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Annoranusa. B craThe mpemcraBiieHBl pe3yJIbTaThl dKCIEPHMEHTAIBHBIX MCC/ISTOBAHMIA CIIOCOOHOCTH
TOPQAHON IIOUBLI CAMOBO3TOPATHCA B 3aBHCHMOCTH OT CTEIIEHH €€ PA3JIOKEHMs, 30JILHOCTH,
XUMHYECKOI0 COCTaBa M O0OBEMHOM IUIOTHOCTH. Ilesibio  J1a00paTOpHBIX — SKCIEPHMEHTAILHBIX
VICCJIEIOBAHMH SBJIAJIOCh U3YUEeHUE BIIMAHUA (PU3UKO-XUMIYECKHIX CBOMCTB TOpd)a HA BO3HHUKHOBEHIE
aodpperra camoBosropamus. Cpemy OCYIIEHHBIX 3eMeJIb HanmOoJee MePCHeKTHUBHBIMU IS IIeJIeH
CEJIbCKOXO3AMCTBEHHOr0 IIPOM3BOMICTBA SBJISIOTCI TOP(AHUKM, KOTOpPEIE O00JIAJA0T HeOOXOIMMBIM
IUTOOOPOLSHEM U ILIOIIAMb KOTOpEIX B PD mocruraer mopsiaxa 320 MutH ra. BoJsibime MOJI0BHHEL 13 HUX
HMEIOT CJIOM TOp(osIHOM OUBEI He MeHee 30 CM, UTO 0TBeUAeT TPeOOBAHMAM, IIPEIbABJIIEMBIM K II0UBAM,
PEKOMEHIyeMBIM /IS BBEIEHUS B CeJIbCKOXO3SIMCTBEHHEIN 000por. Cienyer orMeruTs, uro 0osmee 70%
nouB Heueprosemmuoit 3omsr Poccru IpemcTaBieH0 MAJIOILIONOPOIHBIMU  I€PHOBO-TIOI30IMCTBIMI
IIOYBAMM, W IIPOM3BEICHHAS HA HUX IIPOMYKIINA PACTEHMEBOICTBA 00JIaJaeT BBICOKOM Ce0eCTOMMOCTEIO
II0 IIPUYMHE HU3KOM YPOXKANHOCTH M He0OXOOMMOCTH BHECEHHUS BBICOKHUX 103 yaoopermit. OpraHmieckoe
BeIecTBo Topda COCTOMT W3 YIJIEPoja, BOJAOPOIA, KHCIOPO/Ia, CEPhl M a30Ta, II0aToMy Topd) o0Jiamaer
BBICOKHM TLJIOIOPOAHEM U IIPENICTABJISAET MHTEPEC MJId IIeJIel BHIPAITUBAHUSA CETbCKOXO3THCTBEHHBIX
kyaeTyp. TeMm He MeHee clieyeT OTMETHTh, YTO JAHHBIA THII IIOYB SBJISETCS II0:kapoonacHbM. Topd
nMeeT CJIOKHBIA XUMHUYECKHWM COCTaB, KOTOPBINA ONpeJiesisgeTcs YCJIOBUAMM TeHe3nca, XUMHUYEeCKUM
COCTABOM  PACTEHMI-TEIIIOO0PA30BATE I M CTEIICHBI0 PA3JIOMKEHHA. JJICMEHTAPHBIA  COCTAB
Topda Ha roprouyro maccy: yriepord — 50-60%; Bomopon — 5-6,56%; ruciopon — 30-40%; asor — 1-3%;
cepa — 0,5-2,5%. IlpucyrcrBre B Topdpe cephbl OaeT B pe3ysbraTe B3aMMOMEHCTBHS C KHCJIOPOIOM
ceprucTelil Ta3 (SO,), KOTOPEII pasmpaskaolle JAeHCTByeT Ha BepPXHUE [BIXaTeJIbHbIe IIyTH 4YesIOBeKa
n rmasa, u cepoBomopon (H,S) — odeHp TokcmuHOe TasoobpasHoe BermmectBo. Ilokasaresmamm,
OIIPEIeISIONIMME CIIOCOOHOCTE TOp(ha K BO3TOPAHMIO, SBJISIOTCS CTEIeHb Pa3JIOKeHMS, 30JIbHOCTD
¥ 00bEMHAS ILJIOTHOCTb.
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Abstract. This article presents the results of experimental studies of the ability of peat soil
to spontaneously ignite, depending on its degree of decomposition, ash content, chemical composition
and bulk density. The purpose of conducting laboratory experimental studies was to study the effect
of physicochemical properties of peat on the occurrence of the spontaneous combustion effect. Among
drained lands, the most promising for agricultural production are peatlands that have the necessary
fertility, the area of which in the Russian Federation reaches about 320 million hectares, more than half
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of which have a peat soil layer of at least 30 cm, which meets the requirements for soils recommended
for introduction into agricultural circulation. It should be noted that more than 70% of the soils
of the Non-Chernozem zone of Russia are represented by low-fertility sod-podzolic soils, and plant
products produced on them have a high cost due to low yields and the need for high doses of fertilizers.
Organic matter of peat consists of carbon, hydrogen, oxygen, sulfur and nitrogen, therefore peat has
high fertility and is of interest for the purposes of growing agricultural crops, however, it should be noted
that this type of soil is fire hazardous. Peat has a complex chemical composition, which is determined
by the conditions of genesis, the chemical composition of heat-generating plants and the degree
of decomposition. The elemental composition of peat: carbon 50-60%, hydrogen 5-6.5%, oxygen 30-40%,
nitrogen 1-3%, sulfur 0.5-2.5% of combustible mass. The presence of sulfur in peat produces sulfur
dioxide (SO,) as a result of interaction with oxygen, which irritates the upper respiratory tract of a person
and eyes, and hydrogen sulfide (H,S) — a very toxic gaseous substance. The indicators that determine
the ability of peat to ignite are the degree of decomposition, ash content and bulk density.

The research was carried out at the expense of a grant from the Russian Science Foundation
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Beenenue. B nermmit mepuon B Heuepro-
3eMHOl 30He Poccwu BhIamaer He3HAYUTEHHOE
KOJTTYECTBO OCATKOB. TeMreparypa Bo3ayxa JI0CTH-
raeT BBICOKUX 3HAUEHUI, YTO OIpe/IesIseT rIyOoKoe
TIOJIOKEHIE TPYHTOBBIX BOJI, PA3pPhIB KAIMJIISPHBIX
CBSI3EH C IIOBEPXHOCTHIO TOPha, YBEJIMUYEHUE €ro
MHPUIBTPAITMOHHON CITOCOOHOCTH, U KaK Pe3yJIb-
TaT — POCT YMCJIa BO3TOPAHUI HA TopdaHukax. Ta-
Kasl CATYalWsi CKJIQIBIBAETCS B IIEPBYIO OYEPelb
HA OCYIIEHHBIX 3eMJISX, MPeIHASHAYEHHBIX IS
CEJIbCKOXO3SMCTBEHHOIO  WCIIOJIBb30BAHMS, —II0CIIe
MIPOBEIEeHNs HA HUX PEKYJILTUBAIIMOHHBIX PaloT,
a TaKsKe Ha HeOCyITIeHHBIX 00JI0TaX BEPXOBOIO U T1e-
PEXOITHOTO THIIOB ¢ aTMOC(EPHBIM THIIOM BOIHOTO
rmranvsi. CUTYaIps OCJIOKHSIETCS U TEM, UTO B pe-
3yJIbTaTe IJI00AJIHHOIO IOTEILIEHIUS KJIUMATA IPOYIC-
XOJIUT TTOBHIIIIEHNE JTHEBHBIX 1 HOYHBIX TEMIIEPATYP
BO3/IyXa, YTO HETATUBHO CKA3BIBAETCS HA ITOMKAPHOM
obcramoBke [1].

Topd 00J1a1a€T CKIIOHHOCTHIO K CAMOBO3rOpa-
HUIO B 3aBHCHMOCTH OT YCJIOBHI €ro 00pa3oBAHMS
¥ cocTaBa TOpgooOPA3YIONINX IPHUPOIHBIX KOMIIO-
HeHTOB. OH XVMWYECKH 1 SHEPIeTIYECKH HEOIHO-
POIIEH, TI09TOMY €r0 II0KAaPOOIIACHOCTD TAKKE HEeO -
HoposHa. Kak mpaBmiio, OKMCTATEIbHBIE TIPOITECCH,
TIPOTEKAOIIME B TOP(SHOM TI0UBE, IIPOUCXOIAT C BBI-
JleJIeHNeM 3HAYUTEJIPHOTO KOJIMYECTBA TEILIOTHI,
KOTOpas HAKAILIMBAETCS U IIPU HEeOCTATOYHOM ee
TEILIO0TBOJIE IPUBOIUT K o(pheKTy caMopasorpesa,
YTO HHUIMHMPYET IIPOIIECC CAMOBOSTOPAHMS, KOTO-
PBII HA HAYAJIBLHOU CTAJIMU IIPOTEKAET B PEsKUMeE
TiIeHnsd [2].

Marepuasiel B METOIBI HCCJIENOBAHIIA.
Ot60p 1IPO0 OBLT ITPOM3BEEH HA TEPPUTOPHUH Me-
cropoxkaenysa Toppa Bacuibesckmit mox Teepckoit

3¢/

00J1aCcTH, HA 3€MJISIX CeJTHCKOX03STMCTBEHHOTO HA3HAa-
YEeHWsI, B IBYX TOUYKAX — COOTBETCTBEHHO C MAPKUPOB-
xoit T1 u T2. Ha pucynrax 1, 2 mokasaHbl MecTa, TJie
OpaJstrich IpOoOHI.

Brut onpeneies pusuio-XMMIYECKII COCTAB
I1po0 0 cTaHmapTHRIM MeTogukam [3-7]. Pesyibra-
THI AHAJTN3A TTPUBE/IeHBI B TA0JIHTIE.

JlabopaTopHEIiT 9KCIIEPUMEHT TerLIodU3Imde-
CKUX IIPOITECCOB CAMOBO3TOPAHMUS, ITPOMCXOIATITIX
B TOp(SAHOM IOUBe TION JEHCTBHEM TEeMIIEpaTyp
OKPY:KAIOIIEro BO3IyXa, IIPOBOIMIICS TI0 METOIIKE,
paspaboraunoit BHUUMIIO [8-11].

Konreitreps ¢ Topdom pasmertiamcs B J1a0o-
PATOPHOM CYIITHIILHOM KAy, BHYTPH UX YCTAHAB-
smBasmck Tepmonapsl JITKII-0,5-4, durcupyromme
3HAYEHMS TEMIIEPATyp YV MOBEPXHOCTH U B IIEHTPE
ToppstHOM 1ouUBEL OIBIT CUMTAJICS 3aBEPIIEHHBIM
IIPH TIOSIBJIGHIIM OUAara TJIEHMs, YTO (DHKCHPOBAJIOCH
rominrexcoM xommanvyi OBEH. Ipurimmmansuas
cxema TIpeJICTaBIeHa HA PUCYHKE 3.

B mportecce 1abopaTOpHBIX HCCIETOBAHIL
WCIOIH30BAJIOCH  00OPYHIOBaHME:  CYIMILHBIN
mradp CHOJI-3.5; tepmomaper JITKII-0.5-4; us-
MepuTesb-perucrpaTop  8-kanambHb  OBEH;
mporpavmuoe obecrieuerre OBEH; Becsr ACZET
CY-513, mpemen BspemmBammss — 510 1, Tod-
HocTh — 0,001 r; KOHTeliHep M3 JIATYHHOM CETKU
30 x 30 mm.

B mporiecce sxcrieprMeHTAIBHBIX MCCIIEI0BA-
HPI B CyIIIJIBHOM IIIKAy 3a1aBaIach TeMIIepaTy-
pa 58°C 1151 MOIeTMPOBAHTS IIPUPO/THBIX YCJIOBHUL.
Ompenenssach Takke TeMIIEPATypa AaKTABALHH
XUMIYECKOTO TIPOIlecca caMopas3orpeBa 00pasIioB
Topda B 3aBUCUMOCTH OT €T0 (PHU3MKO-XMMIUIECKOTO
cocrasa (TabJ.).

Ouaomannase O.H., EBrpados A.B., l'yzanos A.C. SkcnepnmeHTanbHble CCNEA0BAaHNS BOSHUKHOBEHNSI O4aroB
CaMoBO3ropaHus Ha TopdsHbIX NoyBax Teepckol obnactu


https://rscf.ru/project/24-16-00081 /

Land reclamation, water economy and agrophysics PRIRODOOBUSTROJSTVO 5’ 2024

WNudopmarus
Ty OOBeKT HeIBUKUMOCTH
Bun 3eMesIbHbIN YYaCTOK
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Poccuiickas ®eneparnms,
Anpec Tepcras 0b1acTs,

Mip-H Kamramsckmi
[Lnomane yrounenuas 1069749 xB. M

Craryc YureHHBII

3eMIIH ceIbCKOX03SIMCTBEHHOI0
KaTEI‘OpI/IH 3eMeJib

HA3HAYEHUST
Paapermmennoe Jl71s1 cembCKoX03AMCTBEHHOTO
HCIIOJIb30BAHUE IIPOM3BOJICTBA

Puc. 1. Mecro or6opa o6pasmnos Topda ¢ mapkuposkoit T1
Fig. 1. Peat sampling site marked
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HOMeEp

Poccuiickas Oenmepariust,
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YTOYHEHHA
Craryc Vurenuerit

3eMIIH ceJIbCKOX03SIMCTBEHHOI0
KaTel‘OpI/IH 3eMeJIb

HasHaA4YeHUd
PaspemeHHoe I[JIH CEJIbCKOXO03STHCTBEHHOTO
HCIIOJIb30OBAHUE IIPOM3BOOCTBA

Puc. 2. Mecro or6opa 06pa3ios Topda ¢ mapruposkoii T2
Fig. 2. Peat sampling site marked T2

Tabnuya. DU3UKO-XUMUYIECKHII COCTAB 00pa3os Topda
Table. Physical and chemical composition of peat samples

T'urpockomnu- Maccogas noss
Cepa noaBu:k- Maccosasa mosa . ... |Merox cremenu
Jyeckad sKeJie3a, MUIH-1 o, |00t (OpraHuIeCKmin)

BIIAKHOCTS. %| Ha MJTH-1 (Basomas hopma) 30JIBHOCTH, % yrvepon pasiio:keHussa
N Hygrosco, i’c Mobile sul- Mass fraction of iron Mass fraction Total (organic) carbon LDecomposition
° gumi digf fur, min-1 (weight form), min-1 of ash content, % degree method
TOCT 5180 | T'OCT 26490 M MBIL-80-2008 T'OCT 27784-88 |Metop cyxoro cxxuranus| I'OCT 10650
GOST 5180 | GOST 26490 GOST 27784-88|  Dry burning method GOST 10650

T1 13,88 19,5 3287,5 77,53 22,47 35,2

T2 20,14 6,6 2381,25 33,99 66,0 4,8
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Puc. 3. IlpunnunuaapHas cxema
IKCIIEPUMEHTAIBHON YCTAHOBKH

Fig. 3. Schematic diagram
of the experimental facility
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Puc. 4. Tunamura camopasorpera topga T1
mwroTHOCTEIO 1 r/em® no HacTymIeHus
adpdexra camososropanus, koureiinep K1
Fig. 4. Dynamics of self-heating of peat T1
with a density of 1 g/em® before the onset
of the effect of spontaneous combustion,
container K1
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Puc. 5. ilumamura camopasorpesa Topga T1
mwIoTHOCTHIO 1,15 r/em® Mo HacTymIeHuA
addexra camoBo3ropanus, koHteiinep K2
Fig. 5. Dynamics of self-heating of peat T1
with a density of 1.15 g/cm?® before the onset
of the effect of spontaneous combustion,

container K2
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Oopaartipl Topha ¢ MmapkrpoBKoi T'1 UCIBITHI-
BAJIMCh IIPH HCXOTHOM BJIaskHOCTH 36,05% m Tem-
meparype OKpy:kamIieil cpemsl 58°C, MapKHUpOB-
ka T2 — coorBercrBeHHO 36,53%, IMpK YKA3aHHOI
BHIIIIE TeMIIEparype. SHAYEHUS TeMIIePATyphI II0-
BEPXHOCTH ¥ TEILIO(PU3NIECKOr0 IIEHTpa 00pasIioB
duxcrpoBasmch ¢ yacroroi B 1 ¢. B mporiecce axc-
IepuMeHTa B cynmmibHoM mkady ¢ 8.00 mo 18.00
moyIepskmBasIach Temmeparypa 58°C, B BeuepHee
¥ HOYHOe BpeMs oHa cocTasisuia 20°C, uto coorBeT-
CTBYET IPUPOIHBIM ycsioBrsiM. CoryiacHO HAIITM FHIC-
CJIEIOBAHMSIM TEMIIEPATYPA IIOBEPXHOCTH TOP(SIHOM
ouBEI MOskeT nocrurath 80°C u BeIIIe.

ITnorHOCTE 00pasos misa T'1 cocrasmiia, coor-
BeTcTBeHHO, pl = 1 v/cM’ 1711 IepBOro KoHTeHHepa
K1 u p2 = 1,15 r/em® s Broporo KoHTe#Hepa K2.
PesymbpraTs! ipeicTaBIeHbI Ha PUCYHKAX 4, 5 c00T-
BETCTBEHHO.

N3 pesysibTaToB cpaBHEHMUS Pe3yIbTATOB CJIe-
IIy€T, UTO Y OOJIBIIEH IIJIOTHOCTH 9do(PeKT CaMOBO3-
TOPAHUS IIPOUCXOIUT Uepe3 OOJIBITIHI IIPOMESKYTOK
Bpemenu. Ha prcyrre 6 mpeacrasiesa dpororpadorst
TJIEIOITIET0 00pasiia Topda, 13 KOTOPOH MOKHO ClIe-
JIaTh BBIBOJT O TOM, YTO CAMOBO3TOPAHIE IIPOH3O0IILIIO
B IIEHTPe KOHTeHepa ¢ 00pas3iioM ToPgsIHOM IOUBEL

OkcreprMeHT OBLI  BBIIOJHEH — TaKiKe
¢ obpastamu Topdpa ¢ MapkmpoBroil T2. Dusu-
KO-XUMHYECKHI COCTAB IIPEJCTABJIEH B TAOJIHIE
npu 1wiotHoctrr pl = 0,9 v/em’ (xomTeitmep K1)
up2 = 1,2 v/cM’ (komreiirep K2). Jlanubrii obpasers
XapaKTepU3yeTCsd MAJION CTEIIeHBI0 PAa3JIOKEHIS
o cpasHenwio ¢ T1-6,6 u 35,2, MeHbBIIeI 30JIHHO-
creio — 33,99 u 77,53, COJIBIIIM COmePKaHIeM 00-
1rero yruepoma — 66,0 u 22,47 coorBercrBeHHO. Pe-
3yJIBTATHI ITPEJICTABJIEHBI PUCYHKAX 7, 8, 13 KOTOPBIX
CcJIeMyer, UTo TaK ke, Kak U ¢ obpasiiom T1, ¢ yBe-
JIMYEHUEM TIOTHOCTH Topda YBETMIMBAETC BPeMsI
IO €70 CAMOBO3TOPAHIISL.

Puc. 6. Tnenue odopasua ropda T1
Fig. 6. Smoldering of a T1 peat sample
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Puc. 7. ilunamura camopasorpesa Topga T2
mwIoTHOCTEIO 0,9 r/cM® 1o HacTyIIeHus
addexra camoBosropanus, koHreiinep K1

Fig. 7. Dynamics of self-heating of peat T2
with a density of 0.9 g/cm?® before the onset
of the effect of spontaneous combustion,
container K1
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Puc. 8. Jlumamuka camopasorpesa topga T2
moTHOCTHIO 1,2 r/eM’® Mo HaCTyIeHHS
adderra camoBosropanus, koHreiruep K2

Fig. 8. Dynamics of self-heating of peat T2
with a density of 1.2 g/cm’® before the onset
of the effect of spontaneous combustion,
container K2

3.C yMeHBINIEHMEM TIJIOTHOCTH TOPQSIHOM
TIOYBHI JIJTAHA BOJIHBI TOPEHMUSI CTAHOBUTCS KOPOYe,
TIOBBIIIIAETCS €€ HACBHIIEHHOCTh KHCJIOPOIOM, YUTO
COKpAIIaeT BpeMs JI0 ee CAMOBO3TOPAHSI.

4. CamoBoaropasme 00pasIioB Topda ¢ MapKu-
poBkoit T2 HACTYIIAIIO paHbIIIe, YeM CAMOBO3TOPAHIE
Topdpstroii mmoussl T1, Ha 4 U 5 CyTOK COOTBETCTBEH-
HO, B 3aBHCHMOCTH OT TJIOTHOCTH U TI0 IIPHYFHE TOTO,
YTO OHU WMMEJI MEHBIIYI0 CTEeIeHb PA3JIOKEHIS
7 OOJTBITIee COfIepsKaHIe YIyIeposa.

5. [ToxapHyio 6e30macHOCTh TOP(PSHBIX TI0YB
MOSKHO IIOBBICHUTEH IIOUBEHHBIMI 00OPAOOTKAME IJIS
YBEJIMYEHHS ee TIJIOTHOCTH.
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