I0KHOM. JIJ11 CpaBHUTENBHOTO U3y4eHMsI ObUIN B35Thl HanOOJEe pacpOCTPAHEHHBIE BUJIbI CESIHBIX
371aKOBBIX M O0OOOBBIX TpaB. B KkadecTBe KOHTPOJISI M3YYAIMCh TOYBBI IO/ BUAAMHU TpaB W3
€CTECTBEHHBIX CTEIIEH, a TAKXKE 10| 3€pPHOBBIMH KYJIbTypaMH.

HccnenoBanusiMM TIOKa3aHO, YTO HaumOoiblIas Haa3eMmHas ¢uTtomacca Gopmupyercs y
CEeSIHBIX MHOTOJIETHUX TpaB, B TO BpeMs Kak KOpPHEBas — IOJl €CTECTBEHHBIMH MHOT'OJIETHUMHU
3J1aKaMM, 4YTO CBUJETENbCTBYET 00 HX OTHOCHTEIBHO BBICOKOH (UTOMEIMOPATUBHOM pPOIIH.
OtmeueHa u Apyras 3aKOHOMEPHOCTb: OT YEPHO3E€Ma BBILIEIOUYEHHOIO K I0KHOMY, TO €CTh BJIOJIb
rpaJeHTa CeBep-1oT, Ha/l3eMHas U MOJ3eMHast Macca TpaB, a Takke (PUTOMacca 3epHOBBIX KYJIbTYP
CHIDKAIOTCS, YTO OTPAXKAETCSI B UX TIOYBOBOCCTAHOBUTEIIBHOM CIIOCOOHOCTH [5].

YCTaHOBIIEHO, YTO HAWIy4lllee CTPYKTYpHO-arperaTHoe COCTOsSHHE (OPMHUPYETCS TIOA
€CTECTBEHHBIMH MHOT'OJIETHUMH 3JIaKaMU, 3aT€M [0/ CESHbIMU TPaBaMHU, KOTOPbIE IO [TOKA3aTeNsIM
OMM3kM K LeIuHHBIM noyBaM. Ha Bcex HcCcleOBaHHBIX IIOYBAaX M3 YHCIA CESHBIX TpaB
(dopMHpOBaHNIO HaHOOJbIIEH BOJOIPOYHOCTU CTPYKTYpPhl CHOCOOCTBYET KO3JIATHUK BOCTOYHBIH.
CraTtuctudeckas o0paboTKa JaHHBIX TOKa3aja, YTO BOJAOMPOYHOCTh arperaroB TECHO KOPPEIHPYET
¢ kopHeBo# puromaccoii (r=0,71), a Takxe cogepkanuem rymyca (r=0,62). Kpome Toro, mioTHocTb
IIOYBBl HAXOAWUTCA B OOpaTHOM, a TMOPHUCTOCTb, HAOOOPOT, B MPSAMOM 3aBUCUMOCTU OT
BOJIOIIPOYHOCTH CTPYKTYpBHI [5].
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INEPCIIEKTHUBBI NCIIOJIb3OBAHUA JPEBECHBIX OTXO/0B U
PACTHUTEJIBHBIX OCTATKOB /UISA ITOJIYYEHUWS DQHEPI'UN HA OCHOBE
COBMECTHOI'O CKUT'AHUSA C HCKOITAEMBIM TOIIVIMBOM

Poabkun Ouner UBaHOBUY, Kanoudam Ouonocuueckux Hayk, ooyenm, benopyccxuil nayuonanvhwiil
mexnuyeckuil ynueepcumem, 2. Munck, Pecnybonuxa Benapyce aleh.rodzkin@rambler.ru

Yepuenok EBrenusi BsuecnaBoBHa, mraowuii nayyHvlii compyoHux, benopyccxuil nayuonanvhulii
mexnuyeckuti ynueepcumem, 2. Munck, Pecnyonuxa benapyce echernenok@mail.ru

OTx0BI IEpEepabOTKN APEBECHHEBI, @ TAK)KE PACTUTENFHBIE OCTATKH MOTYT OBITh MCIIOJIB30BAHBI B Kade-
cTBe OMOTOIUIMBA M OTHOCSTCA K BO30OHOBJISIEMBIM MCTOYHHUKAM HEPTHH C HYJIEBBIMH BBIOpPOCAMHU Tap-
HUKOBBIX Ta30B. Vcnonp30BaHne OMOTOIUINBA AJISI COBMECTHOTO CKUTAHUS MIIH M3TOTOBJICHHUS KOMIIO3HT-
HBIX OpHKETOB M IEJUIET C NCKOMAeMbIM TOIUIMBOM ITO3BOJIAET 3((GEKTUBHO pelaTh MpodIeMy CHIKESHUS
BBIOPOCOB TTIAPHUKOBBIX T'a30B M 00ECHEeYNBATh AWBEPCHU(UKAIIMIO UCTOUHUKOB CBHIPbS Ul SHEpPreTHde-
CKMX yCTaHOBOK. Hamm nccneioBanus 1o oleHKe BO3MOKHOCTH HCIIOIb30BaHMsI HECKOJIBKUX BHIOB OMO-
TOIUIMBA JJIS1 U3TOTOBJICHHUSI KOMITO3UTHBIX OPUKETOB ¢ TOP(HOM IOKA3aIH, YTO CEOECTOMMOCTE COJIOMBI B
KadecTBe CHIPhs B 1,8 1 B 2,5 pa3a HMXKE 10 CPAaBHEHHIO COOTBETCTBEHHO C €CTECTBEHHBIMU MHOTOJIETHH-
MU TPaBaMHM U APEBECHOM LIETION C SHEPTETUYECKUX IUIAHTALUN UBBL.

Kniouegvie cnosa: buomacca, MCKOIIaeMoe TOILIMBO, COJIOMA, IEJIEThl, OPUKETH, COBMECTHOE COKUTAHHE, Jpe-
BECHBIE OTXOJBI.

184


mailto:aleh.rodzkin@rambler.ru
mailto:echernenok@mail.ru

THE PERSPECTIVE OF WOOD WASTE AND AGRICULTURAL RESIDUES
USING FOR ENERGY PRODUCTION ON THE BASE OF CO-FIRING

Rodzkin 0., Chernenok E.

Wood waste and agricultural residues may be used as a biofuel for renewable energy production with zero
greenhouse gas emission. Biomass using for co-firing with fossil fuel or composite pellet production ena-
bles to decrease greenhouse gas emission and diversification of feedstock supplying for power plants. The
experiments for assessment of perspective of several kinds of biomass for composite peat and biomass
briquette production have been held in Belarus. Prime cost of straw as a biomass for composite briquette
was in 1,8 times less to compare to natural grass from wetlands and in 2,5 times less compare to willow
wood from short rotation coppice energy plantations.
Key words: biomass, fossil fuel, straw, pellets, briquette, co-firing, wood waste

HUKINYHOCT, MUPOBOM SKOHOMHKH OOYCIIOBJIMBAET MEPUOINYECKOE MOSBICHUE KPU3UCHBIX
SIBIICHUH, 3aTParuBaioIIie B PA3IUYHON CTEIICHN BCE CTPAHBI MUPA M OKA3BIBAIOIINX BIIMSHAC HA MX
SHepreTudeckyro 6e3omnacHoctb. s Pecnybnuku benapych ¢ yueToMm oGecriedeHHOCTH COOCTBEH-
HBIMH HCKOMAEMBIMU TOIUTMBHO-dHEPTEeTHYCCKHUMH pecypcamu (okojio 15 %) u kimMaTtndecKux
YCIIOBUIM OCOOBIM MHTEpEC MPEACTaBIsAeT pa3BUTHE OMOIHEPreTUKU Ha BO30OHOBIsIEeMOi ocHOBe. B
pamkax ['ocynapcTBeHHOM mporpaMmMbl «QHeprocoepekenue» crpanbl Ha 2016-2020 rr. B pecry6-
JIMKE MPEeIyCMOTPEHO UCIOJIB30BaHUE PA3IMYHBIX UCTOYHUKOB OMOMAcChl (ApOBa, OTXOJbI IpeBe-
CHHBI, OBICTpOpacTyIIas APEBECHHA, OTXOJbl PACTEHUEBOJICTBA) Il MPOU3BOACTBA dHeprun. s
MOJTyYEHUSI SHEPTUU M3 PACTUTENHHOTO ChIPbS MPUMEHSIOT Pa3IMYHBbIE METObI, BHIOOP KOTOPBIX
3aBHCUT OT CTOMMOCTH MPOEKTa U 0cOOeHHOCTEH ChIphs. [Ipsimoe coxuranme Onomacchl He Bcerna
aBiseTcs 3 (HEKTUBHBIM, B CBSA3H C UEM HIMPOKOE PACPOCTPAHEHUE MOTYUUIIN TEXHOIOTUU TTPOU3-
BOJICTBA TBEPJOT0 OMOTOIUIMBA (TEUIET W OpPHKETOB), KOTJa ChIPhE MPEABAPUTENLHO CYIIAT, W3-
MeNnbualT U mpeccyloT [4]. Takoe TOMIMBO MMEET MPEUMYIIECTBO Mepei IpPOBaMH, IIETON WU
OTIMJIKAMH: CHIDKAETCS PUCK CAMOBOCIUIAMEHEHHS, TIOBBIIIAETCS TEIUIOTBOPHAS CIIOCOOHOCTH, CHU-
JKAIOTCS BBIOPOCHI B aTMocepy cepbl M a30Ta. 30JbHOCTh MEJUIeT U3 OMOMAacChl COCTABIISIET
0,5 + 0,1 % ot cyxoro BemiecTBa, K TOMY K€ 30JI1a MOXET UCIIOJIb30BATHCS B KAYECTBE MUHEPAIBHO-
ro ynoopenus [5]. CymiecTByeT HECKOJIBKO BUIOB MOTEHIIMATBHBIX UCTOYHHKOB OMOTOIUIMBA Ha
pPETHOHATIFHOM YPOBHE.

HaubGonpimmii moTeHnnan uMeeT HEUKBUAHAS JPEBECHHA, OTXOJbI JECHON U nepeBoobpabda-
THIBAIOIICH MPOMBINIJICHHOCTH, a TAK)Ke DHEPTeTHYSCKHUE KOPOTKOIMKIIOBBIC TUTAHTAIIUU OBICTPO-
pacTyIux JAepeBbeB (MBa, TOMOIb, OJIbXA).

JIJIs cenbCKOXO03UCTBEHHBIX PETHOHOB NIEPCIIEKTUBHBIM BUIOM OMOTOIUIMBA SBISETCS COJIO-
Ma 3epHOBBIX KynbTyp. [Ipu miomaau 3epHOBBIX M 3epHO0000BBIX KynbTyp B Pecmybnuke bena-
pych OKOJIO 2,5 MIJIH Tra, BAJIOBOM COOpE 3€pHa OKOJO 9 MJIH T M pacye€THOM COOTHOIICHUU 3€p-
Ho/cosioMa 1 : 1,2 B arapHOM CEKTOpe CTpaHbl €XKeroaHo oOpa3yercs 10 10 MUIIIMOHOB TOHH COJIO-
MBI, YaCTh KOTOPOH MOKHO HCITOJIb30BAaTh B KAUECTBE CHIPhS JIJIs Mpou3BoacTBa sHepruu [3]. lps-
MO€ CIKUTaHHE COJIOMBI ISl TIOJTYYESHHs DHEPTHUH OTPAaHUYUBAETCS COJIep:KaHueM B Oromacce como-
MBI PsiIa XHMHYECKUX JJIEMEHTOB (KaJuil, HATPHIA, XJIOP), YTO BBI3BIBACT 3alJIAKOBBIBAHUE TPYO U
YCKOPEHHYIO KOPPO3UI0 METAJUIMYECKUX MOBEPXHOCTEH IYHEPreTHUeCKUX YCTaHOBOK [7]. Mcmomns-
30BaHME TEJUIET WM OPUKETOB SIBJISETCS OOJiee palMoOHAIBHBIM MOIXOAO0M: TUIOTHOCTh OPHKETOB
yBenmuuBaeT KIIJ ycTaHOBOK MO CXKUTaHUIO U MO TETUIOTBOPHOW CIOCOOHOCTH OHU MPAKTUYECKU
HE OTJIMYAIOTCS OT JIPEBECHBIX.

OmnpeneneHHBI UHTEPEC B KauecTBe OMOTOIUIMBA UMEET OMoMacca eCTECTBEHHBIX MHOTOJIET-
HUX TPaB, UMEIOIINX HEBBICOKYIO IIEHHOCTh B KQUeCTBE KOpMa JIJIsl CETbCKOXO3SIIICTBEHHBIX JKUBOT-
HBIX.

[lepcrieKTUBHBIM HampaBIECHUEM TSI UCIOIB30BaHUS PACTUTENBHBIX U JIPEBECHBIX OTXOOB
JUTSL TIOJTYYICHHSI SHEPTHU SIBIIICTCS UX COBMECTHOE C)KUTAHHWE C MCKOMAeMBIM TOIUIMBOM. Takoi
MOJIXOJ] TIO3BOJISIET PEUIUTh PsAJl TEXHOJIOTUYECKUX MPOOIeM U 00eCIeYrBaeT CHUKEHUE HATPY3KH
Ha OKpYyXarollyio cpeny. OCHOBHBIM MPEUMYIIECTBOM COBMECTHOT'O CKUTAHUS SIBISIETCS UCTIOJb-
30BaHHE YK€ CYIIECTBYIOMIETO KOTEIHHOTO 000PYI0BaHUS, YTO O0ECIIeUNBAaeT HAMMEHBIIUE KaITH-
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TaJIbHBIE 3aTPaThl B CPABHEHHU C YCTAHOBKOM HOBBIX KoTioarperaToB [6]. CyiiecTByeT HECKOIBKO
CIIocoO0B COBMECTHOI'O CKWTaHMs yris u Oumomacchel. IIpsimoe — mpenmosiaraer 0JHOBPEMEHHYIO
MOJTrOTOBKY, M3MENbYCHUE U M0J1avy yIiIs B Ouomacchl B KoTell. Hempsimoe coBMeCTHOE CKUTaHUE
BKJIIOUAET pa3esibHYI0 MOATOTOBKY YIJIi M U3MeJbueHue Ouomacchl. [lapamiensHoe coBMecTHOE
COKUTaHKE TIOApa3yMeBaeT CKUraHUe YIiisi 1 OMOMAcChl B OT/ICIBHBIX KOTIaX [2].

DKcrepuMeHTalIbHbIE HCCIIeI0BaHus, IpoBeeHHbIe B Ka3aHCKOM rocygapcTBEHHOM JHeEpre-
TUYECKOM YHHMBEPCHTETE, IMOATBEPXKAAIOT, UTO SHEPIUs, NOJTYYeHHAs MIPH COBMECTHOM CXKHTaHHH,
ABIISIETCS. HE TOJIBKO BO30OOHOBIISIEMOM, HO U «YUCTOW» C TOUKH 3PEHHUSI BHIOPOCOB MAapHUKOBBIX Ta-
30B H, KaK CJICJICTBUE, IPUBOJIUT K CHUIKCHHIO aHTPOIIOTCHHOW HAarpy3Ku Ha Kiaumart [1].

s Pecniybnuku benapyck ocoOblit HHTEpeC B KaueCcTBE MCKOMAEMOIO ChIPbS JIJIsi COBMECT-
HOTO CXXHMraHus mpezacrasister Topd. Hamm mccnenoBanus npoBoauiauch Ha 6a3e Jluackoro top-
dbobpuxeTHoro 3aBoga (I'pogHeHckas 00J7acTh), KOTOPBIA HCIONB3YeT TOPQ IS MPOM3BOJICTBA
OpUKeTOB, yNOOpeHH U Ha Apyrue nenu. B pe3ynbraTe akTUBHOM M00bIUM 3amackl Topda HAa Me-
CTOpOKIeHUH «JlOKYZIOBCKOE» B PErHOHE MPEANpPUATHS 32 MOCIEIHUE TOJbl 3HAUUTEIbHO CHU3H-
JIMCh, YTO MPHUBEJIO K MOMCKY HOBBIX MCTOYHUKOB CBHIPBSI JJISl MPOJOIDKEHUS AeATeNbHOCTH. OTHUM
U3 HampaBJICHUH SBISETCS MCIOJIB30BaHUE PEBECHBIX M PACTUTEIBHBIX OTXOJOB B KayeCTBE JO-
0aBKH ISl IPUTOTOBJICHUSI KOMIIO3UTHBIX OpUKETOB. Tako# MOIX0/ MO3BOJISET YBETUIUTh dPPeK-
TUBHOCTH PaOOTHI MPEANPUATUS U HE CHIKATh 3aHATOCTh TPYAOCIIOCOOHOTO HaceneHus. buomacca
Ui 100aBIeHHsI B OpUKETHI Oblia IMOJIydeHa U3 COJIOMBI, APEBECHHBI UBHI (IHEPTETUYECKUE TIIaH-
TaI[MU) U CeHAa MHOTOJIETHUX OOJIOTHBIX TpaB (TPOCTHUK, OCOKA, KaHapeeuHukK). /[ qobaBneHus B
TopdsiHbIe OpUKeThl OMoMacca Obllla COOTBETCTBYIOIIMM 00pa30M MOATOTOBIICHA (CTETIEHb U3METb-
yeHus He 0ojiee 5 MM, BIAKHOCTD He Gonee 14 %).

PesynbraTel pacueToB ce6ecTOMMOCTH OMOMACCHI C YYETOM BBIIICHA3BAHHBIX ITaPaMETPOB, a
TaK)Ke TeIUIOTHI CTOPaHUs IPEJICTABICHBI B TAOIHIIE.

Ta6m/1ua — CebecToNMOCTD Pa3JIMIHbIX BU0B OHoMacchl

BiasknocTs, CreneHb VYpoxaltHOCTb, TeruoTa cropanus, CebecTonMOCTb,
Bun 6nmomaccsr
% HM3MENTLYCHUS T/Ta kJx/xr $/1
JpeBecuHa MBHI 14 Jo 5 mm 12,0 18500 23,0
Comnoma 14 Jo 5 mm 3,0 16000 9,0
Ceno 14 Jo 5 mm 15,3 15500 15,9

YcTaHOBIIEHO, UTO ce0ECTOMMOCTh OMOMACCHI JIJIsl IPUTOTOBIICHUSI KOMIIO3UTHBIX TOPPOoOHO-
OpUKETOB, OJYUCHHOU U3 COJIOMBI, B 1,8 1 B 2,5 pa3a HUXKe, YeM COOTBETCTBEHHO U3 €CTECTBEHHOM
0OJIOTHOI PACTUTENBHOCTH U APEBECUHBI UBBI. CIeAyeT yUYUTHIBATh, YTO MPHU pacueTe ce0ecTONMO-
CTH COJIOMBI HE YUUTBIBAJIUCH 3aTPaThl, CBSI3aHHBIE C IOCEBOM, YXOJOM M YOOPKOI 3€pHOBBIX KYIIb-
Typ. ConoMa npruHMUManach BO BHUMaHHUE KaK PaCTUTEIbHBIM OCTATOK, KOTOPBIA MOYHO HCIIOIb30-
BaTh Ha dHeprernueckue 1enu. CeHo MOoTydeHO W3 €CTECTBEHHOW OOJIOTHOW PaCTUTEIBHOCTH, YTO
TaK)K€ MCKIIIOYAET CTaThU 3aTpaT, CBA3aHHBIE C BO3/EJIBIBAHUEM MHOTOJIETHUX TPaB, HO BKIIOUAIOT
3aTpaThl Ha YOOPKY, TPaHCIOPTUPOBKY, CYIIKY M T. 1. HecMoTpst Ha Goyiee BBICOKYIO ce0ecTou-
MOCTb JPEBECHHBI MBBI TIO CPAaBHEHHIO C JIPYTHMMH BHJIaMH OHOMACCHI, CIIEyeT yYUTHIBATh, YTO
HHEPTEeTUYECKHE TIJIAHTAIIMH BBl MOTYT OBITh 3aJI0’KE€HBI Ha TUIOMIAMX, T/I€ HET BO3MOXKHOCTH TO-
JYYUTh BBICOKHMI ypO’Kail COJIOMBI 3€PHOBBIX MJIM CE€HA €CTECTBEHHBIX TPAaBOCTOEB IO HKOJIOTHUYE-
CKHM WJIM SKOHOMHYECKUM TiprunHaM. CieoBaTeIbHO, BCE BBIINICHA3BAaHHBIC HCTOYHUKH OMOMAac-
CBI TIPEJICTABIISIOT MHTEPEC B KAYECTBE CHIPbS IS MMOJTYYCHUS KOMITO3UTHBIX OPUKETOB.
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LIFE FORMS OF PLANTS RELATED TO HEAVY METAL CYCLE IN THE
ECOSYSTEM (CASE STUDY: CENTRAL IRAN DESERT ZONE)

Mohammad Akhavan Ghalibaf Department of soil science, natural resources faculty in Yazd Uni-
versity, Iran, Yazd, makhavan_ghalibaf@hotmail.com

This research was followed after few introductory surveys of heavy metals distribution in the semi-arid
zone at mining areas in Central Iran. The research positions have been located in the territory of Kushk
Mining Company, where located in a semi-arid zone, 45km, NE from Bafgh city and 145 km from
Yazd city and so in Yazd arid zone for comparison. The major desert shrubs in the polluted area were Ar-
temisia sp. And Salsola sp. and in Yazd selected a bitter olive garden space in Yazd University. The soils
and plants in Kushk area were randomly collected to a distance about 8 km from mining waste dam and in
Yazd selected few trees for the experiment. According to the mining type, the heavy metals (Pb, Zn and
Cd) in soils and plants samples were measured. The accumulation of Zn and Cd in juicy and fresh shoot
organs were more than root but in the end of growing season concentration of metals were decreased in
dried shoots. Artemisia had less accumulation of heavy metals in fresh shoots, because of more accumula-
tion of Ca in juicy tissues. Pb showed lower mobility in all plants. Control of pastures during growth of
plants and calcium chloride spraying on shrubs to decrease accumulation of heavy metals in leaves were
proposed.
Key words: Life form, Kushk, Yazd, heavy metals, arid ecosystem.

Introduction: Life forms better known as Raunkiaer’s life forms or Botanical Life Forms
were proposed in 1934 by a Danish botanist Christen C. Raunkiaer. According to Raunkiaer, in a
community it is very important to know how a plant survives during unfavorable conditions. He
took the criterion of protection of perennating buds during adverse conditions as an adaptation of
plant to climate. Accordingly he proposed a system known as Raunkiaer’s system in which plants
were categorized into various life forms based on the position of their buds during seasons of unfa-
vorable conditions (too much cold or too much hot). Raunkiaer considered five major types of life
forms viz. Phanerophytes, Chamaephytes, Hemicryptophytes, Cryptophytes, and Therophytes.

Based on the height of trees, phanerophytes are further divided into 4 categories: a) Mega-
phanerophytes — trees taller than 30 m, b) Meso-phanerophytes — trees between 8 — 30 m, ¢) Micro-
phanerophytes — trees between 2 — 8 m height, d) Nano-phanerophytes — shrubs shorter than 2 m but
more than 25 cm (Kohli et al, 2002). Gintzburger et al. (2009) studied the Salsola richteri and Salso-
la paletzkiana in the study of macro-nano-phanerophytes and Artemisia diffusa species in the Mid-
dle East rangeland cover. Zhang (1997) showed in his study on barley plants in a contaminated en-
vironment with cadmium and lead, since these heavy metals can not be the essential elements of the
plant in the case of plants subject to contamination due to reduction The absorption of the main el-
ements will be accompanied with growth retardation and, on the other hand, by the introduction of
metals into the plant organs, can also lead to contamination of animal and human food chain.
Koneshloo et al. (2011) showed the forestry activities in decreasing the amount of oil pollutants.
Ebadati et al. (2006) in a study showed that the concentration of heavy metals in lead, zinc, copper
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