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3arraCbl 6110MaCCbl M11KpoopraHl13MOB B oca):loqHbIX CJIOSIX Jll1TOCcjJepbl 3Haq11TeJibHO rrpeBOCXO):ISIT CO):lep
)J(aH11e )J(l1BOro Bew;eCTBa B rroqBeHHOM IIOKpOBe. B Mep3JiblX OCa):IOqHblX rropo):lax q11CJieHHOCTb Ml1K poopraH113MOB 
B 1 r rpyHTa He MeHbrue, qeM B cjJ11JibTpyeMbJX oca):IKax 11 Jil1Wh He3Haq11TeJibHO ycTyrraeT rroqBaM. YCT0Aq11no 
Hl13Kl1e TeMrrepaTypbi He SIBJISllOTCSI 3KCTpeMaJibHbIM cjJaKTOpOM, Jil1Ml1T11py!Ow;11M )J(l13Hecrroco6HOCTb opraHl13MOB, 
a crroco6crny10T 11x crn611JI113ai.11111 11 a):larrrn~1111. YpoBeH& 11 J:IJil1TeJibHOCTb B03):1eAcrn11si orp11~aTeJibHb1x 
reMrreparyp B ecrecrneHHbJX Mecroo611raH11S1x orrpe):leJISIIOT COOTHorueH11e r11rroMern60JI11qecK11x (KyJibT11B11-
pyeMb1x) KJieTOK 11 KJieTOK B COCTOSIHl111 my6oKoro IIOKOSI ()J(l13Hecrroco6HhlX, HO He KYJibTl1B11pyeMbIX) . 

H11)J(HS1S1 rpaH11~a 611oc¢ep&1, orrpe):leJisieMasi TeMrrepaTypoA rerrJIOBOH ):lecrpyK~1111 KJieTOK, B Kp11oc¢epe 
pacrroJiaraeTcsi Ha 60JI&w11x my611Hax. 
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The reserves of microbial biomass in subterranean sediments are considerably greater than in soils. Microbial 
abundance in both in frozen and unfrozen sediments is nearly the same. Therefore, the permanently low temperature 
in permafrost should be regarded not as an extreme but as a stabilizing factor that sustains life in deep cold biotopes. 
The level and duration of the influence of negative temperutures govern the ratio of hypometabolic cells, readily 
reversible to proliferation, and deeply resting cells (viable but non-culturable). 

The biosphere boundary, depending on the temperature of cell destruction is localized at great depths in 
cryosphere should be expanded in the depth. 

Viable microorganisms, cells, permafrost sediments, cryosphere, litosphere, negative temperatures 

BBE,11.EHME 

B nocne.n:mre ro.n;hl MbI nony•.iaeM see 6onhme 
no.n:TBep)KJJ:eHHH, qTo )KH3Hecnoco6Hhle MHKpoop
raHH3Mhl B mnoccpepe pacnpocTpaHeHhI .n:o 3Ha
qHTeJibHbIX my6HH (Ta6nm.1,a). 06Hapy)KeHHe 
MHKpoopraHH3MOB s oca.n;oqHoM qexne KpttoccpephI 
[3(357.ZU1i11e6 u ap., 1985; I'UJlU'l.UHCKUU u ap., 1996] 

H .n:a)Ke B rpaHHTHbIX KaMeHHCTbIX nopo.n:ax, 3aJie
raIOII.J,HX Ha 6onhmHx rny6ttHax [Pedersen, 1992 ], 
3aCTaBmieT no.n: HOBbIM yrJIOM 3peHH51 01.1,eHHTb rpa
HHl.l,bl 6Hoccpepbl. 3TH .n:aHHbie CBHJJ:eTeJibCTBYIOT: no 
o6'beMy H Macce )KH3Hb B rny6HHe 3eMHOH TOJIII.J,H 
He TOJibKO cpaBHHMa, HO H cyII.J,eCTBeHHO npesoc-
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XOJJ:HT nosepXHOCTHYIO 6ttoMaccy )KHBbIX opraHH3-
MOB. IloKa3aTeJIH o6HJIH51 6aKTepHH B oca.n;Kax: B 
cpe.n:HeM 107-108 KOJIOHHeo6pa3yIOII.J,HX e.n;HHHI.J, Ha 
1 r rpyHTa (KOE/r) - JIHmb Ha nopSIJJ:OK HH)Ke, 
qeM B noqsax (108-109 KOE/r). TonII.J,a oca.n;KOB 
MOII.J,HOCTblO OT 20 .n:o 50 M co.n:ep)KHT 6HoMaccy 
paBHYIO no BeJIHqHHe MHKp06HOH 6HoMacce noq
BeHHOro CJI051. c yqeTOM o6II.J,e:if MOII.J,HOCTH H noB
ceMeCTHOro o6Hapy)KeHH51 MHKpoopraHH3MOB, B 
JIHTOCcpepe co.n:ep)KHTC51 3HaqHTeJibHO 60Jibille 
)KHBoro BeII.J,eCTBa, qeM B noqsax. 



)1U13Hh B KPJ10CC/JEPE: B3I'Jl51/,( HA ITPOEJJEMY 

qHCJieHHOCTb 6aKTep 11i1 B ecTecrneHHbIX MeCT006HTaHHllX 

qHCJIO 6aKTep11!1 

CpeAa 
o6w,ee KOJI-BO (KJI/r) 

TI04Bbl 108-1010 

OcaA04Hbie rmpOAbI 
. 

• AO 10 M, 107-109 

• AO 550 M <106-108 

Mep3Jlhle OCaAK11 

• ApKrnKa (>300 M) 107-109 

• ABTapKrnAa (20 M) 107-108 

Mep3Jihie norpe6eHHhie noLIBhI 109 

Q3epHh1e AOHHhie ocaAK 11 

• sepxH11e CJIOH 108-109 

• 3- 8 M 108 

UeHTpaJihHaH LiaCTb OKeaHa 

• BOAa 102-106 KJI./MJI 

• sepxH11e AOHHhie CJIOH 107 

rpyHTOBhie BOAhl (AO 2000 M) 103-106 KJI./MJI 

AHTapKT11LiecK11e JihAbI (AO 1800 M) 

MnKpo6ou:eH03hI rJiy6HHHhrx CJioes 51BJISIIOTC51 

rrpeHMym:ecTBeHHO 6aKTepHaJihHbIMH, TOr,[(a KaK B 

60JihillHHCTBe IIOlfB rpH6Ha51 6HoMacca ropa3,[(0 

6oJihme Macchr 6aKTep nli. XoTSI JJ;pm10KH, aKTH

HOMHU:eThI H BOJJ;OpOCJIH TaK)Ke o6Hapy)KHBaIOTC51 B 

rJiy6oKo3aJierarom:Hx ropH30HTax, H3 - 3a crropaJJ;H

qecKoro rrpncyTCTBH51 OHH He MOryT 6hITb rrpHH51TbI 

BO BHHMaHHe c TOlfKH 3peHH51 o6m:ei1: 6HOJIOrHlfeC

KOH aKTHBHOCTH OTJIO)KeHHH. TiocJieJJ;HHe rrpeJJ;CTaB-

1rn10T, s ITepsyro OlfepeJJ;h , 6aKTepHaJihHhre HHIDH, 

CTa6HJihHhie B Telfemi:e ,[(JIHTeJibHOro BpeMeHl1. 

3aceJiemi:e 3eMHhrx rJiy6HH MHKpoopraHH3Ma

MH B03MO)KHO ABYMSI ITYTSIMH: 

1. B ITpou:ecce ¢opMnposaHH51 ocaJJ;OlfHhrx 

ToJim: , T. e. ITorpe6emrn ITosepxHOCTHhrx cJioes, 3a

ceJieHHhIX MHKpoopraHH3MaMH, lfTO HeCOMHeHHO 

HMeeT MecTo. B 3TOM cJiylfae ¢opMHPYIOTC51 ,,coo6-

m:ecTsa Bbl)KHBillHX", KOr,[(a MHKpoopraHH3Mhl ITOC

TaBJieHbI ITepe,[( Heo6xO,[(HMOCThIO a,[(aITTHpOBaThC.51 

HJIH HeoITpeJJ;eJieHHO JJ;OJiroe speMSI ITepe)KHBaTh He-

6 JiaroITpH5ITHhre ycJIOBH51. 

2. KaK pe3yJihTaT B03HHKHOBeHH51 H 3BOJIIOU:HH 

B JIHTocci:Jepe B ycJIOBH5IX ITOCT05IHHOH TeMITepaTy

pbI, ,[(aBJieHH51, ypOBH.51 pa,[(HaU:HH, XHMHlfeCKHX H 

opraHHlfe CKHX HCTOlfHHKOB 3HeprHH caMopeITm'.IU:H

pyIOm:HXC.51 )KHBhIX CHCTeM, He 3aBHCHMbIX OT 3Hep

rHH COJIHU:a H cPOTOCHHTe3a [Gold, 1992 ]. Qqe

BH,[(HO, B 3TOM CJiy•rne p elfb MO)KeT H,[(TH 0 6oJiee 

aKTHBHbIX coo6m:ecTBax HJIH ITOITYJI511.l,H5IX MHKpoop

raHH3MOB , BITOJIHe ITPHCITOC06JieHHbIX K )KH3HH B 

rJiy6oKHX ropH30HTax, KOr,[(a OCHOBHbIMH ¢aKTO-

KYJ1bTttB11pyeMb1e KJ1eTK11 
JlHTepaTypa 

(KOE/r) 

105-108 [Muwycmun u 8p., 1978; 
365!ZUflU,e6 , 1987] 

102-106 [Poom u 8p., 1982] 

<102-1 08 [Pedersen, 1993] 

102-108 [365!ZUliU,e6 U 8p., 1985; 
I'UJIU'IUHCKUU U 8p., 1996] 

10- 104 [Friedmann et al., 1996] 

104- 106 [XJZe6nuK06a u 8p., 1990] 

[Ky3HeU,06, 1970] 

104- 105 

102-103 

0-10 KJI/MJI [Kpucc, 1976] 

102- 104 

10- 105 KJI./MJI [Pedersen, 1993] 

e):l. KJI./MJI [Abyzov, 1993] 

paMH, JIHMHTHpyIOm:HMH Bbl)KHBaHHe, 5IBJI5IeTC51 

TeMITepaTypa H HaJIHlJHe BO,[(bl. 

BechMa sa)KHhIM SIBJISie TCSI soITpoc 06 aKTHB

HOCTH )KH3HeCITOC06HhIX MHKpoopraHH3MOB B OCa,[(

Kax, T. e . CTeITeHh HX yqaCTH51 B 6noreoxHMHlfeCKHX 

U:HKJiax. TioJJ;o6Hhre BOITpOChI TPYAHO pa3pemHMhI 

ITPH HCCJie,[(OBaHHH cPHJibTpyeMbIX OTJIO)KeHHH, r,[(e 

c ym:ecTsyeT ITpHBHOC MHKpoopraHH3MOB c rpyHTO

BbIMH soJJ;aMH. EoJiee lfHCThIMH MOJJ;eJISIMH SIBJISIIOT

cSI ycJIOBHO ,,3aKphIThre" cncTeMbr: HecPHJihTpyeMhre 

MeCT006HTaHH51 THITa JieCCOB H , B ITepsy IO Ollepe,[(h, 

KpHocci:Jepa. TipOCTHpa51Cb Ha 3HalfHTeJihHYIO rJiy-

6HHY, 3TOT THIT 6HOTOITa MO)KeT 5IBJI51ThC51 ITOTeH

U:HaJihHhIM H cym:ecTBeHHhIM pe3epsyapoM 6noreo

XHMHlleCKOi1 aKTHBHOCTH H Bhrpa6aThlBaTh Mexa

HH3Mhl a,[(aITTaU:HH K ,[(JIHTeJihHOMY B03,[(eHCTBHIO 

OTpnu;aTeJihHhrx TeMITepaTyp. 

0.[(HaKO lfHCThIH Jie,[( B KpHocci:Jepe ITpaKTHlfeCKH 

CTepHJieH [Ka3aJ-tCICUU, 1932 ]. )KH3Hecrroco6Hbie 

KJieTKH HCITOJih30BaBIDHMHC51 MeTO,[(aMH B HCKOITae

MblX JihJJ;ax ApKTHKH He BhI.SIBJieHhI - HH s 

HH'heKU:HOHHhIX [KpUCC U Op., 1944), HH B ITOJIHrO

HaJihHO- )KHJihHhIX Jib,[(aX [I'URWWHCICUU U op., 
1989; X;ie6HUK06a u op., 1990 ]. B Jie,[(HHKOBOM 

ITOKpose AHTapKTH,[(bI [A6bt306 u op., 1982; Abyzov, 
1993] )KH3HeCITOC06Hbie MHKpoopraHH3MbI XOT.51 H 

ITpHCYTCTBYIOT, !fO KOJIHlfeCTBO HX COCTaBJI51eT He 

6oJiee HeCKOJihKHX ,[(eC51TKOB Ha 1 JIHTP TaJIOH BO,[(hl. 

TipH 3TOM, ,[(OCTOBepHbie ,[(aHHbie HMeIOTC51 JIHillb ITO 

MOJIO,[(hIM (He JJ;peBHee roJIOU:eHa) KJieTKaM. 

CTepHJibHOCTb HCKOITaeMhrx JihJJ;OB, ITO cpas

HeHHIO c Mep3JihIMH ITOpOJJ;aMH, MO)KHO o6'h51CHHTh 
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E. A. BOPOEbEBA Jf !W 

CJie.a;yIOIIl,HMH rrpM1IMHaMH: a) HCXOAHO MaJIOH 3ace

JieHHOCThIO 3aMep3rneM: BJiarH, 1ITO MaJioBep051THO, 

T3K KaK rronepxHOCTHbie B0.11;hl, ¢opMHpyIOII1,He 

)KHJihHbie Jib.11;hl, ,11;0CTaT01IHO 6oraThl MHKpo¢Jiopo:i1:; 

6) pa3pyrneHHeM KJieTOK Jlb,1l;OM H3HYTPH, 3TOT 

rrpou;ecc paBHOBep05ITeH KaK B HCKOrraeMhIX Jih,11;aX, 

TaK H B rropo.a;ax; B) pa3pyrneliHeM KJieTOK KpHCTaJI

JiaMH pacTylll,ero Jih.a;a cHapy)KH - MexaHu11ecKa5I 

ru6eJih, 11To 6oJiee nepo51THO BHYTPH Jih.a;a, a He 

Mep3JibIX oca.a;KoB; r) ru6eJibIO KJieTOK B pe3yJihTaTe 

co6CTBeHHOro MeTa6oJIH3Ma, eCJIH OH rrpOHCXOAHT 

6e3 BhIB0,11;a rrpo.a;yKTOB ,,6HOXHMMt!eCKa51 

CMepTb" H3-3a OTCYTCTBH51 TpaHCIIOpTHbIX CHCTeM. 

B Mep3JihIX rropo.a;ax HMeIOTC51 3KOJioru11ecKHe 

HHIIlH ,1J;JI51 coxpaHeHHS! KJieTOK - CB06o.a;Hoe Me)K

rroponoe rrpocTpaHCTBO H IIJieH01IH351 BO.a;a. IlJieHKH 

He3aMep3rneM: B0,11;hl, 06BOJiaKHBaIOII1,He KpHCTaJIJihl 

Jlh,1J;a, MHHepaJibHhie 11aCTHU:bI Mep3JiblX rropo.a; H 

opraHH1leCKOe Belll,eCTBO, CJiy)KaT KpuorrpoTeKTO

paMH, rrpeII51TCTBY51 MexaHH1leCKOMY pa3pyrneHHIO 

KJieTOK KpHCT3JIJI3MH Jih,11;a [Gilichinsky et al., 
1993 ]. 

Cnu.a;eTeJihCTBa BhI)KHBaeMOCTH MHKpoopra

HH3MOB B YCJIOBH51X Be1IHOH Mep3JIOTbl 6hIJIH IIOJiy-

11eHhI pycCKHMH, aMepHKaHCKHMH H KaHa,11;CKHM11 

y11eHhIMH H 0606II1,eHhl B o63opax [Pewe, 1975; 
3asizww,ea u ap., 1985; Gilichinsky et al., 1994 ]. 
0.a;HaKO MeT0,1J;bI OT6opa o6pa3IJ;OB B 3THX pa60Tax 

He HCKJII01laJIH B03MO:>KHOCTH rrorra.a;aHl151 IIOCTOpOH

Heii: MHKp0¢JIOpbI. c 1978 r. H3Ml1 ne.a;yTCS! IIJiaHO

MepHbie HCCJie,11;0B3Hl151 Mep3JibIX TOJIIII, c HCIIOJih30-

BaHHeM MeT0,1l;OB, HCKJII01l3IOIIl,HX 3arp513HeHHe rrpo6. 

MA TEPIIAJihl II METO,II.bl 

llccJie.a;oBaHO OKOJIO ABYX TblC511l Mep3JiblX o6-

pa3u;OB II03,11;HeKaHH030HCK11X OTJIO)KeHHM 5IMaJia, 

cenepo-nocT011Ho:i1: Ctt6up11, ArrS!cKH, KaHa.a;cKoli 

ApKTHKH u AHTapKTHAhI. IlJiaHoMepHoe u3y11em1e 

MHKp06HhIX CHCTeM rrpH OTprru;aTeJibHhIX TeM

rrepaTypax ne.a;eTCS! Ha KoJibIMCKOM HH3MeHHOCTH, B 

o6JiaCTH CIIJIOIIlHOro pacrrpocTpaHeHH51 Be1IHOM Mep-

3JIOThI co cpe.a;Hero.a;OBhIMH TeMrrepaTypaMH rropo.a; 

-9 - : 12°C . 3TO 0,11;HH H3 perli!OHOB, r.a;e o6Hapy)Ke

HbI Hatt6oJiee .a;peBHHe Mep3Jihie TOJIIIl,H II03,11;

HeTIJIHOIJ;eHOBOro B03pacTa, He rrpOT3HB3BIIIHe B 

IIJieMCTOIJ;eHe HM B pe3yJihT3Te reOJIOrH1leCKHX co-

6hlTHH, HM no.a; BJIH51HHeM KJIHM3TH1leCKHX ¢JIYKTy

au;11:i1: [I'U.!lU'lUH.CKUU U 8p., 1996 ]. L(JI51 II03,1l;He- H 

cpe.a;HenJieMCTOIJ;eHOBhlX OC3,11;KOB 3TO II0,1l;TBep)K,11;3-

eTC51 H3JIH1IHeM B TOJIIIl,3X CHHreHeT1111eCKHX IIO

JIHrDH3JihHO-:>KHJibHbIX JihAOB. L(JI51 MHKpo6110Jior11-

qecKHX HCCJie,1l;OB3HHH per110H perrpe3eHT3TMBeH H 

IIOTOMy, 1ITO CJia6o OCBOeH H He 3arp513HeH XH

MH1leCKHMH H TeIIJIOBbIM11 CTOK3MH. MeTOAhl OT6o

pa, xpaHeHHS! H TpaHCIIOpT11pOBKH o6pa3IJ;OB 6hIJIM 

OIIHC3Hhl paHee [3851.ZUH.Ll,e8 U 8p., 1985; I'U.!lU
lf.UH.CKUU u ap., 1989; Shi et al., 1997]. 3.a;ech 
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rrpHB0,11;51TC51 JIHIIlb OCHOBHhie .11;0K333TeJihCTBa CTe

pHJihHOCTH OT6opa rrpo6: 

- TBep.a;oMep3JIOe COCT051HHe KepHa (TeMrrepa

Typa He BhIIIIe - 7°C)' 1ITO HCKJII01laeT B03M0)KH0CTb 

rrepeMeIIIHBaHHS! CJIOeB; 

- OTCYTCTBHe B u;eHTP3JibHOH 11aCTH Mep3JIOro 

KepHa KYJihTYPhI-MeTKH, BBe.a;eHHOH .11;JI51 KOHTPOJI51 

CTepHJibHOCTH (CKBa:>KHHhl, 6ypoBOM rnapS!.11; H o6-

pa3IJ;hI 6hmu HH¢ttu;uponaHhI 3TOH KYJihTypoif); 

rrpucyTCTBHe B 06pa3u;ax aHa3p06HOM 

MHKpo<iJJIOphr; 

- BbI,1J;eJieHHe pe.a;KHX HJIH Heo6hI4HbIX IIIT3M

MOB, rrpHHU:HIIH3JibHO HHbie ¢tt3HOJIOrH1leCKHe xa

paKTepHCTHKH BhI,11;eJieHHbIX MHKpoopraHH3MOB, ITO 

cpaBHeHHIO c HX COBpeMeHHbIMH aHaJioraMM; 

- oTCYTCTBHe KYJihTHBHpyeMhrx MHKpoopra

HH3MOB B HeKOTOpbIX 06pa3u;ax. 

L(JIS! rro.a;cqeTa 06II1,ero KOJIH1leCTBa MHKp06HhlX 

KJieTOK rrpHMeHS!JIH MeT0,11; rrp51MOro c11eTa (JIIOMHHe

cu;eHTHa51 MHKpocKonu51 c KpacuTeJieM). MttKpo6-

HhIM pOCT 3H3JIH3HpOB3JIH, HCIIOJih3Y51 IllHpOKHM 

crreKTP 6e.a;HhIX H 6oraTbIX IIHTaTeJibHhIX cpe.a; rrpH 

pa3JIH1IHhIX 3Ha1leHM51X pH, .a;o6aBJieHHH BHTaMH

HOB, APO:>K)KeBoro 3KCTpaKTa u MHKp03JieMeHTOB. 

3H31IHTeJihHbIM pOCT KJieTOK Ha6JII0.11;3JIH TOJibKO Ha 

6oraThIX cpe.a;ax. L(JI51 ou;eHKH )KH3Hecrroco6HocTH n 

COCT051HH51 MHKpoopraHH3MOB B Mep3JIOTe HCIIOJib-

30BaJIM KHHeTH1leCKHM 3H3JIH3 o6pa30B3HH51 KO

JIOHHM Ha nHTaTeJihHOM cpe.a;e [H attory, 1985 ]. 
MeTo.a; npe.a;rroJiaraeT onpe.a;eJieHue .a;nyx napaMeT

pon: napaMeTpa (..1.)' 0Tp3)K3IOIIl,ero Bep051THOCTHYIO 

npupo.a;y o6pa3oBaHH51 KOJIOHHH KJieTKOM H 5IBJI5IIO

II1,eroc51 noKa3aTeJieM Bep051THOCTH B03HHKHOBeHH51 

KOJIOHHH B e.a;HHHU:Y BpeMeHH, H rrapaMeTpa t,
Jiar-BpeMeHH, Heo6xo.a;HMOro .11;JI51 ¢opMHPOBaHH51 

KOJIOHHH BH.11;HMOro pa3Mepa. 

PE3YJibTAThl II OBCY)J(,Il.EHIIE 

Be4HoMep3Jihie oca.a;KM noJI51pHhIX o6JiacTeii: 

3eMJIH co.a;ep)KaT 60JihIIlOe KOJIH1leCTBO )KH3Hecrro

co6HhIX MHKpoopraHM3MOB. 06II1,ee 1IMCJIO 6aKTepuif 

B 06pa3u;ax pa3JIH1IHOro JIHTOJIOru11eCKOro H XM

MM1leCKOro COCTaBa , B03pacTa M reHe3MCa KOJie6JieT

C51 OT 107 .a;o 109 KOE/r. L(a)Ke B o6pa3u;ax, r.a;e 

MHKp06HhIM poCT OTCYTCTBOB3JI, I1p51MbIM C1leTOM 

o6Hapy:>KHBaJioch 107 KOE/r. 3TO KOJIH11ecTBo KJie

TOK (He MeHbIIle 1leM 106) ' IIO-BMAHMOMY' 51BJI51eTC51 

MMHMM3JibHblM COAep)K3HHeM MHKpoopraHH3MOB B 

M3BeCTHbIX no11BeHHhIX MeCT006HT3HM51X. c 3TOM 

T01IKH 3peHM51 Be4H351 Mep3JIOTa He OTJIM1laeTC51 OT 

¢11JibTpyeMhIX OTJio:>KeHHii: u 6e.a;HhIX no11n. EaK

Tepu11 H3 Mep3JIOThl 3AeKB3THbI COBpeMeHHhIM no11-

BaM M no pa3Hoo6pa3MIO ¢H3HOJIOrH1leCKHX rpyrrrr, 

noTeHu;MaJihHO cnoco6HblX K ocylll,eCTBJieHHIO pa3-

Hoo6pa3HhIX rrpou;eccon. CJie.a;onaTeJihHO, AJIMTeJih

HhIM HM3KOTeMnepaTypHbIM CTpecc He OK33bIBaeT 

¢aTaJihHoro B03AelicTBH51 Ha npttpOAHhie MHKpo6-

Hhie coo6II1,eCTBa. 011eBM.1l;HO, MHKpoopraHH3Mbl 06-



)JU13Hb B KPl10Cc/JEPE: B3TJJJ!J( HA IIPOBJJEMY 

Jia.[(alOT ecTeCTBeHHblMM MeXaHM3MaMM 3amMTbI, 

l.[TO .z:i;aeT MM B03M0)KH0CTb nepe)KMBaTb HJIH a.z:i;an

THpOBaTbC51 B ycJIOBM51X XOJIO.[(a. 

KoJIHtieCTBO /KM3Hecnoco6Hhrx KJieTOK B seq

HOMep3JibIX oca.z:i;Kax CHJibHO Ba pbHpyeT (101
-

107 KOE/r). IlpM aHaJIM3e apKTMtieCKMX o6pa3U:OB 

0, 1-10 % KJieTOK, ' o6Hapy)KMBaeMbIX MeTO.[(OM 

JIIOMMHecu:eHTHOM MHKpOCKOIIHM, poCJIM Ha IIl1Ta

TeJibHOM cpe.z:i;e, a B c;ry1rne aHTapKTHl!eCKl1X o6pa3-

U:OB, TOJibKO 0,001-0,01 % KJieTOK 6hIJIM crroco6-

Hbl K pa3MHO)KeHMIO. CospeMeHHbre rrotIBhr 3aHMMa

IOT rrpoMe/KyTOlIHOe IIOJIO)KeHMe, T. e . OKOJIO 0,01-
0, 1 % KJieTOK 51BJI51IOTC51 KYJibTMBMpyeMhIMM. JlHmh 

B MeCToo6MTaHM51X c IIOBbimeHHOH 6MOJIOrMtieCKOH 

aKTMBHOCTbIO npM HaJIMl.[MM BbICOKMX KOHU:eHTpa

U:MH cy6CTpaTa, HarrpMMep, B p113oc¢epe, KOJIMlleC

TBO Ky JibTMBHpyeMbIX KJieTOK .[(OCTMraeT 1-10 % . 
BhrCOKMe rroKa3aTeJIM OTHomeHM51 rrp51MOro 

ClleTa K nocesy MOryT rOBOpMTb 0 3H3lIMTeJibHOM 

co.z:i;ep)KaHMM aHa3po6HOH MMKpo¢;ropbI. L(eHCTBM

TeJibHO, B HeKOTOpbIX CKBa)KMHax lIMCJieHHOCTb Me

TaHoreHOB M .z:i;eHMTpM(j:JMK3TOpOB .[(OCTMra;ra BbICO

KHX 3HalleHMM, AO 10% OT o6mero '-IMCJia KJieTOK. 

0.z:i;HaKO B 60JibillMHCTBe c;ryqaeB KOJIM'-IeCTBO a3p0-

6oB M aHa3po6oB 6hmo corrocTaBMMO. Ilo-BMAMMO

MY, 6oJihmMHCTBO KJieToK crroco6Ho pa3BMBaThC5I 

KaK B a3p06HbIX ycJIOBM5IX' TaK M B ycJIOBM5IX 

rMIIOKCMM. TaKMM o6pa3oM, CJie.z:i;yeT MCKaTh MHhle 

npM'-IMHbI pa3JIM'-IMH B COOTHOmeHMM IIOKa3aTeJieH 

np5IMOro C'-IeTa KJieTOK M yI.J:eTa MX rroceBOM. 

BJIM51HMe npou:eccoB 3aMopa)KMBaHM5l Ha aK

TMBHOCTh MMKpo6MOJIOrMlleCKMX coo6mecTB B KPMO

c¢epe c;re.z:i;yeT paccMaTpMBaTh c ABYX TOI.J:eK 3pe

HM5I: ypoBeHb M BpeM51 B03.[(eMCTBM5I HM3KMX TeMne

paTyp. l13MeHeHMe OTHOmeHM5I KYJibTMBMpyeMbIX M 

HeKyJihTMBMpyeMhrx ¢opM MMKpoopraHM3MOB 5IBJI5I

eTC51 KpMTepMeM .[(JI5I ou:eHKM (j:JM3MOJIOrM'-IeCKOrO 

OTBeTa KJieTOK Ha 3KCTpeMaJibHbie ycJIOBM5I OKpy

)KaIOiu;eH: cpe.z:i;hr. Bo3HMKHOBeHMe tteKyJihTMBMpye

Moro 6JIOKa MMKpo6oB MO)KHO o6b51CHMTb KaK OT6o

poM HeKyJihTMBMpyeMhIX ¢opM B rrepMOA npoMep-

3aHM5I, TaK M pa3BMTMeM a.z:i;arrTaU:MOHHbIX Mexa

HM3MOB B KJieTKax. 

MexaHM3M BhI/KMBaHM51 MMKpoopraHM3MOB B 

Be'-IHOM Mep3JIOTe MO)KeT 6hITb TIOH51T npII cpaB

HeHIIM MHTerpaJibHbIX ¢M3MOJIOrMtieCKMX IlOKa3aTe

Jiett MMKpo6HbIX coo6meCTB IIOCJie BOCCTaHOBJieHM5I 

MX aKTIIBHOCTM B OTTa5IBillMX oca.z:i;Kax rrpM cono

CTaBJieHMM c COBpeMeHHbIMM KpMoreHHbIMM IIO'-I

BaMM. KMHeTMKa o6pa30BaHM5I KOJIOHMH Ha IlMTa

TeJibHbIX cpe.z:i;ax OTpa)KaeT OI.J:eHb BbICOKMe 3Ha

tieHM51 rroKa3aTeJI5I A., xapaKTepM3yiomero Bepo5IT

HOCTb Il051BJieHM51 KOJIOHMH B e.[(MHMU:Y BpeMeHM B 

OTTa51BillMX 06pa3u;ax KaK Mep3JiblX oca.[(KOB, TaK M 

TYHAPOBhrx rrotIB (pMc. I). IlpM 3TOM B oca.z:i;Kax 

o6ttapy/KMBaJIM MaKCMMaJibHO BbICOKMe TIOKa3aTeJIM 

rrpM OTHOCMTeJibHO 6oJiee HM3KOM co.z:i;ep)KaHMM KJie

TOK. 3aMeTHhie pa3JIM'-IM51 B rroKa3aTeJI51X ,1, .z:i;;r51 

Mep3Jihrx oca.z:i;KOB M Tytt.z:i;posoH: rrotIBbI coxpaH5IJIIICh 
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P11c. 1. K1meTMKa 06pa3osaH11S1 KOJIOHMH Ha MSICO

rrenTOHHOM arape. 

t - BpeMll l1HKyfa1poBaH11ll OTTallBWl1X o6pa31(0B np11 20"C; t,, 
Yac - nar-npeMll 110 06pa3osaH11ll KOJJ01-11111 n111111Moro pa3Mepa; 

A, Yac·1 - nepollTHOCTb nollBJJeH11S1 n111111Mb1x KOJJOHHH n e1111H1111y 

speMe1111. 

B cyKu:eccMM B TeI.J:eHMe 60 cyTOK. fMrroTe3a ,,Kp1m

T11tiecKoro pocTa" He.[(OCTaTOlIHa .[(Jl51 o6b5ICHeHM51 

3TOro ¢aKTa. ,,B3pbIBHOH" pOCT KJieTOK B npou:ecce 

Ta5IHl15I roBOpMT 0 HaJIM'-IMM MeTa6oJIMlJeCKOM aK

TMBHOCTM M (j:JM3MOJIOrM'-IeCKMX a.z:i;anTaU:MOHHbJX 

rrpou:eccos B KJieTKax, HarrpasJieHHhrx Ha o6ecrre

I.J:eHMe 6bICTpOH peKOHCTPYKU:MM MeTa6oJIMI.J:eCKMX 

rrpou:eccoB noc;re OTTaMBaHM51. 

AHaJIM3 KMHeTMKM ¢opMMpOBaHM5I KOJIOHMH 

.z:i;aeT B03M0)KH0CTb BbI5IBMTb o6mee BJIM5IHMe KpHO

reHHOro ¢aKTOpa, B I.J:aCTHOCTM, 3¢¢eKT .[(Jil1TeJib

HOCTl1 .z:i;ettCTBl15l xo;ro.z:i;a Ha )Kl13Hecnoco6HOCTb 

M11KpoopraHM3MOB B npMpo.z:i;e. XapaKTepHOH I.J:epTOH 

M11Kpo6HbJX coo6mecTB rrpM OTTaMB3Hl111 Mep3JibIX 

nopo.z:i; 11 IIOlIB 11 BbIXO.[(e 113 rrepeoxJia)K.[(eHHOro 

COCT051Hl151 51BJI5IeTC5I BbICOKa5I CKOpOCTb pa3MHO

/KeHM5I. B11.z:i;MMO, np11 3aMopa)K11BaH1111 BereTaT11B

Hhre KJieTKl1 rrepeX0.[(51T B o6paTl1MOe COCT051Hl1e 

HM3KOH MeTa60J111'-IeCKOH aKTl1BHOCTl1 (rl1IIOMeTa-

6oJIM3M)' pa3Bl1Ba51 aHTl1CTpecCOBbie MexaHH3MbI, 

06ecrre'-Il1Ba10m11e 6hICTpoe BOCCTaHOBJieH11e 6110JIO

r11I.J:eCKOH aKTl1BHOCT11 np11 OTTaMBaH1111. HeJih3SI 

0Tp11u;aTh B03MO)KHOCTh pa3Bl1TH5I .z:i;aJihHelimnx 3H

.z:i;oreHHhrx pery JI5ITOpHbIX rrpou:eccoB B KJieTKaX 11 HX 

rrepexo.z:i; B rJiy6oKO TIOKOSimeeC5I COCT051Hl1e, TaK 

Ha3hIBaeMhre ,,)Kl13Hecrroco6Hhre, Ho He KYJibT11B11-

pyeMh1e" KJieTK11 [Colwell, 1989]. CymecTByeT 

MHeH11e, l.[TO 3TOT rrpou:ecc He 3aBl1Cl1T OT BHemHl1X 

¢aKTopos. B 3TOM c;ry1.1ae c;re.z:i;yeT 0){(11.[(aTh yBe

JI111.1eH11sr KOJil1'-IeCTBa HeKyJibTl1B11pyeMbIX KJieTOK 
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E. A. BOPOEbEBA Jf /J,P. 

IIOCJie npoMep3aHH5I, oco6eHHO B pe3yJibTaTe ):(JIH

TeJibHOrO BJIH5IHH5I XOJIOJ:(a. 

LJ:eiiCTBHTeJibHO, OTHOCHTeJibHOe cogep)I(aHHe 

HeKyJibTHBHpyeMbIX MHKpoopraHM3MOB B aHTapK

THqecKHX 06pa311,ax npeBbIIIIaeT cpegHHH IlOKa3a

TeJib B coBpeMeHHbIX noqBax. Ho B apKTHqecKHx 

ocagKax npo11,eHTHoe cogep)I(aHue pa3MHO)I(aJOIIl,HX

c5I KJieTOK He06b1qa:iIHO BbICOKO, Ha O):(HH-):(Ba no

p5IgKa Bbime, qeM B noqBe. CJiegoBaTeJibHO, ypo

BeHb OTpMil,aTeJibHbIX TeMnepaTyp onpegeJI5IeT OT

HOIIIeHMe rMIIOMeTa6oJIMqecKHX (KYJibTHBMpyeMbIX) 

ll )I(H3Hecnoco6HbIX, HO HeKyJibTHBMpyeMbIX KJieTOK 

(IlOK05IIIl,HXC5I) B eCTeCTBeHHbIX MeCT006MTaHM5IX. 

Mb1 noJiaraeM, qTo 3aMopa)I(HBaHue np11 -10 -

-12°C CTHMYJIMpyeT nepexog HeKOTOpOH qaCTH He

KYJibTHBMpyeMbIX KJieToK B runoMeTa6oJiuqecKoe 

(KYJibTMBttpyeMoe) cocT05IHMe. CTa6MJIM3all,M5I TeM

nepaTypbr B TeqeHne ):(JIHTeJibHoro BpeMeHH cnoco6-

CTByeT aganTall,MM KJieTOK, M B 3THX ycJIOBM5IX 

rttIIOMeTa6oJIHqecKHe KJieTKll rOTOBbI K penapall,Mll. 

Bo3MO)J(HO rrp11 3TOM ycTaHaBJIHBaeTC5I 6aJiaHc Me)I(

gy MegJieHHO pa3MHO)I(aJOIIl,HMHC5I ll OTMHpaIOIIl,HMll 

KJieTKaMH B MHKpOKOJIOHH5IX ll arperaTax. 3JieKT

pOHHO-MHKpOCKOilllqecKMe Ha6JIJO):(eHH5I IIO):(TBep)I(

gaJOT' L!TO 70-80 % KJieTOK B Mep3JibIX ocagKax He 

np05IBJI5IIOT npM3HaKOB pa3pymeHH5I ll HMeJOT BM):( 

11,ttcTonogo6ttb1x noK05III1,ttxrn ¢opM. ITpu 3TOM 

60JibIIIHHCTBO KJieTOK (pHC. 2, 3) o6pa3yJOT arpera

TbI ll OKpy)l(eHbI 3alll,HTHOH o6oJIOqKoH [Soina et al., 
1995; 1996 ]. 

Pa3BHTtte 3Toii MogeJIM so BpeMeHII oTpa)I(aeT 

KHHeTJIKY KOJIHqecTBeHHbIX ll3MeHeHHH rHilOMeTa-

6oJIHqecKHX (Me):(JieHHO pa3MHO)I(aIOIIl,HXC5I?)' OT

MHpaIOIIl,llX ll ,,)J(H3Hecnoco6HbIX, HO HeKyJibTHBH

pyeMbIX" (nOK05IIIl,HXC5I, aHa6HOTHqecK11x) KJieTOK. 

Korga OCHOBHbie 3HepreT11qeCKHe HCToqHHKll OKa3bI

BaJOTC5I ncqeprraHHbIMH, 6oJibIIIHHCTBO rMIIOMeTa-

6oJIHLieCKHX KJieTOK peBepcnpyeT B COCT05IHHe rJiy6o

KOro IIOK05I, o6ecneqnBa5I KOHCepBall,HIO reHOMa. 

B apKTHLiecKoli Mep3JIOTe rrogTBep)I(gettue 3Toli 

rttnOTe3bI np05IBJI5IeTC5I B CHH)J(eHHll qncJia JIOKYCOB 

c BhICOKH:M cogep::>KaHueM KYJibTMBMpyeMbIX KJieTOK 

P11c. 2. ToHKHH cpe3 11,11cTono)J.06ttow 6aKTepuaJTb

How KJTeTKH, H30JTHpOBaHHOH H3 Mep3JTblX OCa)J.KOB. 

X60 000. 
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ll yBeJrnqeHHll qucJia ,,CTepMJibHbIX" o6pa311,0B B 

6oJiee gpeBHMX ocagKax. QqeBM):(Ho, npu 6oJiee 

Hl13KHX TeMnepaTypax (-25--27°C) B aH

TapKTuqecKMX ocagoqHbIX TOJIIIl,aX 3Tll npo11,eCCbI 

npoucxog5IT 6b1CTpee. ITpu 3TOM Kpafrne HM3Koe 

cogep)J(aHue opraHuqecKoro BeII1,ecTBa u OTCYTCTBMe 

paCTMTeJibHbIX OCTaTKOB B aHTapKTuqecKHX OTJIO

)J(eHM5IX MO)J(eT urpaTb 3aMeTHYIO pOJib. (BJIH5IHMe 

cogep)I(aHM5I opraHuqecKoro BeII1,ecTBa Ha cooTHO

meHue KYJibTMBupyeMbIX M HeKyJibTMBupyeMbIX 

KJieTOK MO)I(HO BH):(eTb Ha npMMepe o6bI'lHOrO noq

BeHHOro npoqmJI5I.) 

B cooTBeTCTBMM c 3Toii rnnoTe3oii, MbI o6b5IC

H5IeM pa3Jillqll5I B ):(l1HaMMKe pa3MHO)I(eHM5I KJieTOK 

B OTTaMBaJOIIl,HX apKTMqecKMX ocagKax ll noqBax, 

BO-nepBbIX, KaK pe3yJibTaT yBeJiuqeHH5I ):(OJIH ru

IIOMeTa6oJiuqeCKHX (KyJibTHBIIpyeMbTX) KJieTOK no 

OTHOIIIeHMIO K rJiy6oKo Il0K05IIIl,HMC5I. 3TO o6b5ICH5I

eT BbICOKIIH rrpo11,eHT KYJibTMBIIpyeMbIX ¢opM. BTO

poii npuqMHOH TaKMX pa3JIJ1quii: Bep05ITHO 5IBJI5IeTC5I 

HaJiuqIIe MegJieHHbIX MeTa6om1qecKux rrepecTpoeK 

B rurroMeTa6oJiuqecKux KJieTKax. Pa3BMTHe npo11,ec

coB HX cPM3HOJIOrJ1qecKOH aganTall,MM K ):(JIMTeJibHO

My B03geiiCTBHIO XOJIO):(a o6ecnequBaeT roTOBHOCTb 

KJieTOK K 6bICTpoii peBepCHll 6uoJiornqeCKOH aK

THBHOCTH IlOCJie Ta5IHH5I. B npegbI):(YIIl,HX HCCJiego

BaHH5IX MbI o6Hapy)I(MJIM onpegeJieHHbie pa3Jiuqu51 

B KMHeTMKe CHHTe3a PHK H LI:HK B 06pa311,ax 

OTTaMBaJOilf,HX Mep3JibIX nopog If KpIIoreHHbIX noqB 

[Vorobyova et al., 1996]. OrnoBHoii oco6eHHOCTbJO 

KYJibTHBMpyeMhlX KJieTOK ll3 Mep3JIOTbI, B OTJIIfqJ1e 

OT noqBeHHbIX MIIKpoopraHM3MOB, 5IBJI5IeTC5I Ha

JIIfque cucTeMbI CIIHTe3a PHK, roTosoii K MOMeH

TaJibHOH aKTIIBH3all,Hll, TOrga KaK reHeTIIqeCKHe 

CTPYKTYPbI 3aKOHcepBHpoBaHbI. 

3AKmoqEHIIE 

XoT5I B JIHTOc¢epe MMKpoopraHM3MbI pacnpo

CTpaHeHbI IIOBCeMeCTHO ll npOHHKaJOT ):(0 rJiy6MH no 

KpaiitteH Mepe 4000 M [Gold, 1992], ll30TepMbI 

Pwc. 3. KottrnoMepaTbI 6aKTep11aJ1hHhIX KJTeToK, 

H30JTHponaHHbIX ll3 Mep3JTblX OCa)J.KOB. x 60 000. 



>Klf3Hh B KPJfOCc/JEPE: B3I'JIJJ/!, HA JIPOBJIEMY 

cym:ecTBOBamrn 2KII3HII o6bil.IHO orpaHwieHhI TeMrre

pa TypaMII TeilJIOBOH }J,eCTpyKIJ;IIII KJieTOK B eCTeCT

BeHHOH cpe}J,e (rrpe1J,rrOJI02K1ITeJibHO 100 -150°C). B 
Kpirnc¢epe HaJIII'rne 30Hbl OTPIIU:aTeJibHbIX TeMrre

paTyp crroco6cTByeT rrpOHIIKHOBeHIIIO yKa3aHHbIX 

II30TepM Ha 60JibIIIYIO rny61IHY' T. e. HII2KH5I5I 

rpaHnu:a 61Ioc¢epbl ' IIPOCTIIpaeTC5I 3)1,eCb HII2Ke Ha 

BeJIII'IIIHY' HeCKOJibKO 6oJibIIIYIO MOill;HOCTll Mep3-

JIOH 30HbI. 

M1IKpo61Io11or1ItiecK1Ie 1J,aHHhie rro Jib}J,aM II cHe

ry' c 0)1,HOH CTOpOHbI, II Mep3JibIM oca}J,O'lHbIM rropo

}J,aM, c IJ,pyroli, CBII}J,eTeJibCTBYIOT, 'ITO IIOCJie}J,HIIe 

KaK cpe1J,a 061ITaH1I5I 6011ee 611arorrp1I5ITHhI IJ,JI5I cox -

paHeHII5I 2KH3HII. 1'fa COCTaBJI5IIOill;IIX Kp1Ioc¢epbl 

IIMeHHO KpHOJIIITOCtjJepa (rrpO'lHO cu:eMeHTIIpOBaH

Hbie Jlb}J,OM TOHKO}J,IICIIepcHhie Mep3Jibie oca}J,O'lHbie 

rropO}J,bI II rrorpe6eHHbie cpe}J,H HIIX rraJieOIIO'lBbI II 

TOptjJ5IHHKH)' a He I'JI5IU:IIOCtjJepa, 0611a1J,aeT yCJio

Bll5IMII }J,JI5I coxpaHeHII5I MIIKpoopraHII3MOB. Ilo3TO

MY OHa 5IBJI5IeTC5I OIITIIMaJibHbIM rrplipO}J,HbIM o6'heK

TOM }J,JI5I 61I03BOJIIOU:IIOHHbIX IIOCTpoeHHH B MeCT0-

061ITaHH5IX c OTprru:aTeJibHOH TeMrrepaTypoli. 

YAeJihHOe co1J,ep2KaH1Ie MIIKpoopraHH3MOB B 

oca}J,O'lHbIX rropo1J,ax He3HatirrTeJibHO ycTyrraeT 

ylJ,eJibHOMY CO}J,ep2KaHIIIO KJieTOK B IlO'lBax, CJie}J,O

BaTeJibHO, pe3epBbI 61IOMaCCbI B rny6oKIIX CJI05IX 

JIHTOctjJepbI 3Ha'llITeJibHO rrpeBOCXO}J,5IT CO}J,ep2KaHIIe 

2KIIBOI'O Bem:ecTBa B IIOtIBeHHOM IIOKpOBe. 

B Mep3Jihrx II HeMep3JihIX oca}J,O'lHbIX rropo1J,ax 

CO}J,ep:tKaHrre M1IKpoopraHH3MOB 0)1,IIHaKOBO, T. e. 

ycTotttIIIBO HII3KIIe TeMrrepaTyphI c11e1J,yeT paccMaT

prrBaTb He KaK 3KCTpeMaJibHbIH, a KaK CTa61IJIII-

3HpyIO:!Il,llH tjJaKTop, 06ecrretirrBaIOm:1Irr rro1J,1J,ep2Ka

H1Ie 2KII3Hecrroco6HoCTII KJieToK. YpoBeHb II }J,JIH

TeJihHOCTb B03}1,errcTBII5I Hll3KHX TeMrrepaTyp B eCTe

CTBeHHbIX MeCT0061ITaHII5IX orrpe}J,eJI5IIOT COOTHOIIIe

HHe I'IIIIOMeTa6oJIII'leCKHX KJieTOK II KJieTOK B coc

T05IHIIII r11y60Koro IIOK05I. 

PSIA tjJaKTopoB rro1J,TBep2K1J,aeT HaJirrtIIIe B 

MY!KpoopraHII3Max II3 Mep3JihIX TOJIIll; a}J,aIITIIBHbIX 

rrpou:eccoB, crroco6CTByIOm:rrx CTa6rrJIII3aU:HII II 2KH3-

Hecrroco6HocTrr MHKpo6Hhrx KJieTOK. Ilo-Btt}J,IIMOMY, 

IIMeHHO 3TII rrpou:ecChI, a He ceJieKU:ll5I ycTOH'llIBbIX 

¢opM orrpe1J,eJI5IIOT ¢opM1IpOBaHIIe MHKpo6HbIX co

o6m:eCTB Mep3JibIX Oca}J,KOB. 

Mep3Jihre oca}J,O'lHhre rropo}J,hI rrpe1J,cTaBJI5IIOT 

co6oli eCTeCTBeHHYIO cpe}J,y o6rrTaHII5I, r}J,e MHKpO

opraHH3MbI peaJIII3YIOT HelI3BeCTHbie B03M02KHOCTII 

a}J,aIITau:rrrr K npO}J,OJI2KIITeJibHOMY B03}1,errcTBIIIO xo

JIO}J,a Ha 2KHBhre opraHII3MhI. Mo2KHO rrpe1J,rro110-

2KHTh, 'ITO 3TII B03M02KHOCTrr 5IBJI5IIOTC5I yHrrBep

caJibHhIMH }J,JI5I 61IOJIOI'II'leCKIIX CIICTeM. 

A6hI30B c. c., Boforn H. E., Ky,!1p!11110B B. B. 0 KOJll1'1ecrneH
HOM y'leTe M11KpoopraHl13MOB rrp11 Ml1Kpo6110JJOrl1'leCKOM 11CCJJe
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