VK 620.952; 620.953

Besinuko B.B., Ynacesuy M.B. Hayu. pyk. a.T.H, npod. Kynzaac C.I1.
AHau3 3(1)(l)eKTI/IBHOCTI/I HICITI0JIb30BaHUA GHMOra3oBbIX
YCTaHOBOK

buorazoBble TEXHONIOTHH B HACTOALIEE BpeMsl SBIISIOTCS
OHUM W3 TEPCIEKTUBHBIX HAIPABICHUNA BO300HOBIAEMOM
SHEPreTHKHU, o0ecneunBasi pelieHre Kak dSHEepPreTUYecKuX, Tak
M JKOJOTMYeCKHX 3amad. buoraz oOpasyercs B aHadpPOOHBIX
YCIOBUSIX IYTEM PAa3JIOKEHHUS OPraHMYECKOTO BEIIeCTBA —
cy0OcTpaTa, psiIoM MHKPOOPTAaHM3MOB M MPEICTaBISET COOOM
cmech MmetaHa (50-75%) um yrmekucnoro rasa (25-50%), a
TaK)K€ HE3HAUUTEIbHOIO KOJMYECTBA aMMHakKa, BOAOPOJa,
Cepbl M HEKOTOPBIX JAPYTrUX BEIIECTB B 3aBHCHUMOCTH OT
HCXO/IHOTO OMOCHIphs (CyOcTpara) M TEXHOJIOTHH TOJYyYEHUS
ouorasa [1].

Hcnonb3oBaHne OHOra3oBbIX YCTAaHOBOK CBSI3aHO CO
CIIEAYIOIIMMU TOJ0XKHUTEIbHBIMU (hakTopamu [2]:

» broraz Mo)KeT HCIOAB30BATHCS B KAueCTBE TOIUIMBA
s paboTsl 6mounoit TOI;

* [ToslyyeHHOE TEMJIO HCHOJIB3YETCA I HYXKI Camoil
0610ra30BON yCTAaHOBKH, a TAKXKE B CUCTEMaX TEIUIOCHA0KEHUS;

* buora3 mocne npeaBapuTenbHONH OOPaOOTKU MOXKET
OPUMEHATBCSI B KadyecTBe TOIJIMBA Ui  aBTOMOOMIIEH,
paboTaroIux Ha rase.

* [lepepaboranublii  cyOcTpar  sBISETCS  LIEHHBIM
ynobpenueMm, OoraTeiM a30ToM, ¢ocpopoM, KalueMm U
MUTATEIbHBIMA MUKPOAJIEMEHTAMH.

* buorazoBele  YCTaHOBKM  MOTYT  WTIpaTh  poOJib
OUYMCTUTENIBHBIX COOpY)XeHUH Ha Qepmax, (abpukax u
3aBOJaxX, YTO YJIYYIIAaeT CAHUTAPHO-TUTHEHUYECKHE aCIEeKThbI
JAHHBIX TPEANPUATUH.
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* [Ipon3BoscTBO OMOrasa TO3BOJSIET TMPEAOTBPATUTH
BBIOPOCHI METaHa B aTMOChepYy.

Cnenyer OTMETUTb, YTO IpaKTUYeCKass peaau3anus
OHMOra3oBBIX TEXHOJIOTUH CBSI3aHA C PELICHUEM MHOTHX 3ajad,
KaK XMMHKO-OHOJIOTHYECKOTO0, TaK M TEXHUYECKOTO IPOGHIIs, a
Takk€  BOINPOCOB  JIOTUCTHKU  TOCTaBOK  OHOCBHIPHS,
HCIIOJIB30BaHUs IOy4aeMou sHepruu. IlosTomy OT 3HaHMSA
CYUIECTBYIOIIUX MPOOIEM U BOZMOXKHBIX ITyTeH WX pPEHICHUsI BO
MHOT'OM 3aBUCHT 3(()EKTUBHOCTh UX MCIIOIb30BaAHHUS.

Cocrosinue pa3BuTHsi O0HOTra30BbIX TEXHOJIOTHI.

buora3oBble TEXHOJOTMU YK€ MOJLYUMIIU  IIHPOKOE
pacnpoctpanenue B EBpome, CIIA, Kwurtae, bpazunuu u
HEKOTOPBIX Jpyrux crtpa”ax. Ilo maHHBIM = EBpornenckoi
buorazosoii Accoumanuu Ha Havyasio 2016 r B EBporneiickom
Coroze HacumutbBasioch 17376 OHOra3oBBIX YCTaHOBOK, OBLIO
MOJICYUTAHO, YTO 32 TOJ OHHM BBHIPAGATHIBAIOT KOJIUYECTBO
Ouorasa, 3a C4eT KOTOPOro MOHO Bbipaborats 60,6 TBTu
ANEKTPOIHEPTHH, OATOTO0 JOCTaTOYHO s obecredeHus
ANEKTpOodHepruen 14 MiIH JOMALIHUX XO3SHCTB [3].

CornacHo uccnepoBanusiM, nposeeHHbIM Pike Reseach,
MHpPOBOE Mpou3BoJIcTBO Ouorasza k 2022 r cocraBut 407 TBTu
B [IepecueTe Ha TEIUIOBYIO Hepruto (puc. 1) [4].

CornacHo JTaHHBIM [enapramenTa o
SHEeprodPpPeKTUBHOCTH rOCy/IapCTBEHHOTO KOMUTETA
crangaptuzanun PecnyOnmku benapyce Ha 2016 r B cTpane
¢byHkunoHupoBago 17 OMOra3oBbIX yCTAaHOBOK  oOIien
YCTAHOBJICHHOM AJICKTPUYECKOW MOIIHOCThI0O B 24 MBT.
bONbIIMHCTBO YCTAaHOBOK HMMEIOT AIEKTPUYECKYIO MOIIHOCTH
1o 2 MBT, yro no3Bosisier Oosiee yclenHo pemaTh 3aa4n ux
3¢ (EKTUBHOTO HUCMOIb30BaHUS, B YAaCTHOCTH, OOECIEUYEHHUS
OHOCBIpbEM, B KaUeCTBE KOTOPOTO B OCHOBHOM HCIOJIB3YIOTCS
OTXOJIbl >KUBOTHOBOJACTBA. lllecTh ycTaHOBOK paboTaroT Ha
CBAJIOYHOM Ta3y.

50



407

[ CeBepHas Amepuka . : : . '
349 @ Espona ____:_____l _____ :_ _____ i At
H Asus
B HO:xHaa Amepuka -
232 W Adpuka

290

174

116

Mpowussoacteo 6uorasa, TBTu

58

cocslhoadilecccc B ccclicccatcccdecced

ceeetbheccndecccdecnca

2012 2013 2014 2015 2016 2017 2018. 2019 2020 2021 2022

Pucynoxk 1 - [Iporuos pa3surus 6M0ra30Boi oTpaciu B MHUpe

Hanpasienus NOBBINIECHUA 3P PeKTUBHOCTH
HCII0JIb30BAHUYN OMOTa30BbIX YCTAHOBOK.

Jns  MakcUMaiabHO  3QQPEKTUBHOIO  HCIIOJIB30BaHUS
OMOra3oBbIX YCTAHOBOK HYKHO PELIMTh LIETBIA psii mpobiieM
Pa3IMYHOIO Xapakrepa.

1) Buora3oBbie yCcTaHOBKH TpeOyloT OecriepeOoiHoM
MOCTaBKU OHMOCHIphS (cyOcTpaTa), MOITOMY YyXKe€ Ha IMepBOH
CTaJd  HPOEKTUPOBAHMS  CIEAyeT TPOBECTH  aHalu3
BO3MOKHOCTEHM KpYIJIOOU4HOM mocTaBku cyoOctpara. Ecnn
3aTpaThl Ha TPAHCIOPTUPOBKY CHIPbS OYIAYT CIUIIKOM
BBICOKUMH, TO pEHTa0elbHOCTh OMOra3oBOW YCTaHOBKU
3HAYUTENbHO CcHU3UTCSA. Hanbosiee ONTHMAaNbHBIM SIBIISETCS
pa3MmeleHre OHOra3oBOil YCTaHOBKM B HEMOCPEICTBEHHOM
OJIM30CTH OT TPOUZBOJAMMOrO CyOCTpara (Hampumep, Ha
YKUBOTHOBOUECKHUI KOMIUIEKcax, cBaikax ThO u T.1.).

2) Baktepuu, yyacTByromiue B npoiecce GepMeHTAIlMN U
MPOU3BOJICTBA OHoOraza TpeOYyIOT ONpEAETICHHBIX YCIOBUN
KHU3HEJESITeNIbHOCTH, B  IMPOTUBHOM  cllyyae  Ipoliecc
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MPOM3BOJICTBA OHMOraza MOXKET 3aMEJINThCS WIH BOBCE
npekparutbes.  Jias  OONBLIIMHCTBA ~ METaHOOOPA3YIOLIUX
OakTepuil OMTUMAJIBLHOU SIBIISIETCS TEMIIEpaTypa OKpYyKaroIen
cpeast ot 37 go 42 °C [5]. Iloka3arenb KUCIOTHOCTU JTOJKEH
Jexarb B jguamazoHe ot 6,5 mgo 8,0 [6]. Pazauunbie
MHUKPOOPTaHU3Mbl HYXJAIOTCS B ONPEAEICHHBIX MUTATEIbHBIX
BEILIECTBAX, MHUKPORJIEMEHTaX U BUTamMuHax. Hamuume wu
JOCTYIIHOCTh JIaHHBIX KOMIIOHEHTOB OKa3bIBAIOT O0JbIIOE
BIIUSTHUE HA POCT Mmonmyisiuu Oaktepuii. Hanbonee BaxxHBIMU
MUTATENIbHBIMKU BeIleCTBaMU sBIsitoTCs yraepod. C, a3zor N,
dochop P, u cepa S. Ha mpaktuke coorHomieHue C:N:P:S B
peaktope cocrtaBiasier 600:20:5:3 [7]. Takke HEKOTOpbIE
BpEJHBIC BEIIECTBA, HA3bIBAEMbIE WHIHMOMTOpPAMH, MEIIAOT
KU3HEICATSIbHOCTY ~ MUKPOOPTaHU3MOB. U HETaTUBHO
CKa3bIBAIOTCS Ha TIPOU3BOICTBE Onorasza [7].

3) Boibop oOnNTHMAaNIBLHOrO ©OOPYIOBaHUS H pa3Mepa
peaktopa. PeakTop M0KEH MPOCKTUPOBATHCS TAaKUM 00pa3oM,
9TOOBI OH OBLI CIIOCOOEH BMECTUTh HEOOXOIUMOE KOJIMYECTBO
cyOcTpaTa mpu 3TOM, TP MOCTOSHHOM 3aMEHE COJEPKUMOTO
peakTopa He JOHKHO BBEIMBIBATHCS OOIbIIIE MUKPOOPTaHU3MOB,
4eM MOXEeT JopacTé 3a 3To Bpems [1]. B 3aBucumoctu or
UCIIONIb3YEMOT0 CyOcTpaTa, peakTop MOXET CHa0XaTbes
CIIETYIOIIUM O00OpPYTOBAaHUEM: MEIBHUIIAMH U IIPEICPAMH JIJIs
M3MeNbYeHMS  CyOCTpaTa, HacocaMH M 3arpy3uydKaMu s
nojadu Ccybcrpara B peakTop, €eMKOCTBHIO JIJISi TUTMEHU3AIUH,
pa3NUYHBIMM  BUJAMH  MEIIATOK Ui TepeMeIIMBaHus
cyOcTpaTa B peakTope, CUCTEMaMH yAaJIeHUus IepeOpOIUBIIIETO
cyOcTpara u ocajka, ra3rojbAephl s XpaHEHHUS TOTYy4YEeHHOTO
Ouworaza u np. Bce ykazaHHBIE KOHCTPYKTHBHBIE AJIE€MEHTBI
JTOTKHBI noTpedIATh MHUHHMAaJIbHOE KOJIMYECTBO
AIEKTPUIECKOMN dHEPTHH, OBITh U3HOCOCTOMKUMU, MPOCTHIMH B
OOCTyKMBaHMUM H OKCIUTyaTaluu. Takke peakTop MOKEH
CHA0XXaThCsl XOPOIIEH TETUIOM3O0JAIMEH I MUHUMU3AIIT
TEIJIOBBIX MOTEPb.
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4) TlpoGyieMbl, CBsI3aHHBIE C XPAHCHHEM OCTAaTKOB OT
Opoxkenusa. JKupkue oCTaTKu OT OpOXKEHHUS PEKOMEHIyeTCs
XpaHUTh B €MKOCTAX W3 OETOHA WM CTaIH, KOTOPhIE MOTYT
OCHalaThcsl MelankamMu. Takke Ha Takue €MKOCTH MOKET
YCTaHABIIMBATLCSA IUJICHOYHOE TMEPEKPHITHE, TO3BOJISIONICE
coOuparh BBIACNSEMBIH W3 OCTaTKOB OpoxeHHs Ouoras u
IIPEMSTCTBOBATh BBIICICHUIO HENPUATHOrO 3anaxa. O0beM
XpaHWIHILA OCTAaTKOB OT OpPOKEHHUS JOJKEH OBITh pacCUMTaH
Ha 00beM MepepadOTaHHOTO cyOcTpara, BBIACISICMOTO HE
MeHblle, yeM 3a 180 qHel skcmulyataluu peaktopa. TBepibie
OCTaTKH OT OpOXKCHHS CKJIATUPYIOTCS B Kydd Ha
BOJOHEMPOHUIIAEMBIX IUIOMIAJIKaX, MPH 3TOM OHH MOTYT
HAKpBIBAThCS CICIUATBHBIMA TEHTAMH, JUISI MHHHMH3AIAHA
ronagaHus aTMOchEpHBIX 0caakoB [8].

5) Wcnonb30BaHUe TEIUIOBOW OHEPIUU IMPH CIKUTAHUH
6uoraza Ha Omounbix TOIl. TermoBas sHeprus, BblaenseMas
MpU  CKWUraHuM Owuorasa, 3a4acTyl0 BbIOpachIBacTCsi B
atMocepy, TIOJE3HOE  HUCIMOJIb30BaHHWE JTOM  JHEPruu
MO3BOJISICT ~ 3HAYUTEIBHO  YBEIUYHTh  SKOHOMHYCCKYIO
3¢ deKTUBHOCTL OnOrazoBbix ycraHoBok. IlompoOHee o
METO/IaX MCITOJIb30BAHMSI TETUIOBOM SHEPTHH HAITMCAHO HIDKE.

6) IToaroToBka 6uHorasa K HCMONb30BaHUIO. [Ipsmoe
HCIOJIb30BaHNE MOJyyeHHe Ouoraza OObIYHO HEBO3MOXKHO B
CBS3M C HAaNWYMEM B HEM PA3IMYHBIX MPUMECEH, MOITOMY
Omora3 MOJABEPraeTcs OYHCTKE 1O Pa3IUYHBIM TEXHOJIOTHSIM.
Jlnst wcrionp3oBaHus Oworaza Ha OnouyHbIX TOILl 00BIYHO
JOCTATOYHO IPOBECTH TIPOIECCHl 00CCCepUBAHUS M CYIIKH,
OJIHAKO, €CIIM T[JIaHWpyeTcs TMojadya Ouoraza B CETH
MPUPOJHOTO Ta3a, TO BBITIOJNHACTCS CIIe PSJT MEPOIPHSITHIA:
cemaparusi YrieKuciIoro ra3a, yJaleHue KUciIopoa, yaaleHue
OCTaTOYHBIX ra3oB (OeH30a, TOJyoJa U A.p.), OIOPUPOBAHHUE,
W3MEHEHHE KAJIOPHUMHOCTH W  CO3JlaHue  HU30BITOYHOTO
JTABJICHUSI.
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3akiouenue. buorazoBele  yCTAaHOBKHM  SIBIISIIOTCS
COBPEMEHHBIM, 3KOJIOI'MYECKH 0€30MacHbIM  HCTOYHMKOM
SHEPIuH, NOJYYHUBIINM IIUPOKOE PACIPOCTPAHEHHUE IO BCEMY
mupy. benapyce ob6sagaer XOpomlMM MOTEHUHUAIOM IS
pa3BuUTHs ~ OHMOra3oBBIX  TEXHOJIOTMH, a  KOMIUIEKCHOE
IIPUMEHEHHE METOJIOB MOBBILIEHUS UX 3(pPEeKTUBHOCTH HApALY
C opraHu3auen MIPOM3BOJICTBA OTEYECTBEHHOT O
00OpYyJIOBaHUSI MOXXET cJejlaThb HCIOJIb30BaHUE OHOra30BbIX
YCTaHOBOK 00Jiee 5KOHOMUYECKH BBITOIHBIM.

Vcxons W3 NpeiCTaBICHHOTO B CTaThe aHalu3a, Ul
MOBBIICHUST A()(HEKTHBHOCTH HCIIOJIb30BaHUS OMOTa30BBIX
TexHousioruii B Pecny6iinke benapych MOXXHO peKOMEH/10BATh:

1) Ha cragum pa3pa®OTKH TPOEKTOB  Pa3MEIICHUS
OMOra3oBbIX YCTAaHOBOK, BBIOOpa HX MOIIHOCTH, CJIEIyeT
0oJbIIIOE BHUMAHHE YACTATH OLEHKH MOTEHIMana OWOCHIphS
Ha TeKYIIMA MOMEHT pa3padOoTKH, OJMKaNIIYIO U JJIUTEIbHYIO
MIEPCIIEKTUBY. Heo6xoanmo TaKKe 00CTOSTENTEHO
popadaTbiBaTh JIOTUCTUKY IIOCTAaBKU OUOCBHIPbS.
OnTUManbHBIM SBJISETCS Pa3Menath OMOTa30BhIe YCTAHOBKH B
HEMOCPEJCTBEHHOW OJM30CTH OT MCTOYHHUKA CHIPhS U MOAAYY
ero 0e3 MCII0JIb30BaHMsI TPAHCIIOPTHBIX CPE/ICTB.

2) Ilpu BBIGOpPE KOHCTPYKLMH OHOra3oBOr0 peakTopa
BOXHBIM SIBIIIETCSE. HAJIMYUE €r0 XOpPOIIeH TerION30IISIIH,
TEXHOJIOTUYHOCTH ~ MOHTaXa, HAJEKHOIO  TEXHMYECKOIO
000pYyIOBaHUs  ONTUMAIBHOW MOITHOCTH. [lepcrieKTUBHBIM
ABNISICTCA  OpPraHu3alMs COBMECTHBIX HPEANpUATHH  JUIs
MIPOU3BOJICTBA OMOra3oBOro OOOPYIOBaHHS Ha TEPPUTOPHUU
HallIEH CTPaHBI.

3) BaxHbIM sBIsSeTcs TakXke MMOAOOp ONTHUMAJIBHBIX
COCTaBOB  CyOCTpaToB, O0ECIEUYMBAIONUIMX ONTUMAJIbHBIE
yCIIOBHSI OpO’KEHUS M yBEITMUEHHE BBIX0/1a Onorasa.

4) OOecrneunBaTh  ONTUMAJIBHBIA  TeMIEpaTYpPHBIH
PEXUM, KHCIOTHOCTh CpPEbl, a TaKXKe CICTUTh 32 HaTHIUEM
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JOCTaTOYHO  KOJMYECTBA  MUTATCNbHBIX  BEHIECTB U
MHUKPOAJIEMEHTOB JIJIsl OaKTEpHUHi.

5) s moBBIIIEHWS BbIXOJa OwWorasa Ienecoo0pazHo
paccMaTpuBaTh BO3MOXKHOCTH IPEIABAPUTEIBHONW 00pabOTKU
cyocTpara.

6) W3bickuBaTh BO3MOXXHOCTH Ooisiee A()PEKTUBHOTO
WCIOJIb30BaHUS BhIPA0ATHIBAEMON OMOTa30BBIMH yCTAaHOBKAMU
TEIUIOBOW YHEPTUH (OTOILICHHUE, TIPOIIECCHI CYIITKH H . ).
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