgrown and weakly overgrown sands.
IIT FRC: pastures with deflation-prone loamy-sandy soils. IV FRC: pastures on loamy and
clayey deflation soils.
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Table 4

Bioecological characteristics of tree species populations in forest pastures
of the Astrakhan semi-desert, 2013

Average diameter Number
Average of Ecolo-
Pasture Speci Age, hei h% skeletal | Preserva- cal
plot pecies yrs eight, Crown, Trunk, bran- tion, % gica
m state
m cm ches,
pcs
Road-
. 34 | 2.2+£0.02 | 1.4£0.04 | 12.5+0.8 6 30 2
side | Haloxy-
lon
aphyl-
Q| e 36 | 245004 | 162009 | 145512 | 7 45 2

Note: The classification of plantings according to the value of state indices is as follows:
healthy 1-1.5, weakened 1.6-2.5, severely weakened 2.6-3.5, dying 3.6-4.5, dead > 4.6.

A survey of forest pastures in the spring of 2007-2010 showed that forage
plants of various species predominate in pastures due to the protection strips, while
species diversity is poorer in open pastures. Mainly, the following forage plants are
represented: Alyssum desertorum Stapf., Anisantha tectorum, Kochia prostrata, Poa
bulbosa, Elytrigia repens, Setaria viridis L., Ceratocarpus arenarius L., Artemisia
lerchiana under the protection of 30-year-old strips of Saxaula aphyllum.

Table 5
Yield of natural vegetation on pastures (2002—-2005)
Dry weight, t/ha
Year of Deviation from control
research Inter-strip space Open pasture eVIation ot contro
(control)
Cordon pasture plot
1.66 1.45 0.22
2002 0.18 0.12 0.06
0.17 12 0.05
2003 0.09 0.05 0.04
0.84 0.83 0.01
2004 0.8 0.65 0.15
0.75 0.60 1.15
2005 1.0 0.72 0.27
Roadside pasture plot
0.18 0.12 0.06
2003 0.13 0.07 0.06
0.82 0.60 0.22
2004 0.41 0.35 0.06
0.80 0.69 0.11
2005 0.74 0.67 0.07

Note: Spring yield of herbs in the numerator (May); and denominator (August).
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A wormwood-ephemeral association with inedible plants (Anabasis aphylla
L., etc.) prevails in open pastures (control).

The distribution of phytomass by layers during the research period is presented
in Table 6.

Table 6

Productivity of grasses under the protection of RFP and open steppe in the ground-
level aerotope of pasture phytocenosis (May 2007-2010)

Air-dry weight, t/ha
Year Total Edible Inedible
0-14 cm 15-30cm | 0-14 cm 15-30 cm 0-14 cm 15-30 cm
2007 0.19 0.21 0.14 0.16 0.05 0.05
0.15 0.08 0.12 0.06 0.03 0.02
2008 041 0.17 0.28 0.12 0.12 0.04
0.23 0.22 0.17 0.19 0.06 0.03
2009 0.38 0.14 0.25 0.07 0.13 0.06
0.22 0.11 0.16 0.08 0.06 0.03
2010 0.32 0.13 0.21 0.07 0.11 0.06
0.26 0.10 0.15 0.06 0.11 0.04

Note: RFP —reclamation and forage plantations; in the numerator — the yield of pastures under
the protection of RFP; in the denominator — the yield of pastures in the open steppe.

The yield of grasses in 2009 is less than in 2008, and in 2010 it is even lower
due to the dry spring.

At present, the Priselskiy plot is 70 % plowed for vegetable crops. Haloxylon
aphyllum is preserved on the tops of the Baer knolls. The state is satisfactory.

The Cordon plot retains reclamation functions on the lands of the state forest
fund. The state of Haloxylon aphyllum strips is satisfactory.

Analysis of species composition and life forms of forest pastures showed that
under extremely arid conditions and soil mobility, unregulated intensive grazing, the
tree layer begins to thin out quickly. Up to 40 years, only clumps or single specimens
survive. However, they play an important zoogenic and phytogenic role, contributing
to the stability of plant communities. The shrub layer retains high productive and
generative capacities for a long time (up to 45 years) on the Cordon plot.

Conclusion

In General, it should be noted that the positive impact is observed everywhere
in previously phytoreclamed areas for 34—-36 years of succession changes.

Assessing the impact of the tree and shrub layer on biodiversity, it is necessary
to distinguish forest pastures: the Roadside plot and the Cordon plot (14—19 species),
where pasture protection strips of Haloxylon aphyllum and reclamation-forage
plantations of Krascheninnikovia ceratoides and Calligonum aphyllum were planted.

Comparing the dynamics of composition and structure of ecological groups of
forest pastures of the arid zone, it should be noted that the decrease in the proportion
of biomass of forage species revealed everywhere in case of low moisture reserves
due to the reduction of rainfall during October — December 2 times (by 30 mm)
against the middle annual indicators, and also an increase in the load onto these areas
due to a lack of forage in the neighboring pastures, where very low yields have been
observed for 10 years.
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These environmental factors led to a decrease in forage weight from 80-90 %
to 40-50 %. At the same time, there was a sharp increase in the proportion of poisonous
species from 1-3 % to 8—11 %, as well as ruderal species. The forecast of successions
should be expected to be unfavorable, i.e. the further dominance of species that are
not suitable for animals is probable. Phytocenoses will be formed as ephemeral and
montley grasses, where inedible species will play a protective role. Therefore, it is
necessary to carry out the phytoreclamation and forest reclamation work urgently.

The conducted research made it possible to assess the long-term reclamation
effect. It showed that the advantage of created forest pastures is manifested not only
in terms of increasing the phytoproductivity of forest-reclaimed territories, but also in
terms of increasing biodiversity, forming more stable populations and phytocenoses,
which contribute to prolonging a productive longevity and create more sustainable
agricultural landscapes.
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Annomayusn. beccucteMHOE UCTIONB30BaHNE MMACTOMIIT CTAJIO OMHUM U3 (DaKTOPOB HapyIIIe-
HUSL UX €CTECTBEHHOM pactutesbHOCTH. [loaTomy B [lpukacnuiickom peruoHe B cepeauHe
XX B. ObUIN MIPOBEJICHBI JIECOMETHOPATUBHBIE PAOOTHI M CO3/1aHbl 3HAUYUTENBHBIC TUIOIIA M
MOJIOCHBIX HAaCaXACHUN U3 KycTapHuKoB. Ha Tepputopuu apuaHoil 3086l Poccnn ogHol u3
Ba)KHEHINX 3a71a4 B 00NACTH HAYyYHOTO OOECIIEUEHMs 3aIUTHOTO JIECOPA3BEICHNUS SIBIISICT-
Csl COBEPIIIEHCTBOBAHHE METOJIOB M TMPHEMOB O0yCTPONCTBA, MOBBIIIEHUE JOJITOBEYHOCTH,
9KOJIOTUIECKOH, CETHCKOX03IHCTBEHHONW M YTHIUTAPHON 3((EKTHBHOCTH HacaxaeHuH. Mc-
CJIe/I0OBaHNE HATIPABIICHO HA OMpEIeNIEHHE JONTOCPOTHOTO BO3ICHCTBHS 00IeCeH s Ha (hyHK-
LMOHUPOBAHNE MACTOUIIHBIX SKOCHCTEM. Takke OBbIIIO M3y4EHO BIMSHHE JPEBECHO-KyCTap-
HUKOBOTO sipyca Ha OHopa3HooOpa3ue, MPOXyKTHBHOCTh PACTHTEIHHOTO TTOKPOBA MMACTOMIIL.
OOBEKTOM HCCIIeJOBaHNS CTAIN HACAXK/CHUS JIECHBIX MTOJIOC HA MEITMOPUPOBAHHBIX TaCTOM-
max. Vcrmons30BaHbl MaTepuatbl OMOMOHUTOPHUHTA, T€OOOTAaHMUECKOW CHEMKH U TIOJIEBBIX
OIIBITOB C TIPMMEHEHUEM THITOBBIX METOANK JIECHON TaKCAIMU. 3aKJaJbIBaIN MPOOHbIE ILII0-
i npssMoyronbHoi Gopmer 0,25-0,30 ra. [IpoBoawmy moapoOHOE ONMcaHue MECTOIOIO-
KEHUsI yJacTKa, COCTaBa IMOYBBI, BDEMEHH, CII0c00a U TEXHOIOTHUH CO3AHUs HACAXKJICHUH,
a TaKk)Ke KOMIIJIEKCHYIO OI[EHKY POCTa U JOJITOBEYHOCTH JPEBECHO-KYCTAPHUKOBBIX KYIBTYD.
W3ydenne cyKIeCCHOHHBIX MPOLECCOB PACTUTEIHHOTO MTOKPOBA OCYIIECTBIISIIN € IPUMEHE-
HHUEM JaHHBIX KIFOYEBBIX YJaCTKOB. Pe3ynbraThl MOKa3aiy, YTO B 30HE MOITYIYCTBIHU IS
obecrieueHns! BEICOKOH MPUKNBAEMOCTH, COXPAaHHOCTH M POCTA KyCTapPHUKOBBIX ITOPOJ MPH
Pa3IMYHBIX TEXHOJIOTHAX IOATOTOBKH IOYBBI MPEUMYIIECTBO OCTAETCsl 3a IIAHTAKHOM
MeTonukoi. Kak cremyer u3 OImbITOB, KyCTapHHUKOBBIN sIpyc 70 45 JIeT coXpaHseT MPOayK-
LMOHHbIE W T€HEPAaTHBHBIE CIOCOOHOCTU. BBICOKMM I1€HO3000pa3yIoMNM MOTEHIINAIOM H
YCTOMYMBOCTBIO 00JIA/Iaf0T MacTONIIe3auTHEIE oJockl u3 Haloxylon aphyllum n menno-
paTUBHO-KOPMOBBIE HacaxIeHus u3 Krascheninnikovia ceratoides n Calligonum aphyllum.
B momy3acynuimBbIx paiioHax 00JE€CEHHE ¢ TMOMOIILI0 KYCTAPHUKOB SIBJISIETCS HAWITYUIIUM
CrI0c0o0OM YITyHIIIeHNs] M BOCCTAHOBIICHHSI TACTOMIIL.
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Annomayus. TIporHo3bl OCIEICTBUN TII00ATBHOTO MOTEIUIEHHS CTUMYJIMPYIOT UCCIIEA0Ba-
HUSI YDJIEPOJJICTIOHUPYIONIEH CIIOCOOHOCTH PacTUTENBHOrO MOKpoBa. CTBOJ MPEACTaBIISET
€000l OCHOBHYIO YacTh OMOMAcChI JIepeBa, U OT TOYHOCTH XapaKTEPUCTHKU 00beMa CTBOJIA
3aBUCHT BO3MO)XHOCTb KOPPEKTHOTO MOHHMTOPHMHIA M IPEIBAPUTEIIHLHOM OLIEHKH Oymylie-
IO COCTOSIHMSI JIECHBIX pecypcoB. B poccuiickoM JiecOoycTpoHCTBE MBa HE BXOJIWJIA B YHCIIO
OCHOBHBIX JIECO0OPA3yIONINX BUIOB,  TIOATOMY HEOOXOJMMOCTH B pa3padOTKe TaKCallMOH-
HBIX HOPMaTHBOB ISl Hee He ObU10. OJJHAKO B CBS3M C BO3POCILEH aKTyalbHOCTBIO OLIEHKH
yriepoaenonupyomeid GpyHkImu jgecoB Poccnu 1 He0OXOIMMOCTBIO yuyeTa BKJajaa B yIiie-
POnHBII OalaHC BceX BUIOB PACTHTENILHOCTH BO3HUKIIA TOTPEOHOCTD B CO3/IaHNUH MTOAOOHBIX
HOPMaTUBOB. DTO MOKET OBbITh 0OecIeYeHo pa3paboTkol BceoOleit Moaenu (Min TabauLb!),
yUHUTHIBatOIeH MOPQOIOrHi0 UB B Ipesiesiax Beero poaa Salix L. m mocTpoeHHo# 1o omy0-
JIMKOBaHHBIM B Pa3HBIX PErMOHAX M cTpaHax JaHHbIM. OObEKT UCCIeA0BaHUS — JaHHbIE 00
o0beMax CTBOJIOB MBI, pa3MelleHHbIe B cBOOOHOM noctyne B Poccun, Kaszaxcrane, bon-
rapun 1 Hopeeruu B Buzje TaONUIl WM perpeccHoHHbIX Mojelneil. Hackonbko kaxnias jo-
KaJIbHasi MOJIENIb IPUMEHUMA B JIPyTUX PETHOHAX HEW3BECTHO. [Jist CHSITUS ATOW Heompesie-
JICHHOCTH HaMH UCIIOJIb30BaH METa-aHallM3 KaK CTaTUCTUYECKasl IpoLeypa, 00beAnHsIomast
Ppe3yabTaThl HECKOJIBKUX HE3aBUCUMBIX MCCIICIOBAHHUMN C [EJIbI0 HAXOKACHUs 0011ei 3aKOHO-
MepHocTH. [lonydeHa yHuBepcanbHas MojeIb 00beMa CTBOJIOB poja Salix, KoTopast Xapakre-
pH3yeTcsl BBICOKUM KOI((QHUIIMEHTOM JETEPMHUHAIIMN 1 MOXET OBbITh IIPUMEHEHA JUIsl OLIEHKH
o0bema cTBOJIA JIF0OOTO BHJIa JAHHOT'O POJia C MUHUMAaJIbHBIMU OTKJIOHEHUSIMU OT PACyeTHBIX
3HaYeHuil. Pe3ynbraTel HarpaBIeHbl Ha MTOBBIIICHUE TOYHOCTH Y4eTa JIMCTBEHHBIX Hacax/ie-
HUI NIPH IPOBEICHNH JIECOYCTPOUTEIBHBIX 1 MOHUTOPHHTOBBIX Pa0OT, TAKCAIIUH APEBOCTOCB
Ha TIOCTOSIHHBIX ¥ BPEMEHHBIX MPOOHBIX IuTomazsix. [IpuMenenue yHuuIMpoBaHHBIX HOP-
MaTHBOB TPH MCIOJIb30BAaHUH, BOCIPONU3BO/ICTBE, OXPAHE U 3alUTE JPEBOCTOEB UBBI APEBO-
BUIHOU IIPH BCEM MHOT000Pa3uH €€ BUI0B ITO3BOJIUT PELINTH PSiJ] TPAKTHYECKUX BOIIPOCOB.
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Bseoenue

OcHoBHas 4acTh OMOMACCHI JIepeBa — ATO CTBOJIOBAs IPEBECUHA, OT TOYHOCTH
OIIEHKH €€ 00beMa BO MHOTOM 3aBHUCHUT BO3MOKHOCTh KOPPEKTHOTO MOHUTOPUHTA U
IIPOTHO3a JIECHBIX PECYypCOB. MHOTOYMCIIEHHBIE MOJICIH U TaOIUIIBl 00beMa CTBOJIOB
JUISL TOTO WJIA MHOTO JIPEBECHOTO BHJIA pa3pabOTaHbl Ha JIOKAIBHBIX SMITUPUYECKUX
JAHHBIX, UX SKCTPAMOJISIMS HAa PETHOHBI, PACIIOJIOKCHHBIC B JAPYIHX JIECOPACTH-
TENBHBIX YCIOBHUIX, MOXET JaBaTb CMEIICHUS OIICHOK, CJIEIO0BaTeNbHO, BOZHUKAET
BOIIPOC O MPABOMEPHOCTH IMOAOOHBIX 3aMMCTBOBAHHHA M pa3pabOTKe 000O0IIEHHBIX
Moxenei u Tabmur [10, 18].

Curyanusi OCJIOKHSETCS TEM, UTO MOHATHE 00beMa CTBOJIA HEOJHO3HAYHOE!
B OJIHUX CJIy4asix B HErO BKIIFOYAETCS BECh CTBOJI OT ITHS JI0 BEPXYIIKH, B IPYTUX yUH-
THIBACTCS JIUIIIb KOMMEPUYECKHI 00bEM, B KOTOPBI BXOJUT CTBOJ, 3a HCKIFOUCHUEM
BEPITMHHON YacTH, WIH J00aBIIETCS 00beM BeTBeH 00 mHs. UTOOBI OIleHKH Jiec-
HBIX PECYPCOB YUYEHBIMU Pa3HBIX CTPaH OBUIA COTIOCTAaBUMBIMH, MTPEIPUHUMAIOTCS
TIOTIBITKY TAPMOHU3AINH (COTTIaCOBaHUS ) 00BEMHBIX TAOIHII C TIOMOIIBIO CIICIIHAIb-
HBIX KOPPEKTUPOBOUHBIX KOG PHUIneHTOB [16].

B poccuiickoM J1€COYyCTpONCTBE MBAa HUKOLJA HE BXOJMJIA B YMCIO OCHOBHBIX
JiecooOpa3yroNuX BHIOB, €€ pecypchl B JaHHBIX [OCYIapCTBEHHOTO Y4YeTa JIeCHO-
ro QoHma oTAETHPHO HE MpomHCHBATHCH [4]. HeobOxomumocTm pa3pabOTKH Takca-
LIMOHHBIX HOPMATHBOB JIJIsl 3TOTO PAcTeHHs HE CYIECTBOBAJIO, OHHU OTCYTCTBOBAJIH
B PETHOHAIBHBIX U OOIIEPOCCHHCKHX (OOIIECOr3HBIX) cripaBouHKUKaxX. OJJHAKO B HEKO-
TOPBIX €BPOINEHCKHUX CTpaHax U MajioiecHoM KazaxcraHe y4eT MBOBBIX (BETJIOBBIX) Ha-
CaKJICHHUN OCYILECTBIISIICS, T. €. ObUIM U COOTBETCTBYIOIIHME TAKCAIMOHHBIC HOPMATHUBHI.

WBa (Betna, pakuTa, J03a, JIO3WHA, BepOa, IIENora, KpacHOTaN, TAIbHUK) —
Salix L. — camMblif MHOTOYHMCIIEHHBIN POJ] IPEBECHBIX PACTEHHH YMEPEHHBIX IIUPOT,
HacuuThiBaeT Oojee 370 BUIOB, MPOM3PACTAONINX TIIABHBIM 00pa30oM B MPOXJIaj-
HbIX oOnactsax CeBepHOro MoJylIapus, TIe apeall ee PaclpOoCTPAaHCHUS 3aXOIUT 3a
noysipuelii kKpyr. B CeBepHoli AMmepuke cymiecTByer Oojee 65 BHIOB 3TOro pacre-
HUSI, 13 KOTOPBIX TOJIBKO 25 TOCTHTAIOT Pa3MepoB JiepeBa (0ObIMHO BBICOTOH 710 15 M),

OCTaNIbHBIE TPEACTABISAIOT COOOH KyCTapHHMKH, OTHAKO M CPEIu JIPEBOBH/I-
HBIX MB €CTh AK3eMIUIIpHI BbicoTO a0 40 M u nuameTpom ctBoya Oomee 0,5 M.
B Poccun nanbonee yacto BcTpeuarorcs 6 BUAOB UBHL: Oenast, win Bemia (S. alba
L.); TpextbrumHKoBas, wiu Oenotan (S. triandra L.); NATUTBIYMHKOBAS, WM Yep-
Hotan (S. pentandra L.); xo3bs, wiu Openuna, pakuta (S. caprea L.); nenenbHast
(S. cinerea L.); ocTpoiuCTHAs, WJIH 1IITIOra, KpacHOTal1, Bepoa (S. acutifolia Willd.).

B mocnennee BpeMsi B CBSA3M C BO3POCIIEH aKTyalbHOCTBHIO OIEHKH YIIEPOA-
nenoHupytomen Gpyakun tecoB Poccuiickoit @enepanny 1 HEOOXOAUMOCTBIO yUe-
Ta BKJIJa B YIJICPONHBINA OalaHC BCEX BHJIOB PACTHTEIBHOCTH OBLTH pa3paboTaHbI
00bEeMHBIC TaOIUIIBI UBBI JPeBOBUIHOM st CeBepo-3amnaja Hamei crpansl [8]. On-
HAKO MPUMEHEHHE ATHX PETHOHAJBHBIX TAOJMIL JUIsl BCEro apeayia Mpou3pacTaHust
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UBBI Ha Tepputopun Poccun, Kak yxe 0TMe4anoch, MOKET 1aTh CYIIECTBEHHBIC CMe-
HIeHUs B olleHKax. Pox Salix otnuuaetcs upe3BbIYaiiHbIM BUIOBBIM Pa3HOOOpasueM,
MO3TOMY TIOCTPOEHHE PErMOHANBHBIX TaOIHIl U ydeTa 3amaca MBOBBIX HacaK[e-
HUU TOTpeOyeT MHOTHX JIET pabOThI. BBIX0IOM MOXKET CTaTh BCeOOIIast MOAEIH (FITH
TabnuIa), yYUThIBaronass Mop(hOoJIOTHIO B B TIpEeliaX BCEro poja W IMOCTPOeHHAas
0 OMYOJMKOBAaHHBIM B Pa3HBIX PETHOHAX U CTPaHAX JaHHBIM.

OO6bruHO HHpOpMaLHs 00 00beMe CTBOIOBOH JPEBECUHBI MYOJIHKYETCS B BUIC
perpecCUOHHbBIX YPaBHEHHI MITH TaOIHII, BKITFOUAIOIIMX B KAUECTBE BXO/IOB TaKCAIlU-
OHHBIN JUAMETP U BRICOTY AepeBa. OO00IIeHNE TOKATBHBIX pPaHee OMyOIMKOBAHHBIX
YpaBHEHWH W BBIBEJCHHBIX W3 HHUX ITICEBIIO-JaHHBIX (ITICEBI0O-HAOIIONEHUH) OTHO-
CAT K KaTEeTOpUHU MEeTa-aHalln3a Kak MeToJla CHHTe3a JaHHBIX KaK METO/a «aHaJHn3a
aHanu3oBy [15, 18]. Mopnenu, BeIBEICHHBIC HA OCHOBaHUU OITyOJIMKOBAaHHBIX paHEe
YpaBHEHUH U ABJISAIOMINECS UX CHHTE30M, Ha3bIBAIOT MeTa-MOAEIIMU. Takoil moaxos
MTO3BOJISIET 0OONTHCH 6e3 MOITyUYeHNUs OPUTHHATIBHBIX JTaHHBIX.

OcnoBareneM 3Toro Metofa cumrtaercs Jbxua Imacc [15]. O ObuT epBBHIM
CTaTHCTUKOM, KOTOPBIA (popMam30Bai Mporeaypy MeTa-aHain3a U BBEJ CaMO 3TO
noHstue. HecMOTpst Ha KPUTHKY MeTa-aHaju3a, TAKHE ero XapaKTePUCTHKH, Kak
«yTpa)XHEHUE B Mera-riynoctu» [12], «rurantckuit mar Hazaay [17] u «ctaructu-
yeckas anmxumust XXI Beka» [13], xonmudecTBo myOnuKkanuii ¢ MPUMEHEHHEM 3TO-
TO MeTona HempepsIBHO pacTeT [19, 20], a 061aCTh €ro UCIOIb30BAHMSI OXBATHIBACT
IIMaTa3oH OT «acTPOHOMUH 10 300j0rum» [23]. Korma mpu aHanm3e AecATKOB Hayd-
HBIX PabOT OOHAPYKUBAIOTCS MPOTHBOPEUHS ¥ B3aUMOWCKITIOUAIONINE BBIBOJIBI, TO
HEOOXOAMMOCTh MeTa-aHalln3a JJIs CHATHS HEONPENCICHHOCTSH CTAHOBHTCS OYe-
BUIHOM [15].

Lenb uccienoBanusi COCTOUT B pa3paboTke YHH(DUIIMPOBAHHON perpeccroH-
HOM Momenn o0bema CTBoOJA WBHI (pom Salix) TOCPENCTBOM MeTa-aHaln3a paHee
OMYOJIMKOBAaHHBIX U «PETEHEPUPOBAHHBIX)» TICEBI0-TaHHBIX, CBA3aHHBIX C TAKCAIlH-
OHHBIM JIMAMETPOM U BBICOTOM JiepeBa.

Obwvexmul 1 Memoobl UCCLe008AHUS

B mera-ananu3 BKIIIOYEHBI JAHHBIE IECTH 2-BXOJOBBIX TaOIUI] 00beMa CTBO-
JIOB ¥l OMHOU perpecCcHoHHON 2-pakTopHO# Moaenu (Tabm. 1).

He Bce omyOmukoBaHHBIE MaTrepHaiibl MO0 00BEMY CTBOJNA WBBI MOTYT OBITh
BKIIFOYCHBI B aHAIM3. B 4aCTHOCTH, perpecCUOHHBIC MOJIEH, pa3paboTanHbie B Py-
MbIHUH [ 14], *MEIOT B Ka9eCTBE HE3aBUCHUMBIX TIEPEMEHHBIX TAKCAIMOHHBIC TUAMETP
Y BBICOTY JIEpEBa, HO 3aBUCHUMAas NICPEMEHHAsI MIPEACTaBIeHa CYMMapHBIM 00hEMOM
JIPEBECHHEI CTBOJIA U BeTBEW. He MOTyT OBITH BOBJICUEHBI B aHATN3 Takke 2-(hakTop-
HBIE PETpecCHOHHBIE MOJIeNIn 00beMa CTBOJIa MBHI KO3bel, pazpadoranusie B Ciio-
Bakud [22]: OHM NpeIHA3HAYEHBI ISl TaKCAllMU MOJOABIX (10 12 jieT) nepeBbeB u
MOATOMY BMECTO IMaMETPa Ha BBHICOTE IPYIU UCIIONB3YIOT B KaueCTBE HE3aBUCUMOM
MePEMEHHON TUaMETpP Y OCHOBAHHMSI CTBOJIA.

OmyOnuKOBaHbBI JaHHBIE O 3aMacax OMOMAacChl HECKOIBKUX BHIIOB MB Ha €IIU-
Hutie Tromanu B Lleatpansaom Yeprnoszembe Poccuu [ 1, 5], perpecCHOHHBIE MOACTH
OroMacchl UBbI KO3beH 10 (PPaKIIMOHHOMY COCTaBy [22] M HOPMATUBHI I OLIEHKU
ee Oromacchl (JIMCTBBI, BETBEH U KOPHI), TOSACMOH OJICHEM OJIarOPOJIHBIM, COCTaB-
nenusie A Hamponansnoro mapka CrnoBakuu B Tarpax [21], HO BO Bcex mepedrc-
JICHHBIX MyOJINKAILIUAX JTaHHBIE 00 00bEME CTBOJIA OTCYTCTBYIOT.
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TabGuuma 1

XapaKTepHCTmca OHyGJII/IKOBaHHLIX HCXOAHBIX JAHHBIX 0o0beMa cTBoJIA HUBbI,
BKJIIOUEHHBIX B MeTa-aHAJIN3"

Dopma npea- Jlnana3onsl
Ne CrpaHa WK peruox HcTtounux CTaBJICHUS AuaMeTpa
JIAHHBIX Ha BBICOTE BBICOTHI IepeBa, M
Tpyau, CM
1 Cesepo-3anag PO [8] Tabmma 1-22 2-18
Kazaxcran, moima
2 p. Ypan (1) [9] Tabnuma 840 6-20
Kazaxcran, noitma JlononHenHas .
3 p. Ypan (2) [2] TabIuIa 8-48 6-23
Kazaxcran, noiima
4 p. Uprei (1) [6] Tabmuma 8-80 12-27
Kazaxcran, noitma Jlononuennas
> p. Upteim (2) [3] Tabmuua 8-80 12-27
6 Bonrapwust [7] Tabmuia 4-50 13-27
7 Hopserus [11] YpaBHenue 5 v BBITIIE -

*BumoBast IpUHAICKHOCTH MB B OONBITHHCTBE ITyONUKaIiil He Oblla yKa3zaHa.

TaOnuynbIe naHHBIe 00 00BEME CTBOJIA, PACIIPEICIICHHBIC 110 CTYTICHSM TaKca-
LIMOHHOTO JIMaMeTpa, U O BBICOTE JiepeBa U3 MepBhIX 6 NCTOUHMKOB (Tadm. 1) oOpabdo-
TaHBl HAMHU C HCITOJIb30BAHMEM CTaHIAAPTHON MPOrpaMMBbl PETPECCHOHHOTO aHAIH3a
COIVIACHO TIPUHSATON CTPYKTYPE MOJICIIH:

InV=a+bInD +cInH +d (InD - InH),
rae V' — o0beM cTBoMNA B KOpe, M3; D — iruaMeTp CTBOJIA Ha BBICOTE Ipy/iu, cM; H — BbI-
coTa JiepeBa, M; a, b, ¢, d — perpeccHOHHBIE KOA(PDUITUSHTHI.

[To Mepe yMmeHbIIEHUS BBICOTBHI JIEpEBa MECTO 3aMepa JHaMeTpa CTBOJA
(0OBIYHO Ha BBICOTE TPYIAHM) CMEIIASTCS K arekcy, mpocras 2-haKkTopHas aljoMeT-
pus HApyIIaeTcsl, TOTJ[a CTAHOBUTCS OYEBHTHOW KOPPEJISAIHUS OCTaTKOB B OCTATOYHON
mUcriepcun. B pesymbrare 3TOro B CpeqHe JacTH Arara3oHa AMaMeTpOB pacuerT-
HbIC 3HAYCHHS 3aBUCHMOM MEPEMEHHOW 3aBBIIAIOTCS, & B BEpXHEW M HUKHEH 4a-
CTSIX IUAra3oHa, HApOTUB, 3aHKAIOTCA. [[py BBeZIeHNN B MOZIEITH IOTTOTHUTEIFHON
riepemerHoi (InD - InH) octarouHas JUCTIEPCHS CTAHOBUTCS PaBHOMEPHOM.

Pesynomamur uccredosarus u ux oocyscoenue

3aBUCHMOCTh 00bEMa CTBOJIA UBBI KO3beil B HopBernu ot TakcalmoHHbIX JHua-
METpa | BBICOTHI JIepeBa MpeICTaBIeHa He TaOIUIIeH, a perpecCHOHHBIM YpaBHEHH-
€M, KOTOpO€ BKIIF0YaeT 4 He3aBUCUMbIC TICPEMEHHBIC B BHJIE PA3HBIX codyeTaHuil D
u H [11]. [Tockonbky mogo0Hast CTPYKTypa KapaAWHATIBHO OTIMYACTCS OT MPUHATON
HaMU, YpaBHEHUE HOPBEIKCKOH MBBI OBLIO MPOTA0YIMPOBAHO I10 33/1aBaCMbIM CTYTIE-
HaM D u H, v moimydeHHbIe MeTa-TaHHbIe B KomudecTBe S0 onpenencHuit BHOBB IMOJI-
BEPTHYTHI PETPECCHOHHOMY aHAIIN3Y, HO YKE COIVIaCHO MPUBEIICHHON BBIIIIE MOJICITH.
CBoJIKa peruoHAILHBIX METa-MOJIeJIel TIpe/IcTaBlIeHa B Ta0. 2.

B pesynbrare o0beIMHEHNS BOCCTAHOBICHHBIX METa-JaHHBIX, 10 KOTOPBIM I10-
CTPOEHBI PErHOHAJIbHBIC MOIe/H (1103. 1—7 B Ta0II. 2), ¥ IOCIICYIOIETO PErPeCCHOHHO-
TO aHaM3a O0BENNHEHHON COBOKYITHOCTH B KojtrdecTBe 600 onpeaeneHnii co3mana pe-
3yIBTHPYIOIIAsl BCeoOInas MeTa-MoJenh o0beMa CTBoNa st poxa Salix (Talm. 2).
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Tabnuna 2
XapakTepucTuka MeTa-MojeJiei 1Jst 00beMa cTBOJIAa UBBI
Perpeccronnsie K03 GHUITEHTEI MeTa-MojieNel
No* adjR2**
a b c d
1 —8,8893 1,8289 0,4601 0,0795 1,000
2 -9,0354 1,8174 0,5353 0,0710 0,999
3 -9,4245 1,9027 0,7258 0,0243 0,999
4 -9,8517 2,2148 0,8427 -0,0711 1,000
5 -9,7936 2,2030 1,8169 —0,0653 1,000
6 -9,3624 2,0049 0,68006 —-0,0028 1,000
7 —-10,7245 2,2834 1,2827 —-0,1430 0,999
Bceeobmas momens | —9,0235 1,8557 0,5738 0,0435 0,999

*Homepa mo3utmii Te ke, 9To B Tabm. 1; **adjR?— ko3¢ GUIIEeHT qeTepMUHAIIH, CKOPPEKTH-
POBaHHBIN HA YHCIIO TIEPEMEHHBIX MeTa-MOJIeICH.

[MomyuenHnast Mera-moyenb o0bscHIET 99,9 % BapbUPOBaHUS PErHOHAIBHBIX
MICEBI0-TaHHBIX (CM. PUCYHOK). Bbicokue 3HadeHus1 Ko PUIMEHTa IeTePMHHAIINN
00yCJIOBJICHBI T€M, YTO HEKOTOpasi J0Js BapbUPOBAaHWS 3aBUCHMOHM IEPEMEHHOM
OblUTa yhaneHa eile mpy MepBHYHOM PETPECCHOHHOM aHalln3e, MO3TOMY MeTa-aHa-
T3 U pacCMaTpUBaeT He NCXOHbIE JJaHHBIE, a TICEBI0-/TaHHbIe 00beMa cTBoja [18].
OpHAaKO BCIIECTBHE MAJIOH M3MEHUYMBOCTH TIOJTHOAPEBECHOCTH CTBOJIA 2-(PaKTOPHBIE
MOJISJIA €0 00beMa, IOCTPOCHHBIC IO MEPBUYHBIM JIAHHBIM JUAMETPa U BBICOTHI
UBBI JIPEBOBUJHOMN, XapaKTEPU3YIOTCs IPAKTUYECKU CTOJIb K€ BBICOKOW CTEIECHBIO
JleTepMUHUPOBaHHOCTH — 99,8 % [8].

%3
2 -0,7
g E
2 E
COOTHOIIICHUE BOCCTAHOBIICHHBIX PErHo- & £ -
= =2
HAILHBIX TCEBJIO-TIAHHBIX O0beMa CTBO- & &
o o=
JIOB 1 JITAaHHBIX BCEOOIIEi MeTa-Mo/IeH g 2
. . 5 2 47
Ratio of restored regional pseudo-data g 2
. 4o
of stem volume and data of the generic B & -
meta-model = ’
-8,7

87 67 47 27 .07 173

5

JlorapugM JaHHBIX METa-MOIEIH

BrimonHeHHbIN MeTa-aHaIN3 00beMa CTBOJIOB JiecooOpa3yromux BuioB EBpo-
bl BKJIIOYAN B ce0sl 3aBUCHMOCTh 00beMa CTBOJIA JIMIIL OT OAHOM He3aBHCHMOMU
MEPEMEHHON — TaKCalMOHHOTO auamerpa. [lomyueHHble MeTa-Monenu OObSICHSIIN
BapbUPOBAHUE PETHOHAIBHBIX ICEBAO-TaHHBIX /ISl €11 €BPOINEHCKOM, COCHBI OOBIK-
HOBEHHOI 1 Oepe3bl Oernoil cooTBeTcTBeHHO Ha 99,8; 99,6 u 98,2 % [18]. Heckonbko
MEHbIINE T0KA3aTeIN AeTePMUHUPOBAHHOCTH YPAaBHEHHUH I €BPONEHCKUX BHIOB
10 CPABHEHUIO C MOJTyYEHHBIM HaMHM nokasareneM (99,9 %) oObscHsoTCsS onHOpaK-
TOPHOH CTPYKTYpOH MOZAEIH, HE YYUTHIBAIOLIEH BapbUpOBaHHWE OOBbEMa CTBOJA B
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CBSI3M C BBICOTOM JIepeBa MPHU OAHOM U TOM K€ TAKCAI[MOHHOM JUaMeTpe. DTO MO~
TBEPJUJI METa-aHaja1u3 00beMa CTBOJIOB KyHHUHI'AMHHU JIAHIICTOBUIHOU (TIMXTHI KH-
TalCKOM) B FOXKHBIX MPOBUHIMAX KHTas 1Mo IByM Ha3BaHHBIM BBIIIEC HE3aBHCUMBIM
TIepeMeHHBIM [24], BRIABUBIIHK OoJiee BRICOKHE MTOKazaTenu aeTepMuHanun (98,7—
99,0 %) 1o cpaBHEHHIO C MOJIEIBIO, YUUTHIBAIOIICH JIUIITH TAKCAIIMOHHBIA THAMET]
(94,4-95,8 %).

JlJ1s pakTHYEeCKOTO UCTIOIh30BAHMS MTOJIYYCHHAS! METa-MOJIEIb MPOTA0YIHPO-
BaHa M0 3aJ]aBa€MbIM 3HAUYCHUSM TAKCAI[MOHHBIX THAMETPa M BBICOTHI CTBOJIA UBBI

(Tabm. 3).
Tabauma 3

Tabauua 1Jis1 onpeaeieHusi 00beMa CTB0OJIa B Kope UBbI (poa Salix) no BbicoTe
| INaMeTPy CTBOJIa HA BHICOTE TPyIH

H M
D, cm

4 8 12 16 20 24 28
2 0,00104 0,00161 0,00208 - - - -
4 0,00375 0,00600 | 0,00791 0,00962 - - -
6 0,00795 0,0130 0,0173 0,0211 - - -
8 0,0136 0,0224 0,0300 0,0370 | 0,0434 - -
10 0,0205 0,0342 0,0461 0,0570 | 0,0672 - -
12 0,0288 0,0483 0,0655 0,0812 0,0960 | 0,110 -
14 0,0383 0,0648 0,0881 0,110 0,130 0,149 0,168
16 0,0491 0,0835 0,114 0,142 0,169 0,194 0,218
18 0,0610 0,104 0,143 0,179 0,212 0,244 0,275
20 0,0742 0,128 0,175 0,219 0,261 0,301 0,339
22 0,0886 0,153 0,210 0,264 0,314 0,363 0,410
24 0,104 0,180 0,249 0,312 0,373 0,431 0,486
26 0,121 0,210 0,290 0,365 0,436 0,504 0,570
28 0,139 0,242 0,334 0,421 0,504 0,583 0,660
30 0,157 0,275 0,382 0,482 0,577 0,668 0,756
32 0,178 0,311 0,432 0,546 0,654 0,758 0,859
34 - 0,349 0,486 0,614 0,737 0,854 0,969
36 - 0,389 0,542 0,686 0,824 0,956 1,085
38 - 0,431 0,602 0,762 0,916 1,063 1,207
40 - - 0,664 0,842 1,012 1,176 1,336
42 - — — 0,926 1,114 1,295 1,471
44 - — — 1,013 1,220 1,419 1,613
46 - - - 1,105 1,331 1,549 1,761
48 - — — 1,200 1,446 1,684 1,916
50 - - - - 1,566 1,825 2,077

XoTsi modyueHHass MeTa-Mozelnb o0BscHsIeT 99,9 % BapbHpOBaHUS pPETHO-
HAJIBHBIX TICEBJIO-IaHHBIX, IMEIOTCS] CHCTEMATHIECKUE CMEIICHUSI TOCIETHIX OTHO-
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CUTEIILHO 3HaYeHUN 00beMa CTBOJIA WBBI, NMOJNYUYEHHBIX 110 MeTa-Mojenu (Tadi. 4).
OmHako BeMUYMHA CMEIIEHUN B CPETHEM COCTABIISCT UG 2 %, 1 UMU MOKHO TIpe-
HeOpeusb B CIIydasX IPUMEHEHHS METa-MOJCIN MPU TaKCAITUH WBOBBIX HACAKICHUN
B peruonax Poccuu.

Tabnuua 4

Cpezulee CMEIICHHUE PErHOHAJBHBIX IMCEBI0-TAHHBIX 0o0beMa CTBOJIa HBBI
OTHOCHUTECJIBHO 3H2‘leHHfI, MOJTYy4Y€HHBIX TaﬁynnponalmeM MeTa-MOoaeJIu

Ilokazarens iﬁi;ps C_D VYpan 1l | Upteiu 1 | Ypan2 | Upremu 2 | Bonrapust | Hopserus
Cpenmee 2,93 072 | 204 | 079 | 2,04 2,45 2,16
CMEIICHUE

Omuoka

cpenHero +0,27 +0,52 +0,29 10,41 +0,51 +0,25 +0,29
CMEILICHUS

Raxnrouenue

Takum 00pa3oM, Ha OCHOBE TEXHUKH METa-aHalIM3a COCTaBjIeHa Tabuuua JUist
omnpeneneHns 00bEeMOB CTBOJIOB UBBI (pox Salix) MO UX BBICOTE U JHMAMETPy Ha BbI-
core rpyau. Tabnuia XxapakTepu3yeTcsi He3HAUNTEIbHBIMHU OTKJIIOHCHUSIMH 00BEMOB
(oxo710 2 %) OT pernOHANBHBIX 3HAYCHUH W MOXKET OBITh MCTIONB30BaHa I TakKca-
LMY UBOBBIX HAaCaXACHUM Ha Teppuropun Poccuu.
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Abstract. Current scenarios of the consequences of global warming stimulate research on the
carbon-depositing capacity of vegetation cover. The stem is the main part of the tree biomass,
and the accuracy of its volume assessment determines the possibility of correct monitoring
and forecasting of forest resources. In the Russian forest management system, willow was not
among the main forest-forming species, and therefore there was no need to develop valuation
standards for it. However, due to the increased relevance of assessing the carbon-deposing
function of Russian forests and the requirement to take into account the contribution to the
carbon balance of all types of vegetation, there is a necessity to develop such standards.
The solution can be found in the development of a generic model (or table) that takes into
account the morphology of willows within the Salix L. genus and is based on data published
in different regions and countries. The object of our research is data on the volume of willow
stems, which is published and freely available in Russia, Kazakhstan, Bulgaria, and Norway
in the form of tables or regression models. However, the extent to which each local model
is applicable in other regions is unknown. To resolve this uncertainty, we used meta-analysis
as a statistical procedure that combines the results of several independent studies in order
to find a common pattern. As a result, we obtained a generic model of stem volume for the
Salix genus, which is characterized by a high coefficient of determination and can be applied
to estimate the stem volume of any species of this genus with minimum deviations from the
calculated values. The results of the work are aimed at improving the accuracy of accounting
deciduous stands during forest management and monitoring activities, valuation of stands
on permanent and temporary trial plots. The implementation of unified standards for the use,
reproduction, conservation and protection of willow stands with all the diversity of its species
will solve a number of practical issues.

For citation: Usoltsev V.A., Paramonov A.A., Tretyakov S.V., Koptev S.V., Tsepordey I.S.
Generic Model of Willow Stem Volume: A Meta-Analysis. Lesnoy Zhurnal [Russian Forestry
Journal], 2021, no. 3, pp. 49-58. DOI: 10.37482/0536-1036-2021-3-49-58

Keywords: Salix L. genus, stem volume, generic model, meta-analysis, regression analysis.
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Annomayus. ViccnenoBanusi IPOBOAWIN B IEBOCTOSX B PA3IMYHBIX 10 CTENICHN HapyIICH-
HOCTH YCIIOBHSAX: B TOpOJie, IPUTOPOAHBIX Jiecax U jiecax 3eJIeHOH 30HbI. PexpearinioHHbIE
Harpy3Kd CHJIBHEHIIMM 00pa3oM OTpPakaloTCs Ha CAHUTAPHOM COCTOSTHUM €JIbHUKOB. YHc-
JI0 3JJOPOBBIX JIEPEBBEB C YCUIEHNEM PEKPEALMOHHON qurpeccuu cokpamaercs 10 3042 %,
a YUCIIO YCBHIXAIOIUX U CYyXOCTOMHBIX yBenuuuBaercs 10 15-36 %. CocrosHue npeBocToeB
B JIecax 3eJICHOU 30HbI OlleHHBaeTcs 1,2—1,5 6aia, a B mpuroponssix jgecax — 2,1-2,7. Ycbi-
XaIOLINX U CyXOCTOMHBIX JIEPEBBEB B JIECAX 3€JIEHOH 30HBI HE 0OHAPYKEHO, a B IPUTOPOIHBIX
UX JTOJIS COCTaBHMIIA COOTBETCTBEHHO 15 1 36 % ot obmiero umncina. [TosTomMy B 11e710M eTbHU-
KU TPUTOPOJHBIX JIECOB OTHOCATCSI K Kareropuu ociadiaeHHbIX. Oxono 59 % ux miomaan
nHaxonutcs B Il cranum pekpeanmonHoit purpeccuu, a 19 % — B IV cranuu. UccaenoBanust
MIOKAa3aJI1, 9YTO OCOOEHHOCTH POCTOBBIX NPOIECCOB P. abies ONpPenensoTcss B OCHOBHOM Ce-
30HHOWH M3MEHYHMBOCTHIO METEOPOJIOTHYECKHX (HaKTOPOB. YCTAHOBIEHO, YTO paHEE BCETO
POCT 10OETOB M XBOM HAYMHAETCS M 3aKaHYMBACTCs B YCIOBUAX ropona. [loroguunas u3meH-
YHBOCTh B CPOKaX MPOXOXKJEHUS 3THX (eHoda3 cocraBisuia 1-2 Henenu. YIUIOTHEHHE 0Y-
BBl B PE3yJIbTaTe PEKPEAlMOHHBIX HArpy30K OCOOEHHO HETaTHBHBIM OOpa3oM CKa3bIBacTCs
Ha MHTCHCUBHOCTH POCTa JEPEBHEB U TOJMYHOM MPHUPOCTE BET€TaTUBHBIX opraHoB. [Tobern
P. abies B necax 3eieHOl 30HBI (HEHAapyIIEHHBIE IPEBOCTON) JIIMHHEE, YEM B ITPUTOPOIHBIX
1 TOPOACKHX HACAKICHHUIX COOTBETCTBEHHO Ha 2—30 u 6—17 %. B necax 3eneHoii 30HbI (hop-
MHUpyeTcs U camast JiuHHasA xBos (16,6—19,7 MM). 3HaueHHe 3TOTO MOKAa3aTelNs B TOPOACKUX
HacaXIeHMsAX cocraBiser Bcero 12,8—15,0 Mmm. HanMmeHnbias 0XBOEHHOCTH ITOOETOB OTMeE-
YeHa B YCJIOBHSIX TOpOJa, XapaKTePU3YIOIINXCS MAaKCHMAJIbHOM CTENEeHBbIO PEeKpeariMoOHHON
Jierpeccuu. 31ech TOAUMYHBIN pajualbHBIA MPUPOCT cTBONA P. abies IO CpaBHEHUIO C Jieca-
MU 3€lCHOH 30HBI CHMKaeTcs Ha 1620 %. IlociaenoBarenbHOCT B pOCTOBBIX (peHO(Dazax
HE 3aBHCHT OT CTETIEHH HapyIIEHHOCTH OKpYy»Katoeil cpenpl. [lepBeiMu (B Mae) UayT B pocT
noberw, depes 1-2 Henmesnm — Mooas XBosl, 3aTeM HaunHaeTcs (POPMHUPOBAHUE IPEBECHHBI B
HIDKHEH gacTu cTBoja. [locnenoBaTeIbHOCTh B MPEKPALIEHUH POCTOBBIX IPOLIECCOB CIIEAYIO-
Imasi: moOeTH, XBOsI, CTBOJIBI.

Jna yumuposanua: Kumenko 1.T., Onpxuna E.C. PocT BereratuBHBIX opraHoB Picea abies
(L.) Karst. B anTponorenHoii cpene // M3B. By30B. JlecH. xypH. 2021. Ne 3. C. 59-72. DOI:
10.37482/0536-1036-2021-3-59-72

Qunancupoeanue: ViccienoBaHre BBHINONHEHO Tpu mogaepkke PODU (mpoekr 18-44-
100002 p_a).

Knroueswvie cnosa: pexkpeanus, Picea abies, poct, IOOETH, XBOs, CTBOJI, aHTPOIIOTCHHBIC (DaK-
TOPBI.
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Bseoenue

M3y4ueHuto Ce30HHOTO POCTa M Pa3BUTHS PACTCHHI, B TOM UHCJIE TPEBECHBIX
BHJIOB, yJIeJseTcs 0oibIIoe BHUMaHue kKak B Poccun, Tak u 3a pyoesxxom. IIpu atom
00bEKTaMH HCCIISIOBAHUHN CTYKaT a0OpUTeHHBIE U HHTPOAYIIUPOBAHHEIE IPEBECHBIC
pPacCTeHHUS U B YaCTHOCTHU XBOMHbIe. CaHMTapHOE COCTOSIHUE HanOOJIee MOJIHO XapakK-
TEpPHU3yeT POCT U Pa3BUTHE JICCOOOpa3yromuX BUIOB [2, 5, 19, 22]. [loatomy u3y-
YEHUE DKOJIOTO-OMOIOTHYECKUX 0COOCHHOCTEH POCTa MMEET UPE3BhIUAHO BAXKHOE
TEOPETHUECKOE U TPAKTUIECKOE 3HAUCHHE.

VYpOanuzamus, Uaymas HapacTAIONMMHA TEMIIaMH, TIPUBOIUT K BOBIICYCHHUIO
B cepy peKpeanrnoHHOTO TIPUMEHEHHST OTPOMHBIX TEPPUTOPUHN PA3IMYHBIX THUIIOB
pacTUTENBHOCTH U B IIEPBYIO ouepes JecoB. Bokpyr r. [leTpo3aBoacka AJis 3TOTo Uc-
TIOJIB3YIOTCSI JIECa, TPEICTABIICHHBIC IPEUMYIIICCTBEHHO EIOBBIMU IPEBOCTOSAMU. KX
00111ee COCTOSIHUE TTO]T BIUSTHUEM BBICOKHX PEKPEAIIMOHHBIX HATPY30K 3HAYUTEIHHO
YXyAIIAeTCsl, a 3allUTHbIE U CaHUTapHO-TUTHEHUYecKre (YHKINW CHUXKAroTcs |1,
2, 17, 20-22]. OObeKkTHBHAs OIIEHKA HCIIONB30BaHMS €IFHUKOB B pEKpEallMOHHBIX
LIeTISIX BO3MOJKHA JIUIIB HA OCHOBE BCECTOPOHHUX HccienoBaHuil. B mepByto ouepens
ATO OTHOCHUTCSI K BBISIBIICHUIO U3MEHEHHI B POCTOBBIX Ipolieccax JepeBbeB P. abies
MIPU PA3TUIHON CTETICHU HAPYIICHHOCTH, YTO TMTO3BOJIUT JOCTOBEPHO OMPEICISITh U
MIPOTHO3UPOBATH YCTOWIMBOCTH JICCOB TTOJT BIMSHUEM PEKPCAIIHH.

Bormpocsr pocta XBOHHBIX BHIOB JEPEBHEB B YPOAHM3UPOBAHHOHN Cpeie pas-
paboTaHbI TOKa JOBOJIBHO ci1a00. OCOOCHHOCTH peakiuii mepucteM P. abies Ha SKO-
Joruueckue (pakTophl B yCIOBHUSIX Pa3HOW CTEIICHU HAPYIICHHOCTH HOCST POTHUBO-
peuuBklil xapakrep. B Kapenuu mogo0HbIe ucciieioBaHus paHee He POBOIMIUCH.

enp paboOThl — M3yUYeHHUE BIMSHHS SKOJOTHUECKHX (DaKTOPOB HA CE30HHBIN
pocT P. abies B IpeBOCTOSX pa3TUIHON CTETICHN HAPYIICHHOCTH B I0kHOU Kapemmm.

Obwvexmbl u Memoobl UCCIE008AHUS

Ce30HHBII POCT BEreTaTHBHBIX OPraHoB P, abies nzyyany B roxkHON Kapennu B
2001-2005 rr. B yCIOBUSIX pa3IMuHOI CTENIEHH HAPYILIEHHOCTH: B Topoze (ypOaHu3u-
pOBaHHasI cpena), MPUTOPOIHBIX Jiecax (MPUMBIKAIOIINE K TPaHULIAM TOpOAa), Jiecax
3€JIeHOM 30HbI (HEHapyIIEHHbBIE TPEBOCTOU, PACIIONIOKEHHBIE B 5 KM rokHee T. [lerpo-
3aBojicka). [Ipeobiaaroiiiee HarpaBaeHNUE BETPa B pallOHE UCCIICIOBAHUI — C FOro-3a-
T1a/1a Ha CEBEPO-BOCTOK, B CBA3M C YeM Jieca 3eJICHOH 30HbI He MOBEPKEHBI BPETHOMY
BIIMSTHUIO TOPOJICKHX MOJUTIOTAHTOB. OOBEKTaMH UCCIIEIOBAHUI B IPUTOPOIHBIX JIecax
Y JIecax 3eJICHOM 30HBI CIYKHUJIM YUCTHIE IO cocTaBy npucteBaronue (70-90 net) npe-
BOCTOM KHUCJIMYHOTO, YePHUYHOT'O, IPUPYUYEHHOTO U TPABSHOTO €JbHUKOB.

Ce30HHBII poCT MOOETOB M3yvaiu o meroaukam [4], [9] u [15]. duuny cre-
Oreit (manee mMoOETOB) BTOPOTO MOPSAKA BETBICHUS W3MEPSITH C FOTO-3aITaTHOM 4a-
CTH KPOHBI Ha BBICOTE OKOJIO 2 M. HabmromeHus mpoBOIMIIN depe3 Kaxple 3 CYT. ¢
MOMEHTa HaOyXaHHs BETETATHBHBIX TIOYEK 10 3aJI0KESHUS 3UMYFOIINX BETeTaTHBHBIX
novek. J\JTMHy XBOM U3MEPSUIN Y OCHOBAHUS 3TUX XKe CTEONIeH ¢ MOMEHTa paciycKa-
HUS BET€TaTUBHBIX MOYEK JI0 MOJIHOTO MPEKPAIeHNs] UX pocTa yepe3 Kax/ble 3 CyT.

dopMHpOBaHKE JAPEBECUHBI CTBOJNA M3ydajH Mo Meromuke [9]. V kaxmoro
YYETHOTO JIepeBa Mociie Hadasa qesATeIbHOCTH KaMOust oTOMpaiy 00pasibl IpEeBECH-
HBI 4epe3 KaxIble 5 CyT. 0 BOOOpakaeMol CITpay — CJIeBa HallpaBoO U CHU3Y BBEPX.
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Jns mpocMoTpa npenapaTroB IpeBECHHBI HcIonb30Banu MukpotoM GRANUM-202
[16]. Hupuny pacTymuiero ciaosi ApeBECUHbI U3MEPsUI B 3 MeCTaxX ¢ TOYHOCTBIO J10
1 MM, npu nomouu Mukpockona MBM ¢ mukpomerpom MOB (oT kamOuanbHoH
30HBI JI0 30HBI [TO3/IHEH APEBECHHBI MPOILIOTO T0/a).

JlanHble 0 TeMmepaTrype Bo3ayxa mpenocTaBieHbl llerpo3aBoackoil ruapo-
metobcepBaropueit (Cynaxkropckas mereoctannus). O0beM BHIOOPKH ISl KaXKI0TO
cpoka HaOmioeHHH (1Mo KakIoMy BUAY) cocTaBmi 1o 20 moOeros, XBOWHOK M TKa-
Hell ctBosia. CyTOUHBIN MPUPOCT ONpeNesIn KaK pa3HUIly B BEJIMUMHAX MOKa3aTes
MEXKIY MOCTEIYIOUIMM U TPeIeCTBYIOMINM HaOIIONEHUSIMU, OTHECEHHYIO K YHCITY
CYTOK 3TOTO MEPUOJIA.

CaHuTapHO€ COCTOSIHUE JIEPEBLEB YCTAHABIMBAIU 1O MeToauke [8]. Mapi-
pyTHOE 00ce0oBaHNE OCYIICCTBIISUIM MO XOJOBBIM JHHUSAM. Ha xaxkmoit mpoOHOM
iomaau B nepeuet Brmodanu 100 gepeBbeB. [l kakJ0ro U3 HUX BBISIBIISUIM KaTe-
TOPHIO COCTOSIHUS MO CAaHUTAPHBIM TpaBuiiaM [11].

[To pesynbraram HaOMIOAECHUH 32 POCTOM BEreTaTUBHBIX OPraHoB ObLT cop-
MHUpPOBaH OaHK JAaHHBIX, 0OpaOOTaHHBIM C TOMOIIBIO PEKOMEHAYEMBIX UIS 3THX
neneit MetonoB [3]. BoIsiBIEHO, YTO MpU ONpEAEieHUH CpeaHeapupMeTHIecKon
BEJIMYMHBI IPHPOCTA MOOETOB TOKa3aTeb TOYHOCTH OMbITa cocTaBisieT 4-5 %, a Ko-
s¢dumment Bapuanun — 20 %; st xBou — 1-2 u 10-13 %, anst ctBona — 5-6 1 33 %
COOTBETCTBEHHO.

Pezynomamut uccnedosanust u ux oocyscoenue

Canumapnoe cocmosinue Opesocmoes. Paborel yuensix [7, 12, 13]
CBUJICTENILCTBYIOT O HETaTWBHOM BIMSHUHM pEKpealii Ha POCT W COCTOSHHE
pacTUTENHHOCTH, B T. 4. W JecHoi. Hambonee OOBEKTUBHBIM HWHTETPATHHBIM
MOKa3aTelieM COCTOSIHUS JEPEBbEB SIBISIETCS WHTEHCHBHOCTh MX POCTa, @ IMEHHO —
MIPUPOCT 32 BEreTAIMOHHBIN MepHO]| (TOIUYHBIN PUPOCT).

[IpoBeneHHbIe UCCIENOBAHUS BBISIBUIN JOBOJIHHO BHICOKHE CAHUTAPHO-TUTH-
E€HUYECKHE CBOIMCTBA BCEX M3YUYCHHBIX APEBOCTOEB. Bricunii 0ast mo 3ToMmy KpuTe-
PUIO YCTaHOBJIEH IS IpeBOCTOEB Ha 38,7 % Turomaan o0ciIe10BaHHON TePPUTOPHH,
a cpeaHnit 6amt — Ha 55,6 % turomaan (Tadm. 1).

Bce npeBocTou orneHensl mo KareropusiM coctosiHus. Ecnu cpeagHeBsBe-
IICHHBIN 0al COCTOSHMSI cocTaBisul 1—1,5, To APEeBOCTON OTHOCHIIM K KaTETOPHH
«YCJIOBHO 3JI0OPOBBII», eciu 1,6—2,5 — K KaTeropuu «ociabjaeHHbII», eciu bonee 2,5 —
«CHJIBHO OCITaONeHHbINY. KaTeropus coCTOSIHIS APEBOCTOEB B JiecaxX 3€JICHON 30HbI
ornenmBaetcs 1,2—1,5 6amma, a B mpuropomusix — 2,1-2,7 6ana. YChIXaronux U Cy-
XOCTOWHBIX JIEPEBbEB B 3€IICHOW 30HE HE OOHAPYKEHO, a B TIPUTOPOJIE UX JIOJS CO-
craBuna 15...36 % ot oOmiero yucna. B 11eoM ebHUKHA MTPUTOPOIHBIX JIECOB OTHO-
CATCSl K KaTEerOpUM OCIAOJICHHBIX, a CJIbHUK MPUPYUYCHHBIN — K KaTErOPUU CHIILHO
0CJIabNeHHBIX.

W3menenus1, MpOUCXOASIINE B JIECHBIX COOOIECTBAX MO BIUSHUEM PEeKpea-
WU, IPUHATO XapaKTePH30BaTh CTAJAUAMHU PEKpearimoHHON Turpeccun. J{peBocron
MIPUTOPOHBIX JIECOB B TOM WIIM WHOW CTENICHH ITOJIBEPKEHBI Takon nurpeccu. [Ipu
3TOM OKoJIO 59 % muiomaan coCTaBUIM YYaCTKU C U3MEHEHUSMU CPEIbl CpeaHeH
crenenu (111 ctagus pexpeanmonnoi nurpeccu), a 19 % — ¢ n3MEHEHUsIMU CUIIBHON
crenienn (IV cranus pekpearmoHHON TUTPECCHH).
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TabGuuma 1

XapaKTepMCTmca COCTOSIHUSL IPEBOCTOCB B IPUTIOPOJAHBIX JIeCaX U JieCax 3eJIEHOM 30HbI

Pacnipezenenue nepeBbes, %, B 3aBHCH- HCeESeé[ ‘;_
Tun ycrnoBuil npou3pacTaHus eJIbHUKA MOCTH OT 6aJLTa 0 KaTeTOpHH COCTOAHIA IICHHbIH
6an
1 2 3 4 3 6 COCTOSIHHSI
Jleca 3enenotl 301bl
Kucnuuneiii 83 13 4 0 0 0 1,2
YepHUYHBII 79 | 12 7 2 0 0 1,3
[Tpupygernsiit 70 4 | 24 0 2 0 1,6
TpaBsHbII 75 17 7 1 0 0 1,3
Ipueopoonvie neca
Kucnmmanemi 30 12 | 39 16 3 0 2.5
YepHUYHBIH 34 119 | 30 | 15 2 0 2,3
[Ipupyueitnbrii 29 | 15| 20 | 31 5 0 2,7
TpaBsHbIit 42 | 27 | 16 | 14 1 0 2,1

[IpumMedanue: YUUTHIBaICh ASPEBhS ¢ AMaMETPOM Ha BbICOTe 1,3 M Oomee 8 cMm.

Hamnbonee HeratnBHO pekpeanys cka3aiach Ha JIPEBOCTOSX MPUPYUEHHOTO U
KucIu4HOTOo enbHUKOB (IV craguu pekpealiioHHoW qurpeccun). B mepBom cpenne-
B3BEIICHHBIN 0AJUT COCTOSIHHSI COCTaBMII 2,7, a BO BTopoM — 2,5 (Tabim. 1). B enbHuKe
MIpUPYUEIHOM 107151 3A0POBBIX AepeBbeB — 29 %, a B kucananoM — 30 %. Jlons ycbl-
XaoIIUX IEPEBbEB U CYXOCTOS TOCTHIVIA 3/1€Ch COOTBETCTBEHHO 36 1 19 %.

YepHuuHblil U TpaBsHBIM enbHUKK Xapakrtepusytorcs Il craaumeit pexpea-
LIMOHHOH Jurpeccuu (CpemHeB3BelIeHHbIe 0aiibl coctostaus — 2,3 u 2,1 cooTBer-
CTBEHHO); JIOJISl 3I0POBBIX JepeBbeB — 34 U 42 % COOTBETCTBEHHO, YCHIXAIOIIUX
1 CyXOCTOMHBIX JiepeBbeB — 17 1 15 %.

B 3eneHoii 30He HEONArONMpPUSATHBIX U3MEHEHHI JIECHOW CpeJibl HE BBISBICHO
(I cramusa pexpearonHoit murpeccun). Jloms 3mopoBbsIx aepeBbeB coctaBuna 70...83 %.
IIpu 3TOM cpemHeB3BemEeHHBIN Oamr cocTosHusA 1,2...1,5, 9TO COOTBETCTBYET Ka-
TErOpUHU «yCIIOBHO 370POBEIi». JlaHHBIE Tabm. 1 MOKa3bIBAIOT, UTO C YBEIHMYECHUEM
peKpeanoHHON AUTPECCHN YMEHBIIAeTCA KOJNYECTBO 3/10POBBIX JAEPEBLEB U YBE-
JIMYMBAETCS YUCIIO YCHIXAIOUINX U CyXMX. Pe3ynbTaTsl KOPPEIsSIUOHHOIO aHajiu3a
(r =-0,98) moaTBepk’AaI0T YCTAaHOBIEHHYIO 3aBHCUMOCTb.

Ce30HHblll poCm 8e2emamueHblx Op2aHo8

Pocm nobezoe ¢ onruny. VccnenoBanusi A0Ka3alld, 9TO CPOKM Hadaiga pocTa
oberoB P. abies cB3aHBI C TOBBIIEHUEM CPETHECYTOYHON TEMIIEpaTyphl BO3IyXa
mo +10,7...+13,9 °C (tabmn. 2, 3). [loronuunas Bapuamus aat Havyaia 3Tod GpeHodassl
MOJKET JocTurarh 2—15 cyT. Panblie Bcero poct noGeroB HaYMHAETCS y AEPEBHEB B
ycoBHsIX Topoaa (6—7.V), a 3ateM B IpUropoaHbIX jecax (13—16.V).

Hactyrurenue KymbMUHAIMHA MPUPOCTA MOOETOB oTMedanock ¢ 13 mo 28.VI u
JOCTHTANI0 CYTOYHOTO MaKCHMyMa B TIPUTOPOIHBIX JIECaX B KUCIHMYHOM W TPaBSTHOM
enpHUKAaX — 2,2-3,1 MM (Ttabn. 4). KoppensiuuoHHBIH aHaIU3 MO3BOJMI BBIIBUTH
(r = +0,41...40,67) cymecTBeHHOE BIMSHUE TEMIEpaTypbl BO3/1yXa HAa WHTEHCHB-
HOCTb 3TOTO MPOIIECcCa TOIBKO B JOKYIbMUHAIIMOHHBIN IEPUO/T, YTO TOATBEPIKIACTCS
Y BBIBOJIaMU APYTHUX yueHbIX [6, 10].
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3a roapl HAOMIOAGHUM CPOKM MPEKpalleHHs pOCTa MOOEroB W3MEHSIIMCH
B npeaenax 1-2 Henensb. PocT moOeroB 3aKkaHUMBAJICS MTOYTH OTHOBPEMEHHO BO BCEX
N3y4YaeMbIX YCIOBUAX IIPOU3PACTAHU.

HccnenoBanus okasaiH, 4YTO C YMEHBLICHHEM CTEIICHN HapyLIEHHOCTH Cpe-
bl OOMTaHHS TOAMYHBIN MPUPOCT 1MOOEroB yBenuuyuBaeTcs. Tak, 3HaYeHUE HTOTO
MoKa3aresisi B jiecax 3eJIeHOH 30HbI OOJIbIIe, YeM B TOPOJICKUX U MPUTOPOAHBIX JApe-
BOCTOSIX, B CPETHEM COOTBETCTBEHHO Ha 12 11 16 % (Tabm. 4, 5).

[IponomxuTenbHOCTb pocTa 1100eroB P. abies B pa3HbIX THIIAX COOOLIECTB pa3-
JMyangach HECYIECTBEHHO, Bapbupys 1o rogaMm ot 58 o 78 cyT. Pan ydensix [13,
14, 18, 19] nonaraer, 4Tto Jake MpU HE3HAUYUTEIbHOW PEKPEeallMOHHON TUTpecCcui,
a TaxKe BOJIM3HM HCTOUHUKOB BEIOPOCOB TOJUTIOTAHTOB, MOP(OMETpHUECKHE TTOKa3a-
TEJU, B T. Y. U pa3Mep M00eroB, CyIIECTBEHHO YMEHBILIAKOTCS.

Pocm xeou 6 onuny. Poct xBou P. abies Haunnaetcs uepe3 1-3 Hemenu nocie
TOTO, KaKk MIyT B pocT noberu (tadm. 2, 3). JlaHHbIE CPOKH BapbUPYIOT IO ToJaM
(18.V=2.VI), HoO ¢ ycnoBusMHU ITpOM3paACTaHNs HE CBSI3aHBI. Temmeparypa B 3TOT Bpe-
M rioBeImaercs 10 +8,4...+11,9 °C.

Panbie Bcero KyJabMHHALMA NMPUPOCTA XBOM HAOJIOHANIach B YCIOBHUSX yp-
OanuzupoBanHoi cpeapl (23—30.V), a B IpUTOPOAHBIX Jiecax HaMHOTO MO3JHEe —
11-17.VI. MakcuManbHBIi TPUPOCT XBOU 3a TONBI HCCICIOBAHUN JOCTHTaj
0,5-0,8 mm/cyt (Tabnm. 4). Hambonee 3ameTHa 3aBHCHMOCTb MEXKIY WHTCHCHBHO-
CTBIO 3TOTO Mpollecca M TEMIEPaTypoil Bo3ayXa B JOKYJIbMHUHAIMOHHBIA HEPHOJ
(r=+0,43...40,92). Takast 3aKOHOMEPHOCTb IPOCICKUBACTCS HA MPOTXKEHUU BCETO
nepuoaa pocra (r =+0,35...+0,41). K momoOHbIM BBIBOIAM NPUIILIH U IPYTHE UCCIIe-
moBarenu [6, 10].

Poct xBOM panbllle BCero 3akaHuMBaycs B ycioBHsX ropona — 6—8.VIIL, a B
[IPUTOPOAHBIX Jecax — ToiabKko 14.VIIL.

Haunbonee pnurenbHbiid iepuon GopMupoBaHusi XBou P. abies ycTaHOBIEH B
ypOaHn3upoBaHHO# cpene (45—47 cyT.). B mpuropomHeIxX Jiecax OH COCTaBHII BCETO
42 nas.

Camast anunHas xBost (16,6—19,7 mm) GopmupyeTcst B HeHapyLICHHBIX YCIIO-
BHSX — B Jiecax 3€JIeHOH 30Hbl. B HacaxaeHusx ropoja BeJIHYHHA 3TOTO TOKa3are-
JIl 3HAYMUTENBHO MeHble — Bcero 12,8—15,0 MM (tabm. 5). OTpunarenbHoe BIHsSHAC
yCIOBUH ypOaHU3MPOBAHHOH cpenbl Ha MOPQOIOTHYECKHE XaPAKTEPUCTUKH ACCH-
MIISILIMOHHOTO anmapara OTMEeYaroT U Jpyrue y4uensie [1, 24].

Paouanvnviii pocm cmeonos. llepBble npu3Haku (OPMUPOBAHUS KaMOHMEM
JIPeBECHHBI CTBOJIA (Ha BRICOTE 1,3 M) Habmomanuce uepes 1-3 Hepenu mocie Havyaia
pocta xBou (Tabm. 3) mpu cpenHecytounoit temneparype +10...+11,1 °C omHoBpe-
MEHHO Ha BceX 00beKTax uccienoBanus. MakcuManbHasi HHTCHCUBHOCTh IPUPOCTa
JpeBecHHBI (2636 MKM 3a CyTKH) OTMeJajiach ipu norersiennu o +17,1...+19,0 °C
(Tabm. 4). Pe3ynbraThl HCCIEAOBAHUM, IIPOBEACHHBIX PAHEE, TAKKE CBUICTEIILCTBYIOT
00 yCUJIeHHNHU JESITENbHOCTH KaMOMsI CTBOJIA B CBSI3U C IOBBIIIEHUEM TEMIICPaTyphl
Bo3ayxa [6, 10, 20, 23].

Cpoku mpekpatenns (HOpMHPOBaHHS IPEBECHHBI CTBOJIA 33 IOl UCCIIEIO-
BaHUI BapbUpPOBAIN B 3HAYUTENbHBIX npenenax (13—-27.VIII). [IpomomxurensHOCTD
pocTa apeBecHHBI cocTaBuia 72—79 cyT. (Tadm. 4).
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TabOnuna 5
Tl'onnuHblii npupocT nNoderos u XBou Picea abies B APeBOCTOAX Pa3HOIl cTeneHN
HAPYIIEHHOCTH
OOBEKT UCCIIEN0- Tox HabGronennii
BAHHS Mokasatens 565675001 | 2002 | 2003 [ 2004 | MM | ©
Jmna 67+ 58+ 53+ 71+ 71+ | 64,0+ 1.0
mobera, MM | +2.8 24 | £22 | £2.9 | £29 | £14,3 ’
Toponckue JnHa 15+ 15+ 14+ 13+ 13+ | 14,0+ 70
HaCaXJICHUSA xBou, MM | £0,20 | £0,20 | £0,19 | +0,18 | £0,18 | £3,10 i
Hmemo oy 1 oge | 30: | 43+ | 55+ | 354+ 17
XBOMHA | 4097 | +1,16 | £1,25 | £1,80 | +2,30 | 7,90 | "
robere, IIIT.
Jmuna 63+ 61+ 62+ 61+ 62+ 62,0+ 31.0
mobera, Mm | +£2,7 | £2.5 26 | £2,5 | £2,6 | £13,8 >
[Ipuroponusie Jmna 15+ 15+ 15+ 15+ 16+ 15,2+ 75
neca xBon, MM | £0,20 | £0,20 | £0,20 | +0,20 | £0,30 | £3,35 ’
1@"386’22“ 21+ | 31 | 42 | SS5: | 68+ | 434+ |,
- > | £0,87 | £1,29 | £1,75 | £2,29 | £2,80 | +9,70 ’
JUnna 67+ | 78+ | T2= | 66= | 68+ | 702+ | o
mobera, mm | £2,80 | +£3,25 | £3,00 | £2,70 | £2,80 | £15,70 i
T . Jlnuna 17+ 18+ 17+ 17+ 16+ 17,0+ 8.5
“2 ;’S:H"“ xBom, MM | 0,23 | £0,24 | 0,23 | £0,23 | £0,22 | +3,80 |
qmer0 | 41s | 4ge | 6lx | 61 | 66x | 554 |
XBOMHA 141 90 | 42,00 | £2,50 | £2,50 | 2,75 | 12,30 | <"
robere, IIT.

[Ipumeuanue: M+m — cpeHee 3HaYCHHE M OLIMOKA CPEIHET0 apu(hMETHIECKOTO; G — Cpell-
HEKBAIPaTUYECKOE OTKIOHEHHE. Pe3ybraTel 10CTOBEpHBI ¢ BeposTHOCTHIO 0,95.

Toouunwiti npupocm eecemamusHbLX OP2aAHO8

Ipupocm nobezos 6 onuny. iccnenoBanust moka3aiH, 4YTO TOAWYHBIN IPUPOCT
noberoB P. abies B IPUTOPOJHBIX JIecax, MOABEPKCHHBIX PEKPEaLlMOHHON AUTpec-
CHUH, CYIIIECTBEHHO CHIDKAETCS 110 CPABHEHHUIO C MPUPOCTOM B €IbHHMKAX 3€JIEHOU
30HBI, HE MOJBEPKECHHBIX TaKOBOH. Tak, B €NbHUKE KUCIMYHOM 3TOT IOKa3arellb
y IpeBocToeB Ha [V craanu pekpearmoHHON TUrpeccuu B cpeaHeM MeHsble Ha 18 %,
4YeM y JpeBOCTOEB 3es1eHOH 30HbI | cTanuu (Tabdm. 6). IlonoGHbIe pa3nuyus y enpHUKA
pUpy4eitHoro JocTUraioT 26 %, y yepHudHoro — 4 %, y TpaBsiHoro — 9 %.

B npuroponHsIx necax npupy4eiHble eIbHUKH Hanboiee NHTEHCUBHO T0ce-
LIAIOTCSI HACeJIEHUEM, TIO3TOMY JOJIsI BEITONTAHHOTO HAllOUBEHHOTO IMOKPOBA B HUX
HauOonbmas — 16 %. BennunHa maHHOTO TTOKa3aTess B APEBOCTOSX YEPHUYHOTO H
TPaBsIHOTO TUIIOB 3HAYUTENBHO MeHbIe — 6 U 8 % cooTBeTcTBeHHO. EnbHUKH 3ene-
HOM 30HBI HaXOJATCS Ha [ cTaguu pekpearmoHHOW JUTPECCUM, U TUIOMIAb YIIIOT-
HEHHOM MOBEPXHOCTH MOYBHI cocTanisieT Beero 0,4-0,9 %. OOnapykeHHas npsiMast
3aBUCHUMOCTb MEXIY PEKPEalHOHHOH aurpeccueil M MioMaibl0 YHHYTOKECHHOTO
HaIlOYBEHHOI'O [IOKPOBA MOATBEPKAACTCSI PE3yJIbTaTaMU KOPPEJIALIMOHHOIO aHAIN3a
(r=+0,92).
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OOHapyXeHO, YTO C YBEIMYCHHUEM MOBEPXHOCTH YIJIOTHEHHOW IOYBBI TO-
JUYHBIH TIPUPOCT 1MOOETOB 3aKOHOMEPHO CHMKAETCSI B PA3HBIX THIAX COOOILECTB.
Tak, B NPHUTOpPOTHBIX Jiecax B pe3yibrare BO3pacTaHUs IOJNW YTONTAaHHOH IIo-
BEPXHOCTH TIOYBHI Ha 6...24 % TOAMYHBIN NPUPOCT MOOeroB MeHelie Ha 4-26 %
110 CPAaBHEHUIO C MPUPOCTOM B 3€JI€HOM 30HE. B mocnenHeit 1o yrioTHEHHON MOo-
BEPXHOCTH MOYBHI cocTaBisuia Beero 0,5-0,9 %. Takum oOpa3zom, TOMUIHBIN TPUPOCT
1mo0eroB ¢ yIIOTHEHHEM TTOBEPXHOCTH TTOYBHI CBSA3aH 00OPATHO MPOMOPIHOHAIBHOM
3aBUCUMOCTEIO (1 =—0,89).

Ilpupocm xeou 6 Onumny. B Xome WcclenOBaHUNA TOKa3aHO, UYTO C YCHICHHEM
peKpeannoHHON TUTPECCUH TOTUIHBINA TPUPOCT XBOU P. abies cHkaercs (Tadi. 6).
B mpuropoxusix necax (III u IV cramum pekpealimoHHON TUTPECCHH ) BETUIHHA ITO-
ro nokasaresisi B cpeHeM Ha 17...24 % MeHblile, YeM B TeX e THIaxX JIECHbIX CO00-
IIECTB 3€JICHON 30HBI.

YcraHOBIIEHA CieMyFOIIast 3aKOHOMEPHOCTB: C YBEJIMYCHHUEM TUIOIIAIN BEITONTAH-
HOH MOBEPXHOCTH TOAMYHBIA IPUPOCT XBoU P abies ymeHbiaeTcst. IHTEHCHBHOCTB pe-
KPEaIMOHHOTO BO3/ICUCTBHS MO-Pa3HOMY OTPayKaeTCsl HA CHIYKEHHH JAHHOTO TIOKa3aTels
B Pa3HBIX TUIAX JIECHBIX coo0MIecTB. Harmpumep, TOMMYHBIN NPUPOCT XBOH B IIPUTOPOJI-
HBIX JIECax 110 CPAaBHEHHIO C JIECAMH 3eJICHOM 30HbI YMEHBIIHUICS B €JIbHUKE TPaBSTHOM Ha
22 %, B ipupydveitnoM — Ha 19 %, B kucananom —Ha 17 %.

HawnMeHbIasi 0XBOGHHOCTh TOOETOB OTMEUEHa B YCIOBUSX TOPOJIA, XapaKTe-
PHU3YIOIINXCS MAKCUMAJIbHOW CTENCHBbIO PEKPeallMoOHHOM aerpeccuu (cM. Tadi. 5).
31ech BeJIMYMHA TOAMYHOTO MTPUPOCTA XBOU 110 CPABHEHUIO C JIECAMH 3€JICHON 30HBI
cHkaercs Ha 16...20 %.

Paouanvueiii npupocm cmeona. Kak mokasaiau UCCIeI0OBaHNs, B €IbHAKAX 3€-
JIeHOW 30HBI (popMHUpyeTCs TOpas3no 0ojee MHMPOKOEe TOAUIHOE KOJIBIIO, YeM B TIPH-
TrOpOJHbIX Jiecax, Haxonamuxcs Ha Il u IV cragusx pekpealluOHHOW IUTIPECCUU
(Tabm. 6). [Ipr 5TOM pa3nuans JAHHOTO MTOKa3aTessl 3aBUCST OT THUIIA JIECHOTO CO00TIIIe-
cTBa, focturas 15...38 %. Pe3ynbrarsl KOppessInOHHOTO aHAIN3a CBUIETENbCTBYIOT
00 OTpHUIaTEeIhbHON 3aBHCUMOCTH MEXKTy TOAMYHBIM PaIHaIbHBIM TPHPOCTOM CTBOJIA
1 YCWJICHHEM CTEIIeH! peKpealnoHHoi nerpeccuu (r =—0,83).

OOHapyXeHO, Y4TO B JPEBOCTOSX BCEX H3YUCHHBIX THIIOB COOOIIECTB TOAWY-
HBI pajualbHBI TMPUPOCT YMEHBIIAETCS C YBENMYEHHWEM IUIOMIAIM BBITONTAHHO-
r0 HAMOYBEHHOTO TIOKPOBA, & 3HAYUT M C YIUIOTHEHMEM MOBEPXHOCTH MOYBHL Tak,
B €JIbHMKAaX NPHUTOPOAHBIX JIECOB BENIMYMHA ATOTO ITOKA3aTeNsl MO CPAaBHEHWIO C Jipe-
BOCTOSIMU COOTBETCTBYIOIIIMX THUITOB COOOIIECTB 3€JICHOM 30HBI CHU3MIAach Ha 15...38 %.
BrionHe 3akOHOMEPHO, YTO B APEBOCTOSIX IPUTOPOJIA BBISBIICHA W MAKCHMAJIbHAS JIOJIS
BBITONITAHHOTO HAIIOYBEHHOTO MOKPOBa — 24 %. Pe3ynbTaThl KOPPEIAIIMOHHOTO aHa-
JI3a TMTOATBEPKAAIOT HAMICHHYIO 3aKOHOMEPHOCTH (1 = —0,77).

Bwi6oowi

1. PexpeannoHHble Harpy3Kd OKa3bIBAIOT CHJIbHEHINICE BIIMSHUE HA CaHH-
TapHOE COCTOSIHHE €NbHUKOB. C yCHIIGHHEM PEKPEallMOHHOW TUTPECCHH YHUCIIO
3JI0POBBIX JICPEBHEB COKPAIIACTCSI IPUMEPHO Ha TPETh, @ YKUCIIO YCHIXAIOIIUX U CY-
XOCTOMHBIX YBEJIMUYMBACTCS Ha COOTBETCTBYIOIIYIO BEJIUUMHY. Jleca 3eJIeHOM 30HBI
OTHOCSITCSL K YCIIOBHO 3JI0POBBIM (110 cocTostHUIO 1,2—1,5 Ganna), a mpuropojaHsie
Jieca — K Kareropuu ocinabiaeHHsIx (2,1-2,7 6amna). B necax 3emeHoit 30HbI yChIXaro-
ITUX ¥ CYXOCTOMHBIX JIEPEBHEB HET, a B MPUTOPOIHBIX JIecax UX A0S JoCcTHTaeT 36 %
oT obmrero uncia. Ilnomans npuroponusix gecoB B I cramun pexpeartmoHHON TH-
rpeccum cocrasisier 59 %, a B IV cragum — 19 %.



ISSN 0536-1036 «HW3BecTus By30B. JlecHoi xxypHaa». 2021. Ne 3 69

2. Poct noberoB P. abies B uepre ropojia HAYMHACTCS HA 2 HEJCIU PaHbIIIE,
4eM B IIPUTOPOAHBIX Jiecax. KynbMuHALNS pUpocTa B ropojie oTMedanach ¢ 13 mo
28.VI, 3ama3npiBast B MPUTOPOIHBIX Jiecax Ha 1-5 queil. CyTogHbIN MPUpPOCT TOOETOB
B IPUTOPOHBIX APEBOCTOSIX JOCTUTA]I MAKCUMyMa B KUCJIMYHOM U TPABSHOM €JIbHU-
Kax — 2,2...3,1 mm. [Ipouecc 3akaHYUBaICSI NOUYTH OTHOBPEMEHHO BO BCEX HCCIIEAY-
eMBIX yCIOBUSIX. ETro MpogomKUTENbHOCTD B Pa3HBIX THIIAX COOOLIECTB OTIINYAIaCh
HE3HAYMTENbHO, BapbUPYsl 1O rogam ot 58 mo 78 cyt. [onnunelii npupoct nmoderos
B Jiecax 3eJIeHOH 30HbI OOJIBIIIE, YEM B TOPOJICKHUX U IIPUTOPOAHBIX, B CPEAHEM COOT-
BETCTBEHHO Ha 16 u 12 %.

3. Cpoku Havana pocta xBou P. abies Bappupyrot 1o rogam (18.V-2.VI) u ¢
YCIIOBUSMHU HPOM3pAcTaHUsi HE CBS3aHbl. PaHblle BCEro KyJbMHHALMS 3TOTO IPO-
1ecca HabJonanach B yCJIOBUsAX ypOaHuzupoBaHnHoii cpebl (23-30.V). MakcumMaib-
HBIH MIPUPOCT XBOM 32 Trojbl HccienoBannii gocturan 0,5-0,8 Mm/cyT. pocT XxBOM
3aKaHYMBAJICSA CHadajga B YCJIOBHAX ropomga — 6—8.VII, a moToM B NMPUTOpPOIHBIX
nmecax — 14.VII. Haubomnee mmuTenbHBIA mTepro GOpMHUPOBAHMS XBOH yYCTAHOBJICH
B ypOaHu3upoBaHHOH cpene (4547 cyt.). Camas mmHHas xBost (16,6—19,7 Mmm) dop-
MHUpYETCs B JIecax 3€JI€HOM 30HBI, @ B HACAXKICHUSAX Iopo/ia BEIMYHHA 3TOr0 MoKa3a-
Tens cocraBisgeT Bcero 12,8—15,0 mm.

4. Havano ¢popmupoBaHusi KaMOUEM JIPEBECHHBI CTBOJIA OTMEUAETCS OJIHOBPE-
MEHHO Ha BCEX OOBEKTaX HMCCICAOBaHMS. MaKCUMAaNBHBIA CYTOYHBINA MPUPOCT CO-
craBisil 26-36 MkM. Cpoku mpekpamieHuss GOpMHUPOBAHHS JPEBECHHBI CTBOJIA 32
TOJIbI UCCIIEIOBAaHUI BapbUPOBalHM B 3HAYUTENbHBIX mpenenax (13-27.VII). Ilpo-
JOJDKUTEIBHOCTD ee pocTa Obiia 72—79 cyT.
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Abstract. The studies were carried out in stands of various degree of devastation: in the
city, suburban forests and forests of the green zone. Recreational loads strongly affect the
sanitary condition of spruce forests. The number of healthy trees decreases to 3042 % with
increasing recreational digression, while the number of declining and dead trees increases
to 15-36 %. The state of tree stands in the forests of the green zone is estimated at 1.2—1.5
points, and 2.1-2.7 points in the suburban forests. No declining and dead trees were found
in the forests of the green zone, and in the suburban forests their share was 15 and 36 % of
the total number, respectively. Therefore, generally, spruce suburban forests are classified as
weakened. Approximately 59 % of the area of suburban forests is in the III stage of recreational
digression, and 19 % — in the IV stage. Growth studies of P. abies showed that the features
of these processes are determined mainly by the seasonal variability of climatic factors.
Studies have shown that the features of growth processes of P. abies are determined mainly
by seasonal variation of meteorological factors. It was found that the earliest growth of shoots
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and needles begins and ends in the urban environment. The year-by-year variability in the
timing of these phenophases reaches 1-2 weeks. Soil compaction as a result of recreational
loads has a particularly negative effect on the intensity of tree growth and annual growth of
vegetative organs. Shoots of P. abies in green forests (undisturbed stands) are longer than
in suburban and urban plantations by 2-30 % and 6—17%, respectively. The longest needles
(16.6-19.7 mm) are formed in the forests of the green zone. In urban plantations this value is
12.8-15.0 mm. The smallest needle packing was found in the city conditions, characterized
by the maximum degree of recreational digression. Here, the annual radial increment of the
trunk of P. abies under the influence of recreational loads decreases by 16-20 % compared to
the forests of the green zone. The sequence in the growth phenophases does not depend on the
degree of environmental disturbance. The shoots are the first to grow (in May), young needles
after 1 or 2 weeks, and then the formation of wood in the lower part of the trunk begins. The
sequence in stopping the growth processes is as follows: shoots, needles, trunks.

For citation: Kishchenko 1.T., Olkhina E.S. Growth of Vegetative Organs of Picea abies (L.)
Karst. in Anthropogenic Environment. Lesnoy Zhurnal [Russian Forestry Journal], 2021, no. 3,
pp. 59-72. DOI: 10.37482/0536-1036-2021-3-59-72

Funding: The research was carried out with the support of the Russian Foundation for Basic
Research (project No. 18-44-100002 p_a).

Keywords: recreation, Picea abies, growth, shoots, needles, trunks, anthropogenic factors.

Hocrtynuna 08.01.20 / Received on January 8§, 2020



ISSN 0536-1036 «HW3BecTus By30B. JlecHoi xxypHaa». 2021. Ne 3 73

VK 630*%182.21
DOI: 10.37482/0536-1036-2021-3-73-85

CTYIIEHYATASA UHTPOAYKIUA BUAOB IEHAPO®JIOPHI
B CEBEPO-BOCTOUYHYIO YACTh PYCCKOM PABHUHBI (OB30P)

H.A. Babuy!, 0-p c.-x. nayk, npogh.; ResearcherID: G-7384-2019

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

E.b. Kapoacnukoea?, Kano. c.-x. HayK, 0ou.; ResearcherID: AAH-6250-2021

ORCID: https://orcid.org/0000-0003-2850-9362

M.M. Auoponoeda’, 0-p c.-x. HayK, oou.; ResearcherID: AAB-4480-2020,

ORCID: https://orcid.org/0000-0002-9654-8913

O.C. 3anvieéckas’, KaAuo. c.-x. HayK, oou.; ResearcherID: AAY-4901-2020,

ORCID: https://orcid.org/0000-0002-7520-6295

FO.B. Anekcanoposa’, acnupanm; ResearcherlD: AAH-4016-2021

ORCID: https://orcid.org/0000-0002-2802-1124

HL.II. I'aeeckuii!, kano. c.-x. HAYK, 00U.

!CeBepHbIii (ApkTHUeckuil) Genepanbhblil yHuBepcuteT uM. M.B. JlomoHocoBa, Ha0. CeBep-
Hoii JIBuHsl, 1.17, . Apxanrensck, Poccus, 163002; e-mail: forest@narfu.ru

2Bosorojickas rocy1apCTBeHHasi MOJIOUHOXO3siiicTBeHHas akagemusi uMm. H.B. Bepemaruna,
ya. lmuara, x. 2, ¢. Monounoe, 1. Bonoraa, Poccust, 160555; e-mail: helenlS@yandex.ru
3Bonoroackuii mHCTUTYT mpaBa u 3xoHoMukn ®CUH Poccuw, yi. llletnanna, 1. 2 a, . Bomo-
raa, Poccus, 160026; e-mail: mary1969@yandex.ru

Annomayus. VIHTpOTyKIns XO3sIHCTBEHHO-IIEHHBIX U JJEKOPATHBHBIX BH/IOB C JaBHUX Bpe-
MEH SIBISIETCSI OJHUM M3 OCHOBHBIX METOZOB MOBBIIICHUSI OMOJIOTHYECKOTO Pa3HOOOpas3us
neaapodnopsl. Llens uccnenoBanuil — pa3BUTHE TECOPUH CTYIICHYATONH MHTPOTYKINH BUIOB
TeHIPO(IIOPHI B CEBEPHOM HATpaBICHUH. METOMOIOTHYeCKOi 0a30i NCCIeTOBaHNHN MTOCITY-
JKHJTH TPYABI CIIEIMAIINCTOB B 00JIACTH JIECHOM MHTPOAYKIIMHU, B TOM YHCIIE HHTPOTYKTOPOB-
cesepsH @.b. Opnosa, [1.M. Manaxosma, B.H. Hunosa, H.A Jlemunosoii, O.C. 3ambsIBcKoi,
E.b Kap6acuukoBoii, M.M. AuaponoBo#i u 1p. Ctarbs OOJbIIEH 9aCThIO UMEET TEOPETHIEC-
CKHUH XapakTep M OMUCHIBACT PA3BUTHE HHTPOIYKINH JPEBECHBIX U KYCTAPHUKOBBIX BU/IOB B
CYpPOBBIX YCJIOBHSIX CEBEPO-BOCTOUHOM YacTu Pycckoil paBHUHBL. AHAIU3 pe3yJIbTaToOB Hay4-
HON M CTUXUIHOW MHTPOMYKINH TTO3BOIMI c(hOPMyIHpOBaTh PAOOUYIO THIIOTE3Y O BO3MOXK-
HOCTH peaJIM3alliy CTYIEHYaTOH WHTPOAYKIIMY [IEHHBIX BHJOB JeHAPOdIops! 3a cuer dop-
MHPYEMOTO B TOpOJIaX 0c000T0 MUKPOKJIMMATa ¢ 00Jee BBICOKUM YPOBHEM TEMIIEPATypHOTO
peXuMa 1o cpaBHEHHMIO ¢ iepudepueii. [Ipennonaraercs, 4To TEIIOBOTO pecypca «OCTPOBOB
TeTIa» JOJHKHO OBITh JI0CTATOYHO /ISl YCIICIIHON aKKJIMMaTH3anH KyJIbTHBApOB, IPOABHKE-
HUSI UX CEMEHHOTO ITOTOMCTBA B 3arOPOJHBIE YCIOBUS C MOCenyollel HaTypann3auueid. Ha
OCHOBE MHOTOJIETHUX HCCIIEZIOBaHNH C(OPMYIMPOBAHBI TE3UCHI, OXBATHIBAIOIIIE OCHOBHBIC
ACTIEKTHI PA3BUTHSI CTYNEHYATOH WHTPOAYKIMU: HAYaso TEPBOH CTYNEHHW aKKIMMATH3AIIH;
(hakTOpBI, BAMSAIOMINE HA BEINYMHY MHTPOAYKIIMOHHOW CTYIICHHU; IPHOPUTETHBIH MaTepHa
Jutst 0OpaOOTKM OCHOBHBIX MPHHIUIIOB CTYIIEHYATOW MHTPOLYKIUH; IUMHUTHPYIOIIHE (akTo-
PBI CEBEPHOM T'PaHUIIBI HHTPOAYKIIMOHHOTO apeasa; COOTBETCTBUE YCIOBUI «OCTPOBOB TETI-
J1a) YCJIOBHMSIM CEBEPHOW YaCTH IpeAbIAyIIed MHTPOLYKIMOHHON cTyneHu. [IpakTtuueckoe
MIPUMEHEHNE JaHHBIX TE3MCOB MO3BOJIUT YBEIUUUTH d(PPEKTUBHOCTD aKKIMMAaTH3AIIMOHHBIX
WCTIBITAHUN WHTPOAYIMPYEMBIX BHUAOB pacTeHHil. s OOBEKTHBHOM OIEHKU pPE3yIETaTOB
HKCIIEPUMEHTOB IPEUIOKEHA TaOIHIA yCHENTHOCTH aKKJIMMaTH3aluy 1 HaTypan3alii BU-
JIOB IEHAPO(IIOPHI C YIETOM pa3HbIX 3TanoB OoHTOTreHe3a. CHMHTE3 BHIBOJIOB M PEKOMEH/a-
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U CIIOCOOCTBYET MTPOBEACHUIO IIEJICHANPABICHHBIX MEPOIPUATHIA 10 aaNTally PACTCHUI
U (hopMHUPOBAHUIO JOCTOBEPHBIX IIPOTHO30B MX HATYPaTH3allUH.

Jlna yumupoeanusa: babua H.A., Kap6acnukosa E.b., Auaponosa M.M., 3ansisckas O.C.,
Anexcanaposa 10.B., 'aesckuii H.I1. Ctynendaras HHTPOIYKITUS BUIOB IEHIPOGIOPHI B Ce-
BEPO-BOCTOUHYIO 4acTh Pycckoii paBHUHBI (0030p) // W3B. By30B. JlecH. xypH. 2021. Ne 3.
C. 73-85. DOI: 10.37482/0536-1036-2021-3-73-85

Kniouegvie crnosa: crynenuarasi HHTPOLYKIUS, aKKJIMMaTH3aIMs PaCTCHUH, HaTypaIn3alus,
pabouas runoresa, JeHApodIIOpa, MHTPOLYKIIMOHHbIC UCITBITAHHUS.

Hayynasi oOmiecTBeHHOCTh 0OECIIOKOEHa HCTOIICHHEM OHOpazHooOpasws, B
TOM YHCJIC U JISCHBIX dKOcHcTeM [5, 8, 17, 25, 34, 44, 45, 47]. CpaBuurtesnbHo Oef-
HBI OPOJHBINA COCTaB TACXKHBIX JIECOB CEBEPO-BOCTOUHOM YacTu Pycckoil paBHUHBI
00yCIlaBIIMBaeT aKTyaIbHOCTh ITOH TpoOsieMbl. BBeieHre B KylbTypy HHTPOIYLIUPO-
BaHHBIX BHJIOB SBIISIETCS OJHUM U3 ITyTEH MOBBIMIEHHUS XO3IHCTBEHHONH OCBOSHHOCTH
3eMEJNIbHBIX PECYPCOB, YAYULICHUs] KOM(OPTHOCTH CEBEPHBIX TOPOIOB M MOCEIKOB,
(dbopMupoBaHHs M paclupeHHst 0a3bl BUTAMHHHOIO M JIGKAPCTBEHHOTO ChHIPhs [48,
50-53, 55-59].

DddexTnBHOE pemeHne TPOoOIeMbl WHTPOMYKIIHUA JPEBECHBIX pPacTeHUU
B CEBEpHBIE YCIOBHS — METOJl UX CTYIEHYATOW MOITAHOW aKKIMMAaTH3alud B TO-
POJICKHUX YCIOBHUSX C MOCIEAYIONINM KYITETUBUPOBAHHEM YCTOHYHBOTO MTOTHOIIEHHO-
IO IOTOMCTBA B IPUTOPOAHBIX JIECAaX 3€IEHBIX 30H.

Wpero cryneHuaTol akKIMMATU3ALMK BIIEPBBIC BbICKA3aJl HEMELKUI ecTe-
CTBOHMCIIBITATENb, Teorpad u myTermecTBeHHUK Anekcaunap ['ymO6omsar (1769—-1859),
KOTOPBIN TPEATTOKIIT TIEPEHOCHUTH PACTEHUS M3 TPOIIMKOB B EBpOITy uepes mpomexy-
TOYHBIM MyHKT HAa KaHapckux octpoBax [6].

B 1963 rony Coer 6otannueckux cago CCCP obcynui Boripoc 00 opranusa-
LIUM CTYTIEHYATON aKKIruMaru3auu pactenuii. CyTh ganHoro merona, o B.I1. JloOpo-
XBAJIOBY [7], 3aKiIt09aeTCsl B MPEPHIBUATO-IIOCTEIICHHOM (CTYTIEHYaTOM) TEPEHOCE
pacTeHuii U3 cyxux reorpa)uuecKkux yCIOBHU B JPYTHeE ITyTEM CEMEHHOTO pa3MHO-
KEHHS Ha KaXIYI0 CTYTIeHb, TaK KaK PACTUTENbHBIA OPTraHU3M B CTaIMH CEMEHHOTO
Pa3MHOXEHHUS SBISIETCSA HanOoJIee MIIACTUYHBIM, JIeT4Ye IePeCcTPanBaeT CBOKO IPUPO-
JIy B COOTBETCTBHHU C HOBBIMH YCIIOBHSIMH.

Crnenyer oTMeTHTh, uTo Ha EBpormeiickom Ceepe (ApxaHrensckas u Boio-
rozackas obmactu, Pecmybnuka Komu) ecte mpumepsl ynauHOM CTHXUHHOW M CTY-
TIeHYaTON MHTPOAYKIMHA. Bo3pacT 3Tux 00pa3IioB COCTABISAET AECATKH JeT. K Takum
00BEeKTaM CJeayeT OTHECTH aJUIeWHBbIe MOCAJKH JMCTBEHHUIBI CHOMPCKON (Larix
sibirica Ledeb.) na ConoBkax (64° 57'—65° 12" c. m1. m 35° 30" m 36° 17" B. 11.) (puc. 1).
CpenHsis BeIcoTa TMCTBEHHUI] B 5S0-JIeTHEM BOo3pacTe cocTaisieT 21 M, 4To COOTBET-
ctByeT | kiaccy Oonutera [38], a B 70-1eTHEM — BICOTA JOCTUTACT yxe 25 M [14].

T.JI. ®oxuna [39] nmpuBonuT Takoi (hakT: M3BECTHBIH CEBEPHBI KpaeBenl
K.I1. I'emn, moGwiBaBmrast Ha CosoBkax B 1905 1., cooOmmma, 9YTO TPH CONOBEIIKHIX
MOHaxa B TOT Toj] e3amiau Ha [lamup, roe BcTpevanuch ¢ [laHuamamoii, u mpuses-
JI1 B TIO/IAPOK HACTOSATEIIO CEMEHa MHOTHX pacTeHui. B ux gucne ObUIM po3a MOp-
mauctas (Rosa rugosa Thunb.), cupens BeHrepckas (Syringa josikaea J. Jacq. ex
Rchb.) u 6anan Toncronuctheiii (Bergenia crassifolia (L.) Fritsch), craBmme campl-
MU MacCOBBIMH KYJIBTypaMH TOTO MOHACTHIPCKOTO TIEPUOA.
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Puc. 1. Amnes Larix sibirica Ledeb B ComoBernxom
GOTaHMYECKOM Caxy

Fig. 1. Larix sibirica Ledeb alley in the Botanical
Garden of Solovetsky Museum-Preserve

B Bonorozackoii obmactu (COBpeMEHHBIE TPaHUIBI) COXPAHWINCH 3HAYUMBbIE
NaMSITHUKHA WHTPOAYKLIHUH COCHBI KeAPOBOHM cubupckoit (Pinus sibirica Du Tour):
KaraeBckas poma (Bo3pacT crapbix keapoB coctaBiser okosno 200 net [15]), Ile-
TepsieBCKas poIa (IMaMeTp caMoro KPYMHOro AepeBa nocturaet 1,28 m) B Benu-
KO-YcTIorcKoM p-He u YarpuHckas pomia (coznanue — 1900-1941 r.) B ['ps3oBerikom
p-He, ciryxame 06a30i 3ar0TOBKH JIECOCEMEHHOTO CHIPBSI € MOCIEYIOIINM €ro HC-
MOJIb30BAaHUEM B JIECOKYJIBTYpHOM Jienie. Takrne HHTPOAYKIIMOHHBIE 0Yaru SBISIOTCA
CBOEOOPa3HBIMH [IEHTPAMHU PacTPOCTPAHEHHS JAHHOH MOPOBI B CEBEPO-BOCTOUHYIO
4yacTh Pycckoll paBHUHBI.

Buumanue ctyneHuaTon akkJIMMaTU3alliy III0/I0BBIX pACTEHUH MPH POIBHKE-
HUHW WX B CEBEPHOM HampanieHU! yaeistl V.B. MudypuH, KOTOPBIH HE TOIBEKO 000C-
HOBaJI BOBMO)KHOCTb HCIIOJIb30BAHUS 3TOTO METONA, HO M MPAKTHYECKU J0Ka3ajl ero
peansHOCTH [21]. [Tpr mpoaBIKEHNHN KyABTYPBI a0pPHUKOCA B CEBEPHBIE IIMPOTHI ITyTEM
JBYKpaTHOTO 0TOOpa Hanbosee yCTONUMBBIX CESHLIEB, BHIPAILICHHBIX U3 KOCTOUEK, ITy-
OMHa K101 CTyneHn oka3anach paBHOW 300—350 kM, a rpaHHIIA TUIOIOBOH KYIIBTYPBI
nepensrHyTta Ha 700 kM [20, 21]. MuuypHHCKHI IPUHINT CTYTIEHYATOHN aKKJIMMaTH3a-
LIMH BIIOJIHE PUMEHHUM U B 00JIaCTH JJEKOPATHBHOTO IPEBOPA3BEACHHMS 1 JIECOBO/CTBA.

BomnpocoMm cryneHuaroi akkiMMaru3anuyd akTuBHO 3aHuMaincs A.Jl. Jleima
[19-21]. B ero paborax OTMEYEHO, UTO CPEAHIOI0 BEIUYUHY reorpapuyecKkoi cTy-
nenu npuHumaroT B 300—400 kM, a unciI0 cTyneHeld onpenessitor B 2—4 u Ooee.
B kadecTBe akKIIMMaTH3aIMOHHBIX 0a3 MOTYT CITYKHTh OOTAaHMYECKHUE CaJIbl, IECHBIC
OTIBITHBIE CTAHIIMHU M CETh TOCYapPCTBEHHBIX 3aITOBEIHUKOB.

B pesynbrare MHOTOJETHHX WCCIEAOBAaHUN B JACHIAPApUH ApPXaHTEIbCKOTO
necotexundeckoro uHCTUTYTa @.B. Oprnos, B.I1. Tapabpun, I1.M. Manaxoserr [34]
[IPULLIM K BBIBOLY, YTO Kau€CTBEHHBIE IT0KA3aTeIN CEMsH Yy JOUYEPHUX HOKOJICHUI,
Kak IPaBMJIO, BBILIE, YEM Y MaTePUHCKHUX. Y OOJBIIMHCTBA HOPOJ BTOPOTO MOKOJIE-
Hud yBennuwiachk mMacca 1000 mt. cemsiH no cpaBHeHuto ¢ Maccoil 1000 mt. cemsiH
MHTPOAYLMPOBAHHBIX MAaTEPUHCKUX OPraHU3MOB: Y CHUPEHHM BEHrepckou (Syringa
josikaea J. Jacq. ex Rchb.) — Ha 27 %, y uepemyxu oObIkHOBeHHOU (Prunus padus
L.) — na 26 %, y >xumonoctu Tarapckoit (Lonicera tatarica L.) — na 15 %, y upru
obmnbHOUBeTYyIEH (Amelanchier floridal Lindl.) — na 95 %.

Tpynamu @.b. Opnosa [31, 32], B.H. Hunosa [26-31], I.M. Manaxosua
[22—24] co3maHBI MPENNOCHUIKN HAYYHON TIaTdopMbl (HOPMUPOBAHHS OPUTHHAIB-
HOU paboyvelt TUIOTE3bI O BO3MOXXHOCTH MTPOJIBUIKCHHSI B CEBEPHBIC YCIOBHS HOBBIX
OTCEJIEKTUPOBAHHBIX XO351ICTBEHHO-LIEHHBIX JIECHBIX, IUIOOBO-SITOJHBIX M JEKOpa-
TUBHBIX BUIOB I€HIPOGIIOPHI.
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Ha ocnoBe wuccaemnopanuii O.C. 3anwsickoit [11], E.b. Coxomosoit [35],
C.B. Xpymesoii [43] 1 M.M. AuaponoBoii [1] chopMupoBana opurHHAIBHAS pa-
Oouast TUMOTE3a O BO3MOXKHOCTH YCIHEIIHOW CTYNEHYaTOH HHTPOAYKLIHH BHJOB
neHapodIopsl B OOpealbHbIE YCIOBHS TaeKHOW 30HBI Pycckoil paBHWHBI 3a CUET
0c000r0 MUKpPOKJIMMAaTa «OCTPOBOB TEIUIA» B TOPOAAX, IIe oTMevaeTcs: Oonee BbI-
COKHH YPOBEHBb TEMIEPATYPHOTO PEXKUMa, YeM 3a UX IMpeaesiaMi. ITOTO TEIIOBOTO
pecypca JOIKHO OBITH TOCTATOYHO JJIsl YCTICIIHOW aKKIMMaTU3allu U HaTypalu-
3aliy KyJBTHBApOB C MOCIEAYIONUM TPOJIBHKEHUEM WX CEMEHHOTO ITOTOMCTBA B
3aropoJHbIe YCIOBHS Mpou3pacTanusi. Haubonpime reMneparypHble KOHTPACTBI «T.
Bonorna — mpuropom» ormedarorcst 3uMoit 1 MoryT gocturarh 10—14 °C. B netHuit
MIEpPHOJ ATH pasnnuus He npesblmarotr 4-5 °C [18].

MeTton CTyNeHYaTOl aKKIMMAaTHU3allii OCHOBAaH HAa MPUOOPETEHUHU 3a BECh
YKU3HEHHBIN IUKJI HOBBIX CBOMCTB B HENTPUBBIYHOM JUI pacTeHus cpene. VizMenenus,
KOTOpBIE MPOUCXOAT HA pa3HBIX dTalax Pa3BHTHUS B MPOIECce MPUCTIOCOONCHHS
K OTIMYHBIM OT MPEXKHUX KINMaTHYECKHM pecypcaM, OTPa)KaloTCsl Ha Haclel-
CTBEHHOCTH M pazHO00pa3uu. B kakaoM mocienyromem moKoJIieHHH TOTOMCTBO BCe
OoJiblIe IPUCIIOCAOIUBAETCS K HOBBIM YCIIOBHSM IIPOU3PACTAHUS, U €0 MOXKHO MPO-
JIBUTATh U3 arioOMepaliy ¢ JOCTAaTOYHO BBIPAKEHHBIM «OCTPOBOM TEIUIa» B MaJlble
ropona, TOpOACKHUE 3€JIEHBIE 30HbI, & B KOHEYHOM UTOTE B TaMTy.

Co crymeH4aToi akKIMMaTH3alMed CBsI3aH MHOTOPA30BbIM CENEeKIIMOHHBIN
0TOOp, KOTOPBIM paccMaTpUBAETCsl KaK CaMOCTOSTENbHBIN CIOCO0 W3Y4YEHUS HH-
TPOAYLIEHTOB, a TaK)Xe€ YCTAHOBJIEHUS U YTOUHEHHUsS YCIOBHM HCIOIB30BaHMS UX B
KyJbTYpe U 0a3upyercs Ha ONpPEACICHUU LIEHHBIX CBOMCTB MOPOIbI — 3UMOCTOMKO-
CTH, MOPO30yCTOMYMBOCTH, MHTEHCUBHOCTH POCTA M Pa3BUTHSI.

Hamum npencrasnenys o pa3BUTHH MHTPOAYKIMH BUAOB IEHAPOMIOPHI B yCIIO-
BUSIX CEBEPO-BOCTOYHOM 4dacTu Pycckoil paBHMHBI, a Tak)kK€ HAKOMJIECHHBIH OIBIT
CTUXUIHOTO TIEPECENICHUsI APEBECHBIX PACTCHHI B CEBEPHOM HANpaBICHUU U Cy-
LIECTBEHHbIE PE3YNIBTAaThl MHOTOJIETHUX KOMIUIEKCHBIX MCCIIEOBAHUHN YCHEIIHOCTH
IIPOJIBM)KEHUSI B CEBEPHBIE YCI0BUS PycCcKoil paBHMHBI HOBBIX BUIOB AE€HAPO(IIOPHI
MO3BOJISIIOT C(POPMYIIMPOBATH TE3UCHI, peanu3aus (coOmoaeHne) KOTOPBIX Ha MPaK-
THKE CTIOCOOCTBYET 3HAYUTEIHLHOMY MOBBIIICHHUIO YPOBHS U 3(h(HEKTHBHOCTH HHTPO-
JOYKIIMOHHBIX HCIIBITAHUHN XO3SIICTBEHHO-LIEHHBIX U AEKOPATUBHBIX PACTEHUI:

3a HayaJo MEepPBOM CTYMEHHW aKKIMMaTH3alMK KyJIbTHBAapa MPUHUMAETCS IIH-
pOTa CEBEPHOI IPaHUIIbl ECTECTBEHHOI'O apeasia MPOU3pACTaHUs PACTEHMUS;

BEJIMYMHA MHTPOMYKIIMOHHOMW CTYNEHH UMeeT (DIyKTYHPYIOUHHA XapakTep H
3aBHCHUT OT LIEJIOT0 KOMIUIEKCa (PakTOpOB: reorpapuuecKoro HarpaBiICHUs MepemMe-
LIEHUsS PACTEeHHUs, CTETIEHH COOTBETCTBHS HOBOTO MeECTa KYJIHTUBHUPOBAHHS YCIO-
BUSIM €CTECTBEHHOTO NMPOU3PACTaHMs, COONIOAECHUSI HHTPOAYKTOPaMH OCHOBOIIOJIA-
raroIyX MPaBUI JIECOKYIBTYPHOTO Jiefia C YYETOM HMMEIOIIET0Cs TOI0KUTEIBHOTO
OIbITa «CTUXUIHONY» HHTPORYKLINY;

[Py TIepeMELICHUH BHIOB JEHIPOQIOPHI B IIUPOTHOM HAIlPaBICHUH BEIHYH-
Ha UHTPOLYKLMOHHON CTYIIEHH 3aBUCHUT OT UX XKHU3HEHHOH Qopmbl. KycTapHuku Kak
OoJiee PKOIOTMYECKH TIACTUYHBIC U paHble BCTYNAIONINE B PEPOIYKTUBHYIO a3y
pacTeHHsI BO3MOXHO YCIEIIHEe epEMEIATh CEBEPHEE MO CPABHEHHUIO C IEPEBBSIMU;

0TpabOTKY OCHOBOTIOJIATAIOUINX MPUHIIUIIOB U TIOJIOKEHUH METOIOJIOTHH CTY-
MEeHYaTON aKKJIMMAaTU3alluH MPEANOYTHTEIHHO IPOBOJAUTH HA KyCTapHHUKAX;

C yJallcHHEM MecCTa KyJIbTHBHPOBAHUS PACTECHUS OT CEBEPHON I'PAaHUIIBI €r0
€CTECTBEHHOI'0 apealla BEJTUUMHA KaKI0H MOocaeayoeld HHTPOAYKIIMOHHOM CTyIIe-
HU YMEHBIIIAeTCs;
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CEBEpHas TPaHMIlA HMHTPOAYKIIMOHHOTO apeaja OrpaHUYMBACTCS MHUHUMHU3A-
Uel KIMMaTHYECKUX PECYPCOB TOPOJICKUX YCIIOBUH, a TAKKe MTOHMKEHUEM dPQeK-
TUBHOCTH arpOTEXHUUECKHX MEPOTPUATHH (PBIXJICHUE ITOUBBI, TOJIUBBI, TOJKOPMKH
M T. T1.) TIO YXO/y 33 PacTEHHUSIMH JI0 YPOBHA UX THOENH y)Ke Ha TIEPBOM dTare HHTPO-
JyKITMOHHOTO UCTIBITAHWS,

KIIMMAaTUYECKUE YCIIOBHSI «OCTPOBA TEILIa» MPEJIoIaracMoro paiioHa KyJIbTH-
BHUPOBaHUS JIOJDKHBI OBITh OJIM3KH K KJIMMAaTHYECKHM PECypcaM CEBEPHOH 4YacTH
€CTeCTBEHHOT'0 apeasia Mporu3pacTaHusl PaCTEHHs, a IPU AaJIbHEHIIIEM MTPOABIKEHUH
MOCTIEYIONINX MOKOJICHNH KyJIhTHBApa B MIMPOTHOM HAINPaBICHUU — C KIIUMATHYe-
CKHMH YCJIOBHSIMH CEBEPHOM YaCTH MPEIbIIYIIEH CTyTIeHH.

Mmuoronetnue uccienosanus [2—4, 9, 10, 12, 13, 36, 37, 46, 49, 54] u ana-
JU3 pe3yabTaTtoB Hay4HOU [40—42] 1 00001IeHIE OTbITa CTUXUIHON WHTPOMLYKIIUU
MO3BOJISIIOT JIOTHYECKU MPABUIIBHO MPEICTABUTh BO3MOXKHOCTH BBIJCIICHHS TPYIII
YCIEMTHOCTH aKKIUMAaTH3aIllMd U HaTypaIu3alldd WHTPOIYIICHTOB (CM. TaOIHILY).
Kaxxmprit 6aim yCrenHoCTH TPEICTaBIsIeT cO00H IUPPOBOE BRIPAKCHUE CTEICHU
3¢ GeKTUBHOCTH MHTPOIYKINH, OoJilee BHICOKUI Oaii o3HadaeT 0ojiee BBICOKYIO €€
CTETICHb.

YenemHocTh AKKIMMATH3AUMH U HATYPAIU3allMi BUAOB eHAPO(I0PbI

bann
I'pynma AnanTHBHEIE
ycreu- IIpencraBurenu
YCIEMHOCTH 0COOEHHOCTH
HOCTH
PakutHMK ABy1BETKOBBIN (Cytisus
CestHIIbI . By (Cy
ratisbonensis Schaeff.), xumMonocts
Becpma TIPYKHUBAIOTCS ;
3onoructas (Lonicera chrysan-
BBIpayKCHHAS c11a00 MM pacTeHne
1 tha Turcz. ex Ledeb.), poOunns
JICaKKITMAaTH- morudaet B .
N oObIkHOBeHHAs (Robinia pseudo-
3anus IOBEHUIIbHBIA TIEPHOJ . 9
acacia L.), Tpab 0OBIKHOBEHHBIH
OHTOTeHEe3a X
(Carpinus betulus L.) u np.
Tys 3anagnas (Thuja occidentalis
Pacrenus ycneuno L.), yepemyxa Buprunckas (Pru-
BripaxeHHas Y ), pemy P (
MIPIKUBAIOTCS, HO nus virginiana L.), OOSPBIITHIK
2 JCaKKJIIMMaTH- N
- MEHSIOT KU3HCHHYIO anvaatuHckuit (Crataegus al-
¢bopmy maatensis Pojark.) Oy3una kpacHas
(Sambucus racemosa L.) u 1ip.
Pactenus useryt
HseTy Jlemuna oobikHOBeHHAs (Cory-
TOJIBKO B HauboJee
lus avellana (L.) H.Karst.), cocHa
N OraronpuATHBIX .
Cpenuuii ropHast (Pinus mugo Turra), mimna
METEOPOIIOTHICCKIX ¢ .
YPOBEHB menxomuctHas (7ilia cordata Mill.),
3 YCIIOBHSX, HO N
AKKJIIMATH- Oepeckier 6bopomaByuatei (Eu-
HE TIOOHOCHT,
3aIuu onymus verrucosus Scop.), opex
WU TJTOJIOHOCHT, . .
MaHWKypckuii (Juglans mandshurica
HO JIal0T CeMeHa .
Maxim.) u zip.
HU3KOTO KayecTBa
Enb xonrouast (Picea pungens
LBerenue u Engelm.), cocna ckpydennas (Pinus
Bricokuit IJIOAOHOIIEHUE IO contorta Douglas ex Loudon), aporust
4 IOTEHITHAIT mkane B.I. Karmmepa yepHoruionHas (Aronia melano-
AKKJIUMAaTH- [16] — 3-4 6ama, carpa (Michx.) Elliott), OosipsIiHuK
3aIH KauecTBO CEMsIH B penkonecuslii (Crataegus lucorum
[epBbIE TOJIbl HU3KOE Sarg., puc. 2), KJIeH SICEHEMUCTHBIN
(Acer negundo L.) n np.
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OxoHuaHue maobnuyol

bann
I'pynna AnanTtuBHbIE
ycnem- 6 [IpencraBurenu
oo YCIEUHOCTH 0COGEHHOCTH
CeMeHHbIE TOJTbI
HaOoaroTes
B COOTBETCTBUH
¢ Ononorueit
BHJa B YCIIOBHX . .
faBy B3 maaxkwii (Ulmus laevis Pall.),
€CTECTBEHHOTO N
Bs13 mepiiassiid (Ulmus glabra
apeasia, [BETEHHE U .
Yeneninas Huds.), ny0 uepernryarstii (Quercus
TUIOIOHOIIICHUE — N
5 Harypa- robur L.), KJICH OCTPOJIUCTHBIN

5 6aoB, KaYECTBO .
TTU3AIS ’ (Acer platanoides L.), sicenpb

CEMsIH — XOpollIee. . ; .
P OOBIKHOBEHHBIH (Fraxinus excelsior

Pacrenus umeror
L.), cocHa keapoBast cuOupckas u ap.
MPU3HAKU

HaTypaau3aluu:
ycToitunBoe
pa3BUTHE, POCT U
€aMOBO300HOBIICHHE

B nepByto rpyIiy BKJIFOUEHBI BUABI, YCIOBHS MECTOIPOU3PACTAHMS KOTOPBIX
10 KJIMMAaTHYECKHM YCJIOBUSAM B KOpPHE OTIIMYAIOTCS OT KIMMAaTHYeCKUX PECYpCOB
peruoHa MHTPOLYKIMOHHOTO HCIBITaHUs, T. €. reorpaduueckd oO0paslbl JaHHBIX
pacTeHHi MpHU NMEPBUYHOM HCTIBITAHUN TEPEMEIEHBI Ha 3HAUUTEIBHOE PACCTOSHUE
OT 5KOJIOTHYECKOI0 OIITUMYMa €CTECTBEHHOIO apeaa.

WHTpOAYKIMOHHBIN CTpEcC pacTeHUI BTOPOI IPyIITbI BEIpaXKaeTcsi B 0OMep-
3aHuM, dacuualuy X OTHACNIBHBIX 4acTel, IPHOOPETEHNH MHOTOCTBOJIBHOCTH WM
N3MEHEHUM KU3HEHHON (OPMBI epeBa Ha KYCT.

[lepnognyHOoCTs M OOMIIME LBETEHUS PACTECHHH, OTHOCSILMXCS K TPEThEH
rpyIine, He COOTBETCTBYET OMOJOIMU BUAA U CHIBHO 3aBUCHT OT METECOpPOJIOrHYe-
ckux ycioBuii. [lnomoHomenrne OTCYTCTBYeT MM HE TpeBbllIaeT 1-2 0amioB Mo
wkaie B.I. Kannepa.

PacTenus yeTBepTO rpyNIbl B IEPBBIE TOABI Pa3BUTHS HMEIOT CEMEHA HEBBI-
COKOT0 KauecTBa, 3a IEPHOJl OHTOT€HE3a B IIPOLIECCE aJalTAINN OHO MOBBIIIAETCS 10
YPOBH$I, XapaKTEpHOI'O JIsl JAHHOIO BUJA.

L O~ Tt :,

Puc. 2. ITnonet Crataegus lucorum Sarg

Fig. 2. Crataegus lucorum Sarg fruit

B msTyto rpymimy BXOIST pacTeHUsl ¢ BBICOKOH (epTHIBHOCTBIO H YCTOHYUBBIM
IUIOZOHOIIEHHEM. KauecTBO ceMsiH COOTBETCTBYET OMOJIOTMYECKUM XapaKTePUCTUKaM
BU/Ia B €CTECTBEHHOM apeaiie. PacTeHust cmocoOHbI K caMOBO300OHOBICHHIO B HOBBIX
YCIIOBUSIX.
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PacTeHUs-MHTPOMYIICHTHI B TPOIIECCE OHTOI€HE3a MOTYT NpUOOpeTarh HO-
BbIC 6I/IOJIOI‘I/I‘-ICCKI/I€ CBOMCTBA M TEM CaMbIM ITOBBIIIATH CBOIO )KI/I3H€CHOC06HOCTB u
(ITyKTYHpOBaTh B Mpeienax BhIASICHHBIX TPYI YCIENTHOCTH. Y PacTEHHI BTOPOTO
TTOKOJICHUSI CEMEHHOTO TPOVCXOKICHHUS C BHICOKMM TOTEHIIMAJIOM HaTypaH3allin
(hopMUpYIOTCSI OMOJIOTHYECKHE CBOMCTBA, XapaKTepHBIE IS «OIWYABIINXY» UHTPO-
JIyIICHTOB.

B 3akmiouenue CICAYCT OTMCTUTDL, UTO pCajin3alusd O603H3‘1€HHI)IX BBIBOJOB
W pEeKOMEHJAIM MMO3BOJISIeT Oosiee Pe3yJbTaTUBHO IJIAHWPOBATH, IIeJICHATIPABIICH-
HO BECTHU MCCIICAOBAHUS U TOCTOBEPHEE MPOTHO3UPOBATH YCIIEX HHTPOMYKITHOHHBIX
HCITBITAaHUH JPEBECHBIX PacTCHHH, a Takke (POpPMHUPOBATH MEPCIICKTUBHEIN accop-
TAMEHT BUJIOB TOPOJCKOHN JIeHAPO]IOpHl, HanboIee aJanTUPOBAHHBIX K MTOYBEHHO-
KJIMMaTUYECKUM YCIOBUSM PErHOHA.
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Abstract. Introduction of economically valuable and ornamental species has long been one
of the main methods of increasing the biological diversity of dendroflora. The aim of the
research is to develop the theory of stepwise introduction of dendroflora species in the northern
direction. The methodological basis of research was the works of experts in the field of forest
introduction, including northern specialists, such as F.B. Orlov, P.M. Malakhovets, V.N. Nilov,
N.A. Demidova, O.S. Zalyvskaya, E.B. Karbasnikova, M.M. Andronova, etc. The article is
mostly theoretical and describes the development of the introduction of tree and shrub species
in the harsh conditions of the northeastern part of the Russian Plain. Analysis of the results
of scientific and spontaneous introduction allowed us to formulate a working hypothesis on
the possibility of implementing a stepwise introduction of dendroflora valuable species due to
the special microclimate formed in cities with a higher level of temperature regime compared
to the periphery. It is assumed that the thermal resource of heat islands should be enough for
successful acclimatization of cultivars, promotion of their seed offspring to suburban conditions
with subsequent naturalization. Statements covering the main aspects of stepwise introduction
development have been formulated based on long-term research. These are the beginning of the
first stage of acclimatization, factors influencing the duration of the introduction stage, priority
material for processing the basic principles of stepwise introduction, limiting factors of the
northern border of the introduction range, compliance of the conditions of heat islands with the
conditions of the northern part of the previous introduction stage. Practical implementation of
these statements will increase the efficiency of acclimatization tests of introduced plant species.
A table of the acclimatization success and naturalization of dendroflora species, taking into
account different stages of ontogenesis, was proposed in order to objectively evaluate the results
of experiments. Synthesis of conclusions and recommendations contributes to targeted plant
adaptation measures and the formation of reliable predictions of their naturalization.

For citation: Babich N.A., Karbasnikova E.B., Andronova M.M., Zalyvskaya O.S.,
Aleksandrova Yu.V., Gayevskiy N.P. Stepwise Introduction of Dendroflora Species to the
Northeastern Part of the Russian Plain (Review). Lesnoy Zhurnal [Russian Forestry Journal],
2021, no. 3, pp. 73-85. DOI: 10.37482/0536-1036-2021-3-73-85

Keywords: stepwise introduction, plant acclimatization, naturalization, working hypothesis,
dendroflora, introduction tests.
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Annomayus. B 33-1eTHeM KycTapHHYKOBO-C(DarHOBOM COCHSIKE CEBEPOTACIKHOM MPHUPOIHO-
KIIMMATH4ECKOI 30HBI Y COCHBI OOBIKHOBEHHON M3y4eHa CE30HHAasi PUTMHKA POCTA MOJIOJBIX
M0OETOB B BHICOTY B KOMIUIEKCE C OCHOBHBIMHU (DM3HOJIOIMIECKUMH MPOIIECCaMH, OIpesiere-
Ha BO3MOXKHOCTb PETYINPOBAHUSI X MHTEHCHBHOCTH JIOTIOJHUTEIBHBIM BHECEHUEM a30THO-
ro ynoopenus. YcTaHoBieHO, uyTo Ha CeBepe Ha THAPOMOP(HBIX H30BITOYHO yBIa)KHEHHBIX
MOYBaX CE30HHBII POCT COCHBI B BBICOTY C MAaKCUMAIIbHOH CKOPOCTBIO MPOMCXOANUT B KOHIIE
WIOHSI M HaJaJie MIOJIs, KOT/Ia TTOBBIIIACTCS TEMIIEpPATypa BO3ayXa, a KOpHEBasi CHCTEMa OCBO-
00’k1aeTcs OT U30BITOYHOTO YBIAXKHEHHS. B OTIIMUME OT COCHSIKOB JIMIIANHUKOBBIX, B KOTO-
PBIX KOPHH COCHBI HE IOABEPraloTCs ACHCTBUIO 3aTOIICHUS, HA THAPOMOP(HBIX TOPQSIHBIX
M0YBaX COCHA PACTET 3HAUYUTEIBHO MEJICHHEE U B TEUCHUE BETETAI[IOHHOTO NIEPHUO/A HMEET
MCHCC BLIPDAXKCHHYIO, YEM B COCHAKAX HHmaﬁHHKOBbIX, HNHTCHCHUBHOCTDH (I)I/ISI/IOJ'IOFI/I'-ICCKI/IX
nponeccoB. HeBbICOKast CKOPOCTh POCTa MOOETOB M (PU3NOIOTHIECKUX MPOIIECCOB Y COCHBI
B C(harHOBBIX JIECOPACTUTEIBHBIX YCIOBHAX OOBSCHSICTCS HAPYIICHHEM PabOThI €¢ KOpHE-
BOI CHCTEMBI B pe3yJbTare IIOYBCHHOW aHOKCHH, BBI3BIBAEMON 3aTOIIEHHEM, a TAKXKe Hello-
CTAaTOYHBIM CHAO)KCHMEM PacTYIINX MOOETOB SHEPIOMIACTHIECKUMH BEIIECTBAMHU M3 KPOHBI
B pe3yNbTaTe HapylIeHHs UX HOPMAJIBLHOTO OTTOKA U MEPEABMIKEHHS B JiepeBe. A30T MO3HU-
THUBHO BIIMSIET HA POCTOBBIE M (PU3HMOJIOTHUECKHE MPOLECCH Y COCHBI B C(ArHOBBIX THIAX
neca. OHAKO €ro JeicTBUE B JIAHHBIX JIECOPACTUTEIBHBIX YCIOBHSX MPOSIBISIETCS] 3HAYH-
TENBHO ciabee, YeM B CyXMX JHMIIAHUKOBBIX Oopax Kpaitnero Cesepa. Ha 3a0omoueHHBIX
TOPQSHBIX TOYBAX MO BIHUSHHUEM a30THOTO yaoOpeHus Ha 20 % ycHIMBaeTCs CE30HHBIN
POCT COCHBI B BBICOTY, Ha 8—10 qHEH yBeIMUUBACTCS TPOJOIDKUTENILHOCTh CE30HHOTO POCTa
MO0OETOB, CYIIECTBEHHO MOBHIIIAECTCS HHTEHCUBHOCTD (DOTOCHHTE3a, B PE3yJbTaTe COKpallie-
HUS pacxoa BOAbl HA TPAHCIIUPALUIO HOPMAJIU3YETCsl BOAHBINA PEXUM JAE€pPEBA U BO3pacTacT
ee MPOIYKTUBHOCTh. DTH ITO3UTHUBHBIC M3MEHEHUs, MPOUCXOAAIINE MO/ NEHCTBHEM a30Ta,
B KOHEYHOM CUETE MOBLIIIAIOT KU3HECTIOCOOHOCTh U IIPOAYKTUBHOCTD C(baFHOBBIX COCHSKOB.
/s yumuposanusn: 3apyouna JI.B., XamutoB P.C. Ce30HHBII pOCT COCHBI OOBIKHOBCH-
HOU Ha 3a0omoueHHBIX mouBax Cesepa // M3B. By3oB. JlecH. xypH. 2021. Ne 3. C. 86—-100.
DOI: 10.37482/0536-1036-2021-3-86-100

Knrouesvie cnosa: cocHa 0OBIKHOBEHHAs!, COCHSK C(arHOBBIN, BIAKHOCTb IIOYBBI, a30THOE
yaoOpeHwue, GU3N0IOTUIECKIE MPOIECCh, CE30HHBIM POCT MOOETOB.

Beeoenue

OCHOBHBIMH (haKTOPaAMH, OIPEICIISIONIMMU KU3HEHHOE COCTOSIHUE, TIPOIOJIKH-
TETBHOCTH POCTA U PadOTy (POTOCHHTETHICCKOTO arapaTa y COCHBI B C(DarHOBBIX TH-
Tax Jieca, SIBISIFOTCSI MOTO/IHBIC YCIIOBUS M YCIIOBUSI KOPHEBOTO MUTaHUs. M30bITOUHAS
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BJIQXKHOCTbH ITOYBEHHOT'O CJIOsI, 0STHOCTh MUHEPAIbHBIMH 3JIEMEHTAMH, HECMOTPS Ha
00rarCcTBO OPraHUKOM, y COCHBI B C()arHOBBIX THIIAX JICCOPACTUTEIBHBIX YCIOBHH,
MOTUGUITUPYsT paOdOTy KOPHEBOW CUCTEMBbI, BBI3BIBAIOT €€ MPESIKICBPEMEHHOE OTMH-
paHme 1, KaK CIeICTBUE, N3MEHSIOT B XY/IIIYI0 CTOPOHY BECh X0/ (PH3UOIOTHIECKUX
Y POCTOBBIX IMPOIIECCOB B HA/I3EMHON M MOA3EMHON YACTSIX JIepeBa, YPOBHU HX CY-
TOYHBIX U CE30HHBIX PUTMOB, HAPYIIAIOT allMKAJILHYIO JOMUHAHTHOCTh ITOOETOB, He-
TaTUBHO OTPAXKAIOTCS HA MPOTYKTUBHOCTH ApeBocToeB [6, 7, 11-23, 26, 29, 32-39].
Cuuraercs, 4To IJIs UHTEHCUBHOTO POCTa COCHA HYXKIACTCS B OTHOCHUTEIHHO BBI-
COKOM ypoBHE a30THOTO oOecrieueHusl [30], MOATOMY B JIECHBIX HACAKICHUSIX IS
TTOBBIIIICHHS TEMIIOB POCTA M MTPOAYKTUBHOCTH JIPEBOCTOEB IIEPBOCTEIIEHHBIM MEPO-
MIPUSTHAEM SIBISIETCS JIOTIOJTHUTENIFHOE BHECEHHE B TOYBY a30Ta, Ha 3a00JI0UEHHBIX
MECTHOCTSIX OHO COIPOBOXKIACTCS IIPEIBAPUTEIIBHBIM OCYIICHUEM.

Bomnpochl BnusiHNSL a30THBIX YAOOpEHWH Ha TOIWYHBIA MPUPOCT B BBICOTY H
(PU3HOJIOTHIO IEPEBhEB M3YYAJUCh MHOTUMU HccienoBarensamu [1, 2, 9—13, 15-17,
29, 30, 34, 36, 38]. YuursiBas ombIT (0oJee 5 J1eT) 3TUX padoT, MOXKHO OBIIIO CENIaTh
MIPEIOI0KEHUE O MOJIOKUTEITFHOM BO3/ICHCTBUH a30Ta HA POCT COCHBI B XOJIOTHOM
CEBEPOTACIKHOM JIECOPACTUTEILHOM perroHe. OIHAKO X0 CE30HHOTO pocTa 1 (hoTo-
CUHTE3 JICPSBBEB TI0J1 BIMSIHHEM yJIO0OpEHUI B 1IEJI0M M3Y4YeHBI Kpaiine cinaoo [1, 10,
12, 15-17, 29, 30, 34-38], 4Tro HEe MO3BOJISIET JieJIaTh OJJHO3HAYHBIX BBHIBOAOB. Poib
ymoOpeHuit UIsl TaHHBIX TIPOIIECCOB y COCHBI B C(arHOBBIX THIMAX Jieca C MX HEY-
CTOWYMBBIM yPOBHEM ITOYBEHHO-TPYHTOBBIX BOI MOYTH HE m3ydainachk [29, 34, 38],
a B OOIIMPHOM CEBEPHOM PETHOHE APXaHTeIhCKOW 00JacTH TaKHe HCCIIECIOBAHHS
IO TIOCTIEIHETO BPEMEHH HE TIPOBOAMINCH. B TO ke BpeMs pacmmdpoBka (packpbl-
THE) MEXaHU3Ma BIIUSHUS yIOOPEHUI Ha POCT M METa0OIN3M COCHBI Ha 3a00JI0UCH-
HBIX TIOYBaX OCTACTCSI OMHON M3 MPUOPUTETHBIX 3a7ad COBPEMEHHOTO JIECOBEICHUS
1 OMOJIOTHYECKON HAYKH ¥, TOMUMO TEOPETHUCCKOTO 3HAUCHUS, TIPECTABIISICT OTIpe-
JIEJICHHYTO MTPAKTHYECKYI0 3HAYMMOCTh, 0COOCHHO ITPH Pa3pabOTKE MEPOIIPHUATHH 110
YCKOPEHHIO POCTa JAEPEBHEB U MOBBIIICHHUIO MPOAYKTUBHOCTH JJPEBOCTOEB.

Llenp nccnenoBanus — U3y4eHUE CE30HHOTO POCTA COCHBI B C(DarHOBBIX yCIIO-
BUSIX MECTOIPOM3PACTAHUI MMOCIIC BHECEHUS a30THBIX YIOOPCHHIA.

Obvexmbl u Memoowbl UCCAEO08AHU

OmnsiTel npoBoaninck B 2017-2019 . Ha TeppUTOPUH 3€I€HOM 30HBI I. ApXaH-
reiabcka, 64°45' ¢. m. B xauecTBe 00bEKTa MCCIEI0BAHUN HCIIOJIL30BaH 33-JIETHUH
COCHSIK KyCTapHHYKOBO-C(AarHOBBIM, 3aHMMAIOIINN 3HAYMTEIBHYIO 4YacTh ObIBILE-
ro dKCIepUMEHTaIbHOTO y4acTka «OmnbiTHOE mone» akan. M.C. Menexosa, cdop-
MHUPOBABIIMNCS U3 MOAPOCTA COCHBI HA MECTE BBIPYOKH MAaTEPUHCKOTO IPEBOCTOSL.
OnbITHOE HaCAXIEHUE OTHOCUTCS K THAPOMOP(PHOMY SKOJIOIMUECKOMY PSIY JIECOB
¢ N30BITOUHBIM yBIaKHEHHEM. B 1947 1. py4HBIM c1I0COOOM Ha HEM ObUI BBIPBIT OJIU-
HOYHBIN OCYIINTENbHBIN KaHaJl, KOTOPBIN B HACTOSIIIEE BPEMS 3aXJIaMJIeH YIIaBIINMHU
B HETO JIepeBbsiMU U He padoTaeT. CocTaB onbITHOTO ApeBocTos 10C, rycrora — oKo-
J10 2,0 ThIC. 3K3./Ta, BBICOTA COCHBI — 1,6 M. [TouBa — MoIIHBIH TOpdsiHUK (0osIee 3 M)
BEPXOBOT0 THIA 3a00Ja4MBaHUs, TOJCTUIAEMBIN TSXKEIBIM CYDIMHKOM. JlMHaAMMKa
ypoBHs 1ouBeHHO-TpYHTOBBIX BoA (YIII'B) B nmeTHmii mepuox 3HauuTenbHas. Mo-
3aWYHBINA penbed CIOXKHBINA: PEAKHE MOYKUHBI IIEPEMEKAIOTCS] ¢ BO3BBIILICHHBIMU
y4acTKaMH, 3aHSTHIMH MOXOBOM PacTUTEIbHOCTHIO, CHHY3HSIMHU OaryiabHUKa, moa0e-
J1a, KaCCaHAPBI, TOMyOUKH, MOPOLIKH, COCHOH.
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B Xoze peniennst mocTaBaeHHOMN 3a1a4i OBUIN MTOATOTOBIEHBI 2 OMBITHBIE 10~
LK1 JUIs BHECEHUS B HUX ynoOpeHus. KOoHTposeM Clly i1 aHaIOTHYHBIA y4acTOK
HEyJoOpeHHOro cocHsika. Ha kaxmol muomaake W B KOHTpoJie OBbIJIO 1MOI00paHo
u nporyMmepoBano mo 10 gepeweB cocHbl | u Il xmaccoB pocra (o Kpadry), xa-
PaKTEPHU3YIOIIUXCS CXOMHOW BEIMYMHOW TOJWYHOTO MPUPOCTA OCEBBIX U OOKOBBIX
OOETOB 3a MOCIEIHUE TOABI. ITO TMO3BOJISLIIO MOMYYaTh TAHHBIE C TOUHOCTHIO 3—5 %.
B nensix nposeneHust HaOmoneHui 3a pacnonokenueM YI1I'B Ha kax10i ONbITHOM
IUIOINA/KE U B KOHTPOJIE OBLIO MOATOTOBIICHO IO 2 CMOTPOBBIE CKBAXKHUHBI, HYJIEBbIC
OTMETKH Ha KOTOPBIX YCTAaHOBJIEHBI COIVIACHO NPOBEIEHHOI HUBEIUPOBKE.

Y MOIENbHBIX I€PEBBEB METOIOM HEHNOCPEICTBEHHOIO M3MEPEHUS C IIOMO-
LIBI0 YUCHUYECKOU JTMHEMKN, HAYMHAas NPU KakJI0M HOBOM HM3MEPEHUHU OT HYJIEBOU
OTMETKH, U poTorpadupoBaHus U3ydain CE30HHBIH X0 pOCTa BEPXYIIEYHOTO U OCe-
BOTrO TIOOETOB Ha MEPBOI OOKOBOI MyTOBKE, CTEIICHb BIUSHHS HA HUX a30THOTO Y/IO-
OpeHus ¢ oTHOBpeMeHHBIM ydeToM pactoiokenus YIII'B u cocrosaust moroxasr. Ha-
Py ¢ U3yYEHHEM CE30HHOIO POCTa MOOEroB BEIMCh TAKKE PaOOTHI 110 BBISICHEHHIO
BIUSHUS a30THOTO ynoOpenus u YIII'B Ha 0CHOBHBIE TMTOKa3aTeNn YHEPTeTHIECKOTO
MeTabonn3Ma JepeBbeB. JTO AaBajio BOZMOKHOCTD BBISIBUTH XapaKTep B3aUMOCBA3ZH
MEXy XOJIOM POCTa MOJIOJBIX MT0OEroB, POTOCHHTETHYECKOH CITIOCOOHOCTBIO acCH-
MUJISILUOHHOTO anmapaTa U mpoleccaMu ero MopgoreHesa npu BO3ACHCTBUU a30T-
Horo ynoOpernus u YIII'B. B uncno uzygaempIx napameTpoB (pU3HOIOTHYECKUX TIPO-
LIECCOB BXOAMJIM MHTEHCHBHOCTH (DOTOCHHTE3a U TPAHCIUPALUH, MHTEHCUBHOCTb
IBIXaHWSA Y OTYYXKIEHHBIX OT JepeBa kKopHei. [locieanee momoxkenne, ogHaKo, He
MIPOTHUBOPEUMIIO pa0OTE ¢ OTUYKICHHBIMU KOPHSIMHU Kak ¢ MHTakTHbiMH [18]. UH-
TEHCHBHOCTH (DOTOCHHTE3a 3aMepsuiach paiuoOMETPHUECKUM METOAOM C MOMOUIBIO
paavoyIIepOAHON METKH [5] Npu yAeIbHON paJiMOaKTUBHOCTH I'a30BOI CMECH B 3a-
MKkHYTOH cucteme 0,2 MBK/1, MHTEHCHBHOCTH TPAHCIIMPAIIAN — METOJIOM OBICTPOTO
B3BEITUBAHUS CPE3aHHBIX O] MapaduHOM MMO0eToB [8], MUTOXOHIPHAILHOE JTbIXa-
HUe KopHell — MerogoM yuera Boiaenstomierocst CO, [3]. Habnronenus 3a pocroM Mo-
JIOZIBIX MTOOETOB MPOBOAMIN KasKable 1—3 aHS oT peHodasbl Hayaa pocTa moderos J1o
(heHogazpl OKOHYAHUS UX POCTA, HHTCHCUBHOCTH (PH3HOIOTHUECKUX MTPOIIECCOB H3-
Mepsiin 3—5 pa3 B Mecsll. B 3T jxe cpoku onpeaensiuch Hanps»KeHHOCTh JTyYHCTOM
sHepruy, nojoxenue YIII'B, temneparypa Bo3ayxa v MOUBbI, COCTOSIHUE MOTOJIBI.

J11st HOAKOPMKH COCHBI OBIIIO HCIOJIB30BaHO a30THOE YI0OpEHHUE B BUE Kap-
b6ammna (comepxanne azora 46 %) kak HauboIee JIETKO yCBaNBaeMOE PACTEHUSIMH,
3HAUUTETHHO YCKOpsitoliee POTOCHHTE3 ¥ IKCIIOPT U3 JINCTHEB aCCUMHIIATOB [ 15, 17,
21-23, 25]. YnobpeHnue BHeCEeHO B MOYBY Bpy4HYI0 5 ntoHs 2017 . Ha 2 cienuaibHO
MIOJrOTOBJIEHHBIX JUJIS 3TOTO Iuiommaakax pazmepom 30%30 M B 1o3e 180 kr neicTBy-
roliero BemecTa/ra. [IockonbKy aepeBbs HEOObIINE MO pa3Mepy, a penbed ydacTka
MO3aW4YHBIH, OBLIO PEmIeHo yIoOpsITh He BCIO TUIOMAAb POOKI, a JHIIb OT/EIbHbIE
nepeBbsa. CornacHo MPOBEIACHHBIM pacdeTaM, ¢ Y4eTOM IPUHSATON B OTBITE J03HI a30-
Ta JUIs OIHOTO JiepeBa TpeboBaics 1 Kr TexHn4yeckoro ynoopenwus, uwin 460 r neii-
CTBYIOILICTO BellecTBa. [loUBCHHbIC aHAIM3bl MMOKA3alld, YTO COACP)KaHHE OOIIETO
a3oTa B mouBeHHOU Tomme 5—10 cM 10 BHeceHus ynoOpenus coctarisuio 2,01 %,
B Tonme 10-20 cm — 2,10 %. Ero conepskanue nocjie BHECEHUS yIOOpEHHS B yKa-
3aHHBIX CJOSX TTOYBHI B KOHIIE TIEPBOTO JIETHETO ce30Ha Bo3pocio 1o 2,58 u 2,50 %
COOTBETCTBEHHO.
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Pezynomamut ucciedosanust u ux obcyscoenue

100 snecenusn yooopenuii (2017). Maii ObUT XOJTOTHBIM U BIQKHBIM, C HU3-
KHUMH TIOJIOKUTENBHBIMU TEMIIepaTypamMy U TJIOTHOM OONIaYHOCTHIO, JUIUTEIHHOM
BEPXOBOJIKOW Ha 0O0JIOTaX, MOATOMY B JIAHHOM MECSIE BCE PAaCTCHHsI Ha OTIBIT-
HOM Yy4YacCTKC HNpOAOJIKaJIMN HAXOAUTHCA B COCTOSHHWHN 3WMMHETO ITOKOA. B nauaie
MIOHSI COXPaHsIach XOJNOIHAs U TAaCMypPHAs 1MOTo/ja. YPOBEHb MOUYBEHHOW BOJIBI HA
OTIBITHOM OOBEKTE pacrojarajicsi B HEMOCPEACTBEHHOM OIM30CTH K IOBEPXHOCTH,
nHoTHa 00pa3yst BepXoBOAKY. TemmepaTypa Bo3ayxa JHEM cocTaBisuia 8—12 °C,
B HOYHBIC Yachl He mpeBbimana 3—7 °C. B mocneayromnue CyTKA U BCIO BTOPYIO Je-
Kaay UIOHS TaKXKe OBLIO XOJIOAHO U MaCMYPHO, IMOYTHU €KCIHCBHO BbIIIaJlaJIn OCal-
KH, HCPCIAKO C MOKPBLIM CHEIOM, IIO3TOMY IIOYBa B OIIBITHOM COCHAKE OTTauBalia
MEJIJICHHO U XapaKTepPH30Ballach Kak U30BITOYHO yBIAXKHCHHAs. V3-32 HU3KHUX TEM-
IepaTyp B BECEHHMU MEPUOJ] UCCIENYEMBIE JEPEBbS 10JIT0E BPEMSI HE TPOTAJIUCh B
pocr. IlepBbie sBHBIC TpU3HAKK HAOyXaHNs BETeTaTUBHBIX MTOYEK U pa3pylIeHNs Ha
HHUX INOKPOBHBIX YCXJIMKOB 0003HaYMIIHCH TOJIBKO K 10 HUIOHs, 9YTO OKa3aJIOCh ITO-
YTH Ha MECSI] MO3KE OOBIYHBIX CPOKOB. B muTeparype He pa3 orMedanocs [15-17],
qTO Ha CeBepe 1104 BJIIMAHUEM ITIOTOAHBIX YCHOBI/Iﬁ Y COCHBI BO3BMOKCH C/IBUT" Ha4a-
Jla ¥ OKOHYaHWsI pocTa moderoB. B Hamiem ombITe 3a7epKKy paboThl allMKaIbHOMI
MEPHUCTEMBI ¥ CIBUT Havyasla pOCTa MOJIOJBIX MMOOETOB Y COCHBI BBI3BAIN MPOJIOJI-
KHUTEIHLHOE BECCHHEE MTOXOJIOJIAHUE M KOPHEBAst aHOKCHUS. XOJOJHAS ¥ TTaCMypHast
MIOT0/a C MOPOCSIIIAMH JOXKISIMHA MPOCTOsIa 10 18 uroHsA. B 3TOT mepron nueBHas
TeMIeparypa Bo3ayxa COCTaBisia mpuMepHo 7,5—15,5 °C u Iuis 3MU30AH9eCKA
noseimanack 1o 21 °C. YIII'B ocrtaBasicsi B HEOCPEACTBEHHON ONM30CTH K TI0-
BepxHOCTH. [TloaTOMy MOIIO/IBIE TTIOOETH POCIH B BBICOTY 04eHb MemiieHHo. K 18 uro-
HSl JUTMHA BEPXYIICYHOTO Mo0era y COCHBI Ha Y4acTKe C a30TOM COCTaBiisuia 7,3 cMm,
B KOHTpose — 5,7 ¢cM, 0CEBOTO MmoOera Ha MepBOoi OOKOBOH MYTOBKE — COOTBET-
ctBeHHo 5,0 u 4,3 cMm (puc. 1).
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Puc. 1. /luHamuka CE30HHOTO IPUPOCTA COCHBI B COCHSIKE C(HarHOBOM
IIPY €CTECTBEHHOM U MOBBIIIIEHHOM YPOBHE a30THOro nutanus B 2017 .

Fig. 1. Seasonal growth dynamics of pine in a sphagnum pine forest
with a natural and increased level of nitrogen nutrition in 2017
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C 18 wurons Temmeparypa Bo3ayxa MmoBbelcuiach a0 19 °C, temmeparypa
nouBsl B Tojie 0—10 cm — mo 10 °C, III'B onycTtuiincy Ha miyOuHy Huke 14 cwm.
N3BecTHO, uTO Ha CeBepe KOPHU COCHBI U €U TPOTAIOTCS B pocT npu 3—5 °C, Hauu-
HaroT akTUBHO pactu Tipu 8—9 °C [2]. OnTuManbpHas TeMIepaTypa s paboTHl aCCH-
MUJISILUOHHOTO alapara y XBOHHbIX opoa paBHa 18-23 °C [16, 29], nostomy npea-
[10J1arajioCh, YTO NPHUILIEALICE TOTEIUICHHE aKTUBU3UPYET paOOTy KOPHEBOW CUCTEMBI
U aCCUMMJISILIMOHHOTO armnapara COCHBl U TeM CaMBIM YCKOPHUT POCT €€ MOOEroB.
Opnnako coxpansiBinuecs 0 2 utois Boicokue YIII'B u BiaxxHOCTH TOp(DSIHOTO €105t
(92 %) 3amepxuBaIK HOPMAIbHYIO pa00OTy KOpHEW U aCCUMMIISIIIMOHHOTO arapara.
B pesynbrare moberu y cocHbl pociii 04eHb MeieHHO. OO01mas [uimHa BepXyIIeuHOTO
no0era K yka3aHHOMY YHCIy B OIbITe cocTaBmia 15,7 cm, B kKoHTpose — 1o 10,7 cm,
0CeBOTO Mmodera Ha mepBoi 60koBoi MyToBKe — 10,5 1 9,0 cM cooTBeTCcTBEHHO. 3a
14 cyt. (18.06-2.07) nnuHa BepXyIIEYHOTO TIOOETa y ONBITHBIX PACTCHHN YBEIHYH-
nach Uik Ha 8,4 ¢cM, B KOHTpoJe — Ha 5,0 cM, 0ceBoro nodera Ha epBOil OOKOBOI
MYTOBKE — COOTBETCTBEHHO Ha 5,5 u 4,7 cm (puc. 1).

C 3 wurons norermieno, HeOO TPOCBETIENO, TEMIIEpaTypa Bo3ayXa MOBLICHIIACH
1o 23-28 °C, Temneparypa 1o4Bbl B KopHeoouTaeMoM cioe — 1o 10,5-13 °C. I1I'B na
ydacTKe OIyCTHJINCHh Ha IIyOMHY HIbke 20 CM OT MOBEPXHOCTH, BIAKHOCTH BEpPX-
Hero 10-caHTHMETPOBOTO TOPQSIHOTO €105t yMeHbImiack ¢ 92 no 87 %. Takue xa-
PAKTEPUCTUKH TPUPOIHBIX (PAKTOPOB Ha OMBITHOM Y4YacTKe COXPAHSUIACH JI0 OKOH-
yanusi pocta noderos (11.07) u cymiecTBeHHO aKTHBH3HPOBAIU pabOTy KOpHEW H
ACCUMWJISIMMOHHOTO ammapara, YTO TOJIOKHUTENbHO CKa3aloCh Ha POCTe MOOEToB.
B sToT mepuox npixaHne MENKHX KOpHEW B KOHTpolse moBeichiochk ¢ 0,52+0,06 mo
1,16+0,10 mr, B onbite — ¢ 0,67+0,08 no 1,49+0,12 mr CO,/(r-4), ”HTEHCUBHOCTb
¢dorocunreza Bospocia ¢ 11,7+0,96 no 15,8+1,04 mr u ¢ 13,9+1,16 no 20,7+
+1,13 mr CO,/(r'4) cooTBETCTBEHHO. Jl0CTOBEPHOCTH Pa3HUIIBI CPETHUX 3HAYCHUH
MEXJy OTBITOM M KOHTposieM Juist Kpurepus Cobromenta (ty,,;) COCTaBUIIA MO JIbI-
xaHuto kopHe 4,3 u 4,9 no unTeHcuBHOCTH (poTocuHTE3a — 3,2 U 4,7 COOTBET-
cTBeHHO. PasHuna B mpupocre 1moGeroB MexIy OHBITHBIMU pacTeHusMH (N )
U KOHTPOJIEM Hayajia CYIIeCTBEHHO Bo3pacTaTh. Tak, 3a mepuoja co 2 no 11 uromns
JIOTIONTHUTENBHBIA TPUPOCT BEpPXyIIEYHOTo Mobera B oOmbITe cocTaBua 9,7 cw,
B KOHTpoJie — 6,2 cM, oceBoro mobera Ha TepBoi OO0KoBoW MyToBKe — 5,0 1 3,2 cM
COOTBETCTBEHHO. B pe3ynbrare mo4Ty mojJoBHHA BCETO JOTIOIHUTEIFHOTO TPUPOCTa
MOJIOJIBIX TTOOETOB y COCHBI OT BHECCHHBIX B MOYBY YIOOpPEHHIA B IEPBBIN T0J 00-
pazoBaJiach B KOHIIE TIEPUOa MHTEHCHBHOTO POCTa, TO €CTh B KOHIIE HIOHS — Havalle
HIOJS, KOTJIa CO3AATUCh HEOOXOAMMBIE TEMIIEPAaTypPHbIE W TOYBEHHbIE YCIOBUS IS
AKTUBHOW PabOThl KOPHEH M ACCUMIIISIIUMOHHOTO anmapara (puc. 1).

K xonmy obmero nepuoma pocta (11.07) cpenHsis [iMHA OCEBOTO alTUKab-
HOTO TI00era (COorIacHO MPOBeIeHHBIM 3amMepaM y 10 MoJenbHBIX 00pasloB B Kax-
JIOM BapHaHTE) B KOHTpOJIe cocTaBiisuia 16,9 cM, B ombite — 25,4 cM, Ha OOKOBBIX
BETBSAX MEpBOi MyTOBKH — 15,5 u 12,2 coorBercTBeHHO (CM. Tabmuiy). [lomonHu-
TEJILHBIN MPUPOCT BEPXYIIEYHOTO MMoOera y ONBITHBIX PACTCHUH 3a CYET JCHCTBHS
azora ObLI 8,5 cM, oceBoro nmodera Ha OOKOBBIX BETBSIX MEPBOM MYTOBKH — 3,3 CM.
B o0owux ciydasix pazHUIA MEXAy YIOOPEHHBIMH JE€PEBbIMH W KOHTPOJIEM OKaza-
JIaCh CYIIECTBEHHOM U 1m0 KpuTeputo CTHIOACHTA MPEBHIIIaia HEOOXOMUMBIA YPOBCHD
t > 3. Ilo cpaBHEHHMIO C ABYMS MPEABLIYLIMMH, OCOOCHHO TEIUTBIMH, TOAMH, JUINHA
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[IaBHOTO OCEBOTr0 MOOEra y KOHTPOJIBHBIX COCEH B CHIPOH M XonoaHelid 2017 1. Obuta
cymectBerHo Hke (16,9+1,11 cm). B 2016 1. ona cocrapmsina 22,4+0,83 cm, B 2015 T —
23,6+0,77 cM. Y OT/IEIBbHO B3STOTO JepeBa COCHBI, ynoopeHHoro 17 urons 2016 r.
aHaJIOTHYHOH 10301 a30Ta, JUIMHA BEPXYIIEYHOTo Tobera B nepBbiii rof Obiia 26,0 e,
B KOHTpoJe — 22,4 cM, Ha BTopoi rox (2017) — coorBerctBerHo 40,5 1 16,9 cm. 3a
CUeT ACUCTBHS YIOOPEHUSI JITMHA ITOOETOB B OTH TOJIbl YBEIHUYMIACH COOTBETCTBEHHO
Ha 3,6 u 23,6 cm. [TpuunHoii ci1aboil peakuy OMBITHOTO JIepeBa Ha BHECEHHOE YI0-
Openne B 2016 r. HECMOTPS Ha TEIIYIO TIOTOAY, BUAUMO, siBHIIAch mo3ausist (17.06)
MOJIKOPMKa €ro YI00peHUEM.

Biusinue a30Ta Ha Ce30HHBIH POCT B BHICOTY U CKOPOCTH (PU3HOJIOTHYECKUX MPOLECCOB
COCHBI B COCHSIKe C()arHOBOM

Teprosn ITpupocr . dorocuHTE3, Tpancnupanus,
HabIOIe- VIII'B, nobera, cM mr CO,/(r4) mr H,O/(r-1)
Hui o Konrpoms | N, | Kourpoms | Niso Konrpons | Nigo
2017 a.

Uronb 3-10 10,7 15,7 | 11,7+£0,96 14,9+1,16 157+8 14448
Hrone 8-21 6,2 9,7 | 18,8+1,04 | 20,7+1,13 162+13 159+12
Obwu npupocm 16,9 254 | 15,8+1,12 17,8+1,17 160+11 152+13

2018 a.

Mait 5-14 3,8 5,9 11,0+0,67 12,3+0,67 134+6 12448
Uronb 12-22 6,5 9,8 20,4+1,12 | 23,8+1,12 | 166+12 155+10
Wrone 8-38 0 2,3 20,3+1,09 | 24,3+1,09 | 279+14 243+9

Obwuu npupocm 10,3 18,0 17,3+1,22 20,1+1,39 193+17 174+13
2019 e.

Mait 3-14 3,8 4,7 - - 148+11 139+6
Uronb 14-18 8,0 14,6 - - 177+10 159+10
Uronb 15-18 0,1 0,3 - - 166£10 146+11

Obwu npupocm 11,9 19,6 - - 163+13 148+12

Hecmotps Ha 1O, uto B 2017 I TemmepaTypa Bo3/yXa MOCIe 3aBEepILeHHUs ITePUo-
na pocta moberos (11.07) eme monaroe BpeMs 0cTaBazach JOCTATOUHO BBICOKOH (17,5—
26,0 °C), a KopHH COCHBI OBLUTH CBOOOTHBIMHE OT 3aTOTUICHUS, TMHEWHBIA POCT IOOETOB
K 3TOMY CPOKY YK€ 3aKOHUMJICS, IPUYEM OJTHOBPEMEHHO B KOHTPOJIE U B OTIbITe. JInIb
B KOHIIE MIOHSI, TIEPEJ CAaMbIM 3aBEPLICHUEM BEreTalllt, KOria Ha KOHTPOJIe pocT mode-
TOB Havasl aKTUBHO 3aMeJISIThCS, Ha ONBITHBIX TUIOLIAJIKaX OH MPOIOIDKAI OCTABATHCS
BeChbMa CyIIEeCTBEeHHBIM. Tak, 3a 7 cyT. (¢ 28.06 no 4.07) nONOMHUTENbHBIN TPUPOCT
IJIAaBHOTO OCEBOTO TT00era B KOHTPOJIE B cpemHeM cocTaBmi 4,8 cM, B ombiTe — 10,1 cM,
Ha OOKOBBIX BETBAX NIEPBOM MyTOBKH — COOTBETCTBEHHO 3,5 11 5,5 cm. Tlocie 3aBepie-
HUS TIEpUOJIa POCTa HA BEPIIMHE MOIOBIX MTOOErOB C(HOPMUPOBAIUCH BETETATHBHEIC
MOYKU MPUpOCTa Cleayromero roga. Pazmep ux Ha HEHTpaIbHOM MOOEre y ONMbITHBIX
nepeBbeB cocTapisul 10-12 MM, B KouTposie 8—9 MM. B mepBrIil rof mociie BHECEHUS
yIA0OpEeHHs Y OTBITHBIX PAaCTeHUH HE YAAJIOCh 3apErUCTPUPOBATH SIPKO BBIPAKEHHOTO
MIPOJIEHHS CE30HHOTO POCTa MOOETOB IT0 CPABHEHHUIO C KOHTPOJIEM, KOTOPOE B CBOMX
onpbitax Habroman M. T. Kumenko [10].

Bmopou 200 (2018) nocne enecenusi yooOpenui. llepBeie Tpu3HAa-
ki HaOyxaHMs ¥ OCBOOOXKIICHUS BETCTAaTUBHBIX IIOYEK OT TOKPOBHBIX
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YEeXJIMKOB Ha moOerax 00O03HAYMIMCH O4YeHb paHo, yxe 19-20 mas mocne Ha-
CTYIIUBIIIETO TIOTEIUICHUS, WM Ha 3 Hemenw pasbire, yeM B 2017 T, 91O CO-
OTBETCTBOBAJIO OOBIYHBIM CpOKaM Hauaia Beretaiuu cocHbl Ha Cesepe [17].
KpyIiHble MOYKH Y OMBITHBIX PACTEHUH MHTCHCUBHO HaOyXayu, HOBOOOPa3OBaHUE U
BUJIIMBIA POCT MOJIO/IBIX TOOETOB Ha HIX HAYaJICh Ha 1-2 JTHS paHbIIe, YeM B KOHTPO-
ne. Bropas nekana u Hayano TpeThel AeKaIbl Masi TAKKE XapaKTePHU30BaAIUCh OTHOCH-
TEJILHO TEIJION M COJTHEUHOM morojgoi. Temrieparypa Bo3ayxa JIHEM COXpaHsulach Ha
ypoBHe 20-24 °C, Houbto — 5-8 °C. B KoHILle Mecsina JIrHa BepXyLUIeuHOro noodera y
OTIBITHBIX PacTEeHUH cocTaBisuia 5,9 cM, B koHTpose — 3,8 cM (puc. 2, Tabmura).

C 25 mas ycTaHOBHWJIACH CyXasl, HO XOJOJHAs TMOrofa ¢ JHEBHBIMU TeMIIepa-
typamu 5-14 °C u HounbiMu 1-5 °C. XonoaHasi ¢ TUIOTHOM 00Ja4HOCTHIO HEHACT-
Has TIOToJ[a, HEPENKO C BBHINMAJCHHEM CHETa M HOYHBIMH 3aMOPO3KaMH, MPOCTOSIIA
JI0 CepellMHbl MIOHS M MpEAONpeneNuia cladblii pocT cocHbl B 310 Bpems. YIII'B
BECh TIEPUOJ pacroyiarajics BONMM3W TOBEpXHOCTH TouBHI (8—13 cm), yem orpa-
HUYMBAJI HOPMAaJbHYI DPa0OTy KOpPHEH M aCCUMIJISIIMOHHOTO amiapara COCHBI.
K 15 utons morereno, Temreparypa BO3ayxa JHEM MoBbIcuiachk a0 15-17 °C,
3areM 10 21-24 °C, nousto 1o 5—12 °C. OpnHako 3aTOIUICHHAs] [OYBA MPOAOJIKA-
Ja ocraBarbecsi XONOAHOH. Temmeparypa B KOpHEOOMTaeMOM cjO€ HE MpeBbIlajia
6,5—7 °C. Kak moka3anu pe3y/bpTaThl 3aMepoB, 16 HIOHS JIMHA BePXyIICTHOTO TTo0e-
ra 'y cocHsl B onbITe Obuta 13,0 cM, B koHTpoIie — 8,8 cm (puc. 2).

z 300 1 r 30

& 250 1 25 ©
Q -~
§ 20,0 20 g
o 150 A F1s §
2; 10,0 - L 10 é
S 50 A |—| FrS
:00 e i N E i .'_".4_'0:%
§ 504 1 20.V 30.V 10.VI  20.VI  30.VI  4VI | g
m

= -10,0 1 Fe10 ©
5-15,0 . .15
2-20,0 A r-20
5050 L 25

@ Kontpons [EOOneir =>=VposeHs [[[B =O= Temneparypa Bo3ayxa

Puc. 2. lunamMuKa Ce30HHOTO TIPUPOCTA COCHBI B COCHSIKE C(harHOBOM IpH ecTe-
CTBEHHOM U TIOBBIIIEHHOM YPOBHSX a30THOTO nuTaHus B 2018 .

Fig. 2. Seasonal growth dynamics of pine in a sphagnum pine forest with a
natural and increased level of nitrogen nutrition in 2018

3aTeM HavaJlCh MHTECHCHUBHEIC T'PO30BLIC U JIMBHCBBLIC JOXIU. HeCMOTp}I Ha
0CaJIKH, TEMIIepaTypa Bo3myxa He ormyckanach Hike 1824 °C, B cioe moussl 0-20 cM —
amxe 11-14 °C. B pesynberare 3a 15 cyt. B mepuox ¢ 16 o 30 uroHs IHHA BEpXy-
IIEYHOTO TI00era B OIbITE YBEJNIMYWIACh HA 2,8 cM, B KOHTpolie — Ha 1,5 cM, Win 3a
cyTku Bo3pocia Ha 1,9 m 1 mm coorBerctBeHHO (pHc. 2). C 30 HIOHS MpPOW3OIIIO
KpaTKOBPEMEHHOE TIOXOJIOJaHHEe, OJHAKO JIMBHEBBIE JOXKIM HE MPEKPAIaINCh.
B atot nepuon YIII'B pacnonaranca B 5—8 cm ot noBepxHocTU. C 4 HI0S BO3AYX
nporpeincs agaeM 1o 22,5 °C, Housto — 10 14 °C, a ¢ 11 utonst ycTaHOBWIACH CyXas
JKapkas Torojia ¢ JHEBHBIMH Temrepatypamu 25-29 °C. OmHako 3T0 yKe HE BIUIO0
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Ha POCT MOJIOJBIX MOOETOB, MOCKOJBKY €ro akTHBHAs (a3a (C BUAMMBIM pe3yjbTa-
TOM) K JIAHHOMY CPOKY YK€ 3aKOHUMJIACh, HAYaJIOCh (DOPMHUPOBAHNE ACCHMUIISLIU-
OHHOTO armapara.

B 2018 1. popmupoBaHHEe BEPXYIIIETHOTO ITOOETa y COCHBI B KOHTPOJIC 3aKOHIH-
J10¢h 24.06, Ha TUIOIIAAKAX C JIOITOTHUTEIHHBIM a30THBIM IMUTaHueM — 4.07, MJIu B OITBI-
Te Ha 10 H. mo3xke, yeM B KoHTpoie. 3a 31u 10 cyT. AniHa IIIaBHOTO I0Oera y COCHBI Ha
OTIBITHBIX TIOMIAAKAX JOMOTHUTEIHHO YBEIUYHIach eme Ha 2,3 cm. K nepuofy momHo-
T'O OKOHYAHUS POCTa JTMHA BEPXYIIIEUHOTo modera B KoHTpose cocTapisiia 10,3+£0,4 cm,
B ombite 18,0+0,6 cm (Tabmumma). PasHuia okaszanmach CTaTHCTHYECKH TOCTOBEPHOM
(t=74npu t o = 2,8). HecMoTps Ha paHHEe HAaYaI0 POCTa, UTMHA OCEBOTO Modera y
cocHbl B 2018 . mo cpaBHeHwMto ¢ 2017 1. yMeHbIIMIIACh B KOHTPOJIE HA 6,6 CM, B OIIBITE
—Ha 8,4 cM. Pasnuuue craructuyecku 3Ha4uMo (t > 3 mpH t o5 = 2,2).

MO)XHO OTMETHTB, YTO MOrofiHkIe yeinoBus 2018 . A pocta COCHBI OKa3alnch
Oosiee OiaronpusITHBIMU 110 cpaBHEeHHUIO ¢ 2017 I., 0COOCHHO B Hauajie BEreTalluOHHO-
TO MepuoIa, a 3aJI0KUBIITHECS 0ceHbI0 2017 T. Ha moberax BereTaTUBHBIC TTOYKH OBLTH
JIOCTaTOYHO KPYIHBIMH, MHTEHCHUBHOCTH (DOTOCHHTE3a M TPAHCIHPAIMH B aBTyCTE
COXPAaHsIaCh OTHOCHUTENLHO BBICOKasl. DTO MPENONPEACIIO XOPOIIUi pocT moderos
B 2018 1. Kak nokazanu nanpHeiimue uccienoBanus, B 2018 . pocT COCHBI B BBICOTY
OKa3aJcsl 3HAYUTENbHO Xyke, yeM B 2017 r. [IpuuuHoil cTanu o4eHb MIOXue Moroi-
HBIE YCJIOBUS B Mae—HIOJI€ MPEBIAYIIET0 rojia U B MIOHE TEKYIIEro roj/la: pacTeHUs MU
OBIJIO0 HAKOIUIEHO HEOCTATOYHOE KOJMUYECTBO 3allacHBIX BemecTB (Kpaxmana). Cam-
TAeTCsl, YTO y COCHBI BETMUMHA [IPUPOCTA MOOETOB B TEKYIIEM TOAY B IEPBYIO OYEpEb
OTIPEICIISCTCS TOTOAHBIMU YCIIOBUAMHU [24] ¥ YCTIOBHSIME acCUMUIIAINH [ 16] TipesI-
JIYLIETO Tofla, CO3JAI0IIMMU 3arachl PE3EPBHBIX BEIECTB. 3aMephl IOKA3alIH, YTO Ha
YAOOPEHHBIX TUIOMIAJIKaX PUPOCT BEPXYIICUHOTO 1M00era y COCHBI 10 OTHOIICHHUIO K
KOHTPOJIIO B MEPBBII rox ysenuumics Ha 49 %, Ha Bropoi rox — Ha 74 %. Ilox Bius-
HUEM yIOOpEHUS 3HAYUTENILHO YCKOPHJIICS Takxke pocT xBou. B 2018 . ee nymHa Ha
TUTOIIAIKaX C MOBBIIIEHHBIM YPOBHEM a30THOTO MUTAHMS COCTaBIsIA 57 MM, Ha TUIO-
IaJIKaX C €CTeCTBEHHBIM ypoBHEM — 40 MM, B 2017 . — 42 1 36 MM COOTBETCTBEHHO.

Becemayuonnwiii nepuood 2019 2. 11o MOTOIHBEIM YCIOBUSM JaXKe TJISI CEBEP-
HOTO PETHOHA OKa3aJiCsi aHOMAJIbHO XOJIOJHBIM, 0COOEHHO B Hayalle M B CepeIuHe,
OJTHAKO B OOIIMX YepTax OH IMOBTOPSII XapaKTep Morojisl jetHero ce3ona 2018 r. Ko-
POTKHE pEIKHe TeTuIble TIEPUOIbI YePETOBAINCH C TIPOJOKATEIBHBIME TTOX0JI0/1a-
HUSIMH, HEPEJIKO C BBITIaJICHUEM OOMIBHBIX 0caikoB. [loatomy B 2019, kak u B 2018 Tz,

COCHA pociia KpaifHe HepaBHOMEPHO: HEYACThIE W HEAOITOBPEMEHHBIE YCKOPEHHS

pocTa MOJIOABIX MOOErOB CMEHSUIMCH JUTUTEILHBIM CIaJIOM WHTEHCUBHOCTH JTOTO
nporecca. Kak mokaszanu HaOiIrOAeHUS 3a MOrojoi, kK 10 Mas THeBHAs TeMIlepary-
pa Bo31yXa B pallOHE HCCIENOBAaHUN KPATKOBPEMEHHO MOBbIcHIach 10 24-28 °C,
HouHas — 110 12—14 °C, B mouBennom cioe 0—10 cm — g0 7,0 °C. K sTomMy cpoky cHer
Ha OTIBITHOM Y4acTKe MOJTHOCTBIO PacTasiyl, OJTHAKO BEPXOBOJIKA COXPAHSIIACh. 3aTeM
nocse HeOOoBIIOro MOTEIICHHUS], HACTYNIIIO JUIUTEILHOE MOXOJIOAaHHE C IHEBHBIMU
Temneparypamu Bo3ayxa 1—4 °C, BbIlTajjleHneM CHera ¥ yCTaHOBJICHHEM BPEMEHHOTO
CHEXXHOTO TIOKpoBa. Takas 1morofia CTosuia 1o KOHIIa Mecsia. B pe3ynbrare 3a mepuos
¢ 4 o 20 Mast B KOHTPOJIE IIPUPOCT BEPXYIICYHBIX TOOETOB cocTaBmi 2,2 cM, ¢ 20 1o
30mas— 1,6 cMm, ac 30 masi o 9 ntonst — 4,1 cm (puc. 3). OOras HA BEPXYIISYHBIX
noberoB B 2019 1. B koHTpose Obuta 11,9 cm, B ombite — 19,9 cM, a oceBbIX OOETOB
Ha TIepBOi OOKOBON MyTOBKE — 9,8 cM, B ombiTe — 15,2 cm (Tabmiwma).
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Puc. 3. Jluramuika ce30HHOTO TIPHPOCTA COCHBI B COCHSIKE c(harHOBOM IpH
€CTECTBEHHOM M MOBBIIEHHOM YPOBHE a30THOro nutanus B 2019 .

Fig. 3. Seasonal growth dynamics of pine in a sphagnum pine forest with a
natural and increased level of nitrogen nutrition in 2019

O¢ddexTrBHOE BIUSHIE a30THOTO YAOOPEHHUS Ha POCT MOJIOIBIX TOOETOB COC-
HbI Ha Tpetui rox (2019) nponomkunock. JleficTBre BeliecTBa HAYaIOCh B Mae MOCIIe
MIPUX0Za TEIUIoN morofel. Yoke K 30 uncity omm4une B JUIMHE BEpXYIIEYHBIX TTOOEroB
yIOOPEHHBIX JEPEBLEB M KOHTPOJIS 1ocTUIIO 1,0 cM, K 9 HroHst oHO Bo3pociio 110 4,4 cm,
ax 20 urons — 10 7,6 cm. C MOBBIIIIEHHEM TeMITEpaTyphbl pa3HHUIIAa MEKIY OITBITHBIMH Jie-
PEBBSIMH M KOHTPOJIEM YBEJIMUHIIACh, a C IOHW)KECHNEM yMeHbLIanach (puc. 3). B xone
BEreTaIMOHHOTO MEPHO/Ia MOJIONIBIE BEPXYIIICYHbIC TOOCTH Y OIBITHBIX PACTCHUH ObLITH
Ha 7,6 CM JUTMHHEe KOHTPOJIBHBIX, Ha TIEPBOi OOKOBOM MyTOBKe — Ha 4,1 cM.

OcHoBHO# mipupocT 1oderoB y cocHsl B 2019 T, Kak ¥ B 2 NpeIpIIyIuX roja,
[POU30LIENT B MIOHE. 3@ 3TOT MECSL MPHUPOCT BEPXYILEUHBIX MTOOEIOB IO OTHOLLCHHIO
K 00IIIeMy MPUPOCTY 3a ToJ] B KOHTPOJIe cocTaBmil 59 %, Ha yNoOpEeHHBIX IUIONIaIKaX —
65 %, oceBbIX TOOETOB Ha IIEPBOI OOKOBOI MyTOBKE — COOTBETCTBEHHO 93 11 94 % (Tabmu-
1a). B xoHIie Bereranyu o0Iast AjiMHA BEPXYIICYHOTO 1odera B KoHTpoJie Obuia 11,9 cm,
B onbITe — 19,6 cM, 0ceBoro rmodera Ha repBoit 00koBoi MyToBKe — 9,8 1 13,9 cm, mim o
OTHOILIEHHUIO K KOHTPOJIIO B OIBITE OHA yBeNuumiIack Ha 64 1 48 % coOTBETCTBEHHO.

Takum 00pa3zoM, pe3yabTaThbl OIBITOB IOKA3aJIM, YTO Ha N30BITOUHO YBIIAXKHEH-
HBIX TOP(QSHBIX MMOYBAX CEBEPOTACIKHOM JIECOPACTUTENBHON 30HBI CKOPOCTh POCTa
MOJIOZIBIX [T0OETOB COCHBI ONPEAEISETCS COCTOSIHUEM IIOTOJHBIX YCIIOBUN U YPOBHEM
KopHeBoro nuranusa. CBs3b Mexy pocToM B BbicoTy U YIII'B u3-3a Heycroitunpoii
C YaCThIMU OCaJKaMH XOJIOIHON IOTOJbl Y COCHBI 37I€Ch HOCUT YCJIOBHBIM Xapakrep,
¢ k03 punrenTom koppessiuun r = —0,37+0,12.

l'onuuHBI IPUPOCT COCHBI B BBICOTY B COCHSIKE KyCTapHHYKOBO-C(HarHOBOM
OKa3aJicsl 3HAYNTENBbHO HIDKE, YeM B CyXMX JMIIAHHUKOBBIX cocHsikax Kpaiinero
Cegepa [17]. OcHOBHO# TPUYMHOHN IIJIOXOTO POCTa COCHBI B M30BITOUHO YBIIAXK-
HEHHOM COCHSIKE KyCTapHHYKOBO-C()arHOBOM IO CPaBHEHHUIO C COCHSIKOM JIMILAii-
HUKOBBIM MOTJIM CTaTh OOYCIIOBJICHHBIE aHa3pPOOH030M cOOM B paboTe ee KOpHEBOU
CHCTEMBI M, BO3MOXKHO, B TOPMOHAJIBHOM oOMeHe [2, 7, 20, 21, 27, 28, 31, 32, 36, 37],
a Tak)Ke HeIOTIOCTaBKa B PACTYIHe TTOOETH aCCUMUIIATOB M3 KPOHBI N3-32 HapYIIIe-
HUS UX HOPMAJIBHOTO OTTOKA M TIEpEABMKCHUS B aepese [4, 11-14].
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ComitacHO pe3ynbTaraM MPOBEICHHOTO HAMU HCCIIC0BaHUs, MAKCUMAJIbHBIN
npupoct cocHbl Ha CeBepe B 3a00JI04YEHHBIX COCHSIKAX MPUXOJUTCS HAa CEPEeIUHY U
KOHET[ WFOHSI, KOT/Ia TIOBHITIIACTCS TEMITepaTypa BO3AyXa U MOYBBI, KOPHU OCBOOOK 1A~
FOTCSI OT 3aTOIUICHHUS, & MHTEHCUBHBINA — Yallle BCEro Ha 2—3-10 JeKaJbl UIOHS, KOrna
MIPOIOIDKUTENFHOCTE CBETOBOTO 1HS Ha CeBepe HawOojbInas. 3aTyxaHHE pOCTa
MOOETOB B ATHX JIECOPACTUTEIBHBIX YCIOBHIX HE 3aBHCUT OT IOTOBI M COCTOSIHHS
MOYBbL. B KOHIIE MIOHSI — Hauaje WIOJs, HECMOTPS Ha OJIAarONPHUSATHBIC YKOJIOTHYC-
CKHE YCJIOBUS, POCT TEPMUHAIBHBIX TTOOETOB TIOCTETICHHO MPEKPAIIACTCs, Y COCHBI
(hopMHPYIOTCS anMKaIbHBIC U JaTepanabHbIe Mouku. CunuTaeTcs, 94To mpeneapHas Ka-
JIeHIapHas TpaHWIla 3aTyXaHUs POCTa TEPMHHAJIHHBIX MOOETOB y JaHHOW ApeBec-
HOW MOPOJBI ABISIETCA TeHETHUECKNM cBOMcTBOM [17]. OgHako B ycnoBusix Cesepa
B OTJICJIbHBIC TOJIBI, KOTJ/Ia MOTOAHBIC YCIIOBUS CABHUIAlOT Ha OoOJiee MO3HHE CPOKH
Hayasuo pocta moderos, kak 1o 0bu10 B 2017 T., mepuoa NpeKpanieHus: ux pocra y
COCHBI MOYKET MPOJUTUTHCS IO CEPEIUHBI UIOTIS.

HecmoTps Ha "acTtoe mOATOIIIEHHE KOPHEBOM CHUCTEMBI, COCHA B COCHSIKAax
c(harHOBBIX MOJIOKUTEIILHO PEarupyeT Ha JOIMOJHHUTEIBHOE a30THOE IMHUTAHUE ITy-
TEM YBEJIHUYEHHS MPUPOCTA B BBHICOTY, HO 3HAYMTEIHHO B MEHBIIIEH CTETICHH, 9€M 3TO
HaAOIIONIAeTCsl Y Hee Ha CYXHMX JPEHUPOBAHHBIX MOYBAX COCHSKOB JIMIIAWHUKOBBIX
[17]. B pe3ymnbraTe mMpoBeIEeHHBIX HCCIEAOBAHNN BBISIBIICHA IOCTATOYHO TECHAS TI0-
JIOXKUTETbHAsI KOPPEIIMOHHAS CBSA3b MEXKIy YPOBHEM a30THOTO IMUTAHUS U POCTOM
BEPXYILIEYHOTO Modera CocHbl ¢ KoddpduuueHroM xoppensiuuu (r) ot 0,89+0,09 B
niepBbliid roj 10 0,94+0,07 Ha BTOpO# roA. [loBBIIEHHE AOTIOJTHUTEIBLHOTO TPUPOCTA
mo0OEeroB TMOJ| BAUSHUEM YIOOPSHHS MPOUCXOINIIO B TE e OTPE3KU BPEMEHH, KOT/a
¥ Ha HEYJTOOPEHHBIX TIIOMAAKaX, 1 Ha000poT. O TOM, UTO B CEBEPHBIX JAPEBOCTOSX
3aBHCHMOCTh POCTa BET€TaTUBHBIX OPTaHOB COCHBI OT IOTOIHBIX YCIIOBHI B TIOJ-
HOM Mepe COXpaHseTCs U MPH MOBLIIIIEHHOM a30THOM MUTAHWUU, OTMEUYAIH U APYTHE
uccinenosarenu [10]. BeisiBieHHbIe HAMH KONIEOAHUS B TEMIIaX MPHUPOCTA MOJIOABIX
MoOEroB B OCHOBHOM OBbLTH OOYCJIOBJICHBI U3MEHEHHUSIMHU TEMIIEPaTypHOTrO PEeKUMa
BO3yXa U TIOYBBI U B MEHbIIeH Mepe koebanusmu YIII'B.

CpaBHuTenbHO penkue (3—5 pa3 B Mec.) ONpeAeNieHUs HHTCHCHBHO-
CTH (PUBHOJOTHYECKUX IMPOIECCOB Y COCHBI B TCUCHUE BETECTAIMOHHBIX IEPHO-
noB 2017-2019 rr. moka3pIBalOT, YTO HAHOOJILIINE 3HAYEHUS 3HAYE€HHUs IOKa3a-
TeJeH 3THX MPOIIECCOB Yy MPOIUIOTOJHEH XBOU COCHBI HaOJIIOAAIOTCS B JICTHUH
nepuoj. B Mae—wrone ApIxaHWe MENKHX KOPHEBBIX OKOHYaHWI Ha KOHTPOIHHOM
yuactke 0bu10 0,50—1,49 Mr, Ha ydacTKe C MOBBIMICHHBIM a30THBIM MUTAHHUEM —
0,55...1,82 mr CO,/(r-4), uHTeHCHBHOCTH (hoTocuHTe3a — 11,0...20,4 mr u 12,3...
...24,3 mr CO,/(r-ua), Tpancnupaunu — 134...279 u 124...243 mr H,0/(r-4) cootBeTt-
CTBEHHO. MakcHuMaJsibHasi HHTCHCUBHOCTD (DU3MOJOTHYCCKUX MPOIIECCOB HA0III0a-
JIaCh B MTEPUOJIBI, KOTJ]a KOPHH 0CBOOOXKIATNCH OT 3aToruieHns. CaMast BRICOKAst MH-
TEHCHUBHOCTH (JOTOCUHTE3a U JIbIXaHUSI KOPHEH OTMEYanach y ONBITHBIX PACTCHUH,
a TpaHCTIUpANUs — Y KOHTPOJIBHBIX. Pe3ynbTaThl HAIUX WCCIICIOBAHUI U JaHHBIC
npyrux aBtopoB [11, 16, 21-23, 38] noctaTouHo yOenuTeNbHO CBUAETEIbCTBYIOT,
YTO OCTPBIM Je(UIUT a30Ta U HEIOCTATOK a’palu B 3a00sioueHHbIX mouBax Ce-
Bepa SABJISIOTCS TIIaBHBIMH (DAKTOpaMU, CIEPKUBAOIIMMH HOPMaIbHOE PAa3BUTHE H
CKOPOCTb POCTa COCHBI, BIHSIIOIIMMH Ha XapakTep GOpMUPOBaHUs Y HEE CYTOYHOTO
Y TOIWYHOTO MPUPOCTA U HA €€ OTIENbHBIE OPTaHbl.
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Raxnouenue

Habmronenust 3a ce30HHBIM POCTOM COCHBI B BBICOTY TIOKa3aJid, 4TO Ha 3a00-
JIOUYCHHBIX TOP(SHBIX IOYBAX CEBEPOTACKHON JIECOPACTUTEIBHONW 30HBI MPHUPOCT
3a rox coctasisieT 10,3-16,9 cM. B cyxux numaitnukoBbix cocHsikax Kpaitnero Ce-
Bepa — 24,9-30,5 cm, 310 B 2-2,5 pasa Oosblie, 4eM B COCHsIKax c¢arHoBbix. Jleit-
CTBHE BHOCHMOTO B TIOCIIEIHHE a30Ta B IIEJIOM TO3UTHBHOE. B JaHHBIX yCIOBHSIX
[IOZ BIMSHUEM [103bI N, , BBICOTA COCHbI €XErofHO yBenuuuBaercss Ha 7,7-8,5 cM
10 CPaBHEHHIO C KOHTpoJieM. B mepBelii rox ee mpupoct 6omnbme Ha 50 %, BO BTO-
poit — Ha 74 %, B Tpetuii — Ha 64 %. Ha nepBoii O0KOBOI MyTOBKE OCEBOH moOer
Moj CUCTBMEM A30THOTO YIOOpEeHHWs 3a roj cTaHoBHTCs JumHHee Ha 2,0-4,1 cwm,
win Ha 15-42 % 10 CpaBHEHHMIO C KOHTPOJIEM. YBEIMYCHHE MPUPOCTa MOOETOB
y ONBITHBIX PAaCTEHHI MPOUCXOAMIIO 3a CUET a30Ta, MOIVIOMIEHHOTO U3 BHECEHHOTO
B HacaxkmeHne ynoopenws. B centsope 2019 1. comepkanne a3oTa B MPONLIOTOAHEH
XBO€ TPEBBILIAT0 KOHTPOJb Ha 15 % (B koHTpOse — 1,21 %, B onbite — 1,39 %). B mpo-
¢une 5—10 cM ONBITHOH MOYBHI €r0 COACPIKaHUE B 3TOT MEPUOA YPABHSIIOCH C COAEP-
*aHueM B koHTpouie (2,07 %). B numaiinukoBeix 6opax Kpaitnero Cesepa 10monHu-
TEeNBHBII IPUPOCT COCHBI B BHICOTY MO/ AEWCTBUEM JIAHHOMN J103bI 30T COCTABHII OT
5 cM B niepBbIit Toj 10 17 cM Ha YeTBEPTHIM IO/, WK IO OTHOLIEHUIO K KOHTPOJIIO B
OTJENbHBIE TO/IbI OH yBenUuuics Ha 19—-66 %.

B cdaraoBsix cocHsikax a30THbIC yI0OpeHHUs y cOCHBI Ha 8—10 aHEN cIBUTAIOT
MIEPHOJT 3aTyXaHUsl pOCcTa 0OeroB U o0yciaBnuBaroT Oosiee panHee (Ha 1-2 jHs) Ha-
4aJo UX pOCTa, CBI3aHHOE C YKPYITHEHUEM MToueK. MaKCUMalbHBIH IPUPOCT 0OEroB
B 9TUX YCJIOBUSX UMEET MECTO B C€peIHe M KOHIIE UIOHS, KOT/la KOpHEeBast cucTemMa
COCHBI OCBOOOXKTAETCS OT 3aTOIICHHSI, & MHTEHCHUBHBINA — dalle BO 2—3-10 JIeKaJbl
WIOHS, KOTJIa TPOOIDKUTENFHOCTD JHEBHOTO TTEPHOIa HAauOOoIIbIIasl.

WuTeHcuBHOCTh (POTOCHHTE32 Y COCHBI B C()arHOBOM COCHSIKE TIOJI BIMSHHEM
A30THOTO yIOOPEHHUSI OBBIIAETCS IO CPABHEHHIO C KOHTPOJIEM B NepBbIii rox Ha 12 %,
BO BTOpoi — Ha 19 %. B MaHHBIX yCIIOBUSIX 3TO HEOOXOIUMO JIEPEBY MPEKIE BCETO
JUTS OCYIIIECTBIICHNUS PENapaliOHHbIX POIECCOB B KOPHSX, HYKJAIOIINXCS ISl CBO-
€r0 TIPOSIBIIEHUS B TIPUTOKE 3HAYUTEIHHOTO KOJMYECTBA MITACTHIECKUX BemecTs. [1o-
BBIIIICHNE MHTEHCUBHOCTH (JOTOCHHTE3a Y PACTEHUM MTOCIIe BHECEHHSI B HACAK/ICHHS
ynoOpeHuit 00ycnaBIuBaeTCs CTUMYIIUPYIOIIUM JieiicTBUEM a30Ta Ha (pukcauuio CO,
B XJIOpOILIacTax, Ha MOPOreHe3 aCCUMIIIAIIMOHHOTO arapara 1 padoTy BCeX TOYEK
pocTa, Ha mpoIecchl IUCTO00pa3oBaHusl. MakciuMaibHas MHTEHCUBHOCTD (DOTOCHH-
T€3a U TPAHCIUPAIINH Y COCHBI B 3200JI0YCHHBIX YCIOBHSIX MPOSBISICTCS HA 2-1 1 3-i
o]l oclie BHeCeHHs yaoopenuii. Cuntaem, 4To st JOCTHIKCHHUS Y COCHBI B c(harHo-
BOM COCHSIKE OTITUMAJTEHOTO POCTOBOTO M (PH3HOIOTHUECKOTO A eKTa, Ipexk e BCETo,
HEOOXOAMMO TIPOBECTH OCYIIUTENbHbIE PA0OTHI C ITOMOIIBIO MEIKOH MEINOpaIii,
a 3areM 4depe3 2—3 roma jgonoiHuTeNbHO BHecTH 180 kr/ra azora. Takue OIBITHI ¢
COCHO U €JIbI0 UMEIOTCS B Jiecax ApXaHresnbckoi u JIeHMHrpajckol obmacTsX.
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Abstract. The seasonal rhythm of height growth of young shoots of Scots pine growing in
a 33-year-old shrubby-sphagnum pine forest of the northern taiga natural-climatic zone has
been studied in a complex with the main physiological processes. The possibility of regu-
lating their intensity by additional introduction of nitrogen fertilizer has been determined.
It has been found that on hydromorphic excessively wet soils of the North, seasonal height
growth of pine occurs with a maximum rate in late June and early July, when air temperature
rises and the root system is released from excessive moisture. Unlike lichen pine forests, in
which pine roots are not affected by flooding, on hydromorphic peat soils pine grows much
slower and during the growing season has less intensive physiological processes. The low
rate of shoot growth and physiological processes in pine in sphagnum forest site conditions
is explained by dysfunction of its root system as a result of soil anoxia caused by flooding,
as well as by insufficient supply of growing shoots with macronutrients from the crown as
a result of violation of their normal outflow and movement in the tree. Nitrogen fertilizers
positively affect growth and physiological processes in pine trees in sphagnum forest types.
However, their effect in these forest site conditions is much weaker than in the dry lichen
forests of the Far North. On water-logged peat soils under the influence of nitrogen fertilizer
seasonal height growth of pine trees increases by 20 %, the duration of seasonal shoot growth
increases by 8—10 days, the intensity of photosynthesis increases significantly, and, as a result
of reduced water consumption for transpiration, the tree water regime normalizes and the
transpiration productivity increases. These positive nitrogen-induced changes ultimately
improve the viability and productivity of sphagnum pine forests.
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Annomayus. KonecHble IECHbIE MAIlIMHBI B HACTOSIIEE BPEMSI JOMUHHUPYIOT B JIECO3aroTO-
BUTEIBHOM NPOU3BOACTBE B Poccun u B mupe. ExeroqHo B Haleil cTpaHe yBEIUYMBAET-
Cs1 JI0JIsI MAIIMHHON 3arOTOBKHM JPEBECHHBI 10 CKaHAWHABCKON TEXHOJIOTHH, TPETyCMaTPH-
BAIOICH BBIMOIHEHUE BAJKH JIEPEBBEB, UX OYUCTKU OT CYyYbEB M PACKPSDKEBKH NPSIMO Ha
maceke. Tak paboOTalOT HE TOIBKO KJIACCHYECKUE JBYXMAIIMHHBIE KOMIUIEKCHI, COCTOSIIUE
n3 xapBecTepa u (opBapaepa, HO U TPEXMAaIIHHHEIE (B psae pernoHoB Cubupwn), BKIIOYA-
I0IIME BAJIOYHO-TIAKETHPYIOIINI arperar, paboTaromuil Ha maceke mpoieccop u Gpopsapaep
JUTS TPEJIEBKH TIOTyYaeMbIX COTUMEHTOB. [IpoGmema moBbimeHns 3(h(heKTHBHOCTH PabOTHI
(dopBapaepoB aKkTyallbHA IS JIECOMPOMBIIIJICHHOTO KOMIUIeKca. Ee pelrenne BO3MOXXHO Ha
OCHOBE OLICHKH MIPOCKTHBIX PEIICHUH C UCIOJIb30BAHIEM COBPEMEHHBIX CPEJICTB MOAEIHUPO-
BaHMS ¥ ONTUMM3ALUH [IPOLIECCOB Ha CTaauM pa3padoTku. Takoii moaxon TpeOyeT rryOokux
TEOPETHUECKUX U KCIIEPHUMEHTAIBHBIX HCCIIEA0BAHUM, MIPEACTABISIET OONIBIION HAyYHBIH U
MpaKTUIeCKHUi HHTEpec. [IpH onpeeneHn MaKCHMaIbHOTO 00BEMa TPETIOEMOH APEBECHHEI
YUUTBHIBAIOT CIIEIYIONINE OTPAHWYECHUS] MAIIMHBI: 110 TPY30MOABEMHOCTH; IO KacaTeIbHOH
CHJIE TATH; 110 CIIETUICHHIO JIBMKUTEINS C TPYHTOM (KacaTesbHasl CHila TSTH HE 0JDKHA TIPEBbI-
IIaTh CHITY CIECTUICHHS JBIKUTEIS C TIOBEPXHOCTBIO JBIKCHUS — TIOUBOIPYHTOM JIECOCEKN).
Kpome Toro, M3BECTHBI PEKOMEH/IAIMHU 110 OTPAHUYEHHIO BECa TPEICBOYHOM MAIIMHEI C TPY-
30M HCXOAS M3 JOMyCTUMOH NIyOMHBI KOJIEH MOCIE MEPBOro MPOX0Ja MAIIHHbI, CYNTACTCS,
YTO 3TOT MOKA3aTeNlb HE JIOJKEeH mpeBbimarh 20 cMm. JJaHHOE yTBEpKIEHUE MOAKPEIUIACTCS
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pe3yabraTaMy HCCIIEI0BaHUA Pa3BUTHS KOJIEH MPU LHUKJINYECKOM BO3ACHCTBUU CO CTOPOHEI
KOJIECHOTO JIBMDKUTEINS (T. €. TP MHOTOKPATHOM ITPOXOJK/ICHUN MAIIMHOW OIHOTO M TOTO K€
yuyacTka Bojoka). B 9Toii cBsI31 BO3HHKAET BONPOC O PON3BOAUTEILHOCTH (hopBapAepoB NpH
BBINOJHEHUH OTIEpaliy TPEJIEBKU C yUETOM OIPaHUUCHHUS 110 ITyOHUHE KOJICH.

Jna yumupoeanusa: bypmuctposa O.H., [Ipocyxux A.A., Xutpos E.I., Kynunkas O.A.,
Jlynesa E.H. TeopeTnyeckue uccienoBanus MPOU3BOUTEIBHOCTH (OPBAPACPOB MPH Orpa-
HUYCHHSX BO3ACUCTBHUS Ha MOYBOrpyHTHI // 13B. By30B. JlecH. xypH. 2021. Ne 3. C. 101-116.
DOI: 10.37482/0536-1036-2021-3-101-116

Knrouesvle cnoea: 1neco3aroToBka, MPOM3BOAUTEIBHOCTh (POPBAPACPOB, TPEICBOUHAS
CHCTEMa, MOYBOTPYHTHI.

Bseoenue

B Hacrosmee BpeMs MOABIAIONIUN OObEM 3arOTOBJICHHOHN JPEBECHHBI B
Poccuu BbITpeneBbIBaeTCsl HAa MOTPY304YHbIE MTyHKTHI (hOpBapAepaMu, MPaKTUIECKH
100 % KOTOpPBIX UMEIOT KOJECHBIA NBIKUTENh. Ha MX MpOM3BOAUTENHLHOCTD MEp-
BOOYEPETHOE BIMSIHNE OKA3bIBAIOT PACCTOSHUE TPEIEBKH M MPOXOAUMOCTbH, 3aBUCS-
mask OT COCTOSIHHS TTOBEPXHOCTH ABIKEHUS [4, 5]. [Ipou3BOAUTETHLHOCTE JIECHBIX
MAIIIMH 3aBUCUT OT MHOXECTBA (DaKTOPOB, OTHOCSIINUXCS K IPUPOIHBIM U TIPOU3BOI-
CTBEHHBIM ycsioBUsM [3, 69, 11]. IX n3MEHUYNBOCTh U BapUAaTHBHOCTh BO MHOTOM
OTIPEIETISIIOT CIIOKHOCTh TEOPETUUECKON OICHKM ToKa3areneld paboTel mMamuH [21,
23-25, 27]. Ha Teppuropuu siecuoro ¢onja Poccuiickoit denepaiiuu npeodnaaaror
nousorpyHTsl III u IV kareropuu, KOTOpble B TEIJIbIM MEPUON roJa CYIIECTBEHHO
TEPSIOT HECYITYIO CTIOCOOHOCTH M3-3a mepeyBiaxeneHus [ 1]. [Ipudem 3a mociaennue
TOJIBI TIPOLIECCHI MTOTETUICHNS KIIMMAaTa MPUBEIH K 3HAYUTEIPHOMY YMEHBIIICHUIO Tie-
pHofa, KOrja MoYBOTPYHTHl HAXOSATCS B 3aMEP3LIEM COCTOSHUU U 3UMHSIS BBIBO3KA
3aroTOBJICHHOM JIPEBECHHBI yCTOWYMBA, a 3HAYMT, U 1epruoj] dPPEKTUBHON TPEICBKH
crain kopode. [Ipu 060cHOBaHHM PEKUMOB U TIOKa3aresnel padboTsl GpopBapepoB He-
00XOAMMO YYUTHIBATh M HETAaTUBHBIEC SKOJIOTHUECKHE (DAKTOPHI UX PaOOTHI, KOTOPHIE
BBIPYKAIOTCS B 3aMEJUIEHHUH JIECOBOCCTAHOBUTEIIBHBIX MTPOIIECCOB, MPOSBICHIH ITPH-
3HAKOB BOJIHOW 3PO3UH Ha TPEIECBOYHBIX BOJOKAX, YTHETCHUN KOPHEH, 3aMeJICHUH
pocra, ocnalieHNH OCTaBIIIEMbIX Ha JIOpalllUBaHUE JICPEBLEB BOJIM3M Tpacc JIBU-
*KeHus. B HacTosIee Bpems BeayliHe MO3UIMM B MCCIETyeMOM BOIPOCE 3aHHMMa-
eT Hay4Has 1kona « IHHOBaIMOHHBIE pa3padOTKH B 00JIACTH JIECO3arOTOBUTEIBHOM
MIPOMBIIIUIEHHOCTH U JIECHOTO XO3SICTBa» APKTHYECKOTO TOCYTapCTBEHHOTO arpo-
TEXHOJIOTUIECKOTO YHHUBEPCUTETA.

[TonpoGHBIIl pacueT COCTaBISIOMIMX 3aTpaT BPEMEHU Ha LUKJI TPEJICBKU He
Bcerja nenecooOpaseH. Hampumep, 3arpaTsl BpeMeHH, CBsi3aHHBIE ¢ Pa0OTO Ma-
HUIYIATOPa, OYAyT 3aBHCETh KaK OT CKOPOCTH MAaHMITYJISITOpa, TaK M OT ACUCTBHMA
oriepaTopa W MPOCTPAHCTBEHHOTO PACIONIOKEHUS Jiecomarepuanos [5, 7]. Ilo atum
MpuYuHAM OyIeM OpPHEHTHPOBAThCS Ha BEPOSTHOCTHBIN IMOMXOM W MMHUTAIMOHHOE
MOJISIIUPOBAHUE MIPH pacyeTe Mpou3BoauTeNsHOCTH hopBapaepa. Jlormuecku pasne-
JIMM HCCIIEJIOBAaHUE HA ITAIbI:

(dopmynrpoBaHe B 00IEM BUIE MaTeMaTHUECKOH MOAEIH JUIsl IPOTHO3UPO-
BaHMS POU3BOIUTEIBHOCTH (POpBapepa ¢ Y4€TOM €ro dKCIUTyaTallMOHHBIX XapaK-
TEPUCTHUK, TTAPAMETPOB JIECOCEKH U (PU3NKO-MEXaHUYECKHX CBOWCTB MOYBOTPYHTA;
BBIJIETICHHE OCHOBHBIX COCTABIIIONINX 3aTPaT BPEMEHH Ha BBHIMIOJHEHUE OTAEIHHBIX
oTieparyii UK TPEIEBKH;
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aHAJIMTUYECKOE OMNpEAeTICHUEe JOMYCTHUMBIX PEKMMOB paboThl (opBapaepa
(CKOpOCTh, 00BEM TPETIOEMOI TPEBECHUHBI ), UCXOIS U3 IKCIUTYaTAIlMOHHBIX XapaKTe-
PUCTHK H TOYBEHHO-TPYHTOBBIX YCIIOBHIA;

MPOTHO3UPOBAHKE OOILETO BUAA PErPECCHOHHBIX 3aBUCUMOCTEH, 00BSCHSIIO-
X C IIOCTaTO‘IHOI‘/II TOYHOCTBHIO BIIMSIHUEC OCHOBHBIX (I)aKTopOB Ha 3aTpaThbl BpEMCHU
IO OTJICJIBHBIM OTEPaIUsIM, H TOBEPUTEIHHBIX TPAHUIl BApbUPOBaHUs KOd(hduIineH-
TOB PErPECCHOHHBIX 3aBUCHMOCTEH;

peanu3anys MaTeMaTHIeCKOW MOJEIH ¢ ITOACTAaHOBKOM 3HaYeHMH Kod(duim-
€HTOB YPaBHEHHUU PErpEeCcCHU B IPEJeNiaX YCTAHOBJICHHBIX JIOBEPUTEIBHBIX TPAHHUIL
BapbUPOBAHUA (MIMUTALIMOHHBIHN MOIXON).

Llenp mccrmemoBaHms 3aKio4aeTcs B pa3padOTKe MaTeMaTHYeCcKOH MOomenn
JUISL TIPOTHO3UPOBAHMS MPOU3BOJUTENBHOCTH (OpBapAepa C yUYETOM €ro JKCILTY-
aTallMOHHBIX XapaKTEePUCTHK, MapaMeTPOB JIECOCEKH H (UIUKO-MEXaHHMUECKUX
CBOMCTB IMMOYBOTPYHTA, aHAJUTHYECKOM OIIPENIEIeHNH JOMYCTUMBIX PEXHUMOB pa-
00TbI opBapaepa ¥ OOILIET0 BUAA PETPECCHOHHBIX 3aBUCHUMOCTEH, OOBSCHSIOIINX
C JIOCTaTOYHON TOYHOCTBIO BIMSHHE OCHOBHBIX (DAKTOPOB Ha 3aTparhl BPEMEHH IO
OTJENTbHBIM OTIEPAITHSIM.

Obvexmubl u Memoowvl UCCAEO08AHU

YacoByro MpOU3BOIUTEIILHOCTD (hopBapaepa onpeaeaum mno gopmyse [7]:
3600/
Mm=—- 1
N €]
e V' — 00beM TPeTreMBbIX JiecoMaTepranos; T — BpeMs IIMKJIa TPEICBKH.

OObeM  TPeTIOeMBbIX JIECOMATEPHAIOB OTPAHHUYEH TPY30MOIBEMHOCTHIO
¢dopsapaepa: I
V<—, 2

rae L — rpy30nogbeMHOCTh opBapAepa; p — cpeHee 3HaueHUe TUIOTHOCTH TPEITo-
€MOi1 IpeBECHHBI,
a Tak)Ke Harpy3KOi cO CTOPOHBI IBIKUTENS Ha TPYHT [2, 10, 14, 26, 28].

AHaM3 TaHHBIX, MPEA0CTABICHHBIX TPOU3BOIUTEISIME (popBapmepos Ponsse,
John Deere, Komatsu u 1p., moKa3bIBaeT, YTO rPy30M0IbEMHOCTh MAIIIMHBI CBS3aHA C
ee Maccoi cooTHotmeHueM (puc. 1):

L=a,+a, —4,1728+1,015M, 3)
rae M — macca dopBapaepa.
N. kBT L
y=1,015x - 4,1728
y=9,0281x g R2=0,792
200 R2=0.9904 . ... % 20 " e
L] * o o e e
15
150 e .’ - * o =
= -
10 e
100 | 5 ; : |
10 M.1 10 15 20 M.T
a 9]

Puc. 1. 3aBUCHMOCTB Tpy30MOABEMHOCTH (@) M MOIIHOCTH ABHTareis (6) dopBapaepa
OT €ro Macchbl

Fig. 1. Dependence of bearing capacity (a) and engine power (6) of a forwarder on its weight
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KpOMC TOTO, CYHICCTBYCT CBA3b MOIIHOCTU ABUTATCIIA W MACChl MalllMHBI

.1, 0):
(puc. 1, 0) N=bM =9,0281M. 4)

PCSYJ'IBTaTH aHajmm3a CTaTUCTUYCCKUX HAaHHBIX TaKXE€ IIPEACTaBICHBI

B Ta0II. 1.
TabOnuma 1

Pe3ysbTaThl aHAIN3a CTATHCTHYECKHUX JAHHBIX 0 CBSI3H Macchl (hopBapaepa,
€ro rpy3onoxbeMHOCTH ¥ MOIIIHOCTH /IBUTATeJIsI

Koapunment Orenka CranpmapTHast omubka 1-KpUTEepUii
a, -4,17277 1,4088700 -2,96178
a, 1,01501 0,0775335 13,09120
b, 9,02810 0,1307430 69,05230

CranmapTHble OIIMOKU ompezeneHus: kodpduurueHToB ypasHeHui (3), (4)
OyIyT MCIIOIB30BAHBI IPU peaH3aluy pa3padaTbiBaeMoi MaTeMaTHYeCcKoi Mojie-
7M, TIpeHa3Ha4eHHON [UId MPOTHO3UPOBAHUS NPOU3BOAUTENBHOCTH (hopBapaep-
HOM TPEJIEBKH.

Pesynomamor uccredosarus u ux oocyscoerue

Ucxons u3 orpanndeHus (2):

P< Fugm; )
G0+G
—— =< Fuam; 6
oy d (6)
g(M+pV)
B < P 7
" d (7
Pg

rne Pu P, — Harpy3ka ¥ JOIyCTUMas HAarpy3ka Ha IPYHT CO CTOPOHBI JIBH)KHTE-
11, G, — Bec dopBapuepa; G — Bec TPEIIOEMBIX JIECOMATEPUAIOB; K — YHCIIO OCeil
(hopBapnepa; g — yckopeHne cBOOOTHOTO TTa/IeHHsI.

Takum 00pa3oM, 00bEM TPEITIOEMBIX JIECOMATEPUATIOB OMPECIHM IO YCIIO-

BHIO
. | L 2kP,, —M,
p pPg
JonycTumMas Harpyska Ha IpyHT P,, 3aBUCHUT OT CBOWCTB IIOYBOI'PYHTa U Oy-

JIeT UccIe0BaHa B JaJbHEHIIEM.
Bpewmst nukna TpeneBku Haiiaem no ¢popmyse [22]:

1 1 1 1
T= Po |:ll'l.B [_ + _] + lM.B (_ + _J + t3arp + tpa3rp:| > (10)
4R %) V3 V4

e @, — HOIPaBOYHbIN KO3(D(UIIMEHT, yUUTHIBAIOLINN YBEINYEHNE BPEMEHN LIUKIIA
TPEJICBKH B CBS3M C IPOCTOSMH MAIlUHBI; /  — JUIMHA ACEYHOIO BOJIOKA (cpenHee
3Ha4yeHue); /,  — AIMHA MarkucTPaJbHOIO BOJIOKA (CpPeAHEe 3HAYEHME); V,, V, — CKO-

POCTB TIOPOKHETO U IPYKeHOTo (hopBapAepa Mpy ABHIKCHUH T10 TACEYHOMY BOJIOKY;
Vs, V, — CKOPOCTb MOPOXKHETr0 U TIPYKEHOro (opBapaepa IpH JBIKEHUH [0 Maru-
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CTpaIbHOMY BOJIOKY;
Ipy3KH Ky30Ba.

CkopocTH v, OrpaHUYEHbI KaK COOTHOILICHUEM MOIIHOCTHU ABUrareis ¢popsap-
Jepa N ¥ CHIIBI COTIPOTUBIICHUS JBH)KEHUIO MAIIMHBI, TaK U TEXHOJIIOTHYECKUMHU CO-
00paXEHUSIMH, CBS3aHHBIMU C 0€30I1aCHOCTHI0 MAaHEBPUPOBAHHSI MALLMHBI B YCIIOBH-
ax 0e310poxbst. OrpaHudeHre MO MOIIHOCTH JABUTATENs 3amumieM Tak [ 15]:

SR (11)

F
rae n — KILJ] tpancmuccun, F; — cuiia CONPOTUBIICHHS JBHKEHUIO Ha i-M y4acTKe.
CnenoBarenbHo, Uit hopBapaepa

srp — BPEMSI 3aTPY3KH COPTUMEHTOB B Ky30B; £, — BPeMsl pas-

Vi

. | Nm
Vi =MINS——3V; rexu (- (12)
£

CornacHo PKCIIEPUMEHTAIBHBIM NaHHBIM [20], BpeMsl 3arpy3Ku Ky30Ba CKJia-
JIBIBAETCS U3 JBYX OCHOBHBIX COCTABIISIOIINX:

Tsarp = Lsarpl T+ fzarp2 » (13)
— BpeMs, 3aTpauMBaeMoe Ha paboTy MaHumynsTopa (opsapiaepa IpH 3a-
BpEMs, 3aTpauMBaEMOe Ha MaHEBPBI (popBapepa NpH 3arpys3Ke

rue t

3arpl

TPY3KE Ky30Ba; £, » —
Ky30Ba, puueMm [7]:

Lsarpl = Lzarpl (V:n) 5 (14)

Lsarp2 = lzarp2 (V, ‘I) ) (15)
N — Y9UCJI0 COPTUMEHTOB, YKJIaJIbIBAEMBIX B KY30B; ¢ — 3a1iac ApE€BCCHUHbI Ha €ANHUITY
Iomaaun JECOCCKHU.

Yucmno COPTUMCHTOB, YKJIaAbIBACMbIX B KY30B, 6y[[eT SBJIIATBCS (byHKLII/IeI‘/'I
00beMa JIeCOMaTepHaoB, TPETIOEMBIX 3a PEHC, a TAKKE CPEIHETO 0ObeMa COPTH-
MeHTa [7]:

nzn(V,VCOpT), (16)

T7Ie CpeaHUI 00beM COpTUMEHTA V  CBSI3aH CO CPEAHUM 0OBEMOM XJIBICTA U THIIOM

copt

3aroraBJIMBa€MbIX JIECOMATCPUAJIOB:

VcopT = VCOpT (Vx ) 5 (17)
V' — cpeaHuii 00beM XJIbICTA.
Bpemst pasrpy3ku Ky30Ba Tak»Ke MOYKHO IPEJACTaBUTh KaK CYMMY JBYX OCHOB-
HBIX COCTaBJIAOIIUX:
tpa3rp = tpa3rp1 + tpasrpz 5 (1 8)

rae £, — BPeMs, 3aTpadnBaeMoe Ha paboTy MaHMIyssATopa (opsapaepa npu pas-

Ipy3Ke Ky30Ba; £, ., — BpEMs, 3aTpayrBacMOe Ha MaHEBPbI (hopBap/epa IpH pasrpys-
K€ Ky30Ba, IPUYEM:

Ipasrpl = Ipasrpl (V,n) 5 (19)

pasrp2 = pasrp2 (V) . (20)

[Mapamerpst M, g, p, V, I, [, B pa3pabaTbiBaeMoil Monenu OyayT SBISATHCS
yIpaBisieMbIMU. 3HaYCHNE } oTpeieNIiM aHATUTHYEeCKH Ha oCcHOBE (9) ¢ yueTom L u
(U3MKO-MEXaHMYECKUX CBOMCTB OYBOTPYHTA; CKOPOCTH v, 110 (12) oneHnM npu 1o-
MOIIY aHAJTUTHYECKOTO BeIpaxkeHus uis F; u N. Bun dynkuuu (15)—(17), (20), ouen-

KN U CTaHJApPTHBIC OIITHOKH OIpeACJICHUA KOB(I)(bI/II_II/ICHTOB Haﬁ).'[eM C UCIIOJIb30BaHU-
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€M JKCIePUMEHTANBHBIX JAHHBIX. B pe3ynbrare monyyuM UMUTALMOHHYIO MOZCID,
[IPOTHO3HUPYIOIYIO MPOU3BOAUTEILHOCTE POPBAPACPHON TPEIEBKU B 3aBUCHMOCTH
OT AKCIUTYyaTaI[MOHHBIX XapaKTEPHCTUK MAIIMHBI M MPHPOTHO-TIPONU3BOICTBEHHBIX
YCIIOBHU.

[Ipu wmcciemoBaHMM TIOKas3areneld B3aWMOJNICHCTBHS JBIKUTENEH MalliH C
MOYBOTPYHTAMU YCIECIIHO MPUMEHSIETCS MOAXO/A, OCHOBAHHBIM Ha UCIOJb30BaHUU
Pa3NUYHBIX MOJeJNeil BAaBIMBaHMsI MITAMIIOB-MHJCHTOPOB B Je(OPMUPYEMYIO Cpe-
ny. Hanpumep, n3BecTHBI pabOThI, B KOTOPBIX PACCMaTPUBACTCS CIKATUE dIeMEHTap-
HBIX CJIOEB YTIPYTOTO MOJYIPOCTPAHCTBA IITAMIIOM OTpeaeneHHoi (Gopmer [12, 13,
16, 18]. PacxoxxneHne TEOPETUUECKUX OLIEHOK C IPAKTUKOM, BBI3BAHHOE JIOIYIIE-
HUEM 00 ynpyroctd JehOopMUPYEeMOTo TOYBOTPYHTa, YCTPAHSIETCS 3a CUET BBeJle-
HUS B MOJICITU ITOIPABOYHBIX KOA(P(PUIIMESHTOB, YUUTHIBAIOIIUX MOTEPIO UM HECYIICH
cnocooHoctH [17]. [TomoOHBIN OAXO CTaT 3HAYUMBIM IS UCCIICAOBAHUS OMTOPHOM
MPOXOAUMOCTA U SKOJIOTHMYHOCTH JICCHBIX MamwmH [2, 10], ogHako 10 HETAaBHETO
BPEMEHH B pPaMKax HETO MPaKTHYECKH HE PacCMaTpPUBAINCH BOMPOCHI, CBSA3aHHBIC
C MOJIEIMPOBAHUEM TIOBOPOTA MaIlnH. Peann3anus MeToa, UCIIONb3YIOMIETO HEH-
HEeWHbIEe ypaBHEHUS, HE HMEIOIIUE aHAIMTHIECKHX PEIICHUH, TpeOyeT qalbHEHIINX
BBIYUCIUTEIBHBIX YKCIIEPUMEHTOB.

Takoke HanpspKEHUS U JepOpMaIK TOYBOTPYHTA I0J] BO3ACHCTBHEM JBHIKH-
TeJsI MalllMHbI MOTYT pacCMaTPHUBATHCS Ha OCHOBE pelleHus 3aaadn byccunecka o
BIABIMBAHUU C(HEPUICCKOTO WHISCHTOpA B YIPyTroe IMoirynpocTpancTso [2, 10, 15,
17, 19]. DTOT MOAXOA YCHEIIHO HCIOJBb30BAH MPU MOJCIUPOBAHUHU YIUIOTHEHUS
MOYBOTPYHTOB JIECOCEK KaK HEMOCPEACTBEHHO IO JABMKHUTEIIEM, TaK U B OOKOBBIX
oJIocax TPEJIEBOYHBIX BOJIOKOB [ 15]. 3aech MPUMEHSIOTCS aHATUTHYECKUE PELLICHUS
TEOpUH YNPYTOCTH, y4eT MOTEPHU HECYIIeH CIIOCOOHOCTH BO3MOMKEH MOCPEACTBOM
3aMEHBI TIPEZIENIOB MTPOYHOCTH IIPH CIKATHHU TPEIeTIaMH IPOYHOCTH MIOYBOTPYHTA ITPH
CABHUre. YUTeM 3TH TEOPETHYECKHE IMOJOXKECHUS MPH pa3paldoTke Hamied MOesH.
Cdhopmynupyem 6a30BbIe ypaBHEHHUS TS pacdyeTa HapsHDKEHUH B ToYBorpyHTe. Mo-
JIeTbIO IBMOKUTENS SIBISICTCS CepuuecKuil mramil (puc. 2).

P

Puc. 2. Cxema k pemernto 3aga4qu byc-
CHHECKA O BIABIMBAHUH CHEPUIECKOTO
IITaMIa B IIOIYIPOCTPAHCTBO

5 Fig. 2. Scheme for solving the
Boussinesq problem of pressing a
spherical die into a half-space

B sTOM ciryuae HanpsiKeHUS 110 0CSIM z,  YI00HO BbIpa3uTh (yHKusmu [20]:

C:=¢qqV:z; e2y)
Gy =4qaVy; (22)
Tyz =q4aVyz s (23)

e g, — CpeHee NaBJIeHHUE [0 INIOCKOCTH KOHTAaKTa [2],
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P
Go=—7. (24)
na
P — cuna, npukianeiBaeMasi cO CTOPOHBI INTaMIa; ¢ — PAJMYC MSATHA KOHTAKTa
(puc. 2).
3HaueHue a HaxoauM 1o [10]:
1
T
3PR(1- 3
4E

rjae R — paguyc mrammna (mpuOIM3UTENBHO PaBEeH pajnycy Koneca); | — kodhuiu-
eHt Ilyaccona nouBorpyHra; £ — MOIyIb yIPYrOCTH HOYBOTPYHTA.
Tounsle BeIpaskeHUs 1151 PyHKIUH v ipuBoasrcs B [20]:

3
z a’u
Wz:_(\/;J u2+a222; (26)
el (2 V| (2 _aw
VTR ) ) wirarz
z [ (I-p)u Nu a
+—|—"—+(1+p)—arctg—-2 |; 27

(r2 +22)22 a?~Ju

u?+a?z2 a’+u’

7€ z — BepTUKaIIbHASL KOOPAUHATA; U, ' — TEOMETPUUYCCKHUE TapaMeTphl, ONpeaese-
MBbI€ COOTBETCTBEeHHO 1o [14] u [20],
a2 12 22 Ja* =242 +2a2z2 + 74 + 2222 + 24

U=——+—+—+ ; (29)
2 2 2 2

r=4z2+y?, (30)

T7Ie Y — TOPU30HTANIbHAS KoopAuHata (puc. 2).
JlomoTHUTEIbHOE KacaTeIbHOE HANPSKEHUE, BBI3BIBAEMOE TOBOPOTOM JIBH-
YKUTEIIS, OTpeieTiM 1o ¢opmyie [2]:

(GZ —Gy) sin 20

Tg = R 31
0 5 (31)

e 6 — yroJs moBopoTa JBHKHTEIS.
Torma cymmapHOe KacarelibHOE HalpsyKEHHE MOKEM HaWTH 10 YPaBHCHHUIO
[10]:
Ts =Tp T Tyz. (32)

Amnanu3 3aBucumocteii (21)—(32) mokasbeiBaet, YTO OHU BKIIFOYAKOT B ceOs Ta-
pameTpsl rpyHTa E, | 1 IBUKUTENS R, 0, P, mpudeM HaNpsHKEHUS G, T MOXKHO OTIpe-
JICJIATH JUIS TOYEK C MPOU3BOJILHBIMUA KOOPIUHATAMU z, 7 (Ju0Oo y). Takum oOpazom,
COIOCTABJISISI HANIPSDKCHMSI G, T C MPEAeiIaMy IIPOYHOCTH MTOYBOIPYHTA, YCTAHOBHM
[IyOWHY 3aJIeraHusl «OTACHBIX» CCUYCHHH MacCHBa MOYBOIPYHTA, IO KOTOPOH Olle-
HUM DTyOUHY KOJIeH /1, B TOM YHCIIE ¢ YIETOM MOBOPOTA JABMxkHTeNs Ha yron 0. Ceue-
HUSI MOYKEM HAMTH KaK peIleHUs] YpaBHCHUN:
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6;=p:, (33)
Ts = Tadm » (34)

e p, — Hecylasi CiocOOHOCTh JIECHOTO T'PYHTA; T, — HPEAe NIPOYHOCTH JIECHOTO
IpyHTa Ha cpe3, paccuuThiBaeTcs 1o dopmye [15]:

SR

Tydm =0, t20+C| 1—— (35)
g}"

( — yrojl BHYTPEHHEro TPEHHsI JIECHOrO MmouBorpyHta; C — yueiabHOE CICILICHHUE

JISCHOTO MOYBOIPyHTa; S — KO3(DPHUIMEHT TEXHUIECKOTO OYKCOBAaHUS IBUKHTEIIS;

SR
— mar rpyHTo3aucnoB; MHOKUTCIIb 1-— BBOAUTCH C LHECJIBIO YUCCTh ociabieHue

t
MOYBOTPYHTA Ha Cpe3, BBI3BIBAEMOE cz[BHrg;oﬁ nedopMarmen.
Hanee no 3aBucuMoctu P(/) onpenenum CHITy COMPOTHBICHUS MTPSIMOITUHEH-
HOMY ABMXXCHUIO U ITIOBOPOTY ABUXKUTEIIA.
®u3nKo-MeXaHNUECKHE CBOWCTBA JIECHOTO TPYHTAa MPHMEM B COOTBETCTBHHU

¢ Tabm. 2 [15].

b

ly

Tabnuna 2
Du3nKo-MexaHuvecKue CBOiicTBA J1eCHOro MoYBorpynra [15]
Kareropus necnoro rpyHnra E, MIla u p., Mlla C, MIla 0,...°
IIT (caGwrit) 0,4 0,15 0,0504 0,005 11
II (cpemueit mpouyHOCTH) 1,0 0,25 0,1170 0,012 15
I (mpounsIit) 3,0 0,35 0,2870 0,024 16

IIpuBenem uucneHHbIE NMPUMEPHI pacdyeTa IO IPEICTABIECHHBIM 3aBUCUMO-
CTSIM. 3A€Ch U JaJiee, ECIM HE OTMEUEHO OTAEIbHO, WILTIOCTPALUN BBIIIOTHEHBI JJIs
pesynbratoB pacdetoB npu R = 1,333/2 m, P = 0,045 MH, S = 0,05, l, = 0,14 m,
necHoi mouBorpyHr Il kareropum.

Ha puc. 3 npuBenens! rpaduku s Tpex GYHKIUA HATPSHKEHHUH MO BBIpake-
HusAM (26)—(28) mpu y — 0.

v
0.8 \
0.6 \ Puc. 3. ®ynkiun i pacueTa Hampsixe-
0.4 \ HUI B MaccHBe IMOYBOTPYHTA
02 1+ \ Fig. 3. Functions for calculating stresses
0 4_%‘ in a soil mass
0 0.2 0.4 0.6 0.8 LM

-y -._%‘ - qjj.:

AHanm3 rpadKoB MOKAa3BIBAET, YTO HOPMAIBHOE CXKMMAIOIIEe HATpPsHKCHHE
II0 OCH z TIPEBBIIIAET CKMMALOIIee HapsbkeHe 1Mo ocr y. O0a HOpMAaIIbHBIX Harpsi-
JKCHUSI BBILLIE KACATEIBHOTO T,

B nannoM ciyudae 6,> G, M IIpH MHBIX 3HAYE€HUAX KOOPAMHATHI ), YTO IOJ-
TBEPIK/IACTCS pacyeTaMu M rpadMKaMu, IPeICTaBICHHBIMY Ha puC. 4, 5.
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-

Puc. 4. @ynkus ans pacdera HOpMaihb- 0.8
HOTO HaNpsDKEHHS B MAaCCHBE TIOYBOTPYH- 0.6 ~

Ta 10 OCH z (BO3JCHCTBHE ABMKUTEIS HA 0.4 \'\ \

. Fp?’HT o BepTI/IKa..JII/I) i \k\.
Fig. 4. Function for calculating the normal 5 P \%ﬂ

stress. in .the soil mass along the z-axis 0 0.1 s 03 0.4 .
(vertical impact of the mover on the soil) =0y Wp=02u —+V=04u

Puc 5. ®yHKIums 118 pacueTa HopManpHo- 06
rO HAIPSKEHHS B MACCHBE TIOYBOTPYHTA 4
mo ocu y (OOKOBOE BO3ICHCTBUE JBHKH- \\

TeJis HA TPYHT) o M‘

Fig. 5. Function for calculating the normal 0 f f . - !
stress in the soil mass along the y-axis ?/

-0.2
1 1 Z,M
(lateral impact of the mover on the soil) P y=02x y=04u

[pu cpaBuuTENBHO HEGOMBIIMX 3HAYEHUSX Z < 0,05 M HANPSIKEHHUE G, MOKET
CTAHOBUTHCS PACTATHBAIONIUM TIpH ) > 0,2 M, OJJHAKO €ro 3Ha4eHHe 10 aOCOIIOTHOM
BEJIMYMHE [IPAKTUYECKU HA IOPAJOK HIKE aOCOIIOTHOIO 3HAYECHUS HANPSDKEHUS O,
nox wraMiioM. CpaBHUTEIbHO HEOOIbIIAs ITIyOHHA 3aJIETaHusl CJIOEB ITOYBOIPYHTA,
B KOTOPBIX BO3HHUKAET PACTATUBAIOLIEE HANIPSYKEHHE IO HOPMaJIIH, I03BOJISIET IpeHe-
Opeyb UM NPH pacyeTe ITyOHHBI KOJICH.

Ha puc. 6 npeacraieHsl pyHKIHMU K pacdyeTy paclpeiesieHHs KacaTeabHOro
HAIPSUKCHUS T ..

Puc. 6. @yHKIMS U pacueTa KacaTeib-

Y-
HOTO HANpSOKEHUS B MACCUBE MOYBOTPYH- N‘\
0.06

Ta 110 HOPMaJIM K BEPTHKAIBHOH OCH z
(6e3 yueTa mOBOpOTA ABIKUTENIS ) 0.04

Fig. 6. Function for calculating the 0.02

tangential stress in the soil mass along the // . . , |

normal to the vertical z-axis (regardless of 0 0.1 0.2 0.3 0.4 Z,M
mover rotation) -+ V=0M -BV=02M +V=04n

OOparuM BHEMaHUE, 4TO JIJIsl A0COFOTHOTO 3HAYCHHSI KaCaTeIhbHOTO HAIPsIkKe-
HUS XapaKTePHBI TOYKW MaKCHUMyMa, TIPUYEM Ha [TyOuHEe OOJIbIIeH, yeM TiryOrHa 3a-
JICTaHus CJIIOCB I'PYHTA, B KOTOPBIX BO3HUKACT PACTATMBAIOIICC HOPMAJILHOC HAIIps-
KEHHE G,. DTO MOATBEPKAAET C/IENAHHOE BBIIIE JIOYIIEHUE O CPABHUTEIBHO MAIIOM
BIIMSTHAM PACTSATHBAOIIETO HAMPSDKEHNS Ha (DOPMUPOBAHHE KOJICH.

ComocTaBuM pacyeTHbIC 3HAYCHUs HANPSDKEHUH G, T, C MpeaesiaMu IPOYHO-
cTu p, u 1, Ha puc. 7 npeacrasnensl rpadyky, ULTIOCTPUPYIOLINE PACIPOCTPaHe-
HUE HanpsbKeHud npu 6 = 5°.

Kak crnenyer n3 pacueToB, B JaHHOM ClTy4ae C)KUMAIOIIEe HAIIPSHKEHUE G, CpaB-
HSIETCsI C Hecyllel cloCOOHOCThIO IpyHTa p_ 1ipu z = 0,15 M u nry6uHa koseu /i, o0pa-
30BaBIIIEHCA T10J] BO3JIEHCTBUEM HOPMAaJIbHOM HArpy3ku, cocTaBuT npumepHo 0,15 m.
IIpun 5TOM KacaTenbHOE HANpPSKEHUE T, HMPEBBICUT IpPEAeN IPOYHOCTH T, INpU
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- Puc. 7. PacripocTpanenne Hanpsi-
skeHuid, Mlla, B ynecHoM rpyHTE
0.1

IPU  TIOBOPOTE JIBUKUTEISI Ha
\ yroma 6 = 5°
0.05 4~ Fig. 7. Propagation of stresses in
the forest soil when the mover is
0 I . rotated by an angle of 6 = 5°
0 0.2 0.4 0.6 0.8 M

—I—G: D 815 +Tﬂdﬂ?

z= 0,22 M, 4TO IPUBEAET K Pa3pylICHUIO TPYHTOBOTO MacCHBa 3a CUET Cpe3a, CIeJ0-
BaTeNbHO, (haKkTHUeCKast ITyOHHA KoJiewn /1 cocTaBUT He MeHee 0,22 M.

O06paboTka aHATUTHYCCKUX JaHHBIX, ITOJYYCHHBIX TIPH BapbHUPOBAHUU
CBOICTB JIECHOTO TPYHTa B Tpeleax, yKa3aHHbIX B Ta0l. 2, B IIUPOKOM JUAara3oHe
n3menenus: Harpysku P (0,025...0,055 MH) nokasbIBaet, 4To AJs ciaydas BO3IEH-
cTBHA (opBapepa Ha JISCHON IPYHT MOYKHO MPEJIOKHUTE (PYHKIHNIO, C BBICOKOW TOY-

HOCTBIO aIlllPOKCUMHUPYIOIIYIO UTOTH PACUETOB:
2

P\3
h=1,27| = . 36
0 (Ej (36)

rae P=0,025-0,055 MH; £ = 0,4-3,0 MIla.
Ha puc. 8 npeacraBieHbl pe3ylbTaThl BBIUUCICHUS (HaKTUIECKON IITyOHHBI KO-
JIe C YU4eTOM BapbUPOBAHUS YIVIa IOBOPOTA ABMKUTENS (opBapaepa.

h.Mm

03 /./y‘k_d. Puc. 8. Pesynbrarel pacuera Tiy-

OMHBI KONIeM INpU BapbHUPOBAHHU
0.2 yIJIa TIOBOPOTA JIBUKHUTENS

Fig. 8. Results of calculating the
0.1 track depth when varying the angle
of rotation of the mover

0 1 } } !
0 10 20 30 -

AHalu3 MOyYeHHBIX JAaHHBIX MOKa3bIBaeT (pHc. 9), 4To COOTHOLIEHHUE TTyOu-
HBI KOJICH /i TIpU OTIPEJINICHHOM yTIie § 1 IIyOuHBI Kojien 0e3 ydyeTa oBOpoTa JBH-
JKUTEIIS ITPAKTUYCCKH (bYHK]_[I/IOHaHI)HO TOYHO OIIMCHIBACTCA ITOJIMHOMOM:
kg =1+0,08990—-0,001262 . 37
Takum oOpa3om, Ha ocHOBe (opmyn (36), (37) momydyum MHOTOMAapame-
TPUYECKYIO (YHKIMIO U1 OLEHKH TIIyOMHBI KOJEHW C Y4eTOM MaHEBPHPOBAHHS
(dhopsapaepa: 5

h=1,27(§j3 (1+0,08996-0,001262) . (38)
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kg
P e 5 ks =—0.00126% +0.08990 + 1
uc. 9. CooTHoOIIEHHE TIIyOHHBI
KOJIEH C y4eToM yIa IOBOpOTa 2.5 o i
JIBMDKUTEIIS ¥ TIIyOMHBI KOJICH TIPH
MPSIMOJIMHEITHOM JABM>KEHUHU 2.0
Fig. 9. The ratio of the track depth, /'/
taking into account the angle of 1.5
rotation of the mover and the track /

| ] I 1
I I T |

0 10 20 30 0...°

depth in straight-line motion 1.0

CdhopmynupyeM peKOMEHJAIMH IO OI00pY JOMYCTHMOM HAarpy3kd Ha Ko-
neco ¢opsapiepa Ipu OrpaHudeHun 1youHsl koneu. IIpumem 4, = 0,2 M, Torna
Ha ocHOBe (hopmyibl (38) BEIYMCIMM 3HAUEHUS P, IPH KOTOPBIX IIyOMHA KOJEeH He
NPEBBICUT MAaKCUMAJIbHYIO BEJIMYMHY TP BapbupoBaHuH £, 0. Pesynbrarel pacyeToB
npeacTasieHsl Ha puc. 10.

P adm> MH

Puc.10. JlonyctuMmast Harpy3ka Ha .\
Koneco dopaapaepa, MH, B 3aBu- 0.15
CUMOCTH OT KaTeropuu rpyHTa U 0.10 \l\

yIiia MOBOPOTA JIBHIKHTEIS \.\_.
Fig. 10. Permissible load on the 0.05 F——
forwarder wheel, MN, depending ‘*‘*—1—-\—;\;\:
on the soil category and the angle

of rotation of the mover

0 5 10 )
—o—[II kaTeropua —4—II kateropua -#-I KaTeropHs

B ob6mem ciydae, 3a1aBasich JIOMyCTUMBIM 3Ha4E€HUEM h,, , HArpy3Ky P .
HailIeM 10 ypaBHEHUIO

| W

P _ hade
adm —
1,27(1+0,08996—-0,001262)

(39)

Pesynwrarsr pacuera mo gopmyne (39) mokaszansl Ha puc. 10; B mepecuere
Ha jgomycTuMmyro maccy G MPUBEACHHYI0O K EIWHUYHOMY JIBIDKUTEIIO, —
Ha puc. 11.

w,adm?

Gw,adm, T

Puc. 11. Jlomyctumasi Harpyska 6 4
Ha Koyieco (opBapepa, T, B 3aBH-

CHMOCTH OT KaTeropuu IrpyHTa U 4
IJ1a TIOBOPOTA JIBHIKUTEIIS \\
. y p . | z
Fig. 11. Permissible load on the o — . .

forwarder wheel, t, depending on 0 t t |
the soil category and the angle of 0 5 10 B0
rotation of the mover —&—III kareropua —#—II KaTeropua
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Raxnouenue

B o0miem Buzie mpon3BOIUTENHFHOCTE (hOPBAPAEPHON TPETIEBKH OIEHUBAETCS
MIpH TTIOMOIIIA MaTeMaTHYecKol MoJemH, npeacTtaBieHHon Gopmynamu (1), (3), (4),
(9), (10), (12)—(20). YnpapnseMbpIMU TTapaMeTpPaMHU 3/1€Ch SIBIISIOTCS Macca (hopsap-
Jiepa, 3amac JIPEeBECUHbBI HA SIUHUILY IIONIA/IU, CPESAHHUNA 00BEM XJIBICTA, TUNIOTHOCTh
JIPEBECHHBI, JUIMHBI MMACEYHbIX W MAruCTPAJIbHBIX BOJIOKOB, MOIYJb JehopMaiiuu
MOYBOTPYHTA U JONyCTUMAasi IIyOuHa Koseu. PeiicoBas Harpyska ¢opsapzepa Oy-
JIET BEJTUYMHOMN, TTPOU3BOTHON OT €ro TPy30MOABEMHOCTH (OMpeneIIieMOi o cTa-
TUCTHYECKOW 3aBUCHMOCTH Ha OCHOBE MaCChl MAIlTMHBI) 1 MAKCUMAIbHON Harpy3Ku
Ha KOJIECO, KOTOpasi HaXOAWTCS aHAJTUTUYSCKU B 3aBUCHMOCTH OT CBOMCTB IpyHTa U
JIOITYCTHMOM ITyOUHBI KOJICH.

MozenupoBaHue HaNPsHKEHUS U ie(opMaIiii IPyHTA 10/ BO3ICHCTBUEM JIBH-
JKHUTENS MalllMHBI PACCMOTPEHO HAa OCHOBE pellleHus 3aj1auu byccuHecka o BIaBIu-
BaHWU C(hepHUeCKOro WHACHTOPA B YIPYTOe TOIYIIPOCTPAHCTBO. YCTAaHOBJIEHO, YTO
JIECHBIE TIOYBOTPYHTHI UMEIOT CMEIIaHHBIA XapakTep oOpa3oBaHMS KOJEW; Ha Hee
BIUSIOT JeOpMaIlUU COKATHSI U CIIBUT CJIOEB MOYBOrpyHTa. OOpaboTKa pacueTHBIX
JTAaHHBIX, TIOJIYYCHHBIX MPU BapbHUPOBAHUU CBOWCTB JIECHOTO TPYHTa U HATPYy3KH Ha
KoJIeco, TIoKa3asa, 4To crerneHHast GyHKIHs (36) ¢ BBHICOKOH TOUHOCTBIO ONMCHIBACT
(hopMHUpOBaHUE KOJICH.

JlanpHeimee wmcciieJoBaHWE peIIeHrs 3aJaud byccHHecKa BBISBHIIO, YTO
y4eT JIOMOJIHUTEIbHBIX KacaTelbHbIX HANPSHKEHUH 1 nedopmaruii caBura moyso-
IPyHTa MPU TOBOPOTE JBYIKUTES BO3MOXEH IMyTeM BBeleHUs B (yHKIUIO (38)
MONPaBOYHOrO KO3 HIMeHTa, YUUTHIBAIOIIETO yroy noBopora (dpopmyna (36)).
Jis IpakTHYeCKUX PacyeToB MaKCUMAIbHOM HArpy3Kd Ha KOJECO TP 3aJaHHOM
JOTTYCTUMOM 3HAYeHHUH TITYOWHBI KOJIEH TOJydeHa MHOTOIIapaMeTprudeckas (QyHK-
ust (39).

Omnpenenenne o0LIET0 BUAa PErPECCHOHHBIX 3aBUCHUMOCTEH, OOBICHSIOMNX
C JIOCTaTOYHOW TOYHOCTHIO BIMSIHHE OCHOBHBIX (JPAaKTOPOB Ha 3aTpaThl BPEMEHU 10
OT/ICJILHBIM OIEPAIUsM, @ TAKIKE YCTaHOBJICHHUE JIOBEPUTEIIBHBIX IPAHUI] BAPHUPOBA-
HUS KOOQQHUIMEHTOB PErPeCCUOHHBIX 3aBUCHMOCTEH OCTAIOTCSI 3a/1auaMy SKCIIepH-
MEHTAJIbHBIX UCCIIEIOBAHMUH.
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Abstract. Wheeled forest machines currently dominate the logging industry in Russia and
in the world. Every year in Russia, the share of machine-made wood harvesting using
Scandinavian technology increases, which involves felling trees, delimbing, and bucking
them at a swath. Moreover, this technology is used not only for conventional two-machine
systems with harvester and forwarder. In some regions of Siberia three-machine systems are
gaining popularity. They consist of a feller-buncher, a swath processor, and a forwarder for
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skidding obtained logs. The issue of increasing the efficiency of forwarders is relevant for the
timber industry. Its solving is possible on the basis of a comprehensive assessment of design
solutions with the use of modern modeling and process optimization tools at the stage of
development design. This approach requires deep theoretical and experimental research and is
of great scientific and practical interest. When determining the maximum volume of skidded
wood, the following machine limitations are considered: by bearing capacity; by tangential
traction force; by the traction of the mover with the soil (tangential traction force should not
exceed the traction force of the mover with the driving surface — the soil of the logging site).
Besides this, there are recommendations to limit the weight of the skidder with the load,
based on the permissible track depth after the first pass of the machine; it is believed that this
figure should not exceed 20 cm. This statement is supported by the results of studies of the
track development under the cyclic influence of the wheel mover (that is when the forwarder
repeatedly passes the same section of the portage). This raises the question of forwarder
productivity in the skidding operation with the regard to the track depth limitation.

For citation: Burmistrova O.N., Prosuzhih A.A., Khitrov E.G., Kunitskaya O.A., Luneva E.N.
Theoretical Studies of Forwarder Productivity with Limited Impact on Soils. Lesnoy Zhurnal
[Russian Forestry Journal], 2021, no. 3, pp. 101-116. DOI: 10.37482/0536-1036-2021-3-101-
116
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Annomayus. TIpuHINTBL yBENWYEHUs JOJIM HCIONB30BAHUS HA JIECOCEKE COBPEMEHHBIX
MHOTO()YHKIIMOHAJIBHBIX JIECHBIX MAIIMH (XapBECTEPOB U MPOIECCOPOB) ISl BAJIKH U OYHCT-
KH JIEpeBbEB OT cyubeB B Poccum m 3a pyOekoM B HacTosIIee BpeMsl HaXOAAT Bce Ooree
IIMPOKOE PACHpPOCTPAHCHNE M 3aCITy)KMBAIOT MOBBIIIEHHOTO BHUMAHHS CO CTOPOHBI HCCIIE-
nosaresieil. Hamu pa3zpaboTanbl HOBBIE KOHCTPYKIMHM TEXHOJOTMYECKOTO 00OpPYIOBaHHS H
HalJIeHbl TEXHUUECKUE PEIICHMsI, HE MPUMEHBIINeCs paHee. Vnes co3manns pabodnm op-
TaHOM MHOTO(YHKIMOHAJIBHBIX JIECHBIX MAIINH JIOTTOTHUTEIBHON yIapHOH HATrPy3KH B MPO-
recce 0OpabOTKH CTBOJIA A€PEBA SABIACTCS OMHUM U3 3P(PEKTHBHBIX BAPHAHTOB Pa3BUTHS 10-
TIOJTHUTENBHOTO YCHIINSI PE3aHNs], O3BOJISIIONIETO OONErYuTh Mporecc paboThl yCTpoiicTBa.
[MpennoskeHHBIN CrIOCOO MpEAIONaraeT OYMCTKY CTBOJIA MPOTACKUBAIOIIMMHU BaJIbIAMHU H
TIPE/ICTAaBISIET COO0H KOMOMHAIIMIO PAOOTHI CTAHAAPTHBIX CYYKOPE3HBIX HOXEH, COBMEIICH-
HBIX C 3aXBaTHBIMH PBIYaraMu, ¥ JOTOIHAIONIET0 KOHCTPYKIIMIO BO3BPATHO-TIOCTYIIATEIHHO
JIBIDKYIIETOCS CydYKOPE3HOTO HOKa. Takoi XapakTep ero ABMKEHUH 00eCTIeunBaeTCsI HCIOIb-
30BaHUEM HEPTHH CXKATOTO BO3AyXa. DTO CO3/IACT HOBBIN /Uil KOHCTPYKIMX ITPUHINAM ACH-
CTBHS PEXYIIETO MexaHu3Ma. [IpuBeneHbl MopoOHOe ONMCaHne YCTPOHCTBA, €ro padoThl,
a TaKKe BapUAHTHI B3aUMOJCHCTBHS OTACIBHBIX TEXHOJIOTMYECKUX JIEMEHTOB. Peanmzaris
TIPE/IIOKEHHON MJIEH TTO3BOJIUT BHEIPUTH B Cepy JIECHOTO X035HCTBA XapBEeCTEPHBIE U MPO-
LIECCOPHBIE TOJIOBKH, CIIOCOOCTBYIOIMINE 00JIETIeHUIO (DYHKITHOHUPOBAHNUS OTACIBHBIX y3II0B
JIECOCEYHBIX MAIIUH ¢ OOJNBIINM CPETHUM 00BEMOM XITBICTA.
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Bseoenue

CoBpeMeHHbIe MHOTO(DYHKITMOHATLHBIC JICCHBIC MAIIIUHEI (XapBeCTEPHI U TIPO-
[ECCOPBI) IS BAJIKK U OYUCTKH JEPEBBEB OT CYUhEB Ha MACEKE HAXOJAT BCe OobIIee
pacripocTpaHeHHe B MHPE W BBI3BIBAIOT MHTEpeC uccienonaresieid. DPPeKTHBHBIN
KOMIUIEKC TIOCIIEIOBATEIbHO PeaIn3yeMbIX OJIHOM JIECO3arOTOBUTEIILHOW MAIIMHOM
00pa0aThIBAIOIIMX OTEepAIlHii, BKIFOUAIOIINI B ce0sl BAJIKY JIEPEBHEB, OUUCTKY UX OT
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CYUYbEB U PACKPSKEBKY HA COPTUMEHTHI XOPOIIIO U3BECTEH CPEIH JI€CO3ar0TOBUTEIICH
Pa3HBIX CTpaH U SBIACTCS OJHOM M3 OYCBHIAHBIX MPHYUH BO3PACTAIOIIETO CIIPOCa
Ha IaHHBIN BUI TEXHUKH. BBIBOM 00 aKTyaIbHOCTH, HAYYHOW M MIPAKTHICCKOU 000-
CHOBaHHOCTH MOCTEIIEHHOIO MOBCEMECTHOTO MPUMEHEHUS TAKUX MAallUH U MOJAEP-
HU3ALUU WX TEXHOJOTMUECKOTO O0OPYIOBAaHUS SIBJISETCS OYSBUIHBIM (HAKTOM JIIsI
JABHEHIIETO Pa3BUTHS MPUHIUIIOB 3(PPEKTHBHOTO BEJEHHS JIECHOTO XO3SHCTBA B
Poccuiickoit ®enepauuu [2, 6, 9, 19].

Pabotsr poccuiickux yuensix Masypkuna I1.M. [3], ITomapuukosa @.B. [§],
Cronesa B.C. [11], Ilerensmana U.P. [4] u ap. moKa3bIBalOT BO3MOXHBIE BAPHAHTHI
COBEPIIICHCTBOBAHUS TEXHUYCCKUX U TEXHOJIOTHUECKUX MPUHITUIIOB PA0OTHI MHOTO-
(hyHKIIMOHATBHON JIeCHOHM TeXHUKH. [lyTn manpHenmelt MoIepHU3auyd MaIIuH JJ1S
BAJIKK U OYUCTKH JIEPEBHEB OT CYUbEB XOPOLIO NPOCICKUBAKOTCS HA OCHOBE BBINOJ-
HEHHOTO MCCJICIOBATEIIIMUA (PYHKIIMOHAILHO-TEXHOJIOTMUECKOro ananusa [1] ¢ cos-
JlaHuEeM 0000IIEHHOW MaTPHIIBI, TEMOHCTPHUPYIOIICH BapHaHTHI TOBBIMICHHUS dPhek-
TUBHOCTH Pa0OThI TEXHOJIOTHUYECKOTO 000py0oBaHus. PekoMeHaanuu, n3noeHHbIe
B paboTaxX HA3BaHHBIX YUYCHBIX, ITOJYUUIIH PA3BUTHE B JAHHOM CTAThe, MOBJIHSIN HE
€€ OCHOBHBIE TEOPETUUECKUE MTOJIOKEHUS U BBIBOJBL.

Obvexmbl 1 Memoobl UCCIe008AHUSA

B ocHOBy ucciieoBaHus MOJI0KEH METOJ TATEHTHOTO MTOMCKA W aHaju3a Cy-
LIECTBYIOIIMX TEXHHMYECKUX U TEXHOJIOTMYECKHX PEUICHUI MO MOJEpHHU3AIUU OC-
HOBHOTO 00OPYIOBaHHUS XapBECTEPOB U Mporieccopos [5, 12, 14-16]. 1o pesynsra-
TaM paOOThI BBISBICH MIUPOKUH KPYT MPEACTABISIONINX HHTEPEC KOHCTPYKTUBHBIX
pemennid. Cpei HUX BapHaHThl MOJCPHHU3AINN TEXHUUECKUX DJIEMEHTOB PabOYHnx
OpraHOB MalllVH, yYKa3aHHbIe B mareHTax [5, 18, 20]. Ocoboe BHMMaHUE yHEIEHO
MOJU(UKAIUH MPOTACKUBAIOIINX BaJIbIIOB, KOTOPHIE YCTAHOBICHBI HA IMOJIBHKHBIX
3axBaraxX, ¥ KOHCTPYKTUBHBIM OCOOCHHOCTSIM YCJIIOBHO HEIOJBIKHOTO CYYKOPE3-
HOTO HOXa, 3aKPeTIieMOr0 Ha KOPITycaX XapBECTEPHBIX U MPOIECCOPHBIX TOIOBOK
IUIs1 0OPE3KH Cy4YbeB, MPUMBIKAIOLINX K KOPITyCY aHAIM3UPYEeMOro pabovero oprana
JIeCHBIX MalvH. [IprkKuMHBIE BabIbl YCTPOMCTBA, C JIByX CTOPOH OXBATHIBAIOIIUE
CTBOJI ¥ BBITIOJHSIONINE MMPOTACKUBAIONINE (PYHKIIUH, 00ECIIEYNBAIOT YCUIINE, HEOO-
XOJIUMOE JJIsl CPE3aHNs CYy4beB, COMPHUKACAIOIINXCS C 3a0CTPEHHBIMH JIE3BUAMHU CyU-
KOPE3HBIX HOXKEH.

Bricokue TpeOoBaHMS K MPHUBOIY MPOTACKUBAIOIINX BAJIBIIOB (BOZMOXXHOCTh
pa3BUTHS yCWIHS, HEOOXOAWMOTO JJIsl CPE3aHMsl CY4beB) SIBIISIOTCS HEIOCTATKOM
JMAHHOTO BapHaHTa MeXaHU3Ma M CIIocoda peann3annn ero padoThl.

B03MOXKHOCTh yBENTMYEHHUST YCUIIHSI TPOTACKUBAHKSI CTBOJIA JIEPEBa Peain3o-
BaHa B marentax [13, 17]. [IpenycmoTpeHo Haiu4yue MPOTACKUBAIONINX BaJIbIIOB B
KOJIM4IEeCTBE 3 TIT., 3P EKTUBHO CHKUMAIONTUX CTBOJ JIepeBa 1o nmepumMetpy. Ilpuaem
OJIMH W3 HUX YCTaHOBJICH Ha KOPITyCe KOHCTPYKIMH, & OCTAIbHBIC HAJICKHO 3aKpe-
IUICHBI HA MTOJBIKHBIX 3axBaTrax. OJHAKO JaHHBII BApUAHT HE JIMIICH HEAOCTATKOB U
TaK)Ke TI0[pa3yMeBaeT YCTAHOBKY Ha XapBECTEPHBIE U MPOIIECCOPHBIEC TOIOBKH JIEC-
HBIX MAaIlliH MOIIHBIX MTPOTACKUBAIOIINX BAJIBI[OB, YTO CBSI3aHO B TIEPBYIO OUEPE/Ib C
TEM, 4TO OCHOBHOH JEUCTBYIOILIEH HATPY3KOH IIPU YIaJI€HUU CYUbEB SIBJISETCS JIMIIb
yCHITHE, pa3BUBaeMOe P BpalleHUH MPOTACKUBAIOIINX BaIbIOB. [pyrue smemeH-
Thl KOHCTPYKLIMH, OKa3bIBAIOIINE JTOMOJHUTEIEHOE MEXaHUIECKOE BO3/ICHCTBUE HA
00pabaThIBaeMBbIii CTBOJI, OTCYTCTBYIOT BO BCEX PACCMOTPEHHBIX PaHEe TEXHHYECKUX
pelIeHusX.
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B To e BpeMs XOpoII0 N3BECTHBI BBICOKOA((EKTHBHBIC BAPUAHTHI CO3IAHUS
JIOTIOJTHUTENIFHOW yapHOH Harpy3ku. B cepuitHoM mpou3BoacTBe ecTh nephoparo-
PBI, B KOHCTPYKIIMIO KOTOPBIX BXOIAT HE TOJBKO yJapHbIE MEXAHHW3MBI, HO U OpH-
TMHAJIbHBIC BAPHAHTHI PA3IMYHBIX YCTPOWCTB AJIS rallleHusi BUOpALMK TpU padoTe.
OcobennocTn IMHEBMOYJApPHbIX MEXaHU3MOB ITO3BOJIAIOT AOCTHUYb IMOBBIHNICHHOI'O
JIaBJIEHUS TyTEM JEHCTBHSI CKATOTO BO31yXa B KOpPIyce KOHCTPYKIMHU. DTO yBEIHU-
YHBaeT yAApHYIO Harpy3Ky B 2,8 pa3a, 4TO TEOPETUUECKH COOTBETCTBYET POCTY BO3-
nmymraoro pasienus ¢ 0,5 mo 1 MIla u naxke B 8 paz, T. e. mo 2 MlIla [10].

OnHUM U3 BO3MOKHBIX BAPHAHTOB CHIDKCHHS YCHITUH pe3aHust IpH padoTe HO-
kel pabouux OpraHoB MHOTO()YHKIIMOHAJIBHBIX JICCHBIX MAIIlWH, OCYIIECTRISFOIINX
OYMCTKY JIEPEBBEB OT CyUbEB, SIBJISETCS CO3AHUE MEXAaHM3Ma, 00eCICUUBAIOLIETO
JIOTIOJTHUTEINIFHYIO YIApHYIO Harpy3Ky B nmpouecce o0paboTKu CTBoJA JiepeBa.

Pezynomamot uccnedosanust u ux oocyxncoenue

BapuanTs! MofiepHHM3aninu crioco0a ASUCTBHS U pabOuUX OpraHOB XapBecTepa 1
Iporieccopa, HalIGHHBIE B XO/I€ JETaIbHOIO UCCIIEA0BAHNS CYIIECTBYIOIMX TEXHIUE-
CKHUX pELICHHUH, peali30BaHbl B BUJE TaTeHTa Ha n3o0perenue [7]. Ha puc. 1 mokazana
MOJICpHM3UPOBAHHAsT KOHCTPYKLMS pabodyero opraHa: Ha puc.l, a 1eMOHCTPUpYETCS
001uMi BUJ HOBOTO pabovero oprana MalluHbl; Ha puc. 1, 6 — mpuHIMI paboTHI 1ecTe-
PEHOK PUBOJIa MOACPHU3UPOBAHHOTO dJIEMEHTA Pa3padOTaHHON KOHCTPYKIIUH.

[IpemnoskeHHBIN CrIOCOO TPEAToNaraeT OYUCTKY CTBOJIA MPOTACKUBAIOIINMU
BaJIbLIaMH B MOMEHT €I0 IPOXOXKACHUS Yepe3 HUX M COBMEINACT paboTy cTaHIapT-
HBIX CYyYKOPE3HBIX HOXKEH, 0ObEeAMHEHHBIX C 3aXBaTHBIMH pblYaraMH, ¥ BO3BpaT-
HO-IIOCTYHATEeJIbHO ABHKYIIETOCS Cy4YKOPE3HOI'O HOXKA.

Hcnonp3oBaHne SHEPTUM C)KATOrO BO3AYyXa MEXKAY TOJKATEIEM U MOPIIHEM
o0ecreunBaeT BO3BPAaTHO-IIOCTYNATENIFHOE JBIKCHUE TOJIKATENs, CO3/1aBasi HOBBIN
IUISL 3TOW KOHCTPYKLMH NPUHLUI JEHCTBUS PEXyIIero Mexanu3Ma. D eKTHBHBIM
PE3YNBTaTOM SIBISIETCS yAApHOE BO3AEHCTBUE MMOPIIHS Ha IITOK U €r0 BO3Bpar B Mep-
BOHaYaJIbHOE MOJIOKEHNE TIPH MOSBICHUH 30HBI pa3peKEHHOI0 BO3/yXa B CIelHab-
HOM IepMETUYHOM KOPITyce U 0OpaTHOM JBMXKEHUH TOJIKATEIS.

MonepHu3upoBaHHBIA pabounii opraH, MPEACTABIAIOUIMNA cOO0M HeCcyIIui
Kopmyc /, KOTOpBIN OCHAIIEH THAPOMOTOpaMHU 2, 3 U JIBMKYIIMMHUCA 3a CUET UX pa-
0O0TbI IPOTACKUBAIOLIMMH BAJIbIIAMU 4, 5, HABEILIMBACTCSI HA MAHUILYJIITOP XapBeCTe-
pa unm npoueccopa. [Ipuuem nporackuBaroluil Bajel 5 yCTaHOBIEH Ha HECYIEM
KOpILyce yCTPONCTBA, a Bajblibl 4 PAaCcIIOJIOAKEHBI Ha 3aXBaTax 6 TakKUM 00pa3oM, 4TO
IIPH 32)KMME CTBOJIA OHHU YAEP>KHBAIOT €r0 € TpeX cTOpoH. KoHCTpyKIys ocHaleHa
3aXBaThIBAIOIIMMU CTBOJI JIEpeBa CYYKOPE3HBIMU HOKaMHU 7/, YCTAHOBJIEHHBIMH Ha
ocsx 8. Kpome OCHOBHBIX MOJABMKHBIX HOXEHW KOHCTPYKLHUS TpeaycMaTpuBaeT Ha-
JIM4YHE YCIOBHO-HEMOJBHKHOTO CyYKOPE3HOTO HOXka 9, HE MMEIOIIET0 BO3MOXKHOCTH
MOBOPOTa BOKPYT CBOCH OCH M OTBEUAIOILETO 32 00PE3Ky CyYbeB CO CTOPOHBI, IPH-
KUMAEMOU K HeCylleMy KOpPIIyCy yCTpOHCTBa. B HMKHEH 4acTu KOHCTPYKLUH IS
PacKpsKEBKH CTBOJIA YCTAHOBIIEH MeXaHU3M /().

VYeraHOBKA yCIIOBHO-HEIIOABUKHOIO CyYKOPE3HOI'O HOXKA IIPEAIIoNIaraeTcs Ha
BEepXHEH YacTH MOABIKHOTO INTOKA //, a CTaHAAPTHBIA MeXaHu3M /2 s oTMepa
BBINMJIMBAEMbIX OPEBEH BMOHTHPOBAH Ha KOpITyce.

B cocraB HOBOTO 114 IpeziaraeMoro paboyero opraHa yjapHOro MexaHu3zma
BXOJAT TOJNKaTeNb /3 ¥ nopuieHb /4. X GpyHKIMOHUpOBaHKE OCYLIECTBISIETCS BHY-
TpH Kopityca /5, MIMEIOIIero repMeTHIHYI0 KOHCTPYKITHIO.
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MojiepHH3HPOBaHHAsT KOHCTPYK-
s ME€XaHu3Ma i1 OYHUCTKHU JIC-
PEBBEB OT CYUbEB: a — OOIINI BU];
6 — BapHaHT B3aMMOJCHCTBUS
HIECTEPEHOK; 6 — PACIOIOKCHHUE
" TOJIKarellsi Npu  paboueM  XOJe;

12 15 719 2 — PacCIlOJIOKCHUE TOJIKATEJIA IPU
6 XOIIOCTOM XOJIE
| Improved design of the delimbing

mechanism: a — general view;

? 6 — option of gears interaction;
=l - 6 — location of the pusher during
= .l operating stroke; ¢ — location of
— " | ;7 the pusher during idle stroke

22

BsanmogeiicTBre psga MociaeIOBaTEIbHO YCTAHOBJICHHBIX IIECTEPEHOK /7
o0ecreunBaeTcs UX COBMEIIEHHEM C 3y0UaThiM KojecoM /6, GUKCUPYyEeMBbIM Ha I10-
BEPXHOCTH MPOTACKUBAIOIIETO BaJiblla 5. DTO CO3AaET BO3MOKHOCTH dPPEKTUBHON
nepesayn KpyTAIEro MOMEHTa C TOBBIIIEHHEM CKOPOCTH BpAaIlleHUs] BEIOMOIl Iie-
cTepHH /8, IpeacTaBiaIoniei co00i MaXOBHUK KPUBOITHITHO-IIIATYHHOTO YCTPOHCTBA
19, npuBOASILIErO B ACHCTBUE MEXAHU3M yaapa.

Kopniyc 20, BHyTpH KOTOpPOTO YCTaHOBIIEHBI AJIEMEHTHI 5, 16, 17, 18, HaBe-
mIMBaeTCs Ha OCh 21, a Ui MPHKUMa K CTBOJY JIepeBa PacloJIOKEHHOTO BHYTPH
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HEro NMpOTACKUBAIOIIETr0 BaJblla MOBOPOT KOPIyCa OCYIIECTBIAETCS TOCPEICTBOM
MexaHusma 22.

Hanmuwme 3HauuTensHO YMcia 3yOUaThIX KOJEC, XapaKTePHBIX JUISI MOIEPHHU-
3UPOBAHHOW KOHCTPYKITMH XapBECTEPHOH (TIPOIECCOPHOI) TOJIOBKH, HEH3O0SKHO
CO3[aeT PUCK MEXaHWYECKHUX MOBPEXKICHUN U 3arps3HeHuil. s cCHUXKEHUs! Bepo-
STHOCTH BO3HMKHOBEHHS] HETAaTHBHBIX MOCJIEACTBUN M3-32 MOMAJaHUS B MEXaHU3M
MOCTOPOHHMX TPEIMETOB MOABMKHBIC YacTh Kopiyca 2() TOKHBI ObITh HaJeKHO
3aKpBITHI 3aIIUTHBIM KOXKYXOM (Ha pUCYHKE HE OTMEUEH).

Pabora MonepHN3NPOBaHHOW KOHCTPYKIIMHA MEXaHWU3Ma JUISI OYUCTKU JIEPEBb-
€B OT Cy4YbE€B IPEIyCMATPUBACT CIECAYIOIIYIO NOCIEA0BATEIbHOCTh ICUCTBUM: CyU-
KOpPE3HBIE HOXKH, 3aXBaThbl U MPOTACKUBAIOIINE BaJbIlbl 3aXBATHIBAIOT CTBOJI IEPEBA;
MPWKUMAEMBbII K KOPIYCy YCTPONCTBa CTBOJ BO3AEHCTBYET Ha MPOTACKUBAIOLIMH
BaJjiell, TOBOPAUYMBAIOLINICA Ha OCH, IPUJABINBas €ro K KOPIyCcy U MepeBojs MpH-
KUMHON MEXaHH3M B C)KaTO€ COCTOSIHME; MOABMKHBIE M YCIOBHO-HEMOABMKHBIH
CYYKOPE3HBIM HOXHM OXBaTbIBAIOT CTBOJ IO NEPUMETPY, CO3aBasi BOKPYT HEro pe-
JKYILlEe KOJIbLIO; IBUKEHUE CTBOJIA OCYIIECTBISICTCS BIIOJIb €M0 OCH MPU BKIFOUECHUU
MIPUBOJIa IPOTACKUBAIOIINX BaJIbIOB.

[lepemerienne OTIENbHBIX 3IIEMEHTOB MOIEPHU3UPOBAHHOIN KOHCTPYKIIUH I10-
sicHAeTcsl pucyHkamu. Ha puc. 1, ¢ 1eMOHCTpHUpYyeTCsl COCTOSTHHE MEXaHHW3Ma NpHU
MOCTYNATEIHbHOM TEPEMENIEHIH TOJKATENs], COMPOBOXKIAIOUIIMCS YAApOM MOPIITHS
10 MITOKY; Ha pucC. 1, 2 — pe3yapraT 00paTHOTO IBHKEHHS TOJIKATEIS.

Bpaienue npuxaroro Kk KopIycy NpoTacKUBAIOLIEr0 Bajbla CUHXPOHUZUPO-
BaHO C BpAIEHHEM YKECTKO 3aKPEIJICHHOI0 Ha HEM 3y04aToro Kojeca, BXOSIIETO
B 3alleTUIEHHE U TEepEealolero BpalleHne Ha psj MECTEPEeHOK M Jlanee K MaXxoBH-
Ky. MaxoBUK B CBOIO Ouepe/ib MPUBOAUT B ABMKEHUE (TIOCTYMATEIbHOE) TOIKATEb.
Hcnonp3oBanne repMeTHYHOTO KOPITyca IO3BOJIIET CO3AaTh 30HY MOBBIIIEHHOTO
JIaBJICHUS BO3yXa B MOMEHT JBMKEHUS TOJKATENsI K MOPIIHIO U OHMKEHHOTO IIPU
00paTHOM XOJIe TIEPBOT0, YTO MEPEBOAMUT BTOPOH B PEKUM PE3KUX BO3BPATHO-TIOCTY-
MaTEeNbHBIX IBUKEHUHN U YIApOB MO IITOKY.

Bcenen 3a dukcarueii crieliuanibHbBIM MEXaHHU3MOM HEOOXOIMMOM ISt pacKpsi-
KEBKU CTBOJIAa JUIMHBI JiecoMarepuaia OCYLIECTBISETCS OCTAaHOBKA MPOTACKHBAIO-
IIMX BaJbIIOB, CPadATHIBACT MPUBOJ MIJIFHOTO MEXaHNW3Ma C OTIEIIEHHEM OT CTBOJA
HOBOTO cOpTHMEHTa. OTMCAaHHbIN MUK TeHCTBUN BBITIONHASTCS O 3aBEPIICHUS 00-
paboTKu nepeBa.

JanpHeiimas npopaboTka KOHCTPYKLUH C €€ BHEAPEHHEM B NPOU3BOJACTBO
CTaBUT TepeJl UCCIIeI0BATEeNIIMI ONTHMHU3ALMOHHbIE 331a41, CBA3aHHBIE C MOBBIIIE-
HueM KII/[ myrem BapbUpOBaHMs 3HAYEHWM, NEPEJATOUYHBIX OTHOLICHHMM, a TaKKe
YIApHBIX HArpy30K IPU MU3MEHEHUH CKOPOCTEH ABMXKEHMSI U MAacCChl ABMKYIIUXCA
3JIEMEHTOB.

Baxnouenue

[TpemmoxeHHbIH B cTaTbe BapHaHT MOJICPHHU3AIMN KOHCTPYKIIUH XapBecTep-
HBIX U TPOLECCOPHBIX TOJIOBOK C JOTIOJHUTEIBHBIM yIapPHBIM BO3/ICHCTBHEM PEXY-
[IMX MEXaHU3MOB MOKET MCIIONIb30BaThCs Kak COCcO0 CHIDKEHMS (DYHKLIMOHAIBHON
Harpy3Kd Ha OT/EJIbHBIC Y3JIbl pa0OUMX OpraHOB MHOTO(YHKIMOHATIBHBIX JIecOCey-
HBIX MAIllMH [P 00paboTKe KPYITHOMEPHBIX JIEPEBLEB U TOBBIIIATH YPPEKTHBHOCTh
UX pabOTHI MPH 3arOTOBKE Ha JIECOCEKE XJIBICTOB U COPTHMEHTOB.



122 «H3BecTHs By30B. JlecHoii sxkypHay». 2021. Ne 3 ISSN 0536-1036

CIIMCOK JIUTEPATYPbI / REFERENCES

1. Byonux I1.B., [lemuyx A.B. ®yHKINOHAILHO-TEXHOJIOTHUECKHUIA aHAIN3 XapBeCTep-
Hoi ronoBkY // Hayka u 6usHec: mytu passutus. 2012, Ne 9(15). C. 36-38.

Budnik P.V., Demchuk A.V. Functional and Technological Analysis of Harvesting
Head. Nauka i biznes: puti razvitiva [Science and Business: Development Ways], 2012,
no. 9(15), pp. 36-38.

2. Jemuyx A.B. MonepHHU3aIiss TEXHOIOTHUECKOTO 000pYIOBaHHs XapBecTepa s
NoBbIMIEeHUsT 3()(EKTUBHOCTH BBIBO3KM copThMeHToB // Wmx. BectH. [lona. 2012. T. 20,
Ne 2. C. 542-546.

Demchuk A.V. Modernization of processing equipment of a harvester for increase
efficiency of removal of assortments. /nzenernyj vestnik Dona [Engineering Bulletin of Don],
2012, vol. 20, no. 2, pp. 542-546.

3. Ma3zypxun I1.M. TlouckoBoe KOHCTPYHPOBAHHE JICCOTEXHUUECKOTO 000PYIOBaHUS.
Capanck: U3n-Bo Capar. yu-ta. Capan. dui., 1990. 304 c.

Mazurkin P.M. Exploratory Research Design of Forestry Equipment. Saransk, Saransk
Branch of Saratov University Publ., 1990. 304 p.

4. IMarent Ne 117259 Poccuiickas ®eneparnus, MITIK A01G 23/095 (2006.01) B27L
1/00 (2006.01). Pabounii opran BaJouHO-Cy4KOPE3HO-PACKPSHKEBOYHON MaIIMHBI JIJIsI BBIpa-
6otkn coprumenTtoB: Ne 2012102528/13: 3assin. 25.01.2012: ony6n. 27.06.2012 / U.P. Ille-
rensMaH, O.H. I'anaktnonos, A.B. JleMuyk.

Shegelman I.R., Galaktionov O.N., Demchuk A.V. Working Body of a Felling-Body-
Cutting-Striping Machine for Producing Sortment. Patent RF, no. RU 117259 U1, 2012.

5. Tlatent Ne 2513415 Poccuiickas ®eneparus, MIIK A01G 23/083. Banounoe
YCTPONCTBO JUTS BAJKK M OOPE3KH CydbheB Ha CTBONIAX JICPEBHEB U JIE3BUE ISl OOPE3KH CYyUb-
eB: No 2011134264/13: 3asBi. 15.01.2010: omy6mn. 20.04.2014 / FO. Keckunen, K. Kunnynen,
K. Xanne.

Keskinen J., Kinnunen K., Khanne K. Feller Device for Felling and Limbing on Tree
Trunks and Blade for Limbing. Patent RF, no. RU 2513415 C2, 2014.

6. ITatrent Ne 2676139 Poccuiickas ®enepanms, MIIK A01G 23/095 (2006.01),
B27L 1/00 (2006.01). Crioco6 BbIpaOOTKM OKOPEHHBIX COPTHMEHTOB M PaOOuMii OpraH Juis
ero ocymectrieHus: Ne 2017145977: 3asmn. 26.12.2017: omy6n. 26.12.2018 / E.M. Llapes,
C.E. Anucumos, K.I1. Pykomoitnukos, FO.A. Konosanosa, C.B. Benepuukos, B.M. 3ab60-
norckuii, H.C. Auucumos, 1.C. AHUCHUMOB.

Tsarev E.M., Anisimov S.E., Rukomojnikov K.P., Konovalova Yu. A., Vedernikov S.V.,
Zabolotskij V.M., Anisimov N.S., Anisimov 1.S. Method of Developing Barked Assortments
and Working Body for Implementation Thereof. Patent RF, no. RU 2676139 C1, 2018.

7. Iatent Ne 2682037 Poccwuiickas @enepanus, MITK A01G 23/08 (2006.01), A01G
23/095 (2006.01). Crioco6 00pe3Ku Cy4beB IEPEBbEB M KOHCTPYKIIUS MEXaHHM3Ma JUIS €ro
ocymrectieHusi: No 2017145836: 3asen. 26.12.2017: omyomn. 14.03.2019 / K.I1. Pykomoitau-
xoB, C.B. Benepuukos, M.1. ['abapaxmaHos.

Rukomojnikov K.P., Vedernikov S.V., Gabdrakhmanov M.1. Method of Pruning Tree
Branches and Design of Mechanism for Its Implementation. Patent RF, no. RU 2682037 Cl1,
2019.

8. lowapnuxoe @.B., FOouna H.FO., bynanos A.C., Jleoenyos I1.C. Ananus coctosi-
HHSI TEXHHYECKOTO OCHAIICHUSI JIECO3ar0TOBUTEIbHON MPOMBIIIICHHOCTH // JIeCOTeXH. )KypH.
2012. Ne 2. C. 100-105.

Posharnikov F.V., Yudina N.Yu., Bulanov A.S., Ledentsov P.S. Analysis of the State of
Technical Equipment of the Timber Industry. Lesotekhnicheskiy zhurnal [Forestry Engineering
Journal], 2012, no. 2, pp. 100-105.


http://elibrary.ru/item.asp?id=19304919
http://elibrary.ru/item.asp?id=19304919
http://elibrary.ru/contents.asp?issueid=1128065
http://elibrary.ru/contents.asp?issueid=1128065&selid=19304919
http://elibrary.ru/item.asp?id=17944481
http://elibrary.ru/item.asp?id=17944481
http://elibrary.ru/contents.asp?issueid=1030078
http://elibrary.ru/contents.asp?issueid=1030078&selid=17944481
https://elibrary.ru/contents.asp?issueid=1030078
http://elibrary.ru/item.asp?id=17901681
http://elibrary.ru/item.asp?id=17901681
http://elibrary.ru/contents.asp?issueid=1027955
http://elibrary.ru/contents.asp?issueid=1027955&selid=17901681

ISSN 0536-1036 «H3BecTns By30B. JlecHoii skypHas». 2021. Ne 3 123

9. Pykomoiinuxoe K.I1., Bedepnuroe C.B. MoaepHu3aInus Cy4kope3HOro HOKa XapBe-
crepHoii TonoBku // M3B. By30B. JlecH. xypH. 2019. Ne 1. C. 120-127.

Rukomoynikov K.P., Vedernikov S.V. Modernization of Harvester Head Delimbing
Khnife. Lesnoy Zhurnal [Russian Forestry Journal], 2019, no. 1, pp. 120-127. DOI: https://doi.
org/10.17238/issn0536-1036.2019.1.120

10. Cabumos A.D. ObocHOBaHWE MapameTpoB rnepdoparopa C yAapHOW CHCTEMOU
«MOPIICHB-00CK-1ITaHray A7t OypEeHHUS KOPOTKHX IITYPOB C CyXO MPOAYBKOM: JHUC. ... KaHI.
texH. Hayk. CII6, 2016. 147 c.

Sabitov A.E. Substantiation of Parameters of a Perforator with Percussion System
“Piston-Peen-Bar” for Drilling of Short Boreholes with Dry Blowing: Cand. Eng. Sci. Diss.
Saint Petersburg, 2016. 147 p.

11. Cionés B.C., Cenueépcmos A.A. Paboune opraHsl XapBecTepOB: IPOSKTUPOBAHHE
u pacuert. [lerpo3zaBoack: U3n-so Ilerpl'V, 2005. 204 c.

Syunev V.S., Seliverstov A.A. Harvester Working Bodies: Design and Calculation.
Petrozavodsk, PetrSu Publ., 2005. 204 p.

12. Alfthan A. Feed Means and Log Processing Head. Patent EPA, no. EP 3202253
Al,2017.

13. Alfthan A., Palmroth L. Log Processing Head. Patent EPA, no. EP 3391737 Al,
2018.

14. Bisballe C. Harvester Head Assembly. Patent US, no. US 9591810 B2, 2017.

15. Kaye B.J. Timber-Working Head and Method of Operation. Patent US, no. US
9999180 B2, 2018.

16. Moisio J. Timber Harvester. Patent US, no. US 5732754 A, 1998.

17. Niemi P. Delimbing Device and a Method in a Delimbing Device. Patent US,
no. US 6318425 B1, 2001.

18. Peterson R.A. Four Roller Tree Harvester Head. Patent US, no. US 9232701 B1,
2016.

19. Rukomojnikov K., Vedernikov S., Gabdrahmanov M. A Method for Delimbing
Tree-Trunks and a Device for Applying the Method. Journal of Applied Engineering Science,
2018, vol. 16, no. 2, pp. 263-266. DOI: https://doi.org/10.5937/jaes16-16442

20. Wildey A.J. Tree Harvesting and Processing Head. Patent US, no. US 5785101 A,
1998.

DESIGN IMPROVEMENT OF THE MECHANISM OF DELIMBING
BY MULTI-OPERATIONAL FOREST MACHINES
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Abstract. The principles of increasing the use of modern multifunctional forest machines
(harvesters and processors) for felling and delimbing in Russia and abroad are currently
becoming more widespread and deserve increased attention from researchers. The results
of the studies performed made it possible to identify a wide range of constructive solutions
of technological equipment interesting in the opinion of the authors of the publication and
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to develop a new technical solution. The idea of creating an additional shock load by the
working body of multifunctional forest machines for delimbing during the processing of a
tree trunk is one of the most effective options for the development of additional cutting force,
allowing to facilitate the operation of the device. The proposed method involves delimbing
the trunk by pulling rollers and is a combination of the operation of standard delimbing knives
together with the gripping arms and a reciprocating delimbing knife that complements the
design. The use of compressed air energy provides the reciprocating motion of the knife,
creating a new principle of the cutting mechanism for this design. The article describes in
detail the design of the device, its operation, as well as options for the interaction of individual
technological elements. The implementation of the proposed idea will make it possible to
introduce harvester and processor heads into the forestry sector, facilitating the operation of
individual assemblies of forest machines with large average volume of the tree-length log.
For citation: Rukomojnikov K.P., Kuptcova V.O. Design Improvement of the Mechanism
of Delimbing by Multi-Operational Forest Machines. Lesnoy Zhurnal [Russian Forestry
Journal], 2021, no. 3, pp. 117-124. DOI: 10.37482/0536-1036-2021-3-117-124

Funding: The work was carried out with the financial support of OOO “Martrade” within the
framework of the research project No. 06.522/18.

Keywords: harvester head, processor head, feller-delimber-buncher, percussion mechanism,
delimbing, knife, perforator.
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Jlecocubupckuii prmran CHOMPCKOTo TOCYIapCTBEHHOTO TEXHOJIOTHIECKOTO YHUBEPCUTETA Ha-
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Annomayus. Jlo HeTaBHEr0 BPEMEHH B JIECHON NMPOMBINIICHHOCTH MPHU3HABAJICS [IEHHBIM
TOJBKO CTBOJ JIEPEBA, a BCE OCTAIBHOE, B TOM YHCIE KPOHA, CIUTATIOCH oTXomamMu. OTXos!
JIECO3ar0TOBOK 3arPOMOKIAIIH JIECOCEKH U CO3aBajl OJaronpusATHYIO CPEay IS pa3MHOXKE-
HUS BpeIUTENeH, a Takke CII0COOCTBOBAIM BOSHUKHOBEHHUIO TTOXkapoB. Celfyac B 1€C03aroro-
BUTEITFHOH OTPaciy APEBECHAS 3€JICHb BHICTYIIAET CBIPHEM IS IPOU3BOICTBA TPAHYITHPOBAH-
HOTO TOIUTHBA; B JIECOXMMUIECKOM KOMILIEKCE — IUISt M3TOTOBJICHHUS XJIOPO(PMIIIOKAPOTHHOBBIX
acT, XJIOpOPUIUTHHA HATPHs, XBOHHOTO JIE4eOHOTO SKCTPAKTa; B arpOIPOMBIIIICHHOM TIPO-
W3BOJCTBE — IS TOTYYEHHUS XBOHHO-BHTAMHHHOW MYKH. [|peBECHOBOJIOKHUCTHIC IUTUTHI
IIMPOKO MPUMEHSIOTCS B JOMOCTPOCHUU B KaUeCTBE KOHCTPYKIIMOHHBIX, OT/ICIIOYHBIX U U30-
JSIMOHHBIX MaTeprasioB. JIOCTOMHCTBOM 3THX IUIUT SIBISCTCS BOMOXKHOCTH TPHIAHHS UM
CHENHANBHBIX CBOWCTB: OTHECTOHKOCTH, BOJOCTOMKOCTH, OMOCTOHKOCTH, 3BYKOM3OJISIIHOH-
HOM ¥ TETUTOM3OJISAIIMOHHON CITOCOOHOCTEN — 3a CUET JOOABIEHNS B KOMITOZHMIIMIO HA CTAIUN
W3TOTOBJICHUS PA3IMIHBIX KOMIIOHEHTOB. C IIENbI0 pacIIMpEeHUs CHIPHEBOI 0a3bl s TIPOU3-
BOJICTBA JIPEBECHOBOJIOKHUCTHIX IIUT BBHITIOTHEHBI HCCIICIOBAHMUS BISHUS TOOABKH XBOHHOM
MYKH Ha Ka4eCTBEHHBIC ITOKA3aTeNN U (PU3UKO-MEXaHMIECKIE XapaKTePHCTHKH TOTOBOTO H3-
nemusi. O60CHOBaHA BO3MOKHOCTD IIPUMEHEHHS JAaHHOTO CBHIPhS B BHJIE XBOHHON MYyKH IpU
TIPOM3BOICTBE IPEBECHOBOJIOKHUCTHIX IUMT. [loka3aHO BIMSHHE MPOIIEHTHOTO COMACpPIKaHMUS
MYKH U3 XBOH B 00I1eM 00beMe PEeBECHOBOJIOKHUCTOW MACCHl U pa3MepOB YacTHUI] Ha Kade-
CTBEHHBIE TIOKa3aTeNn MaTepraia. [1omydeHsl CTaTHCTHIeCKO-MaTeMaTHIeCKIe YPaBHEHUS 1
rpadugecKkne 3aBUCHMOCTH, MTO3BOJIIONINE ITPOTHO3UPOBATh XapaKTEPUCTUKU TPEBECHOBO-
JIOKHUCTBIX IUTAT TIPH 3aJAHHOM COJICPKaHUH U pa3Mepax YacTUIl MyKH U3 IPEBECHOH 3eJIeHN
XBOUHBIX mopoa. OmpeneneHbl oNTUMaIbHBIE pa3Mepsl JaHHBIX MOKa3aTelel, MPH KOTOPBIX
(hM3MKO-MEeXaHMYECKHEe CBOWCTBA TOTOBOM MPOAYKIMH COOTBETCTBYIOT TpeboBanmsm [[OCTa.
Jlna yumuposanus: 3vipsaoB MLA., Mensenes C.O., Moxupes A.Il. Brmusane no6aBku u3-
MEITFYCHHOM XBOH Ha KA9€CTBECHHBIE TIOKA3aTEIH IPEBECHOBOIIOKHUCTOH IINTHI // V13B. By30B.
Jlecn. xxypH. 2021. Ne 3. C. 125-132. DOI: 10.37482/0536-1036-2021-3-125-132
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@Dunancuposanue: ViccrenoBanue BBITOTHEHO MU nojepkke rpanTa [Ipesunenta PO ms
MOJIOZIBIX YUeHbIX — KaHauaaroB Hayk MK-1902.2019.6. [Ipoext «Pa3paboTka u BHeApeHUE
9 PEKTUBHOM TEXHOJIOTHH KOMITJICKCHOH MepepadOTKH JIECOCEYHBIX OTXOJIOB)» ITOJTrOTOBIICH
npu ojyiepxkke KpacHosipckoro kpaeBoro oHzia HayKH.

Krouesvle cnosa: JAPEBCCHOBOJIOKHHCTAA IJIATA, MPOYHOCTH MPHU CTATUYECKOM H3FH6€, TJI0T-
HOCTBH Z[peBeCHOBOJ'IOKHPICTOﬁ TUINTBI, APEBECHAA 3CJICHDb, XBOA, OTXO/AbI, BOJIOKHO, nopy6quLIe
OCTaTKH.

Beeoenue

[TorpeGHOCTH B APEBECHOM ChIPbE HEIPEPHIBHO BO3PACTACT, MO3TOMY akK-
TyaJbHBIM CTaHOBHTCSI BOIPOC OO MCIIOIb30BAHMM B KAau€CTBE CBHIPbSI HE TOJIBKO
CTBOJIOBOM YacCTH JIepeBa, BETBEH M Cy4beB, HO M XBOM. Kak mokaszay aHaiu3 Jiu-
TepaTypHBIX MCTOUYHUKOB [1, 7-9], 3eneHp XBOWHBIX MOpPOJ, 00nanast 6orarbiM 3a-
acoM OMOJIOTHYECKH AKTHBHBIX BeUIeCTB (P(pHUpHBIC Maciia, BUTAMHUHBI, Kapo-
TUH, YIJIEBOJbI, MUKPOAIEMEHTHl M IMPOTEUHBI), SIBISETCS IEHHBIM CHIPhEM JUIS
JIECOXUMHUYECKOTO IPOU3BOJACTBA. TEXHOJNOTHsSI M3TOTOBJICHUS JIOOOro BHIA
PONYKIMK M3 Hee BKJIIOYAaeT TaKue oOIepaunu, Kak cOop IpeBecHOH 3ele-
HU, OTIEJICHUE XBOM OT BETOK C MOCIeAyroIuM uMenasdenuem [10-15, 17-20].
B nacTosmiee Bpems UCIONB3YETCs TOJIBKO 0KOJIO0 3—4 % MOTEHUUATBHBIX PECYPCOB
XBOH, YTO CBS3aHO C OTCYTCTBHEM TEXHOJIOTHH ee mepepadoTKH B yCIOBHSX JIeCO-
cexku. C menpio yBennueHHs] 00beMOB BHEIPEHHS XBOW B IPOIECC MPOM3BOICTBA
B ¢mmmare Cubl'Y B 1. JlecocnOupcke Takas TEXHOJIOTHS ObLIa pa3zpaboTaHa, OHA
mpearnonaraia NPUMEHEHHE MHHOBALIMOHHOM MOOMJIBHON yCTaHOBKM (IIAaTE€HT Ha
nzobpererne Ne 2698059 ot 21.08.2019). Koncrpykuust mpeajiaraéMoro MexaHus-
Ma, CIIOCOOHOTO MePEMEIAThCS 10 TEPPUTOPHH JIECOCEKH, TO3BOJISIET OCYIECTBIIST
oTieparyy Mo OTJEJICHUIO U U3MEIBFICHUIO JIPEBECHOI 3eJIeHN XBOMHBIX MOPOJI U TT0-
CJIEIYIOILEH yIIaKOBKE MOJIy4Y€HHOTO IPOAYKTa. DTO A€IAaeT BO3ZMOKHBIM II0JIy4YeHHE
XBOWHOTO ToTypadpukara TpedyeMoro (hpakImOHHOTO COCTaBa C COXPAHEHHUEM BCEX
MOJIC3HBIX BEILECTB.

Kak nokasan ananus paboT psiaa aBTOpoB [2—0, 16], omHUM U3 HEIOCTaTOU-
HO W3YYCHHBIX HANpPAaBICHUH HCIOJIL30BaHUS MONyhadpuKara W3 XBOU, SIBISETCS
ero nobasieHne B apeBecHoBONOKHUCTYIO TunTy (ABII). Koporaes 3.1. u Cumo-
HOB B.U. [6] oT™MeuaroT, uTo JaHHOE ChIphe B cocTaBe JBII moBmmsieT Ha BHEITHUN
BH/JT KOHEYHOTO NPOIyKTa. 36IpstHOB M.A. 1 1ip. [3—5], HanpOoTHB, TOBOPSAT 00 OTCYT-
CTBMM M3MEHEHHSI KaueCTBEHHBIX MOKa3aTelel IpeBECHOBOIOKHHUCTBIX IUIUT B CITy-
yae MPUMEHEHUS IPU X MPOU3BOJICTBE IPEBECHOI 3€JIEHU XBOMHBIX MOPO/I.

Lenbto paboThl SBISIETCS BBISBICHUE 3aKOHOMEPHOCTEH BIUSHHS JOOaBKH
MYKH U3 OTXOJIOB JIPEBECHOM 3€JICHN XBOWHBIX MOPOJ Ha Ka4eCTBEHHBIE MTOKA3aTEIH
JBIL.

Obwvexmbl u Memoobl UCCAE008AHUSL
DKCIepUMEHTAIbHBIC UCCIICOBAHMSI OBUIH IPOBECHBI HA TEPPUTOPHH JIECO-

cek Anrapo-Enunceiickoro paitona. OTOop 00pa3mmoB OCYIIECTBISUICS ¢ HOPMATILHO
Pa3BUTHIX 0coOeH 1Mo 2 BETOUKH C HUXKHEH, CpeaHelt U BepxHel JacTell KpOHbBI MO-
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JIOJTBIX, CIIEJIBIX U IIEPECTOMHBIX JepeBheB M0 20 XBOMHOK C 4 paBHOYIAJICHHBIX Ya-
crelt nanku. Beero B kakjoM akcriepuMenTe yaactBoBaiio 720 xBouHok (1o 20 xBo-
WHOK C 3 BO3pacToB, 3 "acTel KPOHHI, 4 paBHOyIaJeHHBIX dacTei). OToOpaHHBIH
MaTeprual TePMETHYHO YMAKOBBIBAJICS C IENBIO COXPaHEHUS BIXXHOCTH W TPaHC-
MTOPTUPOBAJICS B TA0OPATOPHIO /IS UCCIIEIOBAaHUH.

[IpenBapuTensHO, B XOJIe CEPUH MMOUCKOBBIX 3KCIIEPUMEHTOB OBLIO YCTAHOB-
JIeHO, 4To 1ipu gobarieHuu B [IBII wactui xBou pazmepamu meHee 0,2 MM u Ooliee
0,8 MM B TIPOLIGHTHOM COIEP>KaHUU CBBITIE 16 % 3HAUYUTENBHO YXYAILIAIOTCS Kade-
crBeHHble nokazarenu JIBII. M3MenbueHHYI0 10 3aJaHHBIX Pa3MEpOB JIPEBECHYIO
3€JIEHb COCHBI CMEILNBAJIU C JPEBECHOBOJIOKHUCTON MacCcoi, IPOU3BEIECHHOMN Ha 3a-
Boze ABII AO «Jlecocubupcekuii JIAK Ne 1», popmupoBanu 1peBecHOBOJOKHUCTHIN
KOBEp U IIPECCOBAJIH I10 5 TUIUTOK Ha KAXKIbIH OMBIT B JIA0OPATOPHOM IIPECCE 110 CTaH-
JapTHOM muKiIorpamMme. KauecTBO KOHEUHOTO MPOAYKTa OLCHUBAIHU 10 3HAYCHUSIM
ero GU3NKO-MEXaHNYECKUX MTOoKa3aTelel, ONpeieNIeMbIX CTaHIAPTHBIMU METOIAMH,
npuBeaeHHBIME B 'OCT 4598—86, B 1a00paTOPHBIX W IPOU3BOJICTBEHHBIX YCIIOBHUIX.

HccnenoBanue BBITIOTHEHO C MCTIONB30BAHUEM CHCTEMHOTO W KOMIUIEKCHOTO
MIOJIX0JIOB; YMCIIOBOTO MOEIUPOBAHUSI, MAaTEMaTHUECKOTO TUIAHUPOBAHUS U CTaTH-
CTUYECKOTO aHalln3a — MPUMEHHUTEIBHO K HayYHOU MmpoOiieMaTuke. AKTUBHBIA JKC-
MEPUMEHT CTaJl OCHOBHBIM METOJIOM TIOJyYSHHUsSI CTATUCTUYECKU-MaTeMaTHIECKOTO
ommcaHus ucciexyeMoro nporecca [11].

B kauecTBe BXOAHBIX (haKTOPOB OBIITH BHIOPAHBI MMPOIICHTHOE COMEPIKAHNE H3-
MEJIBFYEHHOW XBOU B 001IIel Macce (¢), pa3Mep 4acTUIl XBOH (f); BBIXOTHBIX TTapame-
TPOB — TUIOTHOCTH (P), Tpeies MPOYHOCTH MPH CTaTuYecKoM n3rude (Pr), Bomormo-
miomenue (N), Habyxanue (R) ABII.

OCHOBHBIE XapaKTepUCTUKU MOJEJICH MpeICTaBIeHbl B BHE (YHKIHMOHAIb-
HOM 3aBUCUMOCTH

P PN, R=[(q/) (1)

WHuTepBansl BappUpOBaHHS BXOJHBIX MapaMETPOB HCCIIEIYEeMOTro Ipoliecca

cnenyromue: (0,2+0,01) mm < £<(0,840,03) mm, (4+0,1) mm < ¢ < (16+0,3) Mm.

Pezynomamut ucciedosanust u ux oocyscoenue

B xome 00paboTkn IKCTIEpUMEHTAITFHBIX TAHHBIX ITOTyYeHbI yPaBHEHHSI, OTIH-
CBHIBAOIIME 3aBUCUMOCTH (PU3UKO-MexaHmueckux rmokasareneit JIBI1 ot pasmepa va-
CTHI] U3MEIBYCHHOM XBOU U €€ MTPOILEHTHOT'O COJIEPKaHUs B OOIIEH Macce U3AeIus:

Pr=1580,13 - 16,85¢ + 50,07f+ 0,08¢f— 0,034 + 0,34/%; 2)
P=23742,05-186,87q — 642,22+ 1,71gf + 1,05¢2 + 3,22(%; 3)
N=-35749,2 +127,01g + 965,86 — 1,24qf+ 0,08¢> — 4,66/ 2; 4)
R=-16327,4+10,12¢q + 453,491 - 0,18¢qf + 0,56¢%> — 2,222, ®)

Pacuersr moaTBepANIH, YTO BCE KOAPPUIIMEHTHI PETrPECCHOHHBIX YpaBHEHUN
3HAYUMBIL.

Jlnst HarsIHOCTH M OO0Jiee MOJTHOW OLICHKHU BIUSHUS UCCIEyeMbIX (DakTo-
poB Ha (u3nKo-Mexannyeckne moxkazarenu JBII mo ypaBuerusm (2)—(5) moctpo-
€HBI TIOBEPXHOCTH OTKJIMKAa. OHHM JAar0T pa3BepHYTOE MPEACTABICHUE O 3aBHCH-
MOCTH Ha3BaHHBIX ITOKa3aTeJed OT MPOIEHTHOTO COMEPKAHUS XBOU M Pa3MEpPOB
€€ YacTHII.
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Kak BugHO M3 mpeacTaBieHHON Ha puc. 1 rpaduueckoil 3aBUCUMOCTH U W3
ypaBHEeHUS (2), penes IPOYHOCTH MOTyYaeMbIX TUTHT BO3PACTACT MPHU YBEIHMUCHUN
coZiepKaHus NpeBecHO 3emeHu ot 2 mo 10 % u cHmKaeTcs Mpu yBEIMUEHUN 0oJiee
12 %. JlaHHBIN TIOKa3aTe b TAK)KE€ YMEHBIIIAETCS C POCTOM pa3Mepa T00aBIsIeMbIX
B OOIIyr0 Maccy 4acTull XBou; nipu yBesnmdernu ot 0,2 1o 0,8 MM — HE3HAUYUTEIIEHO
yMeHblnaercs u gocturaer 33—-34 Mlla.

Puc. 1. 3aBuCHUMOCTH TIpezenia MPOYHOCTH TIPH CTaTH-
YEeCKOM M3rn0e IUIUTHI OT CONEepIKaHUs M3METbYCHHOI
XBOHM B 00IIEH Macce U pa3MepoOB YaCTHI] XBOH

Fig. 1. Dependence of the board static bending strength
on the content of chopped needles in the total mass and
the needle particle size

I'padpuueckas 3aBucuMocCTh (puc. 2) u ypaBHeHHE (3) MOKA3bIBAIOT, YTO ITUIOT-
HOCTbh IOJY4aeMbIX IIUT BO3PACTAacT IIPU YBEIUUEHHH COACPIKAHHUS H3MEJIbUCH-
HOW XBOM M Pa3MEpOB €€ YacCTHULl M JAOCTHIaeT CBOETO MAKCHMAaJIbHOIO 3HAYCHMS
980-990 kr/m* pu nodasneHuu B 0011yI0 Maccy 15—16 % n3MenpdeHHON XBOH pa3-
mepom 0,7-0,8 mm.

4400 Puc. 2. 3aBUCMMOCTb TUIOTHOCTH TUTUTHI OT COACPKAHUS
:% 4080 M3MEJTBYCHHON XBOM B OOIIICH Macce M Pa3MEpPOB YaCTHIL
bﬂ 000 XBOM
ar 9850 Fig. 2. Dependence of the board density on the content
- of chopped needles in the total mass and the needle
- particle size
fimm ©°

® 0%

Kak cnenyer u3 npeactaBieHHbIX Ha pHC. 3, 4 rpagMUeCKUX 3aBUCUMOCTEH U
ypaBHenuii (3), (4), Bogonoromenue u Hadyxanue JIBI1 ymydmarorcs npu go6as-
JICHUW M3MEIBUEHHON XBOU. OHH BO3PACTAIOT NMPH YBEIHMUCHUN Pa3MEPOB €€ YacTHI]
u conepkanus (o 8 %) B o01eit Macce, T0CTUTasi CBOMX MAKCHUMATBHBIX 3HAUCHUN
33-34 u 22-23 % cooTBeTCTBeHHO Tipu n00aBiIeHnn 15—16 % M3MensueHHOH XBOU
u pasmepe 0,7-0,8 mm.

Puc. 3. 3aBucuMOCTh IOKa3arens BOXOMOIIONICHUS
IUTUTHI OT COZIEPKaHMsI U3MEIBIEHHON XBOU B 001IIei
Macce U pa3MepoB YaCTUI XBOH

Fig. 3. Dependence of the board water-absorbing
capacity index on the content of chopped needles in
the total mass and the needle particle size
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Puc. 4. 3aBucumocTh TOKa3arelss HAOyXaHWS ILTATHI

2
OT coneprKaHWsl HM3MENBICHHOW XBOM B OOIIel macce © 3
[-)
Y pa3MepOB YacTHI] XBOU e 28
Fig. 4. Dependence of the board swelling index on the 24
content of chopped needles in the total mass and the
needle particle size o®

C menplo uccaenoBaHus mponecca (OpMUPOBAHUSA TeJla IUTUTHI IPH 1o0aBie-
HUH M3MEJIBUCHHON XBou BhinonHeH aHanu3 ABII npu momomu nudpoBoro Mukpo-
ckora JIB-34 ¢ makcuManbHbIM yBenuueHuem 1o 100 kpart.

Puc. 5. JlunieBas miacts (a) u peOpo (6) MIUTHI C J0OABICHUEM U3MEIIBYCHHOHN XBOH,
yBennuenue 70 kpar

Fig. 5. The front face (a) and edge (6) of the board with the addition of chopped
needles, 70x magnification

AHnanu3 ¢ororpaduii (puc. 5) MOKa3bIBACT, YTO YACTHUIBl XBOU 3aIOJIHSIOT
CBOOOJIHOE MTPOCTPAHCTBO MEWKIY KPYITHBIM U CPEJHUM BOJIOKHOM.

Raxnrouenue

Takum 00pa3oMm, MoJTyUYeHHBIE B XOZ€ UCCIIEIOBAHUI CTaTHCTHYECKO-MaTeMa-
THYECKHE ypaBHEHUs, TpaQuuecKue 3aBUCUMOCTH U (oTorpaduu, OMUCHIBAIONINEC
Mpoliecc MPOU3BOJICTBA PEBECHOBOJIOKHUCTHIX IUTHUT C JIOOABICHUEM U3MENILICHHON
XBOM, MO3BOJISIOT MPOTHO3UPOBATH MOJNyYSHUE KAYECTBEHHOTO MPOIYKTa B 3aBHUCH-
MOCTH OT Pa3MEpOB YACTHUI[ XBOU M €€ MPOICHTHOTO COJACPKaHUS B 0OIIeH Macce.
AHaiu3 pe3ylbTaToB IMOKa3all, YTO 3Ha4eHHs (PU3MKO-MEXaHHMYECKHX IOKa3aTeneH
JIPEBECHOBOJIOKHUCTOM TUTUTHI TP JT00aBICHUH N3MENIFICHOM XBOU C pa3MepoM ya-
crurt 0,2-0,5 mm B obmem o6beme maccel 10—12 % cootBeTcTBYIOT rpymie b mo
I'OCT 4598-86. lcnons3oBanne xBou B mpou3Boactse /IBII mo3BoauT CHU3UTE KO-
JUYECTBO 0OPA3YIOIIUXCS JIECOCEUHBIX OTXO0B M PEIIUTh PsAJ MpoOJieM B 00IacTH
9KOJIOTHUECKOH M MOKAapHOH 0€30IacHOCTH, TIPU ATOM KayeCTBEHHBIC ITOKa3aTein
TUTATBI COXPAHSTCSL.
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Abstract. Until recently, only the trunk of a tree was recognized as valuable in the forest
industry, and everything else, including the crown, was considered waste. Logging wastes
cluttered felling sites and created a favorable environment for habitation and reproduction of
forest pests, as well as contributed to the emergence of forest fires. Today, wood greens are
used as a raw material in the logging industry for the production of pellet fuels; in the wood-
chemical complex for the manufacture of chlorophyll-carotene pastes, sodium chlorophyllin,
and coniferous healing extract; in agro-industrial production to obtain coniferous vitamin
flour. Analysis of literature sources showed that fibreboards are widely used in housing
construction as structural, finishing, and insulating materials. The advantage of fibreboards
is the ability to impart special properties to them, such as fire resistance, water resistance,
biostability, soundproofing, and heat-insulating ability by adding various components to
the fibreboard at the manufacturing stage. Studies of the effect of adding coniferous flour
on the quality indicators and physical and mechanical parameters of the finished fiberboard
have been carried out in order to solve the problem of expanding the raw material base for
fiberboard production. The possibility of using this raw material in the form of coniferous
flour in the production of fiberboard has been substantiated. The influence of the percentage
of needle flour in the total volume of wood fiber pulp and particle size on the qualitative
indicators of the material is shown. Statistical and mathematical equations and graphical
dependencies have been obtained. They allow predicting the indicators of fiberboards for
a given content and particle size of flour from coniferous greens. The optimal size of the
particles of coniferous flour and its content in the fibreboard at which the values of physical
and mechanical indicators of the finished product meet the requirements of the State Standard
GOST 4598-86 are determined.

For citation: Zyryanov M.A., Medvedev S.O., Mokhirev A.P. Effect of Addition of Chopped
Needles on the Fiberboard Quality Indicators. Lesnoy Zhurnal [Russian Forestry Journal],
2021, no. 3, pp. 125-132. DOI: 10.37482/0536-1036-2021-3-125-132
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Keywords: fiberboard, static bending strength, fibreboard density, wood greens, needles,
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Annomayus. OCHOBHBIMU (DaKTOpaMH KOHKYPEHIMH TIPOXYKIHH, MPOM3BEICHHON C HC-
TIOJTb30BAHUEM KIJICEBBIX KOMITO3UIUH, SIBISIFOTCS] TOKCHYHOCTH TOTOBBIX MaTepHaIOB, PACXO
CBIPBEBBIX M JHEPTOPECYPCOB, MPOIOKUTEIBHOCTh OCHOBHBIX TEXHOJIOTHUECKUX OIepa-
WA, YTIPaBISITE STUMH (PAKTOPaMHU MOYKHO, TIPUMEHSIS KJIEH C PA3HBIM HAIOJHEHHEM H/HIIH
Monudukanueil. Kiren Ha ocHOBe (heHOTODOPMATBACTHIHBIX M MelaMIHOKapOaMuaodop-
MaJlbIETUAHBIX CMOJI UCTIONB3YIOTCS JUIS HOTYyUYSHHUS (paHEepPhI TIOBBIIIEHHON BOTOCTONKOCTH.
Kpome cmon B cocTaB KiteeB OOBIYHO BBOJSAT OTBEPANUTEIH, HATOTHUTEIN U MOJU(DUKATOPBI,
BJIMSIOIINE HA CBOMCTBA TOTOBOW MPOAYKIMH. ASPOCHIT TEXHHYECKUN — ONUH U3 MoaHu(pu-
KaTOpOB CHHTETHYECKHUX CMOJI IIUPOKOTO CIEKTpa AercTBusA. st Hero xapakTepHsl 3 Buaa
B3aMMOJCHCTBHUSA: (hH3ndecKas ancopOIs, XuMrIecKkas agcopouus (oopazoBaHne BOIOPOI-
HBIX MOCTHKOB TPYTIIaM{ CHJIAHOJIA) U XUMHUYECKHE PEaKIINU Ha OBEPXHOCTHOM cioe. [Ipo-
AQHAJIM3MPOBAH XUMHYECKUI cocTaB adpocuiia. OcoOblid HHTEpPEC MPEICTaBIACT aTIOMUHUI
¢dropucteiit Texanuecknii (AlF,), criocoOHBII K B3anMOIEHCTBHUIO ¢ (PTOPHIAMH HIETOUHBIX
METaJUIOB ¢ 00pa30BaHMEM KOMIUIEKCHBIX COCAMHEHMH, YIyUMIAOIINX CTPYKTYPHUPOBAHHUE
monuMepa. KuceiaoTsl, BXoAsmIue B COCTaB adpocuia, cHmkatoT pH mo 2,0-3,5, mostomy mMo-
T'yT OBITh KaTaJIM3aTOPaMH IIPOLecca OTBEPXKICHNS MEJIaMIHOKapOaMu10(popMaIbIeTUAHBIX
CMOJI. BBITIOTHEHBI MicCIeI0BaHMUs BIMSHUS a3pOCHIa TEXHMYECKOTO HA CBOMCTBA KIIEEBBIX
CcHUCTeM Ha OCHOBE (peHomodopManbICTHAHOW M MeITaMHHOKapOaMuI0(pOpMaIbIeTUIHON
cmoit. OmpenienieHbl BA3KOCTh, BPEMs OTBEPIKJICHMS, CMAaYMBAIOIIAs CIIOCOOHOCTh KIIEEBBIX
kommosunuii. [TomydeHHbIe JaHHBIE CBUAETEIBCTBYIOT O BO3MOKHOCTH MPUMEHEHHUS JaHHO-
ro MOoAU(HKaTOpa B cOCTaBe PeHOIOPOPMATBICTUAHBIX H MeTaMHHOKapOaMuaohopMaibie-
THIHBIX CMOJ 70 15 Mac. 4. YCTaHOBIIEH XapakTep JeHCTBUS a3pOoCchiia Ha KJICeBbIe KOMIIO3H-
1 ¢ nomosio MK-ciekrpockonnu. AHamu3 pe3ylibTaToB MOKa3ai, YT0 JAHHOE COSTNHEHUE
CIOCOOCTBYET TIIyOOKOMY CTPYKTYPOOOpPa30BaHMIO TIOIMMEpPA 3@ CUET YBEINICHUS MOJIEKY-
JIIPHOM MAacChI MOJIEKYN. DTH CBS3H MO3BOJISIOT C(OPMHUPOBATH OoJiee CTPYKTYPHPOBAHHBIN
MOJIMEDP CO CBSI3aHHBIM (popMaibIeTHIOM. BEIMOTHEHB! HCCIeIOBaHNS BIUSHUS a9POCHIIa
Ha CBOMCTBAa TrOTOBOW MpoxyKuuu. IIpy 3TOM yCTaHOBICHO yITydIIEHHE SKCILTyaTallMOHHBIX
TOKa3aTeneil: MPOYHOCTh CKICHBAHNS YBEIMIUBACTCS, TOKCHYHOCTD (haHEPhl YMEHBIIAETCS.
Pe3ynbraThl SKCIIEPUMEHTOB BIMSHUS a3POCHIIA TEXHHYECKOTO C yYETOM COKpAILCHHUS Bpe-
MEHHU CKJIEUBAHHSI MOTYT OBITh NMPUMEHEHBI P Pa3pabOTKe TEXHOJIOTHYECKHUX MPOIECCOB
MOTyYeHNUS (paHePHI TIOBBIIICHHON BOJOCTOWKOCTH.
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Kouesvie cnosa: danepa, deHonopopmaabIeruaHas cMola, MeJIaMHHOKapOoaMumaohop-
MaJibJIerUHAS CMOJTa, MOM(UKALINS, AdPOCUIT TEXHUUECKHIA, cBOlicTBa KiteeB, MK-criekTpo-
CKOTIHSI, PEIKMMbI CKJIEUBAHUSI IIIITOHA, IPOYHOCTh MPOLYKIIUH, TOKCUIHOCTh MPOIYKIIUH.

Bseoenue

[Ipoxykuus, mpou3BeACHHAS C UCIOJIB30BAHUEM KIICEBBIX KOMIIO3HIIMMA, MO-
JKET KOHKYpUPOBaTh Ha PBIHKE, YYHMTHIBas OCHOBHBIC CACpKHBAKOIIUE (DAKTOPHI:
TOKCUYHOCTH TOTOBBIX MaTepUaliOB, PACXOJ] CHIPHEBBIX M SHEPTOPECYPCOB, TPOIOI-
JKUTEJILHOCTh TEXHOJIOIHYeCKUX ornepanuid. C IOMOIIBI0 HATOJHCHHS W/HIIK MOJIH-
(hukamuy BO3MOXKHO YIPABIIATE STUMH dakropamu [ 1-4, 8-24].

OCHOBHBIMH KOMITOHEHTAMH KIIEEB, TIPUMEHSIEMBIX ISl CKIICMBAHUS INIIOHA,
SIBIISIIOTCSL KapOaMuaohopMalbIeTuaHble, eHonIohopMallbIeTUAHbIE, PEXKE Mea-
MUHO(OPMaJbACTHIHbIE cMOJIbL. [Ipu ncmons3oBaHuU KapOaMua0(hopMatbIeT /-
HBIX CMOJI CJIOKHO TIOJIYYHUTh (aHepy BBICOKOW MPOYHOCTH U BOmOCTOMKOCTH. Kieu
Ha OCHOBE (eHOIOPOPMATBACTUIHBIX CMOJ, TIOBBIIIAIONINE BOTOCTOMKOCTh Marte-
puajna, OTINYAOTCs BBEICOKOH cebecToMMOCThI0. MermaMuHOKapbamumohopMabie-
TUAHBIE CMOJbI B 3TOM CUTyallUU SIBJISIIOTCS KOMIPOMHUCCHBIM pemieHuem [12, 15,
16]. Kpome cMmon B cocTaB KiieeB OOBIYHO BBOJSAT OTBEPAUTENH, HATIOTHHUTEIH H
MOJIU(UKATOPBI, BIUSIONIME HA CBOWCTBA rotoBod mpomykiuu [1-4, 8-31]. Ao-
POCHII TEXHUYESCKUN — ONMH M3 MOAU(PUKATOPOB CHHTETHUCCKHUX CMOJI IIUPOKOIO
criekTpa neiicteus [3]. Momudukamnms KiieeB, M3MEHSIONAs X CBOMCTBA, XapaKTep
OTBEPXKIEHUS M (PH3UKO-XUMHUYECKHE TTOKA3aTelI TOTOBOW MPOAYKIINH, TpeOyeT fe-
TaJbHOTO M3YYCHUS.

Lenp uccienoBanusi — 000CHOBaHKE BIIMSHUS a3pOCHIIA TEXHUYECKOTO B CO-
CTaBe KJICEBBIX CHCTEM Ha OCHOBE (PEHOIIO(POPMAIIBIACTUIHBIX U MEJIaMUHOKapOaMHU-
Jno(hopMaIbICrHIHBIX CMOJI Ha SKCILTyaTallOHHbBIC XapaKTePUCTUKU (haHEePhI.

Obwvexmbl u Memoobl UCCIE008AHUSL

OCHOBHBIMY MarepHajamu JUisl IPOBEACHUS HCCICIOBAaHUN ObLTU BBIOpaHBI
Oepe30BBIN IMITIOH TONIIMHON 1,5 MM, a’3poChiI TEXHUYECKHIA, (eHOIOpopMalIbIe-
TUAHAS ¥ MeJTaMUHOKapOaMu10hopMaIbIeTUIHAS CMOJTBI.

B tabn. 1 npuBeneH XuMHIeCcKuit cocTaB a3pocuna [3].

Tabnuma 1
XumMuyeckue coelMHEeHNsl, BXOAsIII[UE B COCTAB a3POCHIIa
Coenunenue | SiO, | ALO,|Fe,O;| TiO, | Na,0 | As | B,0, | B0, | P,0, | HCIl
S
O o o o =N — o ISQ) ) =
Conepxanne, | 55 S @ S =y o 5 o o e
- v S on (] (o] (e (] (] (]
% =N < < < <. <. <. <. <. <.
A o o S o = = = = =
A \Y Y v v v v v v v
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Amnanms ¢ MPUMCHCHUCM 3J'ICKTp0HH017I CKaHprIOHICﬁ MHKPOCKOIIMU ITO3BO-

JISIET MPETIOJIOKHUTh, YTO YACTHIIBI a9POCHIIA TEXHHYECKOTO UMEIOT HECKOJIBKO CIIOCB
(puc. 1, 2).

o o)
-~ ~
H \0 O Si 0 O H
\S' .
7 I\O/Sl
0 Q
/ \
H H
Puc. 1. MukpodoTorpadust aspocuiia TeXHUYC- Puc. 2. CtpykTypHas cxema 4aCTHIIbI
ckoro (yBenuuenue B 25 000 pa3) aspocuiia TEXHHUECKOTO

Fig. 1. Micrograph of technical aerosil (25,000x Fig. 2. Schematic diagram of a
magnification) technical aerosil particle

BHyTpeHHu Cciloil — 3TO SApO, NPEACTABICHHOE XUMUYECKUM COECIMHEHUEM
Si0,. 3a cyer QyHkuMOHANBHBIX cuiaaHOBBIX (Si-OH) u cumoxcanoBbix (Si-O-Si)
TPYIIIT Ha BHEIITHEM CJI0€ adpPOCHI CO3JIaeT y30pUaThlii KapKac BOJOPOIHBIX CBS3EH.
[MonsipHOCTH OOYCNIOBJICHA CBSI3bI0 KPEMHUI—KUCIIOPOA, KOTOpas XapaKTepH3yeTcs
BBICOKOU 3Hepruelt (1o 372,5 Jx/monp). Ha BHENTHEM clioe MOBEPXHOCTHBIC CHJIa-
HOJIOBBIE TPYIIIBI MOTYT OBITH CBOOOJHBIMHU HIIH COCMHEHHBIME BOJOPOIHBIMU MO-
CTHUKaMH, TIPH 3TOM OHHU PACIIOJIOKEHBI B XaOTUYHOM Topsiike. CHIIaHOBBIE TPYIIIBI
runpodoo6Hsl, cTadmibHEl (OH -cHIaHONIOBOM TPYMITBI OTHICTIISIOTCS TIPU TeMIIepa-
Type Oomnee 300 °C). Ha moBepXHOCTHOM ypOBHE MPOUCXOIUT YEPEAOBAHNE aTOMOB
KPEMHUSI ¢ TUAPOKCHWIILHOW rpynmoi u 0e3 Hee. bmarogapst sTomMy UIsi a’pocuia
XapaKTepHbl 3 BHJA B3aMMOJCHCTBUS: (pu3HyecKas aacopOuus, XUMHYECKas aaco-
pO1us (oOpa3zoBaHUE BOMOPOMAHBIX MOCTHKOB TPYIIIIAMH CHUJIAHOJIA) U XUMUYCCKHE
peakiuy Ha TOBEPXHOCTHOM CIIO€.

Jlnokcn kpeMHUsT 00NagaeT XOPOUTMMH COPOIIMOHHBIMU KadeCTBAMM, BO3-
MOKHO Tnoromienue ot 15 1o 60 % BemiecTB pa3HoO NpUPOBI 38 CUET XUMHUUECKON
(BomOpOAHBIE MOCTHKH) U (PU3HYECKOH acopOLIUH.

AHanuzupys XAMHYECKHI COCTaB a’dpocuiia, 0co00e BHUMaHHUE CIIEAyeT yie-
JWUTH amoMHUHUIO (ropuctomy TexHuueckomy (AlF;), cnocoOHOMY K B3aMMOAEH-
CTBHIO ¢ (hTOpPHIAMHU IIETOYHBIX METAIUIOB C 00pa30BaHHEM KOMILICKCHBIX COEIHU-
HEHUH, yIyqIIaonX CTPyKTypUpoBaHue monuMepa. KuciaoTsl, BXosImye B COCTaB
aspocwia, camkaioT pH g0 2,0-3,5, moaTomMy MOTYyT OBITh KaTaau3aTopaMu IpoIiec-
ca OTBEP)KICHUS MeJTaMUHOKapOaMua0(hopMalIbIeTUAHBIX CMOJT.

Onpenenenue GU3NKO-XMMUYECKUX MOKa3aTesied KIeeBbIX KOMIIO3UIHN MPO-
Boawiu ¢ ucnonb3oBarareM ['OCT 20501-2015 [7]. ITo T'OCT 9624-2009 ucnbIThI-
BaJI TOTOBBIM MaTrepuasl 10 MPOYHOCTHBIM Xapakrepuctukam [5]. MccrmemoBanue
BIIMSTHHAST a9POCHIIa TEXHUYECKOTO Ha JKCIDTyaTallMOHHBIE TTOKA3aTeNd MPOIyKITHH


https://vetconsultplus.ru/%D0%90/Adsorbcija-Himicheskaja-adsorbcija-Fizicheskaja-adsorbcija-Hemosorbcija.html

136 «3BecTus By30B. JlecHoii xxypHama». 2021. Ne 3 ISSN 0536-1036

ocymiectBisuin MetogoM WK-criekrpockonuu, Opanu pe3yabraThl OICHKH U3MEHE-
HUA HHTCHCHUBHOCTH I10JIOC IIOITIOIICHUA U HAJITUYUSA CMCHICHI/Iﬁ HUX MaKCUMYMOB.

C uenpl0 yCTaHOBIIEHUS TOKCHYHOCTH TOTOBOW MPOAYKIUH OIIPENEeIsLTH
comepkanne cBobomHoro (opmanpraeruma nepdoparopapiM mMeromom mo ['OCT
27678-2014 [6].

Pesynomamut uccredosarus u ux oocyscoerue

9KCHepI/IMeHTBI TTO3BOJIMJIM YCTAHOBUTD BJIIMAHUEC adpOCUIa TCXHUYCCKOIO Ha
CBOMCTBA KJICEBBIX KOMITO3HIHH (Ta0I. 2, puc. 3).

Tabnuna 2
Biausinue aspocuiia Ha noka3aresiu KjieeBbIX KOMIIO3UIUIH
C . JKy3HecrocoOHOCTh KileeBOH Bpewms
OCTaB KJICCBOU KOMIIO3UIINH
KOMITO3HUIINH, 9 OTBEPXKACHUA, C
C®DXK-3013 — 100 mac. u. - 580
CPX-3013 — 100 mac. 4. 8-10 560-470
Aspocun — 5...15 mac. 4.
MK®C — 100 mac. 1.
. . 68 98

XnopucTerid aMmMoHMH — 1,5 Mac. 9.
MKO®C - 100 mac. 4.
Xnopuctslit aMmMoHui — 1,5 Mac. 4. 68 92-65
Aspocun —5...15 mac. 4.
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Puc. 3. BiusitHue aspocniia TEXHUYECKOTO Ha BI3KOCTH (@) M CMaYMBAIOIYIO CIIOCOOHOCTH (6)
KJIEeBOW KOMIO3UIMN

Fig. 3. Effect of technical aerosil on the viscosity («) and wetting ability (6) of the adhesive
composition

Bs3kocTh Kiles OKa3bIBACT CYIIECTBEHHOE BIUSHME HA €0 CMaduBaIOLIyIO
CIOCOOHOCTh, PABHOMEPHOCTh HAaHECEHWS, Pacxoj KOMIIOHEHTOB. [Ipm BBemeHun
B KJIEH a’pOCHJIa TEXHUYECKOIO JTOT MOKAa3aTeNlb BO3PACTAET, COKPAIACTCS BPEMsI
OTBEpXKIEHUs Kiles, o0ecrieunBaeTcs 0ojee MIOTHBIM KJIEEeBOH LIOB ¢ MAJIBIMU yca-
JOYHBIMHU HanpspkeHUssMU. Ho ¢ yBenndueHnem BSI3KOCTH CTAaHOBHUTCS OOJIbIIE PACXOJ
KJIEsl, YTO IPUBOJUT K YIAOPOKAHUIO TOTOBOM IIPOAYKIIHH.
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CmaumBarolias criocoOHOCTh ONpeesisieTcs TyOMHON KOHJeHCAH TIOIUMe-
pa. Kieit c HM3KO# BS3KOCTBIO ITy0)ke IPOHHUKAET B ITOJIOCTH IPEBECHHBI, BO3HUKA-
IOT MYCTOTHI B KJICEBOM CJIOC, UTO TAKXKE BEACT K CHMXKCHHUIO MIPOYHOCTH CKIICUBAHUAA,
OJHOMY M3 OCHOBHBIX [TOKa3aTeJel KJIeeBbIX COeANHEHUH.

C nomompto MK-criekrpockonuu ObUT yCTAaHOBIIGH XapakTep IEHCTBUS MOIU-
(uKaropa Ha KJIEEBYIO KOMIIO3UIIMIO. B ee cocTaB BBOIMIN a3pOCHII TEXHUUECKH B
konuuectBe 10 % (puc. 4, 5).
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Puc. 4. UK-cnexrporpammsl (eHonodopmaibaeruHoi cMonbl  Oe3
a’pocuiia TEXHUYECKOTro U (peHonopopManbaeruHoin cmoisl + 10 % as-
pocuIa TEXHUUECKOro

Fig. 4. IR spectrograms of phenol-formaldehyde resin without technical
aerosil and phenol-formaldehyde resin + 10 % technical aerosil

[Monoca 3008...3030 cm! (I), oTHEcCeHHast K BaJIEHTHBIM KoJieOaHUSIM TPO-
cTOM 2pUpHOY CBSI3U, CBUICTEIBCTBYET 00 YBEIMUECHUH CKOPOCTH U TITyOUHBI TIPO-
1ecca orBepxaeHUs Kies. [loaTBepkaeHreM 00pa3oBaHUs METHJIONBHBIX TPYIII
SIBIISIETCS TIOSIBJICHHUE TTosioc B oomactu 2750...2850 cm! (I1I), n3menenne dncina
1 monokeHust cBszeilt B odmactu 2870...2970 cm! (II), 9TO TOBOPHUT O TOBBIIIIE-
HUU CTENEHH OTBEPKIACHHS CBsA3yoIIero. M3ydeHHble M3MEHEHHUsS MOKa3bIBAIOT
BO3MO)KHOCTb YCKOPEHHUs MPOIecca OTBEPIKAEHUS KIEeBONH KOMIO3UIIMN HA OCHO-
Be (eHonopopMallbJeTUIHON CMOJIBI, a CJIEeOBATENbHO, U YIIIyOJeHHs CTEICHU
OTBEPKICHUSI.

CpaBHeHHE TOYYEHHBIX CHEKTPOrpaMM IO3BOSIET HNPOHAOMIONATH CMEILECHHE
makcumyMma ¢ 1400-1000 cm! C-F no 6onee y3kux untepsaio 11001105 cm al CF,.
DTO0 cIOCOOCTBYET POCTY SHEPTUH CBSI3U MOJIEKyl Ha 5,28x103 J[>k/MOIb ¢ BO3MOXK-
HOCTBIO YBEJIMUEHHUS! KOT€3MOHHOM MPOYHOCTH KieeBoro cios. [losiBienne HOBOro
MakcuMyMma B obnactu cnekrpa 1100-1105 cm! cBuaerenscTByeT 0 Oonee ryodo-
KOM CTPYKTYypOOOpa30BaHHMHM 3a CUET MOBBIIICHUS MOJIEKYJSIPHOI Macchl MOJIMMepa.
OTMeueHHOEe MOATBEPKAAET BOSMOXKHOCTD YBEJIMUEHUS IIPOYHOCTHBIX IOKa3aTeIeh
TOTOBO MPOIYKIINH 32 CUET BIUSHUS a3POCUIIa TEXHUIECKOTO.
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Puc. 5. UK-ciekrporpammsl cMoiel Mapku MKOC: a — 6e3 aspocuina TeXHH-
yeckoro; 6 — 10 % aspocuia TeXHHIECKOTo
Fig. 5. IR spectrograms of MKFS resin: a — without technical aerosil; 6 — with
10 % technical aerosil

HaﬂbHeﬁIHHe OKCIICPUMCHTBI ObLIH HarpaBJICHbI Ha OIPEACIICHUEC BIIUA-
HUS @3pOCHJIa Ha HKCIUTYyaTallMOHHBIE TTOKA3aTeId TOTOBOM MpOoayKIuH. /s 3T0T0
M3TOTaBIMBAINCH SKCIIEPUMEHTAJIbHBIE 00pa3ubl (haHephbl, KOTOPHIE HCIIBITHIBA-
JMCh Ha MPOYHOCTh M M3YHYAINCh C TOUKH 3PEHHS COACP)KaHUs B HUX CBOOOAHOTO
¢dopmanbrernaa. TexHoJornyeckue mnapamMeTpbl CKJIECHUBaHUS (aHEepbl NpHUBeE.e-
HBI B Ta0x. 3. [lokazarenu MpoOYHOCTH W dIMHUCCHU (HOpMaJIbIETUa MPECTaBICHBI
Ha puc. 6, 7.
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Tabnuna 3
TexHonoru4ecKkne NapaMeTpbl CKIeNBAHUSA 3-cJ10iiHOI daHephI
;12;%)1171 Jasnenne | Temmneparypa Bpewms
CocTaB KJ1eeBOI KOMITO3UIINN MPECCOBaHMs, | IUTUT Mpecca, | CKIEUBaHUs,
KOMIIO3HIIUH, o
Mlla C MUH
/™2
CDXK-3013 - 100 10
- - Mmac. 4.
120-130 1,6-1,8 120 9
Abspocun —5...15 mac. 4. s
MK®C - 100 mac. . 6
Aspocun —5...15 mac. 4. 120-130 1,6-1,8 120 7
Xnopuctslit ammonuii — 1,0 mac. . I
175
17
S 1654
- = ’
22 16
£ g
2§ 155
A g 15
é % 1451
5 L4
8
Puc. 6. Biusinue aspocuna Ha Bpems = & 135 .
1,34 Bpewms cxiensanus,
CKJICUBAHUSI U TPOYHOCTH (paHepsl s f -
Ha OCHOBE (eHOIOPOPMATIbICTUI- Maccosoe co;gpmm 15
HOI (@) 1 MeTaMUHOKapOaMugohop- aspocuma, %
MaJbAETUIHON (6) CMOT a
Fig. 6. Effect of acrosil on the bonding 1,65
time and strength of plywood based I,GJ
on phenol-formaldehyde (a) and g 1,551
melamine-urea-formaldehyde  (b) & % 1s) —
. S = >
<
resins SE s
g 5
? g 1,41
8. = 135 10
=g
134 9 Bpewms CKIeHBaHHS,

5

10
MaccoBoe coaepaHue

aspocwia, %

0

MUH

YpaBHEHUS PErpeccuu, XapakTepU3YIOIINe BIUSHUE adPOCUIIa HA TIPOYHOCT-
HBbIC ITOKa3aTcIn q)aHepr, HW3TOTOBJICHHOM C MMPUMCHCHUCM KJIeeBOM KOMITO3HUIIMU Ha
ocHoBe (eHonopopmanpaeruaHon (1) u MenmaMmuHOKapOaMu0(GOpPMaIbIerHIHOMN

(2) cmom, IpeCTaBICHBI HIKE:

o = (0,673 + 0,067¢ + 0,018n,

npu 8 MuH < ¢ < 10 mMun;

ot =(),78 + 0,082¢ + 0,082n,

npu 8 MuH < ¢ < 6 MUH,

M

2

TJIe 0% — MPOYHOCTH (haHepsI MpH cKaiabiBanuu, MIla; ¢ — Bpems CKIIeWBaHUs, MUH;
1 — MaccoBOE coepKaHNe adpoCHiIa B KJIeeBoli cucteme, %o.
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w
73

Puc. 7. BnusHue aspocuina
——COXK-3013  TEXHHYECKOTO Ha COJepKaHHe
y=-04x+3,8667 CcBOOOTHOTO (OpMANIbIETHIIA B
—#=MKOC TOTOBOH TPOIYKIINU
y=-0225x+22 )

Fig. 7. Effect of technical

aerosil on the content of free

\ formaldehyde in  finished
5 10 1?5

w

»
3

(]

products

CogeprkaHne cBOGOIHOTO (hopMabIernja,
Mr/100 1 abCOMOTHO CyXOi (haHeph

—
[

MaccoBoe comep:kanne adpocuna, %

AdpOCHIT TEeXHUYECKHH OKa3bIBaeT TOJIOKUTEIBHOE BIMSHHAE Ha TTOKa3aTe-
JIU TIPOYHOCTH W TOKCUYHOCTH (DaHEepbl, yIydIlaeT ee JKCIUTyaTallnOHHBIE Xapak-
TEPUCTUKN. MOYKHO TMpPEANOI0KHUTh, YTO CKJIEUBAHHE NPH BBICOKOH TeMIeparype
(Tabim. 3) BeneT K pa3pylICHUIO JUMETUICHOBBIX CBSI3CH B KJIICEBON KOMIIO3HUIIMU HA
OCHOBE MEJIAMHUHOKapOaMuI0(pOpMabIeTHIHON CMOJIBI U 00Pa30BaHUIO METHIICHO-
BBIX CBs3eil. JlaHHBIE CBSI3M MO3BOJISIOT C(hOPMUPOBATH OoJiee CTPYKTYPHUPOBAHHBIH
TIOJINMEP €O CBsI3aHHBIM (hopmanmpaeruaoM. Kpome Toro, cuiokcanoBbie (Si-O-Si)
TPyMITEl 00pa3yroT Pa3BETBICHHBIC IEMOYKH, YTO TaKXKe CIIOCOOCTBYET CTPYKTYpO-
00pa30BaHUIO.

Raxnouenue

YCTaHOBIIEHO BIUSHUE adpPOCHIIa TEXHUYECKOTO Ha TEXHOJOTHYECKHE U IKC-
IUTyaTallMOHHbBIE II0KA3aTelld KJIEeBBIX KOMIO3ului. [lomydeHHbIe pe3ylbTarhl
CBUJICTEIBCTBYIOT O BO3MOKHOCTH €r0 MPUMEHEHUS B cOCTaBe (PeHOIOpopMalIbie-
THJIHBIX U MeJIaMUHOKapOaMu0(hopMaibIerHIHbIX CMOMI 10 15 Mac. 4. oT oOieit
Macchl. BBesienue aspocuiia 6osee 15 Mac. 4. B COCTaB KJIEEBbIX KOMITO3HUIIMI Helle-
JIeco00pa3HO C TOUKH 3PEHHUS HApacTaHUs BI3KOCTH M YBEIHUYEHHs pacxofa Kiee-
BOH KOMIIO3HIINY IS 00ECTIEYeHHsT PABHOMEPHOTO HAHECEHHUS MPH COOPKE IMaKeTOB
mnoHa. [Ipu 3ToM n0Ka3aHO yaydllleHHE SKCILTyaTallMOHHBIX MMOKa3aTeaeii TOTOBOM
MPOAYKIIUU: TPOYHOCTh CKJICUBAHUS YBEIMUMBACTCS, TOKCHUYHOCTh YMEHBIIACTCS,
BOJIOTIOTJIOIICHUE BO3PACTACT HE3HAYUTEIHHO. Pe3ynbTaTsl NCCIeTOBAHUS BIHSTHUS
a’pochiia TEXHUIECKOTO HAa TEXHOJOTUYCCKHUE M JKCILTyaTallHOHHBIC CBOWMCTBA Ma-
TEPHUAJIOB MOTYT OBITh HCITOIB30BAHbI MPHU pa3paboTKe METOIOB CKIIEHBAHUS MITIOHA.
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Abstract. The main drivers of competition among the products made with the use of adhesive
compositions are the toxicity of finished products, the consumption of raw materials and
energy resources, the duration of the main technological operations. These drivers can be
controlled by using adhesives with different fillings and/or modifications. Adhesives based on
phenol-formaldehyde and melamine-urea-formaldehyde resins are used to produce plywood
with increased water resistance. Apart from resins, adhesives usually contain hardeners, fillers,
and modifiers that affect the properties of the finished product. Technical aerosol is one of the
modifiers of synthetic resins with a wide range of action. Aerosil is characterized by three
types of interaction: physical adsorption, chemical adsorption (formation of hydrogen bridges
by silanol groups), and chemical reactions on the surface layer. The chemical composition of
aerosil was analyzed. Technical aluminum fluoride (AIF,) is of particular interest. It can interact
with alkali metal fluorides with the formation of complex compounds that improve polymer
structuring. The acids that make up aerosil reduce the pH to 2.0-3.5, so they can be catalysts
for the curing process of melamine-urea-formaldehyde resins. The effect of technical aerosil
on the properties of adhesive systems based on phenol-formaldehyde and melamine-urea-
formaldehyde resins has been studied. Viscosity, curing time, and wetting ability of adhesive
compositions were determined. The obtained results indicate the possibility of using this
modifier in the composition of phenol-formaldehyde and melamine-urea-formaldehyde resins
up to 15 pts. wt. The nature of the aerosil action on adhesive compositions was determined
using IR spectroscopy. Analysis of the results showed that aerosil promotes deep structure
formation of the polymer by increasing the molecular weight of the molecules. These bonds
make it possible to form a more structured polymer with bound formaldehyde. Studies of the
effect of acrosil on the properties of finished products were carried out. At the same time, an
increase in performance indicators was found: the strength of adhesion increases, the toxicity
of plywood decreases. The results of experiments on the effect of technical aerosil, taking into
account the reduction of bonding time can be applied in the development of technological
processes for obtaining plywood of high water resistance.
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Abstract. The aim of the work was to investigate the influence of pruning on wood composition
in different morphological parts of the Norway spruce (Picea abies (L.) Karst.) trees, including
heartwood and sapwood compared to normal trees as a reference. Pruning intensity during
that treatment was 35—41 % of the total length of the crown for the trees with the average
and less than average diameter at breast height and 28 % for the trees with diameter at breast
height higher than the average. Components composition of acetone soluble extractives
was analysed by gas chromatography with long and short columns, and their molar mass
distribution was analysed by gel permeation chromatography. The following was determined
in the pre-extracted wood tissues: cellulose (acid hydrolysis — gas chromatography); lignin
(Acetyl Bromide method) and hemicellulose and pectins composition (acid methanolysis —
gas chromatography). Acetone-soluble wood extractives are a complex mixture of different
groups of organic compounds, i.e. both lipophilic and polar substances. The high-performance
gel permeation chromatography analysis revealed the dominance of triglycerides, steryl esters,
fatty and resin acids in the obtained extracts. The amount of monosaccharides in the extracts
was also substantial. The chemical composition of wood tissues of the reference and pruned
trees was almost similar. Compared to the reference trees, the wood samples of the pruned
trees showed increased amounts of resin acids in sapwood, high amounts of lignin and double
amounts of fructose in both sapwood and heartwood. The analysis results can be explained by
response of trees to their pruning as a defense mechanism against plant pathogens and must
be a result of the current physiological activity of those trees, possibly related to differences
in crown sizes.
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Introduction

Increasing forest productivity and improving wood quality is one of the
priorities in silviculture. It is obvious, that the intensification of silviculture is
essential to increase forestry profitability.

One of the main criteria of successful operation of timber industry segments
(timber, furniture, pulp and paper production, etc.) is the quality of wood raw
material. Such indicators as knot presence, wood density, and fiber length affect the
quality of the final product and its production cost.

The most effective way to improve the quality of grown wood is pruning,
which is not widely spread in Russian silviculture nowadays. If branches are
removed in due time and this procedure is carried out in conjunction with thinning
and fertilization (as a rule, at the stage of commercial thinnings), the amount of
high-quality knot-free wood increases resulting in higher volumes of the best
varieties of sawn timber and merchantable assortments (e.g. resonant, aviation,
etc.) as well as plywood veneer as a result of peeling [1].

Pruning increases trunk quality; improves the aesthetic appearance of stands
and individual trees in landscape design; decreases the class of fire danger for
stands; increases the resistance of stands to windfalls, snowstorms, entomo- and
phyto-pests. It was found out that the cost of trimming branches on growing spruce
trees and cutting off branches during logging is practically the same [3]. Thus, it
means that this operation should be carried out in an earlier period (40-50 yrs prior
to the final felling).

This method of improving the quality of produced wood is known from
ancient times [2, 5]. In the history of Russian forestry, the first experiments on the
cultivation of trees with valuable timber were carried out in the middle of the 18th
century on the territory, which currently belongs to the Republics of Chuvashia,
Mari El and Tatarstan. The work was carried out in oak forests (stands designed for
producing timber for shipbuilding) under the guidance of foremen M. Zelcher and
I. Valentine (students of the famous forester F.G. Fokel). Over 100,000 trees were
treated [2]. This silvicultural technique did not become widely used in Russia and
was conducted only for experimental purposes.

Currently pruning is considered to be obligatory in silvicultural treatment
as it increases the profitability of capital investments [7] and it is used in highly-
developed countries [6, 12, 16, 19, 22, 23].

In Finland, for example, this operation is carried out annually in the area of
2,000-4,000 ha and its estimated cost is about two mln euros. Between 1983 and
2013 166,400 ha were treated by pruning [15]. It is known that the tree crown of
coniferous species is the physiological center that controls the process of wood
formation inside the trunk [4]. Therefore, controlling the crown parameters
by removing the lower dry and live branches without leading to depression in
the growth of the tree makes it possible to grow wood with a homogeneous,
knot-free structure, which increases its acoustic, physical and mechanical
properties.

However, we still do not know how deep changes in the physiology of wood
formation from the chemical point of view are, i.e. what the chemical composition
of coniferous species after pruning is.
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The aim of the work was to investigate the influence of pruning on spruce
wood composition in different morphological parts of the tree, including heartwood
and sapwood compared to normal trees as a reference.

Materials and methods

Origin of the research object. The studies were carried out in the stands of
Norway spruce (Picea abies (L.) Karst.), created in 1956 in the Taitsky forest sub-
district of the Gatchina forest district (compart. 28, allot. 2) of the Leningrad Region,
Russia. These experimental stands were planted on the territory, where the original
trees were harvested in 1940, and then it was naturally afforested by low-value
deciduous species (mainly aspen and partly alder, and birch) until the experimental
plot was founded there in 1956; the canopy density at the area is 0.6. The stands are
located on flat terrain with loamy and moist soil. The ground cover: Aegopodium
podagraria, Geranium pratense, Convallaria majalis, Oxalis acetosella. Forest
type — Picea abies-Oxalis acetosella, site index/bonitet — I-Ia.

In 1985 the laboratory of forest plantations of the Saint-Petersburg Research
Institute of Forestry (SPbNIILKh) established permanent experimental plots (PEP)
No. 157, 158, 159, and 160 (reference plot) in order to test the technology of growing
high-quality wood with different density of stands. The trees of all the growth classes
were single-pruned up to the height of 7.5 m.

Pruning intensity during that treatment was 3541 % of the total length of
the crown for the trees with the average and less than the average diameter at breast
height (DBH) and 28 % for the trees with DBH higher than the average. The branches
were removed with handsaws (up to the height of 2.0 m) and with a device, designed
by LenNIIILH (previous name of SPbNIILKh). The pruning period was from July to
October 1985. The cuts were made without damaging the bark, flush with the surface
of the trunk. The stand enumeration at all the PEPs was carried out every five years,
starting with the 29-year-old ones.

At present, these permanent plots are highly productive plantations of
considerable scientific value (fig. 1).

Fig. 1. Trees with their branches pruned up
to 7.5 m, the Taitsky forest sub-district of the &
Gatchina forest district, compart. 28, 2016 &
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Characteristics of the research object. The trees of a large-size category were
analysed in this study: six trees with pruned branches and six reference trees.

Preparation of wood samples for analysis. The wood samples were the kerns
taken with an age borer from each tree at the altitude of 1.3 m from the soil level.
They were immediately frozen and stored in the dark in hermetically sealed plastic
bags at the temperature of —24 °C. Immediately before the analysis, the samples were
unfrozen, then the heartwood and the sapwood were visually marked (fig. 2).

a b
Fig. 2. Kerns from the reference (a) and pruned () spruce trees

The sapwood was separated from the bark and the heartwood in the tangential
direction with a knife and divided into 2-3 mm thick wood chips. They were dried in
a freeze-dryer and ground with an MF 10 Basic mill (IKA-WERKE, GMBH & Co.
KG, D-79219 Staufen, Germany) equipped with a 1-mm sieve.

Isolation of the extractives. Freeze-dried and milled wood was extracted with an
Accelerated Solvent Extractor 200 (ASE200, Dionix, USA). 5 g of the wood sample
was placed in a 33-mL stainless steel ASE-cell and extracted with acetone:water
(95:5 v/v) in a nitrogen atmosphere at the temperature of 100 °C and the pressure of
2,000 Psi during 10 min (5 minx2 times). The extracts were quantitatively transferred
in 50 mL measuring flasks and these volumes were adjusted with acetone.

Gravimetric analysis of the extractives. 20 mL of the extract solution was
transferred into a pre-weight test tube and evaporated with a nitrogen flow on a water
bath at the temperature of 40 °C. The residue was finally dried in a vacuum-desiccator
for 1 h and weighed.

GC-analysis of the extractives. 0.5 mL of the extract was transferred in to
a 10 mL test tube equipped with a hermetically sealing Teflon-coated screw cap;
4 mL of internal standards in methyl-zert-butyl ether (MTBE) solution, containing
exactly 0.02 mg/mL of each: heneicosanoic acid, cholosteryl heptadecanoate,
1,3-dipalmitoyl-2-oleyglycerol (Sigma Chemical Co., St. Louise MO, USA)
and betulinol (isolated and purified in the Laboratory of Wood and Paper
Chemistry at Abo Akademi University, Finland) was added; the tube content was
evaporated with a nitrogen flow in a water bath at 40 °C. After additional drying
in a vacuum-desiccator at 40 °C for 30 min, the extractives were silylated with
200 pL of BSFTA:TMCS:Pyridine (4:1:1 v/v/v) at room temperature overnight
in the dark.
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The extractives were analysed by a Gas Chromatography (GC) method using
short and long capillary columns. The group analysis of high-boiling steryl esters
and triglycerides was performed with the short column. The long column was used
to determine the component composition of fatty and resin acids as well as the other
relatively low-molar-mass compounds.

The GC-analysis on the short column was performed with a GC-instrument
Perkin Elmer Clarus 500 equipped with a capillary column HP-1 (7 mx0.53 mm,
film thickness 0.15 pm). The protocol for the column oven was as follows: starting
temperature 100 °C, hold time 0.5 min, temperature increase rate 12 °C/min, end-
temperature 340 °C, hold time 5 min. The injector was a programmable evaporator
with the protocol: starting temperature 80 °C, hold time 0.1 min, temperature increase
rate 50 °C/min to 110 °C, then with the rate of 15 °C/min, end-temperature 330 °C,
hold time 7 min. Hydrogen with the flow rate of 7 mL/min was used as a carrier gas.
The GC-instrument was equipped with a Flame-Ionization Detector (FID) heated at
350 °C. The sample volume was 3 pL (direct injection into the column).

The GC-analysis on the long column was performed with a GC-instrument
Perkin Elmer Auto SystemXL equipped with capillary columns: channel A - HP-1
(25 mx0.2 mm, film thickness 0.11 pm); channel B - HP-5 (25 mx0.2 mm, film
thickness 0.11 pum). The protocol for the column oven was as follows: starting
temperature 120 °C, hold time 1 min, temperature increase rate 6 °C/min, end-
temperature 320 °C, hold time 15 min. The injector was a programmable evaporator
with the protocol: starting temperature 160 °C, temperature increase rate 8 °C/min
end-temperature 260 °C, hold time 15 min. Hydrogen with the flow rate of
0.8 mL/min (20 mL/min including split) was used as a carrier gas. The GC-instrument
was equipped with a Flame-Ionization Detector (FID) heated at 310 °C. The sample
volume was 3 pL (split 1:24).

Gel Permeation Chromatography (GPC) of the extractives. The molar
mass distribution of the extractives was analysed by an HP-GPC (Shimadzu
chromatographic system; LC-10ATVp, SIL-20AHT, CTO-10ACvp equipped with
two Jordi Gel DVB 500A columns (300 mmx7.8 mm) and a similar guard column
(50 mmx7.8 mm),and a SEDERE SEDEX 85 LT evaporative light scattering detector
(ELSD). The sample concentration was adjusted to ca 1 mg/mL of the extractives
(based on the above-mentioned gravimetric determination). Tetrahydrofuran (THF)
with 1 % acetic acid was used as eluent with the flow rate of 0.8 mL/min. The
injection volume was 50 pL.

GC-analysis of mono-/disaccharides. Mono-/disaccharides in the extracts
were determined with GC after the direct silylation of freeze-dried aliquots.
Dry sample silylation was performed with a mixture of BSTFA:TMCS:pyridine
(4:1:1 v/v/v) at ambient conditions overnight. The silylated samples were then
analysed by a GC-FID using a PerkinElmer Clarus 500 gas-chromatograph
equipped with PH-1 (25 mx0.2 mm, 0.11 um film thickness) and PH-5 (25 mx
x(0.2 mm, 0.11 pm film thickness) capillary columns, with the oven temperature
programming: starting temperature 100 °C, hold time 8 min, temperature increase
rate 2 °C/min to 170 °C, then with the rate of 12 °C/min, end-temperature 310 °C,
hold time 7 min. The temperature of the injector and the detector was 250 °C and
320 °C, respectively. The sample injection volume was 1 pl and the split ratio 1:30.
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Mono- and disaccharides were quantified against xylitol using correction factors,
which were determined by a separate analysis of authentic mono-/disaccharides.

Analysis of hemicelluloses and pectins. To characterize the chemical
composition of hemicelluloses and pectins in the wood samples acid methanolysis
and GC were applied [26].

3 mg of the pre-extracted with acetone:water (95:5 v/v) and dried wood sample
were weighed (£0.01 mg) in a 10 mL pear-shaped flask, equipped with a hermetically
sealing Teflon-coated screw cap. 2 mL of 2M HCI in dry methanol were added to
the flask, which was then hermetically screwed and heated in an oven at 105 °C for
5 h. During the methanolysis, the flask was carefully shaken 5 times avoiding wood
particles on its wall. After the methanolysis, the flask was cooled down in the air,
opened and the residual acid was neutralized with 200 pL of pyridine. 1.5 mL of the
internal standard (0.1 mg/mL of sorbitol in methanol) was added to neutralize the
solution and the solvent was evaporated with a nitrogen flow at 40 °C. The content
was additionally dried in a vacuum-desiccator at 40 °C for 40 min and silylated with
200 pL of HMDS + 100 pL of THMS + 150 pL of pyridine overnight.

The TMS-derivatives of sugars and uronic acids were analysed with the GC
method using a Varian 3400 instrument equipped with a capillary columns HP-1
(25 mx0.20 mm; film thickness 0.11 pm) and HP-5 (25 mx0.20 mm; film thickness
0.11 pm). The protocol for the column oven was as follows: starting temperature
100 °C, temperature increase rate 4 °C/min to reach the temperature of 175 °C,
then the temperature rate was changed to 12 °C/min, end-temperature 290 °C,
hold time 5 min. Hydrogen with a flow rate of 1 mL/min was used as a carrier gas.
The injector was a conventional evaporator heated at the temperature of 260 °C.
The GC-instrument was equipped with a Flame-Ionization Detector (FID) heated at
290 °C. The sample volume was 0.8 pL (split 1:20).

Analysis of cellulose. Cellulose content in the wood samples was analysed by
acid hydrolysis combined with GC [26].

10 mg (£0.01 mg) of the pre-extracted with acetone:water (95:5 v/v) and
dried wood sample were weighed in a 10 mL test tube equipped with a Teflon
coated screw cap. Another test tube with 5 mg (£0.01 mg) of dried pure cotton
linters was used to provide the overall calibration of the method. After adding a
small glass ball to each test tube, both of them were placed in to the ice bath.
0.2 mL of 72 % H,SO, was added to the cooled test tube with the sample, visually
ensured that the wood sample was wetted with the acid; the tube was kept at the
ambient temperature for 2 h. During that 2 h of the impregnation stage, the air from
the wood pores was 4-5 times evacuated in a vacuum-desiccator and the testing
tube was thoroughly shaken with a laboratory shaker. 0.5 mL of deionized water
was added to the test tube and the content was shaken every 20 min for 4 h at the
ambient temperature; then 6 mL of deionized water was added and the reaction
content was kept overnight.

Hydrolysis of the wood sample was performed under pressure in the autoclave
at 125 °C for 90 min (CertoClav Stem-sterilizer CV-EL 10 1/12 1, Sterilizer GmbH,
Traun, Austria). When the test tube was cooled down, a few droplets of 0.04 %
bromcresol green was added into the hydrolysate, then it was neutralized with BaCO,
(the indicator turned colour from yellow to blue), 1 mL of 5 mg/mL of sorbitol in
water (internal GC standard) was added and thoroughly mixed. The suspension in
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the test tube was centrifuged for 60 min at 1500 rpm. 1 mL aliquot of supernatant
was pipetted into an empty test tube equipped with a Teflon coated screw cap; the
neutralized hydrolysate was evaporated with a nitrogen flow at 40 °C (2 portions of
2 mL of acetone was added to assist water removal). Finally, the hydrolysate sample
was dried in a vacuum-desiccator at 40 °C for 40 min and silylated with 100 pL
pyridine + 170 uL HMDS + 75 pL TMCS overnight at room temperature.

TMS-derivatives of sugars were analysed with a Varian 3400 gas chromatograph
using the conditions for hemicelluloses and pectins as described above.

The cellulose content in the sample was calculated based on the amount of
glucose obtained by acid hydrolysis minus glucose obtained from hemicelluloses,
i.e., glucose in galactoglucomannan determined by acid methanolysis as described
above, and minus glucose in mono-/disaccharides (monomeric glucose and glucose
unit in sucrose).

Analysis of lignin. Lignin in the wood sample was determined by the Acetyl
Bromide (AcBr) method [18]: 4 mg of pre-extracted and dried wood sample were
weighed in a 10 mL test tube equipped with a Teflon coated screw cap and added
5 mL of 25 % AcBr in glacial acetic acid and 0.2 mL of perchloric acid. The tube
content was heated at 70 °C for 30 min until total wood dissolution. The test tube was
then cool down to room temperature, its content was transferred to S0mL measuring
flacks containing 10mL 2M NaOH + 12 mL glacial acetic acid. After adjusting
the solution with acetic acid to desired 50 mL volume level its UV-absorption at
280 nm was measured using a Perkin-Elmer Lambda 40 UV-VIS spectrometer
(Perkin Elmer, Inc., Norwalk, Connecticut, USA). For UV-absorption measurement
was used calibration with spruce milled wood lignin (MWL).

Results and discussion

Dynamics of wood growth and formation. The long-term stationary research
resulted in developing a new technology of growing high-quality timber of Norway
spruce [1]. This technology includes the selection of stands and trees, promising
for further cultivation; the determination of the optimal height and diameter of the
treated trees, as well as their age for one-, two-, and three-stage pruning; the age
limit suitable for the treatment; the number of removed and left whorls (intensity of
pruning); the season of the treatment; the number of trees to be treated per ha; the
required tools, the methodology of using the tools, etc.

Based on the growth of the 80-year-old model spruce trees (site index/bonitet —
Ia), the potential increase in the volume of high-quality knot-free wood per ha was
calculated. The amount of this wood will be 150—180 m3/ha by the harvesting age [1].
Since this type of wood is considerably more expensive (by 4—10 times according to
different sources) than the non-treated, pruning should be considered as a perspective
investment.

Extractives. The total amount of acetone-soluble extractives (gravimetric
analysis) was found to be higher in sapwood than in heartwood, i.e. 15.4-18.1 mg/g
wood versus 12.9-11.1 mg/g wood, respectively for the reference and pruned trees
(table 1). The abundance of extractives in sapwood is well established and, probably
related to living parenchyma cells, which serve as the foundation of the ground tissue
system in trees.
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Table 1

Extractives isolated from the sapwood and heartwood from the pruned and reference
spruce trees, ng/g wood

Component Sapwood Heartwood
Reference Pruned Reference Pruned
Total extractives (gravimetric analysis) 15,400 18,100 12,900 11,100
Fatty acids
14:0 12.2 10.6 2.8 32
16:1 12.6 13.5 8.9 7.0
16:0 87.4 101.3 30.8 333
17:0 31.1 37.2 28.5 16.3
18:3 48.2 46.5 157.2 150.8
18:2 81.0 97.9 252.5 237.6
18:1(9) 97.0 131.1 96.4 75.9
18:1(11) 21.9 28.3 28.4 243
18:0 26.9 34.2 18.2 16.9
20:3 12.0 15.4 29.2 27.5
20:0 17.7 23.5 6.9 9.7
22:0 17.8 17.2 39.6 323
24:0 21.1 16.3 52.1 38.0
Sum 486.9 573.1 751.4 673.0
Resin acids
Pimaric acid 52.2 62.2 40.3 31.1
Sandaracopimaric acid 108.6 140.1 81.8 68.7
Isopimaric acid 185.4 231.5 147.4 117.4
Palustric acid 26.2 54.5 51.9 37.0
Levopimaric acid 2.3 4.2 6.0 6.1
Dehydroabietic acid 701.3 917.9 527.3 439.9
Abietic acid 459 55.5 78.4 57.7
Neoabietic acid 5.8 12.5 16.1 11.9
Sum 1,127.6 1,478.3 949.2 769.6
Saturated fatty alcohols
Docosanol 51.2 57.0 56.6 53.1
Tetracosanol 40.5 36.3 80.3 65.1
Sum 91.7 93.4 137.0 118.2
Lignans
Todolactol(1) 2.7 2.9 4.0 2.6
Todolactol(2) 42.4 16.2 76.9 72.2
Isolariciresinol 3.9 4.3 4.0 2.6
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Table 1 ending

Component Sapwood Heartwood
Reference Pruned Reference Pruned
Lignans
Secoisolariciresinol 9.8 53 30.1 28.9
Conidendric acid 54 2.5 19.3 16.1
Matairesinol 9.0 4.8 28.9 21.1
Lignan A 4.9 8.8 9.0 8.5
HMR(1) 15.0 6.6 105.9 77.7
HMR(2) 103.5 352 354.7 234.1
Conidendrin 12.1 7.3 16.4 21.1
Pinoresinol 7.2 5.2 18.9 18.4
Sum 2159 99.2 668.1 503.2
Sterols
Campesterol 38.7 36.7 70.7 59.5
Campestanol 7.1 8.4 10.2 9.3
Sitosterol 93.1 77.3 219.9 175.9
Sitostanol 33.9 34.0 42.6 37.7
Sum 172.8 156.4 343.4 282.4
Triterpenes
Squalene 10.1 22.7 12.2 11.8
Lupeol 4.9 3.7 2.7 1.6
Cycloartenol 3.2 32 5.8 6.3
Methylcycloartanol 4.8 53 7.3 7.5
Sum 23.0 34.9 28.2 27.2
Steryl esters and Triglycerides
Steryl esters 373.4 477.9 1021.6 918.0
Triglycerides 551.5 616.5 489.7 351.8
Mono-/di-saccharides
Galactose 65.1 90.8 13.7 9.1
Glucose 160.8 172.9 249 106.3
Fructose 1,055.4 2,093.6 75.0 136.8
Saccharose 24.2 14.7 15.1 19.1
Sum 1,305.4 2,372.0 128.8 271.3
Total extractives (GC-analysis) 4,348.2 5,901.8 4,517.3 3,914.7

The acetone-soluble wood extractives are very complex mixtures of different
groups of organic compounds and mainly consist of both lipophilic and polar substances
(fig. 3, table 1). The GPC analysis revealed the dominance of triglycerides, steryl
esters, fatty and resin acids in the obtained extracts. The amount of monosaccharides
in the extracts was also substantial.
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Fig. 3. GPC chromatograms of the extractives from the sapwood and heartwood
of the pruned spruce tree

It should be noted, however, that monosaccharides are almost not soluble in
THF (eluent in the GPC analysis), so the real amount of them in the acetone-soluble
extractives should be much higher than shown in the GPC chromatogram.

The differences between group compositions of the extractives from the
sapwood and heartwood were mostly quantitative. The sapwood extractives contain
a bit more triglycerides, resin acids, and monosaccharides (THF-soluble part). On
the contrary, the heartwood extractives included a higher quantity of steryl esters
and fatty acids. The component composition of the acetone-soluble extractives from
different wood tissues from the reference and pruned trees is shown in table 1.

Resin acids in sapwood were the dominating group of the extractives obtained
from the pruned trees, amounting to 1,480 pg/g wood. The higher content of resin
acids in sapwood from the pruned trees compared to that from the reference trees
(1,130 pg/g wood) was mostly due to the higher content of dehydroabietic acid
(920 pg/g wood) as well as isopimaric (230 pg/g wood) and sandaracopimaric
(140 pg/g wood) acids. Such differences in resin acid content in sapwood between the
reference and pruned trees can be explained by the defense mechanism of wounded
trees against plant pathogens, induced by pruning [11, 13, 17].

The amount of resin acids in heartwood was also high, but lower than that
in sapwood, i.e. 950 pg/g wood and 770 pg/g wood in the reference and pruned
trees, respectively. The most abundant resin acid in heartwood was dehydroabietic
(530 pg/g wood and 440 pg/g wood in the reference and pruned trees,
respectively).

Steryl esters in heartwood comprised the second most abundant group of the
extractives of both reference and pruned trees, i.e. 1,020 pg/g wood and 920 pg/g
wood, respectively. This was several times higher than the steryl esters content in the
corresponding sapwood.
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Fatty acids represented the third abundant group of the extractives. Their
content in the heartwood of both reference and pruned trees was slightly higher than
that in the sapwood, i.e. 750—670 pg/g wood versus 490-570 pg/g wood, respectively.
The individual compounds dominating in this group were unsaturated acids C18:2,
C18:3, and C18:1(9), which together comprised more than 65 % of the fatty acids
from all heartwood samples. In sapwood, the most prominent fatty acids were C16,
C18:2, and C18:1(9), which covered more than 50 % of the fatty acids in all sapwood
samples.

Triglycerides amount in the extractives was similar to that of the fatty acid
group. More triglycerides were found in the sapwood of both reference and pruned
trees in comparison with the heartwood, i.e. 550-620 pg/g wood versus 490-350 pg/g
wood, respectively. This difference in triglycerides distribution between sapwood and
heartwood is typical for a healthy spruce tree and well documented in the literature
[20, 29].

Lignans content in heartwood was substantial and several times higher
compared to sapwood. Their content in the reference trees was higher than that in
the pruned trees, i.e. for sapwood it was 220 pg/g wood versus 100 ug/g wood,
respectively; for heartwood — 670 ug/g wood versus 500 pg/g wood, respectively.
High lignan content in heartwood compared to sapwood is in good agreement with
the literature data [29]. Hydroxymatairesinol isomers HMR(1) and HMR(2) were the
most prominent in this group of extractives from all the trees and amounted to more
than 40 and 60 % of total lignans in sapwood and heartwood, respectively.

Sterols, a typical group of extractives found in spruce wood; their distribution
pattern in a tree stem was similar to steryl esters, i.e. more sterols were found in
heartwood than in sapwood: 340-280 ug/g wood versus 170—160 pg/g wood in the
reference and pruned trees, respectively. Sitosterol was the most abundant compound
in this group of extractives; it amounted to more than 50 % of total sterols in all the
trees.

Saturated fatty alcohols were represented in the extracts by two compounds,
i.e. docosanol and tetracosanol. Their content in heartwood was notable and a bit
more prominent than that in sapwood, i.e. 140-120 ug/g wood versus 90-80 ug/g
wood in the reference and pruned trees, respectively.

Triterpenes were also found in all the extracts in a small and approximately the
same quantity in the range of 20-30 png/g wood. The most prominent compound in
this group of extractives was squalene, it constituted about half of their total amount.

Mono-/di-saccharides represented a large portion in the sapwood extracts
from all the trees, i.e. 1,310 pg/g wood and 2,370 pg/g wood in the reference and
pruned trees, respectively. In heartwood the amount of those sugars was found to
be dramatically lower, i.e. 130 pg/g wood and 270 pg/g wood in the reference and
pruned trees, respectively. Fructose was the most prominent monosaccharide in the
sapwood (80-90 % of extracted sugars) and heartwood (50—-60 % of extracted sugars)
from all the trees. Such differences in sugar content from different wood tissues are
well known; they reflect the biological activity of the living versus dead parts of a tree
(sapwood versus heartwood). In this case, it’s relevant to note, that both sapwood and
heartwood contained a double amount of fructose in the pruned trees compared to the
reference trees. As sugars reserves are produced in a tree by the photosynthesis in the
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leaves, this could be an interesting phenomenon, probably related to trees pruning
and the size of the crown [8].

Hemicelluloses and pectins are the second abundant group of plant constituents
and structural compounds of a wood cell wall. They are a complex mixture of different

heteropolysaccharides built up with pentose and hexose sugar units, including uronic
acids (table 2).

Table 2

Composition of hemicelluloses and pectins in the sapwood and heartwood
from the pruned and reference spruce trees

Sapwood Heartwood
Reference Pruned Reference Pruned
Component

mg/g | sugars | mg/g | sugars | mg/g | sugars | mg/g | sugars

wood | ratio | wood | ratio | wood | ratio | wood | ratio
Mannose 103.6 | 6.8 1132 | 6.6 | 1203 | 54 |113.8| 5.4
Glucose 313 2.1 35.2 2.0 42.8 1.9 41.5 2.0
Galactose™ 15.1 1.0 17.2 1.0 22.1 1.0 21.2 1.0
Xylose 38.9 9.3 40.8 8.9 54.0 8.8 53.4 8.6
Arabinose 9.7 2.3 9.2 2.0 12.4 2.0 11.9 1.9
Glucuronic acid 0.7 0.2 0.5 0.1 1.0 0.2 0.9 0.1
4-0O-Me-Glucuronic acid | 4.2 1.0 4.6 1.0 6.1 1.0 6.2 1.0
Galacturonic acid 10.4 5.5 11.8 6.2 15.0 5.8 14.7 59
Rhamnose 1.9 1.0 1.9 1.0 2.6 1.0 2.5 1.0

Total 215.8 234.5 276.3 266.0

*Some galactose units may also originate from galactan.

In spruce, galactoglucomannan (GGM) is the dominating hemicellulose: 150—
166 mg/g wood and 185—176 mg/g wood in sapwood and heartwood, respectively. The
sapwood in the pruned trees contained about 10 % more GGM than in the reference
tree. On the other hand, a bit more GGM (ca 5 %) was found in the heartwood of
the reference tree than from the pruned tree. It is possible, that GGM in the sapwood
was less branched than in the heartwood since the ratio between mannose+glucose
(main backbone sugar units) and galactose (a side chain sugar unit) was higher for
sapwood (8.9/1 — 8.6/1) than for heartwood (7.3/1 — 7.4/1). However, a small amount
of galactose units may also originate from galactan.

Xylan is a minor hemicellulose in spruce; it contains arabinose and uronic
acids in the side chains and thus, carries the anionic charge. Xylan exhibited lower
content in sapwood (54-55 mg/g wood) compared to heartwood (74—72 mg/g wood),
which followed the distribution patterns for GGM [9, 25]. Differences between xylan
distribution in wood tissues from the reference and pruned trees were not clear.

Pectins in spruce wood usually exist in a small (ca 1 %) quantity. They are
highly charged polysaccharides due to a large amount of galacturonic acid, which is
methyl esterified to a high degree in native wood [21]. Similar to GGM and xylan,
pectin content in the sapwood was lower than in the heartwood from all the trees,
i.e. 12.3-13.7 mg/g wood versus 17.6—17.1 mg/g wood, respectively. Based on the
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ratio between galacturonic acid (main backbone sugar unit) and rhamnose (side chain
sugar unit) it can be suggested, that pectins in sapwood/heartwood from the pruned
trees were less branched than those in the wood tissues from the reference trees.
Lignin is a structural compound of the cell wall and the third abundant
compound in wood. The content of lignin in different wood tissues from all the trees
varied greatly (table 3). The results clearly indicate that heartwood contains more
lignin compared to sapwood, as previously reported by [9, 14]. It appears, that in
comparison to the wood from the reference trees the pruned trees were more lignified.
Substantially more lignin was found in the sapwood from the pruned trees than from
the reference trees, i.e. 257.3 mg/g wood and 237.9 mg/g wood, respectively. Similar
lignin distribution profile was found in the heartwood: 294.2 mg/g wood versus
272.6 mg/g wood of lignin in wood from the pruned and reference trees, respectively.

Table 3
Lignin and cellulose content in the sapwood and heartwood
from the pruned and reference spruce trees, mg/g wood
Sapwood Heartwood
Component
Reference Pruned Reference Pruned
Lignin 237.9 257.3 272.6 294.2
Cellulose 458.8 437.4 423.8 415.2

Lignin contributes not only to the mechanical strength of trees but can
also serve as a barrier for pests and pathogens, playing an important role in the
biodefense mechanism [10, 28]. Such regulation of lignin synthesis in wood as
a defensive response to the tree damage caused by pruning seems to be a logical
explanation of the high lignin content in the wood of the pruned trees compared to
the reference trees.

Cellulose is the principal structural compound of the wood cell wall. Its
distribution pattern between sapwood and heartwood was found to be inverse to
the corresponding lignin content, i.e. more cellulose in sapwood than in heartwood
(table 3). This is a well-established statement for coniferous wood species [9, 24,
27].

It was found that both sapwood and heartwood from the reference tree con-
tained more cellulose than those from the pruned tree, i.e. 458.8 mg/g — 423.8 mg/g
wood versus 437.4 mg/g —415.2 mg/g wood, respectively. The low cellulose content
in the sapwood/heartwood from the pruned tree can be due to the high amount of
lignin in those wood tissues, as described above.

Conclusion

Spruce tree pruning is a well-known forestry technology resulting in high-
quality knot-free wood with considerably high mechanical properties and value.
The chemical composition of wood tissues of the reference and pruned trees was
almost similar. However, compared to the reference trees, in the wood tissues from
the pruned trees, there was found: a higher amount of resin acids in sapwood; high
lignin amount in both sapwood and heartwood; the double amount of fructose in both
sapwood and heartwood.
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The first two phenomena can be explained by the response of trees to their
pruning as a defense mechanism against plant pathogens. The last one must be a result
of the current physiological activity of those trees, possibly related to differences in
crown sizes.
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Annomayus. 1ens nccnenoBanus — n3y4eHUe BIUSHNS 0OpPE3KH BETBEH HAa XUMHUYECKHI CO-
CTaB JIPEBECHUHBI eJu eBporieiickoil (Picea abies (L.) Karst), Bkiitouast sSiipoByI0 JpEeBECHHY
1 3a00JI0Hb. B KauecTBe KOHTPOJIBHOW HCIIONB30BaNach JPEBECHHA JIEPEBbEB, HE TIOJIBEP-
THYTBIX 00pe3ke. IHTEHCUBHOCTD yAajeHus 4acTu BeTBed cocrasisuia: 35-41 % ot oOiueit
JUTMHBI KPOHBI — y JIEPEBBEB CO CPETHUM U MEHEE CPEJJHEro JMaMeTPOM Ha BBICOTE I'PYIH U
28 % — y JepeBbeB C JMAMETPOM BbINIE cpeiHero. KoMIIOHEHTHBII COCTaB pacTBOPUMBIX
B aIlCTOHE YKCTPAKTUBHBIX BEIIECTB ObUI MPOAHAIM3HPOBAH MOCPEACTBOM ra30BOH Xpoma-
Torpaduu Ha JUIMHHOM M KOPOTKOH KOJIOHKaX, MOJISIPHO-MACCOBOE paclpe/ieliecHHe HaiIeHOo
C TIOMOIIBIO TeNb-TIPOHKKAIONIEH XpomaTtorpadun. B mpensapuTesbHO IKCTparnpoBaHHBIX
o0pa3snax JpeBeCHHBI ONPE/ICISUIN COACPIKAHUE [EIUTIONO03bI (KUCIOTHBIW THIPOIU3 — ra3o-
Basi XpoMaTorpadusi), TUrHHHA (METO]] alleTUIOPOMHU/IA) M COCTAB TEMUIICIUTION03 U IIEKTHHO-
BBIX BEIIECTB (KMCIOTHBIH METAHOJIU3 — ra3oBas xpomarorpadus). PactBoprMeble B alieToHe
9KCTPAKTUBHBIC BEIECTBA JPEBECHHBI MPEACTABISIOT COOOH CIIOKHYIO CMECh Pa3sIMuHBIX
TPYII OPraHMYeCKUX COCTMHEHHH, BKITIOUast TUIO(MIBHbIE U TIOJIIPHBIC BellecTBa. AHAIN3
TIOJTY4EHHBIX 3KCTPAKTOB C MCIIOJIb30BAaHUEM TeJIb-IIPOHUKAIONIEH XpOMaTOTrpaduy BBISIBHI
npeodiajilaHie B HUX TPUIIMLEPUIOB, CTEPUIIOBBIX 3(DUPOB, )KUPHBIX U CMOJISIHBIX KHCJIOT, a
TaKKe 3HAYUTEIILHOTO KOJIMYECTBA MOHOCAXapHU10B. XMIMUYECKUI COCTAB JIPEBECHBIX TKaHEH
KOHTPOJIBHBIX JIEPEBLEB U JIEPEBBEB M3 OMbITa ObLT cX0K. OJTHAKO 110 CPAaBHEHUIO C MEPBBI-
MU JIpE€BECHHA BTOPBIX XapaKTePH30BaIach MOBBIIICHHBIM KOJIMYECTBOM CMOJISIHBIX KHCIIOT B
3a00JIOHH, BHICOKUM KOJIMYECTBOM JIMTHHHA U B JIBa pa3za OOJIBIIUM YPOBHEM (PYKTO3bI KaK
B 3a00JIOHH, TaK U B SAPOBOM JipeBecHHe. Takne pe3yasTaTbl MOKHO OOBSCHUTH peakineit
JICPEBLEB HA 00PE3Ky BETBCH M BO3ICHCTBUEM MATOTCHOB (T. €. CpabaThIBAHUEM 3aIIUTHOTO
MexaHu3Ma pacteHus). [lonmyueHHble TaHHBIC TAKXKe SBISIFOTCS OTpaKeHHeM (u3nosornye-
CKOM aKTUBHOCTH 00CJIEIOBAHHBIX JIEPEBBHEB U, BO3MOXKHO, CBSI3aHBI C Pa3JIMUUsIMU B pa3Mepe
UX KPOH.

Jna yumupoesanusa: Pranovich A.V., Antonov O.I., Dobrovolsky A.A. Pruning Influence on
Chemical Composition of Spruce Wood (Picea abies (L.) Karst.) // 13B. By30B. JIecH. KypH.
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Annomayus. TlpeacraBineHsl pe3yinbTaThl pa3paboTKN TEXHOJIOTHUECKOTO PEKUMa TI0ITyde-
HUsI OMCYJIL(GUTHON JIMCTBEHHOW IIEIUTIONO3bI BHICOKOTO BBIXO/Ia HA MarHWEBOM OCHOBAHUH
JUTS. TIPOM3BOACTBA PA3IMYHBIX BUAOB TapHOTO KaproHa. HanexxHas u 3ddexktuBHas TeXHO-
JIOTHSI PETeHEpaIliy XUMHUKATOB U TeIlIa, peann3yeMas pu OUCYIb(QUTHOM CIIoco0e BapKH,
JTaeT BO3MOXKHOCTH IIPUMEHATH €T0 B YCIOBHSX CAMOCTOSTEIBHOTO CYITE(OUTHOTO TIPOU3BOI-
ctBa. VccmenoBano BIHSHUE TPOJODKUTEIBPHOCTH CTOSSHKM Ha KOHEYHOW TeMmeparype Ha
BBIXO/I IIEIUTIONO3BI M YHICTIO Kalllla: CTOSHKA Ha KoHewHOH Temmiepatype 160 °C 6onee 40 Mmun
MIPUBOIUT K HAPYIICHUIO H30MPaTeT-HOCTH BApOYHOTO IIpoIiecca; CTOsTHKA 10 70 MUH compo-
BOXK/IAETCS CHIDKEHUEM BBIXOJIa LIEJUTIONO3bI Ha 6 % MPH MOCTOSHHOM 3HAUSHHUH YHCIIa KaIla
nonydadpukara. B mpomecce Bapku MCHOIBb30BaH THAPOMOAYIb 5, pacxox SO, — 15,0 %,
pH Bapounoro pactBopa — 4,3...4,5, nponomkutensHocTs nponutku npu 120 °C — 35 muH,
Bapku npu temneparype 160 °C — 40 muH. Pexxum no3Bosisier nmonyuyuth nonygdadpukar
BBICOKOTO BbIxoma 60...65 % c ymciaom kamma 58...60 ex. 6e3 cTajuu ropsyero pa3moia.
B coorerctBuM co cranmapramu Poccuiickoit @enepanny olieHeHbI XapaKTePUCTUKN MeXa-
HUYECKOW MPOYHOCTH 00pa3LoB, MOJYUYECHHBIX B X0/1€ 3KcrepruMeHTa. COnpoTHBICHHS MTPO-
JABIIMBAHUIO W TUIOCKOCTHOMY CYKAaTHIO, pa3pbIBHAS [UIMHA W Pa3pylIaroliee YCHIIAE COMO-
CTaBUMBI C TIOKA3aTeIIMU MPOMBIIIUIEHHOTO 00pa3ia JMCTBEHHON HEHTpaIbHO-CYIbOUTHOMN
TIOJTYTIEJUTIONO3bI IPH BEIXO/e nomydadpukara 75...78 %. [lokazaHo, 4TO MPUCYTCTBHE KOPBI
B TEXHOJIOTHYECKOH IIIeTie B KomndecTse 7,5 % COnmpoBOKaaeTCs CHIKEHHEM BBIX0a OUCYITb-
(UTHOM JTMCTBEHHOM TONYLEIUTIONO03bI Ha 4,5 % 1 MeXxaHW4ecKol npouHocT — Ha 7,8 %.
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Beeoenue

ITo mueHMIO Bemymero MupoBoro m3mganms «Paper 360°», B HacTosIee Bpe-
Ms €BPOTEHCKUI PBHIHOK TApHOTO KapTOHA MEPEXKHMBAET «30JI0TOe BpeMs». Crpoc
Ha JaHHBIH TOBap BBICOKHH, UTO, OC3yCIOBHO, SBJISCTCS MPUIMHOW HapalTuBaHMUS
MIPOW3BOICTBEHHBIX MOITHOCTEH OyMaKHBIX (PaOpHK U 3aBOJOB, MPOU3BOISIIINX T10-
mydabpukaTsl BEICOKOTO BhIxoaa [18]. B muTepaTypHBIX MCTOYHWKAX TOCTATOTHO
MTOPOOHO OCBEMIEHBI BOIPOCHI TEXHUKO-DKOHOMHYECKOTO OOOCHOBAHHS METOOB
MIPOM3BOJICTBA ITOTYIICIUTIONO36I U IIEJUTIONI036I BEICOKOTO BEIXoa (LBB), mpenHasna-
YEHHBIX JIJIS1 U3TOTOBJICHHS PA3IMYHBIX BUIOB TAPHOTO KAPTOHA: PEKUMBI TIPOU3BOI-
ctBa[l,2, 10-13, 21], kauecTBeHHBIE XapakTepuctuku [9, 10, 14—16], obopymoBanue
[1,2, 11].

[Ipu M3roTOBICHNN TapHBIX BUOB KapTOHA BHIOOP KOMITOZUIIMH IO BOJIOKHY
CTaHOBUTCS 3aJIOTOM ONTHMAaJHHOTO COYETAHHS JKECTKOCTH W MPOYHOCTH TOTOBOU
MpOayKIMH. Ho mpeanpusITis 3a9acTyio OrpaHUYeHBI B BEIOOPE TOTy(HaOpHKaToB,
WX Ka9eCTBE U 3aTpaTax Ha MPOU3BOACTBO TOTOBOM MPOIYKIIHH.

Ha manHBIIT MOMEHT OCHOBHBIM crocoOoM momydenus [IBB smisieTcst cyib-
(haTHBIIA, a AT IPOU3BOACTBA TOTYIIEIUTIONIO3E — HeHTpanbHO-CYmbGuTHBIN (HCIILL)
crioco0. Poccns 3aaMMaet 3-¢ MeCTO Ha MUPOBOM phIHKE 10 mpou3BoactBy HCIIL]
(8 2018 1. BBITyCcK cocTaBui 349 THIC. T) U 1-€ MECTO IO MPOU3BOICTBY HEOEIICHOM
cynbhuTHON 1emtrono3sl (B 2016 1. Beimyck — 390 ThIC. T) [17].

JlucTBeHHAs MOMYIIEIUTION03a, TTOMyYeHHAs HEUTPaIbHO-CYTb(UTHBIM CIIOCO-
O60M 1 ero MonM(pUKAITUIMHU, IMEET BEICOKHE TTOKA3aTeIH MPOYHOCTH JaXKe TIPH BbI-
xone 73...75 % [9]. llpu crenenn momomna momyhadpurkara 30 °LIP n macce 1 M2 1251
paspeiBHas mmrHA coctaBisieT 9000 M, comporuBneHue uznomy —1 000 TBOMHBIX Tie-
peru6os, nponasiuBanuio — 700 kl1a, pazaupanuio — 1070 mH. ConpoTuBieHme mio-
CKOCTHOMY CKAaTHIO CIIY)KUT OCHOBHBIM ITOKa3aTelIeM, OTIPEICIISIONINM MTPUTOTHOCTD
rorydabpukara i TodydeHuss Oymaru-ocHoBBI 1 rodppupoBanus. HCIIL[ mpu
BBIXOJIe BEIIIE 75 % MMeeT MaKkCUMalIbHOE 3HaY€HHE COTIPOTUBIICHHUS TNIOCKOCTHOMY
CKAaTUIO M CYUTACTCS HAMTYUIIIM MaTepHaioM JIJIsl IPOM3BOICTBA TAPHOTO KapTOHA.
OpHako OOMICTIPHHSATON TEXHOJOTHEW B 3TOM CIydae SBISIETCS COBMECTHAsl pere-
Hepanus 4epHOTro Cylb(})aTHOTO M KPACHOTO HEUTPaIbHO-CYIh(PUTHOTO IIEIOKOB, a
WX COBMECTHAs TiepepadoTKa CO3MaeT psm TpyaHoCTer. HeHTparbHO-CYIbGUTHBIN
IEJTOK OTIINYAETCS BBICOKAM COZAEPIKAHNEM Cephbl, BCIEICTBHE YETO 00ECIIeUnTh J10-
ITyCTUMBIA YPOBEHb CYIb(OHUIHOCTH B OEJIOM IIEIOKE TOCTATOYHO CIIOXKHO. PemmTh
JMAHHYIO MPOOJIeMy MOXKHO TOJNBKO 32 CYET TPYAHO BBITIOJHHMOTO YCIOBHSA — 00e-
CIIEYEHHSI CTPOTO OTPEAETIEHHOTO COOTHOIIEHHS TPON3BOUTEIHFHOCTEH 3aBOIOB TIO
BeIpaboTke 1IBB u HCIILI.

B kadecTBe ajpTepHATHBHOTO pEIICHHUS IMPOW3BOICTBEHHBIX 3aTPYIHEHHIA,
Bo3HHKaromux npu Beipadotrke HCIILI, MmoxeT OBITH MpeatoskeH crmocod Oucymb(uT-
HOM BapKkyd Ha MarHMEBOM OCHOBaHWH. {51 3TOTO crocoba cymecTByeT HaaexHas
TEXHOJIOTHSI PEeTeHepaIiy IIeI0Ka, B KOTOPOM OTCYTCTBYET M30BITOUYHBIA TUOKCH
CepbI, UTO 3HAUYNTENIFHO YIPOIIAeT SKCIUTyaTalnio 000PYIOBAHNS W CHIDKAET KallH-
tanmpHbIe 3aTparel [11]. Kpome Toro, 6mcymb(pHUTHEBIN crOco0 BapKd MOXKET OBITh
peann30BaH B YCIOBUAX CAMOCTOSTENIEHOTO CYIb(PUTHOTO TTPOU3BO/ICTBA.

Panee OuCymb(UTHYIO MEIITION03Y Ha MPEANPUATHSIX IEIUTI0I03HO-0yMakHON
MPOMBIILIEHHOCTH Poccuu MpOU3BOAMIM TOJIBKO U3 XBOMHOW IPEBECHHBI, O BO3MOXK-
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HOCTH HUCIIOIb30BaHUS B KAUECTBE ChIPbsl JTUCTBEHHBIX MIOPOJ IPEBECUHBI CYLIECTBY-
10T JIUIIb yroMuHanus [11].

Takum 00pa3om, LeNb UCCIIEIOBAHUS 3aKI0Uanach B pa3paboTKe ONTUMAaIb-
HBIX YCJIOBUH Bapku OucyinbpuTHON juctBeHHOM [IBB u3 mensl ¢ comepikaHueM
Kopbl 7,5 % W cpaBHeHHE (PHU3MKO-MEXaHUYECKHX XapaKTEPUCTHUK OUCYIbPUTHON
BB u HCITILI.

Obvexkmubl u Memoowbl UCCAEO08AHUS

Jns mocTkeHWs MOCTaBIECHHOHN IeNH B JTaO0OpPaTOPHBIX YCIOBHUSX ObLIH
MpOBeAeHBI ONCYNh(UTHBIE U HEUTPAIBHO-CYIb(QUTHBIE BAPKH IIETIHI TUCTBEHHOM
npeBecuHBl. TexHomoTrHUeckas merna Obputa 0ToOpaHa Ha OJHOM M3 POCCHUCKUX
npeanpustuil. [lopogHbli cocTaB IpeBeCUHBI HE ONPEAEIIIN, HO MPEANPUITHEM
peTmIaMeHTHPOBAJIOCH COOTHOIIEHNWE TOpoa ocuHa/Oepesa kak 70...80/20...30,
COOTBEeTCTBeHHO. Hanmnumne THIUHN B IeTie BRISIBIEHO He O0b110. CofepikaHue KOphI
B 1merne cocraBuio 7,5 %, uTo 3HaunTeNbHO npeBbimaet TpedoBanns ['OCTa [6].

Jlns Bapok WCTHONB30BAM Iy HOPMadbHOH (pakiuu ¢ KOpPOH W
0e3 Hee — octatku Ha cutax 20 u 10 MM ¢ cuToBOTO aHanmm3aTopa mmensl AJII-M.
Bapky nmpoBonniu B CTAalMOHAPHBIX aBTOKJIaBaX Ha TIIMIIEPUHOBOW OaHe (Temrie-
paTypHBI PEeKUM — CM. PUCYHOK). BBIXOJ TIENITION036I M KOJIMYECTBO HETPOBa-
pa ompenernsin BeCOBBIM MeTojoM. CBapeHHYIO MAacCy MpPOMBIBANIA Ha CIEXe, B
Mpoliecce 4ero Ha CEeTKE OCTaBajiCsl HEMpOBap, KOTOPHIN 3aTeM OBLT JOBEIEH 0
a0COIOTHO CYXOT0 COCTOSAHUS. [IpOMBITYIO 1IETUTFON03y KOHIUITMOHUPOBAIH U Ja-
Jiee OTpeAesiTi KOd(QPUITUEHT BIAKHOCTH. BBIXO/ 1EIUTI0N036 U KOJIMYECTBO He-
MpoBapa PacCYUTHIBAIN B IMPOIEHTAX IO OTHOIICHHIO aOCONOTHO CYyXOW MAcChI
IIEJUTIONIO3BI M a0COIOTHO CYXOH MacChl HEIIpoBapa K Macce MCXOAHON aOCOIIOTHO
CYyXOU JIpEBECHUHBI.

N3 monydeHHBIX 00pa3oB MEIITI0I035I OBITH H3TOTOBICHBI JTA0O0OPATOPHEIS
OTJIMBKH, Y KOTOPBIX OMPEICIIsIN: YHCIO0 Kara moiydadpukara [3], compoTuB-
nenue npopaBnuBanuio (BST) [7], paspeiBHYI0 miuuHy (L) [5], pa3pymaromee
yewitre mpu cxxkatuu konbla (RCT) [8], compoTHBICHUE TIIIOCKOCTHOMY CIKATHIO

(CMT) [4].
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Texnonoruss nonydenust OucyiabutHoi [[BB B mabopaTopHbIX ycIOBHSIX
ObLIa TaKoW: BapKa B aBTOKJIABaX M MOCIEAYIONIEEe pa3/iejeHue Ha BOJIOKHA B THIPO-
paszbuBarese B MPUCYTCTBUH BOJLI B TeueHHE 10 MuH.

O6pasier HCIIL moce Bapku moaBepraiy pa3Moily Ha JIa00paTOPHON MeITb-
Huue [{PA B Teuenue 10 MUH € LIENBIO pa3ieieHUs MOJYyIPOBAPEHHON LIEbl Ha BO-
JIOKHA. DTAJIOHOM XapaKTEePUCTHUK KaueCcTBa MOTYYESHHBIX 00pa3oB IEIUTI0N03bI CTa-
JIM TIOKa3aTesH, COOTBETCTBYIOLINE TEXHUUECKUM YCIOBUAM AO «ApXaHTeIbCKUi
HBK»: comportusnenne mpomapnuBanuio — 350 klla, paspymiaromee ycuine mpu
cxarum xonbia — 260 H, conporusnenne miockocTHOMY cxaruio — 260 H, pa3psis-
Has [uiHa — 6000 M u Ooree.

Hns ocymiecTBieHus: OUCYab(PUTHBIX BapOK BBIOpAHbI CICAYIOLIME YCIOBUS:
TUApOMOYNb Bapku 5, pacxon SO, — 15,0 %, pH Bapounoro pactsopa — 4,3...4,5.
Bapxy HCIIL nposoaunu npu rugpomonyie 3,7, pacxon Na,CO, cocrasui 14,0 %.
Temneparypable TpaguKH BapoK MpPEACTaBICHbI Ha pUCYHKe. Kaxblii pexxum Bap-
KH [EJITION03bI BOCIIPOM3BOIWIICS B 4 aBTOKJIABAX, ITOTyYEHHBIE TaHHBIC TIPUBE/ICHBI
KaK CpefiHue 3HaueHUsI n3 4 napajieabHbIX Ipoo.

[Ipu mpoBeneHun OUCYIb(UTHBIX BapOK MPEIBAPUTEIHLHO OIPEAEICHa «TOU-
ka nedudpupoBanus» (TH), T. e. BeIxox noiydadpukara, mpyu KOTOPOM CBIpbE MOCIe
BapKU paszessieTcsl Ha BOJIOKHA 0e3 CTaJny JOMOIHUTEIbHOTO pasmona. T/l Haxomu-
JIM ITyTE€M POCITyCKa MOJy4YeHHOTo monydabpukara B THApOpa30OUBaTesic B TCUCHUE
10 MUH ¥ mabHEHIIIEH TTPOMBIBKH IIEJUTIONO3BI ¢ OT/ICIICHIEM HETIpoBapa.

Pesynomamut uccredosarus u ux oocyscoenue
Hns onpenenenust TJI obpazuo [IBB Obuia mpoBenieHa cepusi BapoK INpH

Pa3IMYHOM MPOJOIKUTEIPHOCTH CTOSHKHM Ha KOHEYHOM TeMIlepaType, pe3ylbTaThl
MIpeICTaBIIEHBI B Ta0M. 1.

TabOnuma 1
Pe3ysbTaThl NpeaBaApUTEIbLHBIX OMCYIb(MUTHBIX BAPOK
Beixon, %

[IponomxkuTensHOCTD Komnuectso Yucno
CTOSIHKH, MUH 06mmuit LEJUTIONO3bI Henposapa, % Karnmna

25 70,0 55,4 14,6 60,0

40 64,0 55,6 8,4 60,4

50 62,0 55,9 6,1 60,4

70 57,7 55,4 2,3 62,1

Kak cienyeT n3 maHHbBIX, TPUBEICHHBIX B Ta01. 1, Harmbomee moHoe pa3neicHue
B FOMOI€HU3aToOpe LIEMbl HA BOJIOKHA NpU KOHLIEHTpauuu Maccel 10...12 % nocrura-
ercs i oOpasua nonyhadprkara, IOJIy4EeHHOTO NP NPOAOKUTEIBHOCTH CTOSHKH
40 mun. Yncno kanma coctasiseT 60 ex. mpu obiiem Beixoae 64 %. IToT pexuM npu-
HSUT ]ISl BapKu JICTBeHHOH OucynbduTHoi L[BB. Henposap, oOpa3oBaBmmiicsi B
KOJIMYECTBE OKOJIO 8 %, TPENCTaBIsT COO0M JOCTAaTOYHO MATKHHA MPOIYKT, KOTOPBI
TaKKe MOT OBITh pa3/iesieH Ha BOJIOKHA B TaAOOPaTOPHOM TOMOTEHH3ATOPE.

HeoOxoauMo OTMETHTB, YTO YBEIWYCHHE MPOIOJIKUTEIHLHOCTH CTOSHKH Ha
KOHEYHOH Temneparype Oonee 40 MUH MPUBOOUT K HapyLICHUIO M30MPATEIbHOCTH
porecca Bapku (YMCIIo Karira noiydadpukara 0CTaeTcs Ha OJJHOM YPOBHE, HO CHU-
JKaeTcs ero Beixod Ha 2...6 %).
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[Tpu mpousBoncTBe nonydaOpuKaToB OJHON W3 MPUYMUH CHUKEHHS BBIXOJA
Y MEXaHUYECKOU MPOYHOCTH IIEIUTIONIO3H! SIBISICTCS MPUCYTCTBUE KOPHI B 1ene [19,
20]. B TexHonornyeckoi mere, NCIoib3yeMOil B OIBITAX, COJEPKaHNe KOPBI COCTa-
BUJO 7,5 %. UTOOBI yCTAaHOBHTH €e BIMSHWE Ha YKa3aHHBIE XapaKTEPHUCTHKHU TIPO-
IYKLIWH, TAIbHEHIINHA SKCIIEPUMEHT BKJIIOYAJ BAPKH OUCYIb(MUTHON LEJUTION03b] U3
TEXHOJOTMYECKON IIEMbI C KOPOH 1 0e3 Hee 10 0TpaboTaHHOMY paHee PeKUMY.

Jlyis Bcex Moy4eHHBIX 00pa3loB ONMpeeseHbl BBIXOI M YMCIO Kamnma. M3ro-
TOBJICHBI JTaOOpaTOpHBIE OTIMBKH Maccoi | M2 125 r pu cTeneHu nmoMosa BOJIOKHA
30 °UIP. IMony4eHHble 3HAYCHUS] CTAHAAPTHBIX (PU3NKO-MEXaHUYECKUX XapaKTepH-
CTHK U Pe3y/IbTaThl aHAJIM3a OTPaO0TAaHHBIX ILEJIOKOB MPEACTABIICHHI B Ta0I. 2, 3.

Tabnuma 2
OO0mue xapakTepucTuku oucy/bpurHoii [IBB u oTpaGoTaHHBIX 1IEJI0KOB

[IponomkuTensHOCTD lg)oifima;{:: Beson, Vo Yucio HOKa3aT§gH HleII;) Iz;)j
CTOSIHKY, MUH P %Lu | obmmit n}gig;m Karma pH %2’ Zr /ﬁ ’
25 0 70,0 55,4 59,1 381 1,80 | 2,82
25 7,5 67,1 38,9 652 | 421 1,90 1,05
40 0 64,0 55,6 60,4 | 3,60 | 1,63 | 3,12
40 7,5 61,0 52,4 60,1 385 | 1,63 | 2,65
Tabnuma 3
IIpoyHOCTHBIE XapaKTepUCTHKU 00pa3uoB oucyab(purHoii LIBB
[IponomkuTenbHOCTh ConeprxaHue BST, CMT, RCT, L,
CTOSIHKU, MMH KOpbI B 11ene, % klla H H M
25 - 610 245 225 10600
25 7,5 575 230 210 10150
40 - 690 215 220 11750
40 7,5 565 215 200 10300

Cumxenne pH c 4,5 1o 3,6...4,2 B oTpabOTaHHOM IIEJIOKE SBISETCS JOIY-
CTUMBIM JJIs1 OMCY/Ib(GUTHON BapKku M OOBSICHAETCS HaKoILIeHueM cBobomnoro SO,
(BapKy IpOBOIMIIM B aBTOKJIaBax 0e3 cayBok). Conepikanue Tuocynbdara s Bcex
po0 IIEJIOKOB HE MPEBBIMIATIO MPEISIbHO AOMyCTUMOro 3HaueHus — 4,0 r/1, 9710
CBUJIETETILCTBYET O HEBBICOKOM YPOBHE pa3iokeHus oucynsduta [17]. [IpucyrcTue
KOPBI B LIETIC CHUKAET BBIXOA Nonydadpukara ¥ 3HaUCHUS €ro (PU3UKO-MEXaHHue-
CKHUX IOKazatenel (taoi. 2, 3).

AHanu3 Ka4ecTBEHHBIX XapaKTepucTuk oucynspurHoii [IBB (Tabmn. 3) nmoka-
3aJ1, 4YTO COMPOTHBIICHUE MPOJABIUBAHUIO M Pa3phIBHAS [UIMHA MTPEBBIIIAIOT YPOBHH,
onpenenennbie [17] s HCIIL. Xectkoctn (CMT, RCT) ipu 5TOM HUXKE YCTaHOB-
neHHbIx [17] Ha 5...10 %, 4T0o HOPMaJIBHO U1 MOTY(PaOPUKATOB C BEICOKUMH MPOY-
HOCTHBIMH ITOKa3aTeIsIMH.

Xapakrepuctuku nadoparopHoro obpasua HCIIL cremyromue: compoTus-
nenue nponasimuBanuio — 600 klla, paspymaroree ycuine mpy CKaTHH KOJbIA —
220 H, conporusienue miockocTHoMy cxkaruto — 220 H, paspriBras ammaa — 10 800 M.
ITomy4ennslii oOpaser umen 0osiee BEICOKOE 3HAUECHUE YMCIIA KaIlla 110 CPAaBHEHUIO
¢ oucynspurtHOU [[BB. Onnako uncno karma HCIIL] Hioke, 4em 0OBIYHO peKOMEH-
nyercst gt Hee — 90...100 en1., COOTBETCTBEHHO, M BBIXOI ITOTYLIEIUTION03bI OKa3aJICs
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MeHbIIe pekoMeHryeMoro — 78 %. [Ipu 3ToM MPOYHOCTH U KECTKOCTD OBLTH MPAKTH-
YEeCKHM TaKUMH XKe, Kak y oopasia oucynbdurtHoii L[BB.

3nauenus xectkoctu (CMT, RCT) 6ucynbdurHoii [IBB u maGoparophoii
HCIIL] cooTBeTcTBOBaMM IMOKa3areisaM MpomblnuieHHoro oopasma HCIIL. boimee
HU3KHE 3HAYCHUsI CONPOTUBIICHUS TIPOIABIMBAHUIO U PAa3phIBHAS JUIMHA 110 CPaBHE-
HUIO C MTOKA3aTesIMH JIAOOPATOPHBIX 00Pa3LOB OOBSICHAIOTCS 0COOCHHOCTSIMU MOJIe-
JMPOBAHMS CTAJIMH TOPSIYETO pa3MoIIa Ha LIEHTPOOEKHO-pa3MallbIBAIOIIEM allapare.

Raxnouenue

Pa3paboTaH TeXHOIOTUYECKUI PeKUM OUCYIb(PUTHON BapKH, MO3BOJSIOIIHNA
MOJYYHTh JIUCTBEHHYIO LIEJUIIONO3Y BBICOKOTO BBIXOJA 0€3 CTYIEHH Topsyero pas-
mouia. Takoii momydaOpukar MOKET ObITh MCIIOJIb30BAaH B KaY€CTBE aJIbTCPHATHUBEI
JTUCTBEHHON HEUTPaTHHO-CYIH(MUTHON MEIITI0N03¢ B KOMIIO3HUIINH 110 BOJIOKHY TPU
MIPOM3BOJICTBE TAPHOTO KapTOHA. YCIOBHUS BapKH CIEAYIONIHE: THAPOMOIYIb — 5,
pacxon SO, — 15,0 %, pH Bapounoro pactsopa —4,3...4,5, DpoJOIKUTENBHOCTD IIPO-
nutku npu 120 °C — 35 muH, Bapku npu temneparype 160 °C — 40 muH.

OU3NKO-MEXaHHUUECKUE XAPAKTEPUCTHKU JINCTBEHHOW OMCYIb(OUTHON Iei-
JIFOJIO3bI  BBICOKOTO BBIXOJIa COOTBETCTBYIOT IMPOU3BOJICTBEHHBIM TPEOOBAaHUSAM U
COTOCTaBUMBI C XapaKTePUCTUKAMH HEHTPaTbHO-CYIb(QHUTHON TONYIEIUTIONO3BI:
L—-10000...11 000 m, BST—600...650 xI1a, CMT—230...245 H, RCT—200...220 H.

[TokazaHo, 94TO MPHUCYTCTBHE KOPHI B IIere B KoiudecTBe 7,5 % Ipu Bapke
LIEJUTIONO36I OTPUIIATEIHHO BIUSET HA €€ BBIXOJ M MEXaHHYECKYIO TPOYHOCTh. s
OHCYTH(UTHON MONYIEIUTION03bI CHU)KEHUE JIAHHBIX TIOKa3aTelIed B CPEIHEM COCTa-
B0 4,5 u 7,8 % COOTBETCTBEHHO.
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Abstract. The article presents the results of the development of a technological mode for
obtaining bisulfite hardwood pulp of high yield on a magnesium base for the production
of various types of containerboard. The reliable and effective chemical and heat recovery
technology implemented in the bisulfite method allows to use it in independent sulfite
process. The effect of the duration of stay at the final temperature on the pulp yield and
kappa number was studied when developing the technological mode of cooking. It was
found that the increase in the duration of stay at the final temperature of 160 °C more than
40 min leads to violations of the selectivity of the cooking process. Increasing the duration
of stay at the final temperature up to 70 min is accompanied by a decrease in pulp yield by
6 % at a constant value of the kappa number of the semi-finished product. Technological
cooking mode: hydromodule 5, SO, consumption 15.0 %, cooking solution pH 4.3—4.5,
impregnation time at 120 °C — 35 min, cooking duration at 160 °C — 40 min. The mode
allows to get a semi-finished product with a high yield of 60—65 % with a kappa number
of 58-60 units without a hot grinding stage. An assessment of the mechanical strength
characteristics of the laboratory samples of bisulfite pulp was carried out in accordance with
the standards of the Russian Federation. The obtained values of bursting strength, resistance
to flat compression, breaking strength, and breaking stress were comparable with the values
of the industrial sample of hardwood neutral sulfite semi-chemical pulp with a semi-finished
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product yield of 75-78 %. It is shown that the presence of bark in the technological chips in
the amount of 7.5 % is accompanied by a decrease in the yield of bisulfite hardwood pulp
by 4.5 % and mechanical strength by 7.8 %.
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Hardwood Pulp by Bisulfite Cooking. Lesnoy Zhurnal [Russian Forestry Journal], 2021,
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Annomayus. Jlncrsennnna cubupckas (Larix sibirica L.) — omHa 13 0CHOBHBIX TTPOMBIIIIICH-
HBIX IOPOJ XBOMHBIX APEBECHBIX pacTeHUi Poccun. B HacTosiee BpeMs: IpeBecHas 3€JI€Hb
JMCTBEHHUIIBI — OTXOJ JIECO3aTOTOBUTEIBHOTO MPON3BO/ICTBA — HCHOJIB3YETCS HEAOCTATOUHO.
3DTO CBA3aHO C HEMOJIHON M3yUYEHHOCTHIO COCTAaBA COSTMHEHNH M N3MEHUYMBOCTH CaMOTO ChI-
PBEBOTO NCTOYHHKA B CBSI3H C OMajieHueM XBou. Llens nccnenoBanms — ycTaHOBICHHE COCTa-
Ba COCIMHEHHWH YIJIEBOIOPOIOB U CIOKHBIX 3(PUPOB, CONEPKAMINKCSI B XBOE JTHCTBEHHHIIBI
CHOMPCKOI ISTHETO M OCEHHETO COOPOB. DKCTPAKTHBHEIC BENIECTBA H3BICKAIN U3 IPEBECHOM
3€JIeHH TPOMAHOJIOM-2, 3aTeM, TT0CJIe OTTOHKH PACTBOPHUTEIS, BBIZCISUTH BEIIECTBA, PACTBO-
pumsie B mieTponeitanoM adupe (40-70 °C). [Mocmenane pa3neanin Ha CBOOOTHBIE KHCIOTHI
(31,5 % nnszenenoit xsou u 28,0 % A7 )KeATOM ) M HEHTpambHbIe BetecTBa (59,8 % miis 3eneHoi
n 48,1 % nust xenToit). Jlanee HeHTpasbHBIE BELIECTBA XpOMAaTOrpahupoBaIi Ha CHITUKAree:
yrneBomopons (2,43 u 3,02 %, 31ech U ganiee MPOICHT OT HEWTPaTbHBIX BEIIECTB 3eICHOMH
1 5KENITOM XBOM COOTBETCTBEHHO), cioxkHbIe 3upsl (31,3 n 33,8 %) u Tpurmunepnas: (11,70
n 6,44 %). @pakunu CIOXHBIX 3(DUPOB W TPUDIUIEPHUIOB MOABEPIIIN MIETOUHOMY THAPO-
JW3y W TIOMYYHIA KUCIOTHBIE COCTABIIAIONINE CIOKHBIX 3upos (9,12 u 24,80 %) u Tpua-
murrmepuHoB (17,43 n 26,15 %). @pakunu HEOMBUIIEMBIX COCTUHEHUH KpOME CITHPTOB
COZIEPIKAIIN HEOMBUIAEMbIE BELIECTBA C HEM3MEHEHHBIMU 3HAYEHUAMH R, HA TOHKOCIOWHOM
xpomarorpaduu. Opaknun HEOMBIISIEMBIX BEIIECTB XpoMaTorpa(pupoBaiy Ha CHIIMKarele,
a 3aTeM JIOTIOTHMTEIBHO — Ha CHJIMKAreje ¢ HUTpaToM cepeOpa. BrineneHnsie coeqmHeHns
(PUTOCTEPMHOB U HEKOTOPBIX YITIEBOAOPOAOB HACHTH(HIMpoBanu MetogoM SIMP-criekrpo-
CKOMMH. B KHCIOTHON cOoCTaBIAIONIEH CIOKHBIX 3(UPOB TIIaBHbIC KOMIIOHEHTHI JIMHOJICBAS
1 JINHOJICHOBAs KUCIIOTHI. [ pyIina yriaeBogopo 0B IpeICTaBIeHa CECKBUTEPIICHAMH B 000MX
cbopax xBou. UneHTrdUINpoBaH HOBBIN ISl XBOWHBIX PACTEHHIH apOMaTHYEeCKHHA yIIEBO-
JIOpOJ — TepaHmI-n-IUMEH. BriepBble W3 3€MeHN JTHCTBEHHMIBI CHOMPCKOM BBIIEIEHBI TIO-
JIUTPEHOIBI, CTPYKTYpa KOTOPBIX 0 AaHHBIM SIMP-CIIeKTpoCKONMN U MacCc-CHEKTPOMETPUH
EMS otnrgaercs OT HONMHATIPEHOIIOB €K U COCHBI [UTHHOM 11enr. ConmeprKat H30MPEHOIOTH OT
14 mo 20 M30IpPEHOBHIX 3BEHHEB B IIEMH MOJEKYN C mpeoOramanueM mpeHomna-17. Bexox
TOJTUIIPEeHOIOB cocTaBua 12,8—-14,9 % oT HEHTpaJIbHBIX BEUIECTB JKENTOH U 3€JICHOW XBOH
COOTBETCTBEHHO. 113 3e1€HOH BBIIEIEHBI TETPAINKINICCKHE TPUTEPIICHOBBIE CIIMPTHI U CTe-
puHBL. TpUTEPIIEHOBBIE CIUPTHI B JKEJITOM XBOE HE HANCHBI.

Jna yumuposanus: Muxcon J1.C., Pouria B.U. YrneBomgopoas! i CIIOKHBIE d3PHPHI IKCTPAK-
THUBHBIX BEIIECTB XBOHW JIMCTBEHHHIBI cHOMpcKoit // U3B. By3oB. JlecH. xypH. 2021. Ne 3.
C. 170-185. DOI: 10.37482/0536-1036-2021-3-170-185

Kniouegvie cnosa: Larix sibirica, npeBecHast 3eJIeHb, XBOSsI, YIJIEBOIOPO/IbI, CIIOXKHBIE 3(UPHI,
JKMPHBIE KUCIIOTBI, T€PaHMII-7-LUMEH, OJIUIPEHOIBI.
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Bseoenue

Poccwiickas ®eneparins Ha CBOCH TEPPUTOPUN UMEET OoJee /5 BCeX MUPOBBIX
3aIacoB Jieca — HeucueprmaeMoro pecypca ouocdepst [2, 11]. OqHON U3 OCHOBHBIX
JIeCO00PasyIOINX U 3HAYUMBIX JISl LEJUTIOJIO3HO-OyMaKHOH MPOMBILICHHOCTH H
JIepeBo0OpadOTKH MOPO/] B HAIlIEH cTpaHe sIBISeTCs IMCTBEHHUIA cuOupckas (Larix
sibirica Ldb.) [3]. OnHako 3Ha4UTEIbHAS YaCTh, IPAKTHYECKU 00JIee TOJOBHHBI OHO-
MAacchl IPEeBECHOTO PACTEHUS, OCTAETCS HEUCIIONb3yeMOil (B BH/IE IPEBECHOI 3eTIeHH
Y TTHEeH — OTXOJIOB JIECO3aTOTOBKU — a TaK)Ke OMUJIIOK, CTPY’KKH, KOPBI) TIPH TIOITY-
YeHHUU MPOAYKIUU U3 IPEBECHHBI. B MPOMBIIIUIEHHOM MaciiTade ApeBecHas 3eJIeHb
JIMCTBEHHUIIBI HE TPUMEHSIETCS [UIS BBICTICHUS OMOIOTHUECKU AKTHBHBIX BEIIESCTB B
OTJIMYHE OT 3€JIEHU COCHBI, €11 ¥ TUXTHI. JlaHHbIE O TEPIIEHOUAHON YacTH KPOHBI JIHU-
CTBEHHMIIBI TPAKTUYECKN OTCYTCTBYIOT. BepoaTHo, HeToCTaTOYHAsA N3YYEHHOCTh CO-
CTaBa SKCTPAKTUBHBIX BEIECTB JPEBECHON 3€JIE€HN 3TOTO PACTeHHS, H3MEHUYHUBOCTD
COCTaBa CHIPHS, OTCYTCTBHE XBOM B OCEHHE-3MMHHUH TEPUOJ TO/Ia MOTYT CIYXKHTh
MPUYUHON TOTO, YTO MHTEpeca K pa3paboTKe TEXHOJOTHH mepepaboTKi KPOHBI JH-
CTBEHHMIIBI HET.

JIpeBecHas 3eneHb XBOMHBIX MOPOJ SIBJISAETCS LIEHHBIM CHIPbEM IS MOoJyYe-
HUSl OMOJIOTHYECKH aKTUBHBIX MPOIYKTOB M MPENaparoB, KOTOPbIE MPUMEHSIOTCS B
Je9eOHON W MPOPUITAKTHIESCKON MEIHUITIMHE, CETbCKOM XO3SHCTBE M APYTHX OTpac-
JSIX IpoMblluieHHOCTH [ 13]. brarogapst KOMIIEKCHOMY OJXOY MOXHO YBEIUYHUTh
CTETCHb MCIIOIb30BaHMs OMOMACCHI JINCTBEHHHMIIBI TIPU ITePepabOTKe OTXOJ0B JIECO-
3aroTOBOK.

Lenb viccrienoBaHNs — M3yYHTH COCTAB YITIEBOJOPOAOB M CIIOKHBIX 3(HUPOB HEH-
TPABHBIX BEIIECTB 3€JICHON M OMaIaroleil (5KeITOl) XBOU JINCTBEHHUIIB CHOMPCKOM.

Obvexmbl u Memoowbl UCCAEO08AHU

JlpeBecHyI0 3eleHb JIMCTBEHHHMIIBI 3aroTaBiuBaiv B Tomckoll obmactu. Mc-
MOJIL30BAJIM XBOIO JIMCTBEHHHUIIBI cuOupckoii (Larix sibirica Ldb.) pasHoro nepuoja
BereTaIuu. 3eJeHast XBos OblIa OTOOpaHa B WIONE, a XKENTas — B OKTAOpe. Xapak-
TEepPUCTHUKA 00pa3IoB, METOANKA HAPAOOTKH IKCTPAKTUBHBIX BEIIECTB U TPYIIOBOI
COCTaB TIpe/ICTaBJIeHHI B padoTe [6]. XBoI0 sKcTparupoBanu npoman-2-omoM (UI1) B
anmapare CokciieTa, ocjie OTTOHKH PACTBOPUTEIIST U3BJICKAIN TETPOICHHBIM d(pu-
pom (I13) skcTpakTHBHBIE BEIIECTBa, KOTOPhIE BOAHBIM TMIPOKCHUIOM HATpHsl pas-
JIeJIsUTH Ha HEeHTpasibHBIC BemecTBa U cBOOoaHbIC KUCIOTH [10]. [Tomy4yeHHbie HE-
TpaJIbHBIE BEIIECTBAa METOJOM KOJIOHOYHOM XpoMaTorpaduu pa3nessuii Ha (ppakiny,
pa3iHyaronrecs 1o MOIIPHOCTH COeNUHEHNH. XpoMaTorpadnIecKyto KOJIOHKY 3a-
TIOJTHSUTA COpOeHTOM — cutrkareseM Gupmbl «Mercky» ¢ pazmepom 3eper 40—-60 MkMm,
amoupoBanu coeaunenus [13, 1D ¢ nobaskoi audTmioBoro sdupa (I3) ot 2 mo
50 %, 3aTteM 1D u 3TaHOJIOM.

JIJis1 KOHTPOJISL ¥ Ka4E€CTBEHHOTO 0TOOpa (pakiiii HCIOIb30BAINA METOJI TOH-
kocnoiiHo# xpomarorpadun (TCX). B kagecTBe 3TATOHHBIX COSTUHEHUIH «METIHKOBY
Ha TCX MpUMEHSITN CKBaJIeH, TPUTIIHIIEPHUIBI PACTUTENFHOTO Macia, O-TePIHHEON,
N30a0MEHOJI, MOJIMIIPEHOJBI €I €BPONEHCKONH M CTEpUHBI. Xpomarorpaduieckue
IJIACTUHBI MPOSIBISUIN MapaMu HoJa B CTEKISIHHOW Kamepe, B OTACNBHBIX CIydasx
IUIACTUHY JIOTIOJIHUTENILHO 00pabaThiBaIi KOHIICHTPUPOBAHHON CEPHOM KUCIIOTOM ¢
MOCJIEAYIOUINM BBIIEP)KMBAHUEM B CyIIMIbHOM mikady mpu temneparype 120 °C.
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DpakIuio CI0KHBIX A(PUPOB, HMCIOIIYIO 3HAUCHUE R, na TCX meHblue, yeM
Y CKBAJICHA, U BBILIIE, YEM Y TPUIIMIEPU/IOB, U HPAKIHMIO TPUIIULEPUIOB € R, CO-
OTBETCTBYIOLIMM R, TPUIIHMLEPHUIOB PACTUTEIHLHOIO MACia, MHAPOIU30BAJIHA CIIUP-
TOBEIM pactBopoM Ienoun (0,5M KOH B sranone) nmpu Temmneparype 55-60 °C B
teuerne 30 muH. [lomydeHHBIN THAPOIU3AT yIAPUBAIN HA 74 OT CIIUPTA, COAEpXKa-
LIErocs B KoJIOE, U pa3lessuik 10 KUCIOTHO-Ie0uHoi cxeme [10] Ha HeoMbLIse-
MBbIE BEIIECTBA U «CBA3aHHBIE» KUCIIOTHI.

HeowMmbuisiemble BemiecTBa CIOXKHBIX 3(QHUPOB M TPUIIMLEPUIOB XPOMATO-
rpadupoBagy Ha KOJIIOHKE ¢ cuiukarenem (moeHTsl — 113, 1D ¢ rpamgueHTHRIM
yBenuuerneMm 13 ot 1 mo 50 %, 19, UIl) nns BeiaeneHust CIMPTOB — MPOAYKTOB
LIEJIOYHOTO THAPOIIN3A CI0KHBIX 3(PUPOB — M KOMITOHEHTOB, KOTOPbIE HE N3MEHUIIH
snauenue R na TCX nocne nposenenus ruaponnsa. Otaenbubie Gppakimu, obora-
LIEHHbIE OCHOBHBIMH COEAMHEHMSIMH, TAKUE KaK TPUTEPIIEHOBbIE CIIUPTHI, IEpeBe-
7Y B alleTaThl I KAYeCTBEHHOTO UX Pa3/ielIeHUs IPHU TOBTOPHOU XpoMaTorpaduu.
Jist aneTHiMpoBaHUs UCTIOIB30BaIN CMECh MUPUANHA U YKCYCHOTO aHTHAPHUIA B
npornopuwn 2:1 coorBercTtBeHHo [1]. [locne anmernnmupoanus ¢pakmuu Ha TCX
ObLIM BUJIHBI IISTHA AllETATOB, 3HAYCHUS R, KOTOPBIX OKa3aJuCh OJM3KH MO OTHO-
LICHUIO APYT K APYTy. ALleTaThl XpoMarorpadgupoBaiy Ha KOJIOHKE ¢ CHIINKareieMm,
umnperauposanubM 10 %-it no6aBkoit AgNO,

KHcnoTHYI0 COCTaBISIONIYIO CIOXKHBIX 3()UPOB U TPUIIULEPUIOB — CBSI3aH-
HBIE KHUCJIOTHI — METUIMPOBAJH INa30METAHOM U aHAIM3UPOBAIHU C IIOMOIIBIO XPO-
MaTOMacc-CIEKTPOMETPHH.

Jus naenTnUKanuu COSTMHEHNH TPUMEHSUTH HHCTPYMEHTAIbHBIE METOJIbI
ananuza. Crekrpsl SIMP 'H u 3C uaAuBUIyaTbHBIX COCIMHEHUN 3aMMCHIBAIN Ha
npudope JEOL JNM — ECX 400A (mus 'H — 399,9 MTI'n, 2C — 100,0 MI'n) B pac-
tBOope CDCl,, 6 mkana. Mccnenys gpaxiuu, UCIOIB30BaIH XPOMAaTOMACC-CIIEKTPO-
MeTp ¢ Ta3oBbIM xpomarorpadom Agilent Technologies 6850A u kBagpynoIbHEIM
Macc-criektpomerpoM Agilent Technologies 5973N, cTangapTHYIO KBapIeByro Ka-
nuusipayto konoHky HP-5MS mmunoii 30 M 1 BHyTpeHHHM quametpom 0,25 MM,
TOJIIIIMHA TUIGHKH HeToABHKHOHU (a3el — 0,25 Mxm. Paznenenne motoka 1:100. Tem-
NepaTypHbI pPEeXUM KOJOHKH: NPOrpaMMHUpPOBAHUE TEMIIEPATYPBl CO CKOPOCTHIO
5 °C/mun ot 60 no 280 °C ans ppaxuuil yrieBogopoIoB; A METHIOBBIX 3()UPOB
kucioT — ot 150 mo 280 °C, mis dpakmuii HeombuIseMbIX BemecTB — oT 100 mo
280 °C. Josupyemsbrii oobeM mpoosr — 0,1 mxn. Maentudukanuio coeamHeHNUN
MIPOBOAMIIM CPAaBHEHHEM MAacC-CIIEKTPOB, MOTYYEHHBIX Ha XpOMaTOIPaMMe ITHKOB,
C Macc-CIIeKTPaMU MU3BECTHBIX COCJMHEHMIA 110 cBefeHusIM 0a3 naHHbix WILLEY,
NIST u [12]. Jns ananuza mOJUIPEHOTIOB HCHOIb30BATU MACC-CIEKTPOMETPHUIO
Boicokoro paspemtenus MS TOF HR (EIS).

THonunpenonsi: BI3KOE HelleTydee BEIIECTBO, CBETIO-XKEIITOTO IBETA, CIIEKTP
[IMP, 6 mkana, CDCl;: 1,5930 m.a. u 1,6060 m.1. — cunriierst Ha 3H n 6H, metun
KOHIIEBOM M30TPOMUIICIEHOBON TPYIIIBI B MpaHC-KOHPUTYPAITUH U METHIIBI IBYX
BHYTPEHHHMX H30IPEHOBBIX 3BEHHEB Yy aToMa yTiiepoja TPeX3aMelIeHHBIX IBOM-
HBIX CBSI3€H B mpanc-KOHPUTYpalUl COOTBETCTBEHHO; 1,6761 M.1. — CHHIIIET Ha
44H, 14-15 METUIBHBIX TPYII Y aTOMOB yIJIEpOJa BHYTPEHHUX TPEX3aMEIIEeHHBIX
JBOMHBIX CBSI3€H M KOHLIEBOM U30MPONUIEICHOBOM METHIIBHOU IPYIIIbI B {1/C-KOH-
tdurypamun; 1,7427 m.a. — cunamner Ha 3H, MeTmiIbHAS TpyIIa y aToMa yIiepo-
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Jla TpeX3aMEeIIeHHOW NBOWHOW CBSI3M M30MEHTUHWIBHOTO 3BeHa ¢ OH-rpymmoii;
2,0366 m.n. — cunmier Ha 69H — CH,-rpynnsl W30IEHTHHUWIBHBIX 3BEHbEB LIENIH
Monekynbl; 4,0922 m.a.— ayonet nyoneros J = 2,0 u J = 8,0 ['u na 2H, nporons! y
atoma C, cBsizannoro ¢ OH-rpynmoii; 5,1194 m.a. — mmpoxkwuii cunriet va 1 7H, mpo-
TOHBI Y aTOMOB YTJIEpOAa TPEX3aMENICHHBIX JBOWHBIX CB3€H M30MEHTHHUIHHBIX
3BeHbEB; 5,443 m.a. — TpumieT nyoneros J = 2,0 u J = 8,0 ['u, 1H, npoToH y aroma
yIJIEpOAA TPEX3aMEeLeHHON IBOWHOM CBsI3M U30NeHTHHMUIbHOH rpynmnsl — C(CH,) =
= CH-CH,OH.

3-Kapen: cnexrp IIMP, 6 mkana, CDCIl;: 0,7588 m.a. u 1,0206 m.1., mo 3H
KaXKIIbIiA, TPOTOHBI METHJILHBIX TPYTI Y aTOMa yTIIepo/ia IIUKIOMPOITAHOBOTO KOJTb-
na; 1,5962 m.a., 3H — cunmer, npoToHsl METUIIBHOM TPYMIBI y aroMa yriepoaa
Tpex3aMelIeHHON IBOWHOM CBSI3M IIUKIIOTEKCEHOBOTO KOJIBIIA; TPUIUIET TyOIEeTOB C
uentpom 0,6084 m.a. (J=8,0:J=4,0:J=0,4Tu)na 1H u 0,7134 m.1. Tpurier
nyomeroB (J =8,0:J=4,0uJ=0,4 I'n) nva 1H — mpoToHBEI ¥ aTOMOB yTJiiepoa
COUJICHEHUS ITUKIIONPOTIAaHOBOTO U IUKIIOTEKCEHOBOTO KOJIEI; MyOJeT ¢ IEeHTPOM
1,7890 m.n. va 1H u nyGner ayoneros ¢ ueHtpoM 2,1620 m.a. Ha 1H — npoToHsI
METHJICHOBOH TPYMITBI y aToMa YTIIepoaa, HaXOAAIIErocs MeXIy aTOMOM yIJIepo-
Jla COWICHEHUS ITUKIOMPOIAaHOBOTO KOJIbIIA U aTOMOM YIJIEPOAa TPEX3aMEeIICHHOM
TIBOWHOMU CBS3W ¢ METHIIOM; 2 myOierta ¢ rieaTpamu 1,9381 m.a. n 2,3450 m.a. ma 1H
KQKJIbI — IPOTOHBI METUJICHOBOM IPYMIIbl y aTOMa YIJIEPOa, HAXOASIIETOC MEK-
Iy aTOMOM YTJIepOJla COWICHEHUS ITUKIOIPOIIAHOBOTO KOJIbIIAa M aTOMOM YTJIepo/ia
C MPOTOHOM TpeX3aMelIeHHON JIBOWHOM CBS3H; MPOTOH y aToMa yTiiepoja Tpex3a-
MEIIEHHOW ABOWHOW CBSI3U MPOSBIISIETCS B BUAE LIMPOKOTO CHUHIVIETA C LIEHTPOM
5,2302 m.a. ma 1H.

Ckeanen: cuekrp IIMP, § mkana, CDCL;: 1,6064 m.1. — cunrier Ha 18H,
MIPOTOHBI METHJIBHBIX TPYIINT y aTOMOB YIJIEpO/ia TPEX3aMEIIeHHBIX JTBOIHBIX CBS-
3eil B mpanc-koHpurypaunn; 1,6832 m.a. — cunmier Ha 6H, MeTuIbHBIE TPYIIIBI
y aToOMOB yIJIepOJia TPEX3aMEIECHHBIX IBOWHBIX CBsI3¢H B yuc-KOHPUTYpalHH,
1,9580 m.a. u 2,1115 m.xa. — myasrumuiet Ha 20H, BHyTpeHHUE METHIIEHOBBIE IPYII-
IbI; MYABTUIUIET ¢ HEeHTpoM 5,1214 m.a. Ha 6H — mpoTOHBI y aTOMOB yrieposa
TpeX3aMEeIlIEHHbIX JBOWHBIX CBS3EH.

Huxnoapmenon ayemam: cuextp IIMP, § mxkana, CDCL,: curnansl nukio-
MIPOIMAHOBOTO KOJIbIIA MPOSBISIMCH B BUaE AyOseToB Ha 1H Kakaplil ¢ 1ieHTpaMu
0,55 u 0,68 M.11., METHUIIBHBIC TPYNITBI B OOKOBOM IIeNM B BUE CHUHIJIETOB C IICH-
Tpamu 1,57 u 1, 68 m.a. Ha 3H xaxasif; 4,05 m.a. — 1H, Tpurmiet, npoToH y aToMa
yIepoJa ¢ BTOPUYHOM aleTaTHON Ipynioil, UMEIOUNA y COCEAHEro aToMa yrie-
pona C-4 3amenieHne MeTWIbHBIMU Tpynnamu. IIpoton y aroma yrepona C-24
Tpex3aMeIIeHHOH IBOWHOM CBA3H MPOABIIAETCS Ha CIIEKTPE B BUAE Tpuruiera Ha 1 H
B oOiactd 5,25 M. .

Pesynomamul uccnedosanus u ux oocyscoenue

Pesynprarel pasmenieHHss METOIOM KOJIOHOYHOH Xpomartorpadum HEu-
TpajbHBIX BemecTB 3eneHoi (81,4 1) u xentoir (14,9 r) XBOM mpencTaBieHBI
B Tabu. 1. ComeprkaHue YIIEeBOJOPOIOB U CIOKHBIX dQHPOB MPAKTHUECKU OJIH-
HAKOBO B 000MX cO0pax, a ypoBeHb TPUINIMLEPUIOB MEHbLIE B 2 pa3a B KEITON
XBOE.
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TabGuuma 1

Pe3yJ1]>TaTl>I pa3aejieHust HeﬁTpaJIbelX BeIIEeCTB XBOU JTUCTBCHHUIIBI ME€TOJI0M

KOJIOHOYHOI1 Xpomarorpaguu

Conepxanue™
Ne m/m OmroeHT ['pymma BemecTs "
r (]
1 115 YreBomopoast 1,98/0,45 2,43/3,02
115: 15
2 99:1-96-4 CnoxHbIC 3PHUPBI 25,55/5,10 31,30/33,80
e: 15
3 95:5-85-15 Tpurnuuepuabt 9,50/0,96 11,70/6,44
115: 15
4 85:15-75:25 CriupTsl 15,18/4,16 12,40/27,90
e: 15
5 7525 Crepunbl 6,28/1,50 7,70/10,06
6 JD, sTanon TTonmrokcucoeTnHEHNS 21,90/2,53 26,90/16,90
THonyueno 80,39/14,70 98,75/98,65
Bsamo na pazoenenue 81,40/14,90 | 100,00/100,00
Tomepu 1,01/0,20 1,25/1,35

* 31ech U jganee, B Ta0l. 3, 5, 8, B uncIUTENE JAHHBIE TI0 3€JIEHOU XBOE, B 3HAMEHATEJIE —

M0 SKEITOM.

[TepBoii u3 xpomarorpaduveckoil KOJIOHKH ObLiIa dTFONUpPOBaHa (PpaKius yrie-
BOOpO/IOB [S]. B Hee oTOupanuch COeIMHEHNs, 3HAUYECHUs R, KOTOPBIX BbIIIE MK
paBHbI 3HaueHHIO R ckBaneHa Ha TCX. CocraB coelMHeHHH yCTaHABINBAIN METO-
JIOM XpoMaromacc-CreKTpoMeTpun. KOMIIOHeHTHBIH cocTaB yIieBOIOPOAOB HEWl-
TPaJbHBIX BEIIECTB XBOW JIMCTBEHHHIILI CHOMPCKOHN TMPHUBEJICH B Ta0II. 2.

Tabnuna 2

KoMmnoHeHTHBIH cocTaB yriaiesoaopoaoB HeﬁTpaJ’lele BelIeCTB XBOU

Coneprxanue, % OT Macchl (PPaKIUHU yIIEBOTOPOIOB
KommoneHT
3eseHast XBOs Kenrast xBost

o-ITunen 0,40 -
B-TTunen 3,21 —
3-Kapen 3,90 -
n-1lumen Crnenpr* -
o-Mnanren Crenpl 3,93
B-Bypbonen 1,49 5,23
B-Kybeben Crnensr 2,95
Jlorrudonen 1,64 Crensl
Kapuogpumnen 2,16 5,62
Wzoxapuoduiien 2,47 -
B-dapuesen Crnenpl -
T'ymynen 0,80 -
y-Myponen 17,20 15,86
I'epmaxpen-D Crnenpl 9,13
B-Cenunen 0,90 -
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Oxonyanue maon. 2

Conepxanue, % OT Macchl ()paKInH yIIIEBOLAOPOIOB
KomnoneHT
3eneHas XBos XKenras xBost

yuc,mpanc-o-DapHeseH Crensr -
o-MyposeHn Crensr 6,02
B-buzabonen 0,05 -
y-Kagnuen 13,90 13,60
o-Kagnnen Cnensl 10,30
o-Kagunen 7,90 3,06
a-Kamoxapen - 7,30
Kapunogumnen oxenn 2,43 2,55
CanpmapakonuMapaicH 1,30 —
18-Hopabwuera-8,11,13-Tpuen 2,10 -
Hernnpoabueran 0,80 —
M3onumapanuen Cienpl 2,05
I'epanun-n-nuumen 0,40 —
Diiko3aH 0,01 Crnenpl
Joniiko3an Cnenpl -
Tpuniiko3an Crnenel 3,82
Terpansiikozan Crnenel 2,61
CxBajieH 9,10 Craenst

* 3nech 1 nanee, B TaOI. 4, cie/ibl — CoAepIKaHNEe KOMIIOHEHTa OT MacChl (PPAKIIMK COCTABIISIET
menee 0,01 %.

[TonyueHHbBIE TaHHBIE CBUJICTEIBLCTBYIOT O TOM, UTO 3€JICHAsI XBOSI CYIIICCTBCH-
HO OTJIIMYACTCsI OT JKEJITOM IO COCTaBy COCIMHEHHH YIIIEBOIOPOAHON (pakiiuu.
B nepBoii 6putH HAEHTH(GHUIIMPOBAHEI MOHOTEPIIEHBI, U3 HUX JTOMHHHUPYIOIIHA KOM-
MMOHEHT — 3-KapeH, YTO SIBISIETCS OTIMYUTENFHOW OCOOCHHOCTHIO JIMCTBEHHUIIBI
cubupckoil. Beicokoe conepikaHue JTaHHOTO KOMIIOHEHTa OBLJIO OTMEUYEHO paHee B
pabotax [7, 14, 19], rae cooO1anock o npeodiiaganuu 3-KapeHa B KOpe BeTBEH, JKu-
BHUIIE U 3(UPHOM MaCJIe JTUCTBEHHUIIBI. MOHOTEPIICHBI B JKEITON XBOE HE UICHTU(H-
[IUPOBaHbI, HA XPOMATOIPaMME OTCYTCTBOBAJIH.

OcHOBHas Tpynna yIiIeBOJOPOIOB OTHOCHTCA K CECKBHTEPIIEHAM, COAEpIKa-
HHUE KOTOPBIX B 3eJeHoi XxBoe cocTaBmiio 50,6 % oT cymMMbl (hpakumu yrieBogopo-
IoB, uTo Ha 30 % HIKE, YeM B aHAJIOTUYHOM TPYIIE YIIIEBOAOPOAOB B JKEITON XBOE
(85,7 %). )

B 3eneHol XBoe HICHTHU(DHUIIMPOBAH HEH3-
BECTHBIN paHee /i1 XBOMHBIX pacTeHU apomaTuye-
CKUI IUTEPIIEHOBBIA YITIEBOAOPO/ — Fe€paHUI-1-1U- | |
men (1). Macc-cnektp, m/z (%): M= 270 (2), sy S~
227 (10), 185 (2), 159 (10), 145 (49), 132 (75),
119 (100), 105 (30). Ero conepxanne cocraBmiio Bcero 0,4 % ot Macchl (pakiuu
YIJICBOJOPOIOB 3€JICHON XBOU, TIOITOMY CIEKTPAIBHBIC XapaKTEPUCTUKH HE OTpeIe-
Jstich. MOKHO BBICKa3aTh MPEAIOIOKEHHE 00 00pa30BaHUK JaHHOTO COSIUHEHUS
MyTeM HUKIU3AIIH W TOCIEYIONel apoMaTH3aiu OHOTEHETHYECKOTO Tpe/le-
CTBEHHHKA BCEX JIMTEPIIEHONUIOB — repanmirepanmmmpodocdara [8].
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B nureparypHBIX MCTOYHMKAX HaWJCHBI JaHHbIE 00 ujcHTH(UKANUU (BbI-
JIEJIEHUHN) TepaHWI-A-IMMeHa W3 3(PHUPHBIX Macell JIMCTHEB TPONMHUYECKHX MOPOL
(Calaminta pamphylia, Montanoa guatemalensis) [15, 17] u TUCTbeB KaHAJCKOTO
Oyka [20]. Macc-CeKTp BBIICIEHHOTO TepaHI-#-IIIMEeHa U3 KaHaackoro Oyka [20]
1 Macc-CIeKTp WACHTH(PHULIUPOBAHHOTO YIIIEBOJOPOIA B XBOE JIMCTBEHHMLIBI TOXK/IE-
ctBeHHBI. COOONICHNI 0 HAIMYUH JAHHOTO YIJIEBOIOPOAA B IPYTHX YaCTIX OMoMac-
CBI JIMCTBEHHUIIBI WIIN JIPYTHX XBOHHBIX JICPEBBSIX HE OOHAPYKEHO.

JluteprieHOBbIE YITIEBOAOPOABI B 3€JIEHOW XBOE OBUIM INPENCTaBIECHBI TaKXkKe
18-nopabuera-8,11,13-TprueHoM, caHIapakoUMapaIdeHOM, IeTrHApOabueTaHOM H
M30MMMapaineHoM. B KenTol cpenn rpymnibl JUTepIeHOB HACHTH(UITUPOBAH TOJb-
KO M3onuMapaauex B konnuectse 2,05 % oT Macchl ppakiuH.

XBOIO OT JPYTUX YacTe KPOHBI JIMCTBEHHUIIBI CHOMPCKON OTIIMYAET OTCYyT-
CTBHE B COCTaBE YIJIEBOIOPONIOB IIeMOpaHOBhIX coenuHeHmid [9]. x BrIcOKOE co-
JepkaHue ornpenesaeHo B kope [14] muctBeHHuUIbl. TpuTeprieHOBbIE YITIEBOAOPOIBI
MIPEJICTaBIICHBI CKBAJICHOM TOJIBKO B COCTaBe 3€JIEHOM XBOM, B KEJTOH CKBaJICH Hal-
JIEH B CJIETOBBIX KOJUYECTBAX.

Opaknus cI0KHBIX A(PUPOB AIUIOPOBAHA U3 XPOMATOrpaUIeCcKOl KOJIOHKH
nocine (hpakiuu yriieBOAOPOJOB M BKIIOUAET HAMOOJBIIYIO YacTh OT HEHTpaTbHBIX
Bewects: 31,3 % — B 3enenoit xBoe, 33,8 % — B xenroil. Kak mpaBuio, cioxHbIe
3UpBI APEBECHOMN 3€JIeHU coJepikaT B ceOe HauMeHee MOJSIPHbIE KHUCIOPOICOAED-
JKalie KOMIIOHEHTHI, TaKhe KaK ameTaThl IMOJHUIPEHONOB, 3(UPHI, COCTOAIINE U3
BBICIIUX KUPHBIX KUCIOT U TPUTEPICHOBBIX CIIUPTOB, CTEPUHOB.

AHaM3 rpymnmoBoro cocraBa (Gpakiuy CIOKHBIX 2PUPOB (Tadi. 3) 3eJeHON 1
JKEJITOM XBOM TIOKa3aJl, YTO B 3eJICHOI XBoe OOJIbIIe HEOMBIISIEMbIX BeriecTs (86,1 %
0T Macchl (PPaKINU CIOKHBIX 2(pHUPOB) B cCpaBHEHUH C xkenToi (63,5 %), HO MeHbIIIe
JIOJIs1 CBSI3aHHBIX KUCJIOT — B 2,7 pasa.

Tabmuna 3

I'pynmnosoii cocTaB Gppakuuu CJI0KHBIX I(PHPOB XBOU JTHCTBEHHHIBI

I'pynna Bemects Beixon, r Coﬂeiﬁglﬁi};@;;gﬁfxu””
HeoMmbuisieMble BEIECTBA 21,99/3,23 86,09/63,50
CBs13aHHBIE KUCIOTEI 2,33/1,26 9,12/24,80
CymmapHuwlii 661X00 24,30/4,50 95,20/88,30
Bzsamo na pazoenenue 25,55/5,09 100,00/100,00
Ilomepu 1,20/0,60 4,80/11,70

CBsi3aHHBIC KUCJIOTHI ITOCJIE METHIIMPOBAHMS aHATM3UPOBAJIN METOJIOM XpOMa-
Tomacc-criekrpomerpun. CocTas MpecTaBieH B Ta0u. 4.
TabOnuna 4

CocTaB CBS3aHHBIX KHCJIOT CJI0KHBIX 3(HPOB 3eJICHOI 1 JKeJTol XBOH

Conepxanue, % OoT (GpakKiliK CBI3aHHBIX KHCIOT
Kucnora
3CHCHa$I XBOsA Kenrasa xBos
JlonekanoBast Crensl Crnensl
TerpanexanoBas 4,40 424
7,10,13-T'excanexarpueHoBas - 2,39
ITansMuTHHOBAS 14,62 15,02
14-MeTunmaabMATHHOBAS Crensl 1,47
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Oxonyanue maon. 4

Copneprxanue, % OT (HpakLUU CBA3AHHBIX KUCIIOT
Kucnora
3eieHast XBOst JKenras xBost

5,9,12-OxTanexaTprueHoOBas 5,80 -
6,9,12,15-OkranekareTpacHOBas 4,97 -
JIunonesas 25,47 4,23
JInHOMIeHOBAs 36,72 26,14
CreapuHoBas 1,85 3,07
5,11,14-Diiko3arpueHoBast 2,81 3,69
5,11,14,17-3O1iko3areTpacHoBast — 2,57
Diiko3aHOBas Cnenpr 5,27
HernapoabueTnHOBas Crenpl —
Berenonas Crnenst 4,78
Tpuko3aHoBas Crnenpl 2,61
Terpako3aHoBas 2,02 5,25
I'excako3anoBast - 2,97

3eneHass XBOsI JIUCTBEHHHIIBI CHOWPCKOW COACPKUT OOJIbIlle HEHACHIIIEHHBIX

BBICIIMX YKUPHBIX KUCIIOT, 4eM xentast (0onee 75 % u oxono 40 % ot cymmsl (pak-
IIUH KUCJIOT COOTBETCTBeHHO). Cpean HUX naibMUTHHOBas Kucnora (1415 % B 060-
Hux C60an) — ocHOBHas. JInHOJIeBas ¥ JTMHOJICHOBAS KHCJIOTBI, COCTAaBIAIOIINE CBBIIIC
60 % B 3enmeHoM 1 okoito 31 % B JKeNTOM XBOE, SIBJISIOTCS HE3aMCHUMBIMH IIOJIUHCHA-
CBIIIICHHBIMU JKUPHBIMU KUCIIOTAMH OCHOBHOTO 0OMEHA, KOMITOHEHTaMH TIa3MaTHue-
CKHX MeMOpaH KJIETOK W BHYTPHKJIICTOUHBIX OopraHeit [16]. DiKko3aHOBBIE KHCIOTHI
[4, 18] — mpeniecTBEHHUKY TPy MPOCTAIAHAMHOB U JIGHKOTPUEHOB — 3TO, B CBOIO
odepesib, PEeAIIeCTBEHHNKN apaxiIOHOBOTO Kackaaa M PEryasTOphl KIETOYHOTO Me-
TaboJIM3Ma U IMMYHUTETa OPraHU3Ma MJICKOTTATAIOIIUX.

Heombisiembie BemecTBa mo gaHHBIM TCX COCTOSITH M3 HECKOJNBKUX TPYII
CITUPTOBOM COCTABJISAIONIEH CJIOXKHBIX A3UPOB — CITUPTOB U COSAMHEHUH, KOTOPBIC HE
m3MeHuny 3HadeHns R, Ha TCX mocie npoBeeHnst THApoIm3a.

Heombuisiembie Bemectsa (21,99 r u3 3eneHol xBou U 3,23 T U3 )KENTON) pas-
TSI METOIOM KOJIOHOYHOH Xpomatorpaduu (Tadi. 5) Ha 4 OCHOBHBIC (hPAKITHH.
@paxkiust A cocTosia U3 COEANHEHNUH, KOTOpPbIE MTOCIIE OMBUICHHS HE U3MEHWIIN 3Haue-
uust R Ha TCX, v BKiIIOYasa B ceOst ab/IeTH/Ibl, METHIIOBBIE (PUPHI CMOJISTHBIX KHCIIOT,
CIUPTHL. AHATU3UPOBAIH (HPAKIIUIO METOJOM XPOMATOMACC-CIIEKTPOMETPHH.

Tabnuma 5
Pe3yabraTrsl pazaesieHusi HEOMbLIAEMbIX BEeIIECTB CJI0KHBIX 3()MPOB

STHOeHT Conepxanue, % OT Meroxn

Dpaxuus 3:19 HEOMBUISIEMbIX HEUTPAIbHBIX uneHTH(UKALIH
BCILIECTB BEIIECTB
A 95:5-90:10 25,90/11,12 6,75/2,33 I'X-XM
b(1) 90:10 1,08/— 0,28/— —*

b 88:12-86:14 55,07/60,80 14,90/12,82 SAMP

B 88:12-86:14 —/12,80 —/2,61 SAMP
r 80:20-70:30 16,98/13,68 2,47/2,88 I'X-XM, SAMP

* AHamu3 HE IPOBOMMIICS.
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Ha xpomarorpaMMe HEOMBUISIEMBIX BEIISCTB (DpaKkiuu A KEJITOH XBOU MPH-
CyTCTBOBaJIO |3 MUKOB, 6 M3 HUX YAAJIOCH UACHTU(DUIIUPOBATH C BEPOSITHOCTHIO BBILIIC
95 %: metunaeruapoaduerar — 0,08 % (3aech U manee MPOIEHT OT HEOMBUIIEMBIX
BemiecTB), Aeruapoaduernnans — 0,08 %, 2-nenrakozanon-10 — 0,06 %, 1-mMeTok-
cu-24-metmirentakosat — 0,16 %, Honako3anos-10 — 0,28 %, a-Toxodepon (Bura-
muH E) — 0,34 %. Oxono 60 % BeriecTB JaHHOU (PPaKIIUU OCTATIOCH HE OTPECIICHO.
[To xapakTepy pacnaga MOJEKYJI U OCKOJIOYHBIM HOHAM IMPEIIoIaraeTcs, YTo 3TO
anplerupl 1 anudarnvyeckue cnupThl. CoCTaB aHAIOTUYHON (pakuuu 3eleHOoH
XBOM OTJIIMYAETCA OT COCTaBa JKeNTOH (Tabs. 6) HAMMYMEM OKCHIOB — ATTMMAaHOUJI-
OKCcHIa 1 MaHouJokcuaa. Tokodepor, BepoITHO, HAXOIWIICS B TAHHOW (paKIUU B
BHJIC alleTaTa.

Tabnuna 6
CocTaB HeoMbLIsIeMbIX BelllecTB ppakiuu A cJI0KHBIX 3(pHPOB 3e/1eHO0i XBOU
Kommonent COZ[ep)KaHI/Ie, % OT HEOMBUISIEMBIX BCIICCTB
o-Honon 0,06
B-Monon 0,07
MaHOUIOKCHU/T 0,55
DIUMaHOUIOKCH/T 0,20
T-mypomon 0,15
[Mumapunans 0,72
CannapakonumapuHaib 0,56
JlerunpoaOueTHHAIb 0,50
3-KeTo-m3onmumapannex 0,80
OKTaKo3aHOJI 1,01
DIK03aHOII 0,33
Metunnernapoaduerar 2,50
Merunnabuerar 1,43
HewnnentudunmnpoBaHHble KOMIOHEHTEI 17,40

Opaknus b no ganasiM TCX cocrosiyia U3 0JHOTO KOMIIOHEHTA, 3HAYCHUE Rf
KOTOPOI'O COBIAAN0 CO 3HAYCHUEM R, TONUIPEHOIOB 13 enu. CTpOCHHE moumpe-
HOJIOB JINCTBCHHHMIIBI ycTaHaBnuBamu meronamu AMP-cniekrpockonn u TOF-EMS-
CIIEKTPOMETPHUH (B Ka4eCTBE «METUMKOBY HCIIOIB30BAIIN TIOTUIIPEHONBI U3 U M3-
BECTHOTO COCTaBa).

Hcxonst u3 naHHBIX, MONIyYeHHbIX 0 SIMP-criekTpy ¥ COOTHOLLIEHUIO MHTE-
IpajbHBIX KPUBBIX CUTHANOB npH 5,4430 u 5,1194 M.71., MOKHO MPEANOI0KHUTE, YTO
OCHOBHBIMH IIPEHOJIAMH SIBJISIIOTCS COSAUHEHUS ¢ 16—18 M30IPEeHOBEIMU 3BEHBSIMU,
B TO BpeMs KaK IOJUIIPEHOIBI eNi cocToAT u3 10—17 M30mpeHOBHIX 3BEHBEB B LETH
MOJICKYJTBI ¢ TIpeoOmananneM 14—16 W30MPEHOBBIX 3BEHLEB B I MOJIEKYI: TIpe-
Ho-14, npeHon-15, npeHoin-16, — cocrapistronux 6onee 70 % oT Macchl moaunpe-
HOJIOB. B nmuTeparype He HaliIcHO CBEACHUN O MOJUIPEHOIAX XBOU JIMCTBCHHUIIBI
CHOUPCKOH.

Pe3ynpraThl aHanmmM3a METOJIOM MAacC-CIIEKTPOMETPHUU BBICOKOTO Pa3pelIeHUs
(hpakumii MOIUIIPEHOIIOB U3 U3BECTHOTO Npemnapara «Porpeny u Gppakmum moumpe-
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HOJIOB JIUCTBEHHUIIbI CHOUPCKOH (CM. pUCYHOK) B BUJIC UX TPUITUIIAMUHHBIX TPOH3-
BOJIHBIX TIOKa3aJId OJIM3KME MACCOBBIC YMCIIa COOTBETCTBYIOIIMX MTPEHOJIOB C IIarOM
68,040—-68,068 m.e. Mexay cocemHUMH KoMIOHeHTamMu (Qpakunii. Ha macc-cniexpe
MEXIy CUTHAJIAMH OCHOBHBIX KOMIIOHCHTOB ()PAKIINU €CTh CHTHAJIBI C MAaCCOBBIMHU
yuciamu Ha 31,987 Bblle, 4eM y OCHOBHBIX KOMIIOHEHTOB, U IIarOM, OAMHAKOBBIM
C IIaroM MEKJIy OCHOBHBIMH KOMIIOHEHTaMHu — 0Kojo 68,066 m.e. Tak kak aHanu3
(Gpakiyii MOJIUIIPSHONIOB B BUJC TPUATHIAMHUHHBIX TPOU3BOJHBIX MPOBOIUICS C
MPUCATAKONH METAHOIa, MOXXHO TPEINONOKUTh, YTO YBEIUUYCHHE CHUTHAJIA C MacCo-
BbIMH ynciamu Ha 31,987 mo cpaBHEHHIO C OCHOBHBIMH KOMITOHEHTaMH, CBSI3aHO C
00pazoBaHNEeM KOMILIEKCA — IIPOU3BOIHBIE TIOJTUIIPEHOIOB C METAHOJIOM.

Intens
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MaCC-CHCKTp IIPOU3BOJHBIX MMOJUIIPEHOJIOB, BBIJICJICHHBIX U3 XBOW JIMCTBECHHUIIbI CI/I6PIPCKOI71

Mass-spectrum of derivatives of polyprenols isolated from Siberian larch needles

Cymmupys nansbie SIMP-criekTpockonuy U Macc-CIIeKTPOMETPHH, pe3yIbTa-
1ol TCX ¢ aneraramu 1 CBOOOAHBIMHU MOJMITPEHOJIAMHU U3 €JIU, MOKHO YTBEPIKAATh,
YTO MOJIUIPEHOIIBI XBOU JIUCTBEHHUIIBI CHOMPCKOM COCTOAT M3 alleTaToB, KaK U B Jpy-
TUX BUJIaX XBOWHBIX (€Jb, COCHA, MMUXTA), U COIepKaT n3onpeHoaoru — 14...20 uzo-
MIPEHOBBIX 3BEHBEB B IIEMH MOJIEKYI C Tpeodnazannem nperona-17 (31,6 %), mpexo-
na-16 (29,6 %), cocrapnstomux Oosee NOJIOBUHEI (pakiuun. TpeTh ee NpeACTaBIsSIOT
npenoinsl-15 (15,8 %) u -18 (14,6 %); npenonsi-14 (4,4 %), -19 (3,2 %) u -20 (1,0 %)
B cymme coctaBisitorT Menee 10 %. ConeprkaHue H30MPEHOIOr0B BO (PAKIUHU MOJTH-
MIPEHOJIOB PACCUUTAHO METOJIOM HOPMAIM3AlUU 110 COOTHOIIEHHUIO BHICOT CUTHAJIOB
COOTBETCTBYIOIINX KOMITOHEHTOB.

[IpeHosbI XBOM JTUCTBEHHUIBI CHOMPCKOM, KaK W M3BECTHBIE MPEHOINBI APY-
TUX XBOWHBIX Poccum, comepikar 2 KOHIIEBBIX BHYTPEHHHX HM30MPEHOBBIX 3BEHA C
mpanc-KoH(UTypanuen TBOMHBIX CBsI3€H, KOHLIEBOE 3BEHO C TeMANMETHIILHOM IpyI-
[0 y aToMa ymiepoja TPEX3aMEIeHHON JBOMHOU CBSI3H, OCTAJIBHBIE U30IIPEHOBbIE
3BeHbs — OT 11-ro (mpenoin-14) no 17-ro (npeHon-20) — UMEIT yuc-KOH(DUTYPALIHIO
JIBOMHBIX CBS3EH.

Opakuus [ 3eeHOl XBOM, MO JIAHHBIM MacCC-CIIEKTPOB, COCTOsUIa U3 TPHU-
TEPIICHOBBIX CITUPTOB U CTEPUHOB. TpHUTEPIEHOBHIE CIHPTHI AlECTHIMPOBAIH U
XpomarorpaupoBaji Ha KOJOHKE ¢ cepeOpoM. BbuiM BbIaeneHbl KaK WHAWBUAY-
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aNbHBIC COCAMHEHMS, TaK M (hpakuuu, oOOTaleHHbIE OCHOBHBIM COCIMHEHHEM
(Tabn. 7). ®pakuuo CTEPUHOB NEPEKPUCTAIITN30BAIH B dTHIIANeTaTe. B kpucTan-
JINYECKOM YaCTH, 0 JaHHBIM Macc- U IMP-crniekTpoMeTpuu, CoepKaIcs YNCThIN
CHUTOCTEPUH, a B MATOYHHUKE — OCTAaTKU CUTOCTEpHHA ¢ KamnecTepuHoM. CTpyk-
Typbl BCEX BBIJCJICHHBIX (PUTOCTEPUHOBBIX COECOUHEHUH IOATBEPKICHBI
SAMP-criekTpamu.

Tabnuna 7
Bblae/sieHHbIe TPUTEPIIEHOBbIE CIIUPTHI M cTepuHbl ppakumu I' 3esieHoil XxBon
Komnonent %C(SFH;I;));;EII::F MeTton uaeHTHHKATUH

HuknoapreHon 6,82 I'X-MC, sAMP
HukosBKaneHon 0,09 SAMP
O0Ty3udoIHOoN 0,01 SAMP
24-MeTuneHIMKI0apTaHo 6,75 I'X-MC, sAMP
urpacranuenon 7,69 SAMP
Metusutodenon 1,84 SAMP
24-MetunennoheHon 0,10 SIMP
Kammnecrepun 0,33 I'X-MC, sAMP
B-Curtocrepun 7,18 I'X-MC, sAMP
Cymma 30,81 -

Xpomatorpamma (pakmuu [° KenToll XBOW TOKaszana MUKW, COOTBETCTBY-
IOIe CTEPUHOBBIM cnupTamM: KammnectepuH (2,31 %, 3aech u ganee MpomeHT oT
Maccsl ppakuun I xenTtoit xBon) u B-cutocteput (88,2 %) B kauecTBe OCHOBHBIX
KOMITOHEHTOB (pakuuu. Taxke MACHTU(UIUPOBAHBI TPAHC-TEPAHUITEPAHNUON —
1,87 %, ¢urton — 6,36 % u HoHakozanon-10 — 1,26 %. TpurepneHOBbIE CIUPTHI HE
ObUTH OOHapyXeHbl. BO3MOXHO, 3TO CBS3aHO C TEM, YTO XBOS B IEPHOJI aronTo3a
npeKpanaer OMOCHHTE3 TPUTEPIICHOUIOB — TPEAINICCTBEHHIUKOB CTCPUHOB. JTY
TUIIOTE3Y MOKHO OOBSCHUTH HAJIMYMEM B II0OETax OOBIYHBIX I PACTEHUI CTEpH-
HOB — KaMIIECTepHUHa U CUTOCTEPHHA.

Opakuuio TPUIIHLEPUAOB aHAIOTUYHO (PPAKLHUU CIOKHBIX 3()UPOB OMBI-
JIUITH, pa3feliiii Ha HEOMBUISIEeMble BEIIECTB M CBSI3aHHBIC KUCIOTHI. Pe3ynbrarsl
MpeCTaBICHBI B TabM. 8. J{0JIs1 KUCIIOT B TPUTIIUILIEpUIAX COCTaBIsIeT okoio 90 %,
a DIULEPUH NPHU LIEJIOYHOM THAPOJIN3E NEPEXOJUT B BOJHYIO 4acTb I'MIPOJIN3ATa
1 HE BBIICISETCS, YTO MOATBEPKAACTCS AAHHBIMHU 110 BBIXOJAM I10CJIE IPOBEACHUS
aHaJIM3a rPyNIoBOro cocrasa (Gpakuuy.

Tabnuna 8
I'pynnosoii coctaB ¢gpakuyu TPULIHLEPUIOB 3eJIeHOM U #KeJITOH XBOU
I'pynna Bemects Beixon, r % or @paizflilpfgzﬁféuepHHOB
HeoMmbuisieMble BelecTBa 5,17/0,58 49,23/60,01
CBs13aHHBIE KUCIOTEI 1,83/0,25 17,43/26,15
CymmapHuwlil 861X00 6,99/0,83 66,66/86,16
Bssimo na pazoenenue 10,50/0,96 100,00/100,00
Tomepu 3,50/0,13 33,33/13,84
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Kucnornas cocrasnsitomas (tadn. 9) ¢pakuuy TPUMTUIEPHIOB 3€ICHON H

JKENITOM XBOM pa3jiMyHa.

Ta6uuna 9

CocTaB KHCJI0T TPHIVINLEPUIOB 3€1€HOMH U 5KeIT0i XBOH

Conepxanue, % OT (ppakiuy TPUIIALEPUIOB

Kucnora
3eneHast XBos Kenrast xBost

Honanexanosast - 1,12
JlonekanoBast - Crenpl
TerpanexanoBas - 4,80
7,10,13-T'excangexarpueHoBas 3,41 2,17
T'excamexanoBast 8,65 7,80
6,9,12-OxTafekarpueHoBast 1,37 2,65
JInHoeBas 18,96 7,01
JInHomeHOBas 32,31 16,24
OitenHoBast 27,15 48,12
CreapuHoBas 0,02 0,82
5,11,14-Diiko3aTprueHoBast 1,33 -
5,8,11,14,17-Diiko3aneHTacHOBast — 3,60
Diiko3aHOBas 0,36 3,22
Jloxo3aHoBas 0,43 1,01
Terpaxo3aHoBast 0,78 0,64
He npentudunmponana 0,90 0,20
I'excako3anoBas 0,61 0,66
He unentudunuporana 0,50 —
OkTako3aHOBas 0,55 -
TpusiikoHTaHOBas 1,61 -

[IpeobmamaromuMu KUCITIOTAMH B 3€JICHOM XBOE SIBIISTIOTCS JIMHOJICBASI, JTIMHO-
JICHOBAsl W OJIEMHOBAsI, KOTOPbIE B CyMMe COCTaBIIAIOT 78,5 % OT Macchl CBI3aHHBIX
kucnoT. [Ipu 3ToM comepkaHue 0OIEMHOBOI KHUCIIOTHI BO3pacTaeT B 2 pasa B JKENTOM
XBOE 10 CPABHEHHUIO C 3€JICHOM, HO MaJal0T YPOBHU JIMHOJICBON U JMHOJICHOBOU KHC-

JIOT B aHAJIOTUYHOM 3aBUCUMOCTH.

CocTaB HEOMBUIIEMBIX BelIECTB (DPAKIMK TPUTIUICPHIIOB 3€JICHON XBOU

npencrasieH B Taom. 10.

Ta6uuua 10

CocTaB HeOMBLIsIeMbIX BelllecTB GPaKIUH TPUINIMIEPUIOB 3€JIeHOIH U KeJITOI XBOU

Conepixanue, % 0T HEOMBLISIEMbIX BEIIECTB

KomrmoneHt
3ereHast XBOs JKenras xBost
T-Mmyposon 0,90 1,00
W3zononrudoson 3,40 3,00
duTton 1,70 11,70
T'enraxo3anon-10 5,50 4,50
Homnako3anoin-10 62,40 31,30
a-Tokodepon 16,60 7,70
B-Curoctepun 10,40 3,04
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CocTaB HEOMBUIAIEMOW YaCTH TPHUIIMLIEPUIOB 3€JCHON XBOM HICHTHYEH CO-
CTaBy JKEJITOH, 32 UCKIIIOUEHUEM COOTHOILICHHS KOMITIOHEHTOB. Tak, B 3€JICHOM XBOE
npeofIiaaonMMI KOMITIOHEHTaMU SBJSIFOTCST HOHaKko3aHo- 10, Tokodepor u cuto-
CTEpHH, COJIEp)KaHUE KOTOPHIX YMEHbIIIACTCS IPAKTUUYECKH B 2 pa3a B kenToi. B Heit
B 7 pa3 [0 CPaBHEHHMIO C 3€JICHOH XBOEH yBEIMUNBAETCS YPOBEHb (hUTOIIA.

Raxnouenue

M3yuen coctaB (ppakmuii yIiaeBOIOPOIOB U CIOKHBIX 3(DHPOB HEHTpaTbHON
YaCcTH SKCTPAKTUBHBIX BEUIECTB, PACTBOPUMBIX B METPOJEHHOM 3upe, 3eIeHON U
JKEIITOW XBOM JIMCTBEHHUIIBI CHOMpPCKOi. Dpakius yriieBoIopoIoB MPeICTaBlIeHa B
OCHOBHOM CECKBUTEPIIEHOBBIMHU YIJIEBOJOPOAAMU KaJMHAHOBOTO M MYPOJIAHOBOTO
TUTIOB, KoTOphie cocTaBmin 50,6 % (3enenas) u 85,7 % (kenras XBOS) OT CyMMBI
YTJIEBOJIOPOJIOB COOTBETCTBYIOMIMX COOPOB. B TpyIine MOHOTEPIIEHOB 3€JI€HOI XBOH
OCHOBHBIE KOMITOHEHTHI 3-KapeH (3,91 %) u B-mmnueH (3,21 %), B xenToit MOHOTEP-
TIEHBI HE BBISBJICHEI.

WnentudunmpoBad HOBBINA AUTEPIICHOBBIM apOMATHYECKUN YTIIEBOIOPOI —
repaHuI-n-1UMEH, O HAJIMYMK KOTOPOTO B XBOMHBIX APEBECHBIX PACTEHUSAX paHee He
coobmranock. BepostHee Bcero, oH o0pasyeTcst U3 repaHuirepanminupodocdara u
SBIISIETCS] BTOPBIM THIIOM apOMAaTHYECKHUX TUTEPIICHOB MOCIIE U3BECTHBIX JIETUIPO-
abMeTaHOB XBOWHBIX.

CocraB cioXHBIX 3(DUPOB 3€JCHOI U KENTON XBOW pa3inyeH. BriepBbie BbI-
JiefieHa Tpymnmna MOJUIPEHONIOB, KoTopasi coctaBiser 12—14 % oT HeUTpalbHBIX
BemecTB. CTpyKTypa MOJHUIIPEHOJIOB M COCTaB M30MPEHOJIOTOB YCTaHOBJIEHHI C UC-
M10JIb30BaHNEM MHCTPYMEHTAIBHBIX METOJ0B aHAJIN3a, OCHOBHBIE H30IPEHOJIOTH —
npenon-17 (31,6 %) u npenon-16 (29,6 %). BeiaeneHbl CHTOCTEpUH U KAMIICCTEPHUH —
CTEPHHBI TTPEOOIIaTAIONTHEe B XBOMHBIX paCTEHUAX. B 3emeHoi XBoe HACHTHPHUITUPO-
BaHBI TPUTEPIICHOBBIE COSIUHEHUS — MPOMEXKYTOUHBIE META0OIHUTH B OMOCHHTE3E
CTEpUHOB.

B coctaBe cBsi3aHHBIX KUCIOT (PAKIUH TPUTIUIECPUIOB 3€JCHON M KENTOMH
XBOW OCHOBHBIMH KHCJIOTaMH SIBISIOTCS OJICMHOBAsl, JIUHOJEBAs M JIMHOJECHOBBIC
kucnoTel. ComepikaHue MEepBOM B JKENTOW XBOE MPAKTHUECKH B 2 pas3a BBIIIE, YeM
B 3€JICHOM; BTOPOM M TpeThel — B 2 pa3a meHbie. Heombuigemas 4acTh TPUIIIU-
LIEPHUJIOB TIPEJCTaBleHa anu(aTHIeCKUMH CIIUpPTaMH: HOHako3aHO-10 u renTaxo-
3aHoi-10. CyMMapHO OHM COCTaBISIIOT 68 % OT HEOMBUISIEMBIX BEILECTB B 3€JIEHOM
xBoe 1 35,8 % B KeNToM.
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Abstract. Siberian larch (Larix sibirica L.) is the main commercial species in Russia. Currently,
larch woody greens are underutilized. They are considered a waste product from logging. This
is due to the lack of knowledge on the composition of compounds and the variability of the
raw material source itself as a result of the fall of the needles. The research purpose is to
study the composition of hydrocarbons and esters from Siberian larch needles in summer and
autumn collection from the Tomsk region. The shredded needles were extracted with propan-
2-ol; then, after distillation of the solvent, substances soluble in petroleum ether (PE, 40-70
°C) were isolated. The latter were divided into free acids (31.5 % for green needles and 28.0
% for yellow needles) and neutral substances (59.8 and 48.1 %, respectively). Then, neutral
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substances were chromatographed on silica gel: hydrocarbons (2.43 and 3.02 %, hereinafter
from neutral substances of green and yellow needles, respectively), esters (31.30 and 33.80 %)
and triglycerides (11.70 % and 6.44 %). The ester and triglyceride fractions were exposed to
alkaline hydrolysis and the acidic components of esters (9.12 and 24.80 %) and triacylglycerols
(17.43 and 26.15 %) were produced. Fractions of unsaponifiable compounds, in addition to
alcohols, contained unsaponifiables with unchanged R, values on thin-layer chromatography
(TLC). Fractions of unsaponifiables were chromatographed on silica gel, and then the isolated
fractions were additionally chromatographed on silica gel with silver nitrate. The isolated
compounds were identified by nuclear magnetic resonance (NMR) spectroscopy. In the acidic
component of esters, the main components are linoleic and linolenic acids. Hydrocarbons are
represented by sesquiterpenes in both collections of needles. A new aromatic hydrocarbon
for coniferous plants, geranyl-p-cymene, has been identified. For the first time, polyprenols
were isolated from Siberian larch greens, the structure of which differs from spruce and pine
polyprenols by chain length according to NMR spectroscopy and mass spectrometry data.
They contain from 14 to 20 isoprene links in the chain of molecules with predominance of
prenol-17. The yield of polyprenols was 12.8-14.9 % of neutral substances of yellow and
green needles, respectively. Tetracyclic triterpene alcohols and sterols were isolated from
green needles. Triterpene alcohols were not found in yellow needles.

For citation: Mikson D.S., Roshchin V.I. Hydrocarbons and Ethers of Extractive Substances
of Siberian Larch Needles. Lesnoy Zhurnal [Russian Forestry Journal], 2021, no. 3,
pp. 170-185. DOI: 10.37482/0536-1036-2021-3-170-185

Keywords: Larix sibirica, woody greens, needles, hydrocarbons, esters, fatty acids, geranyl-
p-cymen, polyprenols.
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Annomayusn. Poct 00beMOB XUMHYECKON MepepabOTKU LIEIIIOI03bI JIJIsl IPOU3BOJICTBA Ca-
HUTAPHO-TUTHEHUIECKUX M MEJUIMHCKAX H3JCIUH, YIIAKOBKH, a TAKKe HAIOJHUTENCH T
TMTUILEBBIX TPOYKTOB 00yCIIaBIMBACT MOSBICHHE HOBBIX TpeOOBAaHMH K KaueCTBY ChIpbst. Oco-
OEHHO OCTPO 3aja4ya YJIYy4IIeHUS] XapaKTEPUCTUK LIEJUTION03bl BCTANla B CBSI3M C AIHICMHUCH
COVID-19: cipoc Ha omHOPa30BbIe HETKaHBIC MaTePHAIIBI, HEMOCPEICTBEHHO KOHTAKTHPYIO-
IIHE ¢ KOKHBIM ITOKPOBOM U€JIOBEKA, YBEIMUYMIICS B pa3bl. TeXHOIOTHS OTOCIIKH CYIb(aTHOM
nesuttono3sl ECF, ncronb3yrommas JMOKCH XJI0pa Kak OTOSIMBAIOLIMN peareHT, JOMUHHPYET
B IIPOIIECCEe MPOM3BOCTBA OETICHOI IEIUTION036I BO BceM Mupe. OOpasyrommecs B pe3yiabra-
Te OTOEIIKU XJIOPCO/IEPIKAINE COSAMHEHUS 3arps3HAIOT HE TOJIBKO CTOYHBIE BOJBI, HO U CaM
NpoAyKT. B Oimkaiiiee Bpemst clielyeT 0XKUAaTh, YTO LIEJUII0I03Y, U3TOTOBJICHHYIO C UCTIONb-
30BaHUEM OTOEIMBaTeNeil Ha OCHOBE COCAMHEHMH XJI0pa, MOTYT 3alPETUTh B IIPON3BOACTBE
CaHNTApPHO-TUTHEHUUYECKUX M3/ICTUH M YIIAKOBKH JUISl MUIIEBBIX TPOAYKTOB. Ecnm mpomyk-
Us OPEINPUSITAN LEJUTI0I03H0-0yMaXKHOHM HPOMBIIIIIEHHOCTH HE Oy/IeT COOTBETCTBOBATh
MEXIYHAPOIHBIM TPEOOBAHUAM, TO Ha PHIHKE LEJITIOI03bI BOSHUKHET JCQHUIUT CBHIPHS JUIA
yKa3aHHBIX BHJIOB TOBapoB. Hanbosnee nmepcrieKTHBHBIM HaIlpaBICHUEM MOJCPHH3AINH CY-
HIECTBYIOLIMX CXeM OTOCJIKM KaK C TOUKHU 3PEHHsI PACXO/IHBIX [TOKa3aTesel mpolecca, Tak u ¢
TOYKHM 3PEHNS KQueCTBA MOITyYaeMON [EJUTION03bI SABISETCS HCIONb30BAHUE HA MIEPBOH CTY-
TICHN KHCIIOPOAHO-IIENOYHOHN 0TOenku. OrnpeseneHue conepKanus 00Iero 1 OpraHuyecKH
CBSI3aHHOTO XJIOPA B IEJUTIONO3HBIX Marepuasiax B coorBerctBuu ¢ ISO 11480:2017 Ha yco-
BEpIICHCTBOBAHHOM YCTaHOBKE IOKA3aJ0, 9TO BHEJPEHHE CXEM OTOCNKH C MCIIOIb30BaHUEM
KHCJIOPO/IHO-IIEJIOYHBIX CPEACTB IMO3BOJIIUT 00ECIIEUNTh PEKOMEHAYEMBIH YPOBEHB COJIEpIKa-
HUSI COEIMHEHUI XJI0pa IPH COXPAHEHUH HEOOXOANMbBIX XapaKTePUCTHK LEJUTIONO3bI IS M3~
TOTOBJICHUSI MEJIUIIUHCKNAX W CAHUTAPHO-TUTUCHNIECKNX M3EIIHHA, YITAaKOBKH TOJ ITUIIEBHIC
poayKThl. OJJHAKO BBICOKOE Ka4eCTBO TOTOBOI MPOYKIINH, YIOBIETBOPSIOIIEe TpeOOBaHHU-
SIM TIOTpeOuTeNel, BO3MOXKHO TOJIBKO TPH YCIOBUM KOHTPOJISI COJEpIKaHHs XJIopa Ha BCEX
9Tanax MPON3BOJCTBA [EIIIIOI03bI, TOCKOJIBKY KOJTWIECTBEHHBIC TIOKA3aTEeNN KOHIICHTPALIIH
JITAHHOTO BEIIECTBA OCTAIOTCS OJIM3KMMHU K BEPXHEMY JIOIyCTUMOMY IIPE/IEIy.
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HUMHM3AIMS COZICPXKaHUs XJiopa B OesieHOH cynb(haTHOH LeJutiono3e il CAaHUTapHO-THTHe-
HUYECKUX M3/ICTMI M YITAaKOBKH MHUIIEBHIX MPOIyKTOB // V3B, By30B. JlecH. xypH. 2021. Ne 3.
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Kniouesvie crnosa: 1EJITI0J103a, CAHUTAPHO-TUTUCHUYCCKUEC U31C/INA, ITUIICBAA YIIaKOBKaA, OT-
66.]1[(3, XJIOPOPraHNvICCKUC COCANHCHU A, HETKAHBIC MaTCpUalibl, ):[eJ'II/II‘HI/I(l)I/IKaHI/ISI.

Beeoenue

B coBpeMEHHBIX YCIOBHSAX CO3QaHUIO MaTepUaloB Uil CaHUTAPHO-THTHU-
CHMYECKMX M MEIUIMHCKUX H3ACIMH Ha OCHOBE LEJUIIONO03bI YAESCTCS ONHO U3
MEePBOCTENICHHBIX 3HAYeHWH. Pa3BUTHE M COBEPIICHCTBOBAHHME JAHHOTO HAIpaBlie-
HUSI CTaJld OCOOCGHHO aKTYyalbHBI B CBSI3U C BUPYCHBIMH MUAECMHUSIMH, B TOM YHCIIE
naggemueit COVID-19. K nenrono3HoMy ChIpbIO AJIs TPOM3BOICTBA OJJHOPA30BBIX
HETKAaHBIX MaTepUalIOB CAHUTAPHO-TUTUEHHUYECKOTO M MEAMIUHCKOTO Ha3HAYCHUS,
YIAaKOBKH IMIIEBBIX MPOAYKTOB U APYI'MX MOAOOHBIX MAaTEpUaJIOB HPEAbSBISETCS
psin cnenupuuecKux TpeOOBaHHH.

Lenronosa, ucronb3yemast B KaueCTBE ChIPbS AJIsl CAHUTAPHO-THTHEHUYECKUX
U JIpyTUX MEJUIIMHCKUX U3JICINH, TOJDKHA XapaKTepHU30BaThCS BHICOKOH YHCTOTOMN 1
MOJIEKYJIsIpHOW opHOpoaHoCThIO [1, 3]. [lnsa nomyueHus OeneHol LeUII0N03bl IpH-
MEHSIIOT TUAPOKCU HATPUS, KUCIOPOJ, NEPOKCHA BOIOPOIA, KOTOPhIE Pa3MAryaroT
CTPYKTYPY LEJUTFOJIO3HOM KIIETKH, CIOCOOCTBYSI BBIACICHUIO OCTABLIMXCS HeEIe-
JIFOJIO3HBIX KOMIIOHEHTOB.

CymecTByeT JiB€ COBpEMEHHBIE TEXHOJIOTUH OTOCNKH CYNb(aTHON IEIUTION0-
3p1: ECF u TCF. B texnonornueckoii cxeme ECF mpumMeHnsieTcss nuokcuj xjiopa,
KOTOPBIM 00pa3yeT TOKCHYHbIE XJIOpOpraHuuecKue coeauHeHus. B ee moguduiu-
poBanHom Bapuante — ECF-light — B kauecTBe 4acTHYHOI! allbTepHATHUBEI XJI0PCOACP-
KAILIUM OTOGJIBHBIM peareHTaM UCHONIb3YIOTCSA 030H, IEPOKCHL BOAOPOAA, KUCIOPOL
u np. JlaHHAs TEXHOJOTHSI YKOHOMHYECKH W DHEPreTUYECKU BBITOJHA, ITO3BOJISIET
JIOCTUYb BBICOKOTO KaueCTBa OTOEJKH, COXPAHUTH TPEOyeMble XapaKTEPUCTUKU BO-
JIOKHa ¥ HE HAHECTH 3HAYMTENILHOTO YpOHa OKPY)Karomiel cpene 3a cyeT HeOOoIb-
[IOTO KOJIMYECTBa XJIOPOpraHndeckux coennHeHnil B crokax. TCF sBnsieTcs noiHo-
CTBIO OECXIJTIOPHOHN TEXHOJIOTHEH OTOSIKH, HCKITIOYAOIIeH NCIIOJIb30BaHNEe JUOKCH 1A
XJiopa: oTOeNKa MPOBOJUTCS MCKIIOUUTENBHO C MPUMEHEHHEM 030Ha, KHCIopoja,
MEPOKCHIa BOAOPOJa M APYTHX HKOJIOTHUECKU OE30MacHbIX peareHToB. Bpen okpy-
JKarolel cpeie MUHUMH3UPOBAH 3a CYET OTCYTCTBHSI BHIOPOCOB XJIOPCOAEPIKAIIUX
coeauHeHnid. OHAKO AaHHBIN BUJ OTOEJIKH 1OCTaTOYHO SHEeproeMkuil. UtoOsl 0be-
CIIEYUTh BBICOKOE KAaueCTBO LIEJIIIONIO3bI Ha BBIXOJE, 3aTpaunBaeTcs OoJblIee KOIH-
YEeCTBO BOJIbI, JICKTPUYECTBA U Tapa, uTo HeadekTuBHO u oporo [26].

Ecnu B ucxXomHON LEIUTION03€ COAEPIKATCS OPraHN4YeCKUe COCIMHEHHS XJIO-
pa, TO B KOHEUHBIX CAHUTAPHO-TUTUEHHYECKUX U ONM3KHX K HUM I10 HAa3HAUCHHIO
M3AENHAX OymyT MPUCYTCTBOBATH OCTATOUYHBIE COCTUHEHUS XJIO0Pa, KOTOPbHIE B CBOIO
o4epelib MOI'YT PACTBOPSITHCS B KHUIKOCTIX OPraHU3Ma, HallpUMep B TAKUX Kak 10T, U
MPOHMKATh Yepe3 KoKy, Hapylias paboTy MUACPMUCA U OKa3blBasi HETATUBHOE BITU-
SIHUE Ha 3110pOBbe 4enoBeka. Iloxoxkue sSBIEHUs] UMEIOT MECTO IPH UCIIOIb30BAHUH
XJIOpCcoiepKaIe HEeNTIoN03bl sl YIAaKOBKH THIIEBBIX MpoaykroB. [IpenenbHas
KOHLICHTPALUs XJIOpa B LEJUIIONO3€ B PEINIAMEHTHPYIOLIMX JOKYMEHTaX YETKO HE
OTIpesieTieHa, TeM He MEHee YKa3bIBaeTCs, UTO MO0 OECXJIOPHOW TEXHOIOTUN OTOEIKH
TCF ona menee 30 mr Cl /kr, mo TexHoioruu 0e3 NpUMEHEHHsI MOJICKYJISIPHOTO XJIO-
pa ECF — 120...200 mr Cl/kr. CoBpeMeHHBIH MOTPEOUTENh OTAAET MPEAIOYTEHHE
OeNIeHON 1IeJUTFONI03e ¢ HU3KUM COJIepKaHUeM COeUHEeHUN xJopa [8, 22, 23].



188 «3BecTus By30B. JlecHoii xxypHama». 2021. Ne 3 ISSN 0536-1036

HopmatuBHbIe TpeOOBaHMS K CHIPBIO ISl IPOU3BOACTBA CAHUTAPHO-TUTHCHHU-
YeCKUX U MEANIIMHCKUX U3ZIeNTNI B 3aBUCUMOCTH OT CTpaHbl pa3nuyHbl. Tak, B CILIA
KauecTBO OeJICHOW LEJUTIONIO3bl Peryaupyercs MeTUIMHCKON nHcTpykumedn FDA
(Food and Drug Administration). Hopmarusablie paspaborku FDA He umeror 1opu-
JTUYECKOM CHITBI M PACCMATPUBAIOTCS KaK PYKOBOJCTBO ISt KOHTPOJIS ITPOU3BOJICTBA.
[To pexomenpanusm FDA OerneHyro EIUT0No3y Jisi CAaHUTAPHO-TUTHEHUYESCKUX U3~
nemmit (CI'M) mepen oTmpaBKoil Ha PHIHOK HEOOXOIUMO TO0OPOBOIBHO TECTHPOBATH
JUIsl IPEJOCTABICHUSI KIIMHUYECKUX JaHHBIX O PUCKaX JUIs 3710pPOBbS B COOTBETCTBHH
¢ [15]. Cormacao FDA, tpeboBanus mis CI'M permameHTupyrorcs kogamu Qeme-
panbHO# peructpanuu Homep 21 (CFR 884.5425 u CFR 884.5435).

B Esponeiickom coroze Ha CI'M pacnipocTpaHsoTcs MEHee CTpOorue npaBuia
B OTHOIIICHUH MOTPeOUTENbCKUX ToBapoB. Omnako EDANA (EBpormetickas accomm-
alys MPOU3BOJMTENEH HETKaHBIX MaTepHalioB) W roOanbHas opranusanus IDNA
(Accormanusi POU3BOJMTENEH HETKAHBIX MaTEepPHajioB) YACISIOT 3HAYMTEIHLHOE
BHUMaHue TpeOoBaHMsIM K Marepuanam s CI'H.

B camoe Gnmxkaiiniee BpeMs ClenyeT OKHUIATh, YTO OyMa)kKHBIC M3ICIUS, W3-
TOTOBJICHHBIE C IPUMEHEHHEM OTOEITMBaTeNei Ha OCHOBE COSTMHEHHI XJI0pa, MOTYT
3alpeTUTh AJIs1 YIAKOBKHM MUIIEBBIX MPOAYKTOB U HEMTOCPEACTBEHHO B ATHUX MPOIYK-
tax. Ecnu ceippe i1 mpou3BOACTBA TaHHBIX BHIOB TOBAPOB HE Oy/IEeT COOTBETCTBO-
BaTb MEXIYHApOIHBIM TPEOOBAaHUSIM, TO PHIHOK LIEJUTIONO3bI, HCIOIb3YeMOH IS
YKa3aHHBIX [eJIeH, MOJKET CTOJKHYTHCS € TPYAHOCTAMHU. Bee 910 opueHTHpyer npe-
MIPHUSITHS TEILTI0I03HO-0yMa)KHOW TPOMBIIIIJICHHOCTH K MEPEX0ly Ha SKOJIOTHYECKH
Oe3omacHbIe TEXHOJIOTUH ITpou3BojicTBa [5—7, 9, 10, 16-20, 21, 24, 27-29], MUHUMHU-
3aITiI0 TPUMEHEHHS COSTUHEHUH Xiopa [25].

B Poccun xecTtkne OorpaHHYHMTENIbHBIC HOPMATHBBI 11O KOJHUYECTBY XJIOpa
B IIEJUTIONIO3€ OTCYTCTBYIOT, OJJHAKO C YYETOM TOTO, YTO 3HAYUTEIbHASA YacTh IIEJI-
JIFOJIO3BI DKCIIOPTHPYETCS, €CTh HEOOXOAUMOCTh CHIKEHHS U KOHTPOJIS COIEPIKAHHS
xsopa. CyliecTByIolMe CXeMbl OTOCIKH B OCHOBHOM HE IMO3BOJISIIOT 00ECIEYUTh
TpeOyeMBbIii YPOBEHB COJIEpyKaHMsI OPraHWYECKH CBS3aHHOTO XJIOpa MPH JIOCTIIKE-
HUH BBICOKOTO KauecTBa MPOAyKTa. UTOOBI LIEIUTI0N03a, UCIIOIb3yeMast AJIsl CaHUTap-
HO-TMTMEHUYECKUX, METUIIMHCKUX U JPYTHX M3JENNH, KOHTAKTHPYIONIUX C KOXKEH
YeJI0BeKa, a TAKXKE /IS YIAKOBKH IMHIIEBBIX MPOIYKTOB, COOTBETCTBOBAJIA CTaHAAP-
TaM, TpeOyeTCs epexo/ ¢ IeHCTBYIOIIMX ceiiyac cxem oToenku Ha cxeMbl ECF-light.
[Ipuuem mpeamodTeHue cieayeT OTaaBaTh BapHaHTaM MOJIEPHU3AIMHU C HCIIONB30-
BaHUEM CTYIIEHH KuciopoaHo-menounon otdenku (KI[O) Ha mepBom atame. D10
MTO3BOJISIET CHU3WUTH COZIEp)KaHNE JIMTHUHA M KOJMYECTBO NMPUMEHSIEMOTO THOKCHIA
xyopa [2, 4].

Obwvexmbl u Memoobl UCCIE008AHUSL

[Tokazarenu pa®OThI Pa3IMUYHBIX CXEM OTOCIKH CYlIb(aTHOW XBOWHOW Iel-
Tro110361 ¢ yrcsioM karma 30...35 ObUTH oTy4deHb! B Pe3ylIbTaTe MPOMBIIUICHHBIX HC-
MBITAaHHUN Ha ACUCTBYIOIEM pon3BoJcTBe. bennsny onpeaensiiu no [11], skecTkocTh
(umcmo kammma) — 1o [13], Bsa3kocTh — 110 [12].

KonmnenTpanuu obmiero (AOX) u oprannyecku cs3zanHoro (OX) xiopa B men-
JIOTIO3HBIX MaTepuajiaX yCTaHABIMBAIN B COOTBETCTBUU C [14] HA yCOBEPIIIEHCTBO-
BaHHOM ycTaHOBKe (pHcC. 1).
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Puc. 1. AnanuzaTtop XJOpPOpPraHWYECKHUX COEAMHEHHH: [ — cocyn
JUIS OTIYBKH (OTTOHKHM); 2 — MPHUEMHHUK oOpasia; 3 — obOpaserr;
4 — TpyOKa AJIsl CKUTAHMST; 5 — TIeUb JUIsl CKUraHus; 6 — abcopoep
(ocymmTenb) ¢ CepHOUM KUCIOTOH; 7 — paboune dIeKTPOIbL; § — U3-
MEpPUTEJIbHBIE dJEKTPObI; 9 — sueiika Uit THTpoBanus; /0 — mepe-

MeEIIUBAIOUIEe YCTPONUCTBO

Fig. 1. Analyzer of organochlorine compounds: / — vessel for
stripping; 2 — sample receiver; 3 — sample; 4 — combustion tube;
5 — combustion furnace; 6 — absorber (desiccant) with sulfuric acid,
7 — working electrodes; 8§ — measuring electrodes; 9 — titration cell;
10 — agitator

.

10

Pezynomamut uccnedosanus u ux obcyscoenue

[TocnemoBaTenbHOCTE OTOECNKHU HEIUTIONO36I Mo MeToxy ECF, orGenka ¢ wc-
MOJTb30BAHUEM TPEX CTAIMi JUOKCHIA XJIOpa W JIBYX CTaJWN MIEIIOYHON IKCTPaK-
LM, cokpaleHHo 3anucbiBaercsa kak J-II-JI-I1-/I. 3a kaxxnoil cragueit cienyer
MIPOMBIBKA BOJIOW. AJIBTEPHATHBOMN, KOTOPasi MOXKET OBITh peaiM30BaHa B PE3yJIbTaTe
MOJICPHU3AIINN, CTAHOBUTCS CXEMa, TIPETyCMAaTPUBAIOIIAS CTAUIO IIEIIOUHO-KUCIO-
POIHOMN JeTUrHU(GUKAIIMK TIepe]l IPOBSACHUEM XUMHUYECKON OTOCIKH LIEJUIHOI03bI.
JlaHHBIH mpoTIece MPEICTaBIAET COO0H B3aNMOIECHCTBHE IEIUTIOIO3EI C KHCIOPOIOM
U IIEJI0YBI0 TIPY BBICOKUX TeMrieparypax. lllenouHo-kucnoponHas nenurHuQUKams
CHIDKAET KOJIMYECTBO JUTHUHA B LIeIT003¢e Ha 35-50 %.

B Tabi. 1 npescTaBiacHbl CPABHUTENBHBIC PE3YIBTaThl PA0OTHI ATHX JABYX CXEM,
peann30BaHHBIX HA OJHOM O00OPYI0BAaHMH HA JCHCTBYIOIEM IPEANPUSITHH [TPHU BHE-
npeanu KILO nepen orbenxoit. Yemosus npoenennst KIO: masmenue 0,4 Mlla,
temrieparypa 85 °C; pacxon kuciaoposa 15 Kr/T.

Tabnuna 1
CpaBHHTe/IbHbIE Pe3yJIbTaThl Ppa00ThI CXeM 0TOeJKH
CyMMapHBIii pacxoft, KI/T Pacxoj | ——
Cxema 0TOeIKH 0. xr/ % ’
clo, NaOH H,0, » KI/T o
J, 1O/, IT-1, -1, I1-/1, 20,5 20 9 8 87,6
KIo-A,-11I1-4,-4, 18,0 24 4 15 87,4

ITpumeuanue: J[ — obpaboTtka auokcuaom xiopa; LI[OIl — oxucnurenbHOE IIeTOUEHUE
B IIPUCYTCTBUM Iepokcuaa Bomopona; LIIT — menoueHwe B NPHCYTCTBUU TEPOKCHIA

BOJAOpOAA.
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Kak Buano u3 Ttabmuusl, nepexon ot cxems! J—IIIOIV/II IT-1, -1 IT-/1,
k cxeme KO-/ —IIII-/1,—/1, mo3BosiieT COKpaTUTh pacxol AUOKCHIA XJopa Ha
2,5 Kr/T (mpu4eM OCHOBHAs JJOJIsl CHUKEHUS IPUXOAUTCA Ha cTaauto [l ) u nepokcu-
Jla BOJIOPO/Ia HA 5 KT/T NP COXpaHEHUH OETM3HBI IPAKTHIECKHU Ha MPEKHEM YPOBHE.
ITpu sTom yBenuuuBaetcs pacxox NaOH na 4 kr/t u O, Ha 7 kr/1. OfjHaKO B cyMMap-
HOM CTOMMOCTHOM BBIPAYKEHUU U C TOUKH 3PEHUS YMEHbBIIEHUSI HETaTUBHOIO BO3/1EH-
CTBHS Ha OKPYKAIOLIYIO cpefy M oOecredueHus] 0e30MacHOCTH KU3HEISSTeIbHOCTH
genoBeka BapuanT ¢ KII[O Ha rmepBoi cTagun mpeamodTHTEICH.

B npoMBbIIIeHHBIX YCIOBHAX OBUIN TAKXKe POBEACHBI CPABHUTEIILHBIC HCIIbI-
TaHHUs OJHOCTYIIEHYATOro U AByXcTyrneHuyaroro npouecca KIO (Tabm. 2).

TabOnuma 2
CpaBHHTeJIbHBIE OKA3aTeIH padoThl 01HO- U AByXcTyneHuaroii KIIIO
[MTapameTpsl paboThI Iloxazarenu
cryneneit KILLO KayeCcTBa LEJUIIOIO3BI
< g X
= = ) 5 L
KonnyectBo § o2 % g*%)" é = TE\ N ; 5
y S< | ¢ | = e & = SE | g o | 2§
cTyneneit =2 52| 2 |£5 EE g & 8. S s o=
Q )
= ~ 5 Q g 3} 3 = E [as] =
- = | £ s | g < :
< T =9 5
¢ = =
1 018(8) 22 15 105 60 13,8 44,0 59,5 39,0
0,8(1) | 7(1) 85 (1) | 15(1)
2 0.5(2)| 15(2) 15 105 (2)| 60 (2) 8,1 57,4 60,0 61,8

[Tpumeuanue: (1) — 3HadeHue s epBoi crynenu; (2) — Uit BTOPOH.

Kax BugHo u3 Tabn. 2, neyxcrynenyarast KILO nmo3Bomiser 1oCTUTHYTH Oosiee BbI-
COKO#1 cTerteHn aenmrandurammy — 61,8 % no cpaBrennio ¢ 39 % /1 oqHOCTYIeHIaToN
KIO. D10 nokasbIBaeT Lenecoo0pa3sHoCTh peau3alii ABYXCTYIEHUATOH CXEMB.

Kpome Toro, BBITIONHEH aHAIIN3 COJICPKaHUs XJIopa B OCJIEHOW HEJUTION03e MpH
pazmnunbIX cxemax oroesku ¢ KILO na HauanbHOM 3Tarie. Pesynsrarsl npecTaBieHbl
B TalI. 3.

Tabauna 3
Cpennee conep:xanne AOX u OX B cyabdaTHoii OesieHoH 1es1Ii0/103e
AJIA Pa3/IHIHBIX CXeM OTOCJIKHU

Cxema oTGenKn ConeprkaHue, MI/KT

AOX 0X
KO-, MOI-1,-11,-/1,-K 205 162
KO-~ 1T, -, -, 1,-K 149 115
KIOo-A,-MO-J,-1,-K 155 120
KO- 1= —J1,-K 165 130
KO- IO, II-/,-K 224 138
KO-~ 11T, -1~ JT,-K 125 110
KI[O,~KI0,~ /1,11, -/1,-K 166 153
KII1O,~KI11O,~JT,~ 1T, ~11,-JT1,-K 159 147

IIpumeuanue: 1] —menouenne; K — kucnosxka.
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W3 tabn. 3 caenyer, uto npu Hammunu cryneHn KO mepen orGenkoii Ha
BBIXOJIE MOXKET OBITH MMOJYYEeHA MPOAYKIIUS, COIOCTAaBUMAasI [0 Ka4ecTBY ¢ TpeOoBa-
HUSIMH TIOTCHIIUATLHBIX TOTPEeOUTENCH.

Ha puc. 2 npeacrasieHa AMHAMKMKAa M3MEHEHMS COIEPXKaHUS XJopa B LIEJ-
JIONI03€ JUISL OIHOW M3 NMPHMEHSEMBIX Ha POCCHMCKUX MPENNPUSTHAX TEXHOJIOTHH
oroenku (ECF). lenurandukanus nposoautcs B asa stana: KO (B onny nnu ase
craaun) v oTOenka quokcuaom xiopa. dran KO ominyaercs BbICOKON 3P PEKTHB-
HOCTBIO JICIIMTHU(UKALINN, YTO TIO3BOJISICT UCIIONB30BaTh HEOOJBIIOE KOIUYECTBO
nuokenzaa xiopa. Ilocne crynenn I, KOHIIEHTpanus XJIOPOPTaHUYECKUX COEIHHE-
HUU B IEJUTIOJIO3HON Macce HECKOJIBKO BO3pacTaeT, HO B majbHeleM ypoBeHb OX
1 AOX Ha TIPOTSHKEHHH BCETO OTOEIMBAaHUS HE MpeBbimaer 250 MI/KT U B KOHIIE
npoliecca JOCTUTaeT MUHUMANIbHBIX 3HaueHUH. ClielyeT OTMETHTh, YTO YBEJIMUCHHE
yucia cryneneit KILO He okasbIBaeT peraroiero BIMsHUS Ha CoJep KaHue XJIopa B
KOHEYHOM TIPOIYKTE.

300 +

=mAOX
200 - oX
) I | I I
0 ‘L T T T T T T
KIIIO 1010 SO gL o K

Ho

Coypiepraiie Xjaopa, Mr/Kr

1
CryneHb 0TOEIKH

a

=AOX

(0):¢
200 A

100 | I I
0 . . . . . .
§0 3 CR K

KIIIO KII[O2 Mo
CTyIeHb OTOEIKH
9

CojiepaKaHue XJiopa, Mr/kr

Puc. 2. Jlunamuka U3MEHEHMsI COJAEPKaHUs XJopa B LEl-

mono3e ansi texHonoruu ECF ¢ omuoit (@) m aByms (6)

MIPEIBAPUTETHHBIMI  CTYICHAMH KHCIOPOIHO-IIEIOTHOM
JeTUTHADUKATIH

Fig. 2. Dynamics of changes in chlorine content in pulp

for the ECF technology with one (a) and two pre-stages of
oxygen-alkaline delignification (6)
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Jannpie Tabn. 1-3 mMoKa3bIBaIOT, YTO MO COBOKYMHOCTH MPEABSBIIEMBIX K
nesntronose Tpedoanuit KILO siBnsieTcst npenovTUTeNbHOM 11t pOCCUICKHX MPe-
npusTHiA. BrICOKOE Ka4ecTBO TOTOBO MPOAYKIINH, YAOBIETBOPSIONIEE TPEOOBAHISIM
norpeduTenel, BO3SMOXKHO TOJIBKO IPH YCJIOBHH MTOCTOSIHHOTO KOHTPOJIS COAEPKaHUS
XJIOpa B LIEJUTI0JIO3€, TIOCKOJIBKY €r0 KOJIWYEeCTBEHHbIE MIOKA3aTeIN OCTAIOTCS OIM3-
KUMH K BEPXHEMY JOIlyCTUMOMY IIPEIEILy.

Buvisoowl

1. Ilepexom kK OTOENKE IEUTIONO3BI C IEIOYHO-KHCIOPOMHON IenurHudu-
KallMel Tepes HadyaloM OCHOBHOHW CTaJIMU TPOIIecca MO3BOJSET COKPATUTh PACXOL
JMOKCHUIa XJIopa Ha 2,5 KI/T U MEePOKCUIa BOAOPOIA Ha 5 KI/T Ipu coXpaHeHuu Oe-
JIN3HBI IPAKTUYECCKU HA TIPEKHEM YPOBHE. 3a CUST CHUXKEHUS KOJIMYECTBA BLIOPOCOB
XJIOPCOACPIKAIINX OTXOI0B HETATUBHOE BO3/ICHCTBHE HA OKPYKAIOIIYIO Cpey U 0e3-
OTTaCHOCTH KU3HEIEATEIIbHOCTH YeJI0BeKa yMeHbImaeTcs. [Ipruem nByxcrymnenyaras
KHCIIOPOJHO-IIIEIOYHAsT OTOeNKa TMO3BOJSET TOCTHTHYTH 0OJee BBICOKOW CTENEHH
nemmrandukanuy — 61,8 % no cpaBHeHuto ¢ 39 % I OAHOCTYIIEHYATON KUCIOPOI-
HO-IIEJIOYHOW OTOCIIKU.

2. JI7st COOTBETCTBUS 1EIUTIONIO3HI TIO YPOBHIO COACPKAHUS OPTaHUYCCKU CBSI-
3aHHOTO W 00IIero xyiopa (HU3KUI YPOBEHb WM OTCYTCTBHE NAHHOTO BEIICCTBA)
TpeOOBaHMUAM OTIENBHBIX KaTerOpuil 3aKa3dyUKOB HEOOXOAWMO TPOBECTH MOJCPHU-
3aIHI0 IEHCTBYIONINX TEXHOJIOTHYECKUX MOCIE0BATeILHOCTEH ITyTeM YBEITMYCHHS
JIOTTM KUCJIOPOJIOCOACPIKAIINX OCISAIINX peareHToB. Hanndre Mexay BapOYHBIM M
OTOCIFHBIM IIEXOM CTYIICHU KHCIOPOJHO-IIEIOYHON OTOCIKU SBISETCS MyTEM CO-
BEPIICHCTBOBAHUS CYIIECTBYIOIINX METOIOB OTOEIKH KaK C TOYKU 3PCHISI OCHOBHBIX
PACXOIHBIX MTOKA3aTENeH, TaK U ¢ TOUYKU 3PEHUS COMEPIKaHUS XJI0pa B IIEIITION03E.

3. [Ipu HamU9IMM 3Tara KUCIOPOTHO-IICIIOYHONH 00pabOTKH Ha TIEPBOM CTyIIe-
HU OTOENKM MOXET OBITh JOCTUTHYTO CO/IepKaHWe B OEIEHOH IeIUTI0NI03e OOIIero
xJjiopa — 125 MI/KT ¥ opranu4ecku cBsi3anHoro — 110 Mr/kr.

4. llemntono3Ho-0yMaXHBIM TMPEANPHUSITHSIM, KOTOPbIE HW3rOTaBIMBAIOT Oe-
JICHYIO TIEIUTIONO03Y ISl CAHUTAPHO-TUTHCHUYCCKUX W3EIHH, YITAKOBKHU MHUIIEBBIX
MIPOIYKTOB M ISl TallbHEUIIIEH XUMHIIECKOH TIepepadO0TKH, HEOOXOMUMO CHCTEMATH-
YEeCKHU OIICHWBATh COAEPIKaHNE OPTaHMYECKH CBSI3aHHOTO U OOIIIETO XJIOpa B TPOH3-
BEJICHHOM IIPOAYKTE.
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Abstract. The increasing consumption of pulp for chemical processing, including production
of sanitary tissue products and other medical products, food packaging, as well as fillers
for food products leads to new requirements for the quality of raw materials. The task of
improving the characteristics of pulp has become particularly acute in connection with
the COVID-19 epidemic: the demand for disposable nonwoven materials in direct contact
with the human skin has increased several times over. The elemental chlorine free (ECF)
sulfate pulp bleaching process, which uses chlorine dioxide as a bleaching agent, dominates
bleached pulp production worldwide. The chlorine-containing compounds formed as a result
of bleaching pollute not only waste water, but also the product itself. In the near future, it
is expected that paper products made with chlorine-based bleaches may be banned for the
production of sanitary tissue products and food packaging. If the products of the pulp and paper
industry do not meet international consumer requirements, the pulp market for these purposes
may face undesirable results. The most promising direction of modernization the existing
bleaching schemes, both in terms of the process consumption parameters and the quality of
the produced pulp, is the use of oxygen-alkaline bleaching in the first stage. Determination
of total and organically bound chlorine content in pulp materials in accordance with
ISO 11480:2017 on the advanced plant has shown, that the introduction of bleaching schemes
using oxygen-alkaline agents will ensure the recommended content of chlorine compounds
while maintaining the necessary characteristics of pulp for the manufacture of medical and
sanitary tissue products, food packaging. However, high quality of finished products that meet
consumers’ requirements is possible only if the chlorine content is controlled at all stages of
pulp production, since the quantitative indicators of this substance content remain close to the
upper allowable limit.
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