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Study of the speed of fire propagation forest ground cover

P.N. Goman (University of Civil Protection of the Ministry for Emergency Situations of
the Republic of Belarus)

One of the key aspects of protecting forests from fires is predicting the rate of development of
burning on the forest ground cover. A timely forecast of the dynamics of the fire allows you to
develop an algorithm for extinguishing it and determine the most effective way to use forces and
means. In addition, the operational forecast makes it possible to estimate the time for the fire
to reach settlements and objects of various functional purposes, which can ensure the timely
evacuation of the population, workers, and material assets to a safe zone.

Moss, lichen, litter of needles, leaves, small branches, bark, shrubs, and other vegetation are
considered to be the main conductors of ground burning. Based on the results ofthe research, it was
found that not all ground-based forest combustible materials have the same ability to ignite from
exposure to open fire and maintain the combustion process. It was revealed that moss is the most
fire hazardous, the speed of flame propagation over the surface of which, under conditions of low
moisture content, can be about 1.78 m/min. Somewhat worse support the process of burning leaf
litter and pine needles; the rate of fire development along the layer of the indicated forest fuels
with a moisture content of 10 % is 0.50 and 0.36 m/min, respectively. It was also determined that
the litter of spruce needles, small branches and pine bark is not able to independently support
the process of sustainable flame combustion. When these materials are burned, a flame front with
a height of about 0.30 m is formed, which is not enough to release the amount of energy required
to maintain combustion. For the development of a fire on the ground cover with a predominance
of spruce needles, small branches and pine bark, an external heat load is required that can provide
more intensive heating and pyrolysis of vegetation.

Key words: forest fire, forest combustible material, ignition source, flame propagation, thermal
radiation
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WccneoBakme CKOPOCTH PacPOCTPAHEHMs NOKapa Mo HaNoYBEHHOMY NOKPOBY Jeca

HccnenoBanne CKOPOCTH PACIIPOCTPAHEHHS M0KApa IO HANOYBEHHOMY NOKpOBY Jieca
I1.H. I'oman

OIHUM M3 KJTIOUEBBIX aCIIEKTOB OXPaHbI JIECOB OT [TOXKAPOB SIBJISIETCS IPOrHO3UPOBAHUE CKOPO-
CTH Pa3BUTHSI TOPEHUSI 110 HAITOYBEHHOMY ITOKPOBY Jieca. CBO€BPEMEHHBIN ITPOTrHO3 JMHAMUKHU
Imokapa I03BOJISIET BEIPA0OTATh aJITOPUTM €0 TYHICHUS W ONpPeAeIUTh Hanbojee 3(hheKTuB-
HBII cTI0CO0 3a1eiiCTBOBaHMS CHII U cpencTB. Kpome Toro, onepaTHBHBIN ITPOTHO3 TTO3BOJISIET
OLICHUTBH BpeMsI JOCTHKEHMSI ITOKAPOM HACEJCHHBIX TYHKTOB 1 OOBEKTOB Pa3JIMUHOIO (PyHK-
LMOHAJIbHOIO HA3HAYEHMSI, YTO MOXKET 0OECIIeYnTh MPOBEACHNE DBaKyalluy HACCJIICHUSI, pa-
OOTHHMKOB, MaTePHAJIbHBIX [ICHHOCTEIl B 0€30IaCHYIO 30HY.

B xayecTBe OCHOBHBIX ITPOBOAHUKOB HAITOYBEHHOTO TOPEHUS TIPUHSATO CYUTATh MOX, JIMIIAK-
HUK, OIlaJ, XBOU, JIMCThEB, MEJIKUX BETOK, KOPbI, KYCTADHUKU U JIPYTUE 3JIEMEHThI pACTUTEIb-
HocTu. [To pe3yabTaTam Ucciieq0BaHus, TPOBEACHHOTO B TAOOPATOPHBIX YCJIOBUSIX, YCTAHOBJIE-
HO, YTO He BCe Ha3eMHbIE JIECHBIE TOPIOYKe MaTepralibl 00JIaJal0T OMMHAKOBOM CITOCOOHOCTBIO
K BOCITJIAMEHEHMIO OT BO3JEHCTBUS OTKPBITOTO OTHSI M MOIEPKAHUIO TIpoliecca TopeHMsI. Bbi-
SIBJICHO, YTO Han0OoJIee TI0XKapOOITaCHBIM SIBJIIETCSI MOX, CKOPOCTb PACTIPOCTPAHEHMS TIJITaMEHU
10 TTOBEPXHOCTH KOTOPOTO B YCJIOBUSIX HU3KOTO BJIATOCOAEPKAHUS MOXET COCTABJISATh OKOJIO
1,78 m/MuH. HecKoabKo XyxXe IOMIeP:KUBAIOT MPOLIECC TOPEHUs OMal JUCTheB U COCHOBOM
XBOM; CKOPOCTh pa3BUTHS TOXkKapa Mo c¢jiolo ykazaHHbIX JITM BrnaxkHocTthio 10 % cocraBiis-
eT 0,50 m 0,36 M/MUH COOTBETCTBEHHO. Takke ONpenesieHO, YTO OMajl eJIOBOM XBOM, MEIKMX
BETOK M COCHOBOI KOPBI HE CITOCOOEH CaMOCTOSTENIbHO MOIIEePKUBATh MPOLIECC YCTOMYMBO-
ro IjaaMeHHoro ropeHus. [Ipu Bo3ropaHuu JaHHBIX MaTepUaIOB oOpasyeTcsl (DPOHT ILIame-
HU BBICOTOI 0K0J10 0,3 M, 4YTO HEAOCTATOYHO JJIsI BhIACIEHUS TPeOYeMOro s MOAAEPKaHUS
mpolecca TopeHusl KoJIUyecTBa TEIUIOBOM sHepruu. st pa3BUTHS TToXKapa Mo HallOYBEHHOMY
TIOKPOBY C TIpeobIagfaHreM eJI0BOI XBOU, MEJIKMX BETOK U COCHOBOI KOPHI TPEOYETCST BHEIITHSS
TEIIOBasi Harpy3Ka, CIiocoOHast 00ecTieunThb 00Jiee MHTEHCUBHBIN TTPOTPEB U TTUPOJIU3 PACTU-
TEJIbHOCTH.

KimroueBble cioBa: JIECHOI IToKap, JIECHBIE TOPIOYME MaTeprasIbl, pacIIpOCTpaHeHUE TITIaMEHH,
TETUIOBOE U3JTydeHUe, TabopaTOPHBIC UCCASIOBAHMS
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Benenue

B nocnenHue roapl n3-3a rjiodajabHOrO TMOo-
TEIJICHUSI B psifie CTpaH MUpPa, B TOM uncie B be-
JlapycH, 0OCTaHOBKA C JIECHBIMU TIOXXapaMu Cy-
IIECTBEHHO obocTpuiach. BeaeacTeue moxapos
YXYAIIAETCSI 3KOJIOTUSI PeTUOHOB, YHUYTOXAIOT-
Csl TIpPUPOIHbBIC 9KOCUCTEMbI, HACEJICHHBIC ITyH-
KTHI, IIOTM0AIOT criacaTesi U HaceneHue. Kpome
TOTO, CJIOM MBUIM 1 CaXH OT IT0XapOB IIPUBOISIT
K TasiHUIO JIEIHUKOB, YTO BJIEYET 3a CO0OO0Ii IOM-
HSITHE YPOBHSI MOPSI M CO3[AaeT BEPOSITHOCTD 3a-
TOIUICHUS OOIIMPHBIX IIPUOPEXKHBIX TEPPUTOPUIA
o Bcemy Mupy [5, 9].

ITpoGsemoit NeCHBIX TTOXAPOB aKTUBHO 3a-
HUMAIOTCI CITeLMaJIUCThl pa3HbIX cTpaH [1-—6,
9—20]. Ha coBpeMeHHOM 3Tame I0CTaTOYHO
MTOJTHO UCCJIEOBAHBI MPOLIECChl BOBHUKHOBEHUS
1 pacIripoCTpaHEHUSI BO3TOPAHUI B MPUPOIHBIX
BKOCHCTEMax, pa3paboTaHbl MHOTOUMCIIEHHBIE
Mozenu JiecHbIXx moxapoB. Ha ocHoBe paspa-
OOTaHHBIX MOJENe CO3MaHbl MPOTPpaMMHBbIE
komruiekchl (FlamMap, BehavePlus, FARSITE,
CAWFE u ap.) 1ist cCBOeBpeMEHHOTO TTPOTHO3M -
pOBaHMSI AMHAMMKU JIECHBIX IOXapoB. JaHHbIE
KOMIUIEKCHI BHEAPEHBI B ACSATEIBHOCTD CIIEIIMA-
JIM3UPOBAHHBIX LIEHTPOB B psifiec cTpaH Mupa: Ka-
HaJICKUI MEXXBEIOMCTBEHHBII LICHTP I10 JIECHBIM
moxapam, lLleHTp r100ajibHOr0 MOHUTOPMHIA
JIECHBIX TToxXapoB B Iepmanuu, HanmonaabHbI
o0BeqMHEeHHBI mokapHBIA 1eHTp B CIIA,
KoopnuHaiimoHHbBIN 1IEHTP pearupoBaHUs Ha
ype3BhIUaliHbIe cuTyaluu B [pernu, Pecrryomm-
KAHCKUI LIEHTP YIpaBJICHUS M pearupoBaHuUs Ha
ype3Bbluaiitbie cutyauuu B benapycu u ap. [3, 4,
10, 12, 15, 17, 19, 20].

Creayer OTMETUTD, UYTO HECMOTPS Ha CyIIe-
CTBEHHBIE pe3yJIbTaThl B 00JIaCTH OOecTieueHusl
MoxapHoi 0e30MacHOCTM TMPUPOIHBIX KO-
CHCTEM, yCyryojeHre OOCTaHOBKM C JICCHBIMU
IOXXapaMHy B MOCJIEAHUE TOIbl TOBOPUT O HEIO-
CTAaTOYHOM 3((HEKTUBHOCTU MPUMEHSIEMbBIX MEp
JIECOTIOXApHON 3alllUThl M 11eJ1eCO00Pa3HOCTU
YTOYHEHMSI pa3pabOTaHHBIX MOJIEIC BOSHUKHO-
BEHUS M PACIIPOCTPAHEHMS ITOXKapoB, OCOOCHHO
JIJIST YCJTOBUI yY4aCTUBIIMXCS 3aCYIIUTUBBIX TIEPH-
OJIOB.

Jnsg  OLEHKM BEPOSITHOCTM  BO3HUKHO-
BEHMSI BO3TOpaHMUIA YYEHBIMM pa3HbIX CTpaH
OCYILIECTBJISIETCSI MOJEIMPOBAHME IIPOIIECCOB
BOCITJIAMEHEHUSI JIECHBIX TOPIOYMX MaTepHuasioB
(manee — JII'M) pa3snMYHBIMU HCTOUYHUKAMU
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saxkuranusa [2, 6, 13, 16]. CyuecTBeHHOE Me-
CTO B MPOBEACHHBIX UCCIEIOBAHUSIX OTBOIUTCS
BorpocaM 3axkuranusi JITM TeruioBbIM U3JTyde-
HUEeM OT (pOHTA TUIAMEHM, TOPSIIei JYacTUIEH
U TPO30BBIM paspsiaoM [2, 5, 6]. Ha ocHoBaHuu
MOJIYUEHHBIX PE3yJIbTaTOB COBEPIICHCTBYIOTCS
METObI IPOTHO3UPOBAHMST BO3rOPAHUI1 U MEPO-
MIPUSITUS 110 OTPAHUYCHUIO UX PA3BUTHSI.

[1pn n3yyeHM TMHAMWKHA JIECHBIX ITOKapoB
MIPOBOISITCSI UCCICIOBAHMS IIPOLIECCOB PacIIpo-
CTPAaHEHUS BO3TOPAHUIA, OLICHUBAETCS BJIMSIHUE
BeTpa, pelibepa MECTHOCTH, TeMIIepaTypbl U
BJIAXKHOCTU BO3[yXa Ha TOpPEeHUE PACTUTEIbHO-
ctu. IlocpencTBoM MpoBeneHHBIX HATYPHBIX W
JIa0OPaTOPHBIX 3KCIIEPUMEHTOB (hOPMUPYIOTCS
0a3bl JaHHBIX, HA OCHOBAHUU KOTOPBIX OCYIIIECT-
BIISIETCSI MaTeMaTUYeCKOe MOAEIMPOBaHUE TIPO-
1IECCOB pacIipocTpaHeHus moxapos [3, 4, 10, 12,
15, 18]. CymiecTBeHHOE MECTO B (DOPMUPYEMBIX
0aszax OTBOAMUTCS BOIIpocaM IIPUPOMHOM Mpena-
PACITOJIOKEHHOCTH JIECHOM PacTUTEIBHOCTA K
BOCIUIAMEHEHMIO M TIOMJAEpKaHUIO IIpollecca
TOPEHMSI, UYTO CBUIACTEILCTBYET 00 aKTyaJIbHOCTHU
JIAaHHOI padOTHI.

Llenbro uccienoBaHuUs SIBISUIOCH OIpeaesie-
HUE CKOPOCTH PACIPOCTPaHEHMS TIJIaMEHU IIO
nosepxHocTy JII'M B 3aBUCUMOCTU OT MX BUIA
1 BJIAXKHOCTHU, a TaKXKe OT IJIOTHOCTU JIYIMCTOTO
TEIUIOBOTO ITOTOKA, TPeOYeMOro Il ToaaepKa-
HUSI TIpoliecca TOpeHusl.

MarepuaJbl U METO/IbI HCCJIEIOBAHUS

WUccnenoBanust mpoBOAMIMCh Ha 0a3e OT-
JleJla UCITBITAHWI TeXHUKH, BEIIEeCTB, MaTepra-
JIOB, CPEJACTB TPEAYNPEXICHUS U JUKBUAALUU
Ype3BbIYAHBIX CUTyalluil YupexneHus «Hayud-
HO-KCCJICIOBATeIbCKUIT WHCTUTYT IHOXApPHOM
0e30MacHOCTHU U MPO0JIeM Ype3BbIYallHBIX CUTY-
anuit> MUHUCTEPCTBA 110 UYPE3BbIYAiiHBIM CUTY-
anusaMm Pecriyonuku benapych.

JI71s1 BBIMOJTHEHUSI 3KCIIEPMMEHTOB B HaM-
0oJiee MOXapOOIMACHBIX COCHOBBIX HaCAXKICHMSIX
Pecnyonuku Benmapyck Obli oTOOpaHBl 00pa3-
bl HazeMHbIX JIT'M B Buje Mxa, omnajga COCHO-
BOU U €JI0BOU XBOWU, JIUCTHEB, COCHOBOM KOPbI U
MeJKuX BeToK. [lepen mpoBeaeHneM UCTIBITAHUI
o6pasipl JITM ¢ nmpuMeHeHHUeM CyIIUIbHO-Be-
COBOT0O MeTona [8] pa3duBagnCh Ha TPU TPYIIITHI
BiaxHoct (10, 20 u 30 %), oTBeYaIONINX YCIIO-
BUSIM TTOXKapooIlacHoTo Tepuoza [1].
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Bnax#octs o6pasuos JITM omnpenensiiachk
o opmyre:

m
w =

17" 100
m, (1

rae W — BJIAXXHOCTB obpasia, %;
m, — mMacca obpasua 10 CyILKH, T,
m, — Macca obpasia 1ocJe CyIKH, T.

Jast mpoBeleHUsT UCIIBITAHWI IO pacmpo-
CTpPaHEHMIO MJIAMEeHU MCITOJIh30Balach YyCTAaHOB-

Ka, KoTopasi cooTBeTcTBYeT TpedoBaHusiM 'OCT
30444-97 [7] ¥ cOCTOUT U3 CIEAYIOLIUX OCHOB-
HBIX 2JIeMeHTOB (puc. 1, 2):

— WCTIBITaTeIbHAsI KaMepa C JbIMOXOIOM U
BBITSDKHBIM 30HTOM;

— WUCTOYHUK JYYMCTOrO TEIJIOBOTO TMOTOKa
(pamnanMoHHasI MaHesb);

— WCTOYHUK 3aKUTaHUsI (Tra30Basi TOpesika);

— JepxaTesb o0paslia M YCTPOMCTBO [JIsi
BBEJICHUSI JIep>KaTessl B UCIIBITATEIbHYIO KaMepy
(mmatgopma).
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1 — ucnpiTatenbHas Kamepa; 2 — miardopma; 3 — aepxaresb oopasiia; 4 — odpaszels;
5 — IBIMOXOIT; 6 — BBITSDKHOM 30HT; 7 — TepMoIIapa; 8 — pandalroHHasT TTaHeb;
9 — razoBas ropeJika [ 7]

Puc. 1. YcranoBka mist ucnbITaHUI Ha pacpoCcTpaHEeHUE TIJIaMeHU

2,4 kBm/si’

5,0 kBm/a’

Touka «0»
9,1 kBm/ai’

140

200

200 200 25
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1 — nepxatenb; 2 — obpaselr; 3 — pagualoHHas MaHesb; 4 — ra3oBasi ropeyika

Puc. 2. Cxema pacrnonoxeHus1 paaualluOHHON MTaHe 1, o0pa3lia U ra30Boii ropesiku [7]
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JlabopaTopHbIe MCCIECAOBAaHUS TIPOBOIM-
JIUCH B CJIEIYIOIIEeM MOpsIIKe:

1. I[Tocne MOATOTOBKM YCTAHOBKM K WCIIbI-
TaHUSIM B COOTBETCTBUU ¢ TpeboBaHusiMu ['OCT
30444-97 [7] oTKpbIBaeTCs ABEpLA KaMephl, 3aK1 -
raercsi ra3oBasi TopeJjika 1 pacrojiaraeTcs Tak, 4YTo-
OBI pacCTOsIHME MEXIy (hbaKeJIoM TUIAMEHHU U 9KC-
ITOHUPYEMOI ITOBEPXHOCTBIO COCTABIISLIO 50 MM.

2. O6pazerr JITM paBHOMEpPHO pacKJIaIbl-
BaeTCs Ha JepxKaresje obpasiia, Tocjie 4ero OH
IMOMEIIAETCs Ha IUIaT(hOPMY Y BBOTUTCS B UCIIBI-
TaTeJIbHYIO KaMepy.

3. JIBeplia KaMephl 3aKpbIBACTCS M BKJIIOUA-
eTcst cekyHmoMmep. Ilocie BbIIEPXKKKM B TeYeHUE
2 MMH IUIaMsl TOPEJIKM IIPUBOAUTCSI B KOHTAKT C
o0pa3ioM B Touke «0», pacIonoKeHHOH Mo 1IeH-
TpaJibHOM ocu obpasua. [Tpu oTcyTcTBMM BOCILIA-
MeHeHMs obOpasia B TedeHue 10 MUH MCIIBITaHUE
cuMTaeTcsl 3aKOHUEHHBIM. B cityyae Bocruiame-
HeHUsl obpaslia MCIbITAaHWEe 3aKaHUMBAeTCs TIPU
MpeKpalieHNH TUIAMEHHOTO TOPEHMSI.

4. B mpoiiecce MCIbITaHUS (DUKCUPYIOTCS
BpeMsl MPOABMXKEHUSI (PPOHTA TJIAMEHU OT MO-
MEHTa BOCILUIAMEHEHUS B Touke «0» 10 MpOTH-
BOITOJIOKHOTO Kpasi 00paslia, BEICOTA IJIAMEHU U
MPOAOTKUTEIbHOCTD MJIAMEHHOTO TOPEHMUSI.
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5. Tlocne oKOHYAHMSI MCIIBITAHUSI OTKPbI-
BaeTcsl JABeplla KaMephbl, BbIABUTAEeTCS TaTdop-
Ma, m3Biekaercst oopasern JII'M, ompenensercs
Macca HECropeBIIEro octaTka M Kod3(hGhUIUEHT
MOTEPU Macchl KaK OTHOIIEHWE MacChl HECro-
pEeBILIEro ocTaTka K HauajlbHOI Macce odpaslia.

6. McnbiTaHue KaxIoro rnocjieayouero oo-
pasiia mMpoBOJUTCS MOCTIE OXJIaXKIECHUS AepxkaTe-
Jist 00paslia 10 KOMHATHOM TeMIlepaTyphl.

7. B ciiydae eciu 1iaMsi HE TOCTUIJIO TIPO-
TUBOITOJIOXKHOTO TOYKe «0» Kpasl oOpasia, W3-
MepsieTCsl PacCTOsIHUE, MPOWJIEHHOE OTHEM IO
TOBEPXHOCTU 00pasiia BAOJb MPOAOJIbHON OCH.
M3mepeHust MpOBOAUTCSI C TOYHOCTHIO 10 1 MM.
[nuHa pacnpocTpaHeHUs IJIaMEHU OIpenesisi-
eTcs KakK cpenHee apudMeThyeckoe 3HauyeHHUe
0 JJIMHE OOropeBIlIeil YacTU BCeX MCMbITAHHBIX
OIHOTUITHBIX 0OPa31I0B.

8. BenmmunHa TpeOyeMoil miIsl pacrpocTpa-
HEHUS TUIAMEHU TUIOTHOCTHU JIYYHMCTOTO Teruio-
BOrO TOTOKAa YCTaHABJIMBAETCS Ha OCHOBAHUU
pe3yJbTaTOB W3MEPEeHUsI UIMHBI OOropeBlIeii
yacTu obpasia no rpaduky pacrpeneaeHus Te-
IJIOBOM HArpy3ku IIO TIOBEPXHOCTU oOpaslia,
TOJYYEHHOMY TIpU KaJuOpOBKE YCTAHOBKU IO
KOHTPOJIbHBIM TOUKaM (puc. 3).

y=-6,079In(x) + 27,341

8 N

q, kBr/m?
TN

™

40 60 80

X, CM

Puc. 3. PacnpeneneHue TemI0BOM HArpy3KU 110 IMIOBEPXHOCTU 0Opa3la
10 pe3yJIbTaTaM KaTuOpPOBKU YCTAHOBKU

9.Tlpu oOTCYTCTBUM BOCIUIAMEHEHUsI 00-
pasua WiM JUIMHE paclpoCTpaHeHUs IJIaMeHU
MmeHee 100 MM cumTaeTCs, 9TO TUIOTHOCTD JTyUM-
CTOTO TETUIOBOTO TOTOKa, TpebyeMasi ajis pac-
MPOCTPaHEHUS TUIAMEHHU 110 IoBepxHOoCTU JITM,
cocrasistiet 6onee 11 KBt/M?.

10. McribiTaHUsST TIPOBOISITCS 1JIT 5 OJHO-

TUMHBIX 10 BUIY, TJIOTHOCTU W BJIAXHOCTU 00-
paszuos JITM.

Pe3yabraTnl 1 ux 00cyKaenue

ITpu npoBeseHUM JaOOPATOPHBIX HUCCIIE-
JIOBaHUI TIpollecca paclpoCTpaHEHUs Tulame-
HU 1o mnoBepxHocTu JITM ycTaHOBJIEHO, YTO

90
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He Bce uccienyembie 00pasipl JIITM crocoOHbl  MEHHOE TOpeHHe TOJbKO MpPpU HE3HAYUTEIbHOM
B Mpoliecce TOpeHUs] 00ecreuuTh TeIJIOBbIAe-  yIaJleHWU OT AOMOJHUTEIbHOTO WCTOUYHUKA
JIEHWe, MOCTATOYHOE U TIOANEPXKaHWS TOpe-  TEeIUIOBOTO BO3MEWMCTBUS (paawiallMoHHas Tia-
Hus1. B pesynbrate ucciaenyemble oopasubl JITM — Henb  ycTaHOBKM), oOecrieuMBaloliero 0Ooiee
YCJIOBHO MOXXHO paslIeiuTh Ha JBe TPYIIbl: K  WHTEHCUBHbBIN MporpeB U nupojus. B kauectse
TIePBOI TPYIIIIE OTHOCITCS MOX, COCHOBAsI XBOSI ~ IpUMepa Ha PHUCYHKe 4 TIOKa3aHbl (parMeH-
U JINCThSI, KOTOPBIE CIIOCOOHBI CAMOCTOSATEIb-  ThI MIPOBEACHUS BKCIIEPUMEHTOB IS 00pa3lioB
HO MOJJIEePXKMBaTh YCTOMUMBOE TUIAMEHHOE To-  COCHOBOM XxBou. Ha pucyHKe 5 MOXHO BUIETD,
peHHe; KO BTOpPOI — eJloBasi XBOs, COCHOBas KaK M3MEHSETCS WHTEHCUBHOCTb TOPEHUS JIM-
Kopa M MCJIKHE BETKH, KOTOPBLIE B XOJIE€ OKC- CTBEB IIPU YAAJICHUUN OT paﬂI/IaLlI/IOHHOI‘/JI IMaHEJIn
MepUMeHTa TOAIEPXKUBAIM YCTOMUMBOE T[Ia-  YCTAHOBKH.

a 7]

Puc. 4. O6pa3zel1 cocHOBO XBOU JI0 UCTBITaHUs (@) U B TIpoliecce ropeHus (6)

a 6

Puc. 5. Topenne ob6pa3iia onaBIIMX JUCThEeB: B HAYaJIbHOM CTaIuU 3KCIEPUMEHTA (a),
MIPU JOCTVKEHUM TUTAaMEHEM CepeIMHbI 00pasia (6) ¥ B 3aBepIlalolleil CTanuu SKCIepuMeHTa (8)

B mporecce aKcriepyMeHTaIbHOTO MCcCle-  ropeHwus ykazaHHbiX JII'M, Haxomumace B Ipene-
JIOBaHUSI 00pa3loB Mxa, COCHOBOI xBou U au- Jjax 0,15—0,40 m. [Ipu 3ToM B MOMEHT BOCILIA-
CThEB HAOJII0AJI0Ch IIPOXOXKACHHUE IJIaMEHU M0  MEHEHMUS, BBULY BO3IEIICTBUS JOIIOIHUTEIHLHO-
Bceil moBepxHocT! JITM, OT TOUKM 3aXXMraHWsI IO MCTOYHMKA TeIlla, MHTEHCUBHOCTb TOPEHUS
00pasloB 10 MPOTUBOIOJIOXKHOIO Kpasi. Bpemss  Oblta MakcuManbHO#. K cepeanHe obpasia oHa
BOCILIAMEHEHUsI, MCXOAS M3 BIAXHOCTU 00pa3-  HECKOJIbKO CHMKAETCS U K IIPOTUBOIIOI0XHOMY
110B, cocTaBisuio 1—3 ¢. CpegHee 3HaUe€HNE CKO-  Kpalo CTAHOBUTCSI MUHMMAJIbHOM, YTO OTpaxa-
pOCTU pacCIpOCTpaHEHUsl TJIaMEeHU JJiT oOpa3-  eTCsl B YMEHBIIEHUM BBICOTHI U CKOPOCTU pac-
LOB BiaxHocThioO 10 % coctaBnsiio ot 1,78 M/  mpocTpaHeHMs IaMeHU. Pe3ynbTaThl SKCIepu-
MMH Jutst Mxa 10 0,36 M/MUH JJIsI COCHOBOM XBOM.  MEHTAJIBHBIX UCCJICIOBAHWI JIJIST MXa, COCHOBOM
BbICOTa IJ1aM€HU, ncxoad N3 NHTECHCUBHOCTU XBOUM U JIUCTHEB ITPUBCICHLI B Ta6m/1ue 1
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CpaBHUTEJIbHBIN aHAJIU3 Pe3YJIbTaTOB UCCJIe-
JIOBaHUSI 0OPpa3IIOB MEPBOI TPyl MOKA3bIBAECT,
YTO MOX SIBJISIETCSl 0OJiee TMOXKapOOIacHbIM, YeM
OraBlllasi COCHOBasi XBOSI M JUCThsI. CKOpPOCTh
pacrpocTpaHeHHUsI MJIaMeHH! MO0 MOBEPXHOCTU MXa
MpakTUyecku B 5 u 3,5 pasa Bblllle, 4eM MO Mo-
BEPXHOCTHU COCHOBOI XBOM U JIMCTheB. Ormapiiue
JIUCTHS MO CITOCOOHOCTU K TOPEHUIO OJIMIKE K CO-
CHOBOI1 XBOe, HeXeNn KO Mxy. [Tpu aToM aucTbst
TOPSIT, HECKOJIBKO JIy4llle, YeM COCHOBasl XBOS;
OTJINYMSI B CKOPOCTH paCIpOCTPaHEHUSI TUIaMEHU
cocTaBisioT okojo 30 %.

C poctom BaaxHocTtu JITM, kak u oxuna-
Jloch, HaOJOmaeTCsl yBeJIMUYEHUE MacChl HECTo-
peBiliero ocrarka. Iljasi MXa U COCHOBOW XBOU
noBbilIeHUe BiaxkHocTH ¢ 10 1o 30 % npuBoauT

K YBEJMYEHHUIO MacChl HECTOPEBILIETO OCTaTKa
npuMepHo B 1,3 pasa, a 11t TUCTheB — B 1,6 pasa.

IIpu mpoBegeHnr 1a0OPATOPHBIX UCCIEIO-
BaHUII 00pa3lIOB BTOPOI T'PYIIIBI YCTAaHOBJICHO,
YTO BOCIUIAMEHEHHE €JIOBOIl XBOU MPU KOHTaK-
T€ C IUIaMEHEM Ta30BOI TOpejKy HaOJIogaeTcs
yepe3 1—3 ¢ B 3aBUCUMOCTH OT BJIAXKHOCTU 00-
pasuoB. B HauvanbHOI cTaguyM SKCIIEpUMEHTA
TOpeHue €JI0BOM XBOM IIPOXOAMJIO OoJjiee MH-
TeHCUBHO; BbicoTa orus nmocturajna 0,35 m. Ilpu
yIaJleHUM OT paguallMOHHON MaHeJIM YCTAaHOBKU
CKOPOCTb MpOABIKEeHNS (PPOHTA IUIAMEHU, paB-
HO KaK M €ro BBICOTA, ITOCTENIEHHO CHWXKAJNCH
IO TIOJIHOTO IIpeKpalleHUsl TOPEHUs; OTOHb 10
MIPOTHUBOIIOJIOXHOIO Kpas o0paslia He pacIpo-
crpaHuics (puc. 6).

Puc. 6. Bun o6pasia onasiieii €JJ0BOii XBOU ITOCIE€ UCITBLITAHUS

B pesynbrare sKCIepMMEHTOB BBISBJICHO,
9TO I MOJIepKaHMSI TIpoliecca TOPEHUs IO
IMOBEPXHOCTH OIIABIICH €JI0BOM XBOM HEOOXO-
MM BHEUIHWM TETUIOBOM ITOTOK ILIOTHOCTBIO
6onee 2,0 kBr/m?, 3,0 kBt/M? u 5,2 kBt/M? st
00pasuoB BraxkHocThio 10, 20 u 30 % cootBet-
cTBeHHO. [Ipn 3TOM OmaBIIas eaoBask XBOs IIpU
3axkuraHuu (hopMupyeT (OpOHT TJIaMEHU BBICO-
toii 0,20—0,35 M Ha yyacTKax ¢ TeILJIOBBIM ITI0TO-
KOM ITJIOTHOCTBIO 9 KBT/M? 11 60JIee; Ha yuacTKax
BOJIM3M TpaHUIIBl 3aTyXaHUs BbICOTa (PpoHTa
TUTaMeHM cocTasisieT He 6osee 0,05 M.

Ha yyacTkax ¢ BHEHIIHMM TEILJIOBBIM ITOTO-
KOM TUIOTHOCThIO MeHee 2,0 kKBt/m? omasiias
eJloBasi XBOsI He oOecrnedynBaeT (DOpMUPOBaHUE
(¢poHTa MIAMEHM BBICOTOM, ITOCTATOYHOM IS

pazorpeBa nociaenymoiieii yactu JI'M u pacmpo-
CTpaHEHMUSI OTHSI.

CylluecTBeHHOE OTJIMYME €JIOBOl XBOU OT
COCHOBO T10 CITOCOOHOCTH MOIAEPXKUBATH TIPO-
1IeCC TOPeHUsI, BEpOSITHO, CBSI3aHO C TEM, YTO
eJIoBasi XBOSI M3-3a CBOEM CTPYKTYphI OOpasyeT
0oJiee TIOTHBIM CI0I ¢ MEHBIITUM KOJTUIECTBOM
BO3IYIIHBIX ITYCTOT, UTO TIPETSITCTBYeT OoJee
MHTEHCUBHOMY T'OPEHMIO.

7151 MeNKMX BETOK BpeMsT BOCIIAMEHEHMST B
3aBUCUMOCTH OT BJIAYKHOCTH 00pa31IoB COCTaBIISET
2—4 c. Ilpu stom (popmupyercss (PpOHT ILIAMEHU
BeIcoToit 0,15—0,30 M Ha ygacTKax ¢ TETUIOBBIM TTO-
TOKOM TUTOTHOCTBIO 9,0 KBT/M? 11 Gostee, Ha ydacT-
Kax BOJIM3M TPaHULIBI 3aTyXaHMsI BbICOTa (DpOHTA
I1aMeHM cocTapiisieT He 6ostee 0,05 M (puc. 7).

Puc. 7. Bug o0pasiia MeJIKMX BETOK MOCJIe UCIIBITAHUS
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BpeMmst BocriaMeHeHMsT 00pa3lioB OMaBIIei
COCHOBO# KOPBI ITPU KOHTAKTE C TMJIaMEHEM Ia30-
BOI TOpEJIKM TaKXe OMpPeIesisiIoCh BIaKHOCTbIO
00pa3loB u cocrtapisuio 2—5 ¢. Beicota dpoHTa
MJaMeHU B Tipoliecce ropeHus pocturaia 0,30 m.
[lpu ynaneHun oT UCTOUHUKA U3JTyYeHUs, KaK U

B CJlyyae C €JIOBOI XBOEH U MEJIKUMU BETKAMU,
BBICOTa Y CKOPOCTh IPOABVKEHMS TITIAMEHU T10-
CTENEHHO CHIKAMUCh. [lnamst He JOXOmWIIo 10
MTPOTHBOITIOJIOKHOTO Kpasi 00paslioB, YTO CBUJIE-
TEJIbCTBYET O HECIIOCOOHOCTU KOPBI CaMOCTOSI-
TeJIbHO MOIePKUBATh IIPOLeCcC ropeHue (puc. 8).

N e

Puc. 8. Bug o0pasna cocHOBO KOPHI TTOCIIe UCITBITAaHUS

Pesynbrathel aKCriepuMeHTaTIbHBIX UCCIIEN0-
BaHUM 11 €JI0BOM XBOM, COCHOBOI KOPBI U MEJI-
KHX BETOK CBEICHHI B TAOIUILY 2.

CpaBHUTEbHBIN aHAIN3 Pe3yJbTaTOB MC-
cienoBaHuii JITM, OTHECEHHBIX KO BTOPOM
IpyIIIIe, IOKA3bIBAET, YTO €JI0BAsI XBOSI, COCHOBAsI
KOpa 1 MeJIKHe BETKH, Jaxe IIpY HU3KOM BJIaro-
colepXKaHWM, OTHOCITCS K MarepuaiaMm, cjiado
PaCIIpOCTPAHSIONIMM IJIaMs IT0 CBOEM ITOBEPX-
HocTu. CKOpOCTh MPOoABMXKeHUsI orHs 1 JITM
BiaxxHocThio 10 % coctapnsier ot 0,11 M/MuH
s Meakux BeTok a0 0,31 M/MUH ISl eJIoBOM
XBOU. bojiee MHTEHCUBHBIM TPOLIECC TOPEHUS
yKa3aHHbIE MaTepualibl CIIOCOOHBI MOIACPKU-
BaTh TOJILKO MpPU Haauuyuu B ux coctae JII'M
NEePBOM TPYIIIHI.

Crenyer OTMETUTh, YTO B XOJI¢ MCCJIEIOBa-
HU# M3y4eHBbl KaK KOHKpeTHBIe 00pasubl JIIM,
TaK M CJIydau UX CMEIIeHUS B pa3IMIHON IIpo-
nopuuu. s KOMOMHMPOBAHHBIX 0OO0Opa3loB
MPOLIECC PACIPOCTPAaHEHMSI IJIAMEHM 3aBUCUT
oT npeodunanaroiiero suna JIFM. IlorpemHocTh
OIpeIeICHUSI CKOPOCTU pacIpOCTpaHEeHMS T1ja-
MEHH 10 npeodjiagaoiieMy B HAaIllOYBEHHOM I10-
kpose JII'M He nipeBbimaet 20 %.

CpaBHUTEJIBHBIN aHAJIN3 ITOJyYEHHBIX pe-
3yJIBTaTOB C JAHHBIMU NIPYTMX aBTOPOB CBUJIE-
TeJIbCcTBYeT 00 mx cxomumocTtu. Tak, B.T. IyceB
[3] yka3bIBaeT, 4TO CKOPOCTh pacpoCTpaHEHUS
(bpoHTa HM30BOTO MOXKapa Mpu BiiaxxHocTH JITM
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10 % 1 ckopoCTH BETpa B TIOJIOTE APEBOCTOSI OKO-
Jo 1,3 M/c misd COCHSIKA MIIIMCTOIO COCTaBJISIeT
okoJ10 1,5 m/muH. [To nanabiM E.C. Apiisi0ariie-
Ba [1], s cocHsIKa JUIIafHUKOBO-MILIMCTOTO C
praxHocteio JITM no 30 % ckopocTh pacrpo-
cTpaHeHUs1 (DpOHTa HU3OBOTO Toxkapa Mpu CKO-
poctu Betpa 0,5—1,5 m/c coctaBiser 0,7—2,1 m/
MMH, YTO TaKXKe COIJacyeTcsl ¢ MOJyYeHHBIMU
pe3yJibTaTamu.

BbiBoabI

B pesynbrate mpoBeaeHHBIX MCCICIOBAHUIA
MOXKHO CIIeJIaTh CJIEIYIOIINE BbIBOIbL:

1. OcCHOBHBIMM TNPOBOIHMKAMHU HAaIlOY-
BEHHOTO TOPEHUS B JIeCY SIBIISIIOTCS MOX, OIaj
COCHOBOI XBOM U JIUCTheB. Hauxynmmmu mpo-
BOIHMKAMM TOpeHus1 u3 ucciaeayeMmbrx JII'M
MOXHO CUMTaTh OTIABIIME BETKH, €JIOBYIO XBOIO
1 COCHOBYIO KOPY, CIIOCOOHBIE TOPETh JIUIIb TTPU
BbICOKOM YPOBHE BO3JEUCTBYIOLIEN TEILIOBOM
Harpy3ku. g stux Bumes JITM MoMeHTOM,
CBUACTEILCTBYIOIIMM O BEPOSTHOM IIpeKpallie-
HUM TOpPEHUs, SIBJISIETCS YMEHBIICHUE BBICOTHI
mwiameHu g0 0,05—0,1 M. IlpyHuMass BO BHH-
MaHue, uTo mpoiiecc roperust JITM ocymecT-
BJISIETCS B TPU CTaguM: CYIIKa, IMHUPOJIM3, BOC-
IUIaMEHEeHME, — TIaMsl YKa3aHHOW BBICOTHI HE
CITOCOOHO 00eCITeunThb ABe MepBhIX cTaguu. J1o-
MOJTHUTENbHBIN TporpeB JITM mpu 3ToM MOXeT
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OBbITh BbI3BAaH BHEIIHEH TEIUIOBOW HArpy3Koi,
YTO B PEaIbHBIX YCJIOBMSIX MOXKET OBITh BBIpaXKe-
HO B rOPeHUU MOAJIecKa U pouux Oojiee moxa-
poomnacHbIx JITM.

2. O pacrpocTpaHeHMS IUIAMEHU IO I10-
BEPXHOCTHU MXa, OTaza COCHOBOI XBOU U JIUCTHEB
BHEIIHSS TEIUIOBAsI HAarpy3Ka MOXET OTCYTCTBO-
BaTb. CKOPOCTh MPOABUKEHUSI OTHSI MIPU BJIAXK-
Hoctu obpasnoB 10 % cocrasister 1,78, 0,50 u
0,36 M/MMH IJIsT MXa, JINCTbEB U COCHOBOM XBOU
cooTBeTCTBeHHO. C yBEIMYEHMEM BIIAXKHOCTU
00pasuoB 10 30 % 3TOT MoKa3aresb YMEHbIIIAeT-
cs B cpenHeM B 1,2 pasa. Ilpu ropeHuM ykazaH-
HbIx JITM dopMupyercst ppoHT IJIaMEHH BBICO-
TO¥ oKoJio 0,35 M.

3. s pacripocTpaHeHMS TUIAMEHU IO T10-
BEPXHOCTHU OITABIICH €JIOBOI XBOM BHEIIHSIS TE-
TIJIOBasl Harpy3Ka JI0JKHa COCTaBIsATh Oosee 2,0,
3,0 1 5,2 xBt/M? st 06pasioB BIakHOCTBIO 10,
20 u 30 % cootrBercTBeHHO. CKOPOCTH MPOIBH-
JKeHUST OTHS B YKa3aHHOM JMaria3oHe BIaXKHO-
ctu u3MmeHsierces ot 0,14 go 0,31 M/MuH.

4. Jlnsa pacnpocTpaHEeHUS TJIaMEHU IO T10-
BEPXHOCTU COCHOBOI1 KOpPbI BHEILHSISI TEILIOBAsI
Harpyska JOJDKHA COCTaBJIITh Oonee 5,2, 7,3 u
8,5 kBt/M? mjs1 06pas3ioB BiaaxHocteio 10, 20 u
30 % cootBeTcTBeHHO. CKOPOCTH MPOIBIKESHUS
OTHsI B YKa3aHHOM JIMAIla30He BIAXKHOCTU U3ME-
Hsietcst ot 0,08 1o 0,18 M/MUH.

5. dns pacrpocTpaHeHMsI TUIaMEHU 0 I10-
BEPXHOCTU MEJIKHX BETOK BHEIIHSISI TEILIOBasI
Harpyska JOJDKHA cOCTaBisaTh Oomee 1,1, 1,6 u
2,0 xBt/M? 11t 06pasnoB BiaaxHocThio 10, 20 u
30 % cootBeTcTBeHHO. CKOPOCTh MPOIBUKEHUS
OTHSI B YKa3aHHOM JIMaIia30He BIaKHOCTU U3Me-
nsiercst ot 0,08 10 0,11 Mm/MuH.

6. IIpu ropeHuM omanga eIoBOM XBOU, MeJ-
KX BETOK M COCHOBOW KOpBI BIaXKHOCTbIO 10—
30 % dopmupyeTcss (GpPOHT TUITAMEHHM BBICOTOM
okouto 0,30 M Ha yJyacTKax C TeTJIOBBIM ITIOTOKOM
MIOTHOCTBIO 9 KBT/M? 1 Gosee; Ha ydacTkax c
YPOBHEM TeIUIOBOI Harpys3ku 1—2 kBt/M?, 4To
COOTBETCTBYET TpaHMIIe 3aTyXaHHUs, BBICOTa
¢poHTa TITaMeHu cocTaBiisieT He 6oee 0,05 M.
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