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Annomayus. BocTipon3BOACTBO JECOB SIBISETCS OHUM U3 IPHOPUTETHBIX HAIPABICHUI T0-
cynapcTBeHHO# monmuTHku Poccuiickoit @eneparun. VickyccTBEHHOE BO30OHOBIICHHE JIECOB,
B TOM YHCJIE C UCIIOIb30BAHUEM TEXHOJIIOTHH BBIPAIMBAHUS CESHIIEB C 3aKPBITOH KOPHEBOH
CHCTEMOM, MOKa3aJI0 BBICOKYIO 3(h(DeKTUBHOCTH B YCIIOBHSX, IJI€ ECTECTBEHHOE JIECOBOCCTA-
HOBJIEHHE HE HaXOIWJIO JOJLKHOTO pa3BuTusa. OCOOEHHO 3TO KacaeTcs IUIOLIaJeH, oaBep-
THYTBIX KOHIIEHTPHPOBAHHBIM CIUIOLIHBIM BBIPYOKaM M MOCTPAAABIINX OT BEPXOBBIX MOXKa-
poB. HecMOTpsi Ha BBICOKYIO CTOMMOCTb, TEXHOJIOTHS BBIPAIIMBAHUS CESHIIEB C 3aKPBITOH
KOPHEBOH CHCTEMOM SBISETCS SKOHOMHUYECKH IIeTIecO00pa3HOi 3a CUeT BBICOKOM MPHKHIBA-
€MOCTH PacTCHHH M BO3MOXXHOCTH MPOU3BOJHUTH MOCAAKY B TEUCHUE AJTUTEIHHOTO TEPUOAA
BpeMeHH. [y peanu3anuy JaHHONW TEXHOJIOTMH NPUMEHSIOTCS TETIUIBI POMBIIIIIEHHOTO
¢dopmara, Ipu NPOEKTUPOBAHUN KOTOPBIX HEOOXOANMO YUUTHIBATh BHEIIHUE HATPY3KH, B TOM
YHCIIe BETPOBBIC, 3aBUCSIINE OT TEPPUTOPUAILHOTO PACHONOKEHUS KOHCTpYKuuH. Llens pa-
60TbI — 000CHOBAThH TMAPAMETPBI KOHCTPYKIIMU KapKaca TEIIMIBI JOCTATOUYHOH MPOYHOCTH
JUISl BBIPAIIIMBAHUS CESHIIEB C 3aKPBITOM KOPHEBOW cucteMoil. OOBEKTOM HCCIIEJOBaHNUS SIB-
JsieTCst TBEpIOTENbHAS MOZIENb KapKaca TeIUnIbl. MccenoBanue oCyImecTBICHO JUIs yCIo-
Bui kiimMata KpacHosipckoro kpasi. BeinonHeH aHanu3 Harpy30K M HallpsDKEHUH, BO3HUKAIO-
KX B 3JIEMEHTAX KOHCTPYKIIUH TETUTUIIBI TI0]1 IEHCTBHEM X COOCTBEHHOTO BECa M BETPOBBIX
BO3/JIEICTBUI, C HCIOJIB30BAaHUEM METOJAa TBEPAOTEILHOrO MozaeauposaHus. [Ipu nomouiun
OCHOBAaHHOTO Ha METOZIE KOHEUHBIX HJIEMEHTOB AJITOPUTMa HCCIICIOBAHNS HANPSKEHUH B CH-
CTeME aBTOMATH3MPOBAHHOTO MPOEKTHPOBAHUS PACCUMTAHBI OCHOBHAS M THKOBAsl BETPOBBIC
Harpys3KH, BO3JCHCTBYIONINE Ha KapKac TETIIMIIBI, ONPEICIICHbI pa3MEphl €T0 Y4acTKOB U Be-
TPOBBIE HATPY3KH HA ITUX y4aCTKaX, MAKCUMaJIbHbIE HAIIPSKEHHS, BO3HUKAIOIME HA KapKace
TETUTHILIBI 110 IeHICTBHEM OCHOBHOM M MMKOBOM BETPOBBIX HArPy30K, HanOOIee HarpyKeHHbIC
MecTa KOHCTPYKINH. JlaHbI peKOMEHJalluH [0 ONTUMHU3AINU KOHCTPYKIHH.

Kniouegvie cnosa: necoBoCCTaHOBICHNE, TEIUINIA, 3aKPBITasi KOPHEBAsE CUCTEMA, CESHIIBI C
3aKpBITON KOPHEBOM CUCTEMOMH, TBEPAOTEIBHOE MOJACIUPOBAHNE, aHAIN3 HArpy30K, cucTeMa
AaBTOMAaTU3UPOBAHHOIO MTPOEKTUPOBaHUsl, KpacHospckuil kpait
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Abstract. Reforestation is one of the priorities of the state policy of the Russian Federation.
Artificial recreation of forests, including a closed root system seedling cultivation technology,
has shown its high efficiency in the conditions where natural recovery didn’t develop at the
proper extent, especially in the areas affected by large-scale clearcuts and crown fires. Despite
the high cost of the closed root system seedling cultivation technology, it is economically viable
due to the high survival rate of the plants and the possibility to carry out the planting process
over a long period of time. The industrial greenhouses are used for this technology and their
construction engineering must consider the influence of external stress, including wind load
that depends on the territorial location of the structure. The purpose of the study is to justify the
construction characteristics of a greenhouse frame with a sufficient strength for the cultivation
of seedlings with the closed root system. The object of the study is a rigid frame model of the
greenhouse. The study was performed in the climate conditions of the Krasnoyarsk Krai. The
stress and strain analyss are made on the greenhouse construction elements under the conditions
of their own weight and wind load using the method for solid modelling. The principal and the
peak loads, the dimensions of the most stained areas, the influence of the wind load in these
regions are calculated by applying the finite element algorithm for stress analysis simulated in a
CAD software. The recommendations for the optimization of the structure are given.
Keywords: reforestation, greenhouse, closed roof system, seedlings with closed root system,
solid modeling, stress and strain analysis, CAD software, Krasnoyarsk Krai
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Beeoenue

Ucxons u3 crparernyeckoro miaHupoBanus Ha nepuog 1o 2030 r., rocynap-
cTBeHHas moiuTHKa Poccuiickoit deneparuu B 00IaCTH WCTIOIB30BAHUS, OXPAHBI,
3alUTHl ¥ BOCTIPOM3BO/ICTBA JIECOB HAMpaBJIeHA Ha JajbHeIee pa3BUTHE JIECOBOC-
cTa”oBIIeHUS [6, 12].

HckyccTBEeHHOE BOCCTAHOBJIEHHUE JIECOB OCYILECTBISICTCS MTyTEM MOCAIKU Ca-
KEHIIEB MJIM II0CEBA CEMSIH JICCHBIX PAacTeHU. VICIIONb3yIOTCS CESHIIBI M CAXKEHLIBI C
OTKPBITOM 1 3akpsiTol KopHEBO# cuctemoii (3KC). bonpmmHCTBO HccnenoBareneit
€IMHBI BO MHEHUH O TOM, YTO UCKYCCTBEHHBIE HAaCAKEHHS IPEBOCXOSAT €CTECTBEH-
HBIE 110 TPOU3BOAUTEIILHOCTH U YBEIUYCHHUE JJOIH UCKYCCTBEHHOTO JIECOBOCCTAHOB-
JICHUS U JIECOPa3BeICHUsI MOJKHO pacCMaTpHBaTh KaK CIIOCOO IOBBILIEHUS MIPOLYK-
TUBHOCTH JiecoB [3-5, 7, 15, 16, 18]. OcobenHo noguepkuBacTcs 3GpHEKTUBHOCTH
HCKYCCTBEHHOTO JIECOBOCCTAHOBIIEHUS AJIsl TEPPUTOPUH, TPONHEHHBIX OrHeM [19].

[IepcnexTuBHBIM cunTaeTcs JecHoi nocagounslii Mmarepuan ¢ 3KC, kotopblit
BBIPAIIMBAIOT B KOHTEHHEpaX, OpUKeTax pa3HbIX (GOpMBI U pasMepoB, Topdoreper-
HOWHBIX TOPIIOYKAX U T. I1. C TIOJTHBIM KOMIUIEKCOM OPTaHOMHHEPAIBHBIX YI0OpeHHI
1 MHKposneMeHToB [1]. B mporiecce BbIpaluBaHus MocaJl04HOrO Marepuaia B Te-
[UIMIAaX TOPOBOIAT IMOIKOPMKY CESHLEB M CakeHIEeB. Bee 310 obecneunBaeT Xopo-
Ui pocT pacTennid B muroMHUKe [ 11]. HecMoTpst Ha TO, 9TO ce0€CTOMMOCTD CesSHIIA
¢ 3KC na 42 % npeBblliaeT ce0eCTOMMOCTD CESHIIA C OTKPBITOH KOPHEBOI CHCTEMOHH,
MCIIOJIb30BaHUE TIEPBOTO BUJIA OCAJOYHOTO MaTepraia SKOHOMHYECKH 000CHOBaH-
HO, TaK KaK 00eCIe4yrBaeT OTHOCUTEIBHO BBICOKYIO IPHKMBAEMOCTh PACTEHUH U T10-
3BOJISIET IIPOM3BOAUTH IIOCAJIKY B TEUCHUE JUIUTEIILHOTO NTepUoja BpeMeHHu [9].

Hcxons n3 ckazaHHOTO, pa3paboTKa U COBEPIICHCTBOBAHUE TEXHOJIIOTUH U 000pY-
JIOBaHMS JJIs BEIPAIIMBAHUSI TT0Cca109HOro0 Mareprana ¢ 3KC sBIstoTCs: akTya bHBIMU.

Lenb paboThl — COBEPIIEHCTBOBAHNE KOHCTPYKLIUH MOIYJIBHON TETTHLIBI IS
BhIpamuBanus cesHues ¢ 3KC Ha 0CHOBe aHann3a BETPOBBIX HAIPY30K.

Obvexmbl u Memoowbl UCCAEO08AHU

[IpoBenen aHann3 HArpy30K U HAMPSHKECHUH, BOSHUKAIOLIUX B 3JIEMEHTaX KOH-
CTPYKIIMHU TETUTUIIHI O] ACWCTBHEM BHYTPEHHHX W BHEIMIHHUX CHII. Vcrmonp3oBaHBI
MHCTPYMEHTHI TBEPAOTEIIHFHOTO MOACIUPOBAHIS C TIPEIBAPUTEILHBIM PACUeTOM Be-
TPOBOM HAarpy3kM Ha KOHCTPYKLHUIO TEIUIMLBI. Y UTEHbI BO3JEHCTBHS BETpa OT OC-
HOBHOU M MHUKOBOM THUIIOB BETPOBOW HArpy3ku. [[aHHbIE BO3IEHCTBUS OMPEICICHbBI
cormacHo CIIT 20.13330.2016 u CII 107.13330.2012. Ilpu sTOM ydTeHBI TabapuT-
HBIE pa3Mephl TEIUIUIBI M €€ TEPPUTOpPHATIBLHOE pacronoxeHue. lccriemoBanue
MIPOBEICHO IS IPUPOIHO-KIMMATHIECKUX ycaoBuil KpacHospckoro kpasi.

Jlns ananuza Harpy30K U HanpsbKEeHUH, BOSHUKAIOIIUX B AIEMEHTAX KOHCTPYKLUU
TETUTALBI TIO]] ISVCTBMEM BHYTPEHHHUX W BHEIIHUX CHJI, IIPUMEHSITH CUCTEMY aBTOMATH-
3UPOBAHHOTO MPOSKTUPOBAHKS, AJITOPUTM pacieTa Harpy30K KOTOPO OCHOBAH Ha METOJIE
KOHEYHBIX HJIEMEHTOB M UCIIONB3YeT pacipeneienue Gon Museca (von Mises) [2, 8, 10,
13, 14, 17, 20]. Pacuers! BoinonHeHs! B mporpamme Solidworks Simulation.
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Pesynomamot uccredosanus u ux oocyscoenue

AHanu3 HanpspKeHWH, BbI3bIBAEMBIX OCHOBHOM W NMHUKOBOM BETPOBBIMU Ha-
rpy3KaMu, IOKa3ajl, YTO HauOONbIINE HANPSDKEHUS], IPEBbIIIAIOIINE TOIyCTHMBIC B
4,22 pa3a, BOZHUKAIOT B 2JIEMEHTaX KOHCTPYKLUH TEIUIMLBI B ciydae o = 90°, T. e.
KOIJIa BEKTOp CKOPOCTH BETpa HAIpaBlieH MEPHEHAUKYISIPHO IIOCKOCTH TOPLIEBOM
KOHCTpyKUMH. IIpu 3TOM NATHO MaKCHUMaJIbHOW KOHILIEHTPAIlMK HANpPSIKEHUHA Haxo-
JUTCS Ha cTHOe BHYTPEHHETO 1osica ¢ O0KOBOM CTOPOHBI 8-1 apKu.

BrusBieHo, 4To ofHUMY U3 Han0oJIee HarpyKEHHbBIX MECT PsIIOBBIX KOHCTPYK-
LU SBISIOTCS Y37Ibl, IPUOIMKEHHBIE K MECTY KPEIUICHHS apoK K CBasM (CM. pHCY-
HOK). MakcuManbHbIe HaPsDKEHUS] BO3HUKAIOT OJIMIKE K IEHTPaJIbHON YacTH TeIIH-
1bl. Mcxons U3 3Toro nmpoBeieHo UcCeNoBaHle Harpy30Kk 3—8-i apok OT TOpPLEBOi
KOHCTPYKIIUH, [TOJIBEPIILIEHCS BO3ECHCTBUIO OCHOBHON U IIMKOBOM BETPOBBIX HArpy-
30K. Pe3ynbTarsl mpeicTaBiIeHbl Ha PUCYHKE.
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3oHMpoBaHHe HauOOJee HArpy)KEHHBIX MECT apoOK PSIOBBIX KOHCTPYKLHUIl NMPU BETPOBOM
Harpyske: a — OCHOBHOH; 6 — nukoBo#. [Iporpamma Solidworks Simulation

Probing of the most stressed areas of the constructional arches influenced by wind
load in Solidworks Simulation software: a — principal load; 6 — peak load
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IIpu BO3IEHCTBUM IUKOBOM BETPOBOM HArpy3KU Ha IOABETPEHHON CTOPOHE
TOPLIEBOM apKH B Y3J1aX COUICHEHUS AUArOHAJIBHBIX U IIONEPEYHBIX CBSI3EH TAKXKE
BO3ZHMKAIOT HAMPSKEHUS, NPEBBILIAIOLINE IOy CTUMBIE.

Buwi60o0w1

[To pe3ynbraram aHajamM3a BO3/ICHCTBHS BETPOBBIX HArPY30K U COOCTBEHHOTO
BE€Ca Ha KOHCTPYKIHIO KapKaca TCIUIAIBI JJIs BbIpallluBaHUA CCAHIICB JICCHBIX KYJIb-
TYp CIEJaHbl CJICYIOIINE BBIBOJIBL:

MaKCHMaJIbHbIC HAIPSDKCHUS, BO3HUKAIOIINE HAa KapKace TeIUIUIbI MOJ JIeH-
CTBHEM BETPOBOil HAIPY3KH M COOCTBEHHOTO BeCa, MPEBBIIIAIOT IOMYCTHMBIC,

HanboJiee Harpy>)KeHHBIM MECTOM SIBIISUICS y3ell Ha BHYTPEHHEM IOsiCe apKH,
IJIC CXOASATCS MaJIbIil U OOJBIION PaJNyChl MOSCOB PSOBBIX KOHCTPYKIHIA TEILTHUIIBI,
JUTSL PABHOMEPHOCTH pactpeliesieHHs HapsDKeHHH HeoO0XxoauMo obecriednTs Ooree
MJIaBHBIN Iepexoa 3JIEMEHTOB KOHCTPYKIIUH BHYTPEHHETO 1105Ca;

OZIHMMH U3 HanboJee HArpy)KCHHBIX MECT PSIOBBIX KOHCTPYKLHH SBISIOTCS
y3JIbI, TPUOIMKEHHBIE K MECTY KPEIUICHHS apOK K CBasiM, TPeOyeTCsl BBIIIOTHUTD Pa3-
HECEHHE Hapy)XHOTO U BHYTPEHHETO TI0SICOB Y Or0OJIOBKA CBaH, YTO ITO3BOJIUT pas3rpy-
3UTh y3JIbl KPEIJICHUS apOK K (PYHIaMEHTY;

JUIsl 00ECTICYCHUSI CYIIECTBCHHOTO TTOBBIIICHUSI IPOYHOCTH KOHCTPYKIIUH pe-
KoMeHayeTcs B 1,5 pa3a yBeIMYUTh pacCTOSHNE MEXKAY BHYTPEHHHUM U HAPYKHBIM
HOsICAMHU apKH.
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