’ nyMHo, 5-9 0\41‘;\6@

3-s Beepoccuiickast koHGEpeHIs 10 acCTpOOHOTIOTHI

«IK30BHNOJIOI'UA: OT MPOIIJIOI'O K BYIYHIEMY»

5 -9 okTs0ps, 2020 r.
IMymuno, Poccus



ISBN 978-5-6045305-0-4
YK 523; 524; 551.2/. 3; 52.5, 551.8.02 , 551.12 , 579; 579.65; 629.7; 656.7

«IK30010J10rHUsI: OT MPOULTIOro K OyaylieMy»:
3-s1 Beepoccuiickasi kondepenuns no Acrpoduosiorun (Ilymuno, 5-9 oxkrsaops 2020 roaa).
IIporpamma u cOOpPHUK TE3UCOB.

OcHoBHBbIE HATIPaBJIEHUs1 pad0Thl KOH(epeHun:

- IOnas 3emnss u ee oOWTaTeNnu: CBHIETENH >XHM3HM OBUIBIX 310X (MAJICOHTOIOTUYECKUE,
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5 OKTAOPA (noHexeILHUK)

9:00 - 9:30

IIpuBeTCTBEHHOE C10BO

[Ipencenarens Hayunoro cosera PAH no

actpobuonornn, Akanemuk PAH

A.IO. Po3anoB

Hupextop MHCTHTYTA PUBHKO-XUMHUECKUX U

Oouosornueckux rnmpodiem nmouBoeaeHuss PAH,

yi.-kopp. PAH

O.A. AnekceeB

3am. [Ipencenarens OpraHu3alOHHOTO
KoMHTeTa KOH(epeHLnH, 3aB. JabopaTtopueit

kpuosioruu nous UOXubIIIl PAH

E.M. PuBkuna

Ilienapuas ceccust

PykoBonutenn: E.M.Puskuna (M®XubIIIl PAH, ITywuno)

AJO. Po3anos ActpoOuonorus u 6akTepragbHas
9:30 -10:10
(IIMH PAH, Mockea) ITAJICOHTOJIOTUA
AKTyanbpHbIE IPOOIEMBI PaJHAIMOHHBIX
M.M. IIanacok
10:10 — 10:50 PHCKOB IIPYU IJIAHUPOBAHUU KOCMUYECKHUX
(HUUAD MT'Y, Mockea)
MUCCHM
B.A. TBepaHC/IOB MonekynsipHas MalllMHA KaK YHUBEpCallbHas
10:50 — 11.30 P
(MI'Y um. M.B. Jlomonocosa, Mockea) (bH?)H‘IeCKaH OCHOBaA KHUBbBIX CUCTCEM
dopma «ONTHMATEHO—MAJTBIX» THCTOTPaMM
C.9. lInoas
11.30 -12.10 Kak I10Ka3aTeslb METPUKU IPOCTPAHCTBA-
(UTIF PAH, Ilywuno)
BpEMEHU
i i i
12:10 — 14:00 Hepepbin W W @
IOunas 3emiit 1 ee oOWTATENM: CBUIETENN >XU3HU OBUIBIX
910X (MaJCOHTONOTHYECKHE, TaJICOOHOIOTHYECKUE, T'eOJIOTHYECKUE
Cexknusn 1
JICTOIIMCH U UHBIC aCIeKThI; BO3MOXKHBIC MOJCIU MOSBICHUS KU3HU Ha
3emuie)
B.H. O6puako Pannee connue u pazsutue 6nocdepsr:
14:00 — 14:15 piA
(H3MHPAH, Tpouyx) TUIOTE3bl U OTPaHUYCHUS
E.I. XpaMoBa [Tapanoxc cnadoro Connua, Uiy MoYeMy
14:15 — 14.30 P

(M3MHUPAH, Tpouyk)

ACPEBbS 3CTICHBIC




14:30 — 14:45

M.M. AcradbeBa

(IIUH PAH, Mocksa)

O npeBHEHIINX MUKPOOPraHU3Max 3eMiIH

14:45 - 15:00

4
Mepeprin - @ =

Cexuus 2

AOUOTeHHBIH CHHTE3 OHMOOPTaHWYECKHX COCIWHEHUU |
NpeOUOJIOTHYECKAss  DIBOJIONMS  (M3ydeHHE MPEIOHOIIOTHIECKOTO
CUHTE3a OPraHMYECKUX COCIUHEHHH B KOCMOCE W Ha paHHEH 3emiie;

ACTPOKATAJIN3 — KaK UCTOYHHUK IICPBUYHOTO OPraHU4CCKOIro BGHIGCTB&)

15:00 — 15:15

A.A. UBaHoB

(T’EOXHU PAH, Mocksa)

JBroKymiye cuiibl abnoreHesa

15:15-15:30

E.A. Canpbikun XpoHounorust popMUpOBaHUS MOJIEKYJT Ha

(OHAH, Hy6na) paHHUX 3Tanax CylecTBOBaHUs Bcenennon

15:30 — 15:45

H.J. Cxo01ukoB
IToTouno-kackagHass MOJIEIIb
(orsHY KHI38, OO0 .
PEI0MOIOTUIECKON IBOJIOIINN
«CJI Medukaﬂfpyn», Kpacnooap)

15:45-16:00

B.B. Cycios 3aKOH rOMOJIOTHYECKHUX PAA0B BaBuiosa

(ULul’ CO PAH, Hogocubupck) KaK 3aKOH OMOIOTHA

6 OKTAOPA (BTOPHUK)

Cexkuus 4

OnpeneneHne NpeaenoB U MEXaHU3MOB BEKMBAEMOCTH
3€MHBIX OPTraHU3MOB B HKCTPEMAJIbHBIX YCIOBHIX
OKpPY’KaIOIIEeH cpelibl U KOCMOca
(M3ydyeHne YyCTOMYMBOCTH OMOJIOTHYECKUX CUCTEM K YCIOBHUSIM

KOCMOCa; pe3yJIbTaThl SKCIIEPUMEHTOB HAa HU3KUX 3€MHBIX OpOUTAX)

PykoBoautenn: Anacmacus llamunosuy (M@XubIIll PAH, I1ywuno)

10:00 - 10:15

WU.b. Amuunosa Hccnenosanue ¢pparmentaruu JTHK oz

(THL] ®MBL] um.A. 1. Bypnaszsna ®MBA o
JACUCTBUEM TAXKEIIbIX HOHOB U ITPOTOHOB
Poccuu, Mocksa)

10:15-10:30

VYeroitunocTh 6akTeprodara DTS57C k
E.W. CyxoBa O0JIyYEeHHUIO YCKOPEHHBIMU 3JICKTPOHAMU B

(MTI'Y um. M.B. Jlomonocosa, Mockea) YCIIOBUAX HAU3SKOI'O JAaBJICHUS U HU3KUX

TEMIIepaTyp
AA. Bypsik [Tpo6GiiemMa MOBBILIIEHHON paguanuy 1
10:30 — 10:45 YP
(CHL] P®© UMFII PAH, Mocksa) TUIIOMAarHuTHBIX YCHOBHP’I npu




KYJIbTUBUPOBAaHNUH BBICIIUX PACTEHUH BO

BHC3CMHBIX YCIOBUAX

A.B. llatTnioBuy

A,[[aHTI/IBHBIe pcaKkuun COBPEMCHHLBIX 1

10:45 -11:00 npesuux uHdysopuit Colpoda steinii B
(UDPXubIIll PAH, I[Iywuno)
YCJIOBUSX OPOUTAILHOTO MOJIETA
N.E. BuinHskoB
11:00 - 11:15 "MuHnMansHasg" KeTka B KocMoce
(MHL] PAH, Cankm-Ilemepbype)
E.A. Jlemesas BrpKrBaeMocTh MEKPOOPTaHU3MOB Ha
11:15-11:30
(CHI] PO-UMBEII PAH, Mockea) BHeHel cropone MKC
. . 4 4 4
11:30 — 11:45 IlepepniB - S S
BrusiHre BBICOKOIHEPTETHYECKUX YaCTHUII
K.E. KJIeMeHTLEeB Ha TIEPBUYHBIE MTPOLIECCHI TPEOOpa30BaHUS
11: 45-12:00
(MI'Y um. M.B. Jlomonocosa, Mockea) OHCpPIUU B (bOTOCI/IHTeTI/I‘IeCKOM arrmapare
uaHoOakTepuit
M.O. KprouxoBa Coo0r11ecTBa MOYBOOOHTAIOIINX TPHOOB KaK
12:00 — 12:15 (MBDM PAH, Myuwuno; MI'Y un. M.B. .
00BEKT acTPOOMOIIOTUYECKUX HCCIICTOBAHUIN
Jlomonocosa, Mockea)
Brnusinue ¢pakTopoB 0OKOI03€MHOTO
B.1. OmypkoBa
12:15-12:30 yp KOCMMYECKOI'0 IPOCTPAHCTBA Ha
(UB®PM PAH, ITywuno)
BBIKHBAEMOCTh METAaHOTC€HHBIX apXeu
Ocobennoctu magnemun COVID-19 B
M.B. Paryabckas
12:30 — 12:45 y YCIIOBHSIX TJ100aJIbHOTO MUHUMYMa
(U3MHUPAH, Tpouyx)
COJIHEUYHOI aKTUBHOCTU
Pa3zMHoOkeHMe 1 pa3BUTHE TTO3BOHOYHBIX
A.E. IIpomuna
12:45 -13:00 pomt ’KUBOTHBIX B KOCMHUYECKHX ITOJIETAX:
(®I'BHY HUHUMY, Mocksa)
POOJIeMBI, PE3YJIbTAThI, BO3MOKHOCTH.
il il il
13:00 — 14:30 epepbin W @ W
BHe3zeMHbIe MECTOOOUTAHUS:
Cexkuus 5 MOJEIMPOBAHNE U IIPAMBIE UCCIIEIOBAHUSA

(uccnenosanue Jlynesl, Mapca, KOMET, METEOPUTOB, MEK3BE3THOU
Y MEXXIJIAHETHOU MbUH U ApyTruX Tesa COTHEYHON CUCTEMBI)

PykoBoautennb: Cmanuciae Manseun (MD@XubIlll PAH, Ilywuno)

14:30 — 14:45

A.K. Promun

(OMAH, Hdyéna)

Pa3nooOpa3zue nckomnaembIx

MHUKpPOOPTaHU3MOB B YTJIMCTBIX XOHJIPUTAX
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14:45 - 15:00

(CIIoIly, @TH um. A.®. Hoghgpe PAH,

bricTphie Bapuanmu coaep:kanusi MeTaHa B
A.A. Ilypkos arMochepe Mapca, Kak HHIIKaToOp
BO3MO>KHOM NIOATIOBEPXHOCTHOMN

Canxm-Ilemep6ype,
OMOJIOTHYECKON aKTUBHOCTH

15:00 - 15:15

DK300HOTI0THS BCHCPUAHCKUX 00J1aKOB:

O.P. Kourop6enko

(FOI'Y, Xanmui-Mancuiick)

BO3MOXKHBIC MI/IKpO6HLIe mpouecChbl N

MUKPOOPTaHNU3MbI

Kpyrasii croa

PykoBoaurean: O.P. KouropOeHko (ory, Xaumu-Mancuiicx)

15:15-16:30

Bomnpocsr:

1. AcTpoOuosiorusi Benepbl: nepcneKTUBHbIE HATIPABJIEHHS 1JIA

HCCJICJ0BaHUA

OO6naunbliil cioit BeHepbl paccMaTpuBaeTcs Kak BO3MOXHAs cpefa s
(hYHKIIMOHUPOBAaHUS MUKPOOHBIX (hopM. B cBere mnanupyemoit Poccueii
KOCMHYecKoi mporpammbl Venera-D u HegaBHero oTkpbiTus Gocduna B
atMocdepe BeHepsl maHupyercsi OOCYXKAEHHE TEOPETHYECKHX U
METO/I0JIOTHYECKUX ACIEKTOB, CBA3aHHBIX C IIOMCKOM JXKM3HU B CHUCTEME
BEHEPHUAHCKUX 00JIaKOB.

2. IlepcnexkTuBbl acTpoduosornu B Poccnu Ha npumepe ee pa3BUTHS B
Espome.

3a mocnenHue rosl acTpoduosorus B EBpore crenana cymecTBeHHBII
Ka4eCTBEHHBIH CKa4eK B CBOEM Pa3BUTHH. AKTHBHO (YHKIHUOHHPYET
EBpomeiickass actpobuonormueckas accoruanus (EANA), oTkpbuics
eBporeiickuii  actpooumonorndeckuid  WHCTUTYT (EAI). IIpobGnemsr
actpobmosiorun B Poccun mpeamnonaraercss pacCMOTpeTh Ha TpUMepe
ux peuieHus B EBpore, a Taxoke 00CyANTh HALMOHAIBHBIE OCOOCHHOCTH
acTpoOMOJIOTHUECKHUX HampaByieHni B Poccun.

7 OKTSAOPA (cpena)

CeKHI/IH 3. DKCTpeMallbHbIE YKOCUCTEMBI — MOJIEINb IS 9K300HOJIOTHYECKUX UCCIEIOBAHUN
(n3yuenue kpruochepsl 3eMITH KaK MOJIEIA BO3MOXKHBIX 3KOCUCTEM Ha TUTAHETaX KPHOT€HHOTO THUTIA;
AK300MOJIOTHS JICMHBIX CITy THUKOB TUTAHET-TUTAHTOB: BO3MOXHOCTH OMOJIOTHYECKHAX U
MPEIONOIOrMYSCKUX [IUKIIOB B YCIIOBUSX OTCYTCTBHS COJTHEUYHOTO CBETA M HU3KUX TEMIIEpaTyp;
HCCJIEJIOBAHNE IKCTPEMAITBHBIX TEPMOQIIBHBIX U ICUXPO(UIBLHBIX MUKPOOPTaHHU3MOB)

Cexkuus 3.1

MI/IKpOGHLIe COO6H.[GCTB8. IKCTPEMAJIbHBIX 9KOCUCTEM (ropmme,
KHCJIBIC U IICJIOYHBIC BKOCI/ICTGMH)

PykoBoaureasn: En

uzasema Pusxuna (M@XubIIll PAH, Ilywuno)

10:00 - 10:15

B.H. KoMnnanu4eHko

(UKAPII J]BO PAH, Bupobudscan)

Ponw mepuoauveckoro crpecca B
3apOKJICHUU U PAaHHEH 3BOJIIOLIUN
COOOIIECTB TEPMOPUITHHBIX
MHUKPOOPTaHU3MOB

10:15-10:30

A.B. llInaoBa

bropa3znoobpa3ue nmpokapruoTOB COIOBOTO

11




(U2I'M YpO PAH, Ilepmv)

IaMOXpaHujiniia — MOACIIN SKCTPEMAJILHO

LIETIOYHOM CpeIbl

T.A. AlexoBa

HcTtopust Mukpobruoma B UCKYyCCTBEHHOM

(UDPXubIIll PAH, I[Iywuno)

10:30 - 10:45 Hue MexnyHapoIHONH KOCMUYECKOU
(MT'Y um. M.B. Jlomonocosa, Mockea)
cranuuu (20 ner)
Bonopoanorpebistonine METaHOT€HbI —
B.2. Tpyounnia
10:45-11:00 pyoni IMOTEHIIHAIBLHBIE OOUTATENN 00HLEKTOB
(UFDM PAH, Ilywuno)
ConHeYHOH CUCTEMBI
11:00 — 11:15 IlepepniB é, é} |—i*;
Cexmus 3.2 Kpuobuocdepa 3emin u nepcrneKkTUBHI MOMCKA dKU3HU Ha IIaHETaxX
Y TeJaxX KpUOTEHHOTO THIa
PykoBonutenn: Enena Cnupuna (M@XubIIll PAH, [1ywuno)
A. Cugopos
11:15-11:30 A 710p UYro ckpeiBaer ['pennanaus?
(®HLF JIBO PAH, Bradusocmok)
OMHHAHTHBLIE MUKPOOHBIE COOOIIIECTBA B
C.A. Byaar A p H
11:30 - 11:45 (HUL] "Kypuamoscxuii uncmumym” - | TOATICTHIKOBOM aHTapKTUYECKOM 03epe
ITHA®D, 'amyuna) BOCTOK
11:45 — 12:00 M.B. CHMaKOB DK300M0JIOTHSI JIJITHBIX CITyTHUKOB
(Cankm-Ilemepoype) INIAHCT-TUT'AaHTOB
MUKpOOpTraHu3MBbl, CIIOCOOHBIE K
A.I'. 3axapiok .
12:00 - 12:15 p BOCCTAHOBJICHHIO JKeJIe3a B XOJOTHOHN
(UB®M PAH, ITywuno)
3KocucTeMe o3epa baiikan
['unonutHBIe MUKPOOHBIE COOOIIECTBA TOYB
A.B. SIxkymesn .
12:15-12:30 y M TIOYBOIIOAOOHEIX TeJI 0a3ucoB BocTouHoit
(MT'Y um. M.B. Jlomonocosa, Mockea)
AHTapKTH]IBI
it i it
12:30 - 14:00 Mepepris W W W
['umo6mo3 OAHOKIETOYHBIX 3YKAPHUOT:
14:00 — 14:15 C.A. MaIsiBHH MEXaHHU3MBI U CTIeIH(HKa B
(H®XuBIII PAH, ywuno) KOHTEKCTE aCTPOOMOJIOTUUECKHIX
HCClIeJOBAaHUN
14:15 — 14:30 T.A. BumHuBenKas 3esieHble U CUHE-3€JIEHHBIE BOJIOPOCIHU U3

BEYHON MEP3JI0THI

12




14:30 - 16:30

IHOCTEPHAS CECCHUA

Ceprees B.H., [leuepuukona I'.B. (MAI' PAH, Mockga)

Cexnus 1
Kputnueckoe 3aMe/ieHHE ¥ BRIMUPAaHUE THHO3ABPOB
Cycaos B.B., ITonomapenko M. I1. (M1Iul" CO PAH, HoBocubupck)
Cexnust 2
I'oMonorudeckue psbl B HEKUBOM U KIBOM
Yenuon B.C., benos A.A., Bopo6seBa E.A., [laBnos A.K., Jlomacos B.H. (MI'Y
uM. M.B. JlomonocoBa, UKW PAH, Mocksa; ®TU um. A.®. Uodde, CIIOITY,
Cexknusn 4 Cankr-IletepOypr)
Brusiaue npenobmydeHus, THTEHCHBHOCTH U3ITyYEHUS U TUIIA MUHEPATbHON
MaTpPHUIIbI HA PATUOPE3UCTCHTHOCTh MUKPOOPTaHU3MOB
Bejos A.A., Yenmor B.C. (MI'Y um. M.B. JlomonocoBa, UK PAH, Mocksa)
MeTtabonmdeckas aKTHBHOCTh MUKPOOHBIX COOOIIECTB B yCIOBUSIX AeduiuTa
BJIATH
Ileuyepnuxosa I'.B., Ceprees B.H. (M/I' PAH, Mocksa)
Cexuns 5

BeHepa — BO3MOKHOCTH CYHICCTBOBAHUSA KU3HU B €€ UCTOPUUN

AdanacbeBa A.H. (OMSIU, JIyOHa)

AxTHHOMHIICTH B MeTeopuTe Opreit

I'apunos I' K., ITanaciok M.U., Konroxos U.B., Ilorocsu C.U., Pyoun A.B.,
Annpees JI.LE. (HUWUAD MI'Y, HUN ®Xb um. H. benozepckoro, MI'Y um. M.B.
JlomoHOCOBa, MockBa)

[Touck BHE3EMHBIX MUKPOOPTAaHHU3MOB Ha KOCMHYECKUX O0OBEKTaX U U3yUeHHE
JTUHAMUKH BBDKUBAHUS 36MHBIX MUKPOOPTAaHU3MOB B KOCMUYECKUX YCIOBHSIX IO

curHanam (QIropecHeHInT

I'apunos I'.K., [Tanaciok M.U., Konroxos U.B., [Torocsu C.U., Pyoun A.B.,
Anppees JI.LE. (HUWA® MI'Y, HUN ®Xb nm. H.benozepckoro, MI'Y um. M.B.
JlomonocoBa, MockBa)

ABToMartnyeckas Onosoruieckas 1a00paTopusi MUKPOCITY THUKOB [T H3YYEHHUS

MHUKPOOPTaHU3MOB B KOCMHUYECKUX YCIOBHUAX MO (IIyOPECIICHTHOMY U3ITyICHHUIO

16:30-17:30

IlonBenenne uToroB padoThl
3-eit Beepoccuiickoit KOHPEpeHIIUU 0 aCTPOOHOIOTHH

«DK300M0JIOTHUS: OT MPOLUIOTO K Oy IyIIeMy»

3akpbiTHE KOH(pEPEeHINH
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TE3UCDI

3-eit Beepoccuiickoil koH(epeHIIuu Mo acTPOOHOIOTHH

«IK30BHNOJIOI'UA: OT NPOLIJIOIO K BYAYHIEMY)»

Iymuno, Poccus
5-9 oxTsi0ps 2020 r.
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IIJIEHAPHAS CECCUSI

ACTPOBUOJIOI'US U BAKTEPUAJIBHAS MTAJIEOHTOJIOI'UA
Po3anoB A.1O.
IIHMH PAH, Mockea, Poccus

Byprnoe pasButue pabor mo OakTepHATbHOW MAaJCOHTONOTUU CYIIECTBEHHO
MOBJMSUIO HA U3MEHEHHE HAIIMX MPEACTABICHUN O pealbHBIX Te00HOJIOTHUECKUX COOBITUSX B
nokemOpuu. Haunem ¢ Toro, 4ro B mopoaax Bo3pacTa 2 MIpA. JET yXke OOHApY>KEHbI
[eJIeHTepano00HbIe U T'yOKOMmo100HbIE (MHOTOKIIETOUHBIE) OpraHu3MslI (puc. 1-3). B cBs3u ¢
pacnpocTpaHeHHEM KOHIEMIMU KaTacTpO(PUUECKOW OKCUTeHU3alu atMochepsl okojo 2,5
MJIpZI. JIET TOMY Ha3aJl clieayeT oOpaTUTh BHUMAHHE Ha TO, YTO apTyMEHTHI, IPHBEICHHBIC B
3alIUTy 3TOW KOHIIENLIMY, HE BBIIEPKUBAIOT KPUTUKU. PaHee 51 yke nucan 00 MHTepIpeTauu
3epeH ypaHUHHMTA U HEOKUCIIEHHOTO nupuTa (puc. 4-5), a Takke O SIBHOM HEIOpa3yMEHUU C
BO3PACTHBIM JIMAla30HOM B pachpeieNieHuH KacinuiauToB. OOcyxknas (axTtel U3 Oojee
JIPEBHUX OTJIOKCHHM, HaroMHto, uyTo [InmioBckuii (Perspectives in Astrobiology) (puc. 6, 7,
8) B 2005 romxy omyOJMKOBaN aHHBIE TIO W30TOMHMH YIJIEPO/a, KOTOPhIE HABOJAT HA MBICIb,
YTO B OpoAax ¢ Bo3pactoM 3,7 mupa. et (Mccya, ['pernannus) yxe HaXOAUIUCh BOAOPOCIH
3aBEIOMO 3BKapHOTHOM mpuponpl. OueHb MHTEPECHBIM OKa3ajlochb U TO, YTO B Kopax
BBIBETPHBAHUS B apxee OOHapyXHWBaeTcs Tpymma (HOCCHIM3HUPOBAHHBIX OPraHW3MOB, YTO
CTAaBMT I10J] COMHEHHE MBICIIH O BBIXOJIE )KM3HU U3 MOps Ha cyury (puc. 9). OTu gaHHbIe ObLIH
CTOJIb HEOXKUJIAHHBIMHU, YTO OOJBIIMHCTBO HCCiEqOBaTeNed MO0 MX He 3amevalu, J10o
JieNlany BUA, YTO UX HET. YIOPHBIMU paboTamu mocienHux et M.M. ActadbeBa mokasana,
YTO B apxee MNPUCYTCTBOBAIM Kak NpokapuoTel (puc. 10), Tak U siAepHbIE OpraHU3MBI
(aBkapuoThl) (puc. 11, 12, 13). Bce ckazanHOE BBIIIE HE OCTABIISICT COMHEHUS B JIBYX BeIax:
1) xaTactpopuueckuil okcureHes arMocepbl, KOTOPBIH MpoNucaH BO BceX ydeOHHUKaX, He
uMell MecTo ObITh, W 2) B JPEBHEUIIMX JOCTOBEPHBIX OCAJAOYHBIX IOpPOAAX 3eMIIH
OOHapyKUBAIOTCS 3BKAPUOTHI, W OTCIOJIa HAMpalIMBaeTCsl BONPOC: a TAe K€ oOuTaiu
OpTaHU3MBI JO-3BKapHOTHOTO ypoBH:? Cepbe3HBIX JaHHBIX 00 YCIOBHIX Ha 3eMie Mexay 4,5
U 4 MIIpA. JIET OYeHb MaJjlo, HO OoJiee-MeHee SICHO OJJHO — TO, UTO, [0 KpaiiHell Mepe, B IepBOi
MOJIOBUHE 3TOTO BPEMEHHM IOBEPXHOCTh 3eMJIM ObUla CHIIBHO pa3orpera, HO Ha 3Ty
MIOBEPXHOCTh MPHUOBIBAJIO AOCTATOYHO BHYIIUTEIHHOE KOJMYECTBO JICASHBIX KOMET, TasHHE
KOTOPBIX MOIJIO CO3J1aBaTh BPEMEHHbIE d3(UMeEpHbIe 00pa30BaHusl, B KOTOPBIX, HE UCKIIIOYEHO,
YTO MOIJIa IPUKUBATHCS Kakas-InOo >ku3Hb. OIHAKO, 3HAHUS, KOTOPHIMU MBI PacIojlaraem,

MOTYT OBITh MHTEPIPETHPOBAHBI M HECKOJBKO HWHA4e, YTO BO BpEMs TIJIABHOW OOJBINOM



KOMeTHOM 6oMOapaupoBku 3emin B paiione 4,0 MuIpA. JIET MPUIIeTaIu Ha 3eMITI0, KaK ITePBbIC
MOCEJICHIIBI, YK€ MPOTUCTHI U ABKAPUOTHL. B cormacum ¢ TakuMu OpeICTaBICHUSIMH MOTYT
OBITH PE3yNbTAaThl MU3YyUEHHUs HCKOMAEMBbIX OCTAaTKOB B YIJIHMCTHIX XOHApUTax (puc. 14-21).
CeroiHsl B Ie4aTH HAXOAUTCS pabOTa, B KOTOPOH OMHCAHBI JECITKU PA3IMYHBIX (DOCCHIIBHBIX
opraam3mMoB B Meteoputre Opreil. Camo 1o cebe HaJIMYME pPA3IHMYHBIX HMCKOITAEMbIX
OpPraHU3MOB B YTJUCTBIX XOHJIPUTAX TOBOPUT O TOM, YTO KM3Hb OblUIa M Ha APYTUX Tenax
rianeTHoro tuma. [lociie yero Henb3sh UCKIIOYHTH, YTO B MOMEHT oOpa3oBaHus CoylHeYHOU
CUCTEMBI 00pa30BBIBAIHCH Takue cybcraniuu, kak mup PHK, mpoTtorenom, uinm nporeHom, u
T.1. boitee Toro, ciemyeT 3aymMarbCsi HajJ TEM, 9YTO OCHOBHAS Macca XUMHUYECKHX JIEMEHTOB
[Tepuonamueckoit cucreMbl MenmeneeBa Toke 0Opa3oBbIBaJlach TNIe-TO B HadJale
¢bopmupoBanust CoNHEYHOW CHUCTEMBI, a B TEpUOJ MEXKAY bonplmmM B3pHIBOM U
dbopmupoBarnem maHer CoOJHEUHOW cucTeMbl paboTana TONBKO aBTOKOMOWHATOPHUKA

HeboubImoro KonmdectBa OnodunsaeIx smementoB (H, O, C, N u ap.) (puc. 22).

Puc. 1. Yookanus
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Puc. 2. I'yOxononoOHbIi opraHnu3m

Puc. 3. Pechengia
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Lt Dieteiral grasss of uraninie feam the Baial Reel Laraing Gold Meser, Led, Orange
Free Suane, Souk Afrien. The graess ane dastsd wnh myriads of viny inclusiom of galena (PBS) showing
upas whiie specks: pars of the gakina has boen “wwausd oun” and forms delicae PhS.auscoles on 1he
grain wurface. Right: Ouilings of deiriial mosariie grains roms a Wes Australiss beach placer. Mote the
resemblance in shape belween abradion Forsd of uraninite an b keft and these deiriial “muffin-shaped ™
mionanis grams.

Puc. 6. ®opma u pazMepsl ypaHHHUTOBBIX 0Opa3zoBanuii (Schopf, 1983)

Lamgunid-Jabslian Tersiegl Meopestecadeic  Lade Peimias =
Event [ 2.0-23Ga) Evat|-08Ga)  Evenl [ -028Ga)
+10- ~— - +10
0 - 0
% =107 - =10
of = 2= = =20
& 30 - -30
L=
« 401 - =40
-0 - . 50

4 35 3 25 2 15 1 0.5 ]
Age[Ga=107yr)

Isotope age functions of organic carbon (Cy) and carbonate carbon (Con) as com-
pared with the isotopic compositions of theiwr progenitor substances in the present environmient
{marine bicarbonate and biogenic matter of various parentage, cf. Right box).

Contributors to the contemporary biomass are (1) C3 plants, (2) C4 plants, (3) CAM
plants, [EICURSYONCIIERE, (5a.b) natural and cultured cyanobacteria, (6) groups of photo-
synthetic bacteria other than cyvanobacteria, (7) methanogenic bacteria, (8) methanatrophic
bacteria. The 8'*Coy range in recent marine sediments [45] is based on some 1600 data peints
(black insert covers >90% of the dara base).

Puc. 7
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Puc. 8

Falecsolls, 2.4 GA, Paanajand ke (Nortnem Karella)

Puc. 9.
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SEM, AR, 2.9 GA, RAREL1A

Puc. 10. Acradnesa, 2006
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Puc. 12
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Date 224 Nov 2009
Time 172044




f(‘) Detection of Microfossils in
2 Meteorites - Mighei

i h}-

.
Acritarch-like Microfossils in Mighei Timofejev 1963
Puc. 14

Puc. 15. Xougpur
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F‘rn5|:-ela:=ti'.'e eukanyotic organisms in meteorite Crgueil

Puc. 17. AnbBeonsara, Tasmanites
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Prasimophytes

Puc. 18

L P
L ’
SEM HV: 15.0 k¥ WD: 1507 mm VEGAI TESCAN
Wi flald: 53.2 pm B; 10,00 10
SEM MAG: 19,5 kx  Daiedmlddy]: 0RO1E Jodnd Imstiiute for Nuclesr Research

Puc. 19. Akpurapxa
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Testate amoebae

Evidence for Microfossils
.. in’' the Orgueil meteorite

e &

_“El-l:clrm Dense’” bodics in Orguoeil Filament - Tan and Van Landingham, 1967

ol L .
Magnetosomes in Rhodopseudomonas rufilis purple sulfur bacteria - Vainshtein, 1997

Puc. 21. lomensr maraetuta B HUTAX ux meteoputa Opreii (Tan, VanLandingham, 1967)
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Puc. 22

AKTYAJIBHBIE ITPOBJIEMbBI PAIMAIIMOHHBIX PUCKOB
IPU INTAHUPOBAHUY KOCMHUYECKNX MUCCHI

Manaciox M.W."

"HUHAD umenu JI.B. Cxobenvyvina MI'Y umenu M.B. Jlomonocosa, Mocksa, Poccust

2 o«
Quzuueckuit hpaxyromem MI'Y umenu M.B. Jlomonocosa, Mockea, Poccus

Pa;mauml - OOIHO U3 CaMBbIX OITaCHBIX }IBHGHI/Iﬁ B KOCMHYCCKOM HpOCTpaHCTBe,
npupoaa, KOTOPOH OOYCIOBJI€HA CYIIECTBOBAHHEM 3apsHKEHHBIX YACTHUI[ Pa3IMYHOTO
MpoucxXokaeHus. Paamanust HE TOJIBKO CO37aeT NpoOseMbl Uisl "KUBYYECTH' CaMHX
KOCMHUYECKHX amnmnapaTtoB, HO W JUii OMOOOBEKTOB B KocMoce. Ha HM3KHX, OKOJIO3EMHBIX
OopOUTax, OMACHOCTh CO3/IaeT PaaUAIs, B OCHOBHOM, JIBYX THIIOB. TO - KOCMUYECKUE JTy4H -
Bapﬂ)KeHHI)Ie qacTUuabl OFPOMHI)IX BHGPFHﬁ, IIOIIAJar0IINEC B OerCTHOCTI/I Hameﬁ IIAHCTHI U3
MEX3BE3/THOTO MTPOCTPAHCTBA, a TAK)KE - YACTHUIIbI, 3aXBaYCHHBIC B MATHUTHOE T0JIE 3EMJIH -
panuanyoHHble Tosca. [locnegHue kak pa3 U NPEACTABISIOT HAUOONBIIYIO OMACHOCTH JUIS
HI/IBKOOPGI/ITEL]ILHBIX KOCMHNUYCCKHUX armapaTOB. PaI[I/IaI_[I/IOHHBIG Imosica 3CMJII/I, XO0Td OHU U

pacmoJio’KeHbl Ha OOJBIIMX BbICOTaX, HO B paiioHe IOxHON ATiaHTHKK "HpoBHUCAIOT"' HaJ
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MOBEPXHOCTHIO 3eMJIM U3-32 aHOMAJIBLHOM CTPYKTYPBhl MarHUTHOTO T0JIsA. B 3TOM 06nactu oHO
ocyablieH0 T0 CpaBHEHUIO ¢ Apyrumu obnactsamu. Ilostomy, Hampumep, MexayHapoaHas
KOCMHYECKasl CTaHIMs, Jieraromas Ha Bbicore 350 - 400 kM, momagaeT 3Ty ONACHYIO
paauanMoOHHY0 30HY. 371€Chb J03bl paJvallid 3HAYUTENIbHO BBIIIE, YEM BHE €€, HO IS
KPaTKOBPEMEHHBIX TOJIETOB OHU HE MPEJCTABISIOT CYIIECTBEHHOW omacHOCTH. OaHaKo Ha
HU3KHX OpOUTax CYIIECTBYET Apyras MO CBOEH MpUPOJE paJuallMOHHAs OMACHOCTb - ATO
BBICOKOOHEPTUYHBIE 3apsDKEHHBIE YACTHIIBI - MPOTOHBI U sifjpa OoJiee TSHKEIBIX IEMEHTOB,
3aXBau€HHbIC B MAarHUTHOE 1MOJIe 3eMIIH, a TAKXKEe KOCMUYECKHe JIyuu. VX sHeprum gocturarot
TPOMAJIHBIX 3HAYEHUN W BHEIIHSS 000JI04YKa JIFOOOr0 KOCMHUYECKOTO armapara Uisi HUX - He
nperpana. IMEHHO 3TH 4acTHIBI M CO3AAIOT MPOOJIEeMbI Jisi OMOOBEKTOB U 3JIEKTPOHUKH B
YCIIOBUSX JOJITOBPEMEHHBIX OKOJO3EMHBIX MHUCCHUU. AHanoruyHas npoOjemMa BO3HUKAET U
OpU TUIAHWPOBAHMM MEXKIUIAHETHBIX TIEPENICTOB W CO3JaHUM WHQOPACTPYKTYPBI IS
npeObiBaHMsl 4esoBeka Ha moBepxHocTH JIyHbl m Mapca. [loToku KocMudeckux Jydei,
COJIHEYHOT'O M TraJaKTHYECKOr0 MPOUCXOKACHUS, CPEAN KOTOPBIX €CTh M TSYKEJIbIe YaCTHULBI,
MOTYT BBI3BAaTh Psifl SBICHUNA B OMOJOTHYECKHX CTPYKTypax Ha KIETOYHOM YpPOBHE, B TOM
yuciie u Heoopatumbie. O0CyxkaaeTcs mpobdaemMa BOZHUKHOBEHUS! KOTHUTUBHBIX H3MEHEHUH Y
BBICIIMX MJICKOTIUTAIONTUX TIPU BO3JEHCTBUM TSHKEJIOH KOMIIOHEHTHI KOCMHYECKOUN paihaliii.
Kak cHU3UTHh pagualMOHHBIA PUCK MPHU TUIAHUPOBAHUM KOCMHUYECKUX Muccui? Cremyer
IpU3HATh, YTO ITO - aKTyalibHas mpobiieMa, najnekas oT 3aBepuieHUs. OCHOBHBIE TPYJIHOCTU
3aKJIIOYAETCsl B TOM, UTO MBI [TIOKa HE 3HA€M BCE€ CTOPOHBI IPOLIECCOB, MPOUCXOIALUINX BHYTPH
TAaKOTO CJIO)KHOTO OOBEKTOB, KAKUM SIBISIETCS OMOCTPYKTYPHI U COBPEMEHHAsi 3JIEKTPOHUKA
BBICOKOU CTETMEHU MHTETPAIUH, & TAK)KE CO3JaHUU MTPOTHOCTUYECKUX MOJENIeH KOCMUYECKON

paauaIuu.

MOJIEKYJIAPHAS MALINHA
KAK YHUBEPCAJIBHAA ®U3NYECKASA OCHOBA KUBBIX CUCTEM

Teepaucaos B.A.

MT'Y umenu M.B.Jlomonocosa, gpuzuueckuii paxynomem, Mockea, Poccus

Baxneimum ¢usnyeckum npusHakoM JKu3zHu Ha 3emiie SBISIOTCS MOJIEKYJISIPHbBIE
MaIlliHbI, IPe00pa3yIoIIue SHEPTUI0, BEIECTBO U HH(popMalHio. MalnHONH MOXHO Ha3BaTh
YCTPOUCTBO (KOHCTPYKLHUIO), KOTOPOE CIIOCOOHO B IMKJINYECKOM PEKUME NMPeoOpa3oBbIBATH
dbopMy SHEpruu, KMHETHUYECKU pa3Jelss JUCCUTIAIUI0 M «IOJEe3Hyo» paboTy, Omaromaps

HaJN4IHUIO B HEH «BBIACJIICHHBIX», B HaCTHOCTH, MCXAaHUYCCKUX HNJIN KBAHTOBOMCXaHHUYCCKHUX
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cTenieHel cBoOoabl. B HexuBOHW mpHpone MalllMH HE CYIIECTBYET, MOCKOJIbKY B HEH HET
MOHSTHUS «TIOJIB3bI.

DBOMIOIMOHHO OTOOpaHHas (Makpo)MOJIEKYJISpHAs MalldHA PUHIMIIHAIBHO
JIOJDKHA OBITH JTOCTaTOYHO OOJBIION M HMEpPapXHUUYECKH BBICTPOCHHOM, YTOOBI B HEHl MOIIU
(GopMUpPOBaTBCA «MAKPOCKOIIMYECKUE)» BHYTPUMOJIEKYJISIPHBIE CTPYKTYPBI-KOHCTPYKIIUH,
dbopMupymonue «BBIJCIEHHbIE MEXaHMYECKHE CTENeHH CBOOOMB» C XapaKTepHBIMU
JETePMUHUPOBAHHBIMU ~ TUMAMU  JABW)KCHHUN, TOCTYyHAaTeNbHBIMHU,  KOJIE€OATEIbHBIMH,
BpamarenbHbpIMU. L{ukmuuecku padoTaromias OMOJOrHUecKas MallliHa — XUPAJIbHBIA O0BEKT C
OTIpe/IeIEHHON HaIIPaBJIEHHOCTHIO 00X0K/IEHUS [IUKJIA.

MaxkpoMoneKyIbl-MallliHbl, OyAy4Yd JHHEWHBIMH IOJMMEpaMH, IOCTPOCHbI Ha
OCHOBE TOMOXHUpPAJIbHBIX MOHOMEPOB: OENKH - U3 JeBBIX AMHHOKHUCIIOT, HYKJIEHHOBBIC
KHACJIOTBl — Ha OCHOBE TMpaBBIX CaxapoB puOO3bl M Je30KCHpUO03bl. OTMEUEHO, 4TO
BaXHEHIINE CTPYKTYypbl 3THX MAaKpOMOJEKYJ-MAIlUH I[OCTPOEHbl MO €IWHOMY NPHUHIMITY
«@TaXEepKH», B KOTOPOM dYepeayercs 3HaK XHUPaJbHOCTU («IIPAaBOCTbY» U  «JIEBOCTHY)
MOHOMEPOB B HWXHHX MEPBUYHBIX CTPYKTypax M BHIIIE - CIHpaled U CYNepCIHpaei.
BrisBiieHa cucTeMHas MOJIEKYJISPHO-OMOIOTHYECKash 3aKOHOMEPHOCTh: HAuMHAs C YPOBHS
ACUMMETPUYHOIO YTJIEpoAa B JE30KCMPHO03€ M aMHHOKHCIOTAX, MPOCIEKEHA TEHJIECHLUS
YepeOBaHMs 3HAKAa XUPAJIbHOCTH BHYTPUMOJIEKYJSIPHBIX CTPYKTYpHBIX ypoBHei D-L-D-L
o JJHK w L-D-L-D  pgna  OenkoB. YacTHBIM cllydaeM XUPAJIBHOCTH BBICTYTAET
CIUPATHHOCTb.

3HaKolnepeMeHHasi ~ XUpajbHas  HMEPApXUYHOCTb  CONPSDKEHHBIX  ypOBHEHN
MaKpOMOJIEKYJISIDHBIX ~ CTPYKTYp B  OelKaXx W  HYKJIEHHOBBIX  KHUCJIOTaX  HMMEET
001eONOJIOTMYECKYI0 ~ 3HAYMMOCTh:  OOyClaBIMBAae€T  HUX  JUCKPETHOCTh,  CIYXKUT
UHCTPYMEHTOM (OIINHTa, CTPYKTYPHOH OCHOBOM «BBIJEICHHBIX MEXaHUYECKUX)» CTETeHEen
CcBOOOJBI B KOHCTPYKLHMSX MAaKpOMOJICKYJISAPHBIX MamuH. JIMHaMudeckas XupajgbHOCTb
MAaIIMHbI OCHOBaHAa Ha OTMEUEHHBIX CTPYKTYPHBIX OCOOEHHOCTSIX OMOMaKpOMOJIEKYJI-MaIIHH.

OOmmii cMBICT pa3BUBAeMOW THIIOTE3bl, Kacawmiecss o0mero Qu3nIecKoro
MPUHIIKIA PAOOTHl MOJEKYJISIPHBIX MAIlIUH, COCTOMT B TOM, YTO UEPAPXUUECKU MOCTPOCHHAs
XHpaJIbHAsl MAIlMHA €CTh MHCTPYMEHT HApYILICHUs CUMMETPHHU Ui peoOpa3oBaHusl GOpPMbI
SHEPTHUH, BEIIECTBA U HH()DOPMAIIMH C IEIBI0 BBIITOJHEHUS TOW CaMOM «II0JIE3HOW paboTh). A
KaX70e npeoOpa3oBaHHe SHEPruu Oa3upyeTrcs Ha CMEHE CHUMMETpUil. DTO YTBEpXKIECHHE
MO’KHO paccMaTpHUBaTh KakK CIEJACTBHE M3BECTHBIX (DyHAaMEHTaIbHBIX TeopeM OMmu Hérep o
TOM, YTO 3aKOHBl COXpPAaHEHUS B MPUPOJE BCErla CONPSIKEHBl C OTACIBHBIMH THIAMM

CUMMETPHH.
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Pa3BuBaeTcs TouKa 3peHMsl, COrJIaCHO KOTOPO MOJIEKYJISIpHbIE MAaIlIMHbI MOTYT OBITh
YHUBEPCATBLHON (PU3NUECKOW OCHOBOM CaMBIX pa3HOOOpa3HBIX (HOpM KHU3HU BO BceneHHOM

IpY YCIOBUU IIUPOKOH BapHaOEeTbHOCTH XUMHUUYECKOTO HHCTPYMEHTAPHSL.

Crnucok nureparypbl

TeepaucioB B. A., Manemmko E. B. O 3akoHOMEpPHOCTSAX CIIOHTaHHOTO

(opMHpOBaHUS CTPYKTYPHBIX HEPAPXUI B XUPATBHBIX CUCTEMAaX HEXUBOU U )KUBOM MPUPOJIBI
// YOH. - 2019. - T. 189. - Bein. 4. - C. 375-385.

OOPMA «OIITUMAJIBHO-MAJIBIX» THCTOI'PAMM
KAK IIOKA3ATEJBb METPUKHU ITPOCTPAHCTBA-BPEMEHU
Inoas C.I.172

"urHE PAH, Ilywuno, Mockoeckas o6a., Poccust
’MI'Y umenu M.B. JTomonocosa, Gusuueckuni paxyremem, Mockea, Poccus

Mps1 nokazanu, 4to: «HeyHnuToxxumplii pa3zdopoc pe3yabTaToB» JOOBIX M3MEPEHUH,
ABNseTCs cneAcTBueM 3MeHeHud MeTpuku (MacmTaba) MPOCTPAaHCTBA-BPEMEHU B
pe3ynbTare ABWKEHUS 3eMIIM W APYTUX HEOSCHBIX TeNl B HEOJHOPOJHOM AHH3OTPOITHOM M
TETEPOr€HHOM TMPOCTPAHCTBE-BPEMEHU. DTO IOKA3aHO B OMbITaX Ha MPOTSKEHUMU ThICSIY
onbIToB 1960 — 2020 r.r. nmpu U3MEPEHHSIX MPOIIECCOB Pa3HON MPUPOBI — (PaAHMOAKTUBHOTO
pacnana - anb(a, Oera, ramma, K-3axBara, reHepalMd HCTOYHHUKOB CBETa, XUMUYECKUX U
OMOJOTMYECKHUX peaKlnid, MEXaHHUECKOTO BHKEHUS )IPU U3MEPEHUSX Ha BCEX KOHTUHEHTAX
3emin, B ApkTHKe, B AHTapkTuke, Ha CeBepHoMm I[lomroce, B HazeMHBIX J1abopaTopusx, Ha
camoJieTaX ¥ KOCMHYECKOM ToJieTe ciryTHUKa «Yubucy, Ha kopabnsx B Tuxom, Uaauiickom,
Atnantudyeckom, CeBepHom JlemoButom okeaHax. M3MeHEHUs] METPUKH MPOCTpPaHCTBa-
BPEMEHH CHHXPOHHO TPOSBISIOTCA B CXOACTBE (OPM THUCTOTPaMM, IOCTPOCHHBIX TIO
«ONTUMAJIBHO MAJIBIM» YHCEJl U3MEPEHUM, HE3aBUCUMO OT MIPUPOIbI U3MEPSEMBIX ITPOLIECCOB,
CHHXPOHHO TI0O MECTHOMY BPEMEHH - MOTYT OBITb «HABUTAIIMOHHBIMH CHTHaJlaMU B
KOCMHMYECKUX U TOJBOJHBIX IMyTEHIECTBUAX, KOT/1a SKPAHUPOBAHBI 3JIEKTPOMArHUTHBIE MOJIA.

CootBerctBytonie  «CHMBOMBI-IIPOCTAHCTBA-BPEMEHI»  MOTYT  00pa30BBIBATH
«HABUTAIMOHHBIE TAOIHUIIBD.

Cnucok Jmmreparypa

Muons C.O. Kocmodusuueckue ¢akropsl B ciydaiiHbIX mpoueccax. 2009.
Crokroabm.

[Muaons C.0., Kongpamosa M.H., Hloney X.®. O mHOrogasHoil 3aBHCUMOCTH
AT®=a3H0ll aKTUBHOCTH aKTOMHO3WHA ¥ MHO3WHA OT PA3JIMYHBIX BO3ACWCTBUi» // Bomp.

Men. Xumun. 1957. T. 3. Ne 5, c. 54-64
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Cexkmusa 1: IOHAA 3EMJISI U EE OBUTATEJIM: CBUJETEJIM JXW3HW BbUIBIX DIIOX
(TTAJIEOHTOJIOTMYECKME, TAJIEOBUOJIOTMYECKUE, T'EOJIOTMYECKUE JIETOIIMCU W WHBIE
ACTIEKTBI; BOSMOXHBIE MOJIEJIN TTOSABJIEHU S )KU3HU HA 3EMIIE)

PAHHEE COJIHLHE U PABBUTUE BUOC®EPbBI: TMNIIOTE3bI U OTPAHUYEHUSA
Oo6puako B.H., Paryasckas M.B., Xpamosa E.I'.

HU3MUPAH, Mockea, Poccus

®dakTop BO3IEUCTBUS H3IMydeHHUs] Mosog0oro CONHIIA U TalaKTHUYECKUX KOCMUYECKUX
Jdydel Ha (GU3MUECKUe yCIOBHS HA paHHEW 3emule SBISETCS CYLIECTBEHHO HEIO0OLEHEHHBIM
P U3YYCHUH TIPOOJIEMbl BOSHUKHOBEHHUS U 3BOIONUHN Onocdeprl. B mokmane obcyxmaercs
JMHAMUKA COJHEYHBIX W TalaKTHYecKHX ¢akTopoB 3a 4,56 M JIeT CyIIeCTBOBaHUS
ConHeyHOM  CHCTEMBI, OKa3aBlas  CyIIECTBEHHOE BIMSHME Ha  (OPMUPOBAHUE
aganTallMOHHBIX TEXHOJIOTUH APCBHUX W COBPCMCHHBIX JXHUBBIX CHCTCM. PaCCMOTpeHBI
0COOCHHOCTH pa3BuThs Omochepsl paHHe 3emMid B YCIOBHSIX OoJyiee TyCKIIOTO, HO Ooiee
BCIBIIIEYHO-aKTHBHOTO Mousionoro Comana. OOcykmaercsi mapagoKc CJ1adoro MOJIOIOTO
ConHlla W TapaJoOKC HECOOTBETCTBUSA CIIEKTpa TOIJIOMICHUS XJIOpopuia CHEKTPY
COJIHEUHOI'O H3JIy4eHUs, a Takxke NnyTM ux pemeHud. [logyepkuBaercs posb yuera
paaraMoOHHONW O€30MacHOCTH TP PACCMOTPEHUHM MOJENCH paHHeW Owmocdepsl 3emim U

THUIIOTCTHYCCKUX 6H0c¢)ep CIIYTHHUKOB IINIAHCT-TUTAaHTOB 1 OK30IIJIAHECT.

J. Meléndez, L. A. dos Santos & F. C. Freitas

Hadean [ Archean | Proterozoic [Phanero,
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Pucynox 1. M3menenue cBerumoctu ConHIa Mo craHmapTHoON moxenu (ciesa. Crpasa -
[IporHo3upyemMbie CKOpPOCTH BpallleHUs COJHICTIOAO0HBIX 3BE3]l B 3aBUCUMOCTH OT BO3pacTa.
Hawunyuiiee cooTBeTCTBHE (CIUIONIHAS JIMHKS) ¥ 3aKk0H CKyMaHH4a (KpacHbIe CHMBOIIBI) MOKa3aHbl. 13
(Melendez et al., 2016)
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ConHIle  SBNSETCS  OCHOBHBIM  HCTOYHHUKOM  JHEPrHH  JUIsl  OWOCQEpHI.
[TepepabatpiBaemasi uBbIMH opraHu3Mamu dHeprus ComHia moutu B 30 pa3 mpeBbImIacT
SHEPTUI0 TEKTOHWYECKUX U BYJIKAHWYECKUX TMporeccoB. UM mpakTuyecku paBHA Bceid
TEIJIOBOM »HEpruu, mocTynawmiie u3 Heap 3emid. B mporecce cBoero BO3ZHUKHOBEHUS U
pa3BuTHs OuMocdepa MOCTOSHHO HAXOAHWJIACh TOJ[ BO3JACHCTBHEM COJTHEYHOTO U3IYUYCHUS U
KocMo(m3udeckux (GakTopoB. IOTH (HAKTOPhl OKa3bIBAIM CYIICCTBEHHOE BIIMSHHE Ha
¢duznyeckue yciaoBus Ha paHHel 3emie, cocTaB aTMoc]epbl U XUMUYECKUH COCTaB OKEaHOB,
TEeMIIepaTypy MOBEPXHOCTH.

Pannee Comnanie pesko orimuaercst ot ceromusaero (Manuel Giidel, 2007). Ono
ObUTO OOJiee TYCKJIBIM, HO TIPH ATOM - 3HAYMTENIbHO Oosiee akTUBHBIM. Monomoe CoHie
uMeNno mepuoi BpaimieHus — 6-8 mgHeil, macca mo 103%, akTUBHOCTH — HecTaOWIIbHAs U
HeperyisipHas. Kak mokaszanu HaONIONCHUs 32 COJHICTIOAOOHBIMU 3BE3/IaMU, CKOPOCTh
BparieHus: mojiogoro CoJHIIa BOKPYT OCH B mepBbie 1,5 - 2 MapA. JIET CTPEMHUTENBHO Maaala
oT 5-8 nHeW 110 COBpPEMEHHBIX 25-28 1HEW, OJHOBPEMEHHO C MOTEPEHd MacChl 3BE3bI.
DBOJIOIMOHHASA aJlanTalisl IEPBBIX JKUBBIX CHCTEM MPOHMCXOMWJIA B YCIOBUSX MOHMKEHHON
CBETUMOCTH M TOBBIMICHHOW PaJMallMOHHON onmacHOCTH Mojoaoro CoJHIa U TaJaKTHYeCKUX
KOocMHUYecKuX Jydei. CorjacHO CTaHAAPTHOM MOJENH, CBETUMOCTb MoJjojaoro CoiHia
coctaBimsia 0,7 ot coBpemenHoro ypoBHs (Pucynok 1). Ho mnpum 3TOM BCmbImeyHas
AKTUBHOCTb M MHTEHCUBHOCTH COJIHEYHOTO H3JIydeHHs Obljla Ha JABA-TPU MOpPSAAKA BHIIIE

COBPEMEHHOM, 0COOEHHO B YJIbTPa(HOIETOBOM M PEHTI€HOBCKOM Juarna3oHe (PucyHok 2).

®1-20 A
A 20-100 A ]
¥ 100-360 A
#360-920 A
m920-1200 A

1000 F

1)

100 ¢

Relative flux (Sun

Pucynox 2. CoxHeuHoe
W3Iy4YEeHHE Pa3IUYHbIX IHANIa30HOB B
3aBHCUMOCTH OT BO3pacTa 3Be3/bl (Ha
- OCHOBE HaOJro1eHHs 3a
COJIHIICTTIONOOHBIMH ~ 3Be3maMu). U3
(Ribas et al, 2005).
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W3 nHabnroneHwWid 3a COJHIICTIOMOOHBIMHU 3BE3JaMH MOJYKHO TPEITIOIOKUTh, YTO
4acToTa BCHBIMEK Morja OwiTh B 20 pa3, a mnuTenbHOCTh coObiTHil B 500 pa3 Oosnbiie

COBPCMCHHBIX 3Ha4YEHUH. ITO OLCHKAa OTHOCHUTCA M K IIOTOKY MOIIHOI'O KOPOTKOBOJIHOBOI'O
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https://link.springer.com/article/10.12942/lrsp-2007-3#auth-1

PEHTT€HOBCKOTO U yibTpaduosieroBoro uziayuyeHus. Momonoe ConHue obecrneunBaio Ha
HECKOJIBKO TIOPAJKOB Oojiee WMHTCHCUBHBIM COJIHEUHBI BETep M TOTOK COJHEYHBIX
KOCMMYECKUX Jy4el, YCHJIEHHO OoMOapIupOBaBIIMX IOBEPXHOCTh 3E€MJIM U MEpBbIC
OuosIornyeckue CUucTeMbl. IHTEHCUBHOCTD TQTAKTUYECKMX KOCMHUECKUX JIydeil MOrJia MOYTH
Ha TIOPSJIOK MEHATHCS TpU MpoxokaeHnH CONHEYHOH CHCTEMOW PyKaBOB | alakTWKH WIIH
00J1aK0OB Oo0JIee TNIOTHOTO IaJJaKTUYECKOTo rasa.

dopmupoBaBIIMECs KHUBBIE CUCTEMBI JTOJDKHBI OBLUTH HE TOJIBKO HMPOTUBOCTOSTH, HO
U HCIOJB30BaTh KocMoreodusnyeckue (akTopsl B CBOEM Pa3BUTUH, HalpuMep — B 0TOOpE

equaoro koxa JIHK wim popmupoBaHuy nmporieccoB NOTIOMICHHUS U HAKOTUICHUST YHEPTHH.
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3emuu (cepbie munun). M3 (Gaucher et al., 2008).
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OAHOBPEMEHHO € BBICOKOW COJIHEUHOW pajMallMOHHOW aKTHBHOCTBIO JUISI MOJIOJIOM
Ouocdepsl CylIecTBOBaJia W JIpyras MpodjieMa — HEAOCTAaTOK COJTHEYHOTO W3ITyYeHUs,
0COOCHHO B BHJAMMOM Juamna3zoHe crekrtpa. Hemocratok cBetumoctd Monozoro ConHia
JOJbKEH ObLT ObI MPUBECTH K 3aMEP3aHUI0 MOBEPXHOCTH 3€MJIHM I0- KpaiHel mMepe B MepBOi
nojioBuHe ee O ku3HU. OJHAaKo JaHHbIE OHOJOTMHM, TMaJCOHTOJIOTMM M  TE0JIOTUU
CBUJIETEJIBLCTBYIOT O TOM, YTO CPEAHSAsS TeMIepaTypa MOBEPXHOCTH Halllel MIaHeThl ObLIa
JlaXXe BBIIIE COBpeMEeHHOM («mapagokc cmaboro momomoro Comnua»). Ha Pucynke 3
MPEJICTAaBICHBl PEKOHCTPYUPOBAHHBIC ONTHUMAIbHBIE TEMIIEPATyphl MJs CYIIECTBOBAHUS
JPEBHUX CEKBEHHPOBAHHBIX OEJIKOB M COOTBETCTBYIOIIAs MM TeMIepaTypa MOBEPXHOCTH
3eMyid B pazIuYHbIE NEPUOAbI €€ CyIIecTBOBaHMS. TeM He MeHee, Mapajokc ciaadboro
mosogoro ConHina TpeOyeT pemeHus. Hampumep, 3a cueT MHTCHCUBHOW IOTEPH MAacChl
ConHua, npyroro paccrossHuss Mexay 3emied U CoJIHLIEM, BBICOKOW TIeOoTepMaibHON
AKTUBHOCTH Ha TOBEPXHOCTH HAIlleH IUIAHETHI, WM JIPYroro cocraBa aTMoc(epbl paHHEH
3eMiH, 00ECTICYMBAOIIETO CUIIBHBIN MAapHUKOBBIA 3PQPEKT. Y BceX ITHX MOJAETCH eCTh CBOH
JIOCTOMHCTBA M HEJJOCTATKU, HO HE OJIHA U3 HUX B MOJHOW Mepe He pelaeT napajokc. B o xe

BpeMs, Kaxdasd H3 ITUX Mojenen npeamnojiaracT pasHbIC YCIOBUA JId CYHICCTBOBAHHA
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nepBuyHO Omocgepnl. Iloxoxe, dro BeIOOp Hamboee ONTHMAJILHOH MOJENIH paHHEH
ConHEeYHOM cUCTEeMBI OYTyT OCYIIECTBIISITH OMOJIOTH, a HE (PU3HKH.

B ycnoBusix Tyckimoro monogoro CoiHua OAHMM M3 (DAaKTOPOB, MOBBIMIAIOLIMX
TEMIIepaTypy MOBEPXHOCTH IUIAHETHI 10 T€OJOTHUECKU 3a()MKCUPOBAHHBIX 3HAYCHUH, MOTJIA
CTaTh TI00aNbHAsi OKEaHWYecKas OpraHWdYeckas IUIeHKa. Hamuume TakoW TUIEHKH Takke
OOBSICHAET CIEKTP HOMIOIIEHHUs XJOpo(HIuIla, KOTOPBIH HE COOTBETCTBYET MAaKCUMYyMY
COJIHEYHOI'0 U3JIy4YEeHUs HU MOJIOJI0ro, HU coBpeMeHHoro Connna (Xpamona E. I'., 2020). B
pPaHHUX OKEaHaX BEPXHHUE CJIOW BOJBI MO T'PAJMEHTHBIM BO3JCHCTBUEM KOCMHUYECKUX JIyden
u YO-usnydeHus: CTaHOBWIMCH OyKBAJIBHO MHKYOaTopoM OHMOpa3HOOOpasus >KUBOTO MHpa
Hamelt turanetsl (Belisheva N.K., Lammer H. at al., 2012).

Yepes 2,5 - 2 mwumapaa et ConHie BhIIUIO Ha OJIM3KUI K COBPEMEHHOMY PEKUM
UKINYECKOH JUHAMUKH, OJHAKO OHBOJIOIMOHHBIC  aJalTallMOHHbIE MEXaHU3Mbl B
NPOSIBIIIIOTCS M B COBPEMEHHBIX JKHUBBIX CHCTEMaX, OT APONOKEBBIX KIIETOK IO YelIOBEKa.
Bormpoc 06 aktuBHOCTH MOsoforo CoJIHIIA U MHTEHCUBHOCTH KOCMHYECKHUX JIydei B paHHEH
CosHEe4HOM cucCTeMe OKa3bIBaeTCsl Ba)KHBIM HE TOJIBKO JJIsI MOJAEIUPOBaHUS OHOCHEpHI
paHHel 3emiM, HO M A PACCMOTPEHHUsS] acTPOOMOIOTHYECKHUX BOIPOCOB BO3MOXKHOCTHU

CymICCTBOBAHHUSA JKU3HU HA CITYTHUKAX IJIAHCT-TUTAHTOB M 3K30IIJIaHCTAaX.

Criucok auTeparypsl:

1. Parymeckas M. B. Comnrne u 6uocdepa: muummapasl jiet BMecte. M.: Paanodusuka,
2019, 147 c. http://www.izmiran.ru/pub/izmiran/Ragulskaya-Sun-2019.pdf

2. Manuel Giidel. The Sun in Time: Activity and Environment . Living Reviews in Solar
Physics, 2007, volume 4, Article number: 3,
https://link.springer.com/article/10.12942/1rsp-2007-3

3. Paryneckas M. B. , O6punko B. H., Xpamoa E. I'. T'amaktuueckue (axtopsl,
moutonoe Comare, 3emiist 1 Onopu3nKa )KUBBIX cUcTeM. brodusnka, 2020, Tom 65, Ne
4, c. 804-817.

4. Eric Gaucher et al. Paleotemperature trend for Precambrian life inferred from
resurrected proteins. Nature 2008, 451(7179):704-7

5. Belisheva N.K., Lammer H. at al. The effect of cosmic rays on biological systems //
ASST, 2012, N8, p. 7-17
(www.astrophys-space-sci-trans.net/8/7/2012/doi:10.5194/astra-8-7-2012).

ITAPAJTOKC CJTABOI'O MOJIOJOI'O COJIHLIA,
NJIA ITIOYEMY JEPEBbS 3EJIEHBIE

Xpamosa E.T'.
HU3MUPAH, Mockea, Poccus

B nmoxnane m3maraercs HOBBIM B3IV Ha Tmapaaokc ciaaboro monomoro ComHia:

OCHOBHAas POJIb B PCHICHHUU ITapadOKCa OTBOAUTCI BO3JCUCTBUIO MOBBLIIICHHON aKTUBHOCTH
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mosogoro Comana Ha atmocdepy 3emimn. B kadectBe kimMarooOpasyromiero (akropa,
y4acTBYIOUIETO B pa3pelleHuH mapagokca ciaboro moiogoro CosHIa, pacCMOTpPEHa poJib
TUTAHETAPHBIX OpraHUYecKuX IuieHoK. OOcykaaeTcs cnekTp u3nydeHus monogoro CoiHIa u
MapajoKC HECOOTBETCTBUS CIEKTpa TOMIOMICHUS XJIOpOdWIUIa CIEKTPYy COJNHEYHOTO
U3y4eHUs, a TakKe 0003Hau€Ha BO3MOKHAs CBA3b Mapajgokca ciadoro moiogoro ComHia ¢
3apOKJICHHEM | BOJIONMEH PoTOCHHTE3a Ha 3eMIle.

CornacHo acTpodU3UYECKUM MOJENSIM, CBETUMOCTh Mojonoro ConHIla JOJKHA
obu1a ObITh Ha 30% Hmke coBpemenHoit (Bahcall et al., 2001), a mo maneoKIMMaTHYECKUM
JAHHBIM TEeMIlepaTypa MOBEPXHOCTH 3eMJIM B Apxee MMpeBbIIIaa COBPEMEHHBIC 3HAYCHHUS
(Pozanos, 2009). D10 HecooTBeTCTBHE JIeTJio B OCHOBY I[lapagokca cmaboro Mosomoro
Connna. Cpenu BapuaHTOB —pEUICHHs] TapagoKca pPacCMaTPUBAIHUCH: HEKOPPEKTHO
MOCYMTAHHAsI COJIHEYHAsI MOCTOsiHHAs Mojogoro CoNHIA, 3HAYMTETHLHO MEHBIIEE albOeao
MOJIOJION 3eMJTM, HEYYTCHHBIC JIOTIOJHUTCIbHBIC HMCTOYHHUKH DSHEPTHH, O0OJiee MOITHBIN
MapHUKOBBIN AP (DEKT.

CaMbIM BEpOSITHBIM BBITTISANT BapuUaHT OoJiee MOIIHOTO MapHUKOBOro 3¢dexTa,
npeoxkeHHbIi ente Kapnom Caranom u [xopmxkem MamnenoMm (Sagan and Mullen, 1972).
Ho om ymmpaercs B cepbe3HbIE KOHTPAPTYMEHTHI CO CTOPOHBI MHHEPAIOTHH, KOTOpAs
HaKJIa/IbIBaET OIPaHUYCHUS Ha COJEpKaHHe YTIEKUCIIOro ra3a B aTMocdepe Moao10i 3emin
(He Oosiee yeM B TpU pa3a BHIINIE COBPEMEHHOTO YPOBHS), YETO SBHO HEIOCTATOYHO ISt
obecrneuenus Heobxonumoro mapHukoBoro 3ddexra (Rosing, Bird et al., 2010).

[IpennoxeHHass aBTOPOM THIOTE3a OPTaHMYECKHUX IUICHOK, IOKPBIBABIIUX
MOBEPXHOCTh OKeaHa, 0a3upyercs Ha JAaHHBIX O TMEPBUYHON OECKHCIOPOIHOW aTtMocdepe
3emi, CHOCOOCTBOBAaBINICM CHHTE3y OPTraHMYECKHMX COCIMHEHMH UM  COXPaHHOCTH
MOBEPXHOCTHOM TUIeHKH. Hanmmuue Takoil MIIEHKH HAapymIaeT ra3000MEH MEXIy OKEaHOM U
aTMocdepoii: cooTHOIIEHNE aTMOC(HEPHBIX U PACTBOPEHHBIX B BOJIC Ta30B OYy/IET MEHATHCS B
3aBUCHMOCTH OT TOJIIIMHEI, IJIOMAIN MMOKPBITHS OKE€aHa M XUMHUYECKOT0 COCTaBa IJICHKH. JTO
3acTaBisieT MO-IPYroMy B3IJIIHYTh Ha JaHHble MHUHepaioruu. K Tomy ke, ymeHblIas
UCHapeHue, MIeHKa BHOCHT M3MEHEHHUs B TEIIOOOMEH MEXKIy OKeaHOM U atMmocdepoil. 3a
cueT (hoToaUCCOMAIIMN OHA eI U MPEACTABISAET COOOM NCTOUYHUK MAPHUKOBBIX Ta30B. DTH U
npyrue 3¢ (GeKTsl OPraHuYecKol TUIEHKH MOApPOOHEe PacCMOTPEHHI B craThe «O mapamokce
cinaboro mosnonoro Comana (Xpamosa, 2017).

[Tapamokc cmaboro monomoro ConHIIA pacmpocTpaHseTcs W Ha Mapc, 4To JaeT
OCHOBaHUS JUIsl TIOUCKA eIWHON mpuyuHbl. OO0paTuM BHHMAaHHE Ha KIFOUEBYIO OCOOEHHOCTH
napajiokca: MOHIKEHHE TOBEPXHOCTHBIX TemImepaTyp 3emin M Mapca mpu HapacTaromen

COJTHEYHOW cBeTUMOCTH. Ha ponb eamHOro daxropa, MagalomIero W C PACCTOSTHUEM OT
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Conama, u ¢ Bo3pacToM CONHEYHONW CHUCTEMBI, MOAXOAUT COJIHEUHAs AaKTHUBHOCTb.
KopoTkoBoiHOBOe (raMMa-u3JIydeHHE, PEHTIeH W  YJIbTpadHuoNeT), paauou3TydcHHE,
KOPOHAJIbHBIE BHIOPOCHI MACChI, COTHEUHbIE KOCMUYECKUE JTy4d ObUTH Ha 2-3 MOpsIKa BhIIIE
coBpemenHbx (Karosa u Jlusmui, 2014). Ilox BiusHUEM KakKoro-imbo u3 3TUX (HaKTOpOB
(BO3MOKHO, HECKOJIBKUX (DaKTOPOB Cpa3y) MOIJIM 00pa30BbIBATHCS MAPHUKOBBIE Ia3bl, COCTAB
KOTOPBIX BapbUPOBAJICS B 3aBUCHUMOCTH OT cOocTaBa arMmocdepsl, uyTo, mpu ydetre 3hdexToB
OpPraHUYECKUX TIIAHETAPHBIX TVIEHOK, MOTJIO OOBSICHUTH BCE CIOKHOCTHU MapaioKca.

Teneps mepeiiieM KO BTOpOMY, HE MEHEE YAWBUTEILHOMY MapaJoKCy: MOYEeMy
nepeBbsi 3eneHbie? CpaBHHM CHEKTp MOMJIOMIEHUS XJIOPOQWIIIOB a M b (OCHOBHBIX
XJOPOPHUIIIOB OKCUTEHHOTO (POTOCHHTE3a) CO CIEKTPOM COJTHEYHOTO m3nydeHus (puc. 1). B
CHEKTpE MOTJIOMIEHUsI XJIOPOMUIUIBI @ M b UMEIOT 1Be WHTECHCUBHBIE MOJIOCHI MOTJIONICHUS B
kpacHoii (640-700 um) u cuneit (400-450 HM) 06macTAX BUAUMOI YacTu cnekTpa. Kak Buamnm,
MaKCUMYMBI TIOTJIONMICHHUS XJIOPO(QUILIOB HE COBIAAAIOT C 00JIACTHI0 MAKCHUMyMa COJIHEYHOTO

CHEKTpa y IOBEPXHOCTH 3e€MJIH, B YEM U 3aKJIIOUAETCs apaioKC.
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Pucynok 1. Cnea - cnekTpbl noromeHus xjaopodumior a u 6. (Daniele Pugliesi, MOtty,
2012). CnopaBa - CIeKTp COJIHEYHOTO HW3IydYeHWs, HaONoJaeMblii HaJl 3eMHOM aTtMocdepoil W Ha
ypoBae Mops. ( Degreen, 2006)

Jlornuro ObUTO OBl MPEANOJIOKHTH, YTO HA MOJIOAOH 3eMje B MEPHOJ
dbopMupoBaHusa POTOCHHTE3a HEUTO MOTJIONIATIO COTHEYHOE U3JIyUeHHE B LICHTPAIIbLHOMN YacTu
BUJIUMOTO CIEKTpPa, OCTaBJIsAs OKHA MPO3PAYHOCTU B KPAaCHOM U cuHel obmnactu. PaccMoTpum
MIPOXOXKICHHUE CBETA CKBO3b HE(TAHYIO TUICHKY (aHAJIOT IPEBHEH OPraHNYeCKOU MICHKH ).

N3zygas cniekTpbl oriomnieHust HeQTsHbIX TUIeHOK (puc. 2) (Taep A6x Jeiiman u ap.,
1994), BuauM, 4TO MpU yYMEHBIICHUH JIMHBI BOJIHBI B AuanazoHe 300-600 HM omruueckas
IUIOTHOCTh HEe(PTAHBIX MJIEHOK PAacTeT BHE 3aBUCUMOCTU OT copTta HedTu. Jns usmydeHus
cepimie 600 HM He(dTsAHAs IJICHKA TOJIIMHOM B 1 MKM NpakTH4ecku Mpo3payHa. Urto

COTJIaCyeTCsl C MAaKCHMyMaMH TOTJIOIEHUS XJIOPO(HUIOB B KPacHON 0OJIACTH, HO CTaBUT B
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TYNAK TIPU TIOTBITKE OOBSICHUTH MAKCUMYM IIOTJIOMICHUS XJIOpPOPHIUIOB B cHHEH o0iactu

CIIEKTpa.

Pucynok 2. 3aBUCHMOCTH
ONTUYECKON MIOTHOCTU D OT AMuHBI
BOJIHBI A 1 HE(PTENpOoIyKTOB:
Oensun (1), qu3enpHOE TOILUTHRO (2),
caparoBckas (3), rpy3uHCcKas (4),
manMckas (5) u yuBuiickas He(Th
(6). JIns OeH3MHA TOJIIMHA KIOBETHI
100 MM, i ap. HeQTEenpoIyKTOB
— 1 mxm. s cpaBHEHHS TIPUBEICH
CIIEKTP norjionteuuss  POB B
MIPUPOTHON BOJIE, TOJIINHA KIOBETHI
3eMm (7).

Pasranka, ckopee Bcero, Kpoercs B JIpyroM CBOWCTBE OpPraHHYECKUX IUICHOK —
¢yopecueniuu. [{ng ceipbix HeTell B MICHKE MaKCUMyM (DIIyOpecHeHIIMH PacIoyIOKeH B
obmactu 420-490 HM mpu MOOOW UIMHE BOJHBI BO3OYXKICHHA. A MaKCHMyM CIIEKTpa
noryomenust xiopodmwuioB 400-450 am. K npumepy, Makcumym (piryopeclieHIIMHM TUICHKH
nuBuiickoil Hedptu TommmuHOW 10 MKM mpumepHo 430 HM, YTO COOTBETCTBYET CHHEMY

MakcuMyMy TorjomieHus xjaopodumna a (puc. 3) (Taep A6x [etinan u ap., 1994).

Pucynox 3. ChexTpsl ¢uryopecueHIum
TUBUACKOW HEPTH (CIUIONIHBIE JWHHUH, TONIIMHA
kioBettl 1 m 10 MKM) u capatoBckoil HedTH
(mTpuxoBas, TOJIIMHA KIOBETHl 1 MKM), MpU JIJUHE
BOJTHBI BO30Y>Katomero u3nydeHus 308 am.

1 | L 1 L 1
360 400 500 600
' A, hM

N3yyenue cBONCTB (hIyopeclEeHLUUH pPa3IMYHBIX OpPraHMYECKHUX IUIEHOK, B TOM
yuclie He(TAHBIX, U CPABHEHUE CO CIIEKTPaMH MOTJIONIEHUSI TUTMEHTOB ()OTOCUHTE3UPYIOLIUX
OpPraHU3MOB MOJKET CTaTh BeCbMa NEPCIEKTUBHBIM HAIMPABICHUEM HUCCIEIOBAHUS HBOJIOLUU

KJIIMMaTUYECKUX YCIIOBUI 3eMIIH.
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nokh W

O I[PEBHEfIHJHX MUKPOOPI'AHU3MAX 3EMJIN
AcradbeBa M.M.
IIUH PAH, Mockea, Poccus

Hecmotps Ha TO, uTo mokemOpwuiickuii (AR-PR) sTan mo nnmutenbHOCTH TpeBbINIaeT
85% Bceil ucropun 3emun, a paHHegokemOpuiickuii (AR-PR;) - 6onee 80%, nonroe Bpems
ATOT MEPUOJI MPAKTUIYECKH HE U3YYaJICsl TaJCOHTOIOTaMU.

BcecToponHune 0akTepHaabHO-TIAJICOHTOJIOTHYECKIE W3BICKAHUSI HAa4YalluCh C pabdoT
B.A. Bepnaackoro B Hayane 1920-x roaoB, Koraa, UCXOAs U3 CTPYKTYPhl U T€OXUMHYECKHX
OCOOCHHOCTEH pa3NUYHBIX OCAJOYHBIX TIOPOJ, OH TMpPHUIIET K 3aKIYCHHIO, YTO B
re0JIOTMYEeCKON UCTOPUU 3eMJIH HE yaeTcs OOHAPYKUTh NMEPUOJIa — CKOJIb YTOIHO JIPEBHETO —
Korga oOpa3oBaHME BCEX M3BECTHBIX ISl HETO OCAIKOB IMPOUCXOMWIO OBl 3aBEIOMO
abuoreHHbpiM myTeM. Ilpudem Omochepa 3emnm chopmupoBagack ¢ caMOro Hadaja Kak
CIOXHAsi CUCTeMa C OOJNBIIMM KOJIMYECTBOM BHUIOB OPTaHU3MOB, KaXAblH M3 KOTOPBIX
BBITIOJTHSUT CBOIO POJTh B 001el cucteme (Bepuaackwuii, 1967).

TpaguIMOHHO CaMbIMH pPAHHUMH TPOSBICHUSIMH KH3HH Ha 3eMJie CUYHTAJIHChH
paHHeapXeiCcKue UCKomaeMble 0akTeprn, 0OHApYKEHHBIC B OTJIOKEHHUAX ¢ Bo3pacTom 3.5 — 3.3
mipa. Jet cepun OHdepBaxT 3esneHokamMeHHoro nosica bapoepron FOxuoit Adpuxu (Knoll,
Barghorn, 1977) u cepun BappaByna kpatona Ilunbapa Asctpanmuu (Lowe, 1980; Walter et
al., 1980), B pa3pe3ax KOTOPHIX MPeo0Iaal0T BYJIKAHOTCHHBIC M BYJIKaHOTEHHO-OCAJI0YHBIC
noponbl. Pe3ynpTaThl COBpEeMEHHBIX OaKTepHaIbHO-MAICOHTONIONMYECKUX HCCIeA0BaHUN
W3MEHUJIM HAIlM TPEJCTABICHUS O [APEBHEHINIMX OSTamax »3BOJIONUU JKU3HH Ha 3emiie.
JlokazaHo, 4TO coOOIIecCTBa MUKPOOPTaHU3MOB B JAPEBHUX OCAJOYHBIX U BYJIKaHOTECHHBIX
paspe3ax ObUM BaXkHEHIIUM (AKTOPOM SBONIONMU OWOChEpbl U, TPEXKIE BCETO,

0caaKo00pa30BaHUs Ha MOBEPXHOCTH 3€MJIH, HAUWHAS C apXesl.
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B koHIIe poNIIOro Beka MosIBIIIMCH pabOThI MO JPEBHEHIINM OCaI0YHBIM TOPOAaM
— 3e1eHoOKaMeHHoMYy noscy Mcya B I'pennannun. Bo3pact storo nosica 3.8 mipa. siet. Jlanubie
U30TOMHOI0 aHalIM3a YIJepoa 3TUX IOPOJ CBHJETEIbCTBOBAIM O CYLIECTBOBAaHMM >KU3HU
NpakTUYEeCKH C CaMoro Havyaja ux oOpa3oBaHusl yke B 3o0apxee 3.8 MIpI. JIeT Hazal
(Schidlowski, 1988). HecmoTpst Ha TO, 4TO 3TH JJaHHBIE MHOTOKPATHO KPUTHUKOBAIMCH, OHH TaK
U He ObUIN OIIPOBEPTHYTHI.

Masio Toro, JajibHEHIINEe HCCIIEOBAaHUS MOATBEPIAWIM CYIIECTBOBAHUE XM3HM Ha
3emJie IPAaKTUYECKU ¢ BOSHUKHOBEHHS 3€MHOUM KOpbl. ECTh JJaHHBIE O TOM, YTO MEPBBIE CIIEIBI
KHU3HH OTMEUYEHBl B OTJIOKEHHUSX, BO3PACT KOTOPBIX MpeBbIIaeT 3.77 wmiupx. JieT (mosc
HyBByaruttyk, KBebGek, Kanama) m naxxe wmoxker npuOmmwkarbess K 4.28 wmipa. Jer.
YHoMsIHYyTbIE THOPOJbl HMHTEPIPETUPYIOTCS KaK OCaJ0YHbIE KEJE3UCTble IPHUIOHHBIE
OTJIOXKEHHUS, CBA3aHHBIC C TUAPOTEPMAIBLHBIMHU BBIXOJaMH. Bt OOHapy»eHbI T€MaTUTOBBIC
TPyOOUYKH MHUKPOHHOTO pa3mepa 1mo MOpQOJOTHH CXOIHBIE C (HIaMEHTaMH COBPEMEHHBIX
MHUKPOOPIaHU3MOB U3 COBPEMEHHBIX T'MApoTepM. B apxelickux ornoxenusx HyBByarutryka
TaKXKe BCTpPEUYEHBbl TpaHylbl rpadura - yriaepoJucToro marepuaia, oOpa3oBaBLIMECS B
pe3ynbTare okucieHus: Ouomaccel. [Ipenmonaraercs, 4To 3TH rpaUTOBbIC TPaHyJIbI 00s3aHbI
CBOMM CYIIIECTBOBAaHUEM >KHU3HECITEIBHOCTH OaKkTepuii — necTpykTopoB. [Ipennonoxenne 00
UX OMOr€HHOM NPOUCXOXKJCHUN OBLIO C/I€aHO Ha OCHOBAaHMM KOCBEHHBIX M30TOIHBIX JaHHBIX
(Dodd et al., 2017).

AHanu3 COOTHOUIEHMs H30TONOB Yyriiepoja B rpadurax, 3akIIOYEHHBIX B
npeBHEHImuX MeTaocanouHblx nopoaax CesepHoro Jlabpamopa, Kananer (3.95 mupn. ner)
MIO3BOJIMJI YCTAaHOBUTB, YTO TPAQUTH HIMEIOT OMOTEHHOE POUCXOXKICHUE, a 3HAYHT 3.95 Mup.
JeT TOMYy Ha3aJ yXe CYyIIEeCTBOBAJIM >KHMBble opraHusMmbl. Hamuuue cienoB paHHEW >KU3HW,
KOTOpasi TpolBeTalla B BOAHBIX OacceiiHax Mo KpaiiHelt Mepe 3.7 MipA. JeT Hazal
HNOATBEPAMIN Takke MOPQOJIOTHs U W30TONMHBIN aHANW3 YIiepoja B 3epHax rpadura ciaHleB
Hcya (Ohtomo et al., 2014).

Takum o00pa3oM, OcCafo4HblEe MOPOJbI, MPOUCXOXKIAEHUE KOTOPBIX MOXKET OBITh
CBSI3aHO C OuojoruueckuM QaxkTopoMm, ObUIM OOHApy>KEHbl B 3€JIE€HOKAMEHHBIX IoOsicax
HysByarurtyk (Nuvvuagittuq) Cesepnoro Ksebeka Kananpl, B kommiekcax Axuius (Akilia) u
Hcya I'pennanguu. Bee 3T mopoasl MMEOT JUTOJOTMYECKOE M T€OXMMHUYECKOE CXOJICTBO.
[Ipennonaraercs Takke, YTO IOJIOCUATBIE JKEJIE3UCThIE KBapLUTHI, ¢ KOTOPHIMHU CBSI3aHBI
BO3MOXHBIE MPOSIBIICHHSI )KU3HU BO BCEX CaMBIX JIPEBHUX MECTOHAXOXIEHUSIX, COXPAHSIIOT KaK
npsMble, TaK U KOCBEHHBIE JIOKA3aTEIbCTBA aKTUBHOCTH paHHEH MUKpOOHaIbHOU OHOChepHI,
UCIIOJIb30BABIICH pacTBOPEHHbIE B MOPCKOM Boje coenuHeHust metamuioB (Mloszewska et al.,

2013).
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[Ipu uzydernnn MmeTamMopPpu30BaHHBIX 0caovHbIX Topos Mcya (3.7 mapa. iet) Obum
oOHapy’KeHbl HE TOJBKO CBHUJETEIbCTBA IPOSBICHUS JPEBHEH >KU3HU, HO U €€ OUYCBHUIHBIC
ciefbl. B OTKpBITOM HEeaBHO MECTOHaXOKIeHUN MeTakapOoHaTHbIX nopoa (Mcya, 3.7 mupa.
jaer) Obun OOHApy)XEHBl CTPOMATOJNIUTBI — MAaKPOCKONHUYECKHE CIOUCTBIE CTPYKTYPBI,
o0Opa3oBaHHbIE cOOOLIECTBAMU MUKPOOOB, BHICOTOH 1-4 cM, KOTOpbIE MOTJIM CPOPMHUPOBATHCS
MIPEANOIOKUTEIILHO B MEJTKOBOAHBIX ycioBusx (Nutman et al., 2016).

JloctaTrouHo paHO 3aUKCHPOBAaHBI BEPOSATHBIE OCTAaTKM AadpOOHBIX OakTepuil.
[unanoOakTepuu U3BECTHBI U3 OTIOXKEHUN Bo3pacToM okoio 3.5 mipa. et (Knoll, Barghoorn,
1977; Walter, 1983; Schopf, 1983, 1993; Knoll, 1994).

3HAYUTEIbHO JPEBHEE, YEM CUMUTAIOCh MPEXIE, MOSBWINCh U OJHOKJIETOUYHBIE
9BKApUOTHI - Kak MUHUMYM 2.7-2.9 mupa. net Hazaa (Tumodeen, 1982; Brocks et al, 1999)
Pozanog, 2003). Panee ux mepBoe MOSBJICHHE OTHOCHIN K raH(IMHTCKOMY BpeMenu (2.0-1.8
MIIpJ. JIeT) paHHero mpoteposos (Schopf, 1983; Knoll, 1994).

JlocTOBepHbIE HaXOAKU (POCCHIIN3UPOBAHHBIX OCTATKOB MIPEICTABUTENEN IBKAPHUOT B
apxee BrepBble ObTu 3aduxcupoBansl b.B. Tumodeebim (1982). MM Obutn omucaHbl
aKpUTapXH U KPYIIHbIE TPUXOMBI U3 BepxHeapxeickux otnoxkeHuil Llenrpansnoit Kapenuu n
Cpennero [lpumnenpobs. BeiBogsl b.B. TumodeeBa ObuM MOATBEPKICHBI B PE3yJIbTaTe
nepeu3yyeHus oOpa3lloB U3 €ro KOJUIeKUUH. Bbin Takke npoBefeH cOOp U H3ydeHUe
JONOJTHUTENbHOTO  Matepuasia w3 apxes Cesepnoir Kapenmun —  XuzoBaapckoit
3eJICHOKaMEHHON CTpyKTypbl (2.8 w™ipa. ner). B pesynbrate wuccnenoBaHuil  OblLiu
oOHapy’keHbl KaK NPOKApUOTHBIC, TaK U MPEINOJIOKHUTEIHHO 3BKAPUOTHBIE HMCKOMaeMble
MUKpoopranu3Msel (Acragdbesa, 2006).

CremyeT OTMETUTh HaXOAKy MUKPO(OCCHUINI U3 KEPHA CKBAKUHBI, IPOOYPEHHON Ha
3amagHoMm ¢anre Mmanapa-Bapsyrckoro pudrorennoro mosica (Konmbckuii m-oB) (> 2.448
MIIpA. JIET — T.. MPAKTUYECKH Ha TpaHUIe apXes - MpoTepo3os). HalineHHele nckomaemble
OCTaTKM, Ha3BaHHble Gazavarzinia, 1Mo cBOel MOp(}OIOrMM MOTyT OBITH OTHECEHBI K
MHOT'OKJIETOYHBIM 3BKAapHOTaM, BEPOATHO, KPACHBIM MIM 3elleHbIM BojpopocisMm (PozaHos,
Acradnbena, 2013).

Bnaronapst HaKOTJIEHHBIM 32 MOCJIEAHNUE ACCATUICTHS TaHHBIM MOXHO YK€ YBEPEHHO
TOBOPUTBH, UTO KM3Hb HAa HAIICH IJIAHETE MOSIBIJIACH MPAKTUYECCKH C HAYaJIOM Ie€OJOTHYECKON
JETONMCH, T.e. NMOYTH OJHOBPEMEHHO ¢ oOpa3oBaHuMEM 3eMHOW Kopbl. IIpencraBneHa sta
JpeBHeIas KU3Hb Obl1a OAKTEPUsSMHU, BO3MOXKHO apXxesiMU (MOp(OIOrnyecku OTIAUYUTD ITH
IpyNIbl B HCKOIAEMOM COCTOSIHUM HEBO3MOXKHO), HE HCKIIOYas TakKe MPUCYTCTBHA

[IMaHOOAKTEepHi, a 3HAYMT W mporecca GpoTocuHTe3a. B mo3aHeM apxee, HAMHOTO paHbIIE
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YCTAHOBJICHHOI'O MPCKAC CPOKa, MOABHUINCH IICPBBIC 3BKAPHUOTHLI, CTABIIMEC IMMPapOAHUTCIAIMHA

BEJIMKOTO pa3HOOOpa3usl )KU3HU Ha 3emIie.
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Cexkuust 2: ABMOT'EHHBIN CUHTE3 BUOOPITAHMYECKUX COEJIMHEHUI U TTPEJBUOJIOTMUYECKAS
SBOJIIOLNA (I/I3Y‘{EHI/IE [PEJBUOJIOTMYECKOIO CHMHTE3A OPIAHMYECKUX COEJIMHEHMI B
KOCMOCE M HA PAHHEW 3EMIJIE; ACTPOKATAJIM3 — KAK WCTOYHHUK ITEPBUYHOIO
OPI'AHUYECKOI'O BELL[ECTBA)

JABUKYIIUE CUJIbI ABUOTEHE3A
HBanos A.A.', Taypunasnuyc K.C.2, Kaommna E.O.’

'rEOXU PAH, Mockea, Poccus
‘UM PAH, Ilywuno, Mockosckas o6.a., Poccus
3 MOUII, Mockea, Poccus

Jnsa mpoxoxaeHus JoObIX (PU3UKO-XUMHUYECKUX MPOLECCOB, COMPOBOMXKIABIINX
HpeI[GI/IOJIOI‘I/I‘-IGCKyIO CTaJu0 BO3HHUKHOBCHHA JKHU3HU, KPOMC IMOAXOAAINHNX [JIsI I3TOIO
yCJ'IOBHﬁ, MECT U HCXOJHBIX BCIICCTB, Tpe6013ancs[ HUCTOYHUK CHIIBI, BHGPFOCOHpﬂFaIOHH/II\/JI
CHUHTE3 OpraHMYeCKHX I[IOJIUMEPOB M OOpa3oBaHHE U3 HUX CTPYKTYp, (POPMHUPYIOIIMX
000CO0JICHHYIO KUBYIO CHCTEMY.

Jluckyccust 0 TOM, T/ie BIIEPBBIE MPOU30ILIO A0OMOTEHHOE CaMO3apoKICHUE KU3HHU,
TCPACT FJIy6OKPIfI CMBICJI, 3@ HCHUMCHUCM INPHUHIHUIINAJIBHOIO0 3HAYCHHA, CCJIU T'OBOPUTH O
npupoae mNpuyuH (eHoMeHa e€ BO3HHKHOBEHHUS. Tak TpPEACTaBIseTCsA, IMOTOMY 4TO,
dbopMallbHOE TIEPEHECCHUE ACHCTBUS M3 OJHOW TOUYKH MPOCTPAHCTBA BCEJICHHOW, B JIPYTYIO,
HE MEHSET CYIIECTBa BOIPOCA O JIBIXKYIIUX CHJIaX a0MoreHe3a, KOTOpble HE MOTYT OBITh He
YUYTEHBI IPU PACCMOTPEHHUH JAaHHOM MpobiemMbl. I BHE 3aBHCHMOCTH OT TOTO, /i€ ¥ KOT'1a 3TO
MIPOU3OIILTIO BIIEPBHIE, 3a7a4a BBISBIICHUS ABUXKYIIUX CHJI aOMOTeHe3a, pH JTI00OM ClIEHapuu
pa3BuTHUA CcOOBITUH, Oyner Bceraa akTyainbHa. [loaTomMy Bompoc - Kakue CHIIBI MOTYT
MPUBOJIUTH B ABM)KEHHUE MAaTEPUIO, YTOOBI B KOHEUHOM MTOT€ MPUITH K TOHUMAaHHUIO TOTO, KaK
BO3HUKJIA €€ Ononornyeckast opMa, T0JDKEH pacCMaTPHUBATHCS B MIEPBYIO OYEPEIb.

Hecomuenno, nepBasi, u3 cwii QyHIaMEHTaIbHBIX B3aUMOJCUCTBUN — TpaBUTAIlMS,
OpraHM3yIolas KpynmHOMAacTaOHYyI0 CTPYKTYpYy NMPOCTPAHCTBA ISl MPOSIBIICHUS BCEX THUIIOB
B3aMMOJICHCTBHI, U KOTOpasi, B YaCTHOCTH, MPUHUMAJIa HEMIOCPEACTBEHHOE yUacTHE B JTare
CaMOOpIaHU3allMK yCIOBUN JUIsI IPEOUOIOTHYECKOM CTalui aOMOT€HHOTO CaMO3apOKICHHS
JKU3HU.

Btopas — mno mnpupone saektpomarHuTHas. [Ipum camoopranuzanmuu yciaoBUM
abuoreHesa, 9Ta CUjia HETMOCPEICTBEHHO y4acTBOBala B CHHTE3€ “KUPMHUUMKOB™ kHu3HU. OHa
O6€CH€‘H/IHa BCC pCAKIIMN XUMHUYCCKUX IJICMCHTOB U MOJICKYJIAPHLIC BSaHMOI[CfICTBPIH, B TOM
qucie Ipu O6pa3OBaHI/II/I AMHUHOKHUCIIOT, HYKJICOTHAOB, YIJICBOAOB, JXHUPHBIX KHUCIIOT, a4 B
MoCNeAyIoleM, HalM4he BCEX KJIaccOB OHOIMONMMEPOB: JIMMUAOB, OEJIKOB, CaxapuIOB,

HYKJICMHOBBIX KHUCJIOT. Nk 9TOMY BCEMY UMCCTCA JOCTATOYHO IMOJIHOC HAYYHOC IIOHNUMAaHUC.



Ho 4ro sBisieTcss NEpEeHOCUMKOM B3aWMMOJCHCTBHI B TEPMHHAJIBHOM CTaIuU
abuoreHesa - CTaJuU BO3HUKHOBEHMS IPOTOKIETOK, TO, YTO OTBEYAET 3a CTPYKTYPHOE
¢dopmupoBanue nporoOuontoB?! Kakue cuibl ABUramau 3TOT Mpouecc? DTOMY BOIPOCY
OTBOJIUTCSI OCHOBHasl YacTh JOKJana, B U3JIOKEHHM KOTOPOW OyayT TpeacTaBICHBI
AKCIIEPUMEHTAIbHBIE PE3YJIbTAThl IPOBEPKU PAOOTHI HOBOM KOHIIEMIIMH, KaK HEJIOCTAIOIIErO U
JIOTIOJTHSIFOIIETO JIEMEHTA TEOPHi MPOUCXOKICHUS KU3HU - TCHEBOW cTaaun abuoreHesa. B
OCHOBE JTOH pabOTHl JieXkKAaT MPEACTaBICHUS W IOHMMaHUEe TOro (akra, 4YTO JUId
TEPMHUHAILHOW CcTaguu al0uoreHesa, CTaAud CTPYKTypooOpa3oBaHHsl MPOTOOMOHTOB,
KJIJACCMYECKH pPAacCMAaTPUBAEMBIX HMCTOYHHMKOB SHEPruuM — HeAoCTaToyHO. Cuibl, MEXIy
pearupyromyuMyu  KOMIIOHEHTaMH  C()OPMUPOBABLIMXCS CTPYKTYp, IOSBHUBLIMXCS 3a CUET
oOMEHa MPOMEXYTOUHBIMU MOCPEIHUKAMU — TEPEHOCUMKaMU B3auMmojeicTBuil (yo¢-
U3JTy4YCHUE, DJCKTPUUYECKUE pa3psaasl W T.J.), HE UMENW A JAHHOTO dTama TpeOyeMblid
dopmat suepruii (MBanos, 2020). B cBs3u ¢ uem, Jjig caMOOpPraHHW3allMd JAHHOTO JTama
CTAHOBJIEHUSI OHMOJOIMYECKOTO YPOBHS MaTepuu, TpeOOBajJCsi WHONW MCTOYHHMK CHIIBI, C
oInpesieN€HHBIMU HapaMeTpaMH 3HepreTudeckoro ¢opmara: Maciitaba, BpeMEHH M MecTa
neiictBusi. K npumepy, TakMM MECTOM MOTJIM CTaTh KaBEPHHI (SUEeHKM) aOpa3uBHBIX Oeperos,
rae npu paboTe CHJI MOPCKOro MpuOOs B3aUMOJEHCTBOBAIM OPraHUYECKUE COETUHEHMUS,
CTyILasACh B IMEPBUYHBIA OyJIbOH, B AAJNbHEHUIIEM W3 KOTOPOIO PEryjsspHO U B OOJBILIOM
KOJINYECTBE TE€HEPUPOBAINCH IOJUIENTUIHBIE MHKpOcepsl — TepBble CTPYKTYypHBIE
3JIEMEHTBI MPOTOOMOHTOB. DTO MOTJO OBITH PE3yJbTaTOM TOTO, YTO HPU PE3KOM CXKATUU
BO3/IyXa, 3aMKHYTOrO BOJOH NpHOOs MOPCKOW BOJHBI, B siueiikax aOpa3uBHBIX Oeperos
BO3HUKAJl ITHEBMOYJAap, MOMEHTAJIbHO COMNPOBOXKIABLIMICS KPATKOBPEMEHHBIM CKAauKOM
nasnenus (mo 10 atm. u Beime) u temmepaTtypsl (1o 200°C u Beime). ['opsiane OT cxkaTus
My3bIPbKH BO3/lyXa, MOJ [JaBJIEHUEM Ta3UpYIOLIMe HaXOIAIIMHCA B sUeHKax IEepBUYHBIN
OyJIbOH, JMOJDKHBI OBLITM KOAryJupoBaTh Ha CBOEW BHELIHEH TpaHULE COAEprKalluecss B HEM
nentuapl. Kak ciepctsue, Ipu 5TOM B IEPBUYHOM OYJIbOHE MOTIIO 00pa30BaThCSI MHOXKECTBO
HOJMIENTUIHBIX MUKpocdep. BeposTHo, siuencras cTpyKTypa abpa3uBHBIX OEpEroB sBIISIIACH
IJIABHOW OCOOEHHOCTHIO, CIOCOOHOH (OpPMUPOBATH I'€HEpATHBHBIE YCIOBUS, B aKTHUBHOMN
cpele KOTOphIX 00pa3oBaBIIMECs MHUKpOc(epbl BBIHYKICHBI OBbUIM, M3MEHSAACH B 00BEME,
NyJbCHPOBAaTH B TAaKT BOJHAM TIEPBUYHOTO OKeaHa. B Takux oOcTosTenbcTBax
MyJIbCUPYIONIE MUKPOCHEPHI MOTIIM OOBEIUHATHCS U IPOOUTHCS, MEHATH (GOpMY B 00BEM,
HOJIOMATh U MPeoOpa3oBbIBaTh KOMIIOHEHTHI Cpe/ibl, 0OMEHHUBAsICh MIPU ITOM Uepe3 IMOpPHI
HOJIUIENITUAHON 000JI0UKM COOCTBEHHBIM COJAEPXKHUMBIM. W BCE 3TO OBLIO OBl BO3MOXKHO
Omaromapst  TepMOOAPOLMKIMYECKOMY  pPEXHMY 3aMKHYTBIX  YCJIOBHH  0OpazoBaHUS

MHOTO(]a3HO#N My3BIPEKOBOM Cpeibl BO BHYTPEHHEH MOJOCTH sUeeK (map, >KHAKOCTh, Tas,
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TBEP/IBIC YACTHUIIBI, TeNIb). TakuM 00pa3om, MOABEPTasCh NPUHYIUTEILHOMY OOMEHY BEIIECTB,
CMEHSIOLIasicsl uyepena MOKOJEHUl MuKpochep B TEYEHHE UIUTEIHHOIO TI'€0JOrHYecKOro
BPEMEHH MOTJIa, MOAU(PUIMPYSICh, BUIOU3MEHATHCS U HMETh BO3MOXKHOCTH TMOCTEHEHHO
IpeBpalaThCs B KIETKOMOIOOHBIE CTPYKTYPBI IPOTOOMOHTOB, B KOTOPBIX YK€ B AaJIbHEHIIIEM
MOTJIM HOSIBJIATHCSA HayalbHbIE IPU3HAKU U 3JIEMEHTHI )KUBOTO BellecTBa. OUeHb BaXKHO U TO,
YTO MPH 3TOM CKaJIMCThle Oepera MOTJM CIYXKUThb 3aIIUTHBIM 3KPaHOM OT BO3ACUCTBUA
MOIIHOTO KOCMHUYECKOTO H3Iy4YCHHs, MPOHUKABIIETO Yepe3 OEeCKUCIOPOAHYI0 aTtMmochepy
MOJIOJOW 3eMiId, MpenoTBpalas B TaKOil TEHEBOW CTaauM OT €ro ryOMTEeNbHOrO BIUSHHA
OPUMUTHUBHBIX NPOTOOMOHTOB, TEM CaMbIM TMO3BOJSAS MM CIOKOMHO pa3BUBAaThCs U
SBOJIIOIIMOHUPOBATH 10 IMOJIHOIIEHHBIX JKMBBIX (DOPM, YXKe CIOCOOHBIX K TeTepoTpodHOMY
oHTOreHe3y. M TONBKO moOciae 3TOr0 MPUMUTUBHBIE, HO YXKE CAMOCTOSITENIbHBIE JKHUBBIC
OpraHW3Mbl MOTJIM OBl TMOKUHYTH CBOIO KOJBIOETh M OOOCHOBATHCS B TPHUOPEKbE MOpein
NEPBUYHOr0 OKeaHa. VcciaenoBaHu0 BOZMOXKHOCTH Pa3BUTHSI MPEAOUOIOIMUECKUX COOBITUM
M0 TaKOMY CIIEHApHIO MOCBsIeHa Hama pabora. U ecnu 3T0 Tak, TO HE UCKIIOYEHO, YTO AJIs
a0MOTeHHOTO CaMO3apOKIEHUS KU3HU, TJe Obl HU BO3HUKAJ M BO BceneHHOU ycnoBus ans
HAXOXXICHUS BOJBl B IKHJIKOM COCTOSIHUHM, €II€ OIHMM O00s3aTeIbHBIM  (hakTopoM
pe0NOIOTHYECKOM Cpebl sBIsieTcs OeperoBast JTUHUS ¢ abpa3uBHBIMU Oeperamu. ToJBKO C
BO3HMKHOBEHHEM a0pa3uBHOW OeperoBoil JMHUM TNEPBHUYHOTO OKeaHa MOSBIAETCS
€CTECTBEHHBI TOYEYHBIH MCTOYHUK «MSTKOW» SHEPIUHU MYJIbCUPYIOIIETO PEXUMA JICUCTBUS,
CIocoOHOro, paboTasi TeOJIOTHYECKH ATUTENbHOE BpeMsl, 3allyCTUTh, PacKayaTb U PacKpyTHUTh
«MaxOBHK» JXU3HHU JI0 BBICOKHMX 00OpOTOB. B ponm moOyskmaromieil CHiibl 3TOro MUCTOYHHKA
BBICTYIIAIOT MOPCKHE BOJIHBI, MOPOXAAIOIIME NpUOOEM IHEBMOY/Aap, BO3HUKAIOLIUN B
3aMKHYTOM O00BEME KaBepH aOpa3MBHBIX OEperoB, B KOTOPHIX IIPH 3TOM PETYJSIPHO
dopMupyercss M aKTUBHO TMOAJEPKUBACTCA B TMOCTOSHHO TMOJABIKHOM COCTOSIHUU
MHoOro(azHas my3bsIpbKoBas cpena. IMeHHO My3bIpbKH B 3TOM MHOTO(A3HOU cpelie SABISI0TCS
aKLENTOpaMu U MEPEHOCYUKAMU YHEPTUH 3TOU CUJIBL.

DKcrepuMeHTalIbHAs HJied TMOJMY4YeHHs] MOJUNENTHAHBIX MHKpochep COCTOUT B
cnenyromieM. B 3aMKkHYTOM 00BbEMe KaKoro-mudo cocyaa, UMUTHPYIOIIETO OTACIBHYIO SUCHKY
abpasuBHOro Oepera ¥ YaCTHYHO 3alOJIHEHHOTO  IENTHIHO-BOJAHBIM  PacTBOPOM,
IIPOU3BOJUTCS MTHEBMOYAap. B MOMEHT mHEBMOY1apa BO3yX OT PE3KOI0 CKAaTHs HarpeBaeTcs
U TOJ JABJICHUEM TOpsSYUMMHU Iy3bIpbKaMu raszupyet pactBop. [Ipm sTom mon aelictBuem
JABJICHUS M TEMIIepaTypbl HA ropsiueid TpaHULE My3bIPHKOB KOAryJUPYETCs MOJIUIETTHIHAS

wi€HKa, GOpPMHUPYIOLIAst OJIbIe MUKPOCQEPHI.
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B mepBbIX MOJEIBHBIX OKCIIEPUMEHTAX HCIIOJIB30BATUCH HEOOJBIINE Ta30BBIC
6amonsl ot 0,1 10 1,5 11, Ha 2/3 0 00BEMY 3aMONHEHHBIE BOJAHBIM PacTBOPOM 5 % ObIUbEro

ceiBOpoTouHOro anbOymuna (bCA) u Ha 1/3 — Bozayxom.

i, (060104KM MUKPOCHEP NPU BbICYILIMBAHWAN

Pucynoxk 1. benkoBeie Mukpocdepsl, pasmepom ot 1 10 10 MKM, oydeHHBIE B MOICTHHOM
JKCIIEpUMEHTE.

Crnucok nurepaTyphl:

1. A.A. HBanos. Tenesas cranus abuoredesa. M.: M3mareascteo UKAP, 2020. — 104c.

XPOHOJIOI'USA ®OPMUPOBAHUSA MOJIEKYJI HA PAHHUX OTAITAX
CYIECTBOBAHMS BCEJJEHHOM

CanpbIkuH E.A.!, Piomun A.K.!, Kanpasos M.I., AdanacneBa AH!

Tomsau JIPB, /[youna, Mockoeckas oon., Poccus

OnuH U3 NOCTYNAaTOB TEOPUU MAHCIIEPMUHU 3aKII0YAETCA B TOM, YTO BO3SHUKHOBEHHE
YKHU3HH MPOU30IIIIO BHE 36MHOT0 NMpocTpaHcTBa. [Ipennonaraercs, 4To 3TOMy MpeaIIecTBOBAI
9Tan acTpoKarajn3a, B XOAE€ KOTOPOro, Ha CTaJuH MPOTOIJIAHETHOTO AMCKA, MPOM30LIEI
Mepexo]; OT TMPEeKypCOpoB K BBICOKOMOJIEKYJISIPHBIM ~ OPTaHWYECKHM  COCTUHEHUSM,
HEIOCPEICTBEHHO MPEJIIECTBOBABILINM BO3HUKHOBEHHIO JKUBBIX OPraHU3MOB. Y CTaHOBJICHO,
YTO MPOTOIIAHETHBIE JUCKH MOTYT OOHApy>KMBaThCS BO3JIE HEKOTOPBIX 3Be31 HacesneHus I,
YTO, NPU YCIOBUM HAIWYMUA HEOOXOAMMBIX MPEKYpPCOPOB, TIO3BOJISIET MPEATOIONKUTh
BO3MOXXHOCTh TPOTEKAaHMs TMpoLecca acTpoKaTaliu3a Ha JOCTaTOYHO paHHHUX dTarax
cymectBoBanusi Beenennoit (Snytnikov, 2008).

Ha cerogusmnuii 1eHb, B KOCMHUYECKOM IpOCTpaHCTBE OOHapykeHo Ooiee 200
pa3IMYHBIX MOJIEKYJ, B OCHOBHOM OpIaHMYECKHUX, TJ€ OHU OOpa3yloTcsi B pe3yJbTare
aBTOKATAJIN3a IOJI IEUCTBUEM BHEIIHETO BBICOKO3HEPreTUYECKOTO BO3AeHCTBUSA. /{1 MHOTHX

U3 3TUX MOJIEKYJ HE OMNpeJesieH BO3pacT WX 00pa3oBaHUS, OJHAKO, MOXKHO IMPEAIOJIOKHUTD,
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YTO 3Has YCJOBHS, MPU KOTOPBIX MPOUCXOAUT KX CHHTE3, CTAHOBHUTCS BO3MOXHBIM, C
ONPENETICHHON J10€il BEPOATHOCTH, ONPEIEINTh, HA KAKOM HMEHHO JTale HBOJIIOLUU
Bcenennoii Morno npousoitu ux nosiienue (baza qaHHbBIX).

Llenpto nmaHHOTO MOKNANa SIBISIETCS HUCTOpHOrpaduueckuid 0030p COBPEMEHHOTO
COCTOSTHUS TPOOTIEMBI OOHAPYKCHHSI MOJICKYJI BHE 36MHOTO IPOCTPAHCTBA U MEXAaHU3MOB HX
oOpa3oBanus. OCHOBBIBAasCh Ha pe3ysbTaTax MpeablAyIINX HCCIEA0BaHUM, Ipeagaraercs
TUIMOTETUYECKasi XPOHOJIOTUSI a0MOTEHHOTO CHMHTE3a MOJIEKYJ Ha paHHHUX JTarax 3BOJIOLUU
Bcenennoi.

CHnucok JIuTeparypsl:

1. Snytnikov V. N. Astrocatalysis Hypothesis for Origin of Life Problem // in Biosphere
Origin and Evolution (Dobretsov N., Kolchanov N., Rozanov A. and Zavarzin G.,
Eds.). P. 45-53.

2. basa nagueix: https://zeus.phl.uni-koeln.de/cdms/molecules

MOTOYHO-KACKAJTHASI MOJEJb IPEABUOJJOI TYECKOM SBOJIIOIINA
Cko00MKOB H.3.1’2, 3umun A.A.°

'®I'BHY KHI[3B, Kpachodap, Poccus
2000 «CJI Meouxanl pyn , Kpacnodap, Poccus
SUB®M PAH, ITywuno, Mockosckas 061, Poccus

Hamu mpezanoskeHa rumoTe3a «ropsiiero BYJIKAHMYECKOTO OPraHUYEeCKOro MOTOKa»
Kak HauOollee MOIXOJSIIeH cpenbl s aOWOTeHHOW TMOJMKOHEHCAIIMH OPraHuYeCKUX
MOJINMEPOB.

[lepBuYHBIII CUHTE3 OpPraHUYECKUX COCAMHEHUM paccMaTpUBAETCS KaK pPe3ysIbTar
B3pPBIBHOTO BYJKAHHMYECKOTO (BO3MOXKHO, METEOPUT-HHIYIIMPOBAHHOTO) H3BEpKkeHus. Takoe
U3BEPKCHHE  COMPOBOXKIAIOCH  TEIUIO-Ta30BBIM  BBHIOPOCOM W B3PBIBHOM  BOJHOW,
pacupoCTpaHsBIIEHCS B TIEPBUYHOM atMmocdepe, dYTO MNPUBOAMIO K OOpPa30BAHHIO
SPYINTUBHOTO o00JaKa, B 3HAYUTENIBHON MeEpe COCTOALIEr0 W3 MPOCTHIX OPTraHUYECKUX
COEIMHEHUI — aJbJIETUI0B, CIIUPTOB, aMUHOB, AMUHOCIIUPTOB, HUTPHIIOB M aMUHOKHUCIIOT) —
OPOAYKTOB, OOBIYHO CHHTE3UPYIOIMIUXCS B JaOOPATOPHBIX YCIOBUSX  «Pa3psIHBIX»
HKCIIEPUMEHTOB.

[Tocnenyromee oxiaxkJeHHE BYJIKaHOTEHHOTO OO0JIaka OpPTaHWYEeCKUX IPOTYyKTOB
NPUBOJWIO K TMIOCJIENOBATENbHOM KOHACHCAIIMM OPraHUYeCKUX KOMIIOHEHTOB U HX
BBHITMIAJICHUIO B BHUJE JKHIKHX OCAAKOB ¢ oOpazoBanueM ropsiuero (> 100°C), Bszkoro u

MyTHOTO OpPraHHYECKOrO IIOTOKAa. lIepBMYHO CHHTE3MPOBAHHBIMM  OPrAaHMYECKUMU
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BEIIECTBAMH, COCTABISIOMIMMU OCHOBHOW OOBEM TaKOro TOTOKA, HAMHU MPEIIOIararoTCs
(ocaxmaromuecss B TMOpAAKE YObIBaHMsS TEMIIEpAaTypbl KUIEHHSA): LUAHAMMJ, aleTaMup,
dbopmMaMu], IIMKOJIbANIbAET U, TTTUKOJOHUTPUI, AlETOHUTPHIL.

Takoif MOTOK — pake eclu BpeMs €ero CyIIeCTBOBAHUS OBLJIO KOPOTKUM —
paccMaTpuBaeTCsl HaMH Kak HauOoliee BEpOSTHAs TEOJIOTMYECKas cpefa uis aOMOTeHHOU
NOJMKOHACHCaunn. VIMEHHO B TakuMX YCIOBUSAX HaMU IPEATIONAraeTcsl OCYIIECTBICHHE
KJIIOYEBOTO Ipoliecca MpeaOHOIOTHYECKON 53BOMIONMHM — BOCIPOU3BOAMMOIO MHHEpal-
OIOCPEIOBAHHOIO CHUHTE3a JIMHEHHBIX TIETEPONOJUMEPOB (MENTUAOB U HYKJIEHMHOBBIX
KHCIIOT).

B orimnumne ot GonbLIIMHCTBA IPYrUX MOJEed aOMOT€HHOTO CUHTE3a OPraHNYeCKUX
HOJMMEPOB, B MPEII0KEHHOM HaMHM MOJIENIM HAXOIAT pELeHHs MpoOJeMbl, CBA3aHHBIE C
HAJIMYMEM B PEAKIMOHHOW cpele KMIKOM BOJBI, SIBISIOMICHCS OCHOBHBIM HHTHOMTOPOM
nojgukoHAeHcauuu. [pennoxeHHas Moenb XapakTepu3yeTcs:

1. ucxoomvim omcymcmeuem (WIU CIEIOBBIMH KOJIMYECTBAMH, IONAJAIOIIUMU

BCJIEJICTBHE a3€0TPOITHOTO 3P deKTa) KHUIKOH BOABI;

2. cea3vi8aHuem obpasyrouelicsi B pe3yibTaTe peakiHid MOJMKOHIECHCAIIUU BOJIbI

rUIPOPUIBHBIMA OPraHUYECKUMHU BELLIECTBAMU;

3. nocmosaunviM yoaneHuem 0CTaTKOB BOJABI C TOTOKOM.

JlanpHelmas arperaiysi CHHT€3UPOBAaHHbBIX MENTUAOB (U, BEPOSITHO, HYKJIEHHOBBIX
KHCJIOT) B MAaKpOMOJEKYJSIpHbIE KOMIUIEKChl — MEpBblE MPOTO-KIETOUYHBbIE CTPYKTYpPbl —
IPOUCXOAWIAa IpHU JanbHelmem oxyaxzaeHun cpensl (< 100°C), compoBoxaaBiieMcs €€
3HAYUTEIBHON ruipaTanueii u GopMHUpPOBAHUEM KOJUIEKTOPHOTO BOJIOEMA.

beictpass cMeHa  TEOJOTMYECKMX  JIOKaluid  GopMupoBana  HaTypadbHBII
2eoXuMuUYecKull Kackao Kak OCHOBHOE MPOCTPAHCTBO ObICTPOM MPeOHMOTHUECKOM 3BOIOLUU.
[Ipennaraemass MOTOYHO-KackKajHash MoOJENb OOBEOUHSIET BCE TPH OCHOBHBIX JTama
peONOIOTUYECKON JBONIONMN — TIEPBUYHBIA OPTaHWYECKHHA CHUHTE3, TOJHMKOHICHCAIIHIO
MOHOMEPOB B MAakKpOMOJICKYJSIpPHbIE MOJUMEpPhl U 00pa3oBaHME (YHKIMOHAIBHBIX
MaKpOMOJIEKYJISIPHBIX KOMILJIEKCOB (TMPOTO-KJIETOUYHBIX CTPYKTYp) B paMKax €IHHOTO
T'€0JIOTMYECKOT0 CIIEHAPHUs, TIO3BOJISAS OJTHOBPEMEHHO PEIIUTh Cpa3y HECKOIBKO MPodIem:

1. oOwvenmHeHME TPEX mMononocudecku pazoouWeHHbIX U uU3ULecKU pa3HOPOOHLIX

TCOJIOTMUECKUX JIOKAIui (BYJKAaHOTEHHOE OO0JaKO — TOPSYHH OpPraHHYeCKHi
MOTOK — KOJUIEKTOPHBIN BOJIOEM) B paMKaxX €MHOT0 BYJIKAHOT€HHOI'O IPOIlecca;
2. TPOUCXOXKIEHUE OCHOBHBIX pacmeopumeneti Ha  Pa3IWYHbIX  CTAaIUAX

Hpe6HOTHqCCKOfI 9BOJJIIOIIMH 1 MC€XaHHU3M HX 3aMCIICHUA,
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3. ¢hazoswiii nepexod OT «ropsUETrO CTapTa» XUMHUYECKOW IBOJIIOLUHN B SPYITHBHOM
oOJlake K paHHEH OMOJIOTUYECKOM IBOJIIOIMH B KHJIKOW BOJIHOM Cpelie;

4. TpoUCXOXKIEHHE, MUKPOAPXUTEKTYPY u (bYHKIIMOHUPOBAaHUE
OP2AHOMUHEPATIbHBIX yacmuy KaK IIPOTO-OpraHelI (BO3MOXHBIX
MIPE/IIECTBEHHUKOB alluJJOKAIBIIICOM H PHOOCOM);

5. TPOJIOJDKUTEIBHBIM TNPEOUOTUYECKUNA CHUHTE3 CYIIECTBEHHBIX KOJIHMYECTB
OJIUTOMENTHIOB 8 MAI0BOOHOIU cpede;

6. oOpa3oBaHME MaKpPOMOJEKYJSPHBIX KOMIUIEKCOB M3  CHHTE3MPOBAHHBIX
MakpoMoJieKysl B Ooinee xonomHoi (< 100°C) BOmHOI cpelie B TEUCHUE OueHb
Kopomkozo (110 CPaBHEHHIO C APYTMMU MOJEISMH) 8peMeHu, YTO MpeArnogaraet
CBEPXOBICTPHIN CTAPT MAKPOMOJIEKYJISIPHOM SBOJIOIUH.

BeposiTHO, By/IKaHOT€HHBIE COOBITHS, MPUBOJUBIINE K PaHHEH MPenOHOIOrnIecKoi
HBOJIIOLIMU, MOTJIM NIPOUCXOUTH HE TOJIbKO Ha 3emiie. Tak, HalpuMep, KOMIUIEKC MOTYXILEro
mapcuaHnckoro BynkaHa Ceraunis Tholus, BKIIIOUaeT BCE TPU TEOJIOIMUYECKUX CTPYKTYPHI,
COOTBETCTBYIOIIME TPEM OCHOBHBIM 3TamaM MPeJOMOTOTHYECKON SBOMIONUH (TIEPBUYHOMY
OpPraHMYeCKOMY CHHTE3y, IIOJIMKOHAEHCAIUU U (POPMUPOBAHUIO MaKPOMOJEKYIISPHBIX
arperaToB, COOTBETCTBEHHO):

1. obmacth kparepa (Kaabaepbl);

2. KaHBOHBI U JOJIMHBI — BBICOXIIIHE PYyCJIa TIOTOKOB Ha CKJIOHAX BYJIKAHA;

3. KOJIEKTOpHBIHA Kpatep Rahe.

Mpbl  paccmarpuBaeM 00JacTH  BBINAJAEHUS  IOCT-3PYNTHUBHBIX  OCAJKOB U
(GopMUpOBaHUS BYJIKAaHOTEHHBIX IOTOKOB, a TaKKe€ MECTa MX BIAJCHHUS B KOJUIEKTOPHbBIE
CTPYTKypbl HaubOosee MNpPeANOYTUTENbHBIMA JIOKAUUSAMU JUIsl TOMCKA MOJIEKYJISIPHBIX
MapKepOB CJIOXKHOW MPEeIOMOIOTHYECKOW »HBONIONMM HA JAPYTUX KOCMHUYECKHUX Temax,
001aaBIINX BYJIKAHUYECKON aKTHBHOCTBIO.

HccnenoBanue BoinosHeHO npu puHaHcoBor noanepxke PODU n Kpacnonapckoro
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3AKOH 'OMOJIOI'HYECKHUX PA10OB BABUJIOBA
KAK 3AKOH BUOJIOTUMN.

Cycaos B.B., [lonomapenko M.IIL., Paccka3zos JI.A.
Ulul’ CO PAH, Hosocubupck, Poccus

VY 3akoHa HET UCKIIOYEHHH, €CTh OTMEHsIolue (a) U yTouHstomue (0) TpaHuLbI
npuMEeHUMOCTH. [Ipu a mpomycKku B psay MHUMBI — YJIeH psija MO OMIMOKE BHECEH B JPYTOM,
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HEBBIBOJUMBIN U3 TIEpBOTO (). [lpu 6 u nponyck, u psao pasHo 8bl800UMbL U3 OOHOU NPUUUHBL
(f). Nnaue ectb numb omnupuueckoe npasuno (y). Jlormdecku o u [ MPOTHBOCTOAT YV:
(aVB)A—™y. B pemakuun 1922r BasunoB cBen 3akoH romosnorudeckux psagos (3I'P) x v,
BBIIBUHYB MHOTO TIpUuuH. B 19352. on cmasum éonpoc o (aN f)A\—y, 015 ye2o uckuovaem u3
3I'P psaosi, ubu npudunsbl Cyuwecmsyron/603HUKAIOM He3a8UCUMO OM (HOPMUPOBANHUL OAHHO2O0
MAKCOHA U CIMPOUM TUlib KOMOUHAMUGHbLE (C1abbiil YnUcmas) padel’, C6s3b16as UX 2eHE3UC ¢
pasnoobpasuem cpedsl 6 yenmpax”. Hamu n3ydeHo BiusHEe Ha (BEHOTHI MyTaIil B KOpe U
¢nanrax TATA-O00kcoB, B KOMIO3UIMOHHBIX 3neMeHTax U3 TATA-O0kcOB, MepeKpbITHIX
dbnanramu ¢ gpyrumm  cadWtamu.  [lokazaHo: 1)  HErOMOJIOTMYHBIE  MyTalldd
B3aMMOKOMIICHCUPYIOTCS npu GyHKIHOHATBHOM TiepekpoitTin (PII) xopa u ¢uanros, umu
caiitoB, mopoxxaas ['P, HezaBucuMo oT obmiero npenka; 2) Hapymenue cummerpuu OIT naer
cxeMy Xaprmanna (Maiopren+reHs-MonuduKatopsr)’; 3) B 06oux ciydasx I'P co BpeMeHeM
KOOPIMHHPOBAHO (IyYKaMH) PACXOIATCA , 4 HECKOIBKO MyYKOB — 3TO TPOMYCKH B KAXKIOM
(B). 4) orbop Ha ycunenue @Il (Ha cuabHBINA dMUCTa3!) crienuanu3yeT CyONpU3HAKH: cXeMa
Xaprnan/a BBIPOKIAETCS B IMEPKSHTHBINA MPU3HAK, T/Ie CyOnmpHu3Haku paboOTarOT BMECTE, HO
KaXIbIi co cBoe (yHkiueit. ['P mo Takum npuszHakaMm KOPPENSITUBHBL, umo daem [ auuib npu
HAUYUY IKCMPEMATHO20 3AKOHA, CEA3LIBAIOe20 CyopusHaky’ . 1-4 MHIpOKas IPUMEHAMBI y
3BKaproT’, yxke y mpokapuot. Urax (5), 3P Bapmiosa — cyry6o 6uonorngeckuii 3akon: OI7
3a0aemcs yenvio QYHKYUOHUPOBAHUS NPUBHAKOS, Ye20 Hem 6 ¢usuke. JIoKalbHOE COUYEeTaHUE
pa3zHoo0pa3us yCIOBUIl B BaBHJIOBCKOM LIEHTPE 3aJaeT pasHooOpasue IeNeid, MO3BOJISIOIIee
1O0-pa3HOMY (YHKLIMOHAJIbHO KOMOMHHPOBATh MpHU3HAKW. JIUIIb mocie Toro, kKak oToop
noaaepkuT BozHukmue PII, 1-2 wnm 1-3 nolayTt (Ipu ycaoBUM IOCTOSTHHOIO MyTarcHesa)
KaK B U3MEHYMBOH, TaK U B HEM3MEHHOM, HO HE CHJIbHOIIECCUMAJILHOM cpene. B omauuue om
JHCUBO20  20MONIO2UYECKOe — NO NPUHYUNY OP2AHU3AYUU — CXOOCMBO 8 HEHCUBOM
nopodicoaemcs He JIOKAIbHOU, A CMAOUIbHOU (npedcyujecmeyiowett makcoHy) oouHoCmoio
Habopa ghaxmopos cpedbi.

'TapagoKcaTbHO HTHOPUPYS MM e IIEHUMBIE KOPPEAIUH, B T.4. TeHETHUeCKHe KapThl. Ho He TUTOMIHOCT.
’BaBUJIOB TOBOPHIT O LEHTPAX MPOMCXOXKICHHS, HO HEO- U TAJICOJaHHbIC HE MOATBEPKIAIOT HH 00S3aTeIbHOCTD
3apOXKACHUS TAKCOHA B IIEHTPE, HH 0COOYI0 3((EKTUBHOCTh MEPBUYHOIO LICHTPA B QJaNTHBHON pamuaivu
TaKCOHA: cywjecmeennviM 0as nosgienus [P ocmaemcs auwb npoHUKHOBeHUe MAKCOHA 8 001acmy
NOBbIULEHHO20 CPEO0B020 PA3HOOOPA3UA U OUSEP2EHYUS €20 MAM HA CYOMAKCOHDL.

3BBeﬂeHa B 3I'P BasmiioBeiM B 1935r.

*Uto maGmoman, HO He 06BsicHHN CoGoneB. EIMHCTBEHHOE CBOE PACXOMKIECHHE — OCHIMAONIMICS BEPXyIIKOH
KOJIOC y 3]IaKOB — BaBUIIOB BEIHEC B IpuMedaHue, He cTpost [P!

°Tak, TIaBHAs M BTOPHYHBIE MEPHOIMYHOCTH TAaGuMIBl Men/eneeBa BHIBOISTCA U3 ypaBHenus IlIpémmurepa,
IMpe — U3 NpuHIMIa MonepTiou.

CTpoeHne TMPOMOTOPOB  SyKapHOT  (IPOKCHMANBHBIA  MPOMOTOP=MAHOPTeH+INCTANBHBIE  3EMEHTHI=
MOJTU(PHUKATOPEI), UX (hepMEeHTOB (aKTWBHBIA CaWT+CalT OMO3HABaHUS cyOcTpaTa), MPU3HAKOB MX aHATOMHUH
(TJI0TOYHBIC YENIOCTH IUXJIUA+POTOBBIC), pusmonoruu (aganrtarmu Jlasma-CuMmkunataganraimu JlapBuHa) u
9KOJIOTHU (KJIIOBHIIECHS JapBHHOBBIX BBIOPKOB IpU Toadope map). T.0. kiaccuveckasl ciiydad JUBEPreHLUH
(“ncxmovenus” w3 3I'P) BeiBomuMbl n3 obmei ¢ 3['P npuumHbl, nMpuyeM MMEHHO (YHKIHMOHMPOBAHHMS, a HE
HacJeJOBaHMs — NMPOMOTOPHI U (hepMEHTHI HacjeIyeMbl MOHOTeHHO CXOJCTBO K€ T€HETHYECKHX KapT (He He
IolaHOCTH) He cBsi3aHo ¢ PII, a HTOr HapyIIEHHOTO TPAaHCIIO30HAMH Hacyeus OOIIEeTro IpeKa.
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Cexknusi 3. DKCTPEMAJIBHBIE DKOCHUCTEMBI — MOJEJL JUIA 2K30BHUOJOTMYECKUX
UCCJIEJOBAHUIA (I/I3YLIEHI/IE KPUOC®EPhI 3EMJIM KAK MOJEJN BO3MOXHbBIX SKOCUCTEM HA
IINIIAHETAX KPUMOI'EHHOI'O THUIIA; OK30BHOJIOTUA JIEASAHBIX CITYTHHUKOB ITNIAHET-TUT'AHTOB:
BO3MOXHOCTDb BUOJIOTUYECKHUX W ITPEABMOJIOI'MYECKUX LIUKJIOB B YCJIOBUAX OTCYTCTBUA
COJIHEHHOI'O CBETA W  HHM3KUX  TEMIIEPATYP; HWCCJIEJOBAHUE OKCTPEMAJIBHBIX
TEPMO®WIIBHBIX U IICUXPODPNIIBHBIX MUKPOOPT! AHI/I3MOB)

3.1. MWUMKPOBHBIE COOBIIECTBA DSKCTPEMAJIbHBIX D3KOCUCTEM (F OPAYUE, KHUCIIBIE U
HIEJIOYHBIE SKOCHCTEMBI)

POJIb NEPUOJINYECKOT'O CTPECCA B 3APOKJIEHUM U PAHHEMR
IBOJIIOLUU
COOBIUIECTB TEPMO®WIbHLIX MUKPOOPTAHU3MOB

Komnanuvenko B.H.
UKAPII JIBO PAH, Bupobuoscan, Poccus

B Xo1e MHOTOYHCIICHHBIX JTaOOPATOPHBIX IKCIEPUMEHTOB IO MPEAOUOIIOTHIECKOM
XUMUYECKOW IBOJIIONMH OBLIN TMOTY4YEHBl pa3HOOOpa3Hble MOJEIH («IIPOTOKJIETKN» U 0oJiee
CJIOXHBIE «UCKYCCTBEHHBIE KJIETKH»), COCTOSIINE M3 OMONOTUYECKU BAXKHBIX OPraHUYECKUX
COCIMHEHUI (JIUMUIBI, TTOJIMHYKICOTUAHBIC U TIOTHAMHUHOKHUCIOTHBIC IeNMOYKY, U np.). OHu
paccMaTpUBAlOTCS B KAueCTBE MPEAIMICCTBEHHUKOB MUBBIX KIeTOK. OjHaKo, B HUX HE
MPOSIBIISIIOTCS CAMOIOIJIEPKUBAIOIIUECS OMOXUMHUYECKHE MPOLECCHl, KOTOPhIE MOKHO OBLIO
Obl 0003HAYUTh TEPMUHOM <OKU3Hb». (COrJacHO aBTOPCKOMY TOIXOJy, Hajau4due
NPeI0NOTOTUIECKIX MHUKPOCHCTEM (OpPraHMYEeCKOW MATpPHIIBI) SIBISETCS TOJIBKO OJHOW U3
JIBYX TJIABHBIX COCTABIISIONINX JIJISI BOSHUKHOBEHUS JKU3HH. BTOPOW COCTABIISIFOIICH SIBIISICTCS
o0s3aTenpHasl «HaKauyKa» MUKPOCHCTEM HENPEPHIBHBIMU BHEIIHUMHU BO3JIEHCTBUSIMU 32 CUET
BBICOKOYACTOTHBIX KOJeOaHUN (PU3MKO-XUMUYECKUX MapaMeTpoB, KOTOpas MPOMCXOAUTIA B
runpotepmanbHoii cpene (Kompanichenko, 2017, 2019). B kadecTBe oTBeTa Ha HaKayky, B
MHUKPOCHCTEMaX HEM30E)KHO BO3HUKAET OTBETHOE PEarnpOBaHKE, HHULMUPYIOIISE MOSIBICHHE
MHAYLUUPOBAHHBIX SKCTPEMAIbHO OBICTPBIX XHWMHUYECKUX peakuuid. VX CKOpOCTh MOKET
OCTUTATh 1071 CEKyH/IbI, 4TO MOATBEp:kaeHO 3KkcnepuMeHTtanbHo (Eigen, 1971). menno
TaKHe PEaKIUU MPUBETU K MOSIBICHUIO CTOJIb K€ (haHTACTHUECKHU OBICTPHIX OMOXUMUYECKUX
peakuuii B X07¢ BOSHHKHOBCHHSI )KU3HU Ha paHHEH 3eMIie.

O6mras cxema npeoOpa3zoBaHus MPEAONOIOTHUECKON MHUKPOCHCTEMBI B TICPBUYHYIO

(bopMy KM3HU NpUBECHA Ha pUCYHKE 1.
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Pucynok 1. Cxema mnpeBpallleHHs NPeI0HOJIOTHIECKOW MHUKPOCHCTEMBI B IEPBHYHYIO
dopMy Ku3HH B KoJeOaTeNbHOW HepaBHOBeCcHOW cpene. A: Bo3HukHOBeHHE (caMocOOpKa)
npeaOHOIOrHIecKOil  MHKPOCHCTEMBI B KoJieOaTeNbHOH  cpele; NPOHWKHOBEHHWE BHEIIHUX
BO3/ICHCTBUI B MUKPOCUCTEMY U HX (PUKCAIMA B CBS3SX MOJIEKYJ U CETH XUMHUYECKUX PeaKkuuil (CHHHE
cTpenku). B: PearupoBaHme MHUKpPOCHCTEMBI HAa BHEIIHME KOJCOAaHUSA; BO3HHUKHOBCHHE
WHIYIHPOBAHHBIX XUMHUYECKUX peaknui (KpacHble cTpenku). C: mpeBpamieHue MmpeadnoIornaecKom
MHUKPOCHCTEMBI B MEPBHYHYIO (JOPMY KHU3HH, KOTJIa €€ aKTUBHOCTh HAYMHAET IMPEBBIIIATH JaBJICHHE
Cpeibl; pa3BUTHE OHOXUMHUUECKUX Peakluil (KpacHbIC CTPENKH). ITO MPeoOdpa3oBaHUe KOPPEIUPYETCs
C TePMOIMHAMUIECKOW HHBEpCHEH (TIEpeBOPOTOM) B CUCTEME.

Z20-0NAIAMC 2 -

Takum oOpa3oM, B pamMKax pPa3BHUBAaEMOTO «HHBEPCHOHHOIO»  IOAXOJa
BO3HHKHOBEHHUE XU3HHU MPOUCXOIWIO Yepe3 aKTHBHBIN (YCHIICHHBIH W IeJICHAIPaBICHHBIN)
CTpecc-OTBET Ha BO3ACUCTBHA CTpecc-(aKTOPOB CPEIbl, KOTOPHIE NMPOUCXOIWIN B PEKUME
BBICOKOYACTOTHBIX KOJIEOAHUH (PU3UKO-XUMHUYECKHX MapaMeTpoB (TeMIIEpaTyphl, JaBICHHUS,
KOHIIEHTPAllMii KOMIIOHEHTOB, W T.I.). M3 Hero BBITEKAaeT, 4YTO Jake€ IEPBUYHBIC
MHUKPOOPTaHU3MBI U COOOIIECTBA MOTJIHM CYIIECTBOBAaTh B JIBYX COCTOSHHSX: @) MAaCCHBHOM
(aHAOMOTHUYECKOM), €CITH «IaBJICHHUE» CO CTOPOHBI OKPY’KAIOIICH cpeinl (AeicCTBHE CTpecc-
(bakTOpOB) MPEBBINIATO UX CIOCOOHOCTH K 3PPEKTUBHOMY MPOTUBOACUCTBHUIO; 0) aKTUBHOM,
€CIIi UX OTBET Ha cTpecc-(haKTOphl Cpelbl ObLT YCHJICHHBIM M IIeJIeHarpaBieHHbIM. Hixke
cOpPMYIHPOBaHEI TPH OCHOBHBIX  CJEICTBUS W3 JIAHHOM KOHLENIMH, KOTOpHIC

KOppenupyroTcs ¢ pyHAaMeHTaIbHbIMU JAaHHBIMU COBPEMEHHONW MUKPOOUOJIOTHH.

1. MUKpOOpraHu3M CHOCOOCH NMEPeXOoauTh M3 MacCUBHOTO COCTOSHHS (aHAOHO3) B
aKTUBHOE COCTOsIHME (CBOOOIHO >kMBYIIasi ¢popma) U oOpaTHO. Tekylee cOCTOSIHUE 3aBUCHUT
OT YCJOBUH B OKpy’)Karomei cpeze (ee «IaBICHUs», KOTOPOE B paMKax TEPMOIMHAMHKH
MOXeT OBITh BBIPQKEHO Yepe3 SHTPOINHIO) U BHYTPEHHUX PECYPCOB MUKPOOPTaHU3MA.

2. Tlpu npuOMMKEHUN HEONArONPHUATHBIX YCIOBHH B Cpeae OOMTaHMsS CBOOOIHO
KHUBYLIMH MHKPOOPTaHU3M CIIOCOOEH IIEJICHAIIPABICHHO MEPECTPanBaTh CBOIO CTPYKTYpy U
(GYHKIMH, TOCIENOBATEIbHO IMOJrOTABIMBASCH K TIEPEXONy B ITACCUBHOE COCTOSHHE
(aHabmo3) 7151 COXpaHEHUs TOTEHITUATBHOM KU3HECTIOCOOHOCTH.

3. Jlna BeIXOoga W3 aHa0MO3a MHKPOOPTAaHM3M JIOJDKEH MOJIYYUTh HMITYJIbC

(Bo3metlicTBUE cTpecc-(hakTopa) U3 cpenbl, CBUACTEILCTBYIOIINN O CHIKEHUH €€ JaBieHus. B
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OTBET Ha 3TOT UMITYJbC AKTUBU3UPYIOTCS 3aKOHCEPBUPOBAHHBIC YXHU3HCHHbIE (DYHKIMH, H
3aIyCKaeTCsl MHOYKECTBO OOPATHBIX IOCIIEI0BATEIFHBIX MPEBPAIICHHH, 00eCIeYNBAIONINX €TI0
nepexo/] B aKTHBHOE COCTOSTHHE.

W3noxeHHbI TOAXO0A NPUMEHMM M K HBOJIOLUUM TEPMO(PUIBHBIX MHKPOOHBIX
cooOriecTB Ha panHer 3emuie. Tak, rpynmnoi UTATBIHCKHUX MUKPOOHOJIOTOB OBLIO TIPOBEACHO
0000IIIEeHHOE PAcCMOTPEHHE TEHETHYECKHMX MEXaHH3MOB PE3HCTEHTHOCTH K TOKCHYHBIM
MeTaiiaM B cooOiecTBax tepmopmioB Archaea u Bacteria, Haxoasmuxcs B HIDKHEH 4acTh
¢unorenernyeckoro apesa MmukpoopranuzMos (Gallo et al., 2018). Onu onucanu o kpaifHen
Mepe YeThIpe OCHOBHBIX MEXaHH3Ma PE3HCTEHTHOCTH K TSDKEJBIM METajllaM, KOTOPBIE MOTYT
ObITh Ja)ke B OJHOM M TOM € MHKPOOPTraHM3Me: BHEKJICTOYHBIA Oaphep; aKTHBHBIN
TPAHCIIOPT MOHOB METAIOB (OTTOK); ()epMEHTATUBHOE BOCCTAHOBIICHWE MOHOB METAJIIOB;
BHYTPHKJIETOYHAs cekBecTpaius. B Oojee mo3mHux Me30puiIbHBIX (hopMax dYacTh 3TUX
MeXaHU3MOB yxe Tepsiercsi. CorimacHo pa3pabOTaHHOMY aBTOPOM TOAXOJY, MEPEUHCICHHbIC
MEXaHW3MBl Pa3BHJINCh IOCPEACTBOM H(P(PEKTUBHOTO CTpecc-oTBeTa Ha IOCTOSHHBIC
BO3MYILEHHSI B THAPOTEPMAIIbLHOM cpeze (neiicTBue cTpecc-(pakTopoB) B MOMEHT IOSIBICHHS
NEePBUYHBIX (POPM KU3HU M MX MOCIEAYIOMIEro pa3BuTHs. Jpyrux oObsiCHEHUH STUM (akTam
NOKa HE TMpeUIoKeHO. Tarxke MaHHBIM IOAXO0J TO3BOJSIET MPEUIOKUTh OOBSICHEHHE H
CIIOCOOHOCTH MHUKPOOPTaHM3MOB M COOOIIECTB K JKCIIAHCHU B OKpyXkaromiei cpene. Ona
obecrieunBaeTCs MOSBICHUEM B XOJI€ TEPMOJMHAMUYECKOTO MEPEBOPOTA M3OBITOYHOM (HaA-
SHTPONHUKUHON) CBOOOIHOW SHEPTUH, TO3BOJISIONICH UM MPEoI0IeBaTh JAaBieHue cpensl (Puc.
1, C).

WHBepCcHOHHBI TOAXOM K BO3HMKHOBEHHIO JKM3HH MOXET OBITh TIpOBEpeH
IIOCPEACTBOM JIa0OPATOPHBIX SKCIIEPUMEHTOB HOBOTO THIA, HAILCICHHBIX HA H3y4eHHE
npeoOpa3oBaHWii B KijacTepax NpPeJA0HOJIOTHYECKMX  MHKPOCHCTEM B YCIOBHSX,
MOJICJIUPYIOMIUX THAPOTEPMAIIBHYIO CPEy € BHICOKOYACTOTHBIMHU KOJICOAHUSMU MApaMETPOB.

OO0mras cxema moJOOHBIX HKCIIEPUMEHTOB onmyOrkoBaHa B ctarbe (Kompanichenko, 2019).
Crnucok JIuTeparyphl:
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BUOPA3HOOBPA3HUE ITPOKAPUOTOB COJOBOI'O IIVNTAMOXPAHUJINIIIA —
MOJEJIA SKCTPEMAJIBHO IIEJTOYHOM CPE/IbI

IunoBa A.B., MakcumoB A.FO., Makcumona 10.I'.

HUDI'M YpO PAH, Ilepmckuii ghedepanvhviii uccieoosamensckuil yeump YpO PAH,

Ilepmv, Poccusa

B mocnenaue roapl SKCTpeMOPUITBI HAXOAATCS B IIEHTPE BHUMAHUS UCCIICIOBATEIICH.
MukpoOHasi )KM3Hb B DKCTPEMaJbHBIX TMPUPOIHBIX M AHTPOIOTEHHBIX YCIOBUSIX, KOTOpHIE
paHee CUMTAJINCh HE MPUTOAHBIMHU ISl KU3HU, MOKET OBITh YJIMBUTEIBHO pa3HOOOpa3Ha.
JlanHple MecTa OOWMTaHUs MIMPOKO PACHPOCTPAHEHBI B MPHUPOAE M OTIUYAIOTCS KpalHUMH
3HAUCHUSMU TemmepaTypbl, pH, COJEHOCTH, TOBBIIICHHBIM JABJICHUEM, BBICOKUMHU
KOHIICHTpaIusMH TOoKcudeckux BemiecTB (Grant, Sorokin, 2011). XapakrepucTuka 3THX
OpPTaHU3MOB, HX SBOJIOIMOHHBIX CBA3€H M Cpelapl OOWTAaHWS CUUTACTCS BaKHEWIIEeH ams
MOHUMAHUs TOTrO, Kak MOXET pa3BUBAThCA JKU3Hb B JIPYTHX MecTax BO BceleHHOMH.
DKCTpeMOPMIIBl KUBYT B YCIOBUSX, OJM3KUX K TE€M, KOTOpPbIE MOTYT OBITh HAiJCHBI Ha
IpyTuX IUIaHeTax. Pe3ynbTarel, MONYy4YeHHbIE NpPU HM3YYEHUH JKCTPEMO(UIOB, MO3BOJIST
UACHTU(UIIUPOBATh TOTEHLUAJIbHBIE CpEIbl, B KOTOPBIX MOTYT pPAa3BUBATHCA IKHUBBIC

OpraHu3Mbl, YTO [JCJIacT boiee peaHHCTHqHOfI HaaCKay HaWTH BHC3CMHYIO JKHU3Hb

(Cavicchioli, 2004).

OnHUME W3 DKCTPEMAIBHBIX MECT OOWTAHHS SBISIFOTCS COJIOBBIC 03€pa, KOTOPBIC
XapaKTePU3YIOTCS IICJIOYHBIMH 3HAYCHUSAMHU PH M BBICOKOW CTEICHBIO MHUHEpPATH3AIUH.
JlaHHBIC TTPUPOIHBIEC CHCTEMBI SBJISIOTCS yIOOHOW MOJEINBIO Il U3YUCHHS aTKATO(PHIbHBIX
Oakrepuii (Sorokin et al., 2015; Grant et al., 2016; Kulkarni et al., 2019). D10 cBs3aHo ¢
BBISICHCHHEM POJIM  MHUKPOOPTraHU3MOB B  (DYHKIIMOHHUPOBAHUH O3KCTPEMATbHBIX MECT
OOWTaHUS, OTKPBITUEM HOBBIX BHJIOB TaJO(PHIBHBIX W aTKaJO(PHIBHBIX MpEICTaBUTEIICH
MukpoOHoro coobmiectBa (Casamayor, 2013; Kumar et al., 2015; Malekabadi et al., 2017;
Sorokin et al., 2017; Karray et al., 2018; Kevbrin, 2019).

3HaYUTENLHBIH HHTCPECC JIA IMOHHUMAHUSA q)yHKIII/IOHI/IPOBaHI/Ifl COJOBBIX 0O3€p KakK

9KOCHUCTEM OTCIIBHOTO THUIIA MPECTABISAET UcCcienoBanne MukpoounorieHo3a (Grant 2006).

Mukpob1onornyecke MCCIeJOBaHUs IOKa3aid, YTO B COJOBO-COJICHBIX O3€pax
aKTUBHO (DYHKIIMOHUPYET aJKano(puIbHOe MUKPOOHOE COOOIIECTBO, KOTOPOE HE BCTPEUALTCS
B Apyrux skocucremax (I[llapraesa 2014; Eroposa u ap. 2011). [Ipupoansle menouHbie 03epa,

O6pa3OBaBH_II/ICCSI OT IOCCATKOB ThICAY OO0 MHOIMX MHUIUIMOHOB JICT Ha3aJd, BCCCTOPOHHC
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W3YYEHBI, B OTJIUYHE OT COJOBBIX ILIAMOXPAHUIIHUII, KOTOPHIC CYHIECTBYIOT JHUIIb JECITKU
neT. MukpoOHOIIEHO3 TaKUX IIEJTOYHBIX OWOTOMOB AHTPOIIOTEHHOTO TMPOUCXOXKICHUS
UHTEpECeH B IUIAHE W3YYEHHUS MEXaHHW3MOB BTOPUYHOW aJanTallil MUKpPOOPTaHHU3MOB K

3al1e1a4YMBAHUIO U BBICOKON KOHLICHTPALUU COJIEH.

JlanHast paboTa HampaBjeHa Ha W3YYCHHE IIEIOYHBIX OHOTOIOB aHTPOIOTEHHOTO
INPOUCXOXKACHUSA, a HMMEHHO  Hccle[oBaHHe  (UIOTeHEeTHYECKOTo  pa3HooOpas3us

nmamoxpanuiuima AO «bepe3HukoBckuil conoBslit 3aBo» (IlepMckuit kpait).

[IpoBeneH MeTareHOMHBIM aHaiuW3 OOpa3loB, OTOOpPAaHHBIX C TEPPUTOPUHU
HUIAMOXpaHWIUINA  (BOJBL, JOHHBIX OTJIOKEHHMM M  MPUOPEKHBIX MOBEPXHOCTHBIX

TEXHOTCHHBIX 00pa30BaHUl).

bbulo mokazaHo, 4ro B o00pa3uax JOMHUHUPYIOT HpPEICTaBUTENN (PUIYMOB

Proteobacteria u Firmicutes.

B wuccrnexyempix oOpas3max ObUTH BBISBICHBI TMPEICTABUTENN 8 KJIACCOB, CPEIu
KOTOPBIX JOMHUHHUpYIOIIEE TMOJIOKeHHe 3aHuManu 2 kiacca: Bacilli (no 57,51%) u

Gammaproteobacteria (1o 31,51%) (puc 1).

B ocanke compi, mpu pH 11 oTmeueno Hambosiee pazHOOOpa3HOE MHUKPOOHOE
C000111eCTBO, OCHOBY KOTOPOT'O COCTAaBMJIM MpEACTaBUTENM 8 KiaccoB: Gammaproteobacteria
(20,34% ot o6mero konuuectsa), Bacilli (18,71%), Alphaproteobacteria (16,39%), Clostridia
(7,49%), Betaproteobacteria (6,23%), Actinobacteria (4,75%), Deltaproteobacteria (3,73%),
Sphingobacteria (3,53%).

B o0pa3nax npuOpexXHBIX MOBEPXHOCTHBIX 00pa30BaHMIT MUKpOOHOE COOOIIECTBO
OKa3aJIoCh MEHEEe pa3HOOOpa3HbIM. 371eCh OOHAPYKEHBI NpeacTaBuTenu 4 kmaccoB: Bacilli
(45,60 %), Gammaproteobacteria (31,51%), Betaproteobacteria (6,89%), Clostridia (5,29%),
HECMOTpsI Ha TO, YTO yCIIOBHs ObUIH MeHee sKcTpemaibHbl (pH 8). JlanHbie 00pa3oBaHwus,
OUYEBUIHO, BO3HUKAIOT MIPH HAMBIBE COJBI HAa MPHUPOJHBIC TPYHTHL. B 00pa3iax BOJbI OCHOBY
MHUKpPOOHOTO COOOIIIeCTBa COCTaBWIM Bcero 3 kiacca: Bacilli (57,51), Gammaproteobacteria
(29,79%) u Clostridia (4,55%). CHmxeHue OmopazHOOOpa3usi MOKET OBITh CBS3aHO Kak C
AKCTpEeMaNIbHBIM MoBbIeHHEeM pH (10 12,6), Tak ¥ ¢ TeM, YTO B aAr€3UPOBAHHOM COCTOSIHUU
HA YaCTHIIAX OCaJKa MUKPOOPTaHU3MBI 0ojiee YCTOWYHMBBI K JIEHCTBUIO HEOIArOMPUSTHBIX

¢dbakTopoB.
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Pucynok 1. Pa3zHoOoOpasme MHKpPOOHOTO COOOIIECTBa COAOBOTO MUIAMOXPaHWIHINA B
obpasmax: a) BoAbl; b) NPHUOPEKHBIX IMOBEPXHOCTHBIX TEXHOTEHHBIX OOpa3oBaHWM; C) IOHHBIX
OTJIOKEHU

VY CTaHOBIIEHO, YTO JOMUHUPYIOIIMMHU BUAAMHU SABISIOTCS Staphylococcus sciuri n
Acinetobacter baumannii, JJHK koTopbix B pazHbix o0pasiiax cocrasisieT ot 14,38 1o 47,21%
u ot 7,91 no 24,60% BBIACISIEMOTO METareHOMa COOTBETBETCTBEHHO. ClleTyeT OTMETHTh, YTO
KOJIMYECTBO TmpeactaButeneii Staphylococcus Bo Bcex oOpasnax ObIO BBINIE, YeM

Acinetobacter.

[ToyyeHHple HAMU JaHHBIE JAIOT MPEICTaBICHHE O pasHOOOpa3uu OakTepwii B
COZI0BOM IIJIAMOXPAaHUJIUIIE, KOTOPOE SBIAECTCS SKOHUIIEH C HKCTPEMaIbHON aHTPOIIOT€HHOU
Harpy3koil. HauMmenbmmM OuopaszHooOpasueM Xapaktepusyrorcsi oOpasisl Boasl ¢ pH 12,6.
HecmoTps Ha MeHee sKcTpeMalibHble yCIIOBHs puOpexHoii 30HbI (pH 8) ¢unorenernyeckoe
pazHooOpa3ue ObUIO CHHIKCHO, YTO MOXKET OBITh CBsI3aHO C OoJiee HU3KOH BIIAKHOCTHIO IO
cpaBHeHHMIO ¢ ocankamu (8% mpotuB 52%). B menom, Qunorenermueckoe paszHooOpasue
MHUKPOOPTraHU3MOB COJIOBOTO IIJIAMOXPAHUJIUINA 3HAUUTEIBHO OTIUYAETCS OT €CTECTBEHHBIX
OMOTONOB, YTO MOXET OBITh CBS3aHO C HWHBIM JIEMEHTHBIM COCTaBOM M 0oJiee BBICOKUMHM

3HayeHusMu pH.
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HCTOPUSI MUKPOBUOMA B HCCKS:CTBEHHOFI HHUIIE
MEXIAYHAPOJHOU KOCMHNYECKOU CTAHLUHA (20 JIET)

Anexosa T.A., Anekcanaposa A.B.

MI'Y umenu M.B.Jlomonocosa, Mockea, Poccus

Ha opOuTanbHBIX CTAaHIMSIX TIPH JUTMUTEIBHBIX MOJIETaX 3aKOHOMEPHO (HOPMHUPYIOTCS
U Ppa3BUBAIOTCA COOOIIECTBAa PA3IMYHBIX MHUKPOOPraHU3MOB, UYTO MOXET OKa3bIBaTh
3HAYMTENIbHOE BIHMSHUE Ha Oe3omacHOCTh mojeToB (Novikova et al., 2006; Gu et al., 2007,
Blachowicz et al., 2018). B cBsi3u ¢ aTuM, B pamkax chopmupoBanaoit B 1999 roay B Poccun
«JloarocpouHoil TMporpaMMbl HAy4YHO-TIPUKJIAAHBIX HCCIEIOBAHUN U DKCIEPUMEHTOB, Ha
Poccuiickom cermente MexnayHaponnoi Kocmuueckorn Cranmmu PC MKC» mpoBoautcs
skcriepuMeHT «HadanpHble dTambl OuoAerpaialnud U OUOMOBPEXKACHUN B YCIOBUSIX KOCMOCA
(buonerpagammsi)». OH MPONOKAET MOHUTOPUHTOBBIC HCCIEAOBAHUS, HAYaThle e€Ile Ha
cTaHmu Mup, 1 paccuuTad Ha Bech nepuon dkciuryaranuu MKC ¢ orbopom mpob 2 pasa B
roa. Ero menp — KOHTpOJb MHKPOOHMOIOTHYECKONH OOCTAaHOBKM M Ppa3paboTKa METO/OB
obecrnieueHnss OMOOE30MACHOCTH TePMO3aMKHYTHIX OOHMTaeMbIX ammapaToB (AnexoBa U Jp.,
2009). OcobeHHO BaKHBI MUCCIIEAOBAHUS COCTaBa MHUKPOCKOIMYECKUX I'pHOOB, TaK Kak, BO-
MEpPBbIX, OHM OKa3bIBAIOT BIMSHUE Ha 3J0pOBbE OKHUIMAaKa U, BO-BTOPHIX, CIIOCOOHBI
MOBPEXAATh pa3INyuHble KOHCTPYKIIMOHHBIE MaTepUajbl U 000pyI0BaHUE.

Jlyist mpoBeieHrs MOHUTOPUHTA Ha OOpTYy OpOMTAIBLHOTO KOMILIEKCca Oblja co3jaHa
crieryanbHas ykinaaka «buonpoOsy, mpeqHa3HaueHHast ISl TOCTaBKU YCTPOUCTBA A 0TOOpa
po0 C Pa3IMYHBIX BHYTPEHHUX TTOBEPXHOCTEH CTaHIINH, XPAHCHHUS OTOOPAHHBIX MaTepUAIOB
U JIOCTAaBKU MX Ha 3eMJIIO C IIeJIbI0 MPOBEICHNS MUKPOOUOJIIOTHUECKOro aHanu3a (AjexoBa u
ap., 20056, 2007a, 2008). Mecra 3a6opa mpod6 — 20 To4yek — OBUIM COTJIACOBaHHBI C
pasnuuabiMu noApasaenenusiMu OAO PKK «3Oueprusi» (MartepuanoBenamu, NpOEKTaHTAMHU,
ciry k00l o0ecriedeHust KUZHEACITEILHOCTH) U HAXOAUTCS B PA3IMYHBIX 30HAX BO3MOXKHOTO
CKOIUJICHUSI W pa3BUTUA MuUKpoopranu3moB. K HacTtosmemy BpemeHu, B pamkax KO
«buogerpagamus» mnpoeaeHo 36 1wmkiIoB uccnenoBanmid (¢ 2002 r. mo 2020 T1.).
JononuurensHo kK 3TuM padoram Ha PC MKC npoBoannu aHanu3 MEKPOOPTaHU3MOB B TBLUIH,
coOupaeMoi BIJIECOCOM M Ha BO3IYIIHBIX (PHIBTPaX.

B xone MonuTOopuHra, 3a BECh €ro mepuoj, ObLIO BHISBICHO 77 BUAOB Pa3IUYHBIX
MHUKpPOOPTaHU3MOB: 51 BHJ IUIECHEBBIX TPHOOB, OTHOCAIUXCS K 16 pomam; 2 APOXIKEBBIX
rpuba u 24 Bupa OakTepwii, TmpeacTaBieHHbIX 17 pomamu. Buasl rpuboB u Oaktepuii, K
KOTOPBIM OTHECEHBI MCCIICIOBAHHBIC IITAMMBI, SBISIOTCS HIMPOKO PACIPOCTPAHEHHBIMH H,
KaK MPaBUJI0, COMMYTCTBYIOIIMMHU B KHIJIBIX U PAOOYUX TTOMEIICHUSIX U CBSI3aHBI C MPOAYKTaMU

1 MaT€puajiaMu, UCIIOJb3YEMBIMU B ICATCIBHOCTH YCJIOBCKA.
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Bce BbIsSBJICHHBIE MUIETHATbHBIE TPUOBI OTHOCWIIMCH K TpyNIe aHaMOpP(HBIX
(HecoBepieHHbIX TpuOOB). Cpean HUX Tpeodiamany npeacTaBuTeau ponoB Penicillium (18
BU0B) U Aspergillus (12 Bunos). Cpenu rpuGoB caMbIMU PAaCHpPOCTPAHEHHBIMU SIBISIFOTCS
Penicillium chrysogenum u Rhodotorula sp. JIoBOIbHO 4acTO BBIABISAIOTCS Aspergillus niger,
A. sydowii, A. versicolor, A. flavus, Penicillium aurantiogriseum, P. spinulosum n Ulocladium
botrytis.

Otu Hambosee OOBIYHBIE TPUOBI COCTABISAIOT "sAPO" MUKOOMOTHI CTAHILIUU, OHH
OTHOCATCS K TpyIIe TeXHO(UIOB U CIIOCOOHBI 00Pa30BhIBATh OpPraHndYecKue KUCIOTH. Kpome
TOr0, MPEACTaBUTENU poja Aspergillus, n mHorue Buibl U3 popa Penicillium saBnsoTcs
TOKCMHOOOpA30BaTeIsIMH U YCJIOBHBIMU NAaTOI€HAMM, UX CHOpPHl MOTYT OBITb HPUYHMHOM
anneprudyeckux 3aboseBaHuil. Bee BbiaeneHHbIe TpHObI OTHOCSATCS K TPYIIE TeXHO(DHUIOB U
CHOCOOHBI 00Pa30BBIBATH OPTAHUUECKUE KUCIOTHI.

PerynspHble uccnenoBaHus MO3BOJIWIN MPOCIECANTH JUHAMUKY OOIIEH YUCIEHHOCTH
1 BUZI0OBOTO cocTtaBa mukpoornoma PC MKC.

W3MmeHeHHs 3aceleHHOCTH CTAaHLIWKW MHKPOOPTaHM3MaMH MOKHO TPOCIEIUTH,
CpaBHHUBAs, KAK MEHSJIOCh KOJMYECTBO MPOO, B KOTOPBIX OBLIM BBISBIEHBI MUKPOOPTaHU3MBI
oT 3Tana Kk stamy (puc. 1). Ha amarpamme Xxopomio BHUIHA HUKJIMYHOCTH, BBISBIIAEMas Ha

IMPOTAKECHUHN UCCIICIOBAHUAA.
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Pucynok 1. /luHammka 3aceleHHOCTH CTAaHIUMU MHMKPOOpPraHM3MaMU Ha pPa3HBIX
JTanax 3KkcrnepuMeHTa «buonerpananusy ¢ NCNoab30BaHUEM YKIAAKH «bronpoOs» B epuos
¢ okTs10ps 2002 r. o ¢eBpans 2020 r.

KonndectBo BbIsBIsEMBIX KojoHHeoOpa3yromux eaunul (KOE) mukpoopranuzmos

(puc. 2) Takke H3MEHsIach BoOJMHOOOpa3Ho. Hapacranwe ammauTyasl KojeOaHHHM MO

62



YUCJICHHOCTH MHKPOOPTaHU3MOB BBIPAXKCHO CHJIBHCC, YCM 110 CTCICHU 3aCCICHHOCTH.

HawnGonpmmuii Becruteck KOE rpu6oB nabmrogancs va 18 srane — MKC-26, 22 mapta 2011 1.
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Pucynok 2. JluHamMmMKa YHCIIEHHOCTH MMKPOMCKONHMYECKMX TIpUOOB Ha pPAa3HBIX
JTamax J3KcrnepuMeHTta «buoperpaganus» C WUCIONb30BaHUEM YKIaaku «buompoOeny ¢
okTs0ps 2002 r. mo despanb 2020 r.

BunoBoe pa3HooOpazue MUKPOCKOIMMYECKUX TIpUOOB M OakTepuil H3MEHSIOCH

CXoaHBIM 00pa3om (puc. 3).
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Pucynok 3. /luHamuka BHIOBOTO pa3sHOOOpa3usi MHKPOCKONUYECKUX TI'pUOOB Ha
pa3HBIX 3Tanax sKcnepuMenTa «buogerpaganus» ¢ UCIOIb30BaHUEM yKIaIKu «bronpoOsn» B
nepuo ¢ okTsops 2002 r. dpespans 2020 r.

BunoBoe pa3zHooOpa3ue M KOJIWYECTBEHHbIE XapaKTEPUCTUKH MUKOOMOTHI Ha PC
MKC mensiercst BOTHOOOpa3HO. MOKHO MPEIOJIOKUTh, YTO 3aCEJICHUE CTAHIINH TIPOUCXOIUT
PETyJSIPHO C MPUOBIBAIOIIMMHU TPY3aMH M SKUTIAXKEM, HO OCTAIOTCS TOJIBKO T€ BUABI, KOTOPBIE
HaxoOsdaT AJisd C€6$I noaxoadmue yCcjaoBud U MGCTOOGHT&HI/IH.

B pesymprare  pabor  chopmMupoBaHa ~ KOJJIEKIHS ~ YHUCTBIX  KYJBTYpP
MUKPOCKOITUYECKUX TPUOOB, BBIJCIEHHBIX ¢ KOHCTPYKIIMOHHBIX MOBEPXHOCTEN cTaHIMH Mup

u PC MKC Ha pa3HbIX cpokax sKcIutyarauuu (Anexosa u ap., 2009). Takxke B Hee BKIIOUYEHBI
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KYJIBTYPbI aHAJIOTUYHBIX BUJIOB, BBIICJICHHBIE U3 MPUPOIHBIX MECTOOOUTAHU, HCTIOIb3YEMbIe
JUIS1 CDABHUTENBHBIX UCCIIETOBAHMIM.

[ITaMMBbl MUKPOCKOITMYECKHUX TPUOOB, OCBOMBIINE KOHCTPYKIIMOHHBIE MaTepHAIIbl U
noBepxHoctu BHyTpu PC MKC He mposBISIIOT 3aMETHBIX OTJIMYHMII OT CBOMX AHAJIIOIOB HX
HA3eMHBIX MECTOOOMTAHWM, K aHAJOTUYHBIC BBIBOJBI OBUIM CHETaHBl W B OTHOUICHUU

OakTepuanbHBIX KyabTyp (Mora et al., 2019).
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BOJOPOANOTPEBJIAIOINUE METAHOI'EHBI —
INNOTEHIHHUAJIBHBIE OBUTATEJIM OBBEKTOB COJITHEYHHOU CUCTEMBbI

Tpyouusin B.J., Omypkosa B.A.

UBEDM PAH, IIywuno, Mockoseckas oox., Poccus

MeTaHOreHHBIE MUKPOOPTaHU3MBI, MO-BUAUMOMY, SIBISIIOTCS OJHOW M3 Hamboiee
JPEBHUX M >KMBYYUX TPYINI OpraHu3mMoB Ha 3emuie. VX pacmpocTpaHEHHOCTH B cpeAax c
9KCTPEMAJIbHBIMU YCIOBUAMU M IJIACTUYHOCTh HX MeTabosn3Ma, IOCTPOEHHOIO Ha
npocTedmux cyOcTpaTax, BOAOPOAE M YIJepoJe, MO3BOJSIET CclieNaTh WX UACATbHBIMU
MOJICJIBHBIMU OpTaHU3MaMHU JUIsl U3Y4YEHUs )KU3HU Ha pyrux miaHerax (Taubner et al., 2015).
[To maHHBIM HEKOTOPBIX MCCIIEAOBAHUM, THAPOTEHOTPOPHBIN MyTh C BEICOKOH BEPOSTHOCTHIO
BO3HUK PAaHBIIE OCTAJBHBIX IIyT€d METAaHOIeHe3a, em€ 1O CTAHOBJICHHS COBPEMEHHBIX
¢unymoB apxeit (Berghuis et al., 2019).

Hecmotpss Ha Hanmuume meraHa B aTMocdepax Bcex miuaHeT COJIHEYHOM CHCTeMBbI

(Rauf et al. 2015), oO0beKkTOB, Ha KOTOPHIX MOTEHIMAJIHHO MOTJIAa DPAa3BUTHCS IKHU3HB,
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OTHOCHUTENILHO HeMHoro. Hambonee maTeHCHBHO M3ydatorcs Mape (Formisano et al., 2004;
Reid et al., 2006; Webster et al., 2018), cnyrauk IOnutepa EBpona (Shulze-Makush & Irwin,
2001; Chapelle et al., 2002) u nynst CatypHa, Turan (Niemann et al., 2005; McKay, 2016) u
Onnenana (Taubner et al., 2018). M xoTs KOHIIEHTpanus MeTaHa, onpeenéHHas Ha Mapce,
HAXOJMUTCS B IMANIa30HE YacTeH Ha MUJLTHAP M IEPHOANIECKH KOJIeOIeTCsl B TEUSHHE Ce30Ha
(Webster et al., 2018), monrocpodHas cTaOMIBHOCTh M MPHUCYTCTBHE METaHa B aTMocdepe B
TE€YCHHE TE€OJIOTMUECKUX MEePHOJ0B BPEMEHH CUUTAETCS MAIOBEPOATHBIM M3-3a PA3I0KCHUS
Y®-nuznyyenneM WM XuMudeckuMu okuciauremsimu (Maus et al., 2020). B nenom
OKU/IAETCs, YTO JKW3Hb, €CIHM OHAa JACWCTBUTEIBHO TaM €CTh, OyJeT pa3BUBATHCA IIOX
MOBEPXHOCTHIO TUIAHETHI, TJIe HE TaK MHOTO OPraHWYecKOro yriepoia JUisl MOAJep>KaHus
xu3Hu (Chapelle et al., 2002), ogHaKO NOCTOSHHBIM TOHOPOM 3JIEKTPOHOB MOKET CIIy>KUTh
BOJIOPO/I, BOSHUKAIOLIHMH B X0/1€ MHOT'MX a0MOTEHHBIX MPOILIECCOB.

MHorue uccnenoBanus OblIM MOCBSILEHBl TOMY, YTOOBI ONPEAEIUTh, CIIOCOOHBI JIU
3€MHbIE€ OpPraHU3MbI PacTH B YCIIOBHUSIX, aHAJIOTMYHBIX ApPYruM IuiaHeram. EcTe nanHbie 00
YCHEIIHOM KYJIbTUBHUPOBAHUU Methanothermococcus okinawensis B yCIOBUAX, MAKCUMAaIbHO
npubIMKEHHBIX K ycnoBusiM DHienaasl (Taubner et al., 2018). I[Togo6HbIe uccnenoBaHus, HO
¢ umMTanuen ycaosuit Mapca, npoBoaunu ¢ Methanosarcina barkeri, Methanothermobacter
wolfeii, Methanococcus maripalidus, Methanobacterium formicicum (Goodhart & Kral,
2010), neckompkumu mrtammamu M. soligelidi (Serrano, 2014). BwimeneHHbie U3 BEYHOU
MEpP3JI0Thl MITAMMBI JAEMOHCTPUPOBAIM B ATOM CiIy4yae HauIyylIne pe3ynbTaThl (Serrano,
2014; Maus et al., 2020), BelaepKUBasi HE TOJBKO HHU3KHE TEMIIEPATyphl W NaBICHHUE, HO
TaK)Ke HU3KOE COJEpKaHUE BJIard U MPUCYTCTBUE MEPXJIOPATOB.

Takum o00pa3oMm, H3y4YeHHE METAHOTEHHBIX apXedl ©3 BEYHOM MEpP3JI0ThHI
MpeICTaBIsIeT OONBIION HAYYHBIM MHTEpEC AJs AaNbHEHIINX MOUCKOB MOJIEIBHBIX 0ObEKTOB
actpoOuosorud. Hamu BeIesieH HOBBIM IITaMM METaHOTEHHBIX apXed M3 00pa3loB BEUHOM
MEp3TIOThI, B3ATHIX BOMM3M 1. bapeHuOypr nHa Tepputopun o. 3amamubidi Inumbepren
(Hopserus).

Mrtamm VT kyasTUBUPYIOT Ha cpelie ¢ qobasinenueM ¢opmuara uian cmecu Hy/CO,
B KauecTBe MCTOYHUKOB YriepoAa M dSHeprud. KieTku mTamMma MpencTaBlsiOT co00i
JUTMHHBIC U3BUTHIE MAJIOUKH, KaK OJIMHOYHBIC, TaK U 00pa3yroIiue arperathl. B xuakoit cpene
KyJbTypa 00pa3yeT XJIOIbsi TEMHO-CEPOro IIBETa, NMPHU B30aNTHIBAHUU XJIONbS pacrlaialoTcs.
Brigenenue KyabTypbl OCYIIECTBISUIOCH MYTEM IOCIIENOBATEIBHBIX MOCEBOB HA CpPEIbl C
AQHTUOMOTUKAMH (CTPENITOMUIIMH M BaHKOMUIMH). OnTHManbHas KOHIEHTpauus (opmuaTa
JUIS pocTa COCTAaBMIIA 5 /11, onTuManbHas Temieparypa pocra - 20°C. IocnenoBaTenbHOCTh

reHa 16S pPHK nnuno# 1205 H.M. ceKBEHMpPOBaHA C MCIOJIb30BAHUEM Tapbl YHUBEPCATbHBIX
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npaiMepoB Arch21f  (5-TTCCGGTTGATCCYGCCGGA-3") u 1378r (5'-
TGTGCAAGGAGCAGGGAC-3"). ®wioreHeTHYECKUN aHAIM3 TOKaszaj, 4To mramMMm VT
KJIACTepU3yeTcsl C TMpeacTaBuTesiMu pona Methanobacterium, OnuxaiuM K HeEMy
POJICTBEHHBIM IITaMMOM siBisieTcss M. lacus 17A1" ¢ momobueM mMmOCIEIOBATEIBHOCTEH
97,02%, 4TO CBUAETENHCTBYET O TOM, YTO HOBBII METAaHOTEH MPEJICTABIISAECT HOBBIM BHUI pojia
Methanobacterium.

Pabora nonnepxana rpanrom PODU Nel8-34-00334 mon_a.
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Ceknusi 3. OKCTPEMAJIBHBIE DSKOCHUCTEMBI — MOJEJIb JUIA 2K30BHUOJIOTMYECKNX
UCCJIEJJOBAHUI (I/I3VI{EHI/IE KPUOC®EPHI 3EMJIN KAK MOJIEJIU BO3MOXHbIX DKOCUCTEM HA
IINIAHETAX KPUOT'EHHOI'O THUITA; 3K30BUOJIOIUA JEASHBIX CIIYTHHUKOB IINIAHET-IT'MT'AHTOB:
BO3MOXHOCTB BUOJIOIT'MYECKUX U ITPEABMOJIOIMYECKUX TUKJIOB B YCJIOBUAX OTCYTCTBUA
COJIHEHHOI'O CBETA W HU3KUX TEMIIEPATYP; MHCCIEAOBAHUE OKCTPEMAIJIBHBIX
TEPMO®WIIBHBIX U IICUXPODPNIIBHBIX MUKPOOPT! AHI/I3MOB)

3.2. KPUOBUOC®EPA 3EMJIM U TEPCIIEKTHBBI ITOMCKA JXW3HU HA IUIAHETAX U TEJAX
KPUOTEHHOT O TUITA

YTO CKPBIBAET I'PEHJIAH/IUS?
Cupnopos JI.A.
@HI]b /IBO PAH, Ilpumopckuii kpati, Braousocmox, Poccus

3HaHus1 0 OMOJIOTHYECKOM Pa3HOOOpa3ny HAICH TUIAHETHI M €€ SBOJIIOLNH, TIOJIC3HBI
HE TOJBKO JUIsi OOILIero pacUIMpeHHs Kpyrozopa M MecTa B HEM 4YeJloBeka (Kak
Ouosiornyeckoro Buaa H. sapiens), HO U OKa3bIBa€T OUIYTHUMYIO MOJB3Yy IS HAPOJHOTO
XO035ICTBa, HANPUMEP, TSHKEIO IMEePEONCHUTh OTKPBITHE MPOTeHHa3bl K TUApOIMTHYECKOTO
dbepmeHTa, BBIJICJICHHOTO M3 dKCTpakTa rpudka E. album vunm nonuMepassl U3 TEPMOPUIBHBIX
Oaxrepuii T. aquaticus.

Hacrosimass ~ paGora  mpojgoipkaeT — IMKJI — HCCIEAOBAaHMA MO aHAIU3Y
300reorpa)Mueckoro  pacrlpoCTpPaHEHUs] H  MPOUCXOXKICHUS  JAPEBHETPECHOBOIHBIX
CTHTOOMOHTHBIX 0ECIO3BOHOYHBIX YKHMBOTHBIX, HACEISIONINX OCTPOBHBIC M KOHTUHEHTAJIbHBIC
nom3eMubie Boabl (Copilas-Ciocianu et al.,, 2019). XoTs HaxOJKH MHOTOKJIETOYHBIX
0ECITO3BOHOYHBIX B 9KCTPEMaJIbHBIX MECTOOOUTAHHSIX JJOBOJILHO XOPOIIO JOKYMEHTHPOBAHBI,
Harnpumep, oOHapy>keHue Ha riryOuHe 3.6 kM 17 HOBBIX BHJIOB B HeJpax I0KHOA(PPUKAHCKUX
PYIHUKOB, HO 3TH JaHHbIC HE HOCAT MAacCOBBIA XapakTtep. Hamie BHUMaHUE TPHBIICKIIO
He/laBHEE MCCIICOBAaHUE HAIIUX KOJUIET, MOKA3aBIINX BO3MOXXHOCTh BEDKUBAHHS TIO3EMHBIX
am¢punon (Amphipoda) nmon negnukom B Vcmanauu BO BpeMmsi JIEAHMKOBOTO TepHOja
(Kornobis et al., 2010). B sToM KOHTEKCTE COBEpIICHHO 0CO00E MECTO 3aHHMAET psA
HEe/IaBHUX COOOLICHWH O CYIIECTBOBAHHMHU TOJICAHBIX O3€p M BOJOTOKOB IO JICTHHKOBBIM
mToM B ['pernmanauu (Chambers et al. 2019).

Ha maHHBIE MOMEHT TpU MOCTPOCHHU (DUIOTCHUU KPAHTOHUKTOMIHBIX aM(UIION,
MBI CTOJIKHYJIMCH C 3aTraJIKOH, HE MO3BOJISIONICH 000CHOBAaHHO CBS3aTh Pa3pO3HEHHBIC TPYTIIIBI
noa3emMubx amunog Hosoro u Craporo cera. JlaHHas paboTa akIIMHTUPYET BHUMaHHE Ha
BRXHOCTH W3yYEHUS IOJICIHUKOBBIX JKOCHCTEM, YTO BO3MOXKHO TO3BOJHT, B OyayIieMm,

HPOSICHUTB POJICTBO PA300ILEHHBIX MOITYJIALUH.
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JOMUHAHTHBIE MUKPOBHBIE COOBIIECTBA
B IOJVIEAHUKOBOM AHTAPKTHYECKOM O3EPE BOCTOK

DOMINANT MICROBIAL COMMUNITIES IN THE SUBGLACIAL ANTARCTIC
LAKE VOSTOK

Byaar C.A., lopounn M.B., Cym0arsan JI.A.

HUI] «Kypuamosckuii uncmumymy - Ilemepoypackuil uHcmumym s0epHou usuxu,
TI'amuuna, Jlenunepaockas o6o.1., Poccus

Llenpto wuccnenoBaHus ObUT MOWCK MHKPOOHBIX COOOIIECTB B TMOJJIETHUKOBOM
AHTapKTHUECKOM 03epe BocTok myTeM aHain3a 03€pHOM BOJbI BEPXHETO CJIOSI, BOLIEIIIEH B
OypOBYIO CKBaXMHY M 3aMep3lIeil B HEll B pe3yjbTaTe TPeX NPOHUKHOBEHUH (BCKPBITUI) B
o3epo (5 despans 2012 1., 25 suBaps 2015 r. u 3 deBpans 2015 r.). JlanHoe cooOmieHne
MOCBSIIEHO aHAJIM3Y paHee He HMCCIEJOBAHHOTO KepHa JbJa 3amep3Ileld BOIbI C TITyOHHBI
3721 M, MOy4EHHOTO TOCIie 2-TO BCKPBITHS 03€pa.

CermenT npaa 3721 M ObUI TIIATEIBHO JEKOHTAMMHHUPOBAH B XOJIOAHBIX U YUCTHIX
(Mo Kmaccy YMCTOTHI) JTabopaTOpHBIX TomemieHusX. OmHako, 3amax KepocuHa (OCHOBHAas
4acTh OypOBOIl KMIKOCTH) BCE K€ MPHUCYTCTBOBANI MPU IUIABICHUU JIbJia, CBUICTEIHCTBYS O
CJIEZIOBOM KOHTaMHHaluu oOpasua. OOpasen BOAbl ObUI CKOHIICHTPUPOBAH, U BBIJCIICHHAS
renomHass JIHK Ovbuta ammmduuupoana B [P c mpaitmepamu, cnermuduyHbIME I
obmactn v3-v4 16S OakrepuansHbix puOPHK renoB. IlomydeHHBIE aMIUTMKOHBI OBLIH
KJIIOHMPOBAHbl M CEKBEHHUPOBAaHbI CTaHAApTHBIM MeToaoM 1o CoHmxepy. PesympraTsl
NpeCTaBJICHbI B JAHHOM COOOILCHHH.

JIHK ananmu3 BbIIBMI B eloM 16 OakTepUabHBIX (DMIOTHUIIOB IPHU JTOBOJBHO
HU3KOM TOKPBITUM TeHHOM Oubnunoreku (55.2%), 4YTO yKa3blBaeT Ha 3HAYUTEIbHOE
pa3zHooOpasue, BCKPhITHE KOTOPOTo TpeOyeT MpUMEHEHUs! TEXHOJIOTHIl CEKBEHUPOBAHUSI THIIA

NGS Illumina MiSeq and Oxford Nanopore sequencing. Bmecte ¢ Ttem, u3z 16 ¢unorumnon
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ToNbKO onuH Quimotun (3721v34-24) ycrnenHo mpomien Bce KOHTPOJIM HAa KOHTaMHHALMIO,
BKJIFOYAsl CpaBHEHHUE ¢ Hameld coocTBeHHOW brubnumorekoit konTamuHaHToB (329 16S pu6/IHK
¢unorunoB Ha uronap 2020 r.). OH OKa3ajics YHUKAJIbHBIM B IUIAHE OTIMYUN OT paHee
OoOHapy’KEeHHBIX TpeX (PUIOTUNOB OakTepuil, OYEHb BEPOSITHO HACEJSAIOIUX 03epo BocTok
(Bulat, 2016). Cpeam HHX [0 CHX TIOp HEU3BECTHBIM U  (PHIOTEHETHYECKU
HeksaccuuiupoBanHelid  Guimotun wl23-10, BeposATHO MpUHAJICKAIMUA — pa3aety
Parcubacteria Candidatus Adlerbacteria, dunotun 3429v3-4, moka3aBUInil CXOJCTBO HUKE
ypoBHs pona ¢ Herminiimonas glaciei, Oxalobacteraceae (Beta-Proteobacteria) n 3698v46-
27, OKa3zaBIIMKCSA KOHCIEMU(UIHBIM cpa3y HECKONBKUM BuIaMm Marinilactobacillus,
Carnobacteriaceae (Firmicutes). Otmerum, uto ¢uinotunsl wi123-10 u  3698v46-27
MPEJICTaBIsUIA COOOM TOMHHAHTHBIE TOIMYJSIMA — COCTOAIIUE W3 KIOHOB C HECKOJIHKUMU
asensHbIMU Bapuantamu 16S pu6/IHK.

HoBeiii  oOHapyxennbiii ¢unorun 3721v34-24 eme B Oosblied  CTENEHU
JOMUHHUPOBaJI B TeHHON Oubnuoreke (41.1% ki10HOB) M OBLI MpelcTaBieH KaKk MUHUMYM
TpeMs aJlJIeIbHBIMU BapuaHTaMu. Ero He ynanoch TaKCOHOMHYECKH HUIACHTH(PHUIIMPOBATH —
87.7% cxoncTBa (HmKe ypoBHS cemeiictBa) ¢ Mucilaginibacter daejeonensis NR_041505 of
Bacteroidetes (no-sumumomy, Sphingobacteriaceae). Bmecte ¢ tem upentuunsie emy JIHK
KJIOHBI ~ OblTM  BbIABICHBI B Genbank,  Hampumep,  HEKYJIbTUBUPYEMBIH U
HeUJeHTU(UIIMPOBAHHBIN KIIOH Bacteroidetes DQ316809 ¢ ypanoBwix pyanukoB B CIIIA, a
TaKk)Ke MEHee CXOJHBIE HEUACHTU(PUIIMPOBAHHBIE KJIOHBI M3 OCAAOYHBIX IMOPOJ JIPYTOro
re”esuca, Harpumep, KC431957 u DQ404664.

Takum oOpa3zom, B BOJE TOJICAHUKOBOTO AHTapKTHYECKOro o3epa BocTok, ObLT
BBISIBJICH HOBBIM JIOMUHAHTHBIH HEHUJICHTU(DHUIIMPOBAHHBIH M HEKJIACCU(DHUIIMPOBAHHBIN
‘sediment-loving’ ¢unotun u3 pasnena Bacteroidetes, KOTOPBIA ¢ IByMSI paHEE€ OTKPBITHIMU
¢unorunamu  (Parcubacteria  Candidatus ~ Adlerbacteria  w  Marinilactobacillus,
Carnobacteriaceae, Firmicutes), MOXET TIPEICTaBIATh UCTHHHBIE MUKPOOHBIC COOOIIECTBA
o3epa Bocrok. Ilpumenenme texnomormii NGS Illumina MiSeq and Oxford Nanopore
sequencing MO3BOJIUTH BCKPBITH MOJHOE OMOpa3sHOOOpaszue B Boje o3epa (moka B Hamboiee
BEPXHEM CJIO€ BOJIbI).

HccnenoBanue BBIOIHEHO 1pH (puHaHCOBOH moanepxke PODU n HITHU B pamkax
Hay4yHOTrO npoekta Ne 18-55-16004.
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IK30BUOJIOI'UA JEJAAHBIX CITYTHUKOB IIJVIAHET-I'NT'AHTOB
CumakoB M. b.
Heszasucumviii uccneoosamenv, Cankm-Ilemepoype

VYcenemnoe u3ydeHUE BHEHTHUX O0JacTel CHUCTEMBI MPU MOMOIIM KOCMHYECKUX
anmnaparoB IOKa3aj0, YTO CYLIECTBYET KJIAcC KPYIMHBIX KOCMHUYECKHX OOBEKTOB, KOTOPbHIE
YAOBJIETBOPSIOT TIABHBIMH KPUTEPHUSIMH CYyIIECTBOBaHUS Ouocdepsl: 1. Hamuyue Ha
KOCMUYECKOM OOBEKTE KHIKOW BOJBI B TEYCHHH IIUTEIHHOTO T'€OJOTHYECKOro Meprojia
BpeMeHH; 2. Hamndre O0ibIIoro KOJIMYECTBa Pa3HOOOPA3HBIX OPTaHMYSCKHUX COCIUHCHUH;
3. HanmMyue WCTOYHMKOB D3HEPTUM, HEOOXOMUMBIX s MONJEpKAaHUS OMOXMMHYECKHUX
MIPOLIECCOB, B TOM YHUCJE, B BUJE XUMUYECKOW 3HEPTrUU. IJTO JIEASHBIE CIIyTHUKH ILIAHET-
rurautoB — EBpona, I'anumen, Kamnucro, Tutan, DHuenan. B nanHyio rpynmy MOXKHO
BKJIFOYUTH M HEKOTOpBIE Apyrue Tena COMHEYHOM CUCTeMbl — CIYTHUKHA YpaHa ApHdIb,
O6epoH, Tutanus u YMOpuaib; ciytHuk Hentyna Tputon. Jlpyrue xapiMKoBBIC IIAHETHI
BHelIHel obOnactu, Takue kak Llepepa, Opuc, Cemna um Opxyc, Tak Xe MOMAJar0T B
KaTeropuio IMOTCHIIMATFHO OOUTAEMBIX MHUPOB H3-32 BO3MOXXHOCTH CYIIECTBOBAaHHS TaM
IyOMHHOTO OKeaHa. ['paBuTanMoHHble B3auMmozeicTBus B cucreMe [lmyToH—XapoH moryt
MOJIICP)KUBATh HAJIMYNE OKeaHa BHYTPU OOOMX Tell.

Pacyetsl mokas3pIBalOT, 4TO, HANpUMEpP, 00BEM KUIKOTO OKeaHa BHYTpU EBporbl
MPEBOCXOIUT 00BEM JKHUIKON BOABI HAIllEH MIaHEThl B HECKOJNBbKO pa3. TakuM oOpaszom,
BHYTPEHHUE OKEaHBI JICJSHBIX CITyTHUKOB IJIAHET-TUTAHTOB MOT'YT MIPEAOCTABIIATH OIPOMHOE
JKU3HEHHOE MPOCTPAHCTBO /I BHE3EMHBIX OpraHn3mMoB. KOMMOHEHTHI, HEOOXOIUMBIE NIJIst
MOJ/IJIEPKaHUST OKUCITUTEIbHO—BOCCTAHOBUTEIILHOTO OajaHca BO3MOXKHON OMOC(Ephl, MOTYT
CHUHTE3UPOBATHCS B HECKOJIBKUX paiioHaX: THAPOTEPMAIbHBIE CUCTEMBI Ha JIHE TI100aIbHOTO
BHYTPEHHETO OK€aHa, PEAKIUU «XOJIOJAHOW CEpIIeHTHUHHM3ALMW» Ha TpaHULE CUJIMKAaTHas
MaHTHS/OKeaH, paTuOIUTHUYSCKUE OKUCITUTEIHN, MTOTyJalONIUecs] Ha MIOBEPXHOCTH CITyTHUKOB
MO/ BO3JCUCTBHEM COJHEYHOM paaHaniedl W 3apsHKeHHBIX YacTHI[ M3 MarHuTochepbl
IUIaHEThI-TUTaHTa. /[HEeBHAs 103a M3JIyYEHHs HAa MOBEPXHOCTH EBpPOIBI COCTABISIET OKOJIO
540 69p (54 3B) — mouyTH B MWDIMOH pa3 Oonbime, yeM Ha 3emie. Paamonus
MOBEPXHOCTHOT'O JIbJ]a PACUICIUIAET BOAY Ha €€ COCTaBJISIONIME — KHUCJIOPOI M BOJIOPOJ,
KOTOpbIE YaCTUYHO aJCOPOUPYIOTCS MOBEPXHOCTHIO, a YACTHMYHO MOKUAAIOT €€, oOpa3ys
atMocepy. OcHOBHOW KOMIOHEHT aTMocdepbl EBpombl — MOJEKYNSpHBIA KHCIOPOI,
MOCKOJIbKY y HEr0 NJUTENbHBIA MEepPUOJl KU3HU, a JICTKUHA BOAOPOJ OBICTPO yIIeTaeT B
KOCMHUYECKOe TPOCTpaHCTBO. Kpome Toro, Ha caMoil MOBEPXHOCTH OOHAPYKEHO OOJBIIOe

KOJIMYECTBO MEPEKUCH BOJAOPOJA U HOHOB Cylb(aTra — OKUCIUTENEH, KOTOPhIE MOTYT ObITh
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JIOCTaBJICHBI BHYTPb criyTHUKA. OIIEHKH MapaMeTpOB TaKOW IOCTABKH TOBOPST O TOM, UTO /10
4x10° Monb oKMCIaHTENEH B TroJ MOXKET MOIMOJIHATH COCTAB OKCAHNYECKON BOJBI.

BaxxHbIM BOIIPOCOM SBJISIETCSI ONPENEICHUE BO3MOXHOTO XHMHUYECKOTO COCTaBa
BHYTPEHHEIro OKeaHa: l. HeWTpanbHbII — cucrema, cocrosimas u3z Na—Mg—SO4,-H,O
KOMIOHEHTOB; 2. menounoit (Na—SO4—CO,); 3. xkucnotHsiii (Na—H-Mg—SQO,). JIro6oii ux
3TUX BapUaHTOB CIIOCOOEH MOAJIEPKUBATDH CYIIECTBOBAaHNE OMOIOTUYECKUX CUCTEM.

XUMHYECKUH  COCTaB  IOBEHWJIBHOTO  OK€aHa  3aBUCUT  OT  IIPOLIECCOB
BBIIICJIAYMBAHUS ~ CUJIMKATHBIX  TOPOJl, «CEPHNEHTUHU3ALMW», U  KOHTPOJIUPYETCS
KHHETHYECKH U TepMoauHamuuecku. [lo pacueram, Bojga MOXKET MPOHHKATH BIIIYOb
CHJIMKaTHOW MaHTHM 10 25 KM, B TIPOIECCE YETO BBIACIAETCS OOJBIIOE KOJIUYECTBO
BOJIOPOJIa — OJHOTO M3 KIIIOYEBBIX KOMIOHEHTOB MHOTHUX OMOXUMHUYECKUX LIUKIOB. J[pyrum
OCHOBHBIM BOIIPOCOM SIBJIIETCSI KCXOJIHOE COCTOSIHUE a30Ta M YIIIepOo/ia U X COJIepkKaHUE B
Marepuase, U3 KOToOporo o0pa3oBajiCs CITyTHUK.

lNanumen, kpynHelmmi cnyTHUK Hamed COJHEYHOM CHCTEMBI, TAKKE HMEET
BOJHO—JICASHYIO 000JIOUKY TIOBEPX CHIIMKATHON KOPBI, KOTOPAsi MOKPHIBAET MAHTHUIO U PO
cnyTtHuka. IMeHHO okeaH Ha riryonHe 150 KM MOXKeT OOBSICHUTh HATMYHE MATHUTHOTO TIOJIS
y atoro HeOecHOro tena. [lo HEeKOTOpBIM OIlEHKaM, TOJIIIMHA JIEIOBOM MaHTHH [ aHuMena
MoxkeT gocturath oT 30 go 120 kM, a rryomHa okeana — 1o 800 kM. Hamuuume npmoB
BBICOKOT'O JIaBJICHUS, KOTOPBIE OKPBIBAIOT CUJIMKATHYIO MAHTHIO HA THE OKEAaHA, HECKOJIBKO
YMEHBIIAET 3K300MOIOTHUECKH MOTEHIIMAI 3TOT0 CIYTHHUKA, TaK KaK OHH MPEMSITCTBYIOT
npolieccaM CEepHeHTUHU3AIMU B CUJIMKAaTHOM kope. To Xe OTHOCUTCS U K TPETheMy
JneAsHOMY ChnyTHUKY — Kammcro, ajis KOTOporo MOCTPOCHBI aHAJOTUYHBIE MOJETH
BHYTPEHHETO CTPOCHHUS U3 TPEX XUMHUYECKU Pa3HbIX 000JI0ueK: 1. BHEHIHsS BOAHO—JIEAsSHAS
(menstHast Kopa, BHYTPEHHUH BOJHBIA OKEaH, JIbJbI BBICOKOTO JaBIICHUS HA €ro JHe); 2.
KaMEHHO—JIE/ISTHAast MaHTHsI (CMECh JIBJIOB BBICOKO JIABIICHUS U XOHJPHUTOBOTO MaTepuana); 3.
[EHTPAJIbHOE KeJie30KaMeHHOoe s/ipo. TommuHa nefasHoi auTocdepsl olieHuBaeTcs B 135—
150 kM, TtommmHa camoro okeaHa — 120-180 km. B monb3y cyliecTBOBaHMSI OKeaHa
TOBOPUT U MOPQOJOTUS YAApHBIX KpaTepoB Ha MOBEpPXHOCTHU, Kak Kammucro, Tak u
laanmena. SIBHO BUIHO y4acTHe )UAKOW BOJABI B IIpoIleccax uX (GOpMHUPOBAHHSL.

Tutan sBiseTCs, C TOYKH 3pPEHHS acTPOOWOJIOTHMH, OJHUM U3 Hambolee
UHTEPECHBIX 00beKTOB COJHEUHOM CHCTEMBI. YCIOBUS HA CIYTHUKE YJOBIIETBOPSIOT BCEM
HEOOXOJUMBIM  KpPUTEpUsM  cylecTBoBaHus Ouocdeprl. I[lpemnoxeHsl  HECKOIBKO
BO3MOXKHBIX HHII JIJISl CYIIECTBOBAHUS OMOJIOTHYECKUX cOoOOmIecTB: 1. caM cloil >KHIKOMH
BOJIBI, TJIC TeMIIepaTypa M JIaBJICHHUE BIIOJHE COOTBETCTBYIOT HEOOXOIUMBIM MapamMeTpam U

KOTOPBI  MOXET COJAEpKaTh pPa3HOOOpa3HbIE HEOPraHWYECKHE W  OPraHHYECKHUE
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COCTaBJISIOLIME; 2. HUXKHSS MOBEPXHOCTh JIbJIa, MMEIoLas OOJbIIYIO IUIOLIa/b; 3. HOPHI,
KAHAJIBl Pa3JIMYHBIX Pa3MEPOB M MAKEThl XKUIAKONW BOJBI B HUXKHEM CIIO€ JIEASHON KOpBI;
4. MecTa KpUOBYJIKAaHUYECKONW AKTUBHOCTU Ha MOBEPXHOCTH CIyTHUKA, TJ€ BHYTPEHHUH
BOJIHBIA CJIOH MOXET pearupoBaTh C MPOAYKTaMHU CIIOKHOW aTtMochepHOil (OTOXUMHH;
5. pa3BeTBJICHHAs CETh TEUlep U APYTruX 00pa3oBaHMA, KOTOpask MOXKET OBITH CBsi3aHa Kak C
KPHUOTE€HHBIM BYJKAaHU3MOM, TaK U C BO3JCHCTBUEM MPUIIMBHBIX CUII; 6. TPEIIUHBI B JIEATHOM
cioe; 7. Kparepbl, OCTaBIIMECS I[IOCJIE€ NaJEHUs METEOPUTOB, B KOTOPBIX MOTYT
00pa30BbIBATHCS 3HAUUTEIBHBIE MACCHUBBI JKUAKOW BOJIBI HA JIOCTATOYHO MPOJOJIKHUTEIBHOE
BpeMs; 8. MecTa ruAPOTEPMAIbHON aKTUBHOCTH Ha JHE OKEaHa.

OcHoBHOE oTiM4YMe TuTaHa OT CHYTHUKOB cHucTeMbl lOmnurepa — Hanmuuue
IIOTHOW aTMmocdepsl, TommuHoi Oonee 400 kM, HaBlIeHHE KOTOPOW Yy MOBEPXHOCTH B
HOJTOpa pas3a MpeBBIIIAeT 3eMHOE. [ TaBHBIN KOMIIOHEHT aTMocdepbl — a30T, MeTaH (1.4—
4.9%), aproH ¢ HEOXHJAHHO BBICOKHM OTHOICHHEM "Ar/*°Ar. BOJNBIIMHCTBO y4YeHBIX
paccmarpuBaet atMochepy TutaHa Kak MOJIETh IEPBUYHOM BOCCTAHOBUTEILHON aTMOCHEPHI
3eMiid, TO €CTh, TEX YCIOBUH, B KOTOPBIX MMPOXOIMIHN pPEaklui aOMOT€HHOTO CHHTE3a Ha 3ape
BO3HUKHOBEHUS XM3HU. Bes armochepnas xumusa TuTaHa mocTpoeHa Ha paJMKaIbHBIX
PEaKIusIX MO JeHCTBHEM yIbTpadroseTa i MOTOKOB 3apsHKEHHBIX YaCTHII.

OauH W3 OCHOBHBIX IMPOLIECCOB, TPEOYIOUMX BHUMAaHUS — 3TO B3aUMOJEHCTBHE
BOJbl C OPraHMYECKUMH COEIMHEHUSMHU, CHUHTE3UpOBaBIIMMUCS B Ooraroii aTtmocdepe
Tutana. CnemyeT oOpaTuTh BHHMaHHE Ha KOJMYECTBO U KAYECTBEHHBIN COCTaB
MOBEPXHOCTHOW OPraHUKU. DTO MOJUMEPHI, KOTOpPhIE IMPH THAPOIHM3E CIIOCOOHBI TaBaTh
MHOTHE OMOJOTHYECKH-3HAUUMBbIE COETUHEHMS], B YACTHOCTH, AMMHOKHUCIIOTHI M1 OCHOBaHUS
HYKJIEMHOBBIX KHCJIOT, KapOOHOBBIE KUCIOTHI U Jpyrue. Bo3MoKHbIE MCTOYHHMKHU >KUIKOMN
BOJbl HAa NOBEPXHOCTU — KPUOBYJIKAHU3M M YyAApbl METEOPHUTOB, KOTOPBIE CIIyXaT
CBA3YIOIIUM 3BEHOM MEKJIY BHYTPEHHUM TEIUIBIM (110 CpPaBHEHHMIO C TEMIIEpaTypod Ha
MOBEPXHOCTH) OKEAHOM M XOJIOJIHOM, HO XUMUYECKH OYEHb aKTUBHOM, aTMOC(HEPOH.

[ToTennuanbHO OOMTaeMble MUPBI MOXXHO OOHApY>KMTh M BO BHEIIHUX 00JACTIX
ConneuHoii cucremsbl, 3a opOutoit Carypna. Hampumep, rmyOuHa mOIETHOTO OKeaHa
Tputona w™oxer pgocturath 190 kM. Ha mnoBepxHOCTH 3a(UKCHPOBAHBI  CIIEBI
KPUOBYJIKAHUYECKOW aKTUBHOCTH.

Jlaxxe HEKOTOpBIE Tella U3 Mosca aCTEPOUIOB MOIJIM UMETh BHYTPEHHHE OKeaHbl. B
KauecTBe Npumepa MOxHO paccmoTperb Llepepy. Ilpu amamerpe okono 950 km ILlepepa
SBIISICTCSI KPYTTHEHIIUM M HanboJsiee MacCUBHBIM TeJIOM B mosice acteponsioB. Cheprueckas
(dopMa KapiIuMKOBOH IIaHETHI U €€ IUIOTHOCTh T'OBOPST O TOM, YTO OHAa HMMEET B CBOEM

coctaBe ot 17 no 30% BomHoro npaa mo macce u e€ Hemapa auddepeHnupoBanbl. JIED
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OoOHapy»eH M Ha IMOBEPXHOCTH IUIAHETOWJA, HapsiAy C MHOYKECTBOM THIPATHPOBAHHBIX,
[JIMHUCTBIX MHHEpaioB, KapOOHAaTOB W OpPraHMYECKUX COEAMHEHHH. SIpkue nsATHa Ha
CHMMKaxX TEHEBOW CTOPOHBI OKAa3aJIUCh 3aMEP3LIMMHU O3€paMH Ha JHE KpaTepos,
00pa30BaHHBIX B PE3YJIbTATE MAJCHNUS METEOPUTOB.

BHyTpeHHHE OKeaHbI JeNSIHBIX CITyTHUKOB TUIAHET-TUTAHTOB MOTYT OBITH IIUPOKO
pacrpoCTpaHEeHbl BO BHECOJIHEYHBIX IIAaHETAPHBIX CUCTEMAX, YTO 3HAYUTEIBHO PACIIUPSET

30HY 00MTaeEMOCTH B JIFO00I 3BE3JIHOM CUCTEME.

MHUKPOOPTAHU3MbI, CHOCOBHBIE K BOCCTAHOBJIEHUIO KEJIE3A B
XO0JIOJJTHOHM YKOCHUCTEME O3EPA BAUKAI

3axapiok A.I'., Lllep6akoBa B.A.
UBDM PAH, Ilywuno, Mockoseckas obx., Poccus

Keneso — oAMH W3 TJIABHBIX OHMOTEHHBIX JJIEMEHTOB. OTO  CaMbIi
pacripocTpaHeHHBIH U3 BceX d-3JeMEHTOB METalll B 3eMHOM Kope. B cBOOOIHOM coCTOSIHMM
JKeJne30 OOHapyKEHO TONbKO B MeTeopuTax. M3BectHo okono 300 xkene3ocomepikamux
MUHEpAJIOB, HauOOJIee YaCcTO BCTPEUAIOIIUMHUCS W3 KOTOPBIX sABISAIOTCS MarHeTut (Fe;Oy),
rematut (Fe;0s), cupepur (FeCOs;), mupur (FeS,) u deppurnapur (FesHOgx4H,0O). Ha
CETOAHSIIHUNA JCHb MHKPOOHOJOTaMHU OIKCAaH TIONHBIM OWMOTEHHBIM LMK IKelesa,
OCYILECTBIIIEMBIA MHKPOOPraHM3MaMH pPa3HbIX (UIUOJOTHUECKUX MU (PUIOTCHETHUECKUX
rpynn. CrenaHo MHOTO MPUHIMIHMAIBHO BaXKHBIX OTKPBITHH, CHOCOOCTBYIOLIMX MOHHUMAO
poun xene3oBoccTanaBuBaronux oakrepuit (JKBB) B mpupoHbIX MUKPOOHBIX COOOIIECTBAX
SKCTPEMAJIbHBIX AKOCHUCTEM, B TOM YHCIIE M HHM3KOTEMIIEpaTypHbIX. TemmepaTypa — 3TO
BOKHEHIINN (PaKTOp CYyLIECTBOBAHMS KHM3HH, TOCKOJIBKY OT HEE 3aBHCUT HAIMYHE KHUIKOU
BOJIbI. MUKPOOPraHU3MBI CIIOCOOHBI PaCTH M PasMHOKAThCA TIpH Temieparypax ot —15 °C mo
+122 °C. IIpucnocoOieHHble K HHU3KAM TEMIIEPATYPaM IPOCThIE KM3HEHHBIE (OPMBI H
MUKpPOOHBIE cOOOLIECTBa XapaKTEPU3YIOTCS KpailHe HU3KUMU TPeOOBaHUSIMH K SHEPTUH s
NoJJIepKaHus POCTa.

OOBEKTOM HaIlMX MCCIICAOBAHHUM ABISUIMCH JOHHBIE ocaiku o3epa baiikan. baiikan
— 03ep0 TEKTOHUYECKOrO IMPOUCXOXKIACHHS B IOKHOW wacth Bocrtounoit Cubupu, camoe
rry0okoe o3epo Ha riaHeTe. CoBpeMeHHOE 3HaUeHHE MaKCUMaTbHOU TTyOrHBI 03epa — 1642
M (Byxapos, 2001). Bonpoc o Bo3pacte baiikana ciemyer cuutath OTKPHITBIM. OOBIYHO B
auteparype npuBoautcs mudpa B 20-25 muH. net. OJHaKO MPUMEHEHHE pa3IMYHbIX METOJIOB
ornpezeneHus Bo3pacta gaet 3HaueHust oT 20-30 MUJUIMOHOB A0 HECKOJBKUX JECSITKOB THICSY

net. Ecnu nomycTuTh, 4TO BEpHA TPaJUIMOHHAs TOYKa 3peHus, To baiikaa MOXXHO CUMTATh
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U caMbIM JIpEBHUM o03€poM Ha 3emsie. OHO MOSBUJIOCH HA PaHHUX 3Talax CTAaHOBIICHUS
Ouocdepsl Ha HAIICH TUIAHETE W SBIISCTCS PEIMKTOBON 3KOCHUCTEMOW C MOCTOSHHO HHU3KOU
TIOJIOKHUTENLHON TEMIIEpaTypoii (t MOBEpXHOCTHBIX ciioeB — +8 °C, t ryOMHHBIX ciloeB — +4
°C). He WCKIIIOUCHO, YTO BBIJICIICHHBIE MHUKPOOPTAHU3MBI MOTYT OBITh IPEICTABUTEISIMHE
JPEBHUX BUJIOB MPOKAPUOT, CIIOCOOHBIX K JIUTOTPO(GHOMY POCTY NMPHU HU3KUX TEMIIepaTypax
U, TEOPETUYECKH, BXOJAUTh B COCTaB MUKPOOHBIX COOOIIECTB FK30IIJIaHET KPUOTEHHOTO THIIA.
B pesynbrare anuTenbHOW WHKyOauuu MpoO AOHHBIX OTIOXKeHUi o3. baiikan B
temuore npu 5, 15 u 20 °C ¢ murparom Fe(Il), B kauecTBe akienropa 3JICKTPOHOB, U
¢opMuaToM, B KayecTBE JIOHOpa »DJEKTPOHOB, HAaMH ObUIO IOJyYEHO HECKOJBKO
HakonuTeNbHbIX KyJdbTyp JKBB. JleTanbHblil aHaIM3 aKTUBHOCTEW HAKOMHUTEIbHBIX KYJIbTYP
M0Ka3aj, 4TO y MHKPOOHOTO COOOIIECTBA OJHOM HAKOMHMTENBHON KyiabTypsl mpu 15 °C
BoccraHoBnenue Fe(Ill) sBmsmock Qopmoil aHa’pOOHOTrO JBIXaHUS COMNPSIKEHHOTO C
okucinenueM d¢opmuara. JlanHas HakomuTenbHas KynbTypa JXBB mnpencraBnsima st Hac
0COOBIi WHTEepec W ObuTa BbIOpaHa NJisl MadbHEHUIIUX IKCIepuMEHTOB. [loceB Ha TBepayrO
cpely B aHa’pOOHBIX YCIOBHSIX MO3BOJHII MOJYYUTh OTAETbHBIC MENKHE KOJIOHHUU YEPHOTO
nBeTa. B pe3ynpTare nepeHoca OTAENbHBIX KOJOHUH B JKUAKYIO Cpelly TOTO K€ COoCTaBa, Oblia
nosydeHa yuctas Kynbrypa JKBB — mrTamm Bkll. Knerkm mramma mpencrasiensr 1(-)
noaBwkHbIME Taoukamu (0.5-0.6 x 2.0-4.0 mxm). C jakratoM B KayecTBE JIOHOpa
JJIEKTPOHOB,  BBIIEJICHHBIH  MUKPOOPTaHM3M  OBLI ~ CIOCOOEH  BOCCTaHABIIMBATH
cnabokpucramnyeckuit okcua Fe(Ill) (ananor npupoanoro ¢eppuruaputa), uurpar Fe(Ill) u
xuHOH (AQDS). Uepes nBa mMecsna KyJIbTHBHPOBaHUS 00pa3zoBbiBasiock 10 6 MM Fe(Il), uro
coctasisiio 6onee 50% ot HayanbHOM KoHIeHTpauuu Fe(Ill) B cpene. KonuenTpanus kierok

[ITAMMa [IPU 9TOM YBeIHunBanack B 4 pasa (ot 6.8x10° xo 28x10° x/mi) (puc. 1).
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Pucynok 1. AHa’poOHOE BOCCTAaHOBJIEHHE pPACTBOPUMBIX M HEPACTBOPUMBIX
coequnenuii Fe(Ill) 1 AQDS u yBenunueHue 4yucia KIETOK B npouecce pocta mramma Bkll B
teyenue 60 cyrok mpu 15°C.
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@uUIOreHeTUYECKUN aHaIU3 MOJyYEHHON HYKJIEOTHUIHOW IOCIEN0BATEIBHOCTH TeHA
16S pPHK mramma Bkll BbIIBHII, 4TO M30MSAT NMPUHAUICKUAT K poxy Pelosinus, cemeicTBa
Sporomusaceae, ¢unyma Firmicutes. Ero OmmwkalliuM poJCTBEHHUKOM sBIsUICS P.
fermentans (99.17% cxonctBa) (Shelobolina et al., 2007). Ha cerognsimHuii 1eHb OMKCAHO
BCEro TpU BUJA poaa Pelosinus, BbIAEIEHHBIX U3 PAa3JIMYHBIX MPUPOIHBIX U aHTPOIIOTEHHBIX
MECT, PACTOJOKEHHBIX B pa3HbIX cTpaHax (Moe et al., 2012). Bce Buasl manHoro poja
CIopooOpasyronme aHa’dpoObl, CHOCOOHBIE BOCCTAaHABIMBATH PACTBOPUMBIC KOMILIEKCHI
Fe(Ill) mpu nanuuuu B cpene cOpakmBaeMoro cyoctpara. Kak u apyrue ¢pepMeHTaTUBHBIC
OaxTepuu, OHU UCIOJIB3YIOT TPEXBAJIEHTHOE JKEJI€30 JIsl CTOKA 3JIEKTPOHOB.

JlanpHeiiee n3ydeHue BbICICHHOW HaMU YuCTOM Ky abTyphl JKBb mo3Bonut 60mee
MOJTHO CKa3aTh O €€ (PU3MONIOTUYECKUX OCOOEHHOCTSAX, CTPATETUSAX aJanTallii K HHU3KUM
TEMIepaTypaM U POJIM B KEJIE30BOCCTAHABIUBAIOIIEM MHUKPOOHOM COOOIIECTBE XOJIOJHBIX
sKocucTeM. YeM OoJiblie Mbl 3HaeM 00 SKCTpeMo(puiIax U CI0KHEHIINX YCIOBUIX, B KOTOPBIX
OHM CTIOCOOHBI CYIIECTBOBaTh Ha 3emile, TEM BbILIE OIICHMBAEM IIIAHCHI HAWTH XHU3Hb Ha

APYyrux o0bekTax CorHeyHOH CHUCTCMBI, B 0COOEHHOCTH Ha CIIYTHUKAaX BHCUIHUX IIJIAHCT.
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I'MIOJIMTHBIE MUKPOBHBIE COOBHIECTBA I1OYB
N ITOYBOIIOJOBHBIX TEJI OA3UCOB BOCTOYHOU AHTAPKTH/bI

Sxkymen A.B.l, Couna B.C.l, ®enopos-/laBb110B II.F.Z, Mepresios H.C.?

I@akyﬂbmem nousogedenuss MI'Y, Mockea, Poccus
UoXubIIIl PAH, Iywuno, Mockosckas oba., Poccus
SUT PAH, Mockea, Poccus

Ha cBoOoaHBIX 0TO JbAa TPHOPEKHBIX TEPPUTOPHUSX BoCTOUuHON AHTApPKTHUIIBI
BO3HUKIM  yHUKaJdbHbIE  JaHAMAPTH, HA3bIBAEMbIE  AHTAPKTHUYECKMMH  Oa3HCaMHU.
OKCTpeMalbHbIE KJIMMaTHUECKHUE YCIOBUS IPUBEIIN K ITOYTH ITOJIHOMY OTCYTCTBUIO PAacTEHUN

KpOMe MOXO0OOpPa3HBIX M KPYIHBIX OECIIO3BOHOYHBIX KMBOTHBIX (Me30(ayHa), 4TO B CBOIO
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ouepeb 00yCIIOBIIIO TOMUHUPOBAHHE MUKPOOHBIX OMOTIIEHOK KaK Ha TOBEPXHOCTH, TaK U Ha
rIyOrMHE 10 HECKOJIBKUX CAHTUMETPOB (THIOJUTHBIE COOOIIECTBA), T/I€ YCIOBUS IS KU3HU
MHUKPOOPTaHU3MOB MEHEE IKCTPEMalIbHbIE, YEM Ha IIOBEPXHOCTH. DTO OMOIIEHKU UHTEPECHBI
TEM, YTO SBJISIOTCS aHAJIOTAMH JIPEBHUX OMOIICHOK, CYIIECTBOBABIINX Ha CyIIE B MEPHOJ 10
MacCOBOI'0 PACIPOCTPAHEHUsI CyXOIMYTHBIX OE€CIIO3BOHOYHBIX JKUBOTHBIX U pacTeHui. Llenpio
UCCIIEIOBaHUsL  ObUIO  CPAaBHUTh  THUIOJMUTHBIE MHKpPOOHBIE COOOINECTBA IOYB MU
HOYBOIMOJOOHBIX Teld 0a3ucoB BoCTOUYHOM AHTApKTHABI C AHAJIOTMYHBIMU MHUKPOOHBIMU
cooOmIecTBaMU YMEPEHHON NPUPOJHOM 30HBI - OMOIUIEHKAMH HA TOBEPXHOCTH OOBIYHBIX
no4B: TOpQsHON, ypOaHO3EMa M BBIBETPEIIBIX CTEHOK MOYBEHHBIX JTU3UMETPOB [l0YBEeHHOTO
craitmoHapa MI'Y Ha BopoObeBbix ropax. HMcciemoBaHue NpOBOAWIOCH HAa TEPPUTOPUHU
oazuca XosMbl JlapcemanH 3emim mnpuHueccel EmnmsaBers! (3anmuB Ilproac, Bocrtounas
AHTapkTuaa). MeCTHOCTh  NpPEACTaBIsCT COOOH CBOOOJHYIO OTO JIbAAa XOJMHCTYIO
TEPPUTOPHIO IIIOMIAABI0 OKOTO 50 KM, KOTOpas TiIyOGOKO pacdlIeHeHa JIeJHUKOBBIMH
JoJarHaMu. M3yyanucek Kproconu co ¢1abo pa3BUTBIMU THIIOJIUTHBIMUA OPraHOMHHEPAIbHBIMU
TOpPU30HTaMH, PACIIONOKEHHbBIE BO BIAXKHBIX JosnHax oasuca (Mergelov et al., 2020). Tak e
UCCJIEA0BaHNs NPOBOAWINCH Ha TeppuTopun oasuca lllupmaxepa — pailoHa B LEHTPAIBLHOU
yactu bepera [Ipunneccsr Actpun, 3emis Koponessl Mona. MecTHOCTh npeacTaBiisieT co0oit
MEJIKOCOIIOYHUK C XOJIMaMHU pa3feleHHbIMHU JIO)KOMHAMHU, B KOTOPBIX PpacIOararoTcs
MHOTIOYMCIIeHHbIe 03€pa. M3yuanuce TMIOIUTHBIE COOOIECTBA IMOYB PACIOJIOKEHHBIX I10
6eperam o3epa YepHoro.

beul  mpoBeneH 6-1€THHH TOJEBOM OSKCIEPUMEHT 10 M3YUYEHHUIO Pa3BUTHSA
MUKPOOPTraHU3MOB B THIIOJIMTHBIX TOPU30HTAX I Situ C TIOMOIIBIO MOJEPHU3MPOBAHHOIO
MeToAa IUTacTHHOK obpacranus Poccu-Xomomnoro (Sxymes, beos, 2009, Tumodeena
SAxymen, 2018). CrepuibHble mpeameTHble crekna (75 X 25 MM) SKCHOHUPOBAINCH B
BEPTUKAJIBHOM I0JIO)KEHNU HEMOCPEACTBEHHO 0] TIOBEPXHOCTHIO B TMIIOJIMTHBIX TOPU30HTAX
nouB ¢ Mapra 2010 r. mo mapt 2016 t. (Mergelov et al., 2020). Merox ocHOBaH Ha
CHOCOOHOCTH MUKPOOHBIX KJIETOK aAre€3UpOBaThCs K HUHEPTHBIM IIOBEPXHOCTSAM M Pa3BUBATHCS
B IPHUKPEIUIEHHOM COCTOSHMM Ha TpaHULE XHUIKOM M TBepAod (a3, rae KOHLEHTpaius
MUTATEeNBHBIX BEIIECTB MOBBINIEHA 3a cueT anacopommm (Axymes, 2014). B runomutaHoM
TOPU30HTE CTEKJIO IMO3BOJIMJIO HMUTUPOBAaTh MPUKPEIUIEHME MHUKPOOPIaHHU3MOB K
HOJYIPO3pauHbIM 3€pHAM KBapla M IPOLECC KOJOHU3ALUM MHUKPOOPraHU3MaMH HOBBIX
MHUHEpaJIbHBIX MOBEpXHOCTeH. Ilo OKOHYAaHUM MepHoAa SKCIOHUPOBAHMS CTEKJIAa aKKypaTHO
U3bIMaJIM W3 TUIOJUTHBIX TOPH30HTOB, HE JOMYyCKas CKOJB3SIIMX JBWKCHUH, 4TOOBI HE
CUMCTUTH OOpacTaHMsi co cTekia. [locie 3Toro IIacTMHKM 3aMOpaXUBalu 10 IMEpeiayvu B

1a00paToOpHIO, a 3aTeM BBICYIIUBAIU. MUKpOOHBIE 0OpacTaHUsl HMCCIIEIOBAIUCH C TIOMOIIBIO
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cBeTOBOW Oe3aptudaktHOi MuKpockonmu (cBeT mo Kemnepy) ¢ dorodukcanueir xapTHH
obpacranus Ha nmudppyw kamepy “DCM-510". MopdomeTprueckue u3MepeHuss MUKPOOHBIX
KJIETOK OBUTM  BBIOJIHEHBI C  HUCHOJb30BaHWMEM mporpammbl  ScopePhoto  v3.1

(http://www.scopetek.com/).

B xoze moneBoro 3kcnepuMenTa ObITo yCTaHOBIIEHO:

1. MukpoopraHu3Mbpl THIIOJHUTHOTO cooOmecTBa (IMaHOOAKTEpHH, TPUOBI C
CEeNTHPOBAaHHBIM M HECENTUPOBAaHHBIM (Mucoromycota) MuueaneMm, APOXIKU, 3€NEHBIE U
JMaTOMOBBIE  BOJOPOCIH,  TIeTepoTpodHBIE  OAHOKIETOYHBIE  OAKTEpUH)  YCIEIIHO
KOJIOHM3MPOBAJIM 3a 6 JIeT HOBBIE MUHEpalbHbIE MOBEpXHOCTU. [lo Bcel BUAMMOCTH,
CKOPOCTHM MHKPOOHOTO pOCTa W KOJIOHM3AMM HAMHOTO OOJibllleé M KOJIOHU3alus HOBOM
MUHEPATBHON MOBEPXHOCTH BO3MO’KHA 32 OJIMH TEIUIbIN CE30H, TaK KaK 4acTO Ha IJIACTUHKAX
npeo0iajaiM  OTMHUpAIOUIME W TEepexXoAsdlle B  MOKOALIYIOCS  CTaaui0  KJIETKH
MHUKPOOPTaHU3MOB, YTO O3HAYACT: KAXKABI HOBBIM TEIUIBIN CE30H MPOMCXOTUT OOHOBIICHUE
MUKpOOHOUW Omomacchl. [Iporieccy oOHOBIEHUST MHUKPOOHOM OHMOMAcChl CHOCOOCTBYIOT W
MOYBEHHBbIE JKUBOTHBIC, HAWJCHHbIE Ha IUIACTUHKAaX oOOpacTaHus: PaKOBUHHBIE aMEOBI,
HEMAaTo/bl U TAHLIMPHBIC KIICIH.

2. HecmoTpst Ha oJTMH CPOK 0TOOpa 00pa3ioB (MapT), MUKPOOHBIE KOMILIEKCHI (CYIs
mo Mop¢oJIoTHH TPUOOB W HHUTYATHIX ITMAHOOAKTEPHI) HAXOIWINCh Ha Pa3HBIX CTaIUAX
pPa3BUTHA: HA OJHUX POCT TOJBKO HAYMHAJICSA, HA IPYTHMX ObLIO MHOXKECTBO BEreTHUPYIOIIHUX
KJIETOK, Ha TpeThUX Mpeodiamano oOpa3oBaHHE MOKOAMIMXCA CTPYKTyp. IlomoOHas
reTePOXPOHHOCTH THIIOJIUTHBIX COOOIIECTB B YCIOBHSIX aHTAPKTUYECKUX OA3MCOB CBSI3aHA C
pa3HBIM BPEMEHEM JOCTH)KEHHUS OJaronpHsATHOW TEMIIEPaTypbl U BIAXXHOCTH B PAa3IMYHBIX
MHUKPOJIOKYyCaX.

3.Cpenu ¢oroaBToTpodoB Mpeodiaanany TUOUYHBIE IBpUOHOHTHbIE (Phormidium
sp.) u onmnutHele poabl (Calothrix, Scytonema, Nostoc, Gloeocapsa, Stigonema)
uaHoOakTepuii  (SIBISIFOIIMXCST  (POTOOMOHTAMH JIMIIAWHHWKOB), a TaK e 3CIEHBIX U
JMAaTOMOBBIX BOJIOPOCIJIEH, OJHAKO MaKCUMyM HMX OOWIMs ObLT HE y CaMOil MOBEPXHOCTU
MOYBHI, & B IICHTPAIbHON YaCTH CTEKJIa 00OpacTaHus, YTO YKa3bIBaeT Ha MEPEXO] SMUIUTHBIX
BUA0B (OTOTPO(OB K THIOIUTHOMY CYIIECTBOBAHUIO, TJI€ YCIOBHS IS )KU3HHU JIyYIle.

4. Jlarexo HE BO BCEX BapHaHTaX Mpeodsiagany uanobakTepun cpeau GoTtorpodos:
gacTto (oropodHBI OJIOK MPEACTABIST COOOM aCCOIMAIIMI0 OJHOKJIETOYHBIX M HHUTYATHIX
3eNEHBIX BOJIOPOCIEi 6e3 mpuMecH ITUaHOOaKTePHIA.

5. Knerkn nmanoOGakTepuil U BoJIOpoOCiei, TpuOOB OB OKpAalleHBI 3allUTHBIMH
NUTMEHTaMHU B OYpO-OJIMBKOBBIN, KOPUYHEBBIH U KPACHBIN LBETA Ui 3AIIUTHI OT COJIHEYHOM

paguaumu. llnaHoGakTepuu MPEeUMYLIECTBEHHO HUTYAThle U TE€TEPOLIUCTHBIE, TaK KaK B
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YCIIOBHSX TMOJISIPHOTO JIeTa a30T(HKCANNs B HETETEPOLUMCTHBIX (OpMax HE BO3MOXKHA M3-32
OTCYTCTBHSI TEMHOTO BPEMEHHU CYTOK.

6. I'puObI 1 retepoTpodHbIe OAKTEPUU CTPOTO MPUYPOUYCHBI K OMOTIIEHKAM, TITy0xKe
WX HET, TaK KaK HET XKHUBOTHBIX 3apBIBAIOIINX BIIIyOb MOYBBI OPTaHUYECKUE OCTATKU TPHU
CBOEM JIBIDKEHHH U HET KOPHEH, KOTOPHIE MPOHUKAIOT BIITyOb ITOYBHI.

7. Bomopocium W 1MaHOOAKTepuu - OHWOIMIEHKOOOpa3oBaTeNM C OOWIBHBIM
BHEKJICTOYHBIM TOJIUCAXapUIHBIM MaTpPUKCOM (B TOM 4YHCIE M Kamlcylamu) o00pa3yioT
KOMITaKTHBIE IIAPOBUIHBIE MUKPOKOJIOHUH M HE 00pa3yIoT NMPOTSHKEHHBIX OMOIIIEHOK Jaxe 3a
6 JIET SKCIO3UIMU TUIACTHHOK 0OpacTaHusi. DTO MOKET CBUICTEIHCTBOBATh O HEBBITOJHOCTH
OpraHMU3aIK MPOTSHKEHHBIX KOJOHUN B YCJIOBUSAX THIOJUTHBIX COOOIIECTB MOYB U I'PYHTOB
AHTApKTUYECKUX 0a3ucoB. TeM Ooiee 4TO 4YacTO OCHOBY OWOIUIIEHOK COCTAaBJISUIM POIbI
MaHo0akTepuii, GOpMHUPYIOIINE TTOABIKHBIC TSKU I JJMATOMOBBIE BOJIOPOCIIH, CIIOCOOHBIE
K JABIDKEHHIO.

8. OTcyTCTBYeT MMIEIUNA aKTUMHOMUIIETOB, KOTOpBIM, KaK TMpPaBUIIO, AKTHUBHO
pa3BUBAETCA B CyXHe MEPHOJbl B OOBIUHBIX MouBaX. [leproapl MpoChIXaHHs TIOYB CIUIIKOM
KOPOTKH, TUOO COYETaHWE HU3KUX TEMIIEPATyp U CYXOCTH HE MO3BOJSET aKTMHOMMIETaM
Pa3BUTh MOIIHBIN MULICIIHA.

9. I'pubHOM MuULIETUH MOXET ObITh OYeHBh OOWJICH Ha IJIACTUHKAX oOpacTaHus, HO
pa3HooOpa3ue rpuboB KpaitHe HU3K0. Kak mpaBuiio, TOMUHUPYET OAWH MOPGOTHIT MUIICIIHS,
HET JOaxe pa3HooOpasus (opM TpUOHBIX CHOp, KOTOPOE MOTJO CBUIETENHLCTBOBATH O
NOTEHIMAJIBLHOM BUAOBOM pa3zHooOpa3uu. Bo3MokHO, pa3BUTHE YacTU TPUOOB MPOUCXOTUT
U3 MPOPOCHINX COPEANN JTHUIIAHHUKOB, HOO MOXOBO-JIHIIAHUKOBBIC aCCOIMAIUH SBIISIOTCS
JIPYTUMH JOMMHAHTaMU MCCIIEIOBAHHBIX TEPPUTOPHUHL.

10. JIns rpubOB xapakTepeH Mapa3uTU3M HAa HUTYATHIX LIMAHOOAKTEPUSX M MXax,
OPOSIBIAIONINICS B TNPOHUKHOBEHWH TU( B KUBBIE KIETKH (POTOTpOodoB. DTO sBICHHE
BBI3BAaHO JIE(DUIIUTOM pa3Iararoliuxcs OPraHUYECKUX OCTATKOB B IOYBE - OCHOBHOW ITHIIH
rpuboB.

11. OnHokeTo4YHbIE 3eJEHBIE BOJOPOCIH LIEJICHANPABICHHO aATre3UPYIOTCS BIOJb
rpuOHBIX TU(, YTO HE XapaKTEPHO JUIsl MOYB T'YMHIHBIX PErHOHOB. BHINMO B yCIIOBHSX
THITOJIATHBIX COOOIIECTB BOJOPOCIH TTOIYYaIOT OT TPHOOB KaKHE-TO MUTATEIBHBIC BEIIECTBA.

12. CymiecTByeT 7 OCHOBHBIX THIa OOpacTaHUH, KOTOPhIE MOKHO PACIOJIOXKHTH B
pSA 10 Mepe YMEHBIICHHs SKCTpEMalbHOCTH MecTtoobOuTanus: 1. Her oOpacranus - cyxue
KaMEHHUCThIC TycTomu; 2. Equandnbie r1o0yisl (IIapoBUIHBIE KOJIOHUU B MOJIMCAXapUIHOM
BHEKJIETOYHOM MAaTpPUKCE) OJHOTO BHJA ITMAHOOAKTEpHii, Ja)Ke€ HE BHIpocIIve 3a 6 JeT Ha

CTeKJe, a CilIy4allHO [pWIMIIIMEe K CTeKIy U3 [puieratomiero cyocrtpara; 2.
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MoHOJOMHHUPOBaHHE OAHOW IMaHoOakrepuu; 3. OOwiIbHOE oOpacTaHWe ¢ HEOOJIBIIHM
pa3HOOOpa3uM ITMAaHOOAKTEPHI C MPUMEChIO IHUaTOMEed W 3elEHBIX BOJOPOCICH U, 4YacTo,
OOUJILHBIM TPUOHBIM MUIEIUEM — BHAMMO, 3TO JHUIIA BIAXHBIX JOJUH, TJIe IEPUOANYECKU
tedeT Boaa; 4. PasHooOpasHble coolumiecTBa MOJ MXaMu (€CThb MPOTOHEMA, PU3OHIBI U
BETOUKHM JIUCTOCTEOENBbHBIX MXOB) WIM II€YEHOYHHKAMH C OOJBIIMM pa3HOOoOpa3zueM
MHUKPOOPTaHHU3MOB: JTHATOMEH, IMaHoOakTepuu, Tpubel u T.4.; S. U3 doroTpodos
BCTPEUAIOTCS TOJBKO KpPYIHBIE OJMBKOBBIE OJJHOKJIETOYHBIE 3€NIEHBIE BOJIOPOCIH (BO3MOMXKHO
KENTO-3€JICHbIC), HUTUAThIC 3eNEHbIe, TPUO (Kak MpaBWiio, OAUH BHI) U Mxu; 6. OOpacTanue
COCTOUT TOJBKO U3 TeTepoTpooB - TpulbkI, OakTepuu. BeTpeuatorest octanku MxoB. Bunumo
B MIOCJICIHEM BapUAHTE B MOIIHBIX MMOAYIIKAX MXH 3aTCHSIOT BOJIOPOCIIEH U IIHaHOOAKTEPU.
PaGora Obina moanepskana rpantom MI'Y umenu M.B.JIoMoHOCOBA 11 TOAAEPKKI
BelyIIMX Hay4dHbIX IKOJI MI'Y «/leno3urapuil )kuBbIX cucteM MOCKOBCKOIO YHUBEPCUTETA

B pamkax IIporpammel passutus MI'Y.
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I'MIIOBN O3 OJHOKJIETOYHBIX 3YKAPHUOT:
MEXAHUW3MBbI U CIIEHUDPUKA
B KOHTEKCTE ACTPOBAOJIOTMYECKUX UCCJEIOBAHUI

Manasun C.A., llImakosa JI.A.
HUDXubIIll PAH, I[Iywuno, Mockoseckas o6i., Poccus

VYcnoBust GoJblIeii YyacTW BCENIEHHONW HECOBMECTUMBI C TEM, YTO MBI NPHUBBIKIU
Ha3bIBaTh KHU3HBIO. CyIIECTBOBAHME MOAXOASILUX AJI JKU3HU YCJIOBUH IpEArnosiaraercs B
CounHe4HOM cucTeMe B HACTOSIIEE BPEMs JIMILb JJIs [TOJI3EMHBIX 30H HEKOTOPBIX IJIAHET U UX
cnyTHUKOB (Mapc, Duuenan, EBpomna), a Takke B IMPOILIOM JAJs MOBepXxHOCTH Mapca. Jlaxe

Ha 3emie 3HAYWTEIbHAs 4YacTb KU3HHU CYHmICCTBYCT B YCIOBUAX, IMMPCANOJIararommux

79



peryiisipHoe 3aMmemiieHne MeTtadbonuzMa (rurnodmos). OpraHusmbl K€, KOTOpbIE MOTJIHA ObI
obuTath B HacTOsIIEee BpeMs Ha Apyrux Tenax CoMHEYHON CHCTEeMbl, — JTM00 MOTJIA ObI OBITH
YCHEIIHO TMEPeHEeCeHbl ¢ 3eMM WIM Ha 3eMJII0 — OYEBHUIHO JOJDKHBI 007anaTh
CIIOCOOHOCTBIO K THITIOOMO3Y.

B KkoHTeKkcTe acTpOoOMOJOTHYECKOW TEMATHKH OCHOBHOE BHUMAHHE YIENSETCS
W3YYEHUI0O THOCpHAIIMM  MJICKONMUTAOIMX W TOKosSmMMcs  dopMaM  OaKTepHid.
MrnekonuTaronue npeCcTaBIsIioT co00l MOJEbh YeI0BeKa, U MOTHBAIUEH JJIS MX U3YYECHUS
CIIy>)KUT HEOOXOJUMOCTh T'HOEpHAIMM »JKUNaXa INpU JUIMTENbHBIX (JonblIe 2-3 JIeT)
nepenerax. bakTepuu ke HMHTEpeCHBI Kak HambOoyiee BEPOATHBIH KOMIIOHEHT BHE3EMHBIX
9KOCUCTEM, a TaKXKe IOTEHUHUAIbHbIE MEXKIUIAaHETHbIE KOHTAMHUHAHTHL. TakuMm oOpa3om,
HaubOosee TMPUCTAIBHOE BHUMAHHUE YJIEISIeTCS CaMbIM TPOCTBIM M CaMbBIM  CJIOXHO
OpPTraHU30BaHHBIM OpraHu3MaM. JIWIIb HECKOJBKO SKCIEPUMEHTOB OBLTM HaIpaBiICHbI Ha
U3y4YeHHE YCTOMUYMBOCTH TOKOSIIUXCS (POPM HEKOTOPHIX MHOTOKJIETOUHBIX M OJHOKJIETOYHBIX
(IIPOTUCTHI) FYKAPUOT K YCIOBHUSIM KOCMUYECKOM CTAaHIIUU U OTKPBITOTO KOCMOCA.

Mexanu3mbl runodro3a paboTalOT Ha Pa3HBIX YPOBHSAX OpraHU3allMU: KIETOYHOM,
TKaHEBOM, OpraHM3MEHHOM. YeM CJOXHee OpraHu3sM, TeM TpyJHEe BOCCTAHOBUTH
COTJIACOBAHHYIO Pa0OTy €ro CUCTEM JIaXKe TIOCJIe BOCCTAHOBIICHHUS KJIETOYHOTO MeTaboIn3Ma.
Y  OJHOKJIETOYHBIX OpPraHU3MOB 3Ta MpoOiemMa OTCYTCTBYET, M  HaOJoJlaeMble
JKCIIEPUMEHTANIBHO (P (EKThI, TAKUM 00pa3oM, MOKHO OJHO3HAYHO OTHECTHU K MPOSIBICHUAM
KJICTOYHBIX MEXaHM3MOB. BMecTe ¢ 3TUM, KIIeTKa OJJHOKJIETOUHOTO SBIISETCS OPTaHU3MOM CO
BCEMH NPUCYUIMMU €My (YHKLIHSMH, YTO TO3BOJIAET MCCIEAOBATh OTIOXKEHHBIE 3((EKTHI
rurnodnosa, HampuMmep, B paay nokosneHuil. Ilpu sToM kineTkn OakTepwii YCTPOCHBI MPOIIE,
YeM KJIETKM IPOTUCTOB; OHM HE 00JIaJat0T HU CII0)KHO OPraHM30BaHHOM cUCTeMOW MeMOpaH,
BKITIOYAIONIEH SIIPO, HU IIEHTPOM OpTaHU3aIUU MHUKPOTPYOOUYEK, HI MUTOXOHAPHUSMHU.

HecmoTpss Ha oueBHAHBIE YCIEXH B HM3YYCHMH OHOXMMHUYECKHX MEXaHU3MOB
HU3KOTEMIIEPAaTypHOTO M OCMOTHYECKOTO cTpecca, OMO(QU3MKK 3amep3aHusi, B pa3paboTke
TEXHOJIOTHI KPHOKOHCEpBAIMM KJIETOK, TKaHEW, OpraHOB U 3apObIIICH, MHOTHE AaCIHEeKThI
OCTalOTCS HEIOCTATOYHO HM3YyUYEHHBIMU. Tak, OTKPBHIT BOMPOC O COXPAHEHUU AKTUBHOCTHU
OonbIIMHCTBA (EPMEHTOB B TPOLIECCE 3aMOPAXKHBAHUA-OTTAMBAHUSA, HE OIPEIEIICHBI
npefensl  OOpaTHMOTO TOBPEXKICHHS BHYTPUKICTOYHBIX MEMOpaH ¥ IIUTOCKENeTa
MUKPOKPHUCTAJUIaMHU JIbJ]Ja U B MpoIlecce BUTPU(PHUKAIIUN, HEU3BECTHA CKOPOCTh Jerpajaluu
MaKpOMOJEKYJ TOJl BIUSHUEM (POHOBOTO HOHU3HUPYIOIMIETO H3NydeHus. OIHOKIETOYHBIE
OYKApHOTHl SBISIOTCS XOPOIIMMH MOJAETBHBIMH OOBEKTaMU il  MOJ00HOro  poja

HUCCJIENOBAHMNIM.
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B pamkax mnpoOiemMpl MEXKIUIAHETHOW KOHTAMHUHAIIMM pPAcCMAaTPUBACTCS JIBA
HaIpaBJICHUs: MPAMOE (3aHOC Ha HEOECHBIC TeJla KMBBIX OPTaHU3MOB C 3eMJIM) U 0OpaTHOE
(3aHOC Ha 3emIlt0 BHE3E€MHOM Xu3HHU). B kauecTBe Hanbosee BOZMOXKHBIX KOHTAMUHAHTOB B
000MX CiIy4asX paccMaTpHBAIOTCS OaKTepuu, KaK OpraHu3Mbl, oOjamaromue Hawnbolee
NIHPOKUM (DU3HOJIOTHIESCKIM PEIIePTyapoM U CIIEKTPOM YCTOMUMBOCTH. OJTHAKO MOKOSIIIAECS
CTaAUM MHOTHUX OJHOKJIETOYHBIX W MHOTOKJIETOYHBIX 3YKAPUOTUYECKUX OPraHu3MOB
00Ja1al0T HE MEHee BMEUATIISIIONICH yCTOWYMBOCTHIO K PA3HOTO pojAa HEOIaromnpusATHBIM
BO3JICHCTBUAM U, OJIarofapsi MUKPOCKOIIMYECKUM pa3MepaM, TaKKe MOTYT ObITh 3aHECEHBI Ha
JpyTHE TUIaHeThl. MHOTHE BUJIBI IPOTUCTOB SBJISIFOTCS (DaKyIbTATHBHBIMU MU OOJTUTAaTHBIMH
aHa’pobaMu M, TMO-BUIMMOMY, MOTYT OCTaBaTbCid (UIMOJIOTMYECKH AaKTUBHBIMU TpU
OTpUIIATENFHBIX TeMIepaTypax B HAIUYMHU KUAKOW BOABI (HampuMmep, B THIEPCOJICHBIX
BojioeMax). B ciydae Hanmwuus, Hampumep, MOJ IMOBEPXHOCThIO Mapca akTHBHBIX (opM
JKU3HU, AHAJOTUYIHBIX 3€MHBIM OaKTepHsM, IOMABINHAE TyJa 3E€MHBIC IPOTHUCTBI MOTYT
BCTPOUTHCS B IKOCUCTEMY .

Uro kacaercs o0OpaTHOW KOHTaMUHAIIMU, JTOT CIEHApuUi, B JaHHOM Cly4ae,
NpeoiiaracT MOSBICHHE OYKAPHUOTHUYECKOTO  ypPOBHS  OpraHHW3allii  BHE  3EMIIH.
CoBpeMeHHBIE THUIIOTE3bI BOZHUKHOBEHHUS DYKAPUOT IMPEAIOJIAratoT, YTO 3TO COOBbITHE (WIIH
COOBITHSI) TPOM3ONLIM JO HACHIIICHUS 36MHOM aTtMoc(hepbl KHUCIOPOAOM, IOITOMY
MpearnogaraeMblii  O€CKUCIOPOIHBIN  XapakTep artMmochepbl Mapca TEOpeTHYECKH He
MPENITCTBYET BO3MOKHOCTH BO3HHUKHOBEHHS TaM (OPM KHU3HH, aHAIOTUYHBIX DYKApUOTaM.
Onnako BO BpeMs, Korja Ha 3emJiie, COTJIacHO OLIEHKaM, MOSIBUIUCH 3YKapHOThI, — OKOJIO 2
MJIpJI. JIET Ha3aJl — Ha TMOBEPXHOCTH Mapca, OMSTh-TaKh COTJIACHO OIEHKaM, YK€ OKOJIO
MUJTHAp/ia JIeT He ObUIo XKUAKOW BoJbl. Tem He MeHee, BO3MOXHOCTh 3BOJIOIUN BHE3EMHON
KU3HU [0 DYKapUOTHYECKOTO YPOBHS TOJHOCTHIO HCKJIIOYATh HENb3sl, TaK >K€ Kak W,

COOTBCTCTBCHHO, BO3MOXHOCTb OGp&THOﬁ MEXKILIaHETHOM KOHTaMHHAaIluu.
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Cexnus 4: OTPEJIEJIEHUE MTPEJIEJIOB U MEXAHMU3MOB BbDKUBAEMOCTH 3EMHbBIX OPTAHM3MOB
B DKCTPEMAJIBHBIX YCJIOBUAX OKPYXAFOIIEN CPE/IbI U KOCMOCA (M3YUYEHUE YCTOMYMBOCTHU
BUOJIOTMYECKUX CUCTEM K YCJIOBUSAM KOCMOCA; PE3VJIbTATBI DKCIIEPUMEHTOB HA HU3KUX
3EMHBIX OPBUTAX)

UCCJEJOBAHUE ®PATMEHTAIIAU JHK IO AEMCTBUEM TSXKEJIBIX
HMOHOB " ITPOTOHOB.

AJTynHOBa I/I.B.l’z, ITonsikoBa M.B.l’z, IIponuna I/I.B.z, Kapranos M.IO.I’Z,
HNno3zemuen K.O.3, Satoshi Kodaira*

Ir ‘HL] ®MBL] um.A.U.bypnazana ®PMBEA Poccuu, Mocksa, Poccus
* ®I'BHY HUHOIIT, Mockea, Poccus.
’ THI] P® UMBII PAH, Mockea, Poccus.
* National Institutes for Quantum and Radiological Science and Technology, Japan

Henpto kocMuyeckoro skcrnepuMeHTa «DEHHUKC) SBISETCS IOJYyYEHUE HOBBIX
JAHHBIX O BO3AEHCTBHM (PAKTOPOB KOCMUYECKOTO MPOCTPAHCTBA HA COCTOSIHUE TE€HETUYECKOTO
amnmapara U BbDKHBA€MOCTh BBICYIICHHBIX JUMQOIUTOB YEIOBEKa U KJIETOK KOCTHOTO MO3Ta
MBIIIK. AMITYJIBI C KJIIETKAMHU B TIEHAJIAX U YKJIQJKaX, CHA0)KEHHBIX TPEKOBBIMH JIE€TEKTOPAMH,
OBLTH pa3MEIleHbl B TPeX pa3HbIX MecTtax B repmernyHom orceke PC MKC: CM, MUM?2 u
CO-1. KoHTpoJbHBIE aMITyJIbI C KJIETKAMH ¥ HEOOXO0IMMOE KOJTUYECTBO TPEKOBBIX JICTEKTOPOB
OBLIM OCTaBJCHBI B YCIOBUSX JlabopaTopuu. bpio mokas3aHo, 4TO CTemneHb (parMeHTaluu
JHK 3aBucutr ot no3sl Hampsimyio. bonee menkue ¢parmentst JJHK Obun oOHapykeHbI B
obpasmax, oOmyudeHHbix Ha Moxayie CO-1, rae MOUIHOCTH 403 OBUTM MaKCUMAaJbHBIMU

(Karganov M Yu, 2017, Amuunosa U.b., 2017).

OOpasupl, HCMIONb30BAHHBIE B HACTOAIIEH CEpUU HKCIEPUMEHTOB, IO CBOEMY
COCTaBy MJCHTHYHBI 0JIETHBIM. CyCIIEH3HI0 KJIETOK KOCTHOI'O MO3Ta MbIIITU (10° k11/100 MKT)
BHOCWIM B JIETKOIJIaBKUW arapo3Hbll renb v JuoduinsupoBand. Hanecenue oOpas3noB Ha
CTeKia OOYCIIOBIEHO KOHCTPYKTUBHBIMU OCOOEHHOCTSMHM YCTaHOBKH, Ha KOTOPOH
OCYUIECTBIISJIOCH  OOJy4YeHHE 3apsOKeHHBIMHM YacTHUIIAMH W HOHAMH, SBIISIOIIUMUCS
KOMIIOHEHTaMHd  KOCMHUYecKoro  u3mydeHws. [lapamerpsr  oOmyueHHMS W J03BI
cooTBeTcTBYROImUX Mpod: 1 — Ne 230 MeV/amu, 0.1 Gy; 2 — Ar 500 MeV/amu, 0.1 Gy; 3 — Kr
400 MeV/amu, BF 10.44 mm, 0.1 Gy; 4 - Kr 400 MeV/amu, 0.1 Gy; 5 —H 230 MeV, 0.1 Gy;
6 - H 230 MeV, 0.25 Gy; 7 - H 230 MeV, 0.5 Gy; 8 — H 6 MeV, 10 MkmM iekcaHOBas IJICHKA,
2-10° yacTu/cm’; 8A — BHYTPEHHUH KOHTPOJb, HE 00ayuyanu; 9 — C 6 MeV/amu, 10 10 Mxm
nekcanoBas ruienka, 2-10° wactum/cm’; 9A - BHYTPEHHUH KOHTpOJIb, HE oOmywanu; 10 —
cmerranaoe ooyderne Kr 400 MeV/amu: BF 1.14 mm, 0.1 Gy + BF 31.82 mm, 0.1 Gy; 11 —

TPaHCTIOPTHBIN KOHTPOJIb; 12 — 1ab0paTOpHBIA KOHTPOJIb.
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[Tocne oGmyuenust u3 kinetok BeiAensuim JJHK ¢ momompio ¢eHonmsHOTO Merona.
Konnentpanuio u yucroty BbiaenaeHHod [IHK oneHuBanm mnpu M3MEpEeHHM ONTHYECKOU
IUIOTHOCTU mostydeHHoro pactBopa (Nanodrop,“Thermo Scientific”, CILA) mpu 260 HM 10
cpaBHeHutio ¢ mornomeHneM TE-Oydepa. IIpoOGbl BbIpaBHUBaNIM 1O  KOJUYECTBY

conepxkamierca JJHK.

st paboTel OBLIM WCTIONIB30BaHbI Tpaiimepsl s mpoeacHus [P B peansHOM
BpEMEHM € HHTepkanupyromuM kpacuteneM SYBR Green. IIIIP B peanbHOM BpeMeHH
OpOBOIWIM C TMpaiiMepamu, crnemupuuHbIMH K ucciaeayemomy reHy GAPDH, c
ucnonb3zoBanueM cmecH "qPCRmix-HS SYBR" komnanuu «3A0 EBporen» (kat. Ne PK147S)
u uHTepkanupytomero kpacutens SYBRGreen, Bxopasiiero B coctaB cMecHu. M3mepeHue
¢uroopeceHIMY TPOBOMIN Ha cTaauu >noHranuu. Meron 1P B peaibHOM BpeMEHU OYEHb
YyBCTBUTENICH K OMIMOKAaM MUIETUPOBAHUS M PA3IMYHOIO pPoja KOHTaMHHAIUsAM. B cBs3u
3TUM, CMECH JJIsl pEaKLUU FT'OTOBWIM B OT/AEIbHOM JIAMUHAPE, C UCTIIOJIb30BAaHUEM OTIEIBHOIO
Ha0opa MUIETOK C OJHOPA30BBIMM CTEPHJIBHBIMU HOCHKaMH. Bce peakuuu cTaBuiu B TPEX
noBropax. AnHanu3 npoBogwin Ha ammudukarope CFX96 Touch™ Real-Time PCR
Detection System, Bio-Rad, CIIA. Temneparypusiii pexxum [ILP yka3an B Tabmune 1. TTLP
MIPOBOJIMIIN TIO CIEAYIONIICH MporpaMmMe: mpeaBapuTenbHas AeHaTypauus - 10 mun., +95°C
(omuH nMKI); neHarypamus - 15 cek., +95°C, omxur/anonramnus - 1 muH., +60°C (40 1uKIOB).
B kauectBe otpunarenbHoro kontposis (K-) ucnonp3oBasn 1€MOHM30BaHHYIO BOAY, B
Ka4yecTBE IOJIOKUTENIBHOIO KOHTpoJId Hcnonb3oBain cymmaphyto JJHK. [uki, Ha xoTopom
npoucxoautr BbeIxox Kpuoi IILIP (pe3koe, HKCHIOHEHLMAIbHOE BO3pAaCTaHUE YPOBHS
droopectieHIn), Ha3biBaeTcsi MoporoBbiM (Ct). IMeHHO 5Ta Benu4ynHa SIBISETCS KIIOUYEBOU
JUISL JalIbHeHIe oOpaboTKK JaHHBIX, MmonydeHHBIX B xojae [ILIP B peansnom Bpemenu (PB-
[TLIP). Pe3ynbratsl (Ct) OblIM yCpeAHEHBI Ui TPEX MOBTOPOB IO KaKJIOMY M3 00pasuos. B
paboTe u3MEpsId HM3MEHEHHE YPOBHS TPAHCKPUIIIMOHHOW akTHUBHOCTH TeHa GAPDH B
pa3IuuHbIX oO0pas3nax, [Uisi ATOro MNPOM3BOAMIM BblUMCIEHHE pasHocTH Mexay Ct s
oTtpunarenbHoro Koutpoissa u Ct misa uccnenyemsix odpasmnos: ACt= Ct (o6pazern) — Ct (K-).
Pesynbrater PB-IILIP (3Hauenuss ACt) Obiiu mepeHeceHsl B mporpammy MO Excel nns

nanpHeleit oopadorku (Puc.1).

Kax nmokazano Ha puc. 1, MHTEHCUBHOCTb ()IyOpECLEHLUU BCEX 4-X KOHTPOJIbHBIX
obpasnos (8a, 9A, 11, 12) nmpakTuueckn oaMHAKOBA. TakuMm 00pa3oM, TPAHCIIOPTHPOBKA HE

OKa3bIBaJla BIIMAHUA Ha UCCICAYCMbIC ITapaMETPBhI.
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OTHOCUTENbHAsT UHTEHCUBHOCTD (iryopectienninu Sybr Green [-mpoayKToB 3aBHCHT
OT COOTHOIIICHHUs KpacuTelb / mapa ocHoBaHuii (Zipper H., 2004). [Tockonbky n3y4aemMblii reH
GAPDH chr12:6,533,927-6,538,375(GRCh38/hg38) He uMeer komuii B TCHOME, MbI MOKEM
OKU/IaTh, YTO YEM BBIIIC YPOBEHH ()IyOPECICHIIUH, TeM OOJbIE KOJMYECTBO (ParMEHTOB
JHK mocne ob6mydenusi. Mcxoas w3 3TOro NpPEAnosaoKeHUs, WOH ¢ OOJBITUMHU TIOTEPSIMHU
sHepruu (Ar, ok. 90 KOB / MkM) npuBOIUT K OoJbllIeMy KOJIMYECTBY (pparmeHTOB, ueM Ne,
npu6a. 40 KOB/mMxM (06pasnst 2 u 1, coorBercTBeHHO). O0nyuenue nonamu Kr (420 KOB /
MKM) B TOW K€ J103€ MPUBOJIMIIO K YCWICHUIO parmeHTanmu (oopaser 4). YBennueHue 103561
MIPOTOHHOTO O0JydeHHsI uMeeT AByxcTyneH4arsid a¢dexr. Jloza 0,25 I'p nmpuBoguT x OGosee
uHTeHcUBHOW (Qparmentanuu, yem 0,1 I'p (obpasust 6 u 5, coorBercTBeHHO). [lpum
yBenuueHuu 10361 10 0,5 I'p, ypoBeHs (piyopecrenunn ymenbaercs (oopaser 7). C Hamei
TOUKHM 3pEHHUs, 3TO MOXKET OBbITh CBA3aHO C moBpexjaeHuemM reHa GAPDH u cHuxeHuem
konuitHocTH Tipu aHanuze [I[P B peanbHOM BpeMenu. CieayeT OTMETUTh, YTO Takas 1032
SKBHUBAJICHTHA J103€, HAKOIJIEHHOM 3a 2 ToAa KocMU4ecKkoro monera. J[Ba obpasua obmyyanu
aHAJIOTMYHBIMH J03aMu (0Opasubl 6 u 10, 0,25 u 0,2 I'p, coorBeTcTBeHHO). MIHTEpecHO, 4TO
yYpOBEeHb (IyOpECHEHIIMM U, KaK MbI T[ojlaraeM, (parmMeHTanuu ObIT MPaKTHYECKU
onnHakoBbIM. O0pasiibl, 00JyYeHHbIE MPOTOHAMU U HOHAMU YTJIEpOa U MOKPHITHIE TUIEHKON
JaBcaHa, M0Ka3alu YPOBEHb (PIIyopecieHInY BOIM3H KOHTPOJIbHBIX 3HAUCHUIA.

JlnmurenpHOe (M0 2 JIET) JKCIOHHUPOBAHHME OOPA3IOB BBICYIMIEHHBIX KJIETOK BO
BHYTPEHHEH cpesie opOUTaIbHOW KOCMHYECKOW CTAHIIUH IMO3BOJUT HA KAYeCTBEHHO HOBOM
YpOBHE YTOYHHUTH CTENEHb MEIUIUHCKUX PUCKOB, 00YCIOBIEHHBIX (PaKTOPOM KOCMHUYECKOM
paavanvy, TpPU OCBOCHHUU YEIOBEKOM OKOJO3EMHOIO0 KOCMHYECKOTO TMPOCTPAaHCTBA H

OCYHICCTBJICHUH MCKIUIAHCTHBIX IMOJICTOB.
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YCTOMYUBOCTH BAKTEPUO®AT A DT57C K OBJAYYEHUIO YCKOPEHHBIMHU
IJIEKTPOHAMMU B YCJIOBUAX HU3KOT'O JABJIEHUSA
N HU3KUX TEMIIEPATYP

CyxoBa E.I/I.l, Bopo0béBa E.A.l, Yenuos B.C." 2, beaos A.A.l,
CkJiaaHeB I[.A.3, Masaos AK. *

"MT'Y umenu M.B. Jlomonocosay, Mockea, Poccusi;
uKu PAH, Mockea, Poccus,
S uHMU PAH, Mocxksa, Poccus,
‘OTH umenu A.®. Hoppe PAH, Carnxm-ITemep6ype, Poccusi.

[Ipu omeHke NpenenoB >XU3HECIOCOOHOCTH 3eMHBIX (OPM JKH3HH B KauyecTBe
00BEKTa OOBIYHO HMCCIEAYIOT OAKTEPHH WM TPHOBI, TIOYTH HE YJeJsis BHUMAaHHUS BHPYCaM.
OpHako caMbIMM MHOTOYHMCICHHBIMM OHOJIOIMYECKUMHM OOBEKTaMM Ha 3eMile SIBISIOTCS
UMEHHO BHPYCHI, YHUCIEHHOCTb KOTOPBIX IPEBOCXOAUT CyMMapHOE€ KOJUYECTBO BCEX
opranu3MoB. O0Iiee KOJMYECTBO BUPYCOB OLICHUBAETCS B ~10* B okeanax u ~10°' Ha Bcei
wianere (Breitbart, Rohwer, 2005), mpu 53ToM HauOomnbInas YacTh BHUPYCOB — 3TO
6akrepuodarn (Hatfull, Hendrix, 2011). [ns BupycOB XapakTepHO MOJHOE OTCYTCTBHE
MeTa0oaM3Ma U annapara TPaHCISLKHU, B CBA3M C YeM HX CYIIECTBOBAaHHE BO3MOXKHO JIMIIb
OpyU HaJMYUM OPraHW3MOB-Xo3sieB. Ilo 3Toif mpuuyMHE OHM MOTYT paccMaTpUBaTHCS B
Ka4yecTBE TMOTCHLUAIbHBIX OMOMapKEepOB B aCTPOOMOJIOTMYECKUX HCCIEOBaHUAX. TeM He
MEHee, MCCIEI0BAaHUS YCTOMUMBOCTH BHPYCOB K BO3JEHUCTBUIO SKCTPEMAalIbHBIX (DaKTOPOB
BHE3€MHOI'0 IPOCTPAHCTBA HA CErOAHAIIHMHA J€Hb €IUHM4YHBl. B KauecTBe OCHOBHOTIO
(akTOpa, OrpaHUYMBAIOLIETO COXPAHEHHE OPraHU3MOB M OMOMOJIEKYJI 3a TpeAeaaMHu 3eMIy,
paccMaTpuBaeTCs WOHM3MpYIOUas paguanus. YciaoBus (TeMIiepaTypa, JaBlI€HHE, COCTaB
aTMoc(epbl, KOHIIEHTPALUS BOJBI U JIP.), B KOTOPBHIX MPOUCXOAUT OOIyUYECHHUE, CYIIECTBEHHO
BIMAIOT Ha paauanuoHHble >PQexTsl. IIpuHuUMas BO BHHMMaHHE BBIIIECKA3aHHOE, MBI
UCCIeIoOBAIN  yCTOWYMBOCTH  OakTepuopara DT57C  k  oOinyuyeHHIO  YCKOPEHHBIMH

9JICKTPOHAMH B YCJIOBHUAX HU3KOI'O JAaBJICHUA U HU3KUX TCMIICPATYP.
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Oo6pasen 6akreprodara DTS57C Obu1 00IY4EH IIEKTPOHAMH BBICOKUX dHEpruid (~1
M»5B) B no3ax 5 kI'p u 10 xI'p B ycnoBusix Huzkoro aasieHus (~0.01 Topp) m HHM3KHX
temneparyp (ot - 50°C o -165°C) ¢ 1enplo OIeHKH BO3MOXHOU ATUTEILHOCTH COXPAHEHUS
BUPYCOB B OTKPBITOM KOCMOCE M Ha Pa3nu4HbIX oObekTax ComHeuHoW cucteMbl. OOpasibl
Oakreprodara (B XKUAKOH muTaTenbHOM cpene LB W B MOHTMOPWIUIOHHWTE) MOMENIAH B
KJIMMAaTUYECKyI0 KaMmepy, KOoTopas Obula pa3paboTaHa Ajs MOJECIMPOBAHMS BHE3EMHBIX
YCJIOBHMM, M TO3BOJISIONIYIO MOAJIEPKUBATh HU3KHE TEMIeEpaTypbl U HHU3KOE JaBJICHUE NPHU
oOiydyeHun. BpIT MOCTaBleH KOHTPOJb TEMIIEPAaTyphl W JaBJICHUS, JIJIs YEro HEKOTOpbIC
oOpa3upl nomemanuch Ha 10 Munyt B kamepy npu nasineHuu 0.01 Topp m Temmepatype -
150°C. Jns wmmoOmmm3anuu, | mu cycnensum (ara B cpeae LB Obln BHeceH B 2 T
crepwiibHOro (mpokaneHHoro npu 600°C) MOHTMOPWUIOHMTA. 3aT€M MOHTMOPUJUIOHHUT C
BHECEHHBIMM B Hero Qaramu ObLI TIHIATENBHO MEpEeMEelIaH CTEPUIbHOM CTEKISTHHOM
Najo4yKoi, BeicylieH npu 28°C, pacTepT CTEPHIbHBIM MECTUKOM U pa3JielieH Ha HECKOJIbKO
HaBECOK JJIs MOCJIEAYIOLIEro 00IyYeHUs IPU pa3HbIX TeMieparypax u aasiaeHunu 0.01 Topp.

[Toncyér 4YMCIEHHOCTM AaKTUBHBIX MoOcie oOiydeHus: (GaroB  MPOBOIMIN
JBYXCIIOMHBIM MeToZoM. Kynbrypoii-xozsunom Oaktepuodara DTS57C sapnsuics mramm
Escherichia coli HS 3-104. TloceB BemonHsics Ha cpene LB. OOuryro uncieHHOCTh (aroB
OIpENENSUIN ¢ MOMOIBIO AMUMIYOPECHEHTHOW MHUKPOCKONUHU C KPacHTEIEM aKpHIUHOBBIM
OpaH>KEBBIM.

Ha ocHOBaHMU MOJTy4EHHBIX JaHHBIX HAMH ObUI pacCUMTaH YCJIOBHBIN IOKa3aTelb
BUPYJIGHTHOCTH (aroB Kak TIPOLEHTHOE OTHOIICHHE YHCICHHOCTH, OIpPEIEICHHON
JIBYXCIIOMHBIM METOJIOM, K OOIIEii YNCIIEHHOCTH, BBISIBICHHOW METOIOM 3TH(ITyOPECIIEHTHOM
mukpockoruu (Pucynok 1). B rpamumente temmeparyp ot -50°C mo -165°C mpu mose
oOmydenus 5 k['p uMcia0 BUPYJIEHTHBIX (paroB B *KHUAKOH KyJabType cocTaBisuio 125-69% ot
00IIero Yncia, TO €CTh CIIOCOOHOCTH (haroB K MH(PUIMPOBAHHUIO KIETOK-X035€B MOHMKAJIACh
KaK B 3aBHCHUMOCTH OT OOJyuy€HHUs, TaK U B 3aBUCUMOCTU OT IMOHWXEHMsSI TEMIIepaTyphbl
oOmyuenus. [{ns o6pasuos, o6mydeHnbix qo3o0i 10 kI'p aToT nmokazarens — 2-5% oT ob1ero
yucia ais temneparyp -50°C u -165°C. D10 CBUAETENBCTBYET O TOM, YTO C YBEINYCHHEM
JI03bI TIPOUCXOIUT HE TOJBKO CHIDKEHHE OOIIEH YHCICHHOCTH (ParoBBIX YACTHII, HO U MOTEPs
BUpYJIEHTHOCTH coxpaHuBmnx HatuBHyto JIHK ¢aros. Crour ormeruts, 4to B 00pasmax,
0o0mydeHHbIX 1030M 10 k['p, mpu KyIbTUBUPOBAHUM W TOJCYETE YHUCICHHOCTH METOJIOM
nHU(IyOpPECHEHTHONM MHKPOCKOIHMH, HaOII0AAIOCh BO3pAaCTaHWE YMCICHHOCTH (HaroB C
NOHMKCHUEM TeMIlepaTypbl. MaKCHMyM UHCIEHHOCTH HAONIONaNCs NpU TeMIeparype -

150°C. boiee BBICOKasi yCTOWYMBOCTH (DaroBBIX YAaCTHUI] C MOHIKEHHEM TEMIIEPATYypHhI, MPH
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KOTOPOH TPOBOAMIOCH OOJlydeHHE, BEPOSTHO CBS3aHO C TOPMOXKEHHEM CBOOOHBIX
paaMKaNoB MPHU HU3KUX TEMIIEPATypax.

B MOHTMOpUIUIOHUTE BUPYJIEHTHOCTh ObLIa HUXKE, YeM B JKUOKOM cpeme LB
(PucyHok 2). B KOHTpONBHBIX 00pa3iax YuCICHHOCTh BUPYJIEHTHBIX (paroB coctaBuia 9-12%
OT O0OIIel YHMCIEHHOCTH, YTO B 5 pa3 HIKE MO CpaBHEHUIO C >Xuakoul cpemou. [locme
SKCTIOHMpOBaHus Tipu Temreparypax -50°C u -165°C mpu mose obOmydenuss 5 kI'p yucio
BUPYJEHTHBIX (haroB cocTaBisuio 10 u 4% oT o01iero koauyecTBa BUPYCHBIX YACTHII, YTO Ha
NOPSAZOK OTIMYAETCS OT JKUIKOM Cpelbl, OTHAKO Majo oTiindaeTcs oT KoHTpousd. Kpome Toro,
TaK K€, KaKk U B JKUJKOH cpele, HaOJMI0JaeTcsl COXpaHeHue 0oJiee BBICOKOW YUCIEHHOCTH

(aroBbIX 4acTUIl C TOHWKEHUEM TeMIIEpaTypbl 00TyUSHHUS.

m Kuakas KyaeTypa
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Pucynok 2. CpaBHeHMe MoKa3aTeneil BUPYJIEHTHOCTU

Pucynok 1. Ilokaszarens BupynentHoctn ¢ara B
(hara mocye o0ydeHUs B pa3HBIX Cpeaax.

JKUAKOM cpene.

[TonmyueHHbIE TaHHBIE TO3BOJIIOT JaTh OICHKY, KakK A0iro (ar Mor Obl COXpaHUTh
BUPYJICHTHOCTh B perojure Mapca wind BO Jibly EBpOmNBI MpU MOCTOSHHOM HAaKOIUICHUH
paZuaOHHBIX MOBPEXICHUH. IHTEHCUBHOCTh HOHU3UPYIOIIETO U3TYUCHHUS Ha MOBEPXHOCTH
coBpeMeHHOr0 Mapca coctasisier okoiio 0.076 I'p / rox (Hassler et al., 2014). Jlo3a paauanuu
10 kI'p MOXeT HakamJIMBaThCA B MOBEPXHOCTHOM CJIO€ perosivta 3a, npumepno, 130000 smert.
DTO 3HAYHMT, YTO, MO KpaiHeHd Mepe, B TEYCHHUE TAKOTO MEPHOJa BPEMEHH B COBPEMEHHBIX
XOJIOAHBIX YCJIOBUSIX Mapca (ard MOryT MOTEHIMAIBLHO COXPAaHATh BHPYJICHTHOCTh. Ha
riryOuHe 5 M MHTEHCHUBHOCTH M3JIYYCHHS COCTaBIsieT okoio 5 MI'p / roxm, m mo3a B 10 xI'p
MOXET OBITh HAKOIUIEHa B TEYCHHE 2 MIJUIMOHOB JIeT. Paccyxmas aHaJOTHYHO, MOXKHO
TPEIONIOKUTh, YTO (DAaroBbIC YACTUIBI MOTYT COXPaHAThCS BO Jibay EBponsl He MeHee 30 et
Ha rryoune 10 cm u He menee 1000 net Ha rmybune 1 m (Pavlov et al., 2019). Iloacuurano,
9TO OOJBUIMHCTBO MAPCUAHCKHX METCOPUTOB JTOCTUTAIOT 3EMJIM MOCIHE THICSY U MHJUTMOHOB

JET IIOJIETa B OTKPBITOM KOCMOCE. I/ICXOI[SI U3 paCyYCTHBIX AOaHHBIX II0 HWHTCHCHBHOCTH
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U3JTy4YCHUS BHYTPU METECOPUTOB B MEXKIUIAHETHOM NPOCTpaHCTBE B mpenenax ColHEYHOH
CHUCTEMBI, KOoTOpasi coctamisieT He Oonee 0.25 I'p / rom (B 3aBUCHMOCTH OT pa3MepoB U
coctaa) (Horneck et al., 2002), pe3ynbTaTbl HCCIEAOBAaHUS MO3BOJSAIOT MPEIMOIOKUTD
NOTEHIMAJIBHOE COXPAHEHHE BUPYJIEHTHOCTH (aramu B TeueHHe He MeHee 40 ThICSY JIET B
OTKPBITOM KocMoce (T.e. HakorieHue 1036l 10 k['p 3a 3TOT mepuon).

B pesynbrare mMpl MoxeM ckazarh, uto ¢ar DTS7C ycroituuB Kk 0OIydeHHIO
YCKOPEHHBIMH JJIEKTPOHAMH B BBICOKMX J03aX MpPH HU3KUX TEMIEpaTypax M HHU3ZKOM
nasiieHuH. Dar coxpaHseT BEICOKYIO YUCIEHHOCTh U BUPYJIIEHTHOCTD MOCIIE 0OIyYSHHUS.

NmmoOumm3oBaHHass B MOHTMOPHJUIOHUTE KYJIbTypa (ara MposiBIIsSeT MOBBIIICHHYTO
YCTOWYMBOCTh K OOJIy4eHHIO, TIO CPaBHEHMIO C (araMu B KUAKOW cCpele, YTO CBS3aHO C
OTCYTCTBHEM BOJbI B 0oOpasiie. B mccrnenoBaHHBIX cpefax yCTOWYMBOCTH (para MOBBIIIACTCS
IpY TIOHM)KEHUH TeMIepaTypbl 00IydeHHs!.

Teopernueckuii pacueT TO3BOJSET TNPEANONaratb JJIMTEIBHOE COXPaHEHHE
CIIOCOOHBIX K TEPEeXoly B BHUPYJEHTHOE COCTOSHUE (DaroBbIX YACTHI] BO BHE3EMHBIX
YCIIOBUSIX.

PaboTa BbINOIHEHA TPU YaCTUYHOM noaaepxke rpanta PODOU Ne 20-02-00470.
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MPOBJEMA MMOBBIIIEHHOM PATUAIIMA U TUTIOMATHUTHBIX YCJIOBUHA
IIPU KYJIbTUBUPOBAHUM BBICIIINX PACTEHUI
BO BHE3EMHBIX YCJIOBUAX

Bypsk A.A., CmonssauHa C.0., OukoB O.A., Kpuso6ok A.C., bepkosuu 10.A.
THI] P® UMBII PAH, Mockesa, Poccus

VuuteiBas MNEPCICKTUBY OCBOCHHUA NAJIBHETO KOCMOCA M BBIIIOJHCHHUA KOCMHUYCCKUX
SKCIIe UM 3a npeaciiaMu 3emMHOM Op6I/ITLI, IPpEACTaBIIACTCA I_IeJ'IeCOO6pa3HBIM HCCICO0BATH

BIIMSIHAE [TAPAMETPOB KOCMUYECKOM CPENbl HAa POCT U PA3BUTHE BBICIIUX PACTEHUN.
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N3mepenust Ha OKOJI03€MHBIX OPOUTAIBHBIX KOCMUYECKUX ammapaTax [MoKas3ajiu, 4To
MOIIHOCTH J03bl OT TaJaKTHUYECKUX KOCMHMYECKHX Jydeil BappupytoT B npenenax 0,1 — 0,3
MmI'p/cyt (Dachev et al., 2020). Onenka 1036l pagualnuy Ha MOBEPXHOCTH Mapca rmoka3bIBaerT,
YTO OMoNIOTHYECKHEe 00BEKTH Ha Mapce MOTYT MONYYUTh 103y MOHM3HPYIOIIETO M3ITyUeHHS
okoio 0,21 m3B/cyt (B 2,5 pasa Bemme no3sl Ha MKC) (Hassler et. al., 2014), a nHa
noBepxHocty JIyHer — ot 4,8 1m0 8,22 M3B/CyT , B 3aBUCUMOCTH OT akTuBHOCTH CoOJIHIIA U
crenienu 3aumthl Ha 3emuie pacrenus nmomywaror Bcero 0,62 pax B roa. M3BectHo, 4rto
BBICIIHME pacTeHUs 001aJal0T Ha MOPAIOK OoJiee BEICOKOW paJiuallMOHHON yCTOHUMBOCTHIO IO
CPaBHEHMIO C JKHUBOTHBIMU U YEJIOBEKOM, HO PaJMallMOHHAs YCTOWYMBOCTb PACTEHUN MOXKET
OTNMYaThcd Ha 2 — 3 moOpsiiKa B 3aBUCUMOCTH OT BHAa W (a3bl pa3BUTHS: Tak, AN
BEreTUPYIOIINX PACTEHUN KaIyCThI JIeTalbHAsI 1032 Ha TOPSAOK HIDKE, YeM I CYXHX CeMSH
(Turenb3on u ap., 1976; bepkoBuu u mp., 2005). Bmecte ¢ Tem, B ombiTax ¢ CeMEHaAMU
TOMATOB Ha OKOJO3EMHON OpOWTambHOM cTaHIuu naxe Hebonsmme, 70 — 80 wml'p,
MOTJIONMIEHHBIC J103bI BBI3BAIN Pl MOP(HOTeHETHUYECKUX OTKIOHeHUH y pactenuid (Nechitailo,
Mashinsky, 1993).

Jlpyrum Manou3ydeHHbIM (pakTOpoM BO3ACHCTBUS HA PACTCHUs BHE MarHUTOC(hEpbI
3eMJIn SBJISIFOTCS TUIIOMAarHUTHBIE yciaoBusl. Kak M3BeCTHO, HAMPSKEHHOCTh MEXKIJIAHETHOTO
MarHMTHOTO MoJid Ha 2 — 3 mopsiaka u 0oJjiee HUXKE MPUBBIYHOIO reoMarHuTHoro mnods. [lo
HACTOAIIETO BPEMEHM H3BECTHBI JIHIIb €AMHUYHBIE PAOOTHI MO HCCIEIOBAHUIO BIUSHUS
TUTIIOMarHUTHBIX MOJIeH Ha Ha ceMeHa U mpopocTku pactenuii ([1matosa u ap., 2019; Jlebenen
u ap., 2020). Bmecte ¢ TeM B JuTepaType MNpEACTABIEHBbI JaHHBIEC, YyKa3bIBalOIIME Ha
3aBUCHUMOCTb AaKTHUBAallMM KPUNTOXPOMOB ((OTOPELENnTOPOB CHHETO CBETA) OT BEIMYUHBI
MarHUTHOTO TOJs. ODKOJOTMYECKOe 3HadeHHe 3TOro ()eHOMEHa HEOUEBHUIHO, HO HENb3s
UCKJIIOUUTh 3HAYUTENbHBIX U3MEHEHUN B MOp(OTreHe3e U OHTOTeHe3¢ PACTeHMIA, B YaCTHOCTH,
U3MEHEHUs1 (OTOTPONMUYECKHX PEaKLUUU PACTeHUH BCIEACTBHE HApyLICHHS TPaHCIOpTa
ayKCHHA, KPUIITOXPOM-UHIyILIUPOBAaHHBIX PEAKIM KOPHEW U pa3BUTHS KOPHEBON CHUCTEMBI B
nenoMm (Vanderstraeten et. al., 2018).

BaxxHo OTMETHUTH, YTO COYETAaHHOE BIUSHUE PAJAMALMOHHOTO BO3ACUCTBUS U
THIIOMAarHUTHBIX YCJIOBHUM Ha pacTeHUs] MOXKET HMEThb KaK CHHEPIMYeCKHid, Tak U
aHTaronucruueckui xapakrep (Ilmarosa u ap., 2019). JlanHble 0 BO3AEHCTBUM YIOMSHYThHIX
($akTOpOB KOCMHUYECKOTO MPOCTPAHCTBA HEOOXOIUMBI Al OOOCHOBAHMSI YPOBHS 3alUThHI
pacTeHuil B OpaHXKepesx, MPOCKTHPYEMbIX IS KOCMHYECKHUX Kopadiiel M KOCMHUYECKUX
doprnocTHbIX 0a3. B nmaHHON pabore ommcaHbl HAIIM SKCIEPUMEHTHI IO BO3JCHCTBHUIO
MOBBIIICHHOW pauallid U TUIIOMAarHUTHBIX YCJIOBUH, BBITIOJHEHHBIX Ha 0aze ®I'BYH I'HI|

NUMBIT PAH u HUUSAD MI'Y. OGBbeKTOM OIBITOB SIBWJIMCHh KWTaWcKas Kamycta Brassica
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chinensis L., msarkas nmenuna 7Triticum aestivum L., a taxxe apadunoncuc Arabidopsis
thaliana L. B omplTax MCMOIB30BAIM KaK MPOPOCTKH, TaK M B3pocibie pacTeHus. [IpopocTku
BBIpAIMBAIN B CTEPHIBLHON KyNbType B yamikax [leTpu Ha arapu3upoBaHHOW MHUTATEIHHOU
cpeze Mo CTaHAAPTHBIM MeToAMKaM. B3pocible pacTeHHUsl BbIpAIMBAIA HA BEreTallMOHHBIX
CTEHJaX B KOPHEBBIX MOJIYJISIX MPSAMOYTOJIBHOW (OPMBI, CHAOXKEHHBIX THUAPOGUILHBIMU
3allOpHBIMU MeMOpaHaMM, TOBEPX KOTOPBIX HAXOAWJICS KaNWUISIPHO-TIOPHUCTHIN cyOcTpaT u
MYJIBYUPYIOUIIE MIACTHHBI C OTBEPCTUSIMH ISl pacTeHuid. Bee BeretanmonHoe 060pyaoBaHue
OBLJIO BBITIONHEHO W3 HEMAarHUTBIX MAaTEPUAJOB, YTO TMO3BOJSUIO HUCIOJIL30BaTh €ro B
TUTIOMAarHUTHBIX Kamepax. [1OBBbIMICHHBIA pagualiioOHHBIA (OH CO37aBajd, NMEPHUOIUYECKU
nojaBepras pacteHus [ |-o6mydennro ucrouaukoM ['OBO-60 mo mporpamme, pazpaboTaHHON
JUTSE UMUTAIMK PAJUAIlMOHHON HArpy3KH Ha 4ellOBeKa, KOTOPYIO MOTYT UMETh KOCMOHABTHI B
skcnenuiun Kk Mapey (Iladupkun, Konomenckuii, 2008). Pacrenus mnoasepramu
MEPUOANYECKOMY, pa3 B 7 CyTOK, oOiydeHHio B jgo3e 5 wim 4 cl'p/gac (s xamycTel U
MIIIEHUIBI, COOTBETCTBEHHO) TaK, YTOOBI TOTJIOMIEHHAs 3a ceaHc ao3a coctaBuia 20 clp.
OnBITHI 10 U3YYEHUIO BIUSHUS Ha pacTEHUS 0CIa0JICeHHOTO T€OMarHUTHOTO OISl MPOBOAMIN
B TUIIOMAarHUTHOM Kamepe LMIMHAPUYECKOH (OpMBI, B KOTOPOW paCIONIOKEHHE OOBEKTOB B
MOTIEPEYHOM CEYEHMH KaMephbl COOTBETCTBAJIO OAHOPOAHOMY YPOBHIO MarHUTHOTO ITOJISL.
CormacHo  pesynapraraM JKCHEPHUMEHTOB, paJWallMOHHOE BO3ACHUCTBHE IMPH
CyMMapHOM MONIONIEHHOU 03¢, paBHOU 80 cIp, HE MOBIMIO JOCTOBEPHO HA POCT PACTECHUM
KUTalCKOM KamycTel. BmecTe ¢ Tem, paanallMOHHOE BO3ACWCTBHE HE3HAUMUTENbHO, HA 13%,
YMEHBIIIUIO KOHIEHTPALUIO ACKOPOMHOBOW KHUCIOTHI W TOYTH BIBOE IOBBICHIIO
KOHIICHTPAIIMIO HUTPATOB B JUCThX (747 m 1456 MT/KT CBIpOW MAacChl NMPU SCTECTBEHHOM U
MOBBIIICHHOM PaJMallMOHHOM (DOHE, COOTBETCTBEHHO). OJTH pe3yJbTaThl COIVIACYIOTCSA C
JaHHBIMU JPYTUX aBTOPOB, COTIIACHO KOTOPHIM PaJMAllMOHHOE BO3CHCTBHE B J03€ MOPSIKA
HECKOJIbKUX JIECATKOB C3B MOXET OKa3bIBaTh CYIIECTBEHHOE BIMSHHE HA OMOXMMHYECKUE
NOKa3aTelu pacTeHH, B TOM YMCIIE Yepe3 U3MEHEHHE aKTUBHOCTH PsJia MPOTEOIUTHUYECKUX
dbepmentoB (Imutpuen, 2004; Polovinkina et. al., 2006). B ompbiTax ¢ mmeHuneid He ObLTO
BBISIBJICHO BJIMSHHS PaJUallHiOHHOTO BO3/ACWCTBUSA Ha POCT PACTEHUN B TEUEHHUE MPUMEPHO
TpeX TEpBBIX HEJENb BEreTallud, HO HA YETBEPTOM HeAeNe BereTaluu Oblla OTMEYeHa
TEHJCHLMS K 3aMEIJICHUIO pOCTa PacTEeHUl, pacTyIIMX IMpPH MOBBILIEHHOM pagUallMOHHOM
done, a B Bo3pacte 36 cyTok oOiydyaemble pacTeHUs Ha 36% OTcCTaBaJid MO CHIPOIl Macce
no0OeroB OT pacTeHMii, BHIPAIIMBAEMBIX HAa €CTECTBEHHOM paauanoHHOM Qone. [Ipu sTom
IpPU €CTECTBEHHOM YpPOBHE paaualiui Oojiee TOJOBHHBI PacTeHHWU B ToceBe mmenu 1 — 2
OOKOBBIX 1Mo0era, B TO BpeMs Kak 00JlydyaeMble pacTeHHUs OOKOBBIX MMOOEroB He 0Opa3oBaiy.

CremyeT OTMETHTh, UTO B Hayaje BEreTalluu MPU CyMMapHOM MOTJIONIEHHOMN J03¢ He OoJee
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60 cI'p ObUIO OTMEYEHO CTUMYJHPYIONIEEe BIMSHHUE IMOBBIIICHHOTO YPOBHS paJHalliyl Ha
dbopMHupoBaHKE KOJIOCA, HO TIPH CYMMAapHOM J103€ MOTJIOMEHHON paauaruu, paBaon 100 cl'p u
BbIIIIE, HAOIIOAAIHN 3aMe/UIEHUE U/WIM HapyIlIeHHE XapaKTepa [IBETEHUsL.

OnbITHI 10 UCCIIETOBAaHUIO TMIIOMAarHUTHBIX YCJIOBUM HA pOCT M pa3BUTUE PACTEHUM
apabuorcuca mokasaiy, 4To 3Ha4uTeIbHOe, B 660 pa3, yMEHbIICHHE BETHYUHBI MAaTHUTHOTO
IOJII MOXET YTHETaTb Pa3BUTHE KOPHEBOM CHUCTEMBI: y IPOPOCTKOB, BBIPAILMBACMBIX B
TUIIOMarHUTHOM KaMepe, CKOpPOCTh POCTa MIABHOTO KOPHS CHU3WIMCH B cpenHeM Ha 15%, a
KOJIMYECTBO 0Opa30oBaBIIMXCS OOKOBbIX KopHe — Ha 21%. Kpome Toro, ocnaGnenue
MarHUTHOTO TIOJISI YCHITMIIO (POTOTPOTIMYECKUI OTKIUK KOPHEH MpH JIaTepalbHOM OCBEIIECHUH
CUHMM CBETOM (BBIp@)XKEHHBIH (POTOTPONMUUYECKUH OTKIMK B KOHTPOJIBHOM BapHaHTE
npoJeMOHCTpUpoBanu Juilb 34% miaBHBIX U 11% OOKOBBIX KOpHEH, a B ONBITHOM BapHaHTE
aHAJIOTUYHBbIE BEIUYMHBI cocTaBWiIn 67% u 26%, COOTBETCTBEHHO). DKCIOHUPOBAHUE
B3POCIBIX PACTEHUH B TUIIOMAarHUTHOM Kamepe B TEYEHHUE 7 CyTOK CTHUMYJHUPOBAJIO
MHTEHCUBHOE ()OPMHUPOBAHKE IIBETOHOCOB U IIBETEHUE 110 CPABHEHUIO C KOHTPOJIEM.

BrIBOIBI.

1.  PanmanuonHOe BO3JEHCTBHE NMPH CYMMapHOM MOTJIOMIEHHOH 03¢ He Oosee 80
cI'p He moOBIMSAIO HA POCT pacTeHUH, HO mpuBeNO K 13%-My yMEHBIIEHUIO COIEpKaHUs
ACKOpOMHOBOM KHCJIOTBHI M JBYKPaTHOMY YBEJIHUEHHUIO COACP)KAHUS HHUTPATOB B JIMCTHAX
KUTaNWCKOM KammyCThlI.

2. PanmanuonHoe BO3€WCTBHE NPU CyMMAapHOM MOTJIOIIEHHON 03¢ HE MEHee
100 cI'p nmpuBeno K 3aMeJICHHIO pOCcTa MOOETOB, OJIOKMPOBAHHUIO KYIIEHUS W YMEHBIICHUIO
MHTEHCUBHOCTH LIBETECHHSI y PACTEHUI! MIICHUIIBI.

3. VYMeHbllIEHHE BEIMYMHBI MAarHUTHOTO Mojs B 660 pa3 mpuBeno 3aMeIEHUIO
(GopMHpOBaHUS KOPHEBOM CHCTEMBl M YCWICHHIO (DOTOTPONMMUYECKUX pEeaKIUil KOpHEH
Arabidopsis thaliana L. npu poTOCTUMYIUPOBAHUN CHHUM CBETOM.
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PAH B ®I'bBYH I'HI] UMBII PAH
Crnucok nurepatypbl

1. bepxosuu l0.A., KpuBobok H.M., Cmonsauna C.O., Epoxun A.H. Kocmuueckue
opamxepeu: Hacrosiee u oyaymee. — M.: @upma «CnoBoy», 2005. — 368 c. URL:
http://book.astroplant.ru/ (mata obpamenus: 07.09.2020).

2. Twurenszon WM., TepckoB M.A., Kopo Bb.I'. IIpoGnemsl co3manusi Ouoinoro-
TeXHUYECKUX CHUCTeM ku3HeoOecmeuenus // Marepuansr IX Bcecorosnoro
COBEIIAHUS 0 BOMPOCY KPYTrOBOPOTA BEILIECTB B 3aMKHYTOM CHCTEME Ha OCHOBE
KUZHEJEATESIIbHOCTH HU3IIMX oprann3mMoB. 1976. C.26-30.

3. HOmurpueB A.Il. Manbie no3bl 00dydeHHsT U UMMYHHUTET pacteHuid // Ilapagurmu
cydacHoi pamioOiosiorii. PamiamiiiHuii  3axucT TepcoHandy O00’€KTIB  aTOMHOL
erepretuku, Yopuooduis. 2004. C.19.

4. Jlebenes B.M., IlmaroBa H.I'., Cnacckuii A.B., Tpyxanos K.A., 3arupaunora 3.0.
Ucnons3zoBanue 120 cM HUKIOTpOHA AJI UCCIEAOBAHUS COBMECTHOTO BO3JIEHCTBUS
MOHM3UPYIOUIETO M3Iy4YeHHs] M TUIOMArHUTHBIX YCJIOBUHM Ha ceMmeHa canaTta //
Wzsectust PAH. Cepus ¢pusnueckas. 2020. T. 84. Ned. C. 487-491.

91


http://book.astroplant.ru/

5. IlmatoBa H.I. IlmaroBa H.I., JlebemeB B.M., Cnacckuii A.B., Tpyxano K.A.
XpoMOCOMHBIC a0eppallii B KOPHEBOW MEpPUCTEME NPOPOCTKOB cajlata Mpu
OOJIydeHHH CeMSH YCKOPCHHBIMH HWOHAMH yIiepoJa H TPOpPacTaHHH B
TUIIOMArHUTHBIX YCIIOBUSX //ABHakocMuuYecKasl M 3Konorndeckas menuiuHa. 2019.
T. 53. Ne 4. C. 93 — 100.

6. Ilapupxkun A.B., Konomenckuii A.B. PanuanuonHbie ycrnoBUS U pajaualliOHHBIN
pUCK 11  KOCMOHaBTOB TpW TojeTe Ha Mapc ¢ HCIOJIb30BaHUEM
ANIEKTPOPEAKTUBHBIX JIBUTATENICH MAJIOHN TATH // ABHOKOCMUYECKAsl  SKOJIOTHUYESCKas
meaunmna, 2008, T.42. Ned, C. 55-62.

7. Hassler M., Zeitlin C., Wimmer-Schweingruber F., et. al. Mars’ Surface Radiation
Environment Measured with the Mars Science Laboratory’s Curiosity Rover //
Science. 2014 Vol. 343, Issue 6169, 1244797

8. Nechitailo G.S., Mashinsky A.L Space biology.Studies at orbital stations // “Mir”
Publishers. 1993. 503 p.

9. Dachev T., Tomov B., Matviichuk Yu., Dimitrova P., Semkovaa J., Kolevaa R.,
Jordanovaa M., Bankova N., Shurshakovb V., Benghinb V. Solar modulation of the
GCR flux and dose rate, observed in space between 1991 and 2019 // Life Sciences
in Space Research. 2020. V.26. P. 114-124.

10. Polovinkina E., Kurganova L., Sinitsina J.,, Veselov A., Chernishova M.,
Sinelschikov D. Effect of low dose irradiation on prooxidant-antioxidant balance in
Pisum sativum chloroplasts // European Radiation Research, Kyiv. 2006. 220 p.

11. Vanderstraeten J., Gailly P., Malkemper E. Low-Light Dependence of the Magnetic
Field Effect on Cryptochromes: Possible Relevance to Plant Ecology // Front. Plant
Sci. 2018. V.9. Ne121.

AJIAIITUBHBIE PEAKIIMM COBPEMEHHbBIX 1 IPEBHUX UH®Y30PUM
COLPODA STEINII B YCJIOBUSAX OPBUTAJIBHOI'O TIOJIETA

Ilatnaosuu A.B., PuBknna E.M.

HUDXubIIIl PAH, Ilywuno, Mockoeéckas 00.., Poccus

UccnenoBanuss mocnenHUX JI€T TOKa3ald, YTO OJHOKJIETOYHBIE aBTO- U
reTepoTpoHbIE MPOTHCTHI HapaBHE C OAKTEpUSMU CIOCOOHBI TMEPEKUBATH JITUTEIBHBIH,
JECATKH W COTHH THICSY JIET, KPUITOOMO3 B TOJIIAX MHOTOJETHEMEP3IBIX OTIOKEHUN
cesepnoit Cubupu (Gilichinsky & Rivkina, 2011). Coo0miecTBa BBDKUBIINX B BEYHOU
MEpP3JI0TE MPOTUCTOB (HOPMUPYIOTCS B pe3yJbTaTe IUTEIbHON CENEKUIUU MPU COYETAHUU
HEONMaronpusITHEIX (aKTOPOB: OTPHUIATEIBHBIX TEMIIEPATyp, OTCYTCTBHSI CBOOOAHOW BOIBI,
BO3JCHCTBUSl €CTECTBEHHOM pajJuali, HWCTOYHUKOM KOTOPOW SIBIISIFOTCSI MHUHEpab
BMCINAIOIINX TOPOA. YCTOMYMBOCTh JTHUX OPraHU3MOB OOYCJIOBJICHa MAajOW3y4YeHHOU
aJaNTUBHOM CMOCOOHOCThIO K pemapaluyd TOBPEXKACHUNW KJIETOYHBIX CTPYKTYp U
BO300HOBJICHHIO MeTa0oJM3Ma B OJAaronpHATHBIX YCIOBHSX. JTa CIHOCOOHOCTH JIENaeT UX
MEePCIEKTUBHBIM TECTOBBIM OMOJIOTHUECKUM OOBEKTOM JIJISi SKCIIEPUMEHTOB, TPOBOJIUMBIX B
YCIIOBUSIX OPOUTAIBHOTO MOJIETA U HEOOXOAUMBIX Ul TOHUMAaHUs MEXaHU3MOB BO3JECHCTBUS
KOCMOCAa Ha HUBbIE OpraHu3Mbl. llenpl0 HACTOSAIIET0 HCCIEeNOBaHUS OBLIO H3YyYEHHE

aJalITUBHOI'O OTBC€Ta H YCTOI\/JI‘-II/IBOCTI/I IIOKOAIIIUXCA CTaI[I/Iﬁ APCBHUX W COBPCMCHHBIX
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MOYBEHHBIX MH(Y30pHUH K JEHCTBHIO MOBPEKIAIOUINX (aKTOPOB (BBHICYLIMBAHMUS, TEperaga

TeMIIepaTyp, KOCMUYECKON paJiallii) B YCIOBUAX OPOUTAIBHOTO TOJIETA U B JIAOOPATOPHOM

OKCIICPUMCHTC.

DKCIEPUMEHTBI o
U3Y4YEHMIO  BIUSHUS  YCJIOBUH
OTKPBITOTO KocMoca Ha
KHU3HECTIOCOOHOCTh LUCT
IPOTHCTOB MPOBOJWIN Ha OOpTY
KocMuYeckux anmnapatoB buon-M1
u ®otou-M4 B 2013 u 2014 roxax.
[Muctel  OBUIM  MpEABAPUTENHBHO

BBICYIIICHBI Ha MeMOpaHHBIX

¢mibTpax MO0 MHKYOHPOBAJIKCH B
KyapTypanbHoi cpeae B PCR mpoOupkax. [IpoObl momenianu B repMeTHYHbIE KOHTEHHEPHI,
3aKpBIThIE CBEPXY KBapLEBHIM CTEKJIOM JUIsl OOecreueHHs] MPOHMKHOBEHUS KOCMHYECKOTO
u3nydeHus. KonreiiHepsl ¢ oOpa3iamMu Kpenwinch Ha BHEIIHEH oOmmBKe cryTHUKA. [lomeT
cnyTHUKOB mnponoipkancs 30 u 42 cyTtok Ha BbicoTe 575 kM. B nmabopaTopHbIX YCIOBHSIX
UCCIICIOBAIN BJIMSHUE HA YCTOMYMBOCTh IUCT MH(Y30puil HEOIAronpusaTHBIX (HaKTOpPOB
KOCMHUYECKOI'0 ITI0JIETA: BBICYIUIUBAHUS, HU3KOTEMIIEPATYPHOIO CTpecca W MOHU3HUPYIOLIErO

raMMa-us3JIyudCHU:I.

Jia ydactuss B 7a00paTOpHBIX U OPOUTANBHBIX SKCIEPHUMEHTaX OBUIM OTOOPaHbI
mrammbel uHDY30puit Colpoda steinii u Exocolpoda augustini (Ciliophora, Colpodea),
BBIJICJICHHBIE W3 MHOTOJICTHEMEP3INIBIX OTJIOKEHHH ToJioneHoBoro (mramm 7/91) wu
no3aHerieiictonenoBoro (mrammer 1019, 1086, 1/01) Bo3pacTa, a Takke U3 COBPEMEHHBIX
Mep3n0THBIX TouB (mrTamMM CC1). OTH MOYBEHHBIC U MPECHOBOAHBIE MH(PY30pUU 00Ia1al0T
BBICOKOW HKOJIOTUYECKOH IJIACTUYHOCTBIO, CHOCOOHBI (DOPMHUPOBATH YCTOHYMBBHIE K
CTPECCOBBIM BO3ACHCTBHSIM IUCTHI MOKOS U MPOCTHI B KYJIBTUBUPOBAHHH, UYTO MO3BOJIUJIO
UCIIONB30BAaTh MX Kak MOJENbHBIE OpraHu3Mbl. B 1a00opaToOpHBIX HCCIEIOBaHUSIX,
MOJCJIUPYIOUIUX YCIOBUSI KOCMOCA, UCIIOJIb30BAIU TAaKXKE CEEKTUBHBIC BapHAHThI IITAMMOB
npeBHel u coBpemenHou C.sfeinii, TIOMy4YeHHBIC B Pe3yJbTaTe OpOUTAIBHBIX YKCIIEPUMEHTOB

(trrammer CCII u 1019110).

HccnenoBanust ONBITHBIX U KOHTPOJBHBIX 00pa31oB IUCT MH(Y30puil POBOAMIH C
UCIIOJIb30BAaHUEM METOJIOB KYyJbTHBMPOBaHMS Ha TNMTATEIbHBIX CpENaxX, CBETOBOW,

GIyopeclieHTHOM W CKaHUPYIOMICH  JJIEKTPOHHOW  MUKpockommu. JlaGopaTtopHoe

93



KyJIbTUBHPOBaHUE LIUCT IPOBOAMIIN Ha KUJKON MUHepanbHOU cpene PJ ¢ nobasnenueM E.coli
B KaueCTBE MHINEBOrO0 00BeKTa mpH 22°. JIMarHOCTUYECKUMH KPHUTEPUSIMH IS OILICHKH
YKU3HECIIOCOOHOCTH KIIETOK SIBIISUTHCH: CHOCOOHOCTh K SKCIMCTUPOBAHMIO, CKOPOCTH POCTa
KYJIbTYpBl, U3MEHEHHE MPOHULAEMOCTH MeMOpaH M MOPQOJIOTHYECKHEe NMPU3HAKA HEKpO3a

KJICTKU.

B pesynbTaTe sKCriepuMeHTOB, MPOBOAUMBIX Ha OpOUTATBHBIX CIyTHHKaX bruon-M 1
u DotoH-M4, mNOKazaHO, YTO UHUCThl TMOYBEHHBIX WH(QY30pUll CMOCOOHBI COXPAHATH
YKU3HECIIOCOOHOCTh B YCJIOBHSIX OTKpPBHITOro kKocmoca. OmnHako, mpuxusHeHHoe Live-Dead
OKpalllMBaHUE C MCMOIb30BaHUEM (ayopecueHTHbIX Kpacutenedd AO u Pl BwigBUIIO B
MOCIIENONIETHBIX MPo0ax BBHICOKUI MPOILEHT LUCT ¢ MOBPEKAEHHON MeMOpaHoii - Oonee 70%
OT KOHTpoJiA. AHanu3 MOp(HOJIOTHH IUCT, MPOBEAEHHBIN C HCIOIb30BaHUEM CKaHUPYIOIIEH
AJIEKTPOHHON MHUKPOCKOIHH, MOKa3aJ, YTO YacTh LIUCT U3 MOCIECTMONETHBIX 00pa3lloB UMEET
3HAUUTENIbHBIE TOBPEXACHUS O0O0JOYKH, MPUUMHA KOTOPBIX MoKa HesicHa. Ilpu stom nons
HEMOBPEXJICHHBIX IIUCT B MOCIENOJNETHBIX Mpobax ObUIa 3HAYUTEIHHO BBILIE MPU MHKYOALUU
B JKUJKUX KyJIbTYpaJbHBIX CpEAax, YeM MpPH BHICYIIMBAHUHM Ha MeMOpaHHBIX puinbTpax (34%
1 3% OT KOHTPOJIS, COOTBETCTBEHHO). AHA/IN3 NOJYYEHHBIX KPHUBBIX POCTa MOKa3al, YTO B
KyJIbTypaX, HaXxOJHMBIIUXCS B CYXOM COCTOSIHMM BO BpeMs IIOJIE€Ta, YBEIMUYWIACh Jar-¢asa,
BJIBO€ CHHU3WJIACh MaKCHMajbHas CKOPOCTh POCTa, a TakKe 00Ilas YHMCICHHOCTh LWIHAT 1O
CpPaBHEHMIO C KOHTpojeMm. HampoTuB, »Tu mnapaMeTpbl ObUIM BbIIIE KOHTPOJBHBIX IS
KyJbTYp, CYCIIEH3UPOBAHHBIX B KUAKOM cpene. TakuM oOpa3oM, HECMOTPS Ha TO, YTO IIUCTHI
UH(Y30pUil COXPAHUIN JKU3HECTIOCOOHOCTh BO BCEX BapUaHTaX WHKYOHPOBAHUS B YCIOBHSIX
OTKpPBITOTO KOCMOCA, MX YCTOHYMBOCTh MHOTOKPAaTHO BoO3pacTaja IMpU  KHUJIKOM
MHKYOMpPOBAHHH, YTO CBSA3aHO, BEPOSTHO, C BO3MOKHOCTBIO 33/1€iCTBOBATh BHYTPUKJICTOUHbBIE
MPOIECCHl pernapanuy TMOJYyYEeHHBIX BO BpeMs MOJeTa MOBPEKIACHHWHA. YCTaHOBJIEHO, YTO
COBpPEMEHHBIE TYHJPOBBIE KOJIBIIOIbI 00JIee YCTOHUMBEI B YCIOBHUSAX OTKPBITOIO KOCMOCA, YeM
uckonaembie, a mrammbl Colpoda steinii - ©onee yCTOHYMBBI, 4eM IITaMMbl Exocolpoda
augustini. AHaIM3 XU3HECTIOCOOHOCTU ITMCT CEJICKTUBHBIX BapuaHTOB mrTaMMmoB C.steinii,
MOJyYEHHBIX IOCJIE€ OJHO- M ABYKPAaTHOTO MOJIETOB Ha OOpTy cmyTHUKOB buoH u ®doToH
(Puc.1), mokazan 3HAYUTENBHBIA POCT YCTOWYMBOCTU ITUCT COBPEMEHHBIX U OCOOCHHO
JIPEBHUX KOJBIOJA, Kak MPOSBICHWE aIalTUBHOW peaKIUu MNOMyJsauuid uHpy30puil mnpu

OKCTpEMAJIBHBIX BOSHCP'ICTBPIHX.
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CCI1 10191 ccl 101911

TabopaTopHEIH KOHTPOTE

- IIOCIENIONETHRIE HCCISI0BAHHA

B xone uccnenoBanuii pe3MCTEHTHOCTH LUCT K HOHU3UPYIOLIEMY raMMa-U3TyYeHHIO
B JIa0OpaTOPHBIX YCJIOBUSAX OOHAPYKEHBI pa3HbIe THUIMBI MOBPEXKICHUNH B 3aBUCUMOCTU OT
1036l (ot 0.1 mo 5 kGy). DkcrucTupoBanue mpekpamanock mocie 1036l 1.5 kGy, mpu goze 1
kGy peructpupoBaJii MHTOTHYECKYIO THOENb WHQY30pHiA, NPH OOIYYCHUH MEHBIIUMHU
03aMH  HaONIOAANM 3HAYUTENBbHOE TMAaJeHHE YHCIEHHOCTH KIETOK M yBEJIMYEHHUE Jiar-
¢a3pl. OayopeclieHTHOE MPHKU3HEHHOE OKpAallMBaHUE MOKa3alo, YTO 4Yepe3 CYTKH Ioclie
00Jy4YeHUs] PaguoYyBCTBUTEIBHOCTh IIUCT «KOCMHUYECKHUX» BAPUAHTOB INTAMMOB KOJBIIOJ
Obuta BhIIE, YeM JlabopaTtopHbIX moutH Ha 1 kGy u konebanack ot 2.8 no 3.8 kGy. Onnako
nocjye 7 CyTOK peBUTAIN3ALNN PAJUOPE3UCTEHTHOCTh LIUCT BCEX IITAMMOB YBEIMUMBAJIAch U
coctasisia ot 4.5 o 5 kGy. Iloka3zaHo, 4TO ITUCTHI APEBHUX KOJIBIIO]] 00JIE€ TyBCTBUTEIIHHBI
K TraMMma-oOJIydeHHI0, YeM IIUCTHl COBPEMEHHBIX KOJbMoJ. CpaBHUTENbHBIM aHAIU3
yctorunBocty mMcT C. sfeinii K BBICYLIIMBAHUIO U LUKIMYECKOMY IEPEOXJIAXAECHUIO0 A0 -5°
TaK)Ke IOKa3zaj, 4TO LUCThl MCKOMAEMbIX I[WJIMAT Xy)K€ aJalTUPOBaHbl K 3TUM BUAAM
CTPECCOBBIX BO3ACHCTBHI. YCTaHOBJIEHO, UTO 42 nukia nepeoxiaxiaeHus muct C. steinii ¢
nepexonoM dyepe3 0°C BbI3bIBaET HE TOJNBKO OKUIAEMYIO THOENb YacTH KIETOYHOU KYJIBTYpHI,
HO M aKTHUBALIMIO pENapaTUBHBIX IpoueccoB. KoMIUIEKC 3TUX peakuuid, MPOXOAlINX B
MOKOSIIIKUXCS KIJIETKaX, 00eCleuynBaeT aJalnTUBHbBIN OTBET M COXPAHEHUE JKU3HECIOCOOHOCTHU
yacTH nonyasiuuu uHdy3opuil. JIumutupyomumM ¢GakTopoM A pernapaTUBHOW aKTUBHOCTH
OBLIIO CoZiepKaHUE TOCTYITHOM BOJBI.

[IpuHATO CYMTaTh, 4YTO BBICOKAs YCTOWYMBOCTH LUCT TOKOS OOECIIEYMBACTCS
MOCPECTBOM TMOYTH IOJHOTO TpeKpameHuss ux MeTrabonumueckol akTuBHOCTH. OmHaxo,

MOJTyYEHHbIE JaHHbIE MO3BOJIAIOT MPEANOJIOKUTh, YTO IHMCTHI MOKOsI MHQY30puil 007a1at0T
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CIIOCOOHOCTBIO ~ PEIapupoBaTh BHYTPHUKIICTOYHBIC IMOBPSKICHUS, IMOMYyYEHHBIC TIPU
SKCTPEMAJIbHBIX BO3JEUCTBUAX B YCJIOBHUAX OTKPBITOTO KOCMOCAa WM B J1aOOpPaTopHOM
sKcriepuMenTe. M3ydeHne aganTUBHBIX PeaKIi U MEXaHHU3MOB BOCCTAHOBIIECHUS IIMCT MOKOS
B DKCTPEMAaJIbHBIX YCJIOBHSX TOMOXET OMPEISIUTh UX METa0OTMYEeCKUH CTaTyc, OLICHUTH
BO3MOXKHOCTh W JITUTCIIGHOCTh COXPAHCHHS JKU3HECIIOCOOHOCTH B MHOTOJETHEMEP3JIBIX
OTJIIOKEHHUSAX U Ha KOCMHUYECKOI opouTe.

Pa6ota BeimosnHeHa npu noanepxke rpanta POOU Ne 19-29-05003.
Cnucok nurepaTypsl:

Gilichinsky DA, EM Rivkina. Permafrost Microbiology (Reitner J, Thiel V, eds.)
Encyclopedia of Geobiology, Springer-Verlag. 2011. P. 726-732.

«MHUHHUMAJIBHA SI» KIIETKA B KOCMOCE
Bumnsikos I/I.E.l, IIImakoBa JI.A.z, PuBkuHna E.M.Z, bopxcennyc C.H.!

"WHI PAH, Canxm-Ilemepoype, Poccus
’U®XuBIIIT PAH, I[Tywuno, Mockoeckas 061., Poccus

Mukomnasmel  (k1acc  Mollicutes) — caMble  MalleHBKHE M3 HM3BECTHBIX
MHUKPOOPTaHU3MOB, CITIOCOOHBIX K POCTY Ha MCKYCCTBEHHOMU mutatenbHol cpene (bopxcenuyc
u ap., 2016). 'eHomMbpl MHKOIUIa3M B 3HAYUTEJIBHOM CTENEHU pPEIyLHMPOBAHbI, MX KIETKU
00Jaal0T BeCbMa OTPaHUYEHHBIM HA0OpPOM MeTaboauvecKkux ImyTeil. /JlmameTp HEKOoTOphIX
KJIETOK MHKOIJIa3M MEHbIIE TEOPETUYECKH PACCUYUTAHHOIO MHUHUMAIBHOTO pa3Mmepa,
KOTOPBIN JOHKHA UMETh KJIETKa, YTOOBI CUCTEMBI €€ sku3HeoOecnieueHus: (yHKIIMOHUPOBAIIN
crabmibHo. CUHMTalOT, 4YTO KJIETKM MHUKOIJIa3M Haubojiee TMPOCTO YCTPOEHBI, a
COXpaHMBILKECS B IMPOLIECCE PEIYKTUBHOM H3BOIMIONUU META0OIMYECKUE IYTH HMEIOT
dbyHaaMEHTANTBHOE 3HAYCHHE JIJIs1 KU3HeoOecnieueHus roooit kietku (Wong, Houry, 2004).

Muxkoruia3mbl B OOJIBITUHCTBE CBOEM SIBIISIFOTCS TTapa3UTaMH Y€IO0BEKa, )KUBOTHBIX U
pactenmii. OIHAKO €CTh M «Be3Jecylas» MUKoIuiazma, Acholeplasma laidlawii, koTopyro
00HapY’KUBAIOT B PA3JIMYHBIX [TOYBAX, CTOYHBIX BOJAX M TKaHAX BhICIIKX 3yKapuoT (Laidlaw,
Elford, 1936; Razin et al., 1998). Kpome Toro, A.laidlawii BXOOUT B TEPBYIO MATEPKY
KOHTAMHHAHTOB KIJIETOYHBIX KYJIBTYP M MOXET COXPaHATh >KU3HECIIOCOOHOCTh B CYXHX
MOPOMIKOOOPa3HBIX KOMITOHEHTax NHUTartenbHbBIX cpen (Windsor et al.,, 2010). B sxunkoit
NUTATEIbHOM Cpesie OHa CIIOCOOHA BBIPACTATh JJO BHICOKMX TUTPOB Aaxke npu +4 °C, Toraa kak
onTUMalbHas Temmeparypa pocta A. laidlawii naxomutcs B mpeaemax 30-37 °C. Ilo-

BUIUMOMY, KIeTKH A. laidlawii o0namaioT MexaHM3MaMH, IO3BOJISIIONIMMH TEPEKHUBAThH
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HIMPOKUN CHEKTP CTPECCOBBIX Bo3JeHcTBUU. Cpeau MHMKOIIIAa3M, TE€HOMBI KOTOPBIX
MOJITHOCTHIO CEKBEHHWPOBAHBI K HacTosimieMmy BpeMeHu (Oomee 250 reHomoB) y A. laidlawii
COXPAHMJICS caMblil OOJBIION HAOOP T€HOB, KOJUPYIOIIUX CTPECCOBBIC OEIKH, B TOM YHUCIE
6enok «ckopoit nmomommm» IbpA (Hsp20), mpenorBpamaromuii HeoOpaTuMyIo JeHaTyparuio
OenkoB B ycnmoBusix crpecca (Vishnyakov et al., 2012; Vishnyakov, Borchsenius, 2013).

B kadectBe MOAENBHOTO OO0BEKTAa «MHUHUMAIBHOW» KJIETKHM MHKOILIA3MbI
MPUBIIEKAIOT BHUMAaHHE CaMbIX [IE€PENOBBIX HCCIENOBATENbCKUX Tpymm. VMeHHO Ha
MHKOIIJIa3MaxX OB BBIMOJHEH PAJ PEBOMIONMOHHBIX paboT B 00JACTH MOJEKYJSPHOU H
KJICTOYHOW OHMOJIOTHMHU: TpaHCIUIAHTAIlUsl TeHOMa MUKoIasmMel Mycoplasma mycoides LC B
KJIETKY npyroro Buma, Mycoplasma capricolum (Lartigue et al., 2007); XuMHUYeCKHA CUHTE3
HOJTHOPa3MEpHOro OakTepuanbHOro renoma Mycoplasma genitalium (Gibson et al., 2008);
cuHTe3 Ooiee KpymHOro renoma, M. mycoides JCVI-synl.0, ¢ mocnenyromumM BBEJCHHUEM €ro
B KJIeTKu M. capricolum w WX TIpeBpalleHHUEM B «CHHTeTHUeckue» kieTku (Gibson et al.,
2010).

Ham mpencraBnsieTcsi, 4T0 MUKOIUIa3Mbl BIIOJHE MOJAXOAST B KaueCTBE MOJEIHHBIX
O0BEKTOB M JUISI acCTpOOMOJIOTHUECKUX HCCICAOBAHUM, HAmpuMep, C LENbI0 IMPOBEPKH
BBDKMBACMOCTH «MHHHMAJIBHOW» KJIETKH B OKCTPEMAIBHBIX YCIOBUSX, TaKHUX Kak
BO3/ICIICTBIE CBEPXHU3KHX TEMIIEpPAaTyp, BBICOKOIHEPTETUYECKUX MPOTOHOB COJHEYHOIO
BETpa U T.I.

B Hacrosmeil pabore B pamkax skcnepumeHToB Ha 60pry KA «DOTOH-M»
(okciepuMeHT «Ik300u0dhpoct») B 2014 romy OBUIO HCCIEAOBAHO HM3YUYEHHE OTKIIMKA
CBOOOJHOXUBYILIEH MUKOIUIa3Mbl A. laidlawii Ha KCIOHUPOBAHHE B YCIOBUSAX OTKPBHITOIO
KocMoca. Mukpoopranusm Acholeplasma laidlawii PG-8a monBeprany 3KCIIOHUPOBAHHUIO B
OTKPBITOM KOCMOCE Ha BHEIIHEH CTOpOHE CIyTHHKA B MHKPOLEHTPU(]YKHBIX MPOOUpPKaX B
ruiepune (KuaKasi MUTaTeNbHas cpeaa Mg KyiabTuBHpoBaHusi mukoruiazm OXOID, UK +
20% rauuepuH), B BUje cycneHsuu B nurtatenbHoi cpeae (OXOID, UK), a takxe B BUzE
CYCIIEH3UH, BHECEHHOW B MOYBOTPYHT (KaXKAbI BapHaHT B TPEX MOBTOpPax). AHAJIOTMYHBIE
BapHAaHThl HAaXOJIWINCh Tak)Ke BHYTPH CIyTHHKA, TI/I€ MOJAAEP)KUBAIach IOCTOSHHAS
temneparypa (21-22 °C). [locne npuzemiieHus CITyTHAKA U TOCTaBKU 00pa3loB (Ha 72 CYTKH
MOCJI€ TIOCEBA) KYJbTYPhI BBICEBAIM Ha CBEXKYIO XKUAKYI0 TuTaTesnbHyo cpeay (OXOID, UK)
¢ no6asnenueM 0.1% rmoko3bl. Uepes 6 cyTok (78 cyTKu) enaiv HOBTOPHBIHN MOCEB.

OCHOBHBIM pe3yJIbTaTOM JaHHOUN PabOTHI ABISETCS KOHCTaTalusl GakTa, YTO KIETKH
MUKOIUTIa3MbI A. laidlawii, 0MHON U3 «MUHUMAJIBHBIX» OaKTepui, HE 3aIUIICHHBIE KJICTOYHOU
CTCHKOH M He 00pa3yroIue Crop, ClIOCOOHBI BEDKUTH NMPH SKCIIOHUPOBAHUH B OKOJIO3E€MHOM

KOCMHUYECKOM IPOCTPAHCTBE, B YCJOBHUSX MHOTOKPATHBIX MEPEXOJ0B TEMIIEpaTypbl depes
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0°C, BBICOKOPHEPTEeTHYECKUX MPOTOHOB COJHEYHOTO BETPA, YIBTPAPHOIETOBOTO H3ITyUCHUS,
raMMa-pagfaniy, BakyyMma. JToT (JakT MOXKHO PaccMaTpHUBaTh KaK CBHUAETENILCTBO TOTO, YTO
Jake HauOoJee «IpPOCTO» OpPraHM30BAaHHBIE MHKPOOPTaHU3MBI, CHOCOOHBIE pAacTH Ha
CHHTETHYECKOM MUTaTeIbHOH cpene, 001aaat0T 3(pEeKTUBHBIMI MEXaHU3MaMHU YCTOWYHBOCTH
K cTpeccaM, M O (yHIaMEHTAIBHOH CIIOCOOHOCTH JKUBOM MAaTepUM K BBDKUBAHUIO B
SKCTPEMalbHBIX YyCIOBUSAX. Kpome TOro, ciemyer MOTYEpKHYThb, YTO >KH3HECHOCOOHBIC
(kynbTHBHpYeMble) (OpMBI TIEpBOW  MHUKOIUIA3MBI-KKOCMOHABTa»  COXPAaHWIHCh TpPHU
HKCTIOHUPOBAHUU B YCJIOBHUSIX OTKPBITOTO KOCMOCA, TOJIBKO OyAy4H MOMEIIEHHBIMU B IOYBY.
Taxum 00pa3om, IOYBa MOXKET CITY’KUTh B KauecTBe 3(PPEKTUBHOTO «IIEPEHOCUNKA KU3HU B

MEXXIIJTAHETHOM IPOCTPAHCTBE.
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BBI)KUBAEMOCTH MUKPOOPI'AHU3MOB HA BHEIIHEH CTOPOHE MKC

JlemeBasi E.A.l, PduajaxkuHa C.Bl., I'ypunos A.A.l,lllepﬁalcona B.A.z, IIbirankos 0.c.? ,
Ilyopanosa E.B.*, Wibun B.K.'

' THIT P®-UMBII PAH, Mockea, Poccus
> UBOM PAH, Ilywuno, Mockosckas oba., Poccuu
3 ITAO PKK «Onepeusy, Mockoeckas 0oa., Poccus
‘oryil L[HUHmaw, Mockosckas 0oa., Poccus

Ha ocHoBaHMM cepuM KOCMHUYECKHX SKCIEPUMEHTOB OBLIO MOKa3aHO, YTO TIPU
pa3HBIX YCJIOBUSAX BO3ACHCTBUS KOCMUYECKMX (PaKTOPOB Ha MHUKPOOPraHM3Mbl BBDKHUBaHHE
NOCJIEAHUX TPU 3KCIOHMPOBAHMM Ha BHEIIHEH CTOpPOHE MeEXIyHapOoJHOW KOCMHYECKOU
cranuuu (MKC) 3aBuCHT B mepByl0 odepelb OT 3alIUThl OMOJOTHYECKOTO0 OpraHu3Ma OT
neiictBusi ynbrpaduonera. B kocmudeckom skcniepumente «Tect» ObBUIO yCTaHOBICHO, YTO
IpU HAHECEHHMM OHOJOrMYecKMX OOBEKTOB Ha IOBEPXHOCTb BATHOIO TaMIIOHa H
NOCIEAYIOEM Ppa3MELIEHUN DJKCIIOHaTa BHE CTAaHLUMM y IPOKAPUOTHBIX M 3YKAPUOTHBIX
KyJIbTYp OTMEUYEHa OJMHAKOBas IWHAMHMKA K CHIKCHHMIO YHMCICHHOCTH OHMOOOBEKTOB B
OTKPBITOM KOCMOCE.

B 1980-x rogax O1oyioru BBISIBUIIM, YTO MUKPOOHAs KHU3Hb 00J1aaeT yAUBUTEIbHOM
rMOKOCTBIO K BBDKMBAHHMIO B AKCTPEMAJIbHBIX MECTaxX OOUTaHMs — HalpUMep, B HHMIIAX,
Ype3BbIYAHO TOPSIYMX MM KHUCJIOTHBIX, KOTOpPBIE paHeEe HE pPacCMaTpUBAJINCh IS
KU3HEIEATENIbHOCTH CIJIOKHBIX OpraHUu3MOB. M3BeCTHBI MUKPOOPIaHU3Mbl OYEHb YCTOWYMBBI
K paavanuu. YueHble OOHAapyXWiaM OaKTepuu MOJ TOJNIIEH JbJa B AHTapKTHAE, JHE
Mapuanckoi Bnaaunbl, Ha riayoune 1900 ¢yToB HHKE MOPCKOTO JHAa. MUKpPOOPraHHU3MbI
o0aaloT JOCTaTOYHO OBICTPOM aAanTalMOHHOM CMOCOOHOCThI0. CUMTanoCh, 4TO CO
CKOpPOCTBIO U3MEHEHHUS YCIOBUU CPeAbl MOXKET U3MEHSATHCS M aJalTallMOHHAs CIIOCOOHOCTD
MHUKPOOPTraHU3MOB, a OBICTPBIN MEPEXO0/1 YCIOBUN OKPYKAIOLIUI Cpe/ibl Ha HEOIAaronpusiTHbIC
JUIsL OpraHu3Ma MOKET BbI3BIBAThH €ro rubesns. HTepecHo, 9TO cO COoCOOHOCThIO K TOM MM
UHOH (hopMe NOoKos1, oOecreunBaroeil BbDKHMBaHHE 0MO000BEKTA B YCIOBUSAX HECOBMECTUMBIX
C aKTUBHOW KU3HEJEATEILHOCTHIO, 00JIaJaeT MIUPOKUN CIEKTP OPraHU3MOB OT OAKTEpUl 10
N03BOHOYHBIX. [IposBIIsAACH CXOAHBIM 00Pa30M y HEPEIKO 3BOJIOLMOHHO J1aJI€KO OTCTOSIIMX
OpPraHu3MOB, pa3lIu4yHble (OPMBI IIOKOS, IO-BUIAMMOMY, HMEIOT B CBOEH OCHOBE
MOJIEKYJIIPHO-T€HETUUECKYI0 OOIIHOCTh. be3 ocoboro mpeyBenuueHus: MOXKHO TOBOPUTH O
HAJIMYUMA TPAKTUYECKH Yy BCEX JKMBBIX CYIIECTB CIIOCOOHOCTH K TEPHOAMYECKOMY
3aTOPMAKUBAHUIO  JKU3HEAEATEIBbHOCTH, KOTOpas MpPOSBISETCS B  3aBUCUMOCTH  OT
KOHKPETHBIX YCJIOBMM CYHIECTBOBAHHSA BUAOB. B peryisinum MeXaHW3MOB IOKOs, OYE€BHJIHO,

y4acTBYIOT 0COObIE CHTHAIBI W/WIH (HaKTOPbl BHYTPEHHEH Mpuposl (OHONIOrnuecKrue 4achl),
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YTO TMO3BOJISIET CTaBUTh BONPOC 00 YNpaBIEHMHM STHUMHU MEXaHU3MaMM, KaK B paMKax
OTZENBHBIX OpPraHU3MOB, TaK M Ha YypoBHe »HKocucTteM. C LENbI0 pelIeHHs BOIpoca
BBDKMBAEMOCTHU MUKPOOPTaHU3MOB B OTKpPBITOM OKOJIO3EMHOM KOCMHYECKOM
IPOCTPAHCTBE, IOJBEPralOIUXCs  MaryOHOMY BO3JCHCTBHIO pa3IMYHBIX (PU3UUECKUX
(GakTOpoB, TakuMX KaK BaKyyM, COJHEYHOE MW3JIydeHHE, HOHM3UPYIOUIee TrajlaKTUUYEeCKOoe
U3JIy4eHHE, BO3JECHCTBHE BBICOKOOHEPr€TUYECKUX HOHOB W T.XI., PAJ CTpaH HPOBOJIWIU
SKCHEPUMEHTBI HA KOCMUYECKUX CTaHLUAX U Ha 3eMile TP UMUTALMU YCIOBUIM KOCMOCA.

B skcnepumentax HACA Ha 60pTy KOCMHYECKOT0 KOpabist Ipu MPOJA0JKUTEIHLHOM
nosere wmuccun LDEF Obuin momydeHsl JaHHbIE Ul OOCYXKIEHMSI BEPOSTHOCTU
BosuukHOBeHns "Ilaucrepmun. Criopsr Bacillus subtilis B monocnosix (10%/06pasern) wim
MHOTOCIOMHBIX cTpykTypax (10%/06paser), 3amIMIIeHHBIE OT MOCTOSHHOTO IEiCTBHS
KocMuueckoro Y@ H3ydeHus aTIOMUHUEBBIM KOJIIAKOM C OTBEPCTHSIMH, IOABEPraliiCh
BO3JICUCTBUI0 KOCMHUYECKOW Cpelbl B TEUEHUE ITOYTH IIECTH JIET. DBIIO MOKa3aHo, 4TO IpHU
SKpaHUPOBKE HCCIEAYEMbIX O0pa3lloB  OT COJHEYHOTO YJIbTPapHOJIETOBOIO H3IyYECHUS
(amoMuHUEBBIM (QUIBTPOM, KpucTaiaamu conei) 10 80% crop B MHOTOCIOMHBIX CHCTEMAaxX
BBDKHBAJIM B KocMoce. [loka3zaHo, 4TO BO3AEHCTBUE BHE3EMHOIO COJTHEYHOTO Y D-U3nydeHus
SIBIISIETCS CaMbIM BPEAHBIM (DaKTOpOM B MpoCTpaHCTBE. [IpuunHOIi 3TOMY SIBISETCS BBICOKAs
sHepreTuka Y @-u3imydyeHus: 1 BAKYYMHOIO IEUCTBUS, KOTOPBIE HEITOCPEACTBEHHO BIMSIOT HA
JAHK u BBI3BIBaOT 00pa3oBaHue JOMOIHUTENBHBIX (GoTonpoaykTroB B JIHK, uro B koHEUHOM
UTOT€ TPUBOAUT K CHIBHOM MYyTareHHOCTM U JIETaJbHOCTH. ABTOpBI, OTMeYalu
noBpexxaaromuil 3gdexkr BHe3eMHOro coiHeyHoro Y® wu3iydeHus ycyryOuisercs, Korja
CIOpbl  OJAHOBPEMEHHO IMOJIBEPIralOTCSl BO3JEUCTBUIO COJHEYHOW  yJIbTpaduoaeTOBON
pamuanuu 1 kocMuueckoro Bakyyma (Horneck G. et al. 1981,1994, Tauscher C. et al. 2006).
IIpoBeneH psa  HKCCIENOBAHUM IO HU3YYEHHUIO Bozaeucteus Y O-uznydeHus Ha
MHUKPOOPTaHU3MBI aJIeKBaTHOro conHeuHoMmy. Hampumep, B skcnepumente EXPOSE, 6Obuto0
MOKa3aHO, 4YTO mociie 18 MecsleB 3KCHO3MIMU B BBICTAaBOYHOM Moayie Epomelickoro
kocmuueckoro areHtctBa (EKA) na Bremneir cropone MKC mpu oOiydeHuu Criopsl
O6akrepun  Bacillus pumilus CA®PP-032 nponeMOHCTPUPOBAIM MEHbIIEE CHIKEHUE
KHU3HECTIOCOOHOCTH MO0 CPAaBHEHUIO CO CIHOpPAMH, HAXOIIIIMMHUCS B HMMHUTAIIMOHHOM
skcniepumente (Vaishampayan P.A. et al., 2012).

Baxxupie HayuyHble pe3ysbTaThl ObUIM MOJYYEHBI B POCCHMCKOM 3KCIEPUMEHTE
«buopuck» u B poccuiickoit yactu skcnepumenta EXPOSE (Novikova N. et al., 2015). B
IKCIEpUMEHTe «bHOpUCK» ONpeneNnsau BIUSHUE BaKyyma, pajMallid U HEBECOMOCTU Ha
BBDKMBAEMOCTh KYJIBTYP MHUKpPOOPTaHHW3MOB, 3alUIIEHHBIX OT JEHCTBUS KOCMHYECKOIO

N3JIYYCHUSA MCTAJUIMYCCKHUM YCEXJIOM. B stux YCIIOBUAX OBLIO IIOKa3aHO, 4YTO 6aKT€pI/II/I n
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MJIECHEBbIE TPUOBI CMOCOOHBI BBDKHMBATH B TE€UEHHWE HE MeHee 31 mecsla B YCIOBUAX
OTKPBITOI'0 KOCMOCA MpH 3alllUTe OT KOCMUYecKoro yibTpaduonera. OaHako, BO BCEX paHee
MPOBOJAMMBIX HKCIIEPUMEHTAX MEXIYy MHUKPOOPTaHM3MOM M JIEHCTBHEM BCEX H3y4aeMbIX
KOCMHYECKHUX (paKTOpPOB ObUT Oapbep, KOTOPBIN C OJHOW CTOPOHBI CHUYKAJI MIIM PEryJIHpOBal
BO3JICHCTBUE (aKTOpa, a C APYTrOd CTOPOHBI YJEP>KUBAJ CHOPHI MHKPOOOB B OIpaHUICHHOM
o0Beme.

Takum 00pazoM, B NMPOBEACHHBIX SKCIEPUMEHTAX OBLIU OMpPEIEICHBI HEKOTOPHIC
BPEMEHHBIE YPOBHU BBKUBAEMOCTH CIIOPOBBIX MUKPOOPTaHU3MOB, YACTUUHO WM MOJHOCTHIO
3alMIIEHHBIX OT BCErO CIEKTPa KOCMHUYECKOTO H3JIyU€HHUs, MPOBEJEHA HayajdbHas OIEHKA
BO3MOXKHOCTEH BBKUBAEMOCTH MUKPOOOB U OTNpEENIEHO HANpaBIeHHE OTAEIbHBIX OTKINKOB
KMBOW CUCTEMBI.

VYHUKalbHBIE JaHHBIE TIONYy4YEeHbl B peE3yJbTaTe€ KOCMHUYECKOrO0 3SKCIEPUMEHTA
«Tect».

B nos6pe 2010 roma, B mporecce BbIXOJa B OTKPBITBIM KOCMOC, SKHIMaX 25-i
SKCIIETUIINHN BBIMOMHUI OTOOp mpod ¢ BHemHeil ctoponsl PC MKC. HWccnenoBanue
JOCTaBIICHHBIX HA 3EMIIIO TIPOO MPHUHECTIO CCHCAIIMOHHBINA PE3yIbTaT: B OJHON U3 P00 ObUIH
OoOHapyKEHBI JKU3HECTIOCOOHBIE CriopooOpasyromue Oakrepun Buna Bacillus licheniformis.
BrniepBrie B HICTOpUU HAayKu U KOCMOHAaBTHKH B HOHOC(hepe, Ha BbicoTe 400 kM 0OHApyKEHO
KuBoe BeriecTBo. Jlanee B pesyibrate 10-IeTHUX HCClieI0OBaHUM, OBUIO YCTAaHOBJIICHO, YTO B
KOCMUYecKol mbUIH, Ha moBepxHocTsx moayieit PC MKC conepskatcs >ku3HecrocoOHbIE
€MHUIIBI MUKPOOPTAHMU3MBl U TPUOOB. 3aTeM ObLI MPOBENEH YHUKAIbHBIH KOCMHUYECKUN
DKCIIEPUMEHT « TecT-3KCIoHaT».

Jlns mpoBeleHHs KOCMHUYECKOTO HKCIEpUMEHTa Ha MOBEPXHOCTb  CTEPUIIHHOTO
BaTHOT'O TaMIIOHA HAHOCHJIH, TPEIBAPUTEIHHO BEIOPAHHBIC 110 YCTOWYMBOCTH K AeicTBUIO0 Y D-
U3YYCHUSI U BaKyyMa, IITaMMBI CJIEIYIOIUX MUKPOOPTaHW3MOB: CIIOPOBBIX OaKkTepuil BUAA
Bacillus amyloliquefaciens, rpuba suna Aurebasidium pullulans v apxeit Buna Methanosarcina
mazei. B teuenune 2 ner Ha BHemHed cropoHe MKC skcroHupoBanu JaHHBIC KYJIBTYyphI 0e3
3anThl OT Y ®-m3iydeHusi, BakyymMa U BCEX JPYTHX (PaKTOPOB OTKPBITOTO KOCMHUYECKOTO
npoctpadcTBa. llocine OKOHYaHMS CpoOKa OSKCIepUMEHTa O0Opas3ibl ObUIM BO3BpAIlCHBl B
1abopaTopuIo, I/1€ MPOBOIAMINCH UCCIICTOBAHHSL.

CpaBHUTENBHBIA aHAIN3 PE3yIbTATOB AKCIOHUPOBAHUS B TeueHue | roma U 2 jer
MO3BOJIMJ OLIEHUTh AWHAMHUKY COXPAHEHHUS >KM3HECTIOCOOHOCTH MHKPOOPTaHU3MOB TpHU
HKCIIOHUPOBAHUH B OTKPHITOM KOCMHUYECKOM MPOCTPAHCTBE (PUCYHOK 1).

1. BeIsBICHEI TCHACHIUN CHMKCHHUA YUCIICHHOCTH BCE MUKPOOPraHU3MOB!:
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- 3a mepBeiid roj uucieHHOCTh KOE (komoHmeoOpasyrommx eIWHWI]) CHU3WIach Ha 3

NOPSJIKA;

-3a BTOpOoi rox unciaeHHocTs KOE cHu3minach Ha 2 nopsika 1o CpaBHEHUIO C IIEPBBIM T'OA0M.
[IpoBeneH mepBBIN STam UCCIEAOBAaHMS JOCTABICHHBIX OOpa3LlOB — OINpe/eiIeHUe

gucIIeHHOCTH ku3HecriocoOHBIX KOE mociie OTKpBITOro SKCIIOHUPOBaHUST OMO000pa3IoB.
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8 \
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Pucynox 1. Jlunammka uwuciaeHHocTH xku3HecriocoOHbIX KOE mpu  oTkpeiTOM
SKCIOHMpPOBaHUM Ha nmoBepxHocTH MKC.

Kak BHJIHO M3 NMpeACTaBIECHHBIX JAaHHBIX, BBISBICHO, YTO CHH)KEHUE YHCIEHHOCTH
COXPAHUBIIUX CBOIO >KH3HECHOCOOHOCTh OPraHM3MOB B YCJOBHSAX OTKPBITOTO KOcMoOca 3a 2
rojia Mpon30LLUIO NOYTH HA 5 MOPSAKOB y PasHbIX KyibTyp. HUTH BaTHOro TaMIioHa MOIJIH
CIIY>KUTb CBO€OOPa3HOM 3aIIUTON MUKPOOPTAaHU3MOB OT BO3ACUCTBUST Y D-U3TydeHHUs .

Takum 00pa3oM, B YCIOBUSX AEHCTBHS OJHUX M TeX ke (paKTopax KOCMHUYECKOTO
POCTPAHCTBA CHWKEHHE BBDKHUBIIUX OMOOOBEKTOB MOXET OBITh OJMHAKOBBIM JUIS Pa3sHBIX
TaKCOHOMHMYECKHUX TPYII MHKpoOopraHu3moB. CienoBaTenbHO, HCTOYHUKAMU OMOOOBEKTOB B
menkonucnepcHoM ocaake Ha PC MKC wmoryt ObITh OpraHM3Mbl, COXpaHHBILIMECS Ha
IIOBEPXHOCTU IPU BBIBEACHUU C 3€MJIM, BBIICICHHbIE M3 OOUTAEMBIX OTCEKOB, a TaKXkKe
BO3MOXEH BKJIAJ MEXIIJIJAHETHOTO METEOPUTHOIO M KOMETHOro BemiecTBa. IlomyueHHble
JTAaHHBIE YKa3bIBAIOT HA TO, YTO B HOHOC(EpE KUBBIE OPraHU3MbI MOTYT OBITh HE CIIy4aifHBIMHU
o0OuTaTENSMHU.

Takum oOpa3oM, ompoBepraercss mnapagurmMa Oe3KH3HEHHOCTH KOCMHUYECKOTO
npocTtpaHcTBa.  Mukpoopranusmbl  u3  buocdepst  3emnm  MoryT paccewBaTrhCsl B

MCKIIJIAHCTHOM IMMPOCTPAHCTBE. 3eMIIs CTAHOBHUTCS HE TOILKO HpI/IéMHI/IKOM, HO U UICTOYHHUKOM
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JKUBOM Marepuu. He npon30iI€ET 1M KOHTaMUHALK KOCMUYECKUX allapaToB pacCESHHBIMU B

OKOJIO3€MHOM IPOCTPAHCTBE OMO0OBEKTAMH PA3IMUHOTO MPOUCXOKICHUS?
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BJIMAHUE BBICOKOOHEPI'ETUYECKUX YACTHULL
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B ®OTOCUHTETUYECKOM ANIMAPATE IIUAHOBAKTEPUMI
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Cnaccxkuii A.B. %, ITamenxo B.3., Pyoun AB.

LMY umenu M. B.Jlomonocoesa, Mockea, Poccus
’HUA® umenu J.B. Crobenvyvina, MT'Y umenu M.B.Jlomonocosa, Mockea, Poccus

OcHOBHBIMU HEOIArONPUATHBIMH (PaKTOpamMu MPU KOCMUYECKOM IIOJIETE SIBISIFOTCS
MOHM3UpYIOIIee EHCTBUE TSHKENOW KOMITIOHEHTHI SIEp COJMHEYHBIX M KOCMHUYECKHX JIydei,
obOnanaroiel KpaiiHe BBICOKMM 3HaueHUEM JMHENHO# mnepenauu sHepruu (JIIID) mo 500
KdB/Mkm (Case m gmp., 2013). 3amura sKuMaxka OT 3TOTO BO3JACUCTBHUS TPEICTABISET
CIIOXKHYIO TEXHHUECKYIO 3aJauy, B KOTOPOW OCTaeTCsi HEPEUICHHBIM U psJ OMOMEAUIIMHCKIX
npooOsieM. JIo cuX MOp MEXaHW3M IMOBPEKICHHUS OCIKOB M MUTMEHT-OETKOBBIX KOMILIEKCOB
MOJ1 ISUCTBHEM HOHU3UPYIOIIETO U3TyUeHUs ocTaeTcsi HeBbIsicHeHHBIM (Kyapsiios, 2004).

N3BecTHO, 4TO Ha paHHUX ATanax UCTOpUU 3eMiu oT 4,5 1o 2,5 MWIIUApIOB JIET
Ha3af,

U3-32 OTCYTCTBUSI O30HOBOTO CIIOSI YPOBEHb pajyalliii Ha TMOBEPXHOCTH 3€MJIU TPEBBIIIAI
CErOAHSIIHUN ypoBeHb, B 13,8 pa3 mis YO usnydenus u B 46,6 pa3 A MOHU3ZHUPYIOIIETO
m3nydeHuss (Morozova u ap., 2015). UtoObl BBDKHMBATh B TOJOOHBIX JKCTPEMaTbHBIX

YCIIOBUAX HHaHO6aKTepI/I5{M HeO6XO)II/IMO OBLIO BBIpa60TaTB MCXAaHHM3MBI 3allUTBI OT
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MOHU3MpYIonIero u3nydeHus. [lpubmusurensHo 2,3 MuITHap/a JIET Ha3aJ Ha TPAHUIE apXest
u mnporepo3os (Rasmussen wu ap., 2008) 1manoOakTepuu (TpaMOTpHUIATEIbHBIC
MPOKAPUOTUYECKUE OPTraHU3MBbI), OCYIIECTBIISIONINE OKCUTCHHBIN (HOTOCHHTE3, MPUHUMAIN
yuyactue B (opMupoBaHMM KHUCIOpoAHOH arMocdepsl 3emnn. [lo coBpeMeHHBIM
NpEeCTaBICHNUSIM HauyaIbHOE HAKOTUICHHE KHCIOPOAa B MEJIKOBOIHBIX KapMaHaX OKEaHOB YXKe
B 3moxy Apxes — 3,23 MWIIMapAoB JIET Ha3al, TO €CTh 10 «Benukoro KuciopoaHoro
coObITUS», KOTOpoe mpouzounuio 2,5 mwumapaa jer Hazan (Satkoski u np., 2015).
Konnenrpauuss kucimopoga B armochepe 3eMiM JIOCTUTIA W MOJJCPKHUBACTCS HA
COBPEMEHHOM  YpPOBHE HWMEHHO  Ojarojapss  NpOCTEHIUM  (HOTOCHHTE3UPYIOUIHM
MHUKpOOpraHu3Mam — IuaHobaktepusiM. @oToCHHTETHYECKAas MEMOpaHa ITMaHOOaKTEepUH, KakK
U y TPOHM3OLIEAIMINX OT HUX BBICHIUX PACTCHHI, COJACPKUT 2 THUIA B3aUMOJCUCTBYIOIIMX
Mexay coboit ¢orocuctem (PCl, DC2). Cperocbop ocCyHIeCTBISETCS MEMOpPaHHBIMU
MUTMEHT-0EITKOBBIMU KOMILIEKCAMH, COJIEpKAIIUMU peakunonHbie neHTpsI (PL]) ¢poTocucTem
1 u 2 ¢ MoJsekyniaMu XJIoporiia @ B Ka4ecTBE MATMeHTOB cneruaibHbix nap (11680, I1700) u
KOpPOBOIl  aHTEHHBl. Ponb  JOMONHUTENBHOTO  CBETOCOOHMpAIONIETO  KOMIUIEKCa Y
[IMaHOOAKTEepHUH BBITIOIHIIOT TUTAHTCKUE MUTMEHT-OCIKOBBIE KOMIUIEKCH (HKOOMIMCOMBI
(®BC), «xotoppie cocToAT U3 (ukoOmmumporenHoB — ¢ukonmanmHa (DL wm
amtopuxonmannHa (A®DI]). B kadectBe XpomodopHOW Tpymnmbl (HUKOOUITUTIPOTCHHBI
UCIIOJIB3YIOT MOJIEKYJIbl OMIMHOB. [{naHoGakTepry UMEIOT IIMPOKHM apea paclpoCTpaHEeHuUs
Ha 3emJie, YTO TOBOPUT O BHICOKOM YPOBHE HAJECKHOCTH U 3(PGHEKTUBHOCTH OpraHU3alUU HX
(GOTOCHHTETUYECKMX MEMOpaH H  PETyJISTOPHBIX MEXaHM3MOB, IIO3BOJIIONINX MM
Q/IaTITUPOBATHCS K PA3JIMYHBIM YCIIOBUSM OKPYXKAIOIIEH Cpeabl, B TOM YHCIIE, IEPEXOAUTh OT
aBTOTpo(pHOrO mHTaHWS K TeTepoTrpodHOMy. Takum o00pa3oMm, HHAHOOAKTEPUU MOTYT
paccMaTpuBaThCS KaK MOJICIbHBbIE OOBEKTHI Al M3YYEHHS aJanTallMOHHBIX MEXaHH3MOB,
MO3BOJISIIOIIMX JKUBBIM OpPTaHM3MaM 3alUIIAThCS OT MOHM3HMpPYIOIEro minydenus. [lomumo
3TOTO, HCIOJB30BAHWE IIMAHOOAKTEPUH B KAueCTBE OMOTEXHOJOTHYECKUX MPOIYIICHTOB
MOJIEKYJISIPHOTO KHCJIOpPOJa U psijia APYrHMX BEUIECTB MOTEHIMAIBHO MOXET DPELIUTh Pl
MPUKIATHBIX 337124 JATbHUX KOCMUYECKUX MUCCHM, CBSI3aHHBIX C pereHepanueil Kuciaopoa.
B nannoit paboTe npoBeeH CpaBHUTEIbHBIN aHATU3 BIUSHUA KOCMHYECKOTO TOJIeTa
BO Bpems muccuu PoTroH-M4 m o0mydeHHs o-4acThlaMu c SHeprued okoimo 30 MboB,
MOJIETIUPYIOIIETO BO3JCHCTBHE TSHKENBIMH SAPAaMU  YacTHI[ BBICOKMX PEISTUBHCTCKHUX
SHEPrui, KOTOphIE MOTYT BXOISAT B COCTaB TaJlaKTHYECKHMX KOCMHYECKUX Jyd4eil, Ha
(YHKIMOHAJBHYIO OpPTraHU3alMi0 (OTOCHHTETUYECKOrO ammapara ¥ IepBHYHBIC CTaTuH
dorocuHTe3a 1MMaHoOakTepuabHOTO mTamma Synechocystis sp. PCC6803 (Klementiev u mp.,

2019).
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Pucynok 1. (A) - Criektpsl moromenus Synechocystis sp. 10 u mocie BO3aeHCTBUS
HOTOKOM 0-yacTHll ¢ fo30M 120 kI'p (uepHas M KpacHas JMHUHU, COOTBETCTBEHHO), & TaKXkKe
nocne kocmuyecko muccun DPOTOH-M4 (cepas kpuBas). CuHSS IyHKTUpHAas JIMHUS
nokassiBaeT mnoriomenue BoaeaeHHbIX OBC. (b) - 3aBucMMOCTH OT 103l ONTHYECKOM
wioTHOoCcTH Synechocystis sp. mociie 00ydeHus o-yacTuram Ha JutiuHe BoiHbI 623 HM (DOBC B
KJIETKe — uepHas KpuBasi, nzonupoBanHble ®BC — cunss mynktupHas) u 680 um (PLI, 3enenas
kpuBasi). [lormomenne 6p10 HOPMUPOBAHO Ha cooTBeTCTBYIoMIee 3HaueHue npu 0 kI['p. (B) -
otHowmeHus ontuueckoi miuotHoctd PBC/PL nocne obiydenus ¢ nosoit ¢ 120 kI'p, mocne
JUINTEIbHOrO XpaHeHus B TeMHoTe (KoHTpoms), nocne nonera B kocMoc (PotoH-M4).

[Tpsmoe nomaganue a-yactuisl B 6enok win JJHK npuBoauT K pa3pbiBy XMMUYECKHX
cBsizedl. [IpemoTBpaTHTh TakoW pa3phlB HEBO3MOXHO. llmanoOakrepum Synechocystis sp.
uMerT 14 xonuit konbueBoil JIHK, xotopeie coctaBistor 2-3% OT CyXOM Macchl KIETKH
(Zerulla u np., 2016). YuutbiBas pa3mMepsl KJIETKU U 0-4aCTHILIbI, B MacIITade KJIETKH NpsIMoe
NOTAJAHUE 0-YACTHIIBI MAJIOBEPOSITHO, TIOATOMY 3(P(EeKT OT mposera BHICOKOIHEPTETHIECKOM
YaCTHUIIbl Yepe3 KIETKY, BEposTHO, oOycioBiieH reHepanueit ADK, koTopeie 00pa3yroTcs B
Tpekax. [lpu mposere o-4acTHI] Yepe3 BOJIHBIN pacTBOP KyJbTYPhI KJIETOK IHAHOOAKTEpU
Synechocystis sp. B mpoliecce paauonusa BoAbl mpoucxoaut reHepauus ADK, kotopsie
paspymaiT O0enkd U XpoMoopHbIe TPyNmbl (OTOCUHTETHUYECKOTO ammapaTa. BosnelicTBue
WU npuBoaUT K OTCOEIUHEHUIO 11EbIX aHTeHHBIX KoMIiekcoB DBC ot PLI. OtcoeanHeHHbIC
O®OBC, kotopele cOCTOAT U3 (HUKOOMIUIIPOTEHHOB, OOJAJAIOMINX AHTHUOKCHIAHTHOU
aKTUBHOCTBIO M cocTaBisomue 80% cyXxol Macchl KIETKH, MOTYT Je3akThuBupoBaTh ADK,
BCTYIAsi B XMMUYECKYIO PEaKIUIO C TOCIEIYIONMM OKHCIEHHEM TPUNTO(PAHOB, TUCTUIMHOB,
(eHUIaNaHMHOB, THUPO3WHOB, LUCTEWHOB W JAPYTUX AMHHOKHCIOTHBIX OCTaTKOB. JTO
MO3BOJIAET YMEHBIINUTh KOJIMYECTBO MPOJIYKTOB PaJUOIU3a U COKPATUTH BEPOATHOCTh MX
B3aumoeicteus ¢ JJHK BHyTpu kietku. CHHTE3 K€ HOBBIX OCIIKOB DHEPreTHYECKU OoJiee

BBIFOJICH MO cpaBHeHuto ¢ pemnapanuei JIHK, dro xapakrepHo /g psjga BHIOB
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MUKpPOOPraHu3MoB, Hanpumep Deinococcus radiodurans. C npyroil CTOpoHbl, B OTCYTCTBUE
(OTOXMMHMYECKOTO TYLICHHsI, BOSHUKAIOIIETO MO/ JEHCTBUEM MHTEHCHUBHOTO CBETa, CaMU IO
cebe orcoenunenHsle ®bBC moryT renepupoBars ADK (Rinalducci u ap., 2008). OueBugHo,
JUIsL YMEHBIIEHUS BEPOSTHOCTU 3TOr0 IpOLIECCa AKTUBUPYIOTCS 3aAIMTHBIE MEXaHU3MBI
HedoTtoxumuueckoro Tymenus. [Ipu atom OCP nox nelicTBueM cBeTa MEPEXOIUT B AKTUBHOE
KpacHOE COCTOSIHHE, 00pa3ys KOMIUIEKC C sapoM (UKOOMIMCOMBI, B KOTOPOM 3SHEPTHs
ANEKTPOHHOTO BO30YxkAeHHs MUrMeHToB DPBC murpupyer Ha MOJNEKYJIbl KapOTHHOHIIOB C
nocJenyromen auccunanued B temno. Mojekynsl KapoTHHOMAOB, U, B yacTHocTH, OCP,
MoryT ae3aktuBupoBath ADK camocTosiTenbHO, yepe3 CIUH-CITUHOBBI 00MEH HITH BCTyTast B
XMMHYECKYIO PEAKIMIO C TOCIEAYIOUIMM OKHUCIEHHEM MOJIEKyJ kapoTuHOUA0B. ADK, B cBOIO
ouepenb, MoryT nepeBoautsh OCP B kpacHyto (hopMy, KOTOpasi, BEPOSITHO, SIBISIETCS aKTUBHON
u tymut OBC. Takum o0pazoMm, y IHMaHOOAKTEpPUN CYIIECTBYIOT 3aIIUTHBIC MEXaHHU3MBI,
MO3BOJIAIIOIINAE, C OOHOW CTOPOHBI, IpenaoTBpatuTh noseiaeHue ADK, a ¢ gpyron —
MHAKTUBUPOBATh HX 32 CUYET B3aUMOJIECHCTBUS ¢ OelkaMu, 001alaloluMU aHTHOKCUJAHTHON
akTuBHOCTBIO. [locne BosmeiictBus WM  kynbTypa KIETOK IIMAaHOOAKTEpUH oOCTaeTcs
CIIOCOOHON K aBTOTPO(HOMY pOCTy 3a cyeT KiIeToK ¢ HemoBpexaeHHod JIHK, kortopsie
crocoOHbI K AeneHuto. Pazmep anrennoro kommiekca @bC cuibHO BIUSAET Ha BBKUBAEMOCTD
KyJbTypbl KJIETOK. Tak, y MYTaHTOB C MaJbIM pa3MEpOM aHTEHHbl KOJIMYECTBO
JKU3HECTIOCOOHBIX KJIETOK Tocyie o0mydeHus Obuto MeHbmie B 10 pa3. Takum oOpaszom,
OoJbIlIass aHTEHHA CHNOCOOHA, C OJHOW CTOPOHBI, JIE€3aKTUBUPOBATH OOIbIIEE KOJIUYECTBO
A®K, a c gpyroil — ynoBUTH OOJBIIMH CBETOBOM IMOTOK, YTO MPHUBOAMT K YBEITHUCHHIO
9 (HEeKTUBHOCTH (HOTOCHHTETHYCCKHX PEaKIUid W MPOIEeCcCOB OHMOCHHTE3a, YTO, Kak
CJIEJICTBUE, YBEJIMYHMBAET >KU3HECIIOCOOHOCTh KYJIBTYPhl KJIETOK B IenoM. Takum oOpazowm,
GbyHKIIMOHATBHOE COCTOSIHUE (OTOCHHTETMUYECKOTO ammapara HampsMylo CBS3aHO C
KHU3HECTIOCOOHOCTBIO KJIETOK IUAaHOOAKTEPHIA.

Ilocne KOCMHMYECKOTrO TMoOJIeTa WIM BO3ACUCTBUSA BBICOKMX 103 WM  knerku
Synechocystis sp. PCC6803 ocraBasiich CIOCOOHBI K aBTOTPOGHOMY POCTY M CMOIJIH
BOCCTAHOBUTh  KYIBTYpPYy  KJIETOK CO  CHOEKTpajdbHbIMU U  (YHKIMOHATIHHBIMU
XapaKTEepUCTHKAaMH, HEOTIIMYMMBIMH OT KOHTPOJBHBIX 00pa3moB. Kymnbprypa KieTok
Synechocystis sp., BepHyBIIIasiCsl Ha 3€MJIIO TOCIIEé KOCMUYECKOTrO IMOJjeTa, ObUla BHECEHA B

KOJUICKITUIO MUKPOOPTaHU3MOB Onosiorunueckoro gakyiabreta MI'Y um. M.B. JlomoHOCOBa.
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COOBHIECTBA NIOYBOOBUTAIOIIUX I'PUBOB KAK OBBEKT
ACTPOBHUOJIOTMYECKUX UCCJETOBAHUM

Kproukosa M.O.I’Z, UBanosa A.E.”? , BopoObeBa E.A.1’4, Yemmon B.C.1’4,
ITIaBaoB A.K.5, Jlomacos B.H. ¢

"mr V, Mockea, Poccus
UB®M PAH, BKM, Mocksa, Poccus
SUIIND PAH, Mockea, Poccusa
‘UKH PAH, Mockea, Poccus
> ®THU PAH, Canxm-Ilemepbype, Poccusi
S CIT6I'IIY, Canxm-Iemep6ype, Poccus

HJ’IH HU3Yy4YCHHUA BO3MOXKHOCTU COXPAHCHHUSA W BO3HHMKHOBCHHA XM3HU Ha MAJIbIX U

oonpmnx Temax CoOJIHEUYHOH CHCTEMBI HYXXHO MPCEACTAaBJIATbL MPCACIIbI BbDKUBACMOCTU

MUKPOOPraHU3MOB, UX YCTOMYMBOCTb K KpalHE CypOBBIM BO3JCUCTBUSAM KOCMHUYECKOIO

IMPOCTPAaHCTBA. ‘-Iame BCCTO B HOI[O6HBIX HUCCICA0OBAaHUAX MOJCIbHBIMH CUCTEMAMHU SABJISIOTCA

3€MHBbIE 3KCTpeMallbHbIE MEeCTOOOUTaHUS, (OPMUPYIOLIUECS B YCIOBUSX BEYHOH MEP3JIOTHI

AHTapKTI/II[BI, B JKapKUX U CyXHUX YCJIOBUAX ITYCTbIHb, B TepMO(l)I/IJ'ILHBIX HCTOYHHKAX U IIPpOH.

HccnenyioT BBDKMBAEMOCTh Pa3HBIX OPraHU3MOB — OaKTepHid, TpHOOB. «MHUKpPOCKOHUYECKUE
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rpuObl  00JIaIal0T BBICOKMM MMOTEHIMAJIOM BBDKMBAHHS B JKCTPEMAJbHBIX  yCIOBHAX
CYILIECTBOBaHMs, BKIIIOYas CyOCTpaTHOE TOJIOIaHUE, N3MEHEHHE BIaKHOCTH, TEMIEpaTyphl,
OCMOTHYECKHI cTpecc, MoHu3upytomiee usnydenue» (MBanosa u ap., 2005). Bo3aeiicTBue
pasuany MOXET BBICTYNAaTh OCHOBHBIM JIMMHUTHUPYIOUIMM (PAKTOPOM, ONPEACISIOIINUM
KU3HECIIOCOOHOCTh OPTraHMW3MOB B JKCTPEMaJbHBIX WHOIUIAHETHBIX YCJIOBUAX, TaK Kak,
BO3JCHCTBYS Ha MOJIEKYJSIPHOM U BHYTPUKJIETOYHOM YPOBHE, MOXET BBI3bIBAThH
HeoOpaTHMble U3MeHeHHs B kuBbIX KieTkax (I[TaBmoB u np., 2012). Ilpeaensl ycToHYMBOCTH
CO00IIECTB MUKPOOPIaHU3MOB B €CTECTBEHHBIX YCJOBHUSAX, & MMEHHO B IOYBAaX M IPyHTaX
IJI0XO U3YYEHBI.

lens maHHOW pabOTHI — OIECHUTH PEAKIUI0 MOYBOOOHUTAIONMEH MHUKOOHMOTHI (Ha
npyuMepe IyCTBIHHBIX IMOYB) Ha (U3UYECKUE BO3JEHCTBHSA, MOAETUPYIOIIUE JUIMTEIbHOE
HAaXOJKJCHUE B MHOIIAHETHBIX YCIOBUSX.

OObeKTamMu MCCIeNOBaHHS TOCITY)KAIH 00pa3ibl BEPXHUX T'yMYCOBBIX TOPH30HTOB
MyCTBIHHBIX TI0uUB: cepo3ema (mycteiHs Heres, WM3pamnb, Aridic Calcisols) u cepo-
KOpUYHEBOI1 (ropHas mycTeiHd Mapokko, Xerosols).

B pabore wu3ywanmoch BO3JIEHCTBHE ABYX THUIIOB OOJIyu€HHs, BCTPEUAIOLIUXCS B
KOCMUYECKOM IPOCTPAHCTBE, B YACTHOCTH, Ha IOBEPXHOCTHM Mapca: y M YCKOpEHHbIE
37eKTpoHBl. OOyueHne TPOBOIUIN B CIIEIUATBLHON KIMMAaTHYECKONW Kamepe, MO3BOJISIONICH
COXpaHATh 33aJaHHOE JaBJIEHUE U TEMIepaTypy B TEUYEHHE BCEro SKCIIEpUMEHTa, Ha Oa3e
dusuko-TexHuueckoro mHCTHTYTa uM. A.®. Modde (Camkr-Ilerepbypr) (Pavlov et al.,
2010). OGmyuenue y-TydyamMu IPOBOJMIN B pexuMe HU3kuX temnepatyp (-50°C) u naBneHus
(1 Topp). OOpazen cepo3ema monayums cymmapHyro no3y 100 xI'p, a obGpaserr cepo-
Kopu4HeBO# mouBsl - 1 MI'p. Ilepen obmydeHnem oOpasibl aKTUBUPOBAIHM YBIOKHEHHEM U
uHKyOupoBaiu 10 cytok npu 28°C, 3aTeM BBICYIIMBAIN 0 BO3AYLIHO-CYXOI'O COCTOSTHHSL.
[ocne obmyuyenus oOpasubl xpanunu npu -18°C.

OOny4yeHrne yCKOPEHHBIMH JICKTPOHAMH MTPOBOAMIH B PEKUME HU3KUX TEMIEpaTyp
(-130°C) u paBmenmst ( 8-9:10° Topp) Ha o6pasmax ceposema. IlouBeHHEIE 0OOpa3LIbl
nonyunnu ciuenyromue no3el: 0,05; 1; 2, 3, 4 u 5 MI'p. Oaun o6pazer] ObUT MOABEPKEH
BO3/ICUCTBUIO TOJIBKO TEMIIEPAaTyphl M JIABJICHUs, 0e3 oOJydeHus, Jpyro oOIydanu IMpH
KOMHATHOM TemriepaType u gasiaeHuu 1 at™ (760 Topp) no30ii B 0,05MIp.

Jlanee MpOBOAMIIM CPAaBHUTEIbHBIN aHAIU3 COCTAaBa COOOILIECTB KYJIbTHBHPYEMBIX
MHUKPOCKONUYECKMX TI'pUOOB U pa3zHOOOpa3ust TPUOHBIX CTPYKTYp B CoOcTaBe TI'pUOHOM
O6romacchl B 00Ty4EHHBIX M UCXOJIHBIX 00pa3lax Mmoys.

Jlis BwlaeneHus TpuOOB HCIOJIB30BAJIM METOJ IOCEBAa IOYBEHHBIX CYCIEH3UM,

npeaBapuTesbHo nporpeThix (52°C, 2 mun, Koukuna u ap.,2001) ¢ 11e1p10 aKTUBU3AIMH CIIOP
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¥ TIOBBIIICHHS BBIABISIEMOTO DPa3HOOOpa3uss MHUKPOMHUIETOB. [lOCEBBI OCYIIECTBISIIM Ha
TBepJble MUTaTeNbHble cpenbl — Yameka (Metonpl...,1991) u menounoii arap (buranenko,
I'eopruesa, 2005). Conepxkanue 6uomacchl TpuboB U ee OMOMOP(OIOTHYECKYIO CTPYKTYpPY
OLIEHUBAJIM METOJOM TMpPSMON JIOMHHECHUEHTHOM MHKPOCKONHU TMPH  OKpaIlWBAaHUH
KaiubKo(roopoM OenbIM M akpuaAWHOM opamkeBbIM (Mertonsl..., 1991). Uaentuduxarmro
HITAMMOB TPOBOAMIN IO KYJbTYypadbHO-MOP(}OIOrHUECKUM MpHU3HAKAM U MOJEKYJSPHBIM
METOJIOM.

OO6nyuyenue cepozema y- nmydamu go030ifi B 100 xI'p okazano axkTuBHpyloliee
BO3/ICICTBHE Ha MHKOOHMOTY: OTMEYEHO BO3pacTaHHWE Ha JBa IMOPSAKA YUCICHHOCTH
JKU3HECTIOCOOHBIX TpUOHBIX KojoHHeoOpasytomux eaunull (KOE), ysenmuuenue B 1,5 pasa
BBIIETIIEMOTO0 BHUJIOBOTO pa3HOOOpas3usi TpuOOB, BO3pacTaHHE COAEp>KaHUs OuomMacchl
I'PUOHBIX CIIOP U MHUIIETHSL.

OOmydeHne TOpHOH MOYBHI Y-TydaMu OoJiee BBICOKOH 11030i1 B 1 MI'p mpuBeno k
YMEHBIIIEHUIO COJCP)KaHUsA TPUOHON OHWOMACChl, K COKpAIICHHIO pa3HOOOpa3us TPUOHBIX
CO00I11eCTB, OJABJICHUIO POCTa MHOTHUX BUJIOB.

Takum 00pazom, M3HAYAIBHO pa3HBIE MO CTPYKTYpEe M BUIOBOMY PAa3HOOOPA3HIO
cooOmiecTBa JBYX MYCTBIHHBIX IIOYB IIOCIE Y-OOJMy4YeHHs Pa3sHBIMHU J103aMH CTaHOBHIINCH
CXOIHBIMU: TOMHUHHPOBAIU BCETO HECKOJIBKO BUIOB, KOTOPHIE B MCXOAHBIX 00Opa3iax Obuin
PEAKUMHU WU TUMUYHBIMU, UMEHHO uHciieHHOocTh KOE 3Tux BHIOB mocie oOiayuyeHHs, Kak
MPaBUIIO, PE3KO BO3pacTana.

OObnyuyeHue cepo3émMa YCKOPEHHBIMH 3JEKTPOHAMHU TAaK)Ke MPUBEIO K HW3MEHEHHIO
guciienHoctn  KOE, BumoBoro pasHooOpasuss ¥ CTPYKTYpbl TPHOHBIX COOOIIECTB.
UwuciieHHOCTh TPUOHBIX MPOMNaryJsl yBeIn4IuiIach rmocie Bo3aeicTeus nozamu B 0,05 u 1 MI'p u
yMEHbIINUIACch Tociie 0bmydenus no3amu B 3, 4 u 5 MI'p. BunoBoe pazHooOpa3ue CHU3UIOCH
1ocjae BO3JCHCTBUSA JIOOBIMH M3 HCCIEAYeMBIX J103 YCKOPEHHBIX 3JeKTpoHOB. Ilocie
Bo3aeiicTBUM 10301 B 1 u 2 MI'p Beimensiin MHOro npoxokei. Hambonee ycTolumMBbIMU K
BBICOKMM  J103aM  OOJy4YeHHS YCKOPEHHBIMH JJIGKTPOHAMHM  OBUTM  TPEICTaBUTENN
MEJIKOCTIOPOBBIX BHUJIOB, KOTOPbIE OBLIM PEIKU WM BOBCE HE BBIACISINCH U3 KOHTPOJIHHOTO
oOpa3sia.

OOnydeHne yCKOpPEHHBIMH dJIeKTpoHamu a030H B 0,05 MI'p mpm KOMHATHBIX
temriepatype u naasieHun 1 atm (760 Topp) nMMeno HauOOJIbIINN CTEPUIU3YIOMUNA P PEKT,
KOTOPBIN MPOSIBISICSA B 3HAYUTENbHOM cokpatieHuu yncnenHoctd KOE u yucna Bunos. Tak,
IPY HU3KHUX TEMIIEpaType U JaBJICHUH CTPECC OT OOIYUEHHUS JIEKTPOHAMH OKAa3aJiCsl AaKe He
CTOJIb CYIIECTBEHEH, YeM OOJydeHHe Hake B MHUHUMAIIbHOW 703€, HO TPU TEeMIIepaTrype |

JIaBJICHUH, CBOMCTBEHHBIM YCIOBUSIM 3EMJIH.
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B pesynpTare DaHHOTO HCCIENOBAaHUS OBUIO TIOKAa3aHO, YTO TPU BO3ICHCTBUU
KpaliHe BBICOKHX 103 MOHHU3UPYIOIIETO M3TydeHHs (Y- JIydd U YCKOPEHHBIC 3JICKTPOHBI) MPH
HHU3KMX TEMIIepaType W JaBICHHHM, WMHTUPYIONIEM YCJIOBHs CyllecTBOBaHMS Ha Mapce,
KHU3HECTIOCOOHOCTH MMOYBEHHBIX IPUOHBIX COOOIIECTB, CHOPMHUPOBABIIUXCS B IKCTPEMAIBHBIX
YCIOBHSX 3E€MHBIX IYCTBIHHBIX TOYB, coxpaHsercs. OIHAKO B pe3ysbTare KapAHHAIHHO
HU3MEHSIOTCST OMOpa3HooOpa3ue W CTPyKTypa coobmiectB. Ilocie oOnydeHHs BBDKHBAIOT
HanOoJee yCTOMYMBBIE BUABI MUKPOCKOIMMYECKHX TPUOOB, MPOUCXOANT aKTHUBALIUS Pa3BUTHUS

pAaaa pCaAKUX UM NOKOAIUXCSA BUOB I‘pI/I60B.
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Omypxosa B.1.!, lemeBas E.A.2, Cysuna H.E.!, Illy6pasiosa E.B.}, Illep6akoBa B.A.'

"MB®M PAH, ITywuno, Mockosckas 0611., Poccus
UMbl PAH, Mockea, Poccus
HUHmaw, 2. Koponés, Mockosckas oba., Poccus

C camoro Hayana OCBOEHMsI KOCMOCA BOIIPOC O BBDKMBAE€MOCTH 3€MHOM KU3HU B
YCIIOBUSIX KOCMHYECKOIO IIPOCTPAHCTBA IPUBJIEKA] OrpoMHOE BHUMaHHe. Kocmuueckue
TEXHOJOTMM [O3BOJIMJIM pa3paboTaTh IEPENOBbIE ammaparbl, KOTOpblE, B TOM YHCIE,
HO3BOJISIFOT MUCCIIEJ0BATh PEaKIMM MUKPOOPTaHM3MOB Ha CTPECCOBBIE YCIIOBHS KOCMOCA BO
BpeMs OpOMTaJbHBIX IOJETOB. BBII JOCTUIHYT 3HAUUTENBHBIH HpoOrpecc B MOHUMaHHUH

BO3/ICUCTBUS (PAKTOPOB KOCMHUECKOW Cpelbl, HAlpuMep MHUKPOrpaBUTALMH, BaKkyymMa H
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paavianMM, Ha  MUKPOOPraHU3MBbI,  IOJBEpraroluecss  JACHCTBUIO  peajbHBIX U
CMOJECIIMPOBAHHBIX KOCMHYECKUX YCIOBHUW. Upe3BbIUalHO BaXHBIM SIBIIAETCS HE TOJBKO
3HaHUE T[OTEHLHWajda BbBDKMBAHMS  MHUKPOOPTraHW3MOB, IMOABEPTLIMXCS  BO3JAECHCTBUIO
KOCMHUYECKOI0 MPOCTPAHCTBA, HO TAK)KE OIPEIEICHNE MEXaHU3MOB BbDKMBAHUS U aJjalTallun
npeobyafjalolMX BHUAOB K OSKCTPEMAJIbHOM KOCMHUYECKOM cpene, B TOM YHCIE W Ha
MOJIEKYJIIDHOM ypOBHE. AHQJIN3 NPOBEICHHBIX MCCIEI0BAHUM MOKa3bIBae€T, 4YTO Yy
MUKPOOPTaHU3MOB, TMPEOBIBABIINX B KOCMHUYECKOH cpene, HaOmonaiuch TriobaabHbIe
U3MEHEHUs MeTabonndecknx (YHKIHMA M SKCIPECCHH T€HOB Ha TPAHCKPHUIILMOHHOM H

TpaHcannoHHOM ypoBHsxX (Milojevic et al., 2020).

OKCIepUMEHTBI c HKCIOHUPOBAaHUEM MHUKPOOPIaHU3MOB pa3IUYHbIX
TaKCOHOMMYECKHUX T'PYII B OTKPBITOM KOCMOCE Ha CITyTHHKAX, HAUYMHAsI C MTMOHEPCKUX paboT
(Hotchin et al., 1968) u no coBpemennsix (bapanos u ap., 2009; Satoh et al., 20011; Berger et
al., 2012), nmoka3anum HEOObIYAHHYI0O MHOTOMECSYHYIO YCTOHYMBOCTH JKMBOTO BEIIECTBA K
HNOPaXAIOIMIMM  paJiuallMOHHBIM  ()aKTOpaM OKOJIO3EMHOI'0 KOCMHMUYECKOTO IPOCTPAaHCTBA
(OKII). CrnocoOHOCTh Ha3eMHON OMOTBI COXPaHSATh KU3HECIIOCOOHOCTh B OTPHITOM KOCMOCE
CTaBHUT mpoliieMy mnepeHoca ku3Hu u3 crpatocdepsl B OKII (Smith et al., 2013), a taxxe
3aTparuBaeT BOMPOCHI HKOJOTHIECKOH 0€301MacHOCTH KOCMUYECKOH TEXHUKU U TIAHETAPHOTO

KapaHTHHA.

Tak B xone akcniepumenta «Tect», mpoBoaumoro ¢ 2010 roga (CeipoekKuH U 1p.,
2013) ¥ HampaBJICHHOTO HAa U3yYEHHUE COCTOSHHUS BHEIIHEW TMOBEPXHOCTH MOJyJen
Poccuiickoro  cermenta MexayHapoaHoii kocmudeckoit cranuuu (MKC), B mpobax ¢
noBepxHoctd MKC Obimm oOHapy»XeHbI JKU3HeCIocoOHbIe cropbl U (parmentel JJHK u
OHMOJOTMYECKHUX CTPYKTYp, YCTOMYUBBIX K HEOJIAronpusaTHeIM ¢akTopaM KocMoca. Briepsbie B
MHUPOBOH TMpakTUKE KOCMHUYECKMX HCCIEJOBaHUN Onarogaps dTOMY OSKCIEPUMEHTY
peanu3oBaHa pEryJspHas JOCTaBKa MPOO MEJNKOJUCIIEPCHOTO 3arpsi3HEHHs C BHEUIHEH
nosepxHocthu MKC B ecTeCTBEHHOM COCTOSIHUM, YTO IIO3BOJIIET  MHOTOKPAaTHOTO U
ONEpPaTUBHOTO TOJy4YaTh YTOYHSIOUIME [aHHBIE, B TOM YHUCJIE€ O OMOJIOIMYECKOM COCTaBe

KOCMHMYECKOMU ITBLIIHN.

MpI ydacTBOBaJIM B HOBOM 3Tarie skcnepumenta «Tect» (2018-2019), kotopsiii ObL1
HaIpaBJIeH HA U3yYEHHUE BIUSAHUSA (PAKTOPOB KOCMHUYECKOTO IMPOCTPAHCTBA HA BBDKUBACMOCTD
METAHOT€HHBIX apXeil, pa3MElICHHbIX Ha BHemHer noBepxHoctd MKC, nipu ux naurenbHOU
9KCIIO3UIMHU. YK€ OBbLIO TOKAa3aHO B PsJIE MCCIENOBAaHUI MO MOAECTUPOBAHUIO PA3TUYHBIX
HEeOJaronpusATHBIX YCJIOBHM Ha BBDKHMBAEMOCTb METAHOTEHOB, YTO JTO YHHUKaJbHbIC

MHUKPOOPaHHU3MBI, KOTOPBIE MOTYT IIPOTHBOCTOSTH HU3KOMY JaBlIeHHIO, BhicymmBanuio (Kral
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et al., 2011), a Taxke CMOCOOHBI TPHUCIIOCAOIMBATHCS WM TPUBIEKATH JJISI METa0OIU3Ma

JnomnofHuTeIbHbIe ncTouHuKH dHepruu (Chastain and Kral, 2010).

OkcnepumeHT «TecT» BKIOYan JABe cTaauud. B Xoae Ha3eMHOW Mbl HM3y4MIIU
BrusHUEe Y D-00MydeHHsI U BaKyyMHPOBAHUS HA KU3HECIMOCOOHOCTh TPEX aBTOTPOQHBIX
MeTaHOreHoB poxa Methanobacterium - M. veterum MK4" VKM B-2440", M. articum M2"
VKM B-2372T, M. bryantii M.o.H' VKM B-1629T, W JIBYX OJHM3KOPOJICTBEHHBIX BHJIOB
pona Methanosarcina - Methanosarcina mazei S6" VKM B-1636" u Methanosarcina mazei
JLO1 VKM B-2370. OpOutanpHast cTagusi MpeAaroiaraja OTKPHITOE SKCIOHMPOBAHHE Ha
BHemHe cropoHe MKC MeraHoreHHoro mramma, Oojee yCTOWYMBOTO K JEHCTBHIO
BBIILICYTIOMSHYTHIX (PAKTOPOB KOCMHYECKOTO MPOCTPAHCTBA, BHIOPAHHOTO B X0J/I€ HA3€MHOI
craguu. B pesymbraTe NpeaBapHTENbHBIX MCClenoBanuil M. mazei S-6' ObI1 0TOOpAH s
ydacTHs B OpOMTalbHON cTaauu 3KCIiepuMeHTa. B pesynbprare 24-MecsYHON 3KCIO3UINH
COXpaHUJIACh KU3HECIIOCOOHAs TOMYJSAIUs KIETOK M. mazei, OgHAKO, MO CPaBHEHUIO C
MOMYJIAIIMEH, YIKCTIOHUPYEMOU M BBDKUBIICH TI0 UCTEYCHHUIO 12 MecsIeB, Mbl HAOIIOAAIN €€

KOJIMYCCTBCHHOC CHUIKCHUC HA TPHU NOPpsAAKA.

Paznas BBIKMBA€EMOCTD IpeCTaBUTENEN ponoB  Methanobacterium "
Methanosarcina MOXeT OBITh CBSi3aHA C PA3NIUYUSIMU B COCTABE€ KIIETOYHBIX CTEHOK U
mopdoornn K1eTok. B ormmume ot M. arcticum M2', MMeIOmEro MIoOTHYIO KIETOYHYIO
CTCHKY M CIIOCOOHOTO OOpa30BBIBAThH ITUCTOIOMOOHBIC KICTKH, KaK HaMU OBUIO OOHAPYXKEHO
panee (Shcherbakova et al., 2011), Bunsl pona Methanosarcina SBIAIOTCS €TUHCTBEHHBIMHU
METaHOT€HaMH, KOTOpbIe 00pa3yI0T MHOTOKJIETOUHBIE arperaThl, OKPYKEHHbIE BHEKJIETOYHBIM
MOJIMCAXaPUIOM, KOTOPBIH TTOMOTAeT 3alUTUTHCS OT BO3JCHCTBHUS KUCIOPOJA M BBICHIXaHUS
(Anderson et al., 2012). B srom wuccinenoBaHMM Mbl IIOKa3ajd, YTO METAHOTEHBI pojJa
Methanosarcina cnocoOHbl (GopMUpPOBaTH B YCIOBHUAX KOCMOCA CHEIHATM3UPOBAHHYIO
TPEXCIOWHYIO CII0)KHOOPTAaHU30BAHHYIO OOOJOYKY C 3JEKTPOHHO-IUIOTHBIM MPOTOIIACTOM
MOJUTOHATBHON (DOPMBI, UTO, BEPOSITHO, ¥ TIO3BOJWIIO MEPEKUTh IKCTPEMATbHBIC YCIOBUS
KOCMoca.

Kpome Ttoro, npencrasurenu poga Methanosarcina W3BECTHbI CBOMMH OOJIBIIUMU
F€HOMaMH{,  BKJIIOYAIOIIMMU  OONIBIIIOE  KOJMYECTBO  HM30BITOUHBIX  KOJUPYIOLIUX
nocienoBareabHocTeil (Anderson et al., 2012). Cunraercs, 4YTO TaKue IMOCICIOBATCIbHOCTH
OTBETCTBEHHBI 32 CIIOCOOHOCTh METAaHOCAPIIMH TMPUCIIOCAOIMBATECS K OoJiee IIHPOKOMY
Mana3oHy cpeia, Onarogaps BO3MOXHOCTH HCIIOJNBb30BaTh HECKOJIBKO CYOCTpaToB IUis

metabommzma (H,/CO,, MOHOOKCHA yriepoaa, METaHON, METHWIHPOBaHHBIC COCAMHEHUS,
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aleTar), a Takke 3a 00pa3o0BaHHUE CIOKHBIX CTPYKTYp, KOTOpbIE MOTYT IOMOYb B 3allIUTE OT

CTPECCOBBIX YCJIOBUH.

10.

Pabora nonnep:xana rpanrom PODU Nel8-34-00334 mon_a.

Criucok auTepartypsl

. Milojevic T., Weckwerth W. Molecular mechanisms of microbial survivability in

outer space: a systems biology approach // Frontiers in Microbiology. 2020. V. 11. P.
923.

Hotchin J., Lorenz P., Hemenway C. L. The survival of terrestrial microorganisms in
space at orbital altitudes during Gemini satellite experiments // Life sciences and

space research. 1968. V. 6. P. 108-114.

. bapanos B.M., Hoeukosa H./I., [Tonukaprnos H.A., CeiuéB B.H., JleBunckux M.A.,

AnexceeB B.P., Okxyna T., Cyrumoro M., I'yceB O.A., I'puropreB A.M. // JAH.
2009. T. 426. Ne 5. C. 706-7009.

Satoh K., Nishiyama Y., Yamazaki T., Sugita T., Tsukii Y., Takatori K., Benno Y.,
Makimura K. Microbe - I: fungal biota analyses of the Japanese experimental
module KIBO of the International Space Station before launch and after being in
orbit for about 460 days // Microbiology and immunology.2011. V. 55. Ne. 12. P.
823-829.

Berger, T., Hajek, M., Bilski, P., Korner, C., Vanhavere, F., & Reitz, G. Cosmic
radiation exposure of biological test systems during the EXPOSE-E mission //
Astrobiology. 2012. V. 12. Ne. 5. P. 387-392.

Coipoemikut A. B., I'pebennukosa T. B., Jlanmn B. b., FOxakoB A. I'., CanpikoBa
I'. B., lUprankos O. C., llly6panosa E. B., lllyBamoB B. A., Mopo3zoa M. A.,
UnyaeBa M. A., T'omoBko A. B. bakTtepun MUpOBOro okeaHa W CyILId 3€MJIM B
KOCMMYECKOW IBUIM HA MEXIYHAPOAHOW KOCMUYECKOW CTAHLIMM: IAHCIIEPMHUS WU
nonochepusiii muhT? I'enuoreodusndeckue ucciaeaopanus. 2013. Ne 5 (5). C. 124-
132

Kral, T. A., Altheide, T. S., Lueders, A. E., Schuerger, A. C. Low pressure and
desiccation effects on methanogens: implications for life on Mars // Planetary and
Space Science. 2011. V. 59. No2-3. P. 264-270.

Chastain B. K., Kral T. A. Approaching Mars-like geochemical conditions in the
laboratory: omission of artificial buffers and reductants in a study of biogenic
methane production on a smectite clay //Astrobiology. 2010. V. 10. Ne. 9. P. 889-
897.

Shcherbakova V., Rivkina E., Pecheritsyna S., Laurinavichius K., Suzina N.,
Gilichinsky D. Methanobacterium arcticum sp. nov., a methanogenic archaeon from
Holocene Arctic permafrost // International journal of systematic and evolutionary
microbiology. 2011. Ne 61. P. 144-147.

Anderson K. L., Apolinario E. E., Sowers K. R. Desiccation as a long-term survival
mechanism for the archaeon Methanosarcina barkeri / Applied and Environmental
Microbiology. 2012. V. 78. Ne. 5. P. 1473-1479.

113



OCOBEHHOCTHU TAHAEMHWHA COVID-19
B YCJIOBUSAX I'TOBAJIBHOIO MUHAUMYMA COJTHEUYHON AKTUBHOCTH

Paryasckas M.B.
U3BMUPAH, Mockea, Poccus

[Iporexkanue maHAeMHI MPOMCXOAUT MO 3aKOHAM HsnuaeMuonorud. OgHaKO Ha
paHHUX JTamax CYMIECTBYIOT IOMOJTHHUTEIbHBIC (DaKTOPHI BHEIIHEW Cpelbl U OCOOCHHOCTEH
TCHCTHKHN HACEJICHHS B KaXJOM KOHKPETHOM PETHOHE, KOTOPHIE MOTYT YCKOPUThH Pa3BHUTHE
JIOKQJIBHOM SMUICMHH, a TAaK)KE YBEIUYUTD TSHKECTh €€ MPOTEKAHUS M YPOBEHD JICTATBHOCTH.
B nmokiaze paccMaTpuBarOTCs TP OCHOBHBIC MOJYJIMpYIONIHE (hakTopa, Ha Ha4aIbHOM 3Tare
obecnieunBaromne auddepennupoanne Tsokectd mnangemun COVID -19. A umenHo:
TUHAMHUKA COJIHEYHOW aKTHMBHOCTH W TAIAKTUYCCKUX KOCMHYCCKHX JIy4eH, TeHO -
reorpauueckoe pacrpeneicHHe HaceJICHHS (XapakKTepHbIe JUIsI JAHHOW MECTHOCTH

ranJorpymnsl), ¥ TEMIEpaTypHbI peKUM OKpYKaroliel cpeibl.

JABONEBAEMOCTL MES EXLWOHHBMM BONEIHAMMA B POCCHI (WNH.TOR) COHHC‘-IHaSI AKTUBHOCTB "
53
42 - WHTEHCUBHOCTh Y D-HU3Iy4yeHUS  HUMEIOT
i1
40 _ o
1 i 5 B MEPUObl  PA3IMYHON JUIMTEIBHOCTH, W3
EY 0 29 30
7w KOTOPBIX HAaUOOJIbIIIEe SUAEMUOIOTMYECKOE

3HAUEHUE UMEIOT OKO0JO 11-meTHui IUKI U
ok010-100 yeTHMii MK ITUHAMHUKH. Takas
xKe UKJINYHOCTD XapakTepHa JUIS
KOCMHUYECKUX Ty4qei. Cratuctuka
Uueno naTed 150 MH(pEKIMOHHBIX 3a0oneBaHuii BHyTpu 11-
JICTHETO IHMKIAa  IIOKa3hIBACT ITOYTH
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Pucynok 1. Yncno nnpexnronnsix 3a0oneBanuii B Poccuu 1o rogam (MJIH 4€I0BEK)
U IMHAMUKa COJIHeYHOU akTUBHOCTH 32 1998 -2011 roasr (Parynsckas M. B., 2019)

B Poccunm B 2001 romy, sBistomemMcs MakCUMyMOM 23 IIMKJIa COJIHEUHOU
akTuBHOCTH (Max 23) umcno 3a0oneBIINX MHPEKIMOHHBIMU 3a00JI€BaHUSIMH COCTaBUIIO 53
MWIIHOHA 4elloBeK (naHHble DenepanabHOM CIy)Obl rocy1apcTBEHHON cTaTucTuku Poccun).
B sarsayBmemcss muanmyme CA mexnay 23 u 24 muknamu (min 24) B 2006-2010 romax

KOJMYECTBO 3a00JICBIIMX JepkKanoch Ha ypoBHe 27-30 mmmmnoHoB 4enoBek. Ha Pucynke 1
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BUJHO NPAKTUYECKH TOYHOE BPEMEHHOE COBMAJCHHWE AMHAMUKH 00oux mpoueccos. Ilo-
BUIUMOMY, B Poccum, B CTpaHe ¢ IUIOXMM KJIMMAaToM, IIOCTOSIHHAs 3aBHCHMOCTb YHCIIA
UHQEKIIMOHHBIX 3a00J1€BaHU OT (ha3bl LIUKJIA COJIHEYHOM aKTUBHOCTH MPOSIBIISAETCS] OCOOCHHO
spko. [Ipu mangeMusix, korjga MHOEKIMOHHOM 3a00JIeBaHUE CTPEMHUTEIBHO PACIIPOCTPAHIETCS
[0 BCEMY MMpY, TakXke HaOII0AaeTcs BbIpaKEHHAsl CBSI3b MEXIY IUHAMHKON COJIHEYHOU
aKTUBHOCTH W BpPEMEHEM BO3HMKHOBEHMs NaHaeMuil. OCOOEHHOCTH KJIMMaTa U HUCTOYHMK
3apaXCHHsI IIPU 3TOM HUIPalOT POjb HAa HAYaJbHOM JTale, a Jajblle MPOLEcC CTaHOBUTCS

CaMOIIOAACPKUBAIOIIIUMCH.

B 20 Beke Bce maHaeMuM TpUNNA TPOUCXOAWIA B MaKCUMyMax COJIHEUHOMN
AKTUBHOCTH, B 19 u 21 Beke — TOIBKO B MAKCUMyMaX U1 MUHUMYMAaX COJIHEUHOW aKTUBHOCTH.
B Tabmune 1 (Paryneckas M. B. , 2020) mpuBeneHsl AaHHbIE MO MAaHAECMHSIM TPUINA U

COOTBETCTBYIOIIMM 3KCTPEMYMaM COJIHEUHOM aKTUBHOCTH 3a nocieanue 130 mer.

Table 1: Influenza pandemics of the 19-21 centuries and the corresponding extremes
of solar activity. Designations: maximum cycle number 23 - Max 23; minimum
between 23 and 24 SA cycles - min 24.

1889-1890 Flu min13
1918-1920 Spanish Flu, H1 N1 Max15
1957-1958 Asian Flu, H2ZNZ2 Max19
1968-1970 Hong Kong Flu Max20
1995-1996 Influenza min23
2002-2003 SARS, SARS-CoV Max23
2004-2005 Flu Max23
since 2004 Avian influenza, H5N1 Max23
2009-2010 Sw
ine Flu, H1N1 min24
2019-2020 COWVID-19, SARS-CoV-2 min25

Texymas nanaemus Bupyca SARS-CoV-2 npoucxoauT 0JHOBPEMEHHO B MUHUMYME
25-ro mwmkna 11-merHeir conHewHod akTUBHOCTH (CA) mpu oOOIIEM HHU3KOM YpPOBHE
kBasuctoneTHero nukia CA. Ee ocoOEHHOCTBIO SIBISETCS 3HAYUTENbHAs BapHabeIbHOCTh
Yycia JeTalbHbIX UCXO0B Ha | MJIH HAceleHHs B Pa3HbIX CTpaHax, MpUYeM MaKCHUMaJbHbIE
3HAYCHHUS JICTATLHOCTH HAONIOAAIOTCS B JIOCTaTOYHO OJIaroroylydyHBIX CTpaHaX C BBICOKUM
YPOBHEM pa3BUTHS U opranusanuu meauiuubl (Pucynox 2). Ilpum sTomM camble cTporue
KapaHTHHHBIE Mepbl OKa3blBalOTCA HEdPPEeKTUBHBIMH. bormee TOro, OTHOCHTENbHAs
JeTanbHOCTh, B Mpane B 5 -8 pa3 menblue, uem B IlIBeiiniapun u bensruu. IlapanokcanbHas
pasHuIa B jieTaabHOCTH (OoJiee 4eM B 5-15 pa3) Tpedyer moucka (GpakTopoB, HE CBI3AHHBIX C

SIUACMHUOJIOTUYCCKUMHU MEpaMU 1 MCIUITHHCKUM 06CJ'Iy>KI/IBaHI/IeM B KOHerTHOI\/II CTpaHcC.
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3a TouKy OTCHETA ANA AAHHON CTPaHLI NPUHAT
AeHb, KOTAE YCNO BbIABNEHHLIX 3apaXeHuit
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npessicne 1000. HET [iHHLIX 33 K43N0 NepHofa.

Pucynok 2. Pazsurne nangemun COVID -19 B paznuuHbIX cTpaHax B pacuere Ha 1
MUJUJIMOH HACEJIEHUA: ciieBa — 3a00JIeBa€MOCTh, MO LEHTPY — YUCJIO CMEpTeH, clipaBa —
KOJIMYECTBO MPOBEACHHBIX TECTOB ( U3 OTKPBITHIX UCTOYHHUKOB SIHAEKC.CTaTUCTHKA Ha 0asze
nauabIx Johns Hopkins University).

Haubonee Tspkeno 3aboneBanme mpoTtekaer Ha tepputopusx CesepHoit WMramum,
Ucnanun, Opannuu, Bemukobputanuu, m CIIIA, T.e. B cTpaHax ¢ BBICOKHUM YypPOBHEM
MeAUIHUHBL. Bce 3T cTpaHbl OOBEOUHSIOT TEHETHYECKHe OCOOEHHOCTH HACeIeHHs -
JOMUHaHTHAas ramwiorpymnmna R1b.

Ha eBponeiickoii Teppuropun Poccun 1oMuHaHTHOM ramiorpynnoi sisisiercs Rla,
JUISL KOTOPOM 0Ka3aJoCh XapaKTepHO ObICTPOE pa3BUTHE SMUAEMUHU NPU HU3KOM JIETaJIbHOCTU
u OOJBIIIOM KOJUYECTBE OECCUMNTOMHBIX OOJBHBIX. B ceBepHbIX obmactsax Poccum
yaensHBIA Bec R1a cokpaiiaercs moutu BaBoe, ycrynas Mecto ramiorpynmne Ncl. Paznuuuns
B F€HETUYECKOM COCTaBE HACENCHHS MOXKET OOBSCHHUTH CYIIECTBECHHYIO PAa3HMILy Pa3BHTHUS
snunemMunn B MockBe u Cankr-llerepOypre, m ee 0Oojee MSITKOe TEYCHHE B CEBEPHOM
CTOJIHIIE.

'enernyeckue BapwalMd OOBACHAIOT pa3IUYMS B CHIE HUMMYHHBIX peakuui
JCUKOIUTAPHBIX aHTUTeHOB. J[aHHAs KOHLENIMS HaXOAUT CBOE MOATBEPXKACHUE B cTaThe (A.
Nguyen ¢ coapt. 2020). ['arioTun ¥ UHAWBHAYaTbHAS TEHETHYECKAash N3MEHUYNBOCTD BIUSET
Ha UMMYHHBIE PEaKIIMM | Ha CITIOCOOHOCTH HacelieHus pearupoBarh Ha BUpyc SARS-CoV-2.
UccnenoBancss mnOTEHUMAN 3alUTHOTO HMMMYHHUTETa YENOBEYECKHX JIEHKOIUTapHBIX
antureHoB (YJIA — B pycckoil Tpanckpunuuu, 1 HLA — B aHIIuiicKOil), COOTBETCTBYIOIIETO
Pa3TUYHBIM TaIJIOTPYIaM B KOMITJICKCHOM aHANU3e in Vitro 3(()eKTUBHOCTH CBSA3BIBAHUS
145 renotunoB HLA: -A, -B u -C g Bcex nentugoB SARS-CoV-2. Brissiaerno, uro HLA-B
* 46: 01 (coorBeTcTBYIOLIMI ONHOM M3 BeTBel rarmiorpynnsl R1b) mmen HaumMmeHsbllee
ces3eiBanue mentunoB a1 SARS-CoV-2, xak m gua SARS-CoV B xoze smuaemun,

nporekaBieil B 2003 roay. Ota rpynmna MoxeT ObIThb ocobeHHo ys3Buma st COVID-19.
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Ob6napyxeno, uro amienu HLA-B * 15: 03; HLA-A * 02: 02; HLA-C * 12: 03
(rarmorpynma R1a) mokazanu HanOONBIIYI0 CIIOCOOHOCTH CBs3bIBaTh nenTuasl SARS-CoV-
2, a 3Ha4uT - OOJIBIIYI0 YCTOWYMBOCTH K BUPYCY.

Taxkum o0Opa3zom, B ycioBusix rimodanbHoro MuauMyma CA pa3BUTHE MAHAEMUHU BO
MHOTOM  ONpEZeNsieTcss TeHoreorpauyeckuM pachpeiefiecHHeM HaceleHus, a He
MEIUIIMHCKUMU M KapaHTHHHBIMH Mepamu. Tekymas mangemuss COVID -19 naumbonee
TSDKEJIO MPOTEKaeT B CTpPaHaX C JOMHUHAaHTHOW rammorpymmoit R/b. Ha eBpomelickoit
Tepputopun Poccun nomMuHaHTHOMN ramiorpynnoi siBiasercs Rla, ams xoTopoi oka3anochk
XapaKTepHO OBICTPOE Pa3BUTHE SIHUIEMHUH MPH HU3KOH JIETAILHOCTH M OOJIBIIIOM KOJIMYECTBE
O0eccUMNTOMHBIX OONbHBIX. [lOrOIHBI pPEXUM MECTHOCTH OKAa3bIBAeT BIIMSHUE Ha
JIOKQJIN3alMI0 04YaroB KOPOHABUPYyCa M JIUTEIBHOCTh IEPHOJA AKTUBHOIO 3apa)KeHUs
HaceneHus. OJTHAKO OH SIBJIETCS MEHEee 3HAYMMBbIM (PaKTOPOM, YeM I'€HETHYECKUH COCTaB
HACEJICHUs, KOTOPBIM OINpeAenseT CKOPOCTh pacHpOCTPAHEHUs, TSKECTh MPOTEKAHUS

3a00JI€eBaHUs U JIETAJILHOCTD B JJOKAJILHBIX odarax magnemun COVID — 19.

B Ommxaitmue 30 et mpeamonaraeTcsi COXpaHEHHE KpailHe HHU3KON CONHEYHOU
AKTUBHOCTH. B 3THX yCIOBMSIX MOKHO OKUAATh JIBYKPaTHOE yBEJIMUYEHHE UMCIa MMaHAEMUN
(xaxnpie 5-6 net BMecto 10-11 5er) ¢ BbpaKE€HHBIMU T'€HOreorpauuecKUMH OTINYUSIMH B

Pa3BUTHH JTOKAJIBHBIX SHH,I[CMI/If/'I.
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PABMHOXEHHUE U PA3SBUTHUE II03BOHOYHbIX )KUBOTHbBIX
B KOCMHMYECKHUX ITOJIETAX: IPOBJIEMBI, PE3YJIBTATbBI, BO3MOKXHOCTH

IIpomuna A.E., I'yimmosa B.U., Xapaamosa A.C., CaBeabes C.B.
DOI'FHY HUUMY, Mockea, Poccusa

Bo3MOXHOCT pa3MHOXKEHHS B KOCMOCE HMMEET MPUHIMIHAIBLHOE 3HAYCHHE IS
IJIAHOB IO peau3alli OCBOCHUSI KOCMUYECKOro ImpocTpaHcTBa. OHAKO YCIOBHS B KOCMOCE
CWJIBHO OTJIMYAIOTCS OT 3€MHBIX: TPaBUTAIMSI SIBJISICTCS JIMIIb OJHUM U3 (DaKTOPOB, KOTOPBIC
OKa3bIBAIOT BIUSHUE Ha (OPMUPOBAHME CJIOXKHBIX oOpraHu3MoB. HeoOxomgmmo Takxke

YUUTBIBATH TAKUC Q)aKTOpLI, KaK TI'COMAarHuTHOC IIOJIC BGMJ'II/I, pPa3INYHbIC IUKIIBI
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OCBEILIEHHOCTH B TEYEHHUE CYTOK U rojia, a Takke (POHOBOE U3IyUyeHHUE IUIaHeThl. VX BiusgHue
Ha pa3MHOXKEHHE MIICKONMMUTAIOIIMX B 3HAYUTEIBHOM CTENEHW HEW3BeCTHO. Ha naHHBIN
MOMEHT HHU OJHO MJEKOMHUTamImue (WM Aake MO3BOHOYHOE) >KUBOTHOE HE TMIPOBEIO
YKU3HEHHBIM LIMKJI OT 3a4aTus 0 IOJOBOIO CO3PEBAHUS B YCIOBMSX KOCMUYECKOIO IOJIETA.
[TosBunKCH NUIIBL MEpPBbIE Pe3yIbTAThl UCCIEAOBAHUNA TOT0, KAK KOCMUYECKasl Cpelia BIUSET
Ha KpuUTHYecKHe ¢a3bl pPa3MHOXKEHUS U Pa3BUTHUS: OIUIOAOTBOPEHHE, HSMOpPUOTEHE3,
OepeMeHHOCTb, POJIBI, TOCIEPOIOBOE CO3PEBAHUE U POJUTENHCKYIO 3a00Ty. BblIn poBeaeHbI
HKCIIEPUMEHTHI ¢ ppidamMu, aM(puOUAMHU, NTULAMH M TPHI3yHAMHU, KOTOpPbIC JIETalld B Pa3HbIC
¢a3bl cBoero pa3putus. [loka3aHo, YTO HEKOTOPHIE €ro 3Tallbl MOTYT IPOXOAUT U B KOCMOCE.
Hanpumep, OblIM mpencTaBieHbl JIOKA3aTeIbCTBA CHApPUBAHMS, OIUIOJOTBOPEHUS U
BbUTYIIeHUs pbIO B kocMmoce (Ijiri, 1995). ¥V camoxk mmoprieBoit nsarymku (Xenopus laevis) B
YCIIOBUSAX MHUKPOTpaBUTAIMK OblIa WHAYLUHMPOBAHA OBYJSIMS U MX SHIAa A JIMYUHOK
(Souza et al., 1995).

Hama naGopatopus yuactBoBana B 11.5-CyTOYHOM 3KCIIEpUMEHTE IO PA3BUTHIO
TOJIOBACTUKOB IIMOPILIEBOM JATYIIKA €O cTaguu 25 Ha OopTy chyTHHKa «buokocMoc
(Proshchina, Saveliev, 2006). [Toka3aHo, 9T0 B YCIOBHSIX KOCMHUYECKOTO TOJETa pPa3BUTHE
TOJIOBHOT'O MO3ra M nepudepudeckux aHaan3aTopoB usmeHsercs. O0beM Oenoro BeuiecTsa B
noJIeTHOU rpyrre ObuT Ha 22% Ooblile, yeM B KOHTPoJibHOI. [lo-BuaumMoMy, OH yBeTUUHIICS
3a cueT Oosiee aKTUBHOTO (POPMHUPOBAHUS OTPOCTKOB HEMPOHOB B HeBecOMOCTH. [Ipu 3Tom
o0bembl ceTdaTku, TaHrmg VIII HepBa W OOOHATENBHBIX TIUJIAKOA B HEBECOMOCTH
yMeHbIIMWIUCh Ha 62, 18 u 16% COOTBETCTBEHHO MO CPaBHEHHIO ¢ KOHTPOJbHOM TPYMIOM.
Paznmuuus no o6bemy raHrimus VI HepBa O0OBACHUMBI: IOCKOJIBKY OH CBS3aH C
BECTUOYJSIPHOW ¥ OTOJUTHOM CHCTEMOW BHYTPEHHETO yXa, H3MeHeHue adhepeHTHBIX
CUTHAJIOB B HEBECOMOCTH HE MOTJIO HE CKa3aThCS Ha ero MOp(OIOrHuecKOM CTaHOBJICHHH.
OpHako SICHOTO TIOHMMaHUS TIPUYMH 3HAUYUTEIBHOM 3aJ€pKKM pa3BUTUS TIJa3 U
OOOHSATENBHBIX IUIAKOJ 10 HACTOSLIETO BPEMEHU HET.

Pentunuu — onvH M3 HaMMeHee M3YyYEHHBIX OOBEKTOB KOCMHUYECKOW Ouosoruu. B
2005 romy BHepBbIe OCYIIECTBIEH YCHEIIHbIN 16-CyTOUHBIN OpOUTAIBHBIN YKCIIEPUMEHT C 5-
10 xpsmenansiMa rekkoHamu (Chondrodactylus turneri, 4 camxu u 1 camenr) Ha OOpTY
Henuotupyemoro kocmuueckoro ammaparta (HKA) «®oton-M2» (Gulimova et al., 2006).
Buneosanuce He Benach, HO TOCJE MPU3EMJICHUSI HA BHYTPEHHEH OOJMIIOBKE KOHTEHWHEpa ¢
TFeKKOHAMU OOHApYKEeHBI OTIIOKEHHBIE CaMKaMH HEOIUIOJOTBOPEHHEIE siilla. B manpHeiiem
OHH K€ WJIM CJIe/Ibl UX MOeaHMs TeKKOHAMU ObUIM HalJCHbI Ha CTEHKAaX KOHTEHHEPOB Moce
OpOUTANIBHBIX SKCIIEPUMEHTOB ¢ XpsiienanbiMu rekkoHamu Ha HKA «®oron-M3» (12 cyTok,

2007 r) u «buon-M1» (30 cytok, 2010 r) B KOTOPBIX Y4aCTBOBAJIH TOJIHKO CAMKH.
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EQuHCTBEHHON MOIBITKOM OCYHIECTBUTh Pa3MHOKEHHME PENTWIMM B HEBECOMOCTH
ObLT TPEANPHUHATHIA HAIIEH TPYNIOM JKCIEPUMEHT ¢ S5-10 ¢erab3yMaMHu YKpameHHBIMU
(Phelsuma ornata, 4 camxu u 1 camen) Ha 6opry HKA «Doton-M4», nomyuyusiiero B
3apybOexHoii mpecce HazBaHume «Sex-Explorer». On craptoBan 19 wurons 2014 roma wu
ocTaBaJicsl B KocMoce Bcero 44.5 cyTok BMecTO 3amiaHupoBaHHbIX 60. Bee rekkoHbl moru6im
0 TIpU3EMJICHUS, OTJIOXKEHHbIE HEOIUIOJAOTBOPEHHBIE siflla ObUIM OOHApPY>KEHBI TOJBKO B
Ha3eMHOM KOHTPOJIbHOM OJKcrepuMmente. [Ipuunboil rulenn Mornu OBITH Kak HH3Kas
TEMIEPATypa, TaK W IOCTENEHHOE MaJeHue NapuuaibHoro aasieHus O2 U yBelWyYeHHE
koHeHTpauu CO2. Tem He MeHee, Ha BUACO3ANMUCAX COXPAHWIIUCH AJIEMEHTHI IOJOBOIO
MOBE/ICHNUS, YKa3bIBAIOIME HA TO, YTO NpH OoJsiee OJaronpUATHBIX YCIOBUAX PE3yJIbTaT ATOrO
nonéra mor ObITh UHBIM (Gulimova et al., 2016).

Taxke ©HamMu ObT 3alylaHUpOBaHAa M HAayaTa I[OJATOTOBKA OpPOMTAIBHOTO
HKCIIEPUMEHTa MO Pa3BUTHIO B KOCMOCE SMOpPHUOHOB HeMeHckoro xameneoHa (Chamaeleo
calyptratus). Kommiekc wnayunoit ammapatrypsl (HA BUOKOHT-®3I) nomken Obu1
obecrneynTh UHKYOAIuio 9-u equHuI OnomaTepuana Ha npoTsokeHuu 60 aueit npu t° +27+£2°C
u BraxaoctH 80-100% B cyOcTpaTe, COCTOAILIEM W3 BEPMHKYJIHTA, C NMPHKUMHON CETKOH,
UCKIItoUaronie ¢uoranuio u cmenieHue. Ilpenmnonaramocs, uto HA Oyaer obecneuynBaTh
Tak)kKe HEOOXOAMMBIN Tra3000MEH IOCPEICTBOM BEHTWJISIIIMM B HENPEPHIBHOM pEXKUME H
noJIepKaHUEe MapaMeTpoB Cpelbl Ojarogaps HE TOJNBKO MOJOTPEBY, HO U OXJIAXKIECHUIO
MHKY0aToOpa B CiIy4yae HEIITATHBIX CUTYaIlUi ¢ TOMOIIbIO 37IeMeHTOB [lenbThe.

IIpenmyniecTBOM 3KCIEPUMEHTA Ha XaMEJIEOHaX SIBJISETCS aBTOHOMHOCTD Pa3BUTHSL
3apojbIlled OT MAaTepUHCKOTO OpraHu3Ma, KOTOPbI MOXKET OBbITh JOMOJHUTEIbHBIM
UCTOYHUKOM apTe(aKTOB B CTPECCOBBIX YCIOBUAX. OTHOCUTENbHO HU3KUN ypOBEHb OOMEHa U
MPOAOHKUTETILHBIA OHTOTeHE3 BEHIOPAHHOTO BUA MO3BOJSET aalTUPOBATh TAHHBIM OOBEKT K
IPOAODKUTEIBHOMY OKCIIOHMPOBAaHMIO B HEBECOMOCTH U OLEHUTh €€ BIMSIHHE Ha
HOpPMaJIbHOE Pa3BUTHE MO3BOHOYHBIX. [|OMONHUTEIBHBIM NPEUMYIIECTBOM XaMEJIEOHOB Kak
o0BeKTa Ui 3MOPHOHAIBHOIO SKCIEPUMEHTa B KOCMOCE SBIISETCS YYBCTBUTEIHHOCTH
SMOpPHUOHOB K TPaBUTAIlMHU, YTO MO3BOJMJIO ObI OLIEHUTH BIUSHHUE CHIIbI TSDKECTH HA PaHHHIMA
OHTOT€HE3 aMHHOTHYECKOTO OpraHM3Ma — TMpeXJe BCero, Ha (opMuUpoBaHHE HEPBHOM
CUCTEMBI M OpraHoB 4yBCTB. Hamu ObliM HadaTbl OTpaOOTOYHBIE SKCIEPUMEHTBHI, OJHAKO
MIPOEKT OCTAJICS HEOCYIIECTBIEHHBIM O (DMHAHCOBBIM U OPTaHU3ALIMOHHBIM ITPUUYKUHAM.

Jlis w3ydeHus pa3BUTHS HEMOCPEIACTBEHHOTO BIMSHHUS HEBECOMOCTH CIIOKHO
UCIIOJIb30BaTh 3apOJbIIICH MIICKONUTAIOMINX, B CBA3M C BHYTPUYTPOOHBIM DPa3BHTHEM.
BnusHue opranusma martepu TPYAHO OTAENIUTh OT HENOCPEACTBEHHBIX BO3JIECHCTBUH Ha

3apOoAbIlI CO CTOPOHBI HEBECOMOCTH. H3-3a Cl0KHOCTH KHU3HEO0ECIICUeHHUS MIJICKOIITUTAIIUX
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UCCJIEIOBaHMsI MX PAa3MHOXKEHHS B KOCMOCE HE INPOJBUHYJIHCH TaK AANEKO, KaK y IPYrux
KHUBOTHBIX. B OCHOBHOM 3TO AKCHEPUMEHTHl Ha KpbIcaX, NPOTEKaHHWE OEpPEeMEHHOCTH Yy
MBIIIeH OBLIO HCCeA0BaHO TOIBKO B ogHOM nojiete. Ceposa u Jlenucona (1982) cooOuumu o
pesynbratax 18,5-mHeBHOTO KOocmmueckoro mosera (Kocmoc 1129), B kortopom ObutH
OTIIpaBJIEHbl IATH CAaMOK M JBa camiua KpbIc. [locrme 3Toro mosjera He yJanoch MOJIYYHUTh
KPBICAT, XOTsI JalmapoTOMUsl, MPOBEJICHHAs CaMKaM, [0Ka3aja, YTO OBYJISIMS HMeJa MECTO.
Coobmanoch, 4To JIB€ CaMKHM 3a0epeMeHeNH, HO He ObUIO OJHO3HAYHOI'O JI0Ka3aTeIbCTBA
paccaceiBanusi 3MOpuoHOB. B npyrom sxcnepumente (Neurolab) u3ydanu oOriogoTBOpEHHUS
MBILLIEN B yCIOBUSAX KocMudeckoro mnosiera. [locie Bo3BpallieHus K HOpMaJIbHOM rpaBUTALUN
POJMIINCH 3/I0pPOBbIE MBIIIAaTa, HO UCCIIEOBATEM OTMETHIIN, YTO B HEBECOMOCTH YCHEIIHbIX
OIJIOJIOTBOPEHH OBLIIO MEHBLIE.

B 1983 r. na GuocnytHuke "Kocmoc-1514" Obu1 mpoBeneH 3MOpHUOIOTHUECKUI
9KCIIEPUMEHT C MJICKONUTAIOIIMMH, BIEPBbIE PEIIUBUIMM MNPUHIUMIHUAIBHBI BOMNPOC O
BO3MOXHOCTH Pa3BUTHUs IUIOJA HPU JEHCTBUM HEBECOMOCTHM HAa MATEPUHCKUI OpraHu3M.
’KusoTtHble mpoBenu B KocMmoce 13-18 aHM GepeMEeHHOCTH, YTO COCTaBisieT mpuMepHo 1/4
BHYTPHYTPOOHOTO pa3BUTHUS KPBICHL. DTO BPEMsl aKTUBHOTO pOCTa II0Aa, (POPMUPOBAHUS €T0
HEPBHON W SHAOKPUHHOW CHCTEM, CKEJETa, MBIIIL, BHyTPEHHUX opraHoB. Bo Bpems monera
IUIOZIbI KPBIC, HAYaBILIME CBOE Pa3sBUTHE Ha 3emile, MPOAOJKAIN PAaCTU U pa3BUBATHCS, JINIIb
HEMHOI'O OTCTaBasi OT KOHTpOJIS; MOCJI€ BO3BpAILlEHHs Ha 3€MJII0 OHU JOCTHUIJIM IOJOBOM
3peJIOCTH U i MoToMcTBO. OJHAKO, pe3yJsIbTaThl 3MOPHUOIOTHYECKOT0 SKCIIEPUMEHTa Ha
ouocnytHuke "Kocmoc-1514" M cOmyTCTBOBAaBIIMX €My HAa3eMHBIX MOJEIBHBIX OIBITOB
BBISIBUIM KaK BO3MO>KHOCTh HOPMaJIbHOTO Pa3BUTHS IJI0Ja MICKOMUTAIOIINX MO IEHCTBUEM
HEBECOMOCTH, TaK M CEphE3HbIE U3MEHEHHs Y OTAEIbHBIX 0co0ei. bonbias 4acTh KUBOTHBIX
HepeHOCUIIa YCIIOBUS ToJieTa 6e3 HeoOOpaTUMBIX MATOJIOIMYECKUMX U3MEHEHUH U OCI0KHEHHM
B peaJanTallMOHHOM IEpHOJe, HO Yy OTAEIbHBIX OCOOEH OTMEUEHO POXKAECHUE MEPTBOTO
MOMETa WJIH OCJIA0JICHHBIX KPBICAT, TOTHOABIINX B IIEpBbIC THU Xu3HH (Serova, 2004).

Hama rpynma yvacTBoBajla B M3Y4YEHHH HOBOPOXIEHHBIX KPBICAT, MPOLIEIIINX
NOJIOBUHY TME€pPHOJa NPEHATAJbHOIO pAa3BUTHUS B YCIOBUAX JEHCTBHS HEBECOMOCTH Ha
MaTepUHCKUHA opraHu3M (B smOpuonorundeckoM skcnepumente NIH-R1 Ha kocmuueckom
kopabne “latn”) W poamBmUXCs Ha 3emiie Yepe3 JBOE CYTOK IOCJE 3aBEpIICHHS
kocmuueckoro mosera (Proshchina, Saveliev, 2006). B skcnepumeHTe MCIOIB30BAIA KPBIC,
9KCHOHUPOBABIIUXCS B YCIOBUSX KOCMHUYECKOro mosiera Ha 9-20-ii THU OepeMEHHOCTH.
l'ucronormueckuii 1 MOpPOMETPUUECKUN aHAJIM3 TOJOBHOTO MO3ra M NepUPEepUUIecKUX
AQHAJM3aTOPOB Y MOJETHBIX KPBICAT BBISBHI TNPOJIH(EPATHBHO-MUTPAIIOHHBIE aHOMAJIHH

pa3Butus Mo3ra u qudepeHnrpoBkr HEHPoHOB. Y 7 u3 10 nccneqoBaHHBIX HAMU TTOJETHBIX
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SMOPHOHOB KPBIC OOHApY>KEHbI OYaru JAeTreHepalid HEHPOHOB BO BCEX OT/IENIaX T'OJIOBHOTO
Mo3ra. O0mumii 00beM MEAUANTBHBIX SACP Y3ICUYKH YMEHBIIUJICS B MOJIETHOM TPYIINE KPBICAT
Ha 21 %.

B CcoBOKymHOCTH TMOJy4Y€HHBIE PE3YyJbTAThl CBUJIETEIBCTBYIOT O CHJIBHOU
MOTPEOHOCTH B HOBBIX HCCIEAOBAHUSX PA3MHOXKEHHUS W PAHHETO Pa3BUTHS MO3BOHOYHBIX B
YCIOBHSX MPOJODKUTEIIBHOIO KOCMHYECKOTOo ToJiéTa. lcmonb3oBaHuEe HBOIOIMOHHO H
TaKCOHOMHUYECKH Pa3IUYHBIX MOJCIBHBIX OOBEKTAX MOXKET 3aMETHO NPOJBHUHYTH HAaIle
MOHUMAHUE MPOOJIEeM M MEXAaHHW3MOB Pa3MHOXKEHHUS MIICKOMHUTAIOUUX B HEBECOMOCTH,

NpUOJIN3UB €0 YCIEIHOE OCYIECTBICHHE.
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Cexkums 5: BHE3EMHbBIE MECTOOBUTAHUS: MOJIEJIMPOBAHME U MPSIMBIE UCCJIEJIOBAHU S
(UCCIIEJOBAHUE  JIVHbI, MAPCA, KOMET, METEOPUTOB, MEX3BE3JHOI U
MEXITJIAHETHOM ITbIJIM Y JIPYTUX TEJI COJJHEYHOM CUCTEMBI)

PA3BHOOBPA3HUE NCKOITAEMbBIX MUKPOOPI'AHU3MOB
B YIVIMCTBIX XOHAPUTAX

Promun A.K.
OHAUN, /[yona, Mockoeckas 00.1., Poccus

ITepBbie paboThl MO (POCCUIIBHBIM OCTaTKaM MHUKPOOPTaHU3MOB B METEOpUTaX ObLIU

omyOnmkoBanbl 1960-x rogax (Claus, Nagy, 1961; Nagy et al., 1961; Palik, 1962; Timofejev,
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1963 wu gp.). Bropas mnomoBuHa 1990-x o3HaMeHOBajach Ha4yajioOM aKTHBHOTO
MUKPOIIaJICOHTOJIOTUYECKOTO M3YYEHHUSI METEOPUTOB INPHU MOMOLIM METOJIOB CKaHUPYIOIIEH
anekTpoHHoU Mukpockornuu (McKay et al., 1996; Pozanos, 1996; XKmyp u ap., 1997; Hoover,
1997; Hoover et al., 1998; I'epacumenko u ap., 1999). K nHacrosimemy BpeMeHH HaKOTUICH
OOLIMPHBIN MaTepuaal MO MCKOMAeMbIM MHUKPOOPraHM3MaM B METCOPUTAX, B OCOOCHHOCTH B
YTIUCTBIX XOHJIPUTAX.

CormacHO  AaHHBIM, TIOJYYEHHBIM B  XOJ€  MHKPOMAJICOHTOJIOTHYECKOTO
UCCIICIOBAaHMSI YTJIMCTBIX XOHJPUTOB B cekTope actpobuonoruu JIPb OUSU, a Taxxke u3
auTepatypHeix UCTOYHHKOB (PozanoB, 1996; Xwmyp u np., 1997; Hoover, 1997, 2007,
2008a,b, 2009, 2010, 2014; Hoover et al., 1998, 2003, 2004a,b, 2005, 2018; I'epacumenko u
ap., 1999; Hoover, Rozanov, 2002; ActadweBa u ap., 2011 u ap.), MUKpodOCCHUINU B STUX
METEOPUTaX MOTYT OBITh NPEICTABICHBI KAaK OCTaTKaMH MPOKAPUOT (KOKKH, OaIlWILIBL,
CIUPHJUTBI, HUTEBUIHBIC (OPMBI, TICEBIOHUTECBUAHBIE (DOpPMBI, MONy- U cyOchepuueckue
dbopmbl, TH(PBI AKTUHOMUIIET), TaK U DYKAPHOT (aKPUTAPXU M aKPHUTAPXOMOJ00HBIE (hOPMBI,
OJIMHOYHBIE U KOJIOHUATbHBIE TPA3UHO(UTHI, CIIOPONOI00HBIE POPMBI, IEHHATHBIE TUATOMEH,
JMaTOMONOJO0HBIE ()parMeHThl, paKOBUHHbIE aMeObl M ajbBeossAThl) (cMm. Taba. 1). Kpome
Toro, B Mereopure Opredl u, Bo3M0oxHO, Horolisi Obtn 0OHapyKEHbI MarHUTOTaKTHUECKUE

OakTepuu.

Tabnuna 1. PacnpoctpaneHue 0CHOBHBIX TPYIIT MUKPO(OCCHIINH B YIIIMCTHIX XOHAPUTAX
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IK30BbHNOJIOI'MS BEHEPUAHCKHUX OBJIAKOB: BO3MO’KHBIE

Benepsl

MHUKPOBHBIE ITPOUHECCBHI I MUKPOOPI"'AHU3MbI
Komropoenko O.P.

FOzopckuii I'ocyoapecmeennviii Ynusepcumem, Xanmoi-Mancutick, Poccus

CoBMecTHasi POCCHIICKO-aMEpPHKAHCKasi KOCMHUYECKas TpOorpaMMa I0 HW3yYEHHIO

Venera-D BkIrouaeT aCTpO6I/IOJ'IOFI/I‘-IeCKI/Ie HCCIICOOBaHUA, 00BEKTOM KOTOPBIX

SIBJISIETCS. OOJIAYHBINA CIIOM TUTaHeTHl Ha BbicoTe OT 50 gm0 65 KM, coiepammii a’po30IH,
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COCTOSIIIIME U3 BOJHOIO pAacTBOpa CEPHOM KHCIOTHI, II€ MO OLEHKAaM YYEHBIX JOJIKHBI
CYILIECTBOBaTh (PU3UKO-XMMUYECKHE YCIIOBUS, NMpUEMIIEMbIE IJI Pa3sBUTHUS JKUBBIX (HOpM,
AQHAJIOTUYHBIX ~ 3€MHBIM  3KCTPEMOQWJIBHBIM  MHUKPOOpPraHHW3MaM.  OTH  YCIIOBHS
XapaKTepu3yroTcst Boicokumu Temreparypamu (o 80°C), upesBbryaiino muskum pH (-1,5 —
+0,5) 1 BepOATHBIM NPUCYTCTBUEM COEAUHEHUN CEpBI U XKelle3a, KOTOPbIE MOTYT BBICTYIIATh B
KayecTBE  OCHOBHBIX  aKIENTOPOB  JJEKTPOHOB B  MMKPOOHBIX  OKHCIHUTEIbHO-
BOCCTAHOBUTEJIBHBIX PEAKIHIX.

Cpenu 3eMHBIX MHKPOOPTaHHU3MOB, KOTOpbIE 110 CBOMM (DU3HOJIOTHYECKUX
CBOICTBaM MOTYT paccMaTpUBaThCsl B KAa4ECTBE AHAJIOIOB TMIOTETUYECKUX BEHEPHAHCKHUX
OpPraHW3MOB HAXOJATCS TMPEICTABUTENb NpoTeobakTepuil Acidithiobacillus ferrooxidans wn
NpeACTaBUTENIN KpeHapxeoT Acidianus w Stygiolobus. Bce BbIlIEyNOMSHYTbIE OpPraHU3MBI
SABIIAIOTCS  aUUA0-TepMOQMIAaMH U OCYLIECTBISIOT  XeMOTPO(HBI THUN  MUTAHUS,
BoccTanasuBas Fe’” u cepy ¢ momyuenuem sHeprum.

K MukpoOGHBIM mIporieccaM, KOTOpble MOTYT ObITh BOBJIEYEHBI B IIUKJ JIEMEHTOB B
npeznonaraeMoil o0uTaeMoil 30He o6sayHOro ciosi BeHnepbl MoryT oTHOcUTCA cynbdar-u
HKEJE30-pelyKIus, AUCIPONOPLMOHUPOBAHUE CEPBl, AMCCUMUIISILIUOHHOE BOCCTAHOBJICHHE
autpara 10 ammoumst (DNRA), BOCCTAHOBIIGHHE HUTPATa, COBMEIIEHHOE C OKHCIeHHeM Fe””
(NRFO) u aHokcureHHbIi (hOTOCHHTES.

Ilo anHanmoruu c 3eMHBIMH SKCTpEMO(UIAMU BEHEPUAHCKUE OPIaHU3MbI MOTYT
o0najgaTh IIMPOKUM CIEKTPOM MEXAaHHW3MOB IPOTHUBOCTOSIHUS Pa3IMYHBIX CTPECCOPHBIM
dakTOopaM  OKpyXaromleil cpeabl, HampuMep, TaKUM KakK MPOAYKIHS OCMO- H
TEPMOIIPOTEKTOPOB,  Pa3JIMYHBIX  BHEKJIETOYHBIX MOJUMEpHbIX coeauHeHuin  (EPS),
YBEJIMYHUBAIOLINX THAPOPUIBHOCTh KJIETOYHON MOBEPXHOCTH. HekoTophle U3 TakMX BEILECTB
MOTYT OBITh BaKHBIMU OMOMapKepaMH IpH MOUCKE MPOSIBICHUH OHOIOTHYECKON aKTUBHOCTH
B aCTPOOHMOIOIMYECKHX HCCIIEIOBAHMAX B KOCMHUECKUX MUCCHUAX Ha Benepy.

Ucxons u3 cneundukn 00CYKTaeMOH IKOCHCTEMBI, MOXXKHO IIPEAINOJIOKHUTh, YTO
BEHEPUAHCKHE MMKPOOPraHU3Mbl JOJKHBI OBITh TECHO CBSI3aHbl C TIE€OXMMHUYECKUM
npoleccaMy, NMPOTEKAUIMMHU B OOJIAYHOM CJIO€ M 3aBUCETh OT CTaOWJIBHOCTU U (hU3MKO-
XUMHUYECKHX CBOMCTB a3p030Jiel KaK UX eIUHCTBEHHO-BO3MOXKHOM CpeJlbl OOMTAHUS W, TAKHUM
00pa3oM, OCYIIECTBISATh adPOTCOXMMHUYECKH 3aBUCHUMBIH XEMOJHTOTPO(HBIN  crmocod

Cym€CTBOBaHMA.
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ITOCTEPHAS CECCHSI.
CEknus 1.

KPUTHYECKOE 3AMEJIJTEHUE U BBIMUPAHUE INHO3ABPOB
Ceprees B.H., Ileuepuukona I'.B.
HJI" PAH, Mockea, Poccus

Kputnueckoe 3amensieHHe — 3TO YMEHBLIEHHE CKOPOCTH BOCCTAHOBJICHUSA
COCTOSTHUSI CUCTEMBI TI0CJIe KaKOT0-IM00 BO3CHCTBUS B IPEIABEPUN KPUTHUECKOTO Mepexo/ia
(Scheffer, et al., 2009). DT0 sBIeHHE HUMeET YyHHMBEpCAIbHBIA XapakTep U TNPUCYLIE
pa3nuyHbIM 0 mpupojae cuctemaM. OHO BcTpedaeTcss B Pu3uke, reopusuke, MEAUIIMHE U
bu3noNoruy, 3KOJOTUH, KIUMATOJOTHU W Jp. — BE3Je, INle €CTh KPUTUYECKUE SBIICHUS

(Schefter, et al., 2012).

Ecnn ocHOBBIBAaTHCS HAa BO3MOXKHOCTH CyHmICCTBOBAHHUA KPUTHUYCCKOI'0 IMOBCIACHUA
JUTSL BOJTFOIIMOHHBIX TPOIECCOB KWUBOM mpuponsl (Bak, Sneppen, 1993; Sznajd-Weron,
Weron, 2001; JIuxomBait u ap., 2017; Jluxomsaii, Xnebomaposa, 2019), To ncrnonp3oBanue
METOZIOB HCCJICIOBAHUS KPUTUYCCKHUX SIBICHHHA TIOJNE3HO M Ui HM3YYCHHUS MAacCOBBIX

BBIMUPaHUM.

Maccosrie BbIMHUPpAHHA BHUAOB JKHMBBIX CYIICCTB Ha MPOTAKCHHUU HCTOPUU 3emMitu
CIyYaMch HEOJHOKPATHO. CBHUIIETEILCTBOM ATOTO SIBIISIOTCS MAJICOHTOJIOTHUECKUE TaHHBIE.
[MpuyriHaMu TakuX COOBITHH MOTJIO OBITH OBICTPOE M3MEHEHHUE CpElibl OOUTAHHMS, BBI3BAHHOC
BHCIITHUMUAU BOBHGﬁCTBHHMH, TAKUMH KaK CTOJIKHOBCHHA aCTCPOUTOB U KOMCT C BCMHeﬁ,
U3BEPKCHHSI BYJIKAHOB W T.JI. B TOXe BpeMs HE KaKI0€ TaKoe KPYITHOE KaTacTpOPUIECKOoe
COOBITHE B MCTOPUHM 3EMJIM COMPOBOXKIAIOCH MacCOBhIMH BhIMHpaHusiMu (Archibald et al.,

2010).

MaccoBoe BRIMHpaHUE HA TPaHUIE MEIIOBOTO U MAJIEOT€HOBOTO MEPHOJIa, OKOJIO 66
MWIIHOHOB JIET Ha3aJ, KaK CYMTAETCs, ObLJIO BHI3BAHO CTOJIKHOBEHHEM C 3eMJIei acTepona
(Gulick, et al., 2019; Hull, et al., 2020). B pe3ynbrare maeHus 3Toro acrepounaa oopazoBaics
kpatep UYukcyny6 Ha momyoctpoBe FOkaran B Mekcuke nuamerpom 180 kM, SIBISIOIIUKACS
TPETbUM IO BCIMYHUHC M3 M3BCCTHBLIX B HACTOAMICC BPCMS YAAPHLIX KPATCPOB. OI[HI/IMI/I u3

JKCPTB 3TOI0 COOBITHS OBLIM HENTHYBHU JAWUHO3aBPHbI.

Bo BpemeHna cymiecTBOBaHUS IMHO3aBPOB (IMHO3aBPHI CYIIECTBOBAIM OKOJO 165
MUJUTMOHOB  JIeT), okono 200 MWJUIMOHOB JIeT Has3aJ CIy4usoch TPHACOBO-IOPCKOE

BBIMUPAHHUEC, OAHAKO AHWHO3aBpPbl HC TOJIBKO ICPCIKUIIN ITO C06BITI/IG, HO U CMOIJIHU 3aHATH
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OCBOOOJIMBIIMECS  DKOJOTMYECKUE HHUIIM. Men-najeoreHoBoe M TPHUAcOBO-IOPCKOE
BBIMUPAHUSl OTHOCATCS K KPYHHEHIIMM MAacCOBbIM BBIMUPAHUSAM B HCTOPUM 3E€MIIM U
COMOCTaBUMBI MO MacmTabaM. OTO OOCTOSTENHCTBO MOXKET yKa3blBaTh Ha YMEHbBIICHHE
CIIOCOOHOCTH JTMHO3aBPOB TMPHUCIIOCAOINBATHECA K MEHSIONIUMCS YCIOBHUSAM OOWUTaHUS K

MOMCHTY UX UCUC3HOBCHHA.

3a HECKOJIbKO MUJUTHOHOB JICT JIO THOCIIH TUHO3aBPOB MAJICOHTOIOTHYCCKUE JaHHBIC
UX BHI000pa30BaHUsI TOKA3bIBAIOT YBEIUUYCHHEC BPEMCHH BOCCTAHOBIICHHS JIO TMPEKHUX
3HAUEHUU 4YHCIIa HOBBIX BHJOB IMociie WX YyMeHbmieHus (Starrfelt, Liow, 2016). Dto
CBUJICTEILCTBYET B IMOJIb3Y TUIIOTE3bI, TOBOPSIIEH O TOM, YTO JIWUHO3aBPBI KO BPEMEHU CBOETO
MCYE3HOBEHMsI y)Ke PHOIMKaNNCh K cBoel rudenn (Sakamoto, et al., 2016; Sakamoto, et al.,
2019), a BHENIHUE BO3ICUCTBUS, BRI3BABIINE MEJ-I1aJICOT€HOBOE MAaCCOBOE BHIMUPAHHUE BHJIOB

JKUBBIX CYHICCTB, ABJIAJIMNCH TPUTTCPOM BBIMUPAHUA TUHO3aBPOB.
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CEKLUA 2.

I'OMOJIOI'MYECKHUE PAABbI B HE;KUBOM U ) KUBOM.

Cycnos B. B., Ilonomapenko M. II.

Ulul” CO PAH, Hosocubupck, Poccus

Ecnu BaBUIOBCKMII LEHTp — o0OWIME KOHTPACTHBIX YCJIOBMM Ha HEOOIbIION
IJIOMIAIM, TO €ro pasHooOpa3ue JenuMo Ha TioOalbHOE (YCTOMUYHMBOE 6e30e U Gcezod
couetaHue mnoaHabopa u3 Habopa (akTOpoB) W JIOKaJdbHOE (HEYCTOMYMBOE COYETaHHE
daxTopoB 30ece u ceriuac)'. TIPOKAPHOTHI — MHp OONBIIMX COOOIIECTB M  MANbIX,
KPATKOKMBYIIUX 0COOei. DTH COOOIECTBA MO NMPHHIMIY IOMHUHAHTHI CTAOHIH3UPYIOT
Ha0Op YCIIOBHA, Yb€ JIOITO€ CYIIECTBOBAHHE JICIACT BOSMOKHBIM OTOOp HA ONTHUMHU3AIMIO. B
npedene cea3b ¢ YeHmpom mepsemcs’, a ¢ et u Guonoeuuecrkas cneyuguxa I'P: 1-4 nem®: u
6 orcugom, u 6 nedxcusom I'P pasno 3adanvl uepe3 nepebop 02paHUYEHHO20 YUCLA GHEUHUX
(1w1envl psaoa HecnocoOHbl HA HUX 81UAMb) PAKMOpos. DYKapUOTHl — MUP MaJIBIX COOOIIECTB,
HO OOJBIINX JIOJTOXHUBYIIMX OCOOEH, CHEeNMaTn3upOBAHHBIX HE CTOJBKO Ha MOTpeOJIeHHUH,
CKOJIbKO Ha TOWCKE HEeMHOTHX (u3-3a OeqHOW OmoXMMHH) CyOCTpaToB, yepmas IJisi 3TOTO
SHEPTUIO U3 TPeX, HO Hanbosee 3 (HEeKTUBHBIX TUIIOB Y3HEProodMeHa (hoTocuHTE3, OpOKEHHE,
O,-npixanue). I[lockonvbky 6pems NpuilodceHusi omoopa O02paHu4eHo 6peMeHeM NOUCKa,
nOCMONLKY 603modceH ombop Ha PII, a ne na onmumuzayuro, 3a00120 00 Heé yelb NOUCKA
b6yoem unu docmueHyma, uiu cmerena. Ilomynanus ke o0s3aHa BO U30€KaHUE CTPABIUBAHUS
CTallMii TepeMenaThCsi MO IIGHTPY, YTO PBET OAHO3HAa4YHyI0 cBs3b CTD ‘“geM MeHbIe
aJIalITUBHBIX MyTalui, TeM Ooiblle HeHTpanbHbIX’. Kakasg-To 4acTh MyTalii HE CMOXET
OBITh TECTUPOBAHA B JAHHOM TOKOJICHUH, HO 3TO HE 3HAYHT, YTO OHU HE OYIyT TECTHPOBAHBI
B OJHOM U3 CJIEOYIOUIMX, KOT/a TOMyJISHs HATKHETCS Ha HYXHYIO cTanuio. Takue
OMII0JICEHHbIe Mymayuy NArOT TIyJl, CTOXaCTHYECKH OOMEHHMBAIOLIUICS C ITyJIOM aJlalTUBHBIX
MyTalif, a MHOTOKPATHOCTh pa3IMYHBIX MHIPALUH MO IEHTPY CTPATUPHUIHUPYET IO
BUTAJILHOCTU M JIOMUHAHTHOCTH (Kak y BaBmioBa) o6a myna B obmue I'P. Torna 6 xasrcowiii
MoOMenm 8pemeHu Mo OTOOpOM OyaeT mano MyTaiui (Kak TpeOyeT nuieMma XOoJjaeiHa).
TemnopanvHblil acnekm JenaeT HEOOSI3aTENFHBIM OpOpenbed: MOCKOIbKY OpraHU3MBbl CBOCH
JESATENBHOCTBIO PA3HOOOPA3AT CTALUK , MOCTONBKY OHM CO3MAIOT LEHTP, CYIIECTBYHOIIHE
moka ecth OHK'. Omcioda, KpumuunvlM O GO3HUKHOGEHUS. MHCUSHU CMATO NOSGIEHUE
NOUCKOBOI, A 3amem U NPOSHOCMUYHOL cnocobrocmu’, noduunuswel 6opbOy 3a c606OOHYIO
9Hepauto (Makyro e KaxK npu omoope MampuyHblX HEXCUBLIX CUCEM) 8 8emsuU, npuseouleli K

JeKkapuomam u NOOYUHUBUIEUCS ell 8 BeIESX npokapuom.
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'T.k. B 0GOMX CITydasx MOTYT MEHATHCS 3HAYEHHS (haKTOPOB, 3/1€Ch OHU HE PACCMATPHUBAIOTCS.

2 ToxoGHoi NPUHIUIY YXTOMCKOTO B HeHpoOmojoruu: oco0b 37eCh WM TOKOWTCS WIH YYacTBYeT B
JOMMHHPYIOLIIKX B coodmecTBe npoueccax. [IpotuBoaelictie OecrepclieKTUBHO 10 MaJIOCTH OCOOH.

* Tlo Mepe HUBEJIMPOBaHMs JIOKAJIBLHOTO pPa3HOOOpa3usi YKa3aHHBIM YCTOHUYMBBIN MOJHA0Op CTaHOBUTCS
npeji3ajaH, Hanpumep, OHOXMMHMYECKOW HECOBMECTHMMOCTHIO peakuuii 1o 3aBap3uHy, WiH Jr000n
HECOBMECTHMOCTBIO ITpu3HaKoB (1o Crapky-3aBap3uny). [Ipenzanannocts Basunos B 1935t BeiBen u3 3I°P.

* B wacTHOCTH, KOMIIEHCAIuMs cyOnpu3HaKos onpenensercs He DI, a IKCTpeMAaTbHBIM 3aKOHOM.

> BrepBble OMHCAaHO KaK KOHIMIMOHHPOBaHHE cTalumii bexiemumesbiM mnocie ruGemn Basmmosa. ITosxe
MHOTOKPaTHO MEPEOTKPHITO, HO He cBs3aHo ¢ 3['P. ['eorpaduueckuii neHTp BaBmmoBa — onuH U3 BO3MOKHBIX.

% Orciona peaKocTh LEHTPOB HA OCTPOBAX, e OMOTAa TMOHET, eclM He OTOMpaeTcsi Ha >KoHOMMI0. Heo- u
naneobnoreorpausi TOBOPSAT O HMU3KOM B CPAaBHEHMH C KOHTHHEHTAJIAMH/OKEAHNCTAaMH SKCIAHCHBHOCTH H
alalTUBHOCTH (BONPEKH M3OLIPEHHOCTH alanTaluii) OMOT OCTPOBOB/M30JMPOBAHHBIX BOZOEMOB. To ke y
JIecTabmmu3anToB B mpupone (manHesle Pocrana-Bepmmamna, YamoBa, kaHumeporeHes) um ombiTe bensena:
JecTabmiu3anus He XyKe CTaOMIM3aluu 3amupaeT GuiyMm B KoM(OPTHOIL, T.e. yacTo ONU3KOI K IPEIKOBOH,
cpelie, denas e2o 4yeCmeumenbHoviM K 0moopy Ha OnmuMu3ayuio.

7 Cm. Cycios B.B. CMbIC/ OpraHu3Ma — CHCTEMAaTHYHOCTh dKCHaHCHH//2-as Beepoccuiickas KoH(pepeHIus mo
actpobuonoruu. [Tymuno, 2016.

CEK1us 4.

BJIUAHHUE IPEAOBJYYEHUSI, HHTEHCUBHOCTH U3J1YYEHUS U TUIIA
MUHEPAJIBHOU MATPHULBI HA PAIMOPESUCTEHTHOCTDb
MHUKPOOPI'AHU3MOB

Yenuos B.C."! 2, benoB A.A. 1, BopoobeBa E.A. 1, IIasjaosB A.K. 3, Jlomacos B.H. *

"MIY umenu M.B. Jlomonocosa, Mockea, Poccus
’HKH PAH, Mockea, Poccus
SOTU um. A.®. Hopgpe, Canxm-Ilemepbype, Poccus
‘Cr6I1y, Cankm-Ilemep6ype, Poccus

BosznelicTBue MOHM3MpYIOIIEH paaualiid paccMaTpUBAEeTCS B KaueCTBE OCHOBHOTO
dakTopa, TMMHTHPYIOIIETO COXPAaHEHHE MHUKPOOPTaHM3MOB U OHMOMapKEepOB Ha KPUOTEHHBIX
KOCMUYECKMX TelaXx W B MexmianeTHoM mnpoctpanctBe (Cheptsov et al., 2018).
YceToWuuBOCTh K OOJNYYEHHIO U KOJMYECTBO DPAJUAIMOHHBIX TOBPEXKJICHUN 3aBUCAT OT
YCIIOBUH OONy4YeHHs, BIUSIONIMX Ha KOJUYECTBO M AaKTHMBHOCTh CBOOOJHBIX DPaJIUKAalOB,
SIBJISTFOIIUXCS. OCHOBHBIM UCTOYHHUKOM (110 90%) paaualimoHHBIX MOBPEXIeHUI. B yacTHOCTH,
cpeny BaxXHEWIUX (PakTOpPOB paccMaTpuBarOTCs Temrieparypa u naminenue (Dartnell et al.,
2010; Cheptsov et al., 2018). BeposiTHO, Ha YCTOHYMBOCTH K BO3JCUCTBUIO BHE3EMHBIX
(bakTOPOB TaKkKe CYHIECTBEHHO BIHMSIET COCTAB MUHEPAIbHOW MaTpHIIbl. MUHEpaNbl pa3IuyHbI
no aAcOpOLMOHHBIM  CBOWCTBaM, 4YTO BIHSIET Ha (DU3HOJIOTHYECKOE COCTOSIHHE
mukpoopranusmoB (Deo et al., 2001). Kpome Toro, MuHepanbl MOTYT BBICTyHaTb B pOJIU
UCTOYHUKOB U aKIIENTOPOB CBOOOJHBIX pAaJMKaIOB MpPH BO3ACHCTBUM HOHU3UPYIOIIEH
pagvanuu. BrnusHue cocTaBa MUHEpaNbHOM  MaTpUIIBI  Ha  PaJMOPE3UCTEHTHOCTH
MUKPOOPTaHU3MOB K HACTOSIIIEMY BPEMEHHU MPAKTHUECKU HE MCCIEIOBAHO.

CyIIecTBEeHHBIM OTPAaHUYEHUEM B PATUOOMOJIOTMUECKUX HCCIICIOBAHUAX SIBIISICTCS

UXx TIUTCIBHOCTH . B XO04€ JBKCIIEPUMMCECHTOB BBLICOKHE J03bl paavdalliid HAKAIJIMBAKOTCSA B
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TE€YEHUE OTHOCUTEIHHO KPAaTKMX MPOMEKYTKOB BPEMEHH (OT MHHYT JI0 JTHEH), B TO BpeMsl KaK
BO BHE3EMHOM IIPOCTPAHCTBE aHAJIOTMYHBIE 103bl HAKATUIUBAIOTCS B TEUEHHE €0JIOTHYECKOr0
BpeMeHH (OT ThICSY 10 MUJUTMOHOB JIEeT). B CBSI3M ¢ 3TUM BO3HHUKAeT BOMPOC O BIUSHUU
MHTEHCUBHOCTh M3JTy4€HHs] Ha BBDKMBAEMOCTh MUKPOOPTaHU3MOB (TIPH HaOOpe OJMHAKOBBIX
no3). HM3BectHo, 4YTO TmpH OOIYYEHWH MHUKPOOPTAaHM3MOB B YCIOBHSIX HOPMAaJbHOMN
TEMIEPATypPbl, HOPMAJIHHOTO JAaBJICHUS U MPU HAIWYUHM JOCTYHMHOW BOJBI, C YMEHBUICHHEM
WHTCHCUBHOCTH H3JIy4YCHHs] PaJAMOPE3UCTEHTHOCTh BO3pacTaeT Omarojmapsi pemnapanuu
noBpexaeHuii Bo Bpems oOmydenust (Dartnell et al., 2010). Onnako HesiCHO, BIUSET U
WHTCHCUBHOCTh M3JIYYCHUS] HA BBDKUBAEMOCTh MHKPOOPTaHM3MOB TIIPH OOJydYeHHH B
YCIIOBUSIX BaKyyMa W/WJIM HU3KUX TeMIepaTyp, T. €. B YCJIOBHUAX, IIPU KOTOPBIX penapanus
MOBPEXKACHUI HEBO3MOXKHA WIIH 3aMe/IJIcHa.

[Ipennonaraercs, 4yro Ha Mapce MHKPOOPTaHU3MBI MOTYT CYLIECTBOBATh B
spemeprom Buume (Westall et al,, 2013; Cheptsov et al., 2018), merabommsupys u
pPa3MHOXasiCh JIUIIb B pPEIKHWE MEPUOAbl HACTYIUICHHS OJarompusTHBIX ycloBuil. B 3Tom
clly4ae MEXIy TaKUMH NEpUOJaMH OHU JOJKHBI HAKAMJIUBATh PAIMAllMOHHBIE TTOBPEKICHHUS.
W3BecTHO, 4YTO BO3MOXKHO YBEJIWYEHHE PATUOPE3UCTEHTHOCTH MHUKPOOPIaHU3MOB TIpU
MHOTOKPaTHOM HAaKOIUICHUH TMOMYJIAIUEH CyONeTaabHBIX 103 pajualliid U TOCIETYIONIEeM
co3manuu ycioBui juisi pasmHoxkenust (Harris et al., 2009; Tesfai et al., 2011). Omgnako
CJIelyeT OTMETHUTh, YTO MOJO0OHbIE MCCIIEJOBAaHUS HEMHOTOYUCIIEHHBI ¥ MPOBOAMUIUCH JIUILIb
st Escherichia coli w Bacillus spp., a Takke He BKIIOYAIN BO3EHCTBUE KaKUX-THOO0 APYTUX
acTpoOHOJIOTHYECKUX (PaKTOPOB.

Hamu npoBeneno oOmyuenue Oakrepuit Arthrobacter polychromogenes SN _T61,
Kocuria rosea SN_T60 u Xanthomonas sp. DP3 ramma-usnydenuem ao3oi 1 kI'p B ycrmoBusx
Hu3Koro aasneHus (1 Topp) u HU3Ko#M Temmneparypsl (-50°C) npu pa3nuYHON UHTEHCUBHOCTU
wanydenuss (4 kI'p/u m 0.8 x['p/du), UMMOOMIM3OBAHHBIX Ha PA3IUYHBIX MHHEPATBHBIX
HOCUTENAX (MOHTMOPHJUIOHHUT U aHAJIOT JTyHHOU NbUTH). [IpH 5TOM 00ITydeHBI ITaMMBI, paHee
HE [O/BEpraBIIMECS BO3ACUCTBUIO  paauallud, U  MPEeIBAPUTEIBHO  OOJIyueHHBIE
(mpenoOy4eHHbIE) TaMMa-U3IIy4eHHeM IMTaMMbl U mpomeamue 10 maccakedt Ha MIOTHBIX
NUTATENbHBIX cpenax (Mojedb KPaTKOBPEMEHHOTO HACTYIICHHS OJaronpHsTHBIX YCIOBHM
MEXIYy JIUTEIBHBIMU TEPHOAaMU KpHOKOHcepBanuu). OIEHEHO BIMSHWE HWHTEHCHBHOCTH
m3nydeHus (4 xI'p/a vs 0.8 k['p/4), MUHEpATHLHOTO HOCHUTENS (MOHTMOPUJUIOHUT VS aHAJIOT
JYHHOM MBUIH) U TIPeA00IydeHHs Ha BBKUBAEMOCTh MUKPOOPTaHU3MOB.

HccnenoBaHHble MITaMMBI OaKkTepHii ObUIM BBIACICHBI paHee M3 apHIHOW IOYBHI
nycteiHu HereB (Cheptsov et al.,, 2018) m mepHOBO-mOm301MCTON TOYBBI MOCKOBCKOM

obmactu (Cheptsov et al., 2019). It 06irydeHUs: MUKPOOPTaHU3MBI OBLITH MMMOOUITN30BaHbI

130



B MOHTMOPWIJOHWTE W B aHajore JIYyHHOW IMbUIM, NPEACTaBISIIOIIET0 cOo0Ol cMech
CTEKJITHHBIX MHUKpochep muamerpoMm 10 50 mxm. s oOiydeHus: oOpasibl MOMEIIAINCh B

2010), mTO3BOIAIONIYIO

paHee OIMCaHHYIO KiuMmaTuueckyro kamepy (Pavlov et al,
noJiep>kuBaTh HU3Koe aasneHue (1 Topp) u Hu3Kyto temmepatypy (-50°C) mpu oOinydeHuu.
OG6i1ydeHHe MPOBOIMIM Ha TramMa-ycraHoBke K-120000 ¢ wucrounmkamu °Co mpu
uHTeHCUBHOCTAX u3nydeHus 0.8 kI'p/u m 4 xI'p/a. [o3a pammammm coctaBimsia 1 kIp.
KonTposnem ciyxunu HeoOdydeHHBbIE 00pa3libl MMMOOMIM30BAHHBIX HAa COOTBETCTBYIOIIUX
MHUHEPAJIbHBIX HOCUTENSIX MHKPOOPTraHU3MOB. UHMCICHHOCTb >KW3HECHOCOOHBIX OaKTepHid

(uucno xononueobpasyromux enunul, KOE) B o0pa3nax ompenensian METOAOM IOCEBa Ha

IJIOTHYIO THTATEIbHYIO TJIIOKO30-TIENTOHHO-IpoXokeBy0 cpeny (Cheptsov et al., 2018).

KynpsTuBuposanue nposoaunu npu +28°C.

Tabnuua 1. 3aBUCMMOCTb paluOPE3UCTEHTHOCTH OaKTepuil OT yCIOBUI 00IyUYeHHUS.

NHTeHcuBHOCTD Uucno KOE
[Htamm U3ITy4YeHUs, MunepaieHas [IpenobnyueHue |OTHOCHUTEIHHO
k[ 'p/u vatpuia KOHTPOJISI

4 Montmopunonnt|He npego0OaydeHHbIN 9.40%

4 Amnarnor neutn  |He npegoOnydeHHbIN 8.09%

4 Mountmopuionut| IlpenoGiydeHHblit 27.01%

Kocuria rosea 4 AHaznor npu [TpenobmyueHHblit 12.54%
SN _T60 0.8 Mountmopusionut|He npenobnyuennsiii|  28.08%
0.8 Amnanor neuin  |He npepo6unyuennsiii|  21.92%

0.8 MouTtmopmiuionut| IlpenobiayyeHHbIH 80.12%

0.8 AHaJor NbUIN [TpenoGiryueHHbII 26.50%
4 MouTtmopriuionut|He npenoGinydennsiii|  39.14%
4 Amnanor neun  |He npegobnyuenssiii|  12.96%
4 MouTtmopmiuionut| IlpenobimyyeHHbIH 63.93%

Arthrobacter 4 AHaJor nbutn [TpenobmyueHHbIi 16.63%
polychromogenes PEAODTY v e
SN T61 0.8 Montmopwnonnt|He npegoOnyuennsiii|  44.76%
- 0.8 Amnanor meutn  |He nmpegoOydennsiii|  36.50%
0.8 Montmopwnonut| [IpenoOmydeHHbIN 92.62%
0.8 AHaJIOT TBUTH [TpenobmyueHHbli 42.40%

4 Mountmopusionut|He npenobimyueHHblit 0.31%
Xanthomonas sp. 4 Amnanor neuin  |He npepo6uyuennsiii|  0.002%
DP3 0.8 MouTtmopuiuionut|He npenoGiydennsiii|  10.99%

0.8 Amnanior nui  |He npeno6iryueHHbIi 0.19%

Jlmst BceX HWCChaeAOBaHHBIX INITAMMOB OaKTepwii, MMMOOWIM30BAaHHBIX Ha 000WX

MHUHEpaJIbHBIX HOCHUTENSIX, MPU 00EUX MHTEHCHBHOCTAX M3JydeHHs HaOIofanoch Oolnbliee
camwkenne yucaa KOE mTaMMoB, He MOJBEpraBIIMXCS MPeNo0IydYeHHUIO, TI0 CPAaBHEHHIO C
npenobmydeHapiMu  mrammamu  (Tabmuma 1), Ilpu  oOmydeHMM B MOHTMOPWIITIOHUTE
CoXpaHsulach OoJiee BBICOKAs J10JIS )KUBBIX OAKTEpHIl B CPABHEHUU C OOJIyUYEHHEM B aHaJore

HYHHOﬁ IbUIX, IPUYCM 3Ta 3aKOHOMEPHOCTD B OOJILIINHCTBE CJIy4acB ObLIa JIy4dli€ BbIpa’XC€Ha
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y npenoOiayyeHHbIX IITaMMoB. [l Bcex MmTaMMOB HaOmropanach Oojee  BbICOKas
YHCICHHOCTh JKU3HECHOCOOHBIX KJIETOK NMpPH MOHMKEHHUM WHTEHCUBHOCTH M3iydeHus. Jlis
mraMMoB A. polychromogenes SN_T61 u K. rosea SN_T60 101s1 )Ku3HECIOCOOHBIX KIJIETOK
nocie obmyuenust npu uHTeHcuBHOocTH 0.8 KI'p/u B 1.2-3 pasza mpeBblmana TakoByio mnpu 4
k[ p/4. HanbGonee BbIpakeHO BIMSHUE MHTEHCUBHOCTH M3JIy4eHUs HAOIIONAIOCH IS IITaMMa
Xanthomonas sp. DP3: 1ons BEDKMBIIMX MHUKPOOpraHu3mMoB Bo3pactana B 30-100 pa3 mpu
HNOHMKEHUU UHTEHCUBHOCTH U3JTy4YEHUS.

B pesynbrare mccienoBaHus MPOAEMOHCTPUPOBAHO, YTO CBOMCTBA MUHEPAIHHOTO
HOCHUTEJSI OKa3bIBalOT CYIECTBEHHOE BIIMSHUE HA PAJMOPE3UCTEHTHOCTh MUKPOOPIaHU3MOB,
YTO MOATBEPXKIAET HEOOXOAUMOCTh JETAJIBHOIO M3y4EHUS MEXAaHM3MOB TAKOI'O BIMSHUSA U
BBISIBJICHHSI MUHEPAJIOB, 00Jalal0IMX HAWITYYIIMMHU OPOTEKTOPHBIMU CBOWCTBaMH. Pemienue
NOJOOHOHM 3a/a4M MO3BOJWIO OBl ONpPENeNUTh Hanbojee MEPCHeKTHUBHBIC TUIBI MOPOI IS
UCCIICIOBAaHUS ACTPOOMOJIOTHYECKUMH KOCMHYECKHIMH MHCCUSIMHU. JlaHHBIE O BIMSHHUH
MHTEHCUBHOCTH U3JIy4YE€HHUS Ha BBDKMBAEMOCTh MUKPOOPIAaHHW3MOB CBUIETENBCTBYIOT O TOM,
YTO CYILECTBYIOLIME OLIEHKH BO3MOXKHOM JJTUTEIBHOCTH COXPAaHEHHs] MUKPOOPIaHU3MOB BO
BHE3EMHBIX YCJIOBUSX 3HAYMTEIbHO 3aHWKEHBI. [loimy4yeHHbIE pe3ynpTaThl YKa3bIBAIOT Ha
BO3MO>KHOCTh OBICTpOrO BO3pAaCTaHHUs  PaJAUOPE3UCTCHTHOCTH THITOTETUIECKUX
MHUKPOOPIaHU3MOB B perosinte Mapca MpH MX CyIIECTBOBaHUHM B 3()eMEpPHOM BHUIE AaxKe
10CJ€ OAHOTO ILMKJIA KPHOKOHCEpPBALMM W HACTYIUIEHUS OJaronpusATHBIX Ui pocTa H
Pa3sMHOXKEHUs YCIOBUH.

PaboTa BbINOIHEHA TPU YaCTUYHOM noaaepxke rpanta POOU Ne 20-02-00470.
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METABOJIMYECKASA AKTUBHOCTb MUKPOBHBIX COOBIIECTB
B YCJIOBUAX JE®OUIIUTA BJIATH

Beinos A.A.', Yenmos B.C."”
"MTY umenu M.B. Jlomonocosa, Mockea, Poccus
’UKH PAH, Mocxkea, Poccus

MukpoOHbIe cOoOOIIeCTBAa JKOCHCTEM, SBISIONIUXCS AaHAOTaMU  PETOJIUTOB
WHOIUIAHETHBIX TEJ, SBISIFOTCS IICHHBIMA MOJCTBHBIMU OOBEKTaMH U1l HM3y4YeHUs
MOTCHIIMATBHONH oOuTaeMocTH BHe3eMHOTo mpoctpanHcTBa (Moissl-Eichinger et al., 2016).
TakuMu aHaoramu SIBJISIIOTCS Pa3JIMYHbIE HKCTPEMAaJbHBIE HKOTOIBI, B YACTHOCTH, MHOTHE
KproapuaHsle u apuanele mycTbiHM (Oarga, 2009; Saxena et al., 2016). IIpoBeneHHble
WCCJICIOBAHMs TIOKA3ald BBICOKME 3HAUEHUS YHCIEHHOCTH M Pa3HOOOpa3usi MPOKApPHOT,
cymecTByrommx B 3tux ycnoBusix (Chanal et al., 2006; Rampelotto, 2010; Saxena et al.,
2016), a Takke MX BBICOKYIO CTPECC-TOJEPAHTHOCTb, B TOM YHCJIE K YCIIOBUSM BHE3EMHOTO
npoctpadctBa (Belov et al., 2020; Cheptsov et al., 2018). B OonpmnHCTBE NOJOOHBIX
IKOCHCTEeM, KaK M BO BHE3EMHOM MPOCTPAHCTBE, HabmogaeTcss AeUIUT AOCTYIMHON s
MUKpOOpranu3MoB Biaru (Stevenson et al., 2015). OxHako WcciaenoBaHUS META0OIUICCKON
AKTUBHOCTH MUKPOOHBIX COOOIIECTB B YCIOBUSAX HEOCTATKA BOAbl HEMHOTOYUCIICHHBI.

Hamu mnpoBeneHa oreHka CIOCOOHOCTH MPOKAPUOTHBIX COOOIIECTB COXPaHSThH
MeTabOMMUYECKyI0 aKTUBHOCTh in Situ W in Vitro B TPaJueHTE aKTHUBHOCTU BOIBI (Ay).
OObeKkTaMM UCCIEAOBAHUS CITYKHJIM MTPOKAPUOTHBIE COOOIIECTBa, MPUYPOUCHHBIC K IPEBHEH
MEpP3JI0M 0CaZ0uHOM Mopoie, 0TOOpaHHOH B palioHe KoJBIMCKOM HU3MEHHOCTH, U TECUYaHbIM
MOBEPXHOCTHBIM OCAJI0YHBIM TOpOJIaM, 0TOOpaHHBIM B BopoHexcKkoil 00acTu U B MyCThIHE
Caxapa (Amxup). s OLEHKH MOTEHIHATBLHOW METa0OIMYeCKOW AaKTHBHOCTU in Situ K
UCCJICTyeMBIM TTOPOJIaM BO3IYIIHO-CYXOW BJIAXKHOCTH MOOABISUTH B CyXOM BHJE UCTOYHUKHU
yraepoaa (Tiaioko3a u  JapoxokeBod 3KCTpakT 0.1%) u mpoTuBOrpuOHOM aHTUOMOTHK
(muxnorekcemun 100 wmkr/r). [lanee HaBecku mopoa Maccoit 200 Mr B MNATUKpaTHOH
MOBTOPHOCTH TOMEIIAIM B MUKPOKOCMBI, COJIEPIKAIME PACTBOP C MOCTOSHHBIM JIaBJICHUEM
MapoB BOJBI, TAKUM 00pa30M, YTOOBI HEMOCPEJCTBEHHOTO KOHTAKTa MEXKIY IOPOJAMH U

pactBopoM He ObuTO (PucyHok 26). Uepe3 180 cyTok MHKyOanuu M3MEpsId KOHIICHTPAIUIO
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YIJIEKUCIIOT0 Ta3a B MHUKpOKOcMax. Jlyisi BBIBICHHS CIIOCOOHOCTH MHKPOOPTaHU3MOB
PenpoAyMPOBaTh Ha MUTATENBHBIX CpeJax ObLI OCYHIECTBICH MUKPOOHMOJIOTHMYECKHI TOCEB
U3 HAaTMBHOTO 0Opa3ia nopoas! mycTeiHM Caxapa Ha nuTaTenbHyto cpeny R2A (van der Linde
et al., 1999) ¢ noGaBneHneM TIMLIEpUHA AJI CHIDKEHUsT akTUBHOCTH Bonbl (Marcolli & Peter,

2005).
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PI/ICYHOK 1. ITokazarenu SMUCCHUHA YTIJIEKHUCIIOrO ra3a InpoKapuoTHbBIMU COO6H_ICCTB3MI/I npu
Pa3INYHBIX 3HAYCHUAX aKTUBHOCTH BOJBI.
Cpenu rcciieoBaHHBIX COOOIIECTB HAaHOOIee TOJICPAHTHBIM K HU3KOH JOCTYIHOCTH

BJIard SIBJSUIOCH COOOIIECTBO, MPHYPOYECHHOE K MOBEPXHOCTHOW OCAJI0YHON TTOPO/IE ITyCTHIHH
Caxapa — apIxareiabHas aKTHBHOCThH perucTpupoBaiack mpu A, paBHoil 0.75 (Pucynox 1).
Camxenue smuccun CO, umeno pe3kuit xapakrep npu A, 0.8 — 0.78. B auanasone Ay, ot 1
10 0.8 uaTteHcuBHOCTH 3MHccuu CO, mano ornuyanacs. HaumeHnee TonepaHTHBIM SBIISIIOCH
POKapUOTHOE COOOIIECTBO, MPHYPOUYEHHOE K TOpOAE, OTOOpPaHHOW B HE SKCTPEMATbHOM

skocucteme (BopoHexxckas 06acTs).

Pucynox 2. KynbpruBupyemoe OakTepHadbHOE COOOIIECTBO,  BBIACICHHOE U3
MMOBEPXHOCTHOH Topoasl mycThiHn Caxapa npu A,=0.980 (a) u MHKPOKOCMBI JJIsi BBISABICHUS
MeTabO0IMYECKOM aKTUBHOCTH in situ (0).
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B xone xympruBHpoBaHus Oakrepuii M3 oOpasua mopoxas! mycTeiHH Caxapa (PucyHok 2a)
BBISIBJICH POCT Ha MUTATEIBHBIX cpefax ¢ A, BIUIOTH 10 3HaueHus (0.925. O0pazoBaHue KOJOHUHA NpH
Oomee HM3KMX 3HAUCHHMAX AaKTUBHOCTH BOAbl He HaOmoganock. CHIKEHHE YHCIEHHOCTU
KYJIETUBHPYEMBIX OaKkTepuii HOCWIIO pe3KHi XapakTep B AuamaszoHe A, 0.960 — 0.955 emunun
(Pucynok 3a). B To ke Bpems, pa3HooOpa3ue KyJIbTUBUpYeMbIX coobmiectB (Puc. 30) pesko
COKpaIanoch npu 3HaueHun A, paBHoM 0.985; nmpu A, paBHo#t 0.925 emgunuil cooOmECTBO OBLIO

NpeACTaBICHO TpeMsl BUaMu OakTepuii, mpeacTaBuTesiMu Gpunyma Actinobacteria.
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Pucynox 3. Ilokasarenw 4YHCICHHOCTH (a) W MOPQOIOTHUECKOTO pa3zHooOpazus (0)
KYJIBbTUBUPYCMBIX 6aKTepI/IaJH)HBIX COOGHICCTB, BBIACJICHHBIX U3 HOBerHOCTHOﬁ mopoAbl ITyCTBIHU
Caxapa Ha MUTATEeIBHBIX CPEIaX C IPAJUCHTOM aKTUBHOCTH BOJIBI.

[TonmyueHHble  pe3ysbTaThl  CBUAETENIBCTBYIOT O  CHOCOOHOCTH — MPOKApOTHBIX
COOOIIECTB apUIHBIX M KPHOAPUAHBIX IMYCTHIHb in Situ K COXPAHEHUIO METa0OIHMYECKOU
AKTUBHOCTH TIPY CHW)KEHUH JOCTYIMHOCTH BJIArH. [n Vitro pa3BUTHE COOOIIECTB HAOIOAIOCH
B HaMHOro 0ojiee y3KOM [Mana3oHe BBICOKMX AaKTHUBHOCTEH BOJABI, 4YTO MOXET OBITh
00yCJIOBJICHO YCIIOBUSIMH KyJIbTUBUPOBAHUS U HAIMYUEM HEKYJIbTUBUPYEMBIX TPOKAPHOT.

B nmanpHeHMIINX HCCIENOBAHMSX IUIAHUPYETCS U3Yy4YEHHE YHUCIECHHOCTH U CTPYKTYpBI
METa0OJMUECKN aKTHUBHBIX i1 Situ TPOKAPUOT B YCIOBHAX Ae(UIUTA BIArd W HU3yuEHHE

CTPYKTYPHI in Situ IPOKAPHOTHBIX COOOIIECTB PU Pa3HBIX aKTHBHOCTSIX BOJIBI.
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CEKLIUA 5.

BEHEPA — BO3MOKHOCTbH CYHIECTBOBAHMS *KU3HU B EE UCTOPUU
ITeuepnnkosa I'.B., Ceprees B.H.

Hnemumym ounamuxu 2eocpep PAH

Benepa — yrTpeHHss 3Be3na. BeHepa 3aHUMaeT TpeTbe MECTO IO SIPKOCTH B
Conneunoii cucreme nocine ConHua u JIyHel. Benepa — olHa U3 4eThIpex IJIAHET 3€MHOMU
rpynmbl, B KOTOPYIO BXOAAT eme Mepkypuii, 3emiuss 1 Mapc. Bece miaHeTsl 3eMHOM TPYyTITbI
TBEp/Ibl€ M OTHOCUTEIBHO MaJibl. IX cocTaB onpezaensieTcs B OCHOBHOM CUIIMKATaMU, JKEJIe30M
u ero coenuHeHussMu. Benepa — Bropas or ConHua muiaHeta CONHEYHOM CHCTEMBI,
Onmxaiiias raHera K 3emiie.

[To ¢wusmveckum mapamerpam Benepa sBasieTcss cecTpo-OMM3HEIIOM IUIAHETHI
3emusi. Macca Beneprl cocraBuser 0.815 ot maccel 3eminu, auamerp €€ 0.949 or 3emHoro.
Cpe/IHue TIIOTHOCTH BEIIECTBA TaK ke Onmm3ku — 5240 kr/m° y Benepst n 5520 kr/m’ y 3emin.

Janplie HauMHAKOTCS pas3iiMuMs: NMepuoj BpamieHuss Benepol coctaBisieT 243 CyToK, a y
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3emun 23 y 56 muH. AT™MOoc(hepHOe naBieHue Ha noBepxHocTH Benepst 95 atm, y 3emun — 1
atM. CoctaB atmocdepsl Takxke paznudeH: y Benepsr 96.5% CO,, 3.5% N, u np., y 3emnu
78% Ny, 21% O, u np. Temnepatypa noepxuHoct +480°C y Benepst u ot +60°C mo +17°C
nHEM, 10 -80°C HoublO y 3emiu. Y BeHepbl CIyTHUKOB HET, a y 3€MJIA JI0BOJIBHO MAaCCHUBHAsI
Jlyna — oxosno 0.0123 maccel 3emiiu.

Bricokue 3HaueHus 1aBJICHUS U TEMIIEPATYPhl CBA3BIBAIOT C HAPHUKOBBIM 3(PdeKkTom
(Taylor, Hunten, 2014) u mpaKTHYeCKH HCKJIFOYAIOT BO3MOXKHOCTH CYIICCTBOBAHUE YKU3HU
3eMHOr0 THMa (Ha OCHOBE YIJIepoja M KHIKOM BOJBI) HA MOBEepXHOCTH BeHepsl. B HacTosmee
BpeMs 00CyK1aeTCsl BOBMOXKHOCTh CYIIIECTBOBAHUS KH3HU B BEeHEpUAHCKUX oOnakax (Seager,
et al., 2021) u »u3HU Ha IPYroH, OTIMYHON OT 3eMHOU ocHOBe (Kcandomamutu u np., 2019).
Mpbl ke paccMOTPUM BO3MOXKHOCTh CYILECTBOBaHMS KM3HU 3€MHOro tuna Ha Benepe B
MPOIILJIOM.

[ToBepxHOCTH BeHephl CKpbITa CIIOUIHBIM OOJAYHBIM MOKPOBOM OT HAOIIOJCHUS C
3eMiM OOBIYHBIMU TEJIECKOIIAaMH B ONTHYECKOM Jauamna3oHe. Bce naHHble 0 HEl MOTyYeHBI
HAOJIIOJIEHUSIMU PAJAMOTENIECKONIAMU U ¢ KOCMHUYECKUX anmnaparoB. COrlacCHO 3THUM JaHHBIM
BO3pacT noBepxHocTH Beneprl coctaiser okoio 300 — 800 munmnmonoB Jset (Smrekar, et al.,
2014). Bpemst 0OHOBIIEHHUSI TTOBEPXHOCTH IUIAHETHI cOCTaBisieT Okoio 700 MHIIITMOHOB JIET
(Smrekar, et al., 2014). OueHku caenaHbl Ha OCHOBE IOJACYETAa KOJIMYECTBA YAAPHBIX
KpaTepoB Ha MOBEPXHOCTH IJIAHETHI.

Benepa, kak u 3emis, mojpasjienseTcs Ha METaNIMYecKOe AP0 U CHIIMKATHBIE
MaHTHIO U Kopy. O pacmojOKEHUU TPAHUI] ITHX CTPYKTYPHBIX DJIEMEHTOB CYIIECTBYIOT
TOJBKO OCHOBaHHbIE Ha 3eMJICMOAOOHBIX MoAensx oueHku. CelicMoOIOrHUecKue
uccleIoBaHusl Ha BeHepe He NPOBOAMINCH H3-32 SKCTPEMAJIbHBIX YCJIOBMM Ha €€
MOBEPXHOCTU. B HacTosimee Bpemsi pa3pabaThIBaeTCs COBMECTHBINM TpoekT Pockocmoca u
NASA mno peamuzanmmu KocMuueckoil wmuccu Benepa-JI co chyckaeMbIM MOIYJEM
(OCHAILIICHHBIM, B YacTHOCTH, M CEHCMOMETpPOM), KOTOpBIA JOJDKEH IMpopadoTaTh Ha
MOBEPXHOCTH IUIAHEThl OKOJO JBYX MecsueB. BeHepa He oOnanaeT 3HA4YUTEIbHBIM
MarHUTHBIM I0JIEM T€HEPUPYEMBIM Mpolieccamu B ee saape. M3-3a oTcyTcTBHSI HEOOXOIMMBIX
JAHHBIX HE YCTAHOBJIICHO B KaKOM COCTOSIHUU HAXOJAUTCS SAPO TJIAHETHI: JKUIKOE OHO WIIH
TBEPAOE, WU )KUJKOE C TBEpABbIM BHyTpeHHUM siapoM (I'yakosa, JKapkos, 2020).

Texronnyecknii pesxuM BeHeprl U Apyrux IUIAHET 3€MHOW TPYNIbI OTINYAETCS OT
mienT-TekTonnueckoro. CnenosarensHo, Jlyna, Mepkypuii, Benepa u Mapc 10KHBI ©METh
3HAYUTENBHO 0oJiee TOICTYI0 KOpy, ueM 3emutst. TommuHa gyHHOU KOphl ~50 kM. TonmimHa
KOpbl JIpYTUX IIAaHET 3€MHOW TpYMIbl, BEPOSTHO, UMEET Takyw e BeanuuHy (JKapkos,

I'ynxoBa, 2019). B »aroil xe pabore yTBepknaercsi, uro BeHepa sBusercs camoii
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HepaBHOBeCHOU muaHeTol B ConHeuHOU cucteme. DTOT (akT, MO-BUIUMOMY, HE SBIISETCS
CIIy4ailHBIM M CBSI3aH C T€M, YTO BpalleHue BeHepbl B MpoIUIOM OBLJIO CHIIBHO 3aMeIIeHO
MPWINBHBIM TPEHUEM.

Crpykrypa mnoBepxHocTH BeHepsl yKa3bpIBaeT Ha OTCYTCTBHUE TEKTOHUKH IUIUT, IO
Kpaiineir mepe, B nocneaaue 700 MuimnoHOB JieT. TeKTOHMKA TUTUT SIBISETCS Ba)KHEUITUM
MEXaHU3MOM OXJIAXKACHUS TUIAHEThI, MOCKOJIbKY BKJIIOYAeT B ce0sl MOTpy)KEHUE XOJIOTHOU
KOpbI I1y0oko B MaHTHIO. COTlIacHO MOJENSIM TeIIOBOW HCTOpuu BeHepsl miaHera moruia
HBOJIIOLIMOHUPOBATH IO CXOXKEMYy C 3eMJiel CIeHapuio B MpouuioM. YcioBusi Ha Benepe
MOTJIM OBITh CXOXH € 3eMHbIMU. OHA MMeJNla IOCTAaTOYHO CHJIbHOE€ MAarHUTHOE TOJie, Ha Hel
OblIa TEKTOHMKA IUIMT JI0 T€X MOp MOKa SHEPreTU4ecKre MCTOYHUKU MOTJIU IMOJAJIEP’KHUBATH
ee.

CoriacHo COBpeMEHHOU TPEXMEPHOU KIIMMATOJIOTUYECKON Mojienu Benepsl nepuos
OJIarONpPUSITHBIX YCIOBUW JJIsI BOSHUKHOBEHMSI U TIOAJCPXKAHUS KU3HU Ha TOBEPXHOCTHU
TJIAHETBhI COCTABIUT OKoJio 3 mmmtuapaoB jet (Way, et al.,, 2016; Way, Del Genio, 2019).
Opnako 3TO OBLIO BO3MOXKHO NPU OTPAHUYECHHUU HA CKOPOCTHh BpallleHHs BeHepbl BOKpYT
cBoeil ocu. Ilepwon oOparneHust MoMkeH ObUT OBITh HE MeHee 16 COBPEMEHHBIX 3€MHBIX
3BE3JHBIX CYTOK (ceiyac oH — 243 3eMHbIE CYTKH).

Mornonas Benepa B paHHIOIO 310Xy — KOI/Ia €€ BpallleHHE ellle He ObLJIO 3aMeJJIEHO
NPUJIMBHBIM TPEHHEM — Bpalljaiach HaMHOro OwicTpee yeM ceituac (XKapkos, 2013). Ouenku
3HAUEeHMs Taseornepuoaa BpauieHuss Benepbl naroT okoiio 16.9 cOBpEeMEHHBIX 3€MHBIX
3Be3HBIX CyTOK (XKapkos, 2013). Takum oOpa3oM, MOXKHO ToyaraTh, 4To Moyiofas Benepa
erie 6osee ObUIa MOX0Ka HA 3eMIIIO.

Orcroga ciienyer BbIBOJ: Ha MoJIofoil BeHepe moriia BOBHUKHYTH KHU3Hb, KOTOpas

IIO34HEC roru0ja B pe3yabTaTc KaTaCTpO(I)I/I‘leCKOl"O HU3MCHCHUA yCJ'IOBI/Iﬁ Ha IIJ1aHCTC.
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AKTUHOMMIIETBI B METEOPUTE OPT'EA

AdanacnseBa A.H.
OUAU, /Iyona, Mockosckas oba., Poccus

B mereopure Opreit MHOTO pa3 HaXOIWJIM MUKPO(ACCHINU TOXO0XKHE Ha MULEIUN
aKTUHOMMIIETOB. B pe3ynbrare ObLIO perieHo MpoBECTH TECT HAa YHUCTOTY BO3JyXa B HAIIMX
MOMEIIEHUSIX U ClielaTh 3KCIEPUMEHT C O0Opa3lOM METEOpUTa Ha BBISBICHHSI BO3MOXKHBIX
KOHTaMUHAIAH.

B paboueM mnomemieHUH € 3JEKTPOHHBIM MHKPOCKONIOM M B TIOMEIICHUH C
oOpa3iiaMu METCOPUTOB OBbLT ITPOBEEH yUeT OaKTepuil B BO3MyXe Ipu oMoy Metoaa Koxa.
beimn octaBnens yamm [letpu ¢ mutatensHbiME cpeaamu (LB u YPD) npumepno Ha 2 4aca,
B JJaJIbHEHIIEM OHU OBUIM MOMEILIEHBI B TepMocTaT ¢ Temmneparypoit 37C. B onHoi u3 yam
npu OoCcMOTpe crycTs 4 aHa ObUTH HaiineHsl 3 HeOonbImMe (AMaMeTp 4MM) KOJIOHUHU CEpOro
usera. llpu nanpHeWeM HUCCIIEOBAHUM TOJ ONTHYECKUM MHUKPOCKONOM c 20 KpaTHBIM
yBEJIMUYEHUEM OBLIO YCTAHOBJIEHO YTO OJIHA M3 KOJOHUU MpUHAINIekKalla CTAPUIOKOKKAM, a
JBE Jpyrue O6anmmiam. Ilpu 20 KpaTHOM yBEIMYEHUH ONPEICIUTH BUAOBYIO
IIPUHA]JIEKHOCTD HE y1aJ0Ch.

[TpoBenu skcnepemeHT ¢ 0bpaszom Mereoputa Opreit. OH ObUT METKO TOKPOIIEH B
yamy [letpu ¢ nurarensHol cpenoil Tuna LB u momemen B tepmoctat. Uepes 4 maHs npu
OCMOTpE, KOJIOHHMI OOHapyxkeHo He Obuio. Jlamee pemmian NpoOAOKUTH dKCIepuMeHT. U3
NUTATENbHOM Cpefpl ObUIM M3BJICUEHBI OCKOJKHM METEOpPHTa HMX MbI PAaCTBOPWIN B

JTUCTHUTUPOBAHHOM BOJIE, OT LEHTPUPYTHPOBAIN U 0CAJOK Pa3MECTHIIN B Be vamu Iletpu ¢
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pa3HbIMHM TUNIaMU nuTaTenbHbIX cpen: LB Jlypus 6epranu u YPD. Jlanee ogna u3 yam Oblia
MOMEIILIEHAa B TEPMOCTAT ¢ TepMuueckuMu ycioBusiMu 28 C, a npyras 37 C. Uepes 4 nHs nociie
OCMOTpa, KOJOHUW MBI He OOHapyxwnu. Mcxols M3 3TOr0 MOXKHO CIeNaTh BBIBOJ, YTO

HUTCBUOHBIC MI/IKPO(I)OCCI/IJII/II/I HC ABJIAKOTCA KOHTaMHHaHHeﬁ AKTUHOMHIICTAMU.
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IHOUCK BHE3EMHBIX MUKPOOPI'"AHU3MOB HA KOCMHUYECKHUX
OBBEKTAX U U3YYEHUE IUHAMMUWKU BbI’KUBAHUSA 3EMHBIX
MHUKPOOPI'AHU3MOB B KOCMHNYECKHX YCJIOBUAX 110 CUT'HAJIAM
®JIIOOPECHEHIIMA MUKPOOPI'AHU3MOB

I'apunos I'.K. 1, ITanacrox M.H. 1’2, Konioxos H.B. 3, IMorocsan C.H. 3, Pyoun A.B.3,
AHJpeeB JZ[.E.4
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Poccus

O6Hapy>keHHe MHUKPOOPTraHU3MOB Ha KOCMHUYECKHUX Tesiax CONMHEYHOW CHUCTEMBI
uMeeT OOoJbIIOe 3HAueHWEe JUIsi TOHMMAHUSA TPOOJEMBl MPOUCXOXKIEHHUS KU3HU.
DKCIEPUMEHTHl Ha CIIyCKaeMbIX alapaTax, a TakKe Ha IUIAHETOXOJaX WM TeJMKONTEepax
MO3BOJISIIOT MPOBOJUTH MOUCK MHUKPOOPTaHW3MOB Ha MOBEPXHOCTH IJIAHET U UX CITyTHUKOB,
HO B OTPAaHUYEHHOM MPOCTPAHCTBE BOJIM3HM MecTa Mmocaaku. [Ipu 3ToM, yduThIBasi, 4TO peaKue
dbopMbI KHM3HM, KaK MpPaBUiO, OOpa3ylOT KOJOHHH, CYIIECTBYIOIIHME B OrPaHUYCHHOM
MPOCTPAHCTBE B TPYIHOJOCTYITHBIX MECTax, 3a/laya MOMCKa MUKPOOPTaHU3MOB CYIIECTBEHHO

YCIIOXKHSETCS.

B nanHOI mpe3eHTalMM paccMaTpUBAETCS METOJ AMCTAaHLMOHHOIO 30HAMPOBAHUS
IIOBEPXHOCTU KOCMHUYECKOIO OOBEKTA BCIBIIIKAMHU CBETa JI MOUCKA MHUKPOOPIaHU3MOB.
[Tpyu3HakoM cyliecTBOBaHUS OMOAKTUBHOCTU SIBJISETCS OOHapyXeHue crenupuuecKon
¢Ir00peceHINM MUKPOOPTaHU3MOB, KOTJa OOBEKT HCCIICAOBAHUS OCBEIIACTCS CBETOM,

BO30YKIIAIOMINM H3ITy4eHUE (PIFOOPECIICHITNH.

HOKaSaHO, YTO TaAKHE HCCICAOBAHUA MOI'YT HPOBOAUTHCA HCIOCPEACTBECHHO M3

KOCMOCa Ha IIomanasX MMOBEPXHOCTU COU3MEPHUMBIX C pasMEepaMi KOCMUYCCKOT'O TCJIa KaK Ha
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TPAaEGKTOPUSIX TOJEeTa KOCMHUYECKOTO armapara BOJM3M KOCMHUYECKOTO OOBEKTa, TaK M C
OpOUTHl CIIyTHMKAa KOCMHMYECKOTO Teja, WJIM Ha €ro IOBEPXHOCTH IIOC/e TOCaIKU
CIlyCKaeMoOro amrapara, a TakKe HCCIeAOBaTb MHUKPOOPraHU3Mbl BHYTPH KOCMHUYECKOTO
anmapara. [Ipu 3ToM KOJOHUM MHKPOOPTaHU3MOB MOTYT OBITH OOHApY’>KEHBI Ha PACCTOSHUH
COTEH KHUJIOMETPOB OT MOBEPXHOCTU KOCMHYECKOI'O TeJa, a HA PACCTOSHUU JECITKOB METPOB
€IMHUYHbIE MUKpPOOpraHu3Msbl. [Ipy BcmblIKax CBeTa MUKPOOPraHM3MBI HE pa3pyLIArOTCH,
YTO TIO3BOJISET B Ciy4ae HEOOXOAUMOCTH TMPOBOJUTH TOBTOPHBIE JIOTIOJHHUTEIbHBIC

HCCICIOBAaHUSI.

3anayeil vccnenoBaHUN SIBISETCS HE TOJBKO OOHApyKEHHE MHKPOOPraHM3MOB Ha
KOCMHMYECKUX OOBEKTAaX, HO M HCCIEIOBaHHE UX NMPOUCXOXkJeHHsS. OJHUM M3 MCTOYHHKOB
BO3HHKHOBEHUS MMKPOOPTraHM3MOB MOXET OBITh IaHCHEpMUs, KOTOpas Ipearnojaraet
NOSIBJICHHE MUKPOOPTaHU3MOB Ha 3eMiie U3 KocMoca. B nanHo# pabore mpeiaraercss UCKaTh
MHUKpPOOPTraHU3Mbl Ha KOCMHYECKHX TeJlaXx B OKOJIO3EMHOM KOCMHUYECKOM IPOCTPAHCTBE,
KOTOpbIE MOIJIU ObI MOSBUTBCS B KOCMOCE ¢ 3eMJIU. B 3TOM cilyyae HCTOUHUKOM MaHCIEPMHUU
apisercs 3emss. B cBA3M ¢ OTUM  BO3HHMKAaeT BONPOC O BBDKMBAHUM HA3EMHBIX
MHUKpPOOPTraHM3MOB B KOCMHUYECKMX YCIOBMsX. Jlid pemeHus 3ToW 3ajauu Ipeajaraercs
JTUCTAHIIMOHHO HM3Yy4YaTb MHKpPOOPTaHU3MBI C TIOMOIIBI0 AaBTOMAaTHYECKUX OHMOJIOTHYECKHX
1a0opaTopuii, yCTAaHOBJIEHHBIX HA MUKPOCIyTHUKaX. B 3TOM cityuae Juist n3y4eHus: AMHAMUKU
BBKMBAa€MOCTH MUKPOOPIaHU3MOB, TIOMELIEHHBIX B MUKPOKAIICYJIbI C U3MEHSIOIIEHCS cpeloi
o0uTaHHs B peaJIbHOM BPEMEHHM, MpeajaraeTcs TaKKe HCIOIb30BaTh  CBOMCTBA
¢roopeceHINN BO3HUKAIOIIEH MTPH BO3IEHCTBUM Ha MUKPOOPTAaHU3MbI CBETOBBIX BCIIBIIIEK.
B ciiydae akTUBHBIX (DOTOCHHTE3HMPYIOUIMX OPTaHM3MOB, 3alacalolldX YHEPTHUI0 KBAHTOB
CBETa B IPOAYKTaX (POTOCHHTE3a, HHTEHCUBHOCTh CUTHANA (UIIOOPECLEHIINNY, 3aBUCUT OT UX
COCTOSIHUSL U MEHSIeTCd BO BPEMEHHU IO CIOKHOMY 3aKOHY (T.H. MHAYKIMOHHAs KpHBas

(1)JIIOOpeCL[eHLII/II/I) B OTJIMYUC OT MCPTBBIX KJICTOK HUJIN CBOGOIIHBIX IMUTMCHTOB U MUHCPAJIOB.

PaccMOTpeHBI BO3MOKHOCTH JIETEKTOpa, C (OTOCEHCOPOM, MMEIOIIEro IUIONIATh
munsel @perens S = 100 cM?, aneprypoit 0630pa 5°, paccrosaue 10 o6bekra H = 100 K,

JINTCIIBHOCTD 30H,[[I/Ipy}OH_IeI71 BCIIBIIIKH 1 cek.
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Pucynok 1. JIeTekTOp TUCTaHIIMOHHOTO 30HIMPOBAHUS MUKPOOPTAaHU3MOB Ha OOPTY
cryTHUKA. 3oHIupytolee cuHee usnydeHne 460HM, (IIIOOPECIEHTHOE KpPAaCHOE CBEUYEHUE
680uM. Bec Hay4HOI1 ammaparypbl ClyTHHKAa MEHee | Kr, CpeaHssl MOIIHOCTh MOTPEOICHHUS
meHee 3BT.

B sTOM citywae miis 0THOTO 30HAMPYIOMIETO WMITYJIbCA OTHOIICHWE CHTHA / IIIyM
coctaBuT S/N ~156 B KpacHOi OONACTH ONTUYECKOTrO CIIEKTPA IPH CIUIONIHOM TOKPBHITHH
MHUKPOOpPTaHU3MaMH MOBepXHOCTH. COOTHOIIEHHE OBICTPO BO3pacTacT NpPU YMEHBIICHHH
paccTosIHUSA 10 O0BEKTA M YBEIIMYCHUH YUCIIA 30HTUPYIOIIUX UMITYJIbCOB.

JIeTeKTop TO3BOJISIET C PACCTOSHUS JECATKOB METPOB OOHAPYKUTh U OJMHOYHBIE
MUKPOOPTaHU3MBI, HAPUMEP, Ha acTepouaax. [Ipu 3ToM, COOTHOIIIEHUE CUTHANT IIyM Oyaer
YBEJIMYNBATHLCS TIPOMIOPITUOHATEHO YUCITy MUKPOOPTAaHI3MOB B ITOJI€ 3pEHUS ACTEKTOPA.

@OI0OpECIICHTHOE  U3ITyUYCHHE MOYKHO 3aperuCTpUpOBaTh M TPH KPACHOM
30H/IUPYIOLIEM HU3JIy4YCHUH, JJIMHA BOJHBI KOTOPOTO JIOJDKHA OBITh KOpOYE, YeM HU3ITy4YCHHUE
dmroopectennun. CoBnajeHne, ¢ KOTOPHIM MOBBIIIAET JOCTOBEPHOCTh OOHAPYKCHHUS.

Curnan ¢aro0opeceHIINN COEPKUT UHPOPMAIIMIO O COCTOSTHUN MUKPOOPTaHU3MOB
U MOXET WCIOJIb30BaThC JIJISI W3YyYEHHs] MHKPOOPTaHU3MOB B  aBTOMAaTHYECKHX
OHMOJIOTMYECKHX JTA0OPATOPHIX HA KOCMHUUECKUX amnmapaTax.

MeTon  MO3BONSET MPOBOAUTH  HCCICNOBAHUS  3€MHBIX  MHKPOOPTaHH3MOB
HAXOJSIIUXCS B MHUKPOKAINCYJIaX, OCBEIIas WX 30HIUPYIOMMMH BCIBIIIKAMH CBETa U
perucTpupysi CUTHajibl (DIroopecleHIMr Ha OOpTy KOCMHYECKOTO armapara Ha BCEeM
BPEMEHHOM WHTEpBAJIC €r0 aKTHMBHOTO CYIIIECTBOBAaHUS Ha opOuTe. Ha 0THOM KOCMHYECKOM
anmapare MOKET OBITh YCTAaHOBJIICHO HECKOJIBKO MUKPOKATICYJ C Pa3InYHON M3MEHSIOIIEHCS
Cpemoil  OOWTaHWsSI ~ MHUKPOOPTaHWU3MOB, KOTOpBIC  IIOCJICOBATEILHO  OCBEMIAIOTCS
30HIUPYIONIMMHU  BCIIBIIIKAMH  CBETa, (IFOOPECUEHIMS KOTOPBIX, PETUCTPUPYIOTCS C

MOMOIIBI0  OJHOTO  (POTOMPUEMHUKA. I[Ipu »sToM [ [AOCTHKEHUS HEOoOXOIUMOM
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YYBCTBUTCIIBHOCTH AOCTATOYHO HECKOJBKHX JACCATKOB MHWJUIMBATT MOIIHOCTU HMCTOYHHKA
30HIUPYIOIIETO U3ITYYCHUSI.

B oskcnepuMmeHTEe UCKIIOUAeTCS KOHTAKT W 3arpsA3HEHUE MHUKPOOPTaHHU3MOB,
HCIIOJIB3YyCMbIX Ha KOCMHYCCKOM anrapare, 3¢MHbBIMH MHKPOOpPraHU3MaMH, ITOCKOJIbKY HC
TpebyeTcss UX BO3BpallleHHe UIisi ucciaeaoBaHuil Ha 3emunro. C MOMOIIBIO MPEII0KEHHOTO
METOAa M3MEpeHHUs MapaMeTpOB, XapaKTePH3YIOIMMX COCTOSHHE MHKPOOPTaHHU3MOB
BO3MOXXHO CEaHCAMH C BPEMCHHBIM HWHTEPBAJIOM HE XYK€ HECKOJIBKHUX CEKYHJ, YTO
NO3BOJISIET M3Yy4aTh JUHAMUKY BBDKMBAHHS MHKPOOPTaHM3MOB IPU OBICTPOM HM3MEHEHHUH

cpeabl OOUTaHuUS.

Crnucox nureparypsl

1. The Fourth COSPAR Symposium “Small Satellites for Sustainable Science and
Development”, November 4 - 8, 2019 Daniel Hotel, Herzliya.
2. Kocmuueckue uccnenmoanus, T.58, #4, ¢.276-283, 2020.

ABTOMATHYECKASA BUOJIOT'NYECKAS JIABOPATOPUA
MHUKPOCITYTHHKOB /11 U3YYEHUA MUKPOOPI'AHU3MOB B
KOCMHUYECKHUX YCJIOBUSAX ITO ®JIIOOPECHEHTHOMY U3JIYYEHUIO

I'apunos I'.K. 1, ITanacroxk M.H. 1’2, Konioxop H.B. 3, IMorocsan C.H. 3, Pyoun A.B.3,
AHJpeeB JZ[.E.4

THUHAD umenu I.B. Crobenvyvina, MI'Y umenu M.B. Jlomonocosa, Mockea, Poccus
2 Dusuveckuil gaxyromem MI'Y umenu M.B. Jlomonocosa, Mockea, Poccus
3 Buonozuueckuii gaxynemem MI'Y umenu M.B. Jlomonocosa, Mocksa, Poccus
‘nn Guszuxo-xumunecxou buonoeuu umenu H.berozepckozo, MI'Y um. M.B. Jlomonocosa, Mockaa,
Poccus

OnHUM U3 UCTOYHUKOB BO3HUKHOBEHUS KU3HU HA 3eMJIe MOXKET OBITh IMaHCIIEPMUS,
KOTOpas mpeJoaraeT nosiBJeHue MUKpOOPraHU3MOB Ha 3emiie u3 kocmoca. Ho ncrounnkom
MaHCIEPMUU MOXKET ObITh M 3emiisi. MUKpOOpraHu3Mbl ¢ 3eMJId, HallpUMep, MOTYT MOIAaCTh B
OKOJIO3€MHO€ KOCMUYECKOE MPOCTPAHCTBO Ha KOCMUYECKHX ammaparax. B cBA3M c 3TuM
BO3HHMKAET BOIMPOC O BBDKMBAHUU HA3EMHBIX MUKPOOPTaHHU3MOB B KOCMHUYECKHX YCIOBHSX.
Jlng pemieHust 3TOH 3ajayd IMpeajaraeTcss JUCTAaHIIMOHHO H3y4daTh MUKPOOPTaHU3MBI C
MOMOIIbI0  aBTOMATHYECKHX  Ouosormyeckux  jgabopartopuii,  yCTAaHOBJIEHHBIX  Ha
MUKPOCIyTHHUKAX B OKOJIO36MHOM KOCMHYECKOM MPOCTpaHCTBE. B aTOM ciyuae nms uzydeHus
JUHAMUKU  BBDKMBA€MOCTH  MHUKPOOPTraHM3MOB, TIIOMEIIEHHBIX B  MHUKPOKAICYJIbl C

HBMCHHmmeﬁCﬂ cpenoﬁ oburanus B p€ajlbHOM BPCEMCHHU, MPCAIaracrCsa HCI0JIb30BaTh
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cBOicTBa (hIIIOOPECLIEHIINY, BOSHUKAIOIIEH IIPYU BO3AEMCTBUM HA MUKPOOPIaHU3MbI BCIIBIIIEK
cBeTa MO0 HEKOTOPHIX PEareHTOB, BBI3BIBAIOMIMX (UIIOOpECleHINI0. B ciiyyae akTUBHBIX
(OTOCUHTE3UPYIOLIUX OPTaHU3MOB, HHTEHCUBHOCTh CUTHAJIA (DIIFOOPECIEHIINH, 3aBUCUT OT HX
COCTOSTHUSI, TaK YTO TIPU BO3JCUCTBUU HMITYJIbCHBIX BCHBIIIEK CBETa, (DIroopecieHIus
MEHSIETCS B COOTBETCTBUM C HHAYKIIMOHHOM KpUBOM (IroopecueHuy, CUrHajl KOTOPOM
COJIEP’)KUT MH(POPMAIMIO O MpoIleccax, MPOUCXOIANINX B CTPYKTYpe (POTOCHHTE3UPYIOIIETO
anmapara KJIETKH, KOTOpble B CIy4ae MEPTBBIX KIETOK OTCYTCTBYIOT. CHTrHambI
(ITFOOpECTICHINH TTO3BOJISIOT MPOCIESINTh JUHAMIKY BRDKHBAHUS MUKPOOPTAHU3MOB Ha BCEX
dTamax WX CYMIECTBOBAHMS, HAXOJSIIIMXCS B Pa3IMIHBIX CpPelax OOUTAHHS, B TOM YHUCIIC B
YCIIOBUSIX, KOCMHYECKOIO0 BaKyyma, HHU3KHMX TEMIlepaTyp U paJualuH, IOCKOJIbKY OT
BO3/ICHCTBUS 30HIUPYIOLIETO HU3TYUYEHHUS B BUIUMOM 00JacCTHU CIEKTPa MUKPOOPTaHU3MEI HE

HN3MCHAIOTCA.

B mpeseHtanmm paccmMoTpeHa ManorabapuTHas OuoJOrHuYecKas jaboparopus,
coCTOsIIasi W3 TepMETUYHOM MOHTaXHOM TuIaTGopMbl, obecreynBaioniasi 3aJaHHYIO
U3MEHAEMYIO Cpely OOuTaHHs, Ha KOTOPOM YCTaHaBIMBAIOTCS MHUKPOKAICYIbl C

MUKpPOOpPraHU3MaMU, a TAKKE MUKPOKAIICYJIbI C Pa3JIUYHBIMU JaTYMKAMU U PEarcHTaMHu.

HOKaSaHO, 4TO Ha OAHOM MHUKPOCIIYTHHUKE MOXKET OBITH YCTAaHOBJICHO HECKOJIBKO
MUKPOKAICYJ ¢ Pa3IuYHON U3MEHSIOMEHC Cpelol OOMTaHHusS MHUKPOOPTaHW3MOB, KOTOpPHIE
MOCNIEI0OBATENbHO OCBEIIAIOTCS 30HIUPYIOIIMMHU BCIBIIIKAMH CBETa, (pIroopecueHus
KOTOPBIX, PETHCTPUPYIOTCS C MOMOLIbI0 onHOro (oronpuemuuka. [lpu sTom Moxker
U3MEHATBbCA Cpela OOWUTaHMs, MapaMeTpaMH KOTOPOH MOXHO YIPaBISATh U U3MEPATH C
NOMOIIbIO TeleMeTpuu. B 3TOM ciayyae B 3KCHEPUMEHTE MOJHOCTHIO HCKIIIOYAIOTCS
BO3MOJXKHBIE 3arps3HEHHUS MUKpPOOPTaHMW3MOB, HUCIOJIb3yEMBIX HAa KOCMHUYECKOM armapare
36MHBIMH MHKPOOpPTaHM3MaMH WM peareHTaMmH, I[OCKOJIbKY He TpeOyeTcs BO3BpallleHUE,
SKCIIOHUPOBAHHBIX B KOCMHWYCCKUX YCIIOBHUAX MHUKPOOPraHU3MOB, IJId U3YUYCHHA HaA 3eMitro

CUTHAITBI (DITFOOPECIICHITNH KOTOPBIX, IEPEAAIOTCS TI0 TEIEMETPHH.

C nomomipio MpeasoKeHHOr0 METo/la U3MEPEHHUs MapaMeTpOB, XapaKTepU3YIOIIUX
COCTOSTHUE MHUKPOOPTaHW3MOB BO3MOXKHO CEaHCAMU C BPEMEHHBIM HMHTEPBAJIOM HE XYKe
HECKOJIbKMX CEKYHJ, 4TO IO3BOJIIET HM3y4yaTh AUHAMHKY HMX BBDKHUBAHUS TPU OBICTPOM
W3MEHEHUU  Cpelbl OOWTAaHHWS B TEUEHHWE BCETO BPEMEHU AKTHBHOTO CYIIECTBOBAHUS

KOCMHUYCCKOr'o ariapara.
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Pucynok 1. O6mmii BUA 3CKU3HOTO BapHaHTa aBTOMAaTHUYECKOW OHMOJIOTHYecKoi TabopaTopuu.
Bunnel: repMeTnyHas MOHTaXHas miardopma C KaHaJIaMH COOOLICHHS MEXIY MHKpPOKAIlCylaMH
obmelt  mromamblo  60X60MM’;  HECKONBKO —MHKPOKAINCYJ, BKIIOYAIONMMU  MHKPOKATICYJIbI
WHKY0aTOPOB 11 MUKPOOPTraHU3MOB, HCTOUHHUKOB BOJBI, Ta30BOM Cpe/ibl U T.J.; TATYUKOB JIABJICHUS,
TEeMIIepaTypsl U T.J.; KIamaHoB cOpoca AaBieHus; poToceHcopa. Ha 3ToM pucyHKe TakKe MmoKa3aH Jyd
KpacHOTo (hIFOOPECIIEHTHOTO M3ITyYeHHUs] MEKPOOPTaHN3MOB M3 HHKYyOaTopa.

Ha pucyHke mnpencraBieH OJUH M3 OCKU3HBIX IPEABAPUTENBHBIX BapUaHTOB
pa3pabaTbiBaeMO aBTOMaTH4YeCKOW Ouosiorndyeckoil nadoparopun. Kak BHIHO M3 pHCYyHKa
MAaKCUMaJIbHOC YHCJIO MHUKPOKAIICYJ PA3JIMYHOIO0 HA3HAYCHUA Ha MUKPOCITYTHUKC C O)IHOfI
TEPMETUYHOM MOHTaXHOW 1iat@opmoir MoxkeT pgocturath 50, MHUHUMAJIBHO MOXKHO

YCTaHOBUTB OJIHY MUKPOKAIICYJIy.

C nmoMomp  pPacCMOTPEHHOW  OHOJIOTUYECKOW JTa0OpaTOPHUH  MOXKHO — TaKXKe
HUCCICOA0OBATh TCHECTUYCCKNUEC HU3MCHCHUS U MYTaI_[I/II/I MI/IKpOOpFaHI/ISMOB, BO3HHUKAKOIINUX HpI/I
CMEHE TMOKOJICHMH B KOCMHUYECKUX YCJIOBUAX KaK B Cpelle aHAJOTMYHOW 3€MHOM, TaK W B
CIIELMAJIbHO CO3JaHHOW cpefe, B KOTOPhIX MOXHO H3y4aTb WM JIMHAMHMKY BBDKMBAHUS
MUKPOOPTAaHHU3MOB OJTHOTO MOKOJIEHHUSI ¢ BHICOKUM BpPEMEHHBIM paspeineHueM. [lomydenHbie

JAaHHBIC MOTYT NPCACTABIIATE UHTCPEC MJId PAa3BUTHUA KOCMOHABTUKH.

BaxxHbIM TOCTOMHCTBOM METOAA SIBJISETCA M TO, YTO (DIFOOPECLIEHTHOE M3JIyYeHHE U3
MHUKpPOKAICYJbl € MMKPOOPraHM3MaMM, YCTAaHOBJIIEHHOM Ha MOHTaXHOH Iuatdopme,
HaxXOZAIIEHCs B JKCTPEMAIBHBIX H3MEHSIOIIUXCS YCIOBUSAX, MOYET PErMCTPUPOBATBHCS C
IIOMOIIBIO aIIapaTypsl PaclojI0KEHHOH B M30JIMPOBAHHOM OTCEKE, KOTOPBIN 00ecreunBaeT

OJIarONPHSITHBIC YCIOBUS paOOThI AJICKTPOHHKH.
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