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CMHE3EJIEHblE M 3EJIEHbIE BO,ll;OPOCJIM M3 
BEqHQMEP3JlbIX OCA}l;QqHbIX IIOPO,ll; APKTMKM 

T. A. BHlllHHBeu,KaSI, JI. r. EpOXHHa, )];. A rmmqHHCKHH, E. A. Bopo6heBa* 

lfHcmumym no'leoee8eHuR u <jJomocuHme3a PAH, 142292, Moc1coec1CaR 061!., i . IIyw,uHo, PoccuR 
* Moc1coec1Cui1 wcy8apcmeeHHbti1 yHueepcumem, <jJ-m no'teoee8eHuR, 119899, Moc1cea, Bopo6be6bt WPbt, PoccuR 

B Mep3JiblX oca)101.JHbIX OTJIO:>KeHl1SJX KOJibIMCKOM H113MeHHOCTl1 pa3Jil11.JHOI'O B03pacrn 11 reHe311Ca onpe11eJieHO 
co11ep:>Kamie o6ll\ero xJiopocjmJIJia. B MOJI0)1hIX roJIOI.\eHOBbIX oca11Kax co11ep:>Kam1e cpoToc11HTeT111.JeCK11x n11rMeHTOB 
)10CT11raeT 25X 10-2 Mr/r, a B 6oJiee 11peBHl1X (TIJil10I.\eHOBbIX) oca11Kax co11ep:>Kam1e cjJOTOCHHTeTHYeCKHX 
n11rMeHTOB MeHee YeM 2,8x lo-2 Mr/r. 

BnepebJe H3 Mep3JibIX oca)1KOB BbI)1eJieHhl )1(113Hecnoco6Hhie M11KpOB0)10pOCJIH, KOTOpble SIBJISJIOTCSJ Bb!CWl1MH 
113 BbI)1eJieHHbIX Ha cer0)1HSJWHHM 11eHh MHKpoopraHH3MOB, )1Jil1TeJihHOe epeMSJ Cyll\eCTBYIOII.\HX B nepeoxJia:>K)1eH
HOM COCTOSJHl111 npH He)10CTYilHOCTl1 cy6cTparn 11 OTCYTCTBl111 ycJIOBHM ):IJISI cpoTOXl1MH4eCKl1X peaKI.\11M. B 34 % 
113yYeHHbIX o6pa3!.\0B Mep3JiblX oCa)104HblX nopo11 OTMelJaJICSJ pOCT M11KpOB0)10pOCJiei1. Cpe1111 BbJ)1eJieHHblX 28 
WTaMMOB B0)10pOCJiei1 36% SJBJISJJil1Cb Cl1He3eJieHhlMl1 B0)10p0CJISJMl1 (I.\l1aH06aKTep11SIMl1) 11 OTHOCl1JIHCb K nOpS1)1-
KaM Nostocales (po)1hl Nostoc, Anabaena) 11 Oscillatoriales (po)1hI Oscillatoria 11 Phormidium). 3eJieHhJMH 
eo11opoCJISJM11 e ocHOBHOM nopS111Ka Chlorococcales (po11h1 Chlorococcum 11 Ch/ore/la) 6h1JI11 npe11crneJieHh1 64 % 
1130JISJTOB. 

Ap1cmu1Ca, 6e'IHaJ! Mep31!0ma, Xl!Opo<jJUJ!J!, l{UaH06a1Cmepuu, eoaopOCJ!U 

BLUE-GREEN AND GREEN ALGAE FROM ARCTIC PERMAFROST 

T.A. Vishnivetskaya, L.G. Erokhina, D.A. Gilichinsky, E.A. Vorobyova*. 

Institute of Soil Science and Photosynthesis of the RAS, 142292, Pushchino, Moscow Region, Russia 
* Moscow State University, Department of Soil Science, 119899, Moscow, Vorobjovy Gory, Russia 

The contents of total chlorophyll in ancient cryogenic sediments of the Kolyma lowland have been calculated. 
The contents of photosynthetic pigments attains 25x10-2 mg/gin young Holocene sediments and the contents of 
photosynthetic pigments is less than 2,8xlo-2 mg/gin more ancient (Pliocene) sediments. 

Viable microalgae have been isolated for the first time from Permafrost. These are the highest, of all known 
to date, biological systems surviving long periods in the overcooled state under inaccessibility of frozen substrate 
and conditions precluding photochemical reactions. The microalgae growth was observed in 34% of studied 
Permafrost samples. 36 % of 28 isolated algal strains were blue-green algae (cyanobacteria) of order Nostocales 
(generas Nos toe, Anabaena) and order Oscillatoria/es (generas Oscillatoria and Phormidium). 64 % microalgae 
were green algae of order Chlorococca/es (generas Ch/orococcum and Chiarella). 

Arctic, Permafrost, chlorophyll, cyanobacteria, algae 

BBE)l;EHME 

I1ccJieAOBamrn: Bet.IHOMep3JihIX IlOPOA IlOKa3a

JIH, t.ITO KpHoc¢epa 3eMJIH COAep)l(HT 3Hat.IHTeJihHOe 

KOJIHt.IeCTBO )l(H3Hecnoco6HblX MHKpoopraHH3MOB, 

npeACTaBJieHHblX npeHMYIIleCTBeHHO npoKapHOTaMH 

[3esz2UHL{eB u 8p., 1985; Gilichinsky et al., 1992 ]. 
0AHaKO BCe em;e Mano H3BeCTHO 0 BHAOBOM pa3HO

o6pa3HH cPOTOCHHTe3HPYIOIIIHX opraHH3MOB, o6HTa

IOIIIHX B CTOJlh 3KCTpeMaJihHhIX ycJIOBH5IX. <DoTO

CHHTe3Hpyrom;He nypnypHhie HecepHbie 6aKTepHH, 

OTHornm;ttern K POAY Rhodopseudomonas, 6hIJIH 

BhIAeneHhI H3 eAOMHhIX OTJIO)l(eHHH KonhIMCKOH 

HH3MeHHOCTH [Eypaumwcoea U 8p., 1994 ]. Cf>aKTbI 

BhJAeJieHHSI BOAOPOCJieH H3 Mep3JihIX TOJIIII He H3Be

CTHhl. JlHIIIh OAHa)l(Ahl npH MHKpOCKOilHt.IeCKHX 

HccneAoBaHHSix Mep3JihIX OTJIO)l(eHHH Cyxttx LLonHH 

AHTapKTHAhI 6blJIH o6Hapy)l(eHhI [Cameron et al., 
1974] nyCTbie cPHJiaMeHTbI CHHe3eJieHhIX BOAOPOC

JieH, KOTOphie HMeJIH CXOACTBO c Calothrix sp.' a 

TaK)l(e npHCYTCTBHe KOKOHAHhIX 3eJieHbIX BOAOPOC

JieH ITOA06Hhix Chlovococcum sp. H U:HCT npocTeH

IIIHX (Protozoa). 
XoJIOAOCTOHKOCTh BOAOpocnew ITOATBep)l(AaeT

rn IIIHpOKHM pacnpocTpaHeHHeM HX B nonepXHOCT

HhIX MeCT006HTaHHSIX c IlOCTOSIHHOH HJIH AJIHTeJih

HOH HH3KOH TeMnepaTypoH: (BOAOPOCJIH CHera H 

JihAa). I1oKa3aHo, t.ITo KPHITT0.3HAOJIHTHt.IeCKHe no

AOpocnH - Ba)l(HeHIIIaSI COCTaBHaSI t.IaCTh paCTH

TeJibHOCTH AHTapKTHAhI [Friedmann et al., 1984 ]. 
Hatt6oJihIIIHH 06111e6ttonomqecKHH HHTepec 

npeACTaBJISIIOT not.IBeHHhie MHKPOBOAopocnH KaK 

~ T.A. BHWHHBel.\KaSJ, JIS. Epox11Ha, .!J;.A r11JIH1.JHHCKHH, E.A. Bopo6beBa, 1997 
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T. A. BHIJJHHBE~KA5I H /f,P. 

opraHM3Mhl Heo6hIKHOBeHHOH BbIHOCJIMBOCTM M yc

TOHlIMBOCTM K 3KCTpeMaJihHhIM yCJioBM5IM cym.ecT

BOBaHM51. OHM caMhie HenpHXOTJIHBhie %HBbie op

raHH3MhI, cnoco6Hhie 3aceJI5ITh nopo.L(bI H ocym.ecT

BJI5!Th MeTa6oJIH3M He TOJibKO npH HaJIHlIHH JIHIIlb 

KaneJihHO)Kll,[(KOH BOL(bl H CBeTa, HO H coxpaH5!Tb 

)Kll3Hecnoco6HOCTb B IIOJIHOH- TeMHOTe, a B p5!.L(e 

CJiytiaeB L(a%e pa3MHo%aThC5! [I'oJ1JLep6ax, 1977]. 

ITO CT AHOBKA ITPOEJIEMbl 

U:eJih Harnett pa60Tbl Bb151CHHTb MoryT JIM 

MMKpOBOL(OpOCJIH, OTHOC5IIJ.J,HeC5! K HH3IIIHM pac

TeHH5IM, coxpaH5!TbC5! B Mep3JibIX oca,[(Kax H 

H3YlIHTb HX BHL(OBOH COCTaB H MOpcpoJIOrHlieCKHe 

oco6eHHOCTH B CB5!3H c Heo6bilIHbIMH ycJIOBH5!MH HX 

cym.ecTBOBaHH51. Ilpe.L(IIOCbIJIKOH K L(aHHOH pa6oTe 

IIOCJiy)KHJIO . o6Hapy%eHHe cpOTOCMHTeTHlieCKHX 

mrrMeHTOB B BelIHOMep3JibIX OT JIO%eHH5!X 

[Gilichinsky et. al., 1992 ]. 

OB'bEKTbl M METO,ll,bl MCCJIE,ll,OBAHM51 

MccJie.L(oBaJIH Mep3Jihie o6pa3U:hI, oT06paHHh1e 

H3 KepHa CKBa%HH KOJiblMCKOH HH3MeHHOCTH c 

co6JIIOL(eHHeM CTpOrHX ycJIOBHH aceIJTHKH B 3KC

rre,[(HU:M5IX 1989-1996 rr. Co BpeMeHH B35!TH5! o6-

pa3U:OB H AO HX BbICeBa Ha IIMTaTeJibHbJe cpe.L(bl OHH 

xpaHHJIHCb npH TeMrrepaTypax - 12°C, 'ITO COOTBeT

CTBOBaJIO pe%HMY HX KpHOKOHCepBaU:HH B npHpOL(

HbIX YCJIOBH5!X. 

II poaHaJIH3HpOBaHHo 150 o6pa3U:OB (H3 7 

CKBa%HH) Mep3JiblX oca,[(OlIHbIX nopOL( pa3HOro B03-

pacTa H reHe3HCa. <l>oTOCHHTeTHlieCKHe IIHrMeHTbl 

3KCTpampoBaJIH 80 % au:eTOHOM (COOTHOIIIeHHe 

nopo.L(a : au:eToH cocTaBJI5IJIO 1 :4). KoHu:eHTpau:ttro 

o6m.ero XJIOpOcpHJIJia B 3KCTpaKTaX paCClIHTbIBaJIH 

110 cpopMyJie c = 0,58xD652= [Mr/MJI], HCIIOJib3Y51 

BeJIHlIHHY IIOrJIOIJ.J,eHH51 npH L(JIHHe BOJIHbl 652 HM 

(D65) H K03cpcpHU:HeHT 3KCTHHU:HH [Arnon, 1949; 
Hipkins et al., 1986]. 3Ha5! o6'heM 3KCTpaKTa H 

Macey HaBeCKH, paClIHTbIBaJIH COL(ep%aHHe cyMMap

HOrO XJIOpOcpHJIJia Ha 1 r a6coJIIOTHO cyxoli IIOlIBbl. 

,UJI5! BbI,[(eJieHH51 )Kll3Hecrroco6HhIX BOL(OpocJieH 

OT6HpaJIH o6pa3U:bl c HaH60Jiee BbICOKHM COL(ep-

%aHHeM cpOTOCHHTeTHlieCKHX IIHrMeHTOB (Ta6JI. 1). 

B xo.L(e pa6oTbI 6bIJIO HCCJie.L(oBaHo 67 o6pa3U:OB 

Mep3JihIX oca.L(OlIHhIX nopoA pa3Horo B03pacTa 11 

reHe3ttca. LI:JI51 noJiy1IeHH51 HaKonttTeJihHOH KYJihTY

phl BOL(OpoCJieli, HCCJie.L(yeMbie Mep3Jihie o6pa3U:hI 

(1 - 2 r) HeHapymeHHOro CTpOeHH51 IIOMeIJ.J.aJIH B 

cTepHJihHbie 'lamKH IleTpH H np11 yBJia%HeHMM 

cpe.L(OH (L(O 80- 100 % IIOJIHOH BJiaroeMKOCTH) 

KYJihTHBHpoBaJIH rrptt rroCT051HHOM cJia6oM (oKoJio 

500 JIIOKC) orneru:eHHH 6eJibIM CBeTOM JIIOMHHecu:eH

THbIX JiaMn H TeMrrepaType 22°C B TetieHHe OL(HO

rO- L(BYX Mernu:eB. 0 pocTe BOL(opocJieli CYAHJIH no 

n05!BJieHHIO 3eJieHbIX IIJieHOK Ha IIOBepXHOCTH cpe

L(bl H Ha CTeHKax tiameK. LI:JI51 npe.L(oxpaHeHH5! 

rroceBOB OT 3apa%eHH5! H3 B03.L(yxa H yMeHbIIIeHH5! 

IIOTepH BJiaroeMKOCTH rrpH L(JIHTeJibHOM BbI

,[(ep%HBaHHH B KOMHaTe liaIIIKH o6opa1IHBaJIH rra 

pacpHJIMOM (Parafilm, ,,Sigma") H noMeIJ.J,aJIH B 

npOMbITbie CnHpTOM CTeKJI5IHHhie cocy.L(hl c KpbIIII

KaMH. )J,JI5! o6Hapy%eHH5! H BbIL(eJieHH5! MHKpOBOL(O

pocJieH 6hIJia HCIIOJib30BaHa rrpoCTa5! no COCTaBy 

MHHepaJihHa5! cpe.L(a EpttcTOJih B MOL(HcpHKaU:MM 

I'oJIJiep6axa: (r/JI) NaN03 - 0,25; KH2P04 -

0,25; MgS04 - 0,15; CaC12 - 0,05; NaCl - 0,05; 

Fe2Cl6 - CJie.L(bl [I'oJIJlep6ax u ap., 1969 ]. BbIL(e

JieHHe aJihrOJIOrHtieCKH lIHCThIX KYJihTYP npoBOL(HJIH 

rryTeM MHOrOKpaTHblX noceBOB HaKOnHTeJihHOH 

KYJihTyphr Ha araptt30BaHHyro cpe.L(y EpttcTOJih 

(1,5 % arapa). BhTL(eJieHHbie BOL(opocJIH no.L1-

L1ep%HBaJIH Ha arapH30BaHHoti: 0 ,5 % ) cpe.L(e EoJIL(a 

[Brown et al., 1964 ]. TeMnepaTypHhie rpaHHU:hI 

pocTa BbI,[(eJieHHblX BOL(OpOCJieH onpe.L(eJI5!JIH rrpH 

KYJihTHBHpoBaHHH H30JI5ITOB Ha 4rapH30BaHHOH 

(1,5% arapa) cpe.L(e EoJIL(a npH pa3HOH TeMrrepaTy 

pe (+4°C, +22°C H + 27°C) H noCT05IHHOM OCBe 

ru:eHHH. 

Ll:JI5! BbI,[(eJieHH51 rrpoKapHOTHlieCKHX MHKpoop

raHH3MOB HCIIOJib30BaJIH KpaxMaJI-aMMHalIHYIO cpe

AY CJie.L(yroru:ero cocTaBa (r I JI) : KpaxMaJI -10, 

(NH4) 2S04 - 2, K 2HP04 - 1, MgS04 - 1, NaCl -

1, CaC03 - 3, arap - 20. 

BhTL(eJieHHhre MHKpoBOAopocJIH, Bb1pam.eHHh1e 

Ha arapOBblX nJiaCTHHKax, rrepBOHatiaJibHO xapaK

TepH30BaJIH HCnOJib3Y5! cneKTpaJibHbie MeTOL(bl 

H3MepeHH51 cneKTPOB B036y%.L(eHH5! cpJiroopecu:eH-

Ta6n1111a 1. BCTpeqaeMOCTh Bo11opocneH: B BeqHoMep3JJbIX oca11oq11bIX nopo11ax pa3Horo B03pacrn 

KOJI-BO 
Co11ep)j{a~111e Kon-eo Kon-eo 

Kon-eo cyMMapHoro 06pa311oe c 06pa311oe c 
CKea)J{11Ha rny611Ha, M Bo3paCT 

11CCJJe)10-
06pa311oe c xnopocj:mnna B )J{l13Hecno- )J{l13Hecno-

eaHHbIX 
XJJOpOQJ11JJJIOM 06pa311ax, 10-2 co6Hb1M11 C06HblMl1 

06pa311os 
Mr/r 6aKTep1111Ml1 B0)10pOCJl51Ml1 

1/95 0,9-15,5 0- 3 TbIC. JJeT 25 25 12,9±4,6 22 11 

2/95 0,3-9,0 5- 7 TblC. JJeT 17 17 8,3±2,8 17 9 

3/96 0,3-4,0 5- 7 TblC. JJeT 5 5 11,7±2,4 5 1 

3/96 4,4-8,0 25- 40 TbIC. JJeT 7 7 5,7±0,5 7 2 

2/89 31,5 110 49,4 0,6-1,8 MJIH JJeT 5 5 5,4±1,0 5 0 

11/89 56,8 110 57 ,5 >1,8 MJIH neT 2 2 3,6±0,l 2 0 

2/89 51,6 110 63,2 -3 MJIH neT 4 I 4 5,0±2,0 4 2 
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CHHE3EJIEHblE H 3EJIEHblE BO!{OPOCJIH 

I.JJU1 MaKCHMyMa XJIOpoqrn:mrn ,,a" npH L(JIHHe BOJI

Hbl 686 HM Ha cneKTp cpmoopoMeTpe Hitachi 850 
(5Inomrn) . 

)],JI5I MHKpOCKOIIlftf CKHX HCCJieL(OBaHHH BOL(O

pOCJIH cPHKCHpoBaJIH p aCTB po ·! IDfOJI5l. ( 1 r HOL(H -

i:i;a KaJIH5l. H 1 r KpHCTaJl.IIBlfecxoro aoi:i;a B 100 MJI 

BOL(bl) H npocMaTpHBaJIH no MeTOL(y cpa30BOro KOHT

pacTa B CBeTOBOM MHKPOCKOIIe . 

.ll,JI5l. HL(eHTHcPHKa:ri:HH BOL(Oporneii HCIIOJlb30-

BaJIH orrpei:i;eJIHTeJIH [I'o.!Ulep6ax u Bp., 1953; I'o.ll
.llep6ax, 1977; KoM.ape1tKo u Bp., 1978 ]. 

PE3YnbTATblMCCnE~OBAHMM 

HaH60JihIIIa5l. aKKYMYJI5l.U:H5I cj:loTOCHHTeTHllec

KHX IIHrMeHTOB o6Hapy:>KeHa B roJIOU:eHOBbIX ocai:i;

Kax (pHC. 1): B HeKOTOpbIX o6pa3u:ax coi:i;ep:>KaHHe 

o6IIIero xnopotj;>HJIJia i:i;ocT11raJio 25x10- 2 Mr/ r, a B 

ABYX rrpo6ax 03epHhIX ocai:i;KOB coi:i;ep:>KaHHe o6IIIero 

XJIOpotj;>HJIJia 6bIJIO MaKCHMaJibHbIM H COCTaBJI5IJIO 

36,4x10-2 H 46x10-2 Mr/r (Ha i:i;ttarpaMMe 3TH 

3HalleHH5l. He IIOKa3aHhl, TaK KaK OHH p e3KO OTJIHlla

IDTC5l. OT i:i;pyrHX i:i;aHHbIX) . .ll,JI5l. rOJIOU:eHOBblX ocai:i;

KOB xapaKTepeH 3HallHTeJihHbIH pa36poc 3HalleHHH 

coi:i;ep:>KaHH5l. o6IIIero xnopocj:JHJIJia OT ropH30HTa K 

ropH30HTy. Ilptt rrepexoi:i;e OT ronou:eHa K rrneiicTo

u:eH y Ha6nroi:i;aeTC5l. pe3Koe rrai:i;eHHe coi:i;ep:>KaHH5l. 

o6IIIero XJIOpocpHJIJia, H npH i:i;aJihHeHIIIeM 

yseJIHlleHHH B03pacTa L(O II03L(Hero IIJIHOU:eHa OHO 

OCTaeTC5l. Ha TOM :>Ke HH3KOM (2,8 x 10- 2Mr/r) ypOBHe. 

)l(H3Hecrroco6Hhie CHHe3eJieHhie H 3eneHhre 

MHKpOBOL(OpOCJIH 6bIJIH BhI5IBJieHbl B 23 o6pa3u:ax, 

llTO COCTaBJI5IeT 34 % OT o6IIIero KOJIHlleCTBa HCCJie

L(OBaHHbIX o6pa3U:OB Mep3JibIX ocai:i;OllHhlX rropoi:i; 

(CM. Ta6n. 1) . Bh1i:i;eneHHe aJihroJiorttlleCKH llHCThrx 

KYJihTYP rrpoBOAHJIH rryTeM MHoroKpaTHhIX rrocesos 
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P11c. 1. HaKonJiett11e H pacnpe,a:eJiett11e cpoTOCHH

TeTHlleCKHX nHrMeHTOB B Mep3JihIX oca,a:O'IHhIX no

po,a:ax pa3ttoro so3pacTa: 

1 - 0- 3 Tb!C. JieT, 2, 3 - 5-7 Tb!C. JieT, 4 - 25-40 Tb!C. JieT; 

5 - 200-300 Tb!C. JieT, 6 - 0,6-1,8 MJIH JieT, 7 -
>1,8 MJIH JieT; 8, 9 - -3 MJIH JieT. 

HaKonttTeJihHOH KYJihTYPhI Ha araptt3oBaHHYID cpe

AY E pHCTOJih ( 1, 5 % ara pa) , llTO i:i;aeT B03MO:>KHOCTh 

no xapaKTepy pocTa Ha TIOBepXHOCTH pa3,a:eJIHTb 

Me:>Ki:i;y co6oii BhIL(eJI5IeMhie BHL(hr Boi:i;opocneii. II ptt 

IIOCeBe H3 o6pa3I.J:OB, coi:i;ep:>KaHHe cPOTOCHHTeTH

lleCKHX IlHrMeHTOB B KOTOpbIX 6hIJIO MaKCHMaJihHbIM 

(6onee 20x 10-2 Mr/r cyxoii rrollBhr), Ha6JIIDL(aJIC5I 

reTepoTpOcj:JHhIH pocT 3eJieHhIX BOL(Oporneii, OTHO

C5IIIIHXC5I K rrop5IAKY Chlorococcales, Ha KpaxMaJI

aMMHallHOM arape B TeMHOTe (pa3BeL(eHHe 1: 10, 

20°C, 2 - 3 TeMH0-3eJieHhie KOJIOHHH Ha llaIIIKe) . 

Cpei:i;n BhIL(eJieHHhIX 28 mTaMMOB Boi:i;opocneii 36 % 
5IBJI5IJIHCb CHHe3eJieHhIMH, a 64 % H30JI5ITOB - 3e

JieHhlMH BOL(OpOCJI5IMH . 

.ll,eTaJibHa5I xapaKTepHCTHKa H30JI5ITOB rrpHBO

L(HTC5I Ha rrpHMepe BOL(OpOCJieii, BbI,O:eJieHHbIX 113 

Mep3JiblX ronou:eHOBblX 03epHhlX ocai:i;KOB (CKB. 

1 /95) L(O rny6HHhI 15,5 M. 1fa i:i;aHHOH CKBa:>KHHhI 

BbIL(eJieHHO 16 KYJihTYP BOL(OpOCJieH, 7 H3 KOTOpbIX 

OKa3aJIHCb CHHe3eJieHblMH BOL(OpOCJI5IMH If OTHO

CHJIHCb K nop5Ii:i;KaM Nostocales (poi:i;hl Nostoc, 
Anabaena) H Oscillatoriales (poi:i;hl Oscillatoria H 

Phormidium). A cpei:i;tt 3eJieHhIX Hatt6onee xapaK

TepHhI Boi:i;opocJIH rrop5Ii:i;Ka Chlorococcales (pOL(hI 

Chlorococcum H Chiarella) (Ta6JI. 2) . Han6onee 

xapaKTepHbie CHHe3eJieHbie If 3eJieHhie BOAOPOCJIH 

OIIHCaHbI HH:>Ke. 

Ta 6 JI 1111 a 2. Pacnpe):leJJemie BO/:IOpocJJeii n Mep3JJhIX 

03epHhIX OCa):IKax rOJJOl(eHOBOro B03pacrn (CKB. 1 /95) 

Kom1-
Co):lep-

JKaH11e 
HoMepa 

r Jiy611Ha, M 
'leCTBO BbI):le-

Ilop51J:IOK, po/:I 
6aKTep11tt, 

XJIOpO-
JieHHblX 

KJI/r 
cp11JIJia, 

WTaMMOB 10-2 Mr/r 

1,6-1,65 5Xl03 9,9±0,1 l 95-Al4 Chlaraphyta, 
Chiarella 

2,4-2,45 8,5Xl03 7,0±0,2 l 95-Al2 Cyanaphyta, 
Pharmidium 

l 95-A2 Cyanaphyta 
195-A4 Chlaraphyta, 

Chlaracaccum 
3,42-3,5 2,9Xl04 5,6±0,1 195-Al7 Chlaraphyta 

8,9-8,95 e):I. 5,5±0,1 l 95-Al5 Chlaraphyta 

9,4-9,35 5x102 5,6±0,2 l 95-A24 Chlaraphyta 

10,1-10,15 1,1x103 36,0±0,4 195-A8 Chlaraphyta, 
Chiarella 

10,15-10,2 4xl02 46,0±1 ,0 195-AlO Chlaraphyta 

10,3-10,35 2x102 24,7±0,4 l 95-A5 Chlaraphyta 

l 95-A25 Chlaraphyta 
l 95-A7 Cyanaphyta, 

Oscilataria 
13,7-14,2 l ,2Xl03 5,6±0,2 l 95-A23 Cyanaphyta, 

Pharmidium 
195-A20 Cyanaphyta, 

Oscilataria 
14,8-14,9 l,4Xl02 5,2±0,2 l 95-A22 Cyanaphyta, 

Nastac 
l 95-A21 Cyanaphyta, 

Anabena 
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P11c. 2. CHtte3eJietthie H11T'IaThie soJJ,opocJI11 KJiacca 

Hormogoniophyceae, ceMeHCTBO Nostocales (poJJ, 

Nostoc), BhIJJ,eJieHHhie 113 se'IHOMep3JihIX ocaJJ,O'l

HhIX nopoJJ, c rny611Hbl 14,8 M (CKB. 1/95) - a. 

Yeen. 960x. 
3eJietthie OJJ,HOKJieTO'IHhie BOAOPOCJIH nopH)J,Ka 

Chlorococcales, ceMeHCTBO Chlorococcaceae (poJJ, 

Chlorococcum), BhI)J,eJieHHhie 113 se'IHOMep3JlbIX oca

)1,0'IHhIX nopOJJ, c rJiy611ttbI 2,4 M (CKB. 1/95) -6. 

Yeen. 640x. 

MopcpoJiorn2 

0 T JJ, e JI Cyanophyta 
K JI a cc Hormogoniophyceae 
C e M e ii c T B o Nostocaceae 

MttoroKJieTO'IHhie HHT'laThie BOAopoCJIH, 

KJICTKH KOTOpbIX coeAHHCHhI Apyr c ApyroM, 06pa-

3y51 TpHXOMhI. TpHXOMhI roJihie, 6e3 CJIH3HCThlX 

BJiaraJimII;, B TpHXOMax HMCIOTC5I reTepoa;HCTbl 

(pHC. 2, a). 

0 T JJ, e JI Chlorophyta 
K JI a cc Chlorophyceae 

IT op 2 Ao K Chlorococcales 
KneTKH cB060AHOnJiaBa10m;He, OAHHO'IHhie HJIH 

BO BpeMeHHblX CKOnJICHH5IX, 6e3 KOJIOHHaJibHOH 

CJIH3H, mapOBHAHbie. XnoponJiaCT npHCTCHHhlH, c 
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OAHHM rmpeHOHAOM. Eecnonoe pa3MHO)KCHHe aBTO

cnopaMH, 300CnopaMH (pHC. 2, 6). 

EhIJIH onpeAeJieHhl TeMnepaTypHhie rpaHHD;hI 

pocTa BhlAeJieHHhIX BOAOpocneM: KYJihTHBHpoBaHHeM 

H30Jl5ITOB npH pa3HbIX TeMnepaTypax (+4°C, +20°C 

H +27°C) H nocT05IHHOM ocBe111eHHH. Bee BhIAeJieH

Hhle KYJibTYPbI 3CJICHbIX BOAOPOCJieH H OAHH mTaMM 

rnHe3eneHhlX BOAOpocneM: Oscillatoria sp. (195-

A20) xopomo poCJIH B mHpOKOM TeMnepaTypHOM 

AHana30He OT +4°C AO +27°C H OTHOC5ITC5I K nCHX

poTpOcpHbIM MHKpoopraHH3MaM. CHHe3eJieHhie BO

AOPOCJIH Nostoc sp. (195-A22) H Anabaena sp. 
(195-A21) He pOCJIH IIpH TeMrrepaType +4°C, HO 

pocJIH npH TeMnepaType +27°C. HaH6onee Y3KHMH 

rpaHHD;aMH pocTa xapaKTepH30BaJIHCb CHHC3eJieHbie 

BOAOPOCJIH Oscillatoria sp. (195-A 7) H Phormidium 
sp. (195-A12): onTHMaJibHbIH poCT Ha6JIIOAaJIC5I npH 

KOMHaTHOH TeMnepaType, npH +4°C H +27°C pOCT 

OTCYTCTBOBaJI. CHHe3eJieHhie BOAOPOCJIH H3 Mep3-

JihIX OCaAO'IHbIX OTJIO)KCHHH 5IBJI5IIOTC5I MC30cpHJib

HblMH opraHH3MaMH H HMCIOT 6onee Y3KHe TeMne

paTypHbie rpaHHD;hI pocTa, no cpaBHeHHIO c 3eJie

HhIMH BOAOPOCJI5IMH, BbJAeJieHHblMH H3 Tex )KC OTJIO

)KCHJi!H. 

OBCY.IK,AEHME PE3Y JibT ATOB 

,AJI5I xapaKTepHCTHKH BbIAeJieHHblX MHKpOBO

AOPOCJieH HCnOJib30BaJIJi! cneKTpaJihHhie MeTOAhI Ji!C

CJieAOBaH115I, 'ITO no3BOJIHJIO ycKopHTb HAeHTHqm

Kaa;nro. KaK H3BeCTHO, ::meprHSI KBaHTOB CBeTa, 

nornom;eHH35I AOnOJIHJi!TCJihHbIMJi! nHrMeHTaMH -

XJiopocpHJIJIOM ,, b" B 3eJieHbIX BOAopocnSix n cpnKo-

6nJIHHOBhIMH IIHrMeHTaMH B a;HaHo6aKTepH5IX, MHr

pnpyeT Ha MOJieKyJibl XJIOpocpHJIJia ,,a" peaKD;HOH

HblX a;eHTpOB cpOTOCHHTe3a. Il03TOMY B cneKTpax 

B036y)KAeHH5I cpn10opeca;eHD;HH XJIOpocpHJIJia ,,a" 

npncyTCTBYIOT nOJIOCbl norno111eHH5I XJIOpOcpHJIJia 

,,b" B cnyqae 3eneHbIX BOAOpocneM: HJIH cpHK0-

6HJIHnpoTeHAOB B cnyqae a;HaHo6aKTepHH (pHC. 3). 
B rrpeACTaBJieHHhlX cneKTpax Bo36y)KACHH5I cpJIIOO

peca;eHa;HH XJIOpocpHJIJia ,,a" cycneH3HH pa3JIH'IHhlX 

KYJihTYP MHKpOBOAOpocneM: BHAHhI noJIOChI norno

m;eHH5I JIH6o XJIOpocpHJIJia ,,b" B o6naCTH 450-

500 HM, JIH6o cpHK06HJIHnpoTeHAOB B o6JiaCTH 

550-650 HM, 'ITO CBHAeTCJibCTByeT 0 npeHMYilleCT

BeHHOM COAep)KaHHH B nepBOM CJiyqae 3eJieHhIX 

BOAOPOCJieH, BO BTOpOM ~ a;HaHo6aKTepHH. 3TO 

n03BOJIHJIO orrpeAeJIHTh 3eJieHbie H CHHe3eJieHhie 

BOAOPOCJIH, 'leTKO pa3JIH'laIOm;HeC5I no COCT3BY 

cpOTOCHHTCTHtJCCKHX nHfMCHTOB. 

IlpoBeAeHHbie HCCJieAOB3HH5I nOK333JIH, tJTO 

a;HaHo6aKTepHH H 3yKapHOTH'ICCKHe 3eJieHhie 

MHKPOBOAOPOCJIH coxpaH5IIOTC5I B TetJeHHe reOJIO

fHtJeCKH AJIHTeJibHOI'O BpeMeHH, npH 3TOM HaH6onee 

tJaCTO OHM BCTpetiaIOTC5I B ronoa;eHOBbIX OCaAKax 
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P11c. 3. CneKTphI so36y)J(JJ,eH11S1 cpmoopecu,ettu,1111 

XJIOpocpHJIJia ,,a" np11 JJ,Jil1He BOJIHhl 686 HM cyc

neH31111 KJieTOK u,11atto6aKTep11i1 11 3eJieHhIX BOJJ,0-

pocJieii: 

1, 2 - 3eJieHhie BO,[(Op0CJil1, 3 - CMeCh 3eJieHhIX 11 Cl1He3eJieHblX 
no.r1opocJiei1:, 4, 5, 6, 7 - cm-1e3eJieHh1e Bo.r1opocJ111. 

(CM. Ta6JI. 1). 3TO BbICIIIHe H3 H3BeCTHblX )KlI3HeC

noco6HbIX 6HOJIOrHqecKHX CHCTeM, JJ,JIHTeJihHOe Bpe

M51 (AO 3 MJIH JieT) cyu::i;eCTBYIOIII;llX B nepeoxJia)K

):leHHOM COCTOSIHHH npH He):IOCTynHOCTH cy6cTpaTa ll 

nOJIHOM OTCYTCTBHH CBeTa - Heo6xO):IHMOro HC

TOlJ:HlIKa :=rneprHII ):IJI51 cpoTOXlIMHlJ:eCKHX peaKU,HH. 

I13BeCTHO, qTo MHOrIIe BOAOPOCJIH crroco6Hhl cyu::i;e

CTBOBaTh B ycJIOBH5IX KpaHHe HH3KOH, He CBOHCT

BeHHOH lIM, OCBeIII;eHHOCTH, a HHOr):la lI B IIOJIHOH 

TeMHOTe [I'o.!Ulep6ax, 1977 ]. TI pH 3TOM y HlIX 

MoryT rrpOHCXO):IHTb orrpeJJ,eJieHHhie lI3MeHeHHSI B 

IIIIrMeHTHOM COCTaBe lIJIH/H B crroco6e IIHTaHH51. 

TaK rrpei:1cTaBIITeJIH MHOrHx OTAeJioB soi:1opocJieii 

(Harrp11.Mep, Euglenophyta, Chrysophyta H i:1p.) crro

co6Hbr rrpH OTCYTCTBHH CBeTa lI H36hITKe opra

HlilJ:eCKMX seu::i;eCTB rrepeXOAHTb K reTepOTPOcPHOMY 

crroco6y IIHTaHH51. I13BeCTHO, qTo HmKHHM TeMne

paTypHbIH rrpei:1eJI cPYHKU,lIOH1IpOBaHH51 rrpou:ecca 

ci:JoTOCHHTe3a B KpHrrT03HAOJIHTIIqecKIIX soi:1opocJI5IX 

HaXO):llITC5l B npei:1eJiax OT -6°C AO -9°C [Friedmann 
et al., 1984 ]. HaIIIII IIcc11ei:1osaHH5I rroKa3aJIH, qTo B 

ycJIOBH5IX setJ:HOH Mep3JIOThI He rrpoHCXOAHT Hapy

meHHH B CTPYKTYPHO-cPYHKU:HOHaJihHOH oprattII3a

U:IIII cPOTOClIHTeTIIlJ:eCKOro arrrrapaTa lI rrpII ):IJIIITeJih

HOM B03JJ,eMCTB1IlI OTPIIU:aTeJibHblX (AO - l 2°C) TeM

rrepaTyp. Boi:1a B pacTIITeJihHOH KJieTKe cyu::i;ecTsyeT 

B ABYX ci:JopMax: CB513aHHaSI BO):la lI pe3epBHa51 BO):la, 

ytJ:aCTBy10u::i;a51 B cTa6IIJIII3aU:HII BHYTPIIKJieToqttoro 

OCMOTIIllecKoro i:1asJieHII5I. OcMOTHtJ:ecKoe i:1asJieHIIe 

B KJieTKe BOAOPOCJieH crroco6Ho 6hICTpO MeH51ThC5l. 

3TOT MexaHII3M o6ecrrelJ:HBaeT ycTOHlIIIBOCTh soi:10-

poc11eii K BblChIXaHIIIO, K pe3KlIM KOJie6aHHSIM COJie

HOCTH II K HH3KHM TeMrrepaTypaM. HarrpHMep, 

KpHOcPlIJibHbie BOJJ,OpOCJilI coxpaHSIIOT )KlI3Hecrroco6-

HOCTh IIOCJie BMep3aHIISI B Jie):I, IIOJJ,Bepra51Ch ClIJihHO

MY oxJia)K):leHHIO s 3HMttee speMSI, Kori:1a TeMrrepa

Typa orrycKaeTCSI Ha HeCKOJibKO ):leCSITKOB rpai:1ycos 

HH)Ke HYJISI. KpIIOcPIIJihHhie BoJJ,opocJIII ttalIIIHaIOT 

BereTHpOBaTh cpa3y )Ke, KaK TOJihKO BOKpyr HHX 

IIOSIBJISieTCSI soi:1a [I'o.!Ulep6ax, 1977]. BepoSITHO, 

3TOT MexaHII3M IIrpaeT Ba)KHYIO pOJih lI B coxpa

HeHHH HX )KlI3Hecrroco6ttoCTH rrpH AJIHTeJihHOM rrpe-

6hrnaHHH B Mep3JihIX To11u::i;ax, ri:1e poJih Bttemttero 

KpHorrpoTeKTopa BhIIIOJIHSIIOT IIJieHKH He3aMep3IIIeH 

BO):lhl, o6BoJiaKHBalOIII;He opraHO-MHHepaJihHbie qac

THU:bl [Gilichinsky et. al., 1993 ]. IfasecTHo, l!TO rrpII 

IIOHll)KeHHH TeMrrepaTyphl KJieTKH MHKpoopraHH3-

MOB C)KHMalOTCSI H3-3a yMeHbIIIeHH51 KOJIIIlJ:eCTBa 

pe3epsttoii sttyTpIIKJieToqttoii BOAhI. IlpH 3TOM B 

KJieTKax yseJIHlJ:lIBaeTC51 KOHU:eHTpaU,HSI paCTBopeH

HhIX seu::i;eCTB H, KaK CJie):ICTBHe, IIOHH)KaeTCSI TOlJ:Ka 

3aMep3aHHSI BHYTPHKJieTOlJ:Horo paCTsopa 11. rroBhI

IIIaeTC51 ocMoTHllecKoe i:1as11ettHe. TaKall KJieTKa 

MO)KeT AJIHTeJibHOe BpeMSI cyu::i;eCTBOBaTh rrpH OTpH

u:aTeJihHhIX TeMrrepaTypax, xapaKTeptthIX AJISI Mep-

3Jihix TOJIIII;, OKpy)KeHHaSI IIJieHKaMH He3aMep3IIIeii: 

BOJJ,hl lI BHeKJieTOlJ:HhIMH KpHCTaJIJiaMH Jlh):la, 6e3 

C)KaTHSI H ci:JopMHposaHH51 BHYTPHKJieTOlIHOro JihAa 

[McGrath et. al., 1994 ]. 

,Zl,atttta5I pa6oTa 5IBJI5IeTrn rrepBhIM coo6u::i;ettHeM 

OTHOCHTeJihHO BbI):leJieHII5I )KII3Hecrrnco6HhIX rrpH 

OTPHU:aTeJihHbIX TeMrrepaTypax HH3IIIHX rra11eopa

CTeHHH. TipoBeJJ,eHHhie lICCJie):IOBaHH5I IIOKa3aJIH, 

lJ:TO cPOTOaBTOTPOcPHhie opraHH3Mhl - CIIHe3eJieHbJe 

lI 3eJieHhie BOAOPOCJIII, OTHOC5IIII;HeC5I K HH31IIHM 

pacTeHHSIM lI 5IBJI5IIOIII;HMHC5I BhICIIIHMH MHKpoop-

raHH3MaMH, 

coxpaHSIIOT 

BhI):leJieHHhIMH H3 

)KlI3Hecrroco6ttocTh 

K pHOJIHTH030Hhl, 

Ha rrpOTSl)KeHIIM 

3HalJ:HTeJibHOro rrepHOJJ,a BpeMeHH rrpH IIOCTOSIHHOM 

B03):1eHCTBHH OTPIIU:aTeJibHbIX TeMrrepaTyp lI IIOJI

HOM OTCYTCTBHH CBeTa. TipH 3TOM He rrpoHCXOAHT 

HapyIIIeHHH B CTPYKTyptto-ci:JyHKU:HOHaJihHOii: 

opraHH3aU:HH cPOTOCHHTeTHqecKoro arrrrapaTa, lJ:TO 

II03BOJI5IeT HM rrpH 611arorrplI5ITHblX ycJIOBH5IX rrepe

XO):IHTb K aKTHBHOMY pocTy. 
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