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AHHoTanus. KynsTuBupoBaHue MHUKpOBOIOpOCIEH B MOCIeAHHE ToAbl HaOMpaeT MOIMYNISAPHOCTh B PasHBIX CTpaHax. B pesynbTate
TaKOT0 HHTEHCHBHOTO Pa3BUTHUsI TPOU3BOJICTBA ObLT IPHOOPETEH OrPOMHBIH OIBIT B KOHCTPYUPOBAHHHU Pa3IMYHBIX TUIIOB OHOPEAKTOPOB.
Pazpaboran OuopeakTop [ KyJIbTHBUPOBAHHMS MHKPOBOZOPOCICH, WMEIONIMK MWIMHAPHYECKUH KOPIyC, pa3ielieHHBIN
TOPU3OHTAIBHBIMU INIEPEropoiKaMU Ha CEKIMU JUII BBOJA U BBIBOJA KyIbTYPalIbHOH XHUAKOCTH, U JOIOJIHHUTEIBHYIO CEKIHIO C
BHYTPEHHEH 3epKaIbHOH ITOBEPXHOCTHIO, 0apOOTa)KHOE YCTPOMCTBO M pPaMHBIC MEIIAIKH, 3aKpEIUICHHBIE Ha JIONACTSX, JKECTKO
CBSI3aHHBIX ¢ BayoM. [I1aHeTapHOE BpallleHne paMHBIX MEIAIIOK OTHOCHUTEIIBHO BaJla CO37AET JIOIOIHUTENBHYIO TYpOyIN3aIHIO CPEasl,
oOecrieyrBaeT BBIPAaBHMBAHWE KOHIEHTPAIMM KJIETOK OHOMACCHI, MPENOTBpAIIaeT IOSBICHUE 3aCTOWHBIX 30H, NPEKIEBPEMEHHOE
OCaXxJeHHe KJIETOK KYJIbTyphl Ha THO amiapaTa U MOBBIIIAeT MPOXYyKTHBHOCTh BRIPAIIMBAHUS MHKPOBOIOpOciei. B 0CHOBHOH cexium
CYCIIEH3Hs MHKPOBOJOPOCIH MOABEPraeTcss PaBHOMEPHOMY BO3JCHCTBHIO CBETOBOIl JHEPIMH IOCPEACTBOM KOAKCHAIBHO
YCTAQHOBJIEHHOM JIaMIIbl HaKaJMUBaHUS JHEBHOI'O CBETa W OTPAXKEHUS CBETa OT BHYTPEHHEH 3epKaJbHOM MOBEPXHOCTH Kopmyca. B
MpOIIeCCe OCBEIIEHUS JaMIION HaKaIMBaHMS BBIIEISAETCS TEIIOTa, KOTOpas KOMIICHCHPYeTCsl Mojadel OXJIaXKJAOIIero BO3IyXa
I'MaBHBIM OTJIMYMEM OT JAPYrUX OHMOpPEaKTOPOB SIBISETCS MMIIGIUICpHAs Mellanka, 3aKpeIlUIeHHas Ha Baly B HWDKHEH 4acTH Kopiyca,
NPEOTBpAIAloNIasl paccllanBaHUe BBIXOMIMIEH TsOKeNeH IyJbIlbl OHOMAacChl, OOECIIeUMBAIONIAsl IIOJHOLECHHYIO IHPKYJIIIIHIO
KyJIbTYpaJIbHOH JKUAKOCTH B HIDKHEH yacTH anmapaTa Kak B TOPH30HTAIbHOMN, TaK U B BEPTUKAJIBHON INIOCKOCTAX NPU MUHUMAIBHBIX
MEXaHHUECKUX 3aTpaTax JHepruu. J[aHHBI ammapar MO3BOJISIET CO3/aTh JAONOJHHTENBHYIO TYpOYJIM3aLHMIO Ccpeibl, o0ecrednTh
PaBHOMEPHYIO a’palliio, CHIDKEHHE PacXoja 3HEPIHd Ha MOojady Ta30BO3LYyIIHOW CMECH B KOJUIEKTOpP, HPENOTBPATUTh 0Opa3oBaHUE
«3aCTOMHBIX» 30H B HIDKHEH 4acTy ammapara.
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Abstract. Cultivation of microalgas gains popularity in the different countries in recent years. As a result of such intensive
development of production the extensive experience in constructioning of various types of bioreactors was gained. The bioreactor for
cultivation of microalgas having the cylindrical housing divided by horizontal partitions into sections for input and output of cultural
liquid and additional section with an internal specular surface, the bubble device and gate stirrers fixed on blades, the rigidly bound to
shaft is developed. Planetary rotation of gate stirrers concerning a shaft creates additional turbulization of the environment, provides
alignment of concentration of cells of biomass, prevents emergence of hold-up spots, a premature deposition of cages of culture on the
bottom of the device and increases efficiency of cultivation of microalgas. In the main section suspension of a microalga is exposed to
the uniform light energy by means of coaxially established filament lamp of a daylight and to reflection of light from an internal
specular surface of a housing. In the course of irradiating the filament lamp distinguishes warmth which is compensated by supply of
the cooling air the Main difference from other bioreactors the impeller mixer fixed to a shaft in the bottom of a housing, preventing
stratifying of the biomass pulp leaving more heavy is obespechivashchy full circulation of cultural liquid in the bottom of the device
as in the horizontal, and vertical planes, at minimum mechanical energy consumptions. This device allows to create additional
turbulization of the environment, to provide the uniform aeration, decrease in a power consumption on supply of steam-and-gas mixture
in a collector, to prevent formation of "stagnant" zones in the bottom of the device.
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BBenenue

IIpon3BOACTBO MHUKPOBOJOPOCIEH B IO-
CJICTHUE TOJbl HAOUPACT MOMYJISIPHOCTh B Pa3HBIX
CTpaHaX, IOCKOJIbKY OHHU HAIlId NPUMCHCHUE
B KOMOWKOPMOBOM TIPOM3BOJICTBE B Ka4eCTBE KOM-
TIOHEHTA, SIBIISAIOLIETOCS UCTOUHUKOM HATYpPaTbHBIX
PaCTHTEIBHBIX )KHPOB, OEIKOB, YTIIEBOJOB U MUK-
poasieMeHTOB. Ha ceroHsIHuiA IeHb OJHOKJIETOY-
HBIE CBETO3aBHCHUMBIC MUKPOBOAOPOCIH, TAKHE KaK
XJIOpeJIia, CIIAPYJINHA, TyHATHENIa, BEIPAITHBAIOT
B OMOpeaKkTopax OTKPBITOTO W 3aKPHITOTO THIIA.
OpHako OUOPEAKTOPHI OTKPHITOIO THIIA HMEIOT
OTIpe/IeTICHHbIE HeJJOCTATKH, TAKHEe KaK: OTPOMHBIC
3aHUMaeMble TUIOIIaIu, HEOOXOIUMOCTD KaPKOTO
COJIHEYHOTO KJINMAaTa ¥ HEBO3MOXKHOCTb ITOTYICHIIS
grcToit KynsTypsl [1-10].

O6cy:xaeHue

PazpaboTana KOHCTpYKIMS OHOpeakTopa Ui
KyJIbTHBUPOBaHUSA (HDOTOABTOTPO(HBIX MHKpPOOpPTa-
HHU3MOB C HUCIIOJIb30BaHUEM UMITEIIEPHON MEIIAIKH.

BuopeakTop (prcyHok 1) cocTont u3 Kopiryca
C CEKLUSMHU JIJIs1 BBOAA KYJIBTYpaIbHON KUIKOCTH,
JUIs1 OCBEIIEHHSI aBTOTPOPHBIX MUKPOOPTaHU3MOB,
BBIBOZIA KYJIBTYPaJIbHON >KHIKOCTH, PA3/AEICHHBIMU
TOPH30HTAJIBHBIMUA  TIEPErOpoAKaMu. B ropuson-
TaJbHBIX MEPETOPOJKAX YCTAHOBJIEHBI IPO3payuHbIe
MWIMHIPWYECKHE TPYOKH C IDICHOOOPA3YIOMUMHI
yCTpoiicTBaMH U Mpo3payHas pelupKyISIHOHHAS
Tpy0Oa, pacmoyioKeHHAsi B CEKUUH BEPTUKAIBHO
M0 OCH CUMMETpHH armapara. BHyTpy mpo3padHbIx
HWINHIPHYECKUX TPYOOK YCTaHOBJIEHA CIUPANb
13 IPOBOJIOKH, PACIIONIOKEHHAsI 110 BCEH [IHHE.

s ocBerieHus Npo3pavyHbIX IITMHAPHYECKUX
TpyOOK U MPO3pavyHON PELUPKYJISALUOHHON TPYyOBI
B CEKLIMU OCBEILECHHS MMEETCs JIamIia HaKaIUBaHMSI.
B cexkiiuu  BbIBOJIa  KYJIBTYPaJIbHOM  KHUJIKOCTH
YCTaHOBJIEHO 0apOOTa)XHOE YCTPOWCTBO, BBINOJI-
HEHHOE B BHJI€ KOJIBIIEBOTO KOJIJIEKTOpa MO BCEMY
CEYEHHIO allnapara, C MaTpyOKOM IOJa4l CMECH
YIIIEKHUCIIOro ra3a ¥ Bo3ayxa. BHyTpu npo3pauHoii
PELMPKYISIIMOHHOM TPYOBI IO BCEl BBICOTE armapara
YCTaHOBJIEH BaJl B IOALIUITHUKOBOM Y3JI€.

Ha Bany BHyTpH IIpo3payHOi pelupKyJIsu-
OHHOM TpyOBI 3aKperyieH POTOPHBIN HarHETaTeNb,
KOTOPBIM HampapisieT KyJIbTYPajlbHYIO HIKOCTb
U3 CEeKIMU BBIBOJA KYJIbTYPalbHOM >KUAKOCTH
4yepe3 MPO3payHyl0 PEelUPKYISIHMOHHYI0 TpYyOy
B CeKIMI0 €& BBoaa. B 30He cexnum BhIBOZA
KYJITYPaTbHOM JKUJIKOCTH YCTAHOBJICHBI PaMHBIC
MEIIAJIKA W UMIIeJUIepHasi, 3aKpeIIeHHas Ha Bally
B HW)KHEH dYacTu Kopryca. KpereHue kaxaoit
paMHOM MeEIIAIKH K JOMAacTH OOeCTeunBaeTCs
Yepe3 MOALIMITHUKOBBIH y3e7l.

Ha xoprmyce anmapara pacnosyioskeHsl IITyLepa
JUTS BBOZIA ¥ BBIBOJIA OXJIAXK/IAIOMIETO BO3/yXa,
JUIs BBOJA U BBIBOJA KYJIBTYPaJIbHOW J>KHUIKOCTH,
JUISl BBIBOJIA OTPa0OTaHHOW CMECH YTIIEKUCIIOTO
rasa ¢ BO3JlyXOM.

Jlnst cBsi3u ¢ penakuueit: post@vestnik-vsuet.ru

BuopeakTop A KyJIbTUBUPOBAHUS CBETO-
3aBUCUMBIX MUKPOBOJIOpOCIEN paboTaeT cienyro-
UM 00pa3oM.

CycnieHzust aBTOTpO(HOIO MHKPOOpPTaHM3Ma
MOCTYIIAaeT B KaMepy depe3 IUTyLep Ut BBOZAA
KYJIBTYPaJIbHOH KHUIKOCTH, IPOXOAUT Yepe3 KOJb-
LEBOM 3a30p IJIEHKOOOpa3yIoIIUX YCTPOUCTB
Y B BUJIC KUAKOCTHOH IUIGHKH CTEKAeT IO BHYTPCH-
HEl IOBEPXHOCTH IPO3PAYHBbIX LIIMHIPHIECKUX
TpyOoK. B nponiecce ncreueHus 1o BUTKaM BUHTOBBIX
cnupanedl KMIKOCTHas TIJICHKa B MPOTHBOTOKE
WMHTEHCHBHO B3aMMOJICUCTBYET CO CMECBHIO YITIEKHC-
JIOTO ra3a W Bo3myxa. B pesynbrare moctynarenbHO-
BpaLIETENEHOTO ABIKEHHUS KYAbTYPAIBHOM SKHAKOCTH
Ha BUHTOBOW CNHUpald YAEpKHUBacTCs OOJbIIOe
KOJIMYECTBO KYJIBTYPAIbHOM KUIKOCTY HA BHYTPEHHEH
MOBEPXHOCTH MPO3PAYHbIX IIMIMHAPUYECKIX TPYOOK.
BpamarenbHoe JBW)KEHHE IUICHKH JKHUAKOCTU
00pazyeT IeHTPOOEIKHYIO CITY, KOTOpas MpeaoT-
BpallaéT CpBIB  JKUOKOCTH U CHOCOOCTBYET
€€ PaBHOMEPHOMY PACIPEIENICHHUIO.

[Togaua ra3zoBo3yLIHON cMecH B ammapar
OCYIIECTBISIETCST Yepe3 marpyook 0apOoTaKHOTO
YCTPOHCTBa, O0O0ECHEUNBAIOIIEI0 pPaBHOMEPHOE
pacmpeniesieHHe IOTOKa Ta30BO3AYIIHOH cMecH
B IIPO3PAYHBIX LWIMHAPUYECKHX TpyOKax W
JIOTIOJTHUTEIIbHOE HACBIIIIEHUE KUIKOCTH YITIEKUCIIBIM
ra3oM B CEKIUH.

[InanerapHoe BpalleHWE PaMHBIX MEIIAJIOK
OTHOCUTENIFHO BaJlda CO3JAaeT AOMIOJHUTEIbHYIO
TypOyIu3aImio cpeasl, o0ecrieunBaeT BHIPpaBHUBA-
HUE NpOQUis KOHLIEHTPALHUHd KIETOK OHOMAacChl
M0 CEUEHHIO CEKIIMU BBIBOJA KYJIbTYPaIbHOM JKUA-
KOCTH, TIPElIOTBpaIlaeT MOSBICHUE 3aCTOWHBIX 30H,
MPEXIEBPEMEHHOE OCAXKJCHUE KIIETOK KYJIBTYPHI
Ha THO ammapaTta W IOBBIIIAET NPOAYKTHBHOCTD
BBIpAIlMBaHUA  KYJIBTYphl  (POTOABTOTPOQHBIX
MHUKPOOPTaHU3MOB.

B cekuyu cycrieH3ust aBTOTpO(GpHOro MUKpOOp-
raHWU3Ma [OIBEPraeTCcsi PABHOMEPHOMY BO3/ICHCTBHIO
CBETOBOM 3HEPIHH MOCPEICTBOM KOAKCHAIILHO YCTa-
HOBJICHHOM JIaMITbl HaKaJWBaHUS JHEBHOI'O CBE€Ta
Y OTPaXEHHUs] CBETa OT BHYTPEHHEH 3epKaJbHON
MOBEPXHOCTH KOpITyca.

Temnora, BbIIEIsAEMast JIAMIION HAKATMBAHHS
B IIPOLIECCE OCBELICHUS, KOMIIEHCHUPYETCS 3a CUET
MoJauM  OXJKIAIOUIEr0 BO3AyXa B CEKLHUIO
qepes MTyIep.

CycrieH3ust, HaChIIIEHHAas! YIIIEKHUCIIBIM Ta30M,
U3 CEKIMU OCBEIIEHHs] MOCTYHaeT B CEKLHUIO
TSl BBIBOJIA KYJIBTYpPaIbHOM JKUJIKOCTH, TJE JIOTIOJ-
HUTEJIBHO HACBHIIIETCS Ta30BO3YIIHOM CMECHIO
NpH oMoIIM 6apOOTaKHOTO YCTPOICTBA, TMOBBILIAS
CyMMapHbIii ko3 durmenT maccoobMeHa U TeM ca-
MBIM HHTEHCUPHITUPYS TIPOIIECC KyIBTHBUPOBAHUSL.
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Gur. 1

NmMnennepHas Melnanka, OPUKPEIUICHHAS
K Bajly B HIDKHEHN 4acTH Kopmyca, MpegoTBpalaeT
pacciauBaHUE BBIXOASAIIEH TSDKEIOW  ITyJIBIIbI
OroMacchl, 00ECTIeUYHBAET MOIHOIEHHYIO LUPKY-
JALUI0  KYJbTYPIbHOM KUJKOCTH B HUKHEN
YacTH amnmnapara Kak B rOPU30HTaJbHOW, Tak M
B BEPTUKAIBHOM IJIOCKOCTH, 3aTPayrBas MUHUMYM
MEXaHUYECKOUN SHEPTUH.

M3 cexuum BbIBOJIA KYJIBTYPAIbHOM AKUIKOCTH
CYCIEH3HIO aBTOTPO(PHOTO0 MUKPOOPTaHU3Ma BHIBO-
JISIT B KA4ECTBE TOTOBOI OMOMACCHI Yepe3 MITYIIEp.

buopeaktop s KyIbTUBUPOBAHUS MHUKPO-
BOJIOPOCJIEH HMEET CIENYIOLUE IPEUMYyLIECTBA
0 CPaBHEHHIO C U3BECTHBIMU OMOPEaKTOPaMHU:
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Pucynok 1. Buopeakrop TUTSE KYJIbTUBHPOBAHHUS
(oroaBTOTPOhHBIX MUKpoOpraHu3mMoB. OOumii Bua: 1 — Kopmyc;
2 — TOpHU3OHTaJbHBIE MEPETOPOAKH; 3 — CEeKIUs BBOJA,
4 — cexuys OCBELICHUS; 5 — CEKIHs BBIBOAA; 6 — MpO3payHbIe
HWIMHApHYeCKHe  TpyOkH; 7 —  IUIGHKOOOpasyrouiue
ycTpoiictBa; 8 — mpo3payHas pelUpKYJSIHOHHAs Tpyoa;
9 — BuHTOBas cmupans; 10 — jmamma HakamuBaHus, 11 —
GapboTaxxHoe yCTpoiicTBO; 12 — maTpybok mojaud cMecu
VIJIEKUCIIOTO Ta3a U Bo3ayxa; 13 — Bam; 14, 15 — mogummHUKOBEIE
y37bL; 16 — pamuble Memanky; 17 — nonacty; 18 — uMnesniepHas
Meranka; 19 — BHerHui 3y04aThlii BEHEI] pAMHOM MEIIAJIKH;
20 — BHyTpeHHUI 3yOuaTblil BEHEL| Ha BHYTPEHHEH HMOBEPXHOCTU
Kopmyca; 21 — poTOopHBI HarHeraredb; 22 — INTYIEp BBOAA
KYJIbTYPIBHOM KUIKOCTH; 23 — MITYIIEp BHIBOJA KYJIBTYPaIBHOM
KUAKOCTH; 24 — IITymep BBOAA OXJIAXKJAIOMIETO BO3AYXa;
25 — mrynep BbIBOJA OXJIAXAAIOUIETO BO3/1yXa; 26 — mITylep
JUTSL BEIBOJIA T'a30- BO3AYIIHOM cMecH

Figure 1. The bioreactor for cultivation of photoautotrophic
microorganisms. General form: 1- housing; 2 — horizontal
partitions; 3 — input section; 4 — irradiating section;
5 — conclusion section; 6 — transparent cylindrical tubes;
7 — film-forming devices; 8 — transparent recycling pipe;
9.-screw spiral; 10 — filament lamp; 11 — bubble device;
12 — branch pipe of supply of mix of a carbon dioxide and air;
13 — shaft; 14, 15 — bearing clusters; 16 — gate stirrers; 17 — blades;
18 — impeller mixer; 19 — external gear wreath of a gate stirrer;
20 — an internal gear wreath on the internal surface of a housing;
21 — rotor supercharger; 22 — union of input of cultural liquid;
23 — union of a conclusion of cultural liquid; 24 — the union of input
of the cooling air; 25 — the union of a conclusion of the cooling air;
26 — the union for a steam-and-gas mixture conclusion

— CO371a€T JOMOJTHUTENHHYIO TypOyTU3aIHIo
cpepl TpPH  HEOPEPHIBHOM  IEpEeMEIlNBaHUU
C TIOMOIIIBIO PaMHBIX MEIIaloK;

— o0ecrieunBaeT PAaBHOMEPHYIO adpalfio
Y MIPEeIOTBpAIIaeT OCAaXIEHHE KIETOK B CEKLHH
BBIBOJIA KYJBTYPaIbHOMN XKHUIKOCTH;

— o0ecrieurBaeT CHIDKEHHE Pacxoja SHEPIUU
Ha 1oJjauy ra30BO3/IYyIIHON CMECH B KOJJIEKTOP;

— MO3BOJISIET COANAHCHPOBATH PACcXOJl Ta3o-
BO3/YILIHOM cMecH, o0ecriednBasi KyJIbTHBUPOBAHHIE
MHUKPOBOJIOPOCIIEH B 00JIACTH JJOMTYCTUMBIX TEXHO-
JIOTUYECKHUX CBOWCTB MOJTy4YaeMoil Onomacchr;

— [IPEeAOTBpalaeT 00pPa3oBaHUE «3aCTOMHBIX)
30H B HIDKHEW YacTH amnmapaTa 06Jaroaaps HCIoib-
30BaHMIO UMIIEJUICPHON MELIaJIKH.
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and production process control // International Journal
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