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MukpoBogopocin KaKk MCTOYHUK CbIPbs
Ans 6unoaHepretukn. Cpegn BO306HOBISE-
MbIX MCTOYHUKOB 3Heprun 6uomacca Bcerga
Haxoauna Havbonee LMPOKOE MPUMEHEHME.
B nocnegHvwe pgecatunetus HabniogaeTcs
3HA4YMTENbHbLIA M YCTONYMBBLIN POCT MaclTa-
60B npvMeHeHMs 6uomaccbl B 3HeEpreTuke,
pacwupeHune crnekTpa crnocobos eé npeobpa-
30BaHusA. MoaTomy akTyanbHOW 3agaden cTan
NONUCK HOBbIX BUOOB 6I/IOMaCCbI, HOBbIX TEXHO-
norvn eé nepepaboTkm U — 0COBEHHO — Tex-
HOMOrMN KOMMJIEKCHOro ucnonb3oBaHus. M3
WNHTEPECHbIX M MepPCneKTUBHBLIX HanpaBneHun
Ha30BEM OMOTEXHONIOIMN 3SHEPreTUYecKoro
NPUMEHEHUST MUKPOBOAOPOCEN.

TpaAvuMOHHO BOAOPOCAM OTHOCAT K pa-
cteHusam. Mukposogopocnu (MKB), kak cne-
AyeT U3 HasBaHuAa, — 3TO MUKpPOCKOoNn4eckune
hoTOCMHTE3UpyIoWre opraHn3mbl, obuTato-
LMe Kak B MOPCKMUX N MPECHOBOAHbIX, TaK U B
NMoYBeHHbIX aKocuctemax. OgHaKo B BOAE XU-
BYT TaKXXe BOAHble CEMEHHbIE pacTeHus (psc-
Ka, anoges, pAecT 1 Ap.), BbiClIME CNOPOBbIe
pacTeHus (Mxu, NanopoTHUKOOOpasHbIe) U TU-
nuyHble Bogopocn. K nepsbiM ABYM rpynnam
pacTeHuin MPUMEHUM TEepMUH “MakpouTbl”,
TO ecTb 6onblume pacteHnsa. K makpodutam
OTHOCAT M HEKOTOpble TUMWYHbIE BOLOPOC-
nn (xaposble, Oypble, KpacHble), a uHorga v
HUTYaTble BOAOPOCAM O6OMbWKX pPa3MepoB
(konebaHua pasmepoB coctaBngaT 1.5cm —
20 cm — 60 m). Pasmepbl MuKpoBogopocnen
konebniotcsa oT 1 MKM (HEKOTOpble AuaTo-
Meu), YTO COM3MepuMOo C 6aKTepuanbHbIMU
kneTkamu. Hayka o Bogopocnax Ha3biBaeTcs
anbronorva nnun UKoorus, eé paccmaTpuea-
0T KaK CaMOCTOSTENbHbIV pasgen 60TaHnKW.

Bogopocnu — Kak rpynna opraHu3moB pas-
JNINYHOTO MPOUNCXOXAEHNSA — 06 bEeANHEHbI Cre-
AylowrMn nNpu3Hakamu: Hanu4due xnopodun-
na n poToaBTOTPOMPHOro NUTaHUSA, obuTaHme
B BOAHOW cpefie Nn BO BIaXKHbIX YCITOBUAX (B
noyse, Cblpblx MecTax 1 T. n.). Y Bogopocnen,
Kpome TOro, OTCyTCTBYyeT 4éTKasa audde-
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peHunayma Tena (Ha3biBaeMOro CroeBULLEM,
UMM TasyloMOM) Ha OpraHbl U Bblpa>keHHas
nposoAdwaa cucrtema. Tannom ObiBaeT 0of-
HOKMETOYHbIM U MHOFOKNEeTO4YHbIM. HekoTo-
pble BOAOPOCNN CMOCOOHbI K retepoTpodumn
(MMTaHMIO TOTOBOW OpPraHuKoW), Kak OCMO-
TPOpHON (MMTaHMEe MNOBEPXHOCTLIO KIETKW,
Hanpumep >XryTUKOHOCLbI), Tak U NyTém 3a-
rnaTblBaHUS 4Yepes3 KNeTOYHbIA POT (3BrNeHo-
Bble, AnHOumTOBLIE). Cpean OAHOKNETOYHbIX
CYLWEeCTBYIOT KOJOHManbHble (hopMmbl, Koraa
OoTAernbHble KMEeTKW TEeCHO CBA3aHbl Mexay
cobon yepes NNasmMoLeCcMbl UNN NOFPY>XKEHbI B
06wwyto cnnab. C TOYKM 3PEHNST CUCTEMATUKM,
K BOAOPOCSIAAM OTHOCAT pasfnunyHoe 4mcrno (B
3aBUCMMOCTW OT Knaccudukaumm) oTAenoB
9yKapuoT, MHOTMe U3 KOTOPbIX HE CBS3aHbl
obwum nponcxoxgeHmem. Kpome T0ro, K BO-
[OpOCNAM 4acTo NPUYUCNAIOT CUHE3eNnéHble
BOAOPOCIM, NN LuaHobaKTepun, aensowme-
€S NpokKapuoTamu.

MHTepec K BblpalmBaHnio MMKPOBOAOPOC-
nen N UX UCMOMb30BaHNIO UMEET AaBHIOK UC-
Topuio. HekoTopble 06nacTn X NPUMEHEHUS,
€crnocobbl  KynbTUBMPOBaHWUS, BO3MOXXHOCTYU
COKpalleHusa SHeprosatpaT npu BblpalmBa-
HUW BbINN PacCMOTPEHbI HaMKU B Ny6nnkaumnsax
XypHana B 2005 r'. B 4yacTHOCTU, Mbl MUcanu o
KOPMOBBIX, NMULLEBbLIX, KOCMETUYECKUX 1 dhap-
MaLeBTUYECKMX MPOAYKTax N3 MMKPOBOAOPOC-
newn. Ha cnyxy B To Bpems 6bia B OCHOBHOM
CMHe3enéHas BOAOPOCb CNMPYMHa/apTpocnu-
pa. K 2010 r. MmpoBoe Npon3BoACTBO MUKPO-
BOAOpPOCHEN cocTaBnano yxe 6onee 10 000 T
B rofl, OCHOBHas mMacca KOToporo npuxoaunach
Ha CLUA, Kutan, Nnguio, AnoHuto, MepmaHuto,
AscTtpanuio, N3pannb un TaneaHb. CnvpynuHa

" PycramoB H.A., 3aiiyes C.U., YepHosa H.U. buo-
macca — NCTOYHUK dHeprim // QHeprusi: 9KOHOMM -
Ka, TexHuka, akosiornsi. 2005. Ne 6; HepHosa H.U.,
Kucenesa C.B., 3aniyes C./. YanButenbHble MUK-
poBogopocau // SHeprusi: 9KOHOMUKA, TEXHUKa,
aKosnorusi. 2005. Ne 11.
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no-npe>xHemy yaepXxuBaeT MNepBeHCTBO, Of-
Hako MOMMMO Heé n Xnopennbl CAUCOK nep-
CMEeKTMBHbIX MUKPOBOZOPOCNEN MOMOSTHUAN
Dunaliella salina, Aphanizomenon flos-aquae,
Haematococcus pluvialis,  Crypthecodinium
cohnii, Shizochytrium pp., Hawepwne npume-
HEeHue B MULLEBOM N KOPMOBOM NPOU3BOACTBE,
KocMeTuKe, dhapmaleBTUHECKON NPOMbILLIIEH-
HOCTU U Ap.2 B Poccum nMetoTesa nuilb eauHNY-
Hble NPYMepbI MOYNPOMbILLIIEHHOTO Ky bTUBY-
pOBaHUA MUKPOBOAOPOCHEN N UmaHobaKTepumn
ANA nNpou3BoAcTBa OMOMOrMHECKN aKTUBHbIX
[06aBOK K NuLLe 1 KOpMaM.

Bo3HMKHOBEHME WHTepeca K MWKPOBOLO-
pocnsM Kak CbIpbto /151 MPOU3BO4CTBa TOM/N-
Ba CBA3aAHO C 9HepreTuyecknm Kpuamncom 70-x
rogoB XX Beka, xoTa ewé B 50-e rogbl 6bina
nokasaHa npuvHyunuanbHas BO3MOXXHOCTb Bbl-
pawmBaHnss MUKPOBOAOPOCTEN B MaccOBOM
KynbType B MNPOW3BOACTBEHHbIX MacliTabax.
KpynHble NpOMBbILWNEHHbIE YCTAHOBKMK Obinu
co3fgaHbl B ['epmaHun, AnoHuu, Yexocnosa-
kun, CCCP, lMonbwe, Bonrapun, ®paHuun,
Mekcuke 1 psge apyrux ctpaHs. HecmoTpsa Ha
BbICOKYIO Hay4HYIO pes3ynbTaTUBHOCTb UCCre-
poBaHun, B 80-e — Havane 90-x r. cTano o4ye-
BWAHO, YTO NPUMEHEHNE MUKPOBOAOPOCEBbIX
CUCTEM KaK UCTOYHMKa buomacchl AN dHep-
reTM4eckux Lenemn apnseTcs manoadgexkTms-
HbIM B CUJTY JOPOrOBU3HbI MO CPABHEHMIO C UC-
KonaembiMu Bugamun Tonnmea. [oatomy B TOT
nepuoa, Kak ckasaHo Bbilwe, B 061acTu Bo4O-
pOCneBbIX TEXHOMOrnn 6e3ycrnoBHOE Nuaep-
CTBO MOJSTY4UNIN UCCMEef0BaHUSA, CBA3aHHbIE C
HE3HepreTU4EeCKMMM NPUNOXKEHNAMU.

OpgHako cuTyauus u3MeHunacb B KOHLE
1990-x rr. B CBA3W C BOCTPEOOBAHHOCTbLIO
>KMAKUX MOTOPHbIX OMOTOMMAMB, pasBUTUEM
6MOTEXHOMOMNIA, MOUCKAMN HOBbIX CbIPbeBbIX
pecypcoB Ans 6uoaHepreTukn n T.4. B HacTos-
Lee BpeEMSA MOXHO roBopuTb 06 o4yepenHon
CEepbE3HOM CMEHe MPUOPUTETOB B MCMOJb30-
BaHUM BOAOPOCHEN: B nocrnegHne gsa Aecs-
TUNETUA 3HAYNTENbHO BbIPOC 0O6BEM Hay4HbIX
nccnefoBaHni M KONMMYECTBO OCyLlecTBnse-
MbIX MPOEKTOB B 0611aCTN BOZ40POC/1€B0O# 61O-
SHepreTukn. BnoaHepreTMyeckuin noTeHuymnan
BOJOPOC/EN MpuBreKaeT OrpoMHOe BHUMa-

2 Brennan L., Owende Ph. Biofuels from microalgae —
a review of technologies for production, processing
and extraction of biofuels and co-products // Re-
newable and Sustainable Energy Reviews, 2010,
V. 14, P. 557-577.

3 MuHeBny B.B., Bepaunun H.H., Muxaiinos A.A.
UsyyeHne Spirulina platensis — HoBoro obbekTa
A715  BbICOKOMHTEHCUBHOIO  Ky/1bTUBUPOBaHNS //
®usunonorusi pacteHmi, 1970. T. 17, Bein. 5,
C. 1037-1046; Goldman J.C. Outdoor algal mass
cultures. Applications // Water Res., 1979, V.13,
Ne 1, P. 1-19.

HWe npousBoguTenen 6MOTONNNBA, UHBECTU-
pylOLNX 3HAYMTENbHbIE CpeacTBa B Uccneno-
BaTenbckue nporpammel. VI 3To He cny4yarHo:
6uomacca MKB umeeT pag npusnekaTesnbHbIX
CBOWCTB M ya0BNeTBopseT 60MbWMHCTBY Tpe-
60BaHU, NpeabsBASeMblX K pacTUTENbHOMY
SHepreTU4eCcKOMy Cblipbio:

* U3bATUE  KyNbTMBUPYEMOWA  Buomacchl
MUKPOBOZAOPOCIEN ANS HYXXA 9HEPreTuKn He
HapyLllaeT eCTECTBEHHYIO KOHCepBaLuio opra-
HMYecKoro BellecTBa B 6uoctepe; Npu 3ToM
nnaHTauMm MUKpPOBOZOPOCHEeR cnyxat ad-
(hEKTUBHBIM KPaTKOCPOYHbLIM CTOKOM aHTpO-
noreHHoro CO,, KOHBEPTMPYS ero B 3HEPruto
BbICOKOW MMIOTHOCTY;

* BOgOpoCcnn saBnarTca ¢oToaBTOTpOda-
MW: AN UX pOCcTa U Pa3BUTUS HYXKEH COSTHeY-
Hbin ceeT, CO, 1 Boga ¢ HeboMbWMM KOMnye-
CTBOM MMHEparnbHbIX CONeN;

* MPOAYKTUMBHOCTb MWKPOBOAOPOC/EN MO
6uomacce 1M macny Ha Mnopsaku npesbiwaeT
NPOAYKTUBHOCTb HAa3EMHbIX, B TOM YKCe Mac-
NNYHBbIX pacTeHun (Tabn. 1, 2);

« ANS BblpallMBaHUS BOAOPOCIIEN HE HYX-
Hbl NaxOTHbIE 3eMNN, NNaHTayuM MOXHO pas-
MelaTb Ha MOBEPXHOCTM BOAOEMOB MM Ha
HenpurogHblX ANa 3eMenennsi noysax (3aco-
NEHHbIX, MYCTbIHHbIX U Ap.), TPU4éM nnowanb
BblpaliMBaH1A MUKPOBOAOPOCIIEN 3HAYUTEb-
HO MeHbLUE — MO CPaBHEHUIO, HaNpUMep, C Ka-
Honon (pancom) B 20—100 pas (tabn. 1);

* BOAOPOCNM TPebyloT HaMHOro MeHbLue
BOAbl, YeM TPaAULUMOHHbIE 3€PHOBbLIE KYJIbTY-
pbl, UX MOXXHO BblpalymMBaTb 1 B CONEHOW BoAE,
M Ha CTOYHbIX BOZax, ocnabnssa gaBneHune Ha
pecypcbl YUCTON BOAbI;

*OOMH U3 BO3MOXHbIX MNyTEeN CcokpaLle-
HUS CTOMMOCTM 6MOTOMMBa U3 MUKPOBO-
Jopocrnen — OfHOBPEMEHHOE MOJlyYeHue U3
HWX LEeHHbIX COMyTCTBYIOWMUX NPOAYKTOB AN
XMMUYeCKON, thapmMaueBTUHECKON, MeauLMH-
CKOW, NWLWEBOW M KOPMOBOW MPOMbILLIEHHO-
cTn (6eTa-kapoTuH, acTakCaHTWH, hukouna-
HWH, XNopodunn, rMUepuH U T.4.), a Takxe
MCMOb30BaHNE Npu UX KyNbTUBMPOBAHUN OT-
XOZ0B ApYrux NpoOM3BOACTB;

* MPW CYLECTBYIOWMX B MUPE TEXHOMOrMsAX
CTaHOBUTCA BO3MOXHbIM KpymnHoMacluTabHoe
BblpalyyBaHne 6uomaccbl MUKPOBOAOPOCHEN
KPYrnorognyHo He TOJSIbKO B YCOBUSIX TPOMU-
YECKOro 1 cy6TponMYeckoro KnuMarta, Ho U B
YMEPEHHbIX KMMaTUYECKUX YCIOBUSX, AaXe
npu oTprUaTenbHbIX 3MMHUX TemnepaTtypax;

* MMKPOBOZOPOC/IN He SBNSIOTCS Tpaguuu-
OHHbIM MULLEBbLIM 1 KOPMOBBIM CbIPbEM;

» 6MopasHoobpasre MMKPOBOAOPOCHEN (13-
BeCcTHO 6onee 40 000 BuAoOB, M3 KOTOpPbIX
NWWb HECKONbKO MPOLEHTOB HaxoguTcA B
KOMMEKLUSIX XUBbIX KyNbTyp, U TOMbKO Y He-
CKOINbKMX COTEH WTaMMOB onpeaenéH 6moxu-
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MpoAYKTMBHOCTb HEKOTOPbIX MEePCNEKTUBHbIX BUAOB BoAopochei (MoKasaHbl
3Ha4YeHUsA NPOAYKTUBHOCTU, NOJTyHEeHHbIe B KOHKPETHbIX YCIIOBUAX 3KCMNepumMeHTa)

Tabnuya 1
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CopepxxaHue

KJ'IVII'IVI,D.OB, % 16-40 22-38 14-20 4-22 6-44 5-45 20-30 22-38 33-38 40-59 po 80
Tabnnya 2

CpaBHeHue parnca n mukposogopocnu Haematococcus pluvialis
KaK 3Hepromcto4yHmkoB

Mnowappb, He-
MpooykTue-| OHepro- |MpogykTme-| OJHepro- |obxogumasn Ang
KvibTvpa HOCTb cofepxxaHue | HOCTb MO |cofep>aHue| Npov3BOACTBA
ynetyp 6uromacchl, obulee, macny, no macny, 300 - 10'8
T/ra/rog, Ox/ra/rog T/ra/rog [Ox/ra/roq |Ox/ron aHepruu,
lra
Panc (FepmaHuns,
cemeHa) 3.1 75.6 1.2 44.7 6.7
Panc (®duHnangus,
cemeHa) 1.6 39.0 0.65 24.2 12.4
O3umbIn panc
(Poccus, cemeHa) 1.0-2.5 24.0-61.0 0.3-0.75 11.1-28.0 10.7-20.7
Haematococcus
pluvialis
(B cpeaHem) 38.2 763 13.8 422 0.71
Haematococcus
pluvialis
(MakcnmanbHo) 91.8 1836 33.2 1014 0.3

WNcTto4vnnku: Huntley M., Redalje D. CO, mitigation and renewable oil from photosyntetic microbes: a new
appraisal // Mitigation and Adaptation Strategies for Global Change. 2007. Vol. 12. P. 573-608; YepHo-
Ba H.W., Kucenesa C.B., Kopo6kosa T.I1., 3anyes C./. MuKpoBOAOpOCM B KQ4eCTBE Cbipbs A5 NOSTy-
CeHMﬂ 6uoTonnuea // AnbTepHaTuUBHasA aHepreTnka n akonormsa. 2008. Ne 9.

/

MWYECKUA coCTaB, MPOAYKLUMOHHbIE W WHble
XapaKTepuUCTUKK) OaéT nNpakTU4ecKn Heunc-
yeprnaeMblil UICTOYHUK ANA CENEKLMOHHON pa-
60Tbl, FeHHbIX UCCNeAoBaHN n obecneynsaeT
BO3MO>XHOCTb NOoJ1y4eHNsA BbICOKO3HepreTu4ye-
CKUX KYNbTyp.

B cBA3M ¢ nocnegHnM 06CTOATENBCTBOM
cnegyet 3aMeTuTb, YTO MWKPOBOZOPOCIN B
NMOSIHOW Mepe CnocoOCTBYIOT MNPEOAOIEHNIO
o6o3Ha4umBLluerocs B 2005—2008 rr. KOH(INK-
Ta B NpMpoAONoib30BaHNM, CBA3aHHOIO C K-
pPOKMM nUcnosib3oBaHMemM 3epHOBbIX U Macsiny-
HbIX KynbTyp (MLWeHnLbl, KYKYpy3bl, panca, Ka-
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HOJbI, COMN, ATPOMbI, MaCNN4YHbIX NanbM) AfS
npounseoAcTBa 6uoataHona n buoausens (Tak
HasbiBaeMoe OWOTOMNMBO MEpBOro MoKose-
HUS). 3TO BbI3BANO HEraTMBHOE OTHOLLEHUE K
61o3aHepreTuKe Kak K MacwtabHomMy notTpebum-
Teno MULEeBbIX PecypcoB*, HO M MOCMYXUMo

4 Mo gaHHbIM ®AO OOH pocT UeH Ha NPOAOBOLCTBUE
B 9TOT nepunog ckopee 6bis1 Bbi3BaH POCTOM LeH Ha
OHEProHOCUTEIN U PE3KUM yBelIn4eHneM cripoca Ha
npogoBonscTBue B cTpaHax Koro-BoctoqHou Asum.
Tak, B ganbHeniiem, B nepuog 2008—2009 rr., LjeHbl
Ha 3epHO nagasn CUHXPOHHO C LjeHamu Ha HepTb,
HECMOTPSI Ha& CTPeMUTEsIbHbIN No4bEM MUPOBOro
rnpon3sBogcTBa 6MOTONIMNBA.
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Puc. 1.

CoBpemMeHHblIe TeXHOST0rnu
nepepaboTKu MUKPOBO[OPOCIEN
B 9HepreTu4yeckune rnpogyKrthbl.

CTUMYNOM K pas3paboTKe TEXHOMOrnin nony-
YeHnss 6MOTONMMBA U3 HEMULLEBOrO Cbipbs U
0TX0408B (6MOTOMNMBO BTOPOro MOKOSIEHUS),
npeAcTaBfeHHbIX Npexae BCero nurHouen-
ntonoson. Kpome Ttoro Esponenckun Coio3
NPVHAN NOMpaBKW B HOpMaTMBbI Ha 6uoTon-
NMBO, yBENUYMB 06A3aTerNbHYIO €ero AoNo 13
HenuLeBoro cblpbs. B TepMmHonornyeckom
nnaHe 3TO NPMBENO K BblAeneHuo 6uoron-
nimBa TpeTbero foKoseHns (Tonnueo, npo-
M3BOAMMOE U3 cneumnanbHo BbipalnmBaeMbliX
LN SHEepreTUYeckux Lenen BOAOPOCHEN)
n buortonnmsa 4eTBepPTOro MOKOAeHUs (13
reHeTU4eckn MOAMMULMPOBAHHbBIX BOZAO-
pocnen npoAyLeHToB Yyrneso4opOAoB,
koHsepTupytowmx CO, HenocpefCTBEHHO B
TOMNMIMBO).

lMonckn HOBbLIX BMAOB CbipbA ANA 6uo-
9HEepreTuKM — B TOM 4MCMe BbICOKOIHeEp-
retmdyecknx smpos MKB — 6yayT akTtyanb-
HbIMW M B JdarnbHenleM, MOCKOMbKy Aons
MOTOPHbIX TOMNMAWB B CTPYKTYpe MMPOBOro
TONNIMBHO-3HepreTuyeckoro 6anaHca (no-
psgka 35% B 2008 r.) octaétca ctabunbHO
BbICOKOMW.

TexHonornun npeobpa3oBaHuUsi BOLOPOC-
neu B 3HeproHocutenu. C BoAopocnaMM
npexae BCEro CcBA3bIBAOT MPON3BOACTBO
éuogusens nepeatepudmkaumen copepxxa-
Wwmxca B HUX Tpuayunrnuyepungos (TAIN)
XKMPHBbIX KapboHOBbIX KucnoT. Peakuws ne-
peaTepudukaumn naeT Mexxay HU3KoMmore-
KYNAPHbIMK CnpTamu (MeTaHos, 3TaHos) u
XKUPHBIMW KUCIOTamun B NPUCYTCTBUN LLEM0Y-
HbIX WM KUCMOTHbIX KatanusaTopoB. B pe-
3ynbTaTe obpasyetcs 6uMoan3enb, KOTOPbIN
Nno CBOEMY XMMUYECKOMY COCTaBy He umeeT
Hu4ero obLero ¢ gusenem n3 HeTn, ogHaKO
no  PU3MKO-XMMUHECKUM XapakTepucTukam
61130k K ansenbHomy Tonnmey FOCT 305-81
J/3 wnn paxe npesocxoant ero. OCHOBHOW
06BEM MMPOBOro npoussoAcTBa Guoansens
nofly4yarT M3 pacTUTEnNbHbIX Macen (panco-
BOro, COeBOro, nanbMOBOro, NOACOMHEYHOrO,
KYKYPY3HOro, rop4myHoro u gp.). KncnotHbin
COCTaB MMKpoBOZopocnen 6nn3oK K pacTu-
TenbHbIM Macnam TPaauLMOHHbIX MacNYHbIX
KynbTyp W onpeaenseTcst yCroBUsMU UX Bbl-
pawwmBaHnsa. Tak Hanpvmep, B COCTaB BOAO-
pocnen Desmodesmus sp. n3 6€0MOpCcKoOro
rmgpovaa BXOAAT B OCHOBHOM MOHOHEHAachl-
weHHble onenHosas (C18:1, 50-60%), nanb-
mutonenHosas (C16:1, 0-15%) u HacblwweH-
Hasa nanbmuTuHoBas (C16:0, 25-30%) kucno-
Thbl; NONIMHEHAacbIWeHHble nuHonesas (C18:2)
n nunHoneHosasa (C18:3) kucnoTbl cogep-
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XaTcsa B He3HaduTesnbHbiX (MeHee 10%) Ko-
nuyectaax®.

PaspaboTka HOBbIX MOAXOAOB K nepepa-
60TKe UCXOAHOro BOAOPOCNEBOrO Chlpbs MO-
3BONISIET HblHE U3 O4HOW U TOW XXe 6uomaccol
nonyyaTb pasnuyHble BuAbl Tonnuea. [lpu
onpefenéHHblX YCNOBUSAX KyNbTUBMPOBaHUS
MUKPOBOZOPOCNN (KaK CEeNeKLNOHHbIE, TaK U
reHHO-MOAM(PULMPOBAHHbIE LWTaMMbl) CNOco6-
Hbl CMHTE3upoBaTb 6GMoO3TaHon u Bogopoal.
Pag MukpoBogopocnen CMHTE3UPYIOT B Mpo-
Lecce pocTa yrnesofopofbl. Tak, 3enéHble
O[HOKJIETOYHbIE KOJIOHMasbHbIEe BOAOPOCU
Botryococcus braunii obnagatoT 3amevaresb-
HOM CNOCOOHOCTbLIO 06Pa3oBbIBaTb U aKKyMy-
nupoBaThb XuakKue yrnesogoponbl (4o 86% ot
Beca Cyxoi 6uomaccsl). Yrneesogopogapl, aKc-
Tparupyemble n3 éuomaccol B.braunii, MOXHO
paccMmaTpuBaTb Kak UICTOYHUK TPAHCMNOPTHOro
TonnmMBa nocrie rmapokKpekuHra. Hanpuwmep,
NPOAYKT MeperoHKu, MosfyYeHHbl 13 BOAO-
pocnesoi maccel u3 Darwin River Reservoir
(ABcTpanus), cogepxxan crnegyowme dpak-
umn: 6eH3nH 67%, aBuauuoHHOe TOMNUBO
15%, gusenbHoe TOomIMBO 15%, cmaso4Hoe
Macno 3%’. K CMHTe3MpoBaHHbIM BOLOPOCIS-
mn TAT, a Takxe K 6roansento, NpoM3BeaéH-
HOMY NMyTEM nepeaTepudukaunmn, NPUMEHsOT
Tak Ha3blBaeMblil NpoLEecc rmapoTepmMarnbHo-
ro cxmxkeHnsa HTL (hydrotermal liquefaction),
KOTOpPbIN  MPOBOAMTCA MNPU  MOBbILLEHHbIX
OaBneHnn n TemnepaType Ha reTeporeHHbIX
KaTanusaTtopax®. 3aTem rugporeHusauven u
JeokcureHaumen (ocywectensaetca B HedpTe-
XUMUN fekapboKCMmpoBaHuem, gekapooHu-
NIMPOBaHNEM UMW TMAPOrEHONM3O0M) NoMy4aT
BO306OHOBNSAEMbIN An3enb. [ononHuTenbHas
onepauus rmapokKpeKnHra, KoTopon noasep-
raeTcsl y>xe nosly4eHHoe TonanBo, No3BONseT
NOBbICUTb BbIXOA, LieNeBoro npogykra — 6uo-
Ansens, cogepxxaiero yrnesogopodbl € Ko-
POTKUMW YrNeBOAOPOAHBIMY Lienodkamu (He

5ConosuyerHko A.E., YuskyHoBa O.5., CemeHo-
Ba JI.P. v gp. BnusiHne cTpeccoB Ha cofepxaHune
MUrMeHTOB U XUPHbIX KUC/IOT INNUAO0B B KeTKax
mukposogopocnn Desmodesmus sp n3 6eromop-
ckoro rugpouga // @usnonorusi pacteHmn. 2013.
T.60.Ne 3.C. 1-10.

6 Deng M., Coleman J.R. Ethanol synthesis by ge-
netic engineering in Cyanobacteria // Applied and
Environmental Microbiology. 1999. Vol. 65, Ne 2.
P. 523-528.

7 L.W. Hillen et al. Hydrocracking of the Oils of Bot-
ryococcus braunii to Transport Fuels // Biotechno-
logy and Bioengineering. 1982. 24 (1): 193-205.

8Y. Zhu, K.O. Albrecht, D.C. Elliott et. al. Deve-
lopment of hydrothermal liquefaction and upgra-
ding technologies for lipid-extracted algae con-
version to liquid fuels // Algal Research. 2 (2013).
455-464.
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6onee 10 atomoB yrnepoaa)®. MacwTabHbli
nokasaTesbHbl MPOEKT MOMy4YeHns Tonnuea
M3 MWKPOBOZOPOCNEN ANA BOEHHO-MOPCKOro
dnoTa u aBmauMm ocyljecTsuna C MCnosb-
30BaHNEM [aHHOM TEXHOJIOrMYECKON CXeMbl
komnaHusa Solazyme (Can-®paHuyucko, CLLUA)
B 2008-2010 rr."° B nekabpe 2013 r. MUHUCTP
BMC CLWUA Pan Mabyc obbsaBun 0 Hayane
nporpaMmmbl “Cenbckoe X03aucTBo — noTty”,
npu3BaHHON ob6ecne4ynTb amMepuKaHcKue BO-
€HHO-MOPCKMEe CUMbl TOMIMBOM U3 CEMSH 3ep-
HOBbIX KynbTyp, TOMNMEHOro Xunpa n BoAopoc-
neir''. Booopocnu ¢ BbICOKUM COLEPXXaHWeM
Kpaxmana v yrnesofoB MOXXHO nepepaboTaTtb
nyTém aspobHOW WM aHa’pobHoOn epmeH-
Tauyum B 6uoaTaHos, 6nobytaHon U BOAOPOA.
OTaHON M3 BOAOPOCNEN MOXHO MosiydaTb U
OfHOBPEMEHHO C 6uoamn3esNbHbIM TOMMBOM:
nocne n3BnevYeHNs mMacna ocTaBlLascs YacTb
6uomacchbl 3a4acTyo COAEPXUT [OCTaTOYHOE
KONMYEeCcTBO Kpaxmana v gpyrux yrneBofoB.

Takum o06pasom, B HacTodwee Bpems
MO>XHO TOBOPUTb O CYL4ECTBOBaHWM LEeNoro
CcrneKTpa TEeXHOMOornM nosiyd4eHus éurtonnuea
TPeTbero MOKONEHUA U3 rMPoJyKToB GMOCUH-
Te3a MuKpoBogopocien: BUOCUHTE3 3TaHO-
na v Bogopopaa, yrneBofoB (C nocnenytowmm
CMMPTOBbLIM MMM aueToHO-6yTunoBbIM cbpa-
XnBaHuem [o 6uoataHona m 6uobyTtaHona),
yrnesofopoAoBs (c nocneayowmMm ruapokpe-
KVHIOM [0 KepocuHa, 6eH3nHa, gusens, masy-
Tauv ap.), Tpmaumnramuepugos (C nonyyvyeHmemM
nepeaTepudukaumen 6uoamnsens, rmaporeHu-
3auMen n pgeokcureHaumen — BO3OOHOBNSAE-
MOro, 3enéHoro, Ausensa'? u gononHUTeNbHO
rMAPOKPEKMHIOM — 6rokepocuHa). MNpn aTom
0TX0bl NepepaboTkn bromacchl Takxxe MoryT
CNy>XuUTb CbipbéM 4N Npou3BogcTea 6uoTton-
nmBa — mMeTaHa, Bogopoga, buoHedTn, Xua-
Kux 6uotonnue (puc. 1).

9 Raslavisius L., Semenov V.G., Chernova N.I.,
Kersys A., Kopeyka A.K. The promise and challenges
of algae for transportation biofuels. In: Proceedings
of the 17th International Conference Transport
Means2013. Kaunas, Lithuania: Technologija.
2013. p. 83-86; Trusov L.l, Gordienko A.A, Pro-
kudina N.A. Advances of catalytic processing of
a renewable high energy biomass towards liquid
fuels and other valuable commodities // Problems
of Modern Science and Education (e-journal),
2013. [JoctynHo: http://www.science-education.ru/
108-a8728.

0 locTynHo: http.//solazyme.com/fuels.

" floctynHo: http.//www.flot.com/news/other/grease-
fuel.

2 B HacTosiujee Bpemsi 6O/bLIOE BHUMaHUE yhe-
NSeTCs  MOMy4YeHWo U3 IMM[ocoZepiKalles
buomacchl Bo306HOBIsSieMoro ausens (renewabl
diesel, green diesel) — TonnuBa, 651M3KOro Mo
cocTaBy K TPaguLUMoOHHOMY AN3esIbHOMY TOMIUBY
u3 Hepy.
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Tabsmya 3
MporHo3 pa3BuTUA TEXHOJIOMMIA NOoNy4YeHns buoamsenbHOro Tonnmea U3 Bogopocen
MpoaykT
OTanbl
pasBuTuA Mpouecc X
TEXHOMorum - nMmyeckoe
HasBaHue (KoMMep4eckuii MpoayKT) o8 ANHEHME
~ 1995 MepeaTepudmkaums Buogunsens (FAME — Fatty acid methyl Ochup
esters)
~ 2007 M'mapoobnaropa- Boso6bHoBnsembint gusens (HVO C.Honso
XMBaHue RD — Hydrotreated Vegetable Qil
Renewable Diesel)
~2015- 'mopoTepmnyeckoe Boso6Hosnsembit gusens (HTL bio- C.Honso
2020 CXXUXKEHNE; oil; FT-BTL)
Masundpukayna +
\_ duwep—Tponw Y,

Ntak, ecnn B 1995 T. OCHOBHOW TEXHO-
Norven KpynHomacwTabHOro npouM3BOACTBA
6éuoansenbHOro Tonnuea 6binia nepeatepudn-
Kauus TpuvauMnravuepuioB, TO B CepeavHe
2000-x rr. Ha4yanu pasBMBaTbCHA TEXHOMOrnn
rmapoobnaropaxuBaHusi (BOCCTaHOBIIEHUE He-
HaCbILWEHHOr0 COeAVMHEHUSA C NPUCOEAUHEHU-
€M aTOMOB BOAOpPOAa MO KPaTHOW CBA3W) Nu-
nnaoB 1 nony4aemoro 6uoamsensa 4o BO306-
HoBnsiemMoro amsens. MporHo3bl ganbHenwero
pasBuTua nokasbiBatT, 4TO0 K 2015-2020 rr.
NNOVPYIOWMMKM  MOTYT CTaTb  TEXHOMOrmu
rmaopoTepMn4ecKoro CxumxeHmna nmnngoe wu
6unoamsena (HTL), a Takxxe npeobpasosaHue
6évomaccbl rasudukaymen ¢ nocrnepyromm
npoueccom duwepa-Tponwa (Taén. 3).

Mpo6rnembl nonyvyeHns 6uomaccbl MUK-
poBogopociei. icnonb3oBaHne MMKPOBOAO-
pocnen Ansi Npou3BOACTBa SHEProHocUTeNen
CTaBWT 3aa4y He TOJTbKO KpynHoMaclTabHo-
ro KybTMBMUpoBaHUA, HO U KyNnbTuUBMpoOBaHUA
6uomaccbl C 3adaHHbIMW CBOWCTBaMu, Ha-
npuMep, C BbICOKUM COAEpP>XaHWeM NUNNL0B,
yrneBsofoB, yrnesogopogoB u T.4. OpHako
BHeApeHVE NepcneKTUBHbIX LWTaMMOB-Npoay-
LEHTOB NMUMNMAOB B NPOU3BOACTBO 6GUOTONNNB
OCMNOXHSAETCA CrneaylowyM M3BECTHbIM 06-
CTOATENbCTBOM: OLHOBPEMEHHOE [AOCTWKEHUE
BbICOKON NPOAYKTMBHOCTM MO 6uomacce wu
no nunuaam npu sbipawmsaHun MKB HeBo3-
MOXXHO. WHTEHCUBHbIA POCT 6MoOMacchbl MUK-
poBogopocnen MAET B ONTUMAasbHbIX A5 HUX
YCNoBUAX, a8 MHAYKUMS BMOCUMHTE3a N aKKyMy-
NIMPOBAHUA NIMNULOB MOXET ObITb AOCTUTHYTA
nyTém cosgaHnsa u3noormyeckoro crtpecca
(Hanpumep, NMMUTMPOBAHWE WU TFOfI0fAHNE
no asoTy u/unun gocopy; MakCumarsnbHble Un
MWHUMasbHble 3HAYEeHNSI MHTEHCUBHOCTH CBe-
TOBOro nNoToka, pH, Temnepatypbl; 0611y4eHne

ynbTpaduoneToMm; BO3OENCTBUE  TSXKENbIX
MeTannoB M APYrux XMMUYECKUX BELIEeCTB;
OCMOTUYECKMWI cTpecc u Ap.). NMoatomy ogHuMm
13 BO3MOXHbIX NYyTEeN MakCMMasibHOrO HaKomM-
nexHus 6uomaccbel MKB ¢ onTumanbHbIM CO-
Jep>XaHvem NunuaoB siBMsieTcs npoBefeHue
KynbTMBMpOBaHWs B ABe cTagum's. MNepsas
cTagvs BKo4YaeT B ceb69 MakcumanbHoe Mo-
ny4eHune 6uomacchl B ONTUMAbHbIX YCITOBUAX
pocTa. Ha BTOpoW cTaguMu KynbTUBMPOBAHWSA
noflydeHHas 6uomacca MWKPOBOZOPOCHEN
nepeBoAnTCA B CTPEccOBble YCNOBMA ANA
VMHAYKUMN CUHTE3a U aKKYMYMPOBaHUSA NNNn-
[oB. Ho B BOgopocneBo MHOYCTPUM HY>KHbI
npombilneHHble KynbTypel MKB, koTopble
6bICTPO PaCTyT, CUHTE3UPYIOT W aKKymynu-
pYIOT 3Ha4uTErNbHbIE KONMYecTBa NMNUAoB B
BUAE TPUaLMnraMuepuaoB v XUAKUX yrneso-
[0pOAoB.

K HacTosilemy BpeMeHn co3faHbl KOekK-
UMM MUKPOOPraHW3MoB, B TOM YMCIEe MWUKPO-
CKOMUYECKNX BOJOPOCIIEN, B pasHbIX CTpaHax
mupa. OfgHa n3 KpynHemnwmnx Konnexkuymn, Kos-
nekuma UTEX, npuHagnexauwas Texacckomy
yHusepcutety (OcTtuH, CLUA), HacuuTbiBaeT
6onee 3000 wTtammoB, a konnekuusa CCMP,
cobpaHHas B JlabopaTtopunm OKeaHOosormmn
um. Burenoy (West Boothbay Harbor, wtat
MaH, CLUA), cogep>xuT okono 2600 wrammoB
MUKpPOBOZOPOCNen 1 umaHobaktTepun. B kon-
nekunn mopckux Mukpoopranmamos ICMAN-
CSIC, pacnonaratowenca B AHAANY3CKOM UH-
cTuTyTe OKeaHonoruv (AHganysus, Micnanmns),
okono 300 wTammMOB MMKpPOBOZOPOCNEN, a

3 N.I. Chernova, T.P.Korobkova and S.V. Kiseleva.

Use of Biomass for producing liquid Fuel: Cur-
rent State and Innovation // Thermal Engineering,
2010. Vol. 57. No. 11. P. 937-945.
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newn, n nepefaHa B MaBanckumn
yHuBepcuteT (CLUA). Mo He-
KOTOPbIM AaHHbIM, HanpoTuB,
nocrne 3aeepleHns B 1996 r.
18-netHen nporpammbl  ASP
B CBSI3W C HEKOHKYPEHTOCMO-
COBHOCTbIOMOMYYEHHOr0BOAO-
pocnesoro 6uoTonnuea, Thbl-
cA4YM nccnengoBaHHbIX WTaAM-
MOB KoONnekuun O6binm  no-
TepsHbl'4.

Hanbonee kpynHaa poc-
CUCKasi KOMNMeKUMs MUKPOBO-
popocnen, cobpaHHas B WH-
cTUTYTE HM3NONOTNMN PacTeHUn
um. K.A. Tumnpsasesa PAH,
HacuyuTbiBaeT okoso 300 wram-
MOB MWKPOBOZOPOCIEN U LMa-
HobakTepuin. My3en >XMBbIX
KynbTyp MWKPOOPraHu3MoB
CaHkT-lNeTepbyprckoro rocy-

Puc. 2.
O6pa3ybl WTaMMOB MUKPOBOZOpPOCEN » )
Ans uccrniegoBaHus, cobpaHHbIe gbaﬁﬁf;ni;agg%?%;' ;‘%’e‘
B pa3JIn4HbIX pernoHax

Hayku. 2011. Ne 10.
9KcneguYNOHHbIX PpaborT: y
a — obpacTaHue KaMHs1 MMKPOBOZ4OPOCIIS -

mu; 6 — ynaHo-6aKtepuasibHble MaTbl Ha Puc. 3.
noBepxHOCTH TepMasnibHbIX ManKUHCKux SKkcnepumeHTanbHble MOAGYIN
uctoyHukos (Kamyartka); B, r — obpactaHue ¢ghorobuopeaktopa HUJ1 BUS:
CKaJslbHbIX MOpPo4 MUKPOBOLAOPOCIIAMMU a — OTKpPbITbie NJI0CKOCTHbIE
(FopHubi napk “Pyckeana”, Pecnybnuka KyJibTUBaTOpPbI; 6 — KYy/IbTUBAaTOPbI CO
Kapenus). CBeTo4MUOL4HON CUCTEMON OCBEeLYeHUS ;

B — 3aKpbiTbie PEP ¢ nogayen
yrrneKucsoro rasa; r — KyJibTUBMpoBaHue

O4Ha U3 cambIX KPYMHbIX KOMAEeKUuin BOAO- MUKpPOBOLOpPOCIIEN B CTPECCOBbIX
pocne © NpPOCTEAWNX MUKPOOPraHM3MoB no ocBeweHHOCTHU
CCAP, Haxogswasncs B LLloTnaHACKOM UHCTU- yCcr1oBUSIX.

TyTe mopa (O6aH, LloTnaH-
4us), BKro4vaeT B cebs 6onee
2500 wTamMoB, B TOM 4yucne
MWKPOBOZOPOCNE M LMaHo-
6aKTepun.

VHTepecHbIM NpMMepoM Korl-
NeKuMn MMKpPOBOOPOCTIEN, UC-
NoNb3YOLNXCA B KA4EeCTBE Mo-
TeHUuanbHbIX NCTOYHUKOB NN-
nnaoos, BblAeNeHHbIX U3 npec-
HbIX N CONéHbIX BOJOEMOB, SiB-
nseTca OTKpbITas U AoCTyn-
Has Ons  uccreposaTenemn
konnekuyusa SERI/NREL (Solar
Energy Research Institute/
National Renewable Energy
Laboratory, US). Ona 6bina
co3faHa B pamkax nporpam-
mbl Aquatic Species Programm
(ASP), HanpaBneHHOM Ha no-
NlydeHne macna u3 BOJopocC-

30




Puc. 4.

Mpumepbl WTamMMOB MUKPOBOZOPOCEN
n3 konnekymn HUWJ1 BU3 Mry:

— Haematococcus pluvialis rsemsu Hp-
1/11: a — noceBHas KynbTypa; 6 — B cTaguun
obpasoBaHNsi Macrsia U acTaKCaHTUHa;

— Botryococcus braunii rsemsu (BugHbli
KanesibKu Macna): B — B CBEeTOBOM MUK~
pockorne; r — B JIIOMUHEeCLeHTHOM MUKPO-
ckone (KynbTypa, okpaweHHasi Hunbckum
KpacHbIM).

JapcTBeHHOro yHuBepcuTeTa (konnekums CALU)
cogepXut 287 wWTamMMOB LUuaHbakTepun wu
396 WTaMMOoB NPecHOBOAHbIX U MOYBEHHbIX BO-
popocnen. OgHaKo pOCCUNCKME KOMNTEKLMM HE
OPWEHTUPOBAHbI Ha LWITaMMbl, NEPCNEKTUBHbIE
ONA uenen aHepreTuku, n — tem 6onee — onsa
NPou3BOACTBA XUAKUX buoTonnmse. Takum o6-
pasom, co3gaHne KONneKLymin NpOMbILLEHHbIX
WTAMMOB 3HEpPreTU4ecKoro Has3Ha4deHus, B
TOM YMCre TOJIePaHTHbIX K BblpaLyMBaHMWIo Npu
HU3KMX TemnepaTtypax, a Takxe paspaboTka
3PPEKTUBHBIX CUCTEM MX KYNIbTUBUPOBAHUSA,
6e3yCroBHO, akTyasbHbl.

C 97OV Uuenbld pPas’fUYHbIMK  HaY4YHbIMU
rpynnamu (buonorn4ecknii n reorpadumyeckuin
pakynbTetol MIY um. M.B. JlomoHocoBa,
WMHCTUTYT uuTOnOrMm mn reHetTukn un WMHcTu-
TyT katanus3a um. [.K. bopeckoa CO PAH
M 4p.) NpoOBOAWTCHA MOWUCK WU BblgeNeHne u3
NPUPOAHBIX UCTOYHWKOB LITAMMOB MWKPOBO-
Jopocnen — B NepBytlo o4yepedb NpoayLeHToB
nunuaos. MNMepeyeHb PernoHOB HalMX 3Kcrne-
OVLMOHHbIX paboT JOCTaTOYHO LWMPOK: OT Ka-
penun go Kamyatku. Tak, aBTopbl y4acTBO-
Bann B 9KCMNeAULMOHHBLIX paboTax B Kapenuu,

NnpuBeKaTenbHOCTb KOTOPOW
B paMKax MNocTaBJfIEHHOW 3a-
Jayn onpegenseTcs XOpoLuo
pasBuTON ruaporpacguyeckon
ceTblo, OTHOCcALencs K 6bac-
ceiHam Benoro (57%) n ban-
Tuckoro mopen (43%). Cy-
LeCTBEHHbIM apryMmeHToOM npu
Bbl6Ope panoHa O6bino BUAO-
BOe pasHoobpasue [maTomo-
BbIX U 3enéHbIX BOAOPOCNEN,
NocKonbKy o6a Tuna npesanu-
pylOT B CMMCKe NpoAyLeHTOB
nunngos. PaboTbl npoBoau-
NNCb B HECKOSbKMX panoHax
pecnybnukun Kapenusa, npe-
MMYLLIECTBEHHO B HOXKHOW, HOro-
BOCTOYHOW M tOro-3anagHou
eé yactu. bbino o6cnepgoBaHo
19 03ép 1 3 MMHepanbHbIX UC-
TOYHUKA.

KamuaTka, xapakTepusyto-
LWasACca UCKMIOYNTENBHLIMWA NPUPOAHBLIMK (hak-
TopamMu  (SKCTpemalbHble  KnumaTu4eckue
ycnoBuA; BbiXoAbl TepMaJibHbIX UCTOYHUKOB;
BYNKaHU4eckasa AesTeNIbHOCTb, N30JIMPOBaH-
HOCTb OT MaTepuka, onpegenstouias BO3MOX-
HOCTb CyLEeCTBOBaHUS 3HAEMMUYHbIX BUOOB U
T.4.), — TOXXe BeCcbMa NPOAYKTUBHbIA PErmoH
Ana Takoro poga uccnegosaHvn. [ina ganb-
Henwen paboTbl HaMK 6bIM cobpaHbl 0b6pas-
Ubl n3 03ép Ha Kamuatke 6nm3 [lleTponas-
noscka-Kamuyartckoro, Enn3oBo, nocenkos
TepmanbHbi, MapaTyHka, Manku; Haunkumh-
CKOro o3epa, Kasnbepbl ByfkaHa Y30H 1 ap.
(puc. 2).

Bo Bcex oTo6paHHbIX npobax Obina Bbl-
JeneHa C MCNonb30BaHMEM LMTOXUMUYECKMNX
MEeTOAOB OKpaluvBaHWUA NUNUAO0B B KreTKax
cypaHoBbiMn kpacutenamu (CypaH Y4épHbin b,
CygaH lll) cepus kaHguAaTHbIX NMnuaocoaep-
XKaLMX WTaMMOB MUKPOBOLOPOCHEN, UAEHTU-
huuMpoBaHHbIX HaMK Ao poga unu suga. ons
KONMM4YeCcTBEHHOro onpeaenieHna nunuaos B
OTOOpPaHHbIX WTaMMax MMKPOBOAOPOCHEN He-
06X0AMMO BbIPaCTUTb HEKOTOPOE KOJIMYECTBO
6momacchbl Hy>XHOro kadectsa. OnTMManbHbIN
crnocob BblpalMBaHUs, Kak yXxe oTMe4asnocb
Bbllle, — ABYXCTaAuHOE KynbTUBUPOBaHUE
B (¢oTobmopeaktope (PBEP). BT1OoT cnocob
06BbeANHSAET BCE MNpenMmyLiecTBa 3aKpbITbiX
N OTKPbITbIX KyNbTUBATOPOB, HE MMes Mnpu
3TOM mMx HepgoctaTkoB. ®BP 3akpbiTOro TMNa
No3BONSAKT CTabUMbHO BbipawMBaTbh Te BOAO-
pocnu, KOTOPbIE HE MOTYT PacTu B OTKPbITbIX
KynbTuBatopax, obecrne4ymBas HenpepbIBHYIO
NoCcTaBKYy BbICOKOKAQYeCTBEHHOW 6nomacchl.
MomelleHne BblpaleHHon 6uomacchbl B OT-
KpbITble KyNbTUBaTOPbl C 60MbLION CTEMNEHbIO
WHCOMSALUN U B NUTATENbHYIO cpeay, NMMMUTK-
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pOBaHHyO Mo asoTy, NO3BOMSET co34aTb TaK
HasblBaeMbll (OU3NOMOrMHECKNIA CTpecc ANA
MKB, npu KOTOpPOM MOYTM MpeKpaljaeTcsa nx
POCT 1 B KNeTKax akKymynumpylTcs nunuabl.
Ons paboT no KynbTMBMPOBAHWIO MWUKPOBO-
[0opocnen-npoAyLeHToB LenesbiXx NpoAyKToB
B nabopaTtopun BO30OHOBNSEMbIX WCTOYHU-
KOB 3Heprumn reorpadudeckoro dakynbreTta
MI'Y mm. M.B. JlomoHOocoBa 6bin1 paspaboTaH
W CMOHTMPOBaH TakKOW 3KCMEepUMEHTasbHbIN
moay b poTobuopeakTopa co CBETOANOLHON
CMCTEMOW OCBELLEHNS U KOHTPONMPYEMON MO-
Jaden yrnekucnoro rasa (puc. 3).
BbipawmBaemble KynbTypbl OLEHUBANUCh
Nno CKOPOCTM pocTa u cogepxanHuto TAl Ha
1-n n 2-ih ctaguax sbipawmsanHms. Copep-
>KaHne TpuauunraMuepvaoBs B NONyYEHHOW
6uomacce onpegenann Ha cnekTpodyopu-
meTpe (buomaccy okpawvBanu CeneKTUBHbIM
MO OTHOLWEHUIO K HeWTpanbHbIM Nunuagam
oriyopecueHTHbIM  Kpacutenem Hunbckum
KpacHbiM). AHanua cogepxxavus TAl B 6uo-
mMacce nokasan, 4to u3 15 uccnepoBaHHbIX
LITaMMOB NMOJTOXUTEbHYIO peaKLuio Ha cTpecc
obHapyxwunu 8 wrtammoB: Chlorococcum sp.
rsemsu Ccc-7/11 (c 25.2 po 35.2%); Chlorella
vulgaris rsemsu Chv-20/11 (¢ 21.0 go 33.0%);
Haematococcus pluvialis rsemsu Hp-1/11(c 4.0
[o 16.8%) v ap., Arthrospira platensis rsemsu
1/02-T (c 36.1 go 47.1%) n Chlamydomonas
sp. rsemsu Chlam-15/11 (c 58.3 mo 68.1%
TATI). Mpryém nocnegHve ABe KynbTypbl MOTYT
6bITb KaHAnAaTamu 4na nonydeHus éuoaunse-
NS BCNeACTBME 0OYEHb BbICOKOrO COAEp>KaHUs
TAI B HuX. Y AByX LWITamMMOB cofep>aHue
TAl He n3meHunoch, a y nNAaTM — CHU3WUIOCH
(ranpumep, y Chlorococcum schwarzii rsemsu
Chec-14/11-T1K ¢ 43.2 go 34.0%; Chlorella sp.
rsemsu Chl-1/11-B ¢ 31.1 po 22.5%), HO oc-
Tanocb Ha AOCTATOYHO BbICOKOM YpOBHe. Ta-
KM 06pasoM, peakumnsa Ha co3aaHHbIv CTpece
ABNAETCA BUAO- M LITaMMocneundu4Hon, u
napameTpbl cTpecca TpebyT nogbopa Ans
pasHbIX KynbTyp. BbligeneHHble KynbTypbl 13
NPUMPOAHbLIX UCTOYHMKOB OblM BKJIIOYEHbI B
KONNEeKLMo MUKPOBOAOPOCHEN 3dHepreTuye-
CKOro HasHayeHus nabopatopum BND reorpa-
hudeckoro takynbteta MIY (puc. 4).
KoHe4Ho, BaXKHO MNOHMMAaTb, HACKOMbKO
BOCTPe6OBaHHbIMU B HAcTosllee BpemMs Mo-
ryT 6bITb pe3ynbTaThl TAKOro poga uccneno-
BaHusA B Uenom un ansa Poccun B yacTHocTwm.
34ecb BaXKHO OTMETUTb, YTO peHTabenbHOro
npouecca npou3BOACTBa ToMMBa U3 MUK-
poBOAOPOCIEN JOCTUIHYTb HE yAanocb HU B
OAHOM M3 NMPOEKTOB. OKOHOMUYECKUNE OLEHKMN
npou3BOACTBa BOAOPOCNEBOro 6uoausens,
BbINOJIHEHHbIE WccnegoBaTenamu bputaHc-
ko Konymbun, ToxXe JarT AOCTaToO4HO Mec-
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CUMUCTUYHbIE pedynbTaTthbl’®. OHu 6binn cae-
naHbl Kak Ans OTKPbITbIX KynbTUBATOPOB,
Tak 1M ONna 3akpbiTbiX (QOTOOMOPEaKTOpPOB.
PaccmaTtpmBanachk KpyrinoroguyHas u Ce3oH-
Hasa (c anpensa no ceHTA6pb) aKcnnyatauyus
KynbTMBaTOpPOB (BO BTOPOM criydae pABy-
KpaTHO CHWXanucb KanuTasnbHble 3aTpatbl U
OoTCyTCTBOBana Heo6Xo4MMOCTb Moforpesa
BoAbl). MpoayKTMBHOCTL NO 6bmomacce Bapb-
uposanacb B gnanasoHe oT 10 go 25 r/m?/rog
C cofepXaHuem nunugos B gnanasoHe ot 15
(kynbTuBaTopsl) Ao 25-35% (6rnopeakTopsbl).
BbiNno ycTaHOBMEHO, YTO Aaxe Mpu cambixX
BbICOKMX MoKasaTensax NpoAyKTUBHOCTU MUK-
pOBOZOPOCIIEN N COAEPXKAHNUS B HUX NUNUAOB
HW OVH M3 METOA0B UX KYJbTUBUPOBAHNS He
NPVBEN K NapuTeTHbIM MO CPaBHEHWIO C UC-
KOrMaembIM CbIpbEM M TOM/IMBOM U3 HA3eMHbIX
MacMYHbIX pacTeHunn (kaHona) 3aTpaTtam gng
CXOAHbIX KNMMaTUYecKux ycnosun. B utore
cebecTtoumocTb 1 1 BOAOPOCNEBOro Macna
ANSA OTKPbITbIX Ky/NbTUBATOPOB OLEHMBanach
npumepHo B 2.5 gonn./n, a gna ¢ortobuo-
peakTopoB — OKONO 7 Jonsn./n. YnydweHue
9KOHOMMYECKMX NokasaTesnien npousBoAcTBa
éuoTonnneBa N3 BoAOpPOCen MoOXeT ObiTb J0-
CTUFHYTO B Cry4ae OA4HOBPEMEHHOro Mpous-
BOACTBA 9HEProHocuTenerm n ocobo LEHHbIX
COMyTCTBYIOLWMX NPOAYKTOB, NepeyeHb KOTO-
pbIX MOCTOSAHHO PacTéT, HanpuMep, acTakcaH-
TUHA, huKoLMaHmHa 1 PUKOIPUTPUHA, B-Kapo-
TWHa, xnopodunna, apaxngoHOBOW KUCMOTbI U
CMEeCU MONMHEHACHIWEHHbIX XUPHbBIX KUCMOT;
NULEeBbIX U KOPMOBbIX A06aBOK, B TOM YuC-
ne Kopma AN AOPOrocTOSAWMX akBapUyMHbIX
pbi6; PYHKLMOHANBbHBIX NPOAYKTOB, HaTypasb-
HbIX MUWLEBbLIX KpacuTtenen, 6MONONMmMeposB,
6éuonnactuka u T.4. OTOT PbIHOK MPOAYKTOB
13 MMKPOBOAOPOCNEN N LnaHobaKTepuii yxe B
cepeguHe 2000-x rr. gocTuran oKono 7 MNpA
ponn. Ona Poccuu peHTabenbHbIM 3Hepre-
TUYECKUM MPOAYKTOM W3 MUKPOBOZOPOCHEN
MOryT cTaTb 6Mofo6aBkn K 6EH3VHY, KOTOpble
No3BONAT NOMAYYUTb MOTOPHOE TOMINBO, COOT-
BETCTBYlOLee TpeboBaHWAM cTaHaapTos EBpo
4, 5 1 Bblwe. CornacHoO HEKOTOPbIM OLEHKaM,
notpebnexHue 6exsnHa B Poccum B 2016 1. mo-
XKeT AOCTUrHYTb 38 MNH T/rof, Npu 3ToM gedu-
LMT COCTaBMUT 6 MIH T.
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