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3a MHOTOJIETHHIA MTEPUOJ TOAPOOHO MPOAHATIM3UPOBaHA HOPMATHBHAS U HAYYHAs! JINTEPATY-
pa, Kacarowiascsi mpodJIeMbl BOCCTAHOBIICHHUS] KOPEHHBIX TEMHOXBOIHBIX JIECOB Y€pe3 CMEHY
nopon. B ocHoBe pemieHus poOieMbl JIeKUT pazpadortannast mpod. b.I1. KonecHukoBbIM
TEopHusi JIeco0OPa30BaTEILHOIO IMPOIECcCa, COMIACHO KOTOPOW BOCCTAHOBIICHHUE EIbHHKOB
MPOUCXOUT Yepe3 CTaAn0 (GOpMHUPOBAHUS KOPOTKO- U JUTUTEIBHO-TIPOU3BOAHBIX MSTKOJIHU-
CTBEHHBIX HacaxaeHui. [lepBblie SIBISIFOTCS HanOolyiee MEepCHeKTUBHBIMH, TaK Kak oOlaja-
10T Hanboliee BBICOKMM JeMYyTAl[HOHHBIM MOTEHIMAIOM. BbICKa3aHO MpEANoNoKeHUe, YTo
B MpoIiecce MPOMU3PACTAHMUS TPOU3BOIHBIX MSATKOJIMCTBEHHBIX PEBOCTOEB HA MECTE KOPEH-
HBIX €JIbHUKOB HACAX/ICHUE BOCCTAHABIMBACT HAPYILICHHBIC B pe3ylbrare pyOOK CTPYKTypy
M DHEpreTUdecKuil 6ananc. B 3TOT neprnoa MpoMCcXOIUT HAKOIUICHHE OPraHUMYEeCKOro Bellle-
CTBA U DJIEMEHTOB MMUTAHUS B [10YBE, KOTOPHIC OBUTH U3bSITHI U3 IKOCUCTEMbI C BHIPYOICHHOM
npesecuHoi. [TogdaepkrBaeTcsi, 4YTO CyIIECTBEHHOE YIYUIIEHNE BOAHO-(PU3MYECKUX CBOICTB,
XMMHYECKOTO COCTaBa MOYBbI M JJOCTHIKEHUE €10 MCXOJHOTO YPOBHS TLIOOPOANS BO3MOXKHO
nocie 40—60 JieT TOIBKO MOCIIe TPOU3PACTAHMS TPOU3BOIHBIX MSATKOJIMCTBEHHBIX APEBOCTO-
€B Ha MECTE YUCTHIX eJIbHUKOB. CieNiaH BbIBOJ, YTO CMEHA TEMHOXBOWHBIX TOPOJ] Ha MSITKO-
JIMCTBEHHBIE TIOCIIE CIUIOIIHBIX PYOOK — SIBIICHHE MAaCCOBOE, OOBEKTUBHOE M C TOUKH 3PEHHS
YAYHILICHHSI JIECOPACTUTENBHBIX YCIOBHH NosoxkuTesbHOoe. C 3TON TO3UIIMH ee CIeIyeT pac-
CMaTpHUBaTh HE TOJIbKO KaK CTA/IMI0 B BOCCTAHOBJICHUH, HO U KaK MEXaHM3M COXPAaHEHUS KO-
PEHHBIX TEMHOXBOMHBIX HacakAeHHi. [Ipe/yiaraercs UCOIb30BaTh MEPHO] POU3PACTAHUS
MSITKOJIMCTBEHHBIX JIPEBOCTOEB B CUCTEME JICCHOTO XO3SICTBA B KQYECTBE BOCCTAHOBHUTEIb-
HOTO dTana Jyisi GopMHUPOBAHUS ITPOYKTHBHBIX TEMHOXBOMHBIX HacaxeHui. [Ipu pemenun
ATOW 3a/la4M KOHKPETHO JUIsSl €bHUKOB pa3paboTaH M 3allaTeHTOBAH HOBBI METOJ, IOJy-
YMBIIMK Ha3BaHUE «pyOka Tpanchopmarmu». CyTh €ro 3akJIH4aeTcs B TOM, YTO HA PAHHUX
ATanax pa3BUTHUs MPOU3BOJHOTO MSTKOJUCTBEHHOTO JPEBOCTOS MPOBOIUTCS YXOJ 32 MOJIO-
JIBIMH TTOKOJICHUSIMUA TEMHOXBOMHBIX 1opoj. Beck mporece GpopmupoBanusi TeMHOXBOWHOTO
MOJIOJIHSIKA WJIM CPETHEBO3PACTHOTO JPEBOCTOSI 3aBEPIIACTCSI BRIPYOKOW BEPXHETO MSITKOJIHU-
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CTBCHHOTO sipyca B BO3pacTe IEPEeBbeB 45—55 JeT, T. €. 10 TOCTUKCHHUS UMH BO3pacTa pyoKu
CIIENTBIX MSTKOJHCTBEHHBIX JPEBOCTOEB. BKITIOUEHHE B CHCTEMY JIECHOTO XO3SHCTBa 3TOTO
METOoaa HOTpe6yeT HEKOTOPBIX W3MEHEHUN M ,ZlOl'[OHHeHI/If/'I IIpy¥ UHBCHTApHU3alUn JICCHOTO
(doH/ma, COCTaBICHNU MPOCKTHON JOKYMEHTAIMH, & TAKXK€ TEXHHYECKOTO W TEXHOJIOTHYE-
CKOTO COTIPOBOYKACHUS TPEINICAHHBIX MEPONpUATHA. Hampumep, TakcaIuio mpon3BOITHBIX
MSITKOJIMCTBEHHBIX HACAXKICHUH HEOOXOIMMO HAYMHATh CO CTaJMH CPEJAHEBO3PACTHOIO Jpe-
BOCTOSl U ONPEACTATH MOJHYIO TAaKCAIIHOHHYIO XapaKTCPUCTHKY IPEBOCTOS MO TIOKOICHUSM
C yKa3aHHEM COCTaBa, BO3PACTa, BRICOTHI M KOJIMYECTBA IPEBECHBIX Mopoj. Vcmoms3oBanne
B CHCTEME X03siicTBa pa3pabOTaHHOTO MeToja PyOoK TpaHchOpManuy JUIsi TEMHOXBOWHBIX
HACaXJCHHUH MTO3BOJIUT Ha MIEPBOHAYAIHHOM ATaIle CIACPKUBATh MPOIECC CMEHBI TIOPOJ, a B
JlanbHeiIeM cOanaHCHpOBaTh JIMCTBEHHOE U XBOMHOE X035 HCTBO UCXO/S M3 DKOJIOTMYECKOTO
3HAYCHUS JICCHBIX HACAXKJICHUM, JICCOPACTUTCIFHBIX YCIOBUN U TIEPCIICKTUB PAa3BUTHUS KOH-
KpETHOM TEppUTOPUH.

Jna yumupoesanus: Tepuno H.H., Aunpeesa E.M., 3anecos C.B., JIyranckuiit H.A., Mara-
cymoBa A.I". BoccTaHOBIICHHE €IOBBIX JICCOB: TCOPHSI, OTCYCCTBECHHBIH OITBIT U METO/IEI pelie-
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Kniouegvie crosa: cMeHa NOpoJ, MSTKOJUCTBEHHBIE HAacaXJEHMs, pyOka TpaHchopmaiuy,
(opMHpOBaHHE EITOBBIX HACAKICHHUIL.

Beseoenue

3amMeHa XBOMHBIX JIECOB Ha NMPOW3BOJHBIE MATKOJMCTBEHHbIE HACAXKICHUS
XapakTepHa JiJIi MHOTMX perHoHOB Poccuu, 4To mpex ie BCero CBs3aHo ¢ MoYTH ab-
COJIIOTHBIM JIOMMHHPOBaHUEM CILIOLIHOJECOCEYHON (opMBbl X03siicTBa. [Ipouece
CMEHBI MMOPOJ MOYKHO MPOUJUTFOCTPHUPOBATh HA npumepe CBepaoBCKOW 00JacTH,
TJIe J0JIsI MATKOJIMCTBEHHBIX JIECOB OT ITOYTH HYJIEBOW OTMEeTKH B Hadajiie XX B. [3]
yBeamaunack 10 24,0 % k nagany 30-x rr. [27]. B 1994 r. npou3BoaHbIE MATKOIH-
CTBEHHbIC HacaxeHus 3aHuManu yxe 37,0 % [13]. [To mocneaaum opuiuambHbIM
JaHHBIM, TUTOIIA b TPOU3BOIHBIX OEPE3HIKOB M OCHHHUKOB B JIECHOM (oHJIe 0071a-
ctu nocrurna 42,9 % [21]. B nogasnsronieM OOMBITMHCTBE 3TO MPOU3BOIHBIE MSIT-
KOJIMCTBEHHBIE HaCaX/IeHUs, CHOPMUPOBABIIIHECS HA MECTE BEIPYOOK €JIOBBIX JIpe-
BOCTOEB. 3aMeHa XBOWHBIX HACAKICHHUH Ha JIMCTBEHHBIE TIPOMCXOIUT €KETOHO Ha
momaan npuMepHo 270 kM2 [Ipu OTCYyTCTBUM aHTPONMOTEHHBIX BO3EHCTBUI Ha
SKOCHUCTEMBl U COXPAHECHUU COBPEMECHHBIX KIMMATHUYECKUX YCIOBUI BOCCTAHOB-
JIEHWEe XBOWHBIX (popMmaruii Ha TeppuTopuu CBEpIIOBCKOM 00MacTh 3aiiMET OKOJIO
130 et [5]. Takum oOpa3oM, cMeHa KOPEHHBIX XBOWHBIX HAaCaKICHUNA HA TIPOU3-
BO/IHBIE MSTKOJMCTBEHHBIE OCYIIECTBIISETCA TOJ BO3JEHCTBHEM YEJIOBEYECKOTO
(akTOpa, YTO MPUBOAMUT K CHUIKCHUIO KOMIUICKCHOW MPOAYKTHBHOCTH JIeCOB [22]
1 SBJISIETCS HEXENaTeNbHBIM MPOLECCOM. JDTO MO3BOJISET CAENaTh HE MPOTUBOpE-
yaluuid MHEHUIO JpYrux uccienoBateneil [33] BbIBOA, YTO C TOYKHU 3PEHUS BOC-
MIPOM3BOJICTBA [IEHHBIX XBOWHBIX HACAXKICHUI COBPEMEHHAs CHCTEMa YIIPaBICHHUS
necamu He 3 (heKTHBHA.

B crpanax 3anagaoit EBpormbl 3a1aua 3aMeHbBI OMHON JAPEBECHON TOPOIBLI Ha
JIpyryto He cTouT. CoBpeMeHHBIN TpeH | JECHONW MOJUTUKH 3THX CTPaH — OTKa3 OT
MOHOKYIIBTYpBl U (hOPMHPOBAaHHE CMEIIAHHBIX HacakaeHui [44], uyto ompenenser
HanpaBJIeHHEe UCCIIeJOBaHUH, 3aKIFOUAIOIIeeCs] B CPABHEHUU CMEIIAHHBIX M YHUCTHIX
HacaXICHUH 0 UX YCTOMUNBOCTH B OMopa3zHooOpasmio [42, 45], CTpyKType U Mpo-
mBoguTenbHOCTH [49, 50], KauecTBY apeBecHHBI [53].
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Lenb HACTOSIILIETO HCCIIEAOBAaHUS — 000CHOBaHKE pa3padOTaHHOTO METO/IA XO-
31iCTBa B €ILHUKAX C HepCHCKTHBOfI €T'0 BKJIIFOUCHU B CUCTEMY YIIpaBJICHUS JICCHBI-
MU pecypcamu Poccun.

Ananus JaumepamypHsblx UCmMOYHUKO6 No meme uccie0oB8amus

B ocHoBe peanm3anuu MOCTaBICHHOW IIEJIN JIGKUT TEOPHUS JIecooOpa3oBa-
tenpHOTO Tporiecca npod. b.I1. KonecHukora [18], BocnencTsun nomoaHeHHAS
JIPYTUMU YUEHBIMH. B COOTBETCTBUU ¢ Hel ToCiie THOETH APEBOCTOSI B pe3yJIbTaTe
KaKoro-1u00 9K30TeHHOTO (akTopa (Hampumep, noxkapa, CIIoIHONW pyOKH, BETpO-
Bajla) €CTECTBEHHOE BOCCTAHOBIIEHHE KOPEHHBIX (yCIOBHO-KOPEHHBIX) Hacaxkie-
HUH 9epe3 CMEeHy MOPOJ] BO3MOXKHO depe3 KOPOTKO- WU JITUTEIHHO-TTPOU3BOTHBIC
HacCaXIeHUs.

B mepBoMm ciywyae ¢opmupoBaHuEe APEBOCTOs C TpeoOiiaaHreM KOpEHHOU
JPEBECHOM MOpOBI 00ecreYrBaeTCsl 32 IEPHOJL )KU3HU OTHOTO ee MmoKoyeHus. Haca-
JKICHHE XapaKTepU3yeTcsl CYIIECTBEHHBIM yYacTHEM 3TOH MOPOJIbI B COCTaBe BEpX-
HEro sipyca JApeBOCTOS WM MOApocTa. Takoe HampaBiIeHHE Jeco00pa30oBaTEIbHOTO
MpoIecca CYUTaeTCa Hanboee MPeAnoYTUTENFHBIM, TaK KaK MAaKCUMAJILHO UCIIOh-
3yIOTCS IOTEHITHAFHBIE BOSMOYKHOCTH HacaxieHus. Ha Hero oprueHTHpOoBaHbI Hayd-
HBIC UCCIICIOBAHUS, HOPMATUBHBIE JOKYMEHTHI M ITPOSKTHAS JIOKYMEHTAITHSI.

Bo BTOpOM ciyuae gopMHpOBaHUE YCIOBHO-KOPEHHBIX HACAXJICHUH MPOUC-
XOJHUT IO JUTUTEIHHO-IPOU3BOHOMY THITY JiecooOpaszoBanusi. Kak mpaBuio, 1u-
TEIHHO-TIPOU3BOAHOE HACAKICHHUE XapaKTepu3yeTcs ABYMs IMOKOJICHHUSIMHU TIIaBHOM
moponasl. OxHOo B HEOONMBITOM KoiudecTBe (1-3 e11.) mpeacTaBiIeHO B COCTaBE BEPX-
HETO sipyca JPeBOCTOs, IPYroe JOMHHUAPYET B cocTaBe noapocta. [1o sToit mpuumnne
paccuMThIBaTh HA BOCCTAHOBIICHUE HACAXKICHUS KOPEHHOM IPEeBECHON MOponoil 3a
BpEMS J)KU3HU KaK MUHUMYM OJTHOTO TIOKOJICHHsSI BpEMEHHO MTPe001aIatoIiX MSTKO-
JIUCTBEHHBIX JICPEBHEB HE MPUXOUTCS.

Ha ocHOBaHNM aHanu3a MaTepuaoB JIECOYCTPOMCTBA U APYTUX UCCIIET0BAHUI
10 M3yYEHUIO JIECO0OPa30BaTEIHHOTO MTPOIIECCa MOKHO YTBEPKIATh, UYTO B TACKHOM
30He (OPMHPOBAHME TEMHOXBOWHBIX HACAXK/CHHH €CTECTBEHHBIM CIIOCOOOM, Kak
MPaBUIIO, IPOUCXOAUT Yepe3 cMeHy nopo [14]. OObEeKTHBHO 3TO TOATBEPKIACTCS
HaJIMYUEM Ha 3HAYUTEIILHBIX JICCHBIX TEPPUTOPHSIX TPOU3BOIHBIX MATKOJIMCTBEHHBIX
HacaxJeHuH, copmupoapmuxcs B 30—40-x rr. XX B. mociie MpOBEACHUS CILIOLI-
HBIX KOHIICHTPHUPOBAHHBIX pyOoK [37].

N3ydenne TEeMHOXBOWHBIX HACaXICHUH TIO3BOJISIET MTPEITOJI0KHUTH MEXaHU3M
(hopMUpOBaHHs €IHHUKOB Yepe3 CMEHY JPEBECHBIX MOpo. B mepuos npouspacta-
HUSI MSTKOJIUCTBCHHBIX JAPEBOCTOEB MOCTEIIEHHO BOCCTAHABIMBAIOTCS CTPYKTYpa H
IHEPreTHYECKUI OanaHc, UM «OTHOCUTEIBHOE AUHAMHYECKOE PaBHOBECHE OMOXU-
MHYECKUX ITMKJIOB MUHEPATbHBIX dmeMeHTOB» [25]. [lo manuemm B.I. CemeHoBO#
[34], mocie BRIpYOKH M TPEJIEBKH IEPEBhEB C KPOHAMHE M3 eNbHUKa ynamseTcs 60 %
a30Ta 1 30JIbHBIX DIIEMEHTOB OT UX OOIIETO KOJIMYecTBa B HacaxaeHuu. [lpu Tpenes-
K€ B XJIBICTaX JTOT MOKa3areib CHrKaeTcs Ha 25 %. [lo npyrum maHHBIM ¢ necoce-
KU CIUTOIIHOM pyOKH MPH XJIBICTOBOM TpeJieBKe ¢ ApeBecuHOM BbiBo3uTCs 40...44 %
yoiepona, 24...28 % a3ora u 22...23 % 30JbHBIX 3JIEMEHTOB, HAKOIUICHHBIX B (u-
Tomacce apeBoctos [2]. [Ipu pyOkax yxoma HA30BBIM CIIOCOOOM WHTECHCHUBHOCTBIO
20 % c 3aroTOBIIEHHOW APEBECHHON OTUYXIaeTcs B 3—5 pa3 OOoIbIIIe AIIEMEHTOB TTH-
TaHMsI, YEM UX MIOCTYMAET ¢ onaaoMm [16].
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Bo03MOXXHOCTH KOMIIEHCHPOBAThH MOTEPI0 MUHEPATIBHBIX BEIIECTB U YIyUIIUTh
IJIOAOPOMUE JICCHBIX TTOYB PEan3yeTCs B IEPUOJ MPOU3PACTAHUS IPOU3BOIHBIX MST-
KOJTUCTBEHHBIX HACAKICHHUI Ha MECTE BBIPYOOK XBOHHBIX IPEBOCTOEB [36]. Msirkomm-
CTBEHHBIE IPEBOCTOH, TTOVTECOK M HAXOASIIASICS IO/l HUMH TPaBsHas PaCTUTEIBHOCTD
©XKEerof[HO JTAIOT OOJIbIliee KOJIMYECTBO PA3JIOKUBIIETOCS OHOIOTHYECKA aKTHBHOTO
OIaj1a, KOTOPBIA OOrar a30TOM U 30JbHBIMH DJIEMEHTaMH, 110 CPABHEHHUIO C XBOMHBIMHU
HacaxaeHusMu [4, 12, 35, 43]. B nucTBeHHBIX Jiecax (OPMUPYETCSl HHIUBH YA bHbIH
XUMHUUYECKHI COCTaB BOAOTOKA, T/Ie¢ KOHIIGHTPALMK KapOOHAT- U CyIb(aT-HOHOB, Kallb-
WS, MarHYSI, HATPHUS | JKeJie3a BBIIIE, YeM B BOJOTOKe enbHuKa [11]. CymecTBeHHO
YCKOPSIETCSL BPEMs pa3iOKeHUs JIECHOW MOACTWIKY [23] ¢ 31eMeHTaMu [TUTaHUs, Ha-
KOIUICHHBIMH B TIEPHOJ IPOU3PACTaHMsl XBOMHBIX JpeBocToeB [1]. D10 obcTosTEND-
CTBO Hapsily C pa3BUTHEM ITOYBEHHOW OUOTHI [ 10, 4648, 51], B 4aCTHOCTH JOXKICBBIX
yepBel [52], criocoOCTByeT akTHBHOMY €€ Pa3JIOKEHUIO, BBIICICHUIO U HAKOTLUICHHIO
YIJIEKUCIIOTH! B MIPHU3EMHOM CJIO€ BO3yXa, B 30HE PACIOJIOKEHHS MOAPOCTa JIpeBec-
HBIX 1TOpoA. Bce 310 0co0eHHO BaXKHO B HAYaJIbHBIM Neproa (hOPMHUPOBAHUS JPEBO-
CTOEB, KOT/Ia TTOTPEONICHNe MIHEPATIHHBIX dJIEMEHTOB TIPE00IaaeT Hall UX BO3BPATOM
[19]. JocTuxkeHue moYBOM MCXOAHOIO YPOBHS IUIOAOPOIUS, a TAKKE CYIIECTBEHHOE
YAy4YIICHUE €€ BOTHO-(DU3NIECKUX CBOMCTB U XMMHUYECKOIO COCTaBa MPOUCXOIUT Ye-
pe3 40—60 et mociie mpou3pacTaHusi OEPE3HIKOB U OCHHHUKOB Ha MECTE YMCTBIX €Jb-
HuKoB [8, 41]. Kpome Toro, B 3TOT mepuo, KOTOPBIA COOTBETCTBYET 000POTY pyOKH
MSATKOJIICTBEHHBIX JIPEBOCTOEB, YBEITMUNBACTCS YHCICHHOCTH IojpocTa enw. [lo3nHee
€ro OTIaJl HaYMHAET MpeodIaaaTh Hajl ero HakoruieHueM [ 15].

Pesromupyst U310KEHHOE BBIIIE, MOXKHO C/I€TIaTh BBIBOJ, UYTO ()OPMHUPOBAHHE
ITPOU3BO/IHBIX MSATKOJIMCTBEHHBIX HACAXKIICHUI Ha MecTe rubenu (BhIpyOKH) KOpEH-
HBIX €JIbHUKOB — SIBICHWE OOBEKTHBHOE, PACIPOCTPAHEHHOE U IMOJOKUTEIBHOE C
TOYKH 3PCHHUSI YITYUIIICHUS JIECOPACTUTEIRHBIX YCIOBUI. ET0 HY»KHO paccMaTpuBaTh
KaK OJIMH M3 DTAIll0OB BOCCTAHOBIICHUS €IHHUKOB, 4 BOBMOXKHO M KaK MEXaHH3M CO-
XpaHeHHs KOPEHHBIX TEMHOXBOWHBIX HAaCaKIEHH. V3 3TOTO clenyeT mpakTH4eCcKHit
BBIBOJ] O HEOOXOJMMOCTH BKITFOUCHUSI MPOIIECCa CMEHBI TIOPOJ B CHCTEMY YITpaBlie-
HUS JIECAMHU.

Ananuz HOpMAamueHbvlx C)OKyMeHn’IO@ upeKOMendauuﬁ no meme UCCie008aHUsL

BoccraHoBneHIE TEMHOXBOMHBIX JIecoB OyneT Hanbomnee 3p(HEeKTUBHO B Haca-
KICHUSAX, [I€ 110CTE YAAJICHUs] BEPXHETO MATKOJIMCTBEHHOIO SIpyca APEBOCTOS C BbI-
COKOH J051eil BEpOATHOCTH MOXKHO OJKHJIaTh BOCCTAHOBJICHHE KOPEHHBIX APEBECHBIX
[IOPOJI €CTECTBEHHBIM METO/IOM. B 3TOM OTHOIIEHNN Hanbosee NepCrieKTUBHBIMU SIBIISI-
IOTCSl IEPBUYHO-IIPOU3BO/IHBIE HACAKICHUS, CIETYIONINE TI0 KOPOTKO-ITPOM3BOAHOMY
THITy JiecooOpa3oBaHusl, POPMHUPYIOLIHECcs Ha MeCcTe THOEIN WITH BEIPYOKH KOPEHHBIX
JPEBOCTOEB M 00Iaafoniie BHICOKUM BOCCTAHOBUTEIHHBIM (J€MYTAI[IOHHBIM) TIO-
TeHLMAJIOM. BeposiTHOCTh (POpMHUPOBaHUS YUCTHIX WIN C NIPEeoOIaJaHueM KOPEHHBIX
JPEBECHBIX TOPOA APEBOCTOEB B NEPBUYHO-IPOU3BOAHBIX HACAKACHHUAX AOCTATOY-
HO BBICOKASI, U TIEPHOJ] MPOTEKAHUS 3TOTO MPOLIECca CBECH 0 MUHUMYyMa. TepMHHBI
MEPBUYHO- U BTOPUYHO-TIPOM3BOHOTO HACAKIEHUH XapaKTEepU3yIOT CTENEHb y/laJleH-
HOCTH MPOHM3BOHBIX MSTKOJHCTBEHHBIX HACAKICHHUN MO OTHOIICHUIO K KOPEHHOMY
(xBoiiHOMY) THmy Jieca [24]. C yBenn4eHHeM CTENeHH POU3BOTHOCTH BEPOSITHOCTD
BOCCTaHOBJICHUSI JIECOB M3 KOPEHHBIX XBOMHBIX IOpox cHWXkaeTcs. IIponecc Moxer
3aTOPMO3UTECSI, TTONb3ysick Tepmunoiorueid b.I1. Konecnuxosa, npu ¢opmuposanun
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«YCTOMUYMBO-TIPON3BOTHOTO HacaX/IeH!s». B 3TOM ciydae BoccTaHOBIIEHHE KOPEHHOM
JIPEBECHOM MOPOIbI BO3MOKHO TOJIBKO MCKYCCTBEHHBIM METO/IOM.

Teneps, Kor/1a UMeeTcst HeKast TeOpeTHIecKas OCHOBA JIJIsI pEIICHHS TPOOIEMBI
CMEHbI ITOPOJ B €IbHUKAX M YCTAHOBJICHBI NEPCIEKTUBHBIE OOBEKThI, HEOOXOIUMO
ONPENETUTHCS C METOJOM MPAKTUYECKON PeaTn3aliil BOCCTAHOBIIEHUSI TEMHOXBOM-
HBIX JIecoB. [IJist 3TOro McciienyeM HMEIoIytocs HopMaTuBHyo 0a3y. CormacHo Ha-
CTaBJICHUSIM 110 pyOKaM yxoJjia B jiecax Ypaia [26], aBHasl 3a/1a4a 3TOr0 MEpPOIIPHSI-
THS — TTOJTyYeHHE MAaKCUMAJIBHOTO KOJIMYECTBA APEBECHHBI K BO3PACTY PYyOKH CIIEIBIX
npeBocrtoeB. [laxke Takme cnennduueckne pyOku, kak pyOku mepedopMupoBaHus,
HA3HAYaIOTCS B CPEAHEBO3PACTHBIX M MIPUCIIEBAIOIINX CMEIIAHHBIX APEBOCTOSIX B IIE-
JISIX TTOBBILIEHHS UX MPOU3BOAUTEIBHOCTH 32 CUET JOMUHUPOBAHUS B COCTAaBE BEPX-
HEro sipyca NIaBHOM MOPOABI, T. €. HaJUYUE TOJBKO «SICHO BBIPAXKEHHOTO BTOPOTO
Apyca U IOCTaTOUYHOE KOJIMYECTBO JKU3HECTIOCOOHOTO MOAPOCTa M3 TEMHOXBOWHBIX
MOPO/I» HE MOTYT OBITH OCHOBAHUEM JIJIsl IPOCKTUPOBAHUS pyOKH TniepedopMHpOBa-
HUs. B IpoTHBHOM citydae 3TO NPOTUBOPEUMIIO Obl IMyHKTY 2.7 YHOMSHYTBIX BBIIIE
HacraBnenuii [26], roe oTMedaeTcs, 4TO «IIOJh30BaHUE JIPEBECHHON TpHU pyOKax
yX0/1a JIOJKHO MPOU3BOAUTHCS HE B YHIEpO MIaBHOMY IOJIb30BaHUIO...». Ilpu mpo-
BE/ICHUH MTPOPEKUBAHUS M TPOXOAHON PyOKM B CMEIIAHHBIX OEpe3HsAKaX U OCHHHU-
Kax yXOJl OCYIIECTBIISIETCS 32 XBOMHBIMU M JIUCTBEHHBIMH JIEPEBBSIMH U3 KaTETOPHH
«JTy4IINe», HO UMEHHO JEPEBBS 3TOM KaTerOpUH, B MEPBYIO OYEpe/lb MaTEPUHCKHE
€JIb U MUXTa, OKa3bIBAIOT OTPHUILATENILHOE BIUSHUE HA POCT MOAPOCTA TEMHOXBOM-
HBIX TIopoz [7, 17]. Ilo3mHee npu pyOKax 3T XOPOIIO pa3BUTHIE 0COOU CYIIECTBEH-
HO MOBPEXAAIOT HIKHUE SIPYCHI APEBECHON PACTUTENBHOCTH, B TOM YHCIIE IOAPOCT.
B pesynbrate Takue pyOKM yxo[a B POU3BOIHBIX MATKOJUCTBEHHBIX HACAKACHHUIX
He B IOJIHOM Mepe OTBEeYaroT 3a/1aue BOCCTAHOBIIEHUS! TEMHOXBOMHBIX JIECOB.

B 6onee mozmueit penaknuu [IpaBun yxoma 3a necamu (2007 T.) B Ipou3BO-
JTHBIX MATKOJINCTBEHHBIX JAPEBOCTOSIX C yY4AaCTHEM XBOMHBIX MOPOJ MIPOEKTUPYIOTCS
pyOxu nepedopmupoBanus [28], KOTOpble HAUMHAIOTCS B CPEIHEBO3PACTHOM IPH-
CIIEBAIOIIIEM JIPEBOCTOE U KaCcalOTCsl U3MEHEHUS COCTaBa TOJIBKO BEPXHETO €ro sipyca.
B MATKOTMCTBEHHBIX JPEBOCTOSX C XBOMHBIM MOJPOCTOM IPOBOJISATCS MPOXOIHBIE
pyOKu, o0ecrieyuBaroIye TOJIbKO €ro coxpaHeHue. B aTom ciydae mepexon Haca-
KIEHHUS 13 JMCTBEHHOIO B XBOHHOE XO3AHCTBO OTK/IAJbIBaeTCs Ha Oojee MO3qHEE
BpeMs, mociie pyOku cresnoil 6epe3bl u ocuHBL. [Ipu TakoM moOIxoie CyIIecTBYeT
OonpIIasi BEPOSITHOCTh TMOEIM OCHOBHOHM YaCTH MEPCIIEKTUBHBIX MOJIOABIX MOKOJIE-
HUH U JIepeBbeB TEMHOXBOIHBIX MTOPO/JI, & ECTECTBEHHOE BOCCTAHOBJIEHHE KOPEHHBIX
XBOMHBIX IPEBOCTOEB MOXKET OBITh OTJIOKEHO HAa HEOTPECICHHBIN CPOK.

Heine aeiictBytomumu [IpaBuiiamu yxoza 3a Jecamu yKe MpeaycMarpuBaeTcs
BOCCTAHOBJIEHUE XBOMHBIX APEBOCTOEB M3 MOJIOABIX ITOKOJCHUHN JepEeBbEB pyOKamMu
nepeopMHUPOBaHUs CPETHEBO3PACTHBIX M MPHUCTIEBAOINX HacaxaeHui [29]. [Ipu
3TOM HCHOJNB3YIOTCA CIOCOOBI pyOOK, permaMeHTHPOBaHHBIE Ul CHENBIX JIPEBO-
CTOEB: PaBHOMEPHO-TIOCTENIEHHAs U YepecIoiocHas nocreneHHas. C 3TUM HeNb3s
CONIACHUTCs. BOo-mepBbIX, NPOUCXOAUT HE MU3MEHEHUE BO3PACTHOM, BEPTUKAIBHON
CTPYKTYPBI IPEBOCTOS MIIM €T0 MOPOJHOTO COCTaBa, a GopMUpOBaHUE COBEPIICHHO
JIPYTOro Haca)IeHHs, YTO HE BXOAMT B 3a/1a4u pyOOK yxozna 3a jecoM. Bo-BTopsIx,
Ha 3aKOHHBIX OCHOBAHMSX JIOITyCKAETCsl BHIPYOKa JPEBOCTOEB, HE AOCTHUTIINX BO3-
pacTa cnenocTd. B-TpeTbux, mpakTHyeckas peaan3alnysi TAKOTo MEPOTPUATHS Kpail-
HE CJIOKHA, IOTOMY YTO BO3HHKAET MHOTO BOIIPOCOB MPU 0OPMIICHHH Pa3peIeHHUs
Ha ero MpoBe/IeHNueE.
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W3 UCTOYHMKOB, HOCSIINX PEKOMEHATENbHBIN XapakTep, cleAyeT OTMETUTh
PyKoBO/ICTBO MO OpraHU3alMy ¥ TEXHOJOIMH PYyOOK ITIABHOTO M MPOMEKYTOYHOTO
MTOJTB30BAHMSI B MATKOJIMCTBEHHBIX HACAXKICHUAX CO BTOPHIM SPYCOM M TIOAPOCTOM
XBOMHBIX TTopox (1997 1) [32], pekoMeHIOBaHHOE JJIsT pABHUHHBIX JIECOB €BPOIICH-
ckoit yact Poccun. B HeM naHbl peiiokeHus MPOSKTHBIM OpTraHu3anusM 00 oOpa-
30BaHUM BPEMEHHBIX XO3SHCTBCHHBIX CEKIIH, KyJia Obl BXOIMUIN MSITKOJIUCTBCHHBIC
HACaK/JEHUS CO BTOPBIM SIPYCOM M IOJPOCTOM XBOWHBIX IOPOL. XO3SMCTBYIOIUM
CyOBEKTaM B KauecCTBE CIOCOOOB BOCCTAHOBJICHUSI KOPEHHBIX TEMHOXBOWHBIX Ha-
CaXICHUI PEKOMEHIOBAHBI Y€PECIIOIOCHBIC TIOCTETICHHBIC PyOKH U MPOXOIHBIE pPyO-
KM BbICOKOW MHTEHCUBHOCTH — 40...50 %. ITocnenHue HalelleHbl Ha BbIPALLMBAaHUE
KpPYITHOMEPHBIX JIEPEBhEB OEpe3bl M OCHHBI «C IMOCIEAYIONINM MPeoOpa3oBaHUEM
HAcCaXKJICHUI B XBOWHBIe». Takke mpemioxkeHbl pyOka rnepeOpMUpPOBAHUS U PaB-
HOMEpHO-TIOCTENEeHHast pyOKa BEICOKOM MHTEHCUBHOCTHU. [IpH 3TOM B nepBbIi Ipuem
npearonaraercs BelpyOars Hanbosee pa3BUThIC JpeBecHbIe Toposl. OcraBmiuecs
JI0 BTOPOTO TIpreMa pyOKH JIepeBbsI HCIIONB3YIOTCS B Ka4eCTBE 3AIMUTHOTO MOJora
JUTSL TIOZIPOCTa TEMHOXBOWHBIX TOpos. [Ipn Bcex HEeCOMHEHHBIX JOCTOMHCTBaX Pyxko-
BOJICTBA HEJIb3s HE OTMETHTh CMEIICHUE TIPUOPUTETOB, 3AKITFOYAIOIICECS B KEJIaHUH
OJTHOBPEMEHHO C MaKCHMaJbHBIM A(PPEKTOM PElIUTh JIBE 33aJa4u: MepBas — BbIpa-
[IMBaHUE K BO3PACTYy PYOKH CHEJBIX MPOM3BOAUTEIBHBIX JPEBOCTOEB, HO BHICOKO-
MHTEHCHBHAs pyOka nepedopMUpoOBaHus U MPOXoaHas pyoka (pyOka mpocTopa) He
CIOCOOCTBYIOT €€ pEIICHHI0; BTOpas — CO3/laHhe OJaronpHsTHBIX JIECOPACTHTEh-
HBIX YCJIOBUH JJIi TEMHOXBOWHOTO TOAPOCTA, KOTOpas TakKe HE MOXET ObITh pea-
JTM30BaHa B IOJTHOM oObeme. [Ipu BEIOOpOUYHBIX pyOKax BHICOKOW M OYEHBb BBICOKOM
CTETEeHN U3PEKUBAHUS BEPXHETO sIpyca JIPEBOCTOSI CO3/IAI0TCS KECTKHUE KOHKYPEHT-
HbI€ OTHOLICHHUS MEXIy ObICTpOpacTyIlel MOpOCIbI0 MATKOJUCTBEHHBIX MOPOA U
TEMHOXBOWHBIM TOAPOCTOM. DTO ABISETCS CEPHE3HBIM MPETATCTBUEM ISl BOCCTA-
HOBJICHHUS] TEMHOXBOWHBIX JIECOB JIaYKE Yepe3 CMEHY MopoJ [6] U cO37aeT BHICOKYIO
BEPOSATHOCTH (POPMUPOBAHUS BTOPUYHO-TIPON3BOTHBIX MATKOJIUCTBEHHBIX HACaX/Ie-
Hui. Kpome Toro, mpu npoBeneHuu pyoku nepeopMupoBaHus BBICOKOH HHTEHCHB-
HOCTH, OPUEHTHPOBAHHON Ha JIOMMHHPOBAaHUE JIEPEBbEB €JIM B COCTABE APEBOCTOS,
MOBBIIIIAETCA BEPOATHOCTH BeTpoBasia. PekomeH1oBaHHbIe PyKOBOACTBOM MepornpH-
ATHS TI0 BOCCTAHOBIICHWIO TEMHOXBOIHBIX JIECOB SIBJISIOTCS TOTIOJHUTEIBHBIMHA 10
OTHOIIIEHUIO K ITEPEYNCIECHHBIM B OCHOBHBIX HOPMAaTUBHBIX JOKYMEHTax. JTO O3Ha-
4aeT, YTO UM MPEIIECTBYIOT BCE T€ K& OCHOBHBIC BUJBI PYOOK yXo/a (OCBETIICHUE,
MIPOYKCTKA, IPOPEIKUBAHKE, TPOXOIHAS pyOKa) C UX CTPOrO OMpPEACICHHBIMU 3a/1a4a-
MH H METOJIOJIOTHEH 0TOOpa AepEeBbEB B PYOKY.

B eme Gonee panuen padore «OpraHu3aiis X035HCTB B MSATKOJUCTBECHHBIX
Y CMEMIAHHBIX €JIOBO-JIMCTBEHHBIX HACAXKICHUAX B 30HE WHTEHCHBHOTO JIECHOTO
xo3srictBay (1967 1.) [20] pekoMeHA0BaIOCh OTHOCUTH JIMCTBEHHBIE APEBOCTOM K
BBICOKOTOBAPHOMY JIMCTBEHHO-XBOMHOMY U MSTKOJIMCTBEHHOMY X03s1UCTBY. OCHOBa-
HUEM JJIs 3TOTO Pa3JICICHUS SIBIISUICS PsJT XapaKTCPUCTHK HACAKICHHI (TOBapHast
CTPYKTYypa APEBOCTOsI, HAJIMYKE BTOPOTO Apyca U MOAPOCTa TEMHOXBOHHBIX MOPOI,
IKOHOMHUECKHUE YCIOBHsS | Jip.). [Ipeamnonaranock, 4to Bes HeoOXomumas nHPOp-
Manus OymeT oTpakeHa B Marepuaiax jecoycTpoicta. Ocoboe BHUMaHUE yICIIs-
JIOCHh TAHHBIM O HIKHHUX sSpycax IPEeBECHON PaCTHTEIhHOCTH Ha BCEX BO3PACTHBIX
CTaIusIX APEBOCTOs. BulaBUTANNCH MPEIIOKECHHS MO MPAKTUYECKOM peanu3anuu
9TOM 3aJlauu, HO, [0 CJIOBaM CaMOI0 aBTOpa, JTOCTHYb STOrO KIIOYEBOI'O MOMEHTa
He ynanoch. JJis BOCCTAHOBJIEHHUS €IbHUKOB B MPOU3BOIHBIX MATKOIMCTBEHHBIX H
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CMEIIaHHBIX €JIOBO-JTMCTBEHHBIX HACAKACHUAX PEKOMEH/I0BaNIach paBHOMEPHO-IIO-
cTerneHHas pyOka HHTEHCUBHOCTHIO B repBbiit mpuem 50...60 % ot ucxonHoro 3amnaca
BEpXHETo Apyca apeBoctos. [Ipn aTom BeIpybannuck KpynmHOMEpPHBIE epeBbs Oepe3bl
1 OCHHBI, 3aTEHSIOLINE MOJIO0€E ITOKOJICHHE TEMHOXBOMHBIX nopox. IIpu HeoOxonu-
MOCTH JIaHHO€ MEpOIIPUATHE JIOMOJIHIIOCh HU30BBIM MeToioM yxoxa. Ho Bce ato
MPOBOAMIOCH B (popMmare yCTOSBIICHCS KOHIETIIUN PyOOK yXoZa 3a JIeCOM U pyOoK
[JIaBHOTO TOJIb30BaHUS.

Boun momneITkY BBIATH 32 paMku 3THX npasui. Eme B 60-x rr. XX B. H.E. Jle-
katoB npeanarai B 30—40-1eTHUX 2-IpyCHBIX JTHCTBEHHO-EJIOBBIX JPEBOCTOSX y/a-
JISTh BEPXHUH SPYC MATKOIMCTBEHHBIX JiepeBbeB 3a 2 mpueMa pyoku [9]. [lo3naee o
MOATBEPMII CIIPABEAIMBOCTD 3TOTO BBIBOJIA HA OCHOBAHUH O0CIICIOBAHMUS ONBITHBIX
pyoOox, BeinoiHeHHbIX [I.M. KpaBunHckiuM B CHUBEpCKOM ONBITHOM Jiecxose. Jpy-
rue uccinenosarenu (B.I. Pyonos u M. MaiiopoB) peKOMEHI0BaJIu MPOBEICHUE
MEePBOTO MpreMa MOCTENEeHHON PyOKH MPU BO3PACTE MATKOIUCTBEHHBIX PEBOCTOEB
35 ner. OcHOBaHUEM AJIsl TAKOTO 3aKJIIOUEHUS SIBJISUIOCH U3YUEHUE AUHAMHMKH TEKY-
IIEr0 IPUPOCTA 10 BBICOTE JCPEBLEB €JIM, IPOU3PACTAIOIIUX BO BTOPOM SIpyce Mpo-
W3BOJHOTO MSTKOJIMCTBEHHOrO HacaxkaeHus [30]. Yke B COBpEMEHHBIN Nepuos npu
oOcnenoBannu M.B. PyOroBeiM 1 A.A. JleproruHbIM CIUIOIIHBIX BBIPYOOK 45-11eT-
HUX CPEHEBO3PACTHBIX OEPE3HSIKOB oTMeueHOo (opMupoBanue uepe3 20 jer Ha ux
MECTEe YHCTBIX WJIN C MpeodiaaHueM TEMHOXBOWHBIX MOPOJ JIPEBOCTOEB. JTOMY
crmoco06cTBOBajIa BRIPYOKa OCTABITUXCS IMOCHIE CIDIOMIHON pyOKM TOHKOMEPHBIX JIe-
peBbeB Oepesbl 1 ocuHbI [31]. [lomyueHHBIE pe3yIbTaThl U MPEIOKEHHUS TOIBKO Cei-
Yac yu4TEHbI U PeaIM30BaHbl B BUJE PyOOK nepeOpMUPOBaHHUS B YIIOMSHYTBIX BBIIIE
neiicrByromux IIpaBunax yxona 3a necamu (2017 1) [29].

Pesynomamul uccnedosarnus u ux oocyscoerue

Heo0xoauMo 4eTKo pas3liesuTh XO3sICTBEHHbIE MEPOTIPUSTHSL U KPYT BBIIIOJI-
HSEMBIX UMU 3aJ71ad. PyOKH CTIeNTbIX U IEpEeCTORHBIX IPEBOCTOCB CIICTIHATN3UPYIOTCS
Ha IPOMBILIICHHON 3aroTOBKE ApeBecuHbl. B 3amaun pyOoK yxona 3a JIeCOM BXOZST
MOBBIILICHUE KOMIJICKCHOW MPOAYKTUBHOCTH HACAXKICHUH M (DOPMHUPOBAHHE BHICO-
KOIIPOM3BOAMUTENILHBIX CIIENBIX ApeBOcTOeB. MacmraOHas cMeHa mopod u GpopMu-
POBaHUC MPOU3BOAHBIX MAT'KOJIUCTBEHHBIX HaCﬂ)K[ICHI/Iﬁ Ha MECTE€ COCHAKOB U €J1b-
HUKOB BBI3BAJIU HeO6XOI[I/IMOCTB HUCKaTb I[perﬁ Ioaxoa B CIIOJKUBIIIEHCS CUTyallu.
BbeccniopHo, n3BeCTHBIE CIIOCOOBI PYOOK CIIENBIX APEBOCTOEB U PYOOK yX0/Ia B OTIpe-
JISJICHHOW Mepe PemaloT MpoOjaeMy CMEHBI TIOPOJI, HO OHM HEIOCTAaTOYHO d(Pdek-
TUBHBI B CHITy UX crienuanu3anuu. Kpurepusamu 3¢ heKTHBHOCTH SIBISIOTCS CTEIICHD
BEPOSITHOCTH M MPOAODKUTENFHOCTh MEpHOJia Mepexoa HACAKICHUN U3 JTUCTBEH-
HOTO XO35HCTBa B XBOIHOE. UTOOBI MOBBICUTH 3Ty BEPOSTHOCTb U COKPATUTh IEPHOJ
BOCCTAHOBJICHHUS €JIOBBIX JIECOB IO Pa3yMHOTO MHHUMYMa, HEOOXOTUMO yXKe B CPEe/I-
HEBO3PACTHBIX MATKOJIMCTBEHHBIX APEBOCTOSIX CO3[aBaTh yCIOBUS AJsl YCIIELIHOTO
pocTa HUKHUX SIPyCOB TEMHOXBOWHBIX Opoz. [103TOMy yx0/1 B TaKMX HaCaXICHUAX
JIOJKEH OCYILECTBISITHCS HE 38 «IYULIMMW» AEPEBbIMHU BEPXHETO SIpyca APEBOCTOS,
a 3a NEepCIEKTUBHBIMU MOKOJICHUSIMH €1, MTUXTHI U KeJpa. DTO B KOPHE PACXOAUT-
Cs1 ¢ OCHOBOIIOJIATAIOIMMU TIPUHLIMIIAMH U 33/1a9aMu pyOok yxoxa. boree Toro, Ha
CETONHSIIHAN JIeHb HU OJTHA M3 M3BECTHBIX CHCTEM PYyOOK MOCIeIOBATENbHO U Iie-
JICHAIPABJICHHO HE 3aHMMAETCs 3aMEHOM OEpE3HSIKOB U OCUHHUKOB Ha APEBOCTOM U3
MOAPOCTA TEMHOXBOMHBIX TOPOJ, KOTOPBIHM CrennanbHO GOPMHUPYETCS MOA MOJIOIOM
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MSITKOJIMCTBEHHBIX HacakAeHUH. OTHAKO PacueTsl U MOMyYeHHBIC MPAKTHYECKHE pe-
3yJABTaThl MOKA3bIBAIOT, YTO TAKOM IMOJXO MPU COOTBETCTBYIOIEM IPABOBOM, TEX-
HUYECKOM M TEXHOJIOTHYECKOM O0ECIICUCHHH MO3BOJIUT C BBICOKOW BEPOSITHOCTHIO
chopMupOBaTH TEMHOXBOWHBIA MOJIOTHSK WIIH CPETHEBO3PACTHON TEMHOXBOWHBIH
JPeBOCTON Kak MUHUMYM Ha 10 jieT paHbIie, 4em ecitu ObI 3TO TPOUCXOIIIIO IO TIPH-
HSITOM Ha CETOHSIIHUN AeHb cxeme [39].

[Toatomy HeoOxomuMo pa3paboTaTh CHUCTEMY MEPOIPHUSTHIA, BKIOYas Pyo-
KM, HalpaBJICHHbIE UCKIIOYUTENLHO Ha TpaHchopMaluio (OT Nar. transformation —
npeoOpazoBaHue, MpeBpalieHne) MPON3BOTHBIX MATKOIMCTBEHHBIX HACAXKICHUI B
TEMHOXBOWHBIE. TakuM 00pa3oM, CUCTEMY MEPOIPHUATHH, TIIABHOH IENBI0 KOTOPBIX
SIBIISIETCST YXOJI 32 TEMHOXBOWHBIM TTOIPOCTOM B TIEPHOJ MMPOU3PACTAHHS TTPOU3BO-
JTHOTO MSATKOJIMCTBEHHOTO JPEBOCTOSI M MPOBOJUMBIX J0 BO3pacTa PyOKH CIIEIOro
MSITKOJIICTBEHHOTO JIPEBOCTOSL, IPEIaraeTcsi IMEHOBaTh pyOKamMu TpaHchopMainy.
Pesynprat aTHX pyOOK — GOopMUPOBaHNIE TEMHOXBOWHBIX HACAKICHUHN U3 IPEBECHBIX
MTOPOI, TPOU3PACTAIOIINX B HIKHEM sipyce IpeBocTos. CienoBaTrenbHO, MEPOTIPHS-
THS TT0 BOCCTAHOBIIEHHUIO TEMHOXBOWHOTO HACAXK/IEHUS KOPEHHOH JAPEBECHOM MOpo-
JIOW HAYMHAIOTCS HA PAHHUX CTAJUSX OHTOTeHE3a MPOU3BOJHOTO MSATKOIMCTBEHH-
HOTO JPEBOCTOSI U 3aBEPILAIOTCS BBIPYOKOH I€pEBbEB BEPXHETO MSTKOIMCTBEHHOTO
sipyca B Bo3pacte 45-55 ner.

Brurouenne B cuctemy Xo3siiicTBa pyOoK TpaHchopManuu mpeaycMaTpuBa-
€T WX TEeXHHYECKOE M TEXHOJIOTHYECKOe compoBoXxaeHue. Kpome Toro, moTpely-
€TCsl BHECEHHE HEKOTOPHIX M3MEHEHUH M JOIOJHCHUN TPU MPOBEICHUH TaKCaIlH-
OHHBIX paboOT M COCTaBICHUM MPOEKTHOH JOKyMeHTauuu. Hampumep, Takcauuio
MPOU3BOIHBIX MSTKOJIMCTBEHHBIX HACAKACHHUN CJelyeT HauuHaTh CO CTaaHH
CPEIHEBO3PACTHOTO JIPEBOCTOSI C OMUCAHUEM HMKHHUX SIPYCOB JIPEBECHOM pacTH-
TEJIHHOCTH (COCTaB, BO3PACT, BHICOTA W KOJMYECTBO 3A0POBBIX 0cobeil). Komnue-
CTBO pyOOK B IuKIE pyOOK TpaHChopManmuu MOXKET cocTaBisITh oT 1 g0 3. Cpok
MIPOBENICHUS MEePBOi pyOKHM TpaHCc(OpMAIMK OIpeiesieH Ha OCHOBaHHUU JKCIIEPH-
MEHTAJIBbHBIX HCCIICAOBAHUH, OCYIIECTBISCTCS B BO3pacTe MOAPOCTa TEMHOXBOM-
HbIX Topon 15, 20, 25 u 30 et u 3aBUCUT OT BO3pacTa MATKOIUCTBEHHBIX MOPOJ
B MOMEHT IOSIBJICHHSI BCXOJIOB €71 W MHUXTHI. Tak, MpU OJHOBPEMEHHOM 3acelie-
HUAW BBIPYOKM MSATKOJWMCTBEHHBIMH W TEMHOXBOMHBIMHA TIOpOJIAMHU TepBast pyo-
Ka TpaHcopManuu ISl TEMHOXBOWHOTO ITOApPOCTa MPOBOIUTCS B Bo3pacte 30
JIET, & €CJIA BCXOJBI MOSBHIIUCH IO/ TIOJOTOM S-JIETHETO JIUCTBEHHOTO MOJIOJHS-
Ka, TO B Bo3pacte 25 netT. I B ToM, U ApyromM ciaydae BO3pacT J€pPEBbEB BEpXHe-
ro MATKOJIUCTBEHHOTo spyca coctaBUT 30 jeT. [Ipu MoOsABIEHUN TEMHOXBOMHBIX
ropop mox mosioroM 10-20-1eTHETO MSTKOJIUCTBEHHOTO MOJIOAHSIKA TepBas pyo-
Ka TpaHc(opManmuy MPOBOAUTCS MPHU BO3pAcTe MOAPOCTa eau M muxThl 20 JeT.
CooTBeTcTBEHHO, BO3pacT Oepesbl M ocuHbI coctaBuT 30—40 met. Ilpu mosBie-
HUU BCXOJIOB €M M MHUXTHI B 25-35-71€THEM MSATKOJIMCTBEHHOM JAPEBOCTOE PYO-
Ka TpaHc(hOpMalMH TPOBOAUTCS NPU JOCTHKEHUM TEMHOXBOWHBIM IOIPOCTOM
BOo3pacTa 15 5er, mpu 3TOM BO3PAcT BEPXHETO MITKOJIMCTBEHHOTO sipyca — 40—
50 net. B mocneqneM ciaydae TpanchopMaIus MATKOJIMCTBEHHOTO HACAKICHUS B
TEMHOXBOWHOE OCYIIECTBIIIETCS C MTOMOIIBI0 OTHOPA30BON PYOKHM C MCIIONIB30Ba-
HUEM JBYXIPHUEMHOTO PaBHOMEPHO-TIOCTEIIEHHOTO I 4YePEeCIOIOCHOTO TMOCTe-
neHHoro crnocoba. Bo Bcex Ipyrux BapuaHTax ¢ MEPHOAOM & JIET MPOBOIATCS 2
nim 3 pyoxu. [IpogomKuTenbHOCTD MEpHoia MEXIY PyOKaMu TakkKe yCTaHaBIIH-
BaeTCs dKCIepMMEHTalIbHO. B mepByio ouepens B pyOKy HasHauaioTca HauOolee
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pa3BUTHIC ACPEBBS, KOTOPHIE COTIACHO XO3SHCTBEHHO-OMOIOTNYECKOH Kilaccudu-
Kalli¥ OTHOCSITCS K KaTErOpHHU «Iydmune». NHTeHCUBHOCTh PYyOKH 3aBHCHUT OT OT-
HOCHUTEBHON MOJTHOTHI ipeBocToA. [Ipu BricOKOW oTHOCHTENpbHON TonmHOTE (0,8—
1,0) ona camxaercs no 0,6, npu cpemneit (0,7) — mo 0,5. CHIKEHHE TTOTHOTHI 10
TpeOyeMbIx 3HaueHui obecneunBaetcs 30...35 %-ii BBIOOPKOH 1epeBBEB I10 3aracy
B MaceKax MEXJy TeXHOJOIMYECKHMMH KOpHUIOopaMH (MaceuHbIMH Bojokamu). [lpn
3TOM 00111asd CTeNeHb U3pEKUBAHUSA BEpXHETo sipyca apeBoctos — 45...50 %. Hau-
OoJiee ONITUMANIBHBIM BAPHAHTOM SIBIISIETCSI CUTYAIIHs, KOTJa IPH MOCJIeAHeH pyOKe
TpaHcGOpMaIMU BO3PACT JICPEBHEB €N U TIUXTHI, TNIAHUPYEMBIX JJIs1 3aMEHBI MST-
KOJIMCTBEHHBIX JIPEBOCTOEB, HaxoauTcs B uHTepnase 40...50 net. bonee nonHo rema
pyOOK TpaHchopMalMK C NPAKTUIECCKUM MOATBEPKICHUEM U3JI0KEHHBIX BBIILIE pe-
KOMEHJaLU{ pacKpbITa B Ipyroi padore [38] 0oAHOTro U3 COABTOPOB JaHHON CTATHH.

WMHCTUTYTOM MHTEIUIEKTYaJIbHOW U MPOMBIIITICHHOW coOcTBeHHOCTH B 2014 1.
Ha MeTo/1 (POPMUPOBAHUSI TEMHOXBOMHBIX HacaxJIeHUH ObLT odopmieH nareHt [40].

Boioowt

1. B necax taexHoi 30HbI Poccuu, B TOM umnciie Ha Ypaje, ujieT MaccoBas
CMeHa KOPEHHBIX TEMHOXBOWHBIX HaCAKCHHUI Ha MPOU3BOAHBIE MITKOJIMCTBEHHBIE.

2. CornacHo Teopuu JecooOpazoBatenbHoro npouecca b.I1. Komecnukosa
BOCCT@HOBJICHHE CJIBHUKOB IMPOUCXOAUT Yepe3 CTaluio (OPMUPOBAHUS KOPOTKO- U
JUTATENTbHO-TIPON3BOTHBIX MSTKOIUCTBEHHBIX HACAKICHUH.

3. I3 Bceit COBOKYITHOCTH ITPOM3BOIHBIX MATKOIMCTBEHHBIX HACAKICHIH HAH-
OoJiee TIEPCIIEKTUBHBIMHA SIBIISIOTCS] TIEPBUYHO-TIPOU3BOAHBIE, (POPMUPYIOLTHECS TIO
KOPOTKO-TIPOU3BOTHOMY THUITY JIECOOOpPa30BaAHUS.

4. Meton pyOok TpaHchopMaliy, pa3padoTaHHbI Ha OCHOBE IPOLLIOTO OIIbI-
Ta U UCCIIEJOBAaHUI B 001aCTH JIECOBEACHUS, MOATBEPIKACH HA NPAKTHKE, IOCTPOCH
Ha MPUHIUIAX COMPOBOXKIECHUS M Pa3yMHOTO YCKOPEHHSI €CTeCTBEHHOTO MpoIiecca
necoo0pa3oBaHus U HapaBHE ¢ pyOKaMHM CIIETBIX APEBOCTOEB U PyOKaMH yxozaa CiTy-
KHUT CAMOCTOSITEITLHBIM MEPOTIPUATHEM.

5. Brurouenne B cuctemy Xo3sICTBa pa3pabOTaHHOTO METOa PyOOK TpaHC-
(dbopmanuu U €ILHUKOB ITO3BOJIMT HA MEPBOHAYAIBHOM JTalle CACPKUBAThH YBEIIH-
YeHHUE IUI0MaAel TPOU3BOIHBIX HACAKACHHH, a B IEPCIEKTUBE — cOallaHCHUPOBAaTh
JIUCTBEHHOE U XBOWHOE XO35IIICTBO MCXOAS M3 SKOJOTHMYECKOTO 3HAYEHHUS JIECOB, Jie-
COpACTHUTEIHHBIX YCIOBUH U NIEPCIIEKTUB Pa3BUTHA KOHKPETHON TEPPUTOPHH.
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Detailed analysis of standard and scientific literature on the problem of restoration of
primary dark coniferous forests through the species succession is made for a long-term
period. The forest formation theory developed by Professor B.P. Kolesnikov is behind the
problem solution. According this theory the restoration of spruce forests occurs through the
formation stage of short-term and long-term secondary soft-leaved plantations. The short-
term plantations are the most promising as they have the highest regeneration potential. It
has been suggested that during the growth process of secondary soft-leaved forest stands
on the site of primary spruce forests the plantation restores its structure and energy balance
that were changed as a result of cuttings. Over this period accumulation of organic matter
and nutrients, which had been removed from the ecosystem with cut trees, occurs in the
soil. We shell underline that substantial improvement of water-physical properties, chemical
composition of soil and its achievement of initial level of fertility is possible only after 40-60
years when secondary soft-leaved stands will grow in the place of pure spruce forests. It was
concluded that succession of dark coniferous species to soft-leaved ones after clear cuttings
is a massive and objective phenomenon; and from the point of view of improvement the
forest site conditions it is positive. In this case it should be considered not only as a stage of
restoration, but, perhaps, as a mechanism of preservation of primary dark coniferous forest
plantations. The growing period of soft-leaved plantations is proposed to use in the forestry
system as a restoration stage for the formation of productive dark coniferous plantations.
A new method named transformation cutting was developed and patented specifically for
spruce forests in order to solve this issue. Its essence lies in the fact that care of young
generations of dark coniferous species is taken in the early stages of the secondary soft-
leaved stand development. The entire process of formation of dark coniferous young growth
or middle-aged forest stand finishes with cutting of upper soft-leaved storey at the tree age of
45-55 years, i.e. before they reach the cutting age of mature soft-leaved stands. The inclusion
of this method in the system of forestry would require some changes and additions in inventory
of forest fund, preparation of project documents, as well as technical and engineering support
of the prescribed measures. For instance, it is necessary to start the valuation of secondary
soft-leaved forest plantations with the middle-aged stand and determine the full valuation
description of the stand by generations indicating the composition, age, height and number
of tree species. The use of the developed method for dark coniferous forest plantations in
forestry will allow to slow down the process of species succession and later on to balance
deciduous and coniferous forests based on the ecological value of forest stands, forest site
conditions and prospects for the development of a specific area.

For citation: Terinov N.N., Andreeva E.M, Zalesov S.V., Lyganskiy N.A., Magasumova A.G.
Restoration of Spruce Forests: Theory, National Practice and Problem Solving. Lesnoy Zhur-
nal [Russian Forestry Journal], 2020, no. 3, pp. 9-23. DOI: 10.37482/0536-1036-2020-3-9-23
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spruce stands.
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The most devastating insect invasion of forest ecosystems in Russia is the recent mass repro-
duction of the four-eyed fir bark beetle (Polygraphus proximus Blandf.) in southern Siberi-
an fir (dbies sibirica Ledeb.) forests. The objective of our research was to study the spatial
structure of fir forests and their change under the impact of the four-eyed fir bark beetle in its
secondary (invasive) distribution range. We selected two fir stands located near the villages
of Itatka and Malinovka in the Tomsk region. Both stands represent natural ripe succession
forests on sites that previously experienced logging activities, which were triggered by settle-
ment activities in the second half of the nineteenth century. We used Field-Map technology
for gathering non-spatial and spatial stand data. The analysis showed that height, diameter and
radial increment of fir trees, killed or severely weakened by attacks of the four-eyed fir bark
beetle, were significantly lower than that of healthy individuals. The social status of fir trees,
seriously attacked or already killed by Polygraphus proximus was indicated by the U; index as
moderately suppressed. In contrast to the distribution pattern of living firs, the pattern of dead
or severally weakened firs killed by the four-eyed fir bark beetle was significantly clumped
over short distances (sample plots (SP) Itatka and Malinovka). This finding coincides with
visual observations in other stands, that dead trees are grouped to some extent. However, the
hypothesis of spatial independence of the tree positions of living and dead firs was accepted
for both plots.

Funding: The research was funded by the Russian Foundation for Basic Research and the
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ment of the Center for Forest Ecology and Productivity of the Russian Academy of Sciences
(No. AAAA-A18-118052400130-7).
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Introduction

The beginning of the twenty-first century is accompanied by massive cases
of invasions of alien biota [6]. In addition long-term modeling shows an increase in
the number of invasions [5]. This also applies to forest ecosystems. The economic,
environmental and social consequences of exposure to invaders [11, 13, 24] allow
us to consider them as disturbance forces and factors of forest-forming processes.
The most devastating invasions in Russia are invasions of the box tree moth Cy-
dalima perspectalis [1], emerald ash borer Agrilus planipennis [43] and four-eyed
fir bark beetle Polygraphus proximus [28]. The latter one is also denoted as the Far
Eastern bark beetle invasion due to its original distribution area. In terms of scale
and risks for Russian forest management, the invasion of this insect is the most
significant in Siberia, where it first occurred in 2008 [28]. According to Kharuk et
al. [26] the progressive spread of the aggressive beetle Polygraphus proximus in
Siberia is associated with the impact of climate change. Its mass reproduction is
promoted by the weakening of forests by water stress due to the increasing climate
aridisation [25].

Along with traditional research methods, spatial structure analysis is increas-
ingly used for solving complex ecological issues [17, 27, 34, 36], which allows to
make predictions of ecosystem dynamics [22]. Spatial forest structure has been con-
sidered as an indicator of ecological stability, biodiversity, competition processes and
forest ecosystem functioning [12, 30, 33, 39, 44, 46], and determines microclimatic
conditions, the provision of resources and characteristic features of forest habitats
[17, 30]. The main parameter of spatial forest structure is the tree distribution pattern
[17, 42]. Recently, the impact of different harvest events on horizontal tree distribu-
tion patterns has been studied in different conifer stands in the region, specifically
in north China and Mongolia [18, 31]. However, there are hardly any studies that
assessed or monitored the impact of an invasive bark beetle species on the spatial
structure of boreal conifer stands. To our knowledge, there are no studies that anal-
ysed the impact of invasive bark beetles on the spatial structure in Russian forests.
Spatial structure transformation in forests exposed to invasive organisms is of partic-
ular interest.

In this regard, our aim was to study the spatial structure of fir forests and
their change under the impact of the Far Eastern bark beetle (Polygraphus proximus
Blandf.) in the secondary range of distribution in Tomsk region. We specifically re-
searched the preferences of the bark beetle in terms of size and social status of trees
and how the infestation changes the forest structure. We hypothesised that the bark
beetle attacks and kills smaller, older and less dominant trees and that trees are not
randomly attacked, but are grouped within the stand.

Materials and methods
We selected two fir forest stands in Tomsk region in the Kornilovskoye le-

snichestvo (forest unit). Both stands have been subjected to recent infestation by
Polygraphus proximus and are situated in the vicinity of the villages of Itatka and
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Malinovka (Fig. 1). In each stand, we established one permanent large-sized sample
plot (SP Itatka and SP Malinovka). The SPs differ in the succession stage and utili-
sation history. The forest stand near the village of Itatka was subjected to selective
logging, and near the village of Malinovka, to clear-cutting.
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Fig. 1. Study area
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Data assessment

On each plot we assessed the following data: tree species, diameter at breast
height (DBH), tree height, tree age, crown length, crown projection area and radial
growth of every tree with a minimum DBH of 6 cm. We used Field-Map technology,
which combines a flexible real-time GIS software Field-Map with electronic equip-
ment for mapping and dendrometric measurements. Additionally, the tree status of
each fir tree was evaluated according to a six-point scale, which describes the impact
of Polygraphus proximus on Abies sibirica. The calculation of the average weighted
category of tree status was performed by the following formula [28]:

AWSngl+Zgz+Zg§§g4+zgs+zg6a (1)

where AWTS — the average weighted category of tree status in the respective stand; Xg,, Xg,,
Yg., Xg,, 2g;, g, — the sums of the basal areas of healthy, weakened, severely weakened,
dead and dead standing trees (fresh and old), respectively; XG — the sum of basal areas of all
fir trees in the sample plot (RS).

Dead wood assessment was carried out according to the following classification:
0 — not yet decomposed; 1 — recently deceased: bark poorly separated, wood without
rot; 2 — slightly decomposed: bark easily breaks off and disappears, rot is up to 25 % of
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the diameter; 3 — moderately decomposed: rot is up to 50 % of the diameter, the core of
the trunk is solid; 4 — highly decomposed: rot is 50—75 %, the core of the trunk is solid,
5 —almost completely decomposed: rot is more than 75 %; 6 — completely decomposed
(humification of wood). See Table 1 for an overview of both plots.

Data analysis

Measurements were carried out using the Field-Map technology system for
the computer-aided field data collection. Core sampling was performed with an in-
cremental borer (length of 400 mm; diameter of 5.15 mm, Haglof, Sweden). In rare
cases, we obtained cookies with the help of a Husqvarna 365 chain saw. The width of
the tree rings was measured using the LINTAB-5 complex with the TSAP software
package [37] with an accuracy of 0.01 mm.

Table 1
Characteristics of the fir stands on the sample plots, 2018
Stand . Health Height, | Diameter, C?ow.n Crown Radial Age,
composition, status n om projection | length, growth, oo
% area, m? m mm/yr y

Malinovka, 30%80 m; altitude (a.s.l.) — 179 m; AWTS — 3.0 units, density — 1000 trees/ha

living | 18.4+1.5 | 24.1£2.2 | 7.440.7 | 10.5£0.9 | 1.71+0.07 67+3
56F dead and
dying
living | 20.0£0.7 | 24.5£2.2 | 15.0+£2.0 | 10.9£0.6 | 1.27+0.07 70+2
26B dead and
dying
living | 23.4+1.5| 30.6+3.4 | 8.6£1.7 | 13.0£1.4 | 1.59+0.10 81+4
15Sp dead and
dying
3S living | 23.1+0.5 | 31.243.1 | 7.9+3.2 | 12.1+0.8 | 1.74+0.06 69+7

Ttatka, 30%50 m; altitude (a.s.l.) — 152 m; AWTS — 1.8 units; density — 625 trees/ha

living | 23.9+0.3 | 30.4+0.7 | 8.7£0.4 | 12.7+0.3 | 2.38+0.07 66+1
73F dead and

12.6£0.9 | 17.6+1.2 - - 1.2540.08 76+3

6.6+3.7 | 35.4+7.1 - - - 113+57

9.7£1.6 | 14.5+4.0 - - 1.06+£0.07 | 65+12

dying 16.2+2.0 | 28.0+1.9 - - 1.97+0.12 78+2
16B living | 20.240.6 | 19.5£1.0 | 11.6+2.3 | 9.8+0.5 | 1.69+0.07 62+2
7Sp living | 24.0+1.2 | 31.5£3.5 | 14.943.5 | 13.2+1.5 | 2.14+0.11 67+4
25 living | 20.3+0.5 | 28.4+2.0 | 9.7+0.5 | 12.0+0.5 | 2.28+0.13 7145
1P living 23.1 44.1 18.2 11.2 2.76+0.15 75
1A living 243 19.2 34 12.1 1.94+0.19 79

Stand composition explication: F — Siberian fir; S — Siberian pine; Sp — Siberian spruce;
P — Scots pine; B — Silver birch; A — Aspen.

Reconstruction of stand history

The forest use history of the respective sites was reconstructed taking into
account the age structure of the communities, the species composition and the distri-
bution of trees by height and diameter. The presence of traces from logging were also
taken into account. Stumps were assessed with regard to tree species, the diameter
at the ground level was measured and their density was calculated. The mapping of
stumps on the SP Malinovka made it possible to estimate the degree of anthropogen-
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ic impact to the forest ecosystem. We calculated the number of sawed stumps and
stumps formed as a result of the natural death of trees.

The processing of the material was carried out in the STATISTICA 10 program.
In addition to the standard descriptive statistics, the non-parametric Mann—Whit-
ney test and the Kruskal-Wallis test were used to test significance of the respective
parameter with the level of p < 0.05.

Characterisation of type and intensity of the bark beetle infestation: non-spa-
tial event analysis

We characterised the infestation by weight (originally denoted as thinning
weight, »G ratio) and type (originally denoted as thinning types, NG ratio) [17].
The infestation weight reflects the intensity of the bark beetle attack on the stand
level. The NG ratio indicates the infestation type, for example, if trees with relatively
larger or smaller diameter were killed by the bark beetle. Values below 1 indicate that
especially strong trees were killed; values higher than 1 indicate that mostly trees
with smaller diameter were affected. A value near 1 indicates that the proportion of
removed stems was proportional to the removed basal area:

G=Jr . @)
GI
NG =N/ Ny 3)
G /G,

where G — infestation weight; G, — removed basal area, m?ha; G, — total basal area, m*ha;
NG — infestation type; N — removed stem number; N, — total stem number.

Since the bark beetle is selective with regard to species, we elaborated »G and
NG only for the fir tree population in each sample plot (»G_fir and NG _fir).

Analysis of the bark beetle infestation on spatial forest structure

We analysed the tree distribution pattern of the samples with the help of the
univariate cumulative and non-cumulative distribution functions. With regard to
recently conducted research of undisturbed fir forests in Mongolia [19], we initially
assumed predominantly random tree distribution patterns on our fir forest sample plots.
We assumed that the Polygraphus proximus invasion has changed some parameter of
the horizontal tree distribution pattern in the fir forests and that we may find traces of
a structural pattern of the infestation (e.g., attack on neighbouring trees). Based on
previous studies and our assumptions, we tested the hypothesis of complete spatial
randomness for all living trees, all living firs and dead firs. We used the square-root
transformation of the univariate K11-function, called univariate cumulative L-function
L(r) [10, 45]. The 95 % confidence envelope was constructed using the Monte Carlo
method [42]. A total of 999 Poisson patterns were simulated for each data set. The
null hypothesis of this model assumes that the tree distributions of all plots follow a
homogeneous Poisson process across the entire distance [15, 42] with », =14 m. The
pattern is defined as clumped, random or regular if the L-values at distance r are greater
than, equal to or lower than the confidence envelopes, respectively:

=X, @
T

where L(r) — univariate cumulative L-function, L(r) = 0 for » > 0; K(r) — the first derivative of
Ripley’s K-function; = — mathematical constant; » — distance, m.
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Additionally, we cross-checked the results of the interpretation with the
complementary univariate non-cumulative pair correlation function g(r) [45], which
shows the non-cumulative classification. The simulations (999) were computed for
deriving critical values for a = 0.05 for each data set:

dK (r)
g(")=d—/(2m‘), )
r

where g(r) — univariate non-cumulative pair correlation function, g(r) = 1 for » > 0; dK — the
density function of K(r); dr — density, trees/ha.

Testing the hypothesis of spatial independence between living and dead/se-
verely weakened fir trees after the Poligraphus proximus invasion

Additionally, we wanted to know if there is any significant spatial relation
between living firs and firs that have been killed or severely weakened by the bark
beetle. Therefore, we tested the spatial independence between these two groups with
simulations that involved random shifts of one component pattern relative to the oth-
er, called toroidal shifts. We used the bivariate cumulative L12-function L12(r) [45].
Additionally, we cross-checked the results for the interpretation with the complemen-
tary bivariate non-cumulative pair correlation function g12(r) [45]. Attraction, spatial
independence or repulsion is indicated if the pair correlation function values at the
distance r are greater than, equal to or lower than the 95 % confidence envelopes,
respectively. The simulations (999) were computed for deriving critical values for
a = 0.05 for each data set.

Spatial analysis of the relative dominance of trees species with the measure of
surround U,

In order to test our hypothesis that suppressed trees are more likely to be in-
tensively attacked and killed by the bark beetle, we analysed the relative social status
of the trees. The social status of a tree (relative dominance of suppression) depends
on the individual tree neighbourhood. In the frame of this study, one objective is
to assess the relative dominance with regard to tree species and tree health status
with reference to Polygraphus proximus. The measure of surround U, is an index for
classifying the size of tree 7/ in comparison to its next four neighbours. The original
classification was presented by Gadow and Hui [17, 21]. In our study, we applied
the scaling according to Gradel and Mihlenberg [19] that was proposed in order to
logically match the U, values to other index values of spatial forest structure (lower
index values indicate a lower status of the respective parameter). With regard to U,
it means that a relatively smaller size reference tree i compared to a neighbour tree j
equals a classified value of 0; relatively larger size equals a classified value of 1. For
the calculation, see equation 6 (see Fig. 2 for examples):

4
Ui=22V (6)
j=1

where U, — index for classifying the size of tree i, 0 < U, < 1; v, — the respective

value of i’s neighbour j, 0 < v, < 1; (0 — neighbour j is larger than the reference tree i,
1 — otherwise).
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tree i tree i tree i reference tree i

Fig. 2. A four-tree neighbourhood sample provides five options for the U, value (assessment of
dominance); based on Gadow and Hui [17] and adjusted according to Gradel and Miihlenberg [19]

In order to get a realistic picture, we analysed the social status of each tree
(relative dominance or suppression) in 2014, when the bark beetle infestation took
place, and four years later in 2018. We compared the obtained values of living to
dead/severely weakened trees. Diameter size for 2014 was calculated with the help
of wood cores cut in 2018. The analysis was conducted with R-statistics 3.5.1 with
the spatstat package [7].

Results

Status of basic stand structure as of 2018

The forest stand of the SP Itatka is part of a mixed forest stand with a predomi-
nance of Siberian fir and a significant participation of Silver birch. To less extend Sibe-
rian spruce and Siberian pine are also present (Table 1). The age structure allows us to
distinguish two generations. The first generation consists of largely dead Silver birch
over 100 years old. The age of the second generation ranges from 65 to 80 years. Con-
sequently, the second generation appeared when the age of the first generation was 30
to 40 years. Given the location of the site near the village (up to 1 km) and the time of
establishment of the village of Itatka (1884), it can be assumed that the first generation
arose on the site after the felling. Subsequently, under the canopy of the pioneer trees
(birch), the dark conifers established. Since the site was periodically subjected to se-
lective felling, the occasionally establishment of deciduous species there started again.

The stand of the SP Malinovka is also part of a mixed forest stand, but with a
large participation of Siberian fir and a significant proportion of Silver birch. The com-
position also includes Siberian spruce and Siberian pine, rarely Scots pine and Aspen
also occur. The age structure is homogeneous and consists of one generation of 60—70
years. Given that the site is located directly on the outskirts of the village Malinovka
(established in 1891), it can be assumed that the first generation was cut down during
the time of the establishment of the village in the form of clear-cutting. A continuous
anthropogenic impact is indicated by the almost complete absence of dead trees on the
SP Malinovka, while on the SP Itatka they are found for almost all tree species.

Despite the similar characteristics of the tree canopy, the model stands can be
attributed to two different stages of the forest-forming process of fir forests. This is
clearly seen in Fig. 3. The forest stand of the SP Itatka is at an earlier stage compared
to the community of the SP Malinovka. Proof of this is the much greater density of
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Fig. 3. Tree maps indicating positions of living trees, crown projections of living trees
and trees recently killed by the invasive bark beetle: @) — SP Malinovka; b) — SP Itatka

the stand (37 %), with respectively smaller average values: height (23 %), diameter
(21 %) and the value of the trunk growth (28 %) in living trees of Siberian fir. A dis-
tinctive feature is that the fir on the SP Itatka only goes to the first layer of the forest
stand, and on the SP Malinovka, it has confidently taken a dominant position in the
tree canopy. Thus, it is logical to assume that the forest stand of the SP Itatka is expe-
riencing more stress due to more intense competition, and therefore, should be more
affected by the impact of the invasive beetle. A comparison of the AWTS index (3.0
for Itatka and 1.8 for Malinovka) confirms this assumption.

Dead wood in the Malinovka stands

On the SP Malinovka, we also mapped all the stumps and it turned out that
there are about 504 pcs/ha. At the same time, 76 % show characteristic traces of saws
and only 24 % originated as a result of breakdown, which indicates a natural origin.
Fir accounts for the largest part (94 %), then birch (6 %). According to the degree of
decomposition, 48 % of stumps are classified into the second category, 26 % to the
third, 12 % to the fourth, 6 % to the fifth and 2 % to the sixth.



32 «H3BecTus By30B. JlecHoii xxypHama». 2020. Ne 3 ISSN 0536-1036

The diameter of the sawed stumps is 24.6+0.9 cm, which is significantly
(Mann—Whitney, test p = 0.0001) larger than the size of the stumps formed as a result
of natural causes (16.9+1.4 cm). We found no significant differences in stump diame-
ter with regard to the degree of decomposition (Kruskal-Wallis test, p = 0.4249). The
size of sawn stumps meets the generally accepted requirements for private construc-
tion wood, indicating something about the purpose of the logging on the site.

The impact of the four-eyed fir bark beetle at the stand level

Our analysis showed that on the SP Itatka, the height and diameter of
fir trees killed or severely weakened in attacks by the four-eyed fir bark bee-
tle were significantly lower than in live individuals (Mann—Whitney test,
p =0.0153 and p = 0.0022, respectively). With regard to tree age, no connec-
tion was found. Also, dead firs showed low growth of the trunk compared to
living trees (Mann—Whitney test, p = 0.0153). Dead and severely weakened firs
of the SP Malinovka also had lower height and diameter values compared to
living trees (Mann—Whitney test, p = 0.0001 and p = 0.0536, respectively). The
radial increment of dead/severely weakened firs was lower than that of living
firs (Mann—Whitney test, p = 0.0025). Certain parameters, such as the crown
projection and length were not analysed since they cannot be compared to the
same parameters of dead trees.

The height of the tree canopy on the SP Itatka is 16.86=0.61 m and the crowns
of the trees begin at a height of 9.07+0.38 m. Comparing the height of dead trees, it can
be noted that fir grew to the middle of the crown space, but spruces did not survive the
competition and immediately began to die. The height of the tree canopy on the SP Ma-
linovka is 22.22+0.44 m and the crowns of the trees begin at a height of 10.86+0.41 m.
Comparing the height of the dead firs, it can be noted that they also grew to the middle
of the crown space. The beginning and the process of ingrowth into the upper canopy is
a critical time and the trees are more susceptible to external impacts.

The non-spatial event analysis showed that, considering only fir trees, the in-
tensity was much stronger on the SP Itakta (G _fir with 0.375), although the effect
of the infestation with regard to size classes was not too different in Malinovka and
Itatka. However, the NG ratio of fir (NG _fir), shows that more often smaller firs rather
than larger firs were affected by the infestation (Fig. 4).
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Fig. 4. Non-spatial event analysis of the RS Malinovka (a) and Itatka (b): grey — fir trees that
were not attacked; black — fir trees severely attacked; G _fir — infestation weight on fir trees;
NG _fir — infestation type on fir trees
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Relative dominance and suppression of tree species

The analysis of the social status of the trees showed, that individuals of Pinus
sibirica are largely dominant, whereas the other three species are only co-dominant
(Table 2).

Table 2

Overview of the species-specific classification of the social status of the trees
in the SP Itatka and of fir trees Killed or severally weakened by Polygraphus proximus

U,
trees severely attacked by
Sp Year all trees (attacked and not attacked) Polygraphus proximus
Pinus Picea Betula Abies Abies Abies
sibirica obovata pendula sibirica sibirica* sibirica™*
Itatk 2014 | 0.813 0.526 0.578 0.435 0.486 0.481
tatka
2018 0.813 0.526 0.590 0.439 0.382 0.282
Malinovk 2014 | 0.750 0.531 0.300 0.572 0.438 0.250
alinovka
2018 0.750 0.500 0.300 0578 0.458 0.375

* Killed or severely weakened with participation of Polygraphus proximus.
** Killed or severely weakened only by Polygraphus proximus.

Classification of U, values: U, = 0 (strong suppression); U, = 0.25 (moderate
suppression); U, = 0.5 (co-dominance); U, = 0.75 (dominance); U, = 1 (strong
dominance); The classification is based on Gadow and Hui [17] and adjusted
according to Gradel and Miihlenberg [19].

Interestingly, the social status of fir trees killed or severely weakened only
by Polygraphus proximus was much lower than the status of all fir trees of the
SP Malinovka. In the SP Itakta, however, the status of all groups was relatively
similar in 2014, but in 2018, the status of all fir trees had become clearly higher
than that of killed/severely weakened trees. Overall, the results suggest that
suppressed firs are more susceptible to being killed by the bark beetle. Also,
in the SP Itatka, the social status of the attacked trees decreased further. In the
SP Malinovka, it slightly increased, but the number of attacked individuals is
relatively low compared to the SP Itatka, which lowers the relevance of the results
of the SP Malinovka.

The impact of the four-eyed fir bark beetle on the horizontal tree distribution
pattern

Spatial distribution of the living tree population (all species) was evaluated as
being mostly random over the entire distance of the SP Malinovka (Fig. 5).

However, on the SP Itatka (Fig. 6), a clumped distribution pattern of the entire
tree population was indicated after a distance of 6 m by the univariate cumulative
L(r). Both figures 5 and 6 show dead or severely weakened firs; death caused or trig-
gered by the four-eyed fir bark beetle.

On both sample plots, the hypothesis of complete spatial randomness of the
tree distribution pattern of the remained living firs was accepted by the analysis
with the univariate cumulative L-function L(7). The univariate non-cumulative
pair correlation function g(7), however, indicated a clumped distribution of the
living firs at a distance of 1 m on the SP Itatka. In contrast to the distribution pat-
tern of living firs, the pattern of dead and severely weakened firs by the four-eyed
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fir bark beetle was significantly clumped over short (SP Itatka and SP Malinovka)
or, to some extent, larger distances (SP Itatka), irrespective of the succession
stage. This finding coincides with visual observations in other stands — that at-
tacked trees are to some extent grouped. However, the hypothesis of spatial in-
dependence of the tree positions of living and dead/severely weakened firs was

accepted for both plots.
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Fig. 5. L-functions and pair correlation functions of the analyses of the horizontal spatial
forest structure of the SP Malinovka
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Fig. 6. L-functions and pair correlation functions of the analyses of the horizontal spatial
forest structure of the SP Itatka

Discussion

Based on our results, we discuss the preferences and pattern of Polygraphus
proximus attacks.

Compared to living firs, dead trees exhibited, on average, lower height and
diameter values. These features are noted by other authors [8], which allows us to
consider the tree diameter as being a main indicator of susceptibility to damage at
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the stand level [9]. However, larger diameters usually exhibit thicker bark. Therefore,
we assume that bark thickness may play a role in the susceptibility of the trees. Bark
protects the tree against external abiotic and biotic disturbances. For example, tree
species with thicker bark are considered to be better protected against fire damage
than species with thinner bark [32]. Recently, the close association of fire-driven
ecosystems and tree species with thick bark at a global scale across different
vegetation zones was shown [35]. Fir and spruce are climax species with rather thin
bark. This may be due to the fact that fires in dark taiga ecosystems are naturally
less common compared to disturbance-prone larch and birch forests [19]. For a bark
beetle, however, bark represents a barrier that it has to overcome. Another barrier
for the beetle is resin. Vital and strong trees produce more resin and are, therefore,
better protected. In this context, vitality and most likely diameter size play a role as
well. Since diameter size plays a crucial role for susceptibility against the beetle, the
development stage of the stand is also important. Fir stands with left-sided ontogenetic
structure appear to be more resistant [3].

Our results suggest that the most critical period is when the fir trees grow into the
upper layer of the stand. At this stage, Polygraphus proximus is able to cause maximum
damage and interrupt the forest-forming process of fir or, if there is a sufficient amount
of viable undergrowth of fir, roll back the succession cycle of its dominance for several
decades. In any case, the decrease in canopy cover stimulates the growth of saplings
[38]. This shows how insect outbreaks can be a driver of forest dynamics.

Suppressed trees are more frequently successfully attacked and weakened by
the bark beetle

Our results of the spatial analysis are consistent with previously established
features of the impact of Polygraphus proximus and indicate the predominant influ-
ence of the invader on suppressed trees [4]. A recent generalisation on the invasion of
bark beetle Phloeosinus aubei in the Czech Republic [16], which began in the 1950s,
also suggests that mainly trees with reduced viability were damaged. The nature of
the impact of Polygraphus proximus in the periods between outbreaks of mass repro-
duction is similar. Generally, two types of infestations can clearly be distinguished
in the activity of bark beetles. The first type refers to the normal population activity;
in our case the polygraph kills the weakest trees. The second type is when the entire
stand is weakened. Then, the beetle successfully attacks those trees that were recent-
ly viable and could withstand it. In years of mass reproduction, the beetle is able to
damage vital trees, as it was shown by the example of the analysis of the social status
of fir trees on the SP Itatka. Therefore, the four-eyed fir bark beetle can be consid-
ered as a dangerous pest of the forest. It needs to be understood that periods of mass
reproduction are due to the general weakening of stands related to climate change or
extreme weather events [40]. During such periods (for example droughts), almost all
the trees in the stands are weakened to some extent.

The infestation is a disturbance that influences the horizontal tree distribution
pattern

It appears that uneven-aged near-natural fir forests mostly exhibit random tree
distribution patterns. This, however, also depends on the development stage and dis-
turbance history. Younger stands will be more clumped; regeneration often exhib-
its clumped distribution. Random or partly-clumped tree distribution patterns were
found in near-natural fir-beech forests and spruce forests in Central Europe [20, 23].
Random tree distribution patterns were found in undisturbed Mongolian dark taiga for-
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ests [2, 19]. Our data confirmed this to some extend for the respective samples of Sibe-
rian fir forests in Tomsk region. It is well known that different disturbances affect forest
structure [29], but there are hardly any studies available that evaluated the impact of a
bark beetle infestation on spatial forest structure. We found that the impact of Polygra-
phus proximus on fir trees tends to occur in clusters. This was repeatedly recorded in
the stands that were subjected to the initial attack of the invader. Sterenczak et al. [41]
found that the dying of spruce trees during the pandemic mass reproduction of the bark
beetle Ips typographus in the Bialowieza Forest took place in groups.

Based on our results, it may be possible to develop a scheme for zoning the
secondary (invasive) range of Polygraphus proximus according to the degree of its
susceptibility. This zonation may help to implement required forestry measures for
increasing stand stability and resilience against potential infestations. A somewhat
similar model approach, that included some characteristics of forest stands, has been
carried out with respect to Mountain pine beetle infestations in Western Canada [14].

Conclusion

Our analysis showed that both height and diameter of fir trees killed in attacks
by the four-eyed fir bark beetle were significantly lower than in live individuals. Also,
dying firs showed lower growth of the trunk compared to vital living trees. Compar-
ing the height of dead trees, it can be noted that firs grew to the middle of the crown
space, but spruce did not survive the competition and immediately begin to die. The
analysis of the social status of the trees during the infestation in 2014 showed that the
status of fir trees seriously attacked or killed by Polygraphus proximus is relatively
even or lower (more suppressed) than the status of all fir trees. Overall, Polygraphus
proximus attacks are concentrated on relatively smaller and neighbouring trees. In
contrast to the distribution pattern of living firs, the pattern of dying firs, attacked
by the four-eyed fir bark beetle, was significantly clumped over short distances
(SP Itatka and SP Malinovka). This finding coincides with visual observations in
other stands, that is, dead trees are to some extent grouped and are in close proximity
to each other. Some parameters analysed in this study may be useful for forecasting
or modelling stand susceptibility of fir stands against Polygraphus proximus in the
region, which in turn, would allow implementation of management practices for in-
creasing stand stability or resilience against infestations.
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The Lisino training and experimental forest of the Saint-Petersburg State Forest Technical
University was chosen as a study area. The forest is located in the central part of the
Leningrad region and has a high level of protection as a forest of scientific and historical
value. According to the official data, mean annual temperature in the region increased by
0.6 °C within 10 years as well as precipitation. The impact determination of changing
climate conditions on Norway spruce trees growth was the aim of this study. Three most
representative compartments dominated by Norway spruce (Picea abies (L.) Karst.) were
selected for data collection. Core samples were taken by the Pressler increment borer from
107 dominant trees while climatic data were obtained from the nearest weather stations.
Tree rings were measured and analyzed using WinDendro software while climate data
were processed by Microsoft Excel. Tree ring data cover the time interval from 1848 to
2011, each ring was characterized by width, calendar year, age and diameter of the tree.
Radial growth was analyzed within age and diameter classes. Annual rings widths were
varied from 0.1 to 6 mm. There was a positive trend in age classes of 0-20, 21-40 and
41-60 years old. The growth was very slow in the age classes of 61-80, 81-100 and >100.
Diameters are larger in the age classes of 20-40 and 41-60 as compare to the local diameter
growth table which was developed in the 19th century. Diameters for age classes older than
41-60 years were less than prescribed by the diameter growth table. Annual rings width for
all age classes also demonstrate cyclic dynamics, moreover, the decline in growth sometimes
occurred in recent decades. Multiple regression was used for developing the response
function of growth to changes in climatic conditions. There was revealed a high correlation
(90 %) and low influence of vegetation period climate data on growth during 1848-2011
(0.08102 mm/°C and 0.00085 mm/mm). Likewise, analysis shows that growth is higher
in young and middle-aged than mature and over mature stands. Overall, climate change
impact has a positive effect on the radial growth of Norway spruce for the studied area,
however, not for all age and diameter classes.
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Introduction

Official data shows the reliable temperature growth in the last decades,
especially for northernmost areas, for instance in the taiga region. In taiga, temperature
is one of the most important ecological factors limiting forest trees’ growth and
development. Changes in mean and seasonal temperatures in spatial aspects for the
Russian Federation are presented in Fig. 1.
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Fig. 1. Spatial pattern of mean temperature variation in Russia: a) — annual; b) — winter;
¢) — summer; d) — spring; ¢) — autumn. Adopted from [4]

Leningrad region belongs to the area with an increase in mean annual tempera-
ture. Area, where study plots are located, belongs to the territories with temperature
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increase by 0.6 °C within 10 years. Changes in annual precipitation over the last
75 years and its deviations for the Russian Federation are presented in Fig. 2. Dots on
the maps represent locations of the weather stations.

Fig. 2. Spatial pattern of annual precipitation changes during 1936-2010 in Russia: a — over
the last 75 years, mm; b — % of the mean value in 1961-1990. Adopted from [4]

In Leningrad Region, there is no or only minimal changes in annual precipitation,
measured both in mm and as a percentage of normal precipitation in 75 years.

The estimation of impacts of changing climate conditions on Norway spruce
trees growth was the aim of this study. Leningrad region belongs to the areas with
an increase of mean annual temperature that is why it is a reason to suppose here
elevated growth in radial increment of main tree species as a reaction to climate
warming. Increased plant growth in the northern latitudes is an expected outcome of
recent climate changes towards warming [19], also such a trend was established for
the large areas of European forests [8, 21, 22].

The research area in the narrow sense was Lisino training and experimental
forest of the Saint-Petersburg State Forest Technical University. It belongs to
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the taiga zone, located out of the influence of damaging factors, has a high-level
protection status. This is a forest of high scientific and historical value because it was
founded in 1805 and since this time continuously used for research and training. It
may be considered as a proper place to boost forest growth registration due to climate
warming.

Dendrochronology approach to Norway spruce tree stands radial increment
analysis was used as the main method for growth trends revealing. This approach
for a long time widely and successfully implemented for the study of climatic
impacts on trees growth analysis [3, 5, 10-15, 23, 25], as well as for other
environmental factors, which may influence forest growth assessments [16, 17,
20, 24].

Materials and methods

The study area location of the Lisino training and experimental forest of the
Saint-Petersburg State Forest Technical University is shown in Fig. 3.

V
2ningrad regio

Saint-Petersburg
W
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-

Fig. 3. Location of the study area on the maps of Russia and Leningrad region

The study area is situated on Ladoga-Ilmen lake-glacial lowland (the bottom
of lake-glacial basin) from the geomorphologic point of view. The height above
sea level varies from 20 up to 70 m. The largest river Lustovka crosses the forest
from NW to SE. There are three streams in the forest area: Laguza, Heart and
Kastenka. In addition, two channels Kuznetsovskiy and Kozhinskiy pass through
the forest. All of these operate as a drainage system for the lowland forested area.
The topography is flat and undulating. Small flat hills formed by glacial debris are
scattered throughout the forest. Podzol formed in a marsh is the main soil type
in Lisino. Other predominant soil types are moor-humus podsolization (20 %),
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podzolic moder-mor humus (18 %), marsh soil (57 %), torf-podzolic (2 %) and
alluvial soils (3 %). The soil is slightly acidic poor with well-developed podzolic
humus horizons.

The climate is characterized as moderate and influenced by cold air masses
coming from the Arctic, and the warmer air mass from the Atlantic. The regional
climate is strongly influenced by the proximity of the Baltic Sea and Ladoga
Lake.

According to the nearest weather station Luban, the maximum temperature in
Lisino is 33 °C in July and the minimum is —40 °C in January. The average annual
rainfall is approximately 590 mm. Additionally, the average wind speed is 3.3 m/s
and average relative humidity is 80 %. The climatic conditions are favorable for the
growth and development of trees and shrubs. The length of the growing period is
approximately 150-160 days.

Norway spruce is the main species for the Lisino training and experimental
forest. It occupies 34.5 % of the total area covered by forest. The second species is
Scots pine, which takes 28.1 % of the area covered by forest.

Description of Norway spruce dominated tree stands where wood samples
were collected is presented in Table 1.

Table 1
Characteristics of sampled Norway spruce stands
Species composition Age, yrs | Height, m Diameter, cm Growing stock, m?
Block — 123, compartment — 18, area — 3.1 ha
Norway spruce, 50 % 130 28 32 470
Norway spruce, 30 % 90 24 24 280
Birch, 20 % 90 23 24 190
Scots pine, single trees 130 - - -
Aspen, single trees 90 - - -
Block — 200, compartment — 28, area — 2.8 ha
Norway spruce, 80 % 130 22 24 550
Birch, 20 % 120 24 28 140
Scots pine, single trees 130 - - -
Block — 206, compartment — 5, area — 5.9 ha
Norway spruce, 30 % 170 29 32 570
Norway spruce, 20 % 80 21 24 370
Scots pine, 30 % 170 28 40 560
Birch, 20 % 130 27 30 370
Aspen, single trees 130 - - -

As shown in Table 1 sampled Norway spruce dominated tree stands are old-
growth of 80—170 years old on average, highly productive and with a mixture of
Scots pine, birch, and aspen.

The Pressler increment borer tool was used to extract tree cores in all 3
compartments. One core per tree was collected from 107 sample trees of different
ages. The samples were taken at the height of 1.30 m above ground level. The trees
were selected in such a way which represented dominant trees (high trees which were
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free from disease and malformations) and the most vital trees in different age classes
(ocular estimate) from all selected compartments. The oldest tree was 163 years old
and the youngest tree was 30 years old in the sample, so annual ring data is available
for the period 1848-2011.

The image analysis program WinDendro was applied to detect annual
and intra-annual ring boundaries on the base of changes in light intensity of an
image and requires manual adjustment to ring boundaries to account for growth
anomalies (WinDendro, 2009). The ScannerCal calibration file allows WinDendro
to compensate for differences in the dpi reported by the scanner and the real dpi
measured with a high precision calibration target. Earlywood and latewood widths,
as well as total ring width, were measured automatically for each annual ring
sample. If there were almost no contrasts between rings for single-core samples
the ring widths were measured manually. In the following analysis total annual
ring width was used. Data on temperature and precipitation were collected on local
weather stations for each year of the vegetation season of the whole growth period
1848-2011.

For the obtained annual rings data analysis was used before developed
special method aimed on removing of age trend from annual ring width data [1,
6, 71.

Each tree ring with the following data was used as a basic unit for the
analysis: annual ring width, calendar year of appearance, age of the tree in
which the annual ring appears, the diameter of the tree in which the annual ring
appears.

Then the annual ring data was grouped firstly by age class for comparison
of annual ring width of trees of the same age growing in different calendar years
and secondly by age class and diameter for diameter growth curve development for
comparison with the data of regional growth and yield tables.

In order to determine the response function of radial increment on climatic
factors, temperature and precipitation multiple regression analysis were used. The
mean annual radial increment was related to mean temperature and precipitation for
vegetation season:

y=ax +a,x,, (1)

where y—mean annual radial increment of Norway spruce trees, mm; @, —regression coefficient,
which reflects the effect on the radial increment of changes in temperature, mm/°C; x, — mean
temperature of vegetation season for each year, °C; a, — regression coefficient, which reflects
the effect on the radial increment of changes in precipitation, mm/mm; x, — mean precipitation
of vegetation season for each year, mm.

The temperature dependence coefficient of Norway spruce trees for each age
class was developed to assess the difference in reaction trees of different age on
changes in temperature:

Yi=a,x, (2)

where y, — mean annual radial increment of Norway spruce trees of age class i, considered age
classes of 0-20, 21-40, 41-60, 61-80, 81-100, and >100 years old; x — mean temperature of
vegetation season for each year, °C.

Regression analysis was done using STATISTICA 10.0 software.
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Results and discussion

The long-term trends in Norway spruce radial increment are presented in Fig. 4.
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Fig. 4. The long-term trends in Norway spruce radial increment of different age class per
20-years intervals: a) 0-20; b) 21-40; ¢) 41-60; d) 61-80; e) 81-100; /) >100 years old

Fig. 4 shows the usual pattern between radial increment and age: the greater
the age the smaller the increment. Also, as it may be seen from Fig. 4, only for age
classes 21-40 and 41-60 there is a statistically reliable trend in the radial increment
of Norway spruce trees. For all age classes, including 21-40 and 41-60, increment
for the last period is less or almost the same as for some previous ones. For example,
for the youngest age class 0-21, the increment for the last period is less than in 6
previous 20-years intervals and the same as in 1848—1860. In addition, the increment
dynamics show cyclical changes with a period of approximately 80 years. So, the
comparison of Norway spruce radial increment of the same age class growing in
different calendar years gives no clear evidence of elevation of increment for the last
years as it is supposed to be due to the registered climate warming in the last decades
and according to research hypotheses.

Radial increment response function on temperature and precipitation was
obtained as a result of two-factor regression analysis. Regression function with
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coefficients @, = 0.08102 mm/°C and a, = 0.00085 mm of increment/mm of
precipitation, which explains mean annual radial increment with determination
coefficient of 81.5 %, was developed. Analysis shows practical independence of
radial increment on precipitation during vegetation period because coefficient a, is
very small and weakly dependent on mean temperature of vegetation season. The
fact of radial increment independence from precipitation of the vegetation season
may be easily explained by the traditional excess of precipitation during evaporation
for the studied area, the absence of significant changes in precipitation (see
Fig. 2), concave landforms and prevailing of wet soils. The temperature dependence
coefficient of Norway spruce radial increment for each age class is presented in
Table 2.

Table 2

Temperature dependence coefficient of Norway spruce trees
radial increment

Age class, Coefficient increment — Determination

yrIs temperature, mm/°C coefficient, %
0-20 0.123 88
21-40 0.085 90
41-60 0.075 89
61-80 0.074 92
81-100 0.071 86
>100 0.069 96
Mean 0.08283 90

The Norway spruce radial increment of any age class statistically reliable
depends on mean vegetation season temperature as it is shown by the data from
Table 2, the younger trees the stronger reaction on warming during vegetation season,
the coefficient for age class 0-20 years old is approximately as much as twice more
than for the age class older than 100 years. The mean temperature dependence
coefficient is approximately the same as al and demonstrates also slow mean reaction
of increment on temperature changes. If take the temperature growth of 0.6 °C within
10 years for the research area as it officially estimated [4] or 0.06 °C per year the
increment reaction will be as much as 0.06 - 0.08102 = 0.0049 mm and cannot be
reliably registered.

Dendrochronological data after special treatment offer a possibility to develop
the diameter growth curve for Norway spruce stands and it is of interest to compare
the result with diameter growth for the same area but which took place in the previous
century. For comparison of diameter growth nowadays and before the local growth
and yield tables developed by Vargas de Bedemar in the 19th century for the Lisino
training and experimental forest of the Saint-Petersburg State Forest Technical
University was taken. The comparison results are presented in Fig. 5. As seen in
Fig. 5 only for two age classes of 21-40 and 41-60 years old mean diameter of
Norway spruce stands exceeded data of growth and yield tables meanwhile for all
others age classes diameter growth is the same or even less. So, the comparison of
diameter growth curves derived from radial increment data and growth and yield
table of the 19th century doesn’t provide clear evidence of Norway spruce stands
elevated growth for the last decades.
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Fig. 5. Mean diameter growth of Norway spruce stands in comparison
with the data of regional growth and yield tables

Conclusion

There is a reliable official data on some increase of mean temperature per year
as well as for vegetation season for the study area which belongs ecologically and
geographically to the south taiga climate zone. It is well known that temperature
is one of the main ecological factors limiting the Norway spruce trees growing in
the taiga zone. It has shown by the calculated temperature dependence coefficient
describing the relationship radial increment/mean temperature for the vegetation
season. The increase of mean vegetation season temperature in the last decades
should stimulate Norway spruce trees growth but this is not the case of our study.
The analysis showed that slowly increased long-term growth of trees of all age
classes is statistically reliable only for age classes of 21-60 years old. At the
same time for the last 20 years a decline in the radial increment of trees of 0-20,
21-40 and 81-100 years old was revealed; meanwhile, for trees of 41-60, 61-80 and
>100 years old radial increment was the same or less than in some previous period.
Comparison of experimental and taken from growth and yield table Norway spruce
stands diameter growth curves also do not indicate elevated diameter growth for
the last decades.

Generally, the absence of elevated growth for the last 20 years and even its
decline may be probably explained by growth cycling dynamics with the cycle
of approximately 80 years as presented in Fig. 4. During the last decades climate
warming does not affect Norway spruce stands growth as it has waited. Two reasons
may be considered as explanations of such a fact. First, climate warming is still
insignificant yet for the study area and has not led to a definite radial increment
increase of Norway spruce trees of all age classes. Second, no clear influence of
climate warming on Norway spruce trees growth may be explained by optimality of
study area climate conditions. According to Shelford’s law of tolerance (Fig. 6) if the
temperature belongs to the optimal zone it rising may cause both increase and decline
in growth [9].
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Fig. 6. Shelford’s law of tolerance. Horizontal axis includes

temperature diapasons as these effects on radial increment (fatal —

no increment; suppressive — low increment; normal — satisfactory

increment; optimal — maximum increment with both increase and
decrease of the increment)

Almost the same results were obtained for the mountainous regions of Northern
Italy when the influence of climatic factors on the growth of Norway spruce (Picea
abies (L.) Karst.) and European pine (Pinus cembra Pall.) was studied [2]. Similarly,
it was found that the radial increment is weakly responsive to changes in climatic
factors due to close to the optimal temperature and moisture growth conditions. It
is possible to mention here one interesting analysis as a result of which there is no
direct influence of temperature on the productivity of plants growing in low or high-
temperature environments [18]. The mean productivity of natural vegetation appears
to be the same per time unit of the vegetation season in the tropical and near Polar
regions despite big temperature differences. The total productivity of plants in these
cases is determined by the duration of the growing season if all other environmental
factors are at a satisfactory level.

As a general conclusion, we may say that the research on relationships
of Norway spruce stands growth and variation of climate conditions should be
continued.
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JloaroBpeMeHHbIe€ TEHAECHIUH POCTa APEBOCTOEB €JIM €BPONEICKON U3ydaluch Ha TEPPUTO-
pun JIMcHUHCKOHM YacTh y4eOHO-OIBITHOTO JIeCHHYecTBa JICHMHTpaIcKoi 00acTy, pacroso-
JKCHHOHM B €€ LEHTPE M UMEIOILEH BBICOKMI 3alllUTHBINA CTaTyC LIEHHBIX JIECOB, UMEIOLIUX
Hay4yHOe M ucTtopuyeckoe 3HadeHue. [1o oduImasbHBIM JaHHBIM CPEIHErofoBas TemIlepa-
Typa B palioHe uccaenosanuii Bozpocia Ha 0,6 °C 3a 10 neT, cpeqHErof0BbIE OCAIKU TaKXKe
YBEJIMYUIINCH HE3HAUNUTENBHO. L{enb nccnenoBanuii — onpeesieHue BIUSHIS TPOU30IIEAIINX
M3MEHEHHMH KJIMMaTHYeCKUX ITOKa3aTesIeld Ha POCT JIepeBbEB €M eBponeiickoit (Picea abies
(L.) Karst.). Tpu HamboJnee THIUYHBIX BBIJENA C MIPEOOTaJaHHEM €A €BPOICHCKON ObLTH
BBIOpaHbI [uIst cOOpa JaHHBIX O X0J1e pocTa apeBocToeB. OOpasibl ApeBecHHbI 0TOOPaHbI Oy-
paBom [Ipeccnepa y 107 nepeBbeB, METEOPOIOTHUECKUE JTAHHBIE TIOJIyYEHBI 110 HAOIIOICHHU-
M OmrKalIIel MeTeopoJIOTHYEeCKOM CTaHIMU. PaguanbHbIi IPUPOCT U3MEPEH C ITOMOILIBIO


https://doi.org/10.1038/386698a0
https://doi.org/10.1016/j.foreco.2014.12.004
https://doi.org/10.1007/978-3-642-61178-0_20
https://doi.org/10.1007/978-3-642-61178-0_15
https://doi.org/10.1134/S1067413614060137
https://doi.org/10.1134/S1067413614060137
https://doi.org/10.1016/j.foreco.2012.10.023
https://publons.com/researcher/F-6891-2010/
https://orcid.org/0000-0001-8795-2888
https://publons.com/researcher/AAD-8788-2019/
https://orcid.org/0000-0003-4952-748X

54 «H3BecTHs By30B. JlecHoii sxkypHaym». 2020. Ne 3 ISSN 0536-1036

KaJMOpOBAaHHOTO CKaHepa W CIelHaIn3upoBaHHON mporpammbl WinDendro, momy4eHHble
Ppe3yabTaThl COBMECTHO C METEOPOJIOTMUECKUMH JJaHHBIMU 00paboTanbl B mporpamme Excel.
JlanHble O paanaNbHOM MPHPOCTE MOJECIBHBIX JIEPEBLEB MOKPBIBAIOT MHTEpBaI ¢ 1848 1o
2011 r.,, KaXk/1bIi TOMMYHBIH CIIOH XapaKTepru30Bajcs KaJleHJapHbIM T0I0M 00pa30BaHusl, U~
PHHOI, BO3pacTOM M JIMaMETPOM JiepeBa. PajuanbHblil IPUPOCT IEPEBLEB aHATH3HPOBAJICS
T10 KJIaccaM Bo3pacTa M CTyINeHs M ToymuHbl. [upuna roanyseix koser Bapbuposaia ot 0,1
710 6 MM. BBIsSBIICHBI TIOJIOKUTENBHBIE TPEH B! PAAMAIBHOTO IPUPOCTA JUISl KJIACCOB BO3pacTa
0-20, 21-40 u 41-60 net. [{nsa knaccoB Bo3pacta 61-80, 81-100 u Gonee 100 net monoxu-
TeJIbHbIE N3MEHEHHUS Pa/IMAJIFHOTO MPUPOCTA OKA3aJIMCh HEJJOCTOBEPHBI. AHAIM3 X0/1a POCTa
JICPEBbHEB 110 TUAMETPY ITyTEM CPaBHEHHMS C MECTHBIMH Ta0IMLIAMH X0/Ia pOCTa MOKa3all 00Jib-
M 1uameTp i kiaccoB Bozpacta 21-40 u 41-60 net, 1y ocTanbHBIX KJIACCOB BO3pacTa
OH OKa3aJICsl MEHbIIIE YKa3aHHOTo B Tabnmunax. PaguaabHbIil IPHPOCT JUIs BCEX KIIACCOB BO3-
pacra NnpoJIeMOHCTPUPOBAJ HAJIMYUE IUKJINYECKON TMHAMUKN U3MEHEHUH, IIPHYEM T1aJICHUE
MIPUPOCTa MHOT/IA TPUXOAMIOCH Ha MOCIeTHHUE AecaTiieTrs. s noctpoenust GpyHKIuM oT-
KIIMKa MPUPOCTa Ha W3MEHEHHE KIMMAaTHYECKHX YCIOBUH OBbLI MCIOJIB30BaH MHOYKECTBEH-
HBII perpeccroHHbI aHanu3. C BBICOKOM cTerneHbto npoctoBepHocTH (90 %) ycTaHOBIEHO
ciaboe BIMSIHUE TEMITEpaTyphl U KOJMYECTBA 0CA/IKOB 32 BET€TAIIMOHHBIN CE30H Ha paiialib-
HBII ipupocT aepeBbeB ¢ 1848 no 2011 . (0,08102 mm/°C u 0,00085 mm/mMm). Kpome Toro,
aHaJIM3 1MoKa3aj 0oJee CHIbHYIO PeaklMIo PaauaibHOrO IIPUPOCTa Ha U3MEHEHHUS KIIMMaTH-
YECKHMX YCJIOBHH y MOJIOZIBIX ¥ CPETHEBO3PACTHBIX JIPEBOCTOEB MO CPABHEHHUIO CO CIEIBIMH
U TIepeCTOWHBIMH. B 11eloM M3MEHEeHHUs! KIMMaTHYECKUX YCIOBHH MMEIOT TOJIOKHUTEIBHOE
BIIMSIHUE HA PaJMaJIbHBIN IPUPOCT, HO HE JUISl BCEX KIIACCOB BO3PACTa U CTYICHEH TOJIINHBI.
/s yumuposanusn: Alekseev A.S., Sharma S.K. Long-Term Growth Trends Analysis of
Norway Spruce Stands in Relation to Possible Climate Change: Case Study of Leningrad
Region // 13B. By30B. JlecH. xxypH. 2020. Ne 3. C. 42-54. DOI: 10.37482/0536-1036-2020-
3-42-54

Knroueswvie cnosa: env eBpomneiickas, MUpUHA TONUYHBIX KOJIEl, U3BMEHEHUE KIIMMaTa, Kiacc
BO3pacTa, TPCH]] paJIMaIbHOTO IPUPOCTA, TEMIIEPATypa, OCaIKH.
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K Hambornee akTyanbHBIM BOIIPOCAM IPH U3YUCHUU OMOJIOTHH W CEJIEKINH JICIIUHBI OOBIK-
HoBeHHo#t (Corylus avellana L.) oTHOcSTCS OIleHKa pasHooOpas3us (mommMopdusma) ee
IUIOJIOB U MPOT'HO3 BCTPEUAEeMOCTH (DOPM C XO3sIHICTBEHHO-IIEHHBIMHU MTPU3HAKAMHU B €CTe-
CTBEHHBIX TOIYJISIMAX, SBISIONINXCS UCTOYHUKOM IIeHHeHmero renodonaa Buaa. Llens
UCCIICIOBaHNSI — BBISBICHNE Pa3HOOOPA3Msi OPEXOB JICHIMHBI M MPOTHO3 BCTPEUAEMOCTH
ee (opM B €CTECTBEHHBIX JyOOBBIX M MUXTOBBIX (hopmanmsix CeBepo-3anaanoro Kapkasa.
Jliis aHanmm3a 0TOOpaHO PEeHIOMU3UPOBAHHO 10 1 opexy ¢ pacTeHus B a1yOoBo# (297 mrt.) u
nuxtoBoi (301 mT.) popmanuax. M3ydann OCHOBHBIE XO3HCTBEHHO-IIEHHBIC TTOKAa3aTeIN
OpeXOB JICIIMHBI: MAacCy U BBIXOJ s]pa, Maccy opexa, OOl 0a KauecTsa III0J0B, Kpe-
MIOCTB U IIBET CKOPJIIYIIBI, BKYC, HEpa3pyIIaeMOCTh U HAJIMUUe MIeNyXH Ha siape. JJocrosep-
HOCTB Pa3iIM4YUil SHTPOINNH, €€ TUCTIEPCHIO U CTETIEHb CBOOOIBI, Pa3HOOOpa3ue 10 NHACKCY
lllennona, koadpuurents! Bapuannu, [Tupcona u YUynposa, 3Ha4eHHE 10 %2 ONPEIeIIsIn
M3BECTHBIMU MeTOaMu. VIHEKC pacipesiesleHHOro paHroBoro pasHoodpasus (/RRR) BbI-
YHUCIISUIA U3 COOTHOIICHUSI CYMMBI ITPOM3BEICHII OTHOCUTEIBHOM YHTPOITUY MPU3HAKa Ha
€ro paHr K YUCIy rpajaluii MIpU3HaKa, HHIEKC PACIPENEICHHOTO PAHTOBOIO pa3HO00pas3Hs
¢ yuetoM gonu (/RRRD) nns oTAEIbHOrO MpHU3HAKa — Kak mpousBenaeHue /RRR Ha a0miro
IIPU3HAKa COOTBETCTBYIONIEH rpasarun. [IporHo3 Hanmmans GopM JICIIHHBI BBIITOIHEH B CO-
OTBETCTBHH C 3aKOHOM Iapajuielin3Ma. YCTaHOBJICHO, YTO B 1yOOBOH M MUXTOBOH (opMma-
LUSX Y JCIMHBI UMEIOTCSI OPEXH CO CXOAHBIMHU NMpHU3HAaKaMu. BeIBOsbI 0 OoJibIlieM pa3Ho-
0o0pa3uu moxasaresieit II00B JECIIMHbI, TPOU3pacTaIoIIel B cocTaBe Ay00BOH (opmaru,
10 CPABHEHUIO C MUXTOBOM MOJHOCTHIO coBrayiu 1o uuaexcam lllennona, /IRRR, IRRRD u
¥2 BcrpeuaemocTh Hanbosiee EHHBIX B XO35HCTBEHHOM OTHOLICHHH GopM B (hopManusix
MIPOTHO3MPYETCS ¢ PA3IUIHON YaCTOTOH.
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r0 pa3Ho00pasms, HHACKC PACIPEACICHHOTO PAHIOBOTO Pa3HOO0Pa3 s C YIETOM JOJH, PA3HO-
obpasue hopM, IPOrHO3 BCTPEUACMOCTH.

Beeoenue

IIpencrasutenu poma Corylus L. SBIAIOTCS IEHHBIMU OPEXOIIJIOTHBIMH PacTe-
HusmH [22, 35, 38], KyTbTHBHPYIOTCS BO MHOTHX CTpaHaX MHpa Ha IJIAHTAIUAX U B
JIMYHBIX X03s1icTBax [1, 4, 8,9, 13, 25], mupoko npencTaBieHbl B APYTUX €CTECTBEH-
HBIX U UCKYCCTBEHHBIX Hacaxaenusx [11, 17, 21, 37].

Jlenna oowikHOBeHHast (Corylus avellana 1..) uMeeT BBICOKYIO IIEHHOCTh. JTO
00YCIIOBJICHO MHOTUMH (haKTOPaMH, BEAYIIUM U3 KOTOPBIX SBJISICTCS HAJIUYNE THIIC-
BBIX KadecTB sapa [9, 13, 19, 26, 27, 30]. OHO UCHIONB3YETCS KaK YEIOBEKOM, TaK U
MIPEACTAaBUTEISIMA KO (ayHbl. Kpome miiomoB, y 3TOTo BHa MPAKTUIECKH BCE €ro
YacTH UMEIOT XO3SICTBEHHOE 3HAYEHUE: MBUTbIA — IIEHHBI KOPM JUTS ITYell U APYTUX
HACEKOMBIX, JIUCThsI, KOPa, KOPHU HUCIIONB3YIOTCS ISl IPUTOTOBIICHUS JIeKapcTB [17,
29]. PacTeHune XopoI10 BIMOIHSET TOYBO3AIIUTHYIO U TOYBOYIYHILIAIOITYO poiib [21].

KynbrypHble copra jenuHbl Ha3biBatoTes GyHaykom. [TotpeOHOCTE B ee miio-
JlaX TTOCTOSTHHO BO3PACTacT, BO MHOTHX CTPaHaX MPOBOMATCS WCCICIOBAHUS TI0 W3-
YYEHUI0 OMOJIOTHH, CEeJIeKIINN M 0COOCHHOCTE! KyIbTHBHpOBaHUA Bua [12, 13, 26,
32,33, 38, 39].

HauGonee akTyalibHbIE BOMPOCHI — OIICHKA pa3HOOOpa3us (moauMopdusma)
IJIOZIOB U TPOTHO3 BCTPEYaeMOCTH (POPM C XO3AHCTBCHHO-IICHHBIMH 3HAYMMBIMU
MPU3HAKAMH B €CTECTBEHHBIX MOMMYJISIUAX, SIBISIFOITINXCS NCTOYHUKOM IICHHEHIIIETO
rerodonma suga [11, 20, 23, 27, 28, 34, 36].

B ycaosusix Cesepo-3anagHoro KaBkaza 3HaUMTENbHBI UHTEPEC MPU U3Y-
YEHHH Pa3HOOOPa3usl JICIUHBI B IPUPOJHON MOMYIISIIUU BBI3BIBAIOT JTyOOBBIE (op-
Maluu, e GOpPMUPYIOTCs OJIATONPUSATHBIC YCIOBUS IS HEE, U MUXTOBBIC, IJIE BUJ
MMeeT BEpXHIOI0 IPaHHUIly CBOEro pacnpoctpanenus [17, 23].

B Ononormueckux MCCIETOBAHUAX IS OICHKH Pa3HOOOpa3us JOBOJIBHO Ha-
CTO HCTIONB3YIOT HHAEKC [llerHoHa, K0A(hGUITMEHTHI Bapranny, CONpsKeHHOCTH Yy-
npoBa u Crimpmena, 3HadeHus 2 [2, 6, 18]. OcobeHHOCTH MOTYT OBITH OLIEHEHBI 110
CpeIHeMy 3Ha4eHHWIO MpH3HaKa, KaK MMOKa3aTelio, yKa3bIBaloleMy Ha YBEIWYCHHE
WU YMEHbIIECHUE ero BenuuuHsl [7, 18]. MMeroTcs ykasaHus, 4yTo AJi KaXXI0ro u3
HUX €CTh OTPAHUYCHUS, HO B LIEJIOM HJcalbHbIC TOKA3aTENIN OTCYTCTBYIOT [2, 7, 18].
OOBIYHO UCCIIEIOBATEIM CAMH BBIOMPAIOT, KAKUE U3 HUX CYMTAKOTCS HauOoJee Mpu-
eMJIEMBIMH JUTA JJAHHOTO dKCIepuMeHTa [2].

Jst orteHKw pazHooOpaszus (moauMopdu3ma) TakKe MPEIIoKESHO TPUMEHSTh
COOTBETCTBYIOIINE MHJIEKCHI [3, 16]. DTOoT MeTon O6a3upyercs Ha OnpeesieHuH OT-
HOCHUTEILHOW SHTPOIHMH M TIO3BOJISIET OIICHUBATh Pa3HOOOpa3ue KOIMYECTBEHHBIX U
KA4eCTBEHHBIX MPU3HAKOB KAK OTICIBHO, TAK U B COYCTAHUU C MPOU3BOJIBHBIM HX
pa3OueHreM Ha KIJIACCHI U TPAJIAllii C YYETOM 3HAYMMOCTH.

BryTpuBHuaoBOii moauMop@u3M 00yCIIaBIMBA€T OCOOCHHOCTH Pa3BUTHA U
WCTIONIb30BAHUSA OTIENBHBIX (hopM pacteHuit [8, 22]. [IporHo3 ux Hanmu4us y BUIA
MTO3BOJISIET CYIIECTBEHHO YCKOPUTH CEIEKITMOHHBIN MPOIIECC 1 TTOBBICUTH €70 3P QeK-
TUBHOCTS [5, 15]. lns yenosuit CeBepo-3anannoro KaBkasza qaHHbie BOIPOCH! HEJO-
CTaTOYHO U3yUYEHBI U TPEOYIOT pa3peiicHuUs..

Ilens maHHOTO MCCIIEAOBAHUS — BBISIBICHUE Pa3HOOOPA3Usl OPEXOB JICIIUHBI U
MIPOTHO3 BCTpEeIaeMOCTH ee (hopM B JiecHBIX Gopmanusax CeBepo-3amagHoro Kaskasa.
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Obwvexmul U Memoowvl UCCILe008AHUS

WccnenoBanusi MpoBOAMIN B €CTECTBEHHBIX TyO0oBBIX (Quercus robur L.,
Q. petraea Uebl., Q. Hartwissiana Stev.) u TuxToBwIX (Abies Nordmanniana Spach.)
dbopmanusx Ceepo-3amagaoro Kaskasa. /[ olieHKH pa3HOOOpa3Hs TUIOMOB JICTIIH-
HBI OTOOPaHO PEHAOMHU3UPOBAHHO 10 | Oopexy ¢ pacTteHus B 1yOoBoOH (opMaru Ha
Beicote 250...600 M Hax y. M. (Bcero 297 IUT.) U MUXTOBOM (oOpMalyy Ha BBICO-
te 1100...1400 M Han y. M. (301 mT.). OneHKy KOTUYECTBEHHBIX (Macca U BBIXOJ
sJIpa, Macca opexa, oOIIui OaJijl KauecTBa TUIOJ0B) M KaY€CTBEHHBIX (KPEMOCTh U
IIBET CKOPIYIIbI, BKYC, HEPA3pyIIa€MOCTh ¥ HATMYHE MISTyXH Ha SIIpe) X03IHCTBEH-
HO-1ICHHBIX [T0OKA3aTeJe OpEXOB JIEIUHBI OCYIIECTBISUIM 0 MeToaukaM [4, 17]. Ce-
JIEKIMOHHBIEe KaTteropuu ycranasiusanu no @ .JI. HlenoreeBy u ap. [24]. g maccbl
sJIpa, OMPENEICHHON U3 MPOU3BEICHHSI MaCcChl TUIO/IA Ha JIOII0 BBIXOJA SjIpa COOT-
BETCTBYIOIIUX CEJICKIIMOHHBIX KAaTETOPHi, YCTAHOBICHBI CICIYIONINE Tpagalliu:
1,52 r u 6onee — ouens kpymubie; 1,16...1,51 v — xpymnsie; 0,85...1,15 T — cpennue;
0,58...0,84 r — menkue; 0,57 © 1 MeHee — OoueHb MeTKHe sapa. K rydmmmM oTHOCHITH
(hopMBI, IMEIOIIINE KadyecTBO TI010B 43 Oama u 6onee [4, 17].

Nunexc [llenHoHa BIYMUCIISIIN 110 [2].

Jl0CTOBEpHOCTH pa3iu4uii B 3HAUCHUSIX SHTPOITHH, €€ TUCTICPCUIO U CTEIICHH
CBOOOJIBI OTICHUBAIH 110 METOAY, pemiokennomy K. Xargeconom [31]:

El _EZ

b
Jvar E +var E,

rie E, u E, — cpaBHUBaeMble 3HaU€HMs] DHTPOINNY; var E| 1 var £, — TUCTIepCUH DHTPOIIUH,

t=

2
Zpi (log, Pi)2 - Zpi log, p,

Var E =" = +S_21;
N 2N

p; — ROJs IpHU3HAKa; S — YUCIIO rpajanuil npusHaka; N — 4ucio ocodeil B BEIOOpKe.

HJ‘[S{ CpaBHCHUS 3HAYCHUH OHTPOIIMU CTCICHb CB060I[I)I YCTaHaBJIUBAJIH, UC-
TOJIB3ysl CIETYIONLYIO MOJIEND:
2
(var E, + var E, )
2 27
(varE))” (vark,)
+
Nl N2

rae N, u N, — YUCIICHHOCTh CPABHUBAEMBIX BBIOOPOK.

Onenky pa3HooOpasust (monuMopdus3Ma) ¢ y4eToM 3HAUMMOCTH Tpajaliuil
MPU3HAKOB OCYIICCTBIISIIM 110 MHJEKCY PacIpe/ie]IeHHOr0 paHTOBOTO pazHOo0pasus
[3] (IRRR):

JUTSL OT/ICIIBHOTO TMPH3HAKA

L
IRRR == —;
n
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10 BCEM IpHU3HAKaM Ui (OopMaliu

m

D IRRR,

=

IRRR="~— |
m

rie £ — oTHOCHTeNbHAs SHTPONUS MO0KA3aTellsl; 7, — PaHI' Ipajlaliui 1oKa3aTelsl; 7 — YUCIIO
COCTABIIOMMX Tpajaumii; /RRR, — MHIEKC PACHpPEiEeHHOrO0 PaHroBOro pasHooOpasus
OTAETHHOTO MIPHU3HAKA; /71 — YUCIIO TIPH3HAKOB.

YuuteiBas pazHy AOJI0 OTASIBbHBIX Tpajaluid NMpHU3HAKa, UX OICHU-
BaJIM IO MHJIEKCY PacIpeIeIEeHHOTO PAHTOBOI0 pPa3HOOOpa3us ¢ y4eTOM JOJHU
(IRRRD), XOTOpHINi TPEMIONKEH IS TOBBIIEHUS YyBCTBUTEIHHOCTH OIECHKH
pa3sHooOpa3us:

IRRRD =IRRR p,,

e p, — 10715 IpU3HaKa.

[pu otieHKe BCeX MPU3HAKOB (popMyIia MPUHAMAET CIIETYFOIIHIA BUJI:

> IRRRD,
IRRRD=21
m

rae [RRRD; — MHIEKC PaclpeielieHHOrO PAaHTOBOTO PasHOOOpasust ¢ y4eToM [OiH JUls
OTAETHHOTO MIPHU3HAKA.

Paznuyne nHIEeKCOB pa3HO00pa3rs CYUTACTCS CYIICCTBEHHBIM ITPH OTIIMYHH B
10 % u Gomee [3, 16]:

d:%m% >10 %,

1
rae d — pa3sHOCTb MHAEKCOB pa3HooOpa3us, %; [, — OoynbIIMii MHAEKC pa3sHooOpasus; [, —
MEHBIINH HHICKC Pa3HOOOpa3usl.

BennunHa paHra Tpafanuy ycTaHaBIWBajach PaBHOW COOTBETCTBYIOUIEMY
K03(p(PHUIIMEHTY 3HAYUMOCTHU, HMCIIOJIBE3YEMOMY JIJISl OLEHKH XO3SIHCTBEHHO-IIEHHBIX
MIPU3HAKOB JemuHEI [17]. [Iporao3 o Hanmuauu GopMOBOTO Pa3HOOOPa3Hs BBHITOJIHS-
JIK HAa OCHOBE 3aKoHa napasuienusma [15].

Jlannbie oOpabarbiBasii ¢ mpuMeHeHueMm mnporpamm Stadia-8.0, Microsoft
Excel u m3BecTHBIX MeTOMOB [6, 7, 18].

Pesynomamut uccredosarus u ux oocyscoenue

®opmanus ayda OblIa mpeAcTaBiIeHa HacaxIeHusIMH ¢ ero yuactueMm 0,4-0,8
en.; hopmarust muxTel — ipu ee ydactuu 0,6-0,8 en. B 1y0oBoit Gpopmanuu semniHa
Ipou3pacTajia Ha BCeH IUIOMaan ¢ HeOOBIINM npeumyniecTBoM (1o 15...20 %) mo
OITyIIKaM, B TIMXTOBOM — 10 OMYIITKaM M OT HUX BITyOb HacaxaeHus 10 20...30 M.

3nauenus uHaekcos llleHHoHa, cpeaHue BETMUMHBI OANIBHON OLCHKH, KOA(]-
(uIMeHT Bapranyy U3y4aeMbIX MMOKa3aTesel sl pa3IndHbIX YCIOBUH TpeIcTaBie-
HBI B Ta0m. 1.
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Tab6uuma 1

3uavenus unjaexcon llennona, cpenneii 6aIbHOI oLeHKH U K03 PULMEHTOB
BapHalMH NIOKAa3aTeeil KauecTBa OPeXoB JeNUHbI B Ay00B0ii / MIXTOBOI dopManusax

ITokasareinn H?:lf:é(;a Cpennsist 6aibHast OLEHKa, Oat Koadpunuent Bapuarmn
Liger cropaynsr | 1,54 /1,66 0,70+ 0,015/0,72 0,016 | 35,98 + 1,48 /39,21 + 1,60
Macca opexa 1,40/ 0,90 | 0,48 +0,012/0,39+ 0,010 | 42,24 + 1,73 /44,61 + 1,82
Kpenocts 1,54 /135 | 2,98+0,041/3,01 £0,036 | 23,94 +0,98 /20,86 = 0,85
CKOpJIYIIBI
Hamaune weayxin | 4 7q/ 4 38| 1.47+0,057/1,02+0,046 | 67,57+2,77/ 78,40+ 32
Ha siIpe
Hepaspymae- 0,80/032| 9,23+0,109/9,72+0,072 | 20,39 +0,84 /12,77 0,52
MOCTB sIIpa
Macca sipa 1,35/0,74 | 3,62+0,078 /2,98 + 0,048 | 37,06 = 1,52 /27,98 + 1,44
Bkyc spa 1,84/ 1,72 11,78 £ 0,162 / 11,91 = 0,144 | 23,71 £ 0,97 / 21,01 = 0,81
Brixox spa 1,80/ 1,27 3,13+0,114/2,15+0,092 | 62,55 2,57 / 74,36 + 3,03
O6wwit 6amt 1,15/ 1,15 | 36,01 + 0,287 / 34,06 + 0,233 | 13,74+ 0,56/ 11,89 + 0,48

L{gem cxopnynel. B 06enx popmanusx MpuCyTCTBYIOT TUIOBI BCEX OTTEHKOB
— OT TEMHBIX JI0 CBETIIBIX. PasHOOOpasne mpu3Haka no nHaekcy lllenHona B muxTo-
BOU 1 1y00BOM hopMalusxX 10CTOBEPHO He onyaeres npu o = 0,05 (t,,, = 1,57;
t, = 1,96). Ominune B GalbHON OLIEHKE IIBETAa OPEXOB B (pOpPMAIMAX COCTaBHIIO
0,02 6amna u HecymecTBeHHO (t,,, = 0,62; t, = 1,96). Ouenka BaustHus yCnoBUH
MIPOU3PACTAHUS 110 3HAYCHUSIM Y2 HE BBISBHJIA JOCTOBEPHOM CBSI3M MEXKIY pacripe-
JIelICHUEM IUIOZOB 110 1BeTy B popMatmsix (2., = 2,85; x%, = 7,82). ConpsikeH-
HOCTPH (DaKTOpPOB HE MOATBEPKACHA 3HaUCHUAMHU Koddurnentos ITupcona (0,07)
n Yymnposa (0,05). KoadduurenTs! Bapuanuu otnuyatorces Ha 3,23 %, HO OTIU4He
He3Hauumo npu o = 0,05 (tcbaKT =1,48; t, = 1,96). Pacrpenenenne opexos JICHMIUHEI
o rpajnanusm, 3uaueHust IRRR v IRRRD B 1y00BOM 1 TUXTOBOM (hOpMALIUSIX TPE/-
CTaBJIEHBI B Ta0II. 2.

TabGiuumna 2

Pacnipenesienne opexoB JIEIIMHBI N0 IIBETY CKOPJIyNbl, 3Ha4YeHus IRRR, IRRRD
B 1y00BoIi / NMXTOBOI hopManusx

L{BeT cxopayIbl, rpajanus Hons Paur rpananun IRRR IRRRD
TeMHEBIE, 3eMIUCTEIE 0,07 /0,08 0,22 0,169/0,182 | 0,010/0,01
TeMHBbIE, MATOBLIE 0,52/0,48 0,56 0,431/0,464 | 0,220/0,23
Cpeeii HHTCHCHBHOCTH, | () 35/ 34 0,89 0,685/0,738 | 0,240 /0,25
clIerka OJecTsIme
Caemible OecTsme 0,06/0,10 1,33 1,024 /1,103 | 0,060/0,11

Cpeonee - - 0,577/0,622 | 0,130/0,15

ComtacHo naHHBIM Ta0I. 2, wHJIeKC /RRR B popmanusx ommyaercs Ha 7,23 %,
YTO HE MPEBBIIIACT KPUTHUECCKOE 3HaYeHHE. MHIEKC pa3HOOOpas3us ¢ y4eTOM JOJIH
(IRRRD) pasen 9,40 % < 10 %, 4To yKa3pIBaeT Ha OTCYTCTBHE PA3IUYHS OPEXOB
10 1BeTy B (pOpMaIusIX MpH JeTaTbHOM M3YYCHUHU OTIENbHBIX I'pafaluii Mpu3HaKa.
Onnaxo HanboIee EHHBIX B CEJIEKIIMOHHOM OTHOIIIEHHH OPEXOB CO CBETIION OnecTs-
el CKOpIIYNoW, COOpPaHHBIX MPEUMYIIECTBEHHO Ha 00JIee OTKPBITHIX YYacTKaX, B
nuxToBoH Gopmarmu Ha 40 % Gosnbliie, 4eM B JyOOBOH.
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Macca opexa. B u3y4aeMbIX yCIOBUSX BBISBICHBI TUIOABI OT OYCHDb MEIKUX
10 KpynHbIX. O4eHb KpyIHBIE IJIOABI B BRIOOpKE OTCYyTCTBOBaIM. Bee meTonbl, 3a
WCKITIOYEHUEM OIICHKH IO 3Ha4eHHuIo Koddduimenta Bapuamn (ommmane B 2,37 %
HECYLIECTBEHHO (t,,,, = 0,94; t, = 1,96), ykazanu Ha OTIHYKE NPU3HAKA B U3Y4aCMbIX
topmarmsix. [lo 3nauenuro mamekca [llerHoHa oHO mocToBepHO M coctaBuio 0,50
(tyaer = 5,035 t, = 1,96), o 3Ha4eHUSM 2 O = 27,98; 4% = 7.82), ko3 punmeHTy
IMupcona — 0,211, Yynposa — 0,164, cpeaHeii macce 1m10aa B 1y00BOM popmanuu —
1,41 r, maxroo#t — 1,19 1 (t,,, = 6,33; t, = 1,96), cpennemy 6amry 0,09 (t,,. = 6,29;
t, = 1,96). CooTHolIEHHE A0JIEH 110 Macce opexa U 3HAUCHUIO HHJIEKCOB Pa3HOOOpa-
3Hs OTpaykKeHO B TaOII. 3.

st

Tabnuma 3

Pacnpenesienne opexoB JieIIMHBI 110 Macce, 3HAYCHHSI HHIEKCOB Pa3HOo0pa3us
B /1y00BOI/INXTOBOI hopManmsax

Macca opexa, rpajanus Jons Panr rpaganmu IRRR IRRRD
O4eHb MenKHe 0,61/0,81 0,37 0,259/0,167 0,160/0,136
Menkue 0,26/0,13 0,53 0,369 /0,238 0,094 /0,031
Cpennue 0,10/0,05 0,73 0,511/0,330 0,050/0,014
Kpynusie 0,03/0,01 0,93 0,653/0,421 0,018 /0,006

Cpeonee - - 0,448 /0,289 | 0,081/0,047

Kax cnemyeTr m3 maHHBIX Tabm. 3, B 00enx dopMarusx mpeodIagaloT odeHb
MEJKHE TI0AbI, B TyOoBo# ux 61 %, nuxroBoit — 81 %.

Cpenaue 3HaYCHHUS MHICKCOB pa3HooOpasus omnyatorcs B npeaenax 0,03-0,16
(35,49...41,98 %) u npesbimaroT kputnueckoe 3nauenue 10 %. 13 atoro crnenyer,
YTO pa3HOOOpa3ue MIOM0B 10 Macce BhIIIE B yOOBOM (hopMaliuH.

Kpenocmw crxopayner. lpn omnenke paznooOpas3us JaHHOTO IMOKa3aTems Mo
unjekcy llennona (cm. Tabn. 1) ommuue B 0,19 en. cymecrsenso (t,,, = 2,36;
t, = 1,96), unnexcel pazHooOpasus BO BCEX ClydyasxX MPEBBINIAIOT KPUTHUYECKOE
3unadenue 10 % um m3menstores ot 11,35 no 12,04 % (tabn. 4). Kosdpduuuent
Bapuauuu B ay0oBoii popmanuu (cm. tabn. 1) Beime nHa 3,08 % (t,,., = 2,37,
t, = 1,96). Onnaxo cpenHue 3Hau€HUs NIPU3HAKA B 0AJUIBHOM BBIPAKEHUU HE OT-
nu4daroTes: B gyboBoit popmarnuu — 2,98 + 0,041, B nmuxroBoi — 3,01 + 0,036
(tpaer = 0,435 t, = 1,96). Tlo xpenocTn npeobIagaroOT MIOJbI, PACKaIbIBACMBIE CO
cpenHuM ycunueM. Mx nons B xy6oBoit popmanuu coctaBuia 54 %, B TUXTOBOM —
65 % (Tabm. 4).

Tabnuna 4

Pacnipenesienue opexoB JIeLIMHBI 10 KPENOCTH CKOPJIYIbI, 3HAYEHHS] HHIEKCOB
pa3HooOpa3us B 1y00Boii / MUXTOBOI opManusax

Kpenoctsb ckopitymbl, rpajgamnus Jonst Panr rpanauun IRRR IRRRD
PacxauIsacTcs mpu Gom- 0,02 /0,01 1 0,770/ 0,677 | 0,013 /0,009
IOM YCHITHH
PackanpiBaercs ¢ Tpyaom 0,21/0,15 2 1,540/ 1,354 | 0,327/0,207
PackaiblBaeTes co CPEARIM | 54/ 65 3 2,309/2,031 | 1,252/1,316
YCUITHEM
PackanbiBaeTcs JI€rKo 0,23/0,19 4 3,079 /2,708 | 0,705 /0,504

Cpeonee - — 1,924 /1,693 | 0,574 /0,509
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B BBIOOpKE MPUCYTCTBYIOT TOJSI ¢ YUCIICHHOCTBIO MEHEE 5 CIIy4aeB, MOATOMY
OIICHKA 110 KpUTepHio ¥2, kodhduiuenram [Tupcona u Uynposa cornacHo orpaHuye-
HusAM [ 18] He mpon3BoANIIach.

Hepaspywaemocmo si0pa. B BeIOOpKE M3 MUXTOBOW (popMariul CpemIHuii ore-
HOYHBIN Oayn mpusHaka coctaBua 9,72 + 0,072, B 1yO0BOH HECKOJIBKO MEHbBIIE —
9,23 + 0,109 6amna (cm. Tadin. 1). Pasauna B 0,49 Gamna cymecTBeHHa (tcpam = 3,74,
t, = 1,96). Ouenka no pyrum MeToJaM yKa3ajla Ha yBelIU4eHHe pa3sHOoOpasus 1io-
JIOB JICIIHUHBI B 1yOoBO# opmarnmu. Tak, pasnnyue o unjekcy lllenHona cocrasu-
50 0,41 u nocroBepHo (t,, = 4,96; t, = 1,96), no ko3 unuenty apuarmu — 7,62 %
(tyue = 7,715 £, = 1,96).

axt st

Tabnuma 5

Pacnpenesienue opexoB JeIIMHBI 110 HEPA3PYyIIAeMOCTH SIAPA, 3HAYEHHSI HH/IEKCOB
pa3zHooOpa3usi B 1y00Bo / nuXTOBOI hopManusax

HepaspymaemocTs 47pa, Hons Paur rpananuu IRRR IRRRD
rpajganus

SIApO CHIIBHO TOBPEIKICHO 0,003/0 1 0,403 /0,157 | 0,001 /2-10-7

#1npo ¢ oTKonoBIIIMHCA 0,091/ 0,043 4 1,610/ 0,628 | 0,146 /0,027

KYCKaMI/I CpC,Z[HCI/I BCIINYNHBI

SIApo ¢ OTKONOBIIMMHCA 0,064 / 0,007 7 2,818/1,099 | 0,180 /0,007

HeGOJ’IBHII/IMI/I KYCOLIKaMI/I

Spo uenbHOe 0,842 /0,950 10 4,025/1,570 | 3,388/ 1,491
Cpeonee . - 2.214/0,863 | 0,929/0,381

ComniacHo aHHBIM Ta0J. 5, B 00enx (GopMarusax y 1oa0B JCIIUHBI siipa X0-
pomro (B 84...95 % cimydasx) COXpaHSIIOTCS MPU pacKaJbIBaHUU OpexoB. [1o mHmek-
caMm /RRR, IRRRD otMedeHa CyIIECTBEHHOCTh PasInIuil B pa3HOOOpa3uy IJIOJ0B B
58,99...61,02 %, uto 6ombme 10 %. [Ipu Hanmuuu orpaHnueHuil st metona [18]
CpaBHEHUE JIAHHBIX 110 3HAUEHUSIM Y2 HE BBIMOJHSIOCH.

Macca s0pa. B ny6oBoit hopmaruu, pacrioioxKeHHOH B 0oJiee TeIuioi 30He,
npusHak umeet 6onpiuee Ha 0,16 r 3nagenne (t,,, = 9,51; t, = 1,96) no cpasuennio
¢ muxtoBoit. Ommmune B 0,16 r cymecTBeHHO. B 6amipsHOM BBIpaskeHUU (CM. TaOII.
1) Tenpenuwmst coxpansiercs u pasiandue B 0,64 cylecTBeHHo (t,,, = 6,98; t, = 1,96).
Pa3znoo0Opasue macchl sifep, orieHeHHoe 1o uHekey lllennona (cm. Tadm. 1), ykazano
Ha ee Oospliee 3HaUeHHE B 1yOoBoi (hopmanuu Ha 0,61 1o cpaBHEHHIO ¢ MUXTOBOH
(tyue = 6,57; t, = 1,96). Paznmuume nio x> 10cT0BEPHO (12, = 55,34, 12, = 7.,82). Ko-
s¢¢unmentsl [Tupcona (0,29) u Uynpora (0,23) yka3biBatoT Ha HATUUNE HEOOJIBIIIOH
10 CHJIE CBSI3M MACCHhI sJpa ¢ YCIOBUSIMH, CKJIAIBIBAIOIIIMMUCS B Pa3HBIX (hOpMAIIHSX.
Pasznocts k0ahunmentoB Bapuanmu B 9,08 % mpearnonaraer 6osbinee pasHooOpa-
31e MPU3HAKA B HACAXKACHUSX 1y0a (ty,, = 4,78; t, = 1,96).

[To nmaHHBIM TaON. 6, MHAEKCHl Pa3HOOOpa3us HM3MCHSIOTCS B JIMAIla30HE
45,23...49,91 % u Gonee, uro Oosblie TeopeTudeckoro 3nauenus 10 %. Do cBuze-
TEJIBCTBYET O OOJILIIIOM pa3HOOOpa3uu MaccChl sjiep B 1y0OBOH GopMaiiuu. AHanu3
JTOJIeH yKa3bIBAEeT, YTO B MUXTOBOM (popMaIiy mpeodIagaroT O4eHb MENKHE sapa
(85 %), B myboBoit ux 57 %, a IOJISI MENKUX — KPYITHBIX B TIEPBOM CITy4ae COCTaB-
aset 15 %, Bo BropoM — 43 %. TenaeHIus K CHUKEHUIO MacChl MUTATEIbHON YacTu
OpEXOB JICHIUHBI C MPOABMKCHUEM B PalOHBI ¢ 00OJee HU3KUMHU TEMIIepaTypaMu
OTMeYeHa B Apyrux peruonax [10, 13].
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Tabnumna 6

Pacnpez[e.ﬂelme OPEXOB JICHIUHBI 110 MacCe A/Apa, SHAYCHUA WHACKCOB p23H006p33l/Iﬂ

B 1y0oBo¥i / nuXTOBOM (hopManusix

Macca spa, rpaganus Hons Panr rpagauun IRRR IRRRD
QueHb METIKHE 0,572 /0,847 2,87 1,940/ 1,062 1,110/ 0,900
Menkue 0,340/ 0,126 3,34 2,259 /1,237 0,768 /0,156
Cpennue 0,074 /0,020 5,65 3,817 /2,090 0,283 /0,042
Kpynnsie 0,013 /0,007 8,29 5,606 /3,070 0,075 /0,020

Cpeonee - - 3,405 /1,865 0,559 /0,280

Hanuuue wenyxu na sope. B 6annpHoM BbIpaKeHUHM 0oJiee KaueCTBCHHbBIE
IUTOABI COCPEOTOYCHBI B HacaxaeHusx nyoa (1,47 £ 0,057 6amma) mo cpaBHe-
HEI0 ¢ ygacTkaMu TuxThI (1,02 £ 0,046 6anna) (tadu. 7). Otouuue B 0,45 Oamna
CYUIECTBEHHO Ha ypoBHE 95 % (t,,, = 6,04; t, = 1,96). JlanHas TeHaeHUMs MOA-
TBEPIKAAETCS OLUEHKOH MO 3HAYCHUAM X2 (), = 84,53; x2, = 7,82). Biusuue
sToro (hakTopa Ha MoOKa3aTeNb OJIM3KO K CpelHel Mo cuie cBs3u, KodhduuueHt
[Mupcona cocrasnsger 0,35, Uynposa — 0,29. Ilo 3HaueHuto kospuuneHTa Ba-
puanuu (cM. Tabu. 1) pasHooOpasue B nmuxToBou (Gopmanuu Beime Ha 10,83 %
(tpaer = 2,565 t, = 1,96).

st

st
Tabnuna 7

PacnipenesieHne opexoB JIEIIMHBI 0 HAJIMYUK) IEJYXH HA siApe, 3HAUeHHsI HHIEKCOB
pa3HooOpa3us B 1y00Bo# / nuxToBO# dopmanusax

Hannuune menyxu Ha sape, Tons Panr IRRR IRRRD
rpajamus rpajau
Snpo cuneHO TOKpEITO THETyX0# | 0,094 / 0,030 0,22 0,196/0,151 | 0,018 /0,005
Snpo cpenne nokpeiTo menyxou | 0,256 /0,625 0,56 0,498 /0,385 | 0,128 /0,240
Snpo cmabo mokperTo memyxoit | 0,471 /0,266 1,50 1,335/1,031 | 0,629/0,274
Snpo 6e3 memryxu 0,178 /0,080 3,33 2,963 /2,289 | 0,529/0,182
Cpeonee - - 1,248 /0,964 | 0,326 /0,175

ITo unnekcy lllenHona pa3sHooOpa3sue Bbilie B 1y0oBoi Gopmarmu (cm. Tadm. 1).
Pasmnune cocrasuio 0,41 n nocrosepHo (ty,,, = 5,23; t, = 1,96). O1o cornacosbiBa-
€TCs M CO 3HAUYCHUSIMH WHACKCOB pa3HooOpa3us (Tab:. 7.), Tne OTIHIns U3MEHSIOTCS
B npenenax 22,76...46,32 %, uro npesbliaet reopetuueckoe 3HadeHue 10 %. Takum
o0pa3oM, B 1y00BO#i (hopMalnu TaHHBINA PU3HAK Oosiee pazHooOpaszeH. Kpome Toro,
OH MIMEET JIy4llee KadyecTBO: 65 % siaep, ciiabo MOKPHITHIX U O3 IIeTyXH 110 CpaBHe-
HUto ¢ 35 % B MUXTOBOM (hopMariuu.

Bryc sopa. Ouenounsrit 6ai BKyca siapa JCIIHHBI UMe OH3KUe 3HAYCHUS y
oco0eii, mpou3pacTaronux B pa3HbIX hopManusx: B xyooBoit — 11,78 + 0,162 G6amra,
B muxtoBoit — 11,91 £ 0,144 Gamna (cm. tabn. 1). Ommune B 0,13 Gamna Hecymie-
CTBEHHO (t,, = 0,61; t; =1,96). Ouenka conpsuKeHHOCTH (HaKTOPOB TAKKe yKaszaia
Ha OTCYTCTBHE JIOCTOBEPHOMU CBA3U (12, = 8,27; % = 9,49). 3nauenus kosdduun-
entoB [lupcona (0,12) u Uynposa (0,09) He3HAUUTENBHBI U TIPHU OLIEHKE IO )2 He-
cymiecTBeHHbI. PasHocTs 3Hauenuit nuaexca lllennona (cm. Ttabmn. 1) pasna 0,12 u
HecymecTBenHa (t, = 1,7;t, = 1,96).

(axr st
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VY 3Toro mpu3Haka WHACKCH pa3HOOOpa3us U3MEHSUTUCH OT 5,15 mo 6,20 %,
YTO MEHBIIE KpUTH4YecKoro 3HaueHus 10 %. JTo moaTBepKIaeT OTCYTCTBUE Pa3-
JIMYMH B pa3HOOOpa3uu BKycCa sijipa OPEXOB JICIIMHBI, IPOU3PACTAIOIINX B Pa3HBIX
dbopmarusax (tabdn. 8). HecMoTpst Ha mOCTOBEpHOE OTIMYHE 3HAUCHUH KOADPUIN-
eHTOB Bapuanuu (cMm. tadim. 1) B 2,7 % (‘[(b,m =2,14;t,=1,96) nons opexos ¢ AAPOM,
MMEIOIIEM BBICOKOE BKYCOBOE KaueCTBO (XOPOIINI — OY4EHb XOPOIIHii), TPUMEPHO
OJIMHAKOBA: HAa YYaCTKaxX MPOU3PACTAHUs JICIIUHBI BMecTe ¢ 1yoom — 73 %, ¢ nux-
Toii — 72 % (Tabmn. 8).

TabGuuma 8

Pacnpenesienue opexoB JeIIMHBI 0 BKYCY $1/Ipa, 3HAYEHHS] HH/IEKCOB PAa3HOOOpa3ust
B /1y00BoIi / nuXTOBOI hopmanusx

Panr
Bkyc siapa, rpaganus Jons — IRRR IRRRD

OdeHb MI0X0H C MPUBKYCOM
rope4y, THUIN

[Toxoit ¢ mpuBkycom ropeun | 0,067 / 0,040 6,00 4,750 /4,456 | 0,320/0,178
ITocpencTBenHblit 0,189/0,243 9,00 7,125/6,684 | 1,343 /1,621
Xopormuit 0,441/0,425 12,00 9,500/8911 | 4,190/ 3,790

0,013/0 3,00 2,375/2,228 0,032/0

Ovenb xopoummit, CIaAKOBA- | 790 /0292 | 15,00 | 11,875/ 11,139 | 3,439 /3,257

TBIA

Cpednee - - 7,125/6,684 | 1,865/ 1,769

Buixoo adpa. 3nauenne xoddunrenta Bapuauu (cM. Tabm. 1) B MUXTOBOH
(opmarmu noctoBepHo BhIre Ha 11,81 % (tcbaKT =2,97;t,=1,96). OneHka 1o ocralb-
HBIM METOJ[aM yKa3ajia Ha MPOTUBOIOJIOKHYI TeHCHIINIO. Tak, B IPOIIEHTHOM BbI-
PaKEHUU BBIXOJ Spa y OPEXOB JICHIMHBI B JyOoBOW (hopmaruu coctaBmi 36,01 +
+ 0,114 %, B muxtoBot — 34,06 = 0,092 %. Otnuume CymecTBEHHO (t¢aKT =5,29;
t, = 1,96). bannbHas oleHKa cogep:KaHus siApa y OPEXOB JICLIMHBI BbILIE B BEIOOP-
ke u3 ayooBoit dhopmarmu — 3,13 £ 0,114 Gamna, B muxtoBoit — 2,15 + 0,095 Gamna
(em. tadmn. 1). Otmune B 0,98 Ganna cyumiecterHo (t,,, = 6,74; t, = 1,96). Ouenka
110 3HAYEHUAM ¥* TIOATBEPANIIA TUIIOTESY ()%, = 66,7 12 = 9,49). 3nauenus ko>¢-
¢unmentoB [Mupcona (0,32) u Yynposa (0,25) ykazanu Ha HaTuuue OTHOCHUTEIBHO
HEOOJBIIION TIO CHIIE CBSI3H.

Tabnuma 9

Pacnipenesienne opexoB JIeIIMHBI 110 BLIXOAY f/1pa, 3HAYeHUs] HHAEKCOB pa3Ho00pa3us
B 1y00BoIi / NMXTOBOI opManusax

Beixon siapa, rpananus Honst rpell);:;nn IRRR IRRRD
Ouenb HU3KHUH 0,401/0,721 1,33 1,033 /0,728 0,414 /0,525
Huzkuit 0,343 /0,169 1,39 1,079 /0,761 0,371/0,129
Cpennuit 0,195/0,066 4,72 3,665/2,585 0,716 /0,172
Beicokwnit 0,051/0,027 6,67 5,179 /3,653 0,262 /0,097
OueHb BBICOKHUI 0,010/ 0,020 6,67 5,179 /3,653 0,052 /0,061

Cpeonee - - 3,227/2,276 0,363 /0,197
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Ominuue pa3HO0Opa3us 1o 3HaueHusIM nHjekca llleHHOHa Ha yJacTKax ¢ mpe-
MMYIIECTBEHHBIM pacpocTpaHeHueM J1y0a u nuxrtel coctaBmio 0,53 (cm. Tabm. 1)
U J0CTOBEPHO (t,,.. = 5,56; t, = 1,96). DakTnyeckne pasHOCTH MHJIEKCA Pa3HO-
oOpazns 29,47...45,73 % Berme 10 % u Takxe yKa3pIBalOT Ha JOCTOBEPHOE MTPEBHI-
[IeHNE pa3HO0Opa3Hsl 10 BRIXOAY SApa y JEHIHHBI, IIPOU3PACTAIONIECH ITOJT TOJIOTOM
ny0a (tabm. 9), rme H0asS OpPeXOB C BBIXOAOM sIIpa CPEAHHI — OYeHb BBICOKHH CO-
craBuia 26 %, a B muxte — 11 %.

Obwuti bann kawecmesa niodos. Ilokazaresb onpenessieT EHHOCTh TUIOIOB €
Y4eTOM BEJIHYMHBI ¥ 3HAUUMOCTH XO3SICTBEHHO-IICHHBIX MPU3HAKOB KauecTBa ope-
XOB JemuHs! [3, 17]. B maHHOM citydae OH SIBISIETCS OIHUM U3 ITOKa3aTeleil pa3Ho-
o0pa3us OpexoB JICHIMHEI, a He pe3yasTaTupyromuM. Ero cpeanee OammpHOE 3HaYe-
HUe OBUIO HEeCKOJbKO BhIe (Ha 5,12 %) y neuuHsl, mpou3pacTaromniel B 1y00BOii
¢opmanmu (cM. Tabn. 1). Otnnuue B 1,95 Ganna cymecTBeHHoO (t,,, = 5,29; t, = 1,96).
[To 3HavyeHuto ko3hduuMeHTa Bapranuyu pasHoOoOpa3ue 3/eCh JTOCTOBEPHO BBIIIC —
Ha 1,85 % (ty,, = 2,51; t, = 1,96). Ouenka cOnpspkeHHOCTH 110 %2 B CBSI3H C Orpa-
HAYEHUSMH IS BRIYUCIICHUNA He Tipom3Bomamiach [18]. Muaekc Illennona B o0omx
ClIyyasix UMeJl OMMHAKOBOE 3HaueHue — 1,15.

V npusnaka paznuua no /RRR cocrasusier 1,49 %, no IRRRD — 6,46 %, uto
YKa3bIBaeT Ha OTCYTCTBHE OTIIMYHSI Pa3HOOOpa3usl MOKA3aTelis B Pa3HbIX (OPMALIUIX
(tabm. 10).

Tab6auua 10

PacnipenesieHne opexoB JICINMHBI N0 00111eMy 0aJ11y Ka4ecTBA IL10/10B,
3HAYCHHS HHEKCOB pa3Hoo0pa3us B Ay00Boii / NHXTOBOI hopManusax

Obmuit bamn xasectsa Jlons Panr rpajatun IRRR IRRRD
IJIOA0B, I'paganuvs
HekauecrBennnie 0,007 /0,010 22,9 13,333 /13,134 | 0,090/0,131
HuskokaueCTBEHHEIE 0,253/0,389 23,0 13,391 /13,191 | 3,382/5,127
PsgoBbie 0,684 /0,585 33,0 19,213 /18,926 | 13,067 / 11,067
KauecTBeHnnsie 0,057 /0,017 43,0 25,035/24,662 | 1,352/0,410
Cpeonee — — 17,743 /17,478 | 4,473 /4,184

Pasnoobpasue no komniexcy xosaticmeeHHo-yeHHbIX NpUsHaKos opexos. Ore-
HEHHOE TI0 Pa3JInYHBIM METOIUKaM pa3HO0Opazne OpexXoB JICIIUHBI, POU3PACTATO-
el B pa3indHbIX (OPMAIUAX, B HEKOTOPBIX CIydasX J1ajo MPOTHBOPEUUBHIEC pe-
3ynbrathl (Tadm. 11).

[To meTony ¢ ucrnonb3oBaHueM y2 B 6 U3 6 ciyyaes (3 He ONpeesINCh B CBA3U
C OrpaHMYCHUSIMH NIPUMEHEHHUSI METO/Ia) JOKa3aHO pas3iure MeX/y MOKa3aTesIMH,
MIPH HU3KOW — CPEIHEN CBSI3U C yCIOBHSIMH (hopMUpOoBaHUs BEIOOpKH. C ydeToM 3To-
IO BO3MOXKHO JIOTTYCTHTh HATMYUE PA3INInil B MI3MEHYUBOCTH TUTOIOB B (POPMALIHSX
nIy0a v TUXTHI.

[To 3nauenusim unaekca LllenHoHa, KO3 pHUIMEHTaM BapHallMi MOXKHO BbI-
JENMUTh (OPMAIUIO, OTIUYAIOIIYIOCS OOJBIIUM pPa3sHOOOpa3HeM, €CJIH Clearh
JOIyIIIEHUE, YTO B OJHOW W3 HUX YHMCIIO MPEBBIIICHUN MO OTJEIBHBIM MOKa3aTe-
M Oonpine, ueMm B apyroi. ComracHo gaHHBIM Tabn. 11, mo 6 mokasarenmsaM u3
9 unnekc lllerHoHa (10 TpeM OTIIMYHUS OTCYTCTBOBAIH; KOd((PHUIIMEHT BapHanum —
2 TPOTUBOTOJIOKHBIX BBIBOJIA; 1 — OTCYTCTBUE OTIWYHS) UMEI OOJIbIIee 3HAYCHHE
B hopmanuu ayoa.
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TabOnuma 11

Ouenka pa3zHooOpa3us nokaszareeil opexoB JelIMHbI B 1y00Boii / MUXTOBOI
dopmanusix no paznuyHbiM Metonukam (npu o = 0,05)

TokasaTes uneke | yppp | rrrp | KO2@dmmenT 2
[llenHnona BapHaluu

LBeT cxopirymnb H, H, H, H, H,
Macca opexa 1/0 1/0 1/0 1/0 H,
KpenocTs ckopiyribl 1/0 1/0 1/0 1/0 He onpenensincs
HepaspymaemocTs sapa 1/0 1/0 1/0 1/0 He ompenensuics
Macca siipa 1/0 1/0 1/0 1/0 H
Hamure wesyxu 1/0 | 1/0 | 1/0 0/1 H,
Ha sifipe
Bkyc aapa H, H, H, 1/0 H,
Berixon siapa 1/0 1/0 1/0 0/1 H,
O6mmii 6amn H, H, H, 1/0 He onpenensncs

[Tpumeuanue. 1 — pazHooOpasue nocToBepHO U Oojbine; 0 — pasHOOOpa3ue AOCTOBEPHO U
Menblne; H, — pasnuune nenocrosepHo; H, — pasnuune 10CTOBEPHO.

Wupaexcel pazHOOOpa3ns, B OTIIMYHNE OT MPEBITYINX, TIO3BOJISIFOT BBITIOTHATH
OIICHKY pa3HOO00pa3usi KaK IO OTJEIBHBIM IPU3HAKAM, TAaK U 10 UX COBOKYITHOCTH
[3, 16]. B nybOoBo#i (opmanuu onpejeneHo cpeanee 3HadeHue st [IRRR — 4,14,
IRRRD — 1,02, B muxtoBoii — 3,59 u 0,85 coorBercTBeHHO. Paznmuune o /RRR cocTa-
Bwio 13,24 %, mo IRRRD — 16,17 %, 4T0 B 000WX CIydasx MPEBHIIIaeT KPUTHICCKOES
3nayenue 10 %.

Ha ocHoBaHuM 3TOr0 MOKHO C/I€NaTh BBIBOI O TOM, YTO TOJ TOJIOTOM Jy0o-
BBIX HACX/CHUH, IPOU3PACTAIONINX B OOJIee MATKUX KIMMAaTHYECKUX yCIOBUSX, HA
0oJIee TIOIOPOMHBIX TTOUBAX, Y JICIIUHEI HAOMIOmaeTcest OobInee pasHooOpasne Io-
JTOB TT0 XO35HCTBEHHO-IIEHHBIM TIpH3HaKaM. [Ipu 5ToM B 00enX GopManusx MErTCs
OpeXH C aHAJIOTUYHBIMH MMPU3HAKAMH, HO YaCTOTa X BCTPEUYAEMOCTH pa3inyHa (CM.
Tabm. 2-10).

HeoOxoanMo OTMETHTH, YTO TpPU CpaBHEHUH MeToauK (Tabm. 11) BeIBOA O
OonpieM pa3HOOOpa3uy OTAETHHBIX TOKa3aTeNel IJIOAO0B JIEIMIWHB B KOHKPETHON
¢dopmanmu coBnamaet cieayroummm oopazom. Munexc lllennona ¢ /IRRR u IRRRD
B 9 cnyyasix u3 9, ¢ kK03 PUINEHTOM BapHally — B 5 CIydasx, ¢ BEIBOJAMH 110 X2 O
HaJIMYUH pa3ianduii — B 6 U3 6 ciaydaes.

Ilpoenosz scmpeuaemocmu gopm newunvt 8 popmayusax 0yoa u nuxmot. J{ns
HAyYHOH W MPaKTHYECKON JeSITeTbHOCTH BAYKHBIM SIBIIIETCS IPOTHO3 HAIMYHS M Ya-
CTOTBI BCTPEYAEMOCTH 0COOEH ¢ OTAECIBbHBIMHU MIIM KOMIUIEKCOM NPH3HAKOB B €CTe-
CTBEHHBIX NOMYISIUsAX. OMHONW M3 METOJOJIOTUYECKAX OCHOB, IMO3BOJISIFOIIUX BbI-
MOJTHUTH €TO0, SBISIETCSA 3aKOH mapamienniMa. CormacHo eMy, HaIMdue OTACIHHBIX
MPU3HAKOB y BHJA TMpENoNaraeT Halli4he Y Hero oco0eil ¢ TaKuMHU MpH3HAKaMH
[15]. BeimonHeHHast Ha 3TOW OCHOBE OLICHKA YacTOT M BCTpeuaeMOCTH (opM 1o Ha-
JUYUIO OTAETBbHBIX NMPH3HAKOB Yy opexa rperkoro [14] ykazana Ha 3HaYUTENbHYIO
Koppesiuio mokasarenei (r = 0,94).

Bbasupysck Ha JaHHBIX MIPUHINAIIAX COCTABJICH MTPOTHO3 BCTPEUaeMOCTH (hopM
JICIIMHBI C Pa3IMYHBIMU MTPU3HAKAMH OPEXOB B Ay00Boii (/1) u muxrosoii (I11x) dop-
Manusx (tadm. 12).
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Tabnuua 12

HpOFH03 BCTPEYaAEMOCTH (l)OpM JICHIUHBI ¢ PA3/IMYHBIMU IPU3HAKAMH,
HpOI/BpaCTaIOHIeﬁ B IlyﬁOB])lX U MMUXTOBBIX (l)OpMaIII/lﬂX

Moxasarens OueHb yacTo Yacto Heuacro Penko
(25 % n Gornee) (24,9...10 %) (9,9...1 %) (0,99...0,5 %)
Temnbie, MmaTOBBIE TemMHubie TOHA, 3eMJIU-
Caemible
LBet ckop- toHa ([, [1x); CTOTO OTTEHKa
N TOHa, OJIeCTsI- —
JyTIBI TOHA CpeAHEH NHTEH- e (TTx) (1, Tx); cBetibIe
cusHoctH (1, TIx) m ToHa, onecTsmue (/1)
Macca OueHb MenKue Meinkue (I1x); | Cpennue (I1x); xpymn- B
opexa (I, 1Ix); menkue () | cpennue (/1) usie (1, I1x)
PackainbiBaet-
PackanbiBaercs ere prﬂ(_)M PackanbiBaercst
Kpenocts (4, Ix);
CO CPEeITHUM YCHIIHEM 1Ipy OOJIBIIIOM yCHITUH -
CKOPJTYTIBI (11, TTX) packasbIBaeT- (1, TIx)
’ Cs1 JIETKO ’
(4, 11x)
Snpo cpenHe NoKpbI-
Hanuuue T0 menyxoit (71, TIx); STpo 6e3 Snpo CHJILHO HOKpI:I'—
eIy XU to menyxoi ([, I1x); -
A SIDE spo cnabo mokpeiTo | 1menyxu (/1) s1po 63 menyxn (T1x)
& menyxoit (1, IIx) P y
Snpo ¢ oTkonoBIIK- SIpo ¢ oTxo-
MHUCS CPETHUMH KY-
JIOBIINMHUCS
Hepaspyma- Snpo nensHOE ckamu (1, I1x); sapo
- HeOOoJIbIIN-
e€MOCTb sJIpa (I, TIx) C OTKOJIOBILIUMUCS
MH KyCOYKa-
HEeOOBIINMH KyCOU- wi (TTx)
xamu (/1)
Ouenp menkue (1, Cpennue ([, IIx); Kpymusie
Macca sinpa I1x); menkue (1) Memcue (I1x) kpynusbie (/1) (Ix)
. . ITnoxoi ¢ mpuBKycoM
Xopoumi (]I, HZ‘ ); HOCpeH: ropeuu ([, TIx); ouensb
Bkyc siipa OYeHb XOPOLINH, CTBEHHBIH . -
ciaakoBareiid ([, T1x) (I, TIx) [UIOXOH € MIPUBIKYCOM
A > ? ropeu, THHIH (/1)
Cpennmii (I1x);
BLIXOX sIba OueHb HU3KUIT Huskwii (I1x); | BbIcokwmit ([, [1x); _
AP (1, Ix); nuskwii (J1) | cpennwmii (/1) OYEHb BBICOKUIT
(4, TIx)
OO6mmit HuskokauecTBEHHEIE KauecTBennsie Hexkaue-
Oayt xaue- (1, TIx); - (1, T1x); HekaueCcTBEeH- | CTBEHHBIE
CTBa OPEXOB psanossie ([, [1x) uele (1Ix) (019

Berpeuaemocts Hamboniee IEHHBIX B XO3SHCTBEHHOM OTHOIICHHWH OCOOer
MPOTHO3UPYETCs ¢ pa3IMuyHOM yacToTol. Tak, Mo 1BETY CKOPJYIbl, Macce opexa,
HaJM4UIO MIETYXH Ha SApe — 4aCTO—HEYacTo; MO KPENOCTH CKOPIYIHI — YacTo; MO
HEepa3pylaeMoCTH, BKYCY s/ipa — O4eHb 4acTo; 110 Macce Apa — HeYacTo, PEIKO; MO
BBIXONYy si7pa, o01IeMy Oaury KauecTBa IUI0/I0B — HEYacTo.

JlanHble, IpeicTaBICHHbIC B Ta0/. 12, yKa3bIBalOT Ha MPOTHO3UPYEMOE HaJIH-
YHe W 9aCTOTY BCTPEIaeMOCTH (HhOpM JICIIIMHBI C KOHKPETHBIMH MTPU3HAKAMH TUTO/IOB.
[Ipu 5TOM TIOCITIE UX BBIIEICHUS, HAIIPUMEP IS IIeIeH CEIeKITNH, 00s3aTeIIbHOMN SB-
JIIETCS POBEPKa Ha TeHETHYECKY0 00yCIIOBICHHOCTh TpH3HaKa [22].
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Bbi6oowl

1. Y neumnsl B ;y00BOI ¥ TUXTOBOM (POPMAIHSIX UMEIOTCSI OPEXH C aHATIOTHY-
HBIMH ITPU3HAKaMHM, HO 4aCTOTa UX BCTPEYACMOCTHU MOXET OTIINYATHCA.

2. B 6amibHOM BBIpQ)KEHUH PACTEHUS JICTIIUHBI, IPOU3PACTAIOIINE B yOOBOH
(hopmanmu, IMEIOT JOCTOBEPHO OOIBIIHE 3HAYSHHSI TI0 Macce OpeXa, HAJTHYHIO IIe-
JIyXHW, Macce W BBIXONYy sipa, o0Iel eHHocTH wionoB. Hepaspymaemocts sijpa y
OpEXOB JICIUHBI B MUXTOBOW (OpMAIMK BBIIIE, YeM B AyO0BOH. OTinyus Hecyle-
CTBCHHBI 11O IBETY, KPCIIOCTHU CKOPJIYNLI U BBIXOAY sAApa.

3. Y JemuHbI O TOJOTOM AyOOBBIX HacakKIeHHWU HaOmromaeTcs Oosbimee
pa3zHooOpasre IIIOI0B MO0 Macce OPEXOB, KPETIOCTH CKOPIYIIBI, HAJTHYUIO HISTyXH,
HEepa3pymaeMoCTH, Macce U BBIXOY sipa. [lo 1iBeTy ckopiytbl, BKyCy u oOrieii 6as-
JILHOU OIIEHKE pa3lin4uii pa3HooOpa3us B JOPMAIIUIX HE YCTaHOBIICHO.

4. ITpu olieHKE 10 Pa3ITMYHBIM METOUKAM BBIBOBI O pa3HOOOPa3HH MmoKa3are-
JIen IIJI0A0B JICHIMHBI B KOHKPETHBIX YCJIOBUAX COBIIAJIN IMOJHOCTBIO MEXKIAY MHJ/ICK-
com Illennona, IRRR, IRRRD w 2.

5. Pa3HOOOpasue opexoB y JCIIMHB OOBIKHOBECHHOM, MMPOM3PACTAIOIICH B CO-
cTaBe Ay00BO# (popMaIny, BHIIIE IO CPABHEHHIO C 0COOSIMHU U3 IIMXTOBOM (POpMaIiu.

6. Hanmmuawme oco0eii ¢ IIeHHBIMU NIPU3HAKAMU TIJI0ZI0B POTHO3UPYETCS B 00SUX
bopmanusix.

7. BctpewaemocTh Hamboee EHHBIX B XO3SHCTBEHHOM OTHOIICHUU OcoOei
B (OpMAIUAX MPOTHO3ZUPYETCS C PA3NTHMUHON dacTOoTOM. Tak, MO MBETY CKOPITYTIBI,
Macce opexa, HaJIHMUIHIO METyXH Ha SApe — 4aCTO—HEJaCTO; TI0 KPETIOCTH CKOPITYTIBI —
9acTo; 110 Hepa3pyIIaeMOCTH, BKYCY sJIpa — OY€Hb 4acTo; 10 Macce sapa — HeyacTo,
PEIKO; IO BBIXOMY sIpa, 00IIeMy OajuTy KadecTBa IUIOJI0B — HEYacTo.
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One of the most significant issues in common hazelnut biology and selection is the diversity
(polymorphism) assessment of its fruits and the occurrence prediction of its forms with
economically valuable features in natural populations, which are the source of the most
valuable gene pool of the species. The research purpose is to identify the hazelnut diversity
and to predict the occurrence of its forms in natural oak and fir forest formations of the studied
region. For analysis, one nut was randomly selected from each plant of oak (297 pcs.) and
fir (301 pcs.) forest formations. We studied the main economically valuable parameters of
hazelnuts: kernel weight and yield, nut weight, fruit quality total score, nutshell strength and
color, taste, indestructibility and presence of husk on a kernel. The significance of differences
in entropy, its dispersion and degree of freedom, diversity by the Shannon index, variation
coefficients, y2 values, Pearson and Chuprov coefficients were determined by known methods.
The index of distributed rank diversity (/RRR) was calculated from the ratio of the sum of
the products of the relative entropy of a feature by its rank to the number of scales of this
feature. The index of distributed rank diversity including share (/RRRD) for a single feature
was defined as the product of the /RRR by the share of the feature of the corresponding scale.
The forecast of the presence of hazelnut forms is made according to the law of parallelism.
It was found that hazel has nuts with similar features in oak and fir forest formations. The
conclusions on a greater variety of parameters of hazel fruits, growing in the composition
of oak forest formation, in comparison with fir forest formation coincided completely with
the Shannon index, /RRR, IRRRD and ¥2. The occurrence of the most economically valuable
forms in forest formations is predicted with varying frequency.

For citation: Biganova S.G., Sukhorukikh Yu.l., Kulik K.N., Kulik A.K. Diversity of
Common Hazelnuts (Corylus avellana L.) and Occurrence Forecast of Its Forms in the North-
Western Caucasus. Lesnoy Zhurnal [Russian Forestry Journal], 2020, no. 3, pp. 55-71. DOI:
10.37482/0536-1036-2020-3-55-71

Keywords: common hazel, nuts, economically valuable indicators, diversity, Shannon index,
coefficient of variation, index of distributed rank diversity, index of distributed rank diversity
including share, diversity of forms, occurrence forecast.

Iocrymuna 11.06.19 / Received on June 11, 2019




72 «H3BecTus By30B. JlecHoii xxypHama». 2020. Ne 3 ISSN 0536-1036

VIIK 630%182
DOI: 10.37482/0536-1036-2020-3-72-82

BJMSIHUE KJIMMATHYECKHAX ®AKTOPOB
HA CE30HHOE PA3BUTHE XBOIHBIX JIECOOBPA3YIOIAX
BUJIOB B TAEJKHOM 30HE (KAPEJIHS)
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Pecnyonmuka Kapenusi, Poccus, 185910; e-mail: ivanki@karelia.ru

HaOsoniennst 3a ce30HHBIM pa3BUTHEM COCHBI OOBIKHOBEHHOH (Pinus sylvestris L.), eneit cu-
6upckoit (Picea obovata Ledeb.) n eBpomneiickoii (Picea abies (L.) Karst.) 1 1uCTBEeHHHIIBI
cubupckoii (Larix sibirica Ledeb.) npoBonunu B Teuenue 15 ner B Oxnoit Kapenun (cpen-
HsISl TIOA30Ha Tairn). deHonornyeckre HaOMIOACHHS BBIIONHSUIN 4Yepe3 Kaxible 2-3 JHS.
dukcupoBau BpeMst IPOXOXKICHNsS TakuX (peHodas, kak HaOyXaHHE U pacIyCKaHHE BereTa-
THUBHBIX MOYEK, HAYAJI0 U OKOHYaHHE POCTa M0OEroB, 000cobIeHNEe Ha ToOerax 3UMYIOIINX
TIOYEK, PAcIyCKaHHUe, 3aBEpIICHUE POCTA, PACIIBEYNBAHNE U OTAJICHUE JINCTHEB, OPOOKOBE-
Hue moberoB. Llens uccenoBanms — U3y4eHHE CXOACTBA U Pa3IMUUi B CE30HHOM Pa3BUTHH
necoobpa3yromux BuioB Kapenun mojx BAMSHUEM INIaBHBIX KIMMaTH4ecKuXx (axTopos. Jlis
YCTAHOBIICHHSI HCKOMBIX CBSI3€H MCITOIB30BAIM METO/bI SIIEMEHTApHOI CTaTHCTHKH, KOppe-
JISIIIMOHHBIN U perpeccHoHHbIH aHann3. OOHapy>KeHO, YTO CPOKH HACTYIUICHHS OOJbIIeH Ya-
ctr peHo(a3 y M3yUEHHBIX BUIOB B 3HAUMTEILHON Mepe 3aBUCAT OT TEMIIEpaTyphl BO3/lyXa, B
MEHBIIEH — OT BIQXKHOCTH BO3/IyXa, aTMOC(EPHBIX OCAJIKOB U COITHEUHO pajnanuu. 3aBUcHu-
MOCTb MEKIY CPOKaMH HacTyIuIeHHs GpeHoda3 1 M3ydyaeMbIMU KJIMMaTHIECKUMHU (paKTOpaMu
HOCHUT IPSIMOJIMHEHHBIN XapakTep, a ee CHila 3aBUCUT OT OMOJIOTHH BHJIA U CTICHU(UKN caMoii
¢denodazpl. OcoOEHHOCTH Pa3BUTHS XBOWHBIX PACTCHUH BO MHOTOM OIIPEEIISIFOTCSI COCTOSI-
HHUEM Cpelibl He TOJIBKO TEKYIIEro rojia, HO U IpeiiecTBytomero. [ToBeimenue TeMmneparypal
1 BIQXHOCTH BO3JyXa, & TAK)KE YCUJICHHE COTHEYHON pajHaliy B MIOJE MPEIIIeCTBYOIIe-
TO roJ1a 3aMETHO YCKOPSIIOT ()eHOJIOTHYeCKOe pa3BUTHE JiepeBhbeB. 110 BO3pacTaHuIo cTereHu
YCTOHYMBOCTH K KIIMMATHYECKUM YCIIOBUSIM TaCKHOM 30HBI M3yUEHHBIEC BH/IBI MOXHO PACIIO-
JIOXKHTH B CIIEAYIONIEM mopsiike: Picea abies, Picea obovata, Pinus sylvestris u Larix sibirica.
YcTaHOBIICHO, YTO B ITPOIIECCE CE30HHOTO Pa3BUTHS HaMeHee TpeboBaTeIbHa K TeMIIepaTyp-
HOMY peXuMy Bo3ayxa Larix sibirica, Hanbonee TpeboBarensna — Picea abies.

Hna yumuposanus: Kumenxo 1. T. Brusiane kiaumarnuecknx (GakTopoB Ha CE30HHOE pas-
BHTHE XBOWHBIX JIECOOOpa3yronMx BUIOB B TackHOH 30He (Kapenust)// 113B. By30B. JlecH.
xypH. 2020. Ne 3. C. 72-82. DOI: 10.37482/0536-1036-2020-3-72-82

Kniouegvie cnosa: TaexxHast 30Ha, XBOMHBIC paCTEHUS, COCHA, €JIb, JINCTBEHHUIIA, KIIMMaTHIC-
ckue (aKTopbl, CE30HHOE pa3BUTHE, (PEHOJIOTHSI.

Beeoenue

N3y4eHuto Ce30HHOrO pa3BUTHS JIECOOOPA3YIONIMX BUJIOB yueisieTcss 00ib-
110€ BHUMAaHWE YUYEHBIMU KaK Halled ctpasl [2, 6, 8, 11, 18], Tak u 3apyOeKHBIMU
[19, 21, 23, 24, 28]. TeopeTudeckas 1EHHOCTh TAKUX UCCICIOBAHUHN 3aKIFOUACTCS B
MMO3HAaHWHW 3aKOHOMEPHOCTEN CE30HHBIX U3MEHEHUN PACTeHUM, BIUSHUS IKOJOTHYE-
CKUX (haKTOPOB Ha CPOKHM TIpOTeKaHus peHodas, B BEIICHEHUH SKCTPEMaIbHBIX U OTI-
TUMAaJIBHBIX 3HAYEHUH (DaKTOPOB JUIsi KOHKpETHOro BUia. CpaBHHUBAsE 0COOCHHOCTH
pa3BuUTHsI aDOPUTCHHBIX U HHTPOAYIIUPOBAHBIX BHJIOB, MOKHO OOBEKTHUBHO OIICHUTH
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MEePCIEKTUBHOCTD Tocienuux [9, 13, 14]. B mpakTuke JIeCOCEMEHHOTO fefia Heo0-
XOJTMMBI TaHHBIE O CPOKAX MBUICHHS M IIBETCHHUS JEPEBbEB, CO3PEBAHUS UX CEMSH H
TUTO/IOB /ISl BBIACHEHUS TIEPUOANYHOCTH CEMEHHBIX TOJIOB B PAa3HBIX paliOHAX Y pa3-
JUYHBIX BUJIOB, y4eTa yporKasi CEMSH U IJIOZOB 110 OT/IENBHBIM TO/IaM, yCTaHOBIICHUS
ONTUMAJIBHBIX CPOKOB UX 3arOTOBKH. B JI€COKyIBTYpHOM Jiesie Ha OCHOBE (PEHOIIO-
TMYECKUX HCCIICIOBAHUH TUIAHUPYIOTCS HauOosee OaronpusTHbIE CPOKU MOCeBa U
nocajku. B necoBoycTBe (heHONMOTHUECKast HH(OpMAIINs HCIIOIb3YeTCs JIJIsl OTpeie-
JIEHHSI CPOKOB pyOOK yXO0/1a, MPU TPOBEIEHUH MPOTHUBOTIOKAPHBIX MEPOIPHUATAN U
JIECOYyCTPOUTENBHBIX padoT, B JIECHON Takcaluu — JUTst 3PGEKTUBHONW OpTaHU3aIluu
00pbOBI C BpeAUTEISIMA PACTEHUH U O0Jie3HAMU. MeXly TeM MHOTOJIETHHE HCCIIe-
JIOBaHMsI CE30HHOTO Pa3BUTHsI JJecooOpasyronux BuaoB B Kapennu panee He IpoBo-
IOUJINUCE.

Lenp uccnepoBanms — u3ydeHNe 0COOCHHOCTEN CE30HHOTO Pa3BUTHS €Il CH-
OMPCKOI U eBPOIIEHCKOM, COCHBI OOBIKHOBEHHOM, TUCTBEHHUITHI CHOMPCKOH, a TaKKe
BIIMSTHHSI HA DTOT TIPOIECC TeMITepaTyphl Bo3myxa B ycinoBusax Oxuoit Kapennn.

Obvexmbl u Memoobl UCCAEO08AHUA

HaGmronenust 3a ce30HHBIM pa3BUTHEM eiel cubupckoit (Picea obovata
Ledeb.) u eBpomneiickoii (Picea abies (L.) Karst.), cocHbl 0O0bIKHOBeHHOU (Pinus
sylvestris L.) n nucTBeHHULIbI cubupckoit (Larix sibirica Ledeb.) nposoaunu B FOx-
Ho#t Kapenuu (cpemusis mo30Ha TalTH) Ha poTshKeHUH 15 stet. Cpegaue Bo3pacT u
BBICOTA JepeBbeB Picea obovata — coorBeTcTBeHHO 32 Toma u 9,2 M, Picea abies —
31 ron u 8,4 M, Pinus sylvestris — 26 net u 8,8 M, Larix sibirica — 44 rona u 14,0 m.

deHonornyeckre HaOMIOACHUS OCYLIECTBISUTM €KETOAHO B TEUEHHE Berera-
MOHHOTO TIEpHoJia Yepe3 Kaxible 2-3 AHS, UCTIO0NIB3Yys MeToandeckue ykazanus H.E.
Byspiruna [1]. ®@ukcupoBaiiv BpeMs IPOXOKICHUS clieayromux Gperodas: HaOyxa-
HUE U pacyCKaHHe BETEeTATUBHBIX MTOYEK; HAYAJI0 M OKOHYaHNE pOCTa T0OEeToB; 000-
coOeHne Ha mo0Oerax 3UMYIONIUX MOYEK; UX PACITyCKaHHe; 3aBEepIICHUE POCTa; pac-
LBEUMBAHUE U OINAJICHUE JHMCThEB; ONpoOKoBeHHe nobderoB. denodasa cunranach
HACTYMUBIIEH, ecM OHa OTMedajach He MeHee yeM y 30 % moOeroB Bcex ocobOeit
uccnenyemoro Buaa. CpeqHecyTOUHbIE MMOKa3aTelld u3ydaeMbiX (eHoda3 yCcTaHOB-
JICHBI 32 15 JIeT U OlleHEeHbI HA 3HAYMMOCTD PA3IIUUNI MEXTy BHJIAMH [0 KPUTEPHIO
CrhlozieHTa.

Merteoposiorndeckue JaHHbIe (CPEeTHECYTOYHBIE IapaMeTphl TeMITepaTyphl
BO31lyXa, OTHOCUTEIBHOM BIAYKHOCTH BO3YXa, KOJIMYECTBA aTMOC(HEPHBIX OCAIKOB
W CyMMapHOH COJNHEYHOH panuanuu) noiydeHsl Ha CylaXropckod MeTeoCTaHIMU
(Kapenbckast ruipoMeToOcepBaTopus), PacioyioKeHHOH B 3 KM K 10ro-3armajuy ot bo-
TaHHUYECKOTo cayia [1eTpo3aBo/ICKOro ToCyIapcTBEHHOTO YHUBEPCUTETA.

Pesynbrarer HaOmoaeHnit 00pabOTaHBI C TOMOIIBIO PEKOMEHITYEMBIX IS
ATHX IEJeH METOMOB KOPPEJSAIMOHHOTO (IOCTOBEPHOCTH OIEHEHA IO KPUTEPHUIO
CrblofieHTa) ¥ perpeccuoHHoro (o kpureputo duiepa) ananusza [4].

Pesynomamul uccnedosarnus u ux oocysicoerue
B xone ananmu3a JTaHHBIX CTAaTHCTHUUYECKOM 00paOOTKM (eHoaT BHIIOB 3a

15-netHuil mepuoa HaOMIONEHUN YCTAHOBJIEHO, YTO OIMIMOKa WX CpPEeTHEMHOTOJIET-
HeW BEJIMUMHBI, KaK IPAaBUIO, BECbMa HE3HAUMTENIbHA U COCTABIIICT OKOJO 2 CYT.
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JIumib y nepeBbeB BUIOB Picea Uit HEKOTOPHIX (eHodas ee 3HaYCHHS yBEIHIHMBA-
roTcst 10 5-6 cyT. BapuabenbHOCTh (heHOmar Oosiblied yactu (eHodas3 Takxke He Be-
JIUKA: CPEIHEKBAAPATUICCKOE OTKIIOHEeHHE He mpeBbimaeT 3—10 cyT. st HeMHOTHX
(hbeHodaz »ToT MOKazaTeNb y JIepeBbeB BUIOB Picea Bo3pactaer no 14-20 cyt. Uy-
yasi pa3BUTHE Pa3IMYHBIX BUJOB ApeBecHBIX pacteHuil B bemopyccuun, H.B. HlkyT-
ko [17] oOHapy»Kuil, 4TO MOrOJAWYHAs W3MEHYMBOCTh CPOKOB Hadajia TEX WM UHBIX
(heHoaz MoxkeT BapbUPOBATH JIAXKE B TOpa3io OObIIuX mpeaeaax — ot 12 10 27 cyT.

[IpoBeneHHbIe MccaeOBaHUS MOKA3alH, YTO PUTMHUKA CE30HHOTO Pa3BUTHSI
M3YYCHHBIX BHIOB HMEET CBOM crerupudeckue ocooennoctu (tabm. 1).

TabOnumna 1

CpeI[HeMHOFOJ'leTHI/Ie AaHHbIC CE30HHOI'0 Pa3BUTUSA XBOMHBIX necooﬁpamBaTe.ﬂeﬁ

Craructuye- Pi Picea Picea Larix
denodaza CKH s obovata abies sibirica
sylvestris
IIOKa3aTeciib

Habyxanwme M-=+m,, 4V+£l1,2 15V+1,9 15V+1,9 | 311V£l,4
BEreTaTUBHBIX MTOYEK 5 4,7 7.1 7.3 5,6
PasBepzanue M=+m,, 24V+£1,2 | 28V£14 | 25V+2,0 7 V1,7
BEreTaTUBHBIX MOYCK c 4,7 5,2 7,9 6,5
Hauasno nuHeiHoro M=+m,, 9 V1,2 28 V1.4 25V£2,0 25 V+£2,5
pocrta mobero o 47 52 7,9 9,8
OKOHYaHUE JUHENHO- M=+m,, 27 VII£1,1 | 2 VIII£3,8 | 27 VII+5,0 | 14 VII+2,3
TO pocTta moberon G 42 13,8 19,4 9,0
OnpoOxoBeHne M+m,, 22 VII+0,9 | 20 VII£2,1 | 19 VII+0,6 | 13 VI£0,8
OCHOBaHHMI TOOETOB o 3,4 7,9 2,3 3,3
OnpobkoBeHue 10- M=+m,, 8 VIII£1,8 | 24 VII£1,0 | 11 VII+5,0 | 20 VII+0,8
OeroB
0 BCeil [IHHE c 7,0 3,8 19,3 3,0
O0bocobnenne xsou M=m,, 9 VI£l1,3 6 VI£1,5 3VI£L4 | 13 V£1,7
Ha roderax o 5,1 5.4 5.4 6,6
3aBeplieHue pocra M:=tm,, 14 VII£2,9 | 14 VIx1,6 | 13 VIz6,4 | 21 V£1,7
U BBI3PCBAHUC XBOH = 11,3 6,1 6,1 6,6
PacuBseunBanue M=+m,, 24 X+0,8 24 X+4.8 24 X+1,0 | 22 IX+£7,9
OTMUPAIOLIEH XBOU o 3,1 4,5 3,8 20,6

M+m,, 25 XI£1,8 | 16 XI£1,2 | 15 XI£2,6 | 11 X+1,5
OmnaieHre XBOu

o 6,9 4,6 9,4 5,7

O6oco0ieHue M+m,, 25 VII+1,1 | 28 VII+5,0 | 29 VII+£5,4 | 13 VIII£1,3
Ha mo0erax movex 5 43 18,7 20,1 5,2

ITo cpemneMHoOTONMETHUM AaHHBIM ckopee Bcero (31 IV—4 V) nabyxanue Be-
TeTaTUBHBIX TIOYEK HaYMHACTCS y AepeBbeB Larix sibirica w Pinus sylvestris, y ne-
peBbeB Buna Picea — b 15 V. Panbiie Beex (7 V) mpoucxonuT pa3Bep3aHue Modek
y OepeBbeB Larix sibirica, y NepeBbeB Ipyrux BUAOB — Ha 3 HEJENH MO3KE.

Jluneiinslii pocT noberos panee Beero (9 V) HaunHaeTcst y nepeBbeB Pinus syl-
vestris, y 1€peBbEB IPYTHX BUI0B OH OTMEYAETCS JINIIb B MTOCIEAHEH AeKaie Masl.

O6ocobnenne Ha mobderax mouek ObICTpee HACTYMaeT y AepeBbeB Larix sibiri-
ca (13 VII), y npyrux BUIOB — Ha 2 HEJEIHU TTO3XKE.
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3akaHYMBACTCS POCT MOOErOB paHee BCETO Y JepeBbeB Larix sibirica
(14 VII), y nepeBbeB OCTaIbHBIX BUOB — TOJIBKO Yepe3 2—3 Hezelnu.

Hawunbonee pamame cpoku (13 VI) onmpoOKoBeHHS OCHOBAaHWUU MOOETOB OT-
MEYeHBI y AepeBbeB Larix sibirica, ana naepeBbeB npyrux BumoB — 20-22 VIL
[Iponecc onpoOkoBeHHs MOOETOB MO BCEH ANMHE y AepeBbeB Pinus sylvestris n
Picea abies 3axanunBaercst 8—11 VIII, y nepeBbeB Apyrux BUIOB — Tropasao MO3Ke
(2024 VIII).

Panee Bcero (3—6 VI) 060cobnenne TUCTheB HAYMHACTCS Y IepeBheB Picea, y
NIePEeBBEB NPYTUX BUIOB — HA 7—10 CyTOK mO3XKe.

BricTpee Bcex pocT xBou 3aBepmiaeTcs y niepeBbeB Larix sibirica (1 VI),
y nepeBbeB BUIOB Picea — B cepenune VI, a 'y nepeBbeB Pinus sylvestris — naxe B
cepenune VIIL

[epBbiMu (22 1X) B (hazy pacuBeunBaHus OTMHUPAIOIINX JIHUCTHEB BCTYMAIOT
nepeBbst Larix sibirica, npyrue BUIBI — TOJBKO depe3 mecsi. Panpiie Beero (11 X)
omajicHre XBOW (Bceil) HaumHaeTcs v Larix sibirica, CITyCTS MECSIl OTajacT XBOS
(crapas) y nepeBbeB BUIIOB Picea v Tonbko 25 X1 —y nepeBbeB Pinus sylvestris.

[TosmyueHHBIE HAMU PE3YJBTATHI CBUAETEIBCTBYIOT, YTO OUEPETHOCTD MPOX0XK-
neHns perodas y u3ydaeMbIX BUAOB U3 TO/la B FOJl OCTAETCs HEM3MEHHOM.

Kak mokaszanu wuccienoBanus psjga asropos [5, 7, 10, 13, 14], naubGonee
aJlanTHPOBAaHHBIMU B YMEpeHHOH 30He Poccuu sBIIAIOTCS pacTeHHs, KOTOPBIE paHO
HAYMHAIOT U PAHO 3aKaHUMBAIOT C€30HHOE pa3Burue. COIIaCHO 3TOMY M MCXOIs U3
HaIlUX JaHHBIX, U3yYCHHbIC BHUJBI IO BO3PACTAHUIO CTEICHH YCTOWYMBOCTH K YC-
JIOBUSIM TaeKHOW 30HBI MOYKHO PacIojiOKUTh B clienyroleM nopsaake: Picea abies,
Picea obovate, Pinus sylvestris, Larix sibirica.

Hpyrue uccnenosarenu [20, 25, 27, 28] yOeaAuTensHO JOKa3aiH, YTO OCO-
OEHHOCTH pa3BUTHS Pa3IMYHBIX BUIOB PAaCTEHUH 0OYyCJIOBIEHbI UX HEOAMHAKOBOH
TpeOOBaTEIBHOCTHIO K 3KOJIOrHYeckuM (aktopam. [loaTomy, onpenenus nuamnazoH
TOJIEPAHTHOCTH OCHOBHBIX (peHo(a3 K HKOIOrHuecKuM (akTopam, MOKHO CYAHUTH O
CTENEeHH afanTalry JaHHOTO BU/Ia PACTEHHUH K yCIOBUSM MECTOOOUTAHUSI.

[IpoBeneHHbIe HCCIEOBaHUS TIO3BOJIMIN YCTaHOBUTH, YTO TeMII€paTypHBIN
PEKUM BO3/IyXa B MOMEHT HACTYIUICHHS O4epeHOi (heHOo(ha3bl 3aMETHO OTIINYACTCS
Yy W3y4YCHHBIX BUJOB JiepeBbeB. OOHApyKEHO, 4TO Ha0yXaHUE BETeTaTHBHBIX MOYEK
y nepeBweB Larix sibirica v Picea abies HauuHaeTcs MIPU caMOil POXJIaHON TIOTO-
Ie (TeMIiepaTtypa Bo3ayxa — Bcero 5,3...6,6 °C, cyMMa MOJI0KUTEIIbHBIX TEMIIEPATyP
(manee — reroobecneyeHHOCTh) — 74 1 106 °C cooTBeTCTBEHHO). DTa deHodaza y
JIEPEBLEB IPYTUX BUIOB HAUMHAETCS mpu Temmeparype 8,3...10,2 °C u 193...231 °C
COOTBETCTBEHHO (Ta0II. 2).

Tab6uuma 2

CpeaHeMHOroJIeTHHE CYTOYHbIC 3HAYCHHS IKOJIOTHYeCKHX (PaKTOPOB
BO BpeMsl IPoxokaeHust peHodas XBOIHBIX 1ecoo0pa3oBareliei

denodaza dakrop Pinus . Picea Pigea Lqr{x
sylvestris obovata abies sibirica
T 6,6 8,3 10,2 5,3
CIIT 106 193 231 74
szgf;{am/le BEreTaTUBHBIX B 65 67 66 6
(0] 1,6 2,2 1,9 1,0
P 338 380 397 359
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Ipooomicenue maon. 2

Denodasa Dakto Pinus Picea Picea Larix
P sylvestris obovata abies sibirica
T 8,0 10,0 13,1 7,0
CIIT 274 301 386 123
PasBep3anue BereraTus- B 7 7 69 65
HBIX IOYEK
O 1,9 1,4 2,2 1,6
P 318 416 411 390
T 7,3 10,1 10,9 12,1
q . CIIT 143 303 391 360
aJaJio JIMHEWHOTO POCTa B 66 ) 6 64
1mooeros
(0] 1,6 1,4 1,6 1,6
P 331 415 506 397
T 16,4 16,0 17,0 14,3
. CIIT 985 1178 1152 1466
OxoHYaHue JTUHEHHOTO B 77 77 7 81
pocrta moberos
O 3,6 0,7 0,5 1,7
P 435 419 431 266
T 16,2 15,9 15,9 16,3
OmDo6 CIIT 1112 1058 1085 966
MPOOKOBEHNE OCHOBAHUS B 30 79 77 75
moOeroB
(0] 3,8 1,0 1,7 1,1
P 369 412 456 409
T 16,2 12,6 10,6 12,6
5 5 CIIT 1395 1429 156 1561
Omnpo KOBEHHE M106eron B 15 81 36 85
10 BCEH JIHHE
0 1,5 1,9 5,2 2,6
P 393 181 205 240
T 12,5 11,9 14,3 7,0
060606 CIIT 471 402 426 172
0co0JIEHNE XBOKU B 70 67 7 61
Ha rmoderax
0 2,0 1,6 2,5 0,2
P 370 470 353 452
T 14,5 13,0 15,3 9,5
3 CIIT 829 529 573 250
aBepIIeHUEe POcTa B 76 70 75 69
Y BBI3PCBAHHUE XBOU
(0] 3,1 1,0 2,2 32
P 428 396 341 349
T 3,1 3,0 3,4 5,4
P CIIT 1952 1952 1952 1823
acuBednBaHue B 33 33 33 31
OTMHUPAIOIIEH XBOU
(0] 8,4 8,4 8,4 1,9
P 2152 2152 1948 1075
T 22 1,5 2,4 34
CIIT 1928 1917 1883 1932
OmnazeHue XBOu B 81 88 82 82
(@) 0,2 8,0 5,0 8,4
P 489 2070 2262 1956
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Oxonyanue maon. 2

Denod ® Pinus Picea Picea Larix
erodasa 4Top sylvestris obovata abies sibirica

T 13,0 15,8 15,8 14,5

06006 6 CIIT 1612 1200 1155 1454
0COOJICHHE Ha Io0ETrax B 31 75 76 77

TIOYEK

0 1,5 1,2 2,5 0.4

P 225 381 322 372

[Mpumedanne. T — cpenHecyTouHas Temneparypa Bo3ayxa, °C; CIIT — cymMMa MOJIOKHATEIb-
HBIX Temreparyp, °C; B — oTHocuTenpHas BIaXXHOCTh BO3/yXa, %; O — KOJMYECTBO aTMOC-
(depHbIX 0cakoB, MM; P — conHeuHas paauanms, kan/cm2,

[TonoOHas 3aKOHOMEPHOCTD POCIICIKUBACTCS U B OTHOIICHUU (DeHodasbl pas-
BEP3aHNs BETETaTUBHBIX MTOYEK. Y AepeBbeB Larix sibirica u Picea abies oHa HaunHa-
€TCsI IPH TeMIIepaType BO3AyXa U CyMMe TONIOKHUTENbHBIX Temneparyp 7,0...8,0 °C u
123...274 °C cootBeTcTBEHHO, y Apyrux Bumnos — mpu 10,0...13,1 °C u 301...386 °C.

Hauano nuueiiHOrO pocTa moOeroB Mpu caMbIX HU3KHX TOKA3aTeNsIX TerJio-
obecnieuennocTH (7,3 1 143 °C) otmeueno y nepeBbeB Picea abies, y 0CTaTbHBIX
BugoB —mpu 10,1...12,1 °C u 303...391 °C cooTBETCTBEHHO.

Bo Bpems 06ocobnennst Ha moOerax mo4YeK y pa3HbIX BUOB TEMIIEpaTypa BO3-
nyxa Maio paznugaercs, nocruras 13,0...15,0 °C. Tlpu 3ToM TerioobecrneueHHOCTb
y nepeBneB Larix sibirica mo cpaBHeHHIO ¢ APYyrUMH BHaamMu Menblie Ha 300 °C.

Poct moGeroB y nepeBbeB Larix sibirica mpexpamaeTcs Ipy MOHWKEHUN TEM-
neparypsl Bo3ayxa 10 14,3 °C u moBbIeHNH TeruioodecrnedeHHocT 10 766 °C, y
npyrux BunoB — npu 16,0...17,0 °C u 985...1178 °C cooTBeTCTBEHHO.

OnpoOxoBeHNEe OCHOBAaHWU IMOOEroB y M3YUYEHHBIX BHJIOB HAauYMHAETCA TPHU
OJMHAKOBBIX TEMIIEpaType BO3Ayxa M TerutoodecrmedeHHocTH — 15,9..16,3 °C nu
966...1112 °C. OnpobkoBeHre MoOETroB MO BCEH JUTMHE 3aKaHUMBACTCS Y JICPEBHEB
Pinus sylvestris ipu camoit Huzkoi Temneparype (10,6 °C), a y Picea abies — nipu
camoii Beicokoii (16,2 °C).

Hauano obocobneHust xBou Ha moberax y Larix sibirica otMedaercs npu
Haubonee HU3KKX 3HadeHuax Ttemmeparypsl (7,0 °C) m TemnoobecredeHHOCTH
(172 °C). Y nepeBbeB Buna Picea dta (eHodasza HaumHaeTcs Toibko npu 11,9...
12,5 °Cn 402...425 °C, y nepeBbeB Pinus sylvestris — ipu 14,3 °C u 471 °C.

3aBepIIeHre pOCTa U BbI3PEBAHUE XBOU Yy JIEPEBBEB Larix sibirica Takxe Ha-
OmromaeTcsl mpu HanboJjiee MPOXJIaaHOM TeMiieparypHoM pexume — 9,5 °C u 250 °C,
y IPYTHX BUIOB — cooTBeTcTBeHHO 1ipH 13,0...15,3 °C n 529...629 °C.

PaCHBe‘-II/IBaHI/Ie OTMI/IpaIOIlIeﬁ XBOM Y H3YYCHHBLIX BUIOB HAYMHACTCA IIPpU
ONMM3KMX 3HAYCHHAX TeMIIepaTypHOro pexuma — okono 3,0...5,0 °C u 2000 °C.

OmnaneHve XBOW INpH HamOoJiee TEIUIOW IOrojie OTMEYaeTCsl y JIepPEeBbEB
Larix sibirica (3,4 °C), a mpu mHaubonee xonomgHou — y Picea abies (2,2 °C), y
ocTanbHBIX BHIOB — mipH 1,5...2,4 °C. TemnoobecnedeHHOCTh TIPH ITOM y Pa3HBIX
BHJIOB OJTMHAKOBA U cocTasisieT okoio 2000 °C.

Omnpenernsitoliee BIUSTHAE TEMIIEpaTypbl BO3yXa TEKyIlIel BereTaliu Ha ce-
30HHOE Pa3BUTHE XBOWHBIX pAaCTEHUI 00HAPYKEHO paHee MHOTUMH HCCIIeIOBATENs -
mu [3, 12, 16, 20, 28].

B ormnuume oT TeMmepaTypHOro peuMa BO3/lyXa 3HAUEHUS OTHOCHUTEJIBHOMN
BIIXKHOCTH BO3/yXa, KOJIMYECTBA aTMOC(HEPHBIX 0CAJKOB U CYMMapHOUN COJHEYHOU
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pajranuy BO BpeMsl MIPOXOXKJICHUS Pa3IUHbIX (peHO(a3 y U3yUYSHHBIX BHJIOB MAJIO
pa3Nnnu4aoTCs, MOTOMY JIeNaTh BBIBOJL 00 MX KOHKPETHOM BIIMSIHUH HE MPECTaBIISICT-
sl BOBMOYKHBIM.

Panee ycranosneno [15, 21, 23, 26], 9To 0COOCHHOCTH Pa3BUTHS XBOWHBIX
pacTeHnii BO MHOTOM OIPEIENISIOTCS COCTOSHHEM CPENbl HEe TOJIBKO TEKYIEro, HO
U mpeauecTByomero roga. OCo0CHHO 3aMETHO BIMSHHE HIONBCKON TeMIlepaTyphbl
BO3/1yXa, NPEALICCTBYIONICH Pa3BUTHIO BET€TALHH.

Jist TOTO, YTOOBI CYAUTH O CTENICHU BIMSHHSI SKOJIOTHUECKUX (DAKTOPOB HIOJISI
MIPEAMISCTBYIOIETO TO/Ia HAa CPOKH HACTYIUICHHS heHO(a3 TEKyIeH BereTauu ObLT
MIPOBEICH KOPPEIAIMOHHBIN aHanu3. OKa3anock, 4TO HAIPABICHNE H CHUIIa UCKOMBIX
CBsI3el MOTYT CYIIECTBEHHO U3MEHATHCS B 3aBUCIMOCTH OT OMOJIOTUW BUA, CIICIIH-
¢uxu penodasbl 1 KOHKPETHOTO (haKTOpa.

PesynbTarel KOppensSIMOHHOTO aHaiu3a HallMX HCCIIEJOBAHUN CBUACTEIb-
CTBYIOT O TOM, YTO TOBBIIICHAE TEMIIEPATYPHI BO3JlyXa HWIONS MPEANIECTBYIONIETO
rojia 3aMEeTHO YCKOpsieT HacTyIuieHue (pa3pl HaOyxaHWs BET€TAaTHBHBIX TIOYEK Y Jie-
peBeeB Picea obovata, Picea abies u Pinus (r = 0,4...0,9). CtenieHp BIUSHUS Ha
Larix sibirica ropazno menee Belpakena (r =0,2...0,7).

HccnenoBanus moka3aiu, YTO TOBBILICHUE OTHOCHTEIBHOW BIaXHOCTH BO3-
Jyxa OJIarompusiTCTBYyeT 0oJiee paHHEMY HACTYIUICHHIO Oosibiieli yactu deHodas y
BCEX M3Y4YEHHBIX BHIOB AepeBbeB (r = 0,6...0,9). Takoe e MONOKUTENBHOE, HO TO-
pasmo Oosee cimaboe BIUSHHUC HA Pa3BUTHE JEPEBHEB OKA3BIBAIOT U aTMOC(EpHBIC
ocagku (r=0,1...0,5).

Ycusenue comHEYHOH pasuanny 3aMeTHO yCKopsieT mpoxokaenue penodas y
JIepEBHEB M3YUCHHBIX BHJIOB, 38 HCKIIOUCHHEM (ha3bl paclBeUMBaHHU OTMUPAIOLICH
xsou (r = 0,3...0,9). Kpome Toro, 00HapykeHa HETOCTOBEpPHAST KOPPEISAIUS dTOTO
(bakTopa y nepeBbeB Larix sibirica B OTHOIIEHNHU TakuX (QeHo(as, Kak OKOHYaHHE
JIMHEHHOTO pocTa MoOeroB, ONPOOKOBEHHE ITOOETOB, 000COOICHIE XBOM Ha TToderax
Y 3aBepIlIEHHE POCTa XBOH.

Takum 00pazoM, TeMIepaTypHbIi pEKUM BO3AyXa TEKyIIEH U MPEAIeCTBYIO-
IIeH BEereTaluu B 3HAYMTEIBHON CTENEHU BIHUSET HA 0COOCHHOCTH CE30HHOTO pas-
BUTHUS U3YyUEHHBIX XBOWHBIX JIECOOOPA3yIOIINX BUI0B B TaekHOM 30He (Kapenus).

B mpormecce perpeccnoHHOTO aHanmM3a arpoOWPOBAHBI 5 BUIOB YpaBHCHUM:
runepOoira, orapudMudeckas Kpupas, mpsaMas, mapadoia 2-To U 3-TO TOPSIKOB.
YcTaHOBIIEHO, UTO KpUBasi, 0TOOpakaromias BIUSHUE TeMIIepaTyphbl BO3IyXa Ha Ha-
CTYIUICHHE TE€X WU MHBIX (heHo(]a3, MOXKET OBbITh ONKCaHA JIMHCHHBIM YPaBHCHUCM:

y=Ax, +Bx, +C,
rae y — Aara HacTyluleHus (eHodassl; x, — 1aTa Iepexolia CpeIHeCyTOYHOH TeMIeparypsbl
Bo3ayxa uepes 0 °C; x, — cpegHecyTo4Hast TeMIieparypa Bo3nyxa, °C; 4, B u C — koaddunu-
€HTBI U CBOOO/IHBIN YJIEH ypaBHEHHSI.
Hanpumep, aiis perodas nepeBbeB Picea abies 3Th ypaBHEHUSI UMEIOT CIICITY-
FOLLUNA BUJL:

HAOYXAHMUE TTOUCK. ...c.eveeeeeeereeereeesneesneenneennns y=61,99 + 0,04x, + 1,68x,;
PA3BEP3AHUE TIOUCK. ...eernvrrenereenrreaereenareananees y=78,43 +0,12x,+ 0,29x,;
HayaJlo JUHEHHOTO POCTa MOOETOB.............. y=179,29 +0,14x,+ 0,06x,;
OKOHYaHME JIMHEHHOro pocTa noberos...... y = 105,99 + 0,16x, + 2,78x,;
ONPOOKOBEHNE OCHOBAHMIA MTOOETOB........... y=138,35+0,13x,— 0,43x,;

OTIPOOKOBEHHE TTOOETOB I10 BCEH JJIHHE......... y=2,36+0,12x,+ 6,71x,;
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000c00IeHNE XBOU Ha MMOOErax.................. y=81,64 +0,23x,+ 0,02x,;
3aBEPIICHUE POCTA XBOW.....eveeeveeereennerennes y=286,51+0,26x,+ 0,36x,;
OIMAJIEHUE XBOM...ovvveeeeeeeeerreeeeeeeeeenineeeeeeens y=250,04 + 0,28x,+ 1,68x,;
000c00JIeHNE TTOUYEK BO3OOHOBJIECHHUS. ........ y=284,79 + 0,10x, + 4,70x,.

HpI/IBeI[eHHI)IC YpaBHCHUSA MOXHO pacCMAarpuBaTh B Ka4CCTBC MOHGHCﬁ, OITH-
ChIBAKOIUX 3aBUCUMOCTL CPOKOB HACTYIIJICHUS (beHO(l)aB oJa BIIMSIHHUEM TEMIICPATY-
PpbI BO3AyXa U MO3BOJIAIOMIUX ITPOTHO3UPOBATH MPOLECCHI pa3BUTUA ACPECBLEB.

Bovi6oowl

1. Cpoku HacTymieHHs: Oosbiei yactu (peHohas y U3ydeHHBIX BHJIOB B 3Ha-
YUTEILHOW Mepe 3aBUCST OT TeMIIEpaTypbl BO3/yXa, B MEHBIIECH — OT BIAKHOCTH
BO3JlyXa, KOJIMYECTBA aTMOCHEPHBIX OCAJIKOB M COJTHEUHOW pajualii. 3aBUCUMOCTh
MEX/y CPOKaMU HACTYyIJIeHUsT PeHo(a3 U KIMMATHUECKUME (HPaKTOPaMHU HOCHT Tpsi-
MOJIMHEHHBIN XapakTep, a ee cuja omnpenaensercs: Ouojorueit Buaa M crenuduron
camoit (eHodaszsl. Kpusasi, oroOpaxkaromiasi BIUSIHHE TEMIIEPaTypbl BO3AyXa Ha Ha-
CTYIUICHHE TEX WIH UHBIX (eHO(a3, MOXKET ObITh OMICAHA IMHEHHBIM YPaBHECHHEM.

2. OCOOEHHOCTH Pa3BUTHS XBOWHBIX PACTEHUH BO MHOTOM OTIPEICIISIFOTCS CO-
CTOSTHUEM CPEJIbl HEe TOJBKO TEKYINEro rojia, HO U mpeiecTByomero. [ToBbimeHune
TEMIIepaTyphbl U BIaKHOCTH BO3IyXd, a TAKXKE YCHJICHHE COJHEYHOW pagualuy B
MIOJIE TIPEALIECTBYIONIETO BEreTallMOHHOTO MEPHOa 3aMETHO YCKOPSIOT (PEHOJIOTH-
YCCKOC pa3dBUTHUEC UBYUYCHHBIX NCPEBLHEB.

3. Hammenee TpeOOBaTEIBHBIMA K TEMIIEPATYPHOMY PEKHUMY BO3IyXa B MPO-
Iecce CE30HHOTO Pa3BUTHS SBISAIOTCS AepeBbs Larix sibirica, nanbomee TpeboBa-
TenbHBI — Picea abies.
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Observations over the seasonal development of Scots pine (Pinus sylvestris L.), Siberian
spruce (Picea obovata Ledeb.), Norway spruce (Picea abies (L.) Karst.) and Siberian larch
(Larix sibirica Ledeb.) had been carried out for 15 years in South Karelia (taiga middle sub-
zone). Phenological observations were taken after every 2—3 days. We recorded the time of
such phenophases as swelling and bursting of vegetative buds, beginning and ending of shoot
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growth, isolation of wintering buds on the shoots, blooming, completion of growth, flower-
ing and defoliation, corking of shoots. The research purpose is to study the similarities and
differences in the seasonal development of the forest-forming species of Karelia affected by
the main climatic factors. In order to establish the desired correlation we used methods of
elementary statistics, correlation and regression analyzes. It was found that the starting dates
of the majority of phenophases in the studied species largely depend on air temperature, and
to a lesser extent on humidity, precipitation and solar radiation. The relationship between
the starting dates of phenophases and the studied climatic factors is straightforward, and its
strength depends on the biology of species and specificity of the phenophase itself. Features
of development of conifers are largely determined by the state of the environment not only
of the current year, but also the previous one. The increase in temperature and humidity, as
well as in solar radiation in July of the previous year, significantly accelerate the phenological
development of trees of the species studied. The studied species can be arranged according to
the degree of resistance to climatic conditions of the taiga zone in the following order: Picea
abies, Picea obovata, Pinus sylvestris, and Larix sibirica. It has been found that during the
seasonal development Larix sibirica is the least demanding of air temperature, and the most
demanding is Picea abies.

For citation: Kishchenko I.T. The Effect of Climatic Factors on the Seasonal Development
of Coniferous Forest-Forming Species in the Taiga Zone (Karelia). Lesnoy Zhurnal [Russian
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Satellite data becomes an important tool for monitoring global change in forest cover. Further
development of remote sensing technologies creates opportunities for solving more complex
problems requiring multi-time analysis of satellite data. Assessment of success reforestation after
a disturbance in forest cover is such an important task. The traditional method of an assessment
of successful reforestation is laying out the ground plots, which task requires significant time
and resources. Fieldworks and transfer of land to forest cover land is carried out according to
the method, which is developed by the Federal Agency for Forestry of Russia. This method
has various criteria of success reforestation for every region. Arkhangelsk region, Vologda
region and Republic of Karelia became the territories for research. Forest vegetation of this
region belongs to the taiga zone and is divided into five groups: the area of pre-tundra forests
and sparse taiga, northern taiga, middle taiga and south taiga. International forest classification
relates this area to boreal forest. The task of transfer land to forest cover land can be optimized
by using remote sensing data. This research shows analysis of recovery of the normalized
difference vegetation index, the shortwave vegetation index and the normalized burn ratio in
the framework of reforestation objects. Filed data was collected for every object and this data
includes a number of young trees, average height and species composition. Processing of a
considerable number of satellite imageries requires significant computing power because of
the Google Earth Engine platform using for analysis data. The most suitable index was chosen
in the analysis of the obtained data for the development of an automatic method for transfer
land to forest cover land. The most suitable index for dividing lands on forest cover and non-
forest cover lands is the shortwave vegetation index. Optimal threshold for transferring land is
achievement of recovery index of 80 % from initial values before disturbance. The automatic
method was developed using unsupervised classification and threshold values of recovery index.
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Introduction

Land use change is the major driver of global environmental change resulting
in loss of biological diversity, changing the global carbon cycle, affecting local cli-
mate and the hydrological cycle [15]. Forest cover change is particularly important,
as forests can sequester atmospheric carbon and mitigate climate change. While the
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tropical domain experienced greater forest loss when compared to other climate do-
mains [10], boreal forests store the largest amount of carbon of all global biomes
[14]. Unfortunately, reliable statistics on boreal forest is not necessarily available
and existing national scale forest statistics might be incomplete and inconsistent [14].
However, remote sensing systems have the potential to provide spatially distributed
and temporally frequent data on forest cover, and offer great opportunities to better
understand patterns, processes and underlying causes of forest cover change [1, 12].

Using of multitemporal analysis of the normalized difference vegetation index
(NDVI), the shortwave vegetation index (SWVI), the normalized burn ratio (NBR)
and components of Tasseled Cap transformations is usual for assessment vegetation
cover, but the spectral index values depend on the phenology of vegetation and cli-
matic conditions [6, 7]. Forest recovery after the disturbance has different periods for
different climatic zones. This statement is true for boreal forest, which is located in
some climatic zones. Achievement of 80 % of the initial value of the spectral index
requires a different period for the extremely cold and cold temperature zones for
the North American boreal forest region. Multitemporal analysis of several climatic
zones requires a definition of a phenological period for each zone [13]. Analysis
Tasseled Cap component shows that spectral indeces after disturbance can change for
three decades in the territory of the North American boreal forest region. The region
can be divided into eastern and western boreal forest shield, which has a different
type of forest recovery. This fact is related to difference in precipitation, average
temperatures and types of soils [5, 7, 12].

The burned severity is an important aspect of forest regeneration after forest
fires. The extent of burned severity often divided into five classes: slight, low, medi-
um, high, very high. This extent influences on the time of forest recovery. Therefore,
spectral methods, based on difference or division of the values of the spectral indices
before and after disturbance, are important for an assessment of the burned areas. For
instance, Stand Regrowth Index (SRI) and Relative Regrowth Index (RRI) are based
on after- and pre-disturbance of the NDVI values [8, 9, 18].

Method of unmixed spectral analysis is based on a statement that every pixel can
include different fraction [11, 19]. These fractions are named endmembers. The end-
members can be vegetation with photosynthesis, vegetation without photosynthesis and
bare soil. Fractional Vegetation Cover (FVC) and NDVI are based on correlation of dif-
ferences of ND VI value of a pixel and average values of bare soil and vegetation [16, 18].

Using the spectral index requires field data for calibration indices for the as-
sessment of reforestation and finding a relationship between a value of the index
and real conditions of forest regeneration such as structure of recovered vegetation,
number, and tree species per pixel and tree canopy. Comparison of the multitemporal
Landsat data and airborne laser scanning (ALS) data defined pixel, which can be con-
sidered as a forest area using criteria of the Food and Agriculture Organization (FAO)
if the pixel achieves 80 % of the NBR value before disturbance [2, 3, 17].

The practical issue of using satellite imageries for the assessment reforestation
is finding the threshold for transfer cutting and burned areas to forest cover land.

Materials

The main research area is the North-Western region of Russia (Fig. 1). It is
Arkhangelsk and Vologda regions and the Republic of Karelia. Forests are considered
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as northern taiga, moderate taiga and south taiga in this territory. The study region has
an average forest cover of 60 % with predominant coniferous species, where major
tree cover consists of mature and over-mature stands with low forest stock. Average
species composition for the whole Arkhangelsk region is 70 % spruce, 20 % pine
and 10 % birch with a small number of aspens. Most of the trial plots are located in
Arkhangelsk region.

The studied regions are characterized by the development of the logging indus-
try and large areas of mature and over-mature forest were cut down. Cutting of forest
stands takes place in the form of clear and selective cutting.

Also, the north part of Arkhangelsk region belongs to the Arctic land area ac-
cording to the Russian rules of the land division. According to the data of the State
Forest Register of Russia dated on 2016, the Arctic land of Arkhangelsk region in-
cluded 39,059 miln ha of land suitable for forest cultivation, and 29,765 mln ha or
76 % from land suitable for forest cultivation were cut down.

Main pattern of reforestation for all three regions is regrowth broadleaf species
on cutting areas, which has low economical value for logging industry. Reforestation
of coniferous species then occurs via change of species. The natural reforestation
requires considerable time to restore coniferous forests.

The lack of natural regeneration on the part of cutting areas is caused by
insufficient trees undergrowth, removing of trees undergrowth in the process of
cutting, the absence of seed trees and adverse climatic conditions. Developed
moss cover and forest litter prevent successful seed germination and rooting of
seedlings.

¢
X Kholmogoskoe

Forestry fund of Russian Federation
I Arkhangelsk region

B Vologda region

I Republic of Karelia

[ forestry

Fig. 1. Regions where trial areas were laid out
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Ground plots were made in the period of 2015-2019 (Fig. 1) using spectral
characteristic of forest recovery for the analysis. Fieldworks in 2016-2019 were
carried out according to the Russian Temporary Procedure of the State Monitoring of
Forest Regeneration in 2016 [4].

The ground plot has a square shape with sides equal to 20 m. The amount of
young trees divided into groups according to their species and heights is taken into
account inside the border of the ground plot. There is one ground plot per 10 ha of
cutting area (Fig. 2).

1.1-15 m
>>1.5m

coniferous

L
A

>= 400 m’

20m
1.1-15 m
>>1.5m

v

v

broadleaf

Fig. 2. Methods of creation of ground plots and groups of heights for different groups of tree
species

Data of several ground plots on one cutting area are averaged and recorded
in the report. The averaged data of the report is used to make a decision to
transfer the non-forest cover land to the forest cover land. The procedure of
state monitoring defines required conditions such as number, average height of
trees and parameters of ground plots for transferring non-forest to forest land
(Table).

Conditions for transferring non-forest land to forest land

Tree species Trees, pcs/ha Average height, m
Pine 1500 0.7
Spruce 1500 1.0
Birch, aspen, alder 2000 1.5
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Almost all the objects on which the ground plots were made have reached the
criteria of transfer to forest land during year fieldwork. The number of ground plots
was equal to 57.

Satellite imageries of Landsat 5, 7, 8 are used for the analyses of spectral
characteristics of the ground plots. These images had atmospheric correction, which
was already done in the Google Earth Engine (GEE) collection.

The Global Forest Lost dataset for the period of 2000-2017 was used as a
framework for unsupervised classification and tree cover datasets dated on 2000 [7].

High-resolution imageries of Google and Yandex services and Hansen’s forest
loss dataset were used for drawing the border of cuttings and burned areas.

Methods

The work under the project was divided into several parts: processing of field
materials, drawing borders of research objects; analysis of spectral dynamic of NDVI,
SWVI, NBR, detection of spectral recovery indices after disturbance (cutting, forest
fire) at the moment of field observation; and developing a method for transferring
non-forest land to forest land.

Collection of multitemporal values for research objects was carried out using
the GEE platform. Research object is cutting or burned areas, where ground plots
were done for field observation. Indices were calculated using middle resolution
satellite imagery Landsat.

Algorithm for collection index values includes the following steps:

1. Research object is drawn using high resolution satellite imageries. This
object can be a forest regeneration area after cutting or a forest fire with a high level
of severity.

2. The search of all accessible satellite imageries for each research object. The
search has some selection criteria: cloudiness of imagery less than 50 %, the time
period of search only summer months (June, July and August). All selected imageries
are included in the collection.

3. The boundary of the research object is increased by 1000 m. This area is
used for detecting cloudiness pixels. The imagery is excluded from the collection if it
has a cloudy pixel in this border.

4. The boundary of the research object is reduced by 30 m. This excludes
pixels of forest edge and other objects, which do not belong to the cutting or
burning areas.

5. Average values of NDVI, SWVI and NBR are calculated for each research
object for each satellite imagery in the collection.

The script including all the steps is available here: https://code.earthengine.
google.com/6ad67cf35ae901ead018832e4482¢774. Average values of multi-time
indices are downloaded on personal computer for processing.

Next step is finding the values of indices before disturbance, year of disturbance
and field observations. Phenological differences have a significant influence on the
values of the indices since the selected indices have to be dated by the close days of
the year. The considerable number of research objects did not cover satellite imageries
in the year of disturbance. Therefore, only pre-disturbance value and value at the time
of the field observations were used in the analysis.
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The charts of recovery of NDVI, SWVI and NBR were drawn for the analysis
of reforestation on the areas of the research objects (Fig. 3).
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Fig. 3. NDVI, NBR and SWVI recovery indices for each research site
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The calculated recovery indices based on NDVI, SWVI, and NBR are indirect
measures of forest vegetation restoration and show the degree of reforestation at the
studied sites. The indices are shown in Fig. 3, where green is land classified as forest
cover land; orange is non-forest cover land. The average values of the recovery index
for forest cover land for the past 10 years assigned are displayed as a red line.

We propose to calculate the degree of reforestation (recovery index) as a
percentage according to the following formula:

Rzﬁ

pre

b

where 7, — index at the moment of field observation; / ,, — pre-disturbance index.

> Tpre

The recovery index based on NDVI does not show the degree of stand
restoration and is not suitable for the land division onto forest cover and non-forest
cover lands. Almost, all research objects have values of recovery index over 80 %
including the objects with a short period of reforestation (from 1 to 4 years).

The recovery indices based on SWVI and NBR are the most promising, as they
clearly show the degree of reforestation in the cutting and burned areas. All research
objects in the figures with the recovery indices can be divided into 3 groups: non-
forest cover land with the recovery index less than 80 %; forest cover land with the
recovery index less than 80 %; forest cover land with the recovery index over 80 %.

Analysis of the chart of the SWVI recovery index shows that research objects
have recovery over 80 % after 10 years. A part of the research objects have recovery
index from 40 to 80 % in the period from 6 to 9 years. The objects were transferred
into forest cover land. The objects, which were not transferred to forest cover land,
had the recovery index less than 40 %.

Results

The SWVI recovery index was selected after the analysis of dynamic spectral
indices as more suitable for the assessment of land reforestation. An automatic
method for transferring non-forest cover to forest cover land was developed based on
k-means method of non-supervised classification. Scheme for transfer non-forest to
forest cover land is showed in Fig. 4.

The first step is the classification of satellite imagery on 15 clusters in the
framework of the Hansen’s forest loss layer in the period from 2000 to 2014 [6].
Average SWVI values were calculated for each cluster.

classification in SWVI mean If class have
framework forest loss for every SWVI mean
layer cluster >> threshold

satellite
image

calculate reforestation
SWVI mask

creation forest mask: threshold
tree canopy 1.Tree canopy >> 60 % SWVI mean of (80% of SWVI

layer 2. Subtract of forest forest mask
mean forest)

changes

Fig. 4. Scheme for transferring land to forest cover land
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The second step is creating forest mask, which includes mature and over-mature
forests without disturbances. The forest mask is created using tree cover layer [10] and
includes pixels that have canopy equal or more than 60 %. After that, the average SWVI
value was calculated for the forest mask and threshold for transferring non-forest cover
to forest cover land, which equals 80 % from the average forest mask value.

The third step is comparing the average SWVI value of each cluster with
threshold for transferring to forest cover land.

Developed method was applied for imagery of the Landsat 8 satellite with
ID: LCO8_L1TP 181015 20180719 20180731 01 TI.

Conclusion

Analysis of research objects using remote sensing technology shows the
possibility of creating methods for transfer non-forest to forest cover land. Optimal
threshold values of recovery SWVI is over 80 % from the initial values before
disturbance. Calculation of the initial index value for every pixel is a very difficult
task, because initial value of forest was calculated using forest mask, which includes
pixels mature and over-mature forest without disturbance.
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CIyTHUKOBBIC JIAHHBIC CTAHOBSATCSI BAXKHBIM MHCTPYMCHTOM JJIi MOHHUTOPHHTA U3MCHCHHUH,
MPOUCXOMAIIMX B JICCHOM MOKpoBe. JlanmpHEWIee pa3BUTHEC TEXHOIOTUN TUCTAHIIMOHHOTO
30H/IMPOBAHMS 3EMITH CO37[aeT BO3MOXKHOCTHU JJIsi PEUICHUsS OOJIee CIIOKHBIX 3a1ad, TpeOy-
FOIIIMX MHOTOKPATHOTO aHajk3a CIyTHUKOBBIX JMaHHBIX. OIIGHKA YCICIIHOCTH JICCOBOCCTA-
HOBJICHHSI TTOCJIC BOSHUKHOBCHUSI HAPYIICHUI B JICCHOM IMOKPOBE SIBJSICTCS TaKOM 3a1adycid.
TpaauIMOHHBINH METO] OIICHKH YCIICIIHOCTH JICCOBO30OHOBIICHHS — 3aKJIaIKa MIPOOHBIX ILJI0-
maneil — TpeOyeT 3HAYMTEIBHBIX BPEMCHHBIX 3aTpar W pecypcoB. IlojieBbiec paboOThI U OT-
HECCHHUE 3EMEJIb K 3eMJISIM, 3aHSATHIM JICCHBIMH HACAXICHUSIMHU, Yepe3 3aKIJIAJKy MPOOHBIX
IUIOMIAJICH IPOU3BOISITCS TI0 METOJIMKE, pa3paboranHoi DenepaibHBIM areHTCTBOM JIECHOTO
xo3sticTBa Poccun. JlaHHass MeTOAMKA MMECT PAa3JIMYHBIC KPUTCPUHU YCIICIIHOTO JIECOBO300-
HOBJICHHS TSI KQXKJOTO PErHoHAa. TeppUTOpPHSIMHU HCCICIOBAHUS CTamu ApXaHTeiabCcKas U
Bomnoronckast obnactu, a takke PecnyOnuka Kapenus. PacturenbHOCTh 1aHHOTO perroHa
OTHOCHTCSI K TAC)KHOW 30HE M PA3ICIIACTCS HA MATh TPYIIL PAOHBI IPUTYHAPOBBIX JIECOB
U PENKOCTOMHOM Talru, CeBEpO-TACKHBIM, CPEIHETACKHBIH U FOHKHO-TACKHBIA DPaiOHBI.
MexayHapoaHasi KiTacCU(pUKaIUs OTHOCUT JNaHHBIC Jieca K TpyIme O0opeaibHbIX. Vcmonb-
30BaHMEC CITYTHHKOBBIX JAHHBIX MO3BOJIUT ONTHMU3HPOBATH MEPOIPHUSTHS MO OTHECCHUIO
JICCHBIX YYaCTKOB K 3EMJISIM, 3aHSATHIM JICCHBIMH HacaXJACHUSAMHU. [IpOBE/ICH aHATN3 UHICK-
coB Boccranosienus NDVI, SWVI u NBR na o6nekrax jaecoBo3obHoBienus. Ha kaxmplii
HCCJICYCeMBbIil 00BEKT IMOTyUCHBI MTOJICBBIC TAHHBIC O KOJIMYCCTBE MOAPOCTa, CPETHEH BBICOTE
JPEBOCTOSI M MOPOHOM cocTaBe. OOpaboTKa OOJBIIOT0 KOJUUECTBA CITyTHUKOBBIX CHUMKOB
TpeOyeT 3HAYUTENILHBIX BBIYUCIUTEIBHBIX MOIIHOCTEH, TIOATOMY JIJIsl TIPOBEICHUS aHAN3a
ucronb3oBanach miardpopma Google Earth Engine. Ha ocHOBe 1mory4eHHBIX TaHHBIX BHIOpaH
HauOoJIee MPUTOTHBIN JJIs1 CO3IAHMSI ABTOMATUYCCKON METOIMKH TI0 IEPEBOLY 3€MEITh B JICCO-
MOKPBITYIO Miomaas uuaekc SWVI kak Hamnydiuil cieKTpaabHbIA UHAEKC I pa3aeaecHus
3eMeJb Ha JOCTUTIINE M HE JOCTHUTIINE KPUTCPUEB OTHECECHUS K 3EMJISIM, 3aHSATHIM JICCHBI-
MU HacaxaeHussMU. ONTUMaIbHBIM MTOPOTOM JJIS IEPEBOIA 3eMeNb CTallo HocTkenue 80 %
BOCCTAHOBIICHUSI OT MEPBOHAYAIBHBIX 3HAUCHHI MHJICKCA JIO0 BOZHUKHOBEHUS HAPYIICHHUNA B
JISCHOM TMOKpOBe. Vcmonb30BaHne MeToa A-CPETHUX M TIOPOTOBBIX 3HAUCHHI MHIEKCA IS
MepeBo/ia MO3BOJIIIO CO3aTh ABTOMATH3HUPOBAHHYIO MCTOTUKY.

/s yumuposanusn: Karpov A., Waske B. Method for Transferring Non-Forest Cover to
Forest Cover Land Using Landsat Imageries // I3B. By30B. JlecH. sxxypH. 2020. Ne 3. C. 83-92.
DOI: 10.37482/0536-1036-2020-3-83-92

@unancuposanue: JlanHOE MCCICIOBAHUC TPOBEICHO B paMKax MpoekTa « MOHUTOPHHT Jie-
COB B ApXaHTeJIbCKOW 00JIaCTH ¢ UCIIOb30BAHUEM JJAHHBIX MYJIBTUCCHCOPHOTO TUCTAHIIMOH-
HOTO 30HIUPOBaHU», PUHAHCHPYeMOro MUHHCTEpPCTBOM 00pa3oBaHus W Hayku Poccuu u
I'epmanckoli city00# akaJeMHUYeCKHX OOMEHOB B paMKax mporpammbl «Muxami JIomoHO-
coB» (mpoekT Ne AAAA-A19-119020590052-2).

Kniouesvie crnosa: 3E€MJICIIOJIB30BaHUEC, JICCHOC XO3HﬁCTBO, JICCOBOCCTAaHOBJICHHEC, Landsat.

[Mocrynmna 03.04.19 / Received on April 3, 2019




ISSN 0536-1036 «HW3BecTus By30B. JlecHoi xxypHaa». 2020. Ne 3 93

VK 630%624.9
DOI: 10.37482/0536-1036-2020-3-93-105

ADAPTIVE FOREST MANAGEMENT: CASE STUDY OF SESSILE OAK
(Quercus petraea (Matt.) Leibl.) FORESTS ON OZREN MOUNTAIN
OF THE REPUBLIC OF SRPSKA

Z. Govedar', Doctor of Silviculture, Prof.; ResearcherID: AAH-6314-2019

ORCID: https://orcid.org/0000-0001-9791-4113

M. Medarevié?, Doctor of Forest Management, Prof.

'Faculty of Forestry, University of Banja Luka, Vojvode Stepe Stepanovica Blvd., 75A, Banja
Luka, Republic of Srpska, 78000, Bosnia and Herzegovina;

e-mail: zoran.govedar@sf.unibl.org

2Faculty of Forestry, University of Belgrade, Kneza Viseslava, 1, Belgrade, 11000, Republic
of Serbia; e-mail: milan.medarevic@sfb.bg.ac.rs

Adaptive management is a basic concept of managing forest ecosystems in the face of
increased risks such as climate change. Therefore, there is a need to develop key theories
and information on which adaptive forest management is based on. This paper deals with
the overview of basic information on adaptive forest management, with particular reference
to its importance in relation to examples of sessile oak forests drying and climate change in
the Republic of Srpska, Bosnia and Herzegovina. Silviculture of sessile oak forests affected
by acute and chronic drying of the trees should be based on the preservation of the complete
set of stands and miscibility with black pine on shallow serpentinite and peridotite soils. The
paper deals with the possibilities of adaptive management of sessile oak forests and concludes
with a description of adaptive management activities.
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Introduction

Adaptive management is the monitoring of activities (controls) in order to
adapt future plans and strategies to the desired management effects. The first ideas
about adaptive management of natural resources are described in the papers of
Holling C.S. (1978) and Walters C.J. (1986) [13, 43]. The main causes that influenced
the implementation of adaptive forest management are related to basic forestry
principles (sustainable development, common social interests, forest functions, forest
management goals, obligations of forest users, etc.). The basic three types of adaptive
control are reactive, passive and active adaptive control [7, 44]. Reactive management
implies that management results are used for subsequent decisions that are expected
to lead to improved results and achievement of goals. This form of management
evolves from inexperience in management as it takes on all the benefits that come
from the application of earlier management systems. Passive adaptive management
is based on the prediction of ecosystem response to the earlier activities of the control
mechanisms. Passive monitoring and evaluation of management is carried out before
the start of management activities and there is no satisfactory control over the response
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to the management mechanism as monitoing is not sufficiently represented. The key
problem is that in passive management, the answer to the question “was the impact of
control mechanisms on the ecosystem caused by a management activity or a natural
process?” in passive adaptive management, decisions are made mainly on the basis of
quantitative indicators, but insufficient attention is paid to unforeseen events (risks).

Active adaptive management can establish a cause-and-effect relationship
between management activities and ecosystem changes based on the monitoring of
experiments (“learning from practice”). This model involves the creation of multiple
parallel control systems that can be evaluated and compared simultaneously [7], and
the system that is most favorable in the current state of the ecosystem is applied.
Unlike traditional approaches to resource management, decision-makers in active
adaptive management systems are fundamentally changing relationships. According
to the EUFORGEN (European Forest Genetic Resources Program), an equal level of
decision-making between scientists, managers and the public has been identified in
the concept of the so-called. Integrated Adaptive Control [21, 37]. Active adaptive
management takes precedence over passive because monitoring is integrated into
the management process and decision making in forestry is based on adapting plans
to change based on control results. Unforeseen circumstances are continuously
monitored during the implementation of the plans. This means that the basic feature
of active adaptive management is the monitoring and control of ecosystem responses
to management actions. However, it is considered that there are also aggravating
circumstances for its application because it is more expensive and complex [43].

Two strategies have been developed within the adaptive management of forest
ecosystems [5]. The first relates to the conservation of existing forest structures
that can be applied to stands at the end of the production period, stands made of
resistant tree species and stands with high environmental and economic value. The
second is passive adaptation of forest ecosystems, which can be applied in stands of
low ecological and economic importance and with high costs of active adaptation.
The third is the active adaptation, which is applied in stands made of species with a
pronounced climate tolerance, in stands with a pronounced purpose function and a
high risk of threatening factors of biotic and abiotic nature. This paper is based on a
case study level to partially influence the transfer of scientific knowledge to the actual
conditions of management of oak forests affected by the drying process.

Monitoring and the importance of climate change risk assessment

The development of adaptive management systems is based on monitoring,
which determines the effects and takes measures to improve the state of forests [15].
Adaptive management requires information on the response of ecosystems (climate,
changes in soil characteristics, occurrence of pests and diseases, etc.) to management
mechanisms [10]. Forest ecosystems have a rather large adaptive potential, but risk
factors such as fires, pests, diseases and climate change require management measures
aimed at maintaining the balance of forest ecosystems [47]. In the context of adaptive
management, the most important is the control method of forest management, which,
based on additional information, despite the risks, can better determine the system of
measures that can achieve the set goal [6]. The basic way of quality monitoring and
control of forest management consists in periodic forest inventory, which connects
forest management planning with management mechanisms. Forest inventories
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for the purpose of development of operational management plans in the Republic of
Srpska refer to a period of ten years and the collected data are used for the preparation
of forestry bases that are implemented in chronological order by forest management
companies. Advantage of adaptive management is that plans are adjusted based on
the results of monitoring to new contingencies. Adaptive management in forestry goes
through several stages, from defining management problems to analyzing the effects of
management and incorporating the results of the analysis into the plan (Fig. 1).

PROBLEM IN FOREST
MANAGEMENT

CORRECTION
AND
HARMONIZATION

DECISION MAKING
AND PLANNING

ADAPTIVE
FORESTS
MANAGEMENT

SUCCESS AND
CONTROL
ASSESSMENT

REALIZATION OF THE
PLAN

Fig. 1. Phases of adaptive management

Uncertainty in forest management, which can lead to environmental, social and
economic losses, is a risk. Management risks are caused by instability of biocenosis
and habitat and depend in particular on negative biotic and abiotic influences. In order
to reduce the risk in forest management, there was a need to develop management
mechanisms that enable the adaptation of forest ecosystems. Climate change is cited
as a global problem that complicates forest management risks [27, 35]. Studies
show that there is a global warming trend that is reflected in an increase in average
temperature by 0.8—1.2 °C since 1900 [11, 26].

Many adverse events in the early 21th century, such as the extreme drought
in central Europe in 2003, led to a large decline in the vitality and productivity of
forests [8], followed by fires in southern Europe (Portugal, 2003; Greece, 2007)
and storms (Germany, 1990 and 1999, France, 1999; Slovakia, 2004; Southern
Sweden, 2005; Central Europe, 2007) also destroyed large areas of forests [9, 34].
The destruction of large forest areas due to catastrophic fires affected arecas and
countries of other continents (Siberia, Brazil and Australia) during 2019. Extensive
research worldwide indicates that future disturbances caused by drought, wind
and snow will be more severe and temperature local and annual changes will vary
greatly [36]. However, it is considered that the climate variable determining wind
disturbance (frequency and intensity) will be the most influential in the future.
Research has also highlighted the need to analyze the interactional effects of climate
change as an incentive for tree mortality, emphasizing the strong dependence on the
level of development of biotic disorders. The complexity of interaction disorders
complicates predictions of future changes in forest climate in space and time. Risks
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in forest management force foresters to accept “avoiding the uncontrolled and
managing the inevitable” [4]. However, due to the biological and economic aspects
of production, forestry makes it difficult to accurately predict uncertainty, that is,
the occurrence of risks.

Significant uncertainties in forest management are caused by: forests
heterogeneity; volatility of economic conditions in forestry; fluctuations in natural
phenomena (climate change, natural disasters, storm winds, fires, etc.); inadequate
risk and impact assessment; lack of preventive measures, etc.

The major problem is that climate change is occurring at a much faster rate
than expected [19]. Adaptation of forests to climate change is a basic prerequisite for
maintaining the structure, vitality and functioning of European forest ecosystems,
including their logging and their importance for carbon sequestration [30]. According
to forecasts, temperatures in Europe will increase by 1.0-5.5 °C annually over the
next 100 years; global warming is likely to reach 1.5 °C between 2030 and 2052. If
temperatures continue to rise at the current rate and the incidence of heat waves longer
than 7 days as droughts occur will increase [25]. The temperature in the southern
parts of Europe increased by about 3.0 °C in summer compared to the reference time
period 1961-1990. In Europe, more frequent and intense rainfall is expected during
autumn and winter and summers will be extremely warm and dry. As a result of
global climate change over the next 50—-100 years, it is assumed in Europe that very
harsh and unstable weather conditions can occur [26].

Adaptive management to prevent forest management risk:
Case Study — Sessile oak forests on Ozren mountain in the Republic of Srpska

The drying of sessile oak forests in the Republic of Srpska and Serbia was
established at the end of the 19th century, and the last major drying, which continues
today, began in 1980 [16]. On Ozren mountain in the Republic of Srpska, Bosnia and
Herzegovina (BiH) (Fig. 2), over 1.000 ha of the sessile oak forests have been dried.
These forests typologically belong to the high sessile oak forests and mixed forests
of the sessile oak and black pine (Pinus nigra Arn.) on shallow (sometimes deep)
eutric brown and distric soils on serpentines and peridotites. The area is located at an
altitude of 500 to 800 m.

Republic of Srpska
(BiH)

Fig. 2. The geographical location of Ozren Mountain
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The drying of the sessile oak forests on Ozren mountain is a consequence of the
settlement of damage caused by the intense drought, where shallow soil dominates
on serpentinite and peridotite geological ground. The forests of the sessile oak in the
Ozren area can be characterised by: insufficient production effects; unfavorable age
structure; unsatisfactory health.

Comparing the basic elements of the structure of sessile oak stands affected
by the drying process, it can be characterised by decrease of the share of sessile oak
in the mixture ratio by 20 %, the current volume increase by an average of 1.0 m3/ha
and the stand canopy by 20 %. The productivity of high sessile oak forests in this
area is much less than optimal. This is especially true for mature stands where the
optimum volume should be around 200 m3/ha [28]. The stands affected by drying
are dominated by stands whose mature trees are of 80 to 100 (120) years old and in
which, after heavy felling, the stand canopy has been completely “broken” in the
previous period, so the yield of acorns is very modest. The largest number of the
sessile oak trees on Ozren (over 90 %) is affected by crown drying and defoliation
over 80 and 95 % according to the classification system for the vitality assessment of
tree crowns [14].

Ozren forests have been exposed to the trend of rising air temperatures for
many years (Fig. 3). The analysis of the time series and the trend of temperature
changes were performed according to data from the meteorological station in Doboj
for the period of 1961-2018.
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Fig. 3. Average temperature trend in the Doboj area (1961-2018 period)

The annual cumulative trend of rising air temperature averages 1.6 °C. A very
high cumulative trend of increasing average absolute maximum air temperatures in
the period from 1990 to 2018 was observed, which is as high as 3.8 °C. Also the
number of tropical days has been evidently higher in the last decade and ranges on
average from 3 to 6 days a year. Analysis of the trend of moving decadal average
annual air temperatures over the analyzed period shows a sudden increase in air
temperature of 19 decades (Fig. 4).
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Fig. 4. Trend of average moving decadal temperatures

Continuous runoff during the vegetation period is characteristic for 21 year,
and the transitional type of runoff (pronounced exorcism) during the vegetation
period is characteristic for 15 years of the series analyzed. Reduced water runoff was
during the dry summer months and is typical for 2011. The trend in the flow of this
drought index for the growing season shows a decline in values and an increase in the
duration of drought in the vegetation period. Using the Preslers drill bit from trees
with a pronounced initial phase of crown tip drying, the width of the growth rings
was measured using the CooRecorder 7.6 and CDendro 7.6 computer programs. A
sinusoidal flow of the latitude line was observed (Fig. 5), with two periods of intense
decline in latitude annual rings (the first period from 1961 to 1980 and the second
significantly more pronounced from 2010 to the end of the analyzed period). These
dry periods caused the acute and chronic form of drying of oak. The acute form results
in a very intense drying process that begins and ends in a single season. The chronic
form is a long process in which the trees dry gradually and the process usually begins
with the appearance of dryness which gradually spreads and engulfs the entire crown.
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Fig. 5. Average width of annuals of sessile oak trees in the
initial stage of drying
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Climate can be considered as a first-degree sudden factor that paves the way
for the arrival of other factors leading to the sessile oak forests [16]. Climate change,
followed by pathogenic organisms and defoliators, have the greatest impact on
decaying of sessile oak forests [32]. These factors can be attributed to inadequate
silviculture practices as well as the assumption that there is a significant participation
of mature stands in the sessile oak forests on Ozren mountain in the Republic Srpska.

Another problem in forestry is the slow and relatively low adaptability
of the sessile oak forests under new climate change conditions, as well as lack of
precise information on the degree of threat and degree of risk of individual forest
communities. Namely, after severe droughts on relatively large areas on Ozren
mountain, all communities do not respond in the same way because their sensitivity
is different. The risks of forest management (e.g. “multiple stress”) and the long-
term nature of the production process complicate the effects of silviculture, especially
on areas that need to be rehabilitated after the drying of forests. There are at least
three factors of climate change that trees need to adapt to: temperature increases,
increased carbon dioxide concentrations, and increased nitrate deposition. Therefore,
silviculture has a special importance and a preventive role in forest protection [22,
23]. However, targeted silviculture practices can be very useful in reducing the risk of
forests management. If inadequate silviculture practices create favorable conditions
for the development of pests and diseases, we reduce the vitality of forests, which
may, for example, encourage the gradation of some insects [3, 31, 36, 45, 46], such
as Lymantria dispar in deciduous forests [12]. Most pathogenic fungi of temperate
forests require temperatures between 20 and 30 °C for optimal mycelial growth [40].

Soil moisture deficiency increases the possibility of fire, as well as water supply
and soil temperature in the interconnection create conditions for harmless saprophytic
organisms or, conversely, for dangerous pathogens. Also, the degree of adaptation
of trees to soil structure, acidity and nutrient availability may affect the success of
natural regeneration in conditions where the forest is threatened by drought. The
need for adaptive silviculture practices of forests that are threatened by drought is
increasingly expressed today. Young stands now formed by afforestation or occurring
after natural regeneration usually have a production period that overlaps with climate
change scenarios from 2070 to 2100. These stands will be exposed to the drastic risks
that await them over a lifetime. According to the scenarios and models presented
in the third national report on climate change in the Republic of Srpska, BiH [42],
the trend of increasing the average annual air temperature by 2030 compared to the
base period 1961-1990 will be up to 1.0 °C. It also envisages a reduction in the area
under forests and a reduction in the average annual CO, storage capacity, partly due
to the drying up of forests. The highest increase in air temperature is expected in
summer (up to 1.4 °C). In the period from 2071 to 2100, according to the scenario
A2, arapid increase in temperature is expected, up to 4 °C annually and up to 4.8 °C
in summer. CO, emission by population in the Republic of Srpska (BiH) is 5.18 t/yr,
which is slightly more than half of the European average (9.93 t/yr per capita). If
the CO, content in the air is greater than 0.05 %, the intensity of photosynthesis
decreases, the plants are physiologically weak and the productivity of the trees
decreases [17]. It is assumed that an increase in air temperature by about 3.0 °C
leaves forest vegetation with a similar consequence as the shift of vegetation altitude
by 500 m above sea level. Most climate models predict major changes within the
forest range. Species with small habitats will be particularly endangered, and climate
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extremes will be a major problem for limiting habitats of many species. This will
especially affect species with a narrow ecological valence. The most threatened will
be the xerothermal and continental areas where the sessile oak forests are located.
The greater the difference between the current species composition and future forest
types that future natural vegetation will make, the more intensive forest management
practices will be required [21, 23].

In such circumstances, there is a need to develop adaptive forestry management
that can provide useful forest functions even in uncertain conditions. Silviculture is
facing the most difficult task because, based on the current state and projections of
uncertain events and risks, positive effects are expected in the future on services
provided by forest ecosystems. One way of adaptive management is to compare the
present composition and natural regeneration of species with the expected vulnerability
and degree of adaptation of the main tree species in different change scenarios.
The second strategy concerns the formation of mixed and uneven-aged stands [12,
25] that have a greater possibility of complementary adaptation to environmental
conditions [17, 24, 33]. In addition to adapting to future climates, mixed forests are
considered to be superior in terms of economy [17, 18] and ecosystem functioning [2,
17]. Possibilities of creating mixed stands of the sessile oak and black pine in poor
serpentinite-peridotite habitats represent one of the adaptive management options.
In highly exhausted and erodible terrains in the Ozren area, it is possible to enter
black pine artificially. As a pioneer species in these habitats, black pine can create
the prerequisites for natural restoration of sessile oak. Adaptive management of
the sessile oak forests affected by droughts under the influence of climate change
involves monitoring the succession of vegetation and natural regeneration together
with black pine. In order to remedy the effects of forest drying, silviculture should be
based on maximizing growth and vigor, adapting tree species to habitat conditions
and increasing the diversity of endangered stands.

Adaptive silviculture in drought-affected stands in the Ozren area can be
classified into the following groups: eliminating the effects of drying; natural and
artificial restoration of stands; tending of stands and amelioration of degraded stands;
saving economic benefits; preventive protection of stands.

Removal of the consequences of drying should be done by sanitary felling. The
surfaces with the highest degree of urgency are treated first. These are areas with very
poor tree health. Sanitary felling should remove all the sessile oak trees that are affected
by the drying process in the advanced stage (standing dead wood), trees with heavily
reduced crowns, then infected and diseased trees. These tree fellings are of preventative
importance because they reduce the potential for the harmful factors. It also prevents
the emergence of oak bark beetles (Scolytus sp.) as it can transmit infection by vascular
fungi [20, 41]. If the stand canopy is less than optimal (0.7) and tree mortality is greater
than 30 % then there is justification for applying fellings to save economic benefits.
Tree marking is simple and involves only dead and dying trees.

To minimize potential negative impacts the adverse factors, we need to
implement various prevention and adaptation measures with different timeframes
for implementation [1]. Basically, preventive actions can be classified into three
main categories: legal, silviculture and direct [22]. The main element of forest
management planning under risk conditions is a clear silviculture objective. For
forests of productive character (economic forests), the primary goal is to produce
the maximum amount of quality timber volume in the shortest possible time while
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maintaining optimal habitat potential and at the lowest cost possible. This means that,
in practice, the optimal quantity and structure of wood assortments should be ensured
by applying operational management plans. Therefore, it is necessary to identify
more possibilities for forest management (adaptability of forest management). This
would systematically reduce uncertainties and increase the likelihood of success over
a relatively long forestry production period. They typically, as well as environmental
factors, act as complex and complementary as integrated risks and often lead to
offsetting negative effects.

Preventive silviculture practices are the best way to prevent the occurrence of
forest drying [7, 29, 38, 39] and they represent a good health status of forests. In order
for these practices to open up full effects in management, they must be implemented
in even aged stands throughout the production period (rotation). Silviculture effects
are most influential when applied several years before health problems occur. Another
significant component of preventative methods is sanitary felling. Their application
seeks to prevent the cause and duration of damage. However, these measures should
be timely because they prevent the occurrence of damage to biotic and abiotic
origin. Significantly, forest management measures should be consistent with the
underlying function of the forest, depending on its occurrence. The basic problem is
that we often don’t know the primary cause of a negative phenomenon. Therefore,
silviculture practices are not adequate for preventive problem solving and acting in
accordance with the risks identified. The structure and resilience of forest stands is
greatly influenced by the tree composition of the stands, tending of stands and natural
regeneration forests.

Conclusion

Adaptive forests management requires the identification of threatening factors
(risks), defining their duration and frequency of occurrence. In addition, it is important
to know the cost structure required for preventive and adaptive forest management.

Forest ecosystems have a fairly high adaptive capacity however for developong
forest management plans, it is necessary to list potential risks, whether they are
harmful and to identify risky deviations from the normal (optimal) state of the forest
ecosystem. Adaptability to decision-making depending on the risk of climate change
implies a broader range of decisions.

Due to the risk of forests management and their sensitivity, different silviculture
practices are recommended depending on the type of pests, diseases, fires, winds, etc.

To reduce the risks of future forest disturbances, a stronger understanding of the
relationship between silviculture, the likelihood of risk occurrence, and the sensitivity
of forest ecosystems is needed. It is necessary to adhere to modern principles of the
close to nature silviculture and adaptive forests management. Due to the ecologically
negative effects of drying that threaten the complete disappearance of the oak sessile
stands, it is necessary to remediate the surfaces in accordance with the activities
foreseen for emergency situations in the field. The silviculture practices in the Ozren
mountain area should be aimed at preserving the stand structure and creating mixed
stands with black pine on the geological base of serpentine and peridotite. Afforestation
of difficult terrain, such as often natural sessile oak habitats, will be increasingly
complex and difficult, and will require adaptability of species and genotypes
introduced to remedy the effects of drying sessile oak forests. In an economically
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difficult conditions, timely and preventative silviculture practices should play a major
role in reducing the risks associated with adaptive forest management. One of the
main tasks for adaptive management is the maintenance and development of such
forests, which are adapted to the integrated risks. Dynamic monitoring, inventory and
control of forest management is required for the sustainable development of forestry
and the successful implementation of adaptive forest management.
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ATanTHBHOE YIPaBICHUE SBISAETCS OCHOBHON KOHIIETIIIMEHN YIIPABIEHUS JIECHBIMH KOCUCTE-
MaMH B YCJIOBHUSIX MMOCTOSTHHO M3MEHSIIONIEr0 KiuMara. B cBsi3u ¢ 5TUM, HEOOXOIUMO HAUTH
uH(OpMaIHio 1 pa3paboTarh OCHOBHbIE TEOPUH, HA KOTOPHIX OCHOBAHO aJANTUBHOE YIIPaB-
JICHHE JIECHBIM X03s1iicTBOM. JlaHHas paboTa maet obiiee mpeacTaBieHne 00 aTanTHBHOM Jie-
COTIOJIb30BAHUY B KOHTEKCTE YChIXaHUs TyOOBBIX JIECOB U M3MEHEHHUS KiinMata B Pecrybnuke
CepoOckoii (bocuust u I'eprieroBuna). PasBeneHue JieCOB CKalIbHOTO ay0a, MOIBEPKEHHBIX
OCTPOMY U XPOHHYECKOMY YCHIXaHHUIO, JOKHO OCHOBBIBATHCSI HA COXPAHEHUH BCEX Jpe-
BOCTOCB M CIIOCOOHOCTH K TIPOM3BPACTAHHIO COBMECTHO C YEPHON COCHOM Ha HETTyOOKHX
CEPIICHTHHUTOBBIX U TMEPUJIOTUTOBBIX MOYBAaX. B CTaThe paccMaTrpuBarOTCs BO3MOKHOCTH
QJIaNITUBHOTO YIPABJIEHUS JIECAMU CKaJIBHOTO Jy0a M JaeTCsl XapaKTePUCTUKA MEPOTIPHSITHI
0 aJIAaNITHBHOMY YIPABJIEHHIO.
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Sessile Oak (Quercus petraea (Matt.) Leibl.) Forests on Ozren Mountain of the Republic of
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CTpouTEnbCTBO JIECHBIX JOPOT SIBIISETCS OJHUM M3 IPUOPUTETHBIX BOIPOCOB JIECHOTO KOM-
miekca. Hemocrartouno pa3BuTas necHast JOPOKHAs CETh HE MO3BOJSET UCIOIb30BaTh JIECHBIE
pecypchl, HaxosIIIrecss Ha 3HAYUTEILHOM PACCTOSIHAU OT J0POT OOIIETo IMOJIb30BaHMs, TaK
KaK peHTa0eIbHOCTh JIEC03aroTOBKM MHOTOKPATHO CHIDKaeTcsl. Pacimpenue nHQpacTpyKTy-
PBI JIECHBIX JIOPOT MTO3BOJIUT MOBBICUTH MOOMIIBHOCTB, @ TAKIKE PEHTA0EIbHOCTH T00BIYHN pe-
cypca. OCHOBHOI MPUYMHOMN 3aITyIIEHHOTO COCTOSIHUS JIECHOM JTOPOXKHOM MH(PPACTPYKTYPHI
SIBIISIETCSI BBICOKASI CTOMMOCTB CTPOUTEIHCTBA JIECHBIX JIOPOT, KOTOpast 00yCIIOBJICHA BHICOKOM
CTOMMOCTBIO JIOPO)KHO-CTPOUTEIBEHBIX MaTepHajioB, a Takke OOJBIIMMHU PACCTOSHUSMH WX
TpaHCTIOPTHPOBKHU. OIMH U3 aKTYaJIbHBIX CIIOCOOOB CHMKEHHSI CTOMMOCTH JOPOXKHO-CTPOU-
TEJBHBIX MAaTEPUANIOB — ITO HCIIOIb30BAHUE OTXOA0B MPOMBINUIEHHOCTH. C LEIbI0 PEHICHUs
JTAaHHOM 3a71auu OBUIO MPOBECHO MCCIIEA0BAHUE JUIS TTOIYUYEHHS CII0SI JOPOKHOW OJIEIKIBI C
BBICOKMMH (PU3MKO-MEXaHNYECKUMH TIOKa3aTeIIMHA ¥ CPAaBHUTEIILHO HU3KOH CTOMMOCTBIO M3
OTXOJI0B IIPOMBIIIIIIEHHOCTH. B KadecTBe BSIKYIIETO B CMECH HCIIONB3YeTCsl OBITOBOM ITOIH-
STHJIEH BBICOKOTO JABJIEHUS, a 3alOJHUTEIS — 30J1a OT CXKUraHMs OCajJKa CTOYHBIX BOX. 3a
CUeT NMPUMEHEHHMS TUIACTHKA B CMECH 00pa3yeTcsl KoaryJsIHOHHO-KOH/ICHCAIINOHHAs CTPYK-
Typa, IIpU TOM MaTepuall XapaKTepU3yeTcsl BBICOKOH MPOYHOCTBIO U MOPO30CTOMKOCTBIO.
JanHoe mcciienoBanre o0iagaeT HayYHOH HOBH3HOM, TaK Kak BOIIPOCHI aJre3WH MOINATH-
JIeHa C Pa3IMYHBIMU 3AITOTHUTEIISIMH MaJlo U3y4eHbI. 3a OCHOBY CMECH OBLIH B3SIThI BTOPHY-
HO-TIepepadOTaHHBIE MTOIUMEPHI (IPOOICHBIH TONMATHIICH, Gpakius 1,5-2,5 MM) B KadecTBe
CTPYKTYPOOOpa3yomero KOMIOHEeHTa. Takke CyIIecTBOBaJla HEOOXOANMOCTh J00aBICHHS
MaTepHaa-3aoIHUTENs, €r0 poJib ChIrpajla 3014, OCTaBLIasCsA IOCIE CXKUTAHUS OCaaKa
CTOYHBIX BOJ npennpustust «Bonokanam». 1o pesynasraram HCHBITaHUH OBUT TIOJTyYeH Mare-
pua ¢ nmokasareasiMu IpouHocTu npu cxkaruu 170,63-552,08 MIla, moxyneM ynpyroctu ot
322,0 no 960,0 MIla, BononorouieHrueM B npeaenax 1 %, 4ro 1aeT BOZBMOKHOCTh UCIIONB30-
BaTh €r0 B JIECHOM JOPO’KHOM CTPOUTENILCTBE, B TOM UUCIIE B KAUECTBE YKPEIUISIOIIETO CH0S
JIOPOXKHOM OJIEK/IBI JIECHBIX JIOPOT Ha CJIa0BIX rpyHTax. [IpruMeHeHne norydyeHHoro MaTepu-
ajia B JIECHOM JOPOXKHOM CTPOWTEIHCTBE TIO3BOIHUT PACIIUPUTD JIECHYIO IOPOKHYIO HH(pa-
CTPYKTYpy 3a CUeT CHI)KEHHUs cTouMocTu. Hamm uccnenoBaHus MOKa3bIBaloT, YTO BBEICOKUE
(U3MKO-MEXaHNUECKHE ITOKA3aTeIN yBEINYIaT CPOK CITY>KOBI JIECHBIX JIOPOT, a, CIIeA0BATEIb-
HO, M CPOK MEX/y KalnTaJIbHBIMH PEMOHTaMH — JIAHHBIE ACTIEKTHI TTOJIOKUTEITHHO MOBIIUSIOT
Ha peHTa0eIbHOCTD CTPOUTENBCTBA JIECHBIX JIOPOT.
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Bseoenue

Ceromgust B Poccun cymiecTByeT mpobiieMa MOCTyIa K OTHAJICHHBIM JIECHBIM
pecypcam. PeHTabenbHOCTh J1€C03ar0TOBKH CHU)KAETCSI 3@ CUET MOBBILICHUS CTOMMO-
CTH BBIBO3KH CBHIPbsl BCJIEICTBHE H3HAYaIbHO BBICOKOM LIeHBI | MOT M JIECHOH 10po-
1 (0COOEHHO, €CIM YUUTBIBATh CIIOKHOCTH B BUJE CJIa0BIX TPYHTOB). YMEHbBILCHHE
CTOMMOCTH CTPOUTEJIbCTBA JIECHOH O0POTH BO3MOYKHO € MTOMOIIBIO 3aMEHBI JOPOro-
CTOSIIIIUX KOMITOHEHTOB JIOPOXKHOM OJIE’KbI HA HHHOBAIMOHHBIE, OOJIee JIeIIeBbIe.

Llenpro HAydYHOTO WCCIEOBAHUS SBISIETCS MONyYeHHE TIPOYHOTO MaTepuaa
JUISl YKPETUICHUS JIECHBIX aBTOMOOMIIBHBIX IOPOT Ha cIa0bIX IPyHTaX.

Ha xonen 2018 . 30 % nmopor Ha Tepputopun Poccuu HaxomsaTcs 3a 4yepTon
YAOBIIETBOPUTEILHOTO cOCTOAHUS. JlaHHbBIN (pakTOp yXyamaeT BO3SMOKHOCTb UX ObI-
CTPOM MPOKIAJKU U PEMOHTA.

CymiecTByeT TEXHOJIOTHSI HCIIOIh30BAHHS MTepepabOTaHHbBIX MOJIMMEPHBIX OT-
XOJIOB B KQU€CTBE JOOABKH-3aIIOJHUTENS B OUTYM NPH YKJIAJKE JOPOXKHON OJEKIbI,
paspaboranHas mHIuiickol kommanued «Plastic Waste Management Itd.». Cmech
IUIACTHKA, TMOJBEPrHYTOro nepepadoTke, 3aMeHsieT 8 % OoT MaccoBoil gonu OuTyma
U B JJAHHOM CJydae SIBJISICTCS YCTOHYMBOMW 3a cUeT J00aBleHMs CTa0MIM3aTOpOB, a
MOJIy4aeMoe TOKPBITHE, UMes (PU3UKO-MEXaHHYECKHE XapaKTepUCTUKHU, HE yCTyIa-
fonme acdanbToOeTOHY, TIO3BOJISIET UCTIONIL30BATH €T0 B Ka4eCTBE KOMIIOHEHTA JIO-
POXKHOM OEXKIbI.

[Togo6ubie pa3paboTku BexyTes U B Hamel crpane. Komnanus «Pyckommo-
3UT» MPOU3BOAUT ITUTHI U3 KOMIIO3UTHBIX MaT€pHaIOB ISl BOEHHO-IIPOMBIIIIEHHO-
ro KoMIuiekca. /laHHbIe MIUTHI OTJINYAI0TCA BEBICOKUMHU IPOYHOCTHBIMM MTOKa3aTes-
MU (TIpeienbHas Harpyska He menee 15 MIIa), nuzkoii maccoii (1 tuta Becut 80 Kr)
M XOpOIIUMH SKOHOMHYECKHMHU TIOKa3aTeNsIMH, TIOCKOJIBKY H3TOTaBIMBAIOTCS W3
IUTACTUKOBBIX OTXOZOB.

W3zyuyenre momoOHBIX TEXHOJOTHH OCYIIECTBISETCS M B APYTMX CTpaHax H
komnaHusix. [loBcemecTHas mpoOieMa MOCTENEHHOT0 UCTOLICHHUSI PECYPCOB MOJIE3-
HBIX MCKOITIAa€MBIX MPUBOAUT K MEJIEHHOMY, HO BEPHOMY POCTY CTOUMOCTH CTpPOH-
TEJIBHBIX MaTepHaIoB. DTOT QakT Ha (hOHE yBeIUYMBAIOIIErocs o0beMa MoJIuMep-
HBIX OTXOJIOB II03BOJISIET YTBEPXKAATh, YTO IO00HBIC TEXHOIOTUH — PEILICHUE 000UX
ACIIEKTOB MPOOJIEMBI, SIBIISIOIIEECS] SKOHOMUUECKH BBITOAHBIM. Ha maHHBIN MOMEHT
MHHULIMATUBHON Tpynmnoi kadeapsl npomsiiienHoro Tpancrnopra CIIOIJITY Benert-
cs1 pa3paboTKa CMECH C HCIIOIb30BAaHHEM BTOPUYHBIX TIOJIMMEPOB M OTXOJ0B MTPOM3-
BOJICTB.

CrouT ckas3arb, YTO Ha CETOAHSALIHWNA JCHb NPUMEHEHHE CTPOUTEIBHBIX
KOHCTPYKLMH M3 TOJIMMEPHBIX MaTe€pHajoB HE PErIaMEHTHPOBAHO, IIOCKOJIbKY OT-
CYTCTByeT OOJbIIasi 9acTh HOPMAaTHBHOW 0a3bl, OMHCHIBAIOLICH TEXHOJOTHIO HC-
M0JIb30BaHMs JaHHBIX MarepuanioB. M XOTS 3TO He SBISETCS NPEHSITCTBUEM JUIS
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3aJefiCTBOBAHMS MOJMMEPOB M HUKAKMM 00pa3oM HE MOXKET 3alpeTUTh UX MpUMe-
HEHHE B JIECHOM JIOPOYKHOM CTPOUTEINILCTBE, HO B OyIyIIeM, YUUTHIBASI TCHACHIIMH K
HCTIOJIb30BAHUIO BTOPUYHO-TIEPEPAOOTAHHBIX OTXOJI0B, HAIMYKE CTICIUAILHON JIOKY-
menTtanuu ('OCTe1, CHuller) 6ymet HEOOXOIUMO.

BaxHOCTB JaHHOTO HCCIIEA0BAaHMS TOATBEPKIACTCS CPABHUTEIILHBIM aHATU30M
TEXHUKO-9KOHOMUYECKUX XapaKTEPUCTHK BBIIICH3IOKEHHBIX PEIICHUH W peIICHus,
MIPE/ICTaBICHHOIO B cTaThe. bojee HU3Kask ceOeCTOMMOCTh MPOM3BOICTBA TIPH COXpa-
HEHUU (PU3NKO-MEXaHNUECKHX MTapaMeTPOB — GAMHCTBEHHBIH CIIOCO0 ITOJIC3HOM yTHITH-
3al[H MOTEHIMATEHO-0IACHBIX OTXOJIOB U, KaK CJIE/ICTBHE, YIAYUIICHHS YKOJIOTUH pe-
I'MOHA U CTPaHbI B LIeJIOM. VcXozs MX NperMyIIecTB MPOAyKTa, OIMCAHHOTO B IAHHON
CTaTbhe, MOYKHO 3aKJIFOYUTh, KAKHE HeJOPaOOTKN MPUCYTCTBOBAJIM B MPEILIECCTBYOIINX
0100HBIX HCCIIEOBAHMUX (MCIIONB3YIOLINX B CBOCH OCHOBE ITOJIMMEPHBIC MaTEPUAIIBI).

B peanusix cerogHsIIHero AH4 B JIECO3arOTOBUTEILHON OTPACIN OCTPO CTOUT
npodiieMa peHTabeIbHOCTH MOTYYEHHSI ChIPhsl. DTOT MOKa3aTelb HAMPSIMYIO 3aBUCHT
OT PacCTOSIHUSI BBIBO3KU IPOAYKLUH U, CI€A0BATEIbHO, OT CTOUMOCTH yCTPOICTBa
JIECHOH JOpOrH, BeAyIIel K MECTY JIECO3arOTOBKH.

B T0 e BpeMs B OTpaciu CTPOUTEIHCTBA JECHBIX JOPOI TAKKE CYLICCTBYET
LIl KOMIUIEKC TpoOieM, KOPEHHBIM 00pa3oM BIMSIIOIIMN Ha JAaHHBIA BHJ MPO-
MBILIJICHHOCTH. BBICOKast CTOMMOCTH MaTepHajoB U paboT Mo BO3BEICHUIO KOHCTPYK-
LIMH, HEAONTOBEYHOCTH U3-3a HECOOMIOACHNS TEXHOJIOTHI CTPOUTENHCTBA (IIpOocaaKa
JOPO’KHOT'O ITIOJIOTHA, TMOSIBJICHUE KOJICHHOCTH, Pa3pyLIEHHE KOHCTPYKLHMH) — BOT
JlaJIeKo HE BCE TPYAHOCTH, BOHMKAIOIIKME B MPOLIECCE BO3BEICHHUS JECHBIX JOPOL.
BrlmensnoxkeHHoe MOIYEePKUBAET aKTyalbHOCTh 3aINITAHMPOBAHHOTO HCCIIEAO0Ba-
HUS, B CBSI3U C THM IIOCTaBJICHA LEJIb UCCIEIOBAHUS — CO3AaHUE YKOHOMUYHOTO
Y MPOYHOTO JJOPOKHO-CTPOUTEIHHOTO MarepHasia ¢ MCIOIb30BaHUEM OTXOJ0B Mpo-
MBIIJICHHOCTH. 33 CYeT HU3KOH CTOMMOCTH CO3/IaBAEMOT0 Marepuaia OTKPhIBACTCS
BO3MO)KHOCTB PacLIMPHUTH JICCHYIO TOPOKHYIO HHPPACTPYKTYPY, a TAKIKE YBEIUUUTD
00bEeMBI T0OBIBAEMBIX PECYPCOB.

B kadecTBe BSKYILETO B CMECH UCTIOJIB3YETCs OBITOBOM MOJMATHIICH BEICOKOTO
JaBJICHMUS, a 3AIIOTHUTEIS — 30J1a OT CXKMI'aHHUs 0CaJKa CTOYHBIX BOJ. 3a CUeT MpuMe-
HEHHMS IJIACTUKA B CMECH 00pa3yeTcs KoaryssIIIMOHHO-KOH/ICHCAIIMOHHAS CTPYKTYpa,
IIPU ITOM MaTepUal XapaKTepPU3yeTCsl BBICOKOH MIPOUYHOCTHI0 M MOPO30CTOHKOCTBIO.
JanHoe uccnenoBanne o0OagaeT HAyYHOH HOBU3HOM, TaK KaK BOTIPOCHI a/ire3UH I10-
JIM3TUIICHA C PA3IMYHBIMU 3AII0JIHUTEISIMU MaJIo U3ydeHbl. B3aumoneiicTBue 305161 OT
COKUTaHUS 0CaJIKa CTOUHBIX BOJ C PA3IMUHBIMU BSDKYILIMMHE OBLIIO H3y4EHO B padoTax
3y60Boii O.B. u jip. [2—6]. PazpaboTkamu B 00JacT IPUMEHEHHSI PA3JINYHBIX BUIOB
30J1bI B CTPOUTENBHBIX Marepruaiax 3annManuch Liu Hongjun u ap. [16]. Mcnons3o-
BaHME IJIACTHKA B KAUECTBE KOMIIOHEHTa ac(hajbTOOETOHHBIX CMeCceil paCCMOTPEHO B
uccnenoBanusax Jynunoit O.A., JIeicsinaukoBa A.B., JlutBunenko H.A., Kopoukuna
A.B., CraxanoBa A.U., Ctpokuna A.C. u np. [1, 7-12], a Takxe B Tpynax 3apy-
OeXHBIX aBTOPOB, Takux kak E.S. Ahmadinia, S. Hinishoglu, I.M. Ion, M. Sulyman,
M.E. Tawfik, Shi Yin u ap. [13-15, 17-20].

Obwvexmol u Memoobl UCCAEO008AHUS
Ha craguu pa3paboTku cMecu Jjisi M3TOTOBJICHHS Marepuaia ObLIo HM3Ha-

YaJIbHO MPUHATO PCUHICHHUE O MPUMCHCHHUU OTXOJ0B IPOMBIIIJICHHBIX ITPOU3BOACTB
KaK OCHOBHBIX KOMIIOHEHTOB COCTaBa. 3a OCHOBY OBUIH B3SITHI BTOpHUYHO-TIEpCpPaA-
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OoTaHHBIC TIONIMMEpPHI (IPOOICHBIA NONMUATHIICH, Qpakuus 1,5-2,5 MM) B kayecTBe
CTPYKTYPOOOpa3yIoIIero KOMIIOHEHTa. Takxke TpeOOoBajioch A00aBlICHUE MaTepH-
aJja-3aroHUTENs, €0 POJib ChITpaia 30ja, MMOMydYeHHas IMyTeM COKUTaHHs OCaaKa
crounsix Box ['YII «Bomokanany (Cankr-IleTepOypr). Beroop ObLT caenman 1mo AByM
npuduHaM. Bo-TiepBhIX, CYIIEeCTBYET HEOOXOAUMOCTh YTHIIN3AIlUU TAHHBIX OTXOJIOB.
VYTunauzauusi myTeM JAajibHEHIEro MCHoiIb30BaHMs JyUlle B CPAaBHEHHUHU C KIIAacCH-
YECKHM ITyTeM (3aXOpPOHEHHE Ha MOJUTOHAX) YHUYTOKEHUSI OTXOAOB, MIOTOMY YTO
00beM UX MMONYYECHHUS PACTET B TEOMETPUUECKOM porpeccur. Bo-BTOPHIX, HCTIONB30-
BaHME dTHX KOMIIOHEHTOB SIBIISIETCS 9KOHOMUYECKH HAH00JIee BHITOHBIM, TOCKOIBKY
YIPa3THSIOTCS 3aTpaThl HA UX 3aKYIIKY.

3a 0CHOBY METO/IMKH U3TOTOBJICHUSI KOHEUHOTO MaTepraia Oblia B3siTa TEXHO-
JIOTHS TTOJIyYEHUS TUINT U3 CMECH Tlecka U moaumepHbIx marepuaios (TY 5716-001-
10651514-2013). CyTh aHHOTO METOJa 3aKiIIoYaeTcs B MOTYYEHHH OJHOPOIHOM
ropstaell CMecH KOMIIOHEHTOB C €€ MOoCIeyIomHM (GOpMOBaHHEM H NPECCOBAHUEM.
Hcxomapie KOMITOHEHTHI M3METBYA0TCS B TPOMBIIIIEHHOM MIPEaepe K MEXaHNIECKH
MIEPEMEIINBAIOTCS B CYXOM XOJIOJHOM BHJE. 3aTeM TOJyYeHHAs CMECh IOCTYIaeT
B IIIHEKOCMECHTEIBHBII aliapar, riie MPOUCXo/sIT ee JalbHEeHIIee mepeMennBaHie
Y OJJHOBPEMEHHOE HarpeBaHue npu temmeparype ot 210 mo 250 °C. JlanHblil sTan
HE0OX0oIuUM 711 BOZHUKHOBEHUsSI aare3uu B paboueit cmecu. [locne atoro padouas
cMech TIOCTymaeT B mpecc-Gpopmy, rie IPOUCXOANT YIUIOTHEHNE U (POpMOBKa m3Jie-
JUS ¢ TIOCTIENYIOIMM 3aCThIBaHUEM. B X0/e M3rOTOBIEHHS OMBITHON cepuu 0Opas-
IIOB HMCITOJIb30BAIACh aHAIOTUYHAS CXeMa TEXHOJIOTHYECKUX OTIepaIiil.

B pesynbrare Obuia momydeHa cepusi 00pa3LoOB U3 CMECH 30J1a+TOIUITHICH
cienyromero cocrasa, %: 75+25, 50+50, 70+30, 60+40. HarpeBanue 3apanee us-
MEJIBYCHHOW ¥ TIepeMENIaHHOM CMECH TMPOUCXOIMIIO B MyelTbHOH Meuu MpH cOOIIo-
JeHnn TeMieparypaoro pexuma oT 280 1o 320 °C B 3aBUCUMOCTH OT MIPOLIEHTHOTO
COOTHOIICHUS NCXOAHBIX MaTepralioB. [lepemenuBanme morydyaeMoi acThl IIPOH3-
BOJIMJIOCH TIOATAITHO, CTENEeHb aAre3uy OIpe/elsiach BU3yalbHo. Jlanee macra mo-
Melanachk B npecc-hopMy THaMETPOM 5 CM M CTaBWIIACh IOJ MPecc Ha 3 MHUH TOJ
nasnenneM 25 MIla. 3atem npoBeeHb! TabOpaTOPHBIE UCTIBITAHUS TPOYHOCTH U BO-
JIOCTOMKOCTH TOJIy4aeMOoro Marepuarna.

Pezynomamor uccneoosanuss u ux oocyscoenue

Pe3ynbrars! ncmbITaHus 00pa3oB U3 CMECH 30JIbI U MOIUATUIICHA MTPEACTaB-
neHsl B Ta0m. 1 u Ha puc. 1.

Tab6uuma 1

Pe3ynbTaThl 1200paTOPHBIX HCCIeA0BAHTIT 00PA3IOB U3 CMECH 30J1a + MOJHITHIEH
B IMOMCKOBOM JKCIIEPUMEHTe

Homep SOOHO:/I;?IEI;I;T Macca o6pasna Hggﬁefm?; EEIHI(Q) e Monyns ynpyro- | Bogonorore-
obpasma o ’ m,T MITa e cu £, , MIla Hue W, , %

1 80/20 137,58 170,63 324,7 0,89

2 60/40 142,60 323,59 409,1 0,49

3 50/50 143,17 364,30 560,8 0,32

4 40/60 142,16 364,25 623,3 0,25

5 20/80 132,47 370,00 789,5 0,18
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Puc. 1. 3aBucHMOCTH Mpejiena MPOYHOCTH TIPH CHKATHH (@) ¥ MOIYJISI yIIPYrocTH (6) BOIOHA-
CBIIIICHHBIX 06pa3u013 N3 CMCECH 30JIbI U BSXKYHIECTO OT COACPIKAHUA OBITOBOTO MOJHUAITHIICHA B
IOV CKOBOM OKCIICPUMEHTEC
Fig. 1. Dependence of the compression resistance (a) and the elastic modulus (6) of water-
saturated samples made of an ash-binder mixture on the household polyethylene content in
the pilot experiment

Ha puc. 1, a HaGmromaeTcst pocT mpeaesnia MpogHOCTH TpH cxaruu ot 170,63 no
370,00 MIla ¢ yBennueHHEM TIPOIIEHTHOTO COJEPKaHHS MOJMITHUIICHA B 00pasiax.
[Tnactuk, TepMuyecku oOpaOOTaHHBIM B CMECH C 30JI0H, 00pa3yeT CTPYKTypHYIO
(hopmy Marepuaa, MOBBIIIAS TPOYHOCTH U3ACTUI U COXpaHss EJTOCTHOCTh 00pa3-
IIOB, @ 30JIa CIYXXHUT MAacCOBBIM HAITOJHUTENEM, oOecTiednBasi 00bEeMHYIO 3aIloJHse-
MOCTb Marepuaa.

Cumxkenue Monyis ynpyroctu ot 324,7 no 789,5 Mlla ¢ yMmeHbIIIeHUEM KOM-
TTIOHEHTHOTO COJCPKaHUs 3016l B oOpasmax (puc. 1, 6) oObIACHICTCS TEM, UTO 30J1a,
Mesl MENKO3EPHHUCTYIO CTPYKTYpPY, CIIOCOOCTBYET paclpefesIieHHIO HArpy3KH IT0
Bcell miomaan obpasia U NposBIsieT TEHACHIMHU K BOCCTaHOBJICHUIO M3HAYAIbHON
(OpMBI 1TOCIIe CHATHS HArpy3KH.

[Tocie mONCKOBOTO SKCTIEPIMEHTA MPOBEICHBI TATbHENTIIHE UCCIIETOBAHUS TIO
YTOUHEHHUIO ONTHMAIbHBIX COOTHOIICHUN KOMIIOHEHTOB, a TAKXKe TI0 ONTUMH3AIHH
cocraBa cMecH. bblTH H3yueHbl CMeCH 301a/TIOJMATHIICH CIEAYIOIEro cocTaBa (Ipu
MEHBIIICH, YeM B IIOMCKOBOM 3KCIIEpUMEHTE, Macce oOpasua): 40/60, 50/50, 60/40,
70/30. Taxke OBLIO MPUHATO PEIICHHE 00 M3TOTOBICHUH 00pa3IoB ¢ J0OaBICHUEM
10 % OuTyma ¥ MPOBEACHUH C HUMH JIOTIOJIHUTEIBHON CEPUHU SKCIIEPUMEHTOB. J{aH-
HOE pelleHre UMEJO0 el — UCCIIE0BaTh TEXHOJIOTHIO H3TOTOBICHUS 00pa3uoB. [
ITHX Ccepuil OBUTH BHIOPAHBI COOTHOIIIEHUS, TPENIOIOKHUTEIHHO Hanbosee meperex-
TUBHBIC JUIS UCCIICAOBAHUM, UCXOI M3 (PU3NIECKUX CBOWMCTB, MPOSIBISIEMBIX MaTe-
puanamMu — KOMIOHeHTaM# cMmecu. [Ipu onpeneneHny BOIOMOIIOUICHUS! BU3YaTbHO
OTMEUEHO OT/EJICHHE 30JIbI OT 00pa3IoB (TOJBKO B TEX CIIydasix, ITle CoepkKaHHe
30161 TipeBbImano 60 %), 9To CBHUAETETHCTBOBAIO O HEKOTOPOM MPOIICHTE €€ BHI-
MBIBA€MOCTH M3 TOTOBOTO MaTepuaia. L|elToCTHOCTh 1 MOHOIUTHOCTH (C OTCYTCTBH-
€M BBIMBIBAEMOCTH 30JIbl) TIOJIy4aeMbIX 00pa3IoB JOCTUTANINUCH TPU MUHUMAJIbHOM
coaepxanuu nojudtuieHa: 40 % mias cepuu Oe3 goGasiieHust outyma u 30 % s
cepun ¢ burymom. TemmnepaTypHBIH pexXuM Ie4H, BpeMs HaXOXKIEHHUS MO TIPECCOM
1 Harpyska IpH IpeccOBaHUM 00pa3LOB OCTAINCh HEM3MEHHBIMH MO0 CPAaBHEHUIO C
nepBoii cepuelt onbIToB. [Ipecc-popmbl Asist U3roTOBICHUST 00pa3LoB OBLIM 3aMeHe-
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HBI Ha Tipecc-(QopMBbl ¢ MEHBIIMM JHAMETPOM — 3,5 cM. B TO e BpeMsi KOTU4ecTBO
MOJIMATHIICHA B 00pasiax, npesbimaromniee 60 %, BIUSIIO Ha MOILYJb YIPYTOCTH, CHU-
JKasl ero 3a CYeT U3JIHIIHEH JKECTKOCTH MPeodialatolero B 00pasiax miacTuka.

B pesynbrare ObIIH IMOTyYeHBI U UCTIBITAHEI (ONIPEAEIeHHe aHAIOTHYHBIX 110
CPaBHEHHIO C TIEPBBIM OIIBITOM (PH3MKO-MEXaHWYECKUX MOKa3arelei) BTropas u Tpe-
Thsl cepun 00pa3uoB. [laHHbIe pe3ynbTaToB Ja00PATOPHBIX UCIBITAHUN Npe/iCTaBIIe-
HBI B Ta0J1. 2 1 Ha puc. 2.

Tabnuua 2

Pe3yabTaThl 1200paTOPHBIX MCCIEI0BAHNI 00PAa310B U3 CMECH 30J1a+TI0JMITUIIEH;
30J1a+HIOJMITWIEH+H0UTYM

Homep COOTHOLLIGHI/IE.: Macea [Ipenen npouno- Monynb Bonomnorio-
Gpasua 30J1a/TJIaCTHK; oBpasua m, r CTH IIPU CXKATHH | YOPYTOCTH menne W, ,

oop 3071a/11acTuK/6uTym, % ’ R, MIla E, ., Mlla %

1 40/60 56,53 466,29 106,3 0,07

2 50/50 59,80 445,57 192,0 0,10

3 60/40 56,86 484,67 213,3 0,18

4 70/30 55,61 552,08 221,5 0,35

5 30/60/10 58,23 452,90 192,0 0,070

6 45/45/10 55,78 424,60 142,2 0,072

7 60/30/10 59,28 405,67 295,4 0,085

8 70/20/10 57,29 391,50 960,0 0,102
= 600 250
= y=-19,375x*+ 133,57 — 5,325
< = R>=0,9843
£ 550 =
g »=22,033x> - 80,516x + 523,2 g 200
é 00 §

5
§ &4 150
£ 450 %‘
o
E =
= 400 100
l% 0 1 2 3 4 5 0 1 2 3 4 5
COOTHOIIIEHHE 30J1a/TIACTHK, Yo CoOTHOIIIEHHE 301a/ITACTHK, %0
a 6

Puc. 2. 3aBucuMocCTb Ipezena NPOYHOCTH MPH CHKATUH (@) K MOAYJISL yIIPYToCTH (O) BOIOHA-
CBIIIEHHBIX 00PA31I0B N3 CMECH 30JIbl M BSDKYIIETO OT COZIEPKAHUsI OBITOBOTO TOJIMATHIICHA

Fig. 2. Dependence of the compression resistance () and the elastic modulus (6) of water-
saturated samples made of an ash-binder mixture on the household polyethylene content

Ha puc. 2, ¢ nHabnrogaercst yMeHbILICHHUE IIpeesia IPOYHOCTH IIPHU CKATHUH OT
552,08 no 445,29 Mlla B 3aBUCUMOCTH OT HOBBILICHUSI IPOLEHTHOIO CONEP KAHUS
30J1b1, BBICTYMAIOLIEH B ponu 3amonaHuTens. CHUKEHNE KOJMYecTBa MOJIMATUIICHA,
BBITOJTHSIOIIETO CTPYKTYPOOOPa3yonyo (pyHKIMIO JUISl UCTIBITHIBAEMOTO Marepra-
J1a, CBSI3BIBAIOINETO M3HAYAJIBHO CHIMYYYIO TI0 CBOEH CTPYKType 307y U (hopMupyto-
IIEr0 CUJIOBOH KapKac B CTPYKTYpeE MOJIy4yaeMOro MaTepuaa, TakKe BIMAET Ha Ipe-
JIeJ1 IPOYHOCTH.

3Ha4yeHHs MOyl YIIPYrOCTH HaxozaaTes B npeaenax ot 106,3 o 221,5 MIla
W BO3pAcTalOT MPH YBEIMUYCHUU MPOLEHTHOTO COAEpKaHMs 3016l (puc. 2, 0). 3omna
UTpaeT poiib 3aMOJHHUTEIIS ¥ MPETISITCTBYEeT HEOOPaTHMBIM Pa3pyIICHUsIM MaTepuaa
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MIPU BO3ICUCTBUM MEXaHUUYECKUX HArpy30K. OTHAKO B JAHHOM CIIydae TAK:Ke BayKHBI
CTEeTICHb aJI'€3UH MaTepraa v ero OJHOPOAHOCTh MPH POPMUPOBAHUH 0OPA3IIOB IO
Harpy3Koi B IIpecce, MOCKOIBKY JUIsl TIOIYyYeHHsl YIPYToro Marepruaina HeoOX0IiuMo,
YTOOBI aMOPTHU3UPYIOIINE CBOWCTBA 30JIbI MOIEPKUBATNCH KECTKIM MOJIEKYISP-
HO-CTPYKTYPHBIM KapKacoM U3 MOJIUATUIICHA. YBEJIIMUYEHUE MOKa3aTeael ynpyroctu
B CpaBHEHUH C MEPBOU cepueii 00pa3ioB (cM. puc. 1, 6) 00ycIOBICHO YMEHBIIIEHUEM
Macchl 00pa3IOB U JIydIleH ajre3uei npyu U3roTOBJICHUH.

_, 460 1200
§ y=3,5325x2—37,976x + 487,11

= R2=0,9995 _ 1000 i

E 440 § y= 178,}6{)2( :06;1;,)2& +676,1
g ~ 800 ’

= 5

= 420 g

= £ 600

) 2 400

a, >

£ 400 5

=

g = 200

o

=

W

o

(=]
(=]

30/60/10  45/45/10  60/30/10  70/20/10 0 1 2 3 4 5
CooTHolIeHHE 30118/ TUIACTUK/OUTYM, % CooTHoLIeHHE 30.1a/TUTACTHK/OUTYM, %
a 7]

Puc. 3. 3aBucumMocCTh npezena MpOYHOCTH NP CKATUU (a) U MOIYJNS YIIPYTOCTH (6) BOJOHA-
CBIIIEHHBIX 00Pa3lOB U3 CMECH 30JIbl M BSDKYIIMX OT COZEPKaHUsI OBITOBOTO MOJIMATHIICHA
u Outyma
Fig. 3. Dependence of the compression resistance (a) and the elastic modulus (6) of water-
saturated samples made of an ash-binder mixture on the household polyethylene and bitumen
content

[Ipenen mpoyHOCTH NpHU CKaTHH 00pa3LoB yMmeHblmaercs oT 452,90 mo
391,50 Mlla u HampsMyI0 3aBUCUT OT CHUIKEHHS CONEp>KaHUS MOITUITUIICHA B
oOpasnax (puc. 3, a). Takke Ha YMEHBIICHUE MIPOYHOCTU MO CPABHEHUIO C TIpe-
IObpIOyIIel cepueil 00pa3noB BIMIET HaJIW4YUe OUTyMa, CO3JAIOLIETO KOAryJIsIIy-
OHHYIO CTPYKTYPY, ITOCKOJIBKY A00aBleHne OuTymMa B 00pasifsl ObUIO 00ecTiedeHo
3a CYET COKpALICHHS KOJIMUYECTBa MIacTUKa. MaccoBast 10Jisl 30J161 OCTaBJIeHa 0e3
A3MEHEHUH.

Ha puc. 3, 6 naOmromaercss yBeauMueHUE MOIy/Is ynpyroctu ot 1422 no
960,0 MIla B 3aBUCHMOCTH OT MOBBIIIEHUS POIICHTHOTO COJCPKAHUS 30JIbI B 00-
pasuax. 30714, BBICTyIIasl B POJIM 3AIIOJIHUTES], 3aKIIOUCHHAs! B CTPYKTYPHOM KapKa-
ce KOHCTPYKLMH Marepuaa U CBsI3aHHAs C IUIACTHKOM, MPOSIBIISET CIIOCOOHOCTh K
PaBHOMEPHOMY paclpeesICHHIO Harpy3Ky Ha MaTepHrall, o0ecreurnBasi pocT yupyro-
ctu. Kpome Toro, mpucyTcTBYOLINI B MaTepraie o0pa3oB OutyM Onarogapsi cBoei
CTPYKTYpE CIOCOOCTBYET YBEIMUCHHIO MOKA3aTelsi MOMYIS YIPYTOCTH MO CpaBHE-
HHUIO ¢ 00pa3amMu MpeabIIyIInX CEPUH.

Buisoowt
1. 3oia, moy9YeHHASI OT CKUTAHKS TBEPIOTO ocaaka cTouHbIX Bom ['YII «Bo-

AOKaHa», U MMOJIUITHUIICH BBICOKOT'O AABJICHHUA MOTYT COUCTATHCA KaK KOMIIOHCHTLI
AOPOKHO-CTPOUTCIIBHOT'O MaTepuraia.
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2. TexHnonorus noxy4eHus padboueii cMecH (acThl) OCHOBBIBACTCS HA MOCIIE-
JIOBATEIIbHOM HAIPEBAHHUH U TIEPEMEITUBAHUN KOMIIOHEHTOB JI0 COCTOSIHUS OTHOPO/-
HOM MacCCHI ¢ MTOCJIEIYIONUM MTPECCOBAHNEM M OCTHIBAHUEM. BpeMst mpuroToBIeHUS
cMecH B My(densHOUM Teun coctaBisieT 8—10 MUH B 3aBHCHMOCTH OT COACPIKAHUS
MONUATHJICHA. 3aTBEepAEBINas CMeCh 00pa3yeT MOHOJUTHYIO KOHCTPYKIHio. Popma
Y pa3Mepbl OJTy4aeMOoi MPOIYKIIUN BapUaTHBHBI, 3aBUCAT OT Ipecc-PopM, IIpuMe-
HSEMBIX MPU IPECCOBAHNH, a TAKXKE OT MPHJIAraeMOM Harpy3KH.

3. ITo pe3ynbraraM UCIBITAHUI OBLT MTOJTYYEH MaTepUall ¢ IOKA3aTeNIIMHU ITPOY-
HocTH mipu cxkatuu 170,63—-552,08 MIla, 9To 1M03BOISIET UCITOIB30BATh €TO B JICCHOM
JIOPO>KHOM CTPOUTENBCTBE, B TOM YUCIIE B KAYECTBE YKPEIUISIOIIErO CIIOS JOPOKHOU
OJISKTBI JIECHBIX JIOPOT Ha CIa0BIX TPYHTAX.

4. DKOHOMUYECKas 11e71eCO00Pa3HOCTh IPUMEHEHUS TI0Ty4aeMOTo MaTepualia
00€ecITeunBaeTCs HU3KOM CE0ECTOMMOCTLIO KOMIIOHEHTOB, SIBISIOIIMXCS OTXOMaMU
MIPOU3BOJICTB, a TAKXKE 3a CUET MHOTOKPATHOCTH UCTIOIB30BAHUS U3/ICITHIHA.

5. IIpuMeHeHue 30J1bl OT CKUTAHUS 0CAIKA CTOYHBIX BOJl U BTOPUYHOTO MOJIU-
STUJICHA BBICOKOTO JABJICHUS SBIIAETCS IEIeCO00Pa3HBIM C SKOJIOTHUECKON TOUKH
3pEHUS, MOCKOJBKY YTHIIM3ALHUSI JAHHBIX OTXO/I0B B JIECHOM JI0POKHOM CTPOUTEIb-
CTBE — BAXKHBIM ACIEKT yAy4IICHUs PKOJOTHYECKOM cuTyanuu B JIeHMHIpaackon
obmnacTH.

6. Ilomy4deHHbIi B X0[e HayqHOH pabOTHl MaTepra PeKOMEH/IyeTCsl MUCTIONb-
30BaTh KaK YKPCIUIIIONIHN CITOM B KOHCTPYKITMH JICCHOW aBTOMOOWIIEHOHN TOpPOTH.
CI1011 yKpeIieHUs! JOJKEH PACIoNaraThCsi IOBEpX 3€MIISTHOTO MOJIOTHA B KAYECTBE
JIOPOYKHOU OACKIBI. YKPEIUIAIONMIUN CIIOW MPEACTaBIsAeT COOOH TUIMTHI, COCTOSIIIUE
W3 CMECH 30JIbI OT CKHTaHUS OCAJKOB CTOYHBIX BOJl M BTOPUUYHO-TIEpepabOTaHHOTO
JIPOOJICHOTO MOJIMATHIICHA BHICOKOTO JIABJICHUSI.

7. Ilo OKOHYaHWH SKCIUIyaTaIlid JOPOTH IUTHTHI BO3MOXKHO JTEMOHTHPOBATH
C LIEJIBI0 UX MOBTOPHOTO MCHOJb30BaHud. [Ipu pa3pyuieHnn Marepuaia BCIeICTBUE
JUTHTEIhHBIX WHTEHCHBHBIX MEXaHUYECKHX HArpy30K OOJOMKH J1e(OpMUPOBaHHBIX
TUTAT MOTYT OBITH MEPEeTIaBICHbI ¢ MOCIEAYIONMM (OPMUPOBAHUEM HOBBIX H3JIC-
JIUH, TOTOBBIX K AKCIUTyaTauu. TakumM 00pa3oM, YUCIIO UCTIOIh30BAHUHN JJAHHOTO Ma-
Tepuanaa HeOrpaHUICHHO.

CITMCOK JIMTEPATYPBI / REFERENCES

1. Aynuna O.A., Catighynnuna A.P., Caxubeapeesa JI.H. IlepepaboTka NOJIMITHIICHA B
IUTACTHK M TIOCJIE/TYIOIIEE €T0 UCTIONB30BaHNE B CTPOUTENBCTBE 1opor // CTyleHT U arpapHast
Hayka: marepuaibsl X Beepoc. crynen. Hayd. koH). Yda, 22 mapra — 23 mapra 2016 . Va:
Bamkunp. TAY, 2016. C. 189-191. [Dunina O.A., Sayfullina A.R., Sakhibgareyeva L.I. Pro-
cessing of Polyethylene into Plastic and Its Subsequent Use in Road Construction. Student
and Agricultural Science: Proceedings of the 10th All-Russian Student and Science Confer-
ence, Ufa, March 22-23, 2016. Ufa, BSAU Publ., 2016, pp. 189-191].

2. 3ybosa O.B. VccnenoBanue BIMSIHAS TPaHyJIOMETPUYECKOTO COCTAaBa TPYHTOB Ha
MIPOYHOCTH 30JI0TPYHTOBOH cMecH, o0padoTanHoi iemenToM // Tp. BI'TY. Ne 2. JlecH. u ne-
peBooOpad. mpom-cTh. 2012. Ne 2 (149). C. 118—-120. [Zubova O.V. The Study of the Effect
of Soil Grading on the Strength of a Cement-Treated Mixture of Ash with Soil. Trudy BGTU.
Ne 2. Lesnaya i derevoobrabatyvayushchaya promyshlennost’ [Proceedings of BSTU.
Iss. 2. Forest and Woodworking Industry], 2012, no. 2(149), pp. 118-121].

3. 3y6os6a O.B. Vicionb3oBaHKE B JIECHOM JIOPOKHOM CTPOUTEIBCTBE 30J0IPYHTOBBIX
cMecel, yKpeIICHHBIX BSDKYIIIMMU MaTepraliaMu: Jiuc. ... Kan. TexH. Hayk. CI16.,2015.179c.



114 «H3BecTHs By30B. JlecHoii sxkypHaym». 2020. Ne 3 ISSN 0536-1036

[Zubova O.V. The Use of Ash-Soil Mixtures Strengthened by Cementing Materials in Forest
Road Construction: Cand. Eng. Sci. Diss. Saint Petersburg, 2015. 179 p.].

4. 3ybosa O.B., beccapa6 I' A., Carmunen 3.0., Cysoposa H.A., Apmemves B.B. Crio-
€00 yCTpOiicTBa KOHCTPYKTUBHBIX CIIOEB TOPOXKHBIX OJICHK HA OCHOBE 30JI0TECYaHON CMECH
BOKy1uX // HOoBBIE CTpOUTENBHBIC MAaTepHANb: MAaTePHAIbl MEKIAyHApP. Hayd. KOH}. Tpy/s
BI'TY. Munck: BI'TY, 2013. Ne 1. C. 23-27. [Zubova O.V., Bessarab G.A., Salminen E.O.,
Suvorova N.A., Artem’yev V.V. The Design Method of Pavement Layers Based on Ash-Soil
Mixture of Binders. New Building Materials: Proceedings of the International Science Con-
ference. Proceedings of BSTU. Minsk, BSTU Publ., 2013, no. 1, pp. 23-27].

5. 3y6oea O.B., beccapab I'A., Cysoposa H.A., Carmunen 2.0. Criocod ycTpoiicTBa
KOHCTPYKTHBHOTO CIIOSI TOPOXKHOM OJIC’K/IbI HA OCHOBE 30JIbI OT CXKUTAHUS OCAIKOB CTOYHBIX
Box. [larent Ha uzo0Operenue Ne 2471913 Poccuiickast ®enepanus, MIIK E01C 3/04, C04B
28/00, C04B 26/26: Ne 2011110986/03: 3asmn. 20.03.11: omy6n. 10.01.13. [Zubova O.V.,
Bessarab G.A., Suvorova N.A., Salminen E.O. Method of Making Pavement Structural Layer
Based on Ashes of Effluents Sediments Combustion. Patent RF no. RU 2471913 C2, 2013].

6. 3ybosa O.B., Huxumuna U.C., Anucumosa O.H., Hosuxosa A.A. JlopoxxHO-CcTpO-
WTENBHBIA MaTepual Ha OCHOBE 30JIOTPYHTOBOM CMECH, YKpEIUIeHHOH nemeHToMm // U3B.
C.-Ilerep6. necorexn. akaa. 2012, Bem. 201. C. 193-202. [Zubova O.V., Nikitina 1.S., Ani-
simova O.1., Novikova A.A. Road-Building Material on the Basis of a Cinder-and-Dirt Mix
Reinforced by Cement. Izvestia Sankt-Peterburgskoj lesotehniceskoj akademii [News of the
Saint Petersburg State Forest Technical Academy], 2012, iss. 201, pp. 193-202].

7. Kopoukun A.B. YCTpONCTBO JOpPOXKHOW onexabl. [laTeHT Ha MONe3HYI MOelb
Ne 88030 Poccwmiickas ®eneparust, MIIK EO1C 5/00: Ne 2009127004/22: 3asBn. 15.07.09:
omy0i. 27.10.09 [Korochkin A.V. Paving. Patent RF no. RU 88030 U1, 2009].

8. Jlumeunenxo H.A., Kozvipesa E.A. CoBpeMeHHbIE TEXHOJIOTMH CTPOUTEIHCTBA aBTO-
MOOMIBHBIX fopor // Hayu. mpicab. 2017. Ne 2. C. 117-120. [Litvinenko N.A., Kozyreva E.A.
Modern Technologies of Road Construction. Nauchnaya mysl’ [Scientific Thought], 2017,
no. 2, pp. 117-1201].

9. Jlvicsinnukos A.B., Tpemosikosa E.A., Jlvicannuxoséa H.H. TlepepaOboTaHHBIN TUTa-
CTHK B JoposkHOM ctpouTteibete // V3B, Tynl'Y. Texn. nayku. 2017. Bem. 7. C. 105-115.
[Lysyannikov A.V., Tretiakova E.A., Lysyannikova N.N. Recycled Plastic in Road Construc-
tion. Izvestiya Tul skogo gosudarstvennogo universiteta. Tekhnicheskiye nauki [News of the
Tula state university. Technical sciences], 2017, iss. 7, pp. 105—115].

10. Jvicannuros A.B., Tpemvaxoea E.A., Jlvicannukosa H.H. CTpOUTENbCTBO TOPOXK-
HBIX TOKPBITHI U3 BTOPUYHOTO CBIPbs // BOMPOCHl COBpEMEHHOMN HAYKH: TPOOIEMBI, TEH/IECH-
MM U TIEPCTICKTHBBI: MaTepHaibl MeXIyHap. Hayd.-npakT. koHd., HoBokysuerk, 07-08 me-
kabpst 2017 . / otB. pen. D.1. 3ab6uHeBa; pen. kot JI.C. Koukuna [u ap.]. ViabsHOBCK: 3e0pa,
2017. C. 78-81. [Lysyannikov A.V., Tretiakova E.A., Lysyannikova N.N. Construction of
Road Surfaces from Secondary Raw Materials. Issues of Modern Science: Problems, Trends
and Prospects. Proceedings of the International Scientific and Practical Conference, No-
vokuznetsk, December 7-8, 2017. Ul’yanovsk, Zebra Publ., 2017, pp. 78-81].

11. Cmaxanoe A./4. BO3MOXHOCTHU MCIIOJIB30BAHUS MMOJTHUMEPHBIX OTXOJ0B MPHU MPO-
M3BOJICTBE JIOPOKHOTO MOKPBITHS // AKTyalbHbIe TPOOIEMbI HAYKH B CTYICHUECKUX HCCIIe-
noBanusx: c6. marepuanos IX Beepoc. cTyaeH. Hayd.-mpakT. koH®. / AnmbmeTheB. . Ka-
3aH. Hall. uccien. TexH. yH-ta uM. A.H. Tynonesa—KAU. M., 2019. C. 40-42. [Stakhanov
ALl Potential for Use of Polymer Wastes in the Road Surface Production. Current Problems
of Science in Student Research: Collection of Materials of the 9th All-Russian Student Sci-
entific and Practical Conference. KNRTU-KAI’s Branch in Almetyevsk. Moscow, 2019,
pp. 40-42].

12. Cmpoxun A.C. TloBbIlIeHNE CABUIOyCTOHYMBOCTH M CPOKa CIYKOBI JIOPOIKHBIX
MOKPBITHI MyTeM NPUMEHEHHUs acharbTo0eTOHA KapKAaCHOM CTPYKTYPhI Ha MOAU(DHUIINPOBAH-
HOM OUTyMeE: ITUC. ... KaHJ. TeXH. HayK. Boponex, 2009. 199 c. [Strokin A.S. Improving the



ISSN 0536-1036 «H3BecTns By30B. JlecHoii skypHas». 2020. Ne 3 115

Shear Resistance and Service Life of Pavements by Applying Asphalt Concrete of Frame
Structure on Modified Bitumen: Cand. Eng. Sci. Diss. Voronezh, 2009. 199 p.].

13. Ahmadinia Es., Zargar M., Karim M.R., Abdelaziz M., Ahmadinia Eb. Perfor-
mance Evaluation of Utilization of Waste Polyethylene Terephthalate (PET) in Stone Mastic
Asphalt. Construction and Building Materials, 2012, vol. 36, pp. 984-989. DOI: 10.1016/].
conbuildmat.2012.06.015

14. Deng Z., Shi F., Yin S., Tuladhar R. Characterisation of Macro Polyolefin Fibre Re-
inforcement in Concrete through Round Determinate Panel Test. Construction and Building
Materials, 2016, vol. 121, pp. 229-235. DOI: 10.1016/j.conbuildmat.2016.05.134

15. Hinislioglu S., Agar E. Use of Waste High Density Polyethylene as Bitumen Mod-
ifier in Asphalt Concrete Mix. Materials Letters, 2004, vol. 58, iss. 3-4, pp. 267-271. DOI:
10.1016/S0167-577X(03)00458-0

16. Hongjun L., Feng Y., Donghai Y. The Strenghth Varieties of the Subsurface Made
of Lime and Fine Coal Ash of the Highway from Changba to Baicheng. Journal of Northeast
Forestry University, 2000, iss. 1, pp. 84—85.

17. Ton 1.M., Aguiar J.B., Angelescu N., Stanciu D. Properties of Polymer Modi-
fied Concrete in Fresh and Hardened State. Advanced Materials Research, 2013, vol. 687,
pp. 204-212. DOI: 10.4028/www.scientific.net/ AMR.687.204

18. Sulyman M., Haponiuk J., Formela K. Utilization of Recycled Polyethylene Tere-
phthalate (PET) in Engineering Materials: A Review. International Journal of Environmen-
tal Science and Development, 2016, vol. 7, no. 2, pp. 100—108. DOI: 10.7763/1JESD.2016.
V1.749

19. Tawfik M.E., Eskander S.B. Polymer Concrete from Marble Wastes and Recy-
cled Poly(Ethylene Terephthalate). Journal of Elastomers and Plastics, 2006, vol. 38, iss. 1,
pp- 65-79. DOI: 10.1177/0095244306055569

20. Yin S. Development of Recycled Polypropylene Plastic Fibres to Reinforce Con-
crete. Doctoral Thesis. Townsville, QLD, Australia, James Cook University, 2017. 137 p.
DOI: 10.1007/978-981-10-3719-1
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The construction of forest roads is one of the priority issues of the forest industry. The
underdeveloped forest road network does not allow the use of forest resources, which are
situated too far from the civil roads because of lower profitability. Expanding the forest road
infrastructure will allow to increase mobility as well as profitability of resource extraction.
Forest roads are expensive. This is due to the high cost of road construction materials and
long distance of their delivery. One of the latest ways of cost reduction of road construction
materials is the use of industrial wastes. A study was carried out in order to obtain a pavement
layer with high physical and mechanical properties and a relatively low cost from industrial
wastes for the problem solving. Household high-pressure polyethylene is used as a binder
in the mixture, and ash from incineration of sewage sludge is used as filler. A coagulation-
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condensation structure is formed due to the use of plastic in the mixture; herewith the material
is characterized by high strength and frost resistance. The study has a scientific novelty as the
issues of polyethylene adhesion with various fillers are poorly known. Recycled polymers
(crushed polyethylene, fraction 1.5-2.5 mm) were used as a structure-forming component.
Ash from the sewage sludge incineration obtained at the SUE «Vodokanal of St. Petersburg»
was used as the filler material. According to the test results, a material with the following
parameters was obtained: the compression resistance of 170.63—-552.08 MPa, the elastic
modulus of 322-1022 MPa, water absorption within 1 %; that allows using the material in
the forest road construction. This material can be used as an application for reinforcing the
pavement layer in the forest road construction on weak soils. The use of the obtained material
in forest road construction will expand the forest road infrastructure by cost reduction. The
studies of the Department of Industrial Transport of the Saint-Petersburg State Forest Techni-
cal University show that the high physical and mechanical parameters will increase the service
life of forest roads and hence the time between overhauls. These aspects have a positive effect
on the profitability of the forest road construction.

For citation: Minaev A.N., Zubova O.V., Kulik D.M., Siletskiy V.V., Lugovov V.I. Applica-
tion of Ash-Polymer Mixtures in the Construction of Forest Roads. Lesnoy Zhurnal [Russian
Forestry Journal], 2020, no. 3, pp. 106—116. DOI: 10.37482/0536-1036-2020-3-106-116

Keywords: household high-pressure polyethylene, ash from incineration of sewage sludge,
construction of forest roads, road structure, road construction material.
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TTOBOIDKCKHI TOCYIAPCTBEHHBIH TEXHONOIHYECKHi yHuBepenTet, . Jlennna, 1. 3, r. Mom-
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Ilenpro mccienoBaHus ABIAIOCH OOOCHOBAHUE TTOKA3aTeNeH pacxoja IU3ENbHOTO TOIUIH-
Ba TIPU OCYIIECTBICHUH PyOOK BaJIOYHO-CYUKOPE3HO-pACKPsKEBOUHOW MammHOH Silvatec
8266TH na necHpIx yuacTkax Pecrryonuku Mapwuit Om. [TocTaBneHHas 11enb JOCTUTHYTA Ty~
TEM TPOBE/ICHHS SKCIIEPUMEHTAIBHBIX HCCIIEIOBAHNUHN C HCTIOJIb30BaHIEM 00BEMHOTO METOa
TIOTIOTHEHMsT 0aKa MAIIMHBI B KOHIE PA0OUYEro MUKIA. DKCIEPUMEHTAIBHBIE HCCIIETOBAHMS
COTIPOBOYKAATICH (PUKCAIEH THaMeTPOB BEIPyOaeMbIX AepeBheB M HX 00beMoB. [loce BhI-
PYOKHM Kak/101 M3 yKa3aHHBIX TPYIII IEPEBHEB OCYIIECTBIIAIACH OCTAHOBKA MAIINHBI, 3aII0JI-
HEHNE TOIUTUBHOTO 0aKa /10 TOPJIOBUHBI C TOUHOH (hrKcanuei o0beMa 3anpaBisieMOro TOIUIH-
Ba. OOpaboTKa SKCIIEPUMEHTAIBHBIX JAHHBIX O3BOJIHIIA TIOJyYUTh PETPECCHOHHYIO MOJEIb,
XapaKTepU3YIOIIyI0 CPEJHNUI PACXO/] TOTUTHBA ITPU PA3IMYHbBIX AUAMETPAX BBIPYyOAaeMoro ipe-
BOCTOSI. AHAJIN3 HAWJJEHHOTO PEIICHNUS 1al BO3MOKHOCTD YCTaHOBUTb, YTO CPEAHUH pacxon
ToriBa Xapsectepa Silvatec 8266TH, paboTaromiero Ha JIECHBIX y9acTKaX y4eOHO-OIMBITHO-
ro secxo3a [T0BOMMKCKOTO roCyJapCTBEHHOTO TEXHOJIIOTHYECKOTO YHUBEPCUTETA, 3aBUCHT OT
CPE/IHETO THaMeTpa BhIPyOaeMbIX IepeBbeB. MHOKECTBEHHBIN KOI(P(UITHEHT AeTCPMUHALIIH
R? nanno# HenmmHeHOM Moaenu coctasmi 0,73. TlomydeHHast MaTeMaTndeckas 3aBUCHIMOCTh
MOXXET OBITh MCIOJIb30BaHA Ha JIECOMPOMBIIIICHHBIX MPEANPHATHIX Ul MPUOIMKEHHOTO
OBICTPOTO pacyeTa HOPM PACXo/ia B OTCYTCTBHE JCHCTBYIONINX HOPMATHBOB C IETIHIO 000CHO-
BaHMs O0BEMOB CIHCBIBAEMOTO TOIUIMBA, @ TAKXKE JUIS pacueTa MPOEKTHOW ce0ecTONMOCTH
3aroTaBIMBAEMON TMPOIYKINH TIPH OPTAHU3AIMH HOBBIX JIECOMPOMBIIILICHHBIX TPEAIPHATHH
1 OCBOCHHMHY HOBBIX JIECHBIX YIACTKOB.

Jna yumuposanusn: PyxkomoiinnkoB K.I1., Kymmosa B.O. OGocHOBaHNE HOPM pacxona To-
IUTNBA MHOTOONEPAMOHHBIX JIECO3arOTOBUTENBHBIX MAIIMH Ha MpuMepe xapBectepa // M13B.
By30B. JlecH. xxypH. 2020. Ne 3. C. 117-127. DOI: 10.37482/0536-1036-2020-3-117-127

Kniouegvie cnosa: BalnovHO-CYyIKOPE3HO-PACKPSIKEBOUHAST MAIIMHA, JIECO3ar0TOBKA, perpec-
CHOHHAsI MOJIEIIb, HOPMBI PACcX0/[a TOTUINBA, 3aTPAThl SHEPIHH, COPTUMEHTHAs 3arOTOBKA.

Beeoenue

B nacrosmee Bpemst B Poccun u 3a pyOesxom Bce OoJibliee pa3BUTHE TOJTyYa-
€T TEeXHOJIOTUSI MALIMHHOHN 3aroTOBKH JIECA C UCIOJIb30BAHUEM COBPEMEHHBIX MHO-
rOOTEepaMOHHBIX JIECO3arOTOBUTENBHBIX MAIIMH (XapBECTEPOB) OTEUECTBEHHOTO U
HMIIOPTHOTO mpou3BozcTBa [2, 9, 11, 15, 17, 19, 25], 4To roBOpUT 00 aKTyaJIbHOCTH
peLICHUS BOIIPOCOB, CBSI3aHHBIX C UCIIOIb30BaHUEM JAHHON TeXHUKU B Poccun.

B ceGecToMMoCTH 3ar0TOBJICHHBIX COPTUMEHTOB IpU padoTe KOMIUIEKTa Ma-
IIMH XapBecTep+dopBapaep 3HaYUTENbHY0 A0 3arpar (ot 46 no 70 %) cocras-
JISIFOT 3aTpaThl Ha TOTUTUBHBIE pecypchl. Komebanus 3Toro noxasareiist 00yClOBICHBI
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HaJMYUEM JIECHBIX YYaCTKOB C pa3IMYHBIMU XapaKTEepUCTHUKAMH IOPOAHOTO COCTaBa
JPEBOCTOEB, a TAKXKE CYLIECTBOBAHMEM BETPOBAJIBHBIX, 3a00I0UCHHBIX, HU3KOOOHH-
TETHBIX U OyPEJOMHBIX JIECOCEK HA apeHIyeMbIX TeppUTOPHsX [5]. VaenbHbIN pac-
XOJI TOIIMBA y XapBECTEPOB Ha PyOKax INIaBHOTO IOJb30BAaHMS KOJEONIETCS B pas-
JIMYHBIX PUPOIHO-TIPOU3BOACTBEHHBIX YCIOBHUSX Jiecocek B npexaenax ot 0,493 no
2,87 n/m? [14].

Pacnopsixenuem ot 14 mapra 2008 . Noe AM-23-p cniennanucraMu MUHTpaH-
ca Poccuu BBezieHBI B JieiicTBUE 0a30BbIe HOPMBI pacxojia TOIUIMBA, Macia, CMa30K
JUTS pa3HBIX MAapOK OTEYECTBEHHBIX U 3apyOeKHBIX JIETKOBBIX aBTOMOOWIIEH, TPy30-
BHKOB, aBTOOyCcOB. B oKymeHTe mprBeneHbl 3HaueHus! 0a30BbIX, TPAHCIOPTHBIX U
IKCIUTyaTallMOHHBIX HOPM pacxoja TOIUIMBA IJIsi aBTOMOOMIIBHOTO MOJBHXKHOTO CO-
CTaBa, HOPM pacxo/ia TOIUIMBA Ha Pa0dOTy CHeUANIbHBIX aBTOMOOMIICH, TOPSJOK IPH-
MEHEHHUSI HOPM, (QOPMYIBI U METObl pacdeTa HOPMAaTHBHOTO Pacxo/a TOIUIMBA MPH
9KCIUTyaTalluy, CIPaBOYHbBIE HOPMATUBHBIE JAHHBIE MO PACXO/ly CMa30YHBIX MaTepH-
aJIOB W CIICIUAJBHBIX JKHIKOCTEH, 3HAUCHUS 3UMHHUX Hamx0aBok u Ap. [16]. HopMbr
IUIsl JIECO3arOTOBUTEIILHON TEXHUKH B 3TOM PACHOPSDKEHUH OTCYTCTBYIOT. Jlis pac-
YyeTa HHAMBUAYAIbHBIX HOPM Ha JIECO3aroTOBUTEIbHYIO TEXHUKY HEOOXOIMMa CBOS
METOAMKA.

CymectBytoT HOpMBI [13], yTBepKACHHBIC TTpUKa3oM Pocriecxo3a, HO B HUX
OTCYTCTBYIOT HOPMAaTHBbI Ha BBITIOJIHEHHUE JIECOCEUHBIX pPadOT MPH 3arOTOBKE Jieca
MallMHHBIM criocoboMm. B benopyccun paspaboransl HOpMBI pacxofa TOIUIMBA Ha
MHOTOOIIEPALIIOHHYIO JIECO3arOTOBUTEIbHYIO TEXHHKY, MCIIOIb3YEMYyI0 Ha JIECHBIX
npeanpustusix PecryOnuku benapych [14], onHako AaHHBIE SKCIEPUMEHTAIBHBIX
HCCIIEZIOBAaHUH yKa3bIBAIOT HA BO3MO)KHOCTb 3HAUNUTENIbHBIX PACXOXKIEHUH peabHbIX
BEJIMYUH PAcXoja TOIIJIMBA B JIECaX Pa3IMYHBIX pallOHOB [5], 4TO BRI3BIBAET HEOOXO-
JUMOCTB Pa3pabOTKH aHAJIOTHYHBIX HOPMATHUBOB IS JIECHBIX YYACTKOB Ha TEPPUTO-
puu PO.

Mundun Poccun pexomenayer mo TpaHCHOPTHBIM CPEICTBAaM, Ha KOTOpbIE
HOPMBI HE YCTAHOBJIEHBI, UCIIOIb30BATh CBEACHHUS, IPOIINCAHHBIE B TEXHUUECKOU 10-
KymeHTauuu (nmucbMo Munduna Poccun ot 4 mas 2005 1. Ne 03-03-01-04/1/223),
U060 PyKOBOIUTENHN MPEATIPUSITUN MOTYT BBOJUTH B ICHCTBHE CBOMM MTPUKA30M HOP-
MBI, pa3paboTaHHBIE B YCTAHOBJICHHOM IMOPSAIKE HAYYHBIMHU CTIEIIUATH3UPOBAHHBIMHU
OpraHU3alXsIMH, OCYIIECTBIISIOLIMMU pa3padOTKy TAKUX HOPM IO CHELHAIbHON IPO-
rpamme-meroauke OAO «HUUAT». B utore Bo3HHKaeT HEOOXOAUMOCTh OOPAIICHHS
B CICLHUAIM3MPOBAHHYIO OPraHU3aLMI0, KOTOpas PacCUMTHIBACT 0a30BbIC, TPaHC-
MIOPTHBIE U AKCIUTyaTallMOHHBIE HOPMbI B 3aBUCUMOCTH OT YCJIOBHH 3KCIUTyaTallly.
Onnako npouIbHBIE OPraHU3allii OTKA3BIBAIOTCS IPOBOAMTE MOJIOOHBIE PaCcUeThI
I10 JIECO3arOTOBUTEIbHON TEXHMKE, padoTa KOTOPOH XapaKTepU3yeTCsl 3HAUUTEIIb-
HBIM pa3HOO00pazueM yCIOBHA, MOTUBUPYS 3T0 TeM, uTo Metoanka OAO «HUMAT
IpeAHa3HayeHa Juisi pacdera Oa30BBIX HOPM pacxofa TOIUIMBA TPAHCIOPTHBIX
CPEACTB, TIEPEeIBUTAIOIINXCS [0 IOPOraM OOLIEeTro MoJIb30BaHMs, U HE IpeAHa3HaYCHA
JUISL pacueTa HOpPM JIeCO3arOTOBUTENILHON U IPyTol TEXHUKH, KOTOpasi paboTaeT BHE
JIOPOT 00IIIEro MOJIB30BaHNS.

OnbIT paboTel (PUHCKUX JIECO3aTOTOBUTEILHBIX KOMITAHUN TIOKA3bIBACT, UTO
3arparbl Ha TOIIMBO U ['CM MOXHO YCTaHOBHUTB IIyTEM OmpesiesieHusl (PaKTHUECKUX
YAEIBHBIX PacXoloB Ha 1 MalIMHO-4ac B CPEAHEM IO IOy 3a MPEALIECTBYIOLIMIMI
MIEpPHOJT UITU IT0 HOPMaM PacXo/I0B OTAEIbHBIX MOJIeNIeN MaIlIMH NpH UX Hanuuuu [20,
26]. ITonoOHbIe HOPMATHUBHI pacxofia TOIJIUBA Ha GOJIBIIMHCTBO COBPEMEHHOH Jieco-
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3arOTOBHUTENBHON TEXHHKH, KaK OTEUECTBEHHOM, TaKk W 3apyOeKHOW, B HACTOALIEE
BpEMsI OTCYTCTBYIOT, UTO TIOBBIIIAET aKTyaJbHOCTh PACCMATPUBAEMOI MTPOOIEMBI.

Pacxon TommBa mpu J€co3aroToBKax UMeeT SKoHOMHUYecKkoe (3arpatsl) [3] u
JKOJIOTHYECKOE (BpeIHBIC BBIXJIOMHBIC Ta3bl) [22] 3nadeHune. C ygeToM obbeMa 3a-
TOTOBJICHHOM JPEBECHHBI OH MOKET BapbUPOBATHCS B 3aBUCUMOCTH OT IPyHTa U yC-
JIOBUH 3KCIUTyaTallly, HABBIKOB BOAMTEIIS, CPOKA IKCILTyaTallul TEXHUKHU, HATPY3KH
JABUIaTCJIsd B pa60q1/1x YCJIOBHUAX, YaCTOThI BpallICHUSA ABUIATCIIA, TUIIA U TCXHUYC-
CKHX XapaKTePUCTUK MAIIUHBEI [24].

Bce BrpImeckazanHoe BBIHYXJACT JICCO3aroTOBUTCIILHBIC MMPEAIIPUATUA, UMEC-
IOLINE B CBOEM PACIIOPSDKEHHH IO0O0HYIO TEXHHUKY, BOCIIOJIB30BATHCS YCTAaHOBIICH-
HOM 3akOHOM P®D BO3MOXHOCTBIO pa3paOOTKU CBOMX (QJIBTEPHATHUBHBIX PEKOMEH 1A~
musiM MunTtpanca) HopM criucanusi ['CM 1 IpUMEHSTh WX MPH CIIUCAHUM 3aTpaT Ha
TOIUIMBO U COCTABJICHUU CMETHI 3aTpar B ClIy4dac€ UX IJIAHUPOBAHUSA IMPU OCBOCHUUN
JIECOCEK TMOCTEeTYIOMNX TePHOIOB.

Obvexmbl u Memoowbl UCCAEO0BAHUS

PanmonanpHast opraHn3anys J1IeCO3arOTOBUTENHHBIX PadOT COCTOUT B yIIOpA-
JIOYMBAHHUN BIUSTHUA psiia (aKTOPOB, CIIOCOOCTBYIOIINX CHMYKEHHUIO PAcXo/ia TOTUIH-
Ba M, CJIeJIOBAaTEIbHO, APYTHX 3aTpaT Ha SKCIUTyaTanuio. Pacxox TorumBa 3aBUCUT OT
B3aMMOACUCTBHS MPUPOAHO-TIPOU3BOACTBEHHBIX (hakTopoB. Cpean Mpou3BOICTBEH-
HBIX (DAaKTOPOB OTAENBHO MOXXHO OTMETHTDH BIMSHUE HA PACXO]l TOTUIUBA TEXHHYE-
CKHX OCOOCHHOCTEH MAaIlMHBI, XapaKTePUCTHK €€ ABMKUTENS U KadyecTBa ee 00CiTy-
xkuBanus [4, 18, 10]. Bogurens BAMsSeT Ha pacxoj TOIUTHBA ITyTEM HCTIOIH30BAHUS
WHMBH]IyaJIbHOTO CTHJIS BOXKIEHHS, PETYISPHOTO TIOBBIIMICHUS KBaTU(pUKAIMH H
yxoza 3a TexHukoi [1]. Cpeau mpupoaHBIX (PaKTOPOB BHIICISIOT YKIOH MECTHOCTH,
pasMepbl U XapaKTepUCTUKU APEBOCTOsS (00BbEM, BBICOTA, IMAMETP) U PasHOOOpa3ue
pa3MEpHBIX XapaKTePUCTUK 3arOTOBJICHHOMN JIPEBECHHBI.

Ecnu nnst MammHb! HET yTBEPXKIEHHOTO MUHTPaHCOM HOpMAaTHBa JINOO Tpes-
MIPHUATHE PEIIIO WCIOIh30BaTh APYroe 3Ha4deHHWe, OHO BIIPaBe PacCUnTaTh COO-
CTBEHHBIH HOPMATUB pacxojia ToruIuBa. Kak mpaBmiio, B Takoil CUTyaluy opraHu3a-
UM JCUCTBYIOT OJHUM M3 JIBYX CIIOCOOOB.

[lepBslit cioco6 — KUCMOIB30BaHKUE CBEJACHUN O pacxojie TOIUIMBA U3 TEXHU-
YeCKOM JTOKyMEHTAIluN Ha MamuHy. OJJHaKo B OOJNBIIMHCTBE CIIy4aeB MMoi00Has UH-
dhopmanus 00 OTCYTCTBYET, THMO0 padoTaTh ¢ TAKMMH MTOKa3aTeIsIMU HEBBITOIHO,
TaK KaK B JIOKyMEHTAIINH K MallliHE YKa3bIBAIOT MUHUMAIIbEHOE MTOTPeOIeHNEe TOTUIH-
Ba TP €€ UCIIOJIb30BAHUU B UJICATIbHBIX YCIOBUSX, KOTOPBIE IaJICKH OT pealbHbIX.

Bropoii cioco6 — cozaanue crenuaibHO KOMUCCHU AJISL OCYLIECTBICHUS 3a-
MepoB. [IpocreiimmmM cmocoOoM M3MepeHus pacxosa TOIIMBA MalllMHaMU U TpaHC-
MTOPTHBIMH CPEJICTBAMH SIBIISIETCS 00bEMHBIN METO/] ITOTIOTHEHHUS 0aka B KOHIIE pado-
YeTo MUKIIA, padoueii onepany WKk B KOHIIE padodero THs. 3amoiHeHHE pe3epByapa
OCYIIECTBIISIETCS C TIOMOIIBI0 U3MEPHUTEIBHOTO MPHOOpa MM U3MEPUTEILHOTO TTH-
cToJieTa AJi1 TOYHBIX u3MepeHuit [12, 23].

Ha puc. 1 npencrasneHo u3odpaxenue xappecrepa Silvatec 8266 TH, ucmosnb-
30BaHHOTO B MPOM3BOJICTBEHHBIX UCIBITAHUIX C IIEJBI0 000CHOBAHUS HOPMATHBOB
pacxoyia TOTIIMBA TP BBITTOIHEHUH JIECOCEYHBIX paboT 10 BajKke, 00pe3ke CydheB U
pacKpspKeBKe JiecoMaTepralioB B yueOHO-OMBITHOM Jiecxo3e [loBomxkckoro rocymap-
cTBeHHOTO TexHonornyeckoro yausepcureta ([1I'TY) Pecrybmuku Mapwii Di1.
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Puc. 1. Xapsecrep Silvatec 8266TH,

UCIIONIb30BaHHBIA MPHU  00OCHOBAHUH

HOPMBI pacxojia TOIUIMBA Ha Bajke, 00-
pE3Ke Cy4beB U PACKPSIKEBKE

Fig. 1. Silvatec 8266TH harvester used

to substantiate the fuel consumption

rates for felling, cutting branches and
slashing

B xome sKcriepUMEHTaNbHBIX HCCICAOBAHMHA OCYHIECTBISUTICH BBHIOOPOUHBIE
PYOKH B CMEIIAaHHOM JIPEBOCTOE C TPeoOIIalaHieM COCHOBBIX JIEPEBbEB. 3aroTaBIBa-
JIUCH COPTUMEHTHI TMHOH 6 M. CTak OIepaTopoB XapBecTepa COCTABIISLI OoJiee 3 JIeT.
Jlecocexu XapaKTeprU30BaJINCh CPEIHUMH TPYHTOBBIME YCJIOBUSIMHE C JBIDKCHHUEM 110
JIECOCEKE M BOJIOKY C MAKCHMAJIBHBIM TIOTPYKEHHEM KoJiec B TpyHT He Oonee 100 mm.

[Ipu skcrieprMeHTANBHBIX WCCIICAOBAHUSAX TOILIMBHBIA Oak XxapBecTepa 3a-
MIOJTHSUICS JI0 TOPJIOBUHBI U OCYILECTBIISIACh 00pab0oTKa y4acTKa MaceKu ¢ BhIPYO-
KOM OrpaHHYEHHOTO YHCIIa JepeBheB rpynmnaMu 10 50 nepeBbeB. Ha xakaom ararme
SKCIEpUMEHTa BBIpyOaIHNCh JAEPEBbs, UMEBIINE MPUMEPHO OAWHAKOBHIN TUAMETP.
Jlvme ipy HEBO3MOYKHOCTH BBIOOPOYHOW BBIPYOKH JI€PEBHEB HY)KHOTO IHaMeTpa
MTPOM3BO/INIIACH ITOJTHASI BRIPYOKa BCEX JOCTYITHBIX C OJHOM pabodell MO3HWIMU Ha-
3HAUEHHBIX B PYOKY JIepEBbEB.

Jns ¢ukcanyu ypoBHS 3aJMTOr0 B 0aK AM3ENHLHOTO TOTUIMBA HCIOIB30BAJICS
croco0 BU3yaJbHOW (HKCAIMK, KaK HanboJiee TPYJOEMKHIA, HO B TOJKE BPEMsI OIMH U3
CaMbIX TOYHBIX JIJIsI BBITOJHEHHUS MOJ00HBIX 3aMepoB. DHUKCAIHs TOIUTHBA OCYIIECT-
BJISTaCh MEPHOM eMKOCThI0 00beMoM 1 11 ¢ 1ieno# nmemenmit 0,1 1 (puc. 2). Dxcrre-
PUMEHTAIbHBIE UCCIIEI0BAHHS COMPOBOKAAINCH ONPEEICHUEM IUaMeTPOB BBIpyOa-
eMBIX JIEPEBbEB U MX pacdeTHhIX 00beMoB. [locie BBIpYOKHM KaKIOH M3 yKa3aHHBIX
IPYIII IEPEBLEB OCYLIECTBISUIACh OCTAHOBKA MAIIIMHBI, 3aII0JTHEHHE TOTUTMBHOTO OaKa
JI0 TOPJIOBUHBI C TOYHOH (prKkcarpelt o0bema 3arpapisieMoro Torumsa. B xome axcrre-
puMeHTa BeIToTHEHO Ooryiee 100 3amMepoB Ha pa3MUHBIX Jiecocekax. Vcmonb3oBan-
HBI Ha TIPAKTHKE METOJ BEACHUS paOoT MO3BOJIMI HAIVISIHO MPOIEMOHCTPHPOBATH
BO3MOYKHOCTB OIIPEACIICHHS ITOKa3aTeeil pacxo/a ToIumBa O6e3 MpuoOpeTeHus U ycra-

Puc. 2. Ilponecc 3anpaBKu TOIUIMBHOTO
6aka xapBecTepa NP BBIITOJTHEHUN JKC-
TIepUMEHTa

Fig. 2. Filling operation of a harvester
fuel tank during the experiment
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HOBKH CIEIMAIM3UPOBAHHOTO U3MEPHUTEIBHOTO 000pynoBanus. MHpopmarus o pas-
paboTKe JIECOCEeK, CBSI3aHHAs C OIpE/eiCHUEM (PAKTHUYECKOro pacxoja TOIUIMBA Xap-
BecTepa, Ha KaKJOM ydJacTKe [ACeKH BKJIrOUYasia B ceOsl aHAIM3 YMC/Ia BhIPYOICHHBIX
JICPEBBEB, UX 0OBEMHBIX U pa3MEPHBIX XapaKTEPUCTUK U (PUKCAIIMIO pacxo/a TOILINBa
¢ 000CHOBaHHEM €T0 PacyeTHOIO 3HAUCHHUS HA | M3 IPEBECHHBI.

[Ipu 00paboOTKe IKCIIEPUMEHTANTBHBIX JaHHBIX HCIOJIh30BAIACH MPOTrpaMMa
Statistica.

Pesynomamul uccnedosarnus u ux oocysicoenue

AHanu3 cymecTBYIONMX pa3paboTOK aHAJIOTHYHBIX HOPMATUBOB [14] mo3Bo-
JISIET CAETaTh BHIBOJI, YTO OCHOBHOE BHUMaHHE TPY CO3aHNH HOPM pacxo/ia TOTTNBA
MallliH, 3a/IcHCTBOBAHHBIX Ha BAJIKE IEPEBLEB, OTAACTCS Pa3MEPHBIM XapaKTEPUCTH-
KaM JIPEBOCTOEB C BO3MOXKHOCTBIO TOCIEAYIOIIEr0 BBOAA MOBBIMIAKOIINX KO3(DDU-
[UECHTOB, XapaKTePU3YIOLINX TOMOIHUTEIFHBIC CIOKHOCTH pabOThl HA Pa3IMYHBIX
JIECHBIX y4acTKax, HalpuMep: padoThl IPU yCTaHOBUBIICHCS TEMIIEpaType BO3ILyXa
HUKE HOPMBI, paboThHI B pesknMe yueOHBIX JISHCTBHI cO CTaxkepoM, paboThI Ha Jiec-
HBIX y4acTKax CO CJIOKHBIM pelibeoM.

Hcxons u3 310T0, MpH 00pabOTKE 3KCIIEPUMEHTAIBHBIX JaHHBIX CTaBHJIACh
3aJa4a OLICHUTH BIUSHHUE HA PACXOA TOIIMBA Pa3MEPHBIX XapaKTEPUCTHK BhIpyOae-
MOTO JIPEBOCTOSI, KaK JIETKO MOAIAIOIIETocs aHaIu3y (paKTopa, UMEIOIIETO BEICOKYIO
KOPPETSAIMOHHYIO CBSI3b C Pe3yJAbTaTUBHBIM NpU3HaKoM. Cpesin pa3MepHBIX XapaKkTe-
pPHUCTUK OBbLI BBIOpaH JAMAMETP JAPEBOCTOSI — CaMblil JOCTYIHBIN JIJIsl Hanbosee mpo-
CTBIX ¥ TOYHBIX 3aMEPOB 110 CPABHEHHIO C IPYTUMH HAaXOAALIMMUCS B KOPPEIISLIMOH-
HOM 3aBUCHMOCTHU C HUM Pa3MEPHBIMU XapaKTePUCTUKAMH JICPEBBEB.

O06paboTKka SKCIIEpUMEHTAIBHBIX JaHHBIX, OCHOBaHHAas Ha [6—8], mo3Bonmia
MOJTyYUTh PETPECCHOHHYIO MOJENb, XapaKTEPU3YIOUIYIO CPETHUHM pacxo]] TOMINBA
MIPU Pa3IUYHBIX TUaMeTpax BbIpyOaeMoro JpeBOCTOS:

_ 58,4
i

rae P — pacxon TOIUIHBA, J/M3; d — CpeIHUI THaMeTp JPEBOCTOS, CM.

P

+0,85,

[Ipr HEOOXOAMMOCTH UCTIONB30BaHUS B MOJIENIU JIPYTHX Pa3MEpPHBIX Xapak-
TEPUCTHK 00pabaThIBAEMBIX JECPEBbEB, HAIPUMEP MX OOBEMHBIX MOKa3aTelel, uc-
CJIEZIOBATEIIb JIETKO MOXKET BOCIIOJIB30BATHCS CYILECTBYIOIIMMH MaTeMaTHYeCKHUMU
3aBUCUMOCTSIMU [21] muist npeoOpazoBanus GopMyIIbL.

AHaNHM3 TONYYEHHOTO PElIeHUs! J1al BO3MOKHOCTB C JIOCTOBEPHOCTBIO 95 %
YCTaHOBHTB, YTO CPEIHHUI pacxoj ToruthBa xapBectepa Silvatec 8266TH, paboraro-
IIEeTO Ha JIECHBIX yYacTKaxX y4eOHO-ombITHOTO jecxo3a [TV, HaxonuTces B penenax:

ﬂ+0,77; @+0,92 .

Jd Jd?
3Ha‘IeHI/I5{, nomaaaromue B 5TOT AUaIia3oH, MOFyT 6LITL HpI/IHHTLI 3a HOpMaTI/IB
HpI/I OHpe,Z[CJIeHI/II/I pacxoz[a TOILJIMBA. MO,I[GJ'IL nonyqua U MOXKET 6LITI> HCIIOJIBb30Ba-
Ha HpI/I CpeI[HI/IX Z[I/IaMeTan llepeBLeB O6pa6aTLIBaeMLIX JICCOCEK B npe)lenax oT 10
110 50 cM, 4TO OrpaHUYUBAET €€ MPUMEHEHHE B JIPYTUX NMPON3BOACTBEHHBIX YCIOBU-
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siX. DPPEKTUBHOCTD UCTOIB30BAHUS JAHHOW MOJICJIA TI0 OTHOIICHHUIO K PeabHBIM
JTAHHBIM MOXKET OBbITh ITPOaHAIM3UPOBAHA IIPU U3yueHUH rpaduka (puc. 3).

6 Model: v, = b, { (v (1-1,5)) + bs
y=(58,3937) - (x"(~1,5)) + (0,84758)

Pacxon TOIIMBA, JI

5 10 15 20 25 30 35 40 45 50 55
Juamerp, cMm

Puc. 3. I'padmk aHamm3a TOYHOCTH MMOTyYSHHON MOIEITH

Fig. 3. Accuracy analysis diagram of the resulting model

MHOXeCTBEHHBIH KOAQPUIIMEHT JAeTepMUHAIINK R2 ipeiioKeHHON HeTnHEeH-
Ho# Momenu coctaBmi 0,73. 3uadenue R2 > (0,7 o3HavaeT, 9T0 U3MEHEHUE PE3yiIbTa-
THBHOTO MMPU3HAKA B OCHOBHOM CBSI3aHO C U3MEHEHHEM BKJIFOUEHHOTO B PETPECCUOH-
HYIO MOJIeTIb (PAKTOPHOTO MpPU3HAKA.

ITo MHeHMIO aBTOPOB, POCT YAEIBHOIO pacxoia TOIUIMBA MPU YMEHbIICHUU
CpPEHEro JuaMeTpa ACPEBbEB Ha JECHBIX y4acTKaX CBSI3aH C YBEJIMUYCHHEM 4YHCIIA
JBIDKCHUN MaHUITYIIATOPA XapBECTepa, 3aXBaTOB U MIJILHOTO MEXaHU3Ma XapBeCTEP-
HOM TOJIOBKH MpPH 3aroToBKe Kaxjaoro 1 m* coprumeHToB. HenmHelHbll Xapakrep
MOJIyYCHHON MaTeMaTH4eCKOM 3aBUCUMOCTHU MOJTHOCTBIO COINIACYETCS C U3BECTHBIMU
paHee 3aBUCHMOCTSIMH IS IPYTUX JIECOCEUHBIX MamwH [13, 14].

[IpoBepka cTaTnCTHYECKON 3HAYMMOCTH KO3(D(DHUIIMEHTOB ypaBHEHUS perpec-
CHUH U OIPE/ICIICHUE UX JIOBEPUTEIHHBIX NUHTEPBAJIOB MIPE/CTaBICHBI B Ta0. 1. Mox-

HO OTMETHTD, YTO BCE IapaMeTpbl (K03 (QUIIMEHTHI) ypaBHEHHS pErpeccuu L1 + b;

Ja&*
OKa3bIBAIOT CYLIECTBEHHOE BIHMSIHUE Ha PE3yAbTATUBHBIN IPU3HAK, a 3HAYCHUS KOA(]-
(DUIMEHTOB perpeccuu Mo MOAYJIO OOJIbIIE UX CTAHJAPTHBIX OLINOOK.

Tabmnuma 1

IIpoBepka craTHCTHYECKON 3HAYMMOCTH KOI3()PUIIMEHTOB yPABHEHHUS Perpeccuu

Kos¢puuuent | 3Hauenue Hfl;a:;?l%l_a t_CTaI::CT”_ P-3HaucHue Hg?;?e B%[;x;)ue
b, 58.4 3,668 15,917 0,00 51,107 65,67
b, 0,85 0,0387 21,900 0,00 0,770 0,924

B Hamiem cityuae Bce TOUKH (OCTaTKH) HA HOPMaJIbHOM BEpOSITHOCTHOM rpadu-
K€ OYCHb OJIM3KU K JIMHHUHU, OXKHUJAEMOM JUIsSi HOPMAIIbHO PAaCHpe/IeICHHBIX OCTaTKOB
(puc. 4). CucreMaTHIeCKUX OTKJIOHCHUH (PAKTHICCKUX JTAHHBIX OT TEOPETHUECKOM



ISSN 0536-1036 «H3BecTns By30B. JlecHoii skypHas». 2020. Ne 3 123

HOPMAaJIBHOM MIPSIMOM HE HaOMroaeTcs. 3HAUUT, OCTATKH Paclpe/ieiICHbl HOPMAJIBHO.
Ha puc. 5 mpencrasieH cpaBHUTENbHBIN aHATH3 MPEICKA3aHHBIX U HAOIIOMAEMBIX
3HAYEHUH, TTO3BOJISIFOIIHN CEIaTh BBIBOA 00 aIeKBaTHOCTH MOTYICHHON MOICIH pe-
aJTHHBIM POU3BOACTBEHHBIM yCIOBHSIM.

30

25

0.99
2,0

15 e

1,0 0.85

0.70
0.50
0.30
0.15

l'lpe;[cxaaaHHoe 3Ha4YCHHUEC

0.05

0.01

0,8 06 -0,4 02 0,0 0,2 0,4 0,6 0,8 1,0

Ocrarku

Puc. 4. HopmanbHbIit BEpOSITHOCTHBIH Tpaduk

Fig. 4. Normal probability plot

Habmonaemoe 3HaueHue
o
o
?
o

O AT T R R R s
HpencxasaHHoe 3HAYCHUEC

Puc. 5. CpaBHeHuMe TpeicKa3aHHBIX U HAOMIONACMBIX 3HAUCHHIA

Fig. 5. Comparison of the predicted and observed values

Pacdetsl, ocyIiecTBIeHHBIE IS YIIPOIICHUS IPUMEHEHHS Ha TIPAKTUKE TIPE/I-
JIOKCHHOHM MareMaTH4eCcKON MOJISIH, TTO3BOJIWIINA CBECTH B Ta0. 2 TpaHUYHBIC 3HAUC-
HUsI HOPMUPYEMOM BEJIMUMHBI, PACCUUTAHHBIE 110 BEPXHEN I'PaHULE HOPMATUBHOIO
auara3oHa 4J1s1 OCHOBHBIX pa3Meprlx XapaKTepI/ICTI/IK IIpGBOCTO;I y‘-Ie6HO-OHI)ITHOI“O
necxo3a IIT'TY.
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Tabnuua 2

Hopmbl pacxona TonimBa npu 3aroToBke Jjeca xapsecrepom Silvatec 8266 TH
B YueOHO-onbITHOM Jecxo3e IIT'TY

Huamerp, cm Pacxon ToruBa, /M3 Huamerp, cm Pacxon ToruuBa, /M3
12 2,52 26 1,42
14 2,19 28 1,37
16 1,96 30 1,33
18 1,79 32 1,29
20 1,67 34 1,26
22 1,57 36 1,23
24 1,49 38 1,20
3axnouenue

PexoMenaanny mo HOPMHUPOBAHUIO PacXxo/a TOIUIMBA COBPEMEHHBIX JIECHBIX
MHOTOONEPAIIMOHHBIX MAIlIMH MPHU BBIMOJIHEHNH Pa3IMYHBIX TEXHOIOTMUYECKUX OIle-
patmii B JIESCHOM XO3SIICTBE JatOT BO3MOXKHOCTh 3HAYUTENILHO OOJNErYUTh TIAaHUPO-
BaHUE M pacyeT HKCIUTyaTal[MOHHBIX 3aTpaT MAIllMHHO-TPAKTOPHBIX arperaros. [lo-
JydeHHasi MaTeMaTHYecKasi 3aBUCUMOCTD I103BOJIMJIA OCYIIECTBUTh PACUET HOPMBI
pacxona tormBa xapsecrtepa Silvatec 8266 TH npu pasnuuHbIX apameTpax ApeBo-
CTOSI B CMEIIAHHBIX JPEBOCTOSIX HA TEPPUTOPHH YUeOHO-OnbITHOTO Jecxo3a I TY.
JlaHHas1 3aBUCIMOCTB MOJKET OBITh HCIIOJIb30BaHa M Ha IPYTUX JIECOMPOMBIIIICHHBIX
MIPEANPUATHSAX IS TPUOIMKEHHOTO OBICTPOTO pacueTa HOPM pPacxoa B OTCYTCTBHE
JEHCTBYIOIINX HOPMAaTHBOB C LIEJIbIO CPAaBHEHHS OOBEMOB CIIMCHIBAEMOIO TOILIMBA
C IpeATIOKEHHBIM HOPMAaTHUBOM, a TAaKXKe JUIsl pacyeTa MPOEKTHOH ce0ecTOMMOCTH
3aroTaBIMBaEMON MPOAYKIMH IPH OPraHU3aMH HOBBIX JIECONPOMBIIIICHHBIX MTPE-
MNPUSITUNA U OCBOEHUH HOBBIX JIECHBIX YYaCTKOB.
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The research purpose was to substantiate the parameters of diesel fuel consumption during
felling by the feller-delimber-slasher Silvatec 8266TH in the forest area of the Mari El
Republic. The goal was achieved by conducting the experimental tests using the volumetric
procedure of filling the machine tank at the end of the operating cycle. The experimental
research was accompanied by fixation of the diameters and volumes of the trees cut down.
After cutting down each of these groups of trees, the machine was stopped. The fuel tank was
filled to the filler pipe. Each time the researchers fixed the fuel volume filled. Processing of
the experimental data allowed us to obtain a regression model. This model characterizes the
average fuel consumption for various tree diameters. Analysis of the obtained solution made it
possible to find out that the average fuel consumption of a Silvatec 8266 TH harvester working
in the forest areas of the scientific and experimental forestry of the Volga State University
of Technology depends on the average diameter of the cut trees. The multiple coefficient of
determination (R?) of the resulting non-linear model was 0.73. The obtained mathematical
dependence can be used by timber enterprises for the approximate rapid calculation of the
consumption rates in the absence of running standards. Calculations can be carried out to
substantiate the volume of the consumed fuel and to calculate the project cost of harvested
products in the development of new forestry enterprises and new forest areas.
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KrneeBble coeauHeHus MO JUIMHE IIUPOKO PACHPOCTPAHEHbI B MPOU3BOACTBE W3ENUI U3
apeBecruHbl. OHaKoO Hanboliee YacTo MPUMEHsIeMasi TEXHOJIOTHSI CpaIllUBaHus Ha 3yOdaTblie
LIMIBI IMEET PsiJl HEIOCTATKOB (HAJIMYUE OTXOJ0B, JOPOTOCTOSIIHMNA PEKYIINHA HHCTPYMEHT
u np.). [lpemioxen aasTepHaTHBHBIN CIOCOO CpalMBaHKsl HA MHOTOKPATHBIE MPSIMOYTOJIb-
HBIE HIWIBI, U3TOTOBJICHHBIE NpeccoBaHueM. [IpoMbllIeHHOE BHEIpEHHE HOBOTO CIIOCO0a
TpeOyeT MOATBEP)KACHHUS BBICOKOTO KayecTBa KJIEEBOTO IIUIIOBOrO coeuHeHust. OCHOBHBIM
MoKa3aresieM KauecTBa sBISETCA MPOYHOCTh coequHeHus. Llenb uccnenoBaHust — sKcrnepu-
MEHTaJIbHasl OLEHKA IMPOYHOCTH NPH PACTSHKEHUU U M3rHOe COSIMHEHHH 110 JJIMHE Ha Ipsi-
MOYTOJIbHBIE TIPECCOBAHHBIE MINIIBI (Ha IIPUMEpE 3ar0TOBOK M3 JIPEBECUHBI COCHBI). M3yueHsl
coesiMHeHus 1ByX tunopasmepoB (A u b) ¢ marom 4,2 u 8,2 MM ¥ DIyOMHOW NPOYLIMHBI
10 u 20 MM coorBeTcTBeHHO. IIpovyHOCTH OOpa3LOB OINpPEACISIIM C y4EeTOM TpeOOBaHHA
T'OCT 15613.4 u I'OCT 15613.5. JIns olleHKH KayecTBa COEAMHEHUMN UCITOJIb30BaIM MOKa-
3aTellb «OTHOCHUTEJNIbHASI MIPOYHOCTY) — OTHOIIEHUE MPOYHOCTU COEJUHEHUS K MPOYHOCTU
LeNbHOI peBecuHbl. CraricThyeckas o0paboTKa MpOBOAMIIACH KaK MO TPyIIaM JaHHBIX,
TaK U JUId KaKAO0Tro TUIIOpa3Mepa U KakJOro BUAA MCIBITAHUS OTAENBHO. DTO IMO3BOJIMIO
YCTAHOBUTB CPEAHUE 3HAYECHUSI IPOYHOCTH ISl KaXKJJOM OT/IEIBHOMN IPYIIIBI 00pa3IoB, a Tak-
K€ MOJIYYUTh CTATUCTHUECKH 0O0CHOBAHHYIO OOBEIMHEHHYIO OILICHKY HEKOTOPBIX MOKa3are-
neit. CoearHeHus TMHA A (C MEJIKUMH LIMIIAMHU) TTOKa3aJIH Jy4IIne Pe3ysbTaThl 10 MPOYHO-
ctu nipu pactsikenuu (59,5 %) no cpaBHenuro ¢ tunoMm b (53,2 %). YeraHOBICHO, YTO TpU
00paboTKe pe3yNbTaToB UCIBITAHWN Ha M3rMO B HMCCIIEIOBAHHOM JHMana3oHe HE BBISIBICHO
CTaTUCTUYECKU 3HAYMMOIO BIUSHMS TUNA coeauHeHus. [loaTomy cpenHss NpOYHOCTh MpU
usrude (80,2 %) xapakrepusyeT oba Tumna coeauHeHus. Kpome TOro, mpov4HOCTh 3THUX JBYX
THUIIOB COEIMHEHUH C JI0CTATOYHON JJOCTOBEPHOCTHIO MOJKET OBITh OXapaKTepu30BaHa U Cpel-
HEH MPOYHOCTHIO NpH pacTsukeHnu (56,4 %). [Ipu aTom 00a THIIA COEMHEHHS COOTBETCTBY-
0T IO TIPOYHOCTH TPEOOBAaHHSIM CTAHIAPTOB Ha U3JIEJIUS C UCIIOJIb30BAHUEM KJIEEBBIX COE/IU-
HeHuH no juHe. [lomydyeHHble pe3yabTaThl BapbUPYIOT B CPABHUTEIBHO Y3KOM JHAara3oHe,
YTO CBHUJIETEIBCTBYET O CTAOMIIBHOM KauyeCTBE KJIEEBBIX COCAMHEHUI Ha INPSIMOYTOJIbHbBIE
LIMITBI, U3TOTOBJIEHHBIX CIIOCOOOM IpeccoBanusi. [IpoBeeHHOE Hccie0BaHue MOATBEPANIIO
BO3MOKHOCTb IIPUMEHEHUS IPSIMOYTOJIbHBIX IPECCOBAHHBIX LIMIIOB JJIi H3TOTOBJIEHUS COe-
IUHEHUN Ha X OCHOBE.
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Bseoenue

CpamuBanue ApeBECHHBI N0 JJIMHE MIMPOKO MPHUMEHSETCS B MPOU3BOJICTBE
KJICCHOHW MPOLYKLUH, CTONSIPHO-CTPOUTEIbHBIX M3IEJIUI U KIECHBIX IEPEBSHHbBIX
KoHCTpyKuui. Cpeau Hanboee N3BECTHBIX COSINHEHUH 10 ATTMHE MOYKHO OTMETHTh
COEJMHEHHE Ha yC, TOPLOBOE (BIPHUTHIK), CTyIIeHYaToe (BIOJIEPEBa), LLIMIIOM B TOP-
LOBBIH T1a3; HanOoJee pacpoCcTpaHeHO COSANHEHNE Ha 3yOuarslii mun [ 1, 2, 21, 38].

3y0uaTbie CoeIMHEeHNs, HECMOTPS Ha XOPOILUE IKCIUTyaTallHOHHbIE CBOMCTBA
Y SKOHOMHYHOCTb, CBA3aHHYIO C MaJIBIMU ITOTEPSIMHU MaTepuasa Ipyu Hape3Ke IINTIOB,
HUMEIOT Psii HenocTaTkoB. K HUM OTHOCATCS: CIOKHOCTb KOHCTPYKLIHHU (pe3epHO-
ro MHCTPYMEHTA; CyLLIECTBEHHBIC 3aTpaThl HA €ro MPHOOPETEHHE U MIEPUOANYECKYIO
3aTOUKY; HEOOXOIUMOCTh YIAJICHUsI CTPY>KKH, 00pasyroleics B MPoLecce pe3aHms;
CHIDKEHUE MPOYHOCTU COEJUHEHHU IO NMPUYMHE Nepepe3aHtsi BOJIOKOH U HaIW4Hs
3aTyIJIeHHus B BepIIMHAX MHIOB [2, 15].

[IpuHIMTIHANEHO WHAS TEXHOJOTHS W3TOTOBJICHHWS IIMIIOB HAa TOPIAX 3aro-
TOBOK CITOCOOOM TOPITOBOTO IMPECCOBAHUS, MpemIoKeHHass aBTopamu [14, 16], mo-
3BOJISICT YCTPAaHUTh yKa3zaHHble HegocTarku. CoelMHEeHHEe Ha MHOTOKpPAaTHbIE Mpsi-
MOYTOJIbHBIE UMb (PAKTHUECKU MPEACTaBISIET CO00H KOMOMHALIUIO OTCHIUAIEHO
BBICOKOTIPOYHBIX KJIEEBBIX COSIMHEHUH Ha MaKyto Qyry [13, 27] 1 MeHee mpOoYHBIX
TOPIIOBBIX COCAMHEHHH BIPUTHIK. [[pOMBINIIIEHHOE BHEIPEHUE HOBOTO CIIOCO0a cpa-
LIMBaHUS HA [IPAMOYTOJIbHBIE IIPECCOBAHHbIE IIUIbI TPEOYET UCCIEA0BAaHUS YPOBHS
KauecTBa MOIy4aeMbIX COCANHCHHH.

OCHOBHBIM ITOKa3aTesIeM KauecTBa KJICEBOIO COCIMHEHUS SIBJISIETCS €ro Mpoy-
HOCTh [2, 18-20, 29, 30, 33, 35, 37]. CymiecTByeT HECKOJIbKO MOAXOI0B K OLICHKE
MPOYHOCTH KJIEEBBIX COSANHEHHUH JJPEBECHHBI, KOTOPBIE MO chepe MPUMEHEHHST MOXK-
HO pa3/ieNUTh Ha CIEAYIOUINE IPYTIIbI:

pacdeTHbIe METObI, UCIIOIb3YEMbIE HA CTaIUH IPOCKTUPOBAHUS COCIUHEHUS
1 JUIS IPOTHO3UPOBAHUS MEXaHUYECKUX CBOMCTB;

9KCIIEPUMEHTAJIbHBIE METO/Ibl, IPUMEHSEMbIC Ha CTaJAWU M3TOTOBJICHUS COe-
JUHEHUH K 00pa3nam peabHbIX JTHO0 CIeHUalbHO TOATOTOBICHHBIX pa3MEpOB.

K mepBoii rpyrmie oTHOCSTCS METObI, OCHOBAHHbIE HAa MCIOIb30BAHUHU aHa-
JTUTHYECKUX WA SMITUPUYECKUX Mozemneil. Pa3paboTanel METOIBI pacueTa KIECeBBIX
COCIMHCHUHA Ha CIBHI, HEPABHOMEPHBIN OTPBIB, CKanmbiBaHue u Ap. [17]. JlanHble
MOZIETI UMEIOT OIpaHMYEHHOE NPUMEHEHHE, OCKOIbKY MOIY4EHBI Ul OTACIbHBIX
M3yYECHHBIX CIy4aeB M HE MOTYT OXBAaTHTh BCE Pa3HOOOpa3ue COCIMHEHHM.

K o101 e rpynne npuHayIe)KuT U METOJT KOHEUHBIX JIEMEHTOB, peain3ye-
MBI Ha 0aze 3D-monenupoBanus [24, 32]. Mertox nocrarouno 3¢dexruBerH npu
[IPOrHO3MPOBAHUY NPOYHOCTU COEJUHEHUH C M3HAYaJIbHO 3aJaHHBIMHU XapakTe-
puctuxkamMu. OfHAKO Ha MPAKTUKE BCTPEUAIOTCS 3aTPyAHEHUs, CBSI3aHHBIE C AHU-
30TPOMHOCTBIO, BAPUATHBHOCTBIO, BO3MOXHBIMU CIyYailHBIMH OTKJIOHEHHUSIMHU
CBOWCTB ApeBecuHbI [28].
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OKCIIEpUMEHTAIBHBIE METOJBl BTOPOW TPYIIILI MO3BOJSIOT CKOHIIEHTPUPO-
BaThCs Ha CBOMCTBAaX KOHKPETHON mHapTuu 00pasioB. K HUM OTHOCSTCS METO[IbI
HEpa3pyILIAIIEro KOHTPOJIS IPOYHOCTH KJICEBBIX COCIUHCHHN APEBECUHBI, O3B0~
JISTTOIIIAE TIPOBOAMTH OIEHKY C JOCTATOYHOW cTereHbio Tounoctd [21]. Ho mpu ux
WCIIOJIb30BAHUY TOABIISETCS HEOOXOMMMOCTh pa3pabOTKH CTaHIapTH30BaHHBIX Me-
TOJIVIK ¥ IPUMEHEHUS Y3KOCIEIHAIN3UPOBAHHOTO 000PY/IOBAHMSI.

Ora Tpylia Takke BKIOYAST CTaHIaPTU30BAHHBIC METO/BI OLEHKU MPOYHO-
CTH, OCHOBAHHBIC Ha BBIOOPOUHBIX UCIBITAHHUSIX THIIOBBIX 00pa3Il0B MEXaHHMUECKUM
paspylieHrEeM, KOTOPBIC IIPUHSTO MPOBOAUTH ISl OJHOPOIHOM MPOMYKIIUH ITPH (HUK-
CaI¥ OTPEACTICHHBIX YCTAHOBIEHHBIX HCXOHBIX JTAHHBIX: TOPOJIBI APEBECHHEI [ 19,
20, 25,27, 29, 33, 38], reoMeTpUUECKUX TapaMeTpoB coeauHenus [22, 25, 26, 30, 31,
33, 36, 39], Tuna kues [25, 29, 30, 34, 38]. IIpu npoeKTUPOBAaHUHU U U3TOTOBICHUU
OIBITHBIX 00Pa3I[0B COCJAMHEHUI HOBOTO THIIA TAKUE UCIILITAHUS HanOoJIee 11e1eco-
00pa3Hbl BBUJY UX MTPOCTOTHI, HHPOPMATUBHOCTH, aJICKBATHOCTU PE3YJIbTATOB.

MeTonb!l ucnbpITaHNN 00pa3IOB BapbUPYIOTCS B 3aBHCHMOCTH OT Ha3HAYCHUS
KIJIEEHBIX 3aTOTOBOK, YCIIOBHI MX dKCIUTyaTaruu. [[poyHOCTh CKilenBaHus, Kak Ipa-
BHJIO, OIICHHWBAETCSl MPEICIbHBIM YCHIIMEM, BBI3BIBAIOLINM pa3pyllieHHe oOpasla.
[IpuMEHSIOT UCTIBITAHUS Ha CIBUT (CKaJBIBAHKE), pACTsDKEHUE (OTPBIB), U3THO, KPY-
yeHre. MHOTHe cTaHAapThl Ha M3JIEHS ¢ IPUMEHECHUEM KJIEEBBIX COCIUHCHHU 10
JUIMHE OTHOCST K YMCJy OCHOBHBIX TPEOOBaHMsI K MPOYHOCTH MPH U3rUOE U pacTsi-
kernu [8—10].

[Ipo4HOCTH KIJIEEBBIX COCAMHEHUH IO JUTHHE YIOOHO XapaKTepHU30BaTh MOKa-
3areieM «OTHOCHUTENbHAs MPOYHOCTHY — OTHOIICHHWEM TPOYHOCTH COCTUHEHHS K
IIPOYHOCTH IEIBHOM JIPEeBECUHBI 3aTOTOBOK [2]. B 3apy0eskHOI HaydHOM JIUTEpaType
TaKke BCTpeuaercst TepMuH «joint efficiency» (3¢ dexTuBHOCTD coeaunenus) [25].

Lesnp uccaeqoBanms — SKCIIEPUMEHTAIbHAS OLICHKA IPOYHOCTH ITPH PaCTsIKE-
HUU W U3rH0€ COeNMHEHHH 110 JUTMHE Ha MPSIMOYTOJIbHBIEC PECCOBAHHBIC IIUIIHI (Ha
MIPUMEpPE 3aTOTOBOK M3 IPEBECHHBI COCHBI).

3a/aun UCCIeOBaHMs BKIFOUAIH: ONPEACIICHIUE OTHOCUTEIBHOW MPOYHOCTH
COCIMHECHHI; YCTAHOBJICHHE B3aUMOCBSI3U MEKY TUIIOM COCMHEHUS U €r0 MPOYHO-
CThI0; CPABHEHUE BJIUSHUE BH/IA UCIIBITAHUN Ha OI[CHKY MIPOYHOCTH.

Obwvexmbl u Memoobl UCCIE008AHUSL

Jis mpoBeneHUs IKCIIEPUMEHTAIbHBIX HCCIICI0BAHUI UCIIOIb30BAJIH 3aTOTOB-
KM, TOJyYCHHBIC U3 CYXHUX MHJIOMAaTepUanoB CMEIIAHHOM PAaCHMIOBKH U3 JPEBECH-
HBI COCHBI OOBIKHOBEHHOM, 3aroToBJIeHHON B Kuposckoii obmactu. [Tnnomarepuaist
pacKpauBaiii BJOJIb BOJOKOH Ha KpaTHbIE MO AJUHE 3arOTOBKH, KOTOpBIE 3aTeM ¢pe-
3epOBAJIM C YETHIPEX CTOPOH M PACKpauBaJIU IO JITMHE C OTHOBPEMEHHOMN BBIPE3KOM
e eKTOB.

OtOupany 3aroTOBKM C HNPEHMYILIECTBEHHO TaHIeLUAIbHO-OPUEHTUPOBAHHON
[UIACTBIO, HE COZIEPIKAIINE CYYKOB, TPEIIMH U JPYTHX TOPOKOB, C HAKIIOHOM BOJIOKOH
He Oonee 15 %. Pa3mepbl 3aroToBoK 1o TOJIIMHE, IHPHHE U JuinHEe: 25%x40%160 MM.
JnmHa 3aroToBOK OPHEHTHPOBaHAa BIOJIb BOJIOKOH. O01IIee KOITMYeCTBO 3ar0TOBOK IS
HCCIIEIOBAHUS MIPOYHOCTH COCTUHEHUN cOCTaBWIO 44 mT., B TOM yucie 32 U3 HUX
MIpeAHa3HAYAINCH IS ONIPEACIICHUS IPOYHOCTH MPH M3ruode, 12 — mpu pacTsHKEHUH.

IToka3zarenu (U3NKO-MEXaHUUECKUX CBOMCTB APEBECHHBI 00pa3LOB omperne-
JISUTH TI0 CTaHJapTHBIM MeTofuKkam [5, 6]. Ilpemen mpodHocTH ApeBecUHBI 00pa3-
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0B [IPH PACTSHKCHUU BJOJIb BOJIOKOH G | = 78,45 MIla, nmpu cTaTU4ecKOM M3THOE —
6,, = 61,18 MIla (nannbie NpUBENEHBI B NMEPECUETE HA HOPMAIU30BAHHYIO BIIAXK-
HOCTBH 12 %).

BrnaxxHocTs peBecHHBI 00pa3loB W3MEPsUIM C TOMOINBIO Bjaromepa
Hydromette compact (bupma «Gann GmbH») o meromuke u3 'OCT 16588-91 [7].
3a cpeqHee 3HAUCHUE BIAXKHOCTH 00pa3IioB MPUHUMANH CPEIHEe apu(METHISCKOES
Tpex 3aMepoB; OHa cocTaBuia 9 %.

[IpeccoBanue 37IE€MEHTOB IIUIOBBIX COCAUHEHUI HA TOPIAX 3arOTOBOK BBI-
nmosasuty Ha mpecce [1-10 (3UM «ToumarmpuOop») Mpr OTHOCUTEITHHOU BIIAYKHO-
ctu W, = (65%15) % u remneparype Bozayxa 7 = 20 °C. 3aroToBku 3aKperisuii B
crienanbHOi ocHacTKe (puc. 1, a), odecnieunBaromield Ux 0azupoBaHue, PUKCAIIHIO
Y YETBIPEXCTOPOHHUN 00KUM ¢ yerireM | kH B memnsx npeaoTBpanieHust OsSBICHHS
TPEIMH B Mpoliecce MpeccoBaHMs. 3aTeM B TOPEI] 3ar0TOBOK, B/IOJIb BOJIOKOH JpeBe-
CHUHBI, BHEAPSUIH MPOQMILHBINA TyaHCOH CO CKOPOCTHIO S0 MM/MUH U CPEIAHUM YCH-
mueMm nipeccoBanus 28,4 kH. Micnonp3oBanyu myaHCOHBI IBYX THIIOpa3MepoB (A u b)
(puc. 1, 6) c reoMeTpUUECKUMHU TTapaMeTpaMH, 00eCTICYNBAIOIINMHU TpeOyeMbIe pa3-

MepbI coeiMHeHnH (Taom. 1).

a 0
Puc. 1. ®parmMeHT TEXHOJIOTHYECKONH OCHACTKU C 3aKPEIUICHHOM 3aroTOBKOW (@) ¥ BHEHIHUH
BUJI yaHCOHOB (0) (cneBa — Tun b, cipasa — tun A)

Fig.1. A fragment of production tooling with a fixed workpiece (@) and the layout of the
punches (6), on the left — type B, on the right — type A

Tab6uuma 1
I'eomeTpuyeckue napamMeTpbl coeAUHEHMI (MM)
Tumonpasme Tommuna upuna lar I'my6una
P P muna S, MPOYLIMHbI B muna ¢, HPOYLIMHBI /1,
A 2 2,2 4,2 10
b 4 4,2 8,2 20

BHeninuit Bu u napameTpsl 00paboTaHHOMN MPeccoOBaHUEM 3arOTOBKH MIPUBE-
JIEHbI Ha pHC. 2.

CkienBaHue MIPOM3BOAMIM HE O3aHEE 6 U rocie popMupoBanus mwumnos. Ha
npo¢HIb IPSIMOYTOJIBHBIX IIMIIOB HA TOPIAX 3ar0OTOBOK HAHOCHIIM KJIEH Ha OCHOBE
nojuBuHUIANeTaTHOH nucnepcun Mapku [IBA Cynep (ITAO «AkpoH»), UMeroIHi
TIpeJIelt MPOYHOCTH Ha CABUT NMpH pacTskeHnu He MeHee 4,4 Mlla. [Ipumensiim 1Byx-
cropoHHee HaHeceHue kies (pacxom — 200 r/m2). BpeMs OTKPBITON BBIAEPIKKH CO-
craBysiio He 6onee 30 ¢, 3akpeiToit — 30 ¢. Ycwmne 3ampeccoBKH yCTaHABIMBAIN Ha
ypoBHe He 6ornee 5 kH, Bpemst Beiepskku nof naBinenueM — 30 c. [locne cxirenBanus
00pas31bl BbIAEPKUBAIM He MeHee 2 cyTok mpu W, = (65+15) % u T =20 °C.
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Puc. 2. Buennuii Buz (@) n mapaMeTpbl IPeCcCOBAHHOM 3ar0TOBKH (6): / — I 2 — POyIIHHA;
3 — nedopMupoBaHHas 30Ha; /1, — [TyOuHA 1e(hOpMUPOBAHHOM 30HbL; A — MIUPHHA 3aTOTOBKU

Fig. 2. The layout (@) and parameters of the pressed workpiece (6): / — tenon; 2 — mortise;
3 — deformed zone; &, — depth of the deformed zone; 4 — workpiece width

[Toce BBIIEPIKKH 3arOTOBKH TIO/IBEPTAIN MEXaHH4YeCKOi 00padoTke. OOpasifs!
JUIs1 OTIpEJIeJICHHS TpeJiesia MPOYHOCTH COSANHEHNH U n3rude ¢ppe3epoBanu 10 1o-
syuenus Tonmuabl 20 MM B cootBeTcTBHM ¢ [OCT 15613.4-78 (1. 1.2.3) [3]. O0pas-
LI JIJIS1 OTIpEJIeNICHHS TIpe/ieNia MPOYHOCTH COSIMHEHNH MTPH PACTSIKCHUH TOPIIEBAIH
CUMMETPHUYHO C JABYX CTOPOH JIJISl TOJTydeHus UIHHbI, paBHOH 300 MM, 1 packpaunBa-
JIM, 4YTOOBbI MMETh TOJILMHY 4 MM I10 aHAJIOTUHU C TPEOOBAHUSIMMU, IPUBEICHHBIMU B
I'OCT 15613.5-78 (1. 2.2-2.4) [4]. B urore 6pu10 TIOTy4YeHO TI0 § 00pa3IOB COETHU-
HEHMH Ka’KAO0TO THIIOpazMepa Jisl KayKA0To BUIA HCIIBITAHUS, YTO B CYMME COCTaBH-
710 32 .

DKCnepUMEeHTAIIbHBIE UCCIICAOBAHNS IPOYHOCTH IIUITOBBIX COCAMHEHHN MPO-
BOAMJIM Ha pa3pbIBHOM MamnHe P-5. [Ipenen npoyHOCTH KIIE€EBbIX COEAMHEHUN NpU
pactsbkennn (o, ) onpenensm o 'OCT 15613.5-78 [4]. Obpasewn HenpepbIBHO Ha-
Tpy’Kaiu co ckopocTeio 10 MM/MuUH, pa3pyeHue mpoucxoamio yepes (20,0+10,0) c.

[Ipezen NpOYHOCTH KIIEEBBIX COCAMHEHHH [IPU CTATHYECKOM H3rUbeE G, , onpe-
Jensuid Ha oOpasnax HaTypHbIX pasMepoB B coorBeTctBuM ¢ ['OCT 15613.4-78
[3]. CxopocTh mpuiIOXKEeHHMs HAarpy3kM YCTaHaBJIMBajIM IOCTOSHHOM M paBHOMN
10 MM/MUH; pa3pylIeHHe POUCXOIUIIO Yepes (2,5+0,5) MuH.

[Tocne ucnpITaHNM KOHTPOIMPOBAIIN BIAXXHOCTh 00Pa3L0B B COOTBETCTBUH C
I'OCT 16588-91 [7], nmpoBozs 3aMepbl BOMM3M HM3JI0Ma Ha KaKJOW ITOJIOBHUHE 00-
pas3na. 3a KOHTPOJIbHYIO BEIMYHMHY BJIQKHOCTH NPUHMMAIX OoJblIee ee 3HaYeHHUe
B OZIHOM M3 MOJOBHH oOpa3na. [lomydeHHbIe pe3ynbTaThl NPeIesioB MPOYHOCTH Tie-
pECUYUTHIBAIM HA HOPMAIM30BAHHYIO BIAXHOCTH 12 % C MOMOIIBIO COOTHOIICHHH,
MIPUBEACHHBIX B [5, 6].

OtHocutenbHyI0 TPOoYHOCTH (C, %) pacCUMTHIBaI N KaK OTHOIIEHHUE TPOYHO-
CTH ILIUIIOBOTO COCIUHEHUS Ha PACTSKEHNE U U3TUO K TPOYHOCTH LEIbHON JpEeBeCcH-
HBI Ha pacTsDKEHUE U U3THO:

C,=22€.100;  C,=22.100.
Sp.n Oun
B CBsA3HU C UBMCHYUBOCTBIO CBOI‘/'ICTB IlpeBeCI/IHLI 06pa3110B, 3HAYUTCIIbHBIM KO-
JIMYECTBOM BIHAIOMINX (HAKTOPOB MEXAHUUECKO U IPECCOBON 00PabOTKH, PEXKUMOB
CKJICMBAHUA HEJIB3 CACIaTh 3aKJIHOUYCHHUEC O HquHOCTI/I COC}II/IHCHI/Iﬁ HAa OCHOBAHHUU

IIPOCTOTr0 YCPEAHCHUA MNOJYUCHHBIX HaHHBIX, ITO3TOMY Tpe6yeTc;1 UX CTATUCTHUYC-
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ckasi oOpaboTka. [lns sToro mcmons3oBanu mporpammy Statistica (moBepUTeTIbHAS
BeposATHOCTB 95 %). I1nan cTaTncTHYECcKOro aHaIM3a BKIIIOYAJI CJIEAYIOIIHE [Iaru:
MPOBEPKa BO3MOKHOCTH ITOydeHHUs] 0000IIEHHOW XapaKTEPHUCTHUKH TPOIHO-
CTH, YUUTBIBAIOLIEH NaHHbIE [UIs BCEX BUJOB HUCIIBITAHUMI U TUIIOB COCIUHEHUI;
paszesneHune JaHHbIX Ha IPYIIIEl B COOTBETCTBUHU C BUJIOM UCIBITAHUS U TUIIOM
COCIIMHEHMUS,;
MPOBEpKa HOPMAJIBLHOCTH pacipeaeieHUs JaHHBIX B TPyTIax;
IIPOBEPKA OJTHOPOAHOCTH JUCIIEPCHH;
BBISIBIICHUE Pa3IMIHi MEKITY CPSTHIMHU 3HAYCHUSIMHA IPOYHOCTH B TPYIIIIAX;
oInpenesieHue CTaTUCTUYECKUX TI0Ka3aTelel U CpeIHUX 3HAUCHUN NPOYHOCTH
JUISL COCIMHEHNH KaXKA0TO THIIA.

Pesynomamul uccnedosanus u ux oocysyicoerue

Pesynbrarsl ucnbITaHUl 00PA3IOB HA IPOYHOCTb MIPU PACTSHKCHUU U CTaTHYC-
CKOM HM3TH0€, a TAK)KE OTHOCUTEIIbHAS IPOYHOCTh COSIMHEHUH PUBEICHBI B Ta0I. 2.

Tabnuua 2

Pe3ysibTaThl HCNIBITAHUN HIMMOBBIX COEMHEHU HA pacTsiskeHHe U U3rud

Homep Tun Xapaxrep [penen OTHOCHTEIbHAS
OIlbITa COCOUHCHUS paspyuicHus MPOYHOCTH, MlIla MPOYHOCTH COCIUHECHUS, %
Pacmsoicenue
1 A ITo npeBecune 46,72 59,55
2 A ITo npeBecune 4591 58,52
3 A CmeniaHHbIi 41,06 52,34
4 A ITo npeBecune 46,72 59,55
5 A CmeniaHHbIi 44,30 56,47
6 A ITo npeBecune 49,15 62,65
7 A ITo npeBecune 46,24 58,94
8 A ITo npeBecune 53,03 67,60
9 b ITo npeBecune 42,68 54,40
10 b CMenranHbIi 40,42 51,52
11 b ITo npeBecune 42 .84 54,61
12 b CMemanHbIi 41,23 52,56
13 b ITo npeBecune 41,87 53,37
14 b ITo npeBecune 43,12 54,96
15 b ITo npeBecune 39,85 50,80
16 b CMemanHbIi 42,14 53,72
H3zeu6
17 A ITo npeBecune 54,90 89,74
18 A ITo npeBecune 41,92 68,52
19 A ITo mpeBecune 48,91 79,94
20 A ITo npeBecune 52,90 86,47
21 A ITo mpeBecune 4591 75,04
22 A CMelaHHbIf 50,20 82,05
23 A CMemanHbIi 48,92 79,96
24 A ITo npeBecune 51,23 83,74
25 b ITo npeBecune 4791 78,31
26 b ITo npeBecune 4991 81,58
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Oxonuanue maon. 2

Homep Tun Xapakrep [Tpenen OTHOCHTENbHAs
OIIBITa COCIUHCHU paspyumicHus MPOYHOCTH, MlIla IIPOYHOCTb COCIUHCHUS, %

27 b ITo nmpeBecune 4591 75,04

28 b CMelaHHbIN 57,89 94,62

29 b CMemanHbIi 40,92 66,88

30 b ITo npeBecune 43,18 70,58

31 b CMemanHbIi 55,67 90,99

32 b [To npeBecune 48,95 80,01

Paspymienne ckieeHHBIX 00pa3loB NPH MCIBITAHUAX HA MPOYHOCTH (pHC. 3)
MIPOMCXOMIIO HE TOJIBKO TIO JIPEBECHHE, HO M TI0 IPEBECHHE M KJIEEBOMY IIBY (CMe-
MIaHHBIA (aATe3MOHHO-KOTe3NOHHBIN) XapaKTep pa3pylIcHUs).

Puc. 3. IIpumeps! pa3pyiieHus 00pa3ioB ABYX THIIOPA3MEPOB B Pe3yJIbTaTe MCIBITAHUI Ha

pactsbxenue (a) u usruo (6, 6): a, 6 — tunopasmep A; ¢ — tunopasmep b (Bua cOOKy U CBepXy)

Fig. 3. Examples of samples failure as aresult of tensile (a) and bending (0, g) tests: a, 6 —type A;
6 — type B (side and top views)

[onmy4eHHbIe pe3yabTaThl MOXKHO CUNUTATh YAOBICTBOPUTENbHBIMU. 3BeCTHO,
YTO 3y0Ouarble COeAMHEHUSI MOTYT Pa3pylIaThcs Kak 1Mo JPEeBECHHE, TaK U M0 KIIEEeBO-
My 1By — 110 20...30 % ot 001ero uncia uensITaHHbIX 00pasios [17, 38].

CpaBHeHre aOCOTIOTHBIX 3HAYEHHWH MPOYHOCTH HCCIEAOBAHHBIX O0PAa3IloB,
MIPUBEICHHBIX B Ta0MI. 2, ¢ TpeOOBAaHUAME CTaHIAPTOB K MPOYHOCTH MHIIOMaTepHa-
JIOB U KJIEEHBIX IEPEBSHHBIX KOHCTPYKUUH [8, 11, 12] moka3bIBaeT, YTO COCAUHEHUS
COOTBETCTBYIOT KJIacCcaM MPOYHOCTU MUIoMaTepraioB 1o kiacca C30 BKIOUUTENb-
HO U MOTYT OBITh OTHECEHBI K JOCTATOYHO BBICOKOMY KJIACCy MPOYHOCTH 3JIEMEH-
TOB KOHCTpYKIMHA K36. DT0 1MO3BOTUT UCIIONB30BaTh COSTUHEHNS Ha TIPECCOBAHHBIC
ITUTIBL B 3aTOTOBKAX JJIS CTOMISIPHO-CTPOUTEIBHBIX U APYTUX m3xenuit [9, 10].

Ha nepsom smane cratuctTiaeckoit 00paboTKH IPOBEPSITH HOPMAIBHOCTH pac-
rpesesieHust 00bETUHEHHBIX TaHHBIX JUIS OMBITOB 1—32 B IEJISAX BBISBICHUS BO3MOXK-
HOCTH MOJTyYEHUs 001l XapaKTepUCTUKHU MPOYHOCTH COSTMHEHHI BHE 3aBUCUMOCTH
OT BUJIa MCIILITAHUH U THIIA coequHeHui. [1omo0HbBIe 0000IICHHBIC XapaKTEPUCTUKU
(6e3 yxazaHus BUAa NCIIBITAHUI) BCTPEYAIOTCS B yUeOHOM 1 HayYHOU JIUTEpaType 1o
3yO4aThIM COEAMHEHMSIM: «OTHOCHTENBHAs MPOYHOCTh coemuHeHus» 65...75 % [2];
«HopmaruBHas npouHocTh» 50...70 % [17]; «upounocts cBbiie 75 %o» [38].
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Craructnyeckuil aHamu3 00bEANHEHHBIX JaHHBIX MMOKa3all, YTO UCCIIeTyeMoe
pacrpeesaeHIe Hellb3sl OTHECTH K HOPMAJIbHBIM 110 KpuTeputo Hlanupo—Yuiika. Ypo-
BEHb 3HAUNMOCTH Kputepus coctaBu p = 0,01313, yTo MeHbIIIe 3aJaHHOTO YPOBHSA
p = 0,05. CnemoBaTeNnbHO, THITOTE3a O HOPMAJTHLHOCTH PACIIPENCIICHUS OTKIIOHSICTCS.
TakuM 06pa3om, OXapaKTeprU30BaTh NPOYHOCTH C MOMOLIbIO 0OOOIEHHOTO TOKa3a-
TeJIsl, yYUTHIBAIOLIETO JAHHBIE JUIS Pa3HBIX BUJOB UCIIBITAHUI U TUIIOB COCAMHEHNUH,
He TPE/ICTABIAETCSI BOZMOXKHBIM.

Ha emopom smane cratnctudeckoil 00pabOTKH MpoBEpsUIN HOPMAJILHOCTh pac-
TIpeNieNieHns TAHHBIX, CTPYIITUPOBAHHBIX TI0 BUAaM ncnbITanuid. [1pu BeIOope nepemen-
HOH «BHJI UCTIBITAHUS B KAa4E€CTBE IPYMIIMPYIOLIEH paciipesesieHle JaHHbIX OIN3KO K
HOPMAJILHOMY. DTOT BBIBOJ] MO>KHO CJIETIATh HA OCHOBAHUH CIIEAYIOIINX KPUTEPHEB:

0 pe3ynbTaTtaM Ipa@uyecKoro aHajau3a HOPMaJIbHOCTH AaHHBIX C IOMOLIBIO
HOPMaJIbHO-BEPOSITHOCTHBIX TPa(UKOB U YaCTOTHBIX THCTOrpamMM (puc. 4) yCTaHOB-
JICHO, YTO TOYKH (PAKTHYECKUX JIaHHBIX PACIIONOKEHBI BOJM3H TEOPETHUYECKOH Mpsi-
MOM, CUCTEMAaTUUECKUX OTKJIOHEHUH He HaOIro#aeTcs, HeCUCTEMaTH4eCKHue BbIOpo-
CBI OTCYTCTBYIOT;

¢ nomombio Tecta Hlanupo—Yuiika Juist TPYIIBl JaHHBIX «HA PACTSKEHUE
ompeneneH ypoBeHb 3HauuMocTH p = 0,12936, st rpynmsl «Ha u3rud» —p = 0,90210;
B 000MX CiTydasix 3To OoublIe 3aaHnHOro ypoBHs p > 0,05, 4T0 MO3BOMISET HE OTKIIO-
HSATB TUTIOTE3y O HOPMAJIBLHOCTH pacIpeiesieHusl.
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Puc. 4. HopmanbHO-BEpOSTHOCTHBIE I'pauKH (@, 6) U YACTOTHBIE THCTOIPAMMBI (8, &) JUIs HC-
MBITAHUH Ha pacTsbkeHue (a, 6) U u3rud (6, 2) (MuHuEeH 0003HAYCHBI TEOPETUICCKHAE KPUBBIC
HOPMAJIHOTO PACIpe/IeIICHN)

Fig. 4. Normal probability plots (a, 6) and frequency bar charts (s, 2) for tensile (a, 6) and
bending (6, ) tests, line indicates theoretical normal distribution curves
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[IpoBepka OAHOPOAHOCTH JUCTIEPCHH IBYX BBIOOPOK MO KpuTepHto JIeBeHa no-
Kazaja, 4To, IOCKOJbKY YPOBEHb 3HAYMMOCTH KpuTepusi p = 0,10 Gomnplue 3a1aHHOTO
ypoBHS 3HaunMoctH p = 0,05, To OAHOPOTHOCTH IuCTIepCHil pUcyTcTBYeT. Torma
MoNTydeHHbIe JaHHbIe 715 t-KpuTepust CTbIofeHTa OyIyT T0CTOBEPHBIMHE; PACCUNTAH-
HBII p-ypoBeHb Uit kKputepus CteioneHTa p = 0, 9TO MEHbIIE, YeM 3aJlaHHbIA ypo-
BeHb 3HaunMoctH p = 0,05. CnenoBaTenbHO, pa3iuune MKy CPEIHUMH B IPyIIax
€CTh ¥ OHO CTAaTUCTMYECKH 3HAYMMO, T. €. CPEJHHE 3HAYCHHU OTHOCUTENLHON Mpoy-
HOCTH TIPY PaCTSHKEHUH U U3THOE OTINYAIOTCS, YTO JIOTIOJIHUTENIBHO TIOATBEPIKIAET
pe3yaBTaThl MEPBOTO 3Tara CTATHCTUIECKO 00pabOTKH: B MCCIIEIOBAHHOM JTHAITa30-
HE IKCIIEPUMEHTAIBHBIX JTaHHBIX O0OOIIEHHAs! XapaKTePUCTHKA MMPOYHOCTH CTATH-
CTHYECKH HE OTpaBJaHa.

[lonmy4eHHble pe3yabTaThl JEMOHCTPUPYIOT PAalMOHAIBLHOCTh MOAXOAA K Xa-
PaKTEPUCTUKE OTHOCHTENBHOW MPOYHOCTH COSNMHEHUH Oe3 yCpenHEeHHs JaHHBIX
Mo pasHbIM BUaaM ucnbiTanuil. [logoOHbI moaxox ucnonbdyror R.W. Jokerst,
Z. Ahmad, I. Barboutis u mp. [19, 20, 25, 27].

Ha puc. 5 nmpuBeneHs quarpaMMbl pazMaxa, IO3BOJISIONINE OIEHUTD XapaKTe-
PUCTHKH CpeIHEH OTHOCHTEIHHOW MPOYHOCTH JUIS JAHHBIX, CIPYIIITUPOBAHHBIX 10
BUAaM HcnbITaHuK. Heo0xoauMo OTMETUTb, YTO JaHHBIE JJOCTATOYHO TECHO CTPYI-
MMPOBaHbl. DTO YKa3bIBAeT HAa CPABHTEIBHO MAaJlO€ BIMSHUE THUIA COCIWHEHUS Ha
€ro MPOYHOCTh. VICIIBITaHHBIE COCMHEHHS TTOKA3BIBAIOT YIOBIETBOPUTEIHHBIN YPO-
BEHb OTHOCHTENBHOM TpouHOCTH Ha pacTshkenue (56,4 %) m uzrud (80,2 %). Hpyrue
WCCIIEZIOBATEeNI OTMEYAIOT CIIEAYIONINE 3HAYCHUS MPOYHOCTU 3yOUaThIX IIATIOBBIX
coequHeHH: Tipy m3rude mo tactu — 33...50 % [2, 25]; npu usrube mo Kpomke —
49...69 % [25, 38]; npu pactsxenuu — 57...80 % [30, 38].
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Fig. 5. Box plots of variables grouped by test type

Ha mpemvem smane crarncTndeckoil 00paboTKN B Ka4eCTBE TPYIITUPYIOIIEH
[EPEMEHHON BBIOpaH TUI COCAMHEHHS, [1OCIIE Yero MPOBEICHA MPOBEPKa HOPMaJlb-
HOCTH pacipeaeeHus Juis CrpyUPOBaHHbIX NaHHBIX. Pacnipenenenue NaHHbBIX IS
COCMHEHHMS THTA A TIOKa3aJI0 OJM30CTh K HOPMAIBHOMY: YPOBEHb 3HAYUMOCTH KPH-
tepus [lamupo—Yunka p = 0,14606 > 0,05, mosToMy runore3a 0 HOPMAIBHOCTH HE
oTKJIOHseTCS (pHC. 6).
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Puc. 6. HopmanbHO-BeposTHOCTHBIN TpaduK (¢) M 4acToTHas TUcTOrpamma (6) Juist CoetuHe-
HUs TUNa A (JIMHKEH 0003HAYEeHBI TEOPETUUECKHE KPUBBIE HOPMAJIBHOTO pacIipe/ieNIeHusT)

Fig. 6. Normal probability plot () and frequency bar chart (6) for joint of type A, line indicates
theoretical normal distribution curves

AHAJOrMYHOE CTATUCTUYECKOE UCCICAOBAHUE IJISI COCIUHEHMS THIa b BEI-
SIBIJIO OTCYTCTBUE HOPMAJILHOCTH pacmpenencHus no kputeputo lllanmupo—Yunka:
p=0,01841 < 0,05.

CpaBHEHHE CpETHUX IS JIBYX PACCMaTPUBACMBIX TPYIII 10 KpUTEpHI0 MaHHa—
YuTHH, TPUMEHIEMOMY TIPH HEHOPMAJIbHOM PACIpEICICHUH JaHHbBIX, TOKA3aJI0, YTO
p = 0,258196 > 0,05, cenoBarenpHO, pa3InIue MEXITy CPETHUMH B TPYIIIIaX CTAaTH-
CTHYCCKH HE3HAYNMO, T. €. CIIEIaTh CTAaTUCTHYCCKU JTOCTOBEPHBIN BBIBO O BIIMSHUU
TUTIA COCAMHEHHS Ha OTHOCUTEIIFHYIO IIPOYHOCTD HE MPEACTABISIETCS BO3MOKHBIM.

Ha uemsepmom smane cTaTucTU4eCKOM 00pabOTKH TaHHBIC OBUTH Pa3/IeiICHBI
Ha 4 rpynmbl, OTIIMYAROINUECs Mo mapamerpam «Tum coeauHeHus» u «Buj ucIbl-
TaHU», YTO MO3BOJIMIO OTIEIBHO NPOAHAIU3UPOBATh BIUSHUE 3TUX (PAKTOPOB Ha
3aBHCHMYIO TIepeMEeHHYIO0 (OTKIHNK) « OTHOCHTENbHAs TIPOYHOCTDY.

KareropusupoBaHHbIe BEPOSITHOCTHBIC I'pa)MKH U YaCTOTHBIC THCTOTPAMMBbI
TTO3BOJISTIOT XapaKTEPHU30BaTh KaKIOE PacIIpeie/ieHHe B IIEJIOM Kak HOPMAaJbHOE, YTO
TIOATBEPIKAAET OIeHKa ¢ TToMoIIbio kputepus [lampo—Yunka. YpoBHH €ro 3Ha4MMO-
CTH TMIPU UCIIBITAHUAX HA PACTSLKEHUE Ui coequHeHui Tuna A — p = 0,6852, s tuna
b —p =0,5286; npu ucneiranusx Ha u3rud — coorBeTcTBeHHO p = 0,8656 u p = 0,8021,
4TO OOJIBIIIE 33JJAHHOTO YPOBHs 3HaYUMOCTH P = 0,05 1 1MO3BOJISET HE OTKIIOHSITh THITO-
TE3y 0 HOPMAJIBHOCTH JIJISl KaXKJI0TO PACCMOTPEHHOTO pacrpeseicHus (puc. 7).

[To MeTOAMKE, UCIIOJb3YEMOU BBIIIE, BBISBICHBI CTATHCTUYCCKH 3HAYUMOEC
pa3auyne MeXIy CPETHUMH JIs COCTUHEHUN TUIIOB A U b TIpy ucHmpITaHUAX Ha
pacTsIKEHHE M OTCYTCTBHE PA3IMUUS MEXKAY CPEIHUMHU JUISI COSAMHEHUN THa A
u b npu ucneitanuax Ha u3rub. s coenuHEHUs THIAa A OTHOCHTENbHAS MPOY-
HOCTh Ha pacTsikeHue paBHa 59,5 % (c moBepuTenbHOH BeposTHOCTBIO 95,0 %
JIeXUT B uHTEpBase 55,8...63,2 %), na u3rud — 80,7 % (75,1...86,2 %); nist coequ-
Henus tuna b — coorBercTBeHHO 53,2 % (52,0...54,5 %) 1 79,8 % (71,9...87,7 %).
[TonyueHHbIe pe3ysbTaThl KOJCOIIOTCS B CPABHUTEJIBHO Y3KOM JHaIla30HE, YTO
CBHUICTEIIBCTBYET O CTAOMIILHOM KaueCTBE KJIEEBEIX coequHeHu. CiaeayeT oTMe-
THTB, 9TO IPOYHOCTH OOOWX THITOB COCIMHEHUM OIEHWBAETCS KaK JOCTAaTOYHO
BBICOKAsI, T. €. COeIMHEHUS TPUTOIHBI JIJIs1 U3TOTOBIICHUS U3JIEIUN U3 CKICEHHBIX
10 JIJTMHE 3arO0TOBOK.
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Fig. 7. Labeled box plot for 4 groups differing in the test type and joint type: a — type A;
0 —type B

bonee BricOKasg MPOYHOCTH HA PACTSHKCHUE OTMEUCHA Yy COCAUMHECHUS TUIA A ¢
MEHBIIIMMHU pa3MepaMu MIUMOB. B 41iciio BO3MOXKHBIX MIPUUUH 3TOTO SIBICHUS MOTYT
BXOJIUTh MCHbIINE pa3Mepbl 1e(HOPMUPOBAHHON 30HBI JIPEBECHHBI IO JTHOM IIPO-
YITUHBI (CM. pHC. 2, 6). DTOT YIUNIOTHEHHBIA YIaCcTOK («IIpoOKay u3 nedhopMupoBaH-
HOM apeBecuHsI [15, 23]) cxomeH o cBOeMy BIHMSHHIO Ha MPOYHOCTH C CYYKaMH B
NUIoMaTepHraiax U3 MacCuBa ApeBeCUHbI. M3BeCTHO, YTO HalIMuYKE CYYKOB CHMKA-
€T IMPOYHOCTh nuiomarepuanoB 10 60...75 %, a ¢ yBeTUYEHHEM pa3MEpPOB CYYKOB
BO3pacTaeT UX BIUSHHE Ha MPOYHOCTH [2]. PocT pa3sMepoB 1eopMUPOBaHHBIX 30H
1011 JHOM TIPOYIITMH MOXKET CHUKATh MPOYHOCTh COCTMHECHHUN TTOJOOHBIM 00pa3oM,
MTO3TOMY MEHBIIIHE pa3Mephl IIUIIOB MOTYT OBITH 00Jiee TPEATOUYTUTENHHBI C TOUKH
3peHUs TOBBIIICHUS IPOYHOCTH coemHeHuid. [IpoBepka JaHHOM THITOTE3BI SIBIISET-
Csl IPEAIMETOM JAIIbHEHIIINX uccenoBanuil. J[pyrum TpeOyromum npoBepku (hakto-
POM, BIIMSIIONIIUM Ha MPOYHOCTh, MOXET OBITh ILIOIIAJb KieeBoro mBa [13, 14, 38,
39], koropas ais coeauHeHus Tumna A Oymer Oosbiine. KpoMe TOro, MejaKue MIUIbI
BBRIVISAAT Oosiee acTeTndHo. Takum o0pa3om, B 3a/1aun TadbHEHIIINX UCCIIETOBaHNN
BXOJUT U3yUYCHUE 3aKOHOMEPHOCTEH MOBEACHHUSI IO/ HATPY3KOH COCAMHEHU C Mel-
KUMH (TONIIMHON mopsiika 2 MM, IiTHHON 10 MM) mumamu.

Boi6oowl

1. YcraHoBneHa OTHOCHUTEbHASI IPOYHOCTh COEAUMHEHNN THHAa A (Ha pacTs-
xkeraue — 59,5 % (C IMOBEpHUTENBHON BEPOSTHOCTHIO 95 % II@KUT B WHTEpBAIC
55,8...63,2 %), na m3rud — 80,7 % (75,1...86,2 %)) u Tuna b — coOTBETCTBEHHO
53,2 % (52,0...54,5 %) n 79,8 % (71,9...87,7 %). Pe3ynbrarsl HCIIBITAHUH KOJIECOTIOT-
Csl B CPABHHUTEJIBHO Y3KOM JMAIla30HE, YTO CBUICTEILCTBYET O CTAOMIIBHOM Ka4eCTBE
KJICEBBIX COCAMHCHUHN Ha MPSIMOYTOJIbHBIC TPECCOBAHHBIC IIUIIBL.

2. Cpeau MCCIE0BaHHBIX TUIIOB COCAMHEHUH, OTJIMYAIOIIMXCS TeOMETpUYe-
CKMMH TIapaMeTpaMH IIUIIOB, HE BBISIBICHO CYLISCTBCHHOI'O Pa3iHuMs MO CTCICHU
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BIIMSIHHSI Ha IIPOYHOCTh, 0COOCHHO NPY UCIIBITAHUY Ha U3THO0, HO YCTAaHOBJICHO CYIIe-
CTBCHHOC pa3JIM4IUeC B IPOYHOCTH B 3aBUCUMOCTH OT BU A HUCIBITAaHUH. CpCI[H}IH mpoy-
HOCTh Ha PACTSHKEHUE MOXKET OBITh ¢ JOCTATOYHOM JTOCTOBEPHOCTHIO OXapaKTepr30-
BaHa CPEHNUM JUIS IBYX TUITOB COEAMHEHUH 3HaueHneM 56,4 %, mpu n3rude — 80,2 %.

3. TonydeHHble pe3yabTaThl MOATBEPKIAIOT BO3MOXKHOCTH HCIOIb30BAHHUS
COCJIMHEHHI Ha TIPSIMOYTOJILHBIC ITPECCOBAHHBIC IIHITBI JIJISl H3TOTOBIICHUS U3/ICIIHA,
MOCKOJIbKY TIPOYHOCTH ATHX COCIMHEHHUH yIOBIETBOPSET TPEOOBAHUIM CTaHIAPTOB.
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EXPERIMENTAL EVALUATION OF STRENGTH OF END JOINTS
WITH RECTANGULAR PRESSED FINGERS
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End jointing of wooden blanks is widely distributed in the manufacture of wood products. The
most commonly used splicing technology on finger joints with pointy fingers has a number
of drawbacks, including the presence of waste and an expensive cutting tool. We proposed
an alternative type of end jointing with multiple rectangular tenons made by pressing.
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Commercialization of the new splicing method requires confirmation of its high quality. The
main quality indicator of adhesive joint is its strength. The aim of the study is an experimental
evaluation of the bending strength and tensile strength of end joints with rectangular pressed
fingers (case study of pine wood blanks). The joints of two types: A and B, with a pitch of
4.2 and 8.2 mm and depth of mortises of 10 and 20 mm, respectively, were studied. The
strength of the samples was determined taking into account the requirements of the Russian
State Standards GOST 15613.4 and GOST 15613.5. In order to evaluate the quality of joints,
we used the indicator “relative strength”; it is the ratio of the joint strength to the solid wood
strength. Statistical processing was carried out both by data groups, and for each size and
each test type separately. This allowed us to establish the average values of strength for each
individual group of samples, as well as to obtain a statistically valid joint evaluation of some
indicators. Joints of type A with small fingers showed better results in tensile strength (59.5 %)
compared to joints of type B (53.2 %). No statistically significant effect of the joint type was
revealed, when processing the results of bending tests in the studied range. Therefore, the
average bending strength (80.2 %) characterizes both types of joints. Moreover, the strength
of these two types of joints with sufficient reliability can be characterized by the average
tensile strength (56.4 %). At the same time, both types of joints correspond in strength to
the standard requirements to the products with adhesive end joints. The test results vary in a
relatively narrow range, which indicates a stable quality of adhesive joints with rectangular
fingers made by pressing. This study demonstrates the possibility of using rectangular pressed
fingers for the manufacture of joints based on them.

For citation: Rubleva O.A., Gorokhovsky A.G. Experimental Evaluation of Strength of End
Joints with Rectangular Pressed Fingers. Lesnoy Zhurnal [Russian Forestry Journal], 2020,
no. 3, pp. 128-142. DOI: 10.37482/0536-1036-2020-3-128-142

Keywords: finger joints, splicing, rectangular finger, wood pressing, bond strength of a joint.
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[TpuBOASATCS 1OTyYEHHBIE TEOPETUUECKHU M MOATBEPIKICHHbBIE SKCIIEPUMEHTAIILHO PE3YIIBTAThI
MCCIIe/IOBAHN I HauaIbHOM )KECTKOCTH BAJIbIIOBAHHBIX MTOJIOCOBBIX HEPACTAHYTHIX MiII. Pa3pa-
0oTaHa MareMaTu4IecKasi MOJICb, MO3BOJISIOIIAS IPOU3BOIUTH PACUET HAYATIbHOU KECTKOCTH
MOJIOCOBBIX HEPACTSHYTHIX MHJI B LEJISIX 000CHOBAHMUS PACCTOSIHUS MEXK/Ty HAMTPABIISIONINMHE
W TIapaMeTpoB IMUJI, 00ECHEUNBAIOIINX TOUYHOE MHUJICHUE ApeBecHHbl. [y mpoBepku crpa-
BE/UIMBOCTH JIOMYIICHUH, IPUHSTHIX MPH BHIMTOJHEHUN TEOPETUYCCKUX UCCISOBAHUH, MTPO-
BeJieHbI dKcriepuMenThl. OCyIeCTBIICH aHaIN3 Pe3y/IbTaTOB UCCIICAOBAHUI U ClIeNIaHbI Clie-
JIYIOIINE BBIBOJbI: TEOPETHYECKHE U IKCIIEPUMEHTAIbHbIC 3HAYCHUSI HAYAJIbHOW JKECTKOCTH
BaJIBIIOBAHHBIX ITOJIOCOBBIX ITHJI MPAKTHYECKU COBIAIAI0T (pa3HuIa He 6oiee 2 %); 5KeCTKOCTh
BAJILI[OBAHHOW MHJIBI TIPH HMCIIOJIb30BAHHH TEOPETUYCCKUX JAHHBIX MPEBBINIACT KECTKOCTh
HeBaJIbI[0BaHHON THITEI Oonee eM Ha 80 %. CormacHo TexHoJormueckuM pexknmam PITN
6.1-00 «IToaroToBKa paMHBIX MHI», [UIA oOecTiedeHNsT TPeOyeMOi TOYHOCTH MHJICHHS Jpe-
BECHHBI HayaJibHasl »KECTKOCTH ITOJIOCOBOM MMIBI JODKHA OBITR He MeHee 60...70 H/mm.
[TonyueHHbIE pe3yNIbTaThl MO3BOJSIFOT OMPE/ICIUTh OCHOBHBIE MTAPAMETPhI HEPACTHYTHIX T10-
JIOCOBBIX IMHJI, 00ECIIEUNBAIOIINX 3TO YCIOBHUE.

Jna yumuposanusn: Ilpoxodpse [.®., Tropun A.M., Kabakosa M.IO., Kosanenko O.JI.
Ornpe/enenne Ha4albHOM KECTKOCTH BaJIbIIOBAHHBIX MMOJOCOBBIX HEPACTAHYTHIX i // 13B.
By30B. JlecH. xxypH. 2020. Ne 3. C. 143-150. DOI: 10.37482/0536-1036-2020-3-143-150

Kniouesvle cnosa: TOUHOCTH MUICHUS APEBECHUHBI, HAYAJIbHAA XECTKOCTH ITOJIOCOBBIX IIHII,
YCJI0BHA TOYHOTIO NMUJICHU S, HAIIPABJIIOIIUE JUTA TN, HAMIPSHDKEHHOE COCTOAHUE TIPU BaJIbIIC-
BaHHU.

Beeoenue

TouHOCTh MUICHHS APEBECUHBI 3aBUCHT OT paboueil KEeCTKOCTH MM, KOTO-
pasi B CBOKO O4epe/lb ONpeneisieTcss X Ha4allbHOW JKEeCTKOCThIO (0e3 yuera cuil pe-
3aHMs) U YCTOMYMBOCTHIO K peskuMam muiieHus [8—11]. Bompocsl ycroitunBoctu u
HayaJIbHOM JKECTKOCTH IMOJOCOBBIX HMHJI (PaMHBIX M JIGHTOUHBIX) PACCMOTPEHBI OT-
€UYCCTBCHHBIMU M 3apyOeKHBIMH aBTOpamu [1, 3, 14-21]. OgHako B 3THX padoTax
OTCYTCTBYIOT CBEICHHS O HAYaJIbHOM KECTKOCTH HEPACTSHYTHIX MOJOCOBBIX IHI,
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COBEPIIAIONIUX JIBUKCHUE B HAMPABISIONIUX, C YIETOM BHYTPCHHHUX HAMPSKCHUN
B MMUJIaX OT BajblieBaHus. B Texnonormueckux pexumax PIIN 6.1-00 [7] otmeuaet-
Cs1, UTO JiJIsE 00eCIIeYeHUs HEOOXOUMOM TOYHOCTH IUJICHUS KECTKOCTh U JIOJDKHA
OBITH He MeHee 60 H/mmM.

Lenp nccnenoBaHus — TEOPETUIECKOE OIPE/IeIeHHE 3aBUCIMOCTH Ha9allbHOU
JKECTKOCTH TTOJIOCOBBIX HEPACTSIHYTHIX MHJI OT Pa3IUYHBIX (PAaKTOPOB C YYETOM Ha-
MPSDKEHUH OT BaJIbIICBAHMSI U U3MEHEHHSI UX CBOOOJHOM JUIMHBI 33 CYET YCTAaHOBKH
HaIPaBJISIIONINX HAJ U IO/ PACIIIIMBAEMBIM MaTePUAIOM.

[ToygueHnsie MaTepraIbl TO3BOJIAT YCTAHOBHUTH YCIIOBUS, TIPH KOTOPBIX BO3-
MOYKHO TOYHOE TIFJICHUE IPEBECHHBI HEPACTSHYTHIMH ITOJIOCOBBIMH ITHAJIAMH.

Obwvexmbl u Memoobl UCCAE008AHUSL

JKecTkocTh UITBI j OTIpeeNsieTCsl Kak OTHOIIEHHE OOKOBOM COCPEIOTOUCHHON
cwibl (J, IPUIOKEHHON K PEeXyILeH KPOMKE, K €€ OTKJIOHEHHUIO W IOJ JeiicTBUEM
31Ol cribl. OTCIONA CIIEAYeT, YTO pacyeT KeCTKOCTH MUJ CBOJAUTCS K HaXOXKIEHUIO
WX MPOTru00B # OT AecTBHUS OOKOBOH criibl () HAa MUITY B TNIOCKOCTH €€ HAaNMEHbIIEH
JKecTKOoCTH. [ pacdera mpornOOB MIUTBI MTOA IeHCTBHEM OOKOBOM CHUIBI MPUHSTA
cXema IMWJIbl, IPEeJICTAaBICHHAs Ha pucC. 1.
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Puc 1. Cxema nuitel, MpUHATAS U ONPEICIICHHS €€ TPOrnOoB (1) Mpu JeHCTBUN COCPEIOTO-
YeHHOH Harpy3ku (Q) ¥ ¢ y4eToM CBOOOIHOI JUTMHBI MUkl (/) B TNIOCKOCTH €€ HauMEHBIICH
JKECTKOCTH (PACCTOSIHUSI MEX/Ty HAaIPaBIISIOIIIMNA)

Fig. 1. The saw scheme adopted for determining its deflections (#) under the action of a
concentrated load (Q) and taking into account the free length (/) of the saw in the plane of its
least stiffness (guide spacing)

Beripazum noTeHIManbHy0 SHEPTUIO AeGOopMaly MOJI0THA MHJIBI KAK CyMMY
NOTEHLIMANBHBIX SHepruii nsruba U, pactsokenus U, u kpyuenus U,

L 52\ [ +b/2 2 / 2
U:UM+UD+UKp:£j U gz [ ~, m dxdz+9j B gy
2\dz 20 0z 2y\dz

rac B, C — COOTBETCTBECHHO M3rHOHAs U KPYTHUJIbHAA )KECTKOCTH INJIBI, H'MMZ; - paccTodgHue
MCIKAY HaAIlPABJISIIOIIUMUA NZ — HOPMAJIbHBIC YCHUJINS OT BAJIBLICBAHU A, IPUXOAAINCCS HA 1N~
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2
HI/ILIy ]_HI/IpI/IH]:I II0JIOTHA IIAJIBI, H/MM, Nz = GS(—X ——J ; o — Hanpﬂ)i(eHI/IH OT BaJIblICBa-
b? 3

Husi, MI1a; s — TosIuHa MBI, MM; b — TOJIIIIMHA TIOJIOTHA MUJIBI, MM; [} — YTOJI 3aKpyYHBaHUS
[10JIOTHA MUJIBI IPU KPYYEHUH, Pa/l.

3aBHCUMOCTh G OT CTENECHM BajblIEBAaHMS f, XapaKTEPU3yeMOW BEIMYMHOM
CBETOBOM IIENM MPH MPOJOIBHOM H3rHOE MHIIBI MO Jyre OKPYKHOCTH PajnycoM
R =1,75 m, onpenensercs ¢ moMoribio hopmynsl A.D. I'pyoe [2].

[Ipu neiictBuu cuitbl Q) B TOUKE @ C KOOPAWHATAMM z, U X, (puc. 1) mpoucxonut
nedhopMaryst oJI0THA THJITBI, KOTOPAasi XapaKTepru3yeTcs MPOruOOM €€ OCH U U YIJTIOM
3akpyunBaHus § Bokpyr Hee [12, 13]:

R (174 o . N,
U= u,sin l”; B=D B,sin l“.
n=1 n=1

OTC}O,Z[a HpOFI/I6 B TOYKC I10JIOTHA ITHJIbI C TCKYIIUMHU KOOpAUHATAMU Z, U X

w=u+px, =y u, sin "% +[3 X, smm;z S ()

n=1

Iie 1 — 4UCJIO PAJOB WIEHOB Psilia; z, — PACCTOSIHUE OT JIEBOII OIOpHI (HampasiLsitomeil) 1o
paccMarpuBaeMoi TOUKHU ¢ 110 OCH J; X, — PACCTOSIHUE OT LEHTPA MBI 10 TOUKY ¢ 10 OCHU X.

[Tocne noncranoBku B ypaBHenue (1) 3Hauenuit N, u, B, w u caenas HeoOXo-
JTIUMBIC TIPE0OPA30BAHUS, TIONYUUM CIEAYIOIIEe YPAaBHEHUE, BRIPAXKAIOIIEE TTOTCHITU-
aJBHYIO DHEPTHIO Jie(hOpMaIlHK TTOJIOTHA TTHJIBL:

2 n=w 4 n=o
T = I —
U=—C2n2[3§+—382n4u2 Zn c b[3.
4l n=1 4/ n=1 =1
Cuna Q coBepiaet paboTy, MOTCHIMAIbHASI SHEPTUST KOTOPOH
W=0 2 (ﬁn sinm;—z“rﬁn X, sin%j.
n=1

Tak kak moJyiHasi MOTEHUMAJIbHAS SHEPrusl OTKJIOHEHUM THIIbI OT JIEUCTBUA
cuiibl Q Ol'Ipe,I[eJ'ISIeTCH kak I1=U- W, o

=0

1 _
H_—C n B nu 2 _osb’pB?
z, B Z 21 Z 900" P

n=o0 _ . }’ITCZ
—QZ(unsm 2
n=1

OnuieM ycTOHYMBOE PABHOBECUE CUCTEMON ypaBHEHUI:

= . hmZg
+B, x, sin l“j.

4 4—B
£=—n . Z ~Qsin e~
om, 21 I
2_2n 3
ol _n'n”B, C+GSb n

== —-Qx,sin T _ ),
B, 21 45 [
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PemmMm 9Ty CUCTEMY, cjasd COOTBETCTBYIOIINEC npeo6pa3OBaHI/m:

3
200° {C+ sz jsinnnz"

_ /
7, = : 3)

n 3 )
n4n4B[G:§ + Cj

) . hng
_ 20IBn"mn"x,sin—*

Bn - 3 (4)
n4n4B[ ng + Cj

ITocraBuB BeIpaxkeHus (3) u (4) B ypaBHeHHe (2), moayduM (HOpMyIry s
OTIPE/ICTICHUST OTKIIOHSHUS MUJIBI MO JISHCTBUEM OOKOBOM CHITBI O:

3
C+ osb” +xBn*n’x,
45

a

12
20/ . MMz, . Nm
w= Q2 Z sin sin 7%
F

3 / /
: n*n’B osb” +C
45

Tak KaK )KeCTKOCTh OIpeeNnseTcs OTHOMEHHEM OOKOBOH CHIIBI ) K OTKJIIO-
HEHHIO THJIBI 1O/ IEHCTBUEM 3TOM CHJIBI, TO JJIS CiIydas, Korma OokoBas cuia
IPUIIOKEHA K pexyllel KpoMKe MUibl (x, = b/2) Ha cepeuHe ee CBOOOJHOM IIH-
HbI (z, = 1/2), HauapHAas KECTKOCTh

1

P2 C+c5sb3 +sznzTc2 .
2] "EY 45 4
2

T p=135.. n4nzB[0':é73 +Cj

Jj=

Pesynomamot uccredosanus u ux oocyscoenue

IIpu mpoBeneHUHN TECOPETUUECCKUX WCCIICTOBAHUIN OBLT cIeiaH psija JOIyIIe-
HUHU. J[7151 MPOBEPKU CIIpaBEAINBOCTH MPUHATHIX JOMTYIIICHAHA OCYITICCTBICHBI OITBITHI
Ha YCTaHOBKe, TPUHIIMITHAIbHAS CXeMa KOTOPOH MpHUBe/ieHa Ha puC. 2.

Bce skcnieprMeHTHI BBITTONHSUIHCH Ha MHJIE, UMEIOIICH CIIEeIYyOIIue mapame-
TPBIL: TONIIMHA § = 2,2 MM; IIUPUHA TI010THA b =160 MM; nrHa L = 160 MM; cTeneHb
BasblieBanus f = 0,3 MM; MaTepHrall MUkl — cTallb 9 XO.

Harpyska O = 19,62 H npukiajsiBajiach Ha CepeiMHE CBOOOIHOM JIIUHBI,
Ha JIMHUHM MEX3yOOBBIX BHaguH. CBOOOMHAS IIWHA ITHJIEI /, paBHAS PACCTOSHHIO
MEeXIy HaIpaBIsSonMMH, O0buta iepemennoit: 50, 100, 150, 200, 250, 300, 350,
400, 540 mm.
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-

L

Puc. 2. IIpuHnunmansHas cXxeMa yCTaHOBKH JUIS ONpeeTIeHHs Ha-

YaJIbHOM KECTKOCTH HEPACTSIHYTHIX IOJIOCOBBIX ITHJI B HAIPABIISIIO-

MX: / — HeTTOABMKHAS HATIPABIISAIOIIAS;, 2 — HAarpy3Ka; 3 — HHIUKATOP

4aCcOBOTO THIIA; 4 — IMOJIOCOBAs MUJIA; 5 — MOABKKHAS HAIPABIISIOLIAS
JUTSL I3MEHEHUsI CBOOOTHOM JUTHHBI MBI, 6 — KOPITYC

Fig. 2. Layout diagram of the installation for determining the

initial stiffness of unstretched strip saws in the guides: / — fixed

guide, 2 — load; 3 — dial indicator; 4 — strip saw; 5 — movable guide
for changing the saw free length; 6 — housing

Takum 06pa3om, ObLIO BBITIOIHEHO 9 OMBITOB. B Ka)k[J0M OMbITE TPOBEICHO 110
6 HaOroneHui. Pe3ynbrarel ONbITOB 00padaThIBaIKCh C MCIIOJIb30BAHUEM METOIO0B
MaTeMaTHYeCKON CTAaTUCTUKHU. 3aMePsSUINCh IPOTHObI MUIbI W MO ACHCTBUEM CHJIbI
0. XKecTKOCTh TUITBI OIICHUBAJIACH OTHOIIICHUEM O/w.

[To marepuanam ucciaeoBaHUH MOCTPOEHBI ITpaduku (puc. 3), AEMOHCTPUPY-
OLIHE 3aBUCUMOCTb )KECTKOCTH () IHIIBI OT € CBOOOAHOM NIMHBI (/) 7S BAJIbIIOBAH-
HOM (TeopeTHyecKue 1 dKCIIepUMEHTabHbIE JaHHbIE) U HEBAIbIIOBAaHHOH (TEOpeTH-
YECKHE TAaHHBIC) MU

7, H/mm
Puc. 3. 3aBUCHMOCTD KE€CTKOCTH T0JIOCO-
BOW HEpacTSIHYTOM IHIIBI OT CBOOOIHOM 350
JUTMHBL: [ — BaJbllOBaHHAS THja (dKCIe- 300
PUMEHTAJbHBIC JaHHBIC); 2 — BaJbIO-
250

BaHHasA IIWjia (TeopeTI/Iqecxne I[aHHLIe);
3 - HCBaAJIblIIOBAaHHAA I1HJIa (TeOpeTI/I‘Ie- 200

CKHUEC JIAHHBIC)

Fig. 3. The dependence of the stiffness 130

of the strip unstretched saw on the free 100

length: / — rolled saw (experimental

data); 2 — rolled saw (theoretical data);
3 —non-rolled saw (theoretical data)

50

100 125 150 175 200 225 250 /MM

Kax BuzmHO 13 rpadukoB, 3Ha4€HMS KECTKOCTU BAJIBIIOBAHHOM IMHJIbI, TTOTyYCH-
HbIE TEOPETUYECKH M IKCIIEPUMEHTAIIBHO, MPaKTHYECKU COBMaaaroT. Tak, npu / = 150
MM pasHHIa He npeBbimaeT 2 %. YKecTkocTh BaJIbIIOBAHHOM MHIIBI TIO TEOPETUUECKUM
na"ABIM 0osee yem Ha 80 % OoubIIe )KECTKOCTH HEBAILIIOBAHHON ITHIIBL.
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Marepuaisl UCClIeI0BaHUI MCIOIB30BAHBI TP CO3/JaHUH HOBOTO JIECOINIIb-
HOTO CTaHKa C HEPACTIHYTHIMHU MOJOCOBBIMU IHJIAMH, COBEpIIAIOIIMMHU BO3BpAT-
HO-TIOCTYIATEIbHOE ABM)KEHUE B HAMPABIIAIOMINX. DTOT CTAHOK B OTIIMYHE OT JIECO-
MWIBHBIX PaM TPAJULUOHHONW KOHCTPYKLHMH HE MMECT IMUIbHOI PaMKH, 3aXBaTOB U
MEXITWIBHBIX TPOKIafoK. OOImuii BUJ y371a pe3aHusi CliepeaAn NpuBeleH Ha puc. 4.

Puc 4. O6muii Bup y3ma pe3aHus je-
CONMMIBHOTO CTaHKa C ITOJOCOBBIMHU
HEepPaCTSHYTHIMU THJIAMH, COBEpIIa-
FOLIMMH JBMDKCHHE B HAITPABJISFOIINX

Fig. 4. General view of the cutting
unit of the saw machine with strip
unstretched saws moving in guides

Ha KOHCTPYKTHUBHBIC PCIICHUSA, UCITIOJIB3YCMbIC IIPHU CO3JaHUUN JaHHOT'O CTaH-
Ka, a TaKke Ha Coco0 yCTaHOBKU HANpaBIISIOMINX MOJTy4YeHbl MaTeHThl Poccuiickoil
Oeneparuu [4-6].

Boioowr

1. Ha ocHOBaHMM TEOPETHUYECKUX UCCIIEA0BAaHUH HaliieHa popmMyria JuIs orpe-
JICJICHUS] Ha4aJbHOW JKECTKOCTH TTOJIOCOBBIX HEPACTSHYTHIX BAJILIOBAHHBIX ITHJ B
HaIPaBJISIIOIIHX.

2. IlpoBeneHHBIC SKCIIEPUMEHTHI MOKA3aIM HAEKHOCTh PE3YJIBTaTOB TEOpe-
TUYECKUX UCCIIEIOBAHUN.

3. VI3 BEITIOJTHEHHBIX PACUETOB CJIETYET, YTO OOJBINTOE BIMSHIE HA )KECTKOCTh
OKa3bIBAIOT HAIPSKEHUS OT BaJIbIIEBAHUSI.

4. HepacTsiHyTble BaJIbLIOBAHHBIC IMOJIOCOBBIE MUJIbI TONIIMHON 2,2 MM mpu
IUPUHE MOJOTHA >120 MM, YCTAHOBJICHHBIE B HAMPABISIONINX, UMEIOT KECTKOCTb,
JIOCTATOYHYIO JIJIsi TOYHOTO MUJICHUS! OPYCheB BhICOTOH 110 200 MM.

5. Marepuaibl CTaTbH HCIIONB30BAHBI MPU CO3aHUH HOBOTO JICCOMIIIEHOTO
CTaHKa, HE MMEIOIIETO aHaJIOTOB 3a pyOekoM. HoBM3HA mTonTBepKIeHA TTaTCHTAMHU
Ha U300peTeHusl.
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The paper presents the results of studies of the initial stiffness of rolled strip unstretched saws;
theoretically obtained and experimentally confirmed. A mathematical model, that allows
calculating the initial stiffness of unstretched strip saws, has been developed in order to justify
the distance between the guides and the saw parameters for precise sawing. Experiments were
performed for verifying the validity of the assumptions made in carrying out the theoretical
research. The analysis of the research results and the following conclusions are made: theoretical
and experimental values of the initial stiffness of rolled strip saws practically coincide (the
difference does not exceed 2 %); the stiffness of the rolled saw according to the theoretical data
exceeds the stiffness of the non-rolled saw by more than 80 %. According to the technological
modes of RPI 6.1-00 “Preparation of Frame Saws” to ensure the required accuracy of wood
sawing, the initial stiffness of the strip saw should be at least 60—70 N/mm. The obtained results
allow us to determine the main parameters of unstretched strip saws providing this condition.
For citation: Prokofiev G.F., Tyurin A.M., Kabakova M.Yu., Kovalenko O.L. Determination
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HccrnenoBana BOOOCTOWKOCTD IUTUT CPEIHEH IUIOTHOCTH, TONYYEHHBIX W3 THAPOIUHAMUYE-
CKH 00pa0OTaHHBIX IPEBECHBIX ONMMIOK 0e3 MPUMEHEHHS CBA3YIOIINX BEIIeCTB. B KauecTe
KPUTEPHEB BOJOCTOWKOCTH MTPUHATO MCIIOIB30BaTh Pa30yXaHue IUIHT 110 TOIIIUHE TOCTE BBI-
MauyMBaHUA B BOZIC B T€UECHHUE 24 4 U OCTATOYHYIO IPOYHOCTH MPH CTaTHIeCKOM u3ruode. M3y-
YEeHO BIUSHHE CIEAYIOMNX PEeKUMHBIX (haKTOPOB TOPSIUETO MPECCOBAHMS Ha BOJOCTOHKOCTh
IUTAT: TEMIEPaTypsl IUTUT MIpecca, YASIbHON MPOIODKUTEIHHOCTH IPECCOBAHUS, BIAKHOCTH
Mpecc-Macchl. YCTAaHOBJICHO, YTO MPU YBEIHMUCHUH TEMIIEPaTyphl IUIUT Ipecca U yAeTbHOI
MIPOIOIDKUTENIFHOCTH MPECCOBaHMS pa30yXxaHue IUTHT 110 TOJIIUHE CHIDKaeTcs. HanMenspiee
3HaYEHHE ITOTO MOKA3aTelsi OTMEUCHO MPH BIaKHOCTH npecc-macchl 210 %. J{ist cpaBHEeHUS
HCCIIEIOBAHO BIUSHHUE KUISYCHHUS B BOJIE B TEUEHHE OJHOTO | U Ha CBOWCTBA IUIUT U3 ME-
XaHOAKTHBHPOBAHHBIX APEBECHBIX YACTHII, a TaKXKe JApeBeCHO-CcTpykeuHbIX uT (JICtII),
JIpEeBECHO-BOJOKHUCTHIX KT BbIcoKoii (HDF) u cpemneit (MDF) mnotHOCTH CyXoro croco-
6a mpoussoactaa. [lmuter JICtII 1 MDF nmomHOCTRIO paspyrmmiuck, wutel HDF coxpanmmm
CBOIO (hOpMy, HO TIPH ITOM HOTEPSUTH MPOYHOCTH MPU CTAaTHYECKOM H3THOE, KOTopasi cocTa-
Buia 89,7 % OT mepBOHAYATBHON. Y TUTUT U3 MEXaHOAKTHBHPOBAHHBIX JPEBECHBIX YACTHUI]
MOTePs MPOYHOCTH TIPH CTaTHIeCcKoM m3rude — 18,2 % oT mepBoHaYaIbHOHN (0 KUTISTICHUS —
22,4 Mlla, mocne Hero — 17,4 Mlla). Huxmnyeckue ucnbitanus mo [OCT P 56309-2014
METOIOM «BBIMAaUMBAHHE—3aMOPAKIBAHNE—BBICYIINBAHUE» ITIO3BOJIMIN YCTAHOBHUTH, HUTO
BIQKHOCTHBIE J1e(hOpMalUH TIIUT U3 MEXaHOAKTHBHUPOBAHHBIX JIPEBECHBIX YACTUI[ UMEIOT
oOparumsbIil xapakrep. B pesynasrare npoBeaeHus 3 MHUKIOB MCTIBITAHUIN CHIDKEHHE MTPOYHO-
CTH IUTAT TIPU CTaTHIeCKOM M3rude coctaBmuio 29,2 %. [Ipu 3ToM reomeTpudeckne pa3Mepsl
CYIIECTBEHHO HE M3MEHWINCH, 0CTaTOUHOE pa3dyxanue mint 1o toiamae 0,62 %. Takum 06-
pasom, mpeABapuUTENIbHAS THAPOIMHAMUYECKas 00paboTKa 0TX0I0B AepeBo0oOpadboTKH (Ormu-
JIOK) TIO3BOJISIET TOJyYUTh SKOJOTHYECKH YHCTHIC IUIUTHI C TOCTOSHHON BOJOCTOWKOCTHIO,
KOTOPBIE MOTYT HAWTH IIUPOKOE MPUMEHEHHE B JKECTKUX TEMIIEPaTypHO-BIAKHOCTHBIX yC-
JIOBHAX JKCIUTyaTaIHuu.

/na yumupoeanusn: Epmonun B.H., bassunun M.A., Kazunua C.H., HamstoB A.B., OcTpsi-
koBa B.A. BomocToWKOCTh APEBECHBIX IUTUT, MOTYYaeMbIX 0€3 MCIIOIB30BAHUS CBS3YIOIINX
BemiectB // 3. By30B. JlecH. xypH. 2020. Ne 3. C. 151-158. DOI: 10.37482/0536-1036-
2020-3-151-158

Dunancuposanue: ViccienoBanre BLITOJIHEHO TP GUHAHCOBOH moaepxkke PODU, mpapu-
TesbeTBa KpacHosipckoro kpasi, KpaeBoro (oH/a HayKH B paMKax Hay4qHOro rnpoekta «Hccie-
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JIOBaHUC TIPOIIECCOB CTPYKTypOOOpa30BaHUS MATCPHUATIOB M3 KaBUTAIIMOHHO-aKTUBUPOBAH-
HOM IpEBECUHBDY.

Kniouegvie cnosa: MexaHOaKTHUBAILMS, BOJOCTOHKOCTb, pa30yxaHue, JIpEBECHbIC TUTUTHI Oe3
CBSI3YIOILIUX BELIECTB, 'HPOANHAMUYECKasi 00padOTKa, ayTOre3usl.

Beeoenue

JlpeBecHbIe IUIMTHI HAXOAT IIUPOKOE IPUMEHEHHE BO MHOTHUX OTPACIISIX MPO-
MBILJICHHOCTH, HO €CTh C(ephl, I7Ie UX UCIIOJIb30BAHNE OTPAHUUEHO. DTO OTHOCUTCS
K CIly4asiM, KOT[a IJIMTHI SKCIUTyaTHPYIOTCS B JKECTKUX TEMIIEPaTypPHO-BIAXKHOCT-
HBIX YCJIOBUSIX TMTPOCKONHWYECKOTO MIIM KalleJIbHOTO YBIIAXKHEHUs, NPU HUBKHUX U
BBICOKMX TeMmIeparypax. B pesynbrare yero, oHu pa3OyxaroT, KOpOOSTCS, TEpSIOT
npouHocts [11, 19, 20]. OOmKM KOMIUIEKCHBIM TOKa3aTeieM, XapaKTepU3yIoIIM
CIOCOOHOCTH TUTHT COMPOTUBIIATHCS 3TUM (pakTOpam, SBISIETCA BOJAOCTOWKOCTD, KO-
TOPYIO TIPUHSATO TOAPA3IACNIATh HA BPEMEHHYIO M MOCTOSHHYIO [3, 6]. [ToBbImIeHme
BOJOCTOWKOCTH MO3BOJIHMT 3HAYUTEIBHO PACIIMPUTH OONACTh NMPUMEHEHHUs JApEeBecC-
HBIX IUIMT (KUBOTHOBOAYECKHE MOMEILICHMS, HAapyKHasl OTIeJKa, onaixyOka, Tapa
1u1s1 oBoIIeHd U GpyKTOB U Ap.). [loaToMy penieHre JaHHOTO BOIpoca UMeeT 0OJIbIIoe
Hay4YHOE U ITPaKTHYECKOe 3HaYEHHE.

W3BecTHO, u4TO (hopMHUpOBaHHWE OONBIIMHCTBA JPEBECHBIX IUIUT (JIpeBec-
Ho-cTpy)keuHblX — JICTII; opuenTrupoBanHo-cTpy)eunbix — OCII; apeBecHO-BOIOK-
HUCTBIX CpeJHEH MIIOTHOCTH cyXoro cnocoOa mpoussoactsa — MDF) o0ycioBneHo
TOYEYHBIM CKJIEMBAHUEM JAPEBECHBIX YaCTHUI C IOMOIIBIO a/Ire31Ba B IPoLIecce ropsi-
yero npeccoBanus [8, 13]. Kak mpaBuio, MeponpusTHsi, HarpaBJIeHHbIE HAa CHIKeE-
HUe pa30yXaHus U COXpaHEHHE OCTaTOYHOW MPOYHOCTH IMPU TEMIIEPaTyPHO-BIIaXK-
HOCTHBIX BO3IEUCTBHSX, UMEIOT BpeMEHHBIH d(pPekT (BpeMeHHasT BOTOCTONKOCTD)
[11, 12]. Beenenue ruapodoOM3aTOPOB MPH U3TOTOBICHUH TUTHT TTO3BOJISIET YMEHb-
LIUTh CKOPOCTH NMPOHUKHOBEHMS BOIBI B JPEBECHBIC YACTUIBI U, COOTBETCTBEHHO,
YBEJIMYUTH MPOJOKUTEIILHOCTD Tpoiiecca pazoyxanus it [10, 15]. Ananoruy-
HBIH 2 dekT HabmonaeTcs Mpy MOBHIILICHHN PacXoaa cBsi3yromlero. VMcnonabp3oBanue
(henonoopManbIEruIHBIX U MOTUAN(EHUIMETaHANU30IIHAaHATHBIX CMOJI 00ecTe-
4yyBaeT 00JIee BEICOKYIO IPOYHOCTh TOYEUHBIX KOHTAKTOB, YTO 1ACT IOJIOKUTEIbHBIN
3¢ ekt mpu KpaTrKOBpeMEHHOM Bo3JeicTBuU Biaru [6, 7]. OqHaKo Mmpu BBICOKHUX
aMIUTUTY/AaX KoJIeOaHuil TeMIiepaTypbl M IPSIMOM KOHTAKTE C BOJOH MPOYHOCTH IUIUT
cHmkaercs. [Ipu 3TOM CylIeCTBEHHO YBEIWYHMBAIOTCS pa3Mephl IUIUT, YTO 00YCIIOB-
JIEHO JaBlieHHeM HaOyXaHUs KJIETOYHOW CTEHKH JPEBECHHBI, KOTOPOE, IO MHEHHUIO
b.C. Uynunosa [5], cocraBusier ue menee 100 MlIla. B pesynsrare Bo3HUKaeT Harmpsi-
KEHUE Ha IPAaHULE «aJIre3UB—IPEBECHHA», KOTOPOE MPHUBOIUT K YACTHUHOMY WM
[IOJTHOMY Pa3pYLICHHUIO KJIEEBbIX KOHTAKTOB, BO3PACTAHUIO Pa30yXaHus U CHIKECHHIO
MIPOYHOCTH TUIHT. [I0ATOMY MOMCK MyTel MOBBIIIEHNST BOAOCTOWKOCTH TUIUT B 3TOM
HAIpaBJICHUU HETIePCIIeKTHBEH. BONbIMiA HHTEpEeC MPeCTaBIIseT 00eCIeUeHUE 110-
CTOSTHHOW BOJIOCTOMKOCTH 32 CYET H3MEHEHUsI PU3MUECKUX TIPUHIIMIIOB ()OPMUPOBa-
HUSI CTPYKTYPBI IUINT.

CrpykrypooOpa3oBaHue Marepuaga MpH HPOM3BOACTBE APEBECHOBOJIOKHU-
CTBIX IUTUT BO MHOTOM OIPEJEIISCTCSI MEKBOJIOKOHHBIM (ayTOT€3MOHHBIM) B3aHMO-
JIEHCTBUEM, B MEHBIIIEH cTeneHHU — cBsA3yromuM [ 12, 20]. BomocToMKOCTh TAKUX TUIUT
00yCIIOBJICHa KOJIMYECTBOM CBSI3€H MEXK/y PeaKIMOHHOCIIOCOOHBIMU TPYIIIaMH, KO-
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TOpBle 00pa3yloTcs 3a cyeT (GUOPHIUIMPOBAHUS YacTHIl Ha cTaauu pasmona [1, 4].
DTOT mpoliece 3aKII0YaeTCs B OCINA0ICHUH U pa3pyIlICHUN CBS3eH MEXy OT/ACIbHBI-
MU QUOpHIUTAMA KIETOYHOW CTEHKH TOJ BIMSIHIEM MEXaHWYECKHUX BO3ICHCTBUN H
TIPOHUKHOBEHUS BOIBI B MK GUOPWILIIpHBIE pocTpaHcTBa [16, 18]. Ilpu ymanennn
BOJBI B XO/I€ IbE30TEPMHUUYECKOTO BO3IEHCTBUS HOJSPHBIE T'HMIPOKCHIIBI CBSI3bIBA-
0T MaKpOMOJIEKYJIbI BOJIOKHA MEXy CO0O0M, 4TO sBIAETCS NPUUMHON 00pa3oBaHUs
CTPYKTYpPBI BOJIOKHUCTOTO MaTtepuaina [1, 14]. JIas moBsIleHUs BOAOCTOMKOCTH Ta-
KHX IUTAT TIPOU3BOJIST JIOTIOTHUTEIBHYIO TEPMOOOPaOOTKY, YTO PUBOAUT K TIOSIBIIE-
HUIO OOJBIIETO KOJMYECTBA CBS3EH MEXKIy PEaKIIMOHHBIMU T'PYMNIIaMHA KOMIIOHEH-
TOB JipeBecuHbl. [Ipy 3TOM NpOUCXOAUT N3MEHEHUE KAlIWIJSIPHON CTPYKTYPBI IUINT.
Tak, B pabote [17] oTMeuaeTcsi cokpalieHne oobeMa KammIsipoB pa3MepoM MeHee
10 HM. DTO yMEHBIIAET BO3MOKHOCTh TPOHUKHOBEHHUSI MOJICKYJT BOJBI M UX COPOIMN
KOMITOHEHTaMH JPEBECHHHOTO BEIIECTBA, YTO CHI)KAET pa3OyxaHue IUTUT. MOXKHO
MPEATNONOKUTE, YTO TIPUIAHUE TUTUTAM TOCTOSIHHOW BOJIOCTOMKOCTH MOXKET OBITh
00€CIe4YeHO 3a CUeT YBEIMYECHUS ayTOTe3MHHOIO B3aUMOAEHUCTBUS MEXIY IpeBec-
HBIMH YaCTUIAMU.

JlanHble, MOMy4YeHHBIE HAMH paHee [2], yKa3bIBalOT HAa BO3MOXKHOCTH M3IO-
TOBJICHUS TUTUT 0€3 UCIOIB30BaHUs CBS3YIOIIMX BellecTB. [Ipy 3TOM ycTaHOBIIECHO,
410 00pabOTKa OMWIOK T'MJIPOAMHAMUYCCKUM CIIOCOOOM (MEXaHOAKTHBAIIUS) U UX
MOCIIEAYIOIIee Topsiuee MPEeCCOBAHNE TIO3BOJISIIOT MOMyYaTh ITUTH C MUHUMAJIbHBIM
pa3OyxanueMm 0Oe3 omepanyu IONOJHHUTEIBHOIO TEPMHUYECKOTO BO3ZIACHCTBHS M J1O-
OaBienus ruapodoOu3aropos. B 1ensx omnpeneneHns napameTpoB BOAOCTOHMKOCTH
JIPEBECHBIX TUIUT HAMH MTPOBEAEHBI CIIEUAIbHBIE HCCIIE0OBAHUS.

Obvexkmbl u Memoobl UCCAEO08AHU

Kak nokazan ananus pa6ort [1, 4], ans nosyueHus ApeBECHON Macchl C BbI-
COKOMW CTerneHbl0 (PMOPMIUTMPOBAHKS U MUHHMAJIbHBIM YKOPOUCHHEM BOJIOKOH He-
o0xonmnM OE3HOKEBOH pa3MoJ B BOMHOM cpeme. s 3Toro Memonp30Baics anmapar
POTOPHO-IYJIBCALIMOHHOIO TUIIA OPUIMHAIBHOW KOHCTpyKumHu. Ilpouecc ocymect-
BJISUICSI TI0 METOIMKE, MOAPOOHO M3JIOKEHHOH B padote [9]. OOpaboTaHHbIe B T'H-
JPOJMHAMHUYECKOM JIUCIIeprarope Onujiku ¢ nomonom 650 LIP o6e3BokuBaiuch B
2 srana. Ha nepBom aTamne cycreH3usi B KOJIMYeCTBE, HEOOXOAMMOM JIsl U3TOTOBIIE-
HUS 00pasIoB M0 YCTaHOBJICHHOW METOJMKE, TIOMENIaiach B SIIIMK, THOM KOTOPOTO
CIyXHuia ceTka ¢ pazmepoMm staeek 0,25 mwm. Tlom meficTBHEM CHITBI TSHKECTH BOIA
yaaanach 4epe3 CEeTKy U BIaKHOCTh Macchl cHIKanack Ha 40...60 % ot nepBoHa-
qanbHOi. Bropoii sTan 00e3BoXHMBaHUS M (OPMUPOBAHUE KOBPA MPOHCXOAMIN HA
CETKE C pa3MepoM siueeKk | MM 3a cueT OT)KMMa B rujpaBinueckoM npecce. [locie
(dopMHpOBaHHS KOBEp MOABEPTAICS TOpsiueMy IPECCOBAHUIO, KOTOPOE OCYIIECT-
BIIAJIOCHh HAa MCECTAJUIMYCCKHUX MNOAJOHAX C AUCTAHIIMOHHBIMHU IIJIAaHKaAMH. Bce ske-
TIepUMEHTATBHBIC 3apeccoBKU TUIHT ¢ pazMepaMu 300%300%X8 MM M TUIOTHOCTBIO
880 xr/m? mpoBoIMIHCH Ha J1a0OPAaTOPHOM THAPABINYECKOM Tpecce Mapku LabPro
1000 (pupma «FontunePresses»).

[l ycTaHOBJIEHUS! BO3MOKHOCTH M3MEHEHMS BOIOCTOMKOCTH IUIUT 3a CUET
PEKMMHBIX MapaMeTpOB IPECCOBAHUSA IPOBEACHbI CIENHAIbHBIE HCCIIEAOBAHUS.
B xadectBe BapbupyeMbIX (DaKTOPOB MPHUHATHL: TeMmmeparypa it npecca (7) — ot
170 no 230 °C; ynenbHas NpOI0KUTEIBHOCTh MPECCOBaHUs () — OT 2 10 4 MUH/MM;
BJIQ&XKHOCTH KOBpa niepen npeccoBanuem (W) — ot 110 o 250 %.
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[Tocne npeccoBanus rOTOBBIE TUTUTHI BBIJEPKUBAINCH TIPH HOPMAJIBHBIX YCJIO-
BUSIX HE MeHee 24 1, o0pe3anuch 1o GopMary 1 pacKpauBaInch Ha 00pa3Lbl A1l HCIIbI-
tanuii pazmepoM 100x100%8 mM. B kauecTBe mokazaresisi BOIOCTOMKOCTU JPEBECHBIX
IUTAT TIPUHATO pazOyxaHue 1o tommuHe (AS, %) mocie BhIMa4iBaHus B TeUeHue 24 4.
[IpoBeneHs! MUKINYECKUE UCTIBITAHUS («BbIMAaYMBAHUEN—(3aMOPAKNBAHUEN—(BBICY-
LIMBaHUE») C ONPENeSICHHeM OCTAaTOYHON MPOYHOCTH M pa3OyXaHHUs IO CIEAYIOLIEeH
MeTonuke. OOpasipl BeIAEp)KUBAIUCH B Boze ¢ pH 7+1 mpu temmeparype (20+1) °C B
tedenue (72+1) 4. [Tocne 3Toro 006pasikl BBIHUMAINCH U3 BAHHBI U HECKOJIBKO MUHYT
CYIIHITUCH C TIOMOLIBIO (PHIBTPOBANBHOM Oymary. [locie 3Toro mpou3BoanIIOCkh UX 3a-
MopaxxuBaHue npu Temneparype —18 °C B Teuenune 24 4 1 cylka B CyIIMIBHOM Kady
mipu Temneparype (70+2) °C B teuenue 70 4. DTH mpoliexyphl BHIOIHSINCH ITOCITE-
noBarenbHo 3 pasza. Kpome Toro, onpenensinch pa3dyxaHue ¥ 0CTaTOuHast IPOYHOCTD
00pasIoB MOCye KUISYEHHUS B BOAE JIUTENBHOCTHIO | U.

Pesynomamot uccredosarus u ux oocyscoenue

Ha nepBom 3Tamne mcciaenoBaHUi MOMYYEeHB! 3aBHCUMOCTH pa30yXaHHs IUIAT
OT PEKUMHBIX [TAPAMETPOB MEE30TEPMHUUECKOTO BO3IeHCTBUS (pHcC. 1).

AS,| % AS,|%
33
32
31
30 29
28 27
A 25
26 23
24 21
9y | ¥=6E—06x’ ~0,0027x* +0,2739 + 27,827 19 2 0,0002¢ - 0,3215x + 81,74
R2?=10,9662 17 R2=0,9442
20 15
110 130 150 170 190 210 230 W, % 155 170 185 200 215 T,°C
a o
AS, %
27
26 Puc. 1. 3aBucnmocts pa3Oyxanus mmt AS ot
55 PEKMMHBIX ITApaMETPOB NPECCOBAHMs: a — WV
6-T,6—t
24 Fig. 1. Dependence of the panels swelling
23 AS on the pressing operating parameters:

a — humidity (W, %); 6 — temperature (7, °C);

— 3 2 _ . . .
22 | y=-0,1284x + 1,109 - 5,4182x + 34,595 B — pressing time (¢, min/mm)

R2=10,9281
21
1,75 2,25 2,75 3,25 t, MUH/MM

8

[TosryueHHble pe3ynbTaThl MOKA3bIBAIOT, YTO BEIMYMHA pa3OyxaHUs IUTUT IO
TOJIIMHE CYIIECTBEHHO 3aBHCHUT OT IapaMeTpoB peknMa mnpeccoBanus. llpu yse-
JIMYEHUH BJIAKHOCTH IPECC-MACChl BBIABIECHO CHIDKEHHME pa30yxaHus IUMT. Mu-
HUMaJIbHOE 3HAYE€HHE ATOTO MOKA3aTessl MOJIy4YEeHO HPHU BIAXKHOCTH IPECC-MACChI
210 %. JlanpHeiiee NOBBIICHNE BIAXXHOCTH IPUBOAUT K POCTY pazOyXaHHs IUTUT
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(puc. 1, a). Ilpu yBenuueHnun temiieparypsl IimT mnpecca ot 170 go 230 °C pa3dyxa-
Hue cHmKaeTcs (puc. 1, 0), focTUras MUHUMAJILHOTO 3HAYEHUS IPU MAaKCUMAaJIbHOM
temreparype. [1oBbIIeHHe MPOIOKATENFHOCTH TIPECCOBAHMS MPUBOIUT K CHIKE-
HUTO pazOyxanus (puc. 1, 6).

[Tocne onpenenenus mokaszaressi pa3OyxaHusl U MOCIEAYIOIIEr0 BbICYIINBA-
Hust ipu Temneparype 105 °C no Bnaxnoctu 4...6 % y Bcex 00pa3oB ycTaHaBIMBa-
Jlachk OCTaTOYHAasi MPOYHOCTh MPHU CTaTHueckoMm m3rude. [lokazaHo, YTO TIUTHI CO-
xpansioT 95...100 % nepBoHayaNbHON MPOYHOCTH, HO Y HEKOTOPBIX 00pa3IloB OHA
yBenmunBasiachk 6omee gem Ha 20 % oT mepBoHaYaILHOW. BO3MOXKHO, 3TO 00yCI0B-
JICHO TEeM, YTO IIPU BBIMAUMBAHWUU U MOCIEAYIOIEH CyIIKEe IPOM30LLIA PETAKCALMS
HanpspKEHUH, BO3HUKIINX B TIPOLIECCE TPECCOBAHUS TIJIHT.

Pesynbrarel uccienoBaHus IUIMT, TOJYYEHHBIX U3 MEXaHOAKTUBUPOBAHHBIX
JPEBECHBIX YaCTHIl 0€3 CBA3YIOIEr0 METOIOM KUIIsIUeHHS B TeueHue | 4, mpeacTas-
JeHbl B Tabnmune. s cpaBHEHHS MCHONB30BAINCH HIMPOKO PACIPOCTPAHEHHBIC
IUTUTHBIC MaTepUalibl, TPOU3BEACHHBIC B MPOMBITIIIEHHBIX yeioBusax: ACtII, MDF
Ha OCHOBE KapOaMUAHBIX CMOJI, CBEPXTBEP/IbIC APEBECHOBOJIOKHUCTHIC TUIUTHI MO-
Kporo crioco6a npoussoactsa (HDF).

Iloka3zaTresu CBOWCTB IMJIUTHBIX MaTEpUuAJI0B MOCJTC KUIIAYCHUS

O6pase [InotHOCTS, Paz0yxanne Bono- IToteps mpouHoctu npu
pasen Kr/m3 o Tonmuue, % | noroieHue, % | cratuyeckoM usruoe, %
[lura 879,8 57,0 114,60 18,2
0e3 CBS3YIOIIETO
JCTIT 689,9 93,7 180,60 Paspymienue
MDF 760,7 375,0 541,00 Paspyienue
HDF 10149 60,0 92,27 89,7

[TomyueHHbIe JaHHBIE YKA3BIBAIOT HA TO, YTO TUINTHBIE MaTepHAIIbI, IIPOU3BO-
JIUMBbIE C UCIIONB30BAaHUEM CBA3YIOLIMX HA OCHOBE KapOaMHUIHBIX CMOJ, HE BBIACP-
’KUBatOT kursiueHus B tedeHue 1 4. [lnutet HDF coxpasstoT neiaocTHoCTh, HO IpU
3TOM MPAKTUYECKU TOIHOCTHIO (Ha 89,7 %) TepsIOT MPOYHOCTh. Y TUTUT U3 MEXaHO-
AKTUBUPOBAHHBIX JIPEBECHBIX YAaCTHUI] OTMEUEHa MaJlasl oTepsl IPOUYHOCTH NPH CTa-
THYecKkoM n3ruoe — 18,2 % ot nepBoHauanbHoi (10 Kumsyenus — 22,4 Mlla, nocie
17,4 — MIla).

B nemsx ompenesneHus BIMSHUS IEPEMEHHBIX TEMIEPaTypHO-BIaKHOCTHBIX
YCIIOBUH Ha BOAOCTOMKOCTH IJIMT U3 MEXAaHOAKTHBMPOBAHHBIX JAPEBECHBIX YaCTHIL
MPOBECHBI LIMKIMYECKHE UCTIBITaHus (puc. 2).

251 2285 22,97
< 20.7 21,42
(2" 20 19,51
Puc. 2. Pa3byxanue miuT u3 Me- ° 1772
XaHOAKTMBUPOBAHHBIX [PEBECHBIX & 15
YACTHUII IPH UMKIMIECKHUX MCIIBITA- S
HUSIX g 10
Fig. 2. Swelling of panels made of %
mechanically activated wood parti- g 5
cles during cycle testing 5; . 0,52 0,69 0,62

I ko uensrrannit 11 wykon vensiranuid 111 nuki uensiTanuit

M Venaxunenue [l 3aMopakuBaHue BricymmBanue
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[Tonmy4eHHbIE pe3ynbTaThl YKa3bIBAIOT Ha TO, YTO MOCTE 3 MUKIOB UCTIBITAHUIH
pasMepsl 00pasloB MPAKTUYECKH BO3BPAIIAIOTCS K MEPBOHAYAIBHBIM (pa3OyxaHue
T coctapiseT Beero 0,62 %). [Ipu 3ToM MakcuManbHOE 3HAYEHNE TTOKa3aTeNs OT-
MedJaeTcs Ha dTarnax yeiuakHeHus (22,97 %), 94To CBUIETENBECTBYET 00 00paTUMOCTH
neGopMalvy TUIUT U3 MEXaHOAKTUBUPOBAHHBIX JIPEBECHBIX YACTHI] MPH MEPEMEH-
HBIX TEMIIEPAaTYPHO-BIAKHOCTHBIX BO3JCHCTBUSIX.

HccnenoBanue MpOYHOCTH HA CTATMUYECKUN M3TUO OOpa3IOB IUIUT, MOJBEP-
THYTBIX HUKIIMYCCKHUM UCIIbITAHUAM, ITIOKAa3aJ10, YTO I[aHHBIfI II0Ka3aTcyib CHUXXACTCsA
Ha 29,2 % u cocranser 16,1 MIla.

Buvi6oowi

1. YcTaHOBIIEHO, YTO IEPCHEKTUBHBIM HANPABICHUEM ITOTY4YEHHS TUTUT CPEea-
Hel TUIOTHOCTH C TIOCTOSHHOHM BOJOCTOMKOCTBIO SIBISIETCSI TpEABapUTEIbHAS TH-
JOpoarHaMHUuecKasi 00paboTKka MSATKHX OTXOAOB AEPEBOOOPAOOTKH (OMUIIOK), B pe-
3yJIBTaTe KOTOPOW CO3JAr0TCs YCIOBHS Uil (JOPMUPOBAHUS CTPYKTYPBI ILTUT 38 CUET
ayTOTe3MOHHOTO B3aWMOICUCTBHS MEKIY JpeBecHbIME dacTriamu. OOpa3oBaBIIu-
ecst CBS3M, UMEIOIINe OOJBIIYI0 SHEPTHIO B3aMMOCHCTBHS, HE MO3BOJISIOT TUIUTAM
pa3pymarscs MpH yBIAKHEHUU M 3aMopaxkuBanui. C(HopMHUpOBaHHAS B IpoIecce
MPECCOBAHUS CTPYKTYpPa IUTUT CIIOCOOHA K OOJIBLIMM BIQKHOCTHBIM Jie(hOpMALIUsIM,
KOTOpBbIE UMEIOT 00paTUMBIN Xapakrtep. [Ipy 3TOM He MPOUCXOOUT CYIIECTBEHHOTO
HM3MEHEHUS HX MEXaHMYECKUX CBOMCTB.

2. BOOCTONKOCTD TUTUT MOYKHO PEryJIUpPOBaTh TEXHOIOTHUECKUMHE (haKTopa-
MH TOPSTYEro NMPEeCCOBAHUS: TEMIIEPATypOH IUTUT MPecca, yIeIbHOMN MPOIOIKHTENh-
HOCTBIO IPECCOBAHUS U BIAKHOCTBIO ITPECC-MACCHI.

3. TuaponuHaMuyueckas: MEXaHOAKTHBALMSI MO3BOJISICT MOJTY4aTh W3 MSTKUX
OTXOJIOB JIEPEBOOOPAOOTKH (OIHMIIOK) 3KOJIOTHYESCKH YUCThIC TUIMTHI C ITOCTOSHHOW
BOJIOCTOHKOCTBIO, KOTOPbIE MOTYT HAalUTH IIUPOKOE TIPUMEHEHHE B KECTKUX TEeMIIe-
paTypHO-BIQKHOCTHBIX YCIOBHUSIX IKCILTyaTaIHH.
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Water resistance of medium density panels made of hydrodynamically treated sawdust without
binders was studied. It is customary to use panel swelling through-thickness after soaking in
water for 24 hours and residual strength under static bending as criteria for water resistance.
The effect of the following operation conditions of hot pressing on water resistance of panels
was studied: temperature of press boards, specific pressing time and molding compound
humidity. It is found that an increase in the temperature of press boards and specific pressing
time results in a decrease in panel swelling through-thickness. The smallest value of this
parameter was recorded at the press pulp humidity of 210 %. In comparison, the effect of
boiling in water within 1 hour on the properties of the panels made of mechanically activated
wood particles, as well as particle boards, high density fiberboards (HDF) and medium
density fiberboards (MDF) of dry process was studied. It was found that the particle boards
and medium density fiberboards were completely broken. High density fiberboards retained
their shape, but the static bending strength was 89.7 % of the initial one. The panels made of
mechanically activated wood particles had the static bending strength loss of 18.2 % of the
initial one (before boiling — 22.4 MPa, after boiling — 17.4 MPa). The cyclic tests conducted
according to the state standard GOST R 56309-2014 and by the “soaking—freezing—drying”
method allowed us to find that the moisture deformations of the panels made of mechanically
activated wood particles are reversible. As a result of 3 test cycles, a decrease in the static
bending strength of the boards was 29.2 %. At the same time, their dimensions had no
considerable changes. The value of residual swelling through-thickness was 0.62 %. The
obtained results show that the preliminary hydrodynamic treatment of wood wastes (sawdust)
allows making eco-friendly boards that have permanent water resistance. They can become
widely used, especially under severe temperature and moisture conditions of operation.

For citation: Ermolin V.N., Bayandin M.A., Kazitsin S.N., Namyatov A.V., Ostryakova V.A.
Water Resistance of Wood-Based Panels Made without Binders. Lesnoy Zhurnal [Russian
Forestry Journal], 2020, no. 3, pp. 151-158. DOI: 10.37482/0536-1036-2020-3-151-158
Funding: The research was carried out with the financial support from the Russian Foundation
for Basic Research, the Government of the Krasnoyarsk Krai and the Krasnoyarsk Regional
Fund of support scientific and technical activities within the framework of the research project
“The Study of the Structuring Processes of the Materials Made of Cavitation-Activated Wood”.

Keywords: mechanical activation, water resistance, swelling, wood-based panels without
binders, hydrodynamic treatment, autohesion.
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[IpenyioxkeH CHHTE3 HOBBIX HAHOCTPYKTYPUPOBAHHBIX METAJUIOYyIIICPOJHBIX KOMIIO3UTOB Ha
OCHOBE JIMTHOCYNb(oHaToB. [lonydyeHre 1 n3ydeHue UX CBOMCTB SIBJISETCS aKTyaJbHOM 3a-
Jlayeil COBPEeMEHHOT0 XMMUYECKOTO MaTepHaloBEICHNs BBULy IPUMEHEHHUSI MaTepHuajIoB Ha
HX OCHOBE B KaU€CTBE HOHOCEIEKTUBHBIX AEKTPOIOB U SIEKTPOXUMUYECKHUX KaTOAOB, AJIEK-
TPOJIOB CYIIEPKOHIEHCATOPOB, MArHUTHBIX CEHCOPOB, YCTPOICTB 3aIicy U XpaHeHus! HH)op-
MaIliM, TeTepOreHHBIX KaTaJIu3aTopoB. Pelraromiee 3HaYEHHE MPH MOMYYSHUH 3THX KOMIIO-
3UTOB TMPHOOPETAET METOJ CHHTE3a, MO3BOJSIONIMH (POPMUPOBATh YACTHIIBI OIPE/ICICHHOM
(GopMBI U pa3zMepa, ONpeeNsIoNUX B JaTbHEHIIIEM CBOMCTBA KOMITO3UIIMOHHOTO Marepua-
na (CopOIMOHHBIE, MEKTPOXUMHUUYECKUE, KaTaTUTHIeCKHe, MarHUTHBIE, onTudeckue). Llens
HCCIIeIOBAaHNS — W3yU€HHE BIMSHUS YCIOBUI CHHTEe3a HAHOCTPYKTYPHPOBAHHBIX METaJIO-
YIJIEPOIHBIX KOMIIO3UTOB Ha OCHOBE YITIEPOACOMECPIKAIIETO0 OPTraHUYECKOTO CHIPhs (JIMTHO-
Cynb(OHATOB, XMTO3aHa, MOJMAITHICHIIOJIMAMIHA) U BCTPOCHHOTO MeTajlla Ha CTPYKTYpY H
(bU3MKO-XMMHYECKHE XapaKTePUCTUKN HOBBIX MaTepuaioB. Pa3paboran crocod, 0coOeHHO-
CTBIO KOTOPOTO SBJISIETCS KOMJIOUAHO-XUMHUYECKUI CHHTE3 C MOCIeaAyIomel kKapOoHu3aIuen,
[O3BOJISIIOILUI TIOJTYYUTh BBICOKOIUCIIEPCHBIN KOMIIO3UT C Pa3BUTON MHUKPO-ME30IOPUCTOMN
CTPYKTYpO#, yAeIbHOMN MOBEpXHOCTHIO 10 400 MY/T U pacnpeneieHueM YacTUI] B Y3KOM JHa-
nazoHe pa3mepos (30...65 um). Meraiut cBsi3biBaercs ¢ urnocysibdonarom Harpus (JIC) Ha
cTaauu (POPMUPOBAHUSI XEIATHOTO KOMIUIEKCA, KOTOPBIN TPH B3aWMHOM KOATYJISIIUK C XHUTO-
3aHoM (XT) unu nonmatiieHnonuamMuaoM (II3ITA) oGpasyet HepaCTBOPUMBIH B BOAE MOJIH-
MEpHBIH MeTana-opranndeckuii komrieke. Crenens n3piedeHns noHoB Co(Il) n3 BomHBIX
pactBOpoB mpu hopmupoBanuu Metamiokomiuiekca cocraBa JIC—Co—XT cocrasisier 78,6
% mpu maccoBom cootHomenun JIC u XT — 1 : 0,25, a ansa kommnekca JIC-Co-TIDIMA —
56,3 % npu maccoBom cootHomennu JIC u I[19I1A — 1 : 0,1. TIpoBenenue nentpudyrupona-
HUsI, IPOMBIBKH aIlETOHOM U KapOOHM3AIMU TI03BOJISIET 3a)MKCUPOBATh METAILI B CTPYKTYpe
METaJIOYITIEPOAHOTO KoMMo3uTa. [IpoaHamn3upoBaHbl YCIOBUS CHHTE3a: KOJHMUECTBECHHOE
COOTHOIIIEHUE MOTUMEPHBIX KOMIOHEHTOB (1y1st cucteMbl JIC : XT—1:0,25; st JIC : TIDTTA —
1:0,1); IpoAOIIKUTEIBHOCT (HOPMHUPOBAHUS XEIATHOTO KOMITJIEKCca — | 4 U METaJlI-OpraHu-
yeckoro kommnosuta — 1 u; pH 4—6. Mop¢osorust HaHOCTPYKTYPUPOBAHHOTO METaJLIOYIIe-
POAHOTO KOMITO3UTA M3y4eHa METOAOM JIEKTPOHHOM MUKPOCKONHH, TapaMeTphl MOPUCTON
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CTPYKTYPBI — METOJIOM HU3KOTEMIIEpaTyPHOH aJcopOunu a3oTa. YIiiepoiHble HAaHOMaTEepH-
aJibl, MOJTYYEHHBIE TPU MATKUX YCIOBUSX CHHTE3a HA OCHOBE JICHIEBBIX PUPOIHBIX TOIU-
MEpOB, MIEPCIICKTUBHEI JIJIs IPUMCHEHHSI B KauecTBE () (DEeKTHBHBIX COPOCHTOB U KaTain3a-
TOPOB, B TOM UHUCIIE U AJIs 3aLUTHI OKPY’KaIoLIel cpeabl.

Jna yumuposanusa: bposko O.C., [Tanamapuyk U.A., Topmkosa H.A., UBaxnos A.Jl. Me-
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U MOp(OJIIOTHYECKHE OCHOBBI aJaNTallMH PACTUTEIBHBIX OOBEKTOB B YCIOBHSIX H3MEHSIO-
mierocs kimmara BbICOKHX MUpOT» (Ne AAAA-A18-118012390231-9) ¢ ucnonszoBaHnEM
obopynosanus LIKIT HO «Apkrukay (CADY) u LIKIT HO «KT P® B o6macTu 3K0I0THYECKOMH
6e3omacHoct Apktukm» (PI'BYH ®ULIKUA PAH).

Kniouegvie cnosa: murnocynb(oHart, XUTO3aH, HAHOKOMITO3MT, YIJIEPOJHBIH MaTeprall, MeTa-
JIOKOMIUIEKC, IO TUIICHIIOTHAMHUH.

Beeoenue

OpxHO U3 aKTyaJbHBIX HANPaBICHUN B Pa3BUTHH Pa3IMYHBIX OTpaciei Hay-
KM ¥ TeXHUKH — CO3[JaHHE HOBBIX HAHOCTPYKTYPUPOBAHHBIX METAJUIOYIIEPOIHBIX
rxommo3uToB (HMYK) mmpoxoro ciekrpa npumenenns. Mzydenne ocoOeHHOCTEH
(hopMHUpPOBaHMS TAKUX MAaTEPUAJIOB, UX CTPYKTYPHBIX XapaKTEPUCTUK U (YHKLHO-
HaJIbHBIX CBOMCTB B 3aBUCUMOCTH OT YCIIOBUI CHHTE3a SIBJIsETCA BAKHOM 3a1aueil.
CpoiictBa HMVYK 3aBucsT OT JUCIIEpPCHOCTH, CTPYKTYPbI, MOP(HOIOTHH U XUMUYE-
CKOTO COCTaBa KaK yTJIEPOJHON MaTPHIIBl, TAK U BCTPOEHHOTO MeTaiia [4]. Mare-
pec K MofoOHBIM CHCTEMaM CBSI3aH C IPOSIBICHUEM M3MEHSIOINX CBONHCTBA HAHO-
4acTHLl MeTa/lla pa3MepHBIX 3()(HEKTOB — PIEKTPOXUMUUECKHUX, KATAJTUTHUECKUX,
MAarHuTHbIX U 1p. [13, 18, 19, 23]. B coBpeMEHHBIX HAHOTEXHOJIOTUSAX UCIIOJIb3yEeT-
sl I0CTaTOYHO MHOTO MeTo/10B nonyuenuss HMVYK [22, 25], cpenu KOTOpBIX METOA
KOJUTOMTHO-XUMHYECKOTO ocaxaeHus: monmdnekrponuTos (I19) ¢ mocnemyromeit
KapOoHHU3aIMel MPOCT, HE TpeOyeT ITOPOTOCTOSIIET0 OOOPYIOBAHMS W BBICOKHX
JHEPreTUYEeCKUX 3aTpar, YTO OTKPHIBAECT HEPCHEKTUBY KOMMEPUYECKOTO HCIOJIb30-
BaHUS MOIy4aeMbIX MaTepHaIoB.

[IpuBnekaTenbHOCTh JAHHOTO METOJIA 3aKJII0YaeTCsl B BO3MOKHOCTH OTydYe-
HUS YaCTHIl C KOHTPOJIUPYEMBIMU MaJIbIMU pa3MepaMu M, Kak CIeICTBHE, C 0COObI-
MU CBOHCTBaMHU (BBICOKOU Y/IEIbHON MOBEPXHOCTHIO, aKypHOU MOpdoorueii), 4ro
Mo3BOJIsIET A (HEKTUBHO MCIIONH30BATh MX B KaTallk3e, aICOPOIMOHHBIX MTpoIeccax,
JNIEKTPOHUKE, (DMIIBTPALIMOHHBIX MaTepHajax, CyNepKOHAEHCATopax, TeXHOIOTUIX
XpaHEeHUs U IPOU3BOJICTBA NIEKTpo3Hepruu [14, 24, 26, 27].

BonbIIMHCTBO yIIEpOAHBIX MaTepHAIOB MOTYyYal0T TEPMUUECKON 00paboTKOi
B MHEPTHOH CpeJie OPraHudecKOro ChIpbst, 0OTaToro yrieponoMm. B kauecTse opraHu-
YEeCKHX IPEANICCTBEHHUKOB MOYKHO HCIIONB30BaTh OMOTIONUMEPHI: ajbIHHATHI, 11e-
JTIOJI03Y, TIEKTHH, XUTO3aH, OCIIKY, JIUTHUH U 1p. [17]. TexHnaeckue IUTHUHBI paccMa-
TPUBAIOTCS KAK LICHHBIE BTOPUYHBIC MPOAYKTH XUMHUYECKOM 1epepadOTKU JPEeBECHHBI
Ha LEeJUTI0N03HO-OyMaxHbIX (JurHocyabdonars! (JIC), menouHod u cyab(aTHBIA
JIMTHUHBI) ¥ TUAPONU3HBIX (TMAPOIM3HBIA JTUTHUH) Npeanpustusx. Ocoboe mecto
3anuMatoT JIC, KoTopbie SIBISIFOTCSI TOOOYHBIMU MPOIYKTAMH CYIb(QUTHOH (OUCYIb-
¢uTHOI) nenurHUUKannu qpeBecuHbl. Hammune cymbgorpymm npunaet JIC pactBo-
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puMocTh [21], cmOCOOHOCTh K KOMILIEKCOOOPa30BaHMIO Kak ¢ apyrumu [19, tak u ¢
MOHAMH METAaJIOB B pacTtBopax [1, 2, 5, 6, 8, 9, 11, 12, 17]. B Hactoseit padote B
KauecTBe OJIOKMPYIOUIMX HMCIOIb30BaHbI MMPOMBIIIEHHO BhIMyckaembie [13 mpupon-
Horo (xuto3aH — XT) u cuaTeTHmUeckoro (monudTrieHnoauamMud — [1911A) mpownc-
XOXKJICHUS, MAKPOMOJIEKYJIBI KOTOPBIX COAEPIKaT KaTHOHOAKTUBHBIE aMHUHOTPYIIITHI,
CHOCOOHBIE K KOMIUIEKCO00pa3oBaHuIo ¢ cynbporpynnamu JIC.

Lenpb uccnenoBanust — u3ydeHue BiausHus ycnosui cuareza HMVYK Ha ocHoBe
yriepoaconepxariero opranndeckoro ceipbs (JIC, XT, IIDITA) u BcTpoeHHOTO MeTal-
na (Me) Ha CTPYKTYpy ¥ (PH3UKO-XHMHUYECKHE XapaKTePUCTHKH HOBOTO MaTepraa.

Obvexmubl u Memoowbl UCCAEO08AHUA

JluraocynedoHar HaTpHUA TOIYYEeH B PE3yibTare Cyab(hUTHON JeTUTrHUUKa-
uu gpesecunsl enn Ha AO «'pynma «Mimm» (1. Kopsbkma). OuncTka oT HU3KOMOJie-
KYJISIPHBIX TIPUMEced MPOBOAMIIACH METOAOM YIBTpaguIbTPaLUK Ha J1adopaTopHON
yctanoBke @M 02-1000 ¢ mepemermmBaHueM. YCIOBHUS Ipoliecca: TeMIeparypa —
(20+2) °C; nmamnenue B cucteme — 0,4 MIla; Tun MeMOpaHbl — MOJUCYIIb(HOHOBAS
I1C-100 [3]. CpennemaccoBas MonekyisipHas Macca (M) JIC, onpenenenHas me-
TOZIOM TeJIb-TIPOHUKAIOIICH Xpomarorpadun Ha KOJIOHKe ¢ reeM Mojcenekt M-75
(amoenT: Oydepusiii 1M pactBop ¢ pH 6,2 cocraBa NaCl + 0,0546M Na,PO, +
+0,018M NaOH) [10], cocraBnser 24 k/la.

XwutoszaH (mocraBumk — OO «buonporpeccy, MockoBckast 00I1.), BbIIEIEH U3
naHnupen kpaboB, MPOTOHUPOBaH B 2 %-i1 yKCyCHOH kuciore. MoneKysipHas Macca
(M,) XT, onpezeseHHasi BACKO3UMETPHYECKIM METO/IOM C PACUCTOM 110 YPABHEHHIO
Mapxka—Kyna—Xaysunmka, [n] =1,38-107* M [20] - 150 x/la.

[TonusTHieHnoNMMaMuH — TOBapHbIN POAYKT, MOIy4eHHbIH cortacHo TY 2413-
357-00203447-99. Monekynsapnas macca [I9IIA onpenenena pacueTHBIM METOJIOM C
MCIIONB30BaHUEM THAPOANHAMUYECKOTo HHBapuanTa L{BetkoBa—Knennna, muddysun
Y BSI3KOCTH. XapakTepucTudeckas Bs3kocTh [I1DI1A, m3mepenHas mpu teMiieparype
25°C 80,1 M NaCl, [n] = 5,2+0,03 cm¥/r, uto coorercTByeT M), = 5 k/la.

Kommosutel cocraBa JIC-Me—XT (IIDITA) momydeHBI IMOCIEIOBATEIIBHBIM
BBesneHueM BojnHoro pactsopa JIC B 10 % -i1 BogHbIi pacTBOp COMH, CONEPKALLINN
nonbl Metamta (Ni(Il), Cu(Il), Cu(Il)), a 3arem ykcycHokucioro pactsopa XT. Ha
MepBOi cTaguu 00pa3yeTcs BOJOPACTBOPHMBIM METAUIOPraHUYEeCKUN XeJaTHBIN
komruieke JIC-Me, Ha Bropoii ctanuu (npu BBenenun X1 (IIDITA) B pacTBOp KOM-
wiekca JIC-Me) — HepacTBOPUMBIH METAJUIOKOMIUIEKC (KOMITO3UT) CIEAYIOIIETO
cocrana: JIC-Me—XT (IIDI1A), KOTOPBIA MOKHO OTHCIHUTH IIEHTPUPYTHPOBAHUEM.
Bbroxkupyromuii nonusnexrpoaut (XT umu [1211A) nobasmsiercst B peaKIMOHHYIO CH-
creMy nipu MaccoBoM cooTtHomenuu JIC : XT =1 :0,25...0,30 unu JIC : [IDIIA =
=1:0,1...0,25. CMmemuBanue OpoOBOIUIN MPU KOMHATHOU Temmeparype (~22 °C).
[TonmyueHHbIe BOIOHEPACTBOPUMBIE METAJUT-OPTraHUYECKHE KOMIUIEKCHI IEHTPU(pYTH-
poBaiH, a B QUIBTpATE TUTPUMETPUUCCKH [7] ONpEaessuIn OCTaTOTHOE COMEPIKaHME
MeTana (HUKels, Mean U KoOanbTa). Jlanee BogHyo ¢a3y B CTPYKType KOMITO3UTA
3aMEHSUTM Ha OPraHUYECKyI0 IIyTeM MHOTOKPAaTHOW MPOMBIBKH /10 OTCYTCTBHS Clie-
IoB Bozbl (poba duriepa). B xadecTBe 3amenaromiero pactBOpuTes Obl1 BHIOpaH
aIleTOH, KOTOPBIN 00J1a1aeT HU3KOHW TEMIIEPaTypoil KUMEHUs U BEICOKUM JIaBICHHEM
HACBIIICHHBIX MApOB, YTO CIIOCOOCTBYET OBICTPOMY OCBOOOXKIEHHIO KOMIIO3HTA OT
pacTBOPUTEIISI IPU KOMHATHOM TEMIIEPaType C COXPaHEHUEM TEKCTYPBHI.
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Jnst mpoBeneHHMs NHPOJIM3a HABECKa BBICYLICHHOTO Ha BO3MyXe oOpasua
(~1 r) BHOCHUTCS B KBapIIEBbI CTAKaHYMK, KOTOPBIH MOMEIAETCS B KBAPILEBYIO TPYO-
KY, HAXOJIAIIYIOCS B My(ETbHOM TeYH, OCHAIIEHHOW TPOrpaMMaTopoM TEMIIEPATYPHI.
[Tocne nmpogyBKH cHUCTEMbI MHEPTHBIM Ira3oM (a30T) B TEUEHHUE 3 MUH OCYIIECTBIISCT-
Cs1 3aIlyCK IIPOTrpaMMBI IorbeMa Temiiepatypsl. [Ipu nuponuse nogbem TeMieparypsl
MIPOU3BOAUTCS o ckopocThio 1 °C/MuH B Teuenue 15 u o temmeparypsr 600 °C,
Mociie JOCTHKEHHS KOTOPOH KBapleBas TpyOka BMECTE CO CTaKaHYMKOM BBIIBHTa-
eTcs U3 My(QelbHON MeYr M OCTHIBAET JI0 KOMHATHOM TeMIeparyphl MpH MPOIyBKe
WHEPTHBIM Ta30M.

[Tapamerpst mopuctoit ctpykrypsl HMYK JIC-Me—XT (II2ITA) momydeHs
METOZIOM HH3KOTeMIlepaTrypHou ajgcopOrmu azota (77,4 K) Ha aHanmuzaTope yuelb-
Hoii moBepxHoctu ASAP 2020 MP (¢pupma «Micromeritics», CILA). O6paboTKy
M30TepM TPOBOAMIN C UCIOJIB30BAHUEM CIIEAYIOUINX PACYETHBIX METOAOB: pacueT
VIASTBHON TOBEpXHOCTH — 1Mo Metomy bBOT; ompeneneHue miomany MOBEPXHOCTU
MHUKPOIIOPUCTOIO MaTepuaia — 1o t-plot MeToxny; oneHka o0beMa MUKPOIIOP B IPH-
CYTCTBHMHU ME30I10p U paclpeesieHHss MUKPO- M ME30II0p 110 pasMepam — 110 METOIY
Horvath—Kawazoe.

CHuUMKH 00pa3LoB MOJy4add HAa CKAaHMPYIOIIEM SJIEKTPOHHOM MHKPOCKO-
ne SEM Sigma VP ZEISS (yckopsitomiee Hanpsbkenue 10 kB, nerekrop InLens).
Jly1 OBBITIIEHNST KOHTPACTHOCTH CHUMKOB Ha MOBEPXHOCTH 00OPa3IoB C MOMOIIBIO
yerpoiictBa Q150TES (QUORUM) HaHOCWIH TIAaTHHOBO-TIAJLIATHNCBOC TTOKPHITHE
TOJIINHOH 10 5 HM.

Pesynomamur uccredosarus u ux oocysxicoenue

JlurHocynb(hoHAT — aHMOHOAKTHBHBIM MHOTO(QYHKIIMOHAIBHBIA JEHAPUTO-
MOJOOHBIN TOIHUANEKTPOIIUT, COACPIKUT KapOOHWIbHBIC, THAPOKCHIIbHBIE ((heHOIb-
HbIC M CIIUPTOBBIC), KAPOOKCHIIbHBIC U Cylb(orpymimsl. [IperumyiiecTBoM pa3BeT-
BIICHHBIX [ID ABIsIETCS BO3MOXHOCTH CO3/IaHHS BBICOKOW JTOKATBHON TUIOTHOCTHU
3apsiga U, COOTBETCTBEHHO, MOJYYEHHS] Ha UX OCHOBE KOMIAKTHBIX YCTOMYMBBIX
KoMIuiekcoB [17].

W3BecTHO, YTO BKIIIOUECHHE HEKOTO-
PBIX METAIIOB, BCTPOCHHBIX B CTPYKTYPY
YIJIEPOJHOTO HOCHTENSI, BIUsIET HA (op-
MUPOBAaHUE PAa3BUTOM IMOPHUCTOM IMOBEPX-
HOCTU YIIEPOAHBIX MAarepuasioB. 3HAYU-
TEJNbHBIM [IPEUMYILIECTBOM IPU CO3JAHUU
METAJUIOYTIICPOIHBIX KOMIIO3UTOB SIBIISICT-
Cs1 KOJUTOMTHO-XUMHUUECKUH TTOIXO0, KOTO-
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CrerneHb cBs3bIBaHUSA, %0

S

CoH)

Ni(IT) Cu(ID)

JC-Me-XT  HJIC-Me-TIDITA

Puc. 1. CreneHb CBs3BbIBAaHUSI METAJJIOB
Ni(II), Co(II) m Cu(ll) B nmonumepHbIi Me-
tatokomiutieke JIC-Me—-XT (IIDI1A)

Fig. 1. The degree of binding of metals
Ni(II), Co(IT) and Cu(II) into a polymer-met-
al complex Lignosulfonate—Metal-Chitosan
(JIC-Me—XT); Lignosulfonate-Metal—
Polyethylene Polyamine (JIC-Me—-I1211A)

PBIii TO3BOJISIET €I1Ie Ha CTa MU IOy YeHUSI
KOMIIO3WTa BHEZIPUTH B CTPYKTYpY Tpeldye-
MO€ KOJIMYECTBO MeTaJlla U IPH MOCIIEy-
IOIIEH BBICOKOTEMIIEpaTypHOil 00paboTke
3a)MKCHPOBATh €T0 B CTPYKTYpE yIIIEposI-
Horo ckenera. Hanbonbluasi creneHb CBsi-
3bIBaHMA Ui pAfa MeTtawioB (puc. 1) B
cocraBe Meraiuokomiuiekca JIC-Me-XT
(TI2IA) nomyvena amst Co(11).
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M3BecTHO, YTO Ha CTEMCHb CBA3BIBAHUS OMOMOIUMEPOB B KOMIUIEKC OKAa3bl-
BAIOT BIMSHUEC TAaKHWE TMApaMeTphbl, KaK COOTHOIICHUE TMOJUMEPHBIX KOMIIOHCHTOB
(puc. 2), MPOAOIKHUTEILHOCTE (DOPMHUPOBAHHS TOIUMEPHOTO METAUTOKOMITIEKCA
(puc. 3, a) u pH (puc. 3, 6).

[
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[
=]
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Crenens cBsi3pIBaHus, %
N
S
L

[
I

0,15 0,25 0,45 0,10 0,25 0,40

a o
Puc. 2. 3aBucumocts ctemenu cBs3piBaHus Co(Il) B mommMepHBIH METATUIOKOMITIEKC OT
cootromeHust JIC : XT (a) u JIC : TIDIIA (6)

Fig. 2. The dependence of the degree of binding of Co(Il) into a polymer-metal complex on
the ratio of LS : CT (a) and LS : PEPA (6)

i 7 .
% 40 % / / 40-
E 20 % % é 20 | _" %

Puc. 3. 3aBucumocts crenenu cBs3biBaHus Co(Il) B MOTUMEpPHBIH METANTOKOMIUIEKC OT
MIPOAOIDKUATENBHOCTH (OPMHUPOBAHUS KoMILIekca (@) u pH BogHOH nmucniepcun KomIuiekca ()

Fig. 3. The dependence of the degree of binding of metals into the complex on the complex
formation time (a) and pH of the aqueous dispersion of the metal complex (6)

Crenyer oTMETHTB, YTO HauOONbIINK d()(dEKT CBA3bIBAHUS MeTajia HaOIo-
naercst mpu maccoBoM cootHommernn JIC u XT =1 : 0,25. [t MeTauiokoMITIeKca
coctraBa JIC—Co—XT crenens ca3pBanus Co(Il) cocrasnser 78,6 %, uro Ha 22,3 %
Bbile, ueM y Metaiokomiuiekca JIC-Co—II3IIA. [lo-Buagumomy, B mpouecce B3a-
MMHOW KOaryJsiiuyd BojopacTBopuMoro xenarHoro komiuiekca JIC—Co u ykcycHo-
kucnoro pactBopa XT nocieanuii obiagaetr cBOHCTBaMU (PIOKYIsIHTA.

Kax Bunmno u3 puc. 3, a, crenens cBs3piBanust Co(ll) B xemarusiit Bomopac-
TBOpUMBIH KoMIuteke coctaBa JIC-Co M HepacTBOPUMBIA MOJMMEPHBIA MeTalio-
komruteke JIC-Co—XT He m3mensercsa. B Teuenne 1 9 opMupoBaHme KOMITIEKCA
3aBepIIaeTCs, Jajiee MPOAOKUTEIILHOCTE (POPMUPOBAHNS HHTEPIIOIMMEPHOTO KOM-
IUIEKCa HEe OKa3bIBAaeT BIMSHUS Ha crerneHb cBszbiBaHus Co(ll) B MeTaimokoMIieKe
cocraBa JIC-Co—XT. Ilpu yBenuuenuu pH BogHO naucnepcrun MeTalIIOKOMITIEKca
3TOTO cocTaBa creneHb cBsa3biBaHus Co(ll) B koMIuieke CHIKAETCsI, TaK Kak pa3py-
maroTcs kKak noH-noHHBIe B3anMonericTus JIC ¢ XT, tak u B3ammozeiicteust Co(1l)
¢ TUApOKCUITbHBIMA (heHOTMbHBIMU Tpymamu JIC (puc. 3, 6).
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Janee ¢ MOMOIIBIO KOHTPOJIUPYEMOTO MEIJICHHOTO MUPOJIN3a M3 METaIo-
komuiekcoB coctaBa JIC-Co—XT u JIC-Co-IIDITA Obumi moiydeHbl MMOPUCTHIC
YIJICPOIHBIC MaTepHuaibl. PexxuM mupoimn3a BeIOpad cormacHo [15, 16]. 1o manHBIM
JNIEKTPOHHO-MUKPOCKOIIMUECKUX HCCIICAOBAHUI YITIEPOAHBIE MaTEepHajbl HMEIOT
CJIOKHYIO MHOTOYPOBHEBYIO OPIaHH3aIMIO: COCTOST M3 XAaOTHYECKH PACIOIOKEH-
HBIX HAHOOOBEKTOB OKpyrIoi opmsl 1iist cuctembl JIC-Co—XT u 6echopmeHHBIX —
st JIC-Co-TI3I1A, coOpaHHBIX B KOHITIOMEpAThl Pa3IMuHOIO pa3Mepa, MeKAy KO-
TOPBIMH TIPOCMATPUBAIOTCSI KABEPHBI (ITyCTOTHI), 00pa3ys XapaKTepHYIO IS JaHHBIX
00pasoB axypHy0 MOP(}OIOTHIO TTOBEPXHOCTH (pHC. 4).

Puc. 4. DOnextpoHHBIe MHKpoQoOTOrpaduu KapOOHM3MPOBAHHBIX METAJIOKOMILICKCOB
JIC-Co—XT (a) u JIC-Co-IIDIIA (6)

Fig. 4. Electronic micrographs of carbonized metal complexes LS-Co-CT (a),
LS-Co-PEPA (6)

AZICOPOLIOHHO-CTPYKTYPHBIE HCCIICOBAHHS MOKA3aJd, 4TO Il 000MX 00-
pa3LoB KapOOHU3MPOBAHHBIX METAJUIOKOMILIEKCOB XapaKTepHa pa3BUTasi MHKPOIIO-
pucTas CTpyKTypa (cM. TabIuILy).

TekcTypHbIe XapaKTepPUCTUKH 00pa3L0B MeTAJNIOKOMILJIEKCOB

VnenbHas .
HMYK [OBEPXHOCTh, M2/T Obnem nop, em/r Cpenmuid
= JTHAMETP TI0p, HM
o0rmas Me30H0p | OOHmMH | MHUKpOIIOp | ME30Iop
JIC—Co—XT 400 27,2 0,241 0,192 0,041 2,4
JIC-Co-IIDITA 321 28,4 0,172 0,151 0,009 2,1

W3 momy4yeHHBIX pE3yJbTAaTOB BHUJIHO, 4YTO YHEJIbHAas TOBEPXHOCTb H
cyMMapHbIi o0bem mop kapOonuzoBaHHoro JIC-Co—XT seime, yem y JIC—-Co-—
IIDITA: coorBercTBenno 400 M¥1 1 0,241 cm3/T.

Raxnouenue

Taxum 00pa3oM, TPEAIOKEH CHHTE3 HOBBIX MMOPUCTBHIX METAIIICOAEPIKAIIIX
YIIEPOAHBIX MaTepHalioB HA OCHOBE JHUTHOCYIhpoHaTOB. [lokazaHa memb mocie-
JIOBaTEIbHBIX XMMHYECKUX IpeBpalleHuid: (opMUpOBaHUE XENaTHOTO KOMILIEKCa
JIC—Me, B3anMHas KoaryJsus XeJIaTHOTO KOMIUIEKCA C XUTO3aHOM (ITOJUAITUIIEHIIO-
JIMAMHUHOM) U TIOCTIEIYIOIINN KOHTPOINPYEMBIN TUPOITU3 KOAryJsTa.
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JIaHHBI MMOAXOA MO3BOJISAET CHHTE3UPOBATh YIIIEPOAHbIE HAHOMATEPHUAJIBI C
Pa3BUTON MHUKPO-ME30IIOPUCTON CTPYKTYpPOH. brarogapsi CBOUM YHUKaIbHBIM MOP-
(hOTOTHYECKIM U TEKCTYPHBIM XapaKTEePUCTHUKAM ITOTydeHHbIE KOOAIBTCOIEpIKaIIne
HaHOCTPYKTYpHUPOBaHHBIE METAJIOYIIIEPOIHBIE KOMIIO3HUTHI SIBJIIOTCS TEPCIEKTHB-
HBIMHU MaTepuallaMH JUIsl COPOLIMOHHBIX U KaTaJIUTHUYECKUX TEXHOJIOTHH, B TOM YHCIIE
JUTSL 3alIUTHI OKPY’KaIOIIEeH Cpebl.
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The synthesis of the new nanostructured metal-carbon composites (NMCC) based on ligno-
sulfonates was proposed. Obtaining and studying the properties of NMCC is a crucial task of
modern materials chemistry due to the use of the materials based on them in various fields of
science and technology as ion-selective electrodes and electrochemical cathodes, supercapac-
itors, magnetic sensors, information recording and storage devices, heterogeneous catalysts.
The synthesis method, which allows the formation of particles of a certain shape and size,
which subsequently determine the properties of the composite material (sorption, electro-
chemical, catalytic, magnetic and optical), acquires decisive importance in the production of
the new materials. The research purpose is to study the influence of the synthesis conditions
of NMCC based on carbon-containing organic raw materials (lignosulfonates, chitosan and
polyethylene polyamine) and embedded metal on the structure and physico-chemical prop-
erties of the new materials. The feature of the developed approach is the colloid-chemical
synthesis with subsequent carbonization, which allows to obtain a highly dispersed NMCC
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with the developed micro- and mesoporous structure, specific surface area up to 400 m¥g
and a narrow particle size (30—65 nm) distribution. Metal binds to sodium lignosulfonate
(LS) at the stage of chelate complex formation, which upon mutual coagulation with chitosan
(CT) or polyethylene polyamine (PEPA) forms a water-insoluble compound (polymer metal-
organic complex). The degree of extraction of Co(Il) ions from aqueous solutions during the
formation of the LS—Co—CT metal complex is 78.6 % (LS : CT mass ratio is 1 : 0.25) and
the LS—Co—PEPA complex is 56.3 % (LS : PEPA mass ratio is 1 : 0.1). Centrifugation and
washing with acetone followed by carbonization allow the metal to be fixed in the structure of
the NMCC. The synthesis conditions, including the quantitative ratio of polymer components
(LS:CT-1:0.25and LS : PEPA -1 : 0.1), the duration of the formation of the chelate com-
plex (1 h) and the metal-organic composite (1 h) and pH (4-6), were analyzed. The morpholo-
gy of the NMCC was studied by electron microscopy, and the parameters of the porous struc-
ture were found by the method of low-temperature nitrogen adsorption. Carbon nanomaterials
based on cheap starting polymers and obtained in the mild synthesis conditions are promising
for practical use as effective sorbents and catalysts, as well as for environmental protection.
For citation: Brovko O.S., Palamarchuk I.A., Gorshkova N.A., Ivakhnov A.D. Metal-Carbon
Composites Based on Lignosulfonates. Lesnoy Zhurnal [Russian Forestry Journal], 2020,
no. 3, pp. 159-168. DOI: 10.37482/0536-1036-2020-3-159-168
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Keywords: lignosulfonate, chitosan, nanocomposite, carbon material, metal complex,
polyethylene polyamine.
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OIHUM U3 IePCIIEKTUBHBIX BApUAHTOB MepepaboTKH TNCTBEHHON ITPEBECHHBI HEBBICOKO-
ro Ka4ecTBa CYUTACTCS €€ MUPOJN3 Ha YCTAaHOBKAX HHU3KOW IKOIOTHYECKOW OMACHOCTH,
PacToNIOKEHHBIX PSIIOM C MCTOYHMKOM ChIpbsl. B janbHeiieM Bo3MoXkHa nepepaboTka
JIPEBECHOT'0 YIUIsl HA aKTUBHBIC YIVIM pa3iMyHOro HazHaueHus. L{enb uccienoBanus — one-
HUTH IPUTOJHOCTH AKTUBHOTO YIJISI, TOJIy4€HHOTO U3 TOHKOMEPHOH Oepe3oBoil 1peBecH-
HBI, JUTSI JOOYHCTKH MATHEBOM BOMBI, a TAK)KE ITOKAa3aTh BO3MOXXHOCTE €T0 PeTreHepaIliy.
B xauecTBe QUIBTPYIONIETO MaTeprala B KOJIOHKAX HMCITOIB30BAJICT MIPOMBIIIICHHBIA aK-
THBHBIN yTosIb Mapku BAY-A u yrons npeBecHbIN aKTUBHBIN APOOJICHBIH, TOTyYeHHBIH ITy-
TeM MapoBOM aKTUBAIIMHU YL U3 TOHKOMEPHOI 6epe30BOi JpEeBECHHBI BO Bpalaronieics
nedu ¢ z-o0pa3Hoil BcTaBkoW. Bosy B KOJIOHKHM C aKTUBHBIM yTJIEM ITOJABAJIM TaK, YTOOBI
o0ecrevynTh MpoI0JDKUTEILHOCTh KOHTAKTa BOABI C yIiieM B TedueHue 8, 4 u 2 muH. Yepes
3 MecsIa HeMpepEIBHON pabOTHl BCE YrONbHBIE (DUIBTPHI C MPOJOKATEIFHOCTHIO KOH-
TakTa 8 MUH COXPaHAIN COPOITMOHHYIO aKTHBHOCTH, @ QUIIBTPHI C MTPOJOIKUTEITHHOCTHIO
KOHTaKTa 4 MuH ObLTH OTpaboTaHbl Ha 80 %. Jlajee UCIBITaHUS IO TOOYUCTKE BOBI ITPO-
BOAUJIMCH HAa PETCHCPUPOBAHHBIX YTIIAX. yCTaHOBJ'IeHO, YTO JOOYUCTKA C MPUMEHCHUEM
0epe30BOTr0 aKTUBHOTO YIVIS CHHYKACT MEPMaHTaHATHYIO OKUCIISIEMOCTh BOJBI IPUMEPHO
Ha | mMr O,/am?. Hanbonee npuemiieMoil siBisieTCst MPOAOIKUTENIEHOCTh KOHTAKTa YToJb-
HOH 3arpy3Kd ¢ BOAOW, paBHast 4 MHH, YTOJb TIOCIIE€ pEreHEepaIly MPUTOJCH K ITOBTOP-
HOMY HCIOJIb30BaHMI0. [loKka3zaHo, YTO yroib, MOTYyUYCHHBIN U3 TOHKOMEPHOI Oepe30oBoit
JIPEBECHHBI ITPU MTOMOIH aKTHBAIIMHU B TIEUU C z-00pa3HOW BCTAaBKOHM, CHMIKAET OKHUCISA-
€MOCTbh BOJABI TaK k€, KaK M NMPOMBIIUICHHBIN yroias Mapku BAY-A. IIpu 3ToM HCHONB-
30BaHHE OoJiee JIEHIeBOTO CHIPbsi (TOHKOMEPHON Oepe30BOil APEBECHHBI) U MPOBEJCHHE
AKTHUBAIMU YISl C HU3KUM Y/AEIBHBIM PacXoa0M BOJSHOIO Iapa (3a CueT OpraHu3aliu
MyTBCAPYIONIETO MABICHHUS) YMCHBIIACT 3aTPaThl HA M3TOTOBIICHUE (DUIBTPYIONIETO Ma-
Tepuaja U JOOUYHCTKY MUTHEBOH BOJBI.

Mna yumupoeanusn: Opbes 10.JI. TlonyueHne u MCTIONB30BaHHE OEPE30BOr0 aKTUBHOTO
YIS [UTs1 TOOYMCTKU TMUThEBOM Bomel // V3B, By30B. JlecH. xypH. 2020. Ne 3. C. 169-175.
DOI: 10.37482/0536-1036-2020-3-169-175

Kurouesvie cnosa: mOOYUCTKA MUATHEBON BOJBI, OKUCISICMOCTh, COPOINSI, aKTUBHBIA yTOJIb,
TOHKOMEpHasi Oepe3oBasi IpeBecrHa.

Beeoenue

B nocnennue rogpl yeuiaMics HHTEPEC K MPOLECCY MUPOIIN3a pa3IuYHbIX Ma-
TEpPUAJIOB PACTUTEIHHOTO MPOMCXOKICHUS MEJIKUX pa3MepoB (HampuMep, B BHIE
mensl Wik cTpykkn) [15, 17]. Onn vamie Bcero WMEIOT HEBBICOKHE MOTPEOHUTEIh-
CKH€ CBOMCTBA, HO MOTYT CIYKHTb CHIPhEBOI 0a30if JJIs MOTy9IeHUS TaK Ha3bIBAEMO-
ro Ououapa — 1o cytu ApeBecHoro yris [14, 16, 20].
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OnHUM M3 MEPCIEKTUBHBIX BAPUAHTOB MEPEPAOOTKH JIMCTBEHHON APEBECHHBI
HEBBICOKOTO KauecTBa CUMTAETCS €€ MUPOJIN3 HA YCTAHOBKAX C HU3KOM dKoJOruye-
CKOH OIacHOCTHIO [5, 6], pacroloKeHHBIX PAJIOM C UCTOYHHKOM ChIpbs. Ilpu me-
pepaboTke Oepe30BOi IpeBECHHBI MOMyYaeTcsl yroib CTaHaapTHOro kKadectsa [10],
KOTOPBIN MOCJ€ aKTHBALMK BOJASHBIM MapoM MMEET XOpPOIIO Pa3BUTYIO MOPUCTYIO
MOBepXHOCTh [4, 13] m mpurogeH Ajs NPOU3BOACTBA YIVIEPOJHBIX HAHOIOPUCTBIX
copOeHToB. VX MpON3BOACTBO HapacTaeT TEeMIaMHM, MPEBHIIIAIONIIMH CPETHEMHUPO-
Bole [18, 21].

Becbma nepcnekTHBHBIM SIBISIETCS NMPUMEHEHHE HAHOMOPHUCTBIX YIIIEPO/I-
HBIX MaTepHaloB B KadyecTBE (DUIBTPOB JUIsl JOOYMCTKHU MUTHEBOW BOJABI Ha aj-
COpOLMOHHBIX yCTaHOBKax pasHoi momuoctu [1, 3, 11, 12, 19]. HU3yuena 3¢-
(eKTUBHOCTH aACOPOIMOHHON JJOOYHCTKH MUTHEBOH BOABI OT XJIOPCOAEPIKALINX
coequHeHut [9].

Heo0xomuMo OTMETHTH, YTO AJsl TOOUYUCTKH MUTHEBOM BOIBI MOYKHO MpH-
MEHSITh KaK MOAM(UIUPOBAHHBIN ApeBecHbIN yroib [11], Tak ¥ MOPOIIKOBBIC WM
IpaHyJIUpOBaHHbBIC YIJIN PA3IMYHBIX MapOK [2], OAHAKO BBIOOP TEXHOIOTUU OUYUCTKH
3aBUCHUT OT CBOWCTB UCXOJIHOM BOABI [§].

Lens wuccnenoBaHus — OLEHUTh MPUIOAHOCTh AaKTHBHOTO ymisg (AY),
MOJTYYEHHOTO M3 TOHKOMEPHOM Oepe30BOi ApEeBECHHBI, I JOOYNUCTKH MUTHEBOU
BOJIBI, A TAK)Ke MIOKa3aTh BO3MOXKHOCTh €T0 PETreHeparii.

Obwexmbl u Memoobl UCCAE008AHUSL

HcnpiTanus [OOYMCTKY MUTHEBOW BOJIBI IPOBOMIIN B TEUCHHUE 8§ MECAIEB Ha
¢unsTpoBanbHON cTaninu T. ExarepuaOypra. B xauectBe hnibTpyromiero Mmarepu-
aja UCHoab30Baiu AY, NOJyYEHHBII yTeM MapOBOM AKTUBALUU YIJIS U3 TOHKOMEpP-
HOI Oepe30BOl IPEBECHHBI BO BpaIlaroIieiics meun ¢ z-o0pa3Hoit BcraBkoi [7]. Tlo
Mepe BpallleHHs, BCTaBKa 3aHIMAaeT TO TOPHU30HTAIBHOE, TO BEPTHKAIBHOE ITOJIOXKE-
aue (puc. 1).

B ropuzonTanbHOM MOJOXKEHHH (pHC. 1, @) BHYTpPH BCTaBKH HAONIOMAETCS
MUHUMAIJIEHOE COTPOTHBIICHNE TMPOXOXKICHHIO TAPOTa30BO CMECH, B BEPTUKAIBHOM
roJiokeHuu (puc. 1, 6) Marepual mepeKpsIBacT CBOOOAHOE CEUCHIE BCTABKH, CO3/Ia-
Basi THPO3ATBOP, MTOITOMY 00pa3yIONIHecs ra3bl aKTUBAIIUHN CO3/IAI0T TIOBBIIIIEHHOE
(mo 7 teIC. I1a) naBnenwue.

[lynecupytomiee naBienre 00eCcTeUnBaETCS BHICOKON CTETEHBIO 3aI0JIHE-
Hust BcTaBku (30...50 %) u coOnroieHneM OTHOMICHUS JUIMHBI KaXKJ0TO DJIEMEHTAa
3Ura K ero aumamerpy B mpexpenax 1,5-6,5 [7]. B skcnepumenTax (yrom Mexmay
3uramu — 90°; yros ecTeCTBEHHOTO CKOoca Marepuajia — 15°) 3To oTHOIIeHHE CO-
CTaBIIsIIo 2,6.

[IpuMeHeHne myNbCUPYIOIIETO ABICHUS U BRICOKHIA KO3 (HUIIMEHT 3aroHe-
HUSl BCTaBKU TIO3BOJISIFOT PE3KO CHU3UTh PACXOJ] Mapa Ha aKTHBAIIUIO YTIIS.

WcxomaHast Boia U3-101 TecuaHoro (UiIbTpa yepe3 0ak MOCTOSHHOTO YPOBHS
TTo/1aBajiack Ha 3 mapsl KOJIOHOK o0beMoM 400 mut kaxxaas. B mape ogHy KOJOHKY 3a-
Tpy>KaJH OTBITHBIM YIJIEM, IPYTYIO — IPOMBITIIEHHBIM yiieM BAY-A B TakoMm KoIu-
YECTBE, YTOOBI 00SCIICUUTh MPOJOKUTEIILHOCTh KOHTAKTA BOJIBI C YIJIEM B TCUCHUE
8, 4 1 2 MUH COOTBETCTBEHHO.
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AY u3 ToHKOMEpHOW Oepe30BOil ApeBecHHBl UMeN 30JbHOCTH 4,2 %, cyM-
MapHbIi 00beM 1mop — 3,1 cM3/T, aKTUBHOCTH 10 Homy — 63 %; yroms Mapku BAY-A
MEPMCKOTO TIPOU3BOJICTBA — COOTBETCTBEHHO 5,1 %; 2,8 cM3/T u 62 %.

[Mocne oTpaGOTKH GUILTPOB YIIIM HANPABISLIA HA pEreHEepalnio ¢ MpruMeHe-
HUEM BOJSHOTO Mapa npu remneparype 850 °C Bo Bpallarolencs: yCTaHOBKE, UMEIO-
nieit z-00pa3Hyto BcTaBKy. CooTHOIIEHHE Map — oTpadoTanubii AY coctasisiio 0,5.
[TponomxuTenbHOCTD Mpolecca perenepanuu — 0,5 4.

[Ipu mpoBeneHUH UCHBITAHWK IEPMaHTaHATHYIO OKHCISIEMOCTb BOIBI 10 H
nocie Kaxaoro GuisTpa ¢ yniem onpenensuin mo Metonuke [OCT P 55684-2013.
OuUIBTPYIOIWNI MaTepuan CYUTaIl OTPAOOTAHHBIM, €CIIM OKHUCIAEMOCTh BOJIBI I10-
cie ¢puibrpa npessimaia 80 % ot ucxomHoi. OTpabOTaHHBIN yroib pereHepHPOBa-
JIM OCTPBIM IIAPOM U HCTIOIb30BaIM HOBTOPHO.

JlpeBecHsl yromns TennoHocuTENb

Ta3sb1 akTUBaI)

Bonsnoii map

OTxoasmuii TEMJIOHOCHUTENh AKTHBHEIH yrons

I'assr

JIpeBecHBI yroib aKTUBALUU

1 TemnoHOCHTENH

[

BonsHoit map

OTtxonsamuii AKTHBHBIH yrois
TEIUIOHOCHUTENb

o

Puc. 1. T'opusoHTanbHoe (a) M BepTHKAIBHOE (6) MOJI0KEHUE Z-00pa3HOi
BeTaBku: [ — hopcyHKa [Uis oa4u napa; 2 — 3ur3aroo0pasHasi BCTaBKa,
3 — 6apaban
Fig. 1. The horizontal (a) and vertical (6) position of the z-shaped insert:
1 — steam nozzle; 2 — z-shaped insert; 3 — drum

Pesynomamul uccnedosanus u ux oocysxicoenue

W3meHeHne OKHUCISIEMOCTH BOABI MOCTE AOOUYUCTKH AY MpU pa3HOU Mpo-
JIOJKUTEIIbHOCTH KOHTAKTa MOKa3aHO Ha PUC. 2, @. YCTAHOBJICHO, YTO MPU 2-MHU-
HYTHOM KOHTAaKT€ YIJIs C BOAOW depe3 4 Mecsiiia 3TOT Yrojib TEePsil COPOIMOHHYIO
AKTHUBHOCTb.
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(espans  mapr  ampenb  mait HIOHB > HIOHB HIOTb aBTyCT CeHTIOPb
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O KOHTAKT 4 MUH. B KOHTAaKT 2 MHH. O KOHTAaKT 4 MMH. B KOHTAKT 2 MHH.
a o
Puc. 2. OxkucnsieMocTh BOABI TOCIEe 00pabOTKM aKTHUBHBIM yrieMm 10 (a) u mocie (6)
perenepann

Fig. 2. Water oxidability after treatment with activated carbon before (a) and after (6)
regeneration

Uepes 3 mecsma HenpepbIBHONW pabOThI BCE YTONbHBIE (PHIIBTPHI C MIPOAOIIKH-
TEJIbHOCTHIO KOHTAKTa 8§ MUH €I11€ COXPAHSIN COPOLIMOHHYIO aKTUBHOCTb, & (PUIIBTPBI
C MPOJIOJIKUTEIHLHOCTHIO KOHTaKTa 4 MUH ObLTH oTpabotankl Ha 80 %. Cienyer oT-
METHUTh, 4TO 3(P(PEKTUBHOCTh OYUCTKH BOJBI KAK MPOMBIIICHHBIM, TaK M ONBITHBIM
AY Oblila MpaKTHYECKH OUHAKOBOW. Pa3nmune B OKUCIIEMOCTH BOJIBI HA BBIXOJIE U3
(buIBTpa ¢ MPOMBIIITICHHBIM 1 OBITHBIM AY He mpeBbimano 10 %.

ITocne perenepamuu AY umen akTUBHOCTH MO Homy B mpenenax 80...83 %,
T. €. BBIIIIE, 4eM y ucxonHoro AY. [IpennokeHHbIi pexXrM pereHepainy 0Kazaics 3¢-
(heKTUBHBIM 3a CUET KOPOTKOH MPOIOIKUTEIHFHOCTH TPOIIecca U HU3KOTO YASITEHOTO
pacxoza mapa Ha akKTHBAIIHIO.

Janee ucnplTaHUs MO JOOYMCTKE BOABI MPOBOAMIN HA PETCHEPUPOBAHHBIX
yrsix (puc. 2, 0).

VYcraHoBiieHO, 4TO AY IpH NOBTOPHOM HMCIOJIB30BAaHUU IMOCIE pEereHepanun
TTO3BOJISIET CHU3UTH OKUCIISIEMOCTh BOABI Ha 1-2 e, OqHako 2-MHUHYTHOM TTPOIOIIKH-
TEJTHLHOCTH KOHTAKTa SIBHO HEJIOCTATOYHO, a TIPU §-MHUHYTOM KOHTAKTE BOJIBI C yTIIEM
HaOJIONIAIOTCS MOBBIMIEHHBIN YJICNBHBIN pacxol GUIBTPYIOIIEro MaTepuaia u pocT
3arpaT Ha 100YUCTKY. ONTUMAaIbHBIE PE3YNbTAThl OIYUYEHBI IPU IPOAOIKUTEIBHO-
CTH KOHTAKTa YIS C BOJAOW, paBHOU 4 MUH.

[IpoBenennsIil pacdyer pacxona yris A 4-MUHYTHOH MPOAOIKUTEIEHOCTH
KOHTakTa AY ¢ BOJIOH Mmokazaji, 4To 1 Kr ymisl 0CTaTo4Ho it o0padorku 103 m?
BOJIBL.

Boioowr

1. JloouncTka BOJBI C MPUMCHCHHEM AKTUBHOTO VIV W3 TOHKOMEPHOM
0epe30Boii APEeBECHHBI CHUXKACT OKUCISIEMOCTh npuMepHo Ha 1 mr O,/nm3. Jlyuiue
pe3yabTaThl JOCTUTHYTHI IPU 4-MUHYTHOM KOHTaKTe yIJI ¢ OYMIIaeMOM BOAOH.

2. Yroip u3 0epe30BOi JPEBECHHBI MOCIE AKTUBAIMKM B TEUU C z-00pa3HOU
BCTaBKOU CHIIKAET OKUCIISIEMOCTD BOJBI TaK K€, KaK U HpOMBIH.U[eHHBIﬁ YToJib MapKn
BAY-A.

3. Yromp mocie pereHeparuy MpUroieH K MOBTOPHOMY HCIIOJIb30BaHUIO.

4. Ucnonp3oBanue Oojee ACLICBOTO CHIPbsl (TOHKOMEPHOH Oepe3oBoil ape-
BCCI/IHBI) 1 aKTHUBalus YIJId 3a CUCT OpraHu3aluy IMYJbCUPYIOLICTO AAaBJICHUA IIPU
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HU3KOM YJEINBHOM pacxoje BOASHOIO Iapa COKPALIalOT 3aTpaTbl HA U3TOTOBJICHUE
(GUIBTPYIOIIEro MaTeprasa U JIOOUYUCTKY MUTHEBOH BOJIBI.
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PRODUCTION AND USE OF BIRCH ACTIVATED CARBON
FOR DRINKING WATER POST-TREATMENT

Yu.L. Yur’ev, Doctor of Engineering, Prof., Head of Department;
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Ural State Forest Engineering University, ul. Sibirskiy trakt, 37, Yekaterinburg, 620100,
Russian Federation; e-mail: charekat@mail.ru

Pyrolysis of low-quality deciduous wood in the plants with low environmental hazard, located
near the source of raw materials is one of the promising options for its processing. In the
future, it will be possible to convert such charcoal into activated carbons for various purposes.
The research purpose is to evaluate the usefulness of activated carbon derived from small-
diameter birch wood for the drinking water post-treatment, as well as to show the possibility
of its regeneration. Commercial activated carbon BAU-A and crushed activated charcoal,
obtained by steam activation of coal made of small-diameter birch wood in a rotary kiln with
a z-shaped insert, were used as a filter medium in the columns. Water was supplied to the
columns with activated carbon in such a way as to ensure the contact duration of water with
coal for 8, 4, and 2 min. After three months of continuous operation, all carbon filters with
8-minute contact time retained sorption activity, and filters with 4-minute contact time were
used for 80 %. Further on, water post-treatment tests were carried out with recovered carbons.
It is found that post-treatment using birch activated carbon reduces the water permanganate
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oxidation by about 1 mg O,/dm?. The most complementary preferred contact time of coal
charge with water is 4 min. The coal after regeneration is recyclable. It is shown that coal
made of small-diameter birch wood using activation in a kiln with a z-shaped insert reduces
the water oxidation in the same way as commercial coal BAU-A. Herewith, the use of
cheaper raw materials (fine birch wood) and coal activation with low specific consumption
of water steam (due to the organization of oscillating pressure) cut costs for the filter medium
production and drinking water post-treatment.

For citation: Yur’ev Yu.L. Production and Use of Birch Activated Carbon for Drinking Water
Post-Treatment. Lesnoy Zhurnal [Russian Forestry Journal], 2020, no. 3, pp. 169—175. DOI:
10.37482/0536-1036-2020-3-169-175

Keywords: drinking water post-treatment, oxidability, sorption, activated carbon, small-
diameter birch wood.
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IMAMATH
BJIAAUMUPA CTAHUCJTABOBHYA MOPO30OBA

2 mast 2020 r. Ha 65-M TOTy O€3BPEMEHHO YN
U3 KU3HU JOKTOp TEXHHYECKHX Hayk, mpodeccop,
4lleH peaKouieruu «JlecHoro sxypHaiay, npodeccop
Kadeaphl CTPOUTENLHOW MEXaHUKH M COTIPOTHUBIICHUS
MarepuaioB Bricmieit mHkeHepHOW mKombl CeBep-
HOTO (ApKTHYECKOTO) (eneparbHOr0 YHUBEPCUTETA
nMmenn M.B. JlomonocoBa Mopo3zoB Braaumup Cra-
HUCJIaBOBHY.

B.C. Mopo3oB B 1978 I. OKOHYMJI CTPOUTEIb-
HBIH (QaKkynbTeT ApPXaHTeIbCKOTO JIECOTEXHHYECKOTO
nactutyTa (AJITHU) Mo cmenmanbHOCTH «lIpOombIi-
JICHHOE U IrPakJIaHCKOE CTPOUTENsCTBOY». [locie okon-
YaHUsl WHCTUTyTa padoTan HaydHbIM coTpyaHukoM (1978-1983 rr.), accucreHToM
kagenpsl ocHoBanus U gynaamentsl AJITH. C 1983 . mo 1993 1. B CeBepHOM Ha-
YYHO-HCCIIEIOBATENIbCKOM HMHCTUTYTe mpombinuienHoctn (CesHUMUII) crapmmm
Hay4YHBIM COTPYAHHMKOM J1a00paTOpHH JOPOXKHBIX MOKPBITHH, 3aBEAYIONIUM OT/AETa
NHGOPMALIMIOHHBIX TEXHOJIOTHH.

B 1992 1. 3ammtnn kaHaUAATCKyO nuccepranuio « O00CHOBaHHE U pa3padboT-
Ka ONTHUMAJIBHBIX KOHCTPYKLINH 1 TEXHOJIIOTUH CTPOUTENIECTBA 3UMHUX JIECOBO3HBIX
Jopor Ha 0osorax», B 2002 r. — quccepTaiuio Ha COUCKAHUE YUCHOHN CTEICHU JIOK-
TOpa TEXHUYECKUX HayK «Pa3paboTka HaydHbIX OCHOB MPOEKTUPOBAHMS 3UMHHUX Jie-
COBO3HBIX aBTOMOOWJIBHBIX JOPOT HA IEPEYBIIAKHEHHBIX ITPYHTAX).

C 1995 1. mo 2002 1. gomeHT Kadeaphl CTPOUTEITHPHOW MEXaHUKHA W COITPOTHB-
JICHHSI MaTepUaioB APXaHIeJIbCKOTO FOCYIapCTBEHHOI'O TEXHUYECKOTO YHUBEPCHUTE-
Ta (AI'TY).

Brnagumup CraHuciaBoBHY MHOTHE TOJIbl YHacTBOBAN B KM3HHM HAYYHOTO pe-
LIEH3MPYEMOT0 KypHana «JIecHoM KypHai», OCTaBUB 3aMETHBIH CJIe/l B IIOBBIIICHUH
Hay4HOIro ypoBHA XypHasa. [IpoBoauin Gonblryro paboTy MO HOATOTOBKE KaJpoOB
BbICIIEH KBaJTM(UKALMK: ObUT WICHOM IUCCEPTALMOHHOIO COBETA IO 3alIUTaM JIOK-
TOPCKUX M KaHAMJATCKUX JUCCEPTALMi, BBICTYNA] B KaYECTBE ONIIOHEHTA; YIEHOM
Y4EHOIO COBETa, IpeACeAareaeM METOAUYECKOM KOMHCCUM BbIcliell MHKeHEepHOU
ikossl CADY.

Mopo3zoB B.C. nmpoBoani Hay9HO-HCCIEI0BATENBCKYIO padOTy TIO COBEPIIECH-
CTBOBaHMIO TEXHOJIOTHH JIECO3arOTOBUTENBHBIX HMPOU3BOIACTB, JECOBO3HBIX JIOPOTL,
onyonukoBas 6onee 100 HayyHBIX ¥ y4eOHO-METOAMYECKUX PalOT, YCIEIIHO PYKO-
BOJIMJT aCITUPaHTaMHU.

[TaMsATh O 3aMeyaTeILHOM YEJIOBEKE COXPAHUTCS MHOTOUMCIIEHHBIMU yUEHH-
KaMH, MPOJIOJKAIOLIIMHU JIeJI0 CBOET0 HACTaBHHKA, HAydyHOe Hacienane Bmagumupa
CranucnaBoBuda Mopo3oBa ocTaHEeTCS ¢ HAMH Ha MHOTHE JIECSATHIICTHS.

B.U. Menexos, H.A. Babuu, A.10. Konoeanos, b.B. Jladyoun, A.®. Manemuna
CesepHblit (ApkTrueckuii) ¢penepaibHblil yauBepcutet M. M.B. JlomoHocoBa



