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AxkmyanbHocmb uccnedosaHusi obycroeneHa HeobxoduMOCMbio yeenudeHuss 00U UCNOIb308aHUSI 80300HOBMAEMbIX LCMOYHUKO8
3Hepauu 8 MoNuUeHo-3Hepeemu4eckom banarce A CHUXeHUs 8pedHo20 8030elicmaus Ha OKpyXarouwlyro cpedy.

Llenb: oueHka 803moxHocmu nuponusa 0pesecHol 6uomacchl U mopgha 3a cyem MensiosbIOeNeHUsT OM Pa3fIoKeHUs: opaaHuyeckoll
yacmu ChIpbSi.

06bekmbI: 06pa3ysi mopgha ¢ 0syx MecmopoxdeHuli Tomckol obacmu, S8NSHOWUXCS hepcnekmugHbIMU Of1s1 paspabomku 8 3Hepee-
muyeckux yensx, — Cyxoeckoeo u Apkadbesckoeo, a makxe OpesecHble omxoldbi 08yx 8UO08 — wiena u onusIKu.

Memodbi: ¢husuyeckuli akcnepumeHm u dughghepeHyuanbHO-mepMuyeckull aHanu3. TennomexHUYecKue xapakmepucmuku OpesecHol
6uomaccni onpedenerbi ¢ nomowbto memoduk TOCT P 56881-2016, FOCT 33503-2015 u FOCT P 55660-2013; mennomexHuyeckue
xapakmepucmuku mopgha — ¢ nomowibto FOCT 11306-2013, FOCT 11305-2013 u FOCT P 55660-2013. Tennoma ceopaHusi Cbipbsi onpe-
OeneHa Ha b6ombogom kamopumempe ABK-1 (P3T, Poccusi), anemeHmHbili cocmas onpedeneH Ha aHanusamope Vario Micro Cube
(Elementar, l'epmanusi) ¢ ysemom codepxaHus Ouokcuda yenepoda kapboHamos, ycmaHaenugaemoeo 06bEMHbIM Memo0oM co2nacHo
OCT 13455-91.

Pesynbmambl. YcmaHosneHb! onmumarbHble nNapamempbl NUPOUMUYeckol hepepabomku pasnu4Hbix 8udos buomacchi — memnepa-
mypa nuponu3sa u efaxHocme UCX00H020 Cbipbs. OnmumanbHol memnepamypoll dna nuponusa 0pesecHbix omxodos, 008edeHHbIX 30
8030yWwHo-cyx020 cocmosiHusi, siensiemess 400 °C, npu komopol cymmapHbili mennosoll 3ghghekm MakcumarneH u cocmaensem
36,3 k[x/ke Ansa onunok u 78,8 k[x/ke dna wenkl, 0ns cyxoeckoeo mopgha npu 500 °C cymmapHbIi mennosol ghghekm pageH
149,7 k[]x/ke. MakcumarnbHble 3HayeHUs1 naxHocmu, obecnequgaroujue NoKpbImue mensogbix 3ampam 3a cyem mennombl 3K30mep-
MUYEeCKUX peakyul, npu daHHbIX memnepamypax nuponu3a cocmasunu 10 % dns dpesecHbix omxodos u 14 % dns cyxosckoeo mopea.
BenuyuHa cymmapH020 mennogoz2o aghghekma nuponusa apkadbesckozo mopgha Oaxe 8 CyXOM COCMOSIHUU umeem ompuyamesbHoe
3HaYeHue.

Knroyeenie crnosa:
Buomacca, mepmudeckasi nepepabomka, 3k30mepMuyecKue peakyuu, mensiosol aghghekm, Uensonosa, fueHuH.

BeeneHue CTBHS 3HEPTETHKU BCe OoJiee aKTyaIbHBIMU CTAHOBSITCS
TEXHOJIOTUU C HCNOIb30BAHUEM BO300HOBIAEMBIX MHC-

Hcnonp30BaHie TpagUIMOHHBIX MCTOYHUKOB, TAKHX
TouHMKOB dHeprun (BUD), cmocoOcTByommx mpenoT-

KaK KaMEHHBIH yronb, He()Th W MPUPOHBIN Ta3, I T10-

JIy4€HUSA OHEPTrUU OKa3bIBA€T HETATUBHOC BJIMAHUEC Ha
OKpyXatoryto cpeny. OCHOBHOW MpOOIEMOii SIBISIOTCS
BpEHbIE BBIOPOCHI, 00pa3yIOLIMECS MPH CKUTAHUH Chl-
Pbsi: COTTIACHO IKCTIEPTHOM oleHke [1], Ha ;oo sHepre-
THKH TIPUXOMUTCS OoJiee MOJOBHHBI OT BCEX I'€HEpUpye-
MBIX B MHPE OKCUJIOB a30Ta U cepbl. [locTeneHno npouc-
XOAUT yBENMYEHHE BBIOPOCOB YIJTIEKUCIOTO raza — HX
00bEM 3a mocnennue 40 et Beipoc B 2 pasa [2, 3]. B ue-
JOM B XOIE JACATENBHOCTH JHEPreTHUECKOTO CEKTopa
o0pazyercst mpuMepHO 2/3 MUPOBBIX BEIOPOCOB TTAPHHUKO-
BHIX T'a30B. Takue KOJIOCCANBHBIC 3HAUCHHUS CBSI3aHBI C
TEM, 4TO [0 Pa3HbIM OlleHKaM OT 78 10 86 % rnobanbHO-
IO DJHEPromoTpeOIeHNus O0ECTICUNBACTCS HCKOIACMbBIM
TOIUIMBOM [3—6]. B memsx CHIKEHHS BPEIHOTO BO3JCH-
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Bpamennto BeiopocoB CO u CO,, NOy, SOy B psane
CTpaH ¢ TEHJCHIMEH K COKPALICHHIO HCTIOIb30BaHHS HC-
KOTIAeMBIX TOIUIMB M aKTHBHO Pa3BHBAIOLIMX BO30OHOB-
asemyto sHepretuky (ABctpus, Janus, lBenus u ap.)
HaOJFOIaeTCS TOJOKHUTENBHBIA 3KONOrHUeCKUi 3 dekT,
OTpaKAIOUIMICS B CHWKEHUH BHIOPOCOB BPEJHBIX Be-
mmects [7].

OnHuM u3 Haubonee MEPCHEKTHBHBIX HCTOYHHKOB
I SHEPTeTHYECKOT0 HCIIONb30BaHuS ABJAETCS OHoMac-
ca. B ee cocrae comepXuTCs Manoe KOJIMIECTBO CEPHI 1
asora [8-10], uro obecreunBaeT HU3KUHA YPOBEHb BBI-
OpOCOB MX OKCHJIOB IIPU CXKUTAHHHU, KPOME TOTO CIEIyeT
OTMCTHTh 3aMKHYTBIA LMKJI YTIEKUCIOrO Ta3a MpPH HC-
TI0JIb30BaHKUH pecypcoB Onomaccel [9, 11]. 3To mpuBoauT
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K TOMY, 4TO B HAacCTOsIIIee BpeMs Onomacca ABJIAETCS deT-
BEPTHIM TI0 3HAYEHUIO TOIUTMBOM B Mupe [12], a B pa3Bu-
BAIOIIMXCS CTpaHaX HOJI €€ MCIONB30BAHMS COCTABIACT
35 % B o01eM TOITMBHO-3HEpreTHIeckoM Oanauce [13].
OmHako W3 BceX BUIOB OMOMACCH I MPOU3BOACTBA
TOIUTMBA UCIIONB3yeTCS B OCHOBHOM KaueCTBEHHas Jpe-
BECHHA, IPUMEHEHNE KOTOPOH Hambolee IenecoobpasHo
B CTPOHTENLCTBE, APXHUTCKType, MEOENbHOH IMPOMBINI-
JICHHOCTH H JIp. C Toukmn 3pCHUA ODHEPTECTUYCCKOro HC-
MOJIb30BaHUsT MOTYT OBITh PACCMOTPEHBI OTXOMBI ITHX
BHJIOB JICATENHHOCTH — IIETA, OIMIKH, CTPYXKKA U T. L., 4
TaKxKe HEUCIIONb3yeMbIe I IIPOU3BOACTBA YaCTH AepeBa
(BeTKH, KOpa ¥ JIp.) ¥ Tiepe3peras ApeBechHa, MpPeaCcTaB-
JArOIIAs Co00H MEPEerHUBAEMOE ChIPbE, HAKAILTBAEMOE B
Jlecax W Ha MecTax Mpou3BOJACTBA. bonee Toro, Oomnbioe
KOIIHYECTBO JPEBECHBIX OTXOIOB YXYIIIAET JKOJOTHYE-
CKYI0 OOCTaHOBKY ¥ YBENHYHBAET MOKaPOOMACHOCTH
JIECOB, B CBS3W C YeM TpeOyeTcs NpHHATHE MEp IO UX
yruanu3anuy. [IoMIMO JpeBecHHbl, 3HAYUTETBHYIO JIOJEO
MOTEHIMAJA PACTUTENBHOM OMOMAcchl JUIs dHepreTuye-
CKHX LENeH COCTaBISIOT OTXOMBI CENBCKOTO U JIGCHOTO
XO3SCTB, P 9TOM KX HakolwieHue B Poccuu yBennuu-
aoch ¢ 14,3 no 41,5 man T 32 nepuox ¢ 2005 mo 2017 rr.
[14].

B psane ctpan, B ToMm uncie B Poccuu, Topd cuntaercs
MEIJICHHO BO300HOBISIEMBIM HCTOYHHKOM JHEPIHH HPH
YCIOBUHM, YTO TMPHPOCT TIPEBBINIACT OOBEMBI JOOBIUM.
B cBs3u ¢ Tem, 4TO rogOBOIM MpUPOCT cios Topda co-
craBiser ~1 mm [15], a TopdsiHble MeCTOpOXIECHUS 3a-
HUMAlOT B MHpE IUIOMaJb, PaBHY 4 MIH kv’ [16],
HaKaIUIMBAIOTCS OoJblIme 3amachl, TpeOyroume dddek-
THBHOTO WCIONB30BaHuA. [Ipu 3ToM TOpQsHBIe OomoTa
SIBJIAKOTCA OAHHUM M3 OCHOBHBIX €CTCCTBCHHBLIX MCTOYHU-
K0B BeIOpoca B aTMoctepy merana [17, 18], oxa3siBato-
mero Oolnbliee BIMAHUE HA TIOOANbHOE TOTEMNIEHHE 110
cpasruennto ¢ CO, [19]. Onnako B HacTosiee BpeMs B
Mupe J0ObIBaeTCA JUIIb ~25 MJIH T Topda B TOM, YTO
cocrasinsieT Meree 1 % ot mupoBsix 3amacos [20]. B Poc-
cuiickoit denepannn, 3aHUMAIOIIEH EPBOE MECTO B MU-
pe 1o 3amacaMm u obnazatowment 175 mapa T Topda (mpu-
BEJICHHOTO K BIaxHOCTH 40 %), exeromHas jao0bya He
npeBhImaeT | MJIH T, a IO B dHEProbamaHce CTPaHEI
cocrasnster umib 0,1-0,2 % [6, 15, 16, 20]. IIpu 3Tom
YBCJIMYCHUC UCIIOTIBb30BAHUA Top(ba BBII'OJHO HE TOJIBKO C
TOYKH 3PEHHs JKOJOTHHU, HO U C TOYKH 3peHus dddek-
THBHOTO 3€MIIETIONE30BaHMA. PexyipTHBamus BbIpabo-
TAaHHBIX TOPQSHBIX MECTOPOXKACHHH TO3BOJISIET HCIIONb-
30BaTh 3eMJM JUIS CENbCKO- WM JIECOXO3SHCTBEHHBIX
HYXJ, KpOMe TOTO, B 3alaJHbIX CTpaHaX CYIIECTBYIOT
TEXHOJIOTHM TIOBTOPHOTO 3a00JaYMBaHHS C YCKOpEHHEM
pocta ToppoodpasoBanus [21].

[lprarHO# HU3KOHM BOBIECYEHHOCTH OHOMACCHI B TOII-
JMBHO-3HepreTHyeckuii Oananc Poccuiickoir Oeneparmu
ABJIAETCS PACCEHHOCTh SHEPTHUH, 3ATI0KEHHON B ee pe-
CYPCBL, ¥ CBSI3aHHASA C 3TUM CIIOKHOCTH TPAHCIIOPTHPOB-
KU B OONBIINX 00BEMAX JUIS HCIIONB30BAHHS HA KPYITHBIX
9HeproycraHoBkax [22]. Kpome Toro, Omomacca obnana-
€T PSJIOM HEJOCTATKOB, CPEM KOTOPBIX HHU3KAs HACHII-
Has TUIOTHOCTb, CKJIOHHOCTh K IIIAKOBaHHIO [23], BBICO-
Kasg BI&XKHOCTh (a I Topda M BBICOKAS 30JbHOCTD).
CpenHee 3HaUCHIE BIAKHOCTH U IPEBECHON OHOMACCHI

coctaiseT ~19 % [10], a Ansg 0TX0J0B MPEeUMyIIECTBEH-
HO BepXHeH yacTH JiepeBa Moxer jgocturath 40-50 %
[24]. BnaxnocTh Topda B €CTECTBEHHOM COCTOSHHH JIO-
cruraer 95 %, Opu 3TOM B €ro CyXOM OCTaTKe MOXKET
conepsxatbes 10 50 % munepaibHOI Yactu [25, 26]. Oto
TPUBOAUT K NPoOIeMaM MPU CKUTaHUH TPAJUIHOHHBIMU
metonamu [27, 28]. Tlomumo 3toro, Topd HomkeH 10056
BATHCA € yueToM OMochepHBIX QYHKIHI O0IIOT, a TakKe
SKOJIOTHIECKUX TIOCIEACTBHI OT pa3paboToK Ha OKpy-
Karouyto cpeny [21]. PesynpraTtoM BhILIENEpeUHCIECHHO-
ro SBJETCS JKOHOMHYECKas Hed(P(PEKTUBHOCTH H BO
MHOTHX CIy4asX HEBO3MOXXHOCTb BBIPAOOTKH SHEPIUH,
TIOJTy4YeHHOM M3 PACTUTEIBHOH OHOMAcchl U TOp(Qa, KOH-
KYpHpPOBAaTh C BBIPAOOTKON M3 TPaJUIMOHHBIX UCTOYHH-
KOB.

B Poccuiickoit ®eneparuy npodiieMa MCIoIb30BaHUS
MECTHBIX PECypcoB OMOMAcChl HMEET OCOOYH0 aKTyajb-
HOCTB, TaK KaK TPeThb OT IPOH3BOAMMOTrO TeIUIa MPUXO-
JUTCS Ha JIOMIO JICHICHTPAIN30BAHHOTO TEIIOCHAOKCHHU
[29]. B Takux paifoHax (QYHKIMOHHPYIOT Majble KOTENb-
HBIE, Pa0OTAIOIINE B OCHOBHOM HA TIPHBO3HOM TOILTHBE.
JloporoBu3na ra3u)MKaldi WA TOCTABKH YIS BICYET
3a c000i MOBBINIEHHE TAPH(OB, KOMICHCALHS KOTOPOTO
TPOUCXOMUT U3 OroKeTa aiMUHHUCTpaluK paiiona [30,
31]. IoBeimenue 3GEKTUBHOCTU FHEPTETUUECKOTO HUC-
TONB30BaHKA OMOMACCHl JUIS TMONYYCHUsS OSHEPTHH Ha
MECTHOM M PETHOHAIEHOM YPOBHSIX MO3BOJIUT YIyUIIHTH
9KOJNIOTHYECKYI0 00CTAHOBKY B PETMOHAX, CHU3HUTh 3aBHU-
CHMOCTb OT KpPYIHBIX 3HEpPreTUYECKHX KOMIAHWH U 1MOo-
CTaBOK TOIUTHBA, YMEHBIINB TEM CaMbIM 3aTpaThl Ha MPO-
u3BOAICTBO AHepruu. Hampumep, B Poccun HacuuThiBaeT-
ca 19 cyOnekroB, obnanarouyx 3amacamu topda Ooree
1mmpn 1 [20]. HakorieHue OTXOIOB APEeBECHHBI MO
OILICHKAM HCCIICIOBATENEH COCTaBIACT 35,5 MIIH M exe-
TOJIHO, MPH 3TOM OOJIbIIAs MX YACTh CKUTAETCS B OTBA-
Jax 100 BBIBO3UTCS HA CBAIKU JUIS MeperHuBanus [32].
Ha ceromusmuunii 1eHp B HECKOJIBKUX oOnacTsax Poccuii-
ckoit denepanuu BBEJICHB B IKCILTYaTAIMIO KOTEIbHBIC
Ha Pa3IMuHBIX BUAax Topda ((pe3epHsIH, TOIIMBHEIE
rpanynsl) [20], Takke B MHpPE aKTUBHO Pa3BUBAIOTCA
TEXHOJIOTHU M3TOTOBICHHS TOIUTUBHBIX OPHKETOB U3 pas3-
JIMYHBIX JPEBECHBIX 0TXO0m0B [22, 33]. Jlns Opuxetupo-
BAHUS MOTYT HCIOJB30BaThCS OTXOABI JIPEBECHHBI, JIO-
KalbHO HAaKalUIBaeMble Ha JepeBooOpadaThIBAIOLINX
OpeanpuATHAX (OMUIKY, IIema, Kopa), a Takke codupae-
MBI KOMMYHAIBHEIME cITyx0amu (mcTes). [lpu stom
HauOoJee MPOYHbIC OPUKETHI MOTYYAIOT U3 OMMJIOK UITH C
UX H00aBIeHWEM, TaK Kak OHH O0NamaloT JOCTaTOYHO
BBICOKOM HACBIITHOM TMJIOTHOCTBIO, @ TAKXKE COZEpKaT B
CBOEM COCTaBE JIMTHUH, BBICTYNAIOLIUKA B POIH CBS3YIO-
Imiero BemecTsa [22].

OnHuM 13 Hambosee TIEPCEKTUBHBIX BapUAHTOB MO-
BBIIICHHS JHEPreTHIeckod 3(QeKTMBHOCTH OHOMACCHI
ABISETCS TUPOJUTHYECKAs TepepadoTka, B pe3yibTare
KOTOpOl MOXHO MOMYy4YUTh LEHHbIE IS SHEPreTHKH
TBEpABIE, XUAKHE W Ta3o00pa3Hbie mpoaykTel [34, 35].
Ha nanHBII MOMEHT BeoyTCS HCCICAOBAHHS MHUPOIH3A
Pa3NUYHBIX PECypcoB OMOMAcChl, B TOM YHCIE B BHJE
cMeceit [36-38]. Hampumep, coBMECTHBINH MUPOIHU3 TOpP-
(Ga U OmWIOK CHOCOOCTBYET YMEHBLICHHIO 30JBHOCTU
YIJIEPOMUCTOTO OCTaTKa ITI0 CPAaBHEHHIO C HCXOHBIM
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TophoM, a TakKe MPeJOTBPALICHHIO 3aBUCAHUS B PEak-
IIMOHHOH 30HE MHpoNH3epa Oonee JIErKoi (hpaKiuy OI-
7oK [39].

[poTtexanne muponu3a 3aBHCHUT OT BHIOOpA TapamerT-
poB mpoliecca. B xone memneHHoro muponusa (CKOpocTh
HarpeBa oT 6 no 60 K/mun [40]) mpeumyIiecTBEHHbIM
BBIXOIOM 00NMafaeT TBEPABIA MPOAYKT (YIJIEPOMUCTHIM
OCTATOK WJIX TIONYKOKC), KOTOPBI HAXOAHUT MPHMEHEHHE
BO MHOTHX 00IacTIX HPOMBIIUIEHHOCTH. OCHOBHBIMU
NOTPeOUTENSIMH  SIBISIIOTCA  XMMHUYECKas IMPOMBIILICH-
HOCTh, BBIPa0ATHIBAIONIAS AKTHBHPOBAHHEIH YIOdb U
COpOCHTHI 10 YIABIMBAHMIO DPA3NMYHBIX BPECIAHBIX BEHI-
OpocoB [41, 42], a Taxxke 3HepreTHyeckas oTpacib — 60-
aee 50 % ApeBecHOTO YIJIs HCIOJB3YEeTCs B KauecTBE
ToruBa [12], Hanpumep, B BUJE UCXOAHOTO BEIIECTBA
17151 (popMoBanus OpukeToB [43].

[Ipu BrIcOKHX ckopocTsx Harpesa (1o 1000 K/c) mpe-
00nagaeT BHIXOJ KUIKUX TPOIYKTOB (10 80 % OT Macchl
cyxoro cbipbsi) [44]. HecMoTpst Ha OOJBIIOE KONMYIECTBO
XUMHYECKU IEHHBIX KOMIIOHEHTOB B MHUPONH3HOM KHJ-
KOCTH, BBIICICHHE KaXAOTO M3 HUX TPYIO3aTPATHO U
9KOHOMHYECKH HeIP(PEKTHBHO. B CBA3M ¢ 3TUM camblit
pactpocTpaHEeHHbI BAPHAHT HMCTONB30BAHUS TTHPOIIH3-
HOM JKUIKOCTH — 3aMeHa KOTENbHOMY TOIUIUBY. IIpu
9TOM Ha CETOJHSIIHHUI AeHb 0KoJo 75 % OuoTomMBa B
MHpe TONy4aroT u3 apeBecuHsl [22]. IlepcneKTUBHBIM
HAIPaBICHUEM SBISCTCS MPOU3BOJICTBO IPOAYKTOB LA
OYHCTKH JIBIMOBBIX T'a30B OT BPEAHBIX BBIOpocoB. Kom-
nanueil Dynamotive pazpaboTan opraHM4ecKuil Kalbliy-
€BBII MPOAYKT MOJ| Ha3BaHHEM BioLime™ s yJIaBIu-
BaHUS U3 Ia30X0J0B KOTJIa OKCHIOB a30Ta U CEPbl, KOTO-
Pl TIpeacTaBIsieT o0l PacTBOP KHIKUX TMPOAYKTOB
IUpoJn3a OMOMACCHI C M3BECTBIO M 00NamaeT OoJblieH
9(pEeKTHBHOCTHIO 10 CPABHEHHUIO € U3BECTHIO [45].

[Tuponu3Hblil Ta3 ABASETCS CPeIHEKATOPUHHBIM, TaK
KaK COCTOMT B OCHOBHOM U3 HErOpOYero KOMIIOHEHTa
CO,, B cBA3M C 4eM NPUMEHSETCS IS TOIICPIKAHMUS
Tpolecca MUPONH3a WM MONYYEHHs TeIla B 3TOM JKe
npousBozicTBe [12]. OnTUManbHOM TemmepaTypol mupo-
Ju3a AN MOJNyYeHHs Taza ¢ Hanbombluel TeroTol cro-
pauust ssiercst 500 °C, Tak kKak KOHIEHTpAIUs B HEM
BOJIOPO/Ia M YTIEKHCIIOTO Ta3a HEBEJHKa TI0 CPABHEHHIO C
KOHIIEHTpalmel Metana [46].

[Mpenmnockutkoit kK 000CHOBAaHMIO MPUMEHEHHS MHPO-
JU3a B SHEPreTHKE SBIAETCS BOSMOKHOCTH MPOBEACHHUS
mporecca 3a CueT COOCTBEHHBIX TEMIOBBIX 3({eKToB
paznoxenus. YacTp uccnenoBaTeniell 0TMeYaeT MpoTeKa-
HHUE 9K30TEPMUYCCKUX PEAKINH B OTICIBHBIX BHIAX Op-
TaHMYECKOTO CHIPhS MOcie HarpeBa Oe3 I0CTyma BO3ayXa
10 200 °C [46, 47]. B cBsi3u ¢ 3TUM IENbI0 HACTOSIIEH
paboTHl ABIAETCS ONEHKA BO3MOXKHOCTH MHPONH3a Ipe-
BECHOM OMOMAacchl M TOp(a 3a CYET TEIUIOBBIICICHUS OT
PAa3NOKEHNS OPraHUYECKON YaCTH CBHIPbSL.

MeToauka uccnepoBanus

Obvexm uccredosanus. B pabote paccMoTpeHsl 00-
pasisl Topha ¢ IByX MecTOpoXIeHHH ToMcKol obnacTy,
SBISTIONIAXCS TIEPCTIEKTUBHBIMA IS pa3pabOTK B SHEP-
rernyeckux mensx [48] — Cyxosckoro (~55,5 MiH T) u
ApkanbeBckoro (~ 3 MIH T), a TaKKe JIPEBECHBIE OTXOIbI
JBYX BUJIOB — IEMa M3 Pa3IMYHBIX JPEBECHBIX MOPOJ

(cocHa, Gepesa, OCHHA U 1Ip.) 1 COCHOBBIE OIIJIKH, XapakK-
TepHble i Cubupy B 1e7T0OM. XapaKTEPHUCTHKU CHIPBS
FCCIICIOBAHBI TI0CTE TOCTIKEHHS BO3YIIHO-CYXOTO CO-
CTOSIHHS B JTA0OPATOPHBIX YCIOBUSX. 30JbHOCTh U BIaX-
HOCTb JPEBECHBIX OTXOAO0B ompenesensl cornacio OCT
P 56881-2016 u I'OCT 33503-2015, 3015HOCTh U BIAXK-
Hocth TOopda — cormacHo [OCT 11306-2013 u T'OCT
11305-2013. BpIxox JeTy4ux BEIIECTB OINpeeNieH Co-
rnacHo ['OCT P 55660-2013, tenora cropanus — ¢ 1o-
moipio 6omboBoro kanopumerpa ABK-1 (POT, Poccus).
DJIeMEHTHEI COCTaB OMpeleleH Ha aHamm3aTope Vario
Micro Cube (Elementar, ['epmanis) ¢ yuaeToM copepxa-
HUS THOKCHJIA YTIIepoa KapOOHATOB, YCTAHABIMBAEMOTO
00BéMHBIM MeTo0M cormacHo 'OCT 13455-91.

Huppepenyuansno-mepmuyeckuti u zpasumempute-
ckuti ananus. TepMorpaBuMeTpuuecKuil 1 Tu(pepeHIn-
QTBHO-TEPMIIECKAN AHANH3BI PACCMATPHBACMBIX BHIOB
CBIPbSl BBITIONHEHBl HAa MHKpoTepMmoaHamm3atope STA
449C (Netzsch, ['epmanus) B HHEPTHOH cpene (Tenmid) ¢
TeNbI0 UMUTALUK YCIIOBHI MUPONMTUYECKOH nepepadoT-
KH, a TakKe MCKIIOYCHNUS BIUSHHUSA OKUCIHTEIBHEIX pe-
aKIM HA pe3yNbTaThl MccaenoBaHus. g aHamisa wuc-
TI0JTb30BaHbl MPOOBI, MPEABAPUTENHHO JOBEICHHBIE 110
BO3JYIIHO-CYXOro cocTosHus. CKOpOCTh HarpeBa CocTa-
Buna 10 °C B MUHYTY, UTO COOTBETCTBYET CpeaHeH cko-
poctu Harpesa coriaacHo ['OCT 3168-93, ucnonbzyemoro
IV OTIPEIETCHHS BEIXOIA MPOIYKTOB ITOMYKOKCOBAHHS
TPY MEJJICHHOM THUIE THPOIH3a. MeUIeHHBIH THIT THPO-
JM3a BBIOpaH B CBA3H C TEM, 4TO B €r0 pe3ynbTaTe o0pa-
3yeTcs MpPEeUMYLIECTBEHHO YIIIEPOAMCTBIH OCTAaTOK, a
o0pa3oBaHue MOJTYKOKCA COMPOBOXKIACTCS PEAKUUAMH C
BoizesieHreM TemnoThl [49, 50]. TemmepatypHblid quamna-
30H 3kcnepuMmenTa coctasmi oT 20 go 600 °C. Koneunas
TeMIepaTypa BbIOpaHa B CBSI3M C TEM, 4TO JI0 3TOTO 3Ha-
YeHHS B ChIPbE 3aBEPIIAIOTCS BCE IK30TEPMUUECKHE pe-
akuuu [46].

Oyenra mennogvix 3ampam npoyecca nupoiusa. Be-
JIMYKHA TETUIOBBIX 3aTpat, HEOOXOMUMBIX JUISl OCYIIECTB-
JIeHUsl TIUPOJIN3a, PACCUMTHIBANACH 1O METOAMKE, Mpe-
cTaBlieHHOH B [51], cornacHo KOTOpO# TeruioTa, moaBe-
JICHHAs K CBIPBIO, pacxoayercs Ha cymky (Qi), Harpes 1o
TemmepaTypsl (13) Hayana aKTHBHOTO PAa3IOKEHHUS CHIPHS
(Q,), obpazoBanue yriepomuctoro ocrarka (Qs) u more-
PU C JIETyYUMH MPOTYKTaMHU TUPOJIU3a — Ta30M, lapamu
MUPOTCHETHIEeCKO BoIbl M cMoibl (Q4). 3a kpurepmit
ABTOTEPMUYHOCTH TPHHSITO YCIOBHUE, TIPH KOTOPOM Tel-
JIOTHI 9K30TEPMUUYECKHX PEAKIINH, TIPOTEKAKOIIHX B CHIPHE
BO BpeMs HarpeBa, JOCTATOYHO ISl KOMIICHCAIIMH BBI-
IIeTIepEeYHCIeHHBIX 3aTpaT. TeMmepaTypHble HHTEPBAJIbI

v H K
sk3oTepmudeckux peaxumit (1, —1)

) ompeeeHbI
U3 TMKOB Ha KpuBoi JITA; BenmuuuHa TemnoBbIX 3 Qek-
TOB Ha CyXyI0 Maccy chipbs (Qrs) — myTeMm comocrasiie-
HUS TUIONIA/IN SHIOTEPMUUYECKOTO M IK30TEPMUUYECKOTO
nukoB Ha KpuBbIX JITA. Bennunna cymmapHOro Termsio-
Boro 3¢dexra (Y Q) oTpaxaer pasHUIY MEKITY TEILIOBbI-
IENEHAEM OT MPOTEKAHWS SK30TEPMUUYCCKUX PEaKIIHit
(Q1») 1 TemmoBsiME 3aTpaTtamu (Qy4). 3HAYCHHS YIETb-
Hoit TernoemkocTH (Cpp) ONpeseNeHbl Ha aHAIM3aTOPE
TemmeparypornposogHoctd DLF-1200 (TA Instruments,
CILA), mogpobHas meToauka npeactasnexa B [51]. Ten-
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JOEMKOCTh  YTIEPOJUCTOTO OCTaTKA TPHHATA PABHOM
0,707 xx/(xr-K) mns topda [52] u 1,7 xJIx/(xkr-K) s
JIPEBECHBIX 0TX0/10B [53].

0O6cyxaeHne pe3ynbLTaToB

B Ttabn. 1 mpexcTaBneHs! pe3yibTaThl OMPEICICHUS
TEIUIOTEXHHUECKUX XapPaKTEPUCTHK UCCIETYEMOTO CBIPBSL.
Crnenyer OTMETUTb, 4TO JAPEBECHBIE OTXObl 00IaJar0T
BBICOKOI 7151 OHOMAcChI TEIUIOTOH CropaHus, Top( u3-3a
BBICOKOH 30JIbHOCTH XapaKTEpPU3yeTCs] HU3KUM €€ 3Hade-
HueM. BbICOKMi BBIXOJ JIETY4HX Y BCEX BUJIOB paccMart-
PHUBAEMOTO CBIPbSI TOBOPHT 0O c1aboil TepMuueckoit cToii-
KOCTU OpTaHUYECKON YacTU ChIPbs M HU3KOH Temmepary-
pe BOCILIAMEHEHHUS], YTO MOJATBEPAKAACTCS TUTEPATypHbI-
MH JIaHHBIMU. HanMeHee cTolikue K HarpeBy KOMIIOHEH-
THI JPEBECHHEI, TAKHE KaK LEJUTI0N03a M KCHIAH, HA4H-
HAIOT pasnarathes yxe mpu Temmeparype 150 °C [12].
TemnepaTypa Hauana BbIXOJA JETYYUX U3 Topda cocTas-
mser ~100 °C [54], a BBICYIIEHHBIH TOPd MOKET camo-
BO3rOpaTbCs NaXe MPH OTPHULATENBHBIX TeMIEpaTypax
(Brioth 10 —15 °C) [25].

Tabnuua 1. Tennomexuuyeckue Xapakmepucmuxu 6uOMaccol

BBIYMCISIIACH MTYTEM BBIYMTAHHS U3 OOIIEH Macchl ChIpbs
3HAYEHUs BJIAXHOCTH, BBIXOJ JIETYYHMX BEIIECTB B 3TOT
MOMEHT TIpHHUMAICS PaBHBIM Hymio. g BBIOpaHHBIX
TEMIepaTyp OKOHYAaHWS TMUPOJHM3a BEITMYMHA MAcChl yT-
JEPOAUCTOr0 OCTaTka ompenensiach 1o kpueod TI
(puc. 1), a BBIXOJ N€Ty4HX MPOLYKTOB COCTABJISI pa3HU-
Iy MEXIy 3HAUYEHUSIMH MAacChl YIIEpPOAMCTOrO OCTaTKa
py Temreparypax ty u t,.

Tabnuua 2. Hcxoounvie OanHnvie 01 pacuema menyio8bix

3ampam
Table 2. Initial data for calculation of thermal
consumptions
Xapakrepuctuka/Characteristic
Tonmuzo td, Wa, 1y, Cpb’ t:ao - t:mo QTD/QTE'
Fuel ¢ | 9% | e kJDK/Kr| ¢ on| KK/Kr
’ kg | toxo —texor €| kilkg
Omicn 110 | 8 |230| 2,377 |  240-550 1062
Sawdust
Illema/Chips| 110 [ 6 [230] 2,292 240-570 1103
ApxkajipeB-
ckuii TopQ .
Arkadievsky 105| 6 |180| 1,486 200-570 393
peat
Cyx0oBCcKOH
Topd .
Sukhovskoy 105 | 7 |180| 1,624 200-530 862
peat

Table 1.  Thermotechnical characteristics of biomass
Cyxo0BcKoii [ApkaabeBcKuij
XapaKkTepHCcTHKa Topd Topd Onuku| [emnal
Characteristic Sukhovskoy| Arkadievsky | Sawdust Chips
peat peat
Bnaxnocts/Moisture,
we, % 9,9 9,9 70 | 78
30JIbHOCTD Ha CyXYIO0 Maccy
Ash on dry basis, 4%, % 228 254 16 ] 19
BBIXO}I JIETY4YHUX BEUICCTB
Yield of volatile substances, 74,8 70,7 83,4 | 81,5
vaar %
Husiras rermiora
cropati, MJx/kr 118 114 181 | 171
Lower calorific value, Q] , ' ' ' '
MJ/kg
DJIEMEHTHBII COCTaB
Ha CyXy0 0€330JIbHYI0 Maccy
Elemental composition per
combustible mass, %
co 52,06 53,11 52,50 |50,32
H o 6,31 5,90 6,58 | 6,05
N df 3,58 3,60 0,22 | 0,24
g daf 0,20 0,14 0,00 | 0,00
Q% 37,85 37,25 40,70 (43,39
CopeprkaHue IHOoKCcHIa
raepojia KapOoHATOB
}C,:arbgn dioxige content in the 9,82 9,11 - -
carbonates, (co,). %

PesymbTathl muddepeHIMaTbHO-TEPMUIECKOTO aHAIH3a
npezcTaieHbl Ha puc. 1. CornacHo MoyyeHHbIM KPHBBIM
ONPEACTICHBI 3HAYCHUSA BEJTMYMH, H606X0}II/IMBIX U1 pacye-
Ta TeMOBBIX 3aTpat (Tabm. 2). TemmepaTypa NONHOTO HCTa-
peHust Biary (i) COOTBETCTBYET OKOHYAHHIO 3HAOTEpPMUUE-
ckoro mika Ha kpuBoit JITA, 3nauenme BnaxsoctH (W?)
TPHUHATO PaBHBIM YOBUIM MAcChl TP 3TOW TEMIIEpaType.
Temmneparypa Hauasa pasnoxeHus chIpbs (11) COOTBETCTBYET
HayaJTy yBETMYCHUS CKOPOCTH YOBLIH MacChL.

Pacué€r TemnoBbIX 3aTpaT MpoBENEH I HECKOIbKHUX
TeMIeparyp u3 uHTepBana ty — t,. Bennunna maccel no-
JYYEHHOTO YTIIECPOAICTOTO OCTaTKa MPU TeMIeparype f

10

PesyibraTel pacueToB TEMNOBBIX 3aTpaT MPECTaBIe-
HBI B Ta0m. 3, 4. Cnemyer OTMETUTh, YTO 3HAUCHHE TET-
JIOTHI, HEOOXOMMOE [T HarpeBa JI0 TeMIepaTypsl Haua-
Ja aKTHBHOTO pa3noxeHns colpbs (Q2) Amsd JpeBecHBIX
OTXO0JIOB BJIBOE OOJIbIIe, YeM s Topda. ITo CBA3AHO C
OonbLIeH TEMIOEMKOCTBIO IPEBECUHBI, YTO 00YCIOBIECHO
XUMIYECKHM COCTaBOM CHIPhS — JIPEBECHHA COACPXKHT B
CBOEM COCTaBe OOJbIIee KONMUECTBO OPTAHMIECKUX BE-
mectB (Tabn. 1), xotopele obnagaroT Oonee BBHICOKUM
3HAQYEHWEM YJIENbHON TEMIOEMKOCTH MO CPAaBHEHHIO C
MUHEpATbHBIME [55, 56], conep)kaHue KOTOPBIX BHILIE B
tope. Kpome Toro, BiusHie Ha BenmmurnHy Q, OKas3pIBaeT
pasnuure B KOMIIOHEHTHBIX cocTaBax Topda W apeBec-
HBIX OTXOJI0B. JIpeBecHHa MPUMEPHO HAa TPETh COCTOUT
U3 JIMTHUHA [57] 10 CpaBHEHHIO ¢ TOP(OM, COEpIKAILIIM
menee 10 % [58]. DTo moaTBepxkHaeTcs pe3ylbTaTaMu
MaTepUaNbHOrO OallaHCa Pa3IMYHBIX BUIOB OMOMACCHI
[59], M3 KOTOpBIX BUIHO, YTO MAKCUMAJbHBIA BBHIXOJ
CMOJIBI, SABJIAIOIIEHCS TPOAYKTOM TEPMHUUYECKOTO Pasiio-
KeHus TUrHuHA [39], CBOMCTBEHEH JPEBECHBIM OTXOJaM.
Tak xax JTUrHUH SBISETCS Haubolee TEPMUUYECKH CTOM-
KHM KOMITOHEHTOM, YKPEIULTIONINM CTEHKH KIETOK pac-
tennit [39, 60], To AnA Hayaya aKTHBHOTO Pa3JIOKEHHUS
JIPEBECHOTO CHIpbs TpedyeTcst HarpeB 10 Oomblieil TeM-
nepatypsl. B cBsi3u ¢ 3TuM 1y mipu mepepaboTke ApeBec-
HBIX 0TX0710B Ha 50 °C BBIIIE, YeM aHATOTHYHAS BEITHIH-
Ha TIpu TiepepaboTke Topda (puc. 1, Tabdn. 2). llena u
OTMIIKA HAYMHAIOT aKTHBHO pa3narathcs MOclie Harpesa
10 230 °C (puc. 1 6, 2) u 10 400 °C TepsAOT OCHOBHYIO
YacTh MAcChl. JTO MOXET OBITh CBS3aHO C TEM, 4TO B
JTAQHHOM TEMIICPaTypHOM IHMAna30He COBMECTHO pasia-
raloTcs BCC OCHOBHBIE KOMIIOHCHTHI IPEBECHHBI — IIE-
J0NI03a, TEMUIIEIUTION03a U TUTHUH [61]. Beixoa neryunx
u3 Topha HAYMHAETCS MPAKTHYECKH Cpa3y Mocie yjaame-
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HUSI BJIATH, TIOCIIE 4ero MPOUCXOIUT PaBHOMEPHAS TOTeps
Macchl JI0 OKOHYaHus Harpesa (puc. 1, a, 6). Bemmunna
TEIIOTHl Ha 00pasoBaHMe yriepomucToro ocratka (Qs)
Ipu TiepepaboTKe JPEBECHHBI TaKKe HMeeT Oolbliee
3HaueHUE MO CPABHEHHIO C TOP(OM, TaK KaK BBILIE Tell-

JI0EMKOCTh YIIEPOAUCTOro ocTatka. [lotepu ¢ netyunmu
npoayktamu (Q,) 1o Temmeparypsl 300 °C Gombire mpu
IUPONH3e TOp(a, IPH HATPEBE BBILIE ITOH TEMIIEPATYPHI
Oonble BBIXOJA JETYyYHX M, COOTBETCTBEHHO, TEILIOTA,
YXOAALIAs ¢ HUMH, JJISl IIETbl U OMUIIOK.

a) a) a) b)
TG, % DTA, uV/mg
100 0.5 4
90 - 0.4 -
80 0.3
70 A 02
60 - 0.1 4
50 0.0
40 4 -0.1 -
30 -0.2
20 T ) -0.3 T T |

0 100 200 300 400 500

- omiena  ——ONHITKA

600
Temperature, °C
CYXOBCKOH TOp(

T
0 100 200 300 400 500 600

Temperature, °C
—apkajibeBcKnit Topd

Puc. 1. Pesynomamol mepmozpagumempuyeckozo (a) u oupgpepenyuanipvro-mepmuieckoo (6) aHanusa ucciedyemozo colpbs
Fig. 1. Results of thermogravimetric (a) and differential thermal (b) analysis of raw material

Tabnuuya 3. Tennogvle 3ampamvl Ha OCywWecmeieHue nUpo-
JU3a OPeBeCHbIX 0Mx0008 (ONULOK/wenvt)

Table3.  Thermal consumptions for pyrolysis of wood
waste (sawdust/chips)
Tewmeparypa TenoBble 3aTpaThl HA OCYIIECTBICHUE TUPOJIN3A,
OKOHYaHUs KH)K/KI‘
Tgﬁ:g:r)gflj{rzﬂof Thermal consumptions for pyrolysis, kd/kg
decomposition
onding b o0 i) Q0 Qs Q
300 210,8/158,1| 459,3/452,5| 93,3/99,0 5,2/13,9
350 210,8/158,1| 459,3/452,5| 137,0/138,1| 33,0/39,6
380 210,8/158,1| 459,3/452,5| 143,1/160,6| 71,7/63,1
400 210,8/158,1( 459,3/452,5| 159,5/178,6| 85,1/76,1
420 210,8/158,1| 459,3/452,5| 176,1/197,4| 98,7/88,5
450 210,8/158,1| 459,3/452,5| 200,4/225,0{ 120,1/108,2
500 210,8/158,1| 459,3/452,5| 241,8/269,7| 156,4/143,9
550/570 210,8/158,1| 459,3/452,5| 282,8/334,1| 194,6/194,3

Tabnuya 4. Tennosvie sampamsl HA ocywecmsnenue nupo-
ausa mopga (cyxo8ckoz2o/apkadbeckozo)
Thermal consumptions for pyrolysis of peat
(sukhovskoy/arkadievsky)

Table 4.

Temmneparypa
OKOHYaHU pas-
JIOKCHUA
Temperature of

TenoBble 3aTpaThl HA OCYIECTBICHHE THPOIIH3a,
kJK/Kr
Thermal consumptions for pyrolysis, k/kg

decomposition
ending, tp, °oC Q1 Qz Q3 Q4
300 183,0/156,8| 241,7/223,6| 67,3/69,4 | 14,2/12,9
350 183,0/156,8| 241,7/223,6| 90,0/94,1 | 33,6/29,2
400 183,0/156,8| 241,7/223,6| 112,1/117,7| 55,7/49,1
450 183,0/156,8| 241,7/223,6/ 133,6/140,9| 80,8/71,4
480 183,0/156,8| 241,7/223,6| 146,0/154,5| 97,9/85,9
500 183,0/156,8| 241,7/223,6| 154,6/163,8| 108,4/95,6
530/570 183,0/156,8| 241,7/223,6| 168,0/196,3| 123,7/130,0

OcHoBBIBasICh Ha pe3ynbTaTax pacyera (Tabm. 3, 4) u
JTA-ananusa (puc. 1) IOCTpOeHBI TeMIiepaTypHBIE 3aBU-
CHMOCTH CYMMAapHBIX TEIUIOBBIX 3((EKTOB Tporecca

TIAPOIIH3a KCCIETyeMOTo ChIpbsi (puc. 2). TermmoBoro 3¢-
(ekTa mpu TUpOIM3E apKagbeBCKOro Topha u3-3a ero
MaJioll BETMYMHBI HEJOCTATOYHO IS MOKPHITUS TEIUIO-
BBIX 3aTpaT BO BCEM PAacCMATPHBAEMOM TEMIIEPaTYpHOM
nHTepBae. Hanbonbmme 3HaYeHHS TEIUIOTH B XOAE Tie-
pepabOoTKH IPEBECHHBI MOXKHO MOJTYYUTh MPH TeMIIepa-
type 400 °C — 36,3 kJlx/kr mns onwiok u 78,8 kJDK/Kr
I 1ensl. J{ns cyxoBckoro Topha MakCHMaJbHOE 3Ha-
uenne (149,7 x/lx/kr) mocturaercs mpu 500 °C. 3to
00DBACHAETCS pPa3HbIM MEXaHHU3MOM Pa3JIOKEeHHUs JpeBec-
HOTO CHIpbS U TOpa M MPOTEKAHHS SK30TEPMHUYECKHX
peakimii B xoae mporecca. Kak BumaHo u3 puc. 2, a, Benu-
YiHA TEMNoBOoro 3ddexra Mmuponm3a APEeBECHHBI PE3KO
yBenuuuBaetcs npu Harpese 1o 400 °C, mocne yero us-
MEHSETCS HEe3HAuuTeNbHO. BblleneHue TEmIoTsl npu
Pa3NOKEHUN CYXOBCKOTO TOpda MPOMCXOAUT TpaKkTHye-
CKH JIMHEHHO (puc. 2, 6) B MHTEPBAJIE BCETO 3K30TEPMH-
4eCKOro MuKa pasioxeHus ceipbs (200-530 °C).
Pa3nuuus cBA3aHbI ¢ TEM, YTO OCHOBHBIE IK30TEpMUYE-
CKHE PeaKLuK pa3ioKeHUs JPEeBECHHBI 3aKaHUMUBAIOTCS 110
temneparypsl 400 °C, nociie 4ero B BEIMUMHY TEIUIOBOTO
3¢pdexra BHOCUT BKJIAJ JHUIIb pacraj JIMTHHHA, a Macca
CBIPbS M3MEHsIeTCs He3HaunTenbHo. Topd obmamaer Oomee
CJIOXKHBIM COCTaBOM [25], B KOTOPBIH B 3aBUCHMOCTH OT
THMa 00PA30BaHMS M CTETEHH PA3NOXKEHHUS BXOJIAT JIETKO-
ruponu3yeMbie  BemectBa (25-47 %), T'yMHHOBBIE |
(yeBOBEIE KUCTOTHI (31-68 %), & TAKKE B MEHBIIIEM KO-
JMYECTBE OMTYMBI, BOZOPACTBOPHMbIE BELIECTBA, JUTHUH
1 memmonosa [58, 62, 63]. B cBiI3u ¢ MHOTOKOMITOHEHT-
HBIM COCTaBOM PAa3NIOXKEHUE ChIPbS IPOMCXOIUT PaBHO-
MEpHO BO BCEM HCCIIELyeMOM TeMIIEpaTypHOM HHTEpBalle
(puc. 1, 6). Ilpu 3TOM MpaKTHYECKH BCE KOMIIOHEHTHI,
BXOJALIME B cocTaB Topda (38 UCKIIOYEHHEM OMTYMOB),
pasnaratorcsi ¢ BeinenenueM Temnotsl: 10 400 °C rymuno-
BbIE KUCIIOTHI, BOAOPACTBOPUMBIE U JIETKOTHIPOIU3YEMBIE
coemuaens, nocie 400 °C — TUrHUH ¥ HETUAPOITU3YEMbIN
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ocTatok [64]. OnHako U3-3a HU3UHHOTO TUIa 00pa3oBanus  Jamu. HecMoTps Ha 370, 13-32 MEHBIIMX TEIUIOBBIX 3aTpar,
CyXoBckoro Topda [65] ¥, KaK CleJCTBUE, BBICOKOM 301b-  HEOOXOIMMBIX ISl OCYIIECTBIICHHS ITHPONIH3a CYXOBCKOTO
HoctH (22,8 %) BenmdmHa TeIIoBOro d¢deKTa coctapnser  Topda, BemmuuHa y Q nuMeeT Oombliee 3HAYCHUE, YeM IS
MCHBIICC 3HAYCHUC IO CPaBHCHHIO C NPEBECHBIMU OTXO- UpOJIM3a IPEBECHBIX OTXOH0B.

a/a. Q. xJbx/xr
1200 -
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600

400

T, °C

600

-400

-600

-800

-1000

-1200 -
IIlema —— Omame  -----

X TeIrtoBble 3aTpatsl (Qi4) % TerumoBble 3aTpatsl (Qy4)
+ TemwioBoi adbert (Qr) + TemioBoH 3¢ dekt (Qrs)

® cymMmapHBIH TermmoBoH sddext (3Q) ® cymMapHEIH TerrtoBoi addert (3Q)

olb Q. xLx/xr

1000 -
800
600
400

200

600

-400

-600

-800 -

Cyxosckoi Topp —— ApxamneBckHii Top -

¥ TeIUToBbIe 2aTpatsl (Qr4) ¥ TeIUToBBIe 2aTpatsl (Qr4)
+ TemwioBoii adgdext (Qrs) * TewroBoi adderr (Qr3)

® cymMapHEIH TertoBoil sddext (3Q) ® cymMmapHSI TermoBoi addext (3Q)
Puc. 2. 3asucumocms cymmaprozo mennogoeo sgghexma nuponuza om memnepamypsl npoyecca 0jis OpesecHslx omxo008 (a)

u mopgha (6) npu snauenusx énaxcrocmu W
Fig. 2. Dependence of the total heat effect from pyrolysis on temperature for wood waste (a) and peat (b) at moisture values W?
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Panee B pabote [59] moka3aHo, YTO HEMAaTOBAXHBIM
(hakTOpOM, OKa3HIBAIONINM BIHSHUE HAa MPOTEKAHHE TPO-
ecca MUPONH3a, SBJIAETCS BIAKHOCTH NepepadaTbiBac-
Moro ceipbs. [IpenBapuTensHas cyika OHOMacchl O3BO-
JSeT BapbUPOBATh BHIXOA MPOAYKTOB MHPOJIH3A — TIPH
YMEHBILICHHH BIQKHOCTH aKLEHT CMeIlaeTcs 0T 00pa3o-
BAHHA JKUIKUX U ra3000pa3HBIX K TBEPABIM MPOIYKTaM
[40, 66]. UccnenoBanre ONTHMATGHBIX 3HAUCHUH BIIaXK-
HOCTH, TIpH KOTOPBIX INHPOJNUTHYECKAs mepepadoTka
Ouomaccel Hanbonee 3pdekTuBHA, YIOMUHAETCS BO MHO-
rux paborax [9-11, 40, 65, 66]. Cornacno [40], Guomac-
¢y ¢ comepxanueM BiaxuHocTu Boime 30 % ueaddexTis-
HO HCTIONB30BaTh B LEMSIX MUPONH3a, TaK KaK MU ee Tie-
pepaboTke YMEHBIIAETCA CKOPOCTh HATpPEBa, 4TO TPHUBO-
JUT K YBENMYECHUIO BpEMEHU MpoTeKaHus mpouecca. bo-
Jiee TOTO, WCMOJB30BAHUE BHICOKOBIAKHOH OHOMACCHI
yBeNUIMBaeT pacxox TomnuBa u cHmkaet KI1JI mapomis-
HBIX YCTaHOBOK [66].

Jnst u3ydeHus TOPEHHS TOILUIMB 33 CUET TETIOBbIIE-
JeHHUS OT Pa3lOXeHUs Haubonee HArAAHBIM METO0M
CUUTACTCS TPEYroJbHUK TaHHEpa, CBA3BIBAIOLIMNA TPH
KIFOYEBBIX [apaMeTpa B COCTAaBE CHIPhS — COACPIKAHHE
TOPIOYMX BEHIECTB, BIAXXKHOCT M 30JIBHOCTh. Tak, opra-

CymMapHSIi Termnoro# 3¢ dexrt Q, kJLx/Kr
300 5.
200 | o .

o

100 A

HUYECKOE TOIUTABO MOJKET CAMOIPOM3BOIBHO MOIICPKH-
BaTh IIPOLECC TOPCHHS 0€3 MOIBOJA BHEIIHEH TEMOTEHI
TIPH COZIEpKaHMH B cocTase Oonee 25 % roprounx, Biax-
HocTH U 301bHOCTH — MeHee 50 u 60 % [67]. Ananoruyno
JAHHOMY METOZAY MOTYT OBITh MONYYCHbI 3HAYCHHS NS
MUPONUTAYCCKON MepepaloTKH 3a CYeT COOCTBEHHOTO
TEIUIOBBIIENCHIS. B cBsA3U ¢ YeM mpu Temmeparypax,
MO3BOJIIONINX JJOCTHYh MAKCHMAJIBFHOTO CYMMApHOTO
TerwoBoro 3(p{Qekra, NPOM3BENCHA OLCHKA BIUSHUS
BIQKHOCTH Ha BO3MOXKHOCTb OpTaHM3al[MH IIpoIecca
NUPONH3a B ABTOTCPMUUYECKOM pexume. [lomydeHHbIE
PE3yIbTATHI IPEICTABIICHEI Ha PHC. 3.

TemoBsle 3aTpaThl MHPOIM3a CYXOBCKOTO Topda Mo-
ryT 6I>ITI> MOKPBITEI TIPU BJIAKHOCTH KCXOIHOI'O ChIPhA
meHee 14 %, Ui IPEBECHBIX OTXOJOB 3HAYCHHE MAKCH-
MaJIBHOH BI&KHOCTH IS TEOPETHICCKH BO3MOXKHOH Tiepe-
paboTKH 32 cYeT COOCTBEHHOTO TEIUIOBBIICICHAS COCTAB-
jset ~10 %. ApkampeBckuii TOpd maxke B CyXOM COCTOSI-
HHUHM HEBO3MOJKHO MepepaboTaTh 3a CYET TEIIOBbIX dhdek-
TOB PA3JIOKCHHUS, B CBA3U C YEM HEOOXOMMMO MOKPHITHE
YaCcTHU TETUIOBBIX 3aTPAT ¢ IIOMOIIBIO BHEITHETO HCTOYHHKA.
OnvH U3 BapHAHTOB — HCIIONB30BAHME TEIUIOTHI CTOPAHHS
TIOJTy4aeMbIX B XOJIC [IAPOJIH3A IPOTYKTOB.

BraxxsHocts W2, %

-100 A

-200 A

-300 A

+ CyxoBckoHTOp

4  OnHIEH

ema
-600 - H

® ApkagpeBCKHH TOpd

Puc. 3. 3asucumocmos cymmaprozo meniogoco 3gpghexma nuponuza om e1adcHOCMu UCXOOHO20 Cbipbsl
Fig. 3. Dependence of the total heat effect on moisture of raw material

3aknioyeHue

PesynbTaThl pacuera TEIUIOBBIX 3aTPAT M OLEHKH TETl-
JOBBIX 3(P(PEKTOB PA3TOKEHHS CHIPHS TMO3BOJIMIN OIpe-
JETUTh ONTUMANBHBIC MAPAMETPhl MUPOTHTUIECKON Tie-
pepaboTKH pa3IUUHBIX BUAOB OMOMACCHl — TEMIEPATYpPY
MUpONM3a M BIAKHOCTh HMCXOHOTO ChIpbs. Hambomee
MEPCIEKTUBHBIM SBIACTCS MEIICHHBIH TUI MUPOIN3A,
TIO3BOJIIOIIH OMTYYUTh MAaKCUMAJIBHBII BBIXOJ] YIIIEpO-
JUCTOTO OCTaTKa, 00pa3oBaHHE KOTOPOTO COMPOBOXKJA-
€TCsl PEAKLUSIMU C BBIJICIICHUEM TEILIOTHL.

OnrumansHOM TemIepaTypoll 1ud IUpoju3a JpeBec-
HeIX 0TX070B sABmsAercs 400 °C, mpu KOTOpoi cymmap-
HBIA TEINIOBOH 3((eKT MakcuMaleH U cocTaBsieT 36,3
kJIK/kr s onuiaok u 78,8 kJIK/KT U1 IIeNsl, A Cy-
xoBckoro Topda mpu 500 °C cyMMapHbIH TemioBor 3¢-
dexr paser 149,7 xJDx/kr. bonbimast BenuuuHa 11 Cy-
XOBCKOTO TOp(a CBS3aHA C TEM, YTO TEIUIOBBIC 3aTPAThI
Ha OpraHM3alMI0 €ro MHUPOIUTHYECKOH mepepaboTKu
npubIu3uTensHO B 1,5 pasa MeHble 10 CPaBHEHHIO €
nepepaboTKON IpeBeCHHbl. JTO CBA3aHO C MEHBIIEH Te-
JIOEMKOCTBIO HCXOIHOTO TOp(a M YIIEPOAICTOTO OCTATKA
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U3 HETO, a Takke 0oNee HU3KUM BBIXOIOM JIETY4HX HpO-
JyKTOB. MakcuMalbHble 3HAYCHHS BIKHOCTH, obecre-
YUBAIOIIME TIOKPBITHE TETUIOBBIX 3aTPAT 32 CUET TEIUIOTHI
9K30TEPMHUECKUX PEAKIUH, IPU ONTUMANIBHBIX TEMIIEpa-
Typax muponusa coctaBund 10 % I IpeBeCHBIX 0TXO-
noB u 14 % nns cyxosckoro Topda. IIponecc mupommsa
JIaKe CYXOro apkaJIbeBCKOro Topda HEBO3MOXHO Opra-
HH30BaTh 3a CUET TEIUIOBBIX 3(Q(MEKTOB pasNOXeHUS B

CBSI3H C MaJION BennuuHOM TemnoBbiaenenus (393 xJhx/kr)

U BBICOKOI1 3011bHOCTBIO (25,4 %). B kaudecTBe BHENIHErO
HCTOYHHKA IS TIOKPBITHS TEILIOBBIX 3aTPAT MOXKET OBITh

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

14

CMUCOK NIUTEPATYPbI

World Energy Outlook Special Report. Energy and Air
Pollution. — Paris: International Energy Agency Publ., 2016. — 9 p.
The proportionality of global warming to cumulative carbon
emissions / H.D. Matthews, N.P. Gillett, P.A. Stott, K. Zickfeld //
Nature. — 2009. — V. 459. — P. 829-832.

CunopoBuu B. MupoBas sHepreruueckas peomonus. Kak Bo3-
06HOBJ’I$ICMLI€ UCTOYHUKHU SHEPIUX U3MCHAT HAll MUD. — M.: Anb-
rmHa [labmuurep, 2015. — 208 c.

[Monens O.C., ®opros B.E. Bo3oOHoBmsieMas 3HepreTuka B co-
BpeMeHHOM Mupe. — M: M3narensckuii nom MOU, 2015. — 450 c.
Statistics ~ of  International ~ Energy  Agency.  URL:
https://www.iea.org/statistics/?country=WORLD&year=2016&cat
egory=Energy%20supply&indicator=TPEShySource&mode=chart
&dataTable=BALANCES (znata obpamenus: 23.08.2019).
Tumoxos B.M., Xuzuun C.3. Pecypcbl mMupoBoit 3uepretuxu //
Bectauk MockoBckoro TYMaHUTapHO-OKOHOMHUYECKOTIO UHCTUTY-
ta. — 2018. - Ne 2. — C. 115-124.

Epmonenxo I'.B. u ap. CnipaBounuk mo BO300HOBISIEMO#t SHEpre-
THKE eBporneickoro corwosa. — M.: MucrutyT snepreruku HUY
BIIID, 2016. - 96 c.

Dhyani V., Bhaskar T. A comprehensive review on the pyrolysis of
lignocellulosic biomass // Renewable energy. — 2018. — V. 129. -
P. 695-716.

A review on biomass as a fuel for boilers / R. Saidur, E.A.
Abdelaziz, A. Demirbas, M.S. Hossaina, S. Mekhilef // Renewable
and sustainable energy reviews. — 2011. - V. 15. — P. 2262-2289.
An overview of the chemical composition of biomass /
S.V. Vassilev, D. Baxter, L.K. Andersen, C.G. Vassileva // Fuel. —
2010. - V. 89. - P. 913-933.

McKendry P. Energy production from biomass. P. 1: overview of
biomass // Bioresource Technology. —2002. — V. 83. — P. 37-46.
TepenrseBa D.I1., Ynosenko H.K., [TaBnoBa E.A. KommiekcHas
XuMmuueckas —nepepabotka apesecunsl. — CII6.: BIITO
CIIeI'YIT/, 2016. - 74 c.

Baduna 10.A. DueprocOepeskenne 3a CUET MCIHONb30BAHUS Allb-
TEPHATUBHBIX HCTOYHUKOB JHEPIUU W BTOPUYHBIX SHEPropecyp-
coB: Poceust u mupoBoii ombiT // BectHik KasaHckoro TexHOIOTH-
geckoro yHuBepeutera. — 2012, — T. 15. - Ne 9. — C. 265-272.
Jlaiikam K.3. u np. Oxpana oxpyxatouieii cpeast B Poccun: Cra-
THCTHYeCKHiT cOopHuK. — M.: Pocerar, 2018. — 125 c.
[TepcriekTHBBI MCTIONB30BaHKsS. TOpda U MPOAYKTOB €ro mepepa-
00OTKH B KOMMyHaJ’lLHOI\/'I OHEPIreTUKE CCIBCKUX W OTHAJICHHBIX
paiioHoB / E.A. Mensenesa, 10.H. Xenuxos, U.B. Ypsanues,
B.E Lpi6a / Temnosnepreruka. — 2017. — Ne 6. — C. 14-21.
Muxaiinos A.B. Passutue riobansHoro pbiHka Topda // Tpyast
Hncropda. —2018. — Ne 18 (71). - C. 3-7.

[Marnkos H.C. Taexwubie 60mota — T00ATBHBIN HCTOYHHK aTMO-
cteproro merana // Tlpupopa. — 1995. — Ne 6. — C. 14-25.

Deep peat warming increases surface methane and carbon dioxide
emissions in a black spruce-dominated ombrotrophic bog /
A.L.Gill, M-A. Giasson, R. Yu, A.C. Finzi // Global change
biology. — 2017. - V. 23. - Iss. 12. — P. 5398-5411.

Cysopos I'.T'., YUuctotun M.B., Cupun A.A. Briusuue pactutens-
HOCTH M PeXKHMa yBIKHEHHs HAa IMUCCUIO METaHA U3 OCYIIEHHON
TopdsHoit mouss! // Arpoxumus. — 2010, — Ne 12. — C. 37-45.
[ToTenuman 1 BO3MOXKHOCTH HCMoNb30BaHus Topha. Hekommepue-
ckoe mapTHepcTBo «Poccuiickoe TopdsHoe M OMOIHEpreTHuecKoe
obmecrsoy. URL: http://rostorf.ru/files/prezentaciya universal.pdf
(mata obpamenus: 26.08.2019).

HMCIIOJIb30BaHa TCIIOTA OT COKUT'aHUA MPOAYKTOB MUPOJIN-
3a UJIM 4aCTH UCXOAHOT'O ChIPbA.

Paboma svinonnena npu @unancosoii noodepicke Hayuo-

HATLHO20 UCCTe008amenbeko20 ToMCKO20 NOTUMEXHUUeCKo20
ynugepcumema (BUY-HOL] U.H. Bymakosa-101/2019), ana-
JUMUYecKas Yacmy 6bnoAHeHa Ha npubopuoi b6aze ®I'BYH
Dedepanvhbiii ucciedosamenvekutl yewmp «Mucmumym xama-
auza um. I'K. Bopeckosa Cubupckozo omoenenust Poccuiickoti
akaoemuy Hayk» 8 PamKax 20Cy0apcmeenHo2o 3a0anus (npo-
exm Noe AAAA-A17-117041710075-0).

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Poanonos B.3. Pazpabotka TophsiHbix MecTopoxaeHuii B JlenuH-
rpajckoii obnactu (mpobiemsl U pemeHus) / PernonansHas 9ko-
norust. — 2017. — Ne 3 (49). — C. 59-64.

[Monyyenue TOMIMBHBIX OPUKETOB M3 PACTHTEIBHON OMOMacchl /
J.E. Yuraxos, JI.B. Kapenun, A.JI. Berukos, O.I1. KopobGeiinuues,
AT. Ulmakos / Xumus tBepmoro torwmea. — 2017. — No 4, —
C. 46-50.

Anexnouu A.H., boromonos B.B., Apremsea H.B. CoBmectHoe
(axenbHoe Cxuranue Ouomacc ¢ yriem // TemnodHepreTuka. —
2001. - Ne 2. - C. 26-33.

Ponnaruc K.@., [Monrapeukuit A.H. CrpaBoyHHK 110 KOTEJIBHBIM
YCTaHOBKaM Mayod MPOM3BOJMTENBHOCTH. — M.: DHeproaromus-
nart, 1989. — 488 c.

Topd: Bosropanue Topda, TyuieHne TOpHIHAKOB U TOPHOKOMITO-
sutel / JLb. Xopowasun, O.A. Mensenes, B.A. bemskos,
E.B. Muxeesa, B.C. Pynnos. — M.: MUC Poccun. ®I'bY BHUU
royc (eL), 2013. - 256 c.

It C.M. Ilpumenenue Topha Kak TOIUIMBA IS MaJIOH dHepre-
Tikd // TopHbIii HHYOPMAIMOHHO-AHATNTHYECKHHA OHOILIECTEHD. —
2011. - Ne 7. - C. 82-96.

Mostafa F. Process optimization of gasification of peat // Modern
problems of science and education. — 2015. - V. 1-2. - P. 1-7.
bonuap JLLA., Txauenko C.U., laxHosckas O.B. [Tpobiemsr cxu-
raHus HU3KOCOPTHOTO TOIUIMBA B KOT/JIaX Mauod MOIIHOCTH //
Hayunple Tpyapl BHHHHIKOTO HAIMOHANBHOTO TEXHHYECKOTO
yHuBepentera. — 2012. — Ne 4. - C. 1-7.

Tamo E.I'., [Ty3axos B.C., Crenanoa M.B. Pe3epsbI u npuopure-
ThI TEMI0IHEPTOCHAOKEHHS POCCHIHCKUX TOPOJIOB B COBPEMEHHBIX
yenosusx. — M.: UHIT PAH, 2015. - 97 c.

Yaiixa JI.B. PernonansHoe ympaBieHHe pa3BHTHEM CHCTEM JHEp-
rocHa0xeHns esporneiickoro cesepa Poccnn // DHepretndeckas
nomnutuka. — 2016. — Ne 5. — C. 35-43.

Yamneiruaa MLA., Benoycos P.C. MupoBoii OmbIT aBTOHOMHOTO
SHEProcHa0KeHHs JUI POCCUHCKOH TiTyOMHKM // Asest HayKu. —
2017. - T.2.—Ne 16. — C. 464-474.

Moxupes A.IL., bespykux 10.A., Mensenes C.O. IlepepaboTka
JPEBECHBIX OTXOJOB MPEANPHUATHH JIECONPOMBILLIEHHOTO KOM-
IUIeKca, Kak (JakTop YCTOHYMBOrO MPUPOIONONb30Banus // Uke-
HepHelii BectHuK Jlona. — 2015. — Ne 2. - Y. 2. - C. 1-13.

Recent developments in biomass pelletization — a review / W. Stelte,
AR. Sanadi, L. Shang, J.K. Holm, J. Ahrenfeldt, U.B. Henriksen //
Bioresources. —2012. — V. 7. — Ne 3. — P. 4451-4490.

Kan T., Strezov V., Evans T.J. Lignocellulosic biomass pyrolysis:
a review of product properties and effects of pyrolysis parameters //
Renewable and Sustainable Energy Reviews. — 2016. — V. 57. —
P. 1126-1140.

Thermal enrichment of different types of biomass by low-
temperature pyrolysis / R.B. Tabakaev, K.T. Ibraeva, A.V. Astafev,
Yu.V. Dubinin, N.A. Yazykov, A.S. Zavorin, V.A. Yakovlev //
Fuel. — 2019. - V. 245, - P. 29-38.

Ionyyenne ra3000pa3HbIX MPOIYKTOB TPH MHPONH3E OHOMACCHI
mukposopopocieit / H.U. UepHosa, C.B. Kucenesa, O.M. Jlapuna,
I'.A. Corues // AnbTepHaTHBHAs dHEpreTHKa M dkosorus. — 2018. —
Ne 31-36. - C. 23-34.

Mohan D., Pittman C.U., Steele P.H. Pyrolysis of wood/biomass
for bio-oil: a critical review // Energy & Fuels. — 2006. — V. 20. -
Ne 3. - P. 848-889.

TG-FTIR-MS study of pyrolysis products evolving from peat /
J.L.Yang, H.X. Chen, W.T. Zhao, J.J. Zhou // Journal of
analytical and applied pyrolysis. — 2016. — V. 117. — P. 296-309.



V13BecTst TOMCKOro NonuTEXHUYeckoro yHusepcuteta. MHxmHnpuHr reopecypcos. 2020. T. 331. Ne 6. 7-18
Actachbes A.B. n ap. Tennoduanyeckoe 060CHOBaHWE NMPONUTUHECKON NepepaboTKu BO30BHOBMSIEMOI BoMacchl 3a CHET TENMOTHI ...

39.

40.

41.

42.

43.

44,

45.

46.

47,

48.

49.

50.

51.

52.

HepCHeKTI/IBH SHEPrOoTEXHOJOIrHICCKOI'0 MCII0Ib30BaAHUSL 6HOMac-
cel B benapycu / M.U. Jlumrean, B.M. Iynapunk, B.M. Kpaiiko,
E.B. Anydpuesa, E.A. CmonsgukoBa // XuMus TBEpHOro TOILIU-
Ba.—2017.— Ne 5. - C. 15-23.

Tripathi M., Sahu J.N., Ganesan P. Effect of process parameters on
production of biochar from biomass waste through pyrolysis //
Renewable and Sustainable Energy Reviews. — 2016. — V. 55. —
P. 467-481.

Influence of pyrolysis temperature on biochar property and
function as a heavy metal sorbent in soil / M. Uchimiya, L.H.
Wartelle, K.T. Klasson, C.A. Fortier, I.M. Lima // Journal of
agricultural and food chemistry. — 2011, — V. 59. — Ne 6. — P.
2501-2510.

Biusane MonuQuKaTOpoB HA CTPYKTYpHBIE OCOOCHHOCTH YIlie-
POJICOAEPIKAIIMX KOMIO3HIMOHHBIX MaTepHaloB NP KapOOHH3a-
munu  apesecunsl cocHbl / C.M. llpranoBa, E.B. Masyposa,
I"H. bornapenko, O.10. ®erucoBa // XuMUS PacTHTEIBHOTO ChI-
pbsi. — 2016. — Ne 4. — C. 143-150.

Thermal processing of biomass into high-calorific solid composite
fuel / R.B. Tabakaev, I.I. Shanenkov, A.V. Kazakov, A.S. Zavorin //
Journal of analytical and applied pyrolysis. — 2017. — V. 124. -
P.94-102.

Bamkupos B.H., buxOynarosa I M., 'ataymmna A.A. Iepcnek-
TUBBl IMPOMBINUIEHHOI'O HCIOJb30BAHUA KUAKUX IMPOIYKTOB
OBICTPOro0 MHpPONIM3a pacTHTENbHOW Ouomaccel // EBpasuiickoe
HayuHoe o0bemunenue. — 2018. — Ne 12-3 (46). — C. 207-210.
Simultaneous SOx/NOx emission control with Biolime™ derived
from biomass pyrolysis oil / K.H. Oehr, J. Zhou, G.A. Simons,
M. Wojtowicz // Developments in thermochemical biomass
conversion. —1997. - V. 1-2. — P. 1477-1481.

TaitmapoB M.A., JlaBupko FO.B. Temnorenepupyrommuii arperar ¢
BbIpabOTKON nuponu3Horo rasa // Mssecrus KTACY. — 2017, -
Ne 3 (41). — C. 158-166.

Jesun D.J1. Tlpuumnel, 00ycnaBiuBaOMe 3HAK U BENHUYMHY
TEMOBOro 3(p(peKTa MUpOoNKU3a APeBeCUHb! // XUMUS APEBECHHBI. —
1969. — Ne 4, — C. 143-148.

[eonndopmanmonsas cuctemMa «Bo300HOBISIEMbIE HCTOYHHKH
sHeprun B Tomckoit obmactu». URL: http://green.tsu.ru/tomres
(nmara obpamenns: 20.08.2019).

Formation of charcoal from biomass in a sealed reactor /
W.S.L. Mok, M.G. Antal, P. Szabo, G. Varhegyi, B. Zelei //
Industrial & Engineering Chemistry. — 1992. — V. 31. - P. 1162—
1166.

Thermal effects during biomass pyrolysis / L. Basile, A. Tugnoli,
C. Stramigioli, V. Cozzani // Thermochimica Acta. — 2016. —
V. 636. - P. 63-70.

UccnenoBanue TemioBbIx 3(eKTOB MIPOITH3a CONOMBI JIs OLCH-
KA BO3MOKHOCTH €ro pe€ajau3alud B aBTOTEPMUUYECKOM PEKUME /
A.B. Acradses, P.b. Tabaxaes, /I.E. Mycadupos, A.C. 3aBopun,
10.B. Jlyounun, H.A. S3pikoB, B.A. SlkoBneB / Xumust pactu-
TelbHOro chipbsl. — 2019. — Ne 2. — C. 271-280.

Kynem P.H. TemnomacconepeHoc Npu 3aXHraHMd M TOPEHHH
maccuBa Topda: aBroped. uMC. ... KaHI. TeXH. HayK. — TOMCK,
2010. - 19 c.

WUHdopmauus o6 aBTopax

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Heat capacity measurements of various biomass types and
pyrolysis residues / C. Dupont, R. Chiriac, G. Gauthier, F. Toche //
Fuel. —2014. - V. 115. - P. 644-651.

Kagenpa IOHECKO «DneprocOepexenne U BO30OHOBIEMBIC
MOAXOIBl SHeprum». TommBo u ero wucmois3oBanue. URL:
https://en.ppt-online.org/304929 (mara o6pamenus: 27.08.2019).
Kuxonn UK. Tabmuupl pusnueckux Bennuns. CripaBoyHHK. — M.:
Atommszar, 1976. — 1008 c.

TepmopvHAMUYECKHE CBOMCTBA HEOPraHMYECKHX BELIECTB /
V.. Bepsarun, B.Il. Maumpes, H.I'. Pa6ues, B.1. Tapacos. — M.:
Atommszar, 1965. — 461 c.

Tennoseiienenne npu ropenun apesecudsl / BB, Cepkos,
A.b. Cusenxkos, JI.T. byii, P.M. Aceesa // Bectiuk MockoBckoro
rOCyJapCTBEHHOr0 yHHUBepcHTeTa lieca — JlecHoil BEeCTHHK. —
2003. - Ne 5. - C. 74-79.

Apxunos B.C., Macnos C.I'. CocTaB 1 cBOHCTBa TUIIMYHEIX BH/I0B
Topda ueHTpanbHOi yacth 3anagHoir Cubupu // Xumus pactu-
TenbHOro chipbst. — 1998. — Ne 4. — C. 9-16.

Autothermal pyrolysis of biomass due to intrinsic thermal
decomposition effects / A.V. Astafev, R.B. Tabakaev, Yu.V.
Dubinin, N.A. Yazykov, V.A. Yakovlev, A.S. Zavorin // Journal
of thermal analysis and calorimetry. — 2018. — V. 134. - Ne 2. —
P. 1045-1057.

Demirbas A. Mechanisms of liquefaction and pyrolysis reactions
of biomass // Energy Conversion & Management. — 2000. —
V. 41. - P. 633-646.

Characteristics of hemicellulose, cellulose and lignin pyrolysis /
H. Yang, R. Yan, H. Chen, D.H. Lee, C. Zheng // Fuel. — 2007. -
V. 86.—P.1781-1788.

Jlapuna I'.B., MBanoB A.A., Kasannesa H.A. I'pynnoBoii cocras
OpraHn4eckoro Berectsa ToppoB ['opHOro AnTas u HEKOTOpbIE
CTPYKTYPHbBIC XapaKTePUCTHKH TyMHHOBBIX KHCIOT // BecTHHK
TITIY. - 2009. — Ne 3 (81). — C. 110-115.

UYyxapesa H.B. Mccnenosanue rpymnmnoBoro cocrasa TopdoB Me-
cropoxxaennit Tomckoit obmactu // Becrauk Kpac'AY. — 2013, —
Ne7.-C. 65-71.

Jlo63un B.W., CmonbsiruroB C.W. Hekotopsie ocobeHHOCTH TEp-
Muyeckoro pasnoxenus: Topda // M3sectuss Tomckoro monmurex-
HHgeckoro uucruryTa. — 1974, — T. 198. — C. 38—40.

bopomuna T.A., Jlpo3noBa H.A. CocrosiHue TOpdsHBIX pecypcoB
ToMckoii 001acTH ¥ HATPABNEHUs MX UCTIONB30BAHUS B CEIBCKOM
xo3siictee // [IpobiemMbl cOBpeMEHHOH arpapHOil HayKu: MaTepua-
JIBI MEKIYHApOHON 3204HOI Hay4HOH KoH(epeHuuu. — KpacHo-
apek: KAV, 2017. — C. 104-108.

IIporece muponu3a OMoMacchl Kak MCTOUHUK MONYHECHHS albTep-
naruBHoro TommBa / B.M. Kamycrmn, E.A. Yephsimesa,
10.B. KoxesuukoBa, B.1O. Acayna // Texnonoruu He(Tu 1 raza. —
2011. - Ne 3 (74). - C. 31-35.

Characterization of Singapore RDF resources and analysis of their
heating value / L. Zhao, A. Giannis et al. // Sustainable
Environment Research. — 2016. — V. 26. — P. 51-54.

Hocmynuna 02.12.2019 a.

Acmagpves A.B., acnvpanT Hay4yHO-oOpasoBarenpHoro nentpa W.H. ByrakoBa MHKeHepHOW IIKOJBI 3HEPTETHKU
HanuonansHOro HccnenoBaTeabckoro TOMCKOTO MOMUTEXHUYECKOTO YHUBEPCHUTETA.

Tabakaes P.b., xanmuaT TEXHUUECKUX HAYK, HAYYHBIH COTPYAHUK HaydHO-00pa3zoBarenbHoro nenTpa M.H. byrakosa
WmxenepHoil mkonsl sHepreTuky HanoHambsHOro HCCne0BaTenbekoro TOMCKOTro MONUTEXHUYECKOTO YHUBEPCUTETA.
A3vik06 H.A., KaHauIaT TeXHUYECKUX HAyK, HAYYHBINA COTPYIHUK JTAOOPATOPUM KaTaJUTHYECKUX TPOLECCOB Iepepa-
60Tk BO30OHOBIsIEMOT0 ChIphst MHcTHTYTA Kataimn3a uM. I'.K. bopeckosa CO PAH.

3aeopun A.C., 10KTOp TEXHHYECKUX HAyK, 3aBEAYIOUN Kadeapoil — pyKOBOAUTEIb HAy4HO-00pa30BaTENIbHOIO LIEH-
tpa M.H. ByrakoBa Ha mpaBax kadeapsr NmkeHepHOH MKOIEI SHEPreTHKH HaIrMOHANBHOTO HCCIIENOBATENHCKOTO
ToMCKOro MONUTEXHUUECKOTO YHUBEPCUTETA



Astafev A.V. et al. / Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2020. V. 331. 6. 7-18

UDC 662.638
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The relevance of the research is caused by the need of renewable energy sources share increase in the fuel and energy balance to
reduce harmful impact on the environment.

The main aim of the research is to evaluate the possibility of woody biomass and peat pyrolysis due to heat from the organic part
decomposition of the raw material.

Objects: peat samples from two deposits of the Tomsk region, promising for energy development, — Sukhovsky and Arkadievsky, as well
as wood waste of two types — chips and sawdust.

Methods: physical experiment and differential thermal analysis. Thermotechnical characteristics of woody biomass determined by the
methods SS R 56881-2016, SS 33503-2015 and SS R 55660-2013; thermal characteristics of peat — using the SS 11306-2013, SS 11305-
2013 and SS R 55660-2013. Calorific value of raw materials determined in the bomb calorimeter ABK-1 (RET, Russia), the elemental
composition is determined by the analyser Vario Micro Cube (Elementar, Germany) taking into account the carbon dioxide content of the
carbonates, established by volumetric method according to SS 13455-91.

Results. The authors have established the optimal parameters of pyrolytic processing for various types of biomass, such as pyrolysis
temperature and moisture of the raw material. The optimum temperature for pyrolysis of wood waste in the air-dry state is 400 °C, at which
the total thermal effect is maximum and equal to 36,3 kJ/kg for sawdust and 78,8 kJ/kg for wood chips, for sukhovskoy peat at 500 °C total
heat effect is equal to 149,7 kJ/kg. The maximum values of moisture, providing coverage of heat costs due to the heat of exothermic
reactions, at these pyrolysis temperatures were 10 % for wood waste and 14 % for sukhovskoy peat. The value of the total thermal effect
of arkadievsky peat pyrolysis even in the dry state has a negative value.

Key words:
Biomass, thermal processing, exothermic reactions, thermal effect, cellulose, lignin.
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