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BBEIEHNE

OpHo#t w3 BaxHeluwwx nNpoCJiEM HHHEUWHErO CTOJIETUA SBJAETCH
Ipodsiema OUONOBPEXNEHUA, TECHO CBA3aHHAA C HAYYHO-TEXHUYECKUM
IPOUPEeCcCOM. buojsorvdueckue MOBPexIEHUA MaTepuaJsiOoB 3aTparuBanT
MPpaKTUYECKU BCEe OTpacJM HapOIHOI'O X03A#iCTRa. JKOHOMUYECKUE I[O-
TepU OT CUOIOBPEXNEHUl NpuCOpPOB, W3NeJM#, NPOMWIIJIEHHHX W CTDPOU-
TeJBHHX MATEpUaJOB OUEHUBAKWTCA B HECKOJEBKO MIPL. pyoOJse# B I'OX.
SHAYUTEJEeH yuepl, HAHOCUMHI NaMATHYUKAM KYJBTYDH, apXUBHEM IOKY-—
MEHTAaM, IIPOU3BEINEHWAM WCKYyCCTBa W T.H.

Ha ceromHmuHuif meHp OCOOWH WHTEpPEC NPOABJISETCA K WCCJENOBa-
HUAM MUKDPOOUOJIOTMYECKUX MNOBPEXNEHUH CUHTETWYECKUX IOJUMEPDHHX Ma
TEpUaJiOB C pasHHX TOYEeK épeHuH. C -ogHOR CTODPOHK, MOJUMEPHHE Ma-
TepuaJit, Kak JioOOif OpraHWvyecKuil marepwuaJi, TPUPOIHHNA UJIU CVHTE -
3UPOBAHHHA 4YEJOBEKOM, IOJIXHH [OIBEDPraThCcqd MUKDPOOHOMY BO3IEACT-
BUKD, DPaspyuasack ¥ Tepdd sSKCIUIyaTauuoHHwe cBoOiicTBa. Orcopa BO3-
HUKaeT npolJsema 3alUTH [OJVUMEDHHX MATEpVUaJIOB OT GUOIIOBPEXIEHWIA.
C npyro#f CTOpPOHH, CUHTE3WDOBAHHWE NOJUMEDH, KaK YYXEpPOIHWe IJIA
MUKPOOPIraHU3MOB COEINVHEHUA, paspyuwanTcsa MEINJIEHHO, 4YTO BEIEeT K
HaHOHﬂeHHm.OTXOHOB IIOJIUME POB B CUOCQEPE U K 3arpA3HEHUn OKDPY-
xapuei cpens.

SarpA3HeHUe cpeld — OOHA U3 camMuX CEPEE3HX M[podJeM Hauero
cronmeTud. /M3 Bcex U3BECTHHX OTXONOB CUHTETUYECKUE I[OJUMEPH NOC—
TAQBJIAKNT OCOJIBNIE BCEI'O XJIONOT ¥ Ha CeroNHAWHUA neH: Ha Ipulds BO3-
JaranT cephes3HHE HalexIy B CBA3U C OpolsieMOil OxpaHw OKpyxawbuei
CpellH ¥ €€ OYUCTKU OT OTXONOB IOJUMEPHHX MATEPUAaJIOB.

HecmoTpsa Ha uMenmeecsa OGOJBIOE KOJUYECTBO palGOT MO0 OCUONOBPEX

HEHUI CUHTETUYECKUX IIOJNMEPOB, MHOTI'I€ BOIIPDOCH OCTAaAKTCHA HEDPACKDH



TuMiE. KpaliHe Maji0 NAHHHX 110 MEeXaHU3My BO3NE#CTBUA MUKDOOPTAHU3-
MOB Ha MOJMMEpPHHE MaTepuaJik, 3HaHue KOTODHX HaeT BO3MOXKHOCTS,

C OmHOf CTODPOHH, u3HCKAThE CPEICTBO 3aWUTH OT OUONOBPEXIEHUA,

a ¢ mpyroi#, MOBHCUTH 3(0PEeKTUBHOCTE yTWJU3AUUU TOJUMEDOB.

[lespl HACTOAWEI'O VCCJENOBaHWA OHJO U3YUEHUE MEXaHU3MOB
NOBPEXNEHUA ApOMATUYECKOI'O MNOJUUMANA IpUCOM aspergillus niger
BEM #-1119, DbpJyu I0CTaBJIEHH CJEAybiUe 380a4u:

I. YcTraHOBUTE CTPYKTYPHHE W3MEHEHUA apOMATUYECKOI'O MNOJUUMU-
na, BH3BaHHHE TpUCOM A.niger CIEKTPOQPOTOMETPUUYECKUM METOIOM U
OLIEHUTH WHTEHCUBHOCTH MNOBPEXIEHUA ApOMATUYECKOr'O IOJMUMUING.

2. BugBUTEH xapakTep NIpPOLIECCOB, MNPOTEKapWUx B apOMATUYECKOM
[OJIMUMULIE TIpU MOBpeXneHuu rpucoM A.niger.

3. YCTaHOBUTE DOJIF AKTUBHEX (OPM KUCJIOPOHA B OKUCJUTEJHEHOM
YTV TOBPEXNEHWA apOMATWYECKOI'0 NOJVUMILS, BH3BAHHOI'O IpUGOM
A.niger,

4. BLACHUTEL CIIOCOGHOCTH ILIECHEBOI'O rpuda A.niger meTadoJsv-
3UPOBATh MNOJUIMKJIVNYECKN{ apoMaTuYecKuit yrJjeBOIOponl - GeHs(a)mu-
peH.

B pesyapTarTe nNpoBeleHHHX WUCCJENOBAHUE yCTAHOBJEHA BeNyU&s
POJIE OKUCJUTEJBHHX [IPOLIECCOB B MOBPEXNEHUU aPOMATUYECKOTO MOJM-
UMANA DpucdoM #.niger

[lokazano, 4YTO SKTUBHWE (POpMK KUCJIOpOJA - MNEePEKUCh. BOXODOIZ,
CYIE€POKCU] aHUOH~DPaIUKAJ ¥ IMIDOKCUJLHKFA panuKaJ NpPUHUMAKT yyac-
TU€ B [OBPEXINEHUN APOMATUYECKOI'O MOJUUMULA.

YCTaHOBJIEHO, YTO IUNPOKCUJEHHI pamukas, ABIAKMUACA OCHOBHEM
[IOBPEXIanUUM QaKTOpoOM B NAHHOM Mpouecce, o6pasyeTcs B KyJbTypaab-
HOf XWIKOCTW I'puba A.niger IyTeM B3auMONEHCTBUA IepPEKUCU BONO-

pona C BOCCTaHOBUTEJAMUA pA3JMYHOR NPUPOIH.



[IokazaHO TakKxe, YTO B apoMATHYECKOM LOJWUMALE UMEKHTCH Xa-
PaKTEepHHE IIOJIOCH HOTVIOWEHUA, W3MEHEHUEe WHTEHCUBHOCTW KOTODKX,
HaxOmuUTCA BO B3aUMOCBA3YW CO CTeEIleHblo OUONOBPEXIEeHUs apoOMaTUveC-
KOO MOJUUMUILA.

BusgBJeHO, 4YTO MJIECHEBOH rpud A.niger crnoco6eH MeTaGOonu3U-

poBaTs GeHz(a)nupeH IO erc I'MAPOKCUJLHHX IPOW3BOIHHX.



I'JIABA I. OB30P JMTEPATYPH

§ I. TloBpexmeHve MNOJUMEDPHEX MATEpUaJoB rpudamu

B HacTOsAuee BpeMA B pasJiiUYHEX OTPACJAX IPOMEUJIEHHOCTU ¥ B
CEJILCKOM XO3fAHCTBE MUPOKO MNPUMEHAKNTCH IOJVMEDHHE MaTepUaJH :IJacT—
MACCH, (QTOPOIJACTH, NOJUITUJEHOBHE I[IOKPHTUA, (PEeHOIUIACTH, JAKOKpa-—
COYHHE MaTepuaJn, 3JACTOMEPH, CUHTETUYECKUE pe3VHH, IOJUCTUPOIE,
KJEeU, 38JIUBOYHHE IepMeTusupywure cmecu u T.n. C Kaxium T'ONOM yBe-
JIUYUBAETCA YUCJIO BHOBL CO3NAHHNX IIOJIUMEDPOB, pacmUpAETCA cPepa Ux
IpUMeHeHUs. MHOTUe U3 CUHTETUYECKUX MATEPUAJIOB OKa3WBAWTCsS HeOUo-
CTOHKUMU ¥ [OIBeprawnTcsa OCUONOBPEXIEHUD.

Cpenyu MUKDPOOPTaHU3MOB, BH3HBAWUX [IOBPEXNEHWE CUHTETUYECKUX
ITOJUME PHHX MATEpPUAJIOB, CYUWECTBEHHYKH POJIb UI'panT Ipulyw, Ha I0J0
KOTOpHX NpuxomuTcs oxoJyo 20% odwero uucJsga noBpexneHuir (AHUCUMOB,
1979).

bucTpoTa pocTa MUAleJ VA, pasHooOpasue, MOWHOCTHL ¥ JaCUJILHOCTE
depMEHTATUBHOI'C ammapara NO03BOJAET Ipudam WUCIOJL30BATE WUPOKUH
KPYI' eCTECTBEHHHX U CUHTETUYECKUX NOJUMEPOB. C momousk OOraToro
e pMEHTATUBHOI'O ammnapaTta rpulr, OCYUWECTBJANT paszHOOOpasHHE XUMUI-—
YeCKHUe MpeBpauleHUs CJOXHHX CyOCTpaToOB, KOTOPWE He INOCTYIHW NDyI'UM
MUKDOOpranuamMaM. I[I03TOMy OH¥ CHOCOOHW MMPUBECTU K IIPEXIEBPEeMEHHOMY
BHXOLYy U3 CTPOS HE TOJBKO IMMOJUIMEPHHX MaTepwuaJioB, HO W JIOOHX [OpO-—
MHUJIEHHEX U3neJuii. Kpome umpokoro Hadopa ¢epMeHTOB MHOT'UM rpudam
CBOIICTBEHHa CIOCOCHOCTEL 00pPaA30BHBATEH TOKCUYECKWE MNPONYKTH, 4YTO
ewe GOJbUWE MNOBHWAET WX KOHKYDPEHTHOCIIOCOOGHOCTE B OCBOEHWU CyOCTpa-
Ta. HemasoBaxHy®©o pOJIb B GUONOBPEXNEHUAX UI'PAET TaKke CIOCOCHOCTE

IpuCOB pacTV B CUOJOIMYECKU 3KCTPEMAJBHHX yCJaOBUgX. Cnopw I'pucoB



CTOMKM K BHCHX&HWI, K llepenanaM TEMIeparypy, BJIAXHOCTU, HUSKUM
KOHIEHTpauuaM OUTATEJNBHHX BeuecTB. ['pulw -~ CUONECTPYKTODW Bapua-
GeJBEHH W TMONBUXHH B JKOJIOrMYECKOM OTHOomeHUu. OnvH U3 MEXaHW3MOB
UX V3MEHUYVWBOCTU - I'eTEpPOKAPUO03 - NAeT BO3MOXHOCTE [PUCIOCOOJEHUA
rpuda K BO3HUKZWOMUM YCJOBUAM B <Bf3W C CO3I@HWEM HOBHY MATEpUuaJsoB

YCTaHOBJEHO, 4TO M0OJ IeiicTBUEM I'pPUGOB MOJUMEDHHE NMATE PUaJH
[IpeTEPIEBAKNT BHEIHUE U TJyOOKWE CTPYKTYDHHE U3MEHEHUS C W3MeHe-
HUIEM (QU3UKO-XUMUYECKUX XapaKTepucTUK. Ha UHTEeHCUBHOCTE IOpaxeHusd
[IOJIUME DHHX MATEpHaJiOB rpudavil OKa3rBaEeT BJUAHUE BJATOIOLJIOWEHNE
MaTepuasa, MexaHU4YeckKas 0o0paGOTKa IMOBEPYXHOCTH, & B HEKOTOPKX CJaY-
yagx HefiCTBUE MOBHUEHHNX reMmaepatyp (Xnadoma, I987).

B nocsenHee BpemMa yCTaHOBJIEHO, 4TO B IPUDONHWX YCJOBUSX MaK-—
POMOJIEKYJII YUCTHX I[OJUMEPOB ABJAKTCst 00JE€ CTOAKUMU K BO3LEACT-
BUKW MUKPOODPTraHu3aMoB (fAckesgBuumc u 1np., 1987). Okazanoch, YTO
OVIOTIOBPEXIEHUE MNPOUCXONUT UHTEHCUBHEE TOJBKO NOCJIE IpPENBapUTEJE -
HOI'O BO3NEHCTBYA Ha HUX (PAKTODPOB HEOUOJCTUYECKOIO XapakTepa, Be-
IyWero K o0pasOBaHUK HW3KOMOJIEKYJIADHEX (Qpakiuii. 3TUM OObACHAETCSH
3HAYUTEJNEHO 00Jie€ WHTEHCUBHOE I[IOpaxeHue MaTepuaJjioB B YCJIOBUMX
OTKPHTO# mowanku (B NPUAPOIHHX YCJOBUAX), Iie aTMOCPeDdH:He (PaKTo-
pu (coyHewHas paguauudg, aTmocepHwe OcalKu, fnepelamy TEMIEpPaTyp
U HIp.), TNOCPENCTBOM peaKimii OKWCJIEHUA, PUAPOM34 U T.I. VHUUUDY-
0T HEeCTDYKTUBHNE [IPOLECCH, CIOCOOCTBYMHMUE DaCMany MaXDOMOJEKY -
JIAPDHIX LeNeil, Pa3pyWeHUn CTPYKTYDH, NOBEPXHOCTHOI'C CJOH ¥ CO3la-—
HUK OJArolpUATHHX YCJOBUR nJig pasBUTHA MuUKpoopraHusmoB (KaHeBckad
u np., 1987, KaHeBckas, 1984).

llonTBepRIEHEM BHUECKA38HHOTO gBJIAETCHA patoTa, BHIOJHEHHAA
Ha nomsTuneHe (Lagnavan, 1990). ABTOpy maHHOft padoTw IOKA3aJM,
UYTO NOBpEXIEHUE IMOJUITUJIeHa T'pudoM #A.nige YCKODAJOCE IIpenBa-

puTeJbHHEM OO0sy4yeHUeM. [aHHuwi# s@eKT OOyCJOBJEH B3auMOIElcTBUEM



MOJIEKYJIAPHOT'0 KUCJOPOIa MOJVMEPOM, YTO IPUBOIUT K 00pa3OBaHUD
KapOOHWILHHX I'PYIII.

B pesyarTaTe BO3neiicTBUA I'pUOCOB Ha MOJUMEPH IOABJIAECTCA IMAT-
MEHTaIMA CBETJOOKpalleHHuX MoBepxHocTe# (AjuaxsepmveB u 1p., 1967,
T'yjgo u np., 1978), HadionaeTcHg CHUXEHUE 3JACTUYHOCTYV MOJVMEDOB
(EpyxumoBuu, 1972, TareBocaH, I972, Vixit et al., I197I). PaszBu-
TUE€ I'PUCOB HA 3JJIEKTPOUIOJALVOHHHX MaTepurajax yxynuaeT WX HU3JIEKT-—
pUYECKUEe CBOHCTBa, U3MEHHAET YIEJBHOE IMOBEPXHOCTHOE U OOGBEMHOE
conporupienue (Bojsokons, I972).

AHasm3 pasBUTUA TpUCOB HA pa3JIMYHHX BULAX [OJVMEPHHX MaTe-
pUaJIOB B MPUPOIHHX YCJAOBUAX IIOKa3&Jl, 4YTO BUINOBOA COCTaB IpudoB-—
areHTOB , [OBPEXIAWUX [IOJUMEDHHE MATepuasH 3aBUCUT HE TOJEBKO
OT IPUPOIH MaTepuasa, HO ¥ OT KJIAMATUYECKUX YCJOBUA peruoHa, B
YaCTHOCTU, IOBPEXNEHVE U3OEJUA U3 ITOJUMEPOB OCOOGEHHO CUJILHO
npOHBﬁHeToH B DafiOHHX C BJAXHHM ¥ TelyM Kumarom (KoBaue u mp.
1978, Hukomaenko u pp., 1978, CaenmyxuHa u np., 1978, Kyauk u
np., 1979, llaxHoBckuit, 1982, KaHeBckag, 1983, llymnka u np.,I983,
Iynka u mp., 1988, Iynka, 1988). ‘ialsch ( ) B CBOUX UCCJE-—
IIOBAHUAX I[OKaszaJ, YTO NPUPONHHE I[IOJIUMEPK MNOABeprapTca Ouopaszpyue-—
HWI0 VHTEHCVBHEE, YeM CUHTEeTUYECKUE MOJUMEDH U 4YTO CMEWaHHWMU CBf-
gy C-0 u C- I Gojiee yyBCTBUTEJBHH K GUONOBDEXRNEHUAM, YEM I[I0—
JUMEPH C CBA3AMY ¢ #JAHHOHW yrsepomHo# C-C OCHOBOIL.

JCTaHOBJIEHO, YTO TPUCHOH KODPDO3UW IONBEPREHH NPaKTUYECKY BCe
TUIIH [OJUMEPOB: NOJVBUHWJxJOpUN (BoGkoBa um mp., 1985, Boykapes
u 1np., 1975, Pynmakoma, I972), nosmarusneH (AjiaxBepiMeB ¥ Ip.,
1967, bumait v np., 1975, bodkoBa u mp., I97I, Pynakoma, 1972,
Raghavan et al., I1990), genomsact (BesokoHs ¥ mp., 1974, Han-
JIEKOBa ¥ mp., 1976, TareBocaH u np., 1972), mosuctupon (BeJOKOHE

u np., 1972, bunait v np., I975), deHosm@opManbIerUIHEE CMOJIH
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(Bmar#vk v mp., 1965, Pydan, I1976), mosuyperar ( ¥#ilip, I979,
Seal et al., 1982, Pathirana et al., I984), SHOKCHUIHHE KOMIAyH-
ny (AHUCUMOB ¥ np., 1976) sakoxpacouHwe HOKpuTUA (JucuHa-Kysmk,
1971, Vioods, 1988), nosuBuHuianeTaTHue nucrepcuu (BolitTosuy n
np., 1974, Jyrayckac u np., 1983).

[loBpexneHue NOJUMEPHHX MATepuaJsioB rpudamMu NPOUCXOIUT KaK B
pesyJsbTaTe MEeXaHUYECKOr'0 paspylleHus, Tak ¥ 348 CUeT BO3NENCTBUA
Ha TOJVMEPH Pa3JIMYHHX [POAYKTOB METacoJu3Ma I'pulOB - (P& pMEHTOBRB,
OpPraHuvYecKux KUCJOT W Ip., IelficTBUE KOTOpPHX OYIET PaCCMOTPEHO

B cJenitomeir rJaase.

§ 2. BuoxuMUYecKue MExXaHWU3My GUONOBPEXIEHMUI,
BH3HBaeMHX I'pudamu
a) JloBpexneHWe MaTepuajoB C yyacTueM IPUCHHX

METa00JVTOB

BuonoBpexIeHUEe MATEPUAJOB M U3LEJU# rpudamMu ¥ APYLUMUA Opra-
HU3MAMU, KaK yX€ VKA3KBaJIOChL, MOXET OCYUWECTBJIATECA KAK 34 CYET
MEXAQHUYECKOT'0O pa3pyueHud paspacTawuumcs mumesauem (Craxumaiiture,
I198I), Tax u BCJELCTBUE BO3ASHCTBUA TPUGHHX MeTAGOJMUTOB - [PEeXIe
Bcero gepMeHTOB ( ifaider, [98I, Lartin, I98I, Stevens et al.,
1981, liolland et 21., 1983, Briksson et al., 1984, Shei et al
I1985,Kirk, 1986, iriksson, I987, Galliano et al., 1988, Lil-

stein et al.,l989) v oprasuwgeckux kucsor ( PFilip, I979, Pirt,
1980, Rgahavan, 1990). Ilpu MUKPOGUOJOTUYECKOM pa3PYUEHUN MUKDPO-—
OpraHusMH, aTakysd MaTepuas, UCIONL3YOT ero KaKk WCTOYHWK YIJIEepOmN—

HOI'O HNNTaHUs.



II

PaspymeHue maTepuaJiOB 05 BJUAHWEM (PEPMEHTOB HAcTynaeT B
pes3yJbTaTe pa3JUYHHX peakKiifi — OKUCJIeHWS, BOCCTAHOBJIEHUA, T'HI-
posin3a, JTEepuPuKauuv u 1Ip.

B mpouecce noBpexneHUd MATEPUaJsOB OOJBWOE 3HAYEHUE UMEKNT
QEepPMEHTH, BHIEJAWWAECA OPraHU3MOM — B OKDyXaKuyn Cpeny - 3K30-
pepmeHTH ( Kirk, I984, Lvans, 1984, Leisola et al., 1987, Gold

et al . , JI987, Kersten et al., 1987). Juwmwm u mp. (I953)
OKas3aJ¥, 4YTO0 B Ipudax UMENTCA HEepPMEHTH OTHOCAWUECHA KO BCEM lie-
CTU KJlaccam.

BaxHoe MeCcTO B GUOpa3DyWEHUY IPOMHIJIEHHNX MATepuaJioB IIPUHAI-
JeXUT depMEeHTaM KJjacca rumpoJsgas, uoo MHOrue w3 Hux, Oynydd BK30-
depmeHTaM, y4aCTBYKWT B II€PBUYHOH [NOAIOTOBKE K paCUENJIeHUD U ME-
Ta6oJM3auu OUTaTeJpHOro cydcrpara ( Jacqueline et al., 1978,
iinory et al., 1977, Dijken et al., 1I980). Ocoluwit uHTEpEC
B IJIAHE IIpoOJeMH OUONOBpPEXIEHWH NpencTaBJAeT IOAKJAcC 3acTepas.
OHY KaTaJU3UpPYyWT CUIPOJUTUYEeCKU#t paspuB sPUDHHX CBA3E# B pasJjvu-
HHX CO€IVHEHUAX, XapaKTepusywTCs MNOHUXEHHON M36MpaTesbHOCThLI,
cueM@PUYHOCThI0 NeitcTBUA. [locJiellHee MO3BOJIAET UM KaTau3upoBaTh
pacuenyaese pasHooCpasHHX 3QUpPOB,B TOM YUCJE ¥ HEIPUPONHHX.

ILJIA BUNOB MHOIMX PONOB I'PUCGOB XapaKTEpHO NPONYNUUPOBAHWUE aK-
TUBHHX HecrnemuguyHux gocdaras. BcaencrBue TOro, YyTO OHU ABJIAANT -
CSl DETIPEeCCUPYEMHLL DEPMEHTaMU TPV pPOCTE HAa OCGENHEHHwX gochaTamu
cpepax, NpONyuupoBaHue @ocdaras CUJLHO BozpacraeT. [locaenHee MoO-
XeT UI'PaTh BaxHyl pPOJNb B OUONECTPYKINV MOJUMEDPHNX MATepuaJsoB, CO
Iepxaux B CBOeM cocTaBe »3@upw POCHOpPHOR KUCJIOTH. BwCOKO! aKTVB-
HOCTBI0 Qocdaras odsanawnT I'pUCH pOnOB Aspergillus, Penicillium,
Trichoderma.

3HAYUTEJbHOE KOJMYECTBO UCCJENOBAHUM TOCBAWEHO U3YyUYEHUH ME-—

XaHU3MOB (EPMEHTATUBHOI'O IMIPOJU3A NPEBECUHK ¥ MATEDUAJOB Ha OC-
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HOBE LEJUIIO3H (XJONUaToGyMaxXHHX TKaHe#l ¥ BOJIOKHUCTOI'O JMCTOBO-
ro marepuana - 6ymarw, kaproHa u usmnesuit us Hux) (Hokxcua, 1972,
Eriksson, 1980, Eriksson, 1984, CksupeHxo, 1987, Tomopos,1987).

5 paspylieHud NPOMHUJIEHHEX MaTepuajioB, CONEpXauux UEJUIKJIO3Y,
IPUEEMAET y4yacTue KOMILIEKC HeJUINJIONUTUYeCcK'X gepmeHTOB. OCHOBY
ero COCTaBJANT QEepPMEHTH, TUNDPOJUIYKIYE CBA3YW MEXIY TJVIMKO3HHMU
OCTATKaM B MOJIEKYJE LEJJWJ03K C 00pa30BaHUEM I[eJIOCUO3W U
IVIDKO3H - BSHIOIUIOKAHa3a W 3K30rJmKaHasza. Ux nmellcTBUo mpenuecTBYy -
eT HalyxaHue MOJIEKYJH UEJJIOJIO3H U DaspuxJeHUe c¢e I[UIOTHO yIaxKoBaH-
HOA CTPYKTYPH MON BJUAHUEM IIEJUIJIOJUTAYECKUX (PEPMEHTOB C TaK Ha-—
3nBaeMOi#t Ob-aKTUBHOCTERI, MOOMQUIIUPYIUWUX HATYPAJIBHYD UEJJJI03Y
(Hampumep, B ¢opme (PUJETPOBANBHOR Gymaru).

B pesysbTare U3yuyeHUsA MEXaHU3MOB (Y€ pMEHTATUBHOI'O TUIPOJU3AE
EJUINJIO3H XJIOMYATOOYyMaXHKX TKaHei# HeJJ03HWM KOMILIEKCOM YCTaHOB-
JIEHO, YTO B HavyaJpHHI [EDPUOJN OUONECTPYKIUN MPOUCXOMUT COpOLUA
PepMeHTOB (mpexne Ha3pBAeMHX CI GEePMEHTOM %JV B HACTOAWEE BPeMA
MPeJCTaBJAEMHX B KOMILIEKce ¢ OB-akTWBHOCTEN). B pesyaprare sTO-
'O IIpollecca YMeHBUAaeTCHA CTEIleHp YIOPANOYEHHOCTU LEeJUmJO3HW 34
CUET pas3pyleHus CUCTEMH MEXMOJEKYJAPHEX BONOPOIHHX CBH3E€i U yBE-
JVYUBAETCA NOCTYNHOCTE MAKDPOMOJIEKYJH [MEJUIWVIO3H IJA IEeiCTBUA LDy -
rux QEepMeHTOB IEJUMIA3HOTO KoMmrexca (sHEO-I,4- A-rimkanasm).
CopGupyACk HA BOJIOKHE, SHIO —I,4—/6~rﬂmxaﬁa3a IULPOJIM3YET INIUKO-—
3UIHHE CBA3W, BH3HBAA CHUXEHUE CTeleHV NOJVMMEPUI3auud¥u ¥ NPOYHOCTH
TKaH#. Ha aTolt cramuu xJomuarodymaxHasa TKaHb TepgeT 1o 40% mpou-
HocTu (CxBUpEHKO, 1987).

HauGoJsiee BHpaxeHHOH CIIOCOGHOCTEKW K MPOIYLUUPOBAHUIN 3K3O0KJETOY—
HHX LeJumaas of6JananT r'pudn ponoB Aspergillus, Alternaria,

Chaetomium, Cladogporium, Penicillium, Trichoderma U Ip.

Ocoluit uHTEpeC B KJacCe TUIpOoJa3 NpelCTABJALT PEepMEHTH I'PYIIH
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nporeuHas. x OcHOBHOe nefficTBUE - pacuelUieHUue OeJKOB 10 MECTY
MenTUOHEX (aMUIHEX) cBaseil. OnHAKO HEKOTOpHE U3 IIPOTEeVHAs OG-
JIananT NOCTATOYHO WHPOKO cyocTpaTHOR crneuuduyHoCTEl, T.€. Ma-
JIOE u30upaTesbHOCTRI. YKA3HBAKT HA BO3MOXHOE yvacTuUe IIpOTeuHa3
MUK DOOPIraHu3Li0B B JECTPYKUUU TIOJUMEPHHX MATEPUaJOB, B MEPBYR
OYepens, COJepxauvux amMunHne ¥ 3QUPHHE CBA3U: MOYEBUHOQODPMAJIELIE —
TCUINHHX [OJVMEDOB, AKDUJAMUNHWX, HOJUaAMULOB (KAMpOH, HERJOoH) u
nojuyperanHoB (noposoH) ( Phua, I987). lmMeercs KOppeJAUMA MEXLY
IPOTEeNHA3HO! aKTUBHOCTEIN I'PUCOB U KUCJOTOOCGpazoBaHuem. I'pudu,
He ofpasywuuie KUCJOTH, CUHTE3UPYHT B OOJBUUX KOJUYECTBAX WEJOU-—
Hye TNPOTEUHA3H W B HE3HAYUTEJNHHHX KOJWYECTBAX KUcJve, HeflTpass-
HHe. Y rpuGOB - "CBEeDXCUHTETUKOB" KUCJIOT OOCHAPYXUBAKWTCH TOJIBKO
KUCJIHE IIPOTEUuHAas3H.

OGHYHO UMEEeTCH YEeTKOEe COOTBETCTBUE MEXIY BUIOM [0DPaXAEMOIr0
MaTepnasa " (epMeHTaTVWBHHMU CBO#CTBaMd BO3OyILUTeJell NECTPYKLUUU:
Y TOCJelHVX OCOOEHHO aKTUBHY OHBAWNT QEepMEHTH, pacweluigomue OC—
HOBHO# TWUIl CBA3€#l B NaHHOM maTepuajye. Tak, OUONECTPYKIMA TaKUX
[IOJIIMEDOB, KaK MOJMaAMINOYPETaHH, MNOJVAJKUJEHTAPTPaTH, METUJUDPO-—
BaHHHE HEMNOHW, [OJMMOYEBUHZ, NOJUSYUPH, HA OCHOBE OUOJIOB MOXET
IPOUCXONUTE B pel3yJsbTaTe NEHCTBUA NPOTEOJUTUYECKUX (EPMEHTOBR
(Huang, 1977).

Bospwoe rosvuecTBo depmeHTOB (KaTasaza, NEPOKCUnaza, noJmde-
HOJIOKCUIa34a, OKCVDEeNYKTasH) NPUHUMAKT y4YacTie B Da3PYWEHY!
QEHOIJIacTOB, [OJUATWJIEHA ¥ noJmcTuposa (AdpamoBa u mp., 1978,
HamymekoBa u nmp., I978).

B cocTabB MHOIUWX moJuMepHHX MaTepuaJjioB (IBX, pesud, GUTYMOB,
CMa30K ¥ T.H.) BXOHNAT CJIOXHOB3PUDHHE ILIACTUQUKATOpPH. HEKOTOpwHe
U3 HUX, OCOOEHHO miacTuUPVKaTOpH, Ha OCHOBE aIMHUHOBO# u cedary-

HOBO#i KWCJIOT, SABJAKTCA XOpouweit nuraressHO# cpemoifl g MAKPOMULIE —
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TOB. DuUoOpaspylleHNe Takux IacTUPUKATOPOB OCYUECTBJAETCA I'pudamu,
AKTUBHO NPOAYyLUUDPYBUUMA 3CTEpasH, KOTOPHE pacCUelJIAnT SV PHYD
CBA3h HNAHHHX coenwHenuit (Tokiwa, 1978, Mills, 1974).

CusnpHEMUMA ATPECCUBHHMU METACOJUTAMY I'PUCGOB ABJAAKNTCH Opra-
HUYECKUE KUCJOTH. OHU BH3NBAKWT CHCTPYW U IVIyOOKYH NECTPYKUUD
IPOMHUIEHHHX MATEPUAJIOB KaK OpPraHudecKux, Tak U HeOpraHWyeCKUXx,
BKJINYAA METaJJH. M3 KyJabTyp NJECHEBHX I'PUCOB yINAJOCH BHIEJUTH
cdosee 40 pazjUYHHX OPraHUYECKUx KUCJOT. I'puln poma Penicillium
NpOLyLMPYKT, IVIABHHM 00pPasoM, JIIMOHHYH ¥ TJIOKOHOBYW KWCJIOTH,
Aspergillus -~ JUMOHHYyWH, IJIOKOHOBYW ¥ WwaBeJieByw, 4 MyKODOBHE -
AHTApHYL, QYMApOBYH ¥ waBeJeByw. Yaume BCETO B COJBIUX KOJUYECT-
Bax rpudamy o0pasywTcst JUMOHHaA, IJIOKOHOBAas, WaBejeBas, MOJIOYHad,
gymapoBasg, AHTApHad W A6aouHas kucjorTH (Kysmk, 1979, PyGax,I977).

KOHKpeTHHE MEeXaHW3MH JNECTDPYKIMU OTHEJhHHX HPOMHUWIEHHHX MATE-
pUaJIOB OpraHWYeCKUMU KucJjoTaM! B GOJIBIUHCTBE CJYYaeB UcCCJenoBa-
HH IIOKa HemocTaTovyHO. OnuH ¥3 OCHOBHHWX IyTeit ux paspymamnero neit-
CTBUA Ha OPIr'aHWYECKWE BEWeCTBa 3aKJKNYaeTCA B KUCJIOTHOM KaTaJu3e
pasJuyHHX peakuwit pacuwemneHug. OrTnespHHE TUNH IOJUMEPHHX MaTe pua-—
JIOB OTJIMYAKNTCS [0 YCTOWYMBOCTY K IEACTBUKN OPraHUYeCKUx KUCJIOT.
Haudosee ycTOfYVBH B 3TOM OTHOUWEHWYW TOJUSTUJNEH, NOJUIPONUJIEH,
[OJUU30CYTUIEH, IIOJUCTUDPOJ, (EHOMAACTH ¥ QypaHOBHE CMOJIIY, MeHee
CTOAKVE [OJUBUHWIXJODUL, TOJUMETWIAKPUJIAT ¥ IOJUAMANHIE CMOJIH .
[IpucyTCTBUE B IJIACTMACCAX ODrasHU4ECKUY HANOJHUTeJIe, ABJIANIVIXCH,
KaK mnpaBuwjO, XODOWWM MUTATEJHHHM MATEpUaJioM IJA ILIECHEBHX I'PUGOB,
CIIOCOOCTBYET aKTUBHOMY OCpa30BaHUK UMA OPraHWUYECKUX KUCJIOT W TEeM
caMuM ycusuBaeT paspyuenuve (Mipuven, I987).

OpraHvvyecKUM KUCJIOTaM NPUHAIJIEXUT BENywWas DPOJL B pa3pylleHUu
JIAKOKPACOYHHX IOKPHTUHA. [loBpexmawuee neitcTsue JUMOHHON, BUHHOIM

v @ymMapoBof KUCJIOT HPOABJAETCHA B HOCTATOYHO HUSKUX KOHIIEHTDAIUAX
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(0,09-0,4%). CuJpHHMA PaA3PyUMTEJAMA JAKOKDACOUYHHX HOKPHTUH# ABJIA-
0TCA IUPOBUHOIpPaIHAA, IVIOKOHOBasg, YKCYyCHasd, WaBeJjieBafg KUCJIOTH.
Bce opraHnvyeckue KUCJOTH BH3WBAKWT UHTEHCUBHYKN INECTPYKIMD pasHO00-
PasHHX UeJUIJ030CONepXauUx MaTepuasioB, B TOM YHUCJE B 3JEKTPOU30-
JAMUOHHNe kommozumuy (Kymuk, 1979, Mupuwer, I987).

Takum 00pasoOM MOXHO 3aKJIOYUTH, YTO [OBPEXNEHWE PA3JUYHRX Ma-—

TEPUAJIOB OCYWECTBJAETCA BHIEJAEMHMUA METAGOJUTaMU [PUGOB.

§ 3. Posp aKTUBHHX QOPM KWCJIOPON& B GWONOBPEXIEHUN

TIOJIIME POB

[Torumo yyacTusg G€pPMEHTOB W OPraHWYECKNX KUCJOT B OUONECTPYK-—
[V pPaA3JUYHEX MOJUMEPHHX MATEPUaJIOB, ONpeneJieHHwit MHTEDPEC Mpel-—
CTaBJIAET WCCJENOBAHUE DPOJIN pa3JMYHHX POPM AKTUBYPOBAHHOI'O KUCJIO-—
pona B NpOHECCe NECTPYKUUU IOJIME DOB.

B paHHuX padoTrax M0 U3YYEHUD pas3JIOXEHUs UPVPOAHOI'O IOJMIMEpPa
— JIUTHXHA - aXTUBHHMZ WTaMMaMu TpucoB OeJioff @ Oypoit rHUMM O1uio
O0HApy=eHO, 4YTO INAHHHH MPOUECC IHAYWUTEJHHO UHTEHCUQUITUPYETCs IpU
3aMeHe BO3lyxa KucJioponom (Bar ~ Lee , I98T). Agasuz JVCHVHS,
[IONIBE Prue T'0CA BO3NEeHCTBUKN AKTUBHEX KYJALTYD CpudoB 0eJyio¥ THUJM U
PACTBODYMHX [POLYKTOB €I'0 PA3JIOXEHUS I10KaszaJil, 4YTO BHEKJETOYHCSE
pasJOXeHUe IOJUME pa ABJAETCH OKUCJMTEJBHRM mnponeccom ( Hata,
1966, Kirk, 1975). Kpome TOro majymHeiume UCCIENOBAHWUA NMOKa3aJ,
YTO BHEKJETOYHHE aI'€HTH, aTaKybuUuil JUTHUH, gBJALTCA HECIelupuy-
HHMU ¥ HECTEPEOCeJIEKTUBHWMU. ITU palOoTw 3acTaBUJM WUCCJenoBaTese

BHIBUHYTE TUNOTE3y OC ydacTUN B IIOBPEXNEHUU JUTHUHA aKTUBHHX QOopM

KUCJOpoJa.
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B nocJsiefpHee Bpemsa IOABUJICA DAL padOT, NOCBAWEHHRX W3YYEHUL
pOJV pasJuYHEX QOpM AKTUBUPOBAHHOI'O KHUCJOpOna (CymepoKCHN aHUOH-
—pamMKaJ, TULPOKCUNEHHI pamvkas, CUHIVIETHwH KUCJOPOX) B IPOIECCE
IEenoNUMepu3auuy JIMUTHUHA rpudaMu OeJioff rHUJu.

HauGojyiee MHTEHCHWBHOE U3y4YeHUE BO3MOXHOCTY y4acTuA B pacuiell-
JIEHVV JUIHUHA TUIPOKCUJIBHHM DAIVKaJOM 00paszOBaHHOI'0 U3 HZOZ aK-
TUBHHMI WTamMMaM OOBACHAETCH TEM, YTO OH gBJAETCH OYEHD peaKTuB—
HHM, JIETKO INPUCOEIVHAETCH K apOMaTUYECKUM KOoJblaMm, Heclneuuduyecku
U OHCTPO pearvpyeT €O MHOIMMYU ODraHUYECKUMVW COENVHEHUAMU B OKUC-
JUTEJEHNX DEeaKuuax.

VI pOKCUNIBHHIE panukaJg MOXET 00pas3OBHBATHCH [PU OMHOBJEKTPOH-
HOM BOCCTAHOBJIEHUUW nepekucu Bomyopoma (Welling, T975). B SuoJsoru-
YEeCKNUX CUCTEeMax OO6pa3zoBaHue TUIPOKCUJLHOI'O DajuKasa MOXET OCyue -
CTBJATHCA [PV B3aWMONEHCTBUM IBYXBAJEHTHOTO xenesa ¢ Hols (peak-
ung Penrona) (Walling, TI975) uuu 0 peaximu Xadepa-3ajtca, mpu
KOTOpPOi#f CymepoKCUul aHUOH-PaIUKaJ BOCCT&HABJWBAET Fe®t hi{o) F62+,
KOTOpHI, B CBOKN OYepenb, BOCCTAHABJUBAET I[I€PEKUCEH BOXOpPOHA C 00—
pa30BaHUEM dﬁ ( Halliwell, 1975).

Bouipiiy® poOJIE B UCCJIENOBAHUU BOMPOCA O BOBJEYEHUV I'VIIPOKCUJD -
HHY DANVKaJIOB, O0Da30OBAHHHX U3 MEPEKUCU BOANOpONA, B AeIr'DAnaIvin
JUTHUHA rpudamu Oejioft rHusu Phanerochate chrysosporium  curpasm
padors ®opH# % np. (Forney, 1982). ABTOpamvu yCTaHOBJEHO, YTO
3KCTPAKT KJETOK FPh.erysogporium,  BppAwWEHHNX 10 CTaUVMOHADHOM
¢as3u pocTa Ha cpele ¢ HU3KO# KOHIeHTpauueir azora, MNpoIyuUUpoBaJl
3HAYUTEJbHHE KOJUYEeCTBA MNEePEeKUCU BOIOpona. AKTUBHOCTL CUCTEMY,
CUHTe3Upylouei HZOZ' [IOABJAAJNACE OJHOBPEMEHHO C AKTUBHOCTERI C JIUI-
HVUHOJIUTMYECKOA cucTremy.

OGHapyXeHYe T'UIAPOKCWJILHHX DPaAIVKaJOB B [IPOLECCE pPA3JIOKEHUS

JUTHUHA WU3y4aJjoCh NPy WCIOJB30BaHUM pas3HoolpazHix meronoB ( For-
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ney, 1982). fIBiIAfgcr XUMUYECKAMY areHTaMl, I'MAPOKCUJBHHE Day-—
KaJH BH3HBaOT odpazoBauue aruneHa us KTMK ( Diguiseppi, 1980).
OGpaszoBaHue OH 3TUMU KyJbTypamy OHJIO IPONEMOHCTPUDOBAHO C IIOMO-
Wbl 3TO# peaxmuu. bosee TOro, aBTOPH OCHAPYXUJM, YTO JUTHWUHOJIU-
TUYECKUE KYJBTYPH Ph.crysosporium INDOAyUMPOBaJU 3TUJEH TOJb-—
KO B Tex YCJIOBUAX, KOrja OpraHusM OuJ CIOCOCEH K Da3JIOXEHUN
I4C—nMrHMHa no C02 prrwm METOMNOM, WUCIIOJE30BAGHHHM aBTOpaMd IJis
OCHAPYXEHVA OH OHJIO OH—BaBMCMMOG TUAPOKCUJUPOBAHUE 1 —OKCUGEH~-
sofigoft kucsaoTH (Walling, I975). I'MIPOKCUJMPOBEHVUE n —OKCUGEH-
30/HOK KUCJIOTH C O0Da30BaHUWEM IIPOTOKATEXOJIOBOH KUCJOTH B pPEaKIV-—
fAX C 3KCTPAKTOM KJIETOK TDPEOOBaJiO Hamuue Fett pm re’*?
(Forney, I982). 370 yKasyBaeT Ha TO, YTO OGpa30BAHUE OH B rpu-—
6e Ph.chrysosporium ocymecTBaAgeTCcs B peakruu Xadepa-Baitca uiuu

B peakuun OeHTOHA.

Bo3MOXHOe yyacTie TUIPOKCUJIBHHX pPalfdKajoB B MpoHecce CUOmer-
pajanul N8HHOI'O NOoJUMepa MOATBEPXNAJOCE TeM QakToM, 4TO IUHAMUKA
oO0paszoBaHug O H u ydusu JUTHUHA HOCUJA ONHOTUIHNII XxapakTep
(Kelley, 1982, Kutsuki, I982). Kpome TOro pasJioxeHVE JWIHUHA WVH-
ruoUpPOBAaJIOCE O6EH308TOM, MAHHUTOJIOM, TWOMOYEBUHOH W Ipyrumu areH-
TaMl, CBA3WBALUVMY TUIDOKCUJNBHHE palvKaJsu, a TaKxe KaraJsasoh
(Kelley, I982). 3tu %€ areHTH UHIUGUPOBAJM OGDPA30BAHUE KYJbTY-
pamu rpuccs ortusieHa vz KTMK, a takxe odpasopanue stunena uz KTMK
npw HeACTBUU DEaKTHU3a PeHTCHA, TI'eHEPUPYHWEIro O.H.

llosiyyeHHHE QNaHHHE CBUNETEJHCTBYWT O TOM, YTO TI'UJADOKCUJIELH
panuKan, OCpas3OBaHHHIT U3 IIEPEeKUCU BOAOPONAa, BOBJEKAETCA B JNENO-
JIIME pUsauup IpUPONHOIrO TOJUMEDPa - JUTHUHA.

yyacTue I'MAPOKCUJLHHX PAIVKaJIOB B OKUCJUTEJHLHON IeIOJVME-—
pUsany LeJuUliJo3y I'pUudéoM Oypoit IHUJM OHJIO UCCJenoBaHo Highly

(I982) w Xoenigs (I974). llosyveHHHe NAHHHE YKA3WBAJU HA ydacTue
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O H B OKUCJIEHUN IIEJIJIOJIO3H, KOTOpHIt 00pa30OBHBAJICA B pe3yJkTaTe
B3auMoJeitcTBUA HZOZ ¢ okpyxapmeit Fe't

HTepecHue uCCcJaenOBaHug Owau npoBeneHn defizenHom u xap. ( Fai-
son et al., 1983). ABTOpH QNaHHOH padoTH BIEDBHE [OKA3aJU CBA3L
MEXNY O0pa3O0BaHUEM aKTWBUPOBAHHHX ODM KUCJIOPOINA W OKUCJEHUEM
CUHTE TUYECKOTO JUTHUHA Ha HENOBPEXNEHHHX KyJbTypax Ph.chrysos-
porium,

[IpennosioxeHe O BO3MOXHO{ pPOJIM CYIIEPOKCUIpanvuKasa (Og) B
pasJioXeHuU JUTHUH&E rpudamu C.versicolor @Gwn0 BRIOBUHYTO B padoTe
Amepa u Ipo ( Amer et al., J980). ABTOpN OGHApPYXWJM, YTO ITOT MUK-—
pOOpraHu3M O0pasOBHBAJI CYIIEPOKCUNPAIVIKAT ¥ BHIEJAJ €ro BO BHEKJE-
TOYHOE I[POCTPaHCTBO. MexaHusMm OGpaszOBaHUSA Og KymbTypami C.versi-
color aBTOpamMi He OwJ OCHapyxeH.

BiugHue CUHIVIETHOI'O KucJopoma ( 02) Ha pasJIOXEeHUe JIUTHUHA
rpudamu GeJioff IHUJM uW3yyasoch B Jadoparopum Kupka ( Kirk,
JVTHUHO/MTUYECKAA KyJbhTypa U 02, 0Opa30BaHHNil B QOTOXUMAYECKOMH
peakunu (pudodyaBUH — CBET), HABaJ¥ OIEW U TE€ €& IPOAYKTH OKUCJE-—
HVA MOLEJNBHOT'O COENUHEHWs JIUTHVHA, 38 UCKJIOYEHUEM TOr'O0, YTO IIpU
VUHKyOauuu ero ¢ cucTemoit, reHepupymueit 02, HEe MNPOUCXOIUJIo odpa-
30BaHUEe cOupTa U3 aJgpIeruna.

N3amepeHUs ¢ UCHOJNE30BaHWEM XUMUYECKOr'O areHra ASC, cmBsswBaw-
mero O5, moxasanu, 4T0 KyJAsTypw Ph.chrysosporium nponyuupyior
CUHIVIETHHA Kucaopon. A3C CTDOro MHTUGXDOBAJNO OKUCJEHUE LA ur-
HUHA ¥ er'0 MOJIEJIEHHX COeNUHEeHUN ¥ He OKaizWBajia BIUAHUE Ha pasJio-—

I4C—rﬂmK03H. Kupk ¢ coaBTOpamMy CUUTAOT, YTO CUHIVIETHHI KUC-

XeHUE
JIOPOI UI'paeT BaxHyKW pOJb B Cuojerpaparyiil JUCHUWHA.

BosJieueHuE I02 B DPasJIOXEHWUW JIMTHUHA I'pudaMu OeJsoif I'HUJM, OIl—
HaKO HEJE3A CUYUTATE NOKA3aHHYM B CBg3U C TeM, 4YTO B padorax He

NpUBENEHO CTPOTUX aPryMEHTOB B IOJB3Yy IeHepanuu IOZ rpudamu
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P.crysosporium A9C, Wcnosb3OBaHHAA A OLEHKU 00pasOBaHUA
IO2 rpudamy GeJioif I'HWJIL HE ABJAETCS CTPOTO cnequ@uyecKIM areH-—
TOM 110 OTHOWEHUW K IOZ 1 MOXET CBA3LBATEH PANL IPYT'UX DPanuKaJoB
(Foote, 1979, Forney, 1952). OcrTaercg OTKDYTHM BOMPOC O MyTW
006pa30BaHus CHUHIVIETHOT'O KUCJODPOHA KyJAbTypam:i Phl.chrysosporium,
TakuMm oGpasoMm, B NAHHOM pasneJie OwJO IOKA3aHO y4acTue akr-—
TUBHHX (QOPM KUCJOpOHA B HAYAJILHHE 3Talll JEenojuMepusarvil JUTHUHA,
PIe OCOCEHHO yOeIUTEeJo-HHMU IPENCTaBJAANTCA INAaHHWE, Kacaowiecs
VYaCTUsA B pPA3JIOXEHUV JIMTHWHa rpudamv OeJjiof THUJM T'UMIPOKCUJILHOTO
panvkaJa, KOTOpuil o06palzyeTcAa U3 HZOZ B peakumu QeHTOHa Wjau Xasde-

pa-Baiica.

§ 4. Mugposuosoruyeckas nerpajanms OOJULVKJINYE CKUX

apoOMaTUYeCKUX YIJIEBONLODCIOB

B HacTosmee BpeMa OGOJBWOE 3HAYEHUE MPUNAETCHA NPOCJEMEe 3auluTH
ouoc@epH OT 3arpA3HeHNd ee IMOJUIUKJIVYECKUMI apoMaTUdeCKIMUI yIJe-—
Bopopomam (IIAY). ToBumexHwit MHTEpec K maJbHefiwelt cynrée apoma-—
TUYECKUX YIJIEBOINODPOMOB, O0pasywmUXCA B pPe3yJbTaTe HEIHNOJHOT'O CI'0-
paHUA CPra’HuvecKUx COeNVEeHUR W mUpOKOrO DAcCIpPOCTPAHEH?AA B OKPV-
xawuei cpene, OOYCJOBJEH UX TOKCUYECKUMU, MYTAreHHWMU ¥ KaHIIEepoO-
reHHHMY CBOfcTBaM#, OGHADYXEHHWMM SKCIEpUMEHTAJbHuM nyTem (Mil-
ler et al,, 1974).

B oxpyxawuweit cpene merokcuxamnuu [IAY npoucxoiuT B OCHOBHOM C
IIOMOWbLI0 HEKOTOpPHX OaKTepui, PuiameHTHHX I'PUCGOB, I pOXKel, IMaHo-
OaKTepuif ¥ pacTeHuil, KOTOPHE NOCPEeINCTBOM (D€ PMEHTHHX CUCTEM CIO-—

COGHH OKUCJATHL [IAY orT HagraseHa mo d6(a)m (Cerniglia, I98I,I1984).
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W3 Bcex uzBecTHwx IIAY deusz(a)mwpen (6/a/m) Ha ceromsaauHuM
IeHb IpU3HAH KaK camuit cuumHH kaHueporeH. PBens(a)mupeH B OKpy-
xanouweft cpere ofpasyeTcd B 3HAUWTEJNBHHX KOJWUYECTBAX B peayJshTaTre
HEIMOJIHOr'0 CI'OpaHWA KaMeHHOro yrJd, rasa, HedTu, rOpuYux CJaHLEeB
I pasJUYHHX OuocydcTpaToB ( 3lumer, 1976).

V3 sarpAasHEHHO#l peKu OlJa BHNEJEeHa OCaKTepud, UNESHTUQUUUPO-
BaHHasaA Kak Beijerincka sp., KoTOpasa Ouwja CHOCOOHA UCHOJH30BATH
nipeHu s, aHTpaueH U QeHaHTpPeH KaK eNUHCTBEHHH{I UCTOYHUK YIJIEDO-
na U 3Hepruu, TeM CaMuM OKUCHAA IUGeHWJs N0  c¢is -2, 3-IUTUIPOKCU-
-2, 3-nurunporuderus (Gibson et al., I1973), aurpaneH o cis -I,2-
~-IUTUIPOKCU -], 2-qUurunpoanTpaled U QEeHEHTPEH IO cis -3,4-gurun-
pOKcHu-3,4-nurunpodenanrper ( Gibson et al., I975). B nanpHeitmeMm
OHJIO MOKas3aHO, YTO of0padaTwBafg HaHHW{ opraHusm N' -meTuj- N —HUT-
po— N —HUTPO3OryaHUIMHOM IIOJNyYaJsu MyTaHT Beijerincka B-836 | ko-
TODHA BHpauy¥Bafg Ha CYKIWHATEe B NPUCYTCTBUM nudeHuJa, CIOCOCGEH
okucaAT: GeHs(alnuped u GeH(a)aHTpaueH. ABTODH BIEPBrE [OKA3AJM
CTPYKTYPY OGpasOBaHHHX MeTadoJMTOB U3 GeHz(a)mupeHa u GeH3(a)aHT-
paneHa. Oxkasanoch, 4uTO MyTaHT Beijrinckia B-836 OKVCNAET OeH3-
(a)mupen no cis -9, I0-gurunpokcu-9, I0-gurunpodens (a)nupesa u
cis -7,8-IUTUAPOKCU-7 , B—nuTrunpo-06eHs (a)nupeHa. OCHOBHEM W30MEPOM
IAHHOTO mponecca apiadeTcd cis —Gens(a)muper-9, I0-qurunpono..
Nccaenya npyro#t nOJMULUKIUYECKUR apoMaTUdYeCKU# yryieBOmLOpOn -
Gens(a)adrpaieH B 3T0# %e padoTe nOKazaHo, yro Beijerincka B-336
OKucJAeT GeHs(a)aHTpaleH N0 4 NUCUADPONVOJOB, C IJIGBHHM METAGOJ V-
TOM — ¢is-I,2 -murunpokcu-I,2-nurudpoders(a)anTpaleHa.

B OekTepraJBHEX KJIETKax OKUCJIEHUE MOJUIIUKINYECKUX apoMaThyec-—
KUX YIJIEBONOPOINOB IIPOTEKAET C y4YaCTUEM IUOKCUT'eHasHO# depMeHTHOI

cucTeMOit, ¢ o6pasoOBaHUEM eig-IUTUIPOIUOJOB ( Gibson, I97I, Gib-

son, 1977). [o-BugumMoMy , cis —I'MADOKCUJAIMA ABJAETCH OGuei
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pearuue mjifg NpOKapuoTHHX OpraHusmoB. [lajmHeifuiee OKUCJIEHUE 3TUX
UHTEPMENVATOB IPUBONUT K OOCpPaA30BAHUKN KATEXOJIOB, ABJIABIMXCA CYyO-
cTpaTam Iig OPYI'MX HUOKCUT'eHa3, KOTOPHE OCYUWECTBJAKNT DaculeIlIe-—
HUEe apoMaTudecKkoro koJiena ( Dagley, 1971).

Kak yxe oTMEyasJoOCE BHUIE, B CKpyxXaluwe# cpele AETOKCUKAIA
NOJIMLMKJINYECKUX YIVIEBOLOPOILOB, B YAaCTHOCTW GeH3(a)IupeHa, TaKxke
MOXET MDOTEKSETH C y4YaCTUEM HEKOTODHX I'PUCOB ¥ YCTAHOBJIEHO, YTO
GeHs3(a)unMpeH OKUCJAETCA rpudami NONOGHO MexXaHusMy, HaGIniaeMoMy
B BHCUMX OpraHusmax. ( Merris et al., 1973, Cerniglie et al.,
1979, Lin et al,, 1979, V\iiseman et el., 1979, Cerniglia et al.,
1980, Cerniplia g 1980, HKoopur et al. 1984, Cerniglia et al.,
1985, Datta, 1988).

B kierkax miekomnurapunx 6(a)n meTadosusupyeTcs Kak N0 ODraHU-
YECKUX METACOJUTOB -~ BIOKCUNOB, (EHOJIOB U €I'0 CyJbdaT KOHBOI'a-
TOB, OUTUOPONUOJIOB, XWHOHOB, NUIMIDOINUOJIBIIOKCULOB W TETPOJIOB,
TaK ¥ OO0 BOLODACTBODUMHX - IJIDKODOHAT ¥ TUINTATUOH KOHBLOI'GTOB
( Borgen et al., I973, Sims, I970, Sims et al., 1974, Holder et
al., 1974, Huberman et al., I1976) (puc.I).

B wieTkax mrekomiTampmux Kak 6(alm, Tak W Hpyrue MOJIVIIKJIV—
YeCKUEe apomMaTU4yeCcKue YrJEeBONOPOIH TPaHCHOPMUPYHTCA IO MYyTaTreHHWYX
¥V KAHUEPOIeHHHX NpPOU3BOIHHX (QEPMEHTOB, KOTOpPHE CBsI38HH C JSHAO-
Ia3MaTUYCCKUM peTUuKyaymoM. OrucauresnsHas GepMeHTHas cucTema,
KaTaausupyoiasd HavaJbHWE Deakuun meradosuama SeHs(a)muper (T.e.
OTBETCTBEHHAA 38 06pA30BaHUE 3MOKCUNLOB) W3BECTHAA [0] Ha3BaHUEM
MOHOOKCVI'€Ha3HOil (PEePMEHTHO! CUCTEeMH WJW CUCTEMH TUIPOKCUJIVPOBAa-
HUST apWJIbHHX YTJIEBONOPONOB. JaHHag MeMODPAHOCBsA3aHHAA MyJbTUKOM-
[IOHEHTHAas cucTema I[PeJiCTaBJAEeT COOO# nHXaTeJhHy® uellb, BKJNYAK-
wyno HAIQH, cnemudwueckuit quiaBOmpOTEeWn, JUIUAHHA KOMIOHEHT W HU-

Toxpom P-450 (wsm P-448), KoTOpwii B3auMOmeiicTByeT C I'UnpodoGHHMY
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cyocTparaMm! ¥ KUCJOPOmOM C O0O0pa3OBaHWEM 3IIOKCUNOB, KOTOpDHE, B
CBOK OYepenk, B NaJbHeleM MepexOnaT B IMAPOKCUNUPOBAHHHE MPO-
IYKTH.

Waygyaa meradosusMm GeHz(a)nupeHa QuiamMeHTHwM rpudom Cunnin-
cshamela elegans (Cerniglia ev al., T979) nokagzaniu, 4YT0 MH-
TAKTHHE KJIETKY elegans  CIOCOGHH OKUCJATE OeHs(a)mupeH Ho
rpaHc-9, I0-mruapokcu-9, I0~-guruapodens(a)nupesa, TpaHc-7,8-nuru-
IpoKcu~7,8-murunpodens(a)muperHa, OeHs(a)nupeH-I,6-xuHoHa, GeH3(a)
nupeH-3,6-xuHOHa, 9-runpokcudeHs(a)mupena w 10 3-runpokcudens(a)-
rmupeHa. Takxe OwJM BRIEJEHH BOLOPACTBODPUMHE METACOJUTH OKUCJIEHUSA
GeHs(a)mupeH-cyapdaT ¥ IVIOKOPOHAT KOHBOIATH. OKCIEPUMEHTH C
I4C~deH3(a)nvrpeH0M oKazaJm, 4YTo rnocjge 96 yacoB MHKydanuu rpuda
¢ Gens(a)nupeHoMm, 18,4% maHHOT'O apOMATUYECKOI'O YIJIEBOIOPOAA Me-
TAOOJVN3UPYETCA ¥ COOTHOWEHUWE MEXILYy OpPraHUYEeCKUMU U BOIOPACTBODU-
MHMU METACOJUTaMU OKaszaJsock 65:35 COOTBETCTBEHHO. JlaHHas padora
BIEPBHE MMOKAasaja, UTO 3YKAPUOTH CIIOCOCHHW OKUCJAATH GeHs(a)mupeH
IO MEeTaCGOJIMTOB, KOTOPHE CXOOHH C MeTaloJiuTaMu, O00pasynuyuMUCH
Npu OKUCJeHWd GeHs(a)mipeHa MUKDPOCOMAMH MJIELOMTALYX .

3 CTJaMYYEe OT GaKTepuy, aHaJOrMyHC ¢ MJISKOmUTapuwiMd GeHz(a)-
NVpEeH ¥ Opyrie apoMaTUYECKUE YIJIEBOMOPONN B KJETKAY ['pula OKUC-
JIFITCSE C yYACTHUEM IUTOXDPOM P—450—3aBM05ﬁeﬁ MOHOOKCUT'E€HA3HON cuc—

<

remoit. Ulccaencsanus noxazany, 4YTO LUTOXDOM P-450 npravmaeT yvac-
TUE TaKxe B DA3JVUHNX DEaKIVAX, BKJOUAs OWOCIHTES3 aJKaHOB, IMIDO-
KCUJUDPOBAHUE [IPOTECTepoHa, MeTaCOJV3M XUDHIX KUCJHOT 1 OKUCJEHUE
AJIKGHOB ¥ MOJVIUKJIVYECKUX ApPOMATUYECKUX yrueBonoponoB ( Cernig-

lia et al., 1978),
Bujio OGHADYXREHO, YTO CUCTEMA I'VAPOKCUJMPOBAHUA APUJBHHX YIJIS—

BONOPONOB JIOKAJIU3UPOBAHA B MUKpOCOMax KJETKW rpuda, KoTopas 3a-

BUCUT oT KucJjopoma u HAJIOH u copepxuT HUIKUA yPOBEHL LUTOXpOMA
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P-450, Iuroxpom P-450 BzaumomeitcTByeT ¢ 6(a)n ¢ 06pasoBaHUEM
3TOKCUIOB, KOTODHE B CBOKW OYEPENh B NaJLHEmEM U30MEDPU3YHTCSH
W OO0 (EeHOJIOB WJU C yYacTueM epMEHTOB TUNPUDPYETCA IO TPaHCHV-—
T'UIPOINJIOB.

Hasmuue uroxpoma P-450 B rpudax [OKa3aHO B pasHrx padoTax
( verniglia, 1978, ferris et al., I973, Dipak et el., I983,
Datta et al., 1988),

BoszBpamascer k padore ( Cerniglia et al., 1979), uHTepecHO
OTMETUTH, 4YTO TpaHc—4,5-IUTUNpPOKCcU-4 ,5-mpurunporuoa "K-odjpacrtu",
XOpOoWoO W3BECTHHA y MIEKONUTAUUX MUKDPOCOMAJBLHHA METaOOJUT OKUC-—
Jeuvs 6(a)m, He odpasyercs rpudom C.elegans. CienyeT OTMETHUTS,
YTC 3HAUYEHWEM NAHHOI'0 MeTaGOoJUTa ABJAETCA €ro HaucoJgee BHDPAXEH-
HOe KaHIepOreHHoe cBolicTBo (Sims et &l., 1974). OdpasoBaHue
TpaHCc—4 ,5-Iurunpoxcu-4,5-guruapoaunosa us 6(a)m rpudom Aspergil-
lus ochraceus BrnepBue GHJO NOKAszaHO B padore ( Datta et al.,
I1988). ABTOpH jaHHOt paGOTwW MOKA3aJW, YTO NPOPUIL 00pa3O0BAHHKX
MeTadoJuToB 6(a)n GJM30K K OPOPUIn HAGIONaeMOMy B MEYEHU MIEKO—
TTVT AIOWUX

lanpueliuve uccnemoBaHUA M0 W3YYEHUN meTadosusma GeHs(a)mipesx
nmoKasaJju, 4YTo TpaHc-7,8-IUrunpoKcu-7,8-nurunpodens(a)nupeH, odpa-
aypunitcs w3 6exs(a)oupeH monm neiictBuem rpuda C.elegans B OCHOB-
HOM [IDENCTABJNAET ONTUYECKU uucTEit (-)-sHaHTwoMep { Cerniglia et
el., I1980). 3rv naHHHE YKas3HBalWT Ha TO, YTO IpUCHHE (HepPMEeHTH
TaKRE KAK ¥ MUKDPOCOMH MIEKOIMTAUWUYX, NOKA3WBAKT CTEepeOoclHenuyuuec-—
KOe OKWCJIeHue GeHs(a)mupeHa U CTepeocHeUUuecKkyln MUApaTaIimo
GeHs(a)nupeH-7,8-3N0KCUIA. SHAuYeHWE 3TUX HAGAnIeHU# 3aK/mvacTcs
B TOM, 4TO (-)-OeHs(a)mupen-7,8-purunponuos geuagerca B 5-I0 pas
Gosiee CUJBHHM KaHIEepoTeHoM, deMm (+)-sHaHTuomep ( Levin et al.,
1977, Thakker et al., T1976).
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MccoienoBaHUA N0 U3Y4YEeHUN OKUcJeHUWs OeHs(a)mupenHa u (+)TpaHCc-
-7, 8—IUTUIpPOKCH-"7 ,8-nurunpodens(a)nupesa rpuéoM C.elegans
MOKazaju, 4YTO B JAHHOM Ipolecce odpazyeTcd GeHs(a)mupeH-7,8-nu-
runponnon-9, I0-snokcun-2 ( Cerniglia, I1980). UHKyGarusa rieTOK
C.clegons ¢ Oexs(a)nupeHom mnoxasasa 00pas3OBaHUE BemecTsa, KOTO-
poe C IOMOWBK0 XUMNKOCTHOR xpomMaTorpaguil BHCOXKOI'O NaBJIEHVWA W MacC-
CIEKTPAJIEHOIC aHaJuu3a WUISHTUPUIIUPOBAH Kak (+).Wg,8d,9d,10ﬁ5 -
TeTparunporcu-7, 8,9, I0-rerparunpocens (a)nupen (TpasHc-TeTpoS-2).
Tak xakx O6eHs(a)mnupeH-7,8-purunporuosa 9, I0-snokcun-2 u -I gBJIANT-
CA HecTaCUJBbHEMU, WX UNEHTUPUKAIMA IPOBONUTCA H& OCHOBAHUU U30JA-
UV TETPOJIOB, ABJANUMAECH NPOAYKTAMA Tupposmuaa GeHs(a)mupeH mUOJ-
3IIOKCUIOB.

AT uCCJelOBaHWA MOKas3aJM, 4TO C,clegens  odpasyeT GeHz(a)«
nupeH-"7,8-nunona-9, I0-snoxcun-< .

HyxHO Takke OTMETUTEH, YTO IO odpaszoBaHug GeHs(a)nupeH-7,8-
IVOJ-3MOKCUNa, B MeradoyusMe (+)-TpaHc-7,8-IUTUOPOKCU-7,8—-nUurun—
po6(a)n oGHapyxwBaoTCA ewe IBa NpyIux npomykra. OgpazsoBaHHHE
METACOJUTH UANSHTOUIMPOBAHN KaK (EeHOJbHHE MPOU3BOIHHE INIUIPORVO-
Jla, CTPYKTYPH KOTOpPHX He OwJd umeHTH@uuupoBaHy. Tak kak GeHz(a)-
NUPCH~-IVOJ-RIOKCUIH MOTYT TarKxe 00pasOBWBATLCA B PE3YJBTATE OKUC-
jgenusa TpaHc-9, IO-—murunpoxcu-9, I0-murunposGens (a)nupeHa Cernig-
liz &.L. u np. (I980) nmpoBeJsu uCCHENCBAHUA [0 OCHADYXEHWUN GEHS -
(a)mpes-9, I0-murunpoavon-7, S-anokcuna. Oraszanocnh, uro Ce.elegans
oxucageT (+)rpaHc-9,I0-purunporcu-9, I0-murunpodens (a)uuped 1o
KOMILIEKCOB MeTadosuToB. [Ba meradomrTa OpJd UNEHTUQUIIMPOBAHE KaK
(;t)7/5 , 8K , 9 IO/g ~TeTparuigpokcu-7, 8,9, I0-rerparunpodess(a) -
nmupeH (TpaHC-TeTpoJa-2) U (_4_~(-'7/5 . 8d, 94, I0A -reTparngpoxcu-
-7,8,9,I0-rerparunpodens (a)nupeH(rpagc-rerpaocsa-I). OCHapyxeHue

TETPOJIOB YKasuwBaeT Ha o6pazoBaHue GeH3(a)nupes-9, I0-runpocuosi-
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7,8—énoxcunoa. OGpaszoBaHHHiT TpeTuit MeTacOJUT C MOMOWBH BHCOKO-
3QPeKTUBHON XUIAKOCTHOH# xpomaTorpaguu ¥ MACCIEKTPaJLHOI'O aHaJsu3a
Oun uneHTUdUIUpoBaH Kak (+)-9 ,10/5 -nm'mnpomm-’?/é ,8 ﬁ-—snonom,
7,8,9,IO—TeTparmnpoéeHB(a)nmpeﬂ{beﬁs(a)nwpeH—9,IO—nHPanonMon—
7,9-anoxomn—g) HyxHo ormeTuTh, 4T0 GeH3(a)miped-9,I0-guon-7,8-
SIIOKCH]I, BIEpBHE CHJI U30JMPOBAH U3 GUCJOTUYECKOHR cucremu. llyTs
orucyaeHua (+)TpaHc-7,8-MUTrUAPOKCE-7 , 8-1UrUAPOGEHs (a)nupera u
(+)tpanc-9, I0-nurunpoxrcu-9, I0-nurunpodeHs (a )nupeHa rpucom
C.elegans NpelncTaBJeH Ha pUC.Z.

Koopur v np. (I984) uccoenoBanv CHOCOGHOCTHL HEKOTGPHX
[IOYBEHHHX I'PUCOB - Heurospora crassa, mkortierella verrucossa,
Chrysosporium pamnorum, Trichoderma viride, #Pusarium gramine-
arum ¥ Penicillium sp. MeTadoymsupoBaTs 6(a)u. U3 mnepequcieHHHX
rprGOB CaMLM aKTWBHHM OKaszaJjcsa N.crassa, KOTOpHil adheKTUBHO NOr-
Jgowas 6(aln u3 cpeln ¥ MeTaGoJu3WpOBaJ €I'0 BHYTPUKJIETOYHRMUA (ep-
MEHTaMU C O0paszOBaHWEM TUNPOKCUJUPOBAHHWX INPOU3BOIHWX. PpPaAKIVOHU-
poBaHvie NPONYKTOB MeTadosuama 6(a)n ¢ IOMOWbl XUIKOCTHOR Xpomaro-
rpaQuy BHCOKOI'O [8BJIEHUS BHABUJIO NPUCYTCTBUE ONHOI'O OCHOBHOTO
IPOAYKTAa, KOTOpPHII Ol UIEHTUPUUADOBAH KaK 3-runpoxcuceHs(a)mupeH.
AHauI3 KYJLTYPaJbHON XUIKOCTW MOKAa3aJ. HajUAUE MAaJHX KOJMYIECTB
HEKOHBE PTUPOBAHHOI0 GeHz(a)mupeHa W NP 3TOM HE OTMEYAJOChH CYyue-
CTBOBAHUE KAKUX~-JNGO TPONYKTOB OKUCJeHus OeHs(a)nupeHa, 4TO yYKa-
3HBAJIO HA HEOGpaTUMYy® CBA3E C BHYTPUKJIE TOYHHMUA KOMIOHeHTamMu. Hig
OCHOBAHHWY NOJYUYEHHHX MNAHHHX WCCJENOBATEJV IIPUIJIM K 3aKJI0N4YEeHU,
YTO NOYBEHHHH T'pud il.crassea, XOTH ¥ meTadosmsupyeT 6(a)m ¢ or-
PaHUYEHHO# CTeleHu, OOHAaKO I'JIABHO# OCOGEHHOCTRI MAHHOIO rpuda AB-—
JAETCA aAKKyMyJAUUA KAHUEpPOreHHwX [IPOV3BONHUX BHYTPW KJIETKVW, W Ta-

KUM [OyTEM OYMuAs OKPYXAWUYo CPENy OT 3arpas3HeHus GeHs(a)nupeHoM.
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C aTOff HMEJBH My NOMHTANUCE WCCJENOBATH CHOCOOHOCTEH IJIECHEBOTO
rpuda Aspergillus niger, WYPOKO DACIPOCTPAHEHHOIO MLaKTWUYeCKY
[ICBCEMECTHO, METAGOSU3WPOBATE TMOJJULVKIMYECKUE yIJEeBONODOL -

Geuz{a)mupes.
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[JIABA II. METOIH MCCJEIOBAHWA

B rauvecTBe 006neKTa uUCCJENOBaHug Oui BHOpaH Ipul Aspergil-
lus niger BKN F-1119, WHPOKO DPACNpPOCTPaHEHHw# NpPAKTUYECKU [10B-—
CeMECTHO U U3BECTHH{f CBOE{l CIOCOOHOCTE DA3pyuwaTs pasjUyHHE Ma-—
Tepuajs. I'pué momnepxuBasu Ha cpene Yaneka-Jlokca c¢ arapom. [lias
MOJIYYEHUA CYCIEH3UW CIOop I'pul BupamwBan¥ Ha vaumkax [leTpu B Te-
yeHue 14 cyTor. (OGpasoBaBUMECA CIOPH COOUpaAJM W CYCIEHAVPOBAJY
B CTePUJBLHO# nUCTUJIUDPOBaHHO! BOme. MHOKYJIST BHOCUJIM B MUTATEJE-

Hyl cpeiy u3 pacdera I MI CyCIleH3uu, cojmepxauei IO6 CIIOp HA MJ

CPEeIH.

METOIH OIIPEIBEJEHMA BEAOIOBPEXIEHNA
APOMATUYECKOT'O TIOJMYMUIIA

KyJbTUBUDOBaHUE rpuda A.niger IpoOBONWIY Ha cpene Yanexa-
Iokca cuenywomero cocrasa (r/m): KHoPO, - 0,7, KH5PO, - 0,3,
ligs0, - 0,5, NekO; -2,0, KCI - 0,5, feS0, .7Hy05 ~ 0,01
(pH=6,0). B xauecTBe UCTOYHUKA yrJepola WUCHOJL30BAIU IJIWKO3Y -
I%. O6pasun apoMATWYECKOrO MOJUUMUNA pasMepoM [7x35 MM [ocJe
crepwiusammn 70%-HuUM 3TUJOBHM CIMPTOM [HOTDYXAI B MUTATENHHY
cpelly. Ky/mTuBupoBaHue mnpoBoauau B 250 wi kosadax ¢ 20 mu cpenw
B rTevyeHue 30 nHe#t B TepMocTaTe Ipu 30°C. Cremens OVOIOBPEXNESHA
apoOMATUYECKOT'O MOJMUMUNE OLEHUBAJV KAK BECOBHM, TakK ¥ pas3paco-
TQHHHM HaMu CIIEKTpOQOTOME TPUYECKUM METONOM, KOTOpHH COCTOUT B
perucTpauuyl pasHOCTHOI'O CIEKTpa MNOrJOWEHWS MNOJUUMUNHWX ILUIEHOK

pu A = 430 um cJeNylmuM 06pasoM: U3 CIIEKTDPA IMOTJIOWEHUA HE -
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[IOBPEXINEHHO! MJIEHKM BHUUTHBAJCH CHEKTD NOIVIOWEHWA MOBPEeXIECHHOH
mIeHKY. CIEeKTpH IIOINIOWEeHWA apoMaTUYEeCKOI'o MNOoJMUMALA DPEIrvcTpUpO-
BaJW C IIOMOubl crekTpodoromerpa "Spekord Li-40"

IJIT M3y4YyeHWd CTPYKTYPHHX V3MEHEHU# apoMaTWyecKOr'd MOJUVMUNA
npuseHsaau VK-cnexrpockomup. NK-ClHeKTpw CHUMAIU Ha CHOEKTpPODOTO-

meTpax "llepruH-Oabpmep" momeJm 457 u " Spekord ki-40".

METOI OIPEIEJEHVA TWIPOKCUIBHOT'O PAIVIKAJIA

TUNPOKCUJBHHE panuKkaj OIpPEeNeJsN CIeKTpPOPOTOMET pUYECKY IO
OH-3aBuUCUMOMY fnﬂpoxcuﬂmpoaaﬁnm 4-HuTpOPeHoJa ¢ O0Opas3OBaAHUEM
4-gurpoKarexoya ( #lorence, 1986). KysbTypy rpuda BHpamuBaJu
B 250 mu koubax ¢ 20 mx cpemy Yameka-Jllokca. 4-Hurpogeros (Ko-
HevHas KOHIEHTpauus IO'3 M) noGaBignv B KYyJLTYPY ¥ UHKyGuUpOBa-
JU B TeueHUue 48 gacos. [locye z3aBepumeHUsa UHKyOanuy peaknuio OcTa-
HaBuuBaJm podassenuem O, ma IO N HCI. 4-Hurpokarexos u3 KyJb-—
TYPaJBHOI XUIKOCTU 3SKCTparuposasm 5 odnremamu sdupa. O6nenuHeH-
HHE SKCTPaKTH EePEHOCUNV B KDPYIVIONOHHYKH KOJOYy IJA UCHAapeHus
oupa. [losyueHHnwit ocanok pactBopaau B I mu O,I M LgCi W KOJW-
YEeCTBO 4-HUTPOKATEXOJNa OIPENeJsji C yYeToM KOs3dPUuueHTs MOJAD-

HO#f SKCTUHKLUYU [ODpY /& =507 um (£ = I,I3 x IO4 CM“I M"I).

OIPRIEJEHVE AKTMBHOCTU KATAJIA3H

B KyJabTypaJbHOl ®XMAKOCTU rpuda A.niger aKTUBHOCTL KaTa-
JIa3H ONpeleJiaau noJaporpaguyeckum meromom ( Korth and Jensen,

1967). BupmesieHue KuCJOpPOXA W3MEpAJM C IIOMOWBM 3JeKTpoma Kiapka.
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ViamepeHue MpOBOONWJM CJaeIyomUM o0pasom: B aAdeliky nossgporpadga 3ammi-
Basu I mu 50 mM docdarnoro Sygepa pH = 7,0 u 50 mxn guasTpara
KyJBTYPaJbHOR ®UIKOCTU rpuda ¥ s3anucyBaJ¥ HYJEBYL JUHUD. Peaxuuo
HayuHa/M ¢ nodasienuem 50 MKJ Depexucu Bojopoja (KOHEYHas KOH-
ueHTparug 14,22 MM). AKTUBHOCTE KaTaJsaslil OINpEeNeJiAJu MO KOJUdeCT-
By (QepMEHTa, KaTaJU3Upyluero pasJoxeHue [ MKMOJE HZOZ B MUHYTY

HA M CeJiKa, IIpU 259C.

OIPEIEJEHVE COIEPXAHUA BOCCTAHOBJEHHOA ®OPMH HAD

KosmumgecTBO KADH omnpenesann (QJoOpOMET pUdeCKUM MeTonoMm. Uz
BECTHO, YTO WADH B oTJjuYMe OT OKUCJEHHOH dopmH, xapaKTepusyeT-
CA CUJIBHOR QumoopecueHuueir B 006JacTH A = 454 HM. Cnekrtp quioo-
pecreBnuy ~ADH  cHUMaJM U Ha ChekTpodumoopomerpe upmy 'liitachi ™
Momenrs-204,

Iis omnpeneJieHUA COIEPXAHUA BOCCTAHOBJEHHOIO kAD B KyJAbBTY-
paJpHOf RUNKOCTU rpuda A,niger, KyJbTYPY UEHTPUQYTMPOBAJU IIpPU
10000 ¢ B Tewenue I0 muHyT. [losyueHHul CynepHATAHT QUJILTPOBAJM
Ha MEMOPaHHWX QuubTpax ( killipore, tun HA, nuamerp nop 45 MEM)
IJIA TOJHOT'O OTHEJIeHVUS MULEJUA U CHOPOBHX 3arpA3HeHuil, a s3arem
KOHIZHTDUPOBAJU [ON NaBJEHUEM B f4Yeiikax [JIA YJibTpaQuiibTpauun
Qupmn " Amicon" no O mu. M3 KOHUEHTPWPOBAHHOR KYJbTYPAJIbHOM XUI—
KOCTU B3KCTpakmun JADH mpoBomusv MeTOmOM, OmMUcaHHwM Qwupepom
(I979). KOHUEHTpPVWPOBAHHYW KYJBTYPAJbHYD XUIKOCTE B 00neMe 5 M
cmemmBagu G6uctpo ¢ 5 i 0,3 M pacrBopa KOH u moJsyyeHHy® CMeECh
[IOMEWa Ha BOIAHYW OaHK Ipu 50°C B reuenue 8 MuHyT. Ilocyne 3a-

BEpIIEHUA UHKyOaIMii, CMECEH OXJAaXnayv Ha JeHNAHO# 6aHe B TeyYeHue

I0 munyT. B mosyt¢HHOM CyNepHATaHTe U3MEpAnu QUIOpeCUeHIUD KADH,
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nocJie poBeneHus pH=7,8 memseHHuM podaBieHuem 2 mia 0,5 M xosom-
HOro TpusTaHogpocdaTHOro oydepa. BosOymnenue qumopecueHuUU IIpo-
U3BONUJM IIPU = 344 BM, a caMmy QUIDOpPECHEHIUH U3MEpAJU [pU

A = 454 Hm. KosmuecTBO WADH B KyJbTypasibHOR XUNKOCTU ONIpene-—

JIJIV [0 KaJMGpOBOYHOR KpUBOiL.

PABIIEJEHVE U UIEHTUOVKAIA METABOJMTOB BEH3(A)IPEHA

MeTalOoauTH U3 MULIEJUA W KyJbTypaJbHO! xUNKOCTU rpuda A.ni-
ger BHueJsaym MeTomoMm ( Koopur, I984). llocJse uHKyGamuu rpuda C
Geda(a)nupenom, munesuit rpuda codupasu LEHTpudyrvMpOBAHUEM IIpU
9000 & B Tevenue 10 MuHyT u mpommBasM cHavasa 0,5% NaCl, a
34TeM MUCTUJLUIMDOBAHHON BONOA 1JiA OCBOCGOXNEHUA MULEJUA OT aure-
3UPOBaHHOr0 cydcrtpara. OrMuTHiIt MUUeJ it XpaHUaV Ipu 20°C B Teue-
HVe 2 4YacoB, I[ocJie 4ero ero romoreHusupoBasu B 0,I M gocharHoMm
G6ydepe, pH = 7,6 B dapyopoBoit crynke ¢ meckoMm. bBeHs(a)mupeH u
ero MeTalOJUTH SKCTparvupoBaJi U3 TOMOreéHaATa U U3 KYJbTYpPaabHOM
XKUOKOCTU 4 o0peMamy 3TUJANETaTa B HEJUTEJLHOR BODOHKe. [loayyeH-
HHE OPraHWYeCKWe DacTBODH BHCYWWBaAW nodaBieHueMm Lap30, &
3TUJALUETAT OTI'OHAJY I[IOL NAPOM 4, B TEMHOTE [P HUBKOM HaBJIE-
HUVU Y [IpU TeMIepaType 40°C. Cyxoit ocanOK pacTBOpAJY B IUMETWJI-
CYJIEQOKCUIE W UCHOJL30BAJV IUIA pasfieseHus U UNeHTUPUKanuu MeTa-
comToB GeHs(a)nupeHa. g paslejeHUs W UIEHTUQUKAIMU METaGO0JV—
70B (GeH3(a)mupeH WUCIOJb30BANM XMIKOCTHO! xpomarTorpad BHCOKOTO
IaBJeHUA upMy " Vaters Millipore" wmoneJs 680. PazneseHue meracdo-
JUTOB NPOBOIWJIV Ha aHaJMUTUYECKO# oOpaueHHO-Qa30BO#t KOJOHKE

"Sondapak C,g",  [PU KOMHATHON TemmepaType. Meradomru GeHs(a)-
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MUpEHa 3JIOMPOBAJU B IpamveHTHOM pexume. COCTaB BJINEHTA U3MEHAJ -
ca or 60%-HOro MeTaHoja B BOJE HO YMCTOI'O METAHOJ&8, HIpPA MNOCTOAH-
HO}f CKOpPOCTU INOTOKa pacTBOpuTesd I mi/mMuH B Tevenue 40 MUHYT.
JIleKTVpOBaHUe MPOBOIWJM HA CHEKTpOPOTOMETDE /X - max MoneJb-481
npu A = 254 um. O6pa3zoBaHHKEe METACOJUTH UINeHTUPUUUPOBASY C I1O-
MOUEK CYHTETWYECKUX NpPOU3BOXHHX GeH3(a)mupeHa.

B 3xcmepuMeHTax ¢ VCHOJB30BaHUEM 14C Geus (a)nupeHa, QpaKiun
u3 XXBI xosoHKM ¢ uHTepBasoMm 0,5 MUHYT COCUDPAJV B CHMHTVJLIALNOH-
HHe (UIAKOHH, cOozepxamve 0 O M CUUHTUJIAIMOHHOIO pacTBopa. Pa-

JUOAKTUBHOCTE U3MEPAJY HA XKUIKOCTHOM CUVHTWJUIALIUOHHOM CYETYUKE

Intertechnique SL-30,

OIIPEIEJEHVE COIOEPXAHUA BEJKA

Conepxanue OeJiKa BO BCEX UCCJENYEMHX OGpasuax OIpeNeJdiu
M0 OCWewsBeCTHOMYy cTaHmaprHoMy merTony Joypu ( Lowry et al.,
1951).

PesyJpTaTH 3KCIEPUMEHTOB 00padaTHBaJUCh CTATUCTUYECKW, NOC—

TOBEDHOCTH pA3JUYUA OMEHWBAJU II0 KpuTepun CThLomeHTa.
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TJABA. 3. PE3VJIBTATH W UX OBCYKIEHME

3.1. CrnexTpodoTOoMETDUYECKIE UCCHSN0BaAKYA
OBPEXICHUHA apoMATUYECKOro NOJMUMULA
BH3BAHHOE [JIECHEBWMY TIpudanm:

OpHuM W3 BOIPOCOB, INOCTABJEHHHX HaMU, ABJIAJIOCL BHABJICHUE
CTPYKTYDHHEX WU3MEHEHU# apoMaTWYECKOI'O NOJUUMUINA, BH3BAHHHE I'pUi-—
oM A.niger ¥ paspadOTK¥ IOCTATOYHO YyBCTBUTEJEHOI'O U TOY-
HOI'O METONA OIpeNeJeHUA CTENeHU OUOnoBpexmneHug. Iisa peumeHus
IIAHHOI'O BOMNpoca Hamil ONJI pas3padOoTaH CIEKTPOQOTOMETPUYECKUN! Me-
TON OIpellesIeHUs CTeNeH! OWONOBpexIeHUs apOMaTUYEeCKOI'O TOJUUMUANA.

MarepuajsoM MCCJIENOBAHUA CJYXUJVW HErpUCOCTORKUE IUIEHKU apo-
MATUYECKOI'0 NOJMMMUIA C KOJIXUICKOTO HAyYHO-UCCJIENOBATEJNLCKOTO
UEHTpa KJUMATUYEeCKUX WCINHTAHW{, KOTOpHE XPaHWJMCEH HNpU pazsJMYHKX
ycyoBuax (yacThk marepuwaJsa xpPaHuJach Ha MUKOJOI'MYECKOH ILIowajke,
YacTh - TNON OpPEe3eHTOBHM HABECOM, a YacTh - B CKJANCKOM MOMeue-
HUY ).

Apomaruvyeckuil nOJMUMAL [IpencTaBJjsgeT cO000#f BHCOKOTEpPMOCTO—
KU# MOJIVMED C KOMIIJIEKCOM LEHHEX QUIWKO-MEXAHUUECKUX W IUDJEKT -
puyeckux csoitcTB (bBeccosos, 1983). B nocnenHee BpeMsa RaHHpH IM0-
JVMED HaxXOmUT Bce COJiIee WUPOKOE MMPUMEHEHYEe B COBPEMEHHOR TexXHu-
K€, WCIOJ:3yeTCA B KAYECTBE MPOYHHX ¥ T'UOKUX 3JIEKTPOU3CJIALYOH -
HHX MATep¥aJioB, CHOCOCHLX pacoTaTh MJUTEJLHOE BPEMA KakK Npu HU3 -
KVUX, TaQK ¥ IIpA BHCOKUX TeMleparypax. ApoOMaTWYECKUNl IMOJUUMUL OC-
JanaeT BHCOKO# yCTOHUMBOCTHI K melicTBup pacrropureJeil. [losmumu-

IH TIpUOCDpesV 3HAYWUTEJBHHA MHTEPEC NJA [IPUMEHEHUS B 3JEKTpodoTo-
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Tpadul, NpPaKTUYECKU ﬁaﬂdonee BaxHO} ¥ WHTEHCWBHO pasBUBapileiics
o6nacTu GezcepedpsHoit gororpagvu (TpemvHud , I980).
CTpyKTypHasa gopMyJsa apOMATUYECKOIO NOJUUMUALA IIpencTaBJeHa

A |
: N<m patias

Puc.3. CrpykrypHas gopMmysa apoMaTWYeCKOT'O MNOJUUMUNA
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CreneHp oOpacTaHUA NOJUUMUNHHX ILIEHOK ONEHUBAJACh N0 GaJb-
Hoit cucreme (I'OCT 9.048-85), chmexTpw MNOIJIOWEHWA MOJUMEpPA CHUMA-
JV. Ha clexkTpogoromerpe " Spekord K 40",

AccaenoBanus OUONOBPEXIEHUA apOMATUYECKOT'O NOJUUMILA MOKa-—
3aJiV. YTO OH OOoJiblie ofpacraeT rpudaMd Ha MUKOJIOTUUYECKOR Iuiowan-—
ke ( 5 GaJuoB), MeHbwe [ON OPE3EHTOBHM HaBecoM (2 Gasna) U BOOG-
e He odpacTaeT B YCJOBUAX CKJIANCKOI'O IIOoMeuleHud. B paarpHelmeit
Cepu¥l ONHTOB Hamu OHJIM UCCJENOBAHH DPAa3HOCTHHE CIEKTPH IOTJONE-
HUA apOMATUYECKUX ILIEHOK, HaXOIAUWUXCA B BHIIEYKA3aHHHX VCJOBUAX.

Pa3sHOCTHHE CIIEKTDH, HOpEeNCTaBJeHHHE HA pUCyYHKe 4 (pasHOCTHUI
CIOEKTp IOJy4vaJ¥ MNYyTEM BHYUTAHUA CIIEKTPa HEIOBPEXNEHHON [LIEHKU
OT noBpexmeHHO# (T.e. KOHTPOJH CTABUJU B KaHaJe U3MEDPEHUd, &
ONHT - COOTBETCTBEHHO B KaHAJIe W3MEPEHWH) MNOJUVMUIHON NJIEHKW
[IOKA3HBAKWT, YTO I'PUOH BH3WBAWT YMEHBUMEHWE ONTUYECKOH# MJOTHOCTHU
apoMaTN4YeCcKor'o MnoJuuMuna B OCJACTU A==430 HM. [lpy sTOM U3MEHE-—
HUe VHTEHCUBHOCTY B MaKCUMyMe Tem OoJiblle, 4YeM OOJiplie CTeleHh 00-
pacTaHua IUieHKU. [losydeHHHEe HNaHHHE yKaswBawT Ha TO, 4YTO I'DUOCH
paspymanT Te I'DYNNH B apoOMaTUYECKOM IOJUUMUNE, KOTODHE MOTJIOma-—
T B o6qacTé A= 430 HM. YMEeHBUEHUE ONTUYECKOH MJIOTHOCTH IpAMO—
TIPOIO PIMOHAJLHO CTeNeHu odpacranug (radauma I).

VI3 BHWEW3JOXEHHOI'O MOXHO 3aKJWYUTH, YTO CTENEeHL GUONOBpEX-
IEHVIA apOMATUYECKOr0 MOJUUMUIA KOJUYECTBEHHO MOXHO ONDPENEeJIUTH
U3MEHEHWEM WHTEHCUBHOCTYU mnoryoueHus npu A = 430 awm.

[Jig MOATBEPXKIEHUA YKA38HHOI'O BHUWE MNPENIOJOXEHUA U yCTAHOB-
JIEHUA CBA3¥W MEXIY YMeHhMEeHUEeM Beca W U3MEeHEeHWEeM OITUYECKOR NJIOoT-
HOCTU, a TakKkxe A paszpadOoTKU NOCTATOYHO YYBCTBUTEJNLHOI'O U TOY-
HOI'O METOIa OIpeneJIeHVA CUOMOBPEeXNEeHUN NOJMUUMUNHON ILIeHKW, HaMmu
OnJia MpOBElleHa Cepuf ONHTOB B JAGOPATODHHX YCJIOBUAX. B ®MIKyW0

MUTATEJbHYD CPEly B CTEPUJLHHX YCJOBUAX OHJIM TOMEUWEHH B3BeleH-
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I - ¢ Ope3eHTCBOIC HaBeca

2 — C MAKOJIOTMYECKOH IJowanxm
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TaoJmma I

3aBUCUMOCTh W3MEHEHUA VHTEHCUBHOCTW IIOIJIOWEHUA
pu A = 430 HM OT cTeneHu 0O0pacTaHUA apoMaTH-

YeCKOoI'o noJuuMvina

CreneHp OuonoOBpeX—-  VHTEHCUBHOCTSH

YCNOBUA SKCHOBUIMY IeHUA 10 GaJBHOM MAKCUMyMa IIOT™-
CUCTEeME JIOWEHUA IpU
=430 HM

KoHTposb 0 0
O6pasew ¢ Gpe3eHTO- 2 (-0,16+0,015)
BOT'O HaBeca
OGpazen ¢ MUKOJIOTU-
YECKOH IJIomanKy 5 (-0,52+0,025)

Hele o0pasis apoMaTH4YeCKOI'0 MOoJuUMuna, Koropwe B odnactu 400 —
500 HM He umebT Makcumyma norJomeHusg. OgHY vacThk 06pasnoB UH-
@UUUpOBaJsM cnopamu rpuda A.nlger, jppyryo WUCIOJAb30BAJY B Kade-
CTBe KOHTpoJiA. ONHTHHE ¥ KOHTPOJLHHE OGpas’ly MHKYGUDPOBaJV B
TEpPMOCTATE I[pPU BOOC, B TeveHUue 30 pHelt. Yepez kaxnwe NATE CY-—
TOK O0pasny NOoJUUMUINHOA MJIEHKV BWHUMAJIYU, B3BeumBaJu U PUKCUDPO-
BaJI DA3HOCTHHII CIEKTp IOIVIOWEHUd.

Vi3 paHHEX TalauuH 2 CJeRyeT, YTO CHeKTpaJsbHHit aHaju3z [IO03BO-
JAET OCHaApYyXWTh CTEIeHHL MOBPEXINEHUA [NOJUMEDA yXe HA NATHH IEeHb,
TOI'I& KaK BECOBHM MeTOLOM OUOINOBPEXIEHUE MOXHO OCGHADYXUTH TOJIb--
K0 Ha 20 neHsb.

OnpeneJsieHVe CTENEHUW NOBPEXNEHUA apOMATUYECKOI'O MOJUUMULA ITTPO-
BE€JII TaKxe C WUCIOJh30BaHWUEM OUKUX MTAMMOB IIJIECHEBHX I'pUGoB Tri-
choderma lignorum ¥ Cledosporium herbarum, BHIEJEHHEX C II0-

BEDXHOCTY IJIEHOK, HaxOIAWUXCHA Ha MUKOJOIUYECKOR Tmuomanke Kouxun-
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CKOI'0 HAQYy4YHO-UCCJEeINOBATEJLCKOI0 IEeHTpa KAUMATUYECKUX WCIHTaHWH.
CreneHp GUOHNOBpPEXIEHUS O0pasIlOB ONpEeNeJiaivl Kak BECOBHM, TaK U
CIeKTPOPOTOME TPUYECKUM METONOM. [laHHWE OO W3MEHEeHUW MACCH U WH-
TEHCUBHOCTK PA3HOCTHOTO CIEKTpa IOIJIOWEeHUA OT poja rpuda Ipen-
CTaBJIEHW B Tadjuie 3.

Kak BunHo uz radgunu 3, W3IMEHEHUE OINTWYECKO! MJIOTHOCTU CBA-
34HO C W3MEHEHUEM MACCH apOMATUYECKOr'O MNOJMUMUNA U IS PasHMX
I'puGOB, I'Ie ONTUYECKasa MJIOTHOCTH YyMEHbmAeTcs UMEHHO Ha 430 Hm.

Vicxona v3 BHIEWIJIOKEHHOI'O, MOXHO 3aKJKYUTE, YTO CTENEeHb GUO-
[IOBPEXIEHUA apoOMATUYECKOr0 MOJUUMUIS KPOME BECOBOI'O, MOXHO OIE-
HUTE paspalCOTaHHHM HaM¥ CIEKTDOJPOTOMETPUYECKUM METOMNOM, KOTOpwit

COCTOUT B perucrpanmv pasHOCTHOI'O CIIEKTpa IIOTrJIOWEHWSA.

3.2. MK-CcneKTpOoCKOIUA apoMaTU4YEeCKOI'O MNOJUUMUIA,

IOBPEXNEHHOI'O IIJIECHEBHM rpudoM A.niger

B naspHeltwe# cepuy ONHTOB HaMU OHJIM USYYEHH CTPYKTYPHHE W3-
MEHEHUd apoMaTU4YeCKOI'o NOJUUMUNA, BH3BAHHHWE I'puldoM A.niger.

VIaBecTHO, 4TO jeiicTBUe BHemHUX (PaxToOpoB (Temmeparypa, COJ-
HeyHada palvamisg, BJaxXHOCTH, MUKDPOOPIaHW3MHL) HA MHOJVMEDHHE MaTe-
puaJH, BH3HBAKT ONDPENEJNIEHHHE CTPYKTYDHHWE U3MEHEHUs, KOTOpHE OT-
yeTJMBO MNpogBaawTca B VME-cneKTpax HOJUMEPOB: B CIEKTpPE IOABJAWNT -
cd WJ¥ ¥CcYe3awnT OnpeleseHHHe moJocH norvomeHma (Yuxavema u mp.,
1988). [Ipu cTapeHUV OOJUBTUJEHPTANATA B IPUPONHHX W WCKYCCTBEH-
HHX YCJIOBUAX cydTpomuyeckoro wkjumara (r.Cymraur) B ero MK-cmexr-
pe yBeJMYUBaeTCA WHTEHCUBHOCTE IOJOC MNorvomeHua npu 1720 CM_I u

3400 CM"I, coorBeTcTByomue C-H u C=0 QyHKIUOHAJHHHM Ipynnam
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(llysoxeEKO W Ip., 1989). O6umm mug MK-CHeKTpOB IpEeBECUHH, IIOM—
BEPIHYTO# BO3NEACTBUN I'PUCOB Oypoi#t T'HUJM sBJIAETCHA BO3HUKHOBEHUE
HOBEX TOJioc morJowenus mpu 2860 u 1140 evl (Saad et al., 1980).
[loBrumieHUe MHTEHCUBHOCTU moJioc mpu 1720 u I740 CM"I, COOTBETCT~
Bywouue C=0 rpynnam B aneTWIBHHX ¥ KAPOOKCUJBHE'X IpyHNax, yKasH-
BaeT Ha OKucJeHue JurHuHa (Jyce w mp., I984). lcxoms u3 BHuecKa-—
3QHHOI'O Hamyl OnJ¥ W3YyYEeHH CTPYKTYDPHHE W3MEHEHUA apoMaTU4eCKOro
nosvuMdia ¢ momousk ME-cmeKTpasisHOrO aHajusa. B radiume 4 npen-
CTABJIEHH PAL TOJIOC NHOTIVIOWEHUA apoMaTudeckoro nosmumuna B UK-00-
JJACTU CIEKTpA.

B panHux Hauvx skcmepumeHTax (T'ymxadunmse u mp., 1987) Owio
[IOKaB8HO, YTO B YCJOBUAX BJIAXHHX CYOTDPOIMKOB Haudojee CyueCTBEH-
HHE U3MEHEHUS NpETEepneBanT MATepuasH, HAXONAWVEeCcHs Ha MUKOJIOTUYEC-—
Koit mowanke. MceaenoBaHusa MK-CneKTpoOB apoMaTUYECKOI'O HOJMUMAAA,
HaxOonuBUErOCA B TEeX Xe YCJOBUAX, TaKxXe IIOKaswBaeT, 4YTO CaMHe 3Ha-
YUTEJbHHE WU3MEHEHUS B UHTEHCUBHOCTAX IIOJIOC noryoueHus B MK-cnexT-
pax apoMaTU4YeCKOr'o IIOJMUMALA IIpeTepHeBaeT MOJUMED C MUKOJIOTUYEC -
Koit rrowanku. OCOGEHHO CUJBHO W3MEHAETCA VHTEHCUBHOCTE IIOJIOC IIpU
1778, 1645 u 596 em™ L. Mo naHHuM ®epopoBoit u np. (I968), ecuu Ka-

KVM —HMOO MyTeM MPOUCXONUT paspymeHue QYHKIVMOHAJILHO! IpynIw
- I\\~Ci] - nvumHEE g (B MK-cnexTpe cOOTBETCTBYET moJoca

..I)

Ip¥ I??d CM ~), TO NOJIXH& YBEJUYUTHECHA WMHTEHCUBHOCTEL MOJIOCH MpU

1645 CM"I. Amasm3 naHHHX, NpPUBENEHHWX B Tadyune 4 ¥ Ha DUCYHKe 5,
yKasHBaeT Ha TO, YTO C YBeJIUUYEHUEM CTeleHu OUONOBPEeXHEeHUA apoMa-—

TUYECKOr0 nojuuMana (Opes3eHTOBHH HaBeC -  MUKOJIOIMYecKas NOAO—

manKa) HaGAnIAeTCA YMEHBLUIEHWEe WMHTEHCUBHOCTU TOJOCH mpu 1778 CM“I

7 napaJuleJIbHOE yBeJWYEeHVE WHTEHCUBHOCTY IMOJIOCH mpu 1645 CM"I.
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Tadmna 4

Panl XapaKTepHHX MOJIOC MOIJIOWEHWUA MOJVMUMUINHON

miaeHgn B MK-o6sacT¥ CIEKTpa

BoJIHOBOE YUCJO, OM"I OYHKIIMOHAJEBHHE TPYIIIH

I. 3640 CH (lexanT, I1976)

2. 3352 N-H

3. 3072 C-H

4, 2872 C-H

5. 20I6 C-H (Kuboto et al., 1988)

6. I778 uMAnHEE urkga ( Kuboto et al., 1988)

7. I592 C=C (MososeBa, I1989)

8. I552 C-N (Kuboto et al., 1988)

9. I5I2 Hurporpymnna umuna ( Kuboto et al.,

1988)

I10. 1458, C=C (Besnamu, I976)

IT. 1248 <> —— 0 (Mososena, I1989)

I12. I250 -<::::>—0-—<::::7”‘ ( Kuboto et al.,
Kumanko u mp.,I1987)

13. 1169 pue

I4. III6 =C-0-C=

I5. 920 Cap,..N ( Kuboto et al., 1988)

16. 608 C-¥=0 (lexaur, 1976)

I7. 430 -C-6C- (llexanr,I976)
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JleHHaA KODpeJAIMA yKasuBaeT Ha paspymeHWe VMAJHOI'O IMKJIA B

IpoIecce IOBPEXIEHUS apOMATUYECKOTO MNOJVUMAIA, [DPW meicTBUUN

IpuCOB.
B nosmuMinHO# NJIEHKE KPOME UMUIHOTO IMKJA [IECHEBuE I'PUlH

Pa3pymwanT CBA3L Ca -0 - Cq JTO NOKa3uBaeTCHd YMEHBUIEHUEM

p. jop
METEHCUBHOCTYU MHOJIOC npm:125C>CM"I. YMeHpmeHue MHTEHCUBHOCTYU NO-

I

joce mpu 920 cM ~ TaKkke yKaswBaeT Ha paspwB cBAsu C,,  -N

p.
BH3BAHHOM IUIECHEBHMN I'pudamMil. SHAYUTEJILHLE U3MEHEHWUA WHTEHCUB-

I, COOTBETCTByWiee QyHKIMO-

HOCTM moJiock mnorJioweHus npu 430 cm
HaJILHOIl Tpylle = TaKxe YKas3HBAET Ha pas3pHB 3TUX CBA3El B HO-

JUVUMALE BH3BAHHHE ILIECHEBHMU rpucamul.

Tagdquua o
UccoenoBaHue M3MEHEHUA ONTUYECKO# NJIOTHOCTHU
NK-cnekTpa apoMaTUYeCKOTO IOJUUMUNA [PV ero

GUONOBPEXIEHUN B NPUPOMHHX YCJIOBUAX

YcaoBusg skcnepumeHTa  M3MeHeHWE OITWYECKOH MJIOTHOCTM /B OTH.en./

1645 oML 1250 oML 920 em™L
I. Mugosoruyeckas
IJIouanKa 0, I006 -0,I364 -0,I21I0
2. bpeseHTOoBHUi
HaBecC 0, 0887 -0,0517 -0, 0903

VsmeHeHUs UHTEHCUBHOCTe# nosoc mpum 1778 CM“I, 1645 CM“I,
920 cm~! COOTBETCTBYNT NAHHHM, MOJyYEHHHM aHAJU30M WHIUOUpOBA-—
HUA [OBPEXNEHNS apOMATUYECKOI'0 IOJUUMUANSG I'PUOOM A.niger B Ja-
0OpaTOPHHX YCJOBUAX.

B naHHOM ?KCIEpUMEHTEe My WCIIOJNb30BAM WUHIVMGUTODP IUIPOKCUJE-—
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HOro pamukana - mMaHHUTON (I00 MM) ¥ UHIMGUTODPH OKWCJATEJEHHHX
[ILOLIECCOB — MPOMUITaJaT (I2,5.IO'3) ¥ aCKOpPOMHOBAA KUCJIOTa
(12,5.10’3 M). lleTassHOe onucaHue BJMAHUA NAHHHX UHIUGUTOPOB
Ha MpOIEeCC NOBPEXIEHUd NOJUMEpPa NpPEeNCcTaBJeHC B ruase 3.3.

IlaHHHEe, [OJIyYEeHHHE [0 aHaJu3y UHI'MOUPOBAHUA NOBPEXTEHUA apo-
MATUYECKOTrO I[OJUUMANA, BH3BAHHOT'O I'pUCOM A.niger, I[PEeINCTaBIEHH

B TaoJuue 6.

Tadauna 6
ViccoienopaHue U3MEHEHUS onTuyeckoi miorHocTu UK-cmekTpa
apoMaTUYEeCKOI'0 IOJUUMUNA B IIPOILIEeCCE IOBPEXINEHUS BH3-
BAQHHOI'O rpudoM A.niger B NPUCYTCTBUU UHIUOUTODOB

OKUCJIUTEJNBHHX IIPOLECCOB

BapMaHTH ONHTA VismMeHeHUEe OITUYECKO#l MJIOTHOCTHU

/B oxﬂ.en./ 1PV BOJIHOBHX qMCHax/CM'I
1778 1645 920
I. I + rpudu -0,08 0,09 -0,05
2. IIN + rpubH + NpGOUI-
rajar -0,07 0,08 -0,02
3. IM + rpuGd + MAHHUTOJ -0,04 0,05 -0,02
4, T + rpuln + ackKoOpOu-
HOBas KuUCJAOTa -0,04 0,06 -0, 05

Kak BumHO u3 Taldyunmy 6, HAOOIAeTCH B3aVMOCBA3L MEXILY W3Me—
HEeHUEeM II0JIOC IOIJIOWEeHUd B odJjactu 1778 CM”I u 1645 CM"I. Uz
NPUBENEHHHX NAHHHX CJEeJyeT, 4YTO HadaJbHHIl aTan IenoJuMepusaruu

OGYCJIOBJIEH DACKPHTUEM UMATHOI'O IMKIA C yYacTHeM I'MIPOKCUJIBHOIO

panuKaia.
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Vlcxonsa ¥3 BHIEU3JOXEHHOI'O, MOXHO 3aKJKNYWUTH, YTO C IIOMOWLI
NK-creKTpoB BO3MOXHO Kak OIpelNeJieHue W3MEeHEHUs CTDPYKTYDPH apoma-

TUYECKOI'O MOJUUMUNA, TAK U CTENEHU ero OUONOBpEeXIEHUs.

3.3. AHaJsu3 WHrUOUpOBAHUA IOBPEXNEHUA apOMaATUYECKOI'O

NOJVUMINA, BH3BAHHOI'O I'pudOM A.niger

JasrHelmiM 9TANOM HamlUx WUCCJENOBaHUil OHJIO BHABJIEHUE XapaK-
Tepa NOPOLECcCOB, NPOTEeKapwux B apoMaTUYECKOM MOJUUMUNE Npu neitcT-
BUU rpuoa A.niger. OCweusBECTHO, YTO ONHON U3 OCHOBHHX I[PUYUEH
U3MEHEHUA CTPYKTYPH HOJUMEDPHHX COENVHEHU# i MOXET OHTH OKUCJUTEJNE-—
Huif npomecc. Mcxong u3 3TOro, MH UCCJENOBaJU BJWAHUE AHTUOKCU-
IIaHTOB (mpomuJrajuar IZ,S.IO"3 M v ackOpOUHOBAA KUCJOTA
I2,5.IO’3 M) Ha npouecc IOBpPeXNEHUA apPOMATUYECKOTO IOJUUMUNA,
BH3BAHHOE IpuUCGOM A.niger. OKCIEPUMEHTH [IOKaszaJu, 4YyTO o0a aHTU-
OKCUIAHTa VUHIUGUDYWLT GUONOBpexIeHMe noJuMepa Ha 49% un 43% coor-
BeTCcTBeHHO (radmiua 7). Hadmopaemoe WMHIMGUPOBAHWE NAET BO3MOX-
HOCTH MNPEeNnoJOXUTh, YTO B MOBPEXNEHUU NAHHOI'O IOJUMEpPA Ur'pawT Oll-
penesIeHHY POJIb OKUCJIUTEJBHHE [POIECCH.

C meJipl BHABJEHUS DPOJV AQKTUBHEX (POPM KUCJOpPONA B OKUCJUTEJD -
HOM IIyTH OUONOBPEXINEHUS APOMATUYECKOI'O NOJUUMUANG, BH3IBAHHOI'O I'PU-
OOM A.niger, HaMu OpJ NPOBEIEH aHaAJNW3 WHTUOUDPOBAHUA INAHHOTO
[mporecca, UCHOJNb3yA UHI'MOUTOPH aKTUBHHX QOpM KUCJODPOHA: MAHHUTOJ
~ WHIMGUTODP TUIpOKCUJLHOro pamukana (50 MM u I00 mMM), cynepok-
CUIIMCMyTasa - CylNepokcun aHuoH-pamukaga (I0 mxr/20 mu cpenn).

B xauecTBe UCTOYHUKA H202 B KYJbTYPaAJBHYH XUILKOCTE N00aBJIIAJIN

cucTeMy IJmKosookcumasza (I00 mxr/20 mu cpenw) + rJmxosza (I00 mi).
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KyaeTypy rpuda A.niger  BupamyBaJ¥ Ha XUIKOA NUTATEJNBHOH
cpene Yaneka-JloKca B NPUCYTCTBUYM C O0pasnaMil NOJUUMUNHON ILIEHKU
B reyeHue 30 mHefi. KysnoTusupoBaHue mpoBomwsv B 250 mu Kondax ¢
20 M1 cpend B TepMOocTarte Ipu 30°C. CnycTss O nIHeil nocJie Havasa
KyJIbTUBUPOBAHUA NOOCABAAJUCH UHTUOUTOPH aKTUBHNX QOpM KYCJOpOIA
B TEYEHWE BCErO ONHTa Ha Kaxnwii 4-if neHr CTeneHr OWONOBPERIE-
HE apoMaTUYECKOT'O NOJUUMUANA OHEHUBaJYM pa3paCOTaHHHM HaAMU CIIEKT-
pOPOTOMETPUYECKUM METOINOM — [0 U3MEHEHU UHTEHCUBHOCTW IIOIJIOmE -
HUA [OpU A = 430 aM. llosyuyeHHre pe3yJbTATH aHaJ Uz UHIMOUpOBa-
HUA TOBPEXIEHUA ApOMATUYECKOI'O IOJUUMUNA INpUBENEHw B Tadjguue 7.

Kax BUmHO u3 TadJuuu 7 CUCTEMAa, TeHepupywouas H202 (rJoK030-
OKCUIA38 + I[UIOKO34) aKTUBUPYyeT I[POLECC MOBPEXIEHUA IOJUMEpa Ha
I18%. 3TO yKaswBaeT Ha OIpeleJIeHHY DOJIb MEepeKucy BOIOpOna B NaH-
HOMm nporecce. Cama MEPEKUCEH BOIOPONA HE fABJAECTCH AKTUBHON U BU-
IuMO, HaHHHY 3¢PEKT OOyCJIOBJEH YMEHBUEHUEM BEPOATHOCTYU IMPOTEKAa-
HUA peaxuuii, NpUBOINAUMX K YMEHbUWEHWD OCpa30BaHUA TUNPOKCUJILHOIO
panukKajga, KOTOpHil, IO HauuM IpennoJsioxkeHUAM, OTBETCTBEHEH 34 Ha-
YaJILHHE 3Tal JeNoJuMe pusamuil apoMaATUYECKOr'C MNOJUUMALA.

YHrudupoBanue GUONOBPEXNEHUA apOMATUYECKOT'O MOJuuMUng Ha I2%
CYNEPOKCUIAUCMYyTa30i, CHEeUUPUYECKVM UHIUGUT OPOM Og, yKa3wBaeT Ha
TO, YTO CYINEDPOKCUI aHWOH-pamuKaJ y4acTByeT B pmaHHoOM npouecce. On-
HaKO, QHAJOI'MYHO IEDPEKUCU BONODOIA, Og cam 110 cefe He MOXeT Ieno-
JIAMEDU30BATE [OJUMEP. BEePOATHO, €I'C DOJNE B GUONOBPEXNEHWU apoma-—
TAYECKOr0 IOJMUMUIE ABJAAECTCH OINOCPEINOBaHHOW. lIpemmonaraeTrcs, 4TO
Ie/iCTBUE CYNEPOKCUN aHWOH-pamuKaJja B NAHHOM IIPOIIECCE MOXHO OGwAC-
HATH y4YacTUeM NaHHOI'O panvKajia B XeJe30-KaTaJuzUpOBAHHON pearuuu
Xagdep-Baiica ¢ 00pa3OBaHVEM IUIPOKCUWILHOT'O paIuKaJa.

Il BHABJNEHUA DOJIK T'UAPOKCUJLHOTO pajuKasa B IIPOIECCE II0B-—

pexJIeHsa apOoMaTUYEeCKOro MNOJVUMUIA HaMmu OwJ WCHOJb30BAaH MHIUOU-
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TOP MQHHUTOJ - B PasHHWX KOHHEHTpauuax. Kak nmorasvBawT maHHHE,
npuseneHHHe B Tadsume 7, B npucyrcTBuu 50 MM MaHHUTOJNA HaHHBHR
nporecc uWHruoupyercs Ha 41%. To-BuUmuMOMy, ¥3 BCEX DPACCMOTDEH-
HNX HaMy WHTEpPMENUaTOB KWUCJODPONA, TCUINDPOKCUJBHHI pamvkasn urpaert
DJIABHYH DOJIBE B Jerpajanuid apoMaTUYeCKOr'o [IOJMUMHUIA.

OnHako TOT akT, d4YTo yBenuqe%Pe KOHIIEHTpanuu MAHHUTOJA N0
I00 MV v mpomuaranara po I1,25-I0 M, mano BJMAET HA CTelEH: OuO-
noBpexneHuit mosuumupa (Tacsa.?), yKaswBaeT HA TO, YTO OKUCJUTEJED-—
Huit IyTh HE eIVHCTBEHHHI MexaHuU3M, OObACHALWMZE naHHH TPOIECC.
[lo-EMnuMOMYy, B OUOIOBPEXNEHUU MOJIUMEDPA, HAPALY C OKUCJUTEJBLHH-—-
MU LpoleccamMy, y4yacTBYWT ¥ QOPyI'Me IMpOIECCH.

[loslyyeHHHE HaMV OAHHHE I[T03BOJIAKT MPENINOJIOXUTHE, YTO OCHOB-
HHM OKUCJIUTEJBLHHM areHTOM IJA NOJUMEpA ABJAETCHA I'MIPOKCWJALHHIE
panvkas, KOTOpHit OTBETCTBEHEH 34 HaYaJhHHI 3Tall HEeloJuMepu3a8-—
UM apoMaTUyeCcKoro nojuumvna. YTro kacaercs H202 U 051 TaK Kak
HU ONHa& W3 3TUX aKTUBHHX QOpM KUCJIOpOma cama MO cede He MOXET
IOBPEXINATE apPOMaTUYECKU NOJVUMUN, MH NOIMYyCKaeM, 4YTO WX DOJE

MOXET GHTH HENpAMOfi B BHWEYIOMAHYTOM IpOLECCE.

3.4. O6pazoBaHve T'UIPOKCUNLHOTO pamvKasia
B [IPOLIECCE [OBPEXNEHUA apoOMaTUYECKOr'O

MOJIUUMULE KyJBTypamu 4.niger

YYUTHBag TOT ®aKT, 4YTO T'UINPOKCUNBHRIT pajukas gBJIAETCH VHU-
UMIDYIOWUM areHTOoM paspylleHEusa apOMATWYEeCKOTO MoJvuMuna, HaMu Ow-
JIO UCCJIel0BaHO o0pa3OBaHWe T'MIAPOKCUJNEHOI'O PANUKAJE B KyJETYDaJb-—
HOI XUIKOCTW T'puba A.niger. TURDOKCUWIBHHI panUKaJ OIpeNeJfan

no OH-3aBUCUMOMY TIUADPOKCUIUPOBAHUKN 4-HUTPOPEHOJA ¢ 06pazOoBaHUEM
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4-HUTpOKaTexoJa. PesyipTarTy NaHHOI'O UCCJENOBaHUsS, IPUBEHEHHHE
Ha DUCYHKe 6, INOKasaJj¥, 4YTO B KYyJbTYPalbHOR XUIKOCTU Tpuda
aA,niger  4-pgurpoxkarexos onpemeagercs Ha 9 cyrku (0,65
MKMOJIE/MI* 6ejsKka). B TeueHuwe mByX IHeil KouuyecTBO 4-HUTpPOKATE-
x0Ja GHCTPO BO3pacTaeT, INOCTUIas MAKCUMAAbHOro ypoBHg ( 4,8
MKMOJE/MD Geska) Ha I2 CyTKU. 3aTeMm €0 CONepXaHue najaeT U
¢ I8 CYyTOK KOJUYECTBO 4-HUTDPOKATEXOJa [PaKTUYECKUW HE MEHAETCH.
4 -HuTpoxaTexos He OCHApyXUBAJICA B KyJbTYDPaNbHOR XKUIKOCTU I'DU-
da 1ocJsie e€ro oGpaGoTKU B aBTOKJABE.

Tor ¢arT, uTo Hadwmaemoe 06pa3oBaHUEe 4-HUTPOKATEexoJia U3
4 -HUTpOdeHOJa IIpencTaBJsseT COCOH Oﬁ—saBnchHﬁ npouecc, OwJI
NONTBEPXNEH BSKCHEepUMEHTaMy N0 WHTCUOUPOBAHWI IMIIPOKCUJBHOI'O pa-
IVKaNa MAaHHUTOJOM ( 100 M) .

B cBa3® ¢ TeM, YTO B KyJbTYPaJbHO# XUINKOCTYU r'puda A.niger
C MaxkCUMAJBHHM KOJWUYECTBOM OCHApPyXUBaAeTCH Ha I<Z CYTKU KYJbTUBU-
pOBaHUs, BJUAHNA UHIMOUTOpPA T'UIPOKCUNEHOTO pamMkayia OO IpoBe-—
IeHO §¥ I2—CyTOYHHX KyJbTyp. MaHHUTON poGaBasanu Ha II CyTKE B
KyJbTYDPYy ¥ niocJse <4 4acoB UHKyCauud W3MEPAJIU KOJUYECTBO 4-HUT-
pokarexosia. llosy4eHHHe IAHHHE NpefcTaBJeHH Ha pUucyHke 7. Kak
BUIHO W3 PUCYHKA, BHeCeHVe B nuraressHyl cpenyi00 MM manHuUTOINA
VUHTUOUPpYyeT O6pasoBaHuWe 4-HUTPOKarexoJa Ha 9%, YTO yKasyBaeT Ha
yyacrTve TI'UIPOKCUJEBHOI'O pamukajsa B 06pa3oBaHuY 4-HUTPOKATEXOJA.

Taxum 0oCpazoOM MOXHO 3aKJOUUTL, YTO TUINPOKCUJBLHMI pDanukarn,
06pasysa B KyJBTYPaJIbHO# XUIKOCTU Ipula A,nigér yuaBCTBYeT B IIOBPEX
IeHNY apoMaTUYECKOr0 MNOJMUMUNA W TI0 HAWUM [PEeNNOJIOXEHWAM OH AB-
JAETCS OCHOBHHM OKUCJUTEJHHHEMU areHTOM B J&HHOM npouecce. Taxxe
cJenyeT OTMETUTH, YTO CpaBHEHWE De3yJeTaATOB WCCJeROBAHUS COIEp-
¥aHusg 4-HUTPOKATEexXO0Ja ¥ IUHAMUKK IOBPEXNEHUA NOJUUMUNA YKaswBa-—

eT Ha B3aUMOCBA3b MexNy o6paszoBanuem OH u moBpexmeHuweM apomarTiu-
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YECKOT'0 NOJMUMALA.

[lonTBEDXROEHUEM TOI'O ¢arTa, 4YTO OH UrpaeT 3HAYUTEJABHYD DOJE
B NOBPEXOEHUN apoOMATUYECKOr'O MOJVUMANA CJYXaT MOMEJELHHE JKCIe-
pUMeHTH. T'eHepanup TUMIPOKCUJBHOT'O panvKaja NPOBONWIV [IpW B3au-
mojeitcTBuu  NADH (1,25 x 107 M) + HoOp (5 IO’3 M). B kavecTse
WHIUOUTOPa IMIPOKCUJBHOIO pajuKasa UcloJab30Basu MaHHuTtos (I00
MM). BewecTBa no0aBiaaiu Ha Kaxnouwit 4-f neHb BCEr'0 SKCHEDPUMEHTA.
CremneHs CUONOBPEXIEHUA OIPENEeJANN [0 WIMEHEHUKN VWHTEHCUBHOCTU
[IOTJIOWEHUA IpU /( = 430 HM.

Hak caenyer u3 NpuBeleHHwX B Tadjune 8 IaHHWX, IeHepauusg
I'MIPOKCVWJIBHOIO paluKasa NPUBOIUT K 3HAYUTEJLHOMY SPPEKTy IIOB-—
PEXIEHNA apoMaTUYECKOro nmosvmmuia. Kak u OKasasoch, UHTUCGUTOP
Oﬁ ~ MAHHUTOJ UHTUGUpyeT npouecc Ha 25%. CjenyeT OTMETHUTH, YTO
pasHuna Mexny xumuueckuM (momuumun + NaDH + HoO5) u ouosoruyec-
kuMm (mosmyvun + rpud! meftcTBueM Ha mnoJmuMun cocTaBisgeT 60%.
JTO 03HAYaeT, YTO B OUWONOBPENNEHUUW apOMATUYECKOT'O MNOJUUMUIA,
KPDOME aKTUBHHX (QOpPM KUCJOpONa, YyYaCTBYKWT U IDPYI'ME OKUCJUTEJD-

HHE areHTH.

3.5. JliHamMiKa 73MEHEHUA KOHUEHTPArmMy .iadi
IV TIOBPEXNEHUU apOMATUYECKOIO MOJVUUMY LA

rpuooM A.niger

Brme OHJIO [OKA3aHC HaJUuue I'UIPOKCUJBHOTO panyuKaJja B KYJE-
TYPaJbHOA XUEKOCTU rpuda A.niger. Brumy cBpoeift BUCOKO# peak-
TUBHOCTYW OCpa30BaHHH} B OpraHusmMe TIUNDPOKCUWIBHHI pamukan HE MO-

XET INEepEeiiT! BO BHEKJETOYHyW cpeny, Bumumo , OH mosxeH o0GpasoBh-—
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BAThL3A HEIOCPENCTBEHHO B KYJBTYPaJBbHON muixocTu rpuda. IlosTomy
MH IDIOHTAJJACH BHACHUTH, UMEWTCA JV B KYJbTYpPaJbHOR XUILKOCTU

Al niger KaKue-Ju00 UCTOYHUKY I[EHEepUpPOBaHUA [MIPOKCUJILHOTO
panuxaga.

I3 jnaHEHX JUTEpPATYpPH WU3BECTHO, YTO OH pamiKaJ MOXET [eHe-
DUPOBATHECA TP ONHO3JIEKTPOHHOM BOCCTaHOBieHUU Hols ( Walling,
1975 ). B Guosoruyeckux CUCTeMax 0Gpa30BaHWe TUOPOKCUJBHOIO pa-
IuKasa us H202 MOXET OCYWECTBJATHCH, BO-NEPBHX, peakmueir geHTO-

Ha

++ +++

Fe + H202 —> OH + OH™ + Fe

BO-BTOpHX peakimeit Xadepa-Baitca, npu KOTOpO#t cynepOKCWI aHUOH-

3+

. o 2+ o
panvKkaJ BOCCTaHaBjaUBaeT e no Fe ', g mnocsenHuit BOoCccTaHaB-

qvBaer HoOs ¢ oGpasoBaHueMm G 4.

+++

Al — - n) + +
e = xeJar + 02 — i'e = xeJgaT + 02

+++

re*" = xemar + Ho0p —> OH + OH + Fe = xeJar

a TeKXe Mp¥ B3aumoneicTBUU H202 C pasJIMYHLEMU BOCCTAHOBUTEJIAMY,
B TCM YUCJEe U ¢ WNADH .,

Il NONTBEDXNEHUA YKA3aHHHX BHIIE COOGpaxeHU# Hamu OwJa UC-
CJIENOBAHA BO3MOXHOCTE NPUCYTCTBUA NADH B KyJBTYDAJBHON XUIKO-
CTV A.niger. Ha pucyHKe 8 [NpUBENeHa KUHETUKa O0DA30BaHUA uili
B KYJIbTYPaJbHON XUINKOCTY4 rpuda A.niger. Kak BUIHO U3 DUCYHKA,
B KYJIbTYPaJBHON RUNKOCTW NAHHOI'O OpraHuama NADH  oOGHapyxuBaeT-
ca Ha 8 cyTku (0,02 MEMOJL/MI 6esKa) ¢ MAKCVMAJLHNM BHXOIOM HAa
IT cyrku (0,215 meMoun/MI GeJKa) KyJbTUBUDPOBAHUA. B najnHeituem
Ha0JONaeTCA CHUXEHWE ypoBHA NADH,  coxpaHAawomeecd B TeYEHUE

BCEI') JKCIIEPUMEHTA.
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VI3BECTHO, YTO OKUCJEHHag gopma HAD  MOXET BOCCTAHABJIUBATLH-
cA I0I meiicTBUEM BOCCTAHOBUTEJEH TUna HUTUOHWUTA. YYUTHBAA 3TO,
CJEIYET OXUINATEL, UTO NOOaBJeHUWE II0 HECKOJRKO KpUCTAJUIOB BOCCTa-
HOBITEJIA K KOHIIEHTPUDPOBAHHO® KyJIbTYDaJBHOE XUIKOCTYW rpuda IOJDK-
HO TPUBECTU K YBEJUYEHUI (QUIOOPECUEHI Y IIpu A = 454 um. JeitcT-
BUTEJBHO, NPUCYTCTBUE IOUTUOHUTA IPUBOINUT K 3HAYUTEJNLHOMYy yCUJE-
HUD Qumoopecrenm npu A = 454 um (puc.9), uto cocraBamio 37%.

3 mpuBeneHHHX INAHHHX CJIeNYeT cJenywuee. Bo-mepBHX , yBeJU-
YEeHVEe QUIOPECLEHIUY IpU A = 454 HM nocJge poOaBJIEHUA INUTUOHUTA
CJY®UT IOKa3aTeJbCTBOM HaJuyus H#ADh B KyJbTYDPaJbHO! XKUNKOCTU
rpuca a.niger B IPOIECCE MMOBPEXINEHUA apOMATUYECKOIr'O IIOJMUMUIA,
a4, BO-BTODHX, NAHHHH 3@PEeKT yKa3wBaeT O HaJU4Y¥U B KyJibTYyDPaJLHOM

KUALKOCTU Ipuda OKUCJUTEJNBLHOE gopMmm wAD |

3.6. O6pazoBaHue H202 B KYyJbTYpPaJbHOR RUINKOCTU
rpuda 4A.niger B [poHecCe MNOBPEXAEHUS

apoMaTuyecKoro mnoJvumMina

OCuIeu3BECTHO, 4YTO IEPEKUCH BOAOPOIA JEIKO pasJjiaraercs B BOM-
HHX DacTBOpax M, KpPOME TOr'0, ABJAETCH CyOCTpaTOM MHOIuUX (epmeH-
TATUBHHX DEaKuuii. B CBA3W C 3TUM KOJUYECTBEHHOE OIIpeIlieJieHue Ie-
PEKUCU BOAODPOIA B OWOJIOTUWYECKUX CUCTEMAX BCErNa COIPAXEHO C Oll-
peneJeHHHMU TPYIHOC TAMY.

B nepBoi#t cepu¥ OMNHTOB My IONHTAJNUCE ONPEINEJUTE AKTUBHOCTE
pAna @2pMEeHTOB, UPUHUMADWUX ydYacTie B MeTadOoJu3Me IIepeKucu BOIO-
pona. 3 4aCcTHOCTYW, HaMl OHJIO UCCJAENOBAHO KUHETVKA aKTWBHOCTU Ka-

Talasy PepPMEHTa pazJaramiuil nepeKuch BOLOPOHA.
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V3 maHHyx, NpuUBEeNeHHHX Ha pucyHke I0, ciaenyeT, 4TO B KyJb-
TYDEJIbHOR RUOKOCTU T'puda A.niger  OCHADPYXWBAETCA NOBOJBHO BH-
COKad aKTWUBHOCTEL KaTajas3w Ha NpOTAXEHUW BCEro omnwTa. Ha Ham
B3TJAL, NpPUYUHA, IO KOTOPO# NPOUCXORUT MPOAYKIUA KaTaJjasH BO
BHENHOK Cpejly, CBA38HA C HEOOXONUMOCTHK IETOKCUKAIMY BHEKJETOY-
HO#t karasasH. BO3HUKHOBEHUE AKTUBHOCTHU KaTaJjasy COOTBETCTBOBAJIO
10 EpPeMeHU Havajy o0pasoBaHusg LkADH B KyJpTypaJibHOR XUINKOCTU.

Yicxomsas U3 BHIMEU3JOXEHHOI'C OYEBUNHO, YTO KOJUYECTBEHHOE OIl-
pelieJieHNe IMEePeKUCW BOINOPONAa B KYJABTYPaJBHON! XUIKOCTU 3aTPYIHEHO
[IPVCYTCTBUEM IOBOJEHO BHCOKO# aKTUBHOCTU KaTaJsasw. IUiA pemeHud
IaHHOT'O BOIIPOCa B SKCIEpPUMEHTax Hami OHJI UCIOJL30BaH cheruguuec-
KW VHI'MOUTOD KaTrTajasuw - 3-aMuHo, [,2,4-Tpuaso, KOTOpwil modaB-
JIAJV B KOHIEHTpaluu I0MM Ha 6 peHb mocJie Havasa KyJbTUBUDO-
BaHuA. Yepes KaxaHwe 24 waca U3MEPHAJU KOJMYECTBO IEPEKUCU BOINODPO-
na, VCIOJb3ys NMEepPOKCUNA3HYW peaknupn ¢ guasusunvaom. OnpeneJeHue
IUHaMUKY o0pasOBaHUA H202 B KYJIbTYDPaJbHOR XUIKOCTU I[I0KA3aJi0 Ha-
JIIYVe CJENOBHX KOJUYECTBO IEpeKucu BOomopoma K 9-I3-m cyTkam.

B namzHelmem H202 B KYJBTYpPaJBHOR XUIKOCTU T'puda He HaOJI0IaJach.
MoxHO mpempnosararTs, 4TO UCYE3HOBEHWE IEPEKUCU BOMOPONA B KYJLTY-
paJBHOZ XUAKOCTM A.niger  OCyCJIOBJEHO , C OIHOR CTODPOHW, YBEJU-
YeHVWEeN aKTUBHOCTH (QepMeHTa KaTaJjasw, a ¢ IPyro# CcTOPOHF, NO-BUIU-
MOMY , B3aUMONE!CTBUEM IIEDEKUCK BONODONA B DEAKNUAX ¢ 006pas3OBaHUeM
aKTUBEHX (OpM KUCJIOpOIA.

He pucyHke I] nmoxasaHa KUHETUKA AKTUBHOCTU A.niger B Opu-
cyTcTEMu 3-amuHo-I,2,4-rpuazosna. CpaBHeHUE XOIa KPWBOH aKTUBHOC-—
TV KaTajnasd B NPUCYTCTBUW UHIMUOUTOpA C JAHHNMU, NDUBENEHHWMU HA
pucyHke 10, mnokasajyo, 4YTO pasHUa HalJoiajach JUWL B AKTUBHOCTHU

¢epmeHTa (MHrUGUTOP YMEHBIIAET AKTUBHOCTL KATAJAa3H, & XOI KpUBOil

OCTaeTCH HEeWU3MEHHHM ).
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AKTHBHOCTD KATaJa3h, MKMOJE/MUH.MD Gesxa

10 15 20 29 30

HpONOIRUTENLHOCTD KYJETHBEPOBAHNA, CYTKU

Puc.II. KuHeTuWKa KaTasazHOK 2KTUBHOCTH B KYJILTYDAJSbLHOM

MULKOCTH rpuda

2 NPUCYTCTBUM 3-aMUHO-I,2,4-Touaszona.
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[lpy pacCMOTpPEeHUU pPEe3yJsTATOB, NPUBENEHHHX B 3TOM pasieJe,
HYXHO OTMETUTEL cJelykmee. Tak KoKk B KYJbTYDaJBHOR XUNKOCTU I'DU-
da A.niger B [poIecce MNOBPExXNEHUA apOMATUYECKOI'O MNOJWUMANA
HaMyl OHJIO ONpelieJieHO 00pas3oBaHue H202, a TakKke paccMarpuBadg
naHHHEe paszesa 3.5, MH AOMyCKaeM BEpPOSTHOCTEL NPOTEKaHWA peaKnuul
NADH 4 2H202 , KoTopasg ABJAETCHA OIHUM U3 IyTell o0pa3OBaHusA
CUOPOKCUJIBHOIO pajukaJja. [lo HamuM mpepnosoxeHusam, OH sgBaseTcd
OCHOBHHM WMHULMUPYOIUM areHTOM IeNoJuMepusanul apoMaTUu4ecKOro

noJnvMu g .

3.7. Meradoymsm GeHs(a)nupeHa IJIECHEBHM I'DUGOM

Aspergillus niger F-~1119

MsyueHie GUOJOTMYECKO! Herpalamiyl MOJULUKJINYECKAX apOMATU—
YEeCKUX YIJIEBQI OPONOB B OKpyxakuei# cpele BH3HBAET BO3pacTanuui
WHTEpPEeC C Tex Nop, KaK OHJI8 BHABJEHA BHCOKAA KAHIUEPOI'€HHOCTE
MyTareHHOCTL STUX BewecTB. [loJunuUKIVYecKuit yrJueBonopon GeHs(a)-
[MIPEH ABJIAETCA WUPOKO PACHPOCTPAHEHHHM 34I'PA3HUTEJIEM 3EMHOE U
BONHOM skocucTem. Ha ceromusmuuit neHr GeHs(a)nupeH NpU3HAH KaK
CaMHii Momﬁﬁﬁ KaHueporeH. Wz JmrepaTypHHEX IAHHHX U3BECTHO, YTO
B OKDyxalue#l cpele IeTOKCUKAIUA NOJUIUKJIUYECKUX apOMATUYeCKUX
yTJIEBONOPONOB, B YaCTHOCTYU GeH3(a)mupeHa, HOPOTEKAET C IIOMOUBK
HEKOTODHX I'DUGOB ¥ GaxrTepuit ( Cerniglia , 448Y ). [osTomy, mu
pelwJIV U3YYUTH CIOCOCHOCTHL IJIECHEBOI'O rpuda Aspergillus niger
MeTagOoMU3pOBaTs GeH3(a)NupeH W BHABUTHL MEXAHM3M IAHHOI'O IIpO-—

geccea.
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KynLTypy rpuda A.niger BupauuBasM Ha cpene Yanera-loxca
B TevyeHUe O nHeik Ha Kavajke. Ha 6-it neHp KyJbrTUBUDPOBAHUA B
KyJbTYPAJEHYD XUIKOCTE HoGaBiAM GeHs(a)nupeH (KOHEYHAH KOHIEHT-
panug 0,4 MK) PAcTBOPEHHY B IOUMETWJICYJBQOKCULE, 4 AHALYSXDO3al:
rpué ¢ 6eHs(a)mupeHoM B TeueHue 96 yacoB. [locJie 3aBepmeHUA WHKY-
Ganuu GeH3(a)UUpeH M ero MeTadOoJMTH 3KCTPACWpOBAIY U MOJYyYeHHHH
ocanoK aHaJym3upoBayu ¢ mnomowkin XXBI. [lojgydeHHHE NaHHHE MOpelncTaB-—
JIEHH Ha pucyHke IZ.

Kag BUIHO ¥3 pUCYHKA I[2 mpu OKucJeHWW OeH3(a)mupeHa rpucoM
A.niger ¢ nomowsl XXBI oCHapyxvWBawTCH < METACOJMTA C BPEMEHEM
vaepxusauna 19,10 u 20,0 MuH., KOTOpHE C IIOMOLpO CUHTE3UDOBAH-
4qrx vertaSonuroB 6(a)n upeHTuduuMposamw EKak [,2- u 3,C- xuHOH:IL.

B xome meradosmama Oeds(a)nupeHa rpuéom A.niger oGpazoBa-—
HUE TOJBKO XWHOHOB MOXHO OOBACHUTE cnenymmﬁm 06pa3oM: U3 JUTE-—
paTypHHX NAHHHX WM3BECTHO, YTO CYWECTBYET MHyTh MmMeTadosusmMa CeH3-—
(a)nupeHa, KOTODHit MPOTEKAET ¢ OGpazOBaHWEM CBOGOIHNX DaIVKAJOB
( Nagat et al., 1974).

Briepeue mosBJieHUe curHaJa JlIP npu vHKydanuv 3TOI'0 KAHUEDO-
reHa C I'OMOTEHATOM KOoxu Muumeil Hadsmomasw Harara u gp. ( Nagat
et al., 1967). [lo3nHee aTU aBTOPH UIEHTUPUIMPOBASU BO3HUKALWAE
pamvKaiH Kak 6-0-Geus(a)nupey. B mamrpHelftmem OHV ®e MOKA3&JM,YTO
MeTadoMYecKUe IpeBpaueHud ¢ odpasoBauuem pamukagoB 6-0-Gexz{a)-
nUpeHa o0ycJioBJEHH epMeHTHuMu cucremamz ( Nagat et al., 1974).

B o0uux uweprax MeTadom3M NPOTEKAET CJelyluiM 06pas3oM: cHavdaJa

Gens(a)nupeHd IMIPOKCUJIUDyeTCcH C ofpasoBauueM 6-OH-GeHsz{a)nupeHa,
a nocJelymuee OKUCJEHUE BeneT K mogmjenun 6-0-6eHs(a)mupeHa. 3a-—
TeM 00pa30BaHHHiIt mMeTaCO/MT MEepexOomUT QepMeHTATUBHO UJM HedepMeH-

TATUBHO B XWHOHH. MCXOIA ¥3 BHWECKA3aHHOI'O, MH HOIyCKAaeM, 4YTO
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BHpaueHHuit rpud A.niger B QNaHHEX YCJOBHUAX OKUCJAET GeHs(a)mu-
DEH MO BHIEU3JIOXEHHOMY IYTH.

B nanpHeitweit cepud OMWTOB MM WCIOJBH30BAJU CPELy CJELYMEro
coctaBa. I'pul BupauvBajd B TedeHUe 72 4acOB HA Ccpepne comepxauei
FH,PO, - 0,05%, caxaposy I% u KykypysHuit axcrpakr 0,5%. Ilocue
3aBEPUEHUA KYyJbTUBUDPOBAHUA MANEJIUA rpuda codupanu, QUJkTpOBaJU
U NEePEHOCUJM B CBEXYW UTATEJEHYRD CPENy, NOGaBiamu OeHs(a)nupeH
{ KOHeuHad KOHHGHTpauﬁgg‘H VHKyGUpOBaJM B TedeHue 96 9acos.
3aBepuag VHKySauuw G6eH3(a)nupeH ¥ ero MeTaGoJMTH SKCTPATrvpOBaJM,
IIOJNY4YEHHH OCAQIOK pPAcCTBOPAJIY B METaAHOJIE W aHAJU3UPOBAJM C IIOMO-—
mero XXBI. /3 npmBeneHHHX MAHHHX CJEIYEeT, 4YTO B XOHOE MeTadoyusma
Gens(a)nvpeHa OGHAPYXKUBANTCA 5 METAGOJUTOB C BpEMEHEM YIEpRUBA-
Hua 9,20muH., I9,I0 mua., 20,0 muH., 24,75 MuH. u 26,0 MuH.
(puc.I3). UneHTuguranmo o6pas3OBaHHEX MeTACGOJUTOB OCYUCC TBIIAIA
C IOMOWBK CUHTE3WPOBAHHHX MeTaGoJUuTOB G(a) (pHCYHOK 14)C [Io-—
Mowplo HXBI OHIO [IOKA32HO UNEHTUYHOCTHL METAGOJUTOB C BpelMeHEM
yrepxuBauua 19,10 u 20,0 MUH ¢ cUHTE3UPOBaHHHMU [,6- U 3,6-XU-
HOHaM¥, TOI'Na K&K MEeTACGOJMTH C BpPeMeHeM yIepxuBaHusg 24,75 mMuH

n 26,0 vuH okasaimes 9-runpoxcu—oens (a)nuped u 3-runpokcudens(a)-

nupeH (puc.Id) |, MeraGosuT c BpemeHeM ymepxuBaHVA 9,25 MAH. SBUA
ca TpaHc-9, [0-nurunpoxcu-9, I0-nurunpodeHs (a )uupeH.

O6paszoBanHue TpaHc-9,10-gUruapoanosa Kax IJIABHOI'O MeTadoJymTa
yKa3HBAeT Ha TO, 4YTO IMTOXpom P-450-3aBUGAwas MOHOOKCUI'€HA3a Ka
TAM3VPYET 00pa30BaHUe SNOKCUMOB, KOTOpPHE B CBOW OYEpens, B IaJ
HeimeM NepexomsaT B IUIPOKCUJVMPOBAHHHE MNPOAYKTH (ﬂmrwgponﬁonu u
GeHoH ) .

Yuactue uuroxpoma P-450 B pmaHHO# peaknuu nOKas3wBaeTcs, WUC-—
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Pa3NENCHUE C HOMOMLE i) i2eTanoiiiTon Soela(a)iiipsna,
06pa30BaKHHOT0 wMuUeJiMeM Ipulda A.niger. MeTaloJTy
PpaKUMOHUPOBAJM Ha KOJOHKe "“Bondapak C,g" B I'DAIUECHTE
KOHUEHT paruy MeTaHosa (60-I100%) npu CKOPOCTH 1IOTOK&

I mi/MUH.
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<S0RAUDER vig B I'DALUECHTE KOHTEHTPanul nMeTaiH0Ja

(60-100%) tpwu cropocTu moroxka I mu/Il muH,

rpatnc-9, I0-gurunpoxcu-9, I0-murunpodens (a)nupen. 2. 6exs(a)-

I‘
O—I'unpOKCUCEH3 -

nupeH-I,6- ¥HOH.
(a)mipeH u 5. 3-runpokcuGeH3(a)-IupeH.

3. Gens(a)mupeH-3,6-xuHOH. 4.
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IOJNIE3YyA cHermu@uuecKuili UHrUOUTOp wmuroxpoma P-450-meruparoH. VH-
rudurop (KOHeuHasg KOHueHTpamua 10 mMM)IodaBadau NapaIEJBEHO C
Sens(a)IUpPEHOM B KYJbTYpPaNbHYN XUAKOCTE ¥ WHKyGUPOBAJUA C I'PUGOM

B TeyeHme 96 gacoB. [losydyeHHHE NAHHWE [PUBEIEHH HA DPUCYHKe IO.

Kax BuUnHO w3 pucyHka IS5, NpUCYTCTBZE MEeTHDPANOHA VHIUOUDPYET
odpazoBanue TpaHc-9,I0-muosa Ha 30%, 4TO yKaswBaeT HA ydacTue
quroxpoma P-450 B jpaHHO#f pearuuu.

CaenyeT OTMETUTH, YTO aHAMU3 KYJbTYpaJbHOH RUIOKOCTU TIpuda
A.niger IOKa3aJ OTCYTCTBUE KAKUX—JUG0 MeTadoIWTOB GeH3(a)mu-
peHa.

Takum 00pa3zoM, MOXHO 34KJWYATH, YTO I[LIECHEBOH rpud A.niger
CIIOCOGEH METaGOJM3VPOBATE ITOVIIUKJIVUUECKUA apoMaTUYECKUX yrJie-—
BOnOopon GeHz(a)mipeH. YCTaHOBJEHO, YTO KYJALTypa A,niger OKUC-
et Seds(a)muped no0 tpaHc-9, I0-murumgpoxcu-8, I0-gurugpodens(a)-
nupeHa, Oens(a)mpeH-I1,6-xuHOHa, OeH3(a)nupeH-3,6-xUHOHA, 9-TUI-
pokcudens (a)uupes U 3-runporcudeHs (a)uupeH.

Joxa3aTesCTBOM BHIIECKA3AHHOI'O CJVXAT JKCIEDPUMEHTH C 14¢
Seus(a)nnpeHoM. CaToll neabo KyJbTyDy BHpalMBAIX B Cpele CofepXa—
1ue I.O/{Cl[?.IO —'q@]B(a)n B xoM6uHammu ¢ 6{2)n. [ic 3zpepTenuy
AHEYB&LMHM METAGOMUTH SKCTPATYLOBaJM U3 MULENUA DpUda # &HSIU3UTO-
pany ¢ moMoubl XBd. PamMoarTUBHOCTL U3MEpANM B Kaxolt Tparuuu.

e3yJBTATH NAHHOTO WCCJIENOBaHWs, NPUBENEHHHWEe Ha pucydre I<¢ MOKasad

a1Mure D pamMoaKTUBHLX TMPOU3BOJHEX 6(a)m.
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BHBOILH

I. B mporecce OUONOBpEXNEHUWA apOMATUYECKOI'O MOJMUMANA IJIEC-
HeBHM I'pUGOM A.niger  ycTaHOBJEHH 3aKOHOMEpDHHWE W3MeHeHusa MK-
CIEKTPOB mojumepa. I[IokaszaHo, 4TO HNapasuleJIbHO C YMEHBIEHUEM UHTEH-

-1

cuBHocTu VE-mosocy mnorsomeHus B odjgactu 1780 cm —, OCYCJOBJEHHHM

KoJieCaHUAMY VUMUOHOI'O LUKJA NOoJUMepa, HalJonaeTcA yBEJUYeHUuEe IO-

-1

JIOCH IOIVIOWEHus B odjacTu 1645 cM ~, OOyCJOBJEHHOE KOJieGaHuAMY

aMUIHHX I'PYII.

2. Toxasana porms akTuBHHX Gopm kmciopoma ( HoOs, 05, OH) B
IpOIleCcCe IIOBPEXNEHUA apoMATUYECKOI'0 MOoJUUMUnA I'pudéoM A.niger,
YCTAHOBJIEHO, YTO OCHOBHHM IIOBPEXIaNUUM YaKTOpPOM ABJIAETCHA T'UADPO—-
KCUJILHHIA pamukal.

3. BugByeHO 06pasoBaHuWe TI'UIPOKCUJRHOTO panukaga B KYJIbTY-
PaNbHON XUIKOCTU rpuda aA.niger B porecce CUONOBPEXNECHUA apo-
MATUYECKOr'0 moJsmumupa. [[okazaHa B3aUMOCBA3EL MEXIY HAYaJOM I[10B—
PEXTEHUA apoOMATWYECKOr'O TOJUUMUIA ¥ 00Pa30BaHUEM I'MIPOKCUJBEHOIO
panukasia.

4, YCTQHOBJEHO, YTO UCTOYHUKOM a0WOI'€HHOI'O O0pas3O0BaHWUA I'UI-
POKCWIHHOI'O paluKaja B KyJbTypaJhHO#R RUNKOCTH Ipuda A. niger
ABJSAETCH pPeakKlusa B3auMONeiCTBUA HZOZ C BOCCTaHOBJIEHHHM WAL |

O. BugByeHa CHIOCOGHOCTHL [JIECHEBOT'O r'puda A.niger MeTaco-
JU3WPOBATE NOJULMKINYECKU# apomMaTUdecKuit yrJjeBOnOpon GeHs(a)mu-

pPEH. YCTaHOBJEHO, YTO KYJALTYRA A.niger OKucJaAeT GeH3(a)mupen
10 Tpanc-9, 10 murumporcu-8, I0-nurunpodens(a)nupena, dGeHs(a)nu-

peH-I,6-xuHoHa, GeH3(a)nupen-3,6-XUHOHA, 9-IUIPOKCUGEH3 (a)NupeH

u 3-runpoxcudeHs(a ) mupeHa.
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6. PazpadoTaH mMeTOn OIpeNeJIeHUS CTeleHU OCUOIOBPEeXIeHUS

apPOMaTUYECKOI'O IIoJUuMUAnEa C TMOMOWLI0 DA3HOCTHOI'O CHEeKTpa Ior

JIOUEEUA B 00JIacTH A = 430 HM.
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