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HEnPEPbiBHASI KYllbTYPA MHKPOBOAOPOC11EA 
B KA~ECTBE 3BEHA 3AMKHYTOA 3K0110r11~ECKOA 

CHCTEMbl 
~ 
~ t n. B. K 11 p eH c K 11 ii, H. A. T e pc K 0 B, VI. VI. r 11 T e J1 b 3 0 H, 

~- r. M. JJ 11 c 0 B c K 11 ii, D. r. K 0 Bp 0 B, 1{), H. 0 K J1 a A H 11 K 0 B 

I 0AHHM Ha sapHaHTOB '~~'\"JIIO~?~KQn_CJr_H~<OJ<Oi!_ cHg _eM_bl Ana JKHaHe­
f o6ecnetJeHIUI B ,li_JUiTeJibHbiX KOCMHtJeCKHX TIOJieTaX MO)KeT 5IBJIHTbCH CHCTeMa, 

~ BKJIIOtJaiOII.J,a5I B ce65I B KatJeCTBe aBTOTpoqmoro 3BeHa KYJibTYPY MHKpOBO­

~ ,rr_opocJieli. Ha116oJiee Ba)KHOli c npaKTHtJecKoli TOtJKH speHHH? sa,rr_aqeli I 5I~JI5IeTC5I ncnoJih30BaHHe B KatJeCTBe rasoo6MeHHHKa MHKpoBo,rr_opocJieBoro 

~ sBeHa, pereHepnpyiOmero aTMoc<tJepy Ka6HHbi KOCMHtJecKoro Kopa6JI5I. · 

1· OcHOBHbiM Tpe6oBaHHeM, npe,rr_'b5IBJI5IeMbiM K MHKpoBo,rr_opocJieBoMy sBeHy 
t 
~ saMKHYTOH CHCTeMbl, CJie,rr_yeT npH3HaTb B03M0)KHOCTb ,ZI_JIHTeJibHOfO aBTOMa-

~ THtJeCKOfO TIO,li_,ZI_ep)KaHH5I B HeM npou:ecca <lJOTOCHHTe3a C TIOCT05IHHbiM TipO• 

t .ll:YU:HpOBaHHeM MHKpOBO,ZI_OpOCJieH, ,ZI_OCTaTOtJHb!M ,li_JIH y,rr_OBJieTBOpeHH5I TIO­

~ Tpe6HOCTeH tJeJIOBeKa. 

~ 'E,rr_HHCTBeHHO npHrO,ZI_HbiM ,ZI_JI5I HCTIOJib30BaHH5I B 3aMKHYTOH CHCTeMe 

" CTIOC060M KyJibTHBHpOBaHH5I MHKpOBO,ZI_OpOCJieH MO)KHO npH3HaTb HenpepbiB­

~ Hoe KYJibTHBnpoBaHHe, ,li_JIH KoToporo 
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. r)J,e X- IWHU:eHTpaU:HH 6noMaCCbi KJieToK B cycneH3HH, S- KOHU:eHTpau:mi 
3JieMeHTa cpe,ZI_bl B OKpy)KaJOII.J,eH KJieTIUI ( <lJOHOBOH) cpe,rr_e, p-:---- KO.HU:eHT­

~ pau:nH MeTa6oJIHTOB B cycneH3HH, D- BeJIHtJHHa pasBe,rr_eHHH, fL- cKopocTh 
~ pocTa KJi eToK, S 0 - KOHU:eHTpai.J;HH sJieMeHTa cpe,rr_bi n no,rr_aBaeMoil: (nnTaiO­

t IUeH) cpe,rr_e, ~- KOJIHtJeCTBO MeTa{),OJI~TOB, Bbi,ll_eJI5IIOI.Il,HXC5I B cpe,rr_y npH 
1 CHHTese e,li_HHHU:bl 6HOMaCCbl KJieTot<;-''6/ J_ KOJ!HtJeCTBO 3JieMeHTa cpe,rr_bi, pac­

! x o,rr_yeMoe npn CHHTese e,rr_nHHU:bi 6n~ccbi I<JieTOK, Ks- KOHCTaHTa ypaBHe-

mur MuxasJIHca-MeHTeH, Km- KOHCTaHTa ypaBHeHHH EpHrrca-XoJ:I,rr_eHa, 

Kp- KOHCTaHTa ypaBHeHH5I HepycaJIHMCKoro ' (H. n. HepycaJIHMCKHH, 

H. M. HepoHOBa; H . n. HepycaJIHMCKHH, 1964). 
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l 
Heo6xo,n;trrvrocrb HeorpaHHqeHHo ,ll,JIHTeJibHoro 

'I 
npou:eeea Tpe6yer·, 

y eJIOBHH: 
• X• 

(2) l 
Tor,ll,a H3 rrepBoro ypaBHeHHH eHeTeMbi ( 1) eJie,ll,yeT, qTo D=f.l., · T. e. -

BeJIHqHHa pa3Be,ll,eHHH paBHa eKopoeTH poera KyJihTypb!. . ~ 
YeJIOBHJO (2) y,ll,OBJieTBopH!OT o6a HeiiOJih3yeMhie B npaKTHKe erroeo6a ~l 

HenpepbiBHOro KYJihTHBHpoBaHHH- xervroeTaTHhiir H Typ6H,ll,oeTaTHhiH (rrJIOT- ·1 
HoeTaTHbifr) (Monod, Nowiek H Seilard). Pa3JIHLIHH rvreJK.ll.Y 3THMH enoeo- •if 

6aMH 3aKJIJOqaeTeH B MeTO,ll,HqeeKOM IIpHeMe, IIOepe,ll,eTBO.M KOTOpOrO )l,OeTH- .~~ 
raeTeH paBeHeTBo D=f.l.. • , 

I1pH xervroeTaTHOM enoeo6e KYJihTHBHpoBaHHH BeJIHqHHa pa3Be,ll,eHHH ·. 

3a,ll,aeTeH IIOCTOHHHOH H IIO pH.ll.Y IIpHqHH 3aBe,ll,OMO MeHbUieir, "!eM OIITH- . 

MaJibHaH, rrpH KOTOpOH MOJKeT 6b!Tb ,ll,OeTHrHyTa MaKeHMaJibHaH IIpO,ll,YKTHB­

HOeTb (Aiba C eoaBTOpaMH). f1pH IIJIOTHOeTaTHOM enoeo6e eKopoeTh poeTa 

H BeJIHqHHa pa3Be,ll,eHHH HaXO,ll,HTeH B o6paTHOH IIOJIOJKHTeJibHOH eBH3H ,ll,pyr 

e .ll.pyroM TaK, qTo KOHU:eHrpaU:HH KJieTOK B KyJibType eoxpaHHeTeH IIOeTOHH­

HOH He3aBHeHMO OT KOJie6aHHH eKopoeTH poeTa MHKpoopraHH3MOB, a npo­

.ll.YKTHBHOeTb KYJihTypbl Beer,ll,a MaKeHMaJihHa ,ll,JIH HMeJOIII:eroeH eoLieTaHHH 

yeJIOBHir KYJihTHBHpoBaHHH. 3TH npHqHHhi o6ycJioBHJIH Bhr6op IIJIOTHOeTaT­

Horo enoeo6a HenpephiBHoro KYJihTHBHpoBaHHH ,ll,JIH MH,KpOBO,ll,opoeJieBoro 

3BeHa 3KOJIOf11qeeKOH eHereMbl. 

CHeTeMa ypaBHeHHH ( 1) HeiiOJih3yeTeH ,ll,JIH ormeaHHH HenpepbiBHoro 

KYJihTHEmpoBaHHH reTepoTpo<Pnhrx MHKpoopraHH3MOB (H. B. CTenaHoBa 

e eoaBToparvrH; H. )l. MepyeaJIHMeKHir, 1966), r,ll,e poeT KYJihTYPhi, KaK npa­
BHJio, JIHMHTHpyeTeH HJIH HHrH6HpyeTeH paeTBOpeHHb!MH B epe,ll,e 3JieMeH­

TaMH IIHTaHHH. 

I1pH KYJihTHBHpoBaHHH O,ll,HOKJieToqHhiX ayToTpo<PHbiX opraHH3MOB HaH-

6oJiee U:eJieeoo6pa3Hbl eBeTOJII1MHTHpoBaHHbie KYJihTypbi, KOTOpbie 6oJiee 

• IIOJIHO HCIIOJib3YIOT eaMb!H « ,ll,OporoeTOHIII:HH» 3JieMeHT IIHTaHHH - eBeTO­

BYIO 3HepmJO. TipH 3TOM poeT KYJihTYPhi He orpaHHqHBaeTeH H He HHrH6H-

pyereH OeTaJibHb!MH 3JieMeHTaMH epe,ll,bl. . 

3KetlepHMeHTaJibHhie HeeJie,ll,OBaHHH IIOKa3aJIH TaK}Ke, qTO IIpH HeeTe­

pHJib~OM KYJihTHBHpoBaHHH MHKpoBo,ll,opoeJieii npo,ll,yKThi o6rvreHa He oKa3bi­

BaJOT 3aMeTHoro . HHrH6HpyJOIII:ero ,ll,eireTBHH Ha poeT KYJihTYPhi .ll.O BeebMa 
Bb!eOKHX 3HaqeHHH KOHU:eHrpaU:HH KJieTOK (B HaUIHX OIIb!TaX ,ll,O 100 c/A H 

6oJiee no cyxorvry Becy KJieTOK xJiopeJIJibi). B CBH3H c 3THM qeTBepToe ypaB­

HeHHe CHCTeMbl ( 1) MOJKHO HCKJIJOqHTb H3 paCCMOTpeHHH . 

MHome aBTOpbi o,TMeqaJOT caMoperyJIHPYJOIII:yJO, HJIH caMocTa6HJIH3H­

PYJOIII:yJO, cnoco6HOCTh HenpephiBHhiX KYJihTYP (Malek; H . )l. MepycaJIHM­

CKHH, 1966). B o6III:eM 3TO CBoiicTBo npHHa,ll,Jie}KHT JIJ06oii npoToqHoii CHCTe­

M e. I1 pH HenpepbiBHOM IIJIOTHOCTaTHOM KYJihTHBHpoBaHHH MHKpoBo,ll,opocJieii 

KOHU:eHTpaU:HH 6HOMaCCbl KJieTOK B KYJihType 3a,ll,aeTCH 3KCIIepHMeHTaTopoM 

B COOTBeTCTBHH C TOJIIII:HHOH CBeTOIIpHHHMaJOIII:ero CJIOH KYJihTypbl H OCBe-
ll.(eHHOCTb!O. ' 

1\0HU:eHTpaiJ;HIO JIJ06oro 3JieMeHTa B tPOHOBOH cpe,ll,e HaXO,ll,HT H3 BTO-

poro ypaBHeHHH cHcreMbi ( 1) c HatiaJibHhiMM ycJIOBHHMH S=S' npH t=O. 
S (t) = (S0 - ax) + [S' - (S0 - et.x)] e-~.t._ (3) 

3TO ypaBHeHHe IIOKa3biBaeT, qTO KOHU:eHrpaU:HH 3JieMeHTa B tPOHOBOH 

c peJJ;e 'CTa6HJIH3Hp y eTCH Ha IIOeTOHHHOM ypoBHe He3a'BJ1>CHM·O OT HaqaJibHOH 

KOHU:eHTp au;HH: 

lim S(t) = S'}--ax. (4) 
t--+ 00 

I13BeCTHO, qTO JJ;JIH HeKOTOpb!X 3JieMeHTOB HX 3i1TpaTa Ha IIOCTpOeHHe 

·e.tr,HHHU:bl 6HOMaCCbl He IIOCTOHHHa, a HBJIHeTCH tPYHKU:Heir · KOHU:eHrpau;HH, 

B npocreiiUieM cJiyqae a=yS +m. 
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HeTpy,ll.HO B11)l.eTb," LITO H B 9TOM cJiyLiae npo11CXO,ll.11T cTa6HJI113au.rur 

cpOHOBbiX KOHU.eHTp3U.1111. . . . 
Do·)l.cTaBJI5leM B TpeThe ypaBHeH11e C11CTeMbi ( 1) a=yS +m l1, perna.H 

era, HaXO)l.11M : 

S0 -mx mx-S0 -S' (yx+1) ~t (vx + J) 
S (i) = + · e 

yx + 1 yx+ 1 ' 

lim S (t) 
S0 -mx 

yx+ 1 

t-+ OCi 

(5} 

(6} 

TaK KaK KYJihTypa M11KpoBo,ll.opocJieli cBeTOJI11M11T11poBaHa, TO 11Me!OTC5l 

3Hall11TeJibHbie o6.iraCT11 KOHI1,eHTpaU.11H 9JieMeHTOB B cpOHOBOH cpe,ll.e, .B KOTO­

pb!X 11 x sHalleH115l He BJI115l!OT Ha CKOpOCTb pacTa KYJihTypbi. 06osHaLI11B 

M 11H11MaJihHYIO ifs TaK11X KOHU.eHTpau.11li Sw, Hali)l.eM ypaBHeH11e )l.JI.H np11ro-

TOBJieH115l IIHTaioriJ.eli cpe,ll.bl. ,Jr · 
Dpii nocTO.HHHOM 3HaLieH1111 '\ 113 ypaBHeH115l (4): 

. S0 = S<P' + o.x. (7) 

Dp11 nepeMeHHOM a H3 ypaBHeH115l (6): 

S0 = S<P ('rx + 1) + mx. (8) 

HaKonJieH11e . MeTa60JI11TOB B cpoHoBoli . cpe,ll.e 

ypaBHeH11eM C11CTeMbi ( 1). Era peweH11e )l.aeT: 

p (t) = ~x(1-e-~t), 
limp (t) = ~x. 

t-'+ 00 

OII11CbiBaeTC5l TpeTb11M 

(9) 

(1 0) 

. YpaBHeH115l ( 4), (6), ( 10) TIOKa3biBalOT, llTO X11M11LieCK11e ycJIOB115l B 

cpOHOBOH cpe,ll.e 3aB11C5lT TOJibKO OT KOHIJ,eHTpai1,1111 0110MaCCbi KJieTOK li CTa-

011JI11311py!OTC5l BMecTe c Heli. Hs 9TOro BhiTeKaeT Ba:JKHOCTb cTa611JIH3aU.11H (f 
KOHIJ,eHTpaU.II11 0110MaCCbi KJieTOK B KYJihType li HeOOXO)l.11MOCTb 11CIIOJib30- , \ BaH115l aBTOMaTHLieCKHX ycTpOHCTB )l.JI5l ee OCyill.eCTBJieH115l. 

~-- BTopbrM ycJIOB11eM KYJihT11B11poBaH115l, Tpe6yiOII1.11M cTa611JI11sau.1111, 

. .HBJI.HeTC.H TeMnepaTypa K:yJihTYPhi (B . A. BaToB): 
Dp11Be)l.eHHhie BhiWe saKbHoMepHOCT11 HenpepbiBHoro IIJIOTHOCTaTHoro 

KYJibT11B11poBaH115l M11KpoBO,ll.opocJieli cnp aBe)l.JI11Bbi He TOJihKO np11 Herrpe­

poiBHoli, HO TaK:m:e IIpll liMTIYJibCHOH TIO,ll.aLie cpe,ll.bt li OTOOpe cycneH31111, 

eCJI11 OObeM', ·no,ll.aBaeMbiH ll OT611paeMhiH B O,ll.'HOM 11MIIYJibCe, MaJI IIO cpaB-
.· HeH11!0 c o6oeMoM KYJihTyphr :B peaKTope. · Tip11 Ka:JK)l.OM 11:Mny.irbce no,ll.all11 

Cpe,ll.bl cpOHOBa.H KOHIJ,eHTpai1,115l 9JieMeHTa IIOBbiiiiaeTC5l Ha BeJI11LI11HY OSo 
( 0- OTHOCIITeJibHa.H BeJI11LI11Ha 06beMa, IIO)l.aBaeMOrO B liMIIYJibCe), a KOH­

IJ,eHTpllll,ll5l OliOMaCCbi KJieTOK CHII:JKaeTC5l Ha .BeJIHLI11HY oX. ECJI11 KOJie6aH11H 

.9T11X napaMeTPOB He BbiXO;!J..HT sa npe,ll.eJibi OOJiaCTH llX 3HatieH11H, B KOTOpoli 

OH11 He BJI11H!OT Ha IIpO,ll.yKTllB'HOCTb npou.ecca (a TaK11e ·OOJiaCT11 IIO BCe.\-1 
napaMeTpaM :BecbMa 3Hall11TeJibHbr), TO TaKoli npou.ecc KYJihT11B11poBaH115l, 
He 5lBmUICb HerrpepbiBHbiM B TO'IHOM CMbiCJie ero OIIpe,ll.eJieH115l, BeCbMa OJI11-
$0K 'no CB011M ' 3aKQHOMepflOCTHM K HeMy 11 MO:JKeT ObiTb Hcl3BaH «KBa311He-
rrpepbiBHbiM». . . . . 

TeopeTIILieCKHli aHaJIII;l I:Ierrpepb!BHoro IIJIOTHbcTarHoro KYJihTHBIIpoBa­
HJi~ MIIKpO~O,ll.QpOCJieii: ~OKa3aJI·, LITO 9TOT IIpou.ecc Tpe6yeT ytiaCTH5l BCero 

"2 CIICT~M 3BTO!VraTIItieCKOrO · pery.impoBaH.H5l, liCIIOJih3yeMbiX B KalleCTBe CTa-
OHJUl;SaTOpOB .YPOBH.H !eMnepaiyphi cycrreHSHII II KOHU.eHTpaU.IIII 6IIoMacchi 

KJieTOK 'B ky~71b,:TYPe. 8To rto:moJII;J.iiO Bo,crrpoiisBecTII T~Koii: npou.ecc B 3Kcne­

p11.M\;~'[<l.J!hHb(~ ,y~Jio.Bli5.J:X 6es cJio:JKHbiX aBToMaTIILiecKIIx ci1C:TeM ncmcKoBoro 
peryJI11pbBaH115r'. ' . ··. . ;; 1 .• · . • • . 
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-B sKcrrepmvreHTe HsyqeH · rrpouecc HerrpepbiBHOro KYJlhTHBHposaHHH 

MHKpOBOJJ.OpCJieH C I1pOJJ.YKTHBHOCTblO )J.O 100 A KHCJIOpO)J.a C KBa)J.paTHOfO 

MeTpa OCBe~aeMOH ITOBepXHOCTH peaKTOpa H )J.O 40 A H 1 A cycrreH311H B 

cyTKH H cos)J.aHa aBTOMaTHsHpoBaHHaH ycTaHOBKa, o6ecrre'!HBaiO~aH no- 'J 

Tpe6HOCTH qeJIOBeKa B KHCJIOpO)J.e. <l>JIIOKTyaJJ.I1H I1pOH3BO)J.HTeJibHOCTH rrpo­

JJ.ecca rrpH STOM rrpeBbiiUaiOT 15%, a JJ.JIHTeJihHOCTb ero orpaHH'!HBaeTe>I 

TOJibKO CpOKOM 6esaBapHHHOfO ~YHKJJ.HOHHpOBaHHH TeXHH'!eCKHX ycJIOBHH 

KYJibTHBaTopa H B sKcrrepHMeHTax JJ.OCTHraeT 6oJiee 1500 qacoB. 

ITpH pe3KOM H3MeHeHHH sHa'!eHHH rrapaMeTpoB KYJibTHBHpoBaHHH -

TeMrrepaTy pbl, OCBe~eHHOCTH KYJibTypbl H KOHJJ.eHTpaJJ.HH yrJieKHCJ10Tbl -

B ITHTaiO~ei{ KYJibTypy ra30BOH CMeCH H3MeHHeTC5I rrpo)J.yKTHBHOCTb rrpouec­

ca KYJihTHBHposaHHH ; STO HsMeHeHHe B 6oJihiUHHCTBe cJiy'!aes Bbipa )KaeTCH 

s. )J.JIHTeJibHOM (JJ.o 8-9 qacos) rrepexo)J.HOM rrpouecce KOJie6aTeJibHoro 

xapaKTepa, '!TO Heo6xo)J.HMO Y'IHTbiBaTb rrpH aBTOMaTH3aJJ.HH rrpoueccos 

KYJihTHBHpoBaHHH B 3BeHe OJJ.HOKJieTO'!HhiX BOJJ.OpocJieH. 

B ycJIOBHHX KOCMH'IecKoro rroJieTa HaH6oJiee sepoHTHbiM HCTO'!HHKOM 

cseTa )J.JIH KYJibTHBHposaHHH MHKposo)J.opocJieH HBJIHeTCH coJIHJJ.e. B CBH3H 

c STHM 6biJIO rrpeJJ.ITPH!IHTO cpaBHHTeJihHOe usy'!eHHe KYJihTHBHposaHH5I 

MHKpOBOJJ.OpOCJieH B y cJIOBHHX HCKyCCTBeHHOfO li ecTeCTBeHHOfO OCBeui.eHHH. 

BbiJIH ncrroJih30BaHbi KYJihTHBaTopbi, peaKTOpbi KOTOpbiX ocse~aJIHCb rrpH­

MbiM COJIHe'!HbiM CBeTOM li HCKYCCTBeHHbiMH HCTOIIHHKaMH. I1CCJie)J.OBaHH5I 

rroKasaJIH, trTo 3~~eKTHBHOCTb rrpouecca KYJibTHBHposaHHH rrpH HCITOJih30-
saHHH rrpHMOfO H pacceHHHOfO COJIHet:IHOfO CBeTa li CBeTa HCKYCCTBeHHbiX 

HCTOIIHHKOB (KCeHOHOBbie rasopa3p5I)J.Hbie H JIIOMH-HeCJJ.eHTHbie JiaMITbi) 
O)J.HHaKOBa. . 
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IlocrymrJia 27/XII !966 f. 

ALGAL CONTINUOUS CULTURE AS A COMPONENT OF THE CLOSED 
ECOLOGICAL SYSTEM 

L. V. K ire n sky, I. A. t er s k o v, I. I. G it e I z on, G. M. Lis o vs k y, 
B. G. K o v r o v, Yu. N. 0 k I ad n i k.o v 

. It is recommended to use a continuous culture of unicrllular algae grown at a 
constant density of the suspension as an autotrophic component ·of the _ closed eco logical. 
system. It is shown that under such conditions the stabilized concentration of the culture 
biomass causes a stabi lity of every chemical parameter of the medium and cultivation 
productivity. An experimental cultivator with an automatic stabilization of the biomass 
concen_tration and culture temperature has been designed to provide oxygen requirements 
of a smgle man. It is demonstrated that the efficiency with which the a lgal cultu re can 
utilize so lar and art ificia l light is similar. 


