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coorBercTByIOIUX OT 20 g0 5000 MMOJb MOJNEKYISIPHOIO KHCIOpOJa Ha KWJIOTPaMM IVIIOKaHa,
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KHCJIOpO/Ia Ha KMJIOTpaMM TITIOKaHa, MIPUCYTCTBYIOIIETO B JIMTHOLIEIUTIONIO3HOM MaTepHaie.
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CIIOCOBb ®EPMEHTATUBHOI'O I'HAPOJIM3A
JIMTHONEJIJTFOJIO3HOI'O MATEPUAJIA U PEPMEHTAIIUU CAXAPOB

O0JsacTb TEXHUKH, K KOTOPOH OTHOCHUTCS H300peTeHHe

Hzo0pererne oTHOCUTCS K croco0y (epMEHTaTUBHOTO THAPOJIH3a JIMTHOLEIUTIOJIO3HOTO
Marepuana 1 GepMeHTaLH CaXxapoB.

IpeamecTByOmUi YPOBEHb TEXHUKH

JIMrHOLENIONO3HBI  PACTUTENBHBIM  MaTepuall, TaKXe Ha3blBAEMbI  ChIPHEBBIM
MaTepHalioM, SIBJISIETCSI BO30OHOBJISIEMBIM HCTOYHHKOM 3HEPruu B (OpME CaxapoB, KOTOpbIE
MOKHO TIPEBPATHTh B IIEHHbIE NMPOIYKTHI, HampuUMep, caxapa WM OHOTOIUIMBO, TaKO€ Kak
ouostanon. Bo Bpemsi 3Toro mpouecca (JUTHO- MM T'€MH-)IEJUIIOJI03a, MPUCYTCTBYIOINAS B
HCXOJTHOM CBIPbE, TAKOM KakK IMIIEHUYHAs COJIOMA, KYKYpy3Hasi COJIOMa, PUCOBAs LIeNyXa U T.1.,
NpEeBpaIaeTcss B BOCCTAHABJIMBAIOIINE Caxapa NOCPEICTBOM (Te€MH)LEIUTFOIOIUTHICCKIX
(bepMEeHTOB, KOTOpBbIE 3aTeM HEOOS3aTEeNbHO NMPEBPAINAIOTCS B LIEHHBIE MPOAYKTHI, TAKHE Kak
3TAHOJ, MOCPEICTBOM TAKUX MHUKPOOPTaHU3MOB, KaK APOKKH, OAKTEpHH U TPUOKH.

ITockosbKy (reMM)LeTIoN03a SIBIAETCS] KPUCTAINIMYECKOH U BCTPOSHA B CETh JIMTHUHA,
NpeBpaleHre B BOCCTAHABJIMBAIOLINE caxapa sBJISIETCSA B LEJIOM MEJICHHBIM U HemoJHbIM. Kak
npaBmwio, (hepMEHTATHBHBINA TUAPOH3 HeOOPaOOTAHHOTO CHIPHEBOTO MaTepuaya JaeT MEHbINe
20% OT TEOpeTU4YeCKOro KOJM4ecTBa caxapoB. [IpM UCHONB30BAaHMM XUMHYECKOH W
TePMO(U3NIECKOH MpenBapUTENbHON OO0palOTKM (TeMH)LEeIUTI0I03a CTAHOBUTCS — OoJiee
OOCTYIMHOW Anst (TeMH)UEJUTIOJIONUTHIECKUX (EePMEHTOB, M TakuM O0pa3oM, MpeBpalleHus
npoxoaAT ObICTpee U ¢ 0oJiee BHICOKMM BBIXOJOM.

TUnuYHBIM  BBIXOJ OTAHOJNA W3 T[UIFOKO3bL, TMOJYYEHHOW W3 MPEABAPUTEIBHO
obpaboTaHHON KyKypy3HOU coyiombl, coctaBjsier 40 rajuioHoB staHona Ha 1000 kxr cyxoi
KyKypy3Ho#i coniomel (Badger, P, «Ethanol from cellulose: a general review, Trends in new crops
and new usesy», 2002, J. Janick and A. Whipkey (eds.) ASHS Press, Alexandria, VA) («2Tanon
U3 LEJUTIOJIO3bl: o0mmui 0030p; HAmpaBJIEHUS] B HOBBIX CEIBCKOXO3SIICTBEHHBIX KYJIBTYpax M
HOBBIX BHIAaxX MPUMeHEHUs»)) win 0,3 T 3TaHONa Ha T CBIPHEBOTO MaTepuasna. MaKCHUMaJbHBIN
BBIXOJI 3TAHOJIA HAa OCHOBE LIEJUTI0JIO3bI COCTABIIsIET puMepHo 90%.

Henmononurudeckne QGpepMeHTbl - OOJNBIIMHCTBO W3 HHUX BbIPAOATHIBAIOTCS TAKHUMHU
BUnaMu, Kak Irichoderma, Humicola w Aspergillus - KOMMEpUYECKHM NPUMEHSIOTCS IS
NpEeBpaIEeHHs MPEeIBAPUTENBHO 00pabOTaHHOIO CHIPHEBOIO MaTepHajia B 3aTOp, COAEPKaLIHi
HEPaCTBOPUMYIO (TE€MH)IEIUTFONIO3y, BOCCTAHABIMBAIOIIUE caxapa, IOJy4eHHblE W3 He€, |

aurHuH. TepmocTaOuibHbIE LENTIOJIONUTHYECKHE (DEpPMEHTBHI, MONy4YeHHble U3 Rasamsonia,
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NPUMEHSFOTCS ISl AeTPafaliiyl JIMTHOLEIUTIOJIO3HOTO ChIPhEBOTO MaTepuania, U 3TH (pepMeHTHI
U3BECTHBI CBOEH TepMOCTaOMIBbHOCTBIO, cM. WO 2007/09123 1. TTonydeHHBIH 3aTOp TPUMEHSIOT
B (hepMEeHTAINH, BO BPEMsSI KOTOPOH BOCCTAHABJIMBAIOIINE Caxapa MPEBPAILAIOTCS B APOICKEBYIO
Oouomaccy (KJIEeTKH), AUOKCUA YyIiiepoja M 3TAHOJ. DTAaHOJ, NMOJYYEHHBIH TaKUM CIOcoOOM,
Ha3bIBAETCS OMO3TAHOJIOM.

OO01ee mosyueHue caxapoB U3 MPEABAPUTEIHPHO OOpaOOTAHHOTO JIMTHOLEJUTIOJIO3HOTO
CBIPBEBOTO MaTepuaja, THAPOJH3, TAaKKe Ha3bIBAEMbIH OXKIDKEHHEM, MPEIBAPUTENbHBIM
OCaxaprBaHMEM WM OCAaxXapUBaHHEM, KaK TIPaBWIO, TPOUCXOAUT BO BpeMs Tpolecca,
3aanMaromtero ot 6 1o 168 gacos (Kumar, S. Chem. Eng. Technol. 32 (2009) 517-526) mpu
MOBBILIEHHBIX TeMrneparypax oT 45 1o 50°C u B HecTepuJbHBIX yCJlOBHUSAX. Bo Bpems 3Toro
THOPOJIM3a MPUCYTCTBYIOLIAST LIEJUTIOJIO3a YacTU4YHO (kKak mpasmwio, oT 30 mo 95%, B
3aBUCHMOCTH OT AaKTUBHOCTHM (epMeHTa U VCJIOBHH THAPOJN3a) MPEBpPAINACTCS B
BOCCTAHAaBJIMBAIOIINE caxapa. B ciyuae wuHruOupoBaHusi (PEpMEHTOB COCOMHEHUSMH,
NPUCYTCTBYIOLTUMH B MNPEABAPUTENIbHO  0OpaOOTaHHOM  HMCXOAHOM  MaTepuane, W
BBICBOOOKIAIOIIMMHUCS CaxapaMy, W Uil MHUHUMH3ALMH TEPMUYECKOH WHAKTHBALWH, STOT
NePUOJI TIOBBIIIEHHON TeMIEpaTypbl KAK MOKHO CHJIbHEE COKPALIAFOT.

B onmHOM BapuaHTe OoCyIecTBIeHUs (PePMEHTATHBHBIN THAPOJIN3 BKIOYAET 110 MEHbIIEH
Mepe 3Tal OXKIWKEHUs], TAe JMTHOLEIUTIONO3HBIH MaTepuall THAPOIM3YIOT 10 MEHbIIEH Mepe B
NIEPBOM KOHTEHHEpe, U 3Tan caxapupUKalyy, TAe OXKWKEHHBIH JIMTHOLEIUTIOJIO3HBI MaTepual
THOPOJIM3YIOT TIO MEHBLIEH Mepe B NMepBOM KOHTEHHepe W/WJIM 1O MEHbLIEH Mepe BO BTOPOM
koHTeliHepe. Caxapudukanuo MOXHO TpPOBOAUTH B TOM JK€ CaMOM KOHTeiHepe, 4YTO H
OXKMJKEHUE (T.e. 1O MEHBLIEH Mepe B MEepPBOM KOHTEHHepe), €€ MOXKHO TaKke NMPOBOAHTDH B
OTIENIbHOM KOHTEWHepe (T.€. TI0 MEHbLIeH Mepe BO BTOPOM KoHTelHepe). Takmm oOpasom, B
(bepMEeHTaTUBHOM T'HAPOJIN3E U3 COCOOOB B COOTBETCTBUH C HACTOALINM H300pETEHHEM MOKHO
KOMOHWHHUPOBATh OKW)KEHHE U CaxapU(PHKAIIIO. AJBTEPHATUBHO, OXKIDKEHHE U caxapuduxauus
MOTYT OBITh OTAENbHBIMU 3Tanamu. OKwkeHHe W caxapu(PHUKamui0 MOKHO IMPOBOIUTH IPH
Pa3IMYHBIX TEMIIEPATYPax, HO TAKXKE€ MOKHO MPOBOAUTH MPH OJHOW M TOM ke Temreparype. B
OIHOM  BapUAHTE  OCYIIECTBJIICHUS  TEMIIeparypa  OXIKEHHUS  BBIIIE  TEMIIEPaTyphl
caxapudukanuu. OKIKeHHe TMPeNNoYTHTEIbHO NPOBONIT mHpu Temneparype 60-75°C, a
caxapu(UKaLUIO TPEATIOYTUTENBHO MPOBOIAT NpH TeMmepatype S0-65°C.

@DepMeHTHI, HCONIb3yeMble B (DEPMEHTATUBHOM THAPOJIN3E, MOXKHO NOOABISTh 10 W/WIH
BO BpeMsi (PepPMEHTATUBHOTO THApoNn3a. B ciyuae eciam pepMEHTaTUBHBIA THAPOJIU3 BKIIOYAET
3Tan OXKWKEHUS U 3Tall caxapupuKaluH, JOMOJHUTEIbHbIE PepMEHTbI MOTYT OBITh HOOaBIIEHBI
BO BpeMsl H/HJIH TIOCJIE Tamna OKWKeHus. JlonoJHuTeNbHbIE PePMEHTBI MOTYT OBITh JOOABIIECHBI

10 W/Wiu BO BpeMs 3Tama caxapudukauuu. JlomoaHUTeIbHbIe (PEPMEHTBI MOTYT TaKXkKe OBbITh



n00aBeHbI MOCIIE 3Tarna caxapuQuKaLum.

depMeHTALMIO TMOCHE THUAPOJH3a MPOBOIT HA OTAEIbHOM, MPEANOYTHTEIbHO
aHa’pOOHOM 3Tarne crocoda, B TOM K€ CAaMOM WM B JPYIOM COCYJE, TeMIepaTypy KOTOPOro
nosogat 1o 30-33°C (Me30(uibHBIN mpouecc) Uit MPUCTIOCOONEHHUS K POCTY M IPOAYKLIHH
3TaHOJa MUKPOOHOH Onomaccoi, 0ObIMHO AposckaMu. Bo Bpems 3Toro mpouecca ¢pepmMeHTannu
oCTaBLIUiiCS (TFeMH)LEIUIFOJIO3HbIH MaTepual MpeBpaliaeTcsi B BOCCTAHABJIMBAIOIIME caxapa
(epMeHTaMH, yKe MPHUCYTCTBYIOIIMMH C STama CHAPOJN3a, B TO BpeMsl Kak MPOIYLUPYETCs
MUKpoOHast OnoMacca u 3TaHoiN. PepMEHTALNIO 3aKaHYHBAIOT, KaK TOJBKO (T€MH )IEeIUTIOIO3HbIH
Marepuan TpeBpaiiaercss B (epMEHTHpyeMble caxapa, a Bce (epMeHTHpyeMble caxapa
NPEBPALLAIOTCS B 3TAHOJ, TUOKCH YIiepoaa U MUKPOOHBIE KJIETKH. DTO MOXKET 3aHUMATh 10 6
nueidl. B wenom, oOiee Bpemsi mpolecca ruaposnsa u GepMEeHTaLH MOXKET COCTaBISITh A0 13
THEH.

ITonyuenHslii  TakuM  crocoOoM  (epMEHTUPOBAHHBIH  3aTOpP  COCTOMT U3
He(bepMEHTHPYEMBIX CaxapoB, HETHIPOJU3YyeMOro (IFeMH )LEIUIF0JIO3HOTO MaTepuaa, JIMTHUHA,
MUKPOOHBIX KJIETOK (Yalle BCEro MAPOMCKEBBIX KIETOK), BOIBI, 3TAHOJA, PACTBOPEHHOTO
IMOKCHIA yryepona. Bo Bpemsi MOCJEAYIOLIUX STAaloOB 3TAHOJ OTASNSIOT AUCTHIUIALUEH OT
3aropa M MOJABEPrarT AOTOJHUTEIbHONU ouncTKe. OCTaBIIYIOCS TBEPAYIO CYCIIEH3HUIO CYLIAT U
NPUMEHSIOT, HallpUMep, B Ka4eCcTBE roprovel cMecu, GepTUn3aTopa Wik KOpMa IJisi KPYITHOTO
pOraToro CKoTa.

WO 2010/080407 mpemiaraer oOpabOTKYy LEJUTIOJIO3HOTO MaTepuaia MeJUTI0JIa3HON
KOMIO3HMLKEH B aHa’pOOHBIX VCIAOBMSX. YIajleHWe WM HCKIIOYEeHHEe AaKTHBHBIX (HopMm
KHCJIOPOZa MOKET YJIyYLIaTh MPOU3BOAUTENBHOCTb CHUCTEMbl (PEPMEHTOB, THAPOJIU3YIOLIMX
LEeJUTI0NI03y. [ UAPOIN3 LEJUTIOI03HOTO MaTepuaia, HampuMep, JIMTHOLEIUTIONO3bl (hPepMEHTHOM
KOMIO3MLIMEH MOJKET CHIDKAThCS HM3-32 OKHCJHMTENBHOTO TOBPEXKISHHS KOMIIOHEHTOB
(pepMEHTHOW KOMITO3MLIMM W/WJIM OKHUCJIEHHsS LEJUIIOJO3HOTO —MaTepHaia, HampuMmep,
MOJIEKYJISIPHBIM KHCJIOPOIOM.

WO 2009/046538 packpeiBaeT croco® 0OpaOOTKH JIMTHOLEIUTIOJO3HBIX ChIPBEBBIX
PaCTHUTENbHBIX MaTEPUANIOB ISl BHICBOOOXKICHUS (EPMEHTHPYEMBIX CaXxapoB C MPUMEHEHHEM
criocoba (epMeHTaTUBHOTO TUApoNHM3a Myt O0pabOTKM MaTepHaiOB, BBIMOJHSIEMOTO MOJ
BaKyyMOM, M TMPOU3BOMAIIErO OOraThlii €axapoM TEXHOJOTMYECKUH MOTOK, BKIIFOHAOIIUN
CHIDKEHHbIE KOJIMYECTBA JIETYUYUX COENMHEHUH, HHIMOMPYIOIUX (PePMEHTALUI0 CaXapoB, TAKHX
kak ¢ypdypanp u ykcycHas kuciaora. [loMumMo yhaneHus JeTYYMX HHTCHOUPYIOLIMX
COENMHEHUH, ApPyrue yaauseMble COCIMHEHHs /MM MOJEKYJbl BKIIOYAIOT a30T, KHUCIOPOZ,
aproH M JUOKCHU YIJIEPOa.

C kaxxmoii 3arpy3koi ChIpbeBOro MaTepualia H00aBISIOT (PepMEHTHI JJIT MAKCUMU3ALINH
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BbIXOAa M CKOPOCTH BBICBOOOXIEHHS (PEPMEHTHUPYEMBIX CaxapoB U3 MPEABAPUTEILHO
00pabOTaHHOTO JIMTHOLIEIUTIOJIO3HOTO CBIPHEBOTO MaTepUala B ONPENeIEHHOE BpeMs IpoLecca.
B uesnom, 3aTparbl Ha MpOAYKLHIO (DEPMEHTOB, CBHIPHEBOI MaTepual W BBbIXOJ 3TaHOJA U
KalHUTaJOBJIOKEHUST SIBJISIOTCS OCHOBHBIMH (DaKTOPaMH CTOMMOCTH B OOLIMX 3aTpaTtax Ha
npounsBozacTBo (Kumar, S. Chem. Eng. Technol. 32 (2009) 517-526). K Hacrosiiuemy BpeMeHU
CHIDKEHHE NpPUMEHEeHHs (PEepMEeHTOB JOCTHMraeTcsi IyTeM HCIOJb30BaHus (DepMEHTHBIX
IPOAYKTOB M3 OJHOTO HJIM U3 MHOKECTBa MUKPOOHBIX nctouHnkoB (WO 2008/008793) ¢ Honee
IIUPOKOH W/WJIM BBICOKOH (yAENbHOH) THIPOJUTHYECKON AKTUBHOCTBIO, 4Ybe TNPHUMEHEHHUE
HalleJIeHO Ha CHM)KeHHe MOTPeOHOCTH B (pepmeHTax, OoJiee BHICOKHE CKOPOCTH MPEBPALIEHHUS
u/wnn Oosiee BBICOKUH BBIXOJ MPEBPALICHUS, U TAKUM 00pa3om, Ha olliee CHIKEHHE 3aTpaT Ha
NPOM3BOJCTBO OMO3TaHONa. ITO TpedyeT OONBIINX MHBECTUIIMH B MCCIEIOBAHUS U pa3paboTKy
5THX (PEPMEHTHBIX MPOAYKTOB. B ciyuae, korna gepMeHTHbIH NPOAYKT COCTOUT U3 (PpepMeHTOB
U3 MHOXKECTBa MUKPOOHBIX HMCTOYHHKOB, TPEOYIOTCS OOJbLINE WHBECTHLUHU IS MOJy4EHHsI
Ka)KJOr0 €JMHCTBEHHOTO (PePMEHTHOTO COSTUHEHHUSI.

Takum o0Opa3oMm, HEOOXOAWMO VIYUILINTh BBIIIEYKa3aHHBIH CIOCOO, BKJIIOYAOIIHUN
THIOPONN3 U (pepMEHTALINIO.

N3n0xeHne CymHOCTH H300peTeHus!

Takum oOpasom, 3amadeil HACTOSIIEr0 M300peTeHHs SIBJISIETCsl o0ecneueHne crnocoda, B
KOTOPOM 3Tam THAPOJIM3a MPOBOAAT B YCOBEPLICHCTBOBAHHBIX YCJIOBHsX. Jlpyroit 3amaueit
n300peTeHust sBJsieTcsl oOecredeHne Crocoda, BKIOYAKOLIEr0 THAPOJN3 CO CHIKEHHBIM
BpeMeHeM miporiecca. Jlpyroi 3amadeit m3oOpereHus siBisieTcss obecredeHue crocoba, rmue
I03UpOBKa (epMEeHTa MOXKET ObITh YMEHbIIEHA, a MPH STOM BBIXOH IMOJE3HOrO MPOAYKTA
THAPOJIH3a MOIEPKUBAETCS HA TOM K€ CAMOM YPOBHE WJIM Aaxe mobimaercsi. JIpyroi 3anaueit
ABJIIETCST oOecTiedeHne crocoda, BKIFOYAIOMIEr0 THAPOJIN3, 1€ YCIOBHUS IMpOLecca THAPOIN3a
SIBJIIIOTCSL ONTUMHU3UPOBaHHbIMH. Eie omHON 3amaveld n3oOpeTeHus sBsieTcss obOecreueHue
crocoba, BKJIKOYAIOIIEro THAPOJIN3, TA€ BBIXOA MOJE3HOTO MPOAYKTa THAPOJIN3a MOBBIILASTCS
NPU UCTIOJIb30BAHUHN TOM K€ Camoil 103UpoBKH (pepmenTa. OqHA MITH HECKOJIBKO M3 OTHX 3a7ady
peLIalTCsl B COOTBETCTBHUU C H300pETEHUEM.

Hacrosmee n3obperenne odecnieanBaer crnocod NPUTrOTOBICHUS CAXapHOTO MPOIYKTA U3
JUTHOLEJUTIOJIO3HOTO MaTepHaia, BKIIFOYAOIIUN CIIEAYIOIIUE STAITbL:

(a) HeoOs13aTEeNIbHO, MPENBAPUTENTBHON 00PaOOTKH JTUTHOLIEIUTIOJIO3HOTO MaTepHaia,;

(b) HeoOs3aTenbHO, NMPOMBIBaHMA HEOOA3aTEIBHO MOABEPTHYTOrO NPEABAPUTEITBHON
00paboTKe JTUTHOIIEITFOJIO3HOTO MaTepraa;

(¢) ¢depMeHTaTHBHOTO THAPOJIM3A HEOOS3aTENIbHO MPOMBITOTO W/HIH HEOOsI3aTEIbHO

MOJIBEPTHYTOIO TIPEABAPUTENbHON 00paboTKe JUTHOLEIUTIOIO3HOTO MaTepraia ¢ MPUMEHEHHEM
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(bepMEeHTHON KOMITO3ULIMH, BKJFOUYAIOIIEH MO MEHbIIEH Mepe ABe LEJUTI0Na3bl, U MPHU 3TOM
(bepMeHTHasE KOMIIO3HLIUSA 110 MeHblLIel Mepe conepxkut JIIIMO, u

(d) HeoOs3aTeNTbHO, U3BJIEYEHHUS TITFOKO30-CONEPIKAIIEH KOMIIO3HIIHNHT;

r7ie KUCJIOpoa NOTpedssieTcsi B KOJMYeCTBaX, COOTBETCTByrOUX oT 20 mo 5000 MMob
MOJIEKYJIIPHOTO KUCJIOPOAA Ha KWJIOTPaMM TJIFOKaHA, MPUCYTCTBYIOIIETO B JIMTHOLENIIOJIO3HOM
MaTepuaje, KUCIOpoa AOOABISIFOT MOCHe MPEABapUTENbHONH 0O0pabOTKH M A0 W/WIA BO BpeMs
(bepMEHTaTUBHOTO THAPOIM3a JIMTHOLEJUTIOJO3HOTO  MaTepuana, MPeaNnoyYTHTEIbHO B
KOJIMUECTBE, COOTBETCTBYIOLIEM IO MeHblied Mepe 30 MMOJIb MOJIEKYJSPHOTO KHUCJIOpOAa Ha
KWJIOrpaMM  TJIIOKaHa, MPUCYTCTBYIOLIEr0 B JIMTHOLGJUTIOJO3HOM — MaTepuane, Ooiee
MPEANOYTUTEIBHO B KOJIMYECTBE, COOTBETCTBYIOIIEM IO MeHbliell Mepe 40 wMMoib
MOJIEKYJIIPHOTO KUCJIOPOAA Ha KWJIOTPaMM TJIFOKaHA, MPUCYTCTBYIOIIETO B JIMTHOLENIIOJIO3HOM
Marepuale, 1 HauboJjee MpeanoYTHTEIbHO B KOJIMYECTBE, COOTBETCTBYIOIIEM 10 MEHBIIEH Mepe
50 MMOJb MONEKYJAPHOTO KHCIOpOAa Ha KWUJIOTPaMM IUIOKaHa, IPUCYTCTBYIOLIErO B
JIUTHOLEJUTIONIO3HOM MaTepuale.

Kpome Toro, Hacrosimmee n3o0pereHue obecneunBaeT crnocod MPUTOTOBJICHUS MPOIYKTa
(dbepMeHTanny U3 JIUTHOLEIUTIOJIO3HOTO MaTepHaa, BKIIFOYAOLIUI CISIYIOIINE STAIbI:

(a) HeoOs13aTEeNIbHO, MPENBAPUTENTBHON 00PaOOTKH JTUTHOLIEIUTIOJIO3HOTO MaTepHaia,;

(b) HeoOs3aTenbHO, NMPOMBIBaHMA HEOOA3aTEIBHO MOABEPTHYTOrO NPEABAPUTEITBHON
00paboTKe JTUTHOIIEITFOIO3HOTO MaTepraa;

(¢) ¢depMeHTaTHBHOTO THAPOJIM3A HEOOS3aTENIbHO MPOMBITOTO W/HIH HEOOsI3aTEIbHO
MOJIBEPTHYTOIO TIPEABAPUTENbHON 00paboTKe JUTHOLEIUTIOIO3HOTO MaTepraia ¢ MPUMEHEHHEM
(bepMEeHTHON KOMITO3ULIMH, BKJFOUAIOILIEH MO MEHbIIeH Mepe IBe IeJUII0JIa3bl, U NPU STOM
depMeHTHasE KOMMO3ULMs 1Mo MeHblied mepe conepkut JIIIMO, u HeoOs3aTeNbHO OYHCTKU
IUJIPOJIM30BAHHOTO JIMTHOLIENIFOJIO3HOTO MaTepuaa,

(d) depmeHTaLIMU TUAPOIM3OBAHHOTO JIMTHOLEIUTIOJIO3HOTO MaTepuania Jjisl MOJTyYeHHS
npoaykra pepMeHTalum;, u

(e) HeoOs13aTeNTbHO, U3BJICYEHUS IPOIYKTA (DePMEHTALIHH;

r7ie KUCJIOpoa NOTpedssieTcsi B KOJMYeCTBaX, COOTBETCTByrOUX oT 20 mo 5000 MMob
MOJIEKYJIIPHOTO KUCJIOPOAA Ha KWJIOTPaMM TJIFOKaHA, MPUCYTCTBYIOIIETO B JIMTHOLENIIOJIO3HOM
MaTepuaje, KUCIOpoa AOOABISIFOT MOCHe MPEABapUTENbHON 0OpabOTKH M A0 W/WIA BO BpeMs
(bepMEHTaTUBHOTO THAPOJIM3A JIMTHOLEJUTIOJO3HOTO — MaTepuana, [MPeaNnoyYTHTEIbHO B
KOJIMYECTBE, COOTBETCTBYIOLIEM IO MeHblied Mepe 30 MMOJIb MOJIEKYJIPHOTO KHCJIOpOJa Ha
KWJIOrpaMM  TJIIOKaHa, MPUCYTCTBYIOLIEr0 B JIMTHOLGJUTIOJO3HOM — MaTepuane, Ooiee
MPEANOYTUTEIBHO B  KOJIMYECTBE, COOTBETCTBYIOIIEM IO MeHblied Mepe 40 wmMoib

MOJICKYJIAPHOTO KHUCJIOPOJda HA KHJIOTpaMM TJIIOKaHA, TPHUCYTCTBYIOLICTO B JIMTHOUCJUJIFOJIO3HOM



6

Marepuale, 1 HanboJjee MpeanoYTHTEIbHO B KOJIMYECTBE, COOTBETCTBYIOIIEM 10 MEHBIIEH Mepe
50 wmMomp mOTPeONIEMOTO  MOJIEKYJSIPHOTO — KHCIOPOJAa HAa  KUJIOTPaMM  TUIFOKaHa,
NPUCYTCTBYIOLIETO B IUTHOLEIUTIOJIO3HOM MaTepuae.

[IpennouTuTenpHO, KHCIOPOA mOTpedssieTcss BO BpeMst dTana  (PepMEHTATUBHOTO
runposnsa ().

B mpenmouTuTenbHOM BapHaHTE OCYIIECTBJICHUS KHUCIOPOA HOOaBisioT B (opme
(ra3oBBIX) My3bIPHKOB.

HeoxxunanHo, B COOTBETCTBUM C HACTOSIOIUM H300peTEeHHEM, NyTeM J00aBIEHHS
KHCJIOpPOAa MOXKHO JOCTHYb MHOTHX MPEUMYILIECTB CIOCo0a, BKJIOYAs ONTHMAJIbHbIE
TEMIIEpaTypHbIE YCIIOBUS, CHH)KEHHE BPEMEHH MpoLecca, CHUKEHHE NO3UPOBKH (epMeHTa,
NOBTOPHOE TPUMEHEHUE (PEePMEHTOB, BBICOKHMI BBIXOJ W APYrHe YCOBEPLICHCTBOBAHUS
nporiecca, YTo MPUBOAUT K CHIDKEHHIO 3aTpar.

B oxgHOM BapuaHTe OCyILIECTBIEHHS 3TOr0 criocoda BpeMs (pepMEHTALNH COCTABIISET OT 5
no 120 gacoB. B omHOM BapuaHTe OCyIIECTBICHUs cTaOuibHAast (pepMEHTHAs KOMITO3UIIHS
COXpAaHsSET aKTUBHOCTH B TeueHHe 30 yacos mwiH Oosblne. B cCOOTBETCTBHM € APYrUM BapUAHTOM
OCYILIECTBJIEHHsS], TUAPOJIN3 MPEATIOUTHTENBHO MPOBOAAT Npu TeMmmeparype 45°C unm Oodbiie,
Oonee mpeamodTuTeabHO Tpu Temmneparype S0°C unu Gonbine, U eme 0oJjiee MPEANOYTHTETHEHO
npu Temneparype S55°C wmnu Oonbme. B mpenmodTuTeNhbHOM BapUaHTE OCYIIECTBIICHUS
(bepMeHTHasE KOMITO3ULMS TOJNy4eHa M3 T'PUOKOB, MPEANIOUTHUTENBbHO M3 MHUKPOOPTaHU3Ma W3
pona Rasamsonia, wnu (epMEHTHas KOMIIO3MLHUS BKJIKOYAaeT T'PHOKOBBIA  (DEPMEHT,
npeanodytuTensHo  pepment  Rasamsonia. Cnoco® u3  uzobpereHust Oosee  moapoOHO
WUTFOCTPUPOBAH HUXKE.

IoapoGHoe onucanue uzodpereHus

Ha npotsxkennu onucanust 1 GopMyJibl H300PETEHHS CIIOBA KCOAEPIKATHY M «BKIIFOUATDHY
U UX BapHAHTBI, TAKUE KaK «CONEPIKUT», «COAEPIKALINI», «BKIHOYAETY M «BKIFOYAIOIIUI
JOJDKHBI MHTEPIPETUPOBATBCA KaK BKJIOYArOIue. TO eCTh, 3TH CJOBa NpPEAHA3HAYEHBI IS
BBIPAKEHUST BO3MOKHOTO BKJIFOUEHHS IPYTUX 3JIEMEHTOB WM LIEJbIX YHCEN, HE ePEUNCICHHBIX
CHEeLHATBHO, 1€ 3TO CIEAYeT U3 KOHTEKCTa. TepMHHBI €MUHCTBEHHOIO YHCIa MPEIHA3HAYCHBI
111 0003HAYEHHsI OJJHOTO MK OoJiee 4eM OIHOTO (T.€. OAHOTO WMJIM MO MEHbBLIEH Mepe OIHOTO)
rpaMMaTH4YecKoro oObeKTa cTaThbH. B kadecTBe mpuMepa, «3JEMEHT» MOXKET O3HadaTb OJUH
3JIEMEHT WU 00Jiee OTHOTO 3JIEMEHTA.

B  koHTekcTe HacTOSIIEro HM300pETeHHs TEPMHUHBl «YCOBEPLICHCTBOBAHHBINY,
«TIOBBILIEHHBII», «CHIWKEHHBII» TPUMEHSIOTCA U YKa3aHHs, YTO HACTosAllee H300peTeHue
JEMOHCTPUPYET MPEUMYLIECTBO MO CPABHEHUIO C TOM K€ CaMOW CHUTyalUHeH, MpOLEecCOM WU

YCJIOBUAMU MpoLeEcCa, 3a HCKIHOUYCHUEM OTCYTCTBUA I[O6aBJ'IeHI/I$I JIMIIHETO KHUCJIOpOAaA. B
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KOHTEKCTE HACTOSIIEro H300peTeHHsT «U3MEPEHHBI B TEX JK€ CaMbIX YCIOBHUSX» WM
«aHATM3MPOBAHHBIN B TEX K€ CAMbIX YCIOBHSX» M T.J. O3HAYaeT, YTO CMOCOO M3 HACTOSILIETO
n300peTeHust M TOT K€ caMblii criocob Oe3 mo0aBiIeHUsT KUCIOPOAa MPOBOIAT B TEX JK€ CaMbIX
YCIOBHSX (32 MCKIIOUEHUEM NOOABJICHHS KUCJIOPOJAA), U YTO PE3YJIbTaThl MPEACTABICHHOTO
crioco0a, Mo CpaBHEHUIO CO CcrocoboM Oe3 no0aBIeHUsT KUCIOPOIa, U3MEPSIFOT B TEX XKE CaMbIX
YCIOBHSIX, MPENMOUTHTEIBHO C MPUMEHEHHEM OJHOTO M TOTO K€ aHaJIN3a W/UIH METOAOJIOTHH,
0oJiee MPEANOYTUTENFHO, B OJHOM M TOM JK€ HJIM B MapajUIeIbHOM SKCIEPUMEHTE. Y CIOBHS
THIPOJIN3A SBJSIFOTCS, HAPUMEP, TAKUMH YCIOBHSIMH.

B nmpenmectByromeM ypoBHE TEXHMKH MpENJiaraercs VYJIydLIeHHe THIPOJIH3a
LEJUTIOJIOJINTHYECKOTO MaTepuaia ¢ mnpuMeHeHneM aHaspoOHeix (WO 2010/080407) wumm
BakyyMHBIX (WO 2009/046538) ycnoBuii BO BpeMsi (pepMEHTaTUBHOrO ruzaposusa. B cnocobax
3 000MX JOKYMEHTOB YPOBEHb KHCJIOPOIAa CHIDKAIU. BbUIO HEOKMIAHHO YCTAHOBJIEHO, HTO
THOPOJIM3 W3 HACTOSINETO HW300pETEeHHs] IOKAa3bIBAeT pPe3yJIbTaThl yCOBEPLIEHCTBOBAHMS
NPOAYKTa pEaKkLuH, KOTOphIH paeT Oojiee BBICOKHE KOJHYECTBA (BOCCTAHABJIMBAOLINX )
CaxapHbIX MPONYKTOB W/WUJIM HEOOXOAUMBIX MPOAYKTOB (hepMEeHTaUMH B (PEPMEHTALMH TOCIe
THIPOJIN3a, 10 CPAaBHEHHMIO CO CHOCOOOM, B KOTOPOM He HO0aBJSIOT Kucioponxa. B memom,
MOBBILIEHUE MPEBPALLEHHUs TTII0KO3bI COCTaBsieT OT 5 a0 15 macc.%.

Kucnopon mMoxHO 100aBIsATE HECKOJBKMMHU criocodamu. Hampumep, KucCiopox MokeT
ObITh HOOABJICH B BHJIE Ta3000pa3HOrO KUCIOPOoaa, 0OOTAEHHOTO KHCIOPOIOM rasa, TAKOro Kak
oOoraIeHHbI KHCJIOPOIOM BO3AYyX, WM Bo3ayxa. Kucimopom MOKHO A00aBISATH HEMPEPBIBHO
WK nepuoanyecku. «JloOaBieHue» KUCIOpOIa 03HAYAET, YTO KUCIOPOA NOOABISIFOT B SKUIKYIO
(azy (comepskallyro JTUTHOLEIITFOJIO3HBIA MaTepyall) B TUAPOJUTHYECKUN PEaKTOp, a He TO, UTO
KHCJIOPOA TIPUCYTCTBYET B CBOOOJHOM TPOCTPAHCTBE pPEaKTOpa Haa JKUAKOW (aszol, rae
KUCIopox nowkeH aud@yHIUpoBaTh W3 CBOOOAHOTO TPOCTPAHCTBA B JKUAKYK (asy.
[IpennouyTuTensHO, KHCIOPOA AOOABISIOT WM TEHEPUPYIOT B JKHIOKOHW (ase (comeprkammeit
JUTHOLEJUTIOJO3HBIH MaTepuas) B THUAPOJUTHYECKOM peakTope. boiee mnpenmnouTUTENhHO,
KUCJIOpOA TOOABISIFOT B BUIE MY3bIPbKOB, HANOOIEE MPEANOYTHTENBHO, MAJICHBKUX Ty3BIPHKOB.
B opHOM BapuaHTe OCYLIECTBJICHUs My3bIPbKU MUMEKOT AuameTp no menbuiein mepe 0,5 MM, no
MeHbLIeNH Mepe 1 MM, O MeHbIIel Mepe 1,5 MM, IO MeHbLIEH Mepe 2 MM, 1O MeHbLIENH Mepe 2,5
MM, [0 MEHbIIEN Mepe 3 MM, N0 MEHbIIEH Mepe 3,5 MM, IO MEHbLIEH Mepe 4 MM, IO MEHbIIEH
Mepe 4,5 MM, 0 MeHblIerH Mepe 5 MM. B OTHOM BapuaHTe OCYILECTBJICHUS My3bIPbKUA HUMEKOT
nuameTtp ot 0,5 mm 10 500 mMm, npeanoututesbHo OT 0,5 1o 400 mMm, ot 0,5 no 300 mm, ot 0,5 o
200 mm, ot 0,5 o 100 mm.

ABTOpBI HM300pETEHHs] BBIIBUHYJIHM THUIIOTE3y, YTO Ha JTane ((HepMEHTATHBHOIO)

ruaposin3a aMop(dHbe U KPUCTAUTHYECKHE MOTUCAXapUIbl THAPOIHU3YIOTCS O CaxapoB, TaKUX
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KaKk TJIIoKo3a. AMOp(QHbIE TOJMCaxapwibl, HAMPHUMEpP, MPEBPAIIAOTCS B OJUIOCAXapHIbI
SH/OTJIIOKOHA3aMH, TP 3TOM  BIOCJIEACTBHM  OJIMTOCAXapHIbl MOTYT IPEBPAINATHCS
ueodbuoruaponazon  (LIBI') u Oera-rmoxo3upaszoit (BI) B rmmoko3y. Ilpespamenue
KPHUCTAJUTHYECKUX TOJHCAXaPHIOB MOXKET MPOUCXOANTD MAPAJUICTBHO WM MOCIEIOBATENBHO, U
NPOAOIDKATECA AaXKe Koraa OONBLIIMHCTBO aMOP(HBIX TOJIHCAXapHOOB TUApOJH3yercs. B
COOTBETCTBUM C TIPEACTABJICEHHOW THIOTE30H, B OCOOEHHOCTH n00aBIEHHE KHUCIOpOAa B
koMOuHatu ¢ JIIIMO OGnaronpusiTHO NPH THUAPOJN3E KPUCTAUTMUECKUX IOJIHCAXapHIOB,
HATpuMep, MPH Jerpajaliui MOJUCAXapuA0OB B ogurocaxapuabl. Takum oOpasoMm, noOaBieHue
KHCJIOPOAa OYEHb TMOJIE3HO, OCOOEHHO B (haze, KOrAa KPUCTAUIMYECKHE ITOJIHCAXapHIbI
npeBpamaroTcst ¢pepmeHtramu. BHe 3ToH (asel OoTCyTCTBHE M00aBIEHHUS KUCIOPOAA WIIH
no0aByieHHE MEHBLIETO KOJHYECTBA KHCIOpPOAa MOXKET ObITh Oosee 3(pQPeKTUBHBIM. ITa
TUMOTE3a SIBJIICTCS €AMHCTBEHHOH, Naroiiedl BO3MOkHOe oObscHeHue 3¢ddexTa, oTMedaeMoro
aBTOpaMH H300peTeHMs1, W HacTosiee H300peTeHHe He ONpOBEpraeT M HE OCHapUBAeT
MPABUIBHOCTH 3TOTO TPEATIONOKEHUSL.

Kpucramngeckass  CTpykTypa TJIIOKAHOB MOXET OBITb  OTKpPBITA  JIUTHYECKOH
noscaxapun-mMonookcurenazoi (JINIMO). 1ot tun ¢depMeHTa OTKPHIBAET CTPYKTYPY MyTEM
OKHCIIEHWs] TJIMKO3UAHBIX CBsI3ed W o0ecrmedeHuss WX JOCTYIHOCTH UL JAPYIHX
LEJUTIOJIOJIUTHYECKUX (PEPMEHTOB ISl IOCIENYIOLIEro THAPOIIN3A OJMIOCAXapUIOB B IIIFOKO3Y.

BonpmuHCcTBO M3BecTHBIX JIIIMO 00pa3yroT anbJOHOBbIE KHUCIOTBHI, T.€. MPOIYKTBI,
okucieHHple B Cl mMONOKEHWH TEPMHUHAJIBHOIO caxapa B YYacTKe pacCLICIUICHHs. OTa
OKHCIIEHHasT TJIFOKO3HAasl €OUHHLA BBICBOOOJKAAETCS B BHIE TJIIOKOHOBOW KHCIOTHI IIPH
ruapoinze. Kpome Toro, ormeuero okuciienne C4 u C6 HEBOCCTaHABIMBAOIIECH TJIFOKO3HOM
enuHUIBl B y4yactke pacueruieHus. Hampumep, T. Isaksen et. al. (swrute) coobmanm 00
okucneHnn C4 TOJOKEHUS HEBOCCTAHABJIMBAIOLIETO KOHLIEBOTO KOMIIOHEHTA, MPUBOMALIEM K
oOpazoBanuto kerocaxapa B (4 mMOJOXEHUH, KOTOPbI HAXOAWTCS B PABHOBECHH C
NPUCOETUHEHHBIM K TOMY k€ aroMy C4 reMHHaJbHBIM THOJIOM B BOJHOM PacTBOpE. ABTOPBI
HACTOSIIIEro H300pPETeHUs] MPEANONOXKIIN, YTO THAPOJM30BAHHBIC MPOAYKTHI OKHCIIEHHUS,
HApUMep, TaKHe Kak TJIIOKOHOBAs KHCJIOTA, SIBJSIFOTCS MEpPOH aKTUBHOCTH MPUMEHSIEMOM
JIIIMO B ruaponuse JUTHOLEIIIONO03bL.

ABTOpBI HACTOSIIIETO HW300pETEeHUs] HEOKUIAAHHO VYCTAHOBWJIM, YTO ONTHMAJBHBIH
THIPOJIN3 JIMTHOLGIUTIONO03B! (rpeBpameHue 6osee 70% TrirOKaHOB) MOXKET ObITh TOCTUTHYT C
noTpeb/ieHneM KHUCIOpOAa B KOJHMYECTBE, COOTBeTCTByromeM ot 20 mo 5000 wmwmoub
MOJIEKYJSIPHOTO KHCJIOPOAa Ha KWJIOTPAMM IUIFOKaHA, MPHUCYTCTBYIOLIETO B JUTHOLIEIUTFOJIO3HOM
MaTepuaje TMocjie MNPEeaBapUTEIbHON 00padOTKM W MO0 W/WiIKM BO BpeMs (hepMEHTaTUBHOIO

ruapoJjinsa JIMTHOLCJUIFOJIO3HOI'O Marcpuaia, NpEeATIOYTUTECIIBHO B KOJIMYECTBE,
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COOTBETCTBYIOIIEM MO MeHblIed Mepe 30 MMOJIb MOJIEKYJISIPHOIO KHUCJIOPOJA Ha KUJIOTpamm
TJIFOKaHa, MPHUCYTCTBYIOWIErO B JIMTHOILGJUTIOJO3HOM Marepuaie, Oosee MpeArnouTUTENbHO, B
KOJIMYECTBE, COOTBETCTBYIOLIEM O MeHbLIeH Mepe 40 MMOJb MOJIEKYJISPHOIO KHUCJIOpPOAA Ha
KWJIOrpaMM TJIIOKaHa, MPUCYTCTBYIOLIETO B JIMTHOLGJUTIOJO3HOM MartepHualie, U Haunbosee
MPEANOYTUTENIbHO, B KOJHMYECTBE, COOTBETCTBYIOLEM MO MeHblleln wMepe S50 MMosb
MOJIEKYJIIPHOTO KHCJIOPOAA Ha KWJIOIPAMM IJIFOKAHA, NPUCYTCTBYIOIIETO B JIMTHOLEIUIIOJIO3HOM
MaTepuane.

B cooTtBercTBMM C ApYyrMM  TIPENNOYTUTEIBHBIM  BAPUAHTOM  OCYLIECTBIICHUS
U300peTeHMs], KUCIOPOI MOTPEOISIeTCsS B KOJUYECTBEe, COOTBeTCTRYOMmEM oT 20 10 5000 Mmoub
MOJIEKYJIIPHOTO KHCJIOPOAA Ha KWJIOIPAMM IJIFOKAHA, NPUCYTCTBYIOIIETO B JIMTHOLEIUIIOJIO3HOM
marepuaine. IIpeanodyruTensHO, KUCIOPO MOTPEOISIeTCs] B KOJINYECTBE, COOTBETCTBYIOLIEM OT
22 no 4500 MMOJIb MOJIEKYJIIPHOTO KHCJIOPOJa Ha KUJIOTPaMM IJIKOKaHA, MPUCYTCTBYIOLIETO B
JIUTHOLICJUTIONIO3HOM Marepuane, oT 24 ao 4000 MMOJb MOJIEKYJSAPHOIO KHCJIOpPOAA Ha
KWJIOTpaMM TJIFOKaHa, MPUCYTCTBYIOLIErO B JIMTHOLEJUIIOJO3HOM Matepuaie, ot 26 mo 3500
MMOJIb  MOJIEKYJISIPHOTO ~ KHUCJIOpPOJa HAa KWJIOTpaMM TUIFOKaHAa, MPUCYTCTBYIOLIETO B
JIUTHOLICJUTIONIO3HOM Marepuane, oT 28 a0 3400 MMOJb MOJIEKYJAPHOIO KHUCJIOpPOAA Ha
KWJIOTPaMM TIUIIOKAaHA, MPUCYTCTBYIOLIErO B JIMTHOLCJUIKOJIO3HOM Marepuaie. Becb kuciaopon,
no0aByIeMbIii B CHUCTEMY, MEPEHOCHTCS B JKMIAKOCTb M TMPHUMEHSETCS A THAPOJIH3a. JTO
KOJIMYECTBO MOKHO KOHTPOJMPOBATh MyTeM H3MEPEHUs U KOHTPOJSA KOJUYEeCTBa BO3/yXa,
BHOCHMOTIO B CUCTEMY.

B cooTtBercTBMM C JApYyrMM  TPENNOYTUTENbHBIM  BAPUAHTOM  OCYIIECTBJICHUS
U300peTeHNs], KHUCIOPOa TOTpeOssieTcss B KOJWYeCTBe, cooTBeTcTByromeM ot 0,17 mo 41,7
MMOJIb  MOJIEKYJISIPHOTO ~ KHUCJIOpPOJa HAa KWJIOTpaMM TUIFOKaHAa, MPUCYTCTBYIOLIETO B
JUTHOLEJUTIOJIO3HOM ~Marepuajie, B d4ac. lIpeamodtuTenbHO, KHCIOpOon mnoTpedisiercs B
KoJnuecTBe, cootrBercTByrouieM or 0,18 mo 37,5 MMOJp MOJIEKYJSPHOIO KHCJIOPOAAa Ha
KWJIOTPAMM TJIFOKaHA, MPUCYTCTBYIOIIErO B JIMTHOLIEJUTIOJO3HOM Marepuaie, B 4ac, oT 0,20 no
33,3 MMOJIb MOJIEKYJSIPHOTO KHCJIOPOJa Ha KWIOrpaMM [JIKOKaHa, MPUCYTCTBYIOIIETO B
JIMTHOLICJUJTIOJIO3HOM Martepuaine, B 4ac, oT 0,22 no 29,2 MMob MOJIEKYJISIPHOTO KHUCJIOPOAa Ha
KWJIOTPAMM TJIFOKaHA, MPUCYTCTBYIOIIErO B JIMTHOLIEJUTIOJO3HOM Marepuaie, B 4ac, oT 0,23 no
28,3 MMOJIb MOJIEKYJSIPHOTO KHCJOPOJAa HAa KWJIOTPaMM T[JIIOKaHA, NPHUCYTCTBYIOLIErO B
JUTHOLEJUTIOJIO3HOM Marepuaje, B 4dac. bojee mpenmouTHUTENbHO, KUCIOPOA MOTpednseTcs B
KOJIMUECTBEe, CcoOoTBeTcTByrouieM or 0,36 no 27,8 MMOJb MOJIEKYJSIPHOIO KHCJIOpPOJa Ha
KWJIOTPAMM [JIFOKaHA, MPUCYTCTBYIOLIErO B JIMCHOLCJIKOJO3HOM MaTepuane, B dac. Becs
KUCJIOPOA, 100ABISIEMbI B CUCTEMY, MEPEHOCHUTCS B SKUAKOCTh M MPUMEHSETCS ISl THAPOJIH3A.

OTO KOJIUYECTBO MOKHO KOHTPOJUPOBATH MYyTEM HU3MEPCHHA U KOHTPOJIA KOJIUYECTBA BO3AyXa,
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BHOCHMOTO B cHUCTeMy. «B dWac», Kak NMpHMEHSETCs B HACTOSIIEH 3asBKE, O3HA4aeT B dYac
THIPONN3A.

OxucneHue JUTHOLEIUTIONO3HOrO Matepuana mnocpencrsom JIIIMO npuBomur K
OKHUCIJIEHHBIM TOJIUCaXapuaaM, KOTOPbIE MPH THUAPOJU3E TUAPOJIU3YIOTCS, CPEeld NPOUEro, B
TJIFOKO3Y M OKUCJIEHHBIE IIFOKO3HbIE €MHULIBI, TAKUE KaK TJIFOKOHOBAsl KUCJIOTa min auot. Kak
npaBuiio, | Monekyna kuciopozna (Oz) maer oauH MOJb MIPOAYKTA OkuciaeHus1. Kucinopon moxer
TAKXKe TMOTPEONATbCS CHIPbEBBIM MaTepHAJOM (Hampumep, JUrHHHOM). HeoOxoammo mMOHATS,
YTO ONTHUMAJbHBI TUAPOJH3 JIMTHOLEJUTFONO3bI MOKET OBITh JOCTUTHYT TOJBKO IIPH
ONTUMAJILHOM THIpoNH3e (KPUCTALUTUYECKOH) LEJUTIONIO3bl U LEJJIO-0JIMIOCaxapuaoB. IJTOT
ONTUMANbHBIA  rHAposnu3a npu  Bo3aehcteun  JIIIMO  mpuBogur k  0Opa3oBaHHIO
THIPOJIM30BAHHOTO TPOIAYKTA OKUCICHMS, TAKOro Kak TJIOKOHOBas kuciota. OTCyTcTBHE
OKHUCJICHHsI O3HaudaeT MeHee 3(pdekTuBHBIA runposn3 (KpUCTALTHYeCKOro) rimokaHa. OmHako
CJINIIKOM BBICOKHE YPOBHH OKHCJICHUS IPUBEAYT K OOJiee BBICOKHM YPOBHSIM MPOIYKTOB, TAKUX
KaK TJIIOKOHOBAsI KHCIIOTA, U OYAYT OCYIIECTBISTHCS 32 CUET TIIFOKO3bI, U TAKIM 00pa30M, BBIXOA
TJIFOKO3bI 1O (MCXOTHOMY) TIIFOKaHY CHHU3UTCSL.

C momompio crocoba U3 HACTOSIIEro U300pEeTeHUsT MPEANOYTUTEIBHO TONYYarT Ooee
BBICOKHE BBIXOABI IOKO3bL. JloOGaByeHne 0ojee BBICOKMX KOJHUYECTB KUCIOpPOJA MPUBOIUT K
OospieMy 00pa30OBaHHMIO TAKMX MPOAYKTOB, KaK TIFOKOHOBAs KHCJIOTA, BMECTO TJIFOKO3BL, a C
APYro# CTOPOHBI, B Clydae HU3KUX KonmdecTs kuciopona JIIIMO HecrmocoOHa ONTHMAbHO
¢yHkunOHMpOBaTh. Jlajmee, OTMEYANOCh, YTO CIHUIIKOM BBICOKHE KOJMYECTBA IPOAYKTOB
OKHCIIEHHsI, TAaKUX Kak TJIOKOHOBasl KHCJIOTa, MOTYT HWHTHOMPOBATh LEIUTIONA3bl  HIIH
TeMULIEIUTIONIA3bl, WM B Ciydae MOCJIEAYIomed (epMEeHTauMu THAPOJIN3aTa, TIIFOKOHOBAS
KHCJIOTA MOXKET OKa3bIBaTh OTPHLATENBbHOE BIMSHUE HA (DEPMEHTALMIO IMyTeM WHTHOUPOBAHHUS
MUKPOOPIraHN3Ma, TAKOTO KaK JPOCKH, UCTIONIb3yEeMOTo TpH (pepMeHTALIUH.

Kak mnpaBuio, KOJWYECTBO KHCIOpPOna, MAOOABISIEMOro IOCIe TpenBapPUTEIbHON
obpaboTku M 10 W/wiM BO BpeMsi (PEPMEHTATUBHOTO THIPOJH3a B JIMTHOLEJUTIOJIO3HBIN
Marepual, MOXXHO KOHTPOJIMPOBATh WM MEHSTb pa3MUYHbIMU criocoOamu. OrpaHuyeHHne
MOJIa4X KUCJIOPOJa BO3MOKHO MyTeM J00aBIEHHs KUCIOPOAA TOJIBKO BO BPEMs YacTH BPEMEHH
rugponusa. JlpyrumM BapHaHTOM sIBJSIETCSl NOOaBJIEHWE KHUCIOPOAAa B HU3KOH KOHLEHTpPALUH,
HAIpUMep, € MOMOIIBIO CMECH BO3JyXa U PELUPKYJIUPYIOIEro Bo3ayxa (BO3AyXa, BBIXOISLIETO
U3 THIPOJUTHYECKOTO pPEaKTOpa) WM MyTeM «pa30aBieHUs» BO3AyXa HHEPTHBIM Ta30OM.
[ToBeimeHHe KOJMYECTBa JA00ABISEMOrO KHUCJIOPOAA MOXKET OBITh JOCTHUTHYTO IyTeM
no0aByieHUs] KHUCJIOPOAAa B TeUeHHE OoJiee MPONOJDKUTENBHOTO BPEMEHU THAPOJH3a, IyTeM
nobaByieHUs1 KHCIopoaa B Oosiee BBICOKOW KOHLIEHTPALMH, WM MyTeM N00aBiIeHHs OOJBIIEro

KOJM4YCCTBA BO3AOYyXaA. I[I)YFI/IM BAPUAHTOM H3MCHCHUA HOTpe6J'IeHI/I$I KHUCJIOpOJda SABJIACTCA
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U3MEHEHHE TeMIIepaTypbl THAPOJHN3a, Oojee BBICOKAsS TEMIIEpPaTypa BbI3BIBACT CHIDKEHHUE
MaKCUMAaJIbHOW KOHIIEHTPALMU HACBHIIEHUs KHCIOPOAa B COAEPKMMOM peaktopa. Jpyrum
crocoOOM KOHTPOJIsI KOHIIEHTPALUU KHCIOPOa SBJsieTCs 10OaBIeHNs OTPEOUTENsI KUCIOPOaa
WIN TeHepaTopa Kuciopona. B ciydae, ecnn (epMEHT MOXKET MOBPEXKAATHCS MPH HATUYUN WUITH
npu J00aBJIEHUU KUCIOPOIa, MOXKHO IPUMEHSTH OoJiee YMEPEHHYIO rmoaady Kuciopoaa. B stom
ciydyae MOXeT ObITh HalaeH OalaHC MeXIy VJYUYIIEHHOH BBIPAOOTKON TIIIFOKO3BI H
NPOM3BOIUTENLHOCTEIO (pepmenTa. J{oOaBneHne KUCIopoaa B LEJUIFOJIONIUTHUECKUH MaTepual
MO>KHO TPOBOJUTH 1O W/WJIK BO BpeMst (DEPMEHTATHBHOTO ruapoimuza. B ciayuae nobaBneHHs
KHUCJIOpOsia B ra3o00pa3Hoil ¢opMe, KHUCIOPOIACOAEPKAIINI ra3 MOXHO BBOIHTH, HANpUMED,
BAYyBaTb, B JKUIOKOE COAEPKUMOE THIPOIUTHYECKOTO pPEaKTopa M3 LEJUTFOJIOIUTHIECKOTO
marepuasa. B npyroMm BapuaHTe OCYIIECTBJICHUS H300pPETEHUS KHUCIOPOJICOMAEPKAIIUi ra3
BBOAAT B OJKUIAKUH TMOTOK LEJUTIOJIOJMTHYECKOrO MaTepuana, KOTOpPBIH TOCTyHaeT B
THOPOJIUTHYECKUH  peakTop. B apyrom  BapmaHTe  OCYIIECTBJIEHUS  M300pETEHHS
KHCJIOPOACOACPKAIIUN Ta3 BBOIAT BMECTE C LEJUTIOJIONIUTHUECKUM MAaTepPHalioM, KOTOPBIH
MOCTYIAeT B THUAPOJUTHYECKHH PEaKTOp, MM C YaCThIO JKMIKOTO COIEPKHMOIO pPeakTopa,
KOTOpOE€ TMPOXOAWT BHELIHIOK METII0 peakropa. B OonblinHCTBE ciydaeB noOaBieHHE
KHCJIOpPOAa 1O TOCTYIUICHHS B THIPOJIUTHYECKUH PEAKTOp HE SBIAETCS NOCTATOYHBIM, H
no0aByieHHE KUCIOPOIa MOKHO OCYIIECTBJISITh TAKXKE BO BpeMs THAponn3a. B npyrom BapuaHTe
OCYILIECTBJIEHUs] M300peTeHusl ra3oByi0 (azy, MPUCYTCTBYIOIIYIO B BEPXHEH YacTH peakTopa
(cBoOOTHOM MPOCTPAHCTBE), HETIPEPBIBHO Win MEPUOTUIECKH OOHOBJISIFOT
KHUCJIOPOJICOAEPKAIMUM Tra3oM. B mocnenHeM ciiydae HeoOXOMuMO (aKTHUBHOE) B30asIThIBAHUE
WIA TepeMeIlnBaHue Ui MPOXOAa KHCIOpPOoJa B BHIE NY3BIPHKOB W/WUJIHM TOCPENCTBOM
i dy3un B KUAKOE COAEPKUMOE PEAKTOPa, MPEANOYTHTENBHO B KOMOMHAIMU C U30BITOYHBIM
JaBlieHUEM B peaktope. B 1memoMm, mnpoxyBaHHe CBOOOIHOTO MPOCTPAHCTBA BO3AYXOM B
KOMOMHAIMM ¢ (aKTHBHBIM) B30ANTBIBAHUEM WJIM TEPEMELINBAHIEM MOXKET OOeCIeunBaTh
JOCTAaTOYHOE BBENEHHE KHUCIOPOAa B LIEJUIFOJIO3HBIH MaTepHal B THIPOJIUTHYECKOM PEaKTOpe
ISl peakTopos pasmepoM oT 100 mutpos mo 1 m°. Ipu Gombliem MacimuTabe, Hampumep, B
peaktope 50 mM> unmu Gonbire, Hanpumep, 100 M°, TpeOyeTcst Tak MHOTO SHEPIUM /ISl AKTUBHOTO
NEPEMEIINBAHUS, YTO C HKOHOMHYECKOH TOYKH 3pPEHHsI 3TO HENMPUMEHHNMO B KOMMEPUECKHX
OTIEPALIMOHHBIX MPOLIECCaX.

B cooTBeTcTBHM € HACTOSIITUM HU300pPETEHHMEM, KHCIOPOI MOXKHO NOOAaBJIATH A0 3Tamna
THIPOJIN3a, BO BpPEMsl 4acTH 3Tamna TUAPOJIN3a, BO BPEMsl BCETrO 3Tana TUAPOJIH3a, WIN IPH
KOMOMHAIIMK 10 WJIM BO BpeMs 3Tama ruzapoimsa. [IpenmnodTturensHo, KHCIopoa A0OaBISIOT B
NEPBYI0 YacThb BPEMEHM dSTama ruaposnsa. JloGapneHHe KUCIOpOAa BO BpPeMsl TOJBKO HACTH

ruapoJjinda MOKHO BbIIIOJIHUTL, HANpUMEpP, B Cydac, C€CJIIM MPOUCXOAUT OKHCIHUTCIIBHOC
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noBpexxaeHne (epmenta(oB). B ciydae, ecnm KUCIOPOA, MPUCYTCTBYIOIIUN B COAEPKHUMOM
THOPOJIUTUYECKOTO PEAaKTOpa, WM CaxapHbId MPOAYKT WIM THAPOJIHM3AT, OOpas3yromuiics Ha
JTarne THAPOIN3a, MOXKET BJIHMATh WM HApyIIaTh TOCHEAVIOIIUNA 3Tan  (pepMeHTanuu,
no0aByieHUE KHCIOPOAa MOKHO BBITIONHATH 32 UCKJIIOUEHHEM TOCIEeTHEeH YacTH THAPONIN3A, U
TaknuM o0pazom, kucjopon (Oonbimas 4acTh) MOTPeONAETCS MO TOTO, KAaK THIPOJU3yeMast
Oromacca noctynaetr B PepMEHTAIIMOHHBIN PEaKTop.

HekoTopsie mpumepsl a3pupoBaHHs BO BpeMs mpouecca (HepMEHTATUBHOTO THAPOJIH3a
npuBeneHsl B IlpuMepax s aeMOHCTpanuu  OnarompusiTHOro 3¢d¢eKTa HaCTOAIIEro
nu3o0pereHusi. DToT OnaronpusTHbIl 5((EKT BBIABICH Ui HEKOTOPBIX CyOCTpaToB WM
CBIPBEBBIX MATEPUAJIOB, M TAKUM OOpa30OM, KaK CUUTAETCS, MPUCYTCTBYET MPH THAPOJIN3E BCEX
BUOB CYOCTPaTOB MIIN CBIPbEBBIX MATEPHAJIOB.

HekoTopele mpuMeps! (pepMEHTHBIX KOMITO3WULMHA Ayl mpouecca (EepMEHTATHBHOTO
rHOpov3a mpuBeneHbl B IIpuMepax Uit JEMOHCTpPALMU TOJIE3HOTO 3(¢eKTa HACTOSLIETO
n3o0pereHusi. JTOT TOJNe3HbIH 3(P¢ekT ObLT yCTAHOBJEH MIsI HEKOTOPBIX (PEPMEHTHBIX
KOMIIO3ULIUH, U TaKUM 00pa3oM, NMPHU3HAH NMPUCYTCTBYIOIINM IS BCEX BHUAOB THAPOJIU3YIOLINX
(bepMEHTHBIX KOMIO3HLIUH.

B npyrom mpeamodTuTenbHOM BapUaHTE OCYINECTBJICHUS M300pEeTEeHHs] KOHLIEHTPALWHS
kuciopona (PK) B skunkoit (aze, rae mpuUCyTCTBYET JIMTHOLEIUTFOJIO3HBIN MaTepua BO BpeMs
(epMeHTaTHBHOTO THAPONIN3a, COCTABIAET 0 MeHblIeil Mepe 0,001 Mons/M®, mpeamoYTUTENBHO
no Menbiuei mepe 0,002 MoJb/M®, GoJlee MPEANOYTUTENLHO MO MeHbluel Mepe 0,003 Monb/M® 1
emme Gone npeanouTuTenasHo 6omnbie 0,01 Mons/M’, Hanpumep, 6ombite 0,02 Moss/m® umu 0,03

3 3pagennst PK mmxe 0,01 mons/M® mmm 0,02

MoJib/M’. B peakTopax o6beMoM MeHble 1 M
MOJIL/M® IOCTUraloTCs MyTeM MeJJIEHHOTO MepeMelinBanus. IHTeHCUBHOE MepeMelBaHie Ui
B30aNThIBAHHE B TAKOM MacinTabe BBOJIUT YacTh ra30BOM (ha3bl U3 CBOOOAHOTO MPOCTPAHCTBA B
pPEaKIMOHHYIO JKUAKOCTh. Hampumep, nepemernnBaHue WM B30aNThIBAHME MOXKET CO31aTh
BOPOHKY, BBOJSIIVIO KHCIOPOJ B JKHIKOCTh. B 11emoMm, mpoayBka CBOOOJHOTO MPOCTPAHCTBA
BO3AYXOM B KOMOMHAUMM C (MHTEHCHUBHBIM) IE€PEMELIMBAHMEM WM B30aNThIBAHUEM
obecrieunBaeT BBEIEHHE JOCTATOYHOIO KOJHMYECTBA KHCJIOPOAAa B LEJUIIOJIO3HBIA MaTepuasl B
rUAPOJIUTHYECKOM PEaKkToOpe sl peakTopoB pasmepoMm oT 100 nutpos mo 1 m'. B Gonbiuem
oObeMe, HapuMep, B peakTope oobeMoM 50 M unu Gonbiue, Hanpumep, 100 M°, TpeGyeTcs Tak
MHOTO HEPrUU AJI1 UHTEHCHUBHOTO MEPEMEIINBAHMS, YTO C SKOHOMUYECKONH TOYKH 3PEHHUS 3TO
HEMPUMEHNMO B KOMMEPYECKOM OIEPAlMOHHOM Ipouecce. B menoMm, B OonbLmIMx peakTropax
nepeMelnBaHue WM B30anTbiBaHHE O€3 BBENEHHs BO3AyXa WIIM KHCJIOPOAAa MPHUBOAMUT K

snadeHnsiM PK menbmre 0,01 Moms/.

B npyrom mpeanouTHUTEN HOM BapHAaHTE OCYIIECTBJICHUS M300PETEHUsS MPH T'eHEepaLluy
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WIA TIPOAYKLUH KHCJIOPOAA KOHLEHTpalMs KHCIOpoda B JKUIKOH (ase (adpupoBaHHE HIH
no0aByieHUEe KHCIOpOaa), TAe TPUCYTCTBYET JIMTHOLEJUIIOJO3HBIH MaTrephal BO BpeMs
(bepMEHTaTUBHOTO THIPOJNN3a, COCTABISIET MPEANOYTUTENbHO camoe Oousbinee 80% ot
KOHIIEHTpPALIM  HACBHIIEHHWs KHUCJIOPOAa B  YCJOBHUSAX  peakUuH TUAPOJu3a, Oosee
TMpPEeNNoUYTUTENBHO camoe Gonbiiee 0,12 Monb/M’, ele Gonee NPeANOYTUTENLHO caMoe Goblee
0,09 monn/M’, eme OGosnee MpeamOYTUTENHHO camoe Oombiiee 0,06 Mojiw/M°, eme 6Gonee
MpeNNoYTUTENbHO camoe Oonbinee 0,045 monb/M® ¥ Haubosee NPEANOYTUTENHLHO CaMOe
Gombinee 0,03 Monb/M’. BbllieykazaHHOE yYUTBHIBAET CHUTYallUIO, KOT[a CKOPOCTb MepeHoca
KHCJIOPO/a U3 JIMTHOLEJUTIOJIO3HOTO MaTepHalia MPeBhIIaeT CKOPOCTh NMOTPEOIEHHsI KHCIOPOaa
(CIIK) nurnouemtosno3Horo marepuana. Korga norpednenue kucnopona (CIIK) mpeBbimaer
CKOPOCTb TIEPEHOCa KUCIOPO/a, KOHIIEHTpalMs KUCIopoaa cocTapsier 0 Monb/M . Temneparypa
U faasineHue okasbiBatoT BiausHMe Ha PK. IlpennmourtuTenbHble M NpUMepHblEe 3HAuY€HUS B
MOJIb/M®, TpUBeJieHHbIE BbIllE, OTHOCATCA K HOPMalbHOMY aTMOC(EpHOMY JaBIEHUIO H
temrieparype okoyio 62°C. Cnenuanuct B JaHHOW OOJNIACTHM TEXHUKH CMOKET mnomodpaTh
noaxoasmue 3HadeHus: PK Ha OCHOBe NpeaCcTaBIeHHBIX YUEHUH.

HoGasnenue kuciaopoaa B ¢popMe BO3AyXa WIN APYrOro KUCIOPOA-COAEPIKALIero ra3a B
COOTBETCTBUHU C HACTOSIIMM H300pETEHHEM MOXKHO TAaKKe€ MPUMEHSTH ISl IO MEHbLIEH Mepe
YaCTUYHOTO B30ANTHIBAHHUS WJIM NEPEMEIINUBAHMS CONEP’KUMOTrO THAPOIUTHUECKOTO PEaKTOpa.
Hpyrue ciocoOrl 1o0aBIeHNsT KUCIOPOAA BKIIIOYAIOT TeHEpaLUI0 Kuciaoponaa in sifu. Hampumep,
KUACJIOPOA TEeHEPUPYIOT TYTEM JJEKTPOJIN3a, KHUCIOPOA MPOAYUHUPYIOT (PEpPMEHTATHUBHO,
NPEANOYTUTENBHO TyTeM M0OABICHHS TEPEKUCH, MM KUCJIOPOA MPOAYLHUPYIOT XUMHUYECKUM
NyTeM, HampuMmep, INOCPEACTBOM CHCTEM, IeHepupyrowmux kucioposa, Takux kak KHSOs.
Hamnpumep, kucnopon mpoayuupyercs: U3 nepekucu karanason. [lepeknch MOXKHO H00aBISIThH B
¢opMe pacTBOPEHHON MEPEKUCH, WM T'€HEPUPOBAThH MyTeM (PepMEHTATUBHOM WIJIM XUMHUYECKOH
peakuuu. B ciyuae, korma karajasy NPUMEHSIOT B KadecTBe (QepMeHTa Ui MPOAYKLHH
KHCJIOPO/a, MOKHO TPUMEHSATh KaTajas3y, MPUCYTCTBYIOUIYIO B (PEPMEHTHOW KOMITO3ULIMH IS
THIPOJIN3A, MK KaTaja3y MOKHO JOOaBIIATE ISl STOM LENH.

IIpencraBneHHbIH CrIOCOO U3 HACTOSALIETO W300PETEHHSI AEMOHCTPUPYET MPEUMYIIECTBA,
0cOOEHHO B MNHMJOTHOM Macmtade W MNPOMbIIUIEHHOM Macmurtade. IIpeanoururesnsHo,
TUAPONIUTUYECKHUI PeakTop uMeeT oObeM 1 M’ unm Goblie, IpeanodTUTeNbHO 6onbine 10 M°, u
naubonee mpeAnodTUTENbHO 50 M° uiu Gosblie. Kak npaBujio, THAPONMTUYECKUH PEAKTOP
umeeT oobeM Menbine 3000 m® umu 5000 M>. ABTOp HACTOSINETO M300pETEHUs TIPETOIOKMUIL,
YTO 0COOEHHO MpPH KPYMHOMACIITAOHOM MPOHM3BOACTBE HEAOCTATOYHO KHCIIOPOJA, TOCTYITHOTO
IUI THUAPOJIN3a, YTO MOXKET OBITh OOYCIIOBJIEHO OTrpaHMYEHUsIMH MEepeHOca KHUCIOpPOAa B

peakTope, HampuMep, B LEJUIIOJOJIUTHUECKON Onomacce. B skcmepumentax B JabopaTopHOM
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Macitabe 3Ta HEIOCTATOYHOCTb KUCJIOPOJAa MOXKET MrpaTh MEHee BasKHYIO poJsib. OTHOLIeHUE
MOBEPXHOCTHOW IUIOLany (MM MJIOIIAAN KOHTAKTa ¢ KHCJIOPOAOM COAEP’KHUMOTO PEakTopa) K
obbeMy peakTopa sBIsieTcss Oojiee ONArONMpPUSTHBIM JJIsi SKCIEPUMEHTOB B MAaJICHbKOM
macwitabe, 4YeM Ui KpPYIMHOMAcIITaOHBIX 3KcrepuMeHToB. Jlanee, mnepeMelluBaHuE B
HKCTIIEPUMEHTAaX B MAJICHBKOM MaciiTabe OTHOCHTENbHO Jierde MepeMellnBaHUusS B KPYIHOM
macmTabe. Bo BpemMsi 3THX SKCIEPHUMEHTOB B MaJleHBKOM Maclitade Takxke ObicTpee
MPOUCXOIUT TPAHCIIOPT KUCIOPOJa U3 CBOOOJHOrO MPOCTPAHCTBA THAPOJIUTHUECKOTO PEaKTopa,
10 CPABHEHHUIO C KPYMHOMACIITAOHBIMH SKCIIEPUMEHTAMHU. JTa TEOPHS SIBJISIETCS €TUHCTBEHHO,
naroreii BO3MoXKHOe 00bsicHeHHE 3 (HeKTy, OTMEUEHHOMY aBTOPaMHU HACTOSIIEro H300peTeHus,
U HacTrosilee M300peTeHHe He OMpOBEpraeT W He OCMapHUBaeT MPABHIIBHOCTh 3TOW Teopuu. B
COOTBETCTBUU C JPYTHM BapHAHTOM OCYIUECTBIIEHHs H300peTeHHs, A00aBJIeHHE KHCIOpOoIaa
MOKHO MPUMEHSATD JJIsI IO MEHbIIEH Mepe YaCTHYHOTO KOHTPOJIS IIPOLIECCa THAPOIIN3a.

B cooTtBercTBUM ¢ OPYrUM  NOPEANOYTHTENBHBIM  BAapUAHTOM  OCYILECTBJICHHS

3 wmu Gonblire.

u3o0peTeHus, peakTop s (HEepMEHTATHBHOIO THAPOJM3a UMeeT o0beM 1 M
IIpeanouTUTeNLHO, PEAKTOP UMeEeT 0ObeM Mo MeHbluel Mepe 1 M’, o MeHblIeii Mepe 2 M°, 1o
MeHblIel Mepe 3 M°, o MeHbluell Mepe 4 M°, Mo MeHbIIeil Mepe 5 M°, o MeHbIleil Mepe 6 M,
1o MeHbluel Mepe 7 M°, o MeHblIel Mepe 8 M°, o MeHbieli Mepe 9 M°, Mo MeHbLIeli Mepe 10
M°, o meHbIneit Mepe 15 M°, mo MenbIueii Mepe 20 M’, o MeHblIeH Mepe 25 M°, IO MeHbIIeit
mepe 30 M, mo MeHblueil Mepe 35 M°, mo MeHnblueil Mepe 40 M, Mo MeHblueil Mepe 45 M°, Mo
MeHbluel Mepe 50 M°, o MeHblIeli Mepe 60 M°, o MeHbIueil Mepe 70 M°, 1o MeHbLIelH Mepe 75
M’, 1o MeHbluel Mepe 80 M°, o Menbmieii Mepe 90 M°, o MeHbIneil Mepe 100 M°, 0 MeHbITEH
mepe 200 M, o meHblIeli Mepe 300 M’, no meHbiiel Mepe 400 M°, Mo MeHbIIeii Mepe 500 M,
no Menblieii Mmepe 600 M°, Mo MeHbiieii Mepe 700 M*, Mo Menbiuei Mepe 800 M°, o MeHbIuEit
mepe 900 m’, o meHbieii Mepe 1000 M°, mo Menbieii mepe 1500 M°, mo menbIneit mepe 2000
M’, 1o MeHbIneil Mepe 2500 M°. B 1enom, peaktop noskeH 6biTh Menbine 3000 M umu 5000 M.
MOHO HCMONB30BaTh HECKOIBLKO PEAKTOPOB. PeakTopbl, HCIOJb3yeMble B CHOCO0ax M3
HACTOSIIEr0 M300pETEHMs, MOTYT UMETh OAMH U TOT € O0beM, HO TaKKe€ MOTYT HUMETh
pasnu4Hble 0oObeMbl. Bpems (epMEHTATUBHOrO TIHAPOJM3a B MPEACTABIEHHOM CIOCOOE
MPEeANOYTUTEIBHO COCTaBIAET OT 5 10 150 yacos.

Crioco6 U3 HacTOSIIEro U300peTeHUs MPEeNOYTUTENLHO NPUMEHSIOT B KOMOUHALUU C
HCTIOJIb30BAHUEM TEPMOCTAOMIIBHBIX (DEPMEHTOB.

«TepMocTaOMNbHBIN»  (epMEeHT oO3HadaeT (EPMEHT, HUMEIUH TeMIepaTypHbIHd
ontumyM 60°C unu Bbliite, HanpuMep, 70°C unu Beile, Takoi kak 75°C wiu Bblllle, HANPUMED,

80°C wnm Bbime, Ttakok kak 85°C wnm Bbime. OH MOXKET ObITh, HampuUMeEp, BBIACICH W3

TepMO(I)I/IJ'IbeIX MHUKPOOPTAaHU3MOB, UJIU MOXKET OBITH CKOHCTPYHUPOBAH CrieuaJIiiCTOM B I[aHHOfI
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0o0JacTH TEXHUKM W HCKYCCTBEHHO CHHTE3MPOBaH. B OIHOM BapuaHTe OCYLIECTBICHHS
NOJIMHYKJIEOTHIBI MOTYT OBITh BBIIENEHbl WJIM TOJYYEHBl W3 TEPMO(HIBHBIX MU
TEPMOTOJICPAHTHBIX MHLENUAIBHBIX TPUOKOB, WM BbIIEJNEHbl M3 HETEPMO(IIBHBIX HIIH
HETEPMOTOJIEPAHTHBIX I'PHOKOB, HO SIBJISIFOTCS TEPMOCTAOMIIbHBIMU.

«Tepmodunbablii TprOOK» O3Ha4YaeT rpubok, pacrymui mpu Temmeparype S0°C wnmm
BhIle. «TepMOTONEpaHTHBIN» TPUOOK O3HAYAET rPUOOK, pacTyiuil npu Temreparype 45°C wium
BBIIIIE, UIMEIOITUH MakcuMyM 0koJio S0°C.

ITpumepamu TepMODUIBHBIX TPUOKOBBIX IITAMMOB SIBISIFOTCS Rasamsonia emersonii
(panee u3BecTHBIN Kak alaromyces emersoni). Talaromyces emersonii, Penicillium geosmithia
emersonii 1 Rasamsonia emersonii IPUMEHSIFOTCS B3aUMO3aMEHSIEMO B HACTOsIIEH 3asBKe.

[MogxonsamuMu TepMOPIIIBHBIMH WM TEPMOTOJEPAHTHBIMH TPHOKOBBIMU KIJIETKAMH
MoryT ObiTh knetku Humicola, Rhizomucor, Myceliophthora, Rasamsonia, Talaromyces,
Thermomyces, Thermoascus wnu Thielavia, npennoYTUTENbHO KIETKH Rasamsonia emersonii.
[IpennoyTHUTENbHBIMH  TEPMODUIBHBIMH WJIM  TE€PMOTOJEPAHTHBIMH T'PHOKAMHU  SIBJISFOTCS
Humicola grisea var. thermoidea, Humicola lanuginosa, Myceliophthora thermophila,
Papulaspora thermophilia, Rasamsonia byssochlamydoides, Rasamsonia emersonii, Rasamsonia
argillacea, Rasamsonia eburnean, Rasamsonia brevistipitata, Rasamsonia cylindrospora,
Rhizomucor pusillus, Rhizomucor miehei, Talaromyces bacillisporus, Talaromyces leycettanus,
Talaromyces thermophilus, Thermomyces lenuginosus, Thermoascus crustaceus, Thermoascus
thermophilus Thermoascus aurantiacus v Thielavia terrestris.

TepmoduapHbie TPUOKHM HE OrPAHUYUBAIOTCS CHEIU(PUISCKHM TaKCOHOMHYECKHM
MOPSIAKOM, U BCE OTHOCSATCS K TPHOKOBOM BeTBH 3Bomounu. [lpumepamu siBnsirorest Rhizomucor
B MYKOPOBBIX Ipubkax, Myceliophthora B copmapueBsix rpudkax, u lalaromyces, Thermomyces
u Thermoascus B 3ypouuesnix rpudkax (Mouchacca 1997). bonsmuHcTBO BUunos Talaromyces
SBJIIIOTCS. Me30(HJUTaMH, HO HCKIFOUEHHEM SIBJIIIOTCS BHABI B Tpynmax [imersorii u
Thermophila. T'pynna  FEmersonii  Bxmouaetr Talaromyces  emersonii, 1alaromyces
byssochlamydoides, Talaromyces bacillisporus n Talaromyces leycettanus, Bce M3 KOTOPBIX
xopowo pactyr npu 40°C. Talaromyces bacillisporus siBasieTcss TepMOTOJEPAHTHBIM, 1.
leycettanus sBnAETCST TEPMOTOJIEPAHTHBIM MM TepMOpWIbHbIM, a 1. emersonii u 1.
byssochlamydoides sBnstorcst uctuHHO TepmodribHbiMU  (Stolk and  Samson 1972).
EnuncTBenHblit npencraBurens rpynnsl {alaromyces Thermophila, 1. thermophilus, OvicTpO
pacrer npu 50°C (Evans and Stolk 1971; Evans 1971; Stolk and Samson 1972). Tekymas
KJIaccupuKanus 3TUX TepMOHUIbHBIX BUAOB Jalaromyces OCHOBaHA TJIaBHBIM 00pa3oM Ha
deHoTUIIIUECKNX U (PU3HOJOTMYECKUX XapaKTePUCTHKAX, TAKMX KaK UX CIIOCOOHOCTh K POCTY

npu temneparype Bbine 40°C, okpacka acKOCHOp, CTPYKTypa OOOJIOUKH acka, U oOpa3oBaHHUe
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onpenenenHoro tuna aHamopda. Stolk and Samson (1972) ycraHOBHIIM, YTO WI€HBI TPYIIIBI
Emersonii nmeror anamopdrl cepuii mmbdo Paecilomyces (1. byssochlamydoides wn T.
leycettanus), mubo Penicillium cylindrosporum (1. emersonii n T. bacillisporus). Tlo3nuee Pitt
(1979) nepenec Bunel, npuHAINIEXKaUMe K BURy Penicillium cylindrosporum, B pon Geosmithia,
HA OCHOBAHMH PA3JINYHBIX MTPU3HAKOB, TAKUX Kak 00pa3oBaHHE KOHUIUH U3 TEPMUHAIBHBIX TIOP
BMeCTO IWieiiky, npusHaka Penicillium w Paecilomyces. W3 ponma Geosmithia Ttonpko G.
argillacea sBnsiercs TepmoronepanTHeiM, u Stolk et al. (1969) u Evans (1971) npennonoxunu
CBSI3b ¢ ujieHaMu rpynnsl Jalaromyces Emersonii. ®unoreHeTnyueckas CBsi3b TePMO(UIBHBIX
BunoB lalaromyces B npenenax 1alaromyces n Trichocomaceae nenssectna (cm. J. Houbraken,
Antonie van Leeuwenhoek 2012 Feb; 101(2): 403-21).

Rasamsonia ~ sBneTcs HOBBIM  POJOM, COAEPIKAIIUM  TEPMOTOJIEPAHTHBIE U
tepmodunbHbie BUAbl [alaromyces u Geosmithia (J. Houbraken et al, Bbime). Ha ocnoBe
deHoTUIIIUECKNX, (PU3UOJIOTHUECKUX U MOJIEKYJSIPHBIX naHHBIX, Houbraken et al mpeamosxumm
nepeHectu BuUnbl 1. emersonii, T. byssochlamydoides, T. eburneus, G. argillacea n G.
cylindrospora B pon Rasamsonia. Talaromyces emersonii, Penicillium geosmithia emersonii n
Rasamsonia emersonii TpUMEHSIOTCS B3aIMO3aMEHsI€MO B HACTOsLIEH 3asiBKe.

[IpennouTuTenbHBIMH ~ TepMOQHIBHBIMH ~ TIpuOKamMu  SBISIIOTCS  Rasamsonia
byssochlamydoides, Rasamsonia emersonii, —Thermomyces lenuginosus, Talaromyces
thermophilus, Thermoascus crustaceus, Thermoascus thermophilus v Thermoascus aurantiacus.

«MunenuanbHble rpUOKH» BKIIIOYAIOT BCe punmamenTHeIe GOopMBI onoTaena FLumycota u
Oomycota (xax omnpeneneHo Hawksworth ef al., B «Ainsworth and Bisby's Dictionary of The
Fungi, 8" edition, 1995, CAB International, University Press, Cambridge, UK («CrpaBounuk
rpuboB bucbmy»)). MmuuenuanpHble TPHOKKM XapaKTEPU3YIOTCA MHLEIHAJIBHON CTEHKOM,
COCTOSIIIEN M3 XUTHHA, LEJUTIOJIO3b], TIIIOKAHA, XUTO3aHA, MAaHHAHA, W JIPYTUX KOMIUIEKCHBIX
NIOJICAaXapuIoB. BereratuBHBI pPOCT OCYLIECTBISETCS 3a CUeT TU(ATbHOrO YAJIHMHEHUS, a
MeTa0oJu3M yriepona sBisieTcs oOmuratHo a’spoOHbM. IllTamMMBl MHLETHATBHBIX TPUOKOB
BKIIOUArOT Acremonium, Agaricus, Aspergillus, Aureobasidium, Beauvaria, Cephalosporium,
Ceriporiopsis, Chaetomium paecilomyces, Chrysosporium, Claviceps, Cochiobolus, Coprinus,
Cryptococcus, Cyathus, Emericella, FEndothia, Endothia mucor, Filibasidium, Fusarium,
Geosmithia, Gilocladium, Humicola, Magnaporthe, Mucor, Myceliophthora, Myrothecium,
Neocallimastix, Neurospora, Paecilomyces, Penicillium, Piromyces, Panerochaete, Pleurotus,
Podospora, Pyricularia, Rasamsonia, Rhizomucor, Rhizopus, Scylatidium, Schizophyllum,
Stagonospora, Talaromyces, Thermoascus, Thermomyces, Thielavia, Tolypocladium, Trametes
pleurotus, Trichoderma w Trichophyton, HO He OTPaHUYHBAIOTCS UM

HeKOTOpre mTaMMbl MHULICJIHAJIBHBIX FpI/I6KOB JIETKO JOCTYIHBI IO HOMEPY KO.]'IJ'IGKLII/II\/'I
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KyJbTYp, TaKUX Kak AMepuKaHcKas Koyuiekiust TunoBbix KynbTyp (ATCC), Hemeukas
KOJUIEKLIMSI MEKPOOPTraHU3MOB M KJIeTOUHbIX KyJibTyp (DSM), LlenTpansaoe O0po rpuOKOBBIX
kyapTyp (CBS), m Komnekuusi mareHTOBaHHBIX KyJbTyp Ciy:KOBI CeNbCKOXO3SHCTBEHHBIX
uccnenoBanmii, CeBepHblil pernoHanbHbIN uccnenoBatenbckuil eHTp (NRRL). [Ipumepsr Takux
mraMMoB BkIroHaroT Aspergillus niger CBS 513,88, Aspergillus oryzae ATCC 20423, 1IFO
4177, ATCC 1011, ATCC 9576, ATCC14488-14491, ATCC 11601, ATCC12892, P.
chrysogenum CBS 455,95, Penicillium citrinum ATCC 38065, Penicillium chrysogenum P2,
Talaromyces emersonii CBS 393,64, Acremonium chrysogenum ATCC 36225 wmm ATCC
48272, Trichoderma reesei ATCC 26921 nmn ATCC 56765 nmm ATCC 26921, Aspergillus sojae
ATCC11906, Chrysosporium lucknowense C1, Garg 27K, VKM F-3500-D, ATCC44006 u ux
MPOM3BOIHBIE.

[IpenMymecTBOM SKCIPECCHH U BBIPAOOTKH (pepMEHTOB (Hampumep, MO MeHbIIEH Mepe
IBYX, TPEX WM YETHIPEX PA3JUYHBIX LEJUTI0IA3) B MOAXOIIIIEM MUKPOOPraHU3ME MOXKET ObITh
BBICOKUH BBIXOA (EPMEHTHOH KOMIIO3HMLIUY, KOTOPYIO MOXKHO MPHUMEHSATh B CHOCOOE U3
HACTOSIIIEro H300PETEHMSI.

B coorBercTBuM ¢ u300peTeHHEM, NyTeM AO0aBJIEHUS KHCIOPOAA MOXKHO JOCTHYb
MHOTHX NPEUMYLIECTB Crocoda, BKIOYAs ONTHMAJIbHbIE TEMIIEPATYpPHBIE YCIOBUS, CHIDKEHHUE
BPEMEHHU Mpoliecca, CHIKEHHE IO3MPOBKH (DepMeHTa, MOBTOPHOE MpHMEHEHHe (PEPMEHTOB H
Apyrue ONTHUMH3ALMH TPOLIECCa, YTO MPHUBOAMT K CHIDKEHHIO 3arpar. [IpenmnouTuresnsHo,
n3o0pereHne obecreynBaeT CHoco0, B KOTOPOM 3Tal THIAPOJHM3a OCYLIECTBISIFOT TPU
YCOBEPIICHCTBOBAHHBIX YCIOBUSIX. M300peTeHue Takke oOecrmeduBaeT Criocod, BKITIOYAIOIIUI
TUIPOJIN3, NMEIOIUN CHIDKEHHOE BpeMsi mpouecca. Janee, nzobperenue odecnednBaer crocod,
rae Oo3UpoBKa (pepMeHTa MOXKeT OBITh CHH)KEHA, U B TO XK€ CaMO€ BPEMs BBIXOJ IMOJIE3HOTO
NPOAYKTa THUAPOJM3a OCTAeTCss HAa TOM JK€ CamMOM YpoBHE. JIpyruM NperuMyIIecTBOM
n300peTeHus1 SBISIETCS TO, YTO NPEACTABJICHHBIH CIIOCOO, BKIFOHYAIOIIMHA THAPOIJU3, MOXKET
NPUBOANUTH K ONTUMI3HPOBAHHBIM YCIOBUSAM Ipouecca. JpyruM npeumMyInecTBOM H300peTeHHs
SIBJIIETCSI TO, YTO BBIXOJ IOJIE3HOTO MPOAYKTA CIIOCo0a, BKIFOYAIOIIETO THAPOIN3, MOBBIIAETCS
Py TOH ke CaMOU JO3UPOBKE (hEepPMEHTa.

Cmabuivnasn hepmenmuas KOMRO3UYUS

CrabunpHas GpepMeHTHAS KOMITO3ULIMSI O3HAYAET B HACTOSINEH 3asiBKe, YTO (pepMeHTHAs
KOMITIO3ULUSL COXpaHsieT akTUBHOCTh crycTst 30 4acoB peaklUH TMAPOJIN3a, NMPEANOYTUTEIbHO
no mesbluei mepe 10%, 20%, 30%, 40%, 50%, 60%, 65%, 70%, 75%, 80% 85%, 90%, 95%,
96%, 97%, 98%, 99% wumm 100% oT ucxomHoW akTHUBHOCTH cruycTs 30 4YacOB peakUuu
rugponusa. IlpeanoururensHo, epMeHTHAsE KOMIO3ULIUS COXPAaHSIET aKTUBHOCTD crycTs 40, 50,

60, 70, 80, 90 100, 150, 200, 250, 300, 350, 400, 450, 500 4aCOB PeAKLIMU THAPOIH3A.
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B opmHOM BapumaHTe ocyecTBieHHs ()EPMEHTHAs KOMIIO3ULMS, HCIONb3yeMas B
crocofax U3 HACTOSIIEro H300peTeHNs, OJydeHa U3 TPHOKOB, MO0 hepMEeHTHAsT KOMIIO3ULIHS,
UCTIOJIb3yeMast B CIIOCO0axX M3 HACTOSIIErO M300peTeHws, coaepkut gepmenT rpudka. B onHom
BapPHUAHTE OCYIIECTBICHHU (PepPMEHTHASI KOMITO3ULIMS MOJTy4YeHa U3 MHULIEIHAIBHOTO TPUOKa, UITH
(dbepMeHTHasT KOMIIO3UIUST COAEepPKUT (epMeHT MulenuaibHoro rpudka. CmocoObl u3
n300peTeHNs] MPEANOYTUTENBHO NPUMEHSIOT B KOMOMHALMKN ¢ (PEPMEHTHBIMH KOMIO3HLIUSMH,
MOJIY4YeHHBIMH M3 MHUKPOOpPraHu3Ma U3 pona Rasamsonia, unn (PpepMeHTHas KOMITO3UIIHS
conepxut ¢pepMeHT u3 Rasamsonia.

@depMeHTHAsT KOMIIO3ULHMS MOXKeT ObITh NPUTOTOBJIEHa TNyTeM (pepMEeHTaluu
MOJXOAALIEro cyOcTparTa ¢ MOAXOIIIIUM MUKPOOPTAaHU3MOM, Harpumep, Rasamsonia emersonii
wi Aspergillus niger, rne ¢pepMeHTHas KOMIIO3ULHS BbIPaOATHIBAETCS MHUKPOOPTaHU3MOM.
Muxkpoopraiu3M MOKET OBITh HM3MEHEH MU YJIYYIIEHHs WM TOJYYeHHUS LEeJUIF0JIa3HON
KOMINO3ULIMH. Hanpumep, MHKpOOPraHu3M MOXKET ObIThb MOJBEPTHYT MYTALHH IOCPEICTBOM
KJIACCHYECKUX MPOLEAyp VIYYLISHHs IITaMMa WIM NyTeM MeToauk pekomOmHantHOH JIHK.
Takum 00pazoMm, MUKpPOOPTaHU3M, YIIOMSIHYTHIH B HACTOSIIEH 3asBKE, MOKHO MPUMEHSTh Kak
TAKOBOW Ui TIOJyYEHUs] LEJUTFOJa3HOW KOMIIO3WULUH, WJIM OH MOXET OBITh H3MEHEH s
MIOBBIIEHUS IPOAYKIIMH U JJIS1 BBIPAOOTKN M3MEHEHHOH LIeJUTIOJIA3HON KOMITO3UIINH, KOTOpast
MOJKET BKJIFOYATh T'€TEPOJIOTMYHBIE LEJUTFOJIa3bl, Takhe (PEPMEHTBI, KOTOpPblE HE SBISIIOTCS
UCXOHO TMPOAYLUHPYEMBIMH 3THM MHKpoopraHusMoM. llpeamoururensHo rpudok, Oonee
NPEANOYTUTENBHO MHULENUANBHBIH TPUOOK TPUMEHSIOT U TIOJNYYEHHUs IeJUTIOJIa3HOM
KOMNO3ULUH. [IpenrnouTuTeNnbHO MPHUMEHSIOT TepMO(HMIBHBIA WM TEPMOTOJEPAHTHBIN
MuKpooprannsM. Heobs3arenbHO, MPUMEHSFOT CyOCTpar, KOTOPBI WHAYLHUPYET SKCIPECCHIO
(dbepMeHTOB B (hepMEHTHOH KOMITO3ULIMH NIPU TOJTYIEHUN (PEPMEHTHON KOMIO3HLIUU.

@DepMEeHTHYI0O  KOMITO3ULMIO  TMPUMEHSIOT JJIsl  BBICBOOOXKIEHHUs]  caxapoB U3
JMTHOLEJUTIOJIO3bI, KOTOpasi BKIKOYAET MOJMcaxapubl. I TaBHBIMU MOJUCAXAPUIAMH SIBISIFOTCS
LEJUTI0NI03a (TJIFOKAHBI), TeMULIEIUTFOIO3b] (KCHJIaHbl, TeTePOKCHIIaHbI U KCHJIOTTOKaHbl). Kpome
TOT0, HEKOTOPAasi FEMHLIEIUTIOI03a MOXKET MTPUCYTCTBOBATh B BHJIE TJIFOKOMAHHAHOB, HATIPUMED, B
CBIPEBOM MaTrepuaje u3 ApeBecHHbl. PEepMEHTATHUBHBIA THAPOJU3 STHUX MOJHCAXAPUIOB IO
PacTBOPHUMBIX CaxapoB, BKIOYAs MOHOMEPBI U MYJbTHMEPBI, HATIPUMED, TIIFOKO3Y, LEIO0H03Y,
KCUJIO3y, apaOWHO3y, rajakTtoldy, (pyKTo3y, MaHHO3y, pPamMHO3y, puOO03y, rajakTypOHOBYIO
KUCJIOTY, TJIFOKYPOHOBYIO KHCIOTY W APYrH€ TeKCO3bl M TEHTO3bl, OCYIIECTBISIETCS IIOX
IEWCTBUEM pAa3UYHbIX (PEPMEHTOB, NEHCTBYIOIIUX COTJACOBAaHHO. «CaxapHBIA MPOAYKT»
O3HayaeT  NPOAYKT  (PEPMEHTATHBHOIO  THAPOJIM3a  CHIPbEBOTO  MaTepuaia  WJH
JUTHOLEJUTIOJIO3HOro MaTtepuana. CaxapHbI MPOAYKT BKIFOYAET PACTBOPHMBIE caxapa, B TOM

HUCJIE MOHOMEDPDBI U MYJIBTUMEPDI, IPCAINIOYTUTCIIBHO BKJIHOYACT TJIFOKO3Y. HpI/IMepaMI/I APYyrux
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caxapoB SIBJIAIOTCS Le/UI00H03a, KCrino3a, apaduHO3a, rajakros3a, GpyKkro3a, MAaHHO3a, PAMHO34,
pubo03a, rajJakTypoOHOBasi KUCJIOTA, TJFOKYPOHOBAash KUCIOTAa U JAPYrHe T€KCO3bl M TEHTO3bL
CaxapHblii MPOAYKT MOKET NPHUMEHITbCS KaK TAaKOBOH, WM MOKET ObITh [OABEPTHYT
JOTIOJIHUTENBHON 00paboTKe, HapUMep, OUHUILEH.

Kpome Toro, mexTHHbI U APyrue MEKTHHOBBIE BELIECTBA, TAKWE Kak apaOWHAHBI, MOTYT
COCTaBJISITh 3HAYMTENbHYI) YacTh CYXOH MAacChl CTEHOK THIMYHOHM KJIETKM W3 TKaHeil He-
IPEBECHOTO pacTeHHsi (MPUMEPHO OT YETBEPTH A0 IOJIOBUHBI CYXOHW MAacChl MOMKET ObITb
MEKTUHAMH).

Lenron03a SBASIETCS JIMHEHHBIM MOJHCAXaPUIOM, COCTOSILIHM U3 TIFOKO3HBIX OCTaTKOB,
cBsI3aHHBIX B-1,4 cBsa3simu. JIMHeHHas nmpupoaa HEJUTIOIO3HBIX BOJOKOH, a TAK)KE CTEXHOMETPHS
[-clLienIeHHON TITFOKO3bI (OTHOCUTENTBHO 0l) CO3/1a€T CTPYKTYPHI, O0Jiee CKJIOHHBIE K CBSI3BIBAHUIO
BOJOPOAA MEXIYy LEIMSIMH, Ye€M BBICOKO Pa3BETBJCHHBIE O-CLEIJICHHBbIE CTPYKTYPbI Kpaxmaa.
Takum 00pazoM, LEJUIIOJNO3HbIE MOJUMEPDI, KaK MPABHIIO, SBJSIIOTCS MEHEE PaCTBOPUMBIMH, U
00pa3ytoT OoJiee TECHO CBsI3aHHbBIE BOJIOKHA, YeM BOJIOKHA, HAXOMSLIHECS B Kpaxmale.

depMeHTbI, KOTOPbIe MOTYT OBbITh BKJIIOYEHbI B CTAOMIIbHYIO (DEPMEHTHYIO KOMIIO3HULIHIO,
UCTIOJIB3YEMYIO B HACTOSIIEM H300pETEeHNH, Aajiee OMHMCaHbl Oojee ToapoOHO.

GH61, »supormoxkanasel (O) u sx3ouemobmornnponassl  (LIBIY) karamusupyrot
TMAPOJIM3 HEPAaCTBOPUMOHN LEJUIIOJO3bI B TakWe MPOAYKTHL, KaK LEUIOOJHUroCaXapHuabl
(mennobuo3a B KayecTBe OCHOBHOIO TPOAYKTa), B TO BpeMsi Kak Oera-rimoko3uaasel (BI)
NpPEeBPAILAIOT OJIMTOCAXAPUIBI, [IABHBIM 00pa30M LEIO0HO03Y U LEJIOTPHO3Y, B MIIOKO3Y.

I'eMuLesII0103a SIBJISIETCS CIIOKHBIM TOJIMMEPOM, M €€ COCTaB YacTO LIMPOKO BapbUPYET
OT OpraHu3Ma K OpraHu3My, MU OT OJHOTO THIIAa TKaHH K Apyromy. Kak mpaBuiio, riaBHbIM
KOMIIOHEHTOM T'eMULEIUTIONO03bI sBJsieTcs B-1,4-cuenieHHast KCujio3a, caxap C MSThI0 aTOMaMu
yriepoaa. OmHAKO 3Ta KCHJI03a 4acTo passeriieHa Ha 0-3 w/unu 0-2 aTOMe KCHIIO3bI, U MOXKET
ObITb 3aMelleHa CO CBSI3IMH Ha apaOWHO3y, rajgakTo3y, MaHHO3Y, TIIOKYPOHOBYIO KHCJIOTY,
rajakTypOHOBYIO KHCJIOTY, WJIM MyTE€M STepUPHUKALNN HA YKCYCHYIO KUCIOTY (1 aTepuduKkarmen
(bepyIoBOl KHUCJIOTHI Ha apaOuHO3y). ['eMHIeNIIoN03a MOXKET TaKKe COAepXkKaTh TIIFOKaH,
KOTOPBIN SIBJISIETCSI OOLIMM TEPMHHOM Uil P-CLEIIEHHBIX CaxapoB C IIECTBIO YIJIEPOAHBIMH
aromamu (takux kak B-(1,3)(1,4) rirokaHbl M T€TEPOTIIFOKAHBI, YIOMSHYTbIE paHee) U Kpome
TOTO, TJIIOKOMaHHAaHbI (B KOTOPBIX TJIIOKO3a U MaHHO3a MPHUCYTCTBYIOT B JIMHEHHOM KapKace,
CBSI3BIBASICH C APYTHIMH [B-CBS3SIMH).

Kcunanaspl BMecTe ¢ JAPYTMMH BCIOMOraTeNibHbIME (pepMeHTamu, Hampumep, o-L-
apabuHodypaHozunazamu, Gepysowi- U aleTHJIKCUIIAaH 3CTepa3aMu, TIIOKYpPOHUOAa3aMu U [3-
KCHJIO3UIa3aMH KaTaTH3UPYIOT THAPOJIN3 TEMHLIEIUTIOJIO3.

IlexTnHOBBIE BEIIECTBA BKJIFOYAIOT IICKTHUHDBI, apa6I/IHaHbI, rajJakTaHbl u
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apabuHoranakTanbl. [IeKTHHBI SBISIOTCS HauOOJee CIIOKHBIMH TOJIUCAXapPUIAMH B KJIETOYHOM
creHke pacteHuil. OHM MOCTPOEHBI BOKPYT CEpALEBUHHON 1enu u3 eauHull of 1,4)-cLernieHHon
D-ranakTypOoHOBOH KHCIIOTBI, 10 HEKOTOpPOH CTenmeHu BrepeMexky ¢ L-pamHo3oi. B moOoii
KJIETOYHOW CTEHKE HMEETCsl PsAN CTPYKTYPHBIX E€AUHUL, KOTOPbIE COOTBETCTBYIOT 3TOMY
OIMCAHUIO, U B LIEJIOM CUMTAETCS, YTO B OTAEIbHON MEKTUHOBON MOJIEKYJIE CEPALEBUHHBIE LICTIH
PA3JIUYHBIX CTPYKTYPHBIX €IUHHII SBJISIOTCS] HETIPEPBIBHBIMHU C JIFOOBIMU IPYTUMH.

OCHOBHBIMH ~ THUNAaMM  CTPYKTYPHOM  €IUHULI  SIBJISIOTCA: rajJakTypOHaH
(roMorajakTypoHaH), KOTOPbIH MOKET OBITh 3aMeIeH ¢ METAHOJIOM Ha KapOOKCHIIbHOU TpyIie
u aueraroM Ha O-2 u O-3; pamHoranaktypoHaH I (PI'T), B KOTOpOM eIMHUIIBI TaJaKTypOHOBOM
KHCJIOTBI YEPEAYIOTCS ¢ PAMHO3HBIMU €IUHHULIAMH, HECYIIUMHU O0KOBBIE 1enH (1,4)-CBA3aHHOTO
ranaktaHa W (1,5)-ces3anHoro apabwnana. ApaOuHaHOBble OOKOBBIE IIEMH  MOTYT
MIPUCOENNHSATECST HEMOCPEACTBEHHO K PAMHO3€ WJIH ONOCPEAOBAHHO Y€PE3 raJlaKTaHOBBIE LIEIH,
KCUJIOTAJIAKTYPOHAHY, C OTHENbHBIMU KCHUJIO3WJIBHBIMHU efuHuIamMu Ha O-3 ranakTypOHOBOM
kuciote (TecHo cBsizaHHOH ¢ PI'T); u pamHoranakryponany II (PI'Il), oco6o cnokHOH MUHOpPHOM
enuHULe, conepxameil HeoObluHbIE caxapa, Hampumep, ammo3y. PIIIl enuHuma mosker
COZAEpKaThb JBa AMMO3WIBHBIX OCTATKAa, KOTOPbBIE NMPU MOAXOAALIUX HOHHBIX YCIOBUAX MOIYT
obpaTuMo GOPMUPOBATH CIIOKHBIE 3(UPBI C OHOpPATOM.

Kommo3nnmst 111 mpuMEHEHHsT B CIocoOe M3 HACTOSINEro H300peTeHUs MMEeT 10
MeHbIIEH Mepe JBE€ AaKTUBHOCTH, XOTs, KaK IPaBUJIO, KOMITO3ULMS HMeeT Oosee aBYX
AKTUBHOCTEH, HallpuMep, TPH, YEThIPE, MATh, LIECTh, CEMb, BOCEMb, AEBATh MM Oousbine. Kak
NPABUJIO, KOMITO3UIIHS U3 HACTOSIIErO M300pPETEHUs] MOXKET CONEpPIKaTh IO MEHbIIEH Mepe ABe
Pa3IMYHBIX LEJUTIOJIA3bl, WIM OAHY LEJUI0Ja3y U IO MEHbIIEH Mepe OJHY IeMHULEIUIIONAsy.
KoMmrmo3numst 13 HacTOsAIIero M300peTeHHsT MOXKET COAEPIKaTh LEJUTI0JIa3bl, HO HE KCHIIAHA3BI.
Kpome ToOro, KOMHo3wuusi W3 HACTOSIIIEr0 H300PETEHUs] MOXKET HMMETh BCIIOMOTATEIbHYIO
(bepMEHTaTUBHYIO aKTUBHOCTb, T.€. IOIOJHUTEIbHYI0 aKTUBHOCTb, KOTOpas HANPSMYI WU
ONOCPENOBAHHO MPUBOJUT K JErpajaliiy JIMTHOLEIIHOI03bL. [IprMepsl TakuX BCIOMOTaTeIbHBIX
AKTUBHOCTEH YIIOMSIHYTBI B HACTOALIEH 3asiBKE.

Takum 00pa3oM, KOMITO3UIMSA AJisl NMPUMEHEHUs B H300PETEHHH MOXKET COAepiKaThb
GHO61, >HI0TIIOKaHA3HYI0 aKTUBHOCTh /WM LENIOOHOTHIPOIA3HYI0 aKTUBHOCTh W/WiH OeTa-
TJIFOKO3UIAa3HYI0 aKTUBHOCTh. KOMNO3HIus 11l MPUMEHEHUs] B U300PETEeHUN MOJKET COIEepPIKaTh
Oonee OmHOW (pepMEHTATUBHOW AKTHBHOCTH OIHOTO WJIM HECKOJBKHUX M3 OSTHUX KIIACCOB.
Hanpumep, KOMIO3UIMsI Al IPUMEHEHHsI B HACTOSIIEM H300PETEHHUH MOXET COAEP)KaTh IBE
SH/IOTIIIOKAHA3HBIX AKTUBHOCTH, Hampumep, 3HA0-1,3(1,4)-B-rmokaHa3Hyr0 aKTHBHOCTb U SHIO-
-1,4-rmroKaHa3HYK0 AKTUBHOCTh. Takas KOMIIO3HMLUS MOXKET TakKKe BKJIOYATh OJHY WU

HECKOJIBKO KCHJIaHAa3HbIX aKTUBHOCTEH. Taxkas KOMITO3UIIMA MOKET COAECpKaTb
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BCIIOMOTATENbHYIO (PePMEHTATUBHYIO aKTUBHOCTb.

Komnosunust y1si MPpUMEHEHHsI B HACTOSIIIEM HM300pEeTeHUH MOKET ObITh TOJy4YeHa U3
rpuOKOB, TaKUX KaK MHUIIENUATBHBIX TPUOKH, TaKue Kak Rasamsonia, Takue Kak Rasamsonia
emersonii. B OlTHOM BapuaHTe OCYIIECTBIIEHUS] OCHOBHOW HA0Op (IerpaaupyroIux LEJUT0I03Y)
(bepMEeHTAaTUBHBIX aKTUBHOCTEH MOKeT ObITh MOJyYeH W3 Rasamsonia emersonii. Rasamsonia
emersonii MoOXeT o0ecrnednTh BbICOKO3((eKTHBHBII HAOOp AKTUBHOCTEH, Kak IMOKAa3aHO B
HACTOsSIIEH 3asiBKe, Ui TUAPOJIH3a JIMTHOIEIUIFOJIO3HOrO Marepuana. Eciu HeoOxommmo, K
HabOpy aKTUBHOCTEH MOKET ObITh NOOABJIECHBI JOMOJHUTENBHBIE (DePMEHTATHBHBIC AKTHBHOCTHU
U3 JPYrUX HCTOYHUKOB. Takue IOTIOJHUTENIbHbIE AKTHBHOCTH MOTYT OBITH MOJyYEHBbI W3
KJIACCHUECKUX  UCTOYHUKOB W/WIKM  OOECleYeHbl TEeHETHYeCKH  MOIU(PUIIUPOBAHHBIMHU
OpraHU3MaMHu.

AKTUBHOCTM B KOMIIO3WLUU JUIsi TIPUMEHEHUs B H300pPEeTEeHHMH MOTYT OBITh
TepMOCTa0WIbHBIMU. B HacTosmmeidl 3asiBKe STO O3HAYAEeT, YTO AaKTHUBHOCTb HMeEET
TeMIepPaTypHbId onTUMyM OKo0j0 60°C wmiu BbIle, Hampumep, okoio 70°C wiu BbIlIe, TaKOU
kak okoyio 75°C wunu Beime, Hampumep, okosno 80°C wnu Bbine, Takoi kak 85°C wiu BbILIE.
AKTHUBHOCTH B KOMIIO3HIIUU JJIsl IPUMEHEHUsST B N300pETeHNH, KaK MPAaBUIIO, HE UMEIOT OJIUH U
TOT JK€ TEMIEPAaTypHbIH ONTHMYyM, HO TE€M HE MEHee, MPEATNIOYTUTEIbHO SIBIISIOTCS
TePMOCTAOUITBHBIMU.

Kpome Toro, akTuBHOCTH (DEPMEHTOB B KOMIIO3HUIIMH Ui IPUMEHEHUs B M300pEeTeHUU
MoryT paborath npu HuskoM pH. Jlns ueneit storo mszoOpereHusi, Huskmii pH o3nawaer pH
OKOJIO 5,5 UNIK HUIKE, OKOJIO 5 UNIM HUXKeE, OKoJI0 4,9 unu Huxe, okoJio 4,8 uin Huxke, okoJo 4,7
U HUXe, okoJio 4,6 unu Huxke, okoyno 4,5 unn Huxke, okoyno 4,4 wnm Huxke, okono 4,3 unmn
HUKe, okosio 4,2 unu Huke, okoJio 4,1 wiau Huke, okosio 4,0 UM HUXKE, OKOJIO 3,9 UIn HUKE,
OKOJIO 3,8 unu HUXKe, OKOJIO 3,7 UK HUKE, OKOJIO 3,6 MM HUIKE, UITA OKOJIO 3,5 WU HUXKE.

AKTHUBHOCTH I KOMIIO3HMIIUU JUIsI TIPUMEHEHUsS B M300pPETeHHUsT MOTYT OMpPENeNsIThCs
KOMOHWHAIMeH TFOOBIX U3 BBIIEYKAa3aHHBIX TEMITEPATYPHBIX OMTUMYMOB U 3HaYeHui pH.

Kommnosunwsi, ucrnosb3yemasi B Croco0e U3 HaCcTOSIIEero n300peTeH s, MOKET BKJIFOYATh,
B JIONOJIHEHHWE K aKTHBHOCTSM, IMIOJyYeHHbIM U3 Rasamsonia, Uemona3y (Harmpumep,
MOJIYYeHHYI0O W3 HMHOTO HCTOYHHKA, 4eM Rasamsonia) w/wund TeMULEeIUronasy (Hampumep,
MOJIyYEHHYIO W3 WHOTO UCTOYHUKA, YeM Rasamsonica), /My EKTUHA3Y.

@DepMeHTATUBHAS KOMITO3ULIMS ISl TIPUMEHEHUST B HACTOSINEM H300PETeHUU MOXKET
BKJIIOUATh LEJUTIONIA3y /WM TeMULIE/UTIONA3y W/WIM TEeKTUHA3y W3 MHOTO HMCTOYHMKA, HYeM
Rasamsonia. OHU MOTYT NPUMEHSTHCS BMECTE€ C OJHMM WU HECKOJbKHMH (pepMeHTaMu
Rasamsonia, v OHU MOTYT PUMEHSTHCS 0€3 TOMOJHUTENbHBIX (hepMeHTOB Rasamsonia.

Hanpumep, ¢epMeHTbI aisi NMpUMEHEHHs B TPOLECCaX W3 HACTOSIIEro HU300peTeHus
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MOTyT BKIItO4aTh Oeta-rimoko3unasy (bI') us Aspergillus, Taxoro kak Aspergillus oryzae, Takyro
Kak packpeito B WO 02/095014, unn ruOpunHsiii Oenok, obnanarommii 6eTa-rimroKo3uaa3HON
aKTUBHOCTBIO, packpeIThiii B WO 2008/057637, unu Aspergillus fumigatus, Takoll Kak pacKpbIT
SEQ ID NO:2 8 WO 2005/047499 wnu SEQ ID NO:5 B WO 2014/130812, unu BapuaHT OeTa-
rIoKo3unasel Aspergillus fumigatus, Taxoir kak packpeir B WO 2012/044915, Takoit kak co
cnenyromumu 3ameHamu: F100D, S283G, N456E, F512Y (¢ mpumenennem SEQ ID NO: 5 B
WO 2014/130812 nnst wymepauuu), wnu Aspergillus aculeatus, Aspergillus niger wnm
Aspergillus kawachi. B napyrom BapuaHTe OCYIIECTBJICHHS O€Ta-IIIIOKO3HMIa3a MOJydeHa W3
Penicillium, Ttakoro xak Penicillium brasilianum, packpweiras kak SEQ ID NO:2 B WO
2007/019442, wnu u3 Trichoderma, Taxoro kak ITrichoderma reesei, Takue, kak onucaHo B US
6,022,725, US 6,982,159, US 7,045,332, US 7,005,289, US 2006/0258554 US 2004/0102619. B
OJTHOM BapHaHTE OCYIIECTBJICHUS MOXHO MPUMEHTh Aake OaKTepHalbHYIO OeTa-TIII0KO3HIasy.
B npyrom BapuanTe ocyuiecTBiIeHHs OeTa-TiroKo3uaasa nonuydena u3 Thielavia terrestris (WO
2011/035029) umm Trichophaea saccata (WO 2007/019442).

Hanpumep, pepMeHThI 111 TpUMEHEHUs B crioco0ax U3 HACTOSLIETO H300pETeHHS MOTYT
BKJIFOUATh dHAormokana3y (O17) uz Trichoderma, Taxoro kak Trichoderma reesei, w3 Humicola,
TAKOTO Kak mramMMm Humicola insolens;, 3 Aspergillus, Takoro xak Aspergillus aculeatus vnm
Aspergillus kawachii, vz Erwinia, Taxoro xak Erwinia carotovara, w3 Fusarium, Takoro kax
Fusarium oxysporum; vz Thielavia, Taxoro kak Thielavia terrestris, vz Humicola, Takoro kak
Humicola grisea var. thermoidea wnin Humicola insolens; w3 Melanocarpus, takoro xax
Melanocarpus albomyces; n3 Neurospora, Taxoro xak Neurospora crassa;, w3 Myceliophthora,
takoro kak Myceliophthora thermophila, w3 Cladorrhinum, taxkoro «ak Cladorrhinum
Joecundissimum w/wnnn w3z Chrysosporium, takoro kak mramm Chrysosporium lucknowense. B
OJTHOM BapHAHTE OCYIIECTBJICHUS MOXKHO TNPHMEHSATh Aake OaKTEPHAIbHYIO SHAOTIIIOKAHA3Y,
BKJIFOYAsl SHAOTMOKaHa3y Acidothermus cellulolyticus (cmv. WO 91/05039; WO 93/15186; US
5,275,944; WO 96/02551; US 5,536,655, WO 00/70031, WO 05/093050); sanormokanasy 111 u3
Thermobifida fusca (cm. WO 05/093050); u supormokanasy V u3 Thermobifida fusca (cm. WO
05/093050), HO HE OTPaHUYHBASICH UMM

Hanpumep, xoMmnos3unusi il NMPUMEHEHHsI B CIOCO0axX M3 HACTOSIIEM H300peTeHHH
MOKeT BKIouaTh weutoduoruaponasy 1 wms Aspergillus, Taxoro kak Aspergillus fumigatus,
takyro kak Cel7A CBH I, packpsityio B SEQ ID NO:6 B WO 2011/057140 nnu SEQ ID NO:6 B
WO 2014/130812, unu u3 Trichoderma, Taxoro xak 1richoderma reesei.

Hanpumep, xoMmosuiust Ui MPUMEHEHHs] B Croco0ax M3 HACTOSINEro H300peTeHHs
MOKeT coaep:karh uesmnobunoruaponasy Il w3 Aspergillus, takoro kak Aspergillus fumigatus,

takyio kak SEQ ID NO:7 8 WO 2014/130812, wnu w3 Trichoderma, Takoro xak 1richoderma
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reesei, v w3 Thielavia, takoro kak Thielavia terrestris, Takywo kak uemtodbmoruaposasa II
CELGA w3 Thielavia terrestris.

Hanpumep, ¢bepMeHT 11 NpUMEHEHUs B CIIOCO0ax U3 HACTOSIIEro M300PETEHHST MOKET
comepxarb mnoymnentrny GHO1  (uTHueckyro MOJMCAXapUAHYID MOHOOKCHIEHasy) U3
Thermoascus, Takoro kak Thermoascus aurantiacus, Takyro kak omucaHo B WO 2005/074656
kak SEQ ID NO:2 u SEQ ID NO:1 8 W0O2014/130812 u 8 WO 2010/065830; nnu u3 Thielavia,
Takoro Kak Thielavia terrestris, Takyro kak onucano B WO 2005/074647 kak SEQ ID NO: 8 unn
SEQ ID NO:4 B WO02014/130812 u B WO 2008/148131, m WO 2011/035027; wmu wu3
Aspergillus, Taxoro xax Aspergillus fumigatus, Takyto xak omucano B WO 2010/138754 kax
SEQ ID NO:2 unu SEQ ID NO: 3 B WO02014/130812; wnu u3 Penicillium, Takoro kak
Penicillium emersonii, Takyto kak onucana kak SEQ ID NO:2 8 WO 2011/041397 unu SEQ ID
NO:2 8 W02014/130812. dpyrue noaxoxasmue nomunentuasl GH61 Bxirodarotr Trichoderma
reesei (cm. WO 2007/089290), Myceliophthora thermophila (cm. WO 2009/085935, WO
2009/085859, WO 2009/085864, WO 2009/085868), Penicillium pinophilum (cm. WO
2011/005867), Thermoascus sp. (cm. WO 2011/039319), u Thermoascus crustaceous (cm. WO
2011/041504), HOo He orpannuuBaroTcst UMU. B omHoM acniekte nonunentuy GH61 npumeHstoT B
NPUCYTCTBUH PACTBOPUMOIO AKTHBHPYIOLIETO IBYXBAJIEHTHOIO METAJUIMYECKOTO KAaTHOHA B
cootBercTBuu ¢ WO 2008/151043, Hanpumep, Maraus cyibdar. B oqHOM acniekre mosunentus
GHO1 npuMeHsrOT B MPUCYTCTBUH JUOKCHIHOTO COEAMHEHUS, OWIMKJINYECKOTO COCAMHEHUS,
reTEPOLMKINIECKOTO COCOMHEHHUS, a30TCOAEPIKAIIETO COSNUHEHHs, XMHOHOBOTO COEIUHEHHUS,
cepocoepiKallero  COSAMHEHHWS, WM SKUAKOCTH, TOJYYEHHOW U3  NpPeABapUTEIbHO
00palOTaHHOTO LEJUTIOJIO3HOTO MaTepualia, TaKoro Kak TMpenBapHTelIbHO OOpaboTaHHAas
KyKYpY3Hasl CoJloMa.

Jlpyrue neunonotuTHIecKue GPepMEeHThI, KOTOPbIE MOYKHO UCTIOJB30BATh B KOMITO3ULIMH
IUTsE PUMEHEHUsST B M300peTeHny, onucanel, Hampumep, B WO 98/13465, WO 98/015619, WO
98/015633, WO 99/06574, WO 99/10481, WO 99/025847, WO 99/031255, WO 2002/101078,
WO 2003/027306, WO 2003/052054, WO 2003/052055, WO 2003/052056, WO 2003/052057,
WO 2003/052118, WO 2004/016760, WO 2004/043980, WO 2004/048592, WO 2005/001065,
WO 2005/028636, WO 2005/093050, WO 2005/093073, WO 2006/074005, WO 2006/117432,
WO 2007/071818, WO 2007/071820, WO 2008/008070, WO 2008/008793, US 5,457,046, US
5,648,263, u US 5,686,593, ¢ nepeunciieHreM JHUIIb HEOOIBIIOTO KOJINIECTBA.

Kpome Toro, mnpumepbl KCHJaHa3, MPHMEHSEMBIX B CHOCO0aX M3 HACTOSLIETO
n300peTeHus], BKIIIOYAIOT Keuianasel u3 Aspergillus aculeatus (cm. WO 94/21785), Aspergillus
Sumigatus (cm. WO 2006/078256), Penicillium pinophilum (cm. WO 2011/041405), Penicillium
sp. (em. WO 2010/126772), Thielavia terrestris NRRL 8126 (cm. WO 2009/079210), u
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Trichophaea saccata GHI10 (cmv. WO 2011/057083), HO He orpaHHuUUBarOTCS UMU. [IprmMepsl
OeTa-KCHJIO3U/1a3, MPUMEHSEMbIX B HHTEIPHPOBAHHBIX MPOLECCAX U3 HACTOSILIETO N300peTeHus,
BKJIFOYAIOT Oera-kcwnodunasel w3z  Newrospora crassa w  Trichoderma reesei, HO He
OTPaHWYMBAIOTCA WMHU. lIpuMepbl ameTWIKCHUIAH-3CTEpa3, TNPUTOAHBIX B  HACTOSLIEM
n300peTeHNH, BKJIIOYAIOT aleTWIKCHIaH-3cTepasbl u3  Aspergillus aculeatus (cm. WO
2010/108918), Chaetomium globosum, Chaetomium gracile, Humicola insolens DSM 1800 (cm.
WO 2009/073709), Hypocrea jecorina (cm. WO 2005/001036), Myceliophtera thermophila (cwm.
WO 2010/014880), Neurospora crassa, Phaeosphaeria nodorum wn Thielavia terrestris NRRL
8126 (cm. WO 2009/042846), HO He orpaHuuyuBarOTCs WMH. lIpuMepnl ¢epynoun-3crepas
(acTepa3 (epysioBOI KUCIOTHI), MPUTOAHBIX B HACTOSIIEM M300pETEHUH, BKIIIOYAIOT (PepyIonI-
acrepasbl U3 Humicola insolens DSM 1800 (cm. WO 2009/076122), Neosartorya fischeri,
Neurospora crassa, Penicillium aurantiogriseum (cm. WO 2009/127729), u Thielavia terrestris
(emv. WO 2010/053838 u WO 2010/065448), HO He orpannumBaroTcsi uUMH. [Ipumepsl
apabunodypanosnaas, MPUTOIHBIX B HACTOSIIEM u300peTeHn , BKJIFOYAIOT
apabunodypanosunasel u3 Aspergillus niger, Humicola insolens DSM 1800 (cm. WO
2006/114094 u WO 2009/073383) u M. giganteus (cmv. WO 2006/114094), HO He
OrpaHW4MBalOTCA UMH. [lpuMepsl  anbda-rMOKYpPOHHAA3, MPHUTOJHBIX B  HACTOSLIEM
n300peTeHNH, BKIIOYAT anba-rIioKypoHunasel w3 Aspergillus  clavatus, Aspergillus
Sumigatus, Aspergillus niger, Aspergillus terreus, Humicola insolens (cm. WO 2010/014706),
Penicillium  aurantiogriseum (cm. WO 2009/068565) wu  Trichoderma reesei, HO He
OTPaHUYHMBAIOTCS UMH.

Kommo3nnwmst st mpuMeHEeHHsT B HACTOALIEM M300pEeTeHHH MOYKET BKJIFOUATh OIVH, 1B,
TPH, YEThIPE MU OOJIee KJIACCOB LIEJUIFOIA3bl, HATIPUMep, HAIIPUMeEp, OJIHY, JIBE, TPH HIIH YEThIpPE,
wim Bce u3 GH61, sanormokanasy (31), onny wim nBe sx3onemnoduoruaponassl (LbIN) u Oeta-
rmoko3uaasy (bIN). Kommosuiust nisi npuUMEHEHWsT B HACTOSAMEM HW300PETEHHUH MOXKET
COZepKaTh Ba UM OOJIbIIE JIFOOBIX U3 STHX KJIACCOB LIEJUTIOJIA3HI.

Kommo3nnmst n3 Hactosmero M300peTeHUs MOXKET BKJIIOYATh aKTHUBHOCTb WHOTO THIA
LEJUTIOJIA3HON  aKTUBHOCTH W/MIM TeMHLEJUIFOJIA3HOH aKTHMBHOCTH W/WIM  TEKTHHA3HOU
AKTUBHOCTH, Y€M TOT, KOTOPBIH OOECTIeUUBAETCS KOMIIO3UIIUEH Uil PUMEHEHHUsI B CIoco0e 13
Hacrosimero u3oOpereHus. Hampumep, KOMMO3MLMS W3 HACTOSIIEr0 H300pETEHHS MOXKET
BKJIFOYATh OJWH THUI LEJUTIOJIA3HOW W/HIIM TeMULEIUTIONa3HOW aKTHBHOCTH /MM TEKTHHA3HOM
AKTUBHOCTH, 00ECIIeYeHHON KOMIIO3HIIMEH, KaK OMUCAHO B HACTOSIIEH 3asBKE, W BTOPOH THII
LEJUTIOJIA3HON  W/HMIIM  TeMULEIUTIOIA3HOM aKTHUBHOCTH W/WIM TEKTHHA3HOH AaKTUBHOCTH,
oOecrieueHHO JOMOTHUTENBHON HEeJUTI0Ia30H/TeMHILIEIIII0NIa301/ IeKTHHA30H.

B nHacrosimen 3asBKe LIeJUIH0Ia3a SABISIETCS MOJIUMIICIITUIOM, CIIOCOOHBIM K Acrpaganun
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WA MOIU(UKALIUH [eJUTroJ03bl. [lonunenTry, criocoOHBIN K Aerpafaliy UeJUTFOIO3b, SIBISETCS
MOJIUIETITHAOM, CIIOCOOHBIM K KaTaju3y Mpolecca paspyLIeHHs LEJUTIOJIO03bl Ha EIMHHLEI
MEHBIIEro pasMepa, JMOO YaCTUYHO, HAIPHMEpP, Ha LEJUIOAEKCTPUHBI, JUOO IMOJHOCTHIO Ha
TJIFOKO3HBIE MOHOMepHL. Llemmonasa B COOTBETCTBHHM C HACTOSIIIUM H300pETEHHEM MOXKET
7aBaTh HA4YaJI0 CMELIAHHON MOMYJSUN LEUIOAEKCTPUHOB U TJIIOKO3HBIX MOHOMEPOB IIPH
KOHTaKTe ¢ Lemmona3zoil. Takas perpagauus, Kak IPaBHJIO, IMPOUCXOIUT TYTEM PEaKIHU
THIPONN3A.

Jlutnyeckne nmonucaxapugHsle MoHookcureHassl (JIIIMO) HenaBHO KitacCUPUIMPOBAHBI
CAZy B cemeiictBo AA9 (CeMeiicTBO BCIIOMOTATENIbHOM aKTUBHOCTH 9) U Uiu cemeiictBo AA10
(CemeiicTBo BcriomoratenbHoi akTuBHOCTH 10). Kak ynomunanocs Boime, JIITMO criocoOHbI K
OTKPBITHIO KPUCTAJUINYECKOH IIoKaHOBON CTPYKTyphl. JITIMO MOryT Takke BIUATH Ha LIEJUIO-
onmurocaxapuabl. Tepmunsl [IMO u JIIIMO npumensitorcst B3aumoszamensiemo. benku GH61
(cemeiicTBa TnMKO3WI-ruApona3 61 wunmum wmHorma obo3Hadaemble kak EGIV)  sBisorcs
(JIMTHUECKUMU) KHCIIOPOA-3aBUCUMBIMH TIOJIHCAXapUIHBIMU MOHOOKcUrenasamu (IIMO/JITIMO)
B COOTBETCTBHH C MOCIETHUMH JUTepaTypHbiMu naHHbIMU (Isaksen ef al., Journal of Biological
Chemistry, vol. 289, no. 5, pp. 2632-2642). Hacto B nuTeparype 3TH OSNKH YIIOMHUHAIOTCSA KaK
YCUJIMBAIOIINE AKTUBHOCTH IIEJUTIOJIA3 HA JIMTHOLEJUTIOJIO3HBIX cyOctparax. GHO1 wucxonmHo
KJaccu(GUIIMPOBAIN KaK SHAOTJIOKAHA3Yy, HA OCHOBE OMpeeNieHus: oueHb ciadoit suno-1,4-f-d-
INII0OKaHAa3HOM aKTHBHOCTH Y OfHOro wieHa cemelictBa. Tepmun «GH61», kak mpumensiercs B
HacTOsIIEeH 3asBKe, HEOOXOANMMO MOHMMATh KaK CEMEWCTBO (PEpPMEHTOB, paszaessiromee oouue
94aCTH KOHCEPBATHBHON MOCIENOBATENbHOCTH M CKIIAKU Ui KJIacCU(PUKALINU KaK ceMencTBo 61

U3 XOPOLIO YCTAHOBJICHHOM CHUCTEMBI kjaccudukanuu CAZY GH

(http://www.cazy.org/GH61 html). CemelicTBO rauKo3uA-ruaposnas 61 sBISETCS UYJIECHOM
cemeticta rnukosun-ruaponaz EC 3.2.1. CAZy nemaBHO mnepexnaccuduuuposara GH61 B
cemelictBo AA9 (cemelictBo BcromorarenbHOH aktuBHOCTH 9). GHOl mnpumensercs B
HacTosmed 3asBke Kak 4acTh neumona3. CBM33 (cemelictBo 33 yriieBOA-CBSA3BIBAIOIIETO
MOJYJIsI) SIBJISIETCS JTUTHYECKON MOJIMCAaxapUIHON MOHOOKcureHas3oi (cm. Isaksen et al, Journal
of Biological Chemistry, vol. 289, no. 5, pp. 2632-2642). CAZy HenaBHO
nepeknaccuduuponana CMB33 B AA10 (cemeiicTBO BcrioMoraTenbHOM akTuBHOCTH 10).

B HacTosiieli 3asBKe TreMHULEIIOIa3a SBJISIETCS TMOJUIENTUIOM, CIOCOOHBIM K
Aerpaganuy Wik MOAU(UKALNN TeMULEIUTION03bL. TakuM 00pa3oM, reMHLIEILToIa3a CrIocoOHa K
Aerpajaiud  WiIM  MOIU(UKALMK OJHOro WiM Oojlee W3 KCWUJIAaHA, TUIIOKYPOHOKCHJIAHA,
apaOMHOKCHIIaHA, TUIIOKOMaHHaHA M Kcwioriukana. [loyumenTun, crnocoOHBIH K Jerpanaliu
TeMULIEIUTIOJIO3b], SIBJSIETCS IMOJUMENTHAOM, CIIOCOOHBIM K KaTalu3y MpoIecca pas3pylleHus

FrEMULCIUIIOJIO3bl Ha MOJIMCaXapuabl MCHBIICIO pasMepa, 100 YaCTUYHO, HaIpUMEp, Ha
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OJIUTOCAXapuabl, JIMOO TMOJIHOCTHIO HAa CaxapHbIE MOHOMEpPBI, HAMPUMEpP, TEeKCO3HbIC WIIH
MEHTO3HbIE CaxapHble MOHOMEpPHL | eMHUIeITroa3a B COOTBETCTBHH C HM300PETEHHUEM MOKET
JaBaTh HAYAJIO CMEIIAaHHOW MOMYJISILAK OJTUTOCaXapyuIoB U CaXapHbIX MOHOMEPOB MPU KOHTAKTE
¢ remuneuronazoi. Takas gerpamanus, Kak TPaBHJIO, OCYLIECTBIISIETCS IyTeM peaKlUu
THIPOJTH3A.

B Hacrosieii 3asBke MEeKTHHA3a SIBJSIETCS MOJUIENTHIOM, CIOCOOHBIM K Jerpanaluu
win  momudpukauuu TekTuHa. [lomunenTun, CHOCOOHBIA K Aerpajallid, —SIBJISETCS
MOJIMTIENITHIOM, CIOCOOHBIM K KaTaliu3y Mpolecca pa3pylleHHs TIEeKTHHA Ha eIUHUIIbI
MEHBIIET0 pa3Mepa, JMOO YaCTUYHO, HAMPUMEP, Ha OJIMrOCaxapuibl, JUOO MOJHOCTBIO Ha
caxapHble MOHOMepbl. IlekTHHa3a B COOTBETCTBHH C H300pETEHHEM MOXKET JaBaTh HAdajo
CMEIIIAHHOH MOMYJISILIHKA OJIUTOCAXapHUI0B U CaXapHBIX MOHOMEPOB MPH KOHTAKTE C MEKTHHA30M.
Takas nerpanmaiusi, Kak MPaBUJIO, OCYIIECTBIISIETCS MyTeM PEaKIIUU THAPOJIN3a.

COOTBETCTBEHHO, KOMITO3UIIMSI U3 HACTOSIIIEr0 M300PETeHUsT MOJKET BKJIFOYATH JIFOOVIO
uetonasy, Hanpumep, GH61, uemnobuorunponasy, suno-p-1,4-rmokanasy, 6eTa-TiroKo3uaasy
w B-(1,3)(1,4)-raroxaHasy.

CootBerctBenno, uemoduoruapoiaza (EC 3.2.1.91) sensercs MOObIM MOJUNEOTHIOM,
CrocoOHBIM K KaTanmm3y runaposiusa 1,4-B-D-rimoko3uaHbIX CBs3ed B LEJUTIONO3E MU
LEJUIOTETPA03€e, C BHICBOOOKIEHNEM HEJUIOONO3bI ¢ KOHIOB Lenmu. ITOT (PepMEHT MOKET TaK:Ke
0003HaYaThCsl Kak Leunosio3o 1,4-B-nemnobuosunasza, 1,4-B-uemnoduorunponasza, 1,4-B-D-
TIIOKaH [eJUI00HOoruapoiasa, aBuienasa, 3k30-1,4-B-D-rirokaHasa, 3K30LeUIoOHOrHaposa3a
WJIH 3K30TJIIOKaHAa3a.

ITpu stom supo-f-1,4-rmoxanaza (EC 3.2.1.4) sBnsercs monmmnenTuaoM, COCOOHBIM K
katann3y sHaoruaponusa 1,4-3-D-riroko3ugHbix CBsi3el B LEJUTIONO3HBIX, JTUXEHUHOBBIX N
3makoBbIX 3-D-rimokanax. Takoil monmumenTu MOXeT Tak:ke ObITh CrocoOeH K rumaponnsy 1,4-
cBsizell B [-D-rmokanax, Takxke coaep:kamux 1,3-cBsi3. DTOT (PEPMEHT MOXKET TaKxKe
0003HaYaThCSl KAk M[EJUTIoNia3a, aBulenasa, [3-1,4-sHpmormrokaH-runposasa, [-1,4-rirokaHasa,
KapOOKCUMETUJIISIIIIOIAa3a, UEJUTIOAeKCTprHA3a, 3HIo0-1,4-B-D-rorokanasza, sHpo-1,4-B-D-
TIIIOKAHOTHAPOIIAsa, YHA0-1,4-B-TiroKkaHasa i 3HIOTIIFOKaHA3a.

IIpu »tom OGera-rmokosumaza (EC 3.2.1.21) sBusercs moObIM  NOJUNENTUHIOM,
CIOCOOHBIM K KaTaju3y TUAPOJIH3a TEPMHHAJIBHBIX, HEBOCCTAHABIHMBAIOIIUX [3-D-rIroKO3HBIX
OCTaTKOB C BbICBOOOXIeHHEeM [3-D-rmoko3bl. Takoil mosumentun MOXKeT HMETh LIMPOKYIO
CHeU(pUIHOCTD MO OTHOIICHHIO K [-D-rimoko3uaaM, 1 MOKET Tak:Ke THAPOJIM30BATh OHO U
bonee w3 crnepyromero: B-D-ramakrosun, o-L-apadunosun, B-D-kcuosun wim B-D-¢ykosun.

OTOT epMeHT MOXKeET Takke 0003HAUATHCS KaK aMHUIZANasa, [3-D-riroko3ua-riIoKOTHAPOIasa,
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nemto0nasa nim reirodnasa.

IIpu stom B-(1,3)(1,4)-rmokanaza (EC 3.2.1.73) sBasercs nM0OBIM MOJUNENTUIOM,
CrocoOHBIM K Katamusy ruaposimsa 1,4-B-D-rmoko3upsbix  cBsizeit B [3-D-rirokaHax,
cougepxkamux 1,3- u 1,4-cBsa3u. Takol monunenTuz MOKET AEHCTBOBATb HA JIMXCHUHOBbIE U
3makoBble (-D-rirokanbl, HO He Ha [-D-rmokansbl, copep:xkamue ToJbko 1,3- wmm 1,4-cBsi3u.
Otor (depMeHT MOKeT Takke o00O03HA4aThCsl Kak JuxeHwHasza, 1,3-1,4-B-D-rmrokan-4-
TIIIOKAHOTHAPONasa, [-rimokaHasa, 3Hn0-f-1,3-1,4-rmrokaHasa, JuxeHasa WM [3-TUIFOKaHa3a
CMEIIIaHHBIX CBs3eH. AJIbTepHATUBON 1Ist 3Toro tuma gepmenrta sisiercs EC 3.2.1.6, koTopas
omucaHa kak dHAO-1,3(4)-Oera-rnrokaHaza. IToT Tumn ¢epMmerta rupponusyetr 1,3- wmmu 1,4-
cBsi3u B Oera-D-rirokaHase, KOrAa TIIFOKO3HBIH OCTaTOK, Ybs BOCCTAHABIIMBAIOINAS TPYIIIa
BOBJICKAETCSI B  CBSI3b, IIOABEPralOLIVIOCS TuUAposm3y, cama 3amemmaercs Ha C-3.
AJNbTepHaTUBHbIE HAMMEHOBAHHS BKJIFOYAIOT 3HNO-1,3-OeTa-rirokaHasy, JamMuHapwHasy, 1,3-
(1,3;1,4)-6era-D-rimrokan  3(4)-TMOKaHOTHAPOJIA3y;, CyOCTpaThl BKIIOYAIOT JIAMHHAPUHOBBIE,
JTUXEHUHOBBIC U 3JITAaKOBbIe OeTa-D-TIIIOKaHbI.

KoMmo3numst w3 Hacrosmero M300peTeHHs] MOXKET BKIIOYATh TEeMHULEIIIIONAsY,
HaNpUMep, SHIOKCHIaHa3y, -kcuno3unasdy, o-L-apabunodypanosuaasy, o-D-rirokypoHunasy,
alleTUJIKCHIIAH-3CTepa3y, (epysomn-3cTepasy, KyMapoOWJ-3CTepasy, O-Tajakro3uaasy, [3-
rajJlakTo3uaasy, [J-MaHHaHa3y, WK [3-MaHHO3UAA3Y.

ITpu sTom sHpokcunanasa (EC 3.2.1.8) sBnsiercs MOOBIM MOJIUIIENITHAOM, CIIOCOOHBIM K
KaTanu3y sHuoruaposmsa 1,4-B-D-kcuao3naHbIX CBsi3ed B KCHiIaHaX. JTOT (PEPMEHT MOXKET
Takke 0003Ha4yaThCcsi Kak 3HAO-1,4-B-D-kcunanaza wiu 1,4-B-D-kcunaH-KCUIaHOTHAPOIIA3a.
AnprepHatuBHOll  siBisiercss EC 3.2.1.136, rimrokypoHOapaOHMHOKCHIIAH-3HIOKCHIAHA3A,
(dbepMeHT, CIOCOOHBIN K THAPOSN3Y 1,4-KCUTO3UAHBIX CBSA3EH B TIIFOKYPOHOAPAOMHOKCHIIAHAX.

ITpu sTom B-keunosunasza (EC 3.2.1.37) sBasiercs m00bIM MOJTHUIIENTHIOM, CIOCOOHBIM K
katann3y ruaposusa 1,4-B-D-kcunaHoB, nmis yoajdeHHWs TOCHEIOBAaTEIbHBIX OCTATKOB D-
KCUJIO3bI U3 HEBOCCTAHABJIMBAIOIINX KOHIOB. Takue (hepMEHThl MOTYT TakK:Ke THAPOJIU30BATH
KCUI00M03y. DTOT (hepMEHT MOKET TakKe 0003HA4YaThCs Kak KcunaH-1,4-B-kcunosunasa, 1,4-3-
D-kcunan-kcunorunposasa, 3x30-1,4-B-kcuno3nnasa uiam kcunobnasa.

ITpu stom a-L-apabunodypanozunaza (EC 3.2.1.55) aBnsercs moObIM MOJUNENTUAOM,
CHOCOOHBIM K BO3AEUCTBHIO Ha o-L-apabunodypanosunsl, o-L-apabunanel, cogepsxkamue (1,2)
u/umn (1,3)- u/vnm (1,5)-cBsi3u, apaOMHOKCUIIAHBI U apaOMHOTAJaKTaHbl, JDTOT (PEPMEHT MOKET
Takke oOo3HauaThcst  Kak  o-N-apaOuHodypaHo3mmasza, apabuHOpypaHO3Mza3a  WIH
apabuHO3MIa3a.

IIpn stom a-D-rmokyponnnaza (EC 3.2.1.139) sBnsercst m0ObIM MOJUIENTHAOM,
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CIOCOOHBIM K KaTaJlu3y peakiuu clieAayromero Bunpa: aibdpa-D-rmokypornnaza + H(2)O =
cnupT + D-rimokypoHat. 10T (epMEHT MOXKET Takke 0003HAUaThCsI Kak alib(a-rIIIOKypOHHIa3a
Wi  anb(a-rIoKO3UAypOHa3a. ITH  (PEepMEeHThl MOIYyT Takke ruaponuzoBatb 4-O-
METHJIMPOBAHHYIO TIFOKYPOHOBYIO KHCJIOTY, KOTOPasi MOJKET TaKKe€ TMPUCYTCTBOBATH B KAUECTBE
3aMecTuTeNnss B KCwiaHax. AnbrepHatuBoil sBiusercss EC 3.2.1.131, xcuans-aneda-1,2-
TIFOKYPOHO311a3a, KOTOpast KaTaJIn3UPyeT THAPOJIN3 anbda-1,2-(4-0O-
METHJI)TITIOKYPOHO3MIIbHBIX CBSI3EH.

IIpn sTtom auermn-kcunas-3ctepasa (EC 3.1.1.72) sBnsercst moObIM NOJUIENTHAOM,
CHOCOOHBIM K KaTaqu3y JACalMUINPOBAHUS KCHJIAHOB U KCHJIO-OJIUTOCaxapuuoB. Takoit
MOJIUIENITHA MOXKET KaTaJIN3UPOBATh THIAPOJIA3 aLETHIIbHBIX TPYII U3 MOJUMEPHOTO KCHJIAHA,
alleTUJIMPOBAHHOW KCHJIO3BI, AleTHJIMPOBAHHOW TIIFOKO3bI, anba-HapTHI-anerara WIH II-
HUTpOo(eHMIT-aIleTaTa, HO KaK MPaBHJIO, HE M3 TPUALCTUITIHLEPHHA. Takol MONMIIENTHN, KaK
NPaBUJIO, HE ACHCTBYET HA alleTUJIMPOBAHHBIN MAaHHAH WM NIEKTHH.

IIpu stom depynoun-screpasa (EC 3.1.1.73) siBrnsercss MOJIMIENTHIOM, CIIOCOOHBIM K
KaTanu3y peakuuu B Buae: ¢depynomn-caxapun + HO = ¢epynar + caxapua. Caxapun Moxer
ObITh, HApUMep, OJHUrocaxapuaoM wWid mnonucaxapunaoM. OH MOXET, Kak IpaBuio,
KaTaJIN3UPOBATh TUAPOIU3 4-THIPOKCH-3-METOKCUIIMHHAMOWILHOU ((pepyIOnIbHOI) TPyIIbl U3
3TepU(UIIPOBAHHOTO Caxapa, KOTOPbI OOBIYHO SIBISIETCA apaOMHO30H B «HATYpPaJbHBIX)»
cyocrparax. Kak npaBuio, m-HUTpodeHu arnerar u MeTI-(epynaT SABISIOTCS OoJiee TUIOXUMHU
cyOcTpatamMu. DTOT (pepMEHT MOXKET Tak:ke O0O3HAuaThCs KakK ITMHHAMOWJI-3(UpP-THAPOIIA3a,
(bepyioBOM  KHCIOTHI 3CTepa3a WIM THAPOKCHIMHHAMOWI-3cTepasa. OH MOXET TaKke
0003HauaThCsl KaK T'eMULEIUTFOJIA3HbIN BCIIOMOTATENbHBIN (PEPMEHT, IMOCKOJIBKY OH MOJKET
MIOMOTAaTh KCHJIAaHA3aM M MEKTHHA3aM Pa3pylIaTh T€MULIEIUTFOIO3Y M MEKTHH KJIETOYHOH CTEHKH
pacTeHuil.

IIpn stom kymapoun-screpaza (EC 3.1.1.73) sBnserca moObIM NOJUNENTHAOM,
CHOCOOHBIM K KaTaju3y peakuuu Buma: Kymapoui-caxapun + H(2)O = xymapar + caxapun.
Caxapun MokeT ObITh, HANpUMEp, OJHUIOCAXapUAOM HIIH MOJIUCAXapUAOM. JTOT (epMeHT
MOJKET Takke 0003HAUaThCsl KaK TPaHC-4-KyMapOMJI-3CTepas3a, TPaHC-TI-KyMapoWI-3CcTepasa, Ii-
KyMapOMJI-3CTepas3a WM 3CTepa3a M-KyMapOBOHW KUCIOTBL JTOT (PEPMEHT Takke OTHOCUTCSA K
EC 3.1.1.73, Tak 4TO MOKET TaKxke 0003HaUaThCs Kak (hepyomi-3¢crepasa.

ITpu sTom a-ranakrozunasza (EC 3.2.1.22) senusercst JOOBIM MOJUNENTUAOM, CIIOCOOHBIM
K KaTajJu3y TUAPOJIN3a TEPMUHAIbHBIX, HEBOCCTAHABIMBAIOIINX O-D-TaJakTO3HBIX OCTATKOB B
o-D-ranakro3unax, BKIOYAs TajakTO3HbIE OJIMTOCAXapUAbI, TaJaKTOMAHHAHBI, TaJAKTaHbI U
apabuHoTranakTanbl. Takoll MOJMIENTHA MOXET Takke ObITb CIIOCOOHBIM K THAPONH3y o-D-

byko3unoB. ITOT PepMeHT MOKET TaKkke 0003HAUATHCS Kak Menuonasa.
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ITpu sTom B-ranakro3unasa (EC 3.2.1.23) sBnsercs m00bIM MOJUIIETITHIOM, CIIOCOOHBIM
K KaTaJIu3y THAPOJIN3a TEPMHHAIBHBIX HEBOCCTAHABIUBAIOIINX [3-D-ranakTo3HBIX OCTATKOB B [3-
D-ranakrosumax. Takoll mnogumentTHa MOKET Takxke ObITh CHOCOOHBIM K THAPOJU3y o-L-
apabuHO3UAOB. ITOT PepPMEHT MOKET TaKke ObITh 0003HaUeH Kak 3k30-(1—4)-B-D-ranakranasza
WJIY JTAKTa3a.

ITpu sTom B-mannanasza (EC 3.2.1.78) sBisiercsl MOJUNENTHAOM, CIOCOOHBIM K KaTaJlu3y
MPOU3BOJILHOTO Tuaposusa 1,4-3-D-MaHHO3UAHBIX CBs3ell B MaHHAHAX, raJlaKTOMaHHAHAX WU
[IIOKOMaHHAHAX. JTOT (epMEHT MOXKET Takke ObITh O0O3Ha4YeH Kak MaHHaH-3HAO-1,4-[3-
MaHHO3H1Ia3a WIH 3HI0-1,4-MaHHaHA3a.

ITpu sTom B-manno3uaasza (EC 3.2.1.25) seasiercs M0O0BIM NOJUIETITHAOM, CIIOCOOHBIM K
KaTaJIn3y TUAPOJIN3a TEPMUHAIBHBIX, HEBOCCTAHABIMBAIOIINX [3-D-MaHHO3HBIX OCTATKOB B [3-D-
MaHHO3UAAX. ITOT (PepMEHT MOXKET Takxke 0003HAYaThCsl KaK MAaHHAHA3a WM MaHHA3a.

Kommo3numss u3 HacTosmero u300peTeHUs] MOXKET COAep:KaThb JIOOYI0 IMEeKTHHA3y,
HApUMeEp, SHIOIMOJUTaJaKTypOHA3y, MEeKTHH-METHIICTepasy, SHAOralakTaHasy, Oera-
rajlakTo3uaasy,  NeKTHH-aleTHI3CTepasy,  SHAOMEKTUH-NA3y,  MeKTaT-iuasy,  ajbda-
paMHO3MAA3y, OK30TANAKTYPOHA3y, SK30MOJHralakTypOHAT-IHA3y, pPaMHOTaJaKTypOHaH-
THIpPOJIasy, pPaMHOTAJIAKTypPOHAH-JINA3Y, PaMHOTAJIAKTypPOHAH-ALETUII-3CTEPA3y,
PaMHOTaJIAKTYPOHAH-TAJIAKTYPOHOTHIPOJIa3y, KCHIJIOTANIAKTyPOHA3Y.

IIpn sTtom sHponosmranaktypoHasa (EC 3.2.1.15) smusercs mo0bIM MOJUNENTHAOM,
CHOCOOHBIM K KaTaJlu3y MPOU3BOJIBHOTO THApOin3a |,4-0-D-ranakTo3uaypOHOBBIX CBs3€H B
NEeKTaTe WU JPYIrUX TajJakTypoHaHax. JTOT (PEPMEHT MOKET Takke ObITh 00O3HAuUeH Kak
MOJINTAJIAKTyPOHA3a TMEKTUH-IETNONNMepas3a, MEKTHHA3a, SHAOMOJNIalakTypOHa3a, MEeKTONa3a,
NEeKTHH-THIPOJIasa, NEeKTHH-TIOJNTaIaKTyPOHA3, noJu-o-1,4-raJakTypoHus-
[UIIOKAHOTHAPOJIAa3a,  SHIOTANAKTypoHas3a, odHAo-D-ramakryponasa wmm  nomu(1,4-a-D-
rajlaKTyPOHU)TTUKAaHOTHIPOJIa3a.

IIpn »>tomM mnexruH-MerHa-3ctepaza (EC 3.1.1.11) sBasercs moObIM (pepMeHTOM,
CHOCOOHBIM K KaTajm3y peakuuu: nektuH = n HyO = n meranon + nekrar. PepMeHT MOXKET
TaKkXKe OBITh M3BECTEH KaK IMEKTUH-3CTepas3a, NEeKTHH-JEeMETOKCHIA3a, MEeKTHH-METOKCHIIa3a,
NEeKTHH-METHIIICTEPa33a, MeKTa3a, IeKTHHOSCTEPa3a WIN NeKTHH-TIEKTUITUAPOIIa3a.

ITpu sTom srnoranakranasa (EC 3.2.1.89) ssasercss moObIM QepMEHTOM, CIIOCOOHBIM K
KaTanu3y sHporuaponusa |,4-B-D-ranakTo3uaHbIX CBsA3ed B apaOHHOTanNakTaHax. DepMeHT
MOJKET TakKke OBbITh M3BECTEH Kak apaOuHOrajakTaH-3HNIOo-1,4-fB-ranakrosunasa, sHmo-1,4-B-
rajlakTaHasa, rajlakTaHasa, apaOWHOraJlaKTaHa3a Win apabuHoranaktaH-4-f-D-

rajakTaHOrugpoJasa.
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IIpn 3TOM NEKTHH-ALETUICTEPa3a ONPEAeIsieTCs B HACTOSINEH 3asBKe Kak (DEpPMEHT,
KOTOpBII ~ oOmajaer  aueTHNI-3CTepa3sHOH  aKTUBHOCTBIO, KOTOpPBIH  KaTaJlu3upyer
JealeTIINPOBaHIE ALETHIIBHBIX IPYI Ha TUAPOKCHIBHBIX rpynmnax GalUA ocTaTKOB MEKTHHA.

IIpn stom sHponektuH-mmaza (EC 4.2.2.10) sBusercss (epMEHTOM, CIIOCOOHBIM K
KaTajIn3y 3JUMUHAIMOHHOTO paciiermieHus (1—4)-o-D-ramaktypoHaH-MeTUIoBOro 3dupa 1o
MOJIyYEHUs] ~ OJINrocaxapuioB ¢ 4-me3okcu-6-O-merun-o-D-ranakr-4-eHypOHO3UIbHBIMU
IPyNIaMu Ha UX HEBOCCTAHABIMBAIOIIMUX KOHLAX. PEpPMEHT MOXKET TakkKe ObIThb M3BECTEH Kak
NEeKTUH-IMAa3a, MEeKTUH-TPaHC-3JIMMMHA3a, OJHIONEKTHH-INa3a, IOJUMEeTUIralakTypOHOBas
TPaHC3JIMMUHA3a, MEeKTUH-METWITPaHC IuMuHas3a, nekronuasa, [ TTHJI wiu IIMIJI wnmn
(1—4)-6-O-meTun-a-D-ranakrypoHaH-nmuasa.

IIpu stom nekrar-nmuaza (EC 4.2.2.2) sBusercss epMEHTOM, CIIOCOOHBIM K KaTallu3y
3NMUMUHUpYoLero pacueruieHus (1—4)-a-D-ranakTypoHaHa ¢ MOJyYeHHUEM OJIUTOCAXapHIOB C
4-ne3zokcu-o-D-ranaxkr-4-eHypOHO3UIbHBIMU IPYNIaMHU Ha UX HEBOCCTAHABJIMBAIOLINX KOHLIAX.
10T (QepMEeHT MOKeT Takke OBITh HM3BECTEH KaK IOJITAAKTYPOHOBAsl TPAHCIIMMHUHA3A,
MEKTUHOBOM KHUCJIOTbI TPaHCOJIUMUHA3a, MOJINTalaKTypOHAT-JINa3a, SHONEKTHH-
METUJITPAHCOIUMUHA3A, MEeKTaT-TPAHCINMHUHA34, SHJOTaJaKTypPOHAT-TPAHCIINMUHA3A,
MEKTUHOBOW KHUCJIOTHI JiMa3a, NEKTUHOBas Jnasa, o-1,4-D-3HI0noauranakTypOHOBON KHUCIOTHI
muaza, III'A  smaza, [Illla3a-N, »sH10-0-1,4-MONMUranakTypoOHOBOM  KHCJIOTHI  JIMa3a,
MOJINTaNlaKTYPOHOBOM ~ KUCJIOTHl  JMa3a, NEeKTUH-TPaHC-3JMMHHA3a, MOJUTralakTypOHOBOMN
KHCJIOTBI TPAHCAIMMHHA3a WK (1—4)-0o-D-ranaktypoHaH-inasa.

IIpn stom anbda-pamuosupaza (EC 3.2.1.40) sBusercs moOBIM MOJUNENTUAOM,
CHOCOOHBIM K KaTaJlu3y THIPOJIHM3a TEPMHHAIBHBIX HEBOCCTAHABIHMBAIOIINX O-L-paMHO3HBIX
OCTaTKOB B O-L-paMHO3MIax WiM aJbTEPHATHBHO B PAaMHOTAJAKTypOHaHE. DTOT (epMeHT
MOJKET Takke ObITh M3BeCTeH Kak o-L-pamuosunasa T, a-L-pamuosugaza N wiu o-L-pamaosnna
paMHOTUAPOJIA3a.

IIpn stom »sk3oranmakrypoHaza (EC 3.2.1.82) sBusercs m00bIM MOJUNENTHAOM,
CHOCOOHBIM K THIPOJM3Y MEKTHHOBOH KHCJIOTHl Ha HEBOCCTAHABIHMBAIOIIEM KOHIE, C
BBICBOOOK/IEHHEM JUTAAaKTypoHaTa. JTOT (PEPMEHT MOXKET TakKe OBITh H3BECTEH Kak
SK30M0JHU-0L-TalaKTypPOHO31/1a3a, SK30MOJIUTalakTypOHO31a3a WIH
SK30MOJIUrajJakTypaHOo31aa3a.

IIpu stom sx3oranakryponaza (EC 3.2.1.67) sBusercs MONMUNENTHAOM, CHOCOOHBIM K
katammsy: (1,4-o-D-ramaxryponun), + HO = (1,4-a-D-ranakryponun),.1 + D-ramaktypoHar.
®epMeHT MOXKET Takke OBITb M3BECTEH Kak  rajakTypas-1,4-o-rajakTypoHHIA3a,

9K30MOJIUIaJIaKTypOHas3a, NOJU(ranakTypoHAaT)-THApoas3a, 35k30-D-ranaktypoHasa, 5k30-D-
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rajakTypoHaHasa, sk3onoau-D-ranaktypoHasa WIH nogu( 1,4-a-D-ranaktypoHun)-
rajlaKTyPOHOTHIPOJIa3a.

IIpn »ToM sk3omonuranakrypoHar-nmnaza (EC 4.2.2.9) sBusercs mNOJUNENTHAOM,
CIIOCOOHBIM K  KaTaiu3y 3JIMMUHUPYIOMEro pacmeruienus 4-(4-ne3okcu-o-D-ranakr-4-
eHypoHO3mI)-D-rajakTypoHata ¢  BOCCTAHABIMBAKOIIErO KOHLA  IEKTara, T.€. Je-
3TepU(PUIIPOBAHHOTO MEKTUHA. JDTOT (PEPMEHT MOKET ObITh M3BECTEH KaK NMEeKTaT-Iucaxapui-
JMas3a, MEeKTaT-3K30J1Ma3a, SK30MEKTUHOBOH KHCIOTHI TPAHCIJIUMHHA3a, 3K30MEKTaT-JInasa,
5K30MOJINTaJaKTypPOHOBON KUCHIOTHI Tpancanumunasza, [IKTD, »k30-IIKTI, sx30-IIIJ] wummn
(1—4)-o-D-ranakrypoHaHa BOCCTAHABJIMBAIOIIETO KOHIIA JUCAXaPHUI-JIHA3a.

IIpn 3TOM paMHOranakTypOHAH-TUAPOJA3a SIBISIETCS MOJUNENTUAOM, CHOCOOHBIM K
SHAOTHIPOJIU3Y CBSI3U MEKAY TaJaKTO3HIYPOHOBON KHUCIOTOW M PaMHOINMPAHO3WIOM B CTPOTO
YepenyrInuXcs PAMHOTAIAKTYPOHAHOBBIX CTPYKTYpPax, COCTOAMX U3 aucaxapuna [(1,2-amsda-
L-pamuowni-(1,4)-anbdha-ranakTo3mirypoHOBOH KHCIOTHI)].

IIpu 3TOM paMHOTaJaKTypOHAH-JIHA3a SIBJSIETCS JTIOOBIM TOJHUIENTHAOM, CIIOCOOHBIM K
pacierieHnto  cBsizeil o-L-PamH,-(1—4)-a-D-T'an,A 3H1000pa3oM B paMHOTaJakTypOHaHE
nyTeM OeTa-3JIMMUHALINN.

IIpn >TOM paMHOTaNaKTypOHAH-ALETIIACTEPa3a SBISAETCS JEOOBIM IMOJUIEITUIOM,
KaTAJIM3UPYIOIIMM JIealleTHIMPOBAHHE OCHOBHOTO KapKaca M3 4YepenyroIlUXCs OCTaTKOB
PaMHO3BI U TaJJAKTYPOHOBOH KHCIIOTHI B PAMHOTAJIAKTYPOHAHE.

IIpy >TOM paMHOTaNIaKTypOHAH-TAJAKTYPOHOTHAPOIA3a SIBISIETCS MOJUIENTHAOM,
CHOCOOHBIM K 3K30THAPOJH3Y TalaKTypPOHOBOH KHCIOTHI C HEBOCCTAHABJIMBAIOLIETO KOHIA
CTPOTO YEPEAYIOIUXCA PAMHOTAJIAKTYPOHAHOBBIX CTPYKTYP.

IIpn 3TOM KCHJIOTANaKTypOHA3a SIBISIETCS JIFOOBIM TOJHIIENTHIOM, ACHCTBYIOIIMM Ha
KCHJIOTAJIAKTYPOHAH MyTeM PACIICTICHUsT KapKaca U3 3-KCHII030-3aMEIIeHHON rajlakTypOHOBOM
KHCJIOTBI 3HA000pa30oM. DTOT (pepMEHT MOKET TakXKe ObITb M3BECTEH KaK KCHUJIOTAJAKTypOHAH-
THIpOJIasa.

ITpu stom a-L-apabunodypanozunaza (EC 3.2.1.55) aBnsercs moObIM MOJUNENTUAOM,
CHOCOOHBIM K BO3ACHCTBHIO Ha ol-apaOmHO(ypaHO3unbl, o-apaOuHaHbl, copepxkamue (1,2)
u/vmn (1,3)- u/vnm (1,5)-cBsi3u, apaOWMHOKCUIIAHBI U apaOWHOTAJaKTaHbl. DTOT (EPMEHT MOKET
Takke oOo3HauaThcst  Kak  o-N-apaOuHodypaHo3mmasza, apabuHOpypaHO3Mza3a  WIH
apabuHO3MIa3a.

IIpn »3toM »sHpoapabunanaza (EC 3.2.1.99) sBusercs moObIM TOJHMIIENITHIOM,
CHOCOOHBIM K KaTanusy osSHuoruaponmsa 1,5-o-apabuHodypaHo3upHbx cBsized B 1,5-

apabuHaHax. DepMeHT MOKeT Takxke ObITh H3BECTEH KaK dHI0apadnHa3a, apabuHaH-3Ha0-1,5-01-
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Lapabuno3sunasa, suno-1,5-a-L-apabunanasa, sum0-0- 1,5-apabanasa, sunoapadbanasza wim 1,50-
L-apabunan 1,5-0-L-apabunanorumaposasa.

Komnosunus U3 HacTosero M300peTeHus], Kak MPaBuiio, COAEPIKUT MO MEHbLICH Mepe
IIBE LIEJUTIONA3bl M HEOOsI3aTeIbHO 10 MEHbLIEeH Mepe OHY T'eMULIeIUTI0NA3y U Heo0s3aTeIbHO 10
MeHbLIeH Mepe OJHY MEKTHHA3Y (OHA U3 KOTOPBIX SIBJISIETCS MMOJUIENTHIOM B COOTBETCTBUH C
HacTosmuM n3o0pereHneM). Kommosuiwst M3 HacTosmero n300peTeHHs] MOXKET COIepIKaTh
GH61, uemnoOuoruaposasy, 3HIOTIIIOKaHA3y W/ WM OeTa-TIoKo3uAasy. Takas KOMITO3UIIUS
MOKET TaKKe COIEepPKaThb ONHY WJIM HECKOJIbKO TeMHLEIUII0NA3 W/WIH OJHY I HECKOJBKO
MEKTHHA3.

Kpome Ttoro, ogHo wnu OGosiee (Hampumep, ABa, TPH, YEThIpe WIM BCE) U3 aMUJIa3bl,
npoTeasbl, JIMNAa3bl, JUTHHHA3bI, TeKCO3MITPAHC(epasbl, IIFOKYPOHHIA3bl WM 3KCIAH3UHA WIIH
UHIYLUPYEMOTO LIEJUTIOI030# Oeska M MHTErPUPYIOIIEro LEeJUTI003y Oefka Mk MoJ00HOro
Oeslka MOTYT NIPUCYTCTBOBATH B KOMIIO3UIIMH U3 HACTOAIIETO M300peTeHus (OHU 0003HAYAIOTCS
KaK BCIIOMOTATENIbHbIE aKTHBHOCTH BBIIIIE).

«[IpoTeazay BKIOYaeT (QepMeHThl, KOTOpbIE TMAPOJHM3YIOT MENTHIHBbIE CBS3H
(menTumasel), a Takke EPMEHTHI, KOTOPbIE TUAPOJIHU3YIOT CBSI3M MEKIY MENTHIAMH U IPYyTUMU
KOMIIOHEHTaMH, TAKMMH Kak caxapa (rIMKomenTuaasbl). MHOrue mpoteasbl XapakTepH3YIOTCs
no EC 3.4, u npurogHbl s NPUMEHEHHS B HACTOSINEM W300pETEeHUs, U BKJFOUYEHBI
MOCPEACTBOM CChUTKM. HekoTopble cneuugpuueckue THUIbI MPOTEa3 BKIKOYAIOT LHCTEHHOBbBIE
npoTeasbl, BKIIOYAs TMENCHH, TMamauH W CEPUHOBBIE MPOTEas3bl, BKIIOYAsS XHUMOTPHIICHH,
KapOOKCHUTIENTHAA3bI U METAJUIOI HAOIENTHAA3bL.

«JIumaza» BrrOUaeT (epPMEHThI, KOTOPbIE THAPOIU3YIOT JUIHIbI, KUPHbBIE KUCIOTHI U
ALMJITIMLEPUAbL, BKIOYas (POCHOrIULEepPHIbl, JHUIONPOTEHHbI, AUALMAMIALIEPHHbI, U TOMY
nonoOHoe. B pacTeHusX AUMUIbI MPUMEHSFOTCS B KA4€CTBE CTPYKTYPHBIX KOMIIOHEHTOB JJIsI
OTpaHUYEHUS TOTEPU BOAbI M HMHMEKIMUH TAaTOT€HAMH. OTH JIMMUABl BKIIFOYAOT BOCKH,
MOJTyYE€HHBIE U3 KUPHBIX KUCJIOT, a TAKXKE KyTUH U CyOepHH.

«JluruuHaza» BKIHOYaeT (PepMEHTBbI, KOTOpPbIE MOTYT THAPOJH30BATh HIIH Pa3pyllaTh
CTPYKTYpPbI JIMTHUHOBBIX MOJUMEPOB. DepMeHTh, KOTOpPbIE MOTYT pa3pyllaTh JIMTHUH,
BKJIFOYAIOT JIMTHUH-TIEPOKCHIA3bI, MapraHLeBbie MEPOKCUAA3DI, JIAKKA3bl U (PepyIONI-3CTepasbl,
a gpyrue (QepMeHTbI, OMUCAHHbIE B JAHHOH OONACTH TEXHUKH, HW3BECTHBI Kak
IETOJUMEPH3YIOIHe MM HMHBIM OOpa3oM pa3pyllaroliye JUTHUHOBbIE MOJUMEpbl. Takxke
BKJIFOUEHbI (PEPMEHTBI, CIOCOOHbIE T'MIAPOJU30BATh CBSI3H MEXKAY T[eMHLEUIIOI03HBIMU
caxapamu (OCOOEHHO apaOWHO30#) U JUTHUHOM. JIUTHUHA3BI BKJIIOYAIOT CIIEAYIOIIUE TPYIIIbI
¢depmenTos: murauH-nepokcunasbl (EC 1.11.1.14), maprannessie nepokcunasel (EC 1.11.1.13),

nakkasbl (EC 1.10.3.2) u dpepynoun-screpassl (EC 3.1.1.73), HO He OTPAaHUYHBAOTCS] UIMH.
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«'excosuntpancdepasay (2,4,1-) BkirodaeT GpepMeHThI, KOTOPBIE CITOCOOHBI K KaTaJIH3y
TpaHc(hepasHOH peakiyH, HO KOTOPBIE TaKXKe KAaTATH3UPYIOT PEAKLHUI0 THAPOJIN3a, HAIMPUMED,
LEJUTIOJIO3bI  W/WJIM TIPOAYKTOB JAerpajaluy IeJunrosio3el. [IpumepoM rexcosmntpaHcdepassbl,
KOTOPYIO MOKHO TIPUMEHSITh B HACTOSIIEM H300pETEHUH, SBIIACTCS [B-ritokaHo3uATpanchepasa.
Taxoit gepmenT moxker ObITh crocodeH k katanu3y nerpazauuu (1,3)(1,4)rmokana w/wnmm
LIEJUTFOJIO3bI W/WIIN TIPOYKTA ACTPAAALUN LEJUTIOJIO3BL.

«[mokypoHumaza»  BKIOYaeT  (PEpMEHTBI, KOTOPbIE  KATAIM3HPYIOT  THIAPOJIN3
[IIIOKYPOHO3MIA,  HAampuMmep, [(-TIIOKYpOHO3WAa, C  MOJydyeHWeM crnupTa.  MHorme
TIIIOKYPOHHUIA3bl OXAapaKTEPU30BaHbl M MOTYT OBITh MPHUIOJHBIMH Il TIPUMEHEHUS B
HacrosimeM u3o0pereHuyu, Hampumep, [-rmokyponumaza (EC  3.2.1.31), ruamypoHo-
rmokyporngaza (EC  3.2.1.36), TIOKypOHO3UJI-TUCYIB(POTIFOKO3aMIH-TTIOKYPOIUAa3a
(3.2.1.56), rmuumppusuHat-B-rumoxyponuaaza  (3.2.1.128) wmm  a-D-rmoxyponupaza (EC
3.2.1.139).

Kommo3nnwmst 1j1st MpuMeHeHHst B HACTOSIIEM H300pETeHHH MOYKET BKJIFOYATh SKCIAH3UH
WM SKCIAaH3UH-TIOAO0HBINH OeNlok, Tako# kak cBojuieHuH (cMm. Salheimo ef al., Eur. J. Biohem.
269, 4202-4211, 2002) uau CBOJUIEHUH-TIONOOHBIH OEJIOK.

DKCMaH3UHbI BOBJIEUEHBI B OCNIableHHe CTPYKTYPBI KJIETOYHOH CTEHKU BO BPEMs pOCTa
KJIETOK pAacTeHUH. DKCMaH3WHBI ObUTM MPEIUIOKEHBI ISl Pa3pyLISHHs BOJOPOAHBIX CBS3EH
MEXKIY LeJUTIOJO30H M JAPYTMMH TOJHCaXapuaaMH  KIETOYHOH CTeHKH 0e3 HajIudus
THOPOJIUTUYECKON akTUBHOCTH. Takum 00pa3oM, mpenanosaraercs, 4To OHM OO0eCIeYHBarOT
CKOJIbKEHHE LEJUTIOJIO3HbIX BOJIOKOH M YBEJIMYEHHE KIETOYHOH cTeHkH. CBOJUICHUH,
SKCMAH3UH-TIONOOHBIH  OeNoK, comepKUT N-KOHLIEBOH  YIJIEBOI-CBSI3bIBAIOLIETO  MOIYJIS
cemeiictrea 1 nmomen (CBD) u C-koHLEeBOH SKCHaH3WH-NIONOOHBIM nmomeH. Jlns uenei
HACTOSIIEr0 M300peTeHus] SKCIMAH3UH-MOAOOHBIA OeIOK WM CBOJUIEHUH-MOAOOHBINA Oenok
MOJKET COZIepKaTh OAMH MIIM 00a TAKUX TOMEHA W/WIIM MOKET pa3pyllaTh CTPYKTYPY KIETOUHBIX
CTEHOK (Hampumep, paspylias eJUTFOJIO3HYK CTPYKTYpPy), HeoOs3areapbHO 0Oe3 MpOayKIuu
BBISIBJIIEMBIX KOJIMUECTB BOCCTAHABIIMBAIOLINX CaXapOB.

Kommo3nnus 11t npUMEeHEHHUs] B HACTOSIIIEM N300peTEeHUH MOXKET ObITh MHAYLIHPYEMbIM
LEJUTI0JI0301  O€JIKOM, HampuMep, MOJHUIENTHIHBIM TNPOAYKTOM cip/ WM cip2 TeHa WIu
nonobubx TeHoB (cM. Foreman ef al, J. Biol. Chem. 278(34), 31988-31997, 2003),
LEJUTIOJIO3Y/LIeJUTYJIOCOMY HMHTETPUPYIOIIUM OEJIKOM, HampuMep, MOJHUIENTHAHBIM MPOAYKTOM
rera cipA umu cipC, nmn ckaddoanuaom wim ckadpdonauH-nogooHbiM Oenkom. Ckaddonauab
U LEJUTI0JIO3y MHTETPUPYIOLIUe OENKH SIBISIOTCS MYJIbTH(PYHKLINOHAIBHBIMA WHTETPHPYIOLIIM
CyObeOMHULIAMH, KOTOPBIE MOTYT OPraHM30BaTh LEJUTIOJIOIUTUIECKHE CYOBEIUHUIBI B MYJIbTH-

(I)epMeHTHbeI KOMILIEKC. ITO OCYHIECTBJIACTCA IyTEM BSaHMOHeﬁCTBHﬂ ABYX KOMILIICMEHTAPHBIX
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KJIAaCCOB JIOMEHOB, T.€. JOME€Ha KOore3nw Ha ckaddonmuHe W IOMEHa AOKEPHHA Ha KaXKIOU
depmenraruBHoi enunnie. CyObennanua ckaddonanHa Tak:ke HECeT NOMEH, CBSI3bIBAIOIIHI
nemwtono3y (CBM), koTopwlii onocpenyer NPUKPEIUICHHe LEeJUTIOJIOCOMBI K €€ cyOcTpary.
Ckaddonaun unmu Oeok, UHTETPUPYIOIMUN HEJUTIONIO3Y, JJIs Mejield HaCTOSIIero u300peTeHus
MOJKET BKJIFOYaTh 00a TAKUX TOMEHa.

Kommo3nnmst il MpUMEHEHHsT B HACTOSILIEM H300PETeHWH MOXKET TAaKXKe BKIIIOYATh
katanazy. TepMuH «Kkaraja3a» O3HAa4aeT TMEPEKHCh BOJOPONA: TMEPEKHCh BOAOPOIA-
okcunopenykrasy (EC 1.11.1.6 uim EC 1.11.1.21), koTopast KaTaJu3upyeT MpeBpalleHne ABYX
nepeKrceil BOAOPOaa B KHCIOPOA U ABE BOAbL. AKTHBHOCTH KaTala3bl MOXKHO OMPEIENUTh yTEM
MOHUTOPHUHIA Aerpajalluy MepeKucu Bogopoaa npu 240 HM Ha OCHOBE CIENYyIOLEH peakLuu:
2H,0; — 2H;0 + Os. Peakuuro nposoasat B S0 MM ¢docdaraom bydepe npu pH 7,0 mpu 25°C ¢
10,3 MM cybcrpatom (H202) u mpumepno 100 emunnumamu depmenta Ha mut. [lormomenne
KOHTPOJIMPYIOT — crnekTpodoromerpudeckn B mpeneinax 16-24  CexkyHHI, YTO JOJIKHO
COOTBETCTBOBATh CHIKEHUIO morjomenus oT 0,45 mo 0,4, OmHa eguHWIA KaTalla3HOM
AKTUBHOCTH MOJKET OBITh BbIpAXKEHA B BUAE Jerpananuu oxHoro mukpomois HrO; B munyTy
npu pH 7,0 u 25°C.

Kommo3nnwmst 1i1st npuMeHEeHHsI B Coco0e U3 HACTOAIIEr0 N300pETEHHs] MOXKET COCTOSITh
U3 4WICHAa KWKAOTrO Kiacca (PepMEHTOB, YIOMSHYTBIX BBIIIE, HECKOJBKHUX HJIEHOB KayIOTO
KJjacca (PepMEHTOB, HJIU JII0OOOH KOMOMHAIIMU 3THX KJIacCOB (PEPMEHTOB M XENIEPHBbIX OETKOB
(T.e. OENKOB, YNOMSHYTHIX B HACTOSIIIEH 3asBKE, KOTOpbIe HE 00JamaroT (hepMEHTATHBHOM
AKTUBHOCTBIO KaK TAKOBOH, HO TEM HE MEHee CIIOCOOCTBYIOT JErPaialliyl JINTHOIIEIUTIOJIO3bI).

Kommo3nnwmst 1i1st npuMeHEeHHsI B Coco0e U3 HACTOAIIEr0 N300pETEHHs] MOXKET COCTOSITh
u3 ¢epmentoB or (1) KOMMEpUECKMX TMOCTABLUIMKOB, (2) KIOHHPOBAHHBIX TI'€HOB,
sKcnpeccupyrmux GepmMeHThl; (3) KOMIUIEKCHOro OyibOHAa (TAaKOro, KakK TMOJYYEHHBIH MPU
pocTe MUKPOOHOTO IITaMMa B Cpefie, I/Ie IITAMMBI CEKPETUPYIOT OeNku U (PEPMEHTHI B Cpeny);
(4) KJIETOYHBIX JIM3aTOB TPU BBIPAIIMBAHWM LITAMMOB, Kak B mnyHkre (3); wwmmm (5)
pPacTUTENPHOIO Marepuaia, »JKchpeccupyroomero ¢epMmeHTel. PasnuuHele  (epMEHTHI B
KOMIIO3ULIUN U3 HACTOSIIErO H300pETEHUSI MOTYT OBITh TIOJYUEHb! U3 PA3JIMYHBIX HCTOUHUKOB.

@DepMeHTBI MOTYT OBITh TIOJYYEHBI 3K30T€HHBIM CIIOCOOOM B MHKPOOPTraHU3MAX,
APOsKiKax, rpuOkax, OaKTepHsIX WM PACTEHHSIX, 3aT€M BbIACICHBI U NOOABJICHBI, HAIIPUMED, B
JUTHOLEJUTIONO3HBIH CBIPBEBOH MaTepualt. AJbTEpPHATHBHO, (DEPMEHTBHI MOJY4arOT, HO He
BBIJIEJIAIOT, U HEOUHINEHHBIA OyJNbOH OT (pepMEHTALMH KJIETOYHON MacChl, UM PACTHTEIbHBIN
MarepHual (Tako#, Kak KyKypy3Hasi COJIOMa WMJIH MIIEHUYHAs COJIOMa) U TOMY MOAOOHOE MOKHO
n00aBUTh, HANPUMeEP, K CHIPHEBOMY MaTepuajy. AJIbTEPHATHBHO, HEOUYHMIIECHHYIO KJIETOYHYIO

Maccy WM Cpeny OT TNpPOU3BOACTBA ()EPMEHTOB, WM PACTHTENBHBIM MaTepuanl MOXKHO
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oOpaboTaTh Ui NMPEAOTBPALICHHUs AAJbHEHIIEro pocTa MUKPOOPTaHU3MOB (Hampumep, MyTeM
HAarpeBaHuss WM A00aBJIEHUs] AHTUMHKPOOHBIX areHTOB), 3aTeM J00aBUThb, HAIMPHUMED, K
CBIPEBOMY MaTepuasly. JTH HEOYHIICHHblE CMeCH (PEPMEHTOB MOIYT BKJIOYATh OPraHH3M,
NPOAYLUUPYIOMUH  (epMeHT. AJIbTEPHATUBHO, (EpMEHT MOXKeT ObITh TIOJY4eH MpHu
depMeHTaIMK, TPU KOTOPOH TpUMeEHsieTcsl (TMpenBapUTEIbHO OOpPaOOTAHHBINH) ChIPEBOM
MarepHal (TakoH, Kak KyKypy3Hasi COJIOMa WM IMIIEHUYHAST COJIOMa) AJIst 00ECTIeUeHHsI ITUTAHHS
opranusMa, mnpoxyuupyromero ¢epment(bl). Takum 00pa3oM, pacTeHUs, MNPOIYLIUPYIOIINE
(bepMeHTBI, MOTYT CaMH CIIY’KUTh B Ka4eCTBE JMTHOLIEJUTIOJIO3HOTO CHIPHEBOIO MaTepuana, H
MOTYT OBbITb HOOABJIEHBI B JINTHOLIEIUTIOJIO3HBIN CHIPbEBOI MaTepHal.

B npumeHeHmsx u crmocobax, OMMCAHHBIX B HACTOSIIEH 3asiBKE, KOMIIOHEHTBI H3
KOMITO3UIMH, ONHMCAHHBIX BBIMIE, MOTYT OBbITh OOeceueHbl COBMECTHO (T.€. B EOUHOU
KOMIIO3ULIUHN KaK TAKOBOW) WJIH TI0 OTAEIBbHOCTH WIH MOCIEIOBATEIBHO.

Takum oOpa3oM, H300peTeHHe OTHOCHUTCS K Croco0aM, B KOTOPBIX TNPUMEHSIOT
KOMIIO3ULIMIO, OMTUCAHHYIO BBIIIE, H K MPUMEHEHHIO KOMITO3UIIMU B TIPOMBILIUIEHHBIX ITPOLIECCAX.

B opHOM BapmaHTe OCYILIECTBIEHHS CINOCOOOB B COOTBETCTBHM C HACTOSIIUM
n3o0pereHneM (pepMeHTHass KOMIO3HMLUSA HaXOAUTCS B (opMe LEenbHOro (hepMEHTALMOHHOTO
OynboHa OT rpuOKOB. B OmHOM BapuaHTe OCYIIECTBIEHHS (PEpMEHTHAs KOMIIO3UIUSI MOKET
ObITh  LETbHBIM  (PpepMEHTAMOHHBIM  OyJbOHOM, Kak OMUCaHO  Hwke.  LlenbHbId
(bepMeHTaunOHHBIN OyJIbOH MOXET OBITh MPUTOTOBJIEH NPHU (PEepMEHTALNN HEPEKOMOMHAHTHBIX
/WM peKOMOMHAHTHBIX MHLENHANIbHBIX TPHOKOB. B OmHOM BapuaHTe OCYIIECTBJICHUS
MULIETHAIBHBIA TPUOOK SIBIIAETCS PEKOMOMHAHTHBIM MHULENHAIBHBIM TPHOKOM, COAEP KALINM
OJIMH WJIN HECKOJIbKO T'€HOB, KOTOPBIE MOTYT ObITh TOMOJIOTUYHBIMH HUTH T€TEPOIOTMIHBIMHE IS
MULETHAIBHBIX TPHOKOB. B OTHOM BapuaHTe OCYIIECTBICHHS MULECIHAIBHBIN IPUOOK SBIISETCS
PEeKOMOMHAHTHBIM MULENHAIBHBIM TPUOKOM, COJAEPKAIIMM OAMH WM HECKOJbKO T'€HOB,
KOTOPBIE MOTYT OBITh TOMOJIOTHYHBIMH WJIM T'€TEPOJOTMYHBIMH JUIsI MULIEIHAJIBHOTO TPHOKa, B
KOTOPOM OJUH WJIM HECKOJBKO TI'€HOB KOAMPYIOT (PEPMEHTBI, KOTOPBIE MOTYT pa3pyliaTh
LEJUTIONIO3HbINA cyOcTpar. LlenbHbIN (epMeHTAlMOHHBIA OYyJIbOH MOXKET COAepKaTh JIHOObIe
MOJIUTIETITUABI MITH JIFOOYI0O MX KOMOWHALIHIO.

[IpennouturensHo, (PEepPMEHTHAsT KOMIO3HMLUS SIBISETCS LENbHBIM (PEpPMEHTALMOHHBIM
OyJIbOHOM, TZi€ LeNbHbIE KJIETKU SBJISIOTCS yOUThIMU. LlenbHbI (pepMeHTaunOHHBIH OyIbOH
MOJKET COIepkKaTb OPraHMYECKYK KHCJIOTY (KHUCIIOTHI) (MCIONB3YeMYIO Ui JIM3UCA KIIETOK),
yOUTBIE KJIETKU W/WIIH KIETOUHBIH AETPUT, U KYJIbTYPAIbHYIO CPEny.

Kak mpaBuio, MULETHATbHBIX IPUOKH KYJIBTHBHPYIOT B Cpele sl KyJbTHBHUPOBAHHS
KJIETOK, MPUTOAHON HJIs1 TMOJy4eHus (epMeHTa, CIOCOOHOTO K THAPOJH3Y LEJUTFOJIO3HOTO

cyoctpara. KynbTUBHpOBaHUE OCYIIECTBIISIFOT B MOAXOASINEH MUTATENBHON Cpelie, CoaepKaliei
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UCTOYHUKH YTJIEBOJAOPOAa M a30Ta U HEOPraHWYeCKHe COJIM, C NPUMEHEHHEM NpOIEnyp,
U3BECTHBIX B JAaHHOW oOmacty TexHUKH. lloaxonsimmue cpeabl I KYJBTUBHPOBAHMUS,
TEMIepaTypHbIE TUAMTA30HbI U IPYTHE YCIOBHS, TPUTOAHBIE IS POCTA U BBIPAOOTKH LIEJITFOJIA3HI
W/WIM TeMHLEIUTIONa3bl W/WIM MEeKTUHA3bl, U3BECTHBI B JAaHHOW 00JacTH TeXHUKHU. LlenbHbIi
(bepMeHTaunOHHBIH OYJIBOH MOYKHO PUTOTOBUTH IyTEM BbIPAIIMBAHUS MULEIHAIBHBIX PUOKOB
70 CTALMOHAPHOW (ha3bl M BBIAEPKUBAHUS MHLIEIUAIBHBIX IPUOKOB B YCIOBHUSX OrPaHHYEHHS
yriepona B TEYCHHUE MEPHOAA BPEMEHH, TOCTATOYHOTO JUIA SKCIIPECCUN OJHOHN WIIM HECKOJBbKHX
LEeJUTI0NIa3 W/WIM TeMHULEIUTIoNIa3 W/ nektuHa3. Kak Tonpko (epMeHTh, Takue Kak
LEJUTI0NIa3bl  W/WIM TEeMHULEIUTIONa3bl WHIM TEKTHHA3bl, CEKPETHPYIOTCS MHULENNATbHBIMU
rpubkaMu B (EPMEHTALIMOHHYIO CpeAy, LeNbHbIH (epMEHTAIMOHHbIH OyJIbOH MOKHO
ucnoab3oBath. LlenpHbIN (QepMeHTAMOHHBIH OyJbOH W3 HACTOAILIEr0 H300PETEHUS MOXKET
colepaTb MHLENHaIbHble TPUOKH. B HEKOTOpBIX BapuUaHTaxX OCYIIECTBJICHUS LEJIbHBIH
(bepMeHTaMOHHBIH OyIbOH COJZIEPKUT He (bpakLIMOHUPOBAHHOE COJZIEPIKUMOE
(bepMEeHTaMOHHBIX MAaTEPHAJIOB, TIOJYUYEHHBIX K KOHLY (epMeHTaunu. Kak mpaBuio, LeIbHbIH
(bepMeHTauMOHHBIN OYyJIbOH COINEPXKUT HCTOLICHHYIO KYJIBTYPaJbHYIO CpPEAy W KJIIETOYHBIH
OETPUT, TMPHUCYTCTBYIOLUIUI TIOCNE BBIPAIIWBAHUS MHLEIHAIBHBIX T'PUOKOB 1O HACBIIICHUS,
WHKYOAllMM B YCJIOBUSIX OrpaHUYEHUs yriepona Juisi obecredeHus CUHTe3a OeNlkoB (B
YaCTHOCTH, SKCIPECCHU LEJUTI0JIa3 W/WIM TeMHLEIUTI0Na3 W/ TeKTHHa3). B HeKoTopbIx
BApPMAHTAX OCYIIECTBJICHUS LENbHbIN (ePMEHTALIMOHHBIN OYJIbOH CONEPIKUT HCTOIIEHHYIO
cpeay A KyJbTUBHPOBAHHS KIIETOK, SKCTPAKIIETOYHbIE (DEPMEHTHI U MULIETHAbHBIE TPHOKU. B
HEKOTOPBIX BAPHAHTAX OCYIIECTBICHHS MHLEIHAIbHbIE IPUOKH, MPUCYTCTBYIOIINE B LIEIBHOM
(depMeHTaIMOHHOM OyJIbOHE, MOTYT OBITH JIM3MPOBAHBI, MEPMEAOMIM3UPOBAHBI UM YOUTHI C
NPUMEHEHHEeM CIocOO0B, W3BECTHBIX B JAHHOHN OOJNACTH TEXHHUKH AJISI MOJYYEHHs LEeIbHOTO
(epMeHTaMOHHOTO OyJIbOHA C TU3UPOBAHHBIMHU KJIETKaMU. B OTHOM BapHaHTE OCYILIECTBICHHS
LEeNbHBIH (PePMEHTAIIMOHHBIN OyJIbOH SIBJIAETCS LENBbHBIM (DEPMEHTALMOHHBIM OyJIBOHOM C
yOUTBIMH  KJIETKAMH, Tl€ LeNbHbIH (epMEHTAMOHHBI OyJNbOH COAEPIKUT  KIIETKH
MULETHAIBHBIX TPUOKOB, SIBJIFOLINECS JIM3UPOBAHHBIMH WM YOUTHIMH. B  HekoTOpbIX
BApPMAHTAX OCYILIECTBJIECHHS KIETKH yOWBAIOT MOCPENCTBOM JIM3HCAa MULEIHAIBHBIX I'PUOKOB
NOCpencTBOM xuMudeckod w/mumu pH oOpaboTku ans mONydeHus LenbHOro OyibOHA C
JTU3UPOBAHHBIMH KJIETKAMH OT (PEPMEHTALIMH MULIETHAIBbHBIX TPHOKOB. B HEKOTOPBIX BapHaHTax
OCYILIECTBJICHUs] KJIETKH YyOWBAIOT MyTE€M JIM3UCA MHLEIHAIbHBIX T'PHOKOB IOCPENCTBOM
xumudeckol n/nmn pH oOpabotku u nonsenenus pH ¢epMeHTanMOHHONH cMecH ¢ YOUTBIMHU
KJIeTKaMUd 10 moaxoxsmero 3HaueHuss pH. B omHOM BapwaHTe OCYINECTBJICHUS LEbHBIN
(bepMeHTaIMOHHBIH OyJBOH CONEPKUT TMEPBbIi KOMIIOHEHT W3 OPraHUYeCKOW KHCJOTBHI,

colepsKaluii OPraHUYECKYI0 KHUCJIOTY MO MEHbIIed Mepe ¢ 1-5 atomamu yrieponma w/wim eé
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COJIb, U BTOPOM KOMIIOHEHT U3 OPraHUYECKOW KHUCJIOTBI, COAEPKALIUNA OPraHUYECKYI) KHUCIOTY
Mo MeHblIel Mmepe ¢ 6 win Oojee aTomMamu yriepona w/win €€ cojb. B ogHOM BapuaHTe
OCYLIECTBJICHUSI IEPBbI KOMIIOHEHT U3 OPraHUYeCKON KUCJIOTHI SIBJISETCA YKCYCHOU KHCIIOTOM,
MYPaBbHHOHN KHCIIOTOH, MPOMMOHOBOM KHUCJIOTOH, €€ COJIBbI0, WM JIF00OH MX KOMOWHALMeH, a
BTOPOH KOMIIOHEHT W3 OpPraHWYeCKOH KHUCJIOTHI  SIBJIAETCS OEH30MHOH  KUCJIOTOW,
LIUKJIOr€KCAHKapOOHOBOW  KHCIIOTOH, 4-METWJIBAJIEPHAHOBOM  KHCIOTOH, (DEHMITyKCYCHOM
KHCJIOTOMH, €€ COJIbIO, WM JIF0OO0H MX KOMOMHAIUEH.

TepmuH «1enbHBINA (PEPMEHTALMOHHBIN OyJIbOH», KaK MPUMEHSIETCS B HACTOSIIIEH 3asBKe,
O3HayaeT Mpernapar, MOJYyYeHHbIH myTeM (epMEeHTALUHN KJIETOK, KOTOPBIA HE MOIBEPraeTcs, UilH
MOJIBEPraeTcss MHUHMMAJIbHOMY BBIOENIEHHIO W/MIM O4MuCTKe. Hampumep, Moyy4aroT LEeNbHBIHA
bepMeHTaMOHHBIN OyNBbOH, TAe MHUKPOOHbIE KYJBTYPbl BBIPAIIMBAIOT IO HACHIEHUS,
UHKYOHPYIOT B YCJIOBUSX OTPAHMUYEHHS yIiIepoaa Uit 0OecrieueHus: CHHTe3a OeKoB (Harpumep,
SKCIpeccHy (PEPMEHTOB KIETKAMU-HOCUTEISIMH) U CEKPELIMU B CPEAY KYJIBTHUBUPOBAHUS KIETOK.
Kak mpaBuio, uenbHbIH (pepMEeHTAMOHHBIA OyJbOH SBIISETCS HE (PPAKLUOHMPOBAHHBIM, U
COIEPKUT UCTOLICHHYIO CPeny Uil KYJbTUBHPOBAHMS KJIETOK, SKCTPAKJIETOUHbIE (PEPMEHTHI, U
MUKpPOOHBIE, MPEANOYTUTENLHO HEXKU3HECTIOCOOHBIE KIIETKH.

ITpu HEOOXOAMMOCTH LEbHBIN (PepMEHTALMOHHBINA OYJIbOH MOXHO (PaKIMOHUPOBATD, U
MOKHO TpPHMEHSATh OAHO WM Oosiee M3 (PPaKLMOHMPOBAHHOTO coxep:kumoro. Hampumep,
JU3UPOBAHHbIE KJIETKH WM  KJIETOYHbI JETPUT MOXKHO YOUINTh W3  LEJbHOTO
¢depMeHTaIMOHHOTO OyJNbOHA JJs1  TOJNYYEHHS KOMIIO3WIMH, He COAepamledl 3Tux
KOMIIOHEHTOB.

enbHbIil GepMeHTAMOHHBIN OYJIBOH MOXKET JOMOJHUTENBHO CONEp:KaThb KOHCEPBAHT
W/WIM aHTUMHKPOOHBIN areHT. Takue KOHCepBAHThl W/WIJIM areHThl U3BECTHBI B JAHHOW obyacTu
TEXHUKH.

enbHbIil (hepMeHTAIMOHHBIN OYJIBOH, KaK OTMCAHO B HACTOSINEH 3asBKe, KaK MPaBUJIO,
SIBJISIETCSL KUAKOCTBIO, HO MOKET COJAepXkKaTb HEPACTBOPUMBIE KOMIIOHEHTBI, TaKHE Kak
JU3UPOBAHHbIE KJIETKH, KJIETOYHBIH IETPUT, KOMIIOHEHTBHI KYJIbTYpPaJbHON Cpeabl, W/ HiIu
HepacTBOPUMBIH (QepMeHT(bI). B HEKOTOpBIX BapHaHTAX OCYLIECTBIEHUS HEPACTBOPHMBIE
KOMIIOHEHTBI MOTYT OBbITh YIAJIEHbI TSI OCBETJIEHHS LIEIbHOTO (hepMEHTAIIOHHOTO OyJIbOHA.

B omHOM BapmaHTe OCYIIEeCTBICHHS LEIbHBIH (PepPMEHTAMOHHBIN OyJIbOH MOXKET OBITh
JOTIOJIHEH OJHOW WM HECKOJbKUMH (EpMEHTATUBHBIMU AKTUBHOCTSIMH, KOTOpPBIE He
SKCIPECCUPYIOTCS 3HAOTEHHO, WM DJKCIPECCUPYIOTCS HA OTHOCUTEIBHO HU3KOM YpPOBHE
MULETHATBHBIMU TPUOKAMHU, JUTSA YIYUIIEHHUS Ierpafaliy [eJUT0JIO3HOToO cyOcTpara, HalpuMep,
10 (epMEeHTHPYEMBIX CaxapoB, TaKMX KakK TJIOKO3a WM KCWio3a. JIOMOJHUTEIbHBIN

bepmeHT(bI) MOKET ObITH T0OABJIEH B BUE NOOABKU K LETbHOMY (DePMEHTALIHOHHOMY OYJIBOHY,
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a (hepMeHTHI MOTYT ObITb KOMIIOHEHTOM OTAEJIBHOTO LEJIBHOTO (PepMEHTALMOHHOTO OYJIbOHA,
WJIA MOTYT OBITh OUHUINEHBI, FJIH MHHUMAJIbHO U3BJIEUEHB! W/WJIN OYHIIEHBI.

B onHOM BapuaHTe OCYIIECTBICHHs LEIbHBIN (DEPMEHTAIIMOHHBIH OYJIbOH COAEPIKUT
LEeNbHBIH (PePMEHTALMOHHBIH OyJNbOH OT (epMEeHTaUMH PEKOMOMHAHTHBIX MHIIEITHATBHBIX
rpuOKOB, M30BITOYHO SKCHPECCHUPYIOMUX OJWH MM HECKOJbKO (DEPMEHTOB ISl YIIyULICHUS
Jerpafalyy HeJUTI0JIO3HOTO CyOCcTpaTa. AJIBTEPHATUBHO, HEJbHbIA (PepMEHTAIMOHHBIN OYJIbOH
MOXKET COIepXaTb CMeCh LelbHOro (epmeHTanmoHHOro OyinbOHAa OT (hepMeHTALUH
HEPEKOMOWHAHTHOTO MHLEIHAIBHOrO IpuOKa M PEeKOMOMHAHTHOTO MHLENHAIBHOIO TIpuOKa,
U30BITOYHO SKCIIPECCUPYIOINETO OJUH UM HECKOJIBKO (PEPMEHTOB ISl YIAYUIIEHHs Aerpagaliuu
LEJUTIOJIO3HOTO cybcTpara. B omHOM BapuaHTe OCYIIECTBJICHHS IENbHBIN (hepMEHTALIMOHHBIN
OyJIbOH BKJIIOUAET LEIbHBIH (PEePMEHTAMOHHBIA OyJIbOH OT (epMEeHTaUUHd MHULETHAIbHBIX
rpuOKOB, H30BITOYHO JKCIPECCUPYIOIUX OeTa-TIIIOKO3UAa3y. AJIBTEPHATHBHO, LEJbHBINA
(depMeHTaUMOHHBI OyJNIbOH Ui NPUMEHEHHS B HACTOSIUX CIOCO0aX U PEaKTHBHBIX
KOMIIO3ULIUSAX ~MOJKET COAepXkaTb CMeCh ILeJbHOro (PEepMEHTALMOHHOTO OyJibOHA OT
depMeHTaIMY HEPEKOMOMHAHTHOTO MHLENHAIBHOTO TPHOKAa U LEIBHOTO (hepMEHTALHMOHHOTO
OynboHa OT (QepMeHTaM PEKOMOMHAHTHOTO  MHILEIHANIBHOTO TpudKa, U3OBITOYHO
SKCIPECCUPYIOIIEro OeTa-rIroKO31Ia3y.

B onmHom  BapmaHTe cmoco® — TPUTOTOBICHHS ~ CaXapHOrO  NPOAYKTa U3
JUTHOLICJUTIONIOZHOTO ~ MaTepuaja BKIIOYAeT ClieAyromue Jtanbl  (a) HeoOs3aTenbHO,
npeaBapuTeNbHON  00pabOTKM  JIMTHOLEJUTIONIO3HOTO — Marepuana, (b)  HeoOs3aTeNbHO,
MPOMBIBAHUS HEeoO0s3aTeTbHO MOJIBEPTHYTOTO MpeaBapUTENIbHON obpaboTke
JUTHOLEJUTIONIO3HOTO Marepuana, (¢) moiydeHuss (epMEHTHOW KOMIIO3HILIMH, COAepIKalleil 1o
MeHbIIEH Mepe ABe LIEJUTI0NA3bl, U I1e (pepMeHTHAsT KOMITIO3ULMS 10 MEHbINEH Mepe CONEP>KUT
JIIMO, nyreM KyJbTHBHUPOBaHHS TIpHOKAa B VYCIOBHX, OOECHEUMBAIOIINX 3KCIPECCUIO
bepmentHol kommo3uiny, (d) pepMeHTaTHBHOTO THAPOJN3a HEOOSI3aTEIBHO MPOMBITOTO H/WITH
HEeoO0s13aTeNIbHO MOABEPTHYTOrO MPEABAPUTENBHON 00paboTKe IMTHOLEIIIFOJIO3HOTO MaTepraa ¢
npuMeHeHneM (EepMEHTHOH KOMMO3ULuH, U (€) HeoOsA3aTeNnbHO, M3BJICYEHUS TIIFOKO30-
coneprKaieil KOMIO3HUINH, I7Ie KUCIOPOA MOTPeONAeTCs] B KOJMYECTBAX, COOTBETCTBYIOLINX OT
20 go 5000 MMOJB MOJIEKYJSIPHOTO KHCJIOPOJa Ha KUJIOTPaMM IJIKOKaHA, MPUCYTCTBYIOLIETO B
JUTHOLEJUTIOJIO3HOM MaTepuale, rie KUCIOpoa 100aBISIIOT MOCe MpeaBapUTeNIbHOH 00padoTKH
U 70 Wwuim BO BpeMs (PEepMEHTATUBHOIO THIPOJH3a JIMTHOLEJUTIOJNO3HOIO MarepHana,
NPEANOYTUTENBHO B KOJNUYECTBE, COOTBETCTBYIOIIEM IO MeEHbIneld mepe 30 MOJEKyIspHOTrO
KHCJIOpPOAa Ha KWJIOTPAMM TJIFOKaHA, MPUCYTCTBYIOIIETO B JIMTHOLEJUIIOJO3HOM MaTepuale,
0ojiee MPEennouTUTENHHO, B KOJHYECTBE, COOTBETCTBYIOIIEM IO MeHbIneld Mmepe 40 MMOIb

MOJICKYJIAPHOTO KHUCJIOPOJda HA KHJIOTpaMM TJIIOKaHA, TPHUCYTCTBYIOLICTO B JIMTHOUCJUJIFOJIO3HOM
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Marepuaie, U HanOoJyiee MPEeNNnOYTHUTENbHO, B KOJUYECTBE, COOTBETCTBYIOLIEM IO MEHbLIEH
Mepe 50 MMOJb MOJEKYJSPHOIO KHUCIOpOJa Ha KWJIOTpPaMM IUIIOKaHa, MPUCYTCTBYIOLIErO B
JIUTHOLEJUTIONIO3HOM MaTepuale.

B oxgHOM BapmaHTe OCYIIECTBIEHHS CIOCOO TMONyYeHHs NPONYKTa (PEPMEHTAINH H3
JUTHOLICJUTIONIOZHOTO ~ MaTepuaja BKIIOYAeT ClieAyromue Jtanbl  (a) HeoOs3aTenbHO,
npeaBapuTeNbHON  00pabOTKM  JIMTHOLEJUTIONIO3HOTO — Marepuana, (b)  HeoOs3aTeNbHO,
MPOMBIBAHUS HEeoO0s3aTeTbHO MOJIBEPTHYTOTO MpeaBapUTENIbHON obpaboTke
JUTHOLEJUTIONIO3HOTO Marepuana, (¢) moiydeHuss (epMEHTHOW KOMIIO3HILIMH, COAepIKalleil 1o
MeHbIIEH Mepe ABe LIEJUTI0NIA3bl, U I1e (pepMeHTHasT KOMITO3ULMS 10 MEHbLIEH Mepe CONEep KHUT
JIIIMO, nyreM KyJbTHBHUPOBaHHS TIpHOKAa B VYCIOBHX, OOECHEUMBAIOIINX 3KCIIPECCUIO
¢depmenTHON KOoMno3uuuy, (d) pepMEeHTaTUBHOTO THAPOIIN3A HEOOA3aTENBHO POMBITOTO W/WJH
HEeoO0s13aTeNIbHO MOABEPTHYTOTO MPEABAPUTENBHON 00pabO0TKe JTMTHOLEIITIOJIO3HOTO MaTepraa ¢
npUMeHeHneM (epMeHTHOW kommo3uuu, #u (€) ¢epMeHTauuu TUAPOTU3OBAHHOTO
JUTHOLEJUTIOJIO3HOTO MaTepuaa 0 Moy4deHus npoaykra ¢epmenraunu, u (f) HeoOs3aTenbHO,
U3BJICUEHUS] TPOAYKTa (pepMEHTaUMH, TA€ KHUCIOPOX moTpedisieTcss B KOJIMYECTBAX,
cootBeTcTByOIMUX OT 20 A0 5000 MMOJIb MOJIEKYJIAPHOrO KUCJIOPOJAA HAa KUJIOTPAMM IUIIOKAHA,
NPUCYTCTBYIOLIETO B JIMTHOLEJUTIOJO3HOM MaTepualie, TAe KHCIOPOA MOOAaBJSIIOT TMOCHe
MpeaBapuUTeNIbHON  00paloTkKM W 10 wWwim BO BpeMsi (DEPMEHTATUBHOTO THAPOJIH3A
JIUTHOLEJUTIONIO3HOTO  MaTepuala, MPEeANOYTUTENbHO B KOJUYECTBE, COOTBETCTBYIOLIEM IO
MeHblIeH Mepe 30 MOJIEKYJIAPHOIO KHCJIOPOJa Ha KWJIOTPaMM [JIFOKaHA, MPUCYTCTBYIOLIETO B
JUTHOLEJUTIOJIO3HOM MaTepuaie, 6oiee MpeArnoYTUTENbHO, B KOJIMYECTBE, COOTBETCTBYIOIIEM 10
MeHblIe Mepe 40 MMOJb MOJEKYJSIPHOTO  KHCJIOPOJAa Ha KWJIOTPAMM  IJIFOKAHA,
NPUCYTCTBYIOLIETO B JIMTHOLGJUTIOJIO3HOM MaTepuaie, W HauOoJiee NPEANOYTUTENbHO, B
KOJIMYECTBE, COOTBETCTBYIOLIEM IO MeHblIed Mepe 50 MMOJIb MOJIEKYJISPHOTO KUCJIOpOJa Ha
KUJIOTPaMM TJIIOKaHa, MPUCYTCTBYIOIIErO B JIMTHOLEJUIIOJIO3HOM Marepuaie. Kak ykazaHo
BbIIIE, B OJHOM BAapUAHTE OCYLIECTBIEHHsS CHOCOOOB B COOTBETCTBHHM C H300pETEHUEM,
KUCJIOPON TOTpedssieTcss B KOJHMYECTBE, COOTBeTCTByromeM ot 20 go 5000 wmmounb
MOJIEKYJIIPHOTO KUCJIOPOAA Ha KWJIOTPaMM TJIFOKaHA, MPUCYTCTBYIOIIETO B JIMTHOLENIIOJIO3HOM
marepuaine. IIpeanodyruTensHO, KUCIOPO MOTPEONSETCs] B KOJUYECTBE, COOTBETCTBYIOLIEM OT
22 no 4500 MMOJIb MOJIEKYJIIPHOTO KHCJIOPOJa Ha KUJIOTPaMM IJIKOKaHA, MPUCYTCTBYIOLIETO B
JIUTHOLICJUTIONIO3HOM Marepuane, oT 24 ao 4000 MMOJb MOJIEKYJSAPHOIO KHCJIOpPOAA Ha
KWIOTPaMM T[JIFOKaHa, MPUCYTCTBYIOLIErO B JIMTHOLEJUIIOJIO3HOM Marepuane, oT 26 mo 3500
MMOJIb  MOJIEKYJSIPHOTO  KHMCJIOpOJa Ha KWIOTpaMM [JIFOKaHa, [PUCYTCTBYIOIErO B
JIUTHOLICJUTIONIO3HOM Marepuane, oT 28 a0 3400 MMOJb MOJIEKYJAPHOIO KHUCJIOpPOAA Ha

KHJIOTpaMM TJIFOKaHa, TPUCYTCTBYHOLICTO B JIMTHOLECJUJIFOJIO3HOM MAaTepualic. Bech KHCJIOPOA,
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no0aByIeMbIii B CHUCTEMY, MEPEHOCHTCS B JKUAKOCTb M TMPHUMEHSETCS M THAPOJIH3a. JTO
KOJIMYECTBO MOKHO KOHTPOJMPOBATh MyTeM H3MEPEHUs U KOHTPOJSA KOJUYEeCTBa BO3/yXa,
BHOCHMOTIO B CUCTEMY.

Kak yka3aHO BbIlIE B OJHOM BapHAHTE OCYIIECTBJIECHUS CIIOCOOOB B COOTBETCTBUH C
u300peTeHneM, KHCIOpOoa MOoTpedisieTcss B KojudecTBe, cooTBercTByromeM ot 0,17 mo 41,7
MMOJIb  MOJIEKYJSIPHOTO  KHMCJIOpOJa Ha KWIOTpaMM [JIFOKaHa, [PUCYTCTBYIOIErO B
JUTHOLEJUTIOJIO3HOM ~Marepuajie, B d4ac. lIpeamodtuTenbHO, KHCIOpOon mnoTpedisiercs B
KoJinuecTBe, cooTrBercTByrouieM or 0,18 mo 37,5 MMonb MOJEKYISPHOTO KHUCIOpPOJa Ha
KWJIOTPAMM TJIFOKaHA, MPUCYTCTBYIOIIErO B JIMTHOLIEJUTIOJO3HOM Marepuaie, B 4ac, oT 0,20 no
33,3 MMOJIb MOJIEKYJSIPHOTO KHCJIOPOJa Ha KWIOrpaMM [JIKOKaHa, MPUCYTCTBYIOIIETO B
JIMTHOLICJJTIOJIO3HOM Matepuase, B 4yac, oT 0,22 no 29,2 MMOJb MOJIEKYJSIPHOTO KHUCJIOPOAa Ha
KWJIOTPAMM TJIFOKaHA, MPUCYTCTBYIOIIErO B JIMTHOLIEJUTIOJO3HOM Marepuaie, B 4ac, oT 0,23 no
28,3 MMOJIb MOJIEKYJSIPHOTO KHCJOPOJAa HAa KWJIOTPaMM T[JIIOKaHA, NPHUCYTCTBYIOLIErO B
JUTHOLEJUTIOJIO3HOM Marepuaje, B 4dac. bojee mpenmnodTuTeNnbHO, KUCIOPOA MOTpedisiercs B
KOJIMUECTBEe, CcoOoTBeTcTByrouieM or 0,36 no 27,8 MMOJb MOJIEKYJSIPHOIO KHCJIOpPOJa Ha
KUJIOTPaMM T[JIIOKaHa, NPUCYTCTBYIOLIErOo B JIMTHOLEJUIIOJO3HOM MaTepuaie, B uac. Bech
KUCJIOPOA, 100aBJISIEMBI B CUCTEMY, MEPEHOCHTCS B )KUIKOCTb M IPUMEHSIETCS JUIl THAPOJIN3A.
DTO KOJIMYECTBO MOXKHO KOHTPOJIUPOBATH MyTEM HM3MEPEHHUS U KOHTPOJI KOJMUYECTBA BO3yXa,
BHOCHUMOIO B cucTeMy. «B uac», xkak mpuMeHseTcs B HacTOslel 3asBKe, O3Ha4daeT B 4ac
TUIPOJIN3a.

Kak yka3aHo BbIlI€, B IPEANOYTUTENILHOM BAPHAHTE OCYIIECTBJICHUS IPUOOK SIBJISETCS
MULETHAIBHBIM TPUOKOM, MPENNOYTHTEIBHO TPHOKOM, MPUHAMNIEKALIUM K pony Rasamsonia
wiu Aspergillus. B omHOM BapHaHTe OCYIIECTBJICHUS KYJIbTHUBUPOBAHUE IPHOKA OCYIIECTBIISIOT
B adpolOHbIX ycnoBusax. Cnenuamucty B JaHHOH OOJaCTH TEXHMKH XOPOIIO H3BECTHBI
KOHCTPYKLIMH OHOPEaKTOPOB Ui a’>pOOHOro KyJbTUBHUPOBAHUS, HAINpPUMeEp, TaKUX Kak
pe3epByapsl ¢ TiepeMelTuBaHueM U OapOoTakHble KOJOHHBL Kak mpaBuio, rpudku
KyJIbTUBUPYIOT B Cpele [UIsl KyJbTUBHUPOBAHUs KJIETOK, IPUIOJHON JJisl MOJNy4YeHus
uHTepecyomel QgepmMeHTHON KoMmo3unuu. KynbTHBHpPOBaHHE TPOBOIST B MOAXONSIICH
MUTATeNbHON cpese, BKIIOYArollell UCTOYHUKHU YIJIEpOJia U a30Ta U HEOpPraHUYeCKue COJH, C
NPUMEHEHHEeM TMpoLenyp, W3BECTHBIX B JaHHOW oOmactu TexHuku. llomxopsuue
KyJIbTypajbHble Cpenabl, [AWUaNa3oHbl TeMIlepaTyp U Jpyrue YyCJIOBHs, MOAXOAsINE AJs
BBIPAIIMBAHUS M MPOAYKLIUH (PEPMEHTOB, H3BECTHBI B JaHHOH obnacTu TexHUKU. VX mpumepsl
OmHucaHbl B Hacrosiuleil 3asBke. DEpPMEHTHYIO KOMIIO3UIMIO MOKHO IPUTOTOBUTH IyTEM
BBIPAIMBAHUSI TPUOKOB 11O CTaLMOHAPHON (ha3bl M BBIAEPKUBAHHUS TPHOKOB B YCJIOBHUSAX

OTrpaHUYCHHUA yrjaepoaa B TEUCHHUE TMNEpuoaa BPEMCHHU, AOCTATOYHOIO [JIA SKCIIPECCUU
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¢depmenToB. Kak Tonpko wuHTepecyromue (QEepMEHTBl CEKPETUPYIOTCS TIpUOKaMu B
(hepMeHTALIMOHHYIO cpeny, PepMEeHTHYI KOMIIO3HMIMIO MOYKHO HCIIOJIB30BaTh. JTamy crocoda
NOJTy4eHUsT PEPMEHTHON KOMITO3ULIMH, BKJIIOYAIOIIEH 10 MEHbLIEH Mepe ABe LEeJUTI0Na3bl, U TIe
depMeHTHasE KOMMO3WLMS TO MeHbimeid Mepe comepxkutr JIIIMO, mocpencTtsom
KyJbTUBHUPOBAaHUS TIpUOKA B YCIOBHSX, OOECMEUMBAIOIINX SKCIPECCHI0  (hepMEHTHOM
KOMIIO3MLMHY, KaK OINHCAaHO B HACTOALIEH 3asBKe, MOKET MPEeAllecTBOBAaTh Ipoliecc
pa3sMHOXKeHHs rpudKa. Pa3sMHOXKEHHE MOJKET BKIFOUATh HECKOJBKO 3TANOB BO BCTPSIXUBAEMBIX
¢akoHax, HEOONBIINX KOHTEHHEPAX U OOJBIINX KOHTEHHEpPaxX.

ﬂuZHOl[@ﬂﬂIOﬂOS’H bl Mamepuai

JIMrHOLEJUTIONIO3HBI ~ MaTepuajd B HACTOsINEeH  3asBKE€  BKJIIOHWAeT  JIIOOOH
JUTHOLEJUTIONIO3HBIA W/WJIM TeMULICJUTIONIO3HbIN MaTepual. JIMTHOLEJUTFOIO3HBIN  MaTepual,
NPUTOIHBIN JUIA NMPUMEHEHHsI B Ka4eCTBE CBIPHEBOIO MaTepHasia B HACTOALIEM H300pEeTeHuH,
BKJIFOYAeT OMOMAcCy, HalpuMep, MEePBUUHYI0 OMOMaccy W/WIIM HEEPBUUHYK OHOMAacCy, Takyko
KaK CeJIbCKOXO3SHCTBeHHAass Ouomacca, KOMMepYecKas OpraHuKa, CTPOUTEIbHBIH U TOPOICKOM
MYCOp, TBEpAble KOMMYHAJIbHbIE OTXOIbI, Makyjarypa W canoBble oTXonbl. OOmme (Hopmel
OroMacchl BKIIFOYAIOT EPEBbs, KyCTAPHUKU U TPABY, MIIEHULY, MIIEHUIHYIO COJIOMY, CaxapHbIN
TPOCTHHK, TPOCTHHKOBYIO COJIOMY, TPOCTHHKOBO-CaXapHyK Oaraccy, OTXOIbl CaxapHOIO
TPOCTHHKA, MPOCO, MUCKAHTYC, 3HEPreTUUECKUH TPOCTHUK, KYKYPY3Y, KYKYPY3HYIO COJIOMY,
KYKYPY3HYIO IIENYXY, CTEP’KHU KYKYPY3HBIX [TOYATKOB, CTEOIN KaHOJbI, CTEONIN COH, caxapHOoe
COPro, 3epHa KyKypy3bl, BKJIOYas BOJIOKHA M3 3€PEH, MPOAYKTbI M CYONMPOAYKTHI OT MOMOJA
3epeH, TaKuX KakK KyKypy3a, MIIEHHNA U SYMEHb (BKIIOYAs MOKPBIA IOMOJ M CYXOH MOMOIN),
4acTo 00O3HAaYaeMble KaK «OTPYyOH WJIM BOJIOKHO», & TaKK€ KOMMYHAJIbHbIE TBEPAbIE OTXOMBI,
MaKyJaTypy M CafoBble OTXOAbl. bromacca Takke MOKET OBITb TPaBSIHUCTBIM MaTEpUAJIOM,
CEJIbCKOXO3SNCTBEHHBIMU ~ OTXOAAaMM, OTXOAAMM JIECHOTO XO3fHCTBA, KOMMYHaJIbHBIMU
TBEPAbIMH OTXOJAMH, MAaKyJaTypoi, u OyMa)KHOW Maccoli M OTXOJaMH OT IPOU3BOJACTBA
Oymaru, HO He orpaHM4yuBaeTcs MMH. «CelbCKOXO3SIIICTBEHHAas OMOMAaccay BKIIOYAET BETKH,
KYCTbI, TPOCTHHK, KYKYPY3Y U KYKYPY3HYIO LIEJyXy, SJHEpreTUYeCcKue KyJIbTypbl, lecoMaTepual,
IUTOABI, LIBETHI, 3€PHA, TPaBY, TPABSIHUCTBIE KYJIbTYPBI, JHCTbS, KOPY, XBOK, OpeBHa, KOPHH,
noOery, ApeBeCHbIE KYJIbTYPbI C KOPOTKOW pOTALMel, KYCTApHHKH, MPOCO, AEPEBbs, OBOIIH,
KOXKYpY IIJIOZIOB, JIMAHBI, )KOM CaxapHOU CBEKJIbI, MIIEHUYHbIE OTPYOH, LIETYXY OBCA, U TBEPAYIO
U MATKYIO JIpeBeCHHY (HE BKIIOYAasl APEBECHHY C BpPeOHBIMH MaTepuanamu). Kpome Toro,
CEeNIbCKOXO3SUCTBeHHAs OHMOMacca BKJIIOYaeT OpTraHWYecKue OTXOnAbl, o0pasyeMmble B
CEJIbCKOXO3SHCTBEHHBIX MPOLIECCaX, BKIFOUAs 3€MIICACIINE U JIECHOE XO3SHCTBO, B OCOOEHHOCTH
BKJIFOYAsl JPEBECHBIE OTXOMAbI JIECHOTO Xo3siiicTBa. CeNbCKOXO3ANHCTBEHHAass OHomMacca MOXKET

OBITH JIIOOOH U3 BBIIICYTIOMSAHYTOI'O, 110 OTACJIbHOCTU UJIA B KOM6I/IHaLII/II/I, W UX CMECBIO.



42

Henmonoza sBnsiercss opraHudeckuMm coenuHeHueM ¢ Gopmynoir  (CeHioOs)n,
MOJIICAXaPHUIOM, COCTOSIINM U3 JIMHEHHON e OT HECKOJBKUX COTEH 10 Ooiee NECSTH ThICSY
B(1—4) cBsazaHHBIX D-riaroxo3Hble eAWHULL. | FOKAHOBAsE MOJIEKYJa SIBJSIETCS TOJHCAXapHIOM
u3 D-III0OKO3HBIX MOHOMEPOB, CBSI3aHHBIX TJIMKO3HIHBIMU CBsi3IMH. B Hactosmei 3asBke
TJIFOKaH M LEJUTI0JI03a MPUMEHSFOTCS B3aMMO3aMEHsIeMO Ul MmoJjiicaxapuaa u3 D-TriaroKo3HbIX
MOHOMEPOB, CBSI3aHHBIX TJUKO3UAHBIMU CBs3sIMH. CrocoObl KOJMYECTBEHHOTO aHAJIN3a
TJIFOKAHOBBIX WJIM TOJINCAXaPUAHBIX KOMIIO3HULIMN XOPOIIO HM3BECTHBI M ONHCAHBI B JAHHOM
obnactu TexHukH, u 00o0mensl, HanpuMep, B Carvalho de Souza et al., Carbohydrate Polymers
95 (2013) 657-663. Kak mpasBuio, ot 50 nmo 70% rirokaHa SIBJISETCS KPUCTAJTHYECKOU
LEJUTIOJIO30M, & OCTATOK SIBJISIETCS aMOP(HOH eJITF0I030H.

IIpeosapumenvuasa obpabomra

JIMrHOLIEJUTIOJIO3HBI MaTepHall, HCIOJNb3YEeMbIi B HACTOSIIEM H300PETEHHH, MOXKET
OBITH MPOMBIT W/WJIM MOIBEPTHYT NpenBapuTebHONH 00padoTke. CrIppeBON MaTepHasl MOXKET
OBITb HEOOSI3aTEIPHO MOABEPTHYT MPEIBAPUTENBHON 00pabOTKe ¢ HArpeBaHUEM, MEXaHUYECKON
u/wM  XUMuYeckod wmoaupukauueldl, wim 000 koMOWHAIMeHW TakuX CIOCOOOB, JUIS
MOBBILICHUS] JOCTYIMHOCTH CcyOcTpata i (EepMEHTATUBHOTO THAPOJM3a H/HIM THAPOJIH3A
TeMULIEJUTFOJIO3bI /WM COMFOOMIIN3ALNN T€MHLICIUTIONO3b! W/HIH LEJTIOJIO3bl W/WIIN JIMTHUHA,
JI00BIM CIIOCOOOM, M3BECTHBIM B JJAHHOW OOJNIACTH TEXHUKU. B OTHOM BapuaHTe OCYLIECTBICHHUS
MpeIBaAPUTENIbHYIO 00pabOTKy MpOBOAST, 00padaThiBasi JIMTHOLEIUIFONIO3Y MapoM, Topsidei
BOZOU WK pa30aBIeHHON KUCIOTON WK pa30aBIeHHBIM OCHOBAHUEM.

B onmHOM BapuaHTe OCYINECTBJICHHS JIMTHOLEIUTFOJIO3HBIM MaTepHual MOJBEPraroT
npenBapuTeNbHOl 00paboTke Mo W/uiam BO BpeMsi (epMeHTaTHBHOrO ruaposm3a. CrocoOsr
npefBapUTeNIbHONH 00pabOTKH M3BECTHBI B AAHHOH O0JAaCTH TEXHUKU M BKJIOYAIOT HarpeBaHUe,
MEXaHUYECKYI0, XMMHUYECKYI0 MOIU(DHUKALNI0, OHOJOrHMYECKYI0 MOAMU(DHUKALMIO, U JIOOYI0 HX
KOMOHMHAIINIO, HO HE OrpaHu4yuBaroTcs umu. IIpenBapurtenbHyro 00pabOTKy, Kak MPaBUIIO,
OPOBOIAT ANl TOBBIIIEHWS ~ AOCTYMHOCTH  JIMTHOLGJUTIOJIO3HOTO — Marepuana s
(bepMEHTaTUBHOTO THAPOJM3Aa W/WIM THUAPOJU3A TEMHLEIUTIONO3bl W/WIN  CONIOOMIN3ALUN
TeMULIEIUTFOJIO3bI W/WJIM LEJUTIONIO3bl W/WJIM JIMTHWHA, B JIMTHOLIEJUIFOJIO3HOM Marepuane. B
OIIHOM BapuaHTe OCYIUIECTBJIICHUs mpeaBaputreibHass oOpaboTka BrirodaeT 00paboTky
JUTHOLICJUTIONIOZHOTO ~ Marepuana mnapoM, oOpaOOTKy ropsiueld BOAOW Wi  OOpaboTKy
pa3baBneHHONH  KHCIOTOH WM pa3daBleHHBIM  OCHOBaHHeM. llpumepsl  crocoOoB
npeaBapuUTEeNbHON 00paboTKN BKIIOUAIOT 00paboTKy mapom (Hampumep, obpadorky mpu 100-
260°C, mon nmaBneHueMm 7-45 Oap, mpu HeliTpambHOM pH, B Teuenue 1-10 mMuHyT), 00paboTKy
pa3baBiieHHON KucioTol (Hampumep, odpadotky ¢ 0,1 — 5% H,SOs w/wm SO, w/unun HNO;3

w/wim HCl, B mpucyrcTBum wiu npu OTCyTcTBUU mapa, npu 120-200°C, mox nasienuem 2-15
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Oap, nmpu kuciom pH, B Teyenue 2-30 MuHYT), 0OpabOTKy OpPraHMYECKHM PaCTBOPHUTEIEM
(marmmpumep, obpadotky 1-1,5% H2SO4 B mpuCYyTCTBHM OpPraHHYE€CKOTO PACTBOPUTENS U Mapa,
npu 160-200°C, mox nasnenuem 7-30 Oap, npu kucnom pH, B Teuenune 30-60 munyT), 06padoTKy
u3BecThi0 (Hampumep, odpabotky 0,1-2% NaOH/Ca(OH), B mpucyrctBuu Bozasl/mapa mnpu 60-
160°C, non nmaBnermem 1-10 Oap, mpu menounom pH, B Teuenue 60-4800 mmuyt), ARP
obOpabotky (Hampumep, 0dpadotky 5-15% NHs, npu 150-180°C, nox nasnenuem 9-17 Gap, mpu
menoyHoM pH, B teyenue 10-90 munyt), AFEX 00pabotky (Hampumep, oOpaboTky ¢ >15%
NHs, mpu 60-140°C, non nasnenuem 8-20 Gap, mpu menoynoMm pH, B Teuerne 5-30 MUHYT), HO
HE OrPaHUYUBAIOTCS UMH.

Dman npomuIeaHUs

HeoGs13atenbHo, cmocod B COOTBETCTBUU C HACTOSIIUM H300PETEHHEM BKJIOUAET JTall
npoMbiBaHusl. DaxkyNbTAaTUBHBIA STal MPOMBIBAHUS MOXKET TNPUMEHSTHCA ISl yIAJICHUs
BOJIOPACTBOPUMBIX COEIWHEHHH, KOTOpbIE MOTYT IEHCTBOBATh B KaueCTBE MHTHOUTOPOB IS
sTana pepMeHTAlMH. DTall MPOMBIBAHUS MOYKHO POBOIUTH OOBIMHBIM CIIOCOOOM.

JIMrHOLIEJUTIONIO3HBI ~ MaTeprall MOXKeT ObITb mNpoMbIT. B ogHOM  BapuaHTte
OCYILIECTBJIEHHSI JINTHOLEIUTIONIO3HBIN MaTepras MOXKET OBITh MPOMBIT TMOCIE MPEIBAPUTENBHOM
o0paboTkn. JTam NPOMBIBAHUS MOXHO MPHUMEHSATh M YOAJICHUS BOAOPACTBOPUMBIX
COEIOMHEHUH, KOTOPbIE MOTYT IE€HCTBOBATh B KA4ECTBE MHTMOMTOPOB AJIs 3Tana (pepMeHTalnu
W/WIA TUAPOJIH3a. JTal MPOMBIBAHUS MOKHO MPOBOJUTH CIIOCOOOM, M3BECTHBIM CIIELIUATIHCTAM
B JaHHOW o0nacTH TeXHUKU. Bcien 3a NpPOMbIBAaHHEM, CYILIECTBYIOT JpYyrHe CIOCOOBI
nerokcukauuy. llonBeprHyThlii mpenBapuTeNbHONH 00pabOTKE JIMTHOLEIUIIOJO3HBIA MaTepual
MOJKET TaK)ke OBITh MOJABEPTHYT AETOKCUKALIUH JIFOOBIM (MM KOMOMHALIMEH) U3 3TUX CIIOCO0OB,
KOTOpBIE BKJIIOYAIOT OTENIEHHE TBEPAOro BEIECTBAa/)KUAKOCTH, BAaKyyMHOE VIapUBaHHUE,
SKCTPAKLUIO, aACOPOLHMIO, HEeWTpamu3aluio, H30BITOYHOE W3BECTKOBaHUE, N00aBICHHE
BOCCTAHABJIMBAIOLINX areHTOB, 100aBlIeHNE NETOKCHLIUPYIOINX (PEPMEHTOB, TAKHX KaK JIAKKA3bI
WIH TIEPOKCUIA3bI, 100aBICHHE MUKPOOPTaHU3MOB, CIIOCOOHBIX K IE€TOKCHKALIUU THIPOJIU3ATOB,
HO HE OrPaHUYUBAIOTCS UMU.

CDepfweHmamueﬂ blil ZMODO/ZMS’

@DepMeHTHAsT KOMIIO3UIMUS, KCMOJb3yeMasi B CIMOCOOe W3 HACTOSINEro W300peTeHwus,
MOKeT KpaikiHe 3((PEeKTUBHO THAPOIU30BATh JIUTHOLEIUTIONO3HBIA MaTepuai, Hamnpumep,
KYKYPY3HYEO COJIOMY, MIIEHUYHYK) COJIOMY, TPOCTHUKOBYIO COJIOMY, W/MJIU TPOCTHUKOBO-
caxapHyro Oaraccy, KOTOPYIO MOXHO 3aT€M MPEBPATUTh B TMOJIE3HBIH MPOAYKT, TAKOW Kak
3TaHoJ, Ouoras, OyTaHOJ, MOJIOYHAs KUCIIOTA, IJIACTUK, OPraHMYECcKasi KHCJIOTa, PACTBOPUTED,
no0aBka K KOPMY KHBOTHBIX, (papMaleBTHUECKOE CPEICTBO, BUTAMUH, AMHUHOKHCIIOTA, (DepMEHT

WM XUMUYECKHUI ChIpheBO Marepuan. KpoMe TOro, mpoMeKyTOUHbIE MPOAYKTHI OT MpoLecca
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MOCJIe TUAPOJIN3a, HATPUMED, MOJIOYHYIO KHUCJIOTY B Ka4e€CTBE MPOMEKYTOUYHOIO MPOIYKTa MPHU
MPOU3BOJCTBE OMOrasa, MOXKHO MPUMEHSTh B KAa4eCTBE CTAHOAPTHOrO OJIOKa M JOPYTHX
marepuanios. Hactosiee nzobpeTeHne ConpoBOKAAETCs] MPUMEPaMHU IPOU3BOJCTBA 3TAHOJA, HO
OHH MPUBOJATCS C LENBIO MJUTIOCTPAIUY, a HE OTPAHHYEHUS], TAKKE MOKHO TPOU3BOAUTD JPYTHE
YIOMSIHYThIE MOJIE3HBIE TTPOAYKTHI.

Criocob B COOTBETCTBUU C HACTOSIINM H300pETEHHEM BKJIFOYAET 3Tall (PePpMEHTATUBHOTO
runposin3a. PepMeHTaTUBHBIA TUAPOJIN3 BKIIFOUAET THAPOJH3 C IENbI0 OKMKEHUS CHIPHEBOTO
Marepuaa, u THIPOJN3 C LETbI0 BBICBOOOXKACHHUS caxapa W3 ChIPhEBOrO MarepHhala, Wid TO H
Opyroe, HO HE OrpaHWYHMBaeTCs HUMH. Ha 3TOoM 3Tame HeoOs3aTeNbHO IMOABEPrHYTHIN
(depMeHTaTUBHON 00pabOTKe U HEOOsS3aTeIbHO MPOMBITHIM JIUTHOIEIUIFOJIO3HBIH MaTepHua
NPUBOIAT B KOHTAKT C (DePMEHTATHBHOW KOMITO3ULIMEH B COOTBETCTBHH C HACTOSIIIIUM
n3o0pereHneM. B 3aBHCHMOCTH OT JIMTHOLEJUTIOJIO3HOTO MaTepHalia M IPenBapHTEIBHON
00paboTKH, pas3MU4YHbIE YCJIOBHUS PEaKLUH, HAMpPHUMeEp, TeMIeparypa, IO3UpOBKa (EepMeHTa,
BpeMsl peaKIWH TUAPOJIN3a U KOHLEHTpPALHUs CYXOTO BEIIeCTBa, MOTYT OBITh MPHUCIOCOOIEHBI
CIEUAIUCTOM B JAaHHOH OOJacTH TEXHHKH MJis JOCTIKEHHUS HEOOXOOUMOro MpeBpalleHHUs
JUTHOLEJUTIOJIO3bI B caxap. Jlanee npuBeneHbl HEKOTOPBIC YKA3aHMUS.

B onHOM acniekte m300peTeHus THAPOINU3 MPOBOAAT npu Temmeparype 45°C unu Bblie,
50°C wunu Boime, 55°C wam Bbime, 60°C unu Beime, 65°C nnm Boime, win 70°C wny BbIIIIE.
Bricokass Temrieparypa TpH TUAPOJH3E MMEET MHOTHE MPEUMYIIECTBA, KOTOPBIE BKIFOYAIOT
paboTy TmpH ONTHMABLHOW Temreparype (epMEeHTHON KOMIO3UINY, CHIDKEHHUE pHCKa
(GakTepuanbHON) KOHTAMHHALIMY, CHIDKEHHE BS3KOCTH, MEHBIIEe KOJUYECTBO HEOOXOAMMON
IUTE OXJIQXKNIEHUST BOZBI, MPUMEHEHHUE OXJIAKIAIOIIEeH BOIBI ¢ OoJiee BBICOKOW TEMIEpaTypoil,
MOBTOPHOE MPUMEHEeHNE (DEPMEHTOB, U T.1I.

Bsi3k0CTh JIUTHOLIEJUTIOJIO3HOTO MaTepuajia B OJHOM HJIM HECKOJIbKMX KOHTEWHepax,
UCTIOJIb3YEeMBIX JIJIsl (PEPMEHTATUBHOTO THAPOIN3a, coxpanstoT oT 10 go 4000 cIl, ot 10 go 2000
cll, npennouturensHo ot 10 mo 1000 cll.

B cnydae, ecim crmocob BkIrO4aeT (pepMEHTATHUBHBIN THUAPOJN3, BKIFOYAIOIIHHA STar
OKIDKEHUSI W dTamn caxapuuKalUU, BS3KOCTh JIUTHOLGIUIIOJIO3HOIO MaTepuajia Ha IJTare
oxuxkeHus: coxpansaoT ot 10 go 4000 cll, ot 10 no 2000 cll, npeanouturensHo ot 10 no 1000
cll, u/unu BSI3KOCTh JIMTHOLIEJUTFOJIO3HOTO MaTepuaia Ha dTare caxapu(UKanuu COXPaHSIOT OT
10 no 1000 cII, ot 10 no 900 cll, npeanouturensHo oT 10 no 800 cIl.

Bsiskocte MOkHO ompenenuts ¢ peomerpoM Brookfield DV III mpu temmepatype,
UCTIOJIB3YEMOH ISt TUAPOJIU3A.

B npyrom acnekre n3o0peTeHUs KOJHMYECTBO NOOABJIEHHON (PepMEHTHOW KOMITO3UIIUU

(Takke Ha3pIBaEMOE NO3MPOBKOW (pepMEHTa WM HArpy3koil ¢epmeHTa) sIBIsieTCS HU3KHM. B
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OIHOM BapUaHTE OCYINECTBJIEHUS KOJUYECTBO (PEPMEHTa COCTaBIsieT 6 Mr Oenka/T Macchl
CYXOro BEIEeCTBA WM HIKE, 5 MI OeNKa/T MacChl CyXOro BEIIeCTBa WM HIXKe, 4 Mr Oenka/r
Macchl CyXOro BELIECTBA MJIM HIDKE, 3 MI' OeiKa/T Macchl CYXOrO BELIECTBAa WIJIM HIDKE, 2 MT
OenKa/T Macchl CyXOro BEIECTBA WJIHM HIDKE, Wi 1 Mr OGenmka/r Macchl CyXOro BEINEeCTBA WM
HUKe (BbIpakeHO B BHIe Oenka, B MI Oejlka Ha T' CyXOro BelecTBa). B OAHOM BapHaHTe
OCYILIECTBIIEHHs KOJMIM4ecTBO (pepmenTa cocrasisier 0,5 Mr epMeHTa/T MacChl CyXOro BELIECTBa
win Huwke, 0,4 Mr (epMEeHTHOH KOMITO3UIIMU/T MacChl CyXOro BemecTtBa win Hike, 0,3 mr
depmeHTa/T Macchl cyxoro BeuiectBa wid Hioke, 0,25 Mr gepMeHTa/r Macchl CyXOro BEIECTBa
wi Huxe, 0,20 Mr ¢pepMeHTa/T Macchl Cyxoro Beriectsa uin Hioke, 0,18 mr gepmenTta/r Macchl
CyXxoro Bemectsa wiH Hioke, 0,15 Mr ¢epmeHTa/T Macchl Cyxoro BemecTsa win Huwke, uim 0,10
Mr (epMeHTa/T Macchl CYyXOro BELIECTBAa MJIM HIDKE (BBIPAKEHO B BHIE BCEX LIEJUTIOIA3HBIX
dbepMeHTOB B MT (hpepMEHTa Ha T CyXOoro BemiectBa). Huskas qo3upoBka epMeHTa BO3ZMOXKHA,
MIOCKOJIBKY Oyaromapsi akKTHBHOCTH M CTAaOMIBHOCTH (PEPMEHTOB MOYKHO TOBBICHTb BPEMSI
peaKkuuy THapOIIH3a.

B npyrom acnekre m3o0peTeHUs] BpeMsl PEaKLUU THAPOJU3A COCTABIIET 5 YacOB HIIU
oonbine, 10 yacoB unu Oosbine, 20 yacoB uiau Oonblie, 40 yacoB win OoJbiie, S0 4acoB WU
oonbiie, 60 yacoB wnu Oosbine, 70 yacoB uiau Oonbiie, 80 yacoB wiu OoJbiie, 90 4acoB WU
6onpie, 100 yacoB mwnm Gonbine, 120 yacoB wim 6ombme, 130 gacoB wim Gonbme. B gpyrom
aCIIeKTe BpeMs peaKLMu ruaposnsa cocrasiser oT S 1o 150 vacos, ot 40 no 130 yvacos, ot 50 no
120 gacog, ot 60 no 120 gacos, ot 60 g0 110 gacos, ot 60 no 100 gacos, ot 70 o 100 "acos, ot
70 mo 90 wacos, unu ot 70 mo 80 wyacos. biaromapst crabuiabHOCTH (HEPMEHTHON KOMIO3ULIUH,
BO3MOJKHO OoJiee MPOAOIKUTENBHOE BPEMsl pEakui THIPOJN3a C COOTBETCTBYIOIIUMH Ooiee
BBICOKHMH BBIXO/IAMH CaxapoB.

3nauerne pH BO Bpems ruaposinza MOXKeT ObITh BBIOPAHO CIELHATUCTOM B IAHHOM
obnactu TexHuKU. B npyrom acnekre n3oOperenus pH BO BpeMs rHIpOIN3a MOXKET COCTABIISITh
ot 3,0 mo 6,4. CrabunbHble QepMEHTbI M3 HACTOSIIETO HM300PETEHUs] MOTYT UMETh LIMPOKHI
nuanaszod pH no 2 eqgunun pH, no 3 enunun pH, no 5 enuaun pH. OntumansHoe 3Hauenne pH
MOkeT HaxoauTbes B npeaenax pH ot 2,0 no 8,0, ot 3,0 go 8,0, ot 3,5 no 7,0, ot 3,5 no 6,0, oT
3,5 10 5,0, 01 3,5 04,5, 0r4,0 10 4,5, i COCTaBJISIET OKOJIO 4,2.

B npyrom acnekre nzoOpereHust 3Tan ruApoSiu3a MPOBOIST, IOKa HE BBICBOOOAUTCS 11O
70% wmnu Oombiie, 80% wumu O6onbiie, 85% unu 6onbiue, 90% wnn Oogbine, 92% wn 0oJbIIIE,
95% wnu OonblIe JOCTYIMHOTO caxapa B JINTHOLEJUTIOJIO3HOM MaTepHale.

BaxxHo, 4To croco® M3 HacTOSIIEero M300peTEeHHs MOJKHO IMPOBOIUTH C MPUMEHEHHEM
BBICOKMX YpPOBHEH CyXxoro BemecTBa (WJIM JIMTHOLEJUIFOJIO3HOTO MaTrepuaja) B PEeakmuu

rugponnsa. Takum 00pa3oM, H300peTeHHEe MOXKHO OCYIIECTBIIATH C COAEPIKAHHEM CyXOro
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BellecTBa npuMepHo 5 macc.% wunm Oosbine, mpumepHO 8 Macc.% wunn Oosbine, mpumepHo 10
macc.% umm Oomnbiue, mpuMepHo 11 macc.% wmim Gosbine, mpumepHo 12 macc.% wnn OoJblie,
npumepro 13 macc.% wnu Oonbiue, npumepHo 14 macc.% wnu Oonbie, mpumepro 15 macc.%
i Gospine, mpumepHo 20 mMacc.% wu Oonblie, mpuMepHo 25 Macc.% unu OoJble, MPUMEPHO
30 macc.% wnu 6onbine, npuMepHo 35 mace.% wmm 6onbiue, npuMepHo 40 Macc.% nim GoJbine.
B npyrom BapuaHTe OCYIIECTBJICHHS COIEpKAHME CyXOro BeIIeCTBA Ha JTane TUAPOJIH3a
cocraBysier 14 macc.%, 15 macc.%, 16 macc.%, 17 macc.%, 18 macc.%, 19 macc.%, 20 macc.%,
21 macc.%, 22 macc.%, 23 macc.%, 24 macc.%, 25 macc.%, 26 macc.%, 27 macc.%, 28 macc.%,
29 macc.%, 30 macc.%, 31 macc.%, 32 macc.%, 33 macc.% wnu Oosbiie, wid oT 14 mo 33
Mmacc.%.

B npyrom BapuaHTe OCYIIECTBICHHS COAEPKAHUE CYXOTO BEIeCTBA B KOHIIE THIPOJIH3a
cocrapysieT 5 macc.% uau 6osbine, 6 macc.% uau Oosbiie, 7 macc.% unu Oosbine, 8 macc.%
unu Oonbine, 9 macc.% wnu Oonbine, 10 macc.% wunu Gonbine, 11 macc.% wunu Gonbine, 12
Macc.% wunm 6osbine, 13 macc.% wunu 6onbiie, 14 macc.% wnu 6onbie, 15 macc.% unu Oobliie,
16 macc.% wunu Oombiie, 17 macc.% wmmu O6osbine, 18 macc.% wmnu Oosbine, 19 mace.% unu
oounbie, 20 macc.% unu 6onbine, 21 macc.% unu Oogbine, 22 Mace.% wuau Oosmbiie, 23 mace.%
unu Oonbiine, 24 macc.% wunu Oosbiue, 25 macc.% wim Oosbiie, 26 macc.% wunu Oonbiie, 27
Macc.% unm 6osbine, 28 macc.% unu 6onbiie, 29 macc.% wnu 6onbiie, 30 macc.% unu OOJbIIIE,
31 macc.% unu Oogbiie, 32 macc.% wunu Oonbine, 33 macc.% uau Oosbine, 34 macc.% wuau
oounbiie, 35 macc.% unu 6onbine, 36 macc.% wu Oosbine, 37 macc.% unu 6ogbiie, 38 macc.%
wi Oosbine, win 39 mace.% wnu Oonbie. B npyrom BapuaHTe OCYIIECTBICHHUS COAEPIKAHUE
CYXOro BeIeCTBa B KOHIE (pepMEHTATUBHOTIO THApPOIM3a cocTaBisieT 5 macc.% - 40 macc.%, 6
macc.% - 40 macc.%, 7 macc.% - 40 macc.%, 8 macc.% - 40 macc.%, 9 macc.% - 40 macc.%, 10
macc.% - 40 macc.%, 11 macc.% - 40 macc.%, 12 macc.% - 40 macc.%, 13 macc.% - 40 macc.%,
14 macc.% - 40 macc.%, 15 macc.% - 40 macc.%, 16 macc.% - 40 macc.%, 17 macc.% - 40
macc.%, 18 macc.% - 40 macc.%, 19 macc.% - 40 macc.%, 20 macc.% - 40 macc.%, 21 macc.% -
40 macc.%, 22 macc.% - 40 macc.%, 23 macc.% - 40 macc.%, 24 macc.% - 40 macc.%, 25 macc.%
- 40 macc.%, 26 macc.% - 40 macc.%, 27 macc.% - 40 macc.%, 28 macc.% - 40 macc.%, 29
macc.% - 40 macc.%, 30 macc.% - 40 macc.%, 31 macc.% - 40 macc.%, 32 macc.% - 40 macc.%,
33 macc.% - 40 macc.%, 34 macc.% - 40 macc.%, 35 macc.% - 40 macc.%, 36 macc.% - 40
macc.%, 37 macc.% - 40 macc.%, 38 macc.% - 40 macc.%, 39 macc.% - 40 macc.%.

DPepmenmayus

Criocob B COOTBETCTBHUHU € HACTOSIIIUM H300pPETEHHEM BKJFOYAET 3Tar (hepMeHTaLHH.
depMeHTALNI0 MOKHO IMPOBOIUTH OJHOBPEMEHHO C THAPOJU3OM B onHOM peaktope (SSF).

[IpenmouturensHo, ¢QepMEHTANMIO MPOBOIAT TOCHE THAPOJW3a, UM MOXHO BBIOpaTh
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ONTHUMAJIbHBIC YCIIOBUS AJISI THAPOJIN3A U AJsl PepMEHTALUH, KOTOPbIE MOTYT pa3iHyaThbCs IS
rugponnsa u Ui pepmentaunu. Takum oOpa3oMm, B APYroM acneKkTe H300peTeHne BKII0YaeT Ha
sTane pepMEeHTalNU MPOLECC, MPHU KOTOPOM HCHOJIB3YIOT MUKPOOPTaHU3MBI Uil (PepMEHTALINN
UCTOYHUKA YIJIEpONa, BKIIOYAKOIIEro caxap(a), Hampumep, IIokKo3y, L-apabuHo3y w/uimu
KCHI03y. MCTOYHMK yriieposa MOKET BKJIFOYATh JIFOOOW YIJIeBOOHBIA OJHMIO- WM TIOJHMED,
comepxamuii L-apaOuHO3HbBIE, KCHJIO3HBIE WJIHM TJFOKO3HBIE €IUHHIBI, HApUMep, Takue Kak
JUTHOLEJUTION03a, KCUJIAHbL, LEJUTI0JI03a, KpaxMmai, apaOuHaH U ToMy mnopobOHoe. [l
BBICBOOOK/IEHUsS] KCHJIO3HBIX WJIM TJIIOKO3HBIX E€AMHHUI[ W3 TaKUX VYIJIEBOJOB, MOIXOMSALINE
kapOoruapasbl (Takue, Kak KCHJIaHa3bl, TIIFOKAHA3bl, aMUJIa3bl U TOMY MOAOOHBIE) MOTYT OBIThH
nobaByieHbl K (DepPMEHTALMOHHON Cpefe, MJIM MOTYT MPOAYLHPOBATHCA MOINU(UIIMPOBAHHON
KJIeTKOH-HocuTeneM. B mocnenHem ciydae MOTU(pHUIIMPOBAHHAS KJIETKAa-HOCHUTENIb MOXKET ObITh
CO3/1aHa T€HHO-WH)KEHEPHbIMU METOJaMH JJIsi MPOAYKIMH M 3KCKPELUH Takux KapOorwmmpas.
JIOTIOJTHUTENBHBIM MTPEUMYIIIECTBOM MPUMEHEHHSI OJIUTO- M MOJMMEPHBIX HCTOUHHUKOB TITFOKO3BI
SBJIIETCSI TO, YTO OHU O0ECHEeuMBAIOT COXpaHEHHWEe HU3KOH (Ooyiee HU3KOI) KOHLEHTpalHuu
cBOOOHOW TIIIOKO3bI TPU (PepMEHTALWH, HAMPUMEpP, IMyTEeM NPUMEHEHHs JHUMHTHUPYIOINX
CKOPOCTb KOJINYECTB KapOoruapas. 3To, B CBOK O4epenb, NPEAOTBPALIAET PEMPECCHIO CUCTEM,
HEOOXOIUMBIX JUIs MeTaboIM3Ma U TPAHCIIOPTA HETJIIOKO3HBIX CaxapoB, TAKUX Kak Kcuiosa. B
NPEANOYTUTENBHOM Crocobe MOAU(UIIMPOBAHHBIE KIIETKH-HOCUTENN (PEPMEHTUPYIOT Kak L-
apabuHOo3y (HEOOs3aTeNbHO, KCUIIO3Y), TaK M TIIFOKO3Y, MPEANOYTHTEbHO OTHOBPEMEHHO, B
3TOM CJIy4ae MPEATNOYTUTENBHO MPUMEHSIOT MOAUGUIIUPOBAHHbIE KIETKH-HOCHUTENH, KOTOpPbIE
SBJIIIOTCS. ~ HEYYBCTBUTENBHBIMH K  TIOAABJIEHHIO  [JIFOKO3Bl Ui NPENOTBPALIECHUs
IUAyKCHYECKOTO pocTa. B nononmHeHne k uCTOUHUKY L-apaOruHO3bI, He0Os3aTeNIbHO, KCHITO3bI (1
TJIIOKO3bI) B KAueCTBE HCTOYHHKA yriiepona, (EepMEHTALMOHHAs CpeAa IOTOJHUTENBHO
COIEPKUT TMOIXOAALIUN WHTPEAUEHT, HEOOXOIUMBIH I pOCTa MOIU(UIIMPOBAHHON KIIETKH-
Hocutensa. CocTaBbl (PEPMEHTALIMOHHBIX CPEl AJISl BBIPALIMBAHUS MHUKPOOPTraHMU3MOB, TAKHX KaK
TPOSKKH M MULIEITHAIbHBIE TPHOKH, XOPOLIO W3BECTHBI B TAHHOH 00J1aCTH TEXHUKH.

Bpewms depmenTannu MokeT ObITH KOpOYe, YeM MpHU OOBIMHOH (pepMEHTALUU B TEX XKe
YCIOBHSIX, II€ YacTh (PEPMEHTATHBHOIO THAPOJIN3A BCE €Ile JOJDKHA MPOUCXOIUTH BO BPEMS
dbepmenTauuu. B oqHOM BapuaHTe OCYIIECTBIECHUS BpeMsl pepMeHTanuu cocrasiisier 100 qacoB
unu Mmenbie, 90 yacoB i menbine, 80 yacoB wiu MeHbine, 70 4acoB Uiy MeHbine, unu 60
YacoB WJIM MEHbINE, JUIA caxapHON Kommo3uimu u3 S50 T/J1 TIFOKO3bI M COOTBETCTBYIOLIUX
APYTUX CaXapoB M3 JIMTHOLEIUTIOJIO3HOTO ChIPheBOro MaTepuana (Hanpumep, SO r/x keuno3ssl, 35
r/n L-apadunoss! 1 10 1/ ranakto3sr). [{ist Oonee pazdaBieHHBIX CaXapHBIX KOMITO3UIUN BPEMsI
(dbepMeHTaLU MOKET COOTBETCTBEHHO OBITh CHUKEHO.

IIpouecc ¢epmeHTaMu MOXKET OBITh a’pOOHBIM HMJM  aHA’POOHBIM  MPOLIECCOM
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bepmenTanmu. AHa’pOOHBIN Tpouecc (epMEHTAINH ONPEeAeNsieTcss B HACTOSINEH 3asiBKe Kak
nporecc epMEeHTALNHN, TPOXOIAIIHNA MTPU OTCYTCTBUU KUCIOPOIA, HITH B KOTOPOM IO CYIIECTBY
HE MOTPeONAeTCs KUCIOPO, MPEeNNnoYTUTEIbHO NoTpedssiercs MeHee S, 2,5 umu | MMoJb/n/4,
6osnee mpennouruteabHO O MMOJIB/J/4 (T.€. TOTpeONeHNE KHUCIOpPOIa HE BBIABISIETCS), W TAE
OpPraHU4YeCKHEe MOJIEKYJIBI CIYXKAT B Ka4eCTBE JOHOPOB 3JIEKTPOHOB U aKLENTOPOB 3JEKTPOHOB.
IIpn otcyrcTBum kucnopoma HAJIH, npomyuupyemslii mpu rimkonm3e W 00pa3oBaHHUU
Ouomacchl, He MOXKET OBITh OKHUCJIEH MOCPEACTBOM OKUCIHUTENbHOrO (ocopumupoBanus. s
peleHust 3Tol MpobieMbl MHOTHE MHUKPOOPTaHM3Mbl MPUMEHSIOT MHUPYBAT WM OJHO H3 €ro
IPOM3BOJHBIX B Ka4y€CTBE AKIENTOpPA 3JIEKTPOHA W BOAOPOAA, TAaKUM OOpa3oM, pereHepupys
HAJT". Taxum o6pa3om, B NPEANOYTHTENBHOM aHadPOOHOM mporecce hepMEHTaLUH MUPYyBaT
NPUMEHSIOT B Ka4deCcTBE aKLENTOpa 3JIEKTPOHA (M BOAOPOZAA), U BOCCTAHABJIMBAKOT A0 TAKUX
NPOAYKTOB (DEPMEHTALNH, KaK STAHOJ, MOJIOYHAs KUCJIOTA, 3-THAPOKCHUIIPOIIMOHOBAS KUCIIOTA,
aKpUJIOBasl KUCJIOTA, YKCYCHAsl KUCJIOTA, SIHTApPHAs KHCJOTA, JHMOHHAS KHCIOTa, SOJOYHAs
KUCIIOTa, (hyMapoBasi KUCJIOTa, aMUHOKHCIIOTA, 1,3-IponaHano, STUIIEH, MIMLEepUH, OyTaHod, 3-
JaKTaMHbIe AaHTHOMOTHUKU M Le(asOCIOPHH. B mpennouTUTeNbHOM BapuaHTE OCYLIECTBICHHS
nporecc  (epMEeHTalMH  SBJISETCS  aHAa’pOOHBIM.  AHA’pPOOHBIM  MpOLECC  SBJISAETCS
MPEINOYTUTEBHBIM, TIOCKOJIBKY OH JelleBje a’dpoOHOro mporecca: TpeOyeTcss MeHbIne
crieruaibHOTO ObOpynoBaHus. [lanee, mpenmnonaraercs, 4To aHaA3POOHBIE MPOIIECCHI Aat0T Ooee
BBICOKHH BBIXOJ, YeM a’pOOHBIE MpOLEcChl. B a3poOHBIX YCIOBUAX OOBIYHO BBIXOJ OMOMACCHI
BBIIIIE, Y€M B aHA3POOHBIX YCIOBUAX. B pesynbraTe 0ObIMHO B a3pOOHBIX YCIOBHIX OJKUAAEMBbIH
BBIXOJI IPOJIYKTA HU)KE, UEM B aHAYPOOHBIX YCIOBHUSX.

B npyrom BapuaHTe OCYINECTBJIECHHS Mpouecc (pepMEHTALMHU TMPOBOAAT B YCIOBHUSX
orpaHu4eHus kuciopona. bonee npenmouturensHoO, mpoLecce GpepMeHTaLUH SBJISETCS a3POOHBIM
U OCYIIECTBJIIETCS B VCIOBHSX OrpaHM4eHus kuciopoma. Ilpoumecc ¢epmeHTanmm c
OTPaHUYECHHEM KHUCIIOPOJA SIBJIAETCS TPOLIECCOM, B KOTOPOM TOTpeOJIeHHe KHCIOpOAa
OTPaHUYEHO TEPEHOCOM KHUCIOpOJa M3 Ta3a B JKHAKOCTb. CTeneHb OrpaHUYeHHUs KHCIOPOAa
OTIpENENSIETCS] KOJIMUECTBOM M COCTABOM MPUXOASAIIETO MOTOKA ras3a, a TAaKkKe AeHCTBUTEIbHBIM
nepeMeInBaHueM/CBOHCTBAMU  MAacCOBOTO TMEPEHOCa HCIMOJIb3YeMOro O0OpYIOBaHUS IS
¢depmenTauuu. IlpeanodruTensHO, B MpoLecce B YCIOBUSIX OTPAHUYEHUST KHCIOPOAa CKOPOCTh
noTpeOIeHnsT KUCIOpOoaa COCTaBISsIET MO MeHblLIeH Mepe 5,5, Ooyiee MpeArnodTUTENBbHO MO
MeHbIIel Mepe 6, U erne 0oJiee MPEANOUTUTENBHO TI0 MEHbBLIEH Mepe 7 MMOJIB/ /4.

IIpouecc epmMeHTALIMN MPEONOYTHTEIBHO MPOXOIUT IMPU TEMIIEPATYPE, ONTHMAJIBHON
i MoauuIpoBaHHON kieTku. Takum oOpa3oM, i OOJBLUIMHCTBA APOKKEBBIX HIIH
rpuOKOBBIX KIETOK mpouecc (epMEeHTalMH MPOBOAAT MpH Temmepatype MeHbme 42°C,

npeanoyTuTenbHo MeHbine 38°C. JIns IposoKeBBIX U TPHUOKOBBIX KIETOK-HOCHUTENEH Mpolecce
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(bepMeHTaINN MPEANOYTUTENBHO MPOBOAAT NpU Temmeparype Huwke 35, 33, 30 umm 28°C, u
temMrieparype Bbitie 20, 22 unu 25°C.

B onHoM BapmaHTe OCyIIecTBICHHMs H300peTeHHMs 3>Tanm (pepMEeHTAUU MPOBOIAT C
MUKPOOPIraHU3MOM, CHOCOOHBIM K (epMeHTaluu o MeHbinel mepe omnoro C5 caxapa. B
OJIHOM BapHaHTE OCYIIECTBJICHHUS MPOLECC SBISIETCS MPOLIECCOM ISl MOJYYeHHsI 3TaHOJA, TAe
MPOLIECC BKJIFOYAET 3Tall, BKIOYAKONIMN (QepMeHTaluo Cpenbl, coxepskamel caxap(a), ¢
MUKPOOPIraHHU3MOM, CIMOCOOHBIM K (pepMeHTauuu Mo MeHblied mepe omnoro C5 caxapa, rae
KJIETKa-HOCHUTENb CMOCOOHA K (pepMEHTAlWU TOKO3bl, L-apaOMHO3BI U KCHIJIO3bI B 3TAHOJ.
Mukpoopraiu3M MOXKET OBbITh NPOKAPUOTUYECKHM WM 3YKAPUOTUYECKHM OPTaHH3MOM.
Muxkpoopraius3M, UCIOJNb3YEMBbIH B MPOLIECCE, MOXKET OBITh MHKPOOPTaHM3MOM, IOJYYEHHBIM
MOCPENCTBOM IeHHOH WHkeHepuu. llpumepaMu moaXomsiuX OPraHU3MOB SIBIITFOTCS POXKIKH,
Harpumep, Saccharomyces, vanpumep, Saccharomyces cerevisiae, Saccharomyces pastorianus
wi Saccharomyces uvarum, Hansenula, Issatchenkia, wanpumep, Issatchenkia orientalis,
Pichia, wnanpumep, Pichia stipites wmm Pichia pastoris, Kluyveromyces, Hanpumep,
Kluyveromyces  fagilis, Candida, wanpumep, Candida pseudotropicalis wma Candida
acidothermophilum, Pachysolen, nanpumep, Pachysolen tannophilus, nnu Gaxtepun, Harpumep,
Lactobacillus, wanpumep, Lactobacillus lactis, Geobacillus, Zymomonas, Hanpumep,
Zymomonas mobilis, Clostridium, wanpumep, Clostridium phytofermentans, Fscherichia,
Hanpumep, F. coli, Klebsiella, wnanpumep, Klebsiella oxytoca. B ongHOoM BapuaHTte
OCYILIECTBIIEHUs] MUKPOOPTaHU3MOM, CITOCOOHBIM K (pepMeHTaLnu 1o MeHblIed Mepe ogHoro C5
caxapa, sIBJIIIOTCS POXOKU. B OTHOM BapuaHTe OCYIIECTBJICHHUS IPOACKU MPUHAIIIEKAT K POy
Saccharomyces, peaNOYTHTENIBHO K BUAY Saccharomyces cerevisiae, B KOTOPOM BBIIOJHEHBI
reseruueckue Mogudukanuy. Ilpumep Takoro MUKpOOpPraHu3Ma 1 €ro MPUroTOBIIEHHE ONHCAHO
6onee mogpodHo B WO 2008/041840 u B EBpometickoit marentHol 3asiBke EP10160622.6,
nonanHHoi 21 ampens 2010. B ogHOM BapuaHTe OCYIIECTBJICHHS Mpolece (GepMEeHTaluH IS
NOJIYYEHHUSI STaHOJAa SBISIETCS aHa’poOHbIM. TepMHMH «aHa’pOOHBIN» YK€ OmpeneneH B
HacTosmed 3asBKe. B IpyroMm mNpennoyTHTEIBHOM BapHaHTE OCYIIECTBJICHUS IPOLIECC
dbepMeHTaIMK AT TOJIYYEHHsI 3TAHONA SBJSIETCSl adpoOHBIM. B ApyroM mpeamodTuTenbHOM
BApHAHTE OCYIIECTBJCHUS Nporecc (pepMEeHTaUMH A TOJYYEHHUs] STaHOJa IPOBOAUTCS B
YCIOBHUSIX OTPaHUYEHUs KHCIOpoaa, Oojiee NPEeanoYTHTEIBHO B a3pOOHBIX YCIOBHSX U C
OTpPaHUYEHHEM KHCIOpoaa. Y CIOBUS C OTPAaHUYEHHEM KHCIIOPOAA YKE OMUCAHBI BBILIE.

B Takom mpouecce oObeMHas MPOM3BOAUTENBHOCTh JTAHOJA MPEANOYTHTEIBHO
cocTasJisieT no menbluen mepe 0,5, 1,0, 1,5, 2,0, 2,5, 3,0, 5,0 unu 10,0 r sTaHONa HA JTUTP B Yac.
Beixox stanona mo L-apabuHo3e W HeoOsA3aTeNbHO KCHIIO3€ W/ TIIOKO3€ B IPOLIECCe

MPEANOYTUTENIBHO COCTABJSIET O MeHblueil mepe 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 95
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unu 98%. Beixoa 3TaHONA B HACTOALIEH 3asBKE ONMPEALISIETCS] KaK MPOLICHT OT TEOPETUUECKOTO
MaKCHMAaJIbHOTO BbIXOJA, KOTOPBIN AJIs TIFOKO3bI U L-apabnuHO3bI U HEOOS3aTEIBHO AJIsT KCHIIO3BI
cocrasysieT 0,51 rpaMm 3TaHOJIa HA FPaMM IJIFOKO3bI WIIM KCUJIO3BL

B omHOM acnekTe mpouecc ¢pepMEeHTALH, MPUBOASALINN K MOJYYSHUIO STAHOJA, UMEET
HECKOJIbKO TIPEUMYINECTB, MO CPABHEHUIO C M3BECTHBIMU MpoLEeccaMu (pepMeHTaumu ISt

MOJIy4CHHs 3TaHOJIA:

BO3MOYKHBI aHA3POOHBIE MTPOLIECCHI,

BO3MOXKHBI TaAKXKE YCJIOBUA C OrpaHUYCHHUEM KUCIIOPOaa,

MO3KHO JTOCTHYb O0Jiee BBICOKHX BBIXOJOB 3TAHOJIA M CKOPOCTEH MPOAYKIIUHU 3TAHOJIA,

UCTIOJB3YEMBIH IITAMM MOXET OBITh CHnocoOeH K mNpuMeHeHuo L-apaOuHo3bl U
HEeoO0s13aTeTbHO KCUIIO3bL.

B kauecTBe aibTepHATUBBI Il MPOLECCOB (DPEPMEHTALMH, OMHUCAHHBIX BBIIIE, MOKHO
NPUMEHSTh M0 MEHbIIEH Mepe ABe Pa3iM4YHbIX KJIETKH, 5TO O3HAYaeT, YTO MPOLECC SBISETCS
MPOLIECCOM COBMECTHOH (QepMmeHTaunu. Bce mpeamouyTHTENbHbIE BapUAHTBI MPOLIECCOB
(epMeHTaLIMK, KaK OMMCAHO BBILIE, TAK)KE SBJSIIOTCS MPEANOYTHTENbHBIMH BapHAHTAMH
OCYLIECTBJIEHHsST 3THX MPOLECCOB COBMECTHOH (epMeHTALlK. WAEHTHYHOCTb MPOIYKTA
(pepMeHTaLIMK, HMICHTUYHOCTh HCTOYHUKA L-apaOMHO3bI U MCTOYHHMKA KCHJIO3BI, YCJIOBHUS
depmernTauuu (ad>poOHBIE WM aHA3POOHBIE YCIOBHS, YCJIOBHUS OTPaHUYEHUS KHCIOPOJA,
TEMIIepaTypa, MPH KOTOPOH OCYIUECTBJSIOT MPOLECC, MPOU3BOAUTEIBHOCTh STAHOJA, BBIXOM
STAHOJIA).

[pouecc GpepMeHTALIM MOXKHO MPOBOANTH 0€3 Kakoro-aubo TpeOOoBaHUS K MOIBEACHHIO
pH Bo Bpems mpouecca. To ecTb, mpoLece SIBISETCS MPOLECCOM, KOTOPBIH MOKHO MPOBOIHUTH
06e3 moOaBieHUsT KaKOH-MMOO KHUCIOTHI (KUCIIOT) MJIM OCHOBaHUS (ocHOBaHuil). OmHaKo 3TO
UCKJTFOYAeT 3Tam MpeaBapUTesibHON 00paboTKH, rie MOKHO NOOaBSTh KHCIOTY. [eno B Towm,
YTO KOMIIO3ULHSI U3 HACTOSILIEro H300peTeHus criocoOHa eficTBOBATh MPU HU3KOM pH, 1 Takum
obpa3om, HeT HeoOxoaMMOCTH moABoaUTH pH mpemaBapuTenbHOro 0OPabOTAHHOTO KHCIOTOU
CBHIPbEBOTO Marepuaia, 4ToObl obecneynTs caxapudpukauno win ruaposns. COOTBETCTBEHHO,
croco0 W3 HACTOSIIEro M300PETeHHsT MOXKET ObITh O€30TXOIHBIM CHOCOOOM C NMPUMEHEHHEM
TOJIKO OPTaHHUYECKHX MPOAYKTOB Oe3 HeOOXOANMOCTH BBOJA HEOPraHUYECKUX XHMHKATOB.

QOO0Luee BpeMsl peakliuu

B cootBerctBUM ¢ u3oOpereHHeM, oOIliee Bpemsi peakiuu (WM COBMECTHOE BpeMsi
peaxIuu dTarna THAPOJH3a U dTana (pepMEeHTALNN) MOXKET ObITh CHIDKEHO. B OHOM BapuaHTe
ocymecTBieHus: odiiee Bpemsi peakuuu coctapysier 300 yacoB wiu menbine, 200 4acoB win
Menbine, 150 yacoB unu mensine, 140 yacos unu menbine, 130 yacoB wnu MeHbine, 120 gacos

unu Menbiie, 110 gacoB unu mensbine, 100 yacor unu mensbine, 90 yacoB uau Mensbiie, 80 4acos
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WIM MeHblle, 75 4acoB WJIM MeHbIlle, WU NnpuMepHo 72 uaca npu 90% BbIXOAE TIIHOKO3bI
COOTBETCTBEHHO, MOXHO JOCTHYb CHIDKEHHs OOIIero BpeMeHH mNpu 0Oojiee HU3KOM BBIXOZE
[JIFOKO3BL

Ipoavkrel hepMeHTALIMU

IIponykTel (hepMeHTALNH, KOTOPbIE MOXKHO MOJYYHTb B COOTBETCTBHH C M300pETEHUEM,
BKJIFOYAIOT AMHHOKHCJIOTBl, BUTAMHHBL, (hpapMaleBTHUECKHE CPENCTBAa, NOOOABKM B KOPM
JKUBOTHBIX, XHUMHKAThl CIEHAJbHOIO HAa3HAYEHUs, XHUMHYECKHE CBIPbEBbIE MAaTEPHAIIBI,
TUTACTHKH, PACTBOPUTEIH, TOIUINBO, WIIH APYTrUe OPTaHUYECKHE MOJIMMEPHI, MOJIOYHYIO KHUCIIOTY
U 3TaHOJ, BKJIOYas TOIUIMBHBIA 3TaHON (TEPMUH «3TAHOJ» TOAPA3YMEBAET BKIIOYCHUE
STHJIOBOTO CIIMPTA MIIM CMECEH 3TUIIOBOTO CIIUPTA U BOIBI).

Crnenuduueckne HEHHbIE MPOAYKTHI, KOTOPbIE MOTYT OBITh NMPOU3BENECHBI MOCPEICTBOM
croco0OB M3 HACTOSIIEro M300peTEeHUs], BKIIIOYAIOT OHMOTOIUIMBO (BKJIIOUas OMOTras, 3TAHON H
OyTaHOJ), MOJIOYHYIO KHCJOTY, 3-THIPOKCHUIIPOMUOHOBYIO KHCIIOTY, AKPHJIOBYIO KHCJIOTY,
YKCYCHYIO KHCJIOTY; 1,3-TIpOmaH-iuoN, 3THIEH, TIUIEPUH, TUIACTHK, XUMHUKAT CHELHATBHOIO
HA3HAUEHUs, OPTaHUYECKYI0 KHCIOTY, BKJIIOYAsl JIMMOHHYIO KHCIOTY, SIHTAPHYIO KHCIOTY U
MaJIEMHOBYIO KHCJIOTY, pAacTBOPUTENb, NOOaBKYy B KOPM JKMBOTHBIX, (papmaumeBTHUYECKOE
CPEACTBO, TAaKOE KaK [-JAKTaMHBIN aHTHOMOTHK WU Le(aNOCTIOpPHH; BUTAMUH, aMUHOKHUCIIOTY,
TaKyI0 KakK JIU3WH, METHOHHH, TPUNTO(AH, TPEOHHH U aclaparuHOBast KHCIOTA, (PEPMEHT, TaKOH
KaK MpoTeas3a, LEJUI0Ja3a, amuiasa, TJII0KAaHAa3a, JIaKkTasa, JIMMAas3a, Jinas3a, OKCHIOPEeNyKTasa,
TpaHcdepasa MM KCHJIaHAa3a, XUMUYECKHH CBIPbEBOH Marepuai, WIH A00aBKY B KOPM
JKUBOTHBIX, HO HE OrPAaHUYHBAIOTCS UMU.

IIponykTel (epMeHTaluH, KOTOpPbIE MOXHO TMOJYYUTHh ITIOCPEIACTBOM CIHOCOOOB W3
HACTOSIIEro U300pETeHNs, MOTYT OBITh JIFOOBIM BELIECTBOM, NOJy4YeHHBIM (pepmenTarueir. OHu
BKJIFOYAIOT COUPTHI (TakWe, Kak apaOuHUTOJN, OyTaHOJ, 3TAaHOJ, TIMUEPWH, MeTaHoJ, 1,3-
NPOMAHINOJ, COPOUTON U KCHIIUTOJN); OPTaHUYECKYIO KUCIOTY (TaKyr, KaK YKCyCHasl KHUCIOTa,
alleTOHOBAsl KHCJIOTA, AAWIMUHOBAs KHCJIOTA, ACKOPOMHOBAs KUCJIOTA, AKPHJIOBAasl KHUCIOTA,
JVMOHHAsT KUCJOTa, 2,5-nukero-D-TIroKOHOBas KHUCJIOTA, MypaBbHHAs KHCIOTa, (ymapoBas
KHCJIOTA, TJYyKapoBas KHCIOTA, TJIFOKOHOBAsl KHCJIOTA, TIIOKYPOHOBAsl KUCJIOTA, TIIyTapoBas
KUCJIOTA, 3-THAPOKCHUIIPONHMOHOBAS KHCJIOTA, WTAKOHOBAas KHCJIOTA, MOJIOYHAs KHCIIOTA,
MaJIeMHOBasi KHUCJIOTA, sIONOYHAs KHCJIOTAa, MAaJIOHOBAas KHCJIOTA, IIaBejieBasl KHCJIOTa,
IIaBEJICBOYKCYCHAsE KHUCIIOTA, IPONHOHOBAsl KHUCIIOTA, SIHTapHAas KHUCJIOTa U KCHJIOHOBAs
KHCJIOTA); KETOHBI (TaKHMe, KaK aleTOH), aMUHOKHCIIOTHI (TaKhe, KaK acraparuHoBasi KUCIOTA,
TJIyTAMHHOBAsI KUCJIOTA, TJIMLUH, JIM3UH, CEPHUH, TPUNTO(AaH U TPEOHHH), ajJKaHbl (Takue, Kak
NIEHTAaH, FeKCaH, TeNTaH, OKTaH, HOHAH, JIeKaH, YHIEKaH U AOACKaH), LIUKJIOAJKAaHbI (TaKkue, KaKk

HMUKJIOIICHTAaH, HHUKJIOICKCAaH, HHUKJIOreriTad 1 LII/IKJ'IOOKTaH), AJIKCHBI (TaKI/Ie, KaK IICHTCH, 'CKCCH,
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TenTeH W OKTeH), W rasbl (Takue, kak metaH, Boaopon (Hz), mmokcun yrimepoma (CO2) u
monookcuz yraepona (CO)), HO He orpaHHMuUMBArOTCS MMH. lIpomykT (epMeHTaruu MOXKeT
TakkKe ObITh O€NKOM, BHTAMHUHOM, (hapMaleBTHUECKUM CpPEACTBOM, MA00aBKOW B KOPM
JKHBOTHBIX, XHMUKATOM CIELUHAIbHOTO HA3HAYEHMs, XUMHYECKHM CBIPHEBbIM MAaTEepPHAJIOM,
IUIACTUKOM, PACTBOPUTENIEM, 3THJICHOM, (PepMEHTOM, TAKMM Kak MpoTeasa, LeJUI0J1a3a, aMmuiIasa,
TIIFOKaHa3a, JIAaKTas3a, JINMasa, Jras3a, OKCHIOpeNyKTas3a, TpaHcdepasa Wil KCHTaHa3a.

Omoenenue npooykma hepmenmanyuu

Crnoco®0 B COOTBETCTBUHM ¢ HACTOSIINM H300peTEHHEM HEOOSI3aTENbHO BKIIFOYAET
BbIZleIeHHe mpoaykTa ¢epmeHTaunu. Ilpoaykr ¢epmeHTarum MokeT OBITH OTHENEH OT
(bepMeHTaLIMOHHOTO OyJIbOHA JIFOOBIM U3BECTHBIM criocoOoM. Takum obOpasom, s KaxKaoro
npoayKTa CreuuaiucT B I[aHHOfI O6J'IaCTI/I TEXHUKU MOKET BbI6paTb NoAXOAAIYHO METOAUKY
orxeneHusi. Hampumep, 5TaHON MOXeT OBITh OTHENEH OT IPOACKEBOro (PepMEHTALMOHHOTO
6y.]'[bOHa nyreM AJUCTHIUIALOWHN, HanpuMep, AUCTUILIALNU HapOM/BaKYYMHOﬁ AUCTUNIIAIINN
OOBIYHBIM CTIOCOOOM.

HekoTopsle BapraHThI OCYIIECTBJICHHSI M300pETEHHs Aaiee OMHcaHbl Oosee moapoOHO,
HO 0e3 orpaHuuYeHusT KaKUM-TH00 00pa3oM 0ObeMa HACTOSIIEro H300PETeHMUS.

HDUM@H@HM@ mepfwocma6uﬂbﬂbzx d)epmeﬂmoe 6 ONMUMAQIIbHbBIX MEMRepanmypHbixX

YCHOBUAX

B opmHOM BapmaHTe OCYIIECTBICHHS U300pPETEHHE OTHOCUTCS K IPHUMEHEHHIO
TePMOCTAOMITBHBIX (DEPMEHTOB, TAKUX KaK LEJUTIOJIOUTUYeCKue epMeHThl U3 Rasamsonia, nis
NOJIYYeHUS ~ BOCCTAHABIMBAIOIIMX  CaxapoB W3  MpenBapurenbHo  0OpadoTaHHOrO
JIMTHOLIEJIJTIOJIO3HOTO ChIPhEBOr0 MaTepHuaa Npy NPOAYKLHMH 3TAHOJIA, HO HE OTPAHUYUBAsCH €1
Henmononuruyeckne QepMertsl U3  Rasamsonia, TpPUMEHsEMble Ha TPEIBAPUTEIHHO
00pabOTaHHOM JINTHOLIEJUTIOJIO3HOM CBIPhEBOM MaTepHalie, MoKa3ajdn MaKCUMAaJlbHble CKOPOCTH
npeBpalieHus npu Temmneparype B auamnasone oT 50 no 70°C. depMeHT OCTaeTcsi aKTUBHBIM B
STHUX YCJIOBUSAX B TeueHUe 14 cyTok u Oosbine 6e3 MoJHON MOTepH aKTUBHOCTH.

C npuMeHeHHEM ONTUMANBHBIX TEMIEPATYPHBIX YCIOBHH MOXHO BBICBOOOAHTH
MaKCHUMAaJIbHOE KOJIMYECTBO BOCCTAHABIMBAIOIIUX CAXapOB M3 CBHIPHEBOTO MaTepuasa (TIOJTHBIN
THOPOJN3) € HAaWKpaT4alHIIMM BO3MOXKHBIM BpeMeHeM ruaposnsa. Takum crnocodom
nocturaercsi 100% mpeBpalneHne HeI0JI03b] B TIIFOKO3bI MEHEE YeM 3a 5 THEH.

Teopernyecknii MakcuManbHbIN BbIxon (Yps max B rpaMMax NpPOAYKTa Ha TIpaMM
TTFOKO3bI) A1 (PePMEHTALMOHHOTO MPOAYKTA MOKET OBITh MOJyYeH U3 YYeOHUKA M0 OMOXUMUH.
Hna sranoma 1 momp rmoko3sl (180 1) maer B COOTBETCTBUHM C HOPMAJBHBIM IIyTEM
¢depMeHTaIMY B BUAE IVIMKOJIHM3a IO MEHbINEH Mepe 2 MoJb 3TaHosa (=2x46= 92 r 3TaHONa).

TeopeTndecknii MakCUMaJbHBIA BBIXOJ 3TAHOJA MO TJIHOKO3€, TaKUM O0pa3oM, COCTaBIISIET
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92/180=0,511 r 3TaHoaa/T TJIIOKO3BI.

s Oyranona (M.m. 74 r/monb) win uU300yTaHOJA TEOPETUYECKUN MaKCHUMAaJTbHBIM
BBIXOJl cocTaBisier 1 Monp OyTaHoJa Ha MOJIb IIFOKO3bBL Takum oOpasom, Yps max ans
(n30)0yranona cocrapysier = 74/180=0,411 r (130)0yTaHOa/T TIFOKO3BL

JUi1 MOJIOYHOH KHCJIOTBI BBIXOJ (hepMEHTALNHU ISl TOMOMOJIOUHOKUCIION (pepMeHTaLH
COCTaBJISIET 2 MOJIb MOJIOUHOH KUCNOTEI (M.M. = 90 r/M0Jb) Ha MOJIb TIIFOKO3bI. B cooTBETCTBHM
¢ 3TOM cTexnomerpueH, Yps max = | r MOJIOYHOM KHUCIIOTBYT TIIFOKO3BL.

JUnist Apyrux NponyKTOB (PepPMEHTALIMH MOYKHO TIPOBECTH NMOJOOHBIE PACUETHI.

CHuxeHue 3aTpaT, JOCTHUraeMoe C NMPUMEHEHHEM LEJUTIOJIONUTHYECKIX (PEePMEHTOB U3
Rasamsonia, obecriednBaeT yMeHbIIEHHE 00IEro BpeMeHH mpo1iecca.

Komnencayua nuskoii  0o3upoeku hepmenma ¢ VeeUyYeHUueM GPeMeHUu 2uopoaus3d ¢

HNPpUMEHEHUEM cbepmeﬂmoe Rasamsonia

Bbrnaromapst BICOKOH CTa0MIIBHOCTH CTA0MIIbHBIX (PEPMEHTOB, AKTUBHOCTb HE MCYE3a€ET CO
BPEMEHEM, XOTs BBICBOOOXKIAETCS MEHBIIE CaxapoB B XOJe TUAPOJH3a. MOXKHO CHHU3UTH
JIO3UPOBKY (pepMeHTa W TPOAJIUTH MPHUMEHEHHe (epMeHTa IyTeM YBEIHMUYEHHs] BpPEMEHH
THOPOJIN3a JJISl TIOJYYeHHsT CXOAHBIX YPOBHEH BBICBOOOKIAIOIIMXCS BOCCTAHABIMBAIOIINX
caxapoB. Hanpumep, 0,175 mi depmenTa/T CYyXOro BelecTBa ChIpheBOTO MaTepraia MPUBOIUT K
BBICBOOOXKIEHNIO TpuMepHO 90% OT TEOPEeTHUECKOr0 MAaKCHMyMa BOCCTaHABIMBAIOIINX
caxapoB W3 TpeaBapuUTeNbHO 00paboOTaHHOrO ChIpbEBOrO MarTepmwaja 3a 72 daca. [lpu
ucnosibzoBanuu 0,075 M epMeHTa/T CyXOro BelecTBa ChIPbEBOT0 Marepuasa mpuMepHo 90%
MpPEBpALlEHNE OT TEOPETHUECKOIO MakCUMyMa focturaercs B npenenax 120 gacos. PesynbraThl
MOKA3bIBAIOT, YTO Onarojapsi CTaOMIbHOCTH (EPMEHTATHMBHON AKTUBHOCTH, CHIDKEHHUE
JO3UPOBKU (PePMEHTA MOXKHO KOMIIEHCHPOBATh MYTEM YBEIMYEHHsS BPEMEHU THIPOJN3a IS
MOJy4eHUs] OAHOTO M TOrO XK€ KOJMYeCTBA BOCCTAHABIMBAKOLIMX caxapoB. To ke camoe
CHPaBEAUBO JUIA THAPOJIM3a MpPEABAPUTENbHO OOpabOTaHHOrO CHIPHEBOTO MarepHhajia IpH
COIEepKaHUM Cyxoro BemecTBa Bbime 10%, 4YTO mMOKa3bIBa€T KOMIIEHCATOPHBIH 3¢ddekT
VAJIMHEHUS] BPEMEHU ruapon3a mpu 15% cyxoro BeliecTBa ChIpbeBOrO MaTepHaia.

CHuxeHue  3aTpaT Ha  IPOU3BOACTBO,  JOCTHUraeMoe IyTeM  IPUMEHEHMUs
LEJUTIOJIONINTHYECKUX  (PEPMEHTOB, Takux Kak Rasamsonia, TPUBOAMT K HEOOXOIUMOU
CHIDKEHHON NO3upoBKe (pepMeHTa, obecrieunBas CXOOHBIH BBIXOA NPU THAPOJUTHUYECKOM
MpeBpaLleHUH.

CHruoicenue pucka KOHMAMUHAQYUH CO CIMAOWIbHuIMY (DepMeHmamu

B ofmem crnocoGe mpeBpamieHusl JUTHOLEJUIIOIO3HOTO Marephajia B 3TaHOJ JTarlbl
crocoba MPEeArnoOYTHTENFHO OCYIIECTBIISIIOT B CENNTUYECKUX YCJIOBHSIX JJIsl CHYDKEHUS 3aTpaT Ha

npou3BoacTBO. Takum 00pa3oM, BO3MOXKHA KOHTAMHUHALMS W POCT KOHTAMUHHUPYIOLIUX
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MUKPOOPTaHU3MOB, YTO MOKET MPUBECTU K HEXKeJaTeIbHBIM NOOOUYHBIM 3((dekTam, TakuM Kak
BbIpaOOTKa MOJIOYHOH KHCJIOTBI, MyPaBbHHON KHCJIOTBI U YKCYCHOW KHCJIOTBI, MOTEPH BBIXOAA
3TaHOJa Ha cydOcTparte, BbIpaOOTKA TOKCHHOB W OSKCTPALEIUIIOJIAPHBIX TOJHCAXapPHAOB, YTO
MOJKET OKa3bIBaTh 3HAUYUTENbHOE BIMSHUE HA 3aTPaThl HA MPOU3BOACTBO. Bricokast TeMmepaTypa
nporiecca W/WiIM KOPOTKOE BPeMst IIPOLecca OTPaHUYNBAET PUCK KOHTAMHHALIUH TIPU THAPOJIH3E
u ¢epmenraunn. TepmocTaOmibHble (GEepMEHTBI, Takue Kak w3 Rasamsonia, crnoCOOHBI K
TUJIPOJIN3Y JUTHOLEJUTIOJO3HOTO ChIpb€BOrO MaTepuana npu temmneparypax Bbime 60°C. Ilpu
STUX TeMIIepaTypax PUCK KOHTAMHHAIIMA MUKPOOPTAaHU3MAaMU, BBI3BIBAIOIIUMU HEXKeNIATEIbHbIE
nobouHbIe 3P HEKThI, SIBISETCS CAOBIM HJIH MTOYTH HYJIEBBIM.

Bo Bpems stama ¢epMeHTanmMM, mpu KOTOPOM 00pa3yercsl 3TaHOJ, TEMIeparypa, Kak
npasuio, cocrasisieT oT 30 mo 37°C U NpeAnoOuYTUTENHHO HE MOBBILIAETCS H3-3a IOTeph
npoaykiud. IIpu ncnoap30BaHUN Kak MOYKHO 0oJiee KOPOTKOTO BpeMeHH (pepMeHTaIluH PUCKHU U
3¢ (deKkThl KOHTAMHHALIMK W/WJH POCTAa KOHTAMHHAHTOB Kak MOHO Ooyiee cHuxarotTcs. Co
cTabunpHbIME (PepMEHTaMHU, TAKUMH Kak U3 Rasamsonia, MOKHO MPUMEHSITh KaK MOHO Oolee
KOPOTKOE BpeMs (hepMeHTalnH (CM. OTTUCAHHE BBIIE), U TAKAM 00pa3oM, PUCKH KOHTAMUHALINH
W/ pOCTa KOHTAMHHAHTOB KaK MOXKHO OOJIbIIe CHUKAOTCS. TakuMm o0pa3oM, CHWKEHUE
3aTpar  HA  TPOU3BOACTBO,  AOCTHraeMoe ¢  TIPUMEHEHHEM  TEepPMOCTaOMIIBHBIX
LEJUTIOJIONIUTHYECKUX (pepMEHTOB u3 Rasamsonia, TPUBOIUT K CHWKEHHIO PUCKA HAPYIICHUN
nporiecca 13-3a KOHTAMHHALIH.

Cmabuibnvie hepmenmol RO360AI0M CHUUMDb 3AMPAMbL HA OXAANCOCHUE U NOBLIMIAIOM

NPOU3600UMENLHOCINb GLIPABOMKU SMAHOIA

Ha nmepBom osrame mocine TepMuUdyeckoll 00OpabOTkH HEOOXOOUMO  OXJIAAWTh
npeaBapuTeNbHO 00pa0OTaHHBIN CBHIPHEBOI MaTepuasn A0 TeMmIeparyp, rae (pepMeHTbl UMEIOT
ONTHUMAJIbHYIO aKTUBHOCTb. B GonblioM Mmaciitabe 3TO, Kak MPAaBUJIO, BBINOJHSIOT MyTEM
nobaBneHus: (OXJAKAEHHOH) BOIbIL, KOTOpAas, MOMHMO CHIDKEHHsS TEMIepaTypbl, CHHKAeT
conepaHne cyxoro BemectBa. C mMpUMeHEHHEM TePMOCTAOMIIbHBIX (PEPMEHTOB, TAKUX KaK U3
Rasamsonia, MOXHO INOCTHYb CHIDKEHHUS 3aTpaTr Ha NPOHM3BOJACTBO Ojaronmaps Tomy, 4to (1)
TpeOyeTcsi MeHbIlee OXJIAKIEHHE IMPeIBapUTENIbHO 00pabOTaHHOTO CHIPHEBOIO MaTepHaa,
MIOCKOJIBKY OO0Jiee BBICOKHE TEMIIEpaTypbl AOIMYCKAOTCA MpH ruaposuse, u (i1) noOaBistoT
MEHbLIE BOJIbI, YTO TIOBBIIIAET COAEPKAHNE CYXOro BeLIeCTBA MPH I'MAPOJH3e U hepMeHTALNH, 1
TakuM 00pa3oM, TMOBBIIIAET MPOU3BOACTBEHHBIH TMOTEHLUMAN JJsi 3TaHoJa (KOJHYECTBO,
NPOM3BECHHOE B €AMHUIY BpeMeHHU Mo 00beMy) Jisl 3aBOJa 1O MPOU3BOACTBY 3TaHosa. Kpome
TOTO, C TPUMEHEHHEM TepMOCTaOWIbHBIX (EPMEHTOB B COOTBETCTBHM C HACTOSILIMM
n300peTeHneM, TaKuX Kak U3 Rasamsonida, MOKHO IOCTHYb CHUKEHHS 3aTpaT Ha MPOU3BOICTBO

MyTeM MPUMEHEHHs OXJIAKIAIOIIe BOJbI, UMEIOIIel O0Jjiee BBICOKYIO TEMIIEPATypy, YeM BOJA,
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UCTIOJIb3yeMast B CITOCO0e ¢ HETEPMOCTAOMIIbHBIM (hepPMEHTOM.

HO@I’I’IODHO@ UCHOJIb306AHUE d)epmeﬂmoe noc.ie leaDO/ZMS’Cl CO _ cmabuIbHuIMU

gZzegzmeHmamu

B koHme rupponm3a aKTUBHOCT (PEPMEHTOB CTAHOBHUTCS HH3KOH, IOCKOJIBKY

BBICBOOOKIAETCA MaJO BOCCTAaHABJIMBAIOLINX CAaxXxapoB WH3-3a NPEBpALEHHs IOYTH BCEH
1esuTros103bl. OHAKO KOJIMYECTBO TMPUCYTCTBYIOLIEH (EPMEHTATUBHOW AaKTHMBHOCTH Mallo
CHWKAETCS, MPENIOJIOKUTENILHO, TIABHBIM 00pa3oM u3-3a abcopbuuu hepMeHTOB Ha cyOcTpare.
C mnomompl0 TpUMEHEHUs OTAeNeHUs TBEpPIOTO BellecTBa OT JKUAKOCTH, TaKOro Kak
LHeHTpUyrupoBanue, GUIbTpaLUs, OCAOKICHHE C JeKaHTalUued, 1 T.1., MOKHO BbIAETUTH 60%
win Oounbine, Hampumep, 70% (QepMEeHTaTUBHONW AaKTMBHOCTH B PAacTBOpPE, U MOBTOPHO
NPUMEHUTh JUIsI THUAPOJIM3a HOBOTO MPEIBAPUTENLHO OO0pabOTaHHOTO JHTHOLIEIUTFOJIO3HOTO
CBIPBEBOT0 MaTepuala Mpy NOCIeAYy0IeM FHAPOIIU3e.

Hanee, mocnie pa3aeneHus TBEPAOTO BELIECTBA U JKUAKOCTH (PEPMEHT B PaCTBOPE MOKHO
OTIEJUTh OT pacTBOpa, COJAEprKallero BOCCTAaHABIMBAIOIIME caxapa M Apyrue MNpOAYKTbI
THOPONIN3a OT (PEPMEHTATUBHONW AaKTHBHOCTH. JTO OTHAEJICHHE MOXKHO BBITIOJHHUTH ITyTEM
(ymbTpa- ©  MUKpO)PMIBTpAaLMH, UEHTPUPYTUPOBAHUS, OCAKIACHHUS C  JeKaHTaLuei,
CemMMEeHTAInH, C IepBol abcopOuueli pepMeHTa Ha HOCUTENE JIFOOOro BUAA, Wik Oe3 Heé, HO He
OTPaHUYUBAsICb UMU.

Hanpumep, nocie rugponnsa npeaBapuTeslbHO 00padOTaHHOTO CHIPbEBOTO MaTepHaa C
(bepmenTaTuBHON Harpy3koi 0,175 Mi/T CyxXoro BelecTBa ChIPhEBOrO MaTepuaia B TeueHue 20
4qacoB, BbICBOOOXkmaercss 50%  OT  TEOPETHYECKOTO  MAKCUMAJbHOTO  KOJMYECTBA
BOCCTaHABJIMBAIOIUX C€axapoB, a I[OCje TOro ke THUApPOJM3a B TeueHue 72 4YacoB
BbIcBOOOXKMaerct 90% OT TEOpPEeTHYECKOro MAaKCHMAJIBHOTO KOJIMYECTBA BOCCTAHABIMBAIOIINX
caxapoB. Ilyrem ueHtpudyrupoBanuss u  yiabrpaduiabTpanun  m3Biekamn  60-70%
(bepMEeHTaTUBHOI aKTUBHOCTH B KOHLIEHTpATe, B TO BpeMsl Kak puibTpar copepskain doiuee 80%
BBICBOOOK/IEHHBIX ~ BOCCTAHABIHMBAIOIIMX  caxapoB. llyreM MOBTOPHOrO  NpPHMEHEHHS
KOHIIEHTPAaTa, KaKk TAKOBOTO WJIM TOCJE NOTIOJHUTEIbHOW OYMCTKH WM/MIM KOHLIEHTPHUPOBAHMUS,
JIO3UPOBKY (pepMeHTa BO BpeMsi CICAYIOIIETrO 3Tana THAPOJN3a MOXKHO CHU3UTL OT 60 mo 70%.
CHikeHUe 3aTpaT, JOCTUraeMoe ¢ STHUMH CTaOMJIBHBIMH LEJUTIOJIOUTHYECKUME (hepMEeHTaMH,
TAKUMU Kak u3 Rasamsonia, odecrieunBaeTcs TaKUM CIIocOOOM 3a CYET CHIDKEHHUST HeOOXOTMMON
NO3UPOBKH (pepMeHTa.

lloemopuoe ucnonvzosanue hepmenmos nocie 2Hopoau3a 8 KOMOUHAuuY ¢ NpooyKyueil

d)epmeﬂmoe U HOBMOPHbLIM _ UCROJIbB306AHUEM 0D09fCOfC€6blx KIEeMOK __ CO __ CIAOUTbHOLIMUY

gZzegzmeHmamu

Crnoco0, BKIIOUAOIUI MOBTOPHOE MpPUMEHEHHE (EPMEHTOB IOCHIE THIPOJIN3a, Kak
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OMHCAHO BBIIE, MOXHO OOBEAVWHUTH C TOBTOPHBIM MPUMEHEHHEM MHKPOOPTaHU3MOB,
BbIPAa0ATHIBAIOIIUX 3TAHOJ, MOCe (epMEHTANU, U C IPUMEHEHHEM (UIIbTpaTa, COAEPKAIIEro
BOCCTAHABJIMBAIOLINE Caxapa, B KauecTBe cyOcTpaTa (OYHIIEHHOTO /WM KOHLEHTPHUPOBAHHOTO
win pa30aBjeHHOr0) B ()epMEeHTalNK C BbIPAaOOTKOH (epMeHTa U B KadecTBe cyOcTparta st
KYJITUBHPOBAHUSI MUKPOOPTaHU3MA, BhIPAOATHIBAIOIIETO STAHOII.

llosmoproe npumenenue ghepmenmos nocie 8AKyyMHON QUCIWIIAYUY CO CIMAOUTLHBIMU

gZzegzmeHmamu

TepmocTabunbHOCTH PEPMEHTOB, TAKHX Kak U3 Rasamsonia, obecredrnBaeT OCTaBIIYIOCS

LIEJUTFOJIOJIUTHYECKYIO0 aKTHBHOCTb MOCIE THAPOJHN3a, (PepMeHTAlMN 1 BAKYYMHON AMCTUIUISLIIH
B oTdumibTpoBaHHON Oapnme. OOmas akTUBHOCTh ()EPMEHTA CHIDKAETCS BO BpeMsl Tpex
MOCIENYIOLINX 3TANoB Mpouecca. Takum o0pa3oM, OTPHUIBTPOBAHHYIO Oapay, MOJYYEHHYIO
NOCie BaKYYMHOH JWCTHIUISIIMH, MOXHO TIOBTOPHO HCIHOJB30BAaTh B KadeCTBE HCTOYHMKA
(epMeHTOB JUIi HOBOrO ILMKJIA TIpolecca TUApPOIu3a-(pepMEeHTAUN-IUCTHIUIIAA IS
NpeBpaleHus]  NpPeABapUTENbHO  OOpaOOTAaHHOW  MINEHWYHOH  COJIOMBI B 3TAHOJL.
OtdunpTpoBanHy0 Oapay MOKHO MPUMEHATb B KOHIEHTPHPOBAHHOW WM (HE)pa3OaBIEHHOM
¢dbopMe 1/uii OUNIIEHHOMH ¢ 10OaBICHHEM JOTIOTHUTENBHBIX (PEPMEHTOB, MK Oe3 HUX.

lloemopuoe npumenenue hepmenmos 6 xombunayuu ¢ oobasienuem epmenmos nociae

BAKYYMHOU OUCIMUWIAYUY C MepMOCcCmaduibHbIMU (hepmenmamu

B ontumanbHOM crniocobe konmdecTBO (hepMeHTa, moOaBisieMoe B OT(PHUIBTPOBAHHYIO
Oapay mepen €€ TMOBTOPHBIM MPUMEHEHHEM B HOBOM LIMKJIE MPOLIECCA, PABHO KOJIMYECTBY
AKTHBHOCTH, MOTEPSHHOMN Ha TPeX MOCAeJOBATENIbHBIX TAMax MpoLecca U3 MPeAbIIYINero uKia
npouecca. Takum cnocoOoM MpenoTBpaliaercss U30bITOYHAs NO3MPOBKa (DepMeHTa, U TaKuM
obpaszom, nocruraercsi HauOoee 3pPeKTUBHOE MPUMEHEHHE (pepMEeHTa.

Janee, mnyrteM oOecriedeHuss BBICOKOH  JO3MPOBKM  (pepMEHTa B  MEPBOM
NPOM3BOACTBEHHOM LMKJIEe M J00aBieHus (epMeHTa, PABHOIO KOJHYECTBY AKTUBHOCTH,
MOTEPSIHHOM BO BpeMsi TpeX MOCJIENOBATENIbHBIX 3TAllOB MPOLIECCa B CIASAYIOLIMX LIUKIAX
MpoLecca, MOKHO JOCTHYb HanboJiee BBICOKMX BO3MOKHBIX CKOPOCTEH THIPOJH3a B KaKAOM
LHKJIE MpOLecca, YTO MPUBOIUT K KOPOTKOMY BPEMEHH THApOJiM3a MeHbine 48 4YacoB B
KoMOUHaMu ¢ Hanbosee 3PpPeKTHBHBIM PUMEHEHHEM (DEPMEHTOB.

HDUM@H@HM@ CMAdUILHBIX d)epmeﬂmoe 6 CMEULARHbIX CUCmemMax

3a cueT NMpUMEHEHUs MepEeMEIINBAHUS BO BPEMsI THIPOJIH3a, (PepMEHTHI Yale MPUXOIIT
B KOHTakT C cyOcTpatamu, 4YTO TpPUBOAMT K Oosee 3(PdekTuBHOMY NpPUMEHEHHIO
KaTAJIMTHYECKON aKTUBHOCTU. DTO 00eCcrieynBaeT NPUMEHEHHE MEHBIINX JO3UPOBOK (PePMEHTOB
U TakuM oOOpa3oM, K CHIDKEHHIO 3aTpaT, €CIH TOJIbKO CMELIMBaHME HE OKa3bIBaeT

OTPHULIATENLHOTO BIUSAHUS Ha pepMeHThl. CTabuibHble (PEPMEHTBI, TAKHE KaK TEPMOCTAOMIIbHbIE
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bepmenTsl U3 Rasamsonia, yCTOWYMBBI U MOTYT BbIIEP)KUBATh YCJIOBUS (MECTHBIE) BBICOKOTO
CABUra M TeMIEepaTyp, KOTOpble OTMEYaroTCs B Cly4ae HWHTEHCHUBHOIO MEpPEeMELINBAaHUs
cycnen3uil. IlpuMeHeHme cHCTeM ¢ TepeMeIlNBAaHUEM, TaKUM OOpa3oM, SIBIISETCS
ONMaronpusATHBIM, W MPHUBOAUT K YMEHBLICHHIO NO3UPOBKHU, U TaKHUM OOpa3oM, K CHUKEHHIO
3aTpar.

Hzo0perenne nanee OMUCaHO MOCPEICTBOM CIEAYIOMINX MPUMEPOB, KOTOPBIE HE CIEAYET

CUNTATh OTPAHUYHBAIOIIUMH 00BEM H300pETEHHSL.

INPUMEPDBI

Hudopmanus o6 skcriepuMenTe

LImammor

IMopgxonsmumu  mTamMMamu  Rasamsonia, KOTOpble MOXKHO  HCIIONBb30BAaTh B
NPEACTABICHHbIX TpUMepax Uil AEMOHCTpauuu >¢dexTa u MPEeUuMyLIeCTB H300peTeHHs,
seisitorest, Hampumep, TEC-101, TEC-147, TEC-192, TEC-201 wmu TEC-210. IItammbr
onmucanbl B WO 2011/000949.

Illpucomosnenue npeosapumensHo  00pAbBOMAHHO20 — KUCIOMOU  cyOocmpama — u3
KYKYPY3HOIl COJI0MbI

IIpensapurensHo 006padoTaHHYIO pa3daBleHHONW KHCIOTOH KyKypy3Hyr cosomy (KKC)
nonydany, kak onucano B Schell, D.J., Applied Biochemistry and Biotechnology (2003), vol.
105-108, pp 69-85. Mcnonp3oBay peakTop Al MpenBapUTEIbHONH 00pabOTKH B MHJIOTHOM
Maciurade, paboTaroIUl B YCIOBUSX PABHOBECHOTO cocTosiHUS 190°C, ¢ MPOAOKUTEIBHOCTHIO
npedbiBanHus 1 MuH u 3¢ dextuBHoi koHUeHTpauneit H2SO4 1,45 macce.% B sxuaxoii pase.

Ananussr 0ns onpedenerusi 6eaxa

1. Obwuit 6eaox

1XYV buypem

Criocob siBnsiercss kKoMOMHaIMeH ocakaeHHuss Oenka ¢ MPUMEHEHHEM TPHUXJIOPYKCYCHON
kucinorel (TXY) s ynaneHuss MeIIAIOIINX BEIIECTB M OOeCNedeHHsl OmNpenesieHus
KOHIIEHTpauuu Oejka ¢ KOJOPUMETPUUECKO OmypeToBol peakuueil. B OmypeToBoii peakiuu
non menu (II) BoccranaBnuBaercs 1o nonHa Meau (I), koTopeiii 0O6pa3yeT KOMIUIEKC ¢ a30TaMH |
yrieporamMH TMENTUAHBIX CBsi3ell B IIENIOYHOM pacTBope. PuoyeToBas OKpacka yKa3blBaeT Ha
npucyTcTBUe OenkoB. NHTEHCHBHOCTH OKPACKH, U CIIEOBATENIbHO, MOTJIOUIEHUE Mpu 546 HM,
NpPsSMO MPOTNIOPIIMOHANIBHBI KOHLIEHTPalMK Oesika, B COOTBETCTBUHU ¢ 3aKkoHOM Jlambepra-bepa.
Kamubposky mnpoBoxunimm ¢ mnpuMeHeHneM BCA (Obl4bero ChIBOPOTOYHOTIO aibOyMHUHA), U
conepskanue Oejka BbIpaskald B rpamMm Oenka B Buae 3kBuBajienTa BCA/n wnm B Mr Oenka B

Buze skBuBaienta bCA/mn. Coneprxanne Oeslka pacCUMTHIBAIN C MIPUMEHEHUEM CTaHIAPTHBIX
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IPOTOKOJIOB, U3BECTHBIX B JAHHOW OOJNACTH TEXHUKH, MyTEM IMOCTPOCHUS] KPUBOW 3HAYCHHUN
Olls4s TPOTHMB KOHLEHTPAMM OOPa3lOB C U3BECTHONW KOHIICHTpAIUEH, ¢ MOCIEeIYIOMUM
pacyeToM KOHLEHTPALUH HEM3BECTHBIX OOPA3IOB, C MPUMEHEHNEM YPAaBHEHUS, TIOJTYYEHHOTO 13
KaJIMOPOBOYHOM KPUBOH.

2. Hnousuoyanrsuvie 6eqxu ¢ npumenenuem I1A1D

lIpeosapumensnas oopabomra oopazyoe ons JJICH-IIAI'D

Ha ocHoBe ycTaHOBJIEHHOH KOHLEHTpauuu Oenka B 00pasiax, MPOBOAMIIH CIEIYIOLIYIO
noarotoBky obpaszuos. K 10 mkn obpasua nodassiim 40 mxi Boael MilliQ u 50 mxa TXV (20%)
IUI TIATUKpAaTHOTO paszdaBienus obpasua (~ 1 mr/mu) u ocaxnaeHus 6enkos. Cryctst 1 dac
UHKyOaunyu Ha Jpay oOpasubsl uentpudyruposamu (10 munyt, 14000 00./mMuH). Ocanok
npombiBamu 500 mxn aneroHa u nentpudyruposamu (10 munyt, 14000 06./mun). Ocanok
obpabaTbIBaH, KaK OITUCAHO HUXKE.

JICH-1IAI'D

Ocanok pactsopsid B 65 Mkn Boanl MilliQ, 25 mxn NuPAGE™ LDS 6ydepa ans
obpasnos (4x) Invitrogen u 10 Mxn NuPAGE™ Boccranapnuparomero arenTa s o0pasLoB
(10x) Invitrogen. Ilepen sTamom neHaTypanuu oOpaser pa30aBsuid B 5 pas ¢ NPUMEHEHHEM
cmecu MilliQ; NuPAGE™ LDS 6ypepa nns obpasuos u 10 mxkn NuPAGE™
BOCCTAHABJIMBAIOIIETO areHtra s oOpasnoB B oTHomeHun 65:25:10. Tlocne cmemuBaHus
oOpa3npl HHKyOHUpoBann B TepMoMukcepe B TeueHne 10 munyt npu 70°C. PactBopsl 06pa3ios
sHOCUNH Ha 4-12% Bis-Tris rens (NUPAGE™ BisTris, Invitrogen). Ha reb Takike HaHOCHIHU
obpasen mapkepa (10 mxi) M12 (Invitrogen). Diektpodope3 B remsx nposoauian npu 200 B B
teuerune 50 munyt, ¢ npumenenueM XCELL Surelock, ¢ 600 mn pazdasnennoro B 20 pa3 JICH
Oydepa Bo BHemwHeil OydepHoit kamepe m 200 mu pasbasiennoro B 20 pa3 JACH Oydepa,
conepskamero 0,5 mn antuokcupanta (NUPAGE™ Invitrogen), Bo BHyTpenHeii OydepHoii
kamepe. Ilocnme snekTpodopesa remp ABaKIbI NMPOMBIBAIM JAEMUHEPATH30BAHHONW BOMOM,
¢ukcupoBanmu renu pactBopoMm 50% wmeraHona/7% yKCYyCHOH KHCIOTBHI B TedeHue | daca, W
okpammBanu Sypro Ruby (50 mn Ha renp) B Teuenme Houm. M3oOpakeHue mosydainn ¢
npumeHerreM Typhoon 9200 (610 BP 30, 3enensriit (532 um), PMT 600V, 100 MukpoH) mocine
oTMBIBaHHs rejst Bogaoii MilliQ.

KosaunuyecTBeHHbIH aHaIu3 6es1ka

C npumenenmem ckaHepa Typhoon ompenensuyii OTHOIIEHHE MEXKAY OEITKOBBIMH
MIOJIOCAMH JTOPOKKHM € TIPUMEHEHHEM CTaHAAPTHBIX CIIOCOOOB, M3BECTHBIX B JAHHOH OOMacTH
TexHukd. OOpaszel] HAaHOCWJIM B TPEX MOBTOPHOCTSAX, M YPOBEHb SIPKOCTU ONPENEISUTH C
npuMeHeHneM nporpaMmbl Image Quant. 3Ha4eHUs BBIpaskaiy B BUAE MTPOLIEHTHOTO KOJHYECTBA

Oenka MO OTHOUIEHHIO K oO0memy Oenky, npu pacuere ¢ NPUMEHEHHEM YPOBHS SIPKOCTH
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n30paHHOUN OETKOBO MOJIOCHI OTHOCUTENBHO OOIIEero YPOBHS SIPKOCTH BCEX OEKOBBIX TOJIOC.

Pacuem npespawenus enokanos:

Ipespamenue rimokanoB (%) = (rmoko3a (r/im) x 100 %) / (rmrokas (ppakuus o cyxomy
BemecTBy) X CB (1/kr) x 1,1); roe:

I'moko3a (1/11) = KOHIEHTPALUS TIIFOKO3bl B HAZOCAAOYHOHN JKUAKOCTH MTOCIIE THAPOIIH3A.

I'mokan (ppakuus no CB) = conep:kaHue TiFOKaHa B CyOCTpare nepes npeaBapuTenbHON
00paboTKOIA.

CB (1/kr) = comep:kaHue Cyxoro BemecTna npu rugponuse (Hampumep, 20% CB = 200
r/KT).

1,1 = yBenu4yeHue Macchl U3-3a BCTPAUBAHUS BObI MPH THAPOJIH3E.

IIpumepHsIii pacuer:

T'mroxo3a 60 r/n

0,40 (40% 1o cyxoMy BEIIECTBY)
200 r/kr

I'mokanoBas ppakius

CB

[Ipumep npespamenus rmokada = (60*100) /(0,4 x 200 x 1,1) = 68% npespaiieHne

Jlenajau mompaBKy Ha HCHapeHue, eciiu HeoOxoanmo. KOHIEHTpaluio B HaJ0CaJO9YHOM
YKUJIKOCTH 3aTEM MPEBPALIAU B KOHLIEHTPALMIO HA KIJIOTPAMM THAPOJIN3ATA.

H3mepenue noxkyponoeoil kuciomst 6 uoponuzamax ouomaccel nocpeocmeom CBIKX-
MC/MC

AHanu3 OCHOBAaH Ha pasnefeHud TMOKOHOBOW kucioTel ¢ CBIXKX kojoHkoi wu
nerekunn nocpencteoM MC/MC  (Ha OCHOBE OTPHLATENBHOM 3JIEKTPOPACIBUTUTEIBHON
HOHM3aUuN). [ MCKITIOYeHNsT OIMOOK, BBI3BAHHBIX 3P PeKTaMH CYyNpeCcCHd HOHOB, UCTIAPEHHUS
W BBEJEHHUs, UCTOJb30BAIUM MeUeHbIl BHYTPEHHHIl CTaHAapT, a UMEHHO '~ Cs-TIOKOHOBYIO
KUCJIOTY.

Xumuxamor 4 SMAIOHHbIE COCOUHEHUS]

Bony, ucnonesyemyro s noarotoBku oopasuoB u CBIXKX-MC/MC, ¢unbTpoBamu
nocpeacreom ¢uibTpa Millipore, 0,22 mxm. Aueronutpun BOXX kauecTBa monyuyanu OT
Merck (Amcrepaam, Hunepnanzsr). 0,1 06.% pactBop MypaBbuHON KuCIOTHI B Boze U 0,1 00.%
pacTBOp MypaBbMHOW KHCJOTHI B alleTOHHTpHiE monydain oT Biosolve B.V. (Bamkencsapn,
Hupnepnanael). DTalOHHOE COEAMHEHHE TJIFOKOHOBOM KHCJIOTBHI MMOJy4Yaqd oOT  Sigma
(3seitnapext, Hunepnannael). Medenas usoronom rmokonosas kucinora (*Cs, ucronnsopana B
KayecTBe BHYTPEHHEro CTaHmapta) Obuia u3rotomiieHa mno 3akasy Buchem B.V. (Amenmops,
Hunepnannsr).

Buympennuii cmanoapmusiii pacmeop

MaTouHbIli pacTBOp TOTOBMJIM C HCMOJb3oBaHueM Hapecku 10 mr *Cg-rmoxonoBoii
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KUCJIOTBI, BHOCHMOI B 10 M1 MepHyt0 K00y, ¢ pactBopenueM B 10 mi Boabl (okxoio 1 mr/mi).
U3 3TOr0 MaTodHOro pacTBopa roTOBWIJIM paboumii pacTBop myreM otOopa munerkoil 100 Mk
MaTOYHOTO BHYTPEHHEr'O CTaHJAPTHOTO pacTBopa U modasneHus 9,99 mut BOIbI (KOHLEHTPALIHS
ok0Jio 10 MKr/mi).

Cmanoapmmuuie pacmeopsi

MaTou4HBII pacTBOP INIFOKOHOBOM KUCJIOTHI TOTOBUJIN NYTE€M MPUIOTOBJIEHUS HABECKU S
MT TJIFOKOHOBOHM KHUCIOTHI U nodasieHus: 10 My Boabl. MaTo4YHBIN pacTBOp 3aTeM pazOaBiisuiv
nyreM orOopa mnunerkod 20 MKJI MaTO4YHOro pacrBopa u pnoOamieHuss 980 MK BOJBI
(pasBenenue 1, koHueHTpanusi okojio 10 mr/mm). Jlpyroe pasBeneHue TOTOBWIM, OTOHMpas
nunerkoit 100 Mkn u3 passeneHust 1 u nodasnss 900 Mk BOIbI (pa3BeneHne 2, KOHLIEHTPALIHS
okosio 1 mr/mi). Kanubposounyro kpusyro ctpomian st BOXX (rakoHOB B cOOTBETCTBUU C
Tabnuueit 1 HIDKE.

Tlloozomosxa obpazyos

PasmopakuBanu runponmsaTel OMOMacchl, eciu HeoOXoaumo, u pasdasmsiim B 10 pas
BO/OH, myTreM pa3baBnerus 150 Mk obpasua B mpobupke Dmmenmopd ¢ 1350 mu Bomwbl, ¢
nocneayomum teHTpudyruposanuem npu 13000 00./mMuH B Tedenue 15 munyt. [TonydeHHyrO
HAJIOCAJOYHYI0 JKUAKOCTh pasdammsmi B 50 pa3 Bomoil myrem orOopa munerkod 20 MK
HajocanouHou skuakoctu B BOXX ¢nakon u mobaenmenusi 100 mxn paboyero pactsopa
BHYTPEHHErO cTaHfaapTa u 880 MKJ BOJBIL.

CBIKX-MC/MC

I'mokoHoByr0 Kucnoty aHamusupoann B cucteme Waters UPLC iClass, cocrosieii n3
monynst Waters 1Class Binary Solvent Manager u monyns Water iClass Sample Manager FTN,
COEIOMHEHHBIX ¢ Macc-criektpoMerpom Waters Xevo TQD (Waters, Mundopn, Maccauycerc,
CIIIA). Xpomarorpadudeckoe pasaeieHne npoBoamin ¢ konoHkot Waters Acquity UPLC BEH
C18 (150x2,1 mm, 1,8 MkM) ¢ mpumeHeHHeM rpaguenTHor smouuu (A) 0,1 00.% MypaBbUHOM
KkucinoTel B Boge u (B) 0,1% MypaBbHHOH KUCIIOTHI B ALIETOHUTPUJIE B KA4eCTBE MOOMIIbHBIX (has.
7 MUH TpajiieHT HauuHau ¢ | MuHYTHI ipa 99% (A) ¢ mocnenyomuM JIHHEHHBIM CHIDKEHHEM
no 90% (A) 3a 2 muHyThl, 3aTeM npombiBaiu 20% (A) B TedueHHe 2 MHUHYT U TOBTOPHO
ypaBHOBemuBamu 99% (A) B Teuenue 2 muHyT. Ckopocth motoka coxpansuiu 0,35 mi/mMuH, €
MPUMEHEHHEM BBOAMMOTO 00beMa 5 MKJI, a TeMITepaTypy KOJOHKH ycTraHaBiauBain Ha 40°C.

Macc-criekTpomMeTp paboTal B pexuMe OTpULlaTeNIbHON noHm3anuu. O0paboTKy JaHHBIX
U UHTErPaLUI0 MUKOB MPOBOAMIN C MPUMEHEHHEM IpOrpaMMHOro obecrieuenus Masslynx 4.1
(Waters). JIeTEKIHUIO MIIOKOHOBOM KUCJIOTHI M > Co-ITIOKOHOBOMN KHCIOTHI HPOBOJMIH B PEKUME
MOHUTOPUHTAa MHOXKECTBEHHbIX peakuuii (MPM). OOwmue ycTaHOBKM OBUIM CIEAYIOIINMH:

kanuusspHoe HanpsbkeHue OPU 2,0 kB, nanpsbkeHue Ha skctpaktope 3,0 B, HampsbkeHue Ha
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koHyce 30 B. ITotok mecombBaTtalmoHHOTO ras3a (asora) cocrasmn 800 yi/4ac ¢ TemmnepaTypoii,
ycraHoByieHHOH Ha 350°C, moTok KoHycHOro rasa (asora) 50 j/4ac, a TeMriepatypa UCTOYHHKA
150°C. Hcnonp3oBanu cienyromue ycraHoBku MMP: m/z rmokoHoBOW kuchotel 1950 —
129,0, mpoAomKUTeNbHOCTL Bhiepkku 0,1 cek, HampsbkeHHe CTOJkHOBeHHs 2 B; m/z 3Cs-
MIFOKOHOBOM kuciaotel 201,0 — 134,0, mpomoyokuTenbHOCTh BbiAep:kKkHU 0,08 cek, HanpsoKeHUe
CTOJKHOBEHUs 2 B.

Konuuecmeennwiii ananus

KoHueHTpanmo rimoKOHOBOH KUCIIOTHI B I/JI PaCCUUTHIBAIN C MPUMEHEHUEM JINHEHHON
perpeccuu:

Konyenmpayusa coeounenusn (2/n) = ((Ilnowaos coeounenus/Inowads enympenne2o

cmanoapma) - cosue no ocu) x 1000 (paxmop pazbaerenus)/ (mauneenc yena HAKIOHA

Kkanubposounoil kpueoii x 1000)

Hpumep 1

Tllompebaenue kucaopooa 6o epems uopoau3a

Bo Bpemsi (epMEHTaTHBHOTO THAPOJIM3A MPEABAPUTETHHO OOpaOOTaHHOU KyKypy3HOM
cosiombl, conepsxkamieii 20% cyxoro BemecTtBa (comepikamieii 36% TIIOKaHAa MO CYXOMY
BemecTBy) npu Temmeparype peakropa 60°C m pH 4,5 nobaBmsuin 5 MMOJb KHCIOpPOAa Ha
KWJIOTPAMM THApOJM3aTa WM 68 MMOJIb KHCJIOpPOAA Ha KWUJorpamMMm IurokaHa. ['maponus
npoeogmin ¢ 2,5 wmr/r CB kykypysnoii comombl TEC-20 mnemtronasHol  (epmeHTHON
xomrnosuuuu. TEC-210 npousBoauin B COOTBETCTBUM C TNPOLEAYpPaMU HHOKYJSALMU U
dbepmenraumu, omnucanabiMd B WO 2011/000949. KonueHTpamwsi TIFOKOHOBOW KHCIIOTBI
cocraeuia 1,0 r/a1 B HaMOCAAOYHOM KHIKOCTH.

Ipumep 2

Tlompebaenue kucaopooa 6o epemsi 2uOpoaU3A 8 OONLULOM MAcuImAade

B peaxtop 100 M° ¢ yposHeM 3amonHennst 90% BHOCUIM JUTHOLEUTIONO3HbIN ChIPbEBOH
Marepuan ¢ conepxkaHueM cyxoro BemectBa 20%, copepxkammii 36% rmokaHa (4To
cootBercTByeT 18000 Kr CyXoro BemecTsa, cocrosmero u3 6480 Kr rirokaHa) npu Temmneparype
peaktopa 60°C u pH 4,5. I'mnponus nposoawmnu ¢ 2,5 mr TEC-210 uemmtona3Hoit GepMeHTHON
KOMIIO3UIIMH HAa TIpaMM CYXOro BemiecTBa cbipbeBoro marepuana. TEC-210 momyuanu B
COOTBETCTBUU C MPOIIeNypaMH HHOKYJSIuK 1 hepmeHTanuy, onucanabivu B WO 2011/000949.

OnTtuManbHBI TUAPOIU3 TIIOKAHOB obOecrieunBanu myreM pnoOasneHust 460 mousb
(MOJIEKYJIAPHOrO) KHUCIOpPOJa. JTO MPHUBOIWIO K YPOBHIO TJIFOKOHOBOW KHCHIOTBI | T/KT
TUAPOJIN3ATA.

Cro6GoiHOE MPOCTPaHCTBO peakTopa 10 M’ comepykano BO3ayX, M TAKUM 06pa30M, OKOJIO

3

21% xucnopoma, 49ro HSKBUBaJEHTHO 2,1 ™M’ 94 MOJbp MOJIEKYJSIPHOTO KHCJIOPOAA, YTO
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HEIOCTATOYHO UL ONTUMAJIBHOTO MPEBPALIEHUS IIFOKaHOB. TakuM 00pa3oM, JOMOJHUTEIbHbIHN
KUCJIOPOA AO0ABIISIN B PEAKIIMOHHYIO CMECh (TI0 MEHBIIEH Mepe, MUHUMAJIbHOE KOJIMYECTBO).

XoTst cBOOOAHOE MPOCTPAHCTBO PEAKTOPA COACPIKUT HEKOTOPOE KOJUUECTBO KHCIOPOAA,
5TO HE O3HAa4aeT aBTOMATHYECKH, YTO BECh KUCJIOPOJ IMOCTYNUT B PEAKLMOHHYIO CMECh, U3-3a
OTPaHUYEHUH MAacCOBOIO IME€PEHOCA, BBI3BAHHBIX OUYEHb HEOJArONPHUATHBIM OTHOLICHHEM
MJIOMAAM MOBEPXHOCTH/00beMa peakTopa B OonbimoM macmrade (> 1 m°). Jlns mpuMeHeHus
YacTH JTOrO KHCJIOpPOAa CBOOOAHOTO MPOCTPAHCTBA MOXKHO TPUMEHSTh HMHTEHCHBHOE
nepemMernnBanue (OUeHb JOPOrocTosimee B OOJBIIOM MacITabe), MIIH MPEATIOUTUTEIbHO oAy
KHUCJIOpOJia HacocoM (B (hopme Bo3ayxa) uepe3 PeaKkiMOHHYIO CMECh.

Ipumep 3

THlompebaenue xucaopooa npu 2uopoiause 8 601bULOM Macuimaoe

B peaxtop 100 M° ¢ yposHeM 3amonHennst 90% BHOCUIM JUTHOLEUTIONO3HbIN ChIPbEBOH
Marepuan ¢ conepxkaHueM cyxoro BemectBa 20%, copepxkammii 36% rmokaHa (4To
cootBercTByeT 18000 Kr CyXoro BemecTsa, cocrosmero u3 6480 Kr rirokaHa) npu Temmneparype
peaktopa 60°C u pH 4,5. I'mnponus nposoawmnu ¢ 2,5 mr TEC-210 uemmtona3Hoit GepMeHTHON
KOMIIO3UIIMH HAa TIpaMM CYXOro BemiecTBa cbipbeBoro marepuana. TEC-210 momyuanu B
COOTBETCTBUU C MPOIIeNypaMH HHOKYJSIuK 1 hepmeHTanuy, onucanabivu B WO 2011/000949.

OnTtuManpHBI THUAPONIN3 TJIOKAHOB obecrednBany myteM paoOasieHuss 460 mousb
(MOJIEKYJIAPHOrO) KHUCIOpPOJa. JTO MPHUBOIWIO K YPOBHIO TJIFOKOHOBOW KHCHIOTBI | T/KT
TUIPOJIN3aTa.

CoipbeBoii MaTepuaj Hachllald KUCJIOPOJAOM IpU Temmeparype peakropa 60°C, uro
MPUBOJAMIO K KOHLIEHTpauuu kucnopoaa 0,15 MMoJb Ha KI' B Hauaje TMApoan3a. JTO 03HAYaeT,
YTO NMpuMepHO 14 MOJb KHCIOpOAa NMPUCYTCTBYET B ChIPbEBOM MaTepHalle, YTO HEAOCTATOYHO
IUI. ONTHMAJBHOTO TPEBPALISHHs TIIOKAaHOB. TakuM 0oO0pa3oM, IOTOJHUTENbHBIA KHCIOPOX
I00aBJISAIHN B PEAKIIMOHHYIO CMECh (TI0 MEHBLIEH Mepe, MUHUMAJIbHOE KOJIMYECTBO).

Ipumep 4

Ilompebaenue kuciopooa npu cuopoause

DepMEeHTAaTUBHBIM  TUAPOJNN3  MPOBOAWINM C  TNPUMEHEHUEM  MPEABapUTENBHO
oOpaboTaHHOH KHCIOTOH KyKypy3HO#l cosombl (KKC) mpu KOHLEHTpalMH CyXOTO BELIeCTBa
(CB) 20 wmacc.%. PactBop CBIppEBOrO MaTepuaja TOTOBHJIM MyTeM pa3OaBleHUs
KOHLEHTPUPOBAHHONW CYCHEH3UH ChIpbeBOro Marepuana Bomoi. losomunu pH mo 4,5 ¢ 25
macc.% pactBopom NH;OH. ®depmeHTaTHBHBIA TUAPOIH3 MPOBOAMIM B MacmrTade 1 kr ¢
npuMeHeHneM 1,5 nurposoro peakropa. Kontponuposanu 3naueHue pH 4,5 u temneparypsl
62°C. PacTBOpEHHBIM KHUCJIOPOA BO BpeMs MPOLECCa KOHTPOJHUPOBAIU MOCPEICTBOM

PELMPKYJSIIMM  Ta3a CBOOOAHOTO MPOCTPAHCTBA M JIOTOJHUTENIBHOTO CBEXKEro BO3AyXa



63
(conepkamero 20-21% kucnopona).

ITepen noOaBneHneM (GepMEHTOB TIPOBOAMIN PELUUPKYJSIUI Tra3a CBOOOTHOTO
NPOCTPAHCTBA MpPH TMOTOKE Trasa 3 J/4ac ¢ NPUMEHEHHEM IepUCTAJIbTHYECKOro Hacoca |
pactipenenutens. bnaromaps ToMy, YTO CBIPbEBOH MarepHai IOTPeONsSeT KHCIOPOA IpH
xuMu4ueckon peakiuu, ypoBeHb PK nmocturaer 0% PK B mpenmenax omgHOro vaca, mpuBOIs K
aHa’pOOHOMY CBIPHEBOMY MaTepHaNly W TOJHOMY HCTOLIEHHIO KHCIOpPOAa B CBOOOIHOM
npoctpaHcTBe. llonyueHHBII HMHEPTHBIM Ta3 CBOOOJHOTO MPOCTPAHCTBA (HE COIEPIKALIHIA
KHCJIOPOA) MPHUMEHSUIM BO BPEMSI BCErO THAPOJIM3a B KAa4deCTBE ra3a-HOCUTENS Ui BBEICHUS
CBE)KETrO BO3/yXa.

3arem wnemwmonasHeiii ¢pepmenTHbIl KOKTenb TEC-210 nobGaBmsin K CBIPHEBOMY
matepuany B nose 3,75 mr (TXVY oOGenka)r CB. TEC-210 mony4anu B COOTBETCTBUU C
npoueaypaMu HHOKyJsinnu 1 pepmenTanuy, onucaHHbiMu B WO 2011/000949. Obmee Bpems
ruapoansa cocrasuiuo 120 yacos.

Cexuil BO3MyX BBOAWIHM B PELMPKYJLSILHMOHHYK JMHHIO HHEPTHOTO ra3a CBOOOIHOTO
MPOCTPAHCTBA BO BPEMsI BCErO MpoLecca TMAPOIN3a NPU NOTOKE CBexXero Bo3ayxa 0 -3 -6 —12
— 24 nunu 48 MJI Ha KI' PEaKLMOHHOM CMECH B 4YacC, COOTBETCTBEHHO, HAYMHAs MPSIMO MOCIHE
nobasnenus pepmenta. PK usmepsiin mocTossHHO BO BeeX dkcnepuMenTax. OOpasibl U3BJICKATIH
B HaJaJle U B KOHILIE SKCIIEPUMEHTa JIJIsl aHaJIN3a TIF0K03bl ocpencTsom BOKX.

[TapannenbHbII SKCIEPUMEHT MPOBOIMIIN BO BCTPSIXUBAEMOM (DITAKOHE /ISl ONIPEIeSICHHS
MaKCHUMAaJIbHOTO YPOBHS THIAPOJM3a TII0OKaHa. MaKCHMAaJbHBIH TUAPOJU3 ONPEACIsUTH MyTeM
MHKYOalluM ChIPhEBOTO MaTepHajia NpU OUYeHb BBICOKOW no3upoBke ¢pepmenta (50 mr (TXY
oenka)/r CB) npu cxoxux ycnosusix (pH, Temneparypa u CB) B n30bITKe BO3ayXa CBOOOIHOTO
NPOCTPAHCTBA, conepskamiero kuciopoa. Onpenenerne PK B kaXkIoM sKCIiepUMEHTE TOCTOSTHHO
nokasbBajio 0% PK. 310 MoxHO OOBSCHUTH MpsIMbIM MOTpeOJeHHEM KUCIOPOJa MOCHEe ero
IepeHoca M3 MOTOKA COAEPIKALIEro KHCIOPOA PEeLUPKYIHMPYIOLIEro rasa B SKHAKYIO (asy B
peakrope.

PesynbraTel mpencraBnensl B Tabnmue 2. IloBblleHMe TPOAYKIHMU — TIIFOKO3BI
pPacCUMTBHIBAIIA TyTEM BBIYUTAHMUS KOHIEHTPALWH TIIOKO3bI (B I/JI) B Havalle THAPOJH3A W3
KOHIIEHTPALWHU TJIOKO3bl (B I/JI) B KOHIE THUAPOIHM3a Al KaXKIOTO COCTOSHHS (T.€. MOTOK
cBexkero Bo3ayxa (Mi/kr/4) 0 — 3 — 6 — 12 — 24 — 48 — 96) u pas3nmeneHus: COOTBETCTBYIOLINX
BEJIMYMH Ha BEJIMYMHY, YCTAHOBJIEHHYIO, KOTJa IMOTOK CBEXKero Bosayxa (Mi/kr/4) cocrasui O
(sTa BennunHa npusHaHa pasHoil 100%).

OTH faHHBIE SICHO JAEMOHCTPHPYIOT, 4YTO 0OOJieeé BBICOKHE KOJIMYECTBA TIIFOKO3BI
00pa3yroTCs, KOraa KUCIOPO NOTPeOsieTcsl B KOJIMYeCTBaX, COOTBETCTRYomMUX oT 20 1o 5000

MMOJIb MOJICKYJIAPHOI'O KUCJIOPOda Ha KUJIOTpaMM T'JIFOKaHA B JIMTHOLCIJUIFOJIO3HOM MAaTEpHUAJIC.
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Hpumep S

Onpedenenue MAKCUMANIBLHO20 NOMPEOIEHUs  KUCIOPOOA 60  6peMs  UOPOIU3A
JIUCHOYENNIONIO3HO2O CHIPLEBO2O MAMEPUAI

MaxkcumanpHOEe TOTpeOsieHHe KHUCIOpPOAa BO BpeMsl THUAPOJN3A JIUTHOLEIUTIOJIO3HOTO
CBIPBEBOTO MaTepuaja OIpenessuld, Kak OMUCaHO Hike. Peakuuu ruaponusa NMPOBOJWIM C
KYKYPY3HOH coJioMoi#l, mpenBapureipHo oOpaborannod kucnoroi (kKC), mpu wutorosoit
koHueHTpauuu 20 macc.% CB. PacTBop ChippeBOro MaTepuaja TOTOBIJIM MyTeM pa3OaBlieHUs
KOHLIEHTPUPOBAHHOH CYCIEH3UU ChIPbEBOTO MaTepHuana Bojoi. 3arem posoaunu pH no 4,5 ¢ 10
macc.% pactsopom NH4OH.

I'maponus npoBoaMIM B peakTope ¢ nepeMelinBaiieM, KoHTpojem pH u Temnepatypsl, ¢
pabdounm obbemom 6 1. I'maposus nposonmwiu ¢ 2,5 mr TEC-210 uemmtonazHoro GpepMeHTHOTO
KokTelns Ha rpamm CB. ®@epmenrtauuto ¢ TEC-210 npoBoauan B COOTBETCTBUH C MPOLieAypamMu
WHOKYJISIUU U pepmeHTaruu, onucadasiMa B WO 2011/000949.

Ceexuil BO3AyX MNpOAYyBaJlU uepe3 PEeakLHOHHYI0 CMeChb IMpU CKOpOCTH Motoka 0,6
00BeMOB Ha 00BEM B MUHYTY.

[ToTpebnenne KUCIOpPOAa OMPENeNsIn IMyTeM HM3MEPEHHs PA3HULbl MEXIY BXOISLINUM
BO3JyXOM U BO3JYXOM, MOKHMJAIOLUIUM pPEaKTOp, MOCPEACTBOM aHalu3a OTXOMSALIEro rasa ¢
MOMOLIBIO0 MacC-CIIEKTPOMETPHH.

MaxkcumanpHOE TOTpeOsieHHe KUCIOpoAa MpHU THAPOJM3e ObUIO ONpeneieHo mpu 2
MMOJIb MOJIEKYJISIPHOTO KHUCJIOPOJa Ha KUJIOIPaMM JIMTHOLIEJUTIOJIO3HOTO MaTepuaia B 4ac, Uiu
27,8 MMOJb MOJIEKYJSIPHOTO KHUCJIOpPOAAa HA KWJIOTPaMM IJIFOKAaHA B JIMTHOLEJUTFOJIO3HOM

MmarepHaje B 4ac.

Tabmuua 1. Kanubposounas kpusas

Cmanoapm Hmoeosas Cmanoapmmuutit| Cmanoapmmuutit | Buympennuii | Booa,

KOHYeHMpAayus | pacmeop, pacmaop, cmanoapm, MK

(mre/mi) passederue 1, |pazeedenue 2, | pabdoyuil

MK MK pacmeop, MK

Crannapr 1 ~0,1 100 100 800
Cranmapr2 [~0,2 200 100 700
Cranmapr3 |~ 0,5 50 100 850
Cranpmapr4 |~ 1 100 100 800
Cranpmapr 5 [~2 200 100 700
Cranmapr6 |~ 5 500 100 400
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Tabmuua 2. Bamsaue noGaBneHUs Kucimopoma Ha (EPMEHTATHBHBIA THIPOJIN3

JIMTHOLCJUTFOJIO3HOT'O ChIPHEBOIO MaTEpUalia

IToTox IMotpebnenne xuciopona | [lorpebnenne kucnopona | [ToBbimeHue
CBEXKETO (B MMOJb MOJIEKYJISIPHOTO | (B MMOJIb MOJIEKYJISIPHOTO | IPOAYKIIMU
BO3yXa KHUCJIOPONA/KI TJIFOKaHA B | KUCJIOPOAA/KI TIIIOKaHa B | TIIFOKO3bI (B %)
(B MII/KT/4) | TUTHOLEIUTIOJIO3HOM JIUTHOLEJUTIOJIO3HOM
MaTepuaje)* MaTepuaje/dac)®

0 0 0 -

3 43 0,36 12,5

6 86 0,72 34

12 172 1,43 31

24 343 2,86 28

48 686 5,71 41

96 1371 11,42 53

*PacueT U3 MOTOKA CBEXKEro BO3AyXa HAa MOJIEKYJSIPHBIH KHUCIOPOX: Hampumep, 96 mi
CBEXKEro Bo3nyxa cootBercTByeT 20,2 mMu kucnopoza (Bo3ayx conepkut 21% kucnopona). 20,2
MJI KUclopoaa/kr/dac cootBercTByeT 20,2/24,5=0,82 mmounb kuciopona/kr/4ac (kuciopon =
24,5 n/mone npu 25°C). C conmeprkaHHeM TUtOKaHa 72 r/kr rugponusarta 31o pasHo 0,82/0,72=
11,42 MMOJb MOJIEKYJSIPHOTO KHCIOPOAA/KI TirokaHa/vac wiu 1371 MMOJb MOJIEKYISIPHOTO

KHUCJIOPOIa/KT TIIFOKaHA JJIsl TUApOoJH3a B TeueHue 120 4acos.



2010229
N3MEHEHHASA ®OPMVYJIA N30BPETEHUSA

1. Cooco® monydyeHHs caXapHOTO TPOAYKTA U3 JIMTHOLEIUTIOJIO3HOTO
MaTepraia, BKIOYArOLLINAN:

(hepMEHTATUBHBIN  THAPONW3  JIUTHOICIUTFOJIO3HOTO  Marepuaia ¢
npuMeHeHHEM (EPMEHTHON KOMIIO3UIIMY, BKITIOYAIOIIEH MO MEHBIICH Mepe JBE
IEJUTIONA3k, TAe (PepMEHTHAS] KOMIO3UITHSA TI0 MeHbIelH Mepe comaepxut JITIMO,
u

r7€ KUCJIOpOJA MOTPEOJISIETCS B KOJMUYECTBAX, COOTBETCTBYOIMX OT 20 110
5000 MMoONIb  MOJIGKYJISIDHOTO  KHCJIOpOJAA HA  KWIOTpaMM  TUIFOKaHa,
MPUCYTCTBYIOIIETO B JIMTHOLEJUTIOJIO3HOM Martepuane, KHUCIOpOoJ A00aBistoT
MOCJIe TPEIBAPUTENIbHOW 00padOTKM W 0 W/HIH BO BpeMs (EepPMEHTATUBHOTO
IMAPOJIA3a JIMTHOLCIUTIONIO3HOTO  MaTepuaia, M KUCJIOpPod J00aBIAOT K
JIUTHOLICJUTIOJIO3HOMY ~ MaTepuajly, TaK UTO KOHIEHTpAlKsd PacTBOPEHHOIO
KUCIOpoAa B xuAKo# (ase cocrasnser 6onee 0,02 MOnL/M® TpH U3MEPEHHMHU TIPU
TemriepaType okoiyio 62°C 1 HopMaJIbHOM aTMOC(HEPHOM JIaBJICHUH.

2. Cnoco0 npHuroToBiICHUS MPOAYKTa (PepMEHTAIMH W3 JTUTHOIEILTIOJIO3HOTO
MaTepraia, BKIOYArOLLINAN:

(a) ¢epMeHTAaTUBHBIM THAPOIW3 JIMTHOLEIUIFOJIO3HOTO MaTepuaia ¢
npuMeHeHHEM (EPMEHTHON KOMIIO3UIIMY, BKITIOYAIOIIEH MO MEHBIICH Mepe JBE
IEJUTIONA3B, TAe (PepMEHTHAsT KOMIO3UITHSA TI0 MeHbIeH Mepe comaepxut JITIMO,
1 HE00s3aTENbHO OUUCTKH THIPOJIM30BAHHOTO JIMTHOLIEIUTFOIIO3HOO MaTeprana, u

(b) depmenTanuu TUAPOIM30BAHHOTO JIMTHOIEIUIIOJIO3HOTO Marepuaia 1o
MOJTYYCHHS POAYKTa (hePMEHTAITHH,

r7€ KUCJIOpOJ MOTPEOISIETC B KOJMYECTBAX, COOTBETCTBYHOIMX OT 20 10
5000 MMoONIb  MOJIGKYJISIDHOTO  KHCJIOpOJAA HA  KWIOTpaMM  TUIFOKaHa,
MPUCYTCTBYIOIIETO B JIMTHOLIGJUTIOJO3HOM MaTepuase, KUCIOpoa A00aBIAIOT BO
BpeMs (PepMEHTATUBHOTO THIPOJIN3a JTUTHOLEIUTIONIO3HOTO MaTepHaa U KHCIOPO.I
NO00ABIAIOT K  JIMTHOUEJUTIOJIO3HOMY — Marepuajy, TaK UTO KOHIICHTpalus

PacTBOPEHHOrO KUCIOPOAa B xkuAKoM ¢asze cocrapnser Gonee 0,02 mons/m® mpu
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U3MEPCHUH TIpW Temrepatype okojio 62°C u HopMaabHOM aTtMochepHOM
JTABJICHUH.

3. Cmoco6 mo m 2, rtae ¢EepMEHTANHMIO TMPOBOMAT C  ITOMOIIBIO
MHUKpPOOpPraHu3Ma, CIoCOOHOTO K (pepMeHTanmy 1o MeHbined mepe omHoro C5
caxapa.

4. Cnocob mo m. 3, rae MUKpOOPTaHU3M OTHOCHUTCS K BHIY Saccharomyces
cerevisiae, B KOTOPOM BBITIOJTHCHBI TCHETHUECCKUE MOAN(DUKAIIHH.

5. Cnoocob6 mo mobomy m3 mm. 1-4, rae kucimoponx mo0aBiIssioT B ¢dopme
My3bIPHKOB.

6. Cnoco6 mo mgobomy w3 mm. 1-5, rae peaktop it (epMEHTATHBHOTO
ruAponn3a uMeetT 00seM 1 M° uam Gonbie.

7. Cmoco6 mo m. 6, rae peakTop It GEPMEHTATHBHOTO THAPOJIN3Aa MMEET
00wvem 10 mM* mim Gonee.

8. Cnocob mo mobomy u3 mi. 1-7, rae Bpems (hepMEHTAaTHBHOTO THAPOIN3a
cocTapisier oT 5 1o 150 yacos.

9. Cnocob6 mo mobomy m3 mm. 1-8, rme wucmonp3dyemasi (pepMeHTHas
KOMITO3HIIAA COXPAHAECT aKTUBHOCTH B TeueHue 30 4acoB miu OoIbIIe.

10. Cnoco6 mno mwobomy wu3 mm. 1-9, rae TUApoOnAu3 NPOBOAAT MpHU
temneparype S0°C unu Oonbliie.

I1. Crmoco6 mo mobomy u3 mm. 1-10, roe depmeHTHAs KOMMO3UIHSA
moyyeHa ®3 rpubka, nuO0 (epMEHTHAS KOMIIO3HMIIHSA COJASPKHUT TPHUOKOBBIN
dhepmenT.

12. Cnoco6 mo mobomy u3 nm. 1-11, B koTopoM cojepkaHHE CyXOTo
BEIIIECTBA HA ATarne ruaAposun3a cocrasisier 10 macc.% wiam GonbIle.

13. Cnoco6 mo m. 12, roe coaepkaHHWe CyXOro BEIIECTBA HA CTaAUMU
ruapoau3a cocrasiser 14 macc.% unu Gosee.

14. Cmoco6 mo mobomy m3 mm. 1-13, rae depMeHTaTHBHBIN THAPOIH3
MPOUCXOUT B PEAKTOPE IS TEPHOINYECKOTO, MEPUOIAIECKOTO C TOMMATKON
W/WJTN HETIPEPBIBHOTO KYJIbTHBUPOBAHMS.

15. Cmoco6 mo mobomy w3z mm. 1-14, tae depmeHTHAs KOMMIO3UITUSA
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HaxXoauTCA B popme TenbHOTO (hepMEHTAMOHHOTO OYyJIbOHA TPHOKA.

16. Coco6 mo mobomy u3 mim. 1-15, rae kucaopoa BBOAST B BUJAE KMCIOPO/I-
COJIepKaIero ra3a, Takoro Kak BO3IyX.

17. Cnoco6 mo mwobomy w3 nn. 1-16, rae Kuciaopoa pacxoayercs B
KOJIMUECTBAaX, COOTBETCTByOmMX oT 28 g0 3400 Mmonb MOJIEKYJISPHOTO
KHCITOPO/a Ha KT TJIFOKaHA, MPUCYTCTBYIOMIETO B JIMTHOTICITIOJIO3HOM MaTepHaJie.

18. Cmoco6 mo mobomy u3 nm. 1-17, HOMOMHUTENHHO BKIIOYAIOIIUH
MpPEeABAPUTEIbHYI0  00pabOTKy  JMTHOLE/UTIONIO3HOTO — MaTepWaiia  Tepen
(hepMEHTATUBHBIM THAPOJIAZ0M.

19. Cnoco6 mo mobomy u3 nm. 2-18, MOMOMHUTENHHO BKIIOYAIOIIUH

W3BJICUCHUE TIPOAYKTA (DepMEHTAITH, TIOTYYSHHOTO B Mpotiecce (hepMEHTAITIH.
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