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MOAYJbHBINA MIPUHIIUIT OPTAHU3AIIMM ITPOU3BOICTBA

MNEJIJIET U3 PACTUTEJIBHOTI' O CBIPbSI
Bynenxuii B.A.", Bypao O.I'.%, 3sikor A.B.%, Boiitenko A.K.%, Be3oax U.B.%, Kamkapes A.A."
000 «BM-Engineering»
2Oz[eccmm Hanmonanbnasa Axkagemust Ilnmessix TexHnosiornii,

MODULAR PRINCIPLE OF PELLETS FROM VEGETABLE RAW

MATERIALS PRODUCTION SETUP
Bunetskiy V.A.}, Burdo 0.G.2, Zykov A.V.? Voitenko A.K.2 Bezbakh 1.V.2, Kashkarev A.A.!
'BM-Engineering Ltd,
?Odessa National Academy of Food Technologies

AnHoTanus. B pabore pemraercs 3amada co3maHus B YKpanHE COBPEMEHHOTO YPOBHS MPOCKTA MPEATIPUATHS IO
TOHHa>XHOMY IIPOU3BOACTBY HCJUICT U3 onomMaccel. OCHOBHOHM TEXHHYECKOM KOH].ICHL[I/IGI\/'I TAKOT'O IPOCKTA SABJIACTCA
6JIO‘IHO-MOZLYJILHLII>'I MNPpUHIUII KOMIUICKTAallun TEXHOJOTMUECKOMI JIMHUH, Yy3J1a TPHUEMKH CBIPbA U 3HEPIrCTHYCCKOTO
KoMmIniekca. B IMPOCKTEC HUCIIOJIb30BAHBI MEPECAOBLIC UACHU SIKOHOMUYHOTO (1)YHKIJ,I/IOHI/Ip0BaHI/I§I CJIOKHBIX SHEProC€MKUX
MMPOU3BOJACTB — AJIbTCPHATUBHBIC UCTOYHUKU SHEPIrUn U FHy60KaH yTuiausanusa TCIJIOThI TGHJ’IOHOCI/ITGJ’IEFI, BO3BpaT UX
OHCPIruu B TEXHOJIOTHIO. OCHOBHBIM OHCPIrOHOCUTEIICM  IIPOU3BOACTBA ABJAIOTCA  NEJUICTHI COOCTBEHHOTO
MPOM3BOJICTBA. B KadecTBe TEMJIOBBIX yTHUIM3ATOPOB IMPOEKTHPYIOTCS ammaparbl Ha TepMocudoHax. MIMeHHO Takue
anmnaparbsl HE UMEIOT AJILTCPHATUB B COBPEMCHHBIX CUCTEMAX YTHUIIM3alMU TCIUIOTHI Ia30B Jid HarpeBa BO3AYHIHBIX
MOTOKOB. JIeKOMIO3UIMSA NPOU3BOACTBEHHON JHMHUM, CIPYKTyphl MOAyNeld OOOCHOBaHBI TEXHOJOTHUYECKH,
SHEPTEeTHYECKH W SKOHOMHYECKH. JIJIf STOrO paccMOTpeHa COBpPEMEHHasl KIacCH(pHUKAIS PHIHKA MEIIET, ero TpH
Hambonee EMKMX cerMeHTa. PaccMoTpeHa Kiacch(UKAIUsa KaueCTBEHHBIX XapaKTEPUCTHK MEIUIET W3 PACTUTEIHHOTO
CBHIpBbs, TPeOOBaHUS TO WX cepThdUKanuu. JlaH aHAIM3 COBPEMEHHBIX TEXHOJOTHH MPOWU3BOJCTBA ALTEPHATHBHOTO
TOIUIMBA U3 OMoMacchl. BuIsBiIEHBI MUPOBBIC TEHACHINU Pa3BUTHA TICIITICTHBIX TEXHOJIOTHH. HCCHCHOB&HLI TCHACHIIMHN
pbIHKA TIEJUIET MO pa3HbIM CEerMeHTaM, 1o crpaHaMm EBpormsbl. [loka3zaHo, 4To B HacTosiee BpeMs CIIPOC Ha TEIJIeTh
MIPEBBIMIAET MpeIokeHns. OnpeneneHbl MPoOJIeMbl M HAYIHO-TEXHHUECKHE MTPOTUBOPEUHS TIEJIETHBIX TexHoJorni. C
OI[HOﬁ CTOPOHBI pacCTET HOTpe6HOCTL B MOIIIHBIX 3aBOAax MO NPOU3BOJACTBY AJbTCPHATUBHOI'O TOIJIMBA U3 OMOMAcCCHI.
C I[perﬁ CTOPOHBI — UCTOYHUKH CBIPbS OKa3bIBAOTCA HECTaOMIIBHBIMU. A 3TO CepbeBHbeI 6apbep I CTPOUTCIILCTBA
KPYIHBIX 3aBOJOB. Pemenue storo MNPpOTUBOpPCUUA B IpEjIaraMoOM MHHOBALIMOHHOM IIPOCKTE — MNEPEXOd Ha OJI0YHO-
MOJIYJIBHBII NPUHIMII. B pamkax MOaylsi pelaroTcsi TEXHOJOIMYECKHE 3a/1aud, KOTOpble TpeOyroT o0opypoBaHUS,
COOTBETCTBYIOLICTO BUAY CbIPbA. HpeI[J'IO)KCHI)I MOAyJIn Uit MEXaHUYECKOH nepepa60TK1/I, CYLIKH, T'paHyJIsIIUHA.
[IpenBapuTenbHOE OPOOJIEHNE CHIPhSI OCYIIECTBISIETCS OPUTHHAIBHBIMH JIE3UHTErpaTOpaMi KOHCTPYKIIMH aBTOPOB.
[IpenmoskeHHBIN TPOEKT MO3BOJSAET B KpaTJYalIINe CPOKH MPOBECTH MOHTaX 00OpYIOBAaHMUS, €TO MEPEIUCIOKAINIO B
JIpYroii ChIpbEBOM palioH, NOBBICUTh TOHHAXKHOCTb IIPOU3BOICTBA, IIEPEBECTU €TI0 HA IPYIOW BUJ CHIPbSL.

Abstract. The work solves the problem of creating in Ukraine a modern-level project of an enterprise for tonnage
production of biomass pellets. The main technical concept of such project is the block-modular principle of a complete
set of a process line, a raw material receiving station and an energy complex. The project used advanced ideas of
economical functioning of complex energy-intensive industries - alternative energy sources and deep utilization of heat-
carrier heat, returning their energy to the technology. The main energy source of production is own-produced pellets. As
thermal utilizers, devices on thermosphones are designed. It is these devices that have no alternatives in modern systems
of utilization of the heat of gases for heating air currents. Decomposition of the production line, the structure of the
modules grounded technologically, energy and economically. For this, the modern classification of the pellet market, its
three most capacious segments, is considered. The classification of quality characteristics of vegetable pellets, the
requirements for their certification are considered. The analysis of modern technologies for the production of alternative
fuels from biomass is given Revealed global trends in the development of pellet technologies. The trends of the pellet
market in different segments, across Europe are studied. It is shown that at present the demand for pellets exceeds
supply. The problems and scientific and technical contradictions of the pellet technologies are identified. On the one
hand, there is a growing need for powerful plants for the production of alternative fuels from biomass. On the other
hand, the sources of raw materials are unstable. And this is a serious barrier for the construction of large plants. The
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solution to this contradiction in the proposed innovative project is the transition to a block-modular principle. Within
the module, technological tasks are solved that require equipment corresponding to the type of raw material. Modules
for mechanical processing, drying, and granulation are proposed. Pre-crushing of raw materials is carried out by the
original disintegrators of the authors design. The proposed project allows in the shortest possible time to install
equipment, relocate it to another raw material area, increase the production tonnage, and transfer it to another type of
raw material.

KuaroueBbie cioBa. [lemneTHble TEXHOJIOTHH, SHEProd(EeKTHBHOCTD, NE3WHTETPATOPHI, OapabaHHAs CYIIWIKA,
TPaHyJIATOPEL.
Keywords: Pellet technologies, energy efficiency, disintegrators, drum sushi, granulators.

BBenenune. MupoBsie 3HepreTHYecKre MpoOIeMbl BEI3BAIH MOBBIMIEHHBIN CTIPOC HAa aTbTEPHATUBHBIC HCTOYHHUKH
SHEPrHH, CPeJI KOTOPBIX ANHAMUYHO PACTET MOIYJISIPHOCTH arporieiueT. ViHTepec k arponesuieraM B NEpBYIO ouepeib
HKOHOMHUYEH, TaK KaK ChIPhE B HACTOSIIEE BpeMs 10 OONBIICH YacTH elle MajoleHHoe. Takas cuTyarus xapakTepHa
qutst 3aragaoi EBpomnsr [1]. OcoOeHHO NMepcreKTUBHBIN BOMPOC arporneuieT A (epMepoB, MOCKOJIbKY 00ECIeUHT X
HOBBIMHM HMCTOYHMKAMHU JI0XOJA 3a CYET MepexoAa OT JOPOTMX HCKOMAeMbIX PECYpCOB, K SHEPrHM, MOITY4YEHHOW U3
orxonoB. lleHa, pa3BHTHE HSHEPreTHYECKOro CEKTopa OMOMacchl JejaeT IeiuleThl Bce Ooyiee NpHBIIEKATEIHHOM
AIBTEPHATHBOM ISl OBITOBOTO M JIaK€ TOPOICKOTO OTOTUICHHMSI.

CenbCKOX034HCTBEHHBIE OTXOBI, OCOOCHHO COJIOMa, MOOOYHBIC MPOMYKTHI M CIEUHANbHBIE MHOTOJECTHHE
KYJNbTYPHI, SIBISIOTCS CETOIHS BHBIM PECypCcoM AT pa3paboTku meuieT. Cpenn 3TUX CeThCKOX03IUCTBEHHBIX OnoMacc
B HACTOSIIIEE BpeMs MPUTOAHBI JUIs TPAHYJISIIIUK COJIOMa, 36pPHOBBIE MPOAYKTHI, MUCKAHTYC, SIpa OJUBOK U Tp [1]. DT
6romMacchl UMEIOT HU3KOE COIep)KaHHUe BIIard, YTO YCTPaHSIET HE0OXOIMMOCTh B CYIIKE, YTO YaCTO MPOOIEMAaTHUHO IS
YIUIOTHEHHOH ApeBecHHBI. J[peBecrHa, Kak TOIUINBO, TPOMO3/KO U CO3JIaeT JIOTHCTHYecKre npobieMsl. B 3aBucumocti
OT THIIOB TI0YB, MCIOJIb3YEMBIX yIO0OPEHHI M IIepHoI0B cOOpa, OHM MOTYT HUMETh Oojee BBICOKHE Min Oojee HU3KHE
YPOBHH a30Ta, CEpbl, XJI0pa U Kajus, yeM apeBecuna [1].

Tem He MeHee, Bce ellle CYIIECTBYIOT TEXHHUIECKUE U AKOJIOTHYECKHE IPOOIIeMbl, KOTOpBIE HEOOXOJUMO PEIINTh, 1
penieHust OyAyT MPOXOJHUTh Yepe3 YMEHBIICHHE KOJMUYECTBA arpeCCUBHBIX T'a30B 3a CUET JOOABOK; CMECH CHIPBS JUIs
CHI)KCHUSI 30JIbHOCTH M COBEPIICHCTBOBAHHS METOJIOB CXKUTAHHUS Ui orpaHnueHust okcuaoB azora (NOX). AkryaneH
BOIIPOC CO3/IaHUsI COBPEMEHHOTO 000PYI0BAHHS /7Sl IPOU3BOJICTBA TIEJIIET.

AHAJIU3 JIUTEPATYPHBIX HCTOYHUKOB 1 (POPMYJIMPOBKA MPOOIeMBbI

TexHOJIOrusAM U TEeXHHUKE MPOU3BOJICTBA MEJUIET MOCBSMIEHO 3HAUUTEIEHOE KOIUYECTBO HAyUHBIX UCCIIEIOBAHUHN, U
X KOJIMYECTBO CTPEMHUTEIbHO pacTeT. PaccmarpuBaroTcss BONpOChl A(GQPEKTUBHOCTH HX HCHOJb30BaHus [2],
obopynoBanus [3], Texnonoruu [4]. Cepbe3HbI aHATUTUYECKUH 0030p, MO MpoljemMaM MEeJUIETHBIX MPOU3BOJICTB,
BBINIOJHEH B padore [5]. IIpoM3BOACTBO JpEBECHBIX TpaHyN BKIIOYAET B CeOs CIEAYIOIIUE OTamlbl: cOop |
npeaBapuTeabHas 00paboTKa ChIpbs (OKOpKa NMPU HEOOXOJMMOCTH W M3MENbUCHHE); CYIIKA OMWIOK (HCIOIb3YIOTCS
JIBE TEXHOJIOTWHU: TEXHOJIOTHS CyIIMJIBHOrO OapabaHa, MMTAEMOTO TE€HEPATOPOM TOPSTYETO BO3/yXa, WIM TEXHOJIOTHH
CYIIKH KOBpa, MUTaeMOW OOWIepoM ¢ Tropsiueill BOMIOW, MM Jake KOTeHepaluel); mepepaOoTKH; TpaHyIHpOBaHUE,
OXJIaKICHHUE U pac(hacoBKa IIPOLYKTa; XPaHECHHE.

I'panynsanuroHHast yctaHoBKa MomHOCTEI0 60-80 000 TOHH B TOJ TpeOyeT 3HAYUTEIbHbIC HHBECTUINH, TTopsiaka 10-
12 MunnnoHoB eBpo. TepMUH «IpeBecHbIE IPaHyJIb» (PAKTUUECKH 00BEIUHAET HECKOIBKO PA3IMYHBIX MPOJYKTOB LIS
pasHBIX PHIHKOB. EBpomelickue cTaHmapThl ONMPEACISIOT AHAIUTHYECKHE XaPaKTEPUCTHKH, HCIIOIB3YEMbIE METOMbI
N3MEpEeHNs] ¥ UCXOIHBIE MaTephaibl, KOTOPbIE MOTYT OBITH BKJIIOYEHBI B KaXIbli KJlacc rpaHys. MexmayHapojaHas
HopMaTuBHas 6aza (ISO), xoropass B HacTosiiee BpeMs jgopadaThIBaeTCs, BCKOPE 3aMEHUT €BPOICHCKNE CTaHAAPThI
(EN) [5]. B oroii paborte KiaccupUIMPOBaHBl MEXKIYHApOIAHBIE PBIHKM JApeBecHbIX rpanyn. IIpexcraBnena
kinaccudukanys M uX KadectBa. [IokazaHO, YTO CYIIECTBYET TPH OCHOBHBIX pBIHKAa JPEBECHBIX IpaHyls. Hambomee
OOIIMPHBII — 3TO PHIHOK TOTUIMBA JJIsI OTOIICHHS KWIBIX TMoMelieHuid. OH MpeacTaBIseTcs] JPEBECHBIMH IpaHyJIaMy
BhIcIIero copTa (kmacc Al), M3TOTOBICHHBIMH M3 NEPBUYHOHN IpeBecwHbl. ComepskaHUe 307161 B HUX OYCHb HH3KOE
(<1%), a TeruroTBOpHas criocoOHOCTH BhIcoKast (PCI> 4,6 kBtu / xr = 16,5 MJx/kr u gacto 6mmke gaxe kK 5 KBTd/kr)
[5]. Mennersl, kak mpaBwio, oueHb A(PGEKTUBHBI, U ICHEPUPYIOT OYCHb MAJIO 3arps3HSIONMX BHIOPOCOB (YacCTHII,
JIETY4nX OpraHMYEeCKUX coennHeHni). KoTibl Ha meeTax NMEroT OJJMHAKOBBIC BBIXOJBI M BRIOPOCH! IBIIH MeHee 150
mr/m3 nipu 13% O2. B 3aBUCHMOCTH OT UX MOIIHOCTH MaKCUMAaJIbHBIC KOHIICHTPAIIMU UX MapoB cOCTaBisIoT 2500 mmu
3000 y/mua CO u 80 wiam 100 mr/mM3 JeTydux OpraHWYECKHX COCOUHEHHUH. [IpaKTHUECKHE, DKOJOTHMYCCKHE U
HSKOHOMHYECKHE IPEHMYIIECTBA IPEBECHBIX I'PAHYJ OOBSCHIIOT €ro 3KCIOHEHIMAIbHBINH ycnex. Ha MuUpoBOM pbIHKE
rpaHyJ] peMuyM-Kiacca foMuanpyeT EBpona (85%) [5]. B nacrosimee BpeMs OH COCTaBJISICT OKOJIO § MIIH. TOHH H,
Kak OXumaeTcs, JocTuraeT 16 MiH. ToHH B 2020 Toay, 9TO O3HA4YaeT 3HAYUTENbHEIH pocT (9-10 %/rom), HO ocTaeTcs
COBMECTHUM C TIOCTaBKaMM I10 BCEMY KOHTHHEHTY. VTamms siBisieTcst KpyHHEHImIMM morpebureneM (2 MIIH. TOHH).
DpaHIry3cKOe MPOU3BOACTBO MOYTH HCKIOUUTEIBHO COCTOUT M3 IpaHyll mpeMuyM-kiacca. 3aech 70% moTtpediaeHus
CKUTAETCS B IIEUaX, a OCTAIBHOE — B HEOOIBIINX HHANBUYaIbHBIX WIIH KOJJIEKTUBHBIX KOTIaxX [5].

Bropoii 1o eMKOCTH pBIHOK — 3TO TEIUIOBBIE dJeKTpocTaHuK [S5]. OH TpeOyeT «IIpOMBIIUICHHbBIE» KaueCTBEHHbIC
JIPEBECHBIE TEJUIEThl, W CYIIECTBYET IJIAaBHBIM OOpa3oM B HEKOTOPBIX €BPONEHWCKHMX CTpaHax, KOTOPblE MacCOBO
MIPOU3BOJISIT CBOIO DJIEKTPOdHEpruto u3 yrisi (Aurnus, benwmmokc, [Tonbina, Janus, ['epManus) U KOTOpbIE JOJKHBI
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co0IoIaTh KOJJIGKTUBHBIE 00S3aTENbCTBA IO IPOW3BOJCTBY BO300HOBIISIEMOH 3HEpruu M cokpameHuio Ha 20%
BbIOpocoB CO2 k 2020 roxy. Haumenee 10poruM 1 ObICTPBIM PEILICHUEM SIBJISICTCS YaCTUYHASI WIIM TTOJIHASI 3aMEHa yIJIs
O6uomaccoii. IIpenmyIiecTBo rpaHysibl B TOM, YTO OHH XOPOIIO MOAXOAAT JUISi COBMECTHOIO COKUTAHHSI C YIJIEM.
OOBEeMBI TOTEHIIUAIBHO BEJIMKH, HO HECTAOWIBHBI, TaK KaK OHU 3aBHCST OT MOJUTHUYCCKHX PEIICHUI W MPOIEHTHBIX
CTaBOK, PAaCCYMTAHHBIX 110 CTaBKaM Ha yrousb, raz u CO2. Takue pbIHKH yxe npexacTasistior Ooinee 4 muH. ToHH B
Espornie n gomxssl noctiyb 14 miH. Tonn B 2020 roay, HO 9TO TakKe MOBJIMSET HA JIPyrue 00JacTH, KOTOPhIE TaKkKe
HAYMHAIOT YYUTHIBATH HEOOXOIMMOCTE O0pBOEI ¢ m3MeHeHneM kimMaTta (Kopes, Simonwst) [5]. DTH peIHKH CyIIECTBYIOT
CEeTOJHS TOJNBKO Oaroapst SKOHOMHUYECKOH MOIEpKKE, OKa3bIBAEMON 3aMHTEPECOBAHHBIMY TOCYIaPCTBAMH, KOTOpPBIE
MTOJIHOCTBIO WJIM YaCTHYHO OIIAYMBAIOT PACXOIBl MOTPEOUTENS 32 dJIEKTPOIHEPTHIO. DeKTprudeckast 3QpPeKTHBHOCTD
ocraerca Hu3Koi (30-40%) B eAMHUIIAX, KOTOPBIE HE IEHAT IMPOU3BEACHHOE TEIIO, M MBI MOKEM IOJBEPTHYTH
COMHEHHMIO BO3MOXKHOCTb TaKOTO MACIITA0HOTO HCIIOJIE30BAaHMS BO30OHOBIIIEMON SHEPTHH, KOTOpas HEIOCTyIHA B
HEOTPAaHMYCHHOM KonndecTBe. Tak, eaAnHCTBeHHas TeruroBas anekrpocTaniuss RWE B Tunbepn B Benmkobpuranuun
Tpebyet mocraBku 2,5 miH. T / ron npeBecHbIX Tpanyn). [Ipu atom, MHorue "mera-abpuxn" us 6omnee wem 500 000
TOHH TOJIOBOW IPOM3BOACTBEHHON MOIIHOCTH OBUIM MOCTPOCHBI HJIHM IIAHUPYIOTCS B CTpaHaX C OOWMJIBHBIMH H
JIeIIeBbIMU JIECHBIMU pecypcaMi, Takux kak CIIIA, Kanana, Poccus, B oxuganun bpasunuu, ABCTpanuu U HEKOTOPBIX
apuKaHCKuX cTpaH. EBporneiickue npou3BOAUTENN JPEBECHBIX I'PaHyJI MaJo 3aMHTEPECOBAHbI B TOM, YTOOBI BBIXOIUTH
Ha TaKue PhIHKH (00JIbIINe 00bEMBI, HU3KHUE IICHBI, HEOTIPEeICHHAs JT0JITOBEYHOCTH ).

Tpernii pHIHOK — 3TO KOJJIGKTUBHOE M IPOMBIIIJIEHHOE OTOIUIeHHE. [IpOMEXyTOYHBIE KaTeropuM TpaHyll
MIPEIYCMOTPEHBI B CTAaHAApPTax JUIi 3TOTO TPETHETO CErMEHTa, HO Ha HHUX HE pacmpocTpaHsercs >(pQeKTuBHOE
MIPOM3BOJCTBO. TakuMm 00pa3oM, 3HAUMUTENbHAs YacTh 3TOrO PhIHKA (HEOOJNBIINE 3aBOJBI) MPEICTABICHBI TPaHyIaMU
mpeMuyM Kiacca. B Hacrosmiee BpeMsl STOT CETMEHT, HAXOJAMIMIICS B 3a4aTOYHOM COCTOSIHMH, KaK OXKHJIAeTcHd,
MIPOAEMOHCTPUPYET OUYeHb CHIIBHBIA pocT U K 2020 rogy mocturHer 5 MuiuinoHoB TOoHH B EBpome [5]. IlenneTHoe
TOIIJIMBO 3HAYUTEIHHO JOPOXKE, YeM Ierna. TeM He MeHee, B 1IeJIOM pelieHHe Ul MeJUIeT SBISIETCS MPUBICKaTeIbHBIM
BO MHOTHX CHUTYaIHsX, €CJIM NPUHATH BO BHUMAaHME APYTHE 3aTPaThl, CBA3AHHBIE C MPOM3BOACTBOM MBTY TerioTs
(MHBECTHIINH, TPYAO3aTPaThl, 00CIyXnBaHue). [ paHysIAT 0COOCHHO MOIXOIUT JUI YCTAaHOBOK MOIIHOCTEIO MeHee 500
KBT, ¢ BBICOKOH TEPHOIMYHOCTEIO, ¢ HEOOIBIINUM MPOCTPAHCTBOM JUISl XPAHEHUS MM OTPaHUYEHHBIM JI0CTYIIOM.

Pasnmuunble WcCenOBaHUS THITAIOTCS OMPENeTUTh NHOTpeOiieHme apeBecHBIX TpaHyn K 2020 romy. OnHu
CYIIECTBEHHO pa3IMYalOTCd B OIEHKE NPOMBIIUICHHOTO pPBIHKA Ui IPOW3BOJCTBA HIEKTposHeprun. Hambomee
peaTUCTUYHBIEC OIIEHKN YKa3bIBAIOT HA MUPOBOH peIHOK OT 50 10 60 MutH. ToHH okathimei k 2020 roxy (14 miH. ToHH B
2010 rojay), u3 KOTOpbIX 35 MiH. TOHH ToJibko Juist EBpombl (12 muH. TonH B 2010 roay). [lorpedyercst ummopt ot 15
710 20 miH. TOHH, B OCHOBHOM IIPOMBIIIJICHHBIE NIEJUIETHI, XOTS B HACTOAIIEE BPEMsI OHU HE MPEBBIIAIOT 3 MiIH. TOHH.
[TosToMy MesxayHapoHasi TOProBilsl 3HAUNTEIbHO ykpenuTcs. B 2010 rony Tonbko 5 crpaH npoussenu 6osiee 1 MIH.
tonH B rox (CIIA, Kanana, ['epmanus, [lIsenus u Pocens), B To Bpemst kak 70% MHUPOBOTO CIipoca MPUXOIUIOCH Ha 6
CTpaH, Kaxxiasi U3 KoTopbix norpebisuta 6onee 1 muH. Tonn B rox (IBenwms, danus, CHIA, Hunepnanapl, Utanus u
I'epmanus).

Lenpto paboTh sIBIISIETCS pa3pab0TKa yHUBEPCAIBHBIX KOMIUIEKCOB MOJYJIBHOTO THIA AJISI TPOU3BOJICTBA MEIUIET
U3 Pa3IN9HOTO PACTUTEIBHOTO CHIPHSL.

Pe3ynabTaThl HcciieioBaHUu M UX o0cyxkiaeHne. HaydHo-TexHHUecKas THIoTe3a pa3paboTku (Gopmynupyercs
ciaenyromuM  oOpazoM. Co3maHuwe MPOM3BOJICTBEHHOW 0asbl MO TIepepadoTke OMOMacchl Ha TEJUIETHl OJIOYHO-
MOJYJIbHOTO THIIAa MO3BOJHUT COKPATUTh CPOKHM MOHTa)ka 00OpYyJOBaHMS M 3aIllyCKa IIPOM3BOJCTBA, YNPOCTUT 3a1adn
9KCIUTyaTaI[iH, MO3BOJUT 0€3 Cephe3HBIX NpOoOJIeM NPOBOANTH MEPEAMCIOKAIIMIO MPOU3BOJCTBA B JPYTrOl pPErHoH,
TiepecTpanuBaThCs Ha APYToil BUA OHOCKHIPHSL.

OO00CHOBaHO, YTO Ul PELICHWs IOCTABJICHHOW 3ajaudl IiejecooOpa3eH cieAyronid Habop: MOAYNb NPUEMKH
CBIPbS; MOJIYJIb M3MENIBUYEHHS; MOJIYJIb CYIIKH; MOAYJIb COOpa CyXOTrO CHIPbs; MOJYJIb TEPMOBIAKHOCTHOH 00padoTKH;
MO/IyJIb TPAaHYJISILUH ¥ MOJYJb SHEPT€THUECKHH.

Taxasi IeKOMITO3MIIUSI TIPOU3BOJICTBA TTO3BOJIMT OCYIIECTBIISITH TMOKOE MCIIOJIB30BaHHE O0OPY/IOBAHUS B TECUCHHE
JUTMTENIFHOTO CpoKa (YHKIMOHWPOBAHMS, HE KPUTHYHO K TEKYIIMM IIEHAM Ha CBIphE, JIETKO IIepecTpanBaeTcs Ha
JIPYTOM BUA PACTUTEIBHOTO ChHIphs. [l03BOJNSET HapammBaTh MPOM3BOJACTBO ITyTEM YCTAHOBKH JOIIOJHHUTEIBHBIX
MOJTyJICH.

PaccMoTpuM CTPYKTYpY OCHOBHBIX MOJyJeil. B 1enom JmHUS NpOU3BOJCTBA MEJUIET U3 JAPEBECHOIO MaTepuaia
COCTOMT U3 CJIEIYIONINX TEXHOJIOTHYECKUX YIACTKOB: yJaCTOK MPUEMKH CBIPhS, yIaCTOK U3MEIBYCHHUS CHIPHS, YUACTOK
CYIIKH, YYaCTOK TEPMOBIIAKHOCTHON 00pabOTKH, y4aCTOK TPAHYJIAIUHN U SHEPTeTUYECKHH y4acTOK.
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Pucynok 1. YyacTok npuéMKH ChIpbs

VYuactok mnpuéMku celpbi (puc.l) mpegHasHaueH Ui TOJAYM PA3HOTO THUMA APEBECHOTO MaTepuana Ha
COOTBETCTBYIOIIEe 000pyAOBaHNEe ydacTka u3MenbueHus (puc.3). Tax Teipca mpu momorm monBmwkHoro aHa 11112
MOJIaeTCs HETOCPEICTBEHHO HAa HM3MENBYHTENh AUCKOBBINH ToHKOro momoina 2UTIIL. Kykypy3Has memna B CEKIHH
MPUEMKHU CBIPbSI MIPOXOAUT TPEABAPUTEIbHYIO 00paboTKy B cosmomopesax 1CP1 u 1CP2 u 00Ke IHIpOMONKH IIEIIbI
(puc.2) Tae mena, mpoiins yepes npocenBarens |, CMENIMBaeTCs ¢ MOAOTPETON BOJOH U OYMCTKHU OT 3arpsisHeHui. B
TUIPOLUKIOHE 5 MPOMCXOAUT pa3feleHHe OTMBITOHM IIEnbl OT TBEPIABbIX 3arpsA3HEHHH, MOCIE Yero B IIHEKOBOM
BOJOOTAEANUTENE 6 UM OTXKUMHOM mpecce 9 MPOUCXOIUT OTAENCHHME HIeNbl OT MooLeil cpensl. OTMbITas Iena
JICHTOYHBIM TpaHcHopTepoM mnojaercst B noxasmwxkHoe auo 1IT/]1. Croga ske momaeTcss W M3MelbUYeHHas OallaHCHAs
JIpeBecrHa, KOTOpas MIPeJBAPUTEIILHO H3MENIbYaeTCs B M3MenpunTene 6anancoB 21b1 Ha ydyacTke U3MeIbYCHUS.
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1 —npoceusamens 6apabannvii; 2 — bynxep 6xoonoi,; 4 — CK-cmecumenv; 5 — euopoyuxion; 6 —
60000mOoenUment WHeKogulll;, 7 coopruk 600bl, 8 nacoc, 9 npecc omoicumuou,; 28 men, 29 men npomoyHulil.
PucyHok 2. I'uapomoiika

[Momarorcst OanaHCBl Ha Y4YacTOK HM3MEIBYCHHUS TPU ToMom mernHoro crtona monxaun 1CII1. M3menpucHHBIC
OanmaHchl M (WJIM) OTMBITas mierna u3 moABkHOTO aHa 1I1J[1 mpu moMomyM JIGHTOYHOTO TPaHCIOpTEpa MONAIOTCS Ha
n3Menbunrtens mensl 211 ygactka usmenbueHus.
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Pl/lcyHOK 3. YuacTok u3meJibYeHus CbIPpbA
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PucyHok 4. YyacTok cymku

Y4acTok U3MeNnb4YeHUs ChIphs (puc. 3) MpeaHa3sHadeH IS U3MENBYCHUS 10 He0OOXOANMOM CTENIeHH Pa3HOPOTHOTO
CHIPbS UL 4eTr0 MMEIOTCS m3Menbuntenb OamancoB 2MbB1, mamenvunrenu mensl 2WUII[1 u 2WI2 u u3MenbyuTens
JTUCKOBBIM ToHkoro momona 2UTIIl. B 3aBUCHMOCTH OT CTENEHU HU3MENBYEHHUS HCXOJHOE CBIPbE IOCTYMAaeT Ha
COOTBETCTBYIOIIEe 000PYIOBaHNE YUaCTKA H3MEIbYCHHSL.

W3menbueHHOE IPEBECHOE CHIPhE NMOCTYIAET HA YYaCTOK CYHIKH (pHc. 4) TAe IPOUCXOJUT yJalleHnue BJIark U3 HeTo
B OapabanHoii cymmiuke 3CBl. Ilomawa cChIpbs B CYIIMJIKY OCYIIECTBISeTCS HIHEKOBbIM mnurartenem 3EII(].
OTpaboTaHHBIN CYIIWIBHBIA areHT IPOXOIUT OYUCTKY OT JIPEBECHOW MbUIN B akTHBHOM InkioHe 311A1. Beicymennoe
CBIpbE BMECTE€ C YJIOBJICHHOM B IIMKJIOHE NBUIBIO KOBHIOBHIM TpaHcmoprepoM 3TKI1 momaercs B cexmmio
TEPMOBJIAXKHOCTHOM 00paboTKH (puc 5)..

TepmoBia)XHOCTHasT 00pabOTKa SIBJISICTCS KJIIOYEBBIM JTAalioM, BIHSIONIMM Ha KaueCTBO KOHEYHOTO MPOAYKTa M
SHEPreTUYECKHe 3aTpaThl, MPH MPOU3BOJICTBE MOBEPXHOCTHO OCTEKJIOBAHHBIX neiuieT. TepMoBiakHOCTHas 00paboTka
MOCTIEIOBATEILHO MPOU3BOJUTCSA B JABYXIIHEKOBBIX MHakTuBaTopax SJAUW1 u 5/112. IlonorpeB chipbs NMPOU3BOAUTCS
nojiayell «riryxoro» mapa B pyOallKy MHaKTHBaTOpa, a HEOOXOAMMOE YBJIaXHEHHE MOBEPXHOCTH OCYIIECTBIISICTCS 32
CYeT UMITYJILCHOH 10/Ia4u Mapa B IPEBECHBIN MaTepUal 4epe3 CUCTeMy (pOPCYHOK.
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macno

61
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PucyHnok 5. Y4acTok TepMOBJIaKHOCTHOI PucyHok 6. YuacTok rpaHyasiuu
00paboTKH

VYBIaKHEHHOE M MOJIOTPETOE CHIPhE MOCTYIAeT Ha yYacTOK IpaHyJsIuu (puc. 6), TAe TPaHyIbl, IMOJyYCHHBIC B
rpanyisTope 6I'M1, oxmaxkmaroTcs B Bo3AyImIHOM oxjiaguTene 60B1 u copTupylOTCS Ha CHTOBBIX IMPOCEHBATEINSX
6IIC1 u 61IC2.
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PucyHok 7. JHepreTuyeckuii y4acTox

Jlnst oGecniedeHrst MpOM3BOJICTBA TEIJIOBOW dHEPTHEH MpeIHa3HauYeH dYHEPreTHUECKu yIacTok (puc. 7). TertoBas
SHEPrusi B BHUJE TOPSYEro BO3Ayxa TpeOyeTcs sl MPOBENEHHUsl Mpoliecca KOHBEKTUBHOW CYIIKM B OapabaHHON
cymmiake. [lomorpeB Bo3ayxa OCYIIECTBISICTCS JOBIMOBBIMH Ta3aMH, MOJXYYaeMBIMH TIPH CKHTAHUU TICJUICT
COOCTBEHHOTO TIPOM3BOACTBA. Takke JHEPrHs, ToydaeMmasl NpPU CXKUTAaHWH TIEJUIET, WUCTONB3YeTCs I TeHepaluu
BOJSIHOTO Tapa, KOTOPBIH TpedyeTcs Ui TEePMOBIAXXHOCTHOH OOpabOTKH CBIPhSI TIepel TpaHyJIHPOBAHUCM.
3HAYUTEIHHO COKPATUTh SHEPT03aTPaThl HAa MPOU3BOJICTBO MO3BOISICT IPEABAPUTEIBHEIH ITOIOTPEB TyTHEBOTO BO3IyXa
B TepMOCH(OHHOM TEIUIOYTHIU3aTOPE 3a CYET HCIONb30BAaHMS SHEPIHA OTPAOOTAHHOTO CYIIMIHHOTO arcHTa,
MOKHIarommero OapabaHHyl0 Cymmiky. B cimydae HeoOXogMMOCTH —OOCCIICYeHHs TIONHOW 9IHEPreTHIECKOH
ABTOHOMHOCTH ITPOM3BOJICTBA DHEPreTUUECKMH YYacTOK CHAOXaercs MOAyJIeM KOTeHEpalu TeIUIOBOH W
JJIEKTPUYECKOM EHEPTUU.

BoiBoabI. MUpOBO#i PHIHOK IeJuleT Xapakrepusyercs aeduuntom. [Ipu 3ToM, 3HaYMTEeNIbHAS YacTh OMOMacCchl He
nepepabarbiBaeTcs. 3aBOAbI 110 TOHHAXXHOMY NPOU3BOACTBY HEJUIET B YKpauHe OTCYTCTBYIOT. Cepbe3Hble Hay4qHO-
TEXHUYECKHE TIPOTUBOpEYHs TIO0 HeCTaOWIbHOCTH o0bema Owmomaccel, ee Buaa U S(P(OEKTUBHOCTH KPYITHBIX
NPEIPHATHIA 110 HX IepepaboTKe B HACTOsIIEE BpeMs HE HMEIOT PAaKTHYECKOTO PELICHHS.

B pabote obocHOBaHa rumoTe3a 00 SKOHOMHYECKOH, IHEPreTHYECKOW M TEXHOJOTHYECKOW 3(PQPEeKTHBHOCTH
pa3paboTKH TPEANPHUATHH MO TepepadOTKH OHOMAacCHl OJIOYHO-MOIYIBHOTO THIA. [IperycMOTpEeHBI MOIYIH IS
MEXaHHYECKHUX U CYLIMIBHBIX TPOLECCOB; IS TEIUIOBIAKHOCTHOW 00paboTKU 1 rpaHyaupoBanHus. OTIeabHbIH MOIYIIb
pemraer 3amaun obecHedeHHs TEXHOJOTMH IIapoOM, ITOJOTPETHIM BO3AYXOM M Topsideld BOHOW. DHeprernueckas
3 PEKTUBHOCTh MPOM3BOJCTBA JOCTHIAETCSI 32 CYET HCIIOJIb30BAaHMS B KAUeCTBE TOIUIMBA IEJUIETHI COOCTBEHHOTO
MIPOM3BOJICTBA M CHUCTEMBI TJIYOOKOH YTHIM3aIlMM TEIUIOTHI TEXHOJOTHYECKHX BBIOPOCOB. MOy HCHONB3YIOT
WHHOBAIIMOHHBIE IE3UHTETPATOPHI ¥ TEPMOCU(OHHBIE TEIUIOYTHIN3aTOPbI, KOTOPBIC pa3paboTaHbl aBTOPAMH.
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ARTIFICIAL MICRO RNA (AMIRNA): APOTENT TOOL FOR GENE

SILENCING IN PLANT BIOTECHNOLOGY

NISHA KESARI (Scholar- Department of Biomedical Sciences-ANDC College University of DELHI,
INDIA)

RNA Interference (RNAI) is a potent technology which is used in crop development, plant’s tolerance to abiotic
and biotic stresses, resistance against bacteria, virus and fungi, resistance against many pests and insects. RNA
interference (RNAI) is a promising gene regulatory approach in functional genomics swhich has a significant impact on
crop improvement which permits down-regulation in gene expression with greater precise manner without affecting the
expression of other genes. The ability of interfering RNA to silence genes was discovered in the 1990s by American
scientists Andrew Z. Fire and Craig C.Mello, who shared the 2006 Nobel Prize for Physiology or Medicine for their
work. Fire and Mello successfully inhibited the expression of specific genes by introducing short double-
stranded RNA (dsRNA) segments into the cells of nematodes (Caenorhabditis elegans). The dsRNA segments
underwent enzymatic processing that enabled them to attach to molecules of messenger RNA (mMRNA) possessing
complementary nucleotide sequences. The attachment of the two RNAs inhibited the translation of the mRNA
molecules into proteins. RNAI is advantageous over other approaches as more than one gene can be targeted and
silencing is sequence specific. The ambit of gene silencing can be controlled so that only essential genes are silenced at
a particular stage in a particular tissue. Since there is no transgene protein expression found in RNAI approach so there
is extra metabolic load on transgenic plant.

Micro RNA(MIRNA)

MicroRNAs (miRNAs) are a class of small 21-22 nucleotides long non-coding RNAs, that are responsible in
regulation of mMRNA function at the post transcriptional level either direct cleavage or via translational repression. They
are mainly transcribed as an independent transcriptional unit and their expression has been found in all developmental
stages. mMiRNAs have been well studied during developmental stages and different environmental stress conditions, but
their functions and regulatory networks aren’t understood yet. Aprehension of the regulatory roles of miRNAs might
open new avenues for better comprehension of this well-conserved mechanism and its use for genetic engineering.
MicroRNA interference (miRNAI) technology provides an efficient platform for functional studies and agricultural
applications.

DISCOVERY OF miRNA

Victor Ambros and his colleagues discovered the first miRNA lin-4 in 1993 in C. elegans, which has been shown
to regulate the expression level of lin- 14, a gene involved in the same developmental pathway like lin-4. The lin-4 gene
did not encode any protein; instead, it made a pair of small RNAs, a ~21-nucleotide long RNA and another ~60-
nucleotide long. The longer RNA had a tendency to fold into a stem-loop structure and was predicted to be the
precursor of the ~21-mer RNA. This shorter ~21-nucleotide lin-4 RNA was the founding member of the predominantly
available class of small regulatory RNAs that are known today as miRNAs. The lin-4 RNA when bound to the
complementary sequences found in the 3'-untranslated region (3’-UTR) of lin-14 mRNA, repressed its translation
without reducing the level of lin-14 transcript (Lee et al. 1993). After 7 years of discovery of lin-4, another miRNA
called let-7 was discovered in 2000 in the same organism (Reinhart et al. 2000). miRNA let-7 was found to be used in
regulation of the expression of gene lin-41, required for the transition from late larval to adult cell fate.

MODE OF ACTION IN PLANTS

Micro RNAs are transcribed from non-coding nuclear genes, a majority of them are located in the intergenic and
intragenic (intron) regions, and very less number of them are located in 5'-UTR or 3'-UTR regions. Plant miRNAs are
generally transcribed by RNA Polymerase II, which produces capped and polyadenylated long primary
miRNAtranscripts (pri-miRNAS). These transcripts are then processed into precursor miRNA(pre-miRNA) of ~80-190
nucleotides in length, by an enzyme, DICERLIKE 1(DCL1), with RNase Il activity (Kurihara et al. 2006) . DCL1
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