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OT PEJJAKTOPA

C yI0BOJILCTBUEM MPECTABIISI0 YuTaTeN0 KHUTY npodeccopa T. I'. Boo-
BOM «BHOTEXHOTIOT .

[MotpebHOCTH B 00mEM y4eOHOM PYKOBOICTBE IO OMOTEXHOJIOTHH HECO-
MHeHHa. broTexHonorus — ogHa u3 Hanbosiee OBICTPO Pa3BUBAIOIIMXCS 00JIac-
TEeu IMPOMBINUICHHOCTU U Han6onee MEPCHCKTUBHAA B CHJIy €€ OKOHOMHWYHOCTH
U 3KOJOTHYHOCTH.

TepMuH «OHOTEXHONOTH» TOHUMAETCS B HACTOSIICE BpeMs HE OIHO3HAY-
HO. B pacmmpuTensHOM TOJNKOBAaHMHM OMOTEXHOJIOTHS — 3TO BCE TEXHOJIOTHYE-
CKHEC ITPOUECCHI, B KOTOPLIX HUCIIOJb3YIOTCA JKUBBIC OPTaHU3MBI. Ho Ipyu TaKOM
MMOHWMAHHUH BCE CEIIbCKOE XO3AWCTBO, HAYMHAS C CaMBIX IEPBOOBITHBIX €ro
($opM, Hy)KHO BKITIOUHTH B OMOTEXHOIOTHIO. B TOYHOM MOHUMAaHUU CJIOBA 3TO
CIPaBEINTUBO, HO BPSAJ JIM KOHCTPYKTHUBHO, T.K. HE COIEPXKHUT B cebe HUUETO
HoBoro. [IpoTrBoNONIOKHAS KPalHOCTh — OTPaHUYUTh OMOTEXHOJIOTHIO T€HHO-
WH)XCHEPHBIMU MaHHITYJSAIusIMA. [1o7] BrieyaTiieHHEM HEIaBHO €IIe HEMBICIIH-
MBIX BO3MOXKHOCTEH BO3IEHCTBOBATH HAa TEHOM, OYKBAJIBHO — «JICMTUTH YKUBBIE
(GbOpMBI», BO3HHKIIA TEHIEHLUS OCTaBUTh IOHATHE OMOTEXHOJIOTWs JJst 000-
3HAYCHHUS TOJBKO 3TOH, 0€3yCIOBHO, CAMO¥ MEPCIEKTUBHOW M caMOi OBICTPO
pa3BUBAIONIEHCs 00TaCTH MPUKITATHON OnoTexHonorud. Ho mpu 3TOM ocraercs
3a 0OpTOM OMOTEXHOJIOTHH TO, YTO COCTAaBHIIO €€ JCHCTBUTEIBHYIO OCHOBY —
OMOTEXHOJOTHYECKHE, TIaBHBIM 00pa3oM, MPOMBINIICHHBIE MUKPOOHOIOTHYE-
CKHE MPOU3BOJICTBA.

Ecmu oTkazarecst OT 00eMX KpalHUX MO3UIHNA, TO OHOTEXHOJIOTHIO MOXKHO
OTIPENICITUTH TI0 €€ OCHOBHOMY IPHU3HAKY — YIIPABICHUIO OMOTEXHOIOTHIECKU-
MU mporieccamu. CormacHO 3TOMY NPEICTABICHUIO, OMOTEXHOJOTHS SBIAETCS
HAYKOH O CII0co0ax IMOJIyYeHHs IEJIEBBIX MPOAYKTOB C MOMOIIbI0 OHOCHHTE3A,
YOPaBJSIEMOTO MapaMeTpaMu CPEIbl MM TeHHO-WH)XCHEPHBIMUA MaHHUITYJISIIHS-
MH, JIMOO COUETaHUEM 3THX BO3IEHCTBHUI.

Taxkum o6pa3oM, OCHOBOII OMOTEXHOJOTHH ABIAETCSA YIpaBIIsIeMBIH Ono-
cunte3. [lapameTrpuueckoe ynpaBlieHUE COCTABISET €€ KIIACCUYCCKOE COIep-
JKaHUE, XOTS M B Ty 00JIACTh MOCIEIHHUE JICCATHIICTUS BHECIH MHOTO HOBO-
T0, B YaCTHOCTH, TEXHUKY HETIPEPHIBHOTO KYJIETUBUPOBAHUS MHKPOOpPTAaHU3-
MOB C 0OpaTHOH CBA3BIO.

PeanbHasi BO3MOXKHOCTh KOHCTPYMPOBAHMS T'€HOMAa — 3TO JOCTHIKEHHE IIO-
cenHux JieT. Ero mepcrekTuBbl Heo003puMbl. CodeTaHne TeHETHYECKOTO U Ta-
PaMETPUYECKOTO YIIPAaBICHUS OMOCHHTE30M CIIOCOOCTBYET B3aMHOMY YCHIIE-
HHUIO BO3MOXXHOCTEH 3THX METOHOJIOTHYECKUX MOAX00B. BeposTHO, nx coderaH-
HOE KCIIO0JIb30BAHUE OIPEACIUT JIMIIO0 OMOTEXHOIOTUH OJIFKANIIIEro OYAyIIero.

B ycnoBusix, koraa uMnepaTUBHOM 3afauel Bcel TEXHOJOTUYECKOW LIMBH-
JMU3AIAA CTAHOBUTCS MEPEXOA K SKOJIOTHIESCKA COBMECTHUMBIM, «IPY KECTBEH-
HBIM TIPHUPOJIE» TEXHOJIOTHAM, OMOTEXHOJIOTHS MIPHUBJIEKAaeT BHUMAHNE TPEXKIEe
Bcero. bruoTexHomornuecKue mporecchl CPOTHY KUBOU IPUPOJIE IO CaMOM CBO-
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el OCHOBe, MPOAYKThl OMOCHHTE3a OMOJOTMYECKHUMHU K€ IMPOIECCAMU MOTYT
OBITh U pa3pylleHbl. B 3TOM BUIUTCS BBIXOJ W3 OCHOBHOT'O TYIHKa COBPEMEH-
HBIX TEXHOJIOTMH — NPOW3BOJCTBA M HAKOIUICHHs HEIETPajupyeMbIX IPOIYK-
TOB W 3aCOPEHHS UMH IIPUPOTHON CPEIbI.

Heun3z6exxHast mepeopreHTaIMs MPOMBIIUIEHHOCTH Ha 0€30TXOTHBIE MPOM3-
BOJICTBa JelaeT OMOTEXHOJIOTHIO 00IacThi0 Haubosee OBICTPOrO Pa3BUTHS B
OmKaiinemM OyayleM ¢ IIMPOKUM CIIEKTPOM ITPOM3BOACTB — OT 3aMEIIAI0IINX
TeHOB ¥ TOPMOHOB B MEIUITMHE O OMOMETAILTYPTUH.

B cBere 3TOH NEepCHEKTHBHI, W3JaHWE PYKOBOJICTBA, MOAOOHOTO KHHTE
T. I'. BosnoBoii, npeacrasiisieTcs BECbMa CBOEBPEMEHHBIM U IO3UTUBHBIM. IIpo-
¢eccop T.T. BoioBa — M3BECTHBII CIIEIMATKCT B 00JIACTH XEMOOHOCHHTE3A.
Ero paspabaTriBatoTCsl IMyTH MOTYYCHHS [IEHHBIX OMOJOTHYECKUX MPOIYKTOB C
MTOMOIIBI0 SK30THYECKUX BOIOPOAHBIX OAaKTEpHid, CHOCOOHBIX UYepIaTh dHEP-
THIO U3 PEaKlUi OKUCICHHS BOJOPOJA KHCIOPOIOM, T.€. PEaKLUU «TPEMYyUYero
ra3a», HO BBINOJHSIEMON ()epMEHTATUBHO O€3 B3pbIBa M BHICOKHX TEMIIEPATYp
pu 3G HEKTUBHOM HCIIOB30BAaHUH YHEPTHUH BOJOPOIa B OMOCHHTE3€E. JTO MyTh
€CTECTBEHHOTO COMNPSDKCHHS IBYX MAardCTPajbHBIX HANpPAaBICHUH B Pa3BUTHHU
texHooruu X XI Beka — BOJIOPOAHOM SHEPIeTUKH U OMOTEXHOJIOTHH.

Kuura T. T'. BonoBoii agpecoBaHa, Mpexkae BCEro, CTYJCHTaM — OHOJIOTaM,
TEXHOJIOTaM, JKOJIOTaM, HO MHOTO IIOJIE3HOTO AJIsl ceOs B HEW HAWAYT U cIe-
[UAJTUCTHI 0oJiee CTapIero MOKOoJIeHUs, paboTaroIe B MUKPOOHOIOTHIECKOH,
MUIIEBOH, XUMUYECKON MPOMBIIUIEHHOCTH M CMEXHBIX OTPACisIX, a TaKKe BCe,
KTO MHTEPECYETCs IIOTEHIIMAIOM TOH HOBOW 00JIacTH 3HAHHH.

axkaoemux M. U. I'umenvszon



BBenenue

Buonornveckrne TexHONOTHM (OMOTEXHOJOTHH) OOECIIEYMBAIOT YIIpaBilsie-
MO€ MOJIyYCHUE TOJIC3HBIX MPOMYKTOB IS PasinyHbIX cep Yea0BeYeCKOM
JESTETBHOCTH. DTH TEXHOJOTHH 0a3UpPYIOTCS HA WCIOIh30BAHUHU KaTaJTUTHYC-
CKOTO IOTEHIHAa Pa3InIHBIX OMOIIOTHYECKUX areHTOB M CHCTEM — MHUKPOOP-
raHU3MOB, BUPYCOB, PACTUTEJIbHBIX U JKUBOTHBIX KJIETOK U TKAHEH, a TaKkKe
BHEKJIETOUHBIX BEIIECTB M KOMIIOHEHTOB KJIETOK. B HacTosiee BpeMs paspa-
00TKa U OCBOCHHE OMOTEXHOJOTHH 3aHMMAIOT BaXHOE MECTO B JCATEIIEHOCTH
MPAaKTUIECKH BCeX CTpaH. JocTikeHHe MPEeBOCXOJCTBA B OMOTEXHOJIOTUU SIB-
JIIETCSL OAHOM MX LEHTPAIbHBIX 3a7a4 B HYKOHOMUYECKOM IOJUTUKE Pa3BUTHIX
ctpan. Jlunepamu OuorexHonoruu spistorcs ceronust CIIA u SImonwus, Hako-
MUBIIAE MHOTOJCTHUH OIBIT OMOTEXHOJOTHHA JUIsl CETLCKOTO XO3SICTBa, (hap-
MaLEBTUYECKOM, MULIEBOM U XUMUYECKOW MpoMblnLIeHHOCTH. [IpoyHOe mono-
KEHHE B IMPOM3BOACTBE (PEPMEHTHBIX IPENnapaToB, aMUHOKHUCIIOT, Oelika, Me/Iu-
KaMEeHTOB 3aHUMaloT cTpanbl 3ananauoit Esponsl (OPI°, dpannus, Bennkobpu-
TaHUs), a Takke Poccus. DTH CTpaHBl XapaKTEPU3YIOTCS MOIIHBIM ITOTCHIHA-
JIOM HOBOW TEXHHKH W TEXHOJIOTUH, WHTCHCHUBHBIMH (yHIAMEHTAIGHBIMH H
MPUKIAAHBIMA UCCIIETOBAaHUAMHU B PA3IUYHBIX 00acTsax ouorexnomoruu. Om-
PENEIHUTh CErOIHs, UTO XKe TaKkoe OMOTEXHOJIOTHS, BeCbMa He mpocTo. Bmecte ¢
TEM, Camo MOSIBIICHHE 3TOT0 TEPMIHA B HAIIIEM CIIOBAape TITyOOKO CUMBOJIHYHO.
OHO oTpakaeT MHEHHE, YTO NIPUMEHEHHE OMOTEXHOJIOTHIECKAX MATEPHAIIOB U
MIPUHITUIIOB B ONipKalIne roasl paAuKaabHO M3MEHUT MHOTHE OTPAacid IPOo-
MBIIIUICHHOCTH ¥ CaMO YeJI0OBEYeCKoe 001ecTBO. HTEepec K 3TOi HayKe U TeM-
IBI €€ Pa3BUTHSI B MTOCIICIHUE TOJBI PACTYT OYCHB OBICTPO.

UYenoBek HCHOIH30BaT OMOTEXHOJIOTHIO MHOTHE THICSYH JIET: JIFOTU 3aHU-
MaJIMCh NHUBOBAPEHHEM, IMEKIH XJIeO, MOyJald KHCIOMOJIOYHBIE MPOIYKTHL,
MPUMEHSUTA (epMEHTAIMK ISl TOJIYUYCHHUS JICKAPCTBCHHBIX BEIECTB U Iepepa-
00TkH 0TX070B. HO TONBEKO HOBEHIIME METOIBI OMOTEXHOJIOTHHU, BKJIFOYAs Me-
TOJBI TEHETHYECKON WH)KEHEPHH, OCHOBaHHBIE Ha padOTe C peKOMOWHAHTHBIMA
JHK, npuBenu K «OHOTEXHOJIOTHYECKOMY OyMy», CBHUAETEISIMH KOTOPOTO SB-
JiseMcsl Mbl B Hactosllee BpeMs. HoBeilllne TeXHOIOrMM T€HETUUECKON HHKe-
HEPUU TIO3BOJISIFOT CYIIECTBEHHO YCOBEPIICHCTBOBATH TPATUIIMOHHEIC OMOTEX-
HOJIOTMYECKUE MPOLIECCHI, a TAKXKE MOJIy4yaTh MPUHLMIINAIBLHO HOBBIMH, paHEE
HEJIOCTYHHBIMH crioco0amMu pa3HO0Opa3HbIe IEHHBIE TPOTYKTEHIL.

Pa3BuTne n npeoOpa3zoBaHre OHOTEXHOJIIOTHH 00YCIOBIEHO INIyOOKUMH Tie-
pEeMEeHaMU, MPOUCIICAMMHA B OWOJOTMHM B TedeHUe mociemux 25-30 mer.
OCHOBY 3THX COOBITHI COCTaBWJIM HOBBIE MIPEICTABICHUS B O0JIACTH HACIIEACT-
BEHHOCTH M METOINYECKHE YCOBEPIICHCTBOBAHNUS, KOTOPHIE MPHUOIM3MIN YeJI0-
BEYECTBO K MO3HAHHWIO MPEBPAICHUHA €€ MaTepUaIbHOTO CyOCcTpaTra W Mmpojio-
KWK JAOPOTY HOBEWIIMM IMPOMBIIUIEHHBIM MpoleccaM. [loMuMo 3Toro, psija
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IIpon3BoCTBO NPOIYKTOB.

IepepaboTKa 0TXO0B.

BOXHEHWIINX OTKPBITHH B APYIHX OONACTAX TakKe MOBJIMSI HAa pa3BUTHE OHO-
TEXHOJIOTUH (CM. TaOJIHILy).

I'enetndeckast MHXKeHepUs cymiecTByeT HeMHoruM Oomee 20 mer. OHa Oie-
CTAIIE pacKpbUla CBOM BO3MOXHOCTH B 00JIACTH MPOKAPHOTHYECKUX OPTaHM3MOB.
OI[HaKO HOBBIC TEXHOJIOTMH, IPUMEHACMBIC K BBICIIIMM PACTCHUSAM U )KUBOTHBIM,
MI0Ka HE CTOJIb 3HAUYNTENBHBL. [TOMBITKY IPUMEHEHHsI TPUEMOB TeHETHYECKOH NH-
JKEHEPHH K BBICIIIM PACTEHUSM U )KMBOTHBIM CTAIKHBAIOTCS C OIPOMHBIMH TPY/-
HOCTSIMH, OOYCJIOBJICHHBIMH KaK HECOBEPIICHCTBOM HAIIMX 3HAHUH 110 T€HETHKE
OYKapHoT, TaK U CJIO)KHOCTBIO OpraHU3aly BhICIIUX OPIraHU3MOB.

Hcnonp30BaHKe HAyYHBIX TOCTH)KEHUH U MIPAKTHYECKUE ycIeXyu OMOTEeXHOJIO-
THH TECHO CBSI3aHBI ¢ (DYHAAMCHTAIBHBIMH HCCIICIOBAHUSAMH U PEall3yeTcsl Ha
CaMOM BBICOKOM yPOBHE COBPEMEHHOH HayKH. B 3TOM I1aHe Helb3sl He OTMETHTh
YIMBUTEIIBHYIO HAyYHYIO MHOTOJIMKOCTh OMOTEXHOJIOTHH: €€ Pa3BUTHE U JOCTH-
YKEHMs] TECHEHIIINM 00pa30M CBSI3aHbI M 3aBUCST OT KOMIUIEKCA 3HAaHUH HE TOJIbKO
HayK OMOJIOTHYECKOTO MPOQHIIS, HO TAKKe M MHOTHX JIPYTHX (CM. PUCYHOK).

CeronHsi OMOTEXHOJIOTHA CTPEMHTEIHHO BBIABUHYJACH HA NEPEIHHE MO3H-
U HAYYHO-TEXHUYCCKOTI'O Iporpecca. CDyH)IaMeHTaIH)HI)Ie HUCCICAOBAHUA XKHU3-
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HEHHBIX SBJICHUN Ha KIETOYHOM U MOJEKYJISIPHOM YPOBHSX IIPHUBEIH K IOSBIIC-
HUIO TTPUHIUIIUAJIBHO HOBBIX TEXHOJIOTUH U IMOJYUYCHUIO HOBBIX MPOIAYKTOB.
TpaaunuoHHBIE OHMOTEXHOJIOTHYECKHE MPOIECChl, OCHOBAHHBIC Ha OpPOXKCHUH,
JIOTIONTHSFOTCS. HOBBIMHU 3()(peKTUBHBIMU TIpOLIecCaMH MOTYUICHUSI OCIKOB, aMH-
HOKHCJIOT, aHTHUOMOTHKOB, (DEPMEHTOB, BUTAMHHOB, OPTaHMYECKUX KHCIOT U
np. Hactynuna spa HoBeliIel OMOTEXHOJIOTHH, CBA3aHHAS C MOJYUYCHUEM BaK-
IIUH, TOPMOHOB, HHTEPPEPOHOB | Jp. BakHeHmMu 3a1auaMu, CTOSIIAMU T1e-
pen OMOTEXHOJIOTHEH CEerOAHs, SBIIOTCS: TOBBIIICHUE MMPOIYKTUBHOCTH CEJb-
CKOXO3SCTBEHHBIX PACTHTEIBHBIX KYJNbTYyp W JKMBOTHBIX, CO3/IaHHE HOBBIX
HOPOJ, KYJbTUBUPYEMBIX B CEJIBLCKOM XO3MCTBE BUJIIOB, 3aLIUTA OKPYKAIOLIEH
cpenbl U YTWIM3aUusl OTXOJOB, CO3JAHME HOBBIX SKOJOTMYECKH YHCTBIX MPO-
[IECCOB TIpeo0pa30BaHMs SHEPTHH U ITOTYICHIS] MUHEPAITBHBIX PECYPCOB.

XapakTepusys MEepCIeKTUBEl U POJIb OMOTEXHOJOTHH B YEIOBEYECKOM 00-
EeCTBEC, YMECTHO HpI/l6eFHyTb K BBICKA3bIBAHWIO HAa OJHOM U3 CI/IMHOSI/lyMOB
mo OmoTexHoJorHu sAmoHCKoro mpodeccopa K. Cakaryum, KOTOPBIH TOBOPIUT
cleqyromiee: «... HIIUTE BCE, YTO IOXKENIaeTe, Y MUKPOOPTaHU3MOB, M OHH HE
MOJIBEAYT Bac... MI3ydeHne u MpruMeHEHHE B IPOMBIIUICHHOCTH KYJIbTYp KIETOK
MIJICKOIIUTAOIIUX U paCTeHHﬁ, I/IMMO6I/IJ’IH33HMSI HC TOJIBKO OJJHOKJICTOYHBIX, HO
U KJIETOK MHOTOKJIETOYHBIX OPTraHU3MOB, Pa3BUTUE HH3UMOJIOTMH, T€HETHYe-
CKOHl WH)KEHEPHH, BMEUIATEIhCTBO B CIOXHBI M HEIOCTATOYHO W3YYICHHBIH
HACJIEJICTBEHHBII amnmapar pacTeHHil M )KMBOTHBIX Bce OOJBINE pacuIupsAT 00-
JIaCTU NPUMCHEHU CYHICCTBYIOMINX HaHpaBHeHI/Iﬂ OMOTEXHOJIOTHH U co3aanyT
MPUHLMIUAILHO HOBBIE HANIPABIICHUS».



I'maBa 1. HAYYHBIE OCHOBbI BMOTEXHOJIOI'MH

1.1. BUOTEXHOJIOI'US —- HOBASA KOMIIJIEKCHASA
OTPACJIb

CoBpeMeHHBII 3Tall HAyYHO-TEXHHYECKOTO IIpOorpecca XapaKTepHu3yeTcs
PEBOJTIONMOHHBIMU U3MCHCHUSIMHU B 6I/IO.J'IOFI/II/I, KOTOpass CTaHOBUTCA JIMACPOM
€CTEeCTBO3HAHUSA. BHOJIOTHS BBIILIA HA MOJEKYJSIPHBIA M CYOKIICTOYHEIA ypoO-
BEHb, B HEHl MHTEHCHBHO MPUMEHSIOTCS METOIBI CMEXHBIX HayK ((pH3HUKH, XH-
MHH, MaTeMaTHUKH, KHOEPHETHKHU | Ip.), CACTEMHBIE TOAXOIBI. bypHOe pa3Bu-
THE KOMIUIEKCa HayK OHMOJIOTHYECKOTO NMpOQUIIs C pacIlMpeHHEM IpaKThye-
CKOW  cdepbl WX TpPUMCHEHHS  OOYCIIOBICHO  TaKXe  COIUAIBHO-
SKOHOMHYECKUMH TMOTPEOHOCTAMHU OO0IIecTBa. Takue aKTyaJbHBIE MPOOJIEMBI,
CTOSIIIIAE TIepe]] YEJOBEYECTBOM BTOPOH MOJOBHHBI XX BeKa, Kak JehUIUT
YHCTOW BOJBI M IMHUINEBHIX BEIIECTB (B OCOOCHHOCTH OCIIKOBBIX), 3arps3HEHUE
OKpYXaroulei cpenbl, HEJOCTaTOK CHIPbEBBIX U IHEPIeTUUYECKUX PECYPCOB, HeE-
00XOAMMOCTb Pa3BUTHS HOBBIX CPEICTB OUATHOCTHKH ¥ JICYCHUS, HE MOTYT
OBITh PEIICHBI TPAAUIIMOHHBIME MeTomaMu. [1loaToMy BO3HHKIIA OocTpas HE0O-
XOOUMOCTh B pa3pa60T1<e U BHCAPCHUEC IMPUHIUIIUAIBHO HOBBIX MCTOJOB U
TexHoJoruil. bonbmas pois B pelIeHne KOMIDIEKCA STHX Mpo0JIeM OTBOIMTCS
OMOTEXHOJIOTHH, B PaMKaX KOTOPOW OCYIIECTBIIACTCS IIeJIeBOE IPUMEHEHHE
OMOJIOTMYECKUX CHUCTEM M MPOILIECCOB B Pa3IMUHBIX chepax denoBeueckoil nes-
TENBHOCTU. B cOBpeMeHHOW OMOTEXHOJOIMU B COOTBETCTBHH CO CHELM(pHUKOIN
cdep ee IpUMEHEHHUS LeNecoo0pa3sHo BBIICIUTh B KAUECTBE CAMOCTOSITEIBHBIX
PAL pa3ienoB cleAyoLue:

e[IpompblIeHHas MUKPOOHOIOTHS;

eMenumuHCKass OMOTEXHOIOTHS;

eTexHonornyeckas OMO’HEPreTHKA,

oCelIbCKOXO03SHCTBEHHAS OMOTEXHOJIOT U,

ebuorupoMeramyprus;

el lHKeHepHAast SH3UMOJIOT U,

oKiteTouyHas ¥ reHeTHYECKast HWHXCHEPU;

eJKOJIOTHYECKast OMOTEXHOJIOTHSI.

IepcriekTuBHOCTh U A(GPEKTUBHOCTh NMPUMEHEHHsS] OUOTEXHOJIOTHYECKHX
MPOIIECCOB B Pa3IMUHBIX cepax 4eTOBEUSCKOMN JCATSIBHOCTH, OT IMOTYUYCHHUS
MULIY U HAMUTKOB JI0 BOCIPOU3BOACTBA HKOJIOIMUYECKH YHUCTHIX SHEPTOHOCHUTE-
JIel ¥ HOBBIX MaTEpUAIOB OOYCIIOBJIEHA MX KOMITAKTHOCTHIO M OJHOBPEMEHHO
KpPYTTHOMAaCIITaOHOCTHIO, BBICOKHM YPOBHEM MEXaHHU3AIlMd M MPOU3BOAUTENb-
HOCTH TpyJa. DTH MPOLECCHl MOAAIOTCS KOHTPOIIO, PETYIMPOBAHUIO U aBTO-
MaTu3alud. buoTexHomornyeckue nNpouecchl, B OTIIMYME OT XUMUYECKUX, pea-
JMU3YIOTCS B «MSTKHX» YCIOBHUSX, IPU HOPMAIFHOM JaBIICHUH, aKTHBHOU peak-
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LIMM U HEBBICOKUX TEMIIEPATYpax CPENbl; OHU B MEHBILICH CTETICHH 3arpsA3HAIOT
OKPY’KaIOIIYIO0 CPEy OTXOJaMH U MOOOYHBIMU MPOJYKTAMH, MAJI0 3aBHCAT OT
KJIMMaTHYEeCKUX W MOTOJHBIX YCIOBHH, HE TPEOYIOT OOJIBIINX 3eMENbHBIX I1JI0-
manel, He HYXXAAITCS B NMPUMEHEHHH MECTHUIHAOB, TePOMINIOB M NPYTHX,
qy>KEPOJHBIX ATl OKpPY’XKarolled cpensl areHToB. [103ToMy OHOTEXHOJIOTHS B
LIEJIOM M €€ OT/ENbHBIE pa3/ieNbl HaXOIUTCsl B psay Hauboliee MPUOPHUTETHBIX
HAalpaBJeHUH HAyYHO-TEXHHYECKOTO MPOrpecca W SIBISETCS SIPKUM IPUMEPOM
«BBICOKHX TEXHOJIOTHI», C KOTOPBIMH CBS3BIBAIOT MIEPCIICKTUBBI PA3BUTHS MHO-
T'HX TIPOU3BOJCTB. bruojgorniyeckne TeXHOIOTNH HAXOAATCS B HACTOSILEE BPEMsI
B (paze OypHOro pa3BUTHS, HO YPOBEHb X Pa3BHUTHsI BO MHOT'OM OIPEAEISIeTCs
Hay4HO-TEXHUYECKUM TITOTEHIINAJIOM CTpaHbl. Bce BBICOKOpa3BUTHIE CTpaHEI
MHpa OTHOCAT OMOTEXHOJIOTHIO K OJHOM M3 BaKHEHIINX COBPEMEHHBIX OTpac-
Jel, cunTasi ee KII0YEBBIM METOJIOM PEKOHCTPYKLUH MPOMBIIUICHHOCTH B CO-
OTBETCTBHUU C HOTpe6HOCTﬂMl/I BPEMCHH, U MPUHUMAIOT MECPBI IO CTUMYJIUPO-
BaHMIO €€ Pa3BUTHSI.

BrorexHoIOTHYECKHE MTPOIIECCH MHOTOJIMKH II0 CBOMM HCTOPHUYECKUM KOp-
HSIM U IO CBOCH CTPYKTYpe, OHM OOBEIUHSIOT JIEMEHTHI (DyHIaMEHTAIbHBIX
HayK, a TaKKe psijia NPUKIAJHBIX OTpAciel, TaKMX KaKk XMMHUYecKasl TeXHOJIO-
I'Msl, MAIMHOCTPOEHHE, SKOHOMHKA. Hay4Hast MHOTOJIMKOCTh OMOTEXHOJIOTHH B
LIEJIOM M €€ pasZiela, MMEIOIIETO IEeNbi0 PelIeHHe MPUPOJOOXPAaHHBIX 3ajad,
YAUBHUTENbHA: OHU UCIIOIb3YET JOCTHKEHHS HAyK OMOJIOTHIECKOTO [IUKIIA, U3Y-
YalOUIMX HAJ0praHU3MEHHBIH ypOBEHb (IKOJIOTHS), ONOJIOTHUYECKUE OpraHU3MBbI
(MHKpPOOHOJIOTHSI, MUKOJIOTHS), CyOOpraHM3MEHHbBIE CTPYKTYpPbI (MOJIEKYJISIp-
Has Omojorus, reHeTrka). Yepe3 OHOIOTHIO Ha OMOTEXHOJOTHIO BIHSIIOT XH-
Mus, GU3UKa, MaTeMaTHKa, KHOepHeTHKa, MexaHuka. CoBpeMeHHbIE OMOTEXHO-
JIOTHU TaKXe OCTPO HYXKAAITCS B HAy4YHO-OOOCHOBAaHHOW NPOPAOOTKE TEXHO-
JOTMU W anmapatypHoM odopmieHnd. [TosToMy HeoOXonauma opraHudeckas
CBSI3b C TEXHHYECKMMH HayKaMH — MAaIIMHOCTPOEHHEM, 3JIEKTPOHHUKOW, aBTO-
MaTHKOH. OOIIeCTBEHHBIE W SKOHOMHYECKHE HAYKH TaKKe MMEIOT OOoIbIIoe
3HAUY€HHE B PA3BUTHH IKOJIOTHUECKON OMOTEXHOJIOIMH, TaK KaK pellaeMble €0
MPaKTHYECKUE 3a7a4d UMEIOT OOJBLIOE COIMAIbHO-DKOHOMHYECKOE 3HAYCHHUE
JUTS pa3BUTHS J1t00oro odmectBa. K OMOTEXHOMOTHH, KaK HA K OJHOH JIF000M
OoTpaciy U 00JIaCTH HayYHBIX 3HAHWH, MOAXOAAT 3HaMeHuTsIe cioBa Jlywn Ilac-
Tepa: «Her, u ele ThICSAUy pa3 HET, sl HE 3HAIO TaKOi HAyKH, KOTOPYIO MOYKHO
ObuT0 OBI Ha3BaTh NPHUKIIAAHON. EcTh Hayka M ecTh 00acTH ee NpUMEHEeHHUs, U
OHU CBS3aHBI IPYT C APYTOM, KaK IUIOJ C B3PACTUBIINM €0 JICPEBOMY.

1.2. ©AICTOPUSA BOSHUKHOBEHUA
N ®OPMHUPOBAHUSA BUOTEXHOJIOT' N

Bomnpoc 0 dopMupoBaHuE OMOTEXHOIOTUHM TPAKTYETCS] HEOJHO3HAYHO: TIO
MHeHuto oaHuX (OBunHHMKOB, baeB, CkpsiOuH), cyuTaeTcsi MPaBOMEPHBIM OT-
HecTH K cepe OMOTEXHOJIOTUH JIPEBHUE IPOLIECCH OPOXKEHUS, BKIJIIOYAs MOy~
YeHHE CIHPTa, CHIOCOBAaHUE, 10 MHEHUIO Opyrux (Amba, Xemdpu, Mumuc),
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YCIIOBHOH IaTOll TOSIBI€HHs OMOTEXHOJIOTMH MOXKHO CUHUTAaTh IIPUCYKICHHUE
xommannu «Mepk Kemukan Kommnanu» 3a noctikeHus: B 00JacTu OMOXUMHUYeE-
ckoil TexHonoruu B 1947 r. npemun Mak-I"po — Xunna u, HaKoHeL, €CTb MHe-
HHUE, 9TO HA4aJ0 OMOTEXHOJOTHH cienyeT oTHecTH K 70-M rogam XX cToieTHs
K MOMEHTY 3apOXKICHUsSI T'€HETHYECKONW WHKeHepuHu. Buaumo, mpaBoMepHO
OTHECTH BO3HHKHOBEHHE COBPEMEHHOH OMOTEXHOJIOTHMH, HadaBlueil cBoe (op-
MHpOBaHHE Ha 0a3e CYLIECTBYIOIIMX OTpacieldl MHKPOOHOJIOTHYECKOH Ipo-
MBIIIJIEHHOCTH, K Hadaly 50-X roJj0B HBIHEIIHETO BEKa, a BECh MPEALIECTBYIO-
WA JaHHOMY INIEPHOIY 3Tal Ha3blBaTh NpenbICTOpHel (opMupoBaHust OHO-
TEXHOJIOTUH, BENYIEH KOPHU U3 IPEBHEHIINX LIUBUIA3ALIMN.
[penpicropuio GpopMUpoBaHKS OHOTEXHOJIOTMH MOXHO IIOJIPa3JeiNTh Ha
PSiA ATAIOB!
— MOSIBJICHNE SMIIMPUIECKON TEXHOJIOTHH B 6-M THICAYEIECTHH 10 H.3.,
— 3apokJeHue ecrecTBeHHbIX Hayk B XV-XVII Bekax;
— (GopMHUpOBaHNE MUKPOOMOJIOTMYECKUX IMPOM3BOACTB M HAyaJlo B3aMMO-
NEHCTBUSA HAYKH W MHUKPOOHOIIOTUYECKUX MPOU3BOJICTB B KOHIE XIX —
10-x rogax XX Beka, BHI3BABIIIEE PEBOIOIMOHHOE MTPEOOPa30BAHNE MHK-
POOHOJIOTHYECKUX TIPOU3BOJICTB;
— CO3/laHM€ Hay4YHO-T€XHHYECKUX IPEINOCBUIOK Ui BO3HUKHOBEHMS CO-
BpemeHHo onoTexHonoruu (10-e — koren 40-x romoB XX Beka).
UYenoBek ¢ ApeBHEMIIMX BPEMEH Hadall UCIOJIb30BaTh B CBOEU XO35ICTBEH-
HOM JACATCIbPHOCTU 61/IOJ'IOFI/I‘~IGCKI/IC OpraHu3Mbl, B YaCTHOCTU MUKPOOPraHu3-
MBI, HEe 3Hasi 00 WX CyIIecTBOBaHHMH. IIepBBIM MHUKPOOHMOJIOIHYECKUM IPOLIEC-
COM, WCIOJB30BaHHBIM Ha IMPAKTHKE, OBUIO OpO’kKeHHE — Tpolecc oOMeHa Be-
LIECTB, IIPH KOTOPOM B OPTaHMYECKOM CyOCTpaTe MPOUCXOIST U3MEHEHUS MO
BO3JIeiicTBIEM MUKPOOHBIX (hepMeHTOB. B0o30ynurensMu OpoarIbHBIX MPOLIEC-
COB SIBJISIFOTCSI TPUOBI, OaKTepry, ApOXOKH. [laHHbBIE OPraHU3MBI JIETKO KYJIBTH-
BUPYIOTCSI, OBICTPO Pa3MHOKAIOTCSl B CPABHUTEIIFHO MPOCTHIX YCIOBUSX U CHH-
TE3UPYIOT (PEPMEHTHI, BBHI3BIBAIOLINE PA3JIOKEHHE OpraHndeckux BemiecTs. C
JpEeBHEHIINX BpeMeH OpojkeHHe NPUMEHSUIN TP XJIeOOIeYeH!H, TMBOBAPEHUT
n BuHONeNnMH. Tak, npu packonkax BaBuiona oOHapy>keHbI JIOLIEUYKH, HACUH-
teBaromue 6000 JeT, ¢ onrcaHueM Ipolecca MPUTOTOBIICHHS THBA, a B IHpa-
muzax Erunra, mocTpoeHHBIX B 3TOT e NepHoi, — KapaBau xieba. Ecte cBe-
JeHUSI 00 OYMCTHBIX COOPY)XEHHSX, KOTOpble (DYHKIHOHHPOBAIM B JPEBHEM
Pume. C 3—4-ro ThicsueneTuil U3BECTHBI YEJIOBEKY MPOLECCHl MEKTHHOBOIO
OpoXKeHUs], JIe)KaIlue B OCHOBE MOYKHU TNPSIMIBHBIX PAaCTEHHH, JbHA, KOHOIUIH
n ap. C apeBHEHIINX BPEMEH YEJIOBEUECTBO CTAIKHUBAIOCH U C OTPHULIATENIbHBI-
MU HOCJIEICTBUSIMHU JESATEIBHOCTH MHUKPOOPTaHU3MOB (IIOpYa MPOAYKTOB, MH-
(exnroHHbIe 00JIE3HM JI0/IeH 1 JoMamHero ckora). CiescTBUEM 3TOTO Ha Iep-
BBIX 3Tanax ObUIM HEOCO3HAHHBIE, SMITMPHUYECKHIE MONBITKN pa3pabOTKH METOI0B
U cpeAcTB OOpBOBI C 3TUMH SBIEHUSIMU. Tak CTamy BO3HHKATh METOABI KOHCEp-
BHPOBaHHMs IIPOIYKTOB.
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Bo BTopo#i nonoBuHe XV Beka HaAUUTAETCS Pa3BUTHE COBPEMEHHOTO €CTe-
cTBo3HaHus. Ha cranoBnenue u pa3BUTHC 6I/IOJ'IOFI/II/I CYIIECTBEHHOC BJIMAHUEC
OKa3aJiM yCIEeXH XUMHH, KOTOpasi U3 OIUCATEeILHOM B 3TOT NEPHOJ peBpala-
eTcs B aHAJIUTHUYECKYI0. [IpOM30IIIH CABUIH B N3yYEHUH CYITHOCTH IPOLIECCOB
OpO>KeHHS; TOSIBUICS TEPMHH «(epMEHTalus», a Mpouecc OpOXKEHHS CTalH
CBSI3bIBATh C HAJIMYUEM B cpejie Apoxokeid mim gpepmentoB. B XVI-XVII Bekax
cHavyaia Bo PpaHunu, a 3aTeM MOBCEMECTHO JUIS Pa3pBIXJIEHUs TecTa CTalld
HCIIONI30BaTh NMHUBHBIE OPOOKHU; MO3THEE C M3MEHEHHEM M COBEPIICHCTBOBA-
HHEM TEXHOJIOTMU NHBOBAPEHUS IS 3THX LEJNel CTaau HMPUMEHSTH APOAIKH
CHHUPTOBBIX Npou3BojcTB. B EBporie cramu no0biBathk Meap B mporeccax Oak-
TEPUAIILHOTO BBILIEIaYHBAHMS.

Bo Bropoii momosure X VIII Beka Oplia 1oKa3zaHa CIOCOOHOCTH OJHOTO Be-
IIECTBA pasjararb ApPYyroe. JTO MOCIYKHJIO HAdaJloM SKCIIEPUMEHTAILHOTO
W3Y4YEHUs] YHUKAIBHOM CrIOCOOHOCTH (pepMEHTOB K KaTajiu3y crenupryeckux
XMMHUYECKHX peakunil. TakuM o0pa3oM, pa3BUTHE ONUCATENBLHON MUKPOOHOII0-
T'MU ¥ U3YYEHHE XUMHUYECKUX NMPEBPALICHUH CTalI BAKHOW MPEATIOCHIIKON IS
CTaHOBJICHUS] MUKPOOHOIOTUH U OMOXUMHUH.

B XIX Beke ¢ pa3BUTHEM XMMUYECKUX HAyK OBUIM 3aJI0’KEHBI OCHOBBI Opra-
HUYECKO XuMHHU. B 3TOT mepnoj ObUTM OTKPBITHI MHOTHE OpraHHMYEeCKHE KH-
CJIOTHI, TJIMIEPHH, XOJECTEPHH, TIIIOK03a, MEPBbIE aMHHOKHCIIOTHI, OCYIIECTB-
JIEH CHHTE3 MO4YEBUHBI. IS 3apO’KAEHHS 3H3MMOJOTUU OONBIIOE 3HAUCHHE
HMEJI0 U3y4YeHHe IMpolecca THAPOIN3a noiaucaxapuioB. OrpoMHoe BIUSHHUE Ha
CO3/IaHNE HAYYHBIX OCHOB MHUKPOOMOJIOTHYECKHX IPOU3BOJCTB UMEIH PabOTHI
JIlyn Tlactepa, KOTOpBIf MO TpockOe mpaBuTeNnbCcTBA DpaHIMK HCCIETOBAI
MPUYMHBI HAPYIIEHHUsI TEXHOIOTHYECKHUX IPOLECCOB B psifie Mpou3BOACTB. Pa-
0oTast B 00JacTH NMPUKIAIHON MUKpoOHosoruy, [lacrep caenan psn KpynHeu-
mMUX (yHIAMEHTAJIbHBIX OTKPBITHH, KOTOPHIE 3AJI0KHIM OCHOBBI COBPEMEHHOM
TeXHHUYECKOH MuKpoOuosornu. [lactep HeocrmopuMo aoKaszal, 4To OOJE3HH,
Hopua NMPOAYKTOB, OPO’KEHHE M THUEHHE BBI3BIBAIOTCSI MUKPOOPTraHU3MaMH, U
CO3/1aJ1 TEOPHIO 00 IK30I€HHOCTH MOMAJAHUSA 3TUX OPTaHU3MOB B Cpeay. DTUM
ObuTa JOKa3aHa HECOCTOSTEIBHOCTh OBITYIONIEH B TO BpeMsl TEOPHUH CaM03apo-
JKI€HUS MUKpoopranu3MoB. Paboter [Tactepa 3a10xmim HaydHbIE OCHOBBI BH-
HOJIeNINs, TTMBOBAPEHUs, IPON3BOACTBA CIIUPTA U yKcyca, O0pbOBI ¢ MHpEKIn-
onnbiMu Oonesnsamu. CoBpemennuk [lactepa ['ekcnu, onenuBas paboTsl [lac-
Tepa, TOBOPHJ, YTO «... OH CBOMMH OTKPBHITHUSIMH Bo3MecTmsl DpaHimm 00b-
LIyI0 9acTh KOHTpUOynnH, yruadeHHoH I'epmannm». KpynHbeIM nocTiKeHnEM
JAHHOTO Tepuoja Oblna pa3paboTKa METOAA YUCTBIX KYJIbTYp, a TAaKXKe yco-
BEPLICHCTBOBAHUEC CPpEA AJIsA BBIACICHUA W BbIpalllUBAHWA MUKPOOPraHM3MOB.
YucTele KyJIbTyphbl CTIN NPUMEHSATh B CIOKUBIIUXCS MHUKPOOHOIOTHYECKUX
IIPOM3BOACTBAxX. bonbinoe 3HadeHne nmenu paboThI 10 H3yYCHNUIO MUKPOOHOTO
AQHTAaroHW3Ma U NPHMEHEHHUIO €ro B MeIWIUHE. MEYHHKOBBIM OBUIO CO3JaHO
yueHue 00 aHTaroHu3Me MUKpOOOB M Hay4yHO 00OCHOBAHBI PEKOMEHIAIMHU IS
MPaKTHYECKUX IPUMEHEHUH 3TOro yueHus. B 3TOT nmeprnon akTHBHO M3ydasach
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azordukcaius. Hemenkue uccnenonarenu ['enbpurens 1 Bunbdapt ycraHoBu-
JI1 OMOJIOTMYECKYIO MPUPOY mpoliecca (pukcaruu a3ora 0000BBIMU pacTEHHSI-
MU, a belieprHK BB YUCTYIO KYJIBTYpYy KIIyOSHBKOBBIX OakTepuil U JOKa-
3aJl UX MPHUCYTCTBUE B pu3ochepe pactenuil. Torma xxe o6nectanmmMu padboTaMu
Bunorpanckoro, OmenbstHckoro, Hancona, McaueHko ObIIM 3a710KEHBI OCHOBBI
re0JIOTHYECKO MUKPOOHOJIOTUH; HAYaTO M3yYEHUE POJIH MHUKPOOPIaHM3MOB B
MIPEBPAIIEHUSX CEphl, JKeNe3a, KalblLus, Ips3eodpasoBannu. CTaiy 3aKiiajibl-
BaThCS HAYYHBIC OCHOBHI OHMOJIOTHUECKOW 0OpabOTKH M 00E3BPEKHUBAHUS CTO-
KoB. O4HCTHBIE COOpYKEHHS, N3BeCTHBIE co BpeMeH [lpeBneit Uumun u Pum-
CKOW MMIIEPUH U NPHILIEIIINE B YIIAJ0K B CpPEIHUE BeKa, C OypHBIM pa3BUTHEM
IIPOMBINUIEHHOCTH Ha pyoOexke XIX—XX BEKOB BHOBb CTall NPEIMETOM IIpHU-
CTaNBHBIX MCCIeNOBaHUN. B 3TOT mepro/ Havana CKIaIbIBATHCS YH3UMOJIOTHS.
Jis n3ydeHust 1 mpuUMeHeHus (epMeHTOB moTpedoBanach pa3paboTKa H MOJ-
60p CIICUAJIbHBIX «MATKUX» METOAOB BBIJCIICHUSA U OUHUCTKHU. Hauamocs Impak-
THYECKOE NpPUMEHEeHHe (EPMEHTHBIX IpenapaTroB AJIs HOACIAIIMBAHUS psiza
BEIICCTB, MOSBUWIINCH TPEmapaThl sl TyOJIeHNs KOXX W NPUMEHCHHUS B aHAJH-
THKE.

B 70-80-e roapt XIX croserust ObLIM 3a105KE€HBI OCHOBBI KYJIbTUBHPOBAHHS
pacTUTENBHBIX KIETOK M KMBOTHBIX TKaHel. [Tocie pabot IlIBanna u Bupxosa,
HA3BaBIINX KJIETKY AJIEMEHTAPHBIM OPTaHU3MOM, BO3HHK MHTEPEC K M3YICHHUIO
JKUBBIX KJIETOK, U HAYaIHCh HKCIIEPHUMEHTHI [0 COXPAHEHHUIO >KU3HECIIOCOOHO-
CTH KJIIETOK M KYCOYKOB TKaHel B crenu(pryeckux yClIoBHsX U cperax. B 1865
r. Menzens posoxun OOLEecTBY UCTIBITaTENeH IPUPOABI CBOM HAOJIIOAEHUS O
3aKOHOMEPHOCTSIX TIepeiaud HACIIEACTBEHHBIX IPU3HAKOB.

B navane XX Beka ObUIM BBEICHBI TEPMUHBI «MYyTAIlUID, «T€H», BOSHHUKIIA
runote3a CatroHa-boBepu 0 TOM, 4TO XPOMOCOMBI SIBJIIOTCS MaTepUAIbHBIMU
HOCHUTEJISIMH HAacJEJCTBEHHBIX NpU3HaKoB. Pycckuid nurosor HaBammu pac-
KpPBII OCOOCHHOCTH CTPYKTYPBI XPOMOCOM M 3aJIOXKHI OCHOBBI XPOMOCOMHOM
TEOPHUH HACIIEACTBEHHOCTH.

Takum 00pazom, B JaHHBIH MEpUO]] BHEIPEHHE HAYYHBIX 3HAHUH Jaio BO3-
MOYXHOCTh IPUCTYNHUTH K Pa3padOTKe HAayYHO-OOOCHOBAaHHBIX OMOTEXHOJIOTHH
MHOTHUX TPOHU3BOJICTBEHHBIX IPOIIECCOB.

[Tocnennuii meproa 3psl MPEABICTOPUN COBpEMEHHBIX Onotexnonoruit (10-
e — 40-e roapl XX Beka) yCIOBHO MOXHO MOJpa3ieuTh Ha ABa 3Ttana. Ha nep-
BOM JTale, B Hayajue €ro, B OCHOBHOM, IPOMCXOJMJIO YCOBEPLICHCTBOBaHUE
TEXHOJIOTUH CYIIECTBYIOMNX MPOU3BOJICTB, a 3aTeM, Ojaromaps ycrnexaM MHK-
pobuonornu, OHOXMMHN U APYTHUX HAyK TOTO MEPHOAA, B pe3yiabTaTe MPUHIIH-
MUAJIBHBIX YCOBEPIICHCTBOBAHUH allllapaTypbl U TEXHOJOTMI BO3HUKIIA OCHOBA
JUISl OPTaHM3allMM HOBBIX IPOM3BOJCTB. B 3TOT mepmoj craiu BBITyCKaTh HO-
BBIC DKOJIOTHYECKU YHCThIe OMOYHOOpEHHS M OMONOTHYECKHE TIperaparthl IJis
OOpBOBI C BpEAUTEISIMU U OOJIE3HSIMU CEIIbCKOXO3SHUCTBEHHBIX PacTEHUH, BO3-
HUKJIA MPOU3BOACTBA pAlia LCJICBBIX MNPOAYKTOB (OpFaHI/I'-leCKI/IX pacTBOpUTE-
JIel, CIHUPTOB), HA4YaJMCh NMPOMBIIUICHHBIE WCIIBITAaHUS OMOTEXHOJIOTHYECKHX
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MPOIIECCOB NepepadOTKH W HCIOJB30BAaHUS PACTUTEIBHBIX OTXOIOB. BTOpoit
3Tal JJaHHOTO NEPHO/ia TECHO CBS3aH C OMOTEXHOJOTMYECKUMH METOJaMHU TI0-
Jy4eHHs psila CJIOKHBIX BEUIECTB — aHTHOMOTHKOB, ()epMEHTOB, BUTAMUHOB.
PeBomOIIMOHHBIM MOMEHTOM JaHHOTO Teproja ObLIa MPOMBINUICHHAS pean-
3al0usl TEXHOJOTMH MPOWM3BOJACTBA AHTHOMOTHKOB. OTHpaBHONW TOYKOW MpH
3TOM IOCIY>KHUJI0 OTKpbITHE PriemuHrom, @iopu u UeliHOM XUMUOTEpPANIEBTU-
yeckoro aerctBus neHulpuuinmHa. [Ipaktuuecku ogHoBpemeHHo B CCCP Ep-
MOJIbEBA, M3ydasl AEUCTBHUE JIN30IMMa, MOKa3aja, 9TO OH ABISETCA (PaKTOPOM
€CTECTBEHHOI'0 HMMYHUTETA, a ['ay3e u bpaxxHMKOBa MOIy4YWIIM HOBBIA aKTHB-
HBIH ITpenapar — aHTHOMOTHK TPAMHLIUINH.

ITocne BTOpOI1 MUPOBOW BOWHBI B X0JI€ UHTEHCUBHOTO Pa3BUTHS ITPOMBbIII-
JICHHBIX OMOTEXHOJIOTMH OBUIM OpraHU30BaHbl IPOU3BOJCTBA aMHHOKHUCIIOT,
OeJKa OJHOKIIETOYHBIX, IPEBPAICHHE CTEPOHIOB, OCBOCHO KYJIbTHBUPOBAHHUE
KJIETOK ’KMBOTHBIX U pacTeHUH. IHTaKTHBIE KIIETKH MUKPOOPTAaHH3MOB IIPOKO
CTaJll HCIIOJIb30BATh UL TTOJTyYEHHs JICKAPCTBEHHBIX BEIIECTB CTEPOHMIHOMN
MIPUPOIBI, OBIIIM OPTraHW30BaHbI KPYIIHBIE TPOM3BOACTBA BaKI[MH.

Opa HOBEWIINX OMOTEXHOJIOTHYECKHX IPOLECCOB, BO3ZHHKIIAs B TEUCHHUE
nmocienaux 25-30 neT, cBsA3aHa C MCIONBF30BAaHHEM MMMOOWMIN30BAHHBIX (ep-
MEHTOB W KJIETOYHBIX OpPraHelll, a TAKKe OCHOBaHA Ha METOJaX PeKOMOWHAHT-
Heix JIHK. BypHo pasBuBaromuecss B HacTosIIee BpeMs TeHeTHdYecKas U Kie-
TOYHAsT WH)KEHEPHs CHOCOOCTBYIOT TOMY, YTO OHMOTEXHOJIOTHMM ITOCTEIIEHHO
3aBOCBBIBAIOT BCE HOBHIC W HOBBIE OOJIACTH MPOM3BOJCTBA M PEIINTEIHHO BHE-
JIPSIFOTCS BO MHOTHE CQephl NesTeTBHOCTH YenoBeka. B 50-e roapr mocne yc-
MEIIHOTO HCIHOJIb30BAHUA AJIS TONMY4EHHUS BaKIMHBI BHpyca IHOJHMOMHEIHUTA,
BBIPAIIMBAEMOr0 B KYJIbTYPE KJIETOK MIEKONUTAIOIUX, TUHUU KYJIBTYp KIETOK
YeII0OBeKa CTaId HEe3aMEHHMBIMHU ISl BBIACICHUS W KYJIBTHBHPOBAHHS psifa
JIPYTUX BHPYCOB, MPOM3BOACTBA aHTUTEN, HHTEP(EpPOHa, MPOTHBOOITYXOIEBBIX
XxuMHuonpenaparoB. B konune 60-x ToJoB MMMOOMIM30BaHHBIE (EPMEHTHI U
KJIETKU CTaly YCIEUIHO MPUMEHATHCS HE TOJBKO Ul MPOU3BOJCTBA MOIYCHHTE-
TUYECKHX IPEnapaToB, HO U IS IPOBEICHUS HECTIOKHBIX OMOXUMUYECKUX aHa-
JIF30B.

Bo3HUKHOBEHHE TEHETUYECKON MHXKEHEPUHU YCIOBHO OTHOCAT K 1972 romy,
koraa B CIIIA beprom Obuta co3nana nepBast pekomOnHaHTHast Mosekyna JJHK.
C cepenunsl 70-X TOIOB TaHHON MPOOIEMON WHTEHCUBHO 3aHUMAIOTCS THICSIIU
HAYYHBIX KOJUIEKTHBOB M IPOMBIIUICHHBIX KOMITAHHI BO BCEX CTpaHaX MHpA.
CoueTaHue CJIOB «TE€HETHKa» U «UHKEHEpPHUs» CBUIETENbCTBYIOT O TOM, YTO
HaCTYIIMJIO BPEMsl, KOT/Ia CTajl0 BO3MOXHBIM KOHCTPYHPOBAaHHE PEKOMOWHAHT-
ueix JJHK u menenampaBieHHO co34aBaTh UCKYCCTBEHHBIE TCHETHUECKUE TIPO-
rpaMMBI. DTO Jajl0 BO3MOXKHOCTH OPTaHMW30BaTh MOJYYCHHE MHOTHX Ba)KHBIX
IpenaparoB, a Tak)kKe HadyaTh pabOTy MO MOJYYEHHIO HOBBIX CyIEpLITaMMOB-
JIerpaslaTOpOB MPOMBIIIJIEHHBIX TOKCUKAHTOB. BHepeHne HOBEHIIUX METOA0B
OMOTEXHOJIOTHH B HACTOSAIIIEE BPEMS IMPOU3BOAMT IEPEBOPOT B PA3IUUHBIX 00-
JAcTAX OMOTEXHOJIOTHH, BKIOYasi OMOTEXHOJIIOTHYECKHE MPOLECCHl. DTH METO-
JIbl TIO3BOJISIFOT MHTEHCU(DUIMPOBATH HKOJOTMYECKH YHCThbIE OMOTEXHOJIOTHHU
BOCIIPOU3BOACTBA MUIIHM U KOPMOBBIX IPENapaToB, pellaTh METOAAMU 3aJauu
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o0ecrieueHns YeIoBeYecTBa MaTePHAIbHBIMK U SHEPT€THUECKUMH pECypcaMu 1
TaKXe IPUPOJOOXPAHHBIE TIPOOIEMBI.
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Takum 00pa3oM, KOPHH OMOTEXHOJOTMYECKUX TPOIIECCOB YXOMAT B JAIEKOE
IpoIIoe, a UX OyayIiee HEOOBIYAHO NIMPOKO U MepcreKTHBHO. COBPEMEHHOM
OHMOJIOTUYECKAM TEXHOJIOTHSIM TTOJ] CHITY CO3/IaTh OTPACITH, OCHOBAHHBIC Ha (PYHK-
IMOHUPOBAHIH OHOJOTHYECKUX CHCTEM, METa0OINIECKHEe CUCTEMBI KOTOPBIX 00-
JIaJIAI0T YHUKAJIbHBIMHU JOCTOMHCTBAMH M MTOJIYMHEHBI MHTEPECaM YelIOBEYECTRA.

1.3. TEXHOJIOI'HYECKHUE OCHOBBI
BUOTEXHOJIOTHYECKUX
nPOU3BOJACTB

Baxueiinieli 3amadeil 11000ro OHOTEXHOJOTHYECKOTO MPOIECcCa SBISCTCS
pa3paboTKa U ONTUMH3ALKUS HAYYHO-000CHOBAaHHOM TEXHOJIOTHH U anmnaparypsl
s Hero. IIpm opraHmsanmy OHMOTEXHOJIOTHYECKHUX TPOU3BOJCTB YACTHIHO
ObLT 3aMMCTBOBAH OIIBIT Pa3BUTOW K TOMY BPEMEHH XMMHUYECKOH TE€XHOJIOTHH.
OnHako OMOTEXHOJIOTMYECKHE MPOLECCHl MMEIOT CYIIECTBEHHOE OTIMYHE OT
XMMHYECKHX B CHIIy TOTO, YTO B OMOTEXHOJIOTMH UCIIOJB3YIOT O0JIee CIOKHYIO
OpTraHU3aINI0 MaTepuHu — OmoNorndeckyro. Kaxmeiii Omonmorndeckuil 0OBEKT
(xmerka, pepMeHT U T. I.) — 3TO aBTOHOMHAsI CaMOPETYIHPYIOMIAsICs CUCTEMA.
[Ipupona OMONOTMYECKHUX MPOLIECCOB CIIOXKHA U JAJIEKO HE BBICHEHA OKOHYa-
TenbHO. s MUKPOOHBIX TOMYJISIMNA, HalpUMep, XapakTepHa CyIIeCTBEHHAs
TETEePOTeHHOCTH T10 PSy MPU3HAKOB — BO3PACT, (PU3HOIOTHYECKAst aKTHUBHOCTB,
YCTOIYMBOCTD K BO3AEHCTBHIO HEOIArONpUATHBIX (pakTopoB cpensl. OHU TakKe
MOJIBEPKEHBI CIIyYalHBIM MYTalUsIM, 4aCTOTA KOTOPBIX COCTABJIAET OT 10* 1o
10, TereporenHocTs Takke MOXKET ObITH 06YCIOBICHA HATMYHEM IOBEPXHO-
cTell pa3zena a3 ¥ HEOTHOPOIHOCTHIO YCIIOBHHA CPEIBI.

B obmiem Buze 0001 OMOTEXHOIOTHIECKUN MPOIIECC BKIFOYAET TPU OCHOB-
HBIE CTauu: NMpeadepMeHTAIINOHHYI0, (DePMEHTAIIMOHHYIO H NOCT(hepMeHTa-
HUOHHYW. [IpuHIMnIaneHas cxema peanu3anuy OHOTEXHOJIIOTHYECKUX Mpolec-
COB B 00I1IEM BH/Ie MOXKET OBITh ITPE/ICTaBIIeHa OJIOK-CXEMOH, B KOTOPOH cliesiaHa
TIOTIBITKA OXBATUTh BCE BApHAHTHI (PepMEHTALIMOHHBIX ITporeccoB (puc. 1.1).

Puc. 1.1. [IpuHuunuanbHas cxema peaau3auu OHOTEXHOIOTHYECKUX TIPOLIECCOB
(mo Y. 3. Buecryp u 1p., 1987):

1 — peaxTop IS IPUTOTOBIIEHNUS CPejl, 2 — BUXPEBOIf HACOC, 3 — anmapar JIs NPUTOTOBJICHHS TBEPABIX CPe,
4 — mapoBasi KOJIOHKA JUIs1 OJI0IPEBa CPeJi 10 TEMIIEPATypPhl CTEPHIIH3AINHT, 5 — BBIICPKUBATENIb CPEJ] IIPH TeM-
nepatype CTepUIM3alHy, 6 — TeII000MEHHHK JUIs OXJIAXKIEHUs cpell, 7 — MEPHUK — COOPHHK IMUTATENIbHOI
cpensl,

8 — no3arop, 9 — ana’poOHEIT PepmenTep, 10 — ryOnHHBIH a3po6HBIA hepmenTep, 11 — GnoKaTaTUTHIECKUI
peaxrop, 12 — epMeHTEp JUIS TOBEPXHOCTHOM TBepHohaszHoii hepmeHTanuu, 13 — T0 e Ui TOBEPXHOCTHON
KUAKOCTHOU pepMmenTanuy, 14 — sxcrpakrop, 15 — cenaparop ais oteneHus 6uomacesl, 16 — cucrema JgoKaib-
HOM aBTOMATHKH, |7 — nna3monu3arop 6uomaccsl, 18 — nesunTterparop 6uomaccsl, 19 — BeimapHas ycTaHOBKa,
20 — ¢paKIMOHNPOBAHNE JE3NHTETPATOB, 21 — CyIIMIIKA U IPYTHE alIapaTsl 171 00€3B0KMBaHMS, 22 — anmapa-
Typa 115 pacacoBKH MPOJYKTa, 23 — HOHOOOMEHHBIE KOJIOHHEI, alNApaThl JUI XUMHYECKUX 1 MEMOPaHHBIX
METOJIOB BbIICICHHS, LEHTPU(YTH, GUIBTPBI, KPHCTAIH3ATOPEI U AP. YCTPOICTBA.

VYenosubie 06o3nauenus: pH — pactBop ms koppexunu pH, I — KOMIOHEHTBI U cpebl A1 OAIMUTKH,
TToc — noceBHo# Matepuai, B — cxkatsrii Bo3ayx, IIAB — nenoracurens, Cp — cTepuibHas MUTaTeNbHAs Cpefa,
BA — Gronornueckuii areHT.
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Ha npendgepMeHTANIMOHHONW CTATHHM OCYIICCTBIISIFOT XPAHCHUE M IOJIO-
TOBKY KYJBTYPHI HPOMYyIEHTa (MHOKYJISITA), IMOJYYCHHE M IMOATOTOBKY IHTa-
TENBHBIX CYOCTpaTOB W cpen, (pepMEHTAIMOHHOW ammaparypbl, TEXHOIOTHYE-
CKOH M peLUpKyJIUpYyeMOH BOAbl U Bo3ayxa. [loanep:kanyue v NOArOTOBKA YUC-
TOW KyJBTYpBI SIBIISIETCS OYEHb Ba)KHBIM MOMEHTOM IpendepMeHTalnOHHON
CTaJIuM, TaK KaK MPOAYICHT, ero (PH3HOIOr0-OMOXHMUIECKHE XapaKTCPUCTHKU
W CBOICTBa OmpenemnsioT 3(P(PEKTUBHOCTh BCETO OMOTEXHOIOTMYECKOTO IIPO-
mecca. B orneneHnn 4ncTol KyJabTyphl OCYIIECTBISIOT XpPaHEHHE POU3BOACT-
BCHHbIX LIITaAMMOB U 06eCl'Ie'~Il/IBa}OT HX pCaKTHUBALUIO U Hapa60T1<y HWHOKYJIATa
B KOJIMYECTBaX, TPpeOyeMbIX I Hadaja mporecca. [Ipu BEIpaluBaHUM MTOCEB-
HBIX [103 WHOKYJISITA MPUMEHSIOT IIPUHIIAT MacIITaOUPOBaHUs, TO €CTh IPOBO-
JIAT TIOCTIeIOBAaTEIbHOE HapaliBaHHe OMOMAcCHl POIyNEeHTa B Koibax, OyThI-
JISIX, Jlajiee B CEPHH MOCISI0BATEIbHBIX (pepMeHTepoB. Kaxapiil mocieayommii
3Tal JAHHOTO MPOIEcca OTIUYACTCS M0 00bEMY OT MPEIbIIYIIero OOBIYHO Ha
nopsanok. IloayyeHHbIH MHOKYJIST [0 CTEPUIIBHOM MOCEBHOM JIMHUM HalpaBisi-
eTCsl Jajiee B ammapar, B KOTOPOM peann3yeTrcs (epMEHTAlMOHHAS CTaaHs.
HpI/IFOTOBHeHI/Ie MUATATCJIbHBIX CPEM] OCYIIECTBIIACTCA B CIICHHUAJIBHBIX PEAKTO-
pax, o0OpyZIOBaHHBIX MeENIATKaMH. B 3aBUCHMOCTH OT pacTBOPHMOCTH H CO-
BMECTHMOCTH KOMITOHEHTOB CpPEJl MOTYT OBITH IIPUMEHEHBI OTIEIBHBIE PEaKTO-
pBl. TeXHONIOTHS MPUTOTOBJICHUS CPEJl 3HAYUTENBHO YCIOXKHSAETCS, €CIH B UX
COCTaB BXOJAT HEPACTBOPHUMBIC KOMIIOHCHTHI. B Ppa3JIMIHbIX 61/IOTCXHOJ'IOFI/I'-Ie-
CKHX TpoIleccax MPUMEHSIOTCS Pa3IM4YHBIC MO MPOUCXOXKICHUIO U KOJIHYECT-
BaM CcyOCTpaThl, IOSTOMY TPOILECC WX IMPHUTOTOBIICHHS Bapbupyer. [loaromy
JIO3MPOBAHNE TNHTATEIBHBIX KOMIIOHEHTOB ITOAOUPACTCS W OCYHIECTBIACTCS
WHAWBUAYaJIbHO Ha KaXAOM IPOU3BOACTBE B COOTBCTCTBUU C Texnonorunue-
CKHM perjiiaMeHTOM KOHKPETHOTO mpoliecca. B kadecTse no3upyromiero o0opy-
JIOBaHUS TIPU 3TOM IPUMEHSIOTCS BECOBBIE H OOBEMHBIC YCTPOUCTBA, UCTIONb-
3yeMble B MHILEBOM M XUMHUYECKOW MPOMBILUIEHHOCTH. TpaHCIOPT BELIECTB
OCYIIIECTBIJIIETCS HACOCAMH, JICHTOYHBIMUA M IIHCKOBBIMH TPAHCIOPTEPAMH.
ChllTy4rie KOMIIOHEHTHI MOAI0T B ()epPMEHTEPHI C TIOMOIIBI0 BAKYYMHBIX HACO-
coB. YacTo NPUMEHSIOT NMPUHIHUI MPEIBAPUTEIBEHBIX CMECEH, TO €CTh COIH
MIPEIBAPUTEIFHO PACTBOPAIOT M 3aTE€M TPAHCIOPTHPYIOT MO TpyOompoBomam,
JIO3UPYSI MX ToJady 1Mo 00beMy. B CHITy HCKITFOUMTEILHOTO pa3Hoo0pa3us Ono-
TEXHOJIOTHYECKHX TPOIIECCOB M MPUMEHSIEMBIX JUIA MX PEalH3aluu Cpel, Me-
TOJIOB W anmapaTypbl paCCMOTPEHHE JaHHBIX 3JIEMEHTOB Jajiee OyeT CBSI3aHO C
KOHKPETHBIMU OMOTEXHOJIIOTHYECKUMH IIPOU3BOACTBAMH.

Cragusi (pepMeHTAIINA SBISICTCS OCHOBHOM CTamueil B OMOTEXHOIOTHYC-
CKOM TIpOIIeCcCe, TaK KaK B €€ X0Je MPOUCXOIUT B3aNMOACHUCTBHUE MPOIYIICHTA C
cyOcTpaToM U 0Opa3oBaHKE IENEBBIX MPOAYKTOB (OMOMAacc, SHIO- U 3K30IPO-
JYKTOB). DTa CTaJus OCYUIECTBISICTCS B OHOXMMHUYECKOM peakrope ((pepmeH-
Tepe) U MOXKET OBITh OPTraHW30BaHA B 3aBUCUMOCTH OT OCOOCHHOCTEH MCIONb-
3yeMOro MpOAYIeHTa M TPeOOBaHUH K THUIY M Ka4eCTBY KOHEYHOTO MPOAYKTa
pa3nuyHBIME crioco0amu. PepMeHTaus MOXKET MPOXOIUTHh B CTPOTO aCENTH-
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YECKHX YCIOBUAX M 0e3 COOMIOACHUS MPaBWII CTEPUIIBHOCTH (TaK Ha3bIBaeMas
«He3alMIeHHas» (hepMeHTalus); Ha )KUJIKUX U Ha TBEPABIX CPeAax; aHa’spoo-
HO M a’3poOHO. AdpoOHast (epMeHTaIys, B CBOIO OYEpeab, MOXKET NPOTEKATh
MTOBEPXHOCTHO WJIH TITyOMHHO (BO BCEW TOJIIE MATATEIHHOM CPEIIBI).

KynbTuBupoBaHue OHOJOTHUECKHX OOBEKTOB MOXET OCYILIECTBIATHCS B
NePHOINYECKOM U MPOTOYHOM PeKMMAX, MOJYHENPEPbIBHO ¢ MOAMUTKOMN
cyocrpatom. Ilpu nepuoandeckoM crocobe KylbTHBHpOBaHUS (epmeHTep
3aI0JIHSETCS UCXOAHOW NMHUTATEIbHOW Cpelod M MHOKYJSTOM MHKPOOpPraHU3-
MOB (X, + S Ha puc. 1.2). B Tedenune onpeneneHHOro meproaa BpeMeHH B arl-
napare IPOMCXOIUT B3aUMOJEHCTBHE MUKPOOPTaHU3MOB U CYOCTpaT CONPOBO-
XKJaroneecs 00pa3oBaHUEM B KyJIbType npoaykra (X + S5 — P).

Broxumuveckue mpeBpamieHus B 3TOM anmnapare NpoJ0JDKAIOTCS OT IecsT-
KOB 4acoB 10 HECKOJIBKHX CYTOK. Perymsums ycioBuii BHyTpU (epMeHTepa —
BAJKHEMWIIAs 3a/laya MEepUOAUYECKOTO KyJIbTUBUPOBAHUS MUKpPOOpPraHu3MoB. B
XO/ie MePUOMYECKON (epMEHTAIlK BhIpallMBaeMasi KyJbTypa IPOXOAUT Pl
MIOCIIEIOBATENIBHBIX CTaMil: J1ar-(asy, SKCIOHSHINAIBHYIO, 3aME/IICHHS POCTa,
CTAlIMOHAPHYIO M OTMHpaHHsA. [IpH 3TOM IPOMCXOIAT CyIECTBEHHbIE H3MEHE-
HUS (DU3MOJIOTHYECKOTO COCTOSIHUS OMOOOBEKTa, a TaKXkKe psijia MapaMeTpoB
cpenbl. lleneBbie MPOAYKTHI 0Opa3ylOTCs B SKCIIOHEHIMAIBHOH (NEpBUYHBIC
MeTabOIUTHl — (PEPMEHTHI, AaMIHOKUCIIOTHI, BUTAMHUHBI) M CTAIMOHAPHOI (BTO-
pUYHBIE METaOOIUTH — AHTUOMOTHKH) (hazax, MOITOMY B 3aBUCHMOCTHU OT Ife-
Jied OMOTEXHOJIOTMYECKOTO MpPOLIECCa B COBPEMEHHBIX MPOMBIIUICHHBIX PO-
Heccax HMPUMEHSIOT MPUHONN JU(GPEpPeHIIMPOBAHHBIX PEXUMOB KYJIBTHBHPO-
BaHus. B pesynbraTe 3TOro CO3AIOTCS YCIOBUS JUII MaKCUMAIbHOH MPOIYK-
LM{ TOTO HWJIM MHOTO LIEJIEBOro npoxykra. [lepuoaudecku epMeHTep onopox-
HAKOT, IMPOU3BOAAT BBIACICHUEC W OYMCTKY HNPOAYKTA, U HAYHMHACTCA HOBBIN
LUKJL.

HenpepbiBHBI mpouece KyJIbTUBHPOBAHMS MHKPOOPIaHM3MOB 00JamaeT
CYIIECTBEHHBIMU MNPEUMYIIECTBAMU MNEPCA NEPHUOJUYCCKUM. HereprBHaH

X+ S,
—>

Puc. 1.2. Cxema OGuopeakTopa nepruoAnuecKoro AeHCcTBUs.
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X,+S,+P
-—

Puc. 1.3. Cxema TyOysasipHOro OMOpeaKTopa MOJIHOTO BHITECHEHUSL.

(bepMeHTaLHsT OCYLIECTBISICTCSI B YCIOBHSAX YCTAHOBHBILETOCS PEXXHMMa, KOI/Ia
MHKpOOHAs TOMYyJSIIKSL U ee MPOAYKThI Haubosiee OXHOPOAHBI. [IprMeHeHHe
HETPEPBIBHBIX MPOLECCOB (hePMEHTALNH CO3MaeT YCIOBUS s d(PPEKTHBHOTO
PEryJIMpOBaHUs M YIpaBICHHs mporeccaMu duocunresa. CHCTEMbI HElPEephIB-
HOI (pepMeHTanUK MOTYT OBITH OPTaHH30BAHBI 10 NPHHLMITY ITOJHOIO BBITEC-
HEHUS WM MOJHOTO cMenreHus. [IepBblil mpuMep — Tak Ha3biBaeMasi TyOyJsp-
Hast KyJbTypa (puc. 1.3).

IMpouecc (epMeHTALME OCYLIECTBISIETCS B MIMHHOM TpyOe, B KOTOPYIO C
OJIHOTO KOHI[A HEHPEPHIBHO IOCTYNAIOT IUTATEIbHBIC KOMIIOHEHTHI U HHOKY-
JSIT, & C OPYroil ¢ TO# e CKOPOCThIO BBITEKACT KyJbTYpalbHAas >KHUIKOCTb.
JlaHHas cucteMa NpOTOYHON (hepMEHTAIMH SBISAETCS TETEPOreHHOM.

[Ipu HempeprIBHOH (epMEeHTaIUH B (epMEHTAX IOJHOTO CMEUIeHHs (TOMO-
TeHHO-TIPOTOYHBIN CrI0C00) BO BCei Macce (pepMEHTALMOHHOrO aapara co3a-
FOTCSI OTMHAKOBBIC YCIIOBHA. [IpUMEHEHHE TaKUX CHCTeM (hepMEHTAIIK TI03BOJIS-
eT 3((PEKTUBHO YIPABIATh OTACIBHBIMU CTAIHAMH, & TAKXKE BCEM OHOTEXHOJIO-
THYSCKUM IIPOLECCOM M CTaOWIM3UPOBATH MPOAYLIEHT B MPAKTHYCSCKU JIHOOOM,
TpeOyeMOM IKCIEPHUMEHTATOPY HIIM OHOTEXHOJIOTY COCTOSIHHUH. YIPaBICHHE MO-
JIOOHBIMU YCTaHOBKAMHM OCYIIECTBIISICTCS IBYMsI criocobami (puc. 1.4).

A b

Puc. 1.4. Cxembl GHOPEAKTOPOB JUISt TPOTOYHOTO KYJIbTHBUPOBAHHUSI MUKPOOPTaHU3MOB.
A —xemocrar; b — Typ6uaocTar ¢ aBTOMaTH4ECKOH perynsnnueil ONTHYeCKOi IIOTHOCTH.
1 — mocTymienue cpeabl, 2 — Melaika, 3 — CTOK KyJIbTypbl, 4 — Hacoc, 5 — (JOTOIITEMEHT, 6 — HCTOUHUK CBETa.
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TypounocraTHblii criocod 0azupyercss Ha M3MEPEHHH MYTHOCTH BBIXOJS-
IIEero MOTOKa. M3MepeHre MyTHOCTH MHKPOOHOW CYCIEH3WH, BBI3BAHHOE pOC-
TOM KIJIETOK, SIBIISIETCSI MEPOH CKOPOCTH POCTa, ¢ KOTOPOH MHKpPOOPTaHH3MBbI
BBIXOJSIT U3 OHMOpeakTopa. JTO MO3BOJSET PEryJMpOBaTh CKOPOCTh MOCTYILIE-
HUA B (epMEHTEp CBEXEH NMUTATeNbHOH cpeabl. BTopoit MeTon KOHTpoms, —
XeMOCTAaTHBIH, TIpoIe. YIIpaBiIeHHEe MTPOIIECCOM B XEMOCTATE OCYIIECTBISIETCS
HU3MEPEHNEM HE BBIXOJIIETO, & BXOAAIIEro NOTOKa. IIpy 3TOM KOHLIEHTPALUIO
OJIHOTO M3 KOMIIOHEHTOB MUTATEeNbHON Cpeabl (YIiaepos, KUCIOpo, a30T), Ho-
CTYNaloIIero B ()epMeHTEp, YCTAHABIUBAIOT HA TAaKOM YPOBHE, PU KOTOPOM
JIpyTHe MUTATEIbHBIE KOMITIOHEHTHl HAaXOIATCA B M30BITKE, TO €CThb JMMHUTH-
pyromasi KOHIIEHTpaUus 3aJarollerocss OMOTeHHOTO 3JIEMEHTa OrpPaHHMYMBACT
CKOPOCTh Pa3MHOKEHHSI KJIETOK B KYJIBTYpE.

Obecnieuenue nporecca GpepMeHTaIMH, ¢ TOUYKN 3pPEHHsT HHXEHEpHOH pea-
JIM3alUH, CBOJUTCS K JO3UPOBAHHOMY IOCTYIUICHHIO B (DEpPMEHTEp IMOTOKOB
(mHOKYMATA, BO3MyXa (MJIM ra30BBIX CMeceil), MMTaTeIbHBIX OMOTeHOB, IEHOTa-
cuTelsieil) 1 OTBOJIa M3 HEro Teruia, OTpaOOTaHHOTO BO3/yXa, KYyJbTypalbHOM
KHUJKOCTH, a TaKKe N3MEPEHMIO M CTaOWIN3allMi OCHOBHBIX IapaMeTpoB Ipo-
1iecca Ha ypoBHE, TpeOyeMOM JUIs ONTHMAIBHOTO PAa3BUTHS HPOIYLIEHTa U 00-
pa3oBaHMs LENEeBOro MpoaykTa. B xome ¢depmeHTanmu oOpa3yloTcs CIOKHBIC
CMECH, CoJiepKalllie KJIETKH, BHEKJIETOYHble MeTabOJIUTHI, OCTATOYHbIE KOH-
LEHTpaK UCXoAHOro cyoctpara. [Ipu 3TOM 1ieieBble NPOIYKTHI, KaK MpaBHU-
JI0, HAXOIATCS B 3TOW CMECH B HEOOJBIINX KOHLEHTPALMIX, & MHOTHE M3 HUX
JIETKO paspymiaroTca. Bce 3T0 HakiaablBaeT CyIIECTBEHHBIE OTPaHMYECHUS Ha
METOABI BbIACIICHUA U CYIIKH 61/IOJ'IOFI/ILIGCKI/IX mpenaparos.

MocTdepmenTannoHHAs cTaqusl 00ECICUYNBACT MOIYYEHHE TOTOBOH TO-
BapHOW MPOIYKIMH U TAK)KE, YTO HE MEHEE Ba)KHO, 00€3BPEKNBAaHUE OTXOJI0B U
MOOOYHEBIX IMPOAYKTOB. B 3aBucumMocTu ot JIOKaJIM3alu KOHEYHOT'O MPOAYKTa
(KJIeTKa WM KyJBTYpalbHasl )KHJIKOCTb) ¥ €ro MPHUPOABI Ha MOCT(HEPMEHTALH-
OHHOHM CTaJiM NPUMEHSIOT PA3IMYHYIO allapaTrypy W METOIbl BBIICICHHS H
ounctkd. Hambonee TpyZnoeMKo BbIIECNCHHE MPOJYKTa, HAKAIUIMBAIOLIETOCS B
kieTkax. [IepBbIM 3TarnoM nocrpepMeHTalMOHHOM CTaanu sBJIIeTCS (PpaKIHo-
HUPOBaHME KYJIbTYpaJbHOM JKUAKOCTH U OTIEJICHHE B3BEUIEHHOH (a3l — Ouo-
Maccel. Hambomee pacrpocTpaHEHHBIA IUIs STHUX LeNell MEeTox — cermapamnus,
OCyIIECTBIIsIEMasl B CHENMANIBHBIX alaparax — cernaparopax, KOTopele pabo-
TAlOT 10 Pa3JIMYHBIM CXeMaM B 3aBHCUMOCTH OT CBOMCTB 0OpabarhiBaeMOi
KYJIBTYpabHOH KuIKocTH. OCHOBHBIE MPOOJIEMBI, BOSHUKAIOT IIPH HEOOXOAH-
MOCTH BBIJEJIECHNS MEJIKOB3BEILIEHHBIX YacTul ¢ pa3mepoM 0.5-1.0 MkM 1 Me-
Hee (OakTepuaabHbIe KIETKH) B HEOOXOAMMOCTBIO TepepPabOTKH OOIBIINX 00b-
€MOB JKHJIKOCTH (TIIPOM3BOJCTBO KOPMOBOTO Oelika, psjaa aMMHOKKCIOT). Jlis
noBbImeHus 3G EeKTHBHOCTH TIpoliecca cerapanuy IPUMEHSIOT ITpeBapHTeIIb-
HYIO CIIEIMalbHYI0 00pabOTKy KyJIbTyphl — M3MeHeHue pH, HarpeBanme, no-
0aBJIeHHE XMMUYECKUX areHToB. [lJIsl yBEJIMUEHHsI CPOKOB FOAHOCTH OMOTEXHO-
JIOTHYECKUX TPOJYKTOB MPOU3BOIAT UX O0E3BOKMBAaHUE W CTaOMIM3auuio. B
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3aBHCHMOCTH OT CBOMCTB MPOIYKTa MPUMEHSIOT PAa3IMYHBIE METOMABI BBICYIIIH-
BaHus. Cylika TepMOCTaOMIIbHBIX IPENapaToB OCYLIECTBIISETCS Ha MOJHOCAX,
JICHTOYHOM KOHBelepe, a Takxke B KursimeM ciioe. Ocob0 4yBCTBHTENBHBIE K
HATPEBAHUIO TIPETaparhl BBICYIIMBAIOT B BAaKyyM-CYIIMIIBHBIX INKadax Ipu
MOHIKCHHOM [TABJIICHUH W TEMIIEpaType M B PACHBUIMTENBHBIX cymmikax. K
CTa0MJIM3aLUH CBOMCTB OMOTEXHOJIOTUYECKHX MPOAYKTOB BEJET J00aBlICHUE B
Ka4yecTBE HAIlOJIHUTENICH pa3sMuHbIX BemlecTs. i1 ctabuin3anu KOpMOBOTO
Oenka IPUMEHSIOT MMIIEHHYHBIE OTPYOH, KYKypy3HYIO MYKY, 00JIaJatomIue 10-
MIOJIHUTENTBPHONH THUTATENbHOW ILEeHHOCThIO. J[ms crabmmmsanum (QepMeHTHBIX
npenapaToB UCIOJb3YIOT INTULUCPUH U YITICBOAbI, KOTOPLIC MPECHATCTBYIOT AC-
HaTtypauuu ()EpMEHTOB, a TaK)Ke HEOpraHWYeCKWe HOHBI KOoOanbTa, MarHus,
HATpUsl, aHTUOMOTUKH U [IP.

1.4. 9JIEMEHTBI, CJIAT AIOIIIUE
BUOTEXHOJIOTHYECKHUE IMPOLECCHI

OCHOBHBIMHU 3JIEMEHTAaMH, CJIAraloIllUMH OMOTEXHOJIOTMYECKHE ITPOIIECCHI,
SIBJISIFOTCS: OMOJIOTHYEeCKHUI areHT, cy0cTpaT, annaparypa u npoaykKr.

Buonornyeckuii areHT SBISETCS aKTUBHBIM HA4aJOM B OMOTEXHOJIOTHYE-
CKHUX IpoIleccax U OJHUM M3 HauboJsiee BaXXHBIX ee dneMeHToB. HomeHknarypa
OMOJIOTMYECKUX areHTOB OYpHO pacIIHUpsieTCsi, HO J0 HACTOSIIEr0 BPEMEHH
Ba)KHEHIIIEE MECTO 3aHMMAeT TPaJULIMOHHBIM OOBEKT — MHKPOOHAs KIIETKa
(tabn. 1.1, 1.2).

MuxkpoOHble KIETKH C pa3IMYHBIMH XHMHKO-T€XHOJIOTHYECKUMHU CBOWCT-
BaMH MOTYT OBITh BBIAEIEHBI U3 MPUPOAHBIX UCTOYHUKOB U Jajee C MOMOLIBIO
TPAIUIIMOHHBIX (CENIEKINsI, OTOOP) W HOBEUIIMX METOHOB (KJIETOYHAs M TeHe-
TUYECKass WHXXEHEPHs) CYIIECTBEHHO MOIU(PUIMPOBaHBI M yiyumeHsl. Ilpu
BBIOOpE OMOJIOTMYECKOTO areHTa W IMOCTaHOBKE €ro Ha MPOM3BOICTBO IMPEXKIE
BCETO CJIEIyeT COOJIONATh MPUHIMIT TEXHOJIOTHYHOCTH [TAMMOB. JTO 3HAYHT,
YTO MHUKpPOOHAs KJIEeTKa, TMOMYJISIHS WA COOOIIECTBO 0COOEH MOIKHBI COXpa-
HSTHh CBOM OCHOBHBIE (PU3MOJIOr0-O0MOXMMHMYECKUE CBOICTBA B IIPOLIECCE UIU-
TCJIIBHOI'O BEACHUS (bepMeHTaHI/ll/I. HpOMbIHJﬂeHH]:le MPOAYHECHTHI TaKKE JOJIK-
HBI 00J1a/1aTh YCTOMYMBOCTBHIO K MYTallMOHHBIM BO3JEHCTBHAM, (aram, 3apaxe-
HUIO TIOCTOPOHHEH MHKpodIopoi (KOHTaAMHUHALINH);, XapaKTepHU30BaThCcs 0e3-
BPEIHOCTBIO JUISl JIFOAEH U OKPY’KAarOIIEH Cpenbl, HE UMETh IIPU BBIPAIIUBAHUH
HO60‘IH])IX TOKCUYHBIX TPOAYKTOB O6MeHa " 0TXOJ0B, UMCTh BBICOKHC BBIXO/IbI
IPOJYKTa M IPUEMIIEMbIE TEXHHUKO-3KOHOMHYECKHUE [TOKA3aTeIH.

B HacTosmmee BpeMsi MHOTHE MIPOMBIIUICHHBIE MUKPOOHBIE TEXHOIOTHH Oa-
3UPYIOTCSL Ha HCIIOJIb30BAHUM I'€TEPOTPOQHBIX OPraHW3MOB, a B OyaymieMm pe-
IIAI0IIee MECTO CPeIH NPOIYLEHTOB 3aiiMyT aBTOTPO(GHBIE MUKPOOPTaHU3MBI,
He Hy)XIaroUuecs Jisi pocTa B JAe(QUIMTHBIX OPraHMYECKHX Cpellax, a TaKkKe
9KCTPEeMO(MIIBI — OPraHU3MBbl, PAa3BUBAIONINECS B SKCTPEMAIBHBIX YCIOBHAX
cpens! (TepMOIIBHBIC, alTKaIo- U a0 (QHUIBHEIE).
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Ta6numa 1.1

Ml/le()OOpFaHl/BMbl, HCHOJIb3yeMbl€ B IPOMBIUNJIEHHOCTH
JJIA MOJIYYeHUs 1eJIEBbIX MPOAYKTOB

Opranusm Tun Iponykr
Saccharomyces cerevisiae Jpoxoku Tlexapckue IpO3IKH, BUHO, 3J1b, CaKe
Streptococcus thermophilus bakrepun Horypr
Propionibacterium shermanii Bakrepun IIBelinapckuii coIp
Gluconobacterium suboxidans baxrepun VYkeye
Penicillium roquefortii IInecenn ChIpbl THITA pOK(pOpa
Aspergillus oryzae IInecenn Caxe
Saccharomyces cerevisiae Jpoxoku OraHon
Clostridium acetobutylicum Baxrepun AneToH
Xanthomonas campestris baxrepun IMonmucaxapust
Corynebacterium glutamicum bakrepun L-JInzun
Candida utilis Jpoxoku MukpoOHBIit 6enok
Propionibacterium baxrepun Buramun B,
Aspergilus oryzae Inecenn Awmmninaza
Kluyveromyces fragilis Jpoxcku Jlaxraza
Saccharomycopsis lipolytica Jpoxoku Jlunaza
Bacillus baxrepun IIpoTeasst
Endothia parasitica Inecenn CrIayHbIH pepMeHT
Leocanostoc mesenteroides bakrepun Jexctpan
Xanthomonas campestris Bakrepun Kcanran
Penicillium chrysogenum Inecenn IenumnnuHel
Chehalosporium acremonium Inecenn LedanocnupuHsl
Rhizopus nigricans IInecenn Tpanchopmarus cTepouoB
I'ubpunomsr - VIMMyHOTTI00YTHHBI
1 MOHOKJIOHAJIBHBIC aHTHTENA
Knero4Hsle TMHUM MIIEKOUTAIOIINX - Wurepdepon
E. coli (pekoMOMHAHTHBIE IITAMMBbI) Baxrepun WHcynuH, TOPMOH pOCTa, HHTEP(hEpOH
Blakeslea trispora Inecenn B-Kapatun
Phaffia rhodozyma Jpoxoku AcTrakcaHTUH
Bacillus thuringiensis bakrepun BuonHcekTHIIIBI
Bacillus popilliae Bakrepun BuonHcekTHIMIIBI

B mnocnenHue ol pacuiMpsiercsi NPUMEHEHHE CMELIaHHBIX MHUKPOOHBIX
KyJIbTYp U UX NPUPOIHBIX acconuanuii. [Io cpaBHEHHIO ¢ MOHOKYJIbTYpamH,
MUKPOOHBIC aCCOIMAIMU CHOCOOHBI aCCUMILTUPOBATH CIIOXKHBIC, HEOTHOPOJI-
HBIE TI0 COCTABY CyOCTpaThl, MUHEPAIU3YIOT CI0XKHBIC OPraHUIECKUE COCTUHE-
HUS, UMes TIOBBIIICHHYIO CIOCOOHOCTh K OMOTpaHC(hOpMaIyy, UMEIOT IOBBI-
LIEHHYIO YCTOWYHMBOCTh K BO3JEHCTBHIO HEOJIAroNnpUsATHBIX (haKTOPOB Cpeabl U
TOKCHYECKHX BEIIECTB, a TAK)XKE MOBBIIICHHYIO MPOAYKTUBHOCTh U BO3MOX-
HOCTh OOMEHa TeHeTHUYeCKOi MH(pOpMAIeld MEXAy OTACIbHBIMA BHIAMH CO-

22



Tab6unuma 1.2

Baskneiimue rpynnel cy6cTpaToB, 0H0J0rHYECKHX Aar€HTOB
M 00pa3yeMbIX B OHOTEXHOJIOTHYECKHX Mporeccax npoaykTos (mo Buectyp u ap., 1987).

Cy06cTpatbl

Buonornueckue areHTs

IpoxyxTs!

Menacca, COK CaxapHOro Tpo-
CTHHKA, TUAPOIN3aThI pacTh-
TEJIbHBIX MTOJIUMEPOB.

MHUKpOOpraHu3Mbl, pacTH-
TebHbIE H )KUBOTHBIE KIIETKH,
B TOM YHCJIE TOTHIECKON HH-
JKEHEPUH.

buoynobpeHus 1 OHOMHCEKTH-
L(1JIbl, MUKPOOHBIE OOMAcChl,
JIMarHOCTHKYMBI, BAaKIIHHbI.

Caxapa, CliMpTHI,
OpTaHUYeCKHe KUCIOTHL.

Tapadunst HedTH.

TonynpoayKrsl,
MPEAIICCTBEHHUKI
GuoTpaHchopMaIum.

IIpupoanstii ras,
BOJIOPOJ.

OTXOIbI ¢/X U JIECHOMI
MIPOMBILLIICHHOCTH.

OTXO0/bI IPOMBIIIICHHOCTH,
B TOM YHCIIe IEpepadOTKH
(PYKTOB U OBOILECH.

BriroBeIe OTXO[IBI,
CTOYHBIC BOJBI.

Momno4Has CHIBOPOTKA.
Kaprodens, 3epHo.

3enenas 6uomacca pacTeHHIL.

Bupycsl.

KOMIOHEHTHI KIETOK:
MeMOpaHBbl, IPOTOILIACTHI,
MHTOXOHJIPHH, (PEPMEHTHL.

BHeKII€TOYHbIE IPOYKTHI:
(hepMeHTEL, KoepMEeHTEL.

HMMOOHIM30BaHHbIE KICTKH
MHKPOOPTaHU3MOB, PaCTCHHI
1 KUBOTHBIX, HX KOMIIOHEHTBI
U BHEKJIETOYHBIE IIPOJTYKTHI.

buoras.

YucTele NpOLYyKTHI,
MEANKAMEHTBI, THarHOCTHKYMBI.

T'opMOHBI U JIp. IPOYKThI
ouorpanchopmanuu

OpraHu4yeckue KUCIOTBI.
[onmucaxapupl.

010K OTHOKJIETOUHBIX.
[Tumessle NPOIYKTHI.
OKCTPaKThl, TUAPOIU3ATHI.

CriipTsl,
OpraHUYECKUE PACTBOPUTEIIH.

AHTHOUOTHKHU
AMWHOKHCTIOTHI.
®DepMeHTBI, BATAMHHBI.
Meraibl, HEeMETaJIbI.

MOHOKIIOHAJTbHBIC aHTUTEJIA.

obmectBa. OCHOBHBIC OOJIACTH NMPUMEHEHHsI CMENIAHHBIX KyJIbTYpP — OXpaHa
OKpyKaroliel cpe/ibl, OMoerpajalus 1 yCBOCHHE CIIOXKHBIX CyOCTPaTOB.
Ocobasi Tpynna OUOJIOTMYECKHX areHTOB B OHMOTEXHOJIOTMH — (hEpPMEHTBHI,

TaK Ha3bIBACMBIC KaTajln3aTOPbI 6I/IOJ'IOFI/I'-ICCKOFO IMPOUCXOKIACHUA. CDepMeHT])l
HAXOJAT BCE OOJIbIICEe MPUMCHEHUE B Pa3IHYHBIX OMOTEXHOJIOTHYCCKHX IPO-
1eccax M OTpaciisix X03siCTBOBaHHUsI, HO 710 60-X rOJI0B 3TO HAMpAaBICHUE CIEP-
KHMBAJIOCh TPYJHOCTSAMH UX TOJIyYSHHs], HEYCTOMYMBOCTBIO, BEICOKON CTOMMO-
cThio. Kak oT/eNbHY0 OTPAacib B CO3MaHUU U MCIIOJIb30BAHUN HOBBIX OHOJIOTH-
YECKHX arcHTOB CJICAYCT BBIICIUTh HMMOOWIN30BaHHEIC ()EPMEHTHI, KOTOPHIE
MPEACTABISIOT COO0H TapMOHUYHO (PYHKIMOHUPYIOUIYIO CHUCTEMY, JAeHCTBHE
KOTOPOI ompeeNseTcs NpaBUiIbHbBIM BEIOOPOM (hepMeHTa, HOCUTENs U criocoba
nmmoOmm3anuu. I[IpenmyniectBo MOOMIN30BaHHBIX (DEPMEHTOB B CPaBHEHUH
C PacTBOPUMBIMHU 3aKIIIOYACTCS B CICAYIOIIEM: CTAOWIBHOCTh W TOBBIIICHHAS
aKTHBHOCTbD, y/IEpXKaHUE B 00bEME PEeakTopa, BO3MOMKHOCTh MOJHOTO U ObICT-
pOro OTJEJCHUs LENEeBbIX MPOAYKTOB U OPraHU3al[MM HEIPEPBIBHBIX IPOLEC-
COB (hepMEHTAIIUN ¢ MHOTOKPATHBIM HCIIOJIb30BAaHHEM OHOJIOTMYECKOrO arcHTa.
NmmoOumn3oBaHHbIe ()epPMEHTHI OTKPHIBAIOT HOBBIC BO3MOXHOCTH B CO3IaHUU
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OHOJIOTMYECKUX MUKPOYCTPONCTB Ul MCIOJIB30BAaHUS B aHAIUTHKE, Ipeobpa-
30BaHUU SHEPTrUH U OMODJIEKTPOKATAIH3E.

K HeTpamuunoHHBIM OMOJOTMYECKUM areHTaM Ha JaHHOM JTale pa3BHTHUS
OUOTEXHOJIOTUH OTHOCST PACTUTENBHBIC H XKHBOTHBIC TKAHU, B TOM YHCIIE THO-
PHUAOMBI, TPAaHCIUIAaHTAHTHL. boNbIIoe BHUMaHKE B HACTOSIIEE BPEMs YACIAECTCS
MOJIYUYCHUTIO HOBEHIINX 6I/IOJ'IOFI/I'-ICCKI/IX Ar€éHTOB — TPAHCI'CHHBIX KJIETOK MHK-
POOPraHU3MOB, pacTeHUH, KUBOTHBIX T€HHOMH)XEHEPHBIMU MeToJaMU. Pa3Bu-
TBI TaK)K€ HOBBIE METOIbI, O3BOJIAIOIINE MONTYyYaTh HCKYCCTBEHHBIE KIETKH C
HCIIOJIb30BAaHUEM Pa3JIMYHBIX CHHTETHYSCKUX M OMOJOTMYECKHMX MAaTepHaioB
(MemOpaHBbI ¢ 3a/laHHBIMH CBOWCTBaMH, U30TOIIbI, MATHUTHBIE MaTepUasbl, aH-
turena). PazpabareiBatoTcss MOAXOIbI K KOHCTPYHMPOBAHUIO (pepMEHTOB cC 3a-
JaHHBIMH CBOMCTBaMH, MMEIOLIMMH TIOBBIIICHHYIO PEAKIHOHHYIO aKTUBHOCTD
cTabMIbHOCTH. B HacTosmee BpeMs peann3oBaH CHHTE3 MOJIHUICHITHAOB JKelae-
MOW CTePEOKOH(UTYpAIMU U TIp.

Takum 00pa3oM, B OMOTEXHOJIIOTHYECKHX IMTPOLIECCaX BO3MOXHO HCIONB30-
BaHHE Pa3IMYHBIX OMOJIOTMUECKUX arcHTOB C PAa3IMYHBIM YPOBHEM OpraHH3a-
LMY, — OT KJIETOYHOH 10 MOJIEKYJISIPHOM.

Cy0cTpaThl U cpeabl, UCIIOIb3yeMble B OMOTEXHOJIOTHH, BECbMa pa3Ho00-
Pa3HBL, U UX CIEKTP HEMpepsIBHO pacmmpsercs (tadn. 1.2). C pazButuem mpo-
MBIIUICHHBIX IIPOLIECCOB IPOMCXOIUT HAKOIUICHHE HOBBIX BUIOB OTXOIOB, KO-
TOpBIE MOTYT OBITh 00E3BPEKEHBI U KOHBEPTHUPOBAHBI B IOJIE3HBIE MPOIYKTHI
MeTonamu 6norexHosoruu. C oJJHOI CTOPOHBI, Pa3BUBAIOIIUECS OyPHBIMH TEM-
naMu OHOTEXHOJIOTHMYECKHE NPOMBINUICHHbIC HAlPaBJICHHUS CTAIKUBAIOTCS C
npoOaeMol MCcUepIaHus TPAAULMOHHBIX BUAOB CHIPbS, MOITOMY BO3HHKAET
HEOOXOMMOCTh B PAaCIIMPEHUH CHIPhEBOM 0a3bl, C IPYroi, — yBelnu4eHne o0b-
€MOB HaKaIUTMBAIOLIMXCS OTXOJIOB JEJaeT HEOOXOAMMBIM pa3paboTKy HeTpa-
JHMIMOHHBIX, B TOM YHCJIe OMOTEXHOJIOTHYECKHX CIIOCOOO0B HX MepepaboTKu.

B Hacrosiee Bpems HaOIIOAaeTCs POCT MHTEpeca OMOTEXHOJOIOB K IPH-
POIHBIM BO300HOBJISIEMBIM pecypcaM — MpoayKTaMm (GoTocuHTe3a, Ornopecypcam
MHPOBOTO OKeaHa. B cocTaB cpex 11t OMOTEXHOIOTHUECKHUX TPOLIECCOB BXOASAT
WCTOYHHUKH YTIIEPOJA M DHEPTUH, & TAKKE MUHEPAIbHBIC JJIEMEHTHI H POCTOBBIC
¢axToppl. B KauecTBe MCTOYHUKOB YIJIEpOJa M PHEPTUHM B OMOTEXHOJIOIMYe-
CKHX Ipoleccax HCHOJIb3YIOT TNIaBHBIM 00pa3oM IPHPOJHBIE KOMIUIEKCHBIE
Cpe/bl HEOTPEISICHHOTO COCTaBa (OTXO/ABI PA3IMYHbIX MPOU3BOJCTB, MPOIYK-
TBI NIEpepadOTKU PACTUTEILHOTO CHIPhs, KOMIOHEHTHI CTOYHBIX BOA W Wp.), B
KOTOPBIX ITIOMHMO YIJIEPOIHBIX COSAMHEHUI COAepIKaTCs TaKkKe MHHEPaJbHbBIE
AJIEMEHTBHI U pOocTOBbIe (hakTOpbl. [I0BOJIBHO IIMPOKO BKIIIOYEHBI B pa3psia Ouo-
TEXHOJIOTMYECKHX CYOCTpaTOB LEJUIION03a, THAPOIM3ATHl IMOJIMCAXapUa0B M
npesecusbl. [locnennue okomo 30 JeT HCMOMB3YIOT I MOTyYeHUs Oenka o-
HOKJIeTOYHbIX. KuciaoTHbIl ruaponu3 apesecunsl npu 175-190°C obecneunsa-
€T BBIXOX B cpeny 10 45-50 % pemylupyromux BEmeCcTB; Ipu 0oJiee IKECTKUX
PEeKUMax THIPOJIN3a 3Ta BEIMYMHA Bo3pacTaeT 10 55-68 %. C Gonpmmm ycme-
XOM B IIOCJIEAHHME T'OJBI CTANIU IPUMEHATH THAPONN3aThl TOp(da, TO HO3BOJIAET
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CHHM3UTh CTOMMOCTb, HAIlpUMEp, MPEHapaToB aMUHOKUCIOT B 4—5 pa3. MuHe-
PpaJibHBIC 3JICMCHTEI, HeO6XOILI/lM])Ie IJId pocCTa 6I/IOHOFI/l‘leCKl/IX aréHTOB U BXO-
JIIIFE B COCTaB MUTATEIBHBIX CPeJl, MOAPA3AEIIOTCS Ha MaKpo- U MHUKpPO3JIe-
MeHThl. Cpein MakpOd’JIEMEHTOB Ha MEPBOM MECTE CTOMT a30T, TaKk Kak Io-
TpeOHOCTH B HEM y OMOJOTHMYECKHMX OOBEKTOB Ha IOPSIOK MPEBBIIIAIOT IO-
TpeOHOCTH B Apyrux 3nemeHrax (docdope, cepe, Kamuu U MarHuu). A30T
OOBIYHO MCHOJIB3YETCS] MUKPOOPIaHM3MaMH B BOCCTaHOBJIEHHOH (opme (Moue-
BUHA, aMMOHUI WIIM UX cOJH). YacTo a30T BBOJUTCS B KOMILJIEKCE C APYTHMHU
MakpoasieMenTaMu — pochopom, cepoii. st 3Toro B Ka4ecTBe MX UCTOYHHUKOB
HCHOJB3YIOT cou (Cyabdarhl Wik Gocdarsl ammonus). [t psga OTAEIbHBIX
MPOJYLUEHTOB, OJHAKO, JIyYIIUMH SIBJISIIOTCS HUTPAThl WJIM OPraHUYEcKHe CO-
enuHenus azorta. CylIeCTBEHHOE 3HAUYCHHE MPU 00ECIeYCHUH a30THOTO MUTA-
HUSI [IPOJIYLIEHTa UMEET He TOJbKO BHI, HO KOHLIEHTPALUs a30Ta B Cpele, TaKk
Kak u3MeHeHue cooTHomeHusi C:N, BO3JEUCTBYS Ha CKOPOCTb POCTa MPOIY-
LIeHTa, MeTa0O0IM3M, BBI3BIBACT CBEPXCHUHTE3 psijia LENIEBBIX NMPOAYKTOB (aMu-
HOKHUCIIOT, MOJMCAXapUA0B U 1p.). MUHEpabHbIC IEMEHTHl HEOOXOUMBI JIJIsI
pocTa J000ro GHOJIOTHYECKOTO areHTa, HO UX KOHIGHTpAIMs B CPeJe B 3aBH-
CHUMOCTH OT OMOJIOT'MH HCIIOJIb3yeMOro OHO0OBEKTa U 3374y OMOTEXHOJIOTHYE-
CKOTO mporecca pasnuyHa. Tak, KOHIeHTpalus Makpo3ieMeHToB B cpene (K,
Mg, P, S) 06br4n0 cocraBiser okono 10°—10~* M. TToTpe6HOCTH B MHKpO3IIe-
MEHTaX HEBEIMKH, M HX KOHIIHTPALMs B CPelaxX CyIIECTBEHHO Hike — 10—
10° M. IToaTOMYy MMKpPO3JIEMEHTBI YaCTO CIELHUAIBHO HE BHOCAT B CpPEAE, TaK
KaK MX IIPUMECH B OCHOBHBIX COJIIX M BOJie 00€creunBaroT IOTpeOHOCTH TMpo-
IyueHtoB. OTeNnbHbIe TPOAYLCHTHI B CUITY CIeU(UKH METaboIn3Ma I TIH-
TaTeJIbHBIX MOTPEOHOCTEH HYKAAIOTCS IS POCTa B HAJMYHE B CPEJIE POCTOBBIX
(akTOpOB (OTAEIBHBIX AMUHOKHCIIOT, BATAMUHOB U TIp.). [IOMUMO YUCTHIX MH-
JMBHyaJIbHBIX BELIECTB TaKOW NMPHUPOABI, Ha MPAKTUKE YaCTO HMCIOJIB3YIOT B
Ka4eCTBE POCTOBBIX JI00aBOK KYKYpPY3HBIH MM IPOXIKEBOH IKCTPAKT, KapTO-
(benbHBIA COK, IKCTPAKT MPOPOCTKOB SYMEHS, 3€PHOBBIX OTXOZOB M OTXOJOB
MOJIOYHOH MPOMBINIIEHHOCTH. CTUMYyJMpYIolee efCTBUE JaHHBIX POCTOBBIX
(hakTOpOB BO MHOTOM 3aBHUCHUT OT WHIMBHIYAJIBHBIX CBOMCTB IPHUMEHIEMOTO
MPOAYIICHTAa, COCTaBa OCHOBHOM cpelbl, ycloBui (hepMmeHTannu u ap. Jobas-
JICHWE POCTOBBIX (PAaKTOPOB CIIOCOOHO YBEJNMYUTH BBIXOJ| IIEJIEBOTO MPOIYKTA,
HarpuMep (GepMEHTOB, B JIECATKH Pa3.

TpaanuMoHHO cOoCTaB MUTATENLHOM CpeJbl, ONTUMAIIBHOM JUIsi OMOTEXHOJIO-
FMYECKOr0 MPOILECcca, OMPEesAeTCs] METOAOM [UIUTEIBHOIO 3MIMPHUYECKOTO
noj0opa, B X0Jie KOTOPOTO Ha MEPBBIX JTanax ONpPEeAeNsIeTcs KaueCTBEHHbIH U
KOJIMYECTBEHHBII COCTaB Cpeanbl. bruio CACJIaHO MHOT'O IIOIIBITOK 000CHOBaHHUS
cocTaBa cpej] ¢ MO3HULUKA (U3HOJIOTHH U OMOXHMHHU TNPOAYLEHTa, HO TaK Kak
MOTPEOHOCTH B IMUTATENLHBIX BEIIECTBAX BHJO- U JAXKE HMITAMMOCHCIU(BHYHBI,
B KXIOM KOHKPETHOM Clly4ae MPUXOJUTCS MOJ0UPaTh ONTUMAIBHBIN Il KOH-
KpPETHOTO IpOAYyILIeHTa cocTaB cpeibl. B mocnennue 20-25 nmeT Bce mmpe Hc-
MOJB3YIOT MaTeMaTHUECKUH METOH TUIAaHUPOBAHUS AKCIIEPUMEHTOB, MaTeMaTu-
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YeCKOe MOJEIMPOBAaHME OHMOTEXHONOTHYECKHX IIPOIECCOB; 3TO IO3BONIACT
O6OCHOBaHHO MOAXOAUTH K KOHCTPYHUPOBAHUIO IMUTATCIBHBIX CPCJ CACIATh UX
9KOHOMUYHBIMH.

Annaparypa. Bompocamn TexHuueckoro odecreueHusi GHOTEXHOIOrHYe-
CKHMX MPOLIECCOB 3aHMMaeTcsi OMouHKeHepus. [ pa3nuyHbIX NPOLIECCOB CY-
IIIECTBYET OrpOMHOE pa3HOOOpas3ue ammaparypbl: COOCTBEHHO JUIS IIpolecca
(epMeHTaIMK, a TAKKe JUIS BBIACICHUS W TIONYyYESHUS] TOTOBOTO MPOIYKTa.
Haubomnee cnoxxna u crieruduyna anmaparypa 1 GepMEeHTAIHOHHOMN CTaIiH.
TexHudyeckn HamboJjiee CIOXKHBIM INPOLECCOM (EepMEHTaIMK SBIISIETCS adpo0-
HBIH TIIyOWHHBIA CTEPWIBHBIA M HENPEepBIBHBIN (WM C MOIIMTKOW cyOcrpa-
TOM). AmmapaThsl UIsi TOBEPXHOCTHOW W aHa’pOOHOW (epMeHTauuu MeHee
CJIOXKHBI M 9HEPTOEMKH. B coBpeMeHHOI1 TuTepaType OnucaHsl COTHH OHOpeak-
TOPOB, OTJIIMYAIOIIMXCS 10 KOHCTPYKLHH, MPUHLIMIY padoThl U pa3mepam (OT
HECKOJIBKUX JIUTPOB JI0 HECKOJBKUX THICAY KyOOMETPOB). MHOIOYHCICHHOCTh
METO/OB KYJIbTUBHPOBAHHWE, YPE3BBIUAIIHOE MHOr000pa3hue HCIOIb3yEMBIX
OMOJIOTHYECKUX arcHTOB MPUBEIN K OTPOMHOMY Pa3HOOOPAa3HI0 KOHCTPYKTHB-
HBIX PEIIEeHHH, KOTOpPbIE 3aBHUCAT OT psila (HaKTOPOB: THIA MPOAYLEHTa H Cpe-
JIbl, TEXHOJIOTHM M MacIiTabOB IPOM3BOACTBA, a TAKXKE IIEJIEBOTO MPOIYKTa U
mp. TexHImUecKoe OCHAIIEHNe OMOTEXHOJIOTHH 0a3upyeTcsl Ha OOIUX TOI0XKe-
HUSIX TEXHMUYECKOM OMOXMMUHM U MUIIEBOH TEXHOJIOTHH, OJHAKO MMEET CBOIO
cnenuduky. [TpuHIMNMAaNbHOE OTIIMYKME OMOTEXHOJOTHYECKHX IIPOLECCOB OT
YHCTO XUMHYECKUX 3aKITI0YAETCS B CJIEYIOLIEM:

— YyBCTBHUTEJIIFHOCTh OHMOJIOTHYECKUX areHTOB K (H3MKO-MEXaHHIECKUM

BO3JICHCTBHSM;
— Hann4ue Mex(azoBoro nepeHoca BelecTB (10 TUITY KUIKOCTh — KIIET-
KN, «Ia3 — )KUAKOCTb — KIIETKU»);

— TpeOOBaHMS YCIOBUH aCENTHKHY;

— HH3KHE CKOPOCTH MIPOTEKAaHHUsI MHOTUX IPOLIECCOB B IIETIOM;

— HECTaOMJIBHOCTH LIEJIEBBIX IIPOYKTOB;

— IIeHOO00pa30BaHMUE;

— CIIO)KHOCTh MEXaHU3MOB PETYIISALNH POCTa U ONOCHHTE3A.

PaccMoTpuM HEKOTOpBIE TUIIBI (PEPMEHTAIIMOHHBIX AIapaTOB.

AHHapaTbl JUIA aHaSpOGHI)IX MMpOUECCOB JOCTATOYHO MPOCTHI 1 MPUMECHAIOT-
Csl B IIpolieccax KOHBEPCHU PACTHTENIBHOTO CHIPhSI, B TOM YHCJIE PACTHUTENBHBIX
OTXOJIOB, a TAK)KE PA3IMYHBIX MTPOMBIIUICHHBIX 0TX00B. IIpn MeTaHOBOM Opo-
KEHUH JUIA TOJTydeHus: Ouorasa, a TaKke B pAAE APYTHX MPOLECCOB (IOIyde-
HHME aleTOHA, IIAMIAHCKUX BHH) UCIOJB3YIOT (DepMEHTALMOHHBIE aIaparsl
(MeTaHOTEHKH). DTH ammapaTbl UMEIOT Pa3IMuHyI0 KOHCTPYKIHIO (OT IPOCTOH
BBITPEOHON SIMBI 10 CIOXKHBIX METAIMYECKUX KOHCTPYKIMH WM XKele300e-
TOHHBIX COOPYXEHHH) U 00BeMBI (0T HECKONBKHX O COTEH KyOOMeTpoB)
(puc.1.5). MeraHoBbIE YCTaHOBKH 0O0OpYJOBaHbI CHUCTEMOH NOAAYH ChIPbS,
CHCTEMOH TeriooOMeHax TpyO Ul CTa0WIM3aIlMK TeMIIepaTyphl, HECIIOKHBIM
MIEPEMEINBAIOIINM YCTPOMCTBOM JUII TOMOTCHHOTO PAacCTpeleNieHUs! ChIpbsS U
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Puc. 1.5. Cxema METaHOBOH YCTaHOBKH.
1 — nosupyromee ycTpoHCcTBO, 2 — TEMIIO0OMEHHHK, 3 — METAHOTEHK; 4 — ra3roJb/ep.

OuoMacchl IMPOAYLEHTa, I'a30BBIM KOJIIIAKOM M YCTPOWCTBOM MEPEMEHHOTO
oOBrema (Taszroipaep) ans coopa odpazyeMoro Omorasa.

KoncTpykuus anmapaTtoB aisi a3poOHOH (epMEeHTallul ONpeAemnsieTcs TH-
oM QepMeHTanuu U ChIpbs. Amnmaparbl sl a3poOHOM TOBEPXHOCTHOH (ep-
MEHTallMH, IUPOKO ITPUMEHSIEMBIE JUIsl TIPON3BOJICTBA OPraHMYECKUX KUCIOT U
(hepMEHTOB, TOCTATOYHO MPOCTHI O KOHCTPYKINH U, COOTBETCTBEHHO, TOAPa3-
JeTSI0TCs Ha sKkuakodasHele U TBeprodasuble. [loBepxHOCTHAS KuAKO(pa3Has
(bepMeHTaumI MMPOTCKACT B TaK Ha3bIBaACMbIX 6pOZlI/lJ'le])IX BCHTUJIUPYEMBbBIX
Kamepax, B KOTOPBIX Ha CTEJUIAKaX Pa3MEIICHbI IUIOCKHE METaUTMUECKHe KO-
BeThl. B KIOBETHl HAIMBAIOT KUAKYIO NMUTATEIBHYIO CPELy, BBICOTA CIIOS CO-
craBisieT 80—150 MM, 3aTeM ¢ IOTOKOM IOJJaBA€MOT0 BO3/AyXa Cpey WHOKYIH-
PYIOT criopaMu HpoJyleHTa. B kamepe craOmiim3upyercs BIaKHOCTh, TeMIIepa-
Typa U CKOpOCTh Iojauu Bo3ayxa. [locie 3aBepiueHus nporecca KyJnbTypaib-
Hasl )KHUJIKOCTh CIIMBAETCS U3 KIOBET Yepe3 BMOHTHPOBAHHBIE B JHUINA INTYIEpa
U noctynaeT Ha o0paboTky. IIpu TBeprodasHoli hepMeHTaHu IPoLece TaKKe
MPOTEKAeT B BEHTWIMPYEMBIX KaMepax, HO BMECTO KIOBET Ha CTeJUIaXax pas-
MEUIAlOT JIOTKH, B KOTOPbIE€ HACHINAIOT CHIy4yI0 TBEPIYIO cpeay ciaoem 10-15
MM. st sydiedl aspauuu cpenbl NOJAaBaeMblil B KamMepy BO3IAYX IMPOXOIUT
yepe3 nephopupoBaHHOE AHUIIE JTOTKOB.

Anmapatsl Jy1st a3poOHOM rTyOMHHON (hepMeHTannu HanboJiee CIOKHBI Kak
KOHCTPYKIIMOHHO, TaK M C TOYKH 3PEHMs MX DKCIUTyaTauuu. | JiaBHas 3anaua,
BO3HMKAIOIIAS NTPH MX KOHCTPYHPOBAHMH, — 00ECIIEYCHHE BBICOKOI MHTEHCHB-
HOCTH Macco- M 9HEprooOMeHa KJIETOK cO cpefoi. MaccooOMeH orpenemsieTcs
TpaHCHOpTOM (TIEPEHOCOM) KHCIIOPOJa M JAPYI'MX OWOTCHHBIX 3JEMEHTOB U3
cpenbl B MUKPOOHYIO KIIETKY M OTBOZIOM M3 Hee NPOIYKTOB oOMeHa. [ J1aBHbIM
MoKa3aTeJeM MacCOOOMEHHBIX XapaKTepUCTUK (epMeHTepa CIykuT Kodhdu-
IIUEHT MaccoIepeiadun KUCJIOPOa, TaK KaK KHCIOPOJ SABISIETCSI OCHOBHBIM JIU-
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MHUTHPYIOIMM (hakTopoM a’3poOHBIX (hepMEHTAUMOHHBIX IpoleccoB. Pacxon
KUCJIOpO/ia Ha oOpa3oBaHue | Kr OMOMacchl B 3aBUCHMOCTH OT THIIA YIIIEpOJ-
COZIEPIKAILETO CHIPbSI U CTETICHN €r0 BOCCTAHOBJICHHOCTH MOKET COCTaBIISITh OT
0.75 mo 5.00 xr. Knetku criocOOHBI yTHIM3HPOBATH KHCIOPOJ TOJIBKO B pac-
TBOPEHHOM BHJE, IT03TOMY HEOOXOIUMO IMOCTOSHHO MOJJEPKHUBAaTh €ro KOH-
LEHTPaLUI0 B KYyJIbType Ha YPOBHE, ONTUMAIBHOM [JIs1 KOHKPETHOI'O IIPOLY-
nenra. [Ipyn 3ToM CKOpPOCTH MOCTYIUIEHUS! KHCIOpOJia K KJIEeTKaM JIOJDKHA IIpe-
BBIIIATh CKOPOCTh €TO BKJIIOYEHHUS B KIJIETKH, U B OKOJIOKJIETOYHOM NPOCTPAH-
CTBE HE JIOJDKHO BO3HUKATh TAK HA3bIBAEMBIX (KOHIIEHTPALMOHHBIX siM». Kpo-
M€ 3TOro, KOHIIEHTpalus KJIETOK U PACTBOPEHHOIO CyOCTpaTa JIOJDKHBI OBITh
paBHOMEpHBIMU TI0 BceMy o0ObeMy (epmenrepa. [losTomy mnepemernmnBanue
SIBIISIETCS TAKXKE OJJHAM M3 OCHOBHBIX (DaKTOPOB, 0OECTICUNBAIOIINX TPEOYEMYyIO
THIPOJIMHAMHYECKYI0 OOCTaHOBKY B ammapaTte. [Ipy HHTCHCHBHOM HepeMelIn-
BaHHU ITY3BIPbKU BO3yXa IlpO6ﬂTCﬂ B arnmapare U AUMCneprupysachb yBEJINM4YuBa-
10T TUIOIIaAb KOHTaKTa (a3 «cpepa-kierka». OfHaKO Ype3MEepHOE MepeMelIn-
BaHME MOXKET BbI3BaTh MEXaHUUECKOE MTOBPEKACHHE ONOTOTHIECKIX OOBEKTOB.

K HacrosmeMy BpeMeHH pa3paboTaHO M MPUMEHSAETCS OTPOMHOE KOJIHYECT-
BO pa3HOOOpa3HEUIINX NMepeMENIMBAIOIINX U adpUPYIOLIUX YCTPOHCTB, U Kilac-
cuupoBaTh UX NMPAaKTHUECKH HEBO3MOXKHO. Hambonee ynauna, mo Hamemy
MHEHHIO, TIOMBITKA KIIacCH(PUKAINU (pepMEeHTAIIMOHHBIX aIlMapaToB AJIS adpod-
HOW ryOuHHON (epMeHTannu mo moaBoxy »Hepruu (Bmectyp m mp., 1986;
1987). CornacHo 3TO# KilacCU(HKAIMHK, annaparbl TAKOTO TUIA JEJSATCS Ha TPU
IpyIBI IO TOABOAY PHepruu: 1) — Kk ra3oBoii dase, 2) — k xuakou dasze, 3) —
KOMOMHHPOBAHHBIH ITOJIBO/I.

®epMeHTepHI ¢ NMOJABOJOM JHEPruM K raszopoii ¢ase (rpynma ®I'). Mx
o0 MpHU3HAK — IMOJIBOJ HEPTHHU B ammapaT yepe3 ra3oBylo ¢asy, KoTopas
siBIIsieTcs ee HocureseM. DepMeHTephl XapaKTepU3yOTCs TOCTATOYHO MPOCTON
KOHCTPYKIMEH (OTCYTCTBYIOT TpPYILIHECS, IBMDXKYILIUECS Y37bI), BBICOKOH 3KcC-
HHyaTaHHOHHOﬂ HaJAC)KHOCTBIO, HO UMCHOT HC OUCHb BBICOKHC MaCCOO6MeHHI>Ie
XapakTepUCTHKH (KOd(DHUIMEHT Maccolepeadl KHCIopoaa MeHee 4 Kr/m’)
(puc. 1.6). [larHBIe ammapatsl MPEACTABISIOT cO00i BEPTUKAIBHYIO €MKOCTb,
CHaOXCHHYIO Ta30paclpeleUTeNIbHBIM YCTPOICTBOM OJHOTO M3 H3BECTHBIX
TuroB. bap6oTaskHble razopacrnpeeNUTeNbHbIE YCTPOUCTBA OOBIYHO yCTaHaB-
JIMBAIOTCS B HWOKHEH yacTu annapara. [lonaBaeMblil cBepXy depes pacupeneiy-
TeNbHYI0 TpyOy BO3AYyX, Mpoias yepe3 6apboTep, HACKIIAET KUCIOPOIOM TOJ-
my cpensl. Kos(duuueHT MaccomepeHoca KIHCI0pOAa HEBBICOK, 1—2 Kr/M® u;
6ap00Ta)KHO-KOJIOHHBIH — B HI)KHEH YacTH KOpITyca Takoro armapara yCTaHaB-
nmuBaeTcs nephopupoBaHHAs IUacTHHA ¢ auamerpoM otBepetuit 0.0005 M wim
COILIOBOM KeKkTop ¢ amamerpom comia 0.004 m; OapOoTa)xHO-3pIUGTHBII
anmnapaT XapakTepu3yeTcsi HUIMYMEM BHYTPH OJHOTO MM HECKOJILKUX TUPdy-
30
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Puc. 1.6. @epMeHTEpHI € IOIBOIOM HEPTUH ra30Boii (aszoii (rpynma ®I') (Buectyp u ap., 1986).
a) 6ap6oTaxHblii: | — KopIyc, 2 — BO3/lyX0opacipeieInTelb, 3 — KapMaH, 4 KOJUIeKTop, 0) 6ap6oTaKHbIH KOIOH-
Hblii: 1 — Kopmyc, 2 — py6aiika, 3 — Bo3yXopacipeaeurelb, B) 6apooraxHo-3piaudraslii: 1 — kopmyc, 2 — qud-
(hy30p-TernooOMeHHHNK, 3 — BO3AyX0opacnpeaenTibe; r) rasnuTHslil: 1 — kopmyc,2 — auddysop, 3 — nucnepra-
Top,

4 — BO3yX0pacIpe/eNuTeNb, 5 — TeII000MEHHHK, 1) TpyOUaThlil: 1 — IeHoracurenb, 2 — eMKOCTb, 3 — IucIepra-

TOp, 4 — KOpIIyC, 5 — pacnpeaeuTeNbHas eperopoka, €) ¢ IaBamolei Hacaakoii: 1 — pybaiika, 2 — Tapenka,

3 — Hacazka, 4 — Kopmyc.
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Puc. 1.7. @epmeHTEpBI C BBOJOM dHEPrHHU XKUAKOHU (a3oii (rpynmna XKP) (Buectyp u mp. 1986).

a) — ¢ caMOBcachIBaroLleil Memankoi: 1 — kopmyc, 2 — Memanka, 3 — HUPKYJISLHOHHBIA KOHTYP-TEINIO0OMEHHHUK,
0) — MKEeKUMOHHBIIT: | — KopIyc, 2 — HAacoc, 3 — MIKEKTOP, B) — CTPYHHBIH ¢ 3aTOIICHHOU cTpyeit: 1 — axkekTop, 2 —
TeMIo0OMEHHHK, 3 — KopIyc, 4 — Hacoc, 5 — pacceKaTelb, 6 — Tpyba ¢ HacaJKoi, T) — CTPYHHBIi ¢ IIaBaromei
cTpyeii: | — Termoo6MeHHNK, 2 — Hacoc, 3 — KOpItyc, 4 — 9KEKTOP.

POB («CTakaHOB») WM HECKOJBKUX MEPErOpOJOK Ul MPHHYIUTEIHLHOIO pa3-
JICTICHUS] BOCXOJSIIIUX M HUCXOJSIIMX TMOTOKOB LUPKYJIHPYIOMIEH >KUIKOCTH,
9TH JJIEMEHTHI PACIOI0KEHbI PABHOMEPHO IO CEUSHHMIO armapara WiIi KOHICH-
TPHUYHO; ra3nu(THHIN KOJIOHHBIA (epMEHTEP COCTOUT U3 ABYX KOJOHH Pa3HOTO
IaMeTpa, COeNMHEHHBIX MEXIy co0oif; oHa mpeAcTaBisieT co00i GapOoTax-
HYIO KOJIOHHY C BOCXOJISIIIIUM TIOTOKOM BO3/yXa, Apyras — HUPKYJISALHOHHAS, C
HHUCXOJIAIIAM MMOTOKOM. B0o3/1yX BBOJAMTCS B HIDKHIOI 30HY ammapara B 6ap0o-
TaQXHYIO KOJOHHY; KaMepa, COCTUHSONIAs KOJOHHBI B BEpXHEH YacTH ammapa-
Ta, 00pa3yeT OOJNBIIYI0 TOBEPXHOCTh KOHTAKTa (Da3; TpyOUaTHIi ammapar CKOH-
CTPYUPOBAH I10 TUITY TEINIOOOMEHHBIX TPyO; B3aMMO/IeiiCTBHE Ta3a B TpyOe npu
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BBICOKHMX CKOPOCTSIX MPOJIYBKH 00Jiee NHTEHCHBHOE, YeM B OOJIBIIOM 00BEME,
M03TOMY MaccoOOMEH MHTEHCHBHEE; ammapar ¢ IUlaBarouield HacaJKoi Mo3Bo-
JSIeT MTHTEHCU(HUIIMPOBATH MACCOOOMEH 3a CUET YBEIMUCHUS IIOBEPXHOCTH KOH-
TakTa (a3 u TypOyIH3aIiK KUAKOCTH TpU padoTe ¢ OONBIIMMU CKOPOCTSIMU
OIa4X Ta30BON M KUAKON (a3. B ammapar BBe#eHbI CEKIIMOHHBIC 3JIEMEHTHI B
BUJI€ PELIETOK, 000PYIOBaHHBIX JIONACTHON HAcaJKol; B LIEHTPE ammnapara Ha-
xoautcs TpyOa, yepe3 KOTOPYIO BBOJIUTCS BO3IyX, a XHIKas (aza mocrymaer
IIPOTUBOTOKOM CBepXy. ['a3, mocTymnas Ha JIOMACTHYIO HACAJKy, OOBIYHO U3 TO-
JM3THIICHA, BPAIAET €€; 3TO CYIIECTBEHHO yBEIWYHUBACT MOBEPXHOCTh KOHTAK-
Ta Ta30BOM U KUAKOH (a3.

@epMeHTePHI ¢ BBOAOM JHeprum kuakoi ¢asoi (rpynna ®)XK) nanbo-
Jiee CIIOXKHBI 110 KOHCTPYKIMU U 9HEPrOEMKH, HO 00ECIEeUNBaOT Hanboee Bbl-
COKHE N0 CpaBHEHHUIo ¢ rpynmoii pepmenrepoB I'd 3HayeHus kospduumeHta
Maccorepeiadl KMCIOpO/a, CBbIIE 6 Kr/M® u. B JaHHEIX anmapaTax BBOJ dHED-
TMU OCYILECTBIAETCS XUAKOH (ha30i, OOBIYHO CAMOBCACHIBAIOLIMMH MeEIlAIKa-
MH WIN HACOCAMH; B IOCIICIHEM BapHaHTE *KUIKOCTh BBOJWUTCS B ammapar de-
pe3 CrenualibHOe YCTPOMCTBO (COIUIO, 3KEKTOp, Aucnepratop). JaHHble amma-
paTthl TaK)Ke MOXKHO HOApa3/esuT Ha paj TunoB (puc. 1.7): ¢hepmenrepsl ¢ ca-
MOBCACHIBAIOIIMMH MEHIAIKaMH HE TpPeOyIOT CIEHHATIBHBIX BO3IYXOIYBHBIX
MalllfH, TaK KaK MOCTYIUIEHHE B HUX BO3/yXa IPOUCXOIUT B PE3yJbTaTe pas-
pEeKeHUs1 B BO3IYLIHOW KaMepe MELIAJIKH, COSAMHEHHON C BO3IYXOBOAOM M C
JKHJIKOCTBIO, 0TOpachbIBaeMOH JIONAaTKaMH MEIIAIKH; B 9KEKIIMOHHBIX (hepMeH-
Tepax BO3MOXKHA PEIUPKYJIALHS ra30BoH (a3bl, 4TO 3KOHOMHT CyOCTpaT, O Ha-
KO TpeOyeTcsi Hanuuue CHENUabHBIX HACOCOB ISl NMEPeKadku ra3ocolepika-
el KyJIbTypalbHOU cpeabl. [IpuMeHeHne 3)KeKIIMOHHOTO0 BBOJIa T'a30BbIX Cy0-
CTpaToB B (hepMEHTEp MOXET WHTEHCH(HUIHMPOBATH MAacCOOOMEH Ha IMOPSJIOK;
CTpy¥#HbIE (pepMeHTEpHI (C 3aTOIUIEHHOW WM MAJaloIIel CTpyel) 000pyayIoTCs
MOIIHBIMH HaCOCaMH, KOTOpPbIE 3a0MpalOT KyJbTYPaJIbHYIO JKUAKOCTh U3 HIXK-
Hell 4acTH amnmapara 1 4yepe3 HalopHbIA TPpyOONpOBOA MOJBOJAT ITOTOK K adpu-
pYyIOIIeMy YCTPOUCTBY (IO THITY HMIAXTHOTO Iepenajia Wik HallOPHO-CTPYHHEIE).
Crpyst KHIKOCTH TIOJl AAaBIEHHEM CBOOOJHO IAaJacT CBEPXY M IPOHMU3BIBACT
a’pUpyeMyI0 KHIKOCTh A0 AHA ammapata. [IporcxoasT MHTEHCHUBHBIE TYpOY-
JiM3alusa U NepeMCIIMBaHUC KUJIKOCTH. BHI/I3y KUJIKOCTh BHOBBL 3aCacChIBACTCA
HAacoCOM W CHOBa IIOJIaeTCSl BBEPX allllapara, TO €CTh BO3HHKAET 3aMKHYTBIH
KOHTYp LHMPKyJsIuu. HemocTaTKoOM [aHHBIX alllapaToB SBISIOTCS MOTEPH
SHEPrHM TIPHU TEPEKadKe >KUAKOCTH, TPYAHOCTH MPOEKTHPOBAHHSA B CBS3H C
OTCYTCTBUEM HAJEKHBIX METOJMK pacyera KOHCTPYKLUMH U PEKHUMOB PabOTHI
CTPYHHBIX M KEKIIMOHHBIX YCTPOUCTB.

Tpetbst rpymnia annapaTroB — ¢ NOABOJOM IHEPruM ra3oBoi M KUAKOM pa-
3amu (rpynna ®)KT'). OCHOBHBIMH MX KOHCTPYKIIMOHHBIMH 3JIEMEHTaMH SB-
JSIFOTCS TIEpEMEIINBAIOIIIE YCTPOHCTBA BCEX M3BECTHBIX THIIOB, 4 TAK)KE HAJH-
YHe B COBOKYIHOCTH HAaCOCOB M IEPEMEIIUBAIOLUINX YCTPOUCTB. DTO MOTYT
OBITH anmaparsl ¢ TPYIIIOH CaMOBCACHIBAIOIINX MEIIAIIOK ¥ HACOCOM JIIs Iepe-
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KauMBaHUS KyJIbTYPATbHOM KUAKOCTH M IPYTHE COUETAHHUS MTEPEMEIINBAOIIIX
U adpUpyIoIIuX ycrpoiict. KoadduiueHT MacconepeHoca KUCIOpoia B TAKUX
(hepMeHTEepax MOXKET B MIPHUHITUIIEC UMETh JTFOOBIC U3 U3BECTHBIX 3HAYCHUS.

[lepeuncieHHbIC THITHI aNIIAPaTOB BO3HUKIIM B OCHOBHOM B T€UCHHE «IPBD»
AQHTHOMOTHKOB ¥ OeNKa OJHOKJIETOYHBIX ¥ IPUMEHSIOTCS, TJIaBHBIM 00pa3oM, B
TEXHUYECKOH MUKPOOHOJIOTHH.

IIporpecc B 00iacTH MONTy4EeHUS KICTOYHBIX M PEKOMOWHAHTHBIX KYJIBTYP
BBIJIBUTAET CIENHAIbHBIC TpeOoBaHMs K OnopeaktopaM. [Ipu 3TOM Ha TEepBBIH
IUTAH BBIABUTAIOTCS TaKWe IOKA3aTeNld, KaK CTaOMIBHOCTh OMOJIOTHMYECKHX
Ar¢HTOB, IMOBBLIINICHHBIC Tpe6OBaHl/IH K aCCIITUKE, JIUMHUTALA CPE30BBIX YCJIO-
BHU MpH niepeMemuBanud u ap. OIHAKO, MHOTHE W3 TAKUX KOHCTPYKIIHIA ITOKa
eIIe HOCAT SKCIIEPUMEHTAIBHBIN XapaKTep.

IpoaykThl. ACCOPTHMEHT NPOAYKTOB, MOJY4aeMbIX B OHMOTEXHOJIOTHYE-
CKHUX TIpoIleccax, Upe3BbIuaiiHo mupok. [1o pasHOOOpasuio u oObeMaM Mpou3-
BOJICTBA Ha IEPBOM MECTE CTOST MPOAYKTHI, OIyYaeMbIe B TpoIeccax, OCHO-
BaHHBIX HA XU3HEAEATSIFHOCTH MHUKPOOPTaHU3MOB. DTH MPOAYKTHI IMOApa3ie-
JIAKOTCA Ha TPU OCHOBHBIC I'PYIIIIbI:

1 rpynma — 6uomacca, KoTopasi sSBISIETCS IIETICBBIM IPOIYKTOM (OCIIOK O-
HOKJICTOYHBIX) WJIM HCIIONIB3YEeTCS B KadecTBE OMOIIOTHYECKOTO areHrta (Omo-
METaHOTeHe3, OaKTepHaIbHOE BhINIEIAYNBAHIE METAILIOB);

2 Tpymnmna — MepBUYHBIC META0OIMTHI — 3TO HU3KOMOJICKYJISIPHBIC COCIHMHE-
HUs, HEOOXOIMMEIC JUII POCTa MUKPOOPTaHU3MOB B KadeCTBE CTPOHTEIBHBIX
OJIOKOB MaKpOMOJIEKYJ, KOPEPMEHTOB (aMUHOKHUCIOTHI, BATAMHUHEI, OpraHUYe-
CKH€ KHUCJIOTHI);

3 rpymma — BTOPHUYHBIC META0OIHUTHI (MIUOJUTHI) — 3TO COCAMHEHHS, HE
TpeOyromuecs UIsi pOcTa MUKPOOPTaHU3MOB U HE CBSI3aHHEIC C HX POCTOM (aH-
THOMOTHKH, AIKAJIOUIBI, TOPMOHBI POCTA U TOKCHHEI).

Cpenu npoIyKTOB MUKPOOHOIOTHIECKOTO CHHTE3a — OTPOMHOE KOJTMIECTBO
Pa3INIHBIX 61/IOJ'JOFI/I‘-IGCKI/I AKTHUBHBbIX CoeﬂHHeHHﬁ, B TOM 4YHCIJIC GCHKOBI)IX u
JIEKAPCTBEHHBIX BEINECTB, (PEPMEHTOB, a TaKXKe JHEpProHocurenu (Ouoras,
CIHPTH) U MUHEPAITBHBIE PECYpPCHl (METAJUIBI), CPENCTBA Ui OOPHOBI ¢ Bpean-
TEJSMHU CEeTHCKOXO3IUCTBEHHBIX KYIbTYpP (OMOMHCEKTHINIBI) U OMOyI0OpeHus
(tabm. 1.1, 1.2). B cBs3u ¢ pa3sBUTHEM HOBEHIIUX METOJOB OHOTEXHOJIOTHH
(MHXXCHEPHO! PH3UMOJIOTHH, KJICTOYHOW M TCHHOW WHXKCHEPHH) CIEKTp Ieie-
BBIX IMPOAYKTOB HEIMpPEPBHIBHO momoiHsAeTca. Cpenyd HUX Bce OOIbIIee MECTO
3aHMMAIOT CPEACTBAa TUATHOCTHKH U JIEUeHHS (TMOPHUIOMBI, MOHOKIOHAJIBHBIE
AHTUTEJIA, BaKIIUHBI 1 CbIBOPOTKU, TOPMOHBI, MO)II/I(l)I/lLII/IpOBaHHI)Ie aHTl/I6I/lOTl/I-
KN).

1.5. KPUTEPUH OHEHKH 2OPEKTUBHOCTH INTPOLECCOB

B GnorexHonornu nmpu BeIOOpE METOa MOTYYEHHST KOHKPETHOTO IEJIEBOTO
MPOLYKTa OO0s3aTENbHO [OIKHA MPOM3BOAUTHCA TEXHHKO-3KOHOMUYECKAs
OLIEHKa aJbTEPHATUBOB IOJYYEHUsI TOJOOHBIX IMPOIYKTOB TPaIULMOHHBIMH
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Meronamu. 1o CpaBHEHHIO ¢ W3BECTHBIMH OHOTEXHOJIOTHYECKHE MPOLIECCHI
JOJI2KHBI 6])ITI) 6onee TCXHOJIOTMYHBIMH, 3KOHOMHWYHBIMHU H 5KOJIOTMYHBIMHU
100 BOOOIIE JTOKHBI UCKITIOYATh alnbTepHAaTUBBl. OleHKa albTepHATUBHOCTH
BapUAHTOB TOJIBKO 4Yepe3 ceOecTOMMOCTh MPOAYKTa — OJHOCTOPOHHsIsA. OlieH-
Koi 3¢eKTHBHOCTH OMOTEXHOJIOTHH, MOMHUMO KadyecTBa MOJIYy4aeMOro Ipo-
JIyKTa, MOKET CIIy>)KUTh COIOCTAaBJICHUE SKCIIEPUMEHTAIBHOTO U TEOPETUUECKO-
ro BBIXO/Ia TMPOJYKTa, PACCUMTAHHBIE IO MaTepHabHO-IHEPreTHYEeCKOMy Oa-
naHcy mpoiiecca. [Ipu 3ToM 3aTparhl U CTOUMOCThH CBIPbsi B KPYITHOMAcCHITa0-
HBIX OMOTEXHOJIOTHYECKUX IPOLeccax, Kak MPaBHJIO, SIBISIOTCS OIPEIelisio-
IIMMH, TI03TOMY MaTepUallbHO-dHEPreTHyecKas OLEeHKa B [aHHOM Cilydae
OYeHb CyIIecTBeHHA. 1, HapOTHB, PU HCIIOJIL30BAHUH TIPOLIECCOB HA OCHOBE
BBICOKOIIPOJYKTHBHBIX PEKOMOMHAHTHBIX I[ITAMMOB-TIPOAYIIEHTOB OCHOBHAsI
JIOJIsL 3aTPAT OTHOCHTCS HE K ChIPBIO, a K CO3/IaHMIO MTPOJIYLIEHTa U €ro MoJIep-
KaHUIO, a TAKKE Pa3pabOTKe CIELHAaIbHBIX YCIOBUI €ro KyJIbTHBUPOBAHUS, TO
€CTb B JIAaHHOM CIJIyyae 9KOHOMHKA CHIPHEBBIX M DHEPrOPECYPCOB UIPAIOT BTO-
POCTETICHHYIO POJIb.

B n1r060M OHOTEXHOIOTHYECKOM IIpoIiecce KITFOUEBYI0 POJIb UIPaeT OHoIo-
TMYECKHUil areHT, ero npupoaa u (pU3HOJIOr0-TEXHOJIOrnYecKue cBoicTna. Jlis
pocTta moboro 6noo0beKTa HyKE€H UCXOJHBIH JKH3HECIIOCOOHBIN MOCEBHOM Ma-
Tepuall, ICTOYHUKH SHEPTUH U YIIepOa, MUTATEIbHbIC BEIISCTBA Ul CHHTE3a
OGmomMacchl, OTCYTCTBHE NIEHCTBHS MHTHOUTOPOB POCTA, COOTBETCTRBYIOIIUE (hu-
3MKO-XMMHUUeCKHe yciioBus pepmenTauuu (pH, Temneparypa, aspauus u ap.).

OpnHUM 13 OCHOBHBIX IOKa3aTeled, XapaKTepHU3YIOLINX aJeKBaTHOCTH YcC-
J0BUil bepMeHTalMH, CIY)KUT CKOPOCTH pocTta npoayieHTa. CKopocTh pocta
(yBesnmueHne GMOMAcChl) OPraHU3MOB C OMHAPHBIM JEJIEHHEM B XOpOLIO Iepe-
MEIIMBaeMON Cpefie B MEepHOANYECKOW KynbType OyIeT NponopHuOHaIbHO
KOHIICHTPALM! MUKPOOHOH OMOMACCHI:

dX/dt = X,

rne dX/dt — cxopocts pocta, X — Omomacca, | — K03((UIMEHT MPOIIOPITHO-
HallbHOCTH, («yZAENbHAs CKOPOCTb POCTa»); MapaMeTp aHAJIOTHYEH CIIOKHBIM
POLEHTAM (HATIPHMED, €CIIH Y/eIbHAs CKOPOCTh pocTa pasHa 0.1 u ', — 3HaunT
yBenmueHne onomacce! paBHo 10 % B vac). Ecim BenmnunHa L TOCTOSIHHA, Kak
3TO OBIBA€T B yCTAHOBMBIIEMCS] PEXHUME KyJIbTUBHPOBAHMSA, TO WHTEIPHPOBA-
HUE NPEJICTABICHHOTO YPaBHEHU JIaeT:
InX=1nX,+ p ¢,

riae Xy — buomacca B Ha4aIbHBIN TIEPHUOT BPEMEHH 1.

I'paduk 3aBucumocTu InX ot BpemeHu OyJerT UMETh BHI NMPSIMOW JIMHHUU C
HaKJIOHOM |l. YJeTbHasi CKOPOCTh POCTa SIBISIETCS. OJHUM M3 OCHOBHBIX Iapa-
METpPOB, XapaKTEPU3YIOIIMX (DU3MOIOrHYECKOe COCTOSHHE NPOAYLEHTA; DX
JIPYTUX MapaMeTPOB MOXKET ObITh BBIPAXKEH Yepe3 3TOT M0Ka3aTelb.

IIponyKTHBHOCTHL MpoLecca XapaKTEPU3yeTCsl KOJIMYECTBOM MPOIYKTa,
MOJTy4aeMOro Ha eANHMIy 00beMa OnopeakTopa B €JUHUILY BpeMeHu. [Ipomyk-
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THUBHOCTh IPOIIECCA 3aBHCUT OT MHOTUX (paKTOPOB: aKTUBHOCTHU IPOJIYLIEHTA,
3HaYeHUH Ko3(duiMeHTa BBIXOJa MPOAYKTa M3 IOTPEOJICHHOro cyOcTpara,
KOJIMYECTBA aKTUBHOH OMOMAcCHI B (hepMeHTEpE:

I1=q Yy X[r/nul],
TZie ¢s — CKOpOCTh moTpedieHus cyocrpara (Metabonndeckuii KodQHIreHT),
Y- BBIXOJ TPOIYKTa (3KOHOMHUYECKHH Kod(duimenT), X — KOHLEHTpaIus
o6uomacckel, P — IponyKT, S — cyOcTpar.

BrusTe Ha BETHMUYUHY MPOAYKTUBHOCTH MOXKHO ITyTeM H3MEHEHHsI pa3iImd-
HBIX €€ COCTaBJIIOIINX, HO B KaXKAOM KOHKPETHOM CIy4ae 3TO HPUXOIHUTCS
paccMaTpuBaTb OTACJIBHO. TaK, IIpU MOBBIIICHUN BCJIUYUHbBI X MOI'YT BO3HHK-
HYTb OTPaHHYCHHUS [0 MAaCCOOOMEHHBIM XapaKTEPHCTHUKAM amiapara W JIUMH-
TUPYIOIINE COCTOSIHUS; BIUATHh HAa BEMUMHY MeTabommieckoro koddduiuenrta
KyJBTyphl BO3MOXHO TOJBKO IIPH YCIOBHH TIyOOKOTO 3HAHUS B3aMMOCBS3EH
MeX1y (PU3H0JIOr0-OMOXMMHUYECKMMHU XapaKTEPUCTUKAMH TIPOJYLICHTa U yCIIO-
BHSIMU CPEJIBI.

Boixon mpoaykra (Y) (3koHOMHMYecKUH Kod()HUMEHT) ompenensercs
KaK KOJMYECTBO MPOJYKTa, I0JIy4aeMOoro 13 JaHHOT'O KOJIMYeCcTBa cyocrpara:

Y=XIS,- S,
rae S u S, — KOHEeYHasl M HCXOHAsl KOHIIEHTpAIHs cyOcTpaTa.

Jannpni xo3ddunuent BoipaxaeT 3()(HEKTHUBHOCTh HCHOIB30BAaHUS CYO-
cTpara Juis MOJyYeHHMs IeJICBOr0 MPOJIYKTa M SBJISAETCS OYEHb BaKHOM xapak-
TEPUCTUKON, TaK KaK HEMOCPEACTBEHHO CBS3aH C MPOIYKTHBHOCTBIO U MO3BO-
JIIeT HENMOCPEICTBEHHO BIHATH Ha Ce0ECTOMMOCTh KOHEYHOTO MPOIYKTa. DKO-
HOMHUYECKHH KOIPPUIMEHT MMeeT YEeTKHH (PU3NYECKHI CMBICI, XapaKTepHu-
3yIOILEH CTeneHb Nepexoja dHeprHu, 3aKIIOYeHHON B cyOcTpare, B IPOIYKT.
JlaHHas BemMYMHA HEOOXOAUMA I PACUETOB M MPOTHO3UPOBAHUS IpoIiecca B
[IEJIOM M WCHONB3YeTCSl B KadeCTBE MapaMeTpa s KOHTPOISL M YIpPaBICHHUS
XOJIOM Pa3JIMYHbIX TPOLECCOB U COMOCTaBIEHUS UX I(PPEKTUBHOCTH.

KoHeuHasi KOHIIeHTpPAIUs MPOAYKTA JOJDKHA IUIAHUPOBATBHCA C YUCTOM
MIPOAOIDKUTETHFHOCTH MpOoIlecca W BEIIMYMHBI BRIXOJA MpoaykTa. JlocTmkenne
KOHEYHOW BBICOKOM KOHIEHTPAIMH MPOIyKTa OMpaBIAHO, KOTJAa BBIICICHHE,
KOHLEHTPUPOBAHHUE €r0 TPYIOEMKH U JIOPOTOCTOSIIIH.

YaenbHble 3HEPro3aTpaThl CYIMIECTBEHHO BapBUPYIOT B 3aBHCHMOCTH OT
HaIPaBICHHOCTH M CXEMBI Ipoliecca (pepMEeHTAIlH, a TaKXKe YCJIOBHH IOATO-
TOBKH CBHIpbsi Ha mNpen)epMEHTAIMOHHOW CTaJud W MOCT(HEPMEHTAIIMOHHBIX
npoueayp. YAelbHbIE SHEPro3aTparbl TaKXKEe OYEHb CYIIECTBEHHO 3aBHUCST OT
THa PePMEHTAIIMOHHOTO 000PYIOBaHUS.

HenpoayxrusHbie 3aTpathl cy6crpaTta (h) — 310 3arpatsl sHepruu cyo-
CTpaTa, KOTOPhIC HE MPOSBIIAIOTCA B MPUPOCTE MpoAyKTa. B obmem Bume oHU
BEIPAKAIOTCS Yepe3 SKOHOMUIECKUH K03 (HUIIEHT:

h = YT)KCI'IepHMeHTaIIbHLIﬁ/YTeOpeTH‘{eCKHﬁ < 1'
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HemnpongykTuBHBIE 3aTpaThl CYIIECTBEHHO BIMAIOT Ha 3(QEKTHBHOCTH U
HKOHOMHUKY OMOTEXHOJIOTHUECKOTO MpOILiecca, MOITOMY BBISBICHHE HNPUYUH U
MECT 3THX JIONOJHUTENbHBIX TPaT SHEPrHUECKOro cyOcTpaTa OYEHb BaXKHO.
HenponykTuBHbIe 3aTpaThl cyGcTpaTa MOTYT OBITH CBSI3aHBI C OLIMOKaMH IIPH
CUUTBHIBAaHUM T€HETHYECKOH MH(POPMALMU B X0A€ OBICTPOr0 pocTa MPOAYyLEHTa
U 3aTpaTaMy Ha HOAJEpHKaHHUE NIPU Pa30o0IEHHOM POCTe B pe3yibTaTe CHHXKE-
HUSE 9 PEKTUBHOCTH 00pa30BaHMs SHEPTHH B IIEIIH ITEPEHOCa IIEKTPOHOB N3-32
pa3o0mieHust okuciueHus U (HochopmIMpoBaHUs, HHAKTUBAIIMH MECT COTPSIKE-
HUS, BOSHUKHOBEHHS JIbTEPHATHBHBIX, MeHee 3 QeKTHBHBIX BETBEH, ¢ UCCH-
Nanuei SHepTruy, a TaKkKe M3-32 BO3pAcTaHHs TPaT SHEPrHU Ha IOJyIEpIKaHUe
JKM3HM 03 pa3MHOKEeHHUs (TPAaHCIIOPT CyOCTpaTOB U MOHOMEPOB B KJIETKE, pe-
CHHTE3 MOJIEKYJI, 3aIlUTHBIC PEAKLUH, IPOLECCH] perapariH).

IepBuunast oneHka >(Q(HEKTUBHOCTH OMOTEXHOJIOTHYECKUX HPOLECCOB II0
HEePEUYUCIICHHBIM NTapaMeTpaM IIPOBOIUTCS Ha CTaJUU 1ab0opaTOPHBIX pa3pabo-
TOK W WCHBITAaHWH TIpoliecca W Jajee YTOUHSETCS NMPH MacIiTaOMpOBAaHMU Ha
OITBITHBIX U ONBITHO-IIPOMBIIUICHHBIX CTaHsIX.

1.6. KOHTPOJIb 1 YIIPABJIEHUE
BUOTEXHOJIOTHYECKHUMHU ITPOIIECCAMU;
MOJIEJIUPOBAHUE U OIITUMU3ALIIA

OddexTuBHOE TIPOBEIEHNE OMOTEXHOJIOTHUECKUX MPOIIECCOB TECHO CBS3a-
HO C COBEPUIEHCTBOBAHUEM CIIOCOOOB KOHTPOJIS U yIpaBieHus. B nepuon npe-
JIBICTOpUH OMOTEXHOJIOTHU JAENAINCH OTJENbHbBIE MOIBITKH PETYINPOBATh pas-
BUTHE MPOIYLIEHTA C MOMOILIBIO U3MEHEHUH MapaMeTpoB BHEIIHEN cpenbl. Jo
cepenuHbl XX BEKa PETYIMPOBAHUE B OCHOBHOM CBOJIMJIOCH K 3MITHPHKE, TaK
Kak 0e3 3HaHUS CYIIHOCTH ITPOMCXOASIIET0 HEBO3MOKHO 3((PEKTHBHO KOHTPO-
JMPOBATh W YIPABIATH MPOLECCOM. B OCHOBHOM, 0OBEKTOM YIIpaBJIEHHS TOTO
neprona Obl1a SKCTCHCHBHAS IEPHOIUYECKAs KyJIbTypa MHKPOOPTaHH3MOB CO
BCEMHU €€ HEJAOCTATKaMHU: JUHAMHMKOH COCTOSIHHUS NMPOAYLEHTA U CPEJbl, OTCYT-
CTBHEM CPEJCTB KOHTpoJii. B mocneanue 25 ner ¢ BHEAPEHUEM YIPaBIIEMbIX
KyJIBTYp OMOTEXHOJIOTH MEePEeXOIT OT MPOCTOH 3aia4M MOAJEepPKaHus olpesie-
JICHHBIX MapaMeTPOB CPEAbI K YIIPABIECHHIO MPOIeccoM B 1ienoM. i1 peanmsa-
UM YTIPABISIEMOTO KyJIbTUBHPOBAHHUS HEOOXOAMMO MOCTPOEHHE AJrOPUTMOB
yIpaBJeHUsl, OCHOBAHHBIX Ha MOJENISIX OMOTEXHOJOIMYecKoro mnpouecca. B
COBPEMEHHBIX OMOTEXHOJIOTHUECKHX IIpolieccax HeoOXOANMO PEruCTpHpOBaTH
W aHaJIM3MPOBATH MHOXKECTBO OBICTPOM3MEHSIOMMXCS (PaKTOpOB (KOHIIEHTpA-
U0 cyocTpara, GuoMaccsl M IPOAyKTa B KyabType, pH, remneparypy, mapuu-
aJbHOC JTABJICHUE KUcIopoaa u ap.) (Tadi. 1.3). DTo BbI3bIBaET HEOOXOIUMOCTh
B NPUMEHEHHH 3JIEKTPOHHOH TexHHKH. [IepBbie pa3paboTKW MO NMPUMEHEHHIO
OBM B OnoTexHOIOTUHN OTHOCATCS K KOHITYy 60-x rT. XX Beka. Ha mepBrix 3Ta-
nax OBM mpuBiekanu B KaueCTBE COBETUMKA ONEPATOpPa, YHPABIISIOIIETO HC-
MOJITHUTCIIbHBIMA MCXaHU3MaMU I MOAACPKAaHUA ONTHUMAJIbHOIO0 TCUCHUSA
O6uorexHonornyeckoro npouecca. [Ipexne Bcero, mis coopa 1 00pabOTKH MH-
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Tab6uunma 1.3
BesM4YuHBI U pacueTHbIE NAPaMETPhI, IPUMEHsieMble /ISl yIPaBJIeHUs
OMOTEXHOJOrHYEeCKMMHU MPoLecaMu

HW3mepsiemble mapaMeTps Pacuers! Ha 6a3e U3MepeHHI

KOHIeHTpanms 0CHOBHBIX Cy6cTpaTos 1 Tipo- | ITpoaykTHBHOCTS (KT /™ ).
JIyKTOB B KyJIbTypaJIbHOM cpejie (caxapa,

1
CIHUPTBI, OPraHUYECKUE KUCIIOTHI U TIP.). YnenbHas ckopocTb pocta, p (7).

VY nenbHast CKOPOCTb OTPeOIeHHs CyOCTpaTa, ¢
(xr/xr X 9).

KoHueHTpauny BaXHEHIINX BHY TPUKIIETOU- VY nenbHast CKOPocTh 00pa30OBaHUs POIYKTA, gy
HBIX KOMIIOHEHTOB ((pepMeHThl MeTabonmu3ma | (Kr/kr X u).

yriepoja, KioueBbie Metaboauthl, ATD, .
HAJI® u 1ip.) DKOHOMHUYECKHH KO HUIIEHT,

Konuenrpanus 6rnomacc. Yy, Yx(kr/r).

CocTas MHKPODIOPHI B KyIBTYE. OObeMHBIIH K03(1)(1)}/IIHHCHT Maccoriepeiauu 1o
kucnopony, Ky, (4 7).
Konnenrpanus pactBopenusx O, u CO, B

KYJBTYpaNBHOI cperte. DHepreTuyecKuii BEIX0J OHOCHHTE3A, M.

VPOBEHb ¥ COCTOSHHE TIEHBI. Tennonpozyxis.

CyMMapHBIi yIeNIbHBIA PacXo/l ChIPb.

KoHueHTpanuus 1eneBoro npoaykKra.

(hopMar 1o MoKa3aHUsIM JaTYNKOB U AJISI IPEACTABICHHUS 3TOH MH(OPMALUH
B JIETKOBOCTIpHHUMaeMoil ¢opme. PazpabaTbiBaiu TakKe CHCTEMbI aBTOMATH-
YEeCKOTO pEryJlupOoBaHMs OTIEIBHBIX MapaMeTpoB (AO3UPOBKA CPeAbl MIH OT-
JeTIbHBIX KOMITOHEHTOB, cTabmin3anus Temueparypsl U pH cpexabl, ckopocTa
MIPOTOKA) IO MPUHIIMITY KOHTPOJIS ¢ 00paTHOH cBs3bto. [lozgaee OBM cramm
HCIIONIb30BATh ISl YNPABJICHUSI TEXHOJIOTHYECKUM IIPOLECCOM B LIEJIOM B CO-
cTaBe aBTOMaTu3upoBaHHbIX cucteM ACY. 3anaua co3nanus ACY crana oco-
OEHHO aKTyaJbHOW IPH peaM3aliy KPYITHOTOHHAKHBIX OMOTEXHOJIOIHMYECKUX
mporeccoB. B Hactosmee Bpems ACY OCyIIECTBIISIETCSI HA OCHOBE CHCTEMHOTO
M0JX0/1a, ¥ YIIPABICHUE NMEET MHOTOYPOBHEBYIO HEPAPXUUECKYIO CUCTEMY.
Brenpenne ACY 1o3BoJIsIeT OCYIECTBUTH pallMOHAIbHOE YIPaBIEHUE IIPO-
neccoM OnocuHTe3a. B pesynbraTe 3TOro SKOHOMSTCS UCXOJHOE CHIPHE, JJIEK-
TPO3HEPTHS, BOJIA, TIOBBIIIAETCS TPOLYKTUBHOCTD IPOIiecca U MPOU3BOIUTEIb-
HOCTh TPYyZia 00CITy>KUBAOIETO MEpCOHAaA. 3aTpaThl HAa CO3aHNE U BHEAPCHUE
ACY B OMOTEXHOJIOTMHU OKYIIAIOTCSl CPABHUTEIBHO OBICTPO, B TeYeHUE 3—4 JIeT.
OObIyHast cxeMa KOHTPOJISI M YHpaBlieHHs (epMeHTaluell BKIodaeT Qep-
MEHTEp, AATYNKH, PETYIMPYIOIIYyI0 CHCTEMY, KOTOpas peaM3yeT pacueTHbIC
3aBUCHMOCTH Ha OCHOBE M3MEPEHHs NapaMeTpoB mporiecca. VicxoaHble JaHHbIE
OT JaTYMKOB MOcTynaioT Ha DBM, B KOTOpOIl OHU ONEPaTHUBHO aHAIU3HPYIOT-
Csl, M B pe3ysIbTaTe BBLAAIOTCS JAHHBIE JUIS MCIOJIHUTEIBHBIX YCTPOWCTB U Me-
XaHM3MOB. B Hacrosmee BpeMs pa3padorka u BHegpeHue ACY mins OHoTexHO-
JIOTHYECKUX TIPOLIECCOB, MPEXIE BCEro, ONPENENSeTCS YPOBHEM TEXHUYECKON
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OCHAILICHHOCTH JIaHHBIX IPOLECCOB M 3aBUCHT OT YPOBHS 3JIEKTPOHHOTO 000-
PYZAOBaHUs, CPEJCTB KOHTPOJISI ¥ aBTOMaTu3aluu. Bo3HUKalOT Takke mpodie-
MBI BCJIEJICTBUE OONBIION MH()OPMALMOHHON €MKOCTH OHMOTEXHOJIOTHYECKHUX
nporeccoB. DpdexrnBHOCTE ACY 3aBHCHUT OT OBICTPOACHCTBHS U 00beMa Ima-
Mata DBM. Ilostomy mporpecc B 001acT OHOTEXHOJOTHH 3aBHUCHT OT IIPO-
rpecca B 00JacTH 3JIEKTpOHHUKU. bosbioe Oyaylee UMeeT, B YaCTHOCTH, MHUK-
ponpoueccopHas TexHuka. Bueapenue ACY chepxuBaercs OTCTaBaHUEM B
CO3/IaHUM HANEKHOH M OBICTPOACHCTBYIOMIEH KOHTPOIHHO-M3MEPUTEIHHOMN
annapaTypbl, BBIACPKHUBAOIIECH CTEPHIM3ALUIO M yIOBIECTBOPSIOMEH COBpe-
MCHHBIC Tpe6OBaHI/l${ K YYBCTBUTCJIbBHOCTU W TOYHOCTHU HU3MEPCHUA, 6I)ICTpO-
JICWCTBHIO, HAZIEKHOCTH, MUHUATIOPHU3ALHH.

MogenupoBaHne SBISIETCS OZHUM M3 HanOoyiee 3HAUYMMBIX HalpaBIICHUH
pu pa3paboTke OMOTEXHOJIOTHUECKHUX MPOLIECCOB, TAK KaK C TIOMOIIBIO MOJe-
JIMPOBAHMsI, SIKCIIEPUMEHTAIILHOIO U MaTEMaTH4eCKOr0, UCCIEIYIOTCS U pa3pa-
0aTpIBAIOTCS HOBBIE POIIECCHI, COBEPUICHCTBYIOTCS alllapaThl U TEXHOJIOTHYe-
CKHE CXeMbI MPon3BOACTB. [Ipn sKCIepuMEeHTaIbHOM MOJEIMPOBAHUN B J1a00-
PaTOPHBIX U MPOMBIIIIEHHBIX YCIOBHAX NMPUMEHSAIOTCS, KaK IMPaBHUIIO, MOJIEIN
00BEKTOB W IPOLECCOB, OTJIMYAIOIIUECs MaciitabamMu. DKCIEPUMEHTAIBHOE
MO/ICTIMPOBAaHHUE MO3BOJISIET MCCIIENOBATH M ONTHMH3HPOBATH MPOLECCHI, CYII-
HOCTB KOTOPBIX MaJIo M3y4eHa. JIaHHBIM IMOIX0/ YacTO CIIYyKUT CIHHCTBEHHBIM
CPEACTBOM JUIA HCCIE0BaHMs OMOTEXHOJIIOTHYECKOTO Mponecca. [lepBbiM 3Ta-
IIOM HKCIIEPUMEHTAILHOTO MOJAEINPOBAHUS CIIY)KHUT Ja0OPAaTOPHBIA YPOBEHb, B
X0J1€ KOTOPOTO TP CPAaBHUTEIILHO HEOOJIBIINX 3aTpaTax MPOBOANUTCS N3yUEHHUE
HOBBIX TPOAYLIEHTOB M pa3pabOTKa HOBBIX HporeccoB. Jlamee momydeHHbIE
pe3ynbTaThl IEPEHOCAT B OMBITHBIC, MOIXYIPOMBIIIICHHBIE U MPOMBIIIICHHBIE
MaCU_lTa6]:l. Ha onbITHBIX yCTaHOBKax O’I'pa6aT]>IBaIOTCSI BCC TCXHOJIOTHYCCKUEC
Jetanu Oyamymiero rnporecca, o0y4aercst epcoHall, co3aercss 000pyI0BaHMe,
YTOUHSIIOTCS TEXHUKO-)KOHOMHUYECKHE IOKa3aTenu. 3aTeM IMPOBOISTCSA KpPyTI-
HOMAacIITaOHbIE JOPOTOCTOAIINE MPOMBIIUICHHBIE JKCIIEPUMEHTHI U HCIIbITA-
HUsS. DKCIIEPUMEHTAIBHOS MOJICIMPOBAHHE UMEET Psifi OCOOCHHOCTEU: TPYIO-
€MKOCTb, CIIO)KHOCTh peajM3allii HOBOI Mozenu npouecca. Hanbonee TpyaHsl
IIPY 3TOM BOIPOCHI MacIITaONPOBaHUS TEXHOJIOTHU U 000pynoBaHus. Pa3Burue
OGMONIOTMYECKNX areHTOB CBSI3aHO HE TOJBKO C MOBEAECHHEM XHIKOCTH U pea-
TeHTOB B (pepMeHTepe, HO ¥ C UX COOCTBEHHBIM MeTabonu3MoM. [loaTromy mac-
mrabupoBaHue B OHOJIOTHM TPEeOYyeT CIEHHUAIbHBIX PEIICHWH, IPH 3TOM IO
HACTOAIIEr0 BPEMEHH HET €IMHOrO MOAXOAA K PEIICHUIO JaHHOU 3amadu. s
ONTHUMU3AIMN U YNPABICHUS OMOTEXHOJIOTMYECKHMHU IPOLECCAMH, HOMHMO
OKCIIEPUMEHTAILHOTO, HEOOXOJMMO TaKXKe IPHUBJICYCHUE MAaTeMaTHYECKOIO
MOJICTIMPOBAHMS. DTH JBa MOJX0/1a, JOMOIHAS IPYT IpyTra, MO3BOJISIOT Ooiee
3¢ PEKTUBHO pemaTh MOCTABICHHBIC 3aIa4l. DKCIIEPHIMEHTAFHOE MOIEIHPO-
BaHME YacCTO IPEIIECTBYET MATEMATHIECKOMY, SIBIISISICH [UIsl HETO UCTOUHUKOM
nHdopmannu. MaremaTuueckie MoJIesd — yI00HOe CpelCcTBO 0000IIeH s IKC-
NepUMEHTAIBHBIX JaHHBIX. Hannmunme MaTemMaTndecKux Mojened IO3BOIseT
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06onee 00OCHOBAaHHO MOIXOIUTH K TUIAHUPOBAHHIO SKCIIEPUMEHTOB W 0Opalda-
ThIBaTh JaHHBLIC, CYIICCTBCHHO COKpallaTb 06])eM OKCIICPUMEHTAJIbHBIX pa60T.
Jis MonenupoBaHusS M pacdera OMOTEXHOIOTUYECKUX IMPOIECCOB B CHIY HX
CJIOYKHOCTH TPHUMEHSFOT CHCTEMHBIN MOAX0A. MaTeMaThyeckas MOJIENb CIIOXK-
HOW OMOCHCTEMBI J0JKHA BKIIIOYATh ONMMCAHUE PAa3IMYHBIX [0 CBOEH mpupoje
00beKTOB M siBieHUi. [1oaTOMY, aHanM3upyst OMOJIOTNYECKYI0 CUCTEMBI B Lie-
JIOM, IPUMEHSIFOT METO/] ICKOMITO3UIIIH, PACUICHSS HCXOIHYIO CHCTEMY Ha PsijI
TTOJICUCTEM: CTPOATCS MOZIETH MaccOoOOMeHa, KHHETHKH pPOocTa OHOOOBEeKTa U
onoxuMudeckux mpormeccos. K HacTosmeMy BpeMeHH pa3paboTaHO MHOTO MO-
neneil MaccooOMeHa, KHHETUKU MOTpeOacHus cyOcTpara U 00pa3oBaHUs pa3-
JIUYHBIX TPOXyKTOB. Hanbomnee cnoxHas 3amaya — MOJICIHPOBAHUE COOCTBEHHO
OMOJIOTMYECKUX OOBEKTOB, TaK KAK OHU 3HAYMTEIILHO CIOXKHEE XUMHUYECKHX,
¢busnueckux 1 TexHuuecknx. OObEKThl OHOTEXHOJOIHH CHOCOOHBI K camope-
TYJIMPOBAaHUIO, UX CJIOXHOCTh YCyryOIIsieTcsi HeOJHOPOJHOCTHIO. [Iporecchsl,
MIPOTEKAIOIINE B OMOPEaKToOpe, 3aBUCAT HE TOJIBKO OT CIIOKHBIX BHYTPUKIIETOY-
HBIX (HAKTOPOB, HO U OT YCJIOBHI BHEIIHEH CpPE/bl; B CBOIO OYEpEe/b, BHEIIHNE
MIPOLIECCHI B OMOJIOTHHU CBSI3aHBI C BHYTPEHHUMH, [TOITOMY UX Pa3lIelIuTh Hellb-
3s. KpoMme 3TOro, Ha JaHHOM 3Tare YpOBHS Pa3BUTHS MaTeMaTHUeCcKoil Ouoo-
MU OTCYTCTBYET TEOpHSs, a/IeKBaTHAsl CYIIHOCTH OMOJIOTHUECKHX IPOLIECCOB.
IToka He co3maH MaTeMaTHYECKHH ammapar, CIOCOOHBIH ONHCaTh MPHUPOLY
OMOJIOTHYECKNX TPEBpaIICHH BO BCEM MHOT000pasuu, TO €CThb HE0OXOIUMO
pa3BUTHE W COBEPILCHCTBOBAaHHE CAMOI'0 MaTeMaTH4YeCKOro ammapara. Marte-
MaTHYeCcKOe OIMcaHue OMOJIOTUYECKHX OOBEKTOB JOMOIHUTEIBHO OCIOXKHSIET-
Csl UX HEIOCTATOYHON H3y4eHHOCTHIO. [103TOMY Ha JaHHOM 3Tare BO3MOXKHO
JIOCTATOYHO YIPOIICHHOE U MPHOIMKEHHOE MAaTeMaTH4eCKOe OMUCcaHne OUoo-
TMYECKUX OOBEKTOB, 9TO HAIpPABJICHHWE HYXIACTCS B CYIECTBEHHOM COBEp-
[ICHCTBOBAHUU.

Ontumu3aiist OHOTEXHOJIOTUYECKUX MPOIECCOB OCYIIECTBISETCS HA OCHO-
BE COYETAHUsI IKCIEPUMEHTAIILHOIO M MaTeMaTHYeCKOTO MOJCIHPOBaHHS U
MNPpUMEHCHUSA COBPEMCHHBLIX METOJI0B ONTHUMU3AlIUU ([ll/IHaMI/I'-IeCKOFO n HEIu-
HEHHOTO MpPOTrpaMMHUPOBAHUS, BapHUANMOHHOTO wucuucieHus). OmHako B Ha-
CTOSIIIIee BPEMsI JJIsl OLIEHKH ONTHMAIbHOCTH OHOTEXHOJIOIMYECKUX MPOLECCOB
TPYIHO Aaxe nomo0pars kputepuu. [Ipu onTUMU3anuu B OMOTEXHOJIOTHH He-
O6XO[[I/IMO YUUTBIBATHL OTPAaHUYCHUS, CBA3aAHHBIE C SOKOHOMHWYCCKUMU U KOHCT-
PYKTHBHEIMH YCJIOBUSIMH, BO3MOXKHOCTSIMU KOHTPOJBFHO-U3MEPUTEIHLHOMN arma-
patypsl ¥ CPEJICTB yIPABICHUS, IKOJIOTHUECKUMHU TpeOOBaHUAME U Jp. Moje-
JIMPOBaHKHE W ONTHMH3ALMs OMOTEXHOJOIMYECKUX MPOLIECCOB — 3aJadya CI0XK-
Has ¥ BO MHOTOM ellle He pemieHHas. OJJHako MIMEHHO pa3padoTKa aJeKBaTHBIX
MoJieNiel pa3IMYHBIX OMOTEXHOJOTMYECKUX IPOLECCOB U HA X OCHOBE CO371a-
HHUE COBEPIICHHBIX METOJOB ONTUMH3AIMU U YIPABICHUS — BaKHEWIee Ha-
MpaBJieHre OMOTEXHOIOTHH, 0€3 KOTOPOro HEBO3MOXKEH MPOrpecc.
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I'nmapa 2. IPOMBIIJIEHHAS MUKPOBHUOJIOI' UA:
IMPOLHECCHI ITPOU3BOJCTBA
ITOJIE3HBIX BEILIECTB

I[IpoMbInIeHHASsT MUKPOOMOJIOTHSI — 3TO HayKa O MOJYYCHHUU Pa3IHYHBIX
I[EJICBBIX MPOIYKTOB Ha OCHOBE JKU3HEACATCILHOCTH MHUKPOOpraHu3MoB. [1po-
MBIIIUICHHAsT MUKPOOMOJIOTHS (WM TEXHWYECKas MHKPOOHOJOTHS) B HACTOS-
11ee BpeMsl MPelCTaBIsIeT cO00i TakKe CaMOCTOATENIbHYI0 U Haubolee KpyIi-
HOTOHHAXXHYIO OTPAac/ib COBPEMEHHOW MPOMBINUICHHONW OuorexHosoruu. Or-
POMHOE Pa3HOOOpa3re MHUKPOOPTaHHU3MOB, YTHIIM3HUPYIONIMX B Ka4eCTBE POC-
TOBBIX CYyOCTPATOB Pa3IHUYHBIC COCJMHEHHS, B TOM YHCIE OTXO[bI, MO3BOJISIET
MOJy4aTh IIHUPOKUN CIEKTP OHOJIOTHYECKH aKTHBHBIX COEIMHEHH, a TaKKe
OCYIIECTBJIATh MOJIC3HBIC JJISl YeIOBEKA PEaKI[UH, BKIIIOYas 00C3BpEKHBAHUE
OTXO/IOB, TPaHC(HOPMALIUIO U MOTYUCHIE SHEPTUH, H MHOTOE JIPYTOe.

B Hacrositiiee BpeMsi B pa3IMYHBIX MIPOIECCAX MPOMBIIUICHHONH MHUKPOOHO-
JoruH Toxy4atoT okoso 200 coexanHeHHH, 00Ja1al0MMX KOMMEPYECKOH IeH-
HOCThIO. BaKHEWIIMMHU CpeIu HHUX SIBISIOTCS: aIKaJOWIbI, aMUHOKHCIIOTBI,
aHTHOMOTUKHU, aHTUMETA0OIHUTHI, aHTHOKCHUIAHTHI, OCIKH, BUTAMHUHBI, TepOu-
IUJIbI, HHCEKTUIUABI, KOQEPMEHTBI, JUITU/IbI, HYKJICMHOBBIC KHCIOTHI, OPraHu-
YEeCKHe KHMCJIOTHI, TUrMeHThl, [IAB, mosrcaxapubl, MOJIHOKCHAIKAHOATHI, IPO-
THUBOOITYXOJICBbIEC arcHThI, PACTBOPUTEIIH, caxapa, CTCPUHbBI, (PEPMEHTHI, HYK-
JICOTUJIBI, HYKJICO3HIBI, IMYIIEIaTOPHL.

2.1. BEJIOK OJHOKJIETOYHbIX

Hauboee nehuuTHEIM KOMIOHEHTOM THIIH SIBIIIETCS OEIIOK, B OCOOCHHO-
CTH, — BBICOKOI OMOJIOTMYECKON IIEHHOCTH, TO €CTh HMBOTHOT'O IPOUCXOXKIE-
HUs. MupoBasi OTpeOHOCTh B Oelika B HAcTOsALIEe BPEMs YJOBJIETBOPSIETCS
npumMepHo Ha 40 %. Ilpeanonaraercs, uro k 2000 rogy ¢ pocToM HaceneHUs
MOTPeOHOCT B OENKe YBENUYUTCS, TIPH 3TOM JePHUIUT KOPMOBOTO OeKa BO3-
pactet 10 147 %. IloaTromy m3bickanue 3()(HEKTUBHBIX CIIOCOOOB YBEIHUYCHHUS
pecypcoB Oeska Juisi IPsSIMOTO HITH HENPSIMOTO (Yepe3 OpraHu3M CeIbCKOXO03sIH-
CTBEHHBIX >KUBOTHBIX) YBEJIWYEHMS IHIIEBBIX PECYPCOB SIBISETCS OIHOW W3
OCHOBHBIX 337[a4 Hay4YHO-TEXHUIECKOTO Iporpecca.

HerpaauunoHHBIM ¥ IPUHIUIHAILHO HOBBIM CIIOCOOOM TIOJTyYEeHUs OENKO-
BBIX BEIIECTB SBJISIETCS MHKpOOMojoruueckuii cunte3. [lo ckopoctu pocra
MHUKPOOPIaHU3MBI TIPEBOCXO/IAT CEJIbCKOXO3SHCTBEHHBIE KyJIbTYPhl B COTHH, a
JKUBOTHBIX — B ThICA4H pa3. [l03TOMy MUKpOOHOIOrHIeCKHi CHHTE3 ¢ OOobLIeH
3 PEKTUBHOCTBIO UCIIOIB3YET MATEPHATIBHBIE U HEPTETHUECKUE PECYPCHI, HE
TpeOyeT OOJBIINX 3eMEIbHBIX IUIOIACH U HE 3aBUCHUT OT MOTOJHBIX U KIIUMa-
THUYECKHX YCJIOBHH M HE 3arpsi3HACT OKPY)KAIOIIYIO CPEdy SIMOXUMUKATaMH, TaK
KaK He UCIIONb3yeT mecTUIabl. KauecTBo MUKPOOHBIX OeIKOB OIM3K0 Oemkam
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JKMBOTHOTO MPOUCXOXkeHus. [I[pumMeHeHne MUKPOOHBIX OEJIKOB B KOPMOIIPO-
N3BOJCTBC YJIYyUIIacT Ka4C€CTBO U YCBOACMOCTb TPAAMIHUOHHBIX PACTHUTCIILHBIX
kopmoB. Hampumep, 1 T KOPMOBBIX JPOXKEH 00ECHCUYUBACT SKOHOMHUIO 5 T
3epHa M YBEJIMYMBACT NMPOAYKTHBHOCTH B >KMBOTHOBOAcTBE Ha 15-30 %. Co-
BpPEMEHHBIN CPEJHUI 3aBOJ] MO MPOM3BOICTBY MUKPOOHOTO Oelika MOIIHOCTHIO
50 1/ron u 3anuMarommii 0.2 ra MOKeT o0ecrednTh NOTPeOHOCTh B Oeke 70 10
MJIH. 4enoBeK. CellbCKOXO3SHCTBEHHBIE TEXHOJIOTHH JJIsl TaKUX MaclTadoB
TIPOU3BOICTBA TPeOYIOT 10 16 THIC. ra, 3aCesHHBIX MIICHUIEH, 100 comepika-
Hue GepMbl ¢ Tpon3BoaUTENBHOCTHIO 400 mopocsat/aeHb. B 60-e rombl mosBuiI-
Csl HOBBII TEPMHUH — «OeJoK OxHOKJIeTOo4YHbIX» (single cell protein, «SCP»),
O3HAYaIOIINIi [1eNble HEXKUBBIE BBICYILICHHBIE MUKPOOHBIE KJIETKH (BOIOPOCIIEH,
TIpOXOKeH, OaKTepHii, TpuOOB), MpeTHa3HAUYCHHBIE B Ka4eCTBE OEIKOBOTO IIPO-
IOyKTa Il KOPMOBBIX M MIUIIEBBIX IeJeld. TepMIH HECKOJIBKO YCIOBEH, TaK KaK
B MHKpPOOHBIX OMOMAaccax MOMHMO OCJIKOB CYIICCTBEHHYIO IIOJIO 3aHUMAIOT
JpyrHe KOMIIOHEHTHI — caxapa, JIMIIHIbI, HyKICHHOBBIE KUCIOTHI. benok onHo-
KJIETOYHBIX JTOJDKEH YIOBJIECTBOPATH PSAAY CIIEIHANBHBIX TpeOoBaHMiA. [ TaBHBI-
MU SIBJISIIOTCS: IMUTATENbHOCTh, MEPEBAPUMOCTh, IKOHOMHUECKas 3(PPEeKTHB-
HOCTb. IlutarenbHOCT MUKPOOHOrO OejKa, orpenesseMasl Mo XHMHUYECKOMY
COCTaBy, OJIM3Ka TPAJAUIIMOHHBIM OEJIKOBBIM MpoayKTam (Tadi. 2.1).

Muxkpobnast bromacca MUTaTelIbHA, €CIIH €€ KOMIIOHCHTHI TIePeBapHUBAIOTCS
(epMeHTaMU THIIEBAPUTEIBHOTO TPAKTA BBICHIMX JKMBOTHBIX HJIHM YeJIOBEKa.
HpeHHTCTBI/IeM 9TOMY MOTYT 6])ITI) KJIIETOYHbBIC CTCHKU OTACJIbHBLIX IMPOAYUCH-
TOB, KOTOPBIE IIPEABAPUTEIBHO MPUXOANTCS Pa3pylliaTh, a TAK)KE BHICOKUH ypo-
BEHb HYKJICHHOBBIX KHACIOT. [lociemare MeTaboIM3upyrOTCs B OpraHU3Me KH-
BOTHBIX M BBIBOJSTCS M3 OpPraHU3Ma C YPUHH, CIEAOBATENBHO, HE MPEACTABIISA-
IOT JJI BBICIIMX JKMBOTHBIX ONACHOCTH. J1J1s1 yesioBeka Takol ypOBEHb HYKJIEH-
HOBBIX KHCJIOT HENPUEMJIEM, TaK KaK B XOJI€ X YCBOSHHS BO3MOXHO Hapyllle-
HHE 0OOMEHa BEUIeCTB M BOSHUKHOBEHHE MATOJIOTUIECKUX COCTOSHUM. [ToaTomy
JUIsl TIMIIEBBIX LieNieil MUKpPOOHYI0 OnoMaccy IpeBapuTelbHO 00pabaThiBatoT,
HCIIO0JIB3YS PAa3JIMYHBIC METOABI Pa3spyHICHUA U ACHYKICOTU3allUU.

Ta6nuna 2.1
XUMHYECKHI cOCTaB MUKPOOHBIX 0MOMACC M TPAAUIMOHHBIX 0eJIKOBBIX MPOIYKTOB
(mo Waterworth, 1982)

Cocras, % | Bomopocrm | HHTHATE | 1iooucey | Bakrepun Cos PoiGras
IpHObI MyKa
Benok 47-63 31-50 47-56 72-83 45 64
Kupst 7-20 2-8 2-6 1-3 1 9
3omna 7 2 6 8 6 18
Jluzun 2.4 1.5 4.2 4.1 2.8 4.0
Meruoni- 1.7 0.8 1.7 23 13 2.8
Iucrenn
HywrenHospie| 3 g 9 6-12 8-16 Her Her
KHCTIOTBI

40



B TeXHHKO-?KOHOMHYECKHX IOKA3aTeIsIX MHUKPOOHMOJIOTHYECKOTO CHHTE3a
Oernka onpenelnsioliee 3Ha4YeHNE UMEIOT YAEIbHBIE 3aTpaThl U CTOMMOCTh Chl-
pbst (o 50 % B cTpykType Bcex 3arpar) M sHeprosarpatsl (1015-30 %). ITo-
ATOMY Ba)KHEHIIIUM BOIPOCOM IpH pa3pabOTKe HOBBIX TEXHOJOTHH MOTYICHUSI
Oenmka OIHOKJIETOYHBIX BOIPOC JOCTYHMHOCTH CBHIPhEBOH 0a3bl. JlocTymHOCTB
CBIPBSl MOJpPa3yMeBaeT HaJIM4yHe Pa3IHYHBIX PE3ePBHBIX BapHaHTOB, IO3BO-
JISIOLUX ONEPAaTUBHO 3aMEHATH U HUCIOJIb30BATh Pa3JIMYHbIE UCTOUHUKU CBHIPBS
0e3 CyIIeCTBEHHOTO M3MEHEHHUs KadyecTBa IOIyd4aeMoro mpoaykra. B compe-
MEHHBIX IPOMBIIUICHHBIX MPOIECCax UCHOIB3YIOT KaK «JUCTOE) CHIPhE TOCTO-
STHHOTO XMMHYECKOT'0 COCTaBa, TaK M KOMIUIEKCHBIE COeIMHEHHUs, BKJIIOYas OT-
XOJIbI pa3InYHBIX NMPOoM3BOACTB. [locnenHee HanboIee BBITOHO SKOHOMUYECKH
U IMEET OTPOMHOE 3HAYCHHUE JIJIsI OXPaHBI OKPYKAFOIIEH CpeIbL.

MuKpOoOpraHu3Mbl CIIOCOOHBI YCBAaMBATh PasIMYHBIE YTIEPOJCOACPIKAIIIE
cyOcTpaThl, KOTOpPbIE IIPUHATO ITOAPA3AEIATh Ha HECKOJIBKO MOKOJICHUH:

1-e moKoNeHue — yraeBobl;

2-e TIOKOJICHUE — JKUAKHE YTIIeBOAOPO/IEI;

3-e MOKOJIeHHEe — OKCHIATHl YTIEBOAOPOAOB, ra3000pa3HbIe yIIeBOAOPOIEI,

YTIEKHUCTBIN ra3, BKII0Yas CMECH C BOAOPOAOM.

HezaBucumo oT Buaa MCHONIB3YEMOTO CHIPBS, TUIIOBAs CXeMa MHKPOOHO-
JIOTUYECKOTO MPOU3BOJCTBA OIKa BKIFOYAET MOJYYCHHE W ITOATOTOBKY CBI-
pBs, TIOTy4YeHHE IMOCEBHOTO MaTepuana, (epMEeHTALNIO, BEIIETICHIE, HHAKTH-
BallMlo, CryIIEHHE MHUKPOOHOI OHOMacchl, MOCIENYIOLIee BBICYIIUBAHHE U
CTaHAAPTU3ALUI0 TOTOBOrO MpoAyKTa. bonbiloe 3HaueHHEe MMEET KauecTBO
HCXOJHOTO ITOCEBHOTO MaTepuaiia (MHOKYNIATa). THOKYIST MOMydaloT U3 My-
3€MHOM KyJNbTYpbl B HECKOJIBKO CTaAuil ¢ NPUMEHEHUEM NPUHLIMIA MacuITa-
oupoBanus. [1oArOTOBICHHBIC MHOKYJISIT, OCHOBHONH pPOCTOBOH CyOCTpar u
BCE HEOOXOIMMbIE MUTATEIbHBIE KOMIIOHEHTEI BMECTE C BO3AYXOM IOJIAIOT B
(depMeHTep, B KOTOPOM MPOUCXOAUT OCHOBHAS CTAIUS OMOTEXHOIOTHIECKOTO
nporecca — (pepmenranuonHas. Ctaaus GpepMeHTALH TPOBOJUTCS B COOT-
BETCTBHH ¢ TEXHOJIOrMYECKHM PErIaMEeHTOM, pa3paboTaHHBIM JJIsi KOHKpET-
HOTO Tpolecca, BKIIIoYast cyOcTpar W THII MPOAYLEHTa, U CBOJAUTCS K JIO3H-
POBaHHOMY TIOCTYIUICHHIO B (pEpMEHTEp MMOTOKOB IHUTATEIHHBIX BEIIECTB U
BO3IyXa (WIM Ta30BOM CMECH), CTaOMIM3AIMH OCHOBHBIX ITapaMETPOB MpPO-
I[ecca Ha 3aJaHHBIX YPOBHSIX U CBOEBPEMEHHOMY OTBOJAY U3 almapara oTpa-
0OTaHHOTO BO3/1yXa, OOpasyloIMXcs MPOAYKTOB, a Takke Terua. Makcu-
MaJbHBIE CKOPOCTH CHHTE3a OCITKOBBIX BEHIECTB MHKPOOHBIMH KJIETKaMHU
peanu3yroTcs IpHU ONTUMAIIBHBIX YCIOBHSX CPEbl, KOTJa yAeIbHas CKOPOCTh
pocra Onm3ka K MakcuManbHOW. [ToaTOMY It monydeHus: Oenka OJHOKIIe-
TOYHBIX OMOTEXHOJOTMYECKHE IPOLECCHl PEATN3YIOT B IIPOTOYHOM PEXHME,
KOTOPBIH TO3BOJISET CTAOMIU3UPOBATHh NMPAKTHUYECKU BCE MAapaMeTphl CTaguu
(bepMeHTalNU Ha YPOBHSX, ONTHUMAJIbHBIX JUJISl PA3MHOKEHUS KIIETOK CO CKO-
pOCTSIMH pOCTa, OJM3KMMH K max, TO €CTh B peXHMe OeIKOBOI HampaBiieH-
HOoCcTH OumocmHTe3a. [Ipm mpomsBoncTBE OMOMACCHl B KadecTBE KOPMOBOTO
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0EIKOBOTrO NMPOAYKTa, KaK MPaBUIIO, OCYLIECTBISIETCA PEXKUM HE3AIIUIIIEHHON
(dbepMeHTanMK, TO €CTh Oe3 coOJroIeHus mpaBui cTepuiabHocTU. [locnentee
OIIpaB/aHO KaK YCJIOBUSAMH (pepMeHTanuu (MPOTOYHOE KYJIHTHBHPOBAHUE),
TaK ¥ Crenn(uKOi MPUMEHSIEMBIX CyOCTpPaTOB M IITAMMOB-TIPOAYICHTOB, a
Takxke chepoil MPUMEHEHUs] KOHEYHOro npoaykra. Ilomydaemas Ha cTaguu
¢dbepmenTanuu cycnensus ¢ 1-2.5 % copepxaHueM MHKPOOHOH OMOMACCHI 110
cyxomy BemmectBy (ACB), To ecth 10-25 kr/m°, Ha OCT(hEPMEHTALHOHHOM
CTaJINH TOJBEPraeTcs CTYIICHHIO B HECKONBbKO 3TamoB 10 12—-16 % ACB u
TepMooOpaboTKe, B xo1e KoTopod B TeueHue 10—40 muuyt mpu 75-90°C
MIPAKTHYECKH BCE KIETKH IMITaMMa-NPOAYLEHTa M COIYTCTBYIOLIAas MHKpO-
¢nopa morubaror. ITocme cramum TepMooOpPaOOTKH CYCIIEH3WIO B BAaKyyM-
BBIMAPHBIX YCTAaHOBKaX CrymaroT 10 KoHueHTpamuu 20-25 % ACB u nanee
BBICYIIMBAIOT IO OCTaTOYHOM BJIQXKHOCTU KOHEUHOTO MpoaykTa okosio 10 %.
Jlanee MeJIKOIUCIIEPCHBIM ITOPOMIOK BBICYHICHHBIX KJIETOK T'PaHyIUPYIOT.
[Mopomok mmu rpanymar ¢acyror mo 25-30 Kr ¥ 3aTapuBalOT B MHOTOCIIOH-
HbIe OyMa)KHBIE MEILIKH.

OO0si3aTeNbHBIM YCIIOBUEM TEXHOJOTMYECKOro IpOIecca IOJIyYeHUS! MHK-
poOHOI OmoMacchl SIBIISIETCS OYMCTKA ra30-BO3YIIHBIX BBIOPOCOB, KOTOpHIE
0o0pa3yroTcss Ha cTagud (EepMEeHTAIlMH W TOCT(QEpPMEHTAIIMOHHON CTamuul M
MPEICTABIAIOT c0o00i OomplIre 00BEMBI BO3/yXa, 3arpS3HEHHOTO >KUBBIMU
MHUKPOOHBIMH KJIETKaMH, OCJIKOBOW IMBUIBIO U IPYTMMHU MPOAYKTAMH MHKPOO-
Horo cuHTe3a. OYNCTKE MOJBEPTaloTCs TaKkKe OOJbIINE 00BEMBI KYJIBTYpPalb-
HOW JKHIKOCTH, 00pa3yeMoi Iocie OTHeNeHus KIeTouyHol Omomacchl. Oum-
LIEHHAs KHUIKOCTh HCIOJIb3YETCs B LIUKIJIE OOOPOTHOTO BOJOCHAOKEHHS TEXHO-
JIOTHYECKOW CXEMBbI IIPOU3BO/ICTBA.

TexHosorus moiy4eHuss MUKpOOHOTo Oellka SBJIETCS B HACTOSIIEE BpEMs
caMOi KpPYITHOTOHHAXHOH OTpAacibl0 OHOTEXHOJIOTHH, MPOU3BOMAIICH BaXK-
HEeHIMe KOPMOBBIE IpenapaTbl M OeNKoBble NO0aBKU AJS >KHUBOTHOBOJCTBA,
3BEpPOBO/ICTBA, NTHLIEBOACTBA, PHIOOBOJICTBA, & TAaKXKe OEJIOK MHUIIEBOTr0 Ha3Ha-
YEHUsI C MCIIOIb30BaHUEM Pa3HOOOPAa3HOTO CHIPbs M CyOCTpaTOB.

Cyocrparsbl I-ro nokojienus — yrijieBoabl

Wnero ncnonp3oBaHuss OMOMAacChl MEKPOOPTaHI3MOB B Ka4eCTBE OCITKOBBIX
KOMITOHEHTOB muTaHus ¢ 1890 r. Haganm npomaranauposath JenbOprok, KOTO-
pBIH BMeCTe ¢ KoJleraMy pa3padoTai NepBblil TEXHOJIOTHYECKUH MTPOILIECC BbI-
pammBaHus MUBHBIX Jpoxiokei Saccharomyces cerevisiae Ha Menacce. [loiy-
YEHHYIO IPOXKEBYI0 OHOMACCYy PEKOMEHIOBANIM HCIONB30BATh B KadecTBE
6emkoBOi 100aBKK B MUIIEBBIE MPOAYKTHL. Bo Bpems mepBoif MUPOBOIT BOIHEI
MOILHOCTb JEHCTBYIOUMX B ['epMaHuU yCTaHOBOK IIO IIPOU3BOJCTBY JPOKKE-
Boro Oenka mocrurana 10 Teic. TOHH/T. [lody4aemblii POAYKT MCHOIB30BAIN
TJIaBHBIM 00pa3omM, mobasmsas B MsicHble (papmu. K cepenmne 30-x Tom0B mpo-
M3BOZCTBA APOXOKEH Ha THIPONIHM3aTaX OTXOJOB CENbCKOTO XO3SICTBA M epe-
BOOOPa0ATHIBAIOIICH MPOMBIIUICHHOCTH, CYJIb(QHUTHOM IIEJIOKe, Oapie TUapo-
JIU3HBIX 3aBOJIOB CTAaJI TOSBJATHCSA B Pa3HBIX cTpaHax. B Poccum mepsebrit 3a-

42



BOJI IO TIPOU3BOICTBY KOPMOBBIX IPOXIKEH M3 OTXOIOB CEIBCKOTO XO3SHMCTBA
6bu1 mymieH B 1935 r. Bo Bpemst BTOpoit MHpOBOii BOHHBI OMOMacca MUIIEBBIX
npoxokeit (Candida arborea u C. utilis) Takke ObUTa BaXKHBIM OCITKOBBIM KOM-
noHeHToM nuTanus B I'epmanuu. Ilociie BTopoii MUpOBOIl BOMHBI cepusi 3aBO-
JIOB II0 MTPOU3BOJICTBY MUILEBBIX IPOXOKEH HA YIIICBOJHOM CHIPbE IPOU3BOIH-
TenbHOCTHI0 10—12 TOHH B CyTKHM ObLIa MOCTPOEHA B PA3HBIX CTPAHAX.

B Hacrosiiee BpeMsi B MHKPOOHOJIOTHUECKHX MPOM3BOJACTBAX Oejka INpH-
MEHSETCS PazIMgHOe caxapocojaepikaliee Chpbe. JTO OTXOIBI MUMIEBOH, MO-
JIOYHOMH, CIIMPTOBOM, CaXapHOM M LIEJUIFOJIO3HON IPOMBILUIEHHOCTH U IPOAYK-
ThI TIEPEPa0OTKH PACTUTEIHHOTO CHIPBS (IPEBECHHBI, COJIOMBI, TOpha, HeChe-
JIOOHBIX YacTel pacTeHui — cTelun, JIy3ra, KouepbDKKH). [IuTarensHble cpessl,
MIPUTOTOBIICHHBIE HA OCHOBE MEPEUMCIIEHHBIX CyOCTpaTOB, comep:kKaT HaOOPHI
MOHO- ¥ TUCAaXapOB, OPraHUIECKHE KHUCIOTHI, CITUPTHI M APYTHE OPTaHUIECKUE
COG/IMHEHUS, & TAaK)KE€ MHHEPAJIbHBIE AJIEMEHTBI, TO €CTh SBIISIFOTCS CJIOXKHBIMH
MHOTOKOMIIOHEHTBIMH cyOcTpaTaMu. [1o3TOMy mpH WX NpUMEHEHWH HCIIOJb-
3YIOT IITAMMBI-IIPOIYIIEHTHI, CIOCOOHBIE, BO-TIEPBBIX, YCBAMBATh KaK MEHTO3HL,
TaK U Te€KCO3bl, U, BO-BTOPHIX, — YCTOWYMBBIE K IPUCYTCTBHIO CIIUPTOB, Gypdy-
poia u Jpyrux NpOAYKTOB THIPOJIM3a PACTHTENBHBIX OMomacc. Hambomnbiiee
pacrpocTpaHeHHe MOTYYIIH BUABI Ipoxokeit pona Candida: C. utilis, C. scottii,
C. tropicalis, crtocoOHBIE YTHIM3UPOBATH HAPALY C TEKCO3aMU IIEHTO3BI U TOJIEe-
panTHbIe K Hanuuuio Gpypdypona B cpene. Apoioku yTUIU3UPYIOT YIIIEPOICO-
Jiep)Kaline KOMIIOHEHTBI THAPOJIM3aTOB, CYJIb(UTHOrO MIEJOKa, IOCIeNI0Ba-
TEJIFHO: TIIIOK033, YKCYCHAs! KHCJIOTa, MaHHO3a, KCHIIO3a, TaJIaKTo3a, apaOuHO-
3a. B 3aBHCHMOCTH OT BBIOpaHHON CXEMBI KYJIbTUBHPOBAHUS JPORCKEH MOITHO-
Ta WCHOJB30BAHUS MEPEUHCICHHBIX YTIEPOACOAEPIKAIINX KOMIIOHEHTOB pa3-
JIMYHA; MaKCUMaJlbHasi — IPH UCIIOJIB30BaHUM CMEIIaHHBIX KyilbTyp. [Ipume-
HSIOTCS J1Be, HanbOoiee >pexTHBHBIE, CXEMBI COeMHEHUS (pepMEHTAIIMOHHBIX
amnmapaToB IPpH cOBMecTHOM BhIpammBaHum C. scottii u C. tropicalis: nByxcTy-
MeHyYaTass TOCHIeoBaTeNbHAas M MapaieNbHO-IIoCieoBaTeNbHas. B mepBom
BapUaHTe B KayeCTBE MCXOIHOW MHUTATEIbHOW Cpelbl MCHOJIB3YIOT Hepa30as-
JICHHBIN THApOIM3aT (Cyclio) ¢ KOHIEHTpauuei pexyuupyoonmx Bemects (PB)
30-35 r/x (o macce). B nepBom ¢epmenTepe yrunmsupyercs okono 70 % PB,
TJIaBHBIM 00pa3oM 3a CYET JITKOYCBOSIEMBIX T'€KCO03, A0 OCTaTOYHON KOHIICH-
tpanuu PB okono 10—15 1/1, B ocHOBHOM, TieHTO3. [TosyyeHHBIC B IEPBOM arl-
napare JApOXOKH BBIJEISIOTCS M3 IPOXOKEBOH CYCIIEH3MH M IMOJBEprarTcs 00-
paboTKe [0 TOJY4YeHHS TOTOBOTO TPOIYKTa; a OTHENCHHAs KyJIbTypaibHas
KHJIKOCTh TOCTYIIaeT BO BTOPOW ammapar, B KOTOPOM OCTaBIIHECS ITEHTO3HI
YTWIM3UPYIOTCSL OoJiee TNPHUCHOCOOJEHHBIMH K HHM JAPYTMMH IITaMMaMHu
nposxokeit. I1o BTopoMy BapHaHTY HCIIONIB3YIOT JBa IHOCIIEIOBATEIBHO COEIH-
HEHHBIX (pepMeHTa: B MEPBHI MOCTyNaeT pa30aBIeHHOE CYCIIO C KOHIICHTPAIH-
eit PB okono 15-18 1/n1; B HeM B X0/ie (pepMEHTALUH APOAOKEH YTUITUZUPYIOTCS
B OCHOBHOM IeKco3bl. Jlanee apoxokeBas CyCIEeH3Us MOCTyHaeT BO BTOPOH aml-
napar, B KOTopoM 0e3 podaBieHus cyOcTpaTta MPOMCXOANT JOYTHIIM3AIHNs OC-

43



TaBImMXCcs caxapoB. OOmuil BEIX0I Apoxoker qocturaet npu 3tom 70—80 % mo
OoTHolIeHHo K PB.

BrlpamBanue 1poxokeld Ha JaHHBIX CyOcTpaTax OCYLIECTBIISIIOT B ammapa-
Tax ’paudTHOTO THMA 00BeMoM OT 300 mo 600 M ¢ BBOJIOM BO3IyXa B HIK-
HIOIO 30HY ammapata npu u36srrounom gasnerann 40-60 Klla. B mporecce Ha-
CBIILIEHHS] TUTATEIbHOM CPEAbl BO3YXOM 00pa3yeTcsi ra30-KHKOCTHAS DMYJIb-
cHs, LIMPKYJIMpYIOIIasi 1o BceMy o0beMy armapara, obecrieunBaromast 3 gex-
TUBHOE TIepeMermBaHue cpensl. s 60prObI ¢ 00pa3yromIenicss mpu a’spamnuu
MEHOH HCHOIB3YIOT MEXaHHYecKoe IeHorameHue. Paboumii o6bem ammapara
cocrasisier okoino 70 % or obuiero odbema. Ha oTnenbHBIX mpennpusTusx
MIPUMEHSIOT TaKke 0apOoTakHO-3pIUQTHBIE (hepMeHTephl 00JbLIero 00beMa,
110 1300 M’ ¢ BO3LyXOpachpeIeeHHeM 10 HECKOIBKUM, OOBIYHO 4—5 30HaM.

[Ipouecc BeIpamMBaHus IPOXKIKEH OCYIIECTBIAETCS B HENPEPHIBHOM PEXKHU-
M€ NpPH CKOPOCTH MpOTOKa cpensl, paBHOU 0.20-0.25 u-1, pH 4.2-4.6; Temmne-
parypa cpesbl COCTaBIIeT B 3aBUCUMOCTH OT HCIOJIb3YEMbIX ITaMMOB OT 30—
35 mo 38-40°C. Casur pH B KHCIyI0 CTOPOHY B X01€ (pepMEHTAIMH IPOAOKEit
ABTOMAaTUUYECKU KOPPEKTUPYETCS IOATUTPOBKOM CpeAbl aMMHA4YHOM BOJOM.
s otBona oOpasyroierocst B Xoz1e (pepMEHTAalMK TEIIa B COCTABE aIaparoB
MIPUMEHSIOT TEITIOOOMEHHBIE YCTPOWCTBA B BHIE 3MEEBHKOB, 4€pe3 KOTOPHIC
LUPKYIUPYeT oxJaxaeHHas Boga. CycreHsus, ciuBaeMasl U3 amnmapaTa, ¢ co-
nepxanueM apoxoked ot 20 1o 40 r/n u BnaxxHOCTBIO 75 %, MOCTyHaeT Ha CTa-
10 00pabOoTKM M KOHIIEHTPHPOBAHMS, B X0OJe KOTOpOH mozaBepraercs ¢uiora-
LIUH, TPEXCTYNEHYATONH Cemapanuy, TepMooOpadoTKe M BBICYMIMBaHMIO. JlJist
oOorammeHus IpoxoKEeBOW OHMOMacChl BUTAMHHOM D, ApOXOKH OOIydaroT yibT-
paduonerom, 1moj Bo3AEHCTBUEM KOTOPOTO COAEPIKALIMICS B JIMIUAHON (pak-
MM KJICTOK 3PrOCTEpUH NpeBpalaeTcsi B BUTaMUH. /Il 3TOTO CryIIEHHYIO
CYCIIEH3HIO JIpOXOKEH NPOKAYMBAIOT IO KBapleBbIM TpyOkam. CoxepxaHue
putamuHa D, mocturaer 5000 ME/1 r ACB. B coctraBe GroMacchl ApOXoKen
(%): Genok — 43—58, munuet — 2—3, yraeBoasl — 11-23, 30ma — 11, ocTarounas
BIaXXHOCTh — He Oosiee 10. BbIxoa ToBapHBIX ApOoXoKel Ha MPOJYyKTax repepa-
OOTKH OTXOZOB IPEBECHHBI coCTaBIsieT 46—48 %. DT0 COOTBETCTBYET BBIXOAY
240 xr ACB aposxokeii ¢ 1 T OTXOI0B, IPU TOM SKOHOMHYCCKHI KOI()HUIIHEHT
UCTONIb30BaHus cyOcTpaTta coctaBisieT 0.4-0.6, 3aTparhl YIJIEBOJOB Ha MOJY-
YyeHue Grnomaccsl — 0koj1o 2 T, kuciopona — 0.7—1.0 1/1. Y nenpHast npousBoau-
TeIBHOCTh ammapatoB — 15-20 Kr/M’ B CyTKM NpH PacXoje 3JIeKTPOIHEPIUH
600-800 kBT u.

HapamBanue o05eMOB IIPOM3BOJICTBA KOPMOBBIX JIPOXIKEH Ha THIIPOJIN3a-
Tax APEBECHHBI CIEP)KUBACTCS CYIECTBYIOIIMM YPOBHEM TEXHOJIOTHI XHMMHUYe-
CKOTO THAPOJIM3a PACTHTEIFHOTO ChIphs. HekoTopsle mpenMymiecTBa UMEIOT
IIPOLECCHl MONYyYSHNUSI KOPMOBBIX APOXCKEH Ha NMPEINPHUATHSIX LEIUTIOI03HO-
OyMa)XHOH TPOMBINIJICHHOCTH, TaK KaK OTXOAbI JaHHOTO MPOM3BOJCTBA (CYyJIb-
(GUTHBIA IEJIOK, MPEATrHIpoSIN3aT) UMEIOT CPaBHUTEIBHO HU3KYIO ce0ecTou-
MOCTb. Bbixoa npoxoxeil u3 1 T 1esnono3sl Jocturaetr 37 K- OpU KOMILIEKC-
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HOM TIOJIyYeHUH APONOKEH U crupTa u 96 Kr — MPH MOIyYeHUH TOJBKO JIPOXK-
xKeit. [IPOM3BOIMTENBHOCT TPOLECCa COCTABIACT 2.4 Kr/M® U, COIEpKaHHe
CBIpOTO NpoTenHa B 6nomacce — 48 %.

IpeacraBnsieTcsi MEPCIEKTUBHBIM MPHUBJICYCHUE B KA4eCTBE cyOcTpara st
MOJy4eHHsT KOPMOBBIX JPOJ}OKEH MPOJYKTOB COBMECTHOTO THAPOJIM3a PACTH-
TCJIBHOTO CBIPbS U HUJIa OUUCTHBIX COOpyH{CHHﬁ. le/l OTOM NUTATECJIbHasA Cpe€aa
JIOTIOJTHUTEIBHO 00O0TalaeTcsi aMUHOKUCIOTAMU PAaCTUTEILHOTO U )KUBOTHOTO
MPOUCXOXKACHHUSI. ITO YBEINYMBACT BBIXOJI APOAOKEH U collepKaHie B HUX Oell-
ka. CeippeBast 0a3a IpOM3BOACTBA MUKPOOHOTO KOPMOBOTO O€JIKa pacIIupseTcs
TaKKe 3a CYET HMCIIOJB30BaHHUs THAPOJIM3ATOB TOpda, KOTOpHIE COAEpKar B
OOJIBIINX KOJIMYECTBAX JIETKOYCBOSIEMbIE MOHOCAXapa, a TaK)Ke OPraHW4YecKue
KHCIOTHL. Brixox aposxoker mocturaer 65-68 % ot PB rumpommsaro, npu
3TOM Ka4eCTBO APOMKIKEBOH OHOMACCHI IPEBOCXOIUT APONIKH, BBIPALLICHHbBIE HA
THJPOJIM3aTaX OTXO0J0B PACTUTEIBHOTO CHIPHSI.

Cpenu HOBBIX HCTOYHUKOB CBHIPbS OOJBIION HHTEPEC NPECTABIAIOT TaK Ha-
3bIBa€Mble BO300HOBIISIEMbIE PECYPCHI YTIIEBOJOB, MOJyYaeMble M3 JIUTHHH-
LEJUTIOJI03HBIX MaTepuaiioB. JlaHHbIe MaTepHaibl C LEIbI0 OCaXapUBaHUS IO
BEpraroT 00paboTKe ¢ UCIOJIb30BAHHEM TPAIUIMOHHBIX (DPU3UUECKHX M XHMH-
YECKMX, a TaK)Ke OMOTEeXHOJOTHYECKHX METO/OB, HallpuMep, Ha OCHOBE Lell-
JIFOJIOJIUTUYECKUX (PEPMEHTOB MIIM MHKPOOHBIX KJIETOK. MHKpPOOHBIC KIETKU
(apoxoku, OakTepuu, TPUOBI OEON THHUIIM) B TIPOIECCE POCTa pasiiararoT Iiel-
JI0JIO3Y M O0OTramaroT I0JydyaeMblid OENKOBBIH NPOJYKT aMHUHOKHCIIOTaMHU.
Kpyr Takux npoayneHToB pacmupseTcs 3a cUeT ObICTpOpacTyLIUX HpeICTaBU-
Telned He TONBKO JAPOXOKEH, HO W TpuOOB M OaKTepwii, HAIpUMEP POIOB
Trichoderma, Cellulomonas, Aspergillus u Alcaligenes, obianaroumx no cpas-
HEHUIO C IPOsOKaMu 0o0Jiee BBICOKUMH CKOPOCTSIMH POCTa M JIy4YIIUM HaOOpoM
aMHHOKHCIIOT.

Cyocrtparsl 1I-ro nokoJieHus — JKMIAKUE YII1€BOI0POAbI

Cnoco6HOCTP MUKPOOPTaHU3MOB HCIIOJIB30BATH B KAYECTBE OCHOBHOTO POC-
TOBOTO CyOcTpara yrieBogopoas! Obuia qokasana TaycoHoMm B 1935 r. MHTeH-
CHBHBIE Hay4HBIE MCCIIEJOBAHUS YIIIEBOAOPOJIOB B Ka4eCTBE MMOTEHIIMAIBLHOTO
cyOcrpata [uis TosrydeHus Oellka OZHOKIJICTOUHBIX ObUTH pa3BepHYTHI B 50—60-¢
roapl XX cTojeTus. bbIo yCTaHOBIEHO, YTO MHUKPOOpPIaHU3MaMH MOTYT Yc-
BaMBAThCS MPAKTUYECKH BCE KJIACCHI YITIEBOLOPOOB, BKIIOYAs MPSIMOTOHHBIE
JU3CIIbHBIC q)paKLII/II/l, OYUIICHHBIC XUJAKUEC Hapa(bl/IHbI, MacCJISAHbIC JUCTUILIATHI
u Jpyrue HeTenmpomyKThl, coiepkamiie n-napaduHbl, HO C HaHOOJIBIINMU
CKOPOCTSIMU YTHIIU3UPYIOTCS YTIIEBOIOPOABI HOPMAIBHOTO CTPOCHUS C [UIMHOM
yraepoaHoii uenu C;—Cig, Bckunaromue mpu 200-320°.

B kauecTBe mITaMMOB-TIPOAYLEHTOB O€jiKa OJHOKJIETOYHBIX Ha YTJIEBOIO-
polax HamOoIbIIee paclpocTpaHeHHe MoMydnnu apoxokn poma Candida: C.
guilliermondii, C. maltosa, C. scottii. [lonyueHHbIe B pe3ysbTare CeJIeKINOHHO-
TeHETUYECKOW paboThl ObICTPOpACTYLIHME IITAMMbI YCTOWYHBBI K BBHITECHEHHIO
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JPYTMMH MHUKPOOHBIMHM BHIAMH B YCJOBHUSIX HECTCPHIIBHOH NPOMBIIIIEHHON
KYJIBTYPBHI.

YT1eBo0opobl MPOHUKAIOT B MUKPOOHBIE KIIETKH Yepe3 JHUIUAHYIO (pak-
LU0 KJICTOYHOH CTEHKH, MMEIOIIEeH ruIpooOHyI0 CTPYKTYpY, 10 HUTOIIa3Ma-
THUYECKOI MeMOpaHbl O TPAaJUEHTy KOHLEHTpauuu. MHKpOOHOIOTrHuecKoe
OKHCIIeHHE n-TlapaMHOB BKJIIOYAET HECKOJIBKO ATaroB. B pesynbrare nepBuy-
HOTO OKHCIICHHUS! YTIIEBOIOPOJIOB 00Pa3yIOTCs CIIMPTHL:

R —> (CH,), —> CH; + O, + HAJT —2H
R—> (CHz)n —> CHzOH +02 + HAI[ Hz.

CrupTsl fajiee ¢ y4acTHEM aJIKOTOJIbJIeTHAPOreHa3bl OKUCIIAIOTCS [0 ajble-
THJ0B, KOTOpBIE ajbJIeTHICTHIPOreHa30i OKHCIAIOTCS 10 KucioT. Jlamee B
peakuusix B-okucineHus npu ydactuu aneTui-KoA oOpasyrorcs cooTBeTCT-
BYHOIME MNPOU3BOJHBIC KHUCJIOT, KOTOPLIC MNPHU YYaCTHU alCTHUITHUAPOICHA3bI
OKHCIISIIOTCS ¢ 00pa30BaHUEM COEIMHEHUH ¢ IBOMHON YITIEpOIHOM CBSI3bIO:

R—CH,—CH,~ CO-S—KoA —2* 5 RH=CH-CO-S - KoA.

Jlanee HeHaCBHILCHHOE COCJMHEHHE TUIPATHPYETCs, MpeBpaiiasch B [3-
KHCIOTY:

RH=CH-CO-S-KoA —1° y R CHOH - CH,-CO—S - KoA,
Koropaa BOCCTAHABJIMBACTCA 10 KETOKUCIIOTHI:
R—CHOH - CH, — CO - S —KoA — R — CO — CH, — CO — S — KoA.

Peaxiuu B-oKUCICHUS 3aBEPILIAIOTCS PU YUACTUH O-KETOAIETHITHONA3HI C
oOpa3zoBanueM areTwi-KoA u JKHPHOHM KHCIOTHI C YKOPOUYEHHOW Ha 2 aToma
yIJIepo/ia LEenbio 0 CPAaBHEHHIO C HCXOIHON KHCIIOTOM:

R-CO-CH,;-CO-S -KoA + HS - KoA -
—R—-CO-S—-KoA—-CH;—-CO-S —KoA.

Anernn-KoA->pup >XKHpHOH KHCIOTBI CHOBa BCTYNAeT B peaknmuud [-
OKHCIICHHS.

ITpu monydenun OeIKOBOH OMOMAcChl Ha YIIIEBOIOPOJAX MMEIOTCS CYIIe-
CTBCHHBIC OTPAHUYCHUS, TAK KaK B MCXOJHBIX MapaduHaX MOTYT HMPUCYTCTBO-
BaTh IUKJIWYECKHE yTiieBogoponasl. [loaToMy B KadecTBE CBHIPhSI MOTYT OBITH
HCIIOJIb30BAHBI TOJBKO BHICOKOOUYHUINEHHBIE MapadUHbl C COJCpPKAaHUEM apoMa-
THYECKUX yrieBogopooB He Oosee 0.01 %. ITapadunbl He pacTBOPAIOTCS B
BOJIE, TIOATOMY KyJIbTHBHUPOBAHHE Ha JTAHHOM cyOcCTpare OCYyILIECTBISETCS B
SMYJIBCHH, TIPEICTABIAIONIEH COO0H MEIKO AUCTIEPTHPOBAaHHBIE B Cpele Karuind
YTJIEBOAOPOAOB AMAMETPOM He Oomee 5 MKM. B maHHOM cirydae KynbTypa sB-
nsiercsi 4eTbipexdazHoil cucTeMol («ra3 — MKHUIKOCTh — JKHIIKUE YTIIEBOJAOPOIbI
— MHUKpOOHBIe KieTkn»). Kpome mepememBanust Ha 3 eKkTHBHOCT AuCIIEp-
THPOBAHUS YTIIEBOIOPOMIOB OKA3bIBAET BIMSHUE TaKXKe MOBEPXHOCTHOE HATS-
JKEHHE, TI0ATOMY OYCHb BaYKEH COCTaB M PEOJIOTMYECKIE CBOMCTBA MUTATEIFHON
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cpenpl. [lapaduHbl ci1y)aT TOIBKO UCTOYHHUKOM DHEPIHU U YTIIEpoJa Ul MUK-
POOPraHU3MOB, IIOATOMY BCE HEOOXOIMMBIE Ul pOCTa APOMIKEH MaKpo- U
MHUKPOAJIEMEHTHI JIO3UPYIOT B MHUTATEIBFHYIO CPEly B COOTBETCTBHH C MOTPEO-
HOCTSIMHU B HUX KYJIBTYpHL. B IUTaTeNBbHYIO Cpemy BBOASATCS Cylb(haT aMMOHHS,
cynepdocdar, XJI0pua Kaiusi 1 PacTBOP MHUKPOIJIEMEHTOB, a Takxke [TAB ms
CHWIKXCHHA MOBEPXHOCTHOTO HATAXKCHUA U IMOBBIIICHUS CKOPOCTHU POCTA APOK-
kel Mcmonb3yemast it KOPPEKIUH P-H Cpelbl aMMHAa4YHas BOJA SIBISCTCS
TaKXKe JIOTIOJIHUTEIBHBIM HCTOYHHKOM a3ota. Coneprkanue mapaduHOB B HC-
XOIHON HHUTATeNIbHOW cpelae Ha cramud (epMeHTaruu coctaBimsier 3—5 %. C
YBEJIMYCHUEM KOHIICHTPAILMH yriiepoja MOTPEOHOCTH KYJIBTYPhI B KHUCIOPOJE
BO3PACTAIOT, TaK KaK YTIIU3AIHS YTICBOJOPOIOB KICTKAMH OCYIIECTBIISICTCS B
pexume MHTEHCUBHOM a’paLnu. [MotpebHOCTH YIJIEBOAOPO-
ACCHMIJIMPYIONINX APOXOKEH B KUCIOpoae B 2.6—2.8 pasa BbIIIE IO CPABHEHUIO
¢ IpoIeccoM Ha yrieBogax. Pacxon Bosmyxa cocraiser ot 20 10 50 M Ha |
kr ACB npoxoxeil.

D dexTuBHBIN Mpoliece MOMydYeHUs OeNKa OTHOKIECTOYHBIX Ha KAIKUX YT-
neBogopoaax peanmsyercs B pepmentax tuna b-50, mpencraBnsiommx coOon
12-ceKIMOHHbIA anmapar B Bue Topa o0umM obbemom 800 M mpu pabouem
o6beme 320 M°. Kaxas ceKuus anmapara cHabeHa MepeMelIMBaoliM YCT-
POWCTBOM B BHJIE€ CAaMOBCACBHIBAOIICH MEMIANKA TypOMHHOTO THUIA M 3KEKIIH-
OHHBIM ycTpoicTBoM. CycneH3us B Xojie (pepMeHTaIMy MOCIeI0BATeIbHO MPO-
xouT Bce cekimu. [Ipu 3ToM B 1-9 cekiusax peanusyercs aKTUBHBIA POCT Kile-
TOK TPU HEMPEPHIBHOM TOCTYIUICHHUH YTJICPOTHOIO CyOCTpaTa; B IMOCICIHUX
TpeX — TaK Ha3bIBaeMasi CTaJus «IO3PEBAHUM», B XOAE KOTOPOWH IMmomada cyo-
CTpaTa MpeKpamaeTcs U MPOUCXOTUT OKHCICHHE M JOYTHIN3AIUS APOXOKaMHU
OCTATOYHBIX YIJIEBOAOPOJOB. Takod pexuM IO3BOJSIET MPAKTUYECKU IIOJIHO
YTHIU3UPOBATh CyOCTpaT U MONYYUTh MPOAYKT C JOIMYCTHMBIM YPOBHEM OCTa-
TOUHBIX yrieBopoponoB (He Oomee 0.01 %). OkwucieHue yriIeBOAOPOAOB C
OOJBIIUME 3aTpaTaMH KHCIOPOJA COIPOBOXKAAETCS OOIBIINM TETIOBBIIENE-
HueM (2.5-3.5 kkan/kr). [loaTomy cucrema OTBO/a TeIlia MPEICTABISAET CO00i
BCTPOCHHBIC TEIUIOOOMEHHUKH C MOBEPXHOCTHIO 0 3000 M’ Ha KaXIIyI0 CEK-
uio. Bpems mpeObiBaHUs KyJIBTYypHl B alliapaTte COCTaBISIET OKOJO &8 9, CKO-
pocThb mpoToKa cpembl — 10 0.22 u ' npu crabunmsanuu pH Ha yposHe 4.0-4.5,
temrepatypsl — 32—-34°C. [Ipou3BoIuTENBHOCTh Mpoliecca AocTuraer 27 T B
CYTKH, SKOHOMUYECKHi KoddduimeHT mo yraeBomopomam — 1.0—-1.2, 3arpatsl
yriieBoopooB — 0.9—1.0 T, kuciopona — 2.4-2.8 /v ACB. T'oToBbIil POIYKT,
BBK, nmonyuyenHsli Ha yrieBonopoax, coaepxkut (%): ceipoit nmpotenH — a0 60,
>kupbl — 5, yrneBoasl — 10-20, 3o0ma, Bnara — 10 10; Butamun D, — o 4000 m.e. u
BUTaMHUHEI TPYIIIEI B.

K cepenune 70-X I'T. TEXHOJOTHH IOTyYeHHs OeIKa OJHOKIETOYHBIX Ha yT-
JeBojiopoJax ObLIM pa3paboTaHbl BCEMH Pa3BHTBIMHM cTpaHamu. KpynmHOTOH-
Haxkaeie npousBoactBa BBK Opumm co3ganer B CCCP, Urtamum, Pymbraum,
®panmm. B 1980 r. 06pembr mponssojctea coctaBmmm: CCCP oxomo 1.0 mMurH.
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/3 20 000 /T Bo @paniuu; 300 000 1/r B Utanuu; 1500 1/r B Pymbianu, 5000
T/r B BenukoOpurtannu. OHAKO 3TO HANpPAaBJICHUE MMPOU3BOJCTBA OEJKa OJIHO-
KJICTOYHBIX HE IOJNyYHIIO Pa3BHUTHs, 32 HCKIIOYEHHEM Poccuu, Tak Kak CTOH-
mocTh BBK u3 yriieBogopoioB noka He yiainoch CHU3UTh 1O YPOBHS TpaJuLIU-
OHHBIX KOPMOBBIX IPOIYKTOB (COEBOW M PRIOHON MYKH).

Cy6cTpats! I1I-ro noxosieHust — OKCHAAbI YIJ1€BOOPOIOB,
razoo6pa3Hblie yrjieBo0pPOIbl, YIJIEKHUCI0TA, BOAOPOI

HepCHeKTI/IBHbIMI/I BUIAaMU ChIPpbs IJIs1 KPYITHOTOHHAXKHOTI'O IMOJTYUYCHUSA MUK~
poGHOTO OesKa MPUHSITO CUUTATH CITUPTHI, IPUPOIHBIH a3, BOJOPOI.

MacurraObl IPOU3BOJICTBA, TEXHOJIOTUYHOCTh HU3LIMX CIIUPTOB M KAa4eCTBO
MOJy4aeMOTr0 MUKPOOHOTO OeJKa BBIBHUHYJIM METAHOJ U ATAHOJ B Pa3psij Hau-
Oosiee MEPCHEKTHUBHBIX cyOcTparoB. MccienoBaHue MPOIECCOB MUKPOOHOIO
CHHTE3a Ha CIHPTax ¢ cepeauHbl 70-X T0o/10B OBUTH Pa3BEpPHYTHI BCEMU Pa3BH-
THIMH CTpaHaMU. BbUIO MOKAa3aHO, YTO CIIOCOOHOCTh YCBaMBAaTh METAHON MPH-
cyma kak jgpoxokam (poma Hansenula, Candida), tak u Oakrepusim
(Pseudomonas, Methylomonas).

YcBoeHre METaHOJa MHKPOOPraHM3MaMH MPOUCXOIUT B pe3ysbTare 3-x
MOCIIE0BATENbHBIX CTAIHUI Yepe3 popMabaerul i GOPMHUAT JI0 YIIIEKUCIOTHI:

CH;0H — HCOH — HCOOH — O,.

[Ipenmy1ecTBa MeTaHOIA 110 CPABHEHHIO C JKUJIKUMH YTIEBOIOPOIAMH CO-
CTOSAT B IPEKPACHON PacTBOPUMOCTH B BOJIE, BHICOKOH YHCTOTE W OTCYTCTBUH
KaHIEPOTEHHBIX NPHMeceii, BHICOKOH JIeTydecTH. DTO MO3BOJIIET JETKO yAa-
JIATh €0 OCTaTKH U3 TOTOBOTO MPOJYKTa HAa CTaJUU TEPMOOOPAOOTKU U BBICY-
muBaHuA. TeruoBblIeNieHne B X0/ie ()epPMEHTALM Ha METaHOJIe TaKXKe Cyllle-
CTBCHHO HIDKE BCJCICTBHE XHMHUYECKOTO CTPOCHUS CHHPTOB M HAJMYUSI B UX
cocTaBe KuciIopoa. bruonornueckass akTHBHOCT CIIUPTOB, IPOSIBIISIONIASICS 110
OTHOIICHHIO K MOCTOPOHHEH MHUKpOQIIOpE, SIBISETCS AOTIOJIHUTEIBHBIM (haKkTo-
poM, 00ecHeyrBalOmUM JOMHHHPOBAaHHE B KYJBTYpe IPOW3BOJCTBEHHBIX
IITAMMOB-TIPOAYIIEHTOB. OTHAKO TOPIOYECTh CIIUPTOB U BO3MOXKHOCTE 00pa3o-
BaHUS C BO3AYXOM B3pPBIBOOMACHBIX CMECE! (Iuama3oH KoHIeHTpauuil 635 %
00BEMHBIX), a TaKXK€ TOKCHYHOCTh TPEeOYIOT CIIEHHAIBHBIX Mep, oOecreuu-
BalOIINX 0€30IacHbIH PEeXKUM pabOTHI.

[MuratenpHas cpena, moMumo crupta (8—10 /1), comepKuT Bce HEOOXOUMBIE
JUTS. HETMMHUTHPOBAHHOTO POCTa KJIETOK, IEMEHTHI muTaHus. [loMumo Tpaauim-
OHHBIX MAKpO- U MUKPO3JICMEHTOB B CPE€Ay B KA4YCCTBC JOIOJHUTEILHOI'O UCTOY-
HHKa a30THOTO IITAaHMS ¥ BATAMUHOB BBOJIT JPOXCOKEBOM 3KCTpakT (50 mr/i).

THITBI UCTIONB3YEMBIX PEXUMOB (DEPMEHTAIINY U aNMapaTypsl ONpPeAeIIIoT-
cs1 (pU3MOIOTHYECKON CIenn(uKON mTaMMma-npoayneHTa. [lpu BepammBaHun
naposxoxeit (C. boidinii, H. polymorpha) B yclnoBusiX acenTHYeCKON WM 4acTUY-
HO HeacenTH4YecKol (hepMeHTalny IPUMEHSIOTCS alapaThl C BBOAOM SHEPIUU
KHUIKON (pa3oil ¢ KEKIMOHHBIMH yCTpOHCTBaMH. TemmepaTypa KyJIbTHBHPO-
BaHus coctaBisier 34-37°C, pH — 4.2-4.6, ckopocTh mpoToka cpensl — 0.12—
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0.16 u™', sxoHOMUUEeCKHiT Ko3DduLMEHT 10 MeTaHomy — 0.4. [IPOM3BOIUTENL-
HOCTh anmaparoB gocturaeT 75 T ACB B cyTkM IpH KOHIIEHTpallUU KJIETOK B
cycnensuu 10 30 1/71. 3aTpaThl METaHOJAa Ha CHHTE3 OMOMAaCCHI COCTaBIISIOT
okono 2.5 T/1. IlomydaeMbie Ha METAHOJE APONOKA UMEIOT CICTYIOIINI COCTaB
(%): ceIpoit poTenH — 56—62, munHIE — 5—6, HYKJICHHOBBIE KUCIOTHI — 5—6,
3oi1a — 7—11, BaakHocTh — He BhIie 10.

[Tpu ncronbp30BaHNM B KadecTBE MPOJyLEHTa Oellka OJHOKJIETOYHBIX OaKTe-
puanpHBIX popMm (Methylomonas clara, Ps. rosea) mns gpepMeHTaIMy HCIOTB3YIOT
cTpyHHbIe ammaparsl nponsoautensHocThI0 100-300 T ACB B cyTtku. IIporecc
npoBozaT npu 32-34°C, pH 6.0-6.4, ckopoctu mpotoka cpeast 0.5 a”'. DxoHo-
Mudecknid koaddunueHt no meranony pocruraer 0.45, To ecTh ero 3aTparsl Ha
TOJy4eHHsT KOHEYHOTO TPOAYKTa CHIDKAIOTCA 10 2.2 T/T. bakrtepmansHas Ono-
Macca 0 CPaBHEHHUIO C JIPOFOKEBOHW COAEPKUT OOJbIIIe a30TCOAEPKAMUX KOM-
NOHEHTOB (%): CBIPOro MPOTEUHA — 10 74, HyKJIEMHOBBIX KucioT — 10—13.

BbicokOOUMIIEHHBIM CyOCTpaTOM Ul TOJyYeHUS! MUKpOoOHOro Oelika Iu-
IIEBOT0 HAa3HAYEHMs sBJIsieTCs 3TaHos. Hambosee mpoxyKTHBHBIE TPOM3BOACT-
BeHHbIe mTamMbl aposxokei (C. utilis, Hancenula anomala) o6ecrieunBarot mo-
Jy4yeHHe OeNKOBOro MpOJAYyKTa MUIIEBOr0 HAa3HAYEHHUS C colepKaHheM Oelka
110 60 % npu ckopocTH mpoToka cpes 0.14 4™ 1 sxoHOMIYeCKHM K03 HIH-
eHToM 10 3taHony 0.40-0.45. [lo HegaBHETO BPEMEHH BOIIPOC O PeaTH3aliuu
Iporecca MOoIy4YeHNs] MUKPOOHOTro OeNka Ha CIupTax B MPOMBIIUIEHHBIX Mac-
mrabax He KasaJcs 3J000JHEBHBIM H3-3a JOCTATOYHO BBICOKOH OTIYCKHOM
LIEHbI Ha JIaHHBIHA cyOcTpaT. OHAKO B CBSA3M C Pa3paOOTKON B MOCIIEIHHIE IO
6osee 3P PEeKTUBHBIX TEXHOIOTHH ITOIyYEHHUs CIIUPTOB U IOBBIIIEHUEM CIIPOCa
Ha GEIIKOBBIE TIPOYKTHI JaHHASI TEXHOJIOTUSI CTAHOBUTCSI IIEPCIIEKTUBHOM.

B 70-e ToAbl ¢ TOMCKOM HOBBIX JOCTYINHBIX UCTOYHUKOB CbIpbsA CTaJId pac-
CMaTpuBaTh BO3MOXKHOCTH IIPHUBJIEUEHUs Ul HOIYyYSHHST MHKPOOHOTO Oeika
razoo0pa3HbIX YIJ1eBOJOPOJOB, INIaBHBIM 00pa3oM, — MeTaHa, MCTOYHUKOM
KOTOPOI'O CIIy>)KMT LIMPOKO PacIpOCTPAaHEHHBIM NMpUpoAHbli ra3. IIpuponnsii
ras, IOMMMO CPaBHHUTEJILHO HU3KOW CTOMMOCTH M JOCTYITHOCTH, XapaKTepH3y-
eTcs OTCYTCTBHEM MHTHOMPYIONIMX POCT MUKPOOPTaHW3MOB IPHMECEH, M03BO-
JISeT TOJIY9YaTh CPABHUTENBHO OOJBIINE BBIXOIBI OMOMACCH U He TpeOyeT cre-
IUAILHON OYMCTKHU HH MCXOJHOTO CBIPhs, HU MOJTydaeMoi Ouomacchl. I[Ipoay-
LEHTaMd MHUKpOOHOro Oejka Ha METaHe SBJSIIOTCS OaKTEepuH POJOB
Methylococcus, Pseudomonas, Mycobacterium, Methanomonas, KoTopsie yTu-
JIM3UPYIOT METaH B KadeCTBE MCTOYHHKA YIJIEPOAA M DHEPIUH, OKHUCISISA €ro
4yepe3 psill MOC/IeI0BATENIbHBIX CTaIUi Yepe3 CIUPT U AJIbAETH 10 YIIIEKUCIIO-
TBI:

CH4 - CH;0H - HCOH— HCOOH — CO..

le/l HCIOJB30BaAHMNU METaHa BO3HUKACT pAJ CYHICCTBCHHBIX TEXHOJOTHUYC-
CKHUX ITpo0JIeM B CBS3M ¢ 0COOCHHOCTSIMM MeTaHa Kak cyOcrparta pocta. MetaH
MOCTYTIaeT M3 Ta30BOH (a3bl U UMeeT HU3KYI0 pacTBopuMocTh (o 0.02 /1 npu
HOPMaJIbHOM [aBJIEHHH), II03TOMY CKOPOCTH €r0 PACTBOPEHUS B KYJIBTYpE SIB-
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JSeTCS TUMUTHPYIOMUM (PaKTOpOM, ONPENeNIONIIM CKOPOCTh POCTa HPOIY-
nenta. CuHTE3 OGMOMAacChl CONPOBOXKAAETCS BBIACICHHEM B OKOJIOKJIETOYHYIO
Cpe/ly IPOMEXYTOUYHBIX MPOIYKTOB okucieHust merana (10 0.2-0.6 r yrinepona
Ha | T cHHTE3MpOBaHHOW OMOMACCHI), MHTHOUPYIOIINX Pa3BHTHE OCHOBHOTO
MIPOU3BOICTBEHHOTO IITaMMa. 1103TOMy HCIIONB3YIOT MHKpPOOHYIO accolma-
I[UI0, B COCTAaBE KOTOPOM, IOMHUMO METaHOTPO(OB, Pa3BUBAIOTCI 5—6 reTepo-
TPO(HBIX BUIOB, YTHIM3UPYIOIUX MPOJYKTHl HEIOJHOTO OKHCIECHHS METaHa.
B cBs131 ¢ BBICOKOH BOCCTaHOBJICHHOCTHIO METaHA [UISA €r0 MHKPOOHOTO OKFHC-
neHns Tpebyercs OONbIIOe KOIMYECTBO KuciIopona (B 5 pa3 Oosblie, yeM Ha
yriaeBoaax U B 2—3 pasza OOJIbIIIE, YeM NPU OKUCIICHHH >KUIKUX YTJICBOIOPO-
noB). ITosTromy mponecc TpedyeT CI0KHOTO anmaparypHOro opopmMieHus cra-
min pepMmeHTanuu. BripammBaane MeTaHOTPO(GHBIX OaKTEpUil OCYIIECTBIACT-
csl B IPOTOYHOI KynbType mpu 34—38°C u HeiTpanbHbIX 3HaUeHUIX pH cpensl.
[MuratenbHast cpepa CONEPXKUT OOBIUHBIM HAO0OP MUHEPAIBHBIX 3JIEMEHTOB;
HCTOYHUKOM a30Ta CITy’)KUT KaK BOCCTAHOBJICHAS, TAaK W OKHCJICHHBIC (DOPMEL.
[Ipu muCoNB30BaHUH OJUTOHUTPOQIIEHEIX MHUKPOOPTAaHU3MOB KOHIICHTPALIUS
aszota B cpene Hu3ka (20—30 mr/m). [ToTpeOHOCTH B KHCIOPOAE Y MUKPOOHBIX
KJIETOK B 2—3 pasa npeBbllaeT ux noTpedHocTr B Metane. O1HaKo u3-3a B3phbI-
BOOIIACHOCTH CyOCTpaTa CTEXHOMETPHYECKOE COOTHOIICHHE MaHHBIX Ta30B
MIPUHAMAETCS HE ONTHMAIBHBIM U Pa3BUTHS OAKTEPHA, M MPOIECC Pean3y-
IOT ITPU JIMMUTE 110 KUCIOPOAY U M30BITKE METaHa.

st BbIpamyBaHusi METaHOTPO(HBIX OAKTEpUil MCIONB3YIOT anmaparsl co
CTPYWHBIM IHCICPTHPOBAHUEM Ta30BOW CpElbl, HMEIOIINE BHICOKHE Macco00-
MEHHBIE XapakTepUCTUKH. [y GoJiee IMONHOTO YCBOCHHS METaHa MPHMEHSIOT
PELMPKYJISIHIO Ta30BOH CMECH, MOBBIILICHHE paboyero aBlieHUs B anmnapare, a
TaKKe MCIOJIb30BaHNE BMECTO BO3JyXa KHCIOPOAa. DTO MO3BOJISET MOBBICUTH
CTENEHb YTHIM3aLUK Ia30Boro cyocrpara 10 95 %. CkopocTh MPOTOKa CPEabl B
xozne depmenTammu cocrapiuser 0.25-0.30 4 '; KOHUEHTPALMS KIETOK B KyJlb-
Type Ha BbIXoJie U3 (epmeHTepa He npesbimaer 10 1/71. 3arparsl cyOcTpara Ha
1 T GmoMacchl COCTABISIOT Il MeTaHa u kuciopoaa 1.8-2.2 u 4.5-5.0 T coot-
BeTCTBEHHO. bromacca comepxur (%): cbIpoii MPOTEHH — 10 75, HYKIEHHOBBIC
kucaoTsl — 10, mumuast — 5, 3o0ma — 1o 10, Brax#aocTs — He BBImIe 10. ITomygae-
MBIl O€JIOK M0 COEPKAHUIO ¥ COOTHOIIEHHIO aMUHOKHUCIIOT OJIM30K K PHIOHOM
MYKE ¥ COEBBIM ILIPOTaM.

KpynHOTOHHAa)XHOE TPOW3BOJACTBO O€Nka OMHOKIETOYHBIX HA MPUPOTHOM
raze peanm3oBaHo B Poccun. TexHOMOTHIO M JaHHBIN CyOCTpaT MPOTHO3HO CUH-
TaroT MepcreKTuBHbBIMUA. OJTHAKO PEHTA0EIbHOCTh M Pa3BUTUE STOTO HaIlpaBJie-
HUSI BO MHOTOM OYJIyT 3aBHCETH OT BO3MOXKHOCTH COBEPILEHCTBOBAHMS alllia-
paTypHOTO 0(OpPMIICHHUS 1 HHTEHCU(PHUKAIINY TIpoIIecca.

[IprHIMTIIATFHO HOBBIM HAIPaBJICHWEM B H3BICKAHUH MTEPCIEKTUBHBIX MPO-
JOYLEHTOB Oejka SBIISieTCS NpuBIeUYeHHE (POTOABTOTPOGHBIX OPraHHU3MOB,
HCHOJIB3YIONNX B KAYECTBE YIIEPOJHOTO HCTOYHHUKA YIJIEKHCIOTY, a YSHEPTUN
— cBeT. MccnenoBanust Bogopociei B KayecTBE BO3ZMOXKHBIX TIPOAYLIEHTOB Oe-
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Ka MPOBOJAT HECKOIBKO JeCATIIICTHH. BHUMaHNe K BOZOPOCIISIM OTIpeeNnsIeTcs
CHOCO6OM HUX IMMTaHUusgd, XHUMHYCCKUM COCTaBOM 6I/IOMaCC])l, TEXHOJIOTUYHO-
crpto. [Iponecc mpupocTa GromMaccsl BOJOPOCIEH MPOUCXOAMT 3a CUeT (OTOo-
CHHTE3a, II03TOMY TJIaBHEIM (D)aKTOPOM, OmpeAemsomuM 3(h(HEeKTUBHOCTD, SB-
nsieTcst ocBenieHHoCTh. C cepenuubl 60-X B Ka4eCTBE MEPCIIEKTUBHBIX OMOCHH-
TETHUKOB OeJika akTuBHO paccmarpuBaiu Bogopociu (Chlorella, Scenedesmus).
OpHaKo 3TH HAAEXIbl HE ONPABAINCH M3-32 MAJOHW JIOCTYITHOCTH JIaHHBIX
Omomacc (HerepeBapHBaeMbIe KJIETOYHBIE CTEHKH, HEOOXOIUMOCThH IE3UHTE-
Ipalyy KJIETOK U OYUCTKU OEJIKOB OT TOKCHYHOTO XJIOpOo(HIIIa U Ap.), a TAKKeE
HU3KOHU 3HepreTuyeckoi agdexkruBHOCTH PpoTOCHHTE3A.

O exTHBHBIM OCIIKOBBIM IPOIYKTOM OKa3aJIMCh LMAHOOAKTEPHH poja
Spirulina, pacTymiie B MPUPOIHBIX YCIOBHUSIX M CIIOCOOHBIE (PMKCHPOBATH aT-
MochepHsIii a30T. buomacca Spirulina cogepxur (%): no 70 OenkoB, moaHO-
LIEHHOTO aMHUHOKHCIOTHOTO COCTaBa, 19 yrieBonoB, 4 HyKJIEHHOBBIX KHUCIOT U
4 nunuaoB, 6 MUTMEHTOB U MO 3 30Jbl U BOJIOKOH. KierouyHasi cTeHka nMeeT
OTJINYHBIA OT MMKPOBOAOPOCIEH COCTaB M JIETKO MepeBapuBaerca. Huzkuit
YPOBEHb HYKJICMHOBBIX KUCIIOT B OMoMacce, HETOKCHYHOCTh MTMI'MEHTOB (DUKO-
LIMaHUHOB, BEICOKHH YPOBEHB II€pEBapUMOro Oellka, — BCe 3TO C/IeNali IaHHYIO
Oromaccy MOJHOLEHHBIM OEKOBBIM NMPOAYKTOM IHIIEBOro HazHaudeHus. IIpu
MeTabonmm3Me OEITKOB CHUPYIMHEI B OpraHU3ME YeIoBeKa He 00pa3yeTcs Xoie-
CTepHHa, TO3TOMY JTaHHBII OEIOK CTai pacCMaTPHUBATH B KaYeCTBE KOMIIOHEH-
Ta IUETUYCCKOI'O IMUTAaHUs.

[epBBle ymoMuHaHUs O COUPYJIMHE OTHOCATCS K Havany X VI, korna Ha Oa-
3apax B OKPECTHOCTSX MEXHKO MpoAaBadll B BHAE TajeT BBICYIICHHYIO
Spirulina maxima, pacTyiyl0 B €CTECTBEHHBIX YCJIOBHSX B IIEIOYHOM 03€pe
Texckoko. B cepenune XIX Beka Oenbruiickas sxcrneaunus depe3 Caxapy Ha
JIepeBEHCKUX 0azapax B paiioHe ozepa Yan Takxke oOHapykuia CHHE-3eJeHbIe
TaJIeThl, PEACTABISAIONNE COO0H BBHICYIICHHYI0 OHOMACCY APYTOH MOMYJISIIAN
— Spirulina platensis, pacTymieil B IIETOYHBIX HpPYyAaxX, OKPY)KAIOLINX 03epo.
CriupysuHa pacTeT NMPaKTUYECKH KaK MOHOKYJIBbTYpa, Tak kKak pH o3epHoii Bo-
bl B MECTaX €€ eCTeCTBEHHOro obOuranms mocturaer 10.5-11.0. braromaps
HAJIMYHIO B KJIETKAX HAIONHEHHBIX Ta30M BaKyosiel W ciimpaibHOi (hopme du-
JIAMEHTOB, KIIyOKH BOZOPOCIIEH BCILUIBIBAIOT HA IOBEPXHOCTD, U BETEP BEIHOCHUT
ux Ha Oeper. Bpems ynBoeHusi GnoMacchl CIMpPYJIMHBI COCTaBIsIET OKoyio 3—4
JIHEH, 1 coOMpaTh ypokail MOXKHO KPYyTJIOCYTOYHO. B oNTHManbHBIX yCIOBUIX
BBIXON OGroMacchl coctasnseT 10 20 1 ACB/M? B CYTKH. DTO Ha TOPSIIOK IIpe-
BBIIIACT YPOXKaW MIIEHHIBI, IPH 3TOM KadeCTBO IMOIyYaeMOro Oejika CyIecT-
BEHHO BBIIIE PACTUTENBHOTO (Tadm. 2.2).

DKCIEpUMEHTHI 110 MCCIICA0BAHUIO OMOJIOTHYECKON IIEHHOCTH CIMPYJIWHEI,
BEITTONTHEHHBIE DpaHIy3CKUM WHCTUTYTOM HE(TH COBMECTHO C KOMIaHHEH
«Coca Tekckoko», 3aBepmiInch B 1973 r. co3maHueM mepBoi ONBITHON (had-
puku. K 1982 r. mpousBoactBo nocturio 1000 1/r. ['maBHBIMH UMMOpTEpaMu
npoaykra (Myka, tabnerku) siBistorcst Snonusi, CILA, eBponeiickue CTpaHBI.
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Tabununa 2.2
ComnocraBiieHne NPoJyKTHBHOCTH BBICIINX pacTenuii u Spirulina (mo A. Caccony, 1987)

TIponynent Beixog, T/ra/ron
Bec (ACB) Heounmennslii 6e1ox
TTiennna 4 0.5
Kyxkypy3za 7 1.0
CoeBbie 600bI 6 2.4
Spirulina 50 35.0

AHAJIOTUYHBIC POU3BOCTBA IO BHIPAIUBAHHUIO CIIUPYJIMHBI B UCKYCCTBEHHBIX
ycnoBusX IIaHupytoT @panmyst, Utamms. B Uspawnne 63 1. Xaiida HA G070-
Tax mromansio 12 000 M> BeIpammBaoT Bomopocub Spirulina platensis mms
KOPMOBBIX M NHIIEBBIX Iejied. ['eHeTndyeckoe yCOBEpIICHCTBOBAHUE HMMEIO-
mMXcs MTaMMOB Spirulina MOXKeT CyIIECTBEHHO IOBBICUTh MX YPOXKAaHHOCTB.
[Tomy4yeHpI MyTaHTHI, Y KOTOPBIX IIPH COXPAaHEHUH CKOPOCTH POCTA ITyJI aMHHO-
KHCJIOT MOXXET OBITH CYIIECTBEHHO BBIIIE, YeM Yy HcxomaHoro. IlokazaHa BO3-
MOXHOCTD BbIpalllUBaAHUA CIIMPYJIMHBI B UCKYCCTBCHHBIX HICJIOYHBIX IIpYyJax, a
TaKXKe B OTXOJISAIINX TEIUTBIX BOJIAX TETUIOCTAHIIHH.

B cepenune 70-X rofoB aKTUBU3UPOBAINUCH UCCIEIOBAHUS, HAPABICHHbBIE
Ha pa3pabOTKy TEXHOJOTHH MOIXy4YeHUs] MUKPOOHOTO Oellka C MCIIOIb30BaHHEM
XeMOJIMTOABTOTPO(QHBIX MHKPOOPTaHU3MOB. XEeMOJIUTOABTOTpO(dHBIE BOJO-
POIOKHCISIONMHNE OaKTepUH, MCIIONB3YIOMNE B KAUeCTBE MCTOYHHUKA yTiIepoaa
YTIEKHUCIIOTY, a SHEPTUH — PEaKIUI0 OKHCICHHUS BOAOPOAa, B cepeauue 70-x
rOJI0B NPUBJICKIIM BHUMaHHE OMOTeXHOJ0roB. OKHCICHHE BOAOPOAa ¢ 00pa3o-
Banuem ouomaccel (CH,O) peanmsyercs mo cxeme:

6 H2 +2 02 + COZ = (CH20) +5 Hzo,
cumeon
buomaccol

[lepcnieKTUBHOCTH BOJOPOJOKUCIISIOMNX OaKTepHil ONpeessieTcs] X aBTo-
Tpoduell M HE3aBHCHUMOCTBIO OT JC(QHIMUTHBIX HCTOYHUKOB OPTraHUYECKOTO
CBIPBSI, OBICTPBIM POCTOM, BBICOKHM COJEP)KaHHEM IOJHOLEHHOTO 10 aMHHO-
KUCJIOTHOMY COCTaBy O€jKa, OTCYTCTBHEM BHEKJIETOYHBIX MPOMEKYTOUHBIX
IIPOyKTOB OOMEHa OpraHMYecKOi MpHUpoAabl (€IMHCTBEHHBIM IOOOYHBIM IIPO-
JYKTOM TIpoIiecca OKHMCIEHHs BOJOPOAA SIBIISICTCS BOAA), BEICOKOH HKOJOTHYE-
CKOHM 4MCTOTOM Ipoliecca MPOU3BOJCTBA U [I0JIy4aeMOoro npoaykra. B kauectse
HNCTOYHHKA BOJAOpOJa, MOMUMO DBJICKTPOJIM3HOTO, MOTYT 6bIT]:. HCIIOJIb30BaHbI
pa3iauyHbe BOJOPOJCOAEPKAIIME ra3bl, BKIIOUAs CHHTE3-Ta3 U OTXOABI psAaa
XMMHYECKUX M HE(PTEXMMHUIECKMX NMPOU3BOJCTB, & YIJIEKHCIOTH — TOIIOYHBIE
ra3bl M 9KCIaH3EpHAsl yIJIEKUCIOTa OMOXUMHUYECKHUX MPOM3BOACTB. TakuM 00-
pa3oM, IPOU3BOACTBO OElIKa OJHOKJIETOYHBIX HA OCHOBE BOAOPOAOKHCIIAIONINX
OaKkTepuii MOXKET BBINOJIHATH (QYHKIIMK OYMCTHOTO COOpYkeHHs. Bmecrte ¢ Tem
JaHHasE TEXHOJIOTWS MO pPsAy IOoKaszaTened (TpyIHOPACTBOPHMBIA M B3PHIBO-
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OTIaCHBIN Ta30BBIA CyOCTpaT) MMEeT OrpaHHYCHHs aHAJIOTHYHO CHOCO0Y MOIy-
YCHUA 66.]'[1(3 OZHOKJICTOYHBIX Ha MCTAHEC. TexHonorus MOJTyUCHUSA Ml/IKpO6HOFO
Oerka Ha OCHOBE BOJIOPOAHBIX OaKTepHii, peai30BaHHAs! Ha YPOBHE OIBITHOTO
MIPOM3BO/ICTBA M HMEET CIEAYIOIINE XapaKTePUCTHKU TPH HE3AMMIIEHHOH
MPOTOYHOM (pepMEeHTAaIMU B almapaTax ¢ BBOJOM DHEPIUH KUAKOH (a3oii, oc-
HAICHHBIX 2KCKTOpaMu WJIM CaMOBCACbhbIBaOIIUMU Typ6l/IHH])lMI/I MeHalaJKaMu
(1500 06./MHH.): CKOpOCTb MpOTOKa cpedsl 0.4 4 ', KOHIEHTpPALMS KICTOK B
kynbType — 10-20 r/im; 3aTpaTsl Bogopona — 0.7, yriekuciotsl — 2.0, Kucaopo-
ma—3.0taa 1 T ACB 6uomaccsl.

B HaCTosAIECC BpEMA MO CPaBHCHHIO C JICTKOAOCTYIIHBIM M CPABHUTCIBHO
JICIIEBBIM ITPUPOAHBIM Ta30M OMOTEXHOJIOTHSI Ha OCHOBE BOJOPOJA CUMTAETCS
MEHee JOCTYIHOW AJIsI OpraHM3aliy KPYIMHOTOHHaKHOTO ITPOM3BOACTBA OeiKa
OJTHOKJIETOYHBIX. OHAKO B CBA3M C MPOTHO3aMM Pa3BUTHSA BOJOPOIHON JHEp-
FE€TUKH U BBICOKOM 3KOJOTMYECKOM YMCTOTOW JAHHBIA MPOLIECC, HECOMHEHHO,
MIPE/ICTABIISETCS IEPCIEKTUBHBIM.

Takum o6pazoM, 1 3h(HEeKTHBHOTO BOCIIOTHEHUST HMEIOIIETocs JeunuTa
6enka MOTYT OBITh pealN30BaHbI Pa3INYHbIE HETPAANUIMOHHBIE ONOTEXHOIOTUH
C IpUBJIEYEHHEM pa3HOOOpa3HbIX CyOCTpPaToB M IITAaMMOB-NPOJYLEHTOB. Hc-
TOpHSI MUKPOOHOTO OeJIKa TOJIBKO HAaYWHAETCS, M €CJIN CEroJHs OeNKH OJHO-
KJIETOYHBIX NPUHIUINAIBGHO HE MOTYT PEHINTh NMPOOJIEMy CYIIECTBYIOILETO
0enKoBOro euIUTa, B MOCIESAYIOINE TO/Ibl OHH OYIyT UIPpaTh BCe OOJIBIIYIO
POJIb B )KU3HH YEJIOBEKa.

2.2. AMUHOKHCJIOTBI

AMHHOKHCIIOTHI C KaXk/IbIM T'0/IOM HaXOoJsT Bce OoJiblliee MPUMEHEHHUE B Ka-
9YecTBE KOPMOBBIX U MHUINEBHIX JOOABOK U MPHUIIPAB, CHIPhs (hapMarieBTUIECKOMH
1 napQroMepHO MPOMBIIUIEHHOCTH. Bce aMUHOKHCIIOTHI, U3 KOTOPBIX COCTOSIT
oenku, sistores L-popmamu. M3 20 aMuHOKKCIOT — 8 (M30JICHIINH, JICHIIHH,
JIM3WH, METUOHUH, TPEOHUH, TpUNITO(haH, BaluH, (CHWIAIAHWH) HE3aMEHUMBI
U 9enoBeka. [t cembCKOXO03HCTBEHHBIX KUBOTHBIX 3TOT CITUCOK JTOTOTHS-
10T TUCTHIMH U apTHHHH, a I MOJOIHSAKA NITUIIBI — etle u nposuH. [loatomy B
OOJIBIINX KOJIMUECTBAX aMHHOKHUCIIOTHI YIOTPEOISIOT [uisi OalaHCUPOBKH KOP-
MOB. BBesieHne B coctaB KOMOMKOPMOB aMHHOKHCIIOT COKpallaeT pacxon Jie-
(UIUTHBIX OEIKOB JKUBOTHOTO MPOUCXOXKIeHH. 3a mocnexaaue 10 et xommde-
CTBO aMHHOKHCIIOT, HCTIONB3YEMBIX B KOPMOIIPOHU3BOCTBE, BO3POCHIO B 15 pas.
Oro cocraisier okoso 70 % ot o6bema ux npoussoncrea. Oxono 30 % npous-
BOJIMMBIX aMHUHOKHCIIOT HCHOJIB3YEeTCSl B IHUINEBOM INPOMBIIUIEHHOCTH. Tak,
MUCTENH MPENOTBpAIllacT TMPUTOpaHWe IHIIM B MPOIECCe MPUTOTOBICHHUS,
yiIydiraeT KadecTBO xJjieba MpH BBINICYKE, YCHJIMBAET 3alax MHIIH. | JIHIHH,
00J1a1a101IMi 0CBEXKAIOIINM, CJIaJKOBATHIM BKYCOM, HUCIIOJIB3YETCS TPH MPOU3-
BOJICTBE HANMTKOB. [JlyraMHHOBasi KHCIOTA — JUIsl YCHJICHHUS] BKyca W KOHCep-
BHPOBaHUS MUINK. Psi aMHHOKHCIIOT (apTHHUH, acmapraT, IUCTEHH, (QeHma-
JIAaHWH U Jp.) UCTIOJIB3YIOT B MEAUINHE. AMUHOKHCIIOTHI ITUPOKO HCIIOIB3YIOT-
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csl B XMMHYECKOH M (papMalieBTUUECKOW NPOMBIIUICHHOCTH B KayecTBE Ipen-
MIECTBCHHUKOB JIA IPOU3BOJACTBA ACTEPIrCHTOB, MOJIUAMUHOKHUCIIOT, TOJIUYpE-
TaHa ¥ NPENaparoB ISl CEIECKOT0 XO35HCTRa.

[Tonmy4yeHne aMUHOKHCIOT BO3MOXKHO HECKOJIBKMMH ITyTSMH: XUMHYECKUM
CHHTE30M, THAPOIN30M IPHPOIHOTO OEIKOBOTO CHIPbS U B OMOTEXHOJIOTHYE-
CKHX Ipoleccax. XUMUYECKUI CUHTE3 JAaeT paueMar — IPOAYKT, COAEPKaLIUii
Kak L-, Tak u D-(popMbl aMHHOKHUCIIOT. 332 UCKITFOYCHUEM TIIMIIHA, KOTOPEIA HE
MMEET ONTHUYECKH AKTHBHBIX M30MEPOB, U METHOHMHA, YCBAas€MOI'O OpraHU3-
MaMH B obeux ¢opmax, D-m3oMepsl 00:1amal0T TOKCHYHOCTBIO. [lomyduenue
OIITUYCCKH aKTUBHBIX L-I/ISOMepOB AMHWHOKHUCJIOT U3 TMAPOJIM3AaTOB MPUPOJHBIX
MaTepHaJIOB PAaCTUTEIHHOTO W )KUBOTHOTO TPOMCXOXJICHHS CBSI3aHO C MHOTO-
CTYNEHYATOM U JOPOTOCTOALIEH OYMCTKON. BHOTEXHOIOrHYecKoe MOoayyeHUe
AMHHOKHCIIOT BKIIFOYAET B ce0s MpAMYyI0 MUKPOOHYIO (hepMEHTAlHI0, a TaKKe
MHUKpPOOHOJIOrHUeCKHI HiTi (PePMEHTATUBHBII CUHTE3 U3 MPE/LIECTBEHHHKOB.

MukpooHuoaoruyecKnii MeTo IOTydeHUs] aMHHOKHCIIOT, HanboJee pacmipo-
CTpaHEHHBIH B HACTOAIIEC BPEMS, OCHOBAaH Ha CHOCOOHOCTH MHKPOOPTaHH3MOB
CUHTC3UPOBATH BCC L-aMI/lHOKI/lCJ'IOTbI, a B OIPCACIICHHBIX YCIOBUAX — obecreun-
BaTh UX CBEpPXCHHTE3. BOCHHTE3 aMMHOKHCIIOT B MUKPOOHBIX KJIETKaX MpOTeKa-
€T B BUJIE TaK Ha3bIBACMBIX CBOOOIHBIX AMHHOKHUCIIOT WM «ITyJla aMHHOKHCIIOT»,
13 KOTOPOTo B IIPOLECcCcax KOHCTPYKTUBHOTO METa0OIM3Ma CHHTE3UPYIOTCS Kile-
TOYHBIE MaKpOMOJIEKYJIbL. [I1st cHHTE3a Beex OenkoB Tpedyercs 20 aMMHOKHCIIOT.
[Tytn cuHTe3a OONBIIMHCTBA AMHWHOKHCIOT B3aMMOCBs3aHbL [Ipu 3TOM OnHUM
AMUHOKHCIIOTHI SIBJISIFOTCS] PEIIECTBEHHUKAMH 1711 OnocuHTe3a npyrux. [Tupy-
BaT SIBJSIETCS TPEANIECTBEHHUKOM ajlaHWHA, BalMHA, JiekmHa; 3-pochormuiepat
— CepuHa, TJIMIMHA, [IIUCTeHHA; I1aBeJIeBO-yYKCYCHasl KUCIO0Ta — acraprara, acra-
parvHa, MeTHOHHHA, JIN3UHA, TPEOHUHA, H30JICHIINHA; Ol-KETOITyTapoBast KUCIO0Ta
— INIyTamara, TIIyTaMHHa, apr’HHUHA, IPOINHA; (ochoIHOIMIpyBaT+IpUTPO30-4-
¢dochar — deHwrananuHa, THPO3WHA, Tpuntodana; S-dhochoprbosmi-1-
mupodochar + AT® — ructuguna. CuHTE3 KaXKI0H aMHHOKUCIIOTHI B MHKPOO-
HBIX KJIETKaxX pEAM3yeTcs B CTPOTO ONpPEIEICHHBIX KOJIMYECTBaxX, obecrieun-
BaIOIMX 00pa30BaHUE MOCIEAYIOUINX aMHHOKHCIOT, ¥ HAXOIUTCS MO/ CTPOIUM
TCHETUYECKUM KOHTpoJieM. KOHTPOJIb OCYIIECTBISIETCS 1O MPUHIIAILY OOpaTHOU
CBSI3M Ha YPOBHE I'€HOB, OTBETCTBEHHBIX 3a CHHTE3 COOTBETCTBYIOIIMX (pepMeH-
TOB (pempeccusi), ¥ Ha YpOBHE caMuX (DEpPMEHTOB, KOTOPBIE B Pe3ylbTaTe H30BIT-
Ka 00pa3yIomuXCsi aMUHOKHCIIOT MOTYT U3MEHSATh CBOIO aKTUBHOCTH (PETPOUHIH-
OupoBanue). /laHHBIH MEXaHNW3M KOHTPOJIS UCKIIOYAeT NepenpOU3BOJICTBO aMU-
HOKHMCJIOT W TaKKe INPEIHSTCTBYET MX BBIIENCHHIO W3 KJIETOK B OKPY)KAIOLIYIO
cpexy. UToObI TOOMTBECS CBEPXCHHTE3A OTASIBHBIX aMHHOKHCIIOT, HYXKHO 000HTH
WM U3MEHUTD JAHHBIA KOHTPOIBHBIM MEXaHU3M MX CHHTe3a. [IJIsl mepBoro myTu
BO3MOXXHO HUCHOJIB30BAHUE MIPUPOJHBIX «JIUKHUX» IITAMMOB; OUCHb CYIICCTBCHHbBI
TIPY 3TOM YCJIOBHS (pepMEHTALNH, TaK KaK JIOOUThCS IucOanaHca B CHCTEME CHH-
Te3a aMMHOKHCIIOT MOXKHO IyT€M M3MEHEHHs psila OCHOBHBIX (haKTOPOB CpeIIb
(KOHLIEHTpaLs OCHOBHOIO cyOcrtpara, pH, coOTHOIIEHNE Makpo- U MHKpOJJIe-
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MEHTOB B cpeze H Jp.). VI3MeHeHHe KOHTPOIbHOIO MEXaHW3Ma CHHTE3a aMHHO-
KHUCJIOT OCYIIECTBJIACTCA T'CHETUYCCKUMU MCTOAAMU. le/l OTOM MOJIYy4YaroT MYy-
TaHTHBIE OPraHU3MBI: ayKCOTPO(MHBIE U PETYIISITOPHBIE MyTaHThl. AYKCOTPO(HEIE
MYTaHTBl — 3TO OPTaHM3MBI, YTPATUBIINE CIIOCOOHOCTh K CHHTE3Yy OJHOM MIIN
HECKOJIBKUX aMHHOKHUCIIOT.

Cpenu TpPOAYLEHTOB aMHHOKUCIOT — pa3jiMYHble MHKPOOPTaHU3MBI,
npencrasutenn  pomoB  Corynebacterium,  Brevibacterium, Bacillus,
Aerobacter, Microbacterium, Eschirichia. Mcmonp3yempie B MPOMEBIIIIICHHO-
CTH MHUKPOOPTaHU3MBbl MOKHO IOAPA3ICIUTh Ha HECKOJIBKO KIIACCOB: IHKHE
LITAMMBI, ayKCOTPO(HBIE MYTaHTBI, PEryJTOPHbIE MYTaHTbl U ayKCOTPO(-
HBIE€ PETYyJSTOPHbIE MYyTaHTHI. [IpOMBINUIEHHBIE ITAMMBI, KaK IMpPaBUIIO, He-
CYT HECKOJBKO MYyTalWii, 3aTParuBaOLINX MEXaHW3MBI PETYISAIUH IEJIEeBOH
aMHUHOKHUCIIOTHI ¥ €€ IPEAIICCTBEHHUKOB.

Jns momyueHus TakMx aMHMHOKHMCIOT, Kak L-rimyramara, L-Banuna, L-
ananuHa, L-riyramuba u L-mponvHa BO3MOMKHO NPUMEHEHHE TPHPOIHBIX
IITaMMOB M yCWJICHHE Yy HUX MPOJYKIMH aMUHOKHUCIIOT yCIOBUSIMHU (hepmeHTa-
uu. Hanpumep, Beicokuid, 1o 30 1/:1, BBIXOJ IiIyTamMaTa BO3MOXKEH IIPH IOJI-
HOM HJIM YaCTUYHOM ITOJABJICHUH aKTUBHOCTH a-KETOITyTapaTACruApOorceHasnbl,
nobaBkax B cpeny [TAB 1 anTHOMOTHKOB (MEHUIMIUTHHA, Ie(alloCHOpHUHA) IS
YBEIMUYECHUS IPOHUIIAEMOCTH KJIETOYHBIX MeMOpaH mis riryramara. Cunre3 L-
IIyTamMaTa MOKHO MEpEeKNIIOYNTh Ha oOpaszoanue L-rmyrammna wmm L-
NPOJIMHA, M3MEHsIsI YCIOBUS (epMeHTanuu. [Ipy MOBBIIEHNH KOHLIEHTPaLUH
MOHOB aMMOHUS U OMOTHHA B Cpelie CTUMYJIMpyeTcst oOpa3zoBaHue L-nponnHa;
c1abo Kuciast cpesia ¥ MOHBI IIMHKA IIPU N30BITKE aMMOHHS YCHIIMBAIOT CHHTE3
L-rnyramuHa.

AykcoTpodHbIE MyTaHTBI UCIIOJIB3YIOT B TEX ClIy4asx, KOrJa HEOoOXOJUMO
CHUHTE3UPOBaTh AMHHOKHCIIOTHI, SBIISIOIINECS KOHEYHBIMH IPOJYKTaMH pas-
BETBJICHHBIX IeTeld MeTaboNMIecKnX peaknnii aMHHOKHCIOT. Hampumep, mns
nosyueHus L-nu3una, L-TpeonnHa, L-mMetnonnna win L-uzoneinuna, s Ko-
TOPBIX OGL[II/IM MNpESAUICCTBCHHUKOM SBJISACTCSA L-acnapTaT, MPUMEHAKOT MYTaH-
TBI, ayKCOTPO(HBIE 1O TOMOCEPHHY WJIH TPEOHMHY M T'OMOCEpPHHY. AYKCO-
Tpo(hHBIE MyTaHTHI HE CHOCOOHBI 0OpPa30BBIBATH WHTHOUTOPHI COOTBETCTBYIO-
IIEr0 METabOJIMYECKOro MyTH, pabOTarol[ye MO MPHHIUILYY OTPUIATEIBHOM
00paTHO# CBSI3M M3-32 OTCYTCTBUSI ONPEEIICHHON KIFOUeBOM (hepMEHTaTUBHOM
peakuuu. IloaToMy mpH BBIpAIIMBAaHMM TAaKOTO MITaMMa B Cpele ¢ MHUHUMAab-
HOW KOHIIEHTparmel HeoOXOAMMOT0 MHTPEIUCHTa (AMHHOKHCIOTHI) OHU CIO-
COOHBI Ha CYHNEpPIPOAYKIHIO aMUHOKHCIOTHI-IPEAIIECTBEHHUKA. AyKCOTpOog-
HbIC MYTAHTHI, CHOCO6HbIe HaKallJIuBaTb KOHCYHBIC IMPOAYKTHI HEPA3BCTBJICH-
HBIX Llernel OnocuHTe3a, HanpuMmep L-apruHnHa, HeBO3MOXHBL. B naHHOI cu-
TyaIiy MPUXOANUTCS IOJydaTh MYTaHTBI C YaCTUYHO HAPYIIEHHON peryJsiuen
6uocuHTE3a, Tak KakK 3TO IMO3BOJIAET HMOBBICHUTH BBIXOJ LEICBOIO MPOIYKTa.
Takue opranu3Msl BJISIOTCS PETYJISITOPHBIMU MYTaHTaAMHU.
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PerynsaTopHble MyTaHTBl OTOMPAIOT MO YCTOWYMBOCTH K aHAJIOraM aMHHO-
KUCJIOT JIMOO Cpequ pPeBepTaHTOB ayKcOTPO(OB. AHAIOTM aMHUHOKHCIIOT BbI-
CTYNaIOT B POJM MCKYCCTBEHHBIX MHTHOUTOPOB (DepMEHTOB, pabOTAIONINX IO
TIPUHIUIY OOpaTHOHM CBS3H, OJHOBPEMEHHO oOecrieunBas OWOCHHTE3 Tpelye-
MBIX aMUHOKHUCIIOT U MOJABIISIS IpoLiece UX BKIMOYeHUs B 6enku. Tak, cepyco-
JepKalluil  aHaymor Jm3uHA  S-(2-aMuHOATWN)-L-nmcrewH  sABiIsieTcs  y
Brevibacterium flavum J0XHBIM W JEHCTBYeT MHTMOUTOPOM acrapTaTKUHAa3bl
10 TIPUHIMITY 00paTHOU cBs3H. [103TOMY yCTOHYMBEIE K €r0 NEHCTBUIO MyTaH-
ThI, Y KOTOPBIX BBIXOJ] JIN3UHA A0CcTUTaeT 33 /1, cuHTe3upytoT depment, B 100
pa3 MeHee 4yBCTBUTENbHBIN K HHTHOMPOBAHUIO 10 MEXaHWU3MY OOpaTHOU CBS-
3M, IO CPaBHEHHUIO C UCXOIHBIM LITAMMOM. PeryisTopHble MyTaHTBI MTOJIY4aloT
IIyTeM TPaHCAYKIMH, IPOBOAS MPH 3TOM OTOOp CHadasa OTACIbHBIX MYTAlHH,
BBI3BIBAIOIIMX TOJIHOE PACCOTIACOBaHNE MEXaHU3MOB PETYJISILIUY, a 3aTeM 00b-
€IMHsI JaHHbIE IPU3HAKU IIyTEM KO-TpaHcayKuuu. B pesynbrare 31010, y 01-
HOTO IITaMMa MOXKHO MOCJIEZIOBATENIFHO 3aKPENHUTh YCTOHUYMBOCTD K HECKOJIb-
KM aHaJIOTaM.

B mocnemHue roipl Ans MONMYydYeHHS HOBBIX 3(GQEKTUBHBIX IITAMMOB-
MNpOoAYUEHTOB aMUHOKHUCJIOT CTaJIM NMPUMECHATH HOBeMIIIE METOAbI 61/IOTCXHO-
JIOTHU. MEeTO/bI TEHETUUECKOH MHXKEHEPUH TT03BOJISIOT MOBBIIIATH KOJIWYECTBO
reHOB OMOCHHTE3a IyTeM HX KJIIOHMPOBAHUS HA IUIa3MUAAX. JTO NMPHBOIUT K
YBEIMYEHHUIO KOINYECTBa ()EPMEHTOB, OTBETCTBEHHBIX 3a CHHTE3 AMUHOKHUCIIOT,
CJIE/IOBATEINILHO, MOBBIILIAET BHIXOJ LIEJIEBOr0 NpoaykTa. KioHMpoBaHHE reHOB
CHCTEMBI CHHTE3a aMUHOKHUCIIOT B KJIIETKH MUKPOOPTaHW3MOB C UHBIM, T10 CpaB-
HEHHIO C JOHOPCKHUM OpPTraHWU3MOM, THIIOM IIMTaHUS TO3BOJSIET PACIIUPATH
CBIPBEBYIO 0a3y M 3aMEHSTh JOPOTOCTOSIINE caxapocolepiKaiine cyOcTpaTsl
OoJiee JELIEBBIMU.

[IpousBoacTBEHHBIE OMOTEXHOJIOTHYECKHE IPOLECCHl TOJyYeHUS! aMHUHO-
KHCJIOT PEaNn3yIOTCS B YCIOBHUSX TITyOMHHOH a’dpoOHOI mepuoamdeckoit dep-
MeHTanuu. CKOpOCTh CHHTE3a AMUHOKHUCIIOT HE COBIIAIacT BO BPEMEHH CO CKO-
POCTBIO POCTa MPOU3BOJCTBEHHOM KyJIbTYpHI (pHc. 2.1).

MakcumainbHasi IpOIyKLIUs aMUHOKHCIIOTHl HACTyIaeT, Kak IMpaBuilo, Koraa
IIPUPOCT OMOMACCHI MPAKTUIECKH Tpekpamaercs. [losTomy nuraTensHas cpena
Ha IepBOM dTarne (epMeHTauuH AODKHA obecreynBaTh cOanaHCHPOBAHHBIHA
POCT KJIETOK; @ Ha BTOPOM — YCJIOBHS JUIsl CBEPXCHHTE3a LIEJIEBOH aMUHOKHUCIIO-
Th. B KadecTBe MCTOYHMKA YIJIepOa U SHEPTHH HUCIIOJIB3YIOT OoraThle caxapo-
cofieprKame cyocTpaThl, TIaBHBIM 00pa3oM, mMenaccy. Bo3mMoxHO Takxke npH-
BJICYCHHUE OoJiee JOCTYMHBIX CyOCTparoB (anerar, Cyab(QUTHBINA LIENOK, yrie-
BOJIOPO/IbI). B 3aBHCHMOCTH OT TaKCOHOMHYECKOTO MOJI0KEHHST M (PU3UOIIOTH-
YeCKUX HOTPeOHOCTeH MMKPOOPTaHM3MOB B KauyecTBE HMCTOYHMKA a30Ta HC-
MOJIB3YIOT COJIM aMMOHUSI, HUTPAThI, a TAK)KE€ aMUHOKHUCIIOTHI U MOJIEKYJISIPHBIHN
a30T. B cocTtaB cpenpl BHOCAT HEOOXOAMMBIE KOJIMYECTBA YIJIEpPOAa M a30Ta,
(docdaroB u PYrux colieif, a TakKe CTUMYJISITOPBI pocTa (BUTAMUHBIL, IPONOKE-
Boii sKkcTpakt), [IAB, anTubnoTnku. Ilepnonmueckuii pexxum GpepMeHTau 1
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Puc. 2.1. OcHoBHbIe nIOKa3atenu KyabTypbl Corynebacterium glutamaticum
IIPH CHHTE3€ IyTaMUHOBOW KuCIOTH (110 A. M. Be36opomosy, 1989).
1 — rimoko3a, 2 — KeToriyTapoBast KUCIIOTa, 3 — Ouomacca, 4 — rIyTaMUHOBasi KUCIIOTA.

Oorarasi Mo cocraBy cpeaa TpeOyIOT COONIONCHHS CTPOTOW CTEPHIBHOCTH B
XOJIC TOJYYCHHUS] MHOKYJISATa W HAa (epMEHTAIMOHHON cTaauu. CTepuin3anuu
MOJIBEPTAIOTCSl MUTATENbHAS Cpelia, BO3/AyX M BCE TEXHOJIOTHYECKOe 000pymo-
Banue. [locne cragmm depmeHTannu B Tporiecce 00paOOTKU KyJIbTYpalbHON
KUAKOCTH KIJIETKH OTIEJSIOT OT PACTBOPA, KOTOPBIN Aajiee MoJABEepraloT O4UCT-
K€ OT OKpalICHHBIX HpHMeCGﬂ U1 B3BCHICHHBIX 4YaCTHUIl C IIOMOIIBIO COp6L[I/IOH-
HBIX MeTOJI0B. Jlanee mporecc MpOBOJUTCS C UCTIOJIB30BAHMEM Pa3IMuHBIX Me-
TOJIOB BBIICNICHUSI H OYUCTKH B 3aBUCUMOCTH OT C(epbl IPUMEHEHUsI KOHEYHO-
ro npoxykra. s ¢papMakoIoriuy U MUIEBOH NPOMBIIUICHHOCTH aMHHOKHUCIIO-
Thl BBITYCKAIOT B BHUJC BBICYIHCHHBIX YHUCTBIX KPUCTAIMYCCKUX MNPEIapaToB,
JUI. KOPMOBBIX M TEXHWYECKUX LEJIeH — HCIIONB3YIOT CTaOMIIM3MPOBAaHHYIO U
CKOHILICHTPUPOBAHHYIO KYJIbTYPaJbHYIO KHIKOCTB.

TexHosorust moJiyyeHust FJIyTaMl/IHOBOﬁ KHCJI0TbhI

L-rayramuHoBasi KHCJI0TAa (O-aMUHOTIIyTapoBasi) — MepBas aMUHOKHUCIIO-
Ta, MOJIyYeHHAs HA OCHOBE MPOMBIIIICHHOTO MUKPOOHOIOTMIECKOTO CHHTE3A!
HOOC - CH, — CH, - NH,CH — COOH
I'myTamMuHOBast KMCJIOTA SBJISETCS BaXKHEMILEH aMUHOKHUCIOTON pacTUTEIb-
HBIX W JXMBOTHBIX O€NKOB, He Oynyun HezamMeHMMOU. CHHTE3 IIIyTaMHHOBOI
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KHCJIOTBI TPOMCXO/UT B LIUKIIE TPUKAPOOHOBBIX KUCIOT (pHC. 2.2) B pe3yJibTare
(hepMEHTaTUBHOTO BOCCTAHOBHMTEIILHOTO aMHUHHPOBAHUS 2-KETOTJIyTapOBOI
kucnoTsl HAJZIM-3aBucuMon rityTaMaTaeruiporeHa3oum:

HOOC — CH, — CH, — CO — COOH + HAJI(®)H, + NH; —
—» HOOC — CH, — CH, — NH,CH — COOH + HAJI(®).

2-KeTOTIyTapoBasi KHCIOTa 00pa3yeTcsi B CBOIO OUepelb U3 M30JIMMOHHOW KH-
CJIOTHI TIOJT BO3JIEHCTBHUEM M30LUTPATIETHIpOreHa3bl. HeoOXomuMblid 11 CHUH-
te3a riyramuHoBod kucioTel HAJI(D)H moctosiHHO pereHepupyercs: B Mpo-
IeCCe OKUCIICHHS N30JIMMOHHON KUCIIOTHI B 2-KETOTIYTapOBYIO.

B03MOXXHOCTB TIOTY4YeHHUS TITyTAMHHOBOH KUCIIOTHI U3 YTIIEBOJIOB HA OCHOBE
MHUKPOOPTaHW3MOB BIIEPBBIE ObUIA MPOAEMOHCTPHPOBaHA B 1957 T. AMMOHCKUMU
uccnenoBarensimu Kunocura, Acau u ap. [IpoayuupoBars riiyTaMHHOBYIO KH-
CJIOTY CIIOCOOHBI JIPOXCOKU, MHUKPOCKONHMYECKHE TpHOBI, OakTepuu. bakTepuu
00eCTIeYNBAOT HANOOIBIINI BEIXO 10 OTHOIICHHIO K MCIIOJIE30BAaHHOMY yTJIe-
ponHoMy cyOctpary (e menee 40-50 %). IIpoMbinuieHHOE 3HAYCHHE MMEIOT

mtoko3sa

lMupoBunHorpagHas kucnota

Auetnn-KoA
\l/ LLlaBeneBoykcycHas
[ JIMOHHas kncnota ] & Kucnota
v
[ Abno4vHas kucnoTa ]
VR
| ®ymaposasi kucnora |
M3onumoHHas v A
Kucnora

[ AnTtaphas kucnota |

CykumHun- KoA

a-KeTornyTaposas -Ketornytapar-

KicnoTa aerngporeHasa
OoTCyTCTBYET
MmyTtamunHoBas
Kucrota

Puc. 2.2. Cxema cuHTe3a NIyTaMHHOBOM kucaoThl C. glutamaticum.
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OakrepuanbHbie KyJbTypbl (Micrococcus, Brevibacterium, Microbacterium,
Corynebacterium). CBepXCHHTE3 KUCIIOTHI Y TUKUX ITAMMOB BO3MOXCH B CIIe-
LUAJIBHBIX (PU3HUOIOTHYECKUX YCIOBHUSX IPH TOPMOXXEHHHM CKOPOCTH pOCTa M
YBEIMUYCHNN TPOHUIIAEMOCTH KJIETOYHOM MeMOpaHBI Ul TNIyTaMUHOBOW KH-
cinotel. Takue yciioBus oOeclieunBaeT ONMpeAEIeHHas KOHLEHTPAs OMOTHHA B
cpene (1-5 MKr/m), a TakKe NPUCYTCTBHE HEKOTOPBIX aHTUOMOTHKOB. BHYyTpH-
KJIETOYHAs KOHLEHTPALMs TIIyTaMHUHOBOM KHCJIOTBI CHM)KAETCS B PE3yJIbTaTe
9KCKPEIMU TMPOAYKTa B OKOJIOKJICTOUHYIO Cpely, TIO3TOMY PETYIALMs CHHTE3a
KOHEYHBIM NPOAYKTOM ociabeBaeT. CBEpXMpPOLYKIUS INTyTAMUHOBON KHCIIOTHI
CBsI3aHa TAK)KE€ C BBICOKOW KOHILIEHTpAalMed aMMOHHUS B CPEIE, BBICOKOW aKTUB-
Hocthto HAJI(®)H-3aBucHMOl TiryTamMaTAeruAporeHassl ¥ OTCYTCTBHEM HIIH
JIe(EeKTOM O-KeTOTITyTapaTAernAPOreHasbl, KaTaIu3UPYIOIIEH peBpalieHue 2-
KETOTJIyTapaTa B SHTapHYIO KUCJIOTY.

I'myramMuHOBast KHCIIOTa B OCHOBHOM HCIOJIB3YeTCsl B ()apMaKOJIOTHH M TTH-
IIEBOW MPOMBIIUICHHOCTH, MTO3TOMY 3aada MOCTQEPMEHTAMOHHON CTaluy —
MOJTy4eHHEe BBICOKOOYHMINEHHBIX MpenapaToB. [y 3Toro Ha mepBoM 3Tame 00-
paboTKH KyJIbTypajibHOM XKHUIKOCTH B Hee JOOABJISIOT HETallleHy 0 U3BECTh WU
N3BECTKOBOE MOJIOKO. [lociie 3Toro u30BITOK HOHOB OCAKAAIOT KUCIOTOH, Oca-
JIOK yIansioT HeHTprudyrupoBanreM. OUIbTpaT Mociae OCBETICHUS aKTUBHPO-
BaHHBIM yTJIEM M COpPOIMM Ha MOHOOOMEHHBIX CMOJAX KOHIIEHTPHPYIOT BaKy-
ym-BbinapuBanueM npu 40-60°C. OcaxaeHre KpUCTaIOB NIyTAMUHOBOM KH-
CJIOTHI IPOBOAAT B m3o0atekTprueckort Touke (pH 3.2 mpu 4-15°C). B pesyinb-
Tare MEepeKpUCTAIU3AIMU YUCTOTa MpoAyKTa gocturaer 99.6 %. Kpucramist
KHCJIOTBI OTHEJSAIOT OT MAaTOYHUKA LEHTPUPYTHPOBAHUEM, IPOMBIBAIOT U BBI-
cymmBaioT. Eciy Hy)XHO HOJyYUTh TIIyTamaT HaTpus, KPHUCTAJUIBI Ty TaMUHO-
BOM KHCIIOTBI 00pabaThIBalOT THAPOOKHUCHIO HATPHSL. [l 3TOrO BIaXKHbIE KpHU-
CTaJUTBI PacTBOPSIIOT B Boje, HeTpanu3yroT 50 % pacTBOPOM €IKOTro HaTpa.
[MoxydeHHsIi pacTBOp QUIBTPYIOT, yHapHBaIOT MO/ BAKyyMOM JI0 COJIEPKAHHS
cyxux BemecTB 60 % W HampaBJISIOT Ha NepeKpUcTaUM3anmio. [lomydeHHbIe
KPHCTAJUIBl INTyTaMaTa HAaTPHsI BBIICJAIOT M3 MAaTOYHOIO PacTBOpa LEHTPUDY-
TMPOBaHMEM U BBICYIIMBAIOT TOKOM TOPSYEro BO3ayXa.

I'myramaT HaTpusl yCHIMBaeT BKYC MHOTHX IHIIEBBIX NMPOAYKTOB, CIIOCO0-
CTBYET JUINTEIBHOMY COXPAaHEHHIO BKYCOBBIX KadeCTB KOHCEPBHPOBAHHBIX
MpOAYKTOB (OBOIIEH, phIOBI, MACHBIX HMPOAYKTOB). 3a pyOekoMm IiyTramar Ha-
Tpus JOOABIISIOT BO BCE MPOIYKTHI HE TOJBKO IIPH KOHCEPBUPOBAHUH, HO U NIPU
3aMOpaXMBaHUM U MpocTo xpaHeHuu. B Anonun, CIIA u npyrux ctpaHax rioy-
TamaT HaTpHs SIBISIETCS] 00S3aTENbHON MPUHAUIC)KHOCTBIO CTOJIA aHAJIIOTHYHO
coju, mepiyy, ropuunne. [ JTyraMuHOBasi KUCIIOTa HE TOJBKO IOBBIIIAET BKYCO-
BYIO IIEHHOCTb IIHIIM, HO TaK)Ke CTUMYJIMPYET NuIeBapenue. Baxnoe cBoiict-
Ba TIIyTAMHHOBOM KHMCJIOTHI — CIY>KUTh 3aIIUTHBIM (PaKTOPOM IIPU OTPABICHHUSAX
BHYTPEHHUX OpPraHoB (IIEYCHH, ITOYEK), OCIAOIATh ACHCTBHE TOKCHHOB M yCH-
JMBaTh psil (papMaKoIOrMYEeCKUX MpenapaToB. B HacTosee BpeMs MPOU3BOA-
CTBO TJIYTAMHUHOBOM KHCJIOTHI SIBJISIETCSI KPYITHOTOHHAXHBIM OMOTEXHOJIOTHYe-
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ckuM mpou3BoAcTBoM (0k0j10 400 000 /1), 00BEMBI €€ IPOM3BOACTBA BO3pac-
TAIOT C KaXIbIM roJoM. Benymmmu cTpaHamMu — MPOU3BOIUTENSAMH TIyTaMH-
HOBOU KUCIIOTHI U TIyTamara HaTpus aBisitoTcs SAnonus u CHIA.

TexHogorus MOJIYy4YEeHHUSA JU3HHA

L-JIu3un (0, e-aMAHOKAIIPOHOBAsS KUCIIOTA):
CH,NH, — (CH,); - NH,CH — COOH

B OpPraHM3Me BBICIIMX J>KMBOTHBIX M YeJIOBEKa ONpENesieT OHOJIOrHYECKYIO
LICHHOCTh IIepeBapuMoro Oenka. J[aHHAs aMHHOKHCIIOTA BBINOJHSET TaKKe
MHOTO JPYTUX BaXHEHIINX OMOXMMHYECKHX (YHKIHUI — CIIOCOOCTBYET CeKpe-
LMY NHIIEBAPUTEIbHBIX ()EPMEHTOB U TPAHCIIOPTY KAJIBLHS B KIJIECTKH, YJIydlla-
eT oOmmuii a30THBIN OanaHc B opraHu3mMe. JloOaBieHue Tu3MHa B COCTaB KOMOU-
KOPMOB YBEJIMYMBACT YCBOSEMOCTb OEJIKa JKHBOTHBIMU M CHIDKAET PACX0J KOp-
MOB Ha [IPOU3BOACTBO )KHBOTHOBOJUYECKOH MPOAYKIIHH.

Cunte3 L-nmu3uHa y MUKpPOOPraHW3MOB OCYIIECTBIISAETCS PA3IUYHBIMU ITy-
TaMH. JpoxoKkH, TpUOBI M MHKPOBOJIOPOCIH CHHTE3UPYIOT JIM3UH U3 O-
KETOTJIyTapOBOW KHCJIOTHI 4Yepe3 C.-aMHUHOAIUIMHOBYIO KUCIOTY. Benencraue
MaJIOW M3yYEHHOCTH 3TOr0 OMOCHHTETHYECKOTO ITyTH NOIYyYeHHE MYTaHTOB —
CYNEpNPOIYLICHTOB JIN3MHA Yepe3 aMHUHOAIUIMHOBBIA ITyTh IIPEICTABISACTCA
npoOnemMaTnyHbeIM. Bpicine pacTeHnss M OaKTEpUM CHHTE3HPYIOT JHM3HH IO
JpYrof cxeme — 4epe3 O-ANaMHUHOIIEMENINHOBYIO0 KHciIoTy. [lo aToii pa3sers-
JIEHHOH cxeMe OmocuHTe3a L-ni3mHa (IUaMUHONMMENWHOBEIM MYyTh) CHHTE3
HaYMHAETCA C aclaparnHOBON KUCIOTHI U MMPOXOAUT Yepe3 ANaMUHOMHMEINHO-
BYIO KHUCJIOTY. Ilomumo L- JIM3WHA, acliaparnHoBas KHCJIOTa ABJIACTCA TAKXKC
npeAlecTBeHHUKOM st L-metnonuna, L-tpeonunna wu L-uzonednuna
(puc. 2.3). KimroueBpIM MecTOM B CHHTE3€ JIM3HHA SBJSIETCS acliapTaTKUHA3a;
OHa MHTHOHMpyeTcs TPeOHUHOM. [IpucyTcTBHe nu3uHA 3TOT 3()(HEKT yCUIHBAET.
TpeoHuH MHrHOMpPYET NEeruaAporeHasy NoJyaibJIeruia acrnapariHOBOH KUCIIO-
THI, @ TAKXKE TOMOCEPHHAETHIPOreHa3y. METHOHUH SIBISETCS PEIPECCOPOM I10
OTHOIIEHUIO K TOMOCEPHHAETHAPOTeHa3e, & U30JICHIINH HHIHOUpPYyeT TPEOHNH-
nerunaporenasy. [IpomykTbl oOMeHa, yrHeTaroIue pa3indHble (EPMEHTHl U
yUYacTBYIOLIME B CHHTE3€ JIM3MHA, CIIEAYET BBIBECTH M3 peakuuu. VIMeHHO mo-
9TOMY ISl TIPOM3BOJCTBA L-IM3KMHA MCHONB3YIOT pa3ivyHble ayKCOTpO(hHBIE
MYTaHTHI.

[Ipon3BoacTBEHHbIE MITaMMBI-IPOLYLEHTHl JIM3HHA — 3TO ayKCOTPO(HBIE
ITaMMBl ~ TJIyTamarnpoayuupyromux kopuHebakrepuit  (Corynebacterium
glutamaticum, Brevibacterium flavum). [Ipumenstor Tpu THna aykcoTpoQHBIX
MYTaHTOB: ayKCOTPO(BI 10 TOMOCEPUHY WM TPEOHHHY C IOAABICHHON roMo-
CEpHHKMHA30}; METHOHUH- 1 TPEOHWHUYBCTBUTEIILHBIE IITAMMBI C CYIIECTBEH-
HO CHIDKEHHOM aKTHBHOCTBIO TOMOCEPUHIETHIPOre€HAa3bl; aHAIOTOPE3UCTETHbIC
MIPOTOTPO(HBIE MPOIYLEHTHI JIM3WHA, YCTOHYUBBIE K TPEOHWHY M aMHUHOATH-
LWIIHUCTENHY, C acllapTaTKWHA30i, HEYyBCTBUTEIBHON K COTJIaCOBAHHOMY HH-
rHOMPOBAHMIO JIM3MHOM U TPEOHUHOM. [lomydeHs! mrammbl, 00ecednBaromme
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Puc. 2.3. JluaMUHONMMENNHOBBIH IyTh CUHTE3a JIM3UHA

40 % KOHBEPCHIO YIIIEPOIHOI0 CyOCTpaTa B aMHHOKHUCIIOTY W BBIXOJBI JTH3HHA
Ha caxapax 10 40, ykcycHoii kucnore — 10 70 1/1.

MuKpoOHOJIOTHYECKHIT TIPOLIeCC MTPOU3BOJCTBA JIM3WHA AHAIOTHYEH CXEeMe
HOJy4eHHUs TIyTaMHHOBOM KHCIIOTBI, OJHAKO HCIIOJIb30BaHHE ayKCOTPO(HBIX
MHUKPOOPIaHU3MOB TPeOyeT CHEeLUalbHOTO COCTaBa MUTATENILHBIX Cpell, KOTO-
pble MoaOMparoTCs MHAMBUAYAIBHO Ul KaKA0ro mramMMa. OueHb BaKHO Tak-
)K€ OCYIIECTBISTH HA CTaIMU (HEepMEHTAlMH CTaOWJIM3aL{I0 OCHOBHBIX Iapa-
METpPOB KYJIBTYPBI B CTPOTOM COOTBETCTBHE C TEXHOJIOIMYECKHM PErjIaMeHTOM
JAaHHOT'O NIPOM3BOJICTBA, TaK KAaK BbIXOJ JIM3WMHA 3aBUCUT OT TEMIICPATYPbI CPEC-
JIbl, KOHIICHTPALMK KUCIIOPO/a, JIIMTENBHOCTH (hepMEHTALNH, JI03bI ¥ BO3pacTa
noceBHOro Marepuana. [lomumo caxapos (7-12 % mo obwvemy), cynabdara am-
MOHHA U (PocdaToB Kanus, B cpemy BHOCAT KyKYPY3HBIH SKCTPAKT B KauecTBE
HUCTOYHUKA OWOJOTMYECKH akKTHBHBIX BemecTB (1.2—1.5% mo comepixaHuio
CYXMX BELIECTB), & TAK)KE MEJ U CHHTETUYECKHH neHoracurens. Cpena 10iDKHa
comepxatpb (B 1m): 200 mr meruonuHa, 800 mr TpeoHuHa, 15-20 Mkr 6moTHHA
(Ipy MEHBIIMX KOHIEHTPALHUAX OMOTHHA CHHTE3HPYETCS INIyTaMHHOBAs KUCIIO-
Ta, Ipy 2.5 MI — MOJIOYHAsI KUCJIOTa, KaK MEXaHU3M oOpatHoro neiictBus). Co-
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OTHOIIIEHHE YTIIepPOAa M a30Ta B cpele ONTHMaibHO Kak 11:1 (mpu ero yBemm-
YCHUU BBIXO/[ JIM3MHA MaAacT, [IPU YMCHbIUICHHUN — HAKAIlJIMUBACTCA aﬂaHI/lH).

KynbTuBHpOBaHHE OCYIIECTBISIETCS B CTPOTO CTEPUIIBHON TTyOHMHHOM a’po6-
HOI IIEPUOINHUECKOH KyJIbType B anmaparax oosemoM 50 1 100 M mpu ko3hdu-
nuente 3anonHeHust 0.75. Ilpouecc mmurcs 48-72 41 npu 29-30°C, KoHTpOIU-
pyemom pH 7.0-7.5, HenmpephIBHOM IEpEMENIMBAHUN W U30BITOYHOM JaBJICHUM
20-30 kITa. YpoBeHb asparuu cocTapisieT 1M Bozayxa/M® cpesibl B MUHYTY. [Ipu
YXYIOIICHWH YCIIOBHH a’palliii MPOHCXOAUT OOpa30BaHME MOJIOYHOHN KHCIOTHIL.
I[J'I}I MECHOTAICHUA UCIIOJIB3YIOT KaIllajgoTOBBIN JKUPp WM CUHTETUYCCKHUC Macliia
(0.5 % ot o6bema cpenpl). B mepBrie cyTku oTpedisercs okoo 25 % caxapoB u
TIOYTH BCE aMHUHOKHCIIOTHI, TIPU TOM 00pa3yeTrcsl MpaKTHIecKH Bcs Omomacca.
Janee Ha (oHE Pe3KOro CHMKEHUSI CKOPOCTH POCTa KIETOK HAOIOIaeTCs camast
BBICOKAasi CKOPOCTh cHHTe3a ju3uHa (10 1.0 /i1 4). Jlnst crabmwmizanun pH mepuo-
JMYECKH IPOBOIAT MOANTUTPOBKY KYJIbTYphl 25 % pacTtBopoM ammmuaka. [Ipu
JOTIOTHUTETEHOM JPOOHOM BBEICHHWH B aIapar yIIeBOAOB M a30Ta BBIXOJ JIH-
3WHa MOKHO TTOBBICHTH. KOHEUHast KOHIIEHTpAIsI KUCIIOTHI gocturaet 40 /1 mpu
OCTaTOYHOM KOHIICHTpAIMK caxapoB okojo 0.5—1.0 /.

D¢ dexTrBHBII Mpolecc Moy4YeHHs JIM3UHA peali30BaH Ha Oosiee OCTyI-
HOM cyOcTpare — YKCyCHOU KucioTe. TOKCHYHOCTh NaHHOTO cyOcTpaTa aenaer
HE00XO0ANMOM IpOOHYIO Moady aneraTa; ero KOHIICHTPAIUs B Cpee He JOTDK-
Ha npeBbiaTh 2 %. HeGonbmue nobaBku caxapa B cpeny (oxoio 1 %) mnoBbl-
maroT BeIxoj am3uHa Ha 30-50 %. DKOHOMUYECKUH KOAQQUIUEHT 110 MOTped-
JISIeMOMY aleTaTy IpH 3ToM coctasisieT 27 %. KoneuHas KOHIEHTpanyst TM3UHA
B cpeze nocruraet 40-50 r/n. B mocnenHue ro/ibl MojyueHbl MyTaHTHBIE LITaM-
Mol B. flavum, oGecrieunBaromiye Ha aeTaTHOM Cpeie BBIXOT JIM3KHA 70 73 T/

[IpakTHuecku Bech NMPOM3BOIMMBIA MHKPOOHOJIOTHYECKHM criocobom L-
JU3UH WCTONB3YETCSI B KOPMOIIPOU3BOJICTBE UIS TIOBBIIICHUS YCBOSIEMOCTH H
MMUTATEIBHOCTH KOPMOB. [lo3TOMy BBINyCKaeTCs JIM3WH, TJIaBHBIM 00pa3oM, B
BUJIE KOPMOBBIX MpPEMapaToB — >KUJAKOro KoHueHTpara ausuna (JKKJI) u kop-
MoBoro KoHueHrpara au3uHa (KKJI).

IIpu npoussoactee KKJI KyabTypalibHYyI0 KUAKOCTb, IPEIBAPUTEIBHO CTa-
Omm3upoBaHHYyI0 25 % pacTBOPOM THUAPOCYNb(HTA HATPHS, MOAKUCISIOT CO-
ssiHOM KucaoToi 10 pH 4.5-5.0. OOpa3yrommiicss Mpyu 3TOM TEPMOCTAOUITBHBIIM
MOHOXJIOPH/I JIM3MHA YNapHBalOT B BaKyyMHO-BBINIApHBIX ammaparax 10 40 %
cozepkaHus cyxux BewecTB. ['otoBriii npenapat XKKJI e 3amep3aer npu tem-
nepatype 10 —18°C u coxpaHseT CBOM CBOMCTBA B TeUEHHE 3 MECSIIEB.

KKIJI nonyyator Ha ocHoBe JKKJI, BbICylmIMBasi )KHIKUI KOHLUEHTPAT B pac-
MBUIMTENBHBIX CYNIMJIKaX Npu Temieparype He Oonee 90°C mo ocratouHOM
BIaKHOCTH 4—8 %. Cyxoil npenapar JIM3uHa THTPOCKOIIMYEH U B IIPOLIECCe Xpa-
HEeHHs oJBeprkeH 1nopye. [ ycTpaHeH!s TaHHOTO HEXXENaTeIbHOTO SBICHUS
B KOHIICHTPAT Tepe] BHICYITUBAHWEM BBOJST HATIOJHHUTEIN B BHIEC KOCTHOU
MyKH, OEHTOWTA, HETAIIeHOW WM3BECTH, MIICHUYHBIX OTpyOei. BricymmBanue
HOHy‘IeHHOﬁ macTbl IMPOBOAAT KOHBCKTUBHBIM CHOCO6OM Ha BaJIbIICBO-
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JICHTOYHBIX CcymImiakax. [IpenapaT nmo cocraBy OIM30K K )KUAKOMY KOHIIEHTPATY
nu3uHa U coaepxut (B %): 7-10 musuna, 15-17 Genka, no 14 npyrux amuHO-
kuciot, 10—13 6eranna u 20-25 305pHBIX BemecTs. [Ipenapar coly4 1 Herur-
pockomnuueH. Cpok ero XxpaHeHus Bo3pacTaeT 10 1 roxa.

TexHosiorust nojiyuenust rpunrogana

L-Tpunrtodan (o-aMHUHO-B-HHIOIWIIPOITMOHOBAs KUCIOTa) OTHOCHTCSI K
He3aMEHHMBIM aMUHOKHCIIOTaM:

CH, - NH,CH - COOH

Tpuntodan, Hapsgy ¢ OPYTHMH apOMaTHYECKMMH aMHHOKHCIOTaMH, de-
JIMaJJAaHUHOM W TUPO3HWHOM, B MOCJICIHHUEC I'OJbl HAXOAUT BCC 60J'II)H_Iee mnmpume-
Henue. OTcyTcTBHE MM JeUIUT TpUNTOo(haHa B OpraHU3ME NPUBOAUT K Py
TSDKENBIX 3a00sieBaHUi (quader, TyOepkyIes, nmemrarpa). Mcnomp3yercs: Tpui-
To(haH B OMOXUMUUECKUX HCCIEIOBAHUAXK, B HEOOIBIINX KOJIMYECTBAX — B XKHU-
BOTHOBOJICTBE.

B o0miem Buje mocienoBaTenbHOCT OMOCHHTETHUECKUX peakuuii oopaso-
BaHUs TpUnTodaHa ciexymas:

aputTpo30-4-pocdar + hochoeHOMMITHPOBUHOTpATHAS KACIOTa —>
— 7-dpocho-3-ae30kcu-D-apaObuHOrenTy1030Bast KUCIOTa —>
— 5-IeruapOIIMKIMOBAs KUCIOTa—> IIMKMMOBAs KHCIOTa—>
— XOpU3MOBasi KUCJIOTa —> aHTPAHWIIOBAsl KUCIIOTa —> TPUNTO(aH.

IlIuknMoBasg KUCIIOTa SBISETCS OCHOBHBIM IPOMEXKYTOUHBIM HPOILYKTOM,
U3 KOTOPOTro uepe3 S-hocdo-3-eHoNMUpyBUITIIHKUMOBYEO KHUCIOTY 00pa3yercs
XOpH3MOBas KucioTa. JlaHHAs cTausl ABISETCS KIKOYEBOW I CHHTE3a apoMa-
THYECKUX aMHHOKHUCIIOT.

MukpoOuonoruueckuii cuHte3 L-TpunTodaHa OCyIIECTBISIFOT Ha OCHOBE
MYTaHTHBIX MTaMMOB Jipoxoked (Candida) n 6akrepwmii (E. coli, Bacillus sub-
tilis), neuUTHBIX IO THPO3UHY U (eHmTanaHuHy. [IpoMbIIIeHHbIH cuHTe3 L-
TpunrodaHa OCyIIeCTBISICTCS Ha OCHOBE caxapoB. McXoqHas muraTesibHas cpe-
Ja JUId CTePHJIBHOTO NEPUOJAMYECKOTO BBIPAIMBAHUSA OPOXOIKEH COREpXKHUT (B
%): caxaposa 10, moueBuHa 0.5, KyKypy3HbIH 3KcTpakT 2.0, a Takxke XJIOpHUJI
KaJblus, Kanuid GpocHOpHOKUCIBIA U Cynbdar MarHus. [IpogoKUTENBHOCTD
nepuoaudeckor ¢pepmenrtanuu npu 37°C He mpesbimaeT 48 4. B xome moct-
(bepTMEHTAMOHHOW cTanuK TPUNTO(MAH BBIACISIOT U3 KYJIBTYPHI IO OOBIYHBIM
cxemaMm. J{J1s MOMyYEeHHsS OYHMIIEHHOTO KPUCTAJUTMYECKOro Mpemnapara paboTa-
I0T C KYJIBTYypaJbHOM KHUAKOCTBIO. [ MMOJydeHus: KOPMOBOTO KOHIIEHTpaTa
UCIIONB3YIOT U OHoMaccy KIETOK.

JByXcTyneH4aToe IOJy4eHHEe AMUHOKHCIOT H3 OHOCHMHTETHYECKHX
npeIuIecTBEHHUKOB BBIOUPAIOT B TEX CIyYasiK, KOrJa MpeAIeCTBeHHHK He0-
por, a npsiMas MUKpOOHast (pepMeHTalusi HEAOCTATOYHO SKOHOMHUYHA WK Pa3-
pabotana. IIpm MHKpPOOHMOIOTMYECKOM CHHTE3€ aMHHOKHCIOT M3 IIPEeAIIecT-
BCHHUKOB YJIAa€TCA 3HAYUTCIIbHO MMOHU3UTDH PEIIPCCCUI0 WU peTpOHHFM6HpOBa-
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HUE, TaK KaK B pe3yJbTaTe BHECEHHUsS! B CPEly T'OTOBOrO MHTEpMeanara CHUMa-
OTCA HpO6J’leM]:-I, CBA3aHHBIC C HAINMYUEM I'CHETHUYCCKOI'O KOHTPOJISA B CUCTEME
CHHTE3a aMHHOKHCIIOT.

[Ipu nByxcryneHyaToM crnoco0e MOoMyueHHs TIyTaMHUHOBOW KUCIOTHI U3 Ol
KETOIJIyTapoOBOW, Urparoliedl poJib HpeAlIeCTBEHHHKA, HEOOXOAUM HCTOYHHK
JAHHOTO TpEAIeCTBEHHUKAa U (DEpMEHTHas CHUCTeMa, KaTalM3upylomas Ipe-
BpalleHUE KETOrIIyTapaTa B LIEJIEBYI0 aMHHOKHCIOTY. Kerormyrapar moay4aroT
MHUKpPOOHMOJIOTHYECKMM CHHTE30M Ha ocHoBe Oakrepuii (Pseudomonas,
Escherichia) nnum nposxokeit (Candida) — I crynens. Ha Il crynenn moxHo mo-
JYYHUTh L-TIlyTaMMHOBYIO KHCIIOTY B PEaKIIM BOCCTAaHOBUTEIHHOTO aMHHHUPO-
BaHMs C MMOMOIIBIO KyJIbTyphbl Pseudomonas, uMerorieil CuilbHyIO riryTamar/ie-
THJPOTeHA3Y:

o-ketoramyrapoBas kuciora + NHy+ HAJITH —
— L-rinyramunosas kuciora + H,O + HAJT'.

L-riyTaMHUHTOBasi KUCJIOTA TAKXKE MOXKET OBITh MOJYYCHA U3 KeTOrIyTapaTa
yepes nepeaMuHUpOBaHUE TOCIEAHEN C yYaCTHEM TpaHCaMHIa3bl:

O-KCTOTJIyTapOoBast KUCJI0Ta + aMUHOKHCIIOTa —>
b d L-FJ'IyTaMI/IHOBaH KHUCJIOTA +OL-KETOKUCIIOTA;

IT ctymens mo maHHOW cXeme MOXET OBITh pealn30BaHa KyInbTypoil E.
coli, B KauecTBe JOHOPA aMUHOTPYII MOTYT BBICTYIaTh aJaHWH MJIM acrapa-
THHOBAs KUCIIOTA.

KomOuHMpoBaHHBIHN, TPUHIUIIMAIEHO HOBBIH crioco0 mosydyenust L-nu3nHa
B 1973 1. 01 mpemnokeH smoHcKo# (upmoit «Totto Pertor» («Topeii»). Ko-
HEYHBIH NPOAYKT, MOJIy4aeMblil 110 JAHHON TEXHOJIOTUH, OTIMYAETCSI BBICOKOM
KOHLIEHTpauued u yucrorod. Ha nepBoi craguu LMKIOIEKCaH B PE3yJbTaTe
XMMHYECKUX PeakIuii IpeBpaniaeTcs B MUKINIeckuil anruapun smsuna (D, L-
O-aMHHO-g-KampoakTam). Ha BTOpoil cTagum oCyLIECTBISIOT pa3/iesieHHe OIl-
THYECKHX U30MEPOB C MOMOIIBIO (PepMEHTOB; IIPOUCXOSIINKA ITPH STOM ACHM-
METPHYECKUH THAPOJIHM3 C Y4acTHEM THAPOJIa3bl aMUHOKAaIpoJjaKTama IpHBO-
IuT K oOpazoBanuio L-mmsuna. ['maponasy L-o-aMuHO-g-KanpogakTamMa CHHTE-
supyrot apoxoku (Candida, Trichospora, Cryptococcus), pepMeHT cTUMYIIHPY-
eTcsi MOHaMH MapraHla, MarHus W IMHKa. McTOYHMKOM parieMa3bl aMHHOKa-
IpolakTaMa MoTyT cirykuTh Oaktepun (Flavobacterium, Achromobacter). O6a
9Ti (pepMeHTa, OOJIANAOIINE PAlleMa3HONW W THAPOIA3HOW AKTUBHOCTAMH, B
BUJIE OMpPEAENIEHHOr0 KoJnyecTBa 6Guomacchl BBOIAT Ha Il cTymeHu B BOIHBIM
pactBop npeamecTBeHHrKa — DL-amuHOKanponaktama. B xone gepmenraTus-
HBIX PEaKLUi N3 MpeIIIeCTBEHHNKaA 00pa3yeTcs L-nm3nH, uncToTa npemnapara —
Boime 99 %. [lomumo MUKPOOHOH GMOMAcChl, MCTOYHUKOM TpeBpameHnii DL-
aMUHOKaIIpoJIakTaMa B JIM3UH MOTYT CIIYKUTb U30JIMPOBAHHBLIC l/IMM06I/IHI/130-
BaHHbIE (pepMeHTHI. PacTBOp mpeniecTBeHHNKA MPOITYCKAIOT Yepe3 KOJIOHKY,
coJepXKalryro 00a MMMOOMIN30BAHHEIX (PEpMEHTA: OAWH W3 HUX (THIpOIIasa)
THPOIM3YET aMHUIHYIO CBsi3b B L-amMMHOKampomakrame, He 3aTparuBas D-
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¢dopMBbI IpeIecTBeHHNKA; BTOpOH (panemasa) — npeBpaniaer D-u3omep B pa-
IeMaT C BBICOKOI CKOpOCThi0. Brixon L-nmu3nHa MokeT cocTaBisiTh A0 95 %.

L-tpunradan Takke MOXKHO MOJIydYaTh M3 MPEALISCTBEHHHKA — aHTPAHHUIIO-
BOI1 KMCIIOTHL. Ha mepBoM 3Tare 1mo TpaguIuOHHOW MUKPOOMOIOTHIECKOH cXe-
Me ¢ ucnonb3oBanueM apoxokeit Candida utilis B Teuerne 20—24 9 mpoBOIAT
nporecce (pepMEHTAIIUH B YCIOBUSX MHTEHCUBHOM (0k0yi0 7 T O,/11.4) a’pariuu.
Cpena coxpepxur menaccy (10.4 %), moueBuny, cyiabdar maruus, ocdars
Kanus. JI7sl meHOTrameHus] NCIIONIb3YIOT KallaJOTOBBIA XKUP U CHHTETHYECKHUE
KpPEMHEOPraHUYECKHE COeqUHEHHs. Jlajee MHTEHCHBHOCTh a3palliil CHIDKAIOT
BABOE, B KYJILTYPY IEPUOANYECKH BHOCAT PAaCTBOPHI MOYEBHUHEI, MENACCHI U
AQHTPAaHWIIOBOH KHCIOTHL. B Teuenne 22-24 4 HapammBaroT OMomMaccy — UCTOY-
HUK (epMEHTOB; 3aTeM, B TeueHHe mocienyronmx 120 4 mpoucxomuT coOcT-
BEHHO TpaHCc(hOopMaIyst aHTPAHUIOBOW KUCIOTHI B aMUHOKUCIOTY. Ob1iee Bpe-
M5 TIpoliecca cocTaisier okojo 140 4, Beixon Tpunrodana — 60 1/1.

Bonpimme ycriexu B OMOTEXHOJIOTMM aMHHOKHCIOT OBUIM JOCTUTHYTHI C
(hopMHpOBaHNEM METOMOB MH)XEHEPHOH SH3MMOJIOTHH, B YACTHOCTH, C Pa3BH-
THEM TeXHHKH HUMMOOHIN3anuH (HepMEHTOB.

HepBblM mpoueccoM IMPOMBIINIJICHHOTO HCIOJIb30BaHUA I/IMMO6I/IJ'II/130B8.H-
HBIX ()epMEHTOB OBLI MPOLIECC VISl pa3AeieHNs XUMHUECKH CHHTE3UMPOBAaHHBIX
panemudeckux cmeceit D- u L-popm amMmuHOKHCIOT, pazpabotanHblil B SmoHnn
B 1969 1. (mpempiaymme 15 ner mpouecc mpoBommics kommnanueil «Taxabe
Ceiisiky» C IpUMEHEHHEM PAacTBOPUMBIX ()EPMEHTOB — aMHHoOalMIa3). B kaue-
CTBE MCXO/HOT0 MaTepHalla UCIOJIBb3YIOT PACTBOP allMJIIPOU3BOIHBIX CHHTE3H-
POBaHHBIX XUMHYECKUM ITyTeM LD-(opM aMHHOKHCIIOT, KOTOPBIA MPOITyCKAIOT
gepe3 KOJOHKY ¢ mMMoOmmm3upoBaHHOW L-ammHoanmnaszoit. [locnenuss run-
POJU3YET TOJILKO anui-L-u30Mephl, OTHICIUISISE OT HUX OOBEMHYIO alHJIbHYIO
IPYIIy U TEM CaMbIM PE3KO YBEJIMYMBAET PACTBOPUMOCTH OOpasyromeiics L-
AMHMHOKHCIJIOTHI 110 CPAaBHEHUIO C NMPHUCYTCTBYIOIIMMHU B PEAKIIMOHHOW CMECH
arui-D-n3omepamu. [lanee cMech Jierko pasgensieTcsi OOBIYHBIMH (DH3HKO-
XUMHUYCCKUM METOAAMHU. Kommnanuei na MMPOMBIIIJICHHOM YPOBHE IO ZlaHHOﬁ
TEXHOJOTUU PEAIN30BaH CHHTE3 HECKOJBbKHX L-aMMHOKHCIIOT, B TOM 4HCIIE
METHOHHWHA, BaJMHA, (eHWIanaHuHa, TpunTtodana. llpencraBiser MHTEpecC
MPOLIECC TOJIyYEHUs] aclapariHOBONW KHCIOTHI U3 XMMHUYECKHX IPEAIIECTBEH-
HUKOB ((yMapoBOil KHCJIOTHI U amMMHaka) Ha OCHOBe ()epMeHTa acraprasbl,
paspaboraHHbIi snoHCKOH (upmoii «Tanabe Ceitsky». depMeHT B OfHY CTa-
JTUIO TIPUCOSIMHSET MOJICKYIIy aMMHaKa K JBOWHOU CBS3U ()yMapOBOH KHCIOTHI
¢ oOpa3oBaHWEM ONTHYECKH AKTUBHOW L-acmaparmHOBOW KHCIOTHI. BbIxon
MpoayKTa cocTaBisieT 99 %, mporecc peanusyercs HEMPEepPhIBHO B KOJOHKE
o6bemom 1 m°. TIpomssomuTtensHoCTh gocturaer 1700 kr umcToli L-acmaparu-
HOBOM KHCIIOTHI B ICHb HA OJINH PEaKTop.

JlernaporeHassl aMHHOKHCIIOT (JICHIMH- ¥ aJJaHUHAETHIPOTCHA3bI), KaTalu-
3MpyIoIe 00paTHMBbIE PEaKlUH Je3aMUHUPOBAHMUS, IPUMEHSIOT B HEIIPEPHIB-
HBIX TIpOlleccax CHHTE3a aMHHOKHCIIOT M3 COOTBETCTBYIOIIMX KETO-aHAJOTOB.
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I'myramaTcunTeTasa, katanmsupyomas AT®O-3aBucuMy0 peakuio aMHHHPO-
BaHMs TjiyTamMarta, UCIIOJb3YCTC IJId MOJIYUYCHHU TJlyTaMuHa C 92 % BBIXOAOM.
L-tupo3un-denon-nuaza, KaTaIM3upyromas peakifio JIMMHUHAILNH, B KOTOPOH
THPO3MH pacrnanaercs ¢ oOpa3oBaHneM (eHoIa, aMMuaKa | MUpyBara, UCIOJb-
3yeTcsl Al 3H3UMATHYECKOro MOIydYeHMs mocieaHero. L-tpunrodan-unmon-
Jida3a MOXKET OBITh HCIIOJIb30BaHA JUIs MOJy4deHus: L-Tpunrodana U3 wMHIOMA,
NUpyBaTa U aMMHUAKa.

Bpricokast TOTpeOHOCTh B aMHHOKHCIIOTAaX HEMPEPHIBHO CTHMYJIHMPYET pas-
paboTKy NMPHHUMIHAIBHO HOBBIX U Oonee 3((EeKTHBHBIX OMOTEXHOIOIHYECKHUX
CHOCO6OB UX TIOJIYUYCHHs MPHU HapallluBaHUU TCMIIOB U O6’beMOB IMPOMBIIICH-
HOTO IIPOU3BOJICTBA.

2.3. OPTAHMYECKHE KHCJIOTbI

Opraanyeckre KUCIOTHI OIMPOKO HUCHONB3YIOT B MHUIIEBON U (hapMarieBTH-
YeCKOW MPOMBINIICHHOCTH, B TEXHUKE M B Ka4eCTBE XMMUYECKOTO ChIpbs. OT-
JeTIbHbIE OPraHMYEeCKUe KUCIOTHI (JIMMOHHYIO, SI0JIOYHYI0) MOXKHO IOJY4aTh
9KCTpaKIMeH M3 NPUPOTHOTO PACTUTEIBLHOTO CHIPhS; Apyrue (YKCyCHYyIO, MO-
JIOYHYI0) — B TIpoIleccax OpraHMYecKoro cuHTe3a. bomee 50 opraHmYecKnx Ku-
CIIOT MOTYT OBITH MOJTyYeHBl HA OCHOBE MHKPOOHOJIOTHYECKOTO CHHTE3a. bro-
TCXHOJIOTMYECKHUE METOAbI UX TOJYUCHHSA K HACTOAICMY BPEMCEHU AC€TAJIbHO
paspabortaHnbl. bonee TOro, MpUHATO CUUTATH, YTO OPraHUYECKHUE KHUCIIOTHI, I10-
Jy4eHHBIE B Pe3yJIbTaTe MUKPOOHOJIOTHYECKOTO CHHTE3a, ISl ICIIOIB30BaHUS
YEeJIOBEKOM TIPENIOYTHTEIbHEE B CPAaBHEHHE C CHHTETHYECKHMH KHCIOTaMH.
I[.]'DI TCXHUYCCKUX HYXKJ OPraHn4YCCKUE€ KHUCJIOTHI MOJYYar0T XUMUYCCKUM ITy-
TeM; NpPHUMEHsIEMbIE B NMUILEBON U (hapMaleBTUIECKONW MPOMBIIUIEHHOCTH — B
Ppa3IMYHBIX OMOTEXHOJOTHYECKUX IpoIeccaX. JTO MPOU3BOACTBA JIMMOHHOM,
MOJIOYHOM, YKCYCYHOM, HTAaKOHOBOM, IIPONIMOHOBON U INIFOKOHOBOW OpraHuue-
CKHX KHUCIIOT, (MOJ'IO‘-IHaH N YKCYCHBIC KUCJIOTBI IPOU3BOAATCA TAKIKE U XUMU-
YECKUM ITyTEM).

Opranudeckre KUCIOTHI B CHCTEME MHUKPOOHOTO MeTaboJm3Ma SIBISTIOTCS
MIPOIYKTaMH JAETpajalliil UCTOYHHUKA SHEPTUH U yriiepona. Tak, JMMOHHASA, U30-
JIMIMOHHasI, KeTOTITyTapoBasi, siHTapHasi, hymapoBas M s0J04Hasi KUCIOThI — MH-
TepMeanaThl IMKIa TPUKAPOOHOBBIX KHUCIIOT Yy OOJBIIMHCTBA a3pOOHBIX MUKPO-
opranm3MoB. ['TTIOKOHOBasI, KETOTIIFOKOHOBASI M BUHHAS KHCIOTHI — IPOMEXYTO4-
HBIE MIPOYKTHI MIPSIMOTO OKUCIICHHS TJII0K03bI (0€3 ochopruinpoBaHus) HEKOTO-
pBIX a’poOHBIX OakTepuii 1 rpuboB. MoJouHas, MacisiHasi M MIPOITHOHOBAsT KH-
CJIOTBI SIBJISIIOTCSI KOHEUHBIMHU MPOJYKTaMH MeTaboNn3Ma YIJIEBOAOB y aHa3po0-
HBIX OakTepuil. YKCYCHasl KUCIIOTa — TIPOAYKT OKUCIICHHUS 3TAHONA; a arQaTde-
CKHE MOHO- U TUKapOOHOBBIE KUCIOTHI — IPOMEKYTOUHBIE TIPOAYKTHI OKUCIICHHUS
HOPMaJIbHBIX aJIKaHOB. TakuM 00pa3oM, BO3MOKHOCTH MHKPOOPIaHM3MOB ISt
TIOJTy4YEHHsI Ha OCHOBE MX MeTab0IM3Ma OPraHMYEeCKHX KUCIIOT BEJIMKH.

s cBepXcHHTE3a OTHENBHBIX KUCIOT HYKHBI CEIIEKTUBHBIE, CTPOTO OIpe-
neneHHble yeinoBus. [Ipu cOanmaHCHPOBaHHOM POCTE MUKPOOPTAaHU3MOB Ha IT0JI-
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HOILIGHHOW CpeJie HaKOIIEHHs OPraHMYECKUX KHCJIOT HE NPOMCXOINT, TaK Kak
SIBJSSICH TIPOMEXKYTOYHBIMU MPOJYKTaMH B CHCTEME MUKPOOHOI'O MeTa0om3-
Ma, OpraHM4YecKHue KHCIOThl — UCXOAHBI MaTepHai Uil CHHTE3a APYTHX Mak-
pomoliekyll. Bpemsi MakcUManbHOH CKOPOCTH 00Opa3oBaHHs B KIETKE OpraHH-
YECKHX KHCIIOT, KaK ¥ MHOTHX APYTHMX METa0OJIMTOB, HE COBIIALAET BO BPEMEHH
CO CKOPOCTBIO Pa3MHOXEHUsI KJIETOK M HakoruieHneM Ouomacchel. CBEpXCHHTE3
OpPraHMYECKUX KHUCIOT HAOII0JaeTCsl IPH TOPMOXKEHHN CKOPOCTH POCTa MPOIy-
IeHTa U OJOKUPOBAHUH MPOIIECCOB OMOCHHTE3a, TPEOYIOIINX YIaCTH KUCIIOT B
KauecTBe CyOCTpara, TO €CTh IPH HAapYIIEHHH INPOLECCOB AUCCUMWIIIIUH
MMEIOLIEroCs] SHIOTEHHOTO CyOCTpaTa U MpOLEecCOB CHHTE3a OCHOBHBIX (a30T-
CoJIeprKalliX) KOMIIOHEHTOB KJIETKH. TakuMU yCIOBHSIMH, KaK IPABUIIO, SIBJIS-
eTcsl MOJIHOE WM M30BITOYHOE COAEp)KaHHE B Cpele MCTOYHHKA yriiepoja H
SHEPTUM M JIe(GUINT OMOTEHHBIX 3JIEMEHTOB, OTPAaHNYUBAIOIINX POCT KIETOK.
BoyibpmmMHCTBO OPraHn4YeCKUuX KHUCJIOT IIOJYy4aroT, JIMMUTHUPYA POCT KIICTOK-
HPOXYLUEHTOB neduiurToM azora wiu ¢ocdopa npu H30BITKE YIIEpoACoep-
xamrero cyocrpara. [109ToMy MHKPOOHOJIOTHYECKHE IPOLECCH MOTYyYCHUS
OpPraHUYECKHUX KUCIIOT — AByX(a3Hbie (puc. 2.4): Ha IEpBOM 3Tare MPOUCXOAUT
TaK Ha3bIBaeMbIM cOaJaHCUPOBAaHHBIA POCT NMPH MAaKCHMAJIBHOM HAKOIUICHUU
Oromacchl 1 MOTPeOJICHUH YIIIEpOJHOTO M SHEPreTHUECKOro cyOcTpaTa, a Tak-
JKe JIMMUTHPYIOIIET0 OHOTeHa; Ha BTOPOM — IPOUCXOIUT 3aMeUICHHE CKOPOCTH
pocra KieTok. B pesynbprate aTOro mpupoct 6MoMacchl mpekpamaercs u Hadu-
HaeTCsl MHTEHCUBHOE KHUCIIOTOOOpa3oBaHue. JiuTesbHOCTh a3kl MHTEHCUBHO-
ro KUCJI0TOOOpa30oBaHUs ONpeAeNsIeTcs HAUIMYNEM YIJIEpOJICOoepiKallero cyo-
cTpara B cpene. BakHbIM yCIOBHEM KUCIOTOOOpa3oBaHHE OOJBLIMHCTBA Opra-
HUYECKHX KHCIOT (32 HCKIIOYEHHEM MOJIOYHOW) SIBISAETCS XOPOIIUH PexuM
aspanuy, a Taxke seauunHa pH cpensl.

CnocoOHOCTh MPOAYLMPOBATh Ty WIM MHYIO KHUCIOTY — IIMPOKO pacipo-
CTPaHEHHOE CPeAN MHUKPOOPIaHM3MOB CBOMCTBO. B KauecTBe MpoOM3BOICTBEH-
HBIX KyJIbTYp MCIOJIB3YIOT CIIEHHAJIbHO IOAOOpaHHBIE INTAMMBL, IPOIYLH-
pYIOIIME NEJIEBYI0 KUCIOTY B BHJE MOHONPOJYKTa C BHICOKUMH BBIXOJAMHU U
5 PEeKTUBHBIM YCBOGHHEM YyIiIeposHOro cyocrpara. [Ipy MHOTMX MpOM3BOACT-
BaX OPraHUYECKUX KUCIOT SKOHOMHYECKHH KOA()OULUEHT 10 yriiepoay IOCTH-
raet 90 % u BeIme. B kauecTBe MPOAYIIEHTOB HCIOJIB3YIOT OaKTepHaNbHBIE,
JpoxokeBble M rpuOHbIe KynbTypbl (Lactobacillus, Arthrobacter, Alcaligenes,
Candida, Aspergillus, Penicillium, Trichoderma). Crioco6sl ¢epmenTanuu B
MHKPOOHOIIOTHYECKHX MPOLEccax MPOU3BOJCTBA OPraHMYECKUX KHUCIOT — pas-
HOOOpa3Hbl. Cpeu HUX — OBEPXHOCTHBIE )KUIKO- M TBEPAO(a3HbIE IIPOLECCHI,
a TaKXe Fﬂy6I/IHHI)Ie, BKJIIO4Yas MPOTOYHBLIC KYJIbTYPhI. B MOCJICAHNUE TOAbl pa3-
paboTaHbl NPUHIMIIMAIEHO HOBBIE U 3((EKTHBHBIE OMOTEXHOJIOTHU C MCIOJb-
30BaHHEM MMMOOWIM30BAHHBIX IIEJIBIX KIETOK U (epMEHTOB. Takxke pazHO00-
pa3HBl M CyOCTpaThl, UCIIONb3yeMble B NPOM3BOJCTBE OPTaHUYECKUX KHCIOT.
[TpumeHsiemble B Hauyaljle BeKa IJIFOKO3a M caxapo3a CO BPEMEHEM CTalld 3amMe-
HATH OoJiee MOCTYNHBIMH KOMIUIEKCHBIMH cpelaMu (Menaccoi, THIpOJIU3HBIM
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mMacca muuenus, r/200 mn
KucnoTa, r/r ootoaBneHHoro caxapa
HecOpoXeHHbI caxap, /200 mn

40 80 120 160 200 240 280
Bpewm4, 4Yachl

Puc. 2.4. Poct Aspergillus niger u o6pa3oBanue tuMoHHOM kuciioTsl (1o IIpeckor u [3H, 1952).
1 — THTpyeMasi KHCIOTHOCTB Cpe/ibl (B IepecyeTe Ha IMMOHHYO KUCIIOTY), 2 — IMMOHHAS KHCIIOTa,
3 — caxap B cpene, 4 — macca munenus, 5 — pH cpenpl.

KpaxMaioMm); B 60-e rogsl OpUIM pa3paboTaHBl HOBBIE MPOLECCH MOIYYCHHUS
OpraHMYeCcKUX KUCIIOT Ha XKUIKUX NapaduHax HedTH.

IosryyeHue JIMMOHHOI KHCJIOTHI

Jlumonnas kucaora (CH, - COOH — COHCOOH — CH,COOH) — Ttpex-
OCHOBHasl OKCHKHCIIOTa, IIMPOKO PaclpoCTpaHEHHas B IoAax u srofax. OHa
HIUPOKO NPUMCHICTCA B HHHJ,eBOfI MMPOMBINUICHHOCTU NPHU MPOU3BOACTBE KOH-
JUTEPCKUX W3JCNIUA M HAIMTKOB, B (papMalleBTUUECKOH, XMMHUYECKOH U TeK-
CTHJIBHOW NMPOMBIIUIEHHOCTH. JINMOHHAsT KUCI0Ta Obl1a MASHTU(HUINPOBAaHA B
KayecTBe MpOAyKTa MeTabonmm3Ma ImiecHeBbIX rpuboB B 1893 r. Bemepom. B
HacTosllee BpeMsi 3TO KUCIOTa 10 o0beMaM mpou3BojcTBa (cBbiie 350 Thic.
T/T) 3aHUMAET IIEPBOE MECTO CPEIU BCEX OPTaHUIECKUX KUCIIOT.

Y MHUKpOOPraHM3MOB CHHTE3 JITMOHHOW KHCIIOTHI pealn3yeTcsl B LUKIIE JU-
KapOOHOBBIX KHCIIOT U OCYLIECTBIIIETCS B Pe3y/IbTaTe KOHACHCALIMN KHCIIOTHI C
YETBIPbMA aTOMaMU yIJjepoJa U AByMs Kap6OKCI/IJ'II)H]:IMI/I rpynmnamMu U KUCJI0ThbL
c oJHOI KapOokcuibHOW rpynmnoi. OOpa3yemas B pe3yibTaTe INIMKOJIM3a ITH-
pPOBHHOTpaHAs KHCIOTA CBSA3BIBACTCS C YIJIEKUCIIOTOH; CHHTE3HWpyemas Ipu
3TOM IIABENEBOYKCYCHAsI KHCIOTAa Pearupyer ¢ yKCyCHOH KHCIOTOH ¢ oOpaso-
BaHUEM JINMOHHOM KHCJIOTBI, TO €CTh 06p8.30BaHI/Ie JIMMOHHOM KHCJIOThI BKIIIO-
YaeT peaklHy TIMKoJn3a U psaj peakiuid nukia Kpedea. [Ipu xaxknom odopore
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LUKJIA MOJIEKYJa I11aBeJIEBOYKCYCHOM KHUCIOThI B3aUMOACUCTBYET C YKCYCHOH,
00pasys TMMOHHYIO KHUCIIOTY:

C¢H,,0s
mtoko3za

4

CH,COCOOH
Mupysat

CH,-CO - S - KoA CO, HOOC - CH, - CO - COOH
Auetun-KoA 9 OkcanauetaTt

CH, - COOH - COHCOOH - CH,COOH
NumoHHas kucnoTa

[Tpou3BOACTBO JTMMOHHOW KHCIOTHI METOJOM (DEPMEHTAIMU IUIECHEBBIX
rprOOB NMPHHALIEKHT K YUCITY JaBHUX OMOTEXHOJOTHYEecKuX mporeccos. Ilep-
BO€ MPOM3BOJCTBO ObLTO peann3oBaHO B KoHIE XIX Beka. CoBepIIeHCTBOBA-
HHUE Tpoliecca MOJIYYEeHUs JTUMOHHOM KUCIIOTHI TECHO CBSI3aHO C pa3paboTKoOi
MHOTUX (YHIAMEHTAJBbHBIX acIeKTOB MHUKpoOuonoruu (60pp0Ooi ¢ MHUKpPOO-
HBIM 3arps3HCHHEM IPOM3BOACTBCHHOW KyJBTYpHI, ONTHMM3AIMEH cocTaBa
MUTATEIbHBIX CPEl, CETIEKIUEH BBICOKOIPOAYKTHBHBIX IITAMMOB H JIP.).

B IMPOMBIINIJICHHOM HPOU3BOJCTBC JIMMOHHOM KHUCJIOTHI B Kau€CTBE npoay-
LIEHTa B OCHOBHOM HCIIOJIB3YIOT Aspergillus niger, HO Tak)Ke IPUMEHSIOT U A.
wentii. [Iporiecc gpepMeHTaIIH TOCTATOYHO CIIOKEH, TaK KaK JIMMOHHAs KUCIIO-
Ta, SBIAETCS MPOJYKTOM IEPBUYHOTO MeTabosm3Ma rpuOoB, U JaKe HE3HAUH-
TEJIbHOE BBIZIEJICHUE JTAHHOTO MPOJIYKTA B OKPYXKAIOLIYIO CPEAy CBHIETENIBCT-
BYET O BBIp@)KEHHOM jaucbaiaHce KjieToyHoro Merabonusma. Poct npoaynenra
W CHHTE3 KHCIOTHI OOBIYHO PETYIUPYIOT COCTaBOM cpensl (caxapa, P, Mn, Fe,
Zn). CBepXCHHTE3 JINMOHHOW KHCIIOTHI peau3yeTcs Ipy OOJIBIINX KOHIICHTPA-
musix caxapoB B cpene (14-24 %) u siBisieTcs OTBETHOM peakiueil npoyleHTa
Ha gedumut gocdopa, a TakKe APYrHX METAIIOB, XOTSI UX POJIb IO KOHIA He
scHa. DTO, BUIMMO, W TMOJABICHUE aHAOONN3Ma, U BIMSHHE HA CBOMCTBA IO-
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BepxHocTH 1 Mopdosnoruto rud. Ontumym pH Ha cragun KucaotooOpazoBaHus
cocrasisier 1.7-2.0. B Gosee 11enouHOM cpesie MpoLecc CABUraeTcsi B CTOPOHY
HaKOIUICHHS I1aBEJIEBOH M TJIIOKOHOBOM KHCJIOT. B KauecTBe OCHOBBHI Cpeibl
OOBIYHO HCIIOJIB3YIOT TJIFOKO3HBIA CHPOI, THAPOIM3ATHl KpaxMaya WM MeJac-
cy. [locnenHroro mpeaBapuTeNbHO pa30aBIsIOT A0 TPEOYEMOTo YPOBHS caxapoB
U 00pabaThIBAIOT C LEJIBIO CHIDKEHHUS! COJep)KaHHs MeTaJuloB. cToyHHMKOM
azota ciyxar comu ammonust (0.2 %); konneHTpanus gocdaros (0.01-0.-2 %).
B kauecTBe neHoracuTenel NCIONB3YIOT MIPUPOIHBIE Macia ¢ BEICOKHM COJIep-
XKAHUEM XHUPHBIX KHUCIOT. O4eHb CYIIECTBEHHOE 3HAUCHHE HMEET YpPOBEHb
aspanvu KyJbTYpHIL.

B mpousBojcTBe JIMMOHHOH KHCIIOTHI MPUMEHSIOT HECKOJBKO BapHaHTOB
mporecca. [IoBepXHOCTHBIN cIToco0 pearu3yercst Ha TBepAOH CHITydel cpene u
B *kuakoi daze. [Ipu xuakoda3Hoil MOBEPXHOCTHON (pepMeHTAaIMN THTATEINb-
HYIO Cpely pa3iuBaIOT B KIOBETHI cioeM oT 8 1o 18 cm. KroBeTsl pasmemator
Ha CTeJUlaXkaX B INPEJBAPUTENIFHO NMPOCTEPHIIM30BaHHOM mapamu (opmaarHa
OpoauibpHON Kamepe. Uepes crieruanbHbIe BO3LYXOBOBI C TOKOM CTEPHIBHOTO
BO3/lyXa IOBEPXHOCTb CpENbl 3aCEBAIOT MCXOAHOW My3€HHOH KynbTypod. B
Ka4yecTBe IOCEBHOI0 Marepualia MCHOJIB3YIOT MNpeABapUTEIbHO IOJIY4YEeHHbIC
TaKKe B YCIOBHAX NMOBEPXHOCTHOM KYJIBTYPHI M BBICYIIEHHBIE CIIOpHI (KOHH-
min) w3 pacuera 5075 mr koHumwi Ha | M IUIOIIAAN KIOBET. MI3BECTHO He-
CKOJIBKO BAPHAHTOB Tpoliecca: 06CCMEHHBIH, OECCMEHHBIN C JOIUBAMH U METOJ
wieHokK. [Ipu GeccMeHHOM pexuMe POoLEecC OCYIIECTBISIETCS HA OHOM Cpelie
OT MOMEHTa 3aceBa CIIOp 10 3aBEpIUCHMs CTaJuM KUCIoTooOpaszoBanus. [Ipu
HCIIOJIb30BAaHMH METOZA IJIEHOK Yepe3 7 CYTOK ITOCIIE 3aBEpIICHUs] KHCI0TO00-
pa3oBaHUs COPOKEHHBIN PACTBOP MENIACCHI CIMBAIOT U3 KIOBET, MULIEIHH MPO-
MBIBAaIOT CTEPUJIbHOM BOJIOM; M B KIOBETHI 3aJIMBAIOT HOBYIO cpefny. beccmen-
HBIH CIIOCO0 € JIONMBOM XapaKTepu3yeTcst IpoOHBIMH 100aBKaMu MeJacchl Mo
IUIEHKY rpuba Ha cTaguu kucinoToodbpasoBanus (30-35 % or ncxomHoro oobe-
Ma), TaK Ha3bIBAEMBIH PEXXHUM C IMOAMUTKON CyOCTpaTOM. DTO MO3BOJISET ITOBBI-
CUTh BBIXOJ JMMOHHOH kucioThl Ha 15-20 % c eauHUIBl MOBEPXHOCTH NPHU
COKpallleHuH 3aTpaT caxapoB Ha 10—15 % mo cpaBHEHHIO C IpyrHMU METOAA-
Mu. B xozxe cragum ¢pepMeHTanMU Ha mepBoM 3tane (mepBbie 24—36 4) mporc-
XOAWUT MHTEHCHUBHBIN pocT Munenus. Temmneparypa cpeabl B 3TOT IEPHOJ CTa-
Oounmsupyercst Ha ypoBHe 32-34°C, HHTEHCHBHOCTH a’paluu cocTasisier 3—4
M’ BO3yXa B 4/M MHIENHS. B IIepHOJ aKTHBHOTO KHCIOTOOODPA30BAHMS MOJAdY
BO3/lyXa YBEJIIMUUBAIOT B 5—6 pa3. B pesynbraTe Gosee MHTEHCHBHOIO TEPMO-
rede3a temieparypy cHuwxator 1o 30-32°. Ilo Mepe cHuKeHMs Hpolecca Ku-
CJI0TOOOPA30BaHMS PEXHMM a’pallii CTAaHOBUTCS MEHee WHTEHCHBHBbIM. KoH-
TPOJIb MpPOLIECCa BEAYT MO MOKA3aTeNsIM TUTPYEMOH KHCIOTHOCTH cpesbl. IIpo-
L/ECC CYMUTAIOT 3aBEPIICHHBIM TIPH OCTATOYHON KOHIIEHTpPALIMK CaXapoB OKOJIO 1—
2 % u ypoBHe TUTpyemMoi kuciaotHoctu 12-20 %. ConmepkaHue JUMOHHOW KH-
CIJIOTBI OT YPOBHS BceX KHCIOT mpocturaer 94-98 %. COpokeHHBIH pacTBOp CiH-
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BalOT B COOPHHUK M HAIIPABJIAIOT Ha 00PabOTKY; NPOMBITBIA MHULIETIHIT HCIIONB3YIOT
B KOPMOIIPOU3BO/ICTBE.

TBepnodasznas ¢QepmeHTanmss MMeeT MHOro OOLIEr0 C IOBEPXHOCTHO-
)uakogazHeIM mporieccoM. Paspaborannsiii B SAmornn nponece Komxn mpermy-
CMaTpUBacT HCIOIb30BaHNE B KAUECTBE CPEJbI MIOPUCTOro MaTtepuia (baracca,
KapTodeb, MmyJiblia caxapHOH CBEKJIbI, MIICHUYHbIC OTPYOH). MaTepuain npen-
BapUTEIbHO CTEPWIN3YIOT, II0CJIE OXJAXKICHHS WHOKYIUPYIOT CyCHEeH3HeH
criop. depmeHTAMS TPOUCXOAUT B JIoTKaxX mipu 25-30°C B TeueHue 6—7 nHEH.
OO0pa3oBaHHYIO0 JMMOHHYIO KHCIIOTY JKCTparupytoT Bomoil. B Snonun 20 %
o0mero oobemMa NMPOU3BOJICTBA JIMMOHHOM KHCIIOTHI MOJTydaroT MetoxoM Kon-
HKH.

Haunnas ¢ 1950 r., mpoMbIIUIeHHBIE TPOLECCH MOMYYEeHUS TUMOHHON KH-
CJIOTHI CTAJIU TIEPEBOANTH B YCIOBUS TIIyOMHHOH KyJabTypbl. CTaOMIBHBIN MpO-
Liecc BO3MOJXKEH TP €r0 OPraHMu3aliy B JIBE CTaJIMH: POCT MUIIEIHS Ha IOJTHOM
cpelie B XOJe TIEPBO CTaANU U Ha BTOpoH (mpu oTcyTcTBUH (hocdopa B cpene)
— o0pa3oBaHHE JTMMOHHOM KUCIOTHL. [yOuHHas depMeHTaIus IpPOBOJUTCS B
anmaparax eMKocThio 50 M° ¢ 3aronHeHneM Ha 70—75 %. B kadecTBe MOCEBHO-
ro Marepualia UCIOJb3YIOT MHILENINH, MOJPOIICHHBIH TaKkKe B yCIOBHSX TIy-
OMHHOW KyJIbTYypHl. B MPOM3BOACTBEHHOM ammapare, KyJa TMOAPOIICHHBIA MHU-
LeNui mepefaeTcsl Mo CTePUIIbHOM MOCEBHOW JIMHWHW, NMUTATEIbHAs Cpela Co-
nepxut 12-15 % caxapos. @epmenTanuo npoBoddT npu 31-32° npu Hempe-
PBIBHOM TIepeMeNINBaHuU. B X07e mporecca KucmoroodpazoBanus (5—7 CyTOK)
peanu3yoT MHTEHCHBHBIN pexumM aspamuu (1o 800-1000 M’/4) ¢ IpOOHBIM
Jno0aBIeHHEM caxapoB, 2—3 MOJKOPMKH. BBIXOJM JTUMOHHOW KHCJIOTBI COCTaB-
qaser oT 5 a0 12 %, ocraTtouHasi kKoHueHTpauus caxapoB — 0.2-1.5 %, mons
murpara — 80-98 % oT cymMMBI BceX OpraHMIECKUX KUCIIOT.

B 60-e roxpr Hawanmm pa3pabaThIBaTh MPOIECCHI MOTyYeHHS TMMOHHON KH-
CJIOTHI HAa OCHOBE XXUAKHX yrieBoaopoioB (Co—Csp) ¢ UCTIONB30BAaHUEM B Kaue-
ctBe mpoxayueHToB gapoxoked (Candida) u  OGakrepuit (Brevibacterium,
Corynebacterium, Arthrobacter), a Takxe ¢ MIpUMEHEHHEM METO/a MPOTOYHBIX
KyJIbTyp. OTH TEXHOJIOTHH, IIOKA HE PEaIM30BaHHBIC B MPOMBIIIICHHBIX Mac-
mradax, 00enaT B OyAyleM ONpe/ieIeHHbIE TEXHOIOTHYECKHE TIEPCIIEKTHBEL.

I'oTOBBIIT TPOAYKT — BBICOKOOUYHMINEHHYIO KPUCTALIMYECKYIO JIMMOHHYIO
KHCJIOTY TIOJYYaloT B XOJ€ NOCT(h)EpPMEHTAaIMOHHON cTaguu. B cOposkeHHBIX
pacTBOpax coAepkaTcs, IOMUMO LIENCBOM KUCIIOTHI, TAK)KE TTIFOKOHOBAS U IIa-
BCJICBasA KHCJIOThI, OCTaTKHU HeC6pO)KeHHI>IX caxapoB U MUHCPAJIbHBIC COJIN. [[J'lﬂ
BBIJICJICHUS] JIMMOHHON KHCJIOTHI M3 JaHHOTO pacTBOpa €€ CBSI3BIBAIOT THPO-
OKHCBIO KaJIbIIMs C 00pa30BaHUEM TPYAHOPACTBOPHMOTO IIUTPATA KaJIBIIHSL:

2 C6H807 +3 Ca(OH)z = Ca3(C6H507)2 +6 HQO

OIHOBpPEeMEHHO 00pa3yIOTCs KalbIUEBbIC COJM TIFOKOHOBOW U IABEJICBOM
kucioT, rrokoHaT kKanenus Ca(Cg¢H,,0), n okcanar kameius CaC,0,4. Kanb-
LIMEBBIE COJIH JIMMOHHOM M IABEJIEBOM KUCIOT BBINAAAIOT B OCAIOK, a TIIFOKO-
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HAT KaJIbIUS ¥ OCHOBHAS YaCTh OPraHMYECKHX M MHHEPAJIHHBIX KOMIIOHEHTOB
MEJIACChl OCTarTCs B pacTBope. Ocanok oTAensieTcs Ha BaKyyM-(QUiIbTpe, mpo-
MBIBaeTCsl U BBICyIIUBactcs. Jlanee /i mepeBoja JUMOHHON KUCIIOTHI B CBO-
0O0IHOE COCTOSHHE W OCBOOOXICHHUS OT OKcajiaTra KaJbIHs OCaJoK oOpadaTsi-
BaIOT CEpHOH KHMCIIOTOH C mocnemyromeid ¢uiaprpanmeii. PactBop mTuMoOHHON
KUCJIOTHI (DPMIIBTPYIOT, KOHIIEHTPUPYIOT BaKyyM-BBIIAPKOW W 3aT€M MOJBEpra-
0T KPHUCTAUIM3AIMKA TpU MeIIeHHOM oxiaxaeHun no 8—10°. I[MoxydeHHBIC
KPHCTAJUTBI OTACIIIIOT B IEHTPHU(YTe OT MATOYHHIKA U BBICYIIMBAIOT B ITHEBMATH-
yeckux cymwikax npu 30-35°. T'oToBbI NPOAYKT coaepkKuT He meHnee 99.5 %
JIUMOHHOW KHCIIOTHI (B IepecueTe Ha MOHOTHIPAT), 30JIbHOCTh — He BbImIe 0.1—
0.35 %.

ITosryyeHne MOJIOYHOM KUCJIOTBI

Moaounas kuciaora (CH;CHOHCOOH) — opranndeckasi 0HOOCHOBHas
KHCIIOTa, oOpasyemasi B pe3ysbTaTe aHa’pOOHOTO IPEBPAIICHUS YITIEBOIOB
MOJIOYHOKHCITbIME OakTepusiMmu. B 1847 r. C. brnomHo aokaszan, 4To JaHHas
KUCJIOTa sIBJIsSIeTCST MpoayKToM Opokenwusi, a JI. Ilacrep ycraHOBWII, YTO 3TOT
Tpolecc BbI3BIBalOT OakTepun. OOpa3oBaHHE MOJIOYHOM KHUCIIOTHI U3 TIIFOKO3BI
BO3MOXKHO HECKOJNIBKUMHM TIyTsiMu. [Ipn cOpakuBaHnu romo()epMEHTHBIMH MO-
JIOYHOKHCIIBIMU OaKTEPHAMU:

CsH,04 — 2 CH,OH,CHOHCHO (enuyepanvoezuo) —
— 2 CH;COCHO (memunenuokcanw) + 2 HyO,

CH3COCHO (memunenuoxcanv) + H,O —
— CH3;CHOHCOOH (monounas kucroma).

Bropoii myTh, rerepod)epMEHTHBIH, BKIIIOYACT paciia TIIFOKO03bI 0 MUPOBH-
HOTPAJHOM KUCJIOTHI U BOCCTAHOBJICHUE MOCIEIHEN 10 MOJIOYHOM KUCIIOTBI:

Ce¢H,,06 - CH;COCOOH + H, - CH;CHOHCOOH.

I[J'ISI IMPOMBINUICHHOT'O TTOJTYUYCHUS MOJIOYHOM KHCIJIOTBI HCIOJB3YIOT I'OMO-
(epMEHTHBIE MOJIOYHOKHCIIbIE OakTepuu. Y TroMO(pEepMEHTHBIX MOJIOYHOKHC-
JBIX OakTepuit ToabpKo 3 % cyOcTpara MmpeBpaliaeTcs B KIETOUYHBIH MaTepHal: a
OCTaIBHOM — TpaHC(HOPMHPYETCS B MOJIOYHYIO KHCIIOTY, BBIXOJ KOTOPOH Iloc-
turaer 10 1.5 %. Teopernyecku u3 1 MOJIS TIIFOKO3BI JOJDKHO 00pa3oBaThes 2
MoJIst J1akTara. Ha npakTuke 3Ta BelnnunHa HECKOJIBKO HIXe, 1.8 Mo, To ecTh
BBIXOJI ITPOYKTa OT cyocTpara gocturaet 90 %.

[TpuMeHSIOT MOJIOYHYIO KHCIJIOTY B IMHUIIEBON ITPOMBIIUIEHHOCTH IS TOJTY-
YeHHs HalMTKOB, MapMellaJioB, B IIpolieccax KOHCEPBHPOBAHMS, a TAKKE B
KopMorpon3BozacTBe. CoM MOJIOYHON KHCIIOTHI HCTIONB3YIOT B (hapMalieBTHKe.

IIpomblIlIIEHHOE MPOU3BOJACTBO MOJIOYHOM KHMCJIOTHI Hayato B KoHue XIX
BEKa C ydacTHeM MOJIOUHOKHUCIbIX Oaktepuii Lactobacillus delbrueckii, L.
leichmannii, L.bulgaricus. MosiouHokucoe OpoXEHHE MPOTEKACT B aHadPOO-
HBIX YCJIOBHSIX, OJTHAKO JIAKTOOAMIIIBI OTHOCSTCS K (paKyJIbTaTUBHBIM aHA3po-
0aM, ToATOMY TIpH (pepMEeHTAIH BO3AYX IOJHOCTHIO HE yIAIAIOT U3 (pepMeH-
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TepoB. B kauecTBe CHIPHSA MCIONIB3YIOT CaXapHYIO M TPOCTHUKOBYIO MeJlaccy U
THPOJIM3aThl KpaxMalia, IpyU 3TOM KOHLEHTpPAIHs caxapoB B HCXOJHOMW cpelie B
3aBUCHMOCTH OT XapakTepa OpOXEHHsI COCTaBIsIeT mpuMepHO oT 5 10 20 %.
Hcnonp3yroT BocCcTaHOBIEHHBIE (DOPMBI a30Ta, CyIb(aThl Wik GochaTel aMMO-
HUSI, @ TAKXKE COJIOJ M KyKYpPYy3HBIH 3KCTPAKT B Ka4eCTBE MCTOYHUKA (HaKTOPOB
pocta. Bo3M0XHO ucnosb30BaHKe CyIb(QUTHOrO LIEJOKA C y4acTUeM OakTepui
L. delbrueckii. ®epmeHTaIuo TpoBOAAT B TITyOUHHON KyibType npu pH 6.3—
6.5 u cTporo moctossHHON Temmeparype 50°C. HIuTensHOCTH Iporecca Co-
craBiseT 10 7-11 cyrok. B xone mporecca OposkeHHs AT KOPPEKIMH H3Me-
Hstomerocs: pH B KyabpTypy BHOCAT Men, 3—4 pa3a B TedyeHne cyTok. KonedHas
KOHIICHTpaIus: oOpa3yromerocs JakraTta Kambius coctaBister 10-15 %, ocra-
TOYHAas KOHIeHTpanus caxapoB — 0.5-0.7 %.

Ha cragum mosnydeHus TOTOBOTO MPOJYKTa KyJbTypalIbHYIO Cpeay Harpe-
BatoT 10 80-90°, 3aTeM HEHTPANH3YIOT TAIlIeHOW U3BECTHIO J0 CIA0OIIETOYHOMH
peakmuu. Ilocie oTcramBanus B TedeHHE 3—5 4 B3BEIICHHBIC YACTHIIBI JCKaH-
TupytoT. [locie 3Toro pacTBop Jakrara Kaublus MOJAI0T Ha (QUIBTp-Tpecc.
OuneTpaT ynapuBarmoT A0 KoHIeHTpanuu 27-30 %, oxmaxnator mo 25-30° u
MOJIBEPTAIOT KPUCTALTH3AMH. [IpOMBITHIN TaKTaT KalIbLUs OTIENSIOT IEHTPU-
¢yrupoBaHneM M HOIBEPraroT PacLIEIUIEHHIO CEpHOM KucioTod mpu 60-70°.
Ceipyto MonO4HYI0 KHCHOTY 18-20 % KOHIEHTpaIlMy yIapHBalOT B HECKOJIBKO
ATAINoOB B BaKyyM-BbIMapHBIX amnmaparax 10 70 % konuentpauuu. OThuabTpo-
BaHHYIO KHUCJIOTY Iocie (QuibTp-mnpecca MOoAaloT Ha PO3JIHMB C BHECECHHUEM He-
OONBIINX KOJIMYECTB Mela, MpH 3ToM oKkojio 10 % KUCIOTHI IpeBpaliaeTcs B
KPUCTAJUTHICCKUH JTAKTaT, KOTOPBI CBA3BIBACT MOJIOYHYIO KHUCIIOTY.

onyyeHue yKCYyCHOM KHCJI0THI

VYkeycnas kucaora (CH;COOH) — mupoko MCHOIB3yeTCsl B MUIIEBOM,
XMMHUYECKOH, MUKPOOHOJIOTMYECKOW MTPOMBIIUIEHHOCTH, B MeauuuHe. [Toyde-
HHE YKCYCHOH KHCIOTHI M3 CIUPTOCOACPKAIINX >KUIKOCTEH OBLIO M3BECTHO
6omee 10 Teic. JieT Ha3aa. B Te BpeMeHa apeBHHUE TPEKH U PUMIISTHE UCIIONB30-
BJIM YKCYC B Ka4eCTBE OCBEKAIOLIETO HANMTKA W MOJIydYasld, TJIIaBHBIM 0Opa-
30M, OCTaBJIsIsl BUHO OTKPBITHIM. B OonbImx MacmTadax yKCyc JOJITO MOyda-
JU B TUIOCKHX OTKPBITHIX OOYKaxX, B KOTOPHIX IDICHKA OakTepHWil IJIaBajia Ha
noBepxHocTH. B XIX Beke MOBEpXHOCTHBIE MPOIECCH CTAIH 3aMEHATh Ooliee
s¢pdexkruBubiMu. Tak, Obl1 paspaboraH mporecc B CTpyHHOM reHeparope. B
cepenuHe XX Beka MOSBHIMCH TITyOWHHBIE Ipoliecchl (hepMeHTaunu. YcoBep-
IICHCTBOBAHHBIN TeHepaTop PpHHTCca UCTIONB3YeTCsS B HACTOSIIEE BPEMSI.

YKCyCHOKHCTIOE OpO’KEHHE OCHOBAaHO HAa CIIOCOOHOCTH YKCYCHOKHCIBIX
OakTepuil OKUCIATH CHUPT KHUCIOPOJOM BO3JyXa C y4acTHEM allKOTOJbJETH/I-
poreHasbl B yKCYCHYIO KUCIIOTY:

CH;CH,0H + O, - CH;COOH + H,0,

opH 3ToM U3 1 Mons 3TaHONa 00pa3yeTcss MOJb YKCYCHOH KHUCIOTBHL, a u3 1 1
12 06. % cnupra nonyyaercst 12.4 BecoBbIX % yKCYCHOW KHCIIOTHI.
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JlaHHBII mpoliecc MOTyT peann3oBaThb MHOTHE OaKkTepHH, HO B NPOMBIII-
JICHHBIX TEXHOJIOTHAX IJId MNOJYYCHHA YKCyCa HCIIOJIB3YIOT YKCYCHOKHUCIIBIC
Gakrepun poxa Acetobacter, WHTEpec TMpENCTaBISIOT TakKXke OaKTepuu
Gluconobacter. bonpiryro 4acTh yKCyca IOJNyYalOT, UCHOIB3YS Pa3BeICHHBII
cupT. B Hacrosimee BpeMs Mpolecc Pean3yloT Kak IMOBEPXHOCTHBIM, TaK H
[IIyOMHHBIM cIoco00M. [10BEpXHOCTHBII PEeXHUM MPOTEKAET B CTPYHHBIX I'eHe-
paTopax, HANOJHEHHBIX JPEBECHOH CTPYXKKOH, 00beMoM 0 60 M. McxomHbrii
MTUTATEIBHBIA PacTBOP C OAKTEPHSIMU PACIBUIAIOT 10 OBEPXHOCTH CTPYXKEK, U
OH CTEKaeT, coOMpasich B HIKHEH 4acTH ammapara. [locie 3Toro ®«uaKocTb co-
OMpaIOT U BHOBDH 3aKayMBAIOT B BEPXHIOIO 4acTh anmnapara. [Ipoueaypy mosro-
psitoT 3—4 pasa, B pe3ysibTare B TeueHue 3-x qHer 1o 90 % cnupra TpaHcdop-
MHpYETCS B alerar. JTOT CTapblii crmocol mpoTekaeT Oonee APQPEKTHBHO U
paBHOMEpHO B reHepaTopax dpuHrca ¢ aBTOMaTHUECKUM MOAAEPKAHUEM TEM-
NepaTypsl U NPUHYIUTEIBHON nonadeil Bo3ayxa. Ilo Takoil TexHonoruu mpo-
n3BOAAT 10 400 MIIH J1 yKCYCHOM KUCIIOTHI B IO/,

CoBpeMeHHbIE TPOMBIILIEHHBIE NTPOIECCH! MOIYyUSHUS YKCyca Peann3yoT B
IIIyOMHHOHM KyJIbType B CHELHAIBHBIX a3pAalMOHHBIX allapaTax ¢ TepMocTadu-
JM3anued 1 MEXaHWYecKoW cuctemoin mneHorarieHus. CKOpOCTh aj’palldu Co-
craisier 3.4 M’/m’-u., Bpamenne potopa — 1500 06./muH., Temnepatypa 30°C.
HcxonHass MHOKyIMpyeMash CMECh COJEP)KUT 3TaHON MU YKCYCHYIO KHCIOTY,
COOTBETCTBEHHO, OKOJIO 5 M 7 %; KOHE4YHas KOHLEHTpanus ykcyca uepe3 1.5
cyTok cocraBisier 12—-13 %. [Iponecc — nonynpoTOUHBIN, OTIUBHO-A0JIUBHBINA.
Kaxnasie 30-35 gacoB 1o 60 % KyabTypsl 3aMEHSIOT Ha cBexee cycno. lpu
rIIyOMHHOM (hepMEHTALMK BBIXOJ MPOIyKTa Ha 1 M’ B 10 pa3 BBIIIIe IO CpaBHE-
HHUIO C MOBEPXHOCTHOW (epmenTanuend. K nHauvamy 90-x rr. TakuM criocoOom
npou3BoAny A0 715 muH. mutpoB 10 % yKCyCHOM KHCIIOTHI B TOA.

Pa3pabotan u peannzoBat 3¢)()eKTUBHBIN HEMIPEPHIBHBINA CIIOCO0 ITOTYIECHUS
YKCYCHOW KHCJIOTHI B 0arapee MocjenoBaTeNbHO paboTaromux (pepMeHTepoB
(oObruHO 5 ammapatoB). TemmnepaTypa KyJlbTHBHPOBAaHHUSI COCTaBisieT 28° s
Acetobacter 1 35° mpu MCIONB30BaHMM B KayecTBE IPOMYLEHTA KYJIBTYPHI
Bact. schutzenbachii. HamrydmmMm ceippeM Ui Tiporiecca SBISCTCS 3THIOBBIN
CIIUPT, IOJIy4EHHBIH U3 3€pHO-KApTO(EITEHOTO CHIPhS, IPH €r0 KOHLCHTPaluH
okoino 10 %. Ontumym pH st pazsutust Gakrepuii — okoso 3. [Tpu yBenuue-
HUM COJIepKaHHs YKCYCHOI KHCIOTHI B KyJbType cBblme 8 % pocT Oakrepuit
3amemsaercs, npu 12—14 % npekpamiaercs. [lostomy mporecc mpoBoasT B Oa-
Tapee MOCJIEA0BATENFHO COEIUHEHHBIX anmaparoB. [IepBbli BBIIONHAET POJIb
HMHOKYJIATOpA, IO9TOMY B HETO HENPEPHIBHO MOJAIOT CBEXYIO CPEeLy U MOAIEP-
JKMBAIOT YCJIOBHS, ONTHMAJbHBIE JJIsI ObICTPOro oOpa3oBaHUsI OHoOMacchl Oak-
tepuil. KynbTypa u3 nepBoro annapara rnocTynaeT BO BTOpPOM ammapar U Jajiee
— B IOCJIEAYIOLINE, NPU 3TOM TPAHCIOPTHPOBKA KyJIbTYpPalbHOM KUAKOCTH
OCYLIECTBIISICTCSL BO3LyXOM. B kakiom ammapare yciioBusi (pepMEHTalUH CTa-
OMIM3NPYIOTCSl B COOTBETCTBHHU C TPeOOBaHMSAMH T€UEHUs XoJla (hepMeHTalnH,
IIPY MOCTETICHHOM ITOHI)KEHHH TeMIepaTypa cpeisl oT 28° B IEpBOM armapare
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o 25° — B mocnenHeM. Pexxum aspanmu Takxke usmensiercs, ot 0.4 mo 0.15
M/M® MEH. KoHueHTpaust ciupTa co BTOPOro IO YETBEPTHIN ammapar cradu-
I3upyercsl Ha TpeOyeMoM ypoBHe nojadeid B HUX cpenpl ¢ 40 % sraHonom. U3
MOCTICTHETO aIlapaTa BBRIBOTUTCS KYJbTypallbHas JKHAKOCTh C COICpKAHHUEM
anerata He Hroke 9.0 u He BoImIe 9.3 %. Brixoa xucnote! cocrasisier 10 90 Kkr
u3 100 1 6e3B0AHOTO CrIUpTA.

Ha nocrdepmeHTaioHHOM CTaany mmocie oTaeNIeHNsl OaKkTepuanbHON OHo-
MAacChl pacTBOp yKcyca (GUIBTPYIOT, OCBOOOXKIAsI OT OKPAIICHHBIX W B3BEIICH-
HBIX YacTHWIl, W Jajee MOABEPraroT macrepu3anud. /is MOBBIMIEHHST KOHIICH-
TpalKu UCXOTHBIE PacTBOPHI BEIMOpaxuBaroT 10 20-30 %. JlanbHeliiee KOH-
HEHTPUPOBAHKUE O TIONYYCHUS JIEASHOW YKCycHOM KHUCIOTHI (98.0-99.8 %),
MPOBOJISAT METOIOM IIEPETOHKH.

Hony4yeHue MPONUOHOBOI KHCJIOTHI

IIpormmonoBass kucnora (CH;CH,COOH) cunTtesupyercss rpamIoioxKu-
TEJIFHBIMH TIPOIIMOHOBOKHCIBIMU Oakrepusivu (Propionibacterium), ncrons3y-
eTcid B XUMHKO-(hapMaleBTHYECKOH MPOMBIIUICHHOCTH, IPH MOIy4YEeHHH KOC-
METHYECKUX CPEACTB, B KauecTBe (DYHTHUIUAA U1l COXPAHEHUs 3epHa.

XuMu3M 00pa3oBaHUs MPOIHMOHOBOM KHUCIIOTBI 3aK/IIOYAETCS B CIEAYIOLIEM:
IIMPOBUHOTPaHAs KUCIOTA MPU YYacTHH OMOTHHA M YIJIEKHCIOTHI KapOOKCHIIN-
pYeTCsl B IIaBENIEBOYKCYCHYIO, KOTOPas uepe3 si00uHyI0 1 (hyMapoBYIO KHCIIOTHI
BOCCTaHABIJIMBACTCSI IO SIHTAPHOM KHCIOTHL. SIHTapHas KHUCIOTa HPH yYacTHH
AT® u KoA mpespamaercs B cykuuHWI-KoA, mocienHuil moj Bo3aeicTBHEM
MetuMaonmia-KoA-n3omepassl ¥ npH ydactun kodepmenrta B12 npesparaercst
B MeTiManioHI-KoA. B pe3ymnbrare kapOOKCHIMPOBaHUS METHIMAITOHII-KOA
paciierisieTcs ¢ oopazoBanreM cBo06oaHOro KoA 1 mponmMoHOBOM KACIOTHI.

Cpenu NMpOMBIIUIEHHBIX LHITAMMOB-IIPOAYLEHTOB — OakTepun Pr. Arabino-
sum, Pr. shermanii, Pr. rubrum u np. B xauectBe cyOcrparta OpoxxeHus Oakre-
PHH UCTIONB3YIOT passIndHbIe caxapa (JIaKTo3y, TIIIOKO03Y, MaIbTO3y, caxaposy,
OpPraHUYECKUE KUCIIOTHI — S0JIOUHYIO U MOJIO4HY0). [lomydaroT nponuoHOBYO
KHCJIOTY B MIyOMHOU a’poOHOM KyJIbType Ha cpenax, coaepxanux (%): caxapa
2, opranndeckuii azot 0.4 (MCTOYHMK — IPOXOKEBON 3KCTPAKT), COJIM MOJIOYHOM
kucioThsl. [Iporece peanmmsyeres 3a 12 cyrok npu 30° u pH 6.8-7.2; mpu sToM
cebie 70 % caxapoB TpaHC(OPMHpPYETCS B OPraHHYECKUe KHCIOTHI, Ha 0Opa-
30BaHKE YIIIEKHUCIOTHI pacxoayercs meHee 20 % yriaepoaHoro cyocrpara.

IMosryyeHHe HTAKOHOBOMH KUCJIOTHI

HrakonoBas kuciaora (CsHgO,4) — HeHaCHIIIEHHAs TBYXOCHOBHAS KHACIIOTA;
ee oOpa3oBaHue TuIecHeBbIMHE rpubamMu oTKphLT B 1931 1. Kunommra. [lanHas
KHUCJIOTa — B&)KHBI IPOMEKYTOUYHBIA MPOLYKT IS MOJIYYEHHs I1OJIMMEPOB.
HrakoHOBas KUCIOTa 00pa3yeT COMOIMMEPHI ¢ dQUPaMU U IPYTHMH MOHOME-
pamu, TIOATOMY HCIIONB3YyeTCS MPHU MPOU3BOJCTBE CHHTETHUECKUX BOJIOKOH H
CMOJI, psAlla aAre3uBHbIX cpencTB, [IAB, kpacuTenell U Apyrux CIOXKHBIX Opra-
HUYECKUX COECUHEHUN.
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CuHTE3 UTAaKOHOBOW KHCIOTHI CBSA3aH C peaknusaMu 1ukia Kpebca; ee uc-
XOAHBIM HpOI[yKTOM ABJIACTCA IUC-aKOHHUTOBAsA KHUCJIOTA, KOTOpaH le/l ae-
KapOOKCHIIMPOBAHUH B PE3yJbTaTe NMEPEMEHICHUS SJICKTPOHOB H Iepexoja
JIBOITHOW CBSI3WM W3 MOJIOKEHUA 2.3 B molokeHue 3.4 mpeBpamiaeTcsl B UTaka-
HOBYIO KHCJIOTY:

CH, — COOH CH,

C-COOH —=% ,Cc-COOH

CH - COOH CH, - COOH

[Tonmy4eHne UTaKOHOBOW KHCIIOTHI OCYIIECTBISIFOT IMOBEPXHOCTHBIM U TIIy-
OMHHBIM MeToznamu (epMeHTanuu. B KadecTBe MPOIYLEHTOB HCIOIB3YIOT OT-
CCJICKTUPOBaHHbIC TpuOHbIC mTaMMmbl (Aspergillus itaconicus, Asp. terreus).
[Ipouecc anamoruyeH nporeccam IMOJyYEHUs! IMMOHHONW KUCIOTHI. Cpensl co-
JIep>KaT BBICOKHME KOHLEHTPAIIMH CaxapoB, OOBIYHO HCIOJIB3YIOT Melaccy, Ipu
nedunure docdopa u xenesza. OcoOEHHOCTHIO MpoOLIECCa MOMYUYCHUs TaHHON
KUCJIOTHBI ABJISICTCA BbBICOKAs HOTpe6HOCTb MpoAylLUEHTa B COJIAIX HMHKA, MarHus
n memu. [Ipu noBepxHocTHOH epmenTanuu B TeueHue 10—12 cyrok obpasyer-
cst okosio 60 % mpoayKTa B mepecueTe Ha caxap, XOJIsl LeJIeBOH KUCIOTHI B CMe-
cu (CHHTE3UpYIOTCA TaKXKe SHTapHas, maBesieBas W (hymapoBas KHCIOTHI) —
ceiie 90 %. ConepxaHue UTaKOHOBOM KMCHOTHI pocturaer 15-20 %, ocra-
TOYHAsi KOHLIEHTpaLus caxapoB He npesbimaer 0.6 %. B ortnnune ot aumon-
HOMW, NTAaKOHOBAs KMCJIOTA — TOKCHYHBIA MPOIYKT, IPH €€ KOHLIEHTPALMH OKOJIO
7 % pOCT NPOJYLIEHTa YTHETAETCSA, U CKOPOCTh MPOIYKIUH KUCIOTHI CHHXKAET-
csi. TOKCMYHOCTh UTAaKOHOBOM KHCJIOTHI HEUTPAIM3YIOT IPOOHBIMH H0OaBKaMH
rugpokcuaMMoHusi, pH cpezpl pu 3ToM crabuimsupyercs Ha yposHe 3.5-3.8.
[Tpn rmy6unHOM epMeHTalN KOHEUHAss KOHIIEHTPALUS UTAKOHOBOM KHCIOTHI
HIKe, 4-6 %. ToBapHBIN HPOMYKT — KPUCTAUTUYECKAsh WTAKOHOBAs KUCIIOTa
92 % conmepikanusi, octanbHOe — Biiara (3—6 %) u apyrue kucioTsl (1-3 %).

IlosryyeHue rjil0KOHOBOI KHCJIOTHI

[JII0KOHOBAsI KHCJIOTA — OJJHOOCHOBHAsI MEHTOKKCIIOTA, MOydaeMasi Ipu
(epMEHTATUBHOM OKHCJICHHHU TJIIOKO3bI C y4acTHEM TIIFOK0300KcHaasbl. [ ro-
KOHOBasi KHCJIOTa UMEET MHOro objacteidl mpumeHenus. KomiiekcooOpa3oBa-
TeNb C METalJIaMU — TJIIOKOHAT HATpUsl, IPUMEHSIOT ITPHU IPOU3BOJICTBE MOIO-
IIUX CPEICTB; KaJbLMil-, )KEJIe30- U KaJIUMHBIE COJM TJIFOKOHOBOH KHUCIIOTBHI
LIMPOKO UCTIONB3YIOT B MEAUIIMHE U MUIIEBOW POMBIIIIICHHOCTH.

[Mponyuents! rimokoHOBOW kucinotel — rpudbl (Penicillium, Aspergillus).
depmMeHTaMIO B MPOMBIIUIEHHBIX MaciiTabax OCYLIECTBISIOT TOBEPXHOCTHIM
1 TIyOMHHBIM Ccrioco0amMM; MCIONB3YIOT cpensl ¢ BeIcokuM (1o 30-35 %) co-
JIepIKaHUEM TIIIOKO3bI, B COCTaBe cpel — cyibdar maruus, Gocdar xanms, uc-
TOYHHUK a30Ta, a TAKIKE yIIEeKUCIbIi Kaibuuii. [Ipouecc 3aBepiiaercs npu ocra-
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TOYHOW KOHIEHTpauu caxapa okoio 1 %. ['0TOBBII MPOAYKT — KpHUCTAJIIHYE-
CKHeE COJIU — TIIOKOHATHI.

Monyyenue pymapoBoii KHCJIOTHI
dymapoBasi KHCJI0TA — TPAHC-H30MEP ITHIICH-IUKapOOHOBOI KHCIIOTHI:
HC - COOH

HOOC - CH

UCIIOJNIB3YETCS P IMPOU3BOJCTBE CHHTETHUECKUX CMOJI, KPACOK, JIakoB. CMOJIBI
(byMapoBOil KHCIIOTHI MPUMEHSIOT Ul TIPOM3BOJICTBA MEYaTHBIX Kpacok. Mar-
HHEBBIE U HATPUEBbIE COJH (hyMAapOBOI KUCIOTHI HCHIONB3YIOT B MEAULIMHE.

®dymapoBast KMCI0Ta — METa0OJIHUT LKA TPUKAPOOHOBBIX KHCIIOT U NPHUCYT-
CTBYET BO BCEX JKMBBIX KJIETKaX, OJTHAKO PEIKO SKCKpeTupyercs B cpeny. [Ipomry-
LIEHTOM JaHHOH KUCIIOTHI SBILTIOTCA pasnudaHble rpuobl (Penicillium, Aspergillus,
Rhizopus), nocnenane Hambosee akTuBHBL Cpensl i moidydeHus GpymMapoBoi
KHCJIOTBI COJICPIKAT TJIFOKO3Y B KOHIIEHTparuu 5—10 %, TUMATHPYIOIIU (hakTop
— a3otr, IMHK. PepMeHTalys pean3yercss B YCIOBHSAX MHTEHCHBHOM al’panun
MOBEPXHOCTHBIM WX TIIyOMHHBIM criocobom. [Ipum sTom B Xome QepmeHTarmm
MPOBOISIT HEUTPATHU3ALMUIO CPEIbI YIIEKHCIIBIM KaJIbIIUEM MII PACTBOPOM ILEINO-
yr. MakCUMaJTbHBIH BBIXO KUCIOTHI — 58 % OT MOTPEOICHHOM TTFOKO3bI.

BrorexHonornueckre MeTOIbl MOJTYYEHHsST OPraHMYECKHMX KHCIOT COBEp-
meHcTByoTcA. HemaBHo B AmoHmm pa3paboraH cmoco0d mOdMydeHus 2-
KETOTJTFOKOHOBOH KHCJIOTHI Ha OCHOBEe OmocuHTe3a Oakrtepuii Pseudomonas,
BBIXOJ KHUCIOTHI gocturaet 90 % OT MCHosbp30BaHHOrO caxapa. PaspaboraHa
TEXHOJIOTHSI TIOJTyYeHHS IAaBEJICBOM KUCIIOTHI Ha Cpelax ¢ caxapaMH Ha OCHOBE
rpuboB A. ozyzae. Ha ocHOBe celeKTHpOBaHHBIX MTaMMOB apoxokeit (Candida
lipolytica) co3maHBl TEXHOJOTHH IONYyYCHHUS JUMOHHOH M M30JUMOHHOW KH-
ciot. CrienuanbHO OTCENEKTHPOBaHHbIE MITaMMBI posokeit pona Candida cun-
TE3UPYIOT Ha cpelax ¢ HOPMaJbHBIMU napaduHamMu (yMapoByro, sIOIO0UHYIO,
SHTapHYIO KHCIOTHL. [Ipomecc Ha JaHHOM ChIphE ITOCTOSHHOTO cocTaBa Ooiee
CTabuIIeH, YeM Ha KOMIUIEKCHBIX IPUPOJHBIX CPEAax Ha OCHOBE MENACCHI; TakK-
KE ynmpomacTcs cTaaus BbIACICHUA U OYUCTKH I'OTOBOTO IPOAYKTA.

2.4. BUTAMUHBI

ButaMuHBI — 3TO HU3KOMOJIEKYJISIPHBIE OPTaHWYIECKHE BEIIECTBA, CIIOCO0-
HbIE B O4Y€Hb HU3KHX KOHLEHTPALUSIX OKAa3blBaTh CHJIBHOE M Pa3sHOOOpasHOE
nercreue. IIpupoiHBIM UCTOYHUKOM MHOI'MX BUTAMUHOB SIBJISIIOTCS PACTEHUS U
MUKPOOpraHu3Mel. B Hacrosiiee Bpemsl B MIPOU3BOACTBE MHOTUX BUTaMHHOB
BEIyIIUE MO3ULUU NPUHANIEKAT XUMUYECKOMY CHHTE3Y, OAHAKO IIPHU IIPOM3-
BOJICTBE OTJICNIbHBIX BUTAMUHOB MHUKPOOHBII CHHTE3 MMEET OIPOMHOE 3Haue-
HUe, HalpuMep IpH MPOU3BOJCTBE KOPMOBBIX IpenapaToB BHUTaMUHOB. OT-
JIeNIbHbIE BUTAMHUHBI, KOOAIaMHUHBI, MEHaXUHOHBI POAYLIUPYIOTCS TOINBKO MUK-
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pOOHBIMH KJI€TKaMH. BUTaMUHBI NMPHUHUMAIOT aKTHBHOE YYacTHE BO MHOTHX
npoleccax MeTadoiIM3Ma 4YeloBeKa M BBICHIMX JKMBOTHBIX (ITPOLIECCHI IHMKJIA
TPUKAapOOHOBBIX KUCJIOT, paciiajl U CUHTE3 )KUPHBIX KUCIIOT, CHHTE3 aMHUHOKHC-
JIOT W JAp.), OKa3bIBasl BIHMSHHUE Ha pa3HOOOpa3Hble (U3HUOJIOTHUECKHUE MPOIEC-
CBI.

MHUKpOOHOIOTHYECKUM ITyTEM IOJIy4atoT HEKOTOPbIE BUTAaMUHBI IpyNIbl B,
a TaK)Ke 3ProcTepHH W KapOTHH, SIBISIOIINECS, COOTBETCTBEHHO, MPEALIECT-
BEHHHKaMH BUTaMUHOB D, 1 npoBuTamMuHa A.

IMonyyenue BuTamuHa By,

Burtamuur By, — (0-5,6-1uMeTHIOCH3UMUIA3001)-[IMAHKOOATAMUH — TOJIH-
Mep CIIOKHOTO CTPOCHUSI, SIBJISIOIINICS TeMaTOIO3THYECKUM U POCTOBBIM (hak-
TOPOM JIi MHOTHX JXHBOTHBIX M MHKPOOPTaHU3MOB. MHUKPOOHOIOTHUECKHIA
CHHTE3 SIBISIETCS €AWHCTBEHHBIM CIOCOOOM ITONyYeHHsS IAHHOTO BHTaMHHA.
CnocoOHOCTh K CHHTE3Y JJaHHOI'O BHTaMHHA IIMPOKO PaclpoCTpaHEHa Cpelu
MPOKAPHOTHYCCKIX MHKPOOPTAaHH3MOB. AKTUBHO TPOIYHHUPYIOT BUTAMHUH B,
Propionibacterium, a takke Pseudomonas u cMerranHbIe KyIbTyphl MAaTaHOO0-
pasyronux Oaxtepuil. [lomyueHne BUTaMHHAa Ha OCHOBE MPONHOHOBOKHCIIBIX
OakTepwii, CIOCOOHBIX K CAMOCTOSITEILHOMY CHHTE3Y aJlcHO3MIKOoOaIaMuHa 5,6
JIMB (xosH3uMa B),), ocyliecTBiseTCs B IBE CTaUH B JIBYX MOCJIEIOBATEIb-
HBIX ammaparax odsemoMm 500 1 mpu ko3ddurmente 3anomaenus 0.65-0.70.
[lepByto cTaguio KyJIbTUBHPOBaHMS MPOBOIAT B TedeHue 80 4 u cirabom mepe-
MELIMBaHNH B aHadPOOHBIX YCIOBHUSX JI0 TOJIHOW yTWJIM3AIMU caxapa; Moy-
YeHHYI0 Onomaccy HeHTpuGyrupytor. CryleHHYI0 CYCIICH3HI0O WHKYOHPYIOT
BO BTOPOM ammapare eme B TedeHHe 88 4, adpupys KyJIbTypy Bo3myxom (2
M/a). Cpena COMepKHT caxapa (OOBIYHO rimoko3y 1-10 %), mobaBku comeit
xKeJesa, Mapraiua, Maraus u kobansra (10-100 Mr/i), KyKypy3HBIH 3KCTpaKT
(37 %). B xauecrBe ucrouynmka azora npuHAT (NH4),SO,. depmenranmio
mpoBomsat npu 30°C, pH crabumusupyioT Ha ypoBHE 6.5—7.0 MOITHUTPOBKOMH
KynbTypsl pactBopoM (NH),OH. Ha BTOpoOii cTagnu mpoucxoaut obpazoBaHue
JMB. Ilocne 3aBepuicHus (epMEHTAUU BUTAMHH JKCTPArUPYIOT M3 KICTOK,
HarpeBanueM B teueHue 10-30 munyT npu 80-120°C. IIpu nocnenyromniei 00-
paboTKe ropsYel KICTOYHOW CYCIIEH3WH IIHaHUIOM IPOUCXOAUT 00pa3oBaHUE
CN-kobanaMuHa; IPOAYKT COPOHMPYIOT, MPOITyCcKas PacTBOP 4depe3 aKTHBHPO-
BaHHBIN YToJib U OKUCJIbI aJIFOMUHUA; 3aTEM BJIIOUPYIOT BOJAHBIM CIIMPTOM WJIU
xsopodopmom. Ilocie BbIapuBaHHUs PacTBOPUTENS MOJIY4alOT KpHCTaJuInyde-
ckuii BuTamuH. Beixon B, cocrasiaser mo 40 mr/i.

AKTUBHBIMU TpoxyueHTamu B, sBusiorcs Oakrepum poma Pseudomonas.
Paspabotanbl 3 pekTHBHBIE TEXHOJOTHH HAa OCHOBE TEPMO(MDMIBHBIX Oariuiul
Bacillus circulans, B Teuerne 18 1 mpu 65-75°C B HECTEPHIIBHBIX YCIOBHUSX.
Brexox Butammna cocraiser oT 2.0 mo 6.0 mr/n. BakTepun BRIpamImBarOT Ha
OorateIx cpenax, IPUTOTOBJICHHBIX HA OCHOBE COEBOW M PHIOHOIN MYKH, MSCHO-
ro ¥ KyKypy3Horo skcrpakra. [Ipoaykuus By, 118 MeqUIMHBL COCTABIIAET OKO-
1o 12 1/r; dpopma Beiycka — crepuiibHbIi pactBop CN-Bj, Ha ocHoBe 0.95-ro
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pactBopa NaCl u TabieTky BUTaMHHA B CMeCH € (POJIMEBON KUCIOTON HIIH JpY-
T'MMHX BUTaAMHHaAMH. I[J'IH HYXI XMUBOTHOBOACTBA BUTAMUH BIZ MoJiy4dyaroT Ha
OCHOBE CMEUIaHHOM accoUuanuy TEepMO(MIBHBIX METaHOT'CHHBIX OakTepuil.
Acconuansi COCTOUT U3 4-X KyIbTYp, B3aUMOCBSI3aHHO PaCIISIUIIONINX Opra-
Hudeckuit cyocrpatr o CO, nu CHy: yraeBoncOpaxuBaromux, aMMOHU(HIIN-
pYIOIIUX, CyJIb()aTBOCCTAHABIUBAIOIIUX W COOCTBEHHO METaHOOOPa3yOIIHX
Oakrepuii. B xauectBe cyOcTpara HCHONB3YIOT IEKAaHTHPOBAHHYIO alleTOHOOY-
THIIOBYIO Oapny, comepskaimryto 2.0-2.5 % cyxux BemecTB. bpoxenne mpoxo-
it npu 55-57°C B HecTepuIIbHOM KynbType B JiBe (a3bl: Ha MepBoi o0pasy-
IOTCA )KUPHBIC KUCJIOTBI U ME€TaH, Ha BTOpOI‘/II — METaH, YTJICKUCJI0Ta U BUTAMHUH
B,,. nuTensHOCTh Mpolecca B OJHOM ammapare cocrasisgeTr 2.5-3.5 cyTok, B
IIByX TIOCIIENOBATEIbHBIX — 2—2.5 cyTok. KoHueHTpamus BuTaMuHa B Opakke
mocturaetr 850 mir/im. IlapamiensHO B 3HAYMTEIBHBIX KondecTBax, n0 20
M/M° obpasyercs ras (65 % merana u 30 % yriaekuciaoThl). bpaxkka umeer cia-
Oomenounyto peakuuro. [ crabmin3anyuy BUTAMHUHA €€ MOJKHUCISIIOT COJIsi-
HOW wmi (ocOpHOH KHUCIOTOW, 3aTeM B BBIIAPHOM alllapaTe CTYMIAIOT IO
20 % copepxaHUs CyXUX BELIECTB M BBICYIIUBAIOT B PACIBIIMTENBHOM CyIIHNII-
ke. Cozneprxxanue By, B cyxom npenapate — 10 100 Mkr/r.

[Monyyenue BuTamuHa B,

Butamun B, (pubodmaBuH) momydmi cBOe Ha3BaHHWE OT caxapa pUOO3EI,
BXOJSIILIETO B COCTAaB MOJIEKYJIbl BUTAMHHA B BHAE MHOTOaTOMHOTO crupra D-
pubura. Illupoko pacnpocTpaHeH B MPHUPOJE U B 3HAYUTEIBHBIX KOJIMYECTBAX
CHUHTE3UpYETCs PAacCTEHUsIMH, IpOOKaMH, Tpudamu, Oakrepusimu. JKHBOTHBIC,
HE CHHTE3UPYIOIINE 3TOT BUTAMHH, JOJDKHBI ITOJy4aTh €ro B cOCTaBe KOMOH-
kopMoB. Ilpu medunure pudodaBuHa B OpraHM3Me HapyIIAIOTCS IPOLECCHI
OenkoBoro odMeHa, 3ameyisieTcs poct. [Ipenaparsl pubodaBrHa UCIOIB3YIOT
B MEJUIIMHE /IS JIeueHus psija 3a00JIeBaHmid, a B )KUBOTHOBOJICTBE — B KayecT-
Be 100aBKH B KopMa. MHUKpPOOPTraHU3MBI CUHTE3UPYIOT pUOO(DIaBUH U IBE €ro
kodepmenTHbie popmbl — DAJ] 1 @PMH. TlpoayneHTaMn BUTaMUHA SIBIISIOTCS
baktepun (Brevibacterium ammoniagenes, Micrococcus glutamaticus), npox-
xwu (Candida guilliermondii, C. flaveri), Mukpockonuueckue (Ashbya gossypii,
Eremothecium ashbyii) u mecueBsie TpubsI (Aspergillus niger).

[TpombluleHHOE MOTyYeHUEe pUOO]IaBHHA OCYLIECTBISIETCS XUMHUYECKUM
CHHTC30M, MI/leO6I/IOJ'IOl"I/I'-leCKI/lM )41 KOM6l/IHl/lpOBaHHblM: IIpyu 3TOM CUHTE3UPO-
BaHHasi MUKPOOPraHU3MaMH prdo3a XMMHU4ecKH TpaHchopmupyercs B B,.

i MeTUIIMHCKUX TIeTIe MUKPOOHOIOTHIEeCKAN prOO(hIaBHH OTYYat0T Ha
ocHoBe rpuba Aspergillus. /Iyt BHICOKMX BBIXOJOB BUTaMUHA (10 7 T/11) Hc-
MOJIL3YIOT YCOBCPIICHCTBOBAHHLIC IITAMMBI 1 ONITUMHU3UPOBAHHBIC CPCJIbI, CO-
nepkamue (B %): KyKypy3HBIA 5KCTpakT — 2.25, nentoH — 3.5, coeBoe Macio —
4.5 1 cTuMynsATOpHl (NENTOHBI, TIUIKH). VCIONB3YIOT aKTUBHBIA HHOKYJIAT,
KOTOPBIM 3aCEBalOT CTEPHIbHYIO cpeny. depMeHTannIo IpOBOIAT B TEUEHUH 7
cytok mpu 28°C u xoporeit asparun (0,3 M/ -mun.). Mcxomblit pH cocras-
nsier okono 7.0, B xoxe (epMEHTAllMH B CBSI3H C BBHIJICICHHEM KHCIIOT cpela
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monkucisercss g0 pH 4.0-4.5. Tlocne yrunm3ammu yriepogHOro cyoOcTpara
IIPOAYLIEHT HAYUHAET YTUIM3UPOBATh KUCIOTHI; pH MOBBIIIAETCS U 110CIIE 9TOrO
HauuHaeTcs oOpa3oBaHMe BUTaMuHa B,. [Ipu sTOoM Kpucraiuel pubodaBuHa
HakamjMBaloTcs B Tndax ¥ BHe Munenus. Ha mocrdepmeranimoHHON CcTaanu
JUTSI BBIZICJICHUSI BUTAMHUHA MUIIETNI HarpeBatoT B TedeHue 1 4 mpu 120°C.

B psine cTpaH 11 nosty4eHus KOpMOBBIX IIPENapaToB BUTAMHUHA B, ncIoib-
3YIOT JIOCTaTOYHO IIPOCTOH CIIOCOO Ha OCHOBE MHMKPOCKOIMYECKOro rpuda
Eremothecium ashbyii, KOTOpBIi BEIpAaIIUBalOT B TIIyOMHHOHN KyIBTYpe B TEUe-
Hue 80—-84 4 mpu 28-30°C Ha cpene C IIIOK030i mim ManeTo30# (2.5 %), uc-
touHukoM azota B Buae NHyNO; u xapbokcumom kambims (0.5 %). Beixon
pubodaasuna cocraisier 1250 mkr/mi. KynerypanbHast >KUAKOCTh KOHLECH-
TpHUpyeTCsl B BaKyyMHOM BBINIapke J10 copepkaHus cyxux semiects 30—40 % n
BBICYIIIUBACTCS B PACIBUIMTENIbHON cymmike. ToBapHas ¢opma mpoaykra —
HOPOILOK ¢ conepkaHueM puboduaBuna He Menee 10 mr/r u 20 % cwiporo
IIPOTENHA, B IIpenapare NpUCYTCTBYIOT HUKOTHHOBAsI KACJIOTA U BUTaMHHBI By,
B;, Bs u By,. [lomyueHHBI TeHHOMH)KEHEpHBIM MeTogoM mTaMM Bacillus
subtilis oOpa3yer 3a 35 cyTok pepmenTanuu a0 4 r/11 pudbodaaBuHa.

Ho.ﬂyqeﬂne IProcrepuHa

JprocrepuH — (3procra-5,7,22-tpreH-33-011) — UCXOAHBINH NPOIYKT HPOU3-
BOJICTBA BUTaMHHA D, M KOPMOBBIX MPENAPATOB JPOFOKEH, 000TAIEHHBIX 3TUM
ButamMuHoM. Buramuun D, (3prokansimdepoin) oOpasyercs npu oOIyueHUU
yIbTpaduoIeTOM IprocrepruHa, KOTOPHIH B 3HAUNTEIBHBIX KOJIMYECTBAX CUHTE-
3UPYIOT Oypble BOJIOPOCIH, IPOXCKH, IUIeCHEBbIe TpuObl. Hanbosee akTuBHBIE
MIPOAYLEHTHI dprocrepruHa — Saccharomyces, Rhodotoryla, Candida.

B npoMeimuieHHBIX MacmTadax 3procTepHH MOy4YaroT MPH KyJIbTHBHPOBA-
HHUHM APOXOKEH U MUIETHaIbHBIX IPHOOB Ha cpelax ¢ M30BITKOM caxapoB IpH
neduimre azora, BEICOKOH TeMIlepaType M Xopolueil a’paunu. bonee uHTEH-
CHBHO 3proctepruH oOpa3yroT npoxoku poma Candida Ha cpemax ¢ yriaeBogopo-
Jamu. [Ipy momy4eHnn KpUCTAIUTMYECKOTo MpenapaTta ButaMuHa D2 KynpTuBH-
pytot mecHeBbie TpuoObI (Penicillium, Aspergillus). Jins nmonay4eHus KOpMOBBIX
IpenaparoB 00JIy4aroT cycreHsuo mwim cyxue npoxokn (Candida). Obmydator
TOHKHH CIIOH 5 % CYCHEH3UH APOXIKEH yIbTpadHOICTOBBIMY JIAMITAMH C JJIH-
Hoit BomuHbl 280-300 HM. KopmoBbIe mpemapaThl ApOXoKed comepkar B 1 T
ACB 5000 E Butamuna D, u He menee 46 % cwiporo Oenka. s mosrydeHus
KPHCTAJUIMYECKOTO Npernapara BUTAMUHA APOXIKH MM TPUOHON MHLIENIUH 1Mo~
BEpraroT KuciIoTHOMY Tuaponu3y npu 110°C. ButaMuH SKCTparupyroT CIUp-
TOM, (QUIBTPYIOT, manee (QUIBTPAT yNapHBAIOT, HECKOJIBKO pa3 IPOMBIBAIOT
cnupToM. CupTOBBIA 3KCTPaKT cryufaioT A0 50 % KOHIEHTpalUH CYyXHX Be-
IIECTB, OMBUISIOT MIeJ04blo. lloydeHHBIE KPUCTAIBI BHUTAMHHA OYHINAIOT
TIepeKpUCTAITU3AINeH U cymar B 3dupe, oTroHsas mocinennuii. Kpucrammmae-
CKHUH OCalloK pacTBOpAIOT B Macie. JlaHHbIM mpenapar HCHOJIb3YIOT B MEIu-
IMUHCKUX LECIIAX. 3pr00Tep1/1H SABJIACTCA TAKXKC UCXOJAHBIM IMPOAYKTOM [UJIA IO-
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Jy4€HUs psaaa CTEPOUIHBIX TOPMOHOB, NHUIIEBBIX M JICKAPCTBEHHBIX IIpErapa-
TOB.

2.5. BUOITIOJIMMEPHBI

TepMuH «OHOTIOIMMEpPBI» OTHOCUTCS KO MHOTHM BBICOKOMOJIEKYJISIPHBIM
COeNMHeHUSIM (TIOJIMCcaxapuaaM, JIMIHIaM, HOJMOKCHAIIKAHOATaM), KOTOpBIE
ABJIAIOTCA ISl KIETOK PE3EPBHBIMH BEIECTBAMH M CHHTE3HPYIOTCS B CIICLH-
(rueckuxX yCIOBUSX HecOaaHCUPOBAHHOTO pocTa. TakMMHU YCIOBHSIMH, Kak
NIPaBUJIO, SIBJISIFOTCSI M30BITOK YTJIEPOJIHOTO M DHEPreTHYECKOro CyOCcTpaToB B
cpene M NeUINT OTIACIBHBIX MHHEPAJIBHBIX JIEMEHTOB (a3ota, ¢ocdopa, ce-
PBIL, MarHus ¥ T.J.), JUMUTHPYIOIIUX CHHTE3 a30TCOACPIKAIMX KOMIIOHEHTOB U
CKOPOCTh POCTa KJIETOK. MHOTHE MHUKPOOHBIE OUOIMIOIMMEDHI SBIISIFOTCS DHIO-
TeHHBIM MCTOYHUKOM YIJIepoJia U HEPIHH, II03TOMY CIOCOOCTBYIOT COXpaHe-
HHIO BBDKHBAEMOCTH KJICTOK B HEOJIArONPHATHBIX YCIOBHUIX CPE/IBL.

Hoaucaxapuabl

Monucaxapuapl (INTMKaHbl) — MOJMMEPBI, MOCTPOCHHBIE HE MEHEE YeM M3
11 moHocaxapunHbIX equuun. ITonncaxapunsl SBISIFOTCS 00s3aTENBHBIM KOM-
MIOHEHTOM BCEX OPTaHM3MOB, IPUCYTCTBYIOT KaK M30JMPOBAHHO, TaK M B KOM-
IUIeKcax ¢ OenKaMu, JMIUIAMH, HyKJIEHMHOBBIMU KuciaoTaMu. [lommcaxapumsl
npeo0ialaloT B pacTHTENBHBIX OHMOMaccaX M COCTaBIISIIOT, CIIEIOBaTENIbHO,
OOoJIBIIyIO YacTh OpraHMYEecKOro MaTepuaia Ha Iutanere. [lonmcaxapuabl pas-
HOOOPa3HBI IO CTPOCHUIO, JTOKAIU3AINHU B KIETKAaX M, €CTECTBEHHO, [0 CBOUM
¢u3nKo-xuMHYecKiuM CBOHCTBaM. OcoOeHHO pa3HOOOpa3HBI IMOIMCAXapUIb,
CHUHTE3MpYyeMble MUKPOOpraHu3MaMu. MUKpOOHbIE MOIKCaxapubl ACIATCS Ha
BHYTPUKJIETOUYHBIE, JJOKAIN30BaHHbBIE B IUTOIUIA3ME, U BHEKIIETOYHBIE — TIOJIU-
caxapuzabl ClW3el, Kamcyls, 4exjoB. MHOTWe IOJIMcaxapuibl OMOJIOTHYECKH
AKTHBHBI Y MOBBIIIAIOT YCTOHYMBOCTE MAaKPOOPTraHW3MOB K BUPYCHOH u Oakre-
puanbHON MHGEKIHsIM, 00JIaal0T MPOTUBOOIYXOJIEBBIM JCHCTBHEM, a TaKXe
AHTUTEHHOH crierduaHOCThIO0. [l03TOMY OHM HaxomsAT Bce Ooliee IIMPOKOE
IIPUMEHEHNE B MEANIMHE U (hapMaleBTHIECKOW MPOMBIIUIEHHOCTH B KaYECTBE
JIMarHOCTUKYMOB, 3aMEHMUTENEH IUIa3Mbl KpOBU U Ip. UYpe3BblYailHO LIMPOKU
MEPCIIEKTUBBI TPUMEHEHHS MOJINCaXapuIoB B CBS3H C HX I'eJe000pa3yoluMu
1 PEOJOTNYECKUMHU CBOHCTBAMH B Ka4ECTBE 3ar'yCTUTEIIEH CHPOIIOB U KOCMETH-
YECKUX CPEICTB, IS YIAKOBKH IPOAYKTOB W MPOTPABIMBAHUA CeMsH. BoHbIe
pacTBOPBI OTAENBHBIX IOJHCAXapUIOB YPE3BBIUAIHO CTAOWIBHBI B IIMPOKHX
uHTepBanax pH u Temmneparypsl, IO3TOMY HaXOISAT MPUMEHEHHs MpHU A00bIYe
HedTH ¥ rasa; (IOKKYJIMPYIOIINE CBOICTBA INIMKAHOB HMCIOJB3YIOT B ITPOIEC-
cax OYHCTKH, KOHIICHTPUPOBAHUS M pa3/esieHuss MeTaJuloB. Bo3moxkHOCTH TIO-
JIMCaxXapuaoB PACKPBITHI JAJIEKO HE MOJHOCTBIO, IOATOMY MX M3Y4EHHE BElET K
pacimpeHuio cepbl IPUMEHEHUS.
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BONBIIMHCTBO MHUKPOOPTaHW3MOB CHHTE3HPYIOT MOJIHMCaxXapuabl U3 pa3HO-
00pa3HbIX MCTOYHUKOB YIJIepoja, 00ECHEeYMBAIOUIMX MX POCT, — YIJICBOJIOB,
CIIMPTOB, KapOOHOBBIX KucioT, Cj-coenuneHuid. [Ipupona M KOHLEHTpaLys
YIJIEPOIHOTO NCTOYHMKA B CPEE CYIIECTBEHHO BJIMSET HA 00pa3oBaHME MOJIH-
caxapHuzioB, KOTOPOE CBOJUTCS K CO3JaHUIO TIIMKO3MIHOHN CBS3M MEXIY MOHO-
caxapuIHBIMHU eAUHUIIAMU (puc. 2.5); IpH 3TOM ITIMKO3WIBHBIN JOHOP Nepeaa-
€T IJIMKO3WJI Ha aKLENTOP-3aTPaBKy, BHICBOOOK/AAsICh TIPH 3TOM. AKIIENTOpaMH
CIy)XaT OJINTOcaxapa M HEAOCTPOCHHBIC IMoJHcaxapuabl. YacTo HepBHYHBIM
aKIENITOPOM CIIyXaT OJIUrocaxapa, B psiie CIydaeB — HEIOCTPOCHHBIN MOJHCa-
xapup — «3arpaBkay. [loaumepusauus unet 10 00pa3oBaHUs TOTOBOTO MOJIHCA-
Xapuja ¢ y4acTheM crelM(UUecKux IIMKo3miTpacdepas, KOTopble OTIIEIUIs-
10T ()parMeHTHl JTUHEHHON e HEAOCTPOSHHOTO INIMKaHa M MEePeHOCAT UX Ha
Ty 7K€ WM aHAJTOTUYHYIO IIETb B ONIPEJEIICHHOM ITOJIOKEHUH.

CH,OH CH,OH CH,0H CH,0H

O, O, O, O,
DepmeHT
H + H S H H + ROH
OH OR |OH O-... OH © O-...
OH OH . OH OH ntl

Puc. 2.5. Cxema 00pa30BaHuUs MIUKO3UIHOM CBA3M.

CuHTe3 MOoNMHCcaXapuIoB ONpeAeIseTcs YCIOBHAMU KyITbTHBHPOBAHUS TIPO-
IOYLEHTa U COCTaBOM MUTATEIHHOM CPeIbl, KOTOPBIE ONPENEISIIOT BOZMOKHOCTh
U MHTCHCHBHOCTH HUX OOpa30BaHWs, a TAKKE COCTaB, CTPYKTYpY H, CJIeI0Ba-
TENBHO, cBoWcTBA. CyIIECTBCHHOEC 3HAYCHUE MMEIOT HE TOJIBKO KauyeCTBEHHBIN
COCTaB HCIIOJB3yEMOTO YTIIEPOIHOTO CHIPBS, HO TaKke M KOHIIEHTPAIWS, TaK
Kak 3G PEKTUBHBII CHHTE3 MOJIMCAXapUI0B OCYIIECTBISIETCS HA CpeliaX ¢ BbICO-
KAM COJIepKaHUEeM yTiiepoaHoro cyocrpara. KommuectBo u hopma rcTouHHKA
a30Ta, HE BJIMASA HA COCTAB IOJIMCAXaPHIIOB, OKA3hIBACT BIMSIHAE HA CKOPOCTHh
pocTa MUKPOOPTaHU3MOB M KOJIMYECTBEHHBIX BBHIXOJ Mmonmcaxapunos. CyImecT-
BEHHA TaKkxe posib (ocharoB U MOHOB MapraHiia, MarHus, KajbLus, SBIISIO-
HIMXCsl KOPaKTOpaMu CHHTE3a MOJMcaxapuaoB. PasHooOpa3Ho u cneruduaHo
BrustHEe pH ¥ TeMmepaTypsl cpelpl Ha HaKOIUICHUS TIUKaHOB. CyIIeCTBCHEH
XOPOIINHA YPOBEHb a’pallid KyJIbTyphl. [IpOW3BOACTBO MOJHMCAXapUB CIEIH-
(UYHO /TSI KaXKI0TO M ONPEeIIsieTCs PUPOIOHL, JIoKaM3alneid, CBOiicTBaMH, a
TaKKe 00JAaCThIO MPUMEHEHHs TJIIMKaHOB W, 0€3yCIOBHO, (PU3HOJIOTHYECKHMU
ocobeHHOCTsIME TIpoayIreHTa. [lomyuenue sk3omonmucaxapunoB 3ddekTuBHEe
BHYTPHUKJIETOYHBIX, TaK KaK X KOHIICHTPANHXs BhIIIE, MEHBIIIE TPOOIeM Ha CTa-
JUH BBIJCNICHUS M OYMCTKH, OJHAKO B X0A€ (epMEHTAIIMH BO3HUKAIOT TPYIHO-
CTH C TPAHCIOPTOM KHCJIOPOa U3 ra3oBoi (as3bl B KUIAKYIO (TIPU MOBBIIICHUH
9KCKPCIIMU TJIMKAHOB B CPEIy €€ BA3KOCTh Bo3pacraeT). CIleZICTBUEM 3TOTO
CTaHOBSITCS CHIDKEHHE POCTa KIETOK M TOPMOKEHHE MPOAYKINH ITOIHCaXapH-
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Ta6unuma 2.3
IIpombinuieHHbIe MEKPOOHBIE MoIHcaxapuabl (mo Gruger, Gruger, 1984)

TTonucaxapun IIpoxyuenr
Kcanran Xanthomonas campesrtis
AnbruHar Pseudomonas aeruginosa,
Azotobacter vinelandii
Kypanax Alcaligenes
CKIIepOTITIOKaH Sclerotium glucanicum, S. delphinii, S. rolfsii
ITynnan Pullularia pullulans
Jexcrpan Acetobacter sp., Leuconostac mesenteroides,

L.dextranicum, Streptococcus mutans

noB. [ToaTomy cpeny npuxomurcs pa3daBiiTh B IECATKH pa3 U IOCIE YAAICHUS
KJIETOK MPOJIyLIEHTa — KOHIIEHTPUPOBATb.

CnexTp IPOMBIIUICHHBIX IPOIYLEHTOB M BBITYCKAEMBIX IIOJINCAXAPHJIOB
BeckMa pa3HooOpaseH (Tabm. 2.3). Bemymmvu cTpaHaMiu — IPOU3BOAUTEISIMA
nonucaxapuaoB seisitoTcs: CHIA, ®pannus (kcanta, Kypaias), Poccus (nek-
cTpaH), SnoHus (MysaaH, KypAjiaH).

TexHoorus NOJay4Y€eHUsl 1€KCTPAHOB

IIpogyneHTamMu JEKCTpaHOB SIBJIIOTCS IITaMMbl Leuconostac mesente-
roides, pacTymme Ha cpefax C BBICOKMM coaepxkanueMm caxapossl (10-30 %),
JIECTPAHOM-«3aTPABKOI», NPO¥IKEBBIM SKCTPAKTOM U MUHEPATIBHBIMHU COJISIMH.
B 3aBucumocTH OT COCTaBa MUHEPAIbHBIX COJIEH M TOM WIM UHOW IIPUPOIBI
«3aTpaBKM» CHHTE3MPYIOTCS BBICOKOMOJNEKYIsipHble (60—80 ThIC.) JmHEHHbIE
WIA AMEIOIINE HU3KYI MOJEKYIspHyto Maccy (20-30 Teic.) pa3BeTBIICHHBIE
nekcTpansl. [locieaane 001anaroT HAUOOJIBIIEH OMOIOTHIECKON aKTHBHOCTBIO.
W3 nexcTpaHOB BBITYCKAIOT IJIa3MO3aMEHUTENH (KIMHUYECKHM IeKCTpaH, Mo-
JIMTIIIOKWH, TUIa3MOJEKC, XeMOJIEKC U JIp.).

Tunuaselil npuMep GepMeHTANH — TIIyOHHHAs TepHOIUYecKas KyJIbTypa,
peanuzyemMasi Ha MEPBOM JTale ¢ IeIbi0 00pa3oBaHMs OMOMAcChHl MPOLYLIEHTa
npu u30bITKe caxapoB U pH 6.5-8.0. CuHTe3 JeKkcTpaHcaxapasbl, BEIYIIHA K
o0pa3zoBaHUIO TMIMKaHOB, Hanbojee nHTeHcHBeH npu pH okono 7.0. ITomumo
MOHOB MarHus CHHTE3 JIEKCTPAHOB CTHMYJIHMPYETCs IPH 3aMEeHE caxapo3bl Me-
naccoil. bakrepun pacumiernsiror caxapody ¢ 00pa3oBaHHEM TUIFOKO3BI U (PPYK-
To3bl. [locnennsist cOpaxkuBaeTcs 1o rerepoGepMeHTHOMY IIyTH ¢ 00pa3oBaHH-
€M MOJIOYHOH M YKCYCHOW KHCIIOT, MaHHHUTA U YTJIEKUCIIOTHI. [ J1I0K03a ObICTpO
momMepu3yercsl B eKcTpaH. IIpomecc 3aBepmaercs uepes 24 4. Brienenue
JIEKCTpaHa U3 KyJIbTYpbl IIPOBOISAT METAHOJIOM, AT MOCIEAYIOIEH OYMCTKH —
MHOTOKPaTHO PacTBOPSIIOT B BOZE, NEPEOCAKNAIOT METAHOJIOM U (paKIMOHHU-
pytoT. JlekcTpaHcaxapasa SBISETCS 3K30()€pMEHTOM, W €€ KOHIEHTpalus B
KyJIbTYPJIBHOH cpene 3HaunTeNIbHA. [103TOMYy BO3MOXKEH MPOILIECC MOTYICHUS
HojMcaxapyuzia Ha OCHOBE pacTBOpuMoro ¢epmenTa. KynpTypanbHas KUIKOCTb
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¢ nexcrpancaxapaszoi npu pH okoso 5.0 u 15°C cmocobHa 0k0J10 MecsIa mpo-
SIBJISITh BBICOKYIO (DepPMEHTATUBHYIO aKTHBHOCTh. Peann3oBaH mpolecc Ha oc-
HOBE KyJIbTypaJIbHOH cpeabl ¢ (hepMEHTOM, colieprkalieii caxapo3y U JIeKCTpaH-
«3aTpaBKy», — HpoOLECC MOIMMEPU3aNN 3aBEPIIACTCS B TEYCHUH § 4. DTOT
CII0cO0 3HAUUTENILHO YNPOLIAeT Npouenypy GepMeHTAllMH U CTaIuio BblAEINe-
HUA U OYUCTKH ACKCTpaHa U MO3BOJIACT B KOHTPOJIUPYEMBIX YCJIOBUAX IOTY-
4yaTh NMPOAYKT 33aJaHHOH MOJNEKyIspHOU Macchl. IlepceKTUBBI MMEET TaKke
TpoIecc Ha OCHOBE MMMOOHMIIM30BAaHHOM JeKcTpaHcaxapassl. B cepemune 90-x
IT. HA4YaT BBIIYCK KOHBIOTaTOB MOANU(HIIMPOBAHHOTO ASKCTpaHa ¢ (pepMEeHTOM
crpenToknHa3oil. [Ipenapar npezacrasisier co0Ol MPOJIOHTMPOBAHHYIO AEKCT-
paHoM (OpMY CTPENTOKHHA3BI.

Kcanran

KcanTan, npoxynupyemsiii 6akrepusimu Xanthomonas campesrtis, obmana-
€T YHUKAJIbHBIMH PEOJIOTHIECKUMH CBOMCTBAMHU. B HU3KMX KOHLEHTpaLUsIX OH
o0pa3yeT oueHb BS3KHE PaCTBOPHI U 00J1aJaeT IICEBAOIIIACTHYHOCTBIO; €r0 pac-
TBOPBI HE U3MEHSIOT CBOM PEOJIOrMUECKUE CBOWCTBA IIPU U3MEHEHUU TEMIIEpa-
Typbl, pH, COICHOCTH B MIMPOKHUX Mpeesax.

KcaHTaH NpuMEHSIOT B NHINEBOH NMPOMBIIIIEHHOCTH, HIPH H3TOTOBICHUU
reJIeBbIX J€30J0PaHTOB, 3yOHOH MACThI, IIPH CYCIIEHANPOBAHUH CEIbCKOXO035M-
CTBEHHBIX XMMHUKATOB, HCIOJIB3YIOT IIPpU 100brde HepTH. OOBEMBI IPOU3BOACT-
Ba KCaHTaHa — HanbOoJiee KPYITHOTOHHAKHBI U3 BCEX APYTMX INIMKaHOB. ToBap-
HOE Ha3BaHHE BBIIYCKAaEMOT0 IPOAyKTa (KCaHTaH, KEJIaH, KEATPOI).

[TonyyaroT KCaHTaHBI B YCIOBHSX IIEPUOJUUECKOI rTyOMHHOW KyJIbTYpBI Ha
cpenax, cojepkamux 1-5 % yrieBonoB (KyKypy3HBIH Kpaxmal, caxap-ChIpel
WIN Menacca), a TaKKe OPraHMYECKHEe COCIMHEHHS a30Ta, JBY3aMELICHHBIN
($hochOpHOKHUCIIBIN KaIkid, MUKPOdJIEeMEHThI. DepMeHTaLNs [UIUTCS B TCUCHHE 3
cyrok npu 28°C u pH 6.5-7.2 B nBe a3bl: Ha nepBoil peanusyercs pocT Kiie-
TOK ¥ HaKoIlJIeHue OMomMacchl, Ha BTOPOM Ipu Jeduimre a3ora B cpese mpouc-
XoauT oOpa3oBaHue nonucaxapuaa. OcaxoaoT MoJIucaxapul U3 KyJIbTypalb-
HOM JKUIKOCTH METAHOJIOM, MOJTy4EHHBIH 0CalOK BBICYIIHBAIOT.

AJIbrHHAT

JlaHHBII MoNMcaxapu]] paHee BIICISUIM W3 MOPCKOU Bogopociu Laminaria.
AnbruHat 00JaaeT B ONPEJCIICHHBIX YCIOBUAX MPEKPACHBIMH relieo0pas3yro-
IIAMH, & TaKXKe TICEBIOTUIACTHYECKHMH CBOUCTBAMH B IIIMPOKOM IHarna3one pH
W TEMIIEpPaTyp, W HCIOJIB3YEeTCSI B KOHIUTEPCKOW M (hapMaIeBTHIECKO# mpo-
MBIIIIJICHHOCTH. yCTaHOBHeHO, 4TO aJIbI'MHAT ABJIACTCA JTYUIIHUM HOCUTEIIEM JJI
uMMoOMIM3aIK (PEPMEHTOB U, OCOOEHHO, LENbIX KIIeTOK. CpaBHUTEIBHO He-
JaBHO cCpean OakTepuil HICHTH(OHIUPOBAHBI IPOMYIEHTH TOJIHCAXapuia,
6muskoro aneruHaty (Pseudomonas aeruginosa, Azotobacter vinelandii). Ipo-
I[eCC PeaNTH30BaH B MPOMBIIUICHHOCTH Ha Cpelax ¢ u30bITKOM yriepona. Baps-
Upyst KOHIIEHTpanuio Gocdara B cpesie, MOXKHO BIHUITH Ha MOJIEKYJISIPHYIO Mac-
CY CHHTE3MPYEMOTO TOJINMEPA, a TP W3MEHEHHH KOHIIEHTPAINH KaJIBIIUS U3~
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MEHSETCS COOTHOLICHHE MOHOCAXaPHIOB, BXOISIIUX B COCTAB JAHHOIO IJIMKa-
Ha, CJIE0BATENILHO, U €r0 CBOMCTBA.

Kypaaaun

Bakrepun Alcaligenes faecalis mramm 10C3 CHHTE3UpPYIOT KypJUlaH, Mpe-
CTaBILTIONIHIA c000# TToMMMep TITFOKO36I. BakHOE CBOICTBAa MTAaHHOTO TOJIHCAXa-
puna — o0pazoBaHHE TEPMHUYECKH HEOOpAaTHUMBIX Tejied. [Ipu HarpeBaHuu CBBI-
e 64°C mpoucXoauT Tejieodpa3oBaHue KypilaHa, MPOYHOCTh Teiisl HEe U3Me-
HseTcsl B nuana3zoHe temieparyp 60—80° u cyliecTBEHHO BO3pacTaeT MpHU yBe-
JUYEHUH TeMIepaTypsl cBbimre 120°, mpu 5TOM OIWHOYHAS CITUPAITH IEPEXOIHUT
B TpoitHyt0. Kypmman HepacTBOpHM B XOJIOAHOW BOJIE.

Kypmnan obnamaeT mpoOTHBOOIYXO0JICBOM aKTHBHOCTBIO, IOSTOMY HAaXOIUT
MPUMEHCHHE B MEIUIIMHE. AIICTHIIEHBIC MPOU3BOIHBIC KypUIaHA IPUMEHSIOT B
Ka4yecTBE OCHOBHI YNBTPA(QMIBTPAIIMOHHBIX IONTYIPOHHUIIAEMBIX MeMOpaH s
pa3zeneHns BEmeCTB ¢ MOJIeKyJsIpHOM Maccor 200-2000. depmenTanus mpo-
TEKaeT B IIIyOMHHOW MEepHOAMYCCKON KyibType B pedenue 80 4 Ha cpenax, co-
Jepxamux 8 % TIOKO3BI; BBIXOJ IOJIMCaxapuia cocTaBisieT okono 40 r/m. B
CBS3H C TIPUBIICKATEIIFHOCTHIO CBOWCTB NAHHOTO IPOIYKTAa TEXHOJOTHS €ro
MOJTyYeHUSI MHTEHCHUBHO COBEPIICHCTBYETCS.

Hyniaan

[Nonmucaxapu MPOayUUpPYETCsS APOXKKENoa00HbIM rpubom Aerobasidium
pullulans Ha cpenax, cogepkamux 50 % rmoko3sl B Tedyenne 80—100 u. Bsiz-
KOCTP ITyJuTaHa 3aBUCUT oT pH cpensl: oHa muHUManeHa mipu pH 4.0, Moiexy-
JSIpHAs Macca Ipu 3ToM coctaisieT okono 200 TrIc., mpu yBemmdeHnr pH Mo-
JeKyJsipHask Macca Bo3pactaer. [lyjuiaH HCIONB3YIOT B KadecTBe Ouopaspy-
IIa€MOT0 YIaKOBOYHOTO MaTepHasa JUisl MUIIEBBIX MPOXYKTOB; OH oOnamaer
TaKKe AHTHOKHUCIIUTEILHBIMU CBOHCTBAMH.

Cxuieporitokan

Ckiieporiirokad (TOBapHOE Ha3BaHKME — TOJMTPAH) CHHTE3UPYIOT TPUOBI PO-
nma Sclerotium. CuHTE3 HaHHOTO ITOJIMCAaXapHla B OTIMYHE OT OOJBIIMHCTBA
IPYTAX MaKCUMaJleH B paHHel nor-aze 48-u kymbTypsl. [Iporecc paspaboran
Ha cpefiax C III0KO030H, B TOM YHCIIE B IPOTOYHOM PEXHME, BBIXOJl MOJIHCaXa-
puia OT aCCUMIJIMPOBAHHOM IIOK03bI cocTaBiseT 50 %. B HU3KHMX KOHIIEH-
tpatusix (1.5 % pactBopsl) 00pa3yeT B BOJE ITPOUHBIE €)M, KOTOPHIE HE U3Me-
HSIOT CBOM CBOMCTBa B IIMPOKOM HHTEpBaJie TemMreparyp. Vcrmons3yor B kade-
CTBE TOKPBITUSI CEMSH, NECTHLUAOB, a TAKXKE IPU MPOU3BOJACTBE JIATEKCOB U
KpacuTellen.

3agaueil OMOTEXHOJIOTUH SIBJISIETCSI COBEPLICHCTBOBAHUE MUKPOOHOIOTHYE-
CKHX TIPOIIECCOB TIOJyYEHUs MOJIHCaXaphI0B Ha OCHOBE YJIYYIICHHBIX IITaM-
MOB-TIPOJYLICHTOB IIPH PAcUIMPEHUH CHIPbEBON 0a3bl 3a CUET 3aMEHBI 10POro-
CTOSIIIUX caxapoB OoJiee NOCTYMHBIMU cyOCTpaTtamu, a TaKXe MOIU(HKAIMS
(PM3UKO-XMMHUYECKUX CBOMCTB CaMHX TJINKAHOB.
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MHKpOﬁHbIe MOJIMOKCHAJTKAHOATHI

Mommokcunankanoatbl (IIOA) — OuomnoauMepbl OKCHIIPOM3BOAHBIX KHP-
HBIX KHCJIOT, CUHTE3UPYIOTCSI MHOTMMH NPOKapUOTHYECKHUMH MHKPOOPTaHU3-
MaMH B cenu()pUIECKUX YCIOBHSIX HECOAJaHCHPOBAHHOTO POCTA TP U30BITKE
YIJIEPOIHOTO W SHEpreTndeckoro cyobcrpara B cpene M AeUIMTE MHHEPAIb-
HBIX JJIEMEHTOB (a30Ta, cepsl, pocdartoB u ap.), a Takke kuciaopoma. Cpeau
Haubosiee mnepcnekTuBHBIX TnpoayueHtoB IIOA — Azotobacter, Bacillus,
Methylomonas, Pseudomonas, Alcaligenes.

Haubonee n3yueHHBIM B HacTosilee BpeMs SIBISIETCS MOJIMOKCHOYTHpAT —
nonumep [-okcumacisaoi kuciotsl (C4HgO,). MonekymsipHas Macca mojuMe-
pa omperensercs yCIOBUSMU CHHTE3a HOJIMMEpa, CIeIU(pHUKON IPOAyLEeHTa, a
TaKOKe MPOLEIYPOH IKCTPAKIUK MoJIuMepa u3 6uomacchl. IlomMuMo moinokcu-
OyTHpara, MHKpPOOPIaHM3MbI CIOCOOHBI CHHTE3MPOBAaThb TI'eTEPOIOJIMMEPHBIC
[IOA — cononumepsl okcuOyTHpaTa M OKCHBajepara, OKCHOyTHpaTa U OKCHU-
reKcaHoaTa, MOJIMOKCHOyTHpaTa U MOJIMOKCUIENITAHOATa U Jp. a TaKXkKe Tpex-,
YeTeIpex- U 0osiee KOMIOHEHTHBIE MONMMMEPHI. TakuM 00pa3oM, XUMHYECKUI
COCTaB M, KaK YCTaHOBJICHO B IIOCJIEJHHUE JBa-TPHU T'0ja, OTIEIbHBIE (H3HUKO-
XUMHYECCKHE CBOMCTBAa (MOJICKYJSIPHBIA BEC, KPUCTAUIMYHOCTh, TEMIIEpPATyp-
HBIE XapaKTEPUCTUKH, CKOPOCTH OHOAErpajaluy, MeXaHW4YecKas HMPOYHOCTBH)
MOTYT CYIIECTBEHHO BapbHPOBaTh. JTO OTKPBIBACT IyTH VIS MOJY4IEHUS B Oy-
JyIIEM IOJIMMEPHBIX MaTepPHAJIOB C 3a/laHHBIMU CBOWCTBAMH.

[MpakTHyeckuii UHTEpEC M 3HAYMMOCTH JAHHBIX UCCIIEIOBAHUI ONpeness-
I0TCS CBOMCTBaMH ITOJMOKCHAIKAHOATOB, KOTOPBIE 110 CBOMM 0a30BBIM IOKa3a-
TeJsIM ONM3KU K MOJHUIPOIIIeHY (Tabi. 2.4), Ho 00JamaloT Takke pSIoM YHH-
KaJbHBIX CBOMCTB, BKJIIOYAs COBMECTUMOCTBIO C )KUBOTHBIMH TKAHSIMH, ONTH-
YECKYI0 aKTHBHOCTDL, NBC30JICKTPUUCCKHUEC U AHTUOKCHUIAHTHBIC CBOMCTBA U,
camoe IIaBHOE, OnoaerpanadelbHOCTb.

Cgpoiicta [IOA nenaroT WX NEpCHEKTHBHBIMH UIS MIPUMEHEHUS B Pa3idd-
HBIX cepax: MEIUIMHE W XUPYPrHH (IIPOYHBIN paccacklBaeMblii XUpypruye-
CKHH MaTepHal, 3J€MEHTHI Ul OCTEOCHHTE3a, COCYANCTOM IIACTUKH, IJICHOY-
HBIE MOKPBITHSA PaH U O0KOT'OBBIX MOBEPXHOCTEH, OAHOPA30BbIE U3JEIHS, B T.U.
HETKaHbIE MaTepHalbl), papMaKoJIOTHH (TIPOJIOHTANNs JCHCTBHUS JEKApCTBEH-
HBIX BELIECTB), MHIIEBOI NMPOMBIIUIEHHOCTH (TIPeayNpeXICHUE OKHUCIIUTEIb-
HOW MOpYM HANUTKOB U MPOAYKTOB, YIAaKOBOYHBIE MATEPUAIbI), CEIILCKOM XO-
3stiicTBe (OOBOJAKMBAHKE CEMSH, TOKPHITHE YIOOPEHHH U ECTUITUIOB), PaIHO-
UIEKTPOHUKE, KOMMYHAJIBHOM XO35iicTBE (pa3in4HbIe pa3pylIaeMble Tapa U
YIIaKOBOYHBIE MaTEepPHaIIbl) U Mp.
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TaGnuua 2.4

CpaBHenue cBoiicTB nosmmoxkcudyrupara (IIOB) u nosmmnponuiaena (IM) (no D. King, 1982)

CaoiictBa I10b II1
Temneparypa mnasnenus (°C) 175 176
ITpozpaunocts (%) 80 70
MonekynspHslii Bec (D) 5.10° 2.10°
Temneparypa crexinoBanus (°C) 15 -10
V nensHsIi Bec (T/em’) 1.250 0.905
Monyns usruba (I'Tla) 4.0 1.7
ITpounocts Ha pa3peis (MIla) 40 38
Pacrtsoxenune Ha paspbis (%) 6 400
Y CTOWYMBOCTE K yIbTpadHONIeTy Xopotmast mioxas
YCToiuMBOCTS K PACTBOPHTEISIM UI0Xast Xoporast

Tab6nuua 2.5

3aTpaThl CHIPbS U BBIXO0/ NOJIHOKCHOYTHPATA Ha pa3au4HbIX cy6eTpaTax (mo Collins, 1987)

Cy6ctpar Hena, now/t | Beixox ITOB, 1/T cybctpara | 3atparst, joswt/t [1OB
MeraHon 110 0.18 610
Otanon 440 0.50 880
Aunerar 370 0.33 1220
Jexcrposa 360 0.33 1180
TpocTHUKOBBII caxap 200 0.33 500
Bonopon 500 1.0 500

CunTte3 monmmokcnOyTupaTta U Apyrux [IOA B mpuHIUIE BO3MOXEH C HC-
MIOJIb30BAaHNUEM PA3JIMYHOTO CHIPBS: CaXapoB, CIIUPTOB, alleTaTa, a TaKXKe BOZIO-

poJia v yIIIeKUCIOThI (Tadi. 2.5).

VYriiepos, acCHMUIMPOBAHHBIA KIETKaMH TeM WM WHBIM IIyTeM, IpeBpara-
€TCsl B IHPYBaT, KOTOPBII AeKkapOoOKCHImpyeTcs ¢ oOpa3oBaHueM aneTiin-KoA.
[MocnenHuit BKIIIOYAETCS B PEAKLUK LUKIIA TPUKAPOOHOBBIX KUCJIOT, U NP Ha-
pylIeHHSX B cucTeMax aM(puOoan3Ma, BBI3BAHHBIX JAC(PHINTOM CTPYKTYPHBIX
9JIEMEHTOB IJIs CHHTe3a OejKa, He CTAHOBHUTCS IPEIIIECTBEHHHKOM aMUHOKHC-
JIOT, a MOJBEpraeTcs IOJMKOHICHCAIMH, J]ajlee BOCCTaHABINBACTCS C yYaCTHEM
HAJIH B peakuusx [3-OKHUCICHUS B OKCHMACISIHYIO KHUCIIOTY, KOTOpas HOABep-
raeTcs NoJIMMepH3aLuy ¢ 00pa3oBaHHEM MOJHMOKCHOYTHpaTa:
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IIpomecc HakoMmIEHUs MOJMOKCHOYTHpaTa OCYHIECTBISIOT MHKPOOHBIC
KJIETKU NpHU HecOaJTaHCHMPOBAaHHOM pPOCTE, HAIPUMEp, OJOAAIOIINE 0 a30Ty
WM KUCIIOPOY, TO €CTh MEAJICHHO pactyiue. IIpu 3ToM Bo3HHKaeT npobiema,
KaK MOJYYHTH OOJBINHE ypOKal OMOMAcCHl C OJHOBPEMEHHBIM OOJBIIUM CO-
Jep)KaHUEM MOJIMMEPOB. BBICOKONMPOIYKTUBHBIE MPOTOYHBIE CHUCTEMBI (ep-
MEHTaluU He npuemieMsl it 6oipmux BeixogoB [TOA. Tlponecc npoBoasr B
MIEPUOANIECKOM PEXHMME, OOBIYHO B JIBE CTaJMH, HA NMEPBOU KIIETKH, MOIydast
BCE HEOOXOMMBIE MHUTATENbHBIC BEIIECTBA, PACTYT C AOCTATOYHO BHICOKMMH
CKOPOCTSAMH pocTa U 00pa3yroT NpaKTHYECKU BCIO OMOMaccy; Ha BTOPOM 3Talle
HpoLEecC MTPONODKAETCS IPU M30BITKE MCTOYHUKOB YINIEPOJa M SHEPTUH, HO
IIPY JIMMUTUPOBAHUM POCTa OJHUM MX OuoreHoB. B pesynbpraTte mpoucxomut
BKJIIOYEHHE aCCHMIJIMPOBAHHBIX KJICTKAMHU YIJIEpOa, IJIaBHBIM 00pa3oM, B I10-
JIMMEp, BBIXOBI KOTOPOTO MOTYT JocTurarh cBeiiie 70 % K BeCy CyXoro BeIecT-
Ba KJICTKU.

B npombluieHHBIX MacmTadbax rnporecc peaan3oBal GupMon «AnR-Cu-Ai»
B BenukoOpurannn. B kxauecTBe npoayneHTa HCHONB3YIOT MyTaHTHBINA IITaMM
BOJIOpOJHBIX OakTepuii Alcaligenes eutrophys, criocoOHBIH ycBauBaTh TIIFOKO-
3y. [Iporecc peanusyercs B NEPUOANYECKOM JBYCTAAMHHOM pPEXUME IIPU JIU-
MHTE a30Ta B CpeJie C 3aTpaTaMH caxapoB 10 3 T/T mojumepa B Tedenue 110—
120 gacoB. O0BEMBI IPUMEHAEMBIX IS TIOIYICHHUS OJIIMepa pepMEeHTAIOH-
HBIX allllapaToB JOCTHTAOT OT 3.5 10 200 M’. TIOMHMO TIIFOKO3BI, BO3MOMKHO
UCIIOJIb30BaHHE TPOCTHUKOBOI'O caxapa, pPYKTO3HBIX CHPONOB, Menacchl. To-
BapHOE Ha3zBaHMe Mpoxaykra «bromnom». [JoMnMo roMOreHHOTro NOJIMOKCHOYTH-

88



pata pupma BEITYCKAeT TeTePOIOIUMEP — MPOAYKT COMOIUMEPHU3AIIIH OKCHOY-
TUpaTa M OKCHBajJepara Ha cpelax, COJEpXalluX IJIOKO3y M IPONaHoi Jnbo
TOJILKO BaJIEPUAHOBYIO KHCIOTY B KoHIeHTpauuu 10 20 1/1. [Tonyuenne kieTox
C BBICOKHM COZEp)KaHUEM IOJIMMEpa — TONBKO OfHA YacTh Ipobiemsl. Cytie-
CTBEHHOM TEXHOJIOTMYECKOM 3ajaueil sBIJIAETCSA TAKXKE MPOLENypa SKCTPAKLUU
nojuMepa U3 Ouomacchl M HOCleayollas OYuCcTKa. BaxkHas npobiema, BO3HU-
Kaloliasi Ipu 3TOM, CHIDKEHHE MOJIEKYJIIPHOM Macchl MPOAYKTa B XOJE ITOCT-
(epMeHTaMOHHOW cTaguu. B o0mem Buae mporenypa BKIOYaeT HECKOIBKO
CTamuil: OTHEeNeHHE KJIETOK OT KyJNbTYypaJlbHOW Cpenpl, pa3pylIeHHE KIETOK,
OKCTPAKLMUIO TOJIMMEpa M3 KIETOK C MOMOLIbIO HEMOJIIPHBIX PacTBOPHTEIEH
(x10podopm, rekcaH), OCaxkI€HUE CITIUPTOM H BBICYIINBAHHE.

Ha 3koHOMHKY NPOW3BOACTBa MHUKPOOHBIX ITOJIMOKCHAIKAHOATOB CYIIECT-
BEHHBIM 00Pa30M BIHAET CTOMMOCTHh MCXOIHOTO CBIPBS, a TaKXK€ BBIXOZBI IO-
JIMMepa 1 ero UCXOJHbIe (PM3MKO-XUMHUYECKUE CBONCTBA.

B Hacrostiee BpeMst IOJIMOKCHOYTHPAT IUIaHUPYETCsl IPUMEHSTD B I0CTaTOY-
HO y3KHX ctepax (MemurmHa, (GapMaKoJIOTH), OHAKO SKOJIOTHIHOCTh JTAHHOTO
Marepurala o CPaBHEHHIO C Hepa3pyIIaeMbIMH U TIOTyYaeMBbIMHU B 3KOJIOTHYECKU
TSDKENBIX Tporeccax HedTecHHTe3a MOMHOJE()UHOB MMO3BOJSIOT CUYHUTATh, YTO
MukpoOHble [IOA B HenmasmekoMm OyaynieM CMOTYT cTaThb 0a30BBIM TEpMOILIa-
CTHYHBIM TIOJIMMEPOM [UIS Pa3MYHBIX cdep mpumeHeHHs. [losTomMy mporeccs
MOTy4eHHsI MOJTHOKCHOyTHpaTa W ApYyrux rerepornonnMepHbix [1OA sBisrores
06’I)GKTOM MPUCTAJIbBHOT'O BHUMAHUA U HAYUHBIX ITOMCKOB BCEX PA3BUTHIX CTPAH.

2.6. AHTUBUOTHUKHA

AHTHOMOTHKH (AaHTHOMOTHYECKHE BelIecTBa) — 3TO NMPOIAYKTH OOMEHa
MHKPOOPTaHU3MOB, H30HPATEIbHO MOJABISIONINE POCT U Pa3BUTHE OakTepui,
MHUKPOCKOIIMYECKUX TI'pHUOOB, OMmyxoseBbix KieTok. OO0pa3oBaHue aHTHOMOTH-
KOB — OZIHa M3 (hOpM IpOSIBIICHMSI aHTaroHu3Ma. B HayuHyro nurepaTypy Tep-
MUH BeleH B 1942 r. BakcMaHOM, — «aHTHOMOTHK — TPOTHB >KU3HU». [lo
H. C. EropoBy: «AHTHOHOTHKH — crieru(uyecKre MPOAYKTHl >KU3HEAEATENb-
HOCTH OPraHHW3MOB, UX MOJIU(HUKAIMK, 00JaNaoNIMe BHICOKON (usunoornye-
CKOW aKTHUBHOCTBIO II0 OTHOIICHHIO K OMNPEAEIECHHBIM TI'pyIIlaM MHKpPOOpTa-
HU3MOB (OaKTepusM, TpudaM, BOJOPOCISIM, TIPOTO30a), BUPYCaM WIIH K 3JI0Ka-
YECTBEHHBIM OIYXOJISIM, 3aJI€PKMUBasi MX POCT WU IOJHOCTHIO MOJABIISIS pas-
BUTHUECH.

CnermuyHOCTh aHTUOMOTHKOB 110 CPABHEHHUIO C APYTHUMH IPOIYKTaMH 00-
MeHa (CnMpTaMy, OPraHMYECKMMH KHCIIOTaMH), TAKXKe TTOJaBIIAIOINMHI POCT OT-
JIETIbHBIX MUKPOOHBIX BH/IOB, 3aKJIIOYACTCS B UPE3BBIYAHO BBICOKOH OMOIOTHYE-
CKOM akTuBHOCTH. Hampumep, MuHUManbHas KOHLIEHTpaLMs SpUTPOMMIIMHA
(0.01-0.25 MKr/Mi1) MONHOCTBHIO MOAABIISIET MHOTHE I'PaMIIONIOXKHUTEIbHBIE (Op-
MBI.

MexaHn3MBl MTOBPEKAAIOMNX BO3ACHCTBUIT aHTHOMOTHKOB Ha KIETKH pa3-
nu4Hbl. OT/eNnbHbIE aHTHOMOTHKY (TIEHUIMJUIMHBL, HOBOOMOIMH, Ledaocnopu-
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HBI) TIOAABIIIOT MPOIECCH 00pa30BaHMs KJIETOUHBIX CTEHOK; APYTHe (CTpemnTo-
MHLHH, TIOJIMMUKCUHBI) U3MEHSIIOT IPOHUIIAEMOCTh MeMOpaH; TpeTbu (rpaMuIIu-
JIMHBI) TIOABIIIOT OKUCIHUTENBFHOE (GocopriimpoBaHue; XI0paM(pEHUKON II0-
JABISIET OTAENBHBIC ATAIBl CHHTE3a OelKa Ha pHOOCOMaXx; a3aceprH M CapKOIH-
3WH — BBI3BIBAIOT HAPYIIECHHS B IIPOIIECCAX CHHTE3a HYKIEHHOBBIX KUCIIOT U T.JI.

CyIecTByeT HECKOJBKO TOAXOMOB B KJIACCH(HUKAIUU aHTHOMOTHKOB: IO
TUIY TPOAYICHTAa, CTPOCHUIO, Xapakrepy aehcTus. [lo XuMudeckomy cTpoe-
HUIO Pa3IMYaloT aHTHOMOTHKHU AlHUKINIECKOTO, aTHIUKIMYECKOTO CTPOCHHUS,
XUHOHBI, TonunenTuasl U ap. [lo crmekTpy OHOIOrH4eckoro IeicTBHS aHTH-
6I/IOTI/IKI/I MOJKHO MMOAPA3JACIINTD HAa HECKOJIbKO I'PYIIIL:

— aHTHOAKTEepHaIbHEBIC, 00IaIaI0INe CPABHUTEIBHO Y3KHM CICKTPOM JICH-
cTBUs (MEHUIWUIAH, SPUTPOMHUILNH, TPAMHULUANH, OAllUTPALNH), TTOAABISIOT
pa3BUTHE TPAMIOJIOKHUTENBHBIX MHKPOOPTaHM3MOB (CTa(pUIOKOKKH, CTPENTO-
KOKKH, THEBMOKOKKH), ¥ IIIUPOKOT'0 CIEKTpa ACUCTBHUS (CTPEIITOMUIIUH, TETPa-
IUKJIMHBI, HEOMHIIMH, XJIOPOMHIICTHH), MMONABIISIFOIINEC KaK IPaMIIOI0KHUTENb-
HBIX, TaK W TPAMOTPHUIMTENBHBIX MHUKPOOPTAaHU3MOB (KUIICYHYIO ITaJOYKy,
nudTepun, OprorHoro Tuda);

— IPOTUBOTPUOKOBBIE, TPYIIA NOJINEHOBBIX aHTUOMOTUKOB (HUCTAaTUH, IPH-
3¢0(yIBBUH U JIp.), ICHCTBYIONINE HA MUKPOCKOIIMYECKUE TPUOHI;

— IPOTHBOOITYXOJIEBBIE (AaKTHHOMHIIMHBI, MUTOMHIIUH H [Ip.), NEHCTBYIOMITE
Ha OITyXOJIeBBIE KJIETKH YeIOBEKa M KUBOTHBIX, a TAK)KE HA MUKPOOPTaHU3MBI.

B Hacrosimee Bpemst onucano cBbiiie 6000 aHTHOMOTHKOB, HO Ha MPAKTHKE
MPUMEHSETCS TONBKO 0KoJIo 150, Tak Kak MHOTHE 00J71aal0T BEICOKOW TOKCUY-
HOCTBIO ISl YEIOBEKa, IPYTHe — MHAKTUBUPYIOTCS B OPTaHU3ME U TIp.

AHTHOMOTHKH IMUPOKO MPUMEHSIOTCS B PA3IMYHBIX Cepax deIoBeuecKon
JACATCIBbHOCTU. MCIHUIIUHE, HHHJ,eBOPI nu KOHCGpBHOﬁ IMPOMBIINIJICHHOCTH, CCJIb-
CKOM X03sHcTBe. OTKPBITHE AaHTHOMOTHKOB BBI3BAJIO TIEPEBOPOT B MEIUIIMHE.
[[Iupoko M3BECTHO MPHMEHEHHE AHTHOMOTHKOB C OAaKTEPHUIMIHBIM U OaKTe-
PHOCTaTHYECKUM JefCTBHEM; Omarofapsi aHTHOMOTHKAM CTaId H3JIEYUMBIMU
MHOTHE WH(EKIIMOHHBIC 3a00eBanus (dyma, TyOepKyJie3, THEBMOHUs, OPIOIII-
HOW Tud, Xolepa U T.1.). B TeueHHe MHOTHX JIeT aHTUOMOTHKH MPUMEHSIOT B
CEIIbCKOM XO3AUCTBE B KAYECTBE CTUMYIIATOPOB POCTA CEIbCKOXO3SHCTBEHHBIX
JKUBOTHBIX, CPEIACTB OOpHOBI ¢ OONE3HIMHU KUBOTHBIX M PACTCHUN. AHTHOMO-
THYECKHE BEUICCTBA TAKXKE IIMPOKO MPUMEHSIOT Ui OOphOBI C MOCTOPOHHEH
MUKPO(DIOPOH B psife OpOTWIBHBIX NMPOU3BOACTB U B KOHCEPBHOW IPOMBIIII-
neHHocTH. OTHAKO HENB3s HE OTMETHTD, YTO JUTUTENFHOE M HEKOHTPOJIHPYEMOe
MIPUMEHEHHE AaHTHOMOTHKOB NPHUBOJUT K BO3HWKHOBEHHIO W MIMPOKOMY pac-
HNPOCTPAaHEHUIO B MUKPOOHBIX MOMyJsanusx R-dakropa ycToHYMBOCTH K aHTH-
OMOTHKaM, TIEpEHAIONIeTOCsS OT OJHON OaKTepUATbHOW KJICTKH K JAPYrOd MpHU
TTOMOIIX TUTa3MHA] B Tporiecce KoHbtoranud. CpencrBamMu OOpHOBI ¢ TIPOsIBIIE-
HHUEM JIEKaPCTBEHHON YCTOIUMBOCTH K aHTUOMOTHKAM SBISETCS 0OOCHOBaHHOE
H CTPOro KOHTPOJIMPYEMOEC UX NPUMCHCHUE U MOJTYUYCHHUEC HOBBIX, MO)II/I(bI/lLll/I-
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POBaHHBIX AHTHOMOTHYECKHX TPENnaparoB, 0OJagaroNMX OHWOJIOTHYECKON ak-
TUBHOCTBIO K PE3UCTEHTHBIM (hopMam.

CnocoOHOCTh CHHTE3MPOBaTh aHTUOMOTHKH LIMPOKO paclnpocTpaHEeHa cpe-
I Pa3MYHBIX IIPEACTABUTENICH MUKPOOHOrO Mupa. CBSA3M MEXIY TaKCOHOMH-
YECKHM IOJI0KEHUEM MUKPOOPTaHU3MOB U CHOCOOHOCTBIO CHHTE3UPOBATh TOT
WJIN WHOM aHTHOMOTHUK HeT. Tak, MUKpOOPraHU3MbI, IPHHAAJISKALINE K OJJHOM
rpyIIe, CIOCOOHBI CHHTE3UPOBATH CaMble Pa3HOOOpa3HbIE 10 XUMHYECKOMY
CTPOCHHUIO M ACHCTBHIO aHTUOMOTHUKH, U OAWH M TOT )K€ aHTHOMOTHK MOXET
HPOAYLUPOBATHCS PA3IMYHBIMH MHKpOOpraHusMamu. [IpomyneHramu aHTH-
OMOTHKOB SIBJISIFOTCSI OAKTEPUH, AKTUHOMUIICThI, MUIICTHAIbHBIC TPUOBI.

Onwucano okoso 600 aHTHONOTUKOB, KOTOPBIE CHHTE3UPYIOTCSI OAKTEPHIMHU.
OTH aHTHOMOTUKH 110 XUMUYECKOMY CTPOCHHUIO NPUHAIIICKAT K MOTUICITHAAM
U HHU3KOMOJIEKYJSIpHBIM OenkaM. OJHAaKO B IPOMBINUICHHBIX MaciuTabax BBbI-
MYCKAeTCsl He3HAYUTENILHOE YHCIIO aHTHOMOTHKOB OaKTEPUAILHOTO MPOUCXOXK-
JeHns. BaxHeWmmmy ux HUX sBisiforces: rpamuiuauH (Bacillus brevis), momm-
mukcuHbl (Bac. polymyxa, Bac. circulans), Gamurpanuasr (Bacillus licheni-
formis), aus3unsI (Streptococcus lactis).

Camoe Goubiioe konuyectBo (cBbiiie 70 %) aHTHOMOTUKOB, BBIITYCKaEMbIX
MIPOMBIIUICHHOCTBIO ¥ IIUPOKO HPUMEHSEMBIX, CHHTE3UPYETCSl aKTHHOMHUIIE-
tamu. Cpean HUX — aHTHOMOTHKH PA3IMYHOTO XUMHYECKOTO CTPOCHUs, KOTO-
pble OTHOCST K HECKOJBKUM TPYIIaM: a) aMHHOTJIIMKO3UABI — CTPENTOMHUIIUH
(Streptomyces griseus), Heomuiunbl (Streptomyces fradiae, Str. albogriseolus),
kaHamunuHb! (Str. kanamyceticus), rearamunmasl (Micromonospora purpurea)
u np.; 0) TeTpauKINHBI — XJopTeTpanukinH (Str. aureofaciens), okcurerpa-
muKMH (Str. rimosus); B) aKTHHOMHIMHBI — OOJbIIasi Tpynma OJNM3KHX II0
CTPOCHHIO TPENapaToB, CHHTE3UPYEMBIX PAa3IMYHBIMA MHUKPOOPraHW3MaMH, B
ToM uucie (Streptomyces antibioticus, Str. chrysomallus, Str. flavus); r) mak-
pomunel — sputpomunuH (Streptomyces erythreus), omeanmommurma (Str.
antibioticus), margamuia (Str. halstedii), ¢umunun (Str. filipensis); a) aH3a-
MHUIUHBI — cTpentoBapuuuubl (Str. spectabilis), pudamuunnsr (Nocardia
mediterranea), raamuiuHbel (Micromonospora halophytica), nHadramununn (Str.
collinus) u mp.

MunennanbHble TPUOBI TaKKe CHHTE3UPYIOT JOCTAaTOYHO GOJNBIIOE KOJIHYe-
cTBO aHTHOMOTHKOB (0k0s10 1200). Hanbornee M3BECTHBI CpPeau HUX CICHYIO-
mue: nenumuimHbl - (Penicillium  chrysogenum, P. brevicompactum,
Aspergillus  flavus, Asp. nidulans), mnedanocopursr (Cephalosporium
acremonium), ¢pymanrun (Aspergillus fumigatus), rpuzeodynasun (Penicillium
nigricans, P. griseofulvum), tpuxouerun (Trichthecium roseum).

CuHTe3 aHTUOMOTHKOB MUKPOOHBIMHU KJIETKAMH — 3TO CIIeU(UIECcKHii mpo-
necc oOMeHa BELIECTB, BO3HHKIIMA M 3aKPEIUICHHBI B MPOLECCE DBOJIOLUH
opranusMa. Kaxxaplii MUKpOOHBIN BuA criocoOeH 00pa3oBbIBaTh OJWUH WA He-
CKOJIbKO BIIOJIHE ONpEAEICHHBIX aHTUOMOTHYECKUX BEIIECTB. BhigeneHHble 3
MPUPOIHBIX NCTOYHHUKOB, TaK Ha3bIBAEMBIE «JIUKHE» INTaMMBbI 00JIa/laloT HU3-
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KO aHTHOMOTHYECKON aKTHBHOCTHIO. B MPOMBIIIJIEHHOCTH MPUMEHSIOT B Ka-
YECTBEC MPOAYUCHTOB IITAMMBI, KOTOPLIC 1O CPABHCHUIO C UCXOJAHBIMU IITaAM-
MaMH OO0JIaJal0T TMOBBINICHHOW Ha 2-3 MOpsIKa aHTHOMOTHYECKOW aKTUBHO-
CTBIO. DTO JIOCTUTAETCS, KAK ¥ BO MHOTHX JIPYTHX OMOTEXHOIOTHYECKUX TIPO-
Ieccax, AByMs CII0COOaMH: TeHETHIECKUMH yCOBEPIICHCTBOBAHUSAMHI OPTaHU3-
MOB U ONITUMH3ANKEH YCIOBHI (hepMeHTAIUH.

AHTHOMOTHKH — 3T0 BTOPHYHBIE MPOAYKTHI 00MEHAa MHKPOOPTraHH3-
MOB, (MAMOJHTHI). XapaKTepHOH OCOOCHHOCTHIO Pa3BHUTHUS MPOIYLEHTOB aH-
THOMOTHYECKUX BEIIECTB SIBJISIETCS SIPKO BhIpaXKEHHAs ABYX(a3HOCTb: B TIEPBOI
(aze pa3BUTHS MHUKPOOPIaHU3MOB IPOMCXOJUT HAKOILUIEHHWE OHOMacchl, BO
BTOpOH — CHHTE3 aHTHOMOTHKA. [Ipn 3TOM OYeHb BaXKHO CO31aTh YCIIOBHS (ep-
MEHTAINH, aJIeKBaTHBIC ATOH ABYX(Pa3HOCTH ¢ yU4eTOM WHTHOHPYIOMIETO eiCT-
BHS aHTHOMOTHKA KaK MPOJYKTa OOMEHa Ha MPOIYIECHT.

Henb3s He OTMETUTL, YTO CO3JaHUEC MPOMBIIIJICHHOCTU aHTUOMOTHUKOB SB-
JISIeTCs] KPYTTHEHIINM JTOCTIPKEHHEM OMOJIOTHH Hamlero crojetusi. Opranu3anus
ATOTO IMPOM3BOJICTBA MOTPeOOBaNIa KOPESHHBIX IPe0o0pa30BaHUi CYIIECTBYIOMIEH
MHUKPOOHOIOTHIECKON MPOMBIIUIEHHOCTH: TPU 3TOM OBUIH pEIIeHBI BOMPOCHI
o0eCreYeHNsT CTPOXKANUIIMX YCIOBUH CTEPUIIBHOCTU B XOJI€ BCEX CTauii OHO-
TEXHOJIOTMYECKOT0 TIpoliecca, pa3paboTaHbl M co3JaHbl d3PEKTUBHAS ammapa-
Typa ¢ BEICOKUMH Ta30-THHAMHYECKAMHA XapaKTEPUCTHKAMH, CPEICTBa OOPHOBI
C CHJIBHBIM ITEHOOOpa30BaHMEM, METOIBIBIIONYUCHUS CTEPIIIBHBIX IIPETapaToB
AHTUOMOTHKOB BBICOKOW CTEMEHM YHMCTOTHI. PacrpocTpaHeHne 3TUX JOCTHXKe-
HUH 1 IPUMEHEHUE UX B JPYTHX, CIOKUBIINXCS OMOTEXHOJIOTHYECKHX TPOLIec-
caX, OCHOBaHHBIX Ha >XU3HEACATEIIFHOCTH MHUKPOOPTaHW3MOB, CHITPANIO pe-
[IAIOIY0 POJIb B CTAHOBJICHUH COBPEMEHHOH OMOTEXHOJIOTHH B LIEJTIOM.

B nporneccax npon3BoicTBa aHTHOMOTHKOB OYEHBb OOJIBIIOE 3HAYEHHE HMe-
€T NPaBWIBHBIA BHIOOP COCTaBa MHUTATENbHON cpelsl. B 3aBucuMocT oT npu-
POIBI UCIOIB3YEMOTO0 MUKPOOPTaHW3Ma B KA4eCTBE MCTOYHHKA YIIIEpOIa BO3-
MOKHO TIPUMEHEHHE Pa3IUYHBIX cyOcTpaToB. Hampumep, i momydeHus 1me-
HUOWJJIMHA JIYYIIUM MCTOYHUKOM YIJICPOJa U SHEPrun ABJILACTCA TJIIOKO3a U
JIAKTO3a; TPaMUIMIMHA — [IMLEPUH U COJIU SIHTAPHOM KUCIOTHI; CTPENTOMULIM-
HAa ¥ HEOMHIWHa — Tiroko3a. [Ipm pa3paboTke cocraBa cpembl UTS KaKIOTO
OTJENFHOTO MPOAYILEHTa HHANBHIYaIbHO MOAOUPAIOT HE TOJBKO THII YTIIEPO/I-
HOro cyOcTpara, HO M €ro KOHLEHTpaluoo. B kayecTBe UCTOYHMKA a30Ta MHO-
T'He MPOAYLEHTHl aHTUOWOTHUKOB HCIOJIB3YIOT BOCCTaHOBJIEHHBIE (OPMEI (aMm-
MOHHU W aMHHOKHCJIOTHI), OJJHAKO HEKOTOPBIE MPEAIIOYnTaIoT HUTpaThl. Korma
HMCTOYHHK a30Ta JOJDKEH MPUCYTCTBOBATH B BHJE TOTOBBIX aMHHOKHCIIOT, MO-
JIUTICTITUIOB WM OCJIKOB, MCIIOJIB3YIOT MIIEHUYHYI0 U KYKYPY3HYIO MYKY, 3KC-
TPaKTBl APOXIKEBOI OMomacchl. bonblioe 3HaueHHe MMeeT TakkKe KOHIEHTpa-
s B cpene docdopa, a Takke IPYruxX MUHEPANTBHBIX JIEMEHTOB (Cephl, Map-
TaHIa, kenesa, KodanbTa U 1p.). B psme ciaydaeB CyIIecTBEHHOTO YBEIWYCHUS
BbIXOJa aHTl/IGI/lOTl/I'-IeCKOFO BCHICCTBA OOCTUTAIOT B PE3YyJIbTATC BHCCCHUSA B
cpeay NpeAlIeCTBEHHUKOB CHHTE3a KOHKPETHOro aHTHOMOTHKA. B cBsi3u ¢ nH-
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TEHCUBHBIM II€HOOOPAa30BaHUEM, COMPOBOKAAIOIINM MPOLECC CHHTE3a aHTH-
6I/IOTI/IKOB, B COCTaB CpE€Abl BBOAAT MCHOIaCUTCIIN (paCTI/ITeJ'I])HI)Ie 1 )KUBOTHBIC
JKHPBI, MUHEPAJIbHBIE MACIIa).

ITomumo cocraBa cpenbl, OONBIIOE BAMSHUE Ha BBIXOA aHTHOMOTHKOB OKa-
3BIBAIOT Apyrue (U3UKO-XxuMH4eckue (akTopsl cpexsl: pH, Temmeparypa,
obecrieueHne KKCIOpOJIOM, KOTOPhIE MTOAOUPAIOTCS U 33Jal0TCsl MHIIUBH Yy aJlb-
HO /715l KaXKJIOTO TPOAYLIEHTA.

Ha npendepMeHTanOHHON CTaguy MONYYArOT HWHOKYJAT W3 MY3€HHOM
KyJIBTYpBI X TOTOBST NIUTATENbHYIO cpeny. [locne cTrepunusanum TeXHOIOTHYE-
CKOTO 000pyZOBaHMs U Cpelbl B (epMEHTEp BHOCSAT TpeOyeMoe KOJIMYECTBO
MHOKYJISITa U HAUMHAIOT Ipolecc GpepMeHTalK. B poMBIIIIEHHOCTH HUCTIOIb-
3yIOT anmaparthl pasIngHol eMkocTH, oT 500 1 10 100 M° 1 Gonee. B xone dep-
MEHTAalMU KyJIbTypa HEIPEPHIBHO a3pHUPYETCsl CTEPUIBHBIM MOJOTPETHIM BO3-
nyxoMm. Temneparypa cpensl, pH u psg npyrux napameTpoB aBTOMATHYECKU
PEryJMpYIOTCS B COOTBETCTBHM C PEIIAMEHTOM ITPOM3BOACTBA KOHKPETHOTO
AHTHONOTHKA.

IMpouecc depMeHTaMK OCYLIECTBIAETCS B CTPOTO CTEPUIIBHOM, ITyOHH-
HOM, a3pOOHOW M NMEPUOJUYECKON KYJbType M HOCHT BBIPXXKEHHBIN ABYX(a3-
HBII Xapaktep (puc. 2.6). IlepBas ¢a3za cOamaHcHpOBaHHOrO pocra (Tpomo-
¢aza) xapaktepusyeTcs OBICTPHIM HAaKOIUIGHHEM OHMOMAacCHl MPOAYIICHTa Ha
¢doHe ucuepnaHusg YriaepoIHOro cyoOcTparta, a Takxke a3ora, (GocdaroB W Ap.

mr/100 mn

da3za | da3za

600

500

400

300

200

100

BpeMsl, CyT

Puc. 2.6. IIpouecc pa3surus Streptomyces fradiae 3535 u 06pazoBaHus HEOMULIMHA
(o Bakcmany, 1953).

1 — rimroko03a, 2 — MHIEIHA, 3 — HEOMUIIHMH.
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ITpn 3TOoM MOXeET HabmOAaTbCd HEKOTOPOE M3MEHEHHE BenuunHbl pH; cuHTe3
AQHTUOMOTHKOB HE HAOJIIOAETCs WM UMEET MECTO B HE3HAUUTEJIbHBIX KOJIMUe-
crBax. Ha Bropoii daze (nano-dasa) npupoct 6HOMacchl NPEKpaIaeTcs, 1 MO-
XKET UMETh MECTO HEKOTOpOE MaJleHWe KOHIEHTPAIMM KJIETOK B KyJIbType B
pe3yspTaTte TMOENH W JHM3Kca HEKOTOPOW dacTw momyssinud. IIpu aTom cpena
oboraraercs NpoyKTaMu 0OMeHa M MPOJYKTaMH aBTOJIN3a IIOTUOIINX KIIETOK,
1 HauMHAeTCs aKTHBHBIM MpOLECC CHHTE3a aHTHOMOTHKOB. VCKIOYMTEIHHO
Ba)XHBIM Ha 3TOM JTalle CTAHOBUTCS MPABHJIBHO OPTraHW30BAHHBIN PEXUM IIe-
HorameHus. Hapsiny ¢ meHoracurensiMu XUMHUYECKOI IPUPOIBI, JOTIOIHUTEINb-
HO IIPUMEHSIOT MEXaHUYECKOe MEHOTallleHne C MCII0JIb30BAaHUEM CIICIHaIbHBIX
ycrpoiicTB. B OosbIIMHCTBE CilyyacB aHTUOMOTHKH BBIIEISIOTCS B KYJBTY-
palBHYIO Cpemy, XOTs BO3MOXKHO M COXpPaHEHHE MX BHYTPH KJIETOK. JIokanm3a-
LUl aHTUOMOTHKA, a TakkKe chepa MPUMEHEHHsI MOCIEAHETO ONPECISIOT CIIe-
nuduky nmpuemMoB nocthepMeHTanOHHOMN cTaanu. Eciii aHTHONOTHK HAXOANT-
csl B KJIETKaxX, Ha MEpBOM dTare o0paboTku OMoMaccCy BBLIENSIOT U3 KYyJbTY-
paybHOM XuAKOCTH ((puUabTpanmedl WM HEeHTPUPYTHPOBAHUEM); Aajiee MOCie
pa3pylIeHNs KJIETOK aHTUOMOTHK SKCTPArupyroT U IEPEBOJIAT B PACTBOPHUMYIO
(a3zy. 3aTeM JaHHBIN PacTBOP, a TAKXKE KYJIbTYpajbHbIE CPEJIbI, (€CIIH aHTHOHO-
THK B Tporiecce nano-(hassl BBIIENISETCS U3 KIETOK B Cpely) HOABEPraroT pas-
JIUYHBIM METOJaM JKCTPAKLHUH, PA3AEICHUs, OYNCTKH M KOHLEHTPHPOBAHMS
JUISL TIOJYYEHHsI TOTOBOTO Mpoxykra. OCOOEHHOCTh MPOLEAYPhl BBIACICHUS U
OYUCTKH aHTHOMOTHUKOB — pa30aBlicHHBIC HCXOIHBIC pacTBOpHI (0koio 1 %) u
BO3MOXKHOCTh MHAKTUBALMK aHTUOMOTHKA B XO/€ MOCT(hEepMEHTAMOHHOH CcTa-
qun. Llens Beex mponenyp noctdepMEeHTAMOHHON cTafuy — MOIyYeHHe CTe-
PWIBHBIX MPENapaTOB BBICOKON CTENEeHNU YHCTOTHI. OCOOEHHO BBICOKHE TPeOO-
BaHMS TPEIBSIBISIOT K aHTHOMOTMKAM MEIWIMHCKOTO HazHaueHus. [losromy
BBIJIEJICHNE, OYMCTKA, KOHIICHTPUPOBAHHUE, BEICYIIIMBAaHKE, a TAKXKe pachacoBKa
1 YIIaKOBKAa MEIUIIMHCKHX AHTHOMOTHKOB OCYLIECTBIISIIOTCS B ACENTHYECKHUX
ycnoBusix. ['0TOBBII MPOLYKT MOABEPraeTCs TIATEIbHOMY OMOJIOTMYECKOMY U
(hapMaKoIoruuecKoMy KOHTPOJII0. bHuonornueckuii KOHTPOJIb ONpPEEIsIeT CTe-
NIeHb CTEPHIIBHOCTH Ipemnapara. B xone ¢apmakoigornieckoro KOHTPOIS Mpo-
BOJST BCECTOPOHHME HCIIBITAHMS IIpernapaTa Ha TOKCHUYHOCTb, IMMPOTE€HHOCTH,
TOKCUKOTEHHOCTh W TIP., YCTAHABIMBAIOT MAKCHMAJIBHO IEPEHOCHUMYIO 03y
aHTUOMOTHKA, I03bI, BBI3bIBAIOIINE TTOJIHYIO U 50 % THOENb dKCIIepUMEHTAIb-
HBIX XXMBOTHBIX. ['0TOBast (hopma JIeKapCTBEHHOTO MpenapaTa aHTHONOTHYECKO-
rO BEIECTBA IOCTYMAET K MOTPEOUTEINI0 C YKa3aHHEM OMOJIOTHYECKOH aKTHB-
HOCTH U JJaThl BBITYCKa.

AHTHOMOTUKM HEMEIHMLUHCKOTO0 Ha3Ha4YeHHs, NPHMEHSIEMbIE B CEIHCKOM
XO35HCTBE, MOJyYaroT TAK)XX€ B YCIOBUSAX CTPOTO CTEPHIBHOW periiaMeHTHpPO-
BaHHOM KyJIBTYpPBI, OJHAKO TOTOBBIH MPOIYKT HPEICTABISIET COOOH BBICYIICH-
Hy!0 6Momaccy IpOJyLEeHTa WK KyJIbTypalbHYyIO cpely. B Takom mpemnapare,
NOMHMO aHTHUOMOTHKA, COJEep)KaTCsi TaKXkKe Jpyrie OMOJOTHYECKH aKTUBHBIC
BellecTBa (BUTaMHUHBI Tpynnbl B, ¢epMeHTH, BUTaMHWHBI, aMHHOKHCIIOTHI).
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Hamnbonee m3BeCTHBI cpeny NPUMEHSIEMBIX B Ka4yecTBE KOPMOBBIX aHTHOWOTH-
YEeCKUX IpernapaToB — OMOBUT U OMOMUIIMH, SBIISIOIIMECS perapaTaMy XJIop-
TETPAIUKIIMHA, a TAaKXKEe TPU3UH, OAMTPAlUH, TUTPOMUIIMH U Ap. [logaBiss
pa3BuTHE OOJIE3HETBOPHBIX MHUKPOOPTaHU3MOB, TEM CaMbIM CHIDKas 3a0oJe-
BaEMOCTh M CMEPTHOCTh, AHTUOMOTHKH YCKOPAIOT POCT M Pa3BUTHE KUBOTHBIX
u nTausl. Tak, mpuMeHeHre aHTHOMOTHKOB B CBUHOBOJICTBE 00ECIICUUBAET JI0-
[IOJIHUTENbHBIN IPUBEC OT KAXKAOU THICSYM >KMBOTHBIX 10 120 1 mpu cokparie-
HHUH pacxona kKopMoB Ha 5—10 %. [Ipu nobaBneHnn aHTHOMOTHKOB B KOPM Kyp-
HECYIIIEK MOYXHO JOTIOJHUTENFHO MOyYUTh 10 15 ThIc. siut B rox ot 1000 kyp.
B Teyenue nocieanux 25 neT aHTUOMOTUKY MPUMEHSIOT TaKke Uit OOpbOBI C
¢uTonmaToreHamMu, BO30YAUTEIIIMA KOTOPBIX SBIISIOTCS MHUKPOOPTaHU3MBI. AH-
THOMOTHYECKIE BEIIECTBA HAHOCIT HA BETETATUBHBIC YaCTH PACTCHUS, a TAKKe
Ha CEMEHa WJIM BHOCAT B MOYBY. B pe3yibTare CeleKTUBHOIO JieiicTBUs Ha (u-
TONATOT€HHbIE MHKPOOPTaHU3Mbl aHTUOMOTHKH 3a/IePXKHMBAIOT POCT WM YOH-
BalOT MHUKPOOPraHW3MBI-BO30YyANTENH, HE HaHOCS Bpena pacteHuro. Hanboiee
3¢ PEKTUBHBIMEI (PUTOMATOTEHHBIMHE TIPETapaTaMy SBISFOTCS TPUXOTEIHH, O-
JUMHALNH, GUTOOAKTEPUOMUIIIH, TPH3e0(yIEBIH.

[Touck npoayneHTOB HOBBIX aHTHOMOTHUKOB HEIPEPBIBHO MPOJOJIKACTCS.
OrpoMHBIC TEPCHCKTHBBI ISl MONYYCHHS BBICOKOIPOIYKTUBHBIX INTaMMOB
OTKPBIBAIOTCS B CBSI3U C Pa3BUTHEM HOBEHIINX METOMOB KIIETOYHON W T€HETH-
YeCKOH MHXeHepHd. [IoMUMO yCOBEpIIEHCTBOBAHHUS MPUPOIBI MUKPOOPTaHU3-
MOB-TIPOJYLICHTOB aHTHOMOTHYECKUX BEIIECTB, ONTUMM3ALMK anmaparypbl U
TEXHOJIOTHH, OOJIbIIOE 3HAUYEHHS JUIS TTOJIydEHHUs] HOBOTO CIEKTpa IperapaTos,
obnamaromux Oolree IEHHBIMHA CBOMCTBaMU IO CPAaBHEHUIO C UCXOTHBIMH, FIME-
eT Tak Ha3piBaeMas MoAu(UKalus aHTHOMOTHKOB M IOJIyYSHUE MOJYCHHTETH-
4yeckux npemnapaToB. [lonmyueHHbIe MUKPOOHOIOTHYECKUM ITyTEM aHTUOWOTHKH
MOJIBEPTAIOT XUMHUYECKOH Mojudukanuu, B pe3yiabTaTe KOTOPOH BO3MOXKHO
MOJTy4YeHHE TIpenapaToB ¢ 0oJiee BRIPaKCHHBIM (DU3HOJIOTHYSCKUM JIEHCTBHEM.
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I'maBa 3. THODKEHEPHAS$ DOH3UMOJIOT' UA

B xonue 60-x — Hagane 70-x rT. Ha 0a3e TEXHUYECKOH OMOXHMMMH, XUMHYE-
CKOM TCXHOJIOT'HH, XUMHYECKOHN PH3MMOJIOTUHU U paaa HHXKXCHEPHBIX JUCHUTIIIINH
BO3HUKJIO HOBOC HAYYHO-TCXHHYECKOE HANpaBJICHUEC OMOTEXHOJIOTUH — HHXKE-
HEepHasi YH3UMOJIOTHUS, K KOTOPOH OTHOCSAT CUCTEMY METOJOB MOJMYYCHHS, O4H-
CTKH, cTabmin3anuy u npuMeHeHus Gpepmento. OCHOBHOH 3aadeil MHXEeHep-
HOM 9H3MMOJIOTHH SIBIISIETCS] KOHCTPYMPOBaHNWE OMOOPTraHWYECKUX KaTallu3aTo-
POB C 3aJlaHHBIMH CBOICTBaMHU Ha OCHOBE ()epMEHTOB WM ()EPMEHTHBIX KOM-
IUIEKCOB M pa3padoTKa Ha uX 0a3e pa3inuIHbIX dPPEKTHBHBIX M SKOJIOTHICCKU
YUCTHIX OMOTEXHOIOTWYECKHX TporeccoB. Bricokas cyOcTparHas cmenugpud-
HOCTh (DEPMEHTATHBHOTO KaTaJli3a M YHUKAJIbHAS CIOCOOHOCTh YCKOPSTH pe-
aKIUH B JICCATKA W COTHHU Pa3 B YCIOBHSIX HOPMAIILHOTO JTABJICHUS U (HU3HUOIIO-
FMYECKUX TEMIIEpaTyp MO3BOJSIOT MOJy4aTh BHICOKHE BBIXOJbI MPOIYKTOB U
CO3[]aBaTh MPAKTUYECKH OE30TXOJHbIE OMOTEXHOJOTMYECKHE MpPOLECChl, He
3arps3HSIOLIME OKPYKAIOIIYIO CPEy.

O¢ddekTuBHBIE OHOTEXHOJIOTHYECKHE MPOIECCHl HA OCHOBE (pepMEHTATHB-
HOTO KaTalik3a HCIOJb3YIOTCS BCE IUPE B PA3MHUYHBIX cepax deI0BeUecKoi
JIeSTeNIbHOCTH: MHUILEBOI MPOMBIIIJICHHOCTH, YJHEPIeTUKE, MEAULIHE, OUO0dIIeK-
TPOKaTaIn3e U MUKPOIJIEKTPOHHUKE.

3.1. MIOJYYEHUE U TIPUMEHEHUE ®EPMEHTOB

®DepMeHTHI — 3TO criel(UUSCKAE KaTATN3aTOPhl OCIKOBOM MPUPOJIBI, BBIPa-
OaTpIBacMbIC KJICTKAMH M TKaHAMH OpraHn3mMoB. OHH CIIOCOOHBI BO MHOTO pas3
YCKOPSITh TEYCHHE XMMHUUYECKUX U OMOXUMHUYECKUX PEaKiiii, He BXOAS B COCTaB
KOHEYHBIX TPOAYKTOB. [IpakTiyeckue npuMeHeHus: ()epMEHTOB OCHOBAHBI Ha MX
BBICOKOM KaTaJIMTUYECKON aKTHBHOCTH M 0OJice BBICOKOW IO CPABHEHHIO C He-
OUOIOTHYECKIMH KATATNTUYECKUMH CHCTEMaMK CYOCTPATHON CrIeHU(PUIHOCTBIO.
HcroynukoM (epMEHTOB CiTy)KaT pacTHTEIbHbIE U )KUBOTHBIE TKAHH, MHUKPOOD-
raHu3Mbl. XMUMUUYECKUI CHHTE3 (PEPMEHTOB B IPOMBILIJIEHHBIX MacIliTabax OueHb
CIIOXCH, TOPOT ¥ SKOHOMHUYECKH He Iierecoo0pa3eH. MUKpPOOMOIOTUIECKIIA Me-
TOA moy4yeHus (hepMeHTOB — HamboJiee HepcreKkThBeH. Ero npenMyiiecTsa 3a-
KJIFOYAIOTCsl B ClienyromeM: 1) 0orarcTBo accopTUMeHTa (pepMEHTOB, CHHTE3H-
PYEMBIX MHUKPOOPraHM3MaMH, 2) BO3MOXKHOCTb YIPAaBJICHUS (epPMEHTATHBHBIMU
CHCTEMaMH U COCTaBOM IPOU3BOJUMEIX MPEMApaToB, 3) BEICOKHE CKOPOCTH pa3-
MHOXEHHUSI MHKPOOPIaHM3MOB M BO3MOXXHOCTH KCIIOJIb30BAHUS PA3JIUYHBIX, B
TOM YHCJIE JOCTYITHBIX U HEIOPOTUX cyOcTparoB. depMeHThl B MUKPOOHBIX KIIET-
Kax MOT'yT UMCTb KaK BHYTPHUKJICTOUHYIO JIOKAJIN3allNI0, TaK U BbIACIATHCSA B OK-
pyxatontyto cpexny. [lociennue Goiee TOCTYIHBI U MPETAPATHBHOTO MOTyYe-
HHUSI, TO3TOMY B MPOMBIIUICHHBIX MACIITA0aX MOJIyYaloT IJaBHBIM 00pa30oM BHE-
KJIeToyHble (hepMeHTHL. I3 ommcaHHBIX K HacTtosmeMmy BpemeHu Ooiee 2000
(hepMEHTOB TIPAKTUYIECKOE 3HAYCHHE UMEIOT OKOJI0 S0.
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CornacHo COBPEMEHHOH Kiaccu(pUKaIuK, Bce (GepMEHTHI MOApa3IeIII0TCs
Ha 6 KJIaCCOB: OKCHIOPEAYKTa3bl, TpaHchepasbl, THAPOIIA3kI, JIMa3bl, H30Mepa-
3Bl U JINHA3BI (CHHTETAa3bl).

Herunponutudeckne hepMeHTH — OKCHIOPEIYKTa3bl, JIMa3bl, H30MEpasbl U
JUrasbl MIPUMEHSAIOTCS CpaBHUTENBHO peako. Hambomnee mupokoe nmpumeHeHne
MOJIY4HJIM MUKPOOHBIE THAPOIIa3bl, B3aUMO/ICHCTBYIOLIME C TENTUAAMH, TJIMKO-
3UAaMH U IPYTUMU COEIMHEHHMSAMH ¢ ydactueM Bojbl. Cpenu ruaposas — Iiu-
KO3H/1a3bl, IPOTECHHA3bI, JTUIA3HI.

I'uko3uzassl Kataau3upyroT TUAPOJIN3 IJIIMKO3UAHBIX COEAUMHEHHH. Tak,
Kpaxmaj THUAPOJIM3YIOT aMHJIa3bl, MIPOIYLEHTaAMH KOTODPBIX SIBJISIOTCS pa3iivy-
Hele Mukpoopranu3mbl (Bacillus, Aspergillus); nexcrpanasa, B3aumoneict-
BYIOIIasi C TJIMKO3WIOHBIMH CBS3SIMH AEKCTpaHa, cuHTe3mpyercs Penicillium
purpurogenium; MyJUIOHa3a, THAPOIU3YIOIIAs IMyJUIaH, TIIMKOTEH, EKCTPHHBI,
npoayiupyercs O0akrepusmu Klebsiella; nHBepTaza cHHTE3UPYETCS MHOTUMHU
npezacraBuTensiMu poaa Aspergillus; nemmononurnueckie GEepMeHTSI, SBISIO-
IIHECS CIIOKHBIM KOMIUIEKCOM aKTHUBHBIX OEJIKOB, BO3JICHCTBYIOT Ha pa3ivd-
HBIE Y4YaCTKH MOJIEKYJbl Le/uTon03el. PduromatoreHnsie rpudsl Fusarium
oxysporum, Erwinia 00pa3yloT NEKTHHOJUTHYECKHE (PEPMEHTHI, aHA3POOHbBIE
6akrepun Clostridium felsineum npoaynupyroT HoJUranakTypoHasy, IMeKTHHI-
crepady. OdeHp pa3HOOOpa3Hbl IMPOTEHHA3bl, KaTAIN3UPYIONINE Pa3phIB IIET-
TUHBIX CBsI3€H OEJIKOB ¢ 0Opa3oBaHMEM IENTHIOB U CBOOOJHBIX AMHHOKHC-
noT. [IporerHasbl pa3IMYHBIX MUKPOOPraHW3MOB CYIIECTBEHHO Pa3IMYarOTCs
CBOMMH CBOWCTBaMH; Cpeld TNpPOAYLEHTOB mporenHas — Aspergillus,
Actinomyces, Clostridium, E.coli. [IpogyneHtamu nmma3, OCYIIECTBIISIOIINX
THAPOIN3 TPHALMIIIIUIEPOIIOB C 00pa30BaHUEM KHUPHBIX KUCIIOT U ININIEPHHA,
SBISIFOTCSL  pa3in4Hble MuKpoopranusmbl (Aspergillus, Mucor, Rhizopus,
Geotrichum, Candida). ®ochokuHa3bel, cUHTE3UpyEeMble  OaKTEpPUIMH
Clostridium, Bacillus, pacmienmisroT cIoXHBIE CBSI3U MEXKAY KHUPHBIMH KHCIIO-
TaMH, TIUIEPUHOM U (pochaTuaHONH KUCTOTOM.

Hcropust npumenenns: GepMEeHTOB YXOAUT KOPHSAMHU B JAJEKOE IPOIILIOE.
Hexoropsle depMeHTEI, cofeprkaliecs: B IPUPOIHBIX PAaCTUTEIBHBIX MaTepHa-
Jlax, M3/1aBHAa HCIIOJIH30BAIMCH YEJIOBEKOM MJIsI MONYYCHMS NMUBA, CIUPTHBIX
HalUTKOB, IPOU3BOJCTBA XJic0a M KHUCIOMOJOYHBIX MPOAYKTOB. IIpakTuka,
OCHOBaHHasl Ha KOJUIGKTUBHOM OIIBITE JIFOJIEH, HAMHOT'O OIlepenia IoJIy4eHue
3HAaHMH W Pa3pabOTKy HAYYHBIX OCHOB JUIS CO3JaHUs JAHHBIX TEXHOJOTHYe-
CKHUX TporieccoB. [IpoMbInuIeHHAsT OTpacib MOTydeHns! (PEPMEHTHBIX Mpernapa-
TOB M3 IPUPOJHOTO PACTUTEIBHOTO CHIPbS CTalla 3apOXKAAThCsl TOJIBKO B KOHIIE
XIX cronerusi, a 3pa COBPEMEHHON WH)KEHEPHON H3MMOJIOIMM HAaCUUTHIBAET
okono 30 ner. Tem He MeHee, ()epMEHTHI HACTOJIBKO IIMPOKO BOLUIM B HAILy
JKM3Hb M HACTOJIBKO IMHUPOKO NMPUMEHSIOTCS B Pa3INYHBIX MPOMBIIUICHHBIX OT-
pacisix, 4TO HPEACTaBUTh O€3 HHUX HAIlle CYIIECTBOBAHHE CErOAHS HE Mpea-
CTaBJISIETCSI BO3MOKHBIM. [IpOMBIIIIEHHOE TOJTyYeHHne ¥ IpUMEHEHUe (epMeH-
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TOB B PA3IMYHBIX TEXHOJOTHYECKHX IMPOIIECCAX COCTABISIET B HACTOSIIEE Bpe-
M1 OJIH U3 BaKHEHININX pa3/ieioB HOBEHIIeH OMOTEXHOIOTHH.

OrpomHoe 3HaueHHe (EPMEHTHl MUMEIOT B Pa3IMYHBIX OTPACIAX IHIIEBOH
MIPOMBIIUIEHHOCTH. B Xne6oneueHny aMuiaspl yCKOPSIIOT MPOLECC CO3PEBAHUS
1 yJIy4dlIalOT KauyeCTBO TECTAa; X MCHONB3YIOT TaKkKe I MOJIy4eHHs PacTBO-
pUMOro Kpaxmala, NaToOKH, NeKCTpHHA. [ puOHbIe amMuiIa3bl 3aMEHSIOT COJIOJ,
JIaKTa3y MCIOJB3YIOT AJISl yAAIEHUSI MOJIOUHOTO caxapa U3 MOJIOKA; HHBEPTa3bl
caxapoB, MPeXyNpeXIaroNINe KPUCTALIM3ALNIO CaXapo3bl, IPUMEHSIOT B KOH-
JUTEPCKON MPOMBINUIEHHOCTH. KoMIeke ()epMEHTOB — IUTa3, HCIOIb3YIOT
Jutst OoJiee TMOJIHOM KCTPaKIMU COKOB M3 TUIOJIOB M OBOILEH, a TakKe Mojyye-
HUst 9UPHBIX Macel. ['prOHbIe TII0K03KAa3bl, 0CBOOOXK/1asi IIPOAYKTHI OT OCTa-
TOYHBIX CAaXapoB, YIIMHSIOT CPOKH MX XpaHeHus. C MOMOIIBIO KaTanasbl U3
MIPOLYKTOB yJANSIOT HEPEKUCH BOJOPOAA, LEIUTIONA3bl MPUMEHSIOT AJIsl 0caxa-
pUBaHUs Kpaxmaia u3 KapTodels U 3epHa, a TaKKe yBEIMYEeHHs BBIXOJA arap-
arapa u3 Bojopociei. [Iporeonmtnyeckue pepMeHTH MUKPOOHOTO TPOUCXOXK-
JICHUS 3aMEHSIOT PEHHUH B ChIpoAenuu. JInnas3pl HaXo T NIPUMEHEHUE B IIPO-
M3BOJICTBE CYXOI'0 MOJIOKA U JUI YCKOPEHUS CO3PEBAHMUS CHIPOB.

[TexTnHONMMTHYECKHE (EPMEHTHI W3JaBHA NPUMEHSIOTCS Ui 00paboTKH
JIBHOCOJIOMBI W TIOJNyYEHUs] W3 HEe BOJOKHA. AMWJIOIUTHYECKHE (EPMEHTHI
WCIOJNB3YIOT Ul yIAICHUS Kiies U3 TKaHel (pacuummoBka), HEKOTOPEIE TIPO-
TEHHa3bl NPUMEHSIOT Ul yIAJICHHUS CEPULMHA M BBICBOOOXKIICHUS LIETKOBBIX
BOJIOKOH U3 HIEJKA-ChIPIA; Uil 00€3)KUPUBAHUS BOJIOKOH UCIIOJIB3YIOT JIUIA3bI.
B K0OXeBEeHHOH NMPOMBIIUIEHHOCTH MPU MOMOIIM MPOTEOIUTHUECKUX (hepMeH-
TOB IPOM3BOAT 00E3BONAIINBAHNE MIKYP M MATYEHUE TOJIbSI, YCKOPSIIOT TaKXkKe
IIPOLIECCHI MOTyYEHUs BBICOKOKa4EeCTBEHHOH ImepcT. DepMeHTHBIE IpenapaThl
IIPUMEHSIOT B CEIbCKOM XO3WCTBE IIPU IPOU3BOACTBE KOPMOB. llexTuHasbl u
TeMHULEIIIOIA3b] TOBBIAKT AOCTYIHOCTh H YCBOSAEMOCTh KOPMOB, YCKOPSIOT
MIPOLIECCHI CHIIOCOBAHUS TPYIHO- U HECHIIOCYIOIINXCS 3€JICHBIX KOPMOB.

Bce Oonbuiee mpumeHeHne (EPMEHTHI HAXOAAT B TOHKOM OPTaHHYECKOM
CHHTE3€ B Ipolleccax IMOJYUYECHUs Pa3IMYHBIX CIOXKHBIX COEAMHEHUN (aMUHO-
KHCJIOT, TIENTHIOB, HyKJICOTH/IOB, ITOJyCHHTETUYECKUX aHTHOMOTHKOB), a Tak-
XKe B MenunuHe. Psn (epMEHTOB NPUMEHSIOT B TaK HA3bIBAEMOH «3aMECTH-
TENBHOHM Tepanum» Ui BOCIIOJHEHUS] MMerollerocs: (hepMeHTaTuBHOTO aedu-
nuta. Tak, npenaparsl IPOTEUMHA3 UCIOIL3YIOT I YAAJIEHUS HEKPOTUYECKUX
TKaHEH B XOJ€ JIeUeHUs1 THOMHBIX PaH U 0>KOT0B. bakTepuanbHyo acnapariuHa-
3y, pacUICIUIIONIYI0 acTaparuH, HeOOXOJUMBIH JEHKO3HBIM KJIETKaM, IpHMe-
HSAIOT IIPU PAZE 37I0KA4eCTBEHHbIX 3abonesanuil. IIpemaparsl nporenHas (Tep-
PWIMH ¥ CTPENTOKKMHA3a) 00J1aJal0T TPOMOOIUTHYECKUM AEHCTBUEM U NIPUMeE-
HSIOTCSL 47151 00pbOBI ¢ TpoMOO3aMu. XoJecTepuHAICTepa3a THIPOIU3YeT XoIle-
CTE€pHH, JIOKAJIM30BAaHHBI Ha BHYTPEHHHMX CTEHKAaX KPOBEHOCHBIX COCYIOB.
Oco0oe MecTO 3aHHUMAIOT BBICOKOOYHMIIEHHBIE (DEPMEHTHI, HCIIOJIb3YEeMBIE B
aQHAJIMTHKE, MUKpPOaHaIN3e, OMOdJIEKTPOKATAIIH3E.
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Takum 06pa3om, 0OBEMBI M CIIEKTP BBIITyCKa€MBIX (DEPMEHTOB, a TaKkXke 00-
JIaCTU UX NPUMCHCHU PACIHUPAIOTCA C KaXKJbIM I'OJOM.

MHUKpOOpraHu3Mbl, SBISIFOIMECS HCTOYHUKOM JUIS ITOJIy4eHHs pa3HooOpas-
HBIX (DEPMEHTOB, CYIIECTBEHHO Pa3IHYAIOTCI MEXIY COOOH Mo crocoOHOCTH
CHHTE3UPOBATh NaHHbIE OMOJIOTMYECKH AKTHBHbBIE COCIMHEHUS. DTH Pa3Inyuus
MPOSABJIAIOTCA KaK B aCCOPTUMEHTE CUHTE3UPYEMbIX (bepMeHTOB TEM HJIU UHBIM
MHUKpPOOHBIM BHJIOM, TaK M B X aKTUBHOCTH M UCXOIHBIX CBOMCTBaxX. ®epmeH-
TBl — BELIECTBA OCJIKOBOM MPHUPOIBI, TO3TOMY B CMECH C APYTMMH OelKaMu
OIIpE/IeNINTh UX HE MpeNCTaBIseTCs BO3MOXKHEIM. Hannune ¢pepmenra ycranas-
JIMBAIOT TI0 NPOTEKAHUIO TOW peaklMu, KOTOPYIO KaTalu3upyer (epMeHT; KO-
JIMYECTBEHHOE OllpezieeHne (hepMeHTa MpOBOAT MO BEJIMUYMHE 00pa3oBaBIIe-
rocsi NPOAYKTa PeakUuy Judo 1Mo pacxoly UCXoqHoro cydcrpara. [IpuHsaTa Tak
Ha3blBaeMas craHmapTHas eguHuna aktuBHocTH (E mimm U) — 310 KommyecTBo
(dbepMeHTa, KOTOPOE KaTalIu3UpyeT MpeBpaiicHue | MHKpoMouis cyOcTpata B
MHHYTY IIPY 3aJIJaHHBIX CTAHAAPTHBIX YCIOBHSIX.

Br1bop mpoayreHTa HEOOXOIUMOTo (epMEHTa COIPSIKEH C MPOBEPKOH aK-
THUBHOCTH OIPOMHOTO KOJHMYECTBA KyJbTYp, NPHBOISALIEH K oTOOpY Hamboiee
aKTHBHOTO ponyneHTa. [IpuponHbie mraMMbl OOBIYHO HE CHHTE3UPYIOT (ep-
MEHTBI B M30BITOYHBIX KOJMYECTBAX, TAK KaK MPOLECC MX CHHTE3a HaXOIMUTCS
IOJ CTPOTHM T'e€HETUYECKUM KOHTpOJIeM. VICKIIIOUYeHne COCTaBIISIOT KOHCTHTY-
TUBHBIE (DepPMEHTHI, HarpuMep (epMEHTH FeKCo30MOHO(OCHaTHOrO Iy TH, KO-
TOpBIE CHHTE3UPYIOTCS B OOJIBIINX KOJIMYECTBaX B JIFOOBIX YCIIOBUSIX POCTa.
Hapsiny ¢ orGopom HambGosiee aKTHBHBIX HITAMMOB-TIPOXYLIEHTOB (DEPMEHTOB
U3 MHKPOOHBIX KOJUIEKIMH WM BBIICICHHBIX M3 NPHUPOIHBIX HCTOYHHUKOB,
HPOAYLUPYIOINX KOHCTUTYTUBHbIE (PEPMEHTHI, IMPOKO UCTIOIB3YIOT HHIYLIH-
OernbHBIE M perpeccHOenbHbIe (PEPMEHTBI, KOTOPbIE CHHTE3UPYIOTCS KIETKaMH
B pe3yJibTaTe U3MEHEHHUs YCIOBUH (DepMEHTAlMU MM TeHETHYECKOTrO anrmapara
ki1eTkd. K HHAynuOeIbHBIM OTHOCSTCS MHOTHE (DepPMEHTHI, HMEIOLIE KOMMeEp-
YeCKYIO LIEHHOCTb.

WHnykuust — 3T0 yHUBEpCaJbHBIM KOHTPOJb Ul KaTaODOJIMYECKHX ITyTeH.
IMpouecc ¢epmeHTaMU C LENBIO MOTYYEHHsT MHIYHUOENBHBIX (PEPMEHTOB Be-
IOyT B IPHCYTCTBHU CyOCTpaTa-MHAYKTOpa. Tak, /Ui MOTydeHus aMuia3 B cpe-
Iy BHOCAT Kpaxmai, puboHykneassl — PHK, simna3s — xxupsl, vHBEepTassl — caxa-
po3y u T.4. B pesynbrare criocoOHOCTH CHHTE3MPOBATHCS MHAYLUPOBAHHO B
OTBET Ha 33/IaHHBIH CyOCTpaT, BO3MOXKHO HCIIOJIB30BAHUE OJHON KYJIBTYPHI IS
TONTyYCHUS PA3IMIHBIX (epMeHTOB (Tadi. 3.1). DTO CBOWCTBO MIMPOKO UCTIONb-
3yeTcs B IPOMBILUIEHHOCTH YISl TOJYYeHUS Pa3INYHbIX (GEpPMEHTOB.

Penpeccun cuntesa (hepMeHTa KOHEUHBIM IPOJYKTOM MOXHO M30€KaTh, HE
JIOIyCKasi HaKoIUIeHus nociieHero. [Ipy BeIpaluBaHun ayKCOTPOQHBIX IITaM-
MOB Ha cpeiax ¢ AeGUIHUTOM (PaKTOPOB POCTAa HAKOIUICHNS! KOHEYHOT'O MIPOIYK-
Ta He IPOUCXOAUT, U (epMeHT aepenpeccupyercs. B pesynbraTe 3TOr0 aKTHB-
HOCTh LIEJIEBOTO (hepMEHTa YIaeTCs MOBBICHTh MHOTOKpaTHO (Tabim. 3.2). Jepe-
IIPECCHU CHHTE3a (PEPMEHTOB MOXKHO JTOOMTHCS, BBIpAIMBAas YaCTUYHBIN aykK-
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Tab6nuna 3.1
CHHTe3 NIPOTe0INTHYECKHX (pepMEHTOB B IIYyOMHHOI KyJIbType Actinomyces fradiae
Ha cpejax ¢ pa3JIMYHbIMU HHAYKTOpamu (o P. B. ®enunkcosoii, 1973)

CocTaB cpeibl Pocr, | Benok, AKTHBHOCTS, €J1./MII
q mr/mn |Kaseunasa| Onacrasa | Keparunasa
Comnu, mepcTsb 72 0.5 0.1 0.2 0.2
Conu, Kpaxmai, epcTh, IHTapHas kucyora | 72 0.9 1.5 2.9 34
Coun, KpaxMmail, por, sHTapHas KUCJIoTa 72 1.1 2.3 53 6.0
Coumn, kxpaxmail, coeBas MyKa 96 1.7 4.8 9.9 8.9

Tab6ununa 3.2
Jlepenpeccusi 0MOCHHTeTHYeCKHX (pepMEHTOB NPU OTPAHUYEHHOM MUTAHHH AyKCOTPodoB
¢akTopamu pocra (mo Wang e.a., 1983)

®dakTop pocTta JepenpeccupoBaHHbIH HepMeHT VBennyeHne aKTUBHOCTH
Jleinun CuHreTasa ruJpOKCUYKCYCHON KHCIIOTBI B 40 pa3
Tuamux 4 epmeHTa THAMUHOBOTO CHHTE3a 1o 1500 pa3
Buorun 7-0KCHU-8-aMUHO-TIeNIaproHaT B 400 pa3
aMuHOTpaHcepasza

coTpo(HBII OpraHU3M, KOTOPHIA MEIJICHHO pacTeT Ha MUHIMalIbHOI cpene. Ho
CTUMYJHPYETCSI POCTOBBIM (pakTopoM. BO3MOXHO MONTydyeHHE KOHCTHTYTHUB-
HBbIX MYTAaHTOB, KOTOPbIE HE PENPECCUPYIOTCSA KOHEUHBIM IPOAYKTOM. Takue
MyTaHTBl NOJIYYaroT, aAaNTHPYsl OPraHU3Mbl K TOKCUYECKOMY aHAJIOTy KOHEd-
HOT'O NPOAYKTa C NOCIAEAYIOLIEH CeNleKLel Ha YCTOMUNBOCTD.

MHorue ¢pepMeHTHI, B OCHOBHOM KaTabOIUYeCKOTr0 WHAYIMOETFHOIO THIIA,
PenpeccupyIOTCs IPH OBICTPOM POCTE KIJIETOK Ha JIETKO yTHIIM3UPYEMOM CyO-
crpare. J{ns Toro 4yToObl n30ekaTh KaTabOJIUTHOMN pEenpeccui, B cpely He BHO-
CSIT peNpecCUpYIONINi CyOCcTpaT, M MPUMEHSIOT MYTaHThI, yCTOHYMBBIE K KaTa-
OOJTUTHON PENpecCu.

Beixoa ¢pepMEHTOB MOXKHO YBEIHMYHUTH TAKIKE C TOMOLIbIO HOBEHILINX METO-
noB OuortexHosorny. C MOMOIIBIO TUIa3MUJ WM TPaHCAYyLUPYIOUHMX (Haros
MOXKHO YBEIWYHTh KONWIHOCTh T'€HOB, KOIUPYIOUIMX CHHTE3 IEJEBHIX (ep-
MEHTOB. Y CHJIEHHE 3KCIPECCUN T€HOB BO3MOYKHO TAaKKE B Pe3yJIbTaTe BKIIOUE-
HUS CUIBbHBIX ipoMoTopoB B JIHK.

[TomuMo renermyeckoro (akTopa, OrpOMHOE BIMSIHUE HA HPOAYKLHIO (ep-
MEHTOB OKa3bIBAIOT COCTAB CPEIbI M YCIOBHUS KyJIbTHBUPOBAHUS MHKPOOPTaHH3-
MoB. Ilpy 3TOM HEe TONBKO HAIMUYKME MHIYKTOPA B CPEAE CHOCOOHO YBEIUYHUTH
BbIX0J (hepmeHTa. Upe3BbluaiiHO BaXKHBIM SBJISIETCS] KAYECTBEHHBIH M KOJIUYECT-
BEHHBII COCTaB MUTATENbHBIX cpea. HanprmMep, OONBIIMHCTBO BUAOB IIECHEBBIX
rpuboB poma Aspergillus Xopomio pacTyT Ha JOCTATOYHO NMPOCTOW CHHTETHYE-
ckoil cpeae Yameka ¢ caxapo3oit U HuUTparoMm. Jljis cuHTe3a aMuiasbl, OJIHAKO,
caxaposy cleAyeT 3aMEHUTh KpaxMaJIoM M YBEJIMYUTh KOHLIEHTPALUIO yIieposa
u azora B cpene. Ilocie atoro akTMBHOCTH (pepmeHTa Bo3pacraeT B 3 pasa. Jlo-
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0aBlIeHHE aMUHOKHUCIIOT B BUJZIE 9KCTPAKTA COJIOLOBBIX POCTKOB BBIXOJ (hepMeHTa
MOBBIIIAET JAOMOJIHUTENBHO B 4—5 pa3. ONTUMH3UPYS COCTaB MUTATENBLHON Cpe-
JTbI, MOYKHO TTOBBICUTH aKTHBHOCTH aMITa3kl Ooiiee 4eM B 500 pa3 (tabu. 3.3).

ITpu mondope cocTtaBa cpeabl YUUTHIBAIOT BCE (DAKTOPBI: BHI M KOHIEHTpA-
IIMIO MCTOYHUKA YIJIEpOAa U SHEPrHH, (PaKTOPhl POCTA, MUHEPAIIbHBIEC JJIEMEHTHI,
MHIyLMpYome cyocTparthl. B kayecTBe MCTOYHMKOB yIjiepoja W a3oTa 4alle
BCEr0 MPUMEHSIOT Pa3IMiyHOE NIPUPOAHOE OPraHMUYECKOE ChIPhE: Kpaxmal, KyKy-
PY3HBIH 3KCTPAaKT, COEBYI0 MYKY, THAPOIN3aThl APOXOKEBBIX Onomacc. ITomnmo
WCTOYHHUKA YIIepona, a3oTa ¥ (pakTopoB pocTa, OONbIIOE BIMAHME HA CHUHTE3
(epMEeHTOB OKa3bIBAIOT MUHEPAJIBHBIE COJIM MarHUsl, MapraHiia, KajabLys, JKeje3a,
LIMHKA, ME/IU U JIp., MHOTHE M3 KOTOPBIX BXOJIT B COCTaB (hepMEHTOB.

BrorexHoiornueckoe Mpou3BOACTBO (PEPMEHTOB peasu3yeTcs IBYMS CIO-
co0amMH — MOBEPXHOCTHBIM U I'TyOUHHBIM. TBepaogasHas noBepxHocTHas dep-
MEHTAaLU 3aKII0YaeTcs B BBIPALIMBAHNYU MPOIYIIEHTa Ha TOBEPXHOCTH TOHKO-
rO CJI0sl TBEPIOW Chlltyueil cpenbl. [myOnHHas GepMeHTalus B XHUIKOH cpele
MOXET OBITh peai30BaHa KaK B yCIOBHIX HEPHOANIECKOTO MPOLEcca, TaK U C
MIPUMEHEHHUEM IIPOTOYHBIX CHCTEM.

IIpu noBepxHOCTHOW (hepMEHTALMK Ul MONYyYEHHs WHOKYJSTa CIOPOBBII
MarepHa pa3MHOXKaIOT TIOBEPXHOCTHBIM CIIOCOOOM MITH BBIPAIUBAIOT My3eHHYIO
KYIBTYpPY B YCIOBHAX TITyOHMHHOH JKUIKOW KyJIbTYpHL Jlanee moceBHOM MaTepran
HAIpaBIAIOT Ha CTaguI0 (DepMEHTAINH, KOTOpasi OCYLIECTBIIIETCS Ha ITOBEPXHO-
CTHU ChIITy4ell cpeibl B METAJUTMYECKHUX JIOTKAX WIIM BEPTHKAIBHBIX Meppopupo-
BaHHBIX C 00eHX CTOpOH KroBeTax. KynbTypa pa3BuBaercsi Ha IIOBEPXHOCTH TBEP-
JION PBIXJION Cpelbl, OCHOBY KOTOPOH COCTABIIAIOT MIICHUYHBIE OTPYOH, 3epHOBAS
IIeNTyXa, SABJISIOIINECS] HCTOYHHKOM POCTOBBIX BemllecTB. sl pa3phIXiIeHHs cpe-
JIbI B OTPYOH J00aBIstOT ApeBecHbie omumiku (5—10 %), oBesHyto menyxy. CMech
nepes aBTOKJIaBUPOBaHKEM YBIAXHSIOT A0 20—40 % BIaXXHOCTU M MOJAKHCISIOT
JUISL YITyYIIEHUs] YCJIOBUM cTepuim3anuu. [IporpeB cellyyeil cpelpl OCyILEeCTB-
JISTIOT OCTPBIM MAapoOM B CHELMAIBHBIX CTEPHIN3ATOPaX MPH HENPEPHIBHOM Iepe-
MEIINBAHUM CPeJIbl; JUIUTENbHOCTH nporecca — 6090 munyT npu 105-140°C. B
oxnaxeHHyto 10 30°C cpeny BHOCST CTEpHIIbHBIE TepMOJIaOMIIbHBIE KOMITOHEH-
161, HTHOKYJAT (0.02-0.1 % oT macchl cpenpl), OBICTPO MEPEMENIMBAIOT PYyYHBIM

Ta6nuna 3.3
Biusinue cocTaBa cpelbl Ha CHHTe3 (i-aMUJIa3bl B INIyOMHHOIT Ky1bType Aspergillus oryzae
(no P. B. ®enuxconoii, 1973)

CocraB cpezpl AKTHBHOCTS, €1./100 Mt
Cpena Yamneka ¢ 3 % caxapossl 1 0.05 % azora 20
Cpena Yaneka ¢ 6 % kpaxmana u 0.15 % azora 60
To ke + 10 M1 5KCTpaKTa COJIOJIOBBIX POCTKOB 250-300
To xe + 40 MJI KCTpaKTa CONOJOBEIX POCTKOB 500-550
Konuenrpauus komnonentos (C, N, S, P) B 1.5 paza 1000-1100
[P ONTUMAJIEHON adpariuu
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CIOCOO0OM M PacKJIagbIBAIOT B JIOTKU CJI0eM 2—3 CM, KOTOPbIE YCTaHABIUBAIOT B
TepPMETUYHbIE a’pUPYEMble KaMepbl, NPEIBAPUTENHLHO MPOCTEPUIIM30BaHHEIE.
Hcxonnas BnaxHOCTh cpensl — 58—60 %, Temmneparypa KyJIbTUBUPOBaHMSA 28—
32°, IIUTENEHOCTD (hepMEHTAUH OKOJI0 36—48 1.

B Tedenue nepsrix 10—12 4 mpoucxoauT npopacTanne KoHuaui npu 28°. B
nocieaymomue 14-18 u peanusyercss ObICTPBIA POCT MHLENUS, B ATOT MEPHOJ
mOTPeOIIsIeTCT OCHOBHOE KOJHMYECTBO IMUTATEIBHBIX BEIIECTB M3 CPEIbl IPU
MaKCHMAaJIbHOM TepMOTeHe3e. Adpanus CTaHOBHUTCS MaKCcHMalbHOW (mo 60
00BbEMOB CTEPUIIBHOTO BO3JyXa Ha 00beM Kamepbl/d). [y mpenoTBpalieHus
BBICBIXaHUSA KOHI/II[I/lﬁ B PE3YJbTATE MOBLIMICHUA TEMIICPATYPhI BJIAXKHOCTH BO3-
IQyxa noBblatoT npaktudecku 10 100 %. BenencrBue Oomblimx pacxozios
BO3[yXa NPUHATA €ro permupKymanus. Lupkymupyrommid BO3MyX MPOXOAHT
Yyepe3 CHCTeMY OXJaKACHHS M HCIONB3yeTCs MOBTOPHO; OTpaboTaHHAs 4acTh
MOCJIC OYMCTKHM Ha BOJIOKHHCTHIX (PHIBTpax BhIOpachiBacTCs B atMocdepy. B
ATOT MEPUOJT CKOPOCTh 00pa3oBaHus (hepMEeHTa JTOCTUTAeT MAaKCUMAaJIbHBIX 3Ha-
yernii. B mocnenyromme 12—-18 4 mporecchl MeTta0oim3Ma OCiIabeBaroT, HO
CHHTe3 ()epMEHTOB elle MpomoDKaercsa. Murenuii 0o0BOJIaKWBAaeT M MPOYHO
CKPCIUIACT TBEPAbIC YAaCTULILI CPEbI, TIO3TOMY JII HOPMAJIbHOI'O TpaHCIIOpTa U
OKHCIICHHS BEIIECTB Cpela JIOJDKHA OBITh JOCTATOYHO PHIXJIOW M BIAKHOW.
O dexTHBHBIN TpaHCTIOPT KUCIOPOIa U3 Ta30BO (Da3bl H pacTBOPEHHE B cpeae
MIPOUCXOAUT TIPH YCIOBUH XOPOIIEH a’pHUPYyEeMOCTH TOBOJBHO TOHKOTO CJIOS
TBEPIIOW ChIMyd4eH cpeibl. DTO MPHUBOAUT K HEOOXOIMMOCTH HCIOJIb30BAHUS
0ONBIINX O0BEMOB MPOM3BOJCTBCHHBIX IUIOMIAeHH. [IOBEpXHOCTHBINH MeETOH
(hepMeHTaNN SBISETCS YKCTCHCUBHBIM METOJIOM C OOJBINOW JOJEH PYyIHOTO
Tpyaa. [Ipu 3TOoM, 0OHAKO, OH HE YHEPTOEMOK U obecrednBaeT O6omee BRICOKHI
BBIXOJI TIPOJIYKTa Ha €MHUILY MacChl CPeJibl 110 CPAaBHEHHIO C TIyOWHHOM (ep-
MEHTalue.

IMoBepxHOCTHAsT (pepMEHTAIMA C HCIOJIH30BAHHEM BMECTO JIOTKOB KIOBET
6onee cosepmeHHa. KoncTpykuus obecrieunBaer 6onee 3¢ddexTuBHy0 aspa-
U0 U MMO3BOJIACT YaCTUYHO MEXaHU3UPOBATH ITPOLECC. HpI/lMeHﬂeMbIe B IIpoO-
MBIIUICHHOCTH KOJIOHHBIE aliiapaTbl 00bEMHOU aj’pallii emie 0ojIee yIIydiaoT
mporece TBeprodasHoit ¢epmeHTannu. Takoil ammapar pasmeneH Ha CEKIHU
nep(OpUPOBAaHHBIMU TUIACTUHAMH, 3aKPEIUICHHBIMH Ha IOBOPOTHBIX OCSIX.
Cpena B xone (hepMEHTALUU Pa3pBIXISIETCS C TIOMOIIBIO BPAILQIOIIMXCS Iepe-
MEIIMBAIONINX YCTPOHCTB. DTO MO3BOJISET YBEIUUUTH BHICOTY ciios 10 30 cm.
PexxwM meperpy3ku cpenbl Ha Tapelkax 3aJaeTcs aproMarndecku. [IponsBoam-
TEJNBHOCTB ammapara J0CTUTAET 1 T KyJIbTyphl B CYyTKH.

[Mocne 3aBeprieHus craguu (GepMeHTalMu BhIpOCIIAsi KyJIbTypa IpecTaB-
nseT co00i KOpxkK (IeK) W3 HaOYXIINX YaCTHI[ CPEIbl, ITIOTHO CBSA3aHHBIX Pa3-
pocmmMcs MurenueM. J[aHHYI0O Maccy H3MENbYaloT C IOMOIIBI0 IPOOHIIOK
pasnugyHoro Thna (6apabaHHO-3y0YaTHIX, ITHEKOBBIX, MOJIOTKOBBIX) A0 YaCTHUIL
pasmepoM 5-6 Mm. [lns mpenoTBpallleHHsi MHAKTHBAMKM (EPMEHTOB Maccy
MOACYIIMBAIOT 10 OCTATOYHOM BiaKHOCTU OKoJio 1012 %. Texuuueckue npe-
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napatsl ()EpMEHTOB, UCIIOJIB3YyEMbIE K TEKCTHIBHOW, KO>KEBEHHOW ITPOMBIII-
JICHHOCTH, YIaKOBBIBAIOT B OYMa)KHbIE MHOTOCJIOIHBIE KpadT-MELIKH U OT-
HpaBisAoT notpedurento. IIporenypa noiaydyeHus OYMIIEHHBIX aKTHBHBIX Ipe-
napaToB (pepMEeHTOB CII0’KHA W MHOTOATAIIHA.

BaxHeimrM HOPMUpPYEMBIM TIOKa3aTElIeM BBIIIYCKaeMBIX (DEPMEHTHBIX
NpenaparoB SBJISIETCS aKTHBHOCTb, KOTOPAasl BBIPAKAETCS B MUKPOMOJISIX CyO-
cTpara, IIpopearnpoBaBILIero Mo aeiicTBieM | M GpepMEeHTHOrO pacTBOpa WIIN
I r npenapara B ONTHMAJIBHBIX IJISI MPOTEKaHUS (EPMEHTATUBHOM PEAKLIUH
ycnoBusix 3a 1 MuHyTy. CylIecTByeT Takke IOHATHE aKTUBHOCTH YCIOBHOTO
(depMeHTHOrO mpemnapara. JlaHHas eIUHMIA PACCUUTHIBACTCS 110 aKTHBHOCTH
OCHOBHOTO (pepMEeHTa B CTaHIAPTHOM YCJIOBHOM Mpenapare. 3a aKTHBHOCTb
YCIIOBHOTO CTaHAAPTHOTO Ipenapara MPUHUMAIOT €T0 CPEIHIOI YCTOHUMBYIO
AKTHBHOCTb, JOCTUTAEMYIO B IPOU3BOICTBEHHBIX YCIOBHSAX.

I'myOuHHBIA c11OCOO0 MUKPOOHOJIOTHYECKOTO MOJyUYeHUsT (PEPMEHTOB MMEET
MPEUMYILECTBA M0 CPABHEHHUIO C MOBEPXHOCTHBIM, TAaK KaK IPOXOAWT B KOH-
TPOJIMPYEMBIX YCIOBHAX (DepMEHTAlNH, MCKIIOYAeT PYYHOH TPYH, IMO3BOJSET
aBTOMAaTH3UpOBaTh npornecc. [lurarensHas cpena st GepMEeHTAMU TOTOBHT-
csi, UcXozsl M3 (PU3MOJIOTMYECKHX IMOTPEOHOCTEH MCIOIb3yeMOl MHKpPOOHOI
KyJIBTYpBl, @ TaK)Xe W3 THUNA 1eneBoro ¢epmeHTa. OCHOBHBIM YTIIEPOIHBIM
CBIPBEM CIIy’)KaT Pa3IMYHbIE COpTa Kpaxmaia (KyKypy3HbIH, MIIEHHYHbBIH, Kap-
To(enbHbIN), KYKypY3HBIH SKCTPAKT, CBEKJIOBHUYHBII KOM, a TaKKe IJIFOK03a,
MaJlbT03a, JEKCTPHUHBI. B KauecTBe MCTOYHMKA a30Ta MPUMEHSIOT OpraHuye-
CKHE coefMHeHus (TMAPOIN3aThl Ka3enHa WIN MUKPOOHBIX OMOMAcc), a Takke
MuHepanbHbie comu (NaNO;, NH,NO;, NH4HPO,, (NH4),SO,). Ina 6nocunre-
3a IEJUTIOIONUTUYECKNX (PEPMEHTOB HMCTOYHHMKOM YIJIEPOJA CIYXKUT XJIOIOK,
CoJIOMa, 1IEJUTI0JI033; JINTIOIUTHYECKUX — JIUTTHIBL.

Ha npendepmeHTannoHHOM CTaauy TEXHOIOTHYECKOe 000PyA0BaHUE U ITH-
TaTeJIbHAs CPea MOABEPraloTCs cTeprin3anun. Ilocine oxyaxXIaeHus! Cpeabl 10
30° B Hee BHOCST BBIpAIlEHHBIN HHOKYIAT (2—5 % 0T 00BheMa MpOU3BOACTBEH-
HOHW KyJibTyphl). IIponiecc mpoBOJAT B IMIMHAPUYECKUX armaparax o0beMoM
10 100 M°. Cuntes pepMenTa B IIyOHHHOI Ky/IbType MPOTEKaeT B TeueHue 3—4
CYTOK TIpH HEIPEpPBHIBHOW IMoJade CTEPWJIBHOTO BO31yxa, crabmmmsanuu pH u
TEMIIEPaTypbl Cpelbl Ha CTPOrO OIPEAETECHHBIX YpOBHsIX. HesHauutenbHble
W3MEHEHHs] 3HaYeHU JaHHBIX TapaMeTPOB MOTYT BbI3BaTh MHOTOKPAaTHOE CHHU-
JKeHUe (PepMEHTAaTHBHON aKTUBHOCTH.

Junamuka oOpa3oBaHust GOMAacchl U BeIX0Ja (hepMeHTa o-aMuIIasbl Ha Oc-
HOBe KyJIbTypbl Aspergillus nmokaszansl Ha puc. 3.1. B TeueHne nepBoro nepmo-
na (24-30 1) munenuit 6ypHO pasBHBaeTCS M HIET OBICTpOE MOTPEOIICHUE JIer-
KoycBosieMoro cyOcrpara. Jlainee B cpeny BHocsT HHAyKTOp. Ilocie sToro Ha-
YHHAETCS MHTEHCHUBHBIH CHHTE3 IeneBoro ¢epmenra. [lepuonudecku B cpexmy
BHOCST CTEPHJIbHBIN MIEHOTaCUTENb, J00ABKY YIJIEPOIHOIO CyOCcTparTa, pacTBOp
JUIsl KOPPEeKIMU 1 cradbuinzanuu pH.
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Puc. 3.1. Poct munenus, o0pazoBaHue o-aMuiiasbl U morpediaeHue cyocrpara
B IIIyOUHHOM KynbType A. oryzae (1o P. B. denuxcosoii, 1973).
1 — o-amunasa, 2 — MULIENHH, 3 — CyXHe BelecTBa CPeJibl.

[Tpouecc obpa3oBaHus OMOMacChl MPOAYLIEHTA HE COBIA/IAET BO BPEMEHH C
MaKCHMYMOM IPOAYKIMH (EepMEHTa, NpU 3TOM YCIOBUS Ui 00pa3oBaHUs
(epMeHTa MOTYT CYLIECTBEHHO OTJIMYATHCS OT YCIOBHH JUIS ONTHMAalIbHOTO
pexnMa cuHTe3a ouomaccel. I1o3ToMy ycIoBUs cpefibl B XO€ IPOTEKaHUs IPo-
necca (pepMEHTAIUN KOHTPOJUPYIOTCS M U3MEHSIOTCS. M3BECTHBI CTaauiiHbIC
IIPOLIECCHI B JIBYX IOCJIEIOBATENBHBIX alaparax. B mepBoM co3naroT yciaoBus
JUISL Pa3BUTHS MUILEIHSA; BO BTOPOM — IJIsl CHHTE3a M HaKOIUIEHHs (hepMeHTa.
Ha npoMeIieHHOM ypOBHE peann30BaHbl TAKXKE MPOTOYHBIE PEXHUMBI, HAIIPHU-
Mep, ISl MTOJy4eHHs TJIFOKO30M30Mepas3bl C MCHOJIb30BaHUEM OaKTepUaibHOM
KyneTyphl Bacillus coagulans. depmenTannio npoBoasT NpH JePUIUTE TIFOKO-
36l M KUCIIOpOZA B cpene (TIOKO30M30Mepa3a MHTHOHUPYETCS KHUCIOPOIIOM);
MaKCHMaJlbHas MPOAYKTUBHOCTH COXpaHsIeTCs AUTeIbHOe Bpems, 10 200 4.

IMocne 3aBepiicHus (GepMEHTAIMH IS MPEIOTBPAIICHHUS HHAKTHBAIMH
(hepMeHTOB KyIbTYPaJbHYIO JKUAKOCTh OXJXKIAIT A0 3—5°C W HampaBIsSiOT
Ha 00paboTky. Ilocie oTneneHus MuLIENUs KyJIbTYPaIbHYIO Cpedy OCBOOOX-
JAI0T OT TPYOBIX B3BEIIEHHBIX YAaCTHUIl U KOHLIEHTPUPYIOT IOJ BaKyyMOM HJIH
MOJBEPTAIOT YJIbTpaQUIbTPAlMd. B cBA3M C TepMONaOMIBHOCTBIO MHOTHX
(depMeHTOB TpoIeccH 00pabOTKH BEAyT MpPH KOHTPOIHUPYEMBIX, YaCTO ITOHH-
KEHHBIX Temreparypax. [yOokas ouncTka ()epMEHTOB NMPHUBOIUT K CYIIECT-
BEHHOM MO0Tepe aKTUBHOCTH MPENapaToB U TaKKe OUeHb Joporocrosmia. bonee
TOTO, BBICOKOOUYMIIEHHBIE OCJIKM MeHee CTaOWIBbHBI 10 CPaBHEHMIO C HEOYH-
meHHBIMHA. 1103TOMy NpHM HCIOJIB30BAHUM PACTBOPHMBIX (DEPMEHTOB penKko
MOJIb3YIOTCS MOJIHOM ouncTKoil. Tem Gojiee 4TO B 3aBUCUMOCTH OT cepsbl Mpu-
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MEHEeHUs TpeOOBaHUS K YUCTOTE (PePMEHTHBIX IIPENapaToB pa3au4Hbl. Tak, psia
(bepMEHTHBIX IpenaparoB, I0JIy4aeMbIX IPH IOBEPXHOCTHOH (hepMeHTaLuH,
BBIITyCKAIOT B BHJIC BBICYIIEHHBIX OTPYOEH ¢ OcTaTKaMu MHLIEIHs, @ TAKKe BbI-
CYLICHHBIX OCaJIKOB OEJIKOB WM BBICYLICHHBIX pacTBOPOB. ToBapHBIEe GOpMEI
TaKHX MPENapaToB M3BECTHBI B BHIE CYyXUX HperapaToB WM pacTBOPOB dep-
MCHTOB. Hocne;ume XpaHAT IpyU OTPULATCIIBHBIX TEMIIEpaTypax, ¢ MpUMEHE-
HHEM CTaOMIN3aTOpOB (COJIM KajbLWS WJIM MarHus, a TakKe XJIOPHUA HaTpus,
copbur, 6er3oar u ap.). s MOTy4eHUS OYHIICHHBIX MPEnapaToB (epMEHTOB
NPUMEHSAIOT pa3IMYHble METOIbI (OCAKAEHHE COJIIMH WM OpraHHMYEeCKHMH
pacTBOPHUTEIISIMH, BbICAIUBAHUE, COPOLMOHHYIO U XpOMaTorpadMueckyro o4u-
CTKY C HMCIIOJIb30BaHNEM BBICOKOCEIEKTUBHBIX HOHNTOB). IIponecc 3aBepmaert-
Csl CTajMell BBICYIIMBAHMS HA PACHBUIMTEIBHBIX MM BaKyYyMHBIX amiiaparax B
MaAsAIeM TeMIIEpaTypHOM PEXHUMe, He MOIMyCKaromeM OONbIINX NOTeph ak-
TUBHOCTH (epMeHTOB. [lociie cTaHaapTH3aMK MPOIYKT HAIMPABISACTCS MOTPE-
ourernto.

3.2. AMMOBHNJIN30BAHHBIE ®EPMEHTBI

IIupokue nepcneKTUBbl OTKPHUIUCH NEPE] HHKEHEPHOU SH3UMOJIOTHEN B pe-
3yIbTaTe CO3JAaHMsS HOBOTO THUIIA OMOOPraHMYECKHX KaTaln3aToOpoB, TaK Ha3bl-
BacMbIX MMMOOMIIM30BaHHBIX (epMEHTOB. TepMUH «MMMOOHIM30BaHHBIE (ep-
MEHTBD» Y3aKOHEH CpaBHUTENIBHO HeAaBHO, B 1974 r. Canmpemom u Peem, xots
eme B 1916 r. Hembcon u I'puddu mokazamu, 9To HHBEpTa3a, aacopOnpoBaHHAS
Ha yIJIe WIH aJlFOMOresie, COXPAHSET CBOIO KaTaTUTHYECKYI0 aKTHBHOCTb. OHAKO
Hayajo LieJICHANPaBIeHHbIX HCCIIEI0OBaHNN, OPHEHTUPOBAHHBIX Ha CO3JIaHUE Ta-
KOTO poJia CTaOMIIM3UPOBAHHBIX (DEPMEHTHBIX KaTaJIM3aTOpOB, OTHOCHUTCS K Cepe-
quHe XX Beka, IPH 3TOM HMIMPOKHH (POHT paboT M OLIyTHMBIE YCIIEXH JOCTHT-
HyTHl B mociegaue 20-25 nmer. IMMoOMIM3anus — 3T0 IpoLiece MPUKPEIUICHNS
(epMEHTOB K MOBEPXHOCTH MPUPOHBIX HIIN CHHTETUYECKUX MaTepHAIIOB, BKIIO-
YeHHE UX B IOJIMMEpPHbIE MaTepHaIbl, I10JIbIe BOJIOKHA ¥ MEMOpaHHbBIE KariCyJIbl,
HorepevHass XMMHYEcKasl CIIMBKA. MIMMOOMIH3AIMIO TaKkKe MOXHO XapaKTEepH-
30BaTh KaK (U3MYECKOEe pa3lelieHie KaTannu3aTopa i pacTBOPHUTENS, B XOA€ KOTO-
pOro MoJIeKyJibl cyOcTpara M MpOJYKTa JIErKO OOMEHHBAIOTCS MEXAy (ha3amu.
Pa3nenenrie MoXkeT OBITH JOCTHIHYTO aJICOPOLIMOHHBIM HMJIM KOBAJICHTHBIM CBSI-
3pIBaHMEM (pepMEHTa ¢ HEepaCTBOPHMBIMU HOCHTEISIMH, JHOO CBA3BIBAHHUEM OT-
JeNbHBIX MOJIEKyJ (epMeHTa ¢ oOpa3oBaHueM arperatoB. [Ipu uMMoOHIN3aIU
(bepMEHTOB MPOUCXOAUT CTAOMIIM3ALMS KaTAJIUTUYECKOH aKTMBHOCTH, TaK Kak
3TOT NHPOLECC NMPENATCTBYET AeHaTypauuu OeikoB. ViMMoOmnm3oBaHHBIH dep-
MEHT, UMEIOIINH OrPaHMYEHHYI0 BO3MOXHOCTH I KOH(GOPMAaIMOHHBIX Hepe-
CTpOEK, ObICTpee PacTBOPUMOI0 HaXOAWT KpaTdalmii myTh K (YHKIHOHAIBHO
aKTHBHOM KoH(popManmu. ViIMMoOHIN30BaHHBIE (PePMEHTHI TPHOOPETAIOT, TOMH-
MO CTaOHMJIBHOCTH, OTJEJIbHBIE CBOICTBA, HE XapaKTepHbIE JUIi UX CBOOOIHOTO
COCTOSIHMSI, HaIlpUMeEp, BO3MOXHOCTh (DyHKIIMIOHUPOBAaTh B HEBOAHOH cperne, 00-
Jiee IIMPOKHE 30HBI onTUMyMa 1o temnepatype u pH. Ilo obpasHomy BbIpake-
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muto A. M. EropoBa (1987) «VmmoOmmm3oBaHHbie (GEpMEHTHI KakK TpeOIIbi-
HECBOJILHUKH Ha rajepax, MPUKOBaHHBIC KAXIBIH K CBOCH CKaMbe, MPOCTPAHCT-
BEHHO pa300INEHBI Ha HOCHUTENE. DTO O3HAYACT PE3KOE 3aTPYIHCHUE MEKMOJIC-
KYJBIPHBIX B3aMMOJCHCTBHI THIIA arperaiiid, KOTOPBIE MOTYT BEI3BATh MHAKTH-
Baruro epmeHTay. [Ipu 3ToM hepMeHT 13 pas3psga rOMOTEHHBIX KaTall3aTOPOB
MIEPEXOUT B Pa3psij] TeTEPOreHHBIX, TO €CTh HAXOAUTCS B (Dase, He CBI3aHHON HU
C MCXOJTHBIM CyOCTpaToM, HU ¢ 00pa3yeMbIM MIPOIYKTOM. DTO ITO3BOJISIET OPTaHH-
30BBIBaTh Ha 0a3e MMMOOWIIM30BAaHHBIX (PEPMEHTOB pa3iudHbIE Oonee dPdek-
TUBHBIE OMOTEXHOJIOTHYECKHE IPOIECCHl MHOTOKPAaTHOTO IEPUOJMYECKOro, a
TaKXXe€ HCIPECPBIBHOTO HeﬂCTBHH C MCIIOJIb30BAHHECM TpHUHIUIIA BSaMMOﬂeﬁCTBHH
TTOJIBIDKHOM M HETOABMIKHOM (pas.

JAuTenbHOCTh COXpaHEHUS! KATAJIUTUUECKOM aKTUBHOCTH U PsJl CBOMCTB
(epMEeHTOB OIpPEeIsIOTCS MPABHIBHOCTHIO BBIOOpa HOCHTENs, METO/Aa U
yCIoBHIA IpoBeZieHNsT nMMoOmIn3auu. CyIiecTByeT HECKOJIbKO MPUHIIMITU-
QIBHO Pa3IMYHBIX [TOJXO0JI0B, MIO3BOJISIONUX CBA3aTh (PEPMEHT ¢ HOCHUTEIEM:
aacopOIHOHHBIE METOIBI M METOIBI XHMHUUYECKOTO CBSI3bIBAaHUS Ha IIOBEPXHO-
CTH, METOABI MEXaHWYECKOTO BKIIOUCHUS M 3aXBaTa, METOJBI XHMHYECKO-
ro npucoenuuenus (puc. 3.2).

MeToapl IMMOOHIM3AIMK TTYTEM aJCOPOIMU OCHOBAaHBI HA (PHKCHPOBAHUHU
(hepMeHTa Ha IOBEPXHOCTH PA3NUIHBIX MATEPHAIOB — HEOPTaHUIECKUX (CHIH-
Kareis, MOPUCTOE CTEKJIO, KepaMHUKa, IMeCOK, 000 KEeHHas TJIMHA, THAPOOKHUCH
TUTaHA, [IUPKOHHMS, KeJie3a) U OPraHUMYCCKHUX (XUTHH, [EJUTF0JI03a, TOJIMITUIICH,
HMOHOOOMCHHBIC CMOITBI, BCTICHEHHAS PE3HHA, TIOJHYPETAH C SYCHCTOU CTPYKTY-
poii). Hackoipko pazHOOOpa3HBI MaTepHallbl, IPHIMEHSEMBIE I aIcopOIH
(epMEeHTOB, HACTOJILKO Pa3IMYHbI MEXaHU3MbI U MPOYHOCTH CBSI3bIBAHHS (ep-
MEHTa ¢ HOCHTEIEeM. XapaKTepHu3ys STH CBSI3U, MOXKHO FOBOPUTH O IIHPOKOM
UX CICKTpE, OT MPOCTOr0 OOpacTaHWs HOCHUTEINA J0 0Opa3oBaHUs IMOJIAPHBIX,
HMOHHBIX U KOBAJICHTHBIX CBS3€H. ACOPOLHSI — 3TO caMblif IPOCTOIH METOA HM-

2.2 T

Puc. 3.2. OcHOBHBIE METOIbI UMMOOHIM3AIMU (DEPMEHTOB.
A — abcop0buust Ha KPYIHOTIOPUCTOM HOocuTene; b — koBaseHTHOe cBs3bIBaHue; B — amcopOrus;
- TIOTIEpE€YHAs CIIMBKA; ):[ — BKJIOYCHHUE B I'CJIb.

106



MoOuIHM3auK (EPMEHTOB Ha IOBEPXHOCTH HEPACTBOPHUMBIX HOCHUTEIICH.

[porenypa MMMOOMIIU3AIIMN COCTOUT B CMEIINBAHUY B OMPEICICHHBIX YC-
JOBHUAX (PEPMEHTA C HOCHTEIEM U HMHKYOallMM CMECH. 3aTeM IPH ITOMOIIH
(GUIBTPOBaHUS M IEHTPU(YTUPOBAHKS IPOBOISAT OTACICHHE HEPACTBOPHIMOTO
KOMIIOHEHTa CMECH OT pacTBOpHMoOro. B mpomecce agcopOrmuu depmenTta Ha
HOCHUTEJE NIPU UX B3aMMOJICUCTBUU BO3ZHUKAIOT COJIEBBIE CBSI3H, a TAKKE APYrUe
cimabble B3aUMOJICHCTBUS (BOMOPOIHBIC, BaH-ICP-BAaLCOBHI). AICOpOIms —
MATKHA METOA MMMOOWIIM3AINH, TPH KOTOPOM BIIMSHHE HOCUTENS HA aKTHB-
HOCTh (bepMEHTa MHHUMAJIBHO, MMO3TOMY, KaK IPaBHJIO, (EPMEHTHI XOPOILIO
COXPAaHSIOT aKTUBHOCTh. HeocTaToK JaHHOTO METO/la — HENPOYHOCTh CBA3EH.
[TosToMy mpH HE3HAYHTEIBHOM W3MEHEHWU ycnoBui cpensl (pH, Temmepaty-
PBI, HOHHOM CHIIBI, KOHIIEHTPAIUX MPOIYKTa) BO3MOXKHA AecopOmms GpepMeHTa
C IIOBEPXHOCTU Hocutensl. bonee NpoUHbIMU SBIISIIOTCS CBSI3U, OCHOBaHHbIE Ha
HOHHOM B3aUMOJICUCTBUH, KOT/Ia aJCOPOIIHS MOAICPKUBACTCS IPU OMPEICICH-
HBIX 3HaYCHHUSX pH ¥ HOHHOW CHITe OMBIBAIOIIETO PEPMEHT PacTBOpA.

MeTozbl XUMHUYECKOTO CBSI3bIBAHUS UMEIOT JOJITYH0 UCTOPHIO M pealu3y-
IOTCS B pa3nuyHbIX Momudukanusax. Ilpakrnueckn Bce (QyHKIMOHATHHBIE
IPyMIbl OEJIKOB MOTYT OBITh HCIIOJIB30BaHbI [UIS CBSI3BIBAHUS KaTaln3aropa C
HocureneM. [llupokoe npuMeHeHHe HAIUIM peaklUy, BEAyUIe B MPUCYTCTBUU
BOJIOOTHHUMAIOIIETO areHTa K 00pa30BaHUIO MENTUAHBIX CBSI3eH MEKIY aMHUHO-
rpymnmnaMu epMeHTa U KapOOKCHUIIbHBIMH TPYIIAMH HOCHUTENSI WK, HA000pOT,
— MeXy KapOOKCHJIBHBIMH IpyIamMu (EPMEHTA U aMUHOTPYIIIAMH HOCHUTEJISL.
B kadecTBe BOJOOTHHMAIOUIETO arcHTa HCIONB3YIOT JHUIUKIOTeKCHIKApOO0-
IUAMH], CIIMBAIONINM areHTOM MOXET CIYyKUTh OpommuaH. Bo3moxHO
MPOBEACHUE CIIMBKU 0O€3 yJacThsl CINMBAIOMIMX areHToB. [lepcreKTHBHBIM
MOAXO0JI0OM B Pa3BUTHUHU JaHHOIO METOJA SBJISIETCS UCIOJIb30BaHUE B Kau€CTBE
HOCHUTENSl TPUBHUTHIX MNoJMMEpoB. [IpuBUBas K MOBEPXHOCTU MOIUMEPHOTO
MaTepuaia OOKOBBIE BETBH, MOXKHO PETyIIMPOBaTh €ro CBOWCTBA M BIHMATH Ha
PEAaKIMOHHYIO CIIOCOOHOCTh 3a CYET CO3JaHHs Ha IOBEPXHOCTH HOCHTEIS
MHKPOCOOPY)KEHHH, ONTUMAIBHBIX JJIS CTa0WIBLHOTO (HYHKIIMOHHPOBAHUS
omokaramm3atopa. [IpuMep Takoro moaxoaa — MPHUMEHEHHE TONHATHICHA C
TMPUBUTHIMU TIOJMBHHWJIOBBIM CHHPTOM WM TOJHAKPHIOBOW KucioTod. C
LeNblo  CHIKEHUs: An(GQy3MOHHBIX 3aTPyAHEHUH Mexay CcyOocTpaToM |
(dbepMeHTOM, a TakxKe JJis 00JerYeHUs] OTTOKA 00Pa3yIOUIMXCs MPOAYKTOB, TIPH
MMMOOWITU3AIIH MOXKHO BBEIBOJUTH (PEPMECHT M3 MUKPOCOOPYKEHHS MOJICKYIIBI
Hocutens. DEpMEHT MPUCOECIUHSIOT K IOBEPXHOCTH HOCHUTENS 4epe3
HEKOTOPYI0, ONPEACIIEHHON IJIMHBI, XMMHUYECKYIO I0CIEI0BATEIbHOCTb, TaK
Ha3bIBAEMBIH crieicep («ITOSICOKY).

NMmoOMIM3aIus myTeM XUMHYECKOW CIIMBKH (JepMEHTa C HOCHUTEIEM Xa-
paKTepu3yeTcsl BRICOKOH 3(PPEKTHBHOCTHIO M IPOYHOCTHIO CBS3H. [ mpenot-
BPALICHUS] CHIKEHHS KaTaIUTHYECKOH aKTUBHOCTH (pepMEHTa MECTO CIIUBKH
YIAISA0T OT aKTUBHOIO IIEHTpa KaTajlu3aTopa U MPUCOEIUHEHUE MPOBOAAT HE
o OCIKOBOW YaCTH MOJICKYJIBI, @ IO YTIICBOJHOM.
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Opuum u3 HanOosee 3(h(HEKTUBHBIX METOI0B MMMOOMIIH3AIMK C 00pa30BaHH-
€M XHMHYECKHX CBSI3€H CUHTAIOT o6pa303aHMe KOBAJICHTHBIX CBsI3€H MEXKAY MO-
JIEKyJIOM HOCHTENS M Karanu3aTtopoM. Kak mpaBmito, Juisi KOBJIEHTHOTO IPHCOe-
JIHEHHSI HOCHUTEINh HY)KHO MPEIBAPUTEIFHO aKTUBUPOBATH (akTuBanmio adduH-
HBIX HOCHTENeH MPOBOJAT, Hampumep, OpomimanoM). bosee nmpocteiM, HE Tpe-
OYIOIIUM TMPEABAPUTEIIHLHON MOJU(DUKAIIMA HOCUTEISI U OBICTPHIM METOJIOM M-
MOOMIIM3ALMH B MPOCTHIX YCJIOBHAX SIBIISIETCS MeTaJUuloXenaTHbIi mMeroa. OH 3a-
KJIFOYaeTCsl B MUMMOOMIM3anuu (PepMEHTOB Ha HOCHUTEISIX U3 TIOJUMEPOB THIPO-
KCHJIOB METAJUIOB (THTaHA, IMPKOHHUS, OJI0BA, Xkene3a). [ MIpOKCHIbHBIE TPYIIIIbI
BBITECHSIIOTCSl U3 KOOPJMHALMOHHOM Cephbl TOr0 MIIM UHOTO MeTajuia (DyHKLIHO-
HAJTLHBIMH TpymIaMy GpepMeHTa, B pe3ysibTaTe MEKIy HOCHTEIEM U (DepMEHTOM
BO3HHUKACT KOOPJIMHAIMOHHAS U KOBAJICHTHAS CBSI3b. Y CIIEX METO/A OIpe/IeIsi-
eTCsl PAZIOM YCIIOBHIA: B MOJIEKyJe (pepMeHTa JIOJKHBI IPUCYTCTBOBATH TPYIIIIbI,
UTPAIOLIHE POJIb JIMT'AHJIOB U CIIOCOOHBIE CTEPUUECKN KOHTAKTUPOBAThH C aTOMaMH
TUTaHa; JaHHBIC TPYIIBI JOJDKHBI OBITh YAAICHBI OT aKTUBHOTO LIeHTpa. Meton
MPUMEHSIIOT B PA3JIMYHbIX BAPUAHTAX, C UCIIOJIH30BAHUEM OPTaHUYECKUX U HEOP-
raHUYeCKHX HOCHUTENeH, BKIF04Yas HOHOOOMeHHbIe HocuTenu. [Ipuposa koMIuiek-
Ca MOXCT CYHICCTBCHHO BJIUATHL HA aKTUBHOCTH U OIICPALIMOHHYIO CTa6I/I.]'lI)HOCT])
MMMOOMIN30BaHHOTO (hepMmenTa (Tadm. 3.4-3.5).

CpaBHUTENBHO HOBOW Pa3HOBUIHOCTHIO METAIIOXEIATHOrO METO/a SIBIIS-
eTcss UMMOOHIM3alus (pepMEHTOB Ha OCHOBE T'MIPOKCHUIOB MEPEXOAHBIX Me-
TaJUIOB, B OCHOBHOM THUTaHA M LUPKOHMS. MOJIEKybl ()epMEHTa 3aKPETUISIOTCS
Ha TIOBEPXHOCTH HOCHTENs ITyTeM oOpa3oBaHMs xenaroB. /s peanu3aunnu
JAHHOTO METOo/a, MOMUMO (epMEHTa, HEOOXOAMMO HAIUYUE TOJBKO OJHOTO
peareHTa, COOCTBEHHO THAPOKCHIA METAIIA.

Ta6nuna 3.4
BiinsiHue MeTo1a MMMOOHJIM3ALMM C UCTIOJIb30BaHneM kKomiiekca TiCly Ha aKTHBHOCTD IJTI0-
Ko3oamuiiasbl (o k. Byasopay, 1988)

KoMIuiekce, HCmonb30BaHHbIH TSl aKTHBAITHH AKTHBHOCTH (hepMeHTa, eJ1./T
TiCly — akpunamuj 1.03
TiCly — MouyeBuHA 0.36
TiCl; — TUMOHHAs KHCI0Ta 0.41
NiCl, — nakro3a 0.48
Tab6auna 3.5

OnepanHoHHasi cTa0MJIbHOCTH (PePMEHTOB, MMMOOHIH30BAHHBIX HA HOCHTEJISIX,
akTMBUPOBaHHBIX THTaHOM (IV) (mo I:x. Byasopay, 1988)

DepMeHT Hocwurens Temmneparypa, °C Bpewms nomynHaKTUBaLUK
I'mokxoamunasa PoroBas o6ManKa 50 10 9.
MOPUCTOE CTEKIIO 45 14
HnBeprasza PoroBas o6MaHKa 25 54 cyr.
TOPHUCTOE CTEKIIO 18 8 cyT.
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HenocraTtkoM MeTOZOB MMMOOMIM3ALMM Ha OCHOBE (U3HUYECKOH ancopO-
U WIN KOBAJICHTHOTO MPUCOCIUHCHUSA ABJISACTCS HeO6XO[ll/IMOCTI) HCIIOJIB30-
BaHMS JIOCTAaTOYHO OOJBIIMX KOJHMYECTB KaTaim3aropa. boiee Toro, xuMude-
cKasi MOTU(HUKAIHI, KOTOPOH MOoABeprarTcs (GepMeHTH B IpoIrecce NMMOOU-
nu3anud. MOXET CyIIECTBEHHO CHIDKAaTh HMX KaTAIUTHYECKYIO AKTUBHOCTb.
N36exaTh 3TOr0 MOXKHO MPH HMCIOJH30BAHUH METOJ0B MMMOOWIM3AIUHN (ep-
MEHTOB IIyTeM BKJIIOUEHUS B MOJIMMEPHYIO CTPYKTYDY.

B kadecTBe MOMMMEpPHBIX HOCUTENEH IPUMEHSIOT IPUPOIHBIE U CHHTETHYE-
CKHE MaTepHabl (AJIbI'MHAT, )KeJIATHHY, KapparuHaH, KOJUIareH, XUTHH, IeIUTIo-
7103y, NOJHAKpWiIaMull, GoTouyBCTBUTENBHBIE MOMUMEpbI). PacTtBop depmenra
CMELIMBAIOT C PacTBOPOM MOHOMEPOB Hocutens. [lajee co3matoT yCiIoBHs s
mporecca IOJMMEPH3aH, B XOJ€ KOTOPOro IPOUCXOJUT MEXaHHMYECKOe
BKIIOUCHHE (DEpMEHTA B CTPYKTYpy HOCHUTENS. Ba’kHBIM MOMEHTOM SBIISIETCS
PaBHOMEPHOCTh paclpeesieHus: MOJIeKyJl (pepMeHTa B 00beMe HOCHUTEINS U OJ1-
HOPOJIHOCTH MOJY4aeMbIX arperaroB. TeXHHWKa BKIIIOUEHHS 3aBHCHUT OT IPHUPO-
JIbl U CBOMCTB HCIIOJIB3yEMOTO MaTepraia, oopasyemble IPH 3TOM OHOCHCTEMBI
UMEIOT BHUJ TPaHyJI, BOJIOKOH, MOJUMEPHBIX CETOK, INICHOK H T.II.

NmmoOunm3anus B nonuakpunamuassii resns (ITAATD), kotopblit Hanbosee
YacTO MCHOJIB3YETCSl Uil 9THX IeJield, 3aKJII0YaeTcsi BO BHECEHHM pacTBOpa
depmenta B pactBop Monomepa (N, N'-merunenanakpunamuma). Jlanee B mo-
JIOOpaHHBIX YCIOBHSIX ObICTPO (OpMHUpYeTCsl rejlb B BUe Oyoka. MOHOMUTHBINA
rejib M3MENBYAloT, MpHIaBas 4yacThiaMm (opMy KyOHKOB KeTaeMOro pasmepa.
ITpu ncronb30BaHUM KENMAaTHHBI WM arap-arapa BHa4aje I0J0TPEeBal0T UX pac-
TBOPBI, 3aTE€M OXJIKAAIOT U BHOCAT (hepMeHT. B mpomecce mocnemytomero oxina-
KIeHus npoucxomut (opmuposanue rend. [lomumepusamys anbruHaTa MpoUC-
XOOUT B MPUCYTCTBUU HEKOTOPBLIX KATUOHOB. HO3TOMy Ha MCPBOM STale CMe-
IIMBAIOT PacTBOPHI (pepMeHTa 1 MOHOMEPOB THX IOJIMCAXAPUIOB, 1aJee CMECh
C MOMOIIBIO TO3UPYIOILIET0 YCTPOMCTBA BHOCSIT B PACTBOP, COACPKAIINH HOHBI
Ca®" wmm Ba®" (wis anprunara) wm ALY, Fe*', K' wm Mo?" (wis kapparuna-
Ha), IPU 3TOM 00pa3yloTcsi chepryecKkrue MOJIMMEpPHBIE YacTUIBI B BUAE Ipa-
HYJL.

I'enu B 3aBHCHMOCTH OT NPUPOABI UCTIONIB3yEMOT0 TTIOJIMMEPHOTO MaTepraa
OTIMYAIOTCS MO psAxy mokasarenedl. Hampumep, remm I[TAAD mHemocraTouHO
MIPOYHBIE, HO 3TOr0 MOXHO H30exaTh Mpu ucnonas3oBaHuu I[TAAIL, coxepixa-
IIETO JKECTKYIO apMaTypy M3 KepaMuku. [Ipn yBelnMueHHH CTENeHH CIIMBKHU C
LENBI0 TIPUAAaHUS OOJBIIEH MPOYHOCTH T BOZHUKAIOT MPOOIeMBI T Qy3u-
OHHBIX 3aTPyIHEHUH. AJIBTUHATHBIE TEITH OTIMYAIOTCS] BBICOKOW MPOYHOCTBIO U
XOpOomuMH ruapoaANHaMHUYCCKUMU CBOﬁCTBaMH, 4YTO HE CO3aacT HpeHHTCTBI/Iﬂ
JUIS IPUTOKA K aKTUBHBIM LIEHTPaM MOJIEKYJ ()E€pPMEHTOB cyOcTpara M OTTOKY
obpazyemoro mpoxykra. IIpu pabore ¢ albrmHATOM KalbLUs BaXXHO OTCYTCT-
BUE B HMMMOOWIM3AIIMOHHOW CHUCTEME XeNaTHpYIoIuX areHToB ((ocdaros,
LUTPATOB), KOTOPBIE, CBA3BIBAsI KAJIBIIMH, Pa3pyIIAIOT CTPYKTYPY Telsl.
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[TpuBnexaTenabHOM U1 UCIIONB30BAHUS SABISETCS HMMOOMIN3auus GpepMeH-
TOB METOAOM HHKAIICYJIMPOBAHUS. B stom METOAC TJIAaBHBIM SABJISICTCA HEC CO3-
JaHue (PU3NUECKUX WIM XUMHYECKUX CHJI, HEOOXOANMBIX ISl CBSA3BIBAHUS Ka-
Talu3aTopa ¢ HOCUTENEM, a yIAep)KaHHe pacTBOpa, OKpyxatomero ¢epment. B
MIPOLIECCE MHKANCYJIMPOBAaHMUSA HMMOOHIN3YIOTCS HE OTHAENBHBIC MOJCKYJIbI
(dbepmMenTa, a UCXOHBIN pacTBOp, comepxkamuii pepmeHT. [Ipu MCHoIp30BaHUU
MeTo/la MIMMOOMIIM3alMY PUMEHHUTENBHO K ()epMEHTaM dalle BCEero IpHMe-
HSIOT KoauepBanuio u MexdaszoByro mosmmepusaruio. [lepsslil mpuem peann-
3yercd 0e3 XMMHYECKHX Peakuuil n BKIoyaeT (azoBoe pasziesieHue KOJUIOU-
HBIX YaCTHUIl IMOJMMEPA, KOTOPBIE ACCOLUMHUPYIOT BOKPYI MajJ€HbKHMX BOJHBIX
Karenb ¥ 00pa3yloT 3aTeM HelpephIBHYI0 MeMOpaHy. B kadecTBe mosmMepHbIX
MaTepHaJIOB MIPU 3TOM HCIOJIB3YIOT HUTPAT WM alleTaT IeJUTIoNI03b, OyTaaue-
HOBBIH Kayuyk. [Ipu mexdazoBoil nonmmepusanuu ajis 00pa3oBaHHs IMOJY-
HPOHUIIAEMOI MEMOpaHbl OJIMH U3 PEareHTOB HAXOAMTCS B BOJHOM, Ipyroi — B
oprannveckoi ¢ase; Ha rpaHuIe paszzena a3 IPOUCXOIUT PEaAKIHs MOIUMEpPH-
3allM ¥ BOKPYT IUCIIEPIHPOBAHHBIX B OPraHUYECKOH (a3e Karesb o0paszyercs
cioit monmumepa. C IMOMOIIBI0 ATOTO METOAA MOTYT OBITH IMOJTydeHBI MEMOPaHbI
U3 TOJINYpEeTaHa WM 3MOKCUIHBIX cMoi. IlomympoHunaemsle MeMOpaHbl, MO-
KPBIBAIOIIME PACTBOP C (EPMEHTOM, MOTYT OBITH M3TOTOBJICHBI U3 PA3IMYHBIX
MaTepHasoB (IIOJIUCTUPOIIA, TIOJIMAKPUIIATa, MOJINypeTaHa, MoIu3(QUPOB, JIUIH-
JIOB, TOJMKAapOOHATOB W T. A.). Bappupysa marepuainsl Ui MOJyYeHUS IOIY-
NPOHUIIAEMON MEeMOpaHbl, MOXHO OCYIIECTBISITh KOHTPOJIb Pa3MEpOB MoJie-
KyJs1. Harmpumep, Oomnbime 1o pa3mepaM MOJIEKYJIBl pepMEHTOB YAEP>KUBAIOTCS
BHYTpPH KarCyJjbl, a 0oiee MEeNKHe MOJIEKYJbl HCXOJHBIX CyOCTpaToB W CHHTE-
3UPYEMBIX NPOJAYKTOB MOTYT CBOOOIHO IM(GPYHOUPOBATH Yepe3 MeMOpaHy.
Juamerp MuKpochep MOXKET COCTAaBIATh OT HECKOJIBKUX MHUKDPOH /10 HECKOJIb-
KHX TBHICS'Y MUKPOH IIPH TOJIIIMHE MEMOpaH OT COTE€H aHI'CTPEM JI0 HECKOIBKHX
MHKpPOH. be3yClIOBHBIM NpEeNMyIIECTBOM MHKPOKAICYJINPOBAHUS SBISICTCS
OoJipInasl IIIOLIAb TIOBEPXHOCTH, MIPUXOASIIANACS HA EAUHHILY aKTUBHOCTH M-
MOOMJIM30BaHHOTO (pepMEHTa, YTO MO3BOJISIET MCIIOJIB30BaTh BHICOKHE KOHIICH-
Tpauy (EpMEHTOB B MCXOJHOM PAacTBOPE U JOCTUTATh BHICOKOW 3(PEKTHBHO-
CTH uX JeWcTBHA. IIpy 3TOM BO3MOXKHO Tarkke HPHUAATh (DEPMEHTY CIOCO0-
HOCTh (DYHKIIMOHMPOBAHHUS B HEBOXHOM Cpele M IOJIydYaTh BHICOKHE BBIXOMBI
L[EJIEBOTO MPOAYKTA BBICOKON CTENEHH YHCTOTHI.

K merony mHKancynupoBaHusi OJM30K MeTO/ oOpamieHHbIX Muneni. dep-
MEHT BKJIIOYAIOT B 3aMKHYTYIO CTPYKTYpYy M3 MOBEPXHOCTHO-aKTHBHOTO BeIlle-
cTBa (UMMM, NETEPreHT), COAEPKAILYI0 MHUKPOCKOIHMYECKYIO KAIlII0 BOMBI.
depmeHT QYHKIMOHHMPYET Ha rpaHHlle pa3zaena AByX (a3: OpraHMYecKoM, Ha-
XopsLIencst B OMopeakTope, U BOJHOM, 3aKJIIOUCHHON B 0OpalIeHHYIO MHLIEILTY.

CyIecTBeHHBI MHTEpEC MPEACTaBIsIET CIOCO0 BKIFOUSHHS (DEPMEHTOB B
I0JIbIE BOJIOKHA. IIpMMEHSIOT BOJOKHA, M3TOTOBJIEHHBIE U3 IIPUPOAHBIX JINOO
CHHTETHUYECKHX MOJIMMEPHBIX MaTepHaioB. PacTBop ¢epMeHTa BBOJSAT BO BHYT-
PEHHUI 00BEM IOJIBIX BOJOKOH M 3aT€M «3alleyaThIBAalOT» BOJIOKHO ¢ 000MX
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KOHIOB. DEepMEHT B MOJIOCTH BOJIOKOH HE TPETEePIeBaeT KaKUX-THO0 XUMHUIe-
CKUX MOAU(UKALUii, TOATOMY COXpaHsET CBOI0 aKTUBHOCTh M CBOMCTBA.

HMmmoOwmm3anyst METOAOM TOIEPEYHbIX CHIMBOK (MJIM XMMHYECKOTO INpH-
COCIMHEHUS) 3aKII0YaeTCsS B XMMHYECKOM CBSI3BIBAHUH MOJICKYT (PEpMEHTOB
MeXIy co0oi myTeM o0pa3oBaHHUS IONEPEYHBIX CINHUBOK. s oOpa3oBaHuUs
CIIMBOK TMPUMEHSIOT Pa3IM4HbIE areHThl, HeCyllne JBe U Ooyiee PeakHOHHO
CIOCOOHBIE TPYIIBI, KOTOPBIE OCYIIECTBIISIOT MONEPEUHYIO CHINBKY (epMeH-
TOB 32 CUET ATOKCH- 1 UMHHOTPYIII, HAIIPUMEp, STTOKCHITOTMUMHHBEI:

CEZ—/CH—CH2—NH—(CH2)6—NH—C{{—/CH2
o O

B kauecTBe cIIMBAIOIIMX areHTOB IIMPOKO NMPUMEHSIOT TAKXKe TIIyTapoBBIi
aNpIeTH, TeKCAMeTHICHANN30IHaHaT, XJIOPIPOU3BOJHBIE TpHa3WHA. MeTon
OTIIMYAEeTCA MPOCTOTON peaTM3alué M TO3BOJISET MPOWU3BOAWTH CIIUBKY pas-
JIMYHBIX 10 CTPYKTYpe (EepMEHTOB, a TakKe (PEPMEHTOB C IIEJIBIMU KIETKaMH.
OpHaKO YacTO NP CIIMBKE MOXET HMPOHUCXOIUTHh W3MEHEHHE CYIIECTBEHHOE
CHIDKEHHE aKTUBHOCTH KaTaIH3aTopa.

Takum oOpa3oM, MeTOABl MMMOOWIM3AIMM JTOCTATOYHO Pa3HOOOPA3HBI,
MpU4YeM HUMECTCA BO3MOXKHOCTb HUCIIOJIB30BaHUA WX B COUCTAHHU. HaanMep,
aJcopOIMI0O Ha HOCHUTENE C WHKAICYJIMPOBAaHWEM, BKIIIOUYCHHE B TEJIEBYIO
CTPYKTYpPY H aAcopOmmio W T.A. PacCMOTpeHHBIE METOABI NPHUMEHSIOTCS HE
TOJIBKO [T UIMMOOWIM3anuy (GepMEHTOB, HO TAaKKe W JJISl APYTUX OMOKaTaH-
3aTOPOB — LCJIbIX KJIETOK, KJICTOUYHBIX OPTaHCIIJI, aHTUTCII, aHTUTCHOB U Jp. Hu
OJIMH M3 OIMCAHHBIX METOJIOB HE SIBJISIETCS YHHBEPCAIBHBIM, M JUIS KaXKIOTO
THTIA KaTaJIM3aTOPOB CYIIECTBYIOT CBOH MPEIOYTUTENBHBIE METOB. DepMeH-
Tl UMMOOHMIN3YIOT Pa3INYHBIMH aJCOPOIMOHHBIMA METOAAMH WM METOJOM
MONEepeUYHbIX CHIMBOK, JIYUYIIUM MCETOAOM IJIsA I/IMMO6I/IJ'II/I3aIlI/ll/I TEJIbIX KJICTOK
SIBJISIETCSI BKIIIOUCHHE B ITOJIMMEPHBIE CTPYKTYPBI.

[MomMuMoO co3aHMs YCTOWYHMBBIX OMOKATAINTHYSCKUX (PEPMEHTHBIX CHCTEM,
BaXHEUIIIeH 3aJadell MH)KEHEpHON SH3UMOJIOTHHU SIBIISIETCSA M3ydeHHe (PHU3HUKO-
XMMHUYECKHX CBOMCTB JJAHHBIX CUCTEM U pa3padOTKa HayYHBIX OCHOB MX (DYHK-
LIMOHUPOBAHHUS ¥ IPUMEHECHHSI.

3.3. MPOHECCBI HA OCHOBE
NMMOBUWJIN30BAHHBIX ®PEPMEHTOB

Ccepsl mprMeHEHNST IMMOOMIIN30BAaHHEBIX (DEPMEHTOB pa3HOOOPA3HBI — 3TO
TOHKMH OpPraHMYeCKUH CHHTe3 U NpeoOpa3oBaHUE YHEPruH, (epMeHTHas aHa-
JIMTUKA W MOJYYCHUEC LECJICBBIX MMPOAYKTOB, KOHBEPCHUA PACTUTCIBHOI'O ChIPbs 1
CO3JIaHU€ JIEKAPCTBEHHBIX MTPENapaToB.

[TpumeHeHHe TMMOOMIT30BaHHBIX (PEPMEHTOB SBIISICTCS CETOAHS OJHUM H3
BOKHEHIIMX W JUHAMHUYHO PAa3BUBAIOIIMXCS PA3NENOB COBPEMEHHOH OHOTEeX-
Hojoruu. OObeMbl BhINTycKa (PEPMEHTOB, NMPUMEHSIEMBIX B HPOMBILIUICHHBIX
IpoLeccax HENpepbIBHO BO3PACTAIOT, NPH 3TOM BeIyILIHME 3arajHble CTPaHBbI,
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Tab6ununa 3.6
HWmMo0n1n30BaHHbIe (pepMEHTHI, HCIO0JIb3yeMble B IpoMbIiLIenHocTH (0 Poulsen, 1984)

VIMMoOMIHM30BaHHbIH OOBeMBI BEIITYCKa, Tomyuaemsrit c

(epmeHT /T MPOIYKT TpaHa

AMuHoanunasa MeHee 5 L-aMHHOKHUCIIOTEI Snonus

AMUHOIIIIOKO31/1a3a 1 T'moxo3a Anrius

I'moxo3onzomepasa 1500-1750 ['nrox030-(ppyKTO3HBIE Hanus,
CHPOTIBI Hunepnaunnsi,

Snonust

T'upanTronnasza Menee 1 D-¢denunraunus- Snonus

Jlakraza 5 Jlakro3Hble Snonus

THAPOIIH3AThI

Hurpunasa 0.1 Axpuiamuz Snonus

TTennnmmmma 34 6 ATIK Snonus,
G-anuiasa Hunepnanpst

Tlennumnna 1 6 AIIK AHrnys,

V-anunasa ABcrpus

JUIUPYIOUIME B 3TOH 00JaCTH, €XKEroJHO BBINYCKAtOT (DEPMEHTOB Ha COTHHU
MJIH. JomiapoB. [Ipou3BoacTBO mpoTeas, TIIIOKO30M30Mepas, aunuirpacdepas
JIOCTHTACT COTEH M THICSY KI/T (Tali. 3.6).

Brenpenne NMMOOHIN30BaHHBIX (DEPMEHTOB B NMPOMBIIUIEHHbBIE OTPACId U
opraHusanus Ha UX OCHOBC NMPUHIHUIIHAJIBHO HOBBIX, 3KOJIOT'MYECKU YUCTBIX U
KOMITaKTHBIX OMOTEXHOJOTMYECKUX IMPOLECCOB AaeT OIIyTUMbIH SKOHOMHYE-
ckuit a3@dext. g Takux MpoIeccoB pa3padaThIBAIOT CIIEUANBFHBIE OHOpeak-
TOPBI, IMEIOIUE AHAIOTHIO C PEAKTOPaMH ISl XMMHUYECKHUX TPOLIECCOB C reTe-
POTEHHBIM KaTajan3oM. MIMMOOWIM30BaHHBIH (EPMEHT B TaKOM OHOpEaKTOpe
IpeAcTaBisieT co00i HemoABMXKHYIO a3y, uepe3 KOTOpYIO IpoTeKkaeT cyo-
CTpar, HoAJIeKalui OnonpeBpanieHuio. PeakTopbsl OBIBAIOT IIEPHOINYECKOTO U
HENpepbIBHOTO JieicTBus. Yaile Bcero GpepMeHT, BKIIFOUEHHBIN B TIOJIMMEPHYIO
CTPYKTYpY, HpEICTaBIsieT co00il Majble chepuiecKie YacTUIbl OJMHAKOBOTO
pa3mepa. ITo obecrieunBaeT OOJIBIIYIO TUIONIAb PEAKIIMOHHOM TOBEPXHOCTH H,
cienoBaTensHo, ynydmenne nuddysuu. Chepudeckne YaCTHIBI WIA TPaHYIIbI
¢ (pepMEHTOM MaKCHMaJIbHO IUIOTHO YIAKOBBIBAIOT B ammapare. B pesynbraTe
9TOTr0 KOHLEHTpPAIHS KaTaIUTHYECKOTO areHTa, y4acTBYIOIEro B OMOTEXHOJIO-
TMYECKOM IIPOIIECCe, 3HAUYUTENBHO BBIIIE M0 CPABHEHUIO C (DepMEHTAlMOHHBI-
MH CHCTEMaMH Ha OCHOBE MHUKPOOHBIX KJIETOK. IlOBBIIIEHHE KOHIIEHTpanuu
O6nokaTtanu3aTopa obecrednBaeT OOJIBIIYI0 MPOM3BOIUTEIBHOCTH ammapara u
OoJiee BBICOKMH BBIXOZ NpoaykTa. OqHOCTaAnIHBIEe TPEeBpalieHus cyocTpaTa ¢
HCIIOJIb30BaHNEM MMMOOMIIN30BaHHBIX (PEPMEHTOB OCYILIECTBIIIOTCS OOBIYHO B
MIPOTOYHBIX PEAKTOPAX C MEPEMEIINBAHUEM, TICEBJOOKIKEHHBIM CIIOEM, a TaK-
K€ B peakTopax ¢ MOJbIMH BOJIOKHaMH (puc. 3.3).

Bce MMpEACTAaBJICHHBIE CUCTCMbI UMCIOT OIMPEACIICHHBIC OIPaHUYCHHS B Yac-
TH HEPaBHOMEPHOT'O PACIpeIelICHNs] KaTaln3aTropa, a TakKe IepernaioB JaBie-
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Puc. 3.3. Tums! peakTopoB ¢ IMMOOHIN30BaHHEIME KaTanu3atopamu (o Jx. Bynsopay, 1988).
A— PEaKTOp KOJIOHOYHOI'O THIIA, b- PCaKTOp C MEPEMEIINBAHUEM,
B — MOM(UIIPOBAHHBIIT PEaKTOP KOJIOHOYHOTO THIIA.

Hus. [IpUMEHSI0T peakTophl KOJIOHOYHOTO THIIA, PEaKTOPHI C IepeMelIMBaHuEM
Ha 0a3e MarHUTHOHM WJIH ITO/IBECHOM Mellanku. B peakropax ¢ nepeMerBaHu-
€M BO3MO’KHO Pa3pyIIeHHE JOBOJIBHO MATKHX 4acTHI] rens. OpuruHanbHa KOH-
CTPYKLIUSI OHOpEaKTopa «KOP3UHOYHOT0» THIIA, B KOTOPOM [UIsl TIPEJOTBpalLe-
HUS pa3pylIeHUs TPpaHyJl MepeMeIINBaHUe OCYIECTBISAETCS 3a CUYET Bpallaro-
IIEHCS TPOBOJIOYHON «KOP3HHBI», B sUEHKax KOTOPOH MMMOOMIM30BaHbI Ipa-
HYJIbI C BKIIFOUEHHBIM ()epMEHTOM. B 1aHHOM BapuaHTe peaqn30BaHbI 1Ba THIIA
MMMOOMIN3ALUH: TTOJMMEPHbIE T'PaHyJbl C BKIIOYEHHBIMH MOJIeKysnamu dep-
MEHTa CaMHd MMMOOMIIM30BaHbI B sSUEHKaxX MPOBOJIOYHON ceTkH. [IpumenstoTcs
TaKke OHOpPEaKTOpHl INEPUOJUYECKOTO JeicTBUs, 0e3 NpOTOKa, B KOTOPBIX
(epMeHT, BKIIIOYCHHBII B Tellb B BHJIE MOHOJIMTHOTO OJIOKA, 3alOJNHSET BECh
o0beM ammapara. B Tomniue rens B mpouecce IMMOOMIH3AaMU B (POPMHUPOBAHUS
MOHOJIMTA WX HOCJIE 3aBEPLICHUS 3TOr0 IpoLecca Ul OCYLIECTBICHUS Ta30- U
MaccooOMeHa GOPMUPYIOT BEPTHKAIbHBIC KaHAIIBI.

Opa OHMOpPEaKTOpOB [UII MMMOOWIM30BAaHHBIX OHOKATaIH3aTOPOB TOJIBKO
HAYMHAETCS; UX KOHCTPYKLIUHU HENIPEPBIBHO COBEPIIEHCTBYIOTCS IPUMEHHTEIb-
HO K Pa3iIM4YHbIM OMOTEXHOJIOIMYECKUM MpoLieccaM, peain3yeMbIM Ha ux Oase.
OTH TpoLecChl OTHOCATCS K cepe OPraHn4ecKoro CHHTE3a U MEeIULINHBI, KOH-
BEPCHH PACTHTEIBHOTO CBHIPbS M MPEe0O0pa30BaHMs YIHEPTUH, IPOU3BOJCTBA IH-
HIEBBIX BELIECTB U HAITUTKOB.

HNmmobouu3oBaHHbIe hepMeHTbI
B NNIIEBOI MPOMBIIIJIEHHOCTH
B ucTtopun numieBoil TEXHOJIOTUMH, HACUUTHIBAKOUIEH THICAYETIETUS, UMMO-
OMITN30BaHHBIC OMOKATATUTHYCCKHE CUCTEMBI (EPMEHTHI, KICTKH) 32 MOCIC]I-
Hue 20-25 et BIUCaIN COBEPIICHHO HOBBIC CTPAHUIIBI, 0003HAYNB MIPUHIIUITH-
AIBbHBIE CABUTH B 00JaCTH CAaMHUX TEXHOJOTHH U B yIyYIIEHHH KadecTBa MUIIIe-
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BBIX MPOAYKTOB. Bece Gonbliiee mpuMeHEHUE B Pa3BUTBIX CTPAaHAX HAXOIAT OHO-
TEXHOJIOTUYECKHUX IPOLIECCHI MOJTY4YEHHs TIIIOK030-(OPYKTO3HBIX CHPOIIOB, OII-
THYECKH aKTUBHBIX L-aMMHOKHCIIOT W3 palleMHYeCKUX CMecel, THeTHYECKOTOo
0€371aKTO3HOTO MOJIOKA, CaxapoB W3 MOJIOYHOM CBIBOPOTKH, CHHTe3a L-
acmaparuHoBoi u L-g165109H0M KUCIOT U3 (hyMapoBOil KHCIIOTHI.

[Mony4eHue 1i110Kk030-HPYKTO3HBIX CHPOIIOB, BKHBIH C TOUKH 3PEHUS TUETO-
JIOTMH NPOLIECC, BIEPBbIE ObLT peaiM30BaH B IIPOMBIIIIEHHOCTH B 1973 1. amepu-
kaHckoil kommnanuent «Knuaron Kopu». B Hacrosinee BpeMsi 3TO caMblid KpyIi-
HBII1 IPOMBIIUICHHBIH IPOIIECC HA OCHOBE MMMOOMIN30BaHHBIX (DEPMEHTOB.

®OpyKTO32a 110 CPABHEHUIO C TIIOK030M, 00saast 6oJjiee MPUSATHBIM BKYCOM,
Ha 60-70 % cname, To ecTh ee MOTpedisieTcs MEHbIIEe OOBIYHOIO caxapa,
KpOMeE TOT0, MeTabonn3M (QpPyKTO3bl B OPraHU3ME YeJIOBEKa HE CBS3aH C Ipe-
BpallleHHEM MHCYJIMHA, OHA MEHee BpeaHa Juid 3y0oB u T.4. TexHoioruu mo-
JIyYeHHS TII0K030-(QPYKTO3HBIX CHPOIIOB 32 KOPOTKHH CPOK ObLIM pa3pado-
TaHBl ¥ OCBOCHBI B NPOMBIIUIEHHBIX MaciiTabax MHOTUMHM 3allaJHbBIMU CTpa-
Hamu. B 1980 r. ux Beimyck coctaBuia 3.7 MiH. TOHH. [IpoayKT ¢ TOBapHBIM
Ha3BaHUEM «U30TIIOK03a» MOCTYMAeT Ha PHIHOK B BHAE CHUPOIIOB, COIEpKa-
KX TIIOKO3Y U (PPYKTO3y B COOTHOIIEHUH, OJIM3KOM K 1:1; ¢ HCIIOJIb30BaHU-
€M pa3JIeJINTENILHBIX TPOLECCOB THIIA KUIAKOW Xpomarorpaduu conepixaHue
(PYKTO3BI MOXKET OBITH MOBBIIIEHO 10 90 %.

buoxumuueckas CymIHOCTh Mpoliecca CBOAWTCA K IPEBPAIICHHIO (M30Me-
pH3aluK) TIIOKO3bI, MPEIBAPUTENILHO IOJYYEHHOH B pe3ysbTaTe THIpOJin3a
KyKYpY3HOTO MJIM KapTo(elbHOTro Kpaxmaia, BO (pyKTO3y IOl BO3JCHCTBHEM
MMMOOMIN30BaHHON TIIIOKO30M30Mepasbl. Peaknust MpoTeKaeT B OAHY CTaIHio
J0 TeX IOp, MI0Ka B PEAKLIMOHHOW CMECH COOTHOILIEHHUE TIIIOKO3bI U (DPYKTO3EI
NPaKTUYEeCKA HE ypaBHseTcs. KOHEUHBIM MPOJYKTOM MOXKET OBITh JaHHBII
pacTBop; (pyKTO3a MOXKET OBITH OTZIEIEHA U3 PACTBOPA, a TIIIOK03a — ITOJIBEPI-
HyTa AajibHerel nzomepuszanuu. [Iporecc npoTekaeT HEMPEPHIBHO B peakLU-
OHHBIX KOJIOHHAaX BBICOTOH 5 M, 3aIIOJIHCHHBIX CJIOEM KaTallu3aTopa — UMMOOH-
JIN30BAHHOTI'O Q)epMeHTa B BUJC MOJMMEPHBIX I'paHyJl, MOJbIX BOJIOKOH, KyCOY-
KOB reiist ¥ T.J. TexHndeckue AeTaiad Ipoliecca U CHocoObl MMMOOMIN3ANT
(epmeHTa MOAPOOHO B JUTEPATYpE HE OMUCAHBI, TAK KakK SBISIOTCS CEKPETOM
mpou3BojAcTBa. Bpemst monmynHakTuBanuu (epmenta cocrasister oT 20 mo 50
CYTOK, TO €CTh 3aMEHSTh WJIM OOHOBIATH KaTajlM3aTop NMPHUXOAMTCS pa3 B 2—3
Mecsna. [Ipon3BoauTeIbHOCTE OMOPEakTOpoB BapbupyeT oT 1 10 9 T rimoko30-
¢pykro3HOTO cupora Ha 1 kr umMMoOMIM30BaHHOTO (epmenTa. [lo skoHOMMIE-
CKMM OLICHKaM, BBIIIOIHEHHBIM B BeHrpum Ha OCHOBE aHaiIM3a IPOM3BOJCTBA
[JIFOKO30-(PYKTO3HBIX CHPOIOB MOIIHOCTHIO 120 ThIC. T KYKYpy3HOTO 3€pHa B
roJi, MPON3BOACTBO TAaKOro TUIIa 3KOHOMHYHEe B 1.5 pasa 1o cpaBHEHMIO C Tpa-
JTULMOHHBIM NOJIY4YE€HUEM caxapa U3 caxapHo# cBekibl. JlaTckas kommnanus «Ho-
BO» PEKOMEH/YET B KQUECTBE JIyUIIHX CJICIYIOIINE TapaMeTpbl IPOIiecca: aKTHB-
HOCTh Kartanmuzaropa — 200 MexA. e./T, BBICOTA CJIOS KaTtaiu3aropa — 5 M, JiH-
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HEHHast CKOPOCTh MOTOKa — 3.6 M/4., MPOM3BOAMTEIBHOCTh peaktopa — 400 T B
CYTKH.

Kopnopamueii «lleryc» (CLLA) pa3paboTaH HOBBIM Tpolecc MOSyYEeHUsS
100 % ¢pyKTO3BI U3 TITIOKO3HBIX cupornoB. Ha mepBoM 3tarne riroko3a noxa aei-
CTBHEM MMMOOWJIM30BaHHOW IHPaHO30-2-OKCHIa3bl OKucisiercss B D-
TJIIOKO30H, KOTOPBI Ha BTOPOM, XUMHYECKOM, dTalle Ha MajljlaieBOM KaTalu-
3atope npaktuuecku co 100 % BBIXOJOM BOCCTaHABIIMBAETCS 10 (QPYKTO3BI.
CIIA nnaaupytot k 2000 r. 3amenuts Ha 3040 % morpebieHne caxapa Taku-
MU (QPYKTO3HBIMH cHponamMy, SINOHMS — PEe3KO COKPAaTHTh 3KCIOPT caxapa 3a
c4eT OMOTEXHOJOIMYECKOro Npoliecca H30MEPH3aLuK TIIIOKO3bI BO PPYyKTO3Y.

[Nonyuenne L-aMUHOKMCIOT (DEpPMEHTATHBHBIM pa3lelICHHEM XUMHUYECKHX
pauemuueckux cmeceid D,L-aMMHOKHCIOT peaii30BaHO Ha MPOMBILIIEHHOM
ypoBue Qupmoii «Tanabde Cyitsky» B 1969 r. B kadecTBe UCXOIHOTO CHIPbS
HCHOJB3YIOT TIIOJYYCHHBIC XWUMHUYCECKHMM CHHTC30M allWJIMPOBAHHLIC D,L-
AMHMHOKHCIIOTHI (METHOHUH, BAJIMH, ()CHWIAIAHWH, TPUNTO(AH), PaCTBOpP KOTO-
PBIX MPOITYCKAIOT Yepe3 KOIOHKY 00heMoM 1 M’, 3amONHEHHYI0 HMMOGHIN30-
BaHHOM aMuHoauuiaazoi. GepMeHT rufponusyer L-anun-u3omMepsl, 1nocie or-
HICTUICHUST 00BEMHOM aI[MII-TPYIIIBI 00JIee MEJIKHUE M PAaCTBOPUMBIC MOJICKYJIbI
L-aMHHOKHCIIOT BBIBOSITCS U3 OMOpeakTopa yepe3 MeMOpaHy. B KoHIle KOHIIOB
B PEAKIIMOHHOW CMECH OCTAIOTCS TOJIBKO aIil-D-aMHHOKHCIOTHI, KOTOPBIE TIPH
HarpeBaHuU BHOBb paueMupyrorcs Ha D- u L-usomepsl. Ilepuon nomyunHakru-
Baimu (pepMeHTa, UMMOOMIIN30BAHHOTO Ha MOJMMEPHOW CMOJIE, COCTaBIISIET 65
nHeit. Ileproanyecky B KOJIOHKY JOJIMBAIOT CBEXYIO HMOPLMIO pacTBopa (ep-
MEHTa, KOTOPBIH BHOBH alcopOupyeTcs cMouoil. Bpemst paboTel KoIoHKH Oe3
CMEHBI HOCHUTEJSI COCTAaBIIIO OoJiee § JeT.

B Uranuu ¢upmoii «Cenrpaie aenp Jlarre» B cepeaune 80-x roqoB peanu-
30BaH NEPBBII KOMMEPYECKHI IpOLecC IMOJIy4eHHs Oe3TaKTO3HOTO MOJIOKa.
JlakTo3a, IPUCYTCTBYIOMIAsl B TOCTATOYHO OOJBINMX KOJMYECTBAX B MOJIOKE U
IUIOXO PACTBOPHMAsI, BBI3BIBAET KPUCTALIM3ALHUIO Psiia MOJIOYHBIX MPOIYKTOB
W KOHJMTEPCKHUX W3MeIHMH, CHIKas MX KadecTBO. Kpome 3Toro, Hexoropas
YacTh HACEIEHHS HE MOXET YNOTpPeOJsATh HaTHBHOE MOJIOKO BCIEICTBHE He-
JIOCTaTOYHOCTH JIaKTa3bl, ()EpPMEHTa, THIPOJHU3YIOIIEr0 MOJIOYHBIN caxap ¢
00pazoBaHNEM TIIIOKO3bI M TATAKTO3bl. MOJIOKO TOCJe Takoi 0O0pabOTKH MpH-
oOpeTaeT KavecTBa JAMETHYCCKOrO MPOAyKTa. MaciutaObl MpOU3BOJACTBA 0Oe3-
JIAKTO3HOTO MOJIOKA BO3PACTAalOT BO MHOTHX €BPOIEHCKUX CTpaHax.

Iomy4enne caxapoB M3 MOJOYHOW CHIBOPOTKH B TIporiecce (hpepMEHTaTHB-
HOTO THJPOJIN3a TO3BOJISIET IOJMy4aTh JOMOJHUTEIbHBIE KOJIMYECTBA Caxapu-
CTBIX BECIIECTB U3 OTXOIOB MOJIOYHOM MMPOMBIIIJICHHOCTH. HepBI)Ie IIPOMBIII-
JICHHBIE TPOLIECCHI THAPOJIN3A JAKTO3bl MOJOYHOW CHIBOPOTKH C HCIIOJIB30Ba-
HHEM HWMMOOWIIN30BAaHHOM JlaKTa3bl ocymlecTBieHHl B 1980 r. B AHIINHM U
Opannun. [IpenBapuTenbHO NEMUHEPATH30BAaHHYIO CBIBOPOTKY NTACTEPU3YIOT U
3aTeM MPOIYCKAaIOT yepe3 (PepMEHTALUOHHYIO KOJIOHKY C MMMOOMIIN30BaHHOM
naktazoi. [lepuon momynmHakTuBanmu (epMeHTa ynaercss yBeauuuTh 10 60
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CYTOK, MOIIHOCTh ycTaHoBoK — 1000 si/4 ipu 80 % xoHBepcuu 1akTo3sl. [lomy-
YyaeMble IPU TOM TJIIOKO3a M TalaKkTo3a MPEBOCXOAT IO CTENEHH CIaJ0CTH
oOBIYHBIE caxapa B 1.5 pa3a rmpu paBHBIX 3KOHOMHYECKUX MOKa3aTEsIX.

[omyuenne L-s0mouHOW KHUCIOTH (DEPMEHTATUBHBIM crocoboM u3 L-
acraparnHOBOW KHCIIOTHI OCHOBAaHO Ha HCIOJIb30BaHMM MMMOOMIN30BAaHHOW B
rene ¢pymapasbl. S1004Has KMCIIOTA TOCTATOYHO LIMPOKO MCIIOJIB3YETCs B IH-
meBo M (hapManeBTHYECKOH NMPOMBIIUICHHOCTH B KayecTBE 3aMEHUTENS JIU-
MoHHOH kucnoTel. Kommanueit «Tanabe Cyiisiky» B pe3yibpraTe HMMOOWIH3a-
K (Gymapassl B KappareH yIajJoch IOBBICHTh €€ OIEpalMOHHYIO CTaOWIIb-
HOCTh TIPU BPEMEHH NMOJIyHHAaKTUBAIMK cBbimie 100 CyTOK, MpH 3TOM MPOAYK-
THUBHOCTH Ipoliecca MpeBpalieHus GpymMapoBoi KUCIOTHI B I0JOYHYIO BO3pOCIia
Oonee ueM B 5 pas.

[Tomyuenne L-acaparnHOBO# KHCIOTHI C TOMOIIBIO (hepMEHTa acmapTaskbl,
UMMOOWIN30BaHHOM B T'elie, CO BpEMEHEM IMOJIyHHAKTUBAIMK mpernapara 10 30
CYTOK BO3MOXXHO M3 (hyMapoBOil KHCIOTHL. DepMEeHT, MPUCOEANHSS aMMHAK K
JIBOWHOW CBS3U (hymMapoBOH KHCIOTHI, B OJHY CTAagHi0 0Opa3yeT ONTHIECKH
aKTHBHYIO (opMy L-acmnaparnHoBoii kucioThl. [Ipoliece peann3oBaH Takke Ha
OCHOBC l/IMMO6l/IJ'Il/I3OBaHHbIX B I'CJIb Ml/IKpO6H]>IX KJICTOK C JOIIOJIHHUTCIIbHBIM
XMMHYECKUM CBSI3BIBAHHEM, BPEMSI IOJyHMHAKTHBALMN acTiapTa3bl, HAXOASIICH-
csl B KIIETKax, Bo3pocio 10 120 CyTOK; TEXHOJIOTHYECKHAN MpoIecc mpaKTHde-
CKH TIOJIHOCTBIO aBTOMAaTHU3UPOBAH M PEANU3yeTCs B HEMPEPBIBHOM DPEXKUME.
T[IpOM3BOAUTEIBHOCTD YCTAHOBOK — 10 1.7 T/1M° B 1ieHb.

[ToMuMO NpeACTaBICHHBIX U PEATM30BAHHBIX B IPOMBIIIJICHHBIX MACIITA-
0ax mporeccoB, UMMOOWIH30BaHHBIE (DEPMEHTHI B HACTOSIIEE BpEMs ITHPOKO
HCHOJB3YIOTCS B HAYYHBIX MCCIENOBAHUSAX NPHU pa3paboTKe HOBBIX OHOTEX-
HOJIOTHYECKUX MPOIIECCOB MOJYUYEHHS IIEHHBIX MPOAYKTOB. DTO MPOIECC TO-
Jy4eHHMs TIIIOKO3bl U3 Kpaxmaja ¢ y4acTHEM aMMWJIa3bl W TIIOKO30aMHIIA3bI;
MIOJIy9eHHE WHBEPTHOTO caxapa (aHaJloT TITK030-(GPYKTO3HBIX CHPOTIOB) H3
caxapo3sbl C UCIOIb30BAHUEM MHBEPTa3bl. B paMkax nuerosioruu pa3pabarsl-
BAIOTCS NIPOIIECCHI MOIYUEHHs OEJIKOBBIX THAPOIU3ATOB 3a/1aHHOT0 COCTaBa C
y4acTHeM HMMOOMJIN30BaHHBIX NpoTea3. OcBanBalOTCS YCTAaHOBKM Ul He-
MIPEPBIBHOTO (PE€PMEHTATUBHOTO TOJyYSHHs TIIOKO3Bl M3 Pa3IWYHBIX LEII-
JIF0JI030COEPIKALINX OTXOJOB.

Hcnonb3oBaHne MMMOOMIN30BAHHBIX q)epMeHTOB
B TOHKOM OPraHU4Y€CKOM CHHTE3€C

BeIcOKkHe CKOpPOCTH NMPOTEKaHUs PEaKIUH B «MATKHUX» YCIOBHSIX, YHUKAJIbHAS
CIIeNM(HUIHOCTD ¥ CTEPEOCTICHU(PUIHOCT JISHCTBUS (PEpPMEHTOB MO3BOJISET CO3-
JlaBaTh HA UX OCHOBE 3()(PEKTUBHBIC W MEPCIEKTUBHBIC TEXHOJIOIHYECKUE IPO-
necchl. B HacTosImee BpeMs ycriexu B TOHKOM OPraHUYECKOM CHHTE3€ Ha OCHOBE
UMMOOHUITU30BaHHBIX (PEPMEHTOB OCOOCHHO HAIIAAHBI B cepe momydeHus Jje-
KapCTBEHHBIX IIPeNapaToB (aHTHONOTHKOB, CTEPOHIOB, TIPOCTArJIaHANHOB).

C ucronp30BaHNEM UMMOOWIH30BAHHBIX (PEPMEHTOB CO3aHBI IMPOIECCHI
nosydeHus Ooisiee dPPEKTUBHBIX AHAIOIOB CYNIECTBYIOMIUX aHTHUOHMOTHKOB
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NEHULIWIMHOBOTO psifia U 1e(asocropruHOB, MOAU(UKAILIUS KOTOPBIX XUMH-
YECKUM IIyTEM SIBJISETCS 4YPE3BbIYAMHO CJIOXKHOM 3amaded. Tak, Ha OocHOBe
MMMOOMIIN30BaHHOM NMEHUIMUIMHAMUAA3bl PEan30BaH Inpouecc 3QPeKTHB-
HOTO JIeallMINPOBaHUS OCH3WINEHUIMIUINHA, SBISIOMIErOCs ChIPhEM IS T10-
JTydeHus 6-aMHHO-NEHUIIIaHOBOH KUCIOTH (6-AlIK). D10 nocrarouno mpo-
CTOW TEXHOJIOTMYECKHUI MPOLECcC, MPOTEKAIOIINN B OJHY CTaJUI0 IpU OOBIY-
HBIX ycioBusX B auanaszoHe temmneparyp 10—40°C. IIpomsblneHHas peanu-
3anms nporecca nonydeHus 6-AllK mpuBena K CymeCTBEHHOMY yBEIHYSHUIO
BBIITyCKa MOJYCUHTETUYECKUX NMEHUIUUIMHOB U yJemeBneHuio ux. Ha ocHo-
BE 3TOro Xe (epMeHTa pa3zpaboTaH Ipolecc MOJyueHHs 7-aMHHOJe3aleT-
OKcHIe(aIocopoBOil KUCIIOTHI, NPEACTaBISIIONIEH CO00H KitoueBoil cyo-
CTpaT ISl CHHTE3a HOBBIX 11€()aoCIOPHHOB.

IlepciektnBHO TpUMEHEHUS! (EPMEHTATUBHOTO KaTaln3a ISl TOIYdIECHUS
psiza JIeKapCTBEHHBIX BELIECTB (IIPOCTariIaHAnHOB, TPOMOOKCAHOB, MPOCTAIIK-
JIMHA W JIp.) U3 apaxuJI0HOBOH KHCIIOTHI C HCIIOJIb30BAHUEM CJIOXKHBIX IOJIH-
(epMeHTHBIX cucTeM. KitoueBsIM (epMEHTOM 3J1ech SBISETCS HMPOCTarJIaH/ -
HAHJIONEPOKCHICUHTETa3a, KaTalM3UpyIoIasi TpexcyOcTpaTHyro peakunuio. B
XOJIe peaKIMy MPOUCXOIUT COMPSKEHHOE OKHCICHHE apaxUIOHOBOW KUCIIOTHI
KHCJIOPOAOM H JOHOPOM 3JieKTpoHOB B Buae HAJIH, tpunrodana, pepporma-
Huna. Ciexyer OTMETHTh, YTO MCXOJHBIM CyOCTpaT AJsI 3TUX Peaknui, apaxu-
JIOHOBAs KHUCJIOTA, MOXKET OBITH MOJydYeHa U3 Macel C HCIOIb30BaHUEM CIICIH-
¢uueckux pocdomnumnas.

WHTepecHbIM HampaBJIEHHEM SIBIIIOTCS pa3padaThiBaeMble MPOLECCH pe-
BpaIeHus TOCTATOYHO JOCTYIHBIX CyOCTpaToB (pymMapaTa aMMOHHSA, (eHONA,
WHJOJIa, IPyBaTa aMMOHUs) B pEIKHE aMHHOKHUCIOTHI (THPO3MH, (heHHsIana-
HUH, TpunrodaH, 5-okcUTpUNTO(aH) ¢ y4acTUeM JiKa3, NPOLECCHl MOJyYEeHUs
OpraHMYecKuX KHUCIOT u3 (hymapoBoH, (epMeHTaTHBHAS MOAW(UKALUS HYyK-
JIEWHOBBIX KHCJIOT, CHHTE3 OJIUTO- ¥ HONMNeTHuioB. depMeHTaTHBHBIN OpraHu-
YECKUI CHMHTE3, HAXOAAIIMICS B HACTOAIIEE BPEMs HA CTAANU CTAHOBIICHHS U
Pa3BUTHs, UMEET OIPOMHBIE MEPCIEKTUBBI IS CYIIECTBEHHOTO DPACIIMPEHUS
cepsl IpUMEHEHUsI B OKanieM Oy yIem.

3.4. PEPMEHTbBI B MUKPOAHAJIN3E

Bbicokast kKatanuTHYeCKasi aKTUBHOCTh M YHUKAJbHAS CHICU(DUIHOCTD JICHUCT-
BUsI (DEPMEHTOB SIBJISIOTCS OCHOBOW MPUMEHEHHUS UX Ul aHAIUTHYECKUX LieNeH.
DepMEHTHBIE METO/IbI aHATIM3a XaPAKTEPU3YIOTCSL BBICOKOM 4yBCTBUTEJIBHOCTBIO,
CHEIU(PHIHOCTBIO, TOYHOCTBIO, OBICTPOICHCTBIEM, a TAKKE BOZMOXKHOCTBIO TIPH-
MEHEHUsSI B CIIOKHBIX MHOTOKOMIIOHEHTHBIX Cpelax. B aHAIMTHYECKON IH3UMO-
JIOTUH TIPUMEHSIETCS IUPOKUH CHEKTP (PEPMEHTOB, OTHOCSIIIIUXCS KO BCEM KJIac-
caM (OKCHIOPEAyKTa3bl, TpaHchepasbl, THAPONIA3bl, JTHa3bl, K30MEPAa3bl, JIUTa3bl).
[Ipu >TOM Hapsmy ¢ MOHO(PEPMEHTHHIMH CHCTEMaMH, IIMPOKO HCIOIB3YIOTCS
noNMQepMEeHTHBIE CUCTEMBI. B HacTosiIIee BpeMsl CO3/IaHbl, HAPSILY C Kilacchde-
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CKUMH (POTOMETPUYECKIMH METOJAaMH PErUCTPALUH, NPHHIMITNAIGHO HOBBIE
METOJBI — JICKTPOXUMHUYCCKHC, 61/10- U XEMOJIFOMUHECHICHTHBIC.

@depMeHTHBIN aHalM3 OTHOCHTCS K KMHETHYECKMM METOJaM aHallu3a, IpH
KOTOPOM MCKOMOE BEIIECTBO OIPENEISIIOT M0 CKOPOCTH PEAKIINH, TPOTIOPIIHO-
HAJIBHOW KOHIIGHTPALMU OIperenseMoro BemecTBa. Hanpumep, nmpu mpespa-
LIEHNH BemiecTBa A B mpoxaykt P: A — P, koHumeHTpauus nocnenHero Oyzaer
HapacTaTb BO BPEMEHH, IIPH STOM HadallbHAas CKOPOCTh PEAKIHU V, IPOTIOp-
[IMOHAJIbHA KOHIIEHTpaIuu A: v, = k [A], Tie k — KOHCTaHTa CKOPOCTH PEaKIInH.
UYeM BbIlIE MCXO/AHAS KOHLEHTPALMs ONPEAEIIEMOro BEIIECTBa, TeM OOJIblle
HayaJibHasi CKOPOCTh peakuuu. IIpensapuTesbHO MOCTPOEHHBIH KaIHOpOBOY-
HBII TpadUK 3aBUCHMOCTH V, OT [A] TO3BOJISIET ONPENeNiaTh HEU3BECTHRIC KOH-
LIEHTPAINX BEIIECTB B aHAIN3UPYEMON CMECH.

DepMEeHTHBIN 3JEKTPOI — 3TO KOMOMHALUS TATYMKA, OCHOBOM KOTOPOTO SiB-
JISIeTCS. MOHOCEJIEKTUBHBIN 3JIEKTPOJ ¢ NMMOOMIN30BaHHBIM (hepmeHTOM. [ToHS-
THe (hepMeHTHOTO MekTpona Beenu Kiapk u Jlation B 1962 r.; B TO Bpems uc-
TIOJIL30BATK pacTBOpuMEIe pepmeHThl. B 1969 1. ['mnp60 m MoHTaJIBO BEpBBIS
OITMCAJIM TTOTEHIIMOMETPUYECKUI (PEPMEHTHBIN 3JIEKTPOA VISl ONpeeIeHHsT MO-
YEBUHBI, IO3BOJISIBIINN M3MEPSITh PA3HOCTH TIOTEHIMAIOB, BOSHUKAIOIIYIO B CHC-
TEeMe TPU OTCYTCTBUH BHEITHETO HamNpspkeHWs. VIMMOOWIN30BaHHEBIN ()EpMEHT B
KOHCTPYKIUH 3JIEKTPOAA MEPBBIMU MPUMEHITH Angaik u Xukc B 1971 r., ykpe-
NMB UMMOOMJIM30BAaHHYIO B rejie TJIFOKO300KCH a3y Ha MOBEPXHOCTH IOJSIPOrpa-
(PMYECKOro KHCIOPOJHOTO JaT4YHKa (JAATYMK BOJIBTOMETPHUYECKOTO WIIM amriep-
METPHYECKOTO THITA TTO3BOJISIET M3MEPATh TOK IPH HAJIOXKEHHH ITOCTOSHHOTO Ha-
npsoxenust). C tex mop paspadorano ceie 100 pa3snmugHBIX KOHCTPYKIMH (ep-
MEHTHBIX 3JIEKTPOIOB, HEKOTOPBIE U3 HUX MPEJICTaBICHbI B Ta0M. 3.7.
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B ¢epmenTHOM 3s1eKkTposie PEPMEHT MCIOJIB3YIOT O0BIYHO B MMMOOHIIH30-
BaHHOM BHJIC. I[J'IH 9TOTr'0 MNPUMCHAIOT ABa METOJA: XUMHUYCCKYIO MO)II/I(l)I/IKa-
LIMFO MOJIEKYJ ()epMEHTa ITyTeM BBEJCHUS TPYIII, 00eCIeUNBAIOINX HEPACTBO-
PUMOCTB, B (U3MUECKOE BKIIOUCHHE (pepMEeHTa B WHEPTHHIN HOCUTENb (KpaX-
Mman, ITAAT) (puc. 3.4). @epMEeHTHBIN 3IEKTPOA HCHOIB3YIOT KaK OOBIYHBIN
HNOHOCENEKTUBHBIN 3JekTpon. IloTeHIMoOMeTpHuecKue AaTYUKU (IJIEKTPOABI
JUIsl OIpe/ieNieHHsT MOYEBHHBI, IEHUIMIIJIMHA, aMUHOKHCIIOT) HEIIOCPEICTBEHHO
MOJKIJIIOYAIOT K HU(YPOBOMY BOJIBTMETPY; CTPOAT rpadyK 3aBUCHMOCTH TTOTEH-
uana (MB) oT KOHIIEHTpaIMy ONpeeIieMoro BeIecTBa B Ioynorapupmude-
CKUX KOOpAMHATAX.

[Ipy nCTONIB30BaHUM aMIEPMETPUUYECKUX 3IJIEKTPOIOB (IUIATHHOBOTO HIIH
KHCJIOPOZHOTO) JUTS ONPEAEIECHUsSI TIIFOKO3bI, CIIMPTa MPUMEHSIOT MoJsiporpad.
IIpu 3TOM CTpPOAT TpaduK 3aBHCHMOCTH CHIIBI TOKAa (MKA) OT KOHIICHTPAaLUU
BEIIECTBA B JIMHEHHBIX KOOpAUHATaX. BMecTo mossiporpada MOKHO HCIIONIB30-
BaTh YCTPOMCTBO (aanTop), KOTOpOe MOoJaeT MOTEeHIMal Ha aMIIepoMeTprye-
CKUH HaT4WK (B CIydae OIpeIeeHus TIOKO3BI WIH CITUpPTA), Tpeodpas3ys TOK B
Pa3sHOCTh MOTEHLUATIOB, PETUCTPHPYEMYIO BOIBTMETPOM. Bmecte ¢ depment-
HBIM 3JICKTPOJOM HKCIOJB3YIOT JJICKTPOA CpaBHEHHs (HampuMmep, KajJoMellb-
ueiif). [locneannit MoxkeT OBITH YacThl0 KOMOMHHUPOBAHHOTO (HEPMEHTHOTO

Cnon rens,
OneKkTPoaHbIN HaiinoHoBas copepxallero ﬂman6M3Ha;1
AaTynK CeTo4Ka d)epMeHT MemopaHa
PesnHosoe
Konbuo
Tunnupbie depMeHTHHE @1 uX napameTp (o
OnpenensieMo Crabun pemMst
BEIIIECTBO ZDepMeég E yocts caKipr~
MoueBuna Ypeasa" ATHOHHBIIT 3 Henel 0-60 ¢
1 Ta OB}l (NH3) 1 mec. 3 2—4 MuH.
T'moxo3a I'mroxo3o0- pH-snexrpon 1 Henens 5-10 muH.
oKcnlasa Tasossiii (0,) | 3 Henenn 2-5 MuH.
L-amuHoO- Oxkcifgasa P(H;0:)  Reghnfouee kpnbud?2 ©
KHCIIOTBI L—aMHHOKl/lCJlCl:
CriupTht AJIKOTOJIB- mmw 0.5—100 mr/ %
OKCH a3
Tlennmmmma | [leHummnuinHas pH-{nextpon 102-10*
MoueBas Vparoxcuaasza Pt{H,0,) 102-10*
KHCJIOTA
Hurpat Hurpar- ‘;rleKTpC 10%-10"*
peaykTasa
_ patuK o L
Hutpur Hurpur- Tazofsrii (NH;) [ 3—4]mec. 2-3 MuH. 5-10°75-10
peaykTasa

-1 4
Cym’(baignc. B.4. I/Iér%%gne}me cbepMeH'P}%{mx 371€] Tp(%z[%%c(no ITox. é}l\fdﬂp{a%puy, 19§§). 10
A — ¢ ucrox 30328}/&]6%/@51}1‘%%%6010 BKJIIOYEHHBIX (hepMEHTOB, b — XUMHYECKU CBSI3aHHHIX (epMEHTOB.
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anekrpona, — natanka NHs, CO,, O,, Ha OCHOBE KOTOPBIX AeIar0T (hepMEHTHBIC
BJIEKTPOABI ISl AETEKIIMM MOUYEBHUHBI, aMUHOKHCIIOT, criupTa u T.1. Ha puc. 3.5
MOKa3aHbl KOHCTPYKIMH (PePMEHTHBIX 3JIEKTPOJIOB.

CTaObWIIbHOCTH PaOOTHI SIEKTPOIOB TJIABHBIM 00pa30M 3aBHCHUT OT CIIOCO0a
AMMOOHIH3AIMK (PEPMEHTA: MPAaBUJIBHOTO MOAOOpa ()epMEHTa M HOCHTEIIS,
KOHIICHTpalun (bepMeHTa B HOCHUTCIIC, CTa6I/lJ'leOCTI/l MMPUMEHAEMOI'0 JaTYrKa,
Ha OCHOBE KOTOPOTO CJEJaH 3JIEKTPOJ, a TaKkKe OT YCIOBHI NPOBEACHHS aHa-
JIM3a U YCIOBUI XpaHEHUs JIIEKTPOJa.

Dpa IIMPOKOTO BHEIPEeHHUsS] (EPMEHTHBIX 3JIEKTPOJOB B pa3IUYHbIE ChEph
AHAJIMTUKU TOJIBKO HAYUHACTCH. BHOC@HCOpr, MOMHMO BBICOKOM YYyBCTBUTCIIb-
HOCTH U OBICTPO/EHCTBUS, CYyIIECTBEHHO YMEHBIIAIOT 00bEM aHAIM3UPYEMBIX
po0, aBTOMAaTHU3UPYIOT U YIPOIIAOT cxeMy aHamm3a. OcobeHHO 3PPEeKTHBHO
IpuMeHeHne (PePMEHTHBIX METOOB aHAIM3a Ul KOHTPOJS COCTOSHUS OKpY-
JKalouel cpensl, B MUIIEBOW M OMOTEXHOJOIMYECKOW MPOMBINIICHHOCTH, B
KIIMHUYECKON aHaJMTHUKE, a TAKXKe B HAy4HBIX HccienoBanusx. Lllupokue mnep-
CIIEKTUBBI OTKPBIBAIOT BO3MOXKHOCTH NPHMEHEHUS] MYJIbTH()EPMEHTHBIX CHC-
TeM, B KOTOPBIX OJUH U3 (EPMEHTOB OOECIIeUnBaeT CHEUPUIHOCTh PEAKIINH,
a JIpyroil — NeTeKIMI0 NMPOJAYKTOB 3TOW peakuuu (Hampumep, nepekuceit). Ilo-
nmudepMeHTHAS aHATMTHMKA cymiecTBeHHo, 10 107" — 107'* M, yemmunsaer

rniokosa  H - 02 MIOKOHOBasA
Kucnora

A b

Puc. 3.5. ®epmentasie anektposs! (o H. H. Yraposoii, 1987).
A — (hepMEHTHBIH IEKTPO/T HAa OCHOBE CTEKIISIHHOTO JIEKTpo/a s u3Mepenus pH:

1- MeTannmYeckuii MEKTPoI, 2 — Pe3NHOBOE KOIIBIIO, 3 — IMOTyHNpoHHIIaeMas MeMOpaHa, 4 — cioit ¢pepmenTa,
5 — cTeKiIsAHHAs MeMOpaHa, IPOHUIaeMast JUIsl HFOHOB BOJIOPOJIA, 6 — NPUIIEKTPOIHBIN Oy(epHblii pacTBOp;
b — cxema 31eKTpojia ISt ONPeIeNeH s [TI0KO3bL:

1 — xarof, 2 — ANEKTPOJ CpaBHEHUs, 3 — MOIYIPOBOAHUKOBAs MOIUMEPHAsi MeMOpaHa,

4 — ci1oit IMMOOMITM30BaHHOI TITIOKO300KCHIA3BI.
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YyBCTBUTEIHHOCTh aHAIIN3A.

HepCHeKTI/IBH])IM METOAOM aHaJIn3a CHHUTAKOT TAKXKE 6HOJ1}0MI/IH6CLIGHTHI)II>1
MHUKpPOAHaJIM3 Ha OCHOBE CBETISIYKOBOM M OakTepuaibHOW Jormdepas. DT
METO/Ibl aHAJIM3a MO3BOJISIIOT onpenensTh, Hanpumep, AT® u HAJI ¢ uyBcTBU-
tensHOCTBIO 10 10 M. Compspkenne mouudepas ¢ apyruMu epMmeHTamu,
KaTaIM3UPYIOUIMMHA TPOTeKaHue peakiuu ¢ obpazoBanuem AT® u HAJIH,
OTKPBIBAIOT IIMPOKHE BO3MOXKHOCTH JUISl CO3JIaHUS BBICOKOCTIEU(DUYHBIX, IKC-
MIPECCHBIX U BEICOKOYYBCTBUTEIHHBIX METOJJOB aHAIIN3A.
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I'maBa 4. TEHETUYECKASA U KIIETOYHASA
NH/)KEHEPUSA

[Ipu onTumm3anuy THOO0T0 OHOTEXHOJOTHYECKOTO IPOIECcca, MPOTEKAro-
IIeTO C YY9AaCTHEM XHUBBIX OPTaHU3MOB, OCHOBHBIEC YCHIIUS OOBIYHO HAIPaBIICHBI
Ha yJIyYLIEHUE UX N€HETHMYECKHUX CBOMCTB. TpagMLMOHHO IUIS 3TUX LENEeH uc-
MOJIb30BAJIM MyTarcHe3 C MOCIEAYIONIUM CKPHHUHTOM M OTOOPOM MOAXOIAIINX
BapuaHTOB. CerogHs B 3TOH OOJIACTH MPOU3OILIN TPOMaJHBIC MEepeMeHbl. B
HACTOsIIIee BpeMsl pa3padaThIBAIOTCS M MPUMEHSIOTCS MPUHIMITAAIEHO HOBBIC
METO/IbI, OCHOBaHHBIC Ha TeXHOJOrHH pekoMOmHaHTHBIX JTHK. Moaudukarms
TEHEeTHMUYECKOTO MaTepuasia OCYIIECTBISETCS Pa3HBIMH METOJaMU: B >KHBOM
opranusMe (in vivo) u BHe ero (in vitro), COOTBETCTBEHHO, 3TO JBa HaIpaBiie-
HUS — KJI€TOYHAasl MH/KEHEePHs U reHeTHYeCcKasi HHIKeHepHs.

C NoMOIIbIO 3TUX METOJO0B BO3MOXKHO MOJIyY€HHE HOBBIX BBICOKOMPOIYK-
TUBHBIX MPOJYICHTOB OCIKOB U MENTHIOB YCIOBEKa, AHTUTCHOB, BUPYCOB U JIP.
Pa3BuTHe reHeTHUECKON W KIETOYHON WHKEHEPHUHU MPUBOANUT K TOMY, 94TO OHO-
TEXHOJIOTMYECKasl MPOMBIIIJIEHHOCTh BCE IIMPE U LIMPE 3aBOEBBIBAET HOBBIE
obnactu npousBoacTBa. PyHIAMEHTOM ISl BOSHUKHOBCHHS HOBEHIIIUX METO-
JIOB OMOTEXHOJIOTUHU TIOCITYKWIH OTKPBITHS B TEHETHKE, MOJICKYJIIPHON OMOJI0-
THH, TEHETHYECKOH SH3UMOJIOTHH, BHUPYCOJOTHH, MHUKPOOHONOTHH W APYTHX
JUCLUILINHAX.

4.1. METOJbI U BOSBMOXKXHOCTHU
TEHETUYECKOM UHXXEHEPUM

beicTpoe BHepenne HOBEeHIINX (yHIaMEHTAIBHBIX JOCTHKEHUH B ITPAKTH-
Ky U CyLIECTBEHHOE BIIUSHME MOCJIEAHUX HAa YPOBEHb TEOPETHUECKUX HCCIEN0-
BaHWH, CBONHCTBEHHbIC OMOTEXHOJIOTHH, HAanOOJee HArIAJHO MPOSBISIOTCS Ha
IIPUMEPE PA3BUTHSI TEHETUIECKON HHKEHEPHH.

Bakneimmm sTanom Jyisi pa3BUTHA OMOTEXHOJIOTHU OBUIO BBIJIENICHHE B Ce-
peIMHE TEKYIIEro CTOJETHS MOJICKYJISIPHOM OHOJIOTMM B CaMOCTOSTEIBHYIO
JUCIUIUIMHY. BO3HHKHOBEHHE MOJEKYIAPHOM OWMOJIOTMH CTal0 BO3MOXKHBIM
Omaromapst B3aUMOJICHCTBUIO TEHETUKH, (PH3UKHN, XUMHH, OMOJIOTUH, MaTeMaTH-
ku u ap. D. Yaprodd u 3. JI. Xoukwuc, uccnenys MOJEKYJISIPHbIE COOTHOIICHUS
HykJeoTHAHbIX ocHoBauui B JIHK (aneHuH, ryannH, IMTO3UH, TAMUH) MTOKa3a-
JIM, 9TO Y Pa3IMYHBIX OPTaHW3MOB OHH OJWHAKOBBI. JTO OTKPBHITHE CHITPAJIO
KITFOYEBYIO POJIb B ycTaHOBIeHHH cTpykTypsl JJHK. Bonpmryro pons B pacmmd-
poBke ctpykrypbl JIHK ceirpan nporpecc B 001acTi reHeTUKH OakTepuil u 6ak-
tepuodaroB. beuio ycranosiaeno (A. Xepmm, M. Yeis, k. Jlenepbepr,
H. Hunnep), 4to TpaHCAYKUMSA (MePeHOC reHeTHYeCKOro MaTepnaJsia) MoxXeT
OCYILECTBIIATRLCS C MOMOIIbI0 OakTepuodara, a darosoit JJHK moxer npunan-
JIeKaTh POJIb HOCUTENS HaciieACTBeHHOCTH. b. XelicoM ObUIN BBISICHEHBI TaKXKe
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3aKOHOMEPHOCTH MOJIOBOTO IMpoliecca y OakTepuil (KOHBIOramusi), Ipu KOTO-
POM M3 IOHOPCKUX KJIETOK, uMeromux F-pakrop (dpeprunbHOCTb) reHeTHYE-
CKHIA MaTepHall IEPEHOCUTCS B peIUNueHTHbIe KieTku. [[x. YoTrcon n @. Kpux
MIPEUIOKUIN KOMIUTUMEHTapHy1o Moaens crpoenus JIHK u mexanusm ee pen-
JMKanuy; ObUIO PacKpbiTo yHHKaidbHOe cBoicTBO JIHK — crmocoOHOCTh camo-
BOCIIPOM3BEACHUS (PenaInKanus).

Ha 0a3e MonekynsipHOH OMOJIOTMU M T€HETUKH MUKPOOPraHW3MOB K Hadaiy
60-x rr. copmupoBanzack MoJeKyispHas reretuka. . amoB B 1954 r. BBI-
JBUHYJ THIIOTE3Y O TOM, YTO KaX/blii KOJOH (IIOCJIEI0BATENILHOCTD HYKJICOTH-
JIOB, KOAUPYIOIIasi OJJHY aMHHOKHCIIOTY) JIOJDKEH COCTOSITh M3 TPEX HYKIEOTH-
qoB. B 1961 1. OBUIO TOATBEPXKIEHO AKCIIEPUMEHTAIBHO, YTO II€PBUYHAS
CcTpyKTypa Oenka 3akoaupoBaHa B JJHK B Buae mociemoBaTenpbHOCTH HYKIIEO-
TUIHBIX TPUIUIETOB (KOJOHOB), KaXK/1asi U3 KOTOPBIX COOTBETCTBYET OJHOW U3
20 amuHOKHCHOT. K 1966 1. ynanocs NoiayduTh JaHHBIE O CTPOCHUU FeHETHYe-
CKOT0 KOJa.

Crenyromum ObLT BOIIPOC O TOM, Kak meperocutcs napopmarms ¢ JHK, Ha-
XOJSIILIEHCS B sIAPE, B IUTOILIA3MY, TJIE pealln3yeTcs CHHTE3 Oenka Ha pubocoMax.
Bb110 ycTaHOBNIEHO, YTO MOCIEAOBATEIBHOCTD TPUILIETHBIX KOJAOHOB, XpaHsIIIas-
cs B JIHK, Tpanckpudupyercs (mepenucbiBaeTcsl ) B HEIOITOBEYHBIE MOJICKYJIIBI
nndopmanmonnoid PHK (uPHK). Mdanseni stan JJHK — uPHK Obi1 Ha3Ban
TpaHckpuniueii, a ran uPHK — 6esok — Tpancasinueii. [Teperoc aMuHOKMC-
JIOTHI U OTIPE/IENICHUE €€ MECTOHAXO)KACHUSI B CHHTE3HPYIOIIEHCS OEIKOBOH MO-
nexyne ocyuiectsisieT TpancnoptHas PHK (TPHK). Ha THK, xak Ha marpune,
cunresnpyercs PHK, a sa PHK — 6enok. Y HEKOTOPBIX BHPYCOB OTCYTCTBYET
nepsoe 3BeHO, 1 PHK ciryuT 171t HIX MaTepruanoM HacleICTBEHHOCTH.

MexaHu3M KOHTPOJII T€HHOM aKTMBHOCTHU JIOJITOE€ BPEMSI OCTaBaJICS HEU3-
BecTHBIM. bonbmoe 3Hauenne umenu pabdorsr @. JKakoba u JK. MoHo, noka-
3aBILKE, YTO y OAKTEpHil eCTh CTPYKTYPHBIE I'eHbl, Taolie HHHOPMALHUIO O
CHHTE3€ OIPEJICIICHHBIX OCIKOB U PeryJsiTOpHbIe FeHbl, KOTOPhIE OCYIECTB-
JSIFOT BKJIFOUCHWE WM BBIKIIOUCHHE OTJENBHBIX TEHOB WM MX OjokoB. Jlanee
BBIACHUJIOCH, YTO PETyJISIIKS T€HOB 10 3TOMY NPUHLIHUILY UMEET MECTO U Y ApY-
rux opraHu3mMoB. CyIecTBYIOT TaKKe UHbIE MEXaHU3MBI PEryIIsaLuH.

CrenyrommM BaXXHBIM MIaroM OBUIO INpoBeAeHHE padoT mo paciudpoBke
HYKJICOTHAHBIX MOCIEJOBATENBHOCTEH (CEKBEHHMPOBAHUE), KOTOPOE NAcT HH-
(dopMaLio 0 TEePBUYHOM CTPYKTYpE ydacTKa FeHOMa, BBIIOJIHSIOIIErO OIpesie-
nennble QyHKUMH. CTpykTypa M (GYHKIMM IpHOOpenH olliee MOJEKYJSIPHO-
OnosornyecKoe BEIpaXXEHHE, €ro CyTh 3aKIF0YAeTCs] B TOM, 9TO (PyHKIIMOHAJIBHBIC
COCTOSIHHS BBIPAXKAIOT CTPYKTYPHBIE H3MEHEHHUSI MAKPOMOJIEKYJT U aCCOLIMALIMIA.

OT n3y4yeHus: 3aKOHOMEpHOCTel (DYHKIIMOHMPOBAHUSI '€HETHYECKOTO Mate-
puana B KJIETKE BCKOPE UCCIEN0BATENM MEPELUId K TeHETUUECKUM MaHUITYJs-
musiM. BosHWKIIa HOBasi 3KCIIEpUMEHTAIbHAsE TEXHOJIOTHS, 3aKITIOYAONIascs B
BBEICHNH B KJIETKHM UYXXEPOAHBIX TeHOB. Ha3BaHus «reHeTndeckast (Win reH-
Hast) MHXEHepus» uin «pabora ¢ pekomOuHaHTHBIME JIHK» SKBUBaseHTHBI.
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CyTb 3TOM TEXHOJIOTUH 3aKito4aeTcsi B BoccoeqnHennu pparmenton JJTHK in
vitro ¢ mocjieyonuM BBeIeHHEeM HOBBIX («PEeKOMOMHAHTHBIX)») FreHeTH4e-
CKHX CTPYKTYP B KHBYIO KJIETKY.

B 1972 r. Bepr ¢ coTpyTHHUKaMH CO3AaJIH MIEPBYI0 pEKOMOWHAHTHYIO MOJIe-
kyny JHK, cocrosmyto u3 ¢parmenta JHK supyca OB40 u Gakrepuodara
A dvgal c ranakro3HeiM onepoHoM E. coli. IHCTpyMeHTOM Jyisi TeHETHYECKOTO
KOHCTPYHMPOBAHHMS CTaM IBE TPYHNbI ()EPMEHTOB — PEeCTPUKTHPYIOLIHE IH-
JAoHYKJea3bl (PecTPUKTAa3bl) U JMrasbl. [lepBbie HEOOXOIUMBI JUI MOJTyYe-
Hust oxHOponHBIX (parmentoB JIHK, Bropsle — s ux coenmHenus. Pecrpuk-
Ta3bl U JUTa3bl B COBOKYIHOCTH C APYTUME (epMeHTaMH (HyKIIea3aMu, oOpaT-
Ho# TpaHckpunTazon, JJHK-momumepaszoil n ap.) oOecnieunBalOT MpOBeaCHUE
BCE€X TCHHOMHKXCHEPHBIX MaHl/IHyHﬂHHﬁ.

TexHrnKa TeHeTHYECKOro KOHCTPYHPOBAHHUS in Vitro BKIIOYAET HECKOJIBKO
MOCTIeIOBATENBHEIX Tpouenyp (puc. 4.1):

1) momydeHme HY>XKHOTO T€Ha;

2) BCTpauBaHHE €ro B I'€HETUYECKHU JJIEMEHT, CHOCOOHBIM K PEIUIMKalUu
(BexTop);

3) BBemeHHE I'€Ha, BXOJILETO B COCTaB BEKTOPA, B OPraHU3M-PEIHUITHEHT;

4) upeHTH(UKAINIO (CKPHHUHT) B OTOOpP KJIETOK, KOTOpPBhIE MPHOOpETH Ke-
JIAEMBIH I'€H UJIU TEHBL.

Mnasmupa

. s X
"": : © GA Mnasmnab! pomacoma
| | A
T
] s — ] g T KnoHupoBaHue reHa
- — e - —
L 2 | _] } OnpoHykneasa
ol—o £ of—o 1
< £ 5 < AATT BeeneHue
< ®~ Ir A+ peKkoMBMHaHTHOM
< N A A TTAA nnasmuabl
<f—— : < ~ A, T YyxepoaHbii reH (HK) B KMLLEUHYHO
_»( - — = ~N i < T i nanouky
oo oo
— — PacuwenneHnHas
- — ] nnasmuga
! I OHK
wl I ™
OHK PekombuHaHTHas

nnasmuga

Puc. 4.1. Benenue rena B mnazmuay E. coli u kinonuposanue pexombunantHoit JTHK B kinerkax
(mo A. Caccony, 1987).

ITnasmuna E.coli pacmensercs pectpukTasoii B o6enx yactsax JJHK ¢ oOpazoBaHHeM Ha KOHIIAX HECTIApEHHBIX
HykineoTn10B (TTAA uni AATT). T'eH BbILIEIIICH ¢ MOMOIIBIO TOH K€ PECTPUKTA3bI ¢ 0Opa3oBaHHEM Ha KOHIIAX,
KOMIUIMMEHTApHBIX IU1a3Mue, nociuenosarenbHoctel (AATT u TTAA). O6e JJHK (reHa u mia3Mu/pl) CHIMBAIOT C
TOMOILIBIO JTurasbl. ['ubpuanyo miasmuay ot B E. coli, koTopas mpu pasmMHo)keHHn o0pa3syeT KJIOH, BCe KIeT-

KH KOTOpPOTO COAepKaT peKOM6l/lHaHTHy}O TIasMungy u ‘Iy)](epOHHBII‘;I reH. ['en KJIOHUPOBAH B 6aKTCpl/laHLHOﬁ
KJIETKE ¥ MHIYIUPYeT B Hell cHHTe3 Oenka.
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IMonyyeHnue reHos

ITomyueHne reHOB BO3MOXKHO HECKOJIBKMMU IyTsMu: Bbiienenuem u3 JHK,
XHUMHKO-(DEpPMEHTHBIM CHHTE30M M ()epPMEHTHBIM CHHTE30M.

Boinenenne renoB u3 JIHK npoBoasT ¢ mOMONIBIO peCTPUKTA3, KaTaIU3H-
pyromux pacmerenue JJHK Ha yuacTkax, MMEIOIMX ONpeeNeHHbIE HYKIIEO-
TUIHBIC TIOCIE0BATENFHOCTH (4—7 HYyKICOTHIHBIX map). Pacmieruienne MoXHO
IIPOBOAUTH 110 CEPEIUHE Y3HABAEMOI'O Y4acCTKa HYKJICOTUAHBIX Iap; MPH 3TOM
06e uut JITHK «pazpesatorcsi» Ha onHOM ypoBHe. OOpasyroiuecs hparMeHThI
JHK nmeroT Tak Ha3piBaeMble «TyIble» KOHIIBI. Bo3aMoxkHo pacuierienue JJTHK
CO CIBHIOM, IIPH 3TOM OJHA W3 HUTEH BBICTYNAET Ha HECKOJIBKO HYKICOTHIOB.
OO0pasyeMble NPHU 3TOM «JIMIIKHUE» KOHI(BI B CHIIy CBOCH KOMIJIEMEHTAPHOCTH
BCTYIAIOT BO B3aUMOJICHCTBUE.

HyxneoTnanyro nociae1oBaTenbHOCTb ¢ TUNKUMU KOHI[AMU MOHO IpHCOe-
IUHATH K BEKTOPY (IIPEeIBapUTEIEHO OOpaOOTAaHHOMY TOW K€ PECTPHUKTA30il),
IIPEBPAaTUTh B KOJBLEBYIO B PE3yNbTATE CHIMBAHMS JINTAa3aMH B3aUMHO KOM-
IUTMMEHTAPHBIX KOHIIOB. MeTOJl MMEeT CyIIEeCTBEHHbIE HENOCTaTKH, TaK Kak
JIOCTaTOYHO TPYAHO MOZOOpaTh NecTBHE (PEPMEHTOB /sl CTPOTOTO BEIWIICHE-
HUSI HY’)KHOTO TeHa. BMecTe ¢ reHOM 3aXBaTBIBAIOTCS (JIMIIHME» HYKICOTHUIbBI
WM, HA000pOT, PEPMEHTHI OTPE3al0T 4acTh I'eHa, NMpeBpalas ero B GyHKIHO-
HaJbHO HEIOJHOLICHHBIN.

XuMHKO-(pepMeHTHBIH CHHTE3 IPUMEHSIOT B TOM Cllydae, €CJIM U3BECTHA
MEpBUYHAsA CTPYKTypa Oeika WM HENTHIa, CHHTE3 KOTOPOTO KOAMPYET TEH.
Heo6xonuMo mosiHOe 3HaHHE HYKJICOTHUIHOM MOCIeN0BaTeNIbHOCTH MeHa. DTOT
METOJ], TO3BOJISIET TOYHO BOCCO3/aTh HYXKHYIO MOCJIEIO0BATENIEHOCTh HYKJIEOTH-
JIOB, a TaKKe BBOJUTH B TCHBI yYaCTKH y3HABAHHS PECTPHUKTA3, PETYIATOPHBIX
MOCJIEI0BATENILHOCTEH U TMP. METOA COCTOUT M3 XUMHYECKOTO CHHTE3a OJHO-
uenoueuHbix ¢parmenro JJHK (oiauronykieornmoB) 3a cyer modTanHoro oo-
pa3oBaHUs 3QUPHBIX CBSI3eH MEXKAY HYKJICOTUAaMHU, 00ObI9HO 8—16-3BeHHBIX. B
HacToAIIee BpeMsI CYLIECTBYIOT «TCHHBIE MAIIWHBD, KOTOPbIE MOA KOHTPOJIEM
MHKPOIIPOIIECCOpa OYEHb OBICTPO CHHTE3UPYIOT CHelu(pHYECKHe KOPOTKUE
nocnenoBarenbHocTH ofgHouenodeuHoit JIHK. Ha puc. 4.2 mokasana cxema
TaKOW MalIMHBI, CKOHCTPYUPOBAHHOHN KaHaacKoi ¢upmoii «bro J10IHKUKIIICY.
HyxHas mocienoBaTelbHOCTh OCHOBAaHMI BBOJWTCS Ha KIIABUINHBIN ITyJIBT
yrpasieHusl. MUKpPOIIPOIIECCOP OTKPBIBACT KIIANaHbI, Yepe3 KOTOPBIE C MOMO-
IIbI0 HACOCA B CHUHTE3UPYIOIIYI0 KOJIOHKY ITOCIEeI0BATEIbHO MOCTYNAIOT HyK-
JICOTHIBI, @ TaK)Ke HEOOXOMMBIE peareHThl U pacTBopureny. KoyioHka Hamon-
HeHa OyCHHKaMH KpeMHHs, Ha KOTOpBIX cobupatotcst monekynsl JJHK. B maH-
HOM YCTpOMCTBE BO3MOXKEH CHHTE3 Ieneil JuHOoN 10 40 HyKJIEOTHIOB CO CKO-
pocteio 1 Hykmeotua 3a 30 MuHyT. IlodydeHHBIE OJIMTOHYKICOTHABI C TIOMO-
nipto JIHK-nmra3ssr commBaroTest Mexay co0oi ¢ 00pa3oBaHUEM IBYIECIOYCYHO-
ro Hykieotnaa. C IOMOIIBIO TaHHOTO METOJa OBUIN TTOJydEeHBI TeHbl A- U B-
LieTeil HHCYJINHA, IPOMHCYIINHA, COMaTOCTaTHHA U JIp.
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K konnekTtopy

@epMeHTHBIH CHHTE3 reHa Ha OCHOBe BbiAesneHHOM marpuuHoii PHK
(MPHK) sBisiercs B HacTosmiee BpeMs HanOojee paclpOoCTPaHCHHBIM METO-
nom. CHavana u3 KieTok Belgessiror Marpuunbie PHK, cpenu koTopeix npucyT-
crByer MPHK, koaupyemasi reHOM, KOTOpBIH TpeOyeTcsl BBLICIUTh. 3aTeM B
oJ0OpaHHBIX YCIIOBHAX Ha BbLIeseHHOW u3 KieTkn MPHK, kak Ha maTtpuue, ¢
MIOMOIIBI0 O0pPATHON TPaHCKPUNTA3bl (PeBepTa3bl) CHHTE3UPYETCS HUTh
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JHK, xommnumenrapnas MPHK (kIHK). IlonyueHHass koMmimMeHTapHast
JHK (xJHK) ciyxut marpuneit s cuate3a Bropoit auta JJHK ¢ ucnoms3o-
BanueMm JIHK-nmonmmepa3ssl minu peBepTasbl. 3aTpaBKOM NPHU 3TOM CIIY)KUT
OJIMTOHYKJIEOTH, KoMIMMeHTapHbli 3’-kony MPHK; noBas nerns JTHK 06-
pasyercs U3 JIEe30KCHHYKJICOo3uATpH(Oc(hHaTOB B MPUCYTCTBUM MOHOB MAarHMs.
Mertox ¢ 60NBIINM yCTIEXOM IMPUMEHEH A morydeHus B 1979 r. rena ropmoHa
pocTa 4enoBeka (CoMaTOTPONUHA).

[omy4eHHbI TeM WM MHBIM CIIOCOOOM TI'€H COAEPKUT MH(OPMALMIO O
CTPYKType O€nKa, HO caM HE MOXET €€ peaan3oBarh. [109TOMy HYXHBI 10MOII-
HUTEJIbHBIE MEXaHU3MBI AJIsl YIIPABICHUS JEHCTBUEM I'eHa.

[epenoc reHernueckoil MH(GOpPMALUK B KIETKY PELMIIMEHTa OCYLIECTBIIS-
€TCsl B COCTaBe BEKTOpa. BexTop — 3TO, Kak MpPaBUIIO, KOJBIEBAs MOJIEKYJa
JHK, crmocoOHass K caMOCTOSATEIEHOW PEIUIMKAnnui. ['eH BMecTe ¢ BEKTOPOM
obpasyet pekombunanTHyo JJTHK.

KoncrpynpoBanue pekomouHanTHbix JJTHK

IIpu oObiuHOM BBeneHuu B OaktepuanbHylo kinetky JHK mnoasepraercs
(epMEHTaTUBHOI! aTrake, B pe3yjbTaTe KOTOpOi paspymaercs. UToOsl 3TOTO HE
MIPOUCXOTUIIO, UCTIONB3YIOT BeKTOpHBIE MoneKynsl JJHK, cocoOHbIe pu BBe-
JIEHUH B KJIETKY CYIIECTBOBATH aBTOHOMHO, & TP JEJIEHUAX KIETKH — PEIlIH-
UpoBaThca. BekTop Takke HeCeT B CBOEM COCTaBe NeHETHYECKHUH NpH3HaK,
HEOOXOAMMBIN ISl TTOCJEIYIOIIEro paclio3HaBaHUs M OTOOpa TPaHCTEHHBIX
oprann3MoB. OOBIYHO B Ka9ECTBE MapKEPHBIX T€HOB HCIIOJIB3YIOT T'€HBI yCTOMN-
YMBOCTH K aHTUOMOTHKAM.

KoncrpynpoBanune pekom6bunanthbix JJHK ocymecrsisiercs in vitro ¢ uzo-
nmuposanHeiMu JIHK npu noMomu sHA0HYKII€a3 peCTPUKLIMU, KOTOPBIE paclie-
IUIIOT BEKTOP B OJHOM YYacTKe, IpeBpalias ero u3 KoJbIeBOW (OPMBI B JIH-
HEWHYI0 ¢ 00pa30BaHHEM JIMIIKUX KOHIIOB, KOMIUIMMEHTApHBIX KOHIIAM BBOJU-
moit JIHK. KomruinmenTapHbie KOHIIBI BEKTOpa ¥ BBOAUMOTO T'€Ha CIIHMBAIOTCS
nurazoil. Ilomyuennyto pexomOuHantHyto JIHK c¢ nomompio toit sxe JTHK-
JIMTa3bl 3aMBIKAIOT ¢ 00pa30BaHMEM KOJIBLIEBON MOJICKYIIbI.

B kadecTBe BEKTOPOB HCIOJIB3YIOT IUIA3MHUIBI U BUPYCHI. Bupycsl ObicTpo
TPaHCIOPTHPYIOTCS U3 KIETKH B KJIETKY, 32 KOPOTKOE BpeMsl CHOCOOHBI OBICTPO
3apa3nuTh Bech OpraHu3M. BaxxHoi 1mpo0ieMoii Ipy UX WCIIOJIb30BAHUH SBIISIET-
Cs1 aTTeHbIoANNs — ocJIabIeHNe NaTOTeHHOCTH AJIsl XO3MHA; TAKUM 00pa3om, He
OUYEBUJHO, YTO 3apa’KEHHBIE BUPYCOM KJIETKH BBDKUBYT M CMOTYT I€pENaBaTh
MOTOMCTBY M3MEHEHHYI0 TeHeThdeckylo mporpammy. Hauboree pacmpoctpa-
HEHHBIMM BEKTOPAMU SIBISIOTCS MHOTOKONUIHBIE IUIA3MUABI C MOJIEKYJISPHON
Maccoit 3—10 k0. IlepBrie TuTa3MUABI OBUTH BBIACTICHBI U3 OaKTepHil, BIIOCIE-
CTBUM HX CTaJIM KOHCTPYMPOBATh METOAAMHU T€HHON MHKECHEPHH.

Hcnonp3oBanue BEKTOPOB OOILEr0 Ha3HAYEHHUs METOAMYECKH — HECIOXKHAs
3aja4a, He TpeOylomas crnenuaabHoro obdopynosanus. Hanbosee ucronb3ye-
MBIMHU IJIa3MHIHBIMU BEKTOPaMU JJI1 KIIOHHPOBAHUS SIBISIOTCA MIasMuiabl E.
coli (pBR322, pBR325, pACYC117, pACYC 184), a Takxe CKOHCTPYHUPOBAaH-
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Hble Ha ocHoBe Tu1azMuabl ColEl. CoBpemMeHHbIE MIa3MUHBIE BEKTOPHI B TIPU-
CYTCTBUH XJIOpaM()EHHKOJIA CIIOCOOHBI K PEIUIMKAINH, HE3aBUCUMO OT JICIICHHS
XPOMOCOMBI, KOJIMYECTBO KOIMUH IUIa3MU MPU 3TOM MOXKET BO3pacTarb 10 1—
2.10° kommii Ha KIeTKY.

[Ipu nomydeHnn OMOIMOTEKH TEHOB PACTEHHWH M BBICIINX KMBOTHBIX, ¥ KO-
TOpBIX 06IIas JUIMHA FeHOMa cocTaBiseT 10 3-10° u Goree, eMKOCTb BEKTOpa
YacTO WrpaeT pPEemIalonlyl0 poib. B maHHOM cioydae B KadecTBE BEKTOpa HC-
nonb3yT JJHK dara A. [Ipu momorniu crnenuaibHbIX METOIOB PEKOMOWHAHT-
weie JIHK BBOmAT mpsimo B paroBeie rotoBku. Enre OonbIieli eMKOCTBIO 00I1a-
JAIOT IUIa3MHIBI — KocMUIEI (10 40 k0), y KOTOPBIX cos-(hparMeHT reHoma ¢ara
A, yuactByeT B ynakoBke JIHK B ¢aroByto yacTuily Ha KOHEUHOH cTajguu pas-
putus. s ymakoBku JIHK neoOxommmo, utoObr JJHK comepkama COS-
YYacTOK U ee pa3Mep ObLT IpUMEpPHO paBHEIM pa3Mmepy reHoma ara l. JJoctur-
HyTble MeTo/bl ynakoBku /IHK B daroByro rojoBky npu momoriyd KOCMH HO-
3BOJISIIOT MOJIy4aTh OMOJIMOTEKH T€HOB NPAKTHYECKH JIIOOBIX OPraHU3MOB.

Hepenoc I'€HOB B KJICTKH OPraHU3Ma-pelUuIIMCHTA

ITepenoc pexomoOmaanTHBRIX JITHK ocymectsisercs mytem TpaHcgopma-
UM WM KOHbIoranun. TpaHncdopmaius — 3To nporecc M3MEHEHHUs TeHeTHYe-
CKUX CBOWCTB KJIETKU B pe3yIbTaTe MPOHUKHOBEHUS B Hee uyxepogHoi JJHK.
BriepBrie oHa OpLTa OOHapykeHa y MHEBMOKOKKOB @. ['mddurom, KoTOpHIH
MIOKa3aJ], 4YTO HEKOTOpPble KIETKHM HEBUPYJICHTHBIX IITAMMOB OakTepwil HpHu
3apa’keHUHM MU MBIIIEH COBMECTHO C BUPYJIEHTHBIMM LITaMMaMH IIpHoOpeTa-
10T IIaTOTeHHbIe cBoicTBa. B nanbHeiimem TpaHcdopmanus Oblia MpoieMoHCT-
pHpOBaHa M M3yUeHA Y Pa3INIHBIX BUAOB OaKTEpHH.

VYCTaHOBIIEHO, YTO K TpaHC(HOPMAIMU CIIOCOOHBI JIUIIL HEKOTOPBIE, TaK
Ha3bIBACMBIC «KOMIICTCHTHBIC», KIICTKH (CHOCO6H])I€ BKJIIOYAaTh YYXKCPOAHYIO
JHK u cunrtesupyronme ocobblii Tpanchopmupytomuii 6enok). Komnerent-
HOCTB KJIETKH OIpEeNseTcs Takke (pakTopaMH BHEIIHEH cpeapl. DTOMY MO-
XKeT crnocoOCTBOBATh 00pabOTKA KIETOK MOJMATHJICHTIUKOJIEM WM XJIOPH-
noM Kajblus. [lociie MPOHUKHOBEHUS B KICTKY OJIHA M3 HUTCH pekoMOu-
nautHoit IHK nerpamupyer, a apyras 3a cueT peKOMOMHAIMU ¢ TOMOJIOTHY-
HbIM y4acTKoM peuunueHTHoN JJHK MoXeT BKIIIOUUTBCS B XpOMOCOMY WIIH
BHEXPOMOCOMHYI0 enuHuny. Tpancdopmarus sBisieTcs Hauboiee yHHBEp-
CAJIBHBIM CIIOCOOOM TMepelauyd TeHETUYSCKOW HHQPOpMAIMH ¥ HMEET Hau-
Gospliee 3HaAYCHNE JJISI TEHETHYECKUX TEXHOJIOTHHA.

Konblorauus — oauH U3 cioco60B 00MEeHa TeHETHUECKOTO MaTepuana, mpu
KOTOPOM IIPOUCXOMT OJIHOHAIPABJICHHBIN MEPEHOC I'€HETUUECKOH MH(OpMa-
UM OT JIOHOPA K PELUIUEHTY. DTOT NEPEHOC HaXOIMUTCS MO KOHTPOJEM OCO-
OBIX KOHBIOTATUBHBIX IIa3Mup ((haktop deprmabHOCcTH). [lepeHoc mHpOpMa-
UM OT JAOHOPCKOW KJIETKH B PELUNUEHTHYIO OCYIIECTBILSIETCS Yepe3 CIElH-
JIbHBIE T10JIOBbIE BOPCUHKM (mmiM). Bo3morkHa mnepenava mHQopMauuu u
TIOMOIIbI0 HEKOHBIOTATUBHBIX IJIa3MU IPU YYACTUH IIa3MHU/I-TIOMOIIHHII.
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ITepenaua Bcero HaboOpa IeHOB BUpyca WM (ara, IPUBOAAIIAS K PA3BUTHIO
B KJIeTKe (haroBbIX YacTHIl, Ha3blBaeTcs TpaHcpeknmed. Meroanka npuMeHu-
TEJIFHO K OaKTepHaIbHBIM KJIETKaM BKJIIOYAET MOIydeHHE C(epoIuIacToB, OUH-
CTKY MHKYOAaI[MOHHOW Cpeibl OT HyKJiea3 u JOOaBJIeHUE OUYMILEHHOW (aroBoii
JHK (mpucyrcrBue mnporamuHCysbdaTa TOBBIIAET 3(P(EKTHBHOCTH TpaHC-
¢dexunu). Meronuka NpUMEHMMa K JKMBOTHBIM W PACTHTENBHBIM KJIETKaM ¢
Y4acTHEM CIELHUATbHBIX YETHOUHBIX BUPYCHBIX BEKTOPOB.

CKpUHHUHT U 0TOOP PeKOMOMHAHTHBIX KJIETOK

Iocne mepenoca ckorctpyuposanubix JJHK, kak nmpasuito, nuims HeOombIas
YacTh PELMITMEHTHBIX KJIETOK IPHOOpeTaeT HeoOXOoMUMbIH reH. [loaToMy oueHb
Ba)KHBIM 3TAIlOM SBIIICTCS HACHTH(OUKAINS KIICTOK, HECYIHX TeH-MHUIIICHb.

Ha mepBoii cragmm uaeHTHGUIEPYIOT W OTOUPAIOT KIIETKH, HECYIINE BEK-
TOp, Ha OCHOBe KoToporo ocymiecteieH nepeHoc JJHK. Ot6Gop mpoBomsr mo
TeHETHYECKUM MapKepaMm, KOTOPBIMHM IIOMEYEH BEKTOp. [J1aBHBIM 00pazom
MapKepaMu SBJISFOTCS TeHBI YCTOWYHBOCTH K aHTHOMOTHKaM. [loatomy otbop
MIPOBOJIAT BHICEBOM KJIETOK Ha CPENbI, COJepIKaIIie KOHKPETHBIH aHTHONOTHK.
ITocne BrICEBa Ha ATHX CpeIax BBIPACTAIOT TOJBKO KJIETKH, B COCTaBE KOTOPBIX
HaxXoJUTCs BEKTOP C rCHaMU aHTHOMOTHUKOBOI yCTOI‘/II‘II/lBOCTl/I.

Ha BTOpOii cTamuu OTOUPArOT KIETKH, HECYIIIHE BEKTOP U I'eH-MUIICHb. J{ist
9TOTO WCTONB3YIOT IBE TPYIIBI METOAOB: 1) OCHOBaHHBIC Ha HENOCPEICTBEH-
HoM aHanm3e JIHK KIIeTOK-pennmueHToB U 2) OCHOBaHHbBIE HA UACHTH(PUKAITUN
IIPU3HAKa, KOAUPYEMOI'O N€HOM-MHUIIEHBIO. [Ipy HCIIONIb30BaHUM IIEPBOM IPYyII-
bl METOJIOB U3 KIIETOK, IPENOJI0KUTEIBHO COAEpKAIIUX HYKHBIN I'eH, BblJe-
sst0T BekTopHyto JIHK, u B Hell mpoBOAMTCS MOUCK YYacTKOB, HECYIUMX AAH-
HbIN reH. Jlanee npoBOAAT CEKBEHUMPOBAHUE YaCTH HYKJICOTHIHOM MOCIen0Ba-
TEIBHOCTU TeHa. BO3MOXKEH Ipyroit MeToj| — rMOpUAM3aIis BBIICICHHOW U3
knerok JJHK c 30n10M (MckoMblii reH mim cootBercTBytommas emy MPHK); BbI-
nenennyo JIHK nepeBoasT B OJHOLENOYEUYHOE COCTOSHUE M BBOJAT €€ BO
B3aMMOJIEHCTBHE ¢ 30HAOM. Jlanee ompenemnsoT HaTMune ABYIETIOY€IHBIX THO-
punneix Monekyn /IHK. Bo BropoMm BapmaHTe BO3MOXKEH HENOCPEICTBEHHBIN
0TOOp KIIETOK, CHHTE3HPYIONINX OCIOK — MPOAYKT TPAHCKPHUIIIUU U TPaHCIIS-
UM TeHa-MUMICHU. [IpUMEHSIOTCS TaKkKe CENEKTUBHBIC CPEIbl, MOIICPIKU-
BAIOIIHE POCT TOJBKO KJIETOK, TPUOOPETIINX TeH-MHUIICHb.

C nomoIIpi0 METOJOB TEHETHYECKON HMH)KEHEPHUH BO3MOXKHO KOHCTPYHPO-
BaHUC HOBBHIX (DOPM MHKpPOOPTaHH3MOB IT0 33JJaHHOMY IUIAHY, CHOCOOHBIX CHH-
TE3UPOBaTh Pa3sHOOOpPA3HBIE MPOAYKTH, B TOM YHCJE 3YKAPHOTHYECKHX Opra-
HU3MOB. PeKOMOMHAHTHBIE MUKPOOHBIE KIETKH OBICTPO Pa3MHOXKAIOTCS B KOH-
TPOJIMPYEMBIX YCIOBHAX U CHOCOOHBI YTHIIM3HPOBATh MPH 3TOM pazHOOOpas-
HBIE, B TOM YHCIIE, HEJIOpPOTHe CyOCTpaThI.

OcHOBHBIE TIPOOTIEMBI, BOSHUKAIONINE MPH TEHETHYCCKUX MAHUMYIIIHSX,
3aKJIFOYAIOTCSl B CIIAYIONEeM: 1) reHbl IpH TpaHchOpMaluy, Monajas B dyxKe-
POJHYIO Cpely, HMOIBEpPraroTcs BO3ACHCTBHIO MPOTEa3, MO3TOMY HX Halo 3a-
IIMINATh; 2) KaK MPaBHJIO, MPOAYKT TPAHCILUIAHTHPOBAHHOTO T€HA aKKYMYJIHPY-
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€TCsl B KJIETKaX U He BBIACISETCS B Cpeay; 3) OONBIIMHCTBO JKeJaeMbIX MTPHU3Ha-
KOB KOJIUPYETCSl HE OJIHUM, a TPYIIOi reHoB. Bce 3To cyliecTBeHHO 3aTpyaHs-
€T IePeHOC U TpeOyeT pa3pabdOTKU TEXHOJIOTHH MTOCIIEIOBATEIBHON TpaHCIIaH-
TaIUH KKIOTO TeHa.

K HacTosmeMy BpeMeHH T€HeTH4YecKas WH)XEHEpHs OCBOMJIA BCE IapCTBa
SKUBOT0. DEHOTUIINYECKOE BBIPAKEHHUE «UYKHUX» T€HOB (IKCIPeECcCcHs ) Moiryye-
HBI y OaKkTepuii, IpoxcKel, rpu0OB, paCTeHUN 1 )KUBOTHBIX. biecTsmue ycnexu
JOCTUTHYTHI Ha KJIETKaX HauOoJee U BCECTOPOHHE M3YYCHHBIX MUKPOOPTaHU3-
MOB. Opa pexombuHanTHeIX JIHK mpuMeHuTENbHO K pacTEHUSIM U BBICIIMM
JKUBOTHBIM TOJIEKO HaYMHAETCS. B 00IacTH TeHEeTHYSCKONH MHKCHEPHU JKUBOT-
HBIX KJIOHHPOBAHbI TeHbl B-rio0uHa MbiiieH, ¢ara A. [ToMrUMO MOYEUHBIX Kile-
TOK 3€JICHOM a(l)pl/lKaHCKOﬁ MapThIIIKH, UCHBITBIBAOTCA BCC HOBBIC BUIBI KYJIb-
TYpbI )KUBOTHBIX KJIETOK, B TOM YHUCIIE KJIETKH yenoBeka. Hanpumep, B kiieTkax
HENapHOTO MIENKONpsaa C IPUMEHEHHEM BHPYCHOTO BEKTOPA YIaJOCh JOOUTh-
Cs1 OKCIpeccuu reHa B-uHTepdepoHa yemoBeka. DTOT I'eH TaKKe KJIOHHPOBAH B
KJIETKaxX MJIEKONUTAIOMMX. B reHeTMueckoil HWHXEHepUu ueloBeKa, Kak U B
TEeHETUIECKOM KOHCTPYHPOBAHUN PACTEHHM, IIOKA HE JOCTUTHYTO TKAHECIICIH-
(uueckoro BbIpakeHHsi TeHOB. PelieHus AaHHOI MpoOIeMbl HIMYT Ha MyTAX
BBEJICHUS OIIPEJEICHHBIX MMPOMOTOPOB PETYIATOPHBIX yYaCTKOB B KOHCTPYH-
pyemble BekTopbl. [loka ocraeTcsi TOCTaTOYHO OTHAJIEHHOW 3a1aueil BO3MOX-
HOCTPH YJIYYIICHHS CEIBCKOXO3SIMCTBEHHBIX MOPO XHUBOTHBIX. K HacTosmemy
BpPEMEHH IMTPAaKTHYECKN HET CBEJICHUI 110 TeHEeTHKE TaKNX MPU3HAKOB, KaK IUI0/I0-
BUTOCTb, BbIXO/J 1 XUPHOCTb MOJIOKA, IMOBBIIICHNUC yCTOﬁ‘IMBOCTM K 60ﬂe3HﬂM nu
Jp. DTO MPEMATCTBYET MOMBITKAM TeHETUUSCKUX MAHUITYJISIMN B TAHHOW o0Jac-
TH.

I'enernueckast WH)KEHEpUS NAaeT B PyKH OMOTEXHOJOIOB HE TOJIBKO HOBBHIE
NPOJIYUEHTHl IIEHHBIX COEIMHEHHH, HO M YJy4YllaeT U MOBBIAET dPQEKTHB-
HOCTb LIEHHBIX CBOMCTB yX€ TpaJMLMOHHO MCIOJb3yEeMBbIX OpraHu3moB. Pac-
MIPOCTPAHEHHBIM METOJIOM TOBBIIICHHS BBIXO/[a TIOJIE3HOTO MPOAYKTA SBISIETCS
aMIIMpUKANHA — YBeJIMUeHHe YHCJIa Konuil reHoB. OOpa3oBaHUEe MHOTHX
LIEJIEBBIX MPOIYKTOB (aMUHOKHCIIOT, BATAMHUHOB, aHTHOMOTHKOB U JIp.) Xapak-
TepU3yeTCs AIUHHBIM OMOXHMHYECKUAM ITyTeM CHHTE3a, KOTOPBIH YIpaBisIeTCs
HE OJIHUM, a JIeCATKaMHU TeHOB. BrIenenne 3TX reHoB U KIIOHHPOBaHHUE C TO-
MOIIBI0 aMIUTH(UKAIMH TIPEICTABIISCT JOBOJBHO TPYIHYIO, HO B PSJIC CIIyYacB
BO3MOXHYI0 3a7auy. [loBblllIeHHE BbIXOAA IOJIE3HOTO MPOJYKTA JTOCTHUTAETCs
TaK)K€ C [MOMOILLBIO JIOKAJIM30BAHHOIO (CalT-cienM(pu4ecKoro) MyrareHesa
in vitro: ¢ mcmonp30BaHMEM XMMHYECKOTO MyTarcHe3a oOpa0OaThIBacTCs HE
BECh TEHOM KJIETKH, a €T0 ()parMeHT, MOTyYeHHBIH ¢ TOMOIIBIO PECTPUKIINH.

4.2. TEHHASA NH)KXEHEPUS
IMPOMBIIIVIEHHO BAKHBIX ITPOJAYIHEHTOB

PazButne texuuku pexomOnHaHTHBIX JIHK mo3BossieT mpoBoauTh BhIzENE-
HUE T€HOB SYKapHOT M JKCIIPECCHUPOBATh X B FETEPOIOTMUECKUX cucTeMax. B
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HacTosAIIee BPEMsI METObI T€HETHUECKOH HH)XEHEPHUHU TI03BOJISIIOT KOHCTPYHPO-
BaTb '’CHCTUYCCKHUEC CUCTCMBI, CHOCO6H]:IC (l)yHKLIl/IOHI/lpOBaTI) B KJICTKax IMpoKa-
PHOT M 3yKapHoT. DTH BO3MOXKHOCTH TTO3BOJISIIOT CO3/1aBaTh OPraHU3MbI, 00J1a-
JIAfOIIIe HOBBIMU IIEHHBIMH CBOHCTBAaMH, HallpuMep, OaKTepHaibHbIE ITaAMMBI,
CcrocoOHBIE CHHTE3UPOBATh 3yKAPHOTHIECKHE OCIKH.

Cpenu O€IKOBBIX MPOAYKTOB, MPEICTABIAIONIMX OOJIBIION HHTEPEC, BBIIC-
JISIFOTCST TaKke OMOJIOTMYECKH aKTHBHBIE BEIECTBA, KaK TOPMOHBL. BaxkHoe me-
CTO CpelM HHMX 3aHMMAlOT OEJIKOBBIE M MENTHIHBIE TOPMOHBI. DTH TOPMOHBI,
MHOTHE U3 KOTOPBIX OCTPO HEOOXOAMMBI B MEIUIIMHE, 10 HEIABHETO BPEMEHH
[OJIy4aly 3KCTPAaKLMEH W3 TKAHEH XUBOTHBIX IIPU YCJIOBHMH, YTO T'OPMOH HE
oOnamaeT BBIpaXeHHOI BUIOBOH crienuduuHocThI0. CpaBHUTEIBHO KOPOTKHUE
MENTHIHBIE TOPMOHBI MBITAIHNCH MOTy4aTh XUMHYECKUM cuHTe30M. Ho Takoit
MyTh MOTYyYEHHsI OKa3aJICsl HEPEHTAOCIbHBIM YK€ [UISl MOJIEKYJI, COCTOSIINX W3
HECKOJIbKUX JCECATKOB 3BCHLCB. E[ll/IHCTBeHH]:lM HNCTOYHHUKOM TOPMOHOB C
KpaiiHe BBIPOXCHHOH BHIOBOW cIeNM(HYHOCTHIO (TOPMOH pOCTa COMaTroTpo-
MTUH) OBUTH OPTaHBl YMEPIINX JIFOEH.

VYcnexn TeHeTUUeCKOH WHKEHEPHM BCEIUIN HAAEXKIbl HA BO3MOXKHOCTB
KJIOHMPOBAHMsI T€HOB CHHTE3a psifla TOPMOHOB B MHKPOOHBIX KJIETKaX. JTH
HaJISKIbl B 3HAYMTEIFHON Mepe ONpaBllalIuCh, B IEPBYIO OUepe/ib, Ha IpUMepe
MHUKpPOOHOJIOTHYECKOTO CHHTE3a MENTHAHBIX TOPMOHOB.

IlepBele ycnenHble pe3yabTaThl 10 3KCIIPECCHN XUMHUYECKH CHHTE3UPOBAH-
HOW mocnenoBatensHOoCTH HykieotuaoB JJHK, kogupytomieit 14-3BeHHslIil nemn-
TUIHBIA TOPMOH COMATOCTATHH (QHTarOHHCT COMATOTPOINMHA), IMOJYYEHBI B
1977 r. B CHIA xomnanwme#t «['enerex». s mpenoTBpamieHns mporecca pas-
pYIIEHHsS TOPMOHA B OaKTEpPHAIbHBIX KJIETKAaX MOJ BO3AEHCTBHEM IENTHIA3BI
ABTOPBI IPUMEHMIM MOJIXO0/, KOTOPBIA MOTOM OBLI YCIEUIHO MCIOJIB30BaH AN
MOJYyYEHHs] JPYTHX HENTHIHBIX TOPMOHOB. BBUI CKOHCTPYMpPOBAaH TMOPUIHBII
I'€H, 9acTh KOTOPOro ObLTa B3sTa M3 reHa (epMeHTa (-rajJakTo3uAa3bl KHIIey-
HOW MAaJIOYKH, & OCTATOK MPEACTABIII co00# (hparMeHT, KOMUPYIOIIUNA cOOCT-
BEHHO COMAaTOCTaTHH ((parMeHT CHHTE3WPOBAJIM XMMHYECKH). BBeneHHBIN B
OakTepuambHble KJICTKH THOPHIHBINA TEH HANpaBIUI CHHTE3 OEIKa-XUMEpHI,
cocrosiero oosiee yeM Ha 90 % U3 aMHUHOKHCIIOTHOW IOCJIEI0BATEIbHOCTH [3-
rajgakro3ugassl. OcranpHas 4YacTh IpeicTaBisuia cobod comartoctathH. Ha
CTBIKE y4acTKa ABYX HCXOIHBIX T€HOB HAaXOIMJICAd KOZOH aMHHOKHCIOTBI Me-
troHuHa. [Tocneanee mo3Bomao oOpaboTaTh TMOPUAHBIN OEIOK OPOMITUAHOM,
pa3phIBaIOIIMM TMENTHAHYIO CBsI3b, 00pa30BaHHYI0 METHOHMHOM; CpPEId TpO-
JIYKTOB paciueruieHnsi Oblil 0OHapyXeH cOMaToCTaTHH. J[aHHBIA moxxox ObuT
WCTIONIB30BaH JUIA TOJYyYSHHS MHOTHX IENTHAHBIX TOPMOHOB (A- u B-memeit
WHCYIIMHA, HelponenTtuaa jieWdHkedannHa, OpaAMKWHWHA, AHTHOTEH3MHA H
Ip.).

I'eHHOMHXEHEPHBIMH METOJIAMH 32 KOPOTKHH CPOK OBUIM CO3/1aHBI MUKPO-
OPTaHU3MBI-CYNEPIPOAYLICHTHI, IMO3BOJSIONINE MOIYy4aTh C BBHICOKMMHU BBIXO-
JamMu psif GeIKOB BHUPYCOB M KMBOTHBIX. CO3/aHBI LITaMMBbI, Y KOTOPBIX IO
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20 % xyeTo4HOTO OenKa COCTaBIISIOT T'€HHOWH)KEHEPHBIC NMPOIYKTHI, HAIPH-
Mep, KOPOBUI aHTUI€H BUpYyca renarura B, riaaBHbIA KallCUIHBIA aHTUIEH BU-
pyca siypa, peHHUH TEIEHKa, IOBEPXHOCTHBII aHTUIeH BUpyca remnatura B u

Ap.
IonyyeHue peKOMOMHAHTHOTO HHCYJIMHA

T'opMOH MHCYNIHH IOCTPOEH U3 ABYX MOJMNENTUAHBIX Iened, A u b, mmm-
HoH 20 1 30 aMHHOKHKCIIOT cooTBeTCTBeHHO. [locenoBarebHOCTD Lienei Oblia
ycranoBiieHa B 1955 r. Conrepom. CuHTte3 obenx uenei, Bkmovarommi 170
XUMHYECKHX peakiuii, B 1963 r. 0sm1 peanuzosan B CIIA, ®PI" u Kurae. Ho
MIEPEHECTH TaKOW CIIOKHBIM MPOIECC B IPOMBIIIICHHOCTh OKAa3aJloCh HEBO3-
MoxHBIM. [Tomyganu uncynus 10 1980 r. 3a cyeT BbIIENEHUS €ro U3 MOKeTy-
JIOYHOH Keme3bl (MOpKeTyHovHas xkele3a KopoBbl BecuT 200-250 r., a mus
mormyderns 100 T KpUCTaTHIIEeCKOT0 WHCYIHHA Tpedyercs 10 1 KT HCXOTHOTO
cbipbs). [loaTOMy nOTpeOHOCTH B HEM yIOBIETBOPSUIM HE MOJIHOCTBIO. Tak, B
1979 r. u3 6 MJIH. 3aPErUCTPUPOBAHHBIX OOJBHBIX CaxapHbIM JHa0eTOM HHCY-
JIUH TONy4anau Toibko 4 miH. yenosek. B 1980 r. marckas xommnanus «Hoso
WHIACTpW» pa3paboTana METOA TNPEBPALICHUS MHCYJIWHA CBUHBH B HMHCYJINH
yenoBeka (pepMEHTaTHBHBIM 3aMEICHUEM OCTaTKa ajJaHWHA, KOTOPHI sBIIAET-
cs 30-i1 amuHOKMCIOTOM B enu B, Ha ocrarok TpeonuHa. B pesynbrare Obun
MIOJTy4eH OJHOKOMIIOHEHTHBIN HHCYJIUH uenoBeka 99 % uuctotsl. B opranusme
KMBOTHOTO JIBE€ MOJMNENTHIHBIE LENHM HCXOAHO SBJISIOTCS YacTAMH OJHOH
6emKoBON MoIeKyJbl JMHHON 109 aMHHOKHCIOT — 3TO MpEenpouHCYIHH. [Ipn
CHHTE3€ B KJIETKax IMOJKENTYJOYHON >KeNe3bl MepBble 23 aMUHOKUCIIOTHI CITy-
AT CHTHAJIOM JUIS TPAHCIOPTa MOJEKYJbl CKBO3b MEMOpaHy KJIETKH. ODTH
AMHWHOKHCIIOTHI OTIICIUISIOTCS, M 00pa3yeTcsl MPOMHCYINH AJIMHOW 86 aMHHO-
KHCIIOT.

B 1980 r. I'mn6ept ¢ xomneramu Beiaennian MPHK nHcynina u3 omyxomnu [3-
KJIIETOK ITOJUKEITYIOYHOM JKene3bl KPbhIChI (B TO BPEeMs HE pa3peliaad MaHHILy-
nupoBaTh reHamu denoBeka) (puc. 4.3). Ilomyuennyio JIHK-xommio MPHK
BcTpown B tiazmuay pBR 322 B cpenHioro yacTh T€Ha NEHUIMIUTHHA3BI
(¢epmeHT B HOpME BBIAENAETCS W3 KIETKH), KOTOPYIO TPaHCHOPTHPOBAIN B
Oaktepuro. CKOHCTpyHpOBaHHAs IUIa3MHIA, KaK OKa3aloch, COAEpXKajia HH-
(dopManuio 0 CTPYKType MPOMHCYJIHMHA, a He NpenpouHcyauHa. [Ipu TpaHcs-
un MPHK B kitetkax E. coli cuHTe3upoBasicsi TMOPUAHBIN OCIIOK, COMEPIKAIINI
IOCIIE0BATENbHOCTH IEHUIMIUIMHA3E! U MIPOUHCYIMHA. ['opMOH 13 aToro Ge-
Ka BBIIIETISUIM TPUIICHHOM. BBIJIO 7J0Ka3aHO, YTO MOTY4YEHHBIH TaKUM 00pa3om
0€eJI0K BIMAET Ha caxapHbIi OOMEH aHAJIOTMYHO TOPMOHY IOJDKEITyIOYHOM Ke-
ne3sl. B 1979 r. B CIIIA B TeueHue Tpex MecsI1eB CUHTE3UPOBAIIU I'€HbI, KOJIH-
pytomme A- n B-nienu mHCYnMHA; reHbl OblIM coOpansl u3 18 u 11 onuronyk-
JICOTHJOB COOTBETCTBEHHO. Jlasiee TeHbl ObIIN BCTPOEHBI, KaK U IPH MOTyYSHUN
COMAaTOCTaTHHA, B IUIA3MUY B KOHLIE I'eHa [3-TajlakTO31/1a3bl KAIICUHOH MalOYKH.
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B knerkax E. coli Takxe ocymiecTBiIeH CHHTE3 IPOMHCYJIMHA, & HE TOJIBKO
ero oraenbHbIXx lened. Ha BeinenenHoit marpuunoit MPHK cunTe3suposanu
JIHK-xomnuto. CuHTE3 MPOUHCYJINHA UMEET ONpeeICHHbIE IPEUMYILECTBA, TaK
KaK IPOLEypbl SKCTPAKIMU ¥ OYMCTKH TOPMOHA MUHIMAJIBHBI.

CoOBepIICHCTBOBAHUE TEXHUKH MOJTYYEHHS T€HHOMH)XEHEPHBIX LITaMMOB-
MPOJIYLEHTOB C IOMOILIBIO PA3IMYHBIX NPUEMOB (aMIUTM(UKaIMeH IUa3MHL,
MHKAICYJIMPOBaHWEM BBOIMMBIX pexomOuHanTHbIX JIHK, monmamienuem mpo-
TEOJIUTHYECKON AaKTUBHOCTH PELMITHEHTHBIX KJIETOK) IO3BOJMIO IONYYHUTh
BBICOKHE BBIXOJBI TOPMOHA, 10 200 MI/1 KyIbTypsl. MeauKo-0HOIOTHIeCKIe U
KJIMHUYECKHE HCIBITaHUsS TeHHOWH)KEHEPHOro Oellka IMOKa3ald IPUTOJHOCTD
npenapara, 1 B 1982 r. oH ObUI JOMYIIEH K TPOM3BOACTBY BO MHOTUX CTpaHaXx.

a

leH ycTonumsocTn _—
K TETPaLMKNNHY ~'
leH
J/ NEHNLMNIIMHA3b!

|-|p0I/IH:3yJ'IVIH

Puc. 4.3. brocuHTe3 HHCYIINHA KPBICHI B CKOHCTPYHPOBaHHBIX KieTkax E. coli
(o Gilbert e.a., 1980).
a) kapTa r1asmuasl pBR322 ¢ aByms reHaMu — NEHUIMIUIMHA3B! U YCTOHYMBOCTHU K TETPALMKIIMHY;
0) KapTa, MoJIy4YeHHas [IpH ompeeneHun nocnenosarenbHoctu k/IHK pekoMOnHaHTHO#M m1a3Muabt
B NIPOAYILMpYIOIIeM HHCYIHH KioHe E. coli; B) rubpuanblii 6enok; r) GHONOrHYeCK! aKTHBHBII HHCYIIHH
rocIie yaaueHus HeHUIMILUIMHA3B! 1 CerMEHTA POUHCYIIHHA.

133



Buocunres comaToTponuna
ComatoTpornuH (runodu3apHelii TOPMOH pOCTa) BIIEpBbIE OBbLT BBIAEIEH B
1963 r. u3 TpymHOrOo MaTepmana. BrIXoa ropMoHa W3 OJHOTO THIO(HU3a COo-
CTaBJISUI OKOJIO 4—6 MTI B IlepecdeTe Ha TOTOBBIH (hapMaleBTHUECKUIl penapart.
J1s nedeHus KapiIuKOBOCTH HEoOXOJuMasl 103a COCTaBIIET 6 MI' B HEAEINIO B
TedeHne roga. Kpome HemocTaTka 1o Macce, NoydaeMblid 9KCTpaKLIMel mpemna-
par OBbLI IeTepOreHHBIM, NPOTUB HEro BHIPAOATHIBAJIHMCH aHTHUTENA, KOTOPHIS
CBOAWIM Ha HeT JAeicTBHe ropMoHa. bomee Toro, cymecTBoBana ONAacHOCTb,

CuHTeTnYeckune rmnocpm3a
ONUroAEe30KCUHYKNEOTU bI Yyenoseka
(12 cpparmeHTOB) \L
Nurasa MPHK
obpatHas
3 cpparmeHTa TpaHcKpunTasa
|—| |—| |—| |—| |—| | | §CBepxpaamepHaﬂ KOHK FP‘—I|
€CTPUKLMOHHAs
Jlvrasa \L anoﬂyKneaaa
L ATG Py 124 | [ TPY kOHK 25-191 |
OuncTka n MoHTax OuncTka
N
Jlvraza
JInnknin koHew \ Tynow koHey,

L ATG nonHbIv reH TPY 1-191

JKcnpeccupyoLLmii
BEKTOP

Jlvrasa

PekombuHaHTHas
nnasmuaa
c reHom "'PY

Puc. 4.4. Cxema KOHCTPYHPOBAHHS F'eHa COMaTOTPOIINHA KOMOMHALVEl XUMIYECKOTO CHHTE3a
u Beiienenus npupoaHoit MPHK (o P. Newmark, 1979).
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4TO HPH IHOIyYCHUH Hpernapara MOIJIO MPOM30HTH 3apakeHUEe OpPraHu3Ma Mell-
JICHHO Pa3BHBAIOIUMH BUpycaMu. Ilo3TOMy neTH, mosydaBIIMe JaHHBIA Ipe-
napar, Hy>KAaJIMCh B MHOTOJICTHEM MEIUIIMHCKOM HaOJIIOICHHH.

I'eHHOMHKEHEPHBIN ITpernapaT MMEeT HECOMHEHHBIE NMPEUMYIIECTBA: JOCTY-
IIeH B OONBIIMX KOJIMYECTBaX, TOMOTE€HEH, HE COAEPKUT BUpycoB. CHHTE3 coMa-
TOTPOIIMHA, COCTOsAIIEro n3 191 aMHHOKUCIOTHOTO OCTaTKa, ObUT OCYILECTBIIEH B
CIIA T'emnenem ¢ corpynaukamu B 1979 r. (kommanus «I'eHeHTEK») (puc. 4.4).

[pu xumuko-pepmenTaoMm cunTeze JTHK momydaeTcs reH, KOOMPYROLTHA
MPEALIECTBEHHUK COMAaTOTPOIMHA, TI03TOMY OBbII BBIOpaH CHELHANbHBIN MyTh
kiIoHupoBanus. Ha mepBoM srtame knoHupoBanu ayHHTeByro JIHK-xomuro
MPHK u pacmennenuem pecTukTazaMy NOITy4aay HOCIEIOBATENBHOCTD, KOAU-
PYIOIIYIO BCIO aMUHOKHCIIOTHYIO ITOCIIEOBATEIbHOCTE TOPMOHA, KPOME TIEp-
BbIX 23 aMHUHOKHCIOT. Jlanee KIOHHUPOBAIM CHHTETHUYECKHIH NOJMHYKICOTH,
COOTBETCTBYIOIIMI 3TUM 23 aMHHOKHUCIIOTaM co cTapToBeIM ANG KOJIOHOM B
Havasie. J[Ba rmory4eHHbIX parMeHTa COeIMHSIIM U MOoJCTpauBaiy K mape lac-
IIPOMOTOPOB M Yy4YacTKy CBs3bIBaHMS pHOocoM. CKOHCTPYHMpPOBAaHHBIH TeH
TpancruiantupoBanu B E. coli. CuHTE3upOBaHHBIA B OaKTepHsIX TOPMOH 00JIa-
Jta1 TpeOyeMoit MOJICKYJISIpPHOW Maccoi, He ObLT CBSI3aH ¢ KAaKUM-THO0 OeIKOM;
ero BbixoA coctaBysl okojo 100 000 monekyn Ha kineTky. ['opMOH, oJHaKoO,
cozepkajl Ha N-KOHLE MOJIMIENTUAHON LENHU NONOJIHUTEIbHBIA OCTATOK Me-
TUOHHHA; NIPY yJAJICHUH MOCJIEAHETO BBIXO FOPMOHA OBLIT HU3KHM.

B 1980 r. ObUTH MOJy4YeHbI AOKA3aTENbCTBA TOIO, YTO N€HHOMHXKEHEPHBIH
COMaTOTPONMH 00JIaaeT OMOJIOTHYECKOH aKTUBHOCTHIO HATHBHOIO T'OPMOHA.
KnuHnyeckue ucnplTanus npenapara Takke npouuin ycnemso. B 1982 r. rop-
MOH OBLT HOTYyYeH TaKKE HA OCHOBE CKOHCTPYMPOBAaHHOW KHUIIEYHOH MalOUYKH
B Muctutyte [lactepa B Ilapmxe. Croumocts ropmona k 1990 r. cHusmiace 10
5 nomnapos/en. B HacTosiIee BpeMst €ro HAYMHAIOT [TPUMEHSTH B )KUBOTHOBO/I-
CTBE AJIsI CTUMYJIMPOBAHMS POCTa JOMAIIIHETO CKOTa, YA0EB U Ip.

ony4yenue unTeppepoHoB

UuTepdeponsl — rpymia 0elKoB, CHOCOOHBIX MPOAYIIMPOBATHCS B sIEp-
HBIX KJIETKaX MO3BOHOYHBIX. JTO MOLIHbIE WHAYIHOEIbHbIE OENKH, SBIISIO-
muecst (akTopoM HecTenUu(pHUECKOH PEe3UCTEHTHOCTH, MOJIEP KUBAIOIIET0
romeoctaz opranm3ma. Cucrema WHTEpPEpOHOB OO0NamaeT pPeryIITOPHON
¢byHKUKell B opraHm3Me, Tak Kak crnocoOHa MOAMGUIMPOBATH pPa3IUyYHBIC
Oouoxumuueckue npouecchl. VHTephepoHsl M03BOHOYHBIX, B TOM YHUCIIE Ye-
JIOBEKa, pa3JeNsiioT Ha TPU TPYHIBL: o, 3, Y, COOTBETCTBEHHO, JIEHKOIUTAp-
Hble, PUOPOOIACTHBIE U UMMYHHBIE.

B konie 70-x IT. cTaja OYeBHIHON MOTCHIMAIbLHAS 3HAYUMOCTh HHTEpQe-
POHOB JIII MEITUIIMHEIL, B TOM YHUCIIC MPO(HUIAKTHKH OHKOJOTHYSCKUX 3a00JIe-
BaHUI. KiIMHMYeCKne UCHBITaHUS CHECPKUBAIHCh OTCYTCTBHEM IOCTATOYHBIX
KOJIMYECTB MHTEPHEPOHOB U BBICOKOW CTOMMOCTBIO MPENapaToB, MOTYYSHHBIX
TPaIUIIMOHHBIM criocoOoM (BbiAeacHUE U3 KpoBu). Tak, B 1978 r. mis moyde-
Hust 0.1 r yncroro unrepdepona B LleHrpanbHoii 1aboparopun 31paBooxpaHe-
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HUsl XeNbCHUHKH (J1a00opaTopus — MUPOBOI JTUAEP 1O MPOU3BOACTBY HHTEpdE-
poHa U3 JNEHKOIMTOB 3/I0POBBIX JIIO/EH) Moaydyanu mpu nepepadorke 50 000 i
kpoBu. [lomyuyeHHOE KOJMMUECTBO ITpenapara OLEHOYHO MOIJIO 00eCIeunTh Jie-
yeHne npoTuB BupycHor nHpekn 10 000 caygaes. [lepcnekTHBB TOTYYSHUS
UHTEPPEPOHOB CBSI3BIBAIM C TEHHON MH)KECHEPHEH.

B 1980 r. I'mnbepty u Beiicemany B CIIA ynanoch moiny4uTh HHTEPPEPOH
B T€HETHYeCKH CKOHCTpyupoBaHHOH E. coli. McxonHas TpyaHoCTh, ¢ KOTOPOH
OHM CTOJIKHYJIUCh, — HU3KUH ypoBeHb MPHK B neiikonurax, naxe cTUMYIUPO-
BaHHBIX 3apakeHHeM BHpycoM. IIpu mepepaborke 17 1 KpoBH ynanoch Bble-
nuteb MPHK u nmomyunts JIHK-xomuro. IlocneaHroo BCTpouian B IUIa3MHUIY U
knonupoBanmu B E. coli. beuto ucnbitano ceeime 20 000 xironoB. OTaenbHbIE
KJIOHBI OBIIM CTIOCOOHBI K CHHTE3y MHTEP(EpOHa, HO C HU3KHM BBIXOIOM, 1-2
MOJIEKYJIBl Ha KJIETKY. AHAJOTMYHBIE HCCIEIOBaHMA IPOBOAWIN B SImoHwmwm,
Awnrnuu, @pannuu, Poccun.

B 1980 r. OpuH yCTaHOBICHBI HYKJICOTHAHBIC ITOCIIENOBATEILHOCTH O- U [3-
unrepdeponoB: MPHK ¢ubpobnactHoro unrepdepona cocrout uz 836 Hyk-
NeoTuioB; W3 Hux 72 w 203 HykiIeoTHIa MNpUXOAITCS HAa 5°- 3-
HeTpaHCJIMpyeMble 00sacTi, 63 KOIMPYIOT MENTH]I, OTBETCTBEHHBIH 3a ceKpe-
U0 WHTepPEepOoHa U3 KIETOK M 498 HYKIIEOTHAOB KOAMPYIOT 166 aMHHOKWHC-
JIOTHBIX OCTaTKOB coOCTBEHHO MHTepdepoHa. Ilocie 3TOro XMMHUYECKUM CHH-
Te30M OBLIM TOJIyYEeHBI T€HBI O- U -uHTEep()EPOHOB, KOTOPHIE KIOHUPOBAIN B
E. coli. B 1981 r. Opura pacmmdpoBana HYKICOTHAHAS IOCIEIOBATEIEHOCT
HMMYHHOTO HHTEp(EpOHa, CYIIECTBEHHO OTJIMYAIOLIErocs OT MEPBHIX IBYX, HO
CpPaBHHUMOT'O IO BEJIMYMHE MOJICKYJIbI. CyHleCTBeHHbIM MOMCHTOM 6])1.]'1 MMOJIHBIN
CHHTE3 TeHa JICWKOLMTApHOro HHTep(epoHa dYeJIOBEeKa, OCYIIECTBICHHBIH B
BennkoOpurtanuu corpynHukaMu Gupmer «Vmmepruan keMHKan MHIACTPU» U
[Ixoser Ononmornueckux Hayk Jlectepckoro yHuBepcurera. B Teuenne nomyro-
pa JeT Obl1a CHHTE3UpOBaHa IoJHasl rmocienoBarensHocTh JJHK-konuu nHTep-
(depoHa, crocoOHas KOAUPOBaTh Oj-WHTephepoH. CHHTE3 ONUTOHYKICOTHIOB
OBbLT OCYIIECTBIEH HOBBIM METOZOM, CYIIECTBEHHO YCKOPHBIIMM CHHTE3 T'€Ha.
BHauane x mosMakpuiaMUIHOW cMoJie ObLI MPUCOEAWHEH HYKJICOTHI; Jajee
MIPOBOAMIIM TIPUCOCAMHEHNE Tap HYKJIEOTHIOB, MCHOJIb3Ysl KOHICHCHPYIOMINI
areHT B 0e3BoagHOM mupuauHe. Kaskapli MK IUTHIICS HONTOpa daca, II03TOMY
B TEYEHHE I'Ola MOYKHO OBLIO CHHTE3HMPOBATH IOCIIENOBATEILHOCTD JUIMHOHN B
5000 myxneorunoB. beuto cuHTE3MpOBaHO 67 ONUTOHYKIEOTHIOB, KOTOPBIE C
MOMOIIBIO JHrassl coeauHwin B aByHuteByro HHK, cocrosmyro u3 514 map
HykseoTunoB. [loydeHHbIH TeH BeTpanBaid B KieTku AByX Oakrepwuii: E. coli,
Methylophilus methylotrophus, 1 ObliIa noyYeHa 3KCIIPECCHSI.

Ycunusi, HanpaBJICHHbIC HA MOJYYCHHE TCHHOMHKCHEPHBIX UHTEP(EPOHOB,
110 CPAaBHEHHIO C METOJIOM KYJIBTYPBHI KJIETOK MO3BOJIMIIM CHU3HUTH 3aTpaThl 0O-
nee ueM B 100 pa3. beutn nomy4eHs! pa3iuyHble THITE HHTEP()EPOHOB HA OCHO-
BE TEHHOMH)XEHEPHBIX KJIETOK OAaKTEpUil U ApOXKEeH. DTO MO3BOIMIO pa3Bep-
HYTb MeZlI/lKO-6I/lOJ'IOFI/I‘ieCKI/Ie N KIIMHUYCCKUE HCIBITAaHUA ITPEIapaToB. HOHy-
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gaemble B TeueHue 1980-1981 rr. mpemapatsl HHTEPHEPOHOB OBUTH OUYHIICHBI
Ha 80 % u obnananu yJaenbHOH akTHBHOCTBIO Oosee 107 Mex1yHapOIHbIX e/1u-
HuL Ha 1 Mr Oenka. PaciiipeHue KIMHUYECKHX HUCIBITAHHH HHTEP(EPOHOB,
HayaThIX B TOT IIEPUOM, 3aBUCHUT OT INOBBILICHUS CTECIICHH ero O4ucTku. IIpo-
rpecc B 3TOM HalpaBJICHUH ObLI JOCTUTHYT NPHUMEHCHHEM MOHOKIOHAJIBHBIX
aHTHUTEJ, KOTOPbIE MOXKHO HCIIOJIb30BaTh 1Sl apuHHOI Xpomarorpaduu (npu
9TOM HYIKHBIC OCIIKH 3a[ICp>KHUBAIOTCS HA KOJIOHKE C AHTHTEIIAMH).

4.3. KIETOYHASI NTHXXEHEPUSA

TpaguuuoHHO IS MONMy4YeHHs OoJiee aKTHBHBIX OMOJOTHMYECKHX areHTOB
MIPUMEHSUIN CceleKIHo U MyTareHe3. CeseKknusi — 3T0 HaPaBJEHHBIH 0TOOP
MYTAHTOB — OPTaHU3MOB, HACIIEACTBEHHOCTh KOTOPBIX MpHOOpena CKauKo00-
pasHoe M3MEHEHHUE B Pe3yJIbTaTe CTPYKTYPHOH MOAU(GUKALNY B HYKICOTHUIHON
nocnenosarensHocTH JIHK. 'eHepanbHbIi MyTh celeKUMU — 3TO MyTh OT Clle-
1oro oTdOpa HY>KHBIX NMPOAYLEHTOB K CO3HATEILHOMY KOHCTPYHPOBAHMIO MX
reHoMa. TpaTuroHHbIe METOABI 0TOOpa B CBOE BPEMsI CHITPAIIA BAYKHYIO POIh
B Pa3BUTHUU PA3IMYHBIX TEXHOJOTHH C HCIIOIB30BAaHHEM MHKPOOPTaHH3MOB.
beumn OTOGpaHbl IOTaMMBbI ITUBHBIX, BUHHBIX, IICKAPCKUX, YKCYCHOKHUCIIBIX U AP.
MHUKpPOOPraHu3MoB. OrpaHH4eHHs METOJIa CEJIEKIIMH CBSI3aHO C HU3KOH 4acTo-
TOH CIIOHTaHHBIX MYTAIlU{, TPUBOAALINX K H3MECHEHHUIO B TeHOME. [ eH ToImKeH
YABOUTHCS B CPETHEM 10°-1 08, YTOOBI BOSHHAKAJIA MyTaIlHsl.

K cymiecTBeHHOMY YCKOPEHHIO IMpOIecca CEIEKLUH BeleT HHAYIHPOBAaH-
HBII MyTareHe3 (pe3K0€ YBEINIECHNE YaCTOTHI MyTalllil OMOIOTHIECKOTO 00b-
€KTa NPH HMCKYCCTBEHHOM IIOBPEKICHUM IeHoMa). MyTareHHBIM JeiicTBHEM
00yaaoT yapTpaduoNeTOBOE U PEHTTCHOBCKOE HM3IIyYEHHUE, PSJi XUMHUYECKHX
COEIMHEHHUH (a30THCTast KUCIIOTa, OpoMypari, antuonotuku u mp.). [locme
00pabOTKH MOMYJISAIUH MyTareHOM IIPOBOJAAT TOTAIBHBIN CKPUHHUHT (IIPOBEPKY)
MOJYYEHHBIX KJIOHOB M OTOMparoT Hambojiee NMpoAyKTHBHBIE. [IpoBonsT mO-
BTOPHYIO 00pa0OTKY OTOOpaHHBIX KJIOHOB, M BHOBb OTOMPAIOT IPOIXYKTHBHBIE
KJIOHBI, TO €CTh IIPOBOJIAT CTYIIEHYATHIA OTOOP 10 HHTEPECYIOMIEMY IIPU3HAKY.

Pabora sta TpeOyer OGonpimmx Tpymo3aTrpaT M BpeMeHH. HemoctaTtkm CTy-
II€HYaTOoro 0T6opa MOryT 6bIT]:- B 3HAQYUTEJILHON CTENEHU MMPEeOJ0JICHBI TIPpU
COYETaHMH €ro ¢ METOJaM1 T'eHETHYECKOTro 0OMeHa.

I'eneTnyeckoe KOHCTPyHpOBaHUE in Vivo (KJeTOYHAsi MH:KeHepHs)
BKJIIOYAET MOJyYeHHe M BbleJeHHe MYTAHTOB M MCIOJIb30BaHHe Pa3jiny-
HBIX CII0CO00B 00MeHa HacJeICTBEHHOH HH(popManHeil KUBBIX KIETOK.

OCHOBOH KJIETOYHOH HWHXCHEPHH SIBJSICTCS CIUSHUE HETOJOBBIX KIETOK
(ruOpuan3anuss COMaTHYECKHUX KIIETOK) C OOpa30BaHHMEM €IWHOTO IIeNIOTO.
CrusiHue KJIETOK MOYKET 6]>ITI) IMMOJIHBIM, WJIN KJIICTKA-PEHUIIMCHT MOXKET HpHO6-
pecTH OTHeNIbHBIE YacTH JIOHOPCKOM KIETKH (MHTOXOHJAPHH, IHUTOILIA3MY,
SIIEPHBIA TEHOM, XJIOPOIIACTH W 1p.). K pekomMOWHammm BemyT pa3TUIHBIC
MPOIECChI OOMEHa T'CHETUYECKOW HMH(OpMAIMel KHBBIX KJIETOK (IIOJIOBOH U
napacekcyanbHbIil TPOEecC JYKApUOTHUECKHX KIIETOK; KOHBIOTAIlMs, TpaHC-
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dbopmanysi 1 TPAaHCAYKIHMsSI Y HPOKAPHOT, a TAKXKE YHUBEPCAIbHBIN METOHN —
CIIMSHUE MIPOTOILIACTOB).

[Tpu rubpuauzanuu 6epyT reHeTHYeCKd MapKHPOBaHHBIE IITAMMBI MUKPO-
OpPraHu3MOB (JaIie ayKcOTpo(pHbIE MyTaHTHI WIA MYyTaHTHI, YCTOHYHUBEIC K MH-
ruOuTopaM pocta). B pesymnpraTe CIMAHUS KIETOK (KOIYJSAIMH) IPOUCXOANT
oOpa3oBaHue THOPHIOB y IpOXOKeH, rpuOoB, Bomopocieit. Eciu ucxomaHbie
KJIETKU OBUIH TaryIONIHBIMH, B PE3yJIbTaTe CIUSHUS SAEp MOSBISETCS JTUIIIO-
WOHAS KIIeTKa (3Urora), Hecymias B siApe ABOIHOI HaOop XpoMocoM. Y OTIeNb-
HBIX TPEACTaBUTEICH AP0 cpa3y MOABEpraercsi Meio3y, B Xole KOTOPOro Ka-
kKIas M3 XPOMOCOM pacIIeIuisieTcsi. | OMOJIOTHMYHbIE XPOMOCOMBI 00pa3yloT
mapel 1 OOMEHUBAIOTCS YaCTsIMU CBOMX XPOMAaTH[] B pe3yJIbTaTe KPOCCHHIOBe-
pa. Hanee hopMUPYIOTCS TaIUIOUAHBIC TIOJOBBIE CIIOPHI, KaXIash W3 KOTOPBIX
COIEPKHUT HAOOp T€HOB, KOTOPBIMHU Pa3IHMYAIUCh POTUTEIHCKUE KICTKH, B pe-
3yJIbTaTe PEeKOMOMHAIIMY I'€HOB OJIHOM M TOMH K€ XPOMOCOMBI, @ TaK)Xe Pa3HBIX
XPOMOCOM TIPH pacIipezieJIeHUH XpOMOCOMHBIX nap. Ecnu nmocne cnusiaus sapa
HE CIIMBAIOTCS, 00pa3yroTcss (GOPMBI CO CMEIICHHON MHUTOIDIa3MON M SIpaMu
Pa3HOTO MPOUCXOXKACHHUS (TeTepokapruoHbl). Takue GopMbl CBOHCTBEHHBI TPHU-
6am, 0COOEHHO MPOAYLIEHTaM NEHUIIWLIHHOB. [Ipn pa3MHOXKEHHUH TT0JTyYEHHBIX
TeTEePO3UIOTHBIX AMIUIOMIOB WIIM T€TEPOKAPUOHOB IPOMCXOJUT PaCILEIIeHne
— IPOSIBIICHUE B IIOTOMCTBE, OOHAPY)KUBAIOIINX HE TOJNBKO JOMHHAHTHBIEC, HO H
peneccuBHble NpU3HAKU poauTened. 11osoBoi M mapacekCyalbHbIM IpoLecc
LIMPOKO MCIIOJIB3YIOT B FEHETHUYECKOM NPAKTUKE IIPOMBIIIIJIEHHO BaXKHbIX MHUK-
POOPraHN3MOB-TIPOTIYLIEHTOB.

Y Gakrepuii 0OMeH TeHeTHIeCKOH HH(POPMAaLKeil IPOUCKXOANT B PE3yIbTATE
B3aUMOJICHCTBUSI KOHBIOTATUBHBIX MJa3Mua (KoHbloranum). Brepsbie
Konsbloranuio Haomonanu y E. coli K-12. JInst KOHBIOTaliMOHHOTO CKpeluBa-
HUS KyJNBTYpYy JOHOpPA U PEHUITUEHTA CMEIINBAIOT U COBMECTHO WHKYOHPYIOT B
MUTATEIbHOM OYJIbOHE HJIM Ha MMOBEPXHOCTH arapu3oBaHHbIX cpen. Knetku npu
HOMOILIM 00pa3yIoIIerocss KOHBIOTAIIMOHHOTO MOCTHKA COCIUHSIOTCS MEXIy
co00i1; yepe3 MOCTHK OCYLIECTBIISICTCSI Iiepesiada ONpeIeIEHHOTo caifTa mias-
MHUIHOHN XpoMOCOMEI K perunueHTy. Tak, mpu 37°C s mepeHoca Beeil Xpomo-
coMbl TpebyeTcs okoio 90 muayT. KOHBIOTaNNs OTKPHUIA M OTKPBIBAET IIMPO-
KHUEC NMECPCHEKTUBLI JJI TCHETUYCCKOI'O aHaJIn3a U KOHCTPYUPOBaHUA IITAMMOB.

Tpancaykuusi — mpouecc nepeHoca reHeruyeckoi uHdopmauum ot
KJIETKH pPelUNHeHTa K KJeTKe-TOHOPY ¢ moMombio ¢ara. Bnepsrie >TOT
nporecc 6bu1 onucad B 1952 1. Hunaepom u JIupepoeprom. TpaHcaykmus oc-
HOBaHa Ha TOM, 4YTO B IpoLiecce pa3MHOXKEHHsI (aroB B OaKTEpPHUSX BO3MOXKHO
oOpazoBaHue yactull, Kotopsie conepxar darosyto IHK u ¢parmentsr 6akre-
puansHoit JIHK. Jns ocymiecTBIIeHHS TPAHCIYKIIMHA HY>KHO Pa3MHOXKHUTH (ar B
KJIETKaxX IITaMMa-I0OHOpa, a 3aTeM 3apa3uTh MM KIeTKH-penumnuenta. OTdop
PEKOMOMHAHTHBIX (OPM IPOBOJIST HA CEJIEKTHBHBIX Cpeax, HE IOJJICPIKH-
BaIOIINX POCTA UCXOIHBIX (POPM.
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B mnocnennue roapl OYeHb MIMPOKO NMPUMEHSIOT METO[ CJIMSIHHSI NMPOTO-
IUIACTOB. DTOT METOI, BUIUMO, SBIISICTCS YHHBEPCAIBHBIM CIIOCOOOM BBEE-
HUSI TEHETUYECKON MH(POPMAIIMU B KIETKH PAa3IMYHOTO HNpoucxoxaeHus. I1po-
CTOTa ME€TOJa ACIacT €ro JOCTYIHBIM Jid CCIICKIUH IMPOMBIINIJICHHO Ba’XHBIX
IPOJXYLUEHTOB. METO/ OTKpPBHIBACT HOBBIC BO3MOXKHOCTH JUISL TIOJyYEHHUS! MEX-
BHJOBBIX W MEXPOJIOBBHIX THOPUIOB M CKpPEIIMBAaHUS (DHUIOTEHETHYESCKH OT/Aa-
JeHHBIX (GopM >knBOTO. I10TydeHBI TOMOKUTENBHBIE PE3yIbTATHl CIUSHUS OaK-
TCPUAIILHBIX, APOMKIKEBLIX U PACTUTCIILHBIX KJICTOK. HOJ’Iy‘leHbl MEXBU/IOBbBIC U
MEXPOJIOBbIE THOPHIIBI Iposxoked. IMeloTcst JaHHbIe O CIMSHUM KJIETOK pas-
JUYHBIX BUIOB OakTepuil U TpHOOB. YIamoch MONYYUTh THOPHIHBIE KIETKHA B
pe3yabpTaTe CIUSHUS KIETOK OPTaHU3MOB, OTHOCSIIUXCS K Pa3IMYHBIM IapCT-
BaM: JXMBOTHOI'O U PACTUTECIIBHOI'O. ﬂﬂeprIe KJICTKH JIATYIIKA 6bIJ'II/I CJIUTHBI C
MPOTOIIACTAMU MOPKOBH; THOpHIHAS PACTUTENILHO-KMBOTHAS KJIETKA pociia Ha
cpemax il PacTUTENBHBIX KIETOK, OJHAKO, JOCTAaTOYHO OBICTPO yTpayuBaiia
SIAPO M TIOKPBIBAJIACHh KJIETOUHOW CTEHKOM.

JloCTaTo4HO YCIIEMIHO B IMOCIEIHUE TOIOBI MPOBOIATCS PaOOTHI MO CO3Ma-
HUIO aCCOIMANNI KJIETOK PAa3IMYHBIX OPTaHU3MOB, TO €CTh MOJYYar0T CMEIIaH-
HBIE KyJbTYpBI KJIETOK JABYX WM OOJiee OPraHU3MOB C LIEJIBIO CO3/IaHMs UCKYC-
CTBEHHBIX CUMOHMO30B. YCIICIIHO ITPOBECHBI OTBITHI 110 BBEJCHUIO a30TQHUKCHU-
pyromero opranu3Ma Anabaena variabilis B pactenus Tabaka. [TonsiTku BBee-
Hust A. variabilis HEmOCPEACTBEHHO B YEPCHKH 3DENbIX pacTEeHH Tabaka He
JaJin TTOJIOKUTEJIbHBIX PE3YyJIbTATOB. Ho Ipu COBMECTHOM KYJIbTUBUPOBAHHUU
Me30(WIbHOM TKaHW Tabaka M [MaHOOAaKTEpWil yJajoch HMONYyYUTh pacTeHUs-
pEeTeHepaHThl, coAepiKallne MuaHOOaKTepuu. [lorydeHBl accoIUanuy KIETOK
JKEHBILICHs U raciieHa ¢ nuaHodakrepueirt Chlorogleae fritschii.

HepCHeKTI/IBHO KJIOHAJIbHOC PA3MHOKCHUEC JKMBOTHBIX KJICTOK JJId I'CHCTU-
YECKMX MAaHMITYJSIIUi. Bonbline mepcrekTHBBl MMEeT TEXHHKa KIIETOYHBIX
KYJNBTYp JXKUBOTHBIX KJIETOK JUIS TOJTYYECHUS OMOJIOTMYECKH aKTHBHBIX COEIH-
HEHHH, XOTS [IeJIaeT MOKa TONBKO IepBble mard. KymbTypsl OmyXoieBBIX Kie-
TOK WM HOPMallbHbIE KJIETKH, TpaHC(OPMHPOBAHHBIE in Vitro, COXpaHsSIOT B
psize ciyyaeB CIIOCOOHOCTH CHHTE3MPOBATh crienuduueckue NpomykTel. He-
CMOTpPsI Ha MHOTO, TIOKa HE IMPEOJOJICHHBIX TPYIHOCTEW, MOKa3aHa BO3MOXK-
HOCTB TIOJTy4€HUS PSAAa BEIIECTB B KYJIbTYPE KUBOTHBIX KIETOK:

Iponykr Kierkn nim ux HCTOUYHHK
I'opmon pocta Onyxonb runodusza
Konnaren dubpobiacTe
KopTuxocreponst Omnyxoib HaAIIOYEYHNKA
I'mcramun Onyxoib U3 TY4HBIX KIETOK
Menanus Menanoma paykHOMI
000JI0YKH CETYATKH
Myxkomorcaxapuab OubpobmacTe
®akTop pocTa HEPBHOM TKAaHU Heiipobiacroma

BaxHoe HampaBieHHe KJIETOYHOW MH)XEHEPUH CBSI3aHO C PaHHHMH 3MOpHO-
HaJIbHBIMU CTaausiMu. Tak, OIIOIOTBOPEHHUE SHIIEKIETOK B IIPOOHPKE ITO3BOJISIET
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npeoponets Oecrnogue. C MOMOIIBI HHBEKIMN TOPMOHOB MOXKHO IOTYy4YHUTh OT
OJITHOT'O KHMBOTHOI'O ACCATKH HﬂLleKHeTOK, HNCKYCCTBECHHO HX OIUIOAOTBOPUTH in
Vitro ¥ UMIUTAHTUPOBATh B MAaTKy JPYTUX KHUBOTHBIX. JTa TEXHOJOTHS IIPUMEHS-
eTcsl B )KUBOTHOBOJICTBE IS TIOJTy4EHUS] MOHO3UTOTHBIX Onm3HenoB. Paspaboran
HOBBIII METOJI, OCHOBAaHHBII Ha CIIOCOOHOCTH MHAMBHUAYAIBHBIX KIETOK PAaHHETO
SMOpHOHA Pa3BMBATHCS B HOPMaJIbHBIN Twioa. Kiletkn sMOproHa pas3iensioT Ha
HECKOJIBKO PaBHBIX YacTell W TPAHCIUIAHTHUPYIOT PELUIIMEHTaM. DTO IIO3BOJISIET
Pa3MHOXKaTh Pa3IMYHBIX XUBOTHBIX YCKOPEHHBIM ITyTeM. MaHUITY AN HA M-
OpHOHaX MCHONB3YIOT IJIsl CO3JaHMs SMOPHOHOB PA3INYHbIX )KUBOTHBIX. [loaxox
HO3BOJISIET MPEOOJIETh MEXKBUIIOBON Oapbep M CO3/aBaTh XUMEPHBIX KHMBOTHBIX.
Taknum 00pa3oM HOITydeHbl, HAIIPUMED, OBLIE-KO3JIMHBIE XUMEPBI.

Hauboree nepcneKTHBHBIM HaNpaBICHUEM KJIETOYHONH WH)KEHEPHH SIBIISICT-
Csl THOPUIOMHASL TEXHOJIOTHsI. ['MOpuIHbIe KIETKH (THOPHAOMBI) 00pa3yroT-
Csl B pe3yJIbTaTe CIHMSHUS KJIETOK C Pa3IMYHBIMHA T'€HETHYECKHMH IpOrpaMma-
MH, HarpuMmep, HOPMaIbHBIX AH((EpEeHINPOBAHHBIX M TPAHCHOPMHPOBAHHBIX
KIIETOK. brecTsmuMm mpuMepoM MOCTIDKEHHS NAHHON TEXHOJIOTHH SIBIISIFOTCS
FI/l6pl/IZlOM])I, IMOJIYUYCHHBIC B PE3YJIbTATC CIUAHUA HOPMaAJIbHBIX J'Il/IM(l)OL[l/ITOB u
MHEJIOMHBIX KJIETOK. DTH I'MOpUIHBIE KIETKH 00JIaIaloT CIOCOOHOCTHIO K CHH-
Te3y crnenn(rIecKuX aHTHUTEN, a TAK)Ke K HEOrPaHUIEHHOMY POCTY B IpoLiecce
KyJIbTUBHPOBAHUSI.

B ornuume ot Tpa}IHIlI/IOHHOﬂ TEXHUKH NOJIYUYCHHS AHTHUTCI, Fl/I6pl/I[l0MHaﬂ
TEXHHKa BIIEPBBHIC MO3BOJIMIIA TIOMYYUTh MOHOKJIOHAJBHBIE aHTUTENa (aHTHTENa,
MIPOIyIHpPyEeMbIe TIOTOMKaMH OJHON-CAWHCTBEHHOW KIIETKH). MOHOKIIOHAJIBHBIC
AHTHUTENAa BBICOKOCTICIM(HIHBI, OHM HANpPABICHbl MPOTHB OIHON AHTUTCHHOM
JACTCPMUHAHTEI. Bo3moxnHo TNOJIY4YCHUE HECKOJBKHUX MOHOKJIOHAJIbHBIX aHTHUTE]I
Ha pa3Hble aHTUTEHHBIE JAETEPMHUHAHTHI, B TOM YHCIIE CJIOKHBIE MaKpPOMOJIEKYJIbIL.

MOHOKIIOHaNIbHBIE aHTHUTENAa B HPOMBIIUICHHBIX MacIuTadax MOJTydeHbI
CPaBHHUTEIBHO HelaBHO. Kak M3BECTHO, HOpMaJbHAasi IMMYHHAsl CHCTEMa CIIO-
coOHa B OTBET Ha Yy>KEPOJHbIE areHThl (AHTUTEHBI) BEIPa0aThIBATh 10 MUJLIIHO-
Ha pa3JInYHBIX BUIOB aHTHUTE, a 3JI0KAYEeCTBEHHAsI KJIETKA CHHTE3UPYET TOJIBKO
AHTHUTENA OJHOTO TUMA. MHUETOMHBIE KJIETKH OBICTPO pa3MHOXKaroTcs. [loaTomy
KyJIBTYpPY, HOIyY€HHYIO OT €AWHCTBEHHOW MHEIOMHOM KJIETKH, MOXHO IOJI-
JIepKUBaTh O4eHb A0yro. OHAKO HEBO3MOXKHO 3aCTaBUTh MUEJIOMHBIE KIETKU
BbIpa0aThIBaTh AaHTUTENA K ONPEJEIICHHOMY aHTHIeHy. DTy Npo0diieMy yaajioch
pemuts B 1975 1. Lesapro Munbiureitny. Y coTpyaHHKOB MeIHUITMHCKON Ha-
YYHO-HCCIIE0BATEIBCKON J1abopaTopuu MOJEKYIsIpHOH Ownomormun B Kem-
6p1/1}1>1<e BO3HHKJIA HWACA CIHUAHHUA KICTOK MBIIIMHON MHEJIOMBI ¢ B-
JTUM(OLNTAMHU M3 CENIE3CHKN MBIIIN, UMMYHHU3UPOBAHHOIN KaKUM-JIMOO CIIeIH-
¢udeckum aHTHreHOM. OOpasylomuecss B pe3yibTaTe CIUSHUS THOPHUIHBIE
KJIETKH TPHOOPETAar0T CBOMCTBA 00EMX POIUTENBCKUX KIIETOK: OeccMepTHE U
CIIOCOOHOCTh CEKPETUPOBATh OTPOMHOE KOJIMYECTBO KaKOTrO-JMOO OJHOrO aH-
THUTENa onpeseneHHoro tumna (puc. 4.5). Ot paboTel UMeNNM OrpoMHOE 3Haye-
HUE ¥ OTKPBUIM HOBYIO 3pY B SKCIEPHUMEHTAIBHONH HMMYHOJIOTHH.
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B 1980 r. Kapmo M. Kpoue ¢ corpyaauxamu (CILA) ymamocs co3aats cra-
OMJIBHYIO, MTPOAYLUPYIOLIYI0 aHTUTEHbI, BHYTPHUBHIOBYIO UYEJIOBEUYECKYIO T'HO-
pHIOMY ITyTeM CIMsSHHUS B-mrM@oruToB MuenoMHoOro 060JbHOTO ¢ nepudepu-
YECKUMH JTUM(OIUTAMH OT OOIBFHOTO C ITOJOCTPHIM ITaHAHIIE(DaTHTOM.

OCHOBHBIE 3Talbl MOMYYeHNSI THOPUIOMHON TEXHHUKH CIeIyronue. Mplei
MMMYHU3UPYIOT aHTUTEHOM, MOCJIE 3TOI0 M3 CEeJIE3€HKH BBIIEISIOT CIUICHOLH-
TBI, KOTOPbIE B TPHCYTCTBHU IOJUITHIICHIJIMKONIS CIHBAIOT C Ae()EKTHBIMU
OITyXOJIEBEIMH KJIETKaMH (OOBIYHO JeQEeKTHBIMH 1O (pepMeHTaM 3amacHOTO
IMyTH OMOCHHTE3a HyKJIE€OTHIOB — TMIIOKCAHTHHA WIXM THaMuHa). Jlanee Ha ce-
JIEKTUBHOM Cpejie, MO3BOJISIONIEH Pa3MHOKATHCS TOJILKO TUOPHIHBIM KIIETKaM,
poBOAAT UX 0TOOp. [InTarenpHyI0 cpeny ¢ pacTyIMMH THOpHIOMaMu TECTH-

A AHTUrEH b
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_—

[eTepMuHaHTa MwuenomHble
JiumdoumnThl KNeTku

@ CnusHne O
— ©@ OO
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/
@ O @ @) _ | mbpuansie

@ MUENOMHble

@ NMdoLMTHI @
\ \ / NC)

t ? /NN
< 2

@: KnoH1 KnoH2 KnoH3  Know 4
AHTUTENO

Lol

HTU- \ & ’ 1 't
CbléOpOTKa , 1 :r (. \{/} 'I;S
\ 2 A\ T\ &

3

Puc. 4.5. Cxema npoyKIMH MOHOKJIOHAJIbHBIX aHTHTE THOPHIOMON,
00pa3oBaHHOW JTMM(pOIMTAMU U MUEIIOMHBIME KieTkamu (o I'. Daddy, 1984).
A — aHTHUTEH ¢ 4 AaHTUTCHHBIMU JCTEPMUHAHTAMU Ha IOBEPXHOCTH; MMOCJIE UHBEKIIUU aHTUT'€HA J'IPIM('])OL[I/ITLI MBI
TIPOAYIHPYIOT 4 Tuma AHTHUTE]I; aHTHCBIBOPOTKA U3 KPOBHU MBIIIHA COACPIKUT CMECh aHTUTEIT; b- J'lI/IMq]OL[l/ITBI
CIIMBAXOTCs C MUCJIOMHBIMH KJICTKaMH; FI/I6p]/lZIHLI€ KJICTKH (I/ICTO‘{HHK YHUCTBIX aHTHTCJ’I) KJIOHHUPYIOT.
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Tabnuna 4.1
Bo3Mmo:kHbIe 001acTH U criocodbl npuMenenns antutel (mo U. Xurruncy, 1988)

O0J1aCcTh MEIUIIMHBI Crioco6 npuMeHeHHs

AHanus CTpyKTypHBI€ 30H/1bI U HACHTH(UKALH
MOBEPXHOCTHBIX OCOOCHHOCTEH KIIETOK

I[I/IaFHOCTI/IKa Ha60p},1 PEAKTHUBOB IJIs1 TUAarHOCTUKH GGPGMGHHOCTI/I

BrisBnenue SCTPOTEHHBIX PEUENITOPOB AJIA TUArHOCTUKHN
paka MOJIOYHOM YKeJIe3bl

VIMMyHOIMarHOCTHKA TouHoe ompeseneHne KOTUISCTBA CIEIU(PUISCKUX aHTUTCHOB
MmmyHOOUMCTKA OuuncTka aHTUTEHOB (HanpuMep, HHTEphepoHa)
Tepanust HarpaBrieHHbIi IepeHOC TOKCHHOB B PAKOBBIE KJIETKH,

MHAKTUBAIMSA A10B, IACCUBHAS HMMYyHH3aIIU,
JIe4eHUe ayTOMMMYHHBIX O0Ie3Heil

PYIOT Ha NMPUCYTCTBUE aHTUTEN. [10NOKUTENbHBIE KyJIBTYPhl OTOUPAIOT U KIIO-
HUPYIOT. KIIOHBI MHBELUPYIOT >KUBOTHBIM C LEJNBI0 00pa3oBaHMS OIyXOJIH,
OPOAYIMPYIONICH aHTUTENda, JUOO HapallMBAlOT UX B KyJIbType. AcHHTHAs
XKHUJKOCTh MBIIIA MOXET cofepxarh 10 10—30 Mr/Mi MOHOKJIOHAJIBHBIX aHTH-
TeJl.

I'nOprgoMBl MOKHO XPaHHUTh B 3aMOPOKEHHOM COCTOSIHUHM, H B J1I000€ Bpe-
Ml BBOAMTb JI03Y TaKOrO KJIOHA B )XKMBOTHOE TOH JIMHUH, OT KOTOPOH TIOJTy4YEHBI
KJIETKU ISl CIUsiHUSL. B HacTosimee Bpemsi co3gaHbl OaHKM MOHOKJIOHAJIBHBIX
aHTUTEN. AHTHTENA NPUMEHSIOT B Pa3HOOOPA3HBIX AMArHOCTUYECKHX U Tepa-
MEBTUYECKUX IETISX, BKIIFOYAs MPOTHBOPAKOBOE jieueHue (Tadmmna 4.1).

D¢ deKTUBHBIM CIIOCOOOM NMPUMEHEHHsS] MOHOKJIOHAJIbHBIX aHTHTEN B Tepa-
UM SBJSIETCS CBA3BIBAHUE MX C IUTOKCHYECKUMH AaMu. AHTHTENA, KOHBIOTH-
POBaHHBIE C SAaMH, OTCIEKHUBAIOT M YHUYTOXKAIOT B MaKPOOPTaHU3ME PaKOBbIE
KIIETKU OIPENEIEHHON CIe(pUIHOCTH.

Takum 0Opa3oM, KiieTouHas HHKeHepus sBisieTcst 3G HEeKTHBHBIM CrIocOOOM
MoudUKaMy OHOJIOTHYECKHX OOBEKTOB M IO3BOJIIET MOJIydYaTh HOBBIE IICH-
HBIE TPOAYLEHTHI HAa OPTraHHOM U TaKXXe KIIETOYHOM M TKAaHEBOM yPOBHSIX.
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I'maBa 5. TEXHOJIOTHYECKASA BUOSHEPT'ETUKA
N BUOJIOI'MYECKAS IEPEPABOTKA
MMHWHEPAJIBHOI'O CbIPbA

HeobxoauMocTh pa3pabOTKH HOBBIX U 3(P(PEKTUBHBIX CIIOCOOOB IMPOM3BOI-
CTBa PHEPreTUYECKUX HOCUTEJIEH M BOCIIOJHEHUS CHIPHEBBIX PECYPCOB CTaja
0COOCHHO aKTyaJIbHOW B ITOCIICAHUE JBA ICCATHICTHS H3-32 OCTPOTO JIehUIINTa
CBIPBSL ¥ SHEPTHUU B TI00ATHFHOM MacmITade W MOBHIIEHHS TPeOOBaHUHN K KO-
JIOTHYECKOW O€30MacHOCTH TEXHOJOTHI. B 3TOM CBs3M CTaln MHTEHCHUBHO pa3-
BHBAaThCS HOBBIC pasnenbl OuorexHonorun — «buodHepreruka» u «buoreo-
TeXHOJIOTUSI METAJIOBY.

5.1. BUOOHEPI'ETHUKA

IoBbImeHHBIN HHTEPEC K TEXHOJIOTHYecKoii 0HOIHepreTHKe — HayKe 0
NyTAX U MeXaHH3Max TPaHC(HOpPMAIMH JHEPTrUH B OMOJIOTHYECKHX CHCTe-
Max, 00yCIIOBJIEH PSAIOM IPUYHH. DHEPrOBOOPYKEHHOCTD SBISIETCS (hakTopoMm,
OTIPENEISIONINM yPOBEHb pa3BUTHs obiiecTBa. B mocnenHee Bpems Ui cpas-
HeHust 3()(PEeKTUBHOCTH TEX WM MHBIX MIPOLIECCOB M TEXHOJIOTHH BCE Yalle Mpu-
OeraroT K SHEpreTHUeCKOMY aHaIN3y, KOTOPBI HAMHOT'O PaHbILE UCIIOJIB3YETCs
B oKosiorny. OCHOBHOM 3ajauell SHEPreTHYECKOro aHalli3a SBJISETCS TUIAHUPO-
BaHUE TaKUX METOJOB IPOU3BOACTBA, KOTOPHIE 0OECIeunBalOT Hambdomee (-
(ekTHBHOE MOTpeOIeHne NCKOTaeMbIX U BO30OHOBIIIEMBIX SHEPrOPECYpCcoB, a
TaKXKe OXpaHy OKpPYIKarolel Cpeibl.

3a MCTOpHIO pa3BUTHUS YEJOBEUECKOro OOIIECcTBa MOTPEOJICHNE YHEPTHH B
pacueTe Ha OJHOTO YeloBeKka Bo3pocio Oomee ueM B 100 pa3. Uepes kaxisie
10-15 ner MupoBOW ypOBEHb MOTPEOJICHHS SHEPTHHA NPAKTUIECKH yIBANBACT-
cs. B To e Bpemst 3anachkl TpaJUIMOHHBIX HCTOYHUKOB YHEPIHUU — HEPTH, yI-
781, Taza McTomarTca. Kpome Toro, ckuraHue MCKOIAEeMbIX BHJIOB TOIUIMB
MPUBOJUT K HAPACTAIOIIEMY 3arpsi3HEHHUIO OKpYy»katomeil cpensl. [TloaTomy cra-
HOBUTCS OYEHb BaXKHBIM MOIy4aTh SHEPTHIO B SKOJIOTHYECKH YHCTBIX TEXHOJIO-
rusix. HenccsikaembIM HCTOYHMKOM 3Hepruu Ha 3emie siBisercss Connne. Kax-
JIBIi TOJ HA TOBEPXHOCTH 3eMIIH C CONHEUHOil 3Heprueii mocrymaer 320%* Jhx
sHeprud. B To e Bpems pa3BelaHHbIC 3anackl HE(YTH, YT, TPUPOAHOTO ra3a
¥ ypaHa 10 OLEHKaM SKBHBaneHThl 2.510% JIK, TO ecTh MeHee 4eM 3a OIHY
Henenmo 3emiist nonmydaer or CoJyiHIA TaKoe K€ KOJMYECTBO JHEPIUH, KaKoe
COJICPIKUTCS BO Beex 3amacax. ExkeronHo B mporeccax (orocuHresa oOpasyer-
cs cplie 170 MIIpA. T CyXOro BEUIECTBA, & KOJUYECTBO SHEPIUH, CBA3aHHOU B
HeM, Oosiee ueM B 20 pa3 MpeBBIIAET CETOJHSIIHEE TOA0BOE dHEPronoTpedie-
Hue. OZHAKO BO3HUKAET BOIPOC, CIIOCOOHA JIM SHEPreTHKa, OCHOBAaHHAs Ha
UCIIOJIb30BaHUH COJHEYHOI'O M3ITyYeHHs, 00ECIIEYNTh BCE BO3PACTAIOIINE SHEP-
TeTHYecKre TOTpeOHOCTH obmecTBa. B rmobamsHOM MacmTabe comHedHas
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——— HoBble Pa3HOBUOHOCTU ouocuctem

— Cpeﬂ,CTBa Buonornyeckoro KOHTpOIA

dukcaumss  Perynatopbl

Tonnue
asoTa pocTa onnmeo
— Cenbckoe 1 necHoe Mmoponutnyeckune
—> XO35MCTBO (bepMeHThI
[MutatenbHas
ConHe4Has Cbipbe
3Heprus cpena
BuopeakTop
Mpoaykt

Puc. 5. 1. B3aumocBs3u Mexay 6uomaccoit u 6uorexnonorueit (o JI. Xomry u ap., 1988).

SHepreTuka crocobHa 00ecIeynTh COBPEMEHHBIN 1 OyAyIuii YpOBEHb SHEPTO-
3aTpar yeyioBeuecTBa. Tak, BEJIMUYMHA COJIHEUYHOM SHEpPruM, Najarolieid Ha He-
OCBOGHHBIC TEPPUTOPUH, HANpUMep mycThiHK (0ko10 2107 kM%), cocraBiser
oxoo 510" kBt u. [Ipu ocBoeHUM 3TO¥ SHEPrUU XOTs ObI ¢ 5 % K.ILA. ypo-
BEHb MHPOBOTO IPOW3BOJICTBA 3HEPIMH MOXKHO YBEIMUYHTH Ooiee uem B 200
pa3. Takum oOpa3om, MpU BO3MOXKHOM HapojoHacenaeHuH B 10 MIpI. demoBek
HOJIyYeHHE SHEPTHH TOJIBKO C MIOBEPXHOCTH 30HBI MyCThIHb Oynet B 10—12 pa3
IIPEBBILIATh YHEPreTUUEcKe IMoTpeOHOCTH YenoBedecTBa. [Ipu sTom npexnsu-
JUTCSL POCT SHEPromnoTpeOsieHNsT B pacueTe Ha IyIly HaceleHHs B 5 pa3 1o
CPaBHEHHIO C HACTOSIIIM YPOBHEM.

ITpuHIMNIMATEHO BO3MOXKHO TAaK)K€ OCBOECHHE COJIHEUHOM SHEpruu, Majaro-
el Ha TMOBEPXHOCTH MOped U okeaHoB. IIpu 3TOM B mepBHUHOM mpolecce
IIpeoOpa30BaHNE COTHEYHON SHEPIUHU NMPOMCXOANT 3a CUET CHHTE3a OHOMacchl
(GUTOIIIAaHKTOHA; BTOPHYHBII IPOIecC IpecTaBisieT CO00H KOHBEPCHIO OHO-
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Maccel B ME€TaH M MeTaHoul. [lnmaHTanum MHKpOBOAOPOCHEH MO OIIEHKaM cCrie-
LUAIKCTOB MPEACTABIAIOT co00i Hambosee MpoayKTHBHBIE cucTeMbl: S0—100
T/ra B roj. PactutenpHbIil mokpoB 3emiu cocTtaBisieT cBoimie 1800 mupa. T cy-
XOTO BEIIECTBa, 0OPa30BaHHOTO B Ipomeccax (POTOCHHTE3a JIECHBIMH, TPABS-
HBIMH M CEIIbCKOXO3SICTBEHHBIMHU 3KOocHcTeMaMu. CyIlecTBEHHas 4acTbh JHEP-
TeTHYECKOro MoTeHIMa a Ouomacchl morpedisiercs denosexom. s cyxoro Be-
IIECTBAa IPOCTEHIIINM CIIOCOOOM TpEBpAILEHHsT OMOMAacChl B SHEPTHIO SIBIISETCS
CropaHme, B IIPOoLiecce KOTOPOTO BEIEIAETCS TEIUI0, MpeodpazyeMoe Jajuee B Me-
XaHWYECKYI0 WM 3JEKTPHUYECKyro 3Hepruro. Chlpas OnoMacca TakKe MOXKET
OBITh ITpeoOpa3oBaHa B DHEPTUIO B IIpoLieccax OMOMETAHOT€He3a M IIOJyYeHHUS
crupTa.

Kak BumHO W3 puc. 5.1, momydeHne TOIDIMBA IO cXeMe «Omomacca — OHo-
TEXHOJIOTUS» OCHOBBIBAETCA HA COYETaHUM (POTOCHHTE3a, >KMBOTHOBOJCTBA,
KOPMOIIPOM3BO/ICTBA U (PEPMEHTALMH C UCIOJIB30BAaHUEM TEX MIIM MHBIX OUOJI0-
T'MYECKUX areHTOB.

Hayunble 1 aHAIUTHYECKHE MCCIICTOBAHUS MOCIEIHETO AECATHICTHS TIPHUBO-
IST K BBIBOY, 4TO Hamboinee 3p(heKTUBHBIMU ¥ OOHAAEKMBAIOIIUMH 171 KPYII-
HOMAcCIITaOHOTO MPeoOpa3oBaHus COTHEUHOH SHEPIUU SBISIFOTCS METO/IbI, OCHO-
BaHHBIE HA MCIIOJIb30BaHMU OrocucTeM. Cpein 3TUX METOJIOB — JOCTaTOYHO XO-
POIIO OCBOCHHBIE OHOJIOTMYECKHE TEXHOJIOTHU MPEBPAIICHNsT OMOMacChl B SHEP-
TOHOCHUTENI B MPOIEcCaXx OMOMETaHOTE€HE3a M IMPOU3BOACTBA CIIUPTA, a TAKXKE
NPUHIMITHAIBHO HOBBIE pa3pabOTKH, OPUEHTHPOBAaHHBIE HAa MOJU(MUKALMIO U
noBsbleHne 3()(EKTUBHOCTH caMoro mporecca pOoToCHHTE3a, Co31aHue OHOTOTI-
JIMBHBIX JIEMEHTOB, MOTy4YeHne (oTOBOIOPOA, OHMOIIEKTPOKATAIINS.

buomeranorenes

BuoMeraHoreHe3 Wjim MeTaHoBoe «Opo:KeHHMe» — JaBHO M3BECTHBIA Mpo-
1ecc mpeBpanieHust onomaccsl B 3Heprut0. OTKPHIT JaHHBIN npouece B 1776 T.
BonbToii, KOTOPBIN YCTAHOBIII HAMYKIE MeTaHa B OOJIOTHOM Tase. buoras, mo-
Jy4aeMblil U3 OPraHWYECKOTO CHIPbS B XOJEe OMOMETaHOTE€HE3a B Pe3yJbTaTe
Pas3JIOKEHUS CIIOKHBIX OPraHMYECKHX CYOCTpaTOB Pa3IM4YHOM NPHPOJIBI NPU
Y4acTHUH CMEIIaHHOW U3 pa3HbIX BUI0B MUKPOOHON accOLUalliy, IPEICTABISET
coboit cmeck u3 65-75 % merana u 20-35 % yrIeKHUCIIOTHL, a TaKXKe HE3HAYH-
TEJIbHBIX KOJIMYECTB CEPOBOAOPOJA, a30Ta, BOAOposa. TemnoTBopHas Crocoo-
HOCTh OMOTra3a 3aBUCHT OT COOTHOIICHHUSI METaHa U YTJIEKUCIOTHI U COCTABIISIET
5-7 kkan/m’; 1 M’ Guorasa SKBHBaJEHTeH 4 KBT/4 d1eKTpodHeprun, 0.6 J1 Kepo-
cuHa, 1.5 xr yrmg u 3.5 kr apos. HeounmenHsrii 6nora3 UCIONB3YIOT B OBITY
Uil 000TpeBa KNI U MPUTOTOBJICHUS MUY, a TAK)KE NPUMEHSIOT B Ka4ecT-
BE TOIUIMBA B CTAllMOHAPHBIX YCTAHOBKAX, BbIPAOATBHIBAIOIIMX 3JIEKTPOIHEP-
ruto. KomIipeMupoBaHHBIH Tra3 MOXHO TPaHCHOPTUPOBATH W HCIIOJIL30BATH
(mocne mpenBapUTENFHON OYMCTKHM) B KauyecTBE TOPIOYEro Ul IBHIaTeleH
BHYTpPEHHEro cropanust. OunIneHHbIH 61ora3 aHaJIOTHUYCH MIPUPOLHOMY Tra3y. B
nporeccax OMOMETaHOTeHe3a pellaeTcs He TOJIbKO IIpodiieMa BOCIIPOU3BOACTBA
SHEPTHH, — ITU IPOLECCHl YPE3BBIYANHO Ba)KHBI B 9KOJIOTMYECKUM IUIaHE, TaK
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KaK TO3BOJIIIOT pemIaTh MpobjeMy yTHIM3alUU U HepepadOTKH OTXOIO0B pas-
JIMYHBIX MMPOU3BOACTB U TCXHOHOFHﬂ, CEIbCKOXO03IHCTBEHHBIX U IMPOMBIIICH-
HBIX, @ TAK)KE OBITOBBIX, BKJIFOYAsl CTOYHBIC BOJBI M TBEPIBIA MYCOp TOPOACKIX
CBAJIOK.

B cnoxHBIX Tporeccax AeCTPyKLUHUH OPTaHHYECKHX CyOCTpaToB M 00pazo-
BaHHs ME€TaHa y4aCTBYET Ml/IKp06HaSI accouanusa pasinvyHbIX MUKPOOPIraHu3-
MOB. B accouuanuu NpUCYTCTBYIOT MHUKPOOPIaHHU3MBI-IECTPYKTOPHI, BBI3bI-
BAIOIIIE TUAPOIN3 CIOKHON OPraHMYECKOW MacChl ¢ 00pa30BaHUEM OpTaHUYe-
CKHX KHCJIOT (MacIIsTHOH, MPOIMMMOHOBOM, MOJIOYHOH ), & TaKKe HU3IINUX CIIHPTOB,
aMMUaKa, BOJOpPOJIa; alleTOTEHBI, MPEBPAILAIONIUE ITH KUCIOTHl B YKCYCHYIO
KHCJIOTY, BOJOPOJ M OKUCIEI YIIIEPOa W, HAKOHEI, COOCTBEHHO — METAHOTCHBI
— MHUKPOOPTaHU3MBI, BOCCTAHABIMBAIONINE BOIOPOAOM KHCIOTHI, CIIUPTH H
OKHCIIBI YTJIEPO/a B METaH:

BUOITOJIMMEPDBI Opranndeckue Amnerar,
(yrneBoisl, — | kucnorsl, cupThl, | — |[popmuar,| — [CH4+CO
JTUTHTBI, OCITKH) NH;, CO,, H, H,, CO, 2

C OHOXMMHYECKON TOUKU 3PEHUSI METAHOBOE «OPOXKEHHE» — ITO MPOIECC
aHa’POOHOTO JIBIXaHUsSI, B XO€ KOTOPOTO AJIEKTPOHBI C OPraHUYECKOrO Bellle-
CTBa IEPEHOCATCS Ha YIJIEKHUCIIOTY; TMOCIEIHSSI 3aTeM BOCCTAHABIMBACTCS 10
MeTaHa (MIPY MCTHHHOM OpPOKEHWH KOHEYHBIM aKIIEITOPOM 3JIEKTPOHOB CITy-
KHUT MOJIEKYJIAa OPraHHYECKOTO BEIIECTBA, SIBIISIOIIETOCS KOHEYHBIM MPOIYK-
TOM Oposkenusi). JIOHOPOM 3IEKTPOHOB Il METAHOI'€HOB SIBISIETCSI BOJOPOJI, a
TaK)Ke YKCYCHasi KUCIIOTA.

JleCTpyKIMIO OPraHMYEeCKOM MACChl M 0OPa30BaHUE KUCIIOT BBI3BIBAET acCO-
uanusi 00JIUraTHRIX U (DAaKyIbTATHBHBIX aHAYPOOHBIX OPraHU3MOB, CPEIU KO-
TOPBIX TUAPOJIUTHKH, KHCIOTOTEHBI, alleTOr€HbI U JIP.; 3TO MPEICTABUTEIN PO-
noB: Enterobacteriaceae, Lactobacilaceae, Sterptococcaceae, Clostridium,
Butyrivibrio. AKTHBHYIO POJIb B JECTPYKLUHH OPraHUYeCKOW MacChl UIPaOT
LEJUTIONI030pa3pyIIaole MUKPOOPTaHU3MbI, TaK KaK PaCTUTEIbHbIE OHOMAC-
Chl, BOBJICKAEMbIC B MPOLIECCHI OMOMETAHOTCHE3a, XapaKTEPU3YIOTCSI BHICOKHUM
COZICp)KaHMEM LIEJUIFONIO3bl (JIMTHUHIIEIUTION03bl). B mpeBpaiiiennn opranuue-
CKHX KHCJIOT B YKCYCHYIO CYIIECTBEHHYIO POJIb UTPAIOT all€TOreHbl — CIelna-
JIU3UPOBAHHAS TPYIIA aHAIPOOHBIX OAKTEPHil.

«BeHII0M» METaHOBOT'O COOOIIECTBA SBJISIOTCS COOCTBEHHO METAHOT'CHHBIC
WK MeTaHooOpa3yromue Oaktepuu (apxeOakTepuu), KaTaIM3HUPYIOIIHE BOC-
CTaHOBUTEJIbHBIE PEAKIUH, PUBOASIINE K CHHTe3y MeTaHa. CybcTpatamu Jist
peanu3aiuy 3TUX PEaKIuil SIBISIOTCA BOJOPOJ M YIIIEKUCIOTA, & TAKIKE OKHCh
yIJIepoia v BOJia, MypaBbHHAS KHCIIOTa, METAHOM U JIp.:

4H2+C02—)CH4+2H20,
4 CO+2H,0—> CH;+3CO0O,,

4 HCOOH — CH, + 3 CO, + 2 H,0,
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4 CH;0H — 3 CH4 + CO, + 2H,0.

Hecmotpst Ha TO, 4TO MeTaHOOOpa3yroMIe OaKTEPUH BBIAEIEHBI M OTIMCAHbI
COBCEM HEJaBHO, B cepeauHe 80-X IT., MX BOSHUKHOBEHHE OTHOCAT K ApXero U
BO3pacT OLeHUBAIOT B 3.0-3.5 mupa. ner. OTH MUKPOOPTraHU3MBI JOCTaTOYHO
IIMPOKO PacIpOCTPAHEHbI B IIPUPOJE B aHAIPOOHBIX 30HAX, U BMECTE C APYTHU-
MH MHKPOOPIaHH3MaMHU aKTUBHO YYacTBYIOT B JECTPYKIIMH OPTaHHYECKHX Be-
IIeCTB C oOpa3oBaHuWEM Ouorasa, B MOPCKHUX OcCajkaX, 00JI0OTaX, PEYHBIX HU
03epHBIX WiIax. ApxeOakTepuy OTIMYAIOTCS OT NMPOKAPUOTHYECKUX MHKPOOP-
TaHU3MOB OTCYTCTBHEM MYypEHHA B KIJICTOUYHOH CTEHKE; CIEIM()UYECKHM, He
COJIEpIKaIUM JKHPHBIX KUCIIOT, COCTABOM JIMMUAOB; HAINYHNEM CHENU(PHIECKUX
KOMIIOHEHTOB MeTabonu3ma B Bujie kodepmenta M (2-MepKanTo3TaHCYIb(O-
HoBasi kucinora) u (akropa Fuyp (ocoOblit ¢aBuH); crermmuduueckoil HykIeo-
TUAHOH mocnenoBaTeabHOCThIO 16S pPHK.

BHyTpu naHHOW Ipynmbl OTAEIbHBIE IPEICTABUTEIN METAHOOOPa3yHOMINX
OakTepuil MOTYT CYILIECTBEHHO OTJIMYATHCS JIPYr OT Apyra Ho psiay rokasare-
nelt, Bximoyas conepxkanue 'Ll B JIHK, Ha 3TOM OCHOBaHUM UX MOAPA3IEISIOT
Ha TPH MOPSIKA, KOTOPHIE BKIIOYAIOT HECKOJBKO ceMeicTB M ponoB. K Ha-
CTOSIILIEMY BPEMEHH BBIJEIICHBI B YUUCTON KyIbType U onucaHbl okoio 30 mera-
HOOOpasyromux 0akTepuil; CIMCOK 3TOT HENpephIBHO TononHsercs. Hanbonee
M3y4YeHHBIMH SIBIISIIOTCS cienytomue: Methanobacterium thermoautotrophicum,
Methanosarcina barkerii, Methanobrevibacter ruminantium. Bce MeTanoreHnsr —
CTPOTHE aHa’pOObl; CPEAN HUX BCTPEUAIOTCS KaK ME30(HUIbHBIE, TaK U TEPMO-
¢bubHBIE (HOpMBL; TeTepoTpodbl U aBTOTPodbl. OCOOEHHOCTHIO METaHOOOpa-
3yIOIMX OakTepHil SIBISETCS TAaKXKe CIIOCOOHOCTb aKTHBHO Pa3BUBATHCS B TEC-
HOM cHUMOMO3€e C OPYTHMMH TPYNIIaMH MHKPOOPTaHM3MOB, 00ECIECUMBAIOIINMHU
METaHOT€HOB YCJIOBHSAMH U cyOCTpaTamu 1Jisl 00pa3oBaHMs METaHa.

B mpomeccax meraHoreHesa MOXHO IIepepadOTaTh caMmoe pa3HOOOpasHoe
CBIPbE — Pa3IMYHYI0 PACTHTENILHYIO OMOMaccy, BKIIOYAsi OTXOJbI JPEBECHHBI,
HEeCheIOOHbBIE YacTH CEIbCKOXO3SMCTBEHHBIX PAaCTEHHH, OTXObI IepepadaTsl-
BalOIEll MPOMBIIUICHHOCTH, CIIEIUAIbHO BBIPAIIEHHbIE KYJIbTYpHl (BOISHOM
THAllMHT, TUTAaHTCKHE Oypble BOJOPOCIHN), JKHIKUE OTXOJBI CELCKOXO03SHCT-
BEHHBIX (hepM, ITPOMBIIUICHHBIE U OBITOBBIE CTOKH, MJI OYUCTHBIX COOPYKEHHUH,
a TaKkKe MycOp FOpPOACKHX CBAIOK. BaXkHO, 94TO CBIPbE C BBICOKHM COAEPKaHU-
€M IIeJUTIONO3BI, TPYAHO MOAAoNIeecs MeToaaM rnepepaboTku, Takxke dhdek-
THUBHO COpaKUBaETCs U TPAaHCPOPMHUPYETCS B OHOras.

VYcraHOBKM Uit OMOMETaHOTeHe3a C Y4eTOM MX OOBEMOB M IPOM3BOJH-
TEJIFHOCTH MOJKHO TTOJIPA3ZIeTINTh HAa HECKOJIBKO KaTErOpuil: peakTophl A He-
GombIIIX (hepM celbeKoii MecTHOCTH (1-20 M°); peakTopbI [Ist (pepM PasBHTBIX
crpan (50500 M’); peakTopbl I MEpepabOTKH MPOMBIIIICHHBIX CTOKOB
(crupTOBOIA, caxapHoil mpompimterHoctH) (500—10 000 M’) M peakTOpsI I
nepepaboTKn TBEPAOro Mycopa ropoackux catok (1 — 20'10° m°). Merano-
TEHKH, U3TOTOBJICHHBIE U3 METaJlIa MIIH 5KeJIe300€TOHA, MOTYT UMETh Pa3HO00-
pasHyio (opMmy, BKIrOUYas KyOMUYECKyI0 M HWIMHIpUYECKyto. KoHCTpyKuMu u
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JeTaJIl 3TUX YCTAHOBOK HECKOJIBKO BapbHPYIOT, ITaBHBIM 00pa3oM, 3TO CBsi3a-
HO C THIIOM IiepepabaThiBaeMoro ceipbs. CyliecTBYeT OrpoOMHOE pa3HooOpasue
YCTaHOBOK JUUIS peasii3aluy Ipolecca METaHOTeHe3a, KOHCTPYKIMOHHBIE JieTa-
JI1 ¥ KOMITOHOBKA KOTOPBIX OIPEAENSIETCS MPHOPUTETHOCTBIO 3a/1auH, perac-
MOH B KOHKPETHOM IIPOIIECCE: MO0 3TO YTHIM3ALUS OTXOAOB M OYHCTKA CTO-
KOB, 10O mosydeHue Ouorasza Tpedyemoro kauectBa. Tak, cpeau IEeHCTBYIO-
IMX B Pa3BUTHIX CTpaHaX YCTAHOBOK €CTh KaK CpeIHHE, TaK W OOJbLIME I10
o0BeMaM ammapaTsl (JaiKecTepsl), CHAOKEHHBIE YCTPOMCTBAME JJIST OUUCTKH
1 KOMIIPEMHUPOBaHMs OMOrasa, 3JIEKTPOr€HEPaTOpaMH U OYHCTUTEISIMHU BOJBI.
Takue YCTaHOBKHW MOTYT BXOAWUTH B COCTaB KOMIIJICKCOB C MNPOMBIIIIICHHBIMH
MIPEANpUATHIMH (caxapornepepadaThIBalONIMMK, CIIHPTOBBIMH, MOJIOKO3aBO/1a-
MH), KaHaJU3aHOHHBIMU CTAHIMAMH WM KPYITHBIMH CIELHUAIN3UPOBAHHBIMHU
¢depmamu. Korna rnaBHOM 11enblo mponecca sBISeTCs YTHIN3aLUs OTXOJOB, B
COCTaBE yCTaHOBOK JIOJDKEH MPUCYTCTBOBaTh OJIOK AJIsl (PPaKIMOHUPOBAHUS U
OTZEJIEHUsI KPYIHBIX TBEPBIX YACTHII.

MeTtaHOTEHKH MOTYT paboTaTh B PEXXHMME IIOJHOTO NEpEeMEIINBaHu, I10JI-
HOTO BBITECHEHHS, KaK aHadpOOHbIe OMO(UIBTPHI WM PEAKTOPHI C IICEBJO-
0XM>KEHHBIM CJIOEM, a TaKKe B pEeKMME KOHTAaKTHBIX poueccoB. [Ipocreitieit
KOHCTPYKIIME METaHOTEHKa SBJISIETCSI OOBbIYHAsi OpOIMIIbHAS siMa B TPYHTE C
(uKCHpOBaHHBEIM 00BEMOM Taza. MeTaHOTEHK MPEICTaBIsueT COOON TepMeTHd-
HYIO0 €MKOCTb, YACTHYHO TOTPYKEHHYIO B 3€MIIIO ISl TETUION30JSIIUU U CHaO-
JKEHHYIO YCTPOMCTBaMU I JO3UPOBAHHONM MOJA4ud U IIOJOTPEBA ChIPbA, a
TaKKE Ta3roJibIePOM — EMKOCTBIO IepeMEeHHOTo 00beMa [uist coopa raza. OueHb
B2)XHBIM B KOHCTPYKIMM METAaHOTCHKOB SIBISETCA OOecledeHne TpedyemMoro
YPOBHS IIEpEMEIINBAHUS BECbMa IETEPOT€HHOTO COAEP>KUMOTO arnapara. Bme-
CT€ C TeM HM3BECTHO, YTO MaKCHMAJIbHOE BBIJIEJICHHE MeTaHa HaOJIoJaeTcs B
cucTeMax co cia0bIM ImepememnBaHueM. IloaToMy B OTiIMdME OT adpoOHBIX
MIPOLIECCOB, TPEOYIOINX WHTEHCHBHON a’paly W NEpPEeMEIINBaHMs, HepeMe-
IIMBaHKE IIPU METAHOTEHE3€E, TIIaBHBIM 00pa3oM, JOIDKHO 00ECIEeUNBaTh FOMO-
TeHU3ALMI0 OpOJAIeil Macchl, MPENsITCTBOBATh OCEJAHUIO TBEPABIX YaCTHI[ U
00pa30BaHMIO TBEPAOH TUIABAIONIEH KOPKH.

B 3aBucuMOCTH OT THIIa HCXOJHOTO MaTepHaia, COpaKMBaeMOro B METaHO-
TEHKE, MHTEHCHBHOCTb IIPOIIECCa, BKIIFOYAsi CKOPOCTh I10/1a4M U HOIHOTY Iepe-
paboTku, a TakKe coctaB 00pazyeMoro 6uorasa CyniecTBeHHO BapbupytoT. [Ipn
nepepaboTKe KUAKUX OTXOJO0B )KHBOTHOBOJYECKHX ()E€PM COOTHOLIEHUE MEX-
Iy TBEPIBIMH KOMIIOHEHTAaMH M BOJIOH B 3arpy’kaeMoi Macce JOJDKHO COCTaB-
JISITh TIPUMEPHO Kak 1:1, 4TO COOTBETCTBYET KOHIEHTPALMU TBEP/BIX BEIECTB
ot 8 10 11 % mo Becy. CMech MaTepuaia OOBIYHO 3aCEBAIOT AllETOICHHBIMUA U
METaHOOOPa3yONMMU MUKPOOPTaHU3MaMHU U3 OTCTOSI COPOXKEHHOM Macchl OT
MIPEABIYIIEro MUKJIA WM APYroro METaHOTEHKa. TemrepaTypa u, cienoBa-
TENBHO, CKOPOCTh IPOTEKAHUS MPOIIECCa 3aBUCAT OT BHJA HUCIOJIB3yEMOIO Me-
TaHOBOTo coobuectBa. [t TepMOPHIBHBIX OPraHU3MOB MPOLIECC PEATU3yeTCs
pu 50-60°C, st mezopmibHbIX — npu 30-40°C u okoso 20° — 1 ICUXpo-
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(bHIbHBIX OpraHu3MoB. [Ipy NOBBILIEHHBIX TEMIIEpaTypax CKOPOCTh Mpoliecca B
2-3 pa3za BbIILIE 110 CPABHEHUIO C ME30(HIbHBIMHU YCIOBUSIMH.

B xone cOpakuBaHUsi OpraHMYECKOW Macchl Ha IEPBOM, TaK Ha3bIBaEMOI
«KHCJI0THOI», (haze B pe3ynpraTe 00pa3oBaHMS OpPTraHMYECKUX KuUCIOT pH
cpenbl cHmxkaercsi. [Ipu peskom capure pH cpenpl B KUCITYIO CTOPOHY BO3MOX-
HO WMHTHOHMpOBaHWE MeTaHOTreHOB. [lo3aromy mpouecc Bexyt mpu pH 7.0-8.5.
[IpoTHB 3aKUCICHUS UCTIOIB3YIOT U3BeCTh. CHIDKEHNE pH Cpenpl SBIsieTCs CBOE-
00pa3HBIM CHTHAJIOM, CBHICTEIBCTBYIONIMM O TOM, YTO MPOLECC AECTPYKIHU
OpraHuKH ¢ 00pa3oBaHUEM KUCJIOT 3aKOHYEH, TO €CTh B almapar MOXKHO M0/1aBaTh
HOBYIO TIapTHIO CBIpBS Ui nepepabotku. OntumanbHoe cooTHomenne C:N B
nepepabaTbIBaeéMOl OpraHMYECKO Macce HaxonuTces B auanasone 11-16:1. Ipu
n3MeHeHnn cootHomreHuss C:N B MCXOZHOM MaTepualie B CTOPOHY YBEIUUCHHUS
CoziepyKaHuMs a30Ta NPUBOJINT K BBIZIETICHUIO aMMHUaKa B Cpey U 3alllellaulBaHHUIO.
[TosToMy >KMIKHME HaBO3HBIE OTXOJIBI, OOTaThle a30TCOAEPKANMH KOMIIOHEHTa-
MH, pa30aBISIOT PE3aHOM COIIOMOM MITH PA3IMYHBIMA JKOMAMH.

[Iporeccrl, MpoTEKaroIe MPH METAHOBOM OpPOXKEHHH, SHIOTEPMUYHBI H
TpeOYIOT 1MOJIBOJa SHEPTUH B BHE Terlia u3BHe. J{i1st mogorpesa 3arpy»’aeMoro
CBIPbS ¥ cTaOMIIM3alMH TEMIIEPaTyphI Mpolecca Ha TpeOyeMoM YpOBHE OOBIYHO
CKHTAIOT 4acTb oOpa3yeMoro Omorasza. B 3aBHCHMOCTH OT TeMIIEpaTypsl Mpo-
ecca KOJMYeCTBO Onorasa, WAyIIero Ha 000rpeB Mmporecca, MOXKET TOCTUTATh
30 % ot 0ObeMa noTyyaeMoro.

CKOpOCTb ITOCTYIUIEHHS CHIPbs HAa NepepabOoTKy MIIM BpeMs YAEPXKaHUs Chbl-
PBSL B amIapare SIBILTIOTCS BAKHBIMU U KOHTPOIUPYEMBIMH TapameTpamu. Yem
WHTCHCUBHEE IIPOLIECC OPOXKEHMSA, TE€M BBINIE CKOPOCTH 3arpy3Kd W MEHbIIE
BpeMms yaepkanus. OTHAKO BaKHBIM YCIOBHUEM CTaOMIIBHOCTH Iporecca OHo-
MeTaHOTeHe3a, KaK U JII000H MPOTOYHOH KyJIbTHBALMOHHON CUCTEMBI, SBISIETCS
c0aaHCHPOBAaHHOCTHh IOTOKOB CyOCTpaTa cO CKOPOCTBIO Pa3MHOXKEHUS TPOLY-
renTa. CKOpoCTh mofayn CyOcTpaTa B METAaHOTEHK JIOJDKHA OBITH paBHOW CKO-
pOCTH pocTa OaKTepHii METAHOBOI'O COOOIIECTBA, IIPH 3TOM KOHIICHTPALUS Cy0-
cTpara (110 OpraHMYECKOMY BEIIECTBY) JOJDKHA OBITh CTaOMIM3MpPOBaHA Ha
ypoBHe He Hipke 2 %. IIpy yMEeHbIIEHHH KOHIIEHTpanuy cyOcTpaTa MiIOTHOCTh
0GaKTepHaIbHOTO COOOIIECTBA CHIDKACTCSA, M MPOIECC METaHOTEHe3a 3aMeIisi-
ercs. Hanboubiumii BEIX0 IPOAYKIMU oOecnieurBaeTcs Oonee BHICOKOW CKOPO-
CTBIO TIO1a4M cyOCcTpara, 4To B CBOIO Ouepenb TpeOyeT cTadmiIn3aluy B ara-
paTe JOCTaTOYHO BBICOKOW KOHIIEHTPAIIMH MHUKPOOPTaHH3MOB. IIpu 3TOM BO3-
MOJKHBI OCJIOKHEHHS TIPOLIECCa, KOTOPBIE 3aBHCAT OT XapakTepa mepepadaThi-
Baemoii opranuku. Eciii B mepepadaTbiBaeMOM MaTepualie COJIEPKUTCS MHOTO
TPYZHOPACTBOPUMBIX BEIIECTB, B PEaKTOpe BO3MOXHO HAKOIUIEHHE Hepaspy-
IICHHBIX TBepIbIX BemiecTB (mo 80 % ocamka). IIpm GonpIIMX KOMHMYECTBAX
pPacTBOPUMOM M JIETKOJOCTYITHOM OpraHWKH 0Opa3yercsi OONBIIOe KOJIMYECTBO
MHUKpOOHOH Onomacchl B Bujae aktuBHOro wia (10 90 % ocaaka), KOTOpbIi
TPYZIHO yIepkaTb B peakrope. JJsl CHATHS 3THUX BOINPOCOB CYIIECTBYET He-
CKOJIBKO pemieHri. BO3MOXHO NMpHMeHEHne XUMUYIECKOTO W ()epMEHTAaTHB-
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HOTO T'HAPOJIN3a UCXOAHOTO CBHIPhS, IOMUMO €I0 MEXaHWYECKOT0 U3MEJIbUCHNS;
opraHmsanuss B METAHOTCHKC ONTHMAaJbHOTO IMCPEMCHIMBAHUA IOAAaBaAcMOro
CBIPBS C aKTMBHBIM HMJIOM; IIEpEMELINBAaHHUE OCaKa U T.I.

HopMsl 3arpy3ks CBIpbsi B CYILECTBYIOIIHMX IIPOLIECCaX METAHOTeHe3a Koleo-
moTes B npeaenax 7—20 % o0pema cyOcTpaTta OT 00beMa OHOpeakTopa B CYTKH.
HukmmanocTh nporiecca — 5—14 cytok. OOBIMHO BpeMsi COpaKUBAHUS KUBOTHO-
BOJIYECKMX OTXOJIOB COCTABJISICT OKOJIO 2-X Hellenb. PacTuTelbHbIe OTXO/BI Iepe-
pabatsBatorcst monpiie (20 cyrok u 6onee). Hanbomee TpyaHBI 11 mepepabOTKH
TBEpABIE OTXOABI, IOITOMY HX ITepepaboTKa GoJiee JITUTeNbHa.

B pesynprare MoaupuKaUK ¥ YCOBEPIICHCTBOBAHHUS MPOIECCA MOXKHO
CYIIECTBEHHO M3MEHHUTHh CKOPOCTh IPOTOKA CHIPbsS uYepe3 MeTaHOTeHK. L[uk-
JIMYHOCTP TIPOLIecca MOXKET OBITh COKpalieHa 10 5—15 4acoB npH yBeIHMYeHHU
ckopoctu 3arpy3ku a0 150—400 % ot obmero cyrouHoro odbrema. MHTEHCH-
(¢ULMpoBaTh MPOLIECC MOXKHO B PE3YJIbTaTe HCHOJIB30BaHUS TEPMOPHUIBHOTO
coo0IIecTBa ¥ MOBBIIICHUS TEMIIEPaTypbl MIpoLecca, HO 3TO TPeOyeT COOTBET-
CTBYIOIIUX JIOTIOJHUTENBHBIX SHepro3arpart. [1oBbIcuTh 3 heKTHBHOCTh MeTa-
HOBOTO COOOILIECTBa B METAHOTEHKE MOXHO IIPH UCIIOIb30BaHUN TaK Ha3bIBae-
MBIX aHa’pOOHBIX OMOPHIBTPOB, WIM METAHOTEHKOB BTOPOTrO MOKOJeHUs. B
aHa’pOOHOM OMOMIBTPE MUKPOOPTaHU3MBI HAXOIATCS B MMMOOMIM30BAaHHOM
COCTOSIHHU. B KauecTBe HOCHTENS MOKHO HCIIOJIB30BaTh FJICYHUK, KEPAM3HT,
CTEKJIOBOJIOKHO M Jp. B Takux KOHCTPYKIMAX CTaHOBHUTCS BO3MOXKHBIM cOpa-
JKUBaHUE MaTepUalla IIPU CYLIECTBEHHO MEHbUIEH BEJIUYHUHE TEKYILEH KOHIIEH-
tpamuu cyocrpara (0.5 % cyxux BeIecTB) ¢ OOJBIIUMH CKOPOCTSAMH. DTO HO-
3BOJISIET MOBBICUTh WHTEHCHBHOCTH JECTPYKLHMH OTXOHOB NPH yMCHBIICHUH
00BEMOB pPEaKTOPOB.

D¢ddexkTnBHO TaKkKe MPOCTPAHCTBECHHOE pa3/IeiICHUE IMPOIEcca B COOTBET-
CTBHH C XapaKTepHOH JJIsl HEro, C TOYKM 3pEeHUsl XUMHU3Ma Ipolecca, AByxXdas-
HocThlo. [Iporiecc peanusyercs B IBYX, COSANHEHHBIX ITOCIEIOBATEIBHO PeaK-
Topax. B mepBoMm anmapare mpoMCXOOWUT NpoLecc aHa3pOOHOTO Pa3JIOKEHUS
OpraHMKU ¢ 00pa3oBaHHEM KHUCIIOT, OKMCIIOB yIiIepoia 1 Bojopoa (KUCIOTHAs
cragusi). [lapamerpsl mpouecca OpoKeHHs B ammapaTe 33JaloTcs Ha ypOBHE,
obecmeunBaromeM TpeOyeMblid BBIXOI KUCIOT M pH KynbTypsl He Bbime 6.5.
IMomyuenHas Opaxkka IOCTyNaeT BO BTOPOH ammapar, B KOTOPOM MPOUCXOIHUT
nporecc oOpa3oBaHusi MeTaHa. B Takoil cucteMe MOXHO HE3aBHCUMO BapbHpO-
BaTh yCJOBHS (hepMeHTanuu (CKOpOCTh IpOToKa, pH, Temmeparypy) B KaxIoMm
armapare ¢ y4eToM CO3IaHUs ONTHMAIBHBIX YCIIOBUH UIS Pa3BUTHS MHUKPOOpIa-
HHU3MOB JIECTPYKTOPOB B IIEPBOM M METAHOTEHOB — BO BTOpOM. B 1enom, npume-
HECHHUE TaKOH OMOCHUCTEMBI MO3BOJIICT HHTEHCU(HUIIMPOBATH MIPOIIECC B 2—3 pasa.

WHTeHcnpunmpoBarh mnpoiecc 0ka3ajaoch BO3MOKHBIM TaKKe B Pe3yJIbTaTe
NpUMEHEHHs1 0oJiee aKTHBHBIX METAaHOTCHHBIX MHKpOOpraHu3MoB. Hampumep,
HCCIIEIOBATENSAMH STOHCKOW Gupmbl «MaitycuTta 3MeKTpuk uHaactpuaid K%»
HOJIyueHa MaccoBas KyJibTypa oOHapyXeHHOH umu Oakrepun Methano-
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bacterium kadomensis St.23, koTopast 3aBepIaeT Mporecc COpaKUBaHUS U Me-
TaHoTeHe3a He 3a 15-20, a 3a 8 cyTok.

Teopernyeckn MeTaHoOOpa3yomye OaKTepuy B Ipoleccax CHHTE3a MeTaHa
10 90-95 % mcmonp3yemMoro yriepoaa NpeBpaIlaloT B METAH U TOJBKO OKOJIO
5-10 % — BkmIO4aOT B oOpa3oBaHne Onomaccel. biaromaps Takoil BBICOKO
CTENeHN KOHBEPCUM YIepoja B METaH Y METaHOTeHOB, 10 80-90 % ucxomHoi
OpPraHUYeCKOI Macchl, TiepepadaThiBacMOil B Tporieccax cOpaKMBaHUS M METa-
HOTEeHEe3a, IpeBpamaercs B Onora3. DHepreTuKa mpolecca CyIeCTBeHHBIM 00-
pa3oM 3aBUCHT OT THIa cOpaknuBaeMol opraHuku. Eciam cyOGcTpaTtom siBiseTcs
JIETKO YTHIIM3HPYEMasi TIII0K03a, TEOPETUYECKUI BBIXO/ 110 SHEPTUH COCTaBIIS-
et cBbltie 90 %, a BecoBOI BbIX0/ raza — Toyibko 27 %. Ilpaktuueckue sHepre-
TUYECKHE BHIXOBI B 3aBUCUMOCTH OT THIIA M CIOKHOCTH OPTaHUIECKOTO CHIPhS
cocraBisaoT oT 20 mo 50 %, cooTBeTcTBEHHO, BBIXOH rasa — ot 80 mo 50 %.
CocraB rasza CyIIECTBEHHO MEHSETCS B 3aBHCHMOCTH OT COCTaBa U IPHPOBI
HCXOJJHOTO CHIPbsl, CKOPOCTH U YCJIIOBHI MTPOTEKaHMsI IIpoliecca B OnopeaxTope.
TeopeTndeckd COOTHOIICHHE YIIIEKUCIOTH  MeTaHa B Onorase MOJDKHO OBITh
npuMepHO paBHBIM. OIHAKO Jajieko HE BCS BBIAENsAEMas B IIporieccax Opoke-
HUSI YTJIEKUCIIOTa COIEPIKUTCS B Ta30BOil (ha3e, 4acTh pacTBOPSIETCS B HKUAKOM
¢da3e ¢ obOpasoanunem OukapOonaToB. KoHIleHTparms OukapOOHaTa, B CBOIO
ouepens, Kak U 00beMa 00pa3yeMol YIIIEKHUCIIOTH B IIEJIOM, CHJIBHO 3aBHCHT OT
cozepkaHus OoJiee I MEHee OKHCIICHHBIX BEIIECTB B MepepadaTbiBaeMOM ChI-
phe: Oosiee OKUCIICHHBIC CYOCTpaThl 0OECIeUHBAOT OOJIbliee 00pa30BaHKUE KUC-
JIBIX MPOJYKTOB W, CIeNoBaTedbHO, Oonbmmii Beixon CO, B Ouorase; Oonee Boc-
craHoBlieHHble — H, u, cnemoBarensHo, Oonbmmid Beixon CHy. PeanbHo poctu-
raeMble B MPOM3BOACTBEHHBIX Mporeccax cootHomenus CO, u CHy B Ouorasze
CYIIECTBEHHO BapbHPYIOT. DTO ONpENeiIseT KAIOPUIHOCTD MoydaeMoro ouora-
3a, KOTOpasi TAKXKE BAPbHPYET OT 5 710 7 Kkan/M’. B 3aBHCHMOCTH OT THIIA CHIPbs
YW WHTEHCHBHOCTH Tpollecca OMOMETaHOTeHe3a BBIXOJ Omorasa KojeOmercs oT
300 1o 600 M*T opraHMYecKoii Macchl IPH BbIXOAE MetaHa oT 170 1o 400 m/t.
I'myOuHa nepepaboTku cyOcTparta pH 3TOM MOXKET cocTaBiisTh 0T 20 10 70 %.

O0pazyromuiics B polieccax METaHOTEHEe3a KUK M TBEPABIH 1AM BBI-
BO3UTCS Ha TIOJI1 M MCHONB3YeTCS B KadecTBe yaoOpeHuil. JlaHHOe MprMeHeHHe
00yCIIOBJICHO YCIIOBHSIMHA METaHOTEHEPAINH, IPH KOTOPOW MaTOr€HHBIE YHTEPO-
OakTepuu, SHTEPOBHPYCHI, a TaKkKe IapasutapHele Homysiuun  (Ascaris
lumbricoides, Ancylostoma) npakTHYeCKH MOJHOCTBIO rorudator. TBepaplid oc-
TaTOK TIporiecca (MIIM aKTUBHBIA MIT) MOXKET OBITh MCIIONH30BaH TAKKE B KAYECTBE
HCXOJHOTO CBHIPBS IUIS MOJMyYeHHs psifa OMOJIOTHYECKH aKTUBHBIX COCAWHEHUH B
MpoLECCaXx XMMUYECKOT0 THAPOIIN3a WK MUKPOOHOJIOIHUECKOTO CUHTE3A.

Dkostornyeckasl 6e30MacHOCTh TPUMEHEHUS U KIOPUIHHOCTH Onorasa B co-
YEeTaHUH C MPOCTOTON TEXHOJOTHUH €T0 TIOTYYCHHUS, a TAKKe OTPOMHOE KOJIIe-
CTBO OTXO/JIOB, MTOUIEKAIINX NepepadOTKe — BCE 3TO SIBIISETCS MOJIOKUTEIHHBIM
(baxkTopoM JUIsl JajbHEHINEero pa3BUTHsI M PaclpOCTPaHEHUs] OMOTa30BOW MpO-
MBIIIIEHHOCTH. TONYKOM K CO3/1aHHIO TaHHOTO 3((PEKTUBHOIO OMOTEXHOJIOTH-
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YECKOro HAaIIPaBJICHHs IMOCIYXWJ HEPreTHUECKHH KPU3HUC, pa3pasuBIIUiicA B
cepeaune 70-x rr. [Ipon3BoaCTBO OMOrasa cTajo OJHUM U3 OCHOBHBIX HPUHIIM-
IIOB SHEPIreTHYECKOH IOJIIMTHKHN psija cTpaH TuxookeaHckoro peruona. I[Ipasu-
TenbcTBO Kutas ynenusno 6osble BHUMaHHS 1 BIOXKHJIO MHOTO CPE/CTB B CTa-
HOBJICHHE OMOTa30BOM MPOMBIIINIEHHOCTH, OCOOEHHO B CEIBCKOW MECTHOCTH. B
paMKax HalMOHAJIBHOW MPOrpaMMbI ObUIM CO3[aHbl YCIOBHS IJISl IOSIBICHUS
CEeTH 3aBOJIOB, BBHIITyCKAIOIIMX OMOTa30BbIe YCTaHOBKHU. [IpaBHTENHCTBO MOOMI-
PSUIO 3TO HANpaBJICHHWE U MOLLIO JIaKe Ha CO3/AaHHUE CETH PETHOHAIBHBIX U Me-
CTHBIX KOHTOP, OTBETCTBEHHBIX 3a OMOTra30ByI0 Imporpammy. I'ocyrapcTBeHHbIE
0aHKH MPEJOCTABIISIIM HACEICHHIO JIbIOTHBIE CCYAbl U MaTepHajbl JUIsl CTPOU-
TeNbCTBA yCcTaHOBOK. U yxxe B 1978 r., yepe3 Tpu ropa nocie MpUHATHS MPO-
rpaMMBI B CTpaHe (JyHKIMOHMPOBAIO CBBIIIE 7 MIIH. YCTaHOBOK, 4YTO B 15 pa3
MPEeBOCXOAWI0 ypoBeHb 1975 1. B rox BrIpabaThIBanocs okojio 2.6 Mip. M
Ouorasa, 4To 9KBUBaJIEHTHO 1.5 MiH. T HedTH. B Hawane 80-x rr. B Kurae mpo-
u3BOIMIOCH 10 110 Mapa. M° 6HOrasa, 4To KBUBAIEHTHO 60—80 MIIH. T CBIPOI
HedTH, a B cepeuHe — co3/1aHo 10 70 MIIH. yCTaHOBOK, KOTOpBIE ITPUMEPHO Y
70 % KpecThSIHCKHX CeMel MOKPBIBaJIH OBITOBBIE MOTPEOHOCTH B 3Hepruu. B
Wunun Takxke 00JbII0e BHUMaHUE OBLIO Y/ENEHO MOJYYEeHHIO SHEPTHHU B IPO-
Heccax OMOMETaHOTeHe3a MPH YTHIIM3aLUK CEeIbCKOXO3SHCTBEHHBIX OTXOOB.
CrponTenbcTBO OMOra3oBEIX YCTAHOBOK Hadasock Ha @umnmuHax, B U3paue,
ctpanax JlaruHckoit Amepuku. HTEpec K naHHOH TexHOJIOoruH B cepenune §0-
X TIT. YCHIMJICS TaKkXke B CTpaHax LeHTpajbHoW EBpombl, ocobenno OPI" u
Opannuu. OpannysckuM KomuccapuaToM Mo CONHEUHOH 3HEPTrUU B CEpeiuHE
90-x rT. OBUTO BBIAENEHO 240 MITH. PpaHKOB HAa CO3TaHWE M PACIPOCTPAHEHUE
01OTa30BBIX YCTAHOBOK B CEIbCKOW MECTHOCTH. DPaHIy3CKUM HCCIIEI0BATEIb-
CKUM MHCTUTYTOM IPUKJIaJHON XMMUH OBLIO ITOKAa3aHO, YTO MPH yTUIIN3ALNHU U
nepepaboTKe HaBO3a CENbCKOXO3IHCTBEHHBIX (DepM MOXHO IOJIHOCTBIO obec-
MIEYUTh NMOTPEOHOCTH B SHEPTUM KomIuiekca n3 30 ToyioB KPYNMHOTO POTaToro
ckota miu 500 ceunelt. B cepenune 90-x rT. B cTpaHax EBpomneickoro 3KoHO-
MHYECKOT0 CO00IIecTBa (PYHKIIMOHUPOBAIO 0K0J0 600 yCTaHOBOK IO MPOM3-
BOJICTBY OMorasa M3 XHIKHX CEJIbCKOXO3SMCTBEHHBIX OTXOJOB M OKojo 20,
nepepabaThIBAIOIINX TBEPIbIi rOpoacKoil Mycop. B mpuroponax Heio-Hopka
YCTaHOBKa 110 NepepaboTKe COAEP>KUMOr0 TOPOACKOM CBAJIKK IMPOU3BOIUT OKO-
70 100 maH. M’ 6rorasa B roa. MHTerpupoBaHHbIE HALMOHATBHBIE POTPAMMEI
MHOTUX ctpaH Adpuku u JIaTHHCKOH AMEPHKH, UMEIOLIMX OIPOMHBIE KOJInYe-
CTBa CEIIbCKOXO35MCTBEHHBIX 0TX0A0B (CBbIIIEe 90 % MHPOBBIX OTXOJ0B LIUTPY-
COBBIX, OaHaHOB U Kode, okosio 70 % OTXOI0B CaxapHOro TPOCTHHKA M OKOJIO
40 % O0TX0II0B MHUPOBOTO TOTOJIOBBSI CKOTA), B HACTOAIIEE BPEMSI OPUESHTUPO-
BaHBI Ha MOJIy4eHUe Ouorasa.

IMosryuenue cnupta

[Tonmy4eHune 3THIIOBOTO CIMPTAa HA OCHOBE APOXOKEH M3BECTHO C IPEBHHUX
BpeMeH. M XOTsI MpOU3BOACTBO CIMPTa HAMHOTO MOJIOXKE, YEM HETEPErHaHHBIX
CHMPTHBIX HAaIIUTKOB, HO U €ro KOPHHU TEPSIOTCS B Bekax. B mocieaHue roast
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Bce OOJIbIIME MAcIITa0bl TPHOOPETAET XUMUIECKUI CHUHTE3 ATaHOJA U3 dTHIIe-
Ha, KOTOPbIM KOHBEPTUPYETCS B CIUPT IIPU BBICOKOM TEMIIEpAType B IPUCYTCT-
BUM KaTaiu3aropa ¥ BoAbl. OIHAKO MUKPOOMOJIOTHYECKHH CHHTE3 HE TepseT
AKTYaJIbHOCTH.

IlepcriekTHBBI MCHONB30BAHUSI HU3IIMX CIUPTOB (METAaHONA, 3TaHONA), a
TaK)K€ alleTOHAa U APYTHX PACTBOPUTENIEH B KA4eCTBE T'OPHOYEro IS JBUraTe-
Jied BHYTPEHHETr0 CrOpaHus BBI3BAIM B IOCIEAHHUE TOJbl OOJIBIION MHTEpEC K
BO3MOXKHOCTH WX KPYMHOMACIITaOHOTO IOJYYEHHS B MHKPOOHOJIOTHYECKHX
IpoLIeCCcax C MCHOJIb30BAHUEM PA3IMYHOTO PACTHTENBHOTO CHIPhSl. DTUIIOBBIH
CITUPT ABJIACTCA NPEKPACHBIM 3KOJOTMYECCKHUM YHUCTBIM I'OPIOYUM [JIA ABUTATC-
Jied BHYTPEHHEro cropaHus. 3amMeHa Ae(UIMTHOTO O€H3MHAa MHBIMH BHIaMHU
TOIUIMBA SIBJISETCS AaKTyaJIbHOM MpobieMoil coBpeMeHHOCTH. OCOOEHHO OCTpO
BOTIPOC CTOHT B cTpaHax AMepuku U 3amagHoi EBponsl. Mcnonp3oBanue gmc-
TOrO ATAHOJA WM B CMECH C OSH3MHOM (Tra30Xo0JI) CYIIECTBEHHO CHMXKAET 3a-
IpSI3HEHUE OKpYJKarollel cpelibl BBIXJIOMHBIMU Ta3aMHM, TaKk Kak IPH CTOPaHUH
3TaHOJIa 00Pa3yrOTCs TONBKO YIIIeKHCIoTa U BoAa. [ToaTomy B cTpaHax ¢ 60ib-
IIMMH 3aracaMy MPUPOIHOTO PACTUTENFHOIO MaTepHaia U COOTBETCTBYIOIIHU-
MU TIOYBCHHO-KIIMMATHYCCKUMU YCIIOBUAMU, 06eCHe’{l/IBa}OHJ,l/IMl/I OoJIbIIINE
©XKEero/lHble ypoXKau, CTAHOBHUTCS 11eJIeCO00pa3HbIM OPHEHTHPOBATh IPON3BOI-
CTBO MOTOPHBIX TOIUTMB Ha MPOIECCH MUKPOONOIOTHIECKOT0 OpOXKEHHSI.

B kauectBe roprouero cnimpt cranu npuMmensath B CIHA u ['epmanuu B 30—
40 rr. UnTepec k cnupTaMm B KadecTBE TOIUIMBA pe3ko Bo3poc B 70-e roasl. Ha-
npumep, B bpaswinu 3TaHON MCHOJNB3YIOT B Ka4eCTBE TOIIMBA B JIBUTATENSX
BHYTPEHHEIO CrOpaHMsl YK€ HECKOJIbKO Aecsatuietuil. B 1982 r. nauanoch uH-
TEHCUBHOE CTPOUTEIHCTBO CIIMPTOBBIX 3aBOAOB IO TEXHOJOIMU IIBEICKOMN
¢bupmbl «Anbda JIsiBaib» MPoM3BOAUTENBLHOCTHIO 10 150 ThIC. 11 95 % cnupTa B
CYTKHM Ha OCHOBE CaxapocoJepiKallero celpbsi. B Poccnu nelicTByIoT ycTaHOBKH
10 TPOM3BOJCTBY THAPOJIM3HOTO CIIUPTa TexHONOruu Buumruaponus (Jlenun-
rpax). B Snonnu k xoHmy 90-x rr. sKcrmopT HedTH cokpamieH ¢ 72 1o 49 % 3a
CYCT IMOJYUCHUA CITUpTa HA OCHOBEC I/IMMO6I/IHI/130B8.HHI)IX MI/leO6HI)IX KJICTOK.

ChIpbeM ISl TIPOLIECCOB CHMPTOBOTO OPOXKEHUsSI MOTYT OBITh pa3HOOOpas3-
HBIe OMOMAcCHI, BKJIFOUas Kpaxmaicojaepkamue (3epHo, KapTodens), caxapo-
coJieprkalle MaTepuaisl (Menacca, OTXOJbI JiepeBorepepadaThIBaoLIel mpo-
MbIH_lJ'IeHHOCTI/I), a TaKXKeE 61/10Macca CIICMAJIBHO BBIPAIICHHBIX IMPECHOBOAHBIX
M MOPCKHMX pacTeHHi u Bomopociel. IIpomecc ckimanpiBaeTcsi U3 HECKOJIBKHUX
CTaJyi, BKIIIOYAIOIINX HOATOTOBKY CHIPbsI, TIpoLiecc OpoXKeHHs, OTTOHKY U OYH-
CTKy CIIUpTa, JeHATypaInio, IepepadoTKy KyOOBBIX OCTaTKOB.

OTHIIOBBIA COMPT OOBIYHO ITOJYYalOT M3 TEKCO3 B MPOLEcCax OpPOXKEeHHs, BbI-
3pIBaEMbIX Oakrepusamu (Zymomonas mobilis, Z. anaerobica, Sarcina ventriculi),
kinoctpuausima  (Clostridium — thermocellum) u  gposxoxamu  (Saccharomyces
cerevisiae):

C6H1206 —2 CH3CH20H +2 COZ
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I'maBHas 3amaua, KOTOPYIO MPUXOIOUTCS PELIATh MPH IOJIyYEHUH CIHPTOB
TEXHUYECKOTO Ha3HAYEHHMsI, STO 3aMeHa JIOPOrOCTOSIIMX KpaxMaJicoAepKaliux
CyOCTpaTOB JICIIEBBIM CHIPHEM HENHIIEBOTO HAa3HAYEHHS.

OO6pa3oBaHre dTaHONA JPOXIKAMH — 3TO aHA3POOHBIH TPOIIeCC, OJHAKO IS
Pa3MHOXEHUS IPOOKeH B HE3HAYMTENBHBIX KOJIMYECTBAX HY)KEH M KHCIOPO.
[Ipoueccel, mporcxoasre NP KOHBEPCHU caxapocojepikallero cyocrpara B
CIIHPT, BKJIIOYAIOT TAKXKE MPOLIECCHl METab0IM3Ma U POCTa KIETOK-IIPOIYIIEHTa,
IIO3TOMY B LIEJIOM OHMOJIOTMYECKUI ITPOIECC IMOIYYEHHsS CIHPTOB 3aBUCHT OT
psina mapameTpoB (KOHLEHTpaLUH CyOcTpara, KHCIOPOAA, a TAKKE KOHEUHOTO
nponykra). [Ipn HakorieHHM cnuMpTa B KYJBTYpE IO OINpPEIEICHHBIX KOHIIEH-
Tpaluii HaYMHaeTCs Npoliece MHInONpoBaHus KieTok. [Toatomy Oonbioe 3Ha-
YeHHE MPUOOPETaeT MOTydIeHHE OCOOBIX ITAMMOB, PE3UCTEHTHBIX K CITUPTY.

[IpombInUIEHHBIH MpoIiecC OPOKEHUSI MOXKET OCYLIECTBISATHCSA MO Pa3HBIM
CXeMaM: HEINpephIBHO, NMEPUOJUUYECKH U MEPHOJANYECKH C BO3BPATOM OHOMAc-
col. [Ipn mepuonuueckoM mporecce cyocTpaT cOpaxuBaeTcsl Mocie BHECEHHS
CBEKEBBIPAILICHHOTO MHOKYJIATA, KOTOPBII OOBIYHO MOIYHYalOT B a9pOOHBIX yC-
noBusix. [locne 3aBepiieHust cOpakuBaHus cyOCcTpara KJISTKH HPOIYLIEHTa OT-
JEIISIFOT, M JUIsl HOBOTO IMKJIA MOJYYalOT CBEXKYIO ITOPLHIO TOCEBHOTO MaTepHa-
J1a. JTO JI0OCTAaTOYHO JOPOTOCTOSIIMH Tpoliece, TaKk Kak B a3poOHOM mpolecce
Pa3MHOKCHHUS APOXOKEH pacxoayeTcs MHOTO cyOcTpaTa. JKOHOMUYECKUH BBI-
X0J B TIpoIiecce cocTaBisieT okoio 48 % oT cybcTpara mo macce (4actp cyd-
cTpara TPaTHTCs Ha MPOLECCHl POCTa U METadOIM3Ma KIIETOK, a TaKkke o0pazo-
BaHME JIPYTUX NPOJYKTOB — YKCYCHOW KHCIIOTHI, TJIMLIEPOJIa, BBICIINX CIIUPTOB).
Ecnn B kadecTBe NMpOAyIEHTA B Ipoleccax OpOoXKEeHHs HCIONB3YIOT IPOKOKH,
MPOIYKTUBHOCTh COCTaByisieT 1—2 T 3TaHona/r kietok 4. Ha maboparopHom
YPOBHE IIPH UCIIONb30BAaHUU B KAYECTBE MPOIyLIEHTa OaKTepHaIbHON KYJIBTYPhI
Zymomonas mobilis 3Ta BeIMUYMHA BBIIIE NMPAKTUYECKH B 2 paza. B mpomsbr-
JICHHBIX TpoLeccax MPOAYKTHBHOCTH AIapaToOB CHIBHO 3aBUCHT OT (hH3HOJIO-
TMYECKUX OCOOEHHOCTEH MpPOYIEHTa, IFIOTHOCTH OMOMAcCChI, TUIIA alapara u
pexuMa GpepMeHTaIuy; BaphbUPYET O4eHb MIHPOKO, oT 1 mxo 10 r/im 4. Jlnutesns-
HOCTb LIMKJIa COCTaBJISIET OKOJIO 36 4, KOHeuHas KOHLEHTpauus crupra — 5 %
(Bec/00beMm).

Henocrarku mpouecca (TaBHbIM 00pa3oM, JUINTEIBHOCTh M HETIONHOE HC-
HOJIb30BaHUE CyOCcTpara) MOXKHO YaCTHMYHO YCTPaHHUTh, NPUMEHsIsI IIPOLECC C
IIOBTOPHBIM HCITONIb30BaHHEM Onomacchl. I1o 3Tol cxeme BBIXOJ CIMPTa MOX-
HO IOBBICUTH 10 10 /11 4.

[Ipn peanusanuy HEMPEPBHIBHOTO IpOIEcca MOJIHOTA HCHOJIb30BaHUS CyO-
cTpara B OCHOBHOM 3aBHCUT OT MHTEHCHUBHOCTH IpOLECcCa, TO €CTh CKOPOCTH
nporoka. OfHaKO NPU 3TOM BO3HUKAIOT NPOTHUBOPEUMS MEXTY IBYMs Iapa-
METpaMH, 110 KOTOPBIM OOBIYHO ONTHMHU3UPYIOT OpOXKEHHE: KOHEUHbIH BBIXO[
CIHpTa ¥ MOJHOTA UCIIONIL30BaHMs caxapoB. [1o 3aBepmieHnn nporecca OGposxe-
HHS KOHIIGHTpalusi CIHUpTa B Opa)KKe MOXKET COCTaBisiTh OT 6 10 12 %. Uem
BbIIIIe KOHEYHAs! KOHIIEHTpALHMs CIIUPTa, TEM MEHEEe SHEProeMKa CTajaus repe-
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roHkd. Tak, npu 5 % KOHIEHTpaIluu CIMPTa TPaATHI Mapa Ui moxydeHus 96 %
CIHPTa COCTABIISIIOT CBBINIE 4 KI/JI; IPH COAEPIKAHWU CIHPTA B Opa)kke OKOJIO
10 % — »Ta BenmuuMHA COKparaercs 10 2.25 Kr/i.

[ToG0YHBIMH TIPOIYKTAMH CIIUPTOBOTO OpOXKEHMS SIBISIOTCS YTJIEKHCIIOTA,
CHUBYIIHBIC Maciia, KyOOBbI€ OCTAaTKH, APOXKH. Kakablii M3 3THX MPOIYKTOB
MMEET OIPEJIENICHHYI0 CTOMMOCTh M CAMOCTOSITENIbHYIO c(hepy NPUMEHEHUSI.

[TomBITKH yCOBEpIIEHCTBOBAHMSI Ipollecca OpOXKEHUSI MMEIOT HECKOJIBKO
HampasJIeHUH. DTO TEpexoa Ha HENpEphIBHBIE IIPOIECCH], MOMydeHHe Ooiee
YCTOWYMBBIX K CIIUPTY LITAMMOB IPOXCKEH M YAEIIEBIEHHE HCXOIHOTO CBIPBSI.
HenpepbiBHBIE TIpOLIECCHl COPaKUBAHUS TIO3BOJISIIOT TIOBBICUTH KOHEYHYIO KOH-
nenrpanuio cnupta 10 12 %. IlomydeHsl HOBBIE IITaMMBI, B OCHOBHOM CpeIH
OakTepuambHBIX KyJNbTYp, YCTOMUYMBBIE K TAaKUM KOHLEHTpamusM crupra. K
pa3paboTKaM MOCIEIHHUX JIET OTHOCUTCS HAlpaBJICHHE, OCHOBAHHOE HA HCIOJb-
30BaHUM HE CBOOOJHBIX, @ MMMOOHJIM30BaHHBIX MUKPOOHBIX KieTOK. FiMMoOu-
JIM30BaHHBIE KIIETKH, 00J1a/iasi IOBBIIICHHOW TOJEPAHTHOCTBIO K CIHPTY, IO-
3BOJIIIOT pemaTh OJHOBPEMEHHO 3a7ady ONTHMHU3AaIWH I10 JIBYM IapaMeTpam:
MOBBIIIATH MOJHOTY MCHOIB30BaHUS CyOCTpaTa U KOHEUHBIH BBIXO] CITUPTA.

BeImyck cnupTOB B KauecTBE MOTOPHBIX TOIUIMB IperonaraeT OoiblIne
00bEeMBI MX NMPOM3BOJCTBA, JIECATKM MIIH. TOHH. B KadecTBe McxomHoOro cyo-
cTpara Ul HOJYyYCHHS TEXHHYECKOTO CHHMPTa 3KOHOMHYECKH ONpaBIaHO HC-
MOJIb30BaHNE OTXOJOB CAaXapHOTO TPOCTHHKA — Oaraccel, a TAaKKe MaHHOKa,
Oarara, ciankoro copro, tanuHamOypa. OJHaKO 3TH KyJBTYPbl XapaKTEpHBI
JUIsL CTpaH C TEIUIBIM KJIMMAaToM, Harpumep, JlatnHckoit Amepuku. st perno-
HOB C YMEPEHHBIM KIMMaTOM, OOJIaJalomuX OOJIBIIMMH MacCHBaMHU JIECOB,
MPUEMIIEMBIM OKa3bIBACTCS MCIOJIB30BAHUE THMAPOIHN3ATOB JIPEBECHBIX OTXO-
nmoB. Ho s atoro TpebyeTcs HOCTaTOYHO SHEPrOEMKHI M JOPOroi mporecce
paspyLICHUs JIMTHIHA U LEJUTI0NI03bI ¢ 00pa30BaHNEM BOJIOPACTBOPHMBIX Caxa-
poB. Ilporecec ruaponn3a HENpEephIBHO COBEpIIEHCTBYETCS. {1l MOBBIMICHUS
BBIXO/Ia CaxapoB B IIPOILIECCE IMAPOIIN3a U CHIKEHHS SHEPro3arpaT pa3padaTsl-
BarOTCs HOBBIC METOABI ACCTPYKIUN JIMTHOLCIUIIOJIO3 C IPUBJICUYCHUEM (1)1/131/1'-16-
CKMX, XMMHYECKHX, ()epMEHTATUBHBIX METO/OB, a TaKkKe B MX codyeranuu. Ilo-
MHMO OTXOJIOB JIECOIIMJICHUSI W JIepeBOOOPAaOOTKH, BO3MOXKHO IPHBIICUCHHUE
TaKXXe COJIOMBI, TOp(ha, TPOCTHHKA.

DKOJIOTHYECKUE MNpeuMynIeCTBa NOJYYCHUSA U IPUMCHCHHA 3TaHOJIa B Ka4e-
CTBE TOIUIMBA OYEBHIHBL. UTO Ke KacaeTcsi SKOHOMHUYECKHX, — OHU OIpeJels-
I0TCSI PAZOM YCIOBHH: KIMMAaTOM M TPOAYKTHBHOCTBIO 3€JIE€HOH OMOMAacchl,
ce0eCTONMOCTBIO CEeNTbCKOXO03SIICTBEHHON MPOAYKIMHM W Hajdunduem (Imbo ot-
CYTCTBHEM) SJHEPTOHOCHUTENICH B BUIC HE(PTH, MPUPOTHOTO Ta3a UK YIJIA.

Kunkue yrieBogopoabl
[lepBbic MOMBITKH IMOWCKA cpelu (HDOTOCHHTE3UPYIOMIUX OpPraHU3MOB II0-
TEHIMAJIHHBIX IPOIYIIEHTOB SHEPTOHOCHUTEINICH B BUIC KUAKHUX YTICBOIOPOIOB

oTtHOCsTCA K 1978 1., KOTJ]a MCCIeI0BaTENH MBITAINCH OOHAPYKUTH B COKE HE-
KOTOPBIX PACTEHHUH, IIABHBIM 00pa3oM Yy MPEICTABHUTENICH CEMEWCTBA MOJIO-
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YaWHBIX, KUOKUE yrieBogopoabl. OfHAKO MOMBITKM HE YBEHUAIHCh YCIEXOM,
TaK KaK KOHLICHTpaLus yIJIeBOJOPOAOB Y BBICIIUX PACTEHUI OKa3ajlach KpaliHe
Hu3KoH. Heckoslbko 103ke yAanoch YCTaHOBUTH CIIOCOOHOCTD K CHHTE3Y KHI-
KHX YTIICBOJOPOJOB Y BOZOPOCIIEH 1 OaKTEePHiA.

bblI0 ycTaHOBJIEHO, YTO Y 3elieHo# Bomopociu Botryococcus braunii co-
Jiep>KaHue yrieBOJAOPO0B MOXKET COCTaBIATh OT 15 10 75 % OT cyMMBI JIUIu-
JI0B. DTa OJHOKJIETOYHAsI 3€JIeHasi BOJOPOCIIb OOMTAET B BOJOEMAX C IPECHOM U
COJIOHOBATOM BOAOW B YMEPEHHBIX M TPONHMYECKHX LIMpoTax. [aHHas Bono-
pOCIIb BCTpEYaeTcs B JBYX Pa3sHOBHIHOCTAX: KpacHas M 3€JCHas, MOTOMY 4TO
XJIOPOIUIACTHI 3TOW BOJOPOCIIN MMEIOT Pa3IMiHYI0 OKPACKy, 00YyCIOBJICHHYIO
HaJINYUEM ITUTMEHTOB B BHJIE XJIOPO(UIIIIOB BCEX THIIOB, a TAK)KE KAPOTHHOB U
MX OKHCJICHHBIX NMPOU3BOIHBIX (KCAaHTO(MIIOB, JTIOTEHHA, HEOKCAaHTHHA, 3€0K-
CaHTHMHA U JIp.). B cocraBe ki1eTo4HOM 0060I0YKH BOAOPOCIN — TOMUMO JKHpa,
0€JIKOB ¥ YIJIEBOJIOB U BHYTPEHHETO 1IEJUIIOJIO3HOTO CJIOsI, OOHAPYKEH CIOpO-
MOJUIEHUHOBBIM CJIOH, COCTOSIUII U3 OKHUCICHHBIX MOJUMEPOB KapOTHHOB U
KapOTHHOWAHBIX BEIIECTB. B HEOMAronmpusATHBIX YCIOBUSX POCTA, BHI3BAHHBIX,
Harpumep, AePUIMTOM KAaKUX-TMO00 OHOTCHOB WJIM INOBBIIICHHEM COJIECHOCTH
Cp€abl, COOTHOIIEHNE OCHOBHBIX I'PYIII MUTMEHTOB U3MCHACTCA B CTOPOHY HO-
MHUHHPOBAHUS KapaTHHOWIOB, U TOIJa BOJOPOCIH NPHOOPETAIOT OpaH)KEeBO-
KpacHyto okpacky. Ilpu nedunnte, HanpuMep HOHOB MarHusi B cpejie, KOHIICH-
Tpauusi YrieBOJOPOJIOB B KJIETOUHOW cTeHke mocturaetr 70-75 %. Ilpu stom
OBUIO BBISIBJICHO, YTO 3€JIeHasi BOJOPOCIIb CHHTE3UPYET JIMHEHHBIE YTIIEBOI0PO-
JIbl C HEYETHBIM YHUCIIOM yriepoaHbix aroMoB B nenu (Cys—Csi) u 6eaHa HeHa-
CHIIIEHHBIMH CBs3MH. KpacHas pasHOBHIHOCTh CHHTE3UPYET JIMHEHHBIC yTIle-
BOAOPOABI C YETHBIM YHCIOM yrieponHsix atoMoB B menu (Cs;;—Csg) U ¢ He-
CKOJIbKAMHU HCHACBIIICHHBIMHA CBSI3sMH. J[aHHBIC YIIIEBOMOPOJBI, «OOTPHO-
KOKKIICHBI», HAKaIlJIMBAIOTCS BOJIOPOCIBIO B POCTOBOI (paze B KIETOYHOM CTEH-
Ke. 3Biieup yriieBogoposl 6€3 pa3pymeHus KIETOK MOXHO HEeHTpH(yriupoBa-
HHEM OMoMacchl BOJOPOCIH, B X0J€ KOTOPOTO YIIIEBOAOPOIbI «BBITEKAIOTY H3
kieTok. [locnenHue MOKHO BHOBb IIOMECTUTD C CPELY B YCIIOBUS aKKyMYJISILIUU
yII€BOAOPOAOB. Bapbupys ycloBHUs POCTa, OCBELIEHHOCTb, TEMIIEPATypPy, KOH-
LEHTPALHIO COJEH, uccienoBaresiM u3 OpaHIly3cKoro HHCTUTYTa HeTH yaa-
JIOCh COKPAaTUTh BPEMs YABOCHHUS OT CEMH IO IBYX CYTOK, NPH 3TOM BBIXOJ
yrieBogopoaos cocrasui 0.09 /1 B cyTkH, 4To coorBercTByeT 60 T/ra B TO1.
@Dpaxkius yrieBoJopoJ0B, CHHTE3UpyeMasi BOJOPOCIbIO, aHAIOTUYHA KEPOCHHY
WM TU3EIIbHOMY TOTUIHBY.

Ota BOAOPOCTH, KaK OKA3aJoCh, JOCTATOYHO LIMPOKO PAclpOCTPAHEHA B
IPUPOJIE, BCTPEUAETCS B CAMbIX Pa3HBIX MECTaxX: OT COJIOHOBATHIX 03ep ABCT-
panuM 10 BOJOXpaHWIMIL B OoKpecTHOCTAX JloHnoHa. OOHapy>XeHHBIE B IIPO-
IIJIOM B ABCTPaJINHU BBICOXIINE OCTATKH 3TOH BOJAOPOCIH IO/ HA3BAHUEM «KO-
OPHAHTUT» SBIINCH Ja)Ke TIOBOJIOM AJIsl BOSHUKHOBEHUS CBOEOOpa3HOil He(TsI-
HOM «inxopaakuy. CXoaHble MOPOJbl (OCTATKU YTIEBOJOPOANPOAYIIUPYIOIIEH
BOJIOPOCIIN) BpeMsI OT BpEMEHHU OOHapyKUBAIOT B Pa3IMUHBIX YacTSIX CBETA — B

156



paiiore 03. Mo3am6uk B Adpuxke («N haugellite»), B Kasaxcraue B paiione o3e-
pa banxam («Oanmxamur).

B nactosimee Bpemst npu3HaHO 3(p(HEKTHBHBIM HCIIONB30BHAE 3THX YIIIEBO-
JopoioB B (hapmateBTHueckoit npombinuieHHoctd. B CIIIA neiictByer depma
JUIsl BBIpALMBaHMs BoJlopocsi B. braunii ¢ cymmapHoii miomansio Bojoema 52
ThIC. ra. [IpoXyKTHBHOCTH Ipolecca MOIy4eHHs YIIIEBOAOPOIOB COCTABISET 10
4800 M’ B cyTku. Jlyist yIydIleHHs TOIUTMBHBIX XapaKTEPHCTHK BOJOPOCIIEBBIC
YTJIEBOJIOPOABI THAPUPYIOT.

[Ipexxne yem nenath BBIBOJBI O MEPCIEKTHBHOCTH JIAHHOTO CIIOco0a st
BOCIIOJIHEHHSI PECYPCOB KHUIKHX YIJIEBOJOPOAOB, CIIEIYET PEIINTh KOMILIEKC
BOIIPOCOB HAYYHOTO M OIBITHO-KOHCTPYKTOPCKOTO YPOBHS, B TOM YHCJIE BBISC-
HHUTb POJIb OaKTEpUi, pa3BUBAIOLINXCSI BMECTE C BOAOPOCIBIO B MPOIIECCE CHH-
T€3a YIJIEBOJOPOIOB, ONTHMHU3UPOBATH YCJIOBUs OMOCHHTE3a M JKCTPAKIHH,
pa3paboTaTh COOTBETCTBYIOILYIO alMapaTypy M YCJIOBHS AJISI HCKYyCCTBEHHOTO
pas3BezieHns] BOJOPOCIH B OOJNBIINX MaciTadax, a TakXKe OLEHUTh MEPCIICKTHB-
HOCTb NPUMEHEHHs IOJY4aeMbIX YIJIEBOJOPOAOB B TOH MM MHOW 0OIacTu.
Cienyer OTMETHTh, YTO M3yYeHHE MEXaHWU3Ma CHHTE3a YIJIEBOJOPOJIOB BOIO-
pocisiMu, OyJeT cnocoOCTBOBaTH IO3HAHHWIO Mpolecca HeTeoOpa3oBaHUs B
MPUPOJIE B IEJOM, TAaK KaK KIETOYHAS CTCHKA BOJOPOCIIN MOXKET CIY)XKUTh MO-
JIETbHBIM 00BEKTOM, Ha KOTOPOM MOJKHO IIOTIBITAThCS MIPOCIIEIUT MPOLECC 00-
pa3oBaHus HEPTU B 3€MHOU KOpE, JUTUTEILHOCTh KOTOPOTO HUCUUCIIICTCS MUJI-
JoHaMU JieT. Ecny ypacTest BOCIPOM3BECTH I'eHE3UC MCKOIIAeMbIX BHIOB TOII-
JIMB, TIOSIBUTCS BO3MOXKHOCTH OMPENENUTh BpeMsi TpaHC(HOPMAINH KeporeHa —
HpeIIecCTBeHHUKA )XUIKONH He(TH, B He(Th. DTO MO3BOJIUT BEIYUCIUTH HE(Ts-
HOM MOTEHI[Mal MaTOUYHOM MOPO/Ibl, COAEPIKAILEH KEPOTEH.

buonornueckoe MmoJy4Y€eHue BOoJ1opoaa

[IpobGnema mosydeHHUss BOJOPOJA SBJIACTCS OJHOM M3 OCHOBHBIX IPOOIEM
TEXHHUUYECKOTO MPOrpecca psiaa BaKHEHIINX MTPOMBIIUICHHBIX OTpaciel, B TOM
YKCJIe YHEPreTHKH. BOIOpOI paccMaTpuUBaeTCs B KauyeCTBE INIABHOI'O SHEPIo-
HOCHUTEIIS OYAyIIero, OTYaCTH MPEBOCXOJISIIEIO OCHOBHBIC COBPEMEHHBIC dHEP-
TOHOCHUTENN — He()Th ¥ IPUPOIHBIN ra3. TerIoTBOpHas CIOCOOHOCTH BOIOPOIa
JIOCTATOYHO BBICOKaA (28.53 kkan/kr), uro B 2.8 pa3a Brime OeH3nHa. Bomopon
JIETKO TPAHCHOPTUPYETCS M aKKyMYJHPYeTCs B Pa3iH4HbIX (Pa30BBIX COCTOS-
HUAX, B F33006p33HOM COCTOSAHHUHU HEC TOKCHUYCH, UMCCT BI)ICOKy}O TeHﬂOHpO-
BOJIHOCTh ¥ MQJIYIO BSI3KOCTh B pa3iH4HbIX (ha30BBIX cOocTOsTHUAX. Ho rimaBHOE
€ro JIOCTOMHCTBO — JKOJOIMYECKash YMCTOTA, SAMHCTBEHHBIM MOOOYHBIM IMPO-
JIYKTOM €ro Cropanus siBiisiercsi Boaa. [1o mporHozam 3KcrepToB, dSHEpreTude-
CKasi cucTeMa OyAyIero CTojieTus OyaeT «BOIOPOJHONY, TO €CTh OYAET OCHO-
BaHA HA NMPUMCHCHHUHU JBYX SHEPrOHOCUTENCH — 3JCKTPUYECTBA M BOAOPOAA,
Hanboee yA00HOrO JJsl UCIOJIb30BAHUSI HA TPAHCHIOPTE M B MPOMBIILICHHBIX
texHosorusx. Co3manue OyAymiero KpymHOMacIITaOHOTO IMPOU3BOJCTBA BOJIO-
poJia CTaBUT Mepell HAyKO# 3a/aud MOUCKa HanbOoJiee SKOHOMHYHBIX M JKOJIO-
THYHBIX TYTCH IMOJYYCHHs BOJOPOJA C HCIOIB30BAHUEM TAaKHX HUCTOYHHUKOB
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TIEPBUYHON SHEPTUH, KaK YHEPTHUS JEICHUS THKENBIX dJIEMEHTOB, TEPMOSACP-
HOTO CHHTE3a M COJHe4Has. [IpobiieMa 3KCIUTyaTalliy COJTHEUHOW SHEPTUH aK-
TUBHO UCCICIYETCs B HACTOSIIEE BpeMs. DTO CBA3aHO KaK C Yrpo30i HUCTOIIe-
HUS 3aIlacoB TOIUIHBA, TAaK U ¢ BCe O0Jiee OCTPO CTOSIIUMHU BOTIPOCAMH 3aIUTHI
OKpY’KaIOIIeW cpenpl, TaK KaK TOIUIMBHAS DHEPreTHKa WTPaeT He IMOCIECTHIOK
POJIb B TEIUIOBOM M XMMHYECKOM 3arpsi3HCHUU BO3JYIIIHOTO M BOJHOTO Oacceii-
HoB. KonnyecTBo COJIHEUHON 3HEpruu, najarolieid Ha 3emito, Ha MHOTO IO-
PAOKOB TPEBOCXOIUT KOMUYECTBO BCEX BHIOB BTOPHYHON »HEprur. ToibKO
0.1-0.2 % comHEeYHON SHEPTHH IOTIIONIAECTCS 3eJICHBIMI PACTEHUSAMHU U TOJIIBKO
1 % o0Opa3oBaHHBIX B Mpoiecce POTOCHHTE3a MPOAYKTOB HCIIOJIB3YETCS YeII0-
BekoM B muiny. [Toaromy Bce Oonee TpeOoBaTenbHO BCTaeT 3amaya Ooinee 3¢-
(exTuBHOTO MCHONB30BaHU >Heprun ConHma. CoBpeMeHHass HayKa HIIET pe-
IeHUs] JAHHOHM 3aJa4d BO MHOTHX, B TOM YHCJIe U OMOJOTHYECKHX HaIpaBlie-
HUsIX. OCco00 MEepPCHEKTHBHBIM MPEICTABISACTCS IMOJydeHHE BOJOpPOJIA C HC-
MTOJTb30BaHUEM COJTHEYHON 3HEPTUH, B TOM YHUCIEC W3 BOJBI, KOTOpas SBISICTCS
HauOoJlee JEUICBHIM M JOCTYIHBIM CyOcTpaToM. 3amackl BOABI B MHPOBOM
okeane cocrasisiior 1.3.10" 1, To ecTh BecbMa 3HAUMTENBHBIE.

[onyyeHre BOAOPOIa BOZMOKHO B PE3YJIbTATE JICKTPOJIH3a BOJIBI, & TAKKE
TEPMOXHUMHUYECKOTO PA3JI0KECHUS BOJBI C UCIOIH30BAHUEM OTXOJAIICTO TEIUIA
aTOMHBIX CTaHLIUH.

Bopa MoxeT moBepratbcs MPSAMOMY (POTOPA3JI0KEHUIO T10]] BO3ACHCTBH-
€M COJIHEYHBIX JTy4eii:

HzO +hv > H2+ 0.5 02.

PazpabatsiBatoTcs Takxke criocoObl MOy4YeHHst BOJOposia B pe3yibrare ¢o-
TOXHMHMYECKOI0 pa3JiokeHHsl BoAbl. B ocHOBe crocoba nexar peaknuu, B
KOTOpBIX yuyacTByeT (oroceHcuOunn3arop (A) U HEUYBCTBUTEIBHOE K CBETY
coequHenue (B); mpouecc nporekaeTr B BOZHOH cpene:

H,O0+A + B+ hv— AH, + BO.

Iy 3aMbIKaeTCs peaKLUsAMMU:

AH, > A+H,, BO—>B+0.50,.

IIpn HemocTaTKe YHEPIUU BUIUMOIO M3IIyYEHHs ISl PA3JIOKEHHs COENHHE-
Hus AH,, mpoliecc MOJXXKHO peann30BaTh B ABE CTaJUH C BBEIECHHEM B CUCTEMY
MIPOMEXKYTOYHOTO OKucauTens A'":

AH+A"—> A+ A"H,.
A"H, > A" + Ha.

IIpumepoM Takoll cHUCTEMbI 00pa30BaHUsI BOJOPOJA SIBJISETCS CHUCTEMA C
pubodnaBuHOM B KadecTBe (hoToceHcHOMmIM3aropa (A), TPUITAHOIAMHH UTpa-
eT poib BoccTaHoBuTens (B), a MmeTniBuonoren — oxucaurens (A").

CpaBHUTENBEHO HEJAaBHO MOKa3aHa NPUHIUIAAIBGHAS BO3MOXKHOCTh OJTyde-
HUSI BOJOPOJia Pa3iI0KEHHEM BOJbI C y4acTHEM OMOKATAIUTUYECKUX arcHTOB.
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Tax, B Hagaze 60-x IT. OBUIO YCTAaHOBJIEHO, YTO XJIOPOIUIACTHI, BBIICICHHEIE U3
IIMKWHATA, B MPUCYTCTBUU MCKYCCTBEHHOI'O JIOHOPA 3JICKTPOHOB U OaKTepHaIIb-
HOTO DKCTPaKTa, CoNepkKamero GepMeHT THAPOreHasy, ClIOCOOHBI TIPOIYIIHPO-
BaTh BOJOPOJ. JJOHOPOM BIIEKTPOHOB B CHCTEME SIBISIETCS (peppemoKCHH; THII-
pOreHa3a MOJy4aeT JJIEeKTPOHBI OT (peppeAoKCHHa, TO €CTh 3aJeiCTBOBaHA
tonbko Qortocuctema 1. Crycrs mecsitunerne uccienosarenu B CIIA ycrano-
BIJIM, YTO XJIOPOIUTACTHI IITIHHATA U OaKTepUALHBIC CTPYKTYPHI, COIEPIKAIINE
THIPOTEHA3bl U (EPPEIOKCHH B KAa4eCTBE IMEPEHOCYUKA DJIEKTPOHOB, IIOCIE
00y4eHus: BUANMBIM CBETOM CIOCOOHBI 00pa30BBIBaThH BoAopod. B manHOM
BapHaHTE CHCTEMBI 3ajieiicTBOBaHbI 00¢ (oTtocuctemsl, | u II. B cBsa3u ¢ Tem,
YTO MPUMEHWIN OKCHYYBCTBUTCIBHYIO THUAPOTCHA3Y KIIOCTPHIUM, PEaKIUI0
MPOBOIMIIA B aTMocdepe a30Ta MPH CTPOTOM OTCYTCTBHH KHCIOpona. Peakums
MpoTeKaeT ¢ oOpa3oBaHMEM BOAOPOJA, MPU 3TOM Boja — cybcTtpar (oromnmsa,
MPUCYTCTBYECT B l/I36I)ITKe, TO €CTb SABJIICTCA HE JIMMUTUPOBAHHBIM HCXOIHBIM
CBIPbEM; UCTOYHUK SHEPTUH, B TAHHOM CITy4ae COJHEYHBIA CBET, TAKXKE HE Orpa-
HUYCH.

C menpio TOBBIIICHHS BBIXOAA BOAOPOAA B TaKOH CHUCTEMeE, HY)KEH HCTOY-
HUK CT8.6I/I.]'I])HI)IX N BBICOKOAKTUBHBIX T'MAPOrcHas. Takue TUAPOTCHA3bI Haﬁﬂe-
HBI, B TOM YHCJI€ TEPMOCTAOWIBHBIC; TIPOIYIIUPYIOTCS OHH PA3TUYHBIMU MPE]I-
CTaBUTEISIMA XE€MOABTOTPO(MHBIX BOIOPOMOKHUCIIOMHMX Oakrepwil. B cMmecu ¢
XJIOPOTIIIACTaMH U METHJIBHOJIOTEHOM (TIEPEHOCYUK JIEKTPOHOB) TaKWe THUAPO-
TeHa3bl KaTAJU3UPYIOT NPOTEKaHUE IMpoliecca 00pa3oBaHUs BOAOPOAA [UIH-
TENBHOE BPEMsl, IIPHU ITOM CTAOHIBHOCTB IIPOIecca 3aBUCHT, TIIABHBIM 00pa3oM,
OT COCTOSIHHS XJIOPOILIACTOB.

Paboter o co3mannio cucteM OHO(OTONM3a BOABI MPOBOIATCSA JOCTATOYHO
AKTUBHO BO MHOI'MX CTpaHax. 3TO IMPUBEJIO K CO3aHUIO PA3JIMYHbIX TUIIOB CUC-

A B
rmoporeHasa rmoporeHasa

>| Bogopoa

deppenoKkcuH Boga Meguatop

Kucnopopg

Puc. 5.2. Cxema 6no¢oToim3a BOABI C HCIIOIb30BaHUEM (DepMEHTa IHAPOTeHa3bl
B KQueCTBE KaTaJl3aTopa.
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TeM. DTH CHUCTEMBI, HE3aBUCHMO OT MPHUPOJBI COCTABISAIOIINX €€ KOMIIOHEHTOB,
JIOJDKHA MMETh JIBa 3JIEMEHTA: 1) AJIEKTPOH-TPaHCHOPTHYIO CUCTEMY (DOTOCHUHTE-
3a, BKJIIOYAIOILYI0 CHUCTEMY Da3JIOKEHHs BOJBI; 2) KaTalM3aTopbl 00pa3oBaHMS
BoJOpoJa. B kauecTBe Karanm3aTopoB 00pa3oBaHUsS BOJOPOJa MOXKHO HCIIONB30-
BaTh KaKk HEOPraHWYECKHE KaTau3aTophl (METaJUIM4ecKas TUIaTHHA), Tak u dep-
MeHTaTuBHBIC (TuaporeHassl). [locnennue MoryT (yHKIMOHMPOBATh KaK B pac-
TBOPUMOM, TaK B HMMOOMJIN30BAaHHOM COCTOSTHUH. [IpHHIMIIManbHas cxema cuc-
TEMBI JaHa Ha puc. 5.2. Pa3paOboTKu mociIeqHNX JIeT MIPEACTABICHBI Pa3INIHBIMA
cucteMaMu: 1) BKIIFOYAIOIHME XJIOPOILIACTHI PACTeHHUH, GpeppeOKCHH 1 OaKTepH-
albHBIC THApOreHassl (puc. 5.2, A); 2) coxmepKaliue XJIOPOIUIACTHI, MEIUATOP
(HU3KOMOJIEKYJISIPHBIH NTEPEHOCUHK 3JIEKTPOHOB) 1 OaKTepUaIbHbIE THIPOT€HAa3kl
(puc. 5.2, B); 3) c ucronp3oBarreM (HOTOCHHTETUICCKIX BOAOPOCIICH:

H MUKposodopociu + ceem
2

o, - H, (8 TemHOTE)

(oTOoCHHTE3 HA CBETY

a TaKXKeE C 6aKTepI/IaHBHBIMI/I MMMOOUIN30BaHHBIMY KJICTKAMM:

Hzo + HAI[ Anabaena nidulans N HAﬂH + 02’

HA IIH Rhodospirillum rubrum N Hz +HA ﬂ+'

OmnpIT 1ad0paTopHOro (HYYHKIIMOHUPOBAHUS TAKUX CHCTEM OnodoTonmsa mo-
3BOJISIET TPOBECTH HEKOTOPYIO TPEIBAPHUTENBHYIO OLEHKY 3(pdeKTnBHOCTH
npouecca. Tak, mpu pacxogoBaHuu B cyTku 106 JIk/M* CONHEUHO# SHEPIruu
(100 Br/m?) cucTema criocoGHa npoussoauts 10 90 1 Hy/M” B cyTKH, 4TO COOT-
BETCTBYeT KoimdecTBy 3Heprun B 400 k.

Ha ocHoBe runmporenas, B MpHHIHMIE, JTH00as pacTUTENbHAs (hoTOCHCcTEMa
CrocoOHa MPOAYLHMPOBaTh Boiopo/. Llenblo aTuX nccienoBaHuii sSBiIseTCs pas-
paboTKa MOJIHOCTHIO0 UCKYCCTBEHHBIX CHCTEM, JCHCTBYIOIIUX IO CXEME ECTECT-
BEHHBIX BOJOPOCIIEBBIX MM OaKTepHaTbHO-PACTHTENBHBIX CHCTEM. B mpuHIH-
e B TaKOW CHCTEME CTaHET BO3MOXXHBIM NPUMEHEHHE BMECTO THUAPOTCHA3HI
kaTtanuzaropa tumna FeS, a BMecTo XJjiopomiactoB — mnpenapara xjiopoduiia, a
TaK)Ke MapraHUEeBbIH KaTalu3aTop Ul M3BJICUCHUS KHCIOPOJa U3 BOJBI U BHI-
CBOOOKICHHUS IIPOTOHOB U SJICKTPOHOB.

Cucrema OMOKaTATUTUYIECKOTO TOYYEHHUSI BOAOPOAA TIOKA SBISIETCS SIUH-
CTBCHHBIM IPUMEPOM OJIHOCTAJUNHON CUCTEMBI, CIIOCOOHOH padoTaTh B BUIM-
MBIX JIydax CBeTa. JTa CHCTeMa Ype3BBIYANHO LIEHHA, TaK KaK paboTaeT Ha He-
HCYEPITAeMBIX UCTOYHHUKAX — YHEPTHUHU (COTHEUYHBIH CBET) U CHIPhsI (BOAA) U BBI-
JIeJISIeT TIPU 3TOM 3KOJIOTHYECKH YUCTHIM U BBICOKOKAJTIOPUUHBIM 3HEPTOHOCH-
TeNb — BOAOPOJI. IHTEHCMBHOE COBEPILIEHCTBOBAHHE TAKHX CHCTEM OYAET Ba-
HBIM 3TAIlOM B IIPOLECcCaxX MPEBPAILEHHs] COIHEUHONW YHEPTUU B BOAOPOS.
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IlepcniektuBHBIE 1 pa3pabaTeiBacMble HAIPABICHUS — 3TO HOIyYCHHE BOJIO-
poJia Ha OCHOBE PACTYIIMX MHKPOOHBIX MOMYJIIIMNA XEMOCHHTC3UPYIOIIUX U
(hOTOCHHTE3UPYIOLINX OPTaHM3MOB.

Cpenn xeMOTPO(HBIX MHKPOOPTaHW3MOB B KauecTBE MPOAYLEHTOB BOJO-
pOZa MPHUBIIEKAIOT BHUMAHUE BHUJIbI, CIIOCOOHBIE PACTH HA JOCTATOYHO JOCTYII-
HBIX M JICIIEBBIX cyOcTparax. Hampumep, kyiabpTypa kioctpuauii C. perfringens,
cOpakuBasi pa3IM4HYyI0 OPraHHKy, criocoOHa MpoaylupoBaTh B 10-muTpoBoM
ammapate 10 23 1 Hy/u. Co3nanme kpymHOMacmTabHOW CHCTEMBI Ha TaKOH OcC-
HOBE HE IPEZCTaBIACTCA TPYIOHBIM, TaK KaK YK€ pa3paOOoTaHbl U BHEIPCHBI B
MPOMBIIICHHOCTh MPOILECCHI MOJY4YEHHs aleTo-O0yTHIIOBOr0 OpOXKEHUs C HC-
NOJb30BaHMEeM KilocTpuanii. Hexoropsle sHTepobakTepuu B mporeccax Opo-
JKEHHS CTIOCOOHBI MPOAYIIPOBATE BOJOPO, 0OOHAKO 3(h(eKTUBHOCTE Mporiecca
IIPH ATOM He mpeBsImIaeT 33 % OT 3Hepruu UCHOIb3yeMoro cyocrpara. Takum
00pa3oM, MpUMEHEHHE XeMOTPO(OB JJIsl COpaAKUBAHUS OPTraHUKH C MOJYUYCHHU-
€M BOJIOpO/Ia MEHEE BBITOJJHO 10 CPABHEHUIO € TIpolieccaMy OMOMETaHOTeHe3a.

Bonee mepcrieKTHBHBIMHU ITPOAYLEHTAMH SIBISIOTCS (OTOTPO(HBIE MUKPO-
OpraHU3MBbl, TaK Kak 00pa30BaHHE MMH BOAOPOJA CBSI3aHO C IPOIIECCAMH IIO-
TJIOIIEHHSI SHEPTUH CBETA U, CIIEJ0BATENbHO, MOXKET MOBBICUTH () (EKTUBHOCTD
WCTOJB30BaHUS CONHEYHOW pamuanuu. C HAaUOOJBIIEH CKOPOCTHIO BOIOPOT
BBIJIEIISIIOT HEKOTOPBIE IypIypHbIE OaKTEpHH, HAIPUMEP HEKOTOPBIE HITAMMEI
Rh. capsulata, no 150—400 mn H,/4T cyxoro BeuiecTBa. B kauectBe cyOcTparoB
MypIypHblE OAaKTEPHUHM HCIOJIB3YIOT pa3lIUYHbIE OPraHUYECKUE COCIUHEHMS,
KOTOpBIE OHHM pPazjaraioT ¢ 00pa30BaHHEM YIJIEKUCIOTH W Bojopoxa. Hampu-
Mep, TP Pa3oKeHnH | T JaKTara myprnypHble 0akTepun o0pasyroT a0 1350 i
Bozopoaa. IIpu atom 3¢ppexkTrBHOCTH KOHBEpCHH cBeTa mocturaet 2.8 % (0ak-
Tepuu noryomart ceet B odsactu 800-900 HM, HekoTopble Buabl — g0 1100
HM, TO €CTb MH(]paKpacHbIe Jy4H, KOTOPbIE HE HCIOJIb3YIOTCS HUKAaKUMH JIpY-
'MMH (DOTOCHHTE3UPYIONIMMH OpPraHU3MaMH). BaXHBIM MOMEHTOM SBISIETCS
CHOCOOHOCTh MyPIYPHBIX OaKTEepHil MPOLYLUPOBATh BOJOPOA NPH HCIOIb30-
BaHWHM, NIOMHUMO OPIraHMYECKHUX COEJIMHEHWH, Takke THocyibdata U APYrux
BOCCTaHOBJICHHBIX COEIMHEHHMH cepbl. B kadecTBe cyOcTpara BO3MOKHO IpH-
MEHEHHE TaK)Ke HEKOTOPBIX OTXOJOB, BKIIOYas HaBo3. D(H(HEKTUBHOCTH IMPO-
JIYKIIMK BOJOPOJIA IPH 3TOM cocTaBisieT 10 50 kr Ho/m*T.

Hauboisiee BBICOMHBIM JUII MHUKPOOHOJOTMYESCKOTO IOJyYSHHS BOJOPOIA
SIBJISIETCS UCTIONIb30BaHKNE (POTOTPO(HBIX OPraHU3MOB, CIIOCOOHBIX K OMO(OTO-
T3y BOZBI, TO €CTh HCIOJB3YIOMMNX MpPU (OTOCHHTE3E B KAYECTBE JOHOPOB
3JIEKTPOHOB BoAy. VIHTEpecHBI B 3TOM IJIaHe a30T(HUKCHPYIOIINE [[HaHOOaKTe-
pHH, CIIOCOOHBIE BBLIENSATH BOAOPOJ Ha CBETY B adpPOOHBIX YCIOBHSIX C OJIHO-
BpEMEHHBIM 00pa3oBaHUEM KHCIIOpoJa. B KynbType npanoOakTepuil mosry4eHo
yCTOWYHMBOE BblJeNieHne Bozopoaa co ckopoctsio 30-40 mi Hy/u-r ACB. Dd-
(I)GKTI/IBHOCTI) HCIIO0JIb30BaHUA SHECPTHUU IMPU UCKYCCTBCHHOM OCBECIIECHUU COCTa-
Buna 1.5-2.7 % u 0.1-0.2 % — npu ecrecTBeHHOM OcBeleHHU. To ecTh 3Tu
pe3ynbTaThl 0OCTaTOYHO OOHaxexuBaromue. s momydeHus QoToBomopona
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pa3pabaThIBalOTCSl Pa3aM4HbIe, B TOM YHCJI€ MHOTOKOMIIOHEHTHbIE OHOCHCTe-
MBI, COZIEpIKAIlKie, B TOM YHUCIIe, JIMODUIN3UPOBAHHbIE KIETKH IIMaHOOAKTepHid
Y IypIyPHBIX OaKTepuil; MUaHOOAKTEPHU U BOAOPOCIH U T.a. Kak IByXkoMmmo-
HEHTHYIO BOAOPO00pa3yIoIyl0 CUCTEMY MOXKHO pacCMaTpuBaTh CHCTEMY 0O-
OOBBIX PACTECHHI, MMEIOLIMX KIYOCHbKH C a30(UKCHUPYIOUIMMHU OaKTEepUsSMH
Rhizobium. K aHaI0rui4HOMY CUMOHOTHYECKOMY COOOIIECTBY MOKHO OTHECTH
KOMIUTIEKC W3 BOJHOTrO mamopoTtHuka Azolla m mumanoOakrepuii. OgHaKo a0
MPAKTHYECKOTO MPUMEHEHUSI TAKUX OHMOCHCTEM ellie A0CTATO4HO janexo. Ilo-
JIararoT, YTO ATO MOXKET Mpou3oiTu He panee 2000 T.

buoTonjmBHBIE 2J1eMEeHTHI U 6“03J’le]€Tp0KaTaJ’ll/l3

IepcrieKTUBHBIM TOAXOIOM JUISl MPEBPAIICHUS XMMUYECKOH 3HEPTUH TOII-
JIUB B JEKTPUUECKYIO SBISIETCS HAIPABJICHUE CO3MAHMS TaK Ha3bIBACMBIX TOII-
JIMBHBIX JIEMEHTOB, IIPECTABIISIOIINX COO0H IIIEKTPOXUMHUYECKUAE TCHEPaTO-
pHI TOKa. B ocHOBe mporiecca JeKUT MPOUCXOAAIICE HA IIIEKTPOAAX ICKTPO-
XUMHYECKOE OKHCIIEHHE TOIUIMBA W BOCCTAHOBIIEHHE OKHCIHTENS (KHCIOPOa),
MIPH 3TOM T€HEPHUPYETCS ANEKTPOXMMUYECKHN MOTEHIHAN, COOTBETCTBYIOMINI
CBOOO/IHOM 3HEPTHU MpoLiecca OKUCIEHHUS BOJOPO/Ia 10 BOJIBL:

Anoo Kamoo
2H,>4H +4e¢; 0,+4H+4e¢ > 2 H,0.

CrerneHp npeoOpa3oBaHUsi XUMHUYECKOI SHEPIUU B AIIEKTPHUUYECKYIO B TOI-
JIMBHBIX 3JIEMEHTaX [JOCTaTOYHO BBICOKA, TaK COBPEMEHHBIE BOJOPOA-
KHCIIOPOJHBIE TOIUTUBHBIE SJIEMEHTHI HMEFOT K.I1.1I. 110 80 %.

OmpezneneHHble NEPCIEKTUBBI 00EIIaeT MPUMEHEHHE B KOHCTPYKIMAX TOII-
JIMBHBIX JJIEMEHTOB OWOJOTMYECKUX CHUCTEM — (DEPMEHTOB WM MHKPOOHBIX
KJIETOK. YPOBEHb PEaJIM3alliy 3TOTO MOAXOJa IOKa MCKIIIOYHUTENHHO Jabopa-
TOPHBI. B KOHCTpYHpOBaHUH OMOTOILIMBHBIX JJIEMEHTOB B HACTOSIIEE BPEMs
HAMETUIIOCh HECKOJIBKO MOAXO/I0B:

— TpeBpalleHUe BOAOPOJA B AIEKTPOXHMMHUUECKH aKTHBHBIE COEIUHEHHS, d(-
(heKTHBHO OKHMCIISIIOIIMECS Ha JJIEKTpoJax. B Takoil cucreme Mukpoopra-
HU3MBI Ha OCHOBE psjia cyOCTpaToB (YIIeBOIBI, METaH, CITUPTHI U TIp.) He-
IPEPHIBHO TEHEPHPYIOT BOJOPOJ, KOTOPHII lajee OKUCIIETCS B DJIEMEHTE
«BOJIOPOJ-KHCIIOPO» C 00pa30BaHUEM DIIEKTPOIHEPTHH;

— TeHepalyst EKTPOXUMHUECKOTO MOTEHIIAIa Ha 3JIEKTPOAaX, HaXOIsIINX-
Csl HENIOCPEICTBEHHO B KYJIbTYpaJbHOM cpelie: oOpasyromuecs: B X0A¢e KOH-
BepcHu CyOcTpara MpoAyKThl 0OMeHa MOTYT 00IafaTh ONpEeAeICHHOM dIIeK-
TPOXUMUYECKOH aKTUBHOCTBIO;

— TIEpPEHOC 3JIEKTPOHOB C TOIUIMBA HA DJIEKTPOJ KAaTAIH3HPYIOT (epMEeHTHI, B
TOM YHCJIe UMMOOMIN30BaHHBIE.

BecbMma 3((eKTHBHBI OHMOTOIUIMBHBIE 3JIEMEHTHI HA OCHOBE aHadPOOHBIX
MHUKPOOPI'aHU3MOB, CIIOCOOHBIX COpPa)KHMBATh OTPOMHOE Pa3HOOOpa3ue COCIH-
HeHu#. B Takom OMOTOIUIMBHOM 3JieMeHTe (DYHKIIMOHMPYIOT KaToJ U OnoaHo;
TIOCTIENHUH COIEeP>KUT MUKPOOHBIe KieTku. CyOcTpar, Hrparouidi poib TOTUIH-
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Ba, mepepadaTbiBacTCs MUKPOOPraHU3MOM B OTCYTCTBHHU Kuciaopopa. Jloctur-

HYTbIC MOIIHOCTH DHEPIrun Ha CAUHUILY 00beMa TOIJIMBHOT'O JIEMEHTA IOKA HE

BeJIMKU. BmecTe ¢ TeM B 3THX cHUCTEMax BO3MOXKHO NPUMEHEHHE PA3INYHBIX, B

TOM 4YHCIIE JOCTYIHBIX U HEAOPOTHX CyOCTpaToB, BKJIIOYAsl IPOMBIIIJICHHBIE U

CeIIbCKOXO3SMCTBEHHBIE OTXOABl. [IpuMeHeHHe H30JMPOBaHHBIX (DEPMEHTOB

BMECTO MHUKPOOHBIX KIETOK O0emlIaeT cleiarh Npolecchl TpaHchopmanuu

SHEPTHH XMMHUYECKHUX CBS3EH B 2JIEKTPUUECKYIO Ooee BHITOHBIMU. [IprMepom

TaKUX OMOTOIIMBHBIX 3JIEMEHTOB MOTYT CIIy>KHTh CHCTEMbI HA OCHOBE OKHCIIE-

HUSI METaHOJIA B YKCYCHYIO KHCIIOTY C Y4aCTHUEM aJIKarojbIeTHIPOTreHasbl; My-

PaBbUHON KHCIIOTHI B YIVIEKHCIIOTY € ydacTueM (OpMHUATICTHIPOreHa3bl; IIII0-

KO3BI B IIIOKOHOBYIO KHCJIOTY C y4aCTHEM IIIIOKO300KCHIA3bI.

Hogotii 00:1acThIO TEXHOIOTHYIECKOH OMOIHEPTETUKA U YACTHIO HHKCHEPHOH
SH3MMOJIOTHH SBJIsieTCsl GModJieKTpokaTaiau3. Llens naHHOTO HampaBiieHUS —
co3zanne BhICOKOA((eKTHBHBIX MpeoOdpa3zoBaTesiell 3HEPrUy Ha OCHOBE UMMO-
Ommu3oBaHHBIX (pepMeHTOB. BakHelmiel mpoOieMor pH 3TOM SBISETCS CO-
npsbkeHne (EepMEHTATUBHON M DJIEKTPOXMMHUYECKON peakiuid, TO ecTh obecrie-
YEeHHE aKTUBHOTO TPAHCIIOPTA 3JEKTPOHOB C aKTUBHOI'O IIEHTpa (epMeHTa Ha
anexTpos. McenenoBannsi HEAaBHUX JIET ITOKa3allH, YTO 3TOT0 MOKHO TOCTHYb
HECKOJIBKUMH Iy TSIMH:

— MpPH HCHOJH30BAHUM MEIUATOPOB (HU3KOMOJEKYISPHBIX Auddy3noHHO
MOJIBIIKHBIX TIEPEHOCYHKOB, CIOCOOHBIX aKLENTHPOBATh 3JIEKTPOHBI C JJIEK-
TpO/a ¥ OTAABATh X aKTHBHOMY IIEHTPY (epMeHTa);

— TIpH IPSAMOM BIIEKTPOXMMHYECKOM OKHCIEHHH-BOCCTAHOBIEHUH AKTUBHBIX
LEHTPOB (pepMeHTa, TO €CTh B MPSIMOM IIEPEHOCE IIEKTPOHOB C AKTUBHOTO
1eHTpa pepMeHTa — Ha 3JIeKTPo (WK 00paTHO);

— TIPH UCIIOJIb30BaHNH (DEPMEHTOB, BKIFOUCHHBIX B MaTpPHILy OPraHUYECKOTO
MIOJTYIPOBOIHHKA.

IlepeHoC 3IEKTPOHOB € y4acTHEM MEAMATOPa MOXKHO HPEACTABUTH B Clle-
JIYIOIIEM BHJIE:

S+E>P+E%E+M—>E+MM°—> M +e,

rae E u E° — okucnenHast ¥ BoccTaHOBJIeHHAss OPMBI aKTUBHOTO 1IEHTpa (ep-
MeHTa; M 1 M° — OKHCIICHHAs: M BOCCTaHOBIICHHAs (DOPMBI MEIUATOPA.

[IpuMepoM OHOAIEKTPOKATATUTHICCKON CHCTEMBI C YYaCTHEM MeEIHaTopa
SIBISIETCA  CUCTEMA «TUAPOT€Ha3a—METUIIBUOJIOTEH—YTOJbHBIA 3JIEKTPOA»; B
TaKoil crcTeMe BO3MOXHO 3JIEKTPOXMMHYECKOE OKHCIIEHHE Bojopoaa 6e3 me-
pEHAIpSKEeHUs], IPAaKTUUECKH B PABHOBECHBIX YCIOBUSX.

B mpsmMoMm mepeHoce 3IIEKTPOHOB MEXKIy aKTHBHBIM LIEHTPOM (pepMeHTa u
ANEKTPOJOM yCTaHABIMBACTCS IMOTEHIIMAN, ONM3KHA K TePMOIMHAMHYECKOMY
MOTEHINATY KHCIOpoAa. DTOT MEXaHHW3M IIEPEHOCA PEaj30BaH B PEAKLIUU
3JIEKTPOXUMHUYECKOIO BOCCTAHOBJIEHHS KHUCJIOPOJA [0 BOIbl NPHU y4YacTUHU
MEIbCOJIEpKAel OKCHAa3bl, a TaKXKe B PEAKIHSIX SJIEKTPOBOCCTAHOBJICHHUS
BOJZI0pO/1a C IOMOIIbIO THPOTr€HA3BI.
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Tperuii myTh mepeHoca 3JIEKTPOHOB 0a3UPyeTCsl Ha UCTIOIB30BAaHUH NMMOOH-
JIN30BAaHHBIX (DEPMEHTOB, a2 IMEHHO, BKJIFOYCHHBIX B MATPHILY MOJYIIPOBOIHUKA.
Jis 9TUX [eNiel UCHONB3YIOT MOJIMMEPHBIC MaTepPHAIbl C CUCTEMON COMPSIKEH-
HBIX CBsI3eH, oONamaronye JIMHHOHN HENbI0 COMPSHKCHUS, a TaKXKE MOJMMEPHI C
KOMITIEKCAMH TIepeHoca 3apsaa (BEICOKOAMCIIepCHas caxa). I1o atomy mpuHImIy
peanu30BaHbl HEKOTOPBIC JJEKTPOXUMUYECKHE PEAKIMH, B TOM YHCJE DJIEKTPO-
XHMHUYECKOE OKUCIICHHUE TITFOKO3bI TIPU YYACTHH TITFOKO300KCHIA3HI.

Pa3paboTka 3JEKTPOXMMHYECKHX IyTed NpeoOpa3oBaHUS SHEPTHH HIET
JBYMsI IIyTSIMU: C HCIIOJIb30BAHHUEM CIIOCOOHOCTH (PEpPMEHTOB KaTalM3UPOBATH
OKHCJIEHHE Pa3IMYHBIX CyOCTpaTOB, a TaKke Ha 0aze co3laHHs AIIEKTPOXUMHU-
YEeCKHX Mpeo0pa3oBaTelicii ¢ BRBICOKUMH yICIBHBIMU XapaKTePUCTUKAMHU.

5.2. BUOT'EOTEXHOJIOI'MSI METAJIVIOB

BHoreoTexHOJIOrHs METAJLUIOB — 3TO MPOLECCHl U3BJIEYEHNUSI METAJLIOB
U3 Py, KOHIEHTPATOB, TOPHBLIX MOPOJ M PACTBOPOB BOJ BO3/eiiCTBHEM
MHKPOOPraHM3MOB WJIH TPOAYKTOB HX JKH3HEAesITeJbHOCTH NPH HOP-
MaJbHOM JAaBJjieHUM U pu3nojgornyeckoii remmnepatype (ot 5 1o 90°C). Co-
CTaBHbIMHU YaCTAMU 6MOF€OTCXHOHOFI/II/I SABJISAKOTCA:

1) OuoruapoMera/uIyprusi, WM OaKTepHaJIbHOE BbIIEIAYMBAHHE;
2) OuocopOIuUsi METAJLIIOB U3 PACTBOPOB, 3) oOoraiienue pya.

EaKTepna.m,Hoe BbIIICJIJAYUNBAHUEC

Kak mmer 6norexnonor K. Bpaiiepmn: «BeposTHo, 13 BCeX acleKTOB MHK-
PpOOMOIIOTHYECKON TEXHOJIIOTHH MEHBIIE BCETO PEKJIAMHUPYETCsl U OOJbILE BCETO
HEJIOOLIEHUBACTCSI IIPUMEHEHNE MUKPOOPTaHM3MOB ISl 3KCTPAKIMN METAJIOB U3
MHHEpPAJIOB...». BaXXHOCTh NpHMEHEHNs] OMOTEOTEXHOJIOTUH METAJUIOB CBS3aHa C
HCYEPIIAEMOCTBIO JIOCTYITHBIX INPUPOIHBIX PECYPCOB MHHEPAIBLHOTO CHIPBS M C
HEOOXOIMMOCTRIO pa3pabOTKU CPaBHHUTEIHHO HEOOTATHIX M TpyZHOIepepadaThi-
BaeMBIX MECTOPOXKIeHUH. [Ipy 3TOM OHMONIOTHYEeCKHEe TEXHOJOTHH He 00e300pa-
JKUBAKOT MMOBEPXHOCTH 3eMJ'lI/l, HC OTPAaBJIAIOT BO3AYX M HE 3arpA3HAIOT BOAOCMbI
CTOKaMH B OTJIMYHUE OT JIOOBIYM MCKOIIAEMBIX OTKPBITHIM CIIOCOOOM, IIPH KOTOPOM
3HAUUTENHHOE KOJIMUYECTBO 3E€MENbHBIX IUIOMaAeH paspymaercsa. buoreorexso-
JIOTUYECKUE METOBI, MUKPOOHUOJIOTHYECKAs afAcopOus 1 OaKTepUaTbHOE BBIIIE-
JIJaYMBAaHUC, MO3BOJIAIOT IMOJYYUTH HJONOJTHUTEIIBHOC KOJMYECTBO LBCTHBIX MEC-
TAJUIOB 32 CYET YTWJIM3ALMU «XBOCTOB» OOOTraTHUTENBHBIX (haOpHK, IIJIaMOB U
OTXOJOB METAUIypPrHYeCKUX TIPOM3BOJCTB, a TaKkKe MepepadOTKH Tak
Ha3bIBa€MbIX 3a0aJIaHCOBBIX Py, M3BICYEHHEM M3 MOPCKOH BOJBI U CTOKOB.
[IpumeHeHne OMOJIOTMYECKUX METONOB MHTEHCH(HLMPYET IPOLECChl A00BIYH
MHHEPAJIGHOTO CBIPbSI, YJCLIEBISET MX, IPH 3TOM HCKIIOYaeT HEOOXOANMOCTh
MIPUMEHEHHSI TPYIOEMKHX TOPHBIX TEXHOJIOTHH; IO3BOJIIET aBTOMAaTH3HPOBATh
npoHege.3a ThICSYeaeTHE A0 HAICH 3pbl pUMIIAHE, (DUHUKUMIBI M JTFOIH HMHBIX
PaHHUX LII/IBI/IJ'II/ISaLlI/lﬁ H3BJICKAJIM MC/Ib U3 PYAHUYHBIX BOM. B Cp€aHUC BCKa B
Vcnanny 1 AHIIIMM NPUMEHSUIM MPOLIECC «BBILIETAYMBAHUS» IS ITOJTyYESHUS
MeJM U3 MeIbCOAEPIKaIX MUHEpaoB. be3yciioBHO, ApeBHNE TOPHSIKH HE MOT-
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JM TIPEAINOJIOKHUTh, YTO aKTUBHBIM 3JIEMEHTOM JaHHOTO IMpoliecca SBISIFOTCS
MHUKpPOOpPraHu3Mbl. B Hacrosmiee Bpems nporecc 0akTepHalbHOTO BBIIIEIAYH-
BaHMS JUIS TIOJTYYEHHS] MEI JOCTATOYHO IIMPOKOTO MPUMEHSIOT HOBCEMECTHO;
MEHBIINE MAcIITa0bl UMeeT OaKTepUalibHOE BhINEIauBaHue ypaHa. Ha ocHo-
BaHMM MHOTOYHCIICHHBIX HCCIEIOBAaHUN MPHHATO CYMTATh OAKTEPHAIBHOE BbI-
1ieJlayuBaHue TEPCIIEKTUBHBIM MPOIIECCOM ISl BHEAPEHUSI B TOPHOIOOBIBAIO-
IIYIO MIPOMBINUICHHOCTh. B MeHBIIMX MacimTabax NMpUMEHSETCS B TOPHOIO0BI-
BaIOIICH MPOMBIIUICHHOCTH APYTroi OMOTEXHOIOTUIECKUH MpoIiecc — H3BIIede-
HHE METAJUIOB U3 BOIHBIX PACTBOPOB. DTO HAaIpaBiIeHHE 00ELIaeT CYIIeCTBEH-
HBIE TEPCIIEKTUBBI, TaK KaK IPEIIIOJIaraeT JO0CTAaTOYHO JIEIIEBbIE MPOLECCHI
OYHCTKH CTOKOB OT METAJIJIOB 1 9KOHOMHUYHOE ITOJIydeHUE IIPH STOM CHIPbSL.

HecMoTpst Ha AaBHOCTH CYIIECTBOBAHUS OHOTEXHOJIOTMYECKUX IPOIECCOB
M3BJICYCHHS] METAJUIOB U3 PYJ U FOPHBIX HOPOJ, TOJbKO B 50-¢ rr. Obuia JoKa-
3aHa aKTUBHAs POJIb MUKPOOPraHM3MOB B 3TOM mpouecce. B 1947 r. B CIIIA
Kosnmep 1 XUHKIIM BBIACTIIA U3 IIAXTHBIX APSHAXHBIX BOJ MUKPOOPraHU3MBbI,
OKHCJISIIOINE BYXBAJCHTHOE JKEJIE30 ¥ BOCCTAHABIMBAIOIIUE cepy. MUKpoop-
raHu3Mbl ObuTH HaeHTH(UIpoBaHbl kak Thiobacillus ferrooxydans. Bckope
OBUIO JIOKa3aHO, YTO ATH KEJIE300KUCIIIOIIME OaKTepHH B IPOLEcce OKHCIIe-
HUSI IEPEBOISIT MEb U3 PYAHBIX MUHEPAJIOB B PacTBOP. 3aTeM ObUIH BbIJICIICHEI
M ONKMCaHbl MHOTHE APYrHe€ MHUKPOOPTaHM3MbI, YYACTBYIOIIHUE B IPOLIECCAX
oKHCIeHHs Cynb(OUAHBIX MuHepanoB. CHycTs Heckoibko Jier, B 1958 r., B
CIIIA ObLT 3aperucTpUpPOBaH MEPBhIA MATEHT Ha MOJIYYCHHUE METAJUIOB U3 KOH-
LEHTPATOB C MOMOUIBIO )KEIE300KUCIISIOIUX MUKPOOPTaHH3MOB.

Bakrepun Thiobacillus ferrooxidans odeHr MHPOKO pacrmpocTpaHEHHI B
MPUPOJIE, OHU BCTPEYAIOTCS TaM, I UMEIOT MECTO IMPOLECChl OKUCICHHS
xKele3a Wi MuHepanoB. OHM SBISIIOTCS B HAcToOsIee BpeMsl Hanbosee u3y-
yeHHbIMU. [lomumo Thiobacillus ferrooxidans, MHMPOKO H3BECTHBI TaKkKe
Leptospirillum ferrooxidans. [IepBeie OKHCIAIOT CyTbPUIHBIN U CYTb(QUTHBII
WOHBI, JIByXBaJICHTHOE JKeJe30, Cylb(huaHbIe MUHEpaIbl Meau, ypaHa. Cru-
PHIUIBI HE OKHUCISIOT CYJNbOUAHYIO cepy U CyJNb(UIAHBIE MHUHEpaJbl, HO (-
(EKTHBHO OKHMCIISIOT JBYXBAJIEHTHOE XKEJe30 B TPEXBAJIIEHTHOE, a HEKOTOPHIE
IITAMMBI OKHCISIIOT nupuT. CpaBHUTENLHO HEJABHO BBIJICICHBI U OMHCAHBI
bakrepun Sulfobacillus thermosulfidooxidans, Thiobacillus thiooxidans, T.
acidophilus. Oxucnsts S°, Fe?™ u cynpduiaHsie MEHEPAIs CIOCOOHBI TAKKe
HeKoTopkie penctaButenn poraos Sulfolobus u Acidianus. Cpenu 3TuX MUK-
pOOpPraHu3MOB — Me30(HIbHBIE U YMEPEHHO TEPMOTOJEPAHTHbBIE (OPMBI,
KpaiiHue anuaoGuiIbl ¥ aluI0TePMOQUITHL.

[[J'lﬂ BCEX OTUX MHUKPOOPIraHU3MOB MNPOLCCChl OKUCICHUS HCOPIraHUYCCKUX
cyOCTpaToB SBIISIOTCS MCTOYHUKOM 3HEprud. [laHHble JIUTOTpOdHBIE OpraHu3-
MBI YIJIEPOJT UCTIONB3YIOT B (DOPME YIIIEKUCIOTHI, (DHKCAIHsI KOTOPOil peanusy-
€TCsl Yepe3 BOCCTaHOBUTENbHBIN neHTo30(hochaTHbil 1nki KanbpeuHa.

Heckonpko mo3jHee ObUIO YCTaHOBJICHO, YTO HUTpUDHUIUpYOIIUEe OakTe-
pHH CIOCOOHBI BBINIETIAYMBAT MapraHell U3 KapOOHATHBIX PyI W pa3pyLiaTh
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anmoMocunukatel. Cpeid MUKPOOPTraHU3MOB, OKUCIISIOLTUX NH*" — NO*, 510
npencraButenu ponos Nitrosomonas, Nitrosococcus, Nitrosospira, Nitrobacter,
Nitrococcus u mip.

OnpeneneHHpId HHTEPEC N1 OMOCOPOIMKM METaNIOB M3 PacTBOPOB MpeEI-
CTaBIIAIOT JICHUTPUPHUIUPYIONIHE OaKTepuu; HauboJee aKTUBHBIC CPSIU HUX —
npeacraButeny pogoB Pseudomonas, Alcaligenes, Bacillus. Ot muxpoopra-
HU3MBI, SBJISISACH (aKyJIbTATUBHBIMU aHA3POOAMH, UCIIONB3YIOT B KAYECTBE aK-
LIENTOPA IEKTPOHOB OKHCIHI a30Ta (NO3’, NOZ’, N,O) unm kuciaopo, a JOHO-
pamu 3JeKTPOHOB MOTYT CIIY)KUTh Pa3JIMYHbIC OPraHMYEeCKUE COEAWHEHUS, BO-
JIOpOJI, BOCCTAaHOBJICHHBIE COSIMHEHHSI CEPBI.

Cynb(haTBOCCTaHABIMBAIOIINE OAKTEPHH, KOTOPHIC HCIIOIB3YIOT B KAUECTBE
JIOHOPOB JIEKTPOHOB MOJIEKYJISIPHBINA BOJIOPO] M OPraHUYECKHE COCANHEHUSI, B
aHAIPOOHBIX YCIOBUSX BOCCTAHABIMBAIOT CYJIb(ATHI, 8023’ 82023’, urorzaa S°.

Oxazanoch, YTO HEKOTOPBIE I'eTepOoTPOHBIE MUKPOOPIaHM3MbI CIOCOOHBI
paspyiuiath TOpHBIC MOPOJbl B PE3yIbTATE BBIICICHUS OPTaHUYECKUX MPOIYK-
TOB OOMEHa — OPraHMYEeCKUX KHCJIOT, MOJIHCaXapruioB; HCTOYHUKOM 3HEPTHU U
yriepona Ajsi OpraHu3MOB CIIy)KaT pPa3iiMyHbIe OpraHuyYecKkue BelecTBa. Tak,
CHJIMKATHBIE MOPOJBI JIECTPYKTYPUPYIOT IpeacTaButenu poxa Bacillus B pe-
3yJibTaTe pa3pylIeHUs CHIOKCAHHOH cBs3u Si-O-Si; aKTHBHBIMH IECTPYKTOpPa-
MU CHUIIMKATOB SIBJSIFOTCS Takxke rpudbl pojoB Aspergillus, Penicillum u np.

Bce HazBaHHBIE BhIIIENAYMBAIOIINE OAKTEPUHN TIEPEBOMIAT B XO€ OKHCIICHHS
METaJIbl B PaCTBOp, HO HE MO OJHOMY MyTU. PasnnyaroT «mpsiMble» U «He-
NPSIMbIE» METO/Ibl 0aKTEPUAIBHOTO OKHUCIICHHS METAJLIOB.

Ipouecc oKHUCIEHUS Kejle3a U Cepbl DAKTEPUSIMH SIBJISIETCS MPSIMbIM
OKHMCJIMTEJIbHBIM MPOLECCOM:

4 FeSO4 + 02 +2 H2SO4 -2 FCQ(SO4)3 +2 Hzo,
Sg +12 02 +8 Hzo —8 HzSO4.

B pesynbTarte npsMoro 6akTepHUaIbHOTO OKHUCICHUS OKUCISIFOTCS TTHPHUT:
4 FeS, + 15 Oy + 2 H,O — 2 Fey(SOy); + 2 H,SO,4
u canepur:
ZnS +2 Oy - ZnSOq.

VoH TpexBaJeHTHOrO jKeje3a, OOpasyIOLIMHCs B pe3yJbTaTe OKHCICHHS
6aKTepI/IHMI/I JABYXBAJICHTHOT'O JK€JI€3a, CIYKUT CUJIbHBIM OKHUCJ/IAIOMIUM arcH-
TOM, TIEPEBO/ISLIMM B PACTBOP MHOTHE MUHEPAIIbI, HAIPUMED XAIbKOLHT:

Cu,S + 2 Fey(S04); — 2 CuSO, + 4 FeSO, + S°
U YPaHWUT:

UoO, + FCQ(SO4)3 — U0, SO, + 2 FeSO,.

Bhllie1aunBanne, npoucxoasuiee npu yyacrun mona Fe'', xoropwrii
oOpa3yercsi B pe3yJibTaTe KU3HENEATEJbHOCTH OaKTepHii, Ha3bIBaeTCs
HENmpsIMbIM OKHcJAeHHeM. YacTo B X0Ji€ HEMPSAMOIO0 OKHCJECHHS MHUHEPAIOB
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o0pazyercst aIeMeHTapHas cepa, KOTOpasi MOKET HEITOCPEICTBEHHO OKHCIIATHCS
OaKTepusIMH J10 CEPHOU KHCIIOTHI.

BakrepuanbHoe OkHCIIEHHE CYJBGHUINHAX MHHEPAIOB SBISIETCS CIOKHBIM
MIPOLIECCOM, BKIIIOUAIOIIUM aJCOPOLMI0 MHKPOOPTAaHM3MOB Ha IOBEPXHOCTH
MHUHEpala HWIH TOPHOW MOPOJBI, NECTPYKIMIO KPUCTAUIMUECKOH pPELIETKH,
TPAHCIOPT B KJIETKY MUHEPAIbHBIX JJIEMEHTOB U MX BHYTPUKJIETOYHOE OKHC-
JIeHue. DTOT MPOILECC PEATU3yETCs 110 3aKOHaM 3JIEKTPOXUMHUIECKOH KOPPO3HH,
MIO3TOMY 3aBHCHT OT COCTaBa, CTPYKTYPbI M CBOMCTB MOPObL. IIpukpensisics k
MOBEPXHOCTH MHHEPANIOB, OAKTEpUH YBEIMUYMBAIOT €€ T'MAPO(WILHOCTD, MPH
9TOM 3JIEKTPOJHBINA moTeHIman noponasl (DII) cHuxkaercs, a OKUCIUTEIHHO-
BOCCTaHOBUTENBbHBIH norennuan cpeasl (Eh) Bospacraer. Uem Bhime pasHuia
mexay Eh cpensr u OI1 mopossl, TeM OBICTpee MPOTEKAIOT IIEKTPOXUMUIECKUE
peakLuy Ha KaToAe U aHOAE:

FeS, + O, +4 H" — Fe?" + 28° + 2H,0.
Kai’l/lO()Ha}Z peaxkyus aHO@Ha}Z peaxkyus
0,+4H +4¢ —2H,0; FeS, »>Fe?' +28° + 4e.

[Tpu orcyrcrBum 6axrepuit Eh cpenst u 11 nupura 6im3kn, Mo3TOMy OKHC-
JIeHUs He TIPOUCXOIUT. bakrepuu, nmpexae Bcero, OKUCIISIOT MUHEPAJIBI ¢ Ooiee
Hu3kuM OlII, To ecTh aHOOHBIE MUHEPAJbI, HAXOIIIIHECS HAa CaMOM HH3KOM
9HEPreTU4ECKOM YPOBHE.

[Tpn GakTeprnalbHOM OKHMCIEHHH apceHONHMpHTa (IIPHUMEpP HEIPsSIMOT0 OKHC-
JeHus Cynb(OUAHOTO MUHEpasa) MPOUCXOIUT cienyromee (puc. 5.3). B muddy-
3MOHHOM CJIO€ Ha IOBEPXHOCTH MHUHEPAJIa MPOMCXOAAT PEaKLINH:

aHO@Ha}l peakuuﬂ Kamodnaﬂ peam;uﬂ
FeAsS »>Fe* + As*" +S°+7¢; 3.50,+14H +7¢ — 7 H,0.

Bakrepuu okuCISIOT Fe*' u S° 1o koHeuHbIX MIPOJLyKTOB:
4Fe*" + 0, + HY 2400y 4 Fe* + 2 H,0,
G =-74.4 xJIx Moib .
S’ +4 H,0 — 2Py g0 +8H +6¢.

OKHCIIeHne HOHOB JIBYXBAJEHTHOTO XKeJie3a U Cephl 0 KOHEYHBIX MPOIYK-
TOB MPOUCXOAUT HEMOCPEACTBEHHO B HU((HY3HOHHOM CJI0€, YTO CIIOCOOCTBYET
OBICTPOMY B3aMMO/ICHCTBHIO HOHA TPEXBAIEHTHOIO JKEJIE3a C MUHEPAIAMH:

FeAsS + Fe, (SO4); + 1.5 H,0 + 0.75 O, — 3 FeSO, + S’ + H3As05
U cepoil:
S°+ 6 Fe*" + 4 H,0 — 6 Fe*" + SO,> + 8 H™.
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FeAsS — Fe?* + As®* +8° ©2

A—_ — o Fo2t e- WV o+
_____________ T. ferrooxidans '\\
% Fe" H20
) % 6e- S 2- +
e [ S T ferrooxidans > S04+ * 8H
ﬁ* 28 5 AsOS+ 8HY
> FeAsOy
/ A

i
50 V_ o+
3/2 %7H20

Puc. 5.3. Monenb 6akTepranbHO-XUMUYECKOT0 OKHUCIICHUS apCeHOITUPHUTA
Thiobacillus ferrooxidans (no I'. U. Kapasaiiko, 1984).
A — anox; K — xarox; J1 — muddy3noHHbIH cnoit

MexaHu3Mbl 0aKTEpPUAILHOTO OKHCJIEHHS HPOJYKTOB 3JIEKTPOXUMHUYECKUX
peakuuii (Fe%, S SO) [0Ka HE CYMTAIOTCS BBIACHEHHBIMU. bosiee n3ydeHHbIM
SIBIIIETCSI BOTIPOC O MeXaHU3Me OKHCIeHHS kene3a. [lomarator, 9to mpu OakTe-
puansHOM okuciaennn Fe’' oHo NIOCTYIIAET B NEPUINIA3MATUYECKOE IPOCTPaH-
CTBO. DJIEKTPOHBI aKLENTUPYIOTCS MEBCOAEPKALIUM OEJIKOM PYCTUIIMaHHHOM
U TIEpPEeHOCSTCs Yepe3 MeMOpaHy IO IIMTOXPOMHOH nenw. [lepeHoc nBYX aiek-
TPOHOB OOecrieuynBaeT BOSHUKHOBEHHE HA MeMOpaHe moTeHnuana B 120 mB, a
IByx npoToHoB — 210 MB. Cymmapnsnii noternuan B 330 MB mocrarouen ms
obpazoBanus Mosekyinsl AT®. Bropas yacTh peakiu OKHCIICHHS JKele3a,
MPUBOSIIAS K 00pa30BaHUIO BOJIBI, PEAN3YETCS Ha BHYTPCHHEH CTOPOHE IIH-
TOTIA3MATHYECKOW MEMOPAHBI U B IIUTOIIIa3MeE.

YeTkrX MpencTaBICHUNA 10 MEXaHU3MY OKHCIICHHS CyTb(UI HOW CEphI ITOKa
HeT. Bo3moxHO, Menbcopepkamuii OeNoK SIBISIETCS MEPBUYHBIM aKIENTOPOM
cynb(huia, MOCTYIAONIEro B MEPUIIa3My; a Jajiee MPOLEcC UAET C y4acTHEM
LIENIM TIEpeHOoca 3JIEKTPOHOB. ECTh JaHHBIE O TOM, YTO 3JEMEHTHAs cepa OKUC-
JISETCS KEIC300KUCIIONMMH OaKTEPUSIMH 0 CEpHON KMCIIOTHI 110 PEaKIHH:

S pomGraeckas —> S’ — SOs* — SO,%,

rne S° — PEeAKHIA THIT CEPhI, HATTOMUHAIOIINHA b MOAN(UKAINIO CeJIeHA.

Cepa B KOJUIOWZHOM COCTOSHHM TOCTYNAaeT B MEPHUIIA3MaTHYECKOE IIPO-
CTPaHCTBO KJICTKHM W, BO3MOXHO, OKHUCJIACTCA Ha MOBEPXHOCTU LUTOILIa3MaTU-
4ecKoi MeMOpaHbl M BO BHYTPUKJIETOYHOW MeMOpaHHOW cucreme. MexaHu3m
reHepupoBanust AT® npu 5TOM, BO3MOXHO, aHAJIOIMUYEH MPOLECCY MPHU OKUC-
JICHUH JBYXBaJIEHTHOTO JKENe3a.

Cynbduanbie MuHepaibl 3Q(HEKTHBHO OKHCISIOTCS OAKTEpUSIMU IIPH Clie-
JYIOIINX YCJIOBUSX: MHKPOOPTaHU3MBI JIOJDKHBI OBITH aJaNTHPOBAaHHBIMH K
YCIOBUSIM KOHKPETHOI MOPO/BI, NX KOHIIEHTpaus B cpelie AOJDKHA OBITH J10c-
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TATOYHO BBICOKOM (1-5 1/11). BhllenaunBanue NpOXOAUT aKTHBHEE, €CIH pyla
MIPEeIBAapUTEIFHO TOHKO H3MENbYeHa 10 YacTHL, pa3MepoM okoso 40 MKM,
(0o0bIuHO MyNBIBI copepkar TBepaoro Bemectsa 10 20 %) mpu HempepbIBHOM
NepeMeIIMBaHNH M adpalliy, a Takke crabminzannu pH u TemMnepaTypsl cpeasl
Ha ypOBHE, ONTHMAJIBHOM JUIS IPUMEHSIEMbIX MUKPOOPTaHU3MOB.

BakrepuanbHOe BbIILEIauMBaHUE, HA3bIBAEMOE TAKKe OMOTHIpOMETaILTyp-
rueil uaM OMOAKCTPAaKTUBHOM METaUTypruel, B IPOMBIIIJICHHBIX MacuTadax
JIOBOJIBHO IIMPOKO MPUMEHSIOT IS MEpeBoJa MEAW W ypaHa B PAaCTBOPUMYIO
¢dopmy. CyliecTByeT HECKOJIBKO CIIOCOOOB IMPOBEICHUSI OAKTEPUAILHOTO BbI-
IIeNayuBaHusl METaJUIOB. Bce OHM OCHOBaHBI Ha CTHMYJISILIMM POCTa XKeJe30-
OKHCIIAIONINX OaKTepHid, CHOCOOHBIX OKHCIISTH IByXBaJICHTHOE JKEJIE30 U Cepy.
OTH METO/BI BECbMa SKOHOMHYHBI M YHCTHI B 3KOJIOTMYECKOM IUIAHE; OTJINYa-
FOTCSI JOCTATOYHOM MPOCTOTON M CIIOCOOHBI K CaMONOAEPKUBAHUIO OIaroaapst
00pa30BaHHIO AreHTa-PACTBOPHUTENS META/IOB B Buae pacTBopa Fe’*. Bee mo-
JIy4eHHbIE TpH OaKTepHaIbHOM BhINIEIaYMBAHUH TPOAYKTHI PEAKIMU HaXOIST-
csl B pacTBOpax, KOTOPBIE JIETKO MOKHO HEWTPAIN30BaTh; KaKHE-JIMOO BpEIHbIE
o0oYHBIE Ta3000pa3HbIe MPOAYKTHl OTCYTCTBYIOT; TPOLECC HE 3aBHUCUT OT
MacuTaboB ero npoBeneHus. K TpyaHocTsiM peanuzanuu OHOJIOTHYECKUX Me-
TOJIOB OTHOCHUTCS HEOOXOAMMOCTH IOJAJEPKaHNsI aKTUBHOW MHUKPOOHOH KyJib-
TYpHI B CTPOTO KOHTPOJIUPYEMBIX U 3aJaHHBIX yCIOBUIX, HU3KHE B CPAaBHEHHE C
XMMHYECKHMH TIPOLIECCAMU CKOPOCTH PEAKIIUH, B3aHMOCBA3aHHOCTb IPOLIECCOB
BBILIEIaYMBaHHS CO CKOPOCTSIMH POCTa MUKPOOPTaHU3MOB.

IToBepxHOCTHOE BhIIIEJIAYMBAHUE Kyd U OTBAJIOB, B OCHOBHOM, CBOAMTCS
K M3BJICYEHHIO METAIJIOB M3 OTXOIO0B FOPHOMOOBIBAIOIIECH MPOMBIILICHHOCTH
WM IOOOYHBIX O€IHBIX Py, IepepadoTKa KOTOPBIX OOBIYHBIMH CIIOCO0aMHU He
HKOHOMHYHA. METO/1bl TTOBEPXHOCTHOTO BBIIIEIAYNBAHUS Ky4 ¥ OTBaJIOB, IIPHU-
MEHSEMbIE B HACTOSIICE BPEMs, MaJI0 YeM OTJIMYAIOTCS OT Ipolecca, KOTOPBIi
ucnons3oBasid B XVIII Beke B Mcnanuu Ha mecropoxaeHun Puo-TunTo 11t
H3BJICUCHUA MEOIU U3 PYI BblBeTpldBLHeﬁCﬂ MopoabI. 9T1oT METOA NMPUMCHAIOT
OOBIYHO TIPH M3BJICYEHWH MEIH M3 MOPOJ C HU3KHM €€ CO/epXKaHhueM (MeHee
0.4 % mo Becy). Takue OTBaJIbI HAKAIUTMBAIOTCS B OOJIBIINX KOJIMYECTBAX IMPH
KPYIHOMACIITaOHON OTKPBITON pa3pabOTKe PyIbl M MOTYT 3aHUMAaTb OIPOMHBIC
omaan U A10CTUTraTh B BBICOTY HECKOJIBKHUX COT MCTPOB. CampbIit 60J'I])LL[0ﬁ OT-
Ban bunrxom-Kaneon Haxomutes B AMepuke U BMemaer okoro 3.6'10% T mopossr.

BI)IL[IeHaLII/IBaHI/Ie Ky4 HECKOJIbKO OTJIMYACTCA OT BbIIICJIa4YMBaHUA OTBAJIOB.
Kyun coneprkar HOBBIIIEHHOE MO CPAaBHEHHIO C OTBAJIAMU COJIEpKaHHE MeTall-
Jla, W3BJEYEHHE KOTOPOTO B NPHHIMIIE BO3MOXKHO 32 JOCTATOYHO KOPOTKHH
CPOK — HECKOJIBKO MeCAIEB. B TO ke Bpemsl BBIIIETAUYNBAHUE OTBAJIOB MOXKET
JIIUThCA ToaaMu. B Kyuax u oTBajlax M3MeJbUEHHAs py/a YJ0KeHa Ha HaKJIOH-
HOE BOJIOHENPOHUIIaeMOe ocHOBaHME. [I0BEpXHOCTH Kyd M OTBAJIOB OpPOLIAIOT-
Csl BBHIIIENAYNBAONICH JKUIKOCTBIO, TPEACTABISIIONIEH CO00H ciadbIii pacTBOp
KHCJIOTBI M MOHOB TPEXBAJIEHTHOTo »kene3a. COOp pacTBopa C W3BJIECUEHHBIM
METaJIoM, TPOQUIBTPOBABIIEroCs Yepe3 CiIoil moposl, coduparor cHuzy. Ilo-
CKOJIbKY TIPH BBIIIEIAYMBAaHUU OTBAJIOB B CPEZe, KaK MPABHJIO, Pa3BHBAIOTCS
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MIPUPOJIHBIE MUKPOOPTaHU3MBI, 3aceBa He Npou3BoaaT. Kucnast cpena u Hanu-
qWe KHUCJIOPOJAa CIOCOOCTBYET TIOBBIMIEHUIO KATATHTHYECKOW aAKTHBHOCTH
Thiobacillus ferrooxidans. BeimenaunBaromas »KUIKOCTh C TOMOIILIO HACOCOB
MOAETCs HABEPX Ky4YH PYJIbl, PACIBLISIETCS 10 €€ MOBEPXHOCTH M 3aTEM, CaMO-
TEKOM CTeKasi BHU3, GUIbTpyeTCs uepe3 Hee. OOoraiieHHbIe METAJUIOM PACTBO-
PBI, CTEKAIOIIHE W3 OTBAIOB M KYY, HAMPABIIIOTCS B CIEIMATBHBIE MPYIBI U
BOJIOEMBI Il cOOpa W M3BIICUEHHs MeTaiia. M3BiieueHre IpOBOIAT METOIOM
MPOCTOrO OCAKACHHS MK JEKTPOJIU30M, a Takke 0oJiee CIOKHBIMH METO 1A~
Mu. OTpaboTaHHBIE BBIIIEIAYNBAIOIIMNE PACTBOPHI, COAEPIKAIIME B OCHOBHOM
pPacTBOPEHHOE JKeJIe30, PEreHEPUPYIOTCA B OKHUCIUTENBHBIX TPYAaXx M BHOBb
[MOJAFOTCS B OTBANIbL. THIHYHAS CXeMa OaKTEPHAIBHOTO BBIILIEIAYNBAHUSA MEIU
U3 KyY U OTBAJIOB MPECTaBIeHa Ha puc. 5.4.

CKOpOCTb U3BJICUEHHS METaljla IpU MPOMBIIUIEHHOM BBIIIENaYUBAHUN Ky4
1 OTBAJIOB 3aBUCHT OT MHOTHX ()aKTOPOB — aKTHBHOCTH KYJIBTYpBI, KauecTBa
PYZBI ¥ CTETIEHH €€ ANUCIIEPCHOCTH, CKOPOCTH (DMIIBTPALIMH BBIIIEIadHBAIOIIETO
pacTBOpa, a3pauun. Tak, Ipu BBEAEHUU CXKAaTOTO BO3AyXa B TOJIIY BBIIIEIAYHU-

CxaTbli BO3Oyx

Kyya 6eaHow pyabl
unu orean -
CxaTbli BO34yX
CO6opHMK oboraLLeHHbIX OkucnUTEnbHbIN
pacTBopoB npya
OkcTpakuus OuucTka Perynuposka
pacTtBoputenem pH
PereHepvipoBaHHasi
opraHuyeckasi
1
dasa
Lecopbuus (—]
MpoMbIThIN OTpa6(;)TaHHbu7|
ME[LHbIA KOHLeHTpaT aneKTponuT
OnekTponusep
v

Menb Ha kaTogax

Puc.5.4. Cxema 6akTepHaabHOTO BBIIIENAUNBAHUS MEIH U3 Ky MU OTBAJIOB PYHbI
(mo @. 1. ITymu, 1990).
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BaeMOW MEIHOW PyABI CKOPOCTH M3BJICUEHHUS MEIHN Bo3pacTaeT Ha 25 %.

[Mpumensiemoe, Hanpumep, B mrare Hpro-Mekcuko (CILA) BbimenaunBa-
HHE OTBAJIOB Jae€T CYTOUHYIO 100bdy Meam okoso 45-50 T; ceGecromMocTb
MeH, MoTydaeMoi TakuM crocodoM, B 1.5-2.0 pasa HmKe, 10 CpaBHEHHIO C
OOBIYHBIMH METOJaMHU THUApO- U mupomeramnypruu. B merom B CIHA 15 %
MelU MOJy4aloT B Ipoleccax OaKTepHaIbHOTO BhILIETaYMBaHUS Ky4d U OTBa-
JIOB.

CymiecTBeHHO peke MHUKPOOPTaHU3MBI MPUMEHSIOT UISI BBIMICIIaYUBAHUS
B MIPOMBIIIJICHHBIX MacmTabax ypaHa. [y 3Toro mopona Wiu pyaa AOTKHEI
6])ITI) 60F3T])l CyJ'I]:(bI/IZlH])IMI/I MHHCpaJIaMi U HE CIUIIKOM HMHTCHCHUBHO I10-
TJIOIATh KHCIOPOJ.

B BocTounbIX paiionax Kanampl momzeMHOe OakTepHallbHOE BHIIIEIAYHBA-
HHUE TPUMEHSIOT JJIS M3BJICYCHUS OCTATOYHOTO ypaHa Ha BHIPAOOTaHHBIX IIJIO-
maakax Jjid 3Toro CTCHKU U KpbIII 3a00€eB IIPOMBIBAIOT HOZ[KPICJIeHHOﬁ BOJIOI\/II.
PaspuBaromecss ecrectBeHHble jkene3o0akrepun Thiobacillus ferrooxidans
OKHUCIISIOT IBYXBaJICHTHOE JKEJIe30 J0 TPEXBAICHTHOTO, KOTOPOE OKHCIISIET Ye-
TBIPEXBAJICHTHBIN YpaH J0 MIECTHBAJICHTHOTO, IEPEBOIS €T0 B PACTBOP:

UOZ + Fez(SO4)3 —> UOzSO4 +2 FGSO4.
BO3MOKHO TaKKe NPAMOE OKUCIIEHUE YpaHa OaKTEPUSIMHU:
2 U02 + 02 +2 H2$O4 -2 UOQSO4 +2 H20

Croycrs 3—4 mMecsna 3a00u CHOBa NMPOMBIBAKOT. [IpOMBIBHEIE BOJBI, COMEp-
JKaIllie ypaH, COOUPAOT; ypaH M3BIEKAIOT PACTBOPUTEISIMU JTHOO ¢ TIOMOIIBIO
noHHoro odmena. Cxema j00bIYM ypaHa, oOeclieunBarolas CTENeHb ero u3-
Breuenus 10 90 %, naHa Ha puc. 5.5.

Bo3MoxxHO npuMeHeHHe 0aKTepHUATEHOTO BHIIICTAYUBAHHS B KAYECTBE TIEp-
BUYHOH TEXHOJOTHH UTSI TIONYYeHHUs ypaHa, — TeXHoyorus in situ. Ilpu atom
pYZHOE TEeNO pa3pylIaloT B3PHIBOM ISl YBEIMUYEHHS NMPOHHUIIAEMOCTH U IIO-
BEPXHOCTHOM IUIoIaau. Uepe3 CKBaKHUHBI Py/la WHKEKTUPYETCS CIabbIM pac-
TBOPOM CEPHOW KHCIOTHI M HACBHIIIACTCS BO3IYXOM, Yepe3 HHUX KE BO3MOXKCH
OTBOJ PYAHUYHBIX BOJ C W3BIICUYEHHBIM ypaHOM. [IpenMyIiecTBOM ITaHHOTO

YpaHoBas pyaa, ] [ Th. ferrooxidans
3 mm, 50°C | | Fe?*— Fe®*; 30°C
PereHepunpoBaHHbIn
O6orallleHHbIl pacteop OTpabgraHHbIN
pacysop pacTsop
MoHHBI
obmeH
YpaH

Puc. 5.5. Cxema BbllenaurBanusi ypaHoBoit pysl (1o J. Johnson, 1985).
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METO/Ia SIBJISIETCSI €r0 He3aBUCHUMOCTh OT HOTOJHBIX YCIOBHH, IPU 3TOM TaKKe
He 00e300pa)XuBaeTcsi MOBEPXHOCTh MECTOPOXKIEHHS W HE OCTAIOTCS TPY/bI
otBanoB. OMHAKO MPOIECC BEHIMEIAYNBAHUS in situ — OoJiee TPYIOSMKHUH Mpo-
LIECC M0 CPABHEHHUIO C MOBEPXHOCTHBIM BhINeIauyMBaHUEM. YTOOBI KOHTPOIIHU-
pOBaTh TEYEHHE MPOLIECCa U COCTOSIHHE MUKPOOPTraHU3MOB MPHUXOAUTCS CO3/1a-
BaThb CIICHHUAJIbHBIC MHXKCHEPHBIC CXEMBbI, TaK KaK B YCJIOBUAX FJ'ly6I/lHHI)IX 3aje-
TaHWH TUTACTOB W3-32 BBICOKOTO JABIICHWS, THIIEpOapUy KUCIOPOJa U Ip. BO3-
MOXHO MU3MEHEHHE (DU3UOIIOTUUECKOIO COCTOSIHUS HKEIe300KUCIISIOUX OaKTe-
pHii ¥ KaK CJIe/ICTBUE — HAPYLICHNE TEXHOJIOTUYECKOTO UKIIA.

HawnGornee coHBIM SIBIISIETCS TIPOLIECC OAKTEPUATILHOTO BhILIECIaYHBaHKs B
anmapaTax — Tak Ha3blBaeMOC YaHOBOE BbILeJIaYUBaHHe. DTOT THII BBIIIEIA-
YMBaHHS PUMEHSIOT B TOPHOPYAHON MPOMBILUICHHOCTH JJIsl U3BJICUYEHHS ypa-
Ha, 30JI0Ta, cepedpa, MeAN U IPYTHX METAJUIOB U3 OKHUCHBIX Py WIH YIOPHBIX
CYIb(PUIHBIX KOHIICHTPATOB.

OO0bIYHOE TTPOU3BOJCTBO OOJBIIIHCTBA METAIIIOB HA HAYAJIBHOU CTAINHU TIpe-
JyCMaTpuBaeT KOHIIEHTPUPOBaHHUE METAJLUIOCO/EPIKAILIEr0 MUHEpaia U3 pyabl. B
KOHIIEHTpAaTaX COAEpKaHUEe METAIUIOB MOXET Ha MOPSIIOK IPEBOCXOIUThH UX KOH-
LEHTpallid B UCXOIHBIX pyJax M Mmopojax. bakTepuaibHOE BHIIICIAYHBAHHC
CYJIb(UAHBIX KOHIIEHTPATOB MMEET HECOMHEHHBIC JIOCTOMHCTBA, TAK KaK MOXET
OBITh PEAIM30BAHO HETIOCPEICTBEHHO B MECTE MOTyYCHHs KOHIIEHTpaTa B paiioHe
pa3padaThIBAEMOr0 MECTOPOXKICHUS 0e3 OOJBIIMX U JOPOTOCTOSIIUX 3aTparT Ha
TpaHCTIOPTUPOBKY. OHAKO JTMMUTHPYIOIIUM MOMEHTOM OaKTEpHAIBHOTO BEIIIE-
JIAYMBAHUSL SBIISIOTCS OBOJIBHO HU3KUE CKOPOCTHU MPOTEKAHHS 3THX IPOLIECCOB,
a TaKk)Ke HEeIOoJIHAsl PACTBOPHUMOCTh HEKOTOPBIX METAIIJIOB.

PaGoramu mocneaHuX J€T MOKa3aHO, YTO SKOHOMHYECKH BBITOJHO MOJY-
4aTh MEJb U3 XaJIbKOIMUPUTHOTO KOHIICHTPATA, TAK KaK CKOPOCTH BHINICIIAYHBA-
HUSI MOXKET AOCTUTHYTH 10 700 MI/i1-4, 00pa3yeMmblii IpH 3TOM BbILIEIaYHBAIO-
it pactBop copepxkut 30-50 /1 Mmean. PaspaboraHbl OakTepHaibHbIEe TEXHO-
JIOTUH TOJTYYCHUS] UHKA, MEIU W KaJIMUS U3 CMCIIAHHBIX CYJIb(QHUIHBIX KOH-
eHTpaToB ¢ 94 % CTemeHbI0 SKCTPAKIINHA Ha3BAaHHBIX METAJUIOB.

YaHOBOE BbIIIENIAYMBAHNE YIIOPHBIX CYJIb(QUIHBIX KOHLIEHTPATOB MPOBOJIST
B MPOTOYHOM PEKUME B CCPUHM IMOCICAOBATCIBHO COCAUHCHHBIX arraparax
6onpmoro odrema (30x50x6 M) ¢ mepememMBaHUeM, adpanueil mpu crabuimm-
3auuu pH, Temmeparypbl M KOHIEHTPalMd MHKPOOPTaHM3MOB B IMYJIbIIE
(puc. 5.6.). Ilepen 3arpy3koil B ammaparbl KOHIIEHTPAaThl M3MENbYAIOT U CMe-
[IMBAIOT CO CJTA0BIM PACTBOPOM CEPHOMN KUCIIOTHI.

Ha xox nporiecca BIUsIOT MHOTHE MapameTpsl: pH, Temmneparypa, ckopocTh
MIPOTOKA MYyJIbIIBI, & TAK)KE IUIOTHOCTh MYJIBIIBI U pa3Mep YacTHLl KOHIIEHTpATa.
BaxHbIM MOMEHTOM YaHOBOT'O BhINIC/IAYMBAHUA ABJIACTCA HAJIUYHUEC CUCTCM,
KOHTPOJUPYIOMUX U CTAOMIN3UPYIOIINX MHOTHE W3 TICPEUYHCICHHBIX TapaMeT-
poB. PesympraToM 3TOTO sIBIsIeTCs AP PEeKTHBHOE MpOTEeKaHue mporecca. Cxema
YaHOBOTO BBIIIEIAYMBAHUS CYJIb(QUIHBIX KOHIEHTPATOB 3aMKHyTas. O0oport-
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Ha 3axopoHeHue

KoHueHTpaTt J_

Puc. 5.6. Cxema yCTaHOBKH 4aHOBOTO BbIenaunBaHus MeTawios (o I'. W. Kapasaiiko, 1984).
1 — KOHTaKTHBIH YaH, 2 — MauyK, 3 — 4aH 1 c6opa 0O0POTHEIX PACTBOPOB, 4 — 00E3BOKHMBAIOIIHIT KOHYC,
5 —4aH 1 cOOpa OcTaTKa 10Ce BBIIIEIaunBaHusA, 6 — OTCTOMHHK KOHEYHOTO MPOIYKTa, 7 — Mojaya H3BECTKO-
BOT'O MOJIOKA, 8 — YaH-OTCTONHUK, 9 — YaH Juisi c6opa 060POTHBIX PacTBOPOB, 10 — HyTY-QHIBTD.

HBIE BOJIBI TIOCJIE PEreHepaluy UCIIOIb3YIOTCS B KaUeCTBE MUTATEIbHON CPEMbI
JUI OaKTepHi U BBIIEIAYNBAIOLIET0 PaCTBOPA.

OmnpeneneHHy0 poOJieMy IIpY YaHOBOM BHILIEIaYMBAHUM IIPEICTABIISET
obecrieuenne mporecca HHOKYIATOM. [Ipy yaHOBOM BbIIeIaunBaHu pabora-
10T C TUIOTHBIMH IYJIBIIAMH NPH KOHIICHTPALUHN KIETOK B KyJibType 1o 1.0-1.5
r/n ACB. lns mosydeHUs] akTUBHOM MHUKPOOHOM KyJIBTYpBI CYLIECTBYET He-
CKOJIbKO crioco0oB. Hanbosee adpdextrBen crnocod KyabTUBHPOBAHMS KeJIe30-
OKHCIIAIONINX OaKTepuil B MIPOTOYHOM 3JIEKTPOXUMHUYECKOM KYyJIBTHBATOPE CO-
IPSKEHHO C 3JIEKTPOBOCCTAHOBJIEHHEM CyOcTpaTa. B mporecce pocra Mukpo-
OpraHU3Mbl OKHCIISIIOT JIBYXBaJIEHTHOE JKEJIe30 JI0 TPEXBAJIEHTHOIO, & B XOJE
IIEKTPOXMMHUYECKIX MPEBPAIICHUH JKEIe30 BOCCTAHABIMBAETCSA 0 ABYXBa-

JICHTHOTO W CHOBA CIYXKHT CyOCTpPaToOM iIsi MUKPOOPTaHU3MOB!
INIEKMPOXUMUSL

) RPNy 2 2. < Ao
karox: Fe’" ————— Fe*’; anox: 4¢ +4H 2 2 H,0.

baxmepuu

B mpoMblInIeHHBIX MacmTabax YaHOBOE BBIICNAYMBAHUE IPHUMEHSACTCS
IpH TepepaboTKe KOMIUIEKCHBIX MEIHO-IIMHKOBBIX KOHLEHTpaToB. B cocrase
9TUX KOMIUICKCHBIX KOHICHTPATOB MPUCYTCTBYET HECKOJIBKO MHHEPAJIOB —
xanpkonuput (CuFeS,), mupur (FeS,), chanepur (ZnS). Chanepur nmeer 60-
nee Hu3kuid D11, T03TOMY M3 KOHIIGHTpATa CEJICKTHBHO BBIIEIAYMBACTCS LIMHK.
Jpyrue Metamnsl BelmenadnBarorcs cinabdee. Tak, ecnu 3a 72-96 4 BrImenayn-
Bauus m3Biiekaercs okosno 90 % Zn, To Cu u Fe, coorBercTBeHHO, 25 1M 5 %.
OusoBocozeprKalie KOHIIEHTPAThl BKIIOYAIOT MUPUT, XaJIbKOIUPHT, apCEHOIHN-
PHT M OJIOBSHHBIC MHHEPAJIbl B BUJE OKHCIIOB 0JI0Ba. VI3 3TOro KoMILIeKca MH-
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HEepaJIoB OAKTEPUM OKHCIISIOT, NPEXIE BCEr0, HU3KOMOTCHIMAIBHBIA apceHo-
nuput (FeAsS). Mbibsik mpezacrabisier coOOH BPEAHYIO NMPUMECh U YPE3BbI-
YaifHO 3aTpyAHSAET U3BJICUYECHHUE OJIOBA WU 30JI0Ta U3 TAKUX KOHLIEHTPATOB.
CenexTrBHOE OaKTEpHAIBHOE BBIIIETAYMBAHIE MBIIIbSIKA TO3BOJISIET MOTYIUTh
OJIOBSHHBIM W MEIHBIM KOHIEHTPAThl. JTOT MOAXOA TaKXKe AENaeT mepepadbl-
THIBAEMBIMU TPYAHO JOCTYIHBIE 30J0TOCOAEPKAIME KOHLIEHTPATHI, COAepKa-
1€ MUPUT U ApPCEHONUPUT. 30JI0TO B TAKUX KOHIIEHTPAaTaX TOHKO BKPAIJIEHO B
KPHCTAJUIMYECKYIO PELIETKY W W3BJIE€Yb €r0 METOJOM IIMaHMPOBAHMS MOXKHO
TOJBKO ITOCIIE BCKPBITUS MM Pa3pylleHHs KPUCTAIMUECKOH pemieTku. ITupo-
METAUTYPrHYeCKUil OOXKUI TaKUX MBIIIBIKOBO-COAEPKALIIMX KOHLIEHTPATOB
CHJIbHO 3arpsi3HSET OKPYXKAIOIIYIO cpely BpeaHbIMH apcuHamu (AsH;) u maer
HU3KYIO CTENCHb M3BJICYECHHUS OJaropoIHBIX METAIIIOB, IIO3TOMY MaJIO TPHIO-
neH. IIpuMeHeHne GakTepHalbHOTO BBIIIENAYMBAHMS MO3BOJISIET B 9KOJIOTHYE-
CKM 0€30I1aCHOM ITPOLIECCE CEJIEKTHMBHO M3BJIEYb MBIIIbSIK M3 KOHIEHTPATOB U
nepeBecTH ero B pacTBop. Ilocae n3BneueHre MbIIIbsIKa U3 TAKUX KOHIIEHTpPa-
TOB yZIa€TCsl U3BJIEYb METONOM IIaHupoBaHus 10 90 % 3050Ta 1 cepedpa.

BuocopOuusi MeTaJlI0OB U3 PACTBOPOB

YKecToueHre 3aKOHOB II0 OXPaHE OKpPY’KAaroWeH cpeabl M TpeOOBaHUS K
Ka4eCTBY BOJIbI IEJIAIOT HEOOXOJMMBIM COBEPLICHCTBOBAHUE CYILECTBYIOLIUX U
pa3paboTKy HOBBIX, Oosee 3 (PEKTUBHBIX METOJIOB OYHCTKH BOJ OT METAJLJIOB.
Bronorndeckne MeToBI B ITOCIETHUE TOBI HAXOAAT Bce OOJIbIIEe IPUMEHEHNE
JUIS M3BIICUCHHST METAJUIOB M3 NPOMBIIUICHHBIX, a TaKKE OBITOBBIX CTOYHBIX
BOJI. DTU METOJIbI, B OTIIMYHE OT JOPOTOCTOSIINX (PU3NKO-XUMHUYECKHX, XapaK-
TEpU3YIOTCS IOCTATOYHOM NMPOCTOTON M 3P PeKTUBHOCTBI0. OOBIYHO JUIS STHX
LeNel 3arpsi3HEHHbBIE METAIAMH BOJIBI COOMPAIOT B OTCTOMHUKAX WIM MPYIax
CO c1abbIM TE€YEHHEM, Il MPOUCXOJUT PA3BUTHE MUKPOOPTaHW3MOB M BOJO-
pocieil. DTH OpraHM3Mbl HAKAIJIMBAIOT PACTBOPEHHBIE METAJUIbl BHYTpPHUKIIE-
TOYHO WJIM, BBLACISS CreluduIecKue MpoxyKThl 0OMeHa, NepeBosAT UX B He-
pacTBOprMyI0 (GOpPMYy M BBI3BIBAIOT OCaXKAECHHE. MHOTHME MHKPOOPTaHW3MBI
CIIOCOOHBI HaKaIlJIMBaTh METAJUIBI B OOJIBIINX KONMYECTBaX. B xoxe sBomonun
B HUX C()OPMHUPOBAJIIMCH CUCTEMBI TTOTJIOIIEHHUS OTAEIbHBIX METAIUIOB U MX KOH-
LIEHTPUPOBAHUA B KIETKaX. MUKPOOPraHU3MBbl, IIOMUMO BKIIOYEHUS B LIUTO-
IU1a3My, CIIOCOOHBI TaKKe COPOMPOBATH METAUIBI HAa TIOBEPXHOCTH KIETOYHBIX
CTEHOK, CBSI3bIBATH META0OINTAaMU B HEPACTBOPUMBIE (DOPMBI, a TAKKe NEPEeBO-
IUTH B JeTyuyto ¢opmy (puc. 5.7.). Cenekuusi B 7TOM HaIlpaBIeHHH U TIPHUMe-
HEHHE HOBBIX T€HHOMH)XEHEPHBIX METOJOB ITO3BOJIIIOT ITOJy4aTh (OPMBI, aK-
TUBHO aKKyMYJHMPYIOIINE METaJUIbl U Ha X OCHOBE CO34aBaTh CHCTEMBI OMO-
ouncTKH. Vnes Mcronp30BaHKUs MUKPOOPTaHM3MOB IS W3BJICYCHUS] METAJJIOB
U3 PaCTBOPOB, TOMHMO OTPOMHOTO 3KOJOTMYECKOI0 3HAU€HUs, BayKHA TaKXkKe B
Ka4yecTBe CIoco0a MoJIydeHNs] SKOHOMUYECKH BaXKHBIX METAJIIOB.

OCHOBHBIMH ITPOIIECCAMH HU3BJICYCHHUSI METAIIOB M3 PACTBOPOB C Y4acTHEM
MHKpPOOPTIaHU3MOB SIBISIOTCSA: OHOCOpONHA, OCazKAeHHEe METAJLUIOB B BHJE
cyJb()UI0B, BOCCTAHOBJIEHHE IIECTHBAJIEHTHOTO XpOMa.
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(CHz)Hg
NoBEPXHOCTHas X nety4vas cdopma

copbuus

MukpobHas
KneTka

BHYTPUKNETO4YHOE

HakonseHne X
X
BblaensieMble
MeTabonuTbl
(MeTannoopraHuyeckue

KOMNIeKChl Unn 0caiok
meTannos Fe, Cu, Mn)

Puc. 5.7. Bo3MOXHbIE THITBI B3aUMOJIEHCTBHII Mex Ty MeTaiuiaMu (X) ¥ MEUKPOOHOH KIIeTKoi
(mo K. Bpaeiiepmu u np., 1988).

C nomompio OnocopOIMU fake M3 pa30aBICHHBIX PacTBOPOB BO3MOXKHO
100 % wm3BNEUEeHNE CBUHIIA, PTYTH, MU, HAKENS, XpoMa, ypaHa u 90 % 3oi0-
Ta, cepedpa, MIIATHHEI, ceJeHa.

BHyTpukieToyHOE cojiepKaHHe METAIOB, KaK YCTaHOBJIEHO, MOXXET OBITh
OYEHb 3HAYMTEJFHBIM — ISt ypaHa u Topus 10 14-18 % ot ACB nenurpudu-
LUPYIOMIMX MUKPOOPraHnW3MoB, aist cepedbpa — 1o 30 % ACH. HenaBno ycra-
HOBJIEHa CIIOCOOHOCTH BOJOpPOCIHEH, apoxkeit n Oakrepuit (Pseudomonas) s¢-
(beKTHBHO COPOMPOBATH ypaH U3 MOPCKOW BOBI.

Cnoco0Obl TpoBesieHHs OMOCOPOLMH Pa3IUYHBI: BO3MOXKHO HPOITyCKaHHE
pacTBOpa METaJUIOB 4Yepe3 MUKPOOHBIH OHOPHUIBTP, MPEACTABISIONINA COO0M
)KUBBIE KJIETKH, COPOMPOBAaHHbIE Ha yrie. [IpOMBIIIIIEHHO BBITYCKAIOTCS TaKKe
crienuaibHble OMOCOPOCHTHI, Harmpumep «OHOCOpPOeHT M» dYelicKoro mnpous-
BOJICTBA, M3TOTOBJICHHBIH B BHJE 3€PEH M3 MHUKPOOHBIX KJIETOK M HOCHUTENS
pasmepom 0.3—0.8 mM. CopOeHT HCIONB3YIOT B YCTaHOBKAX, pabOTAIOMmUX Ha
HOHOOOMEHHBIX CMOJIAX; €ro eMKOCTh cocTaBisieT 5 Mr ypaHa Ha 1 r ACDH xireTok
(MakcumaibHast eMKocTh — 110 120 mr). Bo3MoKHO Takske MPOU3BOACTBO COpOEH-
TOB Ha OCHOBE MHKPOOHBIX ITOJIMCaxapuaoB. Takue cOpOSHTHI MOXKHO LIMPOKO
NPUMEHATH B PA3INYHbIX, BKIIOYas MPUPOJHBIE, YCIOBHAX, OHU IPOCTHI B YIIOT-
pebnennn. Ilocie KOHIEHTPUPOBAHHS METAIIOB MHKPOOPTaHM3MaMH Ha Clie-
JIYIOIIEH CTauK METAILIBI CIIEAYET U3BIICUb M3 MUKPOOHO# OroMacchl. J{ist aToro
CYIIECTBYIOT Pa3INyHble CHOCOOBI — KaK HEAECTPYKTHBHBIC, TAK WU OCHOBAaHHBIC
Ha SKCTPaKOMH IMyTeM pa3pylleHus (Hampumep, NMMpOMeTaulyprudeckas oopa-
060TKa OMOMAaCCHI MITM PUMEHEHHE KUCIIOT U IIEJI0UeH ).

W3Bieyenue METawlIOB M3 paCTBOPOB HA OCHOBE OCAKACHHS CYIb(QHIOB U3-
BecTHO AaBHO. Cynb(arpeyipyomyue MUKPOOPTaHU3Mbl BBIIEISIOT CEPOBO-
JIOPOA, KOTOPBIH MPAKTUIECKH TTOJHOCTHIO CBS3bIBACT PACTBOPEHHBIE METAJLIHI,
BbI3bIBas MX OcaxeHHWe. Ha ocHOBe JaHHOTO MeTOo#a BO3MOXHO, HaIpuUMep,
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H3BJICUYCHUE MEIU U PACTBOPOB, CoAep Kamux 10 8.5 r/i meau B popMe HuaHu-
Jla; IOJIHOTA u3BjeuYeHus gocturaet 98.5 %.

[IpencraBnser NpPaKTUYCCKUN HWHTEPEC TaKKE METOJ BOCCTAHOBJICHHS
LIECTUBAJICHTHOrO XpOMa B pacTBopax. M3BecTHBI OaKkTepuHu, CIOCOOHBIC B
aHadpPOOHBIX YCJIIOBHIX BOCCTAHABJIMBATH LIECTUBAICHTHBIN XPOM, conepika-
HIMCS B OBITOBBIX CTOYHBIX BOJAX, IO TPEXBAJICHTHOTO, KOTOPBIH anee oca-
xmaercs B sujge Cr(OH);.

Odboramenue pya

K nepcnekTHBHBIM HalpaBJICHUSIM OHOT€OTEXHOJIOT UM METAJNIOB OTHOCUTCS
HalpaBJieHUe, OPUEHTHPOBAHHOE Ha 0OoranieHne pya M KOHIEHTpaToB. Becbma
3¢ PEKTUBHBIM NPEICTABISIETCS NPUMEHEHUE ISl ATHX Lieied cyib(arpeayuu-
pyOImHKX OAKTEpHii, C HOMOIIBIO KOTOPBIX MOXKHO pa3padoTaTh MPUHIHUIHAIb-
HO HOBBIE IIPOLIECCHI M CYILECTBEHHO YIY4IINTh CyLIECTBYOLINE.

ITpu npoBeneHnu npoueccos (GIOTAMU OKUCICHHBIX MHHEPAJIOB CBHHLA U
CYpbMBI TIpUMEHEHHUE CcyibdaTpenyuupyoommx oakrepuil noppimaer Ha 6—8 %
W3BJIEYEHUE MUHEPAJIOB B PE3yJIbTaTe CYJb(HUIU3ALNN OKUCIOB; B MPOLECCaX
¢morarn niepyccuta (PbCO;) u3Bneuenne cBuHIa Bo3pactaeT Ha 20-25 %.
[Ipumenenne cynphaTpeAyIUPYONMX OaKTepHi I 1ecopOIUN KCAaHTOreHaTa
C NMOBEPXHOCTH HEKOTOPBIX MUHEPAJIOB 1Ocje (JIOTAMU MO3BOJISIET CEIEKTHB-
HO pazfenuTh HekoTopsle MuHepaisl (CuFeS, u MoS,, PbS u ZnS).

Takum 00pazoM, OHOIOTHYECKHE METOIBI AKTUBHO JOTIONHSIOT U YaCTHYHO
MO3BOJISIIOT 3aMEHHUTh TPAAULMOHHBIE METOIbI I'OPHOAOOBIBAIOIIEH OTpaciy.
MpHuorue BOIIPOCHI 6HOFCOT€XHOJ’IOFHI/I B HacToAlIEC BPEMA YCIICIIHO PCIICHBLI.
310 mosydeHue MeaH, HUKels, KoOasbTa, MapraHia, MbIIbsIKa U pija APYIrux
MeTajutoB. MeIb M ypaH MOJydYaroT B OOJIBIIMX MaciiTabax B Ipoleccax Kyd-
HOTO ¥ MOJ3eMHOT0 BbIIeTa4nBaHus. C OMOIIBI0 YaHOBOT'O BBIIETAYHBAHU
ynaercs nepepadbaThiBaTh MHOTHE KOHLEHTPATHI U 1OJIy4aTh LWHK, MEJb, OJI0-
BO, cepedpo, 30J10TO U 1p. Pa3pabaThiBaroTCs M HaXOAAT BCE OOJbINEE MPHME-
HEHUsI TIPOLIeCChl OMOCOPOLMH METAIUIOB U3 PacTBOPOB M CTOYHBIX BOJ; Hame-
YeHbI MOJXOABI M HAYMHAIOT MPUMEHATHCS OHMONIOTHYeCKHe METOIbl B MpoLec-
cax oforamieHus pyA M KOHLEHTpaToB. [IprMeHEeHHEe OMOTEXHOJOIMYECKUX
METO/IOB TI03BOJISIET YBEJIMYUBATH CBHIPHEBBIE PECYPCHI, 00ECIeYMBaCT KOM-
IUICKCHOE M3BJICUYCHUE METAJUIOB, HE TPEOYeT CI0KHOH TOPHOW TEXHMKH; HPO-
LECCHI JIETKO MOJJAIOTCS PEryJIMpOBaHHUIO M aBTOMAaTHU3aLUH M MO3BOJIAIOT pe-
IaTh MHOTHE MTPUPOI00OXPAHHbBIE 3aJauH.
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I'naBa 6. BUOTEXHOJIOIT'MYECKHUE
AJIbTEPHATHUBBI
B CEJIbCKOM XO3SIUCTBE

O PeKTUBHOCTD CENBCKOXO3SIMCTBEHHBIX TEXHOJIOTHUH B TIPOMU3BOJICTBE TIPO-
JYKTOB NUTaHUsI 3aBUCUT OT MHOI'MX (haKTOPOB, BKJIIOUAsl 3KOJIOro-reorpadu-
YeCKHe, SKOHOMUYCCKHUE, a TAKXKE OT BO3OOHOBIIIEMBIX OHOJIOTHIECKHX PECyp-
COB, TaKHX, KaK KyJIbTypHBIC PACTEHUS, TOMAITHHIE )KHBOTHBIC, MUKPOOPTaHU3-
MblL. [loBbIIeHHE OHOTOTHYECKON MPOTYKTHBHOCTH B CEIILCKOM XO3SHCTBE 5B-
JISICTCA Hpeﬂ,MeTOM AKTHUBHBIX I/ICCJ'ICJIOBaHI/lﬁ KOMILJICKCAa pa3m/1qu1x 6HOHOFH—
YECKHX HAyK. BHOTEXHOJIOTMYECKHE METOIBl TPAIUIIMOHHO HCIOJIB3YIOTCS B
CEJIbCKOM XO3SHCTBE IS TOBBIMICHHUS TUIOJOPOIHS TT0YB, OOPHOBI C BpeauTe-
JSIMH ¥ BO30yIUTENIMH O0JIe3HEel KyIbTYPHBIX PACTEHHH M )KUBOTHBIX, IIPUTO-
TOBJICHUS HpO]IOBOJ'leTBeHHLIX l'[pOZ[yKTOB, ux KOHcepBl/IpOBaHI/IH nu ynyqule—
HUS TUTATENBHBIX CBOWCTB. [Ipu 3TOM yIenbHBIN BeC OHOTEXHOJIOTHHU VIS Pa3-
BUTHUS W MOBBIIICHUS 3()()EKTUBHOCTH TPAIUIIMOHHBIX CEIbCKOXO3IHCTBEHHBIX
TEXHOJIOTHH TOCTOSTHHO BO3pacTaeT. B HacTosee BpeMs 0coOble epCreKTHBEI
B CO3/laHUU U PACIPOCTPAHEHUU HOBBIX KYJbTUBUPYEMBIX COPTOB pPacTEHUH
oOelraeT MPUMEHEHUE HOBEWIINX METOJOB OMOTEXHOJIOTMH — KICTOYHOW W
TCHETHYECKOW WH)KEHEPUH. Y CHIINS OMOTEXHOJIOTOB HAIIPaBIICHBI Ha yBEINYe-
HHUE BBIXOJa MPOAYKINH U MOBBIIICHNE €€ MUTATEIbHOCTH, YCHICHHE YCTOHYH-
BOCTHU KyJ'II)TI/lBI/IpyeMI)IX 6HOHOFI/I‘I€CKI/IX BHUIOB K He6J’IaFOle/IHTHbIM yCJ'IOBl/I)IM
BHEIIIHEH CpeJibl, MaTOTCHaM M BPEOUTEIsIM. [Ipu 3TOM OCTaeTcsl aKTyallbHON
mpobiemMa MOoANepKaHus Pa3HOOOpa3usl Cpeau KyJIbTHBHPYEMBIX BHIOB M CO-
XpaHEeHHS TeHETHYECKUX PECYPCOB B IIEJIOM.

6.1. BMONIEC TULU/IBI

[IpakTHuecky OJHOBPEMEHHO C Pa3BUTHEM >KUBOTHOBOJCTBA U pacTeHHeE-
BOJICTBA BO3HHMKJIA NpOOJieMa 3aIUTHl KYJIBTYPHBIX PAacCTEHHH M JOMAIIHHX
JKHBOTHBIX OT BpeauTeneil u 6onesHeil. CHavyaa 4eslOBEK HCIIOIb30Ball IPUMH-
THUBHBIC CPEACTBA HCTPEONEHHS M OTIOBAa BPEIHBIX >KUBOTHBIX, 3aTeM IJIA
YHHYTOXKEHHUSI CTall NMPUMEHSATh XUIIHBIX >KUBOTHBIX (COOaK, KOLIEK, MTHI).
[TocTenenHo, ¢ pa3BUTHEM CEJIHCKOXO3SHCTBEHHBIX TEXHOJIOTHH CIIOCOOBI
00pBHOBI COBEPILICHCTBOBAINCE; MOSBHJINCH IIEPBBIC IPHMHUTHBHBIC XUMHUUECKUE
CpelCTBa YHHYTOKEHHS HACEKOMBIX U TPHI3YHOB C HMCIIOJIL30BAaHUEM OTBApOB,
HaCTOEB, JIPEBECHOI 30JIbI U IIp. BypHOE pa3BUTHE XMMUH U NIEPEXO/1 CEITBCKOTO
XO035HiCTBA HAa MHTEHCHUBHBIE TEXHOJIOTHH INPHUBENO K IOSIBJICHUIO U IPUMEHE-
HUIO OTPOMHOTO pa3HOO0Opa3us XUMHUYECKUX BEIIECTB ISl OOPHOBI ¢ BpeauTe-
JSIMH M OOJIE3HSMH KyJIbTUBHPYEMBIX BHIOB. [lepBoodepenHoe MecTo 3aHsI
NECTUUABI — ATOBUTBHIC XUMUYCCKHUE BECIIECTBA, UCIIOJIB3YEMbIC JId 60pb6bl C
BpeauTessiMu, Oone3HAMH W copHikaMu. OIHAKO TOJBKO HEOOJNBINAS YacTh
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(oxomo 10 %) nmprMeHsIeMbIX 1 BHOCHMBIX B OKPY)KAIOIIYIO0 CPEAy MECTUIIUI0B
JOCTHTAET LIEJIM; OCHOBHAs )K€ Macca 3TUX BEIECTB BBI3BIBAET rMOEIb 10JIe3-
HBIX OpPraHU3MOB, AKKyMYJIUpPYeTCsl B OMOJIOTMYECKHX OOBEKTaX, HapyIlaeT
paBHOBecHE B NIPHUPOJHBIX KOCHCTEMax M OMOLICHO3aX, 3arpsi3HSET IIOYBHI,
BOJIOEMBI, BO3yX. XUMHUIECKUE MECTUIN/bI HE 00ECIEUMIIN MIPU 3TOM IOJIHYIO
3alIUTY CEIbCKOXO3SMCTBEHHBIX KYJIBTYD; OOJIBIIOE YHCIIO HACEKOMBIX U COp-
HSIKOB OCTAJIHMCh HEKOHTPOJIMPYEMBIMH M IPOJOJDKAIOT HAHOCHTH OI'POMHBIN
BpEJ CENILCKOMY XO3SHCTBY. boiee Toro, Bpenurenn HauMHAIOT MPUOOpPETATh
PE3UCTEHTHOCTh K necturiaM. [1osBUINCE JaHHBIE O TOM, YTO JUIS YHHYTO-
JKEHUsI HEKOTOPBIX BpEAWTEIeH MPUXOAMUTCS NMPUMEHSTh CBEPXBBICOKHE J103bI
MIECTUIHIOB, B THICSYHM pa3 NPEBOCXOSIINE HAaYaJIbHBIC JO3bI TOKCUKAHTOB B
MIepBbIE TOJBI MX NMPHUMEHEHHS. B HacTosee BpeMs B JMTEPaType OIMHMCAHbBI
COTHHM BUJIOB WICHUCTOHOTUX, PE3UCTEHTHBIX K pa3nuuHbM necturmaam (JIT,
kapOamaTtaM, mnuperpounaMm, ¢GHocHOpOPraHUuYECKUM COCTUHCHUAM). Takum
00pa3oM, NMpUMEHEHHE IECTHUIMIOB BCTYNWIO B SIBHOE NPOTHUBOPEUHE C TJIO-
0abHOM MPOOIEMOI 3aIUTHI OKPY>KAOIICH CPEIBI.

OT0 BBI3BIBaET HEOOXOAMMOCTH IOWCKA JAPYTHX, Oojiee 3¢ (PEKTHBHBIX
CPE/ICTB M METOJIOB 3aIUTHI, HE OKA3bIBAIOLIMX OTPHLATEIBHOIO BO3JIECHCTBHS
Ha YeJIOBEKa M OKPY’KAaloUIyl0 Cpeay B IeJIOM. boibline mepcrekTHBBI cpenu
pa3pabaThIBAEMBIX MTOJX0/I0B UMEIOT OMOJIOTHYECKHE METOIBI.

buonornyeckue areHTbl IPUMEHSITH IS YHUYITOKCHUS BPEAUTEINCH ¢ IpeB-
HeWmux BpeMeH. Hampumep, KUTaHIbl HCIIOIB30BATN (HapaOHOBBIX MYpPaBLEB
JUISl YHUYTOXXCHUS BPEAUTENe B 3epHOXpaHmInIIax. Bo Bpemena Apucrorens
B MEPHOJ MHTEHCUBHOTO OJJOMAITHUBAHMS Y€ U TYTOBOTO IIEIKOIIPAa YeTo-
BEK CTaJIKHMBAJICS C MACCOBBIMHU 3a00JICBAHUSIMU 3TUX HACEKOMBIX. DTOT NEPUO,
MOYKHO CYHMTATh HAYaJIOM 3apOXKJCHUS MUKPOOHOJIOTHYECKUX METOI0B OOpBHOBI
¢ BpeautensiMu. Ho tombko B koHue XIX Beka padoramu JI. Iacrepa u N.U.
MeunnkoBa Oblla 3aJI0’KCHA Hay4Hast OCHOBA 3TOT0 HANpaBlICHNUS. MEYHUKOBY
YAAJIOCh BBIACTUTH BO30YIHUTENsT OOJE3HH XJIEOHOTO KyKa — MYCKapHIHBIN
rpu6 (Metarrisium anisopliae), ¥ OH PEKOMEHIOBaJ HCIOJIb30BaTh JAHHYIO
KyJIbTYpa Uit OOpBOBI € J)KYKOM — BpEIUTENIeM 371akoBbIX. IlacTep mpemioxuin
MIPUMEHATH OAKTEPHIO — BO3OYIUTENh KYPHHOU XOJEPHI Al OOPHOBI C AUKUMU
KpOJIHMKaMK; MEYHUKOB 3TOT0 K€ BO30YIUTENS — IJIsl YHUUTOXKEHHS CyCIHKOB.
C tex mop HanpaBlieHHEe, OCHOBAaHHOE Ha HCIIOJIb30BAHUM MHKPOOPTaHH3MOB —
MIPUPOJIHBIX TTATOTE€HOB, JUIi OOPHOBI ¢ BO3OYIUTENIMHU OOJIe3HEH M BpenuTe-
JISIMM KyJIBTYPHBIX OMOJIOTHYECKUX BHJOB B IIPHUPOIHBIX YCIOBHSIX, HEIPEPHIB-
HO COBEPIICHCTBYETCS. BBIAEIEHO M ONMMCAHO MHOXECTBO MHKPOOPTaHH3MOB,
NAaTOTeHHBIX JUIS TPHI3YHOB U HACEKOMBIX, M Ha X OCHOBE CO31aHbl U MPOJIOJI-
KaloT pa3padaThIBaThCs 3P (PEKTHBHBIC ITpENaparshl.

Hcnonp3oBaHne MUKPOOPTaHW3MOB B Ka4eCTBE OMOIECTHIMIOB — CPaBHHU-
TENIPHO HOBOE HAIIPaBJIEHHE OMOTEXHOJIOTHH, HO YK€ UMEIOIIEE CYLIECTBEHHBIC
JnocTkeHus. B Hacrosiee Bpemsi GakTepuu, rpuObl, BUPYChl HAXOAAT Bce 0O-
Jiee IUPOKOe MPUMEHEHHE B KaUeCTBE IPOMBIIUIEHHBIX OHonecTHinaoB. Tex-
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HOJIOTHS IIPOM3BOJICTBA ITHX IPENapaToB BechbMa pa3jIMyHa, Kak pa3jIiyHa IpHU-
poza u (u3HoIOruUecKue 0COOEHHOCTH MUKPOOIPAaHU3MOB-IPOAYLEHTOB. O
HaKO MMEETCS PsJ] yHUBEPCAIBbHBIX TPEOOBAHUM, MIPEABIBISIEMBIX K OHONECTH-
[JaM, OCHOBHBIMHU CPEIH HHX SBIIAIOTCS: CEIEKTHBHOCTh M BBICOKas d(dex-
THUBHOCTb JIEHCTBHA, 0€3011aCHOCTH IS YeJI0BEKa M II0JIe3HBIX IpecTaBuTeNneit
¢itopsl ¥ ayHbl, JUIMTENbHAS COXPAHHOCTh M Y100CTBO MPUMEHEHHS, XOPOLIasi
CMayMBaeMOCTb U IPHIIMIIAEMOCTh. B HacTosIee BpeMst 1Sl 3alUThl PACTCHUH
Y JKMBOTHBIX OT HACEKOMBIX U TPHI3YHOB NPUMEHSIOTCS, [IOMUMO aHTUOUOTH-
KOB, OKOJIO 50 MHKpPOOHBIX NpenapaToB, OTHOCSIIMXCS K TPEM IPYyINIaM: 3TO
OakTepuasbHbIe, IPUOHBIC U BUPYCHBIE ITpENaparhl.

BaKTepnaanMe npenaparbl

K Hacrosimemy Bpemenu onucano cBbie 90 BumoB Oakrepuii, HHGUIMPY-
IOIIMX HACEKOMBIX. bonpmas ux 9acTe NpHUHAANEKHUT K ceMeiictBam Pseudo-
monadaceae, Enterobacteriaceae, Lactobacillaceae, Micrococcaceae, Bacilla-
ceae (Tabiy. 6.1). BONBIIMHCTBO IMPOMBIIUICHHBIX IITAMMOB HPUHAIIEKHUT K
poxny Bacillus, n ocHoBHast Macca npemnaparoB (cBbiiie 90 %) u3rorosieHa Ha
ocaose Bacillus thuringiensis (Bt), umeromux cBeime 22 cepotunos. Iltam-
MBI Bt ucronb3yroT s 60pbObI ¢ Pa3IMUHBIMKA BPEAMTENSIMH — T'YCEHUIIAMH,
KOMapaMH, MOIIKO.

Brieperie Bt 6puta BeimeneHa B 1915 r. bepamaepoM u3 OONBHBIX T'yCEHHUI
MenbHH4HOHM orHeBKkH. llItammer Bacillus thuringiensis, momumo oOpa3oBaHus
CIIOP, KOTOPLIC MPH MNOMaJaHWUU BHYTPb HACCKOMOI'O BbI3BIBAIOT CCITULIEMUIO,
CHUHTE3UPYIOT TaKXe s 9K30- ¥ SHIOTOKCHHOB. [IepBbIi TOKCHH, HAEHTH(DU-
upoBaHHblii y Bt, — a-3k30TokcuH ((ochonunaza C), siBAseTCs] MPOAYKTOM
pacTylmux KIEeTOK; MPEeaIoiaraoT, 4To 3pQeKT AJaHHOTO TOKCHHA, JIETaIbHBIN
JUIS. HACEKOMBIX, CBSI3aH C PaclajoM B TKaHAX HE3aMEHUMBIX (OCQOIUIHIOB.
Bropoii TokcHH — [-0K30TOKCHH, COCTOSIINI U3 afieHrHa, pubo3sl U (ocdopa.
[Mpearnonararor, 4YTO €ro MoJjeKyJsia NpeACTaBisieT cOOOH HYKIEOTH, CIOXKHO
CBSI3aHHBIN 4epe3 pruO03y U IIIIOKO3Y C IIOCIU3HEBOH KHCIOTOM, a ero TOKCH-
YECKOE€ BO3JEHCTBUE COCTOMT B IpEKpallleHuu cuHTe3a HacekombiMu PHK.
Tperuil TOKCUH — Y-9K30TOKCUH. Ero cTpykrypa U AEHCTBHE MajlO U3y4YE€HBI,
IIPEAIoJIaraoT, 4YTo OH OTHOCHTCS K (ochonunuaam. YeTBepThlii TOKCHH —
KPUCTAJUINYECKUIT 3-9HIOKCHH, 00pa3yeTcsi OJHOBPEMEHHO CO CIIOPOH M Bhle-
JIA€TCA B Cpeay. HHurakTHBIC KpUCTaJlJIbl HCTOKCUYHbBI, HO IIPpU IOMaJlaHuH B
MUIIEBAPUTENBHBIA TPAKT HACEKOMBIX IO/ BO3AEHCTBHEM IIEJIOYHBIX IPOTEa3
paspymaroTcsi ¢ 00pa3oBaHHMEM JAEHCTBYIONIETO TOKCHMHA. Kpucrammmueckne
SHIOTOKCHUHBI TOJUIENTUAHON CTPYKTYpBl KJIACCH(UIMPOBAHBI B YETHIpE
rpynrbl: TOKCHUHBI, aKTUBHBIC B OTHOLICHHWU YCHIYCKPBLIbIX (MOHeKyﬂﬂpHaﬂ
Mmacca 130-160 x/]); akTUBHBIE B OTHOIICHWH YEIIYEKPHUIBIX M IBYKPBUIBIX
(70); akTHBHBIC B OTHOIICHHUH K >KECTKOKPBUIBIM (72 k/I) W aKTHBHBIE IO OT-
HOUIEHHIO K JINYMHKAM ABYKPBUIBIX (COCTOST U3 HECKOJIIBKUX aKTHBHBIX OCIIKOB
MoJIeKyJIsipHO# Maccel oT 27 1o 130 x/1). CrieruduyHOCTh MPOTEa3 HACEKOMBIX
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Tabnuna 6.1

HawuGoJiee pacnpocTpaHeHHbIe HHCEKTONATOT¢HHbIE OaKTepHH
U nHpUUHUpyeMblie MU Hacekomble (o G. A. Hardy, 1986).

Bakrepun

Hacexombie

Pseudomonas aeruginosa
Pseudomonas septica
Vibrio leonardia
Enterobacter acrogenes
Proteus vulgaris
Salmonella enteritidis

Diplococcus spp.

Bacillus thuringiensis
B. popilliae
B. sphaericus

B. moritai

Capanun
JKyK-HaBO3HHK, )KYK-IPEBECHHHHK
OrHeBka myenuHas 00JbIIasi, MOTBUIEK KyKypY3HBIH
Babouka-rony6sHka, 6a004Ka-TOJICTOr0JIOBKA
Capanuun
OrHeBka myenuHas 0oJbLias

Maiickuii Xpy11l, EIKONPsL TYTOBBIH, IISIKOIPS HEMTapHbIH,
LIEJKONPSI TyOOBBIH OXOTHBIN

Paznuunbie 6a00UKH, MOJIU
Kyk-HaBO3HUK
Komapst

Myxu

pa3INYHBIX BHUIOB ONpENENseT pa3HUIly BO3AEHCTBHSA TOKcHHAa. He Bce Hace-
KOMBIe 00JIalaloT MpoTea3aMu, ClIOCOOHBIMU pa3pyllaTh JAaHHBIH TOKCHH, YeM
1 OHpesieIsieTcsl ero N30UpaTeIbHOCTh.

IIpenapatel Ha ocHOBe Bt OTHOCATCS K TOKCHMHaM KHUILIEYHOTO JEWCTBUSA.
THUNUYHBIME TOCIEACTBUAMH UX BO3ICHCTBHUS SBISIFOTCS Mapajind KUIICYHUKA,
HpeKpalieHne MUTaHus, Pa3BUTHE OOLIEro napajiya M TMOenb HAaCEKOMOTO.
Kpucramisl BappUpyIOT MEXIY pasiUuHBIMH CEPOTHIIAMH M M30isTamMu Bt u
00J1a1a10T IIMPOKUM CIEKTPOM aKTUBHOCTH NPOTHB PA3THIHBIX HACEKOMBIX.

bakrepun rpynnsr Bacillus thuringiensis a¢¢dextuBHbl B oTHOmEHUH 400
BUJIOB HACEKOMBIX, BKIIIOYAsl BpEIUTENEH MNOJeH, Jieca, CaJloB U BUHOTPA/IHU-
KOB; HauOOJIBIINHA 3PPEKT OT IPUMEHEHHUS NAaHHBIX MPETapaToB IOJIyYaroT IPH
60ope0e ¢ JucTorpeRymmMMe Bpenutensmu. M3eectHo G6omee 100 mrammoB Bt,
00BpemuHeHHBIX B 30 TPYMII MO CEPOJOTHYECKIM U OMOXMMHYECKUM IpH3HA-
KaM. MUKpOOHOIOrHYecKasi MPOMBIIUICHHOCTh MHOTHUX CTPaH BBIMTYCKAET pa3-
JIMYHBIE TIperapaThl Ha ocHOBe Bt, CIOCOOHBIX 00pa30BBIBATH CIIOPHI, KPUCTAI-
JIBI ¥ TOKCHYECKHE BELIECTBA B IIPOLIECCE POCTA.

TexHonorus mnoiay4eHUs OHOMECTHIMIOB HAa OCHOBE JHTOMOIIATOICHHBIX
OakTepuil TpencTaBiIseT coOOH THIMYHBIN NPUMEP NEPHOIUYECKONH TOMOIeH-
HOM a3pOoOHOM IITyOMHHOM KyJIBTYpPBI, PEaIN3yIONIEHCs! B CTPOTO CTEPHIIBHBIX U
KOHTPOJINPYEMBIX ycloBUsX. Llenp mporecca — MoMydeHHE MaKCHMalbHOTO
ypoxas Oakrepuil M HakoruieHHe TOKcHHAa. OCHOBY IMTAaTENbHON Cpelbl CO-
CTaBJIAET JPOJMOKEIONNCcaxapuIHas CMECh W IE€HOTacHTelNb (KallaJOTOBBIH
xwup). JmmrensHocts pepmentanun npu 28—-30°C B pexuMme nepeMenInBaHus U
aspanuu (0.2 1 Oy/n cpeapl-MuH.) coctaiser 35-40 4acoB 10 HAKOIUICHHUS B
KyJIbTypaJIbHO# skuakocTd 5—10 % cBOOOIHBIX CHIOP M KPUCTAIIIOB OT OOLIEro
nX KonmuecTBa (IIPU TUTpPE KyJIbTyphl He MeHee | mupn. cnop B 1 mur). Janee
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CIHOPBI U KPHUCTAIUIBI OTACISIFOTCS B TMPOLIECCE CEapUpOBaHKs U 00E3BOXKHBA-
torcst. ToBapHast opma mpenapara — Cyxoi MOPOLIOK, a TAKIKE CTAOMIM3HUPO-
BaHHas macta. Beixoa macTel mpu BIaXHOCTH 85 % u Tutpe okono 20 mip.
ciop/r — okono 100 /M’ KyabTypanmbHoil skuakocTH. CTaGHIM3AIMA [ACThI
OCYIIECTBIIICTCSl CMELIMBAaHUEM €€ C KapOOKCHMETHJILEIUIION030H, 00anato-
e BBICOKOH COPOIMOHHOW eMKOCThI0. CIOpBI M KPHUCTAJUIBI B PE3yJIbTare
CTabMIM3anuy 00pa3yroT TPEXMEPHYIO CeTYaTyl0 CTPYKTYpY, B KOTOPYIO paB-
HOMEpPHO NPOHMKAEeT KOHCEPBAHT, OOECHeumBas UTUTEIBHYIO COXPaHHOCTb
npenapara. Ha ocHOBe macTel B Ipolecce BBICYIIMBAHUS B PACHbIIMTENBLHON
CYLIMIKE MOJyYaroT CyXOH MPOAYKT C OCTATOYHOM BIIaXKHOCTHIO He BhImIe 10 %
u ¢ turpom 100-150 mupx. criop/r. Ilpenapar ycpenusieTcst 1 cTabMIn3upyeTcst
KaoJIMHOM. [ 0TOBBIH CyXo0il MPOAYyKT coaepkut 10 30 Mipa. crop/T.

VY3KUM MECTOM IpH TNPOU3BOJCTBE JHTOMOIIATOTCHHBIX OaKTEpPHAIbHBIX
MpenaparoB siBisieTcss 6oprda ¢ ¢aromusucoMm. EcTh mpenrnonioxkeHue, 4to BU-
PYJIEHTHOCTh M (ParoyCTOHYMBOCTH OaKTEpPHAIBHBIX IITAMMOB HAaXOAATCS B
00paTHOM 3aBHCHUMOCTH, TIO3TOMY HEBO3MOXKHO COUYETaTh 3TH CBOICTBA B OlI-
HoM mramMe. [l n3baBieHus oT ¢aronmsuca BeleTcs celekuus Ha ¢aro-
yCTOﬁ‘lMBOCTb cpean MpOM3BOJACTBCHHBIX HITAMMOB; PEKOMCHIOBaHAa CMCHa
KyJIbTHBUPYEMBIX IITaMMOB, a TaK)Xe CTpOras periiaMeHTHPYeMOCTb M CTe-
PHIBHOCTB Ha CTaANH (hepMEHTAIINH.

[lepBbIii OTeueCTBEHHBIH Mpenapar MmoyiydeH Ha ocHoBe Bac. thuringiensis
var. dalleriae — 3nTo6akTepuu. [Ipenapar BbITycKaeTcs B BHJE CYXOro IO-
POIIIKa C COAEpKAaHNEM CHOP U KPUCTALIOB SHAOTOKCHHA 10 30 MIIpA./T, acThl
C HAIOJHHTENEM, a TAKKe JKUIKOCTH B CMECH ¢ MpwinnareneM. D QeKkTHBeH
MPOTUB YEIIYEKPBUIBIX HACEKOMBIX (KalyCTHOW OEJISTHKH, KallyCTHOW MOJIH,
JIyTOBOTO MOTBUIbKA, ISICHHLIBI, HIEIKONpsAa, OosApeIIHUIE U ap.). [Ipume-
HAIOT Npenapar MyTeM OINpPBICKUBAHUS PACTEHUH CycCleH3HeW U3 pacyera 1—
3 Kr/ra s OBOLIHBIX M 3—5 KI/ra — IJIs CaZoBBIX KyJbTYP C HCHOJIB30BAaHUEM
HA3€MHBbIX W aBHAllMOHHBIX OHpblCKHBaTeHeﬁ. OnTtuManbHEIe yCJ10BUA BHELI-
Hel cpezpl Uil IPUMEHEHHsI SHTOOAKTEpHHA — OTCYTCTBHE OCAIKOB M JMaria-
30H Temmeparyp 18-32°C. [Ipemapar — KUIIEYHOTO ACUCTBUS, IPU MOCIAHUU
T'YCEHHIIaMH BMECTE C JIUCTOBOIl 3€JICHBIO IIOCIE IIOMAIaHUsl B KEIyHO0YHO-
KUIICYHBIH TPAKT HACEKOMOTO BBI3bIBAET OOIIYI0 HHTOKCUKAIIMIO U 3aTEM I10JI-
HBIH napannd. OCHOBHasI Macca HaCEKOMBIX TMOHeT B TeueHue 2—10 nHel; npu
HEOOXOJAUMOCTH TIPOBOMIST MOBTOPHYIO 00pabOTKY IPH COKPALICHUN TO3BI B 2
pa3a. IIpuMeHeHne 3HTOOAKTEpHHA MOBBIIAECT YPOKAHHOCTh OBOIIHBIX KYJb-
TYp U CaJIOBBIX KyJIbTYp Ha 50 1 5 11/Ta COOTBETCTBEHHO.

JleHIpo0anu/IJIMH SBISETCS IPENapaToM ISl 3aIUTHI Jieca OT CHOMPCKOTO
Hrenkonpsiaa Ha ocHoBe Bac. thuringiensis var. dendrolimus. bakrepust Obuia
BbIJACJICHA U3 I'yCCHUIL CI/I6I/lpCKOF0 meJIKonpsaaa — BpeaAUuTEIA XBOMHBIX JICCOB.
OroT npenapar Takxke dPPEKTUBEH IS 3alIUTHl OBOIIHBIX, IUIOJOBBIX M TEX-
HUYECKHX KYJIBTYp OT pa3HbIX HACEKOMBIX (COBOK, OCIISTHOK, MOJIEH, MSAACHHL] 1
Ip.). Ilpenapat He TOKCHMYEH Ui MOJIE3HOH SHTOMO(]AYHBI, HCKIIOUEHUE CO-
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CTaBIISAIOT TYTOBBIA M AyOOBBIN MISIKONPAL, IPUMEHIETCS U IEHCTBYET aHaJIO-
THYHO PHTOOAKTEPUHY.

HMHceKkTHH — 10 JIEHCTBHUIO aHAJIOTWYEH JCHAPOOANIIINHY, IpeIHa3HAYeH
i1 60pbOBI, TIIAaBHBIM 00pa3oM, ¢ cHOMpCKHM ImenkompsaoM. llomxydeHn Ha
ocHoBe Bac. thuringiensis var. insectus.

BUII - 6uonornyecknii MHCEKTHLIUAHBIN TpeTapar, N3rOTaBIHBAETCs B BU-
JIe CyXOro MOpoIlKa U HacThl Ha ocHoBe Bac. thuringiensis var. darmstadiensis;
3¢ (GeKTUBCH MPOTUB BPeAUTENCH TUIOI0BBIX (OT sI0JOYHOM | MJI0JJOBOI MOJICH,
IISICHUL, JINCTOBEPTOK, IIENKONPSIOB) U OBOIIHBIX KYJIbTYp (OENsHOK, MO-
Jien).

Bakrynouum — 6akreprsi, HA OCHOBE KOTOPOW BBIMYCKAeTCs JAHHBIN mpe-
rapar, BeIJeJIeHa U3 BoJj0eMa U oTHeceHa K rpymnme Bt Hy,, Tak xak eii npucso-
eH 14-ii ceporurl. BaKkTyJIOIUA BEITYCKAETCS B BHJIE CYXOTO TIOPOIIKA C TUTPOM
criop okoso 90 MIPA./T U COAEPKHUT TaKOe XKe KOINYeCTBO Kpucramios. [Ipu-
MEHSIETCS B )KMJIKOM BHJIE pa30phI3THBAaHUEM I10 MOBEPXHOCTH Bojoema. Jlo3a B
3aBUCHMOCTH OT XapakTepa BoJOeMa W BHJa KoMmMapoB Bapeupyer oT 0.5 1o
3.0 kr/Tra BOIHOW MOBEPXHOCTH. KpHCTaIIMUeCKuil SHIOTOKCHH OaKTyJIOIHIa
BBICOKO TOKCHYEH VISl TMIMHOK KOMAapoOB U MOILEK, HO COBEPILICHHO Oe30maceH
JUIsl APYTHX HACEKOMBIX M THAPOOMOHTOB, OOMTAIOIIMX B OJHOM BOJOEME C
Komapamu. [IpoAyleHT AaHHOTO SHAOTOKCHHA NPHUBICK BHUMAHHE YYEHBIX
MHOTHX CTpaH. 3a pyOexoMm aHamorudHslie npemapathl («Teknap», «Cxutam,
«BuxTob6ax», «bakTMocy) st 00pEOBI C KOMapaMH M MOIIKOH BBITYCKAlOT Ha
ocHoBe Oakrtepun Bacillus israelensis mramm Bt Hy4, xoTOpas npoayuupyer
JaHHBI SHAOKcHH. Hambonee >(QQEKTUBHBIMM SBIAIOTCS OTEYECTBEHHBIN
«bakrymnomum u ppaniysckuit «bakTuMOoCy.

Bropast rpynma mpenapaToB, BBITYCKaeMBIX 3a pyOexxoM, Oasupyercss Ha
OakrepuanbHoM cepotune Bac. thuringiensis 3A3B (HD-1). Ilepseiii npenapar
6611 ostyueH Bo @pannuu B 1938 r. Ha ocHOBE HITaMMa, BBIAEISIONIETO OIac-
HBII 17151 4enoBeka TOKCHH — [3. beun pa3paboTaHsl crielianbHble METOAbl O4YH-
CTKHM KYJIbTYPaJIbHOW XUJIKOCTH Ul yAAJIeHHs TOKCHHA M3 TOBapHOM (hOPMBI
npoaykra. BrocnencTeun Obut BeifeneH mramMm Bt HD-1, cBoOomHbIi OT qaH-
HOTO SH/IOTOKCHHA, KOTOPBHIH B HACTOSIIEE BPEMs SIBISETCS OCHOBOW MHOTHX
MIPOMBIIUICHHBIX MPENaparoB, NMPEJHA3HAUYCHHBIX A1 OOPBObI C Pa3INYHBIMU
CaZlOBbBIMHM U Or'OpOJHBIMHU BpPCAUTCIAMMU. Cepml npenaparos, 1o IleﬁCTBHIO
aHajiorn4Has sHToOaKTepuny, («Jumen», «Buobur», «bakrocneiny) usroras-
nuBaeTcs Ha ocHOBe 3A3B B BHE MOPOUIKOB M XKHUIKOCTEH M MPUMEHSETCS C
MIOMOIIBI0 PACTIBUIMTENBHBIX M Pa30OpBI3THBAIOIINX YCTPOICTB, BBI3bIBAas Mac-
coByio rubenp rycenun. B Uexun npousBoasT npenapar «barypun-82» ¢ uc-
MIOJIb30BaHNEM TIyOMHHOHM KynbTypbl Bt. var. kurstaki, sddexrunsiii npotus
pa3MYHBIX BPEIUTENICH OBOIIHBIX, 3ePHOBEIX KynbTyp u jecoB. B CIIIA nHauar
BBIITYCK mpemnapata «Poua» Ha OCHOBE KOHBIOTATOB JBYX IITaMMOB Bt, mis
60pbOBI C I'YyCEHUIIAMH OBOLIHBIX KYJBTYp U sl ApyruX 3P QeKTUBHBIX mpenapa-
TOB.
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[upokas pa3paboTka HOBBIX IPENapaToB Ha OCHOBE Bt MHTEHCHBHO MpO-
BOJIUTCSL BO MHOTMX CTpaHaX. [IoMCK OCIOXHsIETCsl HeCTaOWIBHOCTBIO U JIM30-
reHHel MTaMMOB-NIPOXYLEHTOB. Jl0 HACTOSIEr0 BpeMEHH MAJI0 M3y4YeHbI BO-
IIPOCHI KOHTarnO3HOCTH HTOMONATOTEHHBIX OAKTEPHH M BO3MOKHOCTU 3IH30-
OTOJIOTHYECKOTO CII0C00a UX HCIIOJIb30BAHMUSL.

Merozbl FeHHOM ¥ KJIETOYHOM MHKEHEPUU B HACTOSILEE BPEMsI I103BOJISIIOT
IIPOBOANTH pabOTHI, HAIIPABIEHHbIE Ha YJIyUIIEHHE CYIIECTBYIONIUX IIPOAYLIEH-
TOB U mpoxykToB Bt. CeromHs U3BECTHO, YTO I'€HbI, KOHTPOJIUPYIOIINE CHHTE3
KPHCTAJUIOB, JIOKAJIN30BaHbl Ha HEOONBIIOM YHCIE IUIa3MUZ 3HAYUTEIBHOM
MOJIEKYJISIpHOW Macchl. TOKCHYeCKHid OeJoK, CHHTe3upyeMblil Bt, kKjoHHpOBaH
B E. coli u B. subtilis, ero sxcrnpeccus roiyueHa gaxxe B TEUCHUE BEreTaTUBHOM
¢a3sr pocta. EcTh cBeieHNS 0 KIIOHHPOBAHUH O€IKa, TOKCHIHOTO s 6aboUek,
B KJIeTKax Tabaka. B BeIpocieM menoM pacTeHuH Tabaka Kakaas KIeTKa BbIpa-
OarpiBasia TOKCHH. TakuM 00pa3oMm, pacTeHHe, NPHOOpeTIIee TOKCHUH, CaMo
CTaHOBUTCS YCTOWYMBBIM K HACEKOMBIM: IO€/asi JINCThS, T'yCEHHIa Morudaer,
HE NPUYMHUB CYIIECTBEHHOTO BpE/a PACTCHUIO. AMEPHUKAaHCKUMH KOMITAaHHUSMH
«MOoOHCaHTO» U «ATPOLETYC» POBOJATCS MOJIEBbIE UCTIBITAHUS XJIOMYATHUKA C
BHEJIPCHHBIM B XpOMOCOMY IreHOMOM Bt. Pe3ucreHTHOCTh K I'yCeHHMLIaM Iepe-
JIaeTCsl CeMEHaM U IOCIIEAYIOINM MOKOJICHHsIM pacTeHuil. Hayaro nomyuenne
paccazpl TPaHCTEHHOTO KapTo(esss 1 TOMAaTOB C BHEIPEHHBIM reHoM Bt, Tok-
CHYHOTO JUIsl 4elryeKpbulblX. Co31aH TPaHCTCHHBI MHCEKTOYCTOWYMBBIA TO-
I10JIb ¢ BHEAPCHHBIM I'€CHOM AHTUTPUIICMHA3bI B KIICTKU TKaHEH. CDepMeHT CHU-
JKaeT yCBOeHHe OelTka HACEKOMBIMH, YTO IMPUBOIUT K COKPALLIEHHIO MOITYJISIIINH.

CoenuHeHne W KIOHUPOBAHUE OEIKOB M3 PAa3IMYHBIX SHTOMOIATOTCHHBIX
IITAMMOB IO3BOJIMJIO MOJTYYUTh PEKOMOMHAHTHBIE IITAMMBI C PACHIMPEHHBIM
CIICKTPOM aKTHUBHOCTH. OmnucaHbl HOBBIE IITAMMBI C AKTUBHOCTBIO IMPpOTUB 10-
MOJTHUTEIBHBIX HACEKOMBIX (HampuMep, XeCTKOKpbUIbIX). Pupma «Canmo3»
YCIIEITHO MTPOBEJIa TOJIEBBIE UCTIBITAHNSI HOBOTO NMPOAYKTa «J[KaBelnuH», moiy-
geHHoro Ha ocHoBe NRD-12, mramma 3A3B, UCXOMHO aKTUBHOTO MPOTHUB He-
napHoro menkonpsna. IIpenapar sddekTHBeH TakKe NPOTHB BpeauUTelNei
OBOILHBIX KYJBTYP, @ TaKKe KYJIbTYp XJIOMYAaTHHKA. | eHHOMH)KEHEPHBIMHU Me-
tomamu B CIIA cosman sanodut Calvibacter xylicynodontis, Moaugurmpo-
BaHHBIN 3KcIIpeccueit reHa TokcuHa Bt. [Ipenapar «ucaitny BBoAUTCS B ceme-
Ha KyKypy3bl, [I0CJIe X NpopacTaHusi 0aKTepUu Pa3MHOMKAIOTCS B COCYAUCTOM
CHCTEME DPacTeHUsl, NPOIYLUHpYys OMOMHCEKTHUINA; S(PQPEKTUBEH NPOTHUB MO-
TBIIbKA KyKypy3Horo. Kommanus «MUKOTeH» BBIITYCKAaeT Ha PHIHOK T'€HHOMH-
JKEHEPHBIH IpenapaT Ha OCHOBE TOKcuHa Bt. var. san diego, sxcnpeccupoBaH-
Horo B Oakrepuu Ps. fluorescens, npemapar MOKET IPUMEHSITBCS JUIS 3AIUTHI
OT KOJIOPAJCKOTO )KyKa M JOJITOHOCHKA KapTodens, OakiaxaH, TOMAaToB; €ro
CTOMMOCTh ONM3Ka K CTOMMOCTH XUMHYECKHX IIECTHIHIOB, 3((EKTHBHOCTH
nevicteus — csbiie 90 %.

Hogelimmre OMOTEXHOJIOTHYSCKIE METOAbI MOT'YT CHOCO6CTBOBaTI) TTOBBIIIC-
HUIO 3(deKTHBHOCTH OaKTepHaJIbHBIX MPENapaToB B pe3yjbTaTe M3MEHEHUS
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Ia3Mu B OakTepusix, KOHTPOIMPYIOLKMX cuHTe3 Oenka. [IponsBoacTBO acmo-
POTEHHBIX IITAMMOB MOXET YHIPOCTUTh TEXHOJIOTUIO ()EPMEHTALMU U CHU3UTh
CTOMMOCTh TpernapaToB. BO3MOXHO MONy4YeHHUE OWOMHCEKTHIIHIOB C Ooiee
crnenu()UIHBIMA MHUIICHSIMH.

I'pubHbIe MpenapaThl

MHoro4ucIeHHbIE BUbI 3HTOMONIATOIEHHBIX TPHOOB MIMPOKO PacHpoCTpaHe-
HBI B IIPUPOJIC; OHU MOPAKAIOT IIMPOKUI KPYr HaCEKOMBIX, 00J1aas Uit 3TOro
Pa3NMYHBIMM MEXaHU3MaMH, BKJIIOYasi KOHTAKTHBIH, YTO 00JIerdaeT uxX IpUMeHe-
HHe. ['prObI XOpOIIO COXPaHAIOTCS B BUJIE CIIOP M MPOAYIUPYIOT PasHOOOpa3HbIe
OMOIOTHYECKN aKTUBHBIE BEIIECTBA, YCHIMBAIOUINE MX MAaTOT€HHOCTh. OxHAKO
IpUOHBIE Ipernaparbl He MPUMEHSIOTCS IT0Ka JOCTATOYHO IIHUPOKO. JTO CBSI3aHO,
BO-TIEPBBIX, C OIPE/IENICHHBIMU TEXHOJIOTHYECKIMH TPYAHOCTSIMU, BO3HHKAIOIIH-
MH TIPU UX KyJIbTUBHPOBAHUHU H, BO-BTOPBIX, — O0YCIIOBJICHO XKECTKUMHU TPeOOBa-
HUAMH K (haKkTopaM OKpYKaroLIei cpenpl (BHICOKast aKTUBHOCTh TPHOHBIX Ipera-
paToB MPOSIBISETCS TOJIBKO B YCIOBUSIX BHICOKOW M CTAOMIIBHOM BIIQXKHOCTH).

W3BecTHBI COTHM BHMJOB 3HTOMONATOTEHHBIX I'pHOOB, HO Hambonee mep-
CTIIEKTUBHBIMU CYMTAIOTCSl ABE TPYyNIbl I'pHOOB — MYCKapuaHbIe T'PHOBI W3
Euascomycetes u sHTOMOTpOGHBIE U3 cemeiicTBa Entomophtohraceae. OcHoB-
HOC BHHUMAHHE IPUBJICKAIOT CJIICAYIOUINEC Fpl/I6Hble IIaTOI'CHBI BO36yJII/ITeJ'H)
6exoit myckapauHsl (pon Beauveria), Bo30yquresns 3ei1eHol MycKapIuHbI (pox
Metarhizium) u Enthomophthora, (mopaxaromuii COCyOIMX HACEKOMBIX).
W. V1. MeyHHNKOB, OTKPBIB BO30YIUTENS 3€JICHON MyCKapAWHBI Y XJI€OHOTO XKy-
Ka ¥ NMpUMEHMB npenapar u3 rpuda Metarhizium anisopliae, 3a10KuJ1 OCHOBY
HOBOMY HaITpaBJICHHIO 3alUTHI pacTeHUi. ¥ OONBIIMHCTBA TPHOOB BO30Y IUTE-
JieM MHQEKIUH ABISIOTCS KOHUIUH. I'prObl B OTIHYKE 0T OaKTEpUi U BUPYCOB,
MIPOHMKAIOT B TEJIO HACEKOMOTO HE 4Yepe3 MUILEBAPUTENBHBIN TPAKT, a HEMO-
CPEICTBEHHO 4epe3 KyTukyiy. [Ipu npopactaHuy KOHUAMM Ha KYTHUKYJE Hace-
KOMOTO POCTOBBIE TPYOKH MOTYT pa3BUBAThCS Ha MOBEPXHOCTH WJIM cpasy Ha-
YMHAIOT NPOPAcTaTh B TEJO; YACTO 3TOT MPOLECC CONMPOBOXKIAETCs 00pa3oBa-
HUeM TokcuHa. Ecnu mTaMm cnabo npoayupyeT TOKCHH, MULIEJIHH 10CTaTou-
HO OBICTPO 3aIlOJIHSET BCE TEJIO HACEKOMOTro. 3apa)keHHe HACEKOMBIX I'PHOHBI-
MU NaTOTeHaMH B OTJIIMYHE OT JIPYTUX MHKPOOPIaHU3MOB MOJKET IPOUCXOANTH
HA Pa3NIUYHBIX CTAIUAX Pa3BUTHUSA (B a3e KYKOIKH Win uMaro). [ pudsr OsicTpo
pactyT u 0051aga0T OOJBIION PEeNPOAYKTUBHON CIOCOOHOCTRIO. JlJIs TOTO 9TO-
Obl MpUMEHEHHE TPUOHBIX MpenapaToB ObUIO 3(GEKTUBHBIM, HAJI0 NPUMEHSThH
UX B OIIPEJIETICHHOE BpeMsl C€30Ha M B ONTHMAIIbHOM KOHIEHTpanuu. J{ist 3Toro
HEOOXOJMMO 3HAHME 3THOJIOTHH TPHOHBIX NMOBPEKACHHH M KaK OHH B3aUMO-
JCUCTBYIOT C HACEKOMBIMU. JTO 00ECIEUYHT MOJy4YeHHe Ha OCHOBE TpHOOB 3(-
(l)eKTI/lBHle U A0CTAaTOYHO J3KOHOMUYHBIX INECTHUILIHUI0B. B HaCTOsAICC BpEMH,
HECMOTpsI Ha UMEIOLIUECs] OrpaHUUYeHHUs], TPUOHBIE ITpenaparsl MHUPOKO HccIle-
JYIOTCS ¥ HAUMHAIOT IPUMEHATHCS IJ1s1 OOPBOBI C BPEAUTEISIMH.

Metarhizium anisopliae — Haubosiee N3BECTHBIN SHTOMONATOTEHHBIN TPHO,
orucaHHbli 6onee 100 nmer Ha3ax Kak 3elCHBI MyckapuaHbli rpud. Ha ero
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OCHOBE OBUIM TIOJYYEHBI NEPBbIE MpEnapaTbl OMONECTUIHUAOB B IPOMBIIIIICH-
HBIX MacuTadax. ITOT rpud NopakaeT MHOTHE TPYIITbl HACEKOMBIX, BKJIFOYAst
CJIFOHHOTO TAacTOUIIHOTO KJIONA M BPEIUTEINs CaXapHOro TPOCTHHKA. B couera-
HHUM C BHPYCOM IIpenapar AaHHOTO I'prba HCIONIB3YIOT I KOHTPOJIS YHCIICH-
HOCTH YKa-HOCOPOT'a, SIBJIAIOIIErOCs IJIABHBIM BPEIUTENEM MajdbM Ha OCTPO-
Bax B I0KHOM yacTtu Tuxoro okeana. EcTb JaHHBIE O TOM, YTO C €r0 IIOMOIILIO
MOXHO OOPOTHCSI C KOPUYHEBOH IIMKaJ0H — BPEIUTENIEM pHca.

Verticilium lecanii sBnsieTcss eTMHCTBEHHBIM TPUOHBIM YHTOMOTIATOTCHOM,
Ha OCHOBE KOTOPOTO Ha 3allajie YCIEUIHO BBIIMYCKAIOT MpenapaThl B MPOMBIII-
JeHHbIX MacinTabax. Ero uzydenue Havanocs B Hadaie 80-X rojoB. ToT opra-
HHU3M CHOCOOEH KOHTPOJHMPOBATh B OPAaH)KEpPesX YNCICHHOCTh TJIEH M aneipo-
LIU]] B TEUCHHE HECKOJIBKUX MECSLIEB.

Hirsutella thompsonii ncnionszoBanu Hekoropoe Bpemsi B CLLIA st npous-

BOJICTBA Mpernapara « MHUKapy ¢ LEeIbl0 KOHTPOJIST YUCIEHHOCTH IIUTPYCOBBIX KIIe-
meil. Beimyck npenapara, oxHako, ObII MPEKPAILEH, TaK KaK OH HE OMpaBjall Ha-
JEXK.
B CIIA, Yexuun, ABctpanuu 1 Ha Ky0e pa3zpaboTansl 3 deKkTHBHbIE Ipe-
mapaTel Ha OCHOBE MycKapuaHoro rpuda Beauveria bassiana (Bals.) Vuill mns
60pBOBI ¢ BpEAMTENSIMU PA3INYHBIX CEJIbCKOXO3SHCTBEHHBIX PACTEHUH, AT
KOHTPOJIA MOITYJIAIHNU HACEKOMbBIX B ITOYBEC. [[J'lﬂ l/IH(bI/II_ll/IPOBaHI/IH capaHiu B
CIHIA ucnions3yroT aBCTpalMickuii MUKpockonndeckuid rpud Enthomophthora
praxibuli. Capanga morubaer B Teuerne 7—10 mHEH mocie MpuMeHEHHs pena-
pata. Criopsl rpuba mocie 3MMOBKH B ITOYBE CIIOCOOHBI IOPaXKaTh CIEAYIOIIHNE
MOKOJIEH!SI HaceKOMBIX. B Snonun BBIITYIICH B IPOAAXy MHCCKTULI HAa OCHO-
Be rpuba Aspergillus st 3amuTHl J1€COB OT BpenuTeNel; IpernapaT BHOCSIT B
MIOYBY, OH TIOTJIONIAETCS] KOPHSIMHU JIEPEBBEB, PACIIPOCTPAHSSICH 110 COCYANCTOM
CHCTEME JIEPEBA, 3aIMINACT €r0 OT HACEKOMBIX.

BoBepuH sBisieTcsl 0T€UECTBEHHBIM I'PUOHBIM ITpenapaToM, KOTOPBIA H3ro-
TaBJIMBAIOT Ha OCHOBE KOHMAHOcHop Beauveria bassiana (Bals.) Vuill. IIpena-
parT BBITYCKAIOT B BUJE NOPOLIKA C TUTPOM 2—6 MIIpA. KoHuanocnop/T. [Tpume-
HSIOT TaKXKE B KOMIUIEKCE ¢ XMMHUYECKAMU TpenaparaMu (xsopodocom, ¢o3za-
JIOHOM, CEBMHOM) TIPH yYMEHBLIEHHE 03Bl nocieanux B 10 pa3 oT npuHATOH
HOPMBI ISl MHAWBUIyaTbHOTO XUMHYECKOTO NecThnnaa. boBepuH mouru Tak-
Ke dQdexTUBeH, Kak JTydllne U3 JOCTYIMHBIX XUMHYECKHX mectunnaos. [Tocne
3apakeHUsi HacekoMoro B. bassiana Beijensier OOBEpULIMH, LMKIIOJEIICHUIICT-
TU/I-TOKCHH. boBepnH Oe3omaceH /Ist 4eloBeKa M TEINIOKPOBHBIX, HE BBI3BIBAET
0’KOT'OB Yy pacTeHU.

ITomy4enne OoBeprHa BO3MOXKHO KaK 3KCTCHCUBHBIM MOBEPXHOCTHBIM, TaK
n Ooyiee SKOHOMHYHBIM TNIyOMHHBIM criocoboM ¢epmenrtanuu. Ilocnenuui,
OJTHAKO, SIBJISIETCSl JIOCTAaTOYHO TPYJHOM TEXHHKO-TEXHOJOTMYECKOW 3ajaueii.
[pu rmy6uHHOM (hepMeHTanNU TPUO Pa3MHOKAETCS BETeTaTHBHO, 00pa3ys T'u-
¢anbHbIe Tenbla (FOHUIUK), KOTOPBIE M0 ACHCTBUIO OJM3KH BO3YIIHBIM KO-
HUIIUSIM, HO YCTYIAIOT UM B YCTOHYMBOCTH (B IpOLIECCE PACTIBUIMTENLHOTO BbI-
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cymuBaaus 10 90 % roruanoctop norudaer). KoHunuocnops! ynaercs nomy-
4aTh B TJIyOMHHOH KyJIbTYype Ha OCHOBE ONTHMHU3UPOBAHHOM MHUTATENBLHON Cpe-
ael. [Ipu aTom 10 90 % BEIpamIeHHBIX KIETOK HEPEXOAMT B KOHHUANOCHOPHI
JIOCTaTOYHO BBICOKOH BHpYJIeHTHOCTH. KynbTuBHpOBaHUe rpuba peaansyercs B
CTPOTO CTEPHUIIHHBIX YCIIOBHSX B IIyOWHHON KynbType npu 25-28°C B TeueHue
3—4 cytok. IluratensHas cpena conepxut (%): KOPMOBBIE HEIN3UPOBAaHHBIE
Jpoxoxu — 2, kpaxMan — 1, xsnopun Hatpust — 0.2, xnopun mapranna — 0.01,
xiopua kansiwst — 0.05. CymecTBeHHOE 3HaUYCHHE UMEET KOHIICHTPALHUs a30Ta,
TaK KaK ero Ae(UIUT CHIKAeT CKOPOCTb POCTa, a M30BITOK — CTHUMYJIHUPYET
o6pa303aH1/1e FOHPI[[I/Iﬁ. OnTuMainbHas KOHIICHTpalusA aMUHHOT'O a30Ta COCTaB-
gger 10-15 wmr %. Tutp xonupumocnop B KyipType npocturaer 0.3—1.3
mipa./mi. KyneTypanbHy0 KHAKOCTH CENapupyroT ¢ 0Opa3oBaHHEM ITacThl
ocrarouHoil BnaxxHoctn 70-80 % u tuTpoMm cnop § mupa./r. Ilacty BeICyIIH-
BAKOT PACHIBLIATEIBHBIM CIIOCOGOM 10 BiaxuocTH 10 % u TtuTpa 8.10° Kite-
TOK/T. B TOTOBBII TpenapaT yacTo J00aBISIOT BEIIECTBO-IPUIIUIIATENb U CTa-
OMITM3UPYIOT KAOJIHHOM.

[ToBepXHOCTHOE KYJIBTHBHPOBaHHE Ipruda TpeOyeT OONBIINX MPOU3BOACT-
BCHHBIX nﬂomaueﬁ n 60nee TPYAOEMKO, MTO3TOMY MMCCT MCHBIIIUEC MaCH_lTa6bI.
Cnoco0 peanusyeTcs B pa3HbIX BapHaHTaX: Ha KUJAKOH cpene 0e3 codimoaeHus
MIPaBWJI CTEPHIIBHOCTH, adpallii W TNEepEeMEIINBaHUSA; Ha TBEPIAOH cpene WU
KHUJKON CPeZie B YCIOBUSAX aCENTHKH U KOMOMHUPOBAHHBIM CIIOCOOOM IIJICHKH.
[Ipu TBepaodazHoil GepMeHTaK C UCIOJIB30BAHUEM CyCilo-arapa, Kaprode-
JIs1, 3€pHa MIIEHUIB! WINM KyKypy3bl 00pa3oBaHHEe KOHHUAMOCIIOP 3aBEpIIACTCs
Ha 12-15 cytku. Ha xuakux cpemax oOpa3oBaHue criop HaOiromaeTcs yepes 7—
10 cyTok, a Ha 18-25 cyTKu cpopMHUPOBAaHHYIO CIIOPOHOCHYIO IUIEHKY CHHMAa-
I0T. HonyquHmi/i MaTe€pual BBICYHIMBAIOT, pa3MajJbIBalOT U CMEIIUBAIOT C
TasibkoM wiu TopdoM. [IpomsBogurensHOCTh Merona — a0 800 xr B Mmecs,
tutp — 1.5710°/r. TotoBas opma mpenapara mpeaCTaBIAeT co60i CyXoil Mel-
KOJUCTIEPCHBIM MOPOIIOK KOHUAUOCTIOP, CMEIIEHHBIA ¢ KaOIMHOM; TUTp — 1.5
wipa. kouuauid/r. Tlpenapar 3ddexTHBeH NMPOTHB JIMCTOTPHI3YIIUX CaI0BBIX
BpeauTeneil, si0JI0HeBOH III0A0XKOPKHM, BPEAUTENEH Jieca; a TakKe BPEANUTEIs
KapTodens — IMIMHOK KOJIOPAJICKOTO XKyKa. Mcrnonp3ytoT 60BEpHH IMyTeM OIl-
PBICKHBAHMsI PAaCTCHUH, HOpMa pacxoma — 1-2 kr/ra. B coueranun ¢ HeOOIb-
UIMMH 100aBKaMU XMMHUYECKUX MECTHIUIOB IpenapaT Bbi3biBaeT rudens 100 %
JINYMHOK BCEX BO3PACTOB.

IlepcriekTuBBl TPUOHBIX TIpenapaToB O4YeBUAHBL. OmHAKO HEOOXOIMMEI
CEepbE3HBIE NCCIEAOBAHMS U1l HOHUMAaHMS STHOJIOTHH BpEeAUTENEeH. DTO MO3BO-
JINT MPEABUACTL MOCICACTBUA B3aHMO)leﬁCTBHH MEXKIAY pacTCHUEM, BpCIAUTEC-
jJeM M OuorecTHIMIOM. JOCTIKEHHS! TOCIEAHUX JIET CBHIETENBCTBYIOT O
MIPUHINIHATBHONW TPUMEHIMOCTH METO/IOB T€HHON MH)KEHEPHH JUIS U3yUCHUS
(U3HOIOTHH, TEHETHUKH U OMOXUMHK TPHOOB. DTO MOXKET IPUBECTH K OONbIIEMY
MHTEpecy K rpudam Kak BO3MOXKHBIM MPOJIYLIEHTaM OMOIIECTHIMIOB U, CJIeI0Ba-
TEJIBHO, K CO3/IaHuI0 OoJiee CTOMKKX M 3(p(HEeKTUBHBIX IIperapaToB HA X OCHOBE.
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Bupychble npenapaTtsl

BecpMa nepcrieKTHBHBI IS 3aIUThl PACTEeHUI SHTOMOIIATOI€HHBIE BUPYCHI.
Bupychbl 4pe3BblYaiiHO KOHTAarno3Hbl M BUPYJCHTHBI, y3KO CIEIH(UYHBI IO
JEUCTBHIO, XOPOIIO COXPAHSIOTCA B IIPUPOJE BHE OPraHU3Ma-Xo3iuMHA. OTH
npenaparsl BCJIEACTBHE BbICOYAWIIEH crenn(rUIHOCTH TPAKTUYECKH IOJTHO-
CTBIO O€30IacHbI JJIs YeJOBeKa U Bcell OMOTHI. 3apa)aloTcsi HAaCEKOMBIE BHPY-
caMy Ipu nuTaHuy. [lomaBime B KUIIEYHUK TEIbLA-BKIIOUYEHHS Pa3pyIIAlOTCS
B IIeN0YHON cpene. OcBoOOAMBIINECS] BUPHOHBI IPOHUKAIOT Y€pe3 CTCHKY KH-
IICYHMKA B KIETKH W PEIUTMIUPYIOTCS B sapax. BUPYChl CIOCOOHBI pa3MHO-
JKaThCsl TOJIBKO B JKMBOW TKaHW OpraHM3Ma-Xo3sUHA. DTO 0OCTOSATEIHCTBO Je-
JIaeT O4Y€Hb TPYAOEMKOW HpoLeaypy HOITyYeHHS BHPYCHOTO MaTepHana B 3Ha-
YUTENBHBIX KoJMuecTBax. IlosyuaroT BUPYCHBIN MaTepHai MPpH Pa3MHOKECHUH
BUPYCOB B HaceKOMbIX. [Tocie rudenn HaceKOMBIX MX Maccy M3MeNbYaloT, 3a-
TEM BBIIEJISIIOT BUPYCHBIH MaTepHall ¥ NOABEPraloT ourcTKe. B cooTBeTcTBIM C©
pexomeHmanusamMu Beemuproit Opraruzarun 3apaBooxpanenus 1973 r. ocoboe
BHUMaHHE MPU M3Y4YEHUH BUPYCOB OBLIO 0OpAIEHO Ha OAHY IPYIILY BUPYCOB —
OakyJsioBHpYCHI. B 3T0ii rpymme oTCyTCTBYIOT BUPYCHI, TATOT€HHBIE VIS [103BO-
HOYHBIX. OJTHAKO ApYyrHe rpyImbl — BUPYCHl UTOIUIA3MATHYECKOTO IOJIMIel-
po3a, SHTOMOIIATOT€HHBIE BUPYCHl M UPHUIOBHPYCH — COAEPIKAT MOTECHIHAb-
Hble OMONECTHLUIBI MPOTUB HACEKOMBIX, IIO3TOMY CEWdac paccMaTpPHBAIOTCS
KaK MEePCICKTUBHBIC OMOTIECTHIIHIBI.

HoBble OMOTEXHOJIOTHUECKHE METOABl MOXHO HMPUMEHSTH AJISI MPOBEPKH
6€301acHOCTH BHPYCOB, YTOOBI YBEpPEHHEE CyIUTh 00 MX MOBEJCHUH B MIIEKO-
nuTaromux. s 3TOro UCMOb3YIOT HYKICOTHAHBIE 30HIBI M T€HETHYECKOE
MapKUpOBaHUE, YTO OBLIO HEBO3MOKHO HECKOJIBKO JIET Ha3a/l.

BaxynoBupycsl — 310 ABynenodeunsie JJHK-Bupychl, B Tpex MX rpymmax
UMEIOTCS OMONECTUIINIBL: BUPYCHI saepHOro mommdaposa (BAID), Bupycer rpa-
uynesa (BI'), punpTpyromuecs: BUPYCHI.

[lepBbiii BUpYCHBIN MHCEKTHUIMA ObLT BbINMyIIeH Kommanueil «Canno3» B 70-e
ronpl. [Ipenapar npenHazHaueH 1t 60pbOBI ¢ KOPOOOUHBIM YEPBEM XJIOMYATHHKA.

ITpon3BoACTBO BUPYCHBIX MpPENapaToB OCHOBAaHO HA MacCOBOM pa3MHOXKe-
HUM HacEKOMOT'0-XO35IMHA Ha MCKYCCTBEHHBIX cpenax. Ha ompenenenHoi cra-
JIMM Pa3BUTHUSI HACEKOMOE 3apakaloT, 100aBiisisi CYCIIEH3UIO BUPYCOB B KOPM.
Coycrst 7-9 cyTok MoruOImmx ryCeHHIl COOMPAIOT, BBICYIIMBAIOT M W3MeEIbya-
10T. B m3MenpueHHyI0 Maccy no0aBIsIOT Gu3noIorndeckuii pactop (1 mMi Ha
1 rycenuity), B3Bech QMIBTPYIOT. OCaloK CyCIIEHANPYIOT B HEOOIBIIOM KOMIH-
4yecTBe (DPU3MOJIOTMYECKOTO pacTBopa M 3aJMBAIOT IiMIEpHHOM. [Ipemapar
CTaHAApTU3YIOT (TUTP 1 MIIpA. MONMAAPOB/MIT) U pa3nuBatoT Bo ¢iakoHsl. On-
Ha 3pernas TyCeHHIa CIIOCOOHA NMaTh A0 36 MIpI. TeNel-BKIIOYEHUH, 9TO CO-
crasisieT 10 30 % ee maccel. [Ipenaparsl roTOBAT B BUAE AyCTOB, CYyCHEH3UH U
MacisiHbIX GopM. [lpu monydeHMu cyxoro mpenapara BUPYCHBIH MaTepHal
CMEUIMBAIOT C KAOJIMHOM; JUIS TIOJIydeHHUS] MacsIHOM (OPMBI OCaJ0K CMEIIHU-
BatoT ¢ 50 % pacTBOPOM IIIMIEPHHA 10 TUTPA 2 MIIPJ. TOJIHIIPOB/T.
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CymiecTByeT ABa METOAA NMPHMEHEHHsI BUPYCHBIX NPENapaToB: UHTPOMYK-
s BUPYCOB B IJIOTHBIC MOITYJIAINU HACEKOMBIX Ha CPaBHUTEJIILHO HEOOMBIINX
omansiXx u obpaboTka 3apaXEHHBIX YYAaCTKOB ITyT€M OIIPBICKMBAHHS HWIIU
OTIBIICHUSI HA PAHHUX CTaJUsIX Pa3BUTHS JTHUHUHOK.

BunoBoe Ha3BaHHE SHTOMONATOT€HHBIX BHPYCOB COCTOUT U3 TPYIIIOBOTO
Ha3BaHUs M IOPAXKAEMOro X03sMHa (HAIpHMEp, «IOJIM3APO3 HEMapHOro IIes-
KOTIPSI/Iay WIIN «IOJHM3/APO3 aMepHKaHCKoW 0aboukm»). OTedecTBeHHOI mpo-
MBIIIJIEHHOCTHIO BBIITYCKAETCS HECKOJIBKO BUPYCHBIX ITPENapaToB; B TOM YHCIIE
«supun-I'SIIl» (poTHB ryceHuIbl sI0I0HEBOW IUIOA0XKOPKH), «BHpHH-KII
(mpoTuB KOMBUATOTO mIeNKonpsaaa), «BupuH-IHII) (mpoTuB HEmapHOTO ImIeN-
konpsaa), «<BUpuH-IKC» (mpotuB kamyctHoil coBku). B CIIIA ycoBepuieHcT-
BOBaH MPOLECC MPOM3BOACTBA HECKOJIBKUX BHUPYCHBIX MPENapaToB [UIs 3aIIUTHI
necoB («TM-brokorTpom» u «{unTex»).

Bcnencreue 10cTaTouHON TPYAOEMKOCTH MPOM3BOACTBA 3TH IIPENapaThl
IOKa HE€ HalllId MacCOBOI'0 NMPUMCHCHMUA. CHeLlI/laJ'Il/ICT])l CUUTAIOT, YTO IIOTPE-
OyroTCst TOJIBI, YTOOBI BUPYCHBIE ITpenaparbl CMOIIIN 3aHATh 3HAYUTEIEHOE Me-
CTO Ha PBIHKE OMOTIECTHIIHIOB.

Jns onTHMH3anuK Mpolecca MPUMEHEHHsT BUPYCHBIX MPENapaTtoB HEOOXO-
JMMO BBIACHUTBL PaCIpOCTPAHEHHOCTh BUPYCOB B IPUPOIE U XapaKTEPUCTUKHU
UX BBDKMBaHUS. HOBBIE METOJIbI, HAIIPUMED, UCIIOIb30BAHHE KOHKPETHBIX OJIH-
TOHYKJIEOTHUAHBIX ITOCIIEI0BATEIbHOCTENH AJISI MAPKUPOBKH BHPYCHOTO I'€HOMA,
00emaroT CyIEeCTBeHHBIN Mporpecc B 3Toi obnactu. HaunHaeTcs npumenenue
TexHUKH pekomOuHaTHbIX JJHK 1y1s1 BBeIeHHS HOBBIX MOCIICAOBATEILHOCTEH B
reH 000JIOUeYHBIX OEJIKOB, KOTOPBIH Jlajiee MCIOJIb3YETCsl [UIi CHHTE3a HOBBIX
O0emkoB. OTH HOBBIE OENKM MOTYT BKIIOYaTh OeNIKOBBIE TOKCHHEI Bacillus
thuringiensis, TOTEHIMAIBEHO YCHITNBAsE TOKCHUYecKue 3((GeKThl BUpyca.

HoBrie METOAbI 6I/IOTCXHOHOFI/II/I MOTYT NOBJIUATH Ha LHEHY BUPYCHBLIX IIpeE-
napaToB. B HacTosiiee Bpems OOJIBIIMHCTBO BUPYCOB CIIOCOOHO Pa3MHOMKAThCS
TOJBKO B TKaHSIX HACEKOMBIX, M TOJIBKO HEMHOTHE MOTYT pacTH B KyJIbType
KIIETOK HaceKOMBIX. Pa3paboTka TEXHUKU KIETOYHBIX KyJIbTYp HACEKOMBIX IJIS
Pa3MHOXXEHHUSI BUPYCOB BeChMa INEpCHEeKTUBHA. [ 3TOro HeoOXOIUMO TI0JTY-
YEHHE BBICOKONPOIYKTUBHBIX JIMHUH KIIETOK, ONTUMM3ALMS IUTATEIBHBIX
cpel, BEIOOp A(PQPEKTHBHBIX CHCTEM BHpyc-KieTka. [1o 3TOH TEeXHOIOTHH B
CIIA HayaTo TOJTyYeHHE KOMMEPHYECKOTo mpemapaTta «DJbKapy». YCHENIHO
TPOBOJATCS Pa3pabOTKH MO PEKOMOWHAHTHBIM 0aKyJIOBUPYCaM C TeHaMH, KOIH-
PYIOIIMMH BOJHBIH 0OMEH HaceKoMbIX. Ilociie nmpuMeHeHUs Takoro Iperapara
HACEKOMBIE ITOTHOAIOT B TCUCHUE 5 THEH OT 00e3BOKMBAHUS JIMOO TIEpEHACKIIIE-
Hust Botor. OGHapyKeH HOBBIM BHPYCHBINH OENOK, Ha JBa TIOPSAKA yCHITUBAFOLTHN
3¢ PEKTUBHOCTH BUPYCHBIX TMECTUIHIOB. belok BhIeeH U3 OelIKOBOW 000JI0YKU
rpanyne3a Trichoplusiani — OGakyJOBHpYyca, MOPa)KaroOLIEro HEMapHBIN IICIKO-
TIPSiZI, COBKY, BOJIOKHSHKY; TpEHapaT Ha3BaH BUPYCHBIM yCHIIMBAIOIIMM (haKkTo-
pom (VEF).
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YcoBepIlIeHCTBOBaHHE U Pa3BUTHE TEXHOJOTHUH KIETOYHBIX KYJIbTYp Hace-
KOMBIX, a TaK)Ke 0TOOp U Jake CO3JaHHe HOBBIX BHPYCOB, BKJIIOUYAs IIPOU3BO/I-
CTBO DYKApHOTHUYECKHX BHPYCOB B MPOKAPUOTAX, MOKET MOBIHUATH HA KOHKY-
PEHTOCIIOCOOHOCTh BUPYCHBIX MECTHUIUAOB IO CPABHEHHIO C XMMHYECKHMH
npernaparamu.

6.2. BUOTEPBUIIU/IbBI

I'epOuumapl — XuMHUYECKUe Mpenaparbl Uit 00psObl ¢ COPHSIKAMM, COCTaB-
Js110T 0K0J10 50 % CyMMapHOTO phIHKa XMMHKATOB ISl CEJIBCKOTO XO3SHCTBA.
XMMHUYECKUM TepOHLIaM CBOWCTBEHHBI T€ JK€ HENOCTATKH, YTO U aHAJOTHY-
HBIM mecTHOUAaM. [1o3ToMy mOTpeGHOCTH B CO3IaHMM OMOTepOMIUIOB Ode-
BuaHa. K mocieHUM OTHOCSATCS MHKPOOPTaHH3MbBI-IIATOTEHBI PACTCHHH, (ep-
MEHTBI, a TaK)Ke MOJTYIPOIYKTHI, TOJy4aeMble OMOKOHBEPCHEH.

Jli1st 60pBbOBI C OTAENBEHBIMU BUAAMH COPHSKOB, YCTOHYHMBBIX K XUMHYECKUM
npenaparam, IPUMEHSIOT crelu(Uueckue U TOKCHYHBIE U1 HUX MHKpOOpra-
Hu3MbIL. Hanbosee 4acTo Ucronb3ytoT rpuOHbIe (PUTONAaTOreHs! U TpuOHbIe (u-
TOTOKCUHBI. J{yis pacmupenns ux cepsl NpUMEHEHNsT HE00OX0AUMO HOIyueHHE
TpuOHBIX (hopM, Oolee YCTOMYUBBIX IO OTHOIICHHIO K M3MEHSIOMIAMCS yCIIo-
BUSIM BHEINHEH cpexbl. bakTepuanbHble (QUTONATOTeHBI, MEHEE YyBCTBUTEINb-
HblE K (haKTOpaM BHEIIHEW Cpe/bl, B MEHBIICH CTENEeHH MOPAKAIOT PACTCHUSI.
[Mocnennue pa3paboTKy B JTaHHOM HarpaBJIeHUH 00CIIAIOT CYIIECTBEHHbIE Iep-
cnektuBbl. CIHA u SImoHus coBMecTHO pa3pabaThIBaIOT MOMydeHHE OHorepon-
IIUJOB HA OCHOBE IPHPOAHBIX MHUKPOOPIaHM3MOB I OOpPHOBI C COPHAKAMH
cou, apaxuca, puca. B CIIIA Ha ppIHOK NOCTYIHJI IIpenapaT Ha OCHOBE LITaMMa
Phytophthora palmivora st 60ps0bI ¢ TOBHIMKOH. SIMOHMS Havana IpOn3BOJI-
cTBO OmorepOuIaa Ha OcCHOBE Omitadoca, IpOIyIHPYEMOTo ITaMMOM Strepto-
myces hydroscopicus. [Ipenapar obnamaer UPOKUM CIIEKTPOM JEHCTBUSI, Ha-
pylIaeT a30THBII 0OMEH B JIUCTBSIX M CTEOJISIX COPHSIKOB.

Hapsiny ¢ OuorepOunmaaMu, ajsi 3alIUTHl paCTEHUH BCe IIMPE MPUMEHSIOT
Omonornyeckne mpenapaTsl s 00opsOBI ¢ Bo30yauTenmsiMu 3aboneBanuii. Ha
ocHOBe Oakrepuii Pseudomonas fluorescens momyden npemnapat «P-2-79», mo-
JaBngommMil passutue cBbiie 40 BHUAOB MHKPOOPTaHU3MOB, IMOPAXKAIOLIUX
MIIEHHITY, SYMEeHb, poxb. Ha ocHoBe Pseudomonas mpoBoIsT 3amury ceMsH
COPro M KyKypy3bl OT aHTPAKTO3a W PU3OKTOHHO33; XJIOMYaTHUKA U COM — OT
BWJITa M psja Apyrux 3abonesanuii. st 0opsObl ¢ duTodTOpo30oM s07I0HB
NpesIoKeH crocod npruMeHeHus MoYBeHHOW OakTepun Enterobacter aerogenes.
3amuTa MHOTMX OBOLIHBIX KYJIBTYpP OT 3a00JIeBaHUH, BHI3BIBAEMBIX HEKOTOPHI-
MH BHAaMH MHKPOCKOIIMYECKHX IpuOOB, oOecreunBaeTcs NpUMEHEHHEM IIpe-
napara Ha ocHoBe KynbTyp Trichoderma polysporum, T. viride.

B nmenom mMacritaObl MPUMEHEHHs Pa3InYHbIX MpenapaToB jisi OOphObBI C
BPEIUTEIIIME U BO30YIUTENISIMH OOJIE3HEH CEIIbCKOXO3SHCTBEHHBIX KYJBTYP
HEIPepBIBHO BO3pacTaroT. [10 pa3HBIM SKCIIEPTHBIM OLCHKaM PBIHOK THX IIpe-
napatoB k 2000 rogy MOeT cocTaBuTh OT 8 10 20 MIIp/. AOJUL/TOI.
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6.3. BUOJIOI'MYECKHUE YIOBPEHUS

MHUKpPOOpPraHu3Mbl UTPalOT OOJNBLIYI0 POJIb B MOBBIIICHUH IUIOAOPOIUS
HOYBBI, TaK KaK B MPOLIECCE POCTa M Pa3BUTHS YIY4IIAIOT €€ CTPYKTypy, 000-
ramaloT MUTATELHBIMU BELIECTBAMH, CIIOCOOCTBYIOT 00JjIee IMOJTHOMY HCIOJIb-
30BaHUIO YAOOpCHH.

VHTEeHCHBHOE PacTEHHEBOJCTBO OOETHSET MOYBY a30TOM, TaK KaK 3HAYHU-
TCJIbHAasA €ro AJ0Jid €KErogHO BBIHOCUTCA U3 MMOYBLI BMECTE C YPOIKACM. C ApeB-
HUX BpPEMEH ISl BOCCTAHOBJICHUS W YJYYIICHHUS MOYB CYIIECTBYET NPAaKTHUKA
WCTIIOTBH30BaHUST O0OOBBIX pacTeHHH, COCOOHBIX B CHMOMO3€ C a30T(PHKCH-
PYIOIIMMH MHKPOOPraHM3MaMU BOCHOJNHATH IOYBEHHBIE 3alachkl a3oTa B pe-
3yspTare AMa3oTpodHocTH (ycBoeHus arMochepHoro a3ora). bombmoii moso-
JKUTEIBHBIA 23PPEKT OT BO3EIBIBaHNs 0000BBIX BBI3BAJ IOCTAHOBKY HCCIIENO-
BaHWH SIBICHUS IUA30TPO(HOCTH.

BriepBrie Hannune GakTepuil B KiIyOeHbKaxX Ha KOPHAX OOOOBBIX pacTEHU
ormcaii Jlaxman B 1858 u Boponun B 1866 1. Uucras kynbTypa azodukcaTo-
poB Obuta morydeHa befiepuakom B 1888 r. Bckope ObLTH BBIIEIEHBI M OIHCA-
HBI Jpyrue a30TGHUKCUPYIOIIUEe MUKpOoOpranu3mbl; Bunorpaickuit B 1893 r.
BIIEPBBIC BBIJCIINII aHAYPOOHYIO CIIOPOHOCHYIO OaKTEePHIO, (PUKCHPYIONIYIO MO-
JIEKYJIApHBIA a30T, Ha3BaB ee B uecTb Benukoro JI. Ilactepa Clostridium
pasteurianum; B 1901 r. BeliepuHK OTKPBII BTOPYIO CBOOOTHOKUBYIIYIO a30T-
¢bukcupytoiyto Oakrepuro Azotobacter. Bricokasi mpoayKTUBHOCTh a30THHK-
cauun y Azotobacter craia UCIOIb30BaThCs JJIsl HHTPOIYLIMPOBAHHS ITUX OaK-
TEpHUi B ITOYBY C LIEJIBI0 BOCIIOJIHEHUS pecypcoB azora. [IpakTuyeckoe mpume-
HEHHE HaIIN TakKe cHMOmoTHdYeckue OakTepuu pona Rhizobium, paszsusato-
mrrecs B KIIyOeHbKax 000OBBIX PaCTCHHM.

Kak Tonpko ObUIa BBIICHEHA pOJb CHUMOHMOTHYCCKHUX OakTepuil poza
Rhizobium B azor¢ukcanum, cranu pa3padarsiBaTh CIHOCOOBI BHECEHUS STHX
MHKPOOPTaHU3MOB B ITOYBY U TAKXKE JUII WHOKYJISIIMU CEMSH. 3aTpaThl Ha MPHU-
MEHEHHE 3TUX CIOCOOOB HEBEJIMKH, TEXHMKAa NMPUMEHEHHUs] BEChbMa MpOCTa, a
a¢pdeKT oT ux npuMeHeHus 3HauurteneH. KynbTuBupoBaHHe 000OBBIX, I0OJIO-
JKHUTEIILHO BIIUSISL HA a30THBIN OajlaHC TI0YB, TaKkXke odJsierdaeT 0ops0y ¢ spo3ueit
1 TIOMOTAET BOCCTAHABIIMBATH UCTOIECHHBIE 3€MJIH.

TexHoJI0TUSA MOJTy4YeHHs A30THBIX 0HOY100peHmit

Hawubosee npocToii crocod MHOKYISIIMKA OCHOBAH Ha UCIIOJIb30BAaHUHU I10Y-
BBI ITOCJIC BRIPAIIMBAHUS HA HEW OOOOBBIX pacTeHHUN. ITOT METO/ pa3paboTaH B
koHue XIX Beka u npuMeHseTcs 0 HacTosIero BpeMeHu. Henocratok merona
— He0OXOAMMOCTh TIEPEMEIICHHS TOCTaTOYHO OOMBIIUX 00heMOB mOUBHI (100—
1000 kr/ra), a Tak)Ke BO3MOXKHOCTb pacipocTpaHeHus O0onesneii. boiee addex-
TUBHBIM OKa3aJIOChb MPUMEHCHUEC JI1 MHOKYJIAIIUU CEMAH CIICIIUAJIbHBIX ITpEIia-
paroB a30T(HUKCUPYIOIINX OaKTepuil.

Kiry6enpkoBrie OakTepun poma Rhizobium, pa3BuBasck B KOpHEBOI CHCTe-
Me 000OBBIX PACTECHUiA, B CUMOHO3e C HUMH (PUKCHUPYIOT aTMOC(EpHBIH a30T,
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obecrieunBast ’TUM a30THOE TUTaHUE pacTeHuid. COrJlacCHO COBPEMEHHBIM TPEI-
CTaBJICHUSIM a30T(UKCAIMS SBJISETCS BOCCTAHOBUTEIILHBIM IPOIECCOM IIpe-
BpalleHus Ta3000pa3HOro a30Ta B aMMHUAK, KOTOPBIA B JalbHEHIIEM acCHMU-
JUPYETCS PACTEHUSIMH C OOpa3oBaHWEM aMHHOKHCIOT. A30T(UKCHpYIOIIHe
MHKPOOPIraHu3Mbl 00JamaoT crnenuduyeckuM (HEPMEHTOM HHUTPOTCHA30M, B
aKTHUBHOM LIEHTPE KOTOPOW MPOUCXOIUT aKTUBUPOBAHWE WHEPTHON MOJIEKYJIbI
N, u BoccranoBiieHue 10 NHs:

N,+8H +8¢ +n AT® - 2NH; + H, +n AJI® + n ®.

KnyOenbkoBbie OakTepun 00J1a1al0T U30UPATENBLHOM CIOCOOHOCTBIO 10 OT-
HOUICHHIO K PACTEHHIO-XO035MHY. JTa 0COOEHHOCTh a30T(hUKCATOPOB MOJIOKEHA
B OCHOBY UX Knaccuukanuu BHyTpr pona Rhizobium. Taxk, ams 6axrepuit Rh.
leguminosarum pacTeHHEM-XO03SIMHOM SIBIISIFOTCS] TOPOX, BUKa, KOPMOBBIE OOOHI,
4yuHa, yeyeBula; 1usi Rh. phaseoli — ¢acouns; Rh. japonicum — cos; Rh. trifolii —
knesep; Rh. vigna — Burna, mauc, apaxuc u np. [Iponecc azor¢puxcamyuu npore-
KaeT TOJBKO B KITyOCHBhKAaX Ha KOPHIX OOOOBBIX PacTeHHH, KOTOPHIE 00pa3yoT-
Cs1 B pe3yJIbTaTe MPOHUKHOBEHUS OaKTepuii uepe3 KOPHEBBIE BOJIOCKH B KOPEHb.
B3anMooTHOIICHHE OaKTepHii ¢ PACTEHUSIMUA 3aBHCHUT OT KOMILJICKCA YCIIOBHIA,
BKJIIOYasi (pU3MOJIOTNYECKOe COCTOSIHHUE W YCIIOBUSI POCTa PAacCTEHHM, a TakKe
(U3HOIOTHYECKYIO aKTUBHOCTD U BUPYJIEHTHOCTh Oakrepwuii. [on BupyneHTHO-
CTBIO MIOHUMAIOT CIIOCOOHOCTH OaKTepHUil MPOHUKATH BHYTPb KOPHS PACTCHUH U
BBI3bIBAaTh 00pa3oBaHue KiyOeHbka. CyIIeCTBCHHOE BIMSHKIE Ha IpoIecc oopa-
30BaHUS KIIyOEHBKOB, CJIEIOBATENbHO, 3(P(PEKTHBHOCTh IOCIEIYIOUIEro IMpo-
ecca a30T(UKCALNK, OKA3bIBAIOT TEMIIEPATypa U BIAKHOCTD ITOYBBI, HAIMYHE
B HEWl HEOOXOIMMBIX JJIsl pa3BUTHsI OaKTEpHd U PACTCHHI OMOTEHHBIX DJIEMEH-
TOB.

[epBas KoMMepuecKkast pa3HOBUIHOCTH KYJBTYpPbI JUIsi HHOKYJISIIUU CEMSH
(ToBapHoe Ha3Banme «Nitragin») Opima 3amareHTOBaHa B BenmkoOpuTaHuu
Ho606e n Xunrnepom B 1896 r. Jlnst pa3sHbIx 000OBBIX B TO BpeMsl BBIITYCKAIIH
17 BapuaHTOB KyNnbTypsl. B 20-€ ros! BBINYyCKaJIOCh MHOTO Pa3HOBUAHOCTEN
MHOKYJISITOB, CPEIY HUX OBUIM YHCTBIE KYJBTYPBI a30T()UKCHPYIOIINX MUKpPO-
OpPraHU3MOB, CMECH OaKTepuil ¢ mecKkoM mim TopdoM, a TAKKe KyJIbTYpbl, BbI-
palleHHbIE Ha arape Wi B )XUAKOH cpee.

Bakrepun BeIpamyBaim Ha arapu30BaHHBIX CPEAax, jJajnee COCKaOIMBAIH C
MOBEPXHOCTH IIJIOTHOM CpeAbl U cycreHaupoBany B Mosoke. Cycnensuto Oax-
Tepuil BBUIMBAIM Ha Kydy CEMsIH, IIEpEMEIINBAIIN U Aajee CEMEHA BBICYIINBAIIN
B TeHU. Bckope ceMeHa BbiceBanu. JlaHHBII METOX IPUTOJEH Ul UHOKYJISALUU
CPaBHHTENILHO HEOOJIBIINX 0OBEMOB CEMSIH U IPUMEHSUICS BO MHOTHX CTpaHax
C KOHIIa TPUILATBIX 70 Ha4alda CEMHAECSTHIX I'OAOB. 3aTeM C COKpAICHHEM
IJIOMIA/ICH, 3aceBaeMbIX JIIOIEPHON B pslie €BPOINEHCKHX CTpaH OOBEMBI HC-
MOJIb30BaHMSI METOJIa COKpaTHIICh. KpoMe aToro, Takue mpenaparsl a30T(uK-
CHPYIOIIMX OaKTepHil Iocie BHICYIINBAHUS OBICTPO MOTHOAIOT, TO €CTh HE MO-
T'YT WCIIONIb30BaThCs B T€UYEHHE JUTMTEIHHOTO BPEMEHU. DTOr0 HEAOCTaTKa JIU-
LIEHBI TIpenapaThl HHOKYJIATA Ha TOpP(sHONW ocHOBe. bakTepuu BhIpamuBaIOT
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OOBIYHBIM CIIOCOOOM B TIIyOMHHOH KyJIbType B CTEPWIIBHBIX YCJIOBHSX A0 JOC-
THKEHHS I0CTATOYHO BBICOKO MIoTHOCTH KybTyps (10°-10° kmerox/mn); B
Ka4eCTBE OCHOBBI CpEJbl HCIIOJB3YIOT JPOXIKEBOM SKCTPAKT MM MaHHHUTOIL.
Hanee mpocymieHHBIH (ocTaTogHasi BIaXHOCTh okoio 10 %), m3Menp4eHHBIH
(200 memr) Topd mosomst mo pH 6.5-7.0, mobasmsas CaCOs;, ¥ CMEIIMBAIOT C
xuaKor KynsTypoit (40 % mo macce). [Ipenapat Oaktepuii Ha TOphsSHON OCHO-
BE€ B TEUEHHE HECKOJIBKMX CYTOK CO3PEBAET. 3aTeM €ro BHOBb IIEPEMEIINBAIOT U
(acyroT B TOJIM3TUIICHOBBIC MEIIOYKH, KOTOpBIE repMeTu3upytot. [Ipn xpane-
HUM TIpenapaTta B YCIOBUSX NOHMKEHHOH TeMIepaTypsl >KH3HECIIOCOOHOCTh
MHOKYJISITA COXPAHSETCsl JOCTATOYHO Joiro, a0 90 nenens. [Ipu Onarompust-
HBIX YCJIOBUSIX KYJIBTYPY MOKHO XPaHHUTh B TEUCHHE IoJia.

B xauecTBe HOcUTeNs A OakTepuil ObUTH OIIPOOOBAHEI Pa3IHIHBIE KOMIIO-
3HIMU: cMecH Topda ¢ MOYBOHM, NOOABKH JIIOLEPHBI M COJOMBI, I€PETHUBIINE
OIWJIKK, OCHTOUT U aKTUBHPOBAHHBIH yroiib. B Hacrosiee Bpems ajis 1moyiep-
KaHWs KU3HECTIOCOOHOCTH CUMOMOTHYECKHX a30T(QUKCHpYIOMMX OakTepuid mc-
TIOJB3YIOT Pa3HOOOpa3HbIe HOCHTENH, HO JIydmM cuutaercst Topd. Cyxue mpe-
napaThl a30T(GUKCATOPOB, PUTOTOBJICHHBIE HA OCHOBE KIIyOSHBKOBBIX OakTepuii
pona Rhizobium u npenHa3HaYeHHBIC IS MOBBIIICHUS YPOXKAWHOCTH OOOOBBIX
pacteHuii (ropoxa, Gpacosu, CoH, KJIeBepa, JIOLEPHBI, JIIOMKMHA U JIp.) B HACTOSIIEE
BpeMs BBIIYCKAIOTCS 1101 TOBapHbIM Ha3BaHueM «Hutparmw». [lommumo mou-
BEHHOT'O0 HUTPAruHa, BHIITYCKAIOT TAKKE CyXOi HUTParuH — rpenapar 0akrepui ¢
coziep>kanueM B 1 T He MeHee 9 MIIpJI. KM3HECHIOCOOHBIX KIIETOK, B KA4eCTBE Ha-
TIOJTHUTEIISI NCIIOJIb3YIOT Mel, KaouH, 6eHTout. IIpenapars! Cyxoro HUTparuHa ¢
OCTaTOYHOI BIAXHOCTBIO 5—7 % dacytor mo 0.2-1.0 xr u xpausar npu 15°C B
TeueHue 6 MecAIeB. BHOCSAT HUTparuH myTeM OIyApPUBaHHS CEMSH CYXUM Iperna-
paToM HETOCPEICTBEHHO Ieper moceBoM. [IpenapaTsl HUTparnHa BHOCST B IIOYBY
Ha ()OHE MHMHEPATBHBIX M OPraHWYECKHX yHoOpeHWd. Ilpy MHOKYISAIMU TOYB
HHUTParuHOM ypoxKaifHOCTh 0000BBIX KyJIbTyp Bo3pacTaeT Ha 15-20 %.

AHAJIOTOM a30THBIX YIOOpEHHH SIBIIACTCS JPYTOW Ipernapatr a3oT(GUKCHPYIO-
omx OakTepuii — «A30TO0AKTEPUH», KOTOPBIA BBITYCKACTCS IMPOMBIILICHHO-
CThIO B HECKOJILKMX BapuaHTaxX. bakrepun poma Azotobacter sBIsIFOTCS CBOOOI-
HOXKMBYILIMMH 230T(UKCUPYIOIIMMHA MHKPOOPraHM3MaMu M 00JIaJaloT BBICOKOM
MIPOAYKTUBHOCTBIO a3oTdukcarmu (1o 20 MI/r ucHoib30BaHHOrO caxapa). [lo-
MHMO CBSI3BIBaHHS aTMOC(HEPHOTO a30Ta, 3TH OaKTEepPUH MPOXYLIUPYIOT OHOIOTH-
YEeCKH aKTHBHBIC COCTMHEHHS (BUTAMUHBI, THOOSPUIUINH, TeTepoayKCcrH | 1p.). B
pe3ysibTaTe 3TOr0 WHOKYJLSILUS a30TOOAKTEPHMHOM CTHMYJIMPYET IpopacTaHue
CEeMSIH M YCKOPSET POCT U pa3BuTue pacteHuid. bonee Toro, Azotabacter criocoden
9KCKPETHPOBATh (DYHTHLUIHBIEC BEIIECTBA. DTHUM YTHETAeTCsl Pa3BUTHE B PU30-
cepe pacTeHHIT MUKPOCKOIIMYECKHX IPHOOB, MHOTHE U3 KOTOPBIX TOPMO3AT pa3-
BuTHe pactenuit. OmHako Oakrepuu poaa Azotobacter BechbMa TpeOOBATEIbHBI K
YCIIOBHSIM CPEZIbl, 0COOCHHO KOHIIEHTPAIMH B NI0UBe (oc(aToB U MUKPOIIIEMEH-
TOB, M aKTUBHO Pa3BUBAIOTCS B TIOOPOIHBIX MTOYBAX.
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TexHonorust MOJTydeHHs: CyXOTro IpenapaTta a30TOOAKTEpHHA aHAIOTHYHA
MOJIyYEHUIO CYXOr'o HUTpAarMHa M BKIJIIOYAET MOJIY4YEeHHE ITOCEBHOTO MaTepHaia
W KyJIbTHBHPOBaHHE OakTepuii B KOHTPOJIMPYEMBIX YCJIOBHSIX B TIIyOMHHOM
CTepHIIBHOW KyNBTYpe IO Hadana cTarroHapHOW ¢as3bl. ['0TOBEIA mpenapaT ¢
COJIep’KaHMEM HE MEHee 5 MIIPJ. KM3HECIOCOOHBIX KIETOK Ha 1 Kr mpu ocra-
TOYHO# BiaxkHocTH 5—7 % ¢acyror B nojaudTuieHoBbie memku 0.4-2.0 kr, Ko-
TOpbIE TEPMETU3UPYIOT U Aajnee XpaHaT npu temneparype no 15°C. ITpombimi-
JICHHOCTBIO BBIIIYCKAIOTCSl TaKKe TOP(SIHOW M IOYBEHHBIH IperapaTbl a30To-
6akrepuHa. [y 3TOr0 B KauecTBE HAMOJHUTEINS MCIONB3YIOT Pa3jlaratoliuics
TOpd C HEHUTpaJIbHOW peakuuel cpeabl Wik OoraTylo nepersoemM mo4sy. B npo-
CestHHYI0 1ouBy wim Top¢ BHocsAT cynepdocdar (0.1 %) u m3Bects (1-2 %).
Cwmech (acytor B OyTbutkn oobemoM 0.5 i1, yBnaxHstoT Bomoi 1o 40—60 % u
CTEpUIM3YIOT. B cTepunbHBIN HaNOJIHUTEIh BHOCST BBIPOCIIYIO KyJIbTYpy Oak-
Tepuid. JITUTEIBHOCT XpaHeHHs mpemnaparoB — 2—3 mecsues. [Ipu o6paboTke
CeMsH TIperapaT BHOCAT U3 pacuera 3—6 Kr Ha | ra mamHu.

Croco6 mpuMeHeHusT a30ToOaKTeprHa OIpeNeNsIeTcs] IIOCEBHBIM MaTepHa-
JIOM: CEMEHa 3€PHOBBIX KYJIbTYp OIYJPHUBAIOT CyXHM IIPEHapaToM MeXaHW3H-
POBaHHBIM CIIOCOOOM; KIyOHM KapTrodens M KOPHEBYIO CHCTEMY paccajbl
OBOIIHBIX KYJIbTYp PaBHOMEPHO 00pabaThIBAIOT BOJHOM CyCIeH3Mel mpernapa-
Ta.

B mocnennue rompl Ansl M3ydeHHs OHONOTMYECKON a30T(HKCALMK CTallH
MPUMEHATh METOJIbl MOJIEKYJIIPHOM OMOJIOTMU U HOBEHILINE METOIbI T€HETHKH.
YcraHoBiieHa BO3MOKHOCTB € IIOMOIIbI0 Koiudara P pasmHoatk cBOOOIHO-
JKUBYIIyI0 a3zoTdukcupyromyto 6akreputo Klebsiella pneumoniae M5 u ¢ ee
MTOMOIIBIO TPAHCAYIHPOBaTh nif-reHs! (TeHs! azoTdukcarun). Taxke g0Ka3zaHoO,
4TO TMepeHoC nif-reHoB BO3MOXEH C NOMOMIBIO IUIa3MHJI OT IITaMMa-
azor¢uKcaropa K mTaMMy, He oOnanatomieMy auazorpodHocTeio. OOHapyxe-
HBI KOHBIOTAaTUBHBIC IIA3MHIBI, HECYIIINE TEHbI a30T(HHUKCAINH, OTHOCUTEIHHO
JIETKO TIepeAaroIuecs MpHU KOHBIOTAMK OT mTamMMa K mTaMmmy. Ilocie storo
MOSIBIJIMCH HAJIXK/Ibl Ha MOJTyYEHHE METOJaMH KJIETOYHON M FeHHOW WHXXEHEPUU
pacTeHHH, CrlocoOHBIX (PUKCHpoBaTh aTMOCchepHbIH a30T. OIHAKO MEPeHOC TEHOB
a30T(HUKCAIIH 1 UX IKCIPECCHS ABISIETCS YPE3BBIYAHO CIIOKHOM 3a1aueii.

AXTHBHBIE HCCIICIOBAHUS B 9TOM HAallpaBJICHUH, HadaThle B cepenune 70-x
rOJIOB, TIOKa HE NMPHHECIH XKeJlaeMbIX IoA0B. [locie ycTaHOBIEeHUS B Havae
90-X IT. CTPYKTYpbl ¥ OpraHu3alyu nif-reHoB ycwiusi uccienoBareneii ObUTH
COCPEIOTOYEHBI HAa U3y4YeHUH (DYHKIMOHMPOBAHMS ATHUX T'€HOB M MPHPOIBI UX
HpPOAYKTOB. Bemen 3a OTKphITHEM KPYNHBIX IUIA3MUA B psie a30THHKCHUPYIO-
IIMX MHUKPOOPTaHW3MOB OBUIO YCTAHOBJIEHO, YTO 3TH IUIa3MH[bI COAEPIKAT HE
TOJILKO CTPYKTYPHBIE T€Hbl HUTPOT€HA3bl, HO ¥ TeHBI, OTBETCTBEHHBIE 3a Pa3BH-
THE KOPHEBBIX KIIYOCHBKOB B OIPEEIIEHHBIX BHIaX OOOOBBIX pacTeHmid. bro-
XUMHYECKHE XapaKTePHUCTHKU HUTPOTeHa3bl Pa3HBIX a30T(HUKCATOPOB CXOAHBI.
OTO CBUAETENHCTBYET O TOMOJIOTMYHOCTH T€HOB, KOJUPYIOMINX UX cuHTe3. ['o-
Mmozorust crpykrypsl JJHK sBniiach npearnochiikod Uit KIOHUpOBaHUS nif-

193



IEHOB C LEJNbIO JIOKAJIHM3alUU UX Y HOBBIX nuazoTpodoB. KoncrpynpoBanue
CaMOIICPCHOCAIINXCA TIIIa3MK/J, HCCYIINUX T'C€HbI a30T(bI/IKca]_[I/II/I, I1I03BOJIMJIO II€-
penats nua3oTpodHOCTh HehUKCHpYyOIUM a3oT BuaaMm: E. coli, Salmonella
typhimurium, Erwinia herbicola, Ps. fluorescens; 6e3 momydeHus 3Kcrpeccun
nif-reHsl ObUTH KJIOHUPOBAHBI TAKXKE B IpoxoKax (puc.6.1).

XpomMocombl XpomocomHast JHK
Kn,fschercha Klebsiella

[POXOKeNt 00"’/ \ pheumoniae | TeHbi nif
Mnasmnga @ Mnasmungbl O
OpoxoKen E. coli
\L PacwenneHne PacwenneHne .
[eHbI nif
%ﬂmmﬁ) U\CcfuwHeHy
MbpuaHas MmbpuaHas
nnasmuga nnasmuga
OpoxoKen E. coli
WHTerpaunsa WHTerpaunsa
_—>

Knetka
OpoxKen

@

Puc. 6.1. I'ensl a30TduKcanny ObUTH BCTPOSHBI B TEHOM APOJOKEH: Ha IIEPBOM JTalle MOIy4yaoT Iub-
PUHbBIE TIA3MU/IBI CIUAHUEM Tu1a3MuIn3 E.coli 1 1posokeBoil KIETKH, Ha BTOPOM — BBIIEIAIOT nif-
rens! u3 Klebsiella pneumoniae 1 BcTpanBaloT UX Bo BTOpyIo mia3Muss! u3 E.coli, koTopyro BHe-
JIPSIIOT B XpOMOcOMY aposkxkeit (o Y. bputy, 1991).
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Ilepenoc Gosee MPOCTHIX TPYNINUPOBOK I'CHOB, IO CPABHEHUIO C IIe1oi nif-
00J1acTBI0, OCYIIECTBMM Ha OCHOBE BHPYCHBIX BEKTOpPOB, HalpHMep, BHpYca
MO3aWK{ [BETHOW KamycThl. [Ipn mepeHoce nif-reHOB B pacTeHHs] BO3HHKAIOT
OIpOMHBIE, IT0Ka HENPEOJOIUMBIE TPYIHOCTH, CBA3aHHBIE HE TOJIBKO ¢ cOOCT-
BEHHO IEPEHOCOM I'€HOB, HO perysinued ux skcrpeccun. OqHako pazpaboTaH-
HBIE K HAacTOSALIEMY BPEMEHH METObI KIOHHUPOBAaHHWS M PEKOMOMHAIMH HYK-
JICMHOBBIX KHCJIOT CO3/IAJIU MPEATIOCHUTKH ISl IEPEHOCa TeHOB a30T(UKCAINHI B
KJIETKH PAacCTeHHI M MOJIy4eHHs UX 3kcnpeccuu. [Ipu nepenoce reHoB a3oTduk-
caluy B BBICIIME PACTEHUS, IIOMUMO TPYAHOCTEH IEHETHUYECKOIO Xapakrepa,
uMeroTcs 1 apyrue. He usyueHa peryssius B3anMOCBSI3U I'eHOB (UKCAIUH a30-
Ta C TeHAMHU, OTBETCTBEHHBIMHU 32 CHHTE3 IIEPEHOCYMKOB JJIEKTPOHOB M KOdak-
TOPOB, HEOOXOAMMBIX Ui (DyHKIMOHUPOBaHUS HHUTporeHasbl. IlociemHss
JTOJDKHA OBITH 3alMIICHAa OT HHTHOUPYIOIIEro BO3ACHCTBHS KHCIOPO/Ia.

Heo0xoauMBbl Takke MHTEHCHBHBIE MCCIICIOBAHUS T€HETHKN PACTEHHUN IS
monoopa 3¢ PeKTUBHBIX pacTeHWI — XO03s€B, a TaK)KE MCCIECIOBAHUSA, HAIIPaB-
JIeHHble Ha MOIM(UKAIUI0 FeéHOMa MHKPOOPIaHM3MOB JUIS IOJNy4eHHs opra-
HHU3MOB, CIIOCOOHBIX CYLIECTBOBAaTh B CHMOMO3€ HE TOJILKO ¢ 00OOBBIMU pacTe-
HUSIMU (HarpuMep, XJICOHBIMH 37IaKaMu ).

dyHaMeHTaIbHbIE HCCIISIOBaHU 10 NEPEHOCY T'eHOB a30T(HUKCAIMU B
BBICILIE PACTEHHUS, I0-BHAUMOMY, IPUBEIYT K MHOIOOOCIIAIOLINM OTKPBITHAM
1 KOPEHHOMY ME€PEBOPOTY MPAKTUKU a30THOTO MUTAHUsSI PACTEHHH.

CHa0xxeHue pactennii pocharamu

®ocdarHble HOHBI B TIOYBE, KaK M3BECTHO, HE OYEHb IOJBIKHBI, II03TOMY
BOKPYT KOPHEBOM 30HBI pacTeHuil 4acto Bo3HuKaeT aepuuut dochopa. Ben-
KYJsApHO-apOycKkyasipHasi mukopu3a (BA) wurpaer cymiecTBeHHYIO pOJib B
TUTOOPONH TIOYBKI, TaK KaK CIIOCOOCTBYET TOTJIOMICHUIO pacTeHUsIMH (docda-
TOB U3 MOYBBL. DHIO0- U AK30MHUKOPH3HI MIPEICTABISIOT COO0H 0COObIE CTPYKTY-
pbl, GopMmupyIOIIMECS BHYTPU MM BOKPYT MEJIKHUX KOPEIIKOB PacTeHUil B pe-
3yJIbTaTe 3apAXKEHUsI IOYBEHHBIMH HETIATOI'€HHBIMU TPUOaMH.

BosHukatomune cuMOMOTHYIECKNE OTHOIIEHHS MEXy TpHOaMu U pacTeHUs-
MH, BBITOJHBIE PACTCHHIO-X03iMHY. Mukopuza BA, obpasyemas rpubom-
¢uxomunerom u3 cemeiicrea Endogonaceae, BcTpeuaercsi TOBOJBHO 4acTo B
OOJIBIIMHCTBE ITOYB IMPAKTHYECKH BCEX KIMMAaTHYECKHX 30H. DTa MHKOpH3a
npucyma OoibIIel YacTH MOKPBHITOCEMSHHBIX, MHOTUM T'OJIOCEMSIHHBIM, & TakK-
K€ HEKOTOPHIM MAalOpOTHHKAM W IedeHouHWKaM. Mukopusa BA Haiinena y
OOJIBIIMHCTBA Ba)KHEHIIMX BUJIOB KYJBTYPHBIX pacTeHuid. ['mpl Mukopussl,
BBIpACTAOIINe U3 MULEIHS U PaclpoCTPaHSIOIIUECs JaleKo 3a Ipeiesbl Kop-
HEBOH CHCTEMbI, epeHocAT (ocaT-HOHBI U3 30H MX NPHUCYTCTBHS B KIETKH
xo3stuHa. Hanbompmuit apdexr BA npuHOCHT pacTeHHUsIM cO Cl1ab0il KOpHEBOM
cucremoii. brnarogapst aToif MuKOpu3e pocT pacTeHuld Ha OenHbIX (ocaramu
noysax yiy4maercs. OJIHOBPEMEHHO C IOCTyIUIEHHEM (oc(aroB pacTeHUs
TaKke 000ralaTcss MUKpOdJIeMeHTaMu. J[0Ka3aHo, YTO B PACTEHHUAX C MHKO-
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PHU301 KOHIIEHTPANXs TOPMOHOB POCTa BHIIIE, 4eM B ee oTcyTcTBre. Ecmu BA-
MHKOpHU3a (HOpMHPYETCsl B MPUCYTCTBUH a30(UKCHPYIOIIUX OakTepuil, y 60060-
BBIX YCHJIMBAETCs IIpoliecc 00pa30BaHMsl KITyOSHBKOB M a30T(HUKCALIHS.

Jns pazMHOXKEHHS SHIO(HUTOB B IOYBE Hy)KHA MX HMHOKyJsimus. OIHAKO
pa3MHOXEHHE IPpHOOB MPOHUCXOAUT TOIBKO B MPUCYTCTBHM PAaCTEHHSA-XO3SHMHA.
EnuncrBenHblil 3 dexTrBHBINA cocod moiyueHHs: OOJIBIINX KOJHYECTB DHIO-
¢uTa — BHIpAIIMBAaHWE HAa COOTBETCTBYIOIIEH JMHWUU pacTeHuil. HOKyssITOM
IIPY TOM CITy>KHT CMECh KOPHEH MHLEIUS U CIop. BrlaeneHHble crnopsl, HHOH-
LUPOBAHHYIO MTOYBY WM KOPHU pacTeHus ¢ BA MCIONb3yIOT Il HHOKYJISIINU
pacTeHus-xo3siMHa, CBOOOTHOIO OT OOJIE3HEH, B Tak Ha3bIBa€MOIl TOpIIECYHON
KynbType. [loiydeHHb TakuM 00pa3oM MHOKYIISAT UCIIOJIB3YIOT JUIsSl HHOKYJISI-
uH pacteHnd. Heckonbko rpaMMOB HEOUHIEHHOTO MHOKYJISTA, ITOIYYIEHHOTO
13 TOPIIEYHON KyJIbTYpPhl PACTEHHUSI-XO35MHA, 100ABISIOT B CPEAy WM pa3Me-
IAIOT TOOJIM30CTH OT MOJIOABIX KOPHEH, Tak, YTOOBI JI0 MepecajKi pacTeHHs B
TPYHT, ycriesna o0pa3oBaThCs JIOBOJILHO MOIIHAs MHUKOpu3a. Metox a¢dexru-
BEH TIPH pa3BEICHHWH JIECOB, IIUTPYCOBBIX, HO HE HaXOJUT MPUMEHEHHS IS
WHOKYJISIIMK B TOJIEBBIX YCJIOBHUAX, TaK Kak MpemapaTra Hy»XHO MHOToO (2-3 T
HEOYMIIIEHHOT0 MHOKyJATa Ha 1 ra). Ilomy4ars Takue KoindecTBa MHOKYJIATA
BA moka He npezcTaBIsieTcsi BO3MOXHBIM.

Jns ymydmeHns MUTaHUS CEIbCKOXO3SIMCTBEHHBIX KyJIbTyp (ochaTamu
s dexkTuBeH MeToa npuMeHeHHs: (pocdopodaktepuna. [Ipenapar monydaror
Ha OCHOBE cIiop KynbTypsl Bacillus megaterium var. phosphaticum. O1u 6akre-
pHUH MIPEeBpaIaoOT TPYAHO YCBOsSEMBbIe MHHEpaibHEIE (hocdatsr u hocdopopra-
HUYECKHE COEAMHEHUS (HyKJICHHOBBIE KHCIOTBI, HyKJICONPOTEHIbl) B JAOCTYII-
HYIO Ui pacTeHui ¢popmy. Cieayer oTMETUTb, uTO GochopobakTeprH He 3a-
MeHseT (GochopHble ynoOpeHus n He naeiictByer 0e3 HUX. IloyoKUTENBHBIN
a¢ ekt oT mpuMeHeHus QochopobdakTepruHa CBS3aH HE TOIBKO C JOCTaBKON
ycBosieMbIX (ochaToB K pacTeHUSIM, HO OOYCIIOBJICH TaKke JeUCTBUEM OUOJIO-
THYCCKHW aKTUBHBIX BCIICCTB (TI/IaMI/IHa, 6I/IOTI/lHa, HUKOTHUHOBOH Y ITaHTOTEHO-
BOM KHCIIOT, BUTaMuHa By, 1 11p.). JlaHHbIE OMOJIOrMYeCKH aKTUBHbIE BEIIECTBA,
TIoTa/1asi Ha MOBEPXHOCTh CEMSIH NPH MHOKYJISINH, a 3aTeM B TKaHW pacTeHHS,
CTEMYJIUPYIOT PochopHOE U a30THOE MUTAHUE, TO €CTh OJIArONpHATHO IEiCT-
BYIOT Ha pa3BUTHE PACTCHUM Ha IEPBBIX dTalax.

Texuousorus noiy4eHus npemnapara GochopodakTepuHa BO MHOTOM CXOJIHA
C TEXHOJIOTHEH TOJIyYeHHUsI CyXOro HUTparuHa u a3orodaxkTeprHa. Bripamusa-
Hue Bac. megaterium mpoBOIAT B KOHTPONHPYeMOH IIyOMHHOHN KyJIbType A0
craaun oOpaszoBaHus crop. [Iporecc MpoBOJAT B CTPOrO CTEPHIILHBIX YCIOBH-
SIX, TAK KaK MHOTHE ITPOM3BOACTBEHHBIE ITAMMbI UyBCTBUTEIBHBI K AEHCTBUIO
OakreprodaroB. BrICylIeHHYI0 B pacHBUIMTENBHONW cymmike mpu 65-75°C
6romMaccy ¢ OCTaTOYHOH BIaXXHOCTBIO 2—3 % CMELIMBAIOT C KAOIMHOM, (hacyroT
no 50-500 r B BoOHENpOHHUIIaeMbIe TepMeTHYHbIE MeIIKU. B 1 r mpemapara
coZiepKaHne )KU3HECTIOCOOHBIX KIIETOK — He MeHee 8 mup/. [Ipenapar, B oTiu-
YHe OT HUTparuHa u a3oto0akTepuHa, ctabmieH. [1oaToMy OH XOpOIIO XpaHHT-
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sl TP KOMHATHOH TeMIlepaType JINTeNbHOe BpeMs. [Ipyu XpaHeHHH B TeueHue
rojia oTepsl KU3HeCnocoOHOCTH cocTtaBisieT okoio 20 %. dochopodbakrepun
oco0eHHO 3(h(eKTHBEH NpU NPUMEHEHNH Ha YepHO3eMax, Ooratsix Gocdopop-
TaHWYECKUMHU coequHeHusMH. CeMEeHHOW Marepuan o0pabaThIBAIOT CyXUM
bochopodakTeprHOM MEXaHH3UPOBAHHBIM CIIOCOOOM HEIIOCPEICTBCHHO MEpel
nocagkoi. HopMsl pacxona npenapara cOCTaBIsAOT okoyio 5 T u 200 r Hamos-
HuTens (T7MHA, 104Ba, 30a) Ha | ra. [Ipu obpabotke kiryOHelH kaprodens uc-
nosp3ytoT 0.1 % BogHyto cycnensuio criop. O6paboTKy MIPOBOASAT, pABHOMEPHO
YBIAXHAS MMOCeBHON Martepuai. Ilpumenenue ¢ocdopobakTeprHa HOBBILIAET
YPOKaifHOCTh CeNbCKOXO03AHCTBEHHBIX KYIbTYyp Ha 10 %.

6.4. HOBEMIIIME METO/Ibl BUOTEXHOJIOT 1A
VIS HOBBIINEHUSA MTPOAYKTUBHOCTHU
B CEJIbCKOM XO3S1CTBE.

Hawnbonpmmii BKIIag OHOTEXHOIOTHH B CETBCKOE X035HCTBO, IO 00IIeMy MHe-
HUIO, CIIeMyeT OXKHIATh 3a CYET YIYYIICHUS CBOWCTB KyIbTYpPHBIX PacTeHUH C
HCIOJIb30BaHUEM HOBEHIIMX METOJIOB KJIETOUHOM U T€HETUYECKON HH)KEHEPUH.

Ky.ﬂLTypa PACTUTEIBbHBIX KJIE€TOK U TKaHeil

HepBblM MMPUMEHCHUCM HOBEHUIIINX METOA0OB 6I/IOTeXHOHOFI/II/l JUIST BBICHIUX
pacTeHui cTano X KIOHAJIBHOE Pa3MHOXKEHHE. DTOMY B 3HAYMTENIBHOI cTere-
HH WCCIIEIOBaHMs B 00JAaCTH (PUTOrapMOHOB, IIPOBEACHHBIE B KOHLE 50-X ro-
noB. CtocoOHOCTh pereHepamnuy OOJIBIIOTO YKcia PaCTeHHA U3 MacChl Heopra-
HU30BaHHBIX TKaHeW (KaJUTycoB), MposM(epUpyOlnX in Vitro, U U3 KyJIbTyp
OpPraHOB W MNa3yIIHBIX ITOYeK 4pe3BbluaitHo >ddextuBroi. ITocie Toro, xax
OBUTO BBISICHEHO, YTO KieTOYHas OudQepeHnrpoBKa M pPa3BUTHE PACTEHHUH, B
OCHOBHOM, KOHTPOJIUPYIOTCSI YPOBHSIMH PacTUTENBHBIX TOPMOHOB, ObLIa Ipo-
JIEMOHCTPUPOBaHA BO3MOXKHOCTh CO3JAaHHS YCJIOBHH iNn Vitro, BBI3BIBAIOIIMX
KJIETOYHBIH poCT, MOP(HOTeHe3 ¥ pereHepaIfio PACTCHUH U3 OTAEIBHBIX KIETOK
w HemudhepeHNIUPOBaHHBIX KalTyCOB. PacTHTENbHBIC KICTKH M KYJBTypa
TKaHEl — OCHOBHBIE OOBEKTH! KIETOYHOH OMOJIOTHMH, KOTOpas MPesoCTaBiseT
BO3MOXKHOCTH pPEreHEepallii pacTeHWd M3 MpPOTOIUIACTOB, KIETOK M TKaHEH,
KOTOpBIE, B CBOIO OY€pEe.b, MOTYT OBITh TPAaHC(OPMUPOBAHBI WIIN OTOOPAHEI 110
crnenu(UIecKuM TeHETHIECKIM Mpu3HakaM (puc.6.2). KynpTypa pacTHTENbHBIX
KJIETOK II03BOJIICT CPAaBHUTENBHO OBICTPO MOJIy4aTh MHOTOYHCIICHHBIE MOITYIIs-
UKW B YHOPaBJIACMbIX U KOHTPOJJUPYCEMBIX YCJIOBUAX CPE€Abl HA OI'PaHUYCHHOM
MIPOCTPaHCTBE M WAECHTH(HUIMPOBAThH JIMHUW PACTEHHH C MOBBIMIEHHON OMOJIO0-
TMYECKOH MPOIYKTHBHOCTEIO. PacTUTENbHBIC KIETKH MOTYT KYJIbTHBUPOBATHCS
KaK Ha XMIKHX, TaK ¥ TBEPIbIX cpenax. Mcmoabp3yeMble IIpU TOM IPHEMbI aHa-
JIOTUYHBI KYJIbTUBUPOBAHHUIO MUKPOOPTaHU3MOB. Hpouecc Ha4YMWHAKOT CO B3ATHUA
B ACENTHYECKUX YCIIOBUSIX KYCOYKOB TKaHU OT MOJIOJIOTO 310POBOTO pacTEHHS,
KaK MpaBUIIO0, UCIIONB3YIOT JIUCThS HIIM CTBOJI. TKaHb IIOMEIIAIOT B IONOOPAHHYIO
IHUTATENBHYI0 CPeAy IPH COOTBETCTBYIOIMX (DH3MKO-XMMHUYECKUX (aKTopax
cpenbl. [Tocne nonmyveHns: Kamwryca BO3MOXKHO NMPOJOJDKEHUE €ro BhIpalUBaHUs
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Puc. 6.2. BUOTEXHOJIOTMYECKOE UCTIONB30BAHUE KYJIbTYPBI KJIETOK M TKAHEH pacTeHUIL.
JlnvuHa cTpeNoK yKa3bIBaeT OTHOCUTEINIBHYIO JTETKOCTh WM TPYAHOCTD B3aUMHBIX [IEPEXO0JI0B
(o X. bopman, 1991).

Ha TBEPJOH cpele WM IOJyYeHUE CyClIeH3UH KiieToK. CycleHIMpOBaHHbBIE pac-
THUTEJBHBIE KIETKH 110 CPaBHEHHIO C KIIETKaMH Kautyca 0oJiee TOMOTeHHBI, ObICT-
pee pacTyT M UMEIOT OoJiee BEICOKHE aJIalITUBHBIE BO3MOXHOCTH.

KynbTypbl pacTUTENbHBIX KJIETOK MOTYT OBITH HCIIOJIB30BaHBI JUIs OHO-
TpaHcopManuy XUMHYECKUX COETMHEHUH 1 Uit 3 QEKTUBHOTO CHHTE3a OHo-
JIOTUYECKH aKTUBHBIX COeAMHEHMH de novo. B KyJibType KIETOK HE TOJBKO
COXpaHseTcsl CIIOCOOHOCTh IIPOAYLUPOBATH OMOJIOTHYECKN aKTUBHBIE COSIMHE-
HHSI, CBOWCTBEHHBIE HCXOJHOMY PacTEHHIO, HO ¥ BO3HHKAET CIIOCOOHOCTh CHH-
TE3UpPOBaTh HOBBIE LIEHHBIE IPOYKTHI, HE OOHAPY)KEHHBIE B COOTBETCTBYIOLINX
WHTaKTHBIX PACTeHUSX (TICPHLMH, MEPUKAINH, XMHOKHOJ, (GeppuruHon, axy-
aMMainuH H 1p.). [Ipu 5TOM B psize cilydaeB B KJIETOYHBIX KYJIbTypax LEJICBOM
MPOAYKT HaKaIllJIMBACTCsA B 60.]166 3HAYUTCIIBHBIX KOJIMYCCTBAX, YCM B IICJIBIX
pacteHusiX. Bo3M0OXKHO TakXke MoJjIydeHHe MyTaHTOB C TIOBBIIIEHHBIMU POIYK-
LUOHHBIMHA KadecTBaMH. B KpYHHBIX Maciutabax KyJIbTHBUPOBaHUE pacTH-
TEJIBHBIX KJIETOK CTaJIM IIPUMEHSATH ¢ cepeanssl 70-x rogoB. B Hacrosmee Bpe-
Ms pCajin30BaHbI prHHOMaCIJlTa6HbIe KYJIbTUBAlIMOHHBIC CUCTCMBI PACTUTECIIb-
HBIX KJIETOK 00beMOM 110 20 M3 [u1sl TOJTyYeHHUs pa3INnYHBIX LIEHHBIX BEIIECTB —
MEHTOJIA, KCHBIICHS, YOuXxuHOHa- 10, OeTaHWHA, KAMITOTeNWHA (aHTUKAHIIEPO-
TeH), HOJIUIIENTHI0B — WHTHOUTOPOB (UTOBUPYCOB, arap-arapa u ap. CHmcox
3TOT IIOIIOJHACTCA. O6IJlI/lMI/I HEAOCTAaTKaMU METOAa SABJIAIOTCA: HU3KHUE CKOPO-
CTH POCTa PAaCTUTEIBHBIX KJIETOK, BBICOKAsl 4acTOTa MH(EKINH, TeHeTHIeCcKas
HecTaOmwIbHOCTE. KpoMe 3Toro, B CycrieH3uH KIETOK HaONIo#aeTcst UX arpera-
v, U epeHInpOBKa, B PE3yJIbTaTe Yero CHU)KAETCS aKTUBHOCTb.

OTHX HEJOCTATKOB JIMIIEHBI MPOIECCHl C HCHOJIb30BAaHUEM HMMOOMIN30-
BaHHBIX PacTUTENbHBIX KJIETOK. Takue OMOIOrHYecKkne CUCTEMbI Oosee yCTou-
YHBBI K MEXaHHYECKHM ITOBPEKICHUSM, IIPU 3TOM (paza pocTa KJIETOK COBIaza-
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eT ¢ (azoii 00pa3oBaHMs NPOAYKTA; KIETKH JIETKO IIEPEHOCATCS B HOBYIO CPELy
WM UHBIC KYJIbTUBALIMOHHBIC YCJIOBUA. OcHOBHBIE TPYAHOCTH HaHHOpI TEXHO-
JIOTHU CBSI3aHBl C HEJOCTATOYHOM M3YyYEHHOCTBIO PEryiisiuu Meraboiu3Ma y
9YKapHOTUYECKUX PACTHTEIBHBIX KICTOK.

OCOOEHHOCTBIO KIETOUHBIX KYJIBTYP PACTCHHU SBISETCS MX CIIOCOOHOCTH K
TOTHUIIOTCHLIMU, — B onpeﬂeneHHoﬁ Cpe€ac u ONpCACICHHBIX YCIIOBHUAX MOKHO
pereHepupoBaTth LeNoe pacTeHHe M3 OJHOM KieTkH. [lomoOHOe cBOWCTBO OT-
CYTCTBYeT y JKUBOTHBIX. TakuMm 00pazoM, B Jr000# pacTHTENBHOW KIIETKE 3a-
JIOKCHA TeHeTHYecKas WH(popmanusi, Heobxomaumas it auddepeHInpoBKU
KJIETOK B ITpoOIlecce JeeHUs. DTOT ()EHOMEH HCIIOJIb3YIOT IPU MUKPOPa3MHO-
JKeHWH pacTeHHH. J[aHHAs TEXHOJIOTHS MMEET CYIIECTBEHHbIC NMPENMYIIECTBa,
TaK Kak MO3BOJISAET OBICTPO MONy4YaTh MATEpUall Ul Pa3MHOXKEHHS PacTCHUH,
BKJIIOYAsi CUCTEMBI, HE cojepialine Bo30yauTeneil Gosie3Hel, KpyrioroInyHo
UMETH paccazlo‘mmﬁ Matepuajl U MNOBbIIATE €T0 OJHOPOAHOCTL, AJIUTECIBHO
XPaHWUTh T€HETUYECKHI MaTepuall M CO371aBaTh HOBbIE TEHOTHIIBI.

C Tex 1mop, Kak BIIEPBBIC YIAIOCh HHAYLIMPOBATh U3 OJHOM KJICTKU pereHe-
paLMIO IIEOr0 PacTeHUsl, TEXHUKa KyJIbTYphl KJIETOK CTajla HIMPOKO IIpUMe-
HATHCSA /IS KJIOHWUPOBaHUA. TOTUNOTEHIMs Obula MPOJAEMOHCTPUPOBAHA Ha
KyJIbTYpax TKaHeH psijia pacTUTEIbHBIX BUJOB, a N03JHEE — HA COMaTHYeCKUX U
TIOJIOBBIX KJIETKaX, H30JIMPOBAHHBIX M3 PA3JINYHBIX PaCTCHH.

Ha pwuc.6.3 mpencraBmeHa cxeMa KJIOHAIBHOTO Pa3MHOXKCHHsI PACTCHUN
Catharanthus roseus u3 BepxyueuHbIx MepucteM. [locie mpopainiuBaHus cre-
pribHBIX ceMsiH C. roseus uepe3 7 1Hed KOHYMKU IT00EroB ITPOPOCTKOB CPe3ain
U MpOpalIMBai B TEMHOTE, 3aTeéM KOHYHKH IPOPOCTKOB IOMEINAIH Ha MO-
BEPXHOCTh arapu3oBaHHOU cpenbl Huua u kynsTuBHpoBanu Ha cBery. Crycts 8
HeJlellb U3 aluKaJIbHBIX MEpHCTEM (POPMHUPOBAINCH IIPOPOCTU C PA3BUTON KOP-
HEBOHM CHCTEMOW. DTH NMPOPOCTKU HCIIONB30BAIN IJIsI BTOPOTO dTalla pa3MHO-
JKEHHS, B XOJi€ KOTOPOrO SKCILIAHTAHTHI, COCTOSIINE U3 OIHOTO y3J1a M OJHOM
Hapel JIMCThEB (POPMUPOBAIN NPOPOCTKH C KOPHSAMHU U 4—5 Hapamu JIMCTHEB.
[Tocne Tperbero naccaka pa3BHBAJIHMCh MPOPOCTKU C TEM )K€ YUCIOM Y3JIOB.
YKOpeHUBIIHECS TPOPOCTKH TEPECAKUBAIH B TOPILIKU CO CTEPHIBHON MTOYBOH.
[Tocne 14-aHEBHOTrO MEPUOAa AKKIMMATU3ALUH POPOCTKH BHICAXKHBAIH B TI0Y-
BY; BBDKHBAaEMOCTh IIPOPOCTKOB MpH 3TOM coctaBmia 90 %.

B 1971 r. TaGeke ¢ coTpyaHHKamK, oOpadaThiBasi JUCThs Tabaka C IEIbIO
pacTBOPEHUS KIETOYHBIX CTEHOK COYETAaHWEM IIEIJUTIONO3bI U TIEKTHHA3bI, T00H-
JHCh ycriexa B IOJyYeHHH NPOTOINIacTOB. [IpoTomacTsl Ipu KyJbTHBHPOBa-
HHU B XHIKOH cpelie B mporecce AeneHus GopMupoBaiy Kamlyc, ClIOCOOHBIH K
pereHepariyu 1enoro pactenus. [Ipu atom ceiie 90 % MPOTOKIOHOB (KIOHOB,
MOJYYEHHBIX U3 MPOTOIIACTOB) OBIIM YAUBUTEIBEHO CXOAHBI C POANTEIbCKUMHU
BUJIaMHU KaK N0 (EHOTHITY, TaK H [0 TeHOTHITY. [IpOTOIIACTHI TO3BOJIMIIH TIpe-
0J0JIETh OOBIYHYI0 H3MEHYHBOCTD, CBOHCTBEHHYIO JPYTUM CIIOCO0aM IOJIyde-
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Puc. 6.3. Cxema KIoHaNbHOTO MUKpopa3sMHoxkeHHs Catharanthus roseus
(o H. Onenska u np., 1991).

HUA KI0HOB. B xoHue 80-x ronoB B CIIIA Obiia pazpaboTaHa TeXHHKa pereHepa-
OUH pacTeHus kKaprodens u3 mpororiacToB copra Paccer bepbank. B TeueHue
12—14 aueit mpoToruiacTel GOPMHUPOBAIN KIIETOYHBIC CTCHKH, HAYHHAIN JICIICHHE
1 00pa3oBbIBaN Kayutyc. [Tociie 3Toro ux nepeHoCuIv B KyJIbTYpallbHYIO Cpeny,
Jieriasi TpY Iraccaxka; B IOCNIeTHEH KynbType OBUIM IOJy4eHBI LeNIble pacTEeHHMSI.
[Nonmy4ueHHOE OrpoMHOE KOIHIECTBO KIOHOB (0Koyo 60 000) OBUTO MpoaHATH3H-
POBAHO, MPU 3TOM YCTAHOBHIIM UX HEOJHOPOAHOCTh. TEXHUKA OTKPBIBAET OIPOM-
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Puc. 6.4. MepucTeMHBIE pereHEPaHThI FOPOXa OCEBHOTO (CieBa)
M KJIEBEpa JIyrOBOT'O (CIIpaBa) Ha pa3HbIX cpeaax.
a— ¢ nobaBiaeHneM OHOIOTHYECKH AKTHBHBIX BELIECTB; O — 63 9K30re€HHBIX PEryISaTOpPOB POCTa
(mo X. Kannaky u A. KeritBeapy, 1991).

HBIE NEPCIIEKTUBHI JUIsl 3()(EKTUBHON CENEKIMH PacTEHHH B JIaOOPaTOPHBIX yc-
noBusAxX. Takas paboTa mpoBeleHa Ha MPOTOIUIACTaxX Tabaka, NETYHHH W PAne
JPYTHX BUIOB C IIEJNBIO MOJy4eHHs (OpM, YCTOHUMBBIX K mectuiuiam. Ilossu-
JIach peanbHasi BO3MOXKHOCTb MCIIOJIB30BaTh TEXHUKY PereHepaliy LUesbIX pacTe-
HUH MX KJIETOYHBIX KyJbTYp M KaJUIycOB JUIS BBIBEIEHHS HOBBIX COPTOB psijia
BKHBIX KyJIbTyp (COM, MaHHOKA), AT MI3MEHEHHSI COPTOB XJICOHBIX 3JIaKOB, KO-
TOpBIE PaHee He YAABAIOCh PETEHEPUPOBATH M3 TKAHEBBIX KYJIBTYD.

KynbTypa pacTUTEIbHBIX TKaHEW, aHAIOTHYHO KYJIBTYpE KIETOK, [T03BOJISET
JIOCTaTOYHO OBICTPO MOJIy4YaTh 37I0POBBIE PACTHTENBHBIE KJIOHBI M Ha 3TOH Oc-
HOBE — NEPCIEKTUBHBIA paccanouHblii Marepuai. [locie Toro, kak OblIO ycTa-
HOBJICHO, YTO alMKaJlbHAs MepHucTeMa (HeOONbIIOH ydacTok HeaudepeHnu-
POBaHHBIX KJICTOK Ha KOHYHMKE CTEOJIs1) CrIocoOHa K pOCcTy ¢ 00pa3oBaHUEM Iie-
JIOTO pacTeHMs, 3Ta TEXHUKAa CTajla IPUMEHSTHCS Ul KIOHMPOBAHHMS JIMHUN
pacrenuii (puc. 6.4-6.5).
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Puc. 6.5. Perenepauus pacteHuii in vitro.
Perenepauus Citrullus vulgaris u3 JTHCTOBBIX JUCKOB H CETMEHTOB I'MITOKOTHIIS.
CBepxy — MHMIMALMS KaJLTycOo0Opa3oBaHus, CHU3Y — PereHepanus KOpHeH.
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Puc. 6.5 — nponomkenue.
Cepxy — perenepauus noderos Citrullus vulgaris, cHusy — pereneparust I0JHOLIEHHOTO pacTeHust apoy3a
(o O. C. ITupy3ssn, 1988).
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Knerkn mMepucTemsl pu NEpeHECEHUH B MUTATENBHYIO CPEdy AeNsTcs, 00-
pa3ys MaJleHbKO€ PacTeHHE C MATHIO-IIECTbIO JHUCTHKaMH. Uepe3 HEeCKOIbKO
HeJleJIb BBIPOCIIMH cTeOeNb pa3pe3aloT Ha MATh-IIECTh MUKPOUEPEHKOB, KOTO-
pble B OJarONpHUsTHBIX YCIOBHSAX BBIPACTAIOT B IIeible pacTeHus. [Ipn KynbTH-
BHUPOBAHUH PACTUTENIEHBIX MEPUCTEM 33 CPAaBHUTEIILHO KOPOTKHI CPOK yJIAaeTCsl
MOJYYHUTh OOJIBIIOE 3J0POBOE MOTOMCTBO (MHJUIMOHBI pacTeHHid B rof). Tex-
HoJorusl 3(PQEKTUBHA INPH HMCHOIB30BAHUH ISl PAa3MHOXKEHHS OJHOJETHHX
KYJIBTYP, TaK KaK IO3BOJIAET TIOJIydaTh MOJIO/BIE PACTEHUsI. ATIMKaNbHasi MEpH-
cTema cBOOOZHA OT BHPYCOB. PacTeHus, MOJydeHHbIE NPU €€ Pa3MHOXKCHUH,
TaKXKe He 3apa)KeHbl BUpycaMu. B pe3ynbrare npuMeHEHHs 3TOI TEXHUKH CHa-
Yaja ObUIM HOJTyYeHbl OE3BUPYCHBIE COpTa FE€OPIHHOB, a 3aT€M BOCCTAHOBIJICH
copT Kaptodens (Oenb-ne-pOHTOHE), MPAKTHUECKH NCUYC3HYBIINN U3-32 BHPYC-
HOTO 3apakeHHUs, 3aTEM U COPTa MHOTUX APYTUX PACTEHHH.

OcoOble ycriexu NMPUMEHEHUs! JaHHOW TEeXHOJIOTHH OBUTM JTOCTHTHYTHI IPH
Pa3MHOKEHUH MAaCIMYHOW INaJbMBl METOJaMH KyJbTYyphl TKaHH in vitro. I'Bu-
HeHcKas MaclIWYHas MajgbMa SBJISETCS BTOPHIM ITOCIE COM MCTOYHHKOM ITOJY-
yeHus Macia. Cnenuduka 3KCIUTyaTaluy MacIMYHOW MajJbMBl TaKOBa, YTO (-
(eKxTHBHOE ee MpUMEHEeHHEe BO3MOXKHO B TeueHue 25-30 JyieT; mociie 3Toro re-
pHo/a IUIAaHTAMH MPUXOANTCS OOHOBIATE. {1t 3TOro TpeOyroTCs MIJUIMOHBI
MOJIOABIX MPOPOCTKOB. YCOBEPIICHCTBOBAHWE W PAa3MHOXKEHHE PAacTEHHH Me-
TOJOM CKPEIIMBAHUS CONPSIKEHO C OTPOMHBIMH 3aTpaTaMy TPyJa U BPEMEHHU.
B cBs3u ¢ Tem, uro Maciau4Has naibMa He o0pasyeT 1moOeroB M OOKOBBIX BET-
BEH B MPUPOIHBIX YCIOBUSX, IPUIIJIOCH OOPATUTHCS K KYJIBTYpE TKaHH in Vvitro.
B xone mccnenoBaHuil OT KyJbTHBUPOBAHUS MEPHCTEMBI OTKa3aJHCh; KaJLIyC
MOTy4aJld U3 YacTeH MOJIOJBIX JIMCTBEB C BEPXYIIKU Aepesa. Jlanee KyJlIbTHBHU-
POBaIM KaJLTyChl 0 MOJy4YeHuUs 1eoro pacreHus. Kamtycel popMupoBainuch B
TEUEHHE TPEX MECSLEB, NP IIEPEHOCE BO BTOPYIO U TPETHIO KYJIbTYPBI U3 HUX
(hopMHpOBaINChE «3IMOPHOHIBDY, aHAJIOTHYHBIE SYMOPHOHAM, MOIYYaeMbIM TIPH
MIOJIOBOM TIporiecce. OMOPHOHBI OBICTPO Pa3MHOXKAIOTCA B YETBEPTOU KYJIBTY-
pe, B TCUCHUEC MCCAlla UX KOJIUYCCTBO MOKET YTPOUTHCA. B Teuenue OJJHOT'O
roga u3 10 aMOproHOB MoxHO nony4uTs 10 500 000 pactenuii. B nsaroit kysns-
Type 3MOPHOHBI Pa3BUBAIOTCS B MOJIOZbIE IPOPOCTKH C JINCTOYKAMM; a B IIEC-
TOM — cembMOil — MPOUCXOaAUT 0OpazoBaHre KopHeW. [ToMHBINH UK pa3BUTHUS
pacTteHud OT «dMOPHOMIHOWI» CTaJWHM 10 NMPOPOCTKA C BBHICOTOM HAaJI3eMHOU
4acTU OKOJIO 12 cM IMpOMCXOAUT B TEUEHHE TPEX MECSLEB. DTOT METOM HA OCT-
poBax Hogoii ['BiHEN B MONTYyIPOMBIIIICHHBIX MacinTabax IPUMEHSIOT ¢ Havya-
J1a AEBSHOCTBIX TOJI0B. B HacTosmee BpeMs MPOBOAATCS UCTIBITAHUS KIIOHUPO-
BaHHOT'O MaT€pHajia B MOJIEBbIX YCJIIOBUAX. Bnaronapﬂ MPUMEHCHUIO TCXHUKH
KJIOHMPOBaHMs cTpaHbl 3anagHoil AQpukH cMOTyT MHTEHCH(UIMPOBATH IPO-
LIECC CO3IAaHMsI HOBBIX NMAIbMOBBIX IUIAHTAIMH, YTO MO3BOJIHUT YBEIHUUTH 00b-
€Mbl NPOM3BOJACTBA Macla U CO BPEMEHEM YCTPaHUTh MMEIOLIMHCS ISQUIUT
KHUPOB.
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TexHUKA CAUSHUS MPOTOIVIACTOB: rAaNJIOUAHBIC PACTCHUSA

T'ubpuaHbe GOPMBI BBICIINX PACTEHUH MOXKHO MOJYYaTh C MCHOIh30BaHU-
€M TpreMa KIETOYHOW MH)KEHEPHH, Ha OCHOBE MapaceKCyalbHOW THOpUAN3a-
UM B pe3yiIbTaTe CIUSHUS MPOTOIJIACTOB. TeXHHKA CIUSHUS IPOTOIIACTOB
MO3BOJIUT TEHETHKAM DPACIIUPUTH pa3HoOOpasue TMOPUAHBIX PacTeHHH. DTo
MepCIIeKTHUBHAS TEXHWKa T'MOpHIU3alMN HE 3aBUCUT OT OOBIYHOTO IT0JIOBOTO
Pa3MHOXEHHs, TOCPEACTBOM KOTOPOTO C JOCTaTOYHO OONBIIMM TPYIOM yIa-
JIOCh TIOYYXTh THOPHIIBI TIIEHUIBI U PXU (TPUTHKAJE), PENbl U KamycTs (pa-
(daHoOpacuka).

Mertox 3aKiII04aeTcsi B TOM, YTO B Ka4eCTBE POJMTEIBCKHX HCIOJIB3YIOT HE
TOJIOBBIE KIIETKH (TaMeThl), a KIETKH Tena (COMBI) pacTeHus. V3omnmpoBaHHBIC
MIPOTOILIACTHI, BBIICICHHBIE W3 POIUTENBCKUX OPTraHW3MOB, B OIPEACICHHBIX
yCIIOBHSIX ciMBaroTcs. M3 monydeHHbIX TMOPUIHBIX KJIETOK B JANIbHEHIIEM pas-
BUBAIOTCS LIEJIbIE pacTeHHsi — ruOpubl. [IprMeHeHne 3TOH TEXHOIOIHH CTallo
BO3MOXKHBIM B pe3yJIbTaTe pa3pa0dOTKH JBYX HOBBIX SKCHEPHUMEHTAIBHBIX METO-
JIOB — METO/a KyJbTYPhI KIETOK M TKaHEH M MeToJa M30JIMPOBAHHBIX IIPOTOILIA-
cTOB. MeTo/1 M30JIMPOBaHHBIX MPOTOILIACTOB MO3BOJISET C TIOMOLIBIO0 (pepMeHTa-
TUBHOTO THJPOJIH3a Pa3pyllaTh KICTOYHBIC CTCHKH U IONYYaTh PACTHTCIHHEIC
KJICTKH, JINIICHHBIE KIETOYHON OOOJIOYKH, TOKPBHITBIE TONBKO IUIA3MOJIEMMOI.
[IpoTomacTsl MOTYT CIMBATHCS IPYT C APYTOM C 00pa30BaHHEM E€JHHOTO IIENIOTO0,
CIIOCOOHOTO PEreHeprpoBaTh B LieNIoe THOPUIHOE PACTEHUE, C ITOMOIIBIO TTOJIH-
STUIICHIIIMKOJIS WJIM TI0J] BO3JIECTBHEM 3JIEKTpHYecKoro nosst (puc. 6.6).

[IpuMeHeHHNE TPOTOIIACTOB ISl TCHETHYECKUX IKCIIEPUMEHTOB CTaJl0 BO3-
MOJKHBIM TIOCJIE TOTO, KaK OBUIO OOHAPYKEHO, YTO A(PPEKTHBHBIM HHIYKTOPOM
UX chnusHus sBhsieTcs noiudtuieHraukons (I19T0). [ToBepxHOCTH pacTUTENb-
HBIX KJICTOK ¥ MPOTOIUIACTOB OKPY)KEHBI BOJHBIM CIIOEM U UMEIOT OTPUIATEllh-
HBIA 3apsAn. DT 0OCTOSTENhCTBA TPEMSTCTBYIOT cimsHuio. Jeticteue I106,
BHMIMO, 3aKJIFOYAETCsI B CHI)KEHUH MOBEPXHOCTHBIX 3apsIIOB U OTHATHUH BOJIBIL.
IMocne o6pabotku kierok 1310 cozparoTcst ycinoBHst sl KOHTaKTa KJIETOYHBIX
MeMOpaH. B mMecTax KOHTaKTa IPOMCXOAUT Pa3pblB MEMOpaH, U COAEPIKUMOE
IIByX TPOTOIIACTOB oOBemuHsercsa. OOpasyrommecs THOPUIHBIE CTPYKTYPHI
COXPAaHAIOT CITIOCOOHOCTh K BOCCTAHOBJICHHIO KIETOYHOW CTEHKH, B Pe3yJIbTaTe
MOSIBJISIIOTCS] THOPU/IHBIE KIETKHU. YHUBEPCAILHOCTh U MPOCTOTA METOAA Jiela-
10T €ro JOCTYIHBIM JUIS CEeNIeKIIMU TPOMBIIIJIEHHO BaKHBIX MPOJXYyLEHTOoB. [e-
HETHYEeCKasi PEKOMOMHALMS B COYETAHWH C HHIYLIHUPOBAHHBEIM MYyTarcHE30M
CO3/1aeT OTPOMHOE pa3HooOpaszue (opM, yBEIHUUBAas MaTepwai Ajis oTOopa.
Texnuxka Ja€T BO3MOKHOCTL JId MOJYYCHUS MEKBUIAOBBIX U MEKPOAOBBIX
THOPHUIIOB U OTKPBIBACT IyTH JJISI CKPEIIMBAaHUS (PUIOTCHETHYCCKU OTHAICH-
HBIX QOopM.

[lepBoe coobmenne 0 THOPUAN3ALNN PAaCTCHUH Tabaka ITyTeM CIHSIHHUS CO-
MaTHYEeCKUX KJIETOK MOosBIIIOCH B 1972 r. C TeX mop MOSIBUINCH COTHU YCIHEIl-
HBIX padOT MO mapacekcyalbHO rudpuanzanuu. Cpenu moydeHHbIX GopM —
BHYTPHUBHIOBBIE, MEXBHIIOBBIC, MEXPOIOBHIC, MEKTPHOHBIE M MeEXKCEMEHCT-
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Puc. 6.6. Cxema ¥ 3Tanbl CIUSHUS NPOTOILUIACTOB PACTEHUH
nox felicTBreM monaudTIIeHrmuKois (1) u snekrpudeckoro moms (1) (mo X. Bopman, 1991).

BEeHHBIE THOpUABI. Meroanka Hanbosaee oTpaboTaHa MPUMEHHUTENBHO K BHAAM
ceMelcTBa nacieHoBbIX. [loydeHsl napacekcyanbHble THOPHIHbBIE PACTEHHS B
poaax Nicotiana (B ToM uucie tabaka), Solanum (kaprodens), Lucopersicum
(TOMar); KpecTOLBETHBIX, 30HTUYHBIX. [10JydeHbI MIOJOBHUTHIE, (eHOTUIHYE-
CKH HOpPMaJIbHBIE MEXBHIOBEIE THOPUABI Tabaka, KapTodems, KamyCcTsl ¢ Typ-
HercoM. MIMeroTcst cTepuiibHble MEXBUIOBBIE THOPUIBI KapTodesss 1 TOMAaTOB
(momartsr), Tabaka u kaprodens, Tabaka u OeIaOHHBI, 00Pa3yIOIINE HOPMATb-
Hble CTEONM U KOPHHU. YIaeTcs MONy4yaTh pacTeHHs, TeTePO3UTOTHBIC MO BHE-
SIICPHBIM T'eHaM; TUOPU/IBI, B KOTOPBIX OT OJHOTO POAMTENS MOJIYYSHO SIpO, a
OT JPYroro — NUTOIlIa3Ma.

B HaCTOosAECC BpEeMA UCCICAOBAHUA U YPOBCHb Z[aHHOfI TEXHOJOT'UHU O0C-
THIJI TAKOTO COCTOSIHHSA, IMPH KOTOPOM CTAHOBHTCS BO3MOXKHBIM IMpaKTHYe-
CKO€ NPUMEHEHUE MEeToa ISl YIIyUIIeHHs PAa KyJbTYpPHBIX BUIOB PACTCHHUIL.
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OCHOBHBIMH HampaBlIeHUSIMHU PabOT M0 COMATHUECKON THOPUAN3AIINH BBICIIINX
pacTeHui SBJISAIOTCS: THOPUAN3AINS KIIETOK KaK CPEACTBO PACIIMPEHUSI paMOK
CKpEIIMBAaHUs; CIMSHHE KIETOK M IIEPEHOC WM PEKOHCTPYKIHS I'€HOB LUTO-
IUIa3Mbl; CITUSIHUE KIIETOK C LENBIO TIepeHoca OT/IeIbHBIX HeOOoIbIINX (pparMeH-
TOB reHoMa. [Ipu rudpuau3anuy COMaTHYeCKUX KIETOK BO3MOXKHO MOJIyYeHHE
ACMMMETPHUYHBIX THOPUAOB, YTO MOXET CIOCOOCTBOBATH IOJYYEHHIO Ooliee
YCTOWYMBBIX U (D)YHKIIMOHAIBEHO COBEPIICHHBIX PACTEHHH.

I'eneTn4eckasi HHKeHEePHs PACTeHUMH

HUccrnenoBanms B 001aCTH TeHETHIECKON WH)KEHEPUH PAaCTEHUI TOJIBKO Ha-
yuHaroTcs. [Ipy MCnoap30BaHNN HOBEHIINMX T'€HETUUECKUX METOAOB IPUMEHU-
TCJIbHO K BBICHIMM PACTCHUAM BO3HHUKAIOT HE TOJBKO TCXHUYCCKUE TPYAHOCTH,
IpoLeaypa TaKXKE OCIOXKHACTCS HEOOXOANMOCTBIO pellaTh JOIOJIHUTEIbHBIE
mpoOJIeMBbl, CBA3aHHBIE C HApyLIEHHEM CTPYKTYPHl T€HOMa KYyJIbTHBHUPYEMBIX
PaCTUTENBHBIX KIETOK (M3MEHEHHUE IIONJIHOCTH, XPOMOCOMHBIE NTEPECTPOIKH).
Hmerorcst orpeziesieHHble yCIeXu B pa3pabOTKe CHCTEM KIIOHMPOBAHUS HEKO-
TOPBIX BAXHBIX CEIILCKOXO3SICTBEHHBIX KYJBTYP IO CXEME «IPOTOIUIACT —
CYCIEH3MOHHAsA KyJbTypa — KaJUIyC — ILIEJIO€ pacTeHue». VIHTEeHCHBHO Hccile-
IyroTcs cTpykTypa U ¢yHkumu mnasmuaabix JJHK pacrenmit m Bo3MoxHOCTH
HX MCIOJIb30BaHUA B KAUC€CTBC BEKTOPOB.

[TpoGnema coznanus BEKTOPOB Juis BBeAeHUs uyxepoanoii JJHK B nporormia-
CTBl PAcTeHUH SBISIETCS HAMOOJIEE CIOXKHOHM. 3/1ech HAMETHWIINCH CIEAYFOLINe
moaxoxpl: 1) UCTIONb30BaHKE IIa3MHK] OAKTEPHIA, 3apaXKAIOIINX PACTEHUS B €CTe-
CTBCHHBIX YCJIOBUAX; ITPU 3TOM YaCTh IJIa3MUblI BCTPAUBACTCA B ﬂ}leprlﬁ T'CHOM
pacTeHHsA-X035iMHa U (YHKLIHOHUPYET B COCTaBE €ro T€HOMa; 2) MCIIOJIb30BaHHE
GakTepHaTbHBIX TUIA3MUA, «CIMUTHIX» ¢ ¢parmentamu JJHK xmopormiacros i
MHTOXOHIPHUN PACTEHMUH, Ul CO3AaHNS YEITHOYHBIX BEKTOPOB, CIIOCOOHBIX K pe-
IUTMKAIMK B KJIETKaX MPOKApHOT M DKCIPECCHU B DYKAPUOTHUYECKHX KIETKaX; 3)
ucnons3osanue JJHK-cogepkamux BupycoB pacTeHuil; B Takoil cucreme JJHK
(YHKIHMOHHPYET aBTOHOMHO OT T€HOMa PacTeHUS-XO3SMHA.

Jnst 3aIUThl YyKEPOAHOTO T€HETHYECKOro MaTepHuaia, BBOJIUMOTO B MPO-
TOIUIACTHI PACTEHH, OT pa3pyIIAOINIETo NCHCTBUS HyKJIea3 Takke pa3padarhi-
BAalOTCS HOBBIE METOABL. [IpHMEHsSIOTCS MHTMOMpOBaHME HYKJea3 M CO3JaHHe
MeXaHU4eCKOH 3amuThl pekoMOmHaHTHBIX JIHK. Jlns Takod 3amuThl MCIIONb-
3y10T ITUNOcoMbl. C IOMOIMIBIO JIMITOCOM B KJIETKH HJIM IPOTOIUIACTHI 3yKapHOT
BBeeHbl kKpynHas PHK Bupyca Tabaumoii Mo3auku (pasmepom okono 2-10°),
eme Oomee kpymuble JJHK Bupyca OB40 wm Ti-mmasmmma Agrobacterium
tumifaciens. HajeXHas 3aIIUTa JTUIOCOMAaMH HYKJIEMHOBBIX KHCIOT OCOOEHHO
Ba)XKHA NPU MAHUNYJSALMM C IpoToriactaMu pacteHuid. [Ipumepom peanuzo-
BaHHOT'O TEHHOMH)XEHEPHOTO IPOEKTa SIBJISICTCS CUHTE3 (pazeosnHa (3armacHoro
Oenka (aconm) B pereHepHpPOBaHHBIX pacTeHHUAX Tabaka. TpaHCIUTaHTanus Te-
Ha, KOZUPYIOILIET0 CHHTE3 (pa3e0iIiHa, IPOBEIEHA C UCIIOIb30BAHUEM B KauecT-
Be BekTopa Ti-rutazmunel. C HOMOIIBIO 3TOH IJIa3MUAbl B pacTeHus: Tabaka
BHEJIPEH T'€H ycToHunBOCTH B HeomulmHy. C nomousto CMV-Bupyca B pacrte-
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HUS Pellbl TPAHCIIOPTUPOBAH I'eH YCTOWYMBOCTU K HHTHOUTOPY AMruapodonar-
pelyKTa3bl METOTPEKCaTy.

Baxnas mpobieMa reHeTHYECKOH WH)KEHEPUM pacTeHHWi — TKaHeBas CIie-
IU(GUIHOCTH TpaHCIUIaHTHpyeMoro reHa. Coneprxanne (a3zeonnHa y Mogudu-
LUPOBAHHOTO pacTeHHs Tabaka ObUIO OJMHAKOBBIM BO BCEX YACTSIX PACTCHUS
npy ero HU3KOM Bbixozae (okoio 1 % ot obmiero Oenka Tabaka). Y caMmoii xe
(aconu naHHBIM OEJIOK HAKAIUIMBAETCS TOJIBKO B CEMEHAX, I'/I€ €ro KOHIIEHTpa-
st cocrasisier okoiio 50 %. CpaBHHUTEIBHO HEOABHO YAAIOCH BBIAEIHUTH U
BBECTH B COCTaB BCTPAMBACMOI'0 BEKTOpA PEryISTOPHBIE TOCIEI0BATEILHOCTH.
3TO MO3BOJIMIIO MOCTaBUTh BBEJICHHBIH B pacTeHHe Tabaka IeH MoJ| KOHTPOJIb
IIPOMOTOPA, (PYHKIIMOHHPYIOIETO TOJBKO B IMPOPACTAIOIINX CEMeHax. [ eH Ma-
JoW cyObenuHUIBI pruodyno3onudochaTkapOOKCHIa3sl TOPOXa, MEPEHECCHHBIH
B TabaK M METYHHUIO, yJaJIOCh BBECTH B COCTAaB ONEPOHA, pabOTAIOIETO MOJ
LleﬁCTBldeM CB€Ta JIMIIIb B TKAHIX JIMCTA. FCHHOI/IH)KeHepHI)Ie MaHUITYJIAOUU C
pacTeHHsIMH MTOPOAMIA HEKOTOPHIE OITaCEHHs, aHAJIOTUYHBIE TEM, KOTOpPbIE BO3-
HUKJIM TIpY Hadaje TeHeTHYECKUX MAHMITYJSIIUE ¢ Mukpooprann3mamu. Ora-
CEHUsI CBSI3aHBI C BO3MOKHOCTSMH BBIXOAa FCHETHYECKUX BEKTOPOB M TPAHC-
TCHHBIX PACTECHHN M3-110J] KOHTPOJSI OMOTEXHOJIOroB. B 3TOM CBsA3M BBICKA3bI-
BAalOTCS ONACEHMs NPEBPALIEHNUs] TEHHOMH)XEHEPHBIX PacTeHUH B copHsiku. On-
HaKO KOMIUIEKC «COPHSIKOBOCTH» (KOMIUIEKC MPU3HAKOB, O0ECIEUMBAIOLINX
ObICTpOE pacIpoCcTpaHEHUE B yuiepO KyJIbTypHBIM PaCTEHHSAM, YCTOHUMBOCTD K
BO3JICHCTBHIO HEONaronpuaTHeIX (akropoB, 3QGEKTHBHBIE MEXaHH3MBI Pac-
CEHMBAHMS CEMSH U IIp.) €/1Ba JIM MOXET C(HOPMUPOBATHCS B PE3YJIbTaTe TPAHC-
IUTAaHTAIMX OJJHOTO WJIM HEMHOTHX TeHOB. OZHAKO yCTOHYMBOCTH K repOnIuIamM,
KOJMpyeMasi OTHUM T€HOM, MOKET BbI3BaTh CYIIECTBEHHBIC TPOOJIEMBI B IPAKTH-
K€ ceBooOOpoToB. Tak, ycToilunBOoe K OIpeAeNeHHOMY IIpenapary pacTeHHe,
KyJbTUBHPYEMOE Ha ONpEeIeHHON IJIOIa Iy, Ha CICIYIOIMI To] TP CMEHE Ha
3TOM TOJIE KYJIBTYphl OyJeT BBICTYIATh M0 OTHOLICHHIO K HEW KaK COPHSK, ycC-
TOWYMBBIA K JaHHOMY TrepOmnunay. broxmMmudeckne n3MeHEeHHs PacTeHUH B pe-
3yJIbTaTe FTeHHOMH)KEHEPHBIX IIEPECTPOEK MOT'YT IPUBECTH K yTpaTe CIOCOOHOCTH
cHHTe3a OMOJIOTHYECKU TOJIE3HBIX COEAMHEHMI M MPUOOPETEHHI0 TOKCHYHOCTH.
Onnako naHHas mpoOsieMa CYIIECTBYET M NPU TPaJMIMOHHBIX METOJaX CENeK-
Uy, OTO MpefyCMaTPUBAET HEOOXOIMMOCTh TIIATEIBHOIO TECTUPOBAHUS BCEX
TeHHOMH)KCHEPHBIX PACTEHUI Mepel UX IEPEHOCOM B IOJIEBBIEC YCIOBHSL.

OCHOBHBIE TYTH Pa3BUTHUS TEHETHKH BBICIIMX PACTEHUH BKIIIOYAIOT He-
CKOJIBKO HaIlpaBJIeHWH: 1) MpuIaHne pacTeHHsSM CIIOCOOHOCTH CHHTE3HPOBAThH
JOTIOJTHUTENbHBIC IICHHBIE MPOAYKTHI (3€HMH, CeKalIWH, anbOyMUH U Ip.) C MO-
MOIIBIO TPAHCIUIAHTHPYEMBIX TE€HOB; 2) TOBBIIIEHHE (POTOCUHTETHYECKOH (-
(EeKTHBHOCTH pacTeHWH B pe3yJibTaTe KJIOHMPOBAHMS I'€HOB pHOYyie3oxudoc-
(daTrapOokcmiIaspl, XJIOpopmLT a/b-CBA3BIBAIOIIUNX OENIKOB; 3) MpUAaHUE pac-
TEHUSAM IHa30TpodHOCTH; 4) MpHIaHWE YCTOWYMBOCTH K HEOIaronpHsTHHIM
(dakropam cpezbl (3acyxe, 3aCOJICHHOCTH IIOYB, 3aMOpO3KaM, repOHIHgaM Hu

mp.).
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I'maBa 7. 9KOJIOT'HYECKAS BUOTEXHOJIOT'UA

C MOMEHTa CBOETO 3apOXKIIEHHs YeJIOBEeYeCKoe OOIIeCTBO B MPOIECCE XO-
3STMCTBEHHOHN MAEATENIEHOCTH HApyILIaJOo paBHOBECHE B NMPHPOJE: YHUYTOXKAIO
KPYIHBIX XMBOTHBIX, BBDKHTAJIO Jieca Ul OXOTHI, NMAcTOWIN, 3eMJICAENus, a
TaKXKe 3arps3HSJIO TOYBHI U BOIOEMBI B MECTaX IMoceleHus u mp. [losTomy me-
pen HUM Bcerja crosuia mpobiiemMa OoKpyXkarmomeil cpensl. B pesynsrare mpo-
MBIIIJICHHOH, CETbCKOX03SIMCTBEHHON 1 OBITOBOM IEATEIHHOCTH YEIOBEKa BO3-
HHUKAIOT Pa3IMYHble U3MEHEHUS! COCTOSIHUSL M CBOMCTB OKpYXKAaIOIIEH Cpelbl, B
TOM YHCIIe OYeHb HeOmarompusTHele. C pa3BUTHEM W MHTEHCHU(HKAIHEH Tpo-
MBIIIJIEHHONW U CEJIbCKOXO3SIMICTBEHHON AESATENBHOCTH B XX BEKE CTaJId OLLy-
IIaThCs TPE/ENbl eCTECTBEHHOM MPOJYyKTUBHOCTH OHOC(hephl, — MCTOLIAIOTCS
NIPUPOJIHBIE PECypCchl, UICTOYHUKN DHEPIHH, Bce Oosee omrymaercss AepULIUT
MUIIH, YACTOW BOJBI M BO3AyXa. 3arps3HEHUE OKPYKAIOMIeH cpeibl BO MHOTHX
pETHOHAX TOCTUIIIO KPUTHYECKOTOo mpeaena. Bo MHOroM Bce 3TH MpoOiieMBbl
MOPOKACHBI HAYYHO-TCXHUYCCKUM MIPOIrpeCCoM 06IJ_[eCTBa 1 JOJDKHBI peIIaThbCA
TaKKe C UCIIOJIb30BaHNEM HOBEHIINX JOCTHIKEHHH.

[IpobmeMy SKOIOTHM HEJB3S pelaTb B MaciTabaX OIHON CTpaHBl HIIH
TpynIiel CTpaH. BpeaHple aHTPONOTEHHBIE 3arps3HEHUS, BbIpabaThIBa€MBIE B
HMHIYCTPUAIILHO Pa3BUTBIX PErMOHAX U CTpaHaX, B PE3yJIbTaTe €CTECTBEHHOHU
LUPKYJSIIAN BOAHBIX M BO3AYLIHBIX MAaccC paclpoCTPaHSIOTCS MO BCEH Teppu-
TOpUHU 3eMITH, BIUIOTH IO OOOMX IOIIOCOB, MPOHUKAIOT B TNTyOMHBI OKEAHOB,
nocturaloT crpatocdepsl. I'mobanbHOCTh JaHHOW TpoOsieMbl emie B 1899 1.
noxuepkuBan K. A. Tumupsze. OnpoBepras MHEHHE KPYMHBIX Y4€HBIX AHT-
JIMH, TIpeIpeKaroIuXx OMM3KYI0 THOeIb YeJoBeuecTBa OT ToJIoJa U YAYIICHHUS,
OH THcal: «B MmepBrIil pa3 YeIIOBEUECTBO CTOJIKHETCS ¢ OeACTBHEM BCEOOIIHM.
Ilepen HuM OyIyT BCEe paBHBI, U MBICIIB O BCEOOIIEH COMMAAPHOCTH IO He
OyJeT y»e MyCThIM 3BYKOM... M TOTJa, KOHCUHO, HAWAyTCsS Mepbl OOpHOBI CO
3JI0M U CPENICTBA €r0 NPEAYIPEkKICHH.

Baxnelimas posib B BOIPOCAxX 3aLUUThI U OXpaHbl OKPYXaroLIed cpeabl Ipu-
HaanexuT Oonomorun. Cama SKOJIOTHS B TPAJUIIMOHHOM IOHUMAHUH SIBISAETCS
6HOHOFH‘ICCKOﬁ ZlHCLlHHJ'll/IHOﬁ U H3Yy4Ya€T B3aUMOOTHOUICHUSA OPraHn3MoOB,
BKITIOYAs YEIIOBEKA, MEXIY COOOH M OKpyxKaroleid cpemoil. JanpHeimee pas-
BHTHE OMOIIOTUH M BHEIPECHUE €€ NOCTIDKCHUN B MPAKTUKY — OJWMH U3 TIIaBHBIX
IyTel BBIXO/a M3 HAIBHUTAIOIIETOCs SKOJIOTUIECKOTO Kpu3nca. bompmryio poib
UrpacTt npu 3ToM 6HOTCXHOHOFI/IH. buoTrexHoorus mNo3BOISET peuiaTth pAa 3KO-
JIOTMYECKUX Mpo0sIeM, BKIIIOUYast 3aIUTy OKPYXKAIOIIEH Cpeibl OT HPOMBILIIICH-
HBIX, CEIIbCKOXO3SHCTBEHHBIX M OBITOBBIX OTXOMOB, JETPAJAINI0 TOKCHKAHTOB,
MOMABIINX B Cpedy, a TaKkKe camMa CO3JaeT MaJOOTXOIHBIC MPOMBINUICHHBIE
IMPOHECCHhI MOJYUYCHUA MUIICBBIX U JICKAPCTBECHHLIX BCIIECTB, KOPMOB, MHUHC-
paJIbHOTO CBIPHS, 3HEpruu. MacmTadbl OMOJIOTHYECKHX MTPOLIECCOB ISl pelle-
HUS TIPUPOJIOOXPAHHEIX 3a/1a4 MOTYT OBITh, 10 BhIpakeHuto [I. Becra, «omre-
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JOMJISIOIIAMIY. DKOJOTHA W OHMOTEXHOJIOTHS B3aWMOJICHCTBYIOT Kak depes
TPOAYKTHI, TAK U YepPe3 TEXHOJIOTUHU. B 11e10M 3T0 CriocoOCTBYET IKOIOTU3AIUN
AHTPOIIOTEHHOHN JIESITENPHOCTH W BO3HUKHOBECHHUIO 00Jiee TAPMOHHYHBIX OTHO-
[ICHAH MEXAY OOIIECTBOM H IIPHPOIOH.

7.1. BUOJIOI'HTYECKHUE METO/bI OYNCTKHN CTOKOB

Hcnonp3oBaHne W MOJMYyYEHHWE OTPOMHOIO KOJIMYECTBAa NMPOIYKTOB B pas-
JIMYHBIX cepax YenoBeYEeCKOH AesATeIbHOCTH CONPOBOXKIAETCS 00pa3oBaHHEM
CTOYHBIX BOJI, 3arPS3HEHHBIX Pa3HOOOPa3HBIMHU OPraHMYECKUMH W HEOpraHuye-
CKUMH, B TOM YHCJIE TOKCHYHBIMHU, COeTUHECHUAMA. DU3UKO-XUMUIECKHE TIOKa-
3aTeNd COCTaBa CTOYHBIX BOJ OIPEAENAIOTCS TPO(HIEM MTPOMBIIUICHHOTO
NpeANpUsITHs, BUIA NepepadaThIBAaeMOro ChIPbs, 3KOJIOTO-TeorpapuyecKuMu
YCIOBUSIMH MecTa pa3MelueHus npeanpustus. COpackiBaeMble B MPUPOIHBIE
BOJOEMBI CTOKH CYIIECTBEHHBIM O0pa3OM BIMSIOT HAa Ka4ecTBO BOIBI, HApY-
[1af0T OMOJIOTHYECKOEe PABHOBECHE B BOAOEMAxX, TEM CaMBIM 3aTPYJHSIIOT pa-
MOHAJIBHOE BOJONOJIb30BaHKE, a B OTAEIBHBIX CIy4asX MOJHOCTHIO BBIBOJIST
BOJIOEMBI U3 cTposi. COpOC HEOUMIIEHHBIX CTOYHBIX BOJ OTPHLATEIHHO CKa3bl-
BaeTCs Ha COIEp)KaHWH B BOZE PACTBOPEHHOTO KHCIOpoxaa, ee pH, mpo3padHo-
CTH W LBETHOCTH W T.A. Bce 3TO oTpHIATENBHO BIMSIET HA COCTOSHHE KOMIIO-
HEHTOB BOJIHOM DKOCHCTEMBI, CHU)KAET MPOAYKTHBHOCTh U CIIOCOOHOCThH BOJIO-
€MOB K CaMOOYHIIECHUIO.

CymecTBytoT criernanbHble «IIpaBmna oxpaHbl TOBEPXHOCTHBIX BOJ OT 3a-
TPA3HEHUH CTOYHBIMH BoJaMu». JlaHHBIE MpaBWiIa HOPMHUPYIOT ITOKa3aTeln
3arpsi3HEHUS] B BOJOEME I10CJIE CMEIIMBAHUSI CTOYHBIX BOJ C €CTECTBEHHBIMHU
BOJaMH. BaskHEHIIMMU W3 HUX SIBISIFOTCS CIIEIYIOIINE [TOKA3aTeIH: KOJIMIECTBO
PaCTBOPEHHOTO B BOJE KHCJIOPOJa TOCIIEe CMEIIMBAaHUS — HE MeHee 4 MT/I; co-
Jep>KaHNe B3BEIICHHBIX YACTHI] ITOCIIE CITyCKa CTOKOB HE MOXET BO3pacTH 00-
nee ueMm Ha 0.25-0.75 Mr/a (s BOJOeMOB pa3HOH KaTeropuu); MUHEpaIbHbINA
ocasiok He 6oee 1000 Mr/n; Boaa He MOJDKHA MMETh 3allaxoB M IIPUBKYcoB, pH
— B mpegenax 6.5—8.5; Ha MOBEPXHOCTH HE JNOJDKHO OBITH IUICHOK, TIABAFOIINX
IITEH; COAEP)KaHMUE STOBUTHIX BEHIECTB — B MpEesiaX MPeIeNbHO JTOITYCTHMBIX
koHuentpausax (ITJIK) mis nromeit v )KUBOTHBIX. 3anpernaeTcs cOpachiBaTh B
BOJIOEMBI Pa/INOAKTHBHBIE BEIIECTBA.

OpraHudeckre BemecTBa, MOoMaBIIie B BoxoeMsbl, okucisrores 1o CO, u H,O
B IIpeesiax CIIOCOOHOCTH BOOEMOB K caMoounIeHnt0. KommaecTBo Kucmopoaa,
pacxonyemoe B atux npoueccax (BIIK), onpexaensiercst KOHIEHTpaLKeil U Criek-
TPOM TPHCYTCTBYIOIMX B Bone npumeced. Pasmuuator BIIKs (mstuaHeBHBIN),
BIIKy (mBammarumaeBHbIiA) U BIIK oy, (mommsit). BIIK,,,; o0o3HadaeT Bpems, B
TEUCHHE KOTOPOTO BCE BEIIECTBA CTOKOB OKHCIIIIOTCSI B BOZOEME MOJTHOCTHIO 110
KOHEYHBIX MPOIYKTOB. CTOYHBIE BOABI MIPE/ICTABIISIOT CIIOXKHBIE CUCTEMBI C KOM-
mwiekcoM BemiecTs, ux BIIK cocraBmser ot 200 mo 3000 mr O,/n. Ilpu cOpoce B
BOJIOEM TaKUX CTOYHBIX BOJ B HEOYHIIIEHHOM BHJIE BO3MOXKHO TIOJIHOE PAacXOJI0-
BaHMeE 3amacoB kuciopoaa. [ToaTomy nepen cOpocoM CTOYHBIX BOJ B IIPHPOIHBIE
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BOJOEMBI MX HEOOXOJMMO OYHUINATh O TAKOH CTEMEHH, IIPU KOTOPOii rocie copo-
ca BIIK ocTaetcs B mpeaenax CaHUTApHBIX HOPM.

O4nCTKa CTOYHBIX BOJ — 3TO CHCTEMa METO/IOB, BHI3BIBAIOIINX pa3pyLICHUE
WIN yAaJe€HHE M3 HUX MPHUCYTCTBYIOIINX BEIECTB, a TAKXKE MATOTCHHBIX MHK-
poopraHu3MoB. B mporeccax ecTeCTBEHHOrO CaMOOYHMINEHHS BOJOEMOB B
OOJIBIIMHCTBE CIIyYyaeB MNOCTYMAIOIIME CO CTOKAMH BEIIECTBA IOJIBEPTalOTCS
paspyuieHuro. B xozne 3Toro mporecca CTpyKTypa, CBOWCTBAa W KOHICHTPALMU
BEIIECTB N3MEHSAIOTCSI BO BPEMEHH U IIPOCTPAaHCTBE. B pesynprare Boga npruoo-
peraeT ucxonHele cBoiicTBa. Takum 00pa3oM, BOZOEMBI B ONPEAEIEHHbIX Ipe-
Jieflax UrparoT PoJib MPUPOAHOTO OYHCTHOTO COOPYIKEHHUSL.

Cxema NpoBe/IeHHsI OUYUCTKU CTOYHBIX BOJI 3aBUCHUT OT MHOTHX (haKTOpPOB.
OnHa mOMMKHA TpeaycMaTpUBaTh MAaKCHMAaJIbHOE HCIIOJIb30BAaHNWE OUYHIICHHBIX
CTOYHBIX BOJl B CHCTEMax MOBTOPHOTO M OOOPOTHOTO BOJOCHAOKEHHMS TpEl-
NPUSATHH U1 MUHUMAJIBHBIA COPOC CTOYHBIX BOZ B €CTECTBEHHBIE BOJIOEMBI. J[i1st
OYHMCTKH CTOKOB IPUMEHSIOT HECKOJIBKO THUIIOB COOPY)KEHHH: JIOKaJIbHEIE (1ie-
XOBEIE), o0mme (3aBOJICKNE) U paiOHHBIE (TOpoAcKue). JIoKaTpHBIE OYNCTHBIC
COOPYXEHUsI MpPEeAHa3HAYCHBl I OYUCTKH CTOKOB HEMOCPEACTBEHHO IIOCIE
TEXHOJOTMYECKUX MNpoLeccoB. Ha JIOKaNbHBIX OYMCTHBIX COOPYKEHHSX OYH-
IIAIOT BOJBI IIEpe]] HAIPaBJICHHEM HX B CUCTEMY 00OPOTHOTO BOJIOCHAOKEHHS
win B o0mmepaiioHHbIE OYMCTHBIE COOpYXeHHs. Ha Taknx ycTaHOBKax OOBIYHO
HNPUMEHSAIOT (PU3NKO-XMMHUYECKUE METOJIbI OYUCTKHU (OTCTauBaHHUe, PeKTH(HKA-
LU0, SKCTPAKLUIO, aJICOPOIMIO, HOHHBI OOMEH, OTHEBOH METO/).

OOmuMe OYNCTHBIE COOPY>KEHHUSI BKIIFOYAIOT HECKOJIBKO CTYIICHEH OYHMCTKH:
MEPBUYHYIO (MEXaHUYECKYI0), BTOPHUHYIO (OMOJIOTHYECKYI0), TPETUIHYIO (I0-
OuHCTKY). PalioHHBIE MK OOIIETOPOJICKHE COOPYKEHUS! OUYMIIAIOT B OCHOBHOM
6I)ITOBI)Ie CTOKH ME€TOJaMHU MEXaHUYECKOU U 6HOHOFH‘ICCKOﬁ OYUCTKH.

Bronornyeckuit MeTos OYMCTKH OCHOBAaH Ha CIIOCOOHOCTH MHKPOOpPIaHU3-
MOB HCIIOJIb30BaTh B KAYECTBE POCTOBBIX CyOCTPaTOB pa3jIMyHbIC COCANHEHUS,
BXOJAIINE B COCTAaB CTOYHBIX BOJ. JJOCTOMHCTBA AaHHOTO METOJA 3aK/II0Ya0T-
csl B BO3MOXKHOCTH YAQJIE€HHs M3 CTOKOB LIMPOKOTO CHEKTPa OPraHUYECKHX M
HEOPraHWYECKHUX BEIIECTB, IIPOCTOTE ammapaTypHOro opopMIIEHHs U MPOTEKa-
HUSI TIpOIiecca, OTHOCHTENBHO HEBBICOKHMX JKCIUIyaTallMOHHBIX pacxonax. On-
HaKoO Ui yCHEIIHOH peann3aliuy METOAa He0OX0JUMbl OOJIBIINE KaUTAIbHbBIE
BIIO’KEHUS JJI1 CTPOUTENILCTBA OYUCTHBIX COOpYKeHull. B xone nponecca ouun-
CTKH HEOOXOJMMO CTPOTO COONIONATh TEXHOJOTHUH PEKHM OYMCTKU M YUHTHI-
BaTh YyBCTBUTEIBHOCTH MUKPOOPTaHW3MOB K BBICOKMM KOHLIEHTPALMAM 3a-
rps3auTeneil. [Toatomy mepen 6nM00YNCTKOM CTOKH HEOOX0IUMO pa30aBiIATh.

Hﬂﬂ OHMOJIOTMYECKOH OYMCTKHA CTOYHBIX BOJ NPUMCHAIOT ABa TUIIA ITPOLEC-
COB: a3poOHBIE, B KOTOPHIX MUKPOOPTaHU3MBI UCIIOJIB3YIOT JUIsl OKUCIICHUS Be-
IIECTB KUCIIOPOA, W aHa3pOOHBIE, MPU KOTOPHIX MHKPOOPTaHM3MbBI HE MMEIOT
JIOCTyIa HU K CBOOOIHOMY PacTBOPEHHOMY KHCIIOPOAY, HH K IPEIIOYTUTENb-
HBIM aKIeNTopaM 3JEKTPOHOB TUIIA HUTPAT-UOHOB. B 3THX mponeccax B kaue-
CTBE aKLENTopa 3JIEKTPOHOB MUKPOOPTaHW3MBI MOTYT HCIIOJIB30BaTh YIJIEPOI
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OpraHmveckux BemiecTB. [Ipm BBIOOpE MeXIy a’dpOOHBIMH W aHA3POOHBIMHU
npoleccaMy IMPeaIouYTeHne OOBIYHO OTJAIOT MEPBbIM. AJPOOHBIE CHCTEMBI
OoJiee HaJIEKHBI, CTAOWIBHO (YHKIMOHUPYIOT; OHHM TakKe OOJIbIIE M3y4YeHBI.
AHa’pOOHBIE MPOLIECCHI, CYIIECTBEHHO YCTYMAMOIHE a’pOOHBIM B CKOPOCTH
MIPOTEKaHMA MPOLIECCa OYUCTKU, UMEIOT psf IMpeuMyIecTB: 1) macca, obpa3sye-
MOTO B HUX aKTHBHOTO HJIa MpakTh4Yecku Ha nopsiaok Hroke (0.1-0.2) mo cpas-
HeHHIo ¢ a3pobHbIMU rnponieccamu (1.0—1.5 xr/kr ynanennoro BIIK); 2) B Hux
CYIIECTBEHHO HIDKE HEPro3arparhl Ha MepeMelInBaHue; 3) JOMOIHUTEIBHO
o0pasyeTcst JHEPrOHOCHTENb B BHAe Ouoraza. Bmecte ¢ Tem, aHa’ poOHBIE TIPO-
LECChl OYUCTKH MaJIO U3YYCHBI, B CUJTY HU3KUX CKOpOCTeﬂ MPpOTCKaHuA IJId HUX
TpeOYIOTCS IOPOTOCTOSIIINE OYUCTHBIE COOPY)KEHHS OOJIBIINX 00BEMOB.

A3poOHbIe npouecchbl OYMCTKH CTOYHBIX BOJ

B a’poOHBIX Tporeccax OYUCTKH YaCTh OKUCIIIEMBIX MHKPOOPTaHU3MaMHU
OpPraHMYECKUX BEIIECTB MCIIONB3YETCs B MpoIieccax OMOCHHTE3a, Apyras — mpe-
Bpamaercs B 6e3spenubie npoayktel — H,O, CO,, NO, u np. [Ipunimmn neict-
BHUS @3POOHBIX CHCTEM OMOOYMCTKH 0a3upyeTcs Ha METOJax IMPOTOYHOTO KYJIb-
TUBHpOBaHU. [Ipomecc ynaneHus] OpraHNYeCcKUX MpUMecel CKIIaJbIBaeTCs U3
HECKOJIBKMX CTaJWi: Maccolepeayd OPraHNYeCKUX BEIIECTB U KUCIOpOJa U3
JKUJIKOCTH K KICTOYHOM MOBEpXHOCTH, AU(B(y3UM BEIISCTB M KUCIOPOJa
BHYTpb KJIETOK 4epe3 MeMOpaHy U MeTadoIn3Ma, B X0/1€ KOTOPOTO MPOMCXOANUT
TIPUPOCT MUKPOOHO OMOMACCHI C BBIIEIICHUEM SHEPTHH U YTIIEKUCIOTH. MH-
TEHCHBHOCTb M TJIyOWHA OHMOIOTHYECKOH OYMCTKH OIpPENeNseTcss CKOPOCTHIO
PA3MHOXKCHUS MUKPOOPTraHU3MOB. Kor,ua B OYMIIACMbIX CTOYHBIX BOJax ITpaK-
THYECKH HE OCTACTCSl OPraHWYeCKUX BEIECTB, HACTYIAET BTOPOH 3Tal OYHCTKU
— murpudukanus. B xoxe 3Toro mporecca a3oTcoaepKaiiie BEMecTBa CTOKOB
OKHCIISIOTCSI IO HUTPUTOB M Jajiee — 10 HUTPATOB. TakuM oOpa3zom, a’poOHast
Ouoyoruyeckasi O4MCTKa CKIIAIBIBAETCs M3 JBYX OTAllOB: MUHEpalM3alUul —
OKHCIJIEHHSI YTIJIEpOJICOAepKalled opraHuku, U HuTpupukaunu. [lossienue B
OYHUINAEMBIX CTOKaX HUTPATOB W HUTPUTOB CBUACTEILCTBYET O TITyOOKOH CTe-
TIEHN OYMCTKH. BONBIIMHCTBO OMOTEHHBIX 3JIEMEHTOB, HEOOXOIMMBIX AJIS pa3-
BUTHS MHKPOOPTaHM3MOB (YIJIepoJ, KHUCIIOPOA, Cepa, MHKPOAJIEMEHTHI), CO-
JIEP)KUTCS B CTOYHBIX Bopax. Ilpm meduumnTe OTHENBHBIX 3JEMEHTOB (a30Ta,
kamust, hocdopa) ux B BUIE CONel JOOABISIIOT B OYHIIAEMbIE CTOKH.

B mporeccax 61omornueckoi OYMCTKU MPUHUMAET YJIacTHE CIOXKHas Owo-
JIOTHYECKasi acCOLMAIIMsI, COCTOSIIAS HE TOJILKO U3 OaKTepHil, HO TaK)Ke BKIIIO-
Yarouiasi OAHOKJICTOYHbIE OPTaHU3MBI — BOJHBIE TPUOBI, MPOCTEHIINE OpraHu3-
MBI (aMeOBI, )KTYTUKOBBIE I PECHUYHBIC WH(PY30PHUH), MUKPOCKOITHICCKHE KH-
BOTHBIE (KOJIOBPATKH, KPYTJIbIE YEPBH — HEMATObI, BOAHBIE KJIEIIN) U Ap. JTa
OuoJyoruyeckasi accouuanus B rmpouecce OHOIOrHUeCcKOil OYUCTKH GOPMUPYET-
Csl B BUJIE aKTUBHOTO MJIa WJIM OMOIUICHKH. AKTHBHBIH W MPEICTABISET COOO0M
Oypo-KeNThIe XJIOMbs pazMepoM 3—150 MKM, B3BEIIEHHEBIE B BOJIE, M 00pa3oBaH
KOJIOHMSIMA MHKPOOPTAaHU3MOB, B TOM uucie Oakrepusimu. [lociemnme oOpa-
3YIOT CJIM3MCTHIE KaICyJbl — 300TJIeH. BUOIIIEHKa — 3TO CIIM3KUCTOE oOpacTaHue
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Marepuana (QUIbTPYIOLIErO CJIOS OYMCTHBIX COOPYXKEHHH YXMBBIMH MHKPOOP-
raHu3MaMHu, TOJIUHON 1-3 MM.

Bronornyeckast ouMcTKa CTOKOB ITPOBOAMTCS B PA3NUYHBIX IO KOHCTPYK-
UM COOPYKEHUSIX — OMODMITBTPax M adPOTEHKAX.

KamnenbHbiii 6nohmisTp — HanboIee pacupOCTPAHEHHBIN THIT OHOpEaKTopa
C HETOJBIKHOW OHMOTUICHKOW, MPUMEHSIEMBbIN JIsI OYUCTKU CTOKOB. Ilo cyrie-
CTBY, 3TO PEaKTOpP C HETIO/BM)XHBIM CJIOEM U ITPOTHBOTOKOM BO3yXa U KUAKO-
ctu. bromacca pacter Ha MOBEpXHOCTH HAcalIkd B BHAE IUICHKH. OcoOeHHO-
CTBIO HAacaJKi WK QUIBTPYIOLIETo CJIOs SBJETCS BBICOKAs yAENbHas HOBEpX-
HOCTh [UISl Pa3BUTHSI MHKPOOPTraHM3MOB M Oouibluasi mopucrocth. Ilocrnennee
npuaaeT HeoOXOIMMBIE Ta30MHAMHYECKHE CBOWCTBA CJOI0 M CHOCOOCTBYET
MIPOXOXICHHUIO BO3yXa M XXKUIKOCTH Y€pe3 HETO.

Bro¢unbTpel MpeACTaBIAIOT cO00H NPSIMOYTOJIBHBIE WM KPYIJIbIe COOpY-
JKEHUs CO CIUIOIIHBIMH CTEHKaMHU U ZlBOﬁHI)IM JAHOM: BEPXHUM B BHUJI€ KOJIOCHU-
KOBOM pEIIEeTKH W HIKHUM, — CIulomHBIM (puc. 7.1). /lpeHaxnoe nHo OHO-
GUIBTPa COCTOUT M3 JKENIE300ETOHHBIX IUINT C IJIOIIAABI0 OTBEPCTHI HE MEHEe
5—7 % ot obmielt Iomaan MOBEPXHOCTH QruibTpa. OUIBTPYIONIM MaTepHa-
JIOM OOBIYHO CIIYXHT I1leOeHb, TalbKa TOPHBIX NOPOJ, Kepam3HT, nuiak. Huxk-
HUH [TOJ/IEPXKUBAIOIINI CJIOH BO BCEX THUIAX OMOMWIBTPOB OIDKEH COJAEPKATh
Ooree KpymHBIE YacTHIBI PriapTpyromero Matepuana (pasmepom 60—100 mm).
[{ebeHouHbIE OHOGHUILTPHI UMEIOT BBICOTY cliosi 1.5 — 2.5 M u MOryT OBITH
KPYIJIBIMH C JIMaMeTpoM 0 40 M HIIM IPAMOYIOIBHBIME PasMepoM 75x4 m’.
BxomHOW MOTOK NMpeaBapUTENbHO OTCTOSHHBIX CTOYHBIX BOJ C MOMOIIBIO BO-
JIOPACIPENEIUTEIBHOTO YCTPOUCTBA NEPHOANIECKH PABHOMEPHO OPOIIAET MO-
BEpXHOCTh OMOGMIbTpa. B X01€ nMpocaunuBaHusl CTOUYHBIX BOJI Uepe3 MaTepHal
(UIIBTPYIOIIEro CJIOS MPOMCXOAUT P TTOCIIEeI0BAaTEIbHBIX IPOLEcCcoB: 1) KOH-
TaKT ¢ OMOIIEHKOW, Pa3BHUBAIOIIEHCS HA TOBEPXHOCTH YaCTHI] (DHIIBTPYIOIIETO

CTou4Has
Boda

LQOEOQON
[N St

OunuieHHas
BoAa

Puc. 7.1. Cxema 6uodunsrpa (mo M. C. Mocuuesy u ap., 1982).
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Marepuana; 2) copOIusi OpraHUYeCKHX BEIIECTB MOBEPXHOCTHIO MHKPOOHBIX
KJICTOK; 3) OKHCJICHHE BCIECTB CTOKOB B IPOIIECCAX MHKPOOHOTO METabO0JIn3-
Ma. Yepes HIKHIOI 4acTh OMOPMIBTPa IPOTUBOTOKOM KUAKOCTH IPOYBAETCs
BO3IyX. Bo Bpems maysbl MexIy LMKIaMH OPOLICHHs COpOUpYOIas cnocod-
HOCTh OMOIUICHKH BOCCTaHaBIUBaeTcs. buoreHka, ¢popMupyromascs Ha Io-
BEPXHOCTH (DUIIBTPYIOLIEro ciiosi OMopMIbTPa, MPENCTaBIIeT cOOOH CI0XKHYIO
9KOJIOTHYECKYIO CHCTeMY (puc. 7.2).

Bakrepru u rpuOBl 00pa3ylOT HIKHUNA TPOPHUECKHA ypOBEHb. Bmecrte c
MHKPOOPraHM3MaMH — OKHCIUTENISMH yIJIepoAa OHHM Pa3BHUBAIOTCS B BEPXHEH
yactu OuopuinbTpa. HuTpuduKaTopsl HaXosaTCs B HIDKHEH 30HE (QHIBTPYIO-
ILIETro CJIOS, TJIe MPOLecChl KOHKYPEHINH 3a IUTATeNIbHBIN cyOcTpar U KUcio-
pox MeHee BeIpaxkeHbI. [IpocTeiimme, KOJIOBPAaTKH W HEMATOMBI, IIHTAIOIIUECS
OaKTepHaIbHONH KOMIIOHEHTONH 3KOCHUCTEMBI OMOIUIEHKH, CIy)KaT IHIIEH BBIC-
UM BUIaM (JIMYUHKAM HACEKOMBIX ).

B OuoduibTpe MpoMCXOOUT HENPEPHIBHBIA NMPHPOCT U OTMHUpaHHE OHo-
wieHkd. OTMepiuas OHOTUICHKA CMBIBAETCS TOKOM OYHMIIAEMOH BOABI U BHIHO-
curca u3 onoduisTpa. OUnIEHHAs BOJA IOCTYHAaeT B OTCTOHHUK, B KOTOPOM
0CBOOOX/IAETCS OT YaCTHL OMOIUICHKH, U J0Jiee COPachIBaeTCsl B BOJOEM.

[Iporuecc oKUCIEHUS OPraHNYECKHUX BEIIECTB COITPOBOXKIACTCS BBIICIICHHEM
TEeIIa, TMO3TOMY OMOQMIBTPEI O0OTPEBAIOTCS 3a CUET COOCTBEHHOTO TEIDIa.
KpynHble ycTaHOBKH, CHaOXKEHHBIE CIIOEM TEIUIOM30JIALIMOHHOTO MaTepHaa,
CIOCOOHB!I (PYHKLIMOHMPOBATh NMPH OTPULATEIbHBIX BHELUIHUX TEMIIEPaTypax.
OnHako, Temreparypa BHYTPU (QUIBTPYIOLIETO CIIOSI JOJDKHA OBITh HE HHXKE
6°.OCHOBHOH peXUM PabOTHI MEeOEHOYHBIX ONOPHIBTPOB — OTHOKPATHOE TIPO-
XOXKZIGHHEe CTOKOB. IIpu 3TOM Harpyska IO OPraHHYeCKOMY BEILECTBY Ha
duastp cocrasmser 0.06-0.12 kr BIIK/M® B cyTku. [Iist IOBBIMICHNS HATPY3KH
6e3 yBennueHus Iomaau OnoduibTpa NPUMEHSIOT PEXHUM OYUCTKH C PELHp-
KyJISIIUEH CTOKOB MJIM PEKUM IBOHHOIO (PUIIBTPOBAHMUSL.

Mapa3uTbl

/ XULLHUKN \
/ PacTtutenbHosiaHbIE \

/XI/ILLl,HbIe Mernkue 6eCI'IO3BOHO\-IHbIe\
Baktepun n menkne 6eCno3BOHOYHbIE,
nuTatoLwuecst rppbamm
/ MepBuYHbLIe NoTpebuTenm \

Hacapgka dounestpa

Puc. 7.2. Tpoduueckas nupaMua B OUOIIEHKE KaIeIbHOT0 OHOMIIETpa
(mo K. ®opcrepy u 1. Beiizy, 1990).
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KoaddummenT penupKyasmuu A CTOYHBIX BOJ, 3arpSA3HEHHBIX TPYIHO
OKHCIIIEMON OpraHuKoil, MoxkeT cocTaBnaTh 1:1 — 1:2. Harpy3ka no opranude-
CKOMY BEIIECTBY Ipu 3ToM MoxeT gocturath 0.09-0.15 kr BITK/ M B CYTKH.
[lepemenHOe ABOIHOE (MIBTPOBAHHE 3aKIIOYACTCS B HCIIOJNB30BAHUH IBYX
HaTpaBIeHU (UIBTPOBAHHUS M IBYX BTOPHYHBIX OTCTOWHUKOB. llocmemoBa-
TEJBHOCTh MOTOKOB MECHSIETCS C HHTEPBAJIOM B 1—2 Hezleu. DTO BbI3bIBACT ObI-
CTPBI POCT OMOIUIEHKH M TO3BOJIAET YBEJMYUTH Harpy3ky o 0.15-0.26 kr
BITIK/M’ B cyTKH.

Ha cmeny muHepansHBIM MaTepuaiaMm B OnoduibTpax ¢ Hadana 80-X rogoB
NPUILIA TUIACTMAcChl, 0OECIIeYHBAIOIINE MTPHU BBICOKUX 3HAUEHMSX YJENBHOM
MOBEPXHOCTH (HIIBTPYIOIIETO CJI051 OOJIBIIYIO MOPUCTOCTH U JIyUIINe THIPOIU-
HaMHYECKHe CBO¥cTBa cios (Tabm. 7.1). DTO MO3BOIMIO CTPOUTH BEICOKHE, HE
3aHUMAIOIINE MHOTO MecTa OMOPEaKTOPHI, M OYHIIATh TPOMBIIIJICHHBIE CTOKH C
BBICOKOM KOHLIGHTpAalLMEeH 3arpsA3HAIOIIMX BEILECTB. YJENIbHAs IOBEPXHOCTh
IUIACTMACCOBBIX HACA/I0K, UCIIOJIB3YyEMBIX JUIsl OBICTPOrO (DMIBLTPOBAHMS, BBILLE,
4eM y me0€HOYHBIX OHO(PIITBTPOB.

[lebeHouHble OMOPUIBTPBI, UMest 0oJiee HU3KYI0O OOBEMHYIO IJIOTHOCTH,
MOTYT JOCTHUTaTh BBICOTHI 1O 8—10 M. DTOT THI OMOpeakTopa IHpu OBICTPOM
pexxuMe uibTpanmu cTokoB obecneunBaeT crenens ynanenus S0-60 % BIIK.
Jlns Goree BRICOKOW CTETIEHN OYHCTKH MPUMEHSIOT Kackaa OMO(UIBTPOB.

B 1973 r. B BenukoOputanuu ObUT CO3aH BpamaOIANACs OMOJIOTHYECKUHA
peakTop, NpelCTaBIsIONNNA COO0H BpaIAIOINECs] AUCKH — «COTBD» U3 IJIACTH-
KOBBIX MOJIOC, TIONIEPEMEHHO MOTPYy>KaeMble B CTOYHBIE BOIBI U TOJAHUMAEMBbIE
Ha TTOBEPXHOCTH. [Ipy 3TOM mTomans MOBEPXHOCTH KOHTaKTa ¢ OMOCIOEM Cy-
IIECTBEHHO BO3PACTAET M YIIyUIIaeTCs adpausl.

Bonee coBepliieHHBIM THIOM OHOpEaKTOpa C HEMOABMKHOW OHOIUICHKOI
SIBIISIETCSI PEAKTOP C TICEBIOOXKIKEHHBIM CJIOEM, XapaKTEePU3YIOIMHCS HAIHIH-
€M HOCHTEIS, TIOKPBITOT0 MHKPOOHOU IICHKOH, JOCTaTOYHOTO AJIS CO3TaHUsS
TICEBIO0XKIDKEHHOTO CJIOSI BOCXOZSIIETO IOTOKAa >KUAKOCTH. PeakTop mmeer
CUCTEMY IOJayll KUCIIOPOAA M YCTPOWCTBO, OOECHEUUBAIOLIEE MPAKTUYECKH

Tabununa 7.1.
CpolicTBa Haca 0K, HCNOJIb3YEeMbIX B KalleJIbHbIX 0HO(pHIbTPax
(o K. ®opcrepy u /1. Beiizy, 1990)

Tun Hacagku V 1IeNbHast IOBEPXHOCTh, MY/M’ Topucrocts, %

MunepanbHas:

nax 50-120 50

I'panut 24-110 -

I'paBuii 86-101 -
[MonumepHast:

HennactuduunpoBaHHbIi

TIOJIMBUHUIIXIIOPHU]L 240 95

IMonunponunexn 124 98
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TOPU30HTAJILHOE paclipe/iefieHie IOTOKA JKUIKOCTH B CJloe Hocutelns. B kage-
CTBE HOCUTEJSI B TAKMX OMOPEaKTOpax MOXKET ObITh MCIOJIB30BaH MECOK, Yepe3
KOTOPBIH ITpoIryckaeTcs Kuciaopol (cucrema «OkcuTpon»). [IpumenstoT Taxoke
BOJIOKHHCTBIC MMOPHUCTHIC MOAYIICYKH C CHCTEMOH MOJa4u KHCIOpOJa B CaMOM
anmapare (yctanoBka «Kemtop»).

OkcrutyaTtanusi OMo(UIBTPOB — TOCTATOYHO HECIIOXKHBIH mporecc. BaxxHbiM
ycinoBueM It 3pQeKTHBHOM pabOThl OMOQHIBTPOB SBISIETCS TINATEIbHAS
NpeBapUTeNbHAS OYUCTKA CTOKOB OT B3BELICHHBIX YaCTHI, CIIOCOOHBIX 3aCO-
PUTH paclpefeuTeNIbHOe YCTpoiicTBO. HeOmaronpusaTHeIM MOMEHTOM B DKC-
Iryataiguu 6I/IO(l)l/Iﬂpr0B ABJIACTCA BCPOATHOCTL 3aJIMBAHUA, PA3MHOXKCHHUE
MYX Ha IIOBEpXHOCTH, JTypHOM 3arax, Kak BCJIEICTBHE U30BITOYHOTO 00pa3oBa-
HUSI MEKPOOHOW OMOMACCHI.

B Hacrosmee Bpemst okoio 70 % o4nCTHBIX coopyskeHnit EBponsl n Ame-
PUKH TNpPEACTAaBISAIOT cO00# KamenbHble OMOPuIbTpbl. CpOK CIyXOBI Takux
O6uopeakTopoB ucumncisiercs: aecsitkamu yeT (1o 50). OcHOBHON HEJOCTAaTOK
KOHCTPYKIIMUA — HW30BITOYHBIA POCT MHUKPOOHOW OMOMAcCCHl. DTO MPUBOAUT K
3aCOpeHnI0 OHO(GUIBTPa U BBI3BIBAET cOOU B CUCTEME OUUCTKH. [IpennoxenHas
HEeJaBHO MOAM(UKALUS NPEACTaBIsIeT COOOH YCTaHOBKY C YepeldyoIIuMCs
JBOMHBIM (uiabTpoBaHrueM. CHcTeMa PEenUpPKYJSIIHUN MO3BOJISIOT HCKIIIOYHUTH
HeraTHBHBIE MOMEHTBI, XapaKTepHbIe I OUOPHIBTPOB.

ABPOTEHK OTHOCHUTCS K T'OMOTeHHBIM OHopeakropaM. TumoBas KOHCTpYK-
1us OnopeakTopa NpeiCTaBisieT co00M Kelle300eTOHHBIN TepPMETHYHBIH COCY
MIPSMOYTOJIBHOTO CEYEHHMS, CBSI3aHHBIN C OTCTOMHUKOM. ASPOTEHK pa3JessieTcst
NPOJOJIBHBIMH TIEPEropoIkaMi Ha HECKOJBKO KOpUIopoB, o0brdHO 3—4. KoH-
CTPYKLMOHHBIE OTJIMYUS Pa3IMYHBIX THUIIOB a3POTEHKOB CBA3aHbI, B OCHOBHOM,
¢ KoH(Urypaiuer Onopeakropa, METOAOM MMOJAa4YH KHUCIOPOIa, BEIUUNHON Ha-
rpy3ku. TUIOBBIE CXEMBI a3pOTEHKOB MpeAcTaBineHsl Ha puc. 7.3. Ilpouecc
OMOOYHCTKH B a3POTEHKE COCTOMT U3 JBYX STamnoB. [lepBrlil aTam 3akimodaercs
BO B3aMMOJIEHCTBMH OTCTOSIBIIMXCS CTOYHBIX BOJ, COAEPXKAIIUX OKoJo 150—
200 mr/n B3BereHHbIX dacTuil u 10 200—300 MI/n opraHHYeCKUX BEIIECTB, C
BO3/yXOM M YaCTHLIAMHM aKTHBHOTO MJa B a’pPOTEHKE B TEYEHHE HEKOTOPOTO
BpeMeHH (0T 4 10 24 4. U BBIIIE B 3aBUCHMOCTH OT THUIIA CTOKOB, TPEOOBaHUH K
IyOuHe OYHMCTKH U 1p.). Ha BTOpOM — MPOUCXOANT pa3ziesieHue BOA U YacTHIL
AKTUBHOI'O WJIAa BO BTOPUYHOM OTCTOMHHUKE. bBUOXUMUYECKOE OKUCICHHUE Opra-
HUYECKHX BEIIECTB CTOKOB B a3POTEHKE Ha IIEPBOM 3Talle PEealn3yercs B JIBE
CTAJMH: Ha INEpPBOM MUKPOOPTraHW3MbI aKTHBHOTO HIa aJCOPOMPYIOT 3arpss-
HSIOLIME BEIIECTBA CTOKOB, HA BTOPO — OKHCISIOT MX M BOCCTaHABIHMBAIOT
CBOIO OKHCITUTENBHYIO CIIOCOOHOCTb.
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Puc.7.3. CxeMbl a9pOTEHKOB.

CBery BHH3: a3POTCHK BBITECHECHHSA, aDPOTEHK CMEIICHUS,
a3POTEHK C PacCpeI0TOYCHHON Mo1aueii CTOYHO BOJIBI U pereHeparueil akTHBHOTO Hila
(no Ix. Becty u np., 1988).
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[Nogava Bo3myxa B «KOPHUAOPBDY adPOTEHKA OCYLIECTBISCTCS 4Yepe3 IopHcC-
ThIE KEJIEe300€TOHHbIC IUIMTHI WIM Yepe3 CHCTEMY HOPUCTBIX KEePaMHUECKHX
TpyO. OOBIYHO BO31yXOpACHPENEINTEIBHOE YCTPOWCTBO PACIIONIaratoT He I10
LEHTPY, a OKOJIO OJHOW MX CTeH Kopuaopa. B pesynmbraTe 3TOr0 B a’3poTEHKE
MPOUCXOAUT TYpOYIH3alys II0TOKA, U CTOYHBIE BOJBI HE TOJIBKO IPOABUTAIOTCS
BJIOJIb KOPUIOPA, HO U 3aKPYUHMBAIOTCS MO CIIUPAIHA BHYTPHU HETO. DTO yIydlla-
€T PEXMM a’pallvi M YCIIOBHSI OUYUCTKHU. [Iporiecc ouMCTKH B a3pOTEHKE IMpel-
CTaBISIET cOOO0M HENMpPEPHIBHYIO (hepMEHTAIHIO.

YacTHuIbl aKTUBHOTO Wia, 00pa30oBaHHbIE OAaKTEPUSAMH M MIPOCTEHINNMH, SIB-
nstoTest hiIokyupyromield cMechio. [1o cpaBHEHHIO ¢ OMOIICHKOH, (YHKIIHO-
HUpyouied B OnouibTpax, aKTHBHBIH HMJI a3pPOTEHKOB IPEACTaBISET COOOH
MEHbIIIee IKOJIOTuIeckoe pasHoobOpasue BuIoB. OCHOBHBIMH TpyNIaMH OaKTe-
pHAIBHOW KOMITOHEHTHI aKTUBHOTO MIIA ABISAIOTCS OKHCIAIONME yriiepon ¢iio-
KyJHpYIOIIMe OaKTepHH, OKUCIISIOIINE YIJIepOA HUTYAThle OaKTepuHu U OakTe-
pun-auTpUuduKaTopsl. [lepBas rpymmna OakTepuil HE TONBKO MPUHHUMAET ydYa-
CTHE B JIeTPaJallii OPraHMYeCKHX KOMIIOHEHTOB CTOKOB, HO H ()OPMHPYET CTa-
OunbHBIE (UIOKYJIBI, OBICTPO OCAKAAIONINECS B OTCTOMHHMKE C 0Opa3oBaHHMEM
wiotHoro wia. Hurpudukaropsr (Nitrosomonas u Nitrobacter) npeBpaiator
BOCCTaHOBJICHHBIE (DOPMBI a30Ta B OKHUCJICHHBIE!

NH3 + 02 Nitrosomonas Nozf’

NO* + 0, _ Nitrobacter  \jy3-

HuTtuaTbie 6akTepuu, ¢ OJHOW CTOPOHBI, 0OPA3yIOT CKEJIET, BOKPYT KOTOPO-
ro o0pa3yrorcst GpIOKyJIbl; C IPyrol, — CTUMYJIMPYIOT HEOJIaronpusTHBIE IPO-
mecchl (00pa3oBaHME TEHBI M IUIOX0€ ocakAeHue). [Ipocreime moTpedstoT
0aKTepUH W CHIDKAIOT MYTHOCTb CTOKOB, HanOOIbILEE 3HAYECHUE CPEOH HUX
umetot nHopy3opuu (Vorticella, Opercularia).

AKTHBHBIA HJI SIBJISIETCSI COBOKYITHOCTBIO MHKPOOPIaHM3MOB M IPOCTEH-
X, o0agaromux HabopoM (EepMEHTOB VIS YAAJICHUS 3arps3HEHUI U3 CTO-
KOB. AKTHBHBIA WJI HMEET TaKKe IMOBEPXHOCTh C CHJIBHOW aJcOpOIMOHHON
crocoOHOCThI0. KOHIIEHTpal|si aKTUBHOTO MJIa B a3POTEHKE OOBIYHO COCTABIIS-
et 1.5-5.0 /1. Dta BenMuYMHA 3aBUCUT OT YPOBHS 3arps3HEHHUI CTOKOB, OT BO3-
pacra mia ¥ ero ImpoxyKTUBHOCTH. Bo3pacT mia BEIYUCISIOT IO YPaBHEHHUIO!

T'=MV/(imy+ Gegr),

rue: M — B3BelICHHbIE YaCTUIbI WIOBOH cMecH, KI/M°; V — 06beM a’pOTEHKA,
M MMy — KOTMYECTBO Y/AJIsIEMOT0 WA, KI/cyT.; G — pacXoJl BOJbI, M/CYT.; Cyx-
— KOHIIGHTPAIHS MJIa B BHIXOAHOM CTOKE, KI/M.

Hanpumep, 1t 1OCTKEHUS HUTPH(PHUKALNN C YIaCTHEM MEUIEHHO pacTy-
MIUX HUTPU(PUKATOPOB UCIIOJB3YIOT Wi OoibLIoro Bo3pacra (12 cyrok), a mis
OKHCIICHHSI OPTaHUKH — BO3PACT WJila CYIMIECCTBEHHO HIDKE.

Paboyast KOHIIEHTpanusi paCTBOPSHHOTO KHUCIOPOAA BEIYUCISAETCS Ha OCHO-
BE pacyeTHON NOTpeOHOCTH yCTaHOBKHU. J[i1s momHON HUTpU(HUKALUK COCTaB-
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JISIeT He MeHee 2 MI/JI; Ui OKHCIIEHHS yriiepoia v JeHuTpudukanmum — Mmenee 1
MF/J'I. Ha MPaKTUKEC B 3aBUCUMOCTH OT THIIAa adpalliu MPUMEHAKOT HCCKOJIBKO
TUIIOB PEKMMOB OYHCTKH CTOKOB: OBICTPYIO, CTaHAAPTHYIO M IPOIJICHHYIO.
BricTprie mporiecchl MPUMEHSIOT MPH YaCTUYHOW OYHCTKE CTOKOB. Hamboiee
pacmpoCTpaHESHHBIM THIIOM OYHCTKH SIBJISIETCS MIPOIECC, CPETHUI MEXKIY CTaH-
JMapTHOW W ObICTpO# a’parmedd. CTENEHb a’pallddl ONMPEICNIICT JOMYCTUMYIO
HATPY3Ky MO0 OPraHWMYECKOMY BEHICCTBY BO BXOJHBIX CTOKaX M Ka4eCTBO OYH-
ctku (Tabdmn. 7.2).

CrenyromumM BayKHBIM ITapaMeTpoOM IS pacdera mporiecca OHOOYNCTKH B TO-
MOTEHHBIX IPOTOYHBIX OHOpEaKTOpax SBJIAETCA PEXUM IepeMernBaHus. M3-
BECTHBI CUCTEMEBI TOJIHOTO CMEIICHUS M WACATHLHOTO BBITeCHEHUs. [IepBbIil THIT
obecrieunBaeT MTHOBEHHOE pPa30aBJICHHE BXONHOTO IMOTOKAa B a’3pOTEHKE. JTO
3aIMIIAeT MUKPOQIOPY aKTHBHOTO Wia OT MHTUOMPYIOIIETO BO3AEHCTBHS 3a-
IpSA3HUTENEN CTOKOB. AKTUBHBIM MJ B TaKOW CHUCTEME, OJIHAKO, UMEET XY/IIYIO
CIIOCOOHOCTH K OCEJaHHIO B OTJIMYHE OT CUCTEM HIEaJbHOTO BBITECHEHUs. B mo-
CIIETHUX aKTUBHBIA W ITOCTYIAeT B TEPBHIA KOPHIOP, TAE B XO/IE adparii BOC-
CTaHABIMBAET CBOIO OKUCIHTEIBHYIO CHOCOOHOCTh. CTOUHBIE BOIBI MTOCTYHAIOT
BO BTOPOM KOPHUAOP BMECTE C PEreHEPHPOBAHHBIM aKTUBHBIM MiIoM. KoHueHTpa-
LMsl 3arpsI3HSIONIMX BEIIECTB CHIDKAETCS TTOCTENEHHO, M0 MEpe MPOXOXKACHUS
CTOKOB II0 CHCTEME KOPHIOPOB a’POTEHKA. B TakWxX cucreMax KOHIICHTpAIWs
3arps3HSAIONINX BEIIECTB BO BXOJHOM IOTOKE HE JTOJDKHA MPEBBIIIATH IPEIEIEHO
JOITYCTUMYIO JIJIsA 6I/IOJ'IOFI/I'-IGCKI/IX KOMIIOHCHTOB, 06pa3y10u11/1x AKTUBHBIN WII.

OnpIT SKCIUTyaTallui Pa3InYHBIX TUIIOB a3POTECHKOB IMOKA3bIBACT, YTO CO-
JIep)KaHWE OPraHMYECKUX BEIIECTB B CTOKAaX, MOJaBAacMBIX HA OYHCTKY, HE
no/okHO mpeBbimath 1000 mr/n. OnrtumainsHast BerndruHa pH 0OBIYHO JICKUT B
nuanasoHe 6.5-8.5.

KomudgecTBo OMOTEHHBIX 3JIEMCHTOB B OYHIIAEMBIX CTOKAX KOPPEKTUPYETCS
nmobaBkaMu HeoOxoauMBIX cone. Taxk, mpu BIIK oxomno 0.5 kr 02/M3 coJiepiKaHme
YCBOSIEMOTO a30Ta B CTOKaX JOJDKHO ObITh He Hibke 10, dpocdartos — 3 mr/i. Jlyd-
e pe3yJIbTaTbl OYUCTKH BO/ B a9POTCHKAX IMOJYYarOT IIPU BEJIMYNHE BXOIHOI'O
BIIK 110 0.2 xr O, /M’. Ecm ypoBens aspamuu npu Takom BITK cocrasmser 10 5

Tabnuma 7 2
3aBHCHMOCTB KauecTBa BXOJHOI0 MOTOKa oT Tuna ajypanuu (mo K. ®dopcrepy, 1990).

Harpy3ka 1o opranugeckomy
BEIIECTBY Ha HJI, KI/KT-CyT.

Tun aspauun KauecTBO BBIXOHOTO MOTOKA

Iponnennas 0.05-0.02 Beicokoe: BIIK < 10 mr/n,

MOJTHAsT HUTPH(UKAIIN,
aMMOHHMITHBIN a30T < 5 Mr/iL.
CrannaptHas 0.20-0.45 Pa3nuyHOe: OT HOMHON HUTPH(HKAIIUH
JI0 €€ OTCYTCTBHSI.

BeicTpas 0.50-5.00 Beicokast ckopocTs yaanenus BIIK Ha eqununy
MAacCChI WJjIa; Ka4eCTBO MOYXET OBITh BbIlie B 20—
30 pa3 nmpu JOCTaTOYHOM YPOBHE a3palyu.
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v’ /M4, BITK oumenHoit Bobl MoxeT ymacts 10 0.015 kr O,/n.

IIpupoct OMoMacchl aKTHBHOTO WJIa B XOJIC OYUCTKH IMPUBOJUT K €0 «CTa-
PEHHIO» ¥ CHIKEHUIO OMOKaTanuTH4ecKod akTuBHOCTH. [loaTomy Oombrmas
YacTh aKTHBHOTO WJIA TIOCIIE BTOPUYHOTO OTCTOMHMKA BBIBOAWUTCS U3 CHCTEMBI,
U TOJBKO 4YacTh MJa BO3BpAINAETCS B PEaKTOpP. APPOTEHKH TEXHOJOTHMUYECKHU
CBSI3aHBI C BTOPHUYHBIMH OTCTOMHUKAMH, B KOTOPBIX MPOUCXOIUT OCBETICHUE
BBIXOJAIINX BOJ U OTIEJICHUE aKTHUBHOTO ia. OTCTOWHUKH BBITOMHSIOT TAKKe
(GYHKIMIO KOHTAKTHBIX pe3epByapoB. B HHX CTOUHYIO BOAy XJopupYyIOT. [le-
3UHULIUpYOLIas 03a XJopa Nnociie ONOJOrHYecKOW OYHCTKH B 3aBUCHMOCTH
OT Ka4ecTBa OYUCTKH cocTaBisieT 10—15 MI/i mpu mpomonKUTEThHOCTH KOH-
TaKTa XJIOpa € )KUJIKOCThIO HE MeHee 30 MUHYT.

Bronmorndeckne (OYUCTHBIC) MPYIBI MCIONIB3YIOTCS B Ka4eCTBE CaMOCTOS-
TCJIBHOTO OYUCTHOI'O COOPYKEHUSA HIIM KOHEYHOI'O ITYHKTa OYUCTKH CTOKOB,
MIPOIIEIINX CTAANI0 OMOOYHNCTKH B OMOQUIbTpe WM asporeHke. Ecim ouncr-
HBIE TIPYABl (PYHKIHOHUPYIOT KaK CaMOCTOSTENBHBIE CHCTEMBI BOJOOYHCTKH,
CTOYHBIE BOABI IEpell MOCTYIUIGHHEM B HUX pPa30aBIAIOTCSA TpeX-, MATHKPAT-
HBIMH 00bEMaMM TEXHHUUECKON MM XO03HCTBEHHO-MIUTHEBOM BOABI. Jls1 oTCTO-
SIHHBIX CTOKOB 0e3 pa30aBlIcHHs Harpy3ka Ha TPYyIbl COCTaBISET [0
250 M3/ra~cyT.; IUTSE OMOJIOTHYECKH OYHMILEHHBIX BOI — 10 500 M3/ra~cyT. Cpen-
Hsis TyOuHa npyoB coctasiseT oT 0.5 no 1.0 M. Cpok «co3peBaHus» MPyI0B
B 30HaX yMEPEHHOTr0 KJMMaTa — He MEHEee OJTHOT'0 MecsiIa.

MeTtozap! a3poOHON OMOIOTHIECKOH OYMCTKHA CTOYHBIX BOJ HETIPEPBIBHO CO-
BEpPLICHCTBYIOTCS. B mociieiHue ro/ibl CTain BHEAPSTHCS Oonee 3G deKTuBHbIE
CHUCTEMbI OMOOYHMCTKUA. DTO MPOIECCHI B MIAXTHBIX PEaKTOpax, MPOIECCHI C HC-
MTOJTE30BaHUEM JUISI adPUPOBAHHS KUCIOponaa. Takue OMOpeakTOphl Ha3bIBAIOT
okcuTeHKaMH. KOHIIEHTpaus paCTBOPEHHOTO KUCIOPOJa B OKCUTEHKAX JOCTH-
raet 10—12 mr/i. DTo B HECKOIIBKO pa3 MPEBOCXOJUT yPOBEHb adpalliu B a3po-
TeHKax. B pe3ylibTare MOBBIIICHHON aspalun CTOKOB KOHUCHTpalus aKTUBHOI'O
WiIa B HUX BO3pacTaet 10 15 /1 u X OKUCITUTENbHAs MOITHOCTh B 4—5 pa3 mpe-
BOCXOAUT a’poTeHkH. lllaxTHBIE GMOPEaKTOpPHI MO3BOJIOT PEaH30BaTh IIPO-
1IECC OYUCTKH CTOKOB aHAJIOTHYHO MPOTEKAHUIO €r0 B OKHCIUTEIHHOM KaHale,
HO DACIOJIOKEHHOM BEPTHKaIbHO. Takue peakTopbl 3aHMMAlOT HeOOJIbILIHE
IUIOMIAN U OOJBIIECH YacThIO 3arIyOJICHBI B TPYHT. BrIcoTa maxTHRIX ammapa-
toB mocturaer 50-150 m mpu gumamerpe 0.5-10.0 M. BHyTpu anmapara BMOH-
TUPOBAH TOJBI CTEp)KEHb WM CHENHAIBHOE YCTPOWCTBO, OOecreduBaromiee
00pa3oBaHUE 30H BOCXOJSIIEr0 M HHUCXOJMSIIEr0 IMOTOKOB JUIS IMPKYJISALUH
ITOTOKOB OYHIAeMOM BOABI. HampaBieHne HHUPKYISAIMH 3a70aeTCs BIyBaHHEM
BO3/yXa B CEKIHIO C BOCXOSAIINM ITOTOKOM Ha OTHOCHUTEIIEHO HEOOIBIION TITy-
OuHe. Amnmaparbl KOMIIAKTHBI, 00ECIIEYMBAIOT XOPOIIHH MacCOTEPEHOC KUCIIO-
pona, (mo 4.5 xr/M’ 4). IIpu 5TOM YpOBEHb HATPY3KH HA W MOKET JOCTHTATh
0.9 xr BIIK/kr-cyt. OCHOBHOW TIPOOIEMO, BOSHUKAIOMIECH MPH SKCIUTyaTallul
OKCHTEHKOB, SIBJISIeTCS Mpo0iaeMa OTACICHHS TBEPABIX YaCTHUI] OT MIOBOW CMe-
cu. MUKpOIy3bIpbKH BO3/lyXa IMIPWIUIAKT K TBEPABIM YaCTULAM U YXYJIIAHOT
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ocaxkaeHue. Jns ymaydIIeHus: OCaXXICHUs IPUMEHSIOT BaKyyMHYIO JI€Ta3aluio,
¢uroranmio, oTAyBKY Bo3nyxa. [lociie crajuy nera3aiyy UioBasi CMECh Harpas-
JSieTCAd B adPOTEHK, IZie MOocie YyAAJICHUS MHUKPOIY3BIPBKOB IMPOUCXOIUT JI0-
OKHCIICHHE OCTABIIEHCS OpraHuKU. Jlamee CTOKH MOCTYHArOT IO OOBIYHOM cXe-
Mé€ B OTCTOIHHK.

AHaapoﬁﬂue nmpoueccbl OYUCTKU CTOKOB

AHa3pO6Hble MMpOoUECChl OUYUCTKU CTOYHBIX BOJ HE IMOJYUYHUIIU JOCTATOYHO
IIMPOKOTO Pa3BUTUSL B HACTOSIIEE BPeMs. DTH IPOLECCH 110 CPaBHEHHIO C
a’pOOHBIMU TIPOIIECCAMH OYHMCTKH CTOYHBIX BOJ HMEIOT PSi HECOMHEHHBIX
IpeuMyIecTB. [ TTaBHBIMU SBIIAIOTCSI BBICOKHN yPOBEHb IPEBPAILEHUS YIIepo-
Jla 3arpA3HAOMUX BEIICCTB IPU OTHOCUTCIIBHO He6OJ'II)H_II/lX O6"beMaX ImpupocTa
OroOMacchl ¥ TIOJTydeHNEe JOMOJIHUTEIBHOTO IIEHHOTO MIPOIyKTa — Onorasa.

AHa3po0OHBIE MTPOLECCH AJIsl OYMCTKH CTOKOB NMpHUMeEHsIoTcesi B EBporne oko-
g0 100 ner. Ucnonp3yemsie IS 3TUX LeJed OMOPEaKTOPHI — CENTHKTCHKH,
MPEACTABISIOT cO00W OTCTOMHUKM, B KOTOPBIX OCEBLIMH WJI OABEPraceTcs aHa-
3poOHOI1 nerpananmu. CEeNTHKTEHKH 3KCIUTyaTHPYIOTCST OOBIYHO IPH TeMIlepa-
Type 30-35°C. Bpems mpeOpBaHUS B HUX OYHINAEMBIX CTOKOB CYIICCTBEHHO
BbIme — okono 20 cytok. IIpm mpoexTupoBaHnn OHOPEaKTOPOB TAKOTO THIIA
OOHUM H3 OCHOBHBIX HAapaMETpPOB ABJIACTCA €0 BMECTUMOCTL B JIMTpax (V),
paccunThIBaeMasi ¢ y4eTOM KOJIMYECTBa 00CITYKMBAaEMOT0 HaceleHus P:

V=180 P+ 2000.

[Tonmosmua o6bema B 180 1 Ha AyIry HaceNeHUS OTBOAUTCS IUISA SKUAKOCTH,
MOJIOBUHA CITY)KHT JUIsl HaKoIuieHHs1 wiia. OObeM TeHKa pacrpelesisieTcsi Mex1y
JIByMSI KaMepaMH, IIpX 3TOM IIepBasi 3aHUMaeT 2/3 o0beMa U UMeeT HaKJIOHHOE
IHUIE Ui yaepkanus wia (puc. 7.4). n nepuomudecku (MpUMEpHO pa3 B
TOJ) yAajsercs, a HeOOIbIIas ero 9acTh ocTaeTcs B Onopeakrope. CenTHKTEH-
KM IIPUMEHSIOT B CUCTEME TOPOACKHUX OUHUCTHBIX COOpYKeHMU. B HUX mepepa-
0aTpIBAIOT OCAIKH, yJajsieMble M3 MEPBUYHBIX OTCTOMHHMKOB. [Ipn aTom cOpo-
JKEHHBIH WIT JIMKBHAMPYIOT WM 3aKanbiBatoT. [Ipy cOpakMBaHUHM yMEHBIIACTCS
00BeM MJIa, CHIKACTCS COJep)KaHHE B HEM MAaTOT€HHBIX MHUKPOOPTaHU3MOB H

Puc. 7.4. IByxxamepHslii centuxteHk (o K. ®opcrepy, 1990).
1 — perynsrTop, 2 — OTpaxkarteb, 3 — HaOPHbIH TPyOONpoBOA, 4 — yKIIoH 1:4.
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nypHO# 3amax. [lyTu Gmonerpaganuy 3arpsA3HSIONINX BEIIECTB, MPOTEKAIOIINE
B CENTHUKTEHKaX Ha OCHOBE CJI0XKHOW MHKPOOHOI accolaliy, BKIIOYAT TH]-
POJIMTHYECKHE TPOLECCH C YYaCTHEM alMJOT€HHBIX, [eTEepOalleTOreHHBIX OaK-
TepHid W TPOILECC METAHOTCHEPALNH C yJ9aCTHEM METaHOTCHOB. AHa’pOOHEIC
MPOTOYHBIE COPAKUBATENH TAKOTO THIIA TIPUMEHSIOT JIJIsi aHA POOHOM OHO0UH-
CTKHU IPOMBIIIJICHHBIX 1 CEJIbCKOXO3SMCTBEHHBIX CTOKOB.

OcobeHHo 3(h(heKTHBHO MPUMEHEHHE CPaBHUTEIHHO HELOPOTHX aHa’poo-
HBIX CHCTEM JJISl CHUIBHO 3arps3HEHHBIX CTOKOB ITHUINEBOW MPOMBIIIICHHOCTH U
OTXOJIOB MHTEHCHBHOTO >XHBOTHOBOJACTBA. JlaHHBIE CTOKHM HMEIOT BBICOKHE
ypoBuu Harpy3ku 1o BIIK n XIIK (xumuueckast moTpeOHOCTh B KHCIIOpPOJE), a
HaBO3HBIE CTOKHM — TaKXXe BBICOKOE COZIEp)KaHHWE HEPAaCTBOPUMBIX KOMIIOHEH-
TOB, HE TIOANAIOIIMXCS Oroaerpaganui. [ X OYMCTKU MPUMEHSIOT COpaku-
BaTeNn MONHOTO cMmemeHns. CTOKH CBHHO- W NTHUIIEKOMIUIEKCOB OCBOOOXKAA-
I0TCS B X0Jle aHa’poOHoi Omoounctku Tosibko Ha 50 % XIIK, a croku depm
KpynHoro poratoro ckora — Ha 30 %. Belcokue KOHIEHTpaluu OpraHUKU U am-
MOHHUIHOTO a30Ta (10 4000 MT/11) CIIOCOOHBI MHTHOMUPOBATH MIPOIIECC ACTPAJAIINH.
Bpewmst ynepxaHus Takux CTOKOB B Onopeaktope o6seMoMm 10 600-700 M yam-
Hsercs 10 15-20 cyTok mpu HOpMe CyTouHO# 3arpysku 20-30 m’. Buoras, oGpa-
3yeMbIi Mpu 3ToM, collepUT 10 70 % meraHa. buopeakrop cpaBHHUTENBHO He-
OoNBIIOr0 00BEMa OYMINAET CTOKH CpemHuX ¢epM c comepxanue 1200-1500
TOJIOB CBUHEH.

I[J'lﬂ OYUCTKHU 3arpsA3HEHHBIX CTOKOB HI/ILHCBOﬁ MMPOMBIIIJICHHOCTU ITPUMCHSAIOT
CIIeNMaJIbHO pa3paboTaHHbIE KOHTAKTHBIE aHa3POOHKIE Mpouecchl (puc. 7.5).

B Takux mporeccax B IEpBUYHOM TCHKE, BXOJSIIEM B COCTaB YCTaHOBKH,
MTOCTYTAIONINE CTOKH MOJHOCTHIO TEPEMEIIMBAIOTCS 3a CYET PEeHUPKYILIIHUN
Ouorasa, wia Wi MEXaHHYeCcKoro rnepemMeninBanus. [loMuMo nepemennBanus,
(axTOpOoM MHTEHCH(UKALUK Tpolecca SBISIETCS M3MEHEHHE TeMIIepaTyphl B
omnopeakrope. COpOKEHHBIE CTOKH HAIIPABIIIOTCS B OCBETIHTEINb, TIIE TPOHC-
XOJHT MPOIIECC OCAXKIICHIS WA U TOTIOIHUTEIFHOE 00pazoBaHue Onorasa.

YmioTHUBLIMIICSA M BO3BPAILAIOT B COpayKMBaTellb, Ky/Ja MOCTYNalOT HOBbIE
MOpLHUHK CTOKOB. Ecny BenMunHa KOHIEHTpanuy Onomacchl B COpaskMBaTeNe co-
craBszeT 5—10 1/71, BO3MOXKHO AOCTAaTOYHO 3(PQEeKTHBHAS OYHCTKA CTOKOB C CO-
nepxanvem XIIK mo 20 KI/MC, [Ipu yBenmmueHNN KOHIIGHTpAIMd OMOMAacChl 10
20-30 r/nm BO3MOXHO HCIOJb30BaHKUE HepaszbaBiieHHBIX cTokoB ¢ XIIK mo 80
KI/M’. PeakTophl ¢ HeloIBIKHO GHOTILICHKOM (aHa3POOHbIE GHO(GMIBTPHI) TAKKE
HaXOIIT TMPUMEHEHHE U1 aHa’pPOOHOW OYHCTKH CTOKOB. VCTONB3yeMmble Ui
9THX IIejiell OMOPEaKTOPhl B OTJIMYHME OT a’POOHBIX KarelbHBIX OHOMHIBTPOB
UMeEIOT OoJiee KPYIHYIO HacaJKy Juisl u30exaHus nporecca 3amnuBanus. [Ipume-
HseMasl Ui 9THX IIeel meOeHoYHas Hacaiaka JTHaMeTpoM 25—65 MM UMeeT 10
50 % cBobomHOTO 00BEMa. CKOPOCTH OYMIIIAEMOTO TIOTOKA CTOKOB OOBIYHO HHU3-
Ka, 1 Omomacca yaep>KuBaeTcs B CBOOOIHOM IIPOCTpaHCTBE Hacaaku. [Ipenemns-
Hast Harpy3ka 1o XITK st Takux cucrem cocraisiet 10 10 Kr/M3-cyT., C yMepeH-
HBIM KOJIMUECTBOM OPIaHMKH OHA OOBIYHO 61H3Ka K 5 Kr/M’. D(PPEeKTHBHOCTH
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—————— «—— Bxopg xugkocTtn

Yrnekucnbii ra3s
— —
- ___, Bbixoa xnakoctun

BbIxog TennoHocutens

Buoras

/ PapvanbHasi onopHas 6anka

EMKOCTb 13 NONMMEpPHO NAEHKN

_________ —|f-=-=-=-==- M3sonupytolias naHens

_________ -} = === ---|||2——— CranbHas ceTka

_______ Apmarypa

L — pmaryp:
BeToHHbIN KonbLeBow
yHAamMeHT

M3onupytowias nneHka
TennoobmeHHMK

Puc. 7.5. Tunbl ycTaHOBOK 11 OUMCTKH CTOYHBIX BOJI IUILEBOI NPOMBIIIEHHOCTH.
A — aHa’poOHblit 610MHIBTP, b — ycTaHOBKA C BAHTOBBIM HACOCOM IS [IEPEMELIHBAHS,
B — BeicokockopocTHoii peaktop Koymsepaa (mo k. becty u np., 1988).

OYHCTKU cocTaBiseT okono 70 %. DT coopyXeHHs, OJHAKO, HE HAIUIM IMOKa
LIMPOKOTO MPUMEHEHHUS! BCICACTBUE JIOCTATOYHO BBICOKOH CTOMMOCTH HACAIKU U
HEOOXOAMMOCTH TIEPHOTUUCSCKOM MPOMBIBKH MaTepraiia (UIbTPYIOIIETO CIIOsL.

B memom ana’poOHBIC MPOIIECCH OYUCTKU CTOKOB, 00JIanas psSaOM HEco-
MHEHHBIX JJOCTOMHCTB, HE HAXOJST MOKA TAKOTO IIMPOKOTr0 NPUMEHEHHS, KaK
a’pobHBIle cucTeMbl O6moouncTku. OMHAKO B IOCIIETHHE TOJBI, BCIEIACTBHE
OoJiee CTpOrux TPeOOBaHWU K MPEIBAPUTEIBHON OYHUCTKE MPOMBIILICHHBIX
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CTOKOB 1epesl cOpOCOM MX B KaHAIM3ALMIO, HHTEPEC K aHA3POOHBIM IpOIec-
caM BO3pacraer.

7.2. YTUJIN3AIMSA TBEPABIX OTXO40B

B obmactu nepepaGOTKM M JIMKBHAALMH TBEPABIX OTXOJ0B OMOTEXHOJIOIHU-
YecKue METOAbl HanbOoJiee MIMPOKO MPHMEHSIOTCS Ul YTHIM3ALNH KOMMY-
HaJIbHBIX OTXOJOB U WJIa U3 CHCTEM OMOOYNCTKH CTOKOB.

TpaauIIMOHHO TBEpAbIE OTXO/IbI CKIIAUPYIOTCS HAa TOPOJICKUX cBajkax. Bece
BO3pacTaroline 00bEeMbl OTXOJ0B Ha YNy HACEJEHUS NMPHBOAAT K BO3SHUKHO-
BEHHMIO O'POMHOTO KOJIMYECTBA CBAJIOK, YBEIWYEHHIO MX IUIOMIAJIEH, a TAaKXKe K
HEyHpaBJIsieMOMY MOMAJaHUIO OTXOZ0B B OKPY’KaIOIIY0 CPELy M3-3a pacchlra-
HUS UX TIpU TpaHcnopTupoBke. Tak, nmo gaHHeM 1984 r. Bo ®@pannumn, ['perun
n Vpiaananyu 1o Xoay TPaHCHOPTHUPOBKH OTXOJOB Ha CBAIKH OBLIO PAcCHINaHO,
cooTBeTcTBeHHO, 10.3, 17.5 u 35 % ot obmiero xommdecTBa TUKBUAUPOBAHHBIX
otxonoB. HecMoTps Ha Bce BO3pacTaroliuil HHTEpEC K MOBTOPHOMY HCIIONB30-
BaHHUIO CbIPbs, OUCBUIHO, YTO IMPOCTad JJUKBUAALIUA OTXOA0B Ha CBaJIKax Cylle-
CTBEHHO JelIeBIIe JI000ro Apyroro crnocoda ux nepepadorku. ITocie Toro, kak
CTaJIo SICHO, YTO IIPH aHa’POOHOM mepepaboTKe 0TXOM0B B OOIBITUX KOTHYECT-
Bax 00pa3yeTrcsl IEHHbIH 3HEPreTHUECKUN HOCUTENb — OHOras, OCHOBHBIE yCH-
JIUSL CTAJIM HAIpPaBIATHCS HA COOTBETCTBYIOIIYIO OPraHU3AIMIO CBAJIOK U IMOJTY-
YeHHE Ha MecTe UX NepepaboTKu MeTaHa.

Hecmotpst Ha orpoMHOE pa3HOOOpa3ue 0TXO/0B, BEIBO3UMBIX Ha TOPOACKUE
CBAJIKH, B LIEJIOM COCTaB TBEPABIX OTXOJOB B Pa3BUTBIX CTPAaHAX CTAHOBUTCA
BCC 60nee OAHOTHUITHBIM, IIPHU 3TOM YCTKO NPOCMATPUBACTCA TCHACHIUA YBCIIN-
4yeHust o0beMa OyMaru u riactmace Ha ()OHE CHYDKEHHS JIOJIM OPTraHUYeCKUX U
PacTUTENBHBIX MaTepHaIoB. JTO yIUIMHIET BpeMs CTAOMIM3aLUH OTXOJOB Ha
cBankax. MccienoBaHusi XUMHYECKOTO COCTaBa COJAECPIKUMOTO CBAIOK IOKa3a-
74, 4TO (pakuus, MoAgaroIascs ouoaerpanaiyu, coctapisieT 10 70 % ot 00-
LIETO KOJIMYECTBA TBEPABIX OTXOJIOB.

IloBeneHne OTXOJOB Ha CBAJKE HOCUT UPE3BBIYAMHO CIIOKHBIM XapakTep,
TaK Kak IOCTOSIHHO NPOMCXOAMT HAacIaWBaHWE HOBOTO MaTephala 4epe3 pas-
JIUYHBIE BPEMEHHBIE MPOMEXYTKH. B pesynpTare 3TOro mpouecc HOABEpXKeEH
JEUCTBHIO TPAJIMEHTOB TeMIlepaTypsl, pH, OTOKOB »XHIKOCTH, (hepMEHTATHB-
HOW aKTUBHOCTH M 1p. B 001meit Mmacce Marepuaia cBaJOK IMPUCYTCTBYET CIOXK-
Hasl acCOIMaIMs MHKPOOPTaHU3MOB, KOTOPbIE Pa3BHUBAIOTCS HAa MOBEPXHOCTH
TBEPABLIX YaCTHL, SABJIAIOMMXCA ]I HUX UCTOYHUKOM 6I/IOFCHHI>IX 9JICMCHTOB.
BHyTpu acconmanuu cKiIagbIBaroOTCs pa3HOOOpas3HbIE B3aMMOCBSI3W U B3aUMO-
JercTBrs. B nienom cocTosiHue M OMOKATATUTHYECKUH MOTEHINA MUKPOOHOTO
coo0IIeCTBa 3aBUCHT OT CHEKTPa XUMHYECKHX BELIECTB MaTepuaya CBAJIOK,
CTCTICHU JOOCTYIIHOCTH OTUX BCHICCTB, HaJIU4UA TI'paJUCHTOB KOHLICHTpaIJ,I/lﬁ
pa3IMYHBIX CyOCTpPaTOB, B OCOOEHHOCTH I'PaIMeHTOB KOHIEHTPAMI JOHOPOB 1
aKIETITOPOB IEKTPOHOB U BOJOPOJIA.
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Ha TunuyHo#l eBponeickoi cBajKke, rie OTXO/Ibl Pa3MEIEHbI 110 OTCEKaM,
cucrema repepaboTKy OTXOIO0B SBIISIETCS, 110 CYIECTBY, COBOKYITHOCTBIO Peak-
TOPOB TIEPUOJMYECKOTO JEHCTBUS, B KOTOPBIX CyOCTpar (OTXO/BI) HAXOIUTCS
Ha pa3HBIX CTAAUAX OMOJeTpaTalny.

Ha navanpHO# cragmm OMonerpajanmuy TBEPIABIX OTXOIOB JOMHUHHUPYIOT
a’pOOHBIE MPOIECCHI, B X0/ KOTOPBIX 10/l BO3ACHCTBUEM MHUKPOOPraHU3MOB
(rpuboB, OakTepuii, aKTHHOMHIIETOB) M TaKKe OECIIO3BOHOYHOUHBIX (KIIEIIEH,
HEMAToJa W JIp.) OKHCISIOTCA Hamboliee NerpagupyeMble KOMIIOHCHTHI. 3aTeM
JECTPYKIHMU TIOABEPraloTCs TPYIHO M MEUIEHHO OKHCIseMble CyOCTpaThl —
JIMTHUH, JIMTHOLCIIKOJIO3bI, MCIIAaHWHBI, TAHUHBI. CyHJ,eCTByIOT pa3IM4IHbIC MEC-
TOJBI OLIGHKH CTENEeHU OHMOoJerpajgaluy TBEpIbIX oTXonoB. Haumboiee nHdop-
MaTHBHBIM TPUHITO CUUTATh METOJ OIICHKH, OCHOBAaHHEIN Ha PAa3IUIUAX B CKO-
POCTAX pa3IOKEeHHUS IIeJUTIONIO36 M JIMTHHHA. B HemepepaOoTaHHBIX OTXOJax
OTHOUICHHE COJEPKaHMs IEIUTIONO3bI K JIMTHUHY cocTaBisieT okoio 4.0; B ak-
TUBHO repepadaTtsiBaeMbix — 0.9—1.2 ¥ B MOJIHOCTBIO CTAOMIM3UPOBAHHBIX OT-
xomax — 0.2. B TeyeHne a’poOHOHN CTaguu TeMmepaTypa CpPeIbl MOJKET TOBBI-
matbest A0 80°C, 4TO BBI3BIBACT MHAKTHBAIIMIO W THOENTh MAaTOTEHHOW MHKpPO-
(J10pBI, BUPYCOB, JINYMHOK HACEKOMBIX. TemrepaTypa MOXKET CIYKHUTh IT0Ka3a-
TEJIEM COCTOSIHUSI CBAJIKH. YBEIMYEHHE TEMIIEPaTypbl IOBBIIMIAET CKOPOCTh
MPOTEKaHWE MPOIECCOB NECTPYKIHHA OPTaHUYECKHUX BEHIECTB, HO MPU ITOM
CHIDKAETCA PaCTBOPHUMOCTH KHCIOPO/Ja, YTO ABISETCSA JIMMUTHPYIOLINM (haKTo-
pom. McuepriaHue MOJIEKYJISIPHOTO KHUCJIOPOZA in situ MPUBOJUT K CHIDKEHHUIO
TEIUIOBBIJIENICHUS] Y HAKOIICHUIO YIJIEKUCIOTHI. DTO, B CBOIO O4Yepellb, CTUMY-
JTUPYeT pa3BUTHE B MUKPOOHOW accoUWAIlK CHavajda (aKyJIbTaTUBHBIX, a 3a-
TeM OOJMTAaTHBIX aHadpoOoB. [Ipy aHA’POOHON MUHEpATU3allMK B OTIWYHE OT
a’po0OHOrO TMpollecca YYacTBYIOT pa3HOOOpa3HbIe, B3aUMOJICHCTBYIOIINE MEX-
Ity co0oi MUKpoopranu3Msbl. [1pn 3ToM Bubl, CIOCOOHBIE MCITOIB30BATh Oosee
OKHUCIICHHBIE aKIETOPHI JIEKTPOHOB, MOTYYat0T TEPMOJUHAMUYIECKHE U KITHE-
TUYECKHEe TpeuMymiecTBa. [IponcxoauT mocineqoBaTeIbHO MPOIEcCe THAPOIN3a
MOJIMMEPOB THIIA MMOJHUCAXapHUa0B, JUINUI0B, GGHKOB; O6paSOBaHHbIe Ipu 3TOM
MOHOMEPHI Jajiee PacIIEIUIIOTCS ¢ 00pa30BaHNEM BOJOPO/A, JHOKCHIA yTile-
polia, a TakXKe CHHPTOB M OPTaHWYECKUX KHCIOT. Jlajee mpu y4acTHH METaHO-
TeHOB IMPOUCXOIUT MpoIecC 00pa3oBaHus MeTaHa (puc.7.6).

B pesyinbrare KOMILIEKca IPOLECCOB, TPOUCXOSIIUX TPH OHOIerpaJaluu
COJIEP)KUMOT0 CBAJIOK, 00pa3yloTCs ABa THUIA IPOJYKTOB — (QHUIBTPYIOIIHECS B
MOYBY BOABI U Ta3bl. OUIBTPYIOMIHECS BOIBI, TOMUMO MHKPOOPTaHHU3MOB, CO-
JIepKaT KOMIUIEKC pa3HOOOpa3HBIX BEIIECTB, BKIIOYAass aMMOHUIHBIN a30T, Je-
Ty4YHle >KUPHBIE KUCJIOTHI, alu(aTHYeCKue, apOMaTH4YeCKUE U alMKIMYEeCKHe
COCIIMHEHUS], TEPIEHbl, MUHEPAIbHBIE MAKpO- M MHKPOIJIEMEHTHI, METaJlIbl.
[TosToMy BayKHBIM MOMEHTOM IIPH BEIOOpE W OPTaHU3AINH MECT CBAJIOK SIBIISI-
€TCsI 3aIUTa MOBEPXHOCTH 3eMJIM M TPYHTOBBIX BOA OT 3arps3HeHuil. s 6opb-
05l ¢ unbTparyeil BoJ NPUMEHSIOT MaJIONPOHUIAEMbIE 3aCHIITKU MK CO3/1AI0T
HENpoHHULIaeMble 00O0JIOYKH BOKPYT CBAJIKH HIIM CIICHHAIBHBIE 3arpakICHUSL.
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Puc. 7.6. B3anmoselicTBre MHKPOOPTaHU3MOB B aHAYPOOHBIX YCIOBUIX
3aKITI0YHTENBHON cTaquu Kataboiusma (o K. @opcrepy u E. Cennopy, 1990).
Baxrepuu, norpedusonme: 1 — Hutpatsl, 11 — cynbdarsr; 6akrepun, obpasyromue: 111 — nponuonar,
IV — anerar, V — metan; 6aktepu, katabonupyromue: VI — aMUHOKUCIIOTEI,

VII — MeTunupoBaHHbIE METAJUIOOPTAHNYECKHE KOMILIEKCHI.

BosmoskHO, 9T0 Hanbosee 3 HEeKTUBHBIM CIIOCOOOM MOXKET CTaTh OPTraHU3aLNS
cbopa GMIBTPYIOMKXCS BOJ CBAIOK M yIpaBisgeMas aHadpoOHas mepepaboTka
C NPUMCHCHHUEM KallCJIbHBIX 6H0(1)I/IJ'II)TPOB, AdOPOTCHKOB WJIM ad3pallMOHHBIX
npynoB. B cucremMe a’pallMOHHBIX NPYZOB B TEYEHHE HECKOJBKHX MECSIIEB
MOXHO ynanuTh u3 Box 10 70 % BIIK; B kamenbHBIX OHOGMIBTpax WK CHUCTE-
Max ¢ aKTUBHBIM WJIOM — 110 92 % BIIK ¢ 0THOBpEMEHHBIM H3BJICYEHUEM B pe-
3ynbrate OmocopOumu ceeime 90 % MeTa/uioB (OKenie3a, MapraHiia, IUHKA).
AmnaspoOHast 6noouncrka nozpossier yaaauts 80-90 % XIIK B Teuenue 40-50
nueit ipu 25°C (npu 10°C Benmmunna ynanenust XITK camkaercs 1o 50 %).

buoras, obGpa3yemslii mpu Ouomerpajanuy MaTepuajia CBAIOK, SBISETCS
ICHHBIM SHEPIroOHOCUTEIIEM, HO TaKKE€ MOKCT BbI3bIBATH HCTATUBHBIC SABJICHUSA B
OKpyXaroliel cpene (IypHOH 3amax, 3aKMCIICHHE T'PYHTOBBIX BOJI, CHIIKEHHE
YPOXKAHHOCTH CEJIbCKOXO3SHCTBEHHBIX KYJIBTYp), IOITOMY CIEIYeT OrpaHH4H-
BaTh YTEUKH Iaza. DTO BOSMOXHO NPH MOMOIIY CIIENHATIbHBIX MPUCIIOCO0Ie-
HUM (IIperpajbl, TpaHIIeH, HaIOJHEHHbIE TPaBUEM, CUCTEMBI 3KCTPAKIIMU Ta3a),
MTO3BOJISIIOIINX YNPABIATH IEPEMEICHUEM ra3a, a TakXKe CO3JaHueM HaJl Mac-
CHBOM CBJIOK 000JIOYEK, IPEMATCTBYIOIIHX €r0 yTeUKe.

WuTepec k U3BJICUEHUIO METaHa B IIpolieccax MepepadoTKU CBAJIOK CYIIECT-
BEHHO BO3poc B nocneanue aecarts aer. B CIIA ans stux uneneit nocrpoero 10
YCTaHOBOK, B cTpaHax O6miero peiHka — okoso 40. Co3paHue Takux YCTaHOBOK
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wianupyercs B BenmukoOpuranwnu, SAnonnn, Kanane, seiimapun u ap. Coop u
mocjenyrolee mpuMeHeHne 0ruorasa, 00pa3yeMoro Ha CBajkax B OOJIBIIMX KO-
JIUYECTBAaX, IMEET OTPOMHEIC IMePCIeKTUBEL. Tak, ycTaHoBKa B PoccmaHe B JieT-
Hue Mecansl qaet 1o 40000 M raza B nenp. OOGBEMBI TAKHX YCTaHOBOK 3HAYH-
TENbHBI, [0 10-2010° M°.

Teoperndeckuil BEIXOA METaHa MOXKET cOoCcTaBiATh 0.266 M>/KT CyXHX TBEP-
JIBIX OTXOJOB. PeanbHbIe SKCIIEpUMEHTANBHEIC BBIXOABI OMOTa3a, MOTYYCHHBIC
Ha Pa3MYHBIX JTA0OPaTOPHBIX, MIIOTHBIX YCTAHOBKAX M KOHTPOJIHPYEMBIX
CBaJIKaX, JAIOT CYILECTBEHHBIA pa3dpoOC JaHHbBIX, OT AECSATKOB 10 COTEH JI/KT B
roj. OrpoMHOE BJIMSHHE Ha MPOIECC METAHOTEHE3a OKa3bIBAIOT MHOTHE (haKTO-
pBI, — TemmepaTypa u pH cpeibl, BIaKHOCTh, YPOBEHb adpalliy, XHMUICCKHN
COCTaB OTXOJOB, HATMYHE B HUX TOKCHYECKMX KOMIIOHEHTOB M 1p. ['a3, oOpa-
3yeMBIil Ha CBaJKe, M3BJICKACTCS C TOMOIIBI0 BEPTHKAIBHBIX WM TOPH30H-
TaJILHBIX NEePPOPUPOBAHHBIX TPYO W3 MonudTWIEHA. [IpiMeHeHne BO3ayXO0ly-
BOK M HACOCOB MOJKET MOBBICHTBH CTCIICHb W3BIICUCHUS Ta3za. ['a3 UCIONB3yIOT
U 000TpeBa TEIUTUII, TOMYYSHHS Tapa, a Mocje JOMOTHUTETHHON OYUCTKH €r0
MOJKHO TIepeKadnBaTh M0 TpyOaM K MecTaM MoTpebIeHNS.

Takum 00pa3oM, MOMHMO SKOJIOTHYECKOM, MpoOiieMa HOCHUT JKOHOMHYE-
CKHH XapakTep, TaK KaK KCIIOJIb30BaHHE 00pa3yeMoro Ha CBalIKax Oworasa,
CHIDKAeT MaTepHallbHBIE 3aTpaThl Ha OOpBOy ¢ 3arpsA3HEHHSIMH, OMACHBIMH U
JTypHOMIaXHYITUMH OTXOJaMH.

7.3. BMOOYUCTKA I'A30BO31YIIHBIX BBIBPOCOB

[Tpobnema 6GopbOBI € 3arpsi3HEHNEM BO3AYIIHOTO OacceiiHa B YCIIOBHSX BO3-
pacraromeil TeXHOJIOTHYECKOH AesTeIbHOCTH MprodpeTaeT Bce OOJBILIYI0 OCT-
poty. B Bo3ayxe 0ONBIIMX NPOMBIIUICHHBIX [OPOJOB COAEPKUTCS OTPOMHOE
KOJIMYECTBO BPEAHBIX BENIECTB. [Ipy 3TOM KOHLIEHTpaUs MHOTHX TOKCHKAHTOB
MPEBBILIAET JIOMYCTHMbIe YPOBHH. OCHOBHOM BKJIaJl B 3arpsi3HEHHE aTMOChepbl
BHOCST NpeAnpusiTHs HeTenepepadaThIBarOMed, XMMUYECKOH, NHIIEBOH M
nepepabaThIBalOIIeH MPOMBIIUICHHOCTH, a TaKKe OOJBLINE CEIbCKOXO3SHCT-
BEHHBIE KOMIUIEKCHI, OTCTOMHHKH CTOYHBIX BOJ, YCTAHOBKHU IO OOE3BpPEIKHBa-
HUIO 0TX0/10B. Cpeln ATHX BEIIECTB — OpPraHWYecKue (apoOMaTUYeCKUe U He-
Ipe/iebHBIE YIIIEBOIOPOABI, a30T-, KUCIOPO/-, CEPO- W TAIOTEHCOJEpIKallie
COCIIHeHHUS) M HEOPraHWYeCKUe BENIeCTBa (CEpPHUCTBIA Ta3, Cepoyriiepon,
OKHCIIBI YIJIepoJa, aMMHaK, XJIOPBOLOPOJ, rajorensl). B Bo3aymHbeIx Gacceid-
Hax 60J'II)IJ_II/IX MPOMBIINIJICHHBIX TOPOAOB IMPUCYTCTBYIOT ACCATKU pa3IMYHbIX
COEIMHEHUH, B TOM 4YHCIIe AypHONaxHyIIue, ClIoCOOHbIE JaXKe B HE3HAYUTEIIb-
HBIX KOHIIEHTPALMAX NPEICTABIATE YIPO3y ISl 3M0POBbS, & TAKIKE BBI3BIBATD Yy
JOAEH IyBCTBO AUCKOMGOPTA.

[[J'lﬂ OYHMCTKHM BO3yXa NPUMCHAIOT pa3IMYHbIC METOAbI — (1)1/131/1'-1301(1/[6, XH-
MHUYECKHE M OMOJIOTMYECKHEe, OJJHAKO YPOBEHb W MAcIUTa0bl UX NPUMEHEHUS B
HacTosIIee BpeMs Ype3BEIYaiiHO HaleKu OT TpeOyeMbix. Cpeny IpHMEeHeMBIX
¢u3nIecKux MeTo/10B — abcopOuus mpuMecei Ha aKTHBHPOBAHHOM YTJIE U IPY-
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TUX TOTJIOTUTENSAX, abcopOmms KuakocTsmu. Hanbonee pacrnpocTpaHeHHBIMU
XUMHUYECKUMH MCTOJaMU OYMCTKH BO3AyXa ABJIAIOTCA O30HUPOBAHHUE, ITPOKa-
JIMBaHUE, KaTAIUTUYECKOE J0KUTaHKe, XJIopupoBaHue. buonornyeckne mero-
OBl OYHMCTKH Ta30BO3MYIIHBIX BBIOPOCOB HAYalll MPHUMEHATH CPAaBHUTEIHHO
HEIaBHO, U TIOKa B OTPaHUYEHHBIX MacITadax.

buonorudeckne METOJBI OYMCTKH BO3[Myxa 0a3sHUpPYHOTCS Ha CIIOCOOHOCTH
MHKPOOPIaHM3MOB pa3pymarbh B a’pOOHBIX YCIOBUSIX IIUPOKHH CHEKTp Be-
IIECTB U COSAMHEHHHA 10 KOHEUHBIX MpoaykToB, CO, u H,O. Illupoko m3BecTHa
CIOCOOHOCTh MHKPOOPTAaHU3MOB METAa0O0JIM3UPOBATh anudaTHIeCKHe, apoma-
TUYECKUC, T'CTCPOLUUKIINYCCKUC, allUKIIMYCCKUE U PA3JINYHBIC Cl-Coe[ll/IHeHl/Iﬂ.
MUKpOOpraHu3Mbl YTHIM3UPYIOT aMMHAK, OKUCIISIIOT CEPHHUCTBIN ra3, cepoBo-
nopon u auMmetmicynbdokcua. OOpazyemble cynbhaThl YTHIUIUPYIOTCS APY-
MM MHKpPOOHBIMH BuAamH. EcTb naHHbie 00 3(Q(EKTUBHOM OKHUCICHUU
a’pOOHBIMU KapOOKCUAO0AKTEPUSIMA MOHOOKUCH YTJICPOJia, SBJISIOIICHCS OJ1-
HUM M3 HanOoJiee ONAcHbBIX BO3IYIIHBIX 3arpsisHuTenei. [IpencraBurenu pona
Nocardia >¢¢exTuBHO pa3pymiaroT cTepuHsl u Kewior, Hyphomicrobium —
nuxyiopatan; Xanthobacterium — atan u auxiopatan; Mycobacterium — BUHUII-
XJIOPHL.

Hanbosee mMpOKUM CIIEKTPOM KaTaOOJIIMUECKHX IyTEH XapaKTepu3yIOTCs
MTOYBEHHBIE MUKPOOPTaHU3MBI. Tak, TOIBKO TpeacTaBuTenu poaa Pseudomonas
CHOCOOHBI HCIOJB30BATh B KAdeCTBE €IWHCTBEHHOTO HCTOYHHKA YIIIEPOAa,
cepbl wimn asora cBbie 100 coeaunenuit — 3arpszHuteneii ouocgepsl. boib-
1€ BO3MOXKHOCTH JUISl TOBBIIIEHUS] OMOCHHTETHYECKOTO MOTEHIMAaIa MUKPOP-
TaHU3MOB-JIECTPYKTOPOB TOKCHYHBIX BEIIECTB WMECIOTCS Ha BOOPYXXCHHH Y
MHUKPOOHOJIOTOB M T€HETHKOB, BKJIIOYAs METOMABI TPAIWIMOHHON CENEeKINH U
oTOOpa, a Tak)Ke HOBEUIIINE JOCTUKEHHsI KIIETOUHON U reHETHUYEeCKONH HMHXKEHe-
pun. [lomapnsromiee 4nCIIO TOKCHYECKUX 3arps3HUTENed aTtMocdepbl MOXKeET
OBITh pPa3pymIEHO MOHOKYJIBTypaMH MHUKPOOPTaHU3MOB, HO OoJiee 3PEeKTHBHO
MIPUMEHEHHE CMEIIaHHBIX KYJIbTYDP, UMEIOMNX OONBIINHA KaTaTUTUIECKUH MO-
TEHLWAJ U, CJIEJ0BATENILHO, JECTPYKTYpHPYIOLIYI0 cnocoOHocTh. st paspy-
LIEHUs] TPYAHO YTHIM3MPYEMBIX COSIMHEHHH B psijie CllydyaeB MHUKPOOpPTaHU3-
MBI T[eJIecO00pa3HO alanTHPOBATh K TAKUM CyOCTpaTaM M TOIBKO IMOCTIE 3TOTO
BBOIMTH UX B pabodee Teno JeHCTBYIOMNX YCTaHOBOK.

Jist GMONOrMuecKoil OUYMCTKU BO3JyXa IPHUMEHSIOT TPH THIA YCTaHOBOK:
6rodubTpEI, OMOCKPYOOEPHI 1 OMOPEaKTOPHI ¢ OMBIBAEMBIM clloeM (Tabir. 7.3).

[puanumranpHas cxeMa Ayl OHOJOTHYECKON OYMCTKH BO3Myxa ObLIa Tpes-
noxena B 1940 r. Ilproccom. Ilepoiit 6modunbtp B EBpore ObL1 mocTpoeH B
OPT" coBcem HenmaBHO — B 1980 1. Cnycts Tpu rona, B 1984 r. Tonbko B OPI°
(YHKIMOHHMPOBAIO M HaXOIWJIOCh B CTaauH 3airycka okoiso 240 ycranoBok. Oc-
HOBHBIM JJIEMEHTOM OHMO(MIBTpa Al OYHCTKH BO3AyXa, KaK M BOJOOYHCTHOTO
6uounbTpa, sBisiercst GUIBTPYIOLIMI CII0H, KOTOPBIi COPOMPYET TOKCHYECKUE
BEI[ECTBa U3 BO3ayxa. Jlajee 3TH BellecTBa B pacTBOPeHHOM Buzae auddyHau-
PYIOT K MUKPOOHBIM KJIETKaM, BKJIIOUAIOTCSI B HUX U ITOJBEPraOTCs IECTPYKLIMH.
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Tabnuma 7.3.

Kiaccnpukanusi ycTaHoOBOK 0MOI0rH4eCKOi 0UHCTKH BO3AyXa
(mo U. b. YTkuny u ap., 1989).

“ OcHoBHasl cTaaus Hcrounuk
Tun ycTaHOBKH Pa6ouee Tes10 Bomsit .
pesKM yHaleHHs NpUMeCe]i 13| MHMHEpabHbIX
BO3yXa coneit
buoguremp | Gunsrpytonmii cnoii — | Hupkynstuus 1. lecopOuus Marepuan
NMMOOMIM30BAaHHBIC Ha| BOJBI OTCYTCT- MaTepHaIoM ¢unsTpyromero
[IPUPOIHBIX HOCHUTEIISIX Byer (HIBTPYIOLIETO CIIOS. crost
MHUKPOOHBIE KJIETKH 2. JlectpyKkuus
MHKPOOHBIMU
KJICTKaMH.
buockpyobep | Bopa, aktuBHbIM un | Iupkymsamus 1. A6copOrus B MuHepanbHbIe
BOJIBI abcopbepe BOJI0H. COJIM BHOCSIT B
2. Jlectpykuus BORy
B a9POTEHKE
AKTHBHBIM HJIOM.
Buopeaxmop ¢ | Ummobuimzosannsie | Lupkymsimust | 1. Quddysust uepes | Munepanbhbie
oMbIBAEMbIM Ha MCKYCCTBEHHBIX BOJIBI BOJIHYIO IUIEHKY K COJIM BHOCSIT B
cnoem HOCHTENISIX MHKPOOHBIE MHKPOOPraHU3MaM. BOY
KIeTKH 2. lecTpyKuus B
OHOIOTHYIECKOM CIIOE.

B kagectBe HOcHTENs Il (DUIIBTPYIOLIErO CJIOS HCIIOJIB3YIOT HPUPOAHBIE
Marepualibl — KOMIIOCT, Top® ¥ Ip. DTH MaTepualibl COAEPIKAT B CBOEM COCTaBe
pas3yInuHble MUHEPaJIbHbIE COJIM U BEIECTBA, HEOOXOAMMBIE ISl Pa3BUTUS MUK-
pooprarm3MoB. [TosToMy B OHOGMIBETPEI HE BHOCAT KaKUX-THOO MHHEPATHHBIX
n06aBok. Bo3nyx, mopnexaruil O4MCTKe, OAAETCS BEHTUIATOPOM B CUCTEMY,
MPOXOAUT Yepe3 (GUIBTPYIOIIUN CJION B JIIOOOM HalpaBJICHUH, CHU3Y — BBEPX
wm — Haobopor. [Ipyn 3TOM BO3AYX MOJDKEH HPOXOAMTH 4epe3 BCIO Maccy
¢buIBTpYIOIIETo oS paBHOMEpHO. [loaToMy TpedyeTcs OAHOPOAHOCTH CIIOS
OIIpeeNIeHHasl CTENEHb BIaXHOCTH. ONTUMAaIbHAS Il OYMCTKH BO3yXa BIIaXK-
HOCTh (uibTpytomiero ciosi cocrapiser 40—60 % or Beca Marepuanga HOCHTeE-
ns. Ilpy HemocTaTOUHON BIIAKHOCTH MaTepHaia (HUIbTPYIOIIETO CJIOS B HEM
00pasyroTcsl TPEIHHBI, MaTEpPHAN TIEPECHIXAET. JTO 3aTPyAHSIET IPOXOXKICHUE
BO3IyXa M CHIDKAaeT (PU3MOIOTHYECKYI0 aKTHBHOCTH MUKPOOPTaHH3MOB. YB-
JaKHEHHE MaTepuana oOecreuyrBaeTCs paclbUIEHHEM BOJbl HAa MOBEPXHOCTH
¢ubTpytomero cios. [Tpu n30BITOYHON BIAYKHOCTH B TOJIIE CJIOS IPOUCXOTUT
o0pa3zoBaHue aHA3POOHBIX 30H C BBICOKHM a3pOAMHAMUYECKHAM COTPOTHBIICHHU-
eM. B pesynbTare cHIXKaeTCs BpeMsi KOHTAKTa IIOTOKA BO3AyXa C HOTTIOTHTENIEM
u nagaeT 3pPEeKTUBHOCTh OUYUCTKU. B Tome gunbrpyromei Macchl He JOJKHO
00pazoBbIBaThCs Oo0Jiee TUIOTHBIX 30H MM KOMKOB Marepuajia, YTO BO3MOXKHO
IIPU UCIIONIb30BAaHUN KOMITIOCTA, TaK KakK MPH 3TOM CHIDKAETCs yAENbHasl IIo-
I1a/1b IOBEPXHOCTH (HIBTPYIOIIETO clIod. B MaTepuane He TOHKHO BO3HHUKATh
TEMIICPATYPHBIX I'PAJUCHTOB, a TAKKE HC HOJDKHO MPOHUCXOAUTH PE3KUX U3ME-
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nenuit pH cpenbl. [ToaTomMy TemneparypHblii pexxuM B OHOPUIBTPE NOIEPIKHU-
BaeTCs MOCTOSIHHBIM. J[Jis 3TOr0 BO31yX, MOJaBaeMblil B OMO(UILTP, MOIOTPe-
BaeTcsl, yCTAaHOBKA B LIEJIOM TEPMOCTaTUPYETCSI.

Jus obecriedeHus cTaOMIbHON paboThl OMOGUIBTPOB CleayeT COONI0NATh
KOMIIIEKC Mep, BaKHEWIIMMH W3 KOTOPBIX SBIAIOTCA clexyromue. Bo3myx,
NOZIaBaeMbIii Ha OYUCTKY B OMOGHIBLTP, IPEIBAPUTENBHO YBIXKHSIOT B OHO-
CKpyOOepe 10 oTHocuTenbHOU BiaxHocTH B 95-100 %. Ilpm 3anonHeHUM
(UIBTPYIOIIETro CIOS Ul CHIKCHUS adpOAMHAMHYECKOTO CONPOTHBIICHHS B
MaTepuall Jo0aBIAIOT TpaHynsl (quamMerpoM 3—10 MM) M3 CHHTETHYECKHX IO-
JIMMEPHBIX MaTCpUaJIoB (HOJII/I3TI/lﬂeHa, HOJ'II/ICTl/IpO.]'la), a TaK>XX€ 4aCTHUIlbl aBTO-
MOKPBIIIEK, aKTUBHPOBAHHBIH yroiab. Macca nobGaBok cocrammser ot 30 10
70 % ot Macchl pUIBTPYIOLIETO MaTepHaa.

14 mpenoTBpaleHns Pe3Koro 3aKUCIIeHHs MaTepuaia QHIBTPYIOLIEro CIIos
B X0JIe TpaHC(opMalMi OpraHUKH B HErO JOOABIISIIOT M3BECTHSK MIIM KapOOHAT
kanpiust B kommdectBe 2—40 % ot Beca Hocutens. C 1ebl0 M30€XKaHUS CUTYa-
LU, KOTJla MUKPOOPTaHM3MBI, BXOIAIINE B COCTaB pabodero tena OHOQMiIbTpa,
MOTYT WHIMOHMPOBATHCSI TOKCHUECKMMHU BEIIECTBAMM B PE3yJbTaTe, HANPUMED,
3aJIMOBBIX BEIOPOCOB, B MaTeprajl BHOCAT aKTHBHUPOBAHHBIN YToJib, 10 250 KI/M.

D¢ dexTnBHOCTh PabOTHl OMOPUIBTPA ONpeNeNseTcs ra30JMHAMHYECKUMHU
napamerpamMu (pUIBTPYIOLIETO CJIOS, CHEKTPOM M KOHIEHTpauueH IMpUCYTCT-
BYIOIIMX B BO3JyX€ BEIIECTB U (pEPMEHTATHBHON aKTHBHOCTHIO MHKPOPIaHU3-
MOB-/IECTPYKTOPOB. [Ipr 3TOM CKOPOCTH yAaleHHs BPEIHBIX PUMECEH U3 BO3-
Jyxa B Iporecce OMOOYMCTKH MOXKET JIMMHTHPOBAThCA Kak nuddysueil Be-
IIECTB M3 Ta30BOH (a3el B OMOKATATUTHYCCKHNA CIIOW, TaK U CKOPOCTBIO TIPOTE-
KaHWsl OMOXMMHUYECKUX PEaKIuii B MUKPOOHBIX KieTkax. [Ipu BbICOKOH BXOI-
HOM KOHLEHTpAlUWU BPEIHBIX BEIIECTB B BO3JyX€ MPOLECC UX NECTPYKLUHUU B
XO07ie IPOXOX/ICHNsI OTOKa yepe3 puibTpyroummii ciioil HepaBHOMepeH. CHava-
J1a pa3pymalTcs JIETKOIOCTYIHbIE BEIIECTBA, M TOJIBKO B KOHIIE MpoIiecca Ha-
YMHAETCs Pa3pylleHne TPyIHOAETpaIupyeMbIX coequHeHni. Tak, mpu npucyT-
CTBHH B BO3[yX€ B KaueCTBE BPEIHBIX IPHUMECEeH KOMIUIeKca coeuHeHui (Oy-
TaHoJIa, dTWJIAIlETaTa, OyTWiIaleTaTa M TOJIyoJla) TOCIEeIHUHA YTHIM3UPYETCs
MHKPOOPTaHU3MaMH TOJIBKO TOCIIE OKHCIIEHHUS BCEX OCTATIBHBIX BEIIECTB.

CrannoHapHOe COCTOSIHME W HanboJiee BBICOKasi CKOPOCTh OMOOYHMCTKH Ha-
CTYIAIOT CIYCTS HEKOTOpPOE BpeMs mocie 3amycka Ouodmistpa. Tpebyercs
HEKOTOPBIA MEpUo Ul CO3PEBAHUS M aJaNTallil MHUKPOOHOJIOTHYECKOTO Iie-
HO3a. JTenpHOCTh eproja afanTaliy 3aBUCUT OT KOHLICHTPALMH BEIECTB B
BO3JyXe U MHUKPOOHOrO Iei3axa B 1u((Hy3nOHHOM cJI0€ M MOXKET COCTABIATDH
OT HECKOJIBKHX YaCOB 10 HCCKOJIbBKUX HCE/CJIb. KOHIJ,eHTpaL[I/Iﬂ MUKPOOpraHus-
MOB B XOJI€ OYMCTKH BO3PACTaeT ¥ MOXET CTaTh M30bITOUHOU. [ToaToMy nepuo-
JUYECKH MaTeprasl (pUIbTPYIOLIETO CIIOSl MPUXOAUTCS OOHOBIATH. JTHTEINb-
HOCTh LIUKJIOB JJOCTATOYHO BEJIMKA U COCTABIISIET HECKONIBKO JIET.

[MpuHimn GpyHKIMOHUPOBaHUSI OMOCKPYOOEPOB OTIMYAETCS TEM, YTO HPOLIECC
OYHCTKHM BO3JyXa peajn3yercsl B ABE CTAJUM B JIBYX Pa3IMYHBIX ycTaHOBKax. Ha
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IIEPBOM 3Tare B abcopOepe TOKCHUECKUE BEIIECTBA, HAXOAAIIMECS B BO3IAYXE, a
TaKKe KUCJIOPOJ, PaCTBOPSETCS B BOJE. B pesynbrare BO3yX BBIXOIUT OUYMILEH-
HBIM, a 3arpsi3HEHHAs BOJa JaJiee CIeAyeT Ha OYHMCTKY. [IpUMeHsIoT pa3nudHble
TUIEI abcopOepoB (0apOOTaXHBIE, HACATOYHBIE, PACTIBLTUTENBHBIE, (POPCYHOUHEIE
u T.1.). Llenb KOHCTPYKIMOHHBIX yCOBEPIICHCTBOBAHUI 3aKIIFOUAETCS] B yBEIIHYE-
HHH TUIOILA/IM TTOBEPXHOCTH pasena (a3, ra30Boi U KUIKOCTH. DTO ONpeessieT
sddexTnBHOCTL abcopOIMKU. Ha BTOpOit cTagun 3arps3HeHHas! BOAA MOCTYyHaeT B
a3pOTEHK, TAe OHa pereHepupyercs.. OUnIneHne BOABI B @3POTEHKE IPOUCXOIHUT
IO OOBIYHOHN CXEME C yJacTHEM KHCIIOpoJa. B Xoze ounCTKH CI0KHbIE OpraHHu-
YeCKHe BELIECTBA OKUCIIAIOTCS MUKPOOPraHUu3MaMu, (hOPMHUPYIOIINMHU aKTUBHBIN
W1, 10 KOHEYHBIX POAYKTOB C 00pa3oBaHHEM OHOMACCHI.

BropeakTop ¢ oMbpIBaeMBIM Cll0eM: pabOYMM TEJIOM 3TOH OMOCHCTEMBI SB-
JSIFOTCS IMMOOMIIM30BaHHBIE MUKPOOPraHn3Mbl. bruocioil peakropa mpencras-
JISIeT COOOW TpaHylibl ¢ UMMOOMIIN30BAaHHBIMH MHKPOOHBIMH KJIETKaMHU. DTOT
CJIOM OMBIBAeTCsl BOAOH, copepamied HeoOXOIUMBIE ISl Pa3sBHTHUS KIETOK
MHUHEpaIbHBIC BEIIECTBA. 3arpsS3HEHHBIH BO3AYX IIPOXOJUT 4epe3 HEro, HpH
3TOM BELIECTBA, MOAJIEXKAIINe AeCTPYyKIUH, TUGYHANPYIOT B BOAHYIO IUICHKY,
MOKPBIBAIOIYIO YacTUIbI OMOKATaIM3aTopa, U Aajee OKUCISIOTCS MHKpPOOpra-
HU3MaMHu. CKOPOCTh AECTPYKLUH MOXKET JUMHUTHPOBATHCSI CKOPOCTHIO U dy-
3MM BEIIECTB M3 Ta30BOH (ha3bl B XKHUAKYIO, a TAKXKE CKOPOCTHIO NMPOTEKAHUS
peakuuii B MUKpOOHBIX KiIeTkax. CkopocTh qu¢dy3un, B CBOIO O4epesib, 3aBU-
CUT OT NPUPOJAbI TOKCHUYCCKUX BEIIECTB U UX KOHLIeHTpaIJ,PIﬁ. CTaLIPIOHapHI:Iﬁ
PEeKHM OHOpeakTopa ¢ OMBIBAEMBIM CJIOEM IIOCIIE €T0 3aIlyCKa HACTyIaeT yepes
5-10 gneii. ITpu ucnonap30BaHUM 3apaHee aJallTUPOBAHHBIX K OYHMIIIAEMBIM Be-
IIECTBAM MHUKPOOPTAaHU3MOB 3TOT CPOK MOXKET OBITh COKPAILEH 10 HECKOIBKUX
yacoB. [lepuoguueckn, 0OBIYHO pa3 B HECKOJIBKO MECSIEB, OMOCIION OYUIIAIOT
0T M30BITKAa OMOMACCHl M HAIOJIHSIOT CBEXHUMH I'PaHyJIAMH.

OcHOBHBIE TpeOOBaHHA, NPEIBSIBIIEMbIE K YCTaHOBKAM OHMOIIOTHYECKOM
OUYMCTKH Ta30B, 3aK/IIOYAIOTCSI B MIPOCTOTE M IKCILIyaTallHOHHOW HAJEKHOCTH
KOHCTPYKLIMH, BBICOKOM YJEJIBHON MPOU3BOAUTEIBHOCTU U BBICOKOHM CTENEHU
OYHCTKHU. YIeNnbHas NPOU3BOIUTEILHOCTh YCTAHOBKH M3MEPSIETCSl OTHOLIEHHEM
o0beMa Bo3Iyxa, IPOIISAIIEero Yepe3 Hee 3a | 4., K 00meMy 00beMy YCTaHOBKH.

MacmraObl TPOMBIIIIIEHHOTO NPUMEHEHHsST METOJO0B OMOJIOTMYecKON Odu-
CTKM BO3JyXa B HacTosilIee BpeMsi BecbMa He3HauuTellbHbl. Hanbonee pacrpo-
CTpaHEHHBIM THIIOM YCTAHOBOK SIBJISIOTCS OMOGMiIbTpel. OHU 1OCTaTOYHO Jie-
IIEBBI, MAJIOYHEPTOEMKH, TPEOYIOT HE3HAUUTENbHBIX PacXomoB Bozabl. OIHAKO
TIPOM3BOIUTENHHOCTD OGHODUIHTPOB CPABHATEIBHO HEBBICOKA, — OT 5 710 400 M
OUHIIAEMOr0 BO3AyXa Ha 1 M’ IOMEPEUHOro CedeHHs GUIBTPYIOMIEro CIOs/d.
I'maBHBIM 00pa3oM, 3TO ONpenensieTcss HU3KUM COJIep)KaHHEM MHKPOOpPIaHU3-
MOB B eIuHHIE 00heMa MaTepHalia (QIIBTPYIOIEro cios. Beicota Onodmipt-
POB u3-3a TpeOOBaHMUI OJHOPOJHOCTU CTPYKTYPBI U Ta30IMHAMHUYECKUX OTpa-
HUYEHUI HeBesnKa (OKOJIo 1 M), HOATOMY OHM 3aHUMAIOT OOJIbIIKME TUIOLIAIH
(ot 10 10 1600 M?). CTeneHb OUHCTKH BO3MyXa B GMO(HIBTPAX — JOCTATOUHO
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BbICOKa. Hampumep, ncnonp3yemsie B cenbckoM xo3siicTBe OPIT GnoduiasTpsl
obecnieunBaror 90 % OYMCTKY BO3[yXa OT JQypHOIaxHylied opranuku. [1oBbI-
menue 3 (HekTHBHOCTH pabOThl OHMOMUIIETPOB CBS3aHO C CO3AAHHUEM YCTaHO-
BOK, B KOTOpPBIX obecrieunBaeTcs Ooiiee paBHOMEPHOE MPOXOXKACHUE BO3AyXa
yepe3 pabouee Teno ycranoBku. Tak, B OPI" ¢pupmoii «epOypr Beiis» paspa-
60oTaH OMOGUIBTP, Yepe3 KOTOPbIH CBEpXy BHU3 MPOTHBOTOKOM K BBOAMMOMY
CHH3Y BO3AyXYy MPOXOIUT TOHKO H3MEIBYCHHBIH KOMITOCT, TIOJYYCHHBIH MPU
mepepaboTke Mycopa ¥ mnramMa. KoMIOCT BEITpY)KaeTcsl Ha JHO YCTaHOBKH U
TPAHCIOPTEPOM BHOBB IMOJAETCS B BEPXHIOIO YaCTh YCTAaHOBKU. TaKOW ABHXKY-
UIMKACS OMOJIOTUYECKH AKTUBHBIA KOMIIOCT OOECICUMBACT PAaBHOMEPHOE IPO-
XOXJICHUE Yepe3 HEero OYMIAacMOTo BO3/yXa; CTCIICHb M3BJICUYCHUS U3 BO3yXa
n-ajKaHoOB, TOJyoOjla, CepoBOIOpoAa cocTaBisteT 96.7-99.9 %. Ilosbimenne
3¢ pekTuBHOCTU PabOThl OHOPHUIBTPOB, OE3yCIOBHO, CBSI3aHO C MOBBIILIEHHEM
9HEpro3arpaT Ha MPOLecc OMOOYUCTKH.

Brockpy00ephl 10 CpaBHEHUIO ¢ OMODMIETPAMU 3aHUMAIOT MEHBIIYIO TLIO-
mIaab, TaK Kak MPEICTaBIBIIOT cO00M OalrHN BEICOTON HECKOJIBKO METPOB. JKC-
IUTyaTallMOHHBIE 3aTPAThl IPU UCIIOJIB30BAaHIH OHOCKPYOOEpOB BHIIIE, TaK Kak
npoiiecc OMOOYUCTKH BOJBI TPEOYET CYIIECTBEHHBIX 3aTpaT. [IpuMeneHue 6uo-
CKpy00epoB 3(h(HeKTUBHO TPH HAIMYHH B BO3AYXE XOPOIIO PACTBOPUMBIX TOK-
CHYECKHUX BemiecTB. [Ipon3BOAUTEIHFHOCTh OMOCKPYOOEpOB CYIIIECTBEHHO BHIIIIE
[0 CpaBHEHHUIO ¢ OnoduiabTpamu, pu 3TOM 3H(HEKTHBHOCTH OYMCTKU TAKIKE
BbICOKa (Tabn. 7.4). Hampumep, mpuMeHeHHE OHOCKpYOOCpOB Ui OYMCTKH
OTXOJISIIUX Ta30B METAJUTYPrHYCCKUX MPEANIPUATHH TaeT CICAYIONINEe MoKa3a-
Tenu: mpom3BoauTeIbHOCTE 120 000 M3/q, CHIDKEHHE HMHTECHBHOCTH 3aliaxa
BO31yXa OT 75 1o 85 %, creneHs KOHBEPCHUHU OopraHmdeckux npumeceid — 50 %.

HawnGornee nepcrieKTHBHBIME U1l OYMCTKH BO3/yXa SIBISIOTCS OMOPEaKTOPHI
C OMBIBa€MBIM CJIOEM. DTH YCTaHOBKH, NMPAKTHYCCKH HE YCTyIas B CTCIICHU
OYHUCTKH, XapPaKTEPU3YIOTCA 00JIee BHICOKOW yNENBbHOW MPOU3BOIUTEIFHOCTHIO

Tabauma 7.4
ITapameTpbl YCTAHOBOK OHOOYHCTKH BO31yXa
Ha 00beKTaX HHTEHCUBHOTO :KNBOTHOBoACTBa ®PT" (o B. Brauer, 1984)

Pabounit VY nenvHas Crenens | Ilorepu | Pacxon | YnenbHslit
VYcraHoBKa 00beM, |IPON3BOAUTENBHOCTD, [ OYUCTKH, | AABICHHUS, | BOABI, |pPacXOi BOJBI
M g % H/™? 1/cyT. B CYTKH

Buopunstp ¢
KOMITOCTOM 228 88 92 1700 510 1.8107

Buodunstp ¢
BOJIOKHUCTBIM

Tophom 19.5 564 66-90 55 48 25107
Buockpy6bep | 44.4 900 97.5— 1200 9600 0.2
99.7

BuopeaxTop ¢
OMBIBaBaE€MbIM
croeM 1.5 5000 60-90 170 48000 23
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(HECKOIBKO THICAY KyOOMETPOB OYHMIAeMOro Bo3ayxa B 4yac). Takue manmoraba-
PHUTHBIE YCTaHOBKM O4€Hb 3((EKTHBHBI JJIsI OUYUCTKU BO3AYyXa HPEANPHUSTHN
MHTEHCHUBHOTO XMBOTHOBOJCTBA. CTENEHb OUYMCTKU BO31yXa B PEaKTOpe C UM-
MOOMIIM30BaHHBIMH Ha aKTUBUPOBAHHOM YTJIe MUKPOOPTaHU3MAaMH OT aIleTOHA,
OyTaHOma, IPOITMOHOBOTO allBAETUAA, 3THIaneTara focturaet 90 % npu ynens-
HOI POM3BOUTEIBHOCTH yeTaHoBKH 10 000 u ',

Onwmcanbl Jpyrue IMOAXOAbI Il OYMCTKH BO3/yXa, HalpHMep, Ha OCHOBE
pacTyieii CycreH3uu MAKpOOpraHum3MoB. [Ipomyckanie Bo3ayxa, HaCHIIEHHO-
IO CEPOBOJIOPOJOM, CEPHUCTHIM AHTHAPHIOM M MapaMH CEPHOW KHUCIOTHI, 4e-
pe3 UHTCHCUBHYIO KyJIbTypy MHKpoBogopociu Chlorella, umeronyro O0JIbIIyIO
MMOBEPXHOCTh KOHTAKTa CYCIICH3UH C BO3IyXxoM, obecrieunBaeT 100 % ouncTky
BO3/IyXa IIPH IPOM3BOAMUTEILHOCTH YCTAHOBKH 10 1 MITH. M°/d.

W3BecTHBI crOCOObI KOMIUIEKCHONH OYMCTKU CTOKOB M 3arpsS3HEHHOTO BO3-
Ayxa oT aﬂl/l(l)aTI/l‘leCKl/IX KHUCJIOT, COMPTOB, aJlbACTUAOB U YTJIEBOJOPOJIOB B
a’pPOTEHKE C aKTUBHBIM MJIOM. IloKka3zaHa BO3MOXHOCTh d(QEKTUBHOI OYHCTKH
OTXOJISIIIET0 BO3AyXa psiaa GpapManeBTHICCKAX IPOU3BOJCTB HA OCHOBE HMMO-
OMIM3MPOBAaHHBIX MHUKPOOHBIX KIETOK. lIpOW3BOOMTENHHOCTh YCTAaHOBKH IIO
aueToHy focturaer 164 r yruepona/m’-u; 57 r/m’-4 1o cMecH 3TaHON + mpoma-
HOJ 1 15 /M4 o muxmopsTany. JIist IeTOKCHKALMN [MAHKA B IIPOMBIIILICH-
HBIX Bbl6p008.X MPEAJI0KCHbBI 6I/IOJ'IOFI/I'-ICCKI/IC METOAbI, BKIIOYasd MPUMCHCHUC
Pa3IMUHBIX OMOJIOTHYECKHX areHTOB, OT aKTHMBHOIO WA JO CIEHU()UYECKUX
(epMeHTOB, pa3pylIamuX IHWaHuABl. Tak, panmaHa3a, oOHapyXeHHas Yy
Bacillus stearothermophilus, karanusupyer npeBpalieHue [UAHUAA B THOLMA-
HaT, a IMMOOWJIM3UPOBaHHAs [[MaHUITUApaTa3a HAPOIU3yeT HaHu 10 dop-
MaMuJa.

OOpazyromuecss BO MHOTHX IIPOM3BOACTBEHHBIX IIPOIECCAX BOCCTAHOBIICH-
HBIE COCTUHEHHs Cephl (THOCYIb(haT, CEpOBOIOPOM, METHIMEPKANTAHBI, JAUME-
TWICYTBb(GUIT) MOTYT CIIY>KUTh HCTOYHHKOM DHEPIHH JJISI MHOTUX MHKPOOPTaHH3-
MOB:

Thiobacillus

H,S + O, H,SO,.

(CH,),S + 5 O , —fhphomicrobium_ » 0, + H,S0, + 2 H,0.
OIH U3 METOJIOB OYMCTKU OT CEPOBOJIOPOJIa COCTOUT B MPOITYCKAHWUHU BO3ILY-
Xa 4yepe3 coseBoi pactBop Mexu. OOpaszyeMblii B pe3ysibTaTe 3TOr0 HEPacTBOPH-
MBIH CyIb(UA MeTaluia Jajee MOXKET OBITh OKHCIIEH IPH yYacTHH MHKPOOpra-
HU3MOB. BO3MOXKHO co3/jaHue CHCTeMbI OMOOYMCTKY BO3IyXa OT CEpOBOJIOPOAA, a
TAKXC OpFaHl/I‘leCKI/lX COCI[I/IHCHI/Iﬁ Cepbl C UCIIOJB30BAaHUCM THOGaHI/IﬂH; HpH aHa-
SPOOHBIX YCIOBUSX AECYJIb()YPHUPOBAHKE COIIPSHKEHO C NEHUTpU(UKaLUei:

5 st +8 NaNO:; —>4 Nast4 + HzSO4 +4 Hzo +4 Nz.
(CH3)ZS +4 NaNO; — 2 CO, + Na,SO,4 +2 NaOH + 2 H,O + 2 N..
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Takum 00pa3oM, B HACTOAIICE BPEMS B MPOMBIILICHHBIX MaciuTadax MmpH-
MEHSIFOTCS JJOCTaTOYHO 3()()EKTUBHBIE OMOJOTHUECKUE MPOIECCHI ISl OUUCTKH
ra30BO3YIIHBIX BEIOPOCOB. CYIIECTBYIOT peabHbIC HAyYHBIC OCHOBHI JIIS pa3-
pabOTKK ¥ BHEPEHHS HOBBIX METO/IOB OMOOYUCTKH.

7.4. BUOJAEI'PAJJAIIUSAA KCEHOBUMOTHUKOB

KcenoOnotukn — gy>kepoaHble Ui OPTaHW3MOB COCIMHEHUS (IIeCTHLIUIBI,
ITAB, kpacuTeny, JJeKapCTBEHHBIC BEIECTBA U MP.), KOTOPBIC MPAKTHUECKU HE
BKITIOYAIOTCS B DJIEMEHTHBIC IUKJIBI yIIIepoa, a30Ta, cepbl i docdopa. Kee-
HOOMOTHKY BPEMEHHO HITH [TOCTOSHHO HAKAIUIMBAIOTCS B OKPYXKAIOIIEH cpere U
BpEHO BIHUSIOT Ha Bee kuBoe. [llnpokoe U nmoBceMecTHOe IPUMEHEHUE MECTHU-
oua0oB, B TOM YHUCJIC HEpaA3jaracMbIX, HAKOIUICHUC Pa3JIMYHBIX OTXOJAO0B B OI-
POMHBIX KOJHYECTBAX IPHUBEIO K IMIUPOKOMY PACIPOCTPAHCHHUIO 3arpsA3HCHHUS
OKpYXaloliel cpelbl — HeAp, BOIbI, BO3ayxa. HakoruieHHe KCEHOOMOTHKOB
MIPEACTABISIET OIPOMHYIO OIMACHOCTD JUISL YE€JIOBEKa, YIOTPEOISIONIEro B MHIILY
KPYIHYIO PbIOY U BBICHIMX YXHBOTHBIX.

Cynp0a XMMHYECKHX COCIUHEHUH, MONMAAar0IIAX B OKPYKAIIYIO CpeLy,
OTIpeIeNIIeTCA KOMIUIEKCOM (PU3MYECKX, XUMHUIECKIX H, 0COOeHHO, OHOI0-
ruueckux (akrtopoB. Jlerpajanusi KCEHOOMOTHKOB MOXET HPOMCXOJIUTH B
peE3yabTaTe (1)[/13[/['-1601(1/[)( N XUMHUYCCKUX NPOUECCOB U CYHIECCTBCHHO 3aBUCUT
OT THUIIA MOYBBI, €€ CTPYKTYPHI, BIAXKHOCTH, TEMIEPATyphl U Tp. bronormue-
ckas TpaHchopMaius COSIUHEHUH, MOMABIIMX B OKPYKAIOLIYIO Cpeay, MO-
KET MPOTEeKAaTh B pa3IMYHbIX HANpaBJICHUSIX, NMPUBOJS K MHUHEpaIU3alUH,
HaKOIJICHUIO WJIN MTOJIMMEPpHU3alluu.

Tak, mpuMepHbIe 3HAYCHUS KOA(PGUIMECHTA YBEIWYCHUS KOHIICHTPAIMH
AT (muximopaueHmITPUXIOpITaHa) TAKOBEIL:

Bognas cpena | 10°
5
| DUTOTIIAHKTOH |
1 2
| 300IIaHKTOH |
5
| Menkas pbiba | 10°
1
| KpynHas pei6a | {
| XWIIHBIE NTHIBI | 10°

KceHoOnOTHKH, KOTOpBIE MOIBEPTratOTCs MOTHONW AErpajalui, TO €CTh MHU-
HEPAIM3YIOTCS JI0 JUOKCHIIA YIJIepoja, BOJbI, aMMHaka, cyibhaToB u docda-
TOB, UCIIOJIB3YIOTCSI MUKPOOPIaHM3MaMH B Ka4eCTBE OCHOBHBIX POCTOBBIX CyO-
CTPATOB W MPOXOIAT IOJHBINA MeTabommieckuii mukiI. YacTuaHas TpaHcpopma-
LS COEIMHEHUH MTPOUCXOANT, KaK MPABUIIO, B MpoIieccax KOMETab0IM3Ma TN
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COOKHUCIICHHS M HE CBfA3aHA C BKIIOYEHHEM 00pa3yeMbIX MPOAYKTOB B MeTabo-
JMYECKUH IMKI MHKpoopraHuMamu. HakoHel, HEKOTOpbIE apoMaTH4YeCKHe
YIJIEBOJIOPOABI ¥ CHHTETHUECKHE TIOJIMMEPHI BOOOIE HE MOJIAI0TCS OMOJIOTH-
4ecKOi TpaHchopMaIiim:

KceHobuoTmk

Buonoruyeckas
TpaHcdhopmauus

MwvHepanusauus Hakonnexve Monumepunszauns

[ToBenenne KCeHOOMOTHKA B IPUPOJE 3aBHCHUT OT MHOTHMX B3aMMOCBSI3aH-
HBIX (DaKTOPOB: CTPYKTYPHI M CBOMCTB CAMOI0 COCIMHECHUS, (PU3UKO-XHUMHYEC-
KUX YCJIOBHH Cpeibl M ee OMOKAaTaIUTHYeCKOTo MOTEHLHaNa, ONpelesieMoro
MHUKpPOOHBIM Meii3axkeM. Bee 3TH (hakTOpbl B COBOKYITHOCTH ONPEAENSIOT CKO-
POCTh U TiIyOuHY TpaHchOpMaly KceHoOnoTHKa. Henp3st 3a0bIBaTh 0 TOM, YTO
Ouosormyeckas Aerpajanusi KCCHOOHMOTHUKOB OINpaB/aHa TOJBKO TOT/A, KOrna
IPOUCXOANT UX IOJHAS MHHEpaIHM3alys, pa3pylieHHe W AETOKCHKamus. ITo
MOXET OBITh JJOCTUTHYTO B pe3yJIbTaTe BCEro OJHONW MOAM(DUKALNU CTPYKTYPBI
coennHeHus. OHAKO YacTo B XOA€ AErpajallii IPOUCXOJUT CepHsl MMOCIeo-
BaTEJIbHBIX MOAU(HKALMI HCXOMHOTO COCOMHEHUS C Y4acTHEM HECKOJBKHX
MHKPOOHBIX BHIOB. BaxkHylo pojb B yIaneHHH KCEHOOHMOTHKOB U3 OKpYXKaro-
e Cpelbl UrPAIOT Pa3HOOOPA3HbIC TUIBI MHUKPOOHOTO MeTabonu3ma. B mpu-
POIHBIX YCIIOBHSIX Ha KCEHOOMOTHKH BO3JIEHCTBYIO0 MUKPOOHbIE coolIecTsa. B
HHUX TIPOSIBIISIFOTCS Pa3JIMYHbIe THITBI B3aUMOJCHUCTBUS: KOOIepaLys, KOMMEH-
caiuM3M, B3auMoONoMomb. MMeHHO Onarofaps TeTepOreHHOCTH INPUPOJHBIX
MHUKpPOOHBIX COOOLIECTB KCEHOOMOTHKH B MPUHIIMIIE MOTYT ITOJBEpPraThcs OHOo-
Jerpajanyy, a HaIM4ue B MUKPOOHBIX COOOIIECTBAX B3aHMOCBSI3aHHBIX METa-
OONMMYECKUX MyTeH pa3pyIICHHs] TOKCHHOB SBIISIETCS OCHOBOHW Ui OOPBOBI C
3arpsA3HeHUEM OKpyskaromieil cpensl. EcTb nBa myTn s 60pbOBI ¢ 3arps3HeHHU-
eM Orochepbl KCCHOOMOTUKAMU: COOP M IETOKCUKAIIUS KCEHOOMOTHKOB JI0 MO-
MEHTa TONAJaHHs B OKPYKAWIIYI0 Cpely W TpaHchOpMauus Wi YAaleHUE
KCEHOOHOTHKOB, MOIABIINX B CPELy.

B03MOXHOCTH MHKPOOHBIX COOOIIECTB B OTHOLICHHH JleTpaJallid MHOTHX
TOKCUYHBIX COCJMHEHHMH 3HAYMTENbHBI. Jl0Ka3aHO, YTO NpPHU MOBTOPHOM IIOIa-
JaHUM B CpeIy MHOTHUX XMMHYECKHX COCIAMHCHUI BpeMs 0 Hayaia UX TpaHC-
¢dopmanin (Tak Ha3bIBaGMbIil aJanTallMOHHBIA IIEPUOJ MUKPOOPTaHU3MOB IO
OTHOILEHUIO K JaHHOMY cyOCTpaTy) 3HaYMTEIBHO KOpOdYe, IO CPAaBHEHMIO C
MEpPBBIM I0TIAIAHMEM ITOTO COeIUHEHHs. B TeueHue 3Toro nepruoja MUKpOOp-
TaHU3Mbl B XOJ€ aJalTallMl K TOKCHYECKOMY COEAMHEHHIO, KaK cyOcTpary,
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CEJIEKTUPYIOTCS TI0 CTIOCOOHOCTH JIerpaupoBaTh JaHHBIA cyocTpar. B pesynb-
TaT¢ €CTCCTBCHHLIM ITYTCM BO3HUKAIOT MI/le06HI)Ie MOomyJidlu, KOTOPBIE, KaK
0Ka3aJI0Ch, MOT'YT COXPAHSTHCS B NIOYBE B TEUECHHE HECKOJIBKUX MECSIIEB I1OCTIE
TIONTHOW [NleTpajallid TOKCHKaHTa. [103ToMy K MOMEHTY HOBOTO ITOCTYIUICHHS
9TOTO COEAMHEHUS B MOYBY B HEH yXKe IMPUCYTCTBYIOT aJalTHPOBAHHBIE MUKPO-
OpraHU3MBbI, CIIOCOOHBIE aTaKOBaTh TOKCHKAHT. Takum oOpa3om, mocie nomajia-
HUS KCEHOOMOTHKOB B OKPYXKAIOIIYIO CPEIy M3 ITOYBBI MOXKHO BBLICIUTH MHK-
pOOHBIE BHIBI, CIIOCOOHBIE NETPaAupOBaTh KOHKPETHBIE KCEHOOMOTHKH M Jaliee
Cpeiy HUX BECTH CENIeKIMIO Ha YBEIMYEHHE CKOPOCTH AETpaganii. ITO BO3MOX-
HO pa3iM4YHBIMHM NYTSMH: OTOOPOM KOHCTHTYTHBHBIX MYTaHTOB, OTOOPOM Ha
TeHHYI0 JYIUIMKAlMI0 ¥ Ha OCHOBE MeXaHHW3Ma IlepeHoca reHOB. [loBbiieHne
JETpaupPYIONIe CIIOCOOHOCTH BO3MOXKHO TarkkKe B pe3yJIbTaTe CTUMYILIINH €C-
TECTBEHHOU MMOYBEHHOW MUKPOQIIOPBI, Y)Ke aIaliTHPOBAHHOM K TOKCHKaHTaM.

[Tpn momajgaHuK HOBBIX BELIECTB B OKPYXKAIOILYIO CPEAy MOXKET MPOHUCXO-
JUTh TPUPOJHOE TE€HETHYECKOe KOHCTPYHPOBAaHUE, B PE3yJbTaTe KOTOPOTO
BO3HUKAIOT MHUKPOOHBIE ()OPMBI C HOBBIMH KAaTaOOITHUYECKHIMH (DYHKITUSMH.
OrpoMHasi poibp B IMPOIECCax MEKOPTraHW3MEHHOTO IMEPEeHOCa TeHETHYECKOi
UHPOPMALIUU, MPHUBOIAIMNX K OHOXUMHYCCKOW H3MEHUHMBOCTH TMOIMYJISIIHA,
MIPUHAUICKUT IUIa3MU/IaM — BHEXPOMOCOMHBIM TEHETHUECKHM 3JIEMEHTaM.
Karabonngeckue, Wim nerpajaTUBHBIC IUIA3MUIBI, KOAUPYIOIINE PEaKIUU MH-
HepaJIM3alry Wik TpachopMaluy KCEHOOMOTHKOB, MPHUIAIOT MHUKPOOPraHU3-
MaM CIOCOOHOCTH IepepaclpenelsiTh MeXAy COoOOW Iyl JerpaJaTUBHBIX Ie-
HOB.

Ta6bnuna 7.5.
Ipupoaunvie katadoauueckue miasmuasl (no . Xapameny, 1990).
Ilna3muna Cy6cTpar Xo3suH
pJP1 2,4-JluxnopdeHoyKCycHast KHCJIOTa U rajo- Alcaligenes paradoxus
TEHCO/IePIKALIUE IECTHIIHIBI
pUU220 I"anorenankuibt Alcaligenes sp.
Huxornx Arthrobacter oxidans
CAM D-Kamdopa Pseudomonas putida
SAL Canununar P. sp.
NAH Hadranun P. putida
OCT OxkTaH P. oleovorans
XYL Keunon P. arvila
TOL Tosyos, M-KCHIIOI, TI-KCUIION P. putida
NIC Hukortun, P. convexa
3,5-Kcunenon P. putida
pAC25 3-XnopbeHsoun P. putida
n-Kpeson P. putida
pWW17 ®denunanerar P. sp.
pUU204 T"anoreHankusb P. sp.
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B Hacrosmiee Bpemst onucaHbl pa3HOOOpa3HbIE IPUPOJHBIE KaTa00INIECKUE
IJ1a3Mu/Jibl, BCTPCHAIOIIUECA Y PA3JINYHBIX HpeﬂCTaBI/lTeﬂeﬁ MOYBEHHOM MHUK-
pocdutopsr (Tabm. 7.5). OcoOeHHO Y4acTo OHU MISCHTU(QHUIUPYIOTCS Cpelu poja
Pseudomonas. Mudopmarms, KOTOPYIO HECYT IUIa3MHIbI, MOKET PACIINPUTH
KpYT CyOCTpaTOB XO3s5IMHA 32 CUET O0BEIUHEHUS IBYX METaOOIMUECKUX ITyTeH,
100 MOJHBIM KOJMPOBAHUEM HOBOTO ITyTH, JIMOO JONOJHEHHEM CYIIECTBYIO-
mux Meraboiaudeckux IyTed. BHyTpu- W MeXIua3MuIHblE pEKOMOWHALUH
MIPUBOJAT K NEPETACOBKE TEHOB HA IUTa3MHUAaX M BOSHUKHOBEHHIO HOBBIX METa-
OOTMYECKHX MyTeH.

W3BecTHBI Takke ciydau IepepacnpesieeHls I'eHeTHYECKOro Marepuaia
MEXAY IUIa3MHIaMH ¥ XPOMOCOMOI X03slMHA, MPUBOJIINE K MOSIBICHUIO CO-
BEpPILICHHO HOBBIX T'€HOB. [IacTHYHOCTH KaTaOONIMYECKHX IUIa3Muz oOecredn-
BacT IepepaclpesielieHne TeHeTHYECKOr0 MaTepuana, YTO MOXKET NMPHUBECTU K
BO3HMKHOBEHHIO B IIPUPOJIE HOBOTO OpraHu3Ma, d3(pQEeKTUBHO Ierpaupyrole-
TO HOBBIH cyOcTparT.

Taxum 00pa3oM, MPUPOTHBIE TEHETUIECKHE MEXaHU3MBI 0OMeHa HH(popMa-
IIUM TIO3BOJISIOT MOTydaTh 3P (PEKTUBHBIEC IITAMMBI-AECTPYKTOPBI KCEHOOMOTH-
KOB. DTO TeM 0oJiee BaKHO, TaK KaK OOIIENPHHATHIE METOIBI PAOOTHI C PEKOM-
ounantHeiMu JIHK, npumensemsle aist xioHupoBanust gysxkepomnoit JTHK c
HEOOJBIINM YHCIOM TE€HOB, IMEIOT CYIIECTBEHHBIE OTPAaHMYCHUS NP KJIOHU-
pPOBaHMM METa0OJIMYECKHX IYTeH Ierpafaliy KCEHOOMOTHKOB, KOAMPYEMBIX
JCCATKaMH I'€HOB. OI’paHI/I'-leHI/IH TaKXeE 06yCHOBHeHbI HEI0CTAaTKOM 3HAaHUM O
MeXaHM3Max JEerpajaliid U CTPYKType MeTabOJIMYeCKHuX ITyTeH, a Takke BO3-
MOXHOCTSIMH PHCKa, CBSI3aHHOTO C IIOMAIaHUEM CKOHCTPYMPOBAaHHBIX Opra-
HHU3MOB B cpefy. MeToapl TeHeTHYECKOH MHKEHEPUH MOTYT OBITh HOJIE3HBIMU
JUTSL YCOBEPIIICHCTBOBAHHUS YK€ CYIIECTBYIONIUX JCTPAIATUBHBIX CIIOCOOHOCTEH
MHUKpPOOHBIX KJIETOK.

BonpImmHCTBO MECTUINMAOB, MONAAAIOMINX B OKPY’KAOIIYIO CPEly B PE3yJib-
TaTe UCIIOJIb30BAHUS MX IJIs1 00pabOTKU CENbCKOXO3SHCTBEHHBIX KYJIbTYp, pac-
HICIIISOTCA 6aKTepI/I§IMI/I u rpu6aM1/1. HpeBpameHMe HUCXOJHOI'0O IecTunuzaa B
MEHEee CJIOKHOE COEJMHEHHE J0CTAaTOYHO 3()(EKTHBHO NMPOUCXOIUT IOJ BO3-
neificTBeM MHUKpPOOHBIX coo0miecTB. JlokazaHa BO3MOKHOCTE ITOJIHOW MHHEpa-
muszanun JIJIT B xome compspbkeHHOTO MeTabonm3ma. BeIcokass TOKCHYHOCTh
psra TEeCTHLUIOB MOXET yTpayMBaThCs y)K€ Ha IEpBOM CTaaiuu MUKPOOHOMN
TpachopMay. ITO MO3BOJISIET pa3padaThiBaTh OTHOCHUTEIBHO IPOCTHIE MUK-
poOuoIorHYecKie METOIBI Uit OOphOBI ¢ KceHoOHoTHKaMu. OIMUCAHBI OMBITHI
YCIELIHOTO NPUMEHeHHUs (HepMeHTOB (THpoIIa3, 3cTepas, auiamuaas u ¢oc-
(doacTepas) s MPOBEACHUS MEPBUYHOIO THIPOJIM3a MMECTHLUIOB U yBEIHUYe-
HUSI CTETIEHH MX Mocieayonei ononerpaganuu. Harnpumep, ¢ momomipo napa-
THOHTHApONa3bl 13 Pseudomonas sp. MOXHO 10cTaTouHO 3PPEKTUBHO yAAIATH
OCTaTOYHBII MapaTHOH U3 KOHTEHHEPOB C JAHHBIM NECTUIMIOM, a 3a0ydepeH-
HBIE PacTBOPHI JAaHHOTO (pepMeHTa MPUMEHSIOT IJIsi YHHUYTOXKEHHUS Pa3JIMBOB
napaTHoHa Ha no4sax. Ha ocHOBe MMMOOMIM30BaHHBIX (PEPMEHTOB BO3MOKHO
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yJaJleHUe MECTULMIOB U3 CTOYHBIX BOA; ()EPMEHTHI IPUMEHSIOT TaK)Ke B BHUJIE
a’3po30JIeH ISl yIaJIeHHs] TIECTHLUIOB C MPOMBIIIEHHBIX YCTaHOBOK.

Boubiryro onacHOCTh 7Sl OKpYJKaloIIeH Cpeibl MPECTaBISIOT NoIHapoMa-
TH4eckue yrieBomoponsl. Tak, momuxnopoudenmisr (ITXB) sBnstoTcs oveHb
YCTOWYMBBIMHU COEIUHEHHSIMH, JIOJTO MPHUCYTCTBYIOIINUMHI B OKpPY>Karolen cpe-
Jie B pe3yJibTaTe NPOYHOIl ancopOuuu OMOJOrMYECKUMH U OCaJ04YHBIMH MOPO-
JlaMH ¥ IJI0X0HM MuTpanuu. MUKpOOpraHU3Mbl HE CIIOCOOHBI TIIyOOKO Jerpajiu-
pOBaTh 3TH COEANHEHUS, TEM HE MEHEe, MOAU(MUIMPYIOT UX. Y CTAHOBJIEHA CIIO-
COOHOCTh MHUKPOOHBIX COOOINECTB AeTpaaupoBarh mNpoMebliieHHble [IXb ¢
00pa3oBaHNEM HOBBIX THUIIOB YTJIEBOJOPOJOB, IPH 3TOM MOJIEKYJIbI C HU3KOM
CTENEHBIO0 XJIOPUPOBAHUS PACUICIUIAIOTCS. YCTOWYHMBOE IOIMApOMaTHYECKOE
coelMHEHNE OCH3AMMPEH HE MUHEPAN3yeTcs B CHCTEMaX aKTUBHOTO HJIa, XOTS
OITMCAaHO HECKOJIBKO MHUKPOOHBIX BHJOB, CIIOCOOHBIX YAaCTUYHO €r0 META0O0IH-
3upoBark. B xone perpagaunu OeHzamnupeHa oOpa3yroTcsi KaHLIEPOTeHHBIE CO-
enuHeHust (THAPOKCH- U STIOKCHITPOM3BOAHBIE). Takke YCTOHUYMB K Jlerpagalin
MIOJIMCTHPOI, XOTSI OTMHCAaHO HECKOJBKO CIIydaeB YACTHYHOM NETpajaluy u3-
MEJIbYEHHBIX aBTOMOOMIIBHBIX IINH, U3TOTOBIEHHBIX U3 CTUPOJI-OyTaneHOBOM
pe3unbl. EcTh co0OMIeHHS O pOCTe MHUKPOOHOTrO COOOIIECTBa HA CTHPOJE, B
X0/ie KOTOpPOTO pa3pylIaeTcsi MHIHOUTOp MoJMMepu3anny 4-Tper-OyTHiKare-
XOJI, Aajee MPOUCXOIUT CBOOOJHOpAAMKANIbHAS IOJIMMEpPU3alNs CTHPOJIA C
OCaXIEHUEM 00pPa3yOLIErocs MOJUCTUPOIA. DTOT MOJIMMED BIOCIEACTBHU TIOA
BO3/ICCTBHEM MUKPOOHOT0 COOOIIECTBA UCYE3aeT U3 MOYUBHI.

OpHoll U3 KpyHNHEHIIMX TPYHN 3arpsi3HUTENEH MPUPOJIB! SBISIOTCS Trallo-
TeHCOEpIKalie KCeHOOMOTHKH, KOTOPBIE XapaKTEePU3yIOTCSl BEICOKOH TOKCHY-
HOCTBIO U IUIOXOHM JErpaaupyeMocThio. IIpuynMHa TOKCMYHOCTH M yCTONYHMBO-
CTHU I3THUX COC}II/IHCHI/lﬁ ONpCACIACTCA HAJIMYUEM B HUX TPYAHO pacmenﬂﬂeMoﬁ
rajoreH-yriepoaHoi cBsizu. OQHaKo, KaKk 0Ka3aJloCh, Psi/l FaJIOr€HCOAEPKALINX
COEIMHEHUH SBISIOTCS MPUPOJHBIMU O0PA30BAHUSMU U IIPEICTABISIOT COOOM
MeTabonmuTel OakTepuid, TpHOOB, BOAOpOCHeil. DTO Ompenenmio cyabpdy oT-
JIEJIbHBIX TaJIOTEHCOJAEPKAIMX COEAMHEHUN B ipupoae. Hannuus nanxoi npu-
POIHOM TIPEIIOCHUIKH JUIS TOJHOM Jlerpafaiid KCEHOOMOTHKA, OIHAKO, He-
noctatoqHo. [ > pexTHBHON TpaHC(POPMAUN POACTBEHHOTO KCEHOOHOTH-
YECKOro COEAMHEHUS] He0O0XOIUMa afanTanys MUKPOOPTaHU3Ma, BKIIOYas €ro
TCHCTUYCCKYIO U3MCHYUBOCTD. HHI/ITCHLHIJIC HUCCJICA0BaAHUA HyTeﬁ Acrpaaaiun
raJoreHCco/IepXKalMX KCeHOOMOTHKOB MOKa3aJM, YTO JUIS MOJYyYeHHs CyIiep-
mraMMa, 3(p(eKTUBHO pa3iararomero JaHHBIE KCEHOOMOTHKH, HY)KHO MOJIH-
(GULMpOBaTh CYLIECTBYIOMINI KaTa0OIMYECKUH MEXaHU3M JAerpafialliy apoMa-
THUYECKHX COeIMHEHMH. Vies KOHCTpYyHpoBaHUs KaTaDOJINYECKUX MyTeH IMpu-
Hautexut Pelineke n Kuakmyccy, co3paBmmm mramm Pseudomonas, crioco0-
HBIH JerpagupoBarh 4-xjaopOeHzoaT. B skcnepuMeHTe IO CKPENIMBAHHIO
Pseudomonas putida PaWl1, o6nagatomero TOL-mnasmunoit pWWO ¢
Pseudomonas sp. B13 (pWR1), yrunusupyromum 3-x10pOeH30aT, OHU Oy YH-
JIM TPAHCKOHBIOTAT, CIIOCOOHBIN HMCIIONB30BaTh 4-XJI0pOEH30aT B pe3ysbTare
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MepeHoca TeHa TOIyol-1,2-TnOoKCUreHas3sl (KOHTPOIUPYEMOTO IUIa3MUAON
pWWO), B mitamm Pseudomonas sp. B13. AHanoruunsiii pe3ynbraT ObLUI IMO-
Jy4eH TPH COBMECTHOM KYJIbTHBHPOBAaHUHM B XEMOCTaTe€ NIBYX KYJIbTyp — P.
aeruginosa, comepxameil miasmuny pAC25, u KynbTypsl, cogepxkamntyto TOL.
[lepBas mmasmuza, cBs3aHHAs ¢ KaTaOOIM3MOM TaJIOT€HUPOBAHHBIX OpraHHYe-
CKUX coeMHEeHHH (2,4-TuxI0p(heHOKCHYKCYCHOW KUCIIOTHI), Obli1a 00HapykeHa
y Alcaligenes paradoxus, 3aTeM y ApYruX MHKpOOpraHu3moB. Ilozxe mosiBu-
machk cepus myOnumkaruii o merpanmanum 2,4-J1, ogHAKO COOOLICHHS IO paspy-
HIeHUIo 2,4,5-TpuXJIOpYKyCHOH KHCIOTHI ObUTH KpaiiHe peaku. Bmocmeactuu
IIPU COBMECTHOM KYJIbTUBHUPOBAaHMM B XeMmocTare B TedeHue 8—10 Mecsien
MHUKPOOHBIX KYJBTYD, CONEPIKAIIMUX HECKOIBKO KaTa0OIMISCKUX TUTa3MH/I, TIPU
MTOCTETICHHOM YBEIMYEeHUN KOHIeHTpauuu 2,4,5-T moiydunn mramm, crocod-
HBIH K nerpananuu 2,4,5-T u TpuxnopdeHona.

buonornueckrue MeToapl TakkKe MPUMEHHUMBI JJIsl OYMCTKU MPUPOAHON cpe-
I OT HE(TSHBIX 3arpsA3HCHUM, MPEICTABIIONINX COOOH Kak CTOYHBIC BOJBI
HE(PTSIHOIN MPOMBIIUIEHHOCTH, TaK U HETIOCPEACTBEHHOE 3arps3HEHUE B PE3YIIb-
tate pasnuBa HepTH. CTOYHBIE BOJBI HE(TSIHOW MPOMBIIUIEHHOCTH OYHIIAIOT
OHMOJIOrMYECKUMH METOJIaMH TIOCIIe yJalieHns] OOJIbIIEeH 4acTH CMeCH pa3iify-
HBIX YIJIEBOAOPOJOB (M3MUYECKUMH MeTonaMH. Jljisi 3TOro NpUMEHSIOT a’pu-
pyeMBbIe CHCTEMBI OMOOYHMCTKH C aKTHBHBIM HJIOM, COJIEPIKAIIAM adalTHPOBAH-
HOE K KOMIOHEHTaM HedTu coobmiectBo. CKOPOCTh Jerpajaliiil 3aBHCUT OT
Ka4eCTBEHHOI'0 COCTaBa M KOHIIEHTPALIUH YIJIEBOIOPO/IOB, a TAKXKE TeMIIepaTy-
PHBI ¥ cTeneHu aspanmu cpeasl. Hanbonee a3 dexkruBHO Onoerpamaims ocymie-
CTBIIICTCS, KOT/1a HeTh SMyIbrupoBaHa B Boae. OcoOyro mpobdiemy mpencras-
JISTIOT BBIOPOCHI M aBapHifHbIE Pa3IMBbl HE()TH Ha MOBEPXHOCTH MOYBBL. DTO
MMPUBOJUT HE TOJIBKO K 3arpsA3HCHUIO MaXOTHBIX 3€MCJIb, HO TAKXC U MCTOYHU-
KOB IIMTHEBOM BOJIBI. B 1ouBe comepKUTCss MHOro MHUKPOOHBIX BHIOB, CIIOCO0-
HBIX JICTPAJANPOBATh YTIIEBOIOPOIBI, HO MX AKTHBHOCTh YacTO HH3KAa, B TOM
Yrcie W B pe3yibTaTe Ae(HINTa OTACIHHBIX OMOTEHHBIX JIEMEHTOB. B Takmx
ciyyasix 3 (eKTUBHBIM SIBJISETCS BHECEHHE B MOYBY TaK HA3bIBAEMBIX «OJIEO-
(WIBHBIX YIOOPEHMIT», B COCTAB KOTOPHIX BXOIAT COCTUHEHUS a30Ta, PochaThl
W Ipyrue MHUHEpalbHBIC 3JEMEHTHI, KOHIEHTPAUH KOTOPHIX B IOYBE JIOCTa-
TOYHO HH3KH W JHUMHTHPYIOT POCT MHKpoOpraHm3moB. [locie BHECEHHS 3THX
COCIMHEHUH B II0YBY KOHLCHTpaLUs MUKPOOPraHU3MOB-IECTPYKTOPOB CyILEe-
CTBEHHO BO3PACTAET, U BO3PACTAET CKOPOCTH JeTpaialiii He(TH.

C mOMOIIBI0 TEHETHYECKOTO KOHCTPYHPOBAHUS CO3/IaH «CYIEPMHKPOO»,
CHOCOOHBIN yTHUIIM3UPOBATH OOJIBIIMHCTBO OCHOBHBIX YIJIEBOJOPOIOB HEe(TH
(puc. 7.7). MHorue npupoansie mTamMMbl Pseudomonas putida HecyT karado-
JIUYECKUE TUIa3MUJIBI, KaXKIas U3 KOTOPBIX KOIUPYeT (epMEHT Ui pacIiersie-
HUS OJTHOTO KJ1acca yriieBonoponos — masmuna OCT oOycnaBnuBaeT paciier-
JICHWE OKTaHa, TeKcaHa, fekaHa; XYL — kcunona u Tonyona; CAM — xamdapsr,
NAH — nadramuua. ITnasmuaer CAM u NAH camu cnocoOCTBYIOT cBOeMY
MEPEHOCY, CTUMYJIUPYS CIIapUBaHUE OaKTEpUH.
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Puc. 7.7. Cynepuramm, nojy4eHHBIH Ha OCHOBE MOCIIEIOBATENbHBIX CKPELMBaHUI
yeTbIpex mrammoB Pseudomonas putida (o /1. Xonsyny, 1984).
ramm conepxut XYL u NAH mnazmuasl, rubpuanyto miasmuny CAM/OCT,
TaK Kak u3onuposanHble m1asMuasl CAM n OCT He criocoOHBI CYIIECTBOBAThH B OJHOI KIIETKE.

B pesynbrare mocnenoBaTeNbHBIX CKPEIIMBAHMKA OBUT TONY4YEeH «Cymep-
mrammy, Hecyrmit miasMunsl XYL 1 NAH u rubpuaHyro mimasMuiy, cogepika-
uryto yactu wiasmug OCT u CAM. Takas MynbTUIUIa3MHIHAS OaKTEpHsI pacTer,
YTWIM3UPYS HEOUMIIEHHYI0 He(pTh. OHAaKO BO3MOXKHOCTH 3()(EKTHBHOTO TPH-
MEHEHUSI TAKOTO OPraHN3Ma B €CTECTBEHHBIX YCIIOBHUSIX TpeOyeT 10Ka3aTelbCTRa.

Hcnonp30BaHue METOJOB TEHETHYECKOTO KOHCTPYHPOBAHHS MHKPOOHBIX
LITAMMOB-JECTPYKTOPOB KCEHOOMOTHKOB JUISi MPAKTUYECKOTO IPHUMEHEHUS
HaxoJuTCs Ha paHHel cTanuu. OJHA U3 OCHOBHBIX MPOOJIEM MPHU KOHCTPYUPO-
BaHMM MHKPOOPTIaHM3MOB Ha OCHOBE IPHUPOJHBIX KAaTaOOJINYECKUX IUIa3MUI —
cTabmibHOCTh. CTaOMIIBHOCTE CHCTEM «XO3SIWH-BEKTOP» OCOOCHHO BajKHA TP
MHTPOAYKIMHU IITaMMOB B €CTECTBEHHYIO cpeny. IIpu Bo3BpalmeHnn MUKpoop-
raHW3Ma C HOBOW KaTabOJIMYEeCKON (PYHKIHCH B UCXOIHYIO MPUPOTHYIO CPEIy
€My NPUXOJIUTCS KOHKYPHUPOBATh C XOPOILIO aJanTHPOBAHHOM K JaHHBIM YCIIO-
BHSIM CpeIbl €CTECTBEHHOW MHUKPO(IOPO, CTAIKMBATHCS C OTPOMHBIM pa3HoO-
o0pa3ueM HCTOYHHMKOB YIJIEPOJa, B TOM YUCIE BBICOKOTOKCHYHBIX. IIpn sToM
COBEPIIEHHO HESICHBI NIEPCIIEKTHBBI COXPaHEHHs CTaOMIBHOCTH HOBOW KaTabo-
JIMYEeCcKOi (QyHKIUH U, CJIEZI0BATENFHO, CAMOTO ITaMMa.

[Toka cymecTByeT OOIBIION Pa3phIB MEXKIY JTOCTHXKEHUSIMH, OITy4YCHHBIMU
B KOHCTPYHPOBaHUH MHUKPOOPTaHU3MOB, U BO3MOKHOCTSIMU MX ITPAKTHUECKOTO
npuMeHeHusi. BeposarHo, B Oyayliem HanOoliee NMEepCHeKTUBHBIMH JUIsl JIETOK-
CHKaIllMM KCEHOOMOTHKOB OyIIyT OMOJIOTHYECKHE CHCTEMBI, COCTOSIINE U3 MHK-
pOOHONIOTHYECKOH KOHCOPIMH WHAMBHIYAIBHBIX OPraHW3MOB M MHKPOOHBIX
COO0OIIECTB, MOMYYEHHBIX METOJAMHU KJIETOYHON M T€HETHYECKON HH)XEHEPHU.
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3akjao4YeHue

B ompexneneHny ONTHMAaIbHOTO HAMPABICHHWSA Pa3BUTUSA OHOJIIOTHUYECKHX
TEXHOJIOTHH, HE3aBUCHMO OT 00JIACTH UX MPUMEHEHHs, OOJIBIIYIO POJIb UTPACT
MEXIYHApOJHOE COTPYAHUYECTBO, KOTOpPOE oOOecreuuBaeT BHIOOpP TOH WIH
MHOM TEXHOJOTMH C y4YE€TOM 3KOHOMMKO-COLMAJIBHBIX YCJIOBHUM OTAEIbHBIX
ctpas. IIpumepom pernoHanbHON KOOIEpanuy B OMOTEXHOIOTHH MOXKET CIIy-
XUTh LleHTpanbHO-AMEpPUKAHCKUM WHCTUTYT HMPOMBIIIJICHHBIX HCCIEI0BAaHUMN
(ICAITI), coznannslii B 1955 r. OTOT HHCTHUTYT, paciojoXeHHbIH B [ BaTemaire,
COJICHCTBYET NMPOMBIIIIEHHOMY Pa3BUTHIO PETMOHA, KOTOPBIH MOXET obecrie-
YHUTh 1OCTATOYHBIN yPOBEHb OMOMPOMBIIIICHHOCTH C yYETOM UMEIOLIUXCS Tep-
PHUTOpHIA, KIMMaTO-reorpaduyeckux yclOBUH M OrPOMHOTO KOJIMYECTBA
HMEIOLINXCA 371eCh TOOOYHBIX MPOIYKTOB M OTXO/OB CEIbCKOX03IHCTBEHHOTO
npousBonactBa. B pamkax ICAITI 8 1970 . ObI1 co31aH OMOTEXHOIOTHIECKUH
OTJIEJ, SIBIAIONIMICS MTa0-KBapTHPO MeXIyHapOIHOTO LEHTPa MO HCCIEN0-
BaHHI0 MUKpOOHBIX pecypcoB (MIRCEN) nanHoro pernona, cyocuaupyemoro
IOHECKO. HccnenoBaTenbckue NPOEKThl HHCTUTYTA COCPENOTOUMINCE B IBYX
HAaIpaBJICHUSX, CBSI3aHHBIX C OCHOBHBIMH BHJIaMHU CEIILCKOTO XO3SIHCTBA PETHO-
Ha: epepaboTkoil KoeHHBIX 3epeH U MmoydeHneM caxapa. HakarumBaromme-
CA B OI'POMHBIX KOJHUYECTBAX OTXO/bl JaHHBIX TEXHOJIOTUH 6])1.]'[1/1 HCII0JIb30Ba-
HBI B Ka4eCTBe CyOCTpaToB ISl IPOM3BOACTBA OMorasza u MUKpOOHOH Onomac-
cbl. beumn pazpaboTaHbl TakKe MPOLECCHl OMYyYCHUS CITUPTA M3 COKOB TPOIIHU-
4eCKHX (PYKTOB, & HA OCHOBE MMMOOWIM30BaHHBIX (DEPMEHTOB CO3aHbI IPO-
M3BOJICTBA OCaxapuBaHus (PYyKTO3HBIX CUPOIIOB U3 CaXapHOTO TPOCTHHKA, pas-
paboTaHbl HOBBIE TEXHOJIOTHH (PepMEHTALMK OBOIIEH IM0JI BO3JEHCTBHEM YHC-
THIX KYJbTYp JakToOarmmur. Takum oO0pa3oM, HaJIMYHE STOTO HHCTHTYTa Cop-
MHUPOBaJIO ()POHT OMOTEXHOJIOTHIECKUX PA0OT, BHEAPCHUE KOTOPBIX CIIOCOOCT-
BOBAaJIO 3KOHOMHYECKOMY Pa3BUTHIO pETHOHA.

C nenbio miepeHoca HOBEHIIMX TEXHOJIOTHI U3 Pa3BUTBHIX CTpaH B Pa3BHBAIO-
mmecst OOH co3man MexxnyHapomHBIN IIEHTp TEHHOW WHXKCHEPUH W OMOTEXHO-
norun. Tlox srumori Opranmzanuu mpombiuieHHOTo passutuss OOH (UNIDO)
COo3IaHa KOMHUCCUA IJId U3YyUYCHUA MHCEHHUSA TOCyJapCTB-YICHOB I10 B3aHMOZ[eI>iCT-
BUIO ¢ MextyHapoHbIM eHTpoM. Ha 6a3e COBMECTHBIX MCCII€I0BaHHUI IEHTPOM
3aIJJAaHMPOBAHO CO3/1aTh IIKONY JUIsl MOATOTOBKH CIICIMAINCTOB M3 Pa3BUBAIO-
uXxcs cTpaH. B kauecTBe HampaBiieHUII COBMECTHBIX MCCIIEI0BAaHUI KOMUCCUEH
UNIDO pexoMeHI0BaHbI: UCHOJIB30BAHUE SHEPTUH OHMOMacchl, 00bIYa He(pTH K3
UCTOIIAIONINXCS CKB)KUH, YCOBEPLIEHCTBOBAHNE METOIOB (DepMEHTAIINK, CHHTE3
JIEKapCTB POTUB TPOIHMYECKUX OOJIe3HEH, MoydeHne d(PPEKTUBHBIX BaKIIWH IS
YeJI0BEKa M JIOMAIIHUX )KUBOTHBIX, CEJIEKIINS BBICOKOYPOKaWHbBIX M YCTOHYMBBIX
K 00JIe3HSIM COPTOB KYJIbTYPHBIX PaCTECHHUI.

Ha npoTspkeHnu psina jieT nmporpaMMbl KPYIMHEHIINX MEKITyHapOIHBIX Op-
raamzanuii (PAO, BO3, FOHECKO) coneifcTByIOT pa3BUTHIO M PaCIIUPEHUIO

241



MEXIYHApPOAHOIO COTPYIHHYECTBA B MIPUKIIAIHON MUKPOOHOJIOTHU U TEXHOJIO-
run. B Hagane 70-x rr. KOHECKO cy6cunupoBano coznanue MexayHapoaHOH
opranmzanuu uccienoBanusi kietku (ICRO). B nawane 80-x rr. B pamkax
«IIporpammsr okpyxatomieit cpens» (UNEP) FOHECKO ocHoBamo MexmyHa-
POAHYIO IPOrpaMMy, IPU3BAHHYIO OXPAHATh FEHETUIECKOE Pa3HOOOpa3ue MUK-
POOHBIX PECYpCOB M CHIENATh MX JOCTYIHBIMH JJIs pa3BuBaromuxcs crpan. C
cepenunbl 80-X IT. Hayana GOpPMHUPOBATHCS CETh MEXIyHAPOIHBIX LIEHTPOB IO
rccienoBaHno MUKpoOHEIX pecypcoB (MIRCEN). Llenu garHOTO (hopMHPOBa-
HUSI CIEIYIOIINE: HHTETPAHs U COTPYIHUYECTBO MEXIY JIaOOpaTOpUsIMHU; pac-
npeielieHHe U UCIIOIb30BaHHE MUKPOOHBIX PECYPCOB; COXpaHEHHE MHKPOOHO-
ro reHo(oHza; pa3paboTKa HOBBIX BHJIOB HEIOPOTHX M 3((HEKTUBHBIX TEXHO-
JIOTHH; HCIIONIb30BAaHHE MHKPOOHMOJIOTHH B IIPAKTHKE CEIbCKOTO XO35HCTBA;
o0ydeHHe IepcoHajaa M paclpoCTpaHEHHE HOBOM MH(OpManuy, CBSI3aHHON C
001LeH U MPHUKIIaJHOH MUKPOOHOIOTHEH.

[epBeiM marom B co3nanun cetnt MIRCEN 0Obuto oOpazoBanue B ABcTpa-
M MeXIyHapoaHOTO IIEHTpa AaHHBIX O MHUKpoopraHu3max. LleHTp obnamaer
OTPOMHOHM KOJUIEKIIE MHKpPOOHBIX IITAaMMOB M HWMEET MHPOBOH yKa3aTelb
MHUKpPOOHBIX KOJUISKIMH. AHAJOTHYHbIE LIEHTPHI CO3[aHbl B baHrkoke — s
crpal lOro-Bocrounoit Asun, B HaiipoOu — st Adpuku, B bpaszwmmn — s
IOxnHot Amepukn, B ['Baremane — st LenrpansHoit AMepuku, B Kanpe — s
apabckux ctpas. Crennanu3anus HalpaBIeHUH UCCIEIOBAaHNUIN B 3TUX LEHTPaxX
CBsI3aHa C KJIMMAaTo-reorpaMueckKiMi OCOOCHHOCTSMU M 9KOHOMUKOW PErHo-
HOB U CIIOCOOCTBYET MX Pa3BHUTHIO.

Pa3BuTHE BCeX COBPEMEHHBIX HANPaBICHUE OMOTEXHOJIOTHH, BKIFOUast IKOJIO-
THYECKYI0 OMOTEXHOJIOTHIO, IPOMCXOIUT B HACTOSILEE BPEMsI HACTOJIBKO OBICTPO,
YTO TOYHBIC IPOTHO3HBIC OLICHKU B 9TOI 00JIacCTH BeChbMa 3aTPYAHUTCIIbHBI. buo-
JIOTUYECKUE TEXHOJIOTHU LEIMKOM 0a3MpyroTCsS Ha HayYHbIX JOCTIDKeHHsX. [Ipu
3TOM TO, YTO JIMIIb HEAABHO OBLIO IPEAMETOM Ja0OpaTOPHBIX HCCIEIOBaHHM,
CEroJHsI aKTHBHO BHEAPSETCS] B MPOM3BOJCTBO. Kpyr Hayk, pe3ybTaThl KOTOPBIX
BOIUIOIIAIOTCS. B OMOTEXHOJIOTHIO, HENPEPBIBHO paciimpsierca. Takum oOpazom,
pacIIMpsIIOTCST BO3SMOXXHOCTH M cdepbl camoli OnotexHosoruu. BepositHo, B Oy-
JyIeM He OyZleT H OJHOTO HalpaBJICHUSI YEIOBEYECKOM AESTEILHOCTH, KOTOPOe
He ObLTO OBl B T€X WJIM MHBIX TpeAesiax CBSI3aHO ¢ OMOTEXHOIOTHEH.

[TocTaHOBKA HOBBIX OMOTEXHOJOIMYECKUX MPOLIECCOB CBsI3aHa C OOJIBIINMHU
KaIlUTAIOBIIOXKECHUSIMA W BBICOKMM PHCKOM. BHenpeHHe HOBEHIIMX METO/OB
OMOTEXHOJIOTUN OCOOEHHO MEPCIEKTHBHO, KOTJa LENEBOH MPOIYKT HE MOXKET
OBITh TMOJTyYeH MHBIMHU CIIOCOOAMH HIIM MAaclITadbl €ro MpOM3BOACTBA MAJIBL, a
IEHBI OYeHb BBICOKH. OCOOEHHO 3TO Kacaercsi (papMaKOoIOrMYeCKHX Ipernapa-
TOB U JJMarHOCTHYECKUX CPEJCTB. B 3TOM CBSA3M OrpOMHBIE IEPCIIEKTHUBBI Y M-
MYHHOH OMOTEXHOJIOTHH, C TIOMOIIBI0 KOTOPO MOXKHO PacHo3HaBaTh U BBIjIE-
JISITh U3 CMECEH ONMHOYHBIE KJIETKH. JTH BO3MOXKHOCTH OYEHb Ba)XKHBI U TIEpP-
CIICKTUBHBI JJId JUAIrHOCTUKHU H JICUCHUS, B (l)apMaKOJ'IOFM‘ieCKOﬂ, HHHJ,eBOﬁ
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MPOMBIIUICHHOCTH, JUISI OYHCTKH TOPMOHOB, BUTAMHHOB, OEJIKOB, TOKCHHOB,
BaKIUH U TIP., @ TAKKC B HAYYHBIX UCCIICAOBAaHUAX.

JanbHeiimee pa3BuTHE OHOJOIMYECKUX TEXHOJIOTHI BO MHOT'OM CBSI3aHO C
MIPOTPECcCcoM B 00JIACTH TeXHUYECKHX Hayk. [loBeimenne 3¢dekTuBHOCTH OHO-
TEXHOJIOTHYECKHX TPOIIECCOB HEBO3MOXKHO 0€3 aBTOMATH3AIMX U COBEPIIIEHCT-
BOBaHUI aIllapaTypHOr0 M TEXHOJIOTHYECKOTO O(QOPMIICHHS IPOLIECCOB. DTO
MO3BOJIUT TOBBICUTh 3(P(EKTUBHOCTh TPAAWIMOHHBIX OHOTEXHOJIOTHYECKHUX
MIPOIIECCOB W PaCIIMPUT cephl MPUMEHEHHs MOMy4YaeMbIX MpoayKToB. Cero-
JTHSI OTPOMHBIE CPEICTBa MHBECTHPYIOTCS Ha MacIITaOMpoBaHHE OHMOTEXHOIO-
THYCCKUX MTPOLECCOB. Ilo OLCHKaM CIICuuaJIuCTOB, HHBCCTUIINU B 3TOU O6J'IaCTI/l
OynyT Bo3pacTath B cpeaHeM Ha 9 % B rox, u k 2000 r. coctaBsar cBbime 14
MJIpA. JOJUI. B TO.

HoBrle mepcrekTHBB IsI OMOTEXHOJIOTHYECKUX MPOM3BOJCTB CBS3AaHBI C
pa3paboTkoii OnoaaTunkoB. B HacTosIee BpeMsl IPUMEHSIFOTCS. U CO3/al0TCsI B
OCHOBHOM (DEepMEHTHbIE U MUKPOOHBIE 3JIEKTPOJbl, IMMYHOJATYNKN H JIIEK-
TpOIHBIE pe3ucTopsl. [Ipumep Oymymero npuMeHEeH!sT OMOIATINKOB — PA3IINd-
HBIE 00JIaCTH, B TOM YHCJIE ONpeAeTeHre ONOIOTHYECKN aKTHBHBIX OpraHH4Ye-
CKUX BEILECTB B KPOBH, & TAK)X€ KOHIEHTpPAIMH TOKCHYECKUX BEIECTB B pas-
JIMYHBIX CpesiaxX, BKII0Yasi BUPYCHI U TaTOT€Hbl, HEPBHO-TTAPATUTHYECKHUE Ta3bl;
KOHTPOJIb KOJIMYECTBA TIECTUIINIOB M APYTHX KCEHOOMOTHKOB B Cpeie; TUarHo-
cTuKa 3a00JIeBaHUI YeTIOBEeKa, KMBOTHBIX M PACTEHHUH; KaUYECTBEHHBINH aHAIHM3
MUIIEBBIX TPOAYKTOB U mp. I1o pa3HBIM OlleHKaM PBIHOK OMOJATYMKOB COCTa-
BuT k 2000 r. ot 0.5 mo 14 mupa. gomn. (Tadm. 1).

Bonpmoe Oynymiee y MpOTOMHXEHEPUH — TEXHOJIOTHHA M3MEHEHUS CBOMCTB
MPUPOIHBIX OEIKOB HAa T'€HETHYECKOM YPOBHE M IOJYYECHHS HOBBIX OCIKOB
(CTUMYTISITOPOB POCTA PACTEHU, UHCEKTULIUJIOB, BRLICOKOAKTUBHBIX M YCTONUH-
BBIX (hepMeHTOB, OrOCEHCOPOB U OHOdIEeMEHTOB It DBM).

Baxneiimass poip NMPUHAIICKAT OMOTEXHOIOTHH B PEIICHUH IPOOIEMBI
obecrieueHns HACeJeHHs IUIAHEeTHl MUIIEBBIMH MpoaykTamu. B 3Toil obiactu
IpAAyLIUE YCOBEPIICHCTBOBAHUS CBA3AHBI C IOJYYEHHEM BBICOKOIPONLYKTHUB-
HBIX ¥ YCTOHYUBBIX K OOJIE3HSAM W BPEIUTENISIM KyJIbTYPHBIX PACTEHHH U Cellb-
CKOXO3SHCTBEHHBIX JKUBOTHBIX, BHEIPCHUEM T'€HOB a30T(UKCAIIMHA B BBICIIHE
pacteHus, momydeHneM 3P PEeKTUBHBIX OMOECTUINAOB U ONOTEpONIIHIOB.

CorylacHO TPOTHO3aM, MHUPOBOW PBIHOK TPaJMLUUOHHBIX IPOIYKTOB OHO-
TexHosoruu coctaBuT k 2000 r. 6onee 50 mupa. moin. (tadm. 2). Ilpu sTtom
MHPOBOH 00BEM MPOJAXK COCTABUT (B MIIPI. IOJUL B TOJ): MPOIYKTOB IJIS ITH-
MIEBOW MPOMBIIIJICHHOCTH U CEITLCKOTO X03sicTBa — 21.20; MEAWIIMHCKUX TIpe-
naparoB — 10.08; npyrux npoaykrtos — 18.40.

Benukn mepcnekTUBBl OMOTEXHOJIOTMH B CO3JaHUM HOBBIX HCTOYHHUKOB
SHEPrUU. DKOJOTHYECKH YHUCThIE OMOTEXHOJIOTHYECKHE CIOCOOBI TONTYYCHHUS
SHEPIUHU YK€ B HACTOAIICE BPEMsI OKa3bIBAIOT CYIIECTBEHHOE BIISIHHAE Ha SHEP-
reTUYEeCKUi TMOoTeHnuan obuiectsa. [IpojopKkeHe HCCIeI0BaHUNA IO yCOBEP-
IIIEHCTBOBAHUIO NPOIIECCOB METAHOTe€He3a, MOIyUeHHs CIIUPTOB, a TaKkXke Ipe-
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Tabnuna 1.
IIpornosupyemblii peIHOK OuoaTunKOB B 1990-2000 rr.
(mo A. W. Dokumentationen zur Aussenwirtschaft, 1988).

O61acTh MUIH. J10J11. B TOJ
NIPUMEHEHUS 1990 r. 2000 r.
MenuuuHa 1 BETepHHAPUS 240 630
CelbCKOE XO035HCTBO U MHUILEBAsk IPOMBILIEHHOCTh 105 300
3amuTa oOKpyKaromei cpesst 67 377
Xumus v OHOTEXHUKA 59 439
Bcero: 471 1746

Tabnuma 2.
TIporsHo3 MupoBOro prIHKA TPAJAUIMOHHBIX HPOAYKTOB OnoTexHo0ruu B 2000 r.
(no Hemijska Industrija, 1988).

TIponaxa, IIponaxa,

Tponyxr MJIH. JI0JUL. IIponyxr MJIH. JIOJUL.
Benku 15 DepMeHTSI 0.5
AMMHOKHUCIIOTBI 2.4 Buramussl 0.43
Tentuast 2.0 AHTUBHPYCHBIE ITPENapaThl 0.2
AHTHOUOTHKH 2.0 Topmonst 1.26

O6paSOBaHI/IH Ppas3IMYHbIX BUJAOB OHEPIrun U CO3AaHUIO 6I/IOTOHHI/IBHI)IX 3JICMCH-
TOB, 4YpE3BBIYAHO MEpPCIEKTHUBHBI M 00emarT OoJibliMe 3KOHOMO-
9KOJIOTHYECKHE BHITOAbI. [IporHo3upyercs, 9To 00beM MpoAaxu OMOTEXHOJIO-
rudeckux sHepronocuteneir k 2000 r. coctaBuT okono 16.35 mupxa. momI. B
TOJ.

Bosiee mmpokoe npruMeHeHHEe OMOTEXHOJIOTHH B JTOOBIBAIOIIEH MPOMBIII-
JICHHOCTH TIPUBEJET K MEPEXOLy OT TSDKEJIOW MHAYCTPUHU K BBICOKUM TEXHOJIO-
rusaM. [IpumeHeHne MeTo10B OMOTeOMETaIUTypTriH TIO3BOJIHUT BOBJICYD B IPOU3-
BOJICTBO OIPOMHOE KOJMYECTBO OTXO/IOB, 3a0aJlaHCOBBIE, @ TAKXKE TPyAHOIIepe-
pabaTbIBaeMble pyAbl ¥ TOPHBIE IOPOJIBL.

I'eHeTnvecKyto MHXECHEPHUIO CIEAYET pacCMaTpHBATh KaK OJHO M3 IPHOPHU-
TETHBIX HANpaBICHUH pPa3BUTHA OMOTEXHOJNOTHH. PBHIHOK T€HHOMH)KCHEPHBIX
npoaykToB K 2000 r. mpeanonoKUTENbHO COCTaBUT okono 40 Mipa. DOl U
Oyner Bkirouars 10 40 HanMeHoBaHWH. OCHOBHBIMHU CpelM HUX OyIyT MHTEp-
(epoHBI, YenoBeYeCKne TOPMOHBI, MOHOKJIOHAIBHBIE aHTUTENA, IPOTUBOPAKO-
BbIE arcHTHI, BAKIIUHBI, TPOMOOJINTHKH.

[TporHo3upyst MUpOBO#f 00beM ITPOJaXKi NPOAYKTOB OMOTEXHOJIOTHUH, MHOTHE
CIICIMATIMCTEl BEAYLIMX 3alaJHbIX (UpPM I0JararoT, YTO €XKETOAHBIN MPUPOCT
coctaBuT okoJo 7.5 % u x 2000 r. gocturaer 60—65 mupa. mom. (Tadm. 3). Oxo-
110 80 % 3TON CyMMBI MPUAETCSI HA TPAAULMOHHbBIE MPOAYKTH U 20 % — Ha HO-
BBIC.
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Tabnuna 3.
TIporuo3 MupoOBOro prIHKa NPOAYKTOB, 0JYy4aeMbIX METOJaMH HOBelilIeil 0MOTEeXHOJIOTHH,
B MJIpA. A0J11. (o Biofutur, 1987).

O0nacTh NpUMEHEHUS 1985 . 2000 r.
dapmarieBTHIECKIE IPOIYKTHI:
TepareBTHYECKUE IpenapaThl 0.2 32.0
JINarHOCTHYECKUE CPEJICTBA - 10.0
BaKIIMHBI 0.1 3.0
KopmoBble 1o0aBku 1.7 9.0
IIpubops! u 0d6opynoBanue 0.5 4.8
Cenbckoe X035HCTBO - 5.0
3amyra OKpyKarmen cpeab - 2.0
Xumus - 0.3
Bcero: 2.5 66.1

Ha ocHoBe (epMeHTOB HameueHo moiydaTsb 110 32 % obuiero oobeMa BhIpa-
OarpiBacMbIX Tiperapatos; 40—50 % MPOAYKIMU COCTABAT aMUHOKUCIIOTHI, MEIIH-
IIMHCKHUE TpernapaThl, BKIFOUas MOJIyIeHHbIe Ha OCHOBe AekoMOmHaHTHRIX JTHK.

Pacmmpenune chepsl BHEOpEHNS OMOTEXHOJIOTHH H3MEHAET COOTHOIICHHE B
CHUCTEME «4YEJIOBEK — IPOM3BOJCTBO — MPHPOJIA», MOBBIIIAET MPOU3BOAUTEIIb-
HOCTh TPyJa, MPUHIMIAATEHO U3MEHAT €ro KadecTBo. buonormsamus mpous-
BOJICTBA B IIEJIOM — OJHO W3 BaXHEUIINX HAINIPABICHUNA B CO3MaHUM THOKHUX
CaMOPETYIHPYIOMUXCA MPOU3BOJACTBEHHBIX IPOLECCOB Oyaymiero, KOTOPHIE
FapMOHUYHO BIIMCBIBAIOTCS B NPUPOJY, HE IIPUUUHSA €l Bpena. B HacTosmee
BpeMsl TIOCIICACTBUS AHTPOIOTCHHON JEATSIBHOCTH JOCTHIIIM TaKOW TpaHH,
KOT[a JajbHEHIIass HEeKOOpIUHUpyeMasi AeITeIbHOCTh MOKET IPUBECTH K He-
00paTUMBIM U3MEHEHUSAM B OHOChepe B LeIoM. DTO MOXKET IPUBECTH K TOMY,
4T0 Onocdepa cTaHeT HENPUTOAHOM [T OOUTaHMS YelloBeka. PaspereHue 31o-
T'O MPOTHUBOPEYHS, TO €CTh CO3/IaHUE TAKOTO PABHOBECHS B MPUPOJIE, KOTOPOE B
COCTOSIHAW TIPUBECTH K TapPMOHHMYHOMY COCYIIECTBOBAHHIO BO3PACTAIOIIETO
HaceJeHHs TUIAHEThl U OMOoChepbl, BOZMOXKHO TOJILKO HA OCHOBE JAJIbHEHILIETO
Pa3BUTHSI HAYKU U TEXHHUKH. [[JI1 3TOro HEOOX0IMMO Pa3yMHOE Pa3BUTHE YEIIO-
BEYECKOT0 00IIecTBa B IEJIOM, HAIIPABICHHOE HE Ha pa3pylieHue ouocdepsl, a
Ha ee JanbHeiee pa3sutue. [locneqHee, B CBOIO ouepep, TOKHO OKa3bIBAaTh
MO3UTHBHOE BIMSHUE HAa JATBHEHUIIHIA IMPOTpecc YeI0BeUeCcTBa, TO €CTh CO3/1a-
Hue Hoocdepbl. OIMH M3 OCHOBHBIX MYTEH peIIeHHs JAHHOW NpPOOJIEeMBI —
JANTbHEHIIee pa3BUTHE OMOJIOTHH U pacimupeHue cdepbl IpUMEHEHUS OHOTeX-
HoJIoTHH. BHenpeHne OMOTEeXHOJOTHH BEeNET K CO3JAHHI0 DKOJOTHYSCKH UHC-
TBIX TEXHOJIOTHI B PA3IMUYHbBIX cepax YeIOBEYECKOW NeSITeNbHOCTH, BKIIOYAs
Oosiee palMOHaIBHOE MCIIOJIb30BAaHKUE MTPUPOIHBIX PECYPCOB U CO3JaHUE 3aMK-
HYTBIX POU3BOCTBEHHBIX IUKJIOB.
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