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AHHOTanus. AkmyaasHocmes., B HacTosiiee BpeMsl NTHUIEBO/CTBO, KaK YacCTh arpolnpoOMbILIJIEHHOTO KOMILJIEKCa, 1eMOH-
CTPUPYET YBEPEHHBIN POCT, YTO NPUBOAUT K yBEJUYEHNIO 06pa30BaHMUs OPraHUYeCKUX 0TX0/10B. KypuHBIH OMeT sBJseTCs
NpOoGJIEMHBIM OPraHUYECKHM OTXO/I0M NTHULEBO/CTBA C TOYKU 3PEHHUS €ro KOJHUYEeCTBa, 3KOJOTMUYEeCKOH OMAcHOCTH U CO-
JepaHus Biaard. C Ipyroil CTOpoHbI, KYPUHBIN MTOMET SBJSETCS MOTEeHI[HaJbHbBIM BO30OHOB/IsIEMBIM HCTOYHUKOM docdo-
pa. Mcnosib30BaHMe KypUHOTO MOMeTa B KaueCTBe TEXHOTEHHOT0 MeCTOpoxAeHUs ¢pocdopa M03BOJIUT MOBBICUTb YPOBEHb
3KO0JIOTUYECKOH U MPOJIOBOJIBCTBEHHOM 6e3omacHoCTH. IJesnwb. VcceoBaHe BIMSHUS NapaMeTPOB IJIa3MEeHHOW U NMUPO-
JIU3HOM 06PabOTKH KypHHOTO ITOMeTa Ha MOTepPI0 Macchl 0TX0/|a U cojepkaHue ¢pocdopa B 6uoyrie. Memodwl. Jkcrepu-
MeHTaJ/IbHble HCCJIeJOBAaHUs 06pabOTKH KYPUHOrO NMOMEeTa CBEPXBBICOKOYACTOTHOM MJIa3MOM M MH/IYKLHOHHBIM IMHPOJIH-
30M; Ollpe/ieJieHHe MacCOBOM J0JIM BJIary PHY BLICYIIMBAaHUU U MIOTepe MacChl 0TX0/a NPHU yTUIN3aL My TPaBUMeTPUYECKUM
MeToJl0M; onpesiesieHne docdopa B GHOyIIe KOJOPUMETPUYECKHM MeToZoM JeHmxke B Moaudukanuu A. ManworuHa u
C. XpeHoBoil. Pe3ysbmamu! u 6b1800bl. IIpoBeieHbl 3KCIEPUMEHTA/IbHble UCCJIEJ0BAHUSA M0 06paboTKe MOACTUIOYHOIO
KypPHHOTIO IOMeTa CBEPXBbICOKOYACTOTHON MJIa3MOH M MHAYKLMOHHBIM NUPO/IM30M. [loKka3aHo, 4T0 3¢ PeKTUBHBIMH CIOCO-
6aM{ yMeHbLIEHUsI MacChl KYPUHOTO ITOMeTa U NpeJoTBPAllleHHs 3arpsi3HeHUsl OKpYXKarollel cpesibl ABIATCI 06paboTKa
NIOMeTa CBEPXBBICOKOYACTOTHON IJIa3MOM M ero MHAYKLMOHHBIA NMUPOJM3. YCTAHOBJIEHO, YTO NMPU 06paboTKe KYpHUHOTO
MIOMeTa B CBePXBbICOKOYACTOTHOM IJ1a3Me B MHEPTHOH cpeJie ipu TeMiepartype o 1560 °C Macca 0TX0Zj0B yMeHbIIAeTCs Ha
92,76 % npu AJIUTENbHOCTU BO3JeHcTBUA 7 MUHYT. [Ipu aToMm conepxkanue P20s B 6uoyrse cocraBisieT fo 52,2 r/100 r
6uoyrJis. JlanbHellee BO3AeHCTBYe MJIa3MOM MPUBOAUT K OCTEK/JOBBIBAHUIO OTXOZOB. [Ipy MOBBbIIIEHUH BpeMeHH 06pa-
60TKH KypUHOI'0 IIOMeTa CBePXBbICOKOYACTOTHON MJIa3MOM 3KCMOHEHIIMa/bHO YBeJUYMBAeTCs OTepsl Macchl oTxoAa. MH-
JYKLMOHHBIHA MUPOJIN3 KYPUHOI0 IOMeTa B MUHEPTHOH cpefie npu TeMnepaType 1000 °C no3BosisieT yMeHbIIUTb Maccy 0TXO-
Aa Ha 92,30 %. CopmepxaHue P20s B 6uoyrije yBeJHYMBaeTCs C MOBbILIEHUEM TeMIlepaTypbl NUPOJM3a U COCTABJSET [0
12,64 r/100 r 6uoyrss. buoyroJib, nosy4eHHbIH B pe3yJibTaTe 06paboTKU KYpUHOTO OMeTa CBEPXBbICOKOYACTOTHOH MJ1a3-
MOM M MHJYKIHOHHBIM MHUPOJIN30M, MOXET PacCMAaTPUBATBHCS KaK MCTOYHUK docdopa. [losydeHHbIE pe3yabTaThl CBUJE-
TeJbCTBYIOT O BO3MOXKHOCTH YTH/IM3AIlMM KYPUHOTO NIOMeTa CBEPXBbICOKOYACTOTHOH MJIa3MOW M MH/AYKIIMOHHBIM ITHPOJIH-
30M.

KiroueBsble cjioBa: opraHuyeckye oTxozbl, ¢ocdop, CBepXBbICOKOYACTOTHAS MJ1a3Ma, MTUPOJIN3, YTUINU3ALUSA 0TX0/,0B, 6HO-
yroJib
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Abstract. Relevance. Currently, poultry farming, as part of the agro-industrial complex, is showing strong growth, which
leads to an increase in the generation of organic waste. Chicken manure is a problematic organic waste from poultry farming
in terms of its quantity, environmental hazard and moisture content. On the other hand, chicken manure is a potential renew-
able source of phosphorus. The use of chicken manure as a technogenic deposit of phosphorus will improve the level of envi-
ronmental and food security. Aim. Research of influence of parameters of plasma and pyrolysis treatment of chicken manure
on waste weight loss and phosphorus content in biochar. Methods. Experimental studies of the treatment of chicken manure
with microwave plasma and induction pyrolysis; determination of the mass fraction of moisture during drying and loss of
waste mass during disposal by the gravimetric method; determination of phosphorus in biochar using the Denizhe colorimet-
ric method modified by A. Malyugin and S. Khrenova. Results and conclusions. The author has carried out the experimental
studies on the treatment of chicken manure with microwave plasma and induction pyrolysis. It was shown that effective ways
to reduce the mass of chicken manure and prevent environmental pollution are the treatment of manure with microwave
plasma and its induction pyrolysis. It was established that when chicken manure is processed in microwave plasma in an
inert environment at temperatures up to 1560°C, the mass of waste is reduced by 92.76% with an exposure duration of 7
minutes. At the same time, the content of P20s in biochar is up to 52.2 g/100 g of biochar. Further exposure to plasma leads to
vitrification of the waste. As the time of treatment of chicken manure with microwave plasma increases, the loss of waste
mass grows exponentially. Induction pyrolysis of chicken manure in an inert environment at a temperature of 1000°C makes
it possible to reduce the mass of waste by 92.30%. P20s content in biochar grows with increasing pyrolysis temperature and
amounts to 12.64 g/100 g of biochar. Biochar obtained by treating chicken manure with microwave plasma and induction
pyrolysis can be considered as a source of phosphorus. The results obtained indicate the possibility of utilizing chicken ma-
nure using microwave plasma and induction pyrolysis.

Keywords: organic waste, phosphorus, microwave plasma, pyrolysis, waste disposal, biochar

For citation: Kozyr D.A. Aspects of thermal utilization of organic poultry waste. Bulletin of the Tomsk Polytechnic University.
Geo Assets Engineering, 2024, vol. 335, no. 8, pp. 187-196. DOI: 10.18799/24131830/2024/8/4494

BBeseHnue U TIOBEPXHOCTHBIX BOA. B aTMocdepHsIii BO3ayX HpH

Baknyto poiib B 3arpsA3HEHUU OKPY>KaIOLLEH cpe/bl
UTPaeT cebCKoe X03sKcTBO. OCOOBIN BKIAM B ATO 3a-
IpsA3HEHHE BHOCUT NTHULEBOACTBO. COBpEMEHHOE NTH-
IIEBOJICTBO XapaKTEPHU3YIOTCSI BRICOKUM TIOTOJIOBBEM U
00pa3oBaHWEM 3HAYUTEIBHBIX OOBEMOB MPOMBIILICH-
HeIX oTxozoB [1, 2]. B Poccuiickoii denepaunu 3a
2022 r. obpazoBanock 3769161 T momera KypHHOTO
cBexero (3 kiacc omacHocTH) U 778661 T momera Ky-
puHoro nepenpesuiero (4 kinacc onacHoctn) [3]. YBe-
JUYEHUE MUPOBOTO MPOU3BOJCTBA MTUIBI MPUBOAMUT K
€XKEroJTHOMY YBEIMYCHHIO O0beMa OTXOIOB 10 68
MJIpA T, BKJIFOYasi CTOYHbIE BOABI [4].

Kypunslii nomer siBisercss npoOJIeMaTUYHBIM OT-
XOJIOM, YYHTBIBAsl €r0 KOJHYECTBO, a TAKKE BBICOKOE
coJlep)KaHue BIIaru, KOTOPOE 3aTPyAHSAET TPAHCIOPTHU-
POBKY W pelieHue mnpodieM oOpameHus ¢ HuMm. [Ipu
JUIMTEIPHOM XPaHEHWW TOMETa Ha TPYHTOBBIX ILIO-
IIaJIKax MPOUCXOUT 3arps3HEHUE TOYBBI, TPYHTOBBIX

XpaHCHUH IIOMETa BBIOPACHIBAIOTCS aMMHAK, CEPOBO-
nopox, heHoII, MeTaH, JHOKCH yriepoaa. ToIbKo mpu
00€3BOKMBAHNUU IIOMETA 10 BJIaXHOCTH 15 % B HeM
MPEKPAIIAoTCsl BCE HEKENATESIbHBIC OMOJOTHYECKUE
MIPOIIECCH U BO3MOXKHO €T0 XpaHeHHe 0e3 yriepOa s
OKpy>Katomen cpess [S].

C nmpyroif CTOpOHBI, KYpUHBIH TTOMET SIBJISETCS IICH-
HBIM OPraHUYECKHM yHnoOpeHueM. B xummdeckoM cocra-
BE IOMETa COJICPIKUTCS a30T, Kanni, Gpocdop 1 MarHuil.
KonrenTpanust 3TUX TMOJE3HBIX BEIIECTB 3HAYUTEIHHO
BBIIIE, YeM B JAPYIHX HATYpPaJbHBIX YIOOPEHUSIX YKHBOT-
HOTO TPOHMCXOXICHMS. biaromaps BRICOKOMY conepika-
HHIO TAaKHX KOMIIOHEHTOB, TIOMET MOYKHO HCIIONIb30BaTh B
KauecTBe yAOOPEHUsI ISl YITyUIICHHS TIOYBBI M MTOBBIIIIC-
Hus ee wogopoaus [6]. KypuHbiil momMeT sIBIsieTCs I10-
TEHIIUAIBHBIM BO30OHOBIISIEMBIM UCTOYHUKOM (ocdopa.
Conepxanue pochopa B MOMETE HE TOIBEPIKEHO CE30H-
HBIM M3MCHEHUSIM, B OTIIMYHE OT KaJUsI ¥ KaJbIws [7].
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docdop sBIIETCSA KIFOUEBHIM KOMIIOHEHTOM YI00-
PCHUIA ¥ BOKHBIM OHOJIOTHMICCKHM 3JIEMEHTOM IS pa3-
BuTns pacteruil. [louru 90 % docdopa nodvBaeTes u3
HEBO30OHOBJSIEMBIX ITPUPOJHBIX PECYPCOB, BCTPEUAIO-
umxcs B Gopme dochoputhoit pynsl. Ilo conepxanuro
okcuga dochopa (P,Os) dbochopuTHbIe pymbl moapas-
JICIISTIOTCST Ha TPU KaTETOPHU: HU3KOCOPTHBIE (PocdaTsl
(12-16 %), ymepeHHO-HM3KOKaueCTBEHHbIC (ochaThl
(17-25 %) m BBICOKOCOpPTHEIE (pocdaTel. MecTopoK-
nenus ¢ coxepkanneMm P,Os Bbime 28 % cuwnrarorcs
HSKOHOMHUYECKH BBITOJHBIMH. B CBS3M € BBICOKUM
CIPOCOM Ha MPOU3BOJCTBO MHHEPANBHBIX YIOOpCHHI
noTpeOJIeHUe TPUPOIAHBIX MECTOPOXKICHUH (hocdaTon
MOCTOSIHHO yBenmuuBaetrcs. [Iporuo3upyercs, 4ro 3a-
nacel mpupoAHoro ¢ochopa MOTyT OBITH UCTOIIEHBI B
teuenue creayromux 60-90 mer. Ilpm »ToM BoccTa-
HOBJICHUE TIPUPOJHBIX MECTOpOXAeHUH (docharos 3a-
HuMmaet ot 10 mo 15 MuuinoHoB Jiet [8].

OCHOBHBIMH CTIOCO0aMHU YTHJIH3ALUA TIOMETa SIB-
JSIOTCSL TIPSIMOE BHECEHHE B TIOUBY, OMOJIOTUYECKUE U
(U3HUECKHE CIIOCOOBI.

[IpssMoe BHECEHNE KYPHHOTO IIOMETA B TIOYBY SIBIIS-
€TCs MIPOCTBIM CIIOCO0OM OOpaIIeHUsI C OTXOJaMH, HO
HUMEET PsJI HEMOCTAaTKOB — MEPEeBO3Ka 3HAYUTEILHOTO
KOJIMYECTBa CTOKOB PKOHOMUYECKH HeIlernecoodpasHa,
MOYBa M BOIHBIC OOBEKTHI MOTYT 3apa)kaThCsl MH(EK-
[IUOHHBIMH U TOKCUYICCKUMH DJIEMEHTAMHU.

Buonornyeckue crnocoObl yTHIU3aUU 00Jadal0T
HEBBICOKAMH KaITUTAJIGHBIMH M YHEPTETHICCKAMH 3a-
TparaMu, HO OTIUYAIOTCS OOINBIION JUIMTEIBHOCTHIO,
TPeOYIOT JOMOTHUTEIBHBIX XPAHWIIHUIIL U [TOICPIKAHUS
KIMMAaTHYECKUX TapaMeTpoOB, WMEIOT MOBBIIICHHBIN
PHICK yTEUeK 3arpsi3HCHHBIX CTOKOB B JTOKIJIMBBIN Tie-
PHOJ ¥ BO BPEMsI BECCHHHUX ITaBOIKOB.

Omuyeckre crocoObl XapaKTePU3YIOTCs OBICTPO-
TOW, TIOJIHOW CTEPIIM3ALNCH OPTaHUUECKIX OTXOIOB U
YMEHBIICHHEM 00BbEMOB OTX0/a, HO TPEOYIOT BHICOKUX
SHEPreTHYECKUX 3aTpaT W KBaTH(UKAIMH MEepCOHANA
it paboTel ¢ obopynoBanueM [9, 10]. Haubomnee pac-
MIPOCTPAHEHHBIM CIIOCOOOM TMEPepaboOTKH  KypHHOTO
nomera Ha nruredadpukax Poccuu siBiseTcsi Takon
bu3nuecKmii criocod, kak rpanynupoanue [11].

lNasudukarys 1 TUPOIU3 KyPUHOTO TOMETA — OJHH
U3 TEPCIEKTUBHBIX CIOCOO0B (PM3MYECKON yTHmn3a-
Ui OMOMACCHI, OCHOBHBIMH TPOIYKTaMU KOTOPBIX
SIBILIFOTCSL OMOYroJib W CcUHTe3-ra3. Onpenensiomniee
3HaueHue s 3O (HEKTUBHOCTH TEXHOJIOTHUECKUX TPO-
[[ECCOB MMEIOT HEMOCPEICTBEHHO YCIOBUS M PEKUMBI
MPOIIECCOB Tra3u(uKanuu. BHOyronb, CHHTE3UPOBAH-
HBI M3 OTXOJOB, SIBISICTCS IKOJIOTUYECKH UUCTBIM U
JCIIEBBIM MaTEPUAIOM [UI YCTPAaHCHHs 3arpsi3He-
Huit [12].

Jl1st mpakTHYeCcKOro MCIob30BaHUs ONTUMAaJIbHbIN
PEXUM NHMPOIN3a CIACAYeT MOAOMUPaTh MHANBHIYAIEHO
JUTSL KKI0H poObl moMeTta. J{ist momyueHust Ouoyris,
C TIOCTICAYIONINM €T0 MPUMEHEHHEM B KauecTBe ym00-

pEeHMIi, peKOMEHIyeTCsl UCII0Ib30BaTh MUPOJIU3 KYpH-
Horo nomera npu Temneparype 500 °C u BbIIEpKKE B
teueHue 1 waca [13]. Mcnomb3oBaHME a30THOM aTMO-
cdepbl IpU NHPOIU3E MO3BOJISAET MOTYyYUTh OOJIBIIUI
BBIXOJI LIEHHBIX KOMITIOHEHTOB. /[y sHeprocOeperaro-
IUX ¥ SKOHOMHYECKHX IIeleH, OoJiee ITOIXOISINIM
SIBIISICTCST FICTIONTF30BAHUE BO3AYIIHON aTMoc(epsl M-
ponuza [14].

XUMHUYECKUI COCTaB 30JIbI KYpUHOTO IOMETa CY-
[IECTBCHHO PA3JIMYACTCS W 3aBUCHUT OT MPUMEHIEMOTO
crocoba CKUraHus. AHaJIM3 MpoIecca CKUTaHUs Ky-
PHHOTO TTOMeTa B My(eTbHOH Ieur 1moKa3ai, 4To KITfo-
YEeBBIM ITapaMETPOM, BIHSIONIMM Ha Ka9eCTBO MOTyda-
€MOH 30IIbl, SIBJIsAETCA UCIoNb3yemMas Temrepatypa. Co-
nepxxanue P,Os B 301e cocrasisuio: g0 31,77 mac. %
mpu 900 °C; mo 26,71 mac. % mpu 700 °C um no
25,00 mac. % npu 500 °C cooTBETCTBEHHO. YBeanue-
HUE TEeMIIEPaTyphbl CIKUTAHHS MPHUBOAUT K YMEHBIIIC-
Huto conepxkanus P,Os B amopdHoit daze (6,57 mac. %
mpu 900 °C) [15].

HccnenoBanus nmokasanu, 4to amopgHas ¢asza sB-
JIIETCSI KICTOYHUKOM OHMOJIOCTYITHOM (opmbl docdopa,
COoZICpIKaIeiicss B 30J1¢ MOMETa NTHUIl. DKCHCPUMEHTEHI
M0 C)KUTAHUI0 00Pa3IOB MTHYBETO TIOMETa B TCUCHHE 2
gacoB npu 500, 750 u 1000 °C mokazamu, 4To A0S
amopdHOU (a3bl B 30JI€ SBISICTCS 3HAYUTEIHHON U 3a-
BHCHT OT TeMIIepaTyphl cropaHusi oopasia [16].

OnHUM U3 METOI0B 00PabOTKM OPraHUYEeCKUX OTXO-
JIOB SIBIBICTCSl TUIpOTepMaibHas KapOoHm3amust. B co-
OTBETCTBHU C IMPHHIMIIAMUA DKOHOMHKH 3aMKHYTOT'O
[IUKJIa, TIOCPEACTBOM THIPOTEPMATBbHONW KapOOHM3AIMH
OPTaHUYECKHX OTXOJOB, MOXKHO TOJYYHTH ITOJIC3HBIC
KOMIIOHEHTHl U 3Hepronocurenu [17]. MccnenoBatens-
MH YCTAQHOBJICHO, YTO TPH MHUPOJHU3EC KOHIICHTPAIIHS
¢docdopa noeermaercs B 1,2—-1,9 pasa, a runporepmab-
Hasi KapOOHM3AIHsI COXpaHsIeT OOJNBINYI0 YacTh (ocdo-
pa (90-99 %) B ruapoyrie. C MOMOIIBIO TpoIecca KHc-
JIOTHOTO BEIIIeTagnBanus 10 57,3 % oobmiero docdopa,
MIPUCYTCTBYIOILETO B MOJYKOKCAX U 30Ji€, ObUIO H3BJIE-
4eHo B Bujae amopdroro Qocdara kamprms [18]. Ilo-
ciefioBaTeNbHAsS KUCJIOTHAS W IIEIOYHAs KCTPAKIUS
MO3BOJISIET BOCCTAHOBHTH 110 91 % docdopa ¢ HIBKEM
YpOBHEM 3arpsizHeHust MeTasiamu [19].

TexHomornst miaasMeHHONH 0OpPaOOTKH OTXOOB SIB-
JISETCSl OJJHUM M3 MEPCIEKTUBHBIX METOAOB COKpalle-
HUSI OTXOJIOB. BBICOKHME TeMmIepaTyphsl O3BOJISIOT Tie-
pepabaThIBaTh JIFOOBIC BHJBI OTXOJIOB (TBEpAbIC, KU~
KM€, Ta3000pa3Hble), e MPOUCXOAUT BBICOKOIHEpre-
TUYECKOe pa3iiokeHue BelmecTB. Kpome 3T0oro, BO3-
JCHCTBHE TEMIIEpaTyp, BO3HUKAIOMINX TPH IUIa3MCH-
HOM TOPEHUH, CHIDKaeT 00beM MepepadaThiBacMbIX
orxo70B [20]. Mcnoab30BaHHE BBICOKOTEMIIEPATYPHO-
ro IIa3MEHHOTO MOTOKA, HU3KOE CONIEPKAHUE KHCIIO-
pona B BO3AyXe M CKOPOCTH IPOIECCA ITO3BOJISIOT
HEHTpaIn30BaTh TOKCHYHBIC BEIIECTBA, COACPIKAIIUC-
Csl B OTXO/IAX.
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Hcnonb30Banne KypHHOTO MOMETa B KaueCTBE Chl-
pbsl IJIs1 IPOM3BOACTBA MUHEPAIBHBIX yIOOPEHHH SIB-
JISIETCSI AIbTEPHATHBOU YK€ MCTOIINECHHBIM (POChHOpHT-
HBIM TIOponaM. Pemennem [uis npeoOpa3oBaHus opra-
HUYECKUX OTXOOB ITHIIEBOJCTBA B UCTOUHHK (oco-
pa SBIETCS €ro MPEIBAPUTEIFHOE CKUTAHUE C TTOCTIe-
Iyrorel sxctpakmmei Gocdopa u3 30561 1 OHOYTIIS, B
JOCTYIHO# [t pacteHuit popme. CrKkUraHUe NTHIBETO
MOMETa NTAaeT MOMOTHUTENbHBIC PEHMYIIeCTBA, TaKue
KaK yMEHBIIICHHE MAaCChl OTXOJOB C OJHOBPEMECHHBIM
CHIDKCHHEM OHOJIOTUYECKON YIPO3bl M HEMPHUITHOTO
3armaxa.

OcBOeHHE TEXHOTEHHBIX MECTOPOKICHUHA I03BO-
JIUT KOMIUICKCHO HCIIOJIB30BaTh MPUPOIHBIC PECYPCHI,
MOJIy4aTh HOBBIC BUJBI MPOIYKIUH U PEATU30BHIBATH
LIeJTN YCTOWYUBOTO pa3Butus [21, 22].

OG'BbeKThI M MEeTOAUKA UCC/IeJOBAHUS

OOm1ast uzest MCCIeOBaHMS 3aKITF0UACTCsl B H3yUe-
HUU BIUSHUS TTApaMETPOB TUIA3MEHHON U MUPOIHU3HON
00pabOTKH OPraHUYECKUX OTXOJOB NTHIICBOJICTBA Ha
MOTEPI0 MacChl OTXO/a U cojiepkanue gochopa B 6Ho-
yrie.

Jnst uccnenoBaHus napaMeTpoB TEPMUUYECKON YTH-
JU3alUl KYpUHOT'O NIOMETa MCIOJIb30BajCs BBICYLICH-
HBIM MOJICTUIIOYHBIM KYPUHBIN MOMET AOMAIITHETO XO-
3s1iicTBa, pacnoiiokeHHoro B I. Cepacronoss. Macco-
Bag JOJsl BIArd OIpelessylach B COOTBETCTBUU C
I'OCT 26713-85. YnoOpenusi opranudeckue. Meton
ompeaeNeHus BIaru U cyxoro octarka [23]. Ilpu BbI-
CYIIMBaHUM KYPUHBIH TOMeT ObLT BeIAEpKaH mpu 105—
110 °C mo mocTuKeHUs NOCTOSIHHON Macchl. MaccoBast
JIONIST BIIAaTM MCCIIEyeMOTO TOJCTHIOYHOTO TOMETa
cocraBmia 56,7 %.

[Tmazmennass 0OpabOTKa MOJCTHIIOYHOTO IOMETa
MPOBOAMIACE B OKCIIEPUMEHTAIBHON  YCTAaHOBKE
cBepxBbicokouacToTHO (CBY) muma3smbl B MHEPTHOH
cpere. MOIIHOCTh 3KCIEPUMEHTANIbHOM yCTaHOBKH
CBUY-mta3mel coctaisiet 4,2 kBT.

Hagecky maccoii 2 T pa3Memainy B KaMepe U3 Ia-
MOTHO-TJIMHSIHBIX THIJIEH. MakcumansHas pabodast
TeMmIeparypa B JKCIEPUMEHTaIbHOH YCTaHOBKE CO-
craBisia T=1560 °C. Kamepy ¢ obpasiioMm momMenianu
B PE30HATOPHYIO KaMepy M HaKpbIBAIM KOJIAKOM,
MpeBaPUTEIbHO YCTAHOBUB MOAJIOKKY ¢ UCTOUHUKOM
MepBOHAYAIBLHOU oAMHCccHH. [lpu BO3HUKHOBEHUU
ycroitunBoro miazmenHoro CBY-pa3psiia 3acekanoch
BpeMs Ha cekyHaomepe. s yaepxkanus CBU-nna3zmsl
HaJ MCCIIeyeMbIM 00pa3IoM U JIJIsi BU3yalbHOU (UK-
camu  tuiazmenHoro CBY-paspsna  ucnosnb3oBasicst
KBaplUEBBIA KOJMAaK C Ta300TBOAOM. B ra300TBOJ
KBapLEBOro KoJlaka MOMEIIAIU NPeJoXpaHUTEIbHBIN
KJ1allaH, KOTOPbIN IpeAHa3HauyeH [yl [IPel0TBpaILEHUs
BbIXO/a I1a3Mbl B 00bEM CBY-kamepbl. MuHUMAIIb-
Hoe Bpemsi 00paboTku nmomera B CBY mmra3me cocras-
770 3 MMH, a MakcuMmaibHoe — 7 MuH. W3mepenus
MIPOBOJIMJIMCH C IIaroM B OJIHY MHHYTY. [Ipu yBenuue-

HUU BpeMeHH oO0padoTku 10 7 MHUH HaOIIOAAIOCh
OCTEKJIOBBIBAHME HABECKH, JAajibHeiillee yBeITUueHUE
BpeMeHH BozJeiicTBus CBY-mia3Mbl Ha Kamepy ¢ 00-
pasioM HerenecoodpaszHo.

HccnenoBanne TepMUYECKON YTHIIM3AlUN KYpUHO-
ro MOMeTa TaKkKe MPOBOAMIOCH B AKCIIEPUMEHTAIbHOM
WHIYKITMOHHOW MHPOJIM3HON YCTAaHOBKE MOITHOCTBIO 7
kBT. DKcrnepuMeHTallbHas MUPOJIU3HAs YCTAaHOBKA I10
YTIIM3aIUH TOACTIIIOYHOTO TIOMETa BKITFOUACT B ceOs
MUPOTU3HYIO KaMepy, HHAYKIHOHHYIO 11€9b, TEILI000-
MEHHUK, pecuBep-Hakomutenb. [luponusnas pertopra
TePMETHUIHO 3aKPBIBACTCS KPBIIIKOH U 00pa3yeT MHpo-
JIU3HYI0 KaMepy, KOTOPYIO YCTaHaBIMBAJIM HAa MHIYK-
LMOHHYIO TIeYb Yepe3 TepMOoNpokaaaky. Iluponusnas
KaMmepa COeIMHEHa C TEIUIOOOMEHHHMKOM, NpeaHa3Ha-
YEHHBIM Ul OXJIQXKJIEHUS M KOHICHCALUM MUPOJIU3-
HBIX Ta3oB. [Ipoliecc TepMUYECKOTO PA3IOKEHUS CO-
MIPOBOXKJACTCA BBIJICICHHEM Ta3000pa3HbIX MPOAYK-
TOB, KoTOphlie noxkuratorcs B CBU-mmmazme. Muaykmm-
OHHBII NUPOJIU3 MPOBOJMIICA B HHEPTHOM cpene. Mac-
ca HaBecku cocTtamia 100 r. CkopocTh Harpesa
HABECKU HE YYUTHIBAIACh.

Bricymennsie 00pasisl KypHHOTO TTOMETa TOIBEP-
raid WHAYKIMOHHOMY THPOJIN3Y TPU YETHIPEX pas-
nuuHbIX Temnepatypax — 300, 450, 600 u 1000 °C.
[Muponu3 KypuHOro mnoMera MNPOBOJWICH C YYETOM
CTa/IUi ero pacrajga — FreMHIEIUTION03bI IEPBBIMHU 01~
BEPraloTCs TEPMHUYECKOW JECTPYKIMH B HHTEpBale
temmiepatyp 170-260 °C, 3areM uumer pacmaj HeTio-
1103561 (240-350 °C) u nurauna (280-500 °C) [24]. [Tpu
temmeparypax 6oiee 600 °C oOpa3yroTcst JIeTKUE ra3bl,
HU3KOMOJIEKYJISIPHBIE YIIIEBOJOPO/Ibl, MPOTEKAIOT pe-
aKLUU MOJTUMEPHU3ALIHU.

Onpenenenne P,Os B OMOyrie BBIMOIHSAIOCH KOJIO-
PUMETpUICCKUM MeToioM [leHmke B MoanuKanuu A.
Mamoruna u C. XpenoBo#. ITomydeHHBIH OHOYTroJb
pacTBOpsUIN COJISTHOM KucinoTo. JlanbHeliee onpene-
JICHHE OCHOBAHO Ha CIIOCOOHOCTH (POCPOPHOU KHCIIO-
Thl JaBaTh Toyly0Oe OKpallMBaHHE C MOJUOIEHOBO-
KHCITBIM aMMOHHUEM B TIPUCYTCTBUU XJIOPUCTOTO OJIOBA.

Jlis OlleHKH pe3yNbTaTOB AKCICPUMEHTAIBHBIX UC-
CJIeIOBaHUN HCIIONIb30BAIM BEJIMYUHY MOTEPH MAaccChl
Kypunoro nomera (W, %), koTopast XapakTepHu3yeT, Ha
CKOJIBKO YMEHBIIMIIACh MAcCa KYPUHOTO ITOMETa!

w =m0,
mg

rae mp — MacCa HABCCKHU KYPUHOI'O IOMETa, I; mj—
Macca IMnoJIy4€HHOro 6H0y1"J'I5[, TI.

Pe3ysibTaThl HCC/Ie JOBAaHNS U UX 06CYK/IeHIe

B cootBercTBUU C pa3pabOoTaHHON METOAUKOH Obl-
JIM IIPOBE/ICHBI KCIIEPUMEHTANIbHBIC UCCIIEIOBAHUS IO
00paboTKe MOACTHIIOYHOTO KyprHOTO nometa B CBY-
mnaszMme. Iocne obpaborkn CBY-mna3moit B TUrie o6-
paszoBajics OWOYroJib, KOTOPBI HEOOXOIUMO OBUIO
HaOpaTh 10 Macchl B 2 T JIJIsl TIOCJIEIYIOMIETO Jiabopa-
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TOPHOT'0 XMMHUYECKOTO aHann3a Ha Hammuue docdopa.
s aToro OBUTM MPOBEAEHBI CEPHU OIBITOB. Bcero
ObLI0 BBITTONTHEHO 40 OTBITOB 00PaOOTKH BBICYIICHHO-
ro momera B CBU-mna3me B Teuenwne 3, 4, 5, 6 u 7 mu-
HyT. OUKCHpOBaANIaCh Macca 0TX0/a M Macca OUOYIIISL.
Temmeparypa B THTENBHOH KaMmepe COCTaBIIsLIA
1560 °C. buoyroib uMen HepaBHOMEPHBIA KUPITUYHBIN
IBET K LEHTPY MEpeXOoAsIinuii B rpadUTOBO-UEPHBIN,
9TO CBHJCTENHCTBYET O TOM, UYTO B OCTAaTKE MPHUCYT-
CTBYET YIJIEPOA W €ro coenmHeHus. buoyroms coOm-
paJicsi B KOHTEHHEpBI JUIs MOCICIYIONIEro 1abopaTop-
HOTO XUMHUYECKOTOo aHaim3a Ha Hamuune ¢ocdopa.
[lpn yBenmmuenun BpeMeHH OOpabOTKH A0 7 MHH
HaOII0JAJIOCh CTEKIIONOI00HOE BEIIECTBO, MPEATNONO-
JKUTEJIBHO, 00pa30BaBIlIeecs] B Pe3yIbTaTe CICKAHUS U
mepexona B aMop(dHOE COCTOSHHE MHHEPalbHBIX CO-
€MHEHUH, TPUCYTCTBYIOMINX B TIOMETE C MOJICTHIKOM:
AIIOMOCUIINKATOB, OKCHAOB KPEMHHs, KaJbLUTOB U

T. 1. (puc. 1).

Puc. 1. Buoyzoab, noay4veHHblll npu o6pabomke KypuHoz20
nomema CBY-naasmoli 8 meveHue 4 MuHym
Fig. 1. Biochar obtained by processing chicken manure with

microwave plasma for 4 minutes

[TomydeHHBIE SKCIIEpUMEHTAIBHBIC JAaHHBIC OBLIH
MIPOBEPEHBI HA OJHOPOAHOCTH M JOCTOBEPHOCTH. IIpo-
BEpPKa HAa OJHOPOJHOCTb IPOBOAMNACH MPU MOMOILU
kputepusi CteiofienTa. DakTHueckoe 3HaYEHUE KPHUTe-
pus Creionenra t,=1,59 MeHBIIE TEOPETUUECKOTO
t,=2,02, morepss Macchl KypUHOIO MOMETa MpU ILIa3-
MeHHOI 00paboTke oxHOpojHa. OmeHKa J0CTOBEpHO-
CTH AKCTIIEPUMEHTAIBHBIX TaHHBIX BEHIOJNHEHA C II0-
Moo kputepust y° Ilupcona. Trmotesa o cooTBET-
CTBHU JIaHHBIX HOPMAJIbHOMY 3aKOHY pacIpe/eleHus
MOATBEPKAAETCS, T. K. IpU 5 % ypOBHE 3HAUUMOCTHU U
CTEIICHH CBOOOMABI 4 TEOPETUYECKOE 3HAYCHUEC (xzq))
MeHbIle (haKTHYecKoro 3HaudeHust kputepus [lupcona
(), T. €. 7,58<9,49.

[Ina3zmennass 00paboTka KypHHOTO IOMETa MpH
temneparype T=1560 °C B TeueHue 7 MUHYT NO3BOJIS-
€T YMEHbIIUTh Maccy orxoaa Ha 92,76 %. B pe3ysnbra-
T€ UCCIIEJOBAHUM YCTAHOBJIEHO, YTO NPH YBEIUUCHUU
BpeMeHH 00paboTku KypuHoro nomera CBYU-muiazmoit
(t, mun) pu Temneparype T=1560 °C mmeHenne mac-
CBI OTXOJ[a AKCIIOHEHINAIBHO YBEIMIUBACTCS C KOI(-
dummenToM gerepmunarin R’=0,81 (puc. 2):

W=74,481e""

OpranmJeckie OTXOABl NTHIICBOICTBA TAKOKE OBLTH
00paboTaHbl MHIYKIIMOHHBIM TTMPOJIN30M. Macca HaBeCKH
BBICYIIIGHHOTO KypHHOro momera (my, T) IHojBepraiach
UHAYKIMOHHOMY TIHPOJU3Y MPH Pa3INYHON TeMIIepaType
(T, °C). B pesynbraTe NMHUPOIM3HOH O0OpPaOOTKM Macca
HaBeCKH CHIKaach (my, r). M3MeHeH#ne Macchl KypuHOTO
nomera Qukcuposanock (W, %). Tawke Quxcupoancs
00BeM THpoNIHON kunkocta (V, M), IIUTEIEHOCTH
WCCIIEIOBAaHUI 1 0COOCHHOCTH Tporiecca (Tadit. 1).
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Puc. 2. 3asucumocmv nomepu maccel omxoda (W) om
8peMeHU  NnAa3MeHHOU  06pabomku  KypuHoz2o
nomema (t, MuH)
Fig. 2. Dependence of waste mass loss (W) on the time of

plasma treatment of chicken manure (t, min)

Ta6auya 1. Pe3ysbmambul nUpoiusHoli 06pabomku KypuHo-

20 nomema
Table 1. Results of pyrolysis treatment of chicken manure
?ﬁ —~ ~
: E El Zm | T | §o | 5oz
N =] S 2 s ~ o [
25 |g€8 | Eg | EE | B | 532
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£ =2 g < g3 &€= | 6%
2 e | = =& | 2 ° =
112 300 100 19,7 80,29 83,23
108 450 100 129 87,14 84,07
99 600 100 10,6 89,42 68,43
28 1000 100 7,7 92,30 66,37
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ITomydennslit 6uoyrons conep:xan MuUHepaisl (Oe-
Jble BKIIIOYEHHSI), TIOATOMY Iepell JalbHEHIIUM HC-
MOJIb30BAaHUEM OHOYIIIsl KaK yIoOpeHHsS HEO0OXOIMMO
U3y4YUTh MUHEPAILHBIA COCTaB M KOJUYECTBO MUHEPA-
JIOB TBepJ0ro octaTka. JKuakas Qppakius mpeacTaBiisi-
7ma co00il MAaCISIHUCTYIO JKHUAKOCTH KOPHIHEBOTO OT-
TEHKa, KOTopas o0iazama pe3KUM KOITICHHBIM 3ara-
XOM JibIMa (puc. 3).

[lomydenHple SKCIEPHIMEHTATBHBIE NaHHBIC OHO-
POIHEL, T. K. (aKTHYecKoe 3HaueHue kpurepus CThio-
neHta t,=1,25 wMeHble Teoperuuyeckoro t,=3,18.
OreHKa JOCTOBEPHOCTH AKCIIEPUMEHTATBHBIX JTaHHBIX
¢ moMoIIBio KprTepus - [IMpCcoHa moKasama COOTBET-
CTBUE JIAaHHBIX HOPMAaJIbHOMY 3aKOHY pPacIpellesieHus,
T. K. TEOPETUYECKOE 3HAYEHUE MEHbIIEe (PAaKTHUYECKOTO
3Hauenus [lupcona (qu) > XZT (1,42<3,84)).

YcTaHOBJICHO, YTO MOTEPS MAacChl KYpHHOTO TOMe-
ta (W, %) yBenuuuBaeTcs ¢ MOBBIIICHUEM TeMIIepaTy-
pul muponm3Hoit oopadotku (T, °C) mo muHeiHOH 3a-
BHCHUMOCTH ¢ KO3(PHUIIMEHTOM JICTCPMHUHAITAN R2=0,83

(puc. 4):

W=0,0154T+78,2.

Puc. 3. Buoyezosb, nosyueHHblll hpu obpabomke KypuHo20
nomema UHOYKYUOHHbIM NUPOAUIOM Npu memne-
pamype 600 C

Fig. 3. Biochar obtained during chicken manure treatment

by induction pyrolysis at 600°C

B Guoyrne, KoTopblii moaydeH npu o6paboTke Ky-
puHoro nomera CBY-mia3Moif, KOIOpUMETPUUYECKUM
MetosioM [leHrwke B Mogudukanuu A. Manroruna u C.
XpEeHOBOI ONpenessiin KOJIMYecTBO OKcHaa (docdopa.
Hcnonb3oBanachk HaBecka OUOYTJIs OCIE MIa3MEHHOM
00paboTKN Maccoit 2 T, oOmmii 00beM BBITSKKH CO-
craBysin 100 M1, 00beM BBITSIKKH B3SITOM JUISL OTIpelie-
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nenus 1 mr. ITo kanubpoBouHOMY rpaduKy ompeaens-
nock conepxanue P,Os B uccinenyemom pactsope. Pe-
3yIBTATHI ONpPEeNICHHs ONTHYECKOH MIOTHOCTH HCCITe-
nyemoro pactBopa (Dx) u comepxkanue P,Os, /100 T
OUOYTJIs, IPEACTABICHBI B TA0JI. 2.
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Puc. 4. 3asucumocmb nomepu Maccbl KypuHozo nomema
(W, %) om memnepamypsl e20 UHOYKYUOHHO2O
nupoausa (T, °C)
Dependence of chicken manure mass loss (W, %) on
the temperature of its induction pyrolysis (T, °C)

Fig. 4.

VYCTaHOBIEHO, YTO HA NPOTSHKEHMU 7 MMHYT IUlas-
MeHHOI 00pabOTKH KypHHOTo nomera cozaepxanue P,Os
B Omoyrie cocrapisieT 6omee 50 %, UTO SBIAETCSI XOPO-
MM TIOKa3arejaeM Uil JalbHEHIIero Mpou3BOACTBA
yaoOpeHuit win u3BiedeHus: docdopa uz ouoyrns. [lo-
JyYeHHBIC 3HAYCHHS COICp)KaHWs okcuaa (ocdopa B
OuoyrIie moclie Tia3MeHHoH 00paboTKH omMéETa Kyp 0J1-
HOpOzHbI N0 KpuTeputo CTbIOJEHTa U JOCTOBEPHBI 110
Kkputepuio % Iupcona. TIpu 06paGoTKe MOICTHIOUHOIO
KypWHOTO roMeTa Tuta3mMoi ripu temneparype 1560 °C ¢
TIOBBIIICHIEM BpPEMEHN 00pabOTKH (t, MUH) COJICpKaHHe
okcuna docgopa (C(P,0s), /100 T Groyrist) Oymer dKc-
MOHEHIINATHHO YBEITIMYUBATECS 110 3aBHCHMOCTH C KO-
(bUIMEHTOM JIeTepMUHAILIUH R2=0,98 (puc. 5):

C(P,05)=9,542¢"**,

Ta6auya 2. Pe3syabmambl uccaedos8aHusi CO0epHcaHusi OKCu-
da ¢ocgopa 8 6uoyase nocae naasmeHHoll 06-
pabomku noméma Kyp

Table 2. Results of a study of phosphorus oxide content in
biochar after plasma treatment of chicken manure
Bpewms nias- Copepxanue okcuza pochopa
MeHHOH o6pa- OnTryeckast B GuoyrJie
60TKH (t, MUH) | MJIOTHOCTb Dx (C(P20s), /100 r 6uoyr.s)
Plasma treat- | Optical density Phosphorus oxide content
ment time Dx in biochar
(t, min) (C(P20s), 8/100 g biochar)
3 0,014 19,85
4 0,018 25,7
5 0,02 28,65
6 0,028 40,4
7 0,036 52,2
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Takum 00pa3oM, YCTaHOBIJICHO, YTO JUIMTEIHEHOCTh
IUTa3MEHHOM 00pabOTKM KypHHOIO MOMETa BIUSIET Ha
KonmdecTBO (hocopa B Omoyrie mocie oO0padOTKH.
Ucnonw3zoBanne CBY-muia3mbl JUis YTHIM3ALWU TOJ-
CTWJIOYHOTO KYpHWHOTro momera Ha nrunedadprkax
MO3BOJIUT OBICTPO M 3HAYUTEIBHO YMEHBIIUTH 00BEM
OTXOZOB U TOJYYUTH B JOCTATOYHOM KOJIHYIECTBE HE-
00Xx0oanMBIH U1 yI0OpeHnit KOMIIOHEHT — (ochop.

60

u B
-

P20s, ©/100 1T 3008

P
o
L ]

10

2 3 4 5 6 7 8
t, MHUH

Puc. 5. 3asucumocmv  codepycaHusi okcuda pocgopa
(C(P20s), 2/100 2 6uoyeasi) om epemeHu 06pabomku
KypuHozo nomema 6 CBY naasme (t, MuH)
Dependence of phosphorus oxide (C(P20s), g/100 g of
biochar) content on the time of chicken manure
treatment in microwave plasma (t, min)

Fig. 5.

B Guoyrie, KOTOpBIi TOTy4eH MU HHAYKIIMOHHOM ITH-
poNM3e KypHHOIO MOMETA, TAKXKE OMPEIEIUTH KOJINYECTBO
okcua (ocdopa KOIOpUMETPHICCKUM MeToioM JIeHrke B
Momudurarmu A. Mamorsaa u C. XpeHosou. HMcnomb3o-
BaJIaCh HABECKA OHMOYIIISI MOCIE MHIYKIMOHHOTO TIMPOJIH3a
Maccoit 2 T, oOuii 00beM BBITSDKKHM cocTaBisur 100 i,
00BEM BBITSDKKH, B3SITBIN 11 onpeenenns, 1 mr. Tlo ka-
JIMOPOBOYHOMY IpaHKy OMpeaessuiock coneprxkanue P,Os B
HCCIICITyeMOM pacTBOpe. Pe3ynbTaThl OMpeIesieH s OITTIHC-
CKOM TIOTHOCTH UccliemyeMoro pactBopa (Dx) u conmeprka-
Hue P,Os, 17100 r 6uoyrist mpeacTaBieHsl B Ta0II. 3.

Ta6auya 3. Peysomamul uccaedoganusi Haauuusi P20s e
6uoyase nocae UHOYKYUOHHO20 NUPOAU3A KYpu-
HO020 noMema

Table 3. Results of a study of P:0s presence in biochar
after induction pyrolysis of chicken manure
Temnepatypa OnTtuye- CopepkaHue oKcuja
WHAYKIMOHHOIO | cKasl IJIOT- docdopa B 6uoyrie
nuposmza T, °C HoCTb Dx (C(P20s), r/100 r 6uoyr.as)
Induction pyrolysis Optical Phosphorus oxide content in
temperature T, °C | density Dx | biochar (C(P20s), g/100 g biochar)
300 0,008 4,4
450 0,009 5
600 0,014 7,94
1000 0,022 12,64

[NonyyeHHble 3HaueHUS COJCPIKAHUS OKcHaa (oc-
¢opa B Omoyrie nocie MHAYKIMOHHOTO IHPOJIH3a T10-
METa Kyp OXHOPOIHBI TIO KPHTEPHIO CThIOfICHTA U J0-
cToBepHbI 110 Kputeputo ¥~ Ilupcona. Ha ocHoBe mo-
JIy4eHHBIX IKCIIEPUMEHTAIBHBIX JJAHHBIX YCTAHOBIICHO,
YTO TIPH TMOBBILICHUN TEMIICPATyphl MHPOIH3HON 00-
pabOTKK MOACTIIIOYHOTO IMOMETa KYP YBEITHUUBAIOTCS
MaccoBble 3HaueHus ¢ochopa B Onoyrie. Hanbonb-
mee cojep)kanue okcuna (ocdopa HabmrOMACTCS TIPU
temneparype 1000 °C.

IIpu 06paboTKe MOACTUIOUHOTO KypUHOTO MOMETa
WHIYKIIMOHHBIM TTHPOJIN30M C MTOBBIIICHUEM TEMIIepa-
Typsl 006padoTku (T, °C) conepkanue okcuaa pochopa
(C(P,0s), 1/100 r Ouoyriis) OyAeT JTUHEWHO YBEIHYH-
BaThCS 10 3aBHCUMOCTH ¢ KO3()(DUIIMEHTOM JeTepMH-
Haruu 0,98 (puc. 6):

C(P,05)=0,0124T+0,2327.
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Puc. 6. 3asucumocmbs codepicanus P20s 2/100 2 6uoyeas
om memnepamypul UHOYKYUOHHO20 NUPOAU3A
kypuHozo nomema (T, C)
Fig. 6. Dependence of P:0s content, g/100 g of biochar, on

the temperature of induction pyrolysis of chicken
manure (T, C)

Kunkas dpaxuus, moxydeHHas Mociae THPOIU3HOM
00pabOTKHM TOJICTUIIOYHOTO KYPUHOTO ITOMETa, COJep-
JKaJla He3HAYMTEeIbHOE KOoJM4ecTBO (hocopa, Tak Kak
OTCYTCTBOBaJIa CIIOCOOHOCTh (OC(HOPHON KUCITOTHI
JaBaTh TONy0O€ OKpallMBaHHE C MOJHOJEHOBO-
KHCJIBIM aMMOHHEM B IPUCYTCTBUH XJIOPHCTOTO OJIOBA.

WNHIyKImoHHBIA THPONIN3 TAKKE TIO3BOJISIET YBEIHU-
YUTh KOHIEHTparuio (ocdopa B OHOyrIe 10 cpaBHe-
HUIO C MUCXOJHBIM MaTepHaloOM, YTO JIETaeT BO3MOXK-
HBIM HCIOJIb30BaHHE OMOYTJIS B KaYeCTBE yIOOPCHHMIA.
OnHako mepe]| UCIOJb30BAaHMEM OHOYIISI B KadecTBE
yI00peHnsi HEeOOXOIUMO MPOBOJUTH AHAIHM3 €ro Co-
CTaBa W ONPENECINUTHh ITO3MPOBKY B 3aBUCHMOCTH OT
TpeOOBaHMIA K IIOYBE U PACTCHUSIM. Y ICTIbHBIC 3aTPATHI
SHEpruy Ha nosy4enue 1 r okcuna docdopa n3 Kypu-
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HOTO IIOMETa NPHU HCIOJIb30BAHUU SKCIIEPUMEHTAIIb-
HOM ycTanoBku CBY-1uta3mel coctaBsat 6,7 kBT, a mpu
00paboTKe HKCIEPUMEHTAIBHON YCTAHOBKOM HWHIYK-
IIHOHHOTO MUPOJIN3a COCTaBsT 7,2 KBT.

3akJ/iloueHue

1.

D PeKTUBHBIM CIIOCOOOM YMEHBIIIEHUSI MACChI T0-
MeTa KYpHHOTO CBexero (3 Kiacc OMacHOCTH) U
MIPEIOTBPAICHHS 3arPsI3HCHUST OKPY)KAIOMmIeH cpe-
Il SIBJISICTCS 00pabOTKa IOMeTa CBEPXBBICOKOYA-
CTOTHO# IIa3MOW ¥ MHIYKIIMOHHBIM ITHPOJIU30M.

Y CTaHOBIIEHO, YTO MPH 00pabOTKE KypUHOTO ITOMe-
ta B CBY-itasme mpu temmeparype mo 1560 °C
Macca 0TXO/I0B YMeHbIIachk Ha 92,76 % mpu anu-
TEJIBHOCTH 00paboTku 7 MuHyT. Ilpn 3TOM coxep-
xanue P,Os B 6uoyriie coctabnset 10 52,2 /100 r
6uoyrms. lanpHeimee BpeMs 00pabOTKH IPUBOIUT
K OCTCKJIOBEIBAHMIO OTXOIOB. [IpH mOBBIIICHUH
BpeMeHH 00paboTku KypuHoro momera CBUY-
wiasmor (t, muH) mpu Temnepatype T=1560 °C
SKCTIOHCHITNATBHO YBEIHYUBACTCS TOTEPS] MACCHI
orxona (W, %) 1o 3aBUCUMOCTH W=74,481¢""",

O06paboTKa KypHHOTO IMoMeTa MHAYKIIMOHHBIM ITHPO-
m3oM npu temreparypax 300-1000 °C nosBossier
yMeHbLIMTH Maccy otxona Ha 92,30 %. Conepxanue

P,Os B Ouoyriie yBelnnuuBaeTcs ¢ MOBBILICHUEM TEM-
nepaTyphbl Iupoin3a U cocrasisieT a0 12,64 r/100 r
ouoyrist. IInponmsHas >KHAKOCTE HE CONEPXKUT HC-
CIIETyeMOro OMOTeHHOro 3nemeHTta. lloTepst mMacchl
KypuHoro nometa (W, %) yBeInuuBaeTCs ¢ MOBBIIIIE-
HUEM JIIUTEIBHOCTH TIMPOJIM3HOM 00paboOTKU TI0 JIU-
HelHo# 3aBucuMoctd W=0,0154T+78,2.

. O6paboTka cBexero KypuHoro momera B CBY-

masMe ¢ ToxydeHueM okcuaa docdopa sBisercs
3¢ (HEKTUBHBIM CIIOCOOOM YTHIIU3AIUK TTOMETa Kyp,
KOTOPBIi TO3BOJISICT YAATUTh TaTOTCHHBIC MUKPO-
OpraHu3Mbl U JPYrHe BPEIHBIC BEIECTBA, MOBbI-
HIAOIINE PUCK 3arpsA3HEHUsI OKPYKAIOIICH Cpejibl,
3HAYUTEIFHO M OBICTPO CHU3UTH MAaccy OTXOJIOB, a
Takxe mpeoOpa3oBaTh MoMeT B Oojiee 0e30mMacHbIH
U yOOHBIH TS TAIbHEHIIIETrO UCTIOIb30BaHUS OHO-
yroib ¢ coaepxkanuem P,Os 6omee 50 %.

. MHAYKUMOHHBIN NUPOIU3 KypUHOTO IIOMETA MOXKET

ObITh 3(D(HEKTUBHBIM CIIOCOOOM YTHIIM3AIMH Opra-
HUYECKUX OTXOJOB M MOJYYEHHUS IIEHHBIX MPOIYK-
TOB, TAKHX KaK OHOYTOJIb, JKUIKHUE YTIICBOIOPOIBI U
ra3el. KommuectBo (ocdopa, comepikaiierocs B
OuoyrIie mocie MUPOJIH3a, MOKET 3aBHCETh OT MHO-
rux (aKTOpOB, TAKUX KaK TEMIIEPaTypa MUPOJIH3a,
BpEMsI U COCTAaB KYPUHOTO MOMETA.
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