201992758 Al

(19) EBpa3unckoe @) 201992758 13 Al
naTeHTHOEe
Be4OMCTBO
(120 OMUCAHUE U30BPETEHUA K EBPABUMCKOM 3ASIBKE
(43) Aara ny6nukauum sasiskm (51) Int. Cl. CI2N 1/00 (2006.01)
2020.04.23 C12Q 1/00 (2006.01)
CI2P 7/00 (2006.01)
(22) [ata nonaum 3aaBku
2018.05.18
(54) CHIOCObbI ®PEPMEHTAIIUU METAHA C BBICOKOM MPOU3BOJIUTEJIBHOCTBIO
(31) 62/603,181 (72) Waobperatens:
(32) 2017.05.19 Xaiiku PoGept @., Moyp3 Mapraper
(33) US Kastpum, Isexka damucon Tx. (US)
(86) PCT/US2018/033423 (74) Mpsacrasmons:
(87) WO 2018/213724 2018.11.22 qf A CE. (RU
(71) 3assurens: eanupina C.b. (RU)
MAHI'O MATUPHAJI3, HHK. (US)
7) Paspaboransl crmocoOBI MOBBINIEHHS TIPOM3BOAUTEIBHOCTH (PEPMEHTEPOB B TEUEHHE METabOINUECKOTO
(57) p p tep p

MPEeBpallleHUs METaHCOJepXKAIUX Ia30B B MPOAYKTHI, COIEpIKAIUe MOJUTHAPOKCHATIKAHOAT, IpUYeM
YKa3aHHBIE TPOAYKTHI MOTYT OBITH HCIIONB30BAHBI, HAIIPUMED, AN TOMYHICHUS] KOpMa JUIS JKUBOTHBIX
i GMopaziaraeMbIX MOJMMEPHBIX 13enuid. CriocoObl 1300peTeHNS BKIIOYAIOT OJMH WM 00a IIprema -
YMEHBIIIEHNE BBIJCNEHUS TEIUIa IIPU pOCTe MOMYJIIIHUKA MUKPOOPTaHU3MOB U OTBEICHUE TeIjia B XOJe
(epMeHTaIMH ITyTEM yIaJICHHS TUOKCHA yIIeposa.

116 108

114 104
\ / ”
—_—
112
142
20 \ /

118

— 134

1
122 136 pd
e~
N AN
/ 138 140
126 128 AN 52

N X
/ 124

100

IV  8SLT6610C



1911678
CIIOCOBbI ®EPMEHTAITUM METAHA C BEICOKOM ITPOU3BOIUTEILHOCTHIO

Ccputka Ha POACTBEHHYIO 3aBKY U IIPUOPUTETHBINA TOKYMEHT

B aToi1 3asBKe HcnpaliuBaeTcs MPUOPUTET M0 MpeBapuTeNbHON 3asaBke Ha nateHT CIIA
Ne 62/603181, nomanHoii 19 mas, 2017.

OO6nacTh TEXHUKH, K KOTOPOH OTHOCUTCSI H300peTeHne

Hacrosimee  u3oOpereHMe  OTHOCHUTCST K BBICOKONPOU3BOAMTEIBHBIM  criocodam
(bepMeHTanMy MeTaHa oA NeHCTBUEM METAaHOTPO(OB.

YpoBEHDb TEXHUKHU

depmeHTaLUSA METaHA METAaHOTpO(aMu XOpomo n3BecTHa. CyIIECTBYIOT MPEATIONOKEHUS
IJIE  pocTa  MHKPOOPraHM3MOB Ha rase, coiepikameM MeTaH, ¢ oOpa3oBaHHEM
nosuruapokcuankaHoatoB (PHA) umn ¢ oOpasoBanueM Oenka ¢ peryimpyeMbIM COAEpKaHUEM
PHA, mampumep, Ui UCTIOJB30BAHUS B KQUE€CTBE KOPMa Uil JKMBOTHBIX WJIM €r0 KOMIIOHEHTA.
MertaH Jerko AOCTYIEH U3 MCKOIMAeMbIX HCTOUYHHKOB, & TaKXKe U3 OMOJIOTHYECKUX HCTOYHUKOB.
YacTto CTOMMOCTB YIJIepoAa METAHOBBIX MCTOYHHKOB 3HAYMTEIBHO MEHbBINE, YeM yriepona U3
APYruX HCTOYHUKOB, TaKuUX Kak caxapa. CrocoOHOCTh MeTaHOTpO(OB NpeBpaliaTb METaH B
NOJIE3HBbIE TIPOAYKTBI MyTeM (PepMEHTALMH OTKPBIBAET MEPCHEKTHUBBI JUII SKOHOMHYECKHX
npeumyiiects. Kpome TOro, mocKOJbKY HCTOYHHKH METAHCOIEPXKAIUX Ta30B MOTYT OBITh
BO30OHOBIISIEMBIMH HCTOYHHUKAMH, TAKHMMH Kak OWOra3 W ra3 M3 OpraHHMYECKHX OTXOJIOB,
MOSIBIIIFOTCS] IPEMMYIIECTBA MTOJTYYEHHSI MPOAYKTOB M3 OBICTPO BO3OOHOBJIISIEMBIX HCTOUHUKOB.

[TonuruapokcuankaHoaTbl MOTYT JIETKO pasliaraTbCsl MOJ AEHCTBHEM OaKTepHil, U OHH
NPaKTUYeCKU HeTokcu4yHbl. Takum oOpasom, PHA mnpennoskeHbl B KadecTBE 3aMEHBI IS
SKOJIOTMYECKH YCTOWYMBBIX TUIACTHKOB. HeKOTOpBIE HCCIeNOBaHUs MPOAEMOHCTPHUPOBAIH, YTO
npucyrctsue PHA Mosker ObITh OKa3bIBaTh MOJIE3HBIN 3¢ ¢ekT Ha kopM i peid. Kpome toro,
PHA Tax:ke MokeT OBITh MOJIE3HBIM KOMITIOHEHTOM, HalpUMep, U SKCTPYIUPOBAHHBIX HIIH
MPECCOBAHHBIX KOPMOBOBBIX OPHUKETOB, U3TOTOBJIEHHBIX IO PELETITYpE.

IIponykTel, comepkamiue MOJUTHAPOKCHAIKAHOATHI, MOJYYal0T MyTeM MeTaboIMYeCKHX
IPOIIECCOB € UCIMOJIB30BAHUEM CaXapoB B KAYECTBE ChIPbS (B TOM YHCIIE, caxapa KaK TaKOBBIE U
KpaxMasibl M LEJUTIOJIO3HBIE MaTepuajbl, KOTOPblE MOTYT NpPEBpamaThCcs B caxapa 3a CYer
(depmeHTaTUBHON aKTUBHOCTH). ChIpheBble caxapa OOBIYHO SIBJISIFOTCS 3HAYUTENBHO Oolee
JIOPOTHMH, Y€M Ta3bl, COAEpIKAIINe METAH, U MO3TOMY BHUMAaHHE MPHUBJIEKAET TAKOE ChIPbE, KaK
merad. OpHako cymecTByrOT npobnemsl npu mnonydeHun PHA-conmepkamux nmpoaykToB M3
ra3oB, COAEPIKAIIUX METaH, TAK KAK METaH UMEET HU3KYI PACTBOPHUMOCTh B BOIHBIX Cpelax U

BO BpeMsi OMOKOHBEPCHM METaHa METaHOTPO(bI BBIACNSIOT MHOrO Teria. Takum oOpasom, B



2

TPaTULMOHHBIX OHOJOTHYECKUX Tporeccax monyueHnst PHA w3 meraHa mnoanep:kuBaeTcs
HHU3Kasl TUIOTHOCTh METAaHOTPO(OB B BOAHOM OyJIbOHE, M B CBOKO OYepenb, YKa3aHHas Majas
MJIOTHOCTh MPUBOJUT K HU3KOW mpom3BoauTeapbHOCTH PHA Ha enunuily oOpema Ouopeakropa.
CrnenoBarenpHO, MPOMBIILIEHHO nocTymHble mnoinMepsl PHA okasamuce ropasmo OGosee
JIOPOTHUMH, YeM TPAIULIHOHHBIE TIOJUMEPBl HA OCHOBE He(PTH, U MOTOMY HE BCTPETHIIN LIMPOKO
PacIpoCTPaHEHHOTO MPOMBIIIIIEHHOTO 0J0OPEHUS.

OObuHO Omosormueckue mnpouecchl mnonydenus PHA-conmepkamux TpPOAYKTOB U3
METAHCOJEPKAIIUX Ta30B BKIIOYAIOT B Ce€0s CTQAMM pPOCTa TNOMYJSIIMM METaHOTPO(doB
("cbamaHCUPOBAHHBI POCT KIETOK") W 3aTeM MeTaHOTPO(bI MOJBEPTrarOTCs BO3IACHCTBUIO
VCJIOBHI  OKpYy’)KaloLled  Cpeapl, KOTOpble HE  MOAAEPKUMBAIOT  POCT  MOMYJIALMHU
MHKPOOPTraHHU3MOB, HO CTUMYJIUPYIOT IIPOU3BOJCTBO PHA MeTaHoTpodamu
("HecOanancupoBaHHbI pocT KieTok"). Ecim PHA sBisiercst skenaTenbHbIM IMPOIYKTOM, TO B
nocnenyromem PHA cobuparor 3 Mukpoopranusmos. st pocta momyssinuu MeTaHOTpoG OB U
npousBoacTea PHA, B BomHbIil OyJnbOH, BKIOYAOIIUNA MUKPOOPTaHHM3MBI, MOMAIOT TIas,
coaepKallui MEeTaH U KUCJIOPOACOAEPIKALLUM ras3.

CrnenoBarenpHO, cymecTByeT mNoTpeOHOCTh B crmocode monydeHus: PHA-conmeprkamumx
MPOAYKTOB M3 METAHCOAEp KAIUX Ta30B C MOBBILEHHON MPOU3BOAUTEIbHOCTHIO HAa €IUHULYY
obvema Omopeakropa. IIpenMyInecTBEHHO, B MPENNOYTHTEIBHBIX CHOCO0aX IOBBILICHHAS
MPOM3BOUTENLHOCTD MOTYT OBITh TOCTUIHYTa 5KOHOMHYECKH MPUBJIEKATEIbHBIM 00pPa30M.

CyurHocTh u300peTeHust

B Hacrosimmem u3oOpereHun pa3paboTaHbl OHOJOrMYECKHE MPOLECCHl Ui TOJYYeHUs
PHA-conep:xammx mnpoayKTOB C BBICOKOH MPOM3BOIUTENBHOCTBIO W3 Ta30B, COAEPKALIAX
metaH. COrJlacCHO HAaCTOSIIEMY H300PETEHHIO, MOXET ObITh JNOCTUIHYTA BBICOKAs! IUIOTHOCTH
MeTaHOTpo(OB Ha emmHMIy oObema OHopeakTopa, Oe3 Ype3MEpHBIX 3aTpaT Ha OXJAXKIACHHE,
CBSI3aHHBIX CO 3HAYMUTENBbHBIM 3K30TepMUuUecKH 3¢ddexkrom mnpu OHOKOHBepcMH MeTaHa. B
cnocobe  HacTosmero MW300peTeHus JOCTUTaeTCsl  JKeJaTeNbHas  BBICOKAas  CKOPOCTb
MaccomnepeHoca MeTaHa U3 ra3oBoi (asbpl B BOAHBIN OyJNbOH WM JKHAKYIO cpeay. YKasaHHas
BBICOKas CKOPOCTb MAacCONEepPeHOCa TNOANEPKUBAET BBICOKYIO IUIOTHOCTb METaHOTPO(OB.
OnHako BBICOKasi CKOPOCTb MAaCCOIMEPEHOCa U BBICOKAs IJIOTHOCTh METAHOTPO(GOB MPUBOIAT K
YBEJIMYCHUIO TeHEPaLlMu TeIUIa M MOBBIIIEHHOMY BBIICJICHUIO AUOKCUAA yriepona. B crocobax
HACTOSILEro  u300peTeHus: OOBEeAMHSETCS]  CIIOCOOHOCTh K JOCTIJKEHUIO  BBICOKOM
MHTEHCUBHOCTH MAaCCOMEPEHOCa MEeTaHa C OTBOAOM TeIla Ui TOro, YTOObI MOAAEP KUBATH
TEMIEPaTypy BOJHOM Cpeabl MOAXOIAIIEH A1l OMOJIOTHYECKOTO MpoLecca.

B cnocobax HacTosmero m3o0peTeHHs 4acTb BOJHOW Cpeabl, conepiKamed ITHOKCHI

yrjiepona, KOTOPbIA TeHepUpyercs MeTaHOTpo(daMu, BBIBOAWTCS W3 PEAKIHOHHOW 30HBI U
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KOHTAKTHPYEeT C JAeCOPOHMPYIOLIMM Ta30M C LENbI0 YAAJNCHHs PACTBOPEHHOTO JHOKCHIA
yrjiepoaa U3 U3BJICUEHHOW BOAHON cpenbl (¢ oOpa3oBaHHeM '">KMIOKOW cpeabl wind OyJIbOHA,
oOenHEHHBIX auokcuzaoMm yriepoxa"). Ilo MeHbmmeli Mepe wacTb, W TNPEANOYTHTEIHHO
NPAKTUYECKU BCsI OOeNHEHHAs TUOKCHIOM YIJIEpOJAa Cpela MOCTYIMAeT B PEAKLUHOHHYIO 30HY,
Ir7le CTAHOBUTCS 4aCTbIO BOJHOMN Cpenbl B PEaKLIMOHHOM 30He. Y iajeHue AMOKCUa yriepoaa us
BOJAHON cCpeAbl MPUBOAUT K BBICOKOH HHTEHCHMBHOCTH MAacCOIEpPEHOCAa METaHa, a Takke
KHUCJIOpOJia B BOAHOM Ccpefie peakLMOHHON 30HBL

Kpome Toro, BO BpeMst KOHTakTa ¢ AeCOPOMPYIOIIUM ra3oM, UCTIApeHHe AUOKCHUAA YIIepoaa
U BOJABI U3 W3BJICUYEHHOW BOJAHOW CpeAbl MPUBOAUT K OXJAXKACHHIO BOAHOW cpenbl. IIockosbky
NOMYJISILHA METAaHOTPO(OB YBEIUUMBAETCS, TAKXKE BO3PACTACT TeHepanusl JHOKCHIA YIIepona.
CrnenoBaTenbHO, TEIUIO, YAAJIEHHOE ITyTeM OXJaXAEHHs 3a CUeT UCIapeHUsl TMOKCHA YIriiepona, B
HEKOTOPOH CTEeNeHH  KOHTPOJNHUPYET POCT MOMyJsuuu MeTaHoTpodoB. KoHeuHo, cremneHb
TEIJIOOTBOA, Onaroziapsi HCHApeHHIO BOABL, OyZeT CBsi3aHA C OTHOCHTENBHOHM BJIAYKHOCTHIO
necopbupyromero rasa. Ilockonbky Boma Takke oOpasyercs B Mpolecce MeTabOJHYecKOro
OKHCIJIEHHS] METaHa B IMOKCH] YTIIePOAa, UCTIAPEHHE BOIBI MOKET ObITh BHITOIHBIM C TOUYKU 3PEHHS
NOATePIKaHMsI TIOCTOSIHHOTO 00BbeMa BOTHON Cpeibl BO BpeMs MpoLiecca.

B pamkax Hacrosmero n300peTeHus], TEPMUH "OrpaHUIMBAIOLINI cyOCcTpaT" O3HAYaeT WIH
METaH, WJIH KHCIOPOJ, KOTOPBIH sIBIseTCS 0OoJjiee HENOCTaTOYHBIM CyOCTpaToM  Iuis
COOTBETCTBYIOILIETO MAacCONepeHoOca, 00eCIeUNBAIOIIEr0 COaTAHCUPOBAHHBINA POCT KIIETOK WU/HJIH
HecOaNaHCHPOBAHHBIN POCT KJIETOK B JIFOOOH 3a1aHHBIA MOMEHT npouecca. Crienyer IOHUMAaTh,
YTO BO BpeMs pabOThl, BO3MOXKHO, YTO OAWH CyOCTpaT SIBISIETCS OTPAHUYHBAIOIINM B TEUEHHUE
HEKOTOPOTO TMEepUOJa BPEMEHH, a 3aTeM IPYroi cyOcTpar sBJSETCS OTrpaHMYHBAIOIUM. B
OOJIBIIMHCTBE OMEpalrii CKOPOCTh MAacCOMEPEeHOca METaHa OTPaHUYHMBAET COANAHCHPOBAHHBIN
POCT KJIETOK M HecOaJaHCHPOBAHHBIA POCT KJIETOK IMPH BBICOKOH IIOTHOCTH METAHOTPOQOB.
OnHako B HACTOSIIIEM HM300PETEHHU PACCMATPUBAIOTCS PEKUMBI HKCIUTYyaTAllH, B KOTOPBIX
MacCOMEPEHOC KHCIOpOoaa SIBISIETCS OrpaHnvmBaromuM ¢aktopom. Hampumep, kak Oyner
obcykaatees Oojiee MOAPOOHO B MajbHEHIEM, B BOAHYIO CPEly MOKeT ObITh JOOABIEH OJIUH
WJIM HECKOJIbKO PEareHTOB - METAHOJI, MypaBbHHAasl KUCJIOTa WM €€ COJIb, PACTBOpPUMAs B BOJE, U
B 3TOM CIIy4ae MacCONEePEeHOC KUCIOPOAa MOXKET CTaTh OrPAaHUYMBAOIINM (AaKTOPOM.

B mupokom cwmbiciie Hacrosimee M300peTeHHEe OTHOCUTCA K BBICOKOMPOHM3BOIUTENbHBIM
crocobamM OMOKOHBEPCHH METaHa B MPOAYKT, COAEP AU MOJUTHAPOKCHATIKAHOAT, HAIIPUMeED,
PHA wnu 6enok, umeromuii perynupyemoe copepskanue PHA, koTopbie BKIFOUAIOT:

(a) momavy rasa, comepiKallero MeTaH U KUCJIOPOACOEPKAIINH a3, B PEAKLMOHHYIO 30HY
IVl KOHTAKTa B YCJOBUSX (DEPMEHTALMH C BOJHOH Cpenoi, B KOTOPOW HMEETCS TMOMYJILHS

METaHOTPO(OB, MpHUYEM YKa3aHHAsl Cpefa COAEPXKUT IUTATeNbHblE BEIIECTBA I POCTa
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NOMYJISILMA METaHOTPO(OB, YTOOBI TMONYYUTh BOIHYIO Cpeay, OOOralleHHYI) MeTaHOTpodamy,
yKa3aHHBIH POCT MOMYJISILIMYA METaHOTPO(OB TaKKe MPUBOIUT K BBIACICHHIO THOKCHA YIIIEPOa,
BOJIbI M TEIUIA, ¥ YIAJICHUIO HEPOPEarnpoBaBLIEro ra3a U3 YKa3aHHOW PeaKIMOHHOHN 30HBI,

(b) momady rasa, comeprKaliero MeTaH 1 KHUCJIOPOACOAEP AU ra3, B PEAKIIHOHHYIO 30HY
IUIl KOHTAaKTa B YCJOBHAX (PepMEHTALWH, MO MEHbLIEH Mepe, C YacTbi0 BOJHOW Cpensbl,
oborammeHHONH MeTaHOTpodaMH, IPUYEM B YKa3aHHOW Cpe/ie MMEeTCsl OTpaHUYeHHe, HAIpUMeD,
3HAYUTEITbHBIN HEeOCTATOK, JUIA CO3JaHUSl YCJIOBUH JIMIMUTHUPOBAHMSA IUTATEIbHBIMU
BellecTBaMu (10 MEHbIIEH Mepe, OJHOrO MHUTATEbHOIO BEINECTBAa, HEOOXOOMMOro Ui poCTa
NOMYJISIUK ~ METaHOTPO(OB), UYTOOBI  BBbI3BaTh MPOHM3BOJICTBO  MOJHTHAPOKCHAIKAHOATA
MeTaHOTpo(aMu C BBIICTICHHEM JHOKCHIA VYIJepoAa, BOIbI W TeIJa, W yAAJCHUe
HEMPOPEarupoBaBIIEro ra3a U3 yKa3aHHOW peakLMOHHOW 30HbI, U

(c) BblgeneHue METaHOTPO(MOB, COAEPIKAIINX MOJUTHAPOKCHAIKAHOAT, W3 BOJHOMN Cpembl
co craguu (b), TIe IO MEHBIIIEH Mepe, B YaCTH MePHOa BpeMeHH! Kax o u3 cranui (a) u (b):

1. CKOpOCTb TOAAYM MO MEHbIIEH Mepe OJHOrO OrPaHMYHMBANOLIETO Tras3a-cyocTpara B
PEaKIMOHHYIO 30HYy Kaxknoi u3 craawmii (a) u (b) npencrasisier codoit (A) ycnosust nuddysun
cyOcTpara, U HeoOsA3aTeNbHO M MPennodYTHTENbHO, (B) perymupyercs ¢ menpro oOecnieuuTh
NPAKTUYECKU CTAOMIIbHYIO MOJIIPHYIO KOHLIEHTPALIMIO METaHA B HEMPOPEArnPOBABLINX Ia3ax;

ii. MO MeHbIIeH Mepe, HA OnHOUM u3 craawii (a) u (b) YacTb BOIHOW Cpeabl HEMPEPBIBHO
BBIBOJUTCS U3 PEAKIIMOHHOHN 30HBI M KOHTAKTHPYET C IECOPOUPYIOIIMM Ta30M AJISl TOTO, YTOOBI
yIaJUTh AUOKCUA YIIIepoa U MOJNYyYUTh OOETHEHHYIO IUOKCUIOM YIIIepoia BOJHYIO Cpeay; u

ill. MO MeHbIIEH Mepe, 4YacTb OOENHEHHOW NHMOKCHUIOM Yrjepoaa BOIHOW CpeIbl
PELUPKYIHPYET U3 PEAaKLIMOHHON 30HbBI, IO MEHBIIIeH Mepe, OnHOU u3 cranuii (a) u (b).

[IpennouturensHO, moadTan (ii) MPOBOAUTCS MO MEHBIIEH Mepe B TEUSHHE BPEMEHH, KOTia
NOMYJISIUST ~ METAaHOTPO(OB,  COCTAaBISET IO MEHbLIEH Mepe MNPUOIM3UTENBHO 8,
MPEINOYTUTEBHO TIO MeHbIIell Mmepe okojio 10 rpamMm Ha JUTp (M3MepsieTCs Kak cyxas
KJIETOYHAsl Macca), ¥ 4acTo MO MEHbIIEH Mepe B TeUeHHE MMEePHOAa BPEMEHH, KOTJa MOMYJIALUs
METaHOTPO(OB HAXOOUTCA B AMANA30HE MPUONU3UTENBbHO OT 8 10 80, M NPEANOYTHUTENEHO
npubnusnuTensbHo oT 10 1o 60 rpaMM Ha TUTP (M3MeEpsieTCs Kak Cyxasi KIIETOYHAsi Macca).

B npyroM mupokoM acrekTe HacTOsIIero H300peTeHHs, OOUH HJIM o0a peareHra u3
METaHOJIa U MYPaBbHHOH KHCIIOTBHI, WJIM €€ BOJOPAcTBOpHMON coiu ("KHCIopoacoaep:kariee
coequaenne CI"), moOamisiroT B BOAHBIN OyJbOH B TeueHHe OAHON miu obeux ¢as pocra
meranorpodos wim npoayuuposanus PHA. Kucnoponconepxkamee coequaenue Cl ciayxuT amns
obecrieueHnst METAaHOTPO(OB OTOIHUTENBHBIM YIJIEPOAHBIM CYOCTPAaTOM H, TaKUM 00pasom,
NOJAEP’KUBAETCST POCT MOMYJSILMK MeTaHOoTpodoB u mpoayuuposanue PHA co ckopoctsbio,

HpeBbILHaI-OH_[eﬁ TEXHUYECCKHUE YCJIOBUA, KOTOpPAsA MOXET HOAACPKUBATHCA NYTEM CKOPOCTU
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MaccomnepeHoca MeTaHa U3 ra3oBoi (pasel B BOAHYIO Cpeay MPH 3aJaHHOM KOMIUIEKCE YCIOBHIA.
Kpome Toro, merabonmueckoe mpespaiieHne Kucioponconepxamero coenuHenus ClI menee
SK30TEPMUYHO, YeM IpEeBpaIleHUe METaHa B pacdeTe Ha aToM yriepona. Takum oOpa3om, 3TOT
aCTeKT MMEET OTHOIIEHHE K BBICOKOMPOM3BOOUTEIBHBIM Croco0aM OMOKOHBEPCHM METaHAa B
NPOAYKT, CONEP KA MOJTUTHIPOKCHAIKAHOAT, BKIIOYAOIINM (@) MoJjady MEeTaHCOAEPIKaIlero
rasa M KUCJIOPOJCOJEpKallero rasa B pEakUUMOHHYK) 30HY [UIsl KOHTakTa B YCJIOBMSX
(dbepMeHTanMy ¢ BOOHOH cpenoil, coneprkaneli monyssLnu METaHOTPO(OB, MpUYeM yKa3aHHAs
cCpeaa COAEPKUT NHUTATEeNbHbIE BELIECTBA I POCTa MOMYJSLUH METaHOTPO(OB, UTOOBI
NOJIYYUTh BOIHYIO Cpefy, OOOTaIleHHYK MeTaHOTpodaMy, yKa3aHHBIH pPOCT MOMYJISIIHU
MUKPOOPTraHU3MOB TaK)X€ TMPUBOAUT K BBIACJICHUIO JUOKCHUIA YIJIEpOAa, BOAbI U TEIUIA, H
yIaJieHue HeMmpopearupoBaBIIero rasa W3 yKa3aHHOH peakuuoHHOW 30HBI, (b) momady rasa,
COJlep’Kalllero MeTaH U KHUCIOpPOACOAep KallMi ra3, B pPEaKLHOHHYKO 30HY JJid KOHTakTa B
yCcloBUsAX (pepMeHTanMHM, MO MEHbIIEH Mepe, C YacThbi0 BOJHOH cpenbl, 00OraleHHOM’
MeTaHoTpo(aMu, TpUYEeM B YKa3aHHOW CpeAe OTCYTCTBYET, IO MEHbILIeH Mepe, OIHO
MUTATENBbHOE BEIECTBO, HEOOXOAUMOE Uil POCTa MOMYJSIUA MEeTaHOTPO(OB, 4TOOBI BBI3BATH
MPOAYLUPOBaHNE MOJUTHIPOKCHAIKAHOATa U BblAEJeHHEe AUOKCUA YIIepoa, BOAbI U TeIa, U
yIaJUTh HENPOpPEarnpoBaBIIMI ra3 W3 YKa3aHHOW pPEaKIMOHHOH 30HBI, M (C) BBIIEICHHUE
METaHOTPO(OB, ComepKAIMUX MOJUTHIPOKCHATIKAHOATBI, U3 BOIHOU cpenbl co craauu (b), rae
Kucaoponacoaep:xainee coeauHenne Cl, mo meHblell Mepe, OAHO W3 METaHOJAa U MypaBbUHOMN
KHUCJIOTHI WJIM €€ BOJAOPACTBOPUMOMN COJH, MOAAIOT B BOJHYIO CpeAy, M0 MEHbIIEeH Mepe, Ha OAHY
u3 cranuii (a) u (b). IIpenmoutnrensHo Kucaoponconepskamee coenmnenue Cl momarot, mo
MEHBIIIeH Mepe, B YCIIOBUSX OrpaHndeHHON nuddy3um MmeraHa.

Eme ommH  mupokMi  acmeKT — HACTOSINEro  HM300peTeHHs  OTHOCHUTCS K
BBICOKOTIPOM3BOAUTENBHBIM  Croco0aM OHOKOHBEPCHH METaHa B TPOAYKT, COACPIKALIHA
NOJIMTUAPOKCHATIKAHOAT,  BKJIOYAOIIUM  (a) momady — METaHCOAep)Kallero rasa M|
KHCJIOPOACOAEPIKAIIETO ra3a B PEAKIHMOHHYIO 30HY AJII KOHTAKTa B YCJIOBHUSX (pepMeHTaLnH C
BOIHOMW CpeloH, colepkalnel MOMyJISIUI0 METaHOTPO(OB, MPUYEM yKa3aHHAs Cpena COAEPKUT
MUTATENIbHbIE BELIECTBA JJIST POCTA MOMYJLSILIMA METAaHOTPOGOB, YTOOBI MOTYYUTh BOJHYIO Cpeny,
o0OoTaIEeHHYI0 MeTAaHOTPO(paMH, YKa3aHHBIN POCT MOMYJISILIMI METAHOTPO(OB TAKIKE MPUBOIUT K
BbIICJICHUIO AMOKCHJA YIJIepOJia, BOJAbI M TeIJla, U yJajJeHHe HelmpopearupoBaBIIEro rasa us
YKa3aHHOHW peakMOHHOM 30HbI, (b) Mogady MeTaHCOAEPIKAIIero ra3a u KUCJIOPOACOAePIKaIIero
rasa B PEakLMOHHYIO 30HY JJIsl KOHTAKTa B YCJIOBUAX (PEPMEHTALMU MO MEHbLIEH Mepe 4acTh
BOIHOW cpenbl, 00OraleHHOW MeTaHOTpo(aMu, MpUYeM B YKa3aHHOW Cpene OTCYTCTBYET IO
MeHbIIEH Mepe OJHO WHUTATENbHOE BEIIEeCTBO, HEOOXOAMMOE [UI pOCTa IOMYJISLUU

MeTaHOTPO(OB, HYTOOBI BBI3BATH NPOAYLUPOBAHUE MOJUTHIPOKCHAIKAHOATA U BBIIEIECHUE
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IVOKCUZA YIiIepoja, BOAbI M TeIUla, W YAAJINTb HENpPOpPearvpoBaBIIMN Tra3 U3 YKa3aHHOU
pPEaKLMOHHOH 30HBI, U (C) BBIACICHNE METAHOTPO(OB, COACPIKAIIUX MOJIUTHIPOKCHAIKAHOATBHI,
U3 BOOHOU cpenbl co cramuu (b), mpudem, Mo MeHbIIeH Mepe, B 4aCTU MPOIOJIKHTEIbHOCTU
Kaxaou u3 cranuii (a) u (b):

1. CKOPOCTB TIOAAYH 10 MEHBLIEH Mepe OJHOTO OrpaHMYEHHOT0 Tra3000pa3Horo cyocTpara B
pPEaKLIMOHHYIO 30HY Ha Kaxayro u3 craauii (a) u (b) coorBercTByer (A) ycnosusiM nuddysnn
cyOctpara, W Heobs3aTenpbHO W mpexanouturenbHo, (B) perymmpyercs anms Toro, 4toObl
o0ecrieunTh  MPAaKTHYeCKH  CTaOWJIBHYID  MOJSIPHYKO  KOHLEHTPALMIO  METaHa B
HETPOPEearupoBaBIINX ra3ax;

il. Mo MeHblIel Mepe Ha OAHON u3 craamii (a) u (b) 4acTe BOAHOH Cpenbl HEMPEPHIBHO
BBIBOJUTCS M3 PEAKLIMOHHOW 30HBI M KOHTAKTHUPYET C IMOJYNPOHULAEMOH MeMOpaHOH, 4TOObI
yIaJUTh AUOKCUA YIIIepoaa U MOJYYUTh BOJHYIO Cpey, OOeTHEHHYIO TUOKCHIOM yIiIepoa; U

1il. perupKyJIALUS 10 MEHbLIEH Mepe JacTH OOEAHEHHOW AMOKCHAOM Yriepoja BOIHOH
CpeIbl B PEAKIIMOHHYIO 30HY 10 MEHbIIIeH Mepe Ha OfHOM u3 ctamauii (a) u (b).

IMonynponunaemast MeMOpaHa, HCIOJb3yeMas IUIsl YOAJeHHs AWOKCHAA yriepoja u3
BOJIHOM cpenbl 10 MEHbIIeH Mepe Ha OnHOW 3 craamid (a) u (b), MPEenNOYTHTENBHO SBISETCS
obesraxkuBaroiieii, miu nepy3noHHON MeMOpaHON, MPOHULIAEMOM JUTsl TUOKCUAA YIriiepona, 1
0oJiee MPENOYTUTENBHO, 3Ta MeMOpaHa TakXKe NMPOHUIaeMa Uil BOJAbL YKa3aHHas MeMOpaHa,
KOTOpast MOKET OBITh OPraHMYECKOW WIJIM HEOPTAaHHUUYECKOU, CIYKUT OapbepoM MEXAy >KUAKOU
dazoli u mapoBoil (ha3ol MPOHUKAKOIIEro BemecTBa. JIBWKyImas cujaa JUisi TPOHUKAHUS
IVOKCUAA YIJIepoAa U BOABI OOBIMHO XapakTepusyercs: kKak auddepeHnHan mapLuaibHOTO
nasyneHusi. Ilo meHbmmeli Mmepe, dacTHuHO auddepeHnHnan NapUUaaNIbHOTO AaBJIEHUS MOXKET
NOJAEePKUBATHCS Kak auddepeHnnan abCoMOTHOIO aBJIEHHUs MOMepek MeMOpaHbl, HarpuMep,
HAa CTOPOHE NMPOHHKAIOIIEr0 BEIIECTBA MOJACPKUBAETCS BaKyyM, W/ MPOUUINAIOIINNA ra3 Ha
CTOpPOHE TPOHUKAIOLIET0 BemecTBa MeMOpaHbl. IIpounmaronuii ra3 MokeT OBITh TAKOTO K€
TUMA, KAaK Ta3, WCIOJb3yeMbId s aecopOnmu. BrlmapuBaHHe NPOHUKAIOIIETO BEIIECTBA,
KOTOpOe MpEeACTaBIsieT cOOOH AMOKCHA yriiepoaa W OOBIYHO BOAY, NMPOHMCXOOUT HAa CTOPOHE
NPOHHKAOIIEr0 BEIIEeCTBA MEMOPaHbl U 00ECIIEYNBACT OXJIAKIEHHUE 32 CYET CKPBITON TEIUIOTHI
napooOpa3oBaHUs.

Kpartkoe onucanue ueprexa

Qdurypa | sBiusercs CXeMaTHUECKUM HM300paKEHUEM YCTPOICTBA, HCIIOJNB3YEMOTO B
croco0ax HACTOSIIEro U300PeTEHUsL.

[TonpoOHoe onucanne M300peTeHMS

Bce mareHTsl, OmyOJMKOBaHHbIE 3asiBKM Ha MAT€HTbl W CTATbH, YIMOMSHYTbIE B 3TOM

HOI[pO6HOM ONMHCAaHUH, MOJJHOCTBIO BBCACHDI B I/1306peTeHI/Ie CO CCBIJIKOM.
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Hcnonbzyemble B M300pETEHUH CIENYIOIIHME TEPMHUHBI HUMEIOT 3HAU€HHE, NMPUBEACHHOE
HIDKE, €CJIM He YTBEPKAAETCsl HHOE, UM SICHO U3 KOHTEKCTa UX MPUMEHEHHUS!.

ApTuKIN eAMHCTBEHHOro uncaa "a" u "an" npeaHasHaueHb! ISl BKJIIOUEHUS OJHOTO WM
HECKOJIBKMX W3 OIMCAHHBIX 3JIEMEHTOB. llepedueHp NPUMEpHBIX 3JIEMEHTOB NpEeAHA3HA4YEeH s
BKJIFOUEHMS] KOMOMHAIMI W3 OJHOIO MJIM HECKOJIBKUX OMHMCAHHBIX 37eMeHTOB. I maron "moxer,"
UCTIOJIB3YEMbIH B HM300PETEHHM O3HA4YaeT, YTO NMPUMEHEHHE YKA3aHHOTO 3JIEMEHTa SIBISIETCS
HeoOs13aTeNbHBIM, W HE TNpPEefHa3Ha4eH Ui OOecreueHHus! JII0OOro yCIOBHS OTHOCHUTENBHO
paboTocmocoOHOCTH.

buora3 oszHavaer ra3, mMOJy4eHHBIH H3 BO30OHOBIIIEMOrO HWCTOYHMKA YIiiepoaa |
NPEANOYTUTENBHO COMEPKAIUI M0 MEHbIIeH Mepe MPUOIH3UTEabHO 20 MOJIIPHBIX MPOLIEHTOB
OVOKCHAA yriepona. AHa poOHO TMOJYYEHHBIH ra3 oO3Hadaer OWoras, MOJYYEHHBIH IyTeM
aHa’pOOHOro paciieruieHus Wik (pepMEHTALUH OPraHWYECKOro BEIeCTBAa B OTCYTCTBHHU
KHCJIOPO/Aa, KOTOPBIH, TJIABHBIM 00pa3oM, COAEPKUT MeTaH W JUOKCUA yriepoma. las
aHa3POOHOr0 paclIeTieH!s] OOBIMHO UMEET COCTaB. MPUONM3HUTETBHO OT 25 1o 50 oObeMHBbIX
NPOLIEHTOB AMOKCUAA yriepona H npudansuTenbHo oT 40 1o 70 00BeMHBIX MPOLEHTOB METaHa
¢ HEOOJIBIINM KOJIMUECTBOM BOJIOPOA, CEPOBOOPOIA, aMMHAKA U a30Ta.

IIpeppIBUCTO WM NPEPBIBUCTBIM O3HA4YaeT BpPEMsl OT BPEMEHH, NPUYEM O5TO MOKET
MIPOUCXOANUTDb C PETyJISPHBIMH MJIA HEPETYJIAPHBIMUA BPEMEHHBIMHA HHTEPBAJIAMU.

a3 u3 opraHu4ecknx OTXOMOB OOBIYHO HMEET COCTaB MPUONM3UTENBbHO OT 25 mo 60
OOBEMHBIX MPOIEHTOB IHUOKCHAA yryiepojna W mpuOau3uTenbHo OT 35 g0 70 oObeMHBIX
NPOIIEHTOB MeTaHa C HeOOJbIIUM KOJHMYECTBOM MOHOOKCHZIA YIJepona, BOIOPOAA,
CepoBOIOPOAA, KUCIOPOAA U a30Ta.

BrlpaskeHHe «yCNOBHs, OIPAaHMYUBAIOLIME IUTATENIBHOE BEIIECTBO, WM YCJIOBUSA
JUMHUTHPOBAHUSI MUTATEJIbHBIX BELIECTB» O3HAYAET, YTO OJHO WM HECKOJIBKO MHUTATEJbHBIX
BEIIECTB WJIM MHUTATEIbHBIX MUKPO3JIEMEHTOB, HEOOXOIUMBIX Ui POCTA, HEOOXOIUMBIX IS
pPOCTa MOMYJIALUH MUKPOOPraHU3MOB, OTCYTCTBYET B TAKOH CTENEHH, YTO UMEETCSl HEAOCTATOK
0 MeHbIIEH Mepe OJHOIO MHUTATENBHOTO BEIIECTBO, HEOOXOOUMOIO JJIsi pOCTa MOMYJISLUU
METaHOTPO(OB, YTO 3aMEANSET POCT TMOMYJISILUHA METAaHOTPO(POB B PEAKLHUOHHON 30HE U
MOBBIIAET YPOBEHb MOJUTHAPOKCHATIKAHOATHBIX COSTUHEHUN B METAHOTPO(Ax, OTHOCHUTEIBHO
PEaKLMOHHOMN 30HBI, B KOTOPYIO MOCTYNAaeT, MO MEHbUIEH Mepe, OAHO MUTATENbHOE BELIECTBO B
COOTBETCTBYIOLIEM KOJHUYECTBE, KOTOPOE HEOOXOOUMO AJisi pocTa. BhIpakeHne «IpakTHUECKH
OTCYTCTBYET» OTHOCUTEJIBHO YCJIOBHUH, OrPaHUYMBAIOLINX MUTATEIbHOE BELIECTBO, O3HAYAET,
YTO OJHO WJIM HECKOJBKO IMUTATEIBHBIX BEINECTB, HEOOXOAUMBIX IJIsl POCTa, MPUCYTCTBYET
TOJBKO B OCTATOYHOM HWJIM CJIEOBOM KOJMYECTBE, WIH KaK MPUMECh B JIPYrOM KOMIIOHEHTE,

BBEZICHHOM B OYJIbOH.
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MetanoTtpod mnpexacraBisier coOOH NMPOKAPHOTHUYECKHH OPTraHU3M, KOTOPBIH yCBaWBaeT
METaH B Ka4yeCTBE MCTOYHUKA YIieposa M SHEPTHH, U MOXKET ObITh HEMYTaHTHOTO THIA WJIH
TEHETHYECKH MOJIU(UIMPOBAHHBIM OPraHM3MOM. TepMHH MeTaHOTPO(BI NpenHa3HAueH s
0003HAaUEHHs] TEHETHYECKH MOAN(HUIIPOBAHHBIX MHUKPOOPIaHU3MOB, KOTOPbIE HE MOTJU OBITh
MetaHotpodamu 6e3 reHeTnaeckoii Moan(pUKaLINN.

MuKpoIy3bIpbKH TPEACTABISIFOT COOON My3bIPbKH, UMeromue aunaMerp S00 MUKpOH Win
MEHBIIIE.

IIpuponHbIi Ta3 03HAYAET FOPIOYYIO CMECh Ta3000pa3HBIX YIIIEBOAOPOIOB U3 OCATOYHBIX
nopoJ, oOBIYHO cozeprKallyro cBbime 75% MeraHa ¢ HEOOJBIIUM KOJIMYECTBOB aJIKAHOB C 2-4
aTOMaMH yriepoja, WK U3 YrOJbHbBIX IJIACTOB, B KOTOPBIX METAaH HacTO MPUCYTCTBYET BMECTE C
azotoM. IlpuponHbIl ra3 MOXKET COIepXKaTb KOMIIOHEHTBI, Takhe Kak (HO Oe3 orpaHuveHust
yKa3aHHBIM) THOKCH] YIJIEPO/a, CEPOBOAOPO, TTaphl BOABI U a30T.

[IutarenpHblE BEIIECTBA M MHKPOIJIEMEHTBl NPENCTABISIOT CcOOOH muuly wuian Jrobdoe
IIUTATENBHOE BELIECTBO, KOTOPOE YCBAWBAETCSI MUKPOOPTAHM3MOM M HEOOXOAUMO IUIA POCTa,
BOCCTAHOBJICHHSI 1 HOPMAJIbHOTO OOMeHa BemecTB. MUKPO3JIEMEHTHI SIBIISFOTCS] TUTATEIBHBIMU
BEIIECTBAMH, KOTOpPbIe HEOOXOAMMBI B HEOOJBLIOM KOJHYECTBE, TAKUMH KaK BUTAMUHBI H
MUHEepaJIbl, HAPUMep, 10 CPABHEHUIO ¢ HICTOYHUKAMH yTIepoa, a3oTa u gocdopa.

ITonmuruapokCHaNtkaHoaTbl MOTYT OBITh OXapaKTEPH30BaHbI KaK TMOBTOPSIOIINECS 3BEHbS
bopmybl

-[OC(R)H-(CH2)m-C(O)]n -,
B KoTopoii R mpencramisier cobod BOIOPOA WM HU3MIWH alkwi, umeromuid ot 1 go 6,
MPEANOYTUTENBHO 1 — 4 aTOMOB yriiepoza; m U n O3HA4aroT LieJble YUCNa, NPUYeM m paBHO |
WINA 2; MOJIEKYJIsIpHast Macca (CpelHEB3BEIIEHHAs BEINYMHA) COCTABISIET MPUOIU3UTENBHO OT
10000 no 5 MuumoHOB wiu Oousbine en. Janprona. Ilpumepsl NMOMUTHIPOKCHATKAHOATOB
BKJIFOYAIOT (HO 0€3 OrpaHn4eHus1 YKa3aHHbIM) IOJUTHAPOKCHOYTHPAT U NOJUTHAPOKCHBAJIEPAT.

IIponykT, comep:Kaluil MOJUTHAPOKCHAIKAHOAT, OTHOCHTCS K SKU3HECMOCOOHBIM WU
HEXKU3HECTIOCOOHBIM MeTaHOTpodaM, WM K OCTaTKaM KJIETOK MeETaHOTPO(OB, KOTOpBIE
conepKaT BHYTPH W/HJIM CHAPYXH IOJHTHAPOKCHANKAHOATHI, TOJNYyYEHHBIE NyTeM OOMeHa
BEIIIECTB METAHOTPO(OB.

TepMuH NONMyIALNUN MUKPOOPTaHU3MOB OTHOCUTCS K Py MUKPOOPraHU3MOB B 33JJaHHOM
o0BbeMe 1 BKIIFOUAET NMPAKTHYECKH YUCThIE KYJbTYPhl U CMELIAHHBIEC KYJIbTYPBI.

benkn mnpencraBisroT COOOH MAaKpOMOJIEKYIIBI, COZAEpIKallie OOUH HJIM HECKOJBKO
AMHUHOKHCIJIOTHBIX OCTATKOB C JJIMHHBIMH IIETISIMH, U BKJIIOYAIOT B ceOst (HO Oe3 orpaHmueHHs
yYKa3aHHBIM) MENTHIbI, OJUTONENTHAbl M TOJHIIENTHIB, W MOTYT COIEpPXkKaTb CEpy, Kpome

ATOMOB yrJjepoaa, a3oTa U KUCJIopoaa.
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benkn reHernyeckn OTHOPOAHBIX KIIETOK SIBISIFOTCS CbEAOOHBIMH, OTHOKJIETOYHBIMU
MHUKPOOPTraHU3MaMH.

TepMuH «CyLIECTBEHHAs! OMHOPOIHOCTh B JKHIAKOH (pase» O3HAYAET, 4TO COCTAaB KHUIKOH
da3pl sABISETCA MPAKTUYECKH OJWHAKOBBIM B JEOOOH Touke Omopeakropa. OObrdHO
KOHIIGHTpaLUsl KOMIIOHEHTa OTJINYaeTCsl MPHOJM3UTENBHO HAa S5 TPOLEHTOB OT CpeaHen
KOHIIEHTpaLlMd B  OAHOPOAHOM KHUIKOH (ase, TO €CTb, €CIM CPEIHssI KOHLEHTpalus
KOMITOHEHTa COCTaBJIsIeT 55,3 MOJIIPHBIX MPOLIEHTAa, TO CYIIECTBEHHAs OAHOPOIHOCTb OyneT
O3Ha4aTh, YTO KOHIEHTPALIUS KOMIIOHEHTa MOKET U3MEHSThCS, HapUMep, MPUOIHU3UTENBHO OT
52,5 no 58,0 MOJISIpHBIX TPOLIEHTOB.

CymiecTBeHHas: HEOTHOPOTHOCTh B ra3oBod (ase oO3Ha4daeT, 4ro Macca (B Tra30OBBIX
Ny3bIPbKAX, & TaKk€ B PACTBOPEHHBIX ra3ax) IO MeHbIIEH Mepe OAHOTO KOMITOHEHTA,
obecrieunBaeMasi MyTeM M3MEHEHHWH KOHLEHTPALMH Ta3000pa3HOro cydcrpara, U3MEHSeTCs 10
MeHbIel Mepe Ha 50 Macc. MPOIEHTOB MEXKIY MECTOM MOCTYIUIEHUsl ra3a B OMOpeakTop u
MECTOM, OTKY/a a3 BBIXOAHUT U3 OyJIbOHA.

Ycenosust muddysnu cydbcTpara O3HAYAKOT, 4TO UL YCJIOBHH — COAJTAHCHPOBAHHOTO POCTa
KIeTok (cTamusi (a)), CKOPOCTH MAacCOMepeHoca METaHa, a TaKke KUCIIOpPOoJa HE COTJIACOBAHBI U
camu 1o cede, 0 CyTH BPEIHO BJIUSIOT Ha CKOPOCTh POCTA MOMYJISIIUM METaHOTPOGOB; U IUIs
yCIIOBHN HeCOATaHCUPOBAHHOTO pocTta KJeTok (ctagu (b)), CKOPOCTH MaccomepeHoca MeTaHa, a
TaKKe KUCIIOPOAAa HE COTJIACOBAHbI M CaMU MO cele, MO CYTH BPEAHO BIMSIOT HA MOIYJISLUIO
MeTaHoTpo¢oB. Bripaxkenne "mo cytu" o3Hausaer, 4yro BpemHOoe BiusHHE ans (1) ycmoBui
cOaJIaHCUPOBAHHOTO POCTA KJIETOK COCTOMT B TOM, YTO TMOMYJISIINS METaHOTPO(OB MPOAOILKAET
pacty, u it (2) yciaoBuii HecOaTaHCUPOBAHHOT'O POCTA KJIETOK COCTOUT B TOM, YTO MaCCOIEPEHOC
METaHa, a TaKXKe KHCIOpPOJa SIBISIETCS] TOCTATOYHBIM, YTOOBI, TI0 MEHBIIEH Mepe, MOANepP KUBATh
TIOMYJISLIMIO METAHOTPO(OB, TO €CTh, MOMYJIILUS METAHOTPO(OB YMEHBIIAETCST He OOJIbIIe, YeM Ha
20%, mpennodtuTebHO He Oonbime, yeM Ha 10 macc. mpoueHToB. B HEKOTOpBIX ciydasx, B
YCIIOBUSIX COAJIAaHCHPOBAHHOTO POCTa KJIETOK TMOMYJALUS METaHOTPO(OB MPONOIDKAET pacTH,
MeHbIe yeM Ha 20%, mpeanouTHUTEeNbHO MeHblle uyeM Ha 10 Macc. MpOLIEHTOB OT pacuéTHOM
CKOPOCTH SKCIIOHEHIINAIBHOTO POCTA MPH 331aHHOH TIOTHOCTH KJIETOK.

Bripaxkenne «ycnoBusi, orpannunBatomme auddysuio cydcrpata» o3Havaer, 4To CKOPOCThb
middy3un mo MeHblneld Mepe OOHOrO M3 MeTaHa M KHCJIopona B OyJbOH, COAEp KallHid
MeTaHoTpo(bl, oTinvaercss oT ycnoBud audysuu cyberpara. Creayer moHUMAarh, 4TO Ha
ycnoBus muddy3un cydcrpara W yCIOBHs, orpaHuduBaromue auddys3uro cydcTpara BIUSIOT
IBIDKYIIAsi CHJIA MAacCOIEpeHoca, a Takke (PU3ndecKne OrpaHHuYeHHs, TaKue Kak pasMep
NY3BIPbKOB U ATUTEIBHOCTH MPEOBIBAHUS MTy3bIPHKOB B OYJIbOHE.

Bce cchuiku Ha Maccy KJIETOK pacCUMTBIBAIOTCS Ha OCHOBE CyxoM Macchl kieTok. Cyxyro
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Maccy OIpenessiioT MyTeM (UIBTPalUd MHUKPOOPraHU3MOB U3 OyJIbOHA, C MOCIEAyIoIen
NPOMBIBKOH JTEMOHM3MPOBAHHOW BOJOM M CYMIKOH MpH TeMmepaTtype npudnusurensHo ot 103
no 105°C B nmeun n oxnaxnaeHue B 3kcukarope. Onepanuy CyIIKH U OXJKICHHS B SKCHKATOPE
JaHHOTO o0pa3na HeoOXOAMMO MOBTOPSATH O TeX MOp, MOKa Macca oOpasla He CTaHeT
MOCTOSIHHOM.

[Ipennonaraercst, YTO CCHUIKM B U300PETEHNH HA OPraHUYECKHE KUCIOThI OyAyT BKIFOYAThH
COOTBETCTBYIOILIUE COJU U CIIOXKHBIE S(UPHI.

[MonmuruapokcuankaHoaTsl MPOAYLHUPYIOTCS METaHOTPOpaMH Uil COXPAHEHHS SHEPTHH.
Kak xopoluio M3BeCTHO W3 YypOBHsI TE€XHMKH, ckopocTh nojiyueHuss PHA Bospacraer, xorma
METaHOTPO(BI HAXOAATCS B YCIOBHUSX CTpecca. IJTOT CTPECC MOXKET ObITh BbI3BAH IyTEM
UCTIOJIb30BAHUS YCIOBUH OrpaHMYEHHS MMUTATEIbHBIX BEIECTB, OHAKO HEKOTOPOE KOJIUYECTBO
KHACJIOpOAa W MeTaHa WM Kucioponconepxamero coenuHernns ClI Bce ke HeoOxomumo
obecieunTh IUIsI TOrO, 4TOOBI TOANEpKUBaTh MeTaHOTPo(bl. CrocoObl  HACTOAIIETO
n300peTEeHNs] MOJKHO IMUPOKO MPUMEHSTH AJIs LIEJIOTO Psiia METAHOTPO(OB, KOTOPBIE CIIOCOOHBI
npoayuuposatb PHA. Kak u3m0xeHO B ompeneieHuH, MeTaHOTPO(bI BKIIOUAIOT T€HETHUECKU
MOAU(PUIIMPOBAHHBIE MUKPOOPTaHU3MBI, KOTOPbIE CITOCOOHBI MOTPEONISATh METaH, XOTS OOBIYHO
HE XapaKTePU3YIOTCS KaK METAaHOTPOQBI.

MetaHoTpodsl MOTYT OBITH MOJIYYEHBI U3 CAMBIX PA3JUYHBIX HCTOYHUKOB. MeTaHOTPOdBI
oOHapy»KeHbI B OKpPY KaroIeH cpesie, B KOTOPOH MPHUCYTCTBYIOT KHCIOPOJ, a TAK)KEe METaH, 4acTo
Ha TIOBEPXHOCTH pasfena Mexay adpoOHOl u aHa’poOHO# 30HaMu. OOBIMHO OHHM HAaXOAATCS B
PHICOBBIX 3QJIMBHBIX MOJISIX, OOJOTaX M TOIMSX, MOBEPXHOCTHBIX OCAAKaX B MPyHax M 03€pax,
AaKTUBHOM LIUIAaME€ M JIyraX, U B IMOYBaX JUCTOMATHOTO JieCa, B TOM YHCJIE B NPECHOH BOIE,
COJIOHYAKax U B COJIEBOI OKpyxKarollei cpene, MyCTBbIHSAX, B ra3e U3 OPraHMYeCKHUX OTXO/OB,
YTOJIbHBIX Kapbepax U B okeaHax. [IpennouTuTenbHble HCTOYHUKH BKJIIOYAIOT T€ OKPYKAOLINE
Cpembl, KOTOpbIe TEPHOAMYECKH TIOABEPrarOTCsS CTPECCy, TAaKOMy KaK OrpaHHYeHHUe
IUTATENbHBIX BEIECTB, YriiepoAa Win Kuciopona. IIpuMeHeHne cMemaHHbIX OaKTepUa bHBIX
KYJIbTYp CHIXKAET 3aTpaThl IpoLecca M0 CPaBHEHUIO C MPOLIECCOM, I7le UCIONb3YIOTCSA YUCThIE
KYJbTYpBI, MYTEM HCKJIIOUEHHs] TMOTPEOHOCTH B TEXHHMYECKOM OOCIYKMBAHHM CIIELIHAIBbHON
KyJbTypbl. B paMkax Hacrosimero u300peTeHHs, TEPMHH 'CMeEINaHHbIe KYJbTYpbl" IO
OTPENENICHNI0  BKJIIOYAET  CMEINaHHble  OakTepuaibHble  COOOINECTBA,  COZAEpIKalIue
pa3HoOOpa3Hble HHAUBHAYAIbHBIC KYJIBTYPbI WJIM BHIBI, HE3ABUCUMO OT TOTO, SIBJISIFOTCS JIU 3TH
BUJbl XOPOIIO CTPYKTYpUpOBaHHbIMU. TepMMH "cMellaHHble KyJbTYphl" TakKe BKIIOUYAET
oboraimeHHbple cOO0IecTBa. JTH COOOIIECTBA OPraHU3MOB IOABEPTAIOTCS H30UPATENBHOMY
JABJIEHUIO, YTO CIOCOOCTBYET POCTY OPTraHHU3MOB, KOTOpPO€ TIOJOXKHUTEIbHO BIIMSAET Ha

npoayuuposanne PHA, u HeOmaronmpusTHO IJIsl pOCTa OPraHU3MOB, KOTOPBIE OTPULIATEIHHO
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BIMSIIOT Ha npoxyuuposanue PHA. Ilpuembr cenekmum MOTryT OBITH HCIOJB30OBAHBI IS
oOoraieHusi MONyJISILUHd METaHOTPO(OB B CMEIIAHHOW KYJIbTYpe, KOTOpble OOECIeYnBaroOT
enarenbHyo PHA.

ITpumepr! MeTaHOTPO(DHOB BKIIOUAIOT (HO O3 orpaHuueHHsl yKa3aHHbIM) Methylosinus,
Methylocystis, Methylocella, Methylocapsa, Methyloferula, Methylomonas, Methylobacter,
Methylocaldum,  Methylosarcina,

Methylococcus,  Methylomicrobium,

Methylohalobius,

Methylosphaera,

Methylothermus, Methylogaea,  Methylosoma,  Methylomarinum,
Methylovulum, Methyloacidiphilum, Creonthrix n Clonothrix. Paznudnble METaHOTPO(BI MOTYT
OTJMYATBCS MO CKOPOCTH Hakomyienusi PHA, mpudeM pasinuHble METaHOTPO(BI, BEPOSTHO,
MoryT npoayuupoBatb PHA ¢ pa3iu4yHbIME MOJMMEPaMH WIH C Pa3JIMYHbIMU paclpeaeeHUsIMH
MOJIEKYJSIpHOH Macchl. Takum o0Opasom, cejekuuss MeTaHoTpo(oB OOBIYHO HaIpaBlieHa Ha
ocobenno skenarenbHbie PHA. Cwmotpure, nHampumep, marent CIIIA 8,030,021, xoTopsiii
MOJIHOCTBIO BBEJICH B M300pETEeHHE KaK CChLIKA.

MertanoTpodsl comepkar Oenku W OHH OOBIYHO CBENOOHBI, OCOOEHHO MocCie

ACHATYPHUPOBAaHUA, U, TaKUM o6pa30M, SABJIAKOTCA NOAXOAAIMMMH B Kauye€CTBC HMCTOYHHUKOB

OIHOKJIETOUHBIX OEJIKOB.

benkwu,

OTPaHUYHBAOTCA IPUBEACHHBIMU HHUXKE!

cofepikaluecss B METaHOTpodax,

BKJIFOUAIOT, HO He

Bbenox Juanason mac.% B OObruyHbBIN qUamna3oH Mac.% B
BBICYIIIEHHBIX METAaHOTPO(ax BBICYIIIEHHBIX METAaHOTPO(ax

aJaHUH or 1l no 10 or2mo7

APTrHHUH orlnos oTr2 105

acrnaparvHOBas KUCJIOTa or 2 no 10 oT 3 no 7

TJIYTAMHUHOBAs KACJIOTA or3 0o 10 oT 3 108

TJIALIAH orl ogo?7 oTr2 105

TUCTUAWH ot 0,5 105 ot 0,5 10 2

HU30JIEUIIUH orlnos orl no4

JIEULIUH or2 0o 10 or3mo7

JIN3UH orlnos or2n005

METHOHUH or 0,01 no 1 ot 0,05 10 0,5

(heHuIanaHuH orl o5 oT2 510 5

MPOJINH orlnos oTr2 105

CepruH orlnos orl no4

TPEOHUH orlnos orl no4

THPO3UH or 0,5 1o 5 orl no3

BaJIMH orl mo7 or2 mo 5

UYacro Oenok cocraisier npuOmm3uTeabHo oT 30 10 80 Macc. MPOLEHTOB CYXHX KIETOK,
NpUYEeM OCTAJIbHOE MPUXOAMUTCS HA JKUPBI (4aCTO MPUOIU3UTENBHO OT 2 1o 15, Hanpumep, ot 3
no 12, mac. npouent), PHA (uacto npubnuszutensHo ot 5 10 50 Mac. mpoLeHTa it JKUBOTHBIX

kopMoB u mpudau3uTensHo oT 10 mo 50 mac. mpouentoB, rae PHA sBisiercs »xenareabHbIM
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KOHEYHBIM MPOAYKTOM) U IpyrHe KOMIOHEHTHI (MpHOIM3UTEensHO OoT 5 10 20 Mac. mpoueHTa).
XOTsl B HEKOTOPBIX CIIydasX KJIETKH MOTYT SKIPECCUPOBATH O€JOK, AJIST MPAKTUYECKUX LeJen
OenoK conmepKUTCA B KJIETKaX W/WIM Ha TOBEPXHOCTH KieTok. Takum oOpasom, poct
MOMYJISILIUN METAaHOTPO(OB B HEKOTOPOH CTENEHH MPOMOPLIHOHANIEH CKOPOCTH MPOAYLUPOBAHUS
Oenxa.

Criocobbl  m300peTeHust  Takke  NPUMEHMMBI Uil OOJBIIOro  pazHooOpasust
METAaHCOJEPKAIIUX Ta30B (BKJIIOUas, HO Oe3 OrpaHWYEHHs YKA3aHHbIM) MPUPOAHBIA Tas,
ra3oo0pa3Hblii MeTaH U3 yrist U Ouoras (B TOM 4uciie, HO Oe3 OrpaHHYeHHs, ra3 aHa3pOOHOro
pacuieryieHust U ra3 M3 OPraHMYECKHMX OTXOMAOB), OCTAaTOYHBIM ra3 M3 APYrHX MPOIECCOB,
HAIpUMep, OCTAaTOYHBIN ra3, MPOW3BEACHHBIH HEMOCPEACTBEHHO WM KOCBEHHO B JIPYrOM
nporecce ¢pepMeHTaunu, U UX cMecd. OOBIMHO KOHIEHTPALMs METaHa B METaHCOAEp KalleM
rase, MOCTYNArolleM B PEaKLUOHHYIO 30HY, COCTaBJIsIeT O MEHbLIEH Mepe 0koJ0 10 MOnspHBIX
NPOIIEHTOB, U YaCTO HAXOIUTCS B AHMANa3OHe MPHONU3UTENBHO OT 15 1o 99 u mpakTudecku 1o
100 mossApHBIX MPOLEHTOB. ['a3, comepkauil METaH, MOXKET COAEPKATh APYrue KOMIIOHEHTHI,
Takie Kak (HO Oe3 OrpaHMuYEHHUs] YKa3aHHbIM) BBICIIME aJKaHbI, a30T, JUOKCHI YIiepoja,
CEepOBOJOPO, CHIIOKCAHBI M BOAHBIE Maphl. JIpyrue KOMIIOHEHTHI B Tras3e, COIEpiKalleM METaH,
KOTOPBIE MOTYT OBITh TOKCHYHBIMH IS METAHOTPO(OB WM YXYAIIAOT UX PYHKIHOHUPOBAHUE,
NPEANOYTUTENBHO YAAJSIIOT, WM CHIKAIOT KOHLEHTPALMI0 3THX KOMIIOHEHTOB 1O YPOBHH,
NPUEMIIEMOTO Il METAHOTPO(DOB.

Ia3, comepskamuii MeTaH, U KUCJIOPOIACOAEPKAIIIMIA ra3 MOJAIOT B BOAHYIO cpeny (OyJIboH),
COZEPIKALIYIO METaHOTPOPHI. [IpennoyrurenbHO METaHCOIep KAl ras u
KHCJIOPOACOAEPKAIIUKA Ta3 BBOAAT B OWOpPEAKTOP B BHIAE MHKPOIMY3BIPbKOB. YacTo
MHKPONY3bIpbKH UMEIOT AuaMeTp B auanaszose ot 0,01 go 0,5, npeanoururensHo ot 0,02 no 0,3
MuwaMerpa.  [IpennouTuTensHO MeETaHCOAEpKAIlMH Tra3 W KHCJIOPOACOIEpKAIlUK  ra3
pa3nenpHO BBOIAT B OyJBOH C HCHOJB30BAHHWEM CTHUMYJIHMPYIOIIEH SKUAKOCTH. Bapuarmm
CKOPOCTH TIOTOKA CTUMYJIUPYIOIIEH JKUAKOCTH MOTYT OBITh MCIIOJB30BAHBI Il MOAU(PHUKAITNN
pa3Mepa MHKpPOMY3BIPPKOB H, TaKUM 00pa30M, PEryJMpOBaHUS CKOPOCTH INEPEHOCA METaHa U
kucinopona B OynboH. Ilo skenaHuio, MOTyT OBbITh HCIOJIb30BAHBI TOBEPXHOCTHO-AKTHBHBIE
BEIIIECTBA, YTOOBI CIIOCOOCTBOBATh YMEHBIICHUIO pa3Mepa My3bIPHKOB.

CKOpOCTh MOCTYIIIEHNUST KaXKIOTO ra3a, COAEPIKAIIEro METaH, U KUCIOPOACOAEPIKAIIErO
raza B OyJbOH MOJKET 3HAYUTEIbHO M3MEHATHCS, HO OOBIYHO 3aBUCUT OT OOECIeYeHUs
COOTBETCTBYIOIIUX KOJHYECTB pPACTBOPEHHOTO METaHa U KHCJIOPOAA, IOCTYIIHBIX IS
metaHoTpodoB. Bo Bpemss pocta monynsuud MeTaHOTPO(POB TOTPEOHOCTH B METaHE U
KHCJIOPO/E€ HAa €OMHHMLY OObeMa PEeakIHMOHHOW 30HBI OyOyT MPONMOPLHOHAIBHO HU3MEHSTBHCS C

YBCIINUCHUEM TIJIOTHOCTU MeTaHOTpO(l)OB. HOBTOMy CKOPOCTHU NOCTYIUICHUA YKA3aHHBIX T'a30B
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NPEANOYTUTENBHO PETYIHPYIOT C YYETOM IUIOTHOCTH METAaHOTPO(OB U JKENATEeIbHOH CKOPOCTH
pocra monymsiuuu w/wnn Hakorienns PHA. Jlo Hacrosimero wm300peTeHHMs 3HAYUTEIbHBIE
3aTpaThl MPOU3BOACTBA OJHOKIETOYHOTO OejKa OBbIIIN CBSI3aHbI C BbIEIEHHEM, 00€3BOKIBAHNEM
U CYIIKOH MeTaHOTPO(OB, YTOOBI MOJIYYUTh KOPM JUISl JKHMBOTHBIX. AHAJIOTHYHO, MOBBIIIEHHAS
IUIOTHOCTh METaHOTpo(oB B OynboHe Oynmer obneruats m3iedenne PHA u3 meraHoTpodos,
KOrJa »KeJaTelIbHbIM KOHEYHBIM MponykToMm siBjsiercss PHA. Jlerko MOXXHO mpu3HaTh, YTO
CrocoObl HACTOSIIIET0 HM300peTeHUss OOECNeuUBAIOT JOCTHKEHHE MOBBIIIEHHOW MMJIOTHOCTU
MeTaHOTpo(oB B OysboHE, Oaromapst BO3pOCIieil CnocCOOHOCTH MePeHoca MeTaHa M KHCIOPOoIa
B BOAHBIN OyJIbOH U CIIOCOOHOCTH OTBOJUTH TEILIO U3 OHOpeakTopa.

Ilyrem perynupoBaHus TONAYM METaHA, MOXXHO MHUHHUMH3HUPOBATh TMOTEPU METaHA B
HENpOpearupoBaBIIMX  ra3ax, BbXOASmuXx w3  OymboHa.  CKOpPOCTh  TOCTYIUICHUS
METaHCOJIEPIKaLlero ra3a B peakLlHOHHYIO 30HY, 10 MEHbLIeH Mepe B TeUeHHEe YacTHu Mpoliecca,
SIBJISIETCS.  TAKOW, YTO B HEMPOPEarupOBAaBIIMX Ta3axX WMEETCs MPAKTUYECKH CTaOWIIbHAs
MOJISIpHAsl KOHIEHTpalusl MeTaHa (TPEATNOYTHTEIbHO MOJISIpHAS KOHIIGHTpAlMs MeETaHa He
usMeHsiercst 0obiie, yem Ha 20%, OoJsiee mpeanoYTUTENHLHO OoJibie, YeM Ha 10 MpOIeHTOB OT
cpenHell MOJIIPHOM KOHLEHTpaumu MeraHa). Eciam  Hempopearmposasmine ra3bl  OyayT
HATPABJIATLCS B OTXOJBI MPOU3BOJCTBA, HANPHUMEpP, CKUraThCs Ha (pakene WM B YCTAaHOBKE
TEPMUYECKOIO OKHCJIEHHUs, TO 5KOHOMHKA IPOU3BOJACTBA VYJYUYIIAETCS C YMEHbLIEHHEM
KOHIIEHTPALIMM METaHa B HEMPOPEArnpOBABIINX Tra3ax, XOTs MPHUPOIHBIA ra3 MOXKET ObITh
BOCTpeOOBaH [UI MOAAEPIKaHUS TEPMUUECKOTO OKHCIeHus. Kak mpaBuio, apyrue ycTponcTsa,
KOTOpBIE TEHEePHUPYIOT ra3, COAEpKALIMi MeTaH, TaKue Kak aHadpOOHBIE ABTOKJIABBI, UMEIOT
(hakeTbHBIE TOPEJKU WIH JPYTHe YCTPONCTBA TEPMUYECKOTO OKUCIICHHS, KOTOPbIE MOTYT OBITh
ucnojp3oBanbl npu npoayuupoBanun PHA. IlpenmoururensHOo, B ciay4dae HampaBJeHUs
HEMPOPEearupoBaBIINX Tra30B B OTXOAbl MPOHM3BOACTBA, MO MeHbIIeH mepe okoyo 70%, u
MPEINOYTUTEBHO MO MEHbIIel Mepe mpudamsuTenbHo 80%, a MHOTIA TPUONTH3UTENHEHO OT 85
10 99, sruoth A0 100% mMerana B MeTaHCOIEpIKAIEM ra3e yCBAMBAIOTCS B PEAKLMOHHOM 30HE.
IIpeanoyTuTensbHO, CKOPOCTh MOCTYIJIEHUS Ta3a, COAEPIKAILEro METaH, B PEaKLUOHHYIO 30HY
peryaupyercsi, 94ToObl 00eCneunTh CONepKaHNe METaHa B YAaJsIeMOM HENpopearupoBaBLIEM
rase MeHblle, 4em 10 MOJISIPHBIX MPOLIEHTOB.

C nmpyroii CTOPOHBI, €CIIM HENPOPEAarHpOBAaBILIME Ta30B OYAYT HCIIOJNb30BAThCS Kak
UCTOYHUK SHEPTHH, TO MOJISIpHAS KOHIICHTPAIMsl METaHa JOJIKEH OBITh TOCTATOYHO BBICOKOW,
yroOBl O0ECHeuuTh JKejaTelbHOe Teruiocoaep:kanue. IloaToMy B HEKOTOPBIX BapHaHTaX
OCYIIECTBJICHUS] HEMPOPEArnpoBaBIINe Ta3bl MOTYT coaepxkarb 25 wiu Oosblie 0OBEMHBIX
npoLeHToB MeTaHa. Kpome Toro, HempopearupoBaBLIME TIa3bl MOIYT COJEpPKaTb JAUOKCHUI

yriaeposa, oOpa3yroIIUics 3a c4eT MeTaboINIeCKONH aKTUBHOCTH, KOTOPBIH MOXKET ObITh yAaJIeH
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WIN B 3TOM HeT HeoOxoauMocTh. B mo0oM ciydae, CKOpOCTb MOCTYIUICHUST METAHCOAEPIKAIIEro
rasa B PEAKIHOHHYIO 30HY pEeryJupyeTcsi, 4TOObl OOECHeunuTh NPAKTUYECKH CTAOMIbHYIO
MOJIIPHYIO KOHLEHTPAIMI0O MeTaHa B HempopearnposaswmeM rase. Crenyer mnpu3HATB, YTO
HETPOPEarupoBaBIINe Ta3bl MOTYT OBITh HCIOJB30BAaHbI U TEIUIOOTBOJA M3 PEAKIMOHHOU
30HBI, W MOIYT TIPUMEHSTBCA IJIsl YAAJEHHs HEKEJIaTeNbHbIX TIa30B, KOTOPbIE MOTYT
pacTBOpATbCS B BOAHOH cpene. Ilo »KemaHMIO, CKOPOCTh NMOCTYIUIEHHUS ra3a, COAEPIKaIlero
METaH, MOXKHO pEeryJHpOBaTb HAa OCHOBE JKENATeNIbHOTO TEIUIOOTBOJAA WM AecopOruu
HE’KEJIaTeNbHbIX, PACTBOPEHHBIX Ia30B.

Kpome Toro, BomHast cpesia MOKeT ObITh UCIIONBb30BaHA [Tl YAAJICHUS U3 METAHCOAEPIKAIIEero
rasa JApyrux razoo0pa3HbIX KOMIIOHEHTOB, HAXOASIINXCS B HEM, OCOOEHHO B CiIydae, KOraa MOTOK
HETIPOpPEearnpoBaBIIEro rasa Oy[eT HMCIOJb30BAThCS Ul OPYIHX LeNel, TaKuX Kak TeHeparuys
SHEPruM WM KaK ChIpbe VI APYroro OMOJOrMYECKOTO MM XMMHUYECKOTO Iporecca. Y aajJeHue
HEeJIaTeNIbHBIX KOMIIOHEHTOB MOYKET MPHBOIUTD NIOTOK HEMIPOPEArupOBABIIETO Ia3a B COCTOSIHUE,
NOAXOAAIIEE U HETTOCPEACTBEHHOTO NANbHENIIIErO HCIIOIb30BAHMS, HUTH K YMEHBLIEHUIO CTENIEHN
npeaBaPUTEIbHON 00paboTKH. 3aTeM yIaleHHbIE KOMIIOHEHThI MOTYT ObITh H3BJICYEHBI U3 BOJHOMN
cpenpl. KOMNOHEHTBI, KOTOpble MOTYT OBITh yIOaleHbl M3 BOJHOH Cpenbl BKIIOHAOT (HO Oe3
OTpaHUYEHHsI YKa3aHHBIM) CEPOBOJIOPOJ U JUMETHICUIOKCAH, KOTOpbIi o0a MOryT ObITh
BPEAHBIMH B CBhIPbE IUISl COKUTAHMUS M JUII MHOTUX XHMHYECKHX KATAJIUTUYECKUX IPOLIECCOB.
Hanpumep, Meranconepskaiee Cblpbe CONEPKUT CEPOBOJOPOJ, M BOIHAS CPeAa MOTJIOLIAET IO
MEHBIIEHl Mepe YacTb CEepOBOIOPOAA, HTOObI MOJYYUTh IMOTOK HEMPOPEarnpoBaBIIErO rasa,
CoIep KAl MTOHKEHHYIO KOHIIEHTPALUIO CEPOBOAOPOIA.

CkopocTn MaccomepeHoca MeTaHa M KHCJIOpoaa U3 ra3oBoil ¢asel B OyiaboH OynyT
3aBUCETh OT IBWKYLIEH CHJIBI - MapLUAJbHOTO JABIEHMs Kaxaoro rasa. Kak meraH, Tak u
KHCJIOpoA OOJamar0oT OrpaHMYeHHOH PacTBOPUMOCTBIO B BOZE, NMPUYEM YMEHBIIEHHE MAaCChl
IVOKCHAa yriepona B OyJIbOHE BBIFOJHO U YBEIMUYEHHs JBIKYIIEH CHJIBI MacCOIEpeHOoca
MeTaHa M kuciopona B OynboH. CoriacHO M300peTeHHIO, IO MEHbINEH Mepe B TEUeHHE YacTU
NPOJOJDKUTEIPHOCTH TPOLIECCa, 4YacTh OyJIbOHA HETNPEPbIBHO M3BJIEKAETCS M3 PEAKLHUOHHON
30HBI MU KOHTAKTHPYET C AECOPOMPYIOLUIUM Tra3oM, 4TOOBl YIOAJUTh PACTBOPEHHBIH THOKCHA
yrjiepoaa W MOJYyYUTh BOIHYIO cpeny (v OyiboH), 0OETHEHHYIO AMOKCHIOM Vrieponaa, AJis
PELMPKYJSIIMA B PEAKIMOHHYIO 30HY. B HEKOTOPBIX CIydasx 3TO HENPEPbIBHOE M3BJICUCHHE U
ecopOLHsl MPOUCXOIUT B TEUEHHE BCEH MPOJOJDKUTENBHOCTU IMPOLIECCa, U B OPYTUX CIy4asx
3TO TPOUCXOAUT MO MEHbLIEH Mepe TOraa, KOrja IUIOTHOCTh METaHOTPo(GOB B OyJIbOHE
COCTaBJISIET 1O MEHBINEH Mepe OKOJIO 2 I/, HampuMep, 1Mo MEHbIIEH Mepe OKOJIO 5, B 4acTo 10
MeHbIIel Mepe mnpuOmmsuTensHo 10 rpamMm Ha JuTp. MeTaHOTPO(BI MOTYT YHOCHTBCA C

HU3BJICKACMbIM 6y.]'II:;OHOM, UK MOTYT YIAAJATbCA U3 6y.]'II:>OHa A0 onepaluun MNponyCKaHHsS B
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necopOupyromee yCTpoicTBo.

CkopocTh m3ByIeUEeHUST OYyJIbOHA YacTO SIBJISIETCS] TOCTATOYHOMN ISl TOTO, YTOOBI YAAJIUTh
KOJINYECTBO IHOKCHIA YIJIepOAa, SKBUBAJICHTHOE IO MEHbIIEH Mepe NpHOIM3UTEIBHO 35,
NPEANOYTUTENBHO 110 MEHbLIEH Mepe 0KoJIo 40, M B HEKOTOPBIX CIIy4dasx MPUOIM3UTEIBHO OT S0
10 75 TPOLIEHTOB OUOKCHIA YIJIEPOAa, MOJYYEHHOIO IMyTEM METa0OJUYECKON aKTHBHOCTH B
peakuoHHOHN 30He. CrnenyeT MOHUMATh, YTO METAHCOAEpKalllee ChIpbe, B HEKOTOPBIX ClydasiX,
TAKUX, KOIJIa METaHCOZAEpIKallee ChIpbe SBISIETCS OHOra3oM, MOKET COAEp:KaThb ITHOKCUA
yIIIepoaa.

Pacyer wactu nuokcupma yriepona, yoauseMoll BO BpeMst OecopOLUH, MPOBOAWUTCS Ha
OCHOBE MaTepHajbHOro OajlaHca, C Y4YeTOM JAHOKCHJAA YIriepoja, IOJNyYeHHOTO IyTeM
MeTa0OJMYECKON AaKTUBHOCTH, M AMOKCHAA YIJIEPOAad, MOCTYMAKOLIEr0 B PEAKLHOHHYIO 30HY
BMECTE ¢ CyOCTpaTOM U JPYrUMHU MUTATENbHBIMU BemecTBamu. C LEIBIO pacdera, Maccy
IVOKCUA YIIIePOa, MOJYYEHHOTO IMyTeM MeTa0OJNIECKON aKTUBHOCTH, ONPEACIISIIOT Ha OCHOBE
JOMYIIEeHUs, YTO METaH, a Takke KHUCIopoAacoaepxkainee coenuHeHue Cl MOryT MpUBOAUTH K
re’epanuu AMokcuaa yriuepoaa. Yacte Metana u kuciopoaconep:xaiero coenunenus: CI mosxer
pacxomoBaTbCsi Ha OOpa3oBaHHME KIETOK, mnpoayuupoBanne PHA u npyrux KOMIIOHEHTOB,
TeHEPHUPYEMBIX ITPH OOMEHE BELECTB.

B npeanodTuTenbHOM acmekTe HACTOSIIEro H300PETeHNs, METaH B U3BJIEKAEMOM OyJIbOHE
MOJIBEPraeTcsi B JIOCTATOYHOW CTENEHH AKTHBHOMY OOMEHY BEIIECTB A0 IeCOpOLNH, TaKUM
o0Opa3oM, rasbl, BKIKOYAKOLINE TUOKCHI YIiiepoaa, Mocie OecopOLun CoAaepkaT MEHbINE, YeM
20, mpennoYTUTENHHO MeHbIe, yeM 10 HacTell Ha MIULTHOH 1O 00béMy MeTaHa. B ykazaHHOM
NPEANOYTUTEBHOM aCTieKTe M300peTeHHs nojada KUCIOopoaa AOJDKHA OBbITh JOCTATOYHOU IS
TOro, YTOOBI M3BIIEKAEMbIH OyJIbOH COAEP:Kaj AOCTATOYHO PACTBOPEHHOTO KHCIOPOIA, YTOOBI
NOJIEPKATh METAOOIMUECKYIO aKTHBHOCTb.

B cnocobax HacTosimero m300peTeHuss MOKeT OBbITh HCMOJIB30BaH JIFOOOH MOIXOISIIIHIA
necopbupyromuii ras. JJis OCymecTBICHHs] AeCOPOLMH JIETKO IOCTYIMHBIM Ta30M SIBJISIETCS
Bo3ayX. JlecopObupyrommii ra3, KOTOpPbIH MOKET OBITh HCIOJB30BAaH Il AECOPOLMH, KOTAa
COIEpPKUTCSA B OyJIbOHE, MOIBEPraroIeMycsl AeCOPOLMH, MOXKET UMETh JIFOOVIO MOAXOISAIIYIO
TEMIEepaTypy, KOTOpas HE OKa3blBa€T OTPHLATENIBHOTO BO3JEHCTBUA HAa METaHOTPO(BIL,
Hanpumep, npudmumsurensHo oTr 10°C mo 50°C, nHampumep, ot 20°C mo 45°C. Bo mHormx
CJIy4asiX, MPENNOUYTUTENbHO MOANEPKUBATH OTHOCUTENbHYIO BIAKHOCTD 1€COPOUPYIOIIEro rasa
MeHbine, yem S50, Gojiee MPEANOYTHTENILHO MEHbINE, 4YeM NPUOIU3UTEIHHO 25 TPOLEHTOB,
YTOOBI MOJIYYUTh BBITOJHOE OXJIAXKICHUE 32 CUET UCTIAPEHHS BOBL.

[IpennouTuTenpbHO AECOPOLMIO MPOBOAAT B TAKHX YCJIOBHAX, KOTZA AECOPOMPYIOTCS IO

MeHbInel Mepe 50, 6oJiee MPEeaNnOYTUTENBHO 10 MEHbLIEH Mepe MPUOIN3UTENBHO 65, U 4acTo Mo
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MeHbIIEH Mepe OKOJIO 75 MPOLEHTOB AHOKCHAA YyIiepoia B U3BJICYEHHOM OyJbOHE. XOTS MOTYT
OBITh HCIIOJIb30BAHBI TOBBIIICHHBIE WJIM TIOHIDKEHHBIE TEMIIEpaTyphbl, OOBIYHO ecopOLHi0
NPOBOIAT IPH TEMIIEpaType M3BJICYEHHOTO OyiboHa. B Teuenme pecopOuum Temmeparypa
OyJIbOHa CHMYKAETCsl, TJIAaBHBIM 00pa3oM, Graromapsi UCIIAPEHUI0 TUOKCHIA YIJIEpPOa, a TaKKe
napoB BOJbL YacTo B TEUEHHE MO MEHBIIEH Mepe YacTH Mpouecca, 0COOEHHO BO BPeMsl MUKOBOU
noTpeOHOCTH B OXJIAXACHUH, OOETHEHHBIM ITUOKCHIOM yryepoaa OyJbOH 3a cHeT xecopoumu
UMeeT TeMrepaTypy No MeHbined mepe npudnausutenbHo Ha 0,25°C, a wHOTHA, MO MEHbIIeH
Mmepe npudbnusuTensHo Ha 0,75°C Hipke, yeM Temneparypa OyJibOHA B PEaKLIHOHHOHN 30He.

B omHOM pekume, BeCh MM YaCTh M3BJICUEHHOrO OyJIbOHA IMMOCTYMAET U3 HUKHEH 4acTh
pPEaKLMOHHON 30HBI, Ile HMEEeTCs] IOBBbIIIEHHAs KOHLEHTpALUs PacTBOPEHHOIO ITUOKCHAA
yraepona. I1o kenaHuro, M3BJIEYEHHBIH OyJIbOH, KOTOPbI HAXOAUTCS TOA AAaBIEHHEM, KOTOPOE
M0 MeHbIIeH Mepe YaCTUYHO ONpEENsAeTCs BEPXHUM CJIO€M BOJAHOMN Cpebl B TOUKE M3BJIEUEHU,
MOJKET MOJIBEPraThCsl YCIOBUSIM BCKUIIAHUS, BKJIIOUAIOLIUM MOHWKEHHOE AaBJIEHUE, HalpuMep,
JaBJIeHUE OKpPY’KAIOIIeH cperpl, YTOOBl YAAJUTh YacTh TUOKCHIA YTiepoja IO TOTro, Kak
MOJIBEPTHETCS IECOPOLIUU.

Kak ycTaHOBIEHO BbIIIE, TO JKEJNAHUIO, AeCOpOLUs HeoOs3aTeNbHO NMPUMEHSETCS], MOKa
MOMYJISILUST METAHOTPO(OB HE IOCTHUTHET TAaKOHW IJIOTHOCTH B OYJBOHE, UTO MAacCOIMEPEeHOC
MeTaHa M3 ra3oBOi (a3bl B OyJbOH CTAHET HECOOTBETCTBYIOLIUM JUI TMOAAEPIKAHUS POCTa
NOMyJisIUMM - Uiy npoayuupoBaHus PHA, wunu gpyrue omnepauuu  OXJaXAEHUS CTaHYT
HEOCTAaTOYHBIMU JJIl NPEAOTBpALleHUs MOBBILIEHUs] TEMIIEpaTypbl B PEakIMOHHON 30He. B
Ka4eCTBE AaJIbTEPHATHBBI, CKOPOCTh U3BJIEUEHUS OYyJIbOHA ISl IECOPOLIMU MOYKET M3MEHSTHCS C
poctom mnonyysuuu. Korma nonymsiimust MeTaHOTpOQOB NPHUOIIKAETCA K KENATeIbHOMY
MaKCUMyMy IUIOTHOCTH, CTENEHb H3BJICUeHUs1 OyJNbOHA Al ecopOLMH THOKCHIA Yriepona
4acTO HAXOAWTCS B AuarnazoHe npudmusurensHo oT 0,5 o 10, Hampumep, o 1 mo 5 obObema
OyJIbOHA B PEaKLIMOHHON 30HE, B 4ac.

BynboH copepkuT mUTaTebHbIE BelecTBa A1 MeraHoTpodoB. CHavana mpoLece npoTeKaeT
C YBEIIMYEHUEM MO METaHOTPO(OB, 3Ty (ha3y MHOTAA Ha3bIBAIOT «COAAHCHPOBAHHBIN POCT
KJIETOK», KOTZla CbIpb€ U BCE€ MUTAaTe]bHbIE BELIECTBA IMPUCYTCTBYIOT B COOTHOLIEHHUSX,
HEOOXOIUMBIX JJIsI CHHTE32 BBICOKOMOJIEKYJISIPHBIX KOMIIOHEHTOB KJIETOK. JlpyrmMu cioBamy,
OTCYTCTBYIOT OTPaHHYEHHS Ha CbIPbE MJIM MUTATEJIbHBIE BELIECTBA JJISI CHHTE3a OEJTKOB, CIIOJKHBIX
YIIIEBOJHBIX MOJMMEPOB, JKUPOB, FJIH HYKJIEMHOBBIX KHCIIOT. 3aTéM METAHOTPO(BI IOIBEPTatOTCs
YCJIOBUSIM OTPaHUYEHMS ITUTATENBHBIX BEINECTB, TO €CTh HACTymaeT (pasa HecOaTaHCHPOBAHHOTO
pOCTa KJIETOK, HAa KOTOPOH KHCJIOpPOJA WM MO MeEHbIIell Mepe OJHO MUTAaTelbHOE BEIeCTBO
(oTnmMyaromeecs: OT METaHa MM Kuciopoaconepskatiero coenuaennst CI), koTopble HEOOXOIMMBI

IUIl CUHTE3a OAHOM WM HECKOJBbKUX MAKpPOMOJIEKYJ Ul pOCTa KJIETOK, He IMPUCYTCTBYIOT B
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TpeOyeMbIX COOTHOIIEHMSX. B 3THX YCIOBHAX NMPOUCXOIUT YCKOPEHHOE HAKOIUIEHHE TIOINMEPOB.
VYKa3aHHbIE TOJMMEPBI BKIIIOYAIOT BHYTPHKJIETOUHBIE TPOAYKTHI XPAHEHHUS, TAKUE KaK ONWH HIIH
Heckonbko PHA, mim mpoayKTel ceKpelyy, Takue Kak BHEKJIETOYHble mosmcaxapuibl. OObIMHO
YCIOBUSI OTPAHWYEHHs TUTATENbHBIX  BEIIECTB  JOCTHTAIOTCS MyTeM  IPENOCTaBICHUS
HEJIOCTATOYHOIO KOJIMYECTBA COENMHEHHH a30Ta, IMOIEPKHUBAIOIINX COaJaHCHPOBAHHBIA POCT
Ki1eTok. Jlpyrue murarenpHble BEIIECTBA, KOTOPBbIE MOYKHO OTPaHMYHBATH M PETYIUPOBATH C
LEJTbI0 NOCTIKEHHs (pa3bl HecOATaHCHPOBAHHOTO POCTa KJIETOK, BKIIOYAIOT (HO 0e3 OorpaHudyeHust
yKa3aHHBIM) Kajblui, Gocop, HATpUH, MarHuM, skejie30, Melb, OOp, LUHK, AJFOMUHHN, HUKEJb,
cepy, MOJUONIEH, MapraHel U KaJIdii.

BbynboH monpmep:kuBaeTcsi B MOAXOMSINMUX YCJIOBUSAX ISl OBICTPOrO poOCTa TMOMYJISILIUU
MUKPOOPIraHU3MOB B TeueHHue (a3bl cOATAHCHPOBAHHOTO POCTA KJIETOK U JUISI MPOAYLIPOBAHHS
PHA Bo Bpems ¢a3bl HecOaJaHCHPOBAHHOTO pOCTa KIETOK. OTH YCIOBHS BKJIIOYAIOT
TEMIEpaTypy, MOAXOIAIIYIO IJII METaHOTPO(OB, KOTOpas OOBIYHO SIBIAETCS Me30(HIbHOH,
Hanpumep, npudnusurensHo ot 25°C no 45°C, u Haubonee vacto nmpudnusurtensHo ot 28°C no
42°C.

YcnoBusi cOaaHCUPOBAHHOTO POCTA KJIETOK MOAACPKUBAIOTCS B TEUEHHE BPEMEHH,
IOCTAaTOYHOTO JJIsl JOCTHKEHHs JKENATeNIbHOW IUIOTHOCTH MeTaHoTpodoB B Oympone. B
OOJIBPIIMHCTBE CIy4aeB, METAHOTPO(BI JTOCTUrAlOT IUIOTHOCTH B OyJbOHE 1O MEHBbIIEH Mepe
OKOJIO 8, TIPEANOUTUTENBHO TI0 MEHbIIeH Mepe npuomusurenpHo 10 rpamm Ha JuTp (B pacuere
Ha CyxWe KJeTKH). XOTS JKellaTeJbHa BBICOKAas IUIOTHOCTb, CYIIECTBYIOT TIPAKTHUECKUE
orpanndeHus. Hampumep, momymsuuss MUKPOOPTaHM3MOB B OyJbOHE MOJKET BO3pacTaTh 0
YPOBHS, IPHU KOTOPOM HEIOCTATOYHOE KOJMUYECTBO METaHa M KUCIOPOa MOXKET TOCTABIISITHCS B
OynboH B TeyeHre (a3bl cOATAHCHPOBAHHOTO POCTA KJIETOK JJISl JOCTHKEHHUS JOTIOJTHUTEIBHOTO
pocra monymsiuuu (ycioBws, orpannuuBarpomue auddysuro cyderpara). Kpome Toro,
METa0OJMUECKHE TPOLECCHI SBISIOTCS 3K30TEPMHUUECKUMH, U, TaKUM 00pa3oM, CIOCOOHOCTD
OTBO/Aa TEIUIA W3 PEAKIHUOHHOW 30HBI MOXKET CTaTh OrpaHu4YeHreM. ll03TOMy IIOTHOCTH
MeTaHoTpo(oB B KoHLE (pa3pl cOANaHCHPOBAHHOTO POCTA KJIETOK OOBIYHO COCTAaBJSIET IO
MeHbIIeH Mepe NPUOIM3UTEIBHO 8 T/, HampuMep, N0 MeHblIer Mepe okoyio 10 rpaMm Ha JTUTP
OynboHa, U MOXeT focTurath BenuduHbl 60, mu 80, wim Goblie rpaMM Ha JIUTP OyJIbOHA.

[Ipenmy1ecTBO CIOCOOOB HACTOSIIErO M300PETEHUs 3aKIFOYAETCS B THOKOCTH, KOTOPOM
oOyamaer omeparop Uil TOrO, 4YTOOBI MOJNYYUTh BBICOKYIO IUIOTHOCTH METaHOTPO(OB B
pe3yJbTaTe YCIOBHH COATAHCUPOBAHHOTO POCTA KJIETOK, OJaronapsi BO3MOKHOCTH AOCTHIKEHHS
BBICOKOHM CKOPOCTH MacCOMNEpPEeHOCa MEeTaHa M KUCIOpoAa U3 ra3oBoil (asel B OyJIbOH U, TAKUM
obpasom, moanmep:kaHus yciaoBuil  muddysun  cyOcTpaTa mNpU  BBICOKOW  IJIOTHOCTH

MeTtaHoTpodoB B OynboHe. CiienoBaTENbHO, B MPEANIOYTHTENBHBIX BAPHAHTAX OCYLIECTBICHHS
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yCIOoBHs COATAHCHPOBAHHOTO POCTA KJIETOK MOJAEPKUBAIOTCS MO MEHbLIEH Mepe 10 Tex Mop,
NOKa TMPAaKTUYECKU JOCTUTHYTHI YCIOBHs orpaHuueHust nuddysun cybcTpaTta, KOTOpBIE yiKe
HEBO3MOXKHO Oounbiie monaepskuBatb. [losToMy miIoTHOCTH MeTaHOTpodoB B OyiIbOHE
BpPEMEHAMHU HAXOAWTCsS B auamna3oHe npubiusurenbHo ot 20 mo 80 r/m mnm Oosblne, 4acTo B
aunanasoHe ot 20 1o 60 rpaMM Ha TP (B pacdeTe Ha CyXHe KIETKH).

B omHOM acnekre Hactosimero u3oOpeTeHus, Kuciopoacoaepskamee coenuHeHune Cl
BBOAAT B  OyJBbOH  JOTOJHUTENBHO K  METAaHOBOMY  Chippto.  IIpemmouturenbHO
Kuciopoacoaepxkammee coenuHeHne Cl mpoums3BoguTcs H3  BO3OOHOBISIEMOrO HCTOYHHKA.
Kucnoponconep:kamme coenuHennss Cl pacTBOpuMbI B BOJHOW cpere OyJibOHA H, TaKUM
00pa3oM, OTCYTCTBYIOT OTPaHHYEHHUSI MacCOMEPEHOCa MEXKAY ra3oBoi (pa3oil U BOIHOU Cpenoi,
BJIVSIFOIIME HA CKOPOCTh, C KOTOPOH KHUcIopoacoaepskaiiee coenuHeHne Cl MOXXKHO BBOAUTH B
OynboH. Ilpu wucmonb3oBaHUM KucIopoacoaep:kamero coenuHeHust Cl MOXXHO TOJIYyYHTH
JOTIOJIHUTENBHBIA POCT TOMYJISILUN MHKPOOPTAaHM3MOB B YCJIOBUSX OrpaHndeHus anpy3uu
meraHa. Kucnopoanconepskamee coenuHenne Cl MoxkHO 100aBisTh B 11000€ BpeMsl B TEUEHHE
win (a3pl cOATaHCUPOBAHHOTO POCTa KJIETOK, WiH (pa3bl HecOANaHCUPOBAHHOTO POCTA KJIETOK,
wi Ha obenx (aszax. Kucnoponconepkamee coennHenre CI MokHO m100aBISTH HEMPEPHIBHO
WIA TIPEPBIBUCTO, MPUYEM MOXKHO HadaTh 3TO N0OABIEHME, KOTAa IMPOLECcC MpHOIMKAEeTCs K
nepexony oOT ycinoBuil aud@dy3unm MeraHa K YCJIOBUSAM oOrpaHndeHus nuddysuun MeTaHa.
IMockonpky oObIMHO — KHUCHOpoAconepskamee coenmuHenue CI ObicTpo  moTpedsiercs
MeTaHoTpodaMu npu oOMeHe BEINECTB, MPEANOUYTUTENbHBIM SBIIIETCS JOCTH)KEHHE XOPOIIEro
IUCTIEPTUPOBAHUSI BO BCeM 00beMe OHOopeakTopa, a Takke Jo0aBJIeHHe KHCIOPOACOAEPKAIIETO
coequaeHnss Cl mpepbIBUCTO WM HEMpPEpBIBHO B TEUEHHME BCETrO Mpolecca (epMEHTANH WU
ero vactu. [IpennoururensHo kucnoponconepxamee coenunenne Cl ucrnonp3yercs B TeUeHHE
¢a3bl HecOaTaHCUPOBAHHOTO POCTA KIIETOK.

KomuuectBo kucnopoacoaepxamero coenuHenns Cl, momaBaemMoro B OYJIBOH, MOJKET
U3MEHSTHCSI 3HAUUTENBHO, TIPU YCIOBHH TOTYYEHHS JKENIAaTeTbHOTO YBEINUEHUS KIIETOYHOTO POCTa
u kouBepcun Metana B PHA. OObruHO kucnoposaconepkaiee coequnenne CI nmpenocraBnsiercs B
kosdecTse npuOmusuTensHo oT 10 mo 200, manpumep, ot 30 no 150, u nHOrAA NMpUOIM3UTENTHLHO
or 50 no 110 rpamm Ha | Kr >KenmaTejdbHOW KJIETOYHOH Macchl mporiecca (epMEHTAIHH.
Konuenrpammo kucnoponcoaepxkamero coequnernst CI B OynpboHe HEOOXOAMMO NOANEP’KUBATH
HIDKE TOTO YPOBHS, KOTOPBIH OTPHLIATENBFHO BJIMSET Ha MeTaHOTPOGBI. ClieoBaTeNbHO, SBISETCS
NPEIIOYTHTENIbHBIM ~ HEMPEPBIBHOE WJIM  MPEPBIBUCTOE  TOOABJIEHHE KHUCIOPOACOIEPIKAILErO
coenunennsi CI B OyJIbOH € COOTBETCTBYIOINEH CKOPOCTBIO, YTOOBI OOECHEUHThH JKENATeNbHOE
KOJIMYECTBO ~KUCoponcopepkamero coemuHerust Cl, TeM He MeHee TNOANEPIKUBAIOT €ro

KOHLIEHTPALIIO HIJKE YPOBHSI, KOTOPBIH OTPULIATENBHO BIMSIET HA METAHOTPO(BL.
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C uenplo mpuMepa, HO HE OTPAHUYEHHS] HACTOSAILIEr0 H300peTeHHs, ObUIM TPOBENESHBI
CPaBHUTEJBHBIC KCIIEPUMEHTBI IS WILTFOCTPALIMM BIMSHHUS KUCIOPOACONEPIKAIIETO COSTUHEHHS
CI na pocr mnonymsimmu MetaHoTpodoB u mnponyuupoBanue PHA. Jlns skcrnepuMeHTOB
UCTIONIB30BATM J1Ba OMOPEAKTOpa, KOTOpPhIE PadOTaM OJHOBPEMEHHO C TOMBITKON MOAIEP KaHHS
OIVHAKOBBIX ~ YCIOBUH B  TedeHHEe (QepMeHTanmmy, 3a  UCKIIOYEHHEM  COAEp KaHUs
kucioponcoaepskamero coenunenust CI (meranosa). B 6uopeakropax nabopatopHoro maciirabda
(4 nuTpa) ¢ TeEpeMeIIMBAaHWEM HE HCIIOJb30BAJICS 3aMBICENl HACTOSIIETO H300peTeHus,
BKJIIOYAIOIINN JlecopOLMio auokcuaa yriepoga u3 OyiboHa. Ckopee, SKCIEPUMEHTHI ObLIH
HaIpaBJIeHbl HA WJUTFOCTPALIMIO BIMSHHUA MeTaHosna Ha (epmenrarmio. [Ipomeccsl depmeHTarmu
nposomwi nipubmmsuTensHo npu 30°C u pH okomo 7 (momnmepskuBas myTeM  TOOABIIEHHUS
OCHOBaHHMS — TUIPOKCHIA aMMOHUS, B TeueHne (pa3bl pOCTa, U THAPOKCHAA KK B TeueHHue ($asbl
nponyuuposanuss PHA) npu mnponmomkurensHocTH npudbmiurenbHo 50 dacoB. MeraHOTpOdbI
npeACTaBsLI co00N cMmech, copepskainyio M. parvus OBBP. Ilpumensiiack oOblMHAs BOAHAS
cpena, conepskalasi MATaTeNbHbIe BEINeCTBa (Cpena HUTpaTHbIX cojeld W1, omucaHHas B paboTte
Peija, u np., «Merabonmu3m nonu-3-ruapokcuOyrupara B MeraHotpodax Methylocystis parvus
OBBP, Type II». Appl. Environ. Microbiol. 77 (17), 6012-6019). B Tteuenue asnl
HecOaJTaHCUPOBAHHOTO POCTA KJIETOK YIAJIEHHBIM MTUTATEIbHBIM BELIECTBOM OBLI a30T.

OTU mpuMepbl alu CleAyolue pe3ynbTaTel. B oTcyTcTBMM MeTaHOBOro ceipbs, PHA
(monm-3-ruapokcudyTHpaT) MPakTUYECKU He 00pasyercs, NMpH HaJu4duu MetaHoia. JlobaBneHne
METAaHOJIa YBEJIIMYMBAET CKOPOCTh POCTA TMOMYJISILMUU METAaHOTPO(POB IO CPABHEHUIO C
KOHTPOJIEM, TI€ METaHOJ OTCYTCTBYeT B OyiboHe. B ombITax ¢ MeraHosoM moTpedisiercs
MEHbIIE KHCIOPOAa, YTOOBI 00ECeunTh 3aJaHHYI0 MOMYJISLUI0 KJIETOK U KoHIeHTpauuto PHA.
[ToBbIIIEHNE KOHLEHTPALMH METaHOJAa yBeNHMuMBaeT KoHUeHTpauumro PHA wu momymsimmro

KJ1eTOK. BO BCex OmbITax METaHOJ MOTPeOIIseTcsl MOMHOCTBI0, CMOTpUTE Tadmuiy 1.

Tabnuma I
Peakrop 1 Peakrop 2
IIpumep | OD 600 | PHA % |Bcero no6asneno| OD 600 PHA % |Bcero no6aBneHo
MAaKCUMYM [MAKCUMYM METAHOJIA, MAaKCUMyM | MAKCUMYM MECTAHOJIA, rpaMMab
rpamma’
1 42 37 0 55 49 101
22 42 Her 0 22° 15 27
JaHHBIX

3 37 41 0 52 50 74

4 33 34 0 56 55 76

5¢ 79 54 0 81 51 141

6 47 39 84 52 52 209

a. Peaxkropsl uHokynupoBamu npu OD 600, nmpubnusurtenbHo 22. Meran He n00aBIsIN TOCHE

WHOKYJIMPOBAHUS.
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b. B mpumepax 1 u 2 npuOnM3uTEIHHO NEPBOHAYAIBHO NO0ABIEHBI 4 rpaMMa METAHOJIA, U 3aTeM
OCTAaBLIMICS METAHOJ MPAKTUYECKH PABHOMEPHO NOOABJSUIN B TEUEHHE IPOAOJDKUTEIBbHOCTH
ompbita. B mpumepax 3 — 6 Bech METAaHOJN HENPEPbIBHO MAO0ABISAIM B TEUCHHE
MPOJOJKUTEIBHOCTH OTbITA.

c. CKkopocCTh pocTa KJIETOK C METAHOJIOM OOJIbIIIE, YeM CKOPOCTb POCTa Oe3 METAaHOJA; ONHAKO B
TEUEHHE BCEW MNPOAOJDKUTENBHOCTH SKCIEPUMEHTA, B KOHTPOJIBHOM pPEAKTOPE IOCTUTaeTCs

TaKasl Jke MOMyJIALUs KJIeTOK U KoHueHTpauus PHA, kak B peakTope ¢ METaHOJIOM.

IMponomxutenbHOCTh (ha3bl COANAHCUPOBAHHOTO POCTAa KJIETOK OyneT 3aBUCETh OT
KOHLIEHTPALMU HWHOKYJIsATa B OyJIbOHE, 3aJaHHOW MJIOTHOCTH METAaHOTPO(OB MPH 3aBEPLICHUH
¢a3pl cOATAHCHUPOBAHHOTO POCTA KJIETOK M CKOPOCTH Pa3MHOXKeHHs MeTaHOTpodoB. OObMHO
¢daza HecOaNaHCHPOBAHHOTO pOCTA KIETOK JUINTCS 1O MeHbell Mepe okonmo 1 4,
MPEANOYTHTENILHO MO MEHbIIEH Mepe MPUOIH3UTENBHO S5 4, ¥ MHOT/IA 10 MEHbIIEH Mepe OKOJIO
8 vacoB, HampuMmep, MPUOIU3UTEIBHO OT 5 10 48 4, M B HEKOTOPBIX CIyYasx, MPHOIU3HTEIBHO
oT 5 1o 24 u.

ITo oxonuaHum (as3pl HecOATAHCHPOBAHHOTO POCTAa KJIETOK MOKHO COOpaTh ypoKaii
metaHotpodoB st uzBneueHus PHA. Mosker ObITh HCIIONB30BaH JFOO0H moaxomsiuii crnocod
usBieyenuss PHA wmeranorpodos. Ecnu kenarenbHbIM — KOHEYHBIM MPOIYKTOM  SIBJISIETCS
OJTHOKJIETOYHBIN OEJIOK, TO MO OKOHYaHWUH (Pa3bl HeCOATAaHCUPOBAHHOTO POCTA KJIIETOK COOMPArOT
ypokaii meraHoTpodoB. OOBIYHO TBEPIOE BEIIECTBO, COAEpIKAIIEe KIETKH, OTHENSIOT H
obe3BokuBaroT. CylmiKy TBEPAOTO BeIIeCTBA OOBIYHO MPOBOISAT € LEJIbIO CTAOMIIM3ANU
conepKaHus OesTka B OAHOKJIETOYHOM OEJTKOBOM IPOJYKTE.

Ipouecchl HacTOSAIIEr0 H300PETEeHH s MOTYT ObITh HEMPEPbIBHBIMY, ITOJYHEPEPhIBHBIMHU HITH
NepUOANYECKMMU. B HempepbIBHBIX MPOLIECCaX MPEANOYTUTENIHHO UCTIONB3YIOT MO MEHBIIEH Mepe
nBa OMopeakTopa B IOCIENOBATENIBHONH CXeMe, MPHYeM B TIEPBOM PEAKTOPE MPOHCXOIUT POCT
NOMYJISALMHA METAaHOTPO(OB, a BO BTOPOM — NpoTeKaeT (a3za HecOalaHCHPOBAHHOTO POCTA KIIETOK,
st mponyuupoBannss PHA. B mepuomuueckoM mporiecce MOKET ObITh MCIMOJB30BaH OIMH WIIH
HECKOJIbKO OHOpPEaKTOPOB, MPUYEM B KAXKIOM M3 HHUX MOTYT MPOUCXOIUTH LMKJIbI YCIOBUH
cOaJIaHCHPOBAHHOTO POCTa KIIETOK M HECOAJaHCHPOBAHHOTO POCTA KIETOK, WJIM B KauecTBE
aNbTEPHATHBbL, OJWH WJIH HECKOJNbKO OHOpPEaKTOPOB MOIYT OBbITh MpPEIHA3HAYESHBbI MJIsI
cOaJIaHCUPOBAHHOTO POCTA KJIETOK, MpuueM OyJIbOH, COnIepsKaIlnuii METaHOTPOdBI, MOCTYMaeT B
OTAENbHBI OHOPEaKTOp, MpeAHA3HAYSHHbIH Ui HecOATaHCHPOBAHHOTO POCTa KJIETOK. JTa
CHCTEMa pEaKTOPOB OOBIYHO Has3bIBaeTCs '"UcXomHbli" W "mouepHmit" Ownopeakropel. B
NPEMOYTUTELHOM TOJYHENPEPhIBHOM TPOLIECCE, B OJHOM HJIM HECKOJBKUX HMCXOIHBIX

OMopeakTopax HEMpephIBHO BBIpAlIUBAaeTCs momyysiaus MetaHotpodoB. Yacte OynmboHa
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NEPUOIMYECKH BBIBOIUTCS W3 HMCXOAHOTO OHOpeakropa M TOCTYMAaeT B PsI JOYEPHHUX
ouopeakTopoB. IlpennodrurenbHO 4YacTh W3BJICYEHHOTO W3 MCXOOHOrO OuopeakTopa OyJboHA
SIBIISIETCSL TAKOH, YTO B HUCXOJHOM PEAKTOPE OCTAETCSl JOCTATOYHO OYJIbOHA, YTOOBI TOMYJILIHS
MeTaHOTPO(OB OBICTPO JOCTHIJIA JKEJIATENBHOTO VPOBHS IUIOTHOCTH JUI  OCYIIECTBIICHHUS
HecOaJTaHCUPOBAaHHOTO pocTa KieTok. Hanpumep, mocne u3BiedeHust 4actu OyJibOHA B MCXOJAHOM
OnopeakTope MOXKET OCTaBaThCs MPUOIM3UTENBHO 25% oObeMa OyJIbOHA, YTO MOXKET NPHUBECTH K
TOCTHKEHHIO JKENAaTeNIbHON TUIOTHOCTH TPH HeCOaTaHCHPOBAHHOM POCTE KIIETOK MPHOIN3UTEIBHO
4epes [1Ba yABOeHUs nonyssinun. Yacto 00beM OyJIbOHA, OCTAFOIIETOCs B UCXOIHOM OHOPEaKTope,
COCTaBJIET MO MeHbIIed wMepe npubmmsuTenbHo 10 OOBEMHBIX NPOLIEHTOB, HANPUMED,
npubmmsuTeabHo oT 20 1o 50 oObemHBIX TporieHTOB. KosmuecTBo nodepHUX OHMOpPEakTOpOB Ha
ONVH WCXONIHBIH OHOpEakTop Ul TMOJIYHENPEPBIBHOTO Ipomecca OOBIMHO — COCTABIISIET
npubmmsureabHo oT 2 o 10. Takum oOpa3oMm, B KOMOWHAIIMK JOYEPHUX OHOPEAKTOPOB MOKHO
00ecneynTh OTHOCHUTENBHO HEMPEPhIBHOE MOCTYIUICHHE KJIETOK Ui H3BJICUYEHHs NPOAYKTA,
conepkamero PHA.

Kasknpiii OnopeakTop MOKET UMETh JIFOOYI0 MOAXOMSAIIYI0 KOH(UTypaluio, BKIrodast (0e3
OTPaHUYEHHUS YKa3aHHBIM) OMOPEAKTOPHI C MOTPYKEHHBIMH OakaMu (Hampumep, OHOPEaKTOPHI C
norpy’keHHbIMU OakaMu U 0apOOTaKHOW KOJIOHHOH); OHMOPEaKTOPbI CO CTPYEBBIM KOHTYPOM;
nepeMeInBaeMble OMOPEAKTOPh, OHMOPEaKTOPbl C (PUIBTPYIOLIUMCS CIIOEM; OHOPEaKTOPBI C
OMOTUIEHKO; OMOPEAKTOPBI C ABIKYIIMMCS CJIOEM; MEMOpaHHbIe OMOPEAKTOPhI U CTATUYECKHE
nepemMeIrnnBaemMble OHOpeakTophl, BKIOYas (0e3 orpanmyeHus) TpyOuarbie OmopeaxTopsl. Ilo
JKEJAHUIO, JJIs1 cOATaHCHPOBAHHOTO POCTAa KIIETOK U U HeCOaJaHCMPOBAHHOTO POCTa KIIETOK
MOTYT OBITh MCIIOJB30BAHBI J1BA MM OOJbIIe OHOPEAKTOPOB, MPUYEM YKa3aHHbIE OHOPEAKTOPHI
MOTYT HWMETb OJWHAKOBYK) WM  pa3jMYHyK0 KOHCTpykuuto. Hampumep, mocne
NepeMeIBaeMoro OHOpeakTopa MOXKET CIIeIOBaTb OHOPEAaKTOp C MOTPYKEHHBIMH OakaMu.
Ecnu  xematenpHa  BBICOKAash KOHBEPCHS METaHa B METAHCOAEP)KAIMX Taszax, ToO
NPEANOYTUTENBHO HCIIONB3YIOTCS OHOPEAKTOPBI C OrPYKEHHBIMU OakaMu. ITH OMOPEaKTOPHI C
NOTPY’KEHHBIMH  OakaMH XapaKTepU3YIOTCA TIYyOMHOW TOTpyXKeHHs 10 MeHbInel Mepe
NpUONU3UTENBHO S5 M, W TPENNOYTHTEIBHO IO MEHbIIed Mepe okoio 10 M, m Moryr
SKCIUTYaTHPOBATHCS C LEJIbI0 TMOJIYYeHUsI CYLIECTBEHHO HEOJHOPOIHOIO COCTaBa rasa 1o BCei
riyOuHe OyibOHA, CONEpIKaIlerocss B OHOpPeakTope W MPAKTUYECKH OTHOPOIHOTO COCTaBa
OynbOHa TO BCeMy OuOpeakTopy. buopeakTopsl ¢ MOrpy:KEHHbIMH OakaMu U OapOOTaKHOU
KOJIOHHOH MpeACTaBIsItoT co00i OMOpPEaKTOpsl C MOTPYKEHHBIMH OakamH, e ra3, CoaepsKaliii
METaH, M KHCJIOPOACOACPKAIIUN BBOIATCS Kak HeOONbIINE Iy3bIPbKH B HIDKHEH YacTu
KOJIOHHBI, obecreunBasi mepeMelmuBaHue. lIpearnodTUTeNnbHO KaXAblii KOMIIOHEHT CBIPbS -

METAHCOAEPKAIUN ra3 M KUCIOPOACOAEP KAIUNA ra3 - BBOAATCS B BUAE MHUKPOMY3bIPbKOB,
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uMerLux auaMmetp B auanasose ot 0,01 go 0,5, npeanouturensHo ot 0,02 go 0,3 Muniumerpa.
[IpuMeHeHue a’paTOpPOB WM WH)KEKTOPOB C HCIIOJb30BAHHEM CTHUMYJIMPYIOMIHMX >KHUAKOCTEH
SIBJISIETCS] MPEANOYTHTENbHBIM Jis1 (POPMHUPOBAHUS MHKpPOIMY3bIPbKOB. BO MHOTMX ciyuasx,
METaHOTPO(BI MOABEPraroTCs HEOONBIIOMY MOBPEXKACHUIO MPH MPOIYCKAHUU 4Yepe3 adpaTophl
WIA WHXKEKTOPBI, U TIO3TOMY B 3THUX CJIy4asX METaHOTPO(BI MOKHO HE YAAJSTH A0 TOBTOPHOTO
BBEZCHUsI B OnopeakTop OyibOHa, 0OETHEHHOTO THOKCHIOM YIIIepoaa.

Mo:ker ObITh HCITOJIB30BAHO JTF000E NOIXOAsIee 000pyAOBaHNE i JeCOPOLHH TUOKCUIA
yriepona M3 u3BJIeueHHoro OynboHa. Ilpumepbl ykazaHHOro 00OpPYIOBAHHS BKIIIOYAIOT
pacIbUISIOIIHE KOJIOHHBbI, 0apOOTa)kHblE KOJIOHHBI, KOJIOHHBl C HACagKOW WU
CTPYKTYPUPOBaHHBbIE KOJIOHHbI WM oOe3rakuBaromine MeMOpaHbl. biaronmaps HU3KOMY
nepenany JaBJIeHHs, TPENNOYTUTEIbHbIMU  SIBJSIFOTCA  KOJIOHHBI € HAcagkoH  win
CTPYKTYPHUPOBAHHBIE KOJIOHHBL.

Xotst mpu pecopOUMM JIHOKCHIA Yriepolja M3 H3BJICYEHHOTO OyJIbOHA MPOUCXOIUT
yIaJeHre TeIla 3a CUET HK30TEePMUYECKOH MeTaboNNYecKOl aKTHMBHOCTH, OOBIYHO TpelyeTcs
JOTIOJIHUTENPHOE OXJIAXKAIOIIEee YCTPOMCTBO IJIsI TOrO, YTOOBI MPENOTBPATUTH YPE3MEPHOE
BbIIEJICHHEe Temia B Xone ¢asbl  cOaJaHCUPOBAHHOTO  pOCTa KJIETOK U (haswl
HecOaJlaHCHPOBAHHOTO pOCTa KIETOK. Yacrto, Korga IUIOTHOCTh KIETOK B OHOpeakTope
NPUOIHIKAETCS K KENAaTeIbHOW MaKCUMAJIbHOW KOHLEHTPALNH, TP OXJIKACHUN U3BIIEUEHHOTO
OyJIbOHA BO BpeMsl ecOpOLMU TUOKCHIA YIiIepoaa MPOUCXOAUT YAAJCHUE MPUOIU3UTENBHO OT
10 mo 50%, mampumep, npuOIN3UTENBHO OT 15 10 40 MPOUEHTOB Tema, 9T0O HEOOXOAMMO IS
NoJIepKaHusl B OMOpEaKTope M30TEPMHUYECKHX YCIOBUH. BermomorarenbHble TEXHOJIOTHIECKHE
YCTPOWCTBA ISl TEIUIONEPeHOca, HEOOXOaMMbIe Al MOANEPKAHUA M30TEPMUYECKUX YCIIOBUH,
MOTYT TPENCTaBJATh COOOW OOMH WM HECKOJbKO amnmapaToB NPsSMOTO U KOCBEHHOTO
teruiooOMena. Hampumep, mpsiMoii TeriooOMeH B HENMPEPHIBHOM MPOLIECCE MOKHO 00ECTIeUUTh
NyTEM HENpPEepBIBHOTO M00aBIEHHsS XOJOTHOW CBEXKell BOAbL, UYTOOBI 3aMEHHTb OYJIbOH,
HETIPEPhIBHO YAAJIEHHBIN 13 OHopeakTopa.

Jna oOnerdyeHus: oOIero NOHUMAaHUS UW300PETEHHsT M €ro NPUMEHEHHS MOXKHO
paccMOTpeTh 4epTelk. YKa3aHHbIH YEepPTeXK HE SBIICTCS OrpaHHMYEHHEM IIHPOKHX 3aMbICIIOB
n3o0perenus. YepTek npencrasiseT coOol cxeMaTHuecKkoe H300pakeHne YCTPOHCTBa, B LIEJIOM
obo3HaueHHoro no3unuei 100, mpUMEeHsIeMOro ISt MPAKTHYECKOTO OCYIIECTBIICHUSI CIIOCOOOB
Hacrosmero u3o0pereHns. Ha yepreske He BKIIIOYEHO BTOPOCTENEHHOE OOOPYIOBaHHE, TaKoe
KaK HAacOChl, KOMIIPECCOPBI, KJAMaHbl, H3MEpPUTENbHbIE NPUOOPBI M Ipyrue YCTPOICTBA,
pacroyio’)keHue U padoTa KOTOPBIX XOPOILIO M3BECTHBI CIELUAINCTAM B 00JACTH XUMHUECKON
TexHosorud. Kpome Toro, Ha uepTeke HCKIIOYEHBI BCIIOMOTATENIbHBIE TEXHOJOTHUYECKUE

ycrpoiictea. Crnoco0 W 3KCIUTyaTalusi yCTPOMCTBA HAa YEPTEXKE OMNHCAHBI B KOHTEKCTE
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npuMeHeHnss Oworasa ©3 aHa’poOHOro aBTOKJIAaBA M BO3AyXa ISl MPOU3BOACTBA
NOJIMTUAPOKCHOYTHpATa U BO3AYXa U AecopOuun auokcuaa yriepona. Crnocod MOKHO JIETKO
NPUCTIOCOOUTD JIJIsl MCTIOJIb30BAHMS PYTUX METAaHCOAEPIKAILINX Ta30B, KUCIOPOICOIEPIKAINX
ra3oB M JAeCOPOMPYIOIINX ra3oB, a TaKXke sl MPOM3BOACTBA Ipyrux nosumepos PHA wu
MPOAYKTOB OJTHOKJIETOYHOTO OeJKa.

buopeakrop 102 npexacrasisier coboii peakTop ¢ MOrpy:kKeHHbIM O0akoM u OapOOTaKHON
KOJIOHHOH u coxmepxkuT OynpoH 104. B msobOpakeHHOM ycTpoiictBe, Omopeaktop 102
UCTIOJNB3YyeTCs I cOATaHCUPOBAHHOIO POCTA KIIETOK, a TaKke HeCOATaHCHUPOBAHHOTO POCTa
kjetok. Beime O6ynbona 104 Haxonutcst cBoOoaHOE pocTpancTBo 106 u muHus BbiBoma 108 mist
yIaJEeHUs HEepOpearupoBaBIINX ra30B W3 OWOpeakTopa. YKa3aHHbIE HENPOPEarHpOBaBIIHUE
ra3bl MOTYT OBITh UCTIOJIB30BAHBI AJISl TEHEPALINH TETLIa FITH HAIIPABIISIOTCS] B OTXOJIBL

UYactes OynpoHa B buopeaktope 102 mpoxoaut mo smauu 110 B necopbep 112. B muaum 110
METaH, PACTBOPEHHBIH B M3BJIEYEHHOM OYyJIbOHE, MPOAOJDKAET YCBAUBATHCS METAHOTPO(AaMH, TaK
YTO W3BJICYCHHBIA OyJIbOH, MOCTymaromuil B necopdep 112 comep:KUT HEMHOTO PAaCTBOPEHHOTO
MeraHa (ecnu oH BooOme ecth). Kak mokasaHo, mecopbep 112 comepKUT CTPYKTYpHUPOBAHHYIO
Hacanky 114. Jluamsa 110 pacnpenensier OyJibOH HaBepXy CTPYKTYpUpOBaHHOHN Hacanku 114 ms
KOHTaKTa C JeCOpPOMPYIOIIMM Tra30M, KOTOpbIH, B paMKax HACTOSIIIET0 PacCMOTPEHUs,
NpencTaBisieT coOOH BO3AYX, MonmaBaeMblil 1Mo JUHUM 118 CHH3Y CTPYKTYpHUpPOBAHHOH HACaIKH.
JecopOupyroruii ra3, oOoraeHHbIH THOKCUIOM YTIIIepoaa, BIXOAUT U3 aecopbepa 112 mo muHMM
116. Yacts OynboHa, OOETHEHHOTO AUOKCUIOM yriiepona, cobupaercs: BHU3Y aecopOepa 112 s
npoxozpa mo juHuKA 120 B TermooOMeHHHMK 122 kocBeHHOro HarpeBa. BynboH mo ymHum 124
BBIXOAWT U3 TeruiooOMeHHHMKa 122 kocBeHHOro HarpeBa. Jlpyrasi 4actb OyiibOHa, OOETHEHHOTO
IMOKCHAOM YTJIEPONa, BBIBOAUTCA MO JUHUU 126. OTHOCHTENBPHOE KOJMYECTBO YacTH OYJIbOHA,
00eTHEHHOTO JUOKCHIOM YTJIepoJa, TOCTYMAIOIIEero B TeriooOMeHHUK 122, u 4acTu OyiibOHa,
OOEMHEHHOTO JUOKCHIIOM yIjIepoa, MpoxXonmsmiero mno JuHuu 126, Oymer 3aBUCETh OT
JKENATeNIbHON TeMIlepaTrypbl B Macce 5TuX uactedl. Hampumep, B TedeHHe Ha4albHOIO JSTara
cOaTaHCUPOBAHHOTO POCTA KJIETOK, JJISl OXJTAXKACHUS, OCYIIECTBIISIEeMOro B necopdepe 112, moskeT
noTpeOoBaThCs, YTOOBI HE BCS Macca OyJbOHA, OOETHEHHOTO MOKCHUAOM YIJIepoa, MMOBEPraiach
JOTIOJTHATEIbHOMY OXJIAKIACHUIO B TeruiooOMeHHuke 122. Tlepenyck yactu OysiboHa, 00€JHEHHOTO
IMOKCHAOM YIJIEpOJa, TPHBOAUT K KOMOWHHPOBAHHOH TeMIepaType Macchl OyJIbOHA, KOTOPBIH
BO3Bpamaercsi B Ouopeakrop 102, COOTBETCTBYIOIIEW JJisi TMOIAEPIKAHHUS TMOCTOSHHOMU
TemriepaTypel OynboHa B Omopeaktope 102. IlozmHee mpu cOagaHCHMPOBAHHOM pPOCTE KIIETOK,
NPAKTUYECKH BeCh OyJIbOH, OOEIHEHHBIH THOKCHIOM YIiepoaa, MPOXOAUT B TEIIOOOMEHHHK 122
st TOro, 4toObl TMOINEpKaTh HM30TEPMUYECKHE ycioBusl B Ouopeaktope 102. B kadectse

ANBTEPHATHBBL, B TEUEHHWE PAHHEr0 Iepuoja TpoLecca, 4YacTb JecOpOUpYIOIEero rasa,
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00OTraIeHHOro JTUOKCHIOM yrieposa, w3 JUHUU 116 cMmemmBaercss ¢ AeCOPOMPYIOIIUM Ta3oM,
MOCTYMAOIUM 110 JIMHUM 118, 4T0OBI CHU3UTE IBMKYINYIO CHITY UCTIAPEHHS THOKCHIA YIJIepoaa B
OynpoHe. ITockonbKy UCMapeHue AUOKCHAA yriiepona OyAeT MPOUCXOAWTh B MEHBINEH CTEreHH,
OXJIAKACHUE YMEHBIIAETCS.

TermnooOmeHHNK 122 MOXET UMeETh JIFOOYI0 MOIXOAALIYI0 KOHCTPYKIMIO. B HacTosimem
U300peTeHNN  paccMaTpHUBaeTCs KOMOWHAIMS TEIUIOOOMEHHHMKAa C TEeIJIOBBIM HAcCOCOM, TJie
TEIUIOBOW HAacoc o0ecrevyrBaeT MOBBILEHHYIO TeMIeparypy ¢ironna A HCIONb30BAaHUS B
crioco0e M300peTeHus WK B APYyroM crocode. B HEKOTOPBIX cityyasx, moAorpeTsiid (urona u3
TEIUIOBOTO HACOCA MOJKET OBITh UCTIOJIB30BAH JJIsl KOCBEHHOTO TEIJIOOOMEHA ¢ AeCOPONPYIOIIIM
ra3oM, HalpuMep, BO3AYXOM, C LEJbI0 CHIKEHUS €ro BIAKHOCTU M 00ECTIEYUTh MOBBIIEHHOE
UCTIApeHUe BOIbI BO BpeMs AecopOUMU W, TakuM 00pa3oM, OOJIBIIYI CTEMEeHb OXJIaKICHHS
NyTeM HCIapeHus. B xauecTBe ambTepHATHUBBI, MOJOTPETHIA (PIIFOUI MOKET OBITh MCIIOJB30BAH
IUIS YMEHBIIEHUS TeIUIOBON 3HEPTruu, HeoOxoanMoit 1t n3snedeHus PHA u3 kierox.

Kak Oynmer ommcaHO HWXKE, PELUPKYIUPYIOLINH OyJIbOH HCIOJB3YeTCsl B KadeCTBE
CTUMYJIMPYIOIIEH JKUAKOCTH JUJIsl BBEEHUS] METAaHCOJEP KAIINX ra30B U KUCIOPOACOAEP KALINX
razoB B Owmopeakrop 102. Jluamsa 128 cayxur ansg OanaHCUPOBAHUS CKOPOCTH TIOTOKA
perupKyupyoero OyjiboHa B Kaxmod u3 juHuid 126 u 124, xoTopsiil TpeOyeTcss B KauecTBe
CTUMYJIMPYIOIIEH >KUAKOCTHU.

bynvon, peumpkynupyromuili B auHuM 124 nocrtynaer B Hacoc 130 u 3areM no juHun 132
BO3Bpaiaercs B ouopeakrop 102. bymboH B mHuM 128 moctymaer B Hacoc 136 u 3aTteM 1o JTUHAU
138 BosBpamaercss B Ouopeakrop 102. I'a3, comep:kamuii MeTaH, U KUCJIOPOACOAEP AU Ta3
MOXHO BBOIUTH B Omopeakrop 102 moOpmM ynoOHbIM criocoGom. OCOOEHHO TMpPUBJIEKATENBHBIM
SBISIETCS.  FICTIONIb30BAHUE WHXKEKTOPOB  (Ta30’KUIKOCTHBIX ~ a3paToOpPOB), B  KOTOPBIX MOTYT
00pa3oBaTbCsi OYEHb MENIKHE Iy3bIPbKH TPH OTHOCHTEIBHO HHU3KOM TNOTPEOJICHUH SHEPTHUH.
HHxeKTopbl MOTYT OBITh CTPYHHBIMH CMECHTEIISIMI/A3paToOpaMH MM HHXXEKTOPAMH C IUIOCKOH
crpyeli. MHXKEKTOpBI C TUIOCKOH CTpyeH SBJISFOTCSA MNPEANOYTUTEIbHBIMH, OfHA U3 HUX (GopM
packpeita B mareHre CIIIA Ne 4,162,970. Yka3aHHbIe HUHXEKTOPBHI padOTAIOT C HUCIOJIB30BAHIEM
CTUMYJIHPYIOIIEH KUIKOCTH. MHKEKTOphI, OCOOCHHO WHIKEKTOPBI C IIOCKOH CTpyeH, crocoOHBI
paboTaTh C CaMbIMU Pa3HOOOPA3HBIMH CKOPOCTSIMU TIOTOKOB KHIKOCTEH U ra30B U, TAKUM 00pa3oM,
CrIOCOOHBI  3HAUMTENIPHO CHHDKATh CIIOCOOHOCTh TepeHoca B ra3oBoil  ¢aze. HMHKeKTOpHI
XapaKTepU3YIOTCsl COIUIOM, KOTOPOE€ HMMEET pa3Mep IMOINEpevyHOro CedeHHsl MO MeHblLIed Mmepe
npudmusurensHo 1 cM, gacto ot 1,5 10 5 cMm, Hampumep, oT 2 10 4 cM B cily4ae CTPYHHBIX
MH)XEKTOPOB, WM UMeeT MEHBLINH pa3Mep MOMEePeYHOro CEYeHHsl B CIy4ae HHXEKTOPOB C MJIOCKON
crpyeil. Ha pa3mep my3bIpbKOB, OOpa3yIOMMXCS ¢ TIOMOIIBI0 WHKEKTOPOB OYIyT BIHSTH, CPEAU

apyrux (pakTopoB, CKOPOCTh MOTOKA JKUIKOCTH HYepe3 WH)KEKTOP M OTHOIIEHHE ra3oBoil (as3bl K
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KUAKOH (pase, MpoXomsdIuX depe3 MHKEKTOp, a Takke COOCTBEHHBIE XapaKTEPUCTUKU OYJIbOHA,
BKJIFOYaroIye (0e3 OrpaHuueHus]) CTATUYECKYK TNIYOMHY JKUAKOCTH. B HEKOTOpBIX cliydasx
MHKPOITY3bIPbKH, KOTOPbIE OOPa3ylOT MEHee IUIOTHYIO Ta30KMAKOCTHYIO IMCIIEPCHIO U JIFOOYIO
CTUMYJIUPYIOIIYIO JKHUAKOCTb, HCHOJNB3YEMYIO JJIsi OOpasOBaHUs MHKPOIY3BIPBKOB, MOTYT
CrocOOCTBOBATh TMEPEMEIINBAHUIO KUAKOCTH B Oumopeakrope. Bojbpnoil pasmep MonepevHOro
CEYCHHs WH)KEKTOPOB O0ECIeunBaeT HEKOTOpPble NPEUMYINECTBA, KPOME CIIOCOOHOCTH K
00pa3oBaHUIO MUKPOMY3bIPbKOB. BO-TIEPBBIX, OHU HE CIIOCOOHBI 3arPsI3HSTHCS, MOCKOJIBKY OyJIbOH
UCTIONIB3YETCS B KA4eCTBE CTHMYJHMPYIOINEH JKUAKOCTH, Kak Obuio Obl B ciydae OapOotépa,
NpenHa3HAuYeHHOTO 1UIsi 00pa30BaHMsl MHUKPOITY3bIPbKOB. BO-BTOpBIX, SHeprusi, HeoOXomumasi Juis
00pa3oBaHMsl MHUKPOIY3BIPPKOB 33JaHHOTO Pa3Mepa, YacTO MEHbLIE 3HEPruH, HEOOXOMMMOH st
00pa3oBaHMsT MHUKPOMY3BIPPKOB TAKOTO K€ pa3Mepa C HMCIOJb30BaHHEM Oapborépa. B TpeThux,
MOXeET OBbITb JOCTHUTHYTa BBICOKAs CTENEHb YMEHBINEHUS CKOpOCTH. M B 4YeTBEpTHIX, pasMep
MHKPOITY3bIPbKOB MOJKHO JIETKO BapbHpPOBaTh B LIMPOKOM jauamnasoHe. Kuciopoaconepskamuii ras
MOCTYMAET B MHXXEKTOPBI 10 JIMHUU 134, 1 MeTaH MOCTYNAaeT B MHKEKTOPBI 10 JuHuK 140.

IMutaTenpHBIC BElleCTBA U CBEXasi BoAa moaaroTes B OynboH 104 B GuopeakTope 102 mo
JvHuM 142.

C wmenpr0 WIUTIOCTpALMU 3KCIuTyaTauuu (HO 0e3 OrpaHHMuYEHHs] YKa3aHHBbIM), OHOpEakTop
102 npencraBisier coboii peakrop oObemom 60000 JHUTPOB, 3amONHEHHBIH OyJIbOHOM
npuOIU3UTENBbHO Ha TiyOuHy 10 MeTpoB M MHOKYJIUpPOBaHHBIN MeTaHoTpodamu. Crepunmszanus
ouopeakTopa 102 1o MHOKYIMPOBAHUS HE SIBJIIETCS CYLIECTBEHHOU. broras co ckopocteio 1850
JUTPOB B MUHYTY, COJEPKAIMUN MPUOIHU3UTENBHO 23 MOJISIPHBIX MPOLIEHTA METAHA, TIOCTYIAeT B
ouopeakrop 102. IIpu yBenudeHUn MOMyJIALUU METaHOTPO(OB (eciu He [0 MOJHOro oObema)
MO>KHO BBOAMTDH IOTOJHUTEIBHO BOJXY W/WJIM NMUTATEJbHBbIE BEIIECTBA M JIpyrue AO0aBKU MO
auHEMA 142 WM HETIPepBIBHO, WIJIM MPEPBIBUCTO JJISI TOTO, YTOOBI YBENUYUTh 00beM OyJIbOHA
OTHOCHTEJILHO TIPOTIOPLIMOHAIBHO POCTY MOMYJISIUU MeTaHOTpodoB. IToTok MeTaHconepKamumx
ra3oB U KUCJIOPOJCONEPIKAIUX T'a30B 3aIyCKAETCs] B MOMEHT WHOKYJHMPOBaHUS OyJbOHA WU
cpasy mociie WHOKYJHUPOBaHUS. B ciydae BBeNEHUs ra30B C HCIOJIb30BAHUEM HHIKEKTOPA,
OOBIYHO TPEANOYHTAIOT BBIBOIUTH 4YacTh OysnboHa M3 Omopeakropa 102, xoTtopas mpsMO HIIH
KOCBEHHO MOCTYNAaeT B KaKAbIA n3 HacocoB 130 u 136 qy1s nogauu CTUMYNUPYIOIIENH KUAKOCTU
(HE mokasaHo).

Korzaa nonysiiiust MeTaHOTPOGOB YBEJTMUMBAECTCS B TAKOH CTETEHH, YTO XKEJIATEIbHO YIAJIHUTh
IMOKCHJL yTriieposa u3 OyJIbOHA € LTI YCHIICHHST MAacCONEPEHOCa METaHa U KUCTIOPO/ia B JKUIKYIO
¢azy, OynboH, npudmuTensao 4500 TUTPOB B MUHYTY, TpomyckatoT no juaud 110 B necopOep
112. IMpubmuzurensHo 135000 nuTpoB (TIpy CTAaHAAPTHOH TeMIiepatype W IaBJICHUH) BO3AyXa

npornyckatoT B aecopdep 112 mo muaum 118, mpu 3TOM yaastoT npuOIM3UTeabHO 99 MPOIIEHTOB
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IMOKCHZIA YIJIepona, pacTBOpeHHoro B OympoHe. Kak yka3aHO BbIle, B 3aBHCHMOCTH OT
TEMITEpaTypsl B OHopeakTope, OyIIbOH, OOCAHEHHBIH AUOKCUIOM YIJIepOoaa, YIAISIOT IO OJHOH 13
e 120 u 126 (um obenm) muist perupkyssiuun B 6uopeaxrop 102. ITlo cpaBHEHHIO €O CrtocoOoMm,
OCYIIECTBIIEMbIM Oe3 mecopOim TUOKCHAa yriepoaa w3 OyjbOHA, COTJIACHO H300PETEHHIO
TpeOoBaHNE Ha OXJIAXKIEHNE HCTIAPEHUEM CHIDKAETCS! MPUOIM3UTENbHO Ha 47 MPOLEeHTOB (B MOMEHT
NOTPEOHOCTH B SKCTPEHHOM OXJIKAEHWH), W JBIDKYINAS CHJIAa JJISI  MacCONepeHOoca MEeTaHa B
OyJIbOH YBEINYMBAETCS PHOINU3UTENPHO Ha 35 MPOLIEHTOB.

Korpa miorHOCTE MeTaHOTPO(OB B OyboHE B Onopeakrope 102 nocTuraer KeaareabHOro
YPOBHSI, PEXKUM dKCITyaTanuu duopeakropa 102 mepekiroyaercsi Ha HecOaTaHCUPOBAHHBIN POCT
KJIETOK ITyTE€M U3MEHEHHsI COCTaBa MMUTATEIbHBIX BELIECTB, MOCTYNAMNX B Onopeakrop 102 mo
auaun 142, Tlo oxoHuaHuu (a3bl HeCOANAHCUPOBAHHOTO POCTAa KIJIETOK, COOHMPAIOT yposkai

MeTtaHoTpo(doB u usBnekaroT PHA.
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OOPMVYIJIA M30BPETEHHA

1. BBICOKOTIPOM3BOOUTENbHBIN CIOCOO OMOKOHBEPCHU METaHa B MPOAYKT, COIEpKaIuil
MOJIMTUAPOKCUANIKAHOAT, BKJIOYANOIMiA: () TpOmyckaHwe ra3oo0pasHoro cyoOcTpara,
BKJIFOYAIOLIIETO METAHCOACPIKAIIUN ra3 U KUCIOPOACOACPIKALINI a3, B PEaKIIHOHHYIO 30HY IS
KOHTAaKTa B YCIOBUSIX (PEPMEHTAl C BOJHOH Cpenol, B KOTOPOH HMEETCs MOMyJIALUsS
METaHOTPO(OB, TpPUUEM YKa3aHHAs Cpefa CONEPXKUT MUTATEIbHBIE BELIECTBAa I POCTa
MOMYJISIUN METaHOTPO(OB, YTOOBI MOJYYUTh BOTHYIO Cpeny, OOOraleHHyI0 METaHOTpodamH,
yKa3aHHBIA POCT MOMYJSIIMM METAHOTPO(OB TaKKe MNPHUBOAUT K BBIIEICHUIO THOKCHAA
yriepona, BOJbI U TeIlIa, M YAJIeHHEe HEMPOPEarupoBaBILIero Tas3a M3 YKa3aHHOH peakLMOHHOM
30ubl, (b) mpomyckaHme rasa, COAEpIKAIEro MeTaH, W KHUCJIOPOACOAEpKAIero rasa B
PEaKLIMOHHYIO 30HY IJIi KOHTAKTa B YCIOBHSIX (PEPMEHTALMH MO MEHbIIEH Mepe C YacTbio
BOJHOHM cpenpl, oborameHHOW MeraHoTpodamMH, NpPUYEM B VKa3aHHOW cCpene HMeeTcs
OTpaHWYEHHE 10 MEHBLIEH Mepe OIHOrO MUTATEIBHOTO BELIECTBAa, HEOOXOOUMOIO AJISl pOCTa
MOMYJISIIUN METAHOTPO(OB, U CO3IAHUS YCIOBUH JIMMUTHPOBAHUS MUTATENbHBIX BEILIECTB, B
KOTOPBIX WHTHOMPYETCS POCT MOMYJSILUKA METaHOTPO(OB M CTUMYJIUPYETCS MPOAYLUPOBAHUE
NOJIMTUAPOKCHATIKAHOATA METAHOTPO(PaMH C OTHOBPEMEHHBIM BBIACICHHEM AUOKCHIA YIIIEpO/a,
BOJBI U TEILIA, U YAAJCHNE HEPOPEarupoBaBIIEro Ta3a U3 YKa3aHHOH peakIMOHHON 30HbI; U (C)
BBIJIEJICHUE METAHOTPO(OB, COAEPKAINX MOJUTHAPOKCHATIKAHOATHI, U3 BOJAHOM Cpebl Ha
cragui (b), rae Mo MeHbIeld Mepe B YaCTH MPOIOJDKUTENBHOCTH KaXKI0oH 13 cranuii (a) u (b):

1. CKOpOCTb TOAAaYM N0 MEHBbIIEH Mepe OAHOTO Trasza, conepkamero cyocrpar, B
pPEeaKLIMOHHYIO 30HY Ha Kaxnaoi m3 craamii (a) u (b) xoHTpOdHMpyeTcs ycnoBusiMu nuddy3nu
cyOcTpara;

ii. MO MeHbIel Mepe Ha oxgHOW w3 cramuii (a) u (b) 4acTh BOTHOW Cpenbl HENPEPHIBHO
BBIBOJHUTCS U3 PEAKLIMOHHOM 30HBI M KOHTAKTHPYET C AECOPOMPYIOIINM ra3oM, 4ToObl yIAINTh
IVOKCU] yIIIepoa U MOJYYUTh BOAHYIO Cpeny, OONHEHHYIO TUOKCUIOM YIIIepoa; ’

iil. TpomyckaHue MO MeHbIIeH Mepe 4acTu OOCAHEHHON AMOKCHUIOM YIJIEpOAa BOIHOU
Cpelbl B pEaKIMOHHYIO 30HY MO MEeHbINeH Mepe Ha OHOM u3 craquii (a) u (b).

2. Cnocob no nyHKTY 1, B KOTOPOM ra3, OrpaHHYMBAIOLINI CyOCTpar, BKJIIOYAET B ceOs
METaHCOAEPKAIIUN Tas3.

3. Cnocob mo myHKTy 2, B KOTOPOM CKOPOCTb MOJAYU rasa, COIEpIKalero MeTaH, B
pPEaKLIMOHHYIO 30HY IO MEHbLIeH Mepe Ha omHoW u3 craauil (a) u (b) perymupyercs, 4ToOBI
NOJYYUTh  TMPAKTHYECKH  CTa0MJIBHYIO ~ MOJSIPHYKO — KOHLEHTpAIMI0O  MeTaHa B
HETPOpPearupoBaBIINX ra3ax.

4. Cnocob no myHKTY 1, B KOTOPOM METaHCOAEpPIKALIee ChIPbe COAEPIKUT CEPOBOIOPOL,
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npudeM  BOAHAS  Cpefa TOIJIOmAeT 1O MeEHbIIed Mepe YacTb CEPOBOAOPOAA, YTOOBI
NOJIYYUTh TIOTOK HEMPOPEarupoBaBIIEro rasa, COAEep AU TMOHIKEHHYIO KOHIIEHTPALIUIO
CepoBOJOPOIA.

5. Cmoco0 no nyHkTy 1, B KOTOPOM peakLMOHHAsI 30HA, N0 MEHbIIEH Mepe Ha OAHON U3
cranuii (a) u (b), mpeacrasnser coboii TMOrpy:keHHbIH Oak ¢ 6apOOTAKHOU KOJIOHHOH, MpUueM
pEeaKIMOHHAsE 30Ha XapaKTepU3YeTCsl CYLIECTBEHHO OJHOPOIHBIM COCTABOM JKHAKOCTH H
NPAKTUYECKH HEOTHOPOAHBIM COCTABOM Tra3a IO BCEH BBICOTE PEAKIMOHHOH 30HBL, W IO
MeHbIIEH Mepe YacTh YKa3aHHOTO rasa, COAepIKamero cyOCTpaT, BBOAMTCS B HUKHIOKD 4acTb
PEaKLIMOHHON 30HBI.

6. Cnocob mo myHKTy 1, B KOTOPOM CKOpPOCTh H3BJeuUeHHs OynboHa Ha craguu (ii)
SIBJIIETCSI TOCTATOYHOM, YTOOBI yAIUTh KOJMYECTBO TUOKCHIA YIIIEpPOAa, SKBHBAJIECHTHOE IO
MeHbInel Mepe npuda3uTenbHo 40 MPOLeHTaM THOKCHIA YIiiepoia, 0Opa3oBaBLIErocs 3a CYET
MeTa0OJNIECKO aKTUBHOCTH B PEAKLIHOHHOHN 30HE.

7. Cnocob mo myHKTy 6, B KOTOPOM CKOpPOCTb H3BJeUeHHs OynboHa Ha craguu (ii)
SIBJISIETCS.  TOCTaTOYHOH, 4TOoObI ymamuth OT S50 m0 75 mNPOIEHTOB IUOKCHIA Yrjepoja,
oOpa3oBaBLIerocs 3a CUeT MeTa0OIMUECKONH aKTUBHOCTH B PEAKLIMOHHOM 30HE.

8. Cmocob® mo myHKTy 2, B KOTOPOM IO MEHbIIEH Mepe OOHO KHCIOPOACOAep:Kaiiee
coennaenne Cl mo0aBIsIOT B pEakMOHHYIO 30HY Ha CTaauH (@), KOrna CKOpPOCThb MOJA4H rasa,
COIEpIKAIEro MEeTaH, B PEaKIHOHHYIO 30HY YK€ He KOHTPOJHpYeTcs yciaoBusaMu auddysuu
METaHa.

9. Cnoco0 mo myHKTy 1, B KOTOPOM OXJaKOAAeTCsl 4acTb OOEAHEHHOW AMOKCHUIOM
yriepona BOJHOH Cpelpl, MOCTYIAKLIEH B peaKIMOHHYIO 30HY 110 MEHbLIEH Mepe Ha OJHON M3
cranuii (a) u (b).

10. Cnocob no nynkty 1, B koTopom craanu (a) u (b) mMpoBOAITCS MOCIENOBATENBHO, B
COCy/ie peaxkTopa.

11. Cnocob mo myHkty 1, B koTopoM Kaxkmas w3 craguii (a) u (b) mpoBomutcs B
OTJEJIbHOM COCYJIE PEaKTOopa.

12. Cnocob no nyHkTy 11, B KOTOPOM 4acTh BOJHOM CPEIbl B PEaKIIHOHHON 30HE CTaIuu
(a) mocTymaer B peakLIMOHHYIO 30HY cTtanuu (b).

13. Cnoco0® mo myskry 11, B KOTOPOM mNpenyCMOTPEHBbI MO MEHBLIEH Mepe ABe
peakiuoHHble 30HbI cTaauu (b) I KaxaoH peakMOHHOW 30HBI CTaAWH (a), U YaCThb BOJHOM
cpeabl co cTaauu (a) MoCTymaeT Mo MeHbIIeH Mepe Ha OfHy U3 cranuii (b) peakiMOHHON 30HBI B
JaHHBI MOMEHT BPEMEHH, YTOOBI OJYYHUTh MOJY-TIEPHOAMUYECKHH CrI0co0.

14. Cnocob mo nyHkty 13, B KOTOPOM HacTh, MOCTynaromas Ha omHy u3 cramuii (b)

pPEeaKIMOHHOH 30HbI B TAHHBI MOMEHT BPEMEHH, COCTABIISIET OT 25 10 95 mpoueHToB oT 00beMa
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BOJHOW Cpeapl B PEaKIHOHHOH 30He cTaauu (&), MpUYeM MPeayCMOTPEHO JOTIOJIHHUTEIbHOE
KOJINYECTBO BOJHOW CpeAbl AJIsl PEAaKLIMOHHON 30HBI HA CTAAHMH (a) C LENbI0 POCTa MOMYJISLUN
MeTaHOTPO(OB.

15. Cnoco0 no nyHKTY 1, B KOTOpPOM ras, coaepsKalinid MeTaH, BKJItoYaeT B ceds bnoras.

16. Crnoco6 mo myHKTY 15, B KOTOPOM ras3, conxepkalluii MeTaH, BKJIIOUaeT B ceOs
aHa’poOHbIl Onoras.

17. Cmocob6 mo myHKTy 15, B KOTOpOM ras, comepamuii MeTaH, BKIIFOYaeT B ceds 1o
MEHBIIEH Mepe OJMH ra3 U3 OPraHUYeCKHX OTXOJOB M OCTaTOYHBIN ra3, NPOU3BEICHHBIN
HETIOCPEACTBEHHO MJIM KOCBEHHO B IPYroM criocobe pepMeHTanu.

18. Cnocob mo myHkty 1, B KOTOpOM OOE€THEHHYIO NUOKCHUIOM YIiIepoJa BOAHYIO Cpeny
MOJIBEPratl0T KOCBEHHOMY TEIUIOOOMEHY € OXJIKAAIOLIUM (QIIIOUAOM Ui AOTIOJHUTEIBHOTO
OXJIAXK/IEHUs] OOeNHEHHON AMOKCUIOM YIJIEpO/a BOAHOHN Cpeibl M HArpeBaHUs OXJIAXKIAFOIIErO
Gbrouna.

19. Cnoco0 no nyHkTy 18, B KOTOPOM HarpeTblii OXJIaXIAIOMKNA (IIOU] U3 KOCBEHHOTO
TEIUIOOOMEHHUKA MOCTYIAET B TEIUIOBOH HACOC, YTOOBI MOJTyYUTh NEPETPEThIN (IFOHT.

20. Croco6 mo myHKTy 19, B KOTOPOM meperpeThbiid (IroNI NCHIOIB3YETCS U HArPEBAHUS
necopOupyroIero rasa.

21. Cnoco0 mo nyHKTY 19, B KOTOPOM meperpeTblid (IO UCTIONb3YeTCs TPU U3BJICUEHUH
MOJIUTUAPOKCHATIKAHOAT M3 METAaHOTPO(OB.

22. Cnoco®6 mo myHKTY 1, B KOTOpPOM BOIHYIO CpEOy BBIBOAAT W3 HIDKHEH 4YacTH
pEeaKIMOHHOHN 30HBI 10 MEHbIIEH Mepe Ha onHOW mu3 cramuil (a) u (b), koTopas moxBepraercs
YCJIOBUSIM BCKUIMAHWS C LEJIbK) yJalleHUs W3 Hee 4YacTU JUOKCHIA YIriaepoja, U 3aTeM
MIOJIBEPraeTCsl KOHTAKTY € IeCOPOUPYIOIIMM ra30M.

23. BBICOKONPOM3BOAUTENbHBIN CIOCO0 OMOKOHBEPCHH METaHa B MPOAYKT, COMAEpKaIuil
NOJIMTUAPOKCHATIKAHOAT, BKJIOUAIOIIMHA: (a) MpPOMyCKaHHe Trasa, BKJIOYAIOIIEr0 MeTaH U
KHCJIOPOACOAEPIKAIINN Ta3, B PEaKLHOHHYIO 30HY IJII KOHTaKTa B YCIOBHSX (DEPMEHTALNH C
BOIOHOW CpEIOi, B KOTOPOH WMeeTCs] MOMyJIsius MeTaHOTPo(oOB, MpuYeM yKa3aHHas cpena
COIEPKUT TMUTATEIbHbIE BELIECTBA JsI POCTa MOMYJSIIMA METaHOTPO(OB, YTOOBI MOJIYYHUTH
BOJHYIO Cpeny, OOOTAIeHHYI0 METaHOTpO(paMH, YKa3aHHBIH POCT MOMYJSIIHM METaHOTPO(OB
TaKXe TMPUBOAUT K BBIACJIECHUIO JUOKCHUAA YIVIEpOAA, BOABI M TEIIa, W YAAICHUE
HENPOpearupoBaBIIEr0 Tra3a W3 YKa3aHHOW peakuHOHHOW 30HBI, (b) mpomyckaHue rasa,
COZAEp KALIero MEeTaH, U KHUCIOPOACOJEPKAIero ra3a B PEaKLUOHHYIO 30HY IJIsl KOHTAKTa B
ycnoBusx (epMEeHTalMH TIO0 MEHbIIEeH Mepe C 4YacTbi0 BOJHOW Cpembl, oOOrameHHOM
MeTaHOTpo(aMu, MpUUEM B YKA3aHHOM Cpefe MMEETCs CYLIECTBEHHOE OTCYTCTBHE MO MEHbLIEH

Mepe OFHOTO MUTATENIHOTO BELIECTBA, HEOOXOAMMOrO Ui pOCTa IOMYJSIIUUA METaHOTPO(OB,
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9ToOBl  CTHMYJHPOBATh  NPOAYLHPOBAHHE IOJUTHAPOKCHAIKAHOATA MeTaHOTpodamMu ¢
OIHOBPEMEHHBIM  BBIEJICHUEM JAMOKCHZAA Vyrjiepona, BOAbI W TeIula, W yIAJIEeHUe
HETPOpPearupoBaBIIero rasa M3 YKa3aHHOW pEakUMOHHOM 30HBL, H (C) BBIACICHHE
MEeTaHOTPO(DOB, ComepKAIUX MOJUTHIPOKCHAIKAHOATBI, U3 BOIHOU cpensl Ha craguu (b), rme
kucinopoacoaepskamee coequHenne Cl — mo MeHpInell Mepe OHO U3 METaHOJIAa U MyPaBbUHOM
KHCJIOTBI WJIM €€ BOJIOPACTBOPHMOM COJIM — MOCTYINAET B BOXHYIO Cpeldy IO MEHbIIEH Mepe Ha
onHol u3 cramuii (a) u (b).

24. BbICOKOTIPOM3BOAUTENbHBIN CIOCO0 OMOKOHBEPCHH METaHa B MPOAYKT, COAEpKaIuil
MOJIMTUAPOKCUANIKAHOAT, BKJIOYANOIMiA: () TpOmyckaHwe ra3oo0pasHoro cyoOcTpara,
BKJIFOYAIOLIIETO METAHCOACPIKAIIUN ra3 U KUCIOPOACOACPIKALINI a3, B PEaKIIHOHHYIO 30HY IS
KOHTAaKTa B YCIOBUSIX (PEPMEHTAl C BOJHOH Cpenol, B KOTOPOH HMEETCs MOMyJIALUsS
METaHOTPO(OB, TpPUUEM YKa3aHHAs Cpefa CONEPXKUT MUTATEIbHBIE BELIECTBAa I POCTa
MOMYJISIUN METaHOTPO(OB, YTOOBI MOJYYUTh BOTHYIO Cpeny, OOOraleHHyI0 METaHOTpodamH,
yKa3aHHBIA POCT MOMYJSIIMM METAHOTPO(OB TaKKe MNPHUBOAUT K BBIIEICHUIO THOKCHAA
yriepona, BOJbI U TeIlIa, M YAJIeHHEe HEMPOPEarupoBaBILIero Tas3a M3 YKa3aHHOH peakLMOHHOM
30ubl, (b) mpomyckaHme rasa, COAEpIKAIEro MeTaH, W KHUCJIOPOACOAEpKAIero rasa B
PEaKLIMOHHYIO 30HY IJIi KOHTAKTa B YCIOBHSIX (PEPMEHTALMH MO MEHbIIEeH Mepe C YacTbio
BOJHOHM cpenpl, oborameHHOW MeraHoTpodamMH, NpPUYEM B VKa3aHHOW cCpene HMeeTcs
CYIIECTBEHHOE OTCYTCTBHE IO MEHBIIEH Mepe OJHOrO MUTATENLHOTO BEIECTBA, HEOOXOIMMOro
IJIE  pocTa TOMYJSIMUM  METaHOTPO(OB, YTOOBI CTHMYJIUPOBaTb  MPOIYLUPOBAHUE
MOJIMTUAPOKCHATIKAHOATA C OJTHOBPEMEHHBIM BBIACIICHUEM UOKCHIA YIJIEPOAa, BOJBI M TEIUIa, U
ylIaJeHue HEeMpOopearupoBaBIIErO ra3a M3 YKa3aHHOW PEaKIMOHHOW 30HBI, U (C) BBIOEIEHHUE
MEeTaHOTPO(DOB, ComepKAIUX MOJUTHIPOKCHAIKAHOATBI, U3 BOIHOU cpensl Ha craguu (b), rme
MO MEHBIIEH Mepe B 4aCTH MPOAOJIKUTEIPHOCTH Kaskol u3 cranuii (a) u (b):

1. CKOpOCTb TOAAaYM N0 MEHBbIIEH Mepe OAHOTO Trasza, conepkamero cyocrpar, B
pPEeaKLIMOHHYIO 30HY Ha Kaxnaoi m3 craamii (a) u (b) xoHTpOdHMpyeTcs ycnoBusiMu nuddy3nu
cyOcTpara;

ii. MO MeHbIel Mepe Ha oxgHOW w3 cramuii (a) u (b) 4acTh BOTHOW Cpenbl HENPEPHIBHO
BBIBOJUTCS U3 PEAKLMOHHOW 30HBI M KOHTAKTHUPYET C IMOJYNPOHULIAEMONH MEeMOpaHON, 4TOOBI
yIaJUTh AUOKCUA YIIIepoaa U MOJYYUTh BOJHYIO Cpeay, OOeTHEHHYIO TUOKCHIOM yIiIepoa; U

ill. TpomycKaHWe MO MEHbLIeH Mepe dacTH OOEAHEHHOW NHUOKCHIOM YIiiepoja BOIHOU

Cpelbl B pEaKIIMOHHYIO 30HY MO MEeHbINeH Mepe Ha OHOM u3 craquii (a) u (b).
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