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AHHoOTauus

Kak 3apogunacb 1M No KakMMm 3akOHaMm pasBMBanacb XWM3Hb Ha Halwlen nnaHete? Yto
npuBeno K OpMMPOBaAHNIO MHOTOKMNETOUYHbIX OPraHn3MoB? Kak BO3HMKAKT 1 YeM 0byCrioBneHbl
MyTaumu, npuBodslWINEe K W3MEHEHUsSM GopM xu3Hn? Couunonorndyeckme uccrnegoBaHus
MOKa3bIBaloT, YTO B MOMUCKAX OTBETOB Ha 3TU KpaeyrorbHble BOMPOCH! MOAM CErogHs BCe pexe
obpallatoTes K AaHHbIM Hayku, NpeanovnTas AoBOSMIbCTBOBATLCA MOBEPXHOCTHBIMU U 3a4acTyto
HEBEPHbIMM OObACHEHUSIMW, KOTOpPble NpeanaratT TenesuaeHne n xentasa npecca. Kuura
[OKTOpa Buonornyeckmx Hayk, M3BeCTHOrO NaneoHTornora n nonynspusaropa Hayku AnekcaHgpa
MapkoBa — nonbiTka npeogonete 6Gapbep B3aUMHOIO HEMNOHWMaHWUS MEeXAYy Cepbe3HbIMU
uccrnegoBaTensamMm M WMPOKUM yumTaTenem. “PoxaeHne CnoXHOCTUW® — 3TO OAHOBPEMEHHO
3axBaTbiBalOLMIA pacckas O TOM, YTO MPOUCXOAUT CEerogHs Ha nepegHem kpae Guonornyeckom
Haykn, U B TO Xe BpeMsi — cepbe3Had nonbiTka o6o6LWNTE U cMCTEMaTU3npoBaTh 3HaHWS,
HaKoMMeHHbIe YeNoBEYECTBOM B 3TOM 0bnacTu. YBnekarenoHas 1 nonynspHasi kKHura AnekcaHgpa
MapkoBa B TO Xe BpeMs COAEPXKUT CBeAEHUs, KOTOpble MOryT 3auHTepecoBaTb He TOMbKO
LUMPOKOrO YMTaTens, HoO U CneumnanucTos.
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AnekcaHgp MapkosB
PoxaeHue CrnoXxHocTu. OBONOLMUOHHANA
ouornorusl cerogHs: HeoXXMpaHHbIe
OTKPbLITUA U HOBbIEe BOMNPOCHI

NMpeaucnosue

BecKkoHe4YHbIW NabUPUHT

DTa KHUTA PacCKa3blBAeT O HEOXHUAAHHBIX M YAUBHUTEIbHBIX OTKPBITHSIX, CICIAaHHBIX B
nocneaHue roabl 6uonoramu. HaBepHoe, He OyAeT mpeyBeIrMueHUEM CKa3aTh, UTO Ha MPOTSIKE-
HUU MOCIEeTHUX MATUACCITH JeT OMOIOTHsI Pa3BUBAETCS 3aMETHO OBICTPEE BCEX OCTAIBHBIX HayK.
PeBomronst B 6uonoruu Havanack B 50-x — Hauasne 60-x romoB XX Beka, KOT/Aa MOCHIE TOJITHX
TPYZIOB U YCUITUI yueHbIe HAKOHEIl CyMeNlu MOHITh MaTePUANbHYIO IPUPOY HACTIEICTBEHHOCTH.
Pacumdposka ctpykrypsl JIHK 1 reneTndeckoro kojia nmoHadany Oblia BOCIIPUHSTA KaK pa3rajka
I'maBnoit Taitabl JKu3Hu, pazrajka nojaHas u OKOHYaTeIbHasl. B KakoM-To CMBICTIE TaK OHO U OBLIO.
Ho ucropus mokasana, 4To BeIMKUE OTKPBITHS CEPEAMHBI MPOILIOr0 BeKa BOBCE HE JaJld OKOH-
yaTeJIbHBIX OTBETOB Ha BCE BOMPOCHI, CTOSIBIIKE Tepes Ononorueit. OHM cTaiau ckopee BOMIeo-
HBIM "30JI0THIM KJIFOUUKOM", OTKPBIBILIUM TAUHCTBEHHYIO IBEPb, 38 KOTOPOU 0OHAPYKHUIIUCH HOBBIE
7aOupuHTHI HeBegoMoro. OKpBUICHHBIE YCTIEXOM, OUOIOTH PUHYIIUCH B 3TU JTaOUPHUHTHI, HAJIESACh
OBICTPO MPOUTH HUX, HO 32 KaXJbIM IMMOBOPOTOM HX JKJIaJH BCE HOBBIE KOPUIOPHI U Pa3BUIKH, U
KaXK/1as pa3rajaHHasi TailHa MOPOXKJaia COTHU HOBBIX BOIPOCOB. Tak MpoIOIKaeTCs U MOHBIHE,
U, XOTSI KOKIBIA MPOIICHHBIN Iar NMpUHOCUT HaM HOBBIE 3HAHUS, HUKAKHX MPU3HAKOB CKOPOTO
nocTwkeHus JKU3HU MOKa HE 3aMETHO.

[ToTox HOBBIX OTKpBITHI HE HccskaeT. Hamm mpeacraBneHus o0 ycTpocTBE U pa3BUTUU
KUBOM MaTepuu MO-MPEKHEMY HECOBEPILIEHHBI U HEMOIHBI. TEOPETHUKU HE YCIEBAIOT OCMBICIUTh
HOBBIE (paKThl MPOCTO MOTOMY, YTO T€ CIMIIKOM OBICTPO HAKAIIUBAIOTCS. MHOTHE OTKPBITHSA,
HECMOTPS Ha HEOObIYaHYI0 CKOPOCTh OCBOEHHUSI MH(POPMAIIK B COBPEMEHHOM MUPE, OKa3bIBa-
I0TCSl HEOXKUJAHHBIMU JIJIsl CAaMUX Y4YeHbIX. HaM peniko yaeTcsi Ha OCHOBE YK€ UMEIOIINXCS TaH-
HBIX TPEACKa3aTh, YTO KJIET HAC 32 OYEPEAHBIM MIOBOPOTOM, & 3TO 3HAYMT, YTO IIEIOCTHOTO TOHU-
MaHus JKU3HU y HAC MOKa HET, euHAasi TEOpUs OTCYTCTBYET.

U Bce ke Henb3s CKa3aTh, YTO MBI COBCEM 3a0JIYyIMINCh U MOTEPSUIUCH B JTAOMPHUHTE 3HA-
Huil. HanpoTus, ¢ Ka)KIbIM TOIOM €ro KapTa CTAHOBHUTCS BCE MOAPOOHEE, a MHOTHE YUaCTKU YiKe
BIIOJIHE MPOSCHUIUCH. TOTBKO BOT /AJIS TEOPETUKOB celyac He Jydllne BpeMeHa: HUKTO Beb HE
coOupaercs K1aTh, IOKa OHU OCMBICIIST MOTYYSHHbIE 3HAHUS U pa3pab0TaIOT ONTUMAIBHYIO CTPa-
TEruio JajbHEeHIero noucka. JKCIepUMEHTATOPbl MYaTCs BIIEPEl, HE OIVISIBIBASICh, @ TEOPETUKU
KOBBUISIFOT B XBOCT€, CIIOTBHIKASICh O TPY/bI TOOBITHIX (DAKTOB M MPOKJIMHAS CBOIO HENETKYIO JOJIIO.
Kcratn, 510 Hen30eXHO BeAET K HEKOTOPOMY CHUKEHHIO aBTOPUTETa OMOIOrOB-TEOPETUKOB IO
CPaBHEHHIO C T€POSIMU CETOHAIIHETO JHA — OMoJoraMHu-3KCIIepuMenTaTopamu. Pazymeercs, 3To
He Ooree yem ectecTBeHHas "0ose3Hb pocTa. HayuHoe coo0I111ecTBO 0CO3HALT, YTO ceifuac Bpems
BEJIMKUX DKCIIEPUMEHTOB, HAKOIJICHHs (PaKTOB, a BpeMs BeTUKUX Teopuil mpuaeT 4yTh MO3IKeE,
KOTJIa TOTOK HOBBIX JAHHBIX XOTh HEMHOTO HAYHET UCCSAKATh.

HoBpix 3HaHMIT Tak MHOTO, YTO MOYTH BCE TEOPETHUECKHE KOHCTPYKIIMU — PabOYue TUIO-
Te3bl, 0000IIEHUS, TTPABIIIA, 32aKOHBI — TO U JEN0 MPUXOJUTCS MepecMaTpUBaTh U COBEPILIEHCTBO-
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BaThb. [IpaBna, kaccuueckue KOHIENIMU PEIKO OTOPACchIBAIOTCS MOJHOCTHI0. OOBIYHO pedb UJIET
0 PACUIMPEHUSAX U YTOUHEHUSX MpeesoB npuMeHenus. [IpumepHo Tak ke B pU3uke Teopust OTHO-
CUTEJIbHOCTH BOBCE HE OTMEHUJIA HBIOTOHOBCKYIO KapTUHY MHpA, a YTOUHMJIA, TONIOJIHUIIA U pac-
mmpuia ee. Kak mokaspIBaeT OMBIT, JTUIIb OYCHb MaJiasi YaCTh OMOJIOTHUECKUX TEOPUIl COBCEM HE
COZIEPKHUT B cebe 31paBoro 3epHa — KOHEYHO, €CIIM TOBOPUTH O TEOPHSIX, pa3padoTaHHbIX mpodec-
CHOHaJIaMH, a He podaHaMH.

VY cropoHHero HaOmMIOAATENsT MPOUCXOsAIee ceiiyac B Ononorun "OypieHne uaei'" MoxeT
CO3/1aTh BIIEYATJIICHUE Xaoca, OJHOW HEHAJIeXKHOCTH Beex Teopuil. Ho 310 Breuamienne oomaH-
ynBo. [lo KaKyImuMcs: Xa0coM CKpbIBAETCSl 3aKOHOMEPHBIN NPOLECC Pa3BUTHUSL HAyKH, KOTOPBIH,
KaK U cama OMOJIOrHYeCcKast YBOJIONHS, YaCTO MIET METOIOM P00 u omuOok. OHa U3 33134 dTOU
KHUTH — TIOMBITaThCs 0KA3aTh, KaK U3 Xaoca (akToB U UAEH MOCTENEHHO BBICTPAUBAECTCS POU-
HOE U CTPOTroe 37aHue TeopeTnueckoi ouonorun. Hy, MoxkeT ObITh, HE BCE IIEIIMKOM, HO XOTSI ObI
OLLyTUMBIMU OJI0KaMHU, KOTOpBIE B OyyIlIeM HEMPEMEHHO COEIMHATCS B HEUTO LIEIOCTHOE.

HagepHoe, untarens yxe gorajiasics, 4To Mbl B 3TOM KHUTE HE OyzieM "onpoBeprarh AeIyIIKY
JlapBuHa", paBHO KaK U APYTUX yBa)KaeMbIX U 3aCily>KeHHBIX "nenymiek". B nocnennee Bpemst 3To
CTaJIO CIUIIKOM MOJHO (TpaBAa, HE CTOJIBKO B HAYYHOM MHpE, CKOJIBKO 3a ero npexaeiaamu). Uto
camo 1o cebe TOJKHO CIIYKUTh IpefocTepexeHneM. Moja — He JTy4Ilinid OpueHTHpP AJIsl YUEHOTO.
K Ttomy ke camu omposepratomiyie nopoi BecbMa CMyTHO ce0e IMpPEICTaBISIIOT, KaKyl0 HUMEHHO
U3 UJIell OCHOBOIIOJIOKHHKA JTAPBUHU3MA OHHU OMPOBEPTAIOT U BBICKA3BIBAM JI OH BOOOIIE TaKyIO
uzaeto. Jloxonut no cMmemHoro: noj Opockum 3arosioBkoM "Jlapsun Obl1 He npas" uwnu "Teopus
JlapBuHa onpoBeprayTa' MOKHO IMMPOYECTH O TOM, YTO HE BCE MYTAIlUH CITyYaifHbI, HITH 4TO IIPUO0-
peTeHHbIe PU3HAKU, BO3MOXKHO, HHOT/IA HACJIEIYIOTCS, UM YTO YeJIOBEK yMenblit (Homo habilis)
MOT U He OBbITh IPSIMBIM MPEAKOM COBPEMEHHOTO 4esioBeka. Mex iy TeM JlapBuH 3HATh HE 3HAJ HU
0 YEeJIOBEKE YMeEJIOM (ero TOorja elle He HallIM), HU O MyTalUsAX B HBIHEIIHEM OHUMaHUHU 3TOrO
cioBa (TEHETHKH ellle He ObLI0), a Hacjlel0BaHUe NMPUOOPETEHHbIX MpU3HakoB JlapBuH mosnarain
BITOJIHE BEPOSATHBIM U JJaxke oueBUIHBIM. [10100HbIE "onpoBepkeHUs" HE CBUIETEIbCTBYIOT HU O
9geM, KpoMe JyPHOTO BKycCa aBTOPOB MOJOOHBIX OPOCKHMX 3ar0JIOBKOB.

Bce ntoau, 1 yueHble B TOM 4HCII€, CUIIBHO Pa3JInYaroTCs M0 CTENEHU TOJIEPaHTHOCTH, TEp-
MUMOCTH K YY)KHM B3IVII[IaM, MBICIISIM M JOCTIDKEHUsIM. Bot xapakrepuerii mpumep. Ha omHy
CTaThl0 POCCHUICKOTO MaJIEOHTOJIOrA, OTIPABICHHYIO B 3alaJHbI KypHal, MPUILJIO BE PELEH-
3un. [lepBbIii pelieH3eHT YTBEpKIal, YTO CTaThs IJI0Xasi U IyOJIMKOBaTh €€ MOKHO TOJIBKO MOCIIe
KapauHaIbHOUW nepepaboTku. Jlanee mien cnucok KOHKPETHBIX 3aMedanuil. Bo BTopoit pereH3un
TOBOPHIIOCH, YTO CTaThsl MPEBOCXOAHAS, OTIIMYHO HAIKCaHA M MPAKTHYECKU HEe TpeOyeT HUKAKUX
MepeeNioK, 3a NCKIIOYEHUEM JBYX-TpeX MeJlodel. 3areM, Kak U B NEPBOM PELeH3UH, CIIeJ0Ball
CIHCOK 3aMeyanuid. Tak BOT: 00a criucka npu OmKanIeM pacCMOTPEHUH OKa3aluch aOCOIOTHO
OJITMHAKOBBIMH.

CMBICT 1 pe3ynbTart, Kak BUJUTE, OMH U TOT K€ (3aMe4aHusi ObUIA yUTEHBI M CTaThsl OIMy0-
JIMKOBaHa), HO JIMYHO MHE ropas3io CUMIIaTHYHEee peaklusi BTOporo peueHsenra. Ecnu pesynprar
OJIFIH, & Pa3HHIIAa TOJBKO B AMOIUSX, TO ITyCTh JIyYIe SMOLIUHU OyIyT JOOPBIMHU.

Kax s y>xe roBopmii, TeopeTudeckas OMOJOTHs 3axjeObIBaeTCs B MOTOKE HOBBIX (PAKTOB,
B TOM YHCJIE COBEPIICHHO HEOXHIaHHBIX. OcMBICIIeHUe, 00001eHne, 00BSICHEHHE 3TOH JTaBUHBI
OTKPBITUI IPUAET B CBOM Uepel, HO CIIYYUTCS ITO HE B HBIHEIIIHEM IOy U He B cieayouiemM. CTouT
JIM TPaTUTh CUJIbI U BPEMs Ha BBIISTYMBAHUE U SMOLIMOHAIBHOE NEPEKUBAHUE HEM30EKHO BO3ZHU-
KaIOUIMX MPOTUBOPEUUI MEXKTy Pa3HBIMHU HICSIMH U HHTEPIIPETALUSMU?

Teopetuk-sBomormonuct FO. B. YaiikoBckuit (M3BECTHBIN, KCTATH, CBOUMHU HETPAIUITUOH-
HBIMU B3[JIS,/IaMU Ha pa3BUTHE OPTaHMUECKOTO MUPA) B CBOSH MOCIIeTHEH KHUTE! BBIACTISIET YEThIPEe
OCHOBHBIX HalpaBJI€HUS 3BOJTIOIMOHHON MBICIIH:

!'10. B. Yaiikosckuii, Hayka o passuriu xusau, 2006. http:/rogov.zwz.ru/Macroevolution/chaik2006.djvu Jlomken oroso-
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1. mamapku3M (HaclieIoBaHHE PHOOPETEHHBIX MPU3HAKOB, BO3MOKHOCTD Tepeadyd HHPOp-
Manuu oT GEeHOTHIIA K TEHOTHITY);

2. )xopppynsm? (M3MEHEHHE TTOJT TIPSIMBIM BO3ICHCTBHEM CPEIbl, B OCOOCHHOCTH U3MEHEHHUE
PaHHUX 3apOJBILIEBBIX CTaANUN);

3. JapBUHU3M (€CTECTBEHHBIH OTOOP CIIy4aHbIX OTKJIIOHEHH);

4. HOMOTEeHe3 (pa3BUTHE HA OCHOBE 3aKOHOMEPHOCTEH, a HE CIIyJaitHOCTEH ).

SpocTHbIE CIOPBI MEXTYy OPTOIOKCAIbHBIMU CTOPOHHUKAMH 3TUX HAIpaBleHUI U Mo ceil
JI€Hb BpeMs OT BPEMEHH COTPSACAIOT HAyYHYIO aTMOC(epy, HO YCKOPSIIOT JIU OHU pa3BUTHE HAYKH?
Boigaromuiics naneonronor C. B. Meiien, paboraBunii Ha o0bennHenneM yueHuii Ne 3 u 4, ropo-
PHIL, YTO B CLIOpAX POXKIAETCsI TOJIBKO CKIIOKA, a UCTHHA pokaaeTcs B padbote. TouHee He ckakenb!

N Kan-baruct Jlamapk, u Oteen XKopdpya Cent-Unep, u Yapns3 apun, u Jles CemeHo-
BuY bepr (aBTop Teopuu HOMOreHe3a), U OOJBIIMHCTBO UX MOCciea0BaTeNnel ObLIH, MPaBo ke, He
IIynee Hac ¢ BaMu. B ueM-To kakIbplii U3 HUX omMOascs, HO B IJIJABHOM OHM BCE OBLIM MPaBBI.
[Totomy uTO onMpanuch B IEPBYIO OYEPEh HA HayuHbIE (PaKThl, BO BTOPYIO — Ha JIOTHKY, a HJI€0-
Jorus U "mapTuiiHas NpUHAJUIEKHOCTD' MOTyYaroIIUXCsl BHIBOJOB MHTEPECOBaja UX 3HAYUTEIbHO
MeHblIe. B Hamm aHu GakToB cTano O6obllie, U Ha HUX TeM 0oJsiee clieAyeT Mojararbes, Tak uTo
MHE COBEPIIIEHHO HETIOHATEH X0/ MBICIIU T€X YUEHBIX, KOTOpPbIE, YCIIbIIIAB paccka3 O pe3yibTaTax
KaKOTo-HUOYb SKCIIEPUMEHTA, 3asBJAI0T: "J[a Bbl XOTh IOHMMAETE, YTO 3TO YHUCTEHIINIA J1aMap-
ku3m?!" (TapBUHU3M, KJIAJU3M, MOTHUPUIN3M. .. HY’)KHOE MTOAYEPKHYTB).

Opomonus — (pakT. B 3ToM OTHOIIEHWU OWMOJIOTH BIOJTHE €IUHOMYIIHBI. 1O, YTO IBOIIIO-
LU UJET CaMOINPOU3BOJILHO, 0€3 KOHTPOJISI CO CTOPOHBI Pa3yMHBIX CHJI, IO €CTECTBEHHBIM (a HE
CBEPXbECTECTBEHHBIM) MPUYMHAM, — 3TO OOLIENPUHATAS, OTIAMYHO padoTarolas runoresa, 0TKas3
OT KOTOpO# KpaliHe HekenaresneH (oka He 0OHapy»KeHbI (PaKThI, TPEOYIOLINE 3TOT0), TIOTOMY YTO
OH cJienaj Obl J)KMBYIO IIPUPOAY B OCHOBHOM HEMO3HAaBaeMOM. JleTanu, MeXaHU3Mbl, JIBHXKYILNE
CHUJIBI, 3aKOHOMEPHOCTH, IyTH 3BOJIIOLIMY — BOT IJIABHBII NPEIMET UCCIEeA0BaHUN OMOIO0rOB-TEO-
PETHKOB B HAIlIH JTHU.

[IpITarbes 3anMXHYTHh BECh T'MTAHTCKUNM MAacCUB OMOJOTHYECKUX (PAKTOB M OOOOIIECHUH,
HaKOTUICHHBIX K CETOAHSIIHEMY JTHIO, B KAKOW-TO OTIAEIHHO B3STHIN "-u3M" (OIMH U3 BBIIIETIEPE-
YUCJICHHBIX WM JII000H APYTOil) — HCKITIOYUTEIHHO HEOIaroJapHoe 3aHsATHE.

[Tocnenusis cepbe3Has v Jake BeCbMa yCIIEIIHAs MOMbITKAa TAKOTro poja Obliia MpeANnpuHsITa
B Hayasie — cepenuHe XX BeKa, KOrJia B pe3ybrare 00beIMHECHUS KJIACCHYECKOTO JapBUHU3MA
C KJIacCCUYeCKOM reHeTHKOH chopMupoBaiach Tak Ha3blBaeMas '"CHHTETHYECKAas TEOpPHUsS IBOIIIO-
uun" (CTD), nunaye Ha3piBaeMas HeogapBUHU3MOM. Ho Bckope OHa 3arpelnaia mo IBaM, paciu-
paemasi U3HYTPHU HOBBIMHU JTAHHBIMU MOJIEKYJISIPHOM OMOJIOrMM U APYTUX OypHO pa3BUBAIOILIMXCS
OHOJIOrMYECKUX AUCLUILINH.

Benunuaiiime oTKpeITHS cepelMHbI IPOILIOTro Beka — pacmu@ponka ctpykrypsl JIHK v rene-
TUYECKOT0 KO/1a — MPOU3BENIN TAaKOE CUIIBHOE BIIEUATIIEHUE Ha HAYYHOE COOOIECTBO, YTO MHOTUM
CTaJIoO Ka3aTbCs, OyATO INIaBHBIN CEKPET JKU3HM YK€ pasrajlaH U IMpHIlia nopa GopMylIupoBarhb
OCHOBOIIOJIararonue 3akoHbl Ouonoruu. Ho HOBble (akThl MPOJOHKAIN CHINATHCS KaK U3 pora
n3001TMs (0 MHOTHX U3 HUX MBI IOTOBOPUM B 3TOM KHUTE), U BCKOPE CTAJIO SICHO, YTO U 3TU 3aKOHBI
COBCEM HE TaK BCEOOBEMITIOIIN U aOCOIIOTHBI, KaK MOHAYaly Ka3ajlocCh.

Uro npeacTasisieT U3 ceds CEroAHsI COBOKYITHOCTb MPUHATHIX HAy4YHBIM COOOIIECTBOM MpE/-
CTaBJICHUH 00 3BOJIIOLIMHU, KaKoMy "-U3My" OHa COOTBETCTBYET, Kak €€ BOOOIIE Ha3bIBaTh — BCE ATO

PHUTLCA, YTO € HCKOTOPBIMU UACIMU 9TOH KHUTH 51 KaTerOpruiCCKU HE COIIACCH, YTO, B IIPOYEM, HC JIMIIACT UX IIpaBa Ha CylICCTBO-
BaHUC

2 Or umenn ¢paniy3ckoro Harypanucta OteeHa XKoddpya Cent-Unepa (Ertienne Geoffroy Saint-Hilaire, 1772—1844).
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BECbMa HEMPOCThIE BOMPOCHl. YacTo ee mo MHepLMH Ha3bIBAIOT "NapBUHU3MOM'", HO HA UCXOAHOE
yuyeHue J[apBuHa yKe HaJOXKWIOCh CTOJIBKO YTOUHEHUM, TOMOJIHEHUN U MEPEOCMBICIECHUM, YTO
TaKO€ HAaMMEHOBAHUE TOJIBKO COMBaET ¢ TONKY. MIHOTja 3Ty COBOKYITHOCTD IBITAIOTCS IPUPABHSATH
Kk CTO, uTo ToXke KakeTcs MHE He 04eHb Xopoiueil uneeil. CeroaHs U KJIIaCCUYECKUI JapBUHUBM,
u knaccuyeckass CTD obpasia cepeuHbl MPOIIOro BeKa MOX0XKH CKOpee Ha My3eHWHBIE IKCIIO-
HaThbl, Y€M Ha JKuBble paboune Teopuu. Het, ux He onpoBepriy, U He ObUIO HUKAKOTo "Kpaxa Jap-
BHHU3MA", O KOTOPOM TakK JIt0OOST TOJIKOBaTh AAJIEKUE OT OMOJIOTHH KYPHAJIUCTHI U MHUCATENH, HO
MHOTOUYHUCIICHHBIE MOCIIEAYIOMNE MOTU(PUKAIIMN CYIIECTBEHHO M3MEHWINA HAIN MPEICTABICHUS
00 3BOJIOLMHU. DTO HOPMAJIbHBII MPOLIECC PA3BUTHUS HAyKH, TaK U JOJKHO OBbITh, U HUYETO TYT
He nojesnaenib. JIFoOUTensiM NOCTOSHCTBA, A0COMIOTHBIX UCTUH U HEPYLIMMBIX JOIM JIy4dlle Jep-
JKaTbcs MOJAJbIIEe OT OMOJIOTHUH, J1a M BOOOILIE OT €CTECTBEHHbIX HayK. [lapagokc cocTout B TOM,
YTO, YEM JIyYlll€ U [TOJIHEE OUOJIOTY MOHUMAIOT YCTPOMCTBO KUBOM MPUPOABI U 3aKOHBI €€ pa3BU-
THS1, TEM IPOTUBOPEYMBEE BHITVISIIAT UX HIIEH ISl BHEIIHEro Habmonarenss. OCOOSHHO €CIIi ATOMY
HaOJII0/1aTeNI0 HEOX0Ta pa30uparbes.

B Hay4HOI1 cpenie MOCTOSHHO UAYT Pa3roBOPBI O HEOOXOAUMOCTH "HOBOTO HBOJIOIIMOHHOTO
cuHTe3a". MHOTrME CUMTAIOT, YTO Pa3BUTHE OMOJIOTMU CIIEP’KUBAETCS OTCYTCTBUEM aJI€KBaTHOMU
TEOPETUIECKOH 0a3bl, BCEOObEMITIONIEH HOBOM TEOPHH, KOTOpPasi CMOTJIa OBl CeNaTh ITOMCK HOBBIX
3HaHUN 00JIee OCMBICIEHHBIM U KOHCTPYKTUBHBIM. B KakoM-TO cMbICIIE€ 3TO BEPHO, HO, AyMaeTcs,
BCEPhE3 MBITAThCs CPOPMYINPOBATH TAKyI0 TEOPHIO MOKA €Il paHoBaTo. Jlydiile moOBpeMEHUTh €
STHM XOTsI OBI 0 TOTO MOMEHTA, KOTJ]a TIEpECTaHyT COBEPILATHCS €KETOAHO a0COIIOTHO HEOXKH-
JTaHHbIE, HUKEM HE Ipe/ICKa3aHHbIE OTKPBITUSA. Beab 3T0 rOBOPUT O TOM, YTO MBI MHOIOIO €Ilie
IPOCTO HE IOHUMaeM!

Kuura, KoTOpy!o BbI I€PKUTE B PYKaX, OTJIMYAETCS OT OOJBLUIMHCTBA JPYTUX TOJCTHIX KHUT
IO 3BOJIIOLIMHU, JAOBOJIBHO YacCTO M3JaBa€MbIX B MOCJEIHUE TOJbl, IPEKIE BCETO TEM, UTO B HEM
HE JIeJIaeTCsl MONBITKA "HOBOT'O 3BOJIIOLMOHHOTO CHHTE3a" U HE MpejiaraeTcsi ouepeaHasi Bceoob-
emnrolas Teopus. Yurarenu, CKIIOHHbIE BCIOAY UCKATh PA3IMYUs U IPOTUBOPEUHS, COUTYT OJHU
pas3zesibl KHUTH MaXpOBO-AapBUHUCTCKUMU, JPYTHE — JaMapKUCTCKUMH (IV1aBa §), TpEThU — HOMO-
reHeTUYEeCKUMU (I1aBa 0), B YETBEPTHIX 3aMETAT HEKUM KOPPPYyUCTCKUI YKIIOH (TN1aBbl 4-5), 1
Tak nanee. Te e U3 unTarencii, KOTOpble YMEIOT BUIECTh 00I1I€€ B YACTHOCTSIX U €IUHCTBO B MHO-
roo0Opa3uu, HaJIeI0Ch, OIyYaT MOJE3HYIO MUILY JJIS Pa3MbIIUICHUH.

CoBpeMeHHast OMOJIOTHS — 3TO JJa’Ke HE JIOCKYTHOE OJIesI0, CKOPEe, 3TO CTPEMHUTEIHHO pac-
TYUIHA BOPOX JIOCKYTKOB, B KOTOpOM Oyay1iee "ofesio" TONbKO HaYMHAET YralbIBaThCs — 1a M TO
HUKOI/Ia HE 3HACIb Halepes, YTO YraiajJoch paBUIbHO, a YTO TOTOM MPUAETCS NEPELINBATh.

3aj1aua 3TOi KHUIM — BBECTU YUTATEII B MUP COBPEMEHHOM OMOJI0THH, TOKa3aB 3Ty HEOObI-
YaifHO OBICTPO pa3BUBAIOIIYIOCS HAYKY, YTO HA3bIBAeTCs, 0€3 MPUKpAC — HE KaK CTaTUYHBIN CBOJ
YCTAHOBJIEHHBIX UCTHH, a KaK FOJOBOKPYKUTEJIbHYIO MOTOHIO 32 HOBBIMHU 3HAHUSIMM, B KOTOPOM
HE BCET/1a HaXOIUTCS BPeMsI Jaxe JUIsl TOT0, YTOObI OCTAHOBUTHCS U MOAYyMarth.
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HemHoro nonutuku, unu NMonynsapusauus
HayKu KakK cCpeAcTBO BblKMBaHUSA YerioBe4vyecTBa

He cekper, 4To MHOTHE yUE€HbIE CUNTAIOT MOIMYJSPU3ATOPCKYIO IE€ATEIbHOCTh HUKE CBOETO
JIOCTOMHCTBA. MBI, IeCcKaTh, CEpbE3HYI0 HAyKy AenaeM ("'mapsi B MPOCTPAHCTBAX, MBICIUM O CyIb0€
CBETWII", KaK TOBapUBaJ, Jeka B ramake, apucrodanoBckuii Cokpar?), a mpocBenieHue nmpodaHos
€CTh MeTaHue Oucepa nepeja CBUHbIMU. MHOrHE yueHble OTKa3bIBAIOTCS OT y4acTHs B MOIYJISIp-
HBIX Telle— U paguolepeadyax, onacasich, YTO UX BBICTYIUIEHUSI OyAyT MCKa)KE€HBI [P MOHTaXe
WJIM MTOJIaHbl B HEQIEKBATHOM KOHTEKCTE M 3TO MOBPEAUT UX PEIyTallUH B IVIa3aX JPYTUX YUECHbIX.
OnaceHus 3TU MOJHOCTHIO ONpPaBAaHbl, HO, Cacasl CBOIO PEIyTalllio, TAKUE YUEHBIE )KEPTBYIOT
YeM-TO OOJIBIITUM.

K cuacTtbio, Tak paccykaatoT He Bce. MHOTHUX TPEBOXKUT pacTyIIUid OTPbIB GyHIaMEHTAIIb-
HOW HAayKd OT MaccoBOTO cO3HaHHs. B Ouomorum, camoii OBICTpOpPa3BUBAIOIICICS HAyKe, 3TOT
OTPBIB OCOOEHHO XOPOILO 3aMETEH. DTO OIMH U3 MapaJ0KCOB coBpeMeHHOro obuiecTBa. C oqHON
CTOPOHBI, 3a MOCJeIHUE TOJIBEKa OUOJIOTHs JOCTHUIVIA HECHbIXaHHBIX ycnexoB. C apyroil — uem
Iy0’ke MPOHUKAIOT OMOJIOTH B TailHBI )KM3HHU, TEM CHJIbHEE MCKaXaroTcsl X oTkpbiTus B CMU
U, KaK CJIe/ICTBUE, B OOLIECTBEHHOM CO3HAHHM. DTO ONAacHasi TeHAEHLUsS, KOTOpasi MOXKET B UTOTE
MIPUBECTH K TOMY, YTO OOIIECTBO OKOHYATEJIBHO EPECTaHET IOHUMATh, YeM 3aHUMAIOTCS YUEHbIE
Y 3a4€M OHH HY>KHBI.

Axanemuk C. B. lllectakos, 3aBenyromuii kKadeapoi TeHETHKN OMOJIOTHYECKOTO (paKyabTeTa
MI'Y, HemaBHO pacckasbiBajl Ha OAHOM M3 CEMHHAPOB, KaK €ro CTYAEHTHI MPOBEIN MUHHU-OIIPOC
0OLIECTBEHHOIO MHEHHMS 10 MOBOAY I'€HHO-MOAU(UIIMPOBaHHBIX IpoayKToB. 1o cioBam akane-
MHKa, OTUH U3 CAMbIX PaCpOCTPAHEHHBIX OTBETOB ObLI TaKuM: "I €HHO-MOIN(DULIPOBAHHBIE TPO-
JYKTBhI OYE€Hb OTIACHBI M IOJDKHBI OBITh 3anpernieHsl. Benb B HUX ecTh reHb!”

KoneuHo, MO’kHO OTAENaTbCSI CHUCXOIUTENBHON YCMEIIKOM: MBI-TO C BaMH, JOPOTHUE YUTA-
TEJH, MPEKPACHO 3HAEM, YTO I'€HOB MOJHBIM-TIOIHO MMOYTH BO BCEX MUIIEBBIX MPOAYKTaX, KpOME
pa3Be 4To COJU, caxapa, Co/lbl U TOMY MOAOOHBIX OUMIIEHHBIX XMMUYECKUX BellecTB. Ho, onHako,
OTCYTCTBHE y MHOTHUX JIOJIEH 3JIeMEHTapHONH OMOJIOTHYECKOW TPaMOTHOCTH BOBCE HE Tak 0e3-
o0uaHo. Beab B COBpPEMEHHOM JEMOKPAaTHUYECKOM OOIECTBE MPaBO rojoca UMEET KaX/Iblii, BHE
3aBUCHMOCTH OT YPOBHS 00pa30BaHusl.

Pazymeercs, y nroneit ectb NOTpeOHOCTh B MOHUMAHUU MPOUCXOASILEr0 BOKPYT HUX, U OT
YUEHBIX *JyT OTBETOB Ha KIJIIOUEBBIE BOIPOCHI 00 YCTPOWCTBE MUPO3JAaHUS — HO OTBETOB IMPO-
CTBIX, IOHSATHBIX U OKOHYATEJIbHBIX, HE TPEOYIOUINX YPE3MEPHBIX UHTEIIEKTYalbHbIX Ycuuuid. U
K TOMY K€ COOTBETCTBYIOIIMX OOIIECTBEHHBIM OXKuAaHUsIM. bena B ToM, uTo Mup (Kak BBISICHSI-
eTCsl IMEHHO OJ1arofiapsi TOCTH>KEHUSIM HayKH) YCTPOEH ropas3zio CJI0KHEe, YeM HaM XOTEeI0Ch Obl.
[ToaTomy muist TOro, YTOOBI COBPEMEHHAsl Hay4YHasl KapTUHA MHpa IMPOHUKIIA B MacCOBOE CO3Ha-
HUe, HYXKHbI LleJieHanpaBieHHble ycunus. MHpopMamoHHbIi BakyyM HEH30€KHO 3aIlOJIHAETCS
MICEBJIOHAYYHBIMU U3MBIIUIEHUSIMU, MU(baMu U BepoBaHUsIMU. [Ipobiaema ycyryOnsieTcst HoIHbIM
OTCYTCTBHEM MaTepuaibHON 3auHTepecoBaHHOCTU MHOTUX CMMU B 10CcTOBEpHOCTH COOOIIaEMBIX
MU cBeJleHul. B cuTyarum, korjaa ctaThbi WM TeJIENepeiadyn CIIysKaT JUIIb OpOCKUMU "TIPOKIIa-
Kamu" MeXay OJIOKaMH peKJIaMbl, JTIOObIE IIapiaTaHCKue OpeaHM OKa3bIBAIOTCS Topasno Oosee
XOJIOBBIM U BBITOJTHBIM TOBApOM, UEM CEpbE3Hasi HayKa.

[Toxoxe, Hayka caMa CBOMMU JOCTHKEHUSIMH POET ceOe MOTUITY: BEJlb YEM YyCIIECLIHEE Jes-
TEIBHOCTh YUYEHBIX, TEM CIIOKHEE HayyHas KapTHHA MHUpPa U TEM HUKE KOHKYPEHTOCIOCOOHOCTh
HayK{ Ha ""cBOOOJHOM pbIHKE HHPOPMAIIMOHHBIX YCIyr". B KOHIlE KOHIIOB y4€HbIE MOTYT IIPOCTO

3 Apucrotan. Obnaka. Ilepesox A. ITnotposckoro.
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BBIMEPETH, KaK JMHO3aBPbI, — U XOPOLIO €I1IIE, ECIIH CBOECH CMEPTHIO, @ HE HAa KOCTpaX MHKBU3ULINU.
UYro OyneT manblie, Kakas Cyp0a KIeT BOOPYKEHHOE SIIEPHBIM OPYKHEM YeJI0OBEYECTBO, BITABIIIECE
B MUCTHLIM3M U CpeHEBEKOBbE, — 00 TOM UUTATENIb MOXKET caM MOpaHTa3upOBaTh HA JJOCYTE.

[ToaTomy nomynsipuzaropckas 1eTeNbHOCTD JIJIsl yUE€HBIX B cCOBpeMeHHOM Mupe (1 B Poccun
O0COOCHHO) — 3TO HUKaKas He 0JIArOTBOPUTEIIBHOCTD, & OOIIECTBEHHBIH JOIT H HEOOXOAUMOE CPE/I-
CTBO CaMOCOXPAHEHUS.

VYyeHble 00BIYHO HACTOJIBKO YBJIEUEHBI CBOEH HAYKOM, YTO HE 3aMeUYat0T MHOTOT'O U3 IPOUC-
XOJIAIIET0 BOKPYT U TOJIBKO KOT/ZIa 32 HUMH YK€ MIPUILUIH, HAYMHAIOT YTO-TO B3BOJIHOBAaHHO OOpMO-
TaTh, TOTOOHO ApXHUMEIy C €r0 CaKpaMEHTAIBHBIM ""HE UCTIOPTH MOH YepTeKH'.

HenpusitTue Hay4YHOro 3HaHUSI YXOAUT KOPHSAMH B JIeTCKYIO
ncuxosnoruo. Hamo ckasare, 4ro mpoOiieMa pacTyIIero OTpbIBa HAayKH
oT oOuiecTBa akKkTyaJlbHa OTHIOAb HE Toiabko st Poccum. B ppyrux
CTpaHax IMOJIO)KEHHWE HHUYYTh HE Jyd4me, a mopod u xyxke. OO0 3TOM
CBUJETEIBCTBYIOT, B YAaCTHOCTH, PE3YJbTaTbl HCCIEIOBAHUM aMEpUKaHCKUX
NICUXO0JIOTOB, onmybnukoBanHble B 2007 roxy B »kypHane Science. Hamo cka3zars,
YTO JaHHAsg MpoOjeMa — COOTHOIIEHHE HAyYHBIX 3HAHMA U HMX BOCIPHUATHUS
OOIIIECTBEHHBIM CO3HAaHMEM, — KaK M MHOTHE Jpyrue MoJoO0HBIE MPOOIEMBI,
BIIOJIHE TIOAJAETCSl E€CTECTBEHHO-HAYYHOMY MCCIEA0BAHUIO C NPUMEHEHUEM
Pa3IMYHBIX TECTOB, CTATUCTUYECKOTO aHAJIN3A U JPYTHUX HAYYHBIX METOMHUK.

[Io MHEHMIO aMEpUKaHCKMX WCCIIENOBaTelIed, OOHOM W3 BaXHBIX
IIPUYMH MACCOBOTO HEMPUATHUS HAYUHBIX 3HAHUI U pacIpOCTpaHEHMsI CyeBEpHil
B oOmiecTBe SBIAETCS HECOOTBETCTBHE MHOTHX BBIBOJIOB COBPEMEHHON
HayKd BpOXKICHHBIM CBOMCTBaM M HAKJIOHHOCTSM YEJIOBEYECKOW ICUXHUKH
U YCTOSIBIIUMCSI CTEpPEOTHIIaM OOIIECTBEHHOTO CO3HaHUs. B  pesynbrare
pa3BuBaercs (heHOMEH, MOTYUYHMBILIUI Ha3BaHUE "COMPOTHBICHHUE HayKe'" .

CormnacHo HeAaBHO MPOBENEHHBIM oIpocaMm, 42 % B3pOCibIX aMEPUKAHIIEB
yOeKJEeHbI, YTO JIIOOAM M JKUBOTHBIE CYLIECTBYIOT B CBOEM HBIHEIIHEM
BUJE ¢ Hadana BpemeH. Cpenu MEHBUIMHCTBA, MPU3HAIOLIETO HBOJIOLUI0 U
€CTECTBEHHBIN 0TOOP, JIUIIIH OYEHb MaJlasi YacTh B COCTOSIHUM BHATHO OOBSICHUTD,
4TO0 3TO Takoe. Kak rpaBuiio, HauBHBIE HBOJIOLMOHKUCTHI 10J1aratoT, YTO SBOJIFOLIHS
— 3TO HEKMH 3araJlouHblil 3aKOH MPUPOABI, B CHUIy KOTOPOrO JAETH JIy4lle
MPUCTIOCOOJICHBI K cpesie 00uTaHus, yeM ux poaurenu. "ConpoTusieHue Hayke"
3aTparuBaeT He TOJBKO 3BOJIIOLHUIO: OFPOMHOE YHUCIIO JIOJIEH BEPUT B HAYUHO HE
MOATBEPKACHHBIE "MEIULIMHCKHUE" MPAKTHUKHU, B IPUBUJEHUS, B aCTPOJIOTUIO U
T. 1.

Kazamoce Obl, mycTb cebe Bepst! B koHie KoHIIOB, Omaromaps
HAy4YHOMY Iporpeccy Oolblnas 4acTh HApOAOHACENEHHS B PAa3BUTHIX CTpaHaX
UMeeT TOJHYI0 BO3MOXKHOCTb KOM(OPTHO JKUTh, BOOOINE HHYET0 HE
3Hass W He INoHMMas B Hayke. Ho Beap ecTp eme M IOIUTHYECKAs
CTOpOHa BoOIpoca. B COBpeMEHHOM JEeMOKpaTH4eCKOM OOIIeCTBE HMEHHO
OT 3THX HEBEKECTBEHHBIX HAJIOTOIUIATENBIIMKOB 3aBHCUT B KOHEYHOM CHYETE
rOCy/lapCTBEHHAs TMOJHMTHKA B TAKMX HAYKOEMKHX O0JacTsAX, KaKk HU3MEHEHUS
KJIMMaTa, TeHEeTHYECKH MOIU(UIIMPOBAHHBIE OPraHU3MbI, CTBOJOBBIC KJIETKH,
KJIOHMpOBaHME, BaKIIMHALIUA U T. 1.

HccnenoBanus MociaeIHUX JIET MOKA3alH, YTO ONpPEAEICHHBIE ACIEKTBhI
"conpoTuBIeHUs] Hayke'", MO-BUANMOMY, SIBIISIOTCS OOIIMMU IS BCEX HAPOIOB
U KyJIBTYp U MPOMCTEKAIOT M3 JIByX 0a30BBIX 0COOCHHOCTEH NETCKOM NMCHUXUKH.
[lepBas cBsi3aHa ¢ TeM, 4TO AETH 3HAIOT "U3HAYAIBHO', BTOpas — C TEM, KaKuUM
00pa3oM OHH yCBaMBAIOT HOBBIC 3HAHMSI.
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Jlaxxe TOmOBanBIM MITaJICHEI] — OTHIOAh HE '"JUCTHIM JHCT", OH
o0lazaeT Mo-CBOEMYy BechbMa TIIyOOKMM TOHUMaHHEM (DU3MYECKOTO MHpa MU
YeJIOBEUECKUX OTHOLIEHUI. ManbliiaM IpekpacHo U3BECTHO, YTO MaTepHalibHbIE
00BEKTHl 0071a/1al0T MJIOTHOCTHIO, YCTOMUMBOCTBIO BO BPEMEHH (MPOJOKAIOT
CYLIECTBOBATh, AK€ €CIM MX HE BUIHO), YTO O3 MOAAEPKKH OHHM MNaJaioT.
OHM NMOHMMAIOT TaKXe, YTO MOCTYNKH OKPY)KAIOIIUX JIOAEH OCMBICICHHBI U
LIeJIeHAIIPaBJIEHHbBI, YTO UX MO OTPaXKarOT OTHOIIEHHUE K PA3HbIM CUTYaLUSIM.
OTH UCXOHBIE MTPECTABICHHS CITYKAaT HEOOXOIUMON OCHOBOM TSl TaTbHEHIIIETO
00y4eHHUsI, HO OHU K€ OPOU U 3aTPYIHAIOT BOCIPUATHE HAYUHBIX UACH.

Hanpumep, nerckas yoexaeHHOCTh B TOM, UTO 0€3 MOAJEPKKU MTPEIMETHI
MaJal0T, MEIIAeT MOBEPUTh B IIApOOOPa3HOCTH 3eMiu (BeIb TOTAA BCE JIIOAM,
KoTOpble "C TOH CTOpOHBI", momajgainu Obl BHHU3). JTa HayuyHas KOHLEMIIHS
MOJIHOCTBhIO MPUHUMAETCSI AMEPUKAHCKUMHU AETbMU OOBIYHO JIMIIb B BO3pAacTe
89 ner, a 10 3TOro B HEe BHOCATCS CUCTEMAaTHYECKue HcKakeHus. Hampumep,
peOEHOK MOYKET BEpUTh, YTO 3eMJIsl I1apooOpasHas, HO MPU 3TOM CUUTATh, YTO
JIIOZIM JKMBYT TOJIBKO Ha "BepXHEM'" MOyIIapuH, a CHU3Y HE KUBYT, CBaJIUBAOTCS.

Hekoropele  neTckue  mpeapacCylKd — OKa3bIBAIOTCS  HACTOJIBKO
HEUCTPEOUMMBIMHU, UTO XK€ IIKOJIbHOE 00pa30BaHNUE HE MOXKET UX IPEOI0JIETh.
Hanpumep, MHOrue CTyAeHTbl AaMEpPUKAHCKHUX KOJJIEIKEH M[ONararT, YTo
[IAPUK, BBHIKATUBIIMICA W3 KPUBOW TPYOKH, OyIeT MPOAOJIKATH JBHUTATHCS TI0
HCKPUBIICHHON TPACKTOPUHU.

Bonvwas wacmv pecnondenmog nonazaem, umo wapux, 8vliemesuiuil U3 Kpusot mpyoxu,
6yoem npoodoaxcamov "no unepyuu" 0gueamvcs no KPUBOU MpaeKmMopu.

Uro ke KacaeTcs MaccOBOIO HENPHSTHUSI TEOPUHU SBOJIIOLMU (M APYTUX
JOCTH)KEHUI OMOJIOTUH), TO MPUYHHBI 3TOTO KPOIOTCS B JIPYroil 0COOEHHOCTH
JIETCKOM IICUXHUKH — a UMEHHO B IPUCYILIEH MaJIEHbKUM JETAM CKIIOHHOCTHU BUJIETh
BO BCEM, UTO UX OKPYXKAET, pe3yJbTaT Ybei-TO 1|eJIEHAIIPABIEHHON JIeATEIbHOCTH.
DT0 HA3BIBAIOT "HEYMOPSIOYCHHOM TEICOIOTHEH ™,

VYIuBAATHCS HE MNPUXOAUTCS, BEAb YEJIOBEYECKUH MO3I HM3HAYaJIbHO
pa3BUBAJICS UMEHHO KakK MPUCIOCOOJIEHUE Ul pelIeHMs] MPAaKTUYECKUX 3ajad,
TO €CTh s "BbIUJeHEHHs" Ielied M HaxXOXKICHHUS IMyTell HX JOCTHKEHUS.
Cample HacylIHbIE 3a7a4dl JJIs BBICIIMX NPUMAToOB, U JIIOJAEH B TOM 4HCIE,
Bcerga ObUIM CBSI3aHbl C OOIIECTBEHHBIMU OTHOLUEHUSIMH — HAlpUMeEp, C

4 o~
Teneonoecus — NpeaACTaBICHUE O TOM, YTO IPUPOAHBIC 00BEKTHI CYHIECTBYIOT WJIU CO3JaHbl C OIPECIICHHON “L[eJ'[LIO”.
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00pb0OOI 3a MONIOKEHHE B OOLIECTBEHHON MepapXxuu. Jlis pemeHus 3Tux 3aaad
HeoOXoMMa CIIoCOOHOCTh MOHUMATh MOTHUBBI TIOCTYTIKOB CBOMX COTNIEMEHHUKOB,
CIOCOOHOCTh, KOTOpasi M3HAYaJbHO CTPOMIACh Ha pediekcuu, Ha CyXICHUU
o apyrux "mo ce6e". UTo ke yaIUBUTENHHOTO B TOM, YTO TaKO€ MOHUMAaHUE
pacrpocTpaHseTcsi Ha BECh OKPYKAIONIMKA MHp, YTO pPeOCHOK WM JUKapb,
yCIIbIILIAB TPOM, HEU30€kKHO OyayT JyMaTh, YTO TOT 3BYK IIPOM3BEIEH KEM-TO C
HEKOEH BIIOJIHE ONpeAEICHHON LENbIO.

Hanpumep, cnenuaibHOE  HCCIEJOBAaHME  IOKa3allo  TBEPIAYIO
yOeXI€HHOCTh YEThIPEXJIETHUX JAETENH B TOM, UTO BCE Ha CBETE CYILLECTBYET "It
4yero-to" (bBbl — YTOOBI CMOTPETh HAa HHUX B 300IApKe, Ty4d — YTOOBI IIEN
NoxAUK). CrenuanbHble UCCIIEOBAHUS TAKKe MOATBEPAMIN CKIOHHOCTh JETeH
K KPEAIMOHUCTCKOMY> OOBSICHEHHIO MPOUCXOKICHHUS OOBEKTOB OKPYKAIOIIETO
Mupa (Bce BOKPYT KEM-TO CIEJIaHO C KAKOI-TO LIEJIBIO).

[IpuBnekaTenpbHOCTh TOMOOHBIX HICH HE cimabeeT ¢ Bo3pacToM. [lersm
BTOPSAT MOA3THL: "Eciu 3Be3/1bl 32KUraloT — 3HAYUT, ITO KOMY-HUOYIb HYKHO".

OTH WMHTYUTHUBHbBIE MPEJICTABICHUS MEIIAIOT JIOASM MPUHATH HUICHO
9BOJIIOLIMKM TOYHO TakK K€, KaK W3HAYaJbHbIE HAWBHBIE INPEACTABICHUS O
(bu3MYECKUX 3aKOHAX MEIIAIOT YCBOUTH UJICI0 O Mapo0Opa3HOCTH 3EMIIH.

Jlpyroe WHTYUTHUBHOE TMPEICTABICHUE, CBOMCTBEHHOE MOETSAM, — 3TO
Nyaau3M, WIM ujes O MPUHLMIIHNAIBHOM pa3iuuud MEXAy MaTepHallbHbIM
U JYXOBHBIM (T€JIOM M JYyLIOW, MO3IOM U CO3HaHHEM). AMEpUKAaHCKHE
JOLIKOJIBHUKM 3HAIOT, YTO MO3T HYXEH Uil OCYLIECTBICHUS HEKOTOPBIX
MEHTaJbHBIX (YHKIMH, TaKMX KaK pelleHue mareMmaruueckux 3aaad. Ho stu
e JOLIKOJIbHUKHU OTKAa3bIBAIOTCSl BEPUTh, YTO MO3T HY)KEH M Ul TaKUX BelIeH,
KaK Urpa B NpSTKU win J1000Bb K Opaty. Korga mx cnpammBanu, yto OyZer,
€CIM MO3T MaJlbiuKa IEepecajuTh MOPOCEHKY, IOLIKOJIbHUKU OTBEYAIH, YTO
MOJTyYUTCS OY€Hb YMHBIN IOPOCEHOK, HO BCE JKEIaHUS U 3HAHUS Y HETO OCTaHyTCsI
MOPOCSYBUMH.

CKJIOHHOCTh K JAyaJdMCTUYECKOMY MHUPOINOHUMAHHUIO TPENSTCTBYET
BOCIIPUSITHIO I0CTUKEHUN COBPEMEHHOI HEHPOOHOJIOTHH, KOTOPBIE YOSIUTENBHO
MOKa3bIBAIOT, YTO BCE "IyXOBHOE" B YEJIOBEKE LIEJTMKOM ONPEIEINSAETCs BIOJHE
MaTepuaibHBIMU POLECCAMU, TPOUCXOASIIIMMU B Mo3re. [IpoTuBopeune mex ity
W3HAYAJIBHBIM JyaJu3MOM YEJIOBEYECKOTO MUPOBOCIPHUSATHS U COBPEMEHHBIMHU
Hay4YHbIMU B3IJSJAMH  MOPOXKIAET NPUYYAIUBBIE COIMAJIbHBIE MPOOIEMBI.
Hanpumep, nebaTbl BOKpPYr JOMYCTUMOCTH SKCIEPUMEHTOB C >KUBOTHBIMH,
YeJIOBEUECKUMH 3MOpPHMOHAMU U CTBOJIOBBIMH KJIETKAMH 4YacTO CBOJATCSA K
npobremMe Haluyus y 3TuX o0bekroB "nymu". bonee Toro, mpumeHeHue
MarHUTHO-PE30HAHCHOW TOMOrpaQuu [Uisl H3y4EHHS MO3ra IPECTYIHUKOB
MIPUBEJIO K MOSBJICHUIO HOBBIX, BECbMa OPUTMHAJIBHBIX BESHUI B aJBOKATCKOM
nene. IlosBUINCH yTBEPKIEHUS, YTO €CJIM aHTUCOLMAIbHbIE TIOCTYIKHU YeJI0BEKa
OTIpe/IETSAI0OTCS paboTONM €ro Mo3ra, TO, CJIE€I0BaTeIbHO, YEJIOBEK HU B YEM HE
BHHOBAT, ITPOCTO "€ro MO3T 3aCTaBUJI €r0 Tak MOCTynuTh'". Takum oOpa3om, HE
TOJIBKO JIETH, HO U BIIOJIHE B3pPOCIbIE JIFOAM, aJBOKAThI, HAOTPE3 OTKA3bIBAIOTCS
BOCIIPUHMMATh Hay4YHbIE JaHHBIE O MIPUPOJIE MO3Ta U TICUXUKH.

MHoroe B '"CONpOTUBIEHHHM HayKe" OmpeAensercs BpPOXKICHHBIMU
CBOMCTBAMH YEJIOBEYECKOM ICUXMKH, HO KOE-YTO 3aBUCUT U OT KYJIBTYpPHOH
cpenbl. OO 5TOM CBUACTEIBCTBYIOT, B YaCTHOCTH, HAIMOHAIBHBIC PA3IUYUs B

3 eraquHuam — Y4€HHUEC O BOSHUKHOBECHUU >KUBOU IpUupoAbl MYTEM TBOPCHUS, @ HE B PE3YJILTATE €CCTECTBECHHOI'O Pa3BUTUA.
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CTENEHU CONPOTUBIICHHS TEM WM MHBIM HayyHbIM uaesM. CKaxxeMm, HempusTue
9BOJIIOLIMM Y AMEPUKAHLEB BBIPAXKEHO HAMHOTO CHJIbHEE, YEM B OOJILIMHCTBE
JPYTUX Pa3BUTHIX CTPaH.

B pasHbIx cTpaHax cuuTaroTcs "0OOLIEM3BECTHHIMU" U HE TPeOYIOLIMMHU
JTIOKa3aTeIbCTB pasHble Habopwl "uctuH". Takue wpen OOBIYHO YCBAMBAIOTCSA
JIeThMH 0€3 BCSKOTO KPHUTHYECKOrO aHaim3a. TUNUYHBIC mpuMmepbl — "Bepa'
B MHUKpPOOOB M 3JICKTPUYECTBO. B pa3BUTHIX CTpaHaX CyIIECTBOBaHUE MHUKPOOOB
HUKEM HE IO/IBEpraercs COMHEHUIO — M JI€TH, HHUCKOJIBKO HE 3ayMbIBasCh,
MPOHUKAIOTCSI UCKPEHHEW BEPOMl B CYILIECTBOBAHHME ATUX HEBUIAMMBIX TBAPEH.
MuxkpoOsl, paBa, He MPOTUBOPEYAT HUKAKUM "BPOXKICHHBIM MHTYULMSIM', a
HA00O0POT, IOMOTAIOT BIIOJIHE TEJICOJOTHYECKUM 00pa3oM OObSICHUTH OOJIE3HU U
MPOTYXaHHE MPOAYKTOB.

Opnnako Oonblias YacTh 3HAHUM BCe-TaKM HE IpUHUMAaeTcs 0Oe3
JI0Ka3aTeIbCTB HU IETbMU, HU B3pociibiMU. [Tpruem korna aeno kacaercst 3HaHUM
Hay4HbIX, TO JIaXK€ B3POCJIbIE JIFOAU — O JETSIX U TOBOPUTH HEYETO — [MOYTU HUYETO
HE MOTYT IIPOBEPUTH CaMU 1O NMPUYMHE HEKOMIIETEHTHOCTH. B 3TOM citydae (To
€CTh IOYTH BCETZa) Mbl 3AMEHSEM HEMOCPEICTBEHHYIO OLEHKY JIOCTOBEPHOCTHU
3HAHUM OLICHKOW MX HCTOYHMKA. ECIIM HMCTOYHMK KaXXeTCs 3acily’KMBAOIINM
JIOBEpUS U €CJIM B HEM CaMOM YYBCTBYETCSI YBEPEHHOCTb, Mbl IPUHUMAEM HOBOE
3HAaHUE Ha BEpy, JaXXe €CIIM He MOHSUIN TOJIKOM, O YEM peub. TUIHUYHBIN npumep
— BBILICYIOMSAHYThIE aMEPUKAHIIbl, KOTOPBIE BEPSIT B ECTECTBEHHBIN OTOOP, HO HE
MOTYT O0OBSCHUTH, YTO ITO TAKOE.

OT0 Kacaercs He TOJIbKO HayKu. B ApyroM amepukaHCKOM HCCIIE€I0BaHUU
JIONSAM TMPEAJIOKWIM OLEHUTh pa3JIMYHbIE MOJUTUYECKUE MPOrpaMMBbl, O
KOTOPBIX HCIBITYEMbIM COOOILMIM, YTO OHM MCXOAST OT TOH WIM HHOU
MOJIMTUYECKOHN nmapTuu (pecnyOluKaHIEeB UK 1eMoKpaToB). McnbITyemble 1anu
IporpaMMaM C BHJly BIOJHE OCMBICICHHbBIE, ApIyMEHTHPOBAaHHbIE OLICHKHU.
OnHako CTaTUCTMYECKUHM aHAJIW3 I0Ka3aj, YTO B JEUCTBUTENBHOCTU OLEHKU
ONpENETSINCh HE COAEpXKAHUEM IPOrpaMMbl M HE JIMYHBIM OTHOLIEHHEM
YeJloBeKa K KaKMM-TO KOHKPETHBIM 3aKOHaM WJIM JEMCTBHUSIM IpPAaBUTEILCTBA,
a UCKJIIOUMTENbHO "mapTUHHOW mpuHaaiexHocThio". Hanpumep, cTOpOHHUKH
JIEMOKPATOB TOJICPKUBAIIA U COBEPIUICHHO "HEIEMOKpAaTHYECKHUE'" MPOEKTHI,
€CJIM UM TOBOPUJIM, YTO IPOEKT UCXOAUT OT UX JIFOOMMOM MapTUH.

Jertn, B TOYHOCTM Kak H B3pocible (M Jaxke B eme OoJbliei
CTETIeHH), CKJIOHHBI OIICHHWBATh JIOCTOBEPHOCTh MH(pOpManuu 1o "BecomocTu"
u "comuaHOCTU" €€ UCTOYHUKA. YKE YEThIPEX-MSATUICTHUE OTIIMYHO 3HAIOT, YTO
B3pOCJBIM HU3BECTHO Oouibliie, yeM cBepcTHUKaM. Eciu B3pocinblii 11 peOeHOK
TOBOPAT MPOTUBOMNOIOKHOE, AETHU BEPAT B3pocioMy. OHU yXKe 3HAIOT, 4TO CPEAU
B3pPOCIIBIX €CTh CIIEHUAIKCTHl Pa3HOTO NPOPMISs W YTO B OOJE3HAX IIydIle
pa3bupaercs TOKTOp, a B CIOMAaHHBIX BEJIOCHIIEAAaX — MexaHuK. Kpome Toro, netu
ropasio OXOTHEE BEpAT TOMY '"HCTOUHUKY 3HAaHUMN'", KOTOPBII J1EMOHCTPUPYET
MIOJIHYI0 YBEPEHHOCTb B ce€0€ M CBOUX CJIOBaX. MsAMIIU-YUYEHBIE C UX BEUHBIMU
COMHEHHMSMH U (pazaMu THIIA "pa3zyMeeTcs, OKa 3TO JIMIIb MTPEIIOoIoKeHHE. .. "
HUKAaKOTO JJOBEpUS y JIETEH HE BHI3bIBAIOT.

B cBA3M ¢ 3TUM HENb3s HE OTAATh JOKHOE 1aJbHOBUIHOCTH POCCUMCKUX
HAyKOOOPIIEB, KOTOPbIE MEUTAIOT B YUeOHHKAX OMOJOTMU TOCTE KaXI0H IIaBbl
N00aBUTh CHOCOYKY O TOM, 4YTO "€CTh, OAHAKO, M Jpyras TOuka 3peHus..."
1 BIO0OABOK BBECTH B IIIKOJIAX U3YUYEHHUE PEIUTHO3HON KapTuHbI Mupa. KoHneuHo,
yuuTenb OMOJIOTHH, ONMYTAHHBIN "CHOCOUYKaMH', HE CMOXKET TaK K€ YBEPEHHO
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U3JI0KUTH TEMY, KaK IIPEToiaBaTelib "'anbTepHaTuBHOrO npeamera’. Komy us Hux
MOBEPAT JETH, COMHEBATHCSI HE TPUXOAUTCSL.

Wccnenosarenu nenarot BBIBOA, UTO ""CONMPOTUBIICHNUE HayKe" 3apOK1aeTcs
U3 IPOTUBOPEYN MEXKIAY HHTYUTUBHBIMHU TIPEICTABICHISIMA MAJICHBKUX JeTeH
U TeM, YeMy MX ydyar; "CONpOTHBIECHUE" MEPEXOAUT U3 AETCTBA BO B3POCIYIO
YKHU3Hb, KOTJIa COOTBETCTBYIOIME HAyYHbIE UEH HE UMEIOT BCEOOLIEH MOANEPKKHI
B oOmiectBe. B Takom o0O0IIecTBe OHO CTAHOBUTCS OCOOCHHO CHJIBHBIM,
€CJIM CYLIECTBYET HEHay4Hasl ajlbTE€pPHATHUBA 3TUM HJIESAM, HE MPOTUBOpEYaIlas
"371eMEHTapHOMY 3/IpaBOMY CMBICITY" U ONMUPAIOIIASACS HA COJTUIHBIC, YBa)KaeMbIe
u o4yeHb yBepeHHble B cebe "ucrounwmku'. B CIIIA mMeHHO Tak 0OCTOUT
JIeTI0 C HBOJIOIMOHHON OWoNorHeil W HEeHpoOMOJIOTHel: BBIBOABI THUX HAyK
MPOTHBOPEYAT M JETCKOW WHTYHIIMM, W BBICKAa3bIBAHMSAM MHOTHX COJIUIHBIX
MOJIUTUKOB U PEJTUTHO3HBIX AesITeNeH.

Yro yx roBoputrb o0 curyauuu B Poccum. VYremaer Jsmmb, 4YTO
KpEaMoOHHUCThI, ()OMEHKOBIBI W TPOYUE aCTPOJIOTH, KOHEYHO, HU B YeM HE
BUHOBATHI. [IpocTO "MO3I 3acTaBisIeT UX Tak Tymarh'.

(Ucmounux: Paul Bloom, Deena Skolnick Weisberg. Childhood Origins of Adult
Resistance to Science // Science. 2007. V. 316. P. 996-997.)
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Buonorusa, aBonouua U KpeaumoHU3M

UYurarenb, HaBEpHOE, YXKE 3aMETHJI, UTO s [OYTH HE JIENAI0 pa3Iudyuidl MeXay MOHATUSMU
"Ouomnorus", "aBomonronHas Ouoniorus” u "ydeHue 06 sBomrouuu’. Ito Hecnpocta. OTAEIUTh
COBPEMEHHYI0 OMOJIOTHIO OT 3BOJIOLMOHHBIX MpEACTaBlIeHUI HEBO3MOXHO. Kak ckazan onuH
U3 KpynHeumux ononoros-reopetukoB XX Beka deonocuii I'puropsesuu JoOpxanckuii (1900—
1975), "Hudro B OMOJIOTHM HE MMEET CMBICTIAa HHAYe Kak B cBete dBoonuu'. "Nothing in biology
makes sense except in the light of evolution" — Tak ObUTO 0O3arIaBICHO €T0 ACCe, OMyOIIMKOBAaHHOE
B 1973 rf.

OTBiieYbCsl OT 3BONIONHMHM OHOJOT MOXKET TOJBKO YTKHYBIIMCh HOCOM B OUY€Hb Y3KYIO,
MaJIeHbKYIO 3aJjady — HallpuMep, u3ydas CTPOCHHE POTOBOIO armapara Kakoro-HuOynp xyka. Ho
CTOUT XOTh HEMHOTO LIUPE B3ISIHYTh Ha Po0OIeMy — HalpuMmep, HauaTb CPAaBHUBATh 3TOTO JKyKa
C IPYTUMHU, YTOOBI ONPEAEIUTH €r0 MECTO B KyUHHOM Ki1accudukalnuy, — U TOTYaC OKa3bIBaeTCs,
4yTO 0€3 HBOJIIOLIMOHHBIX IPECTABICHUH yke He 000iTHCh. Hy)XKHO MOHSTH, KaK, IOYEMY U 3a4eM Y
JAHHOTO ’KyKa c(hOpMUPOBAJICS UMEHHO TaKOW POTOBOM ammapar; ueM OObsSICHSIETCS €T0 CXOJCTBO
C APYTUMH KyKaMH — POJCTBOM (ITPOUCXOKACHUEM OT OOLIETo MpeiKa) WK Mapajijiesiu3MoM, TO
€CTh (POPMHUPOBAHUEM CXOJIHBIX MPUCIOCOONIIEHUH MO AeHCTBUEM 0TOOpA B CXOIHBIX YCIOBHSIX
CYLIECTBOBAHMSI, U TaK AaJiee.

MupoBoe HayyHO€ COOOIIECTBO CUMTAET, UTO UMEIOIINECS Ha CETOAHSIIHUN IeHb J10Ka3a-
TEJIbCTBA IBOJIIOLIUH SBJISIOTCS HACTOJIBKO HEOIPOBEPKUMBIMHU U BCEOOBEMITIOIIMMU, YTO 3BOJIIO-
LUs — 3TO YK€ JaBHO He "rumorte3a" u He "Teopus", a TBEPAO YCTAHOBIICHHBIM HayyHBIH (DaKT.
OTtpuuare ero, 0cTaBasch B paMKax HayKH, CETOJHSI HEBO3MOXKHO. [lepeuncnars otaenbHble JOKa-
3aTebCTBA ABOJIIOLMU HET CMbIC]IA: MHOTHE M3 HHUX OOIIEHU3BECTHBI M OYEBMJIHBI, APYTUE Mbl
pPaccMOTPHUM HIXKE 10 Mepe HEOOXOAMMOCTH. B 1ecTBUTENBHOCTH BCS COBOKYITHOCTh (DAKTOB U
OTKPBITHI, O KOTOPBIX PACCKa3aHO B 3TOM KHUIE, SIBJIIETCS XOPOIIMM MOITBEPKICHUEM peabHO-
cTH 3BotoLMH. K KaXk1oMy OTJIeIbHOMY PUMEPY BCETIa MOKHO TPU JKEIaHUU IPUAPATHCS (3TUM
Y 3aHUMAIOTCS KPEALIMOHUCTBI — JIFOAH, OTPULAIOIINE PEATIbHOCTh SBOMIIOIMH ), HO CHJIA 3BOJIIOIH-
OHHOT'O YYEHMsI B TOM, YTO C HUM COIVIACYIOTCS MIJIJTMOHBI (PakToOB. [ T1aBHOE K€ Kak pa3 OueHb
yaa4yHo U BbIpa3ui JloOp>KaHCKUI B BBILICHIPUBEICHHOM a(OpHU3Me: 3BONIOIMS MPUAAET CMBICIH,
JIOTUKY U CTPOMHOCTh BCEMY IMTAHTCKOMY MAacCHUBY HAKOIUIEHHBIX Ouonorueit 3Hanuii. [Tompo-
OyiiTe BBIKUHYTbh U3 OMOJIOTUH BOJIIOIIMOHHOE YUEHHE — U OMOJIOTHUS IPEBPATUTCS B OECCMBICIICH-
HYI0 U OECIOJIe3HYIO Kyqy pa3po3HEHHBIX, HEOOBICHEHHBIX (haKTOB.

K coxanenuto, KkpeallMOHUCTCKasl MpoIMaraHaa MpoioJKaeT HaXOJUTh OTKJIMK B cepAlax
MHOTHX JaJeKuX OT Ouosoruu mroaei. [loMuMo NCHUXOI0rH4ecKuX NpUYUH, O KOTOPhIX TOBOPH-
JIOCH BBILIE, 3TOMY CIIOCOOCTBYET U Takasi B 0OLIEM-TO XOpOoIasi BEllb, KaK JJIEMOKpaTH3aus oo1ie-
CTBEHHOTro co3HaHus. Kak 370 yacTto ObIBaeT, JIOIM HAUMHAIOT MPUMEHSTh 3aKOHBI U IpaBuUIIa,
CIPaBeIMBbIE U YMECTHBIE B paMKax OINPE/IEJICHHOTO Kpyra SIBJICHHM, 1aJIeKo 3a npeaeaamMu oona-
CTH MX IPUMEHUMOCTHU. UTO XOpOILIO /15l HOJUTUKHU U COLMATIbHBIX OTHOLIEHHH, HEe 0053aTeNbHO
XOpPOWIO JUIsl HAyKu. B Hayke Heslb3sl HU peliaTh BOIPOCHI TOJIOCOBAHKUEM, HU OECIIPUCTPACTHO pac-
CMaTpuBaTh JIIOOBIE TOYKU 3PEHUSI KaK N3HAYaIbHO PaBHOIIPaBHBIE.

Ouenp Xopoiio 06 3TOM cKa3aj HEeAaBHO BhAaronuiics guionor A. A. 3anu3HsIK Ha Tiepe-
MOHHH BpY4eHHsI eMy JuTeparypHoil npemun umenu ComxenunbiHa. OH o0paTui BHUMaHuE Ha

6 American Biology Teacher. 1973. V. 35. P. 125-129. http://en.wikipedia.org/wiki/
Nothing_in Biology Makes Sense Except in the Light of Evolution Mexmy npounm, loGpxkaHckuii, B 1927 roxy sMurpupo-
BaBmui B CIIIA, ObUT BepyIOIINM YeJIOBEKOM (IIPaBOCIABHBIM), PETYIISIPHO XOIMJI B IIEPKOBB, IPUYAIIAJICS, IOCTUIICS H IIpoYee.
Uro ompoBepraeT yTBEpXKICHHE O TOM, YTO IBOJIOLHOHHOE YUCHHUE SIKOOBI HECOBMECTHMO ¢ penurueit. IIpocto HyxHO nepkarh
HayKy U PEJIUTHUIO Ha Pa3HbIX “HOJIOYKaxX” B FOJIOBE: HAyKa — TYT, @ PEJIUTHS — TaM. DTO HE OYEeHb JIETKO, HO Y MHOTHX IIOJIy4aeTcsl.
Ipumep J{oOpskaHCKOTO aeko He eaUHUYEH.
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TO, YTO B HalIM JTHU, K COXKaJEHUIO, BBIIIM U3 MOl IBE CTapble, OaHANbHbIE HJIeU: 1. UCTUHA
CYIIECTBYET, U IISJIbIO HAYKH SIBIISICTCS €€ TIOUCK; 2. B JTF0OOM 00CYK1aeMOM BOTIPOCE MPOPECCHO-
HaJl B HOPMaJIbHOM Cily4ae OoJiee rpas, 4eMm AujieTaHT. MM ceronHs npoTuBoCTOAT HOBBIE, FOPa3io
0osiee MOJIHBIE MTOJIOKEHUS: 1. UCTUHBI HET, €CTh MHOYKECTBO MHEHUH; 2. HUYbE MHEHHUE HE BECUT
0oJbllle, YeM MHEHHUE KOTr0o-TO MHOrOo. "JleBouKa-MsITUKIACCHUIIA UMEET MHEHUE, YyTo JlapBuH He
IpaB, ¥ XOPOIIUI TOH COCTOUT B TOM, YTOOBI TI0/1aBaTh 3TOT (DAKT KaK CEphE3HBIN BBHI30B OHMOIIO-
rUYecKoit Hayke'".

JlanbHeliee yTBep KI€HUE ITUX "HOBBIX HEH" TPO3UT HayKe MOJHBIM KpaxoM. OcoOeHHO
HE MOBE3JI0 B 3TOM OTHOILIEHUU OMOJIOIMH, CEro/iHs LEIMKOM OCHOBAaHHOW Ha (hakTax W uesx,
KOTOpbIE HE SABJISIOTCS ICUXOJIOTMYECKU BBITOJAHBIMU U IPOTUBOPEYAT BPOKICHHBIM CKIIOHHOCTSAM
Hamiei ncuxuku. Kpome Toro, U3 Bcex HayK MMEHHO OMOJIOTHS BCTyHaeT B CaMO€ CUJIbHOE Mpo-
TuBOpeure ¢ penurneid. C renmoneHTpruueckoil cucreMoil u cimytHukamu Onurepa B cBoe Bpems
TOXe ObUTH MPOOJIEMBI, HO TYT LIEPKOBb OTCTyIUIa. CMUPUTHCS C IBOTIOLUEN — M OCOOEHHO € Mpo-
HCXOXKJICHHEM YeJIOBEKa OT 00€3bSH — OOJIBITMHCTBY KOH(GECCHI HAMHOTO TPY/IHEE.

Koneuno, nmo0oMy npusitHee 1ymMaTh, YTO OH HE OT 00e3bsHbl, a oT bora. [loaTomy kakoit
3¢ ekt MOryT naTh, K IpuMepy, "paBHompaBHbIe" U "neMokpaTHuHble" MyOIUYHbIE JUCKYCCUU
YUYE€HBIX ¢ KpeaunoHucTaMu? Tonbko oJJH (M 3T0O MHOTOKPATHO MOJATBEPKACHO Ha MPAKTUKE): 3pH-
TEJb WIN YUTATEIb IPUXOIUT K BBIBOAY, YTO IBOJIIOLIUS — 3TO HE CTPOTrO YCTAaHOBJICHHBIN HayYHBIN
(akTt, a TUIIb TEOPHs, IO KOTOPON €cTh MHEHU Kak "3a", Tak u "mpoTuB". ITO HEU30€kKHO MOJ-
TaJKUBAET 3pUTENS B CTOPOHY KpealmoHu3Ma. Takum o0pa3oM, MojoOHbIe 1e0aThl Mo MacKon
"00BEKTUBHOCTH U OECIPUCTPACTHOCTU" B JEMCTBUTEIBLHOCTH CIYXKaT MHTEPECAM TOJIBKO OJTHOM
U3 CTOPOH.

Cam ¢akT cepbe3HOro 00CYKIEHUS, CEPHE3HBIX CITIOPOB, 0COOCHHO C y9aCTUEM HACTOSIIINX
YUYEHBIX, BBITOJIEH KPEallMOHUCTaM, U TOJIBKO UM, IOTOMY YTO 3TO JAaeT UM IpaBo cKa3aTh: "Mbl
JTUCKYTHPYEM C YUYEHBIMU-IBOJIOLMOHUCTAMHU, 3HAUUT, HAIlla KPEallMOHUCTCKas TEOpHsl HUMEET
TaKO€ K€ IIPaBO Ha CYIIECTBOBAHUE, KaK 1 TEOPHSI IBOJIIOLUHU, HUYEM HE XyXke'. A UM TOJIBKO 3TOT0
1 HaJl0 — BeJlb OOII€HapOAHOE MHEHHE, TITyOUHHAs TICUX0JI0THs Jito0oro Homo sapiens, yxe U Tak
Ha UX CTOPOHE. JTO BaM HE IeJIMOLEHTPUYECKasi CUCTEMA: SBOJIIOIMS XBaTaeT 3a KUBOE, "TIOKY-
LIAETCS HAa caMoe CBATOE" U '"BBI3BIBAET €CTECTBEHHOE YyBCTBO OTTOPKEHUSA'" .

Kpeannonusm Ha cerogHsIIHUN JIeHb HE SBISIETCSI HAyYHOUH Teoprel (XOTs BIIOJIHE MOT pac-
cMarpuBaThcs B KauecTBe TakoBoil emie 100—-150 net Hazan). Hu B onHOM mpUIMYHOM HayyHOM
KypHaJe HU B OJHOW CTpaHe MUpA, IJI€ TaKue KypHajbl U3JAIOTCS, CErO/IHs HEJb3d HAWTU He
TOJIBKO KPEAIIMOHUCTCKUX CTaTeil, HO M HUKAKUX JMCKYCCUH O pealbHOCTH (haKTa SBONIOIMH.
[Touemy? /la mo Toi e nmpuYHHE, 0 KOTOPOH (PU3HUYECKHEe KypHAIbl HE MPUHUMAIOT K PACCMOT-
PEHUIO CTaThbU C ONMUMCAHUSIMU BEUHBIX JBUTATENEH, a reorpaduyeckre Wik reojlornyeckue usza-
HUS HE PacCMaTpUBAIOT PYKOMKMCH, OCHOBAHHBIE HA UJIE€ O IJIOCKOM 3eMile, MOoKosIecs Ha Tpex
CJIOHAX.

NMenHo mo3toMy B 3TOI KHHUTre HE OyJeT MpsIMON THUCKYCCHM C KpeanmoHuctaMu. OHaKo
caMm 1o cebe OecrpHuCTpacTHBIM paccKka3 O HOBEMIIMX HAayYHBIX OTKPBITHUSAX B Pa3HbIX 00JACTSIX
OHMOJIOTMH — MPAKTUYECKH O JIFOOBIX OTKPBITHSIX — YK€ CIY>KUT MPEBOCXOAHBIM J0Ka3aTeIbCTBOM
MIPaBOTHI HBOJIOLMOHUCTOB U OIIMOOYHOCTH B3IVISA0OB KPEAIMOHUCTOB. YUTaTeNsIM, JKeNaromuM
opoOHee 03HAKOMUTHCS € JI0BOJAMH KPEAlMOHHUCTOB U C OTBETaMU YUYEHBIX Ha 3TH JOBOJBI, 5
MOTY MOPEKOMEH/I0BaTh CIIEIYIOIINE CChUTKU:

http://evolbiol.ru/paperlist.htm#creatio — Gonbias moxdopka MaTepuaioB MO JUCKYCCHUU
KPEaLHOHICTOB C IBOTIONNOHUCTAMY;

7 Monusiit Texet BBICTYIUTCHHS A. A. 3anmu3Hsika cM. 1o aapecy: http://elementy. ru/lib/430463/430464.
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http://evolbiol.ru/religion.htm — 0630p "DBororus u penurus" ¢ caiita "[IpoGieMsl IBOITIO-
uun'";
Hukonait bopucoB. Hemomutndeckue pebarbl: y Haykum HpaB HepoOkuit? http://
www.humanism.al.ru/ru/articles.phtmIPnum=000482 — paccka3 o nepBom B Poccun TeneBU3nOH-

HOM OUCITYTC KPCAUMOHHUCTOB C 5BOJTIOLUMOHHUCTAMU.
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Kak Bo3HMKNa 3Ta KHUra

[lonnmaHnue Ba)KHOCTH HAy4HOH HOMYJIsSpU3alUU OTKPBUIOCH MHE B TOT MOMEHT, KOrja s
cily4aiiHo oOHapykui B MIHTepHETe OrpoMHOE KOJIMYECTBO KPEallMOHUCTCKOM mponarasjsl. Jlo
3TOr0 MOMEHTA $1 HAUBHO I0JIaraj, 4To B HAIIU JHH, KOTJa Mbl TAK MHOTO 3HaeM 00 yCTpOWCTBE
¥ MICTOPUYECKOM Pa3BUTHH OPTaHUYECKOTO MUPA, OBITh KPEAIMOHUCTOM MOXKET TOJIBKO HIIUOT. S
UCTIBITAJI IIOK, KOTJ[a 0CO3HAJI, 9TO OBITh HAMOTOM JUIS TOTO HE 0053aTEIIbHO — JOCTATOYHO MTPOCTO
HE 3HaTh OMOJIOTUH.

CymiecTByeT 0BOJIBHO MHOTO CIIOCOOOB JOOUTHCS MO-HACTOAIIEMY IMOJHOTO U TITyOOKOTO
He3HaHus Ononorud. CaMuM OHOJIOTaM B 3TOM WHOT/A XOPOIIIO TIOMOTAET Y3Kast CIICIIHaTN3aLIHsL.
JlronsaM, nanekuM OoT OMOJIOTHH, PEKOMEHA0BaHbl BHUMATENIbHBIN U BAYMYUBBIM IPOCMOTpP HU3-
KOCOPTHBIX TeJlenepead U YTeHUE ra3eTHBIX CTaTel, HalMCAHHBIX MaJOIPaMOTHBIMU KYpHaJIU-
CTaMH.

K cuacTtbio, B mocneanue roasl cuTyanus B Poccun Hayana HEMHOTO MEHATHCS K JIydlIeMY.
[TostBUsICS 11€TTBIH PsiA JOBOJIBHO Ka4€CTBEHHBIX HCTOYHUKOB HAYYHO-TOMYISIPHON OUOJIOT Y€ CKOM
UH(OPMAIUH: )KYpHAJIBI, paIHONpOrpaMMBbl, caiiTel B IHTEepHETE. [ 1aBHOE, cTanl pacTu UHTEpec
JIOZIEH K TI0CTOBEpHOM HayuHOU nHpopmanuu. ['opockonamMu U 4y10-IIEIUTEIIMUA 0OIIIECTBO YKe
IPECHITUIIOCH.

OTa KHHAra OTYaCTH SBISIETCS. WUTOTOM MOETO MSATWJIETHErO Y4acTHsl B TpeX Hay4HO-
HOMYJSPHBIX MPOEKTaX. ITO (B XPOHOJOTMYECKOM MOpsAKe) Mo coOcTBeHHbIM calT "IIpo-
onembl sBoymrorrE” http://evolbiol.ru, otnen Hayku u oOpa3oBanust Ha paguo "Coboma" http://
www.svobodanews.ru/section/science/583.html u caiit "OnemenTtsl Oompmiol Hayku" http://
elementy.ru/. Ydactue B monmyisipu3aTopckoi padoTe TO3HAKOMIIIO MEHSI ¢ MHOTUMH BBIJIAFOIIIH-
Mucs Onosoramu, Oecezibl C KOTOPbIMH JIENNIM B OCHOBY HECKOJIBKUX COTEH pajauonepenad. Pabora
Ha "DnemenTax" TpeOyeT PEeryJisipHOTO YTCHHUSI OCCUMCICHHBIX HOBBIX CTATEH MO CaMbIM Pa3HbIM
HarpasieHUsIM Onoyorun. Bee 310 He MOTIIIO He cKa3aThes M Ha TEMaTHKE MOEi HaydyHOU paboThI B
[TaneonTonoruueckom uHctutyte PAH, rie s nocreneHHo nepemiesn oT 4YaCTHBIX Ipo0ieM, TaKuX
KaK CUCTEMaTHKa MCKOIAeMBIX MOPCKHX €XKeH, K 0oiee oOuIiM, TaKuM Kak MEXaHU3MBI BHI000-
pPa30BaHMsI M 3aKOHBI HBOJIIOIIMN OMOpa3zHo00pasusl.

W3HavanbHbli 3aMbICeN KHUTH COCTOSUT B TOM, YTOOBI JaTh KaK MOXKHO Ooiyiee OMU3KHUM K
peanbHOCTU MOPTPET UM MIHOBEHHBIM CHUMOK CTPEMUTENIBHO PAa3BUBAIOLICIICS OMOIOrHYeCKOM
HayKH — 0€3 MOMBITOK MPEXKIECBPEMEHHBIX MOOAIBHBIX 0000IIEHUH, HO C MAKCUMAJIbHBIM YHC-
JIOM KOHKPETHBIX IPUMEPOB, PACCKA30B O PEaJIbHBIX UCCIIETOBAHUSAX U OTKPBITUSAX OCIEAHUX JIET.
[TosTOMy B KHUTE aKTHBHO HCIIOJIB3YIOTCS MaTepHalIbl MOUX CTaTeH, OMyOJMKOBAHHBIX HA CalTe
"Onementsl" B pa3nene "HoBoctu Hayku'". MHOrHe U3 3TUX cTaTeil cpa3y roTOBUIMCH KaK KyCOUKH
OyayLieil KHUTH.

[TockonbKy TIIaBHOE ConlepKaHHE COBPEMEHHOTO 3Tara pa3BUTHS OHOJIOTHH — 3TO Oe3ynepiK-
Hasi TOHKA 32 HOBBIMH (DaKTaMu, TOHKa BO MHOTOM CTHXHIHAsI U XaOTHUYECKasi, HallpaBisiemMas He
CTOJIBKO TEOPETHUUECKUMHM PACCYKIECHUSMHU, CKOJIBKO pa3padOTKOi HOBBIX MPUOOPOB U METO/I0B
UCCJIEZIOBAHHUS, CTPYKTYypa KHUTY IIPU BCEM JKE€JIAHUHM HE MOIJIA OJIYYUTHCS COBEPILIEHHO JOTHY-
HOU U CTPOIfHOI. MOXKeT ObITh, OHO U K JTyuriemMy. [IpraBaTh n30KeHUIO BUAUMOCTb JIOTHIECKOU
3aBEPUIEHHOCTHU U CTPOMHOCTH, MBITAThCSI PACIyTaTh B OIHY HUTOYKY TO, UTO B IEUCTBUTEIBHOCTU
SIBIISICTCS 3AITyTAHHBIM KITyOKOM, 3Ha4MJIO OBl CHJIBHO TOTPEIINTH MPOTHB 00bEKTUBHOCTH. Benp
COBpEMEHHasi OMOJIOTHs MEHBIIIE BCETO MOX0)Ka Ha JIOTUYECKU CTPOMHBIA M 3aBEPILEHHBIN CBOJ
3HAHUNA. DBOJIIOIIMOHHOE YYEHUE — BOT, MOXKaJyH, IIIABHOE, YTO NMPUAAET XOTh KAKOE-TO €AUHCTBO
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Y JIOTUKY €€ pa3pO3HEHHBIM, CTPEMUTENBHO pa3BepThIBatoIIUMcs nemiaM. He ciydaiino Ouonoru
CPaBHUBAIOT HBOJIIOIHIO C apUATHUHON HUTHIO®.

MBI cocpenoTounMces MPEkIe BCEro Ha T€X HalpaBICHUAX OMOJIOrMUECKUX UCCIEOBAHUMI,
KOTOpbIe: 1. 0COOEHHO OBICTPO PA3BUBAIOTCS B HAIIM JIHU; 2. JAIOT MHOTO HEOXKUJAAHHBIX PE3Yilb-
TaTOB, 3aCTABIIAIOIIMX NIEPECMATPUBATDH B3IVISABI HA YCTPOHCTBO M Pa3BUTHE KUBOU Marepuu; 3.
HMMEIOT HamOoJblllee TEOPETUUECKOE I MHPOBO33pEHUECKOe 3HaueHue. Pazymeercs, BbIOMpas
TEMbI, HEBO3MOKHO ObUIO MOJHOCTHIO N30€KaTh CYOBEKTUBHOCTH U BIMSIHUSI JTUYHBIX IPUCTpa-
CTH, HO TYT Y>K HUYETro He MOeJaelllb.

OdeHb MHOTHE MHTEPECHBIE TEMBI IPOCTO HE TIOMECTUIIMCH B KHUTY. VI3Ha4alIbHO g XOTEN
MOCBATUTH YaCTh IVIaB JOCTHKEHUSIM HEUPOOUOJIOTHH, 3TOJIOTUH, SKCIIEPUMEHTAIbHON MICHUXO0JIO0-
MU U QU3NYECKOW aHTPONOJIOTUH, TO €CTh TE€X HaIlpaBlICHUH OMOJIOTMYECKUX HCCIEeIOBaHUM,
KOTOpbIE MTPOJIMBAIOT CBET HAa POUCXOXKICHNE U IPUPOIY denoBeka. Beckope, ogHako, cTano siCHO:
MaTepuasoB [0 3TUM TEMaM TaK MHOTO M OHU HaCTOJIbKO MHTEPECHBI U BaXKHbI, UTO O HUX JIydIle
WM BOOOIIIE HUYETO HE pacCKa3blBaTh, MIIM OCBSITUTh UM OTJEJIbHYIO KHUTY — IPOJIOKEHUE TOM,
KOTOPYIO BBl IEP’KUTE B pyKax.

Bort nouemy BBl He HaiiieTe B 3TOM KHUTE€ HUYETO ""UeI0BEYEeCKOro".

Kuura B 3HaunTEIHHON MEPE COCTOUT U3 PACCKA30B O KOHKPETHBIX HAyYHBIX UCCIIEIOBAHUSIX.
[TouTtu Bceraa peub UAET 0 HEAABHUX paboTax. B 3TOM OTHOILIEHUH s cTapacsl CTPOTro CIe0BaTh
MIPUHSTON B COBPEMEHHOM Ononoruu "nepuoau3anuu” UCTOpUN HayKu. PacckasbIBaloT, Kak OIMH
npodeccop-01oJIor, yCbllliaB CETOBAaHUS KOJUIET O TOM, YTO COBPEMEHHBIE MOJIOJbIE YUEHbIE-/1e
HUYEro He 3Hal0T 00 NCTOPUH HAyKH, cka3ai: "OT4ero ke, y HUX €CTh O4eHb YETKOE IIPEICTaBICHUE
o nepuoau3anuu. Bee crarbu oHM JENT Ha JABE YaCTHU: MyOJMKalUU NOCIEAHUX ABYX-TPEX JIET U
ctapsie paboThl". B Hamelt KHUTe pedb MOUIET B OCHOBHOM O MyOIMKAIIMAX TOCIETHUX TPEX JIET.
[IpaBna, kK TOMy MOMEHTY, KOT/Ia KHUT'Y Hale4yararoT, YaCTh MaTepHalioB PUCKYET EPEUTH B pa3psil
"crapeix padot". Ho TyT yk, Kak TOBOpPHUTCS, Hayka OeccuiibHa. 1 s1 Hazeroch, YTO U3II0KEHHBIE
371eCh UeH He OyAyT BBIIIAAETh CUJILHO YCTAPEBLIMMHU €1€ XOTS Obl JIET ISATh-CEMb.

Hy u nocneanee. Pa3Hble yacTu KHUTHU CUIIBHO PA3IUYalOTCS MO CTENEHHU MOMYISIPHOCTU U
MOHATHOCTHU JJIsl HECHeHaaucToB. ECTh coBCceM MpOCThIe KyCKH, a €CTh U JOBOJBHO CIIOXKHBIE,
TpeOyIollre OT YUTATeNs ONPEACICHHBIX HHTEUIEKTYyalbHBIX yCHINN. "BRIpOBHATH" TEKCT OBLIO
HEBO3MOKHO: HEKOTOpbIE (PaKThl POCTO HE MOTYT OBITH YNPOILEHBI 0€3 MOTEpU CYTH, a HAPOUHO
YCIIOKHATH MPOCThIE BElM ObUIO OBl M BOBCE CTpaHHO. Bee, UTo mokakeTcst BaM B 3TOM KHUTE
CJIMIIKOM CJIOKHBIM, MOXHO CMEJIO MpoIycKaTh. JJounTaB 10 KOHIIA, MOMPOOYyHTEe BEpHYTHCS K
MPOIYIIEHHBIM KyCKaM, 1 HE UCKITIOYEHO, YTO OHM YK€ HE MOKaXYyTCS TAKUMHU CIOKHBIMHU.

SAM. I'unstpoB. Apuaonuna nume seomoyuonusma. 2007. http://evolbiol.ru/ ariadna_vestnik.doc.
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CnoBa GnarogapHocTH

WNnes nanucars 00JbIIYIO MOMYJISAPHYIO KHUTY IO 3BOJIOLMOHHOM OMOJIOTUH 3apOauiIach y
MEHsI HECKOJIBKO JIET Ha3al, W 5 Ype3BblYaiiHo mpusHateneH Gouny "nnactus", 6e3 ubeil moa-
JIEPKKHU 51 ObI MOT €1I€ JJOJTO OTKJIaJbIBAaTh OCYIIECTBIEHHUE 3TOTO 3aMbICiia. MHOTHME YacTH KHUTH
ObLITM 00/TyMaHBbI M CO3/IaHBI B X0J1€ pa0OTHI HAJl TOCTOSTHHOM KOJIOHKOHM "HoBoCTH Hayku'" Ha caiTe
"Onementsl Oonpiioi Hayku'". CoTpyaHukH 3Toro caiita Enena MaptsinoBa, Banentun Kopunes-
ckuii, Muxann BomoBud BceMepHO MOIep>KUBAIA MEHS U CBOMM BBICOKUM PO ECCHOHATN3MOM
CIIOCOOCTBOBAJIU CO3/IaHUIO TEKCTOB, BOILIEAIINX B KHUTY. [lonb3ysch cinydaem, ¢ 01arogqapHOCTbIO
¥ YBOXEHHEM OT/AA0 JOJDKHOE MX MCKIIOYUTENILHOMY MPOGECCHOHAIN3MY U 100pOMy OTHOIIIE-
HUIO K Moel pabote. Takyke HE MOTY HE BbIpa3uTh OJarolapHOCTh COTPYAHMKAM OT/EJIa HayKu U
oOpa3oBanus paanoctannuu "CBoboxa", KoTopbie, 00pa3HO rOBOPS, BBEJIXM MEHS B MUp Tpodec-
CHOHAJIbHOM HayuHOU nomnynspusanuu: Anekcanipy Koctunckomy, Anexcanapy Cepreesy, Omnbre
Opinosoii, Bnanumupy ['y6aitnoBckomy. Xouy Takke BbIPa3uTh NIYOOKYIO OJIarofapHOCTh CBOEH
BEPHOW COpaTHUIIE, KOJIJIETe, COyUYaCTHUIE BCEX HAUMHAHWM, CITyTHHIIE )kU3HU — Enene Halimapk,
KOTOpasi HE TOJIBKO B3siJIa Ha ce0s TPy IO PEIaKTUPOBAHUIO 3TOM KHUTY, HO U Hamucasa Juis Hee
HECKOJIBKO pa3nesioB. S MCKpeHHe OnaromapeH CBOMM KoJuleraM — OHOJIoTaM, MajeoHTOoNIoTaM U
IPEICTaBUTENSAM JIPYTHX CIIELHUaIbHOCTEN, OOIIEHUE C KOTOPBIMH B pa3HbI€ EPUOJIbI HE TOIBKO
paciupsiIo MO Kpyro3op, HO M 4YacTO OKa3bIBAJIOCH KJIOYEBBIM (hakTopoM it (popMUpOBaHUS
MHOTHUX UJI€H, U3JI0)KEHHBIX B 3TOM KHUTE. BCeX UX HE MepeuncinTh, HO HECKOJIbKUX CBOMX YUHUTE-
neit u kosuter g Ha3oBy: A. A. bounapes, H. M. bopucos, b. @. Bantomun, B. 1O. Benenuna, A. M.
l'unsipos, JI. E. I'punun, K. O. Ecskos, B. B. XKepuxun, A. 0. Xypasnes, U. A. 3axapos-I'e3e-
xyc, H. H. Kanannanse, A. B. Koporaes, B. A. Kpacunos, A. M. Kynuxkos, E. H. Kypoukun, B.
B. Manaxos, H. C. Mrore, A. M. OnoBuukos, A. C. Paytuan, A. 0. Po3anos, A. H. ConoBses,
M. A. ®enonkuH, B. B. UepHbIX.
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maBa 1. lpouncxoxaeHue XU3Hu

Bormpoc o npoucxoxaeHNH KU3HU BOIHYET BCEX, U OYEHb XKajlb, YTO OH IOKa elle JaieK
oT pazpemnieHus. OCHOBHAsI CIIOKHOCTh TYT B TOM, UTO IyTh OT HEOPTaHUYECKUX MOJIEKYI K Tep-
BOI1 JKMBOW KJIeTKe ObUT JOJTUM M TPYAHBIM. 32 OJMH IlIar TaKue MPEBPAIEHUS HE MPOUCXOIAT
(ecnu, KOHEYHO, HE IPUBJIEKATh CBEPXbECTECTBEHHBIE CHIIbI). Ha 3TOM A07TrOM myTH OBIJI0 MHOMXKE-
CTBO Pa3BUJIOK, OCTAHOBOK, BPEMEHHBIX OTCTYIUICHHI, BCEeBO3MOKHBIX TIPOMEKYTOUHBIX 3TAIMOB U
"mepexoaHbIX 3BeHbeB". JlocaiHee BCETo, 4TO 3TH MHOTOYHCIICHHBIE, pa3HOOOPA3HbIC U CIIOKHBIC
COOBITHS HE OCTaBUJIM, MO-BUIMMOMY, HUKAKHX CIIEZIOB B MAJICOHTOJIOIMYECKOM JIETOMUCH. 3eM-
Hasi KOpa MPOCTO HE COXpaHMJIA CTOJNb APEBHUX OCAAOYHBIX mopod. K ToMy ke ecTh OCHOBaHUs
1ojiaraTh, YTO KaKHe-TO paHHHE dTalbl MyTH MOINIK OBITH MPONACHBI U BOBCE HE Ha 3emiie, a B
MPOTOIIAHETHOM O0JIaKe WM Ha IPYyrux HebecHbIX Tenax. UTo kacaeTcs "mepexoHbIX 3BEeHbEB",
TO BCE OHH OJIaronoIy4YyHO BBIMEPIIU, HE OCTaBUB MOCIIE ce0s MPSMBIX TIOTOMKOB, 32 UCKITIOUEHUEM
OJTHOTO-EIMHCTBEHHOTO — TaK Ha3bIBAEMOTO "TIOCIEAHETO YHUBEPCAIHLHOTO OOIIero mpeaka’ Bcex
COBpPEMEHHBIX KHBBIX cymiecTB. Cnernuanuctsl Ha3biBatoT ero Jlykoit (Last Universal Common
Ancestor, LUCA). JIyka ObL1 yKe JOBOJBHO CIIOKHBIM OpraHU3MOM, HATIOMHUHAIOIIUM OaKTEepHIO.

[ToaToMy yueHble MOKa BBIHYKICHBI JOBOJILCTBOBATHCS Pa3zpabOTKON MpaBAONog00HBIX
TUIOTE3, OMHUCHIBAIOUINX U OOBSICHSIIOUINX OTJENbHBIE ATAIbI I0JTOr0 MyTH OT MEPTBOM MaTepuu
K J)KUBOU KJIETKE. DTH THUIIOTE3bI MOIAIOTCS AKCIIEPUMEHTAIBLHOM MPOBEPKE, HO TAKUM CITOCOOOM
MOYKHO JTI0OKa3aTh TOJIBKO MPUHIIUITNATIHHYIO BO3MOKHOCTh TOTO UJIM MHOTO X0/1a coObIThii. [ opa3no
TpYyZIHEE 10Ka3aTh, UTO BCE HA CAMOM JieJie UMEHHO TaK U MPOUCXOAMIIO.

Tem He MeHee naxe B 3TOM KpaiiHe TPyIHOU 00JacTH MCCIEeNOBaTeId B MOCIEAHUE TOMbI
JNOOMIIMCH 3aMETHBIX ycrexoB. Hauath, oqHaKo, JIy4ilie ¢ UICTOPUH.
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ManeHbKas konba ¢ 6ynLoHOM
nopoxpaet 6onbLune nNpooéremMsbl

Hamm nanekue npeaku v He Mo03pEBad, YTO BOIIPOC O MPOUCXOXKIECHNUH KUBOTO U3 HEXKHU-
BOTO MOXET CTaTh CEPhE3HOM MPOOJIEMOM JIJIsi UX TTOTOMKOB. J1JIsT HUX BCE€ BOKPYT OBLIO YKHBBIM,
OJIlyXOTBOPEHHBIM: COJIHLIE U BO3YX, TOPBI U peKH, o0naka u Mope. Mynpersl AHTuuHOCTH U Cpen-
HEBEKOBbsI TOXKE HE BHJIEIM HEIPEOI0JIMMOM I'paHu MEXKIY >KUBBIM M HEXXUBBIM. Benen 3a Apu-
CTOTEJIEM BILIOTH JI0 XVii BeKa BCE YUCHbIC CUMTAIIH 3apOXKICHHUE )KU3HU CAMBIM OOBIYHBIM, ITOBCE-
JTHEBHBIM SIBJIEHUEM. B THUIOIIMX 0TX0/1aX 3apOK1at0TCS YEPBU U MYXH, B CTAPOM TPSIIbE — MBIIIH,
Ha MO/IBOIHBIX KaMHAX U JHUILAX Kopaliel — Moyuttocku. Moryyast "»KMBOTBOpHas cuiia" MpOHU-
3bIBa€T MHUPO3JAHUE; OHA-TO U 3aCTABISAET KOCHYIO MaT€pUI0 MOPOXKAATh KU3Hb. JTO yUYEHUE —
BUTAJIN3M — HE POTHBOPEUHIIO U OMOJIEHCKON BEPCUU KOCMOTECHE3a.

"W ckazan bor: na mpouspactur 3emiis 3ej1€Hb. .. "

"W ckazan bor: ga npoussener Bojga npecMbIKaronmxcs. . ."

bor nan cruxusm TBopueckue cuiibl. U ¢ Tex mop — uemMy ke yAuBIATHCA? — BO/A IPOU3BO-
JIiIIa, a 3eMJIsl IPOU3paliBaIa.

[TepBbiM ycomumiicst utanbsinen ®panuecko Penu (1626—-1698), 3asBuBIINM, YTO BCAKHUI
YKUBOM OpraHu3M IPOUCXOIUT TOJBKO OT APYTOro KUBOTO OpranuimMa. Peau nokasan, 4ro JTMYUHKA
MyX HE 3aBEIyTCsl B TyXJIOM MsCE, €CIIM MSCO HaKpbITh TPSAMOYKOM, CAENAB €r0 HEJOCTYIHBIM
Juis B3pocibix Myx. [lyOnuka cornacunack ¢ Peau, 4to Takue CIIOKHBIE KUBOTHBIE, KaK MyXH U
MBIILH, MOTYT PO’KIAaThCs TOJIBKO OT COOTBETCTBYIOIUX poauTesneil. Ho BOT mpocTeie 0AHOKIETOU-
HbI€ OPraHU3Mbl — OHU-TO, HECOMHEHHO, MTOPOKIAIOTCS IPA3HON BOJIOM, THUIOIUMH OTXO/laMU U
TOMY ITOJIOOHBIM. DTa KOHUENIMS POCYIIECTBOBAJA B OOIIECTBEHHOM CO3HAHUU OKOJIO CTa JIET, a
3areM yueHblid MoHax Jlag3zapo CniaymiaHuiany, BOOAYIIEBIEHHBIA OTKpbITHsIMU JIeBeHryka, oOHa-
PYXUIL, YTO MUKPOOBI TOXKE PA3MHOMKAIOTCS — JENSATCS M10N0JIaM, JaBasi Hayalo TaKuM K€ MUKPO-
opranuzmMam. MaJo Toro, Korjja OH KUISTHI OyJIbOH U TUIOTHO 3aKPBIBAJI €T0 KPBIIIKOW, HUKaKUX
MHUKPOOOB TaM HE MOSIBIISIIOCH.

KoneuHo, 310 Ob1)1 UNCTO HAYYHBIH CIIOP O 3apO’KICHHUH )KUBBIX CYILIECTB, TAK CKa3aTb, UCCIIE-
JIOBaHME HayaJla HadaJl, HO U KOe-KaKas IpaKTU4YecKas Mojb3a 13 3Toro Beinuia. O6 onbitax Crai-
JIAHIIAHK TTPO3HAJ (PAHITY3CKH moBap mo nMeHn Hukomns Anmep. B Mmukpo6ax, mpoucxoxaIeHun
KHU3HH, BUTAIM3ME M NIPOYUX DHTEIEXHUSIX OH HUYETO He MOHMMAJ, 3aTO OTIMYHO pa3Oupascs B
MSICHBIX MOJJMBKax U OynboHaX, KoTopble CrajyiaHIlaHU KUCIIOJIb30Bajl B KAU€CTBE MUTATEIbHON
cpenbl. A Kak pas B 3T0 BpeMsi HamoseoH BBUy IpsIylINX BOSHHBIX KaMITaHUH ObUT 00€CTIOKOCH
BOIIPOCAaMU CHAOXeHUs1 apMuH. Bens apMelickast KyxHs BRIHYX/IeHa Oblia BECTH 3a c000ii B 0003¢
LeNble CTajia U rpabuTh HAcEIEeHUE — a 3TO JUIsl JaJIbHOBUAHOIO BOCHAUYaJbHUKA HEHAJIE)KHbIE U
HeyoOHbIe criocoObl cHaOxeHwus. [loatomy Hamoneon B 1804 r. mogan B Cenar mpomenue o0
YUPEXKJIEHUHU NPEMUN TOMY, KTO U300peTeT crnocod A0Iroro XpaHeHus npoAaykroB. CeHar, ecTe-
CTBEHHO, TaK H cenai (HanoneoH K 3ToMy BpeMeHH yrke ObLT MOKU3HEHHBIM [ IepBbIM KOHCYIIOM),
yUpeIUB BHYIIUTEIBHYIO [0 TEM BpeMEeHaM mpemuio B 12 TrIc. ¢pankoB. M Anmep penrwt Bo 4To
Obl TO HU cTajo ee NnoayuuTh. [loBap mogymaln, 4To yyeHbld MOHAX MOJKHUHYJ HEIUIOXYIO WICHO:
CeNaTh JKapKoe, MPOKUIISITUTD €T0, MOJIOKUTh B UUCTYIO OAHKY U XOPOLIEHbKO 3aKyNOpUTh. Tak
OBLITM N300pETEHBI KOHCEPBHI, M M300peTaTeNIeM UX 10 CEH IeHb cuuTaeTcss Anmnep. A HaM ¢ BaMu
HY>KHO XOPOIIO NOHUMATh, YTO JIIOAU C MPAKTUYECKONM CMETKOH J1a)e U3 CaMOro OTBJIEYEHHOIO
TEOPETUUECKOT0 3HAHUSI MOTYT U3BJI€Ub I10JIb3Y — €CJIU, KOHEUHO, 3TH TEOPUH MOKOATCS Ha pealb-
HBIX 3aKOHaX MPUPOBI.

Ho BepHemcs OT npukiajgHbIX TPUMEHEHUN K TEOPETUYECKUM BOIPOCAM MPOUCXOXKICHUS
YKU3HU, KAKUMH OHU NPEACTaBISUIMCH Nocie oTKpbIThi Criamnanianu. Ctano sicHO, YTO MUKPOOBI,

KaK ¥ OOBIYHBIE JKHUBBIE CylmI€CTBa, pa3MHOXAIOTCA, JalOT IIOTOMCTBO, @ BOBCC HC CaMO3apoKaa-
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1oTcsl. OJTHAKO MHOTHE YYEHbIE CUMTAIIH, YTO JJIS 3apOKACHUS KU3HU HEoOXoauMa ">KU3HEHHas
cuia". OHa He MOXKET NMPOHUKHYTH B 3aKPbITYIO OaHKY, IMEHHO IOTOMY TaM U HE MOSBISIOTCS
MHUKpoObI. Kak 310 npoBeputs? KuzHeHHYI0 crity mpuOopamMu HE U3MEPUTh M PyKaMH HE yXBa-
tuTh. Jlyn Ilactep B 1865 roy XUTpOyMHBIM 3KCIIEPUMEHTOM CyMeEJl 10Ka3aTh, YTO HUKAKOM JKU3-
HEHHOMW CHJIbI HET. DTOT OMbIT, IOKA3aHHBIN B NapUKCKON AKaJleMUU HayK BO BpEMs 3HAMEHUTOIO
mucrryta ¢ [lymie, Bomen B MIKOJIbHBIE yUeOHUKH Beex cTpaH. [lacTep mpemioun He 3amanBaTh
HaIyX0 MPOKUIISTYEHHBIN OyJIbOH, @ OCTaBUTh B CTEKJIIHHOM K0J10€ TOHKHM, 1BaX /bl U30THYThIN
OTKPBITBIM HOCHUK. ECu )KM3HEHHAas CUIla €CTh, TO JaKe y3KMH U3BUIIMCTBIN IPOXO HE TOMEIIAET
el IPOHUKHYTH B KOJIOY U MOPOAUTH MUKPOOOB. Eciy 5x€ Takoi CHIIbI HET, TO MUKPOOBI U3 BO3lyXa
OyIyT ocenaTrh Ha M3TM0AaxX CTEKISTHHOTO HOCHKA, M OyJbOH OCTAaHETCS CTEpWIbHBIM. OTIOHEHT
[Tactepa ®enukc [lymie yrBepkaan, 4ro B KOiO€ ¢ TOHKUM HU30THYTHIM HOCHUKOM B MUTATEIHLHOM
OyIbpOHE MUKpPOOBI BCe paBHO NMOsBATCS. M 3T0 03Hauan0 Obl IPUCYTCTBUE )KU3HEHHOM CUJIBL.

[lymie Ha TOT AM0XaNIbHBIN AUCIYT He siBUIICs. W akaneMuku, paymeercs, IpU3HaJIU 110pa-
xenue Ilyme u nobeny Ilacrepa. Beap ecny onuH U3 CIIOPUIMKOB HE MPHINEN HAa CyA HAYYHOU
00IIIeCTBEHHOCTH, 3HAYHT, OH CaM MPU3HAJ CBOIO HEMPaBOTY. TakuM 00pa3oM, YUSHBIH MUD YJI0-
CTOBEPHJICS, UTO KUBOE MOPOXKIAETCS TOIBKO )KUBBIM.

Pesynbrar gucnyra ynoBiaeTBopui Beex, kKpoMme... camoro [lactepa. Jleno B TOM, YTO B XUT-
POYMHBIX MACTEPOBCKUX KOJIOAX, KAK HU KUIATH MMUTATENIbHYIO CPeNly, KAKUMU y3KUMHU HHU Jienai
U30THYTbIE HOCUKH, MUKPOOBI BCE-TaKH MOSABISUIMCH. He JOIKHBI ObLIM NOSABISATHCS, HEOTKYa UM
OBLIO B3STHCS, HO MOSABISUINCH, U caM [lacTep 00 3ToM 3Ha. XOTA MOSIBIEHNE MUKPOOPTaHU3MOB
B KUIIAYEHOM OyJbOHE MPOTUBOPEUUIIO €r0 OOIIMPHOMY OIIBITY M 3/IpaBOMY CMbICITY. Bo Bpems
mucnyta [lactep He mpu3HaICS B CBOUX COMHEHMSX, HO B TEUECHHUE CIEAYIOIIMX IO JIET MbITaJICs
9Ty 3arajky paspemntsb. M paspemmn. Oka3anoch, 9To A€I0 TyT B CIEIU(HUKE TOTO MUKPOOa, ¢
KoTOpbIM pabdoran [Tymie. 3To OblTa ceHHas MaNI0YKa, CIOPBI KOTOPOH MOTHOAIOT TOIBKO MPH TEM-
neparype 120 °C. KunsueHruem 3Ti Copbl HE YHUUTOXKAIOTCS, U 1711 TOTO, YTOOBI BCE XK€ J0Ka3aTh
camomy cebe mobeny B TOM JaBHEM aucnyTe, [lactepy npunuiocs n300pecTy aBTOKIAB, anmapar
JUISL CTEPWIIM3ALMY TIPU OONBIINX JaBICHUSIX U TeMIleparypax. Tak 4To, MOXHO CKa3aTb, Pe3yib-
TaTOM TOI'0 UCTOPHUYECKOTO CIIOPA 0Ka3aJI0Ch HE TOJIBKO J0Ka3aTeNbCTBO OTCYTCTBUS )KU3HEHHON
CHUJIBI, HO U n300peTeHue apToki1aBa. O MoJb3e NepBOro MOXKHO CIIOPUTH, @ BOT aBTOKJIABOM JIHO/IU
HOJIB3YIOTCS 10 CUX TIOP.

HeotpeMiemoe cBOHCTBO HayKH — camoii cebe cozmaBarh mpobdiembl. C BUTAIM3MOM OBLIO
IIOKOHYEHO, HO BCE TUBUCH/IbI IOCTAINCh HE HAyKe, a... HepKBU. JKMBOE HE MOXKET CaMO3apOiK-
narbea? [IpeBocxoano! Ho oTkyna Torga BooOuie nosBuiachk xu3Hb? OJHO U3 ABYX: JHMOO OHa
CYILIECTBOBAJIa M3HAYAIBHO (3TY TOUKY 3peHHs noke orcranBai B.. Bepnaackuit), mub6o coTBo-
pena borowm (tak monaran u cam Jlyu Ilactep). Bropoe, koHeuHO, BeposiTHEE: MPEACTABUTH ceOe
"M3HAYATBHOCTR" KU3HU (KaK U BEYHOCTh BceneHnHoil) T0BOJIILHO TPYIHO. A BOT Teopusi O0XKbETO
TBOPEHUS IPOCTA U MOHATHA KaXKJIOMY.

Henerkas 3agaua Bctana nepes TeMH y4eHbIMU, KOTOpbIe He coraanuck ¢ JIyu [lacrepom u
HE XOTEJIH MPUBJIEKATh CBEPXbECTECTBEHHBIE CHIIBI [Tl OOBSCHEHUS IPUPONHBIX sBieHui. [Tocie
TOTO Kak ObljIa JJOKa3aHa HEBO3MOYKHOCTh CaMO3apOXKICHUS, OHU JOJDKHBI OBUIH TETEPh JIOJTO H
MYUHUTEJIBHO JOKa3bIBATh €0 BOBMOXKHOCTB. I1ycTh He 31€ch U ceifuac, a O4eHb 1aBHO, U HE 3a Yac-
JIpYroM, a 3a MAJUIMOHBI JIET.

[lonayany neno kazanoch Oe3HAIEKHBIM, BEIb XUMUKH €111€ HE YMEJIU N0Jy4aTb OpraHuye-
CKHE BEIlIECTBA U3 HEOPraHUYECKUX. [ paHb MeX Iy )KUBOM M HEKUBOW MaTepHeEN Ka3aaach HEIpe-
ononumoi. [IpaBna, eme B 1828 r. @punpux Benep cuHTE3UpOBaT MOYEBUHY, HO 3TO HUKOTIO HE
yoenuno: momymaenib, MoueBuHa! He opranuka, a Tak, "oTxon kxusHenesTeabHOCTH . OqHaKO B
1854 r. I[Ibep Dxen Mapceneit beptiio cymen UCKyCCTBEHHO MOTYYUTh TUMUABL, a B 1864 1. A. M.
ByTiepoB OTKpBUT peakIfio CHHTE3a YIIIEBOJ0B U3 opMaibaeruaa. Bckope XMMUKH HayYHITHCH
NOJy4YaTh U MHOTHE IPYTUE€ OPraHU4YEeCKUE BEIIECTBA U3 HEOPraHUUECKHX.
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Crasno CHO, YTO MEX/y KUBOW M HEXXHBOW MaTepuei Ha XUMUYECKOM YPOBHE HET HEmpe-
OJIOJIMMOM rpaHu. DTO ObLI NEPBBIN KPYHBIH ycrieX TEOpUH adroreHesa (MIpoUCX0OXKICHHS 5KUBOTO
U3 HEKUBOTO €CTECTBEHHBIM IIyTE€M). Y U€HBIE TOHSUIN, YTO, XOTS IPSIMOE CAMO3aPOXKACHUE KUBBIX
CYILIECTB HEBO3MOKHO, KU3Hb MOIVIA MOSBUTHCS MOCTENEHHO B PE3yabTare JOJIIOM XUMHUYECKOU
sBosonu. C Tex mop (1 0 Cero JHs) YCUJIMS YUEHBIX HalpaBJICHbl HA TIOUCKU JI0Ka3aTeNbCTB U
pasBuTHe 3TOM runoresbl. YTo Kacaercs naen 00 N3Ha4YaJIbHOCTH KU3HU, TO OHA ceiiuac MpaKTH-
YECKH HE UMEET CTOPOHHUKOB, TIOCKOJIBKY HAIIMX 3HAHUK 0 BceneHHo# yxke 10cTaTouHO, YTOOBI
IOHUMAaTh — Ha IIEPBbIX dTaNax €€ Pa3BUTHUS CUHTE3 IaXKE CaMbIX IMPOCTBIX OPraHUUYECKUX COE/IU-
HEHU ObLT HEBO3MOXKEH. TpeTuil BapuaHT — 00KECTBEHHOE COTBOPEHHE — HE UMEET ITPOBEPSAEMBIX
ciencTBUi (MOCKOJIBKY bor MoTr mpu1aTh COTBOPSHHON MM KH3HU a0COTIOTHO JIFOOBIC CBOMCTBA, O
KOTOPBIX Mbl HUUETO HE MOKEM 3HATh 3apaHee) U He MpeAiaraeT HUKaKo uccie10BaTebCKOU Mpo-
rpaMMbl. [1o3TOMY OH He SIBIIIETCS HayYHBIM U MPOCTO-HAPOCTO HE UHTEPECEH yUEHBbIM. TeM He
MEHEe YUECHBIM IMPUIIIIIOCH ObI OTHECTHUCH K HEMY 00JIee Cephe3HO, €CITU OBl OBLITH TOITYYEHBI CTPO-
THe JI0Ka3aTelIbCTBA HECOCTOSTENIbHOCTH TEOPUU abHoreHes3a. JTa Teopus, B OTIIMUUE OT Kpealu-
OHM3Ma, SIBJISIETCSI HAyYHOM, TO €CTh JIOITyCKAIOIIEH NPUHIUIINAIBHY BO3MOKHOCTb OIIPOBEPKE-
Hus. Hanpumep, eciu 6b1 0Ka3anock, 4TO OPraHUYECKHUE BELIECTBA JCHCTBUTEILHO HEBO3MOXKHO
HOJYyYUTh U3 HEOPTaHWYECKUX, KaK TyMaJld MHOTHE BIUIOTH 10 onbiToB beptno u bytieposa, To
abuoreHe3 MPUILIOCH OBl MPU3HATH HECOCTOSATENHHON Teopruel. OHAKO 3TOTO HE MPOHUCXOIHT.
Hao0opot, no mepe pa3Butus HayKd OJMH 3a JPYTUM IPOSCHSIOTCS BCE HOBBIE ATAIbl JOJITOr0
IIyTH OT HEXKUBOM MPUPOJIBI K IEPBOU KIIETKE.
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PoxaeHune BceneHHON: nepBble NOACTYNbI K XKU3HU

B nocnennue roael passutre BceneHHONM 4acTO OMMCBHIBAKOT KAaK €AWHBIA HAIPABICHHBIN
IPOLIECC, B XOJ1€ KOTOPOI'0 CAMOIIPOU3BOJIBLHO M HEM30€KHO BOSHUKAJIN BCE 00JIEE CI0KHbBIE CTPYK-
Typbl’. BO3HHKIIO 0C000€ MEKAUCIUIUIMHAPHOE HAlpaBlICHHE UCCIEIOBAHUN — YHUBEpCAIbHAS
Ucrtopus, unm Big History. Onun U3 ero 0CHOBOMOIOXKHUKOB — npodeccop Hsua Kpuctuan us
yHuBepcuteta Can-Jluero, Mexay mpodum, crneuuranuct no ucropuu Poccun. Ilpu B3misine Ha
HMCTOPUIO MUPO3JAHUs "'C BEICOTHI ITUYBETO TOJIeTa" CO3/IaeTCs BIIEYATIICHUE, YTO KaX bl HOBBIM
uiar B 3BOJIIOIMH BcenenHoi 1oruuecku BoITEKaN U3 MPEIbIIYILEro U B CBOIO Ouepelb Mpeorpe-
TS cleayomui. Bo3HUKHOBEHUE JKU3HU MPEICTAET yXKE HE CIy4allHOCThIO, a 3aKOHOMEPHBIM
WUTOTOM pa3BUTHS. BeenenHas c10BHO ObUIa H3HAYAIBHO CIIPOEKTUPOBAHA TaK, YTOOBI B HEW MOSIBU-
Jach KU3Hb, U IPOEKT ObLT Upe3BbIuaiiHO ToueH. [laxke HeOobIIoe U3MEHEHHE 0a30BbIX (U3NYe-
CKHMX KOHCTAHT CJIeaio Obl ’KM3Hb HEBO3MOXKHOM (ITO KpailHEeHl Mepe TaKylo KW3Hb, KaK HaIla).
Bnpouewm, B Takoii BeenenHnoit HekomMy OBIIIO OBI M1 pacCyaaTh 0 MyIpOCTH €€ ycTpoicTBa. Kto
3HAET, MOXKET OBbITh, CYIIECTBYET MHOTO pa3HbIX BceneHHbIX, U TOJBKO B Hallel BCce Tak yJayHO
cloXuIoch? OU3UKK OTHOCATCA K TaKOW BO3MOXKHOCTHU BIIOJIHE cephe3Ho. M morom, pa3zButue
KU3HU UJIET 10 MyTH MPUCIIOCOOIEHHUS, alaliTallui, TaK YTO BIIOJIHE €CTECTBEHHO, YTO JKU3Hb B
Hanieil BceneHHOM COOTBETCTBYET €€ 3akoHaM. B 1pyrom MUpO3AaHUU U KU3HB Obla Obl APYTOM.
C 3TO# TOUKM 3pEHUS] COOTBETCTBUE 3€MHOM KU3HU 3€MHBIM YCJIOBHSIM He OoJiee YIUBUTEIBHO,
YeM COOTBETCTBHE (POPMBI BOJIbI, HATUTOM B cOCyl, hopMe cocyra.

Ou3nKH yTBEPKAAIOT, UTO Beenennas nosBuiack B pe3yasrare bonpIioro B3psiBa U3 04eHb
MaJIoTO U OY€Hb IJIOTHOTO 00bEKTa MpuMEpHO 14 MuiunapaoB jieT Hazas (mudpa moka He OKOHYa-
TeJbHAsl, OHA MPOJOJKAET YTOUHATHCS). B mepBbie MrHOBEHUS HE ObLIO K€ aTOMOB U MOJIEKYII.
Bcenennas ctpeMuTenbHO paciiupsiack U OCThiBaia. B onpeneneHHblii MOMEHT MOSBUIIUCH 3Jie-
MEHTapHbIE YaCTHUIIBI, U3 HUX 00pa30BaIMCh aTOMbI BOAOPOA; CKOIUIEHHUS aTOMOB MPEBPATHIINChH
B 3BE3/Ibl IEPBOTO MOKOJIEHUS. B HUX mpoucxonuia peakius SIepHOT0 CUHTE3a, B X0/1€ KOTOPO
BOJIOPO/JI MpeBpallajcs B Iefui, a 3aTeM U B Oojiee Tskelnble eMeHThl. Bece HeoOxonumble amis
YKU3HH 3JIEMEHTHI, KpOMEe BOJI0poaa (yIiiepoa, KUCiIopo, a3oT, hocdop, cepa u apyrue), oopaszo-
BaJIMCh B HEApax 3Be3/l. 3BE3/bl IEPBOTO MOKOJIEHUS cTanu (paOpuKoi 10 IPOU3BOACTBY aTOMOB,
HEO0OXOIUMBIX JIJIs OynyIIen KU3HU.

Campble KpynHbIE 3BE3/bl TIOCIIE UCTOIICHUS 3alacoB SAEPHOrO TOIUIMBA B3PHIBAIUCH (3TO
Ha3bIBAIOT "B3pBIBOM CBEpXHOBOH"). B pe3ynbrare Takux B3pbIBOB aTOMbI TSKEJIBIX 3JIEMEHTOB
paccenBaUCh B MpocTpaHCTBe. M3 HOBBIX CKOIUJIEHMH aTOMOB OOpa30BajHCh 3BE€3bl BTOPOTO
MOKOJIEHHUs, B TOM yucie 1 Hame ComnHie. O0naka pacCessHHbIX YacTHI], HE BOILEAIINX B COCTaB
LEHTPAJIbHOM 3BE3/1bl, BpAIlAJIUCh BOKPYT HEE U MOCTENEHHO Pa3eNsuIuCh Ha OTAENbHbIE CIYCTKU
— Oynyiue raneTsl. IMEHHO Ha 3TOM 3Tare U MOT Ha4aThbCsl CHHTE3 IIEPBBIX OPraHUYEeCKUX MOJIe-
KyJL

Bo3MOXXHOCTH OpraHMyeCcKoro CHHTE3a B MPOTOINIAHETHOM OOJIaKe Mpeoaraiack JaBHO,
HO TMOATBEPKIeHA ObLia JUIIH HETaBHO, BO MHOTOM OJnarogaps paboram akagemuka B. H. Ilap-
MOHa U ero kojuier u3 HoBocubupckoro nHCTUTYTa Kataiu3a. [Ipu momoim cioxHbIX pacueToB U
KOMITbIOTEPHOTO MOJIETTUPOBAHUS OBLJIO MOKA3aHO, YTO B Fa30BO-TIBUIEBBIX POTOILUIAHETHBIX 00J1a-
Kax UMEIOTCsI He0OXOJMMbIE YCIIOBHS ISl CHHTE3a pa3HOOOpa3HOil OpraHMKU U3 BOAOPOa, a30Ta,
yTapHOro Ta3a, [HaHUCTOTrO BOAOPOAA U APYTUX MPOCTHIX MOJIEKYJI, BIIOJIHE OOBIYHBIX B KOCMOCE.
HenpemeHHbIM ycI0BHEM SIBIISIETCS IPUCYTCTBUE TBEPABIX YACTHUI-KaTAIN3aTOPOB, COJEPKAIINX
JKeJIe30, HUKEJIb U KpeMHwMi '’

9 Bnpoqu, 9Ta MOJIa OTHIOAL HE HOBA: 32 HEM CTOMT JIaBHSISI CbI/IJ'IOCOCbCKa}I Tpaaunus.

10 B. Cbitnukos, B. [Mapmon. JKusnb coz0aem nnanemwt? // Hayka u3 nmepBbix pyk. Ne 0. 2004. C. 20-31. http://evolbiol.ru/
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Mornonast 3emiisi MOTJIa HIMETh B CBOEM COCTaBe OOJIBIIOE KOJIMYECTBO OPTaHUKU C CaMOTO
Hayaja CBOEro CyIeCTBOBaHMsI. AOMOT€HHBII CUHTE3 OpPraHUKH IPOIoJIKaJICs yke Ha 3emiie. DKc-
MNEPUMCHTAJILHO IMOKa3aHa BO3BMOXHOCTb CUHTC3a aMHUHOKHUCIIOT U APYIUX OPraHuvdCCKUX COCan-
HEHUH B TEX YCIIOBUAX, KOTOPBIC IMTPCATIOIOXUTCIIBHO MOITIM CYIICCTBOBATh HA IUIAHCTC B AHU €€
MomoxocTu'!.

I'maporepManbHble HCTOYHUKH — KOJIBIOE/Ib :KM3HM Ha 3emJie?

HenaBHO HeMenKuM XUMHKaM  yIajloch JI0Ka3aTh BO3MOXKHOCTb
aOMOTEHHOTO CHHTE3a OPraHWYECKHX BEIIECTB B YCIOBHUSX, KOTOPBIE U MO Ceit
JIeHb CYIIECTBYIOT Ha JHE OKeaHOB. OKa3alloch, YTO B TOABOIHBIX TOPSYMX
BYJIKAHUYECKHX HCTOYHUKAX MOTYT MPOHCXOIUTh XHMHUYECKHE pEeakUuuH, B
pe3ynbTare KOTOPhIX M3 HEOPraHWYECKHX COEAMHEHHH, TaKMX KaK yrapHbIH ras
(CO) u mmanucrsiii Bomopon (HCN), o6pasyrorcst pasHOoOpa3HbIe OPraHUYECKHE
MoJekynbl. KartammzaTopom STHX peaknuid CiIy)kaT TNpUCYTCTBYIOIIHME B
THIIPOTEPMATIBHBIX BOJAX TBEPIbIC YACTHUIIBI, COAEPIKAIINE KEJIe30 W HUKEIb.
Peakiiun ocobenno xopomo uayt npu temrneparype 80-120 rpagycos. YcnoBus,
B KOTOPBIX MPOBOAMIMCH 3KCIEPUMEHTHI, ObUTH MaKCHMaJIbHO HPUOIMKEHBI
K peanmpHOCTH. [lo MHEHHWIO HccienoBaTeneil, Takue YCIOBUS (BKJIIOYas BCe
KOMIIOHEHTBHI PEaKIIMOHHOW CMECH) BIIOJIHE MOTIJIM CYIIECTBOBAThH B MOJBOIHBIX
BYJIKAHUYECKHX HCTOYHUKAX HA paHHHX dTanax pa3BUTUS 3EMIIH.

OCHOBHBIM ~ TMPOAYKTOM  peaKUWid OBUIM  THUAPOKCUKUCIOTHI U
aAMHHOKHUCIIOTBI. B  HEOONBIIMX KONMMYECTBaX OBUIM TOJNYYEHBI W JIpyTue
OpraHHUYeCKHEe BEUIeCTBAa, B TOM YHCIE M TaKHe, U3 KOTOPHIX B HECKOJBKO
MHBIX YCIIOBHSIX MOTYT CHHTE3MPOBaThCA caxapa W JHNUABL. B oriuume
OT JIPYT'MX HW3BECTHBIX OMNBITOB MO AOMOTEHHOMY CHHTE3y OpTaHUKH, TIIe
HE OBLIO JKEJIe30-HUKEJIEBBIX KaTajlu3aTopoB M IpUMEHSUIUCh "ynapHbie"
BO3/ICHCTBHS BPOJIE ANIEKTPUUECKUX Pa3psiioB, B UCKYCCTBEHHO BOCCO3JaHHBIX
YCIOBHAX TUAPOTEPMAIBHBIX HICTOYHUKOB PEaKIIUH MPOTEKaIn 6e3 00pa3oBaHus
"0TXO0/I0B" — MHEPTHBIX YIJIEBOJOPOIHBIX CMECEH BPOJIE ETTS MIIU CMOJI, KOTOPhIE
B JaJbHEUIIEM OYEHb TPYIHO NPEBPATUTh B BEIIECTBA, HEOOXOIMMBIEC ISt
CaMO3apOXKICHHS KU3HH.

OTKpbITHE HEMENKHX XHMHUKOB — BECOMBIH apryMeHT B TIOJIB3Y
THIIOTE3bI, COIIACHO KOTOPOH KHM3Hb Ha 3eMJIe MOIIa 3apOJUTHCS B MOABOIAHBIX
BYJIKAHUYECKHX HCTOYHHUKAX.

(Ucmounux: Claudia Huber, Gunter Wachtershauser. a-Hydroxy and a-Amino
Acids Under Possible Hadean, Volcanic Origin-of-Life Conditions // Science.
2006. V. 314. P. 630-632.)

npr_snytnikov.pdf.
e “Okcniepument Mumepa — FOpu™, http://elementy.ru/trefil/21169.
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MNMpeaXxunsHo

BwmecTe ¢ 3emiiell BO3HUK M Tak Ha3bIBa€MbIi "'TeOXMMHUECKU KpyroBopot". OaHu Bellle-
CTBA IMOCTYIAJIN U3 CIABICHHBIX, pa30TPEBIIUXCS Henp 3eMid, (HOpMUpYs IEPBUUHYIO aTMOC(epy
U OKeaHbl. Jlpyrue npuxoanii U3 KocMoca B BUJIE MalaloluX ¢ He0a OCTaTKOB MPOTOINIAHETHOTO
o0naka, METEOPUTOB B KOMET. B armocdepe, Ha MOBEPXHOCTH CyIIN M B BOIOEMAaX BCE ITH BEIIe-
CTBa CMEUIMBAJINCh, BCTyHasi PYyT C APyroM B XUMUYECKUE PEAKLMHU, U MPEBPAIIAIUCh B HOBbIE
COEIMHEHMSI, KOTOPHIE B CBOIO OUEPE]Ib TOXKE BCTYNAIU B PEAKIIMU IPYT C APYTOM.

Mexay XUMUYeCKIMHU PEAKIUIMHU BO3HUKAJIa CBO€00pa3Hasi KOHKypeHIHS — 00ph0a 3a OTHH
U Te K cyOcTparbl (MCXOIHBIC BEIIECTBA, HEOOXOMUMBIE U UX MpoBenaeHus). B Takoit 6oprode
BCerja no0exaaer Ta peakuus, Kotopas uaeT obicTpee. Tak 4To cpei XUMUYECKUX MTPOLIECCOB
HAYMHACTCS HACTOSIIUHI €CTECTBEHHBIA 0TOOP. MeIeHHBIC peaKIIiy MTOCTEIICHHO 3aTyXatoT U IIpe-
KpalllaloTcsl, BEITECHSIEMbIE O0J1e€ OBICTPBIMHU.

Bakneiinnyto poib B 3TOM COPEBHOBAHUHU UTPAJIM KaTajlu3aTOPhl — BEILIECTBA, YCKOPSIOIINE
T€ WM UHBbIE XUMUYECKUe MpeBpaieHus. OrpoMHOe MPEUMYLIECTBO JOJKHBI ObUIM MOIyYaTh
peakLuu, KaTalu3upyeMble CBOMMH COOCTBEHHBIMU TPOAYKTaMU. Takue peakiiy Ha3blBatoT aBTO-
KaTAJIUTUYECKUMU WM LEMHBIMU. TUIMYHBIA IPUMEP aBTOKaTATIMTUUECKON peakliu — TaK Ha3bl-
Baemas peaknus byTiepoBa, B xoze kotopoil u3 (opmanbpaeruaa o0OpasyroTcs caxapa, KOTOpbIe
CaMH U SIBJIIOTCS KaTaJln3aTOpaMy 3TON peaklvy. DTO 3HAYUT, UTO MOCIIE MOSIBIICHUS B PEaKI[UOH-
HOM CMecH MEPBbIX MOJIEKYJ CaxapoB Mpoliecc MpeBpalieHus popMaabaeruaa B caxapa HaUMHAET
CaMOIIPOU3BOJIFHO YCKOPATHCS U CTAHOBHUTCS JIABUHOOOpA3HBIM 2.

Crnenyroumii atan — popMUpOBaHHE aBTOKATATUTHUECKHUX IIUKJIOB, B X0/1€ KOTOPBIX MTPOKC-
XOJIUT HE TOJBKO CUHTE3 KaTajJu3aTOpPOB, HO U YaCTUYHOE BO30OHOBIEHHE PacXoayeMbIX cyOcTpa-
TOB. OT CJIIOXHOTO U 3(h(PEKTUBHOTO aBTOKATAIIUTUYECKOTO ITUKJIA YK€ HEAICKO U 0 HACTOSIIEH
JKWU3HM, BENIb )KU3Hb B OCHOBE CBOEH — ATO CAMOIIOIEPKUBAIOIINICS, aBTOKATATUTUYECKUN ITPO-
necc.

[Ipobnema Bo3HUKAET ¢ "3aTpaBKoil": Ta ke peakuusi byTiaepoBa He HAaUHETCs, €CJIM B Cpefie
M3HAYaJIbHO HE OyZ1eT XOTs ObI HEOOJIBIIIOTO KOJIMUECTBA YINIeBOAa-KaTanu3aropa. Heckosibko ynpo-
maet npobnemy rumotesa, npemigoxeHHas A. J[. [lanoBeim u3 MHCTHTYTa simepHON (pu3uKH.
W3BecTHO, 4TO HEOECHbBIE TeNa MOT'YT OOMEHHBAThHCS BELIECTBOM: MPU CTOJIKHOBEHHH IJIAHETHI C
KpYIHBIM aCTEPOHUIOM U3 €€ TOBEPXHOCTHU BHIOUBAIOTCS )parMEHTHI TOPO/IbI, KOTOPbIE MOT'YT yJle-
TeTh B KOCMOC U IONAcTh Ha Apyrue rianeTsl. [lo pacyeram Ilanosa, Onarogaps Takomy "mereo-
puTHOMY 0OMEHY" BO3HHMKIIIEE B XO/1€ XUMUYECKOM IBOJIIOLIMY HAa OJHON U3 IIJIaHET MOJIE€3HOE HOB-
IeCTBO (Hanpumep, 3P PeKTUBHBIN KaTaau3aTop) MOKET B T€UEHHE 0003pUMOT0 BpEMEHH I0NacTh
B JIpYI'M€ 3BE3/IHbIE CHUCTEMBI, a 32 HECKOJIIbKO COTE€H MUJUIMOHOB JIET apeajl paclpoCTpaHEHUs
HOBIIIECTBA MOXKET OXBaTUTh BCIO TaJakTHKy — pa3yMeeTcs, IPU YCIOBHH, YTO 3arac JTAaHHOTO
BellecTBa OyJeT BO30OHOBISATHCS B LIETIOUKE CIPOBOIMPOBAHHBIX UM XMMHMYECKHMX MpeBpallie-
Hull. ['unoresa [lanosa pacmupsier MacTad XumMuueckoil "KyxHu'", B KOTOPOH MOATOTaBINBAIINCH
MHTPEANEHTHI OyayIiel *KU3HH, OT TUIAHETapHOTO JI0 TAaKTHYECKOro ',

12 B, [apmoH. Ecmecmeennviii omoop cpeou monexyn // Hayka u3 nepBeix pyk. Ne 0. 2004. C. 33-40. http://evolbiol.ru/
npr_parmon.pdf.
BA. . HanoB. Jsonmoyus u npobrnema SETI. 2006. http://evolbiol.ru/panov.pdf.
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MmaBHas moneKkyna XXusHu

OO01enpuHITOrO OMPEEIICHHS )KU3HU HE CYIIECTBYET (B OMOJIOTMH BOOOIIIE C OTPEEICHH-
SIMU TPYAHO — OOBIYHO YEM CTPOKE OIpEeNICHHEe, TeM XyKe OHO paboraer). OfHU yUueHbIE TmoJia-
raroT, 4TO H3Hb — CKOpee IMpoLecc, YeM CTPYKTypa, U ONPEIEINAOT €€, HallpuMep, Kak "mpo-
LIECC COXPAaHEHUS! HEPaBHOBECHOT'O COCTOSHUS OPraHUYECKOM CUCTEMbI U3BICUEHUEM SHEPTUU U3
cpensl". TakoMy ompeaeneHrio MOIyT COOTBETCTBOBAaTh M CUCTEMBI, HE UMEIOIINE YETKUX IPO-
CTPAHCTBEHHBIX I'PAaHULl, — ABTOKaTAJIMTUYECKHUE IIUKIIbI, "JKUBbIE pacTBOPHI". [lpyrue noguepku-
BAIOT 00s3aTEIBHYIO0 JUCKPETHOCTH KHBBIX OOBCKTOB M CUMTAIOT, YTO MOHATHE "JKU3HB' HEOT-
JeTUMO OT TMOoHATHA "opranm3m”. TpeTbH MOJUYEepPKUBAIOT HHPOPMAITMOHHYIO MPUPOAY JKU3HU H
OTIPEJICTISIOT €€ KaK CIOCOOHOCTh Hekoro (parmenta mHdopmarwn ("'perummkaropa’) K caMOKo-
NUPOBAHUIO C UCIIOJIb30BaHUEM pecypcoB BHelIHel cpeabl. [lox 3To onpenenenne noaxoasT He
TOJILKO OMOJIOTMYECKHUE BUPYCHI, HO M KOMITBIOTEPHBIE U JJaXKE PACIIPOCTPAHSIOLINECS B 001IECTBE
CITyXH, BepoBaHus u T. 4. Ho 310, moxkanyii, yepecdyp MUPOKUHN B3IV HA KU3Hb.

Ham u3BecTHa TONBKO Of1HA )KU3HBb — 3€MHAasi, U Mbl HE 3Ha€M, KaKU€ U3 €€ CBOMCTB SIBJIfI-
FOTCS 0013aTeNLHBIMMU 1S 0001 sKU3HH BOOOIIe. PUCKHEM, OJTHAKO, 1BA TAKKX CBOMCTBA BCE-TaKU
Ha3BaTh. JTO, BO-NIEPBBIX, HAJIMUKE HACIEICTBEHHON MH(pOpPMAIIH, BO-BTOPHIX — aKTUBHOE OCY-
uiecTBiIeHre (PYHKIIUH, HalpaBJIE€HHBIX HAa CAMOIOACpKAHUE U Pa3MHOXKEHHE, a TaKKe Ha MOJTy-
YEHHE SHEPTUU, HEOOXOIMMOM JJIsl BHIITOJHEHUS BCEH 3TOM paboThl.

Bce xxuBoe Ha 3emuie cripaBisieTcsl ¢ IEpPEeUUCICHHBIMU 3a/lauaMi IIPH IOMOIIU TpeX Kiac-
coB cioxHBIX oprannueckux coeaunenuii: JIHK, PHK u 6enxos's. IHK B3sa Ha ceOs mepByro
3a/1auy — XpaHeHHe HaclleICTBeHHON nH(opMannu. benku oTBeyaroT 3a BTOPYIO: OHU BBIMOJIHSIOT
BCE€ BHJIBI aKTUBHBIX "padot". Paznenenue Tpyna y HUX oueHb cTporoe. benku He XpaHAT Hace-
ctBeHHyto uHpopmanuio, JJHK He coBepmiaer akTuBHOM paboTHI (B OMOJIOTHY TIOYTH HE OBIBAaET
MpaBuJ1 O€3 UCKITIOUEHUH, B JAHHOM ClIy4ae UCKIIIOUEHHUs TOXKE €CTh, HO OYeHb PeIKHe U He Jiefa-
FOIIHE TTOTO/IBI).

Monnekyibl TpeThero kiacca BemectB — PHK — cioykat nocpennukamu mexay JJHK u 6en-
KaMmH, oOecrieurBasi CYMThIBaHHE HacaeacTBeHHoW nHpopmaruu. [Ipu momomu PHK ocymects-
JISIeTCsI CHHTE3 OCJTKOB B COOTBETCTBHH C 3anucaHHbIMU B MoJiekyie JJIHK "uncTpykmusmu". Heko-
Topbie u3 pynknuii, BeimonHseMbix PHK, ouens moxoxu Ha ¢yHKIMM O€TKOB (aKTHBHAsK paboTa
10 MPOYTEHUIO TEHETUYECKOTO KOJIa M CUHTE3y Oelka), apyrue HanomuHaroT Gpynkiuu JJHK (xpa-
HeHue u niepenavya napopmanun). 1 Bce ato PHK aenaer He B 0MHOUKY, @ IPU aKTHBHOM COJICH-
cTBUU cO cTOpoHBI OenkoB. Ha mepsriit B3msin PHK kaxercs "tpetwheit mumnuei". B npuniumne
HETPYAHO MpeACTaBUTh cebe opranmus3m, B kotopom PHK BoBce Her, a Bce ee GpyHKIMM moaemim
Mexay coooit JIHK u 6enku. [IpaBaa, Takux opraHu3MoB B IPUPOE HE CYIICCTBYET.

14 Puvapn Jlokun3. Bupycer mosea, http://elementy.ru/lib/164594

15 Te w3 unrareneii, KTo COBCEM 1M03aGUI IIKONBHBIA KYPC GHOIOTHH H HAIIPOYL HE IIOMHHT, YTO TAKOE TPAHCKPHUIILS, TPAHC-
JISIIUST, PUOOCOMBI, KAKOBO XMMHUYECKOE CTPOCHHUE OEJIKOB M K KAKOMY KJIacCy OHOIIOIMMEPOB OTHOCHUTCS CIIOBOCOUCTAHHE “ZIBOHHAS
CIIMpaNL”, MOTYT IOJCMOTPETh HEOOXOMUMY0 MH(OpPMaNuIio, HapuUMep, BOT 3x1ech: http://www.fizhim.ru/student/files/biology/
biolections/lection05.html wm 3neck: http://vadim-blin.narod.ru/axiomatica/main.htm. £l crapancs HarmOMHHATH a3bI IO X0y H3JI0-
JKEHUSI, HO JUIS TeX, KTO HAYMHAET COBCEM “‘C HyJIsA”, 3TOTO MOXKET OKa3aThCsl HEJOCTATOYHO.
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ATD (ApeHozaHTprSochar)

PHK — nosmMmep, COCTOAIIMNA M3 MHOXECTBA MOXOXKHUX "KHUPIHUYUKOB' —
PUOOHYKJIEOTHIOB, KaXJbli U3 KOTOPHIX, B CBOIO Odepelb, cOOpaH U3 Tpex
yacteil. IlepBas u3 Hux — Qocdopnas kucnora (pocdar), HeopraHuyeckoe
BEIIECTBO, KOTOPOTO J0OBOJIBHO MHOTO B 3€MHOH KOpe M OKeaHax. Bropas —
azoructoe ocHoBanue. B coctaB PHK BxomsT yerbipe a30THCTBIX OCHOBaHUS:
A (apenun), Y (ypamwmn), I' (ryammn) u Il (uUMTO3UH); COOTBETCTBEHHO,
CYIIECTBYET 4YeThIpe BHJAa PUOOHYKJIECOTUIOB. A30TUCTBHIE OCHOBAHUS MOIIH
CHUHTE3MPOBaThCs U3 Heopranuueckux Monekyn (Takux kak CO, HCN u NHp eme

28



A. B. MapkoB. «PoxaeHune cCnoxxHOCTU. OBOMOLMOHHAsS BMONornsa ceroqHs: HEOXNaaHHbIe OTKPbITUA U
HOBbI€ BOMPOChHI»

B IIpOTOIUTaHETHOM oOake. VX Haxonart u B meTeoputax. TpeThs — caxap pubo3a
— oOpasyeTcs B X0Zle aBTOKaTaJIuTHUecKoil peakuuu bytineposa.

UYertbipe cocraBHbIX Onoka Mmonekyiasl PHK — Hykneoruasl aneHO3MH
(amenuH + pub03a), ryaHo3uH (TyaHuH + pubo3a), ypuauH (ypamwi + pubo3a) u
OUTHIUH (IATO3HH + pr003a), K KAKIOMY U3 KOTOPBIX IPUCOEAUHEHO 110 OHOMY
octarky ¢ochopHoit kucioTel. AT® (T1aBHas SJHEPTeTHICCKAs MOJICKYJIa KUBOM
KJIETKH) TIPEACTABIISET COO0M afeHO3HH ¢ TpeMs (ocdaramu.
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Kakas u3 Tpex MoJieKyl1 mosiBriiach nepBoii? OHu y4eHbIe TOBOPUIIN: KOHEYHO, OSJIKH, BE/b
OHH BBITIOJTHSIOT BCIO pabOTy B )KMBOM KJIETKE, 0€3 HUX )KU3Hb HEBO3MOKHA. MM Bo3pakanu: 6enku
HE MOTYT XpaHUTh HACJEICTBEHHYIO HHbOpMAIHIO, a 6e3 3TOro KU3Hb U MOJaBHO HEBO3MOXHa!
3nauuT, neppoit 6puta JJHK!

Curyanus ka3anack Hepaspemumoit: [IHK vu Ha uto He romna 6e3 GenkoB, Oenku — Oe3
JIHK. TTomy4anock, 4To OHU JOKHBI OBLITH MOSIBUTHCS BMECTE, OHOBPEMEHHO, a 3TO TPYIHO cede
npeactaButh. [1po "nmumnao0" PHK B 3THX ciopax moutu 3a0b11u. Beas oHa, Kak ToTa Tymaiu,
HE MOXKET 0e3 IMOCTOPOHHEH MTOMOIIY HU XPaHUTh HH(OPMAITHIO, HA BBITIOJIHITH padoTYy.

[Torom, mpaBa, BBIICHUIOCH, YTO Y MHOTHUX BHPYCOB HaclIeJICTBEHHAsi HH(oOpMalus Xpa-
nurcs B Bujae mosiekyn PHK, a ne JIHK. Ho 3to mocuntanu kypse3oM, uckitoueHueM. [lepeBopot
npon3omreln B 80-x romax XX Beka, Korja ObUTH OTKPHITEI puO03uMbl — MoJiekynbel PHK ¢ xatanm-
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TUYECKUMU cBoMcTBaMU. Pru6o3umel — 310 PHK, BeIMOmHSIO1IIME aKTHBHYIO paboTy, TO €CTh TO, YTO
JOJDKHBI JiennaTth O0enku. Cpenu puOo3uMOB ObUTH HAWICHBI U KaTaJIN3aTOPhl PEIUIMKAINN (KOH-
poBanusi, pasmMHoxkeHUs ) MoJieKya PHK — cBoux coOCTBEHHBIX WIIH UyXKHX.

B utore PHK u3 "moutu numnen" crana "moutu miaBHoi". Okas3aioch, 4TO OHA, U TOJIBKO
OHa, MOXKET BBITIOJHATH Cpa3y 00€ IIIaBHBIC KU3HEHHBIEC 33Ja4ll — M XpaHEeHHe WHPOPMaLUH, U
aKTUBHYIO paboty. CTaso siCHO, YTO BO3MOXKEH IOJIHOLIEHHBIHN KMBOM OpraHu3M, HE UMEIOIIUNA HU
oenxos, Hu JIHK, B koTopom Bce QpyHKuMM BbINONHIOTCS Tosbko MonekynamMu PHK. Koneuno,
JHK nydire cipapmisieTcst ¢ 3a/1a4eid XxpaHeHus: HHpopManud, a 6ei1ku — ¢ "paboToil”, HO 3TO yke
netanu. PHK— oprannsmsl moru npuoOpectu 6enku u JIHK nosxe, a nonayany odxoautbes 6e3
HUX.

Tax nosiBuiiace Teopuss PHK-mupa, cormacHo kKoTopoil mepBble KUBbIE CYLIECTBA OBLIN
PHK-opranusmamu 6e3 6enkoB u JJHK. A nepBsiM npooOpaszom oyaymero PHK-opranmsma mor
CTaTh aBTOKATAIMTHYCCKUI MK, 00pa30BaHHBIA CaMOBOCIIPOU3BOIAIITUMICS MojieKyimamu PHK
— TEMH CaMbIMH puO03MMaMHU, KOTOPbIE CIOCOOHBI KaTaIM3UPOBaTh CUHTE3 COOCTBEHHBIX KOIUH.

JInuno 51 cumraro Teopuro PHK-Mupa ogHuM M3 cambIX BBIIAIOIIMXCS TOCTHKEHUN Teope-
TUYECKON MbICIIM B Ouosioruu 3a nocieanue 30 jet, KoTopoe MOKHO CPaBHUThH Pa3BE UTO C CHM-
OHMO-TeHETUYECKOW TEOpHEH MMPOUCXOKICHHS DYKapHOT'® (0 KOTOpoii MOKAET pedb B TiaBe "Bemn-
kuit cum6uo3z"). Ilo npasae ckaszarb, MO OBl 10 3TOrO TOAYyMaThCs U paHbliue. Bens nBa Buaa
pu603uMOB ObLTH U3BECTHHI eltie ¢ 60-x rogoB XX Beka, XOTs UX HE Ha3bIBAJIM TOra puO03uMaMHu.
3to pubocomusie PHK (pPHK), 3 koTOpbIX clienaHbl MOJEKYSpHbIE "MAIIUHKU" AJI TpaHCIIA-
uuu (cuHTe3a 6enka) — pudbocomsl, u Tpancnoptaeie PHK (TPHK), xoTopslie mogHocAT HyX HbIE
aMUHOKHCIIOTHI K pubocomam B xoze Tpancasaiuu. O6a suna PHK BbINONMHSIOT akTHBHYIO OHMOXH-
MUYECKYI0 padoTy, 3TO caMble HACTOALIUE PUOO3UMBI, HO, ITOKA UX ObUIO M3BECTHO TOJBKO JBa,
teopusi PHK-mupa nve 6n11a chopmynupoBana.

Tpancasiuuss —  cuHTe3  Oenka.  OcymiecTBIsIeTcss  0COOBIMHU
MOJIEKYJISIPHBIMH "MalInHKaM#'" — pud0CcoMaMH, KOTOPBIE COCTOAT U3 HECKOIBKIX
Oonpmmx Monekyn pubocomuoit PHK wu Oonpimoro dmcia MeHee KpYITHBIX
MOJIEKYJI pUOOCOMHBIX OeKOB. PHOOCOMBI CHHTE3UPYIOT OEIOK B COOTBETCTBUU
¢ "wHCTpykiusMu", 3anucaHHeIMM B Mojekyine wmarpuyHoit PHK (MPHK).
Kaxnapie Tpu Hykneoruna MPHK koqupytoT oHy aMUHOKUCIIOTY. AMUHOKHCIIOTBI
MIPUCOEANHSIOTCS K CHUHTE3UpyeMol Mojiekyne Oenka mo ofHou. JlocraBka
aMHHOKHCIIOT K pubocomam ocyectrisercs: TpancnoptHsiMa PHK (TPHK).

Teopust PHK-mupa, BHauane 4ucTo ymo3puTenabHas, o4eHb ObICTpo "oOpacTaer" sKcrepu-
MEHTAJbHBIMU JJAHHBIMU. XUMHUKH HAyYUJIHCh MOTY4YaTh puOO3UMBI UyTh JI HE C JIIOOBIMH XKella-
eMbIMU XapakrepucTukamu. Jlemaercs 3to Tak. Hanpumep, Mbl xotum cosnars monekyiny PHK,
KOTOpast criocoOHa 6e301IM00YHO Y3HAaBaTh BEIECTBO X M CBA3BIBATHCS C HUM. J[jIst 3TOrO CHHTE-
3UPYIOT 0OJIbIIOE KOJTMUECTBO pa3HbIX 1enouek PHK, coenunsist puOOHYKICOTH B APYT C APYTOM
B cilydaiiHOM nopsake. PactBop, coneprkaiuil noayueHHyto cmecs Mosiekyl PHK, nanusator Ha
MIOBEPXHOCTD, MMOKPHITYIO BemecTBoM X. [Tocie 3Toro ocraercs auis 0To0parh U UCCIIE0BaTh Te
Mmoutekyasl PHK, koTopble NpHIMIUIM K OBEPXHOCTH. TE€XHOIOIMs HE3aMbICIIOBaTa, HO OHA JEii-
CTBHUTEJIBHO paboTaet. [[ppuMepHO TakuM crIocoO0M MOTydeHbl puO03UMBI, KaTATU3UPYIOIIUE CHH-
T€3 HyKJIEOTUIOB, IPUCOEUH A I0ONIME aMUHOKUCI0THl K PHK 1 BeInosHsAOME MHOXKECTBO IPYTHX
ouoxumuueckux QyHKIui. CTupas rpaHb MEXIY KUBBIM 1 HEXHUBBIM, YKE PacTyT Ha UCKYCCTBEH-
HBIX cpeliax B JaOOpaTopUsaX BOZMYTUTENbHEHIIINE 00BEKTHI — KOIOHUU Pa3MHOKAIOLIMXCS MOJIe-
kya PHK, ciocoGHBIE K TOMY K€ CHHTE3UpOBaTh Oenku (mpaBja, 6e3 3TUX caMbIX OelKoB — dep-
MEHTOB — 3aCTaBUTh UX PACTH MOKa HE ynaeTrcs). BecoMblil BKJIaJ B 3TH UCCIEIOBAHUS BHOCST

1 .
6 Joporue uurarenu! Ecnu B TekcTe BaM BeTpeyaeTcs HE3HAKOMBIN TEPMUH, ouluTte ero B “CrioBape TEpMUHOB” B KOHIIE
kaurH. Tam Bce MOAPOOHO 0OBSICHACTCS.
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yudeHsble u3 HCTUTYyTa XMMHUYecKoi Onomoruu  hyHIaMeHTanbHoi Menuiuabl (T. HoBocubupcek)
u MHctuTyTa Genka (r. IlymuHo) nox pykoBoacTsoM akaneMukoB B. B. Bnacosa u A. C. CniupuHa.
JIr000MBITHO, YTO MHOTHE PUOO3UMBI paOOTAOT JIy4Ile BCETO NMPH HU3KHUX TEMIepaTypax, HHOTAA
Jla)Ke HUKE TOUKU 3aMep3aHMsl BOJbl — B KPOILIEUHBIX MOJIOCTSX JIbJAA, [JI€ JOCTUTAIOTCS] BBICOKHE
KOHLIEHTpalK peareHToB. HeKoTopble CUuTaloT 3TO CBUIETENBCTBOM TOTO, UTO KM3Hb 3apOXK/Ia-
Jach NPU HU3KUX TEMIIeparypax.

Koneuno, Henb3s ckazare, uto B Teopun PHK-mupa coBcem Het npobnem u tpyaHocrteit. Ux
04eHb MHOTO. OCHOBHAS, ITOXKAITYH, COCTOUT B TOM, YTO OOJBITUHCTBO PHOO3MMOB OUEHb MaII0d (-
(heKTHBHBI IO CPABHEHUIO CO CBOMMH OEIIKOBBIMHU aHAJIOTaMH. BO MHOTHX ClTydasix 3TO HE IPUHIIH-
NHabHO, TOTOMY YTO Ha paHHMX 3Tarax CTAaHOBJICHUS )KU3HH OCITKOB elIe He ObUI0, pudo3nMam He
C KeM OBIJI0O KOHKYpHUPOBATh, OHA HAa TOT MOMEHT OBUTH "TIOCIICHIM CIIOBOM HayKH M TeXHUKHU". MIX
3¢ (EeKTUBHOCTH BIIOJIHE XBaTalO0 JUIsl TOTO, YTOOBI MPEAOCTaBUTh XUMUYECKUM LIMKJIAM, B KOTO-
PBIX OHM Y4aCTBOBAJIN KaK KaTajlu3aTophl, peliaolee NpeuMyIecTBo B ckopoctu. Ho HekoTopeie
OrpaHMYEHUs] MOIJIM OKa3aThCsl MPUHLUIIUATIBHBIMU. B mepByto ouepenb 3T0 OTHOCUTCS K BbIIIIE-
YIOMSIHYTOM CIIOCOOHOCTH prO03MMOB KaTalM3UpPOBaTh CHHTE3 COOCTBEHHBIX Komuil. B nericTBu-
TEIBHOCTHU TYT BCE HE TaK IPOCTO U IVIa/IKO. B HbIHE )KUBYIIIMX OpraHM3Max TakKuX puOO3MMOB HE
oOHapy:xeH0. MeTo10M "HCKYCCTBEHHOM BOIOLUN" (TO €CTh ITyTEM CUHTE3a MHOXECTBA CIIydaii-
HBIX [TOCJIEI0BATENBHOCTEN PUOOHYKIIEOTH I0B, TOCIEAYIONIEro 0TO0pa yIauHbIX BAPUAHTOB, BHE-
CEHUS B HUX HEOOJBIIMX CITyYalHBIX N3MEHEHUH, HOBOTO 0TOOpA | T. /1.) YAAJIOCH MMOJIYYHTh pUOO-
3UMBI, KOTOPBIE Xy/10-0€THO MOTYT "CIIUTB" IPYT C APYTOM JiBa pUOOHYKJIICOTH 1A, HO HE BCSKHE
u He Bcerna. OCylecTBUTH MOJIHOIEHHOE KonupoBaHue JuinHHoM Moinekynbl PHK (to ecth ciy-
#uTh Hactosmumu PHK-3aBucumbimu PHK-nonumepasamu) onn He MoryT. UToObI M3rOTOBUTH
u3 monekyn PHK pu6o3um, kotopslii MoxHO ¢ noiaHbIM npaBoM Ha3eaTh PHK-3aBucumoii PHK-
HOJIMMEPA30H, YUEHBIM MPUIIOCH BOCIIOIB30BATHCS HApALY € "MCKYCCTBEHHOM 3BOMIOIMEN" ele
Y CO3HATEeIbHBIM, Pa3yMHBIM IIJIaHUPOBaHHEM. B KOHIIE KOHIIOB 3TO Y/1aJ0Ch ClIe€iaTh — UCKOMBIN
prb03uM OBLIT COCTABIICH U3 HECKONBKUX pa3HbIX MoJekyln PHK. Ho naxe u 3TOT ¢ TakuM Tpynom
pa3paboTaHHBI M M3TOTOBJIECHHBIN KOMIUIEKCHBIM prub0o3uM padoTaeT u3 pyk BOH IUIOXO0. B uem
xKe neno?
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Crona npukpennsercs
amwHokucrota -

o
T

AHTWUKOAOH

Cxema mpancnopmuou PHK. A, G, C, U — cmanoapmuvle HYK1€0omuobl A0eHO3UH, 2YAHO-
3UH, YUMUOUH U YPUOUH, OpYyeUMU OVK8AMU OMMeEYeHbl HeCMaHOapmmusie (MooupuyuposanHle)
HyK1eomuovl, 8 mom yucie I — unozun. Kax u mnoeue opyeue monexynot PHK, mPHK obpazyem
nemJiu 3a cuem moeo, 4mo puboHyK1eomuosvl nonapHo "ckieugaromes opye ¢ Opyeom no NPUHYUNy
Komniemenmapuocmu. Kax moacno sudems na pucynxe, C (yumosum) ooviuno ckieusaemces ¢ G
(eyanunom), a A (adenun) — ¢ U (ypayurom). Ho 6 duonozuu, xax muvl yoce 3uaem, Hem nNpagull
0e3 UCKIoueHUul: 8 08YX MeCmax Mol MONeKYIbl, 60NpeKy NpuHyuny komniemenmaprocmu, G
coeounsiemes ¢ U.

He uckmtoueHo, 4To /1e710 TyT B HEOOXOJUMBIX KO(haKTOpax — HOHAX METAJJIOB, B TOM YHCIIe
penkux. M3BecTHO, 4TO OYeHb MHOTHE OEJIKOBBIE (DEPMEHTHI HCIIONB3YIOT HOHBI METAJUIOB B Kaue-
CTBE CBOMX HEOOXOIUMBIX COCTaBHBIX 4acTed. Takue O€NKM HA3bIBAIOT METAJIONPOTEHHAMH.
[Toxoxe, 310 OBUTO cripaBemyIuBO U Ui pubo3umoB PHK-mupa. Jlo camoro HegaBHEro BpeMeHH
3Ty BO3MOXKHOCTb YIyCKalu u3 BUAy. OHAKO HENaBHO ObLIIO 0OHAPYKEHO, YTO T€ CaMmble HCKYC-
CTBEHHO IOJTyYeHHbIe pHO03UMBI, KOTOpBIe CIOCOOHBI Koe-kak cuHTe3uposatb PHK na PHKoBoi
Marpuiie, SBJSIOTCS METAUIOpUO03UMaMU: B MX aKTUBHOM IEHTPE MPUCYTCTBYET MOH MAarHHsL.
Touno Tak >xe u npobaemy B3aumoseiicteus PHK ¢ nunuansiMu MemMOpaHaMu yaanoch pelmuTh
TOJBKO Onaronaps oobenuHennto PHKOBBIX KOMIUIEKCOB ¢ HOHaMU METajlla, Ha 3TOT pa3 — Kajlb-
Lyl
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N3BecTHO, 4TO B ApEBHEM OKEaHE ObLIO Topaszno OoJjblle, YeM TENEph, HIOHOB Pa3IMUHbIX
TSDKEJIBIX METAJJIOB, B TOM YHUCIIE JTOBOJBHO K30THYECKHX, TAKUX KaK BOJIb(pam, MOIMOICH HUITH
BaHaWH!". DTH HOHBI IO CHX TIOP UCTIONB3YIOTCS B KaueCcTBE KO(PaKTOPOB MHOTHMH OeJTKaMH, 0CO-
OCHHO y apXaWdHBIX MHUKPOOPTaHU3MOB. MokeT ObITh, feno y ucciuenonareneir PHK-mupa noii-
JIeT JIy4lle, €Clid OHU aAyT pruO0o3uMaM BO3MOXKHOCTD "MOJIb30BAThCsl YCIyraMH'" HOHOB PEIKHX
MeTaJlIoB?

Y Mukpoda ¢epporniiazMbl NOUYTH Bee OEJIKH COIEPIKAT Kesie30.

O BaXHOW W eme HE JO KOHIA TMOHATOW POJM METAJUIOB B JKU3HU
MPUMUTHBHBIX KIIETOK CBUIETEIBCTBYIOT PE3YJIbTAaThl W3yUeHHs] HEOOBIYHOTO
MuKpobOa, oOHapyxkenHoro B 2000 romy B OmopeakTope METaUTyprHuecKoro
3aBoja B Tyie.

Jror MUKpOO, OTHOCSIIMICS K HaauapcTBy apxed (Archaea), momyuwr
Ha3BaHue Ferroplasma acidiphilum. B omiinune ot OOJIBIIMHCTBA APYTUX apXeil
u Oakrepuil pepporuiazMa JIMIIeHa KECTKOM KIIETOYHOM CTEHKH U pa3MHOXKAETCs
MTOYKOBAHHEM.

depporiazma JKUBET B OY€Hb KUCIIBIX BOJIaX, HACHIIIIEHHBIX PACTBOPEHHBIM
KEJIe30M M JPyTMMHU MeTaUlaMd. B mpupone Takue YCIOBUSI BCTPEYAIOTCS
B OKPECTHOCTSIX MECTOPOXICHUN Cylb(OUIHBIX pyd (HAIpUMEp MUPUTA).
deppomiazMa cama MPOW3BOAUT OPraHWKY M3 YIIEKHUCIOro rasa (mogo0HO
pacTeHus M), a MUTAThCSI TOTOBBIMH OPTaHMYECKUMH BEIIECTBAMU HE MOXET. B
OTIMYME OT PACTCHWH HMCTOYHWKOM SHEPrHH JJsi cuHTe3a opraHuku uz CO;

(pepponna3Me CJIIYKUT HEC COJIHEYHBIN CBCT, a XUMHUYCCKasl pCAKIIUA OKHUCIICHUA

+ +
JIByXBaJICHTHOTO JKeJie3a (Fe2 =>F¢? ).

Depponnazma 6 npoyecce nOYKo8anus (NouKu nokazamvl cmpenkamu). Ilo pomoepaguu us
cmamwu ¢ nepgoonucanuem mukpooa (O. V. Golyshina et.al., 2000).

B xome nanpHeHIIMX wuccienoBaHUN y QepporuiazMbl OOHAPYKUIOCH
elle HECKOJIBKO HEOOBIYHBIX OCOOEHHOCTEH. B uacTHOCTH, OKa3aloch, YTO
omvH U3 ee (epMeHTOB (aib(a-TIIOKO3UIa3a) SBISETCS KEIe30COoAePKAIIUM
METAJUIONPOTENHOM, B TO BPEeMs KaK Y BCEX OCTaJbHBIX OPraHU3MOB (hepMEHTHI
3TOr0 KJlacca HHUKAKOTO JKejle3a He cojepkar. JTo MoOyIwio KOMaHIy

7 M.A. ®egonxun CyoiceHue 2eoxumuyecko2o 6a3uca JCUsHU U IKapuomusayus duocghepvl: npuyunHas céasv. // Ilaneonro-
normdeckue xxypHan 2003, Ne 6 ¢. 33—40 http://evolbiol.ru/fedonkin2003.htm
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MHUKPOOHOJIOTOB — TIEPBOOTKpEIBaTENEH (pepporia3Mbl IPOBEPUTH U OCTAILHBIC
OeNKM CTPaHHOTO MHUKPOOpraHM3Ma Ha MpeAMET COAEpKAaHMs B HHUX JKele3a U
JIPYTUX METAJUIOB.

Pesynmprar okazancs Oosnee dem yauBUTENBHBIM. M3 189 Genkos,
KOTOpbIE€ YYEHBIM YNaJOCh BBIACIUTh U3 (epporuiasmbel, Julb 26 He
conepkanu xene3a. Ocranbabie 163 (86 %) okazanmuck xene30CoAepKaluMu
MeTautonporenHaMu. CaMoe yAMBUTEILHOE, YTO aHAJIOTH OOJIBITMHCTBA U3 3TUX
0€eJIKOB, BCTpEYaIOUIUeCs Y APYyTuX OpraHu3MOB, HE COJIEPIKaT JKeesa.

XKeneszo B Oenkax ¢epporuiazMbl HE SBIISETCS KaKOW-TO HEOOS3aTeIbHOU
WIK BTOPOCTENIEHHOW mpuMechlo. VccnenoBarenu Mokasaiad, 4TO aKKypaTHOE
yIaJeHue jkene3a M3 ITHX ONKOB IMPHBOAUT K CHIBHOMY H3MEHEHHUIO HX
CTPYKTYpHI (IeHaTypauuu) u norepe GpyHKIroHanpHOU akTUBHOCTH. [loxoxke Ha
TO, YTO TOYTH BCE OCNKU (epporuia3Mbl, M0 0Opa3HOMY BBIPAKEHUIO aBTOPOB
CTaTbH, JAeprKarcs Ha "JKeJIEe3HbIX 3aKjenKax'.

EctrectBeHHO, cpa3y BO3HHMK BONPOC O TNPUYMHAX TaKOTO OOWIHA
KEJIe30COo/IepKAIINX METaJUIONPOTEHHOB Y (eppormnazmbl. Bo3moxkHO, 3TO
oOliee CBOMCTBO BCEW TPyNIbI MHKPOOPTAHM3MOB, K KOTOPOW OTHOCHTCS
¢epporurazma? Mnu, MoxeT OBITh, OHO XapaKTEpPHO WMEHHO JUISI MHUKPOOOB,
OOUTAIOUIMX B KHUCIBIX, HACBIIIEHHBIX PACTBOPEHHBIM >Kene3oM Bomax? s
OTBETa HAa H3TOT BONPOC UCCIEIOBATENN BBIICTWIA TEMHU K€ METOAAMHU
MeTayuiocoaepKamme OenKu U3 OMMKalIIero poACTBEHHHKA (eppoIuia3Mbl —
apxent Picrophilus torridus, a Taxke W3 HEPOACTBEHHOT0, HO OOWTAIOIIETO B
TaKHX e YCIOBUIX MUKpoopranusma — 6akrepuu Acidithiobacillus ferrooxidans.
N3 »TuX MHKpOOOB ynajaoch BBIIAEAUTH JHUIIL 29 U 28 MeTalIoNnpOTEHHOB
COOTBETCTBEHHO, M3 KOTOPBIX TOJBKO IOJIOBHMHA cojepxaia xene3o. Camoe
IJIaBHOE, YTO BCE JKEJI€30COo/epKallINe METAJIONPOTENHBI ATUX JIByX MHUKPOOOB
OKa3aJuCh OOBIYHBIMM, MIMPOKO PACIPOCTPAHEHHBIMU METAJIONPOTEUHAMM,
KOTOpbIE U Y MHOTHX JIPYTUX OpPraHU3MOB TOXKE COAEpIKaT KeJe30.

Torna nccnenosarenu BeIcKa3anu 1ep3Kyto runoresy. OHU IpeanoaoKuiIy,
YTO cuTyauusi, HaOmonaemass y  (¢epporia3Mbl, SBISIETCS — CIydallHO
COXPaHMBIIUMCSI OTTOJIOCKOM JIDEBHEUIIMX 3TallOB Pa3BUTHS KU3HHU. JKU3HB
MOTJIa 3apPOUTHCS B MUKPOIIOJIOCTSX KPHCTAUIOB MHPHUTA, B YCIOBUSAX, OYCHB
OJM3KUX K TeM, B KOTOPBIX HBIHE 00HUTaeT depporuiazma. [ TaBHBIME OTIHYUSIMHU
9TUX MHKPOIIOJIOCTEHN SIBISIOTCS KHUCHasg cpela W HM300MIMe PAacTBOPEHHOTO
Keye3a, KOTOpoe B JIPYTHX, MEHEE SK30THUUECKHUX MECTOOOMTAHUSX OOBIYHO B
OombIoM aedunmre.

JlpeBHeiime (GOpMbI JKU3HU TOHA4Yaly aKTUBHO HCIOIB30BAIH IS
OCYIIIECTBICHUS] HEOOXOAMMBIX XUMHUECKUX PEAKIIUN MPOCThIE HEOPTaHMYECKUE
KaTaJu3aTopsbl, B IEPBYIO OUEPEIb COEUHEHUSI kKee3a U cepbl. [locTeneHHo aTi
KaTajM3aTophl 3aMemanuch 0osee 3pGEeKTUBHBIMH OPTAaHHYECKUMU — TO €CTh
OenKaMu, U BIIOJHE €CTECTBEHHO IPEINOI0KHUTh, YTO MEPBbIE OCIKH BKIIOYAIN
B ce0si aToMbl XkKelle3a KaK HEOThEeMJIEMble CTPYKTYpHbIE U (PYHKLHOHAJIbHbIE
KOMIIOHEHTHI. B nanpHeiimem, Koria )KuBbie OpraHu3MbI CTaJI OCBauBaTh JIPyTHe
MECTOOOUTaHMSI, OHU Cpa3y K€ CTOJIKHYJIUCh C PE3KUM J1e(PUIIUTOM TOCTYITHOTO
xKeleza, U OoTOOp cTall CIOCOOCTBOBaTh 3aMEHE CTaphIX JKEIEe30COAepKAIUX
OCJIKOB JpPYyTrUMH, HE HYXKIAIOMIMMHUCS B JKeJle3€ IS BBINOJHEHUS CBOMX
¢yHK1M. B KOHIIE KOHIIOB %eJle30 COXPAHUIIOCH TOJIBKO B TeX OelIKax, KOTOphIE
0€e3 HEero coBCEM YK HUKAaK OOOWTHCH HE MOTYT.
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I[lo wmHeHuio  wuccinenoBaTened, OOWIME — KEJIE30COAEPIKALIUX
METaJUIONPOTEHHOB Y (hepporurasMbl OOBSCHSASTCS TEM, YTO MPEIKH 3TOTO
MUKpOoOa HUKOIJA HE TMOKUJIA KHCIBIX, OOTaThIX JKEJIe30M BOI, W
BCS WX OBOJIONUSA NPOTCKaJia B YCIOBHSIX JKEJIE3HOTO u300wmms. Jlpyrue
MHUKPOOPTaHU3MBI, OOUTAIOIINE CETOIHS B TIOX0XKUX YCIOBUSX, BEPOSITHO, TIOTIATTH
Tyla BTOPUYHO M Ha KAKHUX-TO JTalax CBOCH OJBOJIOINUU CTAIKUBAIHNCH C
neUIUTOM JKenne3a. Te HEeMHOTOYHCIIeHHBIe OeIKH (epporuia3Mbl, B KOTOPBIX
JKejae3a Bce-TaKh HET, BO3MOXKHO, JTOCTAJIMCh €M OT 3TUX HOBBIX COCEJci B
pe3ylibTaTe TOPU30HTAIBLHOTO (MEKBHUIOBOTO) 0OMEHA T€HaMH, YTO Y MUKPOOOB
— o0bryHOE feno (cM. miaBy "HacnenyroTcs au npuoOpeTeHHbIe TPU3HAKKT").

BrpoueMm, ecThb OJHO OOCTOSTENBCTBO, 3aCTABISAIONICE YCOMHHUTBHCS B
CTOJIb TIyOOKOW IPEBHOCTH (eppoIuia3Mbl M €€ METauIONpoTerHOB. Jlemo B
TOM, YTO 3TOT MHKPOOPTAHH3M SIBISETCS a’pOOHBIM, I OKHCICHHS XKele3a
€My HEOOXOIMM KHUCIIOPOJ, TOTIa KaK JIPEBHEWINE ATAllbl JBOJIONUU KU3HU
MPOTEKaIH B OECKUCIOPOIHBIX YCIOBHIX (cM. TiaBy "[lnanera mukpoOos").
(Ucmounux: Manuel Ferrer, Olga V. Golyshina, Ana Beloqui, Peter N. Golyshin,
Kenneth N.Timmis. The cellular machinery of Ferroplasma acidiphilum is iron-
protein-dominated // Nature. 2007. V. 445. P. 91-94.)

Kak PHK pemana »3Heprermyeckuii Bompoc. YrtoOsl jBa
pUOOHYKJIEOTHIa COSAMHIUINCH BMECTE, 00pa3oBaB MasieHbKyI0 Mosiekyty PHK,
K OIHOMY M3 HMX JIOJDKEH OBITh MPUCOEAMHEH JOMOIHUTENBHBINA (ocdar (wim
cpasy aBa). [lonyuuBiiasics MoJeKynia — puOOHYKICOTH/ € TUIIHUM (ochaTom —
o0nazaer OONBLUINM KOJIMYECTBOM SHEPTUH, KOTOpAsk MPU HATHMYUH TOAXOIAIINX
KaTaJIn3aTOpPOB MOXET OBITh MCIOJIB30BAaHA ISl BHIIIOJHEHUS PA3HBIX MOJIE3HBIX
"pabot". B TOM uncie 11t coeAuHeH s AByX PUOOHYKICOTHIOB B OJJHY MOJICKYITY
— w™anenbkyto PHK. PuGonykneotuabl ¢ momonHuTenbHbIMU (ochaTamu
NEPBOHAYAIILHO HCIOJIB30BAINCh, CKOpEe BCEro, TOJBKO KakK 'CTPOMTENbHBIC
kuprnuuku” npu cunteze PHK. Kupnuuuku, Hano ckasars, O4eHb yIOOHbBIE —
BElb OHHM BKJIIOYAIOT B ceOs HE TOJIBKO CTPOUTENBHBIA Marepuaj, HO elle U
SHEPIUI0, HEOOXOAMMYIO [T BBIITOJHEHUS CTPOUTENBHBIX padot! BriocnencTeun
OHHU CTaJM MCIIOJB30BAThCS VIS THICSY JPYTUX BaKHBIX NNl — Be3le, TAe A
BBINOJIHEHHSI KaKOi-TO paboTel TpeOyeTcst sHeprus. Bee xuBoe u mo ceil 1eHb
noJb3yeTcst GpochopunupoBaHHBIMU PUOOHYKICOTHIAMH KaK YHHBEPCAIbHBIMU
MOCTABIIMKAMH YHEPT U IIPY BHIITOJTHEHUH YHEPTOEMKHX 3a/1a4. Camast u3BeCTHas
u3 3Tux '"sHepreruueckux" wmojekyn — AT® (amenosuntpudocdar). Ito
OOBIYHBIN PHOOHYKICOTH, K KOTOPOMY HPUCOEAMHEHBI JBa JOMOJIHUTEIBHBIX
docthara. ATD oOAHOBPEMEHHO H UCTOYHHUK OHHEPrUM JJII MHOXECTBA
SHEPrOEMKHX peakluil, U oauH u3 kupnuuukoB it cuntre3a PHK. Tak 3emHuas
KHM3Hb HAIllJIa YHUBEPCAJILHOE PELICHHUE Cpa3y JABYX 3ajad: 3aracaHus YSHEpIUu B
yno0Hoii (hopme u cuaTe3a PHK — rmaBHBIX MOJEKYIT )KU3HU.
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HAJl (Hukomunamuo-adeHuH-OuHykieomuo) — 6adCHetuuull YUacmHuK

9HEp2emuyecKko20 Memabonusma Kiemku, UCNONb3VeMblil KAK YHUBEPCANbHbIL
nepeHoCcuuK nPomoHo8 u nekmporos. llpedcmasnsem cobotl 08a cOeOUHEHHbIX
pudbonykieomuoa: ooviuHblll (A0eHo3un) u "Hecmanoapmuovlil” (HUKOMUHAMUO).
Cmpyxkmypa smoeo eewyecmsa — ewje 00Ho "Hanomunanue™ 06 snoxe PHK-mupa.
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O6onouyka

Bce opranu3mbl AUCKPETHBI B IPOCTPAHCTBE M UMEIOT HApYKHYI0 000704Ky. TpyaHo npen-
CTaBHUTH ce0e KUBOE CYIIECTBO B BUJ/IE TYMAHHOTO 00JIayKa WM pacTBOpa (pa3Be uTo B (paHTACTH-
yeckoM poMane). OiHako noHauady NpeakKu3Hb CyIIECTBOBaJIa UMEHHO B BUJIE pacTBOPOB. UTOOBI
HE PacTBOPUTHCS OKOHYATEIbHO, HE PAacCeAThCS B BOJIaX JPEBHUX BOAOEMOB, "KUBbIE pacCTBOPHI"
JIOJDKHBI OBLTH FOTUTHCS B KPOILICUHBIX MOJIOCTSX, KOTOPHIE YaCTO BCTPEYAIOTCS B MUHEpaIax. JTo
TeM Ooliee y100HO, YTO HEKOTOPbIE MUHEPaJIbl (HallpUMeEp, MUPUT) SABJISIOTCS HETJIOXMMH KaTau-
3aTopaMu I MHOTMX OMOXMMMYECKHUX peakiuil. KpoMme Toro, moBepXxHOCTh MHUHEPAIOB MOIJIA
CITy’)KUTh CBO€OOpa3HON MaTpUIIeii, OCHOBOH, K KOTOPO# MmpuKperuisiinch Monekyasl PHK. Yrops-
JIOYEHHAsI CTPYKTypa KPUCTAJUIOB MIOMOTaia ynopsI0unuTh U CTPYKTYPY 3TUX MOJIEKYII, IPUAATH
UM HY>KHYIO ITPOCTPAHCTBEHHYIO KOHPHUTYpAIHIO.

Ho pano nnu no31Ho npemku3Hb J0/DKHA ObuIa 003aBECTHCH COOCTBEHHBIMU 000I0YKaMU —
HNEPENUTH OT JOOPTraHM3MEHHOIO YPOBHS K OpraHu3MeHHOMY. MieabHbIM MaTepuanoM Juisl TAKUX
000JI04EeK SBIISIOTCS JTUMUIBI (KUPBI), MOJIEKYJIBI KOTOPBIX CIIOCOOHBI 00pPa30BHIBATh HA MOBEPX-
HOCTH BOZbI TOHYAMIIKeE MIeHKU. Eciin B3001TaTh TaKyIo BO/Y, B €€ TOJILE 00pa3yeTcss MHOXKECTBO
MEJIKUX Iy3bIPbKOB — BOZSHBIX KareJeK, MOKPBIThIX ABYXCIOWHOMN JUIUAHON 00O0J0UYKON (MEM-
OpaHoif). DTU KamnesbKH MPOSBIISAIOT UHTEPECHBIE CBOMCTBA, KOTOPbIE AETAIOT X MOXOKUMHU Ha
uBbIe Ki1eTk. Harpumep, oHM cIOCOOHBI OCYIIECTBIIATH 0OMEH BellecTB. JIunuanpie MeMOpaHbl
o0nagaroT N30MpaTeIbHON NPOHUIIAEMOCTBIO: OIHU MOJIEKYJIbl CKBO3b HMX IPOXOST, IpyrHe —
HeT. biarogaps 3ToMy 0J1HM BELIECTBA BTATUBAIOTCS B KAILIIO, APYTUE BHIBOJSATCS, TPEThH — HAKaIl-
nuBatoTcs BHyTpu. [IpaBaa, 11t TOro, YT00bI 3TO MPOUCXOANIIO MOCTOSIHHO, OJJHUX MEMOpaH HeJlo-
craroyHo. HysxHo emie, 4T00bI BHYTpY KaIlli OHU BEIIECTBA PEBPAIIAINCH B IPYTHE, & JIJIsl 3TOTO
TaM JOJKHBI HaX0UThCS KaTanu3aropsl — Oenku win PHK.

N3yuennemM cBOICTB BOJHO-IUIIUIHBIX Karellb (KoanepBaToB) 3aHUMaJICs akafgeMuk A. 1.
Onapus. OH cuMTal, YTO KoauepBaThl ObLIM OJHUM M3 3TAllOB HAa IYTHU BO3HUKHOBEHMS KU3HU.
OnapuH oOHApPY’KUJI, YTO MPH ONPEACIECHHBIX YCIOBUAX KOAllepBaThl MOT'YT PacTH U Jlaxe "pas-
MHOXXaTbCs1" AeneHueM 'S,

AN Omnapu JKuzus, ee npupooa, npoucxodicoerue, pazeumue 1968 http://evolbiol.ru/oparin.htm
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Kogpepmenm A — o0na u3 easicHetiuiux OUOAKMUBHBIX MOLEKY]L HCUBOU KIEMKU — NPEOCma6-
Jsilem cobotl MooupuyuposanHulil puboHyKIeomuo adeHosut. K oonomy uz ocmamkos gpocghoproti
Kuciomsl npucoeounen "xeocm", omoanieHno HANOMUHAOWULL 04eHb KOPOMKYI0 OEIKO8YI0 MOojle-
Kkyny. Xeocm 3axanuusaemcs epynnoti — SH, komopas aensemcs akmueHbiM YyeHmpom MOLeK)Ibl.
K smoii cepe moowcem npucoeounamuocs ayemunvrasn epynna (-CO-CH3)y komopas 3amem 6ydem
UCNONb306aHA, HANpUMep, OISl CUHME3d HCUPHLIX KUCIOM (KIIYeOU dman cunmesa Junuoos).
Cmpoenue monexynvl Kogpepmenma A 3acmasisiem 3a0yMamvpcsi 0 OPeGHEUUUX IMAnax 6010YUN
JHCU3HU, KO20A pUDOHYKIeOmMuUdbl U npocmetivuiue beaxku (nenmuobvl) ewje moabKo YUULUCL «HCUMD
u pabomams emecme»

[TepBble KoarepBaThl MOITIM 00pPa30BaThCsl CAMOIIPOU3BOJILHO U3 JIMIIUJOB, CUHTE3UPOBaH-
HbIX a0MOTeHHBIM IyTeM. BIOCIEeNCTBUM OHM MOINIM BCTYNHTHh B CUMOMO3 (B3aMMOBBITOAHOE
COXKUTEIIHLCTBO) € "’KUBBIMH PAaCTBOpaMHK" — KOJIOHUSIMU caMOBOCITpon3Boasmuxcs mojiekya PHK,
Cpenu KOTOPHIX OBLIM U pUOO3UMBI, KaTaIM3UPYIONIe CUHTE3 JIUMHUI0B. [logo0Hoe coobiecTBo
y’K€ MOYKHO Ha3BaTh OPTaHU3MOM. Y BCEX JKUBBIX CYIIECTB JI0 CHX IOP B CUHTE3€ JIMIHJIOB BaXk-
HEUITyI0 POib UrpaeT KohepMeHT A, MpeaCTaBIAIOMUNA OO0 HE YTO MHOE, KaK MOAU(PHUIIUPO-
BaHHBIN pHOOHYKJICOTH . ITO emie oaHo HartoMuHanue 00 PHK-mmpe.

Kamnaem mnperknoBenmsi st teopur PHK-mupa B TedeHnm HEKOTOpOro BpeMeHU ObLia
HecniocoOHocTh Mosiekyn PHK sddextuBHO B3anMomeicTBOBaTh ¢ JUMUIHBIMH MEMOpaHAMH.
HenasHo, oiHako, OBIJI0 TIOKA3aHO, YTO KOMITJIEKCHI M3 HECKOJBKHUX pa3HbIX MosieKyal PHK u nonos
KaJIbIUsl CIIOCOOHBI HE TOJIBKO NMPUKPEIUIATHCA K MEMOpaHaM, HO U PeryJupoBaTh UX MpOHUIlae-
MOCTb.
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PHK o63aBoanTcs noMmoLHNKaMM

B nampneiimem PHK-opranusmsl mpruoOpenn HECKOJIBKO Ba)KHBIX yCOBEPIICHCTBOBAHHUH.
CaMoe m1aBHOE U3 HUX COCTOSJIO B TOM, YTO OHU HAyYMJIUCh CUHTE3UPOBaTb aMUHOKHUCIIOTHBIE
HOJIMMEPHI — CHauajaa KOPOTKHE MENTH/IbI, a 3aTeM U JJIMHHBIE O€JIKU. DTH BEIIeCTBa CTalIU AJIs
PHK-oprann3moB yHUBEpCaIbHBIMH TTOMOITHUKAMH, CIIPABIISIOIIUMHECS C OOJBIIMHCTBOM OHOJIO-
rudeckux "pabot" ropaszo Jiydiie, yeM puOo3UMBbI.

Otkyna xe B3sutack y PHK-oprannsMoB criocoOHOCTh cuHTe3upoBaTh Oenku? YToObI OTBe-
TUTh Ha 3TOT BOIPOC, MBI JIOJKHBI MOOJMKE MTO3HAKOMUTBCS C puOOCOMaMU — CIIOKHBIMH MOJIe-
KYJSIpHBIMU ""MalllMHKaMu", IpY MOMOILIY KOTOPbIX CHHTE3UPYIOT OEJIKU BCE COBPEMEHHBIE JKUBBIE
KJIETKH.

PuGocoMbl y Bcex KHUBBIX CYIIECTB — OT OAKTEPHid 0 YEIOBEKa — YCTPOCHBI OUEHb ITOXOXKE.
[To-BuauMoOMy, 3TO 03HAYaET, 4TO PUOOCOMBI B UX ""COBPEMEHHOM' BHJI€ HMEIHCH YK€ Yy 00IIero
IpeKa BCeX HBIHEMIHUX (OpM Ku3HU — Yy JIyKH, 0 KOTOpOM TOBOPHIIOCH B Havaje TiaBbl. Pubo-
coMa COCTOUT M3 JIBYX YacTeH, WU CyObeIMHMLL, — OOJIBIION (TTIaBHOM) U MaJIOi (BCIIOMOTaTeb-
Hoi1). OcHOBY 00enX cyObeaMHHUL cOCcTaBsA0T Mosekynbl pudocomuoit PHK (pPHK). Crapyxu
k monekynaM pPHK npuneraror monekyinbsl pubocomMubix 0enkoB. [1ockonbKy prOOCOMBI UTPaAIOT
IJIAaBHYIO POJIb B CUHTE3€ Oelka (TpaHCISIINKI), BOIPOC O IPOUCXOKICHUH CHHTe3a Oenka (haKkTH-
YECKU CBOJUTCS K BONPOCY O MPOUCXOKICHUH PUOOCOM.

Jlo camoro HeaBHEro BPEMEHM MHOTI'MM 3KCIIEpTaM Ka3ajocCh, YTO 3arajka IpOUCXOXK/e-
HUsL puOOCOM BpsII JIU KOTJa-HUOyIs OyneT pasragaHa. Beas B mpuposie HE OCTalIOCh HUKAKUX
"epexoIHbIX 3BEHbEB", TO €CTh 00JI€€ MPOCTHIX MOJIEKYJIIPHBIX KOMILIEKCOB, KOTOPbIE MOIVIH OBl
IPETEH0BaTh Ha poiib "mpenkoB” pudbocom. Oarako B Havasre 2009 rona kaHaACKUe OMOXUMUKH,
MTOXOJKE, HAIIUTH KITFOYHK K 9TON TallHE B CAaMOH CTPYKTYpe pHOOCOM COBPEMEHHBIX OPraHU3MOB .

OHu cocpenoToymIuch Ha caMod IIaBHOM yactu pubocomsl — Ha Mmosekyine PHK, koto-
pas HazbiBaeTcs 23S-pPHK u siBisieTcst ocHOBOI 601b110# CyOBeAMHULIBI pUOOCOMBL. DTa MoJIe-
KyJla BeCbMa BeJIMKa: OHAa cocTouT nouTu u3 3000 Hyki1eoTH10B. B KileTKe OHA CBOpayMBaeTCs B
CJIOXKHBIN TpexMepHbIH "KiTyOoK". Pa3Hble MeTiin, BBICTYIIBI U APYTUE SIEMEHThI CTPYKTYPbI TOTO
"kiryOka'" o0ecreurBatoT BHIIOIHEHUE Pa3HbIX (QYHKIUI: CBA3b C pUOOCOMHBIMH OEJTKaMu, IPHUCO-
eIMHEeHNEe Majlol cyObeIMHUIIbI, IPUCOECIUHEHUE U YIEP)KUBAHNE B HYKHBIX MO3UIMIX MOJIEKYI
tpancnoptHbiXx PHK (TPHK), koTopbie HecyT Ha cBoux "XBOCTHKaX' aMUHOKHUCIIOTHI, HEOOXOH-
MbI€ JUIsl CUHTE3a Oerka.

[IpoBeneHHble paHee 3KCIIEPUMEHTHI MOKa3adHl, YTO PUOOCOMHBIE OEJKU UIpaloT B pudo-
COME BCIIOMOTATEIbHYI0 POJib: OHHU JIENaloT ee Oosee cTabMIbHON U MOBBILAIOT 3 (HEKTUBHOCTH
ee paboTbl, OJHAKO BCE IVIaBHbIE NEHCTBUS, HEOOXOAUMBIE JUIsl CUHTE3a OeJiKa, OCYyIEeCTBISIOTCS
He Oenkamu, a pubocomupiMu PHK. DT0 3HauuT, 4T0 M3HA4anbHO pHUOOCOMBI MOIIIU COCTOSTH
tonpko u3 pPHK, a 6enku nobaBunuck nosxe. Camblil TIIaBHBIN 3Tall TPAHCISILIMKA — IPUCOEIH-
HEHHUE aMHUHOKHUCJIOT K CHHTE3UPYEMOI OCIIKOBOI MOJIEKYJIE — OCYIIECTBISETCS MOJIEKYI0M 23 S-
pPHK. IIoaTOMy J0rM4YHO MPEANION0KNTh, YTO BCE HAYAIIOCh UIMEHHO C ATOW MOJIEKYJIBI.

Onnako monekyna 23S-pPHK crnuiiikom Benvka v C10’Ha, 9TOOBI MOSIBUTHCSI B TOTOBOM BH/JIE
B pe3yjbTaTe CIy4allHOro KOMOMHMPOBAHMS HYKJIEOTHUIOB. TakuM 00pa3oM, KIIOUEBOM IOMpocC
coCTOUT B ToM, Morvia i 23S-pPHK npowusoiitu ot 6051€€ npocToi MOJNEKYIbI-IPEALIECTBEHHUIIbI
B pe3yibTaTe MOCTENEHHOW 3BOJIIOLMU, TO €CTh MyTEM IOCJIEeI0BaTEIbHOrO J00aBICHNUS HOBBIX
(parMeHTOB. Y4eHbIM yIaJlOCh MOKa3aTh, 4To cTpyKTypa 23S-pPHK cBuneTenbcTByeT HMEHHO O
TaKOM €€ MPOUCXOKICHUH.

19 Konstantin Bokov, Sergey V. Steinberg A hierarchical model for evolution of 23S ribosomal RNA // Nature. 2009. V. 457
p. 977-980
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emocTHOCTH TpexMepHOU cTPyKTYpbl MoJieKyibl 23S-pPHK noanep:kxuBaeTcs pasHooOpas-
HBIMU CBSI3SIMM MEXAY €€ ydyacTkaMu. HekoTopble 4acTu MOJEKYJbl CBOPaYMBAIOTCS B JIBOIHBIE
cinupanu. K aBoliHbIM cnivpaisMm "MpUKIeUBaOTCs" Ipyrue y4acTKH MOJIEKYJIbI, COCTOSAIIUE U3
HECKOJIbKUX MAYUIUX MOAPS aAeHO3UHOB. CBsI3U, BO3HUKAIOLIUE MEX1Y JBOMHBIMU CIIUPATIAMU
1 "cronkaMu" aeHO3UHOB, HEOOXOAUMBI JJIS TTOJACP)KaHUS CTAOMIBHON TPEXMEPHOU CTPYKTYPHI
TOM YaCTH MOJIEKYJIbI, K KOTOPOU IPUHAJIIEKUT aICHO3UHOBAs "'cCTONKA'"", HO OHH HE BJIUSAIOT Ha CTa-
OMJIBHOCTB TOH €€ 4acTu, K KOTOPOW PUHAJUIEKUT JIBOIHas crivpaib. IHbIMU ci0BaMu, €Cliu Mbl
pa3opBeM KaKyro-HUOY/Ib U3 3TUX CBSI3€H, TO HAPYIIUT CTPYKTYPY TOM YaCTU MOJIEKYJIbI, IJ1€ HAaX0-
JUTCS aICHO3MHOBAs ""cTONKA", HO HE IPUYMHUT BpeJla TOW YacTH, I7I€ paclojoKeHa IBOiHasl CIIH-
panb. Takum o6pazom, ecnu 23S-pPHK pa3BuBanach nmocreneHHo U3 mpoCTod MOJEKYIbI-TIPeI-
IIECTBEHHMIIbI, TO CHauaja JOJKHbI ObUIM MOSBIATHCS ABOWHBIE CIIMPAJIU, U TOJIBKO OTOM K HUM
MODJIH "TIPUCTpanBaThCs" aIECHO3MHOBBIE CTOTIKH.

Wsyuas crpykrypy 23S-pPHK, uccnenoBarenu oOpaTwiv BHUMaHHE, YTO B OJHOM YacTH
MOJIEKYJIbl UMEETCSI CKOIJIEHUE JIBOMHBIX CIHMpaed U MOYTH HET aJ€HO3MHOBBIX CTOMOK. DTO
HAOJII0/IEHNE HABEJIO YYEHBIX Ha MBICIb, YTO 3BoJtouus Moisiekyasl 23S-pPHK morna nagarscs
UMEHHO C 3TOTO (hparMeHTa MOJIECKYJIBI.

Ho ecnu sTot pparmenT 6611 TOM "3aTpaBKoit”, ¢ KOTOpoil Hauanack sBomorus 23S-pPHK,
TO CIIEAYEeT OKUAATh, YTO UMEHHO B HEM HAXOAUTCS KaKOW-TO Ba)KHBIM (PYHKIIMOHAJIBHBIN LEHTP
Mosekyibl. Tak nu 310? OKa3bIBaeTCs, 3TO AEUCTBUTENBHO TaK: UMEHHO 3TOT Y4aCTOK MOJIEKYJIbI
23S-pPHK wurpaer kiatoueByto poiib B IPUCOETUHEHUN aMUHOKUCIIOT K CUHTE3UPYEMOMY OEJIKY.
OH yzaepxHUBaeT B MPAaBWIbHBIX Mo3ulusax "XBOCTh" AByx monekyn TPHK (to#i, uro mpunecna
IPEABLIYITYI0 AMUHOKHCIIOTY, YK€ PUCOSANHEHHYIO K OCJIKY, U TOH, 4TO MIPUHECIIA CIEAYIONIYIO
AMHHOKHUCIIOTY). IMEHHO 3TOT y4acTOK MOJIEKYJIbl 00eCIieunBaeT COMMKeHHEe HOBOW aMUHOKHC-
JIOTHI C IPENIBIAYIIEH, yKe IPUCOEANHEHHOM K O€JIKY, U KaTaJu3upyeT COEAMHEHUE aMUHOKHUCIIOTBI
Cc OEIIKOM.

OOHapyXuB 3TH (aKThl, HCCICTOBATENN MEPEILIH K 00Jiee TOHKOMY aHAIHM3y CTPYKTYPHI
23S-pPHK. Onu noxpazaenii MOJIEKyITy Ha Oosiee ToHKOMY aHanu3y. OHM MOApa3IeTuiIn MoJie-
Kyay Ha 60 OTHOCUTENBHO CaMOCTOSITENIbHBIX CTPYKTYPHBIX OJIOKOB M J€TAJIbHO MPOAHATIU3ZUPO-
BaJIM XapakTep CBs3el Mexay HUMHU. PaKTUUECKU OHM pacCMaTpHUBAIA MOJIEKYIY KaK CIOMHBIN
TPEXMEpHBIN "Ma3n" U MBITaINCh BBIACHUTD, MOAJACTCS JIW OH COOpKE M pa3dopke 03 IMOIOMKH
netaneid. Oka3anoch, UTO MOJIEKYITY A€UCTBUTENBHO MOKHO ITOCTENEHHO "pa3o0pars", HU pa3y He
HapYLIUB CTPYKTYPY OcTaromuxcs 61okoB. CHavaza MOXKHO OTAETUTh 19 G5I0KOB, MpUYeM CTPYK-
Typa ocTaBLIMXCS OJIOKOB ocTaercs HemoBpexaeHHoM. Ilocne storo otnenstorcs eme 11 6mo-
KOB, 3areM emie 9, 5, 3, 3, 2, 2, 2; HaKoHell, e1le TPHU OJIOKa MOXKHO OTACIIUTH MOCIEeI0BATEIHHO
no onHomy. [Tocne sToro ocraercst "Hepa3oOpaHHBIM" JHIIL MaJCHBKUI (ParMEHT MOJIEKYIIBI,
cocraBistromuii 7 % ot ee o0miel Macchl. TOT Hepa30OpaHHBINA (PparMeHT MPENCTaBISIET COOOU
TOT CaMbIi KaTAJIMTHYECKUH LIEHTP, OTBETCTBEHHBIN 3a yaep;xuBanue AByx moiekys TPHK n npu-
COEIMHEHNE AMUHOKHUCIIOT K OEJIKY.

Bo3smoxxHOCTE mOcienoBaTenbHON pa300OpKU MOJEKYIbl 0€3 MOBPEXKIECHUS OCTAIOLIUXCS
qacTeil — akT BeChMa HETPUBHAIBHBIN. Bece OJI0KHM MOJIEKYIBI CBSA3aHBI IPYT C IPYTOM, ITPUYEM
CBSI3M ATH MMEIOT HalpaBJICHHBIN XapaKTep: MPU UX pa3pbIBE OAMH OJOK MOBPEXKIAECTCS, a APY-
roii — HeT. MOXHO MPENCTaBUTh CUCTEMY OJIOKOB M CBSI3€H MEXITy HUMH KaK MHOXXECTBO TOYEK,
COEIMHEHHBIX CTPEJIKAMHU, IPUYEM CTpeJika OyAeT yKa3blBaTh Ha TOT OJOK, KOTOPBIA MOBpEXkaa-
€TCsI IPU pa3pbiBe CBI3H. Ecu OBl 3TH cTpenKu 00pa30Baiik XOTs ObI OJHY KOJIBLIEBYIO CTPYKTYPY
(MHBIMU CITOBaMM, €CJIM OBl Mbl, IBUTasiCh U3 KaKOH-TO TOYKU IO CTPEJIKaM, MOIVIM BEPHYThCS B
Ty € TOYKY), TO pa3o0parh MOJEKYyITy 0e3 MOBPEKICHHS OCTAIONINXCS YacTeil ObII0 OBl HEBO3-
MOkHO. OTHAKO HU OJTHOM TaKOM KOJIBIIEBOM CTPYKTYpPHI B MOsieKkyJe 23S-pPHK He o6Hapyxuiiock.
Ecnu 6b1 HanipaBnieHue cBsi3el ObUIO CIIy4aiiHbIM, BEPOSITHOCTh OTCYTCTBHSI KOJIBLIEBBIX CTPYKTYD
cocraBiisija Obl MEHEE OTHOM MUJUIMAPIHOW. 3HAUUT, 3TO BpAJ JU pe3yabrar ciaydaiiHocTu. Ilo-
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BUIMMOMY, CTPYKTYpa CBSI3ei MKy OII0KaMH MOJIEKYJIbI OTPasKaeT MOCIIEN0BATEIEHOCTD 100aB-
JICHUS ITUX OJIOKOB B XOJI€ TIOCTETICHHOM YBOJIOIIH MOJICKYIIBI.

[onmywaercs, 4To MCXOMHON (DYHKIMOHATIBLHON MOJEKyNIol — "mpoTopubocomoit”, ¢ KoTo-
poii Hauanach 3BOTOLUS pUOOCOMBI, — OBLIT KaTaauTHUECKHUi HeHTp MoseKybl 23S-pPHK, oTset-
CTBEHHBI! 332 COEIMHEHNE AMUHOKHUCIIOT.

Morna nu Takas "mpotopubocoma’, criocodHas yaep:kusarb ABe Mosnekyiasl TPHK u comnu-
KaTh B MPOCTPAHCTBE MPUKPETUICHHBIE K HUIM aMHUHOKHUCIIOTHI, BHIMOJIHATH KaKyl0-TO MOJIE3HYIO
¢ynkuuio B PHK-opranmsme? DKCriepuMEHTHI MO3BOJISIOT OTBETHTH Ha TOT BOINPOC YTBEPAH-
TeNhbHO. METOIOM MCKYCCTBEHHOW 3BOJIFOIMH ObUIH ToMydeHbl ¢yHKIuoHanbHble PHK (pubo-
3UMBI), CIIOCOOHBIE KaTaJIM3UPOBaTh COCIMHEHHWE aMHUHOKHCIOT, mpukperuieHHbIXx kK TPHK, B
KOPOTKHE OETKOBBIe MOJIEKYJIbl. CTPYKTypa 3TUX UCKYCCTBEHHO BBIBEJICHHBIX PHOO3UMOB OYEHB
ONM3Ka K CTPYKTYpE TOW MPOTOPHUOOCOMBI, KOTOPYIO "BBIYMCIIIN" KaHAJICKHE OMOXMMHKU Ha
OCHOBE U3y4eHus cTpykrypsl 23S-pPHK.

[Mo-Buarmomy, mpoToprbocoma OblIa IMPOCTO YCTPOSHHBIM PUOO3UMOM, KaTaATH3HPYIOLIIM
cuHTe3 Hebonmpmmx OenkoBbiXx Monekyna B PHK-opranmsme. CnenuduaHOCTs cHHTE3a MOHAYATY
ObLIa OYE€Hb HU3KOM (aAMUHOKHCIIOTHI BRIOMpANUCH 0oJiee MM MEeHee ciTy4aiiHo). B manmpHeiimem k
IPOTOPHOOCOME TI0OABIISUTHCH HOBBIE OJIOKH, IIPUYEM JT00ABIISITUCH OHH TAKUM 00pa3oM, YTOOBI He
HApYIIUTh CTPYKTYPY aKTUBHOTO IIEHTPA MOJIEKYJIBI, @ TAKXKe BCEX TEX OJIIOKOB, KOTOPHIE MPUCO-
enuHIINCH panee. Eciu ouepeHas MyTaius NpuBOIIIIA K HAPYIICHHUIO YXKE CJIOKUBIIHXCS CTPYK-
Typ, OHa OTCEnBajIach 0TOOPOM.

VY4yeHble 1eTaabHO PEKOHCTPYUPOBAIM MIPEAIIOIaraéMblii MPOIECC MOCTENEHHON IBOJIIOLNN
23S-pPHK. IlepBbie BOCeMb JOMOIHUTENBHBIX OJOKOB IPUCOEAMHUIACH K IIPOTOPHOOCOME TAKHM
o0pa3oM, 4To 00pa30BaIu HEYTO BPOJIE MACCUBHOTIO "0CHOBaHUs'", O1arofaps KOTOpOMY CTPYKTypa
IPOTOPHOOCOMEI cTaja ropasno 6osee ctabmipHOM. Cinemyromme 12 6510K0B ete 6oJiee YKpenmin
U pacuupuiin 370 "ocHoBanue". HoBbie 010k1 00pa30Basid TOBEPXHOCTh KOHTAKTA C MaJIOH CyOb-
€IMHHULEH, YTO TO3BOJIMIIO BKJIIOUUTh €€ B COCTaB pubOcoMbl. B uncie nocneqHux n06aBuiInch
0110KH, 00pazytonre 0coOble BBIPOCTHI Ha MOBEPXHOCTH OOMNBIION CyObequHMIIbI. DyHKINSA ATUX
BBIPOCTOB COCTOUT B TOM, YTO OHHU MOMOTAIOT pubocome BrIOMpath "mpaBmibhHy0" TPHK, Hecy-
Y0 HYXKHYIO aMUHOKHCIIOTY, a TAaK)Ke BBITyCKaTh U3 pubocomsl "orpadoranusie” TPHK. B urore
poTOpruOOCOMa OKa3aach OKpPy)KeHa IPYTUMH OJI0KaMH CO BCEX CTOPOH 32 HCKITIOUEHUEM KaHaa,
KOTOPBIN OBLIT OCTABJICH JJIsl BHIX0O/Ia 00pa3yIoIIeicst 0eJIKOBOW MOJICKYIIBI.

Taxkum o6pazom, 23S-pPHK, npu Bcell ee kaxyielcs ClI0XXHOCTH, TIOCTPOEHA HA OCHOBE
JIOBOJIBHO MpocTOoro npuHuuna. Ee OnodHas cTpykTypa CBHAETENbCTBYET O TOM, YTO OHA MOIJIA
JIOBOJIHO OBICTPO Pa3BUTHCS B XOZE IBOJIIOLUHU U3 TMPOTOPUOOCOMBI TIO/ ICHCTBHEM MYyTAIHid U
otOopa.

JHK n PHK - xpanutenu HacaeacrseHHoii mHpopmanuu. /[THK, kax
u PHK, ¢opmupyrorcss M3 KUPIUYMKOB — HYKIEOTHIOB, TOJIBKO UYyThb-UyTh
npyrux. Uroosr u3 PHK-kupnmuunka (pubonykneoruna) caenars JHK-kuprmamk
(1e30KCUPUOOHYKIICOTHT), AOCTATOYHO OAHOM MPOCTOH peakiuu — OTHATh Y
prOO03BI OMH M3 aTOMOB KUCJIOPOJa. DTO MPUAAET MOJEKYJe CTaOMIbHOCTD, a
320/THO JIMIIAET €€ CIOCOOHOCTH COBEPILATh AKTUBHBIE ICHCTBHL.

Monexynbl JIHK (xkax u PHK) crmocoOHBI K caMOKOTIpOBaHUIO, TPaBa,
JUIL 3TOTO HY)XHBI KaTalu3aTopbl — Oenku win pubo3uMmel. HacnenctBenHas
uHpopmanus, xpansamasca B JIHK B Buge nocienoBareabHOCTH HYKI€OTHIOB,
Moxer "nepenucoiBathesa" Ha PHK (Tak cosnatorcs marpuunsie PHK, MPHK)
u oOparHo. TOYHOCTH KONMHUpPOBAaHMS OOECleuMBaeTCs B 3HAYMTEIBHOH Mepe
aBTOMaTHYECKH — Onaromapss 0co0OMYy CBOMCTBY HYKJIEOTHIOB, KOTOpOE
Ha3bIBAIOT CBOMCTBOM KOMIUIEMEHTApPHOCTH: IPOTHUB KaXKIOTO HYKJIEOTHAA
HCXOIHOW MOJIEKYNbl (MaTpullbl) B CHUHTE3UPYEMOUM KOMUHU (PEIIUKE) MOXKET
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BCTaTh TOJIBKO OIMH, CTPOTO ONpPEAEIECHHBIN HYKICOTU ] U3 YETHIPEX BO3MOXKHBIX.
Hamporus ryanuna (I" Bcerga cranoButcs nurto3ut (L), nanporus yparmmia (V)
niu 3ameraonero ero B Mosiekyne JIHK tumuna (T) — Tonbko anenus (A). Korna
Ha 3TON pEeIUIMKE CUHTE3UPYETCsS HOBas PEIUIMKA, OHA OKA)KETCS TOUHOW KOIHUeEH

HUCXOJHON MOJIEKYJIBI.
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®@paemenm osotinoui yenu JJHK. Ilo kpasm — "ckenemot" 00unounwix yeneti, cocmasieHHbvle
U3 ocmamro 0e30Kkcupubo3vl u gocghopHoii kuciomol. B yenmpe — 06e napvl a30mucmuix 0CHO-
8aHull, COeOUHEHHbIX OpYye ¢ OPY2OM NO NPUHYUNY KoMHIemeHmapHocmu. Meowcdy adenunom (A) u
mumunom (T) obpazyiomes 06e 6000poOHbLe 853U, Medxcoy 2yanunom (1) u yumosunom (L)) — mpu.
Ilosmomy adenun modicem CKIeumvbcsi MOAbKO ¢ MUMUHOM, d 2YAHUH — MOTbKO C YUMOZUHOM.

"B3aumoBbirognoe corpyaandectBo" PHK u GenkoB (mentumoB), BEpOSTHO, CKIAABIBATIOCH
MOCTENEHHO. MOKHO MPEIONI0KNUTh, YTO M3HAYAJIBHO XUMUYECKUE HUKIbI ¢ yyactueM PHK u
MEeNTHI0B (HOPMHUPOBAIUCH TOPO3HB, BO3MOKHO, B HECKOJIBKO pa3HBIX yCIOBHiIX. OO 3TOM cBH/IE-
TEJILCTBYET XUMHUUYECKUi cocTtaB 3Tux BemectB. B PHK Muoro docdopa: ocrarku dochopHoii
KHCJIOTBI BMECTE C OCTaTkaMu pu003bl cocTaBisroT ""ckenet" mosekynsl. Cepa B coctaB PHK ne
BXoAuT. B Genkax, Hao60poT, HET Pocdopa, 3aT0 UMEETCs cepa, KOTOpasi UTPaeT BEChMa BaXKHYIO
POJIb B MOJICPKAHUH MTPOCTPAHCTBEHHOM CTPYKTYPBI OSITKOBOI MOJIEKYITHI.

[lonayany cuntes 6enkoB, ocymectpisBumniics PHK-opranuzmamu, ckopee Bcero, He ObLl
CTPOro CHEeHU(PHUUHBIM: IOCIEI0BaTEIbHOCTH AMUHOKHCIIOT U3 pa3a B pa3 BOCIIPOU3BOJWINCH HE
TOYHO, a JIUIIb MPHOIU3NTENHHO. [I0CKOIBKY TOYHOCTB B TAaHHOM CITydae Pe3KO IOBBIIIAIIA KH3-
HECTIOCOOHOCTH OPTAaHU3MOB, €CTECTBEHHBII OTOOP CITOCOOCTBOBAI BBIPAOOTKE BCE 0OJIEE TOUHBIX
METO/IOB CHHTE3a OenKa. J[eno KOHYMIIOCh BOSHUKHOBEHUEM YHUBEPCATIbHON CUCTEMBI OY€HB TOY-
HOTO CHHTE3a J1000ro TpeOyeMoro nentuaa. 1o 1 OblU FeHETUYECKUI KO BKyIe ¢ pubocoMaMu

""coBpeMeHHOro" Tumna.
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I'enernyeckuii KOX — YHUBEPCAIBHBIM Ui BCEX JKHUBBIX CYILIECTB
croco0, MOCPEeICTBOM KOTOPOTO IMEpPBUYHAS CTPYKTypa OEIKOBOW MOJIEKYIbI
(mocnenoBaTenbHOCTh aMHUHOKHCIOT) "komupyerca' B monekyine JJHK (unmm
PHK). Kaxnas amMuHOKHMCIOTa KOIUPYETCS TpeMs HYKJIEOTUAAMH (KOJOHOM,
n tpuruieroM). Hykneormpnos B JIHK Bcero 4, mostomMy OHM MOTYT
00pa3oBbIBaTh 64 pa3HBIX TpUILIETa. AMUHOKHUCIIOT B Oenkax Bcero 20, moatomy
TeHETUYEeCKUH KOJ "M30BITOYCH" : MHOTHE aMHHOKHCIIOTHI KOAUPYIOTCS HE OJTHUM,
a HECKOJbKMMH B3aUMO3aMEHMMBIMU KOJOHAMU. CUNTBIBAHWE TE€HETHUYECKOU
nH(pOpPMALIMU TPOUCXONT B /Ba 3Tana. CHauana nHpopmanus "nepenucsiBaeTcs "
¢ JJHK na PHK (Tpanckpumnuus). 9Ty onepanuio OCyIIECTBISET CHELHAIbHBIN
¢depment — JIHK-3aBucumass PHK-monmmmepasza. Ilomydennass B pesynbTare
Tpanckpunuuu monekyna PHK, conepxamas "uHCTpyKIH0" 1Mo cuHTe3y Oenka,
HasbiBaeTcs MaTpuuHoit PHK (MPHK). Beinonnenue 3toit "uHCTpyKIMK'", TO €CTh
cUHTEe3 OemKa (TPaHCIALHNSA), OCYIIECTBISETCS puOOCOMaMHU.

BropeiM kpynHbeiM ycoBepuieHcTBoBaHueM PHK-opranuszmos Obuto npuobperenue THK.
Monexynsl JIHK 6onee ycroituusl, uem PHK, u motomy sBnsitorcs 6onee HaIeKHBIMU XpaHUTE-
JSIMHU HaclencTBeHHOW nHpopmanuu. [lnaTtoit 3a cTabUIBHOCTH CTala HECITOCOOHOCTh MOJIEKYIT
JIHK cBOpaunBaThCsi B CIOXKHBIE TPEXMEPHBIE CTPYKTYPHI U BBITIOTHATH KaKUe-THOO aKTHBHBIC
neiicreus. Mznauansno JIHK, ckopee Bcero, Obu1a 4eM-To Bpoze MOKosIIelcs Ghasbl B dKU3HEHHOM
LUKIIEe camoBocnpou3Bojsauuxcsa kononnid PHK, u naumb MHOro mosjaHee oHa cTajia OCHOBHBIM
HOCHUTEIIEM HaclleZICTBEHHON HH(OPMAIIHH.

DopMBblI CyILIeCTBOBAHUSA HaCJIeICTBEHHOM uHpopmManmnu.
HacnenctBennas (reHeruyeckas) MHGpoOpMaIys MOXET CYLIECTBOBATH B JIBYX
dopmax — B Buae JIHK m PHK. KonmupoBanwmem W mepenuchiBaHHEM JTOU
uHpopMaiuu 3aHuMaroTcst ocoosie hepmentsl — HK-momumepassl. CymiectByeT
yetbipe Tuna HK-nonumepas:

1. JHK-3aBucumbie JIHK-momumepasbl — OCYIIECTBISAIOT PEIUIUKAIIAIO
JIHK, To ectb cunresupyror JIHK na marpune JIHK. Ot dbepmeHTH MIpOCTO
konupytroT Mosekyibl JIHK, kak Ha kcepokce.

2. JIHK-3aBucumbie PHK-nonuMepasbsl — 0CyIIECTBISIIOT TPAHCKPHUIILIMIO,
T0 ecthb cuHTe3upyroT PHK Ha marpune JIHK.

3. PHK-3aBucumbie PHK-monumepaspl — OCYHIECTBISIIOT PEIUIUKAIIAIO
PHK, 1o ectb cunte3upytor PHK Ha marpuinie PHK.

4. PHK-3aBucumpie JIHK-monmmmepassr (0OpaTHbIE TpaHCKPUNTA3HI,
peBepTasbl) — OCYLIECTBISIOT 0OPaTHYIO TPAHCKPUIIIUIO, TO €CTh CHHTE3UPYIOT
JAHK na marpune PHK.

EcTp Beckue ocHOBaHUS MOJIAraTh, 4TO MEPBBIMU MOSBIIIUCH (DEPMEHTHI TPETHETO TUTIA, & OT
HHX [MOTOM MPOU30ILIH BCe ocTanbHbie TUIIBI HK-nonmnmepas.
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Hacneavne PHK-mupa

B nocnennue roipl OAHUM U3 CaMbIX OBICTPO PA3BUBAIOLMXCS HAIPABICHUIN B MOJIEKYJISIp-
HOW OMOJIOrMH CTaJl0 UCCIIEOBaHKUE pa3HooOpa3HbIX MajeHbKux Mmojekyl PHK, xoropsie, kax
BBISICHWJIOCH, UTPAlOT OIPOMHYIO POJIb B XKU3HU KJIETKU. B pe3ynbrare 3TUX ncciae10BaHUM npe-
CTaBJICHUS O MOJIEKYJSIPHBIX OCHOBAX >KM3HHM CHUJIbHO M3MeHmMch. Eme ner 10-15 Hazan kaza-
noch, yto PHK urpaer B kieTke Bce-Taku BTOPOCTENEHHYIO posib. CEerofHs CTajgo sICHO, YTO
monexyiabl PHK sBisitoTcs akTHBHBIMU y4aCTHUKAMU MHOKECTBA )KM3HEHHO Ba)KHBIX ITPOLIECCOB.
[TocTosiHHO OTKpBIBAIOTCS HOBbIE (pyHKIIMOHANBHBIE MoJieKyabl PHK u HoBbIe "ponn", BbInomHsE-
MBbIE€ 3TUMHU MOJIEKYJaMU B KJIETKE. DTHU OTKPBITUS OYEHb XOPOIIO coracyrores ¢ Teopueit PHK-
Mmupa. JleicTBUTEIbHO, €CIIU IPEBHEUIITNE KUBBIEC OpraHU3MbI yMEIIU 00XOAUTHCS BOOOIIIEe Oe3 Oe-
xoB 1 JIHK 1 Bce (hyHKITMM B HUX BBITOIHSINCH MojieKynamu PHK, ToO MOXKHO 0HIaTh, 9TO U B
COBPEMEHHBIX OpPraHU3Max 3TH MHOTO()YHKIIMOHAIBLHBIE MOJIEKYJIBI HE OCTaJINCh 0e3 paboThI (CM.
Takke niaBy "Ha nmoacrynax k HeBegomMomy").

OpnHuM U3 SBHBIX 0TronockoB 3noxu PHK-mupa sBasioTCS HEAaBHO OTKPBITHIE YAUBUTEIb-
HbIE CTPYKTYpBI, nonyuusmure Ha3Banue PHK-nepexmrouareneii.

PHK-nepexirouarenu BuepBbie Obutn oOHapyskeHsl B 2002 rony Ponansnom Bpeiikepom u
ero koiuteramu u3 Mensckoro yaupepcutera. C TeX 0P YHCIIO MyGIHKALHH, TOCBAIIECHHBIX STOMY
CTPaHHOMY U OY€Hb JPEBHEMY MEXaHU3MY F€HHON PETYISIIUU, CTPEMUTEIBHO PACTET.

Pabota rena HaunHaeTcs ¢ TpaHCKpUMIUMU — co3nanust moiekyiasl MPHK na marpune JJHK.
Tpanckpubupyercs He Tonpko Ta yacTh JJHK, kotopas kogupyert 6enok, HO 1 Koe-uto "numrnee",
B TOM YHCJI€ YYaCTOK Iepes HadaJoM KoAupyroilend obiactu. 3aech-To u pacnonaratorcs PHK-
nepexiroyarend. OHU MPEICTABISIOT COOO0H MOCIEI0BATEIBHOCTH HYKICOTHIOB, KOTOPHIE Cpa3y
1OCJI€ TPAHCKPUIILIMK CBOPAYMBAIOTCS B 3aMbICIIOBAThIE TPEXMEPHBIE CTPYKTYpbl. CBOpaunBaHue
OCYLIECTBJIIETCSA Ha OCHOBE MPUHIMIIA KOMIIEMEHTAPHOCTH (TaK K€, KaK 3TO IPOUCXO/INUT, HAllpU-
Mep, ¢ TpancnopTHeiME U pubocomubiMu PHK). Camoe BaxxHoe, uto 001acTs, rae Haxoasrcs PHK-
nepeKItoyareu, TpaHckpuoupyercs nepsoil. PHK-nepekitouarenu npuxoasaT B paboyee cocTos-
HHE — TO €CTh IPUHUMAIOT HY>KHYIO KOH(PHUTYPAIHIO — Cpa3y, KaK TOIBKO MX TPAHCKPUOUPOBAIIH, U
3aJ10JIT0 JI0 TOTO, KaK 3aKOHUUTCS TPAHCKPUIILIMS BCETO reHa. JTO MO3BOJISIET UM MPEpBATh TpaH-
CKPHIIIUIO ¥ TEM CaMbIM (DaKTHYECKH BBIKIIIOYHUTH TCH.

PHK-nepexmtouarenb cOCTOUT U3 IByX (QYHKIMOHANbHBIX yacTel. [lepBast yacTh npencras-
asieT co0oil BecbMa M30MpaTeabHbId U UyBCTBUTENIBHBIN PELENTOp, KOTOPbIM CIIOCOOEH CBSI3bI-
BaThCs C OIHOM CTPOTO OINPEACIICHHON MOJICKYJION (HarpuMep, C aMUHOKUCIIOTON TIMIIMHOM WJTH
¢ S-afcHO3WIMETHOHMHOM). BTOpas yacTh ycTpoicTBa — 3T0 COOCTBEHHO TNepekitodarens. Korna
peLenTop CBSA3BIBAETCA CO "'CBOCH" MOJIEKYIIOM, MEPEKIII0YATENIb MEHSET CBOIO IPOCTPAHCTBEHHYIO
KOH(UTYpAIUIO, YTO U MPHUBOAUT K M3MEHEHHMIO aKTHBHOCTH reHa. Hampumep, mepeximodarenns
MOXeT 00pa3oBarh "MIMWIBKY" — TOpYALIMi TBYXHUTEBOW Y4aCTOK, KOTOPBIA OJOKHPYET Najib-
HEWIyI0 TPAaHCKPHIILIKIO U Ha KOTOPOM HexonenanHas nadopmarmonnas PHK npocTo-nampocTo
0OpBIBaeTCSI.

KunroueBoit Monekynou, koropast npuBoauT B aeiicteue PHK-nepexitouarens, yacto aBis-
€TCsl BELIECTBO, MPOU3BOAUMOE OEJIKOM, T€H KOTOPOTO 3TUM MEPEKIII0YaTeIeM pPErylIupyercs.
Hanpumep, eciiu nponykToM reHa siisiercst 0esiok, CUHTe3upytonuii semectso A, To PHK-nepe-
KJTFOYaTelb 3TOr0 IreHa ¢ OOJBIION BEpOSTHOCTHIO OyleT pearnpoBaTh UMEHHO Ha BEHIECTBO A.
Takum 0O6pazoM GopMupyeTcs OTpULIaTeIbHAS 00paTHAs CBSA3b: KOT/]a KAKOTO-TO IPOIYKTa CTaHO-
BUTCS CJIIMILIKOM MHOTO, TIPOM3BOJICTBO O€JIKa, CHHTE3UPYIOLLET0 3TOT NIPOAYKT, IPUOCTAaHABINBA-
eTcsl.

PHK-nepekmrogareny MUPOKO pacHpOCTPAHEHBI BO BCEX TPEX HAAUAPCTBAX KUBOM IpH-
ponbl — y OakTepuii, apxed u sykapuoT. Haubomnee pasnooOpasnbsl onu y 6akrepuid. [Tockonbky
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OTKPBITHl OHU OBUIM BCETO HECKOJIBKO JIET Ha3a/, HEYAUBUTEIbHO, YTO MOYTH KAXKIbIH MECSIL] Mbl
y3HaeM O HUX 4To-TO HoBoe. CHawana mymanu, uyto Bce PHK-nepekmtouarenu cHuXKaoT akTHUB-
HOCTb I'€HOB, HO BCKOPE CpeIu HUX ObUIM OTKPBITHI U aKTUBATOPbI. JlyManu, 4To peryiasiTopHbIe
KOHTYpHI ¢ yyactueM PHK-nepexitodareneit Bcerna npocTel: OJUH I'€H — OIMH MEPEKIIF0UaTeNb —
0JIHO curHasibHoe BemecTBo. OnHako B 2006 roay B )KypHaje Science NOsSBUIIACh CTaThs FPYIIIbI
aMEpUKAHCKUX UCCIIEIOBATENEH BO IIaBe ¢ bpeiikepom, B KOTOPOM OMKMCAaH HOBBIM TUI PETYJIATOP-
Horo PHK-yctpoiicTsa, cocrosimero u3 aByx pazHeix PHK-nepekmouareneit?’. Yuensie ycrano-
BUJIM, YTO KOMIUIEKC U3 JIBYX Nepekitouareneil padoraer kak jornyeckuit anemeHT NOR (MJIU-
HE). apiMu crioBaMu, T€H BBIKIIIOUAETCS, €CITM 00a MITH XOTs ObI OIMH U3 IBYX MEPEKIIIOUaTeNIeH
CBSDKETCSI CO CBOEU MOJIEKYJIOM.

OTkpbITHE MTOKA3aJI0, YTO BO3MOXKHOCTH Oe30enkoBoit PHK-perynsuum aktuBHOCTH reHOB
JTAJIEKO HE TaK OrpaHUYeHHBbI, Kak qymann passiue. Ha ocHoBe npocteix PHK-nepexirouareneit
MOTYT cO37laBaTbCs OOJIee CIOKHBIE PEryIsTOPHBIE YCTPOMCTBA, CIIOCOOHBIE YUHMTHIBATh Cpasy
HECKOJIBKO [TapaMeTPOB OKPYKArOLIEH CPE/bI.

Ve nepBootkpsiBarensim PHK-nepekmrouareneit cpasy cTano siCHO, 4YTO OHU CTOJIKHYJIMCh
C YE€M-TO Ype3BbIYAITHO APEBHUM.

UYenosek, 00magaromui XOpoIuM BOOOPaKEHUEM, MOXKET MPEICTaBUTh ceOe 3Ty KapTHHY
B Kpackax — ""CUMTBhIBa€MbIi" T'€H BAPYT HAYMHAET IIEBEIUTHCS, BOCIPUHUMATh CUTHAJIBI U3 OKPY-
JKarolle cpezbl, pearnpoBaTh Ha HUX U BMEUIMBAThCA B pabOTy CUMTHIBAIOIIETO YCTPONUCTBA: HE
ynTail MeHs Oonbiie! Takum 06pa3om, CTAaHOBUTCSI TOHITHO, KaK JJaJ€KU OT UCTUHBI ObUIH UCXO-
uele npeactasnerns 00 PHK kak o 6e3piHnnmaruBaOM nocpeanauke mexay JAHK n mammnoi cun-
Te3a Oenka.

20 Narasimhan Sudarsan, Ming C. Hammond, Kirsten F. Block, Rudiger Welz, Jeffrey E. Barrick, Adam Roth, Ronald R.
Breaker. Tandem Riboswitch Architectures Exhibit Complex Gene Control Functions // Science. 2006. V. 314. P. 300-304.
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B Havyane 6b110 coooLwwecTBo?

MHorue 610JI0TH MOJIararoT, YTO BCE Pa3HOOOpa3ue KU3HU Ha HalIEH MJIaHETe POUCXOIUT
OT €IMHCTBEHHOTO UCXOHOTO BUJa — "yHUBEpCcaIbHOTO npeaka” mo umenu Jlyka (00 atom npapo-
JUTEJIE BCETo )KUBOTO Ha 3eMJIe Mbl YK€ YIIOMSIHYJIM B Hadajie I1aBkl). Jpyrue, B ToM uucie Kpymn-
HeWmmii MuKkpoouosor akaneMuk 1. A. 3aBap3uH, ¢ 5TUM He cormacHbl. OHU UCXOIAT U3 TOTO, YTO
YCTOMYMBOE CYIIECTBOBaHUE OHOC(HEPHI BO3MOKHO TOJIBKO TPH yCIOBUU OTHOCUTEIHLHON 3aMKHY-
TOCTH OMOr€OXMMHUYECKUX IIUKIIOB — B IPOTUBHOM CJIy4ae >KHUBbIE CYIIECTBA OUE€Hb ObICTPO U3pac-
XOIYIOT BCE PECYPCHI HIIM OTPABAT ce0sI MPOILYKTaMU COOCTBEHHOW YKU3HECSTEITHbHOCTH.

3aMKHYTOCTb LIUKJIOB MOKET OBITh 0OECIeueHa TOJbKO COOOIECTBOM U3 HECKOJIBKUX pa3-
HBIX BUJIOB MUKPOOPTaHU3MOB, Pa3AeIUBIINX MEKIY co00ii Onoreoxumuieckne GpyHkmn. Oqau,
UCIOJIb3Yys PECYPCHl CPE/Ibl, HAMOJIHAIOT €€ MPOAYKTaMU CBOEH KU3HEAEITEIbHOCTH, a JPYyTHE,
UCIOJb3Yys 3TU MPOIYKThI, BO3BPALIAIOT B KAUECTBE CBOUX OTXOAOB IEPBOHAYAIbHBINA PECYPC BO
BHELIHIOIO cpeny. [[puMepoM Takoro cooOuiecTBa SBISIOTCS HUaHO-0aKTepraabHbIe MaThl, O KOTO-
pBIX TOWIeT peub B rmiaBe 3. [LA. 3aBap3WH CUUTAET, YTO OPraHW3M, CIIOCOOHBIA B OJHMHOUYKY
3aMKHYTb KPYTOBOPOT, TaK K€ HEBO3MOXEH, KaK U BEUHbII IBUTaTEIb.

st aTana XMMUYeCKOW MpemKu3Hu 3TO enie 0onee oueBuHO. Hukakas oTnensHO B3ATast
OpraHuyeckas MoJieKyja He CMOXKET YCTOMUNBO CaMOBOCIIPOU3BOUTHCS U MOJIEPKUBATh TOMEO-
CTa3 B OKpyxxarolen cpene. Ha 310 criocoOHBI TOJIBKO KOMIUIEKCHI U3 1I0BOJILHO OOJIBIIOrO YKcia
Pa3HBIX MOJICKYII, MEX /Ty KOTOPBIMH HAJIATAIOCH "'B3aMMOBBITOTHOE COTPYIHUYECTBO" (CMONO03).

Ecnu npuHATH 3TOT X0/ pacCyKIeHHM, TO OKaXKeTcs, 4To, CKopee Bcero, JIyka Obut He enu-
HBIM BHIOM MHUKPOOPTaHU3MOB, a MOJMMOP(HBIM COOOIIECTBOM, B KOTOPOM MTPOUCXOANIT aKTHB-
HBIIE 0OMEH HACJIEZICTBEHHBIM MaTepHaioM MEXAy opranu3Mamu. PaznoobOpasue, cumOunos, pas-
nesenne QYHKIHA 1 HHPOPMAITMOHHBIN 0OMEH — H3HAYaJIBHBIC CBOMCTBA 3¢MHOM KU3HHU.

Bnpouewm, cnenyer mOMHUTH, YTO B OMOJIOrMM HEe ObIBaeT MpaBWil 0€3 HMCKIIOYEHUH U
Jake BUauMasi 0e3ynpeyHOCTb JJOTHYECKUX PACCYK/IEHUN HE BCET/Ia MOXKET CIIY>KUTh KpUTEPUEM
UCTHHBI. TeopeTnuecku Bce-Taku MOXKHO ce0e MPeACTaBUTh EUHUYHBIN BHI MUKPOOPTaHU3MOB,
CYLIECTBYIOLIMHI Ha IUIAHETE B TEUEHHE OYEHb J10Jroro Bpemenu. Hampumep, ecau "numeit" emy
CITy’KaT Kakue-1r00 BEeIecTBa, OCTYMAONINe TOHEMHOXKKY U3 36MHBIX HEZIP, 8 OTXO/IbI )KU3HEIe-
ATETBHOCTH JIN0O repepadaThIBAIOTCS B TEOXUMHUECKUX KPYTOBOPOTaxX 0€3 y4acTusi )KHUBBIX Opra-
HHU3MOB, JTH00, K IpUMEpY, TPOCTO 3aXOPAHUBAIOTCS B 3eMHOM Kope. TakuMm 00pas3om, 3TOT THIOTe-
TUYECKUH MUKPOOPTraHU3M IIOIPOCTY BCTPAUBAETCS B YK€ CYIIECTBYIOIINI Nr€OXUMUYECKHI IIUKT,
JIMILB YCKOPSISL €TO.

OpHAaKo B IIETIOM Ha CETOMHSIIHUN ACHD YTBEPKIACHHE "B HadasIe ObLIO co00mecTBO" mpe/I-
CTaBJISIETCA, HA MOU B3MIIA, O0JIee BEPOSATHBIM, UeM "B Hauasie ObLI OJJUH BUJ MUKPOOOB".

B crnenyromeii riiaBe Mbl oipoOHEe TOTOBOPHM 0 MUKPOOaX, MUKPOOHBIX COOOIIECTBAX U O
CaMOM JI0JITOM M3 BCEX ATAINOB UCTOPHU 3€MIIH, B TEUEHHE KOTOPOTO MUKPOOBI OBLITH TOCIOACTBY-
fo1en HopMoit KU3ZHH.
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maBa 2. NnaHeTta Mmukpoo6oB

ApeBHeNwmne cnenbl XN3HU

Bpewms nosiBneHus xu3HM Ha 3eMiie TOYHO HE M3BECTHO. SICHO OJJHO: €CJIM Hallla TUTaHeTa
KOTJIa-TO U Obla 0e3:KU3HEHHOW, TO HE OYeHb J0aro0. 3eMis chopmupoBanack 4,5-4,6 mipa net
Hazaz, HO oT nepBbiX 700—800 MIIH JIeT ee CyIIEeCTBOBAHMS B 3€MHOW KOPE OCTAJIOCH CIUIIKOM
Majo cieaoB. [71aBHOE, HE COXPAaHMIIOCh OCATOYHBIX MOPOA, B KOTOPHIX B MPUHIIUIIE MOTJIU OBl
OBITH OOHAPYKEHBI CIE/IbI JKU3ZHU.

Ho umerorcs mokazarenbeTBa TOro, 4to ruapocdepa — BogHas 0007109Ka HAIISH TUTaHEeThl —
MOSBUIIACh O4eHb paHo. OO 3TOM CBUIETENBCTBYIOT, HAPUMED, KPUCTAIUIIBI LIUPKOHA BO3PACTOM
4,4 mnipn net, oOHapy>keHHbIe B 3anaaHoil ABctpanuu. CTpoeHue U U30TOMHBINA COCTaB ATUX KPH-
CTaJIJIOB MO3BOJISIIOT MPEANOIOKUTh, YTO OHU C(POPMHUPOBATHCH B IPUCYTCTBUU BOJIBI.

CaMbIM paHHUM CBUJETEIHCTBOM )KH3HU CUMTAETCS OOJIETYCHHBIN N30TOMHBIN COCTaB yriie-
pona u3 rpadUTOBBIX BKIFOUCHHWI B KpUCTA/lIaX amaThTa, HalJeHHbIX B [ peHIaHIUN B OTIOXKE-
HUSX BO3PACTOM 3,8 MIIpJ JIET. B 3THX BKIIFOUCHHUSX TIOBBIIIEHO MPOIICHTHOE COIEPKaHUE JIETKOTO

M30TOIa yIepona 12¢C, uro Mosxer GbITh pe3ybTaTOM JKU3HEESATEIIbHOCTH aBTOTPO(OB — opra-
HU3MOB, CIIOCOOHBIX CHHTE3HpoBaTh opraHuky u3 CO,. OnHako B X0Jie HEKOTOPBIX IeoJoruye-
CKHUX ITPOLECCOB (PPAKIIOHUPOBAHNE U30TOIIOB YITIEPOa MOKET MMPOXOJUTD U 0€3 y4acTHsl )KUBBIX
OpPTraHu3MOB. A 3TO 03HAYAeT, YTO T€ APEBHHUE KYCOUYKHU rpaduTa, 0 KOTOPHIX HIET pedb, B IPHH-
LUIIE€ MOIVIM MPUOOPECTH CBOM COCTAB U B OTCYTCTBUE TOMCTOPUUYECKUX CYIIECTB.

Bad

o
¢ e

-
w

& D -
Ol @ 8 8 O 8
= QO(

Jpesnetiwiue uckonaemvie MUKPOOP2AHUIMbL 803pACMOM OKONO 3,5 mapo nem u3 FOxucHotl
Aghpuku enewne nanomunarom 0OHOKIemMouHblX yuanobaxmeputi Synechococcus, Xoms Ha 6Heul-
Hee CX00CMB0 8 0AHHOM cyuae edga iu cmoum noiazamocs. CKopee 8ce2o, Hacmosaujue YuaHooax-
mepuu nosA8UIUCH no3dxce — 2,5—2,7 Mapo. 1em HA3ao.

UyTs OoJiee TIO3IHME OTIIOKEHUST BO3pacToM 3,7 MIIPI JIET U3 TOH ke [ peHianauu conep-
xKar B ce0e yxe 0oee TOCTOBEPHBIE CIIENbI KU3HU. ITH CIIE/bl ONATh-TaKH MPEICTABISIOT COO0M
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00JIer4eHHbIN U30TOMHBIN COCTaB yIJIEPOAd, HO B JAHHOM CJIy4yae BEPOSITHOCTb €r0 a0MOTEHHOTO
IPOUCXOXKACHUS HE3HAYUTEIIbHA.

Ho xkakas »to Obuta >xu3ubp — PHKoBas nim yxe "copemennas", JIHK-PHK-6enkoBas,
JIOKJIETOYHAs UM KJIETOUHAs!, — ONPEAEIUTh HEBO3MOXKHO.

Opnnako MOXKHO YBEPEHHO CKaszaTh, UTO 3,55 MIp[ JIET Ha3aa Ha 3eMile YXKe JKUIU pa3Ho-
oOpa3Hble MUKPOOPIaHMU3MbI, HallOMUHatoImue Oakrepuil. B oTiokeHUsIX 3TOro Bo3pacra MosiB-
JSIFOTCS TIEPBBIE CTPOMATOIHUTHI — 0COOBIE CIIOMCTHIE 0CaI0UHbIE 00pa30BaHus, (POPMHUPYIOLTHECS
B pE3y/bTaTe KU3HEACATEIIbHOCTH MUKPOOHBIX COOOIIECTB. 371€Ch K€ HaWJEHbl U CaMH OKaMe-
HEBIIME MUKPOOPTaHU3MbI, HATOMUHAIOIINE (POPMOI KIIETOK HEKOTOPBIX COBPEMEHHBIX OaKTEePHiA.
Ot0, koHeuHo, JIHK-PHK-0enkoBsie kiteTku. C 3T0ro MOMEHTa, COOCTBEHHO, M HAYMHACTCS T1aJie-
OHTOJIOTUYECKAs JIETONKCH Kak TakoBasi. Camble ApeBHUE (U caMble HHTEpECHbIE!) ATarbl CTAHOB-
neHus xKu3HM, BKIrodas snoxy PHK-mupa, nossinenne renerudeckoro xkoaa u nepexoxn xk JIHK-
PHK-6enkoBoii )KH3HU, K COXKAICHUIO, HE OCTABHIIA BHATHBIX CJIEIOB B 3eMHO# Kope. [ToaTomy nx
MOYKHO [T0OKa pPEKOHCTPYHUPOBATH TOJIBKO TEOPETHUUECKH.

Tabauna 1. Meowcoynapoonas eeoxpononocuueckas wkana (no Gradstein et al. 2004)
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JoH JIpa Mepuog JInoxa Bpema
Hayana, MnH
net Hasag
Panepozoncknid | HaiHosol- HeoreHoBBIA lonoueH 0,0118
CHaA MnedcToueH 1,806
MnuoueH 5,332
Muouen 23,03
MNaneoreHo- Onurouet 33,9 t0,1
Bblif JoueH 55,8t 0,2
MNaneoueH 65,5t 0,3
Mesosoickaa | Menoeoi Mo3aHAA 99,6 £ 0,0
PaHHAA 145,5 t 4,0
Hpcumi MNozaHAsA 161,2 £ 4,0
CpegHAas 175,6 £ 2,0
PaHHAaA 199,6 £ 0,6
TpHacoBblii MozgHAsA 228,0t2,0
CpegHas 245,0 £1,5
PaHHAaA 251,0 £ 0,4
Maneosoickan | Mepmcrui 209,0 £ 0,8
HameHHoy- 350,2 % 2,5
roNbHbIA
[ eBOHCHWIA 416,0 t 2,8
CUaypUACKKA 443,7 £1,5
OpooEMHCHWI 488,3t1,7
HemGpuiackui 542,0 1,0
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MpoTepo3oi- Heonpotepo- | 3aMakapcHMi 630
CHWRA 30McKan (BengcHmit)
HproreHoewli 850
ToHCHMA 1000
MesonpoTepo- 1600
30MACKanA
MNaneonpote- 2500
pPO30MCKaRA
ApxeRcHui Heoapxei- 2800
cKas
Mesoapxei- 3200
cKas
MNanecapxei- 3600
CHas
Joapxenc- He onpeg,
Kas

[To ¢popme KJIeTOK HEBO3MOXKHO TOYHO OMPEIENINTh, K KaKOM IpyIilie MUKPOOOB OTHOCSTCS
JPEBHEUIIINE HCKOMAaeMble OpPraHU3MBbI, a Kpome (POpMbI, OT OakTepuil B MaJCOHTOIOTUYECKON
JIETOIIMCH MPAKTUYECKU HUYEro He ocraeTcs. M3penka, npasna, yraercs HalTH "'MOJEKYJISpPHBIE
OKaMeHeNOCTH", WK OMOMapKepbl, — OCTaTKH HEKOTOPHIX OpPraHUYEeCKUX MOJIeKyl (bosee mpo-
cteix, yem JIHK, PHK u 6enxu). Ho u aToro Hemocrarouno mis uaeHtudukanuu. [loatomy rimas-
HBIM CITIOCOOOM PEKOHCTPYKLMHU APEBHEHIINX 3TANOB Pa3BUTHSI 36MHON )KM3HU CETOAHS SIBIISETCS
CpaBHHUTEIbHO-TeHeTHYeCKui aHain3. CpaBHUBas MeXay cOO0OW FeHOMBbI COBPEMEHHBIX MHUKPO-
00B, yUeHBIE CTPOST HBOJIOLMOHHBIE "AepeBbs", BOCCTAaHABINBAS TOT MOPSIOK, B KOTOPOM IIPO-
HCXOJUIIO pa3JielIeHHe 3BONIOIMOHHBIX JIMHUHM (U1 3TOTO CYIIECTBYIOT BECbMa COBEPIICHHbIE U
CJIO)KHbIE MaTeMaTHYECKUEe METOAMKH ). 3aTeM, 3Hasi IPUMEPHYIO CKOPOCTh HAKOIIJICHHSI TeHeTHYe-
CKHX M3MEHEHHUH B pa3HBIX ydacTKaX r€HOMa, MbITAIOTCS MPOBECTH "KaTMOPOBKY" MOIYYEHHOTO
JpeBa, TO €CTh JaTUPOBATh €T0 y3JIbl (TOUKH pa3BeTBieHus). [laneoHTonornyeckre JaHHbIE TOXE
HCTIONIB3YIOTCS 1711 KATMOPOBKH TaM, € 3TO BO3MOXKHO.
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HenpolweHble NOMOLHUKN?!

B TeueHue odeHb 1OJrOro BpEMEHHM €IUHCTBEHHBIMHU KUBBIMU OpPraHM3MaMU Ha IUIAHETE
ObLIM IPOKApPHOTHI — OakTepuu U apxeu. OHM BCTPAUBAIUCH B TEOXUMUYECKUE LIMKIIbI, MTOTyYast
HEOOXOAUMYIO JUIsl 5KMU3HH SHEPTHUIO 32 CUET PA3IIMYHBIX OKHCIUTEIbHO-BOCCTAHOBUTENIBHBIX PEaK-
1005058

[Mocnemusis ppasza, BO3MOKHO, TpeOyeT MOsICHEHUH. UTo 3HAYHT ""BCTPAaNBAINCh B TCOXHMHU-
yeckue Kb ? B ToBepXHOCTHBIX 00ooukax 3emiin — iurocdepe, armochepe u ruapocdepe —
KaK B JIPEBHOCTHU, TaK U IOHBIHE POUCXOAUT MHOKECTBO XUMUYECKUX PEAKLIUI U OCYIIECTBIISAETCS
KPYTOBOPOT BemiecTB. [[pokaproThl ¢ caMoro Hadana 00J1aiaid yHUKaIbHBIMHA BEICOKOA(PPEKTHUB-
HBIMH KaTaJIn3aTopaMu — OeskaMu-pepMeHTaMu, KOTOPBIE B IPUHIIUIIE B COCTOSIHUN KaTaIH3HPO-
BaTh (TO €CTb MHOTOKPATHO YCKOPSITh) UyTh JIU HE JIIOOYI0 MBICIMMYI0 XUMHUYECKYIO PEAKIUIO.
Ecnu peakuus uaeT ¢ BBIIEIICHUEM YHEPTUH, 3Ta YHEPTUS MOXKET OBITh "'MoxBadeHa" hepMeHTamMu
— AT®-cunrazamu — u ucnosb3oBana A cuHre3a AT®. Mmes 3anac ATD, apyrue ¢pepMeHTs
MOJIy4YalOT BO3MOXKHOCTh OCYILIECTBIISATh U TAKUE XUMHUUECKHE PEaKui, KOTOPbIE UAYT HE C BbljIE-
JICHUEM, a C MOMIOLEHUEM dHEpruu. B ToMm yuciie cUHTE3 OpraHuky U3 YIIEKUCIoro rasza. Bor,
COOCTBEHHO, U BECh CEKPET IPEBHEN MUKPOOHOM JKMU3HU, €€ XUMUYECKasi OCHOBA.

JlpeBHelIIe MPOKapHOThI, CKOpEe BCETO, OBLIN XeMOaBTOTpodamu (cM. Bpe3Ky). OHu "tipu-
CTPauBAJIUCh" K KaKOM-HUOYIb XUMUYECKON peaKiMu, KoTopas Ijaa U 6e3 X y4JacTusl, cama I1o
cebe, TonpKo MeaeHHo. [Ipu momomm noaxonsmero pepMeHTa OHM HAaYMHAIHN KaTalu3upoBaTh
3Ty peaKLUI0, MHOTOKPAaTHO YCKOPSIs €€, a BBIACISIIOILYIOCS SHEPTUIO UCTIOIb30BAJIN I CUHTE3a
ATO.

IIpoxapuoThl M 3YKapHOTHI, aBTOTPO(PBLI M rereporpogdrl. buonoru
JeTSAT BCE KHUBOE (MCKIIOUasi BUPYChI, KOTOPBIX OOBIYHO HE CYMTAIOT >KUBBIMHU)
Ha TpHU HepaBHbIE 4YacTH, Ha3bIBa€MbIe HAJIAPCTBAMU: apXew, OakTepuu
U DyKapHoThl. llepBbie 1Be Tpymnibl OOBEAMHSIOT TOA OOLIUM Ha3BaHHEM
"MpoKapuoThI".

IIpokapmnoThl HE UMEIOT KJIETOUHOIO Apa, UX F€HOM HAXOAUTCS MPSMO
BO BHYTpPEHHEH cpefie KIETKH (IIUTOIIa3Me) U OOBIYHO UMEET BUJI €TUHCTBEHHON
konpleBol Monekynsl JIHK (konbleBol XpoMOCOMBI). Y TPOKapHOT HET
HACTOSLIETO MOJIOBOTO Pa3MHOXKEHHUS, TOUHEE TOBOPS, B MX JKU3HEHHOM IMKJIE
OTCYTCTBYeT (haza 0Opa3oBaHMs MOJOBBIX KJIETOK M MX MOMAPHOTO CIUSHUS
B KJIETKYy C JBOMHBIM HAOOpOM XpPOMOCOM — 3UTOTY. Y MPOKapUOT TaKxKe
HET BHYTPHUKJIETOUHBIX OPraHEl, OKPYKEHHBIX IBOMHBIMH MeMOpaHamH, —
MUTOXOHJAPUH U IJIACTHUN.

Apxen oOmIMYAIOTCAd OT OaKTepWii B OCHOBHOM Ha MOJEKYISIPHOM
ypoBHe. BHemiHe, mo o0pa3sy XHW3HU WM 1O CIOCO0y TOTYYEHHUS YHEPrUu
pa3NUYUTh WX JOBOJIBHO TpynHo. IIpaBma, ecTh HEKOTOphIE THUMBI OOMEHa
BELIECTB, XapaKTEPHbIE TOJIBKO JIs apXel (Harmpumep, METAaHOT€HE3) UITH TOJIBKO
i GakTepuil (Hampumep, KUCIOPOAHBIM (QoTocuHTE3). Y apxell mo-aApyromy
YCTPOEHBI MeMOpaHbl U KJIETOYHBIE CTEHKU. Y HHX, B OTJIMYHE OT OaKTepHii,
yalle BCTPEUYAIOTCs MHTPOHBI — HEKOAUPYIOIIME BCTABKU B F€HAX — M TUCTOHBI
— crmeuuanbHble OeNkH, ydacTBylomue B ymakoBke renomuoit JIHK. Apxeii
yaime, yeM OaKTepuHu, BCTPEUYAIOTCS B PA3IMYHBIX SKCTPEMAIbHBIX MECTax
obutanus. Hampumep, ecTh apxeil, KOTOpbIe UyBCTBYIOT ce0s KOM(OPTHO B
kursTke, a npu 80 °C HauMHAIOT cTpajarh OT Xojoda. Tonbko cpenu apxeit

2! Pasnen Hanncan B coaBtopcTBe ¢ Enenoit Haitmapxk.
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BCTPEYAIOTCS MHUKPOOBI, MapasUTUPYIOMIME Ha Jpyrux MuKpoOax. [maBHBIE
paznuunst apxel u 0akTepuii — B HyKJICOTHUIHBIX ITOCIEA0BATEIBHOCTIX UX TEHOB.
Cyzast o BeNMYMHE 3TUX PA3NUYUM, 3BOJIIOLUOHHBIE JIMHUN OaKkTepuil U apxeu
pa3fenuiInch Ype3BbIlUaiiHO JaBHO, HA CAMOM 3ape KIETOUHOM KU3HU.

JYKapHOThI UMEIOT KJIIETOYHOE SAPO U OKPYKEHHbIE IBOMHON MeMOpaHoil
OpraHejulbl — MMTOXOHJPUHU, CIy)Kallhe g KHUCIOPOAHOIO JbIXaHUs, U
TUTACTU/IBI, CITy)Kamue Ui (JOTOCHHTE3a (ITOCIICAHNE XapaKTEPHBI TOJBKO IS
pacTUTENBHBIX KJIETOK). JlOKa3aHO, 4TO MUTOXOHJAPUM U IIACTHUJIbI SIBISIFOTCS
MOTOMKaMH CHUMOHMOTHYECKMX Oaktepmii (cMm. TiaBy "Bemukuii cum6mo3").
K sykapworam OTHOCATCS pa3HOOOpa3HBIC OTHOKJICTOYHBIC (DOPMBI, OOBIYHO
Ha3bIBaeMbIe "'pocTeHmmMu" (aMeObl, 5Ky THKOHOCIIBI, UH(PY30pUH, paJAUOIISIPUN
U JIp.), @ TAK)K€ MHOTOKJIETOUYHbIE — IPUOBI, pACTEHMSI U )KUBOTHBIE. B j)KxM3HEHHOM
[UKJIE JYKapuOT €CTh YepelOBaHWE TaIUIOWAHON M AWIUIOMAHON ¢a3: mapa
rarmIonIHbIX (C OJMHAPHBIM HA0OPOM XPOMOCOM) HOJIOBBIX KJIETOK CIMBAETCH,
o0pazyst AUIUIOUIHYIO (C IBOMHBIM Ha0OPOM XPOMOCOM) KIIETKY — 3UTOTY. DTO
CIIMSIHUE JIBYX IOJIOBBIX KJIETOK Ha3bIBaIOT OIIONOTBOPEHUEM. 3aTEM B KAKOW-TO
MOMEHT NPOUCXOIUT PEAYKLIMOHHOE JIEJIEHUE, U MEH03, B pE3yJIbTaTe KOTOPOTO
U3 IUTJIOUAHOM KIIETKH 00pa3yroTCsl YeThIPE raryIonIHbIe.

[Io crnocoOy mnomyuyeHuss OPraHUYECKHUX BEIIECTB BCE OpPraHU3MBbI
nenarcsa Ha aBToTpo¢oB U rereporpodos. OpraHu3Mbl, yMEIOIIME IPEBPALLATD
HEOpraHWYECKU ymiepoJ, B OPraHUYECKUE COEAMHEHHUS, Ha3bIBaOTCS
aBTOTPOGHBIMU,T. €. 'caMocCTosTeNbHO mnuTatoummMuca'. OpraHu3Mbl, He
CIOCOOHBIE K 3TOMY, — MX HAa3bIBAIOT TeTepoTpodaMHu — SBISIOTCS MO CYTH
Jena HaxJeOHWKaMH aBTOTPO(OB: OHU IEIMKOM M IOJHOCTHIO 3aBUCIT OT
MIPOU3BOAMMBIX MU OPTraHUYECKUX COECTUHEHUM.

ABTOTpOdBI CHHTE3UPYIOT opranuky u3z CO;, HCMONB3Yys IUIsI ITOTO
SHEPIuI0, MOJYYEHHYI0 U3 KaKOW-HHOYJIb OKHMCIMTEIbHO-BOCCTAHOBUTEIHHON
peakiuu (xemoaBTOTpPOodbI) MM myTeM (orocuHTe3a ((poToaBTOTPOPHI).
®0T0aBTOTPO(DEI, B CBOIO OUEPEIb, JEIATCS HA AHOKCHTeHHBIX (HE BBIICIISIONINX
KHCIIOPOJ) U OKCUTCHHBIX, WJIN KACIOPOJAHBIX.

BonpmmHCcTBO apxeid — XeM0aBTOTPO(BI, Cpeau OakTepHil MIMPOKO
pacrpocTpaHeHbl BCe U3BECTHBIE THUITBI METa00IM3Ma, YKapHOTHI SIBIISIOTCS JTHO0
OKCUTE€HHBIMU (poTOaBTOTpO(aMu (pacTeHust, OAHOKIETOUHBIE BOJOPOCIH), THOO
rereporpodamMu ((KUBOTHBIE, TPUOBI, MHOTHE MPOCTEHININE).

[Tono6HbIe NPUMUTUBHENIINE SKOCUCTEMBI CYIIECTBYIOT U MO ceil AeHb. OnHYy U3 HUX
UMEI0 YJI0BOJILCTBHE HAOMIOATh Kaxk0e JieTo B ceBepHoi Kapenuu, Ha 6epery benoro mops, e
IPOBOXY OTIYCK C ceMbell. Bozine Harel n30y1ku ecTb pydei, BoITeKaroIuii u3 0ogoTta u 6ery-
IIKH K MOPIO 1O IHY IiTyOOKOro oBpara. M3 KpyThIX CKJIOHOB OBpara OblOT KJIFOUH C JIeITHON Mpo-
3payHoit Bostoil. Tam, r1e kinroyeBas BOAa CMELIMBAETCS ¢ O0OTHON, BOZHUKAIOT U OBICTPO pacTyT
KOMKH MATKOW CKOJIb3KOM pBDKEN MYTH JOBOJIBHO HENPUATHOrO Buaa. Ecnu nonaro Her goxnen
Y TEUEHUE B PyUbe 3aMEIUISIETCS, 3Ta PhKas MyTb MOXKET 3allOJHUTH Bce pycio. Ho nocratouno
XOPOILEro JUBHA, YTOOBI BCS 3Ta rajJlocTh ObLIAa CMbITa B MOpe U pyuell ounctuics. Eciu MyTsb
BBICYIINTb, OHA IPEBPAILAETCS B KHPIUYHO-KPACHBIN IIOPOIIOK, KOTOPBIN OTIIMYHO NIPUTITUBAETCS
marHutoM. [lo mpasae roBops, 3To camas 0ObIKHOBEHHAas pxkaBunHa (FeyO3), TONBKO CKileeHHas
YEM-TO CIU3HUCTHIM U IIOYTH HEBECOMBIM.

Ilepen HamMu mpocTeiiasl MPOKAPUOTHASL SKOCUCTEMA. MBI BUJIMM €CTECTBEHHBIA T'€OXH-
MUYECKUH Tpolecc, K KoTopoMmy "mpuctpouscss” aBTOTpodHBI MUKpoopraHusM. [eoxumuye-
CKHUH Ipoliecc B JaHHOM ClIydae COCTOUT B TOM, UTO MO/I3€MHbIE KIIFOUH, OOTraThle HEAOOKUCIIECH-
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HBIM PacTBOPeHHBIM xkene3oM (Fe’ ), BBIXOIT Ha TIOBEPXHOCTD M CONPUKACAKOTCS C KHCIOPOLOM
arMocdepsl. Kuciiopon HaunHaeT OKHCIATh KeJe30, KOTOpPOe MPEeBPaIIaeTcsl B HEPACTBOPUMYIO
P’KaBUMHY M BBINAJIAET B 0CAJOK. DTOT IMpolecc miea Obl 1 03 BMeIIaTeNbCTBa MUKPOOPTaHU3-
MOB, TOJIbKO HE 0ueHb ObIcTpo. Ho 3a neno 6epyTcst HenmpolieHble TOMOITHUKH — XeMOABTOTPOd-
HbIe kene300akrepud. OHM MHOTOKPATHO YCKOPSIIOT MPOLECC, a BblaesieMas UMU "cinu3b" (OHa
COCTOUT B OCHOBHOM M3 YIVIEBOJIOB) CKJIEMBAET PKABUMHY B CKOJIb3KHE KOMKH, KOTOpBIE HaM U
MIPUXOJIUTCS IOJITO PA3TOHATH, MPEX/e YeM HaOpaTh U3 pyubs BeApo BOAbl. Brpouem, mons3a ot
9THX OAaKTEpUil TOXKE €CTh — UMEHHO OHHM OTBEYAIOT 32 00pa30BaHME TaK HAa3bIBAEMBbIX "OOJIOTHBIX
pyn", 13 KOTOPBIX MOXHO JIa)Ke BBITUIABIIATH 5kese30 (eciau Ooublie He u3 uero). B mpormiom (oco-
OEHHO B MPOTEPO30UCKYIO 3PYy) MOAOOHBIE OAKTEPUM UTPATU KIIOUEBYIO POJib B (hopMupoBaHUU
KPYITHEHIINX KeJIe30PYIHBIX MECTOPOXKICHHMA.

[Ipouecc g0 kpaitHocTH HEIPPEKTHBEH — YTOOBI YBEIMYUTh CBOIO OMoMaccy Ha 1 rpamm,
OaKTepHUu JOJKHBI OKUCIIUTH MOJIKUIIO JKese3a. Y IUKII B JTaHHOM clly4yae He 3aMKHYT: HEZOOKHC-
JICHHOE eJIe30 MOCTYTAaeT U3 3eMHBIX HEJIp, T7I€ €ro MOKa ellle MHOTO, & OKHCIUBIINCH, BbIAaeT
B OCAaJIOK M COXpaHSETCA B TAKOM BHJIE HEOIPEEIIEHHO JI0JIT0e BpeMs, HAKaIUIMBAsCh B 3eMHOU
Kope (B TOM 4HCIie B BUJIE XKelle3HbIX pyn). Y TeM He MeHee cuctema pabotaet. HecmoTps Ha Bcio
ee MPUMUTUBHOCTB, OHa 00JIaZiaeT U3BECTHBIM MTPEUMYILIECTBOM — JKEJI€300aKTEPUN PAKTHUECKU
HE 3aBUCAT OT JIPYTUX )KUBBIX cymiecTB. OHM BIOJIHE CaMOJOCTATOUHBI, €CIH HE CYUTATh TOTO, YTO
UCTIOJB3YeMbIIl UMM JIJIs1 OKHCIICHHS JKeJle3a KUCIOPO MPOU3BOAUTCS HE TEOXUMHUYECKUMH IPO-
L[ECCaMH, a JIPYT'MMH >KUBBIMH OPTaHU3MaMH — OKCUTE€HHBIMHU (POTOaBTOTpo(aMu (pacTeHUsIMH,
OJTHOKJIETOYHBIMH BOJIOPOCIISIMU M LIUAHOOAKTEPHUSIMU).

OnHO 13 caMBbIX YAUBHUTEIbHBIX OTKPBITHH B T€OJIOTUH 3a MOCIEIHUE IECATHIECTHS COCTOUT
B TOM, YTO, KaK BBIICHWJIOCH, IPAKTUUYECKHU BO BCEX I'€OJIOTMYECKHX Ipolieccax, KOTopble chop-
MHUPOBAJIM OCAJOYHBIA U4eX0J Halllel IJIaHeThl, aKTUBHO yYacTBOBAJIU (M MPOAOIKAIOT Y4acTBO-
BaTbh) MUKPOOPTraHu3Mbl. Jl0Ka3aHO, YTO MHOTHE MECTOPOXKICHHSI Y1 — HE TOJIBKO JKEJIe3HBIX, HO U
30JI0ThIX, MAPTaHIIEBbIX U MHOTHX JPYTUX — UMEIOT OMOJIOTMYECKOe MIPOUCXOXKIEHHE. DTH MECTO-
POXIeHHs! ObLIIM HEKOTIa CKOHIIEHTPUPOBAHBI MUKPOOaMHM, TOCTENEHHO OCAXIaBIIMMHU Ha CBOUX
KJICTOUHBIX CTEHKaX MOHBI Pa3INYHbIX METAJUIOB. M eciu paccMOTpeTh CTPOEHHE PYJHOTO Belle-
CTBA MO MHUKPOCKOIIOM, CTAHOBSITCS BUJHBI TEJIbLA, TOUb-B-TOUb TaKHe, KAKUMH HEKOTJa ObUIN
KJIETKH MHKPOOPTraHU3MOB. B Xoz1e cBoeil Kn3HeneATeIbHOCTH MUKPOOBI aKTUBHO NMPE0OpasyroT
COEIMHEHUS KKene3a, cepbl, pocdopa, 00pasyst mupuThl, pochopuTs! U Apyrue MuHepaisl. Kak 3to
MIPOMCXO/IUT, HE BCErJa MOHATHO. TaK YTO OLEHUTh MACIITA0bl 3TON YETHIPEXMUIITHAPOIETHEH
JesITeIbHOCTH MTOKa HUKTO He Oepercs. Mex 1y TeM, 3Hasi MeXaHU3M [peoOpa30BaHusi MUHEPAJIOB
MHUKpOOaMu, MOXKHO ObUIO ObI 110 BHEIIHEMY BHUY MUHepaia (B MUKpoMaciuTade) U ero CoCTaBy
OTJIMYMTH, CO3/IaH JIM MUHEpaJl MUKPOOPTraHU3MaMH WM KOCHOW MaTepueil. DTOT BOIPOC OCTPO
CTOMT, HAIIpUMED, JUIsl MapCHaHCKUX MUHepasioB. Eciu Obl yaanoch HaAWTH Ha/leKHbIE TPU3HAKU
OMOJIOTUYECKOM aKTUBHOCTHU B OCa/I0YHBIX MIOPOJIaX, TO BOMPOC O KHU3HU Ha Mapce ObuT ObI peleH.
EctectBeHHO, 3TO KacaeTcs U ApeBHEN )KU3HU Ha 3emie.

Ho obnacts 3Ta eme oueHs cnado nzydeHa. Ml HaYMHATh MPUXOTUTCS C YACTHOCTEH.

MecTopokaeHusi LMHKA BO3HMKJIM Osaromapsi OakrepusiMm. B
OCAJIOYHBIX IOPOJAX HMHOINA BCTPEYAIOTCS KPOIICYHBIC IMAPUKH CEPHUCTOTO
uuHKa. Kak BBISICHMIIOCH, B X 00pa30BaHUU yYaCTBYIOT MUKPOOPTaHU3MBI.

[Ipu u3BepxeHHM BYIKAHOB 3eMHas MOBEPXHOCTb, Oylb TO Cyllla WU
MOPCKO€ JHO, MOKpPBIBAETCSI BYJKAHUYECKUM MEIUIOM. DTOT MENesl COAEPKUT
OYeHb MHOTO IIMHKA, MEJIM W CBUHIIA, KOTOPHIC 3aT€M HE CTOJBKO Pa3HOCITCS
MOBCIONLY C BOJHBIMU MOTOKAMH U BBIBETPUBAHUEM, CKOJIBKO KOHLIEHTPUPYIOTCS
B MecTax u3BepkeHusl. C TeYeHueM BPpEMEHU BYJIKAHUYECKHE JIABbI U MEIIbI IPU
y4aCTUU MUKPOOPTaHU3MOB MOTYT MPEBPATUTHCS B IPYTHE MUHEPAbl, HAIIPUMED
B IVIMHBL.
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AwmepukaHckue yudeHble u3 KamudopHmiickoro yHUBEpCUTETa W
Haunonanwsnoit naboparopun umenu Jloypenca B bepxiu uzyuniu marepuan u3
3aKpBITON U 3aMOJHEHHOM BOAOM IIAXThl CBUHLOBO-IIMHKOBOTO MECTOPOXKACHUS
ITukert B roro-zamamguoM Buckoncuue. C 1999 roma B TOHHENSX DTOM MIAXTHI
BMECTE ¢ MUKPOOHOJIOraMH Hadaiau paboty Bomosiasbl. OHU YBUICIN U 3aCHSITH
YIUBUTEIBHYIO KapTHHY. B 3a0poleHHo# maxTe 1uia akTUBHAs JKU3Hb: CTCHKU
TOHHEJSI OBUTH TTOKPBITHI TOJICTHIM CJIOEM KPacHO-OPAH)KEBOW CIIM3HM U OCITBIMU
CryCTKaMH. ITO ObUIH pa3IMYHbIC aHAIPOOHBIE OAKTEPHH, TOTYUYAIOIINE SHEPTHIO
C TIOMOIIBIO OKHUCIICHHS jkKejie3a U mpeoOpasoBaHus cepbl. OpaH)KeBBIH CION
— IBET PrKaBUUHBI — 0003HAYaJl MECTa JIEATEIbHOCTH OaKTepUid, OKUCIISIONINX
Kelle3o, a Oelble CTryCTKH — CyJIb(aTpemryKTOpOB, BOCCTAaHABIMBAIOIINX

cynbdar (SO42') U UCTIONB3YIOIIMX B CBOEH KU3HEACSITENbHOCTH MOHBI ITHHKA.
HanouacTtuupl cepHucToro muHka — cdangepura — U OKpAacHUIM 3TU MSATHA B
Oenpiii 1BeT. [IpumepHo Takue GakTepuu paboTanu Ha 3emiie B apXeHCKyIo 3py
U TPOJIOJDKAIOT paboTaTh ceifuac B MIyOWHAX OKEaHOB, B ITyOOKOM IMOYBEHHOM
Cclioe, B PyAHBIX MECTOPOKICHHSIX.

VYueHbie OOHAPYXWIH, YTO B OaKTepuadbHON OHOIIEHKE 00pa3yroTCs
HE TOJILKO HAHOYACTHIIBI c(anepura, HO U OTHOCUTEIHFHO KPYIHBIE (pa3MepoM
OKOJIO MUKPOHA) HIApUKH 3TOro MuHepana. Kakaplii Takoil mapuK COCTOUT U3
MHOKecTBa HaHo4acTull. CPOpMHUPOBABIINCH, IAPUK B CHILY CBOMX COJIUIHBIX
JUTSL MOJIEKYJISIPHOTO MHPa pa3MepOB CTAHOBUTCS MEHEE YSI3BUM JIJISl PACTBOPEHHUS
U BbIHOCA U B pe3yibTaTe OCTaeTcsi B OakTepuanbHON IuieHke. HaHowacTuiibl
HUMEIOT pa3Mepbl B THICAYH pa3 MEHbIIINE, CPABHUMBIE C pa3MepaMH KJIacTepoB
Monekyn Bozbl. lloomuHouke OHUM ObUIM OBl paccesHbl B OKpYXKaIOLIEM
MIPOCTPAHCTBE.

BrisicHunock, 4To IMHKOBBIE MIAPUKKA 00pa3yroTcs MpH B3aUMOJCHCTBUU
HMOHOB LIMHKAa ¢ OelKamMH U MenTHAaMU, OOraTbIMH aMUHOKHUCIOTON IIUCTEMHOM
(3T0 oHA W3 JIByX aMHUHOKHCIOT, B COCTaB KOTOPBIX BXOAUT cepa). YueHbIe
MIPEIONaraloT, ONUpPasch Ha KapTHHY PACIOJIOKEHUS KJIETOK, OpraHMYecKOro
BELIECTBA M LIMHKOBBIX C(EpPOUIOB, YTO ATH IIAPUKU OPraHU3YIOTCS HE 3a
CUET MHKPYCTAllMM CTEHOK HMBBIX HJIM MEPTBBIX KIIETOK, a Ha CKOILJICHHSX
OpPraHMYECKOM MaTepuu OT PAaCMaBIIUXCSA KJIETOK. L[MHKOBBIE HAHOYACTHUIIBI
CBSI3BIBAIOTCS C IIMCTEMHOM — TaKUM 00pazoM oOpasyeTcs "3aTpaBka’, K KOTOpOH
3aTeM MPUKPEIUISIOTCS U IUCTEUHCONEpsKallie MENTUbl, U JAOMOJHUTEIbHbIE
LIMHKOBBIE HAHOUYACTHIIBl. B OTCYTCTBUE UCTENHA KPYIIHbIE IUHKOBBIC IAPUKH
He 00pasyrorcs.

Bce 370 yuenble HabIIOMaIM O] MUKPOCKOIIOM, M3y4asi U €CTECTBEHHbIE
PyZbl, U MaTepuall, MOJTy4YeHHBIH B JIaOOpaTOpHbIX onbITaX. CBA3bIBAHUE IIMHKA
LIUCTEMHOM HE ObUIO TaKUM YK HEOXHJAHHBIM JUIsl UCCIENOBaTeNel: Bedb
(hepMEeHTHI C BBICOKMM COZIEPKaHUEM LIMCTEHMHA BHITOIHSIIOT B KJIETKE (PyHKIUIO
MOCTaBIIMKa HEOOXOAMMBIX MOHOB METAJUIOB — Kelle3a, Maprania u ap. Bunno,
B 3TOT peecTp BXOIUT U LIUHK.

Tenepb, 0OHapy>KMB MHKPOIIAPUKU CEPHUCTOTO LUHKA B OCAJIOYHBIX
MOPOJIaX, MOXKHO C TIOJTHBIM OCHOBaHUEM IOJI03PEBATh, UTO O€3 yuacTus OakTepuil
TyT He obouuiock. BoT Tak B Xoae, Kazajgoch Obl, Cyry0o creunuaibHbIX
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UCCIIEJOBAaHUI U TIO3HAETCS MPOILIOe U Oy/yIee XKHU3HH He TOJIbKO Ha 3eMIie, HO
Y Ha JPYyTuX IJIaHEeTax.

(Ucmounux: John W. Moreau, Peter K. Weber, Michael C. Martin, Benjamin
Gilbert, lan D. Hutcheon, Jillian F. Banfield. Extracellular Proteins Limit the
Dispersal of Biogenic Nanoparticles // Science. 2007. V. 316. P. 1600—-1603.)
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OT camoaoCTaTOYHbIX 3IrouCTOB K eaunHoun bnoccepe

[IpuHATO CUMTaTh, YTO U3HAYAIHHO B aTMOchepe 3eMiTu KUCIOpo/Ia MPAKTHISCKH He ObLIO.
CrnenoBaTenbHO, KeIe300aKTepuH, ¢ KOTOPBIMU MBI ITO3HAKOMUJIMCH B TIPEBIIYIIEM paszeiie, He
MOTJIM OBITh TIEPBBIMH, HE C HMX HayaJlach Ha HaIIeH TutaHeTe "mpokapuoTHas 3pa'.

Cyns 1o pe3ynibTaTtaM CpaBHUTEIBHO-TEHETUYECKUX UCCIIEIOBAaHUH, /1a U TIO JIOTUKE BEIIIEH,
NEPBBIMU WUJIM, IO KpailHel Mepe, ONHHMMHU M3 MEPBBIX MOIIU OBITH JPYyTHE XEMOABTOTPOPHI —
apxen-MeTaHOreHbl. B mpocTeiiieM cirydae OHM TOTy4aroT SHEPTHI0, BOCCTAHABIINBAS YITICKHUC-
JIBIH Ta3 10 MEeTaHa MPH MTOMOIIY MOJICKYJISIPHOTO BOAOPO/A:

4H,+CO, = CH4 + 2H,0.

HexoTtopoe konnuecTBO BoJIopoa 00pa3yeTcsi B 3eMHOM KOpe B pe3ysibTaTe peakluu nepe-
IPETHIX TOPHBIX NIOPOJ] C MAapaMM BOJBI. YITIEKUCIIBIN I'a3 IOCTOSHHO MOCTYNAET U3 HEP B aTMO-
cdepy (HampuMmep, pH U3BEP’KEHUSX BYIKaHOB). BOT OHa, MosIHas caM0JJ0CTaTOUHOCTh! ApXesiM-
MeTaHOT€HaM JIOCTATOYHO JUIsl )KU3HU BOOPO/Ia, YIJIEKHUCIIOTO ra3a ¥ BO/bl (HY, KOHEYHO, B HEOOIIb-
IIMX KOJIMYECTBAX HY>KHBI e1lie a30T, poc(op U BCIKHE MUKPOIIIEMEHTHI). DT CyIIECTBAa MOTJIH ObI
KUTb XOTh Ha Mapce, X0Tb Ha nostocax BeHepsl, Belb OHU MOpa3uTENbHO TepMOocToiKu. Cyis 1o
CPaBHUTEIbHO-TEHETUYECKUM JIaHHBIM, apXEU-METaHOTEHbI MOSIBIIINCH OKoJo 3,8—4,1 Miupn jer
Hazal.

HezaMKHYTOCTb ITMKIIa B JAHHOM CITy4yae CO3JIaeT Yrpo3y HAKOIJICHUS MeTaHa B aTMocdepe,
YTO MOXET MPUBECTU K CUIBHOMY MAapHUKOBOMY 3¢ dekTy. OHaKO aKTUBHOCTh METAHOTE€HOB Ha
npeBHEH 3emiie, BO3MOXKHO, Obli1a orpaHndeHa. JINMUTHPYIOIIM (GaKTOpPOM MOT CITYKHTb, HAllpH-
Mep, HEA0CTATOK MOJIEKYJIIPHOTO BOJOPOJA.

Camas m1aBHasi xumu4eckasi peakuus. JKu3Hb Ha 3emie OCHOBaHa Ha
CIOCOOHOCTH aBTOTPO(HBIX OPraHU3MOB MTPOU3ZBOAUTH OPTaHUKY U3 YTIIEKUCIIOTO
raza (COp). Iloatomy TOT XMMHUYecKUd mporecc, B xome kotoporo CO,
BKJIFOYAETCSI B COCTaB OpraHnyeckux coeauHeHu, "duxcanus CO,", mo mpaBy
CUMTACTCS OJHUM U3 BaKHEUIUX (€CJIM HE CAMbIM BaXKHBIM) B KMBOU MPUPOJIE.

BonbmmHCTBO OpraHu3MoB uenonb3yeT i pukcanun CO, HUKITHYECKYTO
MOCJIEI0BATENBHOCTh XUMUYECKHX PEaKIMil, HM3BECTHYIO IOl Ha3BaHUEM
"mukn KampBuna". KiroueBoit ¢epment mwmkna KanbpBuHa Ha3bIBaeTCs
"pyOucKko" (3TO COKpAIIeHHBII BapuUaHT TPYAHONPOUZHOCUMOTO TMOIHOTO
Ha3BaHUs "puOyno3obucdocdar kapOokcmnaza/ okcureHasza"). PyOucko —
caMmblii pacrpocTpaHeHHBIH B Mupe (epmeHT. OH NPUCOECTUHSIET MOIEKYTY
CO, k opraHm4eckoMmy BeIIECTBY, KOTOpO€ Ha3biBaeTcs pulynozoducdocdar
(cokpamenno — RuBP). Takum o0pazom Monekyna yIJIEKMCIOTo Tas3a
OKa3bIBa€TCS BKJIIOYEHHOU B COCTaB OPTraHUYECKUX COECAMHEHUH.

HenaBHo BeISICHMIIOCH, 4TO Y apxei crioco0 ¢ukcaruu CO;, oTauvaeTcs ot
KJ1accuueckoro nukia KanpBuHa. [T1aBHOE OTIIMYME COCTOUT B TOM, YTO Y apXxen
B OTOM IIPOIIECCE HEMOCPEACTBEHHOE Y4YacTHe MPUHUMAIOT PUOOHYKICOTHIBI.
D10 xopomo comacyercsi ¢ teopueit PHK-mupa. ®@ukcanus CO, — onun u3
JPEBHEUITNX OMOXUMUYECKUX MPOIECCOB, KOTOPBIN JOIKEH OBLIT MOSIBUTHCS €IIIe
B TO BpeMsi, KOr/ia Bce (PyHKITUU B )KUBBIX OPraHU3MaXx BBIMOIHSIUCH MOJIEKYIaMHU
PHK, pubonykineotunamMu U uxX Ipou3BOAHbIME. [1l03TOMYy cremnoBano oxXuaaTh,
yto u ¢ukcamus CO, U3HAYAIBHO JOHKHA ObUIa MATH MOJA KOHTPOJEM U NP
AKTUBHOM YYaCTUU 3THUX MOJIEKYIL.
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B nukne KanpBrHa yyacTByeT crieniManbHbIA (hepMEHT, OTBETCTBEHHBIH 3a
cunare3 RuBP. DT1oT pepmenT ectpb y pacTeHuii 1 aBTOTPO(HBIX OaKTEPHiA, OTHAKO
y apxeit oH oTcyTcTBYeT. [l03TOMY /10 cCaMOoro rmociieIHero BpeMeHH ObLIO HESCHO,
oTkyna apxeit 6epyr RuBP, BemecTBo, abconmoTHO Heobxomqumoe st (pukcanuu
CO,.

DTy 3arajiky yaanoch pasrajiarh AMOHCKMM Ouoxumukam B 2007 romy.
Oxkazanock, uto RuBP o6pa3syercs y apxeit He u3 npyrux ¢pocopuarmpoBaHHBIX
caxapoB, Kak B uukie KanbBuHA, a M3 MOJEKYIbI, SBISIOMIENHCS COCTaBHBIM
6i1okom PHK u BbImonHstomie "o COBMECTUTENBCTBY" MHOMXECTBO JIPYIHX
GyHKUIMH B KUBOW KieTke, — ajgeHo3uHMoHOodochara (AMD). AMD — st0
PUOOHYKJICOTH], COCTOSAIIMHA, KaK M BCE PUOOHYKICOTHIBI, M3 a30THUCTOIO
OCHOBaHHMA (B JIaHHOM cllyyae aJleHHWHa), caxapa (puO03bl) U OJHOTO OCTaTKa
(bochopHOIT KUCTOTHI.

Ectb Bce ocHOBaHHMs mojararb, 4to 3TOT crnoco0 ¢ukcauuu CO,
9BOJIOLMOHHO JApeBHee, yeM ILukin KansBuna. He ciywaiiHo oH oOHapyxeH
HMMEHHO Yy apXei — OpraHu3MoB, KOTOPbIX MHOTHE CIIELUAIUCTBI CYUUTAIOT CAMBIMU
apXanyHbIMH (popMaMU KU3HHU.

(Ucmounux: Takaaki Sato, Haruyuki Atomi, Tadayuki Imanaka. Archaeal Type
III RuBisCOs Function in a Pathway for AMP Metabolism // Science. 2007. V.
315. P 1003—-1006.)

B Teuenue nmepBoro MuiuiMapaa JietT CylnecTBOBaHUS MMPOKAPHOTHOM Orocdepsl (TpUMEPHO
ot 4,1 10 3,2 MipJ JeT HA3al) OJHU 3a JPYTUMHU MOSBIISUTUCH HOBbIE (hOPMBI MUKPOOOB U HOBBIS
CHOCOOBI MONTyuyeHHusl SHepruu. B uucie mepBbIX, MO-BUIUMOMY, MOSBUIICS 0€CKHCJIOPOIHBIM
(aHokcureHHslii) porocunres (? — 3,2-3,7 muapn et Hazan). Ero ocBonian GakTepun — NpeaKku
HBIHEUTHUX 3€JICHBIX, MyPIYPHBIX U ITHaHOOAKTEPUH.

AHOKCUTeHHbIe (POTOCHHTE3UpYIOIINe OaKTepHH HAayYWJIHCh MCIOIb30BATh SHEPTUIO COJI-
HEYHOTO CBETA MPHU MOMOIIU 0COOBIX CBETOYYBCTBUTEIBHBIX MOJIEKYN — OAKTEPUOXJIOPODUIIIOB
U CBSI3aHHBIX C HUMH OEJIKOBBIX KOMILJIEKCOB. MoJeKyisipHas "MamuHa', Heooxoaumasi sl oCy-
niecTBiIeHUs 3PGEKTUBHOTO aHOKCUTEHHOTO (DOTOCHHTE3a, YCTPOEHA JIOBOJIBHO CIIOXKHO (XOTS U
HaMHOTO MPOIIE, YeM Ta, YTO HCMOJIb3YETCs OKCUT€HHBIMU (POTOCHMHTETUKAMU, TOSBUBIIMMUCS
no3xe). [lo-Buaumomy, 3¢ddexTuBHbIN PoTOCHHTE3 BO3HHMK HE cpa3y. HaumHamock Bce ¢ Toro,
YTO HEKOTOPBIE MUKPOOBI HAYYHJIUCh HEMHOTO "TIOKaPMIIMBATHCS" COJTHEUHBIM CBETOM IIPH HEJIO0-
CTaTKe JPYTruX UCTOYHUKOB AHEpruu. Jig Takor "mogKOpMKU" HE HY>KHBI CIIOXKHBIE MOJICKYJISIp-
HbI€ KOMITJIEKCHl — JOCTATOYHO OJIHOTO-€AMHCTBEHHOTO CBETOUYBCTBUTENbHOTO Oenka. HenaBHo
BBISICHUJIOCH, YTO TOJIOOHBIE apXauyHbIe, MPOCThIE U Manod()PEKTUBHBIC CITOCOOBI yTHIIM3AIUN
COJTHEYHOTO CBETA JI0 CHX MOpP OYEHb IIMPOKO paclpocTpaHeHbl B MUpe Mpokapuot. Ctasno siCHO,
YTO CIIOCOOHOCTB K POCTY 3a CUET SHEPTUH COJIHEYHOTO cBeTa ((hOTOTPOPHOCTH) paclpoCTpaHEeHA
B )KMBOW MIPHUPOJIE TOPa3I0 HIMPE, YEM CUUTAIOCh IO CUX IOP.
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doctos
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Luxn Kanveuna — easicHeriviuti OUOXUMUYECKUL BPOYECC 8 HCUBOU NPUPOOe, 8 X00€ KOMOPO20

HQOPZCZHUHBCKMIZ ya/zepod 6600UMCSL 8 COCMAB Op2AHUHYECKUX MOSEK)L.

IIpn HexocTaTke PACTBOPEHHOH OPraHUKH MOPCKHe OaKTepuu
NOAKAPMJIMBAIOTCS COTHEYHBIM cBeTOM. OTKPBITUS MOCIEHUX JIET ITOKa3aJly,
YTO KPOME 3€JIEHBIX PACTCHUH U IMAHOOAKTEPHIA, OCYIIECTBISAIOIINX (POTOCUHTES
MpH MOMOIIN XJOpoduia @, U U3BECTHBIX paHee (HOTOTpodHBIX OakTepHii,
JeNaloIuX TO K€ camMoe MpH IOMOIIM OaKTepHOXJIOPOPHUIUIOB, MUTAThCA
COJIHEYHbIM CBETOM MOIYT M MHOTME JpyrHe MHKpoObl, oOnagaromue
CBETOYYBCTBUTENILHBIMU O€JIKaMU — IPOTEOPOONICUHAMHU.

[TpoTeopononcuHbl MPeacTaBIsIIOT co00it cBoeoOpa3Hbie "Hacochl",
JIOKAJM30BaHHbIE B KJIETOYHOH MeMOpaHe M HCHOJNB3YIOIIME HHEPIHUIo

COJTHEYHOTO CBETa JUIA NepeKauky npotoHos (H') U3 KIeTKH BO BHELIHIOK CPELY.
Taxum 0Opa3omM cBeTOBasi SHEPTUsl IEPEBOJUTCS B PA3HOCTh AEKTPOXUMHUUECKUX
MOTEHLIMAJIOB, KOTOpasi MOXKET 3aTE€M HCIOJIb30BaThCs KJIETKOM ISl pa3InYHBIX
HyX71, B ToM uuciie miaa cuHte3a ATD. ATD B cBowo ouepenb SBISIETCA
YHHUBEPCAJIbHOWU YHEPreTUYECKOUN "pa3zMEeHHON MOHETON" KIIETKH, UCTIOJIb3YEeMOM
B CaMbIX Pa3HBIX SHEPrOEMKHUX MPOLIECCaX.

[Iporeopononcunsl Obu OOHApYXKEHBI Yy MOpckux Oaxrtepuii B 2000
roay. OTKpbITHE MPHUBIEKIO OOJIBLIIOE BHUMAaHUE, MOCKOJIbKY OHO O3HA4alo,
YTO MHOTHE OPTraHU3MBbI, JI0 CHX IOp CUUTABUIMECS CTPOr0 XeMOTPO(HBIMHU
(MoMyYaromMUMy SHEPTHIO 3a CYET XUMUYECKUX peakKluil), B JeMCTBUTEILHOCTH
MOTYT OKa3aThCsl (POTOTpOGHBIMHU — IO KpalHel Mepe oT4acT. B Takom ciydae
BCE MpejicTaBieHUsT 00 sHepreTndeckoMm OanaHce Omochepsl HYXKTAIOTCS B
epecMoTpeE.
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@oTOTPOPHOCTH HA OCHOBE IMPOTEOPONOIICHHOB — 3TO TOpA30 MEHee
3¢ (}EeKTUBHBIN CMOCO0 YTWIM3AIMHA COJTHEYHOW DJHEPTHH TI0 CPABHEHUIO C
HACTOSIIIIMM (POTOCHHTE30M, HO 3aTO U TOpas3ao 6ojiee mpoCTo.

Bckope BBIICHUIIOCH, YTO MPOTEOPOAOINCUHBI BCTPEUAIOTCSI HE TOJBKO Y
OakTepuii, HO U y MHOTHX apXei, 0OUTaronnx B MOpsiX U okeanax. [lo-Bugumomy,
MOPCKHE MHKPOOPTaHM3MbI aKTUBHO OOMEHHMBAIOTCS JAPYT C APYIOM TeHAMHU
MIPOTEOPOIOTICHHOB, KOTOPHIE CITY>KaT UM BasKHBIM MOACIIOPHEM B KOHKYPEHTHON
O60pr0e 3a aHEepreTUUecKue pecypcsl. [IpocToTa mpoTEOPOAOTICUHOBON CUCTEMBI
YTUJIM3ALKUK COJHEYHOTO CBETa O0JieryaeT €€ rOpU30HTAJIbHYIO Iepenady OT
OIHUX MHUKPOOOB JApPYruM (O TOPH3OHTAJIBHOM OOMEHE TIe€HaMH IOIPOOHO
pacckazano B miaBe "HacrnenyroTcs u npuoOpeTeHHble npu3HaKu?").

OpHako 70 CHUX IOp HHUKOMY HE YJIaBajoCh O3KCIIEPUMEHTAIbHO
MOKa3aTrh, 4YTO MOPCKHE MHUKPOOBI, TE€HOM KOTOPBIX COICPXKHT TEHBI
MIPOTEOPOIOTICHHOB, JIEHCTBUTEIBHO SBISIOTCS (POTOTPOGHBIMH OpraHU3MaMH,
TO €CTh MOTYT HCIOJb30BaThb IHEPIHIO COJIHEYHOIO cBeTa Juisl pocra. boiee
TOTO, TEpPBbIC TOMBITKA 3TO TOATBEPOUTH Jajl OTPHLATEIBHBIA Pe3yNbTar:
MaccoBas M Beslecylas mMopckas Oaxrtepusi Pelagibacter ubique, mmeromas
MIPOTEOPOIOTICHHBI B KJIETOYHOH MeMOpaHe, B J1a00OpaTOpHBIX YCIOBHSAX POCIHa
Ha CBETy He Jyuuie, 4eM B TeMHoTe. [IpoOnema ocnoxHsiach eme |
TEM, 4TO OOJBIIMHCTBO MOPCKHUX OaKTepHil, colepKaluxX MPOTEOPOIONICHHBI,
OTHOCATCS K YHCIY HEKYJbTUBUPYEMBIX — B JIAOOPATOPHBIX YCIOBHUSX OHHU
pocTo He KUBYT. [103TOMY 0CcTaBa0Ch HEONPOBEPTHYTHIM MPEATIONIOKEHUE, UTO
MIPOTEOPOIOTICHHOBAsT CHCTEMa HCIOJIb30BaHMSI COJIHEYHOI'O CBETA, BO3MOXKHO,
HACTOJNBKO Hed((EeKTHBHA, HYTO HE MOXET BHECTH 3aMETHOTO BKJIaJa B
SHEPreTUYeCKUi OaslaHC MOPCKUX SKOCUCTEM U MCHOIb3YETCss MUKPOOaMH JIUIIb
IUTSL KAKUX-TO BTOPOCTETIEHHBIX HYMI.

Jlmmp B 2007 romy wMukpoOuomoram wu3 IlIeenuun u Hcenanum
yaanoch Ioka3aTrb, 4TO 3T0 He Tak. OHM OOHApYXWJIM HPOTEOPOAOINCUHBI Y
6akrepun Dokdonia, oburtaromeit B CpenuzemHoM mope. bakreputo ymamock
KyJbTUBUPOBAaTh B J1a0OpaTOpHBIX yciaoBHsX. OKa3aloch, YTO B HaTypaJlbHOM
MOpCKOM Bojie OaKkTepusi Ha CBETY pacTeT Iropasno Jydlle, 4yeM B TeMHoTe. B
MIEPBOM CJlydae IUIOTHOCTH nomyisiuuu nocie 100 yacoB nHKyOaluu cocrasisiia

3x10° KieTok Ha MUUIWINTP, BO BTOPOM — B LIECTh Pa3 MEHbILE (0,5x10°).
Ecnu kyisTypy, BBIpallIEHHYIO B TEMHOTE, OCBETHTb, OAKTEPHH HAUMHAIOT OBICTPO
pPa3sMHOXKATbCS; €CJIM OCTAaBUTh B TEMHOTE€ — HMX YHCIEHHOCTh IOCTETIEHHO
cHkaerca. Kpome Toro, Oakrepuu, BHIPOCIINE HA CBETY, 3aMETHO KpYyIHEe TeX,
YTO POCIH B ITOTEMKaX.

JIONOJTHUTENbHBIE SKCIEPUMEHTHI IOKa3aJid, 4YTO BIHMSHHE CBETa Ha
pocT OakTepHii 3aBUCUT OT KOHIIEHTPALUU PAaCTBOPEHHOM opraHuku. KoHeuHo,
MIPOTEOPOJOTICUHBI B OTIIMYHE OT CHCTEM HACTOSIIEro (POTOCHHTE3a HE MOTYT
cienarb OAaKTEpPHUIO TOJIHOCTBIO aBTOTPO(GHOW, TO €CTh He HYyXKIAroIeHcs B
TOTOBBIX OPraHUYECKHX BeLIeCTBaxX. Takue OaKTepuu JUILb "MOAKapMIINBAIOTCS"
CBETOM U 0€3 TOTOBOI OPTaHUKH CYIIECTBOBATH HE MOTYT. Dokdonia npakTudecku
HE pacTeT B BOJE C COJACPKAHHWEM OPTaHMKH HIDKE ONPENENIEHHOTO Mopora, u
CBET HHUCKOJIBKO HE TIOMOTaeT el B 3Toi curyauuu. OnHako npu 60s1ee BHICOKUX
KOHLEHTPAIMSIX PACTBOPEHHOTO OPTraHMYECKOTO BEIIecTBa OaKTepusi pacTeT Ha
CBETY B HECKOJIBKO pa3 ObICTpee, UeM B TEMHOTE. Ecin e TOMECTHTD TOKIOHUIO
B BOJly C U30BITKOM OPT'aHUKH, TO CBET CHOBA MIEPECTAET BIMATH HA €€ POCT (B 3THX
YCIIOBHSAX OHA PacTeT OIMHAKOBO XOPOILIO KaK HA CBETY, TAK M B TEMHOTE).
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Takum 00pazoM, NTPOTEOPOAONCHHBI IMOBBIIMIAIOT KU3HECMTOCOOHOCTD
MOpPCKHMX OaKkTepuil UMb B YCIOBUSAX HU3KUX (HO HE  CIHUIIKOM
HU3KHUX) KOHIIEHTpALMi pacTBOPEHHON OpraHuku. Bo3mMoxkHO, oTpulLlaTeNIbHbIE
pe3ynbTaThl, TONy4YeHHbIe paHee c Pelagibacter, OOBSICHIIOTCA HNMEHHO
HEPAIMOHAIBHBIM KOJIMYECTBOM OPTaHUKHU B OMBITHBIX CPE/IaXx.

Tak unu MHAYe, MBI TENIEPh 3HAEM, YTO MHOTOYHCIICHHBIE H pa3HOOOpa3HbIe

MOPCKHE MHKpPOOBI, MMEIONIMEe B CBOEM TE€HOME TEHBI IMPOTEOPOIOIICHHOB,
JNCHCTBUTENLHO MOTYT OBITH (haKyabTaTUBHBIMH (oToTpodamMu, TO €CTh
CIOCOOHBI  Pa3HOOOPA3UTh CBOIO JIMETY, COCTOSIIYI0O B OCHOBHOM W3
pacTBOPEHHON OPTaHUKH, COTHEYHBIM CBETOM.
(Ucmounuxu: 1. Laura Gomez-Consarnau et al. Light stimulates growth of
proteorhodopsincontaining marine Flavobacteria // Nature. 2007. V. 445. P. 210—
213; 2. Gazalah Sabehi et al. New insights into Metabolic Properties of Marine
Bacteria Encoding Proteorhodopsins // PLoS Biol. 2005.3(8): e273.)

N3006peTenne aHOKCUTEHHOTO (POTOCHHTE3a OBLTO OOJBININM IIaroM Briepen. JKuBble cyie-
CTBa, OBJIAJICBIINE CEKpEeTOM (DOTOCHHTE3a, MOMYUYWIH JOCTYI K HEHCUEPIIAEMOMY HCTOYHHUKY
OHCPTHUU — COJIHCYHOMY CBCTY. HpaBz[a, UX 3aBUCUMOCTH OT )Ie(bI/IHI/ITHLIX XUMHNYECKUX BCUICCTB,
NMOCTyNAarOMKUX MOHEMHOT'Y U3 3€EMHBIX HEP, IIPU 3TOM BCC-TaKU COXPAaHHJIACh. I[CJ'IO B TOM, 4YTO
1Tt POTOCHHTE3a OTHOTO CBETA MaJIO — HY)KHO €IIle KaKoe-HUOY/Ib BEIMIECTBO, OT KOTOPOTO MOKHO
OTOPBATh AIEKTPOH (3TO Ha3bIiBaeTcs "'Gporookucienue"). B nmpocreiiiem ciaydae B poiu T0HOpa
ANIEKTPOHA TIpU (POTOCHHTE3€E BBICTYIAET CEPOBONOPO. B pesynbrare nesiTeIbHOCTH aHOKCUTEH-

HBIX (POTOCHHTETHUKOB CEPOBOJOPOJ MpeBpalaeTcs B cepy (S) uimu cyabdar (SO42'). Onste He3a-
MKHYTBIH ITUKJI U HAKOIJICHHE OTXO/0B!

Ho xu3Hp yxxe HaOupana cuiy, pasHOOOpa3ue MUKPOOOB pOCIIO, U HE3aMKHYThIE IMKJIBI
IIOCTENIEHHO HauMHaIM 3aMblkaThes. [1naHera 3axieObiBaeTcss MeTaHOM U cyiabgaramu? YTo ik,
HBOJIIOIMSI HAIlUIa OTJIMYHBIA BBIXOJ U3 CIIOKHOM CUTYalMH: MOSBUINCH MUKPOOPTAaHNU3MBI, CIIO-
COOHBIE OKHUCIIATH METaH NP MOMOULIH CyIb(aToB. ITO ObLIM HE MPOCTO MUKPOOBI, & CHMOMOTH-
YecKrue MUKPOOHbBIE COOOIECTBa, COCTOALINE U3 apxel M OakTepuil. Apxel OKHMCISUIM METaH, a
0aKkTepuy BOCCTAHABIMBAJIM CyIb(arkl, IpUuyeM 00a rporecca ObUTM KaKUM-TO HE 1O KOHILIA ellle
HOHSATHBIM 00pa30M COIPSIKEHBI MEX1y 000 B Hepa3pbIBHOE 1ienoe. Takue coolmiecTBa coxpa-
HWINCH U IO CEeH JIeHb B COOTBETCTBYIOIIMX MECTax OOUTAHUS — TaM, IJie JOCTaTOYHO METaHa U
Cynb(haToB (HampuMep, B OKPECTHOCTAX MOJBOAHBIX IPSI3EBBIX BYIKAHOB — CM. HMXe CloxeT "B
HOIBOIHOM I'PSI3€BOM BYJIKaHE OOHApy>K€Hbl HEU3BECTHBIE MUKPOOBI").

PesynbraroM oKucieHUs MeTaHa ObUI YIJIEKUCIHbIM ra3, HEOOXOIUMBIH BCeM aBTOTpodawm,
a pe3yJIbTaTOM BOCCTAHOBIIEHHS CyIb(HaToOB — CEPOBOOPOJ, KOTOPBIH C yI0BOIBCTBUEM HCIONb-
30BasId (POTOCUHTETHKH. [{MKIIBI 3aMbIKaINCh, Onocdepa npuoldperana yCTOHYUBOCTh U CIIOCO0-
HOCTB K camoperyisauun. Haunnanacs snoxa Benukoro ConpyskectBa Mukpo6oB.

[TpumepHO B TOT ke nepuos (cBbiie 3,2 MIIpA JIET Ha3a), 10— BUAUMOMY, TOSBUIIUCH U IEp-
Bbl€ reTepoTpodbl — TaK Ha3bIBaeMble OPOAMIBIIUKH, KOTOPbIE MOTY4al0T SHEPIHIO 3a cueT Oec-
KUCJIOpOIHON (epMeHTaruu (cOpa’kuBaHMs) TOTOBOW OpPraHUKH, IPOU3BEIEHHON aBTOTpOhaMH.
B kauecTBe OTXO0B JKU3HEAEATEIBHOCTH OPOAMIBIIUKY UMEIOT OOBIKHOBEHHE BBIJEIATH MOJIe-
KYJISIpHBII BOJIOPOJ, 10 KOTOPOTo B ApeBHEN Onocdepe yxe ObUIM OXOTHUKU: BO-TIEPBBIX, apXeH-
METAaHOT€HbI, BO-BTOPBIX, OaKTepUHU-CYIb(PATPETYKTOPHI (OHU OXOTHO HCHIONb3YIOT MOJIEKY ISIPHBIN
BOJIOPOJ1 B KAUECTBE BOCCTAHOBUTEIIS JUIsl BOCCTAHOBIICHUS CYlIb(ATOB).

SIcHO, 4TO Ha 3TOM 3Tane GONBIIMHCTBO MUKPOOPIaHU3MOB YK€ HE MOITIM OOXOIUTHCS APYyT
6e3 npyra. Jlaxxe B HalIM JHU MHOTME OpOAMJIBIIMKH HAOTPE3 OTKAa3bIBAIOTCS pacTU B OTCYT-
CTBHE MHMKPOOOB, YTHJIM3UPYIOUIUX BBIAEISIEMbIH UMH BOAOPO (Cylb(haTpeayKTOPOB UM MeTa-
HOT€HOB), @ TEM, B CBOIO OYEPE/lb, KH3Hb HE MIJIa 0€3 OPOHIIBILIUKOB.
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Ve 3,55 mapn et Hazaa Ha 3emiie, MO-BUIUMOMY, CYIIECTBOBAIM CJIOKHBIE MUKPOOHBIE
coob1ecTBa — OakTepuaibHble MaThl. IMEHHO OHM, CKOpee BCETO, OTBETCTBEHHBI 32 00pa30BaHue
JPEBHEUIINX CTPOMATOIUTOB. B Hal JHU HEUTO NOA0OHOE MOXKHO HAOII0AaTh B HEKOTOPBIX JKC-
TpPEeMaJbHBIX MECTOOOUTAHHSIX, TAKUX KaK TOpsSYNe UCTOYHHUKH. [[peBHUE OakTepHaibHBIE MaThI,
BEPOSITHO, COCTOSUIM M3 JIByX CJ0eB. B BepxHeM obuTanu aHoKcHreHHbIe POTOTpodsl. OHU CHH-
TE3WPOBAIN OPTAHUKY U3 YIIIEKUCIIOTO Ta3a, HOTPEOIIsIi CEPOBOAOPO M BBLACTSUIN Cyabdarsl. B
HIDKHEM CII0€ YKUJIM OPOIMITBIINKH (OHU TOTPEOIISITH OPTaHHKY, IIPOU3BEICHHYIO (OoTOTpOhamMu, U
BBIJICTISUTH BOJIOPON), CYTb(PaTpeyKTOPhI (IOTPEOIsUTH Cylb(haThl M BOAOPOJ, TIPOU3BOIUIH CEPO-
BOJIOPOJI), @ TAK)KE, BOZMOKHO, METAaHOT€HBI C METaHOTpodamu. B xo/1e )Kn3HeAeATEIEHOCTH CO00-
IIECTBA O] HUM ITOCTENIEHHO, CJIOW 3a CJI0EM, HAKaIlJIMBAJICs YINIOTHEHHBIN 0CcalloK — Tak (popMu-
POBAJIUCH CIIOUCThIE 00pa30BaHMsl, U3BECTHBIE [10]] HA3BaHHWEM cTpomaroanuToB. KapOoHaT kanbuus
— OCHOBHOM CTPOUWTEJIbHBI MaTepuajn CTPOMATOJIUTA — OTYACTH OCAXKJAJICA U3 MOPCKOW BOJBI,
OTYACTH MPOAYILHPOBAJICS CAMUMHU MUKpPOOaMH (B TIEPBYIO 04Yepenb CyIb(haTpeyKTOpaMu).
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PenukroBble MUKPOOHbLIe coobLiecTBa

B pexkoHCTpyKIMM ApeBHEHIIMX STaloB Pa3BUTUS MHUKPOOHOW >XKM3HU OOJBIIYIO pOJIb
UTPAIOT MCCIIEOBAaHUS COBPEMEHHBIX PEITMKTOBBIX MUKPOOHBIX cooOmecTB. HekoTopbie 3 HUX,
KaK HEJJABHO BBISICHHIIOCH, MOTYT CYIIIECTBOBATH B IIOJTHOM OTPBIBE OT BCEHl OCTabHON OHoCcheps
B TE€UCHHE MUJUIMOHOB JIET, IOJTy4Yasi BCE HEOOXOMMMOE UCKITIOYUTEIBHO U3 36MHBIX HEJP.

OnHO W3 TaKUX YHUKAIBHBIX COOOIIECTB HEABHO OBLIO OOHAPYKEHO ITyOOKO TOJ 3eMIIei
B IOxHO# Adpuke. Bece Hawanock ¢ TOro, 4To craparesid Ha I0KHOA(DPHUKAHCKOM 30JI0TOM IPH-
ucke Mmonenr (Mponeng) ctanu OypUTh OYSPEIHYIO CKBXXUHY U Ha IITyOnHE 2,8 KM HATKHYJIUCh
Ha BOJIOHOCHBIH ciioi. [TTyOMHHBIE BOJIBI, 3aTEpSHHBIE Cpen 0a3aIbTOB BO3PACTOM 2,7 MIIPJ JIET,
HaXOJWJINCh MO OOJIBIINM J1aBJICHUEM, UMEIIU IEI0YHYIO PEaKIIMIO U OKa3aJIUCh HACHIIIEHbI BCE-
BO3MO)KHOM XMMUEH: Pa3IMIHBIMU COJISIMH, CPEIN KOTOPBIX Peo0IaaaoT Cyab(arhl, paCTBOPECH-
HBIMU Ta3aMM, TAKUMHU KaK BOJOPOJ, METAH, YIVIEKUCIbII ra3 U Apyrue, U MpOCTHIMU OpraHuye-
CKHMMHU COeIMHEHUsIMU (YITIeBOAOpoaaMu, popMHuaToM, alieTarom). boinpias yacte opraHuky, Cyas
[0 U30TOIHOMY COCTaBYy, UMEET aOMOr€HHOE IMPOUCXOXKIAECHUE, TO €CTh MOPOXKACHA HE KUBBIMU
OpraHM3MaMH, a reoJOrHuYeCKUMHU npoleccamu. Temneparypa noA3eMHOM BOAbI — UyTh Bhlle 60
IpaaycoB.

Haxozka npunekiia BHUMaHUE MUKPOOHOJIOTOB, M3yYalonux 6MoTy 3eMHbIX HeAp. Ha cero-
JHSIIHAN IEHb XOPOIIIO U3BECTHO, YTO TOJIIIA 3€MHOU KOPBI 3acejieHa MUKPOOPraHU3MaMHu BILJIOTh
70 TTyOuHBI B 6—7 KM min gaxe Oonee. [TogzeMHbIe MUKPOOBI, TO-BUIMMOMY, UTPAIOT OOJIBIIYIO
POIb BO MHOTHX T€OXMMUYECKHX MPOLECCax, B TOM YUCIIE B 00pa30BaHUH U JECTPYKIMU HEPTU U
ra3a. HesicHpIM ocTaeTcsi Bompoc 0 TOM, B KaKoil cTeneHu 3Ta nH(pepHalbHas MUKpOOHOTa SBIISI-
€TCsl aBTOHOMHO#, He3aBHCUMOI OT "BHeIIHel ", 0011b11101 OHOCc]epsl, KOTOpast JKUBET B OCHOBHOM
3a CYET PHEPrUU COJIHEYHOI'O CBETA.

MHorue noa3eMHble MUKPOOBI OKUCIISIOT YITIEBOIOPOIBI HITH, K IPUMEPY, CYIb(UABI IIPH
TIOMOIITH KUCJIOPO/a, TIPOU3BEICHHOTO OKCUTEHHBIMH (POTOCHHTE3UPYIOIUMHU OpTaHu3MaMH (pac-
TEHUSIMU U LuaHoOakTepusMu). Takux MUKpOOOB, OYEBHUIHO, HENb35l Ha3BaTh MOJHOCTHIO ABTO-
HOMHBIMU: HCYE3HU KU3Hb Ha IOBEPXHOCTH, U OHU TOXKE CO BpEMEHEM MOTUOHYT. Jlpyrue — Takue
KaK apXeu-METaHOTCHbI, BOCCTAHABIMBAIOIINE YITIEKUCIIbIM Ta3 A0 METaHa MpU MOMOIIM BOJO-
poJa, — Mo-BUIMMOMY, MOIJIX ObI CYIII€CTBOBATh B 3€MHBIX HEJJPAX HEOMPEAEIEHHO J0JIT0 U I0CIe
ru0esu BCero KMBOTO Ha MOBEpXHOCTH. HO 10 cuX mop HU AJi OTHOTO MOI36MHOIO MUKPOOHOTO
coo011iecTBa HE y1aBajl0Ch TOYHO J0Ka3aTh, YTO OHO B TEUEHUE JIOJITOI0 BPEMEHU JIEHCTBUTEIBHO
HE UCIOJIb30BAJI0 HUKAKUX BEIIECTB, MPOU3BEACHHBIX "O0bION Onocdepoil!, u moaydano Bce
HEOOXOAMMOE UCKIIIOUNUTENBHO U3 HEp 3eMIIH.

Muxkpobuora, oOHapy>KeHHasi B BOJIE U3 IOKHOA(PPUKAHCKON CKBa)KHWHBI, CTalla MEPBBIM
JIOKa3aHHBIM CITy4aeM JI0JIrOr0 aBTOHOMHOTO CYIII€CTBOBaHUS )KUBBIX OPraHU3MOB B HeZipax 3emiin
0e3 BCsKoil cBs3m ¢ "OombIoit Ouocdepoii”. O6 3Tom cooburmia B oktadpe 2006 roga rpymma
uccnenopareneit u3 CIIA, Kananer, [epmanun, TaiiBans u IOxuol Adpuku??.

VYyenble 0OHAPYKUIIM B TIOA3EMHBIX BOAAX JIOBOJBHO 0OJIbIIOE KOJIMYECTBO MUKPOOPTraHU3-
MOB (40 mutH keTok Ha utp). [1o HykneoTuaHbIM TTocnenoBaTenbHOCTIM reHoB pPHK, Beinenen-
HBIX U3 TIPO0, OBLIO YCTAHOBJICHO, YTO MOABIIAONICEe OOMBITUHCTBO (0omee 88 %) aTrx MUKpoOOB
OTHOCSITCS K OTHOM pa3HOBUHOCTHU CyJNb(daTpe ylupyomux oaktepuil. 9Tu 0aKTeprH NOJy4yaroT

SHEPruI0, BOCCTAHABIMBAs Cylbdar (SO42') IIPU IOMOIIM MOJIEKYISIpHOTO Bostopona. Kpome cyinb-

(batpenykropoB B mpobax 0OHapYy EeHbI B HEOOIBIIUX KOIWYECTBAX M JPYrHue MUKPOOBI — BCETO
OKOJIO 25 pa3sHOBHUIHOCTEH, B TOM 4Hciie 4 pa3HOBUAHOCTH apXel-MeTaHOTeHOB. PacueTsl moka-

2 Li-Hung Lin et al. Long-Term sustainability of a high-energy, low-diversity crustal biome // Science. 2006. v.314. p. 479-482.
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3aJld, 4TO B YCJIOBHSAX, B KOTOPBIX >KUBYT 3TU MUKPOOBI, Cylb(parpeayKuus sBiseTcs Hauboee
BBITOJJHBIM U3 BCEX BO3MOXKXHBIX TUIIOB SOHECPICTUUCCKOIO MeTadoIn3Ma.

Ho muxpoOuonornueckuii ananms ObIUT BOBCE HE TIIaBHOM Y4acThiO UccienoBanus. OCHOBHOE
BHUMAaHUE aBTOPHI YACIWINA H3YYSHUIO CaMO MOJ3eMHOM BOJIbI, Ha KOTOPYIO ObliIa 00pyIIeHa Bes
MOIIb COBPEMEHHBIX METO/IOB aHAIMTHYECKON XUMHUHU. Bomy pazoOpaiu 4yTh HE IO MOJIEKYJIaM,
U3YUYIITN KaXIyI0 TPUMECh, M3MEPUIIH H30TOMTHBIA COCTAaB BCEX JIEMEHTOB, M BCE ATO JUIS TOTO,
9TOOBI KAK MOYKHO TOYHEE ONPEACTHUTDH €€ BO3PaCT U MPOUCXOXKICHHE.

Y4eHbIe IPUIIITH K BBIBOY, YTO CYIIECTBYET JIBA BOBMOXHBIX CIIEHAPHs 0Opa30BaHUS TOU
Bo/ibI. COTITacHO MEepPBOMY CIIEHAPHUIO, BCS OHA UMEET MOBEPXHOCTHOE (aTMOC(EpHOE) TPOUCKOXK-
JIEHUE ¥ MPOCOYMIIach B Heapa B mepuon Mexay 15,8 £ 7,8 u 25 + 3,8 mun net Hazan. Bropas
BO3MO)KHOCTB 3aKJTFOYAETCS B TOM, YTO 3Ta BOJA SBISETCS CMECBHIO OUSHB JIPEBHEN re0TepMalIbHON
BOJIbI BozpacToM 0,8-2,5 mipn set u 6osee "Moi1070i" MOBEPXHOCTHOM BOAbI, IPOCOUYMBILIEHCS
Ha IIyOMHY 3—4 MJTH JIET Ha3ajl.

B nro6om cirydae momydaeTcs, 9To MoJ3eMHOE MUKPOOHOE COOOIIECTBO CYIIECTBYET B a0CO-
JIOTHOW M30JI51UH, O€3 BCAKOrO MPUTOKA BELIECTBA U SHEPTUHU C TOBEPXHOCTH, KAK MUHUMYM TpU
MHUJUTHOHA JIET, @ BO3MOXKHO, U BCE 25 MIJUTMOHOB. M, HECOMHEHHO, MOXKET CYIIECTBOBAThH TaK U
JaIIbIIIe — Ja)Ke €CIIM BCE )KUBOE HA MIOBEPXHOCTH MMOTHOHET, a M3 aTMOC(ephl HCUE3HET BECh KUC-
JOPOI.

Nzyuenne momoOHBIX PETUKTOBBIX, H30JIMPOBAHHBIX OT OCTAIBHOW OMOC(epbl MUKPOOHBIX
COOOMIECTB MMOMOTAET MOHATH, YTO MPEACTABIsIIA U3 ceOs KU3Hb HAa HAICH TUTAHETe MUJUTAAP.IBI
JeT Hazal.

OtBaxublii crpanHuk. Korna sta kHMra yxe roToBHJach K I€4aTH,
CTald W3BECTHBl HOBBIC YIMBHUTEIbHbIE MOAPOOHOCTH O >KU3HU TOA3EMHBIX
MUKpOOOB 13 npuucka Mnonesr. [Ipofomkas nzyueHue mox3eMHoi onocgepsi,
uccnenoBarenu Boiaenwin JIHK u3 2600 nutpoB Boabl, AOOBITOI B TOM ke
MIPUKCKE U HA TOM ke TITyOuHe, HO U3 IPYToil CKkBaKMHBL. K HeMaioMy yTuBIEHUIO
yUeHBIX, B Tpo0Oe OOHApPYXKHJICS TEHETHYECKUH Marepuan JIWIIb OJHOTO-
€IMHCTBEHHOTO BU/1a MUKPOOOB. AHANN3bI OBLIIM MTPOBE/ICHBI BEChbMa aKKypaTHO,
W pe3ynprar ObUl TMOATBEPKIEH HECKOJBKUMHU HE3aBUCHUMBIMH METOJaMH.
[Tpunuioch KOHCTaTUPOBATh HEOXKUIAHHBIN M YAUBUTEIbHBIN (pakT: oOHapyx)eHa
MIOJI36MHAasl DKOCHCTEMA, BCE HACEJIEHHME KOTOPOM IPEACTAaBJICHO JIMIIb OJHUM
BUZIOM MHKpoOOB. CriefoBarenbHO, 3TOT MUKPOO JOKEH obecreyuBarh ceds
BCEM HEOOXOIMMBIM 0e3 BCAKOW MOMOIIM CO CTOPOHBI APYTHX OpraHu3MoB. Takas
HE3aBUCHUMOCTh M CaMOJOCTaTOYHOCTb CPEIU >KMBBIX CYILECTB BCTPEYAECTCS
OYEHb PEIKO.

Uro sxe 3TO 3a MHKpOO, *XHBymMH cam 1o cebe B 60-rpamycHoii
Boje Ha ryboune 2,8 km? OH okazancs "CTapbM 3HAKOMBIM", T€M CaMbIM
Cynb(haTpeyKTOpOM, KOTOPBIA TOMUHHPYET B MpoOax U3 NMpHHCKa MIIOHEHT,
M3y4YeHHBIX paHee. Jlo cUX MOp, OAHAKO, 00 ATOM MHKpoOe OBLJIO M3BECTHO
HEMHOroe (eMy Jake He OBbLJIO MPUCBOEHO MMsI), U TOJIBKO TENeph MOSBUIIACH
BO3MO)XHOCTb U3Y4YHTh €ro 0ojiee OCHOBATENbHO. J[€70 B TOM, U4TO BBIPAIMBAThH
TaKUX MHUKpPOOOB B J1aOOpaTOpUM MPAKTHUECKH HEBO3MOXHO, U CYIUTh 00 HX
OMOXUMHHM, CTPOCHUU U 00pa3e KU3HU MOXKHO TOJIBKO Ha ocHoBe aHanu3a /JHK.
OnHako ecnu B MpoOe MPUCYTCTBYIOT T€HOMBI MHOTMX MHUKPOOPTaHU3MOB, TO
MOHATH, KOMY U3 HUX IMPUHAIISKUT TOT Wik MHOH oOpsiBok JIHK, TexHuueckn
OYEHb CIIOXKHO.

[TosToMy HccnenoBaTeny OOBIYHO OTPAHUYMBAIOTCS AaHATTU30M HECKOIBKHX
HanOomnee '"Moka3arelbHBIX" TEHOB, mpexae Bcero — reHoB 16S-pPHK. Ilo
STUM I€HaM MOXKHO JOBOJBHO TOYHO ONPENEIHUTh, CKOIBKO M KaKue MUKPOOBI
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MPUCYTCTBYIOT B npobe. Eciau momagaercs MHUKpoO, Hayke HE W3BECTHBIM, TO
o ero reny 16S-pPHK MoxxHO ompenenuts, Kakoil U3 M3BECTHBIX MHKPOOOB
SBJISIETCS €ro ONVKAWIINM POACTBEHHHUKOM, @ YK€ U3 3TOTO JIeNAIOTCSI BHIBOJBI O
€ro OMOXUMUH U 00pa3e KHU3HH.

Hpyroe neno, ecnu B npobOe MPUCYTCTBYET TOJIBKO OJMH MHUKpPOO, — B
3TOM Cy4ae COBPEMEHHBIE TEXHOJOTHH ITO3BOJISIOT CPaBHHUTEIBHO OBICTPO U
HEZ0pOoro cobparb M3 KyCOYKOB BECh €0 IeHOM. VMIMEHHO 3TO M mpozenaiu
HCCIIEI0BATENN C YHUKaJIbHOU OakTepueil. IMes B pykax MOIHYIO HYKJICOTUIHYIO
MIOCJIEIOBATENBHOCTh TEHOMA, O MUKPOOE MOXHO CKa3aTh OYEHb MHOTOE.

Jlnst Hauasa moa3emMHast OakTepus Moyydria uMsi — ee Hazpanu Desulforudis
audaxviator. "Audax viator" — cio0Ba M3 TAaWHCTBEHHOW JIAaTUHCKON (hpa3bl,
ykazasiiei reporo mosectu JKrons Bepna nyTts k mentpy 3emnu. B mepeBoxe
OHU O3HAYAIOT "OTBAXKHBIM cTpaHHUK". UTO K, Ha3BaHUE BIIOJIHE MOJIXOJSALICE.
[To MHeHUIO HccnenoBaresneil, MUKpoO COBEPILNI CBOE OTBAKHOE My TELIECTBUE B
Hezpa 3eMITU ¥ IPUCIIOCOOMIICS K )KM3HH B IOJTHOM OJMHOYeCTBE He MeHee 20 MITH
JIeT Ha3a.l.

[TockonbKy "OTBa)KHBIN CTpaHHUK" B OIMHOYKY BBINOJIHAET BCe (DYHKIUH,
KOTOPbI€ JOKHBI BHIIOIHSATH dKUBBIE CYLIECTBA B IKOCUCTEME, aBTOPBI OXKH1aJIH,
YTO €ro FeHOM JIOJDKEH COJIepKaTh MOJHBINA HA0Op CPENCTB JKU3HEOOECTIeUeHHs
B DOKCTPEMAaJIbHbIX YCIIOBUSX, BKJIIOYas OHOXMMHYECKHE MEXaHU3MBbl JUIs
MOJTyYEHUs FIHEPIUH, (PUKCALIMU a30Ta U YIIIEPOAa U CUHTE3a BCeX HEOOXOIUMBIX
BemiecTB. Tak u okazanock. B renome D. audaxviator oOHAPYKUITUCH CIEAYIONINE
"paboure UHCTPYMEHTHI":

* monHbpI HaOOp reHoB A Cyab(aTpeayKIHH, MPUYEM HEKOTOpbIE U3
ATUX TEHOB OAKTEpHsl SIBHO MO3aMMCTBOBAJIA KOTAA-TO Y apXeid — MUKPOOOB, 1O
MpaBy CUUTAIOIIMXCS JTYUYIIUMH SKCIEPTaMU MO BBDKHUBAHUIO B AKCTPEMaIbHBIX
YCIIOBUSX;

* nHabop rtuaporeHa3 — (EpPMEHTOB, TO3BOJISIONINX YTUIU3HPOBATH
MOJIEKYJISIPHBI BOZOPOA  (KOTOPBIM HCHOJB3yeTCS MHOTMMH aHa’pOOHBIMHU
MHUKpOOaMH B Kau€CTBE IOHOPA AJIEKTPOHA B OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIX
peakuusx);

* HaOop OENMKOB-TPAHCTIOPTEPOB ISl MEPEKAYKU TOTOBBIX OPraHUYECKUX
COEIUHEHUN — caxapoB M aMHHOKHMCIOT — M3 BHEUIHEH cpeabl B KIETKY.
DTO 3HAYUT, YTO OaKTepus MOXKET BECTH ce0s HE TOJBKO KaK aBTOTPOQd,
TO €CTb CHUHTE3MpOBAaTh OPraHUKY M3 HEOPraHWYECKUX COCTUHEHHH, HO U
KaK rereporpod, TO €CTh MUTATbCs TOTOBOM OpPraHMKOM, €CJIM TakoBasl BIPYT
TIOSIBJISIETCSL B OKpYy»Karomieit cpeae. OueBUIHO, YTO TaM, I7I€ KUBET "OTBAKHBIN
CTPaHHUK'", €IMHCTBEHHBIM HCTOYHUKOM T'OTOBOM OpTraHUKU MOTYT ObITh MEPTBBIE
pacmajaronuecs KIeTKH TeX e caMmbix Oakrepuil. He TakoBa Xu3Hb y
"OTBa)KHOTO CTPAaHHHUKA", YTOOBI pazOpachIBaTbCsl CTOJNb LEHHBIMU PECYpPCAMHU.
Kcrarn, mo wumerommmcsi omeHkaMm, OakTepuu, OOWUTAIOMIME B TMOAOOHBIX
YCIIOBUSIX, U3-3a OCTPOro AePUIMTAa PECYPCOB TOJIKHBI PACTH M PAa3MHOXKAThCS
HEBEPOSATHO MEJUIEHHO. Y YEHbIE HE UCKIIIOYAIOT, YTO MEXAY ABYMS KJIE€TOUHBIMHU
JIEJIEHUSIMU Yy TaKUX MUKPOOOB MOTYT POXOAUTH COTHU U JIaXKe THICSYH JIET;

* Oenku g aBTOTPO(HOTO MeTadosM3Ma, MO3BOJISIONINE HUCIIOIh30BaTh
B KauecTBE MCTOYHUWKA yriepona yriekuciwid ra3 (CO?), yrapusiii raz (CO) u
¢dopmuar (HCOO);

* monHbINA HAOOp pepMeHTOB At cuHTe3a Bcex 20 aMUHOKUCIIOT;
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* reHbl, HeoOXOAUMBIC JJIsi (OPMUPOBAHHS CHOP C IUIOTHOW 00OOJIOYKOI
(310, OYEBUAHO, MO3BOJISIET ""CTPAHHUKY" MEpekKUBaTh NEPUOJIbI, KOTJIA YCIOBUS
CTaHOBSATCS COBCEM Y’ HEBBIHOCUMBIMHU );

* TeHbl, 00ecTeYnBarore 00pa3o0BaHUE KI'YTHKOB, IIPU TIOMOIIH KOTOPBIX
MHUKpPOO MOJKET IJIBITH Ky/ia MOXKETIAeT;

* TeHbI pa3JINYHBIX PELIENITOPOB M CUCTEM II€PEIaull CUTHAJIOB, TO €CTh TOTO,
9TO 3aMEHSeT MUKpoOaM OpraHbl YyBCTB M HEPBHYIO CHUCTEMY (TIO-BHIANMOMY,
"cTpaHHUK" YyeT, T/e BBIIIC KOHICHTpanus Ne(OUIIUTHBIX BEIIECTB, U IJIBIBET
Tyna);

* Oenku JUIs TpaHCIIOpTa aMMOHUS (NH4+) U3 BHEHHEW cpensl. B
UCCIIEIOBAaHHBIX MPo0ax KOHIEHTpAIMs aMMOHUS JIOCTaTOYHO BBICOKA, YTOOBI
MOJTHOCTBIO 00ECTIeUUTh MUKPOOOB a30TOM, HO, 0 BCEH BUMMOCTH, TaK ObIBaeT
He Bceraa. [loaromy D. audaxviator iMeeT B CBOEM apceHale elle U HUTporeHasy
— (hepMeHT, MO3BOJISIONIUI OCYIIECTBIATh a30T(HHUKCALNIO, TO €CTh PEBpaIaTh
MOJIEKYJISIPHBIH a30T B y1000BapUMBbI€ 1151 ’KUBOM KJIETKH a30THCThIE COCTUHEHUS
(mpexne Bcero B TOT XK€ aMMOHMil). Hutporenasza, kak MU MHOTuE Jpyrue
Oenku, ObUIa 3aMMCTBOBaHAa "CTpaHHUKOM'" Yy apxeil MyTeM TIOpHU30HTAIBLHOIO
TeHETUYECKOro OOMeHa.

VYueHsle HalU B reHoMe D. audaxviator HeMano APYTruX FeHOB apXeHHOTo
MIPOUCXOXKCHUS. BOMBIIMHCTBO U3 HUX CBS3aHO C MPUCIOCOOIEHUEM K JKU3HU
B OKCTPEMaJbHBIX YCIOBUAX. "CTpaHHMK" IMO3aMMCTBOBAJ y apXeil Takke M
HEKOTOpbIE TEHBbI JJIs 3alllUThl OT BUPYCOB (OT HMX, OKa3bIBAE€TCS, JAXe IOL
3emieil He copsyemscs). [lo-BuauMomy, emy He ynaiaoch Obl CTaTb TaKUM
HE3aBUCUMBIM U CAMOJ0CTAaTOYHBIM, €CJIN OBl OH MPEABAPUTEIHHO HE O0OIIaICS
OYEHb TECHO C APYTUMHU MUKPOOAMHU U HE OFOJDKHII OBl y HUX KO€-KaKHe MOJIe3HbIe
TE€HBI.

A BOT yero y "crpaHHMKa" HET COBCEM, AAKE B PyAUMEHTAPHOM BUJE, TaK
9TO OEJKOB, MO3BOJISIONIMX YTHIN3UPOBATh KHCIOPOA UM XOTS OBl 3alUIIATHCS
OT €ro TOKCUYHOI'O AEUCTBUSA. DTO 3HAUUT, YTO C KHCIOPOJIOM 'CTpaHHUKY'" HE
MIPUXOAWIIOCH UMETH JIENIa y’KE OYEHb JaBHO.

I'maBHBIM TEOPETUYECKUM BBIBOX, CHEJIaHHBIM aBTOPAMU W3 M3YUYCHUs
"OTBa)KHOTO CTPAHHHUKA", COCTOUT B TOM, UTO BCSI OMOJIOTHYECKAst COCTABIISIOIAS
MIPOCTOM HKOCUCTEMBI, KaK BBIICHUIOCH, MOXKET OBITh 3aKOJMPOBAHA B OJHOM-
€IMHCTBEHHOM I'€HOME.

(Ucmounux: Chivian D. et al. Environmental Genomics Reveals a Single-Species
Ecosystem Deep Within Earth // Science. 2008. V. 322. P. 275-278.)
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lNMepBble anbLTPYyUCTHI

[o-BuarMomy, yke Ha caMbIX PaHHUX dTalax pPa3BUTHUS MPOKAPUOTHOM OHMochepsl MUKPO-
0aM MPHUXOIUIIOCH COTPYAHUYATH APYT C IPYTOM, OObEAMHATHCS B CIIOKHBIE KOJUIEKTHBBI M COO0IIIa
pearhb CTosmue nepen HuMu ornoxumudeckne "3anadu’". IhGEeKTHBHOCTh U YCTOMYUBOCTD MUK-
POOHBIX COOOIECTB MOBBILIAINCH 32 CUET PA3BUTHSI CPEICTB KOMMYHUKAIIMN MEXAY MUKpPOOaMHu.
Pa3BuBanmch cucTeMbl XUMUYECKOTO "0OmeHus". Boiensiss B OKpYKaIoUIylo Cpeay pa3indHbIe
BEIIECTBA, MUKPOOPTraHU3MbI COOOIIAIN COCEIIM O CBOEM COCTOSIHUU U BIIHSJIU HA UX [TOBE/ICHUE.
Torna >xe 3apomuiics U albTPYyH3M — CIIOCOOHOCTh KEPTBOBATh COOCTBEHHBIMH WHTEpECaMH Ha
6naro cooO1iecTsa.

Bo3MO0)XxHO, MHOTMM YHUTaTENSM MOKAXKETCSI COMHUTENIBHBIM YTBEPKICHHE O CYIIECTBOBA-
HUH CIIO)KHOW COITMANIbHOW )KU3HH, KOMMYHHKAIIUU B TeM OoJiee albTpyn3Ma y MEKpoOOB. UTOOBI
He OBITb TOJIOCIIOBHBIM, TPUBENY HECKOJIBKO (DAaKTOB M3 JKM3HM CaMOW OOBIYHOW, TOBCEMECTHO
BCTpeyarouieicst 0akTepuu.

bakrepus Bacillus subtilis — 1mupoko pacnpOCTPAHEHHBIM MOYBEHHBI MHMKpPOO, OTHOCS-
iicst K yuciy HanOosiee u3ydyeHHBIX. [ eHoM "ToHko# Oauusuibl" (Tak MEepeBOJUTCS C JIAThIHU
Ha3BaHUE dTOTO MUKpPOOpraHu3Ma) rpouteH emie B 1997 roay, u GyHKIIMU OOJBITUHCTBA TEHOB B
00IIMX YepTax U3BECTHBHI.

3TOro, 0THAaKO, HEJOCTATOUHO, YTOOBI MOHATh MEXaHU3MBI, YIIPABISIOLINE CIOKHBIM ITOBE-
JIeHHEeM OaluIbl. DTOT MUKPOO, HallpUMep, YMEET MPH HEOOXOIMMOCTH OTPALIHBATH KI'YTHKH H
MpHOOpETaTh MOJABUKHOCTB; cOOUpaTbes B "cTan'", B KOTOPBIX MEpEIBUKEHHE MUKPOOOB CTaHO-
BUTCSl COIVIACOBAaHHBIM; IPUHUMATh "pelieHus" Ha OCHOBE XUMUYECKHUX CHUTHAJIOB, MOJTy4aeMbIX
ot copoauueit. [Tpu 3ToM ucnons3yercs ocoboe "4yBCTBO KBOpyMa' — HEUTO BPOJE XUMUYECKOTO
rOJIOCOBaHMs, KOTAA ONpPENEICHHOE KPUTHUECKOE YMCIIO MOJAHHBIX COPOAMYAMU XHUMHUYECKHX
"ronocoB" MeHsieT noBenaeHue Oakrepuid. Mano toro, B. subtilis cnocobna coOupaThCcsi B MHOTO-
KJIETOYHbIE arperarbl, IO CJIIO)KHOCTH CBOEH CTPYKTYphl NPUOIMKAIOIINECS K MHOTOKJIETOUHOMY
OpraHu3My.

B xputnueckoil cutyanuu (Hanpumep, Ipu AJIUTEIBHOM TOJI0IaHNN) OalILIbl IpeBpala-
I0TCA B CIOPBI, YCTOWYMBBIE K HEOIAronpusTHHIM BO3A€UCTBUAM, UTOOBI JOKAATHCS JIyUIIUX Bpe-
MeH. Ho nipeBparenue B criopy utst B. subtilis — mporiecc 1oporocTosIui, TpeOyonuii akTHBH-
3aumu okono 500 reHoB, U 3Ta Mepa npubdeperaercs Ha camblid KpaitHuil cinyyail. Hy a B kauecTBe
MIpPeIOCIIeHEN Mephbl B FOJI0AHBIE BpeMeHa MUKPOO mpuleraer k yOuiCTBY CBOMX COpOAHYEH U
KaHHuOanu3My. Ecim, koHeuHO, copoauueil BOKPYT JOCTaTOYHO MHOTO, TO €CTh INIOTHOCTH MOITY-
JsuK Beicoka. Eciu HeT, Toraa ienars Heuero, MpUXoJUTCs MPeBpaIlaThCs B CIIOPbI HATOIIAK.

VY4eHble BBISICHWIH, YTO MPH TOJOAAaHUU Y B. subtilis cpabaTrbiBaeT 0COOBIM T'€HHBIH Mepe-
KJIF0YaTesb, KOTOPbII MOXKET HaXOJUTHCS JIUIIb B OTHOM U3 JIByX AUCKPETHBIX COCTOSTHHUH (BKIIO-
4eHO/BBIKITIOUEHO). "[lepexmtouarens” COCTOUT U3 KITFOYEBOTO TeHA-PETYIIATOpa Spo oA M HECKOJb-
KHUX JPYI'MX I'€HOB, KOTOpPbI€ B3aMMHO aKTMBHMPYIOT APYT Apyra MO MPUHLUILY MOJOXKHUTEIbHOU
00paTHOM CBsI3H.

AxTuBmM3ausa SpooA NPUBOIUT K LIEJIOMY KAaCKaJay peakiivii, B TOM YHCJI€ K IPOU3BOI-
cTBy KjeTkoi TokcuHa SdpC, yOmBaromiero Tex Oamuiul, Y KOTOPBIX '"Mepekitodaresb’ BBIKITIO-
yeH. OZJHAKO XUTPOCTh COCTOUT B TOM, UTO IOJO/IaHUE NPUBOJUT K aKTUBU3ALUHN Spo0oA TOIBKO
y MOJIOBUHBI MUKPOOOB. [lorubime kiaeTku pacnagarorcs, BBICBOOOIUBIINECS U3 HUX OpraHuye-
CKHE BEILECTBA BCACBhIBAIOTCS youiamu. Eciin HUKakuX NepeMeH K JIydlleMy Tak U He ITPOU30ii-
JIET, OHU, 110 KpaiiHeil Mepe, OylyT IpeBpalaTbCsi B CIOPHI ChITHIMU.

Jlo cux nop ObLIO HESICHO, OYeMY TOKCHH yOUBAeT TOJBKO TeX Oaluiul, KOTOPbIE €ro He
BBIJICIISIOT (TO €CTh TEX, Y KOT0 Spo oA He aktuBHpoBaH). U Bot uto Beisicamiiock (C.D. Ellermeier,
E.C. Hobbs, J.E. Gonzales-Pastor, R. Losick 4 three-protein signaling pathway govering immunity
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to a bacterial connibalism toxin // Cell. 2006. 124. 549-559.). Ha memOpane Ganusut CHANT 3a1UT-
HBII O0enok Sdpl, BemmonmHsIOmMN cpasy 1Be GyHKIUH. Bo-TIepBBIX, OH 3aIIUIIAET KIETKY OT TOK-
cuna SdpC (mpocTo XBaraeT MOJIEKY/IbI TOKCHHA M JICPKHT, HE JaeT UM HUYETO JesiaTh). Bo-BTO-
pbIx, Monekyina Oenka Sdpl, cxBaTHBIIasi MOJIEKYJIy TOKCHHA, H3MEHSETCS TaKUM O0pa3oM, 4TO
JpyToil ee KoHel (Topyaliuii U3 BHYTPEHHEH CTOPOHBI MEMOpaHbl) XBaTaeT U yAEPKUBAET MOJIe-
KyJbl Oenka SApR, QyHKIHS KOTOPOTO COCTOUT B TOM, YTOOBI OJIOKHPOBATH MTPOU3BOICTBO 3aIUT-
Horo Oenka Sdpl.

Takum 00pa3om, CXBaThIBAaHUE 3AIMUTHBIM OCIIKOM MOJICKYJIbI TOKCHHA TIPUBOINUT K WHAKTH-
BaIMH OeJTKa, TOPMO3SILETo MPOU3BOICTBO 3aIUTHOTO Oenka. To ecTs yeM Oosbie OyneT TOKCHHA,
TeM OOJIbIIIe KJIETKA OyJIeT MPOU3BOJUTH 3aIIUTHOTO OeKa. A KaK TOJIBKO TOKCHH B OKPY KaIOIIeH
cpene 3aKOHYMUTCsI, MoJieKysbl SApR nmepecTaHyT HHAKTUBUPOBATHCS, U IPOU3BOJCTBO 3ALUTHOIO
0eka OCTaHOBUTCH.

[To mMonexynsipHO-OMOIOTHYECKUM MEpKaM 3TO KpallHE NPOCTOW PeryasTOPHBIA Kackal,
npoine Hekyna. Tak OauIel 3alMIIAI0TCS OT COOCTBEHHOTO TOKCHHA. A MOYeMy e OalrIIbI
C BBIKITIOYEHHBIM Spo0A 0Ka3bIBAIOTCS HE3aIUIIEHHBIMU? OKa3bIBAETCs, CUHTE3 CIIACUTEIHLHOTO
Sdpl y Hux Gnokupyercs eme onauM OenkoM — AbrB. Otkimrounts AbrB MOXXHO TOJBKO ITyTeM
BKJTIOUCHHS Spo(A, TOATOMY KIIETKH C BBIKIIIOUYEHHBIM Spo()A pOCTO— HAITPOCTO OOPEUCHBI.

CaMmbIM WHTEPECHBIM TYT SIBIISIETCSA Ja)Xe HE KaHHHOAIM3M OaluiuI-yoOWHIl, a aabTpyu3M
OalMIUT-KEepPTB, KOTOPbIE OTKIIIOYAIOT ce0€e BCE, YTO TOJIBKO MOXKHO, JIUIIIb ObI IOMOYb CBOUM COPO-
nu4aM ce0sl CheCTbh.

Kazanocw ObI, ecTeCTBEHHBIN OTOOP JOKEH CIIOCOOCTBOBATH 3aKPETUICHHIO B TIOTOMCTBE
npusHaka "Spo0A BKIIIOUAETCs TPH TOJIOAAHUHU" U OTOPAKOBBIBAaTh 0COOEH C MPOTUBOIIOIOKHBIM
MpU3HAKOM. JIeHCTBUTEITHLHO, BEh MEPBbIC BEHKUBAIOT U OCTABIISIIOT MIOTOMCTBO, & BTOPHIE TTOTH-
0aroT, ¥ TaK pa3 3a pa3oM, IIPH KaKJI0H odepeHOoM rojaooBke. OqHAKO TEHHBIN "'TIepeKITIOUaTeNb"
YIOPHO OCTAeTCsl HACTPOCHHBIM TaK, YTOOBI BKIIFOYAThCS MTPH rOJI010BKE TOIBKO B 50 % citydaes.
Benp ecnu Bce ocoOu B MOMyINSALMU 3aXOTIT CTaTh KaHHHOAIaMH, a )KepTBaMH — HUKTO, TO BCE
MEpOIPUAITHE MOTEPSET CMBICH, €CTh Oy/1eT HeKoro. MIHTepechl 00111ecTBa OKa3bIBAIOTCS BBILIE JINY-
HBIX, 1 KaHHUOAIM3M OIHUX PaclBETaeT JUIIb Onaroaaps alnbTpyusMy JIpyTrHx.
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CuHe-3eneHble peBONMOLUOHEPDI

BaxHelmiM moBOPOTHBIM ITYHKTOM B Pa3BUTHH JKU3HU CTAJIO N300peTeHHE OKCUTEHHOTO,
WM KUCIIOPOTHOTO, (hoToCHHTE3a, O1aromapst KOTOpoMy B aTMoc(hepe Hadall HaKarInBaThCs KHC-
JOPOZ M CTAJI0 BO3MOYKHBIM CYIIECTBOBAHUE BBICIIUX OPTaHU3MOB. JTO BEIIMKOE COOBITHE MPO-
U301IUI0, TIO-BUAUMOMY, 2,5—2,7 MIIpA JIET Ha3aj (XOTS psii YYCHBIX MPUACPKUBACTCS MHEHUS O
Oosiee paHHEM TOSBICHUU KHUCIOPOIHBIX (POTOCHMHTETHKOB). "M300perarensiMu" KHUCIOPOIHOTO
(orocuHTe3a OBUTM IIMAaHOOAKTEPUH, WIIH, KaK X paHbIIIe Ha3bIBAIH, CHHE-3€JIEHBIC BOIOPOCIIH.

Kak mMb1 moMHIM, 1TpH O€CKUCIOPOTHOM (DOTOCHHTE3E TOHOPOM SJIEKTPOHA CITY>KaT COEeNIU-
HEHUS cepbl (Yallle BCEro CEpoOBOAOPOA), a B KaueCTBE MOOOYHOI0O MPOAYKTa BBIJENAETCSA cepa
wi cynbdat. HemaBHO ObLT OTKPBIT BapuaHT OECKUCIOPOTHOTO (POTOCHHTE3A, IPU KOTOPOM JIOHO-
POM DIIEKTPOHA CIIYXaT COCIMHEHUs keie3a. [[o0O0UHBIM MPOITYKTOM B 3TOM CIy4ae SIBIISIOTCS
OoJiee OKUCIICHHBIE COSTUHEHNUS Kene3a. He MCKIIoueHo, 9T0 IMEHHO MHUKPOOBI, OCYIIECTBIISB-
mue "doTrookuciaeHue" xeie3a, OTBETCTBEHHBI 3a 00pa30BaHHE APEBHEHIIMX JKEJIE3HBIX PYI.
Takum 00pa3om, CyIIeCTBOBAaHHE aHOKCHUTCHHBIX (POTOCHHTETHKOB 3aBHCUT OT JJOBOJILHO Ae(u-
IUTHBIX BemecTB. [103ToMy aHOKCUTEeHHBIN (POTOCHHTE3 HE MOT 00ECTIEYUTh IIPOU3BOACTBO Opra-
HUKH B KOJIMYECTBE, HEOOXOIMMOM /ISl Pa3BUTHUS Pa3HOOOPA3HBIX reTepoTpodoB (moTpedurene
OpTaHUKH), BKIIOYas )KUBOTHBIX.

[Tpu xucopoaHOM (POTOCHHTE3E JOHOPOM MIIEKTPOHA SIBIISETCS OOBIYHAS BOJIA, @ TOOOYHBIM
IPOIYKTOM — KHCIIOpoA. M300peTerne KUcIopoaHoro (POTOCHHTE3a CeNaNno OaKTepii He3aBUCH-
MBIMHU OT COEIMHEHHIA CEPhI MITH JKelie3a, M 3TO OTKPBLIO Iepel HUMH HEeOBIBAIbIE BO3ZMOKHOCTH.
Benp Bona — pecypc nmpakTHUECKH HEHCUEPITAEMBIA.

[lo cpaBHeHUIO ¢ GECKUCIOPOAHBIM (POTOCUHTE30M KHUCIOPOAHBIN (POTOCHUHTE3 — ropasio
Oosiee CIOXKHBIA TIporiecc. AHOKCUTEHHBIE (DOTOTPO(BI YTHIM3UPYIOT COJHEYHBIA CBET MpHU
TIOMOIITH €IMHOTO OEITKOBOTO KOMITJIEKCa, Ha3bIBaeMOTo oTocucTeMoil. st kucmopoaHoro ¢poro-
CHHTE3a NOTPeOOBaJIOCh BBEICHUE BTOPOTO OCIIKOBOTO CBETOYJIABIMBAIOLIETO KOMILIEKCA — BTO-
poii potocuctemsr. O6e hoTocrcTEMBI B OCHOBHBIX Y€PTaxX MOXOXKH APYT Ha apyra (00e comepkar
XJIopo(HIII, pacnonararoTcs Ha KIETOYHON MeMOpaHe M OTYaCTH COCTOAT U3 TIOXOXKHX TI0 CTPYK-
Type u ¢pyHkiuu OenkoB). [lo-Buaumomy, 00e OHU SBISIFOTCS BapUaLMsIMU OJTHOM U TOH ke 6a3o-
BOH "Mozenu", TO €CTh MPOUCXOJAT OT €AMHOTO O0IIEro MoJeKysipHoro "mpenka". Ckopee Bcero,
NPEAKH IUAHOOAKTEPH MPHOOPENN BTOPYIO (POTOCUCTEMY OT KaKHX-TO IPYTHX (POTOCHHTE3UPY-
IOIIMX MUKPOOOB ITyT€M TOPU30HTAIBHOTO MepeHoca reHoB (cM. masy "HacnemyroTcst au mpuoo-
perennbie npusHaku?"). OObeAMHUBIINCH B OJJHOM KJIETKE, TBE (POTOCUCTEMBI CO BpEMEHEM TIpH-
CIOCOOMIINCH APYT K APYTY, CICHHAATH3UPOBAIIICH U PA3ICIIN MEKIY COO0H (QYHKITUH.

«Henocrarouiee 38eH0» B 3BojOIMH (porocumHTe3a. Kak mpousomen
nepexos] 0T OecKuciIoponHoro GorocuHTesa (P KOTOPOM TOHOPOM DJIEKTPOHA
CIIy’)KUT CEPOBOAOPON) K KHUCIOPOAHOMY, IPU KOTOPOM JIOHOPOM D3JIEKTPOHOB
ciyxkut Boga? Eme B 1970 romy Obuia mpemiokeHa TEOpeTHYecKas MOJEIb,
COIVIACHO KOTOPOHM 3TOT MEepexoi] OCYIIECTBMIICSA uYepe3 MPOMEXYTOUHBIH ATail,
KOTJ]a JIOHOPAMH BJIEKTPOHA CIYKHJIM COeIMHEHHs a30Ta?’. OmHaKo 70 caMoro
MOCIIEIHETO BPEMEHH a30THBIA (DOTOCHHTE3 OCTABAJICS YUCTO TUIIOTETHUYECKON
KOHCTPYKIHEH — B IPUPOJIE €r0 0OHAPYKUTH HE YIaBAJIOCh.

Jlume B 2007 romy a30THBIA (POTOCHHTE3 — MCKOMBIN MPOMEKYTOUHBIN
9Tan Ha IMyTH CTAHOBIICHUS KHCIOPOAHOTO ()OTOCHHTE3a — HAKOHEU-TO ObLI
obHapyxeH. OTKpbITHE OBUIO CIENAaHO B XO/I€ U3YYCHHUSI MUKPOOOB, OOHUTAIONTIX

23 Olson .M. The evolution of photosynthesis // Science. 1970. v.168. p. 438-446
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B TIPECHBIX BOIOEMax W OTCTOMHHMKAaX CTOYHBIX Boa**. MukpoOuonoru
n3 ynuBepcurera Koncranma (I'epmanusi) BblpamuBaid MHUKPOOOB B
OECKHCIOPOIHBIX YCIOBHUAX Ha CBETY B Cpelie ¢ HEOOIbIIUM KOIMYECTBOM

nutpura (NOy). Uepes Heckonbko Henmenb B 10 mpobax u3 14 crana 3ameTHa

PO30Bast OKpacka, XapakTepHasi st OakTepui, MPaKTUKYIOIUX O€CKUCIOPOAHBIN
(dbotocuHTE3, M OBLIO 3aPETUCTPUPOBAHO OKHUCICHHE HUTPUTOB U MPEBpAIICHUE

ux B HUTpaThl (NO3"). [Ipu nomoru crenuaibHbIX TECTOB YAAJIOCh TOKa3aTh, 4TO
OKHCJICHHE HUTPHUTOB SIBIISICTCS PE3YyJITATOM HUMEHHO (DOTOCHHTE3a, a HE KaKOTo-
1100 MHOTO OMOJIOTHYECKOTO M XMMHYECKOTO MpoIecca.

AKTUBHEE BCETO OCYIIECTBISLTM "a30THBIA" (OTOCHHTE3 MHUKPOOHI,
MIPOUCXOIAIINE U3 OTCTOMHMKA ropona Koncranna. M3 310 KyJIbTypbl BBIAEITHINA
caMblii MaccoBbIi BHJ OakTepuil — mapooOpa3Hble KIETKH JAUAMETPOM 2—
3 MHKpoOMeTpa — M TpH MOMOILIM TE€HETHYECKOTO0 aHajiu3a YCTAaHOBWIHM HX
POACTBEHHbIE CBS3U. BbIICHWIOCH, YTO ONMMKAWIIMM pPOJCTBEHHUKOM 3THX
MUKpPOOOB sBisieTcst Thiocapsa roseopersicina, MHPOKO PACIPOCTPaHEHHAs
(dorocunTE3UpYIOMmas OaKTEepHsi, OTHOCSINASACS K TPYIIE MyPIyPHBIX CEPHBIX
Oakrepuil (3TH MHUKPOOPTaHU3MBI NMPH (HOTOCHHTE3E HCIONB3YIOT B KaueCTBE
JIOHOPA AJIEKTPOHA COETMHEHUS CEPBI).

OTO OTKpBITUE HHTEPECHO €II€ U TEM, YTO OHO pacHIMpseT Halllu
npecTaBIeHus 00 y9acTHH MUKPOOOB B KpyroBopoTe a3oTa. [lo cux rnop He ObuH
M3BECTHBI (POTOCUHTE3UPYIOLUE OPTAaHNU3MBbI, CIIOCOOHBIE OKUCIIATh COCTUHEHUS
a30Ta B OTCYTCTBHE KUCIOPOAA. Teneppb 3Ty BO3MOXKHOCTh IIPUJIETCSl YUUTHIBATh
Y TIPH PEKOHCTPYKIMH paHHUX (OECKUCIOPOAHBIX ) ATAIIOB YBOJIOIMN OMOCHEpHI.

BaxxHocTh cmenaHHOrO IMaHOOAKTEpUsMU "OTKPBITUA" TPYOHO TMEPEoleHUTh. be3
uaHoOaKkTepuii He ObUIO OBl M PACTEHUH, BE/Ib paCTUTEINIbHAS KJIETKa — Pe3yabTaT cuMOno3a Hedo-
TOCHHTE3UPYIOIIEro (rerepoTpo(HOro) OAHOKIETOYHOTO OpraHmM3Ma ¢ ImaHobakrepusMu. Bee
pacTeHus OCYIIECTBISIOT (POTOCUHTE3 MIPU MOMOIIY 0COOBIX OPTraHe — IUIACTHI, KOTOPHIE CYTh
HE YTO MHOE, KaK CUMOMOTHYECKUE [IaHo0akTepuu. M HEsICHO ellie, KTO IIaBHBIN B 3TOM CUMOU-
o3e. HekoTtopslie OMOJIOTH TOBOPSIT, MOJIb3YsSICh META()OPUIECKUM S3BIKOM, YTO PACTEHHUS — BCETO
JIMIIb yAoOHbIE "AOMHUKH" A7 mpoxuBaHus nuaHoOakTepuil. 1o cytu nena nuanobakrepun He
TOJIBLKO H300peNr KUCIOPOIHBIN ()OTOCUHTE3, HO U IO CEH IEHh COXPAHUIIH 32 COOOH "IKCKITIO3HB-
HbIE ITpaBa" Ha €ro OCYLIECTBICHHUE.

[uanobakrepuu He TOIBKO co3aanu ouocdepy "cospemennoro tuna". OHU U CETOTHS MPO-
JIOJDKAIOT €€ TOAICPKHUBATh, IPOU3BOJIS KUCIOPOJ U CUHTE3UPYsl OPTaHUKY U3 YIIICKUCIIOTO Tra3a.
Ho >TuM He mcyeprbiBaeTcst KPyr UX 00s3aHHOCTEH B m1o0agbHOM OMOC(HEPHOM KPYrOBOPOTE.
[{uano6axkTepuu — OTHU U3 HEMHOTHX JKHUBBIX CYIIECTB, CHOCOOHBIX (PMKCUPOBATh aTMOCHEPHBIi
a30t (N3), mepeBo/is €ro B JOCTYITHYIO 7Sl BCETO *KUBOTO (hopMy. A3oTduKcaiys abCOTOTHO HE00-
XOJUMa JJIsl CYLIECTBOBAHMSI 36MHOMU JKU3HU, @ OCYIIECTBIIATh €€ YMEIOT TOJIbKO MPOKApUOTHI, U
TO JAJIEKO HE BCE.

I'maBHast npoOseMa, ¢ KOTOPOH CTAJIKUBAKOTCS a30T(DUKCUPYIOIINE IUAaHOOAKTEPUH, COCTOUT
B TOM, YTO KJIIOYEBbIE ()EPMEHTHI a30T(HUKCAIUA — HUTPOT€HA3bl — HE MOT'YT paboTaTh B MpH-
CYTCTBHM KHMCJIOPOZA, KOTOPBIH BblAENseTca npu (oTtocunrese. [loatomy y azoTdukcupyommx
MaHo0akTepuil BeIpaboTanoch paszeieHne GyHKIUN MeXIy KIeTKaMu. DTH BUJIbI LIAHOOAKTe-
puii 00pa3yoT HUTEBUAHbIE KOJIOHNUH, B KOTOPBIX OHU KJIETKH 3aHUMAIOTCS TOJILKO (DOTOCHHTE30M
U He QUKCHUPYIOT a30T, IpyTrue — MOKPBIThIE IUIOTHON 000JI0YKOM reTepoLucThl — He (POTOCHUHTE-

2 Benjamin N. Griffin, Joachim Schott, Bernhard Schink Nitrite, an electron donor for anoxygenic photosynthesis // Science.
2007. v. 316. p. 1870
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3UPYIOT U 3aHIUMAIOTCS TOJBKO (PUKcanueit a30Ta. DTH JABa THIIA KJIETOK, ECTECTBEHHO, OOMEHHUBa-
I0TCSA MEX/1y CO00M MPOU3BOAMMON NMPOAYKLMEN (OPraHUKON U COEIMHEHUSIMH a30Ta).

Jlo HejaBHEro BpEMEHH yUYCHBIE T0JIarajid, YT0 COBMECTHTH (POTOCHHTE3 U a30T(HUKCAIHIO
B OJIHOH M TOM K€ KJIETKE HEBO3MOXKHO. OHAKO HOBEHILINE NCCIE0BAHMS IOKA3aJIM, YTO MBI 10
CHX ITOp CHJIBHO HEJJOOLIEHUBAIN META0O0IMUECKIE CIIOCOOHOCTH IIMaHOOAKTepuil. DTH MUKpPOOP-
TaHU3MBI SIBJISIFOTCS e1lie 00Jiee YHUBEPCAIbHBIMH U CaMOJJOCTaTOUYHBIMU "OMOXUMHUYECKUMU (Had-
pukamu", 4em ObLIO MPUHSATO CUNUTATh.

Luanobaxmepus Synecbococcus 6 npoyecce oeneHus. Imom Mukpoo onem pomocunmesu-
pyem, a Houblo hurcupyem ammocghepuwiil azom.

B saBape 2006 rona Aptyp I'poccman u ero xosutern uz Macruryra Kapueru (CIIA) coo6-
IIWJIH, YTO JKUBYIIHE B TOPSIYMX UCTOYHHKAX IMAHOOAKTEpHH Synechococcus yXUTPSIFOTCS COBME-
IIaTh B CBOCH €IMHCTBEHHOW KJIETKE (DOTOCHHTE3 M (PUKCAIUIO a30Ta, paselisisi UX BO BPEMEHH.
JlHeM oHU (POTOCUHTE3UPYIOT, @ HOUBIO, KOT/Ia B OTCYTCTBHH CBETa (DOTOCHHTE3 OCTAHABINBACTCS
Y KOHIICHTPAIIXs KHUCIOPO/ia B MAaHOOAKTEPHAIHLHOM MaTe PE3KO MMajIacT, MEPEKITIOUat0TCsI Ha a30T-
¢dukcanmro. TakuM 00pa3oM yanochk BBISICHUTH, OTKyJa OEpyT a30T MUKPOOHBIC MaThl, JKUBYIIIHE
IpU TEMIIepaTypax, He IPUTOIHBIX ISl POCTa OOBIYHBIX HUTYATHIX a30TPUKCUPYIONINX ITHaHOOaK-
Tepui ¢ rerepourcTamu. Kpome Toro, OTKpBITHE MTO3BOJISET IIO-HOBOMY B3IVISIHYTh Ha JIPEBHEHIITIC
9Tarbl pa3BUTHI MUKPOOHOH JKU3HU HA HAIllCH IJIaHeTe.

[Tocne nosiBieHUsT IMaHOOAKTEPHI Oe3pa3aesbHOe rOCMOACTBO MPOKAPUOT HA HAIICH ILa-
HETe MPOIOJDKAIIOCH €Ile OYEHB JOJITO — IMOJITOpPa MJIM JIBa MIJIIHapAa jeT. MUKpOOpTraHUu3Mbl
MIOCTENICHHO CTAHOBHIIUCH BCE 00JIee MHOTOYMCICHHBIMH M Pa3HOO0Opa3HbIMHU (00 3TOM MOXHO
CYIUTh O UX UCKOMAEMBIM ocTarkaMm). OIHAKO MMEHHO TMOSBJICHUE IIMaHOOAKTEPUH 3aITyCTHIIO
IIETIOYKY COOBITHIA, B pE3yJIbTaTe KOTOPHIX dcTadeTa IBOIOIUOHHOTO ITporpecca Obljia B KOHEYHOM
cueTe nepenana 0oliee BRICOKOOPTAaHW30BAHHBIM KHMBBIM CYIIECTBAM — dyKaproTaMm. KirroueByro
POJIb B 3TOM ChITpaJI KUCIOPOI, HAKOTIMBIIHICS B aTMOchepe Oiaroaps IIHaHO0AKTEPHUSIM, a TAKIKE
JIABHHE TPAJUIUK KOOIIEPAIUU U CUMOHO03a, CIIOKUBIINECS B MUKPOOHBIX COOOIIECTBAX €IIe Ha
3ape 3¢MHOH >KM3HU. B KOHIIE KOHIIOB YPOBEHb MHTEIPAIMH B COOOIIECTBE MPOKAPUOT JOCTHUT
TAKOTO YPOBHS, YTO HECKOJIBKO Pa3HbIX BHIOB MUKPOOPTAaHU3MOB CIIWJINCH B €IMHBII OPraHU3M —
9YKapHOTHUYECKYIO KIIEeTKY. O TOM, KaK 3TO MPOHU30ILIO0, PACCKA3bIBACTCS B CICIYOIICH IIaBe.
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maBa 3. Benukum cumouos

dsonoumna "c YyenoBevyeckmm nuyom"

TUNWYHBIM TPUMEPOM MPUMUTHUBHU3AIMU JAPBUHOBCKUX HJICH SBISAETCS LIMPOKO pacIpo-
CTPaAHEHHOE MO CEH IeHb MHEHHE O TOM, YTO B OCHOBE ABOJIIOIINH JICKAT UCKIIOYUTEIHLHO 3TOU3M,
KOHKypeHIIMs 1 O6e3xanocTHas "0oprba 3a cymectBoBanue". Kaxaplit 3a cebs, KTo cMel — TOT U
chell, MO0k aaeT CuabHeHIui. .. OMHUM CIOBOM, CIUIOUTHOMN "3aKOH JKyHIJIECH".

Ckonbko pa3 HeToOPOCOBECTHBIE MYOTUIIUCTHI — M OCOOCHHO KPEAIMOHUCTHI — CTAaBUIIN OHO-
JoraMm B BUHY 3THU B3[JISIbI, YTBEPIK/Iasl, UTO JAPBUHU3M SKOOBI MO/IBET HAYYHYIO 0a3y MOJ camMbie
HECIPaBEUIMBbLIC U OCCUCIIOBEYHBIC MOJIMTHUYCCKUE CUCTEMBI, TAKUE KaK (aIir3M WM, CKaKeM,
KOJIOHHAJIN3M. 3a0bIBasi PU 3TOM, YTO JIEJI0 YUEHBIX (10 KpailHel Mepe, yUeHbIX-eCTECTBEHHUKOB,
C TYMaHUTAPUSIMU CUTYAIlHs CIIOKHEE) — UCKaTh UCTUHY, a HE pellaTh, 4YTO XOPOIIIO, a YTO TIIOXO.
Jlaxxe eciu ObI SBOMIOIMS M BIPSIMb OCHOBBIBAJACh MCKIFOYUTENILHO HA "MpaBe CUIbHOro" (4TO,
Kak MbI BUENU B MIPEbIIyIeH I1aBe, JaleKko He BCerna Tak), U3 3TOro BOBCE HE CIENYET, YTO Ha
TaKOM K€ TIPUHIIUIE JODKHBI CTPOUTHCS 3aKOHBI YEJIOBEYECKOTO 00IecTBa. B KOHIIE KOHIIOB, HE
CJIEIyeT K€ U3 3aKOHA BCEMHUPHOT'0O TSATOTEHUS, UTO Mbl BCE JOJKHBI JI€XKATh [JIACTOM, HUKOT/Ia HE
MBITAsICh BCTATh!

Konkypen1us, KOHEYHO, UTPAET BEChbMa BaXKHYIO POJIb U B OMOIOTMYECKON, U B COLMATBHON
3BoMmoLMU. OJIHAKO B KOHEUHOM CYETE, KaK MPABUIIO, B BEIMTPHIILIE OKA3bIBAIOTCS HE TE, KTO CyMEI
N00UThCS O6e3pa3ebHOr0 TOCHOCTBA B TOM MM UHOMU chepe M YHUUTOKUTH BCEX KOHKYPEHTOB,
a Te, KOMY yJaJ0Ch HaJaJAUuTh B3aUMOBBITOJJHOE COTPYIHUYECTBO C HUMU U IIPEBPATUTH BPAroB B
JIpy3eH.

Ecnu yx Ha TO mouwio, sl COLMAIBHON 3BOJIIOIUU "3aKOH JDKYHIVIEH'" XapaKTepeH Jaxe
B OOJIBITICH CTETICHH, YeM IS SBOJIOIIMN OMOJIOTHYECKOM. MIcTOpHs mojTHa TPUMEPOB OE3KaI0CT-
HOTO UCTPEOJICHUS U BBITECHEHHUSI OJHUMH HapOJaMH IPYTHX, U STHUYECKOE pa3HOoOpa3ue ueso-
BEUYCCTBA B IIEJIOM CKOpPEE CHMKAETCS, YeM pacTeT (0COOCHHO 3TO 3aMETHO B HAIIK JHU U3-3a TaK
HasbIBaeMoU rodanu3anun). s OMoJoruuecKoi SBOJIOIMH TaKUE SBICHUS MEHEE XapaKTEePHBI.
Hogsie "nporpeccuBHbie" rpynmnbl 0OBIYHO HE BBITECHSAIOT CTapble, a A00aBIAIOTCS K HUM, UTO
BEZIET K HEYKJIOHHOMY POCTY OHOJIOTHUECKOro pazHoobpasus. Kcraru, poct Onomoruyeckoro pas-
HOOOpa3usi, Kak BBISICHIIIOCH, XOPOIIO OMUCHIBACTCS TUIEPOOINUeckoil (pyHKIIMEH, TOYHO TaK ke,
KaK ¥ pOCT YHCIICHHOCTH (HO HE pa3HOOOpa3us!) uemoBeuecTra.

Hanpumep, nosiBieHre MHOTOKJIETOUHBIX OPraHU3MOB BOBCE HE IMPHUBEIIO K BHITECHEHUIO
OJTHOKJIETOYHBIX. DTOr0 MU HE MOIVIO MPOU30MTH, MOTOMY YTO BBICILIME OPTaHU3Mbl U3HAYAIBHO
Pa3BUBAINCH B CPE/IE, HACEIECHHON HU3IINMHU; 3TU NOCJIEIHAE COCTABIISUIM BaKHEUIITYIO YaCTh TEX
"BHEITHUX YCIOBHH'", K KOTOPBIM JOJKHBI OBLITH aJaiTHPOBAThCA BhICIINE. B pesynbrare HU3IIME
OpPTaHMU3MBI U IO CeH JIEHb O0CTaI0TCS )KU3HEHHO HEOOXOIUMBI JUI CYIIECTBOBaHMS BhIcInX. Ecnu
CeroiHs Ha 3emiie BAPYT UCUE3HYT BCE OAHOKIETOUHbIE, Onocdepa uCIbITaeT HEMEIJICHHBIN KOJI-
nanc. PacTuTenbHOCTh NPUIET B yHaJ0K, IOTOMY YTO HUKTO Ha CBETE, KPOME HEKOTOPBIX MUK-
pPOOpPraHu3MoOB, He yMeeT GuKCUpoBaTh arMochepHbIi a30T (cM. maBy "lIlnanera MukpoOoB"). A
eciu Obl Jake KaKUM-TO YyIOM YLEJelu pacTEeHUs, 3TO HE Cracio Obl )KUBOTHBIX, BEAb OHU HE
CIOCOOHBI TIEpEBapHUBATh CaMble MACCOBBIC BHJIBl PACTHTEILHON MUK O€3 IMOMOIIH KHIIICYHBIX
MUKpPOOPranu3MoB. Eciu ke ucue3HyT MHOTOKJIETOUHbIE, Ha MPOLIBETAHUH MHpPa MHUKPOOOB 3TO
OTpPa3UTCs B rOpas3io MEHBIIEH CTETICHHU.

be3 coTpyanuuectsa, Kooneparu, CMiMO103a He MOKET CYIIECTBOBATh (M TeM OoJiee pa3BU-
BaThCs) HA OJ[HA )KUBas cUcTema. Jlake I caMbIX JKECTOKHX YEJIOBEUCCKUX KOJIJICKTUBOB (HM30-
JUPOBAHHBIX, TAK HA3bIBAEMbBIX KapLEPHBIX, I7I€ BCIUIBIBAIOT HA MMOBEPXHOCTh CaMbl€ JIPEMYyUYHE
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MHCTHHKTBHI U "apXanuecKoe MbIIUIEHHE'") HE XapaKTepHbI B3AUMOOTHOILIEHUS 110 IPUHLIUITY "KaX-
I TIpoTUB Kakaoro". Hem30exHo OymayT CKIIAAbIBATHCS KaKUE-TO TPYMITUPOBKU, COO3BI, allb-
SIHCBI.
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Pocm pasnoobpa3zus cemericme mopckux (cneéa) u KOHMUHEHMATLHBIX (CNPABA) HCUBOMHBIX
u pacmenuii 8 meyeHue anepo3olcko2o 30Ha (nocieonue 542 man iem ucmopuu 3emau). Ilo copu-
30HMANBHOU OCU — 8peMs 8 MIH Jlem Ha3ao. Toncmou tunuel noKka3aH sunepoorudeckutl mpeHo.
U3 cmamou: Mapros A. B., Kopomaes A. B. I'unepbonuyeckuti pocm pazHooopasusi MOPCKoul u
KOHMUHEeHMAaIbHOU ouom haneposos u seonoyus cooouecms. 2008. //2Kypnan obweii buonoeuu.
2008. Ne 3.

B Ouonornn HE0OXOMMMOCTh KOOTIEpallii U CUMONO03a COBEPIICHHO OYeBUIHA. JlJIst TOTO
YTOOBI BBDKUTh U OCTABUTh TOTOMCTBO, KaX/10€ )KMBOE CYILIECTBO JOJKHO CIIPABUTHCS C MHOXKe-
CTBOM pa3zH000pa3HbIX mpobieM. Hy)KHO KakuM-To 00pa3oM MOIy4aTh U3 OKPYKAIOMIEH CpeIbl
HE00XOMMbIE BEIIECTBA, a HEJOCTAIOIINE CAMOCTOSTEIbHO CUHTE3UPOBATh U3 NOJAPYYHOTO MaTe-
puasa; Hy>KHO T0OOBIBaTh SHEPTHIO, HEOOXOAUMYIO JUIS SHEPrOEMKHX XUMUIECKUX M (PH3HUECKUX
MIPOLIECCOB; HYHO BOBpEMs M30aBISITHCSI OT OTXO/0B JKU3HENEATENbHOCTH, HAXOAUTh TOAXOAS-
LIMX NapTHEPOB Ui 0OMEHa Hacl€ACTBEHHBIM MaTepHajioM, 3a00TUTHCS O MOTOMCTBE, 3alllU-
1aThbCs OT XMIHUKOB U TaK Jajiee — U BCE 3TO B IEPEMEHUYUBOM, 1aJI€KO HE BCETAa OnaronpusT-
HOIi BHemHeH cpene. TpeOoBaHuUs, IPEIbIBISIEMBIC )KU3HBIO K KaXXIOMY OTJICIIbHOMY OPTaHHU3MY,
HE TOJIbKO MHOTOUHMCIIEHHBI U Pa3HOOOpa3Hbl — OYEHb YAaCTO OHU €lIe U NpOoTHUBOpeunBbl. HeBo3-
MOYXHO ONTHMHU3HUPOBATH CIIOKHYIO CHCTEMY Cpa3y IO BCEM IapaMeTpam: 9ToObI TOOUTHCS COBEP-
LIEHCTBA B YEM-TO OJIHOM, IPUXOAUTCS KEPTBOBATh ApyruM. IloaToMy 3BOIIOLINS — 3TO BEUHBIN
MIOMCK KOMITPOMHCCA, M OTCIOZIa clieyeT Hen30ekHash OrpaHUYeHHOCTh BO3MOKHOCTEH JTFOO0TO
OT/IETHLHO B3STOTO XKHUBOTO cymecTBa. CaMblil MpOCToil U A3PPEKTUBHBIN ITyTh MPEOTOICHHS STOU
OTPAaHUYCHHOCTH — CUMOMO03, TO €CTh KOOTepalys "CrienuaiucToB pa3Horo npopus'.

buonoruueckas 3BOJIONMS B 1I€TIOM MPOU3BOIUT BIIEUATICHUE TOpa3ao Oosee "rymaHnHoro"
nporuecca, 4eM ucTtopus 3aceneHus esponeiiniamu HoBoro Cera mim nponecc GpopMupoBaHus
KapLEepHbIX KOJUIEKTUBOB. Kak Mbl yBUIE/IN U3 MIPEIBIIYIINX [JIaB, CAMOMO03 U KOONepalus cTajliu
HEOTHEMJIEMBIMU CBOMCTBAMHU 3€MHOM KU3HU C CAMOT'O MOMEHTA €€ 3apOXKICHNUS, U B laJbHENIIEM
9TH TEHJICHLIUHU TOJIBKO yCHIMBaIUCh. [IpruMepHO 2 MiTp1 IeT Ha3aJ] OHU MPUBEIH K paAUKaIbHOMY
MIEpesIoMy B Pa3BUTHU >KU3HU Ha HalllEH MJIaHETE — K COOBITHIO, KOTOPOE I10 MPaBy CUUTAETCS BTO-
PBIM 10 3HAYUMOCTH B €€ ucropuu. Ha nmepBoM mMecte, KOHEUHO, CTOMT CaMO MOSBICHHUE JKU3HH,
0 KOTOPOM MbI TOBOPWJIM B IM1aBe 1. A mosBIEHUE 3yKapHUOTHUECKOH (1€pHOM) KIETKH YBEPEHHO
3aHHMaeT BTOPOE MECTO?.

2 MHorue (I/I s B TOM '{che) CYUTAIOT, YTO HA TPETHEC MECTO CIICAYET NMOCTABUTH IOSBJICHUE YECJIOBECKAa PAa3yMHOIO. Xots HE
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HUCKIIFOYCHO, YTO 34€Ch CKa3bIBACTCA HAIl HeHCTpeﬁI/IMHﬁ AHTPOIIOLCHTPU3M.
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Coo0OLiecTBO NnpeBpaLlaeTca B OpraHM3m

"IInanera MUKPOOOB" JKHJIa U YCIICIITHO pa3BUBAJIACh B TECUCHHUE MIILTMAP/IA WK 00JIee JIET, U
3a 3TO BpeMs €€ MUKPOCKOIIMYECKHE 00UTATENN T0OUIUCh HEMANbIX yCIIeXoB. Bricinm qoctuxe-
HHEM 5TOTO ATalla ABOJIOIHMH CTAIH CJIOKHBIE MUKPOOHBIE COO0IIECTBa — OaKTEpHAIbHBIE MAThI,
0 KOTOPBIX TOBOPUJIOCH B MPENBIAYIIEH IT1aBe.

[To ypoBHIO IEIOCTHOCTH OaKTepPHAIBHBINA MaT MPUOIMKACTCS K HACTOSIIEMY OpPTraHH3MY.
[Ipubnuxaercs, HO BCe-TaKu HE JOCTUTAET 3TOrO ypoBHsS. B Kakoi-TO MOMEHT 3BOJIIOLMSI MUK-
POOHBIX COOOIIECTB CIOBHO HATKHYJACh HA HEBUAUMYIO MPErpaay — U BAPYT 0Ka3aJoCh, YTO JUIs
JABHEHIIETO IBOIIOMMOHHOTO MPOTrpecca He XBaTaeT Yero-To OYeHb BaXHOTO. 3a0eras BIiepes,
CKaXYy, YTO IIPOKAPUOTHI TaK ¥ HE CMOIVIM IIPEOJI0JIETh ITOT PyOEXkK U 1aTh Ha4aJl0 HACTOSIIMM MHO-
TOKJIETOYHBIM OpPTraHU3MaM.

Bce pa3Butne npokapruoTHOH OMOChephl CTPOMIOCH HA OCHOBE OJJHOTO M TOTO K€ 0a30BOTO
"KHpIHUYHKA", TOPOAMBIIETO OECYHCICHHOE MHOKECTBO COOCTBEHHBIX MOTU(PHUKAIINNA. DTUM KHP-
MYUKOM OBLTa MPOKapHoTHUYECKas KieTka. [Ipu Bcex GeccropHbIX MPEeUMyYIIeCTBax ATOM YHUBEP-
CaJIbHOM KUBOW €IMHUIIBI, IIPH BCEM €€ YMEHHUH MPHUCIIOCAOIMBATHCS MTOYTH K JIFOOBIM yCIIOBUSAM
Y U3BJIEKATh SHEPTUIO YYTh JIM HE U3 JIIOOOr0 XMMHUYECKOTO IIPOLECCa B CTPOCHUH IPOKAPHOTHYE-
CKOM KJIETKH €CTb Psiji HEIPEOAOIMMBIX OTPAaHUYCHUM.

I'maBHOE M3 HUX CBA3aHO C OTCYTCTBHEM KJIETOYHOTO siapa. HaciencTBeHHbIN MaTepuall mpo-
KaproT (0OOBIYHO 3TO €AMHCTBEHHAs KojbleBas mosekyna JJHK — konbiieBas xpomocoma) Haxo-
JUTCSI TIPSIMO B LIUTOILIA3ME, TO €CTh, 00pa3HO TOBOPS, B OypIisiiieM OMOXUMHUYECKOM KOTIIE, I1ie
IPOMCXOTUT OOMEH BEIIECTB M OCYIIECTBISIIOTCS THICSYH XMMHYECKUX peaknuid. B Takoil Hecmo-
KOWHOW 00CTaHOBKE OUYEHB TPYIHO PA3BUTH CIOKHBIC U 3 (PEKTHBHBIE MOJICKYJISIPHBIE MEXaHU3MbI
peryisinuy paboThl TEHOB. Y 3YKapHOT (YHKIMOHHPOBAHHE T€HOMA PETYIHUPYETCS COTHSIMU H
ThICSIYAMU CHEIHMAIU3UPOBAHHBIX OEJIKOB, a Takke ocoObiMu peryastopHeiMu PHK u npyrumun
MoOJIeKyJIaMH. Bech 3TOT ynpaBisromuii anmapar HaXoAuTCs B SApe KIETKH, U sepHast 0007I09Ka
Ha/Ie’KHO 3aIUIIAET €ro oT OypHOU OMOXUMUYECKON AEATEIbHOCTH LIUTOIUIA3Mbl. TOHKas peryiis-
1Usi paboThl TEHOB OOecmeymnia 3yKapruoTaM KauyeCTBEHHO MHOM ypOBEHb IutacTuuHocTu. Camoe
[JIaBHOE, OHA TIO3BOJIMJIA KJIETKE PaJMKaIbHO MEHSTh CBOM CBOWCTBA, CTPYKTYpy M OONHK, HE
U3MEHSISI IIPH 9TOM CaM T'€HOM, a TOJIBKO YCHIIMBAsi WK ocaliss paboTy pa3HbIX TeHOB. FIMEeHHO
3Ta IUIACTUYHOCTD MO3BOJIMIIA SyKapUOTaM B KOHIIE KOHIIOB CTaTb MHOTOKJIETOYHBIMU B CTPOTOM
CMBICJIE ATOTO cj10Ba. Benb B HACTOsAIIEM MHOTOKJIETOYHOM OpraHU3Me HE IPOCTO MHOTO KJIETOK, a
MHOTO Pa3HbIX TUIIOB KJIETOK (IIOKPOBHBIE, MBIIIEYHbIE, HEPBHBIE, MTOJIOBbIE U T. /1.) OJJHAKO FT€eHOM
y HUX Y BCEX OJIUH U TOT xke!

PazymeeTtcs, MexaHU3MbI peryasiliuu padoThl TE€HOB €CTh U Y MPOKApUOT, HO OHU IIPOLIE U
paboraror meHee 3P dexTuBHO. HexoToprie "BhICIIHE" MPOKAPUOTHI, TAKKE KaK IMAaHOOAKTESPHH,
MOTYT J1a)K€ MHOIZIa MEHATh CTPOEHHE CBOUX KJIETOK, HE MEHsS reHoMa (puMep — oOpa3oBaHue
TeTePOLUCT Y HUTYATHIX LIMaHOOaKTepHil, 0 ueM ropopuisioch B rase "[lnanera mukpo6os"). Ho
9TH 3a4aTOYHBIE CIIOCOOHOCTHU K aJalTUBHBIM MOTU(UKAIMAM KIETOK HE UIYT HU B KaKO€ CpaB-
HEHHE C TEM, YTO HAOJIIOAaeTCs y SyKapuoT.

Bropoii BakHBI KOHCTPYKTHUBHBIN "HeAocTaTOK" MPOKAPUOTUYECKOM KIETKH COCTOUT B
OTCYTCTBHH OKpPY>KEHHBIX MeMOpaHaMu oprasesut. Mim, kak roBopsiT OMOJI0TrH, B OTCYTCTBUU KOM-
HapTMEHTAIU3alMM BHYTPEHHEW Cpelbl KJIETKU: LUTOIIa3Ma MPOKapUOT HE MOApa3JeleHa Ha
OTCEKH — "KOMITapTMEHTHI". A BeIb JaJIEKO HE Bce OMOXMMUYECKHE TPOIIECChI, KOTOPBIE MOTIIN OBl
0Ka3aThCs MOJE3HBIMU KJIETKE, MOKHO OCYIIECTBIIATH B €IMHOM "00111eM KOTJIe", KAKOBBIM SIBJISI-
eTCsl IIUTOoIIa3Ma pokapuoT. [IpeacraBere cebe, Kak yCIoKHMUIACh Obl paboTa XUMHKA, €CIIH ObI B
€ro pacnopsLKEHUU UMENach JIUMIIb OJIHA-eIMHCTBEHHAas! mpobupka! IIpokaproThl, KOHEUHO, TBITA-
JIMCh II0-CBOEMY IIPEOAOJIETH 3TOT HEAOCTATOK. Eciau mpucMoTpeThes K NpOKapuOTUYECKON KIIETKE
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IOBHUMATEIbHEE, MOXKHO 3aMETUTh, YTO B paCIOPSKEHUH OaKTEepHil Ha caMOM Jiesie He ofHa "mpo-
Oupka", a 1Be. B ponu BTOpO# BBICTYIIAET TaK HA3bIBAEMOE MEPUILIA3MATUYECKOE ITPOCTPAHCTBO,
TO €CTh 00J7aCTh CHAPY M OT KJIETOUHON MeMOpaHbl (371eCh OOBIYHO PACTIONOKEHO TOJICTOE, PhIX-
JI0€, CIIOKHO YCTPOCHHOE MHOTOCIIOHOE 00pa3oBanue — "kiieTouHas creHka"). B Tommie kierod-
HOW CTEHKH MOTYT MPOTEKAaTh XUMHUYECKUE MPOLECCHl, HE COBMECTHMEBIE C TEMH, KOTOPBIC HIIyT
B nuromiazme. Ho u aByx mpoOUpoK BCe-Taku Maylo AJisl XOpOIIed XUMHYECKo# J1aboparopuu!
DyKapHOThl B ’TOM OTHOLIEHUH JaAyT MPOKapUOTaM CTO OUKOB Breped. BHyTpeHHsIs cpena syka-
PUOTHYECKON KJIETKH Mo/ipa3ziesieHa IBOMHBIMU U OIMHAPHBIMU MeMOpaHaMH Ha MHOXKECTBO pa3-
HOOOPA3HBIX OTCEKOB-"KOMIIAPTMEHTOB" (PO, MUTOXOHAPUH, TUIACTH/IBI, SHAOIIa3MaTHIeCKast
CeTh U T. 11.).

NMeHHO M3-3a 3TUX OrpaHUYEHUN MPOKAPHOTHI C CAMOI0 Hayala TaK CHJIBHO TATOTENIH K
cuMOuno3y. B MukpoOHOM co00MIeCTBE pa3HbIe BUIBI MUKPOOOB B (PyHKIIMOHAIEHOM OTHOIICHUU
COOTBETCTBYIOT Pa3HbIM OTCEKaM dyKapHoTH4YecKol kieTku. CoobIna MUKpPOObI MOTYT TOCTUYH
ropaszio 00JbIIEero, Y4eM MOOJUHOUKE.

OnHako Kak Obl HU OBUTH TECHBI CBSI3M B CHMOMOTHYECKOM COZPYKECTBE MHKPOOOB, CO00-
IIECTBO HE CTAHOBUTCSI HACTOSIIMM IIEIOCTHBIM OPTraHU3MOM, IIOTOMY YTO OHO HE MOXET pa3-
MHOXaTbhCs KaK eInHoe 11e10€ (1moxpodHee 00 3ToM cM. Bpe3Ky "llosBIeHHI0 MHOTOKIIETOYHOCTH
MerniaroT oomaHmuku" B mase "Poxxnenue cnoxxknoctu", cTp...). Kaxapiii u3 MUKpOOOB COXpaHseT
CIOCOOHOCTH ""cOexarh" U3 COOONIECTBA U TIEPEHTH K CAMOCTOSATEIHbHON JKU3HH, €CITH TJIe-TO CII0-
KATCs OAXOMAAIINE [T STOTO YCIOBUS; KaXKIIbI PA3MHOMKAETCSI caM 10 ce0e M MMeeT CBOM cOo0-
CTBEHHBIN MHIMBUAYAJIbHbII F€HOM, KOTOPBIN U IIepeaeT CBOUM noroMkam. [loatomy ecrecTen-
HBII 0TOOP MPOAOIKAET JEHCTBOBATh HA YPOBHE OT/AEIBHBIX KJIETOK, @ HE Ha YPOBHE COOOIECTBA.
JIroOast MyTaIys, OBBIMIAIOIIAs )KU3HECITOCOOHOCTh JAHHOTO KOHKPETHOTO MUKPOOa, OyzeT moj-
JiepkaHa 0TOOPOM JJaske B TOM CITydae, €CIIM 3TO BPEIHO JIJIsl COOOIIecTBa Kak 1esoro. Yarie Bcero
Bpen AJis coo0IiecTBa OyIeT 03Ha4aTh U Bpe U1l JaHHOTO MUKpoOa, HO, YBBI, HE BCET/la — NHAue
He OBUTO OBI Ha CBETE Mapa3uTOB M 0OMAHIIMKOB. [103TOMY BOIIOIHUS TPOKAPHOT B OCHOBE CBOEH
OCTaEeTCs ATOUCTUYECKOM.

UrtoObI IPEO0NETh 3TH OTPAHUYCHUS, TPOKAPUOTUICCKIM KJIETKaM HY>KHO OBLIO CHenaTh
€Ille OIMH IIar — BIIOJIHE €CTECTBEHHBIN U JJOTMYHBIN — B CTOPOHY AaJbHEHUINETO YCUIICHUST WHTE-
rpaluy, CIJIOYEHHOCTU cooduiecTtBa. OHU JOKHBI ObUIM MO-HACTOSILIEMY CIUTHCS B €IUHBIN
OpraHM3M, OTKa3aThCs OT CBOEH KJIETOYHON MHIAMBUAYAIbHOCTU U OOBEINHUTH CBOM IIEPCOHAIIb-
HBIE XPOMOCOMBI B OJTMH OOJIBIIION OOIIHIA TEHOM.

HMmeHHO 3TO U CIy4YnsIoch B Havaje MpOTEPO30MCKOTo 30Ha (BEPOATHO, OKOJIO 2,0—2,2 Mipj
net Hazam)?**. CooOIIecCTBO MPOKAPUOT, CIUBIIEECS B €IHHBIA OPraHU3M — DYKaPHOTHYECKYIO
KJIETKY, — CTaJI0 HOBBIM 0a30BbIM "CTPOUTENbHBIM OJIOKOM", YCOBEpPIIIEHCTBOBAHHBIM "KUPIUYH-
KOM" B TOM BEJIMKOM KOHCTPYKTOpE, U3 KOTOPOTO 3BOIIOLUS O Cell IeHb MPOJ0IKAET coOOMpaTh
HOBBIE (DOPMBI JKHU3HH.

BockpenieHHbIe 0eJIKM PaccKa3bIBAIOT 0 KJIMMAaTe peBHeHIInX 31mox>".
Jlisi peKOHCTPYKIMU JIPEBHEHIINX STANoOB 3BOJIOLUM OYEHb BA)KHO XOTS OBl
MIPUMEPHO MPEJCTABIATh, B KAKMX YCIOBHUAX MPOUCXOJMIN 3TH cOObITUS. OTHUM
U3 CaMbIX CHOPHBIX SBJISIETCS BOIPOC O TOM, KAKMM ObUI KJIMMAT Ha IJIaHEeTe B
TEUEHHE apXEeUCKOro U MPOTEPO30HCKOIO 30HOB.

26 B 1999 TOIY B OTJIOXKEHHSAX BO3PACTOM 2,7 MIIPJ JIeT ObIIM HAHICHBI CIISBI IPUCYTCTBHS 3yKApHUOT — (PparMeHTHI OpraHu-
YEeCKUX MOJIEKYI (MeMOpaHHBIX CTEpPOJIOB), KOTOPBIE HU Y KOTO, KpPOME 9yKapHhoT, He BCTpedaroTcst. [103ToMy 10 caMoro HeraBHEro
BPEMEHHU MHOTHE 3KCIIEPTHI CUUTANN, YTO yKapHUOTHI MOSBIIINCH €Ille B KOHIIE apxeickoit apel. OnHako B okTsi0pe 2008 roma yde-
HBIE, OTKPBIBIIHE JPEBHUE CTEPOIIBI, CAMH K€ H ‘3aKpBUTH’ CBOE OTKphITHE. OHHM YCTaHOBHIIM, YTO CTEPOIIBI IIPOCOYMIIHCH B IPEB-
HUE TIOPOABI U3 BHIMIENISKAIINX, 00Iee MOIOIBIX CIIOEB.

%7 Pasen HanucaH B coaBtopcTBe ¢ Enenoit Haitmapxk.
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Kak nmpaBuiio, 0 Kumare CToljib OTAAJIEHHBIX 30X CYIST MO U30TOITHOMY
COCTaBY yIJIEPOAA, KUCIO0POJIa, KPEMHUSL, CEPBI U IPYTHX AIEMEHTOB B 0CaJ0UYHbIX
MOpoJiax 3E€MHOM KOpbhl. OTH JaHHbIE IOPOH JOMYCKAIOT HEOIHO3HAYHOE
ToJaKoBaHuEe. MHorna mnpennoysokeHuss O NPOTEPO30MCKUX TeMIleparypax
0asupyloTCs Ha NPUCYTCTBUM B MOPOAAX MCKOMAEMBIX OCTATKOB TE€X WIH
WHBIX OaKkTepwii, HO W 3TH JAHHBIC CYUTAIOTCS HE BIIOJHE HAACKHBIMH M
O0OBIYHO BBI3BIBAIOT Maccy Bo3pakeHwil. Kak m B ciiydae ¢ aOCOMIOTHBIMU
T€OXPOHOJIOTHYECKUMH  JTaTHPOBKAMU>S, UISI TIOBBIICHHUS HAJCKHOCTH U
TOYHOCTH MNaJICOKIMMATUYECKUX PEKOHCTPYKLIUN OrpOMHOE 3HAYCHHE HMEET
MIPUBJICYCHNUE PA3HBIX UCTOYHUKOB JaHHBIX. ECiM Kaxablii METON B OTAEIbHOCTH
HE OuYEHb HAJIEKEH, HY)KHO HCIIOJIb30BaTh Cpa3y HECKOJIbKO HE3aBUCHUMBIX
METOZIOB U CMOTPETh, CXOIATCA JIU pe3ysbTaTbl. BMjaoTe 10 caMoro mnociegHero
BpEMEHHM MaJCOKIMMAaTHUYECKHE PEKOHCTPYKLMHU, OTHOCSIIHMECS K apXew u
MIPOTEPO3010, Ka3anuch BecbMa coMHUTENbHbIMU. OnHako B ¢eBpasie 2008 roga
B KypHase Nature MosiBUJIaCh CTaThsd aMEPUKAHCKUX HCCIeloBaTeNel, KoTopas
CWJIBHO U3MEHMJIA CUTYALUIO K JIyqIlIeMYy.

VYyensle n3 @oHaa NPUKIATHOW MOJEKYISPHOU 3BONIOLUH, (aKyabTeTa
OMOXUMHUHU U MOJIEKYJIsIpHOH Onosorun dnopuickoro yHUBEpCUTETa U KOMIIAHUU
"IHK 2.0 m (DNA 2.0 Inc) mpoBenu MHOTOCTYIEHYAaTOE HCCIIEIOBaHUE,
B pe3ylbTaTe KOTOPOTO yAaJoCh TOJIYYUTh BECbMa IMPaBIONOA00HYIO
PEKOHCTPYKLIMIO TEMIIEpaTypbl 3€MHOM IOBEPXHOCTH B apxeiickue U
MIPOTEPO30MCKHUE BPEMEHA, TO €CcThb 3,5—0,5 Miipa jeT Hazaz.

VYyensle moAoUUIM K MpoOJieMe C COBEPIICHHO HOBOM M HEOXKHJIAHHOU
ctopoHbl. WX waes cocrosna B TOM, YTOObBI BOCCTAaHOBUTH O€NKU
NpeBHEWIIUX OakTepuil U MpOBEpUTh, K KaKUM TeMIeparypam 3TH
OenKy JIydllle BCEro MPHUCHOCOOIeHbl — OJaro COBpPEMEHHas MOJEKYJspHas
Ouonorust yxxe crnocoOHa BBINOJIHUTH TaKUE YAUBUTENbHbIE MaHEBPBI, Kak
PEKOHCTpYUpOBaHUE MCUYE3HYBIIMX OenkoB. Torma auamazoH Temieparyp, B
KOTOPBIX PEKOHCTPYUpPOBaHHbIE OENKU OyayT yCTOMYMBBI, KaK pa3 U IMOKAXKET
TEeMIIepaTypHBIEC YCIOBHS, K KOTOPBHIM OBLTH MPUCTIOCOOICHBI OaKTEPHUH.

B kauectBe OENKOB-MHIUKATOPOB pEHIEHO OBLJIO BOCCTAaHOBUTH
(hepMeHThI, y4acTBYIOIIKE B MOCIEI0BAaTEIbHOM MPUCOECAMHEHUH aMUHOKHUCIIOT
K CHUHTE3UpyeMoW MoJjeKyine Oenka (3TOT Mpoliecc Ha3bIBA€TCS HJIOHTalueit
U TpeAcTaBiIsieT co00M OCHOBHOM »dTam TpaHCsuu). DepMeHThl 3TOro
JTana TPaHCIALMU Ha3bIBatoTCs (QaxTopamu 3moHrauud. OHM JOJKHBI BCEraa
MIPUCYTCTBOBATh B KIJIETKE B OOJBIIOM KOJIMYECTBE, IOKa KJIETKA >XKUBA, U
BCErJa JOJDKHBI ObITh HAaWIy4IIMM 00pa3oM MPUCHOCOOJEHBI K OKpY’Karouei
cpene, “Haue OENKU B KIeTKe OyayT CHHTE3UpPOBATbCS CIMILIKOM MEIJIEHHO.
WccnenoBareny ocTaHOBUIIN CBOI BHIOOP HA OJTHOM U3 TPEX OCHOBHBIX (JaKTOPOB
3JIOHTallH, IPUCYTCTBYIOUMX y ipokapuoT, — EF-Tu (elongation factor thermo-
unstable).

Ucxons u3 cTpoeHuss (akToOpoB OJIOHTAllMM U, COOTBETCTBEHHO,
KOJUPYIOIIMX KX TEHOB Yy pa3HbIX TIpPyHNI COBPEMEHHBIX OakTepuil, a
TaK)Ke y XJIOPOIUIACTOB M MUTOXOHJAPHUI OBLIM PEKOHCTPYHpPOBaHbI HamOojee
BEPOSATHBIE MpPEIKOBbIE TIeHbl (HAKTOPOB 3JIOHTAllMHM, COOTBETCTBYIOLIHME
OCHOBHBIM Yy3JlaM (TOYKaM BETBJIEHMsI) HBOJIOLMOHHOIO JApeBa Oakrepuil. Dta

28 IMomynstpHbIA 0630p COBPEMEHHBIX METOIOB T€OXPOHOJIOTHH cM. B ctatbe A.B. MapkoB Xpononozusa danexoeo npoutnoco
http://elementy.ru/lib/430055
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CTaHJapTHAsl CTaTHCTUYECKas 3ajaya ceiluyac JIErKo peuraercs: OaHKM JaHHBIX
¢ pacmm(ppoBaHHBIMH TEHHBIMH IIOCIIEIOBATEIBHOCTAMHA, B TOM 4YHCIE U
reHbl OeNKoB — (PAaKTOPOB SJIOHTALMHU, HAXOMATCS B OTKPHITOM noctyme. s
PEKOHCTPYKIMK OBUIM WCIIONB30BaHbI JIBE aJbTEPHATHBHBIE CXEMBI JBOJIOIHH
OakTepuid, TaK YTO TEHHBIC IMOCIENOBATEILHOCTH TMpPeI— KOBBIX OEIKOB
MOJYYMJIUCh HEMHOTO Pa3Hble. 3aTeM 3TH THIOTETUYECKHE OENKH M3TOTOBWIIN
B Jlaboparopuu: cOOpaii KOAMPYIOUIME WX TEHbl, BHEAPWIM HX B KIETKU
KHIICYHON TaIOYKH, W OaKTepusi BBIHY)KICHHO CHHTE3MPOBaJIa HEOOXOIUMBIE
ydeHbIM Oenku. [lociie yero MoXHO OBLIO CIIOKOMHO H3ydYaTh TEPMOCTOWKOCTH
STHX BOCKPEIICHHBIX OCITKOB.

BrIsicHHIIOCH, 4TO, YeM paHbIIe Pa3OIUINCh HBOJIOIHOHHBIE BETBH, TO
€CTh YeM paHbIIe XWI OOMMN TMPETOK COOTBETCTBYIOMICH TPYIIBI OaKTEpHH,
TeM 0oJiee TEPMOCTOUKHM ObLT ero (akTop moHTranmuu. Cambie TpeBHUE OOIITHIE
NPEIKH, KXUBIIME B paHHeapxeickue BpemeHa (3,5 mupn ner Hazand), Obun
npucnocobaeHsl Kk temneparype okono 60-70 °C. Cample MOIOIbIe, KUBIINE
B KOHIe mpoTepo3od (550 MuH jer Hazan), NMpeanoyuTald ropasno Oosee
npoxJjaaHbii kumar — 37-35 °C.
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Bpema (Mnpg ner)

CHuoicenue 80cco30aHHbIX MeMnepamyp niasieHus paKxmopos 1oHeayu no mepe npudaIu-
Jrcenus Kk cogpemennocmu. Ilo copuzonmanvhoii ocu — 8pems 8 Mapo iem Hazao. I opuzonmanvHvle
Ompe3Ku — dMmo npeononazaemoe 8pems Cywecmeos8anus oowe2o npeoka mot Uiy UHoU cpynnovl
bakmepuii no MONEKVIAPHBIM 4ACAM C OUANA30HOM 803MONCHBIX OwUOOK. Temnepamypa niaéne-
HUSL DKCNEPUMEHMAIbHLIX DelKo8 onpedeienHa 6e3 oumubox (015 cO8peMeHHbIX bakmepuil noKa-
3aHO, YMO OHU JyHUWe 6Ce20 PACmym npu memnepamype npumepHo Ha 2 2padyca Hudxice y dem
memnepamypa niaenenus oenka EF-Tu, xapakmeprnozo 0111 dannou bakmepuu). Cepvimu aunusimu
NOKA3aH MPEHO CHUNCEHUS MeMNepamypbl OKeaH08 No U30MONAM KUCLOPOoOa (C8emadas u memHasl
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JURUU ompasicaront OYeHKU, NOJIY4YE€HHbLE PAZHbIMU ABMOPAMU HA OCHOBE AHAIU3A PA3HbIX COPHbLX

nopoo).

DTO O3HAYaeT, YTO Ha 3ape 36MHOM >KM3HU OAaKTEpUH >KUIU MPUMEPHO B
TaKHUX K€ YCIOBHSX, KAKUE CeHYac CyIIECTBYIOT B TOpSYMX UCTOYHUKAX, €CIIU K
3TOMY NIPUOABUTH YABTPAPHONIET U OTHATH KUCIOPO/ (TI0Ka B aTMOc(hepe He ObLIO0
KHCJIOpOsa, He ObLJI0O ¥ 030HOBOTO CIIOSI, 3a/IEP’KUBAIOIETO YIBTPadHOIETOBOES
U3ITyYEHUE).

Uro kacaercs MMAHOOAKTEPUH, TO OHU, KAK BBIICHWIOCH, M3HAYAJIBHO
XWwin npu Temneparype okoso 64 °C. [IpumepHO K TakuM ke TeMmIepaTypam
MIPUCTIOCOOJICHBI M COBPEMEHHBIE LMAHOAKTEPUAIbHBIE MAaTbl, JXUBYIIHE B
ropsiuux ucrouHukax. OOUIMl MpeaoK BCEX MUTOXOHIPHI, Cyls IO CBOMCTBaM
BOCKpPELICHHBIX OCJIKOB, KW npu Temmeparype 51-53 °C; obmuii mpenok Bcex
Oaktepuit — BoooOmie mpu 64,8-73,3 °C.

CaMoe m1aBHOE, YTO NIOJTYUYEHHBIE PE3YJIBTAThI IOYTH IOTHOCTHIO COBIAIN
¢ TeMH rpadukamMu, KOTOpble OBLIM TOJYyYEHBI paHee M0 M30TONaM KHCIOpoa
u kpemHus. CoBNaJeHUE PE3yNbTaToB, MOJTYYECHHBIX Pa3IMYHBIMH METOAAMHU
U Ha OCHOBE pa3IMYHBIX JaHHBIX, BCErna OOHAJEKUBAECT — OTO, MOKAIYH,
€IMHCTBEHHBI KPUTEPHUN NPABAONOA00US TOTOOHBIX PEKOHCTPYKITHA.
(Ucmounux: Eric A. Gaucher, Sridhar Govindarajan, Omjoy K. Ganesh.
Palaeotemperature trend for Precambrian life inferred from resurrected proteins
// Nature. 2008. V. 451. P. 704-707.)
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U3 KycoukoB

B nacrosimiee BpeMsi B HayqHOU JTUTepaTrype 00CyX TaeTcsl Ba WK TPH ACCIATKA BOSMOXKHBIX
CLIEHapUeB MPEBpAICHUs COO0IEeCTBa IPOKAPUOT B AYKapUOTUUYECKYI0 KIeTKy OHM pa3HATCS B
JETAISAX, HO UMEIOT MHOTO 00111ero B 11ejoM. OOIIenpu3HaHHBIMHA CYUTAIOTCS CICTYIONINE (DaKThI.

1. MuToxoHipuu (OpraHesuibl 3yKapUOTHUECKON KIETKU, OTBETCTBEHHBIE 3a KHUCIOPOIHOE
TIBIXaHUE ) SIBIISFOTCS MPSIMBIME TIOTOMKaMH IIPOKAPUOT U3 TPYNIIHI anbdarnpoTeodakrepuid. K atoit
rpymnme OakTeprii OTHOCATCS COBPEMEHHbBIE BHYTPHKJICTOYHBIC TTAPA3UTHl PUKKETCUU (TaKue Kak
BO30Yy/IMTENb CHITHOTO TH(a, a Takke BOIbOaxusi, 0 KOTOpOH pacckazaHo B miaBe "Hacnemnyrorcs
J¥ TIPHOOpPETeHHBIE MpHU3HAKKU?"), HEKOTOPbIEe aHOKCUTeHHBbIE (POTOTPO(dBI — MypHypHBIE OakTe-
pUU — U MHOTHE Ipyrue MUKpOObL. B kauecTBe HEOCIIOPUMBIX J10KA3aTEIbCTB CBOETO OaKTepUab-
HOTO MPOMCX0XKIEHUSI MUTOXOHJJPUH 110 CEH J€Hb COXPaHUIN MAJIEHbKYIO KOJIBIIEBYIO XPOMOCOMY
IPOKapUOTHIECKOTO THUTA C HECKOJBKUMHU (DYHKIMOHHPYIOUIMMHU TeHaMHu (BCE OCTaJbHBIE MH—
TOXOH/IpUaJIbHbIE T€HBI NIepeda3upoBaIUCh B PO U CTAIM YacThbio "oOuiero" siiepHOro reHoma
KJIETKH), CIIOCOOHOCTh K CAaMOCTOSITEILHOMY Pa3MHOKEHHIO ITyTeM JeNIeHus (TpUYeM OCYIIEeCTB-
JSIETCSL 9TO JIEJICHUE TPH TOMOIIM TEX YK€ CaMbIX OCNIKOB, YTO U Y CBOOOTHOKHMBYIIUX OakTe-
pHii), THIMYHO OaKTepHaIbHBIN armapaT CHHTE3a Oellka 1 MHOXKECTBO JPyrux npu3HakoB. CoMmHe-
BaThCs HE PUXOTUTCS: IPEIKA MUTOXOHPUH, CBOOOTHOKHUBYIIKE alb(arpoTeodakTepuu, Koraa-
TO OBUTH "TPOTTIOYEHBI" IPYTUM OIHOKIIETOYHBIM OPTaHU3MOM, HO HE IEepEeBapWIINCh, & CTaJH
HEOTHEMJIEMOM 4aCThIO KIIETKH.

2. Ilnactunpl (opraHeinibl pacTUTENBHOM KIIETKH, OTBEdarolue 3a (hOTOCHHTE3) SBIIS-
IOTCSI TOTOMKaMH ITnano0akrepuid. CX0ACTBO TIACTHT CO CBOOOTHOKUBYITMMH TUAHOOAKTEPHSIMU
HACTOJIBKO BEJIMKO, YTO HUKAKUX COMHEHHMH TYT IIPOCTO HE MOXKET OBITh.

3. YUto kacaercs "Bcero ocrajabHOro", To €CTh LIUTOMIIA3MbI DYKApUOTUYECKON KIIETKH U €€
s7ipa, TO 371€Ch HaOJI0AAETCs IPUYYAJIUBOE CMEIICHUE IPU3HAKOB apXel M HEKOTOPBIX TPYIII OaK-
TEpUi, a TAKXKE YHUKAIbHBIX YEPT, CBOMCTBEHHBIX TOJIBKO 3YKapUOTaM.

OCHOBHBIE PA3NIUYUS MEXKY UMEIOIIUMHUCSA TUIOTE3aMU MIPOUCXOKICHHS 3YKapHOT Kaca-
IOTCSL IPOUCXOXKACHUS "SAEPHO-LUTOMIA3MaTUYECKOTO KOMIIOHEHTA" 9YKapUOTUYECKON KIIETKU.
SIcHOo, 4TO ero mpeakKoM ObLT KaKON-TO KPYIHBIA OJHOKJIETOYHBI OPraHU3M, KOTOPBINA "Mporiio-
TIT" CHavasa OyAyIIuX MUTOXOH/IPHA, a IIOTOM OyITyIInX IUIACTH/I, M IPEBPATHII KX B CBOUX BHYT-
peHHux "coxurtenen"-cuMOMOHTOB. Wi, MOXKET ObITh, OHU HE OBLIM MPOITIOYEHBI, a TPOHUKIN
B HETO 0 COOCTBEHHOW MHULIMATHUBE (1MI000HO TOMY, KaK celyac 3TO AeNal0T BHYTPUKIETOUHbIE
napasutinueckue Oakrepun). [IpobGiema B TOM, 4TO STOT OPraHN3M-X03sIMH, HACKOJIBKO MBI MOXKEM
CYZIUTh, OblJ1 HE OYEHb [TOX0K HA COBPEMEHHBIX, IOKUBILIUX J0 HAIIUX JHEHN mpokapuoT. OH o0na-
JlaJl PsiZIOM YHUKAJIbHBIX CBOWCTB.

Cy1iecTByeT HECKOJIBKO BEpCHil ero mpoucxoxaeHus. OIHU 3KCIEpThl CUUTAIOT, YTO 3TO
ObLI1a apxesi, BO3MOXKHO, OJTM3Kasi K COBPEMEHHBIM TePMOILIa3MaM WK GepporuiazMam, 0 KOTOPBIX
MBI HEMHOTO pacckazaiu B riiaBe "[Ipoucxoxaenue xu3Hu". Bece yHUKalIbHbIE CBOMCTBA pa3BU-
JIMCH YK€ TTOCIIe TPHOOPETEHUSI BHYTPEHHUX CUMOHOHTOB (MUTOXOHIPHIT) M 00beIUHEHHSI Pa3HO-
POJHBIX TEHOMOB B €IUHbIN A1epHbII reHoM. CorllacHO APYroi runorese, NpeaKoM HUTOIIa3Mbl U
sipa 3yKapuoT ObLI IPEJCTaBUTENb HE apXel U He OakTepuil, a HeKoel 0co00il BEIMEpIIEH rpyIIbl
npokapuoT. CoracHO TPEThEil TOUKE 3pEHHUs, 3TO ObLIT XUMEPHBIM OpraHu3M, 00pa30BaBIIHIICS B
pe3yiabTare CAUsSHUS KJIETOK HECKOJIBKMX pa3HbIX apxel u Oakrepuil. Bpouem, neno Mmoo 000ii-
TUCh U 0€3 CIIMAHUSA — 0Ka3aJI0Ch JJOCTATOYHO OYE€Hb MHTEHCUBHOIO OOMEHA FeHAMU MEXIY pas-
HBIMU MUKpPOOaMH, YTOObI UX CBOMCTBA IIEPEMEILIATICH B OJHON KJIETKE (O TOPU30HTAIbHOM I'€He-
TUYECKOM OOMEHeE MoApoOHO pacckazaHo B TaBe "HacnenyroTcs mu mpuoOpeTeHHbIe mpu3Haku?").
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Eukaryota
(4474)

Archaea

Bacteria (1812)

(4136)

Pacnpeodenenue benkoswix cemeticme 6 mpex Haoyapcmeax dHcugot npupoovl. Ilnowaou kpy-
208 COOMBENCMEYIOM KOIUYECma)y cemelicmea 6elkos, 6CmpeueHHblX y npeocmasumeneti OaHHO20
Haoyapcmea. Kax euono uz pucymnxa, 1157 6enkosvix cemeticma a6110mcs 00uwumu 0Jist 6¢cex mpex
Haoyapcmes, 2372 ecmpeuensvt moavko y oykapuom, 831 ecms y sykapuom u 6axmepuii, HO He y
apxetl, um. 0. (u3 cmamou: Mapros A. B., Kynukos A. M. IIpoucxoscoernue s6kapuom?’: 66160061 U3

aHAnU3a OeIKo8bIX 20MONIO2ULL 8 MPeX HA0Yapcmaax Jicueou npupoowl // [laneonmon. scypu. 2005.
Ne 4. C. 3—18. http://evolbiol.ru/markov_kulikov.htm).

VY Kaxa0U U3 BEpCUH, MOHATHOE JIE€JI0, €CTh CBOU APIYMEHTHI U CBOUM CTOPOHHUKHU. JINYHO
MHe Oonbliie Bcero HpaButcs "xumepHas" Teopus. [lo kpaiiHeil Mmepe, IMEHHO K HEeW CKIIOHWII
Hac ¢ A. M. KynukoBeiM (MHcTHTYT OHONOrnu pa3zsutust PAH) cpaBHUTENbHBIN aHaIU3 ceMeCcTB
0€JIKOB, UMEIOIINXCS Y MPEICTaBUTENEH TpeX HAAapCTB KUBOM MPHUPOIBI — apXei, OakTepuit u
3yKapHoT. benku apxeiHOro mpoucxXoxAeHus, X0Ts UX He oueHb MHOTO (114 cemeiicTB, cM. pucy-
HOK), UTPAlOT B 3YKAPHUOTHUYECKON KIIETKE KIIIOYEBYIO posib. IMEHHO OHM OTBEYaroT 3a padoTy
C TeHeTHYeCcKol MH(pOpMaIeld — TPaHCKPHUIIIUIO, TPAHCISILNIO, peruinkanuio. Croaa oTHOCATCS
n HK-nmonmmepaspl, 0 KOTOPBIX IIIJIa PeYb BBIIIE, a TaKKe OOJBIIMHCTBO OEIKOB, BXOMISIIMX B
cocTaB puOOCOM. DTO MMO3BOJISET MPEANONAraTh, YTO B OCHOBE SII€PHO-LIUTOILIA3MATHYECKOTO KOM-
MIOHEHTAa SYKapHOoT JiexKalla MMEHHO apxes, a He OakTepHs U He Kakas-To ocobast "Tperbs" rpymma
IIPOKAPHOT, HE TO’KUBILAS 10 HAILIUX JTHEH.

MHorue 6e1Ku 6aKTepHaTbHOTO MPOUCXOXKICHHS MOTAIH B YKapUOTUYECKYIO KIETKY BMe-
cTe ¢ "mpOrIoYeHHBIMHU" CUMOMOHTaAMH — MPEIKaMU MHUTOXOHApUW ¥ Tutactun. OgHAKO cpenu
"OGakTepHaIbHBIX" OETKOB IMTOIIA3MBI U sIpa €CTh U MHOTO TAaKHUX, KOTOPBIE, CKOpee BCEro, He

2% Halua craThs HasbiBAIach MMCHHO TaK, IIOTOMY YTO BOOOIIIE-TO C TOUKH 3PSHHUS PYCCKOTO SI3bIKA IPABHIBHO TOBOPUTS ‘“IBKa-
PHOTHI” MM “€BKapHOTHI’, @ HE “IYKapHOTH” (Beb HE TOBOPUM K€ MBI “dypHKa”, “odyanrenue”, “Dyrenuil” u T. 1.). Ho, k coxa-
JICHUIO, B PYCCKOM JIUTEpaType MPOUHO 3aKPENUIOCHh IIPUIICALIEE Yepe3 IOCPEIHUYECTBO aHITIMHCKOIO SI3bIKA HAIUCAHUE YTOTO
IPEYECKOro CJIOBa, U TEHEph BCE PENAaKTOPhl YIOPHO UCIPABIAIOT “3BKapHOT” Ha “dykapuoT”’. Tak 4To B MUTOre MHE IPHILIOCH

[Tt}

CAAaTbCA U 110 TCKCTY KHUTU MUCATh Y€PE3 Yy .
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MOTJIH OBITh TIOJYYEHBI TAKKM CriocoOoM. Pedb uaeT o Tex cemeiicTBax OEIKOB, KOTOPHIE €CTh Y
JYKapuoT U €CTh TaKXKe y OaKTepHii, HO HE Y T€X, OT KOTOPBIX MPOU3OLLIN OpraHellybl, a y KaKux-
HUOYb npyruX. MHBIMH CIIOBaMH, B 9yKapHOTHYECKOW KIIETKE CYHIECTBYIOT "OakTepuaibHbIe"
ceMmelcTBa O€JIKOB, KOTOPbIE HE MOIVIM ObITh ITOJyU€HBI IEPBBIMU 3YKapHOTaMH HU OT "TIPOITIOUEH-
HBIX" anbganporeodakTepuil, HU OT LHaHOOAKTEepHil — npeakoB miactua. Ho onu, onHako, Moriu
OBITh TOJYYEHBI OT IPYTUX OaKTepHii — B OCOOCHHOCTH OT Pa3IMYHBIX OPOJMIIBIIMKOB (TETEpO-
TPO(HBIX OaKTEPHii, COPAKUBAIOIINX YIIICBOABI B OECKHCIOPOAHBIX YCIOBHsIX). [loxoxe, IMEHHO
OT OPOIWIIBIIIMKOB 3YKAPUOTHI TIOJYYMIIH, B YaCTHOCTH, ()EPMEHTHI TITUKOJIN3a — TaK HA3bIBACTCS
BaKHEHIIUHI SHEPreTUYECKUN ITPOLIECC, MPOUCXOIAIIMI B UTOILIA3ME JyKAPUOTHUECKON KIIETKH.
CyTh ero B TOM, 4TO MOJIEKYJIa TIIIOKO3bI pacuieruisiercs ("'cOpaxuBaerca') 6€3 MCIONIb30BaHUS
KHCJIOpOJa 10 MUPOBUHOTPAJAHON KUCJIOTHI (IMpyBaTa), U MpU 3TOM Ipoucxoaut cunre3 ATO.
[MupyBar sBIsIeTCS IS HUTOIUIA3MbI KOHEYHBIM IIPOTYKTOM 00OMEHa, "0TXO/IOM KU3HEACITEIbHO-
ctu". Ho nupyBar 3areM momnajsaeT B MUTOXOHAPUH, KOTOpBIE "CXKUTaloT" €ro B CBOEH KUCIOPO/I-
HOM IEYKe C OrPOMHBIM BBIXOIOM SHEPruu (KOTOpasi ToXe UcIoib3yercs 1t cunteza ATD). B
COBOKYITHOCTH O€CKHUCIIOPOIHBIN INIMKOJIN3, MPOUCXOASIINN B UTOILIA3ME, U KUCIOPOJHOE AbIXa-
HUE, IPOUCXOASIIEE B MUTOXOHPUSIX, SBJISIOTCS IIaBHBIMU UcToUHUKaMu AT® nis sykapuotu-
YECKOU KIICTKH.
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KoHel o3HakomuTtenbHoro doparmeHTa.

Tekct npenoctabien OO0 «JlutPecy.

[IpounTaiiTe 3Ty KHUTY LIEIUKOM, KYIIMB IIOJHYIO JIEraJlbHYI0 Bepcuto Ha JIlutPec.

be3onacHo omiatuTh KHUTY MOXHO OaHKOBCKOM KapToii Visa, MasterCard, Maestro, co cueta
MOOMIIbHOTO TenedoHa, ¢ IaTexxHoro TepmuHaina, B canone MTC nnu CBsazHoi, uepe3 PayPal,
WebMoney, Annexc.densru, QIWI Komenek, 60HyCHbIMM KapTaMH WU APYTrUM ynoOHbIM Bam
CIocoOoM.
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